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Preface

This book evolved out of personal necessity . In
trying to keep abreast of the literature , I found
it increasingly difficult to keep track of the ex
panding Jist of molecular sieve materials . Is
CoAPO-5 in the MeAPO or the XAPO patent?
Is TPZ-3 related to ZSM-5 or ZSM-50? Is FAPO
41 known? If so , what organic is used in the
crystallization of the structure? A continually
growing list taped to the wall of my office was
the only reference ] had . Most of these new
materials have been reported in the patent lit
erature, which is a problem when access to the
patents is difficult or expensive. Alternatively,
many structure and characterization reports are
found only in conference proceedings, some of
limited availability. 1 rapidly tired of searching
for my copy of a patent or conference proceed
ing to look: up an X-ray diffraction pattern, an
infrared spectrum, or adsorption data for a ma
terial of interest. I wanted information the easy
way. everything under one cover. Thus I began

the data compilation for this book. I hope that
the other users of this book will also find it a
convenient and quick source of information on
zeolites and other crystalline mieroporous ma
terials.

Compiling this information was not a simple
task . Between 1967 and 1990 over 42,000 pa
pers and patents had "zeolite" or "molecular
sieve" as a key term. A number of decisions
had to be made. I chose a historical approach
and tended to work with the earliest reference
claiming the composition of matter for each ma
terial. An exhaustive review of the data reported
about each material was not possible . I have
tried to include information of general interest
for the scientist working in this field in an en
cyclopedic format .

R. SZOSTAK

Zeolite Research Program
Georgia Institute of Technology
Atlanta, Georgia
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Introduction

What's in a Name?

Nature has provided less than 40 aluminosilicate
zeolite molecular sieve topologies. with a large
number of compositional variants. Over the last
30 years scientists working in both academic
and industrial laboratories have added several
hundred microporous crystalline materials to the
list . The names given to the natural zeolites have
generally reflected the location where they first
were found. such as Bikitaite from Bikita, Zim
babwe. Names also are given to honor people.
For example, barrerite was named in honor of
the eminent zeolite scientist Professor R. M.
Barrer. Of course, some names have a more
obscure meaning. Scolecitecomes from the Greek
word for worm because it was observed to curl
like a worm when placed in a blowpipe.

Some of the synthetic molecular sieves have
been named on a rational basis, such as synthetic
ferrierite or synthetic bikiatite, indicating the
man-made form of the respective natural min
erals. Unfortunately, no systematic naming sys
tem has been followed for synthetic materials.
especially materials with no natural counterpart.
Each research group has taken on the task of
defining its own naming system. Greek and ar
abic letters of the alphabet had been a popular
means of naming molecular sieve materials.
Barrer and his coworkers identified products of
their synthesis as A, B, C, and so on. The in
organic cation that was used in the synthesis of
a structure was applied as a prefix. Thus, in a
sodium cation-containing system, Na-D was the
fourth material identified. That material, which
happened to be microporous, had an X-ray pow
der diffraction pattern similar to that of the nat
uraJ zeolite mordenite. In the strontium cation
containing system, the fourth material identi
fied, Sr-D. had the ferrierite structure. Thus Na
D and Sr-D identified two different products. In
this case, both have natural counterparts.

Union Carbide scientists also used an alpha
betical nomenclature . The zeolite that was des-

ignated as 0 had the chabazite structure and was
not related to Barret's Na-D or Sr-D. The com
pany used "Linde ," "Linde type," or "U" to
identify a product; hence Linde 0 indicates it is
a material from Union Carbide. Prefixes also
were applied, such as P-A and N-A, that iden
tified a material with the Linde type A topology
but, in the former, a material prepared in the
presence of phosphorous, and in the latter, a
zeolite prepared using a cationic organic amine.
A compositional designation is used by Union
Carbide for its aluminophosphate and metal sul
fide-based molecular sieves: AlPO" for the al
uminophosphates, SAPO for the silicoalumi
nophosphates, and GS for the gallium sulfides.

Workers at Mobil Oil Corporation initially
utilized the Greek letters system, producing the
zeolites alpha and beta . Dr. George Kerr syn
thesized a number of zeolites that bear the name
''ZK'' for "zeolite Kerr." The familiar desig
nation ' 'ZSM'' stands for "Zeolite SOCOIlY Mo
bil." ZSM designates many of Mobil's silicate
and aluminosilicate materials. A more recent
designation is that of "MCM.·' which represents
"Mobil Composition of Matter." covering other
materials.

Workers at Chevron used "SSZ" for "Socal
Silica Zeolites," whereas Imperial Chemical In
dustries used the Greek letters"sigma" and"NU."
"AG" and "FO" also were employed to desig
nate ICI materials. "EU" is a shorthand notation
for materials prepared at Edinburgh University .
Exxon has used "ECR" for "Exxon Corporate
Research," and Amoco used "AMS" for "Amoco
molecular sieve."

Several academic instituteshave applied school
initials to identify molecular sieves: "GTRf' for
Georgia Tech Research Institute (AIP04 

Hl(GTRI)), "TAMU" for Texas A and M Uni
versity (AlP04-TAMU.12). and "VPI" for Vir
ginia Polytechnic Institute (VPI-5).

There are over 5()() materials listed in this
book . The materials identified by a name need
not each represent a unique framework topol-

xiii



xiv Introduction

ogy. but they may represent a unique material.
SSZ-13, AJP04 , 17. and willhendersonite are all
of the chabasite (CHA) framework topology;
however, they differ in composition. The first
is a silica-rich composition, the second an aJ
uminophosphate, and the third a potassium-rich
fonn of the mineral .

This summary of molecular sieve nomencla
tureis by 110 meansexhaustive. It is meantmerely
to provide a sense of the dilemma facing work
ers in the molecular sieve field today when nam
ing a new material or trying to locate related
materials .

Using This Handbook

One of the fundamental difficulties in the zeolite
and molecular sieve field is the lack of ready
access to information on compositional, struc
tural. and physical properties of these materials .
Most of the information is found only in the
paten! literature. Only a small fraction of the
structures reported have been solved by X-ray
diffraction techniques . Searching the molecular
sieve literature for information on a framework
topology turns !he scientist into Sherlock Holmes
searching for clues. as many of the materials
are not cross-referenced by structure type, es
pecially in the patent literature, Those well versed
in the molecular sieve literature may be able to
ferret out the desired information with a com
bination of searching standard texts and flipping
through a few conference proceedings and ab
stract clippings . A good memory is critical. A
neophyte, even with excellent library facilities
available, would find the task insurmountable .
Thus, it is the objective of this hook to bring
together in a simple reference form pertinent
information on composition, structure, synthe
sis, and physical properties of the many crys
talline microporous materials cited in the liter
ature.

From A to Z

The book is organized in alphabetical order by
the names given to the molecular sieves. Using

the example stated above, "Na-D", "Sf-D," and
"Linde D" are listed as such and not under "D."
"0" is listed but onJy to refer the reader to "Linde
0," as the term zeolite <CD" has also been used
to describe the "Linde 0" material in the liter
ature. Though it would be reasonable to list the
aluminopbosphate materials separately from the
aluminosilicates and silicates, this wasnot done.
Such a separation based Oil composition, such
as the silicates versus aluminophosphate, could
make it difficult for users of this book who are
unfamiliar with the field to locate a material by
name without prior knowledge of its composi
tion . The chosen method of organization has led
to an apparent redundancy in infonnation, as
data for GaAPO-5 and AsAPO-5 are similar to
data for AlP04-S . Each, however, is considered
a unique material based on the combination of
composition plusdiffraction pattern; so each has
been treated separately in this text.

Following the name identifying the material
is the patent number and assignee if the material
is a patented composition . Unless otherwise
noted , the information that follows is taken from
the citation listed after the name of the material .
Attempts were made to provide the earliest pat
ent cited. In the case of the natural zeolites. the
word "natural" appears. A brief history of the
natural mineral follows . Listed also is the name
of the structure type under which the material
also can be cataloged as the three-letter code
designated by the Structure Commission of the
International Zeolite Association. Thus by the
heading "EU-l" is the assigned three-letter code
"EUO." Related materials include TPZ-3 and
ZSM~50. Under ZSM-50, the three-letter code
"EUO" is given to designate the framework to
pology, and the reference to related materials is
EU-l . where the listing of all the other materials
with that topology can be found.

Obsolete and improper names are provided
for reference because they occasionally appear
during searches of older literature. A number of
Union Carbide "lZ" materials are listed and
briefly described. as references to them have
been made in the Iiterature, and quickly iden
tifying which topology they represent, can be
helpful.



Structure

As both composition and X-ray powder diffrac
tion data are used to identify a material, this
information is provided in the section called
"Structure," The X-ray powder diffraction data
are given as d-spacing and intensity. The X-ray
data listed generally are taken from the first ex
ample for the patented materials. The reader is
cautioned that materials claimed in patents can
(and do) sometimes include peaks due to im
purities. Thus the diffraction pattern listed may
not represent a single. pure phase; however, it
does represent the patented phase. Many ref
erences use only s, m, and w for strong. me
dium. and weak intensities (or f. FF, etc. for
materials described in the French literature). As
such designations have no universal standard, it
is suggested that the user of this information
refer to the original reference for the accurate
meaning of the terms. When possible, the pub
lished X-ray powder diffraction pattern is pro
vided. The use of line representation and re
porting of the theoretical diffraction pattern was
avoided. If the structure is known, a description
of it follows. Attempts were made to provide
recently published structural data, with a pref
erence for single crystal studies. Recent publi
cations would cite earlier structural studies of
the material.

Synthesis

Reports of molecular sieve synthesis are volu
minous and virtually impossible to represent in
concise form. Thus the syntheses reported in
this book cover the methods of synthesis given
in the original paper and occasionally include
additional synthesis methods . The method re
ported may not represent the ideal method of
synthesizing the material, but does represent the
early and successful attempts. The organic ad
ditives that have been employed also are listed.
For patented materials the ranges. either broad
or preferred also are provided. Formulas or ra
tios are used, depending on how they were orig
inally represented. No attempt was made to stan
dardize the method of reporting a synthesis. When

Introduction xv

possible, common impurity phases that can arise
in the course of the synthesis are noted.

Thermal Properties

Reported thermal properties and stabilities are
provided when possible . Transformations to other
phases are noted.

Spectroscopy

Infrared spectroscopy has been applied to the
identification of structures, and such informa
tion has been included when available . The NMR
data for these materials are not included, as such
data are strongly dependent on a large number
of factors. in both the materials studied and the
instrumentation used .

Adsorption aDd Ion Exchange

Two fundamental features of the molecular sieve
materials are their abilities to selectively adsorb
molecules and to exchange their nonfrarnework
cations. These properties are included in this
book. Generally, the data are from the original
patent or early report.

References

For the sake of brevity, the references do not
list authors and are abbreviated as much as pos
sible. In general, the abbreviations follow stan
dard practice, with a few exceptions. These are
shown below.

PatenlS

Country of origin, patent number, and year pat
ent was granted are included. The following
abbreviations are used:

BP-British Patent Application
EP-European Patent Application
Fr-French Patent
Ger--German Patent
IP-Italian Patent
US-United Stares Patent
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VP-Venezuelan Patent Application
WP-World Patent Application

Books

Title and year are given. The following abbre
viations are used:

A2ST-Atlas ofZeolite Structure Types. W. M.
Meier, D. H. Olson , Butterworths, London
1987.

Hydro. Chern. Zeo s--Hydrothermal Chemistry
of Zeolites. R. M. Barret, Academic Press,
London, 1982.

Nat. Zeo. (I 978}-Narural Zeolites: Occur
rence, Properties. Use, L. B. Sand, F. A.
Mumpton, eds., Pergamon Press, Oxford,
1978.

Nat. Zeo. (l985}-Natural Zeolites. G. Got·
tardi, E. Galli. Springer-Verlag , Berlin, 1985.

ZeD. Clay Min.--Zeolites and Clay Minerals as
Sorbents and Molecular Sieves. R. M. Bar
rer, Academic Press, London, 1978.

Zeo , Mol . Sieve.-Zeolite Molecular Sieves ,
D. W. Breck, John Wiley and Sons, New
York, 1974 (original edition); R. E. Krieger.
Malabar, Florida 1984 (new edition).

NOlUtandard Reference DesigntJJions

ACS Symp. Ser.-American Chemical Society
Symposium Series, American Chemical So
ciety, New York.

BZA Meeting Repon-AbstraclS from a British
Zeolite Association Meeting.

JACS-Joumal of the American Chemical So
ciety.

JCS-JourMI of the Chemical Society .
JCS Chern. Commun e-s-Journal ofthe Chemical

Society, Chemical Communications.
JCS Dalton-s-Joumal of the Chemical Society,

Dalton Transactions.
JCS Faraday-Journal ofthe Chemical Society,

Faraday Transactions.
PP-poster paper from the specified Interna

tional Zeolite Conference.
Proc . 5th IZC-Proceedings of the Fifth Inter

national Conference on Zeolites. L. V. Rees,
ed., Heyden, London , 1980.

Proc. 6th JZC-Proceedings of the Sixth Inter
national Zeolite Conference, D. Olson, A.
Bisio, eds., Butterworths, GuiJdford, Surrey,
England, 1984.

RR--research reports from the specified Inter
national Zeolite Conference.

SSSC-Studies in Surface Science and Cataly
sis, Elsevier, Amsterdam.



A

A(BW) (ABW)
JCS1267(1951)

ReltlUd MaJerials: CsAISi04

RbAlSi04

This structure first was reported by the name
"AU or "Li-A" by Barrer and White in 1951 and
was found to be structurally unique. To avoid
confusion with zeolite A patented by Union Car
bide, this material was given the designation
A(BW) or Li·A(BW). Several groups have pre
pared T1-A(BW). It was referred to in one report
as Tl-B (JCS 1949:1253(1949» and another as
Tl-C (JCS Dalton 934(1974».

Structure

(Z. Kristallogr. 176:671 (1986»

Powihr Di.fJroction Data.: (JCS 1951 :
1267(1951) (d(A) (1/10 » 6.42(vs), 5.21 (mw),
4.29(vs), 4.06(vw), 3 .27(vw). 3.15(vs). 3.03(vs).
2.490(s), 2.392(w), 2.326(m), 2 .243(vw),
2. 173(mw), 2.042(w). 1.952(mw), 1,868(vw),
I.754(m), 1.725(mw), 1.556(w), 1.524(mw).
1.474(m). 1.445(vw), 1.405(mw), 1.37l(vw),
1.348(vw). 1.348(vw), 1.327(vw), 1.300(vw).
1.270(w). 1.244(vw).

The structure of Li-A(BW) was solved in
1974 by powder methods (Z. Kristallogr ,
139:186(1974» and later from single crystal data
(Z. Kristallogr , 176:67(986». The A(BW)
framework is made up of four-rings, which de
fine the eight-ring channel system.

Lattice constants in A, unit cell volumes in A" and frame
work densities FD (number of tetrahedral atoms per 1000
A') in materials with the ABW SlJUeture (number in paren
theses are standard deviations) (leo. 11:149(1991)):

OtEMlCAL COMPOSITION : Li.IA4Si..O,6) ·4H20

SYMMETRY: Orthorhornbic
SPACE GROUP: Pna2,
UNIT CELL CONSTANTS: a == IO.3JJ(I) A , b ==

8.196(1) A. c == 4 .995(1) A from single crystal data
(SSSC28:443( 1986»

PORE VOLUME: 0.28 cm) H,O/cmJ

n, 2.27 glcmJ

PORE STRUcrURE: eight-member rings along 1001J;
3.4 x 3.8 A

UA(BW)
T1ABW(I)
T1ABW(2)
RbABW
CsABW

IJ

10.314(1)
8.297(1)
8,287(1)
8 .741
8.907(2)

b
8 .194(1)
9.417(1)
9.396(1)
9.226
9.435(1)

c
4.993(1)
5.413(1)
5.404(1)
5.337
5.43.5( I)

V

421.93
420.80
420.78

430.40
457.00

FD
19.0
19.0
19.0
18.6
17.5

Atomic coordinates ( X 10") and equivalem isotropic tern
perature factors (.&..2) with StaJldard. deviations in parentheses
B"l ~413~,;JPO<a,.aj) (S. Kristallogr , 176:67(1986»:

A(BW) Fig. IS: Fl1lmework topology.

u
AI
sr
01
02
03
04
05

;r

1862(11)
1593(2)
3544(1)

65(4)

2736(5)
1912(5)
1804(5)
5891(6}

y
6849(15)

810(2)
3757(2)
1584(6)
2198(6)

399(6)
-1008(6)

903(8)

2520(4)
2500
2492(7)
1970(12)
1391(13)
5901(12)

689(12)
-239,5(28)

8...
1.57(22)
OAO(J I)
O.44{(9)
0.79(30)
0.97(30)
0.76(29)
0.68(28)
2.93{,53)



2 A(BW) (ABW)

The lithium ions lie in the center of a nearly
regular tetrahedron of oxygen atoms, three from
the aluminosilicate framework and one from the
water molecule. No deviation from complete
ordering of the Si and Al can be found in the
framework . The only framework. atom not co
ordinated to the lithium ion (0(1» is an acceptor
in a weak hydrogen bond from the water mol
ecule adsorbed in the structure . Neutron dif
fraction was also used to identify proton posi
tions in theABW framework: with the gallosilicate
composition [LiGaSi04] • D20 (JCS Chem.
Commun, 1295(1986» . The structure of this
material is well ordered at both 19 and 298°K.

The Rb and Cs cations in RbABW and
CsABW are situated in only one position in the
structure, whereas three positions partially oc
cupied 'by TI + were found in TJ-ABW (Zeo.
11:149(1991».

Synthesis

ORGANIC ADDmVES
generally none
terrametbylarrunonlum" (TMA)

Crystals of this structure have been prepared
from u, (Li.K), (Li,Na), and (Li,Cs,TMA)
containing reaction mixtures; however. this
structure shows a distinct preference for lithium
for its synthesis (Zeo . 1:130 (1981». Using me
takaolin as a source of aluminosilicate, this zeo
litehas beenprepared from the composition range
I (rnetakaolin) : 0 to 8 Si02 : 2.5 to 45 LiOH :
275 H20 in the temperature range between 80
and 170°C (JCS Dalton, 2534(1972), with the
best crystalline products appearing at 110°C.
With the composition of the gel Li20 : AhOJ :

e Ga 08 0 0 ~(O}. --

0 $1 • U

A(BW) Fig. .2: View along the channel of the ABW framework gallosilicate at 298K
showing the lithium cetion position , the position of the sorbed water molecule. and the
weak hydrogen bonding (JCS Chern. Ccmmufl. 1m (1986)) . (Reproduced with
permission of the Chemical Society)



A(BW) (ABW) 3

A(BW) Fig. 3~ Changes in the principal lattice spacing on
thermal treatment of A(BW). I. A(BW); 1I.lIeated at jSO'C;
JII. heated at 200"C; IV, healed 2SifC; V. healed at 36O"C;
VI, healed at ca. SOO"C (JCS, 1267 (1951)). (Reproduced
with permission of Ihe Chemical Society)

1 to 4 Si02 : x H20, the best materials were
prepared at 25O"C with a gel SiQz/Al203 of 2
(JCS 1267(1951)). Species that also formed from
these gels include alpha-eucryptite and alpha
petalite, and. at temperatures above 45<Y'C. beta-

III I I I I

II I \II

J III) III II I I

II I II I I

I III I I I

I I
I I I I I I

21
l8.S
14.2
3.1

50

30
6.5
2.0
0.3
3.3
84
S3
2S

es.s.o
ca.15

Max.
sorption,

cc at
STP/g

o
150

-180
o

-186
21
o

25
50
o
o
o

50
Joo

o
50

-186
o

Temp. of
isotherm

('C)

NHJ

NHj
N2

CJH~

H,
NH3

NH)
NH3

NHJ

NHJ

NHJ
NHJ

NHJ

NH,
NH.
NHJ

N,
C,Hs

Outgassing
temp.
ro Gas

Exchange
form

300
Regenerated 230
LiA (BW)

Ba~' 230
AG+ 230

ParenI material 220

*Not tnle cquil ibriwn
•• Li,o.AJ,o,.3SiO,.
• SalUnrtion not reached.

Sorption behavior of zeolite ABW in various
ion-exchanged forms (JCS 1267 (195l)):

Adsorption

Ion Exchange

Good ion exchange properties have been ob
served for zeolite ABW. Silver readily replaces

spodumene becomes the primary phase. Hy
drothermal treatment of the isolated crystals at
150°C in the presence of NaCl results in a re
crystallization to analcime. Large crystals ofthis
zeolite were prepared by hydrothermal treat
ment of sodium bromosodalite with lithium bro
mide at 260°C over a 72-hour period (2. Kris
tallogr, 176:67 (1986)).

Thermal Properties

The X-ray diffraction pattern of this zeolite re
mains constant with slight changes observed at
2000C. At 800"Ccoversion to beta-eucryptite is
observed (JCS 1267 (1951)). See A(BW) Fig.
3.

at 150'.
200'.
250".
360',

- 800'.

6 7 8 95

d spacing

4

"

3

I, Species A.
\1," heated

Ill,
IV,
V,

VI,

III

VI

JJ

v

IV



4 A(BW) (ABW)

I, NHs• at O·
II, NH3 • at O' (outgassed at 320')
IIIt NH3 • at 150'

50

40

Cl

~
r:
z

E
~

o
E«

10

o
o

.-<r"_-----o--~JV

10 20 30
Pressure(cm.Hg).

V
VI

II

40

IV, N~~
V, q~H
VI, H2a

A(BW) Fig. 4: Typical sorption isotherms in A(BW): I, NH) at O"C;n. NH) at OOC:
VI,H, at -186"<: (JCS 1267 (1951)). (Reproduced with permission of the Chemical

Society)

IOD exhaoge data for ABW (JCS 1267 (1951»):
lithium when treated at 110°C for 2 days. Some
decomposition is observed when barium nitrate
or silver nitrate is fused with zeolite ABW. The
Silver exchanged form has been treated with
metallic chlorides at 110°C to produce other ion
exchange forms. The cationic forms that can be
obtained by this method include Tl "; Ca+2.
Ba+2 , Na+ , K+, and Rb+ (JCS 1267(1951).
Limited exchange was observed for NIU .

Exchange cations

Li-(original)
Li·(n:generaled from Ag-A)
NB~

Ca~l

Ag-
K'

% Exchange

100
aa.s
12.9
88 .1
28.1



Afghanite (APO) 5

80
O·

60504030201000

""'":'- 60

~
.-: 25"z
'@

u
<.,) 40
:0-
m-e
0
U)

c
~

50'0
E 20<

Pressure(cm.Hg).

A(BW) Fig. S: Sigmoid isotherms obtained with NH) on species A(BW) converted into
Ag-A and then reconverted into A(BW) by ion-exchange Li' <= Ag " (JCS 1267 (1951».
(Reproduced with permission of the Chemical Society).

Exchange cations % Exchange
Afghanite (AFG)
(natural)

'On !he basis of complete absence of Ag' _

85.6
79.5

Il.l

Afghanite is a natural aluminosilicate discov
ered at the lapis lazuli mine in Afghanistan
(Bull. Soc. Fr. Mineral. Cristallogr. 91:23
(1968)).

Acculialite (CHA)
(natural)

Obsolete name for chabazite.

Structure

(Bull. Soc. Fr. Mineral. Cristallogr, 91;34
(968))



6 AG-2 (OFF)

Alg FIg. IS: Framework topology.

CHEMICAL COMPOSITION: (Na,Ca,K)Il{Si,AI)'60).<
(Cl,SO.,C01)• . 0.6H10

SYMMETRY: hexagonal _
SPACE GROUP: P6y'rnmc (or P6y'mc, P62C)
UNIT CELL CONSTANTS: (A) n = 12.77.

c = 21.35 .
UNIT CELL VOLUME: 3015 Al

X-Ray Powder Diffraction Data: (Bull. Soc.
Fr. Mineral. Cristallogr. 91:34(1968) (d(A)
(lll,j) 11.l0(ffi), 1O.70(fff), 9.9O(ffl) , 6.00 (mF),
5.36(0, 4.82(FF), 4.18(ff), 4. 105(f) , 3.997(F),
3.850(ffO , 3.688(FFF), 3.609(ff), 3.388(fff),
3.298(FFF), 3.202(fff), 3 . 125(fff), 3.039(mO,
2.9S1(f), 2.821(f), 2.799(ff), 2.769(mf), 2.744
(mf), 2.685(F), 2.663(fO, 2.606(ff), 2.580(0,
2.495(f), 2.473(fff) , 2.460(mF), 2.418(f),
2.325(f), 2.294(fft), 2.170(0, 2.130(0, 2.13O(F),
2.094(fff) , 2 .057 (mF) , )'950(fff), 1.925(mf),
1.881 (fff) , 1.864(0, 1.845(fff) , 1.8 I 2(fft) ,
1.803 (fff) , I.792(F), 1.771 (fff).

The afghanite structure contains only four
and six-member rings. Access to the cages is
through six-rings only.

AG-2 (OFF)
(Ger 2,248,626 (1973»
Imperial Chemical Industries

Related Material: offretite

Structure

CHEMICAL COMPOSITION: I. I.:!: 0.4M10 :
AI,Ql : 4-12 SiO l . (M is alkali cerions K & Na)

X-Ray Powder Diffraction Data: (d(A) (/110»
11.40(76), 8.26(2.8), 7.53(14.8), 6.84(4 .2),
6.607(47.9) ,6.281(8.3),5.71(16.7),4.56(22.6),
3.31(32.4), 3.27(18.3), 3.17(23.9), 2.99(22.5),
2.866(71.8),2.848(74.6),2.68(19.7),2.52(3.5),
2.50(12.7).

AG-2 exhibits properties of a pure offretite
without the presence of erionite intergrowths.

Synthesis

ORGANIC ADDITIVES
tetramethylammonium~

tetraethylammonium"

AG-2 crystallizes from a reactive gel with
molar oxide ratios: Si02/AI203 == 8 to 24,
R20/M20 == 0.02 to 0.5, M 10 /Si0 2 == 0.2 to
1.0. H20/M20 = 14 to 160, and K20/K20 +
Na20 == 0.5 to 1.0. Crystallization occurs after
72 hours at 95°C (R == organic; M == Na + K).

ALAsO-] (APD)
(RR 8th IZC 48(1989))

RelaUd Mauritlls: A1PO..-D

Structure

CHEMICAL COMPOSmON: AIAsO. · 0.5 BAN
(BAN ;: ethanolamine)

SYMMETRY: orthorhombic
SPACE GROUP: Pcab
UNIT CElL PARAMETERS (A): a '" 8.7812

b = 10.2615
c = 20.4332

PORE STRUCTURE: elght-rnember rings

X-ray Powder Di.jfradion Data: (d(A) (lI/o»
10.1 (36), 7.24{100. 6 .32(8), 5.07(40), 4 .36(8),



AlAsO ..l FIg. JS: Framework topology.

4.0(28), 3.72{1O), 3.60(10), 3.38(20), 3.23(31),
2.15(10),3.02(14),2.83(6),2.69(8),2.55(34),
2.45(8), 2.41(8), 2.04(6), 1.98(4), 1.85(4),
1.80(9), 1.77(6), 1.75(5), 1.70(9). .

The structure of AJAsO,,-1 consists of As
atoms in tetrahedral coordination and AJ atoms
in both tetrahedral and octahedral coordination.
Two of the coordination sites on the aluminum
are occupied by EAN molecules. The As-O
bond lengths lie in the range 1.6490 to 1.698
A, and the O-As-O angJes vary from tOt.so to
116.4°. The AJ-O lengths range from 1.718 to
1.751 A for tetrahedral AI and 1.844 to 1.949
A for the octahedral . The channels are one -di
mensional eight-member ring channels, and the
EAN molecules occupy sites within the chan
nels. AlAsO,,-1 has the same framework topol
ogy as AIP04-D (JCS Chern. Commun. BI9
(1989».

Synthesis

ORGANlC ADDlTrvES
ethanolamine (EAN)

The aluminoarsinate structure was prepared
by using pyroarsenic acid, aJuminum-isopro-

Alpha (LTA) 7

pylate, and water. Ethanolamine (EAN) was used
as the organic additive. The composition of the
reactive gel consisted of:

Crystallization occurred after 5 days at 200°C.

Alpha (LTA)
(US3,37S,205(1968»
Mobil Oil Corporation

Related Mauria1s : Linde type A

Structure

Chemica/Composition: 0.2 toO.5 R2JmO : 0.8
M2J"O : Ah03 : > 4.0 to 7.0 Si02 : Y H20

(R =: TMA or other cations, M = Na or other
cations. m & n = I or 2). .

X-Ray Powder Diffraelion Data: (d(A) (lIIo))
12.03(68),8.51(69),6.94(70),6.00(8),5.38(26),
4.91(5), 4.26(38), 4.02(86), 3.80(9), 3.63(100),
3.34(63), 3.21(64), 3.01(2),2.91(87), 2.83(25),
2.68(10),2.62(10),2.56(35),2.45(8) ,2.40(2),
2.36(4), 2.31(7), 2.19(5), 2.12(22), 2.09(3),
2.06(4), 2.030(3), 2.003( 19), 1.953(3), 1.877(9),
I. 854(9), 1.8 J2(2), 1.791(22), I. 7]) (2),
1.699(21), 1.650(16), 1.635(4), 1.592(12),
1.565(9), 1.539(1), 1.491(2), 1.479(3), 1.470(1),
1.463(3), 1.453(3).

AJpha exhibits properties of a small -pore sil
ica-rich type A material. See also N-A.

Synthesis

ORGANlC ADDITIVES
tetramothylammeniurn" (TMA)

This material is claimed to crystallize from
a batch composition of Si01/Ah03 from IS
to 60, Na20/Na20 + TMA20 from 0.01 to
0 .3, H20 IN a20 + TMA20 from 30 to 60. and
Na20 + TMA20lSi02 from 0 .5 to about I .
Crystallization occurs at pH between 9 and 12
and at temperatures around 90°C. Six days of



8 AIPO.-S (AFI)

Adsorption

cycle-
Zeolite Na~ AhOl Si~ hexane n-hexane H20

Comparison of the adsorption properties of zeotlte NaA,
ZK-4 , and alpha:

AIPO..,S Ftg. IS: Framework topology .

Sorption Capacity
inWt.%Molar Compos ition

crystallization at that temperature have been em
ployed.

ALPO.,.5 (AFI)
(US4,310,440(1982»
Union Carbide Corporation

Related Materials: SSZ-24
SAPO-5
andrelated metal contain

ing aluminophosphates

NaA 1.0 I .0 2.0
NaZK-4 0.8 1.0 3.5
Na-a1pha 0 .6 1.0 6.0
Ca-alpha 0.1 J .0 6.0

<I
<I

2
2

<I
13
17
15

24
26
30
26

pylammonium hydroxide species when prepared
using the TPAOH as the organic additive. The
AlP04-5 structure is polar, as is the tripod-shaped
TPAOH . The tripod orientation of the TPAOH
in the channel system of this alurninophosphate
differs significantly from that observed in sili
calite, where the propyl groups radiate from the
channel intersection into the four channel open
ings (ACS Symp. Ser. 218:109 (1983» .

Atomic positions of TPAOH·AIPO.-S (ACS Symp . Ser .
218:109 ([983») ;

ORGANIC ADDmVES (Proc. 6th lZC 97(1984)}
(C,H,J.4W
(CtJi II),NH

(~HshNCHlCH2N(C2H,h

Structure

(ACS Symp. Ser . 218:109(1983»

CHEMICAL COMPQSmON: TPAOH'"12A!PO.
(TPAOH) = temtpropylammonium hydroxide)

SYMMETRY: hexagonal
SPACE GROUP: P6ec
UNIT CELL PARAMETERS; a = 13.726 A.

e = B.4$ A. 'f "'- 120"
PORE SnWCTURE: unidimensional 12-"08 system

X-Ray Powder Diffraction Dasa: (d(A.) (lllo)
11 .8(100), 6.84(11), 5.93(28), 4.50(66),
4.24(63), 3.97(94), 3.43(37) ,3 .08(21),2.97(22),
2.60(19),2.40(13).

AlPO",-5 contains alternating AI andP atoms
forming four- and six-member rings. The pore
system consists of nonconnecting parallel chan 
nels of 12-member rings. In the as-synthesized
form, this molecular sieve contains tetrapro-

Atom x
P 0.4524(3)
A[ 0.4577(4)
O[ 0.4210(5)
02 0 .4555(8)
03 0 .3670(7)
04 0.5684(7)
N 0
CI 0
C2 0.000
C3 0.999
C4 0./22
CS 0.126
C6 O.[SO
o 0

-fixed 10 defn>e origift

y
0.3283(2}
0.3377(3)
0.2[37(7)
0.3312(10)
0.3584(8}
OAI26(8}

o
o
0 .106
0.105
0.079
0.177
0.166
o

Synthesis

0.078(3)
0.450(3)
O.028(4}
0.25
0.026(4}
O.014(4}
0.350
0 .106
0 .106
0 .923
0.409
0.504
0 .679
0.620
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AlPO.-5 FIg. 2: X-ray powder diffraction pattern of AlPO.·5 (Zeo. 6:349 (1986». (Reproduced with permission of
Butterworth Publishing Cc.)

(~H7),N

(Cl~hN (lACS 104:1146(1982»
(CHlhNCH1~

(HOCH1CHlhN
(CH.JCHv~+

N.N' -dimethylpiperazine

CrJi"NHCH l

I,4-diaxabicyclo[2.2.2]octane
(C1BshNCH~Hl0H

CH,N(CH~H20Hh

Cyclohexylamine
(CHlhNCH2CH10H
2-methylpyridine
3-metbylpyridioe
4-methylpyridine
N-melbylp iperidine
3-methylpiperidine
piperidine
(CH,)INCH1CH10H
CH~CH1CH10H

and others

The synthesis of the AIPO.-5 structure occurs
readily using aluminum hydroxide or boehmite

as the source of aluminum and phosphoric acid
as the source of phosphorus. Over 23 different
organic additives have been successfully em
ployed to produce this structure. Crystallization
occurs rapidly at temperatures between 150 and
200"C, usually complete within 4 to 8 hours.
The pH range of the initial starting gel can be
acidic, with crystallization occurring from gels
with pH as low as 3.0 . Final pH ranges are
generally slightly basic (ca . pH == 8). At the
more elevated temperatures (l90-200°C), crys
tallization to the alurninophosphate analogs of
cristobalite and tridymite do occur with time.
Crystallization at temperatures below 125°C re
sults in the crystallization of other nonzeolite
type phases. These include H3, metavariscite,
and vanscite. Using cyclohexylamine as the
organic will result in the crystallization of
AIPO..-5 at lower temperatures (150"C) and
AIPO.-17 at higher temperatures. Conversely,
in thepresence of tetraethylammonium hydro x-
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Adsorption capacities of AJPO.-5 (US 4.310,440 (982)}:

AlPO.-s fig. 4: Mid-infrared spectrum of AIPO,-5
crystallized in the presence of HF, (Reproduced with
permission of K. Vinje. U. of Oslo)

] propyl

c

AfPO.-s Flg. 3: In die cylindrical channel in AJPO.-5.
the encapsulated lelT3propylaromonillm hydroxide lakes
on a tripod sluipe (?Lo. 6;349(1986». (Reproduced with
permission of Bunerworth Publishing Company)

Structure

(Zeo. 10:522(1990»

AlPOrB (AET)
(US4,310,440(1982»)
Union Carbide Corporation

ide. AlP04-18 crystallizes at the lower temper
ature and AIP04-5 at more elevated tempera
tures. Generally. gel compositions that effectively
produce the AlP04-5 structure are: l.0 R ; 1.0
AI 20} : 1.0 P20S : 40 H20 (Proc. 6th lZC
97(1984» , (R = organic)

Infrared Spectra

Mid-infrared Spectral Data for AlPOr5 Crys
taJlized in the Presence ofHP (from author)
(em-I): 1230sh, IOSO-1150br, 73Ow, 700mw.
63Ow, 580sb. 560m, SIOm.

0,
0,
Neopentane
(C.F9hN

(lifter 4 hr)

HzO
H~

3.46

6.2
JO

2.65

97
750
102

0.073

4.6
18.5

-'183
-183

24
24

24
23

14.6
21.3
6.5
1.2

6.5
32.6



AJPO.-8 Ftg. IS: Framework. topology.

CHEMICAL COMPOSITION: AhO): 1.0 ~ 0.2 P10,
SYMMETRY: orthorhombic
SPACE GROUP: Cmc21

UNIT CELL CONSTANTS: a =' 33.29(2) A
b == 14.76(2)
c =' 8.257(4)

FRAMEWORK DENSITY: 1.8gfcm)
PORE STRUCI1JRE: unidimensional 14-member rings;

7.9 x 8.7 A

X-Ray Powder Diffraction Dow: (d(A) (1/10 ))

16.7(80), 13.6(100), 8.84(17), 8.19(2), 6.07(4),
5.56(16) ,4.72(2),4 .48(8) ,4.40(12),4.19(82),
4.06(18). 3.97(39), 3.92(sh), 3.77(3), 3.68(11),
3.58(11),3.29(2),3.16(5),2.853(4), 2.722(3),
2.622(1), 2.522(3), 2.368(9), 2.344(3sh),
2.094(2), 1.937(1) , 1.841(3) .

The framework topology of AtP04-8 has been
determined from model buildinglDLS refine
ment (Zeo . 10:522(1990)). The structure con
tains a unidimensional 14-member ring channel

~
CI)
Z
UJ
~
Z

2.00 10.00 20.00

DEGREES ze

30 .00 40 .00

AlPO.·8 Fig. 2: X-ray powder diffraction pattern of AIPO.-8 with small A1P()4..HI
impurity (') . (Reproduced with permission of author)



system. This framework may be generated by a
simple transformation of the VPI-5 network.
Stacking faults are observed in a number of sam
ples of this material. resulting in significantly
reduced adsorption properties (Car. Len. 6:209
(1990)). When hydrated, the aluminum ions in
the double 4-member ring are octahedral with
two associated water molecules (Appl. Carat.
69:L7(l99 I)) .

DLS atomic positions for AIPO.-8 (Zeo. 10:522 (1990)) ;

Atom .r y z
All ooסס0.0 0.06261 0.43990
PI 0.08258 0 .07711 0.60903
AI2 0 .154J5 0.2(}434 0.48142
J>2 0.221% 0.08355 0 .61285
P13 0 .31054 0.07860 0 .48222
P3 ooסס0.0 -0.13164 0.57511
AI4 0 .08381 0.12380 0.98454
P4 0.15503 0.24276 0.10731
AI5 0.27698 0 .38458 0.48721
P5 0.18821 0.38456 0.60545
01 o.ooooo - 0.05472 0.4510\
02 0.04302 0.\0462 0.5288\
OJ ooסס0.0 0.09276 0.24085
04 0.08990 - 0.0244 \ 0.59196
05 0.11639 0.13563 0 .55050
06 0.07595 0.09538 0.78650
07 0 .\4426 0.23518 0.28374
08 0.19939 0 .14507 0.49443
09 0.\5920 0.3(}452 0.59271
010 0 .21048 -0.01464 0 .58186
011 0.26670 0.09545 0.59065
012 0.21049 0 .10989 0.7&459
013 0.32877 -0.02999 0.52379
014 0.30203 0.09376 0.27931
015 -0.03932 - 0. 1808 \ 0.54576
016 0.12454 0.19355 0.00370
017 0.19653 0.20347 0.07755
0\8 0 .34517 0.\5771 0.55363
019 0 .27365 0.13859 0 .01161

Syntbesls

ORGANIC ADDITIVES (US4,31 0.440( 1982»
(n-CH9).N+
(n-C,",,)~.

(n-c.H9hNH
(n-C,}i,,)2NH
(n-e)H7),NH

This aluminophosphate has been synthesized
under conditions:

from several hours to six days at 150°e. After
isolation from the crystallization vessel, the
crystals are dried at lOO°e. Only trace amounts
of the organic can be found in the solid crys
talline material. Dried at 100oe, AlP04-8 is
formed via a solid state thermal transformation
of the alurninophosphates VPI-5 and AlP04-H I .

Thermal Properties

Thermal treatment of AlP04-8 to 6OO"C in air
shows little loss in structure, based on exami
nation of the x-ray powder diffraction pattern
after calcination (US4.310,440(1982)).

Infrared Spectrum

Infrared Spectral Data (em-I): 1263w,
124Ovw, 1205sh, llSOvs, 1088s, 726w, 54Owsh,
456m (from author).

Adsorption

Adsorption capacities of AJPO.-8 (US 4,3\0,440 (1982»);

Kinetic
diameter. Pressure. Ternp., WI. %

A Torr OC adsorbed

0, 3.46 101 -183 8.9
O2 755 -183 18.6
a-Butane 4.3 768 24 5.0
Neopentane 6.2 501 24 4.5
(CJ=9),N 10 0.073 25 8.2

(after 4 hr)
H2O 2.65 4.6 24 18.5
H.o 2.65 20.0 24 31.9

'See &100 AIPO.·HI andVPI ·,S, merrnally Irralcd.
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14 AlP04-9
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AlPO.·8 Fig. 4: Infrared Spectrum of AJPO.-8. (Reproduced with permission of K.
Vinje, U. of Oslo. Norway)

AlPOr9
(US4,310.440(1982»
Union Carbide Corporation

Structure

Chemical Composition: AI2031 ± 0.2 P20S.

X-RayPowder Diffrru:tion DoJD: (d(A) (ll/o»
10.5(12),7.97(43),7.08(18),6.33(6),5.87(5),
5.28(11), 4.85(29), 4.60(1 J), 4.23(100) ,
4.06(30),3.99(18),3.90(30),3 .51(38),3.47(79),
3.36(13),3.22(21),3.13(29),2.92(5),2.843(10),

2.814(27), 2 .763«1), 2.702(12), 2.660(18),
2.614(5),2.578(3), 2.529(4), 2.468(1),2.380(4),
2.347(10), 2.341 (sh) , 2.315(10), 2.186(2),
2.144(6), 2.122(4) , 2.034-2.029(3), 1.953(2),
1.895(3), 1.881en. 1.833(7) , 1.,817(9),
1.791(1) , 1.768-1.762(sh), 1.708-1.704{4),
1.660(7) .

Synthesis

ORGANIC ADDITIVes
diaminobicyclooctaoe (DABCO)



AIP04-9 is prepared from a batch composi
tion with a molar oxide ratio of: 1.0 DABCO :
AhO) : P20.s : 40 H20. Crystallization occurs
at 200°C within 14 days using DABCO as the
organic. The DABCO remains associated with
the aluminosil icate after crystallization (U$4,
310,440(1982».

AlP04-11 (AEL)
(US4,310,440(1982»
Union Carbide Corporation

AlPO.·ll Fig. lS: Framework topology.

AlPO.-ll (AEL) 15

RelaUd Materials: SAPO-II
and related metal

substituted
alurninophospnates

Structure

(Zeo. 7:160(1987)

CHEMICAL COMPOSITION: AhoP~ftll

SYMMETRY: orthorhombic
SPACE GROUP : lcmm
UNIT CELL CONSTANTS: a = 13.5 A

b = 18.5A
c = &.4 A

VOLUME'" 2094 A)
CHANNEL SYSTEM : unidimensional IO-ring system
PORE STRUcrtJRE: 6.7 x 4.4 A

X-Ray Powder Diffraction DaID: (d(A) (1110 )

10.85(34), 9.31(49), 6.66(16), 5.64(30), 5.42(5) ,
4.67(6),4.32(50),4.23(100),4.00(58),3.93(75),
3.83(67),3 .62(10),3 .59(11),3.38(13),3.34(17),
3.13-3.11(15), 3.06(6), 3.02(9) , 2.84{1O),
2.71(15) , 2.61(11), 2.51(3), 2.46(6), 2.39
2.37(14), 2.28(4), 2.23(2), 2.11(5), 2.02(2) ,
2.01(4) , 1.99(6), 1.89(2), 1.86(4), 1.80(3),

4 8 12 16 20 24 28 32 36 40 44 48 52
DEGREES 28

AJpo.rU Fig. 2: Xvray powder diffraction pattern of AJPO.·II as synthesized in the
presence of dl-n-propytamine (ACS Sym. Ser. 218:79 (/983)) . (Reproduced with



16 A1P04-ll (AEL)

1.68(4); (after thermal treatment to 600°C)
11.1(l4), 9.03(40). 7.56(3), 6.94(20), 6.49(6),
6.03(5),5.50(54),5.05(2),4.55(17),4.47(23),
4.29(8),4.06(100),4.02(44),3.95(48),3.79(54),
3.71(16), 3.68(10), 3.47(20), 3.44(9), 3.34(13),
3.27(l4), 3.23(20), 3.13(8), 3.02(29), 2.95(16),
2.82(8), 2.75(22), 2 .64(7), 2.61(5), 2.53(9),
2.42(8), 2.36(6), 2.32(14), 2.29(2), 2.27(2),
2.20(8), 2.18(5), 2.08(3), 2.03(5), 2.00(6),
1.851.84(8), 1.81(3), 1.75(1), 1.71(5), 1.68(2).

The aluminophosphate AIP04-1 1 consists of
an open AIPO" framework containing unidi
mensional to-ring channels. There are four unique
T atom sites in the framework structure. The
topology consists of sheets of six-ring-six
ring-four-ring units . This structure is related to
AlP04-5 by removing one set of the four rings
in the framework (a reverse sigma transforma
cion)(Zeo. 7:160(1987» . The structure of AJP()4

11 was solved for the calcined, organic-free
material.

Atomic coordinates fOT AlPO.-ll (Zeo. 7:160 (1987)):

Atom x y z B
TI O. J489(10) O.028l(8) D. J93I(14) 1.30
T2 0 .9501(9) 0.1060(11) 0.3077(15) 2.60
ra 0.8590(9) 0.2500 0.1846(13) -2.61
01 0.1419(16) 0.0396(12) 0.0000 7.16
02 0.9431(10) 0.1010(12) 0.5000 2.88
03 0 .8454( 18) 0.1500 0.0000 2.90
04 0.2500 0.0717(7) 0.2500 1.97
05 0.0635(7) 0.0946(8) . 0.2563(16) 3.70
06 0.1207(7) 0.9556(7) 0.2526(22) 4 .68
07 0.9174(10) 0.1851(7) 0.2502(25) 5.95
08 0.7500 0.2500 0.2500 '2.\8

Synthesis

AEL structure. Successful crystallization in the
presence of cationic amines has not been
reported . Sources of aluminum that have
been effective in producing this structure in
clude pseudoboehmite (AI(OOH) and bayerite
(AI(OHh), the latter producing better-quality
crystalline products. Other phases that have
been observed with AlPO.-l 1 include VPI-5.
AlPO.-31, AlP04-41. and AIPO.-C. Batch
compositions that produce quality AJP04-11

include:

with an aging of the gel at 90°C for 24 hours
prior to crystallization at 2000C (Zeo.
8:183(1988»). AlP04-11 aJso readily crystal
lizesat 150"Cover one to twodays. Large needle
shaped crystals greater than 500 microns in length
have been prepared from clear alurninophos
phate solutions in the presence of HF (AI:F ca.
U) and excess phosphoric acid, using dipro
pylamine as the organic additive.

Thermal Properties

Infrared Spectra

Infrared Spectral Dau: for ALPO.,-Il (from au
thor): (as synthesized) em-I: 730, 705, 620,
585. 545, 462; (caJcined 550°C) cnr": 712, 695,
660, 620, 590, 498, 470.

Adsorption

Adsorption data for AIPO.-II:

Kinetic
diameter, Pressure, Ternp ., WI. %

Adsorbate A TOfT -C adsorbed
ORGANIC ADDITIVES
j'!>Tl-NH 0. 3.46 101 -183 9.22
n-prrNH 0 , 755 -183 10.7
n-pIiet)-NH n-BLltane 4.3 304 24 4.35
n-bu.NH lsobutane 5.0 502 24 4.1\
n-pen~NH Neopentane 6 .2 301 24 1.22

Cydohe:r.ane 6.0 30 24 S.30

To date, five different secondary amines have
H,o 2.65 4.6 24 11.8

H.O 20.0 24 16.4
been found to induce the crystallization of the
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ALPOr12
(US4.310,440(1982»
Union Carbide Corporation

Structure

(lCS Chern. Commun. 1449(1984»

CHEMICAL COMPOSITION: AhP,Ou(OH)zN2C1Hs
SYMMETRY: monoclinic
SPACE GROUP: P2,ld
UNIT CELL CONSTANTS CAl: CJCS Chem. COmrrlWl,

1449( 1984»
a = 14.54
b = 9.43
c = 9.63
13(") = 98.21

X.Ray Powder DifJrtJdion Data: (d(A) (IIlo)
14.37(25), 7.90(7), 7.20(22), 6.66(56), 6.28(5),
5.83(4),5.16(20),4.80(27),4.70(13),4.46sh,
4.25( 1(0), 3.99(44), 3 .86(31), 3.73(55),
3.55(35), 3.36(31), 3.34sh, 3.19sh, 3.16(20),
3.08(11), 3.00(25), 2.94sh, 2.90(44), 2.87sh,
2.75(7), 2.71(5), 2.70sh, 2.64(8), 2.58(18),
2.38(4), 2 .33(11), 2.29(9), 2.25(7), 2.22(9),

AII'O••t2 Fig. IS: Framework topology.

2.16(7), 2.12sh, 2.08(5), 2.04(5), 2.04(5),
1.99(4), 1.95(7), 1.89(9), 1.87(5), 1.82(5),
I.76(7), 1.74(4). 1.68(9), 1.66(2).

The structure of AIP04- 12 is open, consisting
of sheets of four-coordinate phosphorus alter
nating with aluminum, [AIP04(OH) ]- alternat
ing along [100] with a layer of four-coordinate
phosphorus linked with five-coordinate alumi
num [AhP207(OH)] " . This configuration re
sults in channels in the lOIO] and tOOl] direc
tion. The layers are linked via AI-O-P, and the
organic, ethylenediamine, is positioned between

Degrees 26

AlPO.·12 Fig- 2: X-ray powder diffraction pattern of AlPO.-12 (Zeo . 6:349 (1986». (Reproduced willi
permission of Bu!teJwolth Publishing Company)



.... -
20 AlP04-12-TAMU (ATT)

them . It is hydrogen-bonded to the 0(1) hy
droxyl group via N-H ... 0(1) [H .. . O(l)
2.oA) and N-H ... O(l)[H . . . DO) 2.l7 A]
bridges (JCS Chern . Commn. 1449(1984».

ammonium hydroxide molecules per asymmet
ric unit.

FLna[ atomic and thermal parameters for
(AlP04),(CH}),JIOH (J . PhY3. CMm. 90:6122 (1986» :

Synthesis

ORGANIC ADDITIVES
ethylenediamine
2-imidazolidone

This material is prepared from orthophos
phoric acid (H)P04 ) and the pseudoboehmite
phase of hydrated aluminum oxide. Ethylene
diamine or 2-imidazolidone has been used to
induce the crystallization of this structure. The
reaction mixture has a molar oxide ratio of:

Crystallization occurs within 24 hours at 200°C.

AlP04-12-TAMU (ATT)
(1. Phys. Chem. 90:6122(1986»

ReiLJUd Maleriols: AlP04-33

Structure

PI
P2
P3
All
AI2
AI3
01
02
03
04
05
06
07
08
09
010
011
012
NI
CI

C2
013
N2
C3
C4
014

JC

0.339(6)
0.354(5)
0.343(5)
0.354{6)
0.366(6)
0.349(7)
0.338(9)
0.311(9)
0.482(1)
0.249(9)
0.318(9)
0.370(6)
0,485(7)
0.244(8)
0.300(7)
0.337(10)
0.482(6)
0.254(8)
0.0

-0.024(32)
- 0.131 (5)

0.0
0.0

-0.018(26)
-0.11.9(6)

0.0

y

0.770(3)
0.112(3)
0.415(3)
0.608(3)
0.896(3)
0.249(3)
0.696(4)
0.864(4)
0.758(6)
0.764(7)
0.137(5)
0.012(4)
0.168(4)
0.143(5)
0.506(4)
0.349(5)
0.412(4)
0.381(5)
0.0
0.089(4)

-0.017(2)
0.0
0.5
0.587(4)
0.~2(18)

0.5

0.157(4)
0.368(5}
0.369(5)
0.387(6)
0.383(5)
0.139(5)
0.272(7)
0.218(7)
0.086(5)
0.018(8)
0.210(7)
0.381(8)
0.412(7)
0.466(8)
0.317(7)
0.242(7)
0.425(8)
0.488(8)
0.100(12)
0.196(12)
o.o04{12}
0.284(15)
0.158(12)
0.249(12)
0.065(12)

-O.024(15)

CHEMICAL COMPOSITION: (AIP04 h (CH.!)NOH
SYMMETRY: orthorhombic
SPACE GROUP: P2 12 12

UNIT CELL CONSTANTS (A): a = 10.3325(1)
b "" 14.6405(2)
c ;: 9.5112(1)

DENSITY (glcmJ ) : 2.019
PORE STRUCTURE: eight-member rings

See AIP04-33 for X-ray Powder Diffraction Data.
AlP04 -12-TAMU consists of a structure based

on four-, six-, and eight-member rings. In the
.xz direction there is alternation of four- and eight
rings, while in the yz plane rows of four- and
silt-rings alternate. In the xz direction, four- and
eight-rings alternate. The large cavities in A1P04 

12-TAMU are the 12-hedron type. The organic
amine sits in the center of each of the eight-ring
cavities. There ,ITe two independent tetrarnethyl- AJP04-U -TAMU Flg, IS: Framework topology.
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A1PO..l2-TAMU Fig. 2: Rietveld refinement plot of AIPO.-J2-TAMU (J. Phys, Chem. 90: 6122 (1986») .
(Reproduced with permission of the American Chemical Society)

Synthesis

ORGANIC ADDmvE
tetramethylammonium " (TMA)

AlP04-12-TAMU was prepared from alu
minum chloride/ammonia/phosphoric acid so
lutions containing (CH).NOH with the follow
ing batch composition:

Direct crystall ization occurred after 7 days at
2()(fC.

AIPOr14
(US4,310,440(1982»
Union Carbide Corporation

RehlJed Maserials: GaP04-14 AIPO.·14 Ftg. IS: Framework topology.



Structure

ChemieaJ Composition: 0.49 i-PrNH 2: 1.00
Al20 3 ; 1.00 P20S : 1.03 H20 .

X-Ray Powder Diffraction Data: (as synthe
sized with t-BuNH2) (d(A) (/110 ) 9.61(100),
9.41(sh), 7.90(18),6.76(17), 6.61(sh), 5.98(3),
5.61(23), 4 .93( 12), 4.72(1), 4.62(1), 4.25(5),
4.11(10),4.00(22),3.92(36),3.80(1),3.75(1),
3.54(2), 3.41 (20), 3.29(9), 3.22(2), 3.13(5),
3.03(12),2.96(8), 2.93(sh), 2.89(4), 2.87(sh),
2.80(1), 2.76(l), 2.70(sh), 2.67(6), 2.63(1),
2.56(1), 2.53(2), 2.47(3), 2.36(3), 2.32(5),
2.28(1), 2.23(5), 2.21(1), 2.15(2), 2.13(2),
2.08(1), 2.06(3), 2.02(2), 1.98(2), 1.96(2),
1.90(2), 1.88(2), 1.83(1), 1.77(2), 1.74(1),
1.71(4), 1.65(2); (after thermal treatment at
55CfC) deAl (/110 ) 9.83(100), 9.2Ish, 7.69(29),
7.38(9),6.71(45), 6 .66sb, 6.51(32), 6.19(10),
5.99(5), 5.54(10), 5047sh, 5.28(2), 4.87(35),
4.77(38), 4.70sh, 4.46(5), 4.29(9), 4.25(9),

UJ
>

3
w
c::

4.1Ish, 4.04(23), 3.95(29), 3.9Osh, 3.83(7),
3.79(6), 3.68(3), 3.59sh, 3.55(6), 3.44(3),
3.35(2),3.30(20),3 .25(16),3.21(11),3.19(11),
3.12sh, 3.06(11), 3.01 (20), 2.94(14), 2.88(9),
2.77(4), 2.71(6), 2.64(4), 2.58(4), 2.52(2),
2.44(5), 2.39(3), 2.34(2), 2.30(3), 2.25(3),
2.22(3), 2.16(1), 2.12(3), 2.10(2), 2.05(6),
2.00(1), 1.95(1), 1.92(2), 1.87(3), 1.82(3),
1.76(3), 1.70(4).

See GaP04-14 for a description of the frame
work topology.

Synthesis

ORGANIC ADDITIVES
1-c.H.Nlh
i-e.lH,NH,

From aluminophosphate gels containing
t-BuNH3 in a ratio:

8 16 24 32 40 48 56

DEGREES 29,CuK.

AlPO.-14 Flg. 1: X'l'lIy powder diffraction pattern of AIPO~-14 (Zeo. 6: 349 (1986». (Reproduced wilh permission
of Bunerworth Publishing Company)



the AJP04-14 structure crystallizes after 96 hours
at 150oe.

Adsorption

Adsorption properties of AJPOrI4:

Kinetic
diameter, Pressure, Temp" WI. %

Adsorbate A Torr ·C adsorbed 5 to

AIPO.-14A 23

15 20
28

0, 3.46 102 -183 15.53

02 763 -183 21.56
n-Hexane 4.3 45 26 0.25
Neopentane 6.2 499 24 0.37
H2O 2.65 4.6 24 21.46
H2O 21.0 24 28 .66
N2 3.64 JOO -196 11.2&
N, 747 -196 14.99

AlP04-14A
(Acto Crystallogr. C43:866(1987))

Structure

Chemical Composition: AhP7028(OHh*2C3

H7NH2

X-Ray Powder Diffraction DaJQ: (Zeo.
11:477(1991) (d(A) (lJ/o» 12.36(100),
I1.94(48) , 6.98(94), 6.18(41), 6.00(6), 5.56(1),
5 .12(21), 4.71 (2), 4.61(6), 4.56(5), 4.35(19),
4.16(20), 4.12(53), 4.00(67), 3.98(68), 3.92(5),
3.8I(1),a 3.72(11), 3.66(9), 3 .62(16), 3.50(13),
3.40(6), 3.23(62), 3.21 (60), 3.17(12), 3.07(12),
3.04(24), 2.95(4), 2.84(7), 2.80(2), 2.73(4),
2.71 (6), 2 .67(20), 2.64(5), 2.27(9), 2 .23(5),
2.20(1), 2.16(3) (a--peak that could be com
mon with KBr).

CTy<taJlograp/lic experimental cond ilions and results (Zeo . 1"477

(199)); Aero Crystallog), C43:8156 (1987)) :

space group a (A) b (A) c (A) ~ (') V (AJ)

e2Je 24.0&5(1) 14.39)(1) 8.7122(4) 94.260(4) 3012

monoclinic 24 .085(2) 14.409(2) 8.721(1) 94 .318(8) 3018

35 40
28

AlPO.-14A Ftg. I: X-ray powder diffraction pattern
of as-synthesized AIP04-14A (ZeD. Il:4n (1991)).
(Reproduced with permission of Butterworth Publishing
Co.) .

Synthesis

ORGANIC ADDTTIVE
i-e,H,NH}

AIP04-14A crystallizes from a reactive gel
with the batch composition:

Crystallization occurs after t hour of aging at
200e followed by 200 0e for 24 hours. Pseu
doboehmite was used as the source of aluminum
in this crystallization (Zeo . II :477(1991 )).

Thermal Properties

The thermal decomposition occurs in two stages
of weight loss; between 25 and 300°C and be-



AJPo.rl4A Fig. 2: Thermal analysis of AJPO.·14A.
(II) TO in argon atmosphere; (b) DTA in air; (c) DTA in
argon (uo. II :4n (199/». (Reproduced with permission
of Bunerworth Publishing Co.)

AJPO.·15 Fig. is: Framework topology.

T·C

"00 500
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b

to water loss and the second to decomposition
of the organic species. The structure is lost at
temperatures around 4OO"C (Zeo. 11 :477(1991» .

AlPOr15
(Acta Crystallogr. C40:2008(1984»

Re1tJted MalerWJs: Leucophosphite
GaP04*2H20

Structure

(Acta Crystallogr, C40: 1641(1984»

CHEMICAL COMPOSmON: AhINJ-L)(OH)
(PO.h·2H lO

SYMMETRY: monoclinic
SPACE GROUP: P2,/n
UNIT CELL CONSTANTS (A): a = 9.55

b 0;; 9 .58
c = 9.61

VOLUME: 855.1 tV
DENSITY (D,): 2.45 glcm l

PORE SYSTEM: very small pores

X-Ray Diffraction Lines: (from author)
(d(A) (/I/o» 7.57(42), 6.70(100), 5.95(35),
5.15(3), 4.66(7), 4 .25(5), 4 .19(6), 4.06(2),
3.23(35), 3.52(2), 3.34(3), 3.08(3), 3.03(9),
2 .97(7), 2.84(6), 2.80(10), 2.66(6), 2.63(4) ,
2.52(26) .

This structure consists of columns of Al-een
tered comer- and edge-shared octahedra linked
via PO. tetrahedra to provide channels approx
imately parallel to the b axis. The ammonium
cations in the composition occupy these chan 
nels and are hydrogen-bonded to framework
oxygen atoms and water molecules (Acto Crys
tallogr, C40:I64I(1984».

The phosphate tetrahedra are only slightly
distorted, and the average P-o distances (1.53(2)
and 1.53(1) A for P(1) and P(2)) and angles
(l09(1)j are similar to those reported for other
dihydrated aluminophophates such as variscite
and metavariscite, The At-centered octahedra
are significantly distorted. These distortions are
more pronounced than those found for
GaPO.*2H20 (GaP04-14) .



A1PO.-15 25

2.00 10.00 20.00

DEGREES TWO THETA

30 .00 40.00

AlPO.-IS Fig. 2: X'I1IY diffraction pattern of AIPO.·15 . (Reproduced with permission of author)

Atomic positions of AIPO.·15 excluding hydrogen atom
positions (Acta Crystallogr , C40:2008 (1984)):

ORGANIC ADDrI1VES
NH.,+

Synthesis

P(I)

P(2)

AI(I)

AI(2)
0(1)

0(2)
0(3)

0(4)
0(5)
0(6)
0(7)
0(8)
0(9)
0(10)

oon
N

x
0.34830(2)
0 .1.3673(2)
0.37209(3)
0 .31503(3)
0.29674(6)
0.19438(7)
0.48683(6)
0.28440(7)
0.16583(7)
0.20999(6)
0 .30331(1)
0.47629(6)
0.44566(6)
0 .35324(8)
0.53720(9)
0 .10388(10)

y
0.53183(2)
0.30797(2)
0.53719(3)
0.22986(3)
0.58593(6)
0.12742(7)
0.48033(6)
0 .38569(6)
0.26792(7)
0.44859(6)
0.69867(6)
0.17560(7)
0.36468(6)
0.06688(8)
0 .14339(9)
0.80953(11)

7.

0.6<)853(2)
0.29463(2)
0.38618(3)
0 .60731(3)
0.54355(6)
0 ,69302(7)
0 .26314{6)
0.70988(1)
0.45379(6)
0.27945(6)
0.29189(7)
0.73909(7)
0.50306(6)
0.49997(8)
0.31701 (10)

0.48671 (J 0)

This alurninophosphate structure does not re
quire organic additives to promote crystalliz
ation. Synthesis has been successful in the
t-4H~H2 and i-C3H7NH2 and diaminobutane
containing gel systems; however, the ammonia
decomposition product of these organic amines
appeared as the stronger structure promoter in
this system. Rapid crystallization is observed in
the absence of organic additives when only NH3

(NIL +) is added. Crystallization occurs be
tween 150 and 20QoC within several hours to
several days. Large well-formed crystals result
(from author).

Thermal Properties

A two-step weight loss is observed upon heating
AIP04-15 . Between 60 and 200°C, 5% of the
volatile material is lost. and 14% additional de
crease in weight is observed between 200 and
350°C.



100.00-,..... _

f
::t:
o
iii BS.OO;:

va. 12.2639 mg RATE: 10.00 deglmin

70,00 -l...r----.--------.-------,--------,-- - ,---- - -.------,-------r---.----

60.00 140.00 220.00 300.00 380.00 460.00 540.00 620.00 700,00 780.00

TEMPERATURE CC)
10.001,-------- - - - - --------------- - - - - -,

RATE: 10.00 OEG/MIN

ATMOSPHERE: AlA

,/

Q.OO+-------.---t--- -----<----<----<----<----------:->:-::-'
50.00

TEMPERATURE (C)

AIPO.-15 Flp. 3a IIDd 3b: TGA. (Fig. 3a cop) IOTA. (Fig. Jb bottom) Of AlPO.-15. (Reproduced with permission
of A. Long, Georgia Tech)



Infrared Spectra

Mid.jnjrandVibrations(cm- J
) : 1200w,1115s,

l070m. 10205, 890m, 665m, 610m, 585w,
542wsh, 512m. 462w. MOw (from author).

AlPO.-IS 27

Adsorption properties of AIPO.-IS
(from author):

Ki netie
diameter Pressure. Temp. , Wt%

(Al Torr ·C adsorbed

Adsorption

Adsorption properties of AIP04- 15 (from au
thor);

755 -183 3.0

100

80

60

40

20

O-l------.----!:.....-----y------,---,..----'

1400 1200 1100

eM"

800 600 400

AlPO.. IS Fig . 4: Infrared spectrum of as-synthesized ALPO~-15 . (Reprodoeed with
permiss ion of K. Vinje. U. of Oslo)



AlPOr16 (AST)
(US4,310,440(1982»
Union Carbide Corporation

Structure

(Zeo. (1:503(1991))

CHEMICALCOMPOSITION: (AI"'pzoO.ol~4R·16H20

(R = I.<kthylene piperidine)
SYMMETRY: cubic
SPACE GROUP: F2.3
UNIT CELL CONSTANTS (A>: a = 13.4
PORB STRUCTURE: entrance through six-member

rings only

X-Ray Powder Diffraction Pattern: (d(A)
(///0)) 7.83(62), 5.72(2) , 5.13(2), 4.75(50).
4.06(100), 3.875(9sh). 3.357(27), 3.23(2),
3.19(2), 3.08(12), 3.00(28), 2.735(4), 2.585(5),
2.374(8),2.276(2),2.049(2), 1.877(6), 1.746(3),
1.675(3).

Final positional parameters of AlPO.-16 (Zeo. 11:503
(1991) :

Atom x y z
All 0.11&6(17) 0 .1186 0 .1186
PI -0.1116(13) 0.11 16 0.1116
P'2 0 .25 0.25 0.25
AI2 -0.25 0.25 0 .25
01 - 0.0078(27) 0.1285( 13) 0.1495(13)
02 0.1915(18) 0.1915 0.1915

03 - 0.1704(21) 0.1704 0.1704
Nl 0.0560 0.4329 0.0424
CI 0.0056 0.3916 -0.0462
C2 -0.0601 O.<U>80 -0.0973
C3 0 .1159 0 .5193 0 .0103
C4 0.0529 0.59&8 -0.0393
C5 -0.0214 0.4589 0.1118
C6 -0.0878 0 .5472 0.0646
C7 -0.0552 0.5662 -0.0418

I'anmeters without cstill1llled Slandard deviations in tNo \"""1 sig
niOcant figure. (given in parentheses) were 1>01 refined. The popu
lation parameter is 1.0 for each framework atom (AI. P. Of' 0) and
0.0833 for each qu'lnuclidine stern .

AIPO...16 Fill. IS: Framework topology.

ORGANIC ADDITIVE
quinuclidine

AIP0 4-16 is prepared from a gel composition
with a molar oxide ratio of:

Crystallization occurs after 24 to 48 hours at
temperatures between 150 and 200cC. At the
elevated temperature a small amount of AIP04 

17 also is formed.

Tbermal Properties

After thermal treatment for several hours at
500cC, no change in the X-ray diffraction pat
tern is observed.

Adsorption

Adsorption properties of AJPO."J6:

Kinetic
diameter, Pressure, Temp., Wt. %

Adsorbate A Torr "C adsorbed

O2 3.46 lOI - 183 1.2
O2 755 -183 11.6

The framework topology of AIP04-16 can be n-Bulane 4.3 768 24 2.0

described as an idealized zunyite framework. It Neopentane 6.2 301 25 1.4

is built from double four-rings. The largest pore H2O 2.65 4.6 24 19.0

opening is a six-member ring. fI~ 2.65 20 24 36.3
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AJPO.-16 Fig. 2: Results of the Rietveld refinement for as-synthesized AIP04·16 using
synchrotron data (wavelength 1.3236.5 A). The upper lines are the calculated profile (smooth line)
and the experimental powder diffraction profile. Below these . the difference between the
experimental and the calculated profile is shown (Zto . II :503 (1991» . (Reproduced wilh permission
of Butterworth Publishing Co .)

AIPO.r17 (ERI)
(US4~310~440(1982»

Union Carbide Corporation

Related Materials: erionite

Structure

(Acta Crystallogr . C42:283(l986))

7.44(3),6.63(39),6.24(13),6.03(2),5.75(62),
5.34(33),4.93(20), 4.72(2),4.53(67), 4.33(93),
4.15(50),4.02(2), 3.95(15), 3.82(34), 3.74(39),
3.68(3),3.52(55),3.38(35),3.26(20),3 .18(5),
3.11(20), 2.m17), 2.87(29), 2.81(68), 2.76(2),
2.67(18), 2.64(2), 2.59(2), 2.55(2), 2.50(7),
2.47(6), 2.44(2), 2.41(2), 2.37(3), 2.29(2) ,
2.26(7), 2.23(4), 2.19(3), 2.14(3), 2.11(1),
2.08(9), 2.04(2), 1.98(5), 1.96(1), 1.95(4),

CHEMICAL COMPOSITION: AJ,.P .. 0 12 '"

4(CsHIlH'"H,O)

SYMMETRY : hexagonal
SPACE GROUP P6y'm
UNIT CELL CONSTANTS CAl a = 13.24

c = 14.77
VOLUME: 2241.4 AJ
DENSITY: 1.93 glcm'
PORE STRUcrURE: eight-member- ring pore openings

X-Ray Powder Diffraction Data: (as synthe
sized) (d(A) (JlJo»)11.55(100),9.12(41),7 .79(2), AIPO.·17 Fig. IS; Framework topology .



30 A/PO.-17 (ERI)

4 12 20 28 36
DEGREES 20, Cu tea

44 52 58

AJP04""17 Fig. 2: X-ray powder diffraction pattern of ALPO.-17 (as-synthesized with quinuclidine) (ACS
Sym. Ser. 218:79 (1983». (Reproduced with permissioa of the American Chemical Socieey)

Atomic populations positions. and displacements of
A1PO.-l7 (Acta Crystallogr, C42:283 (1986» (fractional

coordinates are multiplied by 10"):

-In !he erionite &tnlctull' 1'(1). AI(l): P(2). Al(2); 0(1). 0(1 ') Ate

equivalenl,
'Only 4.14(14) (If the six 'ite. arc occupiw.
"COl and C~) are disordered (6xed in reJlnemenr).

sonable because of the basicity of the piperidine
molecule. The hydroxide also interacts with ODe

of the framework aluminum cations, producing
a distorted tetrahedral arrangement around that
aluminum. Disorder is observed in the struc
turally trapped piperidine. Elemental analysis
shows that there are four organic molecules per
unit cell.

1.90(3), 1.87(2), 1.85(8), 1.84(11), 1.82(2),
1.78(1)" 1.76(11), 1.72(1), 1.70(5); (after 55ifC
calcination) 11.5(77), 9.1(46) , 7.63 -7.47(13),
6.58(100), 6.33(21), 6.24(28), 5.99(2), 5.68(16),
5.28(6), 5.22(3), 4.62(5), 4.52(12), 4.33
4.27(42), 4.1I(22), 4.00(2), 3.93(2), 3.76
3.72(29), 3.65-3.63(22), 3.56(7), 3.52(12),
3.40(7) , 3,26(20), 3.16(15), 3.10(10), 3.038
3.018(7), 2.969(7), 2.903(7}, 2.849(24), 2.805
2.788(15),2.660(11), 2.550(1),2.488-2.471(7),
2.281(1),2.186(3),2.151(2),2.1I8(4),2.067(J),
2.019(1), 1.973(1), 1.953(2), 1.972(3), 1.895(2),
1.852(2), 1.817(7), 1.781(7) , 1.734(2), 1.698(1),
1.661 (2).

The X-my powder diffraction pattern of this
molecular sieve is very similar to that of natural
erionite, Differences in intensity are observed
between the two compositions, attributable to
Al-P ordering and to scattering contributions by
the cations in the zeolite structure.

The structure of calcined AlPO.-17 has the
erionite framework topology with alternating Al
and P in the T atom positions. The as-synthe
sized A1P04-17 contains a modified erionite
framework with the organic, piperidine. trapped
within the pores. Extra nonframework oxygen
also is located in the structure and is attributed
to the presence of hydroxide anions of a piper
idiniurn cation . Such a complex appears rea-

P<l}*

P(2)

AI(l)

AI(2)
0(1)
0(1 ')
0(2)
0(3)
0(4}
0(5}

0(6)
o(7r
C(l)ss

C(2)"

x
9989(2)
5675(3)
7708(2)

999(3)
365(6)

6373(5)
826(S}

1432(5)
2773(6)
2468(7)
4584{7)
1721(12)
3770
4590

y
2369(2}
9079(3)
9983(2)
4214(3)
3435(5)
9669(5)
1910(5)
2640(6)

30(6}

4693(7)
9171(4}
1876(12)
7930
7490

938(2)
2500
1180(2)
2500
)529(4)
1649(4)
1053(5)
6244(4)
m0(4}
2500
2500
2500
9599
9920



Syntbesis

ORGANIC ADDITIVES
l·lIZabicyclo(2.2.2Joclanc (Proc. 6th 1ZC 97(1983»
2,2-<limemylpropylamioe (Proc . 6th 1ZC 97(1983})
cyclohexylamine (Proc. 6th IZC 97(1983»
piperidine (Pro~. 6lh IZC 97(1983»)

A1P04-17 synthesis is sensitive to both crys
tallization lime and temperature . A1P04-16 is a
common impurity when quinuclidine is used.
and AlP04-5 will crystallize in the presence of
cyclohexylamine. Changing the organic re
quires a modification of the temperature needed
to induce crystallization of this structure. In the
presence of neopentylamine, a ISOaC cystalli
zation temperature is required, whereas 200aC

is needed when cyclohexylamine and piperidine
are used. Temperatures up to 25o<'C have been
used to generate this structure. Crystallization
occurs after 168 hours (US4,310,440{1982)).

Thermal Properties

AlP04-17 is both thermally and hydrothermally
stable. Weight loss with increasing temperature
is due to burn-off of the organic additive used
in the synthesis.

Adsorption

Adsorption properties of AJPO.·I1:

Kinetic
diameter, Pressure. Ternp., WI. %

A Torr ·C adsorbed

0 , 3.46 101 - 183 22.2
0, 724 -183 23.1
n-Hexanc 4.3 45 23 7.7
Isobutane 5 .0 10\ 23 0.2
Neopenlane 6.2 308 23 9.3
H2O 2.65 4.6 22 24.9
H2O 18 22 27.8

AIP04-18 (AEI)
(US4,310,440(1982»
Union Carbide Corporation

Reltued Materials: metal-substituted
aluminophosphates

AIPO.-18 Fig. IS: Framework topology.

Structure

(BZA Meeting Abstract, 1990)

CHEMICAL COMPOSITION :
(US4,310.440(19&2)): 0.14 (TEA)20 : 1.00 AbO , :
0.8 P,Q~ : 0.9 H,Q (TEA-Tetraethylanunonium)

SYMMETRY: monoclinic
SPACE GROUP: C2Je
UNIT CELL CONSTANTS : (A) a = 13.711

b = 12.73\
c = 18.570
a = 90.01 °

PORESTRUCTURE: three-dimensional eight-member
rings

X-Ray Powder Diffradion Data: (d(A) (1Il 0»
9.21(100), 8.47(8), 8.04(9), 6.76(6). 6.33(8),
5.99(10), 5.72(27), 5.25-5.22(61), 4.96(20),
4.60-4.55( 17), 4.41 (35), 4.24(45) , 4 .02
3.99(17), 3.82(5), 3 .73(6), 3 ,65(14), 3.58(9),
3.51(6), 3.41(13), 3.37-3.33(12), 3.19(16),
3.08(7). 2.98(20), 2.91(14), 2.86(14), 2.81
2.76(24), 2.68(5), 2 .60(3), 2.51-2.48(3),
2.36(2), 2.24(1), 2.17(3) , 2.11(5), 1.90(3),
1.87(2), 1.84(4), 1.79(4), 1.76(2), 1.69(4),
1.67(2); (after thermal treatment to 6()()"C) (d(A)
(1110» 9.31(00), 8.85sh, 8.51sh, 8 .35(14),
7 .83(4), 6.83(9), 6.56(8), 6.11(4), 5.50(11),
5.22(8), 5.16(17), 4.65(5), 4.51(7), 4.44(6),
4.29(12), 4.17(15), 4 .06(5), 3.95(8), 3.88(9),
3.72(12), 3.66sh, 3 .58(3) , 3.53(3) , 3.47sh,
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AlPO.-18 Fig. 2: X-ray powder diffraction pattern for AIPO.-18. as-synthesized (Proc , Sixth [n), ZeD. Conf. 97
(/984)). (Reproduced with permission of Butterworth Publishing Company)

3.43(8), 3.39(7), 3.29(4), 3.21 (7), 3.07(7),
2.98(8), 2.94sh. 2.88(13), 2.83(5) , 2.78(7),
2.57sh, 2.71sh, 2.66(4), 2.59(3), 2.43(2),
2.32(2), 2.09(2). 1.86(4), 1.66(3), 1.65(2).

AlPO.-18 exhibits properties characteristic
of a small-pore molecular sieve .

Synthesis

ORGANIC ADDmVES
(ClH,l.N + (rEA)

From a batch composition of AbOJ : 1.5
2.5 PzOs : 2.0-4.5 TEAOH : 60-1200 H20 ,

CHA

AlPO.. t8 Fig. 3: A comparison between the structure of AIPO.-18 and chabazite
(CHA) . (Proe. SlxJh lnt , ZeD. Conf 97 (1984». (Reproduced with permission of
Butterworth Publishing Company)



this structure will form within the temperature
range of 130°C to 200°C (PP 8th lZC 21 (1989».
The product has an AIJP ratio of 1.35. Addition
of HCI does not appear to hinder crystallization
(US4.3 (O,440( 1982».

Thermal Properties

Upon thermal treatment to 600°C, the X-ray
diffraction pattern changes. Reversible changes
occur with dehydration and rehydration of this
molecular sieve (PP 8th lZC 21(1989».

Adsorption

Adsorption properties of AIP04-18 (US 4.310 ,440
(l982»:

Kinetic
diameter. Pressure. Temp.. WI. % AlPO.-20 Fig. IS: Framework: topology.

A TOfT ·C adsorbed

O2 3.46 130 -183 23.0
0, 697 -183 27.9
a-Butane 4.3 718 24 16.2
lsobutane 5.0 101 24 0.1
H2O 2.65 4.6 24 30.3
H,O 21.0 . 24 36.9

ALPO~20 (SOD)
(US4,310,440(1982»)
Union Carbide Corporation

Related MmerUds: sodalite

Structure

(JACS 104:1146(1982»

CHEMICAL COMPOSITION: O.2OTMA~*AI~J*

O.98P20,*2.17H,O (TMA :; tetramethylammonium)
SPACE GROUP: PP43n
UNIT CELL CONSTANT (A): a = 8.9
PORE STRUCTURE: very small, six-ring openings

only

X-Ray Powder Diffraction Data: (as-synthe
sized) (d(A) (1110» 6.326(31), 4.462(44),
3.986(16), 3.633(100), 3.164(25), 2.831 (18).
2.585(18),2.238(4),2.099(5), 1.903(4),1.752
(10); (after 6()()OC calcination) 6.19(100).

4.37(27),3.92(9),3.59(57), 3.14(20), 2.79(19),
2.56(13), 2.21 (4), 1.74(6).

AIP04-20 is structurally analogous to the
aluminosilicate sodalite, The four- and six-rings
in this structure contain alternating tetrahedrally
coordinated AI02 and P02 units. A discussion
of the framework topology is found in the sec
tion "Sodalite." The TMA cations used io the
synthesis of this structure are trapped within the
cavities. Access to the cavities is through six
member rings only, thus limiting the adsorptive
ability of this material (lACS 103:1146(982» .

Synthesis

ORGANlC ADDITIVES
tetramethylammonium' (TMA)
tetrapropylammoniurn + tetramethylammonium (lACS

110:2127(1988»

AIP04-20 crystallizes from a balch compo
sition: 1.0 AI20 J : 1.5-2.5 P20S: 2.0-4.5 ROH:
60-1200 H20 (PP 8th lZC 21(1989». Pseu
doboehmite (hydrated aluminum oxide) is used
as a source of aluminum. The cationic amine,
TMA +, aids the crystallization of this struc
ture. Cystallization occurs within 71 hours at



4 12 20 28 36

DEGREES 29, Cu Ka
44 52 56

AlPO ..20 Fig. 2: X-ray powder diffraction pattern of AJPO.-20 (ACS Sym. Ser , 218:79
(1983). (Reproduced with permission of the American Chemical Society)

15ct'C. A minor unidentified crystalline im
purity is reported under these conditions
(US4.31 O.440( 1982») .

Adsorption properties of AJPO.-20:

Adsorption

Infrared Spectrum

See AIP0 4-20 Figure 4 .

Pressure. Temp.. Wt. %
Torr ·C adsorbed

Kinetic
diameter.

A

0, 3.46 97 - 184 2.7
O2 750 - J8J JJ.5

n·Hexane 4.3 45 24 1.7
Neopentane 6.2 30.3 24 J.5

100 2ll() 300 .00 soo 600 700

CycJohexane 6.0 II 24 1.3
HJC) 2.65 4.6 24 22.6 TEMPERATURE(C')

H2O 18.5 24 37.2
DTA of AJPO.-20 (see Fig. 3b).AlPO.·20 Fig. 3a:

Thermal Properties

Crystallinity is not lost upon heating to 600°C,
though a change in the X-ray diffraction pattern
peak positions and intensities is noted (PP 8th
lZC 21(1989».
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36 AIPO~-21

AJPO.-21 Fig. IS: Framework topology.

ALPOr21
(1184,310,440(1982»
Union Carbide Corporation

Structure

(Inorg . Chern. 24: 188(1985); Acta Crystallogr,
C41:515(1985))

CHEM1CAL COMPOsmON: AhPJOJ20H* 1.33N 2C , H 2)

SYMMCfRY; monoclinic
SPACE GROUP; P2,/n

TMPD en Py
UNIT CELL a := 10..33 8.47 8.67

CONSTANTS
(AI:

u o

DENSITY (0.):

b := 17.52 17.75
c '= 8.67 9.06

beta = 12.3.4 106.7
2.60 2.26

17.56
9 ,19

107.75
2 ,27 glcm'

2.797(35), 2.747(23), 2.722(38), 2.637(15),
2.550(2), 2.501(6), 2.417(12), 2,380(3),
2.321(5),2.243(7),2.040(7), 1.910(8), 1.797(7),
1.759(9), 1.740(1 I), 1.722(8), 1.698(7).

X-Ray Powder Diffraction Data: (d(A) (/110 )

8.845(51), 8.425(7), 7.830(14), 7.500(13),
7.255(36) , 6.707(6), 6.237(36), 6.067(27),
5.574(31), 5.277(6), 4.796(4), 4 .529(11),
4.353(25), 4.210(25), 4.171(30), 3.934(97),
3.900(88), 3.754(23), 3.548(100) , 3.453(6),
3.4OJ(19) , 3.351(53), 2.232(47), 3.164(21),
3.079(11), 3.038(3) , 2 .921(5), 2.885(8),

The proposed AlP04-21 structure contains
tetrahedral phosphorus and both tetrahedral and
trigonal-bipyrarnidal aluminum. Some unique
features of this structure include a three-ring
composed of two 5-coordinated AI atoms and
one tetrahedrally coordinated phosphorus atom,
IwO types of five-rings containing two and three
AI atoms, four types of four-rings (two of which

~
Cf)
Z
ill
I
Z

2.00 10.00 20.00

DEGREES 29

30.00 40.00

AJPO.·21 F1g. 2: X-l'llY powder diffraction pattern of AlPO. ·21 . (Reproduced with permission of author)



combine into an extended double crankshaft
chain) , a chain of edge-sharing three- and five
rings , and a tesellation composed of three-,
four-, five-, and eight-rings (lnorg. Chern.
24: 188(1985». The aluminum and phosphorus
oxides form ribbons of edge-shared three- and
five-member rings along fl01 J. which arejoined
along the [0 I 0] direction via four-member rings,
thus forming corrugated sheets of A12P207"'H20
or AI 2P2O,OH. These sheets are crosslinked by
crankshaft-shaped single chains of strictly al
ternating aluminum and phosphorus. giving an
open network of channels in the (010) bounded
by eight-membered ring apertures.

The organic TMPD used in the synthesis of
this structure decomposes during synthesis, re
sulting in three triatomic species which are trap
ped in the structure (Inorg, Chern. 24: 1288
(1985». When AIPO.-2t is synthesized using
en or py, the organic remains intact and the en
and py are located at the eight-ring cavities (Acta
Crystallogr. C41 :515( 1985)).

Synthesis

ORGANIC ADDITIVES
pyrrolidine
trimethylamine
1.3-dimethyl piperazine
)-(di-n-butylamino)propylamine

N,N,N ' ,N' -teuamethyl- l ,3-propanc{\iamine
N,N-dimethyl-etbano lamine
n-propylamine
N,N .N' .N'-tetramethylethylenedlarnine
N-methyl-ethanolamine

Mixtures of pseudoboehmite and phosphoric
acid and pyrrolidine with the batch composition;

are mixed and heated at 1500 e for 150 hours.
Isolation of the crystals via filtration and drying
in air at I JOoe results in the X-ray diffraction
pattern shown above. Triemthylamine addition
to the AIPO. gel results in AIPO.-21 at 150"C.
Higher temperatures (ca. 200"C) were used to
prepare this material when the other amine based

Atomic positions for AJPO.-21 (/norg. Chem . 24:188
(1985»:

x y z

P(I) 0.1335(1) 0.0708(1) 0.9738(2)
P(2) 0.0269(1) 0.2112(J) 0.3235(2)
Pc)~ 0.4967(1 ) 0.1646(1) 0.7462(2)
AI(I) 0.3082(1) 0.1714(1 ) 0.3192(2)
AJ(2) 0.3372(1) 0.3982(1) 0.9739(2)
AI(3) 0.2057(1) 0.2037(1) 0.7707(2)
0(1) 0.3375(3) 0.4885(2) 0.0519(4)
0(2) 0.2331(4) 0.0912(2) 0.1807(4)
0(3) 0.4210(4) 0.2188(2) 0.2580(4)
0(4) 0.0904(4) 0.1947(2) 0.5237(4)
0(5) 0.0484(3) 0.2523(2) 0.7775(4)
0(6) 0.4254(4) 0.1411(2) 0.5439(4)
0(1) 0.4636(3) 0.4 153(2) 0.9012(4)
0(8) 0.1819(3) 0.1203(2) 0.8696(4)
0(9) 0.3221(4) 0.2905(2) 0.8647(5)
0(10) 0.3759(3) 0.1525(2) 0.7924(4)
0(11) 0.1316(3) 0.3898(2) 0.8634(4) '
0(12) 0.1589(4) 0.2283(2) 0.2955(5)
0(13) 0.4353(4) 0.3575(2) 0.2081(4)
N(fJ 0.2155(9) 0.4998(4) 0.2852(11 )
C(I) 0.3305(13) 0.4857(5) 0.4786(16)
e(2) 0.0868(9) 0.4358(4) 0.2039(11)
C(3) 0.177(2) 0.4828(9) 0.362(3)
C(4) 0.125(3) 0.4639(12) 0.477(3)
H(l) 0.381(6) 0.286(3) 0.854(8)

organics (listed above) were used. Crystalliza
tion times between 94 and 336 hours were re
ported.

Thermal Properties

Upon heating, AIPO.-21 transforms into
AIP04-25 (lnorg . Chern. 24,188(1985); US
4,310,440(1982) . A two step weight loss is
observed with 4.9% loss when the sample is
heated to t20°C and a further 14.1% weight loss
when the sample is heated above 400°C. The
temperature at which this transformation takes
place is 400°C . The organic also is lost during
the conversion of AlP04 -2 ! to AIPO.-25 (from
author).
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0 ,112
0 .425
1.067
1.122

-183
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22
22

75
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17.5
17.5

2.65

3.46

Kinetic
diameter, Pressure, Temp., Wt. %

Adsorbate A Torr °C adsorbed

ALPOr22 (AWW)
(US4,31 O,440(l982) )
Union Carbide Corporation

Structure

CMmil:a1 Composition: 0 .31 DDO
Ah03 : 1.03 P20S : 0.31 H20,

AIP04-22 fig, IS: Framework topology of A1P04 -22 in
dicating the aww and rpa polyhedral units ,

X-Ray Powder Diffraction Data: (as-synthe
sized) (d(ft..) on» 10.34(25), 9.83(2sh),
9.72(57), 7.76(1), 6.97sh. 6.81(9), 6.07(4),
5.68(6), 5.13(26), 4.80(100), 4.30(43),

1.0 4.15(1sh), 4.08(19), 3 .93(6), 3.75(22), 3.7(23),
3.68(8), 3.59(24), 3.40(36), 3.30sh, 3.27(20),



3.21(8), 3.12(10), 3.05(30), 2.969(8), 2.835(16),
2.780(2), 2.714(2), 2.698(2), 2.625(1),
2.571(11), 2.525(5), 2.404sh, 2.392(9),
2.304(1),2.295(1),2.268(2),2.235(4),2.191(2),
2.146(2),2.071 (I), 2.045(4), 2.(127(2), 2.006(4),
1.957(1), 1.933(2), 1.881(4), 1.868(13),
1.834(5), 1.817(2), 1.778« I), l.722(3),
1.698(5), 1.687(2); (after thermal treatment in
air at 6OO"C) 1O.28sh, 9.65(00), 7.03~.86(42),
6.15-6.02(21), 5.l3(50), 4.80(92), 4.35(64),
4.12(23), 3.95(11), 3.72(34), 3.59(18), 3.44-

3.4I(sb), 3.27(24), 3.24sh, 3.14(12),3.07(31),
2.867-2.849(9), 2.722(4), 2.596(15),
2.571(14), 2.529(5), 2.411(3), 2.275(1),
2.212(3),2.176(1), 2.040(4), 2.019(2), 1.945(3),
1.926(2), l.903(3), 1.888(3), 1.859(2), l.737(2),
1.716(4).

The structure of AlP04-22 contains two new
polyhedral units identified as the rpa and ww
units. The aww cages have two topologically
distinct four-rings and four six-rings. The aww
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cage encapsulate a phosphate tetrahedron. The
presence of the occluded phosphate results in a
PIAl ratio greater than unity. The rpa cage is
composed of eight four-rings, eight six-rings,
and two eight-rings and contains the quinuclidine
molecule tNaturwissenschaften 76:467 (1989» .

Synthesis

ORGANIC ADOmVES
N,N' -dimelhyl-I,4-diazabicyclo[2,2.2joctane dihydroxide

(000)

This structure is prepared from the batch
composition:

The synthesis employs pseudoboehmite (hy
drated aluminum oxide) as the source of alu
minum. Crystallization occurs at 200°C after 72
hours, Some of the DDO remains trapped within
the crystals after synthesis.

AIPO.-23 41

Thermal Properties

Crystallinity of this material remains after ther
mal treatment to 60ifC to remove the trapped
organic species. The X-ray powder diffraction
pattern changes slightly upon thermal treatment.

ALPO-r23
(US4,310,440(1982))
Union Carbide Corporation

Structure

CMmical Composition: 0.64 (CH2)~ : 1.00
AI20) : 1.04 P20S : 0 .79 H20.

X.RayP()wderDiffraction~: (d(A) (1110»
11 .946(47), 8.588(24), 8.268(64), 7.628(54),
7.437(43sh). 6.607(4), 6 .026(4), 5.906(6),
5.277(6), 4.671(21), 4 .353(28), 4 .171(100),
3.834{6S), 3.708(9), 3.633(6sh), 3.401 (16),
3.278(11), 3.209{t2), 3.121(36), 3.018(30),
2.903(11), 2.780(74), 2.652(2), 2.571(7) ,
2.481(8),2.404(4),2.298(2),2.217(7),2.090(4),
1.888(8), 1.831(4), 1.765(2), 1.734(5).

2.00 10.00 20.00

Degrees 29

30 .00 40.00

AIPO..13 Fig. t: X-ray powder diffraction panem for A1PO.-23. (Reproduced with pennission of author)
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Synthesis

ORGANlC ADDITIVE
pyrrolidiJIe (Oh).NH

AlP04-23 is prepared from a reactive gel with
the composition:

Pseudoboehmite is used as the source of alu
minum, and phosphoric acid is the phosphorus
source. Crystallization occurs at 200°C after 9 t
hours . After recovery of the solid, the crystals
are dried at 110°C (U54,310,440(1982».

ThennaJ Properties

Calcination of A1P0 4-23 to 600°C to remove the
entrapped organic from the material results in a
substantial change in the X-ray diffraction pat
tern and the generation of the AlP04-28 struc-

ture (US4,31O,44O(l982». An 18% reduction
in sample weight is observed (from author) .

Infrared Spectrum

Mid-infrared Vibrations (em-I): 1110(8),
1075(s), 104O(m), 730(w), 670(w). 630(w),
570(w), 520(w). 460(w) .

ALPOr24 (ANA)
(JACS 104:1146(1982))
Union Carbide Corporation

AIP04-24 is topologically related to analcime.

ALP04-25 (ATV)
(US4,31O,440(l982)
Union Carbide Corporation

Structure

(Acta Crystallogr. C4l :515(1985»

1600 1400 1200 1000 800 600 400 200

AJPO.·23 FIg. 3: Mid-infrared spectrum of AIPO.-23. (Reproduced with permission of 8. Duncan,
Georgia Tech)



A1PO.-2S Fig. IS: Framework topology (proposed).

CHEMICAL COMPOSmON: (US4.310.44O(J982»:
AI,ol : 1.0 :!:. 0.2 P10 1

SPACE GROUP: B2Is
UNITCELL PARAMETERS (A): a = 15.24

b = 18.91
c = 8.45

PORE STRUCTURE: eight-member-ring pores
proposed

X-Ray Powder Diffraction Dasa: (d(A) (lI/o»
11.632(3), 9.213(83), 8.346(1), 7.500(14),
7,025(3), 5.829(100) , 4.647(71), 4.171 (84),
3.917(17), 3.770(8), 3.619(6), 3.490(43),
3.414(14), 3.121 (0), 2.988(3), 2.885(23),

~
C/)

Z
w
rz

2.698(8),2.515(7),2.404<8), 2.374{8), 2.094(3),
I.719(3).

The AIP04-25 structure contains the same
2-D net as AIP04-21, but it has an up-down
up-down chain instead of the up-up-down-down
chain of AlP04 -21 (1 . Phys. Chern. 94:
3365(1990».

Aromic coordinates of AIP04 -25 at 593°1(':

atom site sym .r y
T(I) 160 I 0.3535(13) 0.0982(6) 0 .1987(12)
T(2) 8m m 0 .1566(15) 0.2500 0 .3142(12)
0(1) 81 2 0.3017(8) 0.0000 0.2500
0(2) 8t 2 0.5000 0.1275(5) 0.2500
0(3) 160 I 0.2317(8) 0.1625(5) 0.2497(13)
0(4) 8m m 0 .3308(10) 0.0971(6) 0.0000
0(5) <Ie 21m 0.0000 0.2500 0 .2500
0(6) 4g rnm 0 .1076(24) 0.2500 0 .5000

a. T ~ AI.",.,; Q ~ 9 .4489(4) A. b ~ 15.2028(S} A: c ~

8.4084<) A; Acnun(67) () . Phyl Chem. 94:3365 (1m)).

See AIP04-21 for hydrothermal synthesis.
Conversion of AIP04-21 to AIP04-25 occurs
upon calcination to 500-600°C (US4,
310,440(1982».

2.00 10.00

DEGREES 29
A1POc-1S Fig . 2: X-ray powder diffraction pattern for A1PO.·25 . (Reproduced with permission of author)



Thermal Properties

AIP04-25 loses 8% of its mass between room
temperature and 120oe. (See AIPO.-25 Fig. 3.)

Infrared Spectrum

MUl-irifrand Vibrations [cmr"): 1100(s),
700(w), 625(vw), 450(w). (See AlPO.-25 Fig.
4 below.)

2><0900>&0 __ &40_
TEMPEAATURE Ie) Adsorption

I\U\ In 8lT Adsorption properties of AlPO.-25:

Kinetic
diameter. Pressure. Temp. , WI. %

Adsorbate A Torr °C adsorbed

~ \ HI t M 2SI) $20 'tOO ~ tIi)O eee B70 7.0

Tfl,l~EllATuRE iel

AlPO.-25 Fig. 3: TGA trace (top) wilh 3 wt% loss before
14O"C; DTA trace (bottom) of AlPO.-25, IltC/min in air .
(Reproduced with permission of B. Duncan, Georgia Tech)
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46 AIPO.-26

AIP04-26

(US4,310,440(1982»
Union Carbide Corporation

Structure

Chemica/Composition: A120 3 : 1 ± 0.2 P20.s
(organic-containing composition not reported).

X-Ray Powder Diffraction Data: (d(A) (1110))
10.59(100), 8.98(14), 8.67sh, 8.38(68), 7.50(1),
6.56(8), 6 .11(6), 5.73(3), 5.28(10), 5.02(15),
4.91(18), 4.67(1), 4 .46(11), 4.37(1), 4.10(4),
3.99(31), 3.86-3.88(74), 3.60(6), 3.527(10) ,
3 .446(2), 3 .278(10), 3.249(6), 3.192(6),
3.058(4), 3.008(l}, 3.036(9), 2.893&-2 .875(12) ,
2.83(2), 2.716(8), 2.739(1), 2 .652(1), 2.614(6),
2.564(l}, 2 .536(1}, 2.485« I), 2.468« I) ,
2.401(2}, 2.332«1), 2.309«0, 2.287(1),
2.254(< I), 2.221(2), 2. 186(2), 2.132(2),
2.099(4}, 2.049«1), 1.985«1), 1.969(1),
1.903(1), 1.890(2) , 1.855(2), l.834«1),
1.80 I« n, 1.778(2), 1.143(1), 1.731« I) ,
1.707(2), 1.681(3), 1.664(1) .

Synthesis

X-Ray Powder DiffrociWn /JaUJ: (d(A) (1/10»
11.191(41),8 .934(7), 7.25S(lOO}, 6.651(22},
5.644(7), 4.770(47}, 4.623(25), 4.230(9),
4 .058(30), 3.786(7), 3 .501(20) , 3.4 I4( 13),
3.302(16), 3.008(13), 2 .894(13), 2.788(11) ,
2.536(6), 2.468(2).

AIP04 -28 exhibits properties characteristic
of a very small-pore material.

Synthesis

This material is prepared by calcination of AlPO,
23 at 6000e (see AIPO.-23 for synthesis de
tails).

Thermal Properties

This material represents the high-temperature
phase of AIP04-23 as described above. Exam
ination of stability beyond 600°C has not been
reported.

Adsorption

Adsorption capacities of AlPO.-28 (US 4.3Ia .44Q
(1982)):

Kinetic
diameter, Pressure , Temp.. Wt . %

A Torr 'C adsorbed

ORGANIC ADOmVE
polymeric quaternary ammonium salt (C,.H)lN2)(OHh ].

AlPO.-26 crystallizes from reactive gels con
taining thepolymeric quaternary ammonium salt.
Pseudoboehmite and phosphoric acid are used
to prepare the aluminophosphate gel with the
following composition:

0 1

O2

n-HeX4lle
Neopcntane
H,O
~O

3.46

4.3
6.2
2.65
2.65

103
761
.28
310

4.6
20.0

-183
-183

24
24
2A
24

1.0
2.5
0.5
0.5

11.1
21.4

Crystallization occurs at 200 0e after 24 hours.
The solid is recovered and dried at 110°C.

AlPOr28
(US4,310,440(1982»
Union Carbide Corporation

Structure

Chemical Composition: AI 20): 1.0 ± 0 .2
P20 .s .

AlPOr31 (ATO)
(US4,310,440(1982»
Union Carbide Corporadon

Re1llted Materials: SAPO-31
and metal-substituted

aluminophospbates

Strudure

(BZA Meeting Abstract, 1990)



A1P04-31 Fig. IS: Framework topology.

CHEMICAL COMPOSITJON: (US4,J1O,440( 1982»):
0.18 Pr,NH : 1.00 AhO-, : 0.99 P,o, : 0.56 HlO

SPACE GROUP; R3
UNIT CELL CONSTANTS: (A) . a '" b =' 20.83

c = 5.00
'Y = 109°

PORE STRUCTURE: J2-member ring,
unidimensional channels

The AlP04-31 structure consists of non
planar layers of 42.62.12-rings linked with stag
gered four-rings (M. Bennett, BZA Meeting Ab
stract, 1990). The pore size determined from
adsorption pore gauging is predicted to be 6.5
A. Entry into the structure is through 12-mem
ber rings .

X-Ray Powt!erDi,jJradWn Paaem: (d(AHI/lo»
10.40(85),9.3102),6.63(6),6.42(2),5.99(2),
5.64(6), 5.19(7), 4.85(7), 4.44(-), 4.37(48),
4.21(28), 4.08(26), 3.98 (100 3.59(7), 3.48(5),
3.99( I I) , 3.75(7), 3.02(9), 2.99(9), 2.85,
2.83(14),2.55(10), 2.51(6),2.37(8),2.25(4).

Synthesis

ORGANIC ADDITIVE
PrlNH

AlP04-31 crystallizes from batch composi
tion:

Pseudoboehmite is used as the source of alu
minum, and phosphoric acid is the source of
phosphorus in this crystallization mixture. Crys
tallization occurs at 200°C after 2 days
(US4,31O,440(1982)). Lower temperatures
and/or lower amounts of n-Pr2NH result in the
crystallization of AlP04-11SSSC 49: 169(1989»).

Thermal Properties

This molecular sieve is stable to temperatures
as high as 1000°C.

~
(i)
z
W
I-
~

W
>

~
wcr

8 16 24 32 40 48 56

OEGREES 29. CuK.

AlP04·3I Fig. 2: X-ray powder diffraction pattern of AIPO.-31 (6/ZC. 97 (1983). (Reproduced with permission of
Butterworth Publishing Company)



48 AlPO.-33 (All)

Adsorption

Adsorption capacities of A1PO.·31 (US 4,310.440
(1982»:

Kinetic
diameter. Pressure. Ternp. , Wt. %

A Torr °C adsorbed

0. 3.~ 99 -183 8.1
0, 711 -1113 I t.S
,,-Butane 4.3 107 24 4.0
Cyclohexane 6.0 54 24 5.3
Nwpentane 6 .2 109 24 3 .1
H2O 2.65 4.6 24 5.:3
HlQ 2.65 14.0 24 13.9 .

ALPOr33 (A TT)
(lJS4,473,663(1984))
lJnion Carbide Corporation

Related MaJeriaJs: AlPO..-12-TAMU

Structure

AIP04-33 exhibits properties of a small-pore
molecular sieve . AIP04-33 consists of four-,
six-, and eight-member rings with large gis
mondine-type cavities separated by smaller 14
member polyhedra. The structure is related 10

the theoretical Janice number, 102, by Smith
(Am. Mineral. 64:551(1979». A more detailed
description of the structure is found under A1P04

12-TAMU.

X.RayP()WderDiffractionDoJil: (d(A) (/110»
(as synthesized) J2 .10(.9*), 9 .42(21),
8.65(0.7"'), 6.98(100), 6.30(0.7*), 5.77(9.6),
5.1803.9), 5.05(11.6), 4.89(2.4), 4.55(2 .7),
4.31 (23.3), 4.23(2.8), 4.13(1). 3.99(2.1),
3.86(4.5), 3.71 (21.5), 3.65(0.7*), 3.55(2.5).
3.41(18.3), 3.32( 1.3sh), 3.26(86), 3.02(11.2),
2.90(6 .2), 2 .84(0.7sh), 2.79(5.9), 2.75(1 .2),
2.61(7.3), 2.57(1*), 2.52(2) [* peak may con
tain an impurity) ; (after thermal treatment to
600"C) 9.3(20), 6.66(100), 6.23(2), 6.03(2),
5.64(12), 4.90(39), 4.82(32), 4.43(16),
4.27(11 *), 4.20(lsh), 4.00(3br*), 3.90(2),

AlPO..-~3 Figs. ISa and ISb: Framework topology (two
figures).

3.68(12), 3.62( 13), 3.5 l(4br) , 3.35(39br),
3.27(2sh) , 3.08(21) , 3.02(11), 2.96(21),
2.84(6sh), 2.80(43sh), 2.72(4),2.64(5).

Syntbesis

ORGANlC xnornva
(CH,).W (TMAl

AIP04-33 was prepared using pseudoboeh
mite as the source of aluminum and orthophos
phorie acid as the source of phosphorus. The
batch composition that produces this structure
is:



Crystallization occurs at 200°C after 72 hours.
After centrifuging and washing, this molecular
sieve is dried in air at 100°C before being sub
jected to X-ray analysis.

Thermal Properties
~Thermal treatment of AlP04 -33 results in a change <:

in the X-ray diffraction pattern. A minor com- :~

ponent found after calcination is AlP04-25. e

~
I-

Adsorption

Adsorption capacities of AIPO.-33:

Kinetic
diameter, Pressure. Temp., WI. %

A Torr °C adsorbed

OJ
Xenon
II-Butane
H20

3.46
3.96
4.3
2.65

tOO
753
100

4.6

-183
25
25
25

17.5
22.7
0.4

18.6 AlP04-34 exhibits properties characteristic
of a small-pore chabazite molecular sieve.

AlP04-34 (eHA)
(EP 293,939(1988»
Union Carbide Corporation

RelLzud Materials: chabazite

Structure

Chemical Composition: (EP292 ,939(1 988»
0.092 TEAOH (AIo.4e.Po.S4)02 (TEA = tetra
ethylammonium)

X-Ray Powder Diffraction Data: (d(A) (IIlo))
(as-synthesized) 9.24(100) ,6.80(12) ,6.27(11),
5 .69(7), 5 .48(23), 5.27(3), 4.94(14),4.64(3),
4.25(41), 4.02(4), 3.94(3), 3.81 (3), 3.54(15),
3.39(9), 3.16(3), 2.959(4), 2.896(22), 2.753(3),
2.647(3),2.570(3),2.465(2), 2.258(2), 2090(2),
1.842(2), I.782(3); (calcined 600°C) 9.10(100),
8.65(34), 7.40(3), 6.88(19), 5.73(4), 5.15(4),
4.55(29),4.48(26) .4.30(23),4.13(5),3.91(7),
3.65(14), 3.57(7) , 3.44(5), 3.30(5), 3.25(3),
3.17(8), 3.05(17), 2.883(15), 2.799(10),
2.714(7),2.347(3), 2.250(3), 2.097(2), 1.838(3),
1.726(3).

Synthesis

ORGANIC ADDITIVE
tetraethylammonium •
morpholine (SSSC 37 (1988))
l-propylarnine (author)

AlP04-34 crystallizes from a reactive mix
ture with a batch composition:

AlP04-5 or AIP04-34 seed crystals were added
to this batch composition to encourage crystal
lization of the AlP04-34 phase. Crystallization
occurred at 100°C after 10 days. Small amounts
of AlP04-5 were observed to form. When the
seeds were not added to the original mixture,
AlP04- 18 crystallized. Monoaluminum phos
phate was used as the source of both aluminum
and phosphorus. Phosphoric acid also was used
as a further source of phosphorus. In the pres
ence of i-propylamine and HF rapid crystalli
zation of this structure occurs at 19(fC (author).



50 AlPO.-39 (ATN)

Adsorption

Adsorption properties of AIPO.-34:

Kinet ic
diemeter, Pressure, Temp. • WI. %

Adsorbate A. TOfT OC adsorbed

0, 3.46 106 -18J 21.8
0, 705 -183 31.7
lsobutane 5.0 704 2J 0.9
n-Hexane 4 .3 44 22 9.7
H10 2.65 4.6 22 24.9
H2O 2.65 19 2J 37.0

AlPO.r39 (ATN)
(US4,663,139(1987»
Union Carbide Corporation

ReloUd Material: MAPO-39

Structure

X-Ray Powder Diffraction Data: (d(A) (lIlo»
(as synthesized) 9.29(81), 6.58(49), 4.79(42),

4.17(100),3.89(94),3.26(5),3.18(5),3.16(7),
3.11(13), 2.95(34), 2.60(6), 2.57(11), 2.35(10),
2.33(7); (calcinedat 6lXrC) 9.28(30), 6 .53(100),
4.76(33),4.64(25),4.13(41),3.93(22),3.86(21),
3.82(22),3.05(14), 3.02(10).

AIP04 -39 exhibits properties characteristic
of a small-pore molecular sieve with eight-ring
pore openings. See MAPO-39 for a description
of the framework topology.

Synthesis

ORGANIC ADDITIVES
di-n-propylamine

AIP04-39 is prepared from gels of di-n-pro
pylamine and acetic acid with the following
composition:

Pseudobohemite is the source of aluminum, and
crystallization occurs between 24 and 48 hours

~
1i5z
W
I
Z

2.00 10.00 20.00

DEGREES TWO THETA

30.00 40.00

AlPO...39 Fig. I: X-ray powder diffraction pattern of AIPO.-J9. (Reproduced wilh permission of K. Vinje. U. of
Oslo)
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diameter, Pressure. Temperature , WI. %

A TOrT "C adsorbed

Adsorption

at 150°C. The resulting solid is centrifuged.
washed, and dried at room temperature.

Adsorption capacities of AJPO.-39;

0
Oxygen 3.46 100 -183 10.2

"00 1200 1100 eon eoo 400
n-BulllJIe 4.3 100 25 1.7

(crr.-I)
i-Butane 5.0 100 25 0.8
H2O 2.65 4.6 25 18.1 AIP04·39 Fig. 3: Mid-infrared spectrum of A1PO.-39.

(Reproduced with permission of K. Vinje. U. of Oslo)

Thermal Properties

See AlP04-39 Fig . 2 above.

Infrared Spectrum

Mid-Uifrored Vibration Bands (em>'}:
ll00sbr, 700wbr, 640 row, 555wsh. 515 mbr.



AlP04-41 (AFO)
(EP 254,075(1988»
Union Carbide Corporation

Related Materials: SAPO-41
related metal-substituted

materials

Structure

(BZA Meeting Abstract, 1990)

CHEMICAL COMPOSITION: (EP254,075(1988» : 0 .3\
Pr2NH : AJ~ : 1.09

P20s ; 1.49 H20

SPACE GROUP: erne1 l
UNIT CELL CONSTANTS; (A) a == 9.72

b = 25 .83
alpha = bela = gamma = 90·

PORE STRUCTURE: IO-member rings,
unidimensional

X-Ray PowderDiffraction Datil: (d(A)(I/lo»
(as-synthesized) 12.89(49),9.11(38),6.41(40),
4 .84(25), 4.27(25), 4.20(43), 3.99(100),
3.86(60), 3.81(26), 3.51(19), 3.42(47),3.20(10) ,
3.17(5), 3.15(5), 3.02(32), 2.99(8), 2.84(8),
2.56(6), 2.45(5), 2.42(7), 2.38(11), 1.90(6);
(calcined 6OO"C) 12.99(13) , 9.30(35), 8.42(48),
6.48(40),5.90(16),4.70(19),4.32(27),4.20(23),
4.09(100),3.91(7),3.82(36),3.74(23),3.68(12),
3.65(7), 3.55(25), 3.46(31), 3.26(12), 3.09(12),
2.96(14), 2.89(29), 2.72(7), 2.48(9), 2 .38(9),
2.35(5),2.05(6), 1.85(6).

The framework topology of AIP04-41 con
sists of 4.62.5.10-1ayers connected by UDUD

AIPO.-41 Fig. IS : Framework topology.

chains (BZA Meeting Abstract, 1990). AJP04

41 exhibits properties characteristic of a me
dium-pore molecular sieve .

Synthesis

ORGANIC ADDITIVE
di-n-propylamine

AlP04-41 crystallizes from a reactive mix
ture with a batch composition:

AIP04-31 or AIP04-41 seed crystals were added
to this batch composition to encourage crystal
lization of the AIP04-41 phase. Crystallization
occurred at 200°C after 18 hours. Small amounts
of AIP04-11 were observed to form. Pseudo
boehmite was used as the source of aluminum
and phosphoric acid as the source of phospho
rus.

Adsorption

Adsorption properties of AIPO.-4I:

Kinetic
diameter. Pressure, Temp., Wt. %

Adsorbate A Torr OC adsorbed

Ol 3.46 102 -183 9.\
Cyclohexane 6.0 45 22 9.0
n-Hexane 4 .3 45 23 6.0
Neopentane 6.2 302 22 3.3

H,O 2.65 4.6 22 3.3

AlP04-52
(US4,851,204(1989)
Union Carbide Corporation

Structure

(SSSC 49:731 (1989))



A1P04-52 53

AJPO..52 Fig. lS: Framework topology .

atom x y t

All 0.23336 0.00520 0.19772
PI 0.23444 0.22575 0.19531
AI2 0 .32971 0.4J494 0.46961
P2 0.32993 0.43476 0.36196

AJPOr52 AI3 0.43234 0.32231 0 .63538
CAvrrY P3 0.43160 0 .32244 0 .52781

011 0.2768J 0.03818 0 .25489
0111 0.21384 0.11290 0.17491
0112 0.10570 -0.12330 0.19480
012 0.33640 -0.00627 0.16623

022 0.29912 0.39486 0.41202
023 0.33935 0.32945 0.50000
0231 0.45841 -0.43782 0.47337
0232 0.22185 0.45316 0.49314
031 0.32471 0.32361 0.16629
0321 0.45737 0.21842 0 .65844
0322 0 ,55493 -0.54506 0.63924
033 0.39210 0.29090 0.57790

Idealized parameters for the AABBCCAACCBB sequence
used to simulate the powder pattern (SSSC 49:73\
(1989»:

GMEUNrTE
CAVITY

CHA9AZlTl:
CAVrrv

CHEMICAL COMPOSITION: 0.2(TEA)(H,PO.)·
[Alo~PO.~IOl (TEA = tetraethylammonium)

SYMMETRY: hexagonal
SPACE GROUP: (idealized) P31c
UNIT CELL CONSTANTS CAl: a = 13.73

c = 28.95
'Y = 120"

PORESTRUCTURE: eight-member nog pores

52 cage . The framework density (15.2 T02l10000
A,3) is intermediate between erionite (16.1) and
chabazite (14.7).

X-Ray Powder Diffraction Data: (d(A) (/fl~)

(as-synthesized) 11.80(13), 11.00(91), 9.21(54),
6.86(20),6.21(24),5.50(35),5.07(26),4.85(50),
4.44(34), 4.29(100), 4.08(47), 3.96(25),
3.93(20), 3.48(32), 3.43(24), 3.12(22), 2.91(32),
2.83(23), 2.62(22); (at 600"C) 10.80(62),
9.14(1 (0), 7.51 (44), 6 .79(54), 5.46(13),
5.05(10),4.91(26),4.41(17),4.27(32),4.06(21),
3.41(18), 3.16( 11),2.90( 16), 2.84{1I). 2.83(11).

This discussion is based on an idealized to
pology for AIP04-52. The (calcined) A1P04-52

topology is a member of the ABC six-ring fam
ily of structures. It contains the longest known
repeat sequence (12 layers). These repeat units
consist of AABBCCAACCBB.

There are three different cages contained within
the structure, all governed by eight-ring win
dows. These cages include the gmelinite cage,
the chabazite cage, and the 8*3(2.4.6) or AlP04 -

Synthesis

ORCANIC ADDITIVE (SSSC 49:731(1989))
TEA - /tripropylamine

AlP04-52 was synthesized from a mixed or
ganic-containing gel with the composition:

1.0 TEAOH : 2.0 Pr~ : AhO) : 1.25 P20S
: 40 H20

This structure crystallizes after 120 hours at
150°C. AlP04-18 has been used as a seed to
encourage crystallization of this material. Very
little of the tripropyl amine was found to occlude
in this structure during synthesis . The organic
located within the channels of this material is
the phosphate salt TEA*H2P04 • There are 6.9
to 7.6 TEA per unit cell.



54 AIPO.-54 (VA)

40

36322816 DEGREEES 2& 24128
O-j-----,-----,--------.----------,----,-----,---.--"'T"

4
(a)

40

36322816 DEGREEES 26 24128
o+--""""'''-;-------:.:....-..~..:......::~.--=:....-----=:....---=-...::..;-~~=.--~~-----,,=~~

4(b)

AIPO.·52 Figs. 2a and 2b: X-ray powder diffraction plltlem of as-synthesized AIPO.-52 (Fig. 2a) and calcined
(Fig. 2b) (SSSC 4~:731 (1989». (Reproduced with permission of Elsevier Publishing Company)

Adsorption

Kinetic
diameter, Pressure, Temp., Wt. %

A Torr ·C adsorbed

ALPOr54 (VFI)
US5,013,535(1991)
UOP

RelaUd Materla1: VPI-5

3.46
4.2
5.0
2.65

700
700
700

4.6

-183
23
23
23

30.\
\2.9·
0.5

30.8

Structure

(RR 8th }ZC, 116(1989))

•Sample failed to reach equilibrium.
SYMMETRY; hexagonal
SPACE GROUP; P6)1mcm



AIP04·S4 Fig. IS: Framework topology.

UNIT CELL CONSTANTS (A):
(as-synthesized): a = 19.009(2)

c = 8 .122(1)
(dehydrated): a = 18.549(1)

c = 8.404( I)
PORE STRUCTURE: unidimensional IS·member

rings, very large-pore

The AIP04-54 structure has been examined
using neutron diffraction on the dehydrated ma
terial . Bond distances inthis material range from
1.43 to 1.70, with an average value of 1.60 A.
This structure is consistent with the net 81(l)
as shown for VPI-5 to contain an IS-member
ring channel system. See VPI-5 for a further
description of the framework topology.

Atomic coordinates of AIPO.-54 (RR 8th lZC, 116
(1989»:

.x y
T(l) 0.581S(7) 0.000 0 .0533(12)
T(2) 0.1739(9) 0.6603(6) - 0.0486(14)
0(1) 0.5000 OOסס.0 OOסס.0

0(2) 0.5858(10) OOסס.0 0 .2500
0(3) 0.0843(7) 0 .6536(4) - 0.0227(22)
0(4) 0.5930(3) 0 .1860(7) 0 OOסס.

0(5) 0.8372(12) 0.3428(8) 0.2500
0(6) 0 .2465(3) 0 .4930(6) OOסס.0

A1P04-C (APe) 55

ALPO.,-A
(BuH. Chem. Soc. Fr. 1762(1961»

Structure

Chemical Composition: AIP04

X-Ray Powder Diffraction Data: (d(A)(I))
5.77(0, 5.64(fft), 4.47(F), 4.36(FFF), 4.23(m),
4.07(FF), 3.94(ft), 3.76(mf), 3.64(FF) , 3.20(0,
3.05(mF), 2.945(mf), 2.895(m), 2.57(F) ,
2.46(m), 2.41(ff), 2.39(fff), 2.355(ft), 2.325(0,
2.31(f), 2.225(f), 2.235(fO, 2.18(f), 2 .l2(mO,
2.08(0, 2.045(ff), 2 .035(f), 1.98(fft) , 1.965(ff),
I. 925(ff) , 1.88(m), 1.84{ff), 1.82(m), 1.805(ff).

Synthesis

AIP04-A is prepared by dehydration of meta
variscite between 70 and 120°C. Rehydration
may return the rnetavariscite structure. Heating
to 450<>C results in the formation of tridyrnite.

ALPO.,-B
(Bull. Chem. Soc. Fr. 1762(1961»

Structure

Chemical Composition: AIP04 .

XaRay Powder Diffraction Data: (d(A)(I)
5.19,4.97,4.30,3.95,3.85,3 .58,3.26,3.04,
2.912,2.627,2.595,2.514,2.481 ,2.386,2.319,
2.237,2.150,2.100,2.088,2.038,1.971.1.922,
1.886.

Synthesis

AIPO,,-B is prepared by dehydration of variscite
between 100 and 200°C. Rehydration returns the
variscite structure. Heating to 400°C results in
the formation of tridymite and a small quantity
of cristobalite.

ALPO.,.c (APe)
(Bull. Chern. Soc. Fr. 1762(1961»

Structure

(Zeo. 6:349(1986)



Structure

CHEMICAL COMPOSmON: (Ah.J> I60"",1
SYMMETRY: orthorhombic
SPACE GROUP: Pca21

UNIT CELL CONSTANTS (A): a "" 19.2
b "" 8.6
c '" 9.8

PORE STRUCTURE: two eight-ring channel systems
(2.1 x 6.3) and (1.3 x 5.8)

X.Ray Powder Diffraction Data: (d(A)(I»
6.84(FFF), 6.12(mf), 5.35(f), 5.1l(mi) , 4.89(m).
4.78(mF) , 4.54(m), 4.35(mF), 4. 28(FFF) ,
4.15(raF), 3.88(mf), 3.84(mf), 3.64(m). 3.54(f),
3.49(f), 3.42(mF), 3.29(mf) , 3.22(f), 3.19(f),
3.08(mF), 3.05(f), 3.03 (mF), 2.90(?fff),
2.86(fff), 2.75(ff), 2.69(mt) , 2.67(m), 2.52(mf),
2.51(f), 2.473(f), 2.447(m), 2.387(0, 2.331(fff),
2.303(f) , 2.278(f), 2.,233(f), 2.208(fff) ,
2.173(ff), 2. I46(m), 2.126(0, 2.076(f), 2.040(f) ,
2.013(f) .

(AZST (1987»

AlPOrD (APD)
(BuU. Chem. Soc. Fr. 1762(1961»

Synthesis

AlPO.-C is prepared by dehydration of AIP04 

H3 between 100 and 180°C . Increasing the tem
perature to 200°C results in the formation of
AIP04-D. The transformation between AIP04 -

C and AIPO.-H3 is reversible. AlP04 -D Fig. IS: Framework topology.

X.Ray Powder Diffraction Data: (d(A)(I»
7.04(FFF), 6.28(FF), 5.50(F), 4.98(FF), 4 .69(ff),
4.43(FF), 4.33(m), 4.23(FF) , 4.10(mf) , 3.97(F) ,
3.75(m), 3.45(fff) , 3.4 I(mf), 3.31{mF),
3.26(mf), 3.15(FF), 3.07(f), 2.964{m),
2.935(mf), 2.843(f), 2. 804(mf) , 2.726(t),
2.615(f), 2.563(t), 2.550(f), 2.519(f) , 2.484(f) ,
2.448(fft), 2.380(0. 2.346(f), 2.331 (ff).

The entire AIPO.-C structure is composed of
single four- and eight-member rings (Zeo.
6:349( 1986».

AlPO",C Fig. IS: Framework topology .

CHEMICALCOMPOSmON: [AI1J>'60cs.l
SYMMETRY: orthorhombic
SPACE GROUP: Pbca
UNIT CELL CONSTANTS (A ): a "" 19.8

b "" 10.0
c "" 8.9

PORE STRUCl1JRE: two eight-ring channel systems
(3.4 x 3.7 A) and (2.9 x 5.7 A)



Atomic positional parameters for AIPO. -EN3 (en) (x 10-)
(SSSC 24:271 (1985»:

tetrahedra. These chains are in a zigzag con
formation . This differs from AJP04 -2 1, which
has a crankshaft conformation in these chains.
The ethylenediamine organic is located at the

'Occupllion (acID' for N, i. 0 .25(3).

The entire AIP04-D structure is composedof
single four- and eight-member rings.

Synthesis

AlP04-D is prepared by heating either AIP04

H3 or AlP04 -C to 2OQ°C. With further heating
to temperatures between 600 and 850°C a mix
rure of tridymite and cristobalite results .

ALPO.,-E
(BuU. Chern. Soc. Fr. 1762(1961»

Structure

Chemical Composition: AlP04 •

X-Ray Powder Diffraction Data: (d(A)(l))
7.72(FF), 7.02(ff), 6 .29(fff) , 5 .76 (m), 5.68(0,
5.18(f) , 4.97(fff). 4.76(mf). 4.52(mf), 4 .29(F),
4. I7(FFF) , 3.%(mf), 3.85(F), 3.67(m).
3.58(mf), 3.51(mF), 3 .46(mf), 3.J7(f), 3. I9(mf) ,
3.09(mf), 2.99 (mF) , 2.87(m), 2.82(m).
2.78(mf) .

Synthesis

AlP04-E is prepared by conversion of AlP04

H2 through dehydration at room temperature.
Healing to 5000C results in the tridymite struc
ture.

ALPOrEN3
(SSSC 24:271(1985»

Structure

(SSSC 24:271(1985»

CHEMlCAL COMPOSlT10N: AI6(f'O.)o*4H10*en

SPACE GROUP: P2 r212.

UNIT CELL PARAMETERS (A): a = 10.292(2)
b = 13.636(2)
c = 17.344(3)

PORE STRUCTURE: intersecting eight -ring pores

The A1P04-ENJ structure is composed of
sheets of three-, Iour-, five-, and eight-member
rings linked together via chains of AJ and P

PI
P2
P3
P4
P5
P6
All
AI2
Al3
AI4
AIS
AI6
01
02
03
04
05
06
07
08
09
010
011
012
013
014
015
016
017
018
019
020
0 21
022
023
0 24
025
0 26
Nl
N2
N2'"
OWl
OW2
CI
C2

8796(4)
13J5(4)
1041(4)
8779 (4)
1139(4)
1367(4)
1160(5)
8632(4)
1247(4)
8912(4 )
9094(4)
9371(4)
8625(lll)
8301(jO)
9344(10)
921"7(12)
8772(10)
8778(12)
1233(13)
1114(11)
990(11)

9671(11)
10055(10)
9640(10)

154(9)
24{)2(9)

1704(12)
9766(10)
716(10)

1102(10)
7388(8)
2062(9)
915\(10)
2467(10)
7780(11 )

579(10)
8456(10)
7594(12)

10179(16)
6897(27)
8164(87)
7262(18)
4316(26)
882S(12)
8343(24)

y

60(3)
3183 (3)
8166(3)
4999(3)
7153(3)
2143(3)
-72(4)

- 1892(3)
4861(3)
3103(3)
7307(4)
2329(3)
2537(8)

-2337(8)
1045(6)
6025(6)
4356(7)

-650(8)
6027(6)
1049(6)
2372(9)
4566(9)
2764(8)

- 375(8)
7485(8)
244(){7)

4089(8)
7858(8)
7416(8)
3498(8)

213(7 )
7331(7)
3511(8)

-2386(8)
2638(9)
2733(8)
4073 (8)
4989(9)

5556(12)
4236( 21)
3442(41)
1300(13)
4419(20)
5274(18)
4456(20)

z

476(2)
1724(2)

-1724(2)
-418(2)

841(2)
-811(2)
-572(3)
1424(3)
529(3)

- 1428(3)
-494(3)

522(3)
- 433(7)

397(6)
728(6)

-64I{7J
-1132(5)

1149(6)
929(8)

- [000(7)
14(5)

202(7)
14Q3(6)

- 167(5)
1443(6)
169S(7)
1244(7)

- 1363(6)
2(6)

2552(6)
118(6)

-16SI(6}
-2451(6)

978(6)
940(7)

-1406(6)
- 3719(6)
-5109(7)

2605(10)
2663(21)
2513(50)

-7474(17)
2533(15}
2333(14)
2772(16}
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AIPOrEN3 Fig. rs. Framework lopology.

intersection of the eight-rings in this structure
and arranged in a trans configuration so that
NI-C-C-N2 is extended along the straight eight
ring channel.

Syntbesis

AlPO.-EN3 is prepared from a starting gel com
position of:

and is healed for 200"<: (SSSC 24:271(1985».

ALPOrH1 (VFI)
(Bua. Chem. Soc. Fr. 1762(1961»

Related MauritJJs: VPJ-5

Structure

Chemical Composition: AJPO.* ~ 2 H20 .

X-Ray Powder Diffraction DaIJJ: (d(A)(ll/o»
16.53 (FFF), 8.23(0 , 6.16(f), 3.97(f), 3.93(m),
3.28(m) , 2.95([), 2.74(f)

Synthesis

See VPI-S for description of the framework (0

pology.

2.00 10.00 20.00

DEGREES 2e

30.00 40.00

AlPO.-BI Fig. 1: X-ray powder diffractiOll pattern for AlPO. -HI. (Reproduced with
permission of B. Duncan. Georgia Tech)
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ORGANIC ADDITIVES
none

A1P04-Hl is prepared from reactive aqueous
aluminophosphate gels at pH of 1.6 and
P20slAl203 ratio of2.73. Crystallization begins
at temperatures between 80 and lO(tC after 2
hours. This molecular sieve appears as a minor
product with A1P0 4-H2 as the major product
under these conditions (Bull. Chern. Soc. Fr.
1762 (1961». A1P04-HI(GTRJ) has been pre
pared in pure form from the batch composition:
Al203 : 0 .8 P20S : 1 HCI: 50 H20. Crystalli.
zation occurring readily in less than I day at
140 to 150°C (Cat. Lett . 7:367(1990».

Thermal Properties

The mixture of AlP04-Hl and AlP04-H2 con
verts to AlP04-ttydimite upon heating (Bull.
Chern. Soc . Fr. 1762(1961)). The pure AlP04

Hl(GTRI) converts to AlP04-8 upon treatment
to lOOOC (Cat . Lett . 7:367(l99O». See AlP04 

HI Fig. 2.

Infrared Spectra

Mid-injroredVibrationBands(cm- J
) : 1265(m),

116O(s), 760(w) , 610(w), 520(m), 470(m) ,
42O(m). See AIP04-HI Fig. 3 on following page.

Adsorption

Water adsorption properties of (a) A1PO.·HI (b) AJPO.·
HI calcined 10 AIPO.-8, (c) AIPO.·HI calcined to

AlPO.-8 and steamed (kinetic diameter of H~ =0 2.65
angstroms):

0 .5 4.95 1.67 0.28
1.0 12.12 4.33 0.99
2.0 17.03 12.11 3.98
5 .0 19.22 15.88 6.55

10.0 20 .80 17.58 8.17
17.0 22.48 18.51 9.36

% Weight

adsorbed
(SO"C)

% Weight
adsorbed
(3S~C)

% Weight
adsorbed
(2O"C)

Pressure,
Torr

(9) H,Q adsorption data for AIPO.-Ht

tOO ,....-----------------,

ee 1AO W :lOO 380 * 5AO 820 '100 7llO

rrcj

(e) H,O adsorption data for AIPO. ·H I calcined (AlPO.-8)
and steamed

0.07
0.12
0.16
0 .29
0.42
0,84

0.58
1.28
2.09
4.88
9 .11

13.76

0 .95
1.70
3.05
9.85

J3 .65
14.40

O.S
1.0
2.0
5.0

10.0
17.0

0.5 0.66 0.17 0.17
110 l~ 180 2010 S)O ---&10 _

l'SO 1.0 1.41 0.41 0 .25

T("C) 2.0 5.63 1.08 0 .66
5.0 11.84 5.62 1.24

AtPO..Hl FIg5. 2a and 2b: TGA. (Fig. 23) IOTA. (Fig. 10.0 12.41 11.41 1.99
2b) Of AlPO.-H I. Weighl Joss of ca . 23% observed. (Re- 17.0 13.25 12.32 8.53
produced with permission of B. Duncan, Georgi a Tech)
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Structure

AIP04-HI prepared in the presence of He!. See
AIP04-HI.

X.Ray Powder Diffraction Data.' (d(A) (lIla»
16.54(00), 9.51(2), 8.23(23), 6.20(5), 5.49(3),
4.75(11),4.12(18),4.06(9) , 3.96(9), 3 .87(9) ,
3.77(17), 3.60(6), 3.42(1), 3.28(18), 3.16(7),
3.08(6),2.95(13),2.90(5),2.74(12).

AlP04-H2
(Bull. Chem. Soc. Fr. 1762(1961))

60012001400

Chemical Composition: AIP04 • ~ 2H20.

X-Ray Powder Diffraction Data: (d(A.) (10))

8.48(FFF), 5.87(m), 4.96(mf) , 4.74(f), 4.55(fff),
400 4.25(?O, 4.09(m), 4.06{FF) , 4.04(0, 3.75(F),

3.66(F), 3.64(f) , 3.24(m) , 3 .14(f), 3.08(F),
3.01(f), 2 .933(fO, 2.875(f), 2.819(mF),

AlPO.-HI Fig. 3: Mid-infrared spectrum of AlPO.-HI. 2 697( f) 2 666(fO 2 581(fff) 2 533(fff). m,. ,. " ,(Reproduced with permiss ion of B. Duncan, Georgia Tech)
2.482(ff), 2.453(f), 2 .373 (ff), 2.352(t) .

AlPOrHl(GTRl) (VID)
(Cal. Lea. 7:367(1990))

Related Materitll: VPI-5

A designation used for the pure single-phase

Synthesis

ORGANIC ADOITrVES
none

• AlPO.· H3 Impurity
• AlPO• • H4 Irnpurtty

• •

2.00

DEGREES 29

AJPO.. H2 Fig. I: X-ray powder diffraction panern for AlPO.-H2. AIPO.-H3 and -H4 impurities are
noted, (Reproduced with permission of B. Duncan , Georgia Tech) .



AlP04-H3 61

4001400 1200 1000 BOO
(cm-1)
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~
c::: 60
o
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C/) 40
c:
ct:l
~
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A1PO..H2 Fig. 3: Mid-infrared spectrum for AlPo4-H2
containing trace impurties of AlPO.-HL (Reproduced with
permission of B. Duncan, Georgie Tech)

Thermal Properties

Upon dehydration at room temperature, AIP04 

H2 converts to AIP04 -E. This transformation is
reversible. Heating to above 500°C results in
the formation of AIP04-tridymite.

Infrared Spectrum

See AIP04-H2 Figure 3.

AlP04-H2 is prepared from reactive aqueous
aluminophosphate gels at pH of 1.6 and
P20y'AI40) ratio of 2.73. Crystallization begins
at temperatures between 80 and 100°C after 2
hours. This molecular sieve appears as the major
product with impurities of AlP04-HI and AlP04

H3. With longer crystallization times, variscite
and metavariscite are observed (Bull. Chern. Soc.
Fr. 1762(1961».

100 ..,..;:::---------------,

AlPO.,-H3
(Bull. Soc. Chem. r». 372:1762(1961))

Relmed Structures: MCM-I

Structure

1lO 1..0 220 300 ;,eo 4llO 640 Il:!O 700 780

T(OC)
(Nature 318:165(1985»

170'0

CHEMICAL COMPOsmON: AIPO.·1.52HzO
SYMME'ffiY: orthorhombic
SPACE GROUP: Pbca
UNIT CELL CONSTANTS (A) ; a = 19.352(1)

b = 0 .721(1)
c = 9 .762(1)

X-Ray Powder Diffraction Data: (from au
thor) (d(A) (lila» 9.71 (37), 6.88(96), 6.5(87),
4.88(93), 4.26(00), 3.96(\4), 3.39(49),
3.06(91), 2.68(52) .

T("C)

AIP04·H2 Figs. 2a and 2b: TGA trace. (Fig. 28) IOTA .
(Fig . 2b) For AlP04-H2 . (Reproduced with permission of
B. Duncan, Gerogia Tech)

The AlP04 framework of H3 consists of P04

alternating with Al04 tetrahedra and AlO..(H20 )2
octahedra. The AI04(H20h units in this struc
ture are similar to those found in metavariscite.
Two-dimensional sheets composed of six-mem-



Atomic positions (X lOs) of AlPO.-H3 (Nature 318: 165
(1985):

ber rings and two-dimensional sheets of four
and eight-member rings alternate in this struc
ture (Nature 318: 165(1985)).

AlPO..H3 Fig. IS: Framework topology.

P{l)

P(21
AI(1)
AI(2)
0(1)
0(2)
0(3)
0(4)

0(5)
0(7)
0(8)

O(9}
0(10)
0(11)
H(I)
H(2)

H(J)

H(4)

:rJ(J

44,769(4)
29,050(4)
44,808(4)
28,207(5)
37,433(10)
46,047(12)
49,520(10)
46,889(11)
27,397(10)
28.329(11)
25 ,855(10)
18.446(12)
30,512(12)
11,929(14)
15,752(12)
16,096<J2)
28,123(12)
30,108(12)

ytb
34.072(8)
6.S65(8}
8,470(9)

33.224(9)
37,652(22)
16.616(22)
44,967(21)
20.038(20)

5,819(20)
21.582(20)
47.583(20)
28.311(27)
17.298(23)
14.398(33)
29.879(27)
25.744(27)
10,2~(23)

19.016(23)

zJc
13,498(9)
33,879(9)
32,419(10)
14,654(10)
17,006(24)
48 .037(24)
19,709(24)
19,416(23)
49,128(22)
29,532(23)
25.919(22)
11.931(31)
3.398(26)

36,268(37)
5.232(31)

18,827(31)
5,406(26)

-5.101(26)
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AlPO~·1D Fig.. 2: X-ray diffraction pattern of AIPO.-H3. (Reproduced with permission of author) .
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A1PO.rH3 Fig. 3: Alternating sheets of four-member and eight-member rings with
sheets of six-member lings comprising the AIP04-H3 structure. (Na/we 318 : t65
(1985» .

Synthesis

ORGANIC ADDITIVE
none

AIP04-H3 is prepared from reactive aqueous
gels at Ph of 1.60 and P20s/AllOJ ratio of2.73.
Crystallization begins at temperatures between
80 and lOO"C after J hour, with maximum crys
tallization occurring after 3 hours. Longer re
action times result in conversion to variscite and
metavariscite. Impurities of AlPOrHI and
AlP04-H2 are observed in the system containing
no organic additives (Bull . Chem. Soc. Fr.
1762(1961».VPI-5 and A1P04~II are observed
when dipropylamine is present (SSSC
52:193(1989». AlP04-H3 is a common impur
ity phase in many AlP04 molecular sieve syn
theses.

Thermal Properties

When AJP04-H3 is heated between 100 and
180aC, the X-ray diffraction pattern changes,
giving a new fonn of AlP04 identified as AIP04 

C. This form is very hygroscopic, and rehydra
tion returns the structure [0 AJP04-H3. At tem
peratures above 200°C, A1P04-C transforms to
AlP04-D, which is stable to 5500C. Rehydration

100

\ A1PO. ·1.6Hp

~

!i: iii

~

110 1~ 2l/O 300 seo 4llO 54C Il'2O 700 780

TiC)

210'C

• 1110 120 _ _ GD _ I1CI _ 710

T(c)

AIPOrH3 Figs. 4a and 4b: TGA . (Fig . 4a) fOTA. (Fig.
4b) For AlPO.-H3. (Reproduced with permission ofB. Dun
can, Georgia Tech)
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20

of this species results in the formation of AIPO.
H6, which has the composition AlP04* 1.4 to
1.5 H20. This latter step is reversible. Tem
peratures above 800 to 900°C result in the for
mation of AJPO.-tridymite and AIPO.~rysto

balite.

Infrared Spectrum

Mid-infrared Bands (em-I): J150s, 1070s,
890wbr, 725w, 655w, 630w, 540sh. 520sh.
490m.465m.

Adsorption

Water adsorption properties of A1PO.-H3 (from author):

100

80

-~
~

c: 60
0
'iii
(II

'E
tilc: 40e!r-

1400 1200 1000 800
(cm-1)

600 400

% Weighl % Weight % Weight
Pressure, adsorbed adsorbed adsorbed

Torr (20"C) (35"C) (50"C)

0.5 8.08 0.44 0 .0
1.0 14.38 6.44 0.0
2.0 15.63 13.92 3.89
5.0 16.28 15.61 (2.40

10.0 17.04 16.16 15.30
17.0 17.96 16.68 15.91

A1PO.-H3 Fig. 5: Mid-infrared specrrum of AJPO.-
H3. (Reproduced with permission of K. Vinje , U. of
Oslo)

AlPOrH4
(Bun. Chem, Soc. Fr. 1762(1961))

Structure

Chemical Composition: AIPO"I<'.2 H20 .

DEGREES 28

AIPO.-H4 FIg. 1: X-ray powder diffraction pattern for AIPO.-H4. (Reproduced with permission of K.
Vinje, U. of Oslo, Norway)



X-Ray Powder Diffraction Data: (d(A) (I»)

7.28(m), 4.9O(F), 4.58(mO, 4.36(f), 3.92(fFF),
3.69(FF), 3.45(m), 3.39(m), 3 . 19(mf) , 3.11(0,
2.995(m), 2.860(F), 2.794(ff) , 2.758(mF).
2.708(fff), 2.648(ff), 2.511(F), 2.452(mf),
2.423(ff), 2.251 (rnf), 2.229(mf), 2.177(mO .

Synthesis

OROANlC ADDITIVES
none

AlP04 -H4 is prepared from reactive aqueous
aluminopbosphate gels at pH of 3 .09, PzOs/Ab03
ratio of 2.73, and PIAl ratio of 1.5. Aluminum
hydroxide was used as the source of aluminum.

100 ...,.....=--- - -----------,

AlPO.-H4 65

and 0.4% Na20 also was present in the alumi
num source. Crystallization begins at tempera
tures between 80 and lOO"C after 24 hours . Un
der these conditions, AIP04-H4 appears in trace
quantities together with traces of AlPO.-H2.
A1P04 -H4 also can be prepared under conditions
used to prepare YPI-5 (dipropylamine as the
organic additive) with the addition of Hel to
the reaction mixture or in the presence of acetic
acid with extended crystallization times (from
author).

Thermal Properties

See AlP04-H4 Figures 2a and 2b.

Infrared Spectrum

Mid";nfrared HaMS (em':"): 1236s, 1201s.
11605,10955. 1041s, 780mw, 741mw, 7l4mw,
663mw , 617w, 515m, 492m, 453m, 410m,
383m.

\.

100 ,.---------------,

flO 140 220 300 380 480 640 620 700 780

T(OC)

80

~
~60
c
o
"(ji
III

"e
:g 40
~
t-

70 f~ 210 no aso _ _ _ _ _ no

Trc)
1400 1200 1000 800

(em-l)
600 400

AlPO.-H4 Ftgs. 2& and 1b: TGA. (Fig . 2a) JOTA.
(Fig . 2b) Of AlPO.·H4. (Reproduced with permission of
K. Vinje. U. of Oslo. Norwayl

AlPO.·H4 Fig. 3: Mid-infrared spectrum of AlPO.·
H4. (Reproduced with permission of K. Vinje, U. of
Oslo, Norway)



Adsorption

HzO adsorption data for A1PO.-H4 (from au!bor) :

% Weight % Weighl % Weight
Pressure, adsorbed adsorbed lldsorbed

Torr (2<r(:) (3S'C) (50"C)

0.5 0.12 0.0 0.0
1.0 0.12 0.0 0.0
2.0 0.18 0.0 0.0
5.0 0.30 0.0 0.0

10.0 0.41 0.0 0.0
17.0 o.n 0.0 0.0

Synthesis

ALP04-H6 represents a partial hydration prod
uct of AlP04-D that was prepared originally from
AIP04-H3.

ALP04 (Other Phases)
(SoilScience Society Proceedings
15:76(1951))

Structure

Empirical formula and classification of aluminum
phosphate minerals:

Product Empirical formula" Group"

AlPO.,..HS
(Bull, Chem. Soc. Fr. 1762(1961))

Structure

Chemical Composition: AJP04*5/3H20.

X-Ray Powder Diffraction Data: (d(A) (1»
6.65(f). 5. 70(fff) , 5. 16(mF), 4 .66(FF,FFF),
4.08(FFF,FF), 3.85(m), 3.54(F), 3.47(FF),
3.17(m), 3.08(mf), 2.874(mf), 2.843(F,FF),
2.778(m), 2.68 I(fff), 2.626(mF), 2.570(ff),
2.514(m), 2.444(m), 2.340(mf) .

Synthesis

ALP04-HS represents a partial hydration prod
uct of AIP04-B that was prepared from varis
cite .

ALPO.,..H6
(Bull. Chem. Soc. Fr. 1762(1961»

Structure

Chemical Composition: AlP04*3I2H20.

X-Ray Powder Diffraction Data: (d(A) (I»
7.07(FF), 6.11 (fff), 5.44(fff), 5 .12(f), 4.90(f),
4.67(f), 4.53(fff), 4.43(fff), 4.23(FFF), 4.14(mf),
4. lO(ff), 3.91 (ft), 3.62(m), 3.44(f), 3.37(ff),
3.26(f) , 3.21 (m), 3.12(m), 2.82(ff), 2.79(ff),
2.75(ff), 2.61(fff), 2.56(ff) , 2.52(f), 2.44(ff).
2.11(f).

A 2K~ • 3AhO, • 5P10 5 • 26H,O I
B 2K~ • 3AI~, • 5PzO, • 20H,O I
C K,O • AI~, • P10,l • 4H~ 2
G (NH.hO • Al~, • 2P,Q, • 3H20 3
H K,O • 2Al,O, • 2P10, • 5Hz<) 4
lfrI Kz<) • 2AhO~ • 2P,O,l • 5H,o 4
J (NH..hO • 2Al,oJ • 2P,o, • SH,Q 4
MM Al,ol· P,Q, • 4H,Q 6
Q Al,ol • P,O, 7
R KP • AhO, • P~O, • 4H,O 8
S K,o • AhO, • P,Q, • 2H,o 8
T K,Q • 2Al,(h • 2P,o, • 1.6HF • 6.2H:zO 9

°lllDpirical formula aocording to Z. }(rIsrDllog' , 103:228(19011»).
'The only mineral fouP<! in !he literature that oorre!poDdod 10 tbde
compounds were: Group I-Taraowle; group6-~uiscil<:,barran
dice. andstrengite; group 7.....-berlinile; andgroup 9-minyuliu:.

X-roy Powder Diffraction DIJJQ (d(A) (/11):

(Group 1)
A 15.7(100), 7.88(35), 7.35(68) , 5.81(29),
5.03(13),4,61(8),4.30(37),4.14(11),3.99(9),
3.79(71), 3.55(41), 3.34(22), 3.27(25), 3.13(65),
2.93(6),2.81(48),2.72(24),2.61(40),2.56(10),
2.53(8), 2.46(6), 2.42(5), 2.39(22), 2.34(8),
2.14(6),2.08(14),2 .05(18),2.03(8), 1.97(10).

B 13.8(100), 7.35(68), 6.79(51), 6.05(15) ,
-5.46(68), 4.26(40), 4.14(51), 3.89(4), 3.64(24),
3.50(16),3.39(100), 3.13(49), 3.D} (40),
2,90(64),2.84(11),2.79(38),2.76(40),2.74(25),
2.68(16),2.64(24),2.59(9),2.47(9),2.45(11),
2.35( 11), 2.29(20), 2.22(22),2.15(7), 2 .11(9),
2.08(15),2.04(11),2.01(20), 1.98(11), 1.95(15),
1.83(15), 1.76(17) .



Chemical composition and density of aluminum
pbosphate minerals :

Chemical Composition. %

Ignition Density ,

Product p,O, AhO) K,O (NH.hO loss' glee

A 42.0 17.5 11.5 29.0 2.09

B* 45.7 19.0 12.5 23.0 2.24

C 51.2 16.7 16.2 13.4 2.52

G 59.7 20 .8 8.6 19.9 2.47
H 42 .5 29 .8 15.0 13.8 2.55
HH 42.3 28.9 14.7 13.3 2.55
J 45.0 30.2 7.8 24.7
MM 44.5 30.1 24 .6
R 35.0 24.6 23.7 17.2 2.29
S 40.1 28.8 20.9 10.6
T 38.0 28.4 12.7 (F .4 .1) 21.0 2.44

·Producw by drying produCI A '0 conSWJI weigh' al 95"<:.
'At lOOO'C.

(Group 2)
C 9.80(3),7 .88(100),6.79(17),6.40(8),5 .46(9),
4.86(5), 4.56(3), 4 .34(7), 4.07(3), 3.89( 17),
3.64{26), 3.52(13),3.42(13).3 .37(15),3.25(13),
3.09(15), 2.99(19) , 2.81(18), 2.74(3), 2.68(12) ,
2.60(3), 2.53(16), 2.52(5), 2.24(7), 2.22(3),
2.20(5), 2.16(7), 2 .11(3) .

(Group 3)

G 8.02(8), 7.61(100), 6.40(9), 6.13(15), 5.59(3),
4.81(2), 4.34(2), 4.14(3), 4 .07(7), 3.89(3).
3.79(4), 3.70(3) . 3.50(3), 3.25(3), 3.20(3),
3.13(3),3 .03(24),2.90(27),2.84(6),2.68(16),
2.63(20), 2.39(4), 2.28(3), 2 .20(6), 2.17(3) ,
2.09(4).

(Group 4)
H 6.79(59), 6.59(72), 5.46(45), 5.08(6),
4.81(33),4.56(22),4 .26(37),4.14(58) ,3.92(13),
3.79(11),3.32(45),3.20(56) ,3.13(47),3.07(13),
3.03(20), 2.90(100), 2.77(72), 2.68(6), 2.63(19),
2.59(26), 2.54(45), 2.49(15), 2.41 (9), 2.34(8),
2.31(7), 2.28( 17), 2.22(38), 2.16(8), 2.08(56),
2.02(7) , 1.95(6), J.94(7), 1.83(15), J. 76(17).

J 7.48(11). 6.69(100), 5.89(37), 4.66(19),
4.22(8),4 .14(16),4.03(3) , 3.70(11).3.50(3),
3.32(4),3.27(3),3 .01(17),2.9706),2.95(12),
2.93( 16), 2.82(7), 2.79(7), 2.61 (16), 2.50(3),
2.44(3), 2.39(4), 2.31(7), 2.26(3). 2.14(6) ,
2 .09(6), 1.96(3), 1.89(7), 1.76(3), 1.64(6),
1.57(6).
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(Group 6)
MM 5.66(41). 4.81(17), 4.26(100), 3.89(26),
3.61(10),3.20(5) ,3.18(6),3 .03(87),2.90(44),
2.86(20),2.77(12),2.56(14),2.47(11),2.45(17),
2.39(6), 2.33(6), 2 .28(7), 2.11(8), 2.08(1 I),
2.04(6), 2.01(5), 1.94(10), 1.91(6), 1.85(7),
1.84(8), 1.75(13), 1.71(6), 1.67(6), 1.60(19),
1.59(7).

(Group 7)
Q 2.46(56). 3.96(5), 3.32(3),2.93(7),2 .74(4),
2.46(15), 2.29(5), 2 .24(7), 2.19(2), 2.14(17),
1.98(7) . 1.91(2), 1.83(10), 1.72(2), 1.68(4),
L55(1l).

(Group 8)
R 11.6(100), 7.4(21), 5.5(21), 4.9(10), 4.26(4),
3.76(10),3.42(26),3 .[6(64),2.90(26),2.76(26),
2.49(8), 2.39(21), 2 .34(21), 2.26(10), 2.07(15),
1.85(6) .

S 6.59(100), 5.74(48), 4.97(9), 4.61(25).
4.22(18), 4 .10), 3.70(29), 3.55(29), 3.39(14),
3.27(39),2.97(75),2.93(63),2.91(47),2.84(32),
2.76(7),2.72(14), 2.64(12), 2.59(66) , 2.44(30),
2.39(18),2.29(45),2.25(9),2 .22(7),2 .11(20),
2.09(9), 2.03(5), 1.92(9) , 1.88(14), 1.83(7),
1.80(4), 1.78(7), 1. 76(11), I. 73(7), 1.64(18).

T 6.69(100), 5.52(70), 4.86(4), 4.66(11),
4.18(15), 3.64(17), 3.55(4), 3.39(29), 3.34(42),
3.05(33), 2.95(31), 2.86(9), 2.76(6), 2.66(20),
2.60( 18), 2.54(3), 2.44(7), 2.39(6), 2.35(5),
2.31(5),2.26(28),2.13(17),2.10(16),2.00(5),
1.90(5), 1.89(6), 1.80(5), 1.77(4), 1.74(4),
1.68(15), 1.66(5), 1.61(7), 1.58(4), 1,56(5).

Synthesis

Group I materials were prepared from partial
dehydration of taranakite at 95"C. Taranakite
crystallizes at temperatures below 95"C within
a pH range of 1.7 to 5.5. Phosphorus concen
trations in the solution range between 0 .001 and
1.0 M. Crystallinity is lost completely at 125°C.

Group 2 materials were prepared between 95
and 145°C and at pH ranging from 2 to 3. Phos
phate concentrations are higher (from 1.5 to 2.5
M). Group 3 minerals are crystallized at 27, 95,
and 145"C in a pH range between 2.0 and 3.5.



Phosphate concentrations were set ar 3 .0 M.
Minerals of Group 4 were crystallized between
75 and 145°C, with a pH range between 2.5 and
6.0. Phosphate concentrations were between 1.0
and 3.5 M. Group 5 materials were crystallized
at temperatures from 27 to 95°C and pH from
0.5 to 2 .5. Phosphate concentrations ranged from
0.5 to 3.0 M. Group 6 minerals were crystal
lized in the presence of lithium, magnesium,
and calcium phosphate at temperatures from 27
to 145°C, and in the presence ofcesium phos
phate at temperatures to 95°C . Crystal properties
of MM agree with the literature data for varis 
cite. Berlinite , the AlP04 analog of quartz, was
a product in Group 7 crystallization. It was pre
cipitated with calcium phosphate solution (0.5
M) at pH of 1.5 at 145°C. Group 8 materials
were prepared at higher pH , between 7 and 8.5,
at temperatures between 27 and 145°C. These
minerals appeared to hydrolyze readily in water.
In the presence of fluoride ion (KF), the Group
9 compound was prepared. The x-ray diffraction
spacing corresponds to those of the mineral min
yulite . Crystallization occurs at 95°C and pH
around 3.0 . In all preparations, crystallization
occurred between 1 and 54 days.

Synthetic pollucite analog containing Cs. CS 1:l.

[AhJ':l.4~HOH)12

Amicite (GIS)
(natural)

Related Materials: gismondine

Amicite, first identified in 1979, was named for
G. B. Amici, the inventor of the Amici-lens,
by Alberti and Vezzalini (Acta Crystallogr.
B335:2886(1979)).

Structure

(Acta Crystallogr . B335 :2886( 1979))

CHEMICAL COMPOSITION: Na.K.(AJ,SigO),l)"'
10Hz<)

SPACEGROUP: J2

UNIT CELL CONSTANTS: (A) a '"' 10.23
b '"' 10.42
C'"' 9.88
~ = 88°19'

X-Ray Powder Diffraction Da/4: (Nat. Zeo,
1985)) (d(A) (1//0)) 7 .30(55), 7.20(10) ,5.11(40),
4.94(28),4 .22(90),4. [8(40),4.12(8), 4.05(4),
3.647(7), 3.585(5), 3.289(30), 3.238(45),
3.141(80), 2.965(10), 2.769), 2.722(100),
2.704(50), 2.674(20), 2.605(40), 2.470(5),
2.424(8), 2.390(7), 2.355(3), 2.324(7), 2.305(7),
2.249(5), 2.243(7) , 2.183(4), 2. [65(3) ,
2.112( 10), 2.090( 10), 2.025(5), 2.006(3),
1.997(3).

Amicite has perfect (Si ,AI) order within the
structure. The four sodium ions occupy two of
the sites where calcium is located in the gis
mondine framework, whereas the four potas
sium ions occupy sites that are void of cations
and filled only by water in gismondine (Acta
Cryst, B335:2886(1979».

Ammonioleucite (ANA)

See analcime.

AMS-1B (MFI)
(US4,269,813(1981»
AMOCO Chemical Company

Related MaurinJ.s: ZSM·5

Structure

CHEMICAL COMPOSITION: 0.9 M)!I1 0: B,oJ:
Y SiO:. :Z H,o (m = H or alkali cations)

UNIT CELL CONSTANTS: (A) variable with B
content

X-Ray Powder Diffration Data: (d(A) (/lio))
11.32(71), 10.11(46), 6.01(21), 5 .60(14),
5.01(11), 4 .27(15), 4.01(16), 3.84(100),
3.73(53),3.65(40),3.45(18) ,3.32(14),3.05(15),
2.98(19), 1.99(19).
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AMS·IB Fig. I: Unit cell volume as a function of the number of hereroatoms per unit
cell. A comparison between AMS-IB (B) and ZSM-5 (AI) (J . Catal. 91 ,352 (1985)).
(Reprinted with permission of the American Chemical Society)

The borosilicate molecular sieve AMS-I B
exhibits a contraction in the unit cell with in
creasing boron content. See ZSM -5 and silical
ite for topological description of the oxide
framework.

Synthesis

ORGANIC ADDmVES (US4.285,919(198I»)
tetrapropyl ammonium'
eetrapropyl ammonium' letrametbylanunonium +

lower alkyl primary or secondary amines
(US4.5J4,416{J985) diarninoeruhane (EP 74.900(1983)

AMS-I B crystallizes between 8 hours and 3
weeks from reaction mixtures with a range of
compositions:

(I) Si02/B203 1-400
(2) R20/[R20 + (NH4hO] 0.01-1
(3) N~ ... /[NH4 + + Metal cation] 0.7-1
(4) NH~Si02 0.02-20
(5) H20/NH3 2-2000

Crystallization in this composition range occurs
between 95 and 225°C, at a pH ranging from
8.4 to 11.2 . After isolation of the solid, drying
is done at IlOoe for 16 hours. Crystals with
diameters of 2 microns are obtained under such
conditions.

Thermal Properties

Samples of AMS-l B are calcined in forced air
at 538°C with a heating rate of 111°C per hour
to produce the organic-free materials. Ammonia
desorbs upon thermal treatment of the N~'"

form around 200°C.
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Analcime (ANA)
(natural)

Related Structures: AIP04-24

AlPO.-pollucite
Na·B
Ca-D
beryllosilicate pollucite
iron silicate pollucite
hsianghualite
keboeite
leucite
pollucite
SAPO-analcime
viseite
wairakite

Analcime bas been known from ancient times.
as it is a common and easily recognizable min
eral . It was first reported in 1784 .

Structure

CHEM1CAL COMPOsmON: Na'6[AI,.Sh10..\*16
H20

SYMMETRY: cubic (Z . Kristaliogr , 74 :1(1930»);
orthorhombic (aQ. 8:247 (1988).

SPACE GROUP: Ia3d; Ibca
UNIT CELL CONSTANTS: a:= 13.7 A ; u = 13.720

A, b := 13.715 A. c := 13.709 A

Analclme Fig. lS: Framework topology.

FRAMEWORK DENSITY : 1.85 glee
VOID VOLUME: 0 .18 ce H20/g
PORE STRUcrlJRE: irregular one-dimensional, highly

distorted eight-rings. Free openlng of 2.6 A.

X-Ray Powder Diffraction Datil: (Nat. Zeol .
321 (1985) (d(A)(ll/o)) 6.87«10), 5.61(80),
4.86(40), 3.67(20), 3.43(100), 2.925(80),
2.801(20), 2.693(50), 2.505(50), 2.426(30),
2.226(40), 2.168«10), 2.115«1O), 2.022(10),
1.940«10), 1.904(50), 1.867(40), 1.833«10),
l. 743(60), I. 716(30), 1.689(40), I. 644(10),

-

-

-

- JLl ~ uJL 11\
10 20
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Analclme Fig. 2: X-ray powder dlffraction pattern of analcime. (Reproduced with permission of author).
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1.618(20), 1.596(30), 1.498(20), 1.480(20).
1,463(10),1.447(10).1.415(40),1.386«10),
1.372(10). 1.359(40), 1.308(10), 1.285(20).
1.263(20), 1.220(30).

Analcime forms a dense structure relative to
the other zeolites and thus is a border between
the zeolites and the feldsphathoids. The cubic
(or orthorhombic) structure consists of four-,
six- , and eight-member rings , giving 16 large
interconnected cavities that form non intersect
ing channels (Afti . Acad. Sci. Torino C/. Sci.
Fis. Mat. Nat . 98. 424 (1964) . There are also
24 smaller cavities in this structure. Sixteen of
the small cages are occupied by sodium cations,
with water located in the larger cages. The
mean value of Si(AI)-O bonds = 1.6467 A,
Na-O = 2.4754 A, O-Si(AI)-o = 109.49°,
and O-Na-0 = 84.19°. Some variability in the
Si01/AI203 does occur in this mineral. and the
water content varies linearly with silica content.
Leucite is the potassium form of this structure,
pollucite is the cesium form , and the calcium
form is known as wairakite. The calcium-rich
form of this aluminosilicate, when dehydrated,
can occlude molecules such as methane and
ethane (Z. Kristallogr. 128:352(1969». Lucite
and pollucite are usually anhydrous.

FntCtional atomic coordinates for natur.d orthorhombic
analcime (ao. 8:247 (1988»:

0.4122(1)
O.33ml)
0.6252(2)
0 .2189(2)
0.5314(2)
0.3642(2)
0 .385](3)
0 .3957(3)
0.3541(3)
0.25
0.0
0.1252(4)

y
0.1624{1)
0 ,)757(1)
0.0877(2)
0.3676(2)
0 .1452(2)
0.1040(2)
0.4704(3)
0,2811(3)
0.1147(3)
0.0
0 .1252(3)
0.1268(4)

Syntbesis

x
0 .1265(1)
0 .0876(1)
0 .1625(2)
0.1048(2)
0.1176(2)
0.2207(2)
0 .1458(3)
0.1350(3)
0.0309(3)
0.1247(3)
0 .25
0.J236(4)

Though occurring readily in nature. analcime
can be synthesized from a variety of cation
containing mixtures. These include Na, K, Rb,
Cs, 11, ammonia, Ca, Sr. and the mixed (Na,K),
(Na,Rb), (Na,Cs), (Na,TI). (K.Rb), (Rb,TI),
and (Li.Cs). Little preference is seen for any
one cation system (Zeo . 1:130(1981». In gels
with Si021Ah03 around 4, this structure is dom
inant (lCS 4035(1953); SSSC 28:263 (1986».
Crystallization can occur at 100°C under at
mospheric pressure over a time span of 120 hours
or less (Am. Mineral. 64:172(1979»).

Crystallization occurring from clear solutions
has been shown for this zeolite (Am. Mineral.
64: 172(1979». Crystals form at 100°C after 120
hours, with the composition governed by the
initial ratios of hydroxide, alumina. and silica
in the gel and appearing independent of the de
pletion of the solution species with time. Com
positions that produced analcime from this sys
tem include: lO NszO : O.l AI20 ) : 7 Si02 : 370
H20.

ORGANIC ADOmVES
none required

Si(AI)I
Si(A1)2
Si(AI)3
01
02
03
04
05
06
Nal
Na2
NaJ

ONa

6-0 H20

o Na

b-o H20

o Na

Analdme Fig. 3: Cation and water locations in the
crystal structure of orthorhombic analcime (ZeQ. 8:247
(1988». (Reprinted with permission of Butterworth
Publishing Company)

Thermal Properties

Analcime exhibits a continual weight loss due
to water (8.7%) by 400°C. An endotherm is
observed in the DT A between 200 and 400°C.
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Analcime Fig. 4: DSC curves fOT Na and K analcime (Zeo 1: 19\ (l %1)). (Reprinted
with permission of Butterworth Publishing Company)
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Analcime Fig. 5: Infrared spectrum of zeolite C (analcime) (ACS 101:201(1911».
(Reproduced with permission of the American Chemical Society)



AsAPO-II (AEL) 73

Structural collapseoccurs around 7rffC (J. Phys.
Chem, 41:1029(937); Proc. Roy. Soc . A
167:393(1938); Mineral. J. 136(1953)).

A£4PO
(US4,913,888(1990»
UOP

Sorption properties of natural analcime (Nat . Zeo. 353
(l!n8»:

Adsorption

Because of the size of the pore openings in this
zeolite, molecules larger than 3 A cannot be
adsorbed .

Infrared Spectra

Infrared Spectral Data for SynJhetU: Analcime
(C) (cm :'): (ACS 101:201(1971)) (SiQiAb03
= 4) I I62vwsh , 1021s. 952s . 740m. 686wb,
6l5vw, 442ms, 4lOmsh.

Pressure. Ternp., Wt. %
Torr ·C adsorbed"

100 -183 7
750 10
700 24 4

4.3 24 4
20 24 12

Kinetic
diameter.

Adsorbate A

Adsorption properties of AsAPO-5:

RelaUd Materials: AlP04 -5

Synthesis

AsAPO-5 crystallizes from a batch composition
of: 1.0-2.0 TPA : 0.05-0.2 AS20q : 0.5-1.0
Ah03 : 0 .5-1.0 P20S : 40-100 H20 (q denotes
the oxidation state of arsenic) . (TPA = tetra
propylarnrnonium + )

AsAPO-5 (AFf)
(US4,913,888(l990»)
UOP

Structure

Chemical Composition: See AsAPO .

X-Ray Powder Diffraction DaI6: (d(A)(//{o»
12.1-11.56 (m-vs), 4.55 -4.46 (rn-Z), 4.25
4.17 (m-vs), 4.00-3.93 (w-ws), 3.47-3.40
(w-rn) ,

0 1 3.46
0 1

Neopentane 6.2
H20 2.65
HIO

AsAPO compositionally represents a family of
arsenic-aluminophosphares with microporous
structures. See AsAPO Fig . Ion following page
for composition .

a
o
o
o

Wt'lbMolecule adsorbed

Ion Exchange

Room-temperature exchange does not occur
readily in this material. At elevated tempera
tures Na" can be completely replaced by K + •

Ag" , TI+, N~"', and Rb " cations. Very little
exchange is observed with Li" , Cs "; Mg +1 ,

Ca + 1, and Ba " 2 cations. A very distinct ion
sieving effect between Rb and Cs is observed
(JCS 2342(1950». Analcime (Ag " exchanged
form) has been used to purify CsCl solutions
contaminated with NaCl, Kel, or RbCl
(US3,OIO,785 (1961)).

Analcite (ANA)
"iYPlca! amoont adsorbed .

Improper common name for analcime.

Arduinite (MOR)
(natural)

Obsolete synonym for mordenite.

AsAPO-ll (AEL)
(US4,913,888(1990))
UOP
Related MaJeriaJ: AlP04-11
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AsAPO F1g. I: Ternary diagram relating to the
preferred composition in mole fractions of the arsenic
aluminophosphate molecular sieves (US4.913.888
(1990) .

Structure

Chemical Composition: See AsAPO.

X-Ray Powder Diffraction Data: (d(A) (/110»
10.81(51),9.29(86),6.67(24),5.63(53),4.66(9),
4.33(68),4.21(90),4.00(59),3.92(56),3.90(62),
2.83(100), 3.59(14), 3.37(13sh), 3.34(24),
3_190(5), 3.142(18), 3.109(21), 3.061(6),
3.021(6), 2 .833(8), 2.718(22), 2.615(12),
2.457(8), 2.436(5), 2.385(12), 2.374(15) ,
2.344(6), 2.321(8), 2.283(5), 2.009(6), 1.867(7),
1.797(5).

Synthesis

AsAPO-II crystallizes from a batch composi
tion of: 1.0 (Cc,H1sN) : 0.5 AszOs: 1.0 AhO) :
0.5 P20s: 50 H20. Crystallization occurs at 2000c
after 108 hours .

Adsorption

AsAPO-16 (AST)
(US4,913,888(1990»
UOP

Rel8ted Material: AIP04-16

Structure

Chemkal Composition: See AsAPO.

X-Ray Powder Diffraction Data: (d(A)(illo»
7.76(75), 4.74(50), 4.05(100), 3.87(17),
3.353(27), 3.077(10), 3.000(26), 2.733(7),
2.578(6), 2.369(11), 2.263(3), 2.041(3),
1.876(7), 1.745(2), 1.674(2).

Synthesis

AsAPO-16 crystallizes from a batch composition
typically of: 1.0 quinuclidine : 0.5 As20 q :

1.00 AhO) : 0.5 P20S ; 50 H20 . Crystallization
occurs after 23 hours at 200 °C.

Adsorption

Adsorption properties of AsAPO-16:

Kinetic
diameter. Pressure, Temp.. Wt. %

Adsorbate A Torr °C adsorbed

O. 3.46 100 - 183 1.0
0, 750 3.8
H2O 2.65 20 24 29.6
H2O 4.6 24 17.6

'Typial amount adsorbed.

Adsorption properties of AsAPO-II:

Kinetic
diameter,

Adsorbate A

0 1 3.46
O.
Cyclohexane 6.0

'Typical amount adsorbed.

Pressure . Temp.. WI. %
TOrT ·C adsorbed"

100 -183 5.8
750 8.9

50 22.8 5.\

AsAPO-17 (ERI)
(US4,913,888(1990))
UOP

RelDUd Materials: AIP04-17

erionite

Structure

Chemical Composition: See AsA~O.
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X-Ray Powder Diffraction DaI4: (d(A.)(Il/o» Adsorption
11.5-II.4(vs), 6.6 l(s-vs), 5.72-5.70(s), 4.52-
4.51(w-s), 4.33-4 .31(vs), 2.812--2.797(w-s). Adsorption properties of AsAro·IS:

0 , 3.46 100 - IB3 18.3
o, 750 24.2
n-hexane 4.3 45 21.5 9.3
lsobutane 5.0 101 21.3 0.4

H2O 2.65 4.3 24 25.9
H,O 20 24 34 .8

'TypiCJII amount adsorbed.

Synthesis

AsAPO-17 crystallizes from a batch composi
tion of: 1.0-2.0 quinuclidine : 0.05-0.2
As20q : 0.5-1.0 AI20) ; 0.5 -1.0 P20s : 40-100
H20.

Adsorption

Adsorption properties of AsAPO-17:

Kinetic
diameter. Pressure . Temp. •

Adsorbate A Torr ·C
Wt.%

adsorbed

Kinetic
diameter, Pressure , Temp. . WI. %

Adsorbate A Torr °C adsorbed

o, 3.46 100 - 183 10
O2 750 12
n-Butanc 4.3 100 24 4
H2O 2.65 4.3 24 13
H,O 20 24 14

"Typical amounl ad>orbc:d.

AsAPO-18 (AEI)
(US4,913,888(1990))
UOP

RelaUd MauriaJ: AIP04-18

Structure

Chemical Composition: See AsAPO.

X-Ray Powder Diffraction Data: (d(A.) (11/0 »
9.27(100), 8.61(5) , 8.15(9), 6.82(6), 6 .37(7),
6.02(7), 5.76(8), 5.26(24), 5.01(9), 4 .44(22) ,
4.27(25), 4.04(9), 3.94(5) , 3 .68(8) , 3.600(6),
3.445(10),3 .363(8),3 .205(7),3.006(8),2.933(8),
2.883(10),2.791(12) .

AsAPO-31 (ATO)
(US4,913,888(1990)
UOP

Related MtJJerUzJs: AIP04-31

Structure

Chemical Composition: See AsAPO .

X-Ray PowderDiffraction Da1Il.· (d(A) (1110)
1O.40-1O.28(m-s), 4.40-4.37(m),4.06-4.02(w
rn), 3.93-3 .92(vs), 2.823-2 .814(w-m).

Synthesis

AsAPO-3 Lcrystallizes from a reactive mixture
of: 1.0-2.0 DPA : 0.05-0.2 As20 '1 : 0.4--1.0
AhO) : 0.5-1.0 P20S : 40-100 H20 where q
denotes the oxidation state of rhe arsenic I and
DPA represents di-n-propylamine.

Adsorption

Adsorption properti es of AsAPO-31 :

Kinetic
diameter. Pressure, Ternp . , WI. %

Adsorbate A Torr "C adsorbed"

Syntbesis

AsAPO-18 crystallization from a reactive gel
with a composition of: Er.-NOH : 0.75 As20s :
1.00Alp) : 0.25 P20 S : 45 H20 : 6.0 i-e)HJ0H.
Aluminum isopropoxide is used as the source
of aluminum . Crystallization occurs after65 hours
at 200°C. The product is not pure.

0, 3.46
0 ,
Cyclohexane 6 .0
Neopentane 6.2
H20 2.65
JW

"Typical amounl sdsorbed.

100
750

90
700

4.3
20

-183

24
24
24
24

4
6
3
3
J

10
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AsAPO·34 (eHA)
(US4,913,888(1990))
UOP

Related MaterUJ/: AlP04-34

chabazite

Synthesis

AsAPO-44 crystallizes from a batch composi
tion of: 1.0-2.0 CHA ; 0.5-0.2 As20q ; 0.5
1.0 AhO) : O.S-l.O P20S ; 40-100 H20 (CHA
== cyclohex.ylamine.

AdsorptionStructure

Chemi£al Composition: See AsAPO.

X-Ray PowderDi.ffradion Data: (d(A) (,1,0»,
9.41-9. I7(s-vs), 5.57-5.47(vw-m). 4.97
4.82(w-s), 4.37-4.25(m-vs), 3.57-3.5 J(vw
s),2.95-2.90(w-s) .

Adsorption properties of AsAPO-44:

Kinetic
diameter, Pressure, Temp.,

Adsorbate A Torr OC
WI. %

adsorbed

Synthesis

AsAPO-34 crystallizes from a reactive gel with
a composition of: 1.0-2.0 TEAOH : 0 .5-0.2
As10q : 0.5-1.0 AhO) ; 0 .5-1.0 P20) : 40-100
H20 (TEA = tetraethylammonium ").

Adsorption

Adsorption properties of AsAPQ·34:

Kinetic
diameter. Pressure. Ternp., Wt. %

Adsorbate A Torr ·C adsorbed

O2 3.46 100 -183 13
0, 750 18
n-Butanc 4.3 100 24 6
H,o 2.65 4.3 24 IS

HlO 20 24 21

AsAPO-44 (eRA)
(US4,913,888(1990)
UOP

Re1DJed Mmerial: chabazite
SAP0-44

Structure

Chemical Composition: See AsAPO.

X-Ray Powder Dijfrtu:tion DaIIJ: (d(A) (lllo»
9.41-9.26(vs), 6.81-6.76(w-m), 5.54---5.47(w
m), 4.31-4.26(s--vs), 3.66-3.65(w-vs), 2.912
2.889(w-s) .

0, 3.46 100 -183 13
0, 750 16
II·Hexane 4.3 100 24 2
H,O 2.65 4.3 24 15
H2O 20 24 17

"Typical amounl adsorbed .

AsBeAPO-31 (ATO)
(EP 158,976(1985))
Union Carbide Corporation

Reloted MauriaJs: AlP04 -3 1

Structure

Clumi£a1 Composition: See FCAPO.

X-Ray Powder Diffraaion Data: (dCPt.) (llio»
10.40(85). 9.31( 12), 6.63(6), 6.42(2), 5.99(2),
5.64(6), 5.19(7), 4.85(7), 4.44{-), 4.37(48),
4.21(28), 4.08(26), 3.98(00), 3.59(7), 3.48(5),
3.99(11),3.75(7),3.02(9),2.99(9), 2.85,
2.83( 14), 2.S5( to), 2.51(6), 2.37(8), 2.25(4).

The arsenic-beryllium-aluminophosphate,
AsBeAPO-31 , exhibits properties of a medium
pore molecular sieve.

Synthesis

ORGANIC ADDITIVE
di-e-propylamine

AsBePO-31 crystallizes from a reactive gel
with a batch composition of: 1.0-2.0 R : 0.05-



0.2 M 20 q : 0.5-1.0 AI10 3 : 0.5-1.0 P20 s : 40
100 H20 (R represents the organic additive, and
q denotes the oxidation state of the arsenic and
the beryllium).

Adsorption

Adsorption properties of AsBcAPO-31 :

Kinetic
diameter, Pressure. Ternp., WI. %

Adsorbate A Torr °C adsorbed

AsVBeAPO·34 (CHA) 77

100 H20 (R represents the organic additive, and
q denotes the oxidation state of the arsenic and
the gallium).

Adsorption

Adsorption properties of AsGaAP()..5:

Kinetic
diameter. Pressure. Temp., WI. %

Adsorbate A Torr °C adsorbed

02 3.4{j 100 - 183 7

0, 3.46 100 -183 4 O2 750 -183 10

0, 750 -183 6 Neopentane 6.2 700 24 4

Cyclohexane 6.0 90 24 3 H,o 2.65 4.3 24 4

Neopentane 6.2 700 24 3 H2O 20 24 12

H2O 2.65 4.3 24 J
H2O 20 24 10 ....ypical amounr adsorbed .

'Typ\c.aI amoun\ ad'Olbed.

AsGaAPO·5 (AFI)
(EP 158,976(1985»
Union Carbide Corporation

RelaUd Materi41s: AIP04-5

Structure

Chemical ComposiJio,,: See FCAPO.

X-Ray Powder Diffraction Data: (d(A) (lIl o»
12.1-1 1.56(m-vs), 4.55-4.46(m-s), 4.25
4.17(m-vs),4.00-3.93(w-vs),3.47-3.4O{w-m).

For a more detailed description of the frame
work topology see AlP04-5 .

Synthesis

ORGANIC ADDITIVE
tripropyJamine

The arsenic-gallium aluminophosphate,
AsGaAPO-5, crystallizes from a reactive gel
with a batch composition of: 1.0-2.0 R : 0.05
0.2 M20 q : 0 .5-1.0 Ah03: 0.5-1 .0 P20~: 40-

AsVBeAP0-34 (CHA)
(EP 158,976(1985»
Union Carbide Corporation

Related Materials: chabasite
AlPOo\.-34

Structure

Chemical Composition: See FCAPO

X.Ray PowderDifjractionDllIJJ: (d(A) (lIlo»
9.41-9. I7(s-vs) , .s.57-5.47(vw-m), 4.97
4.82(w-s), 4.37--4.25(m-vs), 3.57-3.51 (vw
s), 2.95-2.90(w-s).

See A1P04-34 for a description of the frame
work topology.

Synthesis

ORGANIC ADDmVE
tetraethylammonium ..

The arsenic-vanadium-beryllium alumino
phosphate, AsVBeAPO-34 , crystallizes from a
reactive gel with a batch composition of: 1.0
2.0 R : 0.05--0.2 MJOq : 0.5-l.0 AI20 3 : 0.5
1.0 P20~ : 40-100 H20 (R represents the organic
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additive, and q the oxidation states of the ar
senic, vanadium, and beryllium).

Adsorption

Adsorption properties of AsVBeAPO-34:

Kinetic
diameter, Pressure, Temp., WI. %

Adsorbate A Torr ·C adsorbed"

O~ 3.46 100 -183 13
0 1 750 -183 18
n-Hexane 4.2 JOO 24 6
HlO 2.65 4.3 24 15
H10 2J) 24 21

·Typical am<lunl adsorbed

AZ-] (MFI)
(EP 113,116(1983»
Asahi Kasei Kogyo Kabushiki Kaisba

Re1JlUdMaurials: ZSM-5

Structure

ChemkaJ Compasition: M 2/ IIO : AI203 : at
least 10 sic,
X-Ray Powder Diffraction Data: (d(A) (2
thetaj) 7.8(5-30), 8.7(90-100), 8.9(90-100),
17.5(5-30), 17.5(5-30), 23.1(30-80), 23.6(20
50).

Synthesis

ORGANIC ADDITIVE
l,8-diamino-4-aminomethyloctane

AZ-I crystallizes from a reactive gel with a
batch composition in the range: Si02AlzOl of
10 to 1000; NalSi~ between 0.5 and 1.0;
H20/Si02 of 5 to 200 and RlSi02 between 0.1
and 10. Crystallization occurs between 5 and
200 hours when the temperature is between 120
and 200°C.

10

DIFFRACTION

20

ANGLE 2eCOl

ALI Fig . 1: X-ray powder diffraction pattern of AZ.-I (EP 113,116(1983»).



B

B (GIS)
(US3,OO8,803(1961))
Union Carbide Corporation

Structure

Chemical. Composition: M 2In l l - 2 .5 SiOl ;
O.51AI103] . [M = alkali or alkaline earth ca
tion]

See Na-Pl for X-ray power diffraction pat
tern .

Ha-G (LTL)
(JCS 2296 (1964»

RelDJed Materi4/.s: Linde type L

Structure

CHEMICAL COMPOSITION: SilAI '" 1.5
SYMMETRY: tetragonal
UNIT CELL CONSTANTS: a 0= 18.89 A

c 0= 15.16 A

X-Ray Powder Diffraction DIl/Il: deAl (/1/0)
16.15(s), 9.35(vvw), 8. lO(vvw) , 7.53(m),
6.83(mw), 5 .8S(vw), 5.38(w), 4.85(w), 4.72(w),
3.95(vs), 3.84{w), 3.75(vw), 3.49(m), 3.32(m),

3.23(m), 3.19(m), 3 .08(s), 2.92(s), 2.87(vw),
2 .817(vw), 2.753(vw), 2.690(s), 2.63S(mw),
2 .502(w), 2 .447(mw), 2 .390(vw) , 2.294(vvw),
2.224(m), 2.203(m), 2.187(w), I. 874(m).

Ba·G is the aluminum-rich analog of Linde
type L. See Linde type L for a description of
the framework topology.

Synthesis

ORGANIC ADDITIVES
ROlle

Ba-G crystallizes from barium aluminosili
cate gels with the composition: BaO : Ah03 ;
2-3 SiOz at temperatures between 150 and 200"C
(lCS 2296(1964». It is not obtained in pure
phase but does occur as the major product after
crystallization for between 3 and 4 weeks. The
reproducibility of this synthesis is reported to
be moderate to poor. Harmotome is observed
as a co-crystallizing phase in addition \0 UD

reacted gel and barium carbonate . Crystalliza
tion is improved when KOH is added to the
balch composition.

~
(J)
Z
W
I
Z

2.00 20.00
DEGREES TWO THETA

Ba-G Flg . I: X-roy powder diffraction panern for zeolite Ba-G. (Reproduced with permission of author)
79



Ra-G Fig. 3: TGA weight loss curves for Bll-G, -1,
-K, and -M at to·Omin. Da·P and ·A are Dol zeolite
pnases (JCS 2296(1964»). (Reproduced with permission
of the Chemical Society)
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80 Ba-G (LTL)
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BII.-G Fig. 1: Differential thermal analysi s curves for
Ba·G, ·M , -J, and -K 3t life per min. Ba.A is nor a
zeolirtc phase (JCS 2296(1964». (Reproduced with
permission of tile Chemical Society)

Thermal Properties

Total weight loss is 15%. This material has a
pore volume of 0.15 cc/g and is thermally sta
ble.

80
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Ba·G FIg. 4: Mid-infrared spectrum of Ba-G. (Reproduced with permission of E.
Seugling , Georgia Tech)



Ion Excbange

It has been reported that the barium ions in this
zeolite structure can be readily replaced with
sodium , exhibiting little change in the X-ray
diffraction pattern.

Adsorption

For a sample containing only 60% Ba-G, 50 cc
of oxygen (at STP and 9OK) was adsorbed (lCS
2296(1964)) .

Infrared Spectrum

See Ba-G Fig. 4.

Ba-J
(}CS 2296(1964»

Structure

Clumical Composition: SUAl === 4.

X-Ray Powder Diffraction Data: Cd(A-) (1110))

11.39(s) , LO.53(vw), 1O.22(w), 7 .39(rn) ,
7.04(w). 6.23(m), 6.08(vw), 5.84(m). 5.73(mw),
5.63(vw), 4.79(m), 4.58(s), 4.52(s) , 4 .30(vw),
4.I9(w). 4 .08(w), 4.02(ms), 3.97(m). 3 .91(ms),
3.81(m), 3.70(w), 3.56(rns), 3.51(s), 3.45(s),
3.28(w), 3.20(w), 3.16(w) , 3.12(vs), 2.98(m).
2.82(w). 2.88(m), 2.82(w), 2.797(w), 2.709(m) ,
2.664(m), 2. 636(wv) , 2.605(w), 2.455(ms),
2.419(ms), 2 .370(ms), 2.334(w), 2.307(vw).
2.287(vw), 2.262(m), 2.213(vw), 2.189(vw).
2. I69(vw), 2. I25(vvw). 2.107(vvw), 2.028(vw),
1.987(vw), 1.953(vw), 1.847(ms), I. 819(w),
1.794(w) , 1.775(vw), 1.708(m). I.670(mw) ,
1.632(w), 1.596(w).

Synthesis

ORGANIC ADDITIVES
Done

Ba-J crystallizes in a range of Si021AJ20 ]
between 7: I and 9: 1 at temperatures between
250 and 300°C. The best results were obtained
from gels with a composition of: BaO:
AhO] : 8Si~. Impurity phases include har
rnotorne and Ba-K . Crystallization occurs be-

Ba-K 81

tween 6 and 20 days. Reproducibility of this
synthesis is not high, as Ba-K or mixtures of
Ba-J and Ba-K were found . Crystals of Ba-J
have a fibrous habit.

Thermal Properties

Thermogravimetric analysis of Ba-J shows a
weight loss of 8.9% between room temperature
and 450°C . A further 1% loss in weight is ob
served between 450 and lOOifc. This zeolite
becomes amorphous above 600°C. It has a pore
volume of 0.10 cclg.

Adsorption

At 9OK, autgassed Ba-J adsorbs 59 cc of O2 (at
STP) per gram of hydrated sample.

Ba-K
UCS 2296(1964»

Structure

Chemica; Composition: Si-Al Dol stated.

X-RayPowder DiffTtldion Datil: (d('!') (lIlo))
1O.59(ms), 7.39(mw), 6. 87(w), 6 .07(ms),
5.58(ms), 5.29(w), 5.08(w). 4.n(m), 4.59(ms).
4.30(ms) , 4:21(ms), 3.89(w), 3.67(vw),
3.53(ms), 3A9(m), 3.45(w), 3.34(vw) ,
3.29(mw), 3.16(s), 3.06(w). 3.03(oos), 2.94(m),
2.88(vw), 2.79(mw). 2.72(m), 2.648(w),
2.613(mw), 2.553(w), 2.493(m), 2.469(w),
2.433(w). 2.336(w), 2.301(m), 2.234(vw),
2.206(w), 2.1l7(w),· I. 965(w) , 1.919(w),
1.846(m), 1.801(w), 1.760(w), 1.730(w).
1.694(vw), 1.650(vw), 1.559(vw), 1.539(w),
1.525(vw), L509(vw), 1.286(w). 1.27l(vw).

Synthesis

ORGANIC ADDITIVE
none

Ba-K has been prepared under composition
ranges similar to those of Ba-J. Crystallization
occurs at 300°C with Si02/A120] of 7-8:1 with
a batch composition of: BaO : AI20 ] : 8 Si02 •

Crystallization occurs over 6 to 20 days . Lower



82 Ba-M (PHI)

temperatures result in co-crystallization with Ba
1 or Ba-P. Crystals are typically spherulitic.

Thermal Properties

I. 802(w) , I. 76(m)b, l. 7l(ms)b, 1.670(m) ,
l.639(w), J.530(m), 1.473(w) .

Synthesis

AJ3W topology prepared from Ba/Li containing
gels.

(Ba,Li)-G,L

LTL topology prepared from A Ba/Li containing
gel.

(Ba,Li)-M

Phillipsite topology prepared from BalLi con
taining gels .

(Ba,Li).Q

Yugawaralite topology prepared from Ba/Li
containing gels.

Structure

Chemical Composition: SiJAI:; 1.

X-Ray Powder DUfroction Data: (d(A»(lI/o»
7.I(m), 5.6(ms), 5.2(ms), 4.5(w), 4.35(vw),
3.50(m) , 3.40(s), 3.15(mw), 2.92(015) , 2.84(w),
2.79(w). 2.69(w), 2.59(w), 2.S7(ms), 2.44(m),
2.4O(w), 2.33(w), 2.24(m).. 2.23O(w), 2. 165(w),
2.078(mw) , 2.0S1(mw) , 2.020(mw), 1.917(w),
1.893(m), 1.845(mw), 1.823(w) , r.762(mw).

ORGANIC ADDlTlVES

Synthesis

Adsorption

No significant adsorption is observed for this
zeolite.

ORGANIC ADDITIVES
none

Ba-M crystallizes in a range of SiO/Ah03
of 7-&: I at temperatures ranging between 200
and 250°C. At lower temperatures and ratios,
mixtures with Ba-G are observed. Crystalliza
tion requires 3 weeks. Crystals display a cru
ciform twinning much like natural harmotorne.

none

Ba-N
(}CS Dalton Trans. 1259(1972)

Ba-N crystallizes from aluminosilicate gels
with a Si02/Ah03 ratio of 2. Ba(OHh, rnetak
olin, and silica gel are used as the sources of

Thermal Properties

Total weight loss from Ba-M is 11.5%, with
most of the loss occurring below 450°C. There
are three endothermic peaks in the DTA below
this temperature, which are similar to those ob
served in synthetic calcium harrnotome. This
material has a pore volume of 0 .13 cc/g.

Ba-K loses 7% of its weight upon treatment to
950"C, with the major portion of the loss taking
place below 500°C. It has a pore volume of0 .08
celg.

Adsorption

Ba·K adsorbs 46 cc of oxygen per gram of sam
ple (STP) at 9OK.

(Ba,Li)-ABW

Structure

Chemical Composition: Si-AI not stated.

X-Ray PowderDiffraction Data: (d(A) (///0))
8.24(vs), 7.56(vw), 7. 18(s), 7.03(w), 6.39(vs),
6.1l(vw), 5.02(ms), 4.29(ms), 4.10(s), 4.06(5),
4.03(5), 3.89(m), 3.66(w), 3.57(vvw), 3.52(w),
3A6(mw). 3.23(5) , 3. 19(mw), 3. 16(ms),
3.12(vs). 3.07(m), 2.91(ms), 2.838(w),
2.745(w), 2.724(5),2.674(5), 2.668(s), 2.624(w),
2.557(w). 2.525(w), 2.058(w), 2.464(m),
2.368(m), 2.315(ms) , 2.295(m), 2.256(w) ,
2.236(m), 2.213(w), 2.147(m), 2.119(w),
2.0&4(vw), 2.062(m), 2.052(m), 2.021(mw),
2.008(vw), I. 996(vw), 1.964(w), \. 947(m),
1.921(w), \.894(mw), 1.840(vw) , 1.818(mw),

Ba-M (PHI)
UCS 2296(1964})

RelaUd Materials: phillipsite



reagents. and crystallization occurs at 80<>C after
7 days.

Thermal Properties

This material exhibits limited thermal stability .

BAPO-S (AFt)
(EP 158,976(198S)
Union Carbide Corporation

Rela({!d Maurials: AIP04-S

Structure

Chemical Composition: See FCAPO

X-RayPowder Diffraction DaJtJ: (d(A) (1Il0»
12.1-11 .56(m-vs) , 4.55-4.46(m-s) , 4.25
4. 17(m-vs) , 4.00-3.93(w-vs), 3.40-3.47(w
m).

BAPO-S exhibits properties similar to those
of large-pore molecular sieves . For a description
of the framework topology see AIP04 -5.

Syntbesis

ORGANIC ADDITIVE
rripropylaminc

BAPO-5 crystallizes from a reactive gel with
a batch composition of: 1.0-2.0 R : 0.05-0.2
B20) : 0.5-1.0 AI20) ; 0.5-1.0 P20S ; 40-100
H20 (R refers to the organic additive).

Barrerite (STI) 83

BAPO-ll (AEL)
(EP 158,976(1985»
Union Carbide Corporation

Related Materials: AJPO.-II

Structure

Chemical Composition: See FeAPO

X-RayPo wder Diffraction Data: (d(A) (1110»
9.51-9.17(m-s). 4.40--4.31(m-s), 4.25-4.17(s
vs), 4.04-3.9.5(m-s), 3.95-3.92(m-s), 3.87
3.80(m-vs).

BAPO-i) exhibits properties characteristic
of a medium-pore molecular sieve. See AJP04

II for a description of the topology.

Syntbesis

ORGANIC ADDmVE
di-n-propylamine

BAPO-ll crystallizes from a reactive gel with
a batch composition of: 1.0-2.0 R ; 0.0.5-0.2
B20) ; 0.5-1 .0 AhO) : 0.5-1.0 P20S : 40-100
H20 (R refers 10 the organic additive).

Adsorption

Adsorption properties of BAPO· (,I :

Kinetic
diameter, Pressure, Temp., Wt. %

Adsorbate A Torr °C adsorbed"

Adsorption 0, 3.46 100 -183 S
0, 750 - /83 6

Adsorption properties of BAPO-5: Cyclohexane 6.0 90 24 4
H,O 2.65 4.3 24 6

Kinetic H2O 20 24 8

diameter. Pressure. Temp., WI. %
Adsorbate A Torr °C adsorbed" 'Typical amount adsorbed

3.46 100
750

6.2 700
2.65 4.3

20

"Typical HmOIlOI adsorbed,

-183
-183

24
24
24

7
10
4
4

12

Barrerite (STI)
(natural)

RelaJed Materials: stilbite

Barrerite, the orthorhombic sodium-rich stilbite
from Sardinia, was first named by Passaglia and



84 Ba-T

Pongiluppi in 1975, in honor of R. M. Barrer
(Miner. Mag . 40:208(1975».

2.075(1 br), 2.062(3), 2.040(2), 2.034(3),
2.025(3), 2.018(2), 2.012«1), 1.893(3).

Structure

(Bull. Soc. Fr. Miner. Crist. 98, 331(1975»

CHEMICAL COMPOSITION: Na.(AI.si~2)*26H20

SYMMETRY: orthorhombic
SPACE CROUP: Amma
UNIT CELL CONSTANTS : CA) a = 13.64

b = 18.20
c == 17.84

Thermal Properties

There are three main water losses in barrerite,
at 50, 150, and 200°C. Dehydroxylation occurs
between 500 and 900<'C. A lattice shrinkage is
observed with the water loss.

Bo-T
(lCS Dalton Trans, 1259(1972»)

Thermal Properties

The pore volume (cc/g) is 0.06. The material
has low thermal stability.

B-Cn
(SSSC 49A:143(1989»

The B-Cn series consists of some materials that
are alurninoborates, some with rnicroporous
properties.

DOlle

Ba-T crystallizes from aluminosilicate gels
with a Si02/AI103 ratio of 2. Ba(OHh, rnetak
olin , and silica gel are used as the sources of
reagents, and crystallization occurs at 80OC.

Synthesis

Structure

Chemical Composition: Si/Al = 1.

X--Ray Powder Diffrodinn Data: (d(A»(lIJa'J)
7.4(w), 7.2(w), 5.2(ms), 5.0(w), 4.3(m),
4.24(mw), 4. 20(mw), 4 .16(m), 4. OO(vw) ,
3.79(s), 3.70(w), 3_68(s), 3.52(m), 3.37(ms),
3.30(mw), 3.22(s), 3.18(s), 3.l5(w), 2,45(m),
2.43(ms), 2.38(mw), 2.36(mw), 2.35(mw),
2.33(m) , 2. 32(vw), 2.31(vw), 2.27(w),
2.25(mw), 2.24(w). 2.22(m), 2.18(m), 2.15(w),
2.09(w), 2.07(w), 2.04(w). 2.03(m), 2.02(m),
2.00(m), 1.99(mw), 1.97(mw), 1.96(mw),
1.95(w), J.92(w), L89(w), 1.83(m), 1.78(m) .

DTA

DTG

lICI
6004 D2 D

Barrerite Fig. 1: Thermal curves for barrerite from
Capo Pula, Sardinia, Italy; in air, heating rate 20"Omin
(Nat. Zeo. 296{1985l). (Reproduced with permission of
Springer-Verlag lnc .)

.... \
:z:

~ TG ORGANIC ADDITIVES
~15
l~--l--=+====F==t~

X-Ray Powder Diffraction Data: (Nat. Zeo.
344(1985» (d(A) (1//0» 9.10(> 100), 6.83(4),
5.30(6), 5 .23(5), 4.66(21), 4.55(6), 4.46(3),
4.29(12), 4.05(100), 4.01(13), 3.732(12),
3.566(1), 3.483(12), 3.408(11), 3.393(11),
3.189(16), 3 .103(7), 3.028(78), 3.004(25),
2.974(4),2.885(2),2.871(3),2.824(3),2.805(3),
2.773(22), 2.727(3), 2.709(3), 2.609(4),
2.563(6),2.524(1),2.507(5),2.487(3),2.354(3),
2.347(3),2.274(1),2.267(1),2.225(3),2.204(2),
2. I64(1br), 2.122(4), 2.097(3), 2.084« I),



Structure

Chemkal Composition: Compositionally all
the materials are boron-rich, with B20J/Al20J

ranging between 5.85 and 11.70 .

X-Ray Power Diffraction Data:
B-C,: (d(A) (11/0 )) 11.6(100) , 6.76(17) ,
6.54(16.5), 5.81(17), 5.\6(11), 4 .30(1) ,
4.01([5.5), 3.77(20), 3.50(8.5), 3.43(25) .

B-Ca: (d(A) (1//0» 9.82(100),7.21(12),5.99(12),
5.36(10),4.72(15),4.44(43),4.33(24),3.98(20),
3.89(15) , 3.68(9).

B-4: (d(A) (///0» 16.83(78), 8.08(100),
5 .59(56),5 .54(58) ,4.42(5),3.63(6),3.43(15) ,
3.38(17),3 .08(11.5),2.84(5).

(a) .

B-Co 85

B-C IO: (d(A) (11/0» 12.24(48), 9.42(100),
7.14(11), 6.13(20), 5 .69(67), 4.95(13),4.48(17),
4 .34(18),3.90(65) , 3.65(19).

In general , these materials exhibit properties
characteristic of medium-pore molecular sieves .

Synthesis

ORGANIC ADDITIVES
tet1¥thylammonium '
tripropylamine
triethylamine

B-Cn crystallizes from hydro-gels with the
molar oxide ratios shown in the table .

(b)

10 20 30 40 50 60 10 20 30 40 50 60

DEGREES, 2 THETA

(c)

DEGREES, 2 THETA

(d)

10 20 30 40 50 60 10 20 30 40 50 60

DEGREES, 2 THETA DEGREES, 2 THETA

B·Cn Fig . I : X·ray powder diffract ion patterns for SoC7 (a), B-es (b). B-C9 (c), and B-CIO (d) (SSSC.
49A:143(1989)). (Reproduced with permission of Elsevier Publishing Company)



86 B-Cn

Composition limit of initial mixture for B-Cn :

Composirion Limit of Reactant (rnol.)

B·C7 S~ 0.5--0.7 J.2 200-250 0.5-1.0
B·CR 5-7 0.6-0.8 0 .7-1.5 0.1-0.4 180-250 0.5-1.0
B·C9 (r8 0.5-1.0 0.6-0.9 0.7-1.1 150-200 0.5-1.0
B·C10 3-4 0.6-1.2 1.4-1.8 0.2-0.4 170--200 O.S-I.O

Crystallization occurs between 120 and 480
hours at temperatures between 160 and 21O"C.
depending on the structure prepared. The pI-{ of
the initial mixture is between 2.7 and 4.5. The
B-e7 structure is favored in a Ca + 2 system.
whereas B-C8 and B-C 10crystallize with Ca+ 2

and Na + as well as Mg+ 2 and Na". B-C9 also
favors Ca + 2 and Na +. as well as K + .

4000 2400 1500 850 400

WAVENUMBERS(cm'l )

Thennal Properties

DTAffG analysis indicates that structure col
lapse occurs in these materials at 733,465.626,
and 425"C for B-e7, B-CS, B-C9. and B-ClO,
respectively.

Infrared Spectra

Trigonal BO) in berates has very strong
stretching vibrational bands in the range of
1450 to 1200 em-I. and tetrahedral B04 has
medium absorption bands in the range of 1180
to 900 em-I. The infrared bands around 668
to 655 crrr" shift to higher frequency with in
creasing BIAI ratio. These bands are assigned
10 the bending vibration of the B-O-Al
linkages.

"#
w
ozg
~
CI)
z
c(

~

4000 2400 1500 850 400

WAVENUMBERS(cm·
j

)

4000 850 400

wog
:::;;
CI)

~cr.
I-

4000 2400 1500 850 400

WAVENUMBEAS{cm·1)

B-Cn Fig. 2: Infrared sPCCLTa of B-C7 (a). B-CB (b), B-C9 (e), and B-CJO Cd)(SSSC. 49A~J4J(J 989)}.
(Reproduced with permission of Elsevier Publishing Company)



BeAPO -17 (ERr) 87

Adsorption

S·C7
1420

S·Cl0 B-C7

16 12

l ;t B-e9

0
8·C9 c

w w
a>II>

'" 10 B-e8a: 12
0 0

f/}:g c
C( s-ea C(

I- tzz => 0::> 8
0 0
::; ::;;
C( C(

4 a b

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

RELATIVE PRESSURE, PIPo RELATIVE PRESSURE, P/Po

B-Cn Fig. 3: Adsorption isotherms for B-Cn . (a) Ht) isotherms at 20"C. (b) N, isotherms at - 196°C (SSSC.
49A: 143(1989». (Reproduced with permission of Elsevier Publishing Company)

BeAPO-5 (AFI)
(EP 158,976(1985))
Union Carbide Corporation

Related Materials : AIP04-5

BeO ; 0.5-1.0 Ah03 : 0.5-1.0 P10 j : 40-100
H20 (R refers to the organic additive).

Adsorption

Structure

ChemiCIJI Composition: See FCAPO

X-Ray Powder Dtffractio» Do1Ll: (d(A) (//10»
12. 1-1 1.56(m-vs), 4.55-4.46(m-s), 4.25
4. 17(m-vs), 4.00-3 .93(w-vs), 3.47-3.40(w
m).

BeAPO-5 exhibits properties characteristic
of a large-pore molecular sieve . See AJP04-5

for a description of the framework topology.

Adsorption properties of BeAPe-5:

Kinetic
diameter, Pressure, Temp ., WI. %

Adsorbate A Torr · C adsorbed-

0, 3.46 100 -183 7
0, 750 -183 10
Neopentane 6.2 700 24 4
H2O 2.65 4.3 24 4
H2O 20 24 12

'Typical amount adsorbed,

Synthesis

ORGANIC ADDITIVE
tri propy Iamine

BeAPO-5 crystallizes from a reactive gel with
a batch composition of: 1.0-2.0 R : 0.1-0.4

BeAPO-17 (ERI)
(EP 158,976{198S»
Union Carbide Corporation

Relmed Materials: erionite
AlP04-17



88 BeAPSO

Structure

Chemical' Composition: See FCAPO

X.Ray PowtkrDiffractum Data: (d(A) (lIl o»
11.5-II.4(vs), 6.61(s-vs), 5.72-5.70(5), 4.52
451(w-s), 4.33-4.3J(vs), 2.8J2-2.797(w-s).

BeAPO-17 exhibits properties characteristic
of a small-pore molecular sieve. See SAPO-I7
for a description of the framework topology .

Synthesis

ORGANIC ADDmVE
quinuclidine

BeAPO-17 crystallizes from a reactive gel
with a batch composition of: 1.0-2.0 R : 0.1
004 BeO : 0.5-l.0 AhO) : 0.5-1.0 P205 : 40
100 H20 (R refers to the organic additive).

Adsorption

Adsorption properties of BeAPO-17:

Kinetic
diameter, Pressure. Temp. • Wt.%

Adsorbate A Torr "C sdsorbed"

0 , ].46 100 -183 10

O2 750 - [83 12
n-Butane 4.3 100 24 4
H2O 2.65 4.3 24 13
H,Q 20 24 14

-Typical amoun( adsort>ed.

BeAPSO
(US4,737,353(1988»
Union Carbide Corporation

Structure

BeAPSO represents structures with beryllium
silicoaluminophosphate compositions . See
BeAPSO Fig . I .

"



BeGeAPO-11 (AEL) 89

,,/\

\

8eAPSO Fig. 2: Ternary diagram relating 10 parameters used in synthesis mixture
employed in the preparation of BeAPSO molecular sieves (US4.737 ,353(\988)).

Synthesis

ORGANIC ADDITIVES
BeAPSD-5: tripropylarnine
BeAPSD-J I: di-a-propylamine
BeAPSD-17: quinuclidlnc
BeAPSO-20: tetramethylammonium hydroxide
BeAPSO-3\ : di-n-propylamine
BeApso-34: tetraerbylammooium hydroxide (mixture

wilh BeAPSO-S produced)
BeAPSO-44: cyclohexylamine

BeAPSO molecular sieves crystallize from
reaction mixtures containing beryllium sulfate
as the source of beryllium. See BeAPSO Fig.
2.

BeGeAPO-ll (AEL)
(EP 158,976(1985»
Union Carbide Corporation

RelDJed MOIerill1s: AlP04-11

Structure

Chemiw Composition: See FCAPO

X-Ray PowderDiffractionDa/Ll: (d(A) (/110))
9.51-9. 17(m---.s), 4.40-4.31(rn-s) , 4.25--4.17(s
vs), 4.04-3. 95(rn-s) , 3.95-3.92(m-s). 3.87
3.80(m-vs).

See AIP04-11 for further information con
cerning the BeGeAPO-II framework topology.

Synthesis

ORGANIC ADDITIVE
di-n-propylarnine

BeGeAPO-II crystallizes from a reactive gel
with a balch composition of: 1.0-2.0 R : 0.05
0.2 MzOq : 0.5-1.0 AhO); 0.5-1.0 PzOs : 40
100H20 (R refers to the organic additive. and
q denotes the oxidation state of beryllium and
germanium) .

Adsorption

Adsorption properties of BeGeAPO-l I:

Kinetic
diameter, Pressure. Temp., Wt. %

Adsorbate A Torr "C adsorbed-

0, 3.46 100 -183 .5
0; 750 - 183 6
Cyclohexane 6.0 90 24 4
Hz<) 2.65 4.3 24 6
H2O 20 24 8

'Typical >moonl ad.'<OIbed.



90 Beryllophosphate-E (EDI)

Beryllophosphate-E (EDI)
(SSSC 49A:4Jl(1989»

ReJaJed MaurilJls: edingtonite

Structure

CHEMICAL COMPOSITION: KIOBell,l'jo040'"\OH:P
UNIT CELL CONSTANTS; (A) a = 9.17

c = 12.30

X-Ray Powder Diffraction DaJQ: (d(A) (/110))

6.48(100), 6.13(21), 3.89(37), 3.74(40),
3.410(8), 3.244(36), 3.047(7), 2.903(40),
2.869(42), 2.826(7), 2.780(99), 2.625(41),
2.378(7) , 2 .227(11), 2.188(6), 1.168(11),
2.111(25), 1.958(9), 1.726(6), 1.621(6).

Beryllophosphate-E is structurally analogous
10 zeolite edingtonite.

Synthesis

ORGANIC ADDITJVE
tetraethylammonium •

Beryllophosphate-E crystallizes from a re
active gel with a Be/P ratio of 1.0. Upon mixing
of beryll ium sulfate and phosphoric acid, a clear
solution of pH 1 forms. Addition of potassium
chloride follows . The clear solution becomes
gelatinous upon addition of tetraethylammon
ium hydroxide to adjust the pH to 6. Crystal
lization of this phase was observed after 7 days
at 100Ge. The pH and the source of alkali are
the important factors in this synthesis.

Ion Exchange

Beryllophosphate-E does not exhibit ion ex
change capacity.

Beryllophosphate-G (GIS)
(SSSC 49A:411(1989»

Related MauriaJs: gismondine

Structure

CHEMICAL COMPOSITION: NaJkoPe012·IOH,o
UNIT CELL CONSTANTS : <A) a = 9.32

b = 8A8
c = 9.13
~ = 90.8·

X-Ray Powder Diffraction Data: (d(A) (1/10»
6.27(100),6.21(31), 4.56(24),4 .23(8),3.839(6),
3.745(34), 3.713(67), 3.563(32) , 3.282(6),
3.237(19), 3.106(17), 2.917(53), 2.862(45),
2.705(60), 2.596(6), 2.573(17), 2.453(9),
2.443(6), 2.424(2), 2.395(2), 2.332(27),
2.322(4),2.190(7),2.187(4), 2.175(6), 2.137(8),
2.120(4),2.072(2),2.063(9),2.043(4),2.018(3),
1.945(4), 1.923(3), 1.886(4), 1.853(3), l. 783(5),
1.767(5).1.771(7),1.568(3),1.555(2),1.553(2) .

Beryllophosphate-G is structurally analogous
to zeolite gismondine.

Synthesis

ORGANIC ADDmVE
tetraetnyiammcnium"

Beryllophosphate-G crystallizes from a re
active gel with a Be/P ratio of 1.0. Upon mixing
ofberylliurn sulfate and phosphoric acid, a clear
solution of pH l forms, After addition of the
alkali metal cation (chloride), the clear solution
becomes gelatinous upon addition of tetraethy
lammonium hydroxide to adjust the pH to 6.
Crystallization of this phase was observed after
7 days at 1OOOC. The pH and the source of alkali
are the important factors in this synthesis .

Ion Exchange

Beryllophosphate-G exchanges Li, K, Rb, and
NH4 + cations; Cs +, Ca +1, Ba+1, and Ag " do
not exchange into this structure.



Beryllophosphate-H (RPH)
(SSSC 49A:411(1989»

Structure

CHEMICAL COMPOSmON: Na7K7Be,J',~Oj.·

20H20

UNIT CELL CONSTANTS: CA)a = 12.59
c = 12.46
'Y = 120·

SPACE GROUP: P321

X-Ray PowderDiffraction Data: (d(A) (l/10»
t2.4{60), 10.90(100), 8.20(1),6.28(2), 6.23(2),
5.58(3),5.41(4),4.429(1),4.151(2),4.120(5),
4.101 (2), 3.911 (25), 3.880( 10), 3.488(5),
3.465(4), 3.436(7), 3.144(2), 3 .137(8),
3.050(1), 3.022(2), 2.937(8) , 2.923(8),
2.807(17), 2.790(30). 2.723(8), 2.500(4),
2.483(6),2.268(1),2.180(4), 2.170(4), 2.143(3),
2.098(4),2.065(4), 1.957(5), 1.923(4), 1.721(2),
1.605(2), 1.557(2).

Beryllophosphate-H is structurally unrelated
to any previously known zeolite structure. This
structure can be considered to be composed of
aneight-member ring and a cage. There are four
cation sites contained within this structure . The
first site is in the middle of the small cage that
forms the basis of the structure. The sodium

Beryllophospbate-H Fig. IS: Framework topology.

Beryilophosphate-P (ANA) 91

cations are found in the center of this cage, and
the Na-Q bond distance is 2.4 A, the ideal co
ordination distance for Na ". The K-Q bond
distance is 2.8 A, similar to its ideal value .

Synthesis

ORGANIC ADDITIVE
tetraethylammonium ~

Beryllophosphate-H crystallizes from a re
active gel with a Be/P ratio of 1.0. Upon mixing
of beryllium sulfate and phosphoric acid, a clear
solution of pH I forms. Addition of a mixture
of sodium and potassium chloride follows. The
clear solution becomes gelatinous upon addition
of tetraethylammonium hydroxide to adjust the
pH to 6 . Crystallization of this phase was ob
served after 2 J days at 100°C. The pH and the
SOUJ"ce of alkali are the important factors in this
synthesis.

Ion Exchange

Beryllophosphate-H exchanges only sodium and
potassium; N~ +, calcium, and silver ions do
not exchange.

Beryllophosphate-P (ANA)
(SSSC 49A:411(1989»

Related MaJeMls: analcime

Structure

CHEMICAL COMPOSITION: Cs,.,Ik2.P140...
UNIT CELL CONSTANT: (A) a = 13.1/

X-Ray PowderDiffraction Data: (d(A) (1/10) )

5.34{29), 4.64{l), 4 .14(5), 3.782(7), 3.502(69).
3.276(100), 3.084(2), 2 .931(2), 2.794(41),
2.571 (3), 2.393(16), 2.317(24), 2.126(24),
1.932(6), 1.891(3), 1.784(14), 1.665(12),
1.637(10), 1.569(3).

Beryllophosphate-G is structurally analogous
to zeolite pollucite.



92 Beryllophosphate-R (RHO)

Synthesis

ORGANIC ADDITIVE
tetraethylammonium ..

Beryllophosphate-P crystallizes from a re
active gel with a Be/P ratio of 1.0 . Upon mixing
of beryllium sulfate and phosphoric acid, a clear
solution of pH I forms. Addition of cesium
chloride follows. The clear solution becomes
gelatinous upon addition of tetraethylammon
ium hydroxide to adjust the pH to 6. Crystal
lization of this phase was observed after 7 days
at 200°C. The pH and the source of alkali are
the important factors in this synthesis.

Jon Exchange

Beryllophosphate-P does not exhibit ion ex
change capacity.

BeryUophosphate-R (RHO)
(SSSC 49A:411(1989»

Related Malerillls: Rho

Structure

CHEMlCAL COMPOSmON: Li1ABeuP~~*40 H20
UNIT CELL CONSTANT: CA) Q = 13.78

X-Roy Powder Di.ffraetion DIJItJ: (d(A) (/1/0»
9.61(97),5%5(40),4.81(7),4.30(28),3.929(23),
3.637(76), 3.405(3), 3.208(70), 3 .044(66),
2.902(100), 2.777(30), 2.669(31), 2.485(32),
2.405(5), 2.335(5), 2 .269(19), 2.208(7),
2.154(9), 2.101(7),2.052(8) ,2.006(6),1.964(1),
2.925(7),1.887(5), 1.852(4), 1.819(5), I.m(4),
1.702(4), 1.676(11), 1.652(5), 1.626(2),
1.605(4), 1.583(12), 1.542(3).

Beryllophosphate-R is structurally analogous
to zeolite rho.

Synthesis

ORGANIC ADDITIVE
tetraethylammonium •

Beryllophosphate-R crystallizes from a re
active gel with a Be/P ratio of J.0. Upon
mixing of beryllium sulfate and phosphoric
acid, a clear solution of pH I forms. After
addition of the alkali metal cation (chloride),
the clear solution becomes gelatinous upon
addition of tetraethylammonium hydroxide to
adjust the pH to 6. Crystallization of this phase
was observed after 7 days at 100°C. The pH
and the source of alkali are the important fac
tors in this synth esis .

Ion Exchange

Beryllophosphate-R exchanges Na, K, and
NH} cations; neither Ca + ~ nor Ag + exchanges
into this structure.

Beta (8EA*)
(US3,308,069(1967»
Mobile Oil Corporation
*disordered framework

Related Material: tschernichite
Nu-2

Structure

CHEMICAL COMPOsmON: (US3.308,069 (\967))
(TEA. Na)zO • AhOJ ·5-100 SiD, • 4H20

(TEA-tetraerylammonlJm)
UNIT CELL PARAMETERS: (Ztc. 8:446 (1988)) (A)
Polyrypc A PoIYl)')X B Polytype C

P4122 cu« P21e
Q = 12.469 a = 17.634 a = 12.470
b = 12.469 b = 17.635 b;= 12.470
c = 26.330 c = 14.416 c = 27.609

beta = 107.52° belli. 0= 114.04·
PORE STRUcrURE: 12-member rings. lntersecring 6.5

x 5.6 and 7.5 x 5 .7 A

X-Ray Powder Diffraction Dasa: (d(A) (/I/o»)
14.3(mw) 11.5(s), 7. 44(vw), 6.86(nw),
6.165(vw) , 564(m), 5.51(w), 509(mw), 4.75(w),
4.29(m), 4.17(m), 3.98(vs), 3.54(w), 3.42(w),
3.33(mw), 3.I2(w), 3.03(m), 2.9O(m), 2.74(vw),
2.69(w), 2.58(w), 2.49(w), 2.41(fw), 2.34(w),
2.25(vw), 2.08(w), 2.03(vw).
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Beta Ftg . IS: 100 and 010 projections of the A (P4 J22) WId C (P2) polytypes and 110 and
- J10 projections of the B (e2le) polytype. The sharded six-rings outline primitive unit cell
projections. Note that the three ordered poly types exhibit only two different projections: one
inclined and one orthogonal (a) Poly type B 100. (b) polytype BOlO. (c) polytype ClIO, (d)
polytypeC - ) 10, (e) polytype A 100, <0 polytype A 010 (Zec. 8:446(1988». (Reproduced with
permission of Butterworth Publishing Company)

The tetrahedral framework structure of zeo
lite beta is disordered along [001) (Zeo.
8.446(1988); Nature 332:249(1988)). The dis
ordered structure and the three simple ordered
polytypes are related through layer displace
ments on 001 planes. These polytypes have mu
tually perpendicular 12-ring channel systems,
and beta exhibits properties characteristic of the
presence of open 12-mernber-ring channels. The

smaller building wits are double six-ring units
connected by two four-rings and four five-rings.
These are connected to form chains along the
10011 direction. It is interesting to note that the
double six-ring building unit does not corre
spond to any of the proposed SBU's of Gram
lich-Meier and Meier (1. Solid Stale Chem.
44:41(1982»). Polytypes A and B contain 9 unique
T sites, whereas polytype C contains 32 .



DLS atomic coordinates (X 1()4) of polytype A (.leo . DLS atomic coordinates (X 1()4) of polytype A (ao.
8:446 (1988): 8:446(1988»:

x y x y
T1 4535 2956 0544 015 3833 2468 3929
T'2 4533 0431 0542 016 4659 1653 3149
T3 2099 2915 0563
T4 2103 0453 0555
T5 8310 2894- 0605 DLS atomic coordinates ( x 1()4) of polytype C (Z<!o.T6 8326 0419 0608
T7 0257 3637 1256 8:446 (1988»:

T7 0286 -0286 1250
1'9 6369 3631 1250 x }' z

01 5000 3304 0000 TI 8725 -0428 3119

02 4576 1692 0619 T2 8125 7094 3109

03 3308 3368 0575 T3 2419 - (}446 3041

04 5197 3521 0998 T4 2435 7090 3054

05 5000 0086 0000 T5 4857 0418 3033

06 33/3 0004 0565 T6 4877 7047 3038

07 5195 -0162 09&6 T7 7154 0251 3732

08 2116 1680 0737 T8 7/88 6369 3737

09 1616 3007 0002 T9 1121 0270 3763

010 1395 3575 0968
TlO 1103 6336 3765

011 1604 0334 0000
Til 162\ 2081 0573

012 1420 -0228 0960
Tl2 086\ 2082 4460

013 8324 1657 0774 TI3 8390 -1688 4374

014 9324 3504 0&44
Tl4 0885 -16% 4404

015 7242 3469 08\0
TI5 8366 4533 4436

016 7262 -0169 0811 TI6 0920 4524 4478

017 9344 -0197 0840
01 8843 -1669 3283
02 1537 -0344 2486
03 7722 0135 3283
04 9864 0212 3389
05 8438 6993 2503
06 7737 6536 3285

DLSatomic coordinates (x l<r) of polytype B (Z<!o. 07 9870 6459 3374
8:446 (1988»: 08 2542 - 1672 3228

09 3637 -0013 3046
x Y t OlD 1995 0254 3437

TI 1735 8370 8880 011 3658 6657 3063
T2 2032 5412 1127 012 2015 6421 3461
T3 1981 4133 2552 013 5000 -0043 2500
T4 3917 0203 6202 014 4970 -1682 3097
T5 5178 1438 6254 015 5807 0157 3490
T6 5000 2795 7500 016 5000 6677 2500
T7 3031 2888 3960 017 5843 6496 3499
T8 4220' 1642 3932 018 2555 1387 0982
T9 5000 1114 2400 019 7600 -0687 4136
01 2136 9186 8840 020 7688 7233 4179
02 5819 3319 7967 021 7493 5192 3983
03 2306 7706 8774 022 1321 1382 4075
04 6674 3305 9960 023 1367 -0706 4158
05 2293 4736 1948 024 1322 7219 4208
06 1515 f:J)27 1457 025 /234 5167 4030

07 1475 5103 0011 026 0489 2070 0738
08 1801 4534 3444 027 2053 3303 0592
09 2708 3513 3063 028 1369 1607 0011
010 1155 3729 1776 029 1299 3293 4455
all 4658 OBIS 6563 030 1303 1593 5()19
0[2 0736 5600 3268 0)1 9533 -1670 4218
013 5023 2270 6600 034 9599 4597 4381
014 4888 1426 5042 036 1627 4997 5020
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Beta F\g. 2; Comparison of (a) the X-ray powder diffraction pattern of zeolite beta
(CuK...... ) with (h) the calculated pattern for the ordered tetragonal A polytype. Six sharp
reflections on the beta pattern are indexed 011 the tetragonal unit cdl (Zeo. 8:446(1988» .
(Reproduced with permission of Butterworth Publishing Company)

Syntbesis

ORGANIC ADDlTIVES
tetraethylammonium +

The synthesis of zeolite beta occurs success
fully in the system: TEA10 : Si02 : AI20) :
Na20 : H20. The broad range over which zeolite
beta is claimed to crystallize is a SiOv'AhO)
from 10 to 200, Na20ffEAOH from 0 to 1.0,
TEAOH/Si02 from 0.1 to 1.0, and H20ffEAOH

from 20 to 75. ZSM-20 has been observed as
an impurity phase in this system. Crystallization
occurs between 100 and 150"C.

The Si02/ AhO) range of 30 to 50 for crystals
of zeolite beta lies between TEA-mordenite (10
to 30) and ZSM·12 (ca. 60) . Both ZSM-12
and TEA-mordenite are crystallized from a

Na"' ffEA + system. The efficiency of the syn
thesis and the chemical composition of the crys
tal are dependent on the concentration of alu
minum in the liquid phase and the Si02/ AhOJ
ratio of the gel. Ethanol encourages crystalli 
zation (Zeo. 8:46(1988)).

Thermal Properties

The weight and energy changes during the ther
mal decomposition of as-synthesized samples
are shown in Beta Fig . 4. Four distinct zones
of exothermic weight loss are seen in the
DTAlDTG curves, with maxima at 318, 377,
450, and 627°C (Zeo, 9:231 (1989), Appl. Casal,
31:35(1987», attributed to the decomposition
and removal of the occluded TEA species .
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(TEA),O(C-1oo)

$10.(70-100)

(e)

A~O
(0-30) (b)

AL.,O,
(0-100)

Beta Fig . 3: (a) Molar proportiosns of Si~, AJ~3, and Na~ in reaction mixtures for the synthesis of zeolite beta
(CTEAhOJSiO:, = 0.25, K10 ISi0 2 = 0.018; synthesis time : 4 weeks; AM = amorphous, P = zeolite P, shaded area
= zeolite beta). (b) Molar proportions of CTEAhO. Na,O. and AlzOJ in-reaction mixture for the synthes is of zeolite
beta (K,OJrrEA),O) = 0.071, SiOvAI~, = JOO-IO; PHI = zeolite PHI. P = zeolite P. shaded area = zeolite beta
(App!. Catal. 31:35 (1987». (Reproduced with permission of Academic Press)
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Beta Fig. 4: TO, 01'0. and DTA curves of as-synthesized zeolite beta , heating rate 10
Klmin lleo . 9:231 (1989» . (Reproduced with permission of Butterworth Publishing
Company)



Adsorption in beta (T = 25"C. PIPo '" 0 .5):

Adsorption

Kinetic
diameter. %

Adsorbate A Adsorption

Water 2.65 21.3
n-Hexane 4.3 19.0
Cyclohexane 6.0 20.5
o-XyJene 6.8 21.8
m·Xylene 7.0 25 .0
1,2,4-TMBb 7.5 24.0

Pv'
(mllg)

0.21
0.29
0.26
0.25
0.29
0.28

Bikitaire (BIK) 97

Bikitaite (BIK)
(natural)

RekUed Materials: synthetic bikitaite

Bikitaite is a natural zeolite with a cation com
position that is essentially all lithium . Deposits
of this mineral have been found in BOOta, Zim
babwe as well as in North Carolina. USA. The
mineral was first identified in L957 (Am . Min
erai . 43:768(1958» . This structure has been
synthesized in the cesium form (see bikitaite
(synj).

'Pv = pore volume.
"'MB = Ilim.elhylbenzene.

Bicchulite (SOD)
(natural)

Related MaterUJJs: sodalite

Structure

(2 . Kristallogr, 152:13(1980»

CHEMICAL COMPOSITION: Ci\1[AhSio](OH).
SYMMETRY: cubic
SPACE GROUP: 143m
UNIT CELL CONSTANTS (A): a = 8.825

Structure

CHEMICAL COMPOSITION. Li 1AhSi40 11 . 2H20

(Nat. Zoo. 252 (1985)
SPACE GROUP~ PI
UNIT CELL CONST ANTS (A): at 295K

a = 8.6O?1
b '" 4.95M:J
c = 7.5972

.0. = 89.900
/3 = 114.437
'f == 89.988

at 13K
a == 8 .597\
b == 4 .9395
c == 7 .6121

0. == 89.850
/3 == 1\4 .520
'f = 90.004
(ao. 9:303 (1989))

Positional parameters for bicchulue (Z. Kristallogr,
152:13 (}980):

Bicchulite has the sodalite framework struc
ture, with AI and Si distributed statistically over
the tetrahedral sites. Because the Al.Si ratio is
2: I, Loewenstein's rule cannot be obeyed in this
structure. The calcium ions and empty ' (OH)o\.
tetrahedra occupy the cavities of the framework
(2. Kristallogr . 152:13(980».

Ca
(Si.AI)
01
02
H

x
0.1434(1)

1/4
0.1407(1)
0.3845(2)
0.328(3)

y
0 ./434(1)

112
0.1407(1)
0.3845(2)
0.328(3)

z
0 .1434(1)

o
0.4220(2)
0.3845(2)
0.328(3)

DENSITY: 2.28g1cm' .
PORESTRUcruRE: ~ight-member rings 2.8 x 3.7 A

81kltalle Fig. lS: Framework topology



98 Bikilaite (RIK)

X-Ray Powder Dijfraetio" Data: (Nat. Zeo.
Atomic coordinates ( x 10") for bildca.ile (Zeo.339(1985» (d(A) (II/o»7.865(80), 6.930(50),

6.732(30), 4.374(40), 4.265(10), 4.195(90),
9:303( 1989»:

4.022(20), 3.991(10), 3.926(10), 3.806(30), x y g
3.462(100),3.371(100),3.284(40),3.215(40), at 295K

3.076(40), 3.023(10), 2.930(10), 2.870(20), 025 7318(J) 3929(5) 2966(J)

2.749(10), 2.739(10), 2.629(10), 2.523(20), 026 5593(2) 6797(4) 9807(3)

2.479(90), 2.423(10), 2.364(20), 2.337(10), Lil 3095(5) 3657(9) 1469(7) 0.910(28)

2.323(10), 2.316(0), 2.240(10), 2.167(10) , Li2 699.5(6) 8665(10) 8722(7) 0.947(29)

2.141(10), 2.097(10), 2.094(10). 2.077(20), 017 4083(3) 3224(6) 4347(3)

2.012(10), 2.005(lO).
Hll 323<1(9) 2849(17) 4786(10)
HI2 4870(8) 1784(12) 4863(8)

Both X-ray diffraction and neutron diffrac-
027 5991(3) 8225(6) 5871(4)
A21 6853(8) 18n(l9) 5420(10)

tion have been applied to determining the struc- H22 5214(8) 676J(12) 5343(8)
ture of natural bikitaite (Acta Crystallogr,
]3:1002(1960); J . Am. Mineral . 59:71(1974» ; at 13K

Zeo, 9:303(1989» . There are six unique Tatom Sill 1062(3) 8651(4) 979(3) 0 .914(14)

sites within the structure, with some ordering SiI2 1038 8006 5049 1.004(14)
AID 3801(3) 8778(5) 9377(3) \.050(15)

of the SiJAI observed in the natural material. AI21 899\(3) 3650(5) 9013(3) 1.046(16)
Both five- and eight-member rings comprise this Si22 8917(2) 2991(4) 4878(3) 0.983(13)

framework. The two independent water mole- Si23 6195(3) 3773(4) 637(3) 0 .985(13)

cules are linked to each other via hydrogen OIl 2646(2) 7397(4) 569(3)
bonding and also linked to the Li + cations. Only 012 847(2) [883(4) 441(3)

one hydrogen of each water molecule is hydro- 013 1591(2) 8250(4) 3277(3)

gen-bonded, The water molecules are posi- 014 591(2) 4842(4) 5208(3)

tioned in the channels of this structure so as to
0\5 2594(2) 9001(4) 6946(3)
016 4508(2) 1960(4) 324(3)

form a continuous chain connected via hydrogen
021 7314(2) 2426(4) 9562(3)

bonds.
022 9275(2) 7050(4} 9605(3)
023 8410(2) 3246(4) 6658(3)
024 9344(2) 9843(4) 46J8(3)

Atomic coordinates (>< 1()4) for bikitaite (Zeo. 025 7339(2) 4016(4) 2970(3)
9:303( 1989»): 025 5589(2) 6823(4) 9778(3)

Lil 3117(5) 3667(8) 1506(6) 0 .932(29)
x y z g

Li2 6977(5) 8692(9) 8691(6) 0.926(29)
at 295K
Sill 1057(3) 8645(5) 975(3) 0.957(12)

017 4084(3) 3260(5) 4392(3)

SiI2 1038 8006 5049 0.981(3)
HJI 3\94(5) 299\(9) 4825(6)

AI13 3808(3) 8749(5) 9374(3) \.061(14)
Hl2 4837(5) 1717(7) 4895(5)

A12\ 8985(3) 3639(5) 9065(3) 1.066<15)
027 5988(2) 8253(4) 5830(3)
H2l 688\(5) 8004(9) 5397(6)

Sin 8920(2) 2984(5) 4877(3) 0.981(13)
H22 5252(5) 6691(7) 5330(5)

Si23 6187(3) 3748(5) 630(3) 0.915(12)

ou 2641(2) 7404(4) 569(3)
012 830(2) 1853(4) 413(3)
013 (584(3) 82gl(5) 3279(3)
014 557(3) 4868(5) 5173(3) Thennal Properties
0\5 2612(3) 8920(5) 6947(3)
016 4496(2) 194{)(4) 282(3) Continuous weight loss is observed between 150

021 7311(2) 2433(4) 9552(3)
and 400°C. The bikitaite structure is decem-

022 9283(2) 7021(4) 9103(3) posed at 4QO°C in the presence of steam to pro-

02J 8414(3) 3281(5) 6655(3) duce eucryptite and petalite. This mineral can
024 9)78(3) 9&n(5) 4657(3) be reversibly hydrated and dehydrated to tern-



peratures up to 240°C; above this temperature
only partial rehydration is possible (Am. Miner.
59:71(19)4)) .

Infrared Speclrum

Mid-infrared Vibrationg (cm :'): l105(sh),
968(5), 782(w), 680(m), 460(s) (leo .
4:369(1984)) .

Bikitaite (Syn) (BIK) 99

ber-ring channels (2. Kristallogr . 116:301
(1984».

CHEMICAL COMPOSmON: CSo,~Io)SSi,M06

SPACE GROUP: B21

D, == 2.55g1cm
Dm = 2.56 g/crn
UNIT CELL CONSTANTS (A): a = 7.3585(4)

b == 5.0334(3)
c = 90 .778(9)·

PORE STRUCfURE: eight-member ring openings

Adsorption

Adsorption measurements have shown that after '
dehydration at 230°C, bikitaite exhibits no ad- Positional parameters with estimated standard deviations
sorprive properties . (2. KrjjUJJlogr, 116;301 (1984» :

Ion Exchange

The Li + ions in bikitaite do not exchange with
Nl-U ions,

Bikitaiie (Syn) (BIK)
(US4,820,502(1989))
Mobile on Corporation

RelaUd Materials: bikitaite (natural)

Structure

CHEMICAL COMPOSITION: (0.8-1.0) Cs,O : (a-Q .2)

N810 : AI,O, : 17-100 SiO, .

X-Ray Powder Diffraction Data: (d(A) (II/D)
7.42(w) , 6.72(w), 4.28(s-vs), 4.02(w). 3.68(w).
3. 35(s-vs) , 3 .29(m-vs). 3. 14(w-m), 2.946(w),
2.791(w), 2.7/6(w), 2.532(w-s), 2.381(w),
2.357(w), 2.182(w), 2.013(w) , l.946(w),
1.9/1(w), 1.843(w). 1.815(w). I.688(w).
1.672(w). 1.640(w), 1.587(w). 1.565(w) .

The structure of a synthetic cesium-alumi
nosilicate with the bikitaite framework and a
composition of CSo.JSAlo.3SSh.6506 also has been
identified (2. Kristallogr . 116:301(1984». The
Cs cations are located in the large eight-rnem-

x y

Cs 0.4971(3) 0 .7585(10) 0.4642(1)
Si(l) 0.4998(4) 0 .7500(0) 0.0577(2)
Si(2) 0 .2094(4) 0 .8418(9) 0.1964(2)
Si(3) 0.7934(4) 0.7567(10) 0.1975(2)
O{l) O.5544(10) 0.0029(22) 0.0012(6)
0(2) 0 .2859(11) 0.6478(19) 0.26&8(5)
0(3) 0 .7283(12) 0.0487(19) 0.2279(5)
0(4) 0 .3271(10) 0.8333(20) 0.1132(4)
0(5) 0.6728(JO) 0 .6754(19) 0 .1158(4)
0(6) 0.0032(9) 0.7718(21) 0 .1693(4)

Syntbesls

ORGANIC ADDITIVES
nope

Synthetic bikitaite has been claimed to crys
tallize from reactive gels in a preferred range
containing SiO~A1203 between 30 and 100,
H20/Si02 between 24 and 40 , OHJSi02 of 0.1
to 0.4, and Cs/(Cs + Na) between 0 .2 and I.
Crystallization requires between 24 hours and
60 days for completion . Higher temperatures
(ca . 225°C) result in more rapid crystallization,
whereas lower temperatures (ca. 80°C) result in
crystallization only after an extended period of
time. Quartz is a major impurity phase, ob
served al the higher crystallization tempera
tures .



100 Boggsite (BOG)

Structure

Adsorption

(PP 8th tzc 45( 1989»

Boggsite, a name suggested to the IMA Com
mission on New Minerals and Mineral Names,
is a rare zeolite mineral found near Goble. Ore
gon in small cavities in the Columbia basalt (PP
81Ze 45(1989». Boggsite occurs in basalt per
colated by rain water. It is associated with an
other zeolitic phase, tschernichite.

5.967(10), 5.910(3), 5.636(7), 5.408(2),
5.059(5) , 4.924(5), 4 .556(6), 4.461 (34).
4357(31), 4.213(4) , 4.174(2), 4.007(11),
4.002(2), 3.966(3), 3.878(2). 3.859(86),
3.757(13), 3.753(2), 3 .693(6), 3.672(13),
3.605(31), 3.522(7), 3.417(5). 3.386(31),
3.373(2), 3.371(63), 3.323(7), 3.303(8),
3.200(3), 3.198(9), 3.177(4),3.141(2), 3.083(5),
3.051(3), 2 .975(9), 2.936(6), 2.875(6),
2.8870(3), 2.818(5), 2.778(5), 2.778(5),
2.668(4), 2.633(15), 2.590(1), 2.548(2),
2530(2), 2.500(2), 2.471(2), 2.436(5), 2.393(2),
2.368(2),2.360(4),2.298(2),2.247(3),2.133(3),
2.()49(3), 2.024(7), 1.9843(7), 1.9832(2),
19788(2), 1.9511 (7), 1.8702(2), 1.8204(4),
1.7940(2), 1.6429(4), 1.6306(2) , 1.6044(2),
1.6007(2), 1.5844(2), 1.5745(2) .

Boggsite contains 4-, 5-, 6-, 10-, and 12
member rings. The 12- and IO-member rings
are similar to those found in gmelinite and fer
rierite. The bifurcated four-rings reduce the free
diameter of the 10-rings to approximately that
of a circular nine-ring (Am . Mineral. 75:501
(1990».

1.3
1.0

Water

J.7
J.2

1I-HeJCane

1.3
1.6

Cyclohexane

Adsorption properties of synthetic bikitaite (wI %):

Boggsite (BOG)
(natural)

Sample 1
Sample 2

CHEMICAL COMPOSITION:
Cs7..Ns, ,A1'8.,Si n jO'9'J- 74H.0

SYMMETRY: onhorhornbic
SPACE GROUP: Imma
UNIT CELL CONSTANTS (A): a = 20.236

b = 23.79&
c = 12.798

PORE STRUCTURE: 12- and H)-member rings

X-Ray Powder Di.ffraction Data: (calculated
data provided, experimental data not reported,
Am. Mineral. 75:501 (1990» (d(A) (//10»
11.899(33), 11.271(100), 10.816(27),
10.118(24) , 8.004(6) , 7.708(3), 6.742(15),

Boggslle Fig. IS: Framework topology

Positional parameters for boggsite (pP 8 IZC 45(1989)):

x y z
Sil 0.1lJ897(l0) 0.18520(8) 0.6722(2)

Si2 0.18984(11 ) 0.02409(9) 0.3297(2)

Si3 O.O7709{10) 0 .18525(8) 0 .8354(2)
Sj4 0.07750(10) 0.02213(9) 0.1644(2)

SiS 0.22112(9) 0 .08322(9) 0.5379(2)
Sj6 0.12275(10) 0 .08370(9) 0 .9651(2)

01 0.1893(5) 0.25 0.6289(6)

02 0.1l97(3) 0.1709{2) 0.7307(5)

03 0.1956(3) 0.1454(2) 0.5688(4)

04 0.1905(3) 0 .0708(3) 0.4234(4)

05 0.l1&5(3) 0.0321(3) 0 .2718(5)

06 0.0898(4) 0.2.5 0.8735(7)

07 0.0 O.1744(4) 0.8044(8)

08 0.0 0.0262(4) 0 .1971(7)

09 0.1941(4) 0 .0385(3) 0.6213(5)

010 0.1000(3) 0.1466(2) 0.9333{S)
011 0.0955(3) 0.0726(3) 0.0828(5)

012 0.2009(3) O.OSQS(4) 0.967&(7)

013 0.0948(4) 0.0385 (3) 0.B8SI(S}
014 0 .25 0.1746(3) 0.75

015 0.25 -0.0382(5) 0.75



Boralites
(It. Pat. App. #24884 AJ78)
EN!

Boralites are topologically related. to the zeolites
with a borosilicate composition.

Boralites and aluminosilicare analogs (Proc . 5th tZC 40
(1980»:

Aluminosilicaee
Phase Organic base used in syothesis analog

BOR·A [N(CH,).jOH Nu-I
IN(CH,h(CH,·C,,H1ljOH

BOR-B (N(C1N5)..)OH Bela

BOR-C {N(C1H,).JOH Silicalite
[N(C~74)OH ZSM-S
[N(CsHII ).)OH
H2N(CH1l1NH1

BOR-D IN(C.H.>.jOH 25M-II

Boron Beta (BEA*)
CWO 91/00777(1991))
Chevron

Related Mauria/: beta

Structure

ChemieaLComposition: (1.0-5 .O)R20 : (0. 1
2.0) M20 : W 20 3 : (greater than 10) vo;
M = alkali metal cation, W is boron, Y is
silicon , germanium, or mixture and R is diqua
ternary ammonium ion.

X-Ray Powder Diffraction Data: (d(A) (lllo»
11.5(85), 6.52(9), 5.96( 12), 4.80(3), 4.07(15),
3 .89(100), 3.26(10), 3.05(6), 2.97(8).

See beta for a description of the framework
topology.

SynthfSis

ORGANIC ADDITIVE
bis( I-azonia bicyclo[2 .2.2Joctane) (DABCO)

Brewsterite (BRE) 101

Boron beta crystallizes from a reactive gel
system at at least 140°C after 6 to 11 days. Seeds
of (B) Beta have been used to encourage nu
cleation. ZSM-12 can appear as an impurity phase
in this system .

Breck Structure Six (EMT)
(Zeo. Mol. Sieves 1974)

Breck Structure Six Fig. tS: Framework topology of
structure six_

Rel4Jed Mmerial: EMC-2

The theoretical structure six proposed by D. W.
Breck is based. upon double six-rings and beta
cage units. The hexagonal structure is produced
by taking alternate layers of the truncated oc
tahedral beta cages as they occur in the (Ill)
planes of the faujasite structure. rotating by 60°
and relinking them. This structure has also been
referred to as hexagonal faujasite. The synthetic
material is called EMC-2.

Brewsterite (BRE)
(natural)

The naturally occurring brewsterire was named
in honor of Sir David Brewster in 1822. De
posits were found in Stmntian. Argyllshire,
Scotland. Brewsterite occurs with other zeolites
such as srilbite, heulandite.and natrolite in the
USSR, with thomsonite, mesolite, and analcime
in Canada, and with epistilbite in the United
States (Nat. Zeo. 300(1985».



102 Brewsterite (BRE)

Brewstertte Fig. IS: Framework. topology.

Structure

(Acta Crystallogr 17:857(1964»

CHEMICAL COMPOSITION:
(Sr ,BlI.Ca),((AJo,)..(Sio,l"J" \ OI-LO

SYMMETRY: monoclinic
SPACE GROUP: P2,/m
FRAMEWORK DENSITY (glee): 1.77
VOID FRACTION: 0.26
UNIT CELL CONSTANTS: (A) Q =: 6.77

b == \7.51
c =: 7.74

bern == 94°

PORE STRUCTURE: rwo-dimenslonal 2.7 x 4.\ ; 2.3
x 5.oA

X-Ray Powder DifJroction Data: (Nat. Zeo.
345(1985» (d(A) (lIlo )) 6.81(30), 6.15(90),
4.98(40), 4.53(100), 3.87(70), 3.71(10),
3.48(10), 3.35(10), 3.21(80), 3.02(10),
2.885(90), 2.667(30), 2.549(30), 2.442(30),
2.309(30), 2.243(30), 2.191 (20), 2.103(30),
1.989(40), 1.933(20), 1.866(10), 1.824( LO),
I. 771(0), 1.728( 10), 1.642(10), 1.595(20),
1.542(20), 1.514(10), 1.471(0), 1.435(20),
1.386(20), 1.359(20), 1.324(20), 1.302(20),
1.272(20).

The brewsterite framework consists of layers
of tetrahedra linked through four" six-, and eight
member rings. The erosslinking of these layers
is through tilted five-member rings. Such link-

ages gives rise to two sets of intersecting chan
nels defined by the eight-member rings. Ran
dom occupancy is observed for two of the silicons
and one aluminum, and regular occupancy is
observed for one of the silicon tetrahedra. The
strontium cations occupy sites near the inter
sections and are coordinated with five H20 mol
ecules and four framework oxygen atoms. Such
an incomplete hydration spbere is typical for
zeolites with small cavities.

Atomic coordinates for brewstcrite (Acta Crystallogr.
17:857(1%4)):

x y 1

5, 0.2507 0.250 0.1778
TO 0.9106 0.0527 0.6412
TC 0.5566 0.1584 0.5345
TB 0.4053 0.0568 0.2105
fA 0.3187 0.0814 0.8220
OJ 0.3461 0.1057 0.0236
02 0.4244 0.1227 0.3600
03 0.7909 0.1214 0.5466
04 0.4519 0.1406 0.7\41
05 0.073J 0.0915 0.7604
06 0.2212 0.9970 0.2379
07 0.3835 0.9920 0.7959
08 OOסס.0 0.000 0.500
09 0.5767 0.250 0.4986
H201 0.0545 0.250 0.4703
H202 0.9319 0.1469 0.1537
H203 0.5896 0.250 0.0256
H204 0.0544 0.250 0.8642

Thermal Properties

The oro curve shows a shoulder at 500C and
three peaks appearing at 190, 260, and 380°C.
Desorption of water is nearly complete at 500°C,
with some tailing in the TGA observed to 800°C
(NOl. ZeD. 300(1985».

Adsorption

Only H20 is adsorbed in this material, with the
quantity of water desorbed being greater than
that adsorbed (12 wt% adsorbed, 15 wt% de
sorbed) (Zeo. Mol. Sieves. 211(l974».
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Brewsterite ~. 2: Thermal curves of brewsterite (rom Strontian , Scotland, in air.
heating rate 2000 min (Nat . 21>0. 304 (1985») . (Reproduced with permission of Springer
Verlag lnc.)

BSD (SOD)
(Ger 35,37,998(1987))
BASF
RelaUd Ma1erillls: borosilicate sodalite

Structure

CHEMICAL COMPOSITION: M~nO * 810. * 2-15
SiO l * 0-80H 20

SYMMETRY: Cubic
UNIT CELL CONSTANTS: (A) a = 8.77

X-Ray Powder Diffraction Data: (d(A) (lIla)
6.210(0) 4.38(15) , 3.58(67), 3.10(12),
2.77(3), 2.53(10), 2.35(3).

Synthesis

ORGANIC ADDITIVE
trioxane (CJ~O.)

BSD crystallizes from reactive gels with
SiO:JB20J ratios between 2 and 15, Na20/B203
of 2.5 to 3, and CJl403/B203 ratios between
18 and 300. Crystallization occurs between 110
and 130°C after 7 days.

B·SGT (SGT)
(RR 8th lZC 20 (1989))

ReltJJed MoterinJs: sigma-2

Structure

SYMMETRY: tetragonal
SPACE GROUP: 14,/lIrnO

UNIT CELL CONSTANTS (A): a = 10.2431(4)
c = 34.~184(24)

X-Ray Powder Diffradion Data: d(A) (Tllo»
9.825(70), 8 .590(10), 7.632(9), 4.541(100),
4.490(92), 4.399(35), 4 .292(9), 4.253(9),
3.812(15), 3.398(17), 3.337(38), 3289(19),
3.057(11),2.986), 2.757(9), 2.625(l1).



104 B-SGT (SGT)

B-SGT is the borosilicate analog of the zeo
lite sigma-2

Synthesis

ORGANIC ADDITIVES
I-adamantane amine
2-adamantane amine

Synthesis of B-SGT used silica sol as the
source of silica and boric acid as the source of
boron . Adamantane amines were used to en
courage crystallization of this structure. The pH
of the reactive mixture was in the range of 9.0
to 13.5 . Crystallization at 150°C required 10 to
30 days. If aluminum or gallium is substituted
for boron in the synthesis mixture, the sigrna-l
or DDR structure is obtained instead (RR 8th
lZC. 20 (1989».



c

C (ANA)

Early name identifying synthetic analcime from
Union Carbide (Zeo . Mol. Sieve 1974). See an
alcime .

Cacoxenite
(natural)

The natural iron aluminophosphale mineral , ca
coxenite was first reported in 1825 (Encyclo
pedia ofMinerals 98( 1974)). Cacoxenite occurs
lining the cavities in limonite. It crystallizes as
radiating globular masses with bundles of fibers
reaching 6 mm in diameter. The needles are
golden yellow because of the presence of oc
tahedral iron contained within the structure.
Crystals have been found in Arkansas , Ala
bama. Tennessee, and Pennsylvania. Cacox
enite crystals also have been associated with
hematite from deposits in New York and Ne
vada. Other countries with reported deposits in-

Caeoxenlte ('jg . IS: Framework topology.

elude France, Germany, Czechoslovakia. and
Sweden. The synthesis of cacoxenite has not yet
been reported.

1.00 K

z
'(j)
c .5
~c

2.00 20.00 40.00 60.00

C8c0xenJte Fig. 2:
author)

Two Theta
X-ray powder diffraction pattern of cacoxenite. (Reproduced with permission of

105



106 Cacoxcnite

0(7)

.x y 2

0.4759(2) 0 .1140(2) 1/4
0.6542(2) 0 .9040(2) 3/4
0.5717(2) 0.2330(2) 3/4
0.5400(1) 0.0525(\) 0 .0525(1)
O.675gcJ) 0.2229(1) 0.6066(4)

213 1/3 1/4
0.3831 (4) 0.0107(4) 3/4

213 113 0.562(1)
213 1/3 O.4ll(])

0 .6060(6) 0.2979(6) 0.614(2)
0 .6555(4) 0.1129(4) 114
0 .6731(10) 0 .0672(10) 1/4
0 .7063(10) 0.1709(10) 1/4
0 .6203(7) 0.1022(7) 0.128(2)
O.4061{2) 0.0107(2) 0.049(1)
0.3839(6) 0.0171(6) -0.077(2)

(continued)

1

m

O(lt#----~

Atomic coordinates for cacoxenite (Nature 306:356
(1983»;

Fel
Fe2
Fe3
Fe4
Fe5
All
AI2
PI
OJ
02
P2
03
P04
05
P3
06

The second resembles the octahedral tetramer
in leucophosphite. This tetramer shares edges
defined by inversion to form infinite chains or
bundles parallel to the c-axis. This highly hy
drated basic ferric oxyphosphate mineral con
tains associated water in several different en
vironments within the structure.

OH

CHEMICAL COMPOSITION: [AI(Al ,Fc)J>e),O.(OH)n
(PO.)I7(H10):t<]

SYMMETRY: hexagonal
SPACE GROUP: P6Jm
UNlT CELL CONSTANTS (A): Q = 27.7

c = 10.66
DENSITY: 2.26 g/cc
PORE STRUCTURE: unidimensional channels with 14

Apore opening

Structure

(Nature 306:356(1983»

The most distinctive feature of cacoxenite is
the large free 14 Adiameter of the pore system,
oriented parallel to the c-axis. The structure of
this material can be thought of in terms of two
fundamental building blocks. The first is related
to the central segment in the Keggin structure.

X-Ray Powder Diffraction Data: (Am. Min
eral. 51:1811 (1966» (calculated). (d(A) (/110»
23.962. 13.830.11.981,9.736,9.057,7.987,
6.901, 4.863. 4.592, 4.221, 4.245, 4.157 ,
3.9897,3.8344.3.7293,3.3456.3.1933,3.1281,
3.0169.

Cacoxenite Fig. 3: Building units for cacoxenite: (left) Keggin-like structure; (right) Ieucophosphite-rype building
unit (Nature 306:356(\ 983)). (Reproduced with permission of McMillan Journals Ltd.)
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Cacexenlte Fig. 4: TGAiDTA for cacoxenite. (Reproduced with permission of
author)
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Cacoxenlte Fill:. 5: Infrared spectrum of natural cacoxen ite. (Reproduced with permission of author)
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Atomic coordinates for cacoxenire <Nature 306:356
(1983)}:

Thermal Properties

The X-ray diffraction pattern of natural ca
coxenite changes with thermal treatment. Re- Adsorption

Change in low-angle peak positions of cacoxenite after
selected thermal treatment (SSSC 49A 439 (1989»:

24.2
22.3, 20.5

19.7

Sample

ParenI mineral

2OO"C
350"C
75O"C

Infrared Spectrum

Mid-infrared Vibrations ofCacoxenite (em -1):
1212,1155,1110.1070,1040,1010,980.933.
580, 538. 482. 385 (from author).

crystallization to a condensed phase material be
gins by 750°C. Water loss occurs in four steps .
Between room temperature and 60°C. 7.13% of
the weight is lost from this mineral . Between
60 and 175°C, a further weight reduction of
10.6% is observed. Between 177 and 269°C and
between 306 to 381°e, 7.63% and 3.31 wt%
weight losses occur, respectively. See Caco
xenite Fig. 4 on previous page.

1

0.119(2)
0.122(2)
0.031(1)
0.000(1)
0.122(2)

-0.113(2)
-0.021(2)

0.015(2)
0 .6J5(2)

1/4
3/4
3/4
3/4

1/4
3/4
3/4
3/4
3/4
1/4
1/4

0.047(2)

y
-0.0398(1)

0.0650(1)
-0.000[(6)

0.1657(3)
0 .1706(7)
0.1817(6)
0.1053(1)
0 .2062(6)
0 .1496(7)
0.0740(10)
0.2646(9)
0 .2150(9)
0 .0025(11)
0.156(1)
0.079(1)
0 .034(1)
0.262(1)
0.094(1)
0.256(3)
0.269(1)
0 .269(1)

0 .3591(7)
0.4256(7)
0.4572{6)
0.5522(2)
0 .5239(7)
0.S284(6)
0.5403(6)
0.6155(6)
0.6680(7)
0.5144(10)
0.5172(9)
0 .6294(9)
0.5520(11)
0.427(1)
0 .570(1)
0 .325(1)
0.376(1)
0.443(1)
0 .620(3)
0.656(4)
0.510(1)

07
08
09
P4
010
011
012
013
OH
OXI
0X2
OX3
OX4
WI
W2
W3
W4
W5
W6
W6d
W7

Results obtained from the adsorption studies on the crystalline rnicroporous mineral. cacoxenite. (SSSC 49A : 439
(1989):

act .
Adsorbent" color temp. act. time act . press . ads . time ads . press. %wt adsorbed

sample I :
n-hexane brown 198·C Ihr 5 mtorr 211r 7010rr 5.17
cyclohexane brown 19S·C 31u' 2hr 50t0rr 0.64
n-hexane brown 1<)8"C 2hr 2hr 7010rr 0.55

sample 2:
n-hexane yellow SO·C overnight 90 mtorr 211r 7010rr 2.88
cyelohexane yellow 50"C 2 days 2hr 50t0rr 0.86
O2 yellow so-c 2 days 50 mtorr 2M 7Ston' 9.76

n-hexane yellow 50"C 2 days 20 rntorr 2m 7010rr 0.34

0, yellow 50"C 2 days 15 mtorr 2hr 75torr 10.63
H,o yellow 50"C overnight 15 mrorr 2hr 17.Storr 14.82

O2 brown 200"C lhr 20 mtorr 2m 75ton 17.15

sample 3:
0, brown 2()(fC Ihr 2hr 75torr 13.3

• Adsorption waf; run at room temperature for n-bexane , <yclohexane aru:I wale>'. al liquid nitrogen lcm~. fot 0, adsorption.



Ca-D (ANA)
(JCS 983 (1961»

Related Materials: (tetragonal) analcime

Structure

CHEMICAL COMPOSITION: SilAI == 2
UNIT CELL CONSTANT: CAl a == ]3.62

X-Ray Powder Diffraction Data: (d(A) (1//0»
6.82(m), 5.56(vs), 4.82(m), 3.63(m), 3.4O(vs).
3.37(s), 2.9O(s), 2.89(m), 2.66(w), 2.47(w).
2.40(w). 2.20(vw), 1.88(vw). 1.85(vw).
1.72(vw).

Synthesis

ORGANIC ADDmVE
none

Zeolite Ca-D was prepared from reactive gels
in the CaO : Ah03 : Si~ : H'lO system. The
SiO:z/Ah03 of the reactive gel was between 3
and 4. Crystallization did Dot readily occur be
low 225°C, with this phase observed between
220 and 31a°c. Both silica sol and powdered
silica glass were used in this crystallization.

Ca-E (ANA)
(JeS 983 (1961»)

Re1LJted Materials: (cubic) analcime

Structure

Chemical Composition: aluminosilicate com
position not specified.

X-Ray Powder Diffraction Data: (d(A) ///0»
6.80(m), 5 .54{vs), 4.80(m). 3.63(w), 3.40(vs) ,
2.90(vs), 2.67(m), 2.4B(m), 2.40(w). 2.21(w).
1.88(w). 1.85(w), 1.68(w). 1.58(w).

Synthesis

ORGANIC ADDITIVE
none

Ca-J (EPf) 109

Zeolite Ca-E was crystallized from Cao :
A1203 : Si02 : H20 systems requiring high tem
perature because of the difficulty of using cal
cium aluminosilicate gels in crystallizing zeo
litic material. Temperatures between 250 and
450°C were employed, and SiO:z/AI203 ratios
between 4 and 8 resulted in the crystallization
of this phase. Materials with intracrystalline pore
volumes of this 0 .18 cm3/cm3 were obtained.

Ca-I (THO)
(JCS 983(1961))

Related MaJeriLJls: thompsonite

Structure

Chemkol Composition: aluminosilicate com
position not specified.

X-Ray Powder Diffraction Datil: (d(A) (1//0»)
4.63(m). 3.50(m) , 3.19(w). 2.94(m). 2.85(m).
2.67(m). 2.25(w), 2. 17(w). 1.76(vw), 1.62(vw).

Syntbesls

ORGANIC ADDITIVES
none

This impure form of thompsonite was pre
pared from a calcium aluminosilicate reactive
gelsystem in a Si021AI203 rangeof I to 2. Silica
sol and hydrous alumina were used. Crystalli
zation occurred after a month at 245°C.

Ca-} (EPI)
(JCS 983(1961»

Relaud Materials: epistilbite

Structure

CHEMICAL COMPOSITION: aluminosilicare
composition not specified

SYMMETRY: nearorthorhombic
UNIT CELL CONSTANTS: CA) a = 15.0

b = 17.0
c = 10.25
~ ~ 90"



110 Ca-L (PHI)

X-Ray Powder Diffraction Data: (d(A) (lIl o»
8.89(s), 6.88(5), 5.54(mw), 4.89(s), 4.48(w),
4.31(mw), 3.87(5), 3.44(vs), 3.33(w), 3.25(w),
3.2O(ms), 2.91(mw), 2.85(m), 2.78(w), 2.68(m),
2.50(m), 2.41(w), 2.21(vw), 2.09(vw),
1.86(vw), 1.77(w).

Synthesis

ORGANIC ADDITIVES
none

Zeolite Ca-J crystallizes from a reactive al
uminosilicate gel in the presence of calcium ox
ide in a SiO~AhOJ ratio between 6 and 7. Silica
glass and hydrous alumina are used as reactants.
Crystallization takes place after one month at
250°C.

Ca-L (pm)
(JCS 983(1961))

ReU1Jed MDJerUds: phillipsite

Structure

CHEMICAL COMPOSITION: alumin()SiJicate
composition nor specified

SYMMETRY: terragcnal
UNIT CELL CONSTANTS: (ft.) a = 10.01

c = 9.89
PORE VOLUME: 0.36 cnYJcm3

250°C. it took one month to produce a crystal
line product.

Cancrinite (CAN)
(natural)

Re1DJed Materials: ECR-5
tiptopite

Cancrinite is a member of the aluminosilicate
family of minerals, which are intermediate be
tween zeolites and felspathoids,

Structure

(Z. Kristallogr, 122:407(1965»

CHEMICAL COMPOSmON: Nll6)Si0~14·

Cao.9,Feo.,()(;(CO')l.47" (co,h.,
SYMMETRY: hexagonal
SPACE GROUP: P6~

UNIT CELL CONSTA/IITS: (A) a =< /2 .75
c = 5.14

X-Ray Powder Diffraction Data: (d(A) (/110»
11 .00(30), 6.32(60), 5.47(10), 4.64(80) ,
4.13(30), 3.75(lO), 3.65(50), 3.22(00),
3.03(30), 2.974(30), 2.732(60), 2.610(50),
2.564(60), 2.500(30), 2.410(50).

The cancrinite structure consists of AB stack
ing with channels around the threefold axis and

X~Ray Powder Diffraction Data: (d(A) (/I/o»
7.14(vs) , 4.96(ms), 4.14(5), 4.07(w), 3.24(m),
3.14(vs), 2.67(ms), 2.56(vw), 2.33(vw),
2. 12(vw), 2.07(vw), l.98(vw), 1.94(vw),
1.81(vw), 1.78(mw), 1.74(vw) , 1.71(w),
1.67(vw), 1.65(vw), 1.26(w).

Synthesis

ORGANIC ADDITIVES
none

Ca-L crystallizes from a reactive gel prepared
from calcium oxide, silica glass, and hydrous
alumina, with Si021Ah03 between 3 and 4. At CllDcrlnlte Fig. 18: Framework topology.



the 6) axis . The cations and occluded anions
such as H20 and CO) are enclosed within these
channels. Si/Al ordering is observed (Z. Kris
tallogr. 122:407(1965». The presence of these
salt moieties results in a closed-pore material .
Cancrinite commonly has been found as an in
tergrowth with other zeolite structures such as
erionite, offretite, and sodalite (Proc . R. Soc.
Lond. A:399:57(1985)).

Cancrinite (CAN) III

zation rate in the preseoce of Cs ion is six times
higher than when Rb is used . Cancrinite crystals
with Si02/AhO) ratios of around 3.5 have been
observed to form,

Crystallization with sail pairs, each 0.1 M (2 g kaolinite.
200 ml 4M NaOH). SO·C, agitated in plastic bottles'
(JCS A:1S16 (1970)) :

Atomic parameters for cancrinite (Z. Kristallo gr , 122:407
( 1965» :

Si
Al
Na2(Ca}
Nal(Ca)

01
02
03
04
C
05
H,O

x
0 .0750(2)
0 .3272(2)
O.1232(4}
0.666,
0.2039(7)
0.114l(8)
0 .0269(7)
0.3150(8)
0.0
O.0584(16}
0.6150(38)

y
0 .4124<2)
0.4101(2)
0 .2486(4)
0.333,
0.4045(7)
0.5623(8)
0.3485(7)
0.3587(8)
0.0
O.I200(l61
0.3130(50)

0.7500(8)
0.7500(8)
O.1910(14}
0.1440(28)
0 .6589(22)
0 .7229(23)
0 .0619(20)
0.0407(22)
0.6835(10)
0 .6857(42)
0 .6492(14)

Salt anions Products Salt anions Products

CI-ICrOi ' SO + C WO.'/NOi C

CI-/NOj Co + S WOi'/MoOi' S
C1-/MOi ' So + C CO,·2/CrOi' S
B.-/CrOi' SO + C COi'/NO, S

BONOi SO + C CO,·'/MoOi 2 SO + C

Br-/MoOi 1 SO + C CIOj/CrOi' S

CIO.-ICIO.-' S CIOr/NO)' SO + C

ClO.'/NO) SO + C CIO)-/MoOi 2 S
C1OilMoOi' SO + C NO,-/CrOi 2 C

WOi ' /CIO'" C NOiIMoO.-' C

'S = sodalite, C = cancrinite . 0 indicates major yields.

Tbermal Properties

Salt ·filled cancrinites and their thermal stabilities
(JCS A:1516 (1970» :

Infrared Spectrum

Mid-infrared Vibrations (cmr '): hydroxy
cancrinite (SiO~Ah03 "= 2) 1095mw, 1035msh ,
lO00s, 965msh, 755w, 680m, 624m, 567m,

Synthesis

ORGANIC ADDITIVES
tetramethylammonium ' (TMA)

The cancrinite structure has been prepared in
the presence of Na, (Na,Li), (Na,TMA), Sr,
(Li,Cs ,TMA), (Cs,Li), and (Rb ,Li), with so
oium being the preferred cation (Zeo.
1:130(1981».Generally, ions can become trap
ped within the cages during synthesis. For ex
ample , in the presence of sulfide or sulfate. sul
fur ions are found to occupy the cavities (Ger
131,979(1983»). When ions such as hydroxide
are trapped in the cavities, the materials gen 
erally are referred to as basic cancrinites or hy
droxy cancrinites. Cancrinite generaJJy crystal
lizes in less silica-rich systems at temperatures
between 140 and 200"C. Batch compositions of
1.4 Li 20 : 2.11 M 20 : 2 Si02 : 13 H20, where
M is Cs or Rb, have been used. The crystalli-

Stability in DTA

Stable above 850·C
S18ble at 850·C
Lauice breakdown at 850·

Salt

Na,SO.
Na,SeO.
NaOH
Na,CrO.
NaNO,
NaMoO.
Nll,FcO.
NaMnO.
Na,vO.
Na2TeO.
NaN.\



112 Ca,N-G (GME)

498mw. 458ms. 429ms, 39Omw, 353\\ ~ (ACS
101:201(1971).

Ca,N-G (GME)
JCS 983(1961)

Name identifying a gmelinite structure prepared
in the presence of an organic amine and calcium
cations.

CAPO
(US4,759,919(1988))
Union Carbide Corporation

Structure

The CAPO molecular sieves represent the chro
mium aIuminophosphate compositions. See
CAPO Fig. I.

Synthesis

ORGANIC ADDITIVES
CAPO·S: TEAOHln-PrINH

TEAOH
quinuclidinc
lJipropylamine

CApo.! I: di-n-propylamlne
CAPO-I?: qumuclidine

CAPO-I8: TeAOH
CAPO-31 : di-a-propyiamine
CAPO-J4 : TEAOH
CAPO-4I: di-a-propylarnine
CAPO-44: cyclohexylamine

The CAPO molecular sieves are prepared by
using Cr3(OHh(CH)COOh as the source of
chromium. See CAPO Fig. 2.

CAPO·5 (AFI)
(EP 158,976(1985))
Union Carbide Corporation

Re1l1ted Materials: AIP04-5

Structure

Chemual Composition: Se¢ FCAPO and
CAPO.

X-Ray Powder Diffraction DaJiJ: (d(A) (1/10»
12.1-11.56 (m-vs) , 4.55-4.46(m-s), 4.25
4. I7(m-vs), 4.00-3 .93(w-vs), 3.47-3.40
(w-m).

The chromium-aluminophosphate, CAPO-5,
exhibits properties characteristic of 8 large-pore
molecular sieve. See AlP04-5 for a description
of the framework topology.
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CAPO·) I II)

"I' "f\, "

CAPO Fig. 2: Ternary diagram with the parameters with the parameters
relating to the reaction mixtures employed in the preparation of the CAPO
compositions (US4.759.919(1988)).

Synthesis

ORGANIC ADDmYE
lripropylamine

CAPO-5 crystallizes from a reactive gel
with a batch composition of: (1.0-2.0) R :
(O.05-<l.2) Cr10q : (0.5-1.0) Al103 : (0.5-1.0)
P20~ ; (40-100) H20 (R represents the organic
additive; q denotes the oxidation stale of the
chromium).

Adsorption

Adsorption properties of CAPO-5:

Kinetic
diameter. Pressure, Temp., Wt. %

Adsorbale A Torr "C adsorbed-

O2 3.46 100 -183 7
02 7S0 -183 10
Neopentane 6.2 700 24 .4
H2O 2.65 4.3 24 .4
H,D 20 24 12

'TypiCIII all>OUolod.<osbcd .

CAPO-31 (ATO)
(EP 158,976(1985»
Union Carbide Corporation

Relaud Maurials: A1.P04-31

Structure

Chetniad Composition: See FCAPO and
CAPO.

X-Ray Powder Diffraction DIJliI: (d(A.) (/110»
10.40(85),9.31(12),6.63(6),6.42(2),5.99(2),
5.64(6), 5.19(7), 4.85(7), 4 .44(-),4.37(48),
4.21(28). 4.08(26), 3.98(100), 3.59(7), 3.48(5).
3.99(11), 3.75(7), 3.02(9), 2.99(9), 2.85,
2.83(14), 2.55( 10), 2.51(6), 2.37(8), 2.25(4) .

The chromlurn-aluminophosphate CAPO-31
exhibits properties characteristic of a restricted
large-pore molecular sieve. See A1P04-31 for a
description of the framework topology.

Synthesis

ORGANIC ADDITIVE
di-a-propylamine



114 Caporcianite (LAU)

CAPO-31 crystallizes from a reactive gel with
a batch composition of: (1.0-2.0) R : (0.05
0.2) Cr20q : (0.5-1 .0) Ah03 : (0.5-1 .0)
P20~ : (40-100) H20 (R represents the organic
additive; q denotes the oxidation state of the
chromium) .

Adsorption

Adsorption propert ies of CAPO-3t:

Kinetic
diameter, Pressure, Ternp., WI. %

Adsorbate A Torr 'C adsorbed-

O2 3.46 100 -183 4
~ 750 -183 6
Cyclohexane 6.0 90 24 3
Neopentane 6.2 700 24 3
H,o 2 .65 4.3 24 3
H2O 20 24 10

t'fypicsl am0l1ll1 adsorbed.

Caporcianite (LAU)

Obsolete name for laumontite.

CAPSO
(US4,738,837(1988»
Union Carbide Corporation

Structure

CAPSO designates the chromium silicoalurni
nophosphate molecular sieve compositions. See
CAPSO Fig. I.

Synthesis

ORGANIC ADDITIVES
CAPSO ·5 : tripropylaminc
CAPSO·ll: di-n-propylamine
CAPSO ·16 : quinuclidine
CAPSO-17: quinuclidinc
CAPSO-31: di-n-propyJamine
CAPSO -34: tetraethylammonium hydroxide
CAPSO-44: cyclohexylamine

See CAPSO Fig. 2.

CAPSO F1g. 1: Ternary diagram of preferred compositions In mole fractions of the
CAPSO molecular sieves (US4 ,738,837( J988».
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CAPSO Flg, 2: Ternary diagram of parameters relating 10 (he reaction mixtures
employed in preparation of the chromium silicoaluminophcsphate molecular sieves
(US4, 738.837( 1988».

Ca-Q (MOR)
(JCS 983(1961»

Related MaJerUds: mordenite

Structure

CJumical Composition: CaO : AI203 : 10Si02 :

(6-7) H20 .

X-Ray Powder Diffraction Data: none listed.

Synthesis

ORGANIC ADDmVES
none

Ca-Q first was synthesized from reactive gels
containing calcium oxide , silica, sol, and hy
drous alumina, with Si02!'AI203 of 7. Crystal
lization occurred at 3900c. This material was
not prepared as a major phase under these con
ditions.

CF·] (MTN)
(J. Incl. Phenom, 4:121(1986»

See ZSM-39 .

CFAP·7
(J. Incl. Phenom, 5:363(1987»

Structure

Chemical Composition: A120 3 : 0.95 P20s.

X-Ray Powder Dif.{rtution Data: (d(A) (/Ilo»
CFAP-7(A) 6.91(78), 6.70(l()(), 5.94(11),
5.53(72), 4.92(36), 4.87(5), 4.67(36), 4.35(52),
4.31(25), 4.19(52), 3 .97(16), 3.85(9), 3.74(3),
3.35(16), 3.24(72), 3.18(47), 3.11(28), 3.08(22),
3.06(24). 3 .03(7), 2.95(37), 2.92(47), 2.81(49),
2.65(12), 2.61 (28), 2.58(24), 2.57( 17).

CFAP-7(B) 7.56(12), 6.70(100), 6 .32(61),
5.57(6), 5.27(33), 5.03(3), 4.67(21), 4.29(55),
4.15(52), 3.80(45), 3.53(38) , 3 .34(9), 3.13(12),
2.98(45), 2.85(36), 2.78(11) , 2.65(39).
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CFAP·7 Fig. I: X-TllY powder diffraction pattern for CFAP-7(A) (J . Ind. Phenom, 5;363(19S7». (Reproduced with
perrnission of Reidel Publishing Company)

CFAP-7(C) 6.75(19), 6.28(100), 5.24(78),
4.79(17),4.29(94), 4.15(94),4 .11(72), 3.80(94),
3.53(83),3.12(21),2-99(17),2.97(17),2.85(61),
2.66(29).

Synthesis

ORGANIC ADDITIVE
di-n-burylamioe

Two other unknown phases also were reported:
Unknown I: 5.02, 3.50. 3.02,2.99.
Unknown 2: to.27, 5.21,5.01,4.72.4.60,

4.33,3.50, 3.02, 3.00.

CFAP.7(A) is prepared from a batch com
position of: DBA: 3 (N~)20 : Ah03 : P20S :
67 H20 between 120 and 140°C for 24 hours .

100 200 300 400 500'C

DTA

TG

DTG

.... .:: ::c 4.2%

237'C

CFAP-7 Fig. 2: DTAITGA of CFAP· 7 (1. Incl. Phenom. 5:363(1987)) . (Reproduced
with permission of Reidel Publishing Company)
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Crystals consist of block aggregates up to 10 to
15 microns.

cm-1

CFAP-7 Fig. 3: Infrared spectra of CFAP-7(A-C) u.
Incl. Phenom , S:363(J987)}. (Reproduced with
permission of Reidel Publishing Company)

Thermal Properties

DTA, TO. and DTG curves indicate three en
dotherms at 178. 193, and 274°C, with a weight
loss of 22.2%. The X-ray powder diffraction
pattern after calcination to 170°C (CPAP-7(B»

Adsorption

Little change in the adsorption properties is ob
served despite the change in the X-ray dif
fraction pattern upon thermal treatment. See
CFAP-7 Fig. 4 on following page.

Chabazite (CRA)
(natural)

RelaJed Materinls: MAPO-44
MAPO-47
LZ-218
Linde D
Linde R
SAPO-34
willhendersonite
ZK-14
ZYT-6
acadialite
herschelite
haydenite
seebachite

Chabazite first was described by von Born in
1772. The name "chabasie" was proposed in
1792 and later "chabasit," which is still being
used in Germany. References to chabasite also
can be found in a spelling used by the French
to the nineteenth century . Phakolite (from the
Greek, meaning lentil) was used to describe a
chabazite from Leipa, Bohemia, which exists in
a particular pseudohexagonal habit. The term
"phakolitic habit" still can be found to describe
some chabazite minerals (Nat. Zeo.175 (1985)).

Natural chabazite is a very common zeolite .
Other zeolites found associated with it include

differs from that of the parent material. With
further treatment to 240°C for three hours, a
third phase is identified (CFAP-7(C)) . CFAP
7(C) is thermally stable to 50Cf'C.

Infrared Spectra

Two vibrations at 3507 and 3344 em? are as
signed to the N-H stretch and the vibration at
1421 crrr ' to the N-H deformation of DBA,
with the vibration at 1624 cm- I thought to be
due to water.

300110019003800
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Chabazite (CHA) 1[9

Structure

a = 9.428 9.425 9.442 9.401 9.406
0: = 94.14 96.06 94.29 94.39 93.87

PORE STRUcrURE: eight-member rings 3.8 A x 3.8
A

CHEMICAL COMPOSmON: Ca2[(AJQV.(Si02l.\·
13H~

SPACE GROUP: R3m
UNIT CELL PARAMETERS rAl: (Zeo. 2:303 (1982))

SrCaKnatural Na

X-Ray Powder Diffraction Data: (Nat. Zeo.
333(1985» (d(A) (1110)) 9.351(50), 6.894(10),
6.384(5), 5.555(9), 5.021(30). 4.677(6).
4.324(76), 4.044(1) , 3.976(2), 3.870(28) ,
3.590(23), 3.448(13), 3.235(6), 3.190(5) ,
3.033(2) , 2.925(100), 2.890(30), 2.842(3) ,
2.776(4), 2.690(7), 2.605(10), 2.574(2),
2.507(11), 2.361(2), 2.358(2), 2.310(3),
2.300(4),2.277(1),2.233(1), 2.123(2), 2.119(2),
2.090(6),2.016(1),1.941(1) ,1.911(3),1.871(3).

Cbabazite Fig. IS: Framework topology,

phillipsite and analcime. and it has been ob
served with clinoptilolite, erionite, and mor
denite, depending on the location and the en
vironment.

2.0 20.00
two theta

45.00

Chabazite Fig. 2: X-ray powder diffraction pattern of natural chabazite. (From Bowie)



120 Chabazite (CHA)

The chabasite framework consists of D6R
units arranged in layers in the sequence AB·
CABC. TIle D6R units are linked by tilted four
rings. This produces a framework with large
ellipsoidal cavities; entrance to these cavities is
via six eight-ring pores. The ordering of the Si
and AI atoms in the tetrahedral positions con
trols the Si/Al ratio, and the state of hydration
determines the location of the cations contained
within this structure.

There are four cation sites in the structure:
one at the center of the hexagonal prism, two
in the large cage along the 111 diagonal, and a
fourth near the eight-ring window. This site is
split into two sites close to each other in the

monovalent ion exchange forms. In the Na and
K exchanged chabasite, the site at the D6R is
empty. as is one of the two sites along the 1JI
direction. Water is spread throughout the crys
tal, with 100% occupancy at the eight-ring win
dows but with low occupancy within the large
cage. Cation movement upon dehydration re
sults in a deformation of the framework (ZeD.
4:323(1984». for dehydrated Na-CHA . a change
in space group is observed from the rhombo
hedral R3m to the monoclinic C2Im (MaJ. Res.
Bull . 12:1001(1977)). Occupancies in both ca
tion and water molecule sites vary greatly in the
different cationic forms. Structural data have
been obtained for Ag-CHA (Zeo. 4:323(1984);

Positional parameters (X Icr) occupancies (%) for chabazite in various ion-exchanged forms (Zeo. 2:303 (1982»:

Site Nal Na K Ca Sr

T .:cia 1035(2) 1032(1) 1040(1) 1045(1) 1030(1)

12 ylb 3338(2) 3311(1 ) 3332(1) 3336(1) 3338(1)

I zit 8741(2) 8763(1) 8755(1) 8763(1) 8726(1)

01 xlo 2651(4) 2640(2) 2642(2) 2611(4) 2662(5)

6 'jIb -2651 -2640 -2642 -2611 -2662

2 zit 0 0 0 0 0

02 ;c/a 1536(4) 1443(2) 1494(4) 1533(3) 1541(4)

6 'jIb 1536 1443 -1494 -1533 -1541

2 zit IJ2 112 1/2 112 112

03 - xla 2494(5) 2564(2) 2497(4) 2545(4) 2465(4)

6 ylb 2494 2546 2497 2545 2465

m zlc 8947(7) 8873(3) 8919(6) 8927(6) 8933(7)

04 x/a 02 14(5) 0250(2) 0226(4) 0268(4) 0196(4)

6 ylb 0214 0250 0226 0268 0196

m tlc 3234(7) 3078(3) 3200(6) 3262(6) 3253(6)

CI oce . 16(1) 10(1) 11(1)

1 xlo 0 0 0

3m ylb 0 0 0
zle 0 0 0

C2 occ . 47(1) 62(1) 96(1) 15(1) 31(1)

2 ;c/a 1965(6) 2013(4) 2249(2) 193(1) 1918(3)

3m 'jIb 1965 2013 2249 193 1918

zle 1965 2013 2249 193 1918



Positional parameters ( x 10") occupancies (%) for chabazite in various ion-exchanged forms (Zeo , 2:303 (1982»):

Site Nat Na K Ca Sr

C3 occ. 30(1) 21(1) 8(1) 17(1) 35(1)
2 xJa 406(1) 431(1) 388(6) 408(1) 4133(3)
3m ytb 406 431 388 408 4133

lie 406 431 388 388 4133

C4 occ . 14(1) 17(1) 11(1) 17(1) 10(1)
6 xt« 579(2) 572(1) 561(3) 579(1) 571(J)
m ylb 579 572 561 579 571

lie 233(2) 233(3) 239(4) 231(1) 270(1)

C4a occ. 4(1)
12 xla 602(5)
I ytb 504(6)

z/c 185(5)

C4b occ. 12(1)

6 xla 529(2)
m ylb 529

itc 107(3)

WI occ , 100 90(2) 82(4) 97(2) 60(2)
3 xJa In 1/2 1/2 1/2 In
21m ytb 1/2 In In In 112

lie 0 0 0 0 0

W2 occ, 54(1) l7(l) 33(2) 28(3) 50(2)
6 xla 256(2) 277(2) 264(2) 237(4) 238(2)
m ylb 256 277 264 237 238

lie 509(3) 539(3) 526(3) 519(5) 496(3)

W3 oce . 33(1) 22(1) 20(1) 23(2) 26(1)
12 xta 199(2) 197(2) 196(4) 246(3) 148(4)
1 ylb 357(2) 305(2) 341(3) 342(3) 382(4)

l ie 507(2) 469(2) 518(4) 543(3) 502(4)

W4 u occ, 29(1) 23(1) 19(1) 9(1) 23(2)
6 xla 3367(2) 354(3) 352(5) 365(6) 354(5)
2 ylb -376 -354 -379(5) -365 -354

z/e 112 112 432(4) In 1/2

W5 occ. 26(1) 15(1) urn
6 xla 585(4) 621(2) 584(4)
m ylb 585 621 584

lie 316(6) 386(3) 334(6)

W6 occ. 77(2) 25(1) 60(2) 55(2)
2 xlo 248(1) 253(2) 251(1) 237(1)
3m ytb 248 253 251 237

z/c 248 253 251 237

W7 occ. 9(1) '15(2)
6 xlo 368(4) 310(7)
lD ylb 368 370

lie 193(6) 086(9)

··Number of positinns and point 'yrnrnctry for the K",/la.b are 12 and I. respectively, Esd', on I!le wI 'i8nilieant digil i" pan:n1hl:3e.s.



122 Chabazite (CHA)

Zeo. 3:205(1983», cobalt and copper ex
changed chabazite (both hydrated and dehy
drated) (Zeo . 4:251(1984», Cd and Ba ex
changed chabazite (Zeo. 2:200(1982», hydnUed
and dehydrated Mn-CHA (Zeo. 5:317(1985»,
and Cs exchanged CHA (Zeo. 6: 137(1986». In
the hydrated Ag chabasite, only 61% of the ions
are located in sites I and 4; the remainder appear
to be spread out in the zeolite cages. In Cs
exchanged chabasite, the Ca ions occupy sites
along the 1111) direction in the hydrated ma
terial and site III at the center of the D6R after
dehydration. In the Co exchanged material , the
Co ions move during dehydration to positions
on the threefold axis near the six-ring and to tbe
center of the D6R cage. The silver ions occupy
eight independent positions, near the center of
the six-ring, at the center of the D6R cage, and
near the eight-ring.

Thermal Properties

The thermal curves are influenced by the major
cation present in chabazite. In the sodium-rich
chabazite, a very broad area in the DT A is ob
served, with two peaks. at 170 and 250°C; cal
cium forms give four peaks, at 100, 150, 220,
and 280°C . Dehydration is nearly complete at
400°C for all exchange fonns of chabazite (Nat .
Zeo , l1S (1985». Quantitative studies of the de
hydroxylation of the Nl-4'" chabazite were based
on TOIMS investigations. The maximum tem
perature of the DTA peak for dehydroxylarion
was found to be around 647°C (JCS Faraday
Trans . 1,77:2877 (1981» . See Chabazite Fig. 3.

Infrared Spectrum

Evaluation of all the studied vibrational spectra of
chabazite ('bo . 3:329 (1983)) :

Type of Spectrum

(contillu~d)

IIOvw

ICOw
80m

520w
5050'

290vw
2 10w

R

3520w
34Ww
3420w

REF

5 780vw
740w

6 1110w

7 420w 420m 420vw
405w

8 505w SlOw

9 620w
to 260w
II 205w

180w
12 98'1\101

82vw
13 155vw

140m
14 IIOvw

1680vw
980-820 lO8Ow

l()4{)w
IOIOm
790vw
740vw
710s

1210vw
nso
400w

Type of
vibration ir RR

36IQ-3490s

2 2400vw
3 1610m
4 1080-990vs

Synthesis

Synthetically, this structure has been found
to crystallize from K-, Sr-, (K,Na)-, (K,Ba)-,
and (K,Na,TMA)-containing reaction mixtures,
but a preference seems to be for systems con 
taining potassium (Zeo . I: 130( (981) . Good
crystals have been formed when the ratio of KJ
(K + Na) was 0.8 or higher (Rend . Soc. Ital.
Miner . Petrol. 31:64 1(1975». For ratios be
tween 0 .5 and 0 .8, mixtures of chabazite and
gmelinite appear . The pH of the crystallizing
mixture was reported to be around 10.5, and
stilbite can be found as a common impurity phase .
Other phases that have appeared after longer
crystallization times include faujasite and Na-P
(Nat . Zeo . 175 (1985». Mixtures of chabazite
and gmelinite were crystallized from Na20 :
AhO) : (7-9) Si02 at 80°C and from CaO :
AlzO) : 2 Sial : 3 N(CHJ).OH gels at 200°C
(lCS london 195( 1959); lCS London
983( 1961».

ORGANIC ADDITIVES
tetramethylammonium•
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ChIlbuite Fig. l: Themlal curves of (a) Sr- and Al-rich chabazite from VaJlerano,
Rome. Italy, (b) herschelite" (Na-rich) from Poggio Rufo, Palagonia, Sicily. Italy, and (c)
typical Ca-rich chabazite from Keller, Nidda, Germany; in air, healing rate 20"C1rnin
(NQ/. 2eo. (1985». (Reproduced with permission of Springer-Verlag Inc.)
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Evaluation of oil the studied vibrational spectra of
chabazite (ao. 3:329 (1983»:

Type of Spectrum
Type of
vibration ir AR REF R

15 380w 370w 380w 230w
220m 360m

330w
220w

ir = jnf~ absorptiOll spectra, AR = far-infnored ~on
5peC1Ia; REF = inr~ reftectance spectra. R = Raman s<:anering
spectra; vs = very slroIIg. < =strong>m = medium. w z weak.
vs = vcry we.aI< band.

1. AnlLsymmdric aru! symmetric sln:lLhiog vibration o-H.
2. Combinaucn band H,O.
J. Bending H-O-H.
4. AnoSymmctric stretching SiCA/)-O.
S. Symmetric stretching Si(AI)-O.
6. Ex~mlll TO,.
7. Bending ~ilAl)-O_

8. ~Pore opening" oxygen riog. .
9. Vibration H,O .

10. Cz-Q.
11. Na.-Q.
12_Ca-H,O complex .
13. Na-H,o complex.
14. K-Q,
J~ . OJKjcaJ cra.nslation.al mode of lattice .

Ion Exchange

For the natural as well as the synthetic chaba
zites, ion exchange follows the series:

(monovalent ions) TI > K > Ag > Rb >
NIL> Pb > Na

(divalent ions) Ba > sr > Ca

The Na + form is prepared from a 1.0 M aqueous
solution of NaCI contacted with the crystals for
15 days at IOO°e. Cobalt exchange from the
sodium form requires heating to I10"<: for 5
days in a 1.0 M aqueous solution of
Co(CHJCOOh (Zeo . 4:251(1984». This zeolite
has been proposed to selectively remove trace
amounts of cobalt ions from water OP
86.202,195( 1986)) .

Adsorption

The natural mineral chabazite cannot adsorb
molecules with a kinetic diameter greater than
4 .3 A, as the apertures are 3.7 x 4.1 A in size.
When larger cations are exchanged, sorption is
further suppressed.

Adsorption properties of chabazite (UQ . Mol. Sieve (1974»:

Adsorbate 11K) P(Torr) x/m P(Torr) :elm P(Torr) .rIm

Argon 77 1 0.23 10 0 .27
Krypton 423 7600 26 38,000 SO'
Xenon 423 7600 41 23.000 SO·
Oxygen 90 0.\ 0 .116 10 0.202 100 0.217

700 0.22
Nitrogen 77 10 0.134 100 0.206 700 0.206

H2O 2<)8 0.05 0.156 t 0.22 10 0.266
20 0 .271

Co, 298 1 0 .037 20 0.14 100 0 .218
700 0 .2.4

195 10 0 .26 100 0.29 700 0.31
C,I-L 298 50 0,07 200 0.08 700 0 .085

CJH. n01 adsorbed
CJH,; 298 2 0.010 50 0.050 200 0.073

700 0 .095
,,-Butene 298 700 <0.005

"·c:..H,o 373 adsorbed above 373K

h 393 90 0.59

:um in g/8-
'liigh,pJ'<$lwe odsorplion isotherms to SOatrn and temperature range nf ISO to 450"C . Abs<>lutc adsorption.



Chiavennite (-CHO
(natural)

Cblavennlte Fig. IS: Framework topology.

Structure
(AZST (1987»

CHEMICAL COMPOSITION: Ca.Mn.[BesSi;wO' 2
(OH>sJ*SH20

SYMMETRY: orthorhombic
SPACE GROUP: P2,ab
UNIT CELL CONSTANTS (A): a = 8.7

b = 31.3
c = 4.9

PORE STRUcruRE: unidimensional nine-member
rings, 3.9 x 4.3 A

i!:'
Cii
c
Q)-C

OS-I 125

Chrtstianite (PHI)
(natural)

This was the name given to a group of phillipsite
minerals . The name is in honor of the Danish
King Christian VII (NOI. Zeo. (1985»).

CJS·l
UCS Chem, Commun, 884(1990))

Structure

See CJS-I Fig . J below.

Synthesis

ORGANIC ADOmVE
pipcraz ioe (pip)

CJ5-1 crystallizes from a reactive alumino
silicate gel in the presence of piperazine and
HF. The molar composition of the reaction mix
ture is: 0.5 pip: 0.04 AhO) : SiOz HF : H20.

5 10 20

29/ 0

30 40

CJS-I Fig. 1: X-ray powder diffraction pattern for CJS-I (lCS Chem .
Commun, 8S4( 1990). (Reproduced with permission of the Chemical Society)



Cage characteristics of Clathrasils (Ind . J. Chtm.)
27A:380 (1988» :

Clinoptilolite (lIEU)
(natural)

Related. Materials: heulandite

Clinoptilolite is a silica-rich member of the heu
landite family of minerals . It was discovered
first in the Hoodoo mountains in Wyoming in
the 1930s (Nat. mo. 256(1985)) .

126 Clathrasils

Crystallization occurs at ISOaC after 52 days.
The organic can be removed from the structure
through calcination at 510°C. This material is
thermally stable to 900°C for 2 hours, collapsing
at 1122°C. CJ5-1 exhibits adsorption properties
toward nitrogen with uptake values of 10 wt%
(lCS Chern. Commun, 884(1990».

Clathrasils
(general)

Clathrasils, or clathrate compounds. consist of
three-dimensional 4-connected frameworks of
silica and represent a class of porous tectosili
cates that exhibit no exchange properties for
guest species. either ionic or neutral. so that
they are a distinct class from the zeolites and
other molecular sieves (Zeo. 3:I91( 198~)). The
presence of cagelike voids. which are generally
occupied with guest species present during crys
tallization of the structure, is a common feature
of these materials. There are several known types
of clathrasils: the melanophlogites , dodecasils
3C, dodecasil IH, nonasils, deca-dodeeasils 3R.
and silica-sodalite.

Designations of the known ctathrasil families (Zeo. 6:373
(1986):

Cage type

W~1·8·hedron

[41SI) -9·hedron
(4)566 'J- IO-hcdro n
[4'566 )1-12-hedron
[5"J·12-hedron
[5116lJ-14-hedron

[5'26·]-16-Iledron
[4J51~'8))-19-hedron

(5" 6"J·2O-hedron
[S86I l]-20-hedron

Shape

Ellipsoid
Sphere
Sphere
Sphere
Sphere
Ellipsoid
Sphere
Ell ipsoid
Ell ipsoid
Ellipsoid

Free
diameter

of
.windows'

inA
(approx)

2.5
1.5
2.5
2.5
1.5
2.5
2.5
4.0
2.5
2.5

Effective
inner

volume
in A3

(approx)

25
30
35
50
80

160
250
350
430
290

Nonasils (non)

881SiOzl • 8M" • 8~
·4M2"

Deca-dodccasits-R (DDR)
120[SiO~) • 6M'o • 9M"

• 6M"
Melanophlogites (MEP)
46[SiO,) • 2M" • 6M J4

Dodecasils 3C (MTN)
136[SiO,] • 16M" • 8Ml 6

Dodecasils I H (DOH)
34[siQ.,J • 3M t 2 • 2M'l

• 1M'"
Silica-sodalites (SOD)

12(Si0Jl • 2M'·
Sigma-2 (SOT)

[seeSigma-2]
Linde type N (LTN)

[see Linde type N)

- ([4 66"JJ

Structure

(NGl. ZeQ. 256(1985))

CHEMICAL COMPOsmON: (Na,Kl6(AI~iJOOn)'

2OH20

SYMMETRY: monoclinic
SPACE GROUP: C21m
UNIT CELL CONSTANTS; (A) a = 17.668

b = 17.986
c = 7.417
fj = 116"'32 '

FRAMEWORK DENSrrY: 0.34
DENSITY: 2.16 g/cm l

PORE STRUCTURE: l O-member rings 4.4 x 7.2 A



c:b
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.>.
UJ

ClathrasJls rtg. 1: Cages present in different clathrasils (silicon atoms are located at
the corners of the polyhedra and the oxygen atoms ear the center of the lines connecting
the silicon atoms e.g ., {SI>6"J means that a 2().-!Iedron coosisting of 12 five-membered
rings and 8 six-membered rings of {SiO.] units) (Ind. J. Chem , 2')A:380 (1988».



128 Clinoptilolite (HEU)

X-Ray Powder Diffraction Data: (Nat . Zeo,
341(1985» (d(A) (lIlo»8.95(100), 7.93(13),
6.78(9), 5.94(3), 5.59(5), 5.24(10), 5.12(12),
4 .65(19), 4.35(5), 3.976(61), 3.955(63),
3.905(48), 3.835(7), 3.738(6), 3.707(5),
3.554(9), 3.513(4), 3.424(18), 3.392( 12),
3.316(6), 3.170(16), 3.120(15), 3.074(9),
2.998(8), 2.971(47), 2.795(16), 2.730(16),
2.667(4), 2.527(6), 2.485(3), 2.458(3), 2.437(8),
2.422(5),2.319(2),2.089(3),2.056(2),2.016(2),
1.974(4).

Clinoptilolite and heulandite differ only in
framework and exchange ion composition, Dot
in framework structure. ClinoptiJolite represents

CllnoptlloUle Flg. IS: Framework topology.

the higher silica form of this structure (Am. Min
eral. 57:J463(1972». For a discussion of the
framework see heulandite.

Atomic coordinates for natural clinoprilolite (SSSC 28:449
(1986)):

x y z
T(J) 0.17835(8) 0 .17073(8) 0.0956(2)
T(2) 0 .21482(8) 0.41052(8) 0.5067(2)
T(3) 0 .20787(8) 0.19069(8) 0 .7151(2)
T(4) 0 .06668(8) 0 .29933(8) 0.4163(2)
T(5) 0.0 0.2187(1) 0.0

0(1) 0.1991(4) 0-5 0.4640(8)
0(2) 0 .2325(2) 0.1205(2) 0.6145(6)
0(3) 0.1845(3) 0,1559(2) 0 .8878(5)
0(4) 0.2315(2) 0.1057(2) 0.2503(5)
0(5) 0.0 0.3246(3) 0.5
0(6) 0 .0803(2) 0.1650(2) 0.0539(6)
0(7) 0.1258(3) 0.2331(2) 0.5488(6)
0(8) o.oL3(2) 0 ,2710(2) 0 .1863(6)
0(9) 0.2/28(2) 0 ,2519(2) 0 .1856(6)
0(10) 0.1205(2) 0.3721(2) 0.4187(6)

M(I) 0.1467(6) 0 .0 0 .670(1)
M(2) 0.04J5(4) 0 .5 0 .229(1)
M(3) 0,2476(7) 0.5 0.053(2)
M(4) 0.0 0.0 0.5

W(l) 0.289(1) 0 .0 0.023(3)
W(2) 0.079(4) 0 .0 0.84(1)
W(3) 0.0793(6) 0 .4219(1) 0.966(2)
W(4) 0.5 0 .0 0.5
W(5) 0.0 0.10\(2) 0.5
W(6) 0 .076(2) 0.0 0.290(7)
W(7J 0.118(4) 0.0 0.70(1)
W(B) 0 .052(3) 0.0 0.06(1)

Contents in the extra-framework atomic sites (SSSC
28:449 (l986»:

M(l) 0.49(1) Na
0 .0 1(1) Ca(Sr)

M(2) 0 .23(1) Na
0 .16(1) Ca(Sr)

MO) 0 .0925 K
0.037588

M(4) 0.40 Mg



Occupancies of Al atoms in the tetrahedral sites; the AI
contents, per 18 oxygen atoms . in the structure are listed
together (SSSC 28:449 (J 986) ; Z. Kristallogr . J45:216
(1977»:

Karnloops Kuruma Agotml
Tetrahedral site en, CTL CTL

AI contents 1.7 1.68 1.55
TO) 13% 20% 17%
T(2) 32 42 31
T(3) 21 9 13
T(4) IS 6 11

T(5) 9 14 10

Synthesis

ORGANIC ADDITIVES
oone

Clinoptitollte (HEU) 129

Clinoptilolite crystallizes from aluminosili
cate gels with SjO~AI20) ranging between 7
and 18. Crystallization has been observed in the
presence of lithium hydroxide with gel com
positions of: 0.5-3 LbO : AI20) : 8-18 SiOl ~

x H20. Crystallization occurs after one month
at temperatures between 300 and 350°C. (Am .
Mineral. 48~1374(t963); USSR 1:353,729
(1987» . In the presence of Ca, Sr, and Ba,
clinoptilonte can form along with paracelsian
and sanbornite (Mal. Res. Bull . 2:951
(1967» . Under milder conditions (I 70-200°C) ,
this structure will form in Na/Kicontaining
gel systems (Am . Mineral. 62:330( 1972)). A
low temperature synthesis (100°C) also has
been reported, using blast furnace slag as
a source of aluminosilicate (JP 83,167,421
(1983)).

Temperature, K
273 373 473 573 673 773 873 973 1073 1173 1273

OTA

273 373

TGA

473 573 673
Temperature, K

DTA Conditions :
10 Klmin .
in air
100 mg sample

TGA Conditions:
10 KIm in.
Under vaccum
50 mg sample

773 873

f
~

l

Clinopt!lolite FIl1:- 2: DTA and TGA curves of clinoptilolite (Not ao. 99(1988).
(Reproduced with permission of Springer-Verlag Inc.)
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Na

I I I

o 100 200 300 400 500 0 100 ·200 300 400 SOD

Temperature ee)
CllnoptIJolil'e Fig. 3: DSC curves for Ca- and Na-exchanged clinopulolite (Nar. Zeo, 565(1988». (Reproduced with
permission of Springer-Verlag Inc .)

Adsorption properties for rwo natural clinoptilolites (Zeo.

3:259 (1983»:

Adsorption

The adsorption capacities for CO2 , 502, N3 , and
NO..were examined for natural cJinoprilolite (Zeo.
3:259(1983». natural c1inoptilolite also has been
shown to be effective in removing hydrogen
from hydrogen-nitrogen mixtures at high pres
sures (Zeo. 5:211{l985».

Thermal Properties

Because of the higher silica/alumina ratio found
in clinoptilolite, it exhibits thermal stability to
700°C in air . The amount of water lost below
800"C varies from 7.8 wt% for cesium contain
ing clinoptilolite to about 15.5% for Mn, Li,
and Sr clinoptilolite. The water association is
dependent on the exchangeable cations (Nat.
Zeo. 565(1988».

8.43 4.90 1.44
8.15 4.70 1.33
4.41

Ion Exchange

Clinoptilolite is highly selective for the am
monium cation. The natural clinoptilolite that
has been converted into the ammonium ion fonn
has a high exchange capacity for lead and cad
mium, near equivalency for lead and somewhat
lower for cadmium. This exchange is irrevers
ible (Zeo. 7: l53(1987». Clinoptilolite is highly
selective for cesium and strontium. These prop
erties make it desirable for application in radio
active waste treatment (Zeo, 4:215(1984)) . In
the sodium form, complete replacement of all
of the Na + is accomplished by methylamine.
dimethylamine, ethylamine, and propylamine,
but not by trimethylamine, isopropylamine. and
butylamine. EtA > M~.Ma,N~ > n-PA >
n-BA (1. lnorg . Nucl, Chern. 29:2047(1967»).
The selectivity effects are attributed mainly to

Adsorption equilibrium datt for clinoptilolite from
Hector, California (leo . Mol Si~\I~. 625)

Activation
temperature WI

Adsorbate ("C) T(") P (Torr) %

HlO 350 25 1 10
20 16

CO, 350 2S 100 1.63
700 8 .2

0, 350 -185 700 1.9
N, 350 -196 700 1.4

NO.

5.67 4.86 0.39
5.94 3.98 0.45
2.98

s~ NH)
(glIOO g)

Gas
velocity

(mzs) CO,

0.067 3.47
0./33 2.88
0.234 1.82

0.067 4.55
0.133 3.62
0.234

Zeolite

Clin~2

Clino-I
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~ Sr " Ba
100 ,,
96 , ,

92
.. - -- .. ..- .. -

88

100 200 300 400 500 600 700 100 200 300 400 500 600 700

Temperature (%C)

CUnoptllolite Fig. 4: TGA curves for divalent cation clinoptilolites. Solid lines are
weight-loss curves, and dashed lines are derivative curves (%/min) (Nat. Zeo, 565(1988».
(Reproduced with permission of Springer-Verlag lnc.)
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ClinoptnoUte Fig. S: TGA curves for univalent cation clinoptilolite. Solid lines are
weight-loss curves, and dashed lines are derivative curves (%/min) (Nat. Zeo. 565(1988».
(Reproduced with permission of Springer-Verlag Inc.)
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Exchange of silver(J) ions (Nat. ze« 463 (988))

the size of these ions. The selectivity of this
material for ammonia and iron has been applied
to the purification of drinking water (Zeo, 3:
188{l983)) .

"Potassium" clinoptilolite
natural form
lithium form
sodium form
calcium form
ammonium form

"Calcium" cJinoptilolite
natural form
lithium form
sodium form
calcium form
ammonium form

Static ion-exchange
capacity [meq/g]

0.79(03)
0.81(03)
0.83(04)
0.69(02)
0.72(03)

1.01(04)
1.25(05)
1.28(DS)
1.08(04)
1.04(03)

o 100 200 300 400

(el - Nal.

(CL - Co),

500

Temperature ee)

CllnoptuoJile F1g. 6: DSC curves for various
transition metal ion-exchanged forms of clinoptilolite (1.
Serb. Chem. Soc, 54:547(1989)).
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Atomic coordinates for clove.rite (Nature 352:320 (1991)):

The cloverite structure is extremely open and
consists of a cubic arrangement of alpha cages
connected by two cpa cages. The entire structure
can be generated from double four-member rings.

Cloverite
(Fr Appl. 91-03378(1991»
Ecole Nationale Superieure de Chimie

C~trltt Fig. 1.

Structure

CHEMICAL COMPOSITION: {Ga761i P76ll 02,'n6

(OH)'91] . 192 RF (RF = quinuclidiniurn fluoride)
SYMMETRY: cubic
SPACE GROUP: Fm3c
UNlT CELL CONSTANT: (A) tl =' 52.712 (Nature

352: 320( 1991»
PORE STRUCTURE: 20 member rings

P(I)
Ga(1)
1>(2)
Ga(2)
PC)~

03(3)
P(4)
Ga(4)
P(5)
Ga(5)
0(1)

0(2)
0(3)
0(4}

0(5)

0(6)
0{7J
0(8)

0(9)
0(10)
O(ll}
0(12)
0(13)
0(14)
0(15)

0(16)
0(17)
0(18)

0(19)

F(n
H2)

x
0.0888
0.1341
o
0.0370
o
0.0958
0.1336
o
0.0446
o
0.0800
0.1059
0.1036
0.0657
0.1360
0.1339
0.1631
0.0237
o
o
0.0521
0.0242
o
0.1091
0.0675

-0.0289
0,0283
o
o
0.1335
a

y
0.3656
0.3275
0.3226
0.3507
0.3876
0.3654
0.3210
0.3142
0.3097
0.3415
0.3669
0.3885
0.3404
0.3679
0.3124
0.2970
0.3439
0.3376
0.3J58
0.2979
0.3286
0.3795
0.3738
0.3344
0.3692
0.3436
0.3231
0.416J
0.3461
0.3665
0.3325

z
0.28\8
0.2780
0.2769
0.3134
0.3414
0.2236
0.2180
0.2140
0.3556
0.3801
0.2542
0.2891
0.2866
0.2999
0.2458
0.2951
0.2914
0.2830
0.2475
0.2916
0.3360
0.3277
0.3670
0.2142
0.2010
0.2115
0.3764
0.3461
004150

1/4
0.3297



134 CoAPO-5 (AR)

Half of these D4R's are not fully connected
giving rise to an interrupted structure.

Synthesis

ORGANlC ADDITIVE
quinucl idine

Cloverite crystallizes from a batch composition:

IGa20) : I P20S : 6 quinuclidine : 0 .75 HF:
64 H20

Crystallization occurs after 24 hrsat l50"C. Gal
lium sulfate is the source of gallium.

CoAPO·S (AFI)
(US4,567,029(1986»
Union Carbide Corporation

RelaUd Materials: AlP04-5

Structure

Chemical Composition: See MeAPO.

X-Ray Powder Diffraction Data: (d(A) (11/0»)
11.6(100), 6 .86(14), 5.95(21), 4.51(51),
4.24(36), 3.97(82), 3.93(4), 3.44(30), 3.09(15),
2.98(20, 2 .675(4), 2.607(3), 2.4l6(3),
2.392( 10), 2 .1460), 1.910(4).

The cobalt-aluminophosphate CoAPO-5 ex
hibits properties characteristic of a large-pore
molecular sieve. For a description of the
aluminophosphate framework topology see
AlP04-5 .

Synthesis

ORGANIC ADDITIVES
N, N-dietllyJetlwlolamilie
tetraethylammonium ~

tripropylamine

CoAPO-5 crystallizes from a reactive gel
composition with a molar oxide ratio of: R :
0.167 CoO: 0.917 Al20 ) : P10 4 : 0.33 CH3COOH

; 5.5 C3H70 H : 45 H20. Crystallization oc
curred after 48 hours at 200°C. Cobalt acetate
tetrahydrate and cobalt sulfate both have been
successfully employed in the crystallization of
this molecular sieve. Aluminum isopropoxide
was used as a source of aluminum. Crystalline
impurities were identified in some of the crys
tallized gel compositions .

Thermal Properties

CoAPO-5 maintains its framework structure to
temperatures of 600°C.

Adsorption

Adsorption capacities of CoAPO-5:

Kinetic
diameter, Pressure, Temp., Wt.%

A Torr "C adsorbed

0, 3.46 12 -183 10.8
0, 710 -\83 u .r
Necpentane 6.2 12 24 4.9

710 24 5.2
H,o 2.65 4.6 23 S.2
Hi) 20.6 23 20 .2

CoAPO-ll (AEL)
(US4,S67 ,029(1986))
Union Carbide Corporation

Related Maurials: AIP04-11

Structure

Chemical Composition: See MeAPO.

X-Ray PowthrDi,ffraetion Dasa: (d(A) (lila»
10.8(20), 9.34(37), 6.66(10), 5.61(25), 5.44(3),
4.65(3),4.19(100),3.99(57),3.95(50),3.90(50),
3.83(67), 3.59(10), 3.36(27), 3.11( 13), 2.83(7),
2.73(13) .

The cobalt-aluminophosphate CoAPO-11
exhibits properties characteristic of a medium
pore molecular sieve, For a description of



the framework topology of CoAPO-ll, see
AI.PO..-II.

Synthesis

ORGANIC ADDmVES
diisopropylamine
dl-a-propylamiae

CoAPO-11 crystallizes from a reactive gel
with a molar oxide ratio of: R : 0.167 CoO :
0.917 AhO) : P20 5 : 0.33 CH 3 COOH : 5.5
C)H 70 H : 50 H20 . Crystallization occurs after
24 hours at 150 10 2(XtC. Impurity products
were observed under these conditions in this
system.

CoAPO-16 (AST)
(US4,4S6,029(1986»
Union Carbide Corporation

Related Materials: AIPO..-16

Structure

Chemical Composition: See MeA.PO.

X-Ray Powder Diffraction Data: (d(A) (/110) )

7.76(64), 4.77(49), 4.04(100), 3.88(11),
3.35(25), 3.08(11), 3.00(26), 2.73(4), 2.571 (4),
2.368(9), 2.254(4) , 1.873(8).

The cobalt-aluminophosphate CoAPO-I6
exhibits properties characteristic of a very small
pore molecular sieve. For a description of the
CoAPO-16 topology, see A1P04-16.

Synthesis

ORGANIC ADDITIVES
quinuclidinc

CoAPO-I6 crystallizes from a reactive gel
with a molar composition of: R : 0 .167 CoO :
0.917 AhO) : P205 : 0.167 H2SO4 : 40 H20.
Crystallization occurs readily after 24 hours at
150°C. Cobalt sulfate has been used success-
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fully as the source of cobalt. Hydrated alumi
num oxide is used as a source of aluminum.

CoAPO-34 (CHA)
(US4,S67,029(1986»
Union Carbide Corporation

RelaUd Materials: AIP04-34

chabazite

Structure

X-Ray Powder Diffraction Datil: (d(A) (11/0)

9.31(79),6.92(19),6.28(16) ,5.54(43),4.93(29),
4.31(100),4.00(5), 3.87(3), 3_53(30). 3.45(21),
3.24(5), 3.15(5), 3 .03(5), 2.93(38), 2.87(25),
2.65(3), 2.614(10), 2.481(5), 2.276(3), 2.103(3),
2.090(3), 1.918(4), 1.859(6), 1.794{5), 1.728(3);
(after thermal treatment to 500°C) (d(A) (lIlo»
9.12(100),6.76(35),6.19(3), 5.44{19), 4.87(19),
4 .58(3), 4.23(43), 3.95(1), 3.79(1),3.49(14),
3 .38(16), 3.10(5), 2.87(24) , 2.82(11).

The cobalt-aluminophosphate CoAPO-34
exhibits properties characteristic of a small-pore
molecular sieve.

Synthesis

ORGANIC ADDITIVES
tetraelhylammonium'
diisopropylamine

CoAPO-34 crystallizes readily from a reac
tive gel with a molar oxide ratio of: R : 0 .167
CoO : 0.917 Aba) : P20s : 0.167 H2S04 : <W
H20. Crystallization occurs at 100 to 150°C af
ter 24 hours. CoAPO-34 is the major phase un
der these conditions. Cobalt sulfate or cobalt
acetate is used as a source of cobalt, and alu
minum isopropoxide or hydrated aluminum ox
ide as a source of aluminum.

Thermal Properties

CoAPO-34 remains crystalline with a shift in
X-ray diffraction peaks upon thermal treatment
to 500"C.



136 CoAPO-35 (LEV)

Adsorption

Adsorption capacities of CoAPO-34*;

Kinetic
diameter, Pressure, Temp .. Wt.%

A TOIT 'C adsorbed

0, 3.46 \l -183 21.9
0, 684 -183 25.4
BUlllne 4.3 746 23 9.2
Xenon 4.0 759 23 21.7
H,o 2.65 4.6 24 28.6
H,o 21 23 32.8

·eooLaI.... impurity .

CoAPO-35 (LEV)
(US4,S67 ,029(1986»
Union Carbide Corporation

Related Materials: SAPO-35
levyne

Structure

Chemical Composition: See MeAPO .

X-RayPowder Diffraction Datil: (d(A) (II/o))

10.3(21),8.04(48), 7.50(3), 6.6627), 5.57(9),
5.43(79), 4.98(12), 4.19(58), 4.06(00),
3.93(21), 3.75(9), 3.55(6), 3.34(24), 3.12(27),
3.10(sh), 2.78(48), 2.585(9), 2.508(6), 1.873(9),
I. 84](6), I.774(6), 1.656(6).

The cobalt-alurninophosphate CoAPO-35
exhibits properties characteristic of a small-pore
molecular sieve. For a description of the CoAPO-
35 framework topology, see levyne. -

Synthesis

ORGANIC ADOmVES
quinuclidioe

CoAPO-35 crystallizes from a reactive gel
with a molar oxide composition of: R ~ 0.4
CoO: 0.8 A120 3 : P20 , ; 0.8 CH3COOH : 4.8
C3H70H ; 50 H20. Crystallization takes place
at 100°C after 72 hours . Cobalt acetate or cobalt
sulfate is used as a source of cobalt, and alu
minum isopropoxide is 'an effective source of
aluminum .

Thermal Properties

When heated to 600°C, CoAPO-35 maintains
its crystallinity with little change observed in
the X-ray powder diffraction pattern.

Adsorption

Adsorption capacities of CoAPO-35:

Kinetic
diameter, Pressure, Temp., WI. %

A Torr OC adsorbed

O2 3.46 13 -183 8.2
O2 710 -183 11.4
H,o 2.65 4.6 24 14.3
H2O 20.3 2J 21.4
Bulllne 4 .3 751 24 0.1

CoAPO·36 (ATS)
(US4,S67,029(1986»
Union Carbide Corporation

Related Materials: other metal-substituted
molecular sieve
aluminophospbates

Structure

Chemical Composition: See MeAPO.

X-Ray Powder Diffraction Datil: (d(A) (///0»
11.2(100), 1O.9(sh), 6.56(5),5.57(12), 5.37(33),
4.65(57),4.27(40); 4. 100sh), 4.04(45), 3.95(45),
3.88(sh), 3.82(12), 3.28(19), 3.23(10), 3.16(10),
3.08(10), 2.96(7), 2.805(10), 2.578(21),
2.508(2).

The cobalt aluminophosphate CoAPO-36 ex
hibits properties characteristic of a large-pore
molecular sieve.

Synthesis

ORGANIC ADDITIVES
tripropylamine

CoAPO-36 crystallizes from a reactive gel
with the molar composition: 1.5 R ; 0.167



CoO: 0 .917 AhO, : P20~ : 0 .33 CH3COOH :
40 H20. Crystallization occurs readily after 24
hours at 150°C.

Thermal Properties

Crystal stability is maintained to Sf least 500"C.
Little change in the X-ray powder diffraction
pattern is observed.

Adsorption

Adsorption capacities of CoAPO-36:

Kinetic
diameter, Pressure , Temp. . Wt. %

A. Torr "C adsorbed

0 2 3.46 12 -183 15.0
O2 710 - 183 23.7
Noopentane 6.2 12 24 5.4
Neopentanc 710 24 7.6
HlO 2.65 4.6 24 18.6
H2O 20.6 23 29.5

CoAPO-39 (ATN)
(1.184,567,029(1986))
Union Carbide Corporation

ReklUd Materials: AIP04 -39

Structure

Chemical' Composition: See MeAPO.

X.Ray Powder Diffraction Data: (d(A) (1110»
9.51(64), 6.71(32), 4.85(36), 4.23(92),
3.92(100), 3.33(6), 3.12(8), 3.04(20), 2.98(24),
2.75(8), 2.61 (8), 2.38(8).

The cobalt aluminophosphate CoAPO-39 ex
hibits properties of a small-pore molecular sieve.
See MAPQ...39 for a description of the frame
work topology.

Synthesis

ORGANIC ADDITIVES
di-a-propylamine

CoAPO-44 (CHA) 137

CoAPO-39 crystallizes from reactivegels with
a molar oxide ratio: R : 0.2 CoO : 0.9 AhO) :
P20j : 0 .4 CH3COOH : 5.4 C)Ht)H : 40 H20.

Crystallization occurs readily at 150°C after 72
hours. The resulting solid was a mixture ofphases ,
with CoAPO-39 present as the major phase.

CoAPO-43
(US4,8S3,197(1989»
UOP

Structure

Chemicol Composition: See MeAPO .

X-Ray PowderDiffraction Da/tJ: (d(A) (lIlo»
7.15(100), 5.11(10), 4 .L2(41), 3.23(40) ,
3.(7(20), 2.73(9), 2.70(7), 2.003(3), 1.79(4) ,
1.72(5).

Synthesis

ORGANIC ADDITIVES
di-n-propylarnine

CoAPO-43 crystallizes from a reactive mixture
with a molar ox.ide ratio of: 2 .5 R : 0 .3 CoO :
0.8 AI20 ) : 1.0 PPs ; 0_6 CH3COOH : 50 H20 .
Crystallization occurs at 150°C after 168 hours.
Cobalt acetate is used as the source of cobalt in
this crystallization.

CoAPO-44 (eHA)
(US4,567 ,029(1986»
Union Carbide Corporation

Related MtJleriaIs: SAPO-44
chabazite

Structure

Clumical Composition: See MeAPO.

X-RllyPowderDijfractio"Data.: (d(A) (1/10»
9.41(100),6.81(18), 6.42(1),5 .50(41),5.14(2).
4.67(5),4.29(77), 4.10(77) , 3.97(6), 3.87(8) ,
3.65(59), 3.41(18), 3.24(10) , 3.02(5),2.98(18),
2.91 (59), 2.76(5), 2 .72(8), 2.53( 10), 1.895(8),
1.873(5), 1.821(10), 1.707(5).
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The cobalt alurninophosphate CoAPO-44 ex
hibits properties characteristic of a small-pore
molecular sieve . CoAP0-44 crystallizes with the
chabazite framework topology. The partial oc
cupancy of tetrahedral sites by cobalt is expected
to distort the framework thus lowering the sym
metry. Symmetry reduction also can be caused
by a distortion of the four-member rings . In a
triclinic unit cell there are three chabazite cav
ities . Between one and two (proronated) cy
clohexylamine molecules occupy either of two
positions in each cavity. Positional disorder of
the amino group is observed . Both cyclohexy
lamine and potassium are observed in the
CoAPO-44 channel system (communication
from 1. M. Bennett).

Synthesis

ORCANlC ADDITIVE
cyclohexytamine

CoAPO-44 crystallizes from a reactive gel com
position of: R : 0.40 CoO ; 0.80 Al 20 3 : P20S:
0.8 CHJCOOH : 50 H20 . Crystallization occurs
readily at 150°C after 24 hours . CoAPO-44 is
present as a major phase in the preparation.

CoAP047 (CHA)
(US4,S67,029(1986»
Union Carbide Corporation

RelaUd Materials: chabazite
other metal-substituted
aJuminophosphates

Structure

Chemical Composition: See MeAPO .

X-Ray Powder Diffraction Data: (d(A) (1/10»
9.4I(lOO), 6.86(7),6.33(4),5.50(11),5.04(3),
4.67(12),4 .33(45), 4 .06(4), 3.97(1), 3.87(3),
3.60(4), 3.44(10), 3.24(3), 3.19(2), 3.03(3),
2.92(21), 2.89(sh), 2.69(2), 2.600(2), 2.508(3),
2.338(8), 2.270(2), 2 .122(1), 1.910(1),
1.873(24), 1.814(5), l.722(2); (after thermal
treatment to 600°C) (d(A) (//10» 9.41(100),
6.92(9) , 6 .33(2), 5.54(5), 4.96(5), 4.65(4),

4.29(26), 4.00(2), 3.85(2), 3 .53(5) , 3.43(5),
2.91(0),2.85(6).

The cobalt aluminophosphate CoAPO-47 ex
hibits properties of a small-pore molecular sieve .

Synthesis

ORGANIC ADDITIVES
N,N-diethylel1elhanolami~

CoAP0-47 crystallizes from a reactive gel
with a molar oxide ratio of: 2 R : 0 .167 CoO:
0.917 A120J : P20 S : 0.33 CH3COOH : 4 .4
C)H,OH : 45 H20 . Crystallization occurs read
ily after 120 hours at 150°C. Substantial quan
tities of cobalt have been shown to be incor
porated into this material, producing a pure
crystalline phase.

Adsorption

Adsorpt ion capacities of CoAPO·47:

Kinetic
diameter, Pressure, Temp., WI. %

A Torr OC adsorbed

O2 3.46 12 -183 17.1
0, 704 -183 [9.7

But1Lrle 4.3 692 24 l.5
Xenon 4.0 754 23 17.4

H2O 2.65 20 23 17.4

CoAPO-50 (AFY)
(US4,8S3,197(1989»
Union Carbide Corporation

Structure

X-Ray Powder Diffraction Data: (d(A) (1110 ))

10.90(100),8.97(38),6.33(4), 3.77(6), 3.67(7),
3.40(2), 3.00(2), 2.40(3), 1.83(2).

The cobalt alurninophosphate CoAPO-50
contains a l2-member-ring unidimensional pore
system with interconnecting eight-member rings.
This material is somewhat lower in stability than
other aluminosilicate-based molecular sieves.



COAPQ.SO Fig. JS; Framework topology.

This difference is thought to be due to the pres
ence of tetrahedral T atoms capping the six
member rings present in the sheets that contain
the 12-ring pores. The number of vertical bonds
holding these sheets together is small . Half of
these bonds are cobalt-oxygen-phosphorus

CoMnGS-2 (-STO) 139

bonds. while the rest are aluminum-oxygen
phosphorus bonds (communication from J. M.
Bennett).

CoMnGS-2 (·STO)
(SSSC 49A:37S(1989»

Structure

C~EMICALCOMPOSITION: Ro)~ O)MIlo_OllGeo.~1

SYMMETRY: rhombohedral
SPACE GROUP: R3
UNIT CELL CONSTANTS (A): a = b = c = 17.878

alpha == beta =
gamma = 109.47 "

FRAMEWORK DENSITY: 7.27 T/lOOO A'

See CuGS-2 for a description of the GS-2 X
ray diffraction pattern. CoMnGS-2 crystallizes
as large. single, tria-tetrahedral crystals. The
basic secondary building unit in this structure
is an adamantine Me4S6 unit connected by
MeS3SH moieties in a "pinwheel" arrangement
to give rrirners . The trimers are stacked in al
ternating right-hand/left-hand configuration.

e 12 16 20 24 DEGREES 32
29

36 40 44

CoAP().SO Fig. 2: X-T1lY powder diffraction pattern of CoAPO·50 {BZA Muting
abstracts (1990»). (Reproduced with permission of M. J. Bennett)



140 Cornptonite (THO)

CoMnGs-l Fig. IS: Framework topology .

Atomic parameters and their estimated standard deviations
io parentheses (Zto. 1[:192 (1991):

fanning chains along the principal axis . The unit
cell contains six adamantine units and eight
3-connected tetrahedral units. as well as 12TMA
cations.

Comptonite (THO)
(natural)

Comptonite is a name proposed by Brewster in
1821 for the zeolite mineral of the thompsonite
family, from Vesuvius, Italy (Edinb. Phil. J.
4:131(1821); (Nat . Zeo. 57(1985)) .

atom

TI
T2
01
02
03
04
05
N
CI
C2
C3

,[

0.2304(1)
0.0046([)
0 .0043(4)
0.1156(4)
0.1975(4)
0 .3212(4)
0.000
0.053
0.171
0.231
0.232

y
0.2266(1)
D.228S(I)
0 .2607(4)
0.23'78(4)
0.0891(4)
0.0124(4)
0.000
0.505
D.57[
0.503
0.684

0.1021(1)
0 .1092(1)
0.0111(4)
0 .1343(4)
0.1249(4)
0 .1689(4)
0 .270(2)
0.0[2
0.041
0.023

-0.010

CoSAPO-34 (CHA)
Union Carbide Corporation

RelaUd Materinls: chabazite

Structure

CHEMICAL COMPOsmON:
Co.. 1~Io,..po.uSio.1604)·O. J8i-prNli]oO.20H,o

UNIT CELL CONSTANTS : (A) a == 13.797(7)
c == 14.849(7)

SPACEGROUP: RJ
DENSITY (calc.) (g/cm) : \.69
PORE STRUCTURE: 8 member-rings

The structure of CoSAPO-34 is similar to that
of chabazite, characterized by a three-dirnen
sionalarrangementof D6R units linked together
by four-member rings producing the chabazite
cage.

Cowlesite
(natural)

Cowlesite was first described in 1975 by Wise
and Tschernich. This mineral occurs naturally
in deposits at Goble. Oregon as well as Kuniga,
Japan and Skye. Scotland (Nar. Zeo, 306(1985)).
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Cowlesite Fig. I: Thermal curves of cowlesite from Island Magee, County Antrim.
Northern Ireland; in air. healing rate 20DClmin [Nat . Zeo , 311(1985» . (Reproduced with
permission of Springer.Verlag lnc .)

Structure

(Nat. Zeo. 306(J985))

CHEMICAL COMPOSmON: ~(AI12Si ,.06'1)*36H10
SYMMETRY: ortborhomblc
UNIT CELL CONSTANTS (A): Q = 11.27

b = 15.25
c = 12.6\

X-Ray Powder Diffraction Data: (Nat. Zeo.
345(1988» (d(l>..) (1110» 15.2(100), 12.6(5),
11.3(5), 8.40(10), 7 .62(15), 5.67(7), 5.52(5),
5.08(7),4.70(7),4.50(3), 4.16(5), 3.81(35),

3.75(15), 3.65(10), 3.25(5), 3.16(10), 3.052(20),
2.964(35). 2.934(25) , 2 .819(5).

Thermal Properties

Cowlesite has two main water losses, at 150 and
300°C, with a shoulder at 100°C.

CrGaAPO-17 (ERI)
(EP 158,976(1985))
Union Carbide Corporation

RelDUd Materials: erionite
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Structure

Chemical Composition: See FCAPO .

X-Ray Powder Diffraction Data: (d(A.) (/110))
11.5-] l.4{vs), 6.6/(s-vs), 5.72-5.70(s), 4.52
4.51(w-s) , 4 .33-4.3I(vs), 2.812-2.797
(w-s) .

See AlP04-17 for a discussion of the frame
work topology of this chromium galloalumi
nophosphate.

Synthesis

ORGANIC ADDITIVE
quinuclidine

CrGaAPO-17 crystallizes from a reactive gel
with a batch composition of: (1.0-2 .0) R :
(0.1-0.4) M 20 q : (0.5-1.0) AbO) : (0.5-1.0)
P20S : (40-100) 'H20 (R refers to the organic
additive. and q refers to the oxidation state of
chromium and gallium) .

Adsorption

Adsorption propert ies of C[(jaAPO-17:

Kinetic
diameter, Pressure. Ternp., Wt. %

Adsorbate A Torr ·C adsorbed"

02 3.46 100 -183 10

0 1 750 -/83 12
n-BullIne 4.3 100 24 4
HaC 2.65 4.3 24 13
H10 20 24 14

-Typical amount adsorbed.

CSZ-} (FAUIEMT)
(US4,309,313(1982»
W. R. Grace and Co.

ReliJud Materials: fauj asi telEMC-2

Structure

Chemkal Composition: O.78Na20 : 0.22 Cs20
:A120 3 : 4.9 Si02 •

o
5
ow

~
5o

DEGREES 29
CSZ-I Fig. I : X-ray powder diffraction pattern of CSZ-I (SSSC 46:389(1989)) .
(Reproduced with permission of Elsevier Publishing Company)



X-Ray Powder Diffraction Data: (d(A) (lI/o))

15.14(30), 14.24(90), J3.06(10). 8.66(15),
7.37(10), 5.61(8), 4 .99(6), 4.71(21).4.34(8),
4.14( 15). 4 .08(31), 3.682(65). 3.521(8),
3.397(100). 3.354(20), 3.331 (8), 3.279(36),
3.166(5), 2.997(70), 2.966( 15), 2.885(40),
2.780(25), 2.682(23), 2.614(7) , 2.547(9).
2.503(10), 2.463(18), 2.369(12), 2.347(8),
2.302(5), 2.276(4), 2.168(10), 2 .062(8).
2.026(15),2.018(21) .

The CSZ-I structure consists of an inter
growth of zeolite Y and EMC-2.

Synthesis

ORGANIC ADDITIVES
none

The CSZ-I structure is prepared from reac
tive gels containing cesium ions. Without the
presence of cesium, the faujasite sl:ructure re
sults. Gel compositions that successfully pro
duce this material include; 10 Si02 : AI20) : 4
Na20 : 0.5 CsCI : 1.4 NaCl : 150 H20. The
range over which this material is claimed to
form isCs/(Cs + Na) orO .02 to 0.15, Na20/Si~
of0.2 toOA, SiOllAl20) of7 to 16, and H20/Si02

of 15 to 30 (US4.309,313(1982». If the cesium
content is increased (AhOy'Cs20 = 0.4), pol
lucite is formed (US4,309.313(1982)). The
morphology of CSZ-I is similar to that of Z5M
3, crystallizing as hexagonal platelets. Crystal
sizes range from 0.5 to 3 microns (SSSC
46:393(1989». BET surface areas are reported
between 750 and 76D, compared to zeolite Y,
which has a BET N2 surface area of 830 to 86D
m2/g.

CSZ-3 (FAU/EMT)
(US4,333,8S9(1982»
W. R. Grace and Co.

ReWed MaJerUUs: faujasitelEMC~2

Structure

Chemical Composition: (0 .80-0.95) Na20 :
(0.02---D.20) Cs20: AhO) : (5.G-7.0) sio.. (2
10) H20.

CuGS-2 143

CSZ-3 is a cesium-containing zeolite with the
intergrowth of the structures, faujasite and EMC
2. The Si02/Al103 ratio is higher than that of
CSZ-l .

Synthesis

Synthesis of CSZ-3 utilizes the addition of seed
slurries to encourage crystal formation , The seed
slurry composition is: 13.3 Na20; AhO); 12.5
Si02 : 267 H20 . This composition was blended
to form a clear SOlution, which gelled upon
standing at room temperature overnight. The
final batch composition used to crystallize
CSZ-3 is: (1.8-7.0) Na20 ; (0.02-0.2) Cs20 :
Ah03 : (6-20) Si02 : (90-400) H20 . Crystal
lization occurs at temperatures around IODoC
after 48 hours.

CuGS-2 (·STO)
(SSSC 49A:375(1989»

Structure

Chemical Composition: copper-germanium
sulfide

X-Ray Powder Diffraction Data: (d(A) (lllo»
8.43( I(0), 7.30(8), 6.53(3), 5.52(5), 5.16(11).
4.62(5), 4.40(27), 4 .05(9), 3.65(8), 3.18(13),
3.04(8 ), 2.92(5), 2.86(5), 2.81(14), 2.76(4),
2.62(6), 2.23(5) .

See CoMnGS-2 for a description of the
GS-2 framework topology for this copper gal
lium sulfide.

Synthesis

ORGANIC ADDJnVE
tetramethylammonium"

CuGS-2 crystallizes from a reactive gel with
the composition: 0.8 TMAHCOJ : 0 .27 TMACI
: GeS2: 0.1 Cu acetate: 22 H20. Crystallization
occurs after 18 hours at 150°C. The initial pH



144 CZH-5 (MTW)
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CuGS·2 Fig.]: X-ray powder diffraction pattern of CuGS-2 (SSSC 49A:375(1989»). (Reproduced with permlssion
of Elsevier PLlblisbingCompany)

of the reactive slurry is 7 to 9, with a pH at 0.5
to 3 upon crystal formation,

CZH·5 (MTW)
(UK 2,079,735(1982»
Cbevron Researcb Company

Related Materials: ZSM-12

Structure

Chemical Composition: (0.5-1.4) R20 : 0.5
M20 : Ab03 : >5 Si02 •

X-RayPO'IfIfkrDiffractionPattern: (d(A) (/Ilo))
11.85(50), 11 .60(30),9.97(25),5.99(3),5.81(4),
4.73(14), 4.68(5), 4.63(8), 4.43(5), 4 .37(3),
4.25(100). 4.08(14), 4.06(7), 4.04(15), 3.96(6).

3.87(37), 3.83(28), 3.73(2), 3.64(3), 3.54(6),
3.46(16),3.39(11), 3.33(13), 3.31(5), 3.19(7),
3.14(3), 3.05(5). 2.91 (3), 2.89(6).

See ZSM-12 for a description of the frame
work topology.

Synthesis

ORGANIC ADDITIVE
choline

CHZ-5 crystallizes from a batch composition
of: (12-200) Si02 : 0-17) M20 : (5-25)
R20 : (50-150) Mel : (1500-15,000) H20.

Crystallization occurs readily between 135 and
165OC. requiring more than 3 days of crystal
lization time.



D

D (CHA)
See Linde D.

D'achiardite
Incorrect spelling for dachiardite.

Dachiardite (DAC)
(natural)

Rekzted Maurials: svetlozarite

Dachiardite was first described by D'Achiardi
in 1906 and named in honor of his father, who
also was a distinguished mineralogist . Dachiar
dite occurs in hydrothennal deposits along with
mordenite, epistilbite, stilbite, and heulandite.
Sodium-rich dachiardite is found with morden
ite, clinoptilolite, analcime, and heulandite (NaJ.
Zeo. 238(1985».

Structure

(Nat. Zeo. 233(1985»

CHEMICAL COMPOSITION: (No.K.Cacu>.
(AI.SilJOO.s)'" 18HP

SYMMETRY: monoclinic
SPACE GROUP: C1lm
UNIT CELL CONSTANTS: (A) a = 18.69

b = 7 .50
c = 10.26
~ '" 107054'

PORE STRUCTIJRE: 3.7 x 6.7 A (10 member-ring)
3.6 x 4.8 A (8 member-ring)

X-Ray Powder DifJractinn Dasa: (Nat . Zeo .
337(1985» (d(A) (1/10» 9.79(10), 8.90(50),
6.91(50),6.00(35),5.35(20),4.97(50),4.88(50),
4.61(10), 4.44(10), 4.23(10), 3.932(50),
}.848(10), 3.801(50). 3.773(20), 3.750(20),
3.834(20). 3.498(20), 3.452(100), 3.396(35),
3.375(20), 3.328(35), 3.204(100), 3.114(10),

Dacbl.ardlre FIg. IS: Framework topology .

3.077(10), 3.018(20), 2.964(50), 2.862(50),
2.712(50), 2.666(50), 2.607(10), 2.550(50),
2.517(20), 2.472(20), 2.449(20), 2.416(10),
2.387(20), 2.306(20) , 2.273(10), 2.234(10),
2.216(10), 2.185(10), 2.170(10), 2.067(10),
2.Q4()(20), 2.017(20), 1.992(35).

The framework structure of d.achiardite can
be thought of as cages of four pentagonal rings
connected to build up a mordenite column, Five
member rings prevail in this framework. The
main channel in this structure runs parallel to
the c axis and is interconnected by channels
parallel to the b axis, giving rise to a IO-member
ring intersecting an eight-member-ring channel
system. The pore openings are less than 4 A.
A cylindrical twinning is observed in crystals
of this structure (Z. KriSUJ11ogr. lJ 9:553(963».

The Si021AhO) ratios in this material are
constant, with Si occupying ca. 83% of the te
trahedra. The content of exchangeable cations
is subject to large variations, with the ratio of
monovalent to divalent cations ranging between
1 and 114 and the ratio of sodium to potassium
rangingfrom 0.43 to 2.31 (Nat. Zeo. 135(1985».

145
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Atomic coordinates and occupancy factors for dachiardite (Z. Kristallogr, 166:63(1984»:

x y z Occupancy

T(I)A 0.2905(4) 0.2084( II) 0 .1496(7) 0.50
T(I)B 0.2846(4) 0.2053(10) 0.1660(7) 0.50
T(2)A 0.1914(3) 0.2901(8) 0.3371(5) 0 .50
T(2)B 0 .1929(3) 0 .2978(7) 0 .3714(5) 0 .50
T(3) 0 .0964(1) 0 0.7007(3) 1.00
1 (4) 0.0816(1) 0 0.3793(3) 1.00
O{l) 0.3636(3) 0.3239(7) 0.2168(6) 1.00
0(2) 0.1162(3) 0.1770(7) 0.3265(5) 1.00
0(3)A 0 .2188(6) 0.2642(16) 0.2070(12) 0.500
0(3)8 0.2382(7) 0.2370(19) 0 .2652(14) 0 .500
0(4) 0.1002(4) 0 0.5457(8) 1.00
0(5) 0.1688(5) 112 0 .3487(9) 1.00
0(6) 0.3098(5) 0 0.1759(8) 1.00
0(7) 0.2335(6) 0.2452(19) 0 .0131(13) 0 .500
0(8) 0.2427(7) 0.2888(17) 0.5249(12) 0.500
0(9) 0.0103(3) 0 0.7080(7) 1.00
e(l) -0.0091(4) 0.2598(11) 0.1297(9) 0.345(4)'
C(2) 0.0456(17) 1/2 0.5374(35) 0.156(3)"
W(I) -0.0084(4) 1/2 0 .2668(11) 1.00
W(2) 0 .0884(15) 0 0.0330(30) 0.500
W(3) 0 .0694(19) 0 .1037(46) 0.0261{4{) 0 .250
W(4) 0 .0724(18) 0.3931(42) 0.0261(4{) 0.250
W(5) 0.0860(14) 112 0.0310(29) 0 .500

"Theoccupancy refers to thc scatteringcurve of Ca.
"The occupancy refers 10 the scartering curve of K_

Thermal Properties

A major water loss observed at 10000C continues
at a slower rate to 200"C and up co450°C. Lat
tice changes are observed after this temperature
(Sci . Rep . Niigata Univ, Ser . E. Geol. Miner.
4:49(1977». See Dachiardite Fig. 2 on the fol
lowing page.

Infrared Spectrum

MUl-injrared Bands (em-I): I21O(sh),
1050(s), 775(w), 670(w), 558(w), 440(s) (Zeo.
4:369( 1984» .

Danalite (SOD)
(Am. Mineral. 29:163(1944»

See sodalite.

Davyne (CAN)
(natural)

Re/QUd MaJerial: cancrinite

Davyne or davynite was first reported in 1825
by Monticelli and Covelli . This name is used to
describe the natural cancrinites thai are potas
sium- and chlorine-rich . This mineral is found
in deposits from the Monte Somma-Vesuvius
area of Italy (N. lb. Miner. Mh. 97(1990».

Davynlle Fig. IS: Framework topology.
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DachJardite Fig. 2: Thermal curves of dachiardite from Alpe di Siusi, Italy; ill air.
heating rate 20·0min (Nat, Zeo . 238(1985». (Reproduced with permission of Springer
Verlag Inc.)

Structure

(N. lb. Miner. Mh. 97(1990))

UNIT CELL CONTENTS: N4K1Ca)(Si6J\J60 ".)

rsooci,
SYMMETRY: hexagonal
SPACE GROUP: P6y'm
UNIT CELL CONSTANTS: (Al a = 12.705(4)

c = 5.368(3)

The alurninosilicate framework is related to that
of cancrinite, with perfect ordering in the tetra
hedra1 sites. The average bond distances are 1.728
A and 1.604 A for aluminum and silicon. re
spectively. The characteristic that distinguishes

davyne from cancrinite is the position of the
ions in the cancrinite cage. Ca--CI-Ca chains
occupy these channels, with the Ca+2 cations
centered in the six-member ring with nearly equal
bonds to the ring oxygens (Ca-Ol = 2.596 A;
Ca-02 = 2.566 A) and with coordination to
two chloride ions (Ca-Cl = 2.704 A). The chlo
ride ions occupy sites in the center of the can
crinite cavity.

In the larger channels in the structure, the
sites farthest from the framework are occupied
mainly by potassium ions, with the sodium lo
cated closer to the framework wall. The sodium
and potassium cations are linked to the frame
work at the 03 atom and to the sulfate through
the two OB and OA atoms.
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Site occupancies and fract ional coordinates in davyoe: M is the site multiplicity (N. Jb , Mitt"' . Mh . 97(1990»):

Site M Occupancy x y

s: 112 lSi 0. 3284(2) 0.4093(2) 3/4
AI 112 IAI 0 .069\(2) 0.4086(2) 3/4
01 1/2 10 0.2145(4) 0.4307(4) 3/4
02 IJ2 J 0 0 .1002(4) 0 .5567(4) 3/4
03 1 10 - 0. 9987(3) 0.3230(3) I.OOfl4(8)
Ca 1/6 I Ca 113 2/3 3/4
C1 1/2 1/3 Cl 0.3150(14) 0.6372(6) 1/4
Na 112 112Na 0 .1510(9) 0 .3097(13) 3/4
K 112 O.2INa + 0.29K 0.2217(9) 0.1136(7) 3/4
S 1/6 113 S 0 0 \14
OA 1 11180 0 .0400 0.0200 0.0200
OB I 1/60 0 .0701 O.1J32 0.3746
cr I 1/180 0.0490 0.4000 - 0.0750

ing sequence produces two types of cages in
addition to the pentagonal dodecahedron: a small
decahedron , W566 1

] , and a large 19-hedron,
(4351 261831 . A unique feature of this structure
is the connection of the 19-hedron through eight
member-ring openings that are 4.5 A in diam
eter. This opening is too small for the guest
molecule to move .

Deca-dodecasil 3R is built by comer-sharing
[Si(4 ) tetrahedra connected to pseudohexagonal
layers of face-sharing pentagonal dodecahedra
([512] cages). The stacking sequence for these
layers is ABCABC, and they are interconnected
by additional rSi0 4 ] tetrahedral-fanning six-
member rings between the layers. Such a stack- Deca-dodeal5l1 3R Fig. JS : Framework topology

CHEMICAL COMPOSITION: SiO,
SPACE GROUP: R3m
UNIT CELL CONSTA NTS (A): a =: 13.860(3)

c = 40 .891 (8)
PORE STRUCTURE: 4.4 x 3 .6 A. eigh l-member rings

Deca-dodecasil Bli (DDR)
(clathrasil)

Relmed MaJeriaJs: Sigma-l

Deca-dodecasil 3R is a member of the c1athrasil
family of silicates . Compositionally, it is a
l20SiO;/6Mlo*9M'2*6MI9 , where Ml2 is N2
and MI9 is l-arninoadarnantane.

See Davyne.

Structure

(2 . Kristallogr . 175:93(1986) (1987))

Davynite (CAN)
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Deca-dodecssl.l 3R Fig. 2: X-illY powder diffraction pattern of deca -dodeeasil 3R (SSSC 37:57(1988)} . (Reproduced
with permission of Elsevier Publishing Company)

The polytypic series of deca -dodecasils (2. Kristallogr.
175:93( 1986»:

hydrolysis of tetramethoxysilane. Ethylenedi
amine is the base. with a molar ratio of en:Si02

GUEST MOLECULES
l-adarnantane amine/ethylenediamine

Deca-dodecasil 3R crystallizes from aqueous
silica-containing solutions prepared from the

Polytype
Lattice Parameters

layer sequence a.blAI cIA] Symmetry

deca-dodecasil IH 13.96 13.63 hexagonal

AA
deca-dodecas iI 2H 13.86 27.26 hexagonal

ABAB
deca-dodccasll JR 13.86 40.89 rhombohedral
ABCABC
deca-dodecasit 3H 13.86 40 .89 hellllgonal
AABAAB

Synthesis

Atomic parameters for Si and 0 in the silica
framework with standard deviations
Z. Kristallogr . 175:93(1l)g6»:

Atom x y

Si(l) 0.7267(2) 0.0511(2) 0.0700(0)
5i(2) 0.1264(1) 0.2527(3) 0 .1095(1)
Si(3) 0.2020(2) 0.4039(3) 0.1711(1)
Si(4) 0.1227(2) 0.2454(3) 0.2325(1)
SiCS) 0.2256(2) 0 0
Si(6} 0 0 0.2039(2)
Si(7) 0 0 0 .1280(2)
00) 0.3576(5) O.3881(6) 0.6358(2)
0(2) 0 .2792(6) 0 .3749(7) 0.5768(2)
0(3) 0.4067(7) 0 .2954(6) 0.5889(2)
0(4) 0.2277(4) 0.4554(8) 0.6589(3)
0(5) O.1767(4) 0.3534(9) 0.7447(2)
0(6) 0.3233(10) 0 .1616(5) 0 .5391(2)
0(7) 0.5401(9) 0.2700(4) 0.5494(3)
0(8) 0 .2713(4) 0.5426(8) 0.5529(3)
0(9) 0 .1780(5) 0.3561(10) 0.5230(3)
0(10) 0.1870(8) 0 0 .5
0(11) 0 0 0 _1661(4)

no periodicityD 13.86deca-dodecasil



150 Desmine (STI)

[5\~

Ikca-dodecasiJ 3R Fig. 3: Three rypes of cages in deca -dedecasil 3R (Z. Kristallogr,
I7S:9J(J 986». (Reproduced with permiss ion of Wiesbaden Akademische
VerIagsgesellscbaft)

of 1:0.5. After hydrolysis, l-adamantane amine
is added, and the mixture crystallizes at I70°C
after 6 days to several weeks.

Thermal Properties

Upon thermal treatment, the adamantane amine
guest molecule decomposes, leaving the silicate
framework. With a pore opening of 4.5 A, the
silicate begins to exhibit the molecular sieve
properties of a small-pore material.

Desmine (STI)

This is an old name for stilbite.

Dodecasil I H (DOH)
(clathrasil)

DodecasillH, 34Si02*3M
J2*2M ' 2'IMW, is the

simplest member of the polytypic series of do
decasils.



Dodecasil IH (DOH) 15L

DodecaslitH Fig. IS: Framework topology.

Structure

(2. Kristallogr, 166:11(1984»

CHEMICAL COMPOSITION: SiO,
SYMMETRY: hexagonal
SPACE GROUP: P61mmm
UNIT CELL CONSTANTS (a): a -= 13.783(4)

c = 11.190(3)
FRAMEWORK DENSITY : 18.5

X-Ray Diffraction DaJiJ: (2. Kristallogr.
166~ 11(1984» (d(A)(/I/o» 12.011(2), 11.191(1),
8.194(2), 6290(8), 5. 977( 11), 5.892(25) ,
5.6tO(l6), 5.283(100). 5.084(32) , 4.529(14),
4.200(9), 4 .014(2), 3.996(6), 3.762(27),
3.563(6), 3.524(48), 3.459(14), 3.322(28),
3.306(22), 3.293(20), 3.173(13), 2.995(2),
2.883(2), 2.860(3) , 2.750«1). 2.730(2),
2.641(1),2.543(6),2.468(7),2.396(4),2.341(2),

DodeQS\J IH Fig. 2: The threecage types present in dodecasil IH (2. Kristallogr . 166:11(1984) . (Reproduced
with permission of Wiesbaden Akademisehe Veelagsgesellschaft)



Atomic pararoeters witll SWIdanl deviation for dodecasil
IH (Z. Kristallogr , 166: 11(1984) :

Syntbesis

Dodecasil lH can be prepared under hydro
thermal conditions using hydrolyzed tetra
methyloxysilane as the source of silica. Crys-

Atom No. of posinons

152 Dodecasil 3C (MTN)

2.307(2),2.296(4),2.215(3),2.207(1),2.180(1),
2.134(1), 1.965(2), 1.937(4), 1.882(2),
1.859«1), 1.828(2) .

Dodecasil lH is a clathrate compound with
an organic guest molecule, M, within three dif
ferent types of cages. Comer-sharing (S,04] te
trahedra form 3 three-dimensional 4-connected
net that is built up from hexagonal layers of
face-sharing pentagondodecahedra ([512

] cages),
which form fundamental cages of the dodecasil
series. Connecting these layers in an ~A se
quence are two new types of cages, the (435663)

cage and the 15126&] cage. Guest molecules are
trapped within these cages. The mean values of
170.6° for the Si-O-Si angles and 1.565 A for
the Si-O distances of the Si~ host framework
of dodecasil 1H differ from other silica poly
morpbs but are comparable with the mean values
found in the clathrasil melanophlogite (Z. Kris
tallogr. 166:11(1984» .

Si(l)
Si(2)
Si(3)
5i(4)
0(1)
0(2)
CO)
0(4)
0(5 )
0(6)
0(7)

12
12
6
4

24
12
12
6
6
6
2

y

0.4186(2) 0.2(9)(l) 0.2252(2)
0.3868(\) 0.0000(0) 0.3627(2)
0.2628(2) O.1314(1) 0.0000(0)
0 .3333(0) 0.6667(0) 0.IJ84(3)
0.lQ52(J) 0.3933(4) 0.303l(4)
0.5429(4) 0.2715(2) O.8164(7)
0.3405(5) 0 .1702(2) 0.1 J39(5)
0.3601(5) 0 .0000(0) 0.5000(0)
0.1865(6) O.OOOQ(O) 0.0000(0)
0.5000(0) OO(0)סס.0 0.3451(8)
0.3333(0) 0.6667(0) 0.0000(0)

~) 0 c;) Q Q 0::
,

OCO
1

o C5'
\

H

QQl!i
Dodec:as1l lH FII- 3: Organic anUnet. that have been shown to encourage crystallization of this structure.
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Results of synthesis using characteristic guest species (Ind. J. Chem. 27:380(1988)):

Prodectsf at temp ("C)

Ouest" Molar ratio 160 180 200 240

Pyrrolidioe D3C D3C D3C OJe
l-Aminoadarnantanc DD3R DIH DIH DIH
Pyr, Adam 1:1 DD3R DD3R DIH DIH
Pyr, Adam 1:10 DD3R DD3R DIH DlH
Pyr, Adam 1:20 DD3R DD3R DIH D1H
Pyr, Adam 10:1 D3C D3C D3C D3C
Methylamine Melano Melano Melano D3C
MeNH

"
Adam 1:1 DD3R DIH DIH DIH

MeNHl , Pyr 1:1 D3C D3C D3C D3C
Pyr, MeNH" Adam 1:1:1 D3C D3C D3C D3C
Pyr, MeNH,• Adam 10:1:1 D3C D3C D3C D3C
Pyr, MeNH

"
Adam 10:1:10 D03R DIH DIH DIH

2-Amil1opentane Nonasil Nonasil
Aminopen, Pyr 1:1 D3C D3C D3C D3C

'Pyr = Pyrrelidine: Adam = J-amincadarnantane; MeNH, '" methylamine: and aminopen '" 1-aminopcDlane.
Welano = MelOJlophlogite; Dle = dodecasil 3C; D IH = dodecasil IH; DD3R '" deca-dodecasil )It.

Effect of temperature on clathrasil formarion (Ind. J.
Chern. 27;3SO(I9SS}):

Product* at:

Guest I6O"C 18ifC 200"C 240°C

Methylamine melano melano meIano D3C
Piperidine D3C D3C D3C DIH
I-Azabicyclo- D3C D3C DIH DIH

octane
I-Aminoada.- DD3R OIH OIH DIH

mantane
Hexamethylene- NS NS DIH

imine
2· (Aminomelhyl) NS NS DIH

tetrah ydrofuran
1.2-Diamino- NS NS DIH

cyclohexane

·D3C = dodecasil 3C; melano '" melanophlogile; DIH = dodt:-
casil lH; DD3R =dea-dodecasil 3R. and NS = ADD"';I.

tallization occurs with addition of the organic
to this system and two weeks at elevated tem
peratures (J. Incl. Phenom. 4;85(1986».

Dodecasil 3C (MTN)
(clathrasil)

Relt1Jed MateriJJ1s: ZSM-39

This material is identified as 136Si02*16M
I 2

*8MJ6

Structure

(Nature 294:340(1981))

CHEMICAL COMPOSmON: SJO~

SYMMETRY: cubic
SPACE GROUP: Fd3
UNIT CELL CONSTANTS (Al: ao = 19.402



Atomic parameters witb Mandant deviations , (Z.
Krislallegr 167:73(1984)):

Si--Q distances in lho range of 1.526-1.575 A; rneaJ\ value d ~

1.566 + A..
Si...(}..Siangle, in lbe range of 169-180·: mC4l1 value is 174.5.

154 Doranite (ANA)

Dodecasil-SC is a clathrate compound with
a silica framework. Guest molecules occupy two
different types of cages. II is a cubic three-layer
member of the polytypic series of dodecasils,
[Si04J tetrahedra form a three-dimensional 4
connected net built up from pseudohexagonal
layers of face-sharing pentagondodecahedra ([t'2J

cages). This is the fundamental cage of the do
decasil series. The layers are connected in an
ABCABC sequence, giving rise to two types of
voids. In addition to the 15 12J cage there is the
larger [5 ' 264 J cage.

At room temperature, the dodecasil 3C crys
tals containing Kr, Xe, and N(CH3)3 are cubic,
whereas those with tetrahydrofuran, tetrahydro
thiophane, and piperidine are optically aniso
tropic.

Atom

Si(J)
5i(2)
Si(3)
0(1)

0(2)
0(3)
0(4)

[5"1
(5'164]

x

0.0676(1)
0.2164(1)
0.125
0.0932(2)
0.0433(2)
0.125
0.1704(2)
o
0.625

y

0.0676(1)
0.2164(1)
0 .\25
0 .4065(2)
0.2995(3)
0.3734{3)
0.1704(2)
o
0.625

0.3700(1)
0.2/64{l)
0.125

-0.0001(2)
004505(3)
0.125
0.1704(2)
o
0.625

Synthesis

Dodecasil 3C was crystallized from silicate so
lutions prepared from the precipitation of tetra-

DodtcaSll 3C Fig. IS: Projection parallel to the

peraagondodecahedra layer showing the [5 12") cage and

the /5,26') cage between the layers (Z . Krlstallogr.
167:73(1984». (Reproduced with permission of
Wiesbaden Akadernische Verlagsgescllschaft)

ethylorthosilicate. The guest molecules. which
were added prior to hydrothermal treatment, in
clude CRt, COl, N(CH3h, N2 • and Ar. N2 ,

CO2 • and N(CH3h were detected as substantial
constituents of the crystalline product.
ents of the crystalline product.

Thermal Properties

DSC and hot stage microprobe examination of
dodecasil 3C crystals with tecrahydrofuran as
guest molecules show a displacive phase trans
formation to the cubic high temperature phase
taking place at temperatures varying from 100
to 120°C. The transformation energy is ca . 100
llmol Si02 . On cooling, the reverse transfor
mation takes place between 95 and tOSoC.

Doranite (ANA)
(natural)

Related Materials: analcime

Doranite was identified first by Greg and Lett
som in 1858 from deposits at the Knockagh
escarpment near Carrickfergus, County Antrim,
in Northern Ireland (Zeo. 7:286(1987»).
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Dodecasll 3C Fig. 2: Organics Ihal have been used 10 encourage lbe crystallization of this structure .

a

dM
dT

T(K}

Doranlte Fig.l: Thermoanalytical WIVes for doranite and analcime (ill static air) . (a)
Dro of doranire (20 Klmin); (b) DSC of doranile (I S Klmjn); (e) DSC of analcime (15
IUmin). (Zeo. 7:284 (1987». (Reproduced with permission of Butterworth Publishing
Company)
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Structure

(Zeo. 7:286(]987»

CHEM1CAL COMPOSITION: Na,oMg,AJ,..sb20""

*2SH,O
PORE STRUCTURE: small-pore

X.Ray Powder Diffrtution Data: (MQ.
7:286(1987» (d(A)(l/lo)) 5.85(31), 3.52(100),
2.99(40}, 2.92(10), 2.85(5), 2.72(17), 2.55(12),
2.47(6), 2.35(22), 2.25(5), 2.21 (4), 2.03(34).

Doranite is structurally related to analcime,
with about one-third of the cation positions filled
by magnesium ions. See analcime for a descrip
tion of the framework topology.

Thermal Properties

The thermal analysis confirms the magnesium
ion sitting within the structural aluminosilicate
framework of doranite and not the presence of
a magnesium-rich second phase (Zeo. 7;286
(1987)).



E

E
(US2,962,355(1960»
Union Carbide Corporation

WI% Adsorbed

Temp. • Pressure,
Adsorbate 'C mm Hg K-Na-E Ca-E Mg-E LirE

ECR·]
(US4,657,748(1987)
Exxon Researcb and Engineering
Company

Relmed Maurials: mazziteJmordenite
(proposed)

Structure

Chemit:aJ Composition: 0.4 Ns20 : 0.5 K 20 :
2.0 sio, : AhO~ : 3.3 H20 .

X.RayPowtkrDiffTactionDam: (d(A) (lI/o))
9.53( 1(0). 7. J3(16), 5.47(8), 4.23(18), 3.86(6),
3.54(4) , 3.46(12), 3.41(4), 3.34(5),3.14(14),
3.08(10), 3.00(18), 2.86(23), 2.63(7), 2.30(8),
2.23(9), 1.89(4), 1.67(5), 1.62(3), 1.48(3).

Zeolite E exhibits properties characteristic of
a very small-pore molecular sieve.

-/96 100
25 710
25 687
25 708

0.4 J.8 0.6
1.6
0.1
3.0

0.4

Synthesis
Structure

WI'll> Adsorbed

none
ORGANIC ADOITIVE

Adsorption

a = 7.310(4)
b = 18.144(6)
c = 26.31(1)

X.Ray POWUT Diffraction Data: (prepared
from (PrOHhM~N» d(A) (/110) 14.9(11),
10.6(18), 9.10(63), 7.87(36). 6.77(40), 6.56(9),
6.31(15), 5.91(22), 5.31(9) , 4.99(14), 4.73(16),
4.44(17), 4.22(22) , 4.11(3), 3.796(54),
3.724(lI), 3.574(13) , 3.500(79), 3.252(57) ,
3.172(100). 3.068(7) , 3_008(27), 2.278(14) ,
2.603(7); (prepared from (EtOH)2M~ 14.8(20)
10.6(15), 9.10(44), 7.85(8), 6.76(45), 6.57(10),
6.29(19) ,5.89(16),5.32(9),4.97(14),4.73(6),
4 .44(18), 4.23(35), 3.789(15) , 3.730(17),
3.574(17), 3.497(4C), 3.251(55), 3.170(100),
3.069(8), 3.006(27), 2.679(27), 2 .588(15).

ECR-l is proposed to be a 12-member.ring
zeolite containing a regular intergrowth between
sheets of mazzite and of mordenite. The repeat
unit in this structure is 26.5 A. representing the

157

CHEMICAL COMPOSITION: (O.02-Q.I)RzO: (0.9-
0.98)Nll2O : Al,O, : (5-20) SiOl : .J: HzO

SYMMETRY: primitive orthorhombic
SPACE GROUP: Pmmn
UNIT CElL CONSTANTS: (A)
(Nature 819(1987))

6.3 12.4 /7.0 /4.0
15.9 15.5 20.4 18.1
19.5 18.6 22.8 20.2

25 I
4.5

25

Ion Exchange

The cations in zeolite E can be exchanged for
calcium (89%), magnesium (52%), and lithium
(47%).

Zeolite E crystallizes from a reactive so
dium/potassium aluminosilicate gel, with equi
molar ratios of potassium to sodium and with a
SiOz/Ah03 of 2 and a water/Al-O, ratio of 30.
Crystallization occurs at 100°C after 64 hours,
producing 2- to 4-micron-size cubic crystals .

Temp., Pressure, --------
Adsorbate "C rom Hg K-Na-E Ca-E Mg·E LirE

H,O
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two planes of alternating mazzite (15.5 A) and
mordenite (10.5 A). The composition of this
material resembles that of mazzite (Si/AI = 3.4)
rather than that of mordenite (SilAI > 5). The
overall SilAI ratio, determined by chemical
analysis, is 3.35 .

Synthesis

ORGANIC ADDmvES
(PrOHhMe2N (DHPDM) (ACS Sym. Ser. 398:506(1989»
(EtOH)2MetN (DHEDM) (ACS Sym . Ser. 398 :S06(1989})

game, the faujasite (type Y) structure is formed ,
The gel composition used in crystallization of
this material consists of: 0.6(DHEDMhO :
1.35NazO : Al20) : 7 .5 Si02 : 110H20: I.2NaC!.
Warerglass, N brand silicate of PQ Corporation,
is used as the source of silica although colloidal
silicas have been found equally effective. Hy
drated alumina is used as the source of alumi
num . Analcime and zeolite P (gismondine) gen
erally are observed as the impurity phases present.
Crystallization occurs between 120 and 160°C
after 8 days (ACS Sym. Ser, 398:507(1989)).

ECR-I crystallizes in the presence of DHEDM
and DHPDM . Without the addition of the or-

Thermal Properties

See ECR-I Fig . 2, p. 159.

0.9

o

o ECR-1+MOR

o ECR-1

o MOR

6. ECR-1-rMAZ

eMAZ

0.7

i

0.7

0.600.500.40

0.6 L- ------' 0.6

~~ ~~
(R,Na)20 AJPa

ECR-l Fig. 1: Crystallization composition diagram showing crystallization fields of EeR·1 (0 ). mazzite (ej,
mordense to). ECR·I + mazzite (t.), and ECR-I + mordenite (D) (ACS Sym . Ser. 398 :506(1989)).
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Thermal Properties

100

96

92

~ 88L

E
'"
~ 64

80

76

72

ECR-1-E2M2

MAZZITE -TMA

FAUJASITE -E2M2

o 100 200 300 400 SOO 600 700 800 900 1000 noo

Temperature ee)

ECR·l Fig. 2: TGA of ternplated ECR·I, mazzitc, and faujasite [E2M2 = (Et04h
Mc,N) (ACS Sym . Ser, 398:506{ 1989». (Reproduced with permission of the American
Chemical Society)

Adsorption

Adsorption propert ies of ECR-I (ACS Sym . Ser. 398 :506{1989));

Unit Cell. A
Organic

Sample Si~AhO) Q b c

A DHEDM 6.70 18.15 26.31 7.31
B DHEDM 6.88 18.13 26.18 7.31
C DHEDM 6.54 18.15 26.09 7.31

L I hr/45 TorrJ2O"C.
2. WI. loss < 400"C.

1.6
2.3
2.0

Structure

10.8
11.5
9.4

ECR·2 (LTL)
(EP 142,350(1985»
Exxon Research and
Engineering
Company

Related Materials: Linde type L

CHEMICAL COMPOSmON: 0.9-1.1 M2inO: AhO) :
2.5-5.1 SiO, : :c HIO (M = K fIT mixture of KINa)

SYMMETRY: hexagonal
UNIT CELL CONSTANTS; a = 18.49 A

c = 7.52 A
PORESTRUCTURE: 12-mcmber ring, unidimensional

large-pore



none
ORGANIC ADDITIVES

d(A) (/1/0»
4.13 (23),
3.734(38),

160 ECR-4 (FAUIEMT)

X-Ray Powder Diffraction IhJ1a: (d(A) (1//0»
15.88(100), 7.49(20), 8.01(30), 5.81(17),
4.59(54),4 .41(15),4.33(8.9), 3.92(72), 3.80(6),
3.78(2),3.65(31),3.47(60),3.40(4),3.28(34),
3.18(72), 3.06(47), 3.01(9), 2.91 (54), 2.84(7),
2.79(6), 2.65(49), 2.62(20), 2.50(13), 2.47(11),
2.42(6), 2.37(5), 2.30(7).

See Linde type L for a description of the
framework topology.

Synthesis

ORGANIC ADDITIVES
none

ECR-2 crystallizes from gel compositions
in the range: (1-1.6) M 20 : Ah03 : (2.5-5.1)
Si02 : (80-140) H20 , where M can be either
K'" or a mixture of K+ and Na". Success of
crystallization appears to be dependent on the
presence of potassium. Crystallization occurs
between 120 and 300°C within 2 to 8 days.
Larger-size crystals are formed at the higher
temperatures . Sources of silica and alumina in
clude metakaolin and potassium silicate.

Thermal Properties

ECR-2 loses 10.2% of its weight between room
temperature and 400"C.

ECR-4 (FAU/EMT)
(US4,714,601(1987»
Exxon Research and Engineering
Company

ReloJed Materi4ls: faujasite/EMC-2

Structure

The difference between ECR-4 and type Y is
based on the greater number of Si atoms with
zero or one aluminum neighbor than with two
or three neighbors in ECR-4, which is the re
verse of what is observed in zeolite Y. EMC-2
is also present as an intergrowth .

Synthesis

ORGANIC ADDITIVES
(HOCHzO'hh(CHlMol~
(CH.cHOHCHlh(CH.1hN +

ECR-4 is a faujasite-type zeolite prepared
from a reactive mixture with a molar oxide ratio :
(1.6-8) (Na " ,R) : (4-20) Si02 : Ah03 : (100
4(0) H20 (R represents the organic additive).
Nucleating seeds also were added to this system,
amounting to 0.1 to ID mol% relative to the
Al203 content of the final material. Crystalli
zation takes place between 90 and l20°C.

ECR-5 (CAN)
(EP 190,903(1986»
Exxon Research and Engineering
Company

RelizUd Mmerials: cancrinite

Structure

CHEMICAL COMPQsmON: (1.1-1.3) Na,Q : AJ,Q) :
(2.4-3 .1) SiO,

UNIT CELL CONSTANTS (A): a = 12.64 A
c = 5.18}.

X-Ray Powder Diffraction Dasa:
6.33(76), 5.47(14), 4.64(90),
3.65(97), 3.23(100), 3.04(6),
3.595(37), 2.418(20), 2.392(9).

ECR-5 is structurally related to cancrini te.
The main feature of the cancrinite structure is
the single 12-ring channel parallel to the c axis .
In the natural cancrinite, these 12-member rings
are blocked, restricting adsorption. In ECR-5,
however, the structure is open, with properties
characteristic of the presence of large pores. The
Si02/AI203 ratio is between 2.4 and 6, higher
than that of the natural cancrinite.

Synthesis



ECR-5 is synthesized from reaction mixtures
with composition ranges of:

Na201AhOJ : 2-17
SiOJAhO) : 2-25
H 201Aha) : 30-450
(H20 + NH))IAha) : 50-600

The unique feature in this synthesis of the un
blocked form of cancrinite is the utilization of
ammonia in the synthesis gel. About 30% by
weight ammonia is used. Crystallization occurs
after five days at temperatures between 75 and
90°C. Phillipsite has been observed as an im
purity phase in this system when stirring has
been too vigorous. The sources of aluminum
and silicon do not appear to strongly influence
crystallization to the desired product.

Thermal Properties

Crystallinity is maintained when the as-synthe
sized material is heated to 500°C. TGA shows
a weight loss of 13..5% between room temper
ature and 5000C.

Adsorption

ECR-30 (EMTIFAU) 161

2.0982(8), i.0572(l0), 2.0202(4), 2.0173(2),
1.9802(5), 1.9486(7), 1.8843(4), 1.8553(6),
1.8275(4), 1.7992(13), 1.7476(9), 1.7247(13),
1.6189(2), 1.5997(4).

ECR-tO is topologically related to zeolite rho.

_Syn thesis

ORGANIC ADDITIVES
none

ECR-IO crystallizes from a batch composi
tion with a NalO/(Ga,AlhO~ ratio between 1
and 3, Cs20 /(Ga,Alh OJ between 0.1 and 2,
Ga20i(Ga,AI)20J between 0.7 and I, SiOJ
(Ga,AlhO) of 2 to 4, and H20 /(Ga,Alh OJ be
tween 30 and 250. Crystallization requires tem
peratures around 100°C after a few hours to
several days .

ECR·17
(EP 2S9~S26(1988»

See CSZ-I.

Adsorption properties of ECR-S (wt%):

o-c
2.1%

n-Butane

- 2j'C
4.2%

O'C
5.2 %

II·Hexane

27"C
2 .2%

ECR·30 (EMTIFAU)
(EP 315,461(1981»
Exxon Research and Engineering
Company

Relo1ed Materials: EMC-21faujasite

n-Sulane Ie 100 Torr; n-bc:.une ae 10 Torr.

ECR·I0 (RHO)
(US4~960~578(1990»

Exxon Research and Engineering
Company

Related Materials: rho

Structure

ChemkalComposition: (Na,CshO: (AI,Ga)20)
: 2-4 Si02 : x H20 (x = 0 to 6).

X-Ray Powder Diffrtu:th:m DaI4: (d(A) (11/0»
10.55042(62),6.0606(15),5.2411(3),4.6860(3),
4.2808(19), 3.9651(9), 3.4965(54), 3.3167(100),
3.1626(61),3.0285(.56),2.9104(13),2.7086(38),
2.5445(10),2.4728(6),2 .4062(4),2 .3430(13),
2.2878(3), 2.2366(9), 2.1867( 10), 2.1445(2),

Structure

ChemiaJIComporition: 0.02 to 0.8 T20 : 0.2
to 0.98 Na10 : AhO): 6-20 sto.. .r H20 where
T represents the organic amine cation, x rep
resents 0 or an integer from 1 to 25.

X-Ray Powder Diffraction Datil: (d(A) (/1/ 0»)
14.98(100), 14.39(43.20. 13.29(30.7),
8.65(14.6), 8.079(22), 7.491(4.2), 7.413(9.8),
7.29( 1.3), 6.664(0.5), 6.485(2. I), 5.904(0.8),
5.622(8.0), 5.556(4.50, 5.373(2.7), 5.269(1.0),
5.189(8.8), 4.876(2.2), 4.718(1.5), 4.568(0.9),
4.564<0.9), 4.450(9.9), 4.430(0 .2), 4.325(5.0),
4.040(2.2), 4.037(1.1), 3.965(2.3), 3.745(1.8),
3.714(1.0), 3.625(0.3), 3.604(0.6), 3.598(2.1),
3.498(0.8), 3.489(0.2), 3.459(0.2), 3.437(0.8),
3.369(1.4) , 3.343(0.3), 3.322(1.9), 3.2690.8),
3.236(0.9), 3.174(0.4), 3.141(0.2), 3.101(1.7),
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ECR-30 Fig. I: X-ray powder diffraction panern.

3.094(0.2), 3.027(0.2). 2.996(0_2), 2.980(0.2),
2.941(0.3), 2.933(0.3), 2.919(1.4), 2.883(1.3).
2.878(1.9). 2.860(3.5), 2.287(0.4), 2.794(0.3),
2.789(0.5),2 .766(1.7)

ECR-30 represents a material which contains
an intergrowth between EMC-2 (major phase)
and faujasite (minor phase).

Bdingtonite (EDI)
(natural)

RelaJed Materials: K-P
Linde F

The natural barium aJuminosilicate edingtonite
was first described by Haidinger in 1825 in Scot
land (Nat . ze« (1985)) .

Synthesis

ORGANIC ADDmVES
m<:thylDiethylammonium +

Structure

('h!o . Mol. Sieve. 141(1974))

The material crystallizes with the range of
Na+T/Na between 3 and 5; (Na,n20 : A120J

between 1.6 and 10;Si021AhOj between 14 and
50 and H20 /Ah O) between ISO to 600 . Crys
tallization occurs in a temperature range of 70
to 160°C with crystallization limes ranging up
to 67 days.

CHEMICAL COMPOSrnON: Ba,(AkS~010)·8H,0

SYMMETRY: tetragonal
SPACE GROUP : P42,m
UNIT CELL CONSTANTS: a = 9.58 A

c = 6.52 A
VOID FRACTION (determined from water

conrent): 0.36
FRAMEWORK DENSITY (glee): 1.68
PORE. STRUcruRE: two-dimensional, 3.5 x 3.9 A

ECR·32 (FAUIEMT)
Exxon Research and Engineering
Company

ECR-32 represents a higher silica faujasite with
EMC-2 as a minor component.

X-Ray Powder Diffraction Data: (Zeo . Mol.
Sieve. 215(1974)) (d(A) (lIIo» 6.49(80),
5.37(80).4.80(90), 4.64(90), 4.29(40), 3.86(20),
3.58(100), 3.39(60), 3.255(50), 3.078(60),
3.010(80), 2.934(70), 2.749(100), 2 .655(40),
2.591 (90), 2.461 (50), 2.232(80). 2.260(80),
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Edingtonlte Fig. IS: Framework topology.

2.20(60), 2.178(60), 2.143(20), 2.132(70),
2.062(70), 2.035(50), 1.9754(50), 1.933(60),
1.889(50), I. 834(70), 1.795(50), 1.766(50),
1.694(40), 1.678(20), 1.653(60), 1.644(60).
1.623(40), 1.606(40).

The framework structure of edingtonite con
sists of the simplest method of erosslinking the
chains of 4-1 units of tetrahedra. SiJAI ordering
very similar 10 that found in natrolite is observed
in edingtonite, with each unit of five tetrahedra
having an SiJAI ratio of 3:2 (Acta Crystallogr,
B32: l623( 1976». Examples have been ·found

of disordered edingtonites (N. lb. Miner. Mh.
373(1984». The Ba + 2 cations are located on
the twofold rotation axis at the intersection of
the channels and are surrounded by six frame
work oxygen atoms and four water molecules.

Atomic parameters for edingtonite (N . Jb . Mitu!r. Mh.
373(] 984»:

occ . :.cia ylb zlc

Ba(l) 0 .928 In 0 0.6393(1)
Ba(2) 0.048 In 0 0.5691(6)
T(I) I 0 0 0
T(2) I - 0. 17340 ) 0.0934(1) 0 .3812(1)
00) I 0.1735(2) 0.3265 0.6232(4)
0(2-3) I -0.0447(2) 0.1962(2) 0 .4651(2)
0(4-5) I -0.1372(2) 0.0382(2) 0.1443(3)
OW(l) 0.918 0.1753(3) 0 .3247 0.1448{6}
OW(2) 0.933 0.3793(4) 0.1207 - 0.211(8)
H(I) 0.918 0.2385 0.3693 0.0594
H(2) 0.933 0.4134 0.2020 0.0435

Thermal Properties

Four water losses are observed in this mineral
between room temperature and 450"C. Struc
turally, there are only two independent water
sites in this zeolite. Crystal destruction is ob
served at 400°C (Nat. Zeol. 65(1985».

8 12 16 20 24 28 32 36

DEGAE~ 2&

48 52

Edlngtonlte Fig. 1: X·ray powder diffraction pattern for edingtonite (ACS 368:162(1988).
(Reproduced with permission of the American Chemical Society)
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Band frequencies (em") in the raman spectrum of
cdingtonlte (in the region below 1200 em") (Nat . Zeo,
257(1988)):

lnfrared Spectrum

338350

690
750 752

962

1083

1085

a

5

TG
10

DTG

A BI 82 B3

Band frequencies (cnr") in the raman spectrum of
edingtonlte (in ihe region below 1200 em") (N(J:I. ZeD.
257(1988»:

407 380
83 494
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68 504
530
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200 656
713
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292 993
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B281
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357
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...J

~
10Cl

~
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65
97
104
135
152

235
278
315
359

DTA

TCC)

o 200 400 600 BOO

EdlngtuDite Fig. 3: Thermal curves of the orthorhombic edingtonlte from
Bohler Mine (solid line) and lite tetragonal edingtonite from Ice River (broken
line); in air, heating rate 2O"CJrnin (N . lb. Miner. Mh. 373(1984)).
(Reproduced with perm ission of E. Schweizerbart, Stuttgart)
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Edfngtonlte F1g. 4: IR spectra of the orthorhombic edingtonite from Bohler Mine (top) aod the
tetragonal edlngronite from Ice River (bottom) (J. lb. Miner , Mh. 373(1984». (Reproduced with
permission of E. Scoweizerban, Stuttgart)

Ion Exchange

Fusion with sodium chlorate, potassium thio
cyanate, silver. and thallium nitrate at 270°C
results in ion exchange in this structure; how
ever , exchange is not complete (Mineral. Mag,
23:483(1945». Edingtonite is found to exhibit
piezoelectric properties (Rend. Soc. Miner. ltal.
9:268(1953».

Structure

(15th Congress of the IUCr, Bordeaux, July 1990,
pp C-177-178)

CHEMICAL COMPOSITION: (Na.H)Ic.AII~it;oO'92

SPACE GROUP; P6y'rnmc
UNIT CELL CONSTANTS (A) ; ,,= 17.384

c = 28.341

Atom x

Atomic parameters for EMC -2:EMC-J (FAU)
(Fr 88 13,269(1988»
Ecole Nationale Superieure de Chimie
de Mulhouse

Rela1ed Materials: faujasite

EMC-I represents a high silica (Si02}

AI203 = 3-10) faujasite prepared in the pres
ence of crown-ethers .

EMC-2 (EMT)
(Fr 88 13,269(1988»
Ecole Nationale Superieure de Chimie
de Mulhouse

Re10led Materials: Breck structure six
hexagonal faujasite

Si(l)
Si(2)
Si(3)
Si(4)

0(1)
0(2)

0(3)
0(4)
0(5)

0(6)
0(7)
0(8)
0(9)

0(10)
0(11)

0(12)

0.3729
0.4276
0.4881
0.4869
0 .4562
0 .2921
0.3426
0.4016
0.4301
0.3564
0.52&5
0.4820
0.5939
0.4719
0.5889
0 .4522

y

0.0954
O.Q34{)

0.1551
0.1525
0.1282
0.0000
0 .1713
0.0932
0.0714
0.9262
0.0571
0 .2410
0.1878
0.2359
0 .1779
0.1196

0.0161
0 .1065
0.9276
0 _1967
0.9809
0 .0000
o.orn
0.0712
0 .1590
0.1096
0.0930
0.9079
0.9239
0.1788
0.1874
0.2500



166 Encilite (MFI)

- - ... - &- -- ---- 1 - ~ - - I . - 1 - - - _. - ... _0 ~ - - _ •• - , - . _ . - • • - r • •• - ' J

10 20

2 1'heta

10 40

EMC·2 FIg. 1: X-ray powder diffraction panern for EMC-2 (15tJr. Congress of the WCT, Bordeaux , July 1990, PP
C-177·178).

EMC-2 differs from the faujasite structure in
the connection of the faujasite sheets.

Synthesis

ORGANIC ADDITIVES
1.4,7.10, J3,16 hexaoxacyctooctsdecane (I8-crown-6)

EMC-2 crystallizes from a reactive gel with
a batch composition of: 10 Si02 : AhOJ : 2.4
Na20; 1 "crown ether": 130 H20. Without tbe
crown ether. crystallization of Y zeolite results
(PP 8th IZC 127(1989))_

Encilite (MFI)
(EP 160,136(l98S)

See ZSM-5 ,

Epidesmine (STI)

Obsolete synonym for stellerite.

Epistilbite (EPI)
(natural)

The Dame epistilbite first was proposed for a
natural zeolite identified in 1826. The name is
due to the zeolite's similarity to stilbite.

Eplstllbile Fig. IS: Framework topology.
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Eplstil.blte Fig. 2: Thermal curves of epistilbite from (a) Elba. Italy, (b) Berufjord, Iceland, and (c)
Yugawara, Japan; in air. heating rate 20"Clroin for TO (and D1'O) and IO"CImin for DTA (Nat. Zeo.
242(1985»). (Reprod uccd wilh permi 55 ion of Springer Verlag Inc.)
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Structure

(Zeo. Mol. Sieve. 216(1974»

CHEMICAL COMPQSmON: Clio,. NlIo 79 "000:830.01

(AkooSi 180 ..)* 15.46H10

SPACE GROUP: C1
UNIT CELL CONSTANTS (A): a = 9.101(2)

b = 17.741(1)
c == IO.226{I)
13 == 124"66'

PORE STRUCTURE: intersecting 10- and 8-member
rings 3.4 x 5.6 A and 5.2 x 3.7 A

X-Ray Powder Diffraction Data: (ZeD. Mol.
Sieve. 216(1974» (d(A) (11/0» 8.90(100),
6.90(33), 6.12(3), 4.92(55), 4.64(7), 4.49(9),
4.44{IO), 4.33(20) , 4.24(4), 4.01(8), 3.924(23),
3.870(73), 3.824(14), 3.802(16), 3.737(8),
3.446(92), 3.332(14), 3.270(21), 3.262(21),
3.208(83), 3.154(3), 3.114(2), 3.061(7).

The framework of epistilbite consists of
four-, five-, and eight-member rings. Linked
chains of five-member rings are present in this
structure. The cations Ca+ 2 and Na+ occupy
sites near the periphery of the cavity . Coordi
nation is to some of the framework oxygen at
oms as well as water molecules (Mineral. Mag.
36:480( 1967); A. Kristallogr. 173:257(1985».

Atomic coordinates for epistilbite (Mineral . Mag .
36:480( \967»):

Atom r y z

T(A) 0 .001 0.088 0.\61
T(B) 0.293 0.208 0.390
TeC) 0.707 0.197 0.097
01 , 0.760 0 0.25\

Na
O(l) 0.021 0 0.215
0(2) 0 0 .100 0
0(3) 0.812 0.117 0.132
0(4) 0.170 0.134 0.309
0(5) 1/2 0.\80 0
0(6) 1/2 0.179 1/2

0(7) 3/4 1/4 0
0(8) 0.773 0.233 0 .261
0(9) 1/4 1/4 112

Synthesis

ORGANIC ADOmVE
none

This structure has been prepared from alu
minosilicate reaction mixtures containing cal
cium ions (lCS London 1953:1879(1953».
Crystallization occurs at temperatures of around
2500C and at Si02!AhO) ratios of 7 .

Thermal Properties

When subjected to dehydration under vacuum
conditions, the epistilbite structure is thermally
stable to at least 250"C. Readsorption of water
is possible; however, no other gases or vapors
will enter the pores. It is thought that, in its
dehydrated state, the cations block the pores in
this structure. See Epistilbite Fig. 2 on previous
page .

The slight variations observed from one min
erai sample to the other in epistilbite are attrib
uted to dehydration differences due to possible
stacking faults (Am . Mineral. 59:1055(1974».
Epistilbite exhibits piezoelectric properties (Rend .
Soc . Miner . ltal . 9:268 (1953).

Infrared Spectrum

MiJ1-infrlJl'ed Vibrations tcm :'}: ll75sh,
1050sh, 795w, 690w, 563w, 4555 (ZeD. 4:369
(1984».

Erionite (ERI)
(natural)

Relaled Materials: AIP04-17

SAPO-17
and related metal

substituted alumino
phosphate molecular
sieves

LZ-220

Erionite is a fibrous mineral first named in 1898;
its name is derived from the Greek word for
wool. It occurs as a common intergrowth with
offretite (Mineral. Mag. 32:261(1959); Nature
214:1005(967); ACS 101:230(1971);Crys». Res.
Technol. 15:869(1980».
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Atomic parameters for erionite (Bull. Soc. Fr . Mineral.
Cristallogr, 92:250(2969):

irregularly distributed in the large channels (Bull .
Soc. Fr. Mineral. Cristallogr. 92:250(1969».

Erlonite Fig.. 2: Thermal curves of erionite from
Agate Beach, Oregon: in air. heating rate 2O"C!mili (Nat ,

Zeo . 206 (1985)). (Reproduced with permission of
Springer Verlag Inc.)

----- (1. ---

Erionlte Fig. IS: Framework topology.

Structure

(Nat. Zeo. 200(1985»

CHEMlCAL COMPOSmON: NaK1MgCal..l
(AlaSi,.0n)*28H,O

SYMMETRY: hexagonal
SPACE GROUP: P6,1mmc
UNIT CELL CONSTANTS: (A) 0= J3.15

c = 15.OS
PORESTRUCTURE: three-dimensional. eight-member

rings, 3.6 x 5.1 A

X-Ray Powder Diffraction DaIiJ: (Nat. Zeo.
335(1985» (d(A) (1Il0» 11.56(76),9.18(5),
7.55(9),6.65(48),6.31(6),5 .76(28),5.39(20),
4.60(26), 4.58(30), 4.35(78), 4.18(28),
3.839(60), 3.771(94), 3.586(57), 3.423(5),
3.323(45), 3.291 (17) , 3.277(13), 3.193(13),
3.153(26), 3.122(11), 2.936(13), 2.880(76),
2,851(100), 2.826(65), 2.688(28), 2.513(33).
2.494(28), 2.215(19), 2.125( 13), 2.091(7).
1.994(7) .

The framework of erionite consists of col
umns formed by cancrinite cages joined by dou
ble six-ring units. Each cancrinite cage is con
nected to adjacent columns by single six-rings.
This gives rise to a 12-member-ring channel
system. However, the cancrinite cages in the
columns are alternately rotated by 60°. placing
a six-ring unit into the main channel every 15.2
A.

Cations regularly occupy two types of sites
in the cavities of the framework and are, in part,

Atom

Si(l)
Si(2)
Sj(3)
Si{4)
Si(5)
Si(6)
Si(7)
0(1)

0(2)

0(3)
0(4)

0(5)

0(6)

0(7)
0(8)

0(9)

0(10)

0(11)
0(12)
0(13)

~ 5

~ 10o
m
~ 15

0.120
0.120
0.000
0.000
0.210
0.166
0.046
0.108
0.126
0.054
0.062
0 .219
0 .109
0.136
0.000
0 .226
0.048
0.115
0.167
0.000

y

0.120
0.120
0.239
0.239
0.120
0.255
0.378
0.000
0.000
0.162
0.188
0.000
0.330
0.136
0.273
0.321
0.500
0 .158
0.185
0.339

0.120
0.606
0.106
0.606
0.250
0.750
0.750
0.128

-0.133
0 .628

-0.633
0 .250
0.750
0 .000
0.000
0.750
0.750
0.162
0.662
0.662

TG

OTG

OTA

cC)
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Synthesis
Cation exchange in erionite (2M. Mol. Siev«, 564(1974)):

ORGANIC ADOmVES Exchange Conc (N) T ("C) ~.

tetrarneinylemmonium " rrMA) (JCS
(A)1970: 1470(1970)) Na+ to Cs· 1.0 25

benzyltrimethylammoniurn" (US3.699.139( 1972)) K+ 10 Na+ 1.0 25
benzyltnethylammonium + (SSSC 28:429( 1986» N3+ 10 1/2 Ca+1 1.0 25 1.0
1.4-diuobicyclo (2.2,2) octane monobasic and dibasic Na + to \12 Sr+ 2 1.0 25 1.0

(SSSC 28:429( 1986)) Ca ..- 1 to 112 s-: 2 1.0 25 1.0

Erionite crystallizes from reactive alumino- •..l_. ~ equiv. ,x'h3l1gcrlJg atoms of AI in me zeohte,

silicate gels in the presence of TMA"', Na"', b. All of th. K+ is nOl exchangeable .

and K+ cations. with Si02/Ah03 ratios around
15 (JCS (a)1970:1470(1970)). Common impur- Adsorption
ity phases reported include offretite and clinop-
tilo1ite. Similarities in the X-ray diffraction pat-

Adsorption properties of erionire (Zeo . Mol. Sieve .
terns of TMA-E (EAB), erionire, and offretite 622(1974)):
made identification difficult in many early re-
ports (Nature 213 :1004(1967); J. Solid State WI%

Chern. 37:204(1981)) . Adsorbate T("C) P (forr) adsorbed

Argon -196 0.1 14

Thermal Properties 10 20.5
100 24

There are three peaks observed in the thermal Oxygen -196 0.020 II

curves of erionite, at 100, 140, and 170°C, con- 3 18

sistent with the presence of three structural types 50 20.4

of water molecules. See Erionite Fig. 2, p. 169. Xenon -196 70 27
100 32

Water loss is nearly complete at 300°C (NaJ. 700 35
Zeo. 205( 1985)). Dehydrated erionite has a very Nitrogen -196 0.1 12

stable framework structure, even upon exposure 10 14.5

to water vapor at 375°C. IDO 16
700 19.4

273 100 0.6
Infrared Spectrum 700 L2

Mid-infrared Vibrotions (em-I): 1160bwsh, 1400 5
H,Q 2S 0.1 10

1056bs. 782m, 725bw. 671vw, 634m, 580w, I 13
533w , 47Oms, 436m, 41 Iw (Zeo. 9:104(1989)). 20 22

NH) 2S 0.4 5.8
10 8.4

Ion Exchange tOO 11.4

700 12.1
The maio cation species in the natural mineral CO2 25 20 9.5
are K -1- and Ca + 2 . The K + cation shows con- 100 11.5

siderable resistance to ion exchange, indicating 300 l3 .5

that it is locked within the structure . With an 700 14.7

increasing degree of ammonia exchange, ini-
n-C)H8 25 10 .'S

100 6.3
tially the Na + and finally the K + cations are 700 7
replaced (ZeD. 9:224(1989)). Ammonia is de- n·c.H,o 25 10 7.6

sorbed from the ion-exchanged forms at inter- 100 9.0

vals from 267°C to 627°C. Dealurnination DC- 700 10.5

curs when the degree of ammonia exchange is
n-C"H,. 98 2S 1.8

350 2.6
greater than 85% .



Adsorption properties of erionire (uo . Mol. Sieve .
622(1974):
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around 12.2. Crystallization occurs after a week
at 125°C.

Adsorbate T ("C)

n·C,H,z 25

Isobutane 25
Isobutanc
I-Butene 25

P (TOIT)

10

100
400
none

adsorbed
10

Wl%
adsorbed

9.3
10.8
14.5

8.3

ETS-2
(US4,853,292(1989))
Engelhard Corporation

Structure

Neopentane

Benzene

25

25

100
700
None

adsorbed
None

adsorbed

9.6
12

Chemical Composition: titanium oxide phase
with low levels of Si02 •

X-RayPowderDif:fraction Pattern: (d(A) (/1/0»
8.75(85),3 .70(4O),3.16(l00).

This material exhibits properties character
istic of a low-thermal stability layered material.

Synthesis

ETS-l
(US4,853,292(1989»
Engelhard Corporation

Strudure

ChemieaJ Composition: 1.0 ± MUHO : Ti02 ;

y Si02 : z H20 (M cation with valence n; y =
2.5 to 25 and z from 0 to 100).

X-RayPowderDif{rtJt:tionP~rn: (d(A) (11/0»
7.800(0), 7.80(100) 7.16(5),4.69(5),4.47(5),
3.90(l5), 3.39(5), 3.20(30),3 .03(5),2.60(35),
2.45( 15),2.38(10), 1.97(10), 1.95(20), 1.90(15).

This material exhibits properties character
istic of a layered material.

Syntbesis

ORGANIC ADDrI1VE
none

This structure crystallizes from reaction mix
tures with Sifri of I, Na + KlSi of 3, OHlSi
of 3, H20/Si02 of 60 and OHlH20 of 10. The
synthesis mixture employs sodium silicate, ti
tanium sequioxide (Ti203) , sodium and potas
sium hydroxide, KF*2H~. The pH initially was

ORGANIC ADDITIVE
none

This structure crystallizes from reaction mix
tures similar to those of ETS-I except that po
tassium is not used in the crystallization.

ETS-4
(US4,938,939(1990»
Engelhard Corporation

Relaled Material: Zorite

Structure

Chemical Composition: 1.0 ± MunO : Ti02 :

y Si02 ; Z H20 (M cation with valence n; y :::
2.5 to 25 and z froro 0 to 1(0) (Si/Ti = 2.6) .

X-Ray PowderPattern: (dCA) (/1/0» 11.6(45),
6.9(95), 5.27(35),4.45(25), 3.61(25), 3.45(50),
3.38(3.5), 3.066(95), 2.979(100), 2.902(55),
2.763(20), 2.641(2.5), 2.587(60), 2.506(lO),
2.426(20) .

This material exhibits properties character
istic of a small-pore molecular sieve.
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Synthesis

ORGANIC AOOmVE
none

This structure crystallizes from reaction mix
tures with a broad range of Si/Ti between 1 and
10, H20/Si02 between 2 and 100, and MJSi02

between 0.1 and 10. The most preferred range
is between 2 and 3, 10 and 25, and I and 3.
The synthesis mixture employs sodium silicate,
titanium chloride (in HCI), KF*2H20 , and so
dium hydroxide. The pH initially is around 10.2.
Crystallization occurs after a week at ISO°C.

Adsorption

Adsorption properties of ETS-4:

Sodium Calciwn
As-synthesized, exchange, exchange.

Sorbate wt% wt% wl%

H2O 13.1 16
/I-Hexaoe 0.6 4 .1
Benzene 0.5 0
S<h 0.2 12

ETS-IO
(US4,853,292(1989»
Engelhard Corporation

Structure

Chemkal Composition: 1.0 ::!: M;/nO : Ti02 :

y Si02 : z H20 (M cation with valence n; y ::::
2.5 to 25 and z from 0 to 100) (Si/Ti = 4.75)_

X-Ray Powder Pattern: (d(A) (lIIJ) 14.7(5),
7 .2(10) ,4 .93(5),4.41(25),3.74(5),3.60(100),
3.45(25), 3.28(20), 2 .544(10), 2.522(25),
2.469(10) .

This material exhibits properties character
istic of a large-pore molecular sieve.

Synthesis

ORGANIC ADOmVE
none

This structure crystallizes from reaction mix
tures with a broad range of Siffi between 1 and
10, HzO/SiOz between 2 and 100, and MlSi02

between 0.1 and 10. The most preferred range
is between 2 and 3, 10 and 25, and 1 and 3.
The synthesis mixture employs sodium silicate,
uranium chloride (in HCl), KF*2H20, and so
dium hydroxide . The pH initially is around 10.2.
Crystallization occurs after a week at 150°C.

Thermal Properties

In the rare-earth-exchanged form this material
exhibits crystal stability until 450°C, and the
hydrogen form is stable to at least 500°C.

Adsorption

Adsorption properties of ETS-I 0:

!We eartb Hydrogen
As-,ynth""ized. exchange, form,

Sorbate wt<I> Wl<J. wt%

H,O 12.9 12.6 IS
a-Hexane 8.2 1.2 1.8
r.3,5·Tnmelhyl· 0 .4-0.5 O,~.5 O.4-{).S

benzt.ne

Triethylamine 8.4 4.7 11.1

EU·] (EUO)
(EP 42,226(1981»
Imperial Chemical Industries

Related Mllterial: ZSM-50
TPZ--3

Structure

(Zeo. 8:74(1988»)

CHEMICAL COMPOSmON: (0.5-1.5) R~: Al~ :

>10 sio, : (0-100) H,O
SYMMETRY: orthorhombic
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SPACEGROUP: emma
UNIT CELL DIMENSIONS: (A) a = 13.74

b = 22.33
c = 20.18

UNlT CELL VOLUME: CA) ca. 6173 .5
PORESTRUCTURE: <A) medium-pore , 5.7 x 4.'·

(6 .8 x 5.8 pocket. 8.1 Adeep)

X-Ray Powder Pattern: (as-synthesized) (EP
42,226(198 I) (d(A) (IJ/o» 11.03(s-vs).
10.10(10-5), 9.78(w), 6.84(w), 5.86(vw-w),
4. 66(s-vs), 4 .31(vs), 4 .00(s-vs). 3.82(s-vs),
3.7J(m-s), 3.44(m), 3.38(m) , 3.26(s). 3.16(vw),
3.11 (vw). 2.96(vw), 2.71(vw), 2.55(vw),
2.48(vw), 2.42(vw), 2.33(vw), 2.30(vw) ,
2.13(vw); (calcined) 11 .11 (VS), 1O.03(vs),
9.78(w-m), 7.62(w-m). 6.84(m), 6.21(vw-w),
5.73(w), 4.87(vw) , 4.60(vs), 4 .30(vs), 3.97(5
vs), 3.77(s) , 3.71(w-m), 3.63(vw-w), 3.42(m),
3.33(m), 3.27(s-vs), 3.23(m-s), 3.15(w-m), EU-I Fig. IS: Framework topology .

5.00 7.50 10.00 12.50 15.00 17.50 20.00 22.50 25.00 V.50 30.00 32.50 35.00 37 .50 40.00

2-THETA
EU·l Fig. 1: X-ray powder diffraction pattern for EU-I (ZeD. 8:74(1988)). (Reproduced with permission of
Bunerwonn Publishing Company)
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3.07(w-m), 2.93(w-m), 2 .69(vw), 2.57(vw),
2.51(w), 2.45(vw), 2Al(vw), 2.32(vw),
2.29(vw), 21 l(vw).

Zeolite EU-I is a high silica medium-pore
zeolite containing a unidimensional channel sys
tem of to-member rings in the POO] direction.
Twelve-member rings off these channels define
deep side pockets contained within the structure.
The secondary building units defining this struc
ture are the 5-1 and single four-ring units.

Atomic coordinates from Reirveld refinement of EU·I in
Crnma (leQ . 8:74(1988»:

Atom x y U pp

Si(l) 0.115(1) 0.2500 0.J23(2) 0.OJ5oo 1.0
Si(2) 0.187(1) 0.3703(9) 0.0630(9) 0.01500 1.0
Si(3) 0.289(1) 0.4315(7) 0.185(1) 0.01500 1.0
Si(4) O. 0.448( l) 0.053(1) 0.01500 1.0
Si(5) 0 0.52B(I) 0.181(2) 0.01500 1.0
Si(6) 0.117(1) 0.2500 0.277(2) 0.01500 1.0
Si(7) 0.191(1) 0.3739(8) 0.308(1) 0.01500 1.0
Si(8) 0.287(1) 0.4302(7) 0.431(1) 0.01500 1.0
Si(9) 0 0.450(1) 0.308(1) 0.01500 1.0
Si(lO) 0 0.534(1) 0.432(1) 0.01500 1.0
0(1) 0 0.2500 0.113(4) 0.03000 1.0
0(2) 0.158(2) 0.3068(7) 0.089(2) 0.03000 1.0
0(3) 0.139(5) 0.2500 0.199(2) 0.03000 1.0
0(4) 0.2500 0.363(2) a 0.03000 1.0
0(5) 0.245(3) 0.405(2) 0.118(2) 0.03000 1.0
0(6) 0.094{t) 0.407(1) 0.044(2) 0.00000 1.0
0(7) 0.2500 0 .5000 0.196(3) 0.03000 1.0
0(8) 0.405(1) 0.431( I) 0.176(2) 0.03000 1.0
0(9) 0.260(3) 0.389(2) 0.246(2) 0.03000 1.0
0(10) 0 0.5000 0 0.03000 1.0
0(11) 0 0.477(2) 0.126(1) 0.03000 1.0
0(12) 0 0.497(2) 0.251(2) 0.03000 1.0
0(13) 0 0.2500 0.289(4) 0.03000 1.0
0(14) 0.164(2) 0.3065(7) 0.309(2) 0.03000 1.0
0(15) 0.094(J) 0.409(1) 0.303(2) 0.03000 1.0
0(16) 0.244(3) 0.391(2) 0.374(1) 0.03000 1.0
0(17) 0.2500 0.5000 0.424(4) 0.03000 1.0
0(18) 0.2500 0.403(3) 0.5000 0.03000 1.0
0( 19) OA04{ I) O. 425(I) 0.427(2) 0.03000 i.o
0(20) 0 0.485(2) 0.376(1) 0.03000 1.0
0(21) 0 0.5000 0.5000 0.03000 1.0
X(5\) 0.2500 0.2000 0.5000 o.osooo 1.01(6)
X(52) 0.4000 0.2500 0.3820 0.05000 1.27(6)
X(53) 0.5000 0.1250 0.0670 0.05000 0.53(7)
X(54) 0.5000 0.1860 0 .2980 0.05000 0.68(6)
X(55) 0.5000 0.2020 0.1760 0.05000 0.63(4)
X(56) 0 0.1830 0.4500 0.05000 0.40(5)

Synthesls

ORGANIC ADDmvES
polytoethy[e~~diamines (E.P 42.226(1981»
(Me:JN(CH,)!Me,) (EP 42 .226(1981»

o

This structure crystallizes from a batch re
action composition of: 10 Na20 : IO HexBr2 :
AhD3 : 60 SiDl : 3000 H20 at 200°C within
six hours. Crystal formation is observed in the
temperature range of 150 to 220°C. The pH
range over which this structure rOnTIS is 11.6
(initial) to 11.8 (final) (Zeo. 3: 186( (983». EU~
1 also can form from an alkali-free system with
a composition of: 5 Hex .O .H20 : 2.5 (NH 4hO
: AhO) : 60 Si02 ; 3000 H20 (Zeo. 5: 153(1985»).
Crystallization in this system occurs within 24
hours at 200°C. Co-crystallization of the EU-2
phase is observed when the SiOiAJ203 ratio of
the gel is above 120. Generally, EU-t crystal
lizes at a Si02!Ah03 between 30 and 120. "Soap
bar"-shaped crystals of EU-I form.

Adsorption

Adsorption properties of calcined EU-I (Proc , 6th lZC
894:1983):

Sorbate
Kinetic pressure,

diameter, plmm Time, %Wt.

Sorbate nm Kg tIh increase

Warer 0,265 4.7 2 6.9
19 11.0

n-HeX2Jle 0.430 45.8 2 9.5
p-Xyleoe 0.585 1.6 2 [0.5

18.5 10.8
Cyclohexane 0.600 27.0 2 1.1

EU~2

(BP 2,077,709(1981»
Imperial Cbemical Industries

Related Material: ZSM-48

Structure

ClumkalCompositWn:(0.5-1.5)R20 : AJ203 :

>70 sro, : (0-100) H20 .
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EU·I Fig. 3: TGAIDTA of EU-I (Proc. 6th lZC 894:1983). (Reproduced with
permission of Butterworth Publishing Company)

X.Ray Powder Data: (d(A) (lIl o»11.74(17),
10.13(14), 6.33(7),5.85(7),4.33(5),4.18(86),
3.89(00),3.69(7),3.37(7),3.08(5),2.85(18),
2.09(5).

EU-2 exhibits properties related to the pres
ence of medium pores in the structure, See ZSM
48 for a structural description.

Synthesis

ORGANIC ADDITIVES
polymethylene diamines (OP 2,077,709(1981))

EU~2 crystallizes between 180and 200°Cfrom
reaction mixtures with a Si021AhO) of 70 or
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100

50

5 15 25 35

DEGREES TWO THETA

EU-2 Fig. 1: X-ray powder diffraction pazrern for EU-2 (ao. 5:153(1985»).
(Reproduced with permission of BUDelWortb Publishing Company)

Adsorption properties of EU-2 (BP. 2,077.709(l98l)):

Adsorption

1440 0 .3

higher. The OH/Si02 is in the range of 0.1 to
6.0. with water/Si02 between 1 and 100. The
ratio of the organic amine cation «CH3h
N(CH2).,NCCH) t 2, n = 4 and 9) to the total
cation composition is between O. I and 1.0 . A
batch composition that results in highly crys
talline EU-2 is: 60Si02 : Al20) : 10 Na20 : 10
RBr2 : 3000 H20. where R is the diquateroary
amine (SSe 28:215 (1986». Crystallization is
complete at 180aC after several days . Longer
crystallization times in the diquaternary amine
systems results in recrystallization to quartz or
ferrierite. For EU-2 crystallization, at higher
aluminum contents EU-I appears as an im
purity phase. Crystal agglomerates are ob
served for the hexamethonium and nonametho
nium forms of EU-2. whereas tetramethonium
cations produce 3- to S-micron-size bars of
this material . EU·2 can be crystallized from
alkali-free systems with a batch composition
of: 5 R20 : 2.5 (N~hO : 60 Si02 : 3000 H20.

Under these conditions and between 180 and
2200C. crystallization occurs in under 72 hours
(Zeo. 5:153(1985» .

Kinetic
diameter.

Sorbate A

Water 2.7

"..Hexane

p-Xylene 5.85

m-Xylene 6.8

Cyclo- 6.0
he...1IDe

Symro. 7.6
crimethyl

benune

Time.
min

10
120

1440
10

«J
120

to
«J

120
10
60

120
10

60
120

10

Wt%

adsorbed.
gllOO g

0.1
0.2

0.5
5.9
6.4
6.7
5.7
7.6
7.6
3.8
5.7
5.7
3.2

3.5
3.9
0.1

Voidage

available.
cellO(} s

neg!.

8.9
9.7

10.2

7.6
10.1
10.1
5.0
7.6
7.6
4

4.4
4.9

oegl.
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EU-4
(EP 63,436(1982»
Imperial Cbemical Industries

pyrrolidine {US4,528, 171(1985)}
hexamethonium" J (HEX) (ha. 5: 153(1985»

Structure

Chemical Composition: 0-1 M 20 ; Al20 3 : at
least 100 Si02 : 0-35 H20.

X-Ray Powder Data: (d(A) (lIla» ll.l(vs),
9.2(w-vs), 7.62(m), 6.87(m), 6.29(m), 5.98(w
m), 4.63(vs), 4.47(w-s), 4.29(vs), 3.98(vs),
3.80(w), 3.75(m). 3.68(s), 3.58(w-s). 3.42(m),
3.32(s), 3.28(s-vs), 3.23(m), 3.11 (w).

Synthesis

ORGANIC ADDmVES
propyltrimethylarnmonium' (EP 63,436(1982»)

EU-4 crystallizes well at t80"C from a batch
composition similar to that of EU-I; 60 SiD,. :
10 Na20: 10 RBr2 ; 3000 H20, where the R is
(CH3)3N(CH2)3N(CH3h (Proc. 7th IZC 215
(1986». The preferred range claimed for the
crystallization of this material is a SiO~Ah03

at least 40, OHlSi02 between 0.1 and 1.0,
M + RJSiO~ between 0.05 and 2.0, and RIM
+ R between 0.1 and I, with H20/Si02 between
1 and 100.

Crystallization of this structure as a major
phase occurs at SiO~A1203 ratios greater than
60. Under certain conditions, quartz appears as
an impurity phase.

Adsorption

Adsorption properties at 2S"C of EU-4 calcined at 4SO"C for 70 hours (EP63,436(19&2»:

Kinetic
diameter Pressure, Time, Wt<Jl, ads., Voidage avail.,

Adsorbate A mmHg hours gllOO g cc/\OO g

Water 2.7 6.0 17 0.78 0.78
n-Hexane 4.3 49 17 1.96 2.97
Cyclohexane 6.0 21.6 18.0 1.76 2.25

403010 20
degrees two theta

Ell-4 Fig. 1: X-J1l)' powder diffraction partern for EU-4 (SSSC 28:215 (1986». (Reproduced with permission of
Elsevier Publishing Company)
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EV·7
(US4,S81,212(1986»
Imperial Chemical Industries

Structure

Chemical Composition: 0.4-2.5 R20 : AIlO) :
at least 20 Si02 : 0--600 H20 .

X-Ray Powder Data: (d(A) (/11)0) 7.96(12),
6.66(15), 4.23(100), 3.97(11), 3.65(9), 3.44(2),
3.33(98),3.26(51),3.12(7),2.91500),2.868(1),
2.770(3), 2.691 (1), 2.522(20), 2.502( 13),
2.475(1), 2.370(10), 2.344(5).

Synthesis

ORGANIC ADDITTVES
butane I,4-diamine (U54.58J ,212( 1986»
hexarnethy lened iarnine (U 54,581 ,212( 1986))
piperizme (US4 ,58\ ,212( 1986))

EU-7 is crystallized from a batch composi
tion of: 60 Si02 : Al20 3 : 8-10 Cs,.O: 10-20

R : 3000 H20. Butane 1,4-diamine is the pre
ferred organic under these conditions, produc
ing the highest-crystallinity product. Crystalli
zation occurs readily from cesium-containing
solutions. Crystobalite, ferrierite, and ZSM-5
all have been observed as impurity phases under
these conditions. Under conditions that produce
ferrierite, the ferrierite phase is the first to ap
pear, with EU-7 appearing as the ferrierite re
dissolves. Crystallization takes place around 150
10 180°C. When rubidium hydroxide is used in
place of cesium, crystobalite is the major phase,
with Nu-W and EU-7 appearing as minor im
purities. Rod-shaped crystals of EU-7 results
from these syntheses, with dimensions of 0.2
micron by 1 to 4 microns in length.

Thermal Properties

EU-7 has been shown to be thermally stable to
at least 550°C, with calcination to this temper
ature resulting in little change in the X-ray dif
fraction pattern.

8 12 16 20 24 28 32 36 40

26
EU-7 Fig. I: X-ray powder diffraction pattern for EU-7 (US4.581 ,212(1986)).
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EU·12 Fig. 2: TOAJDTA Traces of EU-12
(US4,5&1.21I(l986» .

EU·12
(US4,581,211(1986»
Imperial Chemical Industries

Structure

Chemical Composiuon: 0.5-2.0 R20 : Al 20l :

at least 5 sio, : 0---1000 H20.

X-Ray Powder Data: (d(A) (///0)) 14.3(6) ,
11.2(40), 8.93(14), 7.58(9), 1.23(3 I), 6.70(30),
5.91(6),5.62(21),5 .51(10),4.93(19),4.60(46),
4.48(34),4.20(57),3.81(52), 3.73(8), 3.62(49),
3.55(73), 3.44(9), 3.35(100),3.21 (37), 3.10(57),
2.980(10). 2.954(22), 2.914(17), 2.868(10),
2.816(7), 2.762(10), 2.646(8), 2.544(5).

9

~ 6
..J

~ 4e
iii
~ 2...

o

DTA

400 600 8Il0

TE~PERAruRE,°c

1000

Synthesis

ORGANIC ADDITIVES
tetramethylammonium ~ (TMA)

EU-12 is prepared from a typical batch com
position of: 60 Si02 : AbOl : 10 Rb20 : 5
TMA20 ; 3013 H20 . Crystallization occurs
around 180aC after 100 hours in a stirred auto-

clave. A preferred range for crystallization is
with the Si02/AI20) between 10 and 600 ,
RbOHlSi02 between 0.15 and 0 .65 , H20/Si02

between 25 and 75, RJSi02 in the range of 0.05
to 0.25. and RbZ (Z := acid radical) between
o and 0.25. Potassium ions have been used to
crystallize this structure; however, in this sys
tem, ferrierite appears as an impurity phase.
Other impurity phases observed in this system
include zeolites P and HS and several uniden
tified minor products .

>--U;
c:::
Q.l-.5

4 8 12 16 20 24 28 32 36 40

DEGREES TWO THETA

EU·12 Fig. I: X-ray powder diffraction pattern for EU·12 (US4,581.21 J (1986)] .
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Thermal Properties

EU-12 is thermally stable to at least 600°C, with
little change in the X-ray diffraction pattern.

EU-19
(JCS Dalton Trans. 2513(1988))

Structure

(Acta Crystallogr . B44;73(1988»

CHEMICAL COMPOSITION: ~perazine·Si~

SYMMETRY: monoclinic
SPACE GROUP: cue
UNIT CELL PARAMETERS: (A) 1I = 13.57

b = 4.90
c = 22.46
~ = 91.67

X.Ray Powder Diffraction Data: (d(A) (lllo»
11.43(100),6.900(0.7),5.977(3.2), 5.821(11.1),
5.708(1.4), 4.621(1.6), 4.499(14.3),
4 .308(58 .1), 3.978(64.3). 3_802(13.4),
3 .650(4.1), 3 .616(1.4). 3.435(13.4),
3.352(10.6), 3 .282(30,4), 3.270(32.5),
3.118(0.9), 2.986(4.6). 2.912(0.7), 2.8820.6),
2.856(3.0), 2.746(1.8), 2.690(1.4), 2.666(2.1),
2.592(1.7), 2.499(5.8), 2.453(5.3), 2.410(2.8) ,
2.378(0.7), 2.342(1.4), 2.302(0.7) , 2.285(2.1).

EU-19 consists of double layers of 5i60 13

units parallel to the [001] planes and held to
gether by linkages through the strongly hydro
gen-bonded piperazine cations. Each sheet is
composed of eight Si atom rings. The structure

EU·19 Fill. IS: Framework topology .

is more open than ZSM-39. Removal of the
organic results in the generation of EU-20. The
transformation takes place pseudomorphica1ly,
possibly involving crosslinking of the double
sheets (Acta Crystallogr. 844:73(1988».

Frscdonal coordinates for EU·19; estimated standard
deviations in parentheses (Acta CrystlJ11lJ8"
844:73(1988»:

0: y z

Si(l) 0.4671 (4) 0.3329(10) 0.6835(2)
0(0 0.35/5(8) 0 .2805(19) 0.6762(4)
0(2) 0.5247(8) 0 .1419(20) 0.64(}7(4)
0(3) 0.4878(7) 0.6367(21) 0 .6655(4)
0(4) 0.5000 0.2500 0.7500
5i(2) 0.5627(4) -0.1677(10) 0.6335(2)
0(5) 0 .5733(8) -0.2217(24) 0.5653(4)
0(6) 0.1660(8) 0 .3079(22) 0.6664(5)
Si(3) 0 .2543(4) 0.2457(10) 0.0327(35)
0(7) 0 .2535(8) 0.4464(22) 0.7668(4)
N(I) 0.6621(13) 0.3526(32) 0.5263(7)
C(I) 0.6885(17) 0.4093(46) 0.4651(9)

em O.7537(J6) 0.3105(39) 0.5625(9)
H(ll) 0.608(12) 0.498(35) 0.538(7)
H(12) 0.636(12) 0 .149(33) 0.519(7)
H(21) 0 .624(11) 0.444(33) 0.451(6)
H(22) 0.724(13) 0.568(32) 0.469(7)
H(31) 0.737(11) 0.265(30) 0.603(7)
H(32) 0.791(12) 0.521(33) 0.569(6)

Syntbesis

ORGANIC ADDITIVES
plperazine ('aD. 8:501(1988»
piperazine + trimethybenzylammonium" (,"0.

8:501(\988»

The conditions used for synthesizing EU-19
are: 10 PIP: 20 sto, :250 H2 0 . Crystallization
occurs readily at lower temperatures (l20-1500c)
and at pH around I J .8. At the higher temper
ature range, co-crystallization occurs with the
clathrasil and ZSM-39. The addition of trime
thylbenzylamine to this reaction mixture sup
presses the formation of EU-19; however, it does
not encourage formation of any other phase.
Crystallization is slow in this system, requiring
70 days.
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10 20
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30

EU-J9 Fig. 2: X·ray powder diffraction pattern of EU-19 (lCS Dalton Trans . 2513 (1988). (Reproduced with
permission of the Chemical Society)

ThennaJ Properties

EU-19 converts to EV-20 upon thermal treat
ment to 4QO°C.

EU·20
(JCS Dalton Trans. 2513 (1988»)

Structure

Chemical Composition: Si02 .

X-Ray Powder Pattern Data: (d(A) (I//o»
8.26(100) 6.88(18 .5),6.37(14.1),5.32(15.90),
4.50(18.91), 4.33(7.10), 4.15(53.70),
4.08(34.40), 3.57(17.60), 3.48(15.90),
3.38(7.10), 3.31(16.70), 3.18(11.50), 3.12(6.2),
3.00(4.40), 2.89(0.90). 2.77(0.90), 2.70(2.60),
2.60(2.60), 2.47(2.60), 2.41(4.00). 2.39(4.80).

EV-20 is prepared through thermal treatment
of EV-19 and is thought to be a crosslinked
tectosilicate formed from thermal collapse of
EU-19, consisting predominately of eight and

b

a

40
o 200 400 600 800 1000

Temperature I DC

EU-19 Fig. 3: TGA and DTA of EU·19 (JCS Dalton
Trans. 2513 (1988» , (Reproduced with permission of the
Chemical Society)

0
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0
....l

z
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a; 20
~
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EU·20 FIG. 1: X-ray powder diffraction pattern for EU-20 (iCS Dalton Trans, 2513 (/988». (Reproduced with
permission of the Chemical Society)

five silicon atom rings (JCS Dalton Trans.
2513(1988» .

Synthesis

See EU-19.

Thermal Properties

EU-20appears to bethermallystable up to 9000C.
with the X-ray diffraction pattern increasing with
sharpness with the increase in thermal treatment
of the material. Both the TGA and the DTA are
featureless (lCS Dalton Trans. 2513(1988)).
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F (EDI)

See Linde F.

Faroeliie (THO)

Faroelite is an old and not widely used synonym
for thompsonite.

Faujasite (FAU)*
(natural)

Related Materials : Linde type X
Linde type Y
SAPO-37
CSZ-3
LZ-210

The rare natural mineral faujasite first was
described in 1842. Faujasite has the most open
framework of all the natural zeolites, with a 51%
void volume. It is one of the few magnesium
ricb zeolites, along with offretite, mazzite, and
ferrierite. Because of the industrial importance
of the synthetic analogs types X and Y, the
faujasite framework topology has been the focus
of much study . Natural faujasite has been found
in combination with phillipsite, gismondine,
chabazite, gonnardite, natrolite, and analcime
in deposits in Hawaii. III Germany, il has also
been found in deposits along with chabazite and
offretite (Nat . Zeo. 214 (1985» .

Structure

(Zeo. Mol. Sieve . 218 (1974))

CHEMICAL COMPOSITION: NaMCaIlMg"
(AlooS i",OJ",,)-235H,O

SPACE GROUP: FdJm
UNIT CELL CONSTANT (Al : a = 24.60

·The syntbetic faujasites Linde types X and Y are discussed
in Ibis section when data on both compositional variants of
the faujasite structure are handled together.

Faujaslte Fig. IS: Framework topology.

FRAMEWORK DENSITY (glee) : 1.27
PORE STRUCTURE: large three-d imensional 12·

member ling pores, 7.4 A

X-Ray Powder Diffraction Data: (d(A) (//10))
14.28(100), 8.74(19), 7.45( 12), 7.14(5),6.17(2),
5.67(78) ,5.04(4),4.75(44). 4.37(52), 4 .18(3).
4.13(3) , 3.903(l8), 3.760(95) , 3.562(8),
3.457(22), 3.301(67), 3.210(19) , 3.083(3),
3.015(25), 2.910(36), 2.850(78), 2.760(28),
2.710(1), 2.632(32), 2.587(14) , 2.518(4),
2.418(4), 2.374(23), 2.222(5), 2.182(13),
2.157(7), 2.095(8) , 2.058( II), 2.002(2),
1.983(4) .

The cub ic unit cell of faujasite has a large
cell dimension and contains 192 (Si,AI)04
tetrahedra. The framework of the faujasite
structure can be described as a linkage of T04

tetrahedra in a truncated octahedron in a dia
mond-type structure . The truncated octahedron
is referred to as the sodalite unit or sodalite cage.
The octahedra are joined by hexagonal prisms
forming the large voids in this structure. These
large voids, or cages, are referred to as super
cages and are connected to four other supercages
through 12-member rings and to four sodalite

183
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units through six -rnember rings. Each supercage
shares four-rings with six other sodalite units .
Faujasite, Linde type X. and type Y topologi
cally all have this framework structure .

Cation Sites in the Faujasite Structure

Six cation sites have been defined in the faujasite
structure, designated as sites I, I', II, U'. 1Il,
and IV.

A correlation is noted between the unit cell
size and the framework aluminum content. Dis
continuities have been observed near 77 and 62
aluminum atoms per unit cell, which differen
tiate type X and type Y zeolites. The chemical
composition of zeolites X and Y can be traced
to the method by which these structures are syn-

thesized. In zeolites X and Y, the relation be
tween the number of tetrahedral AI atoms, NAJ ,

and the SiJAI ratio is:

N 192
AI (I + R)

where R = Ns/NAJ. The aluminum ions (NAil
in the unit cell of zeolite X vary from 96 to
about 77. In zeolite Y, NAJ is between 76 and
48. The value of R then varies between 1 and
1.5 for zeolite X and between 1.5 and 3.0 for
zeolite Y.

Discontinuities differentiating X from Y are
also observed in the vapor phase adsorption of
triethylamine, having a kinetic diameter of 7.8
A. Because of the different location of Ca +2 in

OSn

[Ill}

O '0Srv

FatUulte FIg. 2: The cation sites and their designation in zeolites X, Y, and faujllSite.
Starting al the center of symmetry and proceeding along the threefold axis toward the
center of the unit cell, rite I is the sixfold site located in the center of the double six-ring
[hexagonal prism). Site I' is on the inside of the beta cage adjacent to the D6R. Site U' is
on the inside of the sodalite unit adjacent to the single six-ring . Site" approaches the
single six-ring outside the beta cage and lies within the large cavity opposite site U·. Site
ill refers 10 positions in lhe wall of the lat)le cavity, 011 the foutfold axis in the large 12
ring aperture , The four different types of oxygens , 0(1), 0(2).0(3).0(4), also are
indicated on their relative positions (Mol. Sieves 96 (1974)) . (Reproduced with permission
of John Wiley and SOJU)
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Cation distribution in natural faujasite (Zeo. Mol. Sieve. 98(1lr74):

Site Na+& «:» CdH b BaH h Nt"l H C~+O Lt;?H C01~f.NQ+

16 I Dc 10 8.6 14.2 7.3 10.6 3.4 Na'" 11.8
Hy

32 I' De 9 12.9 2.6 5 .0 3.2 11.5 2 .6
My 14 9.7 IS Na· 3.3 17

32 II' De 1.9 16,0, 1.4 .0,
Hy 15 11.5 32,0, 28.3.0, 32,0,

32 II De 32 31.7 11.4 JU 6.4 IO.7,Na'" 1.5
H)' 11 23.4.0, 26,0, 14.2.0, 11.0,

4801 De
My

161V De
Hy 2.2 6 10.3

Reference 129 12\ 125 121 131 132 133 123
130 130

ft. DatB baied 011 Na- and Ca-ecriched fauj ..ite from KAL<entuhl. Dehydration io vacuo a' ~SO"C . SUAI = 2.27. Degree of exchange
a$SllfIle<f 10 be > 8~.

b. Dalll no 00" form from a completely elchanged crystal ; cemposinon: Cal1[(AJO,h,,(SiO,),D) • .rH,o. Dehydration in vacuo ; temp.
raised to 475"C over 4 days and held DC 475"C for J2 hours !>ero",- cooling 10 room tttnperoture.

c . Ni·' rDujasilc obtained by tre.atment with 1.0 M NiO, 41 9O"e. Debydnlted in vacuo at 4OO"C for 7 houn . I x 10"" Torr. Inteolity
<!.all collocted at room temperature . Composition; Ni"Ca.l(AJO,),,(SiO,ll11]. Two site f' peak< assigned (0 Ni. Leeacon of site U is (arther
{rom the six-ring than the usual . ill; I.
d. Ceo, faujasite uc contents given 11.5: Ce"Ca,oNa,.•f(AJO,),.{Sio,)llJ] • 270H,O. Oatll onh~ crystal al room temperature. Dehydration
in vacuo at 35<tC. Six Ce" io hydrated crystal (,Ite IV) located at random in supercages. Residual H,o or OH sbown as 0,.

e . LaTl raujasile completely exchanged except for possible hydrolysis. ResidWll Na, Mg. CA <0.1%. Debydration in vacuo at 47SOC for

7 hours . DDIa collected at room temperature. 19 La atoms expected, but 15.9 found. The La.in site I i. disptaeed along the threefold axis,
balf·atoms 0.17 A from site I. Structure (42lrC) sbowed same distribmion of La" ': 11.7 site I. 2 .5 site I'. 1.4 site n.
t. Slr1.lcture delerrnillCd on hydrated crysul of minenl!; Na-Ca cations assumed to be dominant; 17 Wcaled. H,O molecuJ"" shown l>y 0,.
g. 33 1C' iOlU per unit call .

h. 23. J e.·' ions per Wlit cell.

these two structures. (C2H5)N is not adsorbed
in zeolite caX with Si/AI ratio greater than 1.5,
but it is readily adsorbed in CaY (Soc. Chern.
Ind. London 47 (968».

Synthesis

See Linde type X and Linde type Y.

Thermal Properties

See Faujasite Fig . 4,

Infrared Spectrum

In the OH region of the infrared spectrum nearly
all of the samples of the synthetic faujasites X

and Y exhibit four OH bands, which occur at
3740. 3680 to 3705, 36M) (strong), and 3520
to 3610 (medium to weak) crrr" . The band at
3740 cm- I is attributed to amorphous silica in
the samples . The bands around 3680 to 3705
em? are assigned to undissociated adsorbedwater
or to the OH's of the metal (OH) complexes ,
which form from water dissociation in the zeo
lites . The bands at 3640 crrr ' and 3S4() to 3610
crrr" generally are attributed to acidic hydrox
yls, with the more prominent former one being
related to the oxygens Oland vibration into the
supercage. The latter bands are associated with
the 03, 02, and 04 oxygens, where 04-H
vibrates inside the large cavity, and 03-H
and 02-H point into the less accessible beta
cages.
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Faujaslte Fig. 3: Correlation between the lattice parameter (ool
and the number of aluminum ions per unit cell for the synthetic
faujasite types X and Y (ACS Sym. Suo 101 :171 (1971».
(Reproduced with permission of the American Chemical Society)

IR frequencies observed in cm'" (Zeo . 3:13(1983))):

Zeolite rsio»

HNa-Y 374().v
HNa·Y* 374().v
BcNa·Y 3471 5
MgNa·Y 3741w

CaNa-Y 3739w
SrNa·Y 3740w
BaNlI-Y 3740w
LaNs-V 3740w
MgNa·X 3740w

CaNa-X 3740w
SrNa.X 3740w
BaNa-X 3740w
LaNa-X 3740w

(MeOH?)

3705w
36B5w

3695m

3682w
3682w

3680w

OH stretching bands

(01) (02.03.04) SPy HPy.BPy,LPy LPy

36405 35445 15415 1488s 1452w
1495m 14555

36385 3540m 1540m J488m 1450s
36411'0 3580w 1548m 1490m 1448s

1499m
3640m 3590w 1549vw 14951'0 14465
3640vw 1547vw 1490- 1443s

1545vw 1490m 14425
3640m 3520w 1547m 14905 14475
36525 3586w 1545m 149Sm 14465

148& 14405
3650vw 3610w 1545vw 1493w 14455
3652w 3610w I545vw I 492m 14455

1490w 14425
36445 3510m 15395 14895 1450w
3600m 1444-5

HNa-Y": fully dehydroxylatcd at 92JK under high vacuum; s: .!tOng. m: medium, w: weak. vw; vel)' weak . QH bands 81 3740 em" And
atOllnd3520- 3511() em" remained unchanged; bands around 3~ em" disappeared upon pYridiDe adso rption; hands around 3700 crrr ' were
eltansod in l/Ie ( au of La·X. eliminated with Be-Y. and weakened with MS' V,
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QOD

,
•'.

/ZDIJ

X(1.2)

Faujaslte Fig. 4: Thermal curves of faujasite from
Sasbach, Germany; in air. heating rate 20·0min (Nol .

Zeo, 219(ll}85» . (Reproduced with permission of
Springer Verlag lnc.)

Faujaslte Fig. 5: Infrared spectra for zeolites X and Y
with different Si/AI contents; numbers in parenthesis refer
10 SiJA] in the zeolite (ACS Sym, Ser . 101:201(J97l).
(Reproduced with permission of the Amcrican Chemical
Society)
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MOLE FRACTlON IN All" T

FaDjllSile Fig. 6: Frequency vs . atom fraction of Al in lhe framework for "Zeolite X
and Y for several infrared bands (ACS Sym. Ser, 101:201 (1971)). (Reproduced with
permission of the American Chemical Society)
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The effect of dehydration on the mid-range
infrared spectrum is minor, with the frequency
maximum usually increasing by to to 20 crrr" .
The effect of cation movement and framework
distortion has been examined for Ca-exchanged
Y zeolites with Sil Al of2 .5. Dehydration causes
migration of the Ca + 2 cation from inside the
sodalite cage into a position near the center of
the double six-ring (i.e., site I). A framework
distortion and change in symmetry follow. The
infrared spectrum also changes with this distor
tion . The band near 570 crrr" shifts 10635 crrr ',
and the 390 crrr ' band shifts to 415 crrr'. The
character of the broad symmetric stretch at 710
to 750 cm- l also changes.

Adsorption

Adsorption equilibrium data for natura! faujasite (Zeo.
Mo/. Sieve. (1974»:

gig
Adsorbate T(K) P(Torr) adsorbed

H,o 298 22 0.33
0 1 90 700 0.29
N, 77 700 0.24
AT 90 730 0.28
SF6 298 710 0.23
(C2F,hN 298 40 0.24
(C.F9hN 298 0.07 0.009

FCAPO Fig. 1: Composition range of reaction mixtures for the crystallization of fCAPO molecular sieves (EP
158,976(1986)).



FCAPO
(EP 158,976(1985»
Union Carbide Corporation

FCAPO is an acronym thai denotes "framework
constitutems" of elements in a framework of
aluminum and phosphorus where all compo
nents are present as framework tetrahedral ox 
ides. These components includes the elements
arsenic, beryllium, boron, chromium, gallium,
germanium, lithium, and vanadium . A number
designation after the acronym identifies the al
urninophosphate structural group. Composi
tional ranges for the reaction mixtures and prod
ucts are shown in FCAPO Figs. I and 2.

FCAPO-5 (AFt) \89

FCAPO-5 (AFI)
(EP 158,976(1985»
Union Carbide Corporation

RelaUd MaJeriaIs: AlP04-5

X-Ray PowderDiffraction Da1Q: (d(A) (lI/o»
12. I-I 1.56(m-vs), 4 .55-4.46(m-s), 4 .25
4.17(m-vs), 4.00-3.93(w-vs), 3.47-3.40
(2-m).

FCAPO-5 materials exhibit properties char
acteristic of large-pore molecular sieves. See
AlP04-S for a description of the framework to
pology .

FCAPO Flg. 2; Composition range ofFCAPO products (EP 185.976(1985»).
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FCAPO-l1 (AEL)
(EP 158,976(1985»
Union Carbide Corporation

Related MaterioJs: AIP04- 11

X-Ray Powder Diffraction Data: (d(A) (Wo))
9.51-9.17(m-s), 4.40-4.31(m-s), 4.25-4.17(s
vs), 4.04-3.95(m-s), 3.95-3.92(m-s), 3.87
3.80(m-vs) .

FCAPO-l I materials exhibit properties char
acteristic of medium-pore molecular sieves. See
AlP04-11 for a description of the framework
topology.

FCAPO·14
(EP 158,976(1985»)
Union Carbide Corporation

ReWed Moteritlls: AIP0 4- 14

X-Ray PowderDiffraction Data: (d(A) (1110))
10.3-9.93(vs), 6.&1(w), 4.06--4.00(w), 3.51(w),
3.24(w). 3.0 I(w).

FCAPO-J4 exhibits properties of small -pore
molecular sieves.

FCAPO·16 (AST)
(EP 158,976(1985»
Union Carbide Corporation

ReWed Materials: AlP04 -16

X-Ray PowderDiffraction DQJt1: (d(A) (ll/o»
7.83-7 .63(m-vs) ,4.75-4.70(w-s), 4.06-3.99(m
vs),3.363-3 .302(2-m) ,3 .008-2.974(w-m).

FCAPO-16 materials exhibit properties of very
small-pore molecular sieves.

FCAPO-17 (ERI)
(EP 158,976(1985»)
Union Carbide Corporation

RelaUd Materials: AlP04-17

erionite

X-Ray Powder Diffraction Data: (d(A) (1//0))
11.5-11.4(vs), 6.6 lfs-vs) , 5.72-5.70(s), 4.52
4.51(w-s), 4.33-4 .3I(vs), 2.812-2.797(w~).

FCAPO-17 materials exhibit properties of
small-pore erionite type molecular sieves.

FCAPO·18 (AEI)
(EP 158,976(1985»
Union Carbide Corporation

Re1aled Materials: AlP04-18

X-Ray PowthrDifjraction Data: (d(A) (/1[0»
9.21-9.16(vs),5.72-5.70(m).5.25-5.19(m) ,
4.4 1-4.39(m),4.24-4. 22(m), 2.814-2. 755(m).

FCAPO- 18 materials exhibit properties char
acteristic of small-pore molecular sieves.

FCAPO·20 (SOD)
(EP 158,976(1985»
Union Carbide Corporation

Related Materials: AIP04-20
sodalite

X-Ray Powder Diffraction Data: (d(A) (/I/o»
6.46-6.22(m-vs). 4.54-4.44(w-s). 3.70
3.63(m-vs), 2.614-2.564(vw-w), 2.127
2.103(vw-w).

FCAPO-ZO materials exhibit properties char
acteristic of very small-pore socialite sieves.

FCAPO-31 (ATO)
(EP 158,976(1985»
Union Carbide Corporation

ReJoIed Materi.als: AJP04-3 1

X-Ray Powder Di/frtu:tion Data: (d(A) (lJIo»
IO.40-10.28(m-s), 4.40--4.37(m), 4.06-4.02
(w-m), 3.93-3.92(vs), 2.823-2.814(w-m).

FCAPO-31 materials exhibit properties char
acteristic of medium-pore molecular sieves .

FCAPO-33 (ATT)
(EP 158,976(1985))
Union Carbide Corporation

RelaUd Materi.als: AlP04-33

X-Ray Powder Diffraction Data: (as-synthe
sized form) (d(A) (lifo» 9 .56-9.26(w-m), 7.08
6.86(vs), 5.25-5 . 13(w-m), 4. 34--4. 25(w-m) ,
3.73-3.67(w-m), 3.42-3.38(w-m), 3.27
3.23(vs); (calcined form) (d(A) (/0» 6.73
6.61(vs), 4.91-4 .83(m), 4.82-4.77(m), 3.36
3.34(m). 2.80-2.79(m).



FCAPO·33 materials exhibit properties char
acteristic of small-pore molecular sieves.

FCAPO·34 (eHA)
(EP 158,976(1985»
Union Carbide Corporation

Related Materials: SAPD-34
chabazite

X·Ray Powder Diffraction Data: (d(A) (lIlo»
9.41-9 . l7(s-vs) , 5.57-5.47(vm-m), 4.97
4.82(w-s), 4.37-4 .25(m-vs), 3.57-3.51(vw
5), 2.95-2. 9O(w-s).

FCAPO-34 materials exhibit properties char
acteristic of small -pore molecular sieves. See
chabazite for a description of the framework
topology.

FCAPO·35 (LEV)
(EP 158,976(198S»
Union Carbide Corporation

Related Materials: SAPO-35
levyne
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FCAPO·37 (FAU)
(EP 158,976(1985»
Union Carbide Corporation

Related Materials: SAPO-37
faujasite

X-Ray Powder Diffraction Data: (d(A) (/110»
14.49-14.03(vs), 5.72-5 .64(w-m) , 4.80-4.72
(w-m) , 3.79-3 .75(w-m), 3.31-3 .29(w-m).

FCAPO-37 materials exhibit properties char
acteristic of large-pore molecular sieves. See
faujasite for a description of the framework to
pology.

FCAPO·39 (ATN)
(EP 158,976(1985»
Union Carbide Corporation

Related Mauriols: AIP04 -39

X-Ray Powder Diffraction Data: (d(Al (Wo»
9.41-9.21(w-m) , 6.66-6.5 I(rn-vs), 4.93
4 .82(m), 4. 19-4 . 12(m-s), 3.95-3.87(s-vs),
2.96-2.93(w-m).

FCAPO-39 molecular sieves exhibit small
pore adsorption properties.

X-Ray Powder Diffraction Data: (d(A) (lITo» FCAP0-40 (AFR)
8.19-7.97(m), 5. 16-5 .100s-vs), 4.23-4 .18(m-- (EP 158,976(1985»
s), 4.08-4.04(vs) , 2.814-2 .788(m). Union Carbide Corporation

FCAPO-35 materials exhibit properties char 
acteristic of smaJl-pore molecular sieves. See
levyne for a description of the framework to
pology.

FCAPO·36 (ATS)
(EP 158,976(198S))
Union Carbide Corporation

Related MaJeriols: MAPO-36

X-Ray Powder Diffraction Data: (d(A) (11/0»
Il .5-11 .2(vs), 5.47-5.34(w-m), 4.70--4.6O(m
s), 4 .31-4.27(w-s), 4.08--4 .04(m), 4 .00
3.95(w-m).

FCAPO-36 materials exhibit properties char
acteristic of large-pore molecular sieves.

Relaled MaJerials: SAPO-40

X-Ray Powder Diffraction Data: (d(P..) (11/0»
11.79-1 I. 48(vw-m), 1L.05-10. 94(s-vs), 7.14
7.08(w-vs), 6.5 1-6.42(m-s) , 6.33-6.28(w-m) ,
3.209-3. I87(w-m).

FCAPO-40 materials exhibit properties char
acteristic of large-pore molecular sieves.

FCAP0-41 (AFO)
(EP 158,976(1985)
Union Carbide Corporation

Related Materiols: SAPO-41

X-Ray Powder Diffraction Data: (d(P..) (11/0»
6.5 1-6.42(w-m), 4.33-4.31(w-m), 4.21
4.17(vs), 4.02-3.99(m-s), 3.90-3.86(m), 3.82
3.80(w-m). 3.493-3 .440(w-m).
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FCAP0-41 materials exhibit properties char
acteristic of medium-pore molecular sieves.

FCAP0-42 (LTA)
(EP 158,976(1985»
Union Carbide Corporation

RelaJed Materials: SAPO-42
Linde type A

X-Ray Powder Diffraction Data: (d(A) (/I/o))
12.36-11.95(m-vs), 7.08-ti.97(m-s), 4.09
4.06(m-s), 3.69-3.67(V5), 3.273-3.255(5),
2. 974-2.955(m-s) .

FCAPO-42 materials exhibit propenies char
acteristic of small-pore molecular sieves.

FCAPO-44 (eRA)
(EP 158,976(1985»
Union Carbide Corporation

RehUed MauriaJs: SAPQ-44
chabazite

X-Ray Powder Diffraction Data: (d(A) (l//o»
9.41-9.26(vs), 6.81-6.76(w-m) , 5.54-5.47(w
m), 4.31-4.26(5-vs), 3.66-3.65(w-vs), 2.912
2.889(w-s).

FCAPO-44 materials exhibit properties char
acteristic of small-pore chabazite molecular
sieves.

FCAP0-46 (AFS)
(EP 158,976(1985»
Union Carbide Corporation

Re/QIedMaterials: MgAPSQ-4.6

X-Ray Powder DifJradion Data: (d(A) (//10»
12.3-1O.9(vs), 4 .19-4.08(w-m), 3.95-3.87(vw
m), 3.351-3.278(vw-w), 3.132-3.079(vw-w).

FCAPO-46 materials exhibit properties char
acteristic of large-pore molecular sieves. See
MgAPS0-46 for a description of the framework
topology.

FCAP0-47
(EP 158,976(1985»
Union Carbide Corporation

Related MaurUzls: MnAPO-47

X-Ray Powder DiffrtJ£tion Data: (d(A) (1/10»
5.57-5 .54(w-m), 4.33-4.31(s), 3.63-3 .60(w),
3.45-3 .44(w), 2.940-2.931(w) .

FCAPO-47 materials exhibit properties char
acteristic of small-pore molecular sieves .

FeAPSO
(EP 161,491(1985»
Union Carbide Corporation

The FeAPSO molecular sieves are composed of
iron, aluminum, phosphorus, and silicon ox
ides . The number associated with the FeAPSO
name indicates the aluminophosphate framework
structure type. See FeAPSO Figs . 1 and 2.

FeAPSO-S (AFI)
(EP 161,491(1985)
Union Carbide Corporation

Rekued MaJeriaJs: AIP04-5

Structure

Chemical Composition: see FeAPSO.

X-Ray Powder Diffraction Data: (d(A) (1/10»
(as-synthesized) 11.91(100), 11.05(4), II'

7.03(13),* 6.81(7), 5.93(15), 5.54«1),*
5.37(1),* 5.19(1).* 4.82«1),* 4.48(33),
4.37(5),* 4 .21(27), 4.04(sh),* 3.969(38),
3.934(sh),* 3.604(2), 3 .548(1),* 3.<W)(l5) ,
3.278(1),* 3.187(2),* 3.143(1),'" 3.079(6),
2.979(19), 2.814(3) ,* 2.660(2) , 2 .600(9),
2.550(1),* 2.564(1), 2.380(4), 2.171(1),
2.137(2) ,2.108(1), 2 .076( I), 2.015(1),1.985(1),*
1.907(3),1.774(1), 1.653(1); (calcined 600°C)
11.95(100), 11.19(sh), II' 10.46(35), 10.46(35),*
6.89(18),5.99(8),5 .72(13),* 5.40(2),* 5.22(5),*
4.50(31), 4.40(14),* 4.21(33). 4.15(sh),*
4.04(sh) , II' 3.960(83),' 3.739(1),* 3.59(2),
3.548(2) , II' 3.434()1), 3 .302(2),· 3 .198(3),*
3.074( 14), 2.974(22), 2.840(29),* 2.827(5) ,
2.596(15), 2.564(3),* 2.488(1),* 2.430(4),
2.380(8), 2.356(2),* 2.298(2),* 2.151(2) ,11'
2.137(2), 2.103( I), 2.067(2) , 2.006(2),
1.949(2),* 1.907(4), 1.771(4), 1.653(2) (·peak
contains, impurity).
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FeAPSO Flg. 1: Ternary diagram indicating the parameters of the preferred compositions, given in mole fraction,
for the iron silicceluminophosphate molecular sieves (EP 161,491 (1985)).

FeAPSO-5 exhibits properties characteristic
of a large-pore molecular sieve. See AIP04-5

for a description of the structure.

Synthesis

ORGAN1C ADDITIVES
tetraethylammonium +

tripropylamine
tetrabutyWnmonium ..
cyclDhexylamine

PeAPSO-5 is prepared in pure form from
reaction mixtures using tripropylarnine as the

organic additive. Aluminum isopropoxide is used
as the source of aluminum. and phosphoric acid
is the source of phosphorus. Iron acetate and
colloidal silica (Ludox LS) provide the iron and
silicon, respectively. The batch composition that
successfully results in FeAPS0-5 includes : 0.9
AhO] : 0.9 P20 j : 0.2 Si02 : 0.2 FeO : 1.0
tripropylamine : 50 H10. When TEAOH is used
as the organic species. FeAPSO-34 is the major
product, with FeAPSO-5 present as a minor
phase. Crystallization occurs between 150 and
200"C within 2 to 7 days. TBA + can be used
successfully to crystallize this structure when
the batch composition is: 0.8 A1:z03 : 1.0 P20S
: 0.5 5i02 : 0.4 FeD: 2.0 TBAOH : 83 H20 .
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FeAPSO Fig. 2: Ternary diagram show ing the compositional ranges as mole fraction, used in the reaction mixtures
producing the FeAPSO molecular sieves (EP 161,491 (1985» .

Adsorption

FeAPSO~11 (AEL)
(EP 161,491(1985»
Union Carbide Corporation

Related Materials: AlP04 -11

01 3.46 100 -183

~ 734 -183
Neopentane 6.2 100 24.5
Oz 6.0 59 23.7
HzO 2.65 4.6 23.9
HzO 2 .65 20.0 23.6

Adsorption properties of FeApso-5:

Kinetic
diameter Pressure.

Adsorbate A Torr

Temper
ature,
°C

Wl%
adsorbed

9.7
11.6
3.8
5.7

10.7
19.2

Structure

Chemical Composition: See FeAPSO.

X-Ray PowderDiffraction Data: (d(A) (1110»
(as-synthesized) 10.92(31), 9.36(47), 6.73(15),
5.64(34), 5.47(5), 4.67(6), 4.37(43), 4.23(100),
4.022(62), 3.952(sh),* 3.926(61), 3.850(86) ,
3.604(10),3.376(25) , 3. I64(sh),** 3,121(17),
3.079(sh), 3.028(7), 2.840(9), 2.755(19),
2.667(2),** 2.629(9) , 2.415(6), 2.386(14),
2.298(5), 2.108(5), 2.027(6) , 1.804(5), 1.678(5),
1.656(3); (calcined 600°C) 10.98(60),9.31(72),
6.86(sh),** 6.76(20), 6.46(3),** 6.03(3),**
5.57(55), 5.51 (sh), 5.04(3),** 4.46(sh),**
4.37(28), 4.17(100) , 4.06(sh),* 3.969(88),
3.867(sh),* 3.802(70), 3.708(3),** 3.648(5),'
3.562(4),* 3.453(7),* 3.363(20), 3.220(5),**
3.079(sh), 3.018(20), 2.940(7),* 2.814(10) ,
2.739(18), 2.629(5), 2.600(4),** 2.522(4),*
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Adsorption properties of FeAPSO·l I:

Adsorption

Synthesis

ORGANIC ADDITIVES
di-n-propylamine

ORGANlC ADDITIVES
quinuclidine
metbylquinuclidine

Synthesis

FeAPSO-16 is prepared in pure form from
reaction mixtures using quinuclidine or meth
ylquinuclidine as the organic additive . Alumi
num isopropoxide is used as the source of alu 
minum, and phosphoric acid is the source of
phosphorus. Iron acetate and colloidal silica (Iu
dox LS) provide the iron and silicon, respec
tively. The batch composition that successfully
results in FeAPSO-I6 includes: 0.9 AhO) : 0.9
P20~ : 0 .2-0.6 Si02 : 0.4 FeO : 2.0 quin : 83
H20. Crystallization occurs at ISO°C between
2 and 7 days.

X-Ray Powder Diffrtu:tiDn Data: (d(A) (lIla»
(as-synthesized) 10.28(7),** 8.12(sh).**
7.83(58), 6.71(8),** 5.61(2),** 5.14(21),**
5.0 I(2),** 4.76(4Q), 4.37(sh), ** 4.29(sh),**
4.21(sh),** 4.07(100), 3.883(10), 3 .770(2),
3.562(1),** 3.453(1), 3.363(22), 3.290(sh),**
3.121(sh),** 3.089(9), 3.008(24), 2.797(10) ,**
2.747(4), 2.592(8),* 2.522(1),** 2.377(8),
2.270(3), 2.045(2), 1.879(7),'" 1.845(2) ,**
1.778(1),U 1.746(1), 1.675(2)* (*peak may
contain impurity; **impurity peak).

FeAPSO-16 exhibits properties characteristic
of a very small-pore molecular. See AlP04-16

for a description of the framework topology .

Temper-
ature. Wl%

·C adsorbed

Kinetic
diarne tel" Pressure.

Adsorbate A Torr

2.481(4), 2 .368(lO), 2.090(3), 2.023(5),
1.859(3),* 1.838(3),* 1.681(3), 1.650(3)* (*peak
contains impurity; **impurity peak).

FeAPSO-l\ exhibits properties characteristic
of a medium-pore molecular sieve. See AlP04 •

II for a description of the framework topology.

FeAPSO-ll is prepared in pure form from
reaction mixtures using di-n-propylamine as the
organic additive. Aluminum isopropoxide is used
as the source of aluminum, and phosphoric acid
is the source of phosphorus. Iron acetate and
colloidal silica (Ludox LS) provide the iron and
silicon, respectively . The batch composition that
successfully results in FeAPSO-I\ includes; 0.9
Ah03 : 0 .9 P20 j : 0.2 Si02 : 0.2 FeO ; 1.0 di
n-propylamine : 50 H20 ). FeAPSO-I1 is the
major product, with FeAPSO-31 appearing as
a minor phase. Crystallization occurs between
150 and 200°C within 2 to 7 days.

OJ 3.46 100 -183
0, 734 -183
Neopentane 6.2 100 24.5
Cyclohexanc 6.0 59 23.7
H,O 2.65 4.6 23.9
HJO 2.65 20.0 23.6

7.6
9.2
0.2
4.2

10.8
16.7

FeAPSO-20 (SOD)
(EP 161,491(1985))
Union Carbide Corporation

RelaUd MmeriaJs: sodalite
AIP04 -20

FeAPSO-16 (AST)
(EP 161,491(1985»
Union Carbide Corperation

ReloUd MauriDls: A1P04-16

StructUI"e

Chemical Composition: see FeAPSO.

Structure

Chemical Composition: See FeAPSO.

X~ayPowder DijJroction DQ/Q: (d(A) (///0))
(as-synthesized) 6.32(59), 4.47(47), 3.998(4),
3.654(100), 3.\64(16), 2.831(12), 2.584(16),
2.394(2), 2.240(4), 2.110(5), 1.909(4), 1.758(8);
(calcined 6()()OC) 12.56(6) , 11.82(6), 6.31(100),
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4 .43(28),3 .935(6),3 .733(5), 3.635(45),
3.143(10, 2.823(11), 2.578(9).

FeAPSO-20 exhibits properties characteristic
of a very small-pore material. See AlP04-20 for
a description of the frarnemwork topology.

Synthesis

ORGANlC ADDITIVES
tetramethylammonium'

FeAPSO-20 is prepared in pure form from
reaction mixtures using tetramethylammon
ium + as the organic additive . Aluminum iso
propoxide is used as the source of aluminum,
and phosphoric acid is the source of phosphorus.
Iron acetate and colloidal silica (Ludox LS) pro
vide the iron and silicon, respectively. The
batch composition that successfully results in
FeAPSO-20 includes: 0.9 A/203 : 0.9 P10S :
0.2 S;02 : 0.2 FeO : 1.0 TMAOH : 50 H20.
Crystallization occurs at 150°C between 2 and
6 days.

Adsorption

Adsorption properties of FeAPSO·20:

Kinetic Temper-
diameter Pressure. ature, W(%

Adsorbate A TOrT OC adsorbed

~ 3.46 99 -183 1.5

O2 749 -183 8.5
H,o 2.65 4.6 23.2 22.7

~O 2.65 16.8 23.5 30 .0

FeAPSO-31 (ATO)
(EP 161.491(1985)
Union Carbide Corporation

Reloud MoieriLJls: AIP04-31

Structure

Chemical Composition: See FeAPSO.

X-Ray Powder Di/frad1on Dtua: (d(A) (lIlo»
(as-synthesized) 10.41(64), 9.35(5),* 6.81(1),
6.07(1), 5.64(3) , 5.20(6), 4.85(3), 4.39(49),
4 .22(9),* 4.05(32), 3.936(100), 3.833(6),
3.546(4), 3.474(4), 3.372(2), 3.195(13),
3.110(1), 3.008(7), 2.821(20), 2.739(1),
2.555(9),2.489(2), 2.418(2),2.390(2),2.358(3),
2.293(4), 2.275(3), 2.244(2), 2.006(2), 1.947(3),
1.871(2), 1.799(2), 1.770(4), 1.650(2); (cal
cined 600°C) 10.26(73), 9.04(3),~ 6.83(1),
5.95(5),5.46(4), 5.16(1 I), 4.80(4),4.35(50),
4.016(44), 3.909(1 (0), 3.795(3), 3.521 (5),
3.449(9), 3.l74{ 13), 2.990( 12), 2 .876(2),**
2.806(30), 2.739(2), 2.542(10), 2.475(5),
2.407(3),2.378(2), 2 .346(3), 2.282(4), 2.234(3),
2.052(2), 2.013(2),* 1.997(2), 1.940(5),
1.909(2), 1.863(3), 1.848(2), 1.793(2), 1.765(6),
1.653(3), 090(3), 2.023(5), I. 859(3),*
1.838(3),* 1.681 (3), 1.650(3)* (*peak contains
impurity; **impurity peak).

FeAPSO-31 exhibits properties character
istic of a large-pore molecular sieve. See
AlP04-31 for a description of the framework
topology.

Synthesis

ORGANIC ADDITIVES
di-n-propylarnine

FeAPSO-31 is prepared in pure form from
reaction mixtures using di-n-propylamine as the
organic additive. Catapal (pseudoboehrnite) is
used as the source of aluminum and phosphoric
acid as the source of phosphorus . Iron acetate
and colloidal silica (ludox LS) provide the iron
and silicon, respectively. The batch composi
tion that successfully results in FeAPSO·31 in
cludes ; 0.9 AhO) : 0.9 P20 s ; 0 .2 Si02 : 0.2
FeO; 1.0 di-n-propylamine; 50 H20 . FeAPSO
3 t is the major product, with FeAPSO·lI ap
pearing as a minor phase. Crystallization occurs
between 150 and 200"C within 2 to 7 days . At
the lower temperatures, PeAPSO-46 is found to
crystallize.



Adsorption

Adsorption properties of FeApso-31 :

Kinetic Temper-
diameter Pressure. ature, WI%

Adsorbate A TOlT OC adsorbed

0) 3.46 99 - 183 6.8
01 749 -183 11.6
Neopentane 6.2 100 23.4 3.6
Cyclohexane 6.0 57 23.4 6.9
H,o 2.65 4 .6 23.9 6.5
H,o 2.65 16.8 23.5 21.3

FeAPSO·34 (eHA)
(EP 161,491(1985»
Union Carbide Corporation

Relmed Masenal»: chabazite
AIP04-34

Structure

Chemical Composition: See FeAPSO.

X-Ray Powder Diffraction DaJIl: (d(A) (///0))
(as-synthesized) 12.1(5)8, 9.5( 100), 7 .O(10),
6.3(8), 5.99(2) ,* 5.57(32) , 4.96(7), 4.53(3sh),*
4.35(50), 3.99(6), 3.88(2), 3.548(10), 3.466( II),
3 .243(2), 3.164(2), 3 .038(2sh), 2.940(19),
2.876(12), 2.607(4), 2,481 (2), 2.281 (2),
2.090(3) , ],914(2), 1.864(3),1.791(2), 1.728(2),
1.684(1); (calcined 600°C) 11.79(7),* 9.21(100),
6.81(17) , 5.47(9), 5.25(1), 4 .93(5), 4.60(5),
4.46(2), 4.25(17), 3.943(7), 3.802(2), 3.678(2),
3.548(5) , 3.40 1(7), 3.278(1), 3.164(2), 3.058(2),
2.885(16) (*impurity peak).

FeAPSO-34 exhibits properties characteristic
of a small -pore molecular sieve. See AlP04-34

for a description of the framework topology,

Synthesis

ORGANIC AoomVES
tetraethylammonium 
di-n-propylamine

FeAPSO-35 (LEV) 197

FeAPSO-34 is prepared in pure form from
reaction mixtures using di-n-propylamine as the
organic additive. Aluminum isopropoxide IS used
as the source of aluminum, and phosphoric acid
is the source of phosphorus. Iron acetate and
colloidal silica (Ludox LS) provide the iron and
silicon, respectively. The batch composition that
successfully results in FeAPSO-34 includes: 0.9
Al203 : 0.9 P20 S : O.2---(J.6 Si02 : 0.2 FeO : 1.0
TEAOH : 50 H20. FeAPSO-34 is the major
product at t50°C after 3 to 8 days of crystalli
zation . FeAPSO-5 occurs as an impurity
phase over the temperature range of 150 10

200~C . Using di-n-propylamine as the organic,
FeAPSO-5 appears as the major phase.

FeAPSO-35 (LEV)
(EP 161,491(1985»

Reuued MaterUzls: levyne
SAPO-35

Structure

Chemical Composition: See FeAPSO.

X-RayPowtkrDiffraction Dal.tl: (d(A) (11/0»
(as-synthesized) 10.19(5), 8.03(sh), 7 .77(51),
6 .57(9), 5.55(3), 5.09(28), 4.95(5), 4.76(50),**
4.22(15), 4.06(100), 3.885(9),** 3.793(8),
3 .548(3), 3.365(25),** 3.285(7), 3 . t 18(16),
3.091(sh) ,* 3.010(27) ,** 2 .780(sh),
2.754(13),** 2.591(7), 2.381(10) ,* 2.053(3),**
1.886(8) ,* 1.774(1), 1.754(2),** 1.684(3)**
(*peak may contain impurity; **impurity peak).

FeAPSO-35 exhibits properties characteristic
of a small-pore rnolecula sieve. See levyne for
a description of the framework topology.

Syntbesls

ORGANIC ADomVES
quinucl idine
methylquinuclidine

FeAPSO-35 is prepared in pure fonn from
reaction mixtures using quinuclidine and its
methyl derivative as the organic additives . Alu-



J98 FeAPSO-44

minum isopropoxide is used as the source of
aluminum, and phosphoric acid is the source of
phosphorus. Iron acetate and colloidal silica
(Ludox LS) provide the iron and silicon, re
spectively. The batch composition that success
fully results in FeAPS0-35 includes; 0.9 AhOJ
: 0.9 P20~ ; 0.2---0.6 Si02 : 0.2 FeO : 1.0 quin
: 50 H20. FeAPS0-35 is the minor product at
both 150aC and 200°C after 3 to 8 days of crys
tallization. FeAPSO-I6 occurs as the major phase
over this temperature range. Using the methyl
derivative as the organic, FeAPSO-16 still ap
pears as the major phase in this system.

FeAPSO-44 (CHA)
(EP 161,491(1985))
Union Carbide Corporation

ReJnted Materials: SAPQ..44
chabazite

Structure

Chemical Composition: See FeAPSO.

X-RayPowderDiffraction Data: (d(A) (1110»
(as-synthesized) 9.31 (28), 6.83(21), 5.49(9),
5.10(2), 4.67(2), 4.23(100), 4.07(10), 3.850(2),
3.635(30), 3.427(58), 3.180(6), 2.966(11),
2.894(12), 2.714(2). 2.525(39), 2.137(7),
2.125(5), 2.072(5), 1.904(11) .

FeAPSQ..44 exhibits properties characteristic
of a small-pore molecular sieve.

Synthesis

ORGANIC ADDITIVES
cyclohexylamine

FeAPS0-44 is prepared only as a minor phase
with FeAPSO-S in the crystallization mixture :
0.9 AhOJ ; 0 .9 P20S : 0.2 Si02 : 1.0 cyclo
hexylamine : 50 H20. Aluminum isopropoxide
is used as the source of aluminum, and phos
phoric acid is the source of phosphorus. Iron
acetate and colloidal silica (Ludox LS) provide
the iron and silicon, respectively . FeAPSO-44
is the minor product at 220°C after 5 days of
crystallization.

FeAPS0-46 (AFS)
(EP 161,491(1985))
Union Carbide Corporation

Related Materials: Co, Mg, Mn, Zo-
containing AlP04 -based
molecular sieves

Structure

Chemical Composition: See FeAPSO .

X-RayPowder Diffraction Data: (d(A) (1//0»
(as-synthesized) 13.42(3), 11.38(100),7.11(2),
6.70(2) , 6.41(1), 5.91(1), 5.77(1), 5.31(2),
5.13«1),4.47(1),4 .31(3),4.11(7),3.885(4),
3.660(3), 3.534«1), 3.307(3), 3.206(2),
3.147(1), 3.093(3), 2.985(1), 2.959«1),
2.889«1), 2.885(2) . 2.814« I), 2.711(2),
2.606(1), 2.490(3), 2.448« 1), 2.259«1),
2.188( < I), 2.049( I), 1.902( I), 1.811 « I),
1.768«1), 1.743«1); (calcined 500°C)
12.92(9), 11.04(100), 6.51(4), 5.76(3), 5.55(3),
5.17(3) , 4.17(2), 4.006(2), 3.793(2), 3.575(2),
3.232(2) , 2.797(2).

FeAPS0-46 exhibits properties characteristic
of a large-pore molecular sieve . See MgAPSO
46 for a description of the framework topology .

Synthesis

ORGANlC ADDITIVES
di-n-propylamine.

FeAPSO-46 is prepared in pure form from
reaction mixtures using di-n-propylarnine as the
organic additive. Catapal (pseudoboehmite) is
used as the source of aluminum, and phosphoric
acid is the source of phosphorus . Iron acetate
and colloidal silica (Ludox LS) provide the iron
and silicon, respectively . The batch composi
tion that successfully results in FeAPSO-31 in
cludes: 0.9 AhOJ : 0.9 P20S : 0.2 Si02 ; 0.2
FeO : 1.0 d-n-propylamine : 50 H20. FeAPSO
46 is the major product at ISOaC after 7 to 8
days of crystallization .



FeCoMgAPO-17 (ERI)
(EP 158,977(1985»
Union Carbide Corporation

ReWed MaJeriJJ1s: AlP04-17

erionite

Structure

Chemical Composition: See XAPO.

X-Ray PowderDiffraction Data: (d(A) (1110) )

11..S--II.4(vs), 6.6J(s-vs), 5.72-5.70(5), 4.52
4.5l(w-s), 4.33-4.31 (vs), 2 .812-2.797(w-s).

FeCoMgAPO-17 exhibits properties char
acteristic of a small-pore molecular sieve. See
AlP04-17 for a description of the topology.

Synthesis

ORGANIC ADDITIVES
quinuclidine

FeCoMgAPO-17 crystallizes from a reactive
gel with a molar oxide composition of: (1.0
2.0) R : (0.05~.2) M20q : (0.5-1.0) AI20 3 :

(0.5-1.0) P2o., : (40-100) H20 (R represents
the organic additive, and q denotes the oxidation
states of the metals (M) .

FeMgAPO-S (AFn
(EP 158,977(1985»
Union Carbide Corporation

Relilted MQ/erillls: AlP04-5

Structure

Chemical Composition: See XAPO.

X-Ray PowderDi/frtu:tion DaIi1: (d(A) (/lIo))
12. I-I 1.56(m-vs), 4 .55-4.46(m-s), 4.25
4.17(m-vs), 4.00-3 .93(w-vs), 3.47-3.40
(w-m) .

FeMgAPO-5 is considered to be a large-pore
molecular sieve, based on its physical proper
ties . See AIP04-5 for the framework topology.

Synthesis

ORGANIC ADDITTVES
tetrapropylamrnoniurn ~

FeMgAPO-5 crystallizes from a reactive gel
with a molar oxide composition: (1.0-2.0) R :
(0.05-D.2) f~Oq: (O.I~.4) MgO : (0.5-l.0)
AI203 : (0.5-1.0) P205 ; (40-100) H20 (R rep
resents the organic additive in this system; q
denotes the oxidation states of the iron).



200 FeMnAPO-l1 (AEL)

Adsorption Adsorption

Adsorption properties of FeMgAPO-5; Adsorption properties of FeMnAPO-II ;

Kinetic Temper- Kinetic Temper-
diameter Pressure, ature, Wt% diameter Pressure. ature, Wt%

Adsorbate A Torr "C adsorbed" Adsorbate A Torr ·C adsorbed"

0, 3.46 100 -183 7 0, 3 .46 JOO - 183 5
0, 750 -183 10 0, 750 -183 6
Ncopentane 6.2 700 24 4 Cyclohexane 6.0 90 24 4
Hla 2.65 4.3 24 12 H,Q 2.65 4 .3 24 6
H,O 20 24 12 fI,O 20 24 8

-Typical amount adsorbed. "Typical amount adsorbed.

FeMnAPO-ll (AEL)
(EP 158,977(1985»
Union Carbide Corporation

Relmed MaJerillJs: AlP04-11

Structure

Chemical Composition: See XAPO.

X-RayPowder Diffraction Data: (d(ft..)(1//0»
9.S1--9.17(m-s). 4.40-4.31(m-s). 4.25--4.17(s
vs), 4.04-3 .95(m-s), 3.95-3.92(m-s), 3.87
3.80(m-vs).

FeMnAPO-II exhibits properties character
istic of a medium-pore molecular sieve. See
AlP04-11 for a detailed description of the to
pology.

Synthesis

ORGANIC ADDITIVES
di-n-propylamine

FeMnAPO-Il crystallizes from a reactive gel
with a molar oxide composition of: (1.0-2.0)
DPA : (0.05-0.2)~03 : (0.1-0.4) MnO: (0.5
LO) Ah03 : (0.5-1.0) P20s : (40-100) H20.

FeMnAPO-44 (CHA)
(EP 158,977(1985))
Union Carbide Corporation

Relaied Materials: SAPO-44
chabazite

Structure

Chemical Composition: See XAPO.

X-Ray Powder Dif/rtu:titJn Data: (d(A) (//10»
9.41-9.26(vs), 6.81-6.76(w-m), 5.54-S.47(w
01), 4.31--4.26(s-vs), 3.66-3.65(w-vs) , 2.912
2.889(w-s).

FeMnAPO-44 exhibits properties character
istic of a small-pore molecular sieve .

Synthesis

ORGANIC ADDITIVES
cyclohexylarnine

FeMnAPO-44 crystallizes from a reactive gel
composition with a molar oxide ratio of: (1.0
2.0) R : (0.05....() .2) M 20q : (0.5-L.0) AI203 :

(0.5-1) P20 S : (40-100) H20 (R represents the
organic additive, and q denote the oxidation state
of the metal (M).



Adsorption properties of PeMnAPO-44:

Adsorption

Kinetic
diameter Pressure.

Adsorbate A Torr

Temper
ature.

"C

Ferrierite (FER) 201

Natural ferrierite first was identified in British
Columbia and was named in 1918 in honor of
W. F. Ferrier, the first person to discover this
zeolite phase (Nat. Zeo. (1985» . The mineral
ferrierite is rare and is one of the most siliceous
naturally occurring zeolites.

0, 3.46
0 1

n·Hexane 4.3
H.o 2.65
H10

"Typical amount adsorbed.

100
750
100

4.3
20

- 183
-183

14
24
14

13
16
2

15
17

Structure

(Nat . Zeo. (1985); Z. Kristallogr. 169:201(1984);
Zeo. 7;442(1987); Zeo. 9: 152(1989))

Ferrierite (FER)
(natural and synthetic)

RelaUd MmeriaJ.r: FU-9
ISI-6
Nu-23
Sr-D
ZSM-35

FerTIerite Fig . IS: Framework topology .

UNIT CELL CONTENTS: (Na.K)MglCao.~

(AI.ISi>oOn)*20HlO
SYMMETRY: orthorhombic
SPACE GROUP: Immm
UNIT CELL CONSTANTS: (A) (natural ) 1I '" 19.18

b '" 14.14
c '" 7.50

(TMA) 1I '" 18.88
b '" 14.11
c = 7.45

FRAMEWORK DENSITY (glee): 1.76
VOID FRACTION (determined from water content):

0.28
PORE STRUCfURE: IO-member ring intersecting 8

member ring 4.2 x 5.4 A and 3.5 x 4.8 A

X-Ray Powder Diffmction Data: (Nol. Zoo.
339 (1985» (d(A)(llIo)) 11.38(3), 9.60(00),
6.98(5), 6.63(3), 5.84(18), 4.97(2), 4.80(5),
4.58(2), 4.01(21), 3.974(38), 3.888(14),
3.797(20), 3.708(31), 3.562(14), 3.535(26),
3.493(22), 3.416(8), 3.318(7), 3.310(6),
3.199(9), 3.151(10), 3.130(4), 3.076(12).
2.977(13), 2.955(4), 2.901(4), 2.846(1),
2.726(5),2.696(6), 2.643(3),2.581(4),2.572(3),
2.432(4), 2.372(9), 2.319(1), 2.255(2), 2.212(2),
2.190(2),2.115(4),2.109(3),2.051(3),2.021(3),
2.006(3), 1.969(4).

The aluminosilicate framework consists of
chains of five-member rings that are parallel to
the orthorhombic c-axis and are crosslinked by
four-member rings. The main IO-member ring
channels are along the [001] with the intersect-



202 Ferrierite (FER)
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*

30 to 20
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10 20
two theta

30 10 20
two theta
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Ferrierite Fig. 2; Observed and calculated X-ray diffraction profiles . (a) Observed panem of as-
synthesized ferrierite (Zeo. 9:152(1989»; (b) calculated pattern based on the ferrierite framework
alone; (c) observed pattern of til<: natural ferricrite (line marked with asterisk due 10 NaCl) ; (d)

calculated pattern for natural ferrierite based 00 the structure refinement by Vaughan (Acta
Crystallogr, 2\ :983 (J 966)) . (Reproduced with permission of Burtcrworths.Publishers)

ing eight-rings along the 1010]. There are four
unique T atom sites in this structure. The 5-1
secondary building unit is characteristic of the
mordenite family of zeolites. Faults are ob
served on (010) and {ItO} (Zeo. 5:81(1985);
Am . Mineral. 71:989(1986); Z. Kristallogr,
169:201 (1984)). The (110) reflection at 11.38
is very weak in the natural and synthetic fer
rierites, being significantly more intense for the
calculated pattern for natural ferrierite. In the
natural hydrated zeolite, the Mg .... 2 cations are
completely coordinated to the adsorbed water,
with a regular coordination sphere of 6 H20.

Synthesis

ORGANIC ADDITIVES ~D.

TMA
pyridine
piperidine
C l diamines
c.. dismlnes
ethylene diami ne
cboiine
pyrrolidine
2,4·pentanedione
N-melhylpyridinium +

alkyl piperidine



Ferrierite (FER) 203

Unit cell dimensions and silica contents of different orthorhombic ferrierires aeo. 7:442(1987); Zeo, 9:152(1989)):

Sio l , a, b. c.
Ferrierite phase WI% A A A

Silver Mt., CA 65 19.224(3) 14.142 7.510(2)
Francois Lake, BC 66.1 19.218(5) 14.153(5) 7.5()'){3)
Pinaus Lake, Be 67.8 19.205(4) 14.151(5) 7.496(3)
Rodope Mt.• Bulgaria 70.0 19.161(4) ],4.156(5) 7.500(3)
Kamloops Lake, Be 71.4 19.156(5) 14.127(3) 7.489(3)
Santa Monica Mts., CA 73.1 18.973(7) 14.140(6) 7.248(9)
TMA 19.173(7) 14.129(2) 7.485(1)
Calcined 18.863(4) 14.102(1) 7.449(1)
H form 18.869(2) 14.135(2) 7.459(1)
H (after 1215K) 18.765(4) 14.089(3) 7.430(1)
Al-frec ferrierite 86.2 18.557(6) 13.889(3) 7.249(9)

'Th~ is !he theoretical value calculated from .he unit cell """rents. The experimental value is &5.6%.

\
o

19.100

It.900

'8.700

1'.500

Ferrlerlte Fig. 3: Variation of unit cell axis a of ferrierites with
their silica contents (Zeo. 7:442(1987»). (Reproduced with
permission of Burterworths Publishers)



204 Ferrierite (FER)

Atomic coordinates for DaTUraI ferriente (2. Kristallogr.
169:201(1984»:

"Population parame1C" ere give" for the nonfnunework atoms 1
VlJ only llJd are referred 10 neuual oxygen . Estimated .tlu1dard
deviations are O.OS.

Early crystallization studies produced fer
rierite from a reaction mixture containing stron
tium cations (leo. 1:130(1981»). Aluminum-free
ferrierite has been prepared (Zeo, 7:442(1987))
by using H2BO) and ethylene diarnine after 8
weeks of crystallization at 1800C. Both the boric
acid and the amine are found in the structure
after crystallization. This crystallization gives a
platy morphology. The ferrierite structure has
been claimed to be prepared in the presence of
fluoride ion (EP 269,503(1988)). The major dif
ference between ferrierite and the other syn
thetic materials such asZSM-35. ZSM·38. and
FU-91ies in the intensity of the (110) reflection).

Ferrierite can be synthesized in the presence
of TMA from the gel: 0.62 (TMA) OH : 1.5
Na10: 1.0 AhO) : 15.2 Si02 : 300 H20. Crys
tallization occurs at 25O"C for 8 hours (Zeo ,
9:152(1989)). Crystallization under less alkali
conditions occurs from gels containing (0.06
0.14) (alkali)zO : Si02 : (0.028-0.06) AhO) :
(0.05-1) organic : (5-500) H 20 , where the Of-

Atom PP

T(l) •
T(2)
T(3)

T(4)
0(1)
0(2)
0(3)

0(4)
0(5)
0(6)
0(7)
0(8)
Mg
I 1.00
n OAO
III 0.67
TV 1.06
V 0.32
VI 0.76
VII 0.5

x y 7

0.1552(2) 0 0
0.0843(2) 0.2931(3) 0
0.2718(2) 0 0.2920(6)
0.3229(1) 0.2024(2) 0.2072(3)
0 0.216(1) 0
0.249(1) 0 0.500
0.1020(6) 0.0901 0
0.2021(7) 0 0.179(2)
0.2500 0.2500 0.2500
0.3428(8) 0.220(1) 0
0.1157(4) 0.2501(8) 0.182(1)
0.32\ 1(5) 0.0914(6) 0.248(1)
0 0 0.500
0 0 0.233(2)
0.403(1) 0.429(3) 0
0.450(3) 0.J66(3) 0
0.4286(6) 0 0
0.440(3) 0 0.23(1)
0.500 0.1216(7) 0.20(1)

o.ssr I) 0.5000 0

ganic is either pyridine or piperidine (JP
87,153,115(1987».

Natural ferrierite has a tendency to grow in
platelet-shaped crystallites as well as needles .
The synthetic materials produced in tbe presence
ofTMA form ellipsoidal aggregates (Zeo. 9: 152
(1989)). Structural decomposition is observed
for the hydrogen exchanged form at tempera
tures above l3ooK, characteristic of high silica
zeolites.

Thermal Properties

For the TMA-prepared materials. the loss in
weight initially reflects the loss of water from
the pores. Loss of 5.3 H20 per formula unit was
observed between 300 and 700K. The TMA
decomposes at around 770K (Zeo, 9:/52(1989)).
For the aluminum-free ferrierite, there are three
distinct regions of weight loss. About 2% initial
loss of the physically adsorbed water is followed
by a 9% further decreasebetween 350 and 8()(fC,
attributable to the breakdown of the organic and
occluded boric acid. Between 800 and 900"C .
a further loss is observed due to further decom
position of the boric acid. Decomposition of the
structure occurs at lOOODC with conversion to
eristobahte (Zeo. 7:442(1987)). See Ferrierite
Figs . 4 and 5.

Infrared Spectrum

Mid-infrandVibratWns (tm- I ) : (Zeo.4:369
(1984» J218(sh), 1060(s), 780(w), 695(w),
563(w), 445(s) .

Ion Exchange

Ammonium and sodium ion-exchanged natural
ferrierite has been examined for efficacy in ex
changing lead ions from solution. The exchange
is not complete. Starting with the sodium form,
the exchange is not reversible; but it is reversible
starting from the N~ + form . This behavior is
attributed to the presence of impurity ions in
this natural materials (Zeo . 7: 153( 1987)). Fer
rierite is highly selective for cesium and stron
tium. and this selectivity has made it desirable
for applications in radioactive waste treatment
Cleo. 4:215(19&4)).
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Ferrierite Fig. 4: Thermal curves of ferrierite from Albero Bassi, Italy; ill air.
healing rate 2Ooe /min (Nat . Zeo , 244 (l985)) . (Reproduced with permission of
Springer Verlag Publishers)

as synthesized
/'

FERRIERITE
"TG·

500 700 900
T(K)

Q20

FERRIERITE
QOO"DSC"

0.:15
002

as syfllhesized-

- Q()4g>
"- 0.10 E
"")

E'-E <1006-,
a calcined"\J J ,

0.05 .,
~

~, 008.., ~,.~- -'
0.10

900 3:Xl

Ferrierite Fig. S: Observed d.s .c .vsignal (left) and weight loss (right) upon heating for as-synthesized. calcined , and
H-form ferrierite (Zeo. 9: 152(1989)) . (Reproduced with pennission of Bunerwonhs Publishers)
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206 FeTiCoAPO-34 (CHA)

Adsorption

Adsorption equilibrium data for natural ferrierite from
Kamloops, BC (Zeo. Mol. Sieve. 625(1974)):

Adsorbate T, K r. Torr gig adsorbed

0, 90 700 0.105
C,H.. 298 750 0 .041
n-C.H,o 298 NA
0. 90 700 0.064-
CJI. 298 700 0.025-

~SwimenlAl)l [errierite (rom Neya~ .

FeTiCoAPO-34 (eHA)
(EP 158,977(1985»
Union Carbide Corporation

Relased Materials: chabazite
AIP04 -34

Structure

Chemical Composition See XAPO

X-Ray PowderDiffraction Data: (d(A) (!flo»
9.41-9. 17(s-vs) , 5.57-5.47(vw-w), 4 .97
4.82(w-s), 4.37-4.25(m-vs), 3.57-3.51 (vw
s), 2.95-2 .90(w-s).

FeTiCoAPO-34 exhibits properties charac
teristic of a small-pore molecular sieve. For a
detailed description of the framework topology,
see A1P04,34.

Synthesis

OROANlC ADDmvES
tetraethylammonium"

FeTiCoAPO-34 crystallizes from a reactive
gel composition with a molar oxide ratio of: r.o
R : 0.4 M20q : 0.8 Ah03 : PzOs : 0.8 CH3COOH

: 50 HzO (R represents the organic additive,
and q denotes the oxidation state of the metal
(M».

Adsorption

Adsorption properties of FeTiCoAPO-34:

Kinetic Tempera-
diameter Pressure , rure, Wt%

Adsorbate A Torr °C adsorbed

Oz 3.46 100 -183 \3
0 , 750 -183 18
n-Hexane 4.3 100 24 6
AlO 2.65 4.3 24 15
H.,O 20 24 2\

FkJkite (MOR)

Obsolete name for mordenite.

Foresite (STI)

Obsolete name for stilbite.

Eranzinite (CAN)

Franzinire is a cancrinite-related salt-bearing
tectosilicate (Hydrothermal Chern. of Zeolites,
307(1982»

FD·l
(US4,300,913(1981))
Imperial Chemical Industries

Structure

Chemical Composition: 0.6-1.4 R20 : Al'203 :
greater than 5 Si02 : 0-40 H20.

X-Ray Powder Diffraction Data: (d(A) (11/0»
9.51(31), 8.35(8), 6.92(28), 6.61(9), 6.26(9),
5.25(16),4.61(63),4.48(6), 4.35(13), 4.07(19),
4.00(9.4), 3.89(3). 3.73(23). 2.68(3).
3.44(100).

Synthesis

ORGANIC ADDmvE
TMA·
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FU-I crystallizes from a reactive alurninos
ilicate gel in the presence ofTMA cations. Crys
tallization occurs over a range of Si02/Al20J

between J0 and 200 and an OH/Si02 between
0.4 and 0,8 . Crystallization occurs readily when
the organic amine has a concentration between
0.2 and 0.9 (organic/organic + inorganic ca
tion) . Sodium is the preferred inorganic cation.
Temperatures that induce crystallization of this
structure are 175 and 200°C after 24 hours.
Common impurities include TMA-sodalite , ZSM-

4, TMA analcime, and Nu-I. Nu-l can be gen
erated in greater proportion in this system if it
is seeded with Nu-l crystals. Cristobalite is also
a noteworthy impurity. Stirring of the crystal
lization mixture has been employed.

Infrared Spectrum

Mid-infrared Vibrasions for FV·} (em -I):
(I 230-1 240(m) , 1055-l065(s), 950(w) , 780
790(w), 590(w), 430-440(m-s).

10

6

o 0-2 0 ·3 0-" 0-5pip 0

ISOTHERMS AT 23°C

FU·I Fig. 2: Full isotherms for ammonia and water at D"C for HFU-\
(US4 ,300.0 13(198\».
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FU·I Fig. J: Adsorption rates of Hf1J -1 for cyclohexane, n-hexane, p-JlyleDe. ammonia.
and water (US4.JOO.OI3(198/l).

Adsorption

Adsorption properties of FU-I (Ger. 2,748.276{1978»:

Apparent
void

Diameter, Wt% tilled
Adsorbate A adsorbed (ccllOO g)

Trieibylbenzene 8 0.2 0.28
Cyc\ohexaoe 6 J .7 (10 min) 4.7

5.7 (l7 hr) 7.2
p-Xylene 5.85 7.7 8.9
II-He:une 4.3 6.8 10.4
Methanol J.8 6.0 10.0
Water 2.65 8.5 8.5
Ammonia 2.6 7.7 10.0

FU-9 (FER)
(EP 58,529(1982)
Imperial Chemical Industries

RelJlted Maurials: ferrierite

Structure

CHEMlCAL COMPOSmON: (0.5-1 .5) R10 : Al:OJ :
05-30) SiOl : ({)-SOO) H:O

SYMMErRY; orthorhomblc
UNIT CELl.. CONSTANTS (A ): a = 19.0

b = J4.1
c = 7.5

X-Ray PowderDi/frat:tionDIJ1il: (d(A) (/110»
11.3(7),9.5(100),7.05(21),6.99(22),6.61(l9),
5.77(13), 5 .67(3), 4.97(8), 4.84(l), 4.75(2),
4.57(2), 3.99(52), 3.94(37), 3.85(18), 3.78(32),
3.66(14),3.56(40), 3.53(55), 3.49(52), 3.38(10),
3.31(15), 3.14(21), 3.05(8), 2.950(9), 2.898(5),
2.713(3),2.643(4), 2.6J7(l), 2.575(3),2.545(1),
2.477(3), 2.414(2), 2.347(3),2.308(1), 2.260(1),
2. J50(2), 2.109(2), 2.207(2) , 1.998(6) .

The structure of zeolite FU-9 is proposed to
be that of an unfaulted ferrierite with properties
similar to those of Sr-D.

Synthesis

ORGANIC ADDITIVES
TMA -I- trialkylamine

FU~9 crystallizes in the presence ofTMA and
triaJkylamine from reactive mixtures with a mo
lar composition of: 4 .5 NalO: 3 QCl : AhO] ;
25 Si02 ; 900 H20. where Q is 90% TMACJ
and 10% trimethylamioe*HCl. Crystallization
occurs after 24 hours at 180°C. At shorter crys
tallization times, FU-J is observed, whereas
using 100% trimemylamine*HCl causes
zeolite ZSM~3 to form, Small-pore ferrierite is
obtained when TMA only is used in tile
crystallization .



Tbennal Properties

FU-9 can be heated to 550°C in the presence of
wet air and still maintain x-ray crystallinity.

FZ-l (MAl 209

Voldage, in cdlOO g, for FlJ-9 at 2S"C:

n- Cyclo - p- m-
Water Methanol Hexane hexane Xylene Xylene

Adsorption

Adsorption capacity of FU-9 with SiO;/AI,o, of 20 (EP
55.529(1982»:

9.1 13.8 9.4 <0 .3 3.8 2.9

n

Hexane
p- m-

Cyclohexane Xylene Xylene
FZ-] (MFI)
(EP 831,255(1981»

6.2 <0.2 3.3 2.5
See ZSM-5.



G

G

See K-G .

GaAPO·5 (AFn
(EP lS8,?76(l985))
Union Carbide Corporation

Related Materials : AIP04-5

Structure

Chemical Composition: See FCAPO.

X-Ray Powder Diffraction Data: (d(A) (/110»
12. l-ll .56(m-vs),4 .55-4.46(m-s),4.25-4.17
(m-vs), 4 .00-3.93(w-vs). 3.47-3.40(w-m).

GaAPO-5 exhibits properties characteristic
of a large -pore molecular sieve. See AlP04-5

for a description of the framework topology.

Synthesis

ORGANIC ADDITIVE
tripropylamine

GaAPO-5 crystallizes from a reactive gel with
a batch composition of: (1.0-2.0) R; (0.05
0.2) Ga20 ) : (0.5-1 .0) Al20) : (0.5-1.0)
P20 s : (40--100) H20 .

Adsorption

Adsorption properties of GaAPO-44:

GaAPO-44 (eRA)
(EP 158.?76(198S»)
Union Carbide Corporation

Reltzud MaieriaJs: SAPO-44
chabazite

Structure

Chemica; Composition: See FCAPO.

X-Ray Powder Diffraction Data: (d(A) (1110»
9.41-9.26(vs), 6.81~.76(w-m). 5.54-5.47(w
m), 4.31-4.26(s-vs). 3.66-3.65(w-vs). 2.912
2.889(w-s).

GaAPO-44 exhibits properties characteristic
of a small-pore molecular sieve.

Synthesis

ORGANIC ADDITIVE
cyclohexylamine

GaAPO-44 crystallizes from a reactive gel
with a batch composition of: (1.0-2.0) R : (0.05
0.2) GaP3: (0.5-1 .0) AhO) : (0.5-1,0)
P20S : (40-100) H20 (R represents the organic
additive) .

Adsorption

Adsorption properties of GaAPO-44:

Kinetic
diameter

Adsorbate A

Tempera-
Pressure, mre, Wt%

Torr ·C adsorbed"

Kinetic
diameter

Adsorbate A

Temper-
Pressure, ature, WI'll>

Torr "C adsorbed"

O2 3.46 100 -183 13 o, 3.46 100 -183 13

O2 750 -183 16 0, 750 -183 16
n-Hexane 4.3 100 24 2 n-Hexane 4.3 100 24 2

HJO 2.65 4.3 24 15 H2O 2.65 4.3 24 IS
H2O 20 24 17 H2O 20 24 17

"Typical arneum adsorbed. "Typicul amount adsorbed .
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GaAs04-2

(RR 8th IZC 47(1989»

Structure

CHEMICAL COMPOSITION: GlQ4Al""O.wti·16DMA
SYMMETRY: monoclinic
SPACE GROUP: n,/n
UNIT CELL CONSTANTS (A): a = 18.0114

b = 10.4664
c = 19.0354
~ = JI3 .976G

PORE STRUCTURE: 10-member rings with zigzag
8-member-ring channels

X-Ray Powder Diffraction Daltl : (d(A) (1110 ))

8.75(100),8.18(42),6 .80(9) ,6.28(2),5 .49(2),
5.24(2), 5.03(9), 4.86(3), 4_73(4), 4.48(3),
4 .10(8),3 .75(12),3.59(4),3.31(10),3.23(15),
3.14(7), 3.01(8), 2.89(9), 2.78(9), 2.74(4),
2.61(9), 2.44(5), 2.34(4), 2.19(4), 2 .02(3),
1.66(2), 1.63(4).

In the GaAs04-2 structure, all of the As at
oms are tetrahedrally coordinated. Of the 24 Ga
atoms one-third are 6-coordinated and two-thirds, .

GaAsO..2 Fig. IS: Framework topology.

are 5-coordinated. Nonframework oxygen at
oms (from water) and F ions participate in the
coordination to the gallium atoms. The dime
thylarnine is located in the 10-member-riDg
channels.

Synthesis

ORGANIC ADDITIVES
dimethylamine (DMA)

GaAs04-2 is prepared from a mixture of gal
lium hydroxide and pyroarsenic acid, dimethy
lamine, and water. The molar ratio of the re
active gel is: 3.6 DMA: 1.0 Oa203 : 1.2
As20S : 40 H20. This gel was aged at 180aC

for 5 days, after which hydrofluoric acid was
added (HF/Ga~OJ = 1.2) . Crystallization then
occurred after 10 days at 2()(fC.

GaGS-]
SSSC 49A:375(1989»

Structure

Chemical Composition: gallium germanium
sulfide

X-Ray Powder Diffraction Data: (d(A) (1110»
9.63(100), 6.06(33) , 4 .82(13), 3.91(25), 3.30(6),
3.02(23), 2.39(7), 2.35(5), 2 .21(3), 1.91 (6),
1.80(6).

See GaGS-I Fig. I on p. 212.

Synthesis

ORGANlC ADDITIVE
tetramethylamrnoniurn " (TMA)

Galaktite (NAT)

Galaktite is an obsolete synonym for natrolite,
found frequently in early papers.

GaP04-14

(JCS Chem. Commun. 606(1985»

Rekued MaJI!ri4ls: AlP04-14
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DEGREES ze.co Ka

GBGS-l Fig. l: X·ray powder diffraction pattern for GaGS-I (SSSC 49A:375
(1989». (Reproduced with permission of Elsevier Publishing Company)

Selected bond lengths (A.) are: P-o, 1.53 ;
Ga(l)-0, 1.92 ; Ga(2)-Q. I. 82; Ga(3)-Q, 1.81;
Ga(4)-0, 1.97; Oa(I)--O(9), 2 ,38(3); Ga(4)
0(9),2.053(3); Ga(4)--O(9), 2.084(3).

Structure

CHEMICAL COMPOSmON: (i-prNH})
(Ga.,(l>().)40H)·H~

SYMMETRY: triclinic
SPACE GROUP: PI
UNIT CELL CONSTANTS (A): 0 = 9.601

b = 9.757
c '" 10.701

The structure consists of crosslinked Ga04

and P04 tetrahedra that produce voids in which
the isopropylamine moiety is located. The or
ganic amine is charged, resulting in a C3H,oN +
unit within the structure. The amine is hydro
gen-bonded to the framework via N
H(I) . . . O( 10) with a H(l) . . . 0(10) dis-
tance of 2.32 A.. N-H(2) 0(6) has a dis-
tance of 1.95 A, and N-H(3) 0(17) has a
distance of 2.09 A.. Phosphorus in the frame
work is 4-coordinate; however. the aluminum
is 4-, 5-. and 6-coordinate. The building unit of
GaP04 -14 is edge-shared octahedra connected
via comers with two trigonal bipyramids of
Ga04(OH).

oeu

GaPO.-J4 Fig. I: Atom position,



Synthesis

ORGANIC ADDITIVE
isopropylarnine

GaP04- t4 crystallizes from a reactive gel with
a batch composition of; 1.0 R : Ga20 3 : P20 S :

40 H20. Crystallization occurs after 142 hours
at 200°C.

GaPO.,.21
(AcUz Crystallogr. C42:144(1986»

RelJJJed MaterioJs: AIP04-21

Structure

CHEMICAL COMPOsmON: Gal(PO'>]~C3H.WH20

SYMMETRY: monoclinic
SPACE GROUP: P2,/n
UNIT CELL CONSTANTS (A): a = 8.700

b = 18.146(2)
c '" 9.087
~ = 107.28°

DENSITY : D. = 2 .77 glcml

PORE STRUCTURE: intersecting eight-member rings
with Ga-QH-<:;a bridges

The structure of GaP04-21 is essentially the
same as that of AIP04-21. The framework con
sistsof crosslinked corrugated sheetscontaining
edge-shared three- and five-member rings with
a 5-coordinated gallium polyhedron and tetra
hedral phosphorus. Four-member rings are ar
ranged in a crankshaft manner. consisting of
alternating Ga04 and P04 tetrahedra. The or
ganic amine trapped within the structure is dis
ordered over two sites. Thermal treatment to
remove the organic results in a transformation
to GaP04-25 .

Unit Cell Parameters for GoP04-25 (Acta
Crystallogr , C42: 144(1986»;

SYMMETRY: orthorhombic
UNIT CELL CONSTANTS (A): a = 8.40

b = 18.5
c = 15.0

GaPO.-25 213

Atomic posltions (X Iif) for GaPO.-21 (Acta
Crystallogr, C42:144(1986»):

Atom -f Y z

Ga(l) 818(1) 2952(1) 2911(1)
Ga(2) 1364(1) I079(1) 161()(1)
Ga(3) 5291(1) 3209(1) 1966(1)
P(I) 3502(2) 4268(1) 3596(21
P(2) 3148(2) 2070(1) - 18()(2)
P(3) 2670(2) 1694{1) 4965(2)
0(1) 395(6) 2050(2) 1&OO(6}
0(2) 1983(5) 3812(2) 3019(6)
0(3) 2606(5) 2500(2) 4425(5)
0(4) - 356(6) 3060(3) 4]2](6)
0(5) -778(6) 3439(2) 1242(6)
0(6) 4712(6) 4M5(2) 2732(6)
Q(7) 3473(6) 2680(2) 1048(6)
0(8) 6197(6) 3483(2) 500(6)
0(9) 6721(6} 2665(3) 3460(6)
0(11) 2627(6) 1151(2) 3664(5)
0(12) -714(6) 856(2) 307(6)
0(13) 3015(5) 5064(2) 3235(6)
0(14) 2716(6) 1352(2) 467(6)
H(I ) -364(98) 2131(55) 963(97)
C(I) 1381(54) 4557(32) 8175(51)
C(2) 993(55) 4948(19) 6546(21)
C(3) 3204(28) 4587(18) 9035(31)
N 291(21) 4943(11) 9046(21)
CO·) 1459(37) 4431(15) 77J4(34)
C(2·) 1740(44) 5160(13) 7069(38)
C(3·) 2026(71) 4287(22) 9420(32)
N· 1872(23) 3753(9) 6852(22)

"So:ond molecule of Isopropylamloe designated C( I"). C(2-). ctc.;
each molecule has occupancy 0.5 fixed during refinement,

Synthesis

ORGANIC ADDmVE
isopropylarnine (ip.NH,)

GaPOd -21 crystallizes from reactive gels with
a composition of; 1.0 ip~2 : Ga203 ; P20 5 :
40 H20 . Crystallization occurs at 200"C after
86 hours. Upon thermal treatment to 600°C,
after 48 hours GaP04-21 converts to GaP04-25.

which is isostructural with AIP04-25.

GaPO.,-25 (ATV)
(ACID Crystallogr, C42:144(l986»



214 Garronite (GIS)

Garronite (GIS)
(natural)

Related MaterUds: gismondine

Garronite first was described by Walker in
1962. Initially it was thought to be similar to
zeolite P. Further study confirmed its similarity
to gismondine (Nat. Zeo. 122 (1985»). Garron
ite has been found along with deposits of phil
lipsite, chabazite , thomsonite, analcime, lev
yne, and nacrolite and sometimes with gmelinite
and meso lite.

X-Ray Powder DijIraefi.on Data: (d(A) (Illo»
7.15(75),4.95(59), 4.15(78), 4.07(27), 3.576(2),
3.499(4), 3.244(50) , 3.144((00), 2.9920),
2.895(4), 2.744(3) , 2.710(0), 2.674(72),
2.573(11), 2.415(2), 2.337(7), 2.212(4) ,
2.124(4),2.072(7),2.031(3),2.015(3) , 1.987(7)

Garronite is more silica-rich than gisrnon
dine, with a disordered (Si,AI) distribution.
Garronite is also high in sodium. The members
of the gismondine group exhibit variable chan
nel dimensions due to considerable flexibility of
the framework.

Thermal Properties

Garronite shows three water loss peaks, occur
ring at 60, 170, and 320OC. See Garronite Fig.
1.

GeAPO
(US 4,888,167(1989»

GeAPO-S (AFI)
(EP 158,976(1985)
Union Carbide Corporation

Related MaJerUds: AlP04-5

Synthesis

GeAPO-5 exhibits properties characteristic
of a large-pore molecular sieve. See AJP04-5

DTA for a description of the framework topology.

DTG

Structure

(Nat. Zeo. 122 (1985»

CHEMICAL COMPOSITION: NaCal,~ (A~iIOO:12)

·I3H1O
SPACE GROUP; 14,J8ll1d(?)

UNIT CELL CONSTANTS (A): a = 9.85
c = 10.32

PORE STRUCTURE: intersecting elgbt-mernber rings
3.1 x 4.5 Aand 2.8 x 4.8 A

°1

EJ
~ I Structure

~11 TG Chemical Composition: See FCAPO.
f-------I---+----:--...=::::==!-....:..::

X-Ray PowderDif.froclion Dam: (d(A) (Ilion
12.1-11.56 (m-vs), 4.55-4 .46(m-s), 4.25
4.17(m-vs), 4.OQ-3.93(w-vs), 3.47-3 .40(w
m) .

2QQ do 60D

Garronite Fig. I: Thermal curves for garronite from
Goble, Oregon : in air, heating rate 20"Omio (Nar. Zeo,
130(1985». (Reproduced Wilh permission of Springer
VerJi18 Publishers)

GeAPO-5 crystallizes from a reactive gel with
a batch composition of: (1.0-2.0) R : (0.05
0.2) GeO'!. : (0.5-1.0) Ah03 : (0 .5-1.0)



Adsorption

GeBAPO-44 (CHA) 2\5

Adsorption

Adsorption propert ies of ~APO-5: Adsorption properties of GeAPO-34:

Kinet ic Temper- Kinetic Temper-
diameter Pressure. ature , Wt'll> diameter Pressure, arure, Wt%

Adsorbate A Torr "C adsorbed- Adsorbate A Torr °C adsorbed·

O2 3.46 100 -183 7 O2 3.46 100 -183 13
O2 750 -183 10 O2 750 -183 18
Neopentane 6.3 700 24 4 n-Hexane 4 .2 100 24 6
H2O 2.65 4.3 24 4 H2O 2.65 4.3 24 15
H2O 20 24 12 H2O 20 24 21

-Typical amount adsorbed . "Typical amount adsorbed.

PzOs : (40-100) H20 (R represents the organic
additive.

GeAPO-34 (CRA)
(EP lS8~976(1985))

Union Carbide Corporation

Re10Jed Materials: AlP04-34

chabazite

Structure

ChemkaJ Composition: See FCAPO.

X-RayPowder Diffraction Datil: (d(A) (/110))

9.41-9. I7(s-vs) , 5. 57-5.47(vw-m) , 4.97
4. 82(w-s), 4.37-4.25(m-vs), 3.57-3.51 (vw
s).2.95-2.90(w-s).

GeAPO-34 exhibits properties characteristic
of a small-pore molecular sieve similar to cha
bazite.

Synthesis

ORGANIC ADDmVE
tetraethylammonium +

GeAPO-34 crystallizes from a reactive gel
with a batch composition of: (J .0-2 .0) R : (0.05-
0.2) ceo, : (0.5-1.0) AlzO) : (0.5-1.0)
PzOs : (40-100) H20 .

GeBAPO-44 (CRA)
(EP 158,976(1985))
Union Carbide Corporation

Related Materials: chabazite

Structure

Clumical Composition: See FCAPO.

X·Ray Powder DiffNU:tion Dasa: (d(A) /110»
9.41-9.26(vs). 6.81-6.76(w-m). 5.54-5.47(w
rn), 4.31-4.26(s-vs) , 3.66--3.65(w-vs), 2.912
2.889(w-s) .

The framework topology of GeBAPO-44 is
similar to that of SAPO-44 and is considered to
be chabazite-like.

Synthesis

ORGANICADDmVES
cyclonexylamine

GeBAPO-44 crystallizes from a reactive gel
containing the molar oxide ratio: 1.0-2.0 R :
O.05-Q.2 M20q : 0.5-1.0 Ah03 : 0.5-1.0 P20S
: 40--100 H20 (R represents the organic addi
tive, and q the oxidation state of the gemanium
and boron).



216 Genthelrite (SOD)

Adsorption

Adsorption properues of GeBAP044:

Kinetic Temper-
diameter Pressure , arure, W"*

Adsorbate A Torr "C adsorbed-

0, 3.46 100 -183 13
0, 750 -183 16
11-Hexane 4.3 100 24 2
H,o 2.65 4.3 24 IS
H2O 20 24 J7

"Typical lmOllnl adsorbed.

Genthelvite (SOD)
(Feldspars and F eldspothoids (BroWD,
W. L., ed, Reidel, Dordrecht,
Netherlands) 480(1984)

See sodalite.

Gismondine (GIS)
(natural)

ReltIud Maurillls: amicite
garronite
gobbinsite
MAPSD-43
Na-PI
Na-P2

P~

PI

Gismondine Fig. IS: Framework topology.

Gismondine first was ascribed to a mineral sam
ple found near Rome, Italy in 1817 and was
named after its discoverer, Gismondi, in that
same year (Nat. Zeo. 122(1985)).

Structure

tZeo. Mol. Sieve. 149 (1974)

CHEMICAL COMPOSmON: Ca.(AI.SieOJ2}-16H20

SYMMETRY: monoettnle
SPACE GROUP: Pl,/e
UNIT CELL CONSTANTS (A): a = 10.02

b = 10.62
c = 9.84
~ = 92"25'

VOID FRAcrTON (determined from water
content): 0.46

FRAMEWORK DENSITY: 1.52 glee
PORE STRUCTURE: inle~ing eight-member rings

4.5 x 3.1 and 2.8 x 4.8 A

X-Roy Powder DijJrlJCtion Data: (Zeo. Mol.
Sieve. 22 1 1974) (d(A) (1/10)) 10.00(3),7.30(63),
5.94(7),5 .77(15), 5.32(4), 5.00(17), 4.91(52),
4.68(17),4.46(10),4.33(6),4.27(100),4 .21(51),
4.18(34), 4.05(30), 4.02(6), 3.642(8), 3.606(8),
3.587(5), 3.431(16), 3.383(8), 3.338(47),
3.186(90), 3.132(71), 3.065(4), 3.022(5),
2.993(6), 2.955( I). 2.873(4), 2.825(5),
2.782(11), 2.744(76) , 2.714(59), 2.693(78),
2.662(69), 2.658(72), 2.624(17), 2.607(11),
2.567(7), 2.521 (15), 2.492(7), 2.475(8),
2.467(9), 2.458(8), 2.407(3), 2.389(7),

I ! I I I t I I I I I ! I
8 12 16 20 24 28 3236 40 4448 52 56

°28 CuKa
GlslDOltdlJte FIg. 2: X-ray powder diffraction pattem
for gismondine from Capo Di Bove, haly (ao. Mol .
Sieves 206(1974}). (Reproduced with permission of John
Wiley and Sons. Inc.)



2.340(16), 2.293(4). 2.265(6). 2.242(5),
2.193(15). 2.135(8). 2.102(6). 2.080(6),
2.046(10),2.033(10),2.011(12), 1.967(8).

The structure of gismondine was determined
for a hydrated mineral sample tNaturwissen
schaften 45:4888(1958); Am. Mineral ,
48:664(1962». It later was shown to be struc
turally related to the synthetic zeolite P. Single
crystal neutron diffraction studies at 15K show
that the mean tetrahedral T--0 distances are con
sistent with an essentially ordered distribution
of silicon and aluminum with minor substitution
of excess silicon in the Al(l) sites (Zeo.
6:361(986». Full calcium occupancy was ob
served, and coordination around the calcium in-

Gismondine (GIS) 217

volves two framework oxygens and 4 .3 water
oxygens,

Synthesis

ORGANIC ADDITIVES
tetrarnetnylarnrnonium - (TMA)

This structure has been crystallized in the
presence of Na, (Na,TMA), (Na,Li), (Na,K),
(Na.Ba), and (Li,Cs,TMA). The preferred ca
tion appears to be sodium (Zeo. 1:130(1981)) .
For further discussion of the synthetic analogs
of gisrnondine, see gismondine(TMA) and Na
PI.

Atomic coordinates ( x I~) and occupancy factors (Zeo. 6:361( 1986)):

Atom xlA ylB lie

Si(l) 41.701(27) 11.342(27) la ,365(29)
Si(2) 90.696(27) 87,029(26) 16,244(27)
AI(l) 9.783(33) 11,445(31) 16.605(35)
AI(2) 58,866(33) 86,492(33) 14,799(34)
0(1) 8,594(23) 16,268(21 ) 99,653(23)
0(2) 26,410(21 ) 8 ,016(21) 21,490(23)
0(3) 43.831{21l 14,684(1.1) 2,648('22)
0(4) 24,580(21) 40,345(21) 30,058(22)
0(5) 99,985(24) 98,818(21) 20.919(25)
0(6) 4 ,313(20) 24,651(21) 25 ,317(21)
0(7) 47 ,039(21 ) 22.764(20) 28,039(22)
0(8) 51 ,143(22) 99,265(20) 22,922(20)
Ca 71,243(22) 7,174(33) 35,977(30)
OWl 25,843(26) 10.659(23) 49.653(14)
Hll 20,848(61) 31,767(54) 1,194(60)
H21 26,257(52) 9,735(54) 39,871(49)
OW2 59,508(23) 13,096(22) 55,060(24)
HI2 53,278(52) 29,830(49) 3.790(55)
H22 56,213(49) 4J.867(47) 12,553(53)
OW3 9O,921(26) 11.782(25) 49 ,859(28)
HI3 97.987(321) 17,930(323) 47.756(339)
H23 94,105(60) 42 .852(63) 7.771(75)
H33 96.046(167) 30 ,710(188) 27(148)
OW4 77,553(35) 23,209(38) 23,491(48)
HI4 72,229(219) 28,728(243) 17,445(204)
H24 86.9'70(117) 25.243(152) 22,989(145)
H34 65 ,855(1025) 27.923(663) 19,458(756)
OW5 73,447(85) 32,137(81) 4\ ,318(107)
HIS 76.015(281) 15.794(206) 480(256)
H25 74,585(206) 39.881 (170) 35,918(262)
OW6 77.947(92) 19,590(112) 16,474{123)
Hl6 73,394{594) 26,797(578) 14.126(617)
H26 87 ,648(471) 22.894(340) 19.538(414)

G

0 .384(0.191)

0.616(0.197)
0.697(0.024)
0 .61J(0. 189)
0 .697(0.024)
0.084{0.189)
0.303(O.02A)
0.303(0.024)
0.303(0.024)
0 .303(0.024)
0 .303(0 .024)
0.303(0.024)
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Glsmondine Fig. 3: Thermal curves of gismondine
from Montalto di Castro. Italy: in air, heating rate
1000C/mio for TO (and DTG). 20·C/min for lYrA (Nol.

Zeo, lJO( 1985». (Reproduced with permission of
Springer Verlag Publishers)
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tion steps between room temperature and 300°C.
In addition, there is some minor water loss be
tween 300 and 600°C. This behavior is consis
tent with the six different water sites in this
structure (Nat. Zeo. 129(1985».

Gismondine (TMA) (GIS)
uut« Chim. Acta 53: 1285(1970»

Related Materials: gisrnondine

Structure

CHEMlCAL COMPOsmON: (CH).NAIShO.*H10

SYMMETRY: tetragonal
SPACE GROUP: 14,/amd
UNITCELL CONSTANTS (A): a '" 9.84

c = 10.02
PORE STRUCTURE: intersecting eight-member rings

X-Ray Powder Diffraction Da/(J: (dCA) (1/10»
7.13(80), 5.216(5), 4.216(35), 4 .065(91),
3.695(6), 3.281(100), 3.098(1 I) , 2.775(l),
2.735(24), 2.666(3), 2.614(1), 2.434(1),
2.302(4), 2.198(4), 2.107(3), 2.045(1), 2.03 ((I),
\.998(12), \.960(2), 1.904(1), 1.889(1),
1.780(6), 1.758(7), l.743(6).

Thermal Properties

The thermal behavior of gismondine is not
straightforward . There are five main dehydra-

The structural framework is that of gisrnon
dine. The ratio of SilAI in this material is higher
than that found in the natural mineral.

10

1'----
Gisrooodine erMA) Flg. 1: X-ray powder diffraction pattern for TMA-gj=ondine (Helv , Chim, Acta
53:1285(1970) . (Reproduced with permission of Springer Verlag Publishers)



Atomic coordinates for TMA-gismondine (Hetv, Chim.
Acta 53:1285 (1970»:

Atom Position x y

T 16g 0.1~5(5) 0 .6015(5) 1/8
0(1) 16h 0 0.5820(10) 0.1795(10)
0(2) 16f 0 .1785(10) 1/2 0
N 41> 0 1/4 3/8
1/4C(I) J2i 0.1485(45) 0.1915(20) 0 .3510(40)
14C(2) J2i 0.0780(20) 0 .2175(30) 0.2615(20)

Synthesis

ORGANiC ADDITIVE
tetramethylammonium' (TMA)

The gismondine structure is prepared in the
presence of TMA cations after 8 to 10 days at
1300c. Thermal treatment to remove the organic
from the pores of the structure results in the
generation of "cubic" Na-PI .

Gismondite (GIS)

Little-used synonym for gismondine.

Giuseppettue (CAN)
(natural)

Relilted Materials: cancrinite

Giuseppettite is a cancrinite-rype phase with unit
cell parameters of a == 12.85 and c = 42.22
A with an ABABABACBABABABC stacking
sequence (Proc . NATO Study Institute of Feld
sparsandFeldspathoids, Rennes, France (1983» .

Gmelinite (GME)
(natural/synthetic)

The mineral gmelinite was first named by
Brewster in 1825 to honor the chemist G . C .
Grnelin.

Structure

(Zeo. Mol. Sieve . 150 (1974»

Gmelinite (OME) 219

Gmellnllt Fill. ]5: Framework topology .

CHEMICAL COMPOSmON: Na,,(CAl02). (SiO , )161
·24H,O

SYMMETRY: hexagonal
SPACE GROUP: P6yrmc
UNIT CELL CONSTANTS (A): a = 13.75 ; c = 10.05
VOID FRACTION (determined from water content): 0.44
FRAMEWORK DENSITY: 1.46 glce
PORE STRUCTURE: 12-ring intersecting B-ring, 3.6

x 3.9 Aand 7.0

X-Ray Powder Dijfra£tion Pattern: (Zeo. Mol.
Sieve 222 (1974» (d(A) (1110» 11.91(100),
7.68(5),5.12(18),5 .02(53),4.50(9),4 .11(42),
3.44{7), 3.22(25), 2.98(27), 2.92(8.4), 2.85(16),
2.69(21), 2 .60(2.3), 2.56(2.0), 2 .40(2.7),
2.29(3 .5), 2.08(11), 2.05(3.2), 1.83(3 .1),
1.81 (3.3), 1.79(3. I), l.73(2 .0), 1.72(5 .3).
1.67(2.5), 1.58(2.1).

The gmelinite structure is similar to that of
chabazite. In fact, chabazite-gmelinite inter
growths arecommonly found in many samples.
The gmelin ite framework can be produced by
joining D6R units through tilted four-member
rings. There are two cat ion sites within the D6R
unit. Six monovalent cations can be located near
the eight -member rings.

Synthesis

ORGANIC ADDITIVES
tetramethylammonium" (fMA)
polymeric quaternary amines
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The gmelinite structure can be crystallized in
the presence of sodium, strontium. and mixtures
of calcium and TMA. as wen as mixtures of
sodiumand TMA, with the preferred cation being
sodium (Zeo. 1:130(1981); lCS London 1961:
983(1961)) . Wich SiOzlAh03 of 9 and Na201
AbO) of 4, crystalline mixtures of chabazite and
gmelinite are produced (lCS London 1959:
195(1959».

A fault-free gmelinite can be prepared by
utilizing polymeric quaternary amines in the
synthesis. Batch compositions with Si02/AhO)

between 10 and 60, NazO/RzO between 0.5 to
0.95. and OHlSiOz between 0.3 to 1.3, with
HzO/OH of 15 to 40, will result after 3 to 15
days at 90°C in the crystallization of fault-free
grnelinite (US4,061.717(l977»).

peaks at 175 and 300°C. and can be related to
the presence of threewater sites in thestructure.

Apparent activation energies of the dehydra
tion of grnelinite was estimated from the TGA
for the temperature range between 17 and 692·C.

Activation energies of die dehydration of gmelinite
Z. Phys. Chon . 48:257(1966») :

Peak temperature,

OC No. H~ lost EA ~mol)

17 s 3.8
I~ 8 9.2
314 3 10.7
419 2 34.2
S88 1.5 49.6
692 CO, (from calcite) 56.3

Adsorption

The potassium exchanged form of gmelinite
exhibits distinctly different water desorption!
adsorption properties from the parent mineral.
Essentially all of the water is given off below
300·C in overlapping steps, with maxima at 80
and 150"C. The material adsorbs very slowly at
ambient temperature, and the loosely bound water
is released at a relatively low temperature. The
adsorption of water causes the gmelinite lattice
to expand in the C direction .

Adsorption equilibrium data for gmetinite (Nova Scotia)
(ZeD. Mol. Sieve. 625;(1974»):

TG

nTG

DTA Adsorbate T. OC p, Torr gig adsorbed

H2O 25 4 0 .23

NliJ 25 700 0 .23
Co, 25 700 0 .14

TI'C So, 25 700 0.39
20 4 0 I 0 1611 0, -298 85 0.087

N, -298 710 0.062
Gmellnl1J: fig. 2: Thermal curves of gmelinite from Ar -298 93 0.085
Ainders . Australia; in air. heating rate 20"Clmin (Nat. C:JI. 25 7fIJ 0.037
Zeo. 173 (1985»). (Reproduced with permission of C,H. 25 700 0.030
Springer Verlag Publishers)

Thermal Properties

Water is lost in three steps from the gmelinite
structure, an initial shoulder at lO<tC and two
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GmeliIdte FIg. 3: (a) Differentia! thermal analysis of K-gmelinite (13.84% H,o); heating rate
3ifCJm.in; He atmosphere (b) Thermogravimetric analysis of K-gmclioile (13.84% H,o); heaciQg rate:
2O"CIl1)in; !lowing He (Nal . ZeD. 421(1976». (Reproduced with permission of Pergamon Press)
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Gobbinsite (GIS)
(natural)

Related Materials: gismondine

In 1982. Nawaz and Malone found a deposit of
gobbinsite in the Gobbins, Island Magee. North
ern Ireland (Mineral. Mag. 46:365(1982». Based
on the X-ray powder diffraction pattern, it was
considered to be the sodium equivalent of gis
mondine, Natural gobbinsite is generally found
as aggregates of fibrous crystals sometimes 8S- Gobbiuslle Fig. IS: Framework topology.
sociated with gmelinite.

Structure

(Nat . Zeo. 122 (1985»

CHEMICAL COMPOSmON: Caot.Nal.J(l.l
(AI.Si,OOll)*I2H,O

SPACE GROUP: Pmn2 \

UNIT CELL CONSTANTS (A): a = 10.108( I)
b = 9 .766(1)
c = 10.171 (1)

PORE STRUCTURE: intenecting eigltt-member rings

X-Ray Powder Diffraction Data: (Nat. Zeo.
326 (1985» (d(A) (lllo» 7. I I(lOOb). 5 .78(20),

I
".J...·.'IA.; ..lJ..,J,A..:}.;V~"""'I\,.,..""--r'-J''''v-'-----~---

L·.'__ ·;v~Vv-·~'))v·o....AJ\-v-,"",",J'..N'v-J\."""""../\o.~------"--~--

15 30 45 60
DEGREE~ TWO THETA

75 90

Gobbinslle Fig. 2: Observed (upper). calculated (middle) , and difference (lower) profiles for gobbinsite (Z .
Kristallogr , 171:281(1985». (Reproduced with permission of Wiesbaden Akademische Verlagsgesellschatt Publishers)
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UTA

TG

DTG

Wtl
100I a

Gobblnslte Fig. 3: Thermal curves of gobbinsite from
Gobbins, Nonhem Ireland; in air. heating rate 20°CJmin

(Nat . Zeo. 122 (1985». (Reproduced with permission of
Springer Verlag Publishers)

5 .06(50), 4.89(30), 4 .41(25), 4.12(100),
4.03(20), 3.515(l0), 3.326(30), 3.201(]00),
3.106(80), 3.040(10), 2.968(10b), 2.887(5),
2.757(5), 2.699(80b) , 2.651(40), 2.539(25),
2.435(20), 2.379(20), 2.317(10), 2.256( 15),
2.206(25), 2.153(25), 2.057(20), 1.986(25).

The gobbinsite structure is related to the gis
mondine-type framework. containing two-di
mensional intersecting eight-member-ring chan
nels, It also can be considered as a stacking of
two-dimensional arrays of double crankshaft
chains parallel to [100] and rOIO), inducing a
flexible framework. The sodium ions are located
in the nine-rings perpendicular to the a-axis and
coordinated to three framework oxygens and two
nonframework (water) oxygens . The symmetry
is a distorted trigonal bipyrarnid around the so
dium ion. Water also acts as a bridge between
the sodiurns. The calcium and potassium ions
were not located. Because there is no crystal
lographically required order in these cations, the

Positional and population parameters for gobbinsite (.2. Kristallogr, 171;281(1985» ;

Point

AlOm symmetry x y z Population Multiplicity

T(I) 0.156(1) 0.432(2) - 0.191(2) 4 4
T(2) 0.154(2) 0.110(2) -0.242(2) 4 4
T(3) 0.345(2) 0.073(2) 0 4 4
T(4) 0.348(1) 0.389(2) 0.048(3) 4 4
0(1) 0.186(3) 0 .275(2) -0.241(3) 4 4
0(2) m 0 0.441(5) -0.162(5) 2 2
0(3) 0.200(4) 0.538(3) -0.309(3) 4 4
0(4) 0.254(3) 0.459(3) -0.061(3) 4 4
0(5) m 0 0.074(3) -0 .197(5) 2 2
0(6) 0.198(4) 0.048(3) -0.394(3) 4 4
0(1) 0.254(3) 0.046(3) -0.138(2) 4 4
0{8) 0.312(3) 0.226(2) 0.059() 4 4
0(9) m 0.500 0.073(5) -0.026(4) 2 2
0(10) m 0.500 0.414(5) 0.009(5) 2 2
Na(1) 0.247(5) 0.228(6) 0.284(8) 2.6(2) 4
K(n m 0.500 -0.071(4) -0.615(4) 1.7(1) 2
H2O(I) m 0.500 0.243(8) 0.321(8) 2.2(1} 2
H2O(2) m 0 0.395(5) 0.146(5) 2.9(2}· 2
H,O(3) m 0 0.314(!) 0.306(1) 1.8(2) 2
H,0(4) I 0.341(6) 0.271(5) 0.559(6) 5.1(1)- 4
H,()(5) m 0.500 0.338(6) 0.600(7) 2.9(2)- 2

Numbert in pareo\h(;ses are the esd's in the unies of tbe least ,ignificant digit givt:ft. Those: parameters without esd 's we", held fixed in
least-squares ",fit>elll"nt.
Population pataO'ICle~ are glven in the number or alOmo or ions per unit call .
°High values are probably due 10 lhe presence of K' or Ca·l tons in add ition 10 H,o at these posicioos.
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Gonnardite Fig. I: Thermal curves of gonnardile
from Kloch, Styria, Austria; in air. heating rate 2O"CJmin
(Nat, Zeo. 71 (1984)). (Reproduced with permission of
Springer Verlag Publishers)

Thermal Properties

Gobbinsite exhibits three water losses and one
shoulder in the DTG, which appears at 80OC, a
peak. at 1500C, and a continuous loss between
200 and 4QO°C (Nat . Zeo . 122 (1985».

- . .
Na + and Ca +2 are thought to occupy the eight-
rings randomly .

Related Materials: natrolite

Gonnanlite first was identified by Lacroix in
18%. Significant confusion over the identifi
cation of the structure of this mineral has led to
some wrongly deduced identifications. It first
was thought to be a disordered thomsonite, as
well as being related to tetranatrolite.

Gonnardiie (NAT)
(natural)

Structure

(Nat. Zeo. 71 (I985»

CHEMICAL COMPOSITION; N.a"Ca2(AJ,.5iIl040)

·12~O

SYMMETRY: tetragonal or orthorhombic
UNIT CELL CONSTANTS: (A) a = 13.35

b = 13.35
c = 6.65

X·Ray Powder Di/fractkJn Data: (Nat. Zeo ,
321 (1985» (d(A) (11/0» 6.64(76), 5.90(39),
4.70(61),4.41(37),4.20(24),3.675(3),3.580(4),
3.213(31), 3.109(12), 2.954(27), 2.898(100),
2.608(11), 2.468(17), 2.351(7), 2.306(5),
2.268(5), 2.211(17), 2.178(3), 2.102(3),
2.067(4), l.981(4).

4000 3000

Gonnordite

20'00 1500
cm "

500 300

Gnnnardire Flg. 2: Infrared spectrum of gonrtardire (Nat. Zeo. 349 (l984}). (Reproduced wilh
permission of Springer Verlag Publishers)



Little is known about the exact structure of
gonnardite. Based on the X-ray powder diffrac
tion pattern and the infrared spectrum. it is more
similar to tetranatrolite than to any other fibrous
zeolite.

Thermal Properties

There is one major water loss peak in gonnar
dite, which occurs at 330°C, with a few minor
losses occurring at 50, 130, 200. and 420°C. A
lattice contraction is observed for a and b be
tween the temperatures of 20 and 50°C. Crys
tallinity is destroyed at 300°C in this mineral.

Infrared Spectrum

See Gonnardite Figure 2.

Goosecreekite (GOO)
(natural)

Goosecreekite first was described in 1980 by
Dunn, Peacor, Newberry, and Ramik , and was
named after the locality in Loudon County, Vir
ginia in which it was found (Canad. Mineral .
l8:323(1980).

Structure

(Am. Mineral. 71, 1494(1986))

CHEMICAL COMPOSITION: CaAhSi.,O '6·SH,O
SYMMETRY: monoclinic
SPACE GROUP: P2,
UNIT CELL CONSTANTS: (A) Q = 7.401(3)

b = 17.439(6)
c = 7.293(3)
e = lOS.44(4t

PORE STRUCTURE: intersecting eight-member rings
4.0 x 2.8 x 3.5 and 4.1 »: 2.7 x 3.3 A

This structure consists of three distinct sets
of intersecting channels parallel to the a. h. and
c· axes. The T04 tetrahedral form four-. six-,
and eight-member rings forming distorted layers
parallel to (010). The (010) layers resemble those
in brewsterite r(Sr.Ba)AI2S~Ot6*5H20J.These
structures differ in the crosslinking to form the

Goosecreekite (GOO) 225

Goosecreekite Fig. IS; Framework lopology .

three-dimensional framework. T90 l 8 subunits.
which can describe this structure, form vertex
sharing chains in the b direction linked in the c
direction by four-member rings. Some Si-Al
ordering is observed (Am . Mineral. 11:
1494(1986».

The channel system and the exchangeable
cations in goosecreekite, when compared with
brewsterite, differ in that both minerals have
channels bounded by eight-rings oriented par
allel 10 the a and c* axes, but in brewsterite
there is no cbannel in the b direction. In brews
terite, the larger Sr+ 2 and Ba+ 2 cations have a
higher coordination number and bond to five
water molecules and four framework oxygens.
In goosecreekite, the Ca + 2 is coordinated to
only two framework oxygens.
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GS-7 Fig. 1: X-ray powder diffraction pattern for 05-7 (SSSC 49A: 31S{ 1989»).
(Reproduced with permission of Elsevier Publishers]



Synthesis

ORGANIC ADDITIVE
dipropylamine

05-7 crystallizes from a reactive gel with a
composition of: 0.8 DPA : GeS2: 15 H20 . Crys
tallization occurs after 66 hours at lOO"C. The
initial pH of the reactive slurry is 7 to 9, with
a pH of 0.5 to 3 upon crystal formation ,

GS-9
(SSSC 49A:37S(1989»

Structure

Chemical Composition: germanium sulfide

GS-9 227

X.RayPowderDiffractionData: (d(A) (1/10»
12.25(61), 11.08(7). 9.04(100), 8.73(18),
5.59(20), 5.50(6), 4.86(19), 4 .79(7) , 4.37(5),
4.25(5), 3.22(25), 2.93(6).

Synthesis

ORGANIC ADDITIVE
cyclobexylamine

GS-9 crystallizes from a reactive gel with a
composition of: 0.8 RHCO) : GeS2 ; 15 H20 .
Crystallization occurs after 162 hours at JOO"C.
The initial pH of the reactive slurry is 7 to 9.
with a pH of 0.5 to 3 upon crystal formation.
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8 16 24 32 40 48 56

DEGREES 28,Cu KCt

GS-~ F1g J: X-ny powder diffraction pattern for GS·9 (SSSe 49A: 375(1989».
(Reproduced with permission of Elsevier Publishing Company)
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See variscite and AIP04 -H5 .

H6

Harmotome (pm)
(natural)

RelaUd MaJeritIls: phillipsite

Hannotome Fig. IS: Framework topology.

228

Harmotome was one of the early zeolites iden
tified. It was not narned until 1801.

Structure

(Nat. Zeo . 134(1985»

CHEMICAL COMPOsmON: Ba~Cao.j.Na)

CAl"Si I 10)1)* I lH,o
SPACE GROUP: P2 l /m
UNIT CELL CONSTANTS CAl: 0 =9.88

b = 14.14
c = 8.69
~ = 124049 '

PORE STRUCTURE: intersecting eight-member rings
3.6 A. 3.0 x 4.3 A. and 3.2 x 3.3 A

VOID FRACTION (determined from water content):
0.31

FRAMEWORK DENSITY: 1.59 glee

X-Ray Powder Diffraction 1JaJa: (Nat . Zeo,
329(1985» (d(A) (1110)) 8.12(60), 7.16(65),
7.05(19),6.39(95),5 .03(32),4.31(33),4.30(35),
4.11(56), 4.07(67), 4.05(59), 3.895(32).
3.667(10), 3.573(5). 3.528(10), 3.466(18),
3.410(5), 3.241(62). 3.195(28), 3.169(70),
3.126(100), 3.075(31), 2.918(29), 2.897(13),
2.847(10), 2.747(27). 2.730(54), 2.697(61),
2.678(54), 2.671(64), 2.628(15), 2.561(9),
2.5229(33), 2.515(20), 2.470(10. 2.464(11),
2.369(18), 2.343(15), 2.320(23), 2.299(17),
2_261(10), 2.241(15). 2.151(18). 2.147(19),
2.127(7), 2.066(17) , 2.059(18). 2.053(16),
2.025(10), 2.005(8), 1.964(8) .

The distinguishing features between phillip
site and harmotome are the overall symmetry
and the chemical composition . Harmotome is
consistent in composition with II Si, 2 Ba, and
(112Ca + Na) near 1 in the unit cell. The Ba + 2

cations coordinate with six of the framework
oxygens and four H 20 molecules, and are lo
cated at the channel intersections. Eight of the
12 H20 molecules in the unit cell are coordi
nated with the Ba+ 2 cations (Dokl. Akad. Nauk
SSR 188:670(1969».
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Tli

DTA

DTG

HAnnotome Fig. J: Thermal curves of harmotome
from Andreasberg, Germany: in air. heating rate
2QOCJrnin (Nat. Zeo, 145(1985». (Reproduced with
permission of Springer Verlag Publishers)

Hannotome
Strontian, Scotland

Harmotome Fig. 2: X-ray powder diffrnction pattern
for natural harmctome from Strontian. Scotland (Zeo.
Mo/ Sieve. 206 (974)). (Reproduced with permission of
John Wiley and Sons. Inc.)
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8 12 16 20 24 28 3236 40 44 48 52 56
021} Cu K(X

Positional and population parameters for harmotome (AcID

Crystallogr . B3O:1426(1974»:

Atom Population xta ylb zlc

T(\)

T(2)
T(3)
T(4)
0(1)

0(2)
0(3)

0(4)
0(5)

0(6)
0(7)
0(8)
0(9)
8a
Ca
W(I)
W(2)

W(J)
W(4)

W(5)

4
4
4

4
4

4
4

4
4
4
4
2
2
2
0.60(3)
2
2
4
2
2

0 .7367(1 )
0.4214(1)
0.0577(1)
0.1216{l)
0 .1042(4)
0.6470(3)
0.6163(3)
0.0050(3)
0.9057(3)
0.3\37(3)
0 .7808(3)
0.5885(5)
0.0661(5)
0.86290(5)
0.5869(20)
0.8004(8)
0.1148(8)
0.3027(5)
0.4611(17)

112

0.0248(1} 0 .2840(1)
0.1410( I) 0.OI36( 1)

O.OO75( 1) 0.2898(1)
O. 1390(/) 0.0375( I)

0 .0896(2) 0.1958(4)
0.5726(2) 0 .\679(4)
0.1186(2) 0 .1792(4)
0.9083(2) 0.1711(4)
0.0515(2) 0.2955(3)
O.3709(2) 0 .1017(4)
0.4856(2) 0.4976(4)

3/4 0.0573(5)
114 0.0256(6)
114 0.19441(5)

0.6286(\3) 0.4799(25)
314 0.4889(7)
3/4 0.4593(7)

0 .8628(3) 0.1324(5)
1/4 0.51)4(13)
112 In

230, and 320°C. Complete dehydration is ob
served at 400°C.

Adsorption

Dehydrated harmotome adsorbs only small po
lar molecules such as ammonia.

Hauyn (SOD)
(N. lb. Min. Abh. 109:201(1968»)

See sodaJite. Hauyn represents a salt-bearing
tectosilicate with the sodalite structure contain
iog occluded salt.

Haydenite (CHA)

Obsolete synonym for chabazite.

Thermal Properties

There are five different water sites contained
within the harmotome structure, but water loss
is observed in four steps, 50 (shoulder), 120,

Helvin (SOD)
(Am. Mineral. 20:163(1944)

See sodalite. Helvin represents a salt-bearing
tectosilicate of the sodalite family.



230 Herschelite (CHA)

Herschelite (CHA)

Herschelite is a sodium-rich chabazite exhibit
ing a special pseudobexagonal habit (Am . Min
eral. 74: 1337(1989)) .

Heulandite (REV)
(natural)

RelDud Maieria19: clinoptilolite
LZ-219

The name heulandite first was proposed in 1822
for a monoclinic mineral species that was con
sidered to be the same as stilbite.

Structure

(Nat. Zeo. 256(1985»

CHEMlCAL COMPOsmON: (Ca,Sr.K~)ll

(Ah..s~...oll)

SYMMETRY : monoclinic
SPACE GROUP: em or C2
UNIT CELL CONSTANTS (Al: a '= 17.73

b '= 17.82
c '= 7.43

beta '= 116"
VOID FRACflON (determined from water content):

0 .39
PORE STRUCTURE: intersecting 8- and Jo-mel1lber

rings 2.6 x 4.7 A. 3.0 x 7.6 A. 3.3 x 4.6 A

Heulandite Fig . IS: Framework topology.

X-Ray PowderDiffraction Data: (Cryst . Res .
Technol. 24:10(1989» (d(An (natural) 9.0216.
7.9677.6.8072,6.3684,5.2907,4.6447,4.5503 ,
4.5046,4.2667,4.0568.4.0026,3 .7370,3.4916,
3.3934.3.1853, 3.1092,3.0317,2.9968,2.8790,
2.7745.2.7172,2.6281,2.4937,2.3520.2.1650,
2.1261,2.1025,2.0660,2.0286, 1.8983. 1.8233;
(dehydrated at 250°C) 8.8416, 8.7113. 8.1508.
7.8272,7.6915,7.3114,7.1930,6.8597,6.6295,
6.1911.6 .1062,6.0235,5.7699,5.7144,5 .5715,
5.5198,5.2595,4.9124,4.7786,4.5852,4.5046,
4.4709.4.3222,4.2687,4.1697,3 .6912,3.3934,
3.2653,3 .0798, 2.9968,2.9677,2.9081,2.8433,
2.7172, 2.6281. 2.5841. 2.4870; (dehydrated at
350"C) 9.0677, 8.0766, 5.3064, 4.6447. 4.5503.
4.4597,4.2891,4.0844,4.0476,3.4916,3.3934,
3.1853,3.0317,3 .0067.2.8835,2.7745,2.5626.
2.3520. 2.1025, 2.0286, 1.8983. 1.7866; (de
hydrated at 400°C) 8.5847, 6.6543. 6 .1146.
5.7699,5 .5717.5.2595,5.0088,4.9124,4.6811,
4.5872,4.5046,4.2087.4.1218,3.2653.3.0798,
2.9773; (dehydrated at 450°C) 8.1508. 4.4158,
4.0844,3.8652,2.9203,2.9018, 1.9844.

There are two main channels parallel to the
c direction, one formed by a lO-member ring
and the other by an eight-member ring. Con
necting the layers containing these channels are
six-, five-, and four-member rings . Parallel to
the a direction are channels formed by eight
member rings. Some Si,AI ordering is found in
the heu1andite framework . There are two cation
sites in this structure; each is in one of the two
main channels which are parallel to c. The cat
ions located at these sites coordinate both water
molecules and framework oxygens on one side
only.

Synthesis

ORGANIC ADDITIVE
none

Heulandite and c1inoplilolite encompass a solid
solution series . Heulandite has been synthesized
from gel compositions of Li20 : AI203 : 8 Si02

: 8.5 H20 within 2 to 3 days at 250 to 300°C



Atomic coordinates for heulandite (SSSC 28;449(1986»;

Atomic
site x y z

T(I) 0.17914(8) 0 .17033(6) 0 .0961(2)
T(2) 0 .21308(7) 0.40985(6) 0.5014(2)
T(3) 0.20729(7) 0.19126(6) 0.7149(2)
T(4) 0 .06465(7) 0.29962(6) 0.4112(2)
T(5) 0 .0 0.21483(9) 0 .0
0(1) 0.1976(4) 0 .5 0.4522(8)
0(2) 0.2299(2) 0 .1211(2) 0 .6098(5)
0(3) 0 .1827(2) 0.1552(2) 0 .8827(5)
0(4) 0.2371(2) 0.1067(2) 0 .2532(5)
0(5) 0 .0 0.3278(3) 0.5
0(6) 0 .0817(2) 0 .1605(2) 0 .0634(5)
0(7) 0.1261(3) 0 .2348(2) 0.5484(6)
0(8) 0 .0089(2) 0 .2678(2) 0 .1860(5)
0(91 0.2116{2) 0 .2539(2) 0 .1794(5)
0(10) 0 .1J71(2) 0.3732(2) 0.4001(5)
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Heulandite (HEU) 231

4502

..._---

100 200 :lOO '00 .co 600

Tempe•• ,u,e I'C)

o 100 200 300 400 500

Temperature I"CI

Occupancies of AI atoms in the tetrahedral sites; the AI
contents, per 18 oxygen atoms in the structure, are listed
together /SSSC 28:449( 1986» :

Heubmdite Fig. 1: (top] TGA curves for heulandiee ;
solid lines are weight -loss curves. and dashed lines are
derivative curves (%/mio). (bottom) DSC curve for
heulanditc; weight loss ranges between 15 and 16% (Nas.
Zeo. 565(1988)) .

(Am. Mineral. 48:1372(1963». This material
also was successfully prepared without the pres
ence of seeds from a batch composition of CaO
: Ab03 : 7 Si02 : 5 H20 under high water vapor
pressure (15,000 psi) and temperatures ranging
from 250 to 360°C (J. Geol. 68:41(1960» .
Strontium and barium cations also have been
used in the synthesis of this structure. In all
cases the Si02/ Ah03 ratios range between 5 and
8 (Mat. Res. Bull. 2:951 (1967».

"TschuI'IUJJ:sMiII. Petr. Mill. 18:129(lm).

Tetrahedral
site

Al coments
T(J)

T(2)
T(3)
T(4)
T(5)

RB(ex)-HEU

2.11
24%
35
17
18
22

Faroer
HEU·

2.34
22%
42
27
12
28

Thermal Properties

The low bond density between the layers in one
direction results in structural changes in heu
landite during dehydration. At temperatures be
low 130°C, heulandite will adsorb H20 and NH 3

(Zeo. Molec . Sieve. (1974»). After dehydration
at higher temperatures, no adsorption occurs.
Argon diffusion rates are minimally affected upon
dehydration (Surf. Sci. 14:77(1969».

Upon heating to 200°C, 12 water molecules
per unit cell are lost with a concomitant con
traction of the lattice. Rehydration results in the
restoration of the lattice dimensions. Between
230 and 260°C there is a sharp contraction of
the unit cell. which amounts to 15% of the unit
cell volume. This phase, which is referred to as
heu1andite B or phase B, does not rehydrate
immediately. With time. however, the water
content and cell dimensions will return to ap
proximately those of the original parent mate
rial. After prolonged heating at 450°C the lattice
is destroyed (Cryst , Res. Technol. 24:1027
(1989». This behavior is not observed in eli
noptilolite.



232 Hexagonal Faujaslre (EMT)

tlOD 1«, 1()1 iii» 41»
wavenumber/cm-1

Heulanditr Fig. 3: Infrared spectra of heulandite
samples fully hydrated and dehydrated at different
temperatures in the range 1200to 400 em-I (CrySI . Res.
Technol, 24:1027 (\989» . (Reproduced with permission
of Akademie-Verlag Berlin)

Infrared Spectrum

Mid-infrared VibrotWns (em":'): 1060, 760sh,
7 lOw, 550, 425. With thermal treatment the
bands near 760 and 550 ern" decrease with in
creasing temperature, disappearing after dehy
dration at 500°C.

Hexagonal Faujasite (EMT)
(Zeo. 11:98(1991)

The Proper Nomenclature is EMC-2.

Structure

Ckemical Composition: Si02/AJ20J = 6.8 .

X-Ray Powder Diffraction Data: (d(A) (11/0»
15.02(100), 14.23(57), 13.29(26), 8.68(38),
8.02(43),7.51(12),7.41(27),5.68(31),5.57(17),
5.27(11), 4.87(7), 4.72(7), 4.43(6), 4.34(28),
3.76(18), 3.60(10), 3.44(9), 3.36(8). 3.28(28),
3.10(12),2 .89(16), 2.78(6).

Synthesis

Thermal Properties

See Hexagonal fau Figure 2.

Adsorption

Adsorption data {or FAU and hexagonal faujasite (ZeD.

II :98(1991):

WI'll>

Kinetic adsorbed

diameter. Pressure ,
Molecule A Torr T.K FAU EMT

H2O 2.65 5 300 0.26 0.23

H2O 15 300 0.33 0.32

cm' 0, 3.46 100 77 0 .37 0 .32

N2 3.64 100 77 0.27 0 .25
Heulandlte Fig. 4: Water bands of heulandite samples n-Hexane 4.30 40 300 0.20 0 .18
fuUy hydrated and dehydrated at different temperatures CycloheXlllle 6.00 50 300 0.23 0 .22
(Crysl . Res. Technol. 24:1027 (1989». (Reproduced with Neopentane 6.20 700 300 0.17 0.\7
permission of Akademie-Verlag Berlin)



(A)

(B)

lWO·1lfETA

Hexagonal (lin Fig. I: X-ray powder diffraction pattern of (A) FAU(c) and (8) hexagonal
faujasire (Zeo. II :98 (1991 ». (Reproduced with permission of Butterworths Publishers]

A

FAU

hex

FAU<C) ,

HeXllgODlIl [au Fig. 2: Thermal decomposition panerns for FAU. FAU(C). and
hexagonal faujasite: (A) thermogravimetric analyses and (B) dlfferential thermal analyses
(Zeo. I 1:98 (1991)). (Reproduced with permission of Bunerworths Publishers)
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234 HP (FAU)

B

0-5

o

hex
FAUCCl

600
-o-s+------.---""T"""--.......---""T"""-----.,........-----l

o
HexagonaJ (au Fig. 2: Continued.

Holdstite (MTN)
(Nature 303:223(1983»

Natural clathrasil with the ZSM-39 topology.

HP (FAU)
(US4,407,782(1983»
Texaco

ReWed Materials: faujasite

Structure

CHEMlCALCOMPOSITION: 21.7 Na,O: 37.& AJ~J :
~.ISi~

SYMMETRY: cubic
UNlT CELL CONSTANT (Al: Q = 25.07

For an aluminum-rich faujasite structure with
a SilAI ratio of I , the unit cell constant is pre
dicted to be 25.13 A. The normally prepared

type X material has a Si02/Ah03 of 2 .45 and
a lattice constant of 24.996 A. Though struc
rurally related to faujasite, zeolite HPrepresents
a higher aluminum-containing material.

Synthesis

ORGANIC ADDITIVE
none

Crystallization of this molecular sieve occurs
from a batch composition with a SilAl between
0.25 and 1.00, which under normal crystalli
zation conditions (i.e ., atmospheric pressure and
20 hours of aging at room temperature) results
in zeolite type A. However, when aging occurs
at 93°C at 50,000 ps ig with a subsequent 6 hours
of crystallization time, zeolite type HP is pro
duced. Impurities in this system include type A.



Hydroxysodalitc 235

Adsorption data for high pressure zeolite, HP (lJS4.407,782(1983»:

Compound

In flow of helium

Benzene
Decahydronaphthalene
Diphc:nylmcthane
Tri isopropylbenzene

Temp('C)

350
350
350
300
350
350
350

Zeolite: lIP Zeolite X

Behavior Time Behavior Time

Desorbed 10 min Desorbed 25 min
Desorbed 24 min Desorbed 50 min

Not desorbed 24 min Not desorbed 26 min
Nocdc:sorbcd 24 min Not desorbed 24 min
NOl desorbed 16 min Not desorbed 20 min
Desorbed with air Desorbed with air
Desorbed with air Desorbed with air

HS (SOD)

An abbreviation commonly used to designate
hydroxysodalite.

Hsianghualite (ANA)
(natural)

LiI6Ca24(Be24Si24096)*PI6. with a space group
1213(a = 12.8 8A) Am . Mineral. 44 :1327(1958».

HydroxysodllIiU (SOD)
Hsianghualite is a beryllosilicate with the an-
alcime structure. Compositionally, it contains Also HS; see sodalite.
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tst.t (TON)
(EP 87,017(1983»
Research Associatiou for Petroleum
Alternatives Development

Helmed MiJlerials: theta-I

Structure

CHEM1CAL COMPOsmON: p(M v.OllAhOI)q(Si0 1)

(0.3 ,;; p ,;; 3.0; q ~ 10).

X-Ray PowderDiffraction Data: (d(A) (1/10 ))

1O.89{s), 8 .74(m), 6.94(m), 5.43(w), 4.58(w).
4.37(vs), 4.11 (w), 3.68(vs). 3.62(s), 3.46(5),
3.34(w), 3.30(w). 3.22(w), 2.98(w), 2.94(w).
2.90(w), 2.78(w), 2.74(w), 2.71(w), 2.52(m).
2.43(w), 2.37(w).

ISH exhibits properties characteristic of a
medium-pore molecular sieve . See ZSM-22 for
a discussion of the framework topology.

Synthesis

ORGANIC ADDITIVE
methanol

5 10

Batch compositions that result in the crys
tallization of ISI-! include silica/alumina ratios
greater than 10, methanol/water ratios between
0.1 and 10, methanol/silica between 5 and 100,
and hydroxyl group/silica between 0.01 and 0.5.
Alkali or alkaline earth metal/silica is between
0.1 and 3. Crystallization occurs at ao initial
pH of around 8.5 after 20 hours at 170"c. The
crystals resulting are thermally stable to calcin
ation at 550"C.

18/-4 (MTT)
(EP 102,497(1984»
Research Association for Petroleum
Alternatives Development

RelaUd Material»: ZSM-23

Structure

X·Roy Powder Diffraction Data: (d(A) (1110»)
11.3I(s), 1O.92(vs), IO.03(w), 7.83(m) , 6.08(w),
5.24(w), 4.90(w), 4 .51(vs) , 4.42(w), 4 .24(s),
4.14(w). 3.89(5), 3.73(m), 3.69(vs), 3.61{vs),
3.53(m). 3.43(s), 3.32(w). 3.16(w), 2 .79(w),
2.83(w), 2.52(m).

29

ISI.I Ftg. I : X'f1lY powder diffraction pattern of ISH rEP 87.017(1983» .
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ISI·6 (FER) 237

6" 10' 15' 20'

29

25' 3()" 35'

151-4 FIg. I; X-ray powder diffraction pattern of 151-4 (EP 102,497(1984».

151-4 exhibits properties characteristic of a
medium-pore molecular sieve . See ZSM-23 for
a description of the framework topology .

Synthesis

ORGANlC ADDITIVES
ethylene glycol
mcnoethanolamine

ISI-4 crystallizes from a reactive mixture with .
a molar oxide ratio of Si02/ Ah03 greater than
10, ethylene glycoVH20 of 0.5 to 10, and eth
ylene glycol/SiOl of 0.0 1 to 0.5. Crystallization
occurs between 120 and 200°C after 20 hours.
The pH of the initial mixture is generally be
tween 7 .5 and 12.0 .

Thermal Properties

ISI-4 does not lose crystallinity upon heating to

500°C.

/S/·6 (FER)
(US4,578,259(1986»
Research Association for Petroleum
Alternatives Development

Related MaterUJJs: ferrierite

Structure

CHEMICAL COMPOSITION: pM2I.O : AbO, : qSiO,
(p = 0.05-3.0. q = 5-500).

X-RayPowderDifft'rulion DaIiJ: (d(A) (1/10»
9.44(100),7.07(4.40),6.92(4.30),6.59(4.30) ,
5.74(4 .30), 3.97(2~100). 3.92(20---70), 3.83(5
50).3.77(5-50),3.64(20-100),3.53(20-100).
3.46(2~80). 3.36(4-20), 3.30(4-20).3 .12(4
30), 3.04(4-20) .

ISI-6 exhibits properties characteristic of a
medium-pore molecular sieve. See ferrierire for
a description of the framework topology.

Synthesis

ORGANIC ADDITIVE
pyridine or pyndine derivatives with:

ethylene glycol
morpholine
monoerhanolamine
ethylene diarnine

ISI-6 crystallizes from a batch composition
with these molar oxide ratios: SiOiAI203 greater
than 5, pyridine/Si02 of 0 .01 to 100, second
organic/Si02 of 0.01 to 100, hydroxyl/SiOlof
0.001 to 0.5 , and H20/Si02 of 5 to lOOO. Crys
tallization occurs around 170°C after 20 hours .



238 151-6 (fER)

4 S 6 7 S g 10" '2 13 14 15 1817'S III 2C 2\ 22 29 24 2$ 2ll 21 28 29 :10 " S2 39 ~ S5 36 ~7 :Ill !9

degrees tvo theta

JSI-6 Fig. 1: X-ray powder diffraction pattern of /SI-6 (US4.518,259(1986».



J-K

J

See Linde J.

K-A
(Rend. Accad, Sci. Fis. Mat. Naples
35: ]65(1968»

K-A is thought to represent a mixture of K-E
and synthetic kalsilite prepared from a potas
sium aluminosilicate gel (ACS Symposium se
ries 40:30(1977».

K-E (ANA)
(JCS 2882(1956»

This alurninosilicate was prepared from a po
tassium gel system and has properties related to
those of analcime.

Kehoeite (ANA)
(natural)

Kehoeite is a phosphate mineral with the anal
cime framework .

K-F (EDI)
(JCS Z882(J956); JCS (A) 2475(]968»

Reitlud Maurials: edingtonite
Linde F
Z

K-F is an earlier designation of (zeolite) Z re
poned in 1956, as well as of Linde F reported
in ]968. The zeolite Z and Linde F have dif
fraction patterns related to that of edingtonite.
The designation K-F has been used to identify
both materials .

The structure was refined in 1974 (2. Kris 
tallogr. 140:10(974».

K-G (CHA)
(JCS, 2882(1956»

Rel4ted Materials: chabazite

Structure

Chemical Composition: K20 : AbO): ca.
3.9Si02

X-Ray Powder Diffraction 1JaJD: (d(A) (lJIo»
[Si02!'AI20) = 2.3] 9.47(ms), 6.9O(m), 5.22(m),
4.32(s), 3.97(ms) , 3 .70(w), 3.46(w), 3.11(mw),
2.93(vvs), 2.80(w), 2.59(s), 2.29(s), 2.19(ms),
2.09(m) , 1.90(w). 1.84(m), 1.75(vw), 1.71(s),
1.63(m), 1.57(ms), 1.48(w), 1.45(w)

[Si02/AI20) = 2 .72] 9.45(ms) , 6.94(m),
5.55(vvw), 5.24(m), 4.78(vvw), 4.32(s),
3.95(ms), 3.68(mw), 3.45(mw), 3.18(mw),
2.93(vvs), 2.79(mw), 2.59(ms), 2.29(ms),
2.17(m), 2.IO(mw), I. 89(vw), 1.84(mw),
1.71(ms), 1.64(m), 1.57(mw), 1.52(mw),
1.48(w)

ISiOJAhOJ = 4.15) 9.38(ms), 8.02(m),
7.00(mw), 5.6O(mw), 5.11(m), 4.66(w), 4.34(s),
3.92(ms), 3.61 (m), 3.47(mw), 3.21 (rnw),
2.93(vvs), 2.61(m), 2.3t(mw), 2.1O(mw),
1.86(w), I. 82(m), I.73(m), 1.65(mw),
1.56(mw), 1.52(mw), 1.49(w)

The synthetic zeolite K-G is related to the
natural zeolite mineral chabazite.

Synthesis

ORGANIC ADOmVES
none

Zeolite K-G crystallizes from a reactive potas
sium containing gel with a typical batch com
position of2.5 K 20 : 5 Si02 : AhO) and x H20 .
Crystallization occurs at temperatures of 150°C.
Silica gel and colloidal silica as well as potas-

239



240 K-H

potassium silicate are used as the sources of
silica. Hydrous aluminum hydroxide is the source
of aluminum.

K-H
(Zeolites, Their Synthesis, Properties
and Applications, 2:10(1964)(Russian»

See Linde J.

K-]
(}CS (A) 2475(1968»

This name was proposed in 1968 for a material
that is structurally similar to Linde Q.

K-L (LTL)
(JCS Dalton 12:1254(1972»

This aluminosilicate was prepared in a potas
sium-containing gel system and is related to Linde
typeL.

K-M (MER)
(lCS 2882(1956»

Related MaterioJ: merlinoite

K-M was designated for an apparently synthetic
phillipsite. This material was later found struc
turally to be merlinoite.

K-W (MER)
(US3,012,8S3 (1961»
Union Carbide Corporation

See Linde W.

Krymskite (PHI)
(natural)

Krymskite is a name for a variety of phillipsite
wellsite type zeolites showing minor morpho
logical and chemical deviations (N . Jb , Miner.
Abh . 128:312(1977).

Kurcite (PID)
(natural)

Kurcite is a name for a variety of phillipsite
wellsite type zeolites showing minor morpho
logical and chemical deviations (N. lb. Miner.
Abh. 128:312(1977».

KZ-] (MTT)
(Zeo. 3:8(1983»

Related Materials: ZSM-23

Structure

X-Ray Powder Diffraction Data: (d(A) (/Ilo)
10.92(100),9.94(25), 7.83(48), 6J17(6), 5.57(7),
5.41(16), 4.90(7), 4.91(90) , 4.24(76), 4.13(19),
3.88(94),3.71(74),3.60(86).3 .52(36), 3.43(48),
3.29(6), 3.15(10), 3.03(5), 2 .82(9)', 2.63(3),
2 .52(27), 2.45( L3) , 2.38(5), 2.33(8).

.KZ-I exhibits properties consistent with the
presence of medium pores in the structure. See
ZSM-23 for a description of the topology .

Synthesis

ORGANIC ADDITIVES
pyrrol ldine
2-aminopmpane
dimethylamine

KZ-I crystallizes from reactive organic-con
taining (alumino)silicate gels . Crystallization
occurs between 120 and 160°C after 40 hours.
ZSM-39 and cristobalite both have been ob
served as impurity phases in this system. The
morphology varies with the amine . Plates are
formed in the presence of pyrrolidine approxi
mately 0.1 micron thick. Needle-shaped crystals
less that O.I micron in diameter to 10 microns
long form in the dimethylamine system, whereas
2-aminopropane produces Larger 0 .5 x 20
micron needles .



KZ·2 (TON) 241

10

KZ-l Fig. I: X-ray powder diffraction pattern for K2-1. The sample was calcined at 600"C in air for 1 nour , then
allowed to equilibrate to room temperature in air (ca. 70% RHJ (Z~ . 3:8(1983» . (Reproduced with permission of
Bunerworths Publishers)

Range of reactant compositions that produced 1<2-1
(given in mole ratios relative to ".20) (Uo. 3:8(1983»:

Reactant

H20

SiO,
NaOH
Amine
AhOJ
H2S0.

0.004
0.007
o
o

Normally used

J
0 .0022
0.009
om
0.0002
0.0075

High

0.Ql8
0.02
0.0004

4.55(14),4.35(100), 4.11(1),3.66(85),3.60(67),
3.45(46), 3.34(7), 3.29(7), 3.21(3), 2.97(3),
2.93(5), 2.90(5), 2.78(5), 2.73(l3), 2,71(4),
2.52(22),2.43(14),2.40(5),2.36(12),2 .28(2),
2.23(3) ,

KZ-2 exhibits properties consistent with the
presence of medium pores in the structure. See
theta-I for a description of the topology.

KZ-2 (TON)
(Zeo. 3:8(1983»

Related MaJeriDJs: ZSM-22

Structure

X-Ray PowderDlffractiolllJDJa: (d( A) (JI10»
10.78(80), 8.67(19), 6.92(29), 5.41 (15),

Synthesis

ORGANIC ADDITIVES
diethylamine
l-aminobutaae
1,4-diaminohexane
2,2' -diaminodiethylamlne
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•• 30.........
,~

lIS 00 •• 30

KZ-2 Fig. I : X-ray powder diffraction pattern of KZ-2. The sample was calcined at 600"C
in air for I hour , then allowed to equilibrate to room temperature in air (ca. 70% RH) (ZeD.
3:8( 1983». (Reproduced with permission of Butterworths Publishers)

Range of reactant compositions thaI produced KZ-2
(given in mole ratios relative to H10) (Zeo, 3:8(1983»):

Reactant

H,O
SiO,
NaOH
Amine
AhO)
H,sO.

Low

o
o

Normally used

I
0.0022

0.009
0.01
0.0002
0 .0075

High

0.0004

KZ-2 crystallizes from reactive organic-con
taining (alurninojsilicate gels . Crystallization
occurs under reaction conditions similar to those
of KZ-I. The morphology does nor vary with
the amine. Rectangular rod-shaped crystals, 0.5
0.5 x 2-3 microns, are formed .
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L

See Linde type L.

Large Port (Pore) MordeniJe (MOR)

Large port mordenite is a term used to identify
mordenite material that does not contain pore
restricting blockages . See mordenite.

Laumonite (LAD)

An earlier spelling of the mineral laumontite.

Laumontite (LAD)
(natural)

Relaud MaJerlals: leonhardite

Laumontite first was identified by Hauy in 1801,
and was named in honor of Gillet de Laumont,
a coworker of Hauy . Several changes in the
spelling occurred from the original lomonite.
Laumontite reversibly transforms 10 leonhardite
upon partial dehydration . In nature, calcite and
natrolite are found associated with this mineral.
Other coexisting phases include quartz, anal-

Laumontite Fig. IS: Framework topology.

cirne, and montmorillonite. The fully hydrated
laumonite is not normally found. A laboratory
synthesis of laumonite has not been reported .

Structure

(ACS [01:259(l97[»

CHEMICAL COMPOSITION: Ca..(AlsSiI60.)·16 HtO
SYMMETRY: monoclinic
SPACE GROUP; Am (or A2)
UNIT CELL CONSTANTS (A) : II = 7.6

b = 14.8
c = 13.1
'I = 112

PORE STRUCTURE: single Io-member rings 4 .0 X

5.3 A

X-Ray Powder Diffraction Data: (Nat, Zeo.
100(1985)) (d(A) (1/10» 9.43(78), 6.83(56),
6.18(9),5.04(18),4.72(16),4.49(32),4.15(100),
3.762(8), 3.657(42), 3.506(94), 3.404(26),
3.358(34) , 3.265(63), 3.196(45), 3.091(4),
3.031(45), 2.947(8), 2.876(38), 2.876(38),
2.644(2) , 2.628(3), 2.571 (34), 2.537(3),
5.517(5), 5.515(9), 2.452(7), 2.437(43),
2.388(2), 2.358(23), 2.267(9), 2.215(8),
2.178(8), 2.150(28), 2.087(4), 1.990(5).

The framework of laumontite consists of
4-,6-, and IO-member rings . The channels form
parallel to [100] . A twisted six-ring is consid
ered 10 be the secondary building unit of this
structure. The SiJAl distribution is perfectly or
dered in the framework of this structure . The
calcium ions and water molecules are located in
the la-ring channels (N. lb. Miner. Mona'.
33(1967) ; ACS Sym. Sa. [01:259([971». There
is one fourfold Ca site on a mirror with coor
dination approximating a trigonal prism with
two vertices occupied by water and four coor
dinated to the framework. This cation is not
expected to change its position upon change in
hydration because the framework oxygens are
on both sides of the cation.

243
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Atomic ceordieates for laumontite (N. lb . Miner , MON1J.
33(1967»:

Atom pao y/bo tic.

Ca(l) 0 .729(5) 0.224(2) 0.500
Ca(2) 0 .242(5) 0.768(2) 0.500
Si(l) 0 .332(5} 0.260(2) 0.384(1)
Al(m 0.751(5) 0.365(2) 0.312(1)
Si(lIl) 0.162(5) 0 .419(2) 0.3&5(1)
Si(lV) 0.813(5) 0 .582(2) 0.382(1)
AI(V) 0.220(5) 0.623(2) O.307(1}
Si(V1) 0.646(5) 0.738(2} 0.379(1)
0(1) O.276(6) 0.233(3) 0.500
O(2} 0.554(6) 0.281(3) 0.379(2)
0(3) 0.924(6) 0.347(3) 0.381(2)
0(4) 0.285(6) 0.354(3) O.346(1}
0(5) 0.745(6) 0.333(3} 0 .183(1}
0(6) 0 .225(6) 0.441(2) 0.500
0(7) 0 .760(6) 0.479(3) O.317(I}
0(8) 0 .206(6) 0.5(}J(J} 0.304(1)
0(9) 0.7~ 0.543 0.500
0(10) 0.(}J2(6) 0.638(3} 0.381(2)

OIl!) 0.70?(6} 0.649(3) 0.337(2)
0(12) 0.210(6) 0 .666(3) 0.185(2)
0(13) 0.416(6} 0.701(3) 0.373(2)

O(14} 0.738(6} 0.753(3) 0 .500
0(15} 0.222(7} 0.380(4) 0 .122(3)

0(16) 0 .835(7) 0 .620(3) 0 .105(2)

Thermal Properties

Water is lost from samples of laumontite in three
steps. The first step has a peak at 1OOOC, which
corresponds to the loss of threewater molecules;
the second water loss is observed at 24(fC and
related to five further waters lost; the third loss
of water occurs at 400°C, and it too is a loss of
five water molecules .

Infrared Spectrum
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Laumontite Fig. 3: Infrared spectrum of laumontite
(Zeo. Mol . Sieve (1974)). (Reproduced with permission
of John Wiley and Sons. Ine.)

Adsorption

<0.01
15,2

gig adsorbed

700
'l00

P,Torr

25
25

T, "CAdsorbate

Equilibrium adsorption capacity data for laumonite (Zeo.
Mol. Si~. 626(19'l4)}:

TG

LeonJuzrdite (LAU)
OTA (natural)

Related MaurUJb: laumontite

The name leonhardite was coined by Blum and
Delffs in 1843 for the partially dehydrated form
of laumontite.

DTG

TI'C

~ 10

•

Laumontlte F'I8. 2: Thermal curves of laumontite
from Naslk, India ; in air, heating rate 2O"CJmio (Nat.

Zeo, 100 (1985)). (Reproduced with permission of
Springer Verlag Publishers)

Structure

(NaJ. Zeo. 100(1985»



CHEMlCAL COMPQSmON: Ca.(AI.ShoO..)*14H,0
SPACE GROUP: cu«
UNIT CELL CONSTANTS (A) : a = 14.75

b = 13.07
c = 7.60
~ = 111°54'

X-Ray Powder Diffraction DaM: (Am . Min
eral. 48:683(1963» (d(A) (/1/0» 9.49(100),
6.86(36), 6.54(2). 6.19(2P) , 5.19( I.7).
5 .052(6P), 4 .731(19 .6P), 4 .500(8P).
4.314(2.6P), 4.156(61), 3.768(2.4). 3.667(13),
3.510(31.7P). 3.411(7.7P). 3.367(3.7P).
3.272(21), 3.205(7.8), 3.152(l6P), 3.033(27) ,
2.950(3.4), 2.881( 13.7), 2.798(2 .7), 2.629(3),
2.575(14), 2.521(4), 2.463 (3), 2.439(l4P).
2.361(12.3),2 .278(2.7),2.268(6.5),2.217(4.6),
2.180(5.4), 2.153(18.6), 2.082(1.5), 2 .060( 1.5),
2.042(1.5) . 1.991(4.8), 1.955(11.6) (P = pre
ferred orientation).

The principal difference between leonhardite
and laumontite is the degree of hydration, with
leonhardite being the less hydrous phase. These
differences are characterized by a decrease in

Levyoe (LEV) 245

the reaction indices and by small lattice varia
tions . Leonhardite is the more common form.
The dehydration-hydration cycle is reversible,
however, and this reversibility is sensitive to the
presence of Na or K substituting for the calcium
ions in the structure (Am. Mineral. 37:812(1952».
The minimum amount of water that provides
stability in the calcium [ann is around 11 mol
ecules per unit cell . Increasing the water pro
duces distortion of the calcium coordination,
which increases the occurrence of 7-coordina
tion around the calcium. The ease of dehydra
tion of laumontite to leoohardite is related to
the presence of physically adsorbed water, which
is not coordinated to the cations, and to the
ability of the calcium atom to vary its coordi
nation toward water (Zeo. 9:377(1989» .

Leucite (ANA)
(natural)

Clumical Composition: K(AISi206) . See
analcime.

Leucite represents the potassium form of anal
cime. It exhibits no adsorption properties due
10 the size of the K + cations.

Atomic coordinates ( x 10') for lecnhardite (Zeo.

9:377( 1989)): Leucophosphite

Atom :zJA ylB zlC
(Am. Mineral. 57:397(1972»)

5i(1) 238 I0{J3) 38177(15) 15515(24) See AlP04-15 .
Si(2) 8281(13) 38285(14) 32651(14)
AI· 12982(16) 30997(17) 73198(20)
0(1) 25981(15) 50000 22658(28) Levyne (LEV)
0(2) 2J 108(10) 37669(1 I) 92717(19) (natural)
0(3) 14973(10) 38130(1 I) 55330(18)
0(4) 14659(10) 33896(10) 20664(20) Related MaurUUs: SAPO-35
0(5) 33598(10) 31686(11 ) 26834(19) ZK-20
0(6} 5002(24) 50000 26109(28)

and related metal-0(1) 1051(10) 3 1005( 11) 71791(20)
Ca 21540(19) 50000 75776(36) substituted
OWl 41286(547) 50000 3570 (674 ) alurninophosphates
0W2 414S9(91) 45514(101) 5147(1n)
OW) 50000 43199(39) 50000 The natural calcium alurninosilicate levyne was
OW4 38445(52) 42560(63) 62407( 113) Darned in 1825. Intergrowths of the natural min-
OW5 37628(111) 38162(112) 65890(248) eral are common with erionite and/or offretite .
OW6 39527(106) 37909(120) 77081(212)
OW7 4029O(J26) 38065(147) 84035(249)
OW8 41917(100) 37515(120) 98301(220) Structure

•Al , ite assumed to be: Alo...Sio.Oll . (Nat . Zeo. 192(1985»
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Levyne Fig. IS: Framework topology.

CHEMICAL COMPOSITION: NaCa>.l(A.k.S jl l0~)

"18H,0
SPACE GROUP: R3m
UNIT CELL CONSTANTS (A): a... = 10.84

a". = 75°57'

X-Ray Powder Diffraction Data: (NaJ. Zeo.
(334(1985» (d(A) (1//0» 10.32(28) , 8.15(78),
7.66(17), 6.67(20), 5.16(42). 5.03(3), 4.27(46),
4.08(100) , 3.850(26) , 3.591(7), 3.475(23),
3.438(9). 3.332(19), 3.156(52), 3.084{25),
2.865(16) , 2.855(15), 2.800(85), 2.714(8),
2.623(40), 2.581(6), 2.521(14), 2.445(3),
2.395(14), 2.293(8), 2.250(3) , 2.223(11),
2.173(5), 2.144(7), 2.133(12), 2.129(14),
2.103(5),2.064(10),2.039(4), 1.972(3).

Approximate atom positions for levyne (Trans. Faraday
Soc. 55:1915(1959» :

Atom x y z No. positions

Si,AI(I) 0.31(5) 0.82(5) 0.07 12
Si ,A1(2) 0.25 -0.25 0.50 6
0(1) 0.28 -0.28 0 6
0(2) 0.45(5) 0.76 0.11 12
0(3) 0.03 0.03 0.68 6
0(4) 0.20 0.20 0.85 6
0(5) 0.37 0.37 0.72 6

or:

a"" '" 13.35
c.... :: 21.90

PORE STRUcrURES: eight-member rings, 4.8 x
3.6 A

The framework of the Ievyne structure can
be described as alternate layers of hexagonal
prisms and single six-member rings . alternating
such that every seventh layer is superirnposable
upon the first.

t

Temperature, Pressure,
Adsorbate °C Torr Wt% adsorbed

Adsorption

Thermal Properties

Two prominent water losses are observed for
the natural mineral levyne, occurring at 70 and
300°C.

co, 25 700 12
0,. N, - 186 700 Not adsorbed

~~::lISi(l)
O(S)

Adsorption equ illbrrurn data for Icvyne (ZeD. MoJ. Sieve,

t-+---------+--+--+-~lJljO) _62_6_(1_97_4_»_: - - - __

Levyne Fig. 2: The sequence of layers in Jevyne.
showing alteration between hexagonal prisms and
hexagonal rings (Trans. Farad . Soc . 55:1915(1959».
(Reproduced with permission of the Chemical Society)
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Wl%
adsorbed"

Temper
arure,

°C

Syntbesis

Kinetic
diameter, Pressure ,

A torrAdsorbate

02 3.46 100 -183 7
02 750 -)8) 10
Neopentane 6.2 700 24 4

H~ 2.65 4.3 24 4

H2O 20 24 12

'TypiCAl amount adsorbed.

Adsorption properties of LiAPO-5:

Adsorption

m). See AlP04-5 for a description of the frame-
work topology.

LiAPO-5 crystallizes from a reactive gel with
a balch composition of: 1.0-2.0 R : 0.05--0.2
As20J : 0.5-1 .0 AI20) : 0.5-1.0 P20.s : 4{}-100
H20 .

OTA

DTG

Tl'e)
aDo6 020o

Levyue Fig. 3: Thermal curves of levyne (rom Pargate
quarry, Northern Ireland; in air . heating rate 20"Clmin
iNat, Z~O. 198(1985». (Reproduced with permission of
Springer Verlag Publishers)

Levynite (LEV)

=c

~ 15

.. I~-,----_-l-__~:=:::==-i-_-t-.:;.-=.TG ORGANIC ADDITIVE
lriprnpytamine

Common name for levyne,

Li-A (ARW)

Li-A was the first name reported by Barrer and
White for a new crystalline aluminosilicate, It
was later changed to LiA(BW) so that il would
not be confused with Linde type A. See A(BW).

LiAPO-5 (AFI)
(EP 158,976(1985)
Union Carbide Corporation

Relmed Materials: AIP04-5

Structure

Chemical Composition: See FCAPO.

X-Ray Powder Diffraction Data: (d(A) (lila»
12.1-1 1.56(m-vs), 4.55-4 .46(m-s), 4.25
4. I7(rn-vs) , 4.00-3 .93(w-vs), 3.47-3.40(w-

LiAPO-ll (AEL)
(EP 158,976(1985»
Union Carbide Corporation

Re1JJUd MauriaJs: AlPO,,-11

Structure

Chemical Composition: See FCAPO.

X-RayPowder Diffraction DaID: (d(A) (1110)
9.51-9.17(m--,s), 4.40--4.3 I(m-s) , 4.25-4. 17(s
vo. 4.04-3.95(m-s), 3.95-3.92(m-s), 3.87
3.8O(m-vs).

See AlP04 -11 for a description of the frame
work topology.
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Synthesis

ORGANIC ADDITIVE
di-n-propylamine

LiAPO-I I crystallizes from a reactive gel
with a batch composition of: 1.0-2.0 R : 0.05
0.2 Li20 : 0.5-1.0 AhO) : 0.5-1.0 PZ0 3 : 40
100 H20 (R refers to the organic additive).

Adsorption

tals formed after 36 to 60 hours at 220°C and
pH of 11. Thirty-micron rod-shapedcrystals were
produced.

Linde A (LTA)

See Linde type A.

Linde B (GIS)

A disused term for synthetic gismondine. See
Na-PI for a description of synthetic gismondine.

Adsorption properties of LiAPO-II:

Kinetic
diameter. Pressure.

Adsorbate A torr

Tcmper
amre,

·C
\'11%

adsorbed"

Linde D (eRA)
(BP 868,846(1961»
Union Carbide Corporation

Rel8Ud Materials: chabazite
0, 3.46 100 -183 5
O2 750 -183 6
Cyclo- 6.0 90 24 4

hcxanc
H,o 2.65 4.3 24 6
H,O 20 24 8

*Typical amounl ad.wrbed.

Li·H
UCS 1167(1951))

Structure

Chemical CO'l'ltp08iJion: SUA) = 4.

X -Ray Powder Diffraction DatIl: (d(A) (//10»
9.84(m), 8.39(mw), 8. 10(w), 6.68(ms), 5.83(w),
4.88(ms), 4.55(vw), 4.27(s), 3.97(vw), 3.78(w),
3.58(mw), 3.49(w), 3.4O(mw), 3.32(mw),
3.08(vw), 2 .97(w), 2.80(w), 2.66(w), 2.52(m),
2.38(vvw), 2.02(vw), 1.87(w).

Synthesis

ORGANIC ADDITIVE
oone

Li-H was synthesized from a lithium aJu
minosilicate gel with a batch composition of: >
1.0 Li20 : 8.0 Si02 ; A12<h :excess H20. Crys-

Structure

Chemical COI1lp09iJiOIJ: 0.9 (x NazO : (1 
x) K:zO) : A12 OJ : 4.5-4.9 Si02 : ca . 7 H20.

X-Ray PowderDij'fractionDoID: (d(A) (/110»
9.42(66),6.89(67), 5 .54{15), 5.03(62), 4.33(62),
3.98(27), 3.89(23), 3.60(12), 3.45(39), 3.19(15),
2.94(100),2.69(9),2.61(38),2.30(16),2.09(22),
1.81(29), 1.73(23); (Ca +2-exchanged zeolite D)
9.21(78), 6.81(83), 4.93(100), 4.27(89),
3.41(56),2.92(95),2.81(44),2.58(39),2.50(28),
2.06(28) , 1.79(22), 1.72(22).

LindeD exhibits properties indicatinga small
pore chabazite molecular sieve.

Synthesis

ORGANIC ADDmVES
none

Linde 0 is prepared from reactive gel mix
tures with molar oxide ratios in the following
ranges: NazO + K 20lSiOz of 0,45 to 0.65;
Na20INa20 + K20 of 0 .74 toO.92; SiOz/AhO)
of 28; H:zOINa20 + K20 of 18 to 45. Crystal
lization occurs well at a temperature of around
100 to 120°C. At lOO°C, crystallization results
after 61 hours. Crystals are approximately 4 rni-



crons in diameter, with a density of2 .035 g/cm?
when fully hydrated.

Adsorption

Adsorptive properties of Linde 0 (BP. 868.846(1961»:

Grams
Pressure. Temper- adsorbed per

mm arure , 100 g of
Adsorbate Hg ·C adsorbent

Propane I 25 3.7
100 25 7.2
700 25 8.8

1 25 4.0·
100 25 7.1*
700 25 8.1*

Nitrogen 0.1 -196 9.4
10 -196 11.6
100 -J96 12.8
700 -196 15.1
0.1 -196 8.6+
10 -196 11.6+
100 -196 12.8+
700 -196 15.4 +

n-Pentanc I 25 3 .5
50 25 7 .9
400 25 10.2
I 25 6.0·
50 25 9.S*
400 25 12.2·

Butene-I 10 25 9.5
100 25 10.6
400 25
700 25 11.1

Cyclopropane 700 25 2.4
Water 0.1 25 10.3

I 25 16.2
4.5 25 20 .1
24 25 25.8

Argon 0.1 -196 12.3
10 -196 17.2
150 -196 22.4

Isobutane 700 25 1.5
700 25 0.9

·0.92 Ca -exchanged zeolite D.
+ 0.11 lll-<:xchanged z.colire D.

Ion Exchange

Slight variations in the X-ray pattern between
the various cation-exchanged forms are ob
served. The patterns show substantially all of

Linde F (EDI) 249

Cation exchange in Linde D (BP 868,846(1961»:

Composition of
Moles salt per exchanged

Exchanging salt mole zeolite D* form

Sodium chloride 100 0.95 NazO :
0.05 KzO

Magnesium 50 0.72 MgO :
chloride 0.24 K2O:

hexahydrate 0 .04 NazO
Zinc nitrate 50 0.96 ZnO :

hexahydrate 0.29 Ki) (IT.
NazO)

Strontium chloride 50 0.96 srO :
0.04 K,D (tr.
No\2O)

Lithium sulfate 50 0.66 Li,D:
0.34 K20

"One mole i' equivalent to 544 grams based on \he formule : 0,47
N.,o , 0.S3 KIO : 1.00 AI,Q , , 4.65 SiO, , 4.7 H,o.

the same lines, and all meet the requirements
of a unit cell of approximately the same size.

Linde F (EDI)
(US2,996,358(1961»
Union Carbide Corporation

Related MaterWls: zeolite K-F
edingtonite

Structure

CHEMICAL COMPOSITION: K~>oSi",(OIlO·251hO)

SYMMETRY: ortborbootbic primitive (1(+ fonn)
tetragonal primitive (Na(ex)K + form)

UNIT CELL CONSTANTS (A) for orthorltombic:
Q = 13.921
b = 14.011
c = 13.136

for tetragonal:
Q = 10.056
c = 6.680

PORE STRUCTURE: [110] 2.8 X 3.8 A eight -member
rings ; (0011 variable eight-rings (Z. Krisiallogr,
140:510(1974»

X-Ray Powder Diffraction Data: (US
2,996,358(196J)) (d(A) (/I/o)) 6.95(100),
6.51(11),3.48(21),3.09(56),2.96(72),2.81(39),
2.25(8), l.74(6), l. 69(6), 1.64(5).
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Linde F Fig. 1: X-ray powdcr diffraction pattern (upper) and c&.lculated panem (lower)
for Na(ex) K-F (2. Kristallogr. 140:S 10(1974)). (Reprinted with permission of Wiesbaden
Akademlsche Verlagsgesellschaft Publishers)

The structure of synthetic edingtonite (F) is
made up of four-member-ring chains similar to
those found in natrolite and thomsonite. The
chains are joined to form boat-shaped eight
member rings. There are two different (Si,Al)
positions and three different oxygen atom sites
in this structure (Z. Kristallogr. 14O:SI0(1974».
An approximate effective pore diameter deter
mined for this zeolite, based on adsorption data,
is 3.6 A.

Parameters of hydrated Na(ex) K-F (Z. Kristallogr .
14{):SIO( 19'74)):

Atom .L Y z

Si ,AI(I) 0 0 0
Si,AI (2) 0.127(2) 0.134(2) 0.134(2)
01 0.099(5) 0.093(5) O. J33(5)
02 -O.OIS(6) 0.184(4) 0.466(9)
03 0.240(4) 0.2600 0.389(9)

Synthesis

ORGANIC ADDmVES
none

Zeolite F crystallizes in the K20 : AI20) : 2
Si0 2 : H20 system at temperatures between 50
and 120°C. K20lSi02 ratios range between 1.4
and 4.0, and the H20 IK20 ratios range from
about 10 to 20. Linde F crystallizes with
Si02"Ah03 ratios in the gel between 1 and 3.
The best crystallization of this material occurs
at lOOoe (US2,996,358(1961). Impurities in
clude synthetic kaliophilite. The mixture of F
and kaliophilite is covered in the patent literature
as Linde M (US2,995,423(1961» .

Thermal Properties

Linde F is thermally stable to at least 350oe.



Adsorption

Adsorption propenies of Linde F (US2,996,358(1961)):

Temperature, Pressure.
Adsorbate OC rnm Hg Wt% adsorbed

Hz<) 25 0.010 2.0
1.0 3.6
4.5 12.0

25 15.5
COJ 2S 0.05 2.3

7 4 .7
35 6.2

133 6.9
312 7.5
682 7.9

NH, 25 0.06 1.8
12 6.3
89 7.2

312 7.6
707 7.6

SO, 2S 0.15 7.0
14 14.9
S3 15.6

152 16.4
703 17.0

C,I-L 2S S60 \. 9
CHJOH 25 0.035 0.9

0.55 7.1
13 9.4
30 9.8

120 10.9
0, - 196 130 1.4
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X-Ray Powder Diffrodion Daia: (d(A) (lllo»
13.4(64), 11 .6(100), 10.6(9),9.50(24), 6.86(62),
6.02(11), 5.27(38). 4.74(8) , 4.46(9), 4.41(8),
4.31(16),4.19(23),3 .95(48),3.72(17),3.36(16),
3.26( 18), 3.16(25), 3 .14(22), 3.00(31),2.92(94),
2.68(l7), 2.66(25), 2.63(8) , 2.59(41), 2.55(15),
2.37(7), 2.34(7), 2.28(60), 2.19(28), 2.10(21),
1.90(8), 1.85(29), 1.76(7), 1.73(11) , 1.71(33) .

Synthesis

ORGANIC ADDmVE
Done:

Zeolite H crystallizes from reactive alumi
nosilicate mixtures with the following molar ra
tios of the gel : K20lSi02 between 1 and 4,
Si02/AI203 between J.5 and 2.4, and H20/K20

between 23 and 34 . Crystallization occurs at
I()(jC. Crystals grow as hexagonal plates (Linde
Q) and round spherulites (zeolite K-G).

AdsorptIon

Adsorpt ion properties of zeolite H (US3 ,020.789(1961):

Linde H Temperature, Pressure,

(US3,020,789(1961» Adsorbate OC mmHg Wl % adsorbed

Union Carbide Corporation
H2O 25 0.001 2.0

ReloJed MaJerialJ:: Q + K-G (ACS 0 .02 5.2

102:30(1974» 1.0 7.4

K-G + K-I (JCS A
4.5 17.4

25 21.5
2475(1968» co, 25 10 0.8

36 1.4

Structure 160 2.8
346 3.8

(Zeo. Mol. Sieve. 152 1974) 710 4.3
S02 25 I 3.1

10 4.6
UNIT CELL CONTENTS: K,..[(AJ~)I4(SiOVI."28H1O 44 6.1
SYMMETRY: hexagonal 129 7.6
UNIT CELL CONSTANTS (A): a = 13.4 305 8.4

c = 13.2 708 9.3
FRAMEWORK DENSITY (glee) : 2.18 0, -196 - 101 1.2
VOID VOLUME (glee): 0.22 687 0.1
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Linde J
(US3,Oll,869(1961»
Union Carbide Corporation

Reloted Matuillls: K-H

Structure

(Zeo. Mol. Sieve. 360 1974)

CHEMiCAL COMPQSmON: 0.9 K,O : AI,O~: 2.1
SiO,: x H20

SYMMETRY: tetragonal
UNIT CELL CONSTANTS CA): 0 = 9.45

c = 9.92
DENSITY: 2.22 glee
VOID VOLUME: 0.08 cclg
PORE STRUCI1JRE (approx. based on adsorption): 2.6

X·Ray Powthr Diffraction Data: (d(A.) (lIla»
6.86(54),5.57(11),4.77(32),4.72(16),4.27(15),
4.00(51), 3.23(46), 3.18(4), 3.13(93), 3.04(40),
3.00(41), 2.97(36), 2.89(100), 2.87(61),
2.68(14), 2.66(20), 2.64(25), 2,.61(11),
2.58(23), 2.33(14), 2.30(8), 2.19(14), 2.15(6),
2.09(4), 2.00(6), J.95(11), 1.91(11), 1.86(7),
1.83(7), 1.79(12), 1.72(8), 1.72(6), 1.70(4),
1.65(11), 1.63(6).

Linde J exhibits behavior characteristic of a
very small-pore molecular sieve.

Synthesis

ORGANIC ADDmVES
none

Linde J crystallizes from a reactive potas
sium-ion-containing aluminosilicate gel with
K20lSiOz around 4, SiOzlAl~3 of 4, and
H20IK;zO around 10. Crystallization requires 89
hours at lOOOC.

Adsorption

Adsorption propenies of Linde 1 (US3,OI1,869(1961)):

Temperature, Pressure, Wt%
Adsorbate ·C mmHg adsorbed

H,o 2S 2S 8.4
NH, 25 67S 3.9
SO, 25 711 2.2
CO, 25 691 1.0
C2H. 2S 681 0.7

Linde L (LTL)

See Linde type L.

Linde M
(US2,99S,423(1961))
Union Carbide Corporation

ReUlled MaterilJls: Linde F + synthetic
kaliophilite

Structure

Chemical Composition:
Si02 : AhO) : 1.7 H20.

X·Ray Powder Diffradion Data: (d(A) (lIlo))
7.02(18), 6.55(6), 4.50(8), 4.25(21), 3.98(3),
3.50(6),3.10(100),2.98(16),2.82(15),2.60(27),
2.26(5), 2.23(5), 2.12(14).

Synthesis

ORGANICADDITIVES
none

Linde M crystallizes from a reactive potas
sium aluminosilicate gel with a batch compo
sition: 49 K20 : 10 Si02 : A1203 : 420 H20 .
Crystallization occurs at l00"C after 66 hours.
Sheaftike crystals 1 to 1.5 microns in size with
a density of 2.34 are produced.
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Adsorption Synthesis

Adwrprion propertie:; of Linde M (US2 .995.423(196I)): ORGANIC ADDITIVES
none

Linde N (LTN)

Adsorbate
Temper
ature, OC

25
25

Pressure.
mmHg

24
100

Wt%
adsorbed

10.3
2.5

Linde Q crystallizes from reactive aqueous
potassium aluminosilicate mixtures with the fol
lowing mole ratios of oxides K20lSi02 of about
4, SiOllAl20~ of about 4, and H20/KlO of about
12. Crystallization occurs in the temperature range
of 25 to 50°C after 162 hours .

See Linde type N.
Infrared Spectrum

Assignment of mid-infrared framework vibrations (Zeo.
11:116(1991» :

Linde Q Fig. I : Mid-infrared spectrum (framework
vibrations. 900-300 errr ", of as-synthesized Linde Q
(Zeo. 11:116 (1991)) . (Reproduced with permisston of
Burterwonhs Publishers)

Assignment

Asyrnetric stretch (ext. + int.)
Symmetric stretch (ext.)
Symmetric stretch (int .)

S8R "pore opening vibrations"
SI2R (ext.)

"Double ring" (ext.)
0-T-0 bend (int.)

Band frequency . cnr"

1150-900
745.5
673 sh
666 .5
627 .5 sh
598 .2
499 .2
437
414 .5
349 .7
313 .2

Structure

Linde Q
(US2,991 ,lSI(1961»
Union Carbide Corporation

ReloUd Materials: K-I

Chemical Composition: SilAl 1 to 1.2

X-Ray Powder Diffraction Data: (d(A) (11/0))
(K-Q) 13.6(47), 11.8(100), 6.96(3), 6.75(20),
6.02(11), 5.86(6), 5.30(4), 4.77(4), 4.44(8),
4.21(17), 3.72(17). 3.69(5), 3.37(16),3.28(21),
3.24(8) , 3.14(26), 3.01(39), 2.92(27), 2.67(31),
2.63(5), 2.55(17), 2.49(4), 2.34(10), 2.30(4),
2.22(7), 2.14(7), 2.10(7) ; (Na-Q) 13.4(52),
11.6(100), 6.96(4),6.70(20),5.98(17),5.79(4),
4.74(7), 4.39(11) , 4.17(20), 3.70(15), 3.67(13),
3.35(15), 3.25(22), 3.22(15) ,3.13(22), 3.00(50),
2.91(24), 2.66(24) , 2.62(7), 2.53(9), 2.48(7), ~

2.32(9),2.28(2),2.20(7),2.14(7),2 .09(9) ; (Li- ~

Q) 13.4(46), 11.6(100), 6.91(5), 6.65(12), i
6.02(22), 5.82(5), 5.37(2), 4.74(12), 4.44(7), ~

4.17(24),3.72(24),3.69(22),3.36(17), 3.26(24), ~

3.23(12), 3.14(27), 3.00(46), 2.91(24), 2.67(29),
2.63(5), 2.54(15), 2.49(5), 2.33(7), 2.29(5),
2.21(5), 2.14(7) , 2.09(10); (Ca-Q) 13.4(42) ,
11.6(100), 6.86(9) , 6.65(36), 5.94{15), 5.75(12),
5.27(6),4.72(18),4.44(18),4.13(36), 3.70(18),
3.67(12), 3.32(13) , 3.225(10), 3.23(30),
3.11(15),2.99(60),2.89(18),2.65(24),2.60(12),
2.52(12), 2.48(6), 2.35(6), 2.31(9), 2.18(6),
2.14(6),2.11(12) .
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Adsorption

Adsorption properties of Linde Q (K.+ form)
(US2.991 ,151(1961» :

Temperature, Pressure,
Adsorbate ·C mm Hg Wt% adsorbed

Ion Exchange

Linde Q undergoes ion exchange readily. Start
ing from the potassium form, 65% sodium ex
changed, 58% lithium , 81% calcium, 45% mag
nesium, 64% strontium, and 66% barium could
be prepared.

H20

COl

NH~

Ol

25

25

25

-196

-196

-196
25
25
25

0.011
0.2
4.5

2S
0 .013
3

12
97

385
720

0.15
12
57

142
338
694

0.09
4

12
23

96
314
721

24
400
710
85

120
93

700
700
700

3.9
6 .3

11.5
18.3
0.9
4.6
5.8
7.6
8.5
9.7
1.3
4.1
4.7
5.3
6.2
6.9
2.2
2.9
3.9
4.4
4 .8
5.5
6 .3

0.6
1.4
2.5
1.6
1.4
1.6
o
o
o

Linde R (eRA)
(US3,OJO,181(1962))
Union Carbide Corporation

RelaUd Mauria1s: chabazite

Structure

Chemical Composition: Na20: AI 203 : 3.45
3.65 Si02 : 0-7 H20 .

X-RayPowder Diffradion Data: (d(A) (//10»
9.51(88),6.97(35), 5.75(16), 5.61(26), 5.10(45),
4.75(12),4.37(78), 4.13(12), 4.02(14), 3.92(35),
3.80(16),3.63(41),3.48(25),3.34(12),3.21(18),
3.13(12), 2.95(100), 2.89(16), 2.80(14),
2.71(14), 2.66(10), 2.62(25), 2.53(22), 2.39(10),
2.14(6), 2.10(14), 1.93(10), 1.89(10), 1.82(18),
1.76(6), 1.73(16), 1.69(4) .

Linde R exhibits properties characteristic of
a small-pore chabazite molecular sieve. See cha
bazite for a description of the framework to
pology.

Adsorption properties of ion-exchanged Linde Q (US2,99 I ,151(1961)):

Wl% adsorbed
Temp . Pressure,

A~rt>ale ·C mmHg NaQ LiQ CaQ MgQ ZnQ SrQ BaQ

H.z0 2S 2S 22.3 27.0 20.7 21.9 25 .4 19.8 17.9

C~ 25 700 4.7 12.1 11.8 9 .8 12.5 11.3 7.9
NH, 25 700 5.8 9.1 12.2 11.3 15.8

C~ 25 700 0 0 5.1 2.3 5.8 4 .9 0.4

O2 -196 120 J.1 3.0 6.9 2.8 6.3 4 .1 1.4

Cl~ 2S 700 0 0 7.8 1.1 7.4
So, 25 700 0 4.5 26.5 20.8 22.3
N1 -196 700 0 2.3 3.2 2.6 4.8
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400600

i;\ (\ ,
\ .

~j

800200
em"

Linde R Fig. 1: Infrared spectra of reo/ice R (AdvlUlCIS in Chemistry Series 101,
Moluuwr Sieve Zeolites. Flanigan, E. M. Sand, L. B., eds., 201(1971). (Reproduced
with permission of the American Chemical Society)

Synthesis chloride, 52% of the original sodium ions in the
structure are replaced.

ORGANIC ADDITIVE
none

Adsorption

Linde R crystallizes from a reactive sodium
alurninosilicate gel with a batch composition
typically in the range of 3.2 Na 20 : 4 Si02 :

A12~ ; 260 H20 . Crystallization occurs at 100°C
after 16 hours. The crystals resulting from
this synthesis are irregularly shaped between
0.6 and 7 microns in size with a density of
1.98.

Infrared Spectrum

Mid-Uifrared VibrtJJions (em-I): (Si02/AJ20:J
= 3.25) 11.36mwsh, l007s, 738w, 678w,
625m. 508m. 426ro, 370wsh (ACS 101:201
(1971).

Ion Exchange

Linde R can be ion-exchanged with soluble salts
of lithium, magnesium, zinc, potassium, stron
tium. and barium. In exchange with calcium

Adsorptive properties of debycrated synthetic zeolite R
(US3,030, I81(1961):

Temper-
Pressure, arure, Wt%

Adsorbate mmHg OC adsorbed

H,O 0.1 25 17.2
5 25 22.8

24 25 25.9
CO; 0.3 25 2.1

50 25 13.6
700 25 17.6
700 25 13.9"

Argon 0.1 -196 0
5 -196 0

150 - 196 2.8
150 -196 2.3"

Propane 0.5 25 0
50 25 0

700 25 1.2
0, 700 -183 16.0

700 - 183 4.3-
Nz 700 -196 5.5

700 - 196 3.6·
Cyclopropane 700 25 2.3

"0.52 Ca-exchanged syDthe.lic ltOlite R.
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Linde T (ERIIOFF)
(US2 t 950t 9S2(1960»
Union Carbide Corporation

ReltUed MaJerit1ls: erionitezoffretite
intergrowth

See also T .

Structure

(Zeo. Mol. Sieve. 173(1974))

CHEMICAL COMPOSmON: (N&I.lKI a)(AI~)4

(SiOV44J· 14H10

FRAMEWORK DENSITY : 1.50 glee
VOID FRAcnON (determined from water

content) : 0.40
PORE STRUCTURE: three-dimensional , 3.6 x 4.8 A

X-R4Y Powder DiJfmdion Pattern: (Zeo . Mol.
Sieve. 367 (1974» (d(A) (lllo» 11.45(100),
9.18(4), 7.54( 13), 6.63(54), 6.01(2), 5.74(6),
4.99(2), 4.57(8), 4 .34(45), 4 .16(3), 4.18(2),
3.82(16), 3.76(56), 3.67(1), 3.59(30), 3.42(2),
3.31(16),3.18(12),3.15(18), 2.93(1l), 2.87(38),
2.85(45),2 .68(11),2.61(2),2.51(8),2.49(13),
2.30(1), 2.21(6), 2.12(5), 2.09(3), 1.99(2),
1.96(2), 1.89(8), 1.87(2), 1.84(4), 1.78(8),
1.77(5), 1.75(2), 1.71(3), 1.66(9), 1.59(5),
1.52(1), 1.51(2), 1.47(3), 1.41(1), 1.39(3).

The X -ray powder diffraction patterns of zeo
lite T indicate an intergrowtb of erionite and

28 (Cu-jod)

offretite. The X-ray reflections with (201) and
(211) odd I lines, indicative of erionite, are very
weak in zeolite T, suggesting that the material
consists mainly of the offretite structure.

The cation positions are within the double
six-ring units; the gmelenite cages and the six
rings are within the main cavities (lzv. Akad.
Nauk SSSR Ser. Khim 6;116(1965)) , In both
offretite and erionite there are two different T
atom sites, in the hexagonal prism (TI site) and
the six-member ring (T2 site) . Their location
relative to the large cage differs . The cation
density is larger near the T2 sites. To maintain
short-range electrical neutrality, the aluminum
density is larger 00 the TI sites . The relative
displacement of aluminum from TI to T2 sites
is related to the fraction R/R2 , where R) and R2

are the SilAJ ratios of the two sites. The mag
nitude of this ratio is dependent on the cation
filling, which is larger for erionite than for of
frerite, The cations in the hexagonal prisms and
those in the cancrinite cages compensate for alu
minum on T 1 sites , whereas cations in the gme
linite cages compensate for aluminum on 1'2
sites. and the cations in the offretite channels
contribute equally to both T1 and TI. The cat
ions that are located in the erionite supercages
are assumed to compensate for aluminum on T2
sites only. this nonrandom SiJAI distriburioa has
been investigated by NMR techniques.

Synthesis

10 15 20
ORGANIC ADDmvES
none

Uncle T Fig. t : High-angle part of the X-ray powder
diffraction pattern of zeolite T containing 30% erionite
(uo. 4:474(1986)). (Reproduced with permission of
Bunerwcrths Publishers)

Zeolite T crystallizes in the range of molar
oxide gel compositions containing both sodium
and potassium with a ratio of Na20/(Na20 +
K20 ) between 0.7 and 0 .8 . The ratio of
SiO-iAh03 is from 20 to 28, and the M-zO/SiCh
(where M = Na + K) ranges between 0.4 and
0.5. The water content is between 40 and 42
for H20/(Na20 + K 20). Other phases that crys
tallize, depending on the amounts of sodium and
hydroxide, are Linde type L and chabazite. In
general, crystallization is sensitive to changes
in the hydroxide content of the reactive gel.
Crystallization occurs after 166 hours at lOO°C.
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Synthesis of Tsrype zeolites (Zeo. 6:474(1986»):

SUAJ SilAJ NalK NalK Cry stallized Erionite
Sample (gel) (crystal) (gel) (crystal) offTetite(%) inrergrowth('Jt,)

TIl 7.5 3.0 3.0 0.4 30 30
TJ2 7.~ 3.0 3.0 0.4 75 30
T·exl 13.3 3.2 5.0 0 .4 45 30
Jenkins" 9.0 2.3 3.0 0.4 6 30

·US3.S78.398(197\ ).

Infrared Spectrum Adsorbate T.K P. Torr Wt%

Mid-Jnfrared Vibrations (em-I): (Si02l'A1~
Nitrogen 77 0.1 7= 7.0) 1156wsh, I059s, lOWs, 771w, 718w,

10 9.8
623mw, 575w, 467ms. 433ms. 4lOwsh, 366wsh 100 10.7
(ACS 101:201(l97l)) 700 12

Hz<) 298 0.1 7.5
4 16

Adsorption 20 18.6
373 16 II

Equilibrium adsorption capacities for zeolite T (Zeo. Mol.
22 12

NH] 298 0.4 1.5Sieve. 62l(1974):
10 4.7

Adsorbate T. K P.Torr Wl%
100 6.6
700 9.8

COl 298 20 4.8
Argon 77 0 .1 8 100 12

10 13.5 300 14
Krypton 90 I 17 700 15

10 23 HID 298 I 4.9
18 24 50 8.5

Oxygen 77 0.02 4 100 4 .3
3 12.5 ISO 10

50 15 CCl2Fl 298 NA
100 16 (coruinued]

Xeron 195 3.8 20 (slow rate)

I 'J (

!\
\

1200 600 400 200 BOO' 600
em-'

400 200

Linde T Fig. 2: Mid-infrared spectrum of zeolite T (Advances in C~mistry Series
If'll u,.IA,.. .. I.,.~ f:' )"_... ? ...,,':.,. ... 1:1 ...: ...... 'I:' l.A C"., ...... I D ......_ ....l\lf Itv7l'
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Adsorbate T. K P.Torr WI%

n-CJHg 298 10 1.8
100 2.5
700 2.7

n-CJH.. 298 10 4.0
100 4.7
700 5.5

n·C,H11 298 10 6.6
100 8.1
700 11.2

Isobutane 298 NA
Cyclohcxanc 298 NA
Benzene 298 NA

Zeolile T does not ad<orb molecules with. killd.ic diameter greater

Iban 4.3 at 400K .

Linde Type A
US2,882,243(1959»
Union Carbide Corporation

ReloJed MaJerials: alpha
LZ-2L5
N-A
SAPO-42
ZK-4
ZK-21
ZK-22

Linde type A Fig. IS: Framework. topology.

Structure

Na-A (Zeo. 7:148(L987»

CHEMICAL COMPOsmON; Nal1!(AJO')'2 (SiOVll)·
27H,o (pseudo cell) pseudo cell x 8 for true cell

SYMMETRY; cubic
SPACEGROUP: PnUro (pseudo ceU)

Fm3c (true cell)
UNIT CELL CONSTANTS: 1l:O 24.64 A (12.32 A for

pseudo cell)
DENSITY: 1.99 cclg
UNIT CELL VOLUME: 1870 A) (pseudo cell)
FRAMEWORK DENSITY: J.27 glee
PORESTRUCTURE: three-dlmeralonal eight-ring

parallel 10 (100); 4.1 A

X.Ray Powder Difj'lJ£tion Data: (d(A) (1/10)

17.7(40), 14.5(3), 8.67(18),7.25(16), 6.22(21),
5.80(8), 5.47(3), 5.07(13), 4.33(40), 1.17(5),
3.66(5), 3.384(100), 2.903(2), 2.522(11).
2.181(3), 1.843(20), 1.631(2).

Positional parameters for type A framework
(UO. 7:148 (1987)) :

x y z

T 0 0.18616(8) 0.37708(7)
01 0 0.2447(3) 0.5
02 0 0.2844(2) 0.2844(2)
03 0.1122(2) 0.1122(2) 0.3583(2)

LTA Framework Structure

Two types of polyhedra make up the alumino
silicate framework of zeolite A. One is a simple
cubic arrangement of eight tetrahedra (double
four-rings), and the other is an octahedron of
24 tetrahedra, which is referred to as the beta
cage and is similar to the sodalite structure. The
free diameter in zeolite A is 6.6 A for the beta
cage and 11.4 A far the large cavity or the alpha
cage, with a pore window opening of 4.1 A.
Synthesized in the absence of organic additives.
this zeolite contains equal amounts of silicon
and aluminum in the tetrahedral oxide frame
work. The ordering of the Si and AI in !he frame
work has been confirmed by numerous methods,
including structural refinement (Z . Kristallogr .
133:l34(1971». The true unit cell contains 192
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100
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35

Llnde type A Fig.. 2: X-ray po.....der diffraction pattern or Na-A. (Reproduced wilh
permission of author)

tetrahedra and has a lattice constant of 24.6 A,
whereas the pseudo cell bas 24 tetrahedra and
a constant of 12.3 A. A number of notations
have been used to describe these sites, and the
ones used in this work include: site I, the six
ring sites; site Il, the eight-ring sites; and site
Ill, the four-ring sites. Generally the exchange
able divalent cations occupy sites] and n. Site
11 has a weak affinity for all of the cations (J .
Phys, Chern. 82:1655(1978». Bond angles in
type A are: Si-O(l)---Al of 145S, Si-o(Il)-Al
of 159.50

, and Si-o(Ill}--Al of 144. 10
, with rep

resentative O--T-D angles of 108.0 to 110.9°
for Si04 and 107.0 to 112.0° for Al04 , giving
a mean value of 109.47° (Z. Kristallogr. 133:134
(1971)). In the dehydrated state Na-A has bond
angles of 145.1°, 165.6°, and 145.5°, respec
tively (J. Phys. Chern. 77:805(1973» .

The six-ring site is the most important site
for the location of cations. The deviation of the
cations from the center of the ring . which is
defined as the intersection of the threefold axis
with the plane determined by the 3-coordinated
0(3) oxygens, changes with the type of cation
in the structure.

In general, the water content increases with

decreasing ionic radius of the cations. For ex
ample, 11+ (r = 1.49 A) contains 22 waters,
and Na+ (r = 0 .98 A) contains 27. The cal
cium-exchanged A has the highest with 30. as
there are half the number of cations present.
Discussion of hydrated and dehydrated zeolite
A will be dealt with by cation type .

Linde type A Fig. 3: Unit cell structure of zeolite A
(5th 1ZC. 291 (1980)).
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Cation-exchange forms of zeolite A (lACS
78:5963(1956» : lACS 78:5972(1956»:

Cation conu:nl/ Hydrated
unit cell densily, glee a, A. No. H,o's

Na'2 t.99 12.32 17
Ku 2.08 12.31 24
Na..,Liu 1.91 12.04 24
Nll8.,Csu 2.26 12.30
Na,,.Tlu 3.36 J2.33 20
Na.Mg. 2.04 12.29
Clio 2.05 12.26 30
NeSr"., 12.32

Ag" 2.76 12.38 24
Mn).•NlI,.,· 12.19 22.2
COJ.9,Na.. ,. 12.24 24.4
NiuNa..,· 12.25 22.8
Cu,...NlI.o ,. 12.17 21.5
Cu,.,Nau· 12.24 23.0
eu.Na.. 12.17
.zn.. 7~a,,· 12.17 20.5

·8th rzc IOS3(l989) .

Zeolite Na A

There are 12 sodium ions in the hydrated zeolite
Na-A with eight located near the center of the
six-rings on the threefold axis inside of the alpha
cage (lACS 82:1041 (1960». The remaining four
ions are located in the eight-rings. The water
molecules in this hydrated material form a pen
tagonal dodecahedron in the alpha CJIge (Z.
Kristallogr, 133; 134(1971)). Such an arrange
ment is not unusual and is observed in clathrate
compounds as wel1.

In dehydrated zeolite A, eight sodium ions
are displaced 0.4 A into the alpha cages from
the center of the six-rings (JACS 78:5972 (1956);
Z. Kristallogr. 126:135 (1968». Three of the
sodium ions are located in the eight-rings about
1.2 Afrom the center (J. Phys. Chem. 77:805
(1973». These cations partially block the ap
erture, thus influencing the adsorption of gases
and vapors, and regulate the pore size. The re
maining ions are located opposite the four-ring.
When dehydration is performed at 3500C. the
lattice remains apparently cubic. If the zeolite
is dehydrated at 400°C, then the symmetry is
no longer cubic at room temperature. and or
thorhombic distortion is suggested. With hy
dration at room temperature, complete recovery
to the original structure is observed (Zeo. 3:99
(1983)).

When solvated with methanol (Na12Si12
AlI204S*9CH30H. Pm3m; Q = 12.298(2)A),
the 12 Na + cations occupy three sites : six are
on the threefold axes near the center of the six
rings, three are associated with the eight-ring
0:-;ygens , and three are in the large cavity op
posite the four-rings. The nine methanol OXY

gens are aU in the large cavity, associated with
the 12Na -+ ions in two ways: six oxygens bridge
betweensix-ring and four-ring Na ions. and three
coordinate to eight-ring Na ions . As compared
with the hydrated or the dehydrated zeolite. two
Na ions have moved from the six-ring to four
ring sites.When acetonitrile is absorbed on zeo
lite Na-A, occupancies of the cations are the
same ; however I the disorder in the acetonitrile

AI

02
51 A1 01

03..~=~ +-==--t",,03

01

Linde type A Fig. 4: Plot of Na atoms and adjacent rings iII dehydrated zeolite Na-A . Displacement eUipsoids at
SO% probabiliry level (l . Am. Chem. Soc. 102:4708 (1980»). (Reproduced with permission of lhe American Chemical
Soeiery)
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Linde type A Fig. S: Powder neutron diffraction pattern of Li-A zeolite. The arrows mark die posnions of weak
lines (Zeo. 3:255 (1983». (Reproduced widl permission of Burterworths Publishers)

precludes any definitive assignment of positions
Change in the unit cell of zeolite A with exchange of Na

(Zeo. 3:348 (1983)). for u (PrQC. 6th IZC 684 (1984):
The structure of the ammonia complex of

Na-A has been determined. Twelve NH) mol- Solution mole

ecules are found in two sites in the beta cage, Zeolite mole fraction fraction

and eight are coordinated to the threefold axis.
Li-/- Unit

The remaining four are hydrogen-bonded to those u Na NllIAI Li Na cdr, A
eight and to the framework oxygens. Twenty
ammonia molecules occupy the larger cavity 0 1.0 1.0 12.305

(alpha cage), and many are hydrogen-bonded to 0.05 0.95 0.96 0.38 0.62 12.298

otherNH) molecules as well as to the framework 0.08 0.92 0.98 0.45 0.55 12.m

oxygen. Tbe sodium cations in this material are
0.10 0.90 0.96 0.51 0.49 12.253
0.12 0.88 0.94 0.54 0.46 12.238

near the center of the eight-ring windows (J. 0.16 0.84 0.96 0.59 0.41 12.216
Phys. Chern. 76:2597(1972)). 0.19 0.81 0.93 0.62 0.38 12.209

0.26 0.74 0.93 0.67 0.33 12.155
0.28 0.72 0.92 0.69 0.31 12.177

Zeolite u A 0.29 0.71 1.01 0.70 0.30 12.188
0.36 0.64 0.90 0.80 0.20 12.159

The crystal structure determined for dehydrated 0.40 0.60 0.97 0.85 0.[5 12.12[
Li-exchanged A (Li9,7Na2.~IJ2Si12048, based 0.45 0.55 1.0 0.88 0.12 12.177
00 neutron diffraction; L~a3A112SiI204ll. based 0.60 0.40 0.98 0.92 0.08 12.082

on X-ray diffraction) indicates that the majority 0.76 0.24 0.96 0.95 0.05 12.063

of the Li cations are located at the six-ring cen- 0.87 0.13 0.95 0.97 0.03 12.054

ters (JCS Faraday Trans. 1,75:898(1979); Zeo.
0.94 0.06 0.95 mxch" mxch" 12.020

3:255( 1983)). Framework distortion is observed ·mull ; multiple exchange
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from K-A to Na-A to Li-A, following the charge
to-radius ratio of the exchangeable cations (Zeo.
3:255 (1983»). The size of the eight-ring, based
on the smaller cross-distances, increases in the
order.

d-KA < dLiA < ariA < dNaA

with the shape of the eight-rind depending on
the cation location in the framework six-ring.

Zeolite K A

The crystal structure of hydrated and dehydrated
potassium-excbanged A (KA) has been exam
ined(Zeo . 7: 423 (1987);J . Phys. Chem. 79:2157
(1975». The symmetry of this zeolite depends

upon the exchangeable cations. Thermal treat
ment of the sample also is important. A repre
sentation of the dependence on the phase Iran
sitions of KA with temperature and pressure is
shown in Linde type A Fig. 7.

The cations in this zeolite can be located in
the eight-ring or the six-ring sites: in the sodalite
cage by the six-ring, in the 26 hedron by the
six-ring, against the four-rings in the 26 hedron,
or in the center of the sodalite cage (Zeo, 4: 365
(1984».

Zeolite NH.,A

In dehydrated N~A, the cations occupy all of
the four- and eight-ring sites (JACS 103:3441
(l981 ».

Al 81

Linde type A Flg. II: PIal of nearest neighbors 10 K atoms in dK-A zeolite. Displacement ellipsoids Al 50%
probability level (l. Am. Chem, SM . 102:4708(1980». (Reproduced with permission oflhe American Chem ical

Society)
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Linde type A Fig . 7: Schematic representation of the pressure and le~perarure---depeDdenl phase transitions of KA
(UQ. 7:423 ( J987». (Reproduced with permission of Burterworth s Publishers)

a, A negative dcviJJion i.l>dic:ale' llulllhe atom lie , 00 !he<&me .side
of !he plane u the oriSin.

Deviations of atoms ( A) from the (111) plane at 0(3)'
()ACS tOO:309I (1978» ;

preferred, with a small amount of Ca + 2 detected
in the center of the sodalite cages. For the
partially exchanged dehydrated material,
Ci4N8.4-A, both of the cations occupy six-ring
positions , with sodium inside the beta cage and
calcium on the opposite side (Acta Crystallogr.
22:162 (1967» . This arrangement results in ap
ertures that are completely open and capable of
admitting molecules with diameters of around
4.3 A. In the hydrated state the water molecules
are arranged in a distorted dod ecahedron formed
by 12 local ized water molecules . Fifteen delo-

Zeolite CaA

Calcium-exchanged zeolites are especially use
ful industrially for drying and purifying natural
gas, carbon diox ide removal, separation of ni
trogen and oxygen from air, separa tion of re
finery gases. production of pure hydrogen from
waste gases, and separation of n- and isopar
affins . These zeolites have calcium contents of
60 to 80%. The adsorptive effect of the calcium
depends critically on the Dumber and the loca
tion of these cations. The water desorption and
the sensitivity of the structure to thermal treat
ments will depend on the coordination and the
distribution of the calcium ions . For the nearly
fully exchanged dehydrated Cll{.A zeolite, none
of the Ca2-+ ions are located in the eight-ring
sites (lACS 105;1191 (1983); .Proc. 5th IZC
214(J980». In the hydrated material, the cal
cium positions are along the threefold axis on
either side of the six-ring. Eighty percent of the
water in the structure is localized (Z . Kristal
logr. 192: 142 (1975»). With partial dehydra
tion , fourfold coordination in the large cavity is

Ca( l)
Ca(2)

Ca(3)
0(2)

Cll6- A

0 .51
0.06

- 0.63
0.11

5r(1 )
5r(2)
5r(3)
0(2)

Sr.-A

0.28
-0.78
-0.04
-0.04
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'* Ba ions near

studied (ACS 135: 137(1980». Such instability
arises from the inability of Ba + 2 to adjust to
lower coordination numbers.

calized waters connect the clusters through the
eight-ring channels. After rehydration of~84
A, neither the cations nor the water molecules
are observed to return to their original location
(Zeo. 7:148 (1987». With calcium exchange
levels at Ca~arA, the sodium is thought to be
in the large cavity at the six-ring and the calcium
slightly displaced at the six-ring into the beta
cage (J. Solid Slate Chem. 51:83 (1984».

Composition
Large
cavity

6-riug

Socialite
cavity 8-ring

Deviation of atoms (A) frorn the (Ill) plane at 0(3)
(ACS 135;137 (l980)):

pan d-Bau d.B.,

h·B""A d-Ba.-A Na,-A Nalo·A

0(2) 0.07 0.14 0.09 0.08
Ba(1) 1.23 1.45 0.95 1.38
Ba(2) -1.22 -1.19
Ba(3) 3.01 2.77
Na or -0.12 0.24

Na(!)

OtherCation-Exchange Forms of Zeolite A

The crystal structures of dehydrated Mg l .2 Ag2

N~.oA, CaI.2Ag~a6.6-A, BaI.2A~~.6-A,

ZnI.2Ag~16.6-A, and AgJN2l9-A have been ex
amined. At 380"<: the eight-ring windows are
not fully occupied by the cations. For the six
ring sites as well as the eight-ring sites, a mixed
occupancy with Ag, Na, and divalent cations is
probable. Charged clusters are observed for de
hydrated AgNa-A (Zeo. 3:149 (1983». Cobalt
ions, in dehydrated partially exchanged zeolite
A, are located in sites with perfect trigonal co
ordination with theoxygens of the six-ring. There
are four cobalt ions and four sodium ions per
unit cell. When hydrated, theoobalt ions occupy
two positions: one at the center of the beta cage
and three off the six-rings in the large alpha
cage on the threefold axis (JCS Chem, Com-

2
3
I
~

H
1

o
o

12.288
12.189
12.267
12.262

• PartialIy dehydrated,

B46-A
d-Ba.-A
d-Ba, )Nas-A

d-BalNalo-A

Dehydrnted Hydrated

TI(2) ~ 1.82 - 1.71
0(3) 0 0
0(2) 0.37 0.14
Tl{I) 1.54 J.S3

Zeolite Sr A

Dehydrated Sr6 A is very similar to d-C3(;-A
with three Sr ions distributed over two none
quivalenr, threefold axis positions. As with Ca
A, the distribution of the five cations minimizes
intercationic repulsions. The sixth ion is asso
ciated with the eight-ring. The Sr cation at the
eight-ring does not lie on the plane of the eight
ring, but lies 0.9 A from it (lACS 100:3091
(1978».

Zeolite Ba A

Fully dehydrated BIIt;A is not crystalline; how
ever. partially ion-exchanged forms have been

a. A negative devialion indica"" thaI the atom lies on the sarre side
of lhe plane as the origin.

Zeolite Tl A

In the dehydrated Tl" -exchanged A, the larger
Tl " ions are located off the plane of the six
rings and extend from the plane of the ring into
the alpha cage (JACS 78:5972(1956». Some
also are positioned inside the beta cages. The
remaining four TI+ ions are Dear the center of
the eight-rings (J. Plrys. Chem, 76:2593(1972».
Only small changes are observed in cation p0

sitions in the zeolite framework upon dehydra
tion.

Deviations of atoms from III planes at 0(3) (in Ar
J. Phys. Chem. 76:2593(1972»:



mun. 1287 (1972». In general, incomplete ex
change of NaA with divalent cations shows all
divalent ions to occupy six-ring sites upon de
hydration (lACS 3091(1978» .

A theoretical investigation of site selectivities
for transition metal cations such as Mn+ 2, Co + 2 ,

Fe"'2 , Ni +2. and Zn+2 ions, based on the ca
tion-lattice interaction energy, reveals that these
cations preferentially occupy the six-ring oxy
gen sites. but that the last incoming ions prefer
the eight-member oxygen ring sites (Proc . 5th
lZC, 291(1980».

Zeolite N-A
(See also ZK4 and N-A)
(US3,3D6,922(1967))

CHEMICAL COMPOSmON: (Na.,TMA)[(AIOv-,
(Si(h)'7J 21H10 (pseudo cell) variations NaJAI up 10
0.9; SilAI between 1.25 and 3.75 pseudo cell x 8 for
true cell

SYMMETRY: cubic
SPACE GROUP: Pm3m (pseudo cell)

Fm3c (true cell)
UNIT CELL CONSTANTS: 12.1'2 A for pseudo cell
UNIT CELL VOLUME: 1780 AJ (pseudo cell)
FRAMEWORK DENSITY: 1.27 glee

This zeolite is a silica-rich zeolite containing
TMA trapped within the pores as a counter
cation. The SiJAl ratio is claimed to vary from
1.25 to 3.75 (US3,306.922(1967». The lattice
constant is 12. 12 A. with the unit cell typically
containing five fewer Al04 tetrahedra and five
fewer cations then Na-A . Thermal decomposi
tion is the only way to remove the TMA cation,
as this ion cannot be replaced by sodium or
calcium.

Synthesis

ORGANIC ADDITIVES
generally none
TMA (US3.J06.922(1967»

Zeolite A generally crystallizes in the Na+
form from a composition of 2 Na20 : AJ20 3 : 2
Si02 ; 35 H20, using sodium aluminate and
sodium silicate or colloidal silica and sodium
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hydroxide at 25 to 175°C. This structure has
been prepared in the presence of Na, (Na.TMA),
(Na,K). (Na.Ba), (Na,Ba.TMA), and (Li,Cs,
TMA). but the preferred cation is sodium (Zeo .
1:130(1981»). Silica-rich forms of this zeolite
have been prepared by using gels of higher sil ica
and NaOH content and using TMA in place of
some of the alkali metal. The silica-rich gels
that crystallize type A appear to crystallize well
within an hour, after which hydroxysodalite is
observed to form rapidly. The presence of chlo
ride or sulfate inhibits the formation of zeolite
A. When nitrate salts are used. cancrinite is
crystallized instead. Triethanol amine addition
retards the rate of crystallization; the amine is
thought to act as a suspending agent. Changes
in the morphology, from cubic crystals around
2 to 3 microns to crystals with beveled edges
around 5 to 6 microns in size. have been ob
served (Zeo. 7:387(1987». However, for ap
plications such as detergent use. synthesis of
small crystals of this zeolite is desirable
(US4 ,222,995( 1980); JP 83,213.627(1983» .
With direct hydrothermal synthesis of calcined
kaolin, extrudates can be formed producing pure
zeolite pellets of type A (Zeo. Mol . Sieve.
315(1974». Clear homogeneous solutions can
produce Na-A, however, with time. and Na-X

, and HS will form with extended crystallization
times (7th IZC 177(1986».

In the crystallization of type A zeolite in the
Na + system, very high concentrations of hy
drox ide result in the formation of zeolite P or
hydroxysodalite (HS) (Zeo , Mol. Sieve. 278
(1974)). It has been observed that zeolite X can
form an overgrowth onto zeolite A (PP 8th IZC
3(1989». With the addition of NaAl02 and suf
ficient NaOH, both mordenite and clinoptilolite
will transform into type A (JP 83,213.626
(1983» . In the commercial process excess car 
bonate and chloride contaminants can be re
moved by allowing some of the type A to re
crystallize to the sodalite phase, which traps the
contaminants so that the mother liquor can be
recycled (US4,330.518 (1982».

Thermal Properties

Type Na-A shows a continuous loss of water
with increasing temperature, with a total weight
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Si02

Na20 AI203

Unde type A Fig. 8: Patented batch compositions for the synthesis of zeolites A. X,
and Y. Coordinates expressed as mole percent (ACS Symp osium Series 218:3(1983),
lntraseolite Chemistry. Stuckey, G. O. Dwyer F. G., eds.) . (Reproduced with permission
of the American Chemical Society)

Joss of 22.5% . The OTA is endothermic be
tween 25 and 300°C, become exothermic at 860
and 91ifC. Thermal stability is limited to 7cnc,
with theformation of cristobalite occurring around
800°C. The DTA curves f01' zeolite Na-A, Ca
A, Ag-A and N~-A, are shown in the accom
panying figures. Increasing the NH... + content
decreases the thermal stability in this zeolite.
Highly ammonium-ion-exchanged NH4-A de
composes to a sillimanite phase, whereas mixed
forms result in recrystallization to a carnegue
phase .

Infrared Spectrum

The Raman frequency around 500 em" is sen
sitive to the framework T-0-T angle for several
high-aluminum-containing zeolites. including
zeolite A. Raman frequency is observed at 490
cnr" for Na-A, with an average T-O-T angle

of 148.3°, and this value shifts to 497 em" in
the Li-exchanged A with a decrease in T-0-T
angle to 141.2° (Zeo. 8;306(1988).

Infrared spectral data for A type zeolites (ACS
101:201(1971)):

SiO,1
Zeolite At,O) Infrared bands, em-I

Na-A 1.88 10000wsh , 995s, 66Ovw, 550ma ,
464m, 378rns, 260vwb1

Ca-A 1.9 113Ovwsb. 105Ovwsh, 742wsh,
105vwsb, 665vw. 542ms.
460m,316m

N·A 3.58 1131vwsh. I03Ovwsh. I030s,
75Ovwsh, 675vw, 572ms,
474ro, 385m

N-A 6 .01 1151vwsh, 10445, 75Ovwsh,
698vw, 581ms, 475m, 393m
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Linde type A F1gs. 9a and 9b: DTA curves for (9m) zeolite Na-A and (9b) calcium 
exchanged A (JCS 3811(1958)). (Reproduced with permission of the Chemical Society)

Adsorption

The adsorption properties of this zeolite have
been examined in detail because of its prime
utility asa desiccant and an adsorbent. The stan-

dard method of adsorption analysis is the ad
sorption capacity measured gravimetrically (or
volumetrically), Other methods. such as NMR
and JR. also have been used . In the following
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Linde type A Fig. 10: DTA curve for Ag-A zeolite (Zeo. 3:271(1983». (Reproduced
with permission of Butterworth. Publishers)

Near-infrared combination and overtone bands of water
adsorbed on Na-A (ZeD. 4:244(19&4)):

cm-' Assignment

7190 vo -20 H residual OH
6930 vo-20H Nall(8 rings) H2O
6892 vo-20H Nal(6 rings) H,O
6670
5192 v;zQ-lOH + ~ O-IHOH H2O NaIl
5160 vo-IOH + II o-IHOH H~ NaJ
4780 II 0·3HOH
4455 vo·IOH + Ii 0-1 0" residual OH grollps

tables. the pressure P is expressed in millimeters
of mercury or Torr. P/Po is the pressure P of a
vapor below its critical temperature and Po is
the equilibrium vapor pressure. Capacities are
given in grams per gram of dehydrated zeolite
unless otherwise noted. Prior to adsorption the
zeolite is outgassed at 350 to 400°C in vacuum.

Neutron diffraction studies of methane and
acetylene adsorbed in zeolite 4A show that these
molecules sit in front of the NaIl and NaIll
cation sites. At temperatures of 150K for meth
ane and 300K for acetylene the molecules be-

come highly mobile (Zeo. 2:260 (1982)), For
the potassium form. ethane is adsorbed to 6.9
wt% at4.14 x 1(1 Paat 35O"C (ZeD. 4:22(1984)).
At high temperatures (3OD--SOO°C) and high
pressure (51-10 I MPa), Kr is adsorbed into var
ious ion-exchanged type A zeolites. Under these
conditions, the Kr is encapsulated into the alpha
cages of the Na, K, and Rb forms of A. The
larger the cation is, the slower the desorption
of Kr (Zeo. 4:291(1984).

In xenon adsorbed in zeolite CaA, there is a
nearly direct correlation between the chemical
shift and the density of the adsorbed xenon with
no change in the shape of the NMR peak (5th
!ZC 510(1980)). Methane is slightly preferred
over CD 4 in Ca-A with the heats of adsorption
differing by about 100 cal/mol (Mlo) kcalJ
mol(C~ = 5100tCD4 == 5000) (Zeo.
9: 159( 1989)). The infrared spectrum of methane
adsorbed in Na-A changes with temperature.
The growth of the \II forbidden band and the
degeneracy splitting of \I) are related to the elec
tric field in the zeolite cavity; VI = 2,882 cm'",
\/3. = 3002cnr", V)2 = 2982cm' (J. Physique
Lett. 45(1984)255». NH 3 and CO2 both pref
erentially adsorb at the cation sited at the eight-
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Adsorption capacities for zeolite NaA (Zeo. Mol. Sieve. Adsorbate T.K P. Torr gig Comments

607( 1974»:

Adsorbate T. K r, Torr gig Comments C1H, 298 10 0.072 b
50 0.094 b

Argon 77 100 <0.01 b
1(1() 0.10 b

195 100 5 u
700 0 .11 b

300 15 a 423 10 0.015 b

700 30 a 50 0.033 b

273 100 I a 100 0.042 b

300 1.5 a 700 0.060 b

700 3.7 II

Oxygen 90 0.2 0 .11 b C,H. 298 15 0.073 b

195 40 0 .003 b 100 0.095 b

150 0 .01 b 700 0.11 b

700 0.044 b C,~ 298 10 0.010 b

100 6 a 100 0.048 b

300 18 a 700 0.080 b

700 34 a n-CJiIO 298 N.A.

Nitrogen 77 700 <0.01 n-CJi14 298 N.A.

195 100 0.065 b Isobutaae 298 N.A.

300 0.085 b Neopentane 298 N.A.

700 0.115 b C.H., 298 10 O.ll b

100 J() II.
100 0.135 b

300 42 a 700 0.14 b

700 49 a Benzene 298 N.A.

H10 298 0 .025 0 .16 b CH30H 298 O.OJ 0.066 b

0.20 4 b
0_1 0 .13 b

0.25 20 b
100 0.19 b

373 I 0.06 b
H,S 298 10 0.16 b

4 0 .13 b
100 0.22 b

12 0 .17 b
400 0 .24 b

20 0.19 b
SF6 298 N.A.

NH, 298 3 0.090 b
CCI,Fl 298 N.A.

10 0.11 b
100 0.15 b

a. cc STPlg.

700 0 .175 b
b. gig

COl 198 10 0.25 b
N.A.. Zeol ite A does not adsorb molecules with 8 kinetic diameter
greater than 3.6 A at 17K and 4 .0 A. al 3OOK.

700 0.30 b
298 2 0 .07 b

10 0.12 b
100 0.165 b

423 100 0.034 b Adsorption capacities for zeolite Ca A (Zeo. Mol. Sieve,

700 0.105 b 607(1974»:

CO 198 15 0.070 b
100 0.091 b Adsorbate T. K P. Torr gig Cornroents

700 0 .11 b
273 150 0 .024 b Argon 77 0 .1 0 .28 b

700 0 .055 b I 0.33 b

So, 298 0.1 0.16 b 100 0 .35 b

10 0.28 b 195 100 12 a

100 0 .30 b 300 30 a

700 0.35 b 700 S5 a

198 150 0 .023 b 273 100 0.5 a

700 0.058 b 300 15 a
273 150 0.007 b 700 3.3 a

700 0 .022 b (continued)
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Adsorbate T, K P, Torr gig Comments Adsorbate T, K P. Torr gig Comments

Oxygen 77 0.1 0.16 b n-CJ{14 298 0.2 0.13 b
0.2 0.26 b \0 0 .145 b

100 0.31 b 100 0 .14.5 b
195 100 0.035 b a-Neptane 278 o,Cm 0.085 b

300 0.065 b 0 .01 0.11 b
700 0.095 b 0.1 0 .14 b

Nitrogen 77 3 0.2\ b 10 0 .175 b
10 0.22 b 423 0.01 0 .024 b

700 0.24 b 0.1 0.055 b
195 100 0.07 b 10 0.12 b

300 0.085 b 10 0.12 b
700 0.11 b lsobulllDe 298 N.A.

Krypton 273 11000 90 a.c n-Decane 457 100 0.14 b
45000 120 a,c n-Dodecane 4&8 300 0.\5 b

H,o 298 0.025 0.19 b Neopentane 298 N.A.
0.1 0.22 b e,H, 298 5 0 .055 b
4 0 .27 b SO O.OBO b

20 0 .30 b 100 0.088 b
373 I 0.\1 b 700 0.11 b

4 0.17 b C~ 195 0.01 0.020 b
12 0.19 b 0.1 0.085 b
20 0 .20 b 10 0.12 b

NH1 298 3 0.10 b Benzene 298 <0.006 b
10 0.135 b CHlOH 298 om 0.085 b

100 0 .175 b 0.1 0.\6 b
700 0.19 b I 0.20 b

298 I 0.066 b 10 0.22 b
10 0.13 b

100 0.20 b a. cc STPlg.
700 0 .24 b b. &!g

373 15 0.60 b N.A. ' Zeoli'" A docs 1101 ad<orb molecules with. lcinelic diameter

100 0.12 b greater than 3.6 Aat 77K and 4,0 Aat 3OOK.

700 0.20 b
CO 198 15 0.077 b

100 0.11 b
700 0 .15 b

member ring in Li-A and Ca-A. CO2 interacts
273 100 0.038 b

700 0.070 b with Na-A at the cations in the six-rings (5th
so, 298 0.1 0 .17 b lZC 476(1980».

10 0.30 b
100 0.34 b
700 0 .36 b Ion Exchange

H,S 298 10 0 .2\ b
Ion exchange in this zeolite can be successfully100 0 .28 b

SF6 298 N.A . accomplished in aqueous solution. Type A has
h 393 90 0.86 b an exchange capacity of 7.0 milliequiv/g an-
s 324 . 50 0.34 b hydrous and 5.5 milliequiv/g hydrated. Under
CH. 195 19 0.013 b acid conditions. however, destruction of the
CzlLI 298 25 0.025 b

framework is observed. Use of ammonium-ex-100 0 .053 b
700 0 .085 b changed forms with subsequent thermal treat-

n-C,Ji.o 298 2 0.07 b ment to decompose the ammonium cation also
to 0.10 b results in structural collapse. Exchange of lith-

700 0 .13 b ium and magnesium ions occurs with consid-
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ox
UJ DTA

TG

200 400 600 800 1000 r.sc
LJnde type A Fig. 11: Thermal analys is of NI4.(NH.h .-A (Thermochim . ACeD

93:753(1985)). (Reproduced with permission of Elsevier Publishers).

E"aq.
Zeolite Metal Product Color V a . A

Summary of reactions, products , and crystallographic <tala
for meW vaporexchange in zeolite A (PP 7th lZC 4A
7(1986)):

change of a hydrated Nl-4 + -A has been found
to contain an additional molecule of CsOH in
the sodalite cavity. Avoidance of close Cs + 

Cs" contact through the six-rings in the struc
ture results in a Siting of four Cs + ions per large
cavity at nearly opposite four-rings rather than

~CIlJ-A black 0.0512 .240(4)
Ca.,-A colorless -0.1612.270(2)
Na.-A black 1.9512.286(7)

3.5 t 12.267(5)N~g..·A blackNa

Cs
Na.
Na

CIl6A
~-A

Zn<.-A
.3H,O
Agll-A
.3H20

erable difficulty. Exchange of sodium ions with
barium has been achieved, but crystal decom
position occurs upon dehydration . Cesium ex
change is Dot complete (Trans. Faraday Soc.
54;1074 (1958». Fully Cs+ -exchanged zeolite
A can be prepared. not by traditional aqueous
methods but by treating dehydrated type A di
rectly with cesium vapor. Zeolite A in the so
dium, potassium. or calcium form reacts with
gaseous Cs at 350°C such that all of the sodium,
potassium, or calcium ions are reduced, and the
metal atoms leave the zeolite. Treatment of the
material by this method results in excess cesium
in the zeolite, as adsorbed CS4 +3 clusters and a
composition ofCs J2•s -A (J. Phys. Chem. 91:15
(1987); lCS Chem, Commun. 1225(1987); JACS
109:26,7986(1987); ACS Symp. Sev. 368:177
(1988); J. Phys. Chem, B9:4420(J985» .

Complete ion exchange through solution ex-
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LInde type A Fig. L1: Infrared spectra of zeolites A

and N·A; numbers of parenthesis are SiJA! values
(AdvaJtct's /II Chemistry Series 101, Molecular Sieve
Zeolites . Flanigan, E. M, Sand, L. B., eds . , 201(1971).
(Reproduced with permission of the American Chemical
Society)

Calcium ion exchange for sodium exhibits a
nonuniform dependence on temperature. PeT
colation theory appears to be obeyed in this sys
tem, where it can be considered as a cubic array
of cages interconnected by open or closed win
dows. True equilibrium is predicted to be at
tained after several months at 85°C (Proc. 7th
IZC 601(1986».

Solvents other than water also have been ex
amined, and the efficiency ofexchange has been
determined. These solvents include methanol,
ethanol, ethylene glycol, dioxane, and dimeth
ylsulfoxide (J . Inorg, Nucl. Chem, 34:1069
(1972); ibid. 32:2389(1070); ibid. 33:1927(1971);
J. Phy«. Chem . 75:85(1971). Exchange using
alcohol as the solvent does proceed , but it is a
slower process . At higher alcohol concentra
tions in mixed alcohol/water systems, the se
lectivity increases (J . Phys. Chem. 75:&5(1971) .
With lithium the equilibrium constant decreases
with increasing alcohol concentration (J./Mrg.
Nucl, Chem . 33:1927(1971). When DMSO is
present in high concentration. the ion exchange
capacity is found to be reduced by 85%. In
general the rate of exchange decreases with de
creasing dielectric constant (Zeo . Mol. Sieve.
392(1974».

For hydrated monovalent cations. a linear
relationship is found between the infrared fre
quency of selected framework vibrations and the

RllJDaJJ frequencies of hydr.ltcd zeolite A(cm- l
} (J. Phys,

CMm.89:1t\6t(19&S)):

u- Na~ K" TI+ NH... Assignment

opposite five-rings . The hydroxide is expected 356,381 355 331 333 324
440 405 405 400 406

to be between the two Cs + ions in the sodalite 497 490 487 482 490 sr-o
cage Cleo. 9:146(1989»). deformation

The order of decreasing selectivity for uni- 660

valent ions in zeolite A is (JACS 78:5%3(1956»: 730 699 694 665 697 Al-O

Ag > Tl > Na > K > NH4 > Rb > Li > Cs;
stretch

738 735 73& 732
and for the divalent ions the order of decreasing 84S 850 840 840 aso
selectivity is: Zn > Sr > Ba > Ca > Co > 937 971 960 951 975

Ni > Cd > Hg > Mg. For the organic amine 996 1000 998 Si--{)

exchanged forms it is: Na > methylamine > (vw) (vw) llJ"etch

ethyl amine > propylarnine > butylamine tZeo. 1059 1039 1030 )030 1043
1084 1099 J095 1084 1103

8:423(1988») .
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Linde type A Fig. 13: Frequency shifts of lattice vibrations for monovalent
exchanged Linde A asobserved by Raman and infrared spectroscopy. (The Raman
spectra of K+ and Ag + forms were so weak: that only the absorption at 487 cnr '
for the K + form was observable.) (JCS Chem. Commun. 733 (1972)).
(Reproduced with permission of the Chemical Society)

reciprocal of the sum of the cation and frame
work oxygen ionic radii (lSe Chern. Commun.
733( 1972».

Salts have been known to occlude within the
pore structure of this zeolite. Such occlusion
considerably changes the properties of the reo
lite. including conductivity and thermal prop-

erties. Zeolite A occludes 9 AgNO) molecules
per unit cell from silver nitrate melts (JCS
299(i958» and 10 NaNO) from molten NaNG)
(J. Phys. Chern. 72:2885(1968». Because of
the large size of the sulfate anion, NaS04 does
not occlude in type A. CaN0) ... ion pairs ex
change for sodium, but there is no evidence of
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exchange by SrNOJ + ion pairs (J. Phys. Chem,
72:4704(1968» . Movement of the lithium ion
in lithium salt inclusion complexes was exam
inedusingu- NMR(Proc. 5th lZC, 327(1980».
Three cation sitings exist, differing in both their
mobility and local structure . Li3NOJ +:Z is planar
and lies on the 111 axis in the alpha cage.

Ag + -exchanged type A has been examined
for its electrical conductivity. The conductivity
changes linearly over a wide temperature range
from room temperature up to 650°C, where it
becomes constant (Zeo , 3:271(1983».

Linde Type L (LTL)
(USJ,216,789)
Union Carbide Corporation

ReloUd Mtllerials: Perlialite
LZr212
Ba-G

Structure

(Zeo . Mol. Sieve . (1974»

X-RayPowder Diffraelion Data: (d(A) (1//0»
15.8(100), 7.89(14), 7.49(15), 5.98(25),
5.75(11),4.57(32),4.39(13),4.33(13),3 .91(30),
3.78(13),3 .66(19),3.48(23),3.26(14),3.17(34),
3.07(22), 3.02(15), 2 .91(23), 2.65(19), 2.62(8),
2.53(8), 2.45(9), 2A2( 11), 2.19(11).

The LTL structure is based on polyhedral
cages formed by five six-member and six four
member rings. Such an arrangement is similar
to that found in erionite, canerinite, and offre
tite. This arrangement results in the formation
of a unidimensional channel system. In the hy
drated form of zeolite L, the structure bas four
cation positions . Only the cations sitting within
the 12-member-ring channel system will readily
exchange. The other three cations are located
outside the main channels and occupy sites in
close proximity to the framework oxygen atoms.
The preferred SiJAI ratio is 3.0, with ordering
of Si and AI. Upon dehydration. the cations
sited at the wall of the 12-member ring channel
migrate into the six-member rings .

Parameters of hydrated zeolite L at room temperature (2.
Kristallogr. 128.S :352( 1969»):

0.0946(30) 0 .3595(33) [12
0.1662(22) 0.4989(26) 0.2137(43)
o 0.2674(65) [12
0.1646(28) 0.3292 [12
0.2620(19) 0.5240 0.260(10)
0.1004{30) 0.4078(27) 0.330(6)
0.4261(28) 0.8522 0.275(10)
0.)360(43) 0.4691(43) 0
111 2)3 0
1/3 213 [12
o 1/2 [12
o 0.3(347) 0
0.0700(42) 0.1400 1/2
o 0.09(2) 1/2
o 0 1/2
o 0.135(21) 0.243(61)
0.092(8) 0.184 0.203(34)
o 0 0.189(46)
0 .116 0.232 0
o 0.195(13) 0

CHEMICAL COMPOSmON: ~(AIChl9(Sih)21I"22H20
SYMMETRY: hexagonal
SPACE GROUP: P61mmm
UNIT CELL CONSTANTS (A): 1I = 18.4 a

c = 7.5 a
FRAMEWORK DENSITY: 1.61 glee
VOID FRACTION (determined from water

contenr): 0 .32
PORE STRUCTURE: unidimensional 12-membec rings

7.1 A

Fractional
Atom occupancy"

Si,AJ(1)
Si.AI(2)
0(1)
0(2)
0(3)
0(4)
0(5)
0(6)
Na,K 0.7
K(I) 1.0
K(2) 0.9
Na(2) 0.6
H,Q(I) 0.7
~2) 0 .25
H~3) 0 .5
H~4) 0 .1.5
H~5) 0.25
H~6) 0.7
H~7) 0.7
H,Q(8) 0.5

x y

Linde type L FIg. IS: Framework topology. .Estim3tod swu:!ard deviation on lhc order Qfo.~ .
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Linde type L Fig. Z: X-ray powder diffraction pattern, (Reproduced with permission of E. Seugting, George Teen)

Linde type L fig. 3: Cation poslrices in zeolite L. (left) Projection of framework of
zeolite L parallel to c showing main c-channels 7.1 10 7.8 A in diameter (ho. MoJ.
Sieve. 115 (1974». (Reproduced with permlssion of John Wiley and Sons, lnc .)
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Adsorption

Infrared Spectrum

Adsorption equilibrium values for adsorbates in zeolite
(Na,K)L (Zeo. Mol. Sieve. 616(1974)):

3.4
8

12.5
19.5
17.5
26.5
30
12.4
14.9
18.3
21.4

5.4
10
13.5
18
13.2
14.7
t9.7
4.0
7.0
8.0
8.0

Wt% adsorbedr. TOrT

0.1
1

10
150

0 .5
1

10
10

100
500
750

0.1
1

100
700

4
10
21
10

100
500
700

88

90

90

88

298

298

T, K

1200 1000 SOO 600 400

WAVENUMBER Cem l )

Linde type L Fig . 4: Mid-infrared spectrum of zeol ite
L (Zeo. 10:598 (/990». (Reproduced with permission of
Elsevier Publishers)

Nitrogen

Krypton

Adsorbate

Argon

H,O

Oxygen

NH,

Number of Occupancy
Sire Location siLesluc observed

A center of D6R 2 1.4
B center of e-cage 2 2.0
C becween adjacent e-cages 3 2.7
D wall of main channel 6 3.6

toeal J3 9.7-

"The calculAted value o( 9.7 it based on paltial occupancy of <ire
A by Na·. If K' is used , a value of 9.1 " obtained , in good
agreement with 9 as fOWld by ana.Iysis.

Synthesis

Calion positions in zeolite L (Z. Kristallogr,
I28:352( 1969»:

ORGANIC ADDmVES
tetraalkylemmonium~

TMA~

Zeolite L first was prepared from a batch
composition containing a mixture of potassium
and sodium oxides. The ratio of K20/(K20 +
Na20) ranges from 0.33 to 1.0, and the M-20 /SiOl

is between 0 .35 and 0.5. The Si02/AI20) ratio
falls between 10 and 28. and water to alklai
oxide ranges from 15 10 41 . Crystallization
takes place at 100°C after 64 hours (US
3,216.789(965)) . A cesium-containing zeolite
L can be prepared from a synthesis mixture with
a composition of: K20/CS20 between 3 and 10,
H20IK20 from 40 to 100. and Si02/AhO) rang
ing between 7 and 13 (EP 280,513(1988)). Al
kaline earth metals in conjunction with K" also
have been claimed to form this structure (EP
142,355(1985); EP 142.353(1985)) at temper
atures of at least 150°C. The preferred cations
appear to be potassium and barium tZeo.
1:130( 1981)) . Seeding has been shown to aid in
the crystallization (EP 142,347(1985)). Rhyol
itic pumice can be used as a source of starting
materials, requiring 6 days of crystallization time
at 120 to 140°C in the presence of high amounts
of K". Phillipsite is a common impurity phase
at the lower temperatures, whereas the higher
temperatures, at lower K .. content. will produce
mordenite, chabazite. and erionite (Zeo.
2:290(1982)).
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Linde Type N (LTN)
(US3,414,602(1968))
Union Carbide Corporation

Relilted MaleritJls: Z-21

Isobutane 298

Linde type N consists of T04 units arranged
as single four- or single six-member rings. The
structurecan be thought of as an interpenetration
of two simpler structures, those of sodalite and
ZK-5 (Z. Kristallogr. I '0:313(l982)). Com
plete ordering of Si and AI is observed. The
bond distances of AI-O and Si-O vary between
I. 70(2) and I. 75(2) and 1.58(2) and 1.63(2),
respecti vely.

4.056(89), 3.776(57), 3.718(80), 3.574(23),
3.482(20), 3.377(20), 3.347(41), 3.139(40 ,
3.051 (20), 2.991(61), 2.827(25), 2.763(59),
2.668(30), 2.452(32). 2 .178(25), 1.81 (23).

Linde type N Fig. IS: Framework topology.

2.4
7.1

10.5
Il.\
15
18.0
22
23
6.5
7.5
8.5
9.0
5 .3
6.7
7.4
8.\
5.2
6.6
7.9
8.6
3.0
6.0

10.0
17
\ 1.9
0.05
0.05

Wt% adsorbedP, Torr

10
100
500
750

10
100
500
700

10
100
300
700

10
JOO
300
750

'0
'00
500
750

0.2
I

10
80

2
0 .065
0.5

T, K

NeopentaJ1e 298

(ClH,)N 323
(C4H9)3N 323
(CJl9hN 323

Benzene 298

Adsorbate

C~ 298

so, 298

Strncture

(Zeo. Mol . Sieve. 163(974»
Synthesis

CHEMICAL COMPOsmON; NaAISiO..·1.35H,O
SYMMETRY; cubic
SPACE GROUP: Fd3
UNIT CELL CONSTANT (A): Il =: 36.93
PORE STRUCTURE: very small six-member-ring

openings. 2.6 A
VOID VOLUME: 0 .16 eelg

X-RayPowtk'DiffradionDaia.: (d(A) (1/10»
21.655(41), 13.)73(68), 11.191(73), 9.299(50),
7.138(14), 6.569(100), 6.268(36), 5.864(23),
5.655(6), 4.826(27), 4.522(14), 4.358(20),

ORGANIC ADDITIVE
TMA

Linde type N crystallizes from an organic and
sodium-containing reactive gel with Na 20 +
TMAzO/Si02 between 0.9 and 1.1, Na20/Si02
between 0.4 and 0.55, and SiOiAl20J around
2. The water/alkali and organic oxide is from
30 to 50. Crystallization occurs after aging with
agitation for 24 hours, followed by heating with
stirring to lOOOC for 2 hours, Without agitation,
Linde type A crystallizes.
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Atomic coordinates for Linde rype N (Z. Kristallogr ,
J60:313 (1982»:

Atom X v z

All 0.3733(2) 0 .2497(2) 0 .3111(2)
Al2 0.3737(2) 0.2470(2) 0.4318(2)
Al3 0.4546(2) 0.3287(2) 0.3912(2)
Al4 0.3974(2) 0.3396(2) 0.5398(2)
Sil 0.3120(2) 0.2496(2) 0.3728(2)
SI2 0.4356(2) 0.2466(2) 0.3708(2)
SiJ 0.3911(2) 0.3291(2) 0.4536(2)
Si4 0 .5399(2) 0.3393(2) 0.4014(2)
01 0.3388(4) 0.2610(4) 0.3403(4)
02 0.3S34(4) 0.2877(4) 0.2848(4)
03 0.3607(4) 0.2132(4) 0.2843(4 )
04 0.4132(4) 0 .2388(4) 0 .3340(4)

05 0.3333(4) 0 .2374(4) 0 .4086(4)

06 0.4IJ7(4) 0 .2388(4) 0.4055(4)
07 0.4695 (4) 0 .2198(4) 0.3724(4)

08 0,4514(4) 0.2876{4) 0.3702(4)
09 0.3713(4) 0 .2901(4) 0.4490(4)
010 0.4246(4) 0 .3346(4) 0.4265(4)

OU 0.36/3(4) 0 ..3593(4) 0.4436(4)
012 0.4065(4) 0 .3316(4) 0.4944(4)
013 0,4970(4) 0 .3342(4) 0.4088(4)
014 0.5601(4) 0 .3406(4) 0.4402(4)
OIS 0.5486(4) 0.3760(4) 0.3807(4)
016 0.5536(5) 0 .3042(4) 0.3781(4)

Structure

CHEMICAL COMPOSmON: 0 .9 ± 0 .2 M2j.O :
AllO) ; 2.5 :t: O.S SiD, : up to 8 H]0

FRAMEWORK DENSrN (glee): 1.31
VOID FRAcnON (determined from water

content); 0.5
PORE STRUCTURE: three-dimensional, 7.4 A

X-Ray PowderDijfrtution DaiII: (d(A) aa-»
14.465(100),8.845(18),7.538(12),5.731(18),
4.811(5), 4.419(9), 4.226(1), 3.946(4),
3.808(21) , 3.765(3), 3.609(1), 3.500(1),
3.338(8), 3.253(1), 3.051(4), 2.944(9) ,
2.885(19),2.794(8),2.743(2); (Ca-X) (d(A) (/1/0)
J4.3710(0), 8.792(9), 7.506(4), 5.709(6),
4.793(5), 4 .405(11), 3.936(2), 3.800(20) ,
3.754(2), 3.593(2), 3.486(2), 3.328(12),
3.241(3), 3.04J(4), 2.934(8),2.875(6),2.783(7),
2.732(4).

See faujasite for a description of the frame
work topology.

LiX

Site popelatioes of extra framework sites found in the
hydrated and dehydnted LiNaX zeolite (ko. (0:61
(1990»;Thermal Properties

Linde type N converts to beta-cristobalite at
temperatures around 900°C.

Adsorption

The adsorption properties of this aluminosilicate
are limited, as only 4.3 wt% water is adsorbed
after 6 hours with a total water adsorption of 16
wt% after 4 days at 18 Torr. Neither oxygen
nor nitrogen is adsorbed in this structure.

Site

I'

II '
II

11\

h-UNax

5H,o

17 Li. 19 H10

or (7 No + 9
H10)

7 H10

30.7 or (28 Na
+ 5 H,o)

2JH,o

d·UNaX

9 H,o or (5
H]0 + 3
Na)

25 U, 5 Nil

16 u. II Na

9 Nil

Linde Type X (FAU)
(US2,882.244(19S9»
Union Carbide Corporation

Re/DledMllleriJJls: faujasite

See Linde type Y and faujasite for further dis
cussion of this material.

NaX

There are 85 sodium ions in the unit cell of Na
X: 16 in either the sodal ite cages or the hex
agonal prisms (site I' and site I, respectively),
32 in the large cavities in the plane of the six
tetrahedra connecting the supercages and the so
dalite cages (site II), and 37 in either crystal-
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Linde type X Fig. I; X-roy powder diffraction pattern of Linde type X. (Reproduced with permission of author)

lographically equivalent sites or constant motion
within the supercages. The distribution of ions
over the different zeolite sites is influenced by
the affinity of the sites for the ions as well as
by the hydration properties of the ions (Proc,
6th IZC 49(1984». Higher H20 loadings lead

to a higher occupancy of H20 sites generally
and a lower Na occupancy of site II than in
slightly dehydrated samples. There are 20 mo
bile Na(H zO)6+ ions per unit cell in the fully
hydrated samples but only 14 in a less hydrated
sample (Zeo . 2:167(1982».

Linde type X Fig. 2: Location of the cation sites J, J'. II', U, and UI (Zeo. II :287
(1991)) . (Reproduced with permission of Elsevier Publishers)
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K, Rb, and Cs X

Effect of saJl tre3IJneDI on the unit cell size:

reaction mixture prior to crystallization from room
temperature to 800C before crystallization at
100°C can improve the purity of the type X
phase.

Crystal

h-KNaX
d-KNaX
h-RbNaX
d-RbNaX
h-C~aX

d·CsNaX

Treatment

0 .2 KCI, 26 br . 2O"C
measuredal4OO"C
0 .2 RbCl, 25 hr. 20"C
debydrated at 4OO"C
0.1 CsC!, 46 hr. 2O"C
measured at 400"C

Synthesis

25.07(1)
24 .86(1)
25.12{1)
24.83(1)
25.11(1)
24.98(1)

Thermal Properties

See Linde type X Figures 3 and 4.

Infrared Spectrum

Vibrational (n:qucncle. for sodium X zeolite (ZeD. 5:188 (l98~)):

(SitAr = I.J 2)
Raman (em-I)

ORGANlC ADDITIVE
none

Zeolite X with a SiOz/Al203 molar ratio of
2 to 3 was prepared from reaction mixtures hav
ingSiQ.lAh~ of between 3.0 and 5.0 and NaOH
as the mineralizing agent. The lowest attainable
Si0:2/Ah03 ratio crystals are for a 2.3 ratio
(US2,882,244(1959» . Si02fAh03 ratios be
tween 1.95 and 2.25 are crystallized when a
mixture of NaOH and KOH is used (Zeo.
7:451(1987»

Preformed monolithic shapes of self-bonded
type X have been prepared, co-crystallized with
type A.

Hydroxysodalite is an impurity phase pro
duced in the crystallization of type X. Other
impurity phases include S and P (Zeo.
2:271(1982); Zeo, 7:451(1987». Aging of the

Temperanue
(K) 293

Extn'~al 1tWtUs:
14

16

20
29
32
41.46.52.5

57. 2

19

90

100
107.5

li5

195

218
244

2SO
268
274

83 283

76

9S

104
12S

160
1115
206

AssignmClllS

"l"raJlKlaliooaJ ""it cell

llIIJdc:3 {acoustic

modes)

Probabl y two pbonon

ttansitions

Trandalional NalNa

latrice m.xtes-S ire
msites

Rotational SiO. and

AIO. latti« nlod~

TranslalionaJ NaINa

lattice modes-SI'.
SIl' . md snsites

TranslalionaJ SiiSi

and AUAllanke

roode!

[continued)

Distribution of nonframework atoms over sites fleo. 11:287 (1991):

h·KNaX d-KNaX h-RbNaX

Site I 5.5 K 10.8 Na 3.5 Na
9.0 H,o 10 .0 H,o

Sire l' 13.6 K 6 .0 K 2.7 Rb
5.6 Na 10.2 Na 22 .4 Na

Sire 0' 25.8 H,o 9.2 K 24.6 H,o
Site n 24.7 K 18.4 K 22.7 Rb

11.3 No 8.SNa
Site 11I + 6.2 K 23 .6 K 9.2 Rb
supen:age 7.6 Na 10.5 Na

83.4 H,o 95.4 H,o
Summarized 49.9 K 57.2 K 34.6 Rb
COOleDl 13.2 Na 42.8 Na 34.7 Na

118.2 H,O 130.0 H,o

h-CsNaX d-CsNaX

3.0 Na 1.0 Cs
12.5 H,o 12.5 Na

16.9 Na 5.6 Cs
5.0 Na

26.1 H,o (.6 Cs
12.6 Cs
I J.7 Na 32.0 Na
27 .2 CFs 37.9 Cs

138.7 H,o
39.8 C, 46.1 Cs
JJ.6 Na 49.5 Na

In.) H,o
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1000

G
'L
'"Z
C1

~ c.
""
~ 900
.,;

'"'c

N.

800 a
0 2.0 4.0 6.0 B.O 0

Si/ Al

20 40

a
o

60 80

b

Zeolite X

Lindt type X Fig. 3: (a) Thermal stability of faujasiees in the sodium, calcium. and lanthanum forms as a function
of Si/Al ratio, (b) Thermal stability of faujasites in the sodium form as a function of the number of Na ' ions per unit
cell (UD. 6:60(19&6». (Reproduced with permission of Bunerworths Publishers)

100 100 300 400 500 600 700 800
°c

900

Linde type X F1g. 4: DTA curves for a typical zeolite X and zeolite Y. The
dehydration endotherm peak for zeolite X is about 40" higher thao in zeolite Y (ZeD. Mo/ .
SIeve. 445 (1974». (Reproduced with permission of John Wiley and Sons, Inc.)
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Near-lDftared comblnancn and overtone band! of water
adsorbed on Na X (uo. 4:244 (1984»:

7320
7250
7160
7020

6950

6800
5325
5220
5210
5060
4850
4650

Wavenumber. cm"'

v 0 -20H
v0-20H
v 0-20H
v O·20H

v-0-20H

ove.rb.ppiog
v 0-20H
\I 0 -10H + fi 0 ·1H,o
v 0 -10H + fi O-IH~
v 0-10H + II O-IH20
\I O-IOH + a 0-1H20
!l 0-3 H"o
v O-IOH + s O-IOH

AssiglllJlClII

terminal OH groups
NalU . . . HOH ...
01H
bulle water

H2O, special
adsorbed

Naill H~

NaUl H"o
bulk water
special adsorbed
NaIll . .. H,o . . .
H10

terminal OH groups

vS '" vay suong: , - .<IrOng; I1l '" medium: '" = "",,&1;; vw =
very weak; Jh '" Jhoullkr.

See faujasite for infrared spectrum of Linde
type X.

Ion Exchange

Organic ion exchange follows the order:
N~ > methylamine > sodium > ethylamine
> propylarnine > butylamine, dimethyl amine
> diethylamine.

The exchange capacity for Pb(U) has been
examined, and it has been found that the higher
the silica/aluminia ratio is, the lower the selec
tivity toward Pb(lI) ions (Zeo . 5:158(1985»).

Maximum exchange levels for zeolite X. Y. and deaiurninllled Y expressed in fractions of the sodium calion exchange
capacity as determined by radio tracer methods (ko. 6:51 {I986»:

Temp.
La "JAlIUC ·C Cs · NfV Ca"? K·

86 25 0 .65(2) 0.83(2) 1.00(1) 0 .86(2) 0.99(1)
64 25 0.70(1) 0 .88(2) 0.88(1) 0 .76(1) 0.99(2)

65 0.73(2) 0.92(1) 0.91(1)
50 25 0 .71(1) 0.74(2) 0.74(2) 0.71(1) ] .00( 1)

65 0.73(1) 0 .86(2) 0.84(2) 0.72(1)
40 25 0.74(1) 0.74(1) 0.74(1) 0.72(2) 1.00(2)

65 0.16(1) 0.74(1)
25 25 o.rarn 0.76(2) 0.76(2) 0.74(1) 1.00(2)

6S 0.78(2) 0 .86(1) 0.74(2)
22 25 0.88(1) 0.89(1) 0.8\(1) 0 .82(1) 0.95(1)

65 0.90(1) D.92(2) 0.85(2) 0 .88(2) O.9S(2)
80 0.91(1} 0.94(2) 0.91(1) 0.91(1)
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Adsorption
Adsorbate T. K P.TolT xlm

Adsorption of Tertiary Amines by X and Z Zeolite (Zeo . 195 40 0.039
Mol. Sieves 606(1974): 100 0.060

700 0.12
xlm '"' gIg Activated .uoUte Krypton 195 10 0.01

50 0.05

«v». (Cll!'), (CJ/.h (CJ.)) 100 0.10
NC,F, N N ,.,. 600 O.4t

HaO 298 0.4 0.24
Critical dirrension 7.1 B.l 8.1 10.2 I 0.26

(A) 20 0 .34
Plesaurc (1oTT) 43 3 I 0.55 373 0 .5 0.095
Temp ("C) 2S 2S 2S 2S I 0.11

10 0.18

Zeolite X (SVAI ~ NH, 298 2 0.10
1.2S) 10 0.14
UX (S~}' 0.542 0.236 0.191 100 0.175
Zeolite X 0,521 0.229 0.227 0.031 700 0.190
CsX (51) 0.296 0.141 0,153 373 2 0.059
CaX (84) 0.487 0.018 0.012 0,016 10 0.175
BaX (93) 0,296 0.035 0.014 100 0.115

2eQli~ y (Si/AI ~ 700 0.155
2.4) ~ 195 0.1 0 .06
Zeolite Y 0.228 O.OIB 1 0 .20
CaY (85) 0.529 0.216 0.210 0.008 6 0 .33

"Columbia" aetivated 100 0.39
¢arbon 0.64 700 0.26

CO 198 15 0.062
•Adsorption rneaslltl'd aller four l>outs 100 0.11
"Numbers in parentheses indicate mole 'Jl: exchange of the Wa form. 700 0.165

S02 298 0.05 0.14
I 0.31

Adsorption properties for NaX (SilAI ca. 1.25) (Zeo.
10 0 .39

700 0.44
Mol. Sieve. (1974)):

HIS 298 to 0.2224

Adsorbate T, K P,Torr
100 0 .294

xJm
400 0.34

SF6 298 10 004
Argon 78 I 0.33 100 0 .23

10 0.40 300 0.33
100 0.42 CChF, 298 700 0.36

90 I 0 .30 Hg S96 50 0.002
10 0.34 200 0.010

100 0.40 I, 393 90 1.11
700 0.41 P 51)7 60 0.44

195 50 0 .0043 S 593 60 0.41
100 0.0083 CH.. 195 20 0 .010
700 0.047 100 0.041

Oxygen 90 20 0.30 700 0.080
400 0 .31 273 700 0.020

195 60 0.005 C2H6 298 50 0.025
tOO 0.083 200 0.07
700 0.054 700 0.09

Nitrogen 77 0 .001 0.125 C,H" 298 15 0.090
0.1 0 .16 100 0.13

10 0 .25 700 0.14
700 0.26 (continued)
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40. aa

Linde type Y Fig. 1: X-ray powder diffraction pattern of zeolite type Y. (Reproduced with permission of author)

4.76(22), 4.38(35), 3.91(12), 3.775(47),
3. 573(4), 3.466(9), 3.308(37), 3.222(8),
3.024(16), 2.917(21), 2.858(48), 2.767(20),
2.717(7), 2.638(19), 2.595(11), 2.382(13),
2.188(8), 2.162(4), 2.100(8), 2.063(7), 1.933(4),
1.910(5), 1.772(5), 1.750(9), 1.704(12).

See faujasite for a description of the frame
work topology.

In dehydrated Li Y, the lithium cations are
shown to locate in the center of the framework
six-rings at the sites J' and II (Zeo. 3:255(1983».
The framework aluminum content can be de
terrnined by using the unit cell parameters (see
faujasite for description). In the hydrated state,
both water and framework oxygen complete the
ligands for the cations. The water controls the
population of the ion at various sites in the struc
ture (Zeo. 7:528(1987)). In the Na form, only
water induces serious migration of the ions.
whereas the other extreme is observed for CaY,

with the best-coordinated sites increasing in oc
cupancy with rising temperature (J. Phys. Chern.
88:1916(1984); Zeo. 4:41(1984); Zeo. 5:257
(1985».

Synthesis

ORGANIC ADDmVE
none

Zeolite Y crystallizes from a preferred range
of Ns20/Si02 between 0.4 and 0.6, with
Si021A1203 between 15 and 25 and Na20IH20

between 20 and 50. Crystallization occurs read
ily between 80 and 125°C. The temperature af
fects the size of the crystals, with the larger
crystals forming at lower temperatures (US
3,130,007(1964». Other phases identified to
crystallize when the Na20lSi01 and H20INa20



Adsorption

Adsorption propert ies ror NaY (SilAI ca. 2.4-2.5) (Uc.
Mol. Sieve. 606 (1974»:
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TG
200 400 ·600

Temperature (~c)

lJDde type Y FIg. 2: Thermal decomposition or
NH.Y zeolite under vacuum . Heating rate O.2"CImin.
(Pp Proc, 7,h lZC 28 ·8(1986». (Reprinted wilh
permission or Butterwcrths Publishers)

were changed include herschelite, noselite, and
zeolites P and A (Zeo. 4:453(1988». Rapid ad
dition of sodium aluminate to a sodium silicate
solution that has been modified by addition of
a small quantity of aluminum has been claimed
to efficiently produce the type Y structure com
mercially (US4,264,562(l981» .

Thermal Properties

The decomposition range for NH.-Y is between
473 and 863K (Zeo. 3:249([983» .

Infrared Spectrum

See table on p . 287.

Ion Exchange

Organic ion exchange follows the order:
~ > methylamine> ethylamine > propyl
amine > butylamine> Na > dimethylamine >
diethylamine .

See Linde type X for further description of
ion-excbange properties of Linde type Y.

Adsorbate

Krypton

Oxygen

Nitrogen

H2O

a-Pentane

lsooctane

Nc:openmne

Benzene

T. K

273

90

195

77

195

298

298

373

298

298

373

298

298

298

298

298

323

P.Torr

11.000
45,000

20
100
700
100
700

10
100
700
50

100
700

0.1
I

20
2

10
100
700

2
10

100
700

10
30

100
700

I
100
400

1
10

100
0.3

10
100

2
10
40
2

40
10

100
700

0.1
I

10
70

0.5

xlm

lOS
150

0.29
0.32
0.34
O.~

0.033
0.25
0 .27
0 .28
0 .015
0 .024
0.072
0.080
0.25
0.35
0.080
0.1I
0./5
0 .18
0.040
0.060
0 .095
0.135
0.032
0.062
0.14
0.23
0.145
0.180
0.180
0.035
0.095
0.140
0.175
0.190
0.190
0.16
0.20
0.21
0.11
0.20
0.1\6
0.126
0.14
0.17
0.23
0.25
0 .26
O.02B
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Vibrational frequencies for sodium Y zeolite (uo. 5:188 (1935»:

(SilAI ". 2.43)
Raman ClJ("J IR cnr"

Temperature (K)
293 83 293 Assignments

External modes:
33 49 Probably two phonon transltions
41. SO
60 Translation NalNa lattice ~iIII
71 71 sites
76

92 Rotational SiO.. and AlO.. Jattice modes
100

99.5 lOS
104 115

169 Translational NalNa lattice mcdes-s-Sl",
175 188 SII', and sn sites
195 201
220 224
257 Translational SilSi and AVA/lattice modes
268
276

Iniemal modes:
305 318vw Pending modes
350
367
380 380m

409w
460 460s
505 510shw
526
566 57000
660 650w
720 720 120m Symmetric stretch of zeolite Si--C-AJ
74(} 795 720m cbain

900w Probably combination transition observed
at 83K

10000h 995sh Asymmetric stretch of zeolite Si--C-A1
975 1030 1012vs chain

1070 1045sh
1055 1145 108000
1125 1180 1130m

vs " very mons; s = ,trong; m = medium; UI = weak; vw = very weak; sh = .boulder.
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Adsorption properties for CaY (SiiAI C8 . 2.4-2.5) (uo .
Mol. Sieve. 606 (974»):

Adsorbate

Oxygen

Niaogen

n·Pentane

lsooctsne

Benzene

T. K

90

195

77

195

298

373

298

298

373

298

373

298

298

298

P. TOrT

1
10

700
60

100
700

3
10

700
70

100
100

0.2
1

20
0.2
I

10
20
2

10
100
700

10
30

100
700

30
100
700

I
10

[00
3

10
100
400

2
10
40

2
40

0.1
I

10
70

xlm

0.085
0.25
0.37
0.010
0.016
0.040
0 .22
0 .25
0.30
0.015
0.023
0.060
0.12
0.24
0.34
0-07
0.09
0.16
0 .20
0.090
0.13
0.18
0.21
0.026
0.042
0.070
0.15
0.026
0.044
0.095
0.135
0.160
0.175
0.055
0 .082
0.130
0.15
0.16
0 .20
0.20
0.16
0 .19
0.16
0.22
0.2.3
0.25

Linde W (MER)
(US3.012,853 (1961))
Union Carbide Corporation

RelDUd MaJerUzJ: merlinoite
K-M

Structure

(ZeD. Mol. Sieve. 175(1974»

CHEMICAL COMPOSITION: K.J(A101)41) (Sio,J,.j-
107H~

SYMMETRY: cubic
UNIT CELL CONSTANTS (A) a = 20 .1
DENSITY: 2.18 g/Cf:.
VOID VOLUME: 0.22 cclcc
PORE STRUcruRE: sm.a.1l-pore eight-member rings

X-Ray Powder Diffrru;tion Dtua: (US
3,012,853(1961) (d(A) (1110)) 9.99(20),
8.17(49), 7.09(54). 5.34(28), 5.01(56), 4.45(2J),
4.28(35), 3.64(20), 3.25(100), 3.17(75),
2.95(71), 2.72(53), 2.67(12), 2.60(8), 2.54(26),
2.43(9), 2.40(8), 2.18(10), 1.91(5), 1.86(7).

Zeolite W exhibits properties characteristic
of a small-pore molecular sieve.

Synthesis

ORGANIC ADDITIVE
none

Liode W crystallizes from a reactive alumino
siliciate gel prepared from metakaolin and silica
gel with a Si02/A1203 ratio between 4 and 10.

Adsorption

Adsorption properties of Linde W (uo . Mol Sieve . 627
(1974»:

Activation WtCl>
Adsorbate temp., OC T. K p . TOrT adsorbed

400
250
250
250

673 544alm
298 700
298 700

77 700

22
0.11
0.057
NA
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See Linde type X.

Linde Y (FAU)

See Linde type Y.

Liottise (LIO)
(natural)

Liottite first was identified in 1977, and was
named in honor of Liorti, who first located the
material.

Structure

(Am. Mineral. 321(1977)

CHEMICAL COMPOSITION: (Ca,N h,K,l
9[AI,~Si.. Onl ·CSO.,C0)6CL)COH'h"2H20

SYMMETRY: hexagonal
SPACE GROUP: P6m2
UNIT CELL CONSTANTS CAl a = 12.8

b = 16.1
PORE STRUCfURE: six-member-riog openings only

X-Ray Powder Diffraction Data: (Am . Min
eral . 321(1977) (d(A) (1/10 )) 11.12(2),9.17(1),
6.52(1),5.37(1),4.84(36),4.210(2),4.114(2),
4.077(2) , 3.790(8), 3.715(100), 3.375(2),
3.217(2),3.095(1),3 .0580),3.033(3),2.&85(4),
2.787(9), 2.760(2), 2.745(5), 2.686( 10),
2.678(7) , 2,630(3), 2.610«1), 2.456(2),

Llottlte Fig, IS: Framework topology .

Lovdarite (WV) 289

2.427(2), 2.290(2), 2.225(2), 2.174(1), 2.155(2),
2.141(24), 2.102(4), 2.060(5), 1.999(1),
1.957(2), 1.932(6), l. 872(3), 1.816(< I),
1.801(10), 1.782(1), 1.768(1). 1.753(1),
1.732(2), 1.646(1), 1.618(1), 1.606(6),
1.581«1), 1.559(1). 1.525(2), 1.505(1),
1.478«1), 1.474(1), 1.391(1), 1.378(4),
1.346(4), 1.314(1).

Liottite exhibits a close relationship to the
cancrinite-vishneivite-davyne series of min
erals . Liottite contains calcium as the dominant
cation, with 504-

2 the dominant anion outside
the framework. The framework is made up of
a six-layer sequence of six-member rings with
a stacking sequence of ABABAC (Am. Mineral .
321(1977» .

Lomonite (LAU)

Early name for laumontite.

Lovdarite (LOV)
(natural)

Lovdarite was first found by Men'schikov in the
Lovozero pluton on Mount Karnasurt in Russia
Wold. Akad, NaukSSSR 221:154(1974)) .

Structure

(Eur. J. Mineral. 2:809(990)

CHEMICAL COMPOSmON: Na12K&~i,sOn·18

H~

SYMMETRY: orthorhombic
SPACE GROUP: Pma2
UNIT CEU CONSTANfS cAl; a =' 38.58

b:: 6.93
e =' 7 .15

PORE STRUCTIJRE: nine-member ring 3.7 x
3.2 x 4.4 A

eight-member ring 3.7 x
3.6 A

X-RayPowthr DiffrtutiDn DaJIZ: (d(A) (lIfo))
9 ,895(19 .5), 7 .15007.9), 6.826(0 .9),
6.725(100), 6.597(2), 6.541(30), 6.137(6) ,
5.795(84), 5.676(2.3), 5.214(0.8), 4.976(54.7),
4.947(6.7), 4.937(4.0), 4.848(2.2), 4.826(1.7),
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Lovdllrlte Fig. IS: Framework topology .

Lovdarlt.e Flg. 2: Basic configuration of lovdarite
t:nuneworlc (PP 7th /ZC 23 (1986». (Reprinted with
permission of Butterworths Publishers)

2.469(1.7), 2.466(5 .1), 2.458(4.8), 2.445(1.7),
2.424(2.1), 2.413(0.6), 2.389(1.6), 2.383(0.6),
2.382(3.6), 2.347(3.1), 2.366(1.1), 2.356(1.3),
2.338(1.3), 2.331(0.8), 2.328(0.8), 2.310(0.7),
2.294{3.1), 2.288(17.3), 2.287(5), 2.275(5.7),
2.266(0.8) (from calculated pattern in Zeo.
1O:426S( 1990».

The lovdarite structure is composedof a three
dimensional structure containing silicon andbe
ryllium tetrahedra as a part of the structure. The
alkali cations, K and Na, occupy sites within
the cavities.

Atomic positional parameters for lcvdarite (EIU. J.
Mwral. 2:809 (1990» :

JC 'j z

4.778(1.8), 4.656(1.3), 4.446(7.4), 4.381(1.7),
4.068(0.9), 3.973(0.8), 3.958(0.6), 3.736(1.1), Sil 0.2113(1) O.0504(7) 0.2170

3.713(3.1),3.518(14.6),3.509(6.9),3.465(3.8), Si2 0.2113(1) 0.0497(8) 0.7179(9}
SiJ 0 .1952(1) 0.3671(7) -0.0008(9)

3.463(7.6),3.452(2.1),3 .437(11.5),3.413(9.7), Si4 0.1248(1) 0.5026(7) - 0.0269(9)
3.362(10.9), 3.351(2.5), 3.298(55.6), SiS 0.0582(1) 0.5267(7} 0.1399(9)

3.295(7.3), 3.2700.3), 3.193(30.9), Si6 0.0333(1) 0 .2593(7) 0.4469(9)

3.177(l9 .7), 3.174(2.1), 3 .143(35.1), S17 0.0458(1) 0 .9202(7) 0.4588(9)

3.137(55.3), 3.118(27.4), 3 .109(11.2),
Bel 0.1805(4) 0 .7820(30) 0.0050(33)
Be2 0.0670(5) 05415(36) 0.7334(34)

28.82(5.1) 3.080(62), 3.068(24.8), 3.035(13.7), K 0.3860(1) 0.0417(7) 0.1828(9)
3.025(7.9),2.995(1.8),2.974(6.1),2.954(10.9), Nal 114 0.6098(19) 0.2437(18)

2.949(2.8),2.916(8),2.901(16.8),2.862(7.6), Na2 J/4 0 .6217(17) 0.7683(17)

2 .8210,7),2.819(2.9),2.770(0.6),2.749(22.9), Na3 O.1283(2} 0.8542(13) 0 .6990(13)

2.730(2.5), 2.673(24), 2.653(1.9), 2.638(5.9),
Na4 0.0069(4) 0.2840(24) 0 .8654(26)
01 1/4 -0.0319(24) 0.2723(22)

2.629(2.5), 2.607(5.5), 2.597(2.1), 2.575(0.6), 02 0.2103(3) 0 .2603(20) O.1857(19}
2.544(6.9),2.488(9),2.478(12.2),2.474(5.8), 03 0.1858(3) - 0.0960(18) 0.1901(17)
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04 0.2023(2) 0.0905(17) 0.5007(9)
05 1/4 - 0.0324(26) O.7287(24)
06 0.2106(3) 0.2624(19) 0.8147(18)
07 0./858(3) -0./014(20) 0.8030(18)
08 0 .2065(2) 0.5870(16) 0 .0011(18)
09 0 .1540(2) 0 .3356(16) 0.0027(18)
010 0.1409(3) 0.7122(17) - 0.0041(19)
all 0.0979(26) 0.4563(18) 0.1463(18)
012 0.1057(29) 0.4735(19) . 0.7794(19)
013 0.0355(3) 0 .3608(19) 0.2493(19)
014 0 .0563(3) 0 .n05(22) 0.2606(22)
015 0.0448(3) 0 .5539(20) -0.0671(20)
016 0.0514(3) 0.0501(19) 0.4226(11)
017 0.0493(3) 0.3782(19) 0.6145(20)
018 -0.0060(3) 0 .2/98(19) 0 .5039(20)
019 0.0678(3) -0.2501(17) 0 .6341(18)
WI 0.2115(3) 0.5643(19) 0.5123(22)
W2 O.J438(3) 0.6958(20) 0.4247(19)
W'3 0.1290(3) 0.1820(21) 0 .5459(20)
W4 0.0744(4) 0.0616(25) 0.8790(25)
W5 0 0 0.0134(60)

LZ-lOS (MFI)
(US4,257,885(1981»)
Union Carbide Corporation

LZ-I05 identifies a molecular sieve material with
the ZSM-5 topology, prepared in the absence
of organic amine additives .

LZ·132 (LEV)
(EP 91,048(1983»
Union Carbide Corporation

Relared MaterWls: levyne

Structure

LZ.132 (LEV) 291

2.217(1),2.181(2),2.122(3),2.090(7),2.023(2),
1.998(4), 1.910(1), 1.884(4), 1.852(5), 1.762(9),
1.719(1), 1.647(3); (calcined) 10.05(26),
7.97(100), 7.56(7), 6.51(71), 5.47(3), 5 .04(23),
4.4O(sh), 4.17(27), 3.97(40), 3.75(14), 3.51(4),
3.38(3), 3.23(12), 3.09(4), 2.788(5), 2.730(20),
2.564(5), 2.515(3), 2.455(2),2.332(1), 2.254(1),
2.171(1),2.118(2),2.080(2),2.014(1), 1.989(1),
1.888(1), 1.877(2), 1.838(2), 1.801(3), 1.755(3),
1.707(1).

LZ-132 exhibits properties characteristic of
a small-pore molecular sieve.

Synthesis

ORGANIC ADDITIVE
melhylquinuclidine

LZ-132 crystallizes from a batch composition
of: AI203 : 20--50 Si02 : 4.5-4.0 Na20 : 420
H20 : 5.6 R (where R is methylquinuclidioe
iodide). Crystallization occurs at 150°C after
167 hours, The replacement of C~O for N820
also produces this structure, but the crystalli
zation time is lengthened. Increasing the silica
and organic concentrations also results in longer
crystallization times .

Adsorption

Equilibrium adsorption properties of L.z..132 (EP 91.048
(1983»);

Kinetic
diameter. Pressure, Ternp., Wt. %

A Torr ~C adsorbed

CHEMICAL COMPOSmON: x M2t.0 ; A120J : y
SiD;, ; z H20 (x = 0-3.5; y = 10-80: z = 0-[5) 0, 3.46 102 -183 26.0

PORE STRUCTURE: eigbt-rnember rings 3.7 x 4.8 A OJ 7" - 183 30 .1
n-Butane 4.3 101 24 1.4

X -RayPowderDiffraction Dtzkz: (d(ft..) (lIla»
n-Butane 301 24 1.9
a-Butane 303 50 2.7

(as-synthesized) 10.2(12), 7.97(41), 7.56(2), n-HCUDe 4.3 11.5 24 13.1
6.51(21),5.47(11), 5.07(84),4.93(15),4.46(2), n-Hexane 83 2.4 15.0

4.19(58), 4.00(100), 3.75(32), 3.52(7), 3.40(4), Isobutane 5.0 762 24 0.42

3.26(18),3.11(50),3.02(9),2.805(6),2.757(39), Hz<> 2.65 4.6 24 14.1

2.578(9),2.536(3),2.475(3),2.356(2),2.254(4),
Hz<> 20.0 24 26.1



292 LZ--133 (LEV)

12-133 (LEV)
(EP 91,049(1983))
Union Carbide Corporation

Re1llJedMaurials: 1evyne

Structure

CHEMlCAL COMPOSITION: x M2/nO : Alt>J ; Y
SiO, : 2 H20 (;r = 0-3.5; Y = I (}"80; z = (}..15)

PORESTRUCTURE: eight-member rings. levyne-type
structure

X-Ray PowderDiffraction Data: (d(A) (///0»
(as-synthesized) 11.5(6), 9.03(9), 7.31(9),
6.56(31), 6.42(26), 6.24(24), 6.07(10), 5.47(11),
5.16(32), 4.98(6), 4.90(8), 4.80(18), 4.60(100),
4.48(34), 4.25(9sh), 4.31(9), 4.15(20), 3.90(24),
3.80(13),3.66(62),3.58(11),3.45(28),3.28(23),
3.21(29),3.14(26),3 .12(27),3 .02(27),2.905(6),
2.885(2), 2.780(4), 2.722(3), 2.652(8), 2.571(2),
2.321(11); (calcined 600"C) 11.5(20), 10.9(18),
9.03(33), 7.31(28), 6.46(100), 6.37(sh),
6.24(67), 6.03(10), 5.47(7), 5.13(14), 4.96(sh),
4.90(9), 4.77(12), 4.58(91), 4.46(37), 4 .29(8),
4.13(16), 3.87(20), 3.75(11), 3.63(65), 3.58(sh),
3.44(30), 3.26(27), 3.18(33), 3.13(29), 3.11(30),
3.01(36),2.940(7),2.885(5),2.772(6),2.730(6),
2.667(sh), 2.637(11), 2.564(6), 2.495(32).

LZ-133 exhibits properties characteristic of
a small-pore molecular sieve .

Synthesis

ORGANlC ADDmVE
melhylquinuclidine

LZ-133 crystallizes from a reactive gel with
a molar oxide composition of: A1203 : 27-40
Si02 : 4.5 Na20 : 420 H20 ; 5.6 R (where R
refers to methy1quinuclidine iodide). Crystalli
zation is readily achieved at 2000C after 24 hours.
Increasing the concentration of Si02 and the
organic increases the time of crystallization. Us
ing the mixed alkali system NalCs also length
ens the time required before crystallization is
achieved.

Adsorption

Equilibrium adsorption data for LLl33 (EP 91,049
(1983»:

Kinetic
diameter, Pressure, Temp.. WI. %

A Torr "C adsorbed

OJ 3.46 97.0 - 183 12.0
0, 502 - 183 14.4
II-Hexane 4.3 99.0 23 4.8
II·Butane 4.3 760 23 1.42·
Isobutane 5.0 504 23 0.67
H2O 2.65 4.6 23 10.8
H,o 19.0 23 19.4

LZ-135
(US4,8S7,288(1989»
UOP

Structure

Chemical Composition: x MynO : Alz03 : y
5i02 (M = cation of valence n; x = 0-3.5;
y = 3.5-6.5).

X-RayPowder Diffraction Data: (d(A) (1110»
15.78(20), 13.60(7) , 10.28(27), 9.12(10),
7.90(64), 7.38(7), 6.81(17), 6.71(6), 6.24(30),
5.95(13), 5.83(9), 5.47(4), 4.87(15), 4.72(13),
4.40(14),4.29(10),4.15(9),3.93(34), 3.82(100),
3.69(48), 3.60(37), 3.453(31), 3.351 (11),
3.153(31), 3.132(31), 3.038(61), 2.912(29) ,
2.867(25), 2.823(43), 2.739(16), 2.691(8),
2.571 (9), 2.536(10), 2 .442(9), 2.398(6),
2.254(11) , 2.141(10), 2.118(6), 2.067(10),
1.957(7), 1.918(17), 1.855(9), 1.811(6),
1.774(10), 1.759(7), 1.704(7), 1.664(7).

This material is a small-pore molecular sieve
with a pore diameter of 4.3 A.

Synthesis

ORGANIC ADDITIVES
telnlethylammoniumltetrametbylamroonium cation



LZ-135 crystallizes from a reactive gel with
a molar composition of: 0.1--6 R20 : 0.1-6
Q20: 1-10 MynO : AI20J ; 4--6 Si02: 50-250
H20. R = tetraethylammonium cation; Q is
tetramethylammonium cation. Sodalite and Pc
occur as common impurities.

Thermal Properties

LZ-135 is stable to at least 500"C. the temper
ature required to remove tbe trapped organic
from the pores .

Adsorption

Adsorption properties of LZ-135:

Kinetic
diameter, Pressure. Temp .• WI. %

Adsorbate A TOfT ·C adsorbed

o, 3.46 108 -183 13.7
Ol 730 -183 14.7
n-Heuoe 4 .3 50 23 .9 4 .3
n·HcJUUle 102 24.0 5.0
Isobutane 5 .0 104 23 .7 0.8
H2O 2.65 4.6 23 .6 17.\
HJ0 19.5 23 .2 19.6

LZ·200
(US4,348,369(1982))
Union Carbide Corporation

r...z..211 (MOR) 293

LZ·200 is prepared from an alurninosilicate
gel with a composition of: 1.76 Si02 : AhO) :
2.06 Na20 : 56 H20 . Crystallization occurs after
10 hours at 100°C. Other phases observed as
impurities or transient species in this synthesis
include bydroxysodalite, cancrinite, and zeolite
A.

Adsorption

Summary of adsorption properties of t.z..2QO (US
4,3~.369 (1982»:

Gas
Temp. , Pressure, adsorbed

Adsorbate ·C Torr cclg LZ·2QO

0, -183 10-750 not adsorbed
0, 0 300-750 nOI adsorbed
Nl -196 100-750 not adsorbed
CHIOH 23 80 0.015-0.045
CO 2 23 100 0.089-0.124

750 0 .155-0.\62
H,O 23 4.6 O.174-0.184

19.5 0 .203-{) .206

LZ·202 (MAZ)
(US4,S03,023(1985»)
Union Carbide Corporation

LZ-202 represents high-silica mazzite, a mate
rial that has dealuminated using (NH.t)1SiF6'

lZ-DeSignlltiOll of Zeolites: Secondary Synthesis
(US 4,503.023 (1985»:

Structure

X-Ray PowderDi.f/ra€tionDaUl: (d(A) (/I/o))
12.I(vs), 6.99(m), 4.75(m), 4.57(m), 4.42(m),
3.49(m). 3.03(5), 2.89(m), 2.8I(m), 2.64(m).

Analysis of the adsorption properties of this
material indicate the presence of small pores
slightly smaller than those of potassium zeolite
A.

Syntbesis

ORGANIC ADDmVE
nOlle

Designation

LZ·2\O
LZ-211
LZ-212
1.2-213
LZ-214
LZ-215
LZ·216
lZ-217
LZ-218
lZ-219
LZ-220

Zeolite Type

Si substituted Y zeolite
Si substituted morrlcnite
Si substituted L zeolite
Si substituted omega zeolite
Si substituted Rho
Si substituted N-A zeolite
Si substituted W zeolite
Si substituted offretite
Si substituted chabazite
Si substituted clinoptilolite
Si substituted erionite

(continued)



294 LZ-212 (LTL)

Designation Zeolite Type Designation Zeolite Type

U-221
U-222
LZ-223
LZ-224
LZ-225
lZ-226
LZ-227
lZ-228
LZ-229
LZ-230
LZ-231
U-232
LZ-233
LZ-234
LZ-235
LZ-236
U-237
U-238
lZ-239
LZ-240
LZ-241
U-242
U -243
LZ-244
LZ-245
LZ-246
LZ-247

5i substituted ferrierite
5i substituted 12-105
5i substituted ZSM-5
Fe substituted Y zeolite
Ti substituted Y zeolite
Fe substituted moreenite
Ti substituted mortlenite
Fe substituted L zeolite
Ti substituted L zeolite
5i substituted W zeolite
Ti substituted c1inoptllollte
Ti substituted erionite
Ti substituted offretite
Fe substituted erionite
Fe substituted chabazite
Ti substituted chabazite
Fe substituted c1inopriJolite
Sn substituted Y zeolite
Cr substinned Y zeolite
2r substituted Y zeolite
Ti subst ituted ZSM-5
Ti substituted LZ-IOS
Si-Ti substituted Y zeolite
5i- Ti substituted mordcnite
Co substituted Y zeolite
5i substituted U-202 (omega type)
Ti substituted LZ-202 (omega type)

LZ-148
U-249
U-250
LZ-251
U-252
U-253
U-2S4
LZ-255
LZ-256
LZ-257
lZ-258
LZ-2S9
LZ-260
LZ-261
U-U2
LZ-263
LZ-264
LZ-265
LZ-266
LZ-267
LZ-268
LZ-269
LZ-270
LZ-271
LZ-273
LZ-274
U-275

Zn substituted Y zeolite
Cr substituted mordenite
Cr substituted LZ-202 (omega type)
Cr substituted L zeolite
Sn substituted mordenire
Sn substituted LZ-202 (omega type)
Sn substituted L zeolite
Si-Ti substituted LZ-202 (omega type)

Si-TI-Fe substituted lZ-202 (omega type)

Ti-Fe substituted U-202 (omega type)
Si-Fe substituted LZ-202 (omega type)
Si-TI·Pe sobstituted Y zeolite
Si-Fe substituted Y zeolite
Ti·Fe substituted Y zeolite
Si-Fe substituted mordcn itc
Ti-Fe substituted mordenite
Si-Ti-Fe substituted mordenite
Ti-Fe substituted L zeolite
Si-substiruted NH4-beta
Si-substituted ZSM -20
fe-substituted NH4-beta
Fe-subsnnned LZ-105
Ti -substinned NH4-bera
Fe-substituted LZ-202 (omega type)
Sn4 of - substituted zeolite L
Sn4 + - substiruted zeolite mordenite
Sn4 + - subMituted zeolite Y



M
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See Linde M.

MAPO~5 (AFI)
(US4,S67,029(1986))
Union Carbide Corporation

Re14Jed MateritzJs: AlP04-5

Structure

Chemkal Composition: Magnesium alumi
nophospbate . See MeAPO.

X-Ray Powder Dif:fro.cJion Da1ll: (d(A)(lIlo))
12.1(83),6.92(10),5.99(21),4.53(56),4.23(60),
3.99(100),3.60(6),3.47(34),3.0909),3.00(20),
2.683(5), 2.614(16), 2.442(3), 2.386(12),
2.146(3), 1.918(5), 1.661(3).

For a discussion of the framework topology
of MAPO-5 see AlP04-5.

Synthesis

ORGANIC ADDITIVES
N,N·dieth8J'lolamine
rripropyl amine
teUllpropylammonium ...
2·metbylpyridine
tetraethylammonium +

diisopropyJamine
cyclollexylAmine
triethylamine
N-methylbulylamine
N-ethylbulylamine
diburylamine

MAPO-S crystallizes from reactive gels with
varying amounts of magnesium (from magne
sium acetate) and alumina. A general batch
composition is: 1.0 R : a MgO : b AhO] :
P20, : ca. 40 H20 : 2a CH3COOH, with Mg
and AI varied so that Mg + AI = 1. Crystal
lization takes place between 150 and 20CfC,

depending on the organic chosen, with crystal
lization times between 24 (using diisopropylarn
ine, cyclohexylamine, N-methylbLJtylamine, N
ethylbutylamine, and dibutylamine) and 168 hours
(using triethylamine).

Adsorption

Adsorption properties of MAPa·S:

Kinetic
diameter. Pressure, Temp ., Wt. %

Adsorbafe A Torr "C adsorbed

0, 3.46 102 -183 15.4
O2 706 -183 18.0
Cyctohexane 6.0 74 25 10.5
Il·BulJUIe 4.3 705 24 7.4
Neopentane 6.2 701 24 7.2
H2O 2.65 4.6 24 17.3
H2O 22 24 26.3

MAPO-ll (AEL)
(US4,S67 ,029(1986»

, Union Carbide Corporation

Re1lltedMaurillls: AIPO.oj-ll

Structure

Clumkal Composition: Magnesium alumi
nophospbate. See MeAPO.

X-Ray Powder Dijfraetion Data: (d(A)(lJlo)
10.78(44),9.21(65), 6.71(23),5.61(44),4.65(7),
4.35(71).4.19(69),4.00(71),3.95(57),3.90(67),
3.82(100),3.63(8),3.59(13),3.36(41),3.16(12) ,
3.11(25),3.03(11),2.83(14),2.73(29),2.62(11),
2.47(8), 2.39(17), 2.03(8), 1.80(6).

For a description of the framework topology
of MAPa-II see AJP04-11.

29S



296 MAPO-12

Synthesis

ORGANIC ADDITIVES
dilsopropylamine
rripropylamine
N-Illethylburylamine
dibutylamine
N-ethylbutylamine
di-n-propylamine

MAPO-II crystallizes from reactive alumi
nophosphare gels containing magnesium acetate
replacing some of the aluminum in the system.
Crystallization occurs readily at temperatures
around ISO to 200°C after 24 hours or longer,
depending on the organic employed in the crys
tallization. An impurity phase was reported for
some systems. A typical composition includes:
1.0 CoHI5N; 2:c MgO ; (I - x) Ah03 : 1.0
1.25 P204 : ca. 40 H20 .

Adsorption

Adsorption properties of MAPO-Il:

Kinetic
di~ler, Pressure , Ternp., WI. %

Adsorbate A Torr ·C adsorbed

X-Ray Powder Diffraction Da/Q: (d(A)(lIlo»
14.5(37), 7.97(16), 7.25(25), 6.77(68) , 6.33(6),
5.19(25), 4.82(27), 4.27(100), 4.13(17),
4.00(44), 3.73(49),3.56(33), 3.38(37), 3.10(16),
2.998(25), 2.912(44), 2.714(14) , 2.644(21),
2.585(19).

See AlP04-12 for a description of the frame
work topology for MAPO-12

Synthesis

ORGANIC ADDITIVE
ethylenediamine

MAPO-12 crystallizes from a reaction com
position of: 1.0 C2HgN2 : 0.167 MgO: 0.917
AhO) : 1.0 P20S : 39 .8 H20: 0.33 CH)COOH.
Crystallization occurs after 24 hours at 2000C.

MAPO-14
(US4,561,029(1986»
Union Carbide Corporation

Relmed Materials: AlP04-14

MAPO-12
(US4, S67,029(1986)
Union Carbide Corporation

Related MateriDJs: AlP04 -12

Ch 3.46 102 - /83
O2 706 -183
Xenon 4.0 75\ 24
n-Butane 4.3 705 24
Cyclohexane 6.0 74 25
Neopentanc 6.2 701 24
H2O 2.65 4.6 24
H,Q 22 24

6.<1
7.2
8.7
2.9
L5
0.3

12.6
14.3

Structure

Chemical Composition: magnesium alurni
nophosphate, See MeAPO .

X-Ray Powder Diffraction Data: (d(A)(lllo»
10.1(100), 8.19(tl), 6.81(21), 5.99(5), 5.61(15),
5.01(15),4.82(2),4.27(7),4 .06(22) ,3.97(10),
3.51(19), 3.36(4), 3.24(8), 3.09(13), 3.05(15),
3.01(23), 2.90(12),2.75(8), 2.698(1), 2.529(4),
2.361(1),2.26.5(4).

For a detailed description of the topology of
MAPO-14 see AIP04-14 .

Synthesis

Structure

Clumieal Composition: magnesium alumi
num phosphate. See MeAPO.

ORGANIC ADDmVES
ethylenediamine
isopropylamine



MAPO-14 is crystallized from a batch com
position with a molar oxide ratio of: 1.0
C2HsN 2 : 0.4 MgO : 0.8 AI20) : 1.0 P20j :
39.6 H2 0 : 0.8 CH)COOH. Magnesium acetate
hydrate is used as the source of magnesium.
Crystallization occurs after 24 hours at temper
atures between 150 and 200°C. Using isopro
pylamine in the reactive gel results in a mixture
of phases.

MAPO·16 (AST)
(US4,S67,029(1986»
Union Carbide Corporation

RelaUd Materitzls: AlP04 -16

Structure

Chemical Composition: magnesium alumino
phosphate. See MeAPO.

X-Ray Powder Diffradion Data: (d(A)(Il/o»
7.69(55), 4.72(49), 4.02(100), 3.87(13),
3.35(19), 3.07( 13), 2.99(23), 2.37(6), 1.87(6) .

For a description of the framework topology
for MAPO-16 see AIP04-16.

Synthesis

ORGANIC ADDITIVE
quinuclidine

MAPO-16 is prepared from a reactive gel
with a molar oxide ratio of: 1.0 quin : 0.4
MgO : 0.8 A120 3 : 1.0 P20 5 : 40 H20 . Crys
tallization occurs after 24 hours at 150°C. Both
magnesium oxide and magnesium acetate have
been used successfully in this synthesis.

Thermal Properties

MAPO-16 maintains its crystalline framework
structure upon heating to 600°C.

MAPO-17 (ERI) 297

Adsorption

Adsorption properties of MAPO·16:

Kinetic
diameter. Pressure, Temp., WI. %

Adsorption A Torr "C adsorbed

O! 3.46 701 -183 4.6
0, 101 -183 2.8

a-Butane 4.3 701 24 0.6
H2O 2.65 4.6 24 19.9
H2O 20 24 27.5

The adsorption properties were measured on the calcined form o{
!hi. material.

MAPO-17 (ERI)
(US4,S67,029(1986»
Union Carbide Corporation

RelaUd MmeriaJ.s: ALP04-17
erionite

Structure

Chemical Composition: magnesium alumi
nophosphate. See MeAPO.

X-Ray Powder Diffraction Data: (d(A)(ll/o»
11.4( 100), 9.05(50), 6.60(51) , 6 .21(33),
6.05(14),5.72(70),5.34(36),4.93(39) ,4.53(88),
4.33(96),4.15(83),3 .81(55),3 .73(48),3.52(87),
3.25(23), 3.10(41) , 2.92(J9), 2.861(10),
2.812(28),2.677(37), 2.604(14),2.575(25).

For a description of the framework topology
see AIP04 -17.

Synthesis

ORGANIC ADDmVES
quinuclidine
cyclohexylamine

MAPO-I? crystallizes from a reactive mag
nesium-containing aluminophosphate gel with a
molar oxide ratio of: 1.0 R : 0.167 MgO: 0 .917
AhO) : I P20S : 39.8 H20 : 0.33 CH)COOH.



298 MAPO-20 (SOD)

Crystallization occurs readily at 200°C after 168
hours. MAPO-17 obtained from this system has
a minor impurity phase.

MAPO·20 (SOD)
(US4,S67,029(1986))
Union Carbide Corporation

Related Materials: AIP04-20

sodalite

Structure

Chemical Composition: magnesium alurni
nophosphate. See MeAPO.

X-Ray Powder Dlffraetion Data: (d(A)(I/lo»
6.37(47),4.53(42),4.04(8),3.69(100),3.21(15),
2.86(12), 2.61(15), 2.42(1), 2.26(4), 2.13(4),
1.93(4). 1.78(8).

For a description of the framework topology
of MAPO-20 see sodalite ,

Synthesis

ORGANIC ADDmvES
tetramc:thyhunmooium ~

tetraethylammonium +

quinudidine

MAPO-20 crystallizes from a reactive mag
nesium aluminophospbate mixture containing:
1 R : 0.33 MgO : 0.83 Ah03 ; Pl0~ : 40 H20.

Crystallization occurs readily at 2()()OC after 24
hours, using tetramethylammonium cation as the
organic additive. Other organic amines also re
sult in the crystallization of this framework
structure, but not as a major component. Both
magnesium oxide and magnesium acetate have
been used as a source of magnesium ion in this
system.

Adsorption

Adsorption properties of MAPO-20:

Kinetic
diameter. Pressure. Temp., Wt.%

Adsorbate A Torr OC adsorbed

O2 3.46 101 -183 0.5
O2 701 - 183 2.1
a-Butane 4.3 703 24 0.4
HlO 2.65 4.6 24 23.8
HlO 22 24 31.5

MAPO·34 (CHA)
(US4,567,029(1986»
Union Carbide Corporation

RelDJed MateriDls: AlP0 4-34
chabazite

Structure

CMnrU:al Composition: magnesium alumino
phosphate. See MeAPO .

X-Ray Powder Diffraedon Data: (d(A)(l/Jo»
9.31(100), 6.92(14), 6.28( 17), 5.54(39),
4.90(23) , 4.31(91), 4.00(5), 3.85(6), 3.52(25),
3.45(17), 3.23(4), 3.14(4), 3.03(5), 2.93(31),
2.86(23), 2.61(7), 2.47(3), 2.28(3), 2.09(4),
1.92(3), 1.87(5), l.79(4).

MAPO-34 exhibits properties characteristic
of a small-pore material. See chabazite for de
scription of the framework topology of the al
uminophosphate-based series .

Synthesis

ORGANIC ADDmVES
tetraetbyJammonium •
isopropylanWle

MAPO-34 crystallizes from a reactive gel
witha molar oxide ratio of : t TEA OH : 0.4
MgO : 0.8 Ah03 : P20~ : 4() H20. Crystalli
zation occurs readily after 24 hours at temper
atures ranging between 150 and 200°C. Mag-



nesiurn oxide and magnesium acetate hydrate
both have been utilized for this crystallization.

Thermal Properties

MAPO-34 is thermally stable with little change
in the X-ray powder diffraction pattern when
heated to 600"C.

Adsorption

Adsorption properties of MAPQ·34:

Kinetic
diameter, Pressure, Temp., Wt . %

Adsorbate A Torr OC adsorbed

MAPO-36 299

Synthesis

ORGANIC ADDmvE
quinuclidine

MAPO-35 crystallizes from a batch com
position with a molar oxide ratio of: I quin :
0.4 MgO : 0.8 Aha, : P20 , : 40 H20 . Crys
tallization occurs after 146 hours at lOOoe. Mag
nesium oxide is used as the source of magne
sium.

MAPO·36 (ATS)
(US4,567,029(1986»
Union Carbide Corporation

RelaUd Materials: SAPO-36

MAPO-35 (LEV)
(US4t567,029(1986»
Union Carbide Corporation

.R~loUd Materials: levyne
SAPO-35

o, 3.46 117 -183
~ 708 -183
n-Butane 4.3 712 23
Isobutane 5.0 717 24
H,O 2.65 4.6 24
H,O 16 23

25.4
30.9
13.1
0.8

29.0
33.2

Structure

Chemical Composition: magnesium alumino
phosphate. See MeAPO.

X-Ray Powder Diffraction Data: (d(A)(l/lo»
11.2(100), 1O.8(sh), 6.56(5), 5.61(12), 5.40(18),
4.67(55),4.27(39), 4.15(sb), 4.08(sh), 4.04(33),
3.97(32), 3.90(12), 3.74(8), 3.28(13), 3.21(sh),
3.J6(9), 3.10(9), 2.97(7), 2.814(8), 2.714(3),
2.592(11).

MAPO-36 exhibits properties characteristic
of a large-pore material.

Synthesis

Structure

Chemical Composition: magnesium alumino
phosphate. See MeAPO .

X-Ray Powder Diffraction Data: (d(A)(J/lo))
10.2(21),7.98(41),6.61(28),5.54(9),5.10(100),
4.96(17),4.53(11),4.19(62),4.04(100), 3.90(9),
3.82(21),3.75(9),3.55(4),3.44(26),3.12(34),
3.II(sh), 3.07(sh), 2.78(47), 2.59(14), 2.54(4),
2.14(4), 2.10(4), 1.88(6), 1.84(4).

MAPO-35 exhibits properties of a small-power
molecular sieve structure.

ORGANIC ADDmvES
tripropylarnine
TPAOH

MAPO-36 crystallizes from a reactive gel
with a molecular oxide ratio of: I R : 0.167
0.40 MgO : 0.8--0.917 Al~3 : P20 , : 40 H20 .
Crystallization occurs after 24 hours at 150"C
to 200"C. Both magnesium oxide and magne
sium acetate hydrate have been used success
fully as sources of magnesium in this system.
An impurity phase was noted in the system.
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Thermal Properties

The X-ray powder diffraction pattern does not
significantly change upon thermal treatment to
600°C.

Adsorption

Adsorption properties of MAPO-36:

Kinetic
diameter, Pressure, Ternp., Wt%

Adsorbate A Torr "C adsorbed

0 1 3.46 101 -183 18.9
0 1 703 -183 23..5
a-Butane 4. 3 712 23 7.3
n-Hexane 4.3 lOS 23 10.05
Cyclohexane 6.0 73 23 9.1
Neopentane 6.2 7405 23 6.4
HIO 2 .605 4.6 24 22.2
H,O 22 24 31.\
COl 3.3 297 -82 22.0

MAPO-39 (ATN)
(US4,S67,029(1986»
Union Carbide Corporation

RelDted Materi4ls: other metal-substituted
molecular sieves

AlP04 -39

Structure

CHEMICAL COMPOsmON: magnesium
aluminophosphate . See MeAPO.

UNIT CELL CONSTANTS CAl: a = 13.09
c = 5.18

PORE STRUCTURE: unidimensional eight.
member rings

X-Ray Powder Diffraction DaJD: (d(A)(lllo»
9.41(28), 6.66(49). 4 .93(44), 4 .19(82),
3.95(100), 3.31(4), 3.12(10), 3.02(17), 2.96(39),
2.75(14),2.6500),2.46(3),2 .368(10),2.206(3),
1.973(3), 1.873(4), 1.852(4), 1.781(4); (after
calcination to 500°C) (d(A)(lllo» 9.12(12),
6.46(100), 4.77(50), 4.11(60), 3.85(87),
3.25(10), 3.07(14), 2.96(22), 2.91(33),
2.698(16), 2.585(9), 2.404(3) , 2.332(8) ,
2 .176(2) , 1.957(1), 1.848(3), 1.759(4).

The MAP0-39 framework consists of cages
similar to those found in cancrinite, differing

MAPQ·39 Fig. 1S: Framework topology.

only in ring size, with MAPO-39 having eight
member rings and cancrinite six-member rings.
This gives a channel system that is unidimen
sional with eight-member-ring openings. (JUC
Conference, Bordeaux (July 1990».

Syntbesls

ORGANIC ADDITlVES
dipropylamine
isopropyJaroine

MAPO-39 crystallizes from a reactive gel
with a molar composition of : R ; 0.167-{lA
MgO : 0.8-0.917 AI203 : P20j ; 19.8 H20 :
0.33 CH)COOH. Crystallization occurs at 150
to 200°C after 24 hours . The presence of a minor
impurity phase was reported in this system .

Tbermal Properties

See MAPO-39 Figures 3 and 4.
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MAPO-39 Fig. 4: TOA of MAPO-39 from di-n-propylamine-containlng system. (Reproduced with
permission of B. Duncan. Georgia Tech)

Adsorption properties of MAPO-39:

Adsorption

Infrared Spectrum

See MAPO-39 Figure 5.
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Mid-infnu-ed spectrum of MAPO-
2.65 4.6 24 17.6 MAPO~ Fig. 5:

22 24 22.8 39, as symhesized. (Reproduced with permisslon of B.
Duncan. Georgia Tech)

Kinetic
diameter. Pressure, Temp. . Wt. %

Adsorbate A Torr "C adsorbed
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MAPO-44 (eRA)
(US4,S67,029(1986»
Union Carbide Corporation

Related Materials: SAPO-44
chabazite

Structure

ChemieaJ CompoOtion: magnesium alumino
phosphate, See MeAPO.

X-Ray Powder Diffroction Data: (d(A)(Il1o»
94.1 (86), 6.81 (17), 6.42(3), 5.50(32), 5.10(3),
4.67(9), 4.29(100), 4.10(35), 3.93(8), 3.87(14),
3.66(56),3.41(17),3.24(10), 3.02(sh), 2.98(17),
2.90(54), 2.76(4), 2.73(4), 2.51(9), 2.344(1),
2.304(1),2.265(1),2.249(4),2.233(3),2.076(3),
1.929(1), 1.895(6), 1.873(5), 1.817(8), 1.707(5) .

MAPO-44 exhibits properties characteristic
of a small-pore molecular sieve chabazite.

Synthesis

ORGANIC ADDITIVE
cyclohexylamine

MAPO-44 crystallizes from a reactive gel
composition: R : 0.6 MgO : 0.7 Al20 3 :

P20j : 1.2 CH 3COOH: 39 H20 . Crystallization
occurs after 24 hours at temperatures between
150 and 200°C. Rhombohedral crystals are ob-
tained. .

MAP0-47 (CHA) 303

MAP0-47 (eRA)
(US4,S67,029(1986»
Union Carbide Corporation

RelaUd MaUrials: chabazite

Structure

Chemical Compo8ition: magnesium alumino
phosphate. See MeAPO.

X-RayPowder Diffra.ction Data: (d(A)(lllo»
9.41(100),6.86(8),6.37(3),5 .54(18),5.04(4),
4.67(4),4.31(55), 4.08(5), 3.87(7), 3.60(13),
3.44(11),3.23(4), 3 .04(4),2.93(24), 2.9O(sh),
2.61(3), 2.515(2), 1.873(5), 1.811(3), 1.725(3);
(5O{fCcalcined materials) (d(A)(lJ/o»9.21(100),
6.81(21), 6.28(6),5.47(21),4.90(14),4.62(3),
4 .29(54),3.99(3),3.83(4),3.53(12),3.43(12),
3.21(3),3.01(3),2.91(22),2.87(13),2.592(4),
1.855(3).

MAPO-47 exhibits properties characteristic
of a small-pore chabazite-type molecular sieve.

Synthesis

ORGANIC ADDITIVE
N,N·diethylethanoJllJIline

MAPO-47 crystallizes from reactive gels with
a molar oxide ratio of: 2 R: 0.167 MgO : 0.917
A120J : P20$ : 0.33 CHJCOOH : 5.5 C3H70 H :
40 H20 . Crystallization occurs at 1500 C after
144 hours. Magnesium acetate is used as the
source of magnesium and aluminum isopropox
ide as the source of aluminum.

Adsorption Adsorption

Adsorption properties of MAPO-44: Adsorption properties of MAPO-47:

Kinetic Kinetic
diameter, Pressure, Temp., Wt.% diameter, Pressure, Temp.. Wt.%

Adso/bate A Torr OC adsorbed A Torr "C adsorbed

0, 3.46 12 -1S3 14.0 0, 3.46 12 -1S3 17.6
o, 704 -1&3 16.2 0, 706 -183 21.5
Xenone 4.0 751 23 12.4 Xenon 4.0 751 24 17.0
n-Butane 4.3 705 23 1.4 n-Butane 4.3 705 2A 4.0
f'I,D 2.65 20 23 19.2 H2O 2.65 20 23 27.4
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MAPO-SO (AFY)
(US4,8S3,197(1989»
UOP

Structure

Chemical Composition: magnesium alumi
nophosphate. See MeAPO.

X-Ray Powder Diffraction Data: (d(A)(/lfo»
11.40(21), 11.00(00), 9.01(16), 6.35(4) , Mazzlte Fig. IS: Framework topology.

5.20(2),4.14(4).3 .91(2),3.78(22),3 .68(14),
3.40(6), 3.40(6), 3.06(3), 3.00(7), 2.89(5),
2.40(2).

See CoAPO-50 for a description of the
framework topology . .

Syntbesis

ORGANIC ADDITIVE
di-n-propylarnine

Mazzite has the distinction of having been
the first natural mineral identified after its syn
thetic analogs were known . The mineral was
named after Professor F. Mazzi, a mineralogist
atPavia University in Italy (NaJ. Zeo. 160(1985».

MAPO-50 crystallizes from a reactive mixture
with a molar oxide ratio of: 2.5 R : 0.3 MgO : Structure
0.85 AlzOJ : 1.0 P20S : 0.7 CHJCOOH : 50
H20. Crystallization occurs at 150°C after 144 (AZST (987»
hours. ---------------

Adsorption

Adsorption properties of MAPO-50:

Kinetic
diameter , Pressure, Ternp., Wt. %

Adsorbate A Torr "C adsorbed

CHEMICALCOMPOSITION: K)Cal.~Mgl

(AIIOSh.On)- 28HtO
SYMMETRY: hexagonal
SPACEGROUP: P6yl1lIllC
UNIT CELL CONSTANTS: (Al a = 18.39

c = 7.65
DENSITY (calc): 2.108
PORESTRUCTURE: unidimensional 12 member rings

Mauite (MAZ)
(natural)

Related Materials: LZ-202
omega
ZSM-4

See MgAPSO.

~

n-Hexane

MAPSO

3.46
4.30

700
88

-183
24

7.2
3.4

X~Ray Powder Diffraction DaJIJ: (Nor. Zeo,
(1985» (d(A)(I/Jo» 15.93(35) , 9.20(60),
7.96(35),6.89(25),6.02(53),5 .53(12),5.31(17),
4.729(50). 4.423(12), 3.986(20). 3.824(95),
3.717(25), 3.655(41), 3.531 (90), 3.474(12),
3.452(10), 3.185(100), 3.102(30), 3.065(38),
3.010(40), 2.941(100), 2.865(10), 2.681(2),
2.643(16), 2.552(20), 2.511(5) , 2.446(1) ,
2.422(9), 2.393(1), 2.302(22), 2.298(22),
2.210(9), 2.147(10), 2.123(17), 2.037(10),
2.006(7), 1.9910(10), 1.9708(3) , 1.9100(18),
1.8860(1), 1.8386(17) , 1.7768(6), 1.6967(12),
1.6703(20), 1.6181(18), 1.5820(7), 1.5160(1),
1.5036(1), I. 4438(10).



MCH (CHA) 305

,..
..
u

..
Q

..

tOOO-&00 -
'_4Cl

'hL- ---:-:-:-- ----:-!
o

Mazzik Fig. 2: Thermogravimetric analysis (TGA) scans of synthetic
aluminum mazzite (A), gaJlium mazzuc (G). and gallium mauite after
prior calcination at 600"C followed by NaCUNaOH exchange (N) . The
heating rates were IO°Clmin. The organic additive used in the synthesis of
these materials was TMA· (Mat . Res. Bull . 20 :125(1985»). (Reproduced
with permission of Pergamon Press)

Atomic parameters with their standard deviations for the
natural mineral mazzite (Cryst. Struct, CommWl. 3:339
(l974»:

Occupany
Atom x/a ylb tit: (%)

sn 0.4902(2) 0.l5S3(2) 1/4 100
512 0.0933(1) 0.35J6( I) O.0444{JI 100
01 0.5118(6) 0 .2589(6) 1/4- 100
02 0 .5752(6) 0.1504(6) 114 too
OJ 0.1004(4) 0.382)(5) 1/4 tOO
()4 0.1116(3) 0.4353(3) -0.0723(7) 100
05 0.1612(4) 0 .3224(4) O.OOO5(?) 100
06 0 0.2740(4) 0 100
K. No, Ca 112 0 0 46(2)
Mg 1/3 213 1/4 100
Ca 0 0 O.O6ll(12) 21(2)

rounded by eight-member rings. The cations K,
Na, and Ca are located in the smaller channels
between the rows of grnelinite cages . The Mg
in this mineral is at the center of the gmelinite
cage and coordinates only to water molecules.
Ca cations, to a lesser extent, also are located
in these large cages. No SiJAI ordering is ob
served (Cryst , Struct, Commun . 3:339(1974».

The gal losilieate analog also has been pre
pared and the structure studied. No Si/Ga or
dering within the structure has been observed
(MaJ. Res. Bull. (20 :125(1985)).

Thermal Properties

See Mazzite Figure 2.

In the mazzite framework the characteristic
feature is the presence of grnelinite cages. Each
unit cell contains two cages shifted by c/2. The
main channels in this zeolite are large 12-mem
ber rings with an average free aperture of -7.5
A. Two types of smaller channels are present:
the first consists of stacked gmelinite cages sur
rounded by six-member rings; the second is be
tween two crosslinked rows of cages and is sur-

MeR (eRA)
(UK 2t061 t900(1981»

Imperial Chemical Industries

Relaud MaterilJls: herschelite
chabazite

Structure

ChemkaJ Composition: 1.0 ± R20 : AhO)
; 4-7 SiOl : 0-8 H 20.
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X-Ray Powder Diffraction Data: (d(A)(I/lo»
9.5(33), 5.4(12), 4.22(66), 3.2(23*), 2.9(100*),
2.6(13*), (* indicates incompletely resolved
peaks).

Synthesis

ORGANIC ADDmVE
none

Di[frtIction Lines: (d(A)(I/lo» 9.6677(29 .97),
6 .8569(100), 6.4870(77), 5.600(5), 4.8729(51),
4 .8414(50),4.2482(85),3.9700(5),3.6099(9),
3.4401(7), 3.3900(42), 3.0597(77), 2 .9312(15),
2.8927(17), 2.7777(11), 2.6781(41); (after
thermal treatment to 450°C) 6.8339(95),
4.8477(11),4.7900(10),4.5300(8),4.2731(100) ,
4.1441(43), 3.6246(10), 3.5438(2), 3.4200(10),
3.2900(5), 3.0823(12) , 3.0427(14), 2.6961(3).

Adsorption

Comparison of adsorption properties of MCH and natural
!)erschelil.e:

MCH crystallizes from a reactive gel with molar
oxide ratios of: Si02/AbOj of5 to 20, OW/Si02

of 0.4 to 1.6, H20 /OW between 10 and 30, and
X-/AI20 3 of 0 to 10. X is the anion of the strong
acid. Crystallization occurs between 2 and 72
hours at temperatures ranging between 80 and
DO°C. Gmelinite is a common impurity phase
in this system.

Adsorption wt% at 25°C and
PIP. == 0.5

Thermal Properties

Upon thermal treatment of this material, a change
in the X-ray powder diffraction pattern is ob
served.

Syntbesis

ORGANlC ADDITIVE
teJTapropylammooium ~

MCM-l is prepared via a two-phase synthesis
using an organic phase that consists of hexanol
and Si(O~I-4) and a water phase consisting of
the aluminum source, phosphoric acid, and the
organic additive . The reaction mixture contains
9.3 Sil38. 8 P and 51.9 AI. Crystallization oc
curs at 150°C after 65 hours of crystallization
with a starting pH between 5 and 7 (EP
146,384(1984». The resulting crystals are dried
at 80°C.

24
under 0, I
WIder 0,I

Natural
herschelite

23.5
3.6
2.0

MCHSorbale

Ht>
a-Hexane

p-Xylene

Chemical Composition : M;: : (A102)1- x :
(P0 2) i"- x : (Si02)x+y: N~; . M is a cation of
valence m; N is an anion of valence n; x and y
are numbers between - I and I .

MCM-l
(EP 146.384(1984»
MobU Oil Corporation

RelaUd Materials: AIP04-H3

Structure

Chemical Composition: M;':: (Al~)I-.r :
(P02)t-x : (Si~)I+Y: N~;;. M is a cation of
valence m; N is an anion of valence n; x and y
are numbers between - I and I.

MCM·2 (eRA)
(EP l-ui.384(1984»
Mobil Oil Corporation

Rel4ud Maurill1s: chabazite
SAPO-34

Structure

Clu!miclIl Compomioll: M;;'; : (AJ02) I - x .
(PCh)t- .. : (SiO,)I+Y: N;i;; . M is a cation of
valence m; N is an anion of valence n; x and y
are numbers between - 1 and 1.

X-Ray Powtkr Dif/rtu:tioll Data: (d(A)(lllo»
9.2412(99),6.86(25),6.4868(7),6.2515/915),
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MCM·! Fig. 1: X-ray powderdiffracrion pattern of MCM·l . (Reproduced with permission of B. Duncan. Georgia
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MCM·2 Fig. 1: X-ray powder diffraction pattern of MCM-2. (Reproduced with
permission of B. Duncan. Georgia Tech) 307
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5.524(73), 4.8868(21) , 4.8257(12), 4.3030(100),
4.2584(24), 4.000(5), 3.84(5), 3.5075(20,
3.4376(23), 3.3947(7), 3.1239(2), 3.0495(14),
3.0160(6), 2.9190(34), 2 .8492(25); (after ther
maltreatment to 45O"C) 9.2476(100),6 .8414(23),
6.28(2), 5.505(] 7), 4.9465(5), 4.6200(2),
4.2923(36), 3.8415(5), 3.54(7), 3.4266(8) ,
3.2100(2), 3.16(2),2.908605), 2.8621(9).

Synthesis

ORGAN1C ADDmVES
tetrapropylammonium •
tetraethylammonium +

MCM-2 is synthesized from a two-phase syn
thesis mixture containing an organic layer (hex
anol and Si(O~H5)4) and an aqueous layer con
sisting of phosphoric acid , a source of alumina,
and the organic additive. The composition of
the reaction mixture rha: crystallizes this struc
ture is: 10.8 Si : 45 P : 44.2 Al. Crystallization
occurs after J68 hours at 150°C at a pH between
5 and 7 .

Thermal Properties

MCM-2 appears to be thermally stable, with the
X-ray diffraction pattern showing little decrease
in overall peak intensity between room temper
ature and 45<tC.

Adsorption

MCM·]
(EP 146,384(1985»
Mobil Oil Corporation

Related MaJeriols: variscite

Structure

Chemieal Compositio,,: M;';:-: (A102)1_" :
(P(h)t-" : (Si02). +y: N~I;;' M is a cation of
valence m; N is an anion of valence n: x and y
are numbers between - 1 and 1.

XARay Powder Dif./rtution Data: (d(A)(lJlo))
5.1933(44),4.8933(16),4.5500(1),4.2976(100),
3.9617(23),3.9145(63),3.8453(14),3 .6884(29),
3.5868(49), 3.3852(5), 3.0406(20), 2.9094(13),
2.8588(14), 2.7565(12) .

Synthesis

ORGANIC ADDITIVE
tetrapropylammoniurn +

A two-phase synthesis is used in preparing
the SAPO analog to the aluminophosphate var
iscite. The organic phase contains hexanol and
Si(Oc"H j )4' and the aqueous phase comprises
the aluminum source, phosphoric acid, and the
organic quaternary amine TPAOH. The inor
ganic composition of the mixture is: 12.4 Si :
52 P : 35 .6 AI. Crystallization occurs after 65
hours at 150"C at a pH range between 5 and 7.
Crystals are dried at 8<tC.

MCM-4
(EP 146,384(1985»
Mobil Oil Corporation

Adsorption properties of MCM-2:

Water
n-Hexane
p-Xylene
2-Methylpentane
Cyclobexane
crXylene

Temperature,
·C

60
90
90
90
90

120

Wt% adsorbed

10.3
9.3
2.7
1.1
0.8
0.9

Structure

Chemicol Comporition: M;; : (AJOV1--.. :
(P02)i"-.x : (Si02).+y: N~I;;' M is a cation of
valence m; N is an anion of valence n: x and y
are numbers between - 1 and 1.

X-Ray Powder Dijfrlll:tUJ1J Data: (d(A)(IJ1o»
4.4626(14) , 4.3539(36) , 4.2694(lOO),
4.0690(16), 3.9834(3), 3.74(5), 3.6516(31),
3.3698(62), 3.0467(8), 2.9447(7) .



Synthesis

ORGANIC ADDITIVE
telnlpropylammonium ~

MCM-4 is prepared from a two-phase syn
thesis mixture with the organic phase being
composed of hexanol and Si(OC2Hs)4 and the
aqueous phase consistingof the aluminum source,
phosphoric acid, and the quaternary amine
TPAOH. Crystallization occurs at 150"C after
168 hours with the pH initially between 5 and
7.

The samples were dried at 800C before the
X-ray diffraction pattern was run.

MCM·S
(EP 146,384(1985»
Mobil Oil Corporation

Structure

Clurmi.cal Compotition: M;;;: (AI02) ;-- .. :

(POZ)t-r ; (Si~)x+)'; N;,;;. M is a cation of
valence m; N is an anion of valence n; x and y

are numbers between - I and I.

X-Ray Powder Diffraction Data: (d(A)(I/lo»
8.5984(lOO), 6.7810(3), 4.7545(5),4 .6389(6),
4.5429(2), 4.4200(2), 4.3500(3), 4.2206(3),
4.1134/92), 3 .8541 (2), 3.7092(7), 3.6724(4),
3.4981(1), 3.3886(4), 3 .3331(0.5),3.2150(5),
3.1616(3), 3.0206(2), 2.9090(1), 2.8887(2),
2.7450(1), 2.7005(2), 2.6774(1), 2.6472(1),
2.5890(1), 2.5760( I) .

Synthesis

ORGANIC ADDmvE
tetrapropylammonium ...

MCM-5 is prepared from a two-phase syn
thesis mixture with the organic phase being
composed of hexanol and Si(OC2H s)4 and the
aqueous phase consistingof the aluminumsource,
phosphoric acid, and the quaternary amine
TPAOH. The inorganic composition consists of
9.3 Si : 38.6 P : 52. I Al. Crystallization occurs
after 168 hours at 150°C with an initial pH in
the range of 5 to 7. After isolation of the crys
talline product, MCM-5 is dried at 80aC.
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MCM-6 (AFI)
(EP 146,384(1985»
Mobil Oil Corporation

Related Materials: SAPO-5

Structure

Clumi.cal ComposiJion: M;;: (Al~)t--.r :
(P02) ( - ..r: ; (Si00x+y: N;,;;. M is a cation of
valence m; N is an anion of valence n; x and y
are numbers between - I and I.

X-Ray Powder Diffraction Data: (d(A)(ll/o»
11.81(93), 6.84(12), 5.92(32), 4.48(81).
4.20(79),3.96(100),3.67(5),3.42(42),3 .07(19),
2.96(22), 2.66(7), 2 .59(22).

MCM-6 exhibits properties characteristic of
a large-pore AlP04-5 molecular sieve. See AlP04

5 for a discussion of lite framework topology.

Synthesis

ORGANIC ADDITIVE
terrapropylammoniurn ...

MCM-6 is prepared from a two-phase syn
thesis mixture with the organic phase being
composed of hexanol and Si(OC2Hs)4 and the
aqueous phase consistingof the aluminum source,
phosphoric acid, and the quaternary amine
TEAOH. Small amounts of the inorganic base
CsOH are used . The reaction mixture is cured
for 24 hours at 130"C prior to crystallization at
180°C. Crystal formation is observed after 144
hours. The pH does not change after crystalli
zation is complete, remaining at 6.5.

MCM·7 (AEL)
(EP 146,384(1985»
Mobil Oil Corporation
Re/Qted MateriDls: SAPO-II

Structure
Chemical Composition: M';; : (Al02) i"- .. :
(PO:l)t-x : (Si~)x+y: N;';;. M is a cation of
valence m; N is an anion of valence n; x and y
are numbers between - I and L.

X-Ray Powder Diffraction Data: (d(A)(l/lo)
10.85(18), 9.32(30) , 6.70(12), 5 .64(26),



310 ' MCM-8

4.37(86), 4 .2] (100), 4.00(60), 3.93(65),
3.90(71), 3.83(77), 3.11(9), 3.00(10), 2.72(12).

See AlP04-11 for a discussion of the frame
work topology .

Synthesis

ORGANIC ADDITIVE
di-n-propyfamine

MCM- 7 is prepared from a two-phase syn
thesis mixture with the organic phase composed
ofhexanol and Si(OC2Hs). and the aqueous phase
consisting of the aluminum source, phosphoric
acid, and the neutral amine di-n-propylamine.
The reaction mixture is cured for 24 hours at
13O"C prior to crystallization at 200°C. Crystal
formation is observed after 24 hours. The pH
of the reacting gel initially is 5.5, increasing to
9 when crystallization is complete.

MCM-8
(EP 146,384(1985»
Mobil Oil Corporation

Structure

Chemical Composition: M;;; (AI0:JI-- .. :
(P02)t-.- : (Si02)~+y: N;;;;. M is a cation of
valence m; N is an anion of valence n; x and y
are numbers between - I and 1.

X-Ray Powder Diffraction Data: (d(A)(lJlo))
6.3L(68), 4.47(48) , 3.650(0), 3.L6(15) ,
2.83(l2) , 2.59(13) , 3.99(5) .

Synthesis

ORGANtC ADDITIVE
tetrapropylammonium +

MCM-8 is prepared from a two-phase syn
thesis mixture with the organic phase composed
of hexanol andSi(~Hs)4 and the aqueous phase
consisting of the aluminum source, phosphoric
acid, and the quaternary amine TMAOH. Small
amounts of the inorganic base KOH are used.
The reaction mixture is cured for 24 hours at

130°C prior to crystallization at t80°C. Crystal
formation is observed after 144 hours. The pH
changes from an initial value of 5.5 to a final 7
after L44 hours.

MCM-9 (VFI)
(EP 146,384(1985»
Mobil Oil Corporation

ReloJed MakriLlJ.s: VPI-5

Structure

X-Ray Powder Diffraction Data: (d (A)(///0)
16.41 (62), 10.85(18), 9.66(32), 9.32(27),
8.20(21), 6.86(76), 6.71(12), 6.50(54), 6. L6(ll),
5.64(27), 5.46(4),4 .85(60), 4.74(15), 4.67(6),
4.36(49), 4 .23(93), 4.14(37), 4 .08(100),
4.0L(28), 3.93(47),3.83(41),3.76(14),3.61(14),
3.39(31), 3.34(9), 3.27(25), 3. L6(14), 3.06(65),
2.94(18), 2.89(20, 2.84(7), 2.78(10), 2.73(16),
2.68(33), 2.62(8); (after thermal treatment to
450°C). 16.36(47) , 14.05(21), to.92(6),
8.94(41), 8.19(10), 6.90(13), 5.5(30), 4.47(23),
4.36(7),4.08(100), 3.94(60), 3 .78(34), 3 .54(18),
3.45(10), 3.33(8), 3.28(13), 3.22(7), 3.01 (33),
2.95(11), 2 .82(8), 2 .74(18).

See VP1-5 for a discussion of the framework
topology .

Synthesis

ORGANIC ADDITrVE
d-n-propylamine

MCM-9 is prepared from a two-phase syn 
thesis mixture with the organic phase composed
of hexanol and Si({}CzHS)4 and the aqueous phase
consisting of the aluminum source, phosphoric
acid, and the natural diamine d-fl-propylamine.
The reaction mixture is cured for 24 hours at
13<Y'C prior to crystallization at 200°C between
24 and 48 hours. The initial pH for the system
is between 5 and 7. The crystals are fiLtered,
washed, and dried at 80"C. Impurity phases of
SAPO-II and MCM-I, silicon-containing an
alogs of A1P04-H6, have been observed in this
system (Appl. Catal. 51:Ll3 (l989».
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MCM·~ Fig. 1: X-ray powder diffraction pattern of MCM-9 (Appli~d Caralysu S1:213 (1989)). (Reproduced with
permission of Elsevier Publishers)

Adsorption

Adsorption properties of MCM-9 (Appl . Catat , S I:L13
(1989)) :

Wt%>

n-hexane 15.35
CycJohexane 14.41
Tnlsopropylbcnzene 14.29

MCM-10
(EP 146,384(1985))
Mobil Oil Corporation

Structure

Ch.emiCtJ1 Composition: M;;;: (AJ02) , - x :
(P02) ( - x : (Si02)X +~: N;i;;. M is a cation of
valence m; N is an anion of valence n; x and y
are numbers between - 1 and I.

X-Ray Powder Diffraction Data: (d(A)(J/lo»
11.84(17), 1O.2()(78), 7.65(85), 6.86(24),
5.93(3).5 .69(36),5.11(57),5.01(64),4.49(11),
4.37(86), 4 .09(100), 3 .95(12) . 3.80(43),
3.77(14), 3.42(27), 3.22(81) , 3_18(9) , 2.99(21),
2.96(21) , 2.93(32), 2.85(37), 2.78(7), 2.68(42),
2.59(19); (after thenna! treatment to 450"C)
II. 75(21), 10.10(85), 7.56(100), 6.81 (72),
5.65(25),5 .08(29),4.94(78),4.46(17),4.35(99),
4.28(26),4.08(83),3.85(16),3.75(21),3.41(42),
3.18(68),2.96(30),2.92(51),2.88(11),2.83(37),
2.66(43), 2.58(20).

Synthesis

ORGANIC ADDmVE
Diquat-7(OHh

MCM-I0 is prepared from a two-phase syn
thesismixture with the organic phaseconsisting
of hexanol and Si(OC!Hs)4 and the aqueous phase
containing the source of aluminum, phosphoric
acid, and the organic quaternary amine Diquat
7(OHh This reaction mixture has a pH of 6
and is digested at 13()"C for 24 hours before
crystallization at ISOoC. Crystals are observed
after 144 hours.

Thermal Properties

Little change is observed in the X-ray powder
diffraction pattern for MCM-IO after thermal
treatment to 450°C.

MCM-20
(US4,968,652(1990»
Mobil Oil Corporation

Kenyaite-type layered material

MCM·25
(US4,968,6S2(l990»
MobiJ Oil Corporation

Pillared material
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MCM-21
(US, 696,807(1987»
Mobil Oil Corporation

Structure

Chemical Composition: iron silicoal
urninophosphale.

X-Ray Powder Diffraction Data: (d(A)(lI/o»
9.83(vs), 6.09(w), 5AI(m), 4.91(w), 4.74(w),
4.60(w), 4.17(w), 4.00(w), 3.55(w), 3.35(w),
3.28(w), 3.22(w), 3.07(w), 3.05(w), 2.95(w) ,
2.82(s), 2.74(vs), 2.65(m), 2.57(w), 2.48(w),
2.45(w), 2.36(w), 2.34(w), 2.29(w) , 2.12(w),
2.09(w), 2.03(w), 1.96(w), 1.94(w), l.92(w),
1.91(w), 1.87(w), 1.82(w), 1.75(w). 1.n(w),
1.71(w), 1.70(w), 1.64(m) , 1.61(w), 1.58(w).
1.55(w).

X-ray Powthr Dijfmctio" Data: (d(A)(/1/0»:
30.0 (w-m), 22.1 (w), 12.36 (rn-vs), 11.03 (rn
s), 8.86 (w-rn), 6.18 (rn-vs), 6 .00 (w-rn), 5.54
(W-ID), 4.92 (w), 4 .64 (w), 4.41 (w-rn), 4 .25
(w), 4.10 (w-s), 4.06 (w-s), 3.91 (rn-vs), 3.75
(w-rn), 3.56 (W-ID), 3.42 (vs), 3.30 (w-m) , 3.20
(w-rn), 3.14 (w-m), 3.07 (w), 2 .99 (w), 2.82
(w) , 2 .78 (w), 2 .68 (w), 2.59 (w) .

Syntbesis

ORGANlC ADDmVES
hexamethyleneimine

Crystallization occurs at 150°C after 5 to 7
days.

Synthesis

P,

A~
j, eo
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MeAPO
(US4,S67 ,029(1986))
Union Carbide Corporation

AI, Me,

MeAPO Fig_ 1: Reaction mixture composition for
MeAPO's (US4,567.019C1986».

"MeAPO" represents the short-hand notation used
to describe the metal aluminosilicates patented
by Union Carbide in 1986 . The "Me" elements
include cobalt (Co). manganese (Mn), magne
sium (M), and zinc (Z). A number placed after

MCM-22
(US4,9S4,32S(1990»)
Mobil Oil Corporation

Rel4Jed Materials: SSZ-25
PSH-3

Structure

ClumkaJ Composition: SilAI at least 10

MCM-2I is prepared from solutions contain
ing phosphoric acid and iron nitrate. Tetrapro
pylammonium hydroxide orquinuclidine is used
as the organic amine additive, and sodium hy
droxide is the inorganic base. Crystallization
occurs after 6 days at 150"C. If other organic
additives such as TMAOH or ethylenediamine
are used, crystallization occurs after 5 days at
200°C.

ORGANIC ADDITIVES
tetrapropylammonium ~

tetramethylammonium'
ethylenediamine
quinuelldine
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MeAPO Fig. 2: Preferred product compositions for MeAPO 's (US4.567.029 (\ 9&6)).

this notation, as for example. in ZAPO-5. in
dicates the alumino phosphate framework topol
ogy. The preferred ranges of compositions (re
action mixture and product) are shown in the
ternary diagrams (MeAPO Figs. 1 and 2).

MeAPS043 (GIS)
SSSC28:103(1986)
Union Carbide Corporation

A metal containing aluminophosphate with the
Gisrnondine topology . (Me = Fe.Mg.Mn.Co
or Zn)

Melanophlogite (MEP)
(natural)

Related Materillls: cubic gas hydrates of
type I

Melanophlogite is a rare silica mineral contain
ing up to 8% occluded organics. This mineral
first was described in 1876 (N. lb. Miner. Mh.
119(1982)). The natural mineral is tetragonal at
room temperature, whereas the synthetic form
is cubic .

MdPophIogIte Fig. IS: Fnuneworlc topology.
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Structure

(2. Kristallogr 164:247(1983))

CHEMlCAL COMPOSITION: 46SiO,-6M 14-2MIl

(M'2 = Ch..N2; MH '" CO l ,N2).
SYMMETRY: cubic
SPACE GROUP: Pm3n
UNIT CELL CONSTANTS (A): a '" /3 .78
DI = 19.0
CAGE TYPE: 2l5'21:6[51l~)

GueSI molecule distribution and population densities for
melanophlogite: results obtained by combination of mass
spectroscopic analysis and refinement crf site occupation
factors and temperature factors of guest molecules
(2 . Kristallogr, 164:247 (1983)) :

Gilest
molecule Popula-

Guest distri - lion
Cage mole- bution e""lcage, e""Jcage. density
type cule [%] calc. expo {%)

Synthesis

ORGANIC GUESTS
N1 • Kr. xe. H,o. CO,. CH.. CHJNH,

(1983)). The CH4 and N2 are thought to be lo
cated in the [512'] cages and Co" and N2 in the
{jI161] cages.

This structure has been prepared in the presence
of methylamine at temperatures between 160
and 200C'C (Ind. 1. Chem . 27a:380(1988» . This
material has been reported to transform to quartz
with grinding (N. lb. Miner. Mh. 119(1982)).
Though the guest molecules are removed before
500°C. the framework is thermally stable at tem
peratures up to IOOODC,

90
59
17

9
12

10
14
22

100
78
22

1512
] CH.

[51'62
) Nl

CO2

X-Ray Powder Diffraction Data: (2. Kristal
/ogr . 164:247(1983» (d(A)(l/lo» (natural)
9.47(3), 6.70(3), 6.00(8), 5.47(6), 4 .238(1),
3.870(7). 3.717(5). 3.579(10). 3.350(1),
3.251(5),3.159(4); (synthetic) 6.71(3), 6.01(80),
5.47(6), 3.87(7), 3.72(5), 3.59(10), 3.26(5),
3.18(4).

Melanophlogite is a clathrate compound that
consists of a three-dimensional framework of
[Si02Jtetrahedra containing trapped small guest
molecules . At room temperature the natural
clathrasil is tetragonal and microtwinned . A dis
placive phase transformation occurs at 65QC.

This transformation is dependent on the locality
from which the samples were obtained.

The host framework consists of tetrahedra
that are comer-linked to give a three-dimen
sional 4-connected net that is isotypic with the
(O~] framework of the cubic gas hydrates. There
are two types of cages per unit cell: two pen
tago ndodecahedra, [5 12l cages. and six tetra
kaidecahedra, [51262] (Z. Kristallogr , 164:247

Atomic parameters for melanophlogite (2. Kristallogr .
164:247 (1983» :

htfrared Spectrum

MUl-infrared VibrllJions em:': 1118(s),
795(w), 456(s) (Zeo. 4:369(1984»

Atom :J Y z

Si(l) 0 0.3098(1) 0.1142(1) MerlinoiU (MER)
Si(2) 0.1826(1) 0.1826{1) 0.1826{Jl (natural)
Si(3) 0.25 0 0.5
0(1) 0.0963(2) 0.2465(2) 0.1360(2) Related MaJeri.als: K-M
0(2) 0 0.4056(2) 0 .1813(2) Linde W
0(3) 0.3423(3) 0 0
0(4) 0.25 0 .25 0.25 A recently discovered mineral (977), mer-
[51261) 0.25 0.5 Q linoite was found in Italy and named in honor
[5'2] 0 0 (J

of Professor Merlino of the University of Pisa .



MerJlJtolte Ftg. 2: TO and DTGA curves of
merlinoite, Heating rate IOOClmio (N . lb . Miner. Mh .
1'117:355(\91'7). (Reproduced with permission of E.
Schweizbart'schc VerlagSDuehhandlung)MerJlnolte Fig. 15: Framework topology.
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Structure

(AZST (1977»

CHEMICAL COMPOSITION: (K,Nah(Ba.Ca)2
(AlsSi2J~)·24H,0

SYMMETRY : orthornombic
SPACE GROUP: Immrn
UNIT CELL CONSTANTS: (A) a = 14.12

b = 14.23
c = 9.95

~: 2.J4(4)glem)
PORE STRUCl1JRE: eight-member rings 5.1 x 3 .4

and 3.1 x 3.5 A

X-Ray Powder Diffradion 1JQUl: (Nat . ZeD.
330 (1985» (d(A)(lIIo» io.ozr 12), 8.15(12),
7.12(90),7.08(88), 5.36(4D),5 .03(35), 4.98(20),
4,48(37), 4.29(28), 4.07(8), 3.655(19), 3.556(5),
3.526(4), 3.336(2), 3.258(44), 3.241(41),
3.226(38), 3.176(100), 2.935(34), 2.770(16),
2.730(27), 2.720(30), 2.670(11), 2.552(16) ,
2. 54O(l2), 2.535(12), 2.507(11), 2.435(8),
2.428(8),2.391(4) ,2.386(3),2.354(2),2.181(6),
2.065(4),2.005(4), 1.977(4).

The structure of merlinoite contains double
eight-member rings joined by four-member rings
in an s-shape configuration along the c direction ,
giving rise to pore openings of 3.1 X 3.512.7
X 3.6 and 3.4 x 5.1/3.3 X 3.3 A. There are
eight framework oxygens around each (K,Ba)

site, and the other three cations (Ca,K,Na) are
in the center of the largest cage, located at the
niche in the "double crankshaft." The structure
is vel)' similar to that of phillipsite, and the
similar X-ray powder diffraction patterns led to
confusion in assignment of structures. The syn
thetic phases K-M and Linde W first were both
identified as phillipsite-type structures, and later
were shown to be more closely associated with
the merlinoite structure (lCS 1956:2882( 1956);
ACS Sym. Ser , 40:30(977» .

Tbermal Properties

The DTA curve shows a broad peak between
20 and 180aC, with peaks also occurring at 215
and 250QC. The total loss in weight for mer
lionite is 15.57%. (N. lb . Miner. Mh.
1977:355(1977».

Mesole (THO)

Obsolete name for thomsonite.

Mesoline (LEV)

Mesoline is an obsolete synonym for levyne.
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Mesolile (NAT)
(naturaJ)

ReWed MaJerUzls: natrolite

Mesolite represents the intermediate member of
the natrolite family of structures, which was
named from the Greek meaning "middle stone"
in J816 (Nat. Zeo . 36(985» .

Structure

(Nat. Zeo. 35(1985))

4.40(3), 4.35(24), 4_20(32), 4.14(16), 3.917(2) ,
3.864(3), 3.373(2), 3.294(4), 3.218(14),
3.163(19), 3.091(7). 3.084(7), 2.975(10),
2.931(16), 2.885(55), 1.857(56), 2.598(2),
2.582(4),2.574(5), 2.568(5), 2.472(8), 2.M3( I),
2.421(9),2.361(2),2.312(4),2.270(3),2.237(4),
2.198(7), 2.178(4), 2.130(2), 2.081(1),
2.069(1),2.044(2),2.022(1),2.000(1), 1.986(1).

Atomic coordinates witb estimated slandard deviations for
rnesolite (Acta CrystlJII08', C42:937 (1986»;

The mesolite structure is completely ordered
with respect to Si/Al, having a similar frame
work topology to natrolite and scolecite with an

CHEMICAL COMPOSITION; Nal6Ca16(A4aSinO:wo)*
64H,O

SPACE GROUP : Fdd2
UNIT CELLCONSTANTS : (A) a = 18.41

b = 56.65
c = 6.55

FRAMEWORK DENSITY: 1.75 glee
PORESTRUcruRE: eight-member rings, 2.6 x 3 .9 A

X-Ray Powder Diffraction Data: (Nat. Zeo.
318(1985» (d(A) (/110)) 6.59(00), 6.12(4),
5.86(38), 5.41(4), 4.72(49), 4.60(29), 4.46(22),

Mtsollte FIg. tS: Framework topology.

Atom

Si(l)
Si(2)
Si(3)
Si(4)
SiCS)
AI(I)
AI(2)
AI(3)
0(1)
0(2)
0(3)
0(4)

0(5)
0(6)
0(7)
0(8)
0(9)
0(10)
0(1 I)
0(12)
0(13)
0(14)
0(15)
No
Ca
OW(I)
OW(2)
OW(3)
OW(4)
H(lI)
H(l2)
H(21)
H(22)
H(3I)
H(32)
H(41)
H(42)

0 .75000
G.15499(2)
0.90188(2)
0.08794(2)
0.00435(2)
0.78689(2)
0.03630(2)
G.95 155(2)
0.76818(5)
0 .02298(5)
0.98498(6)
0.82365(4)
0.07262(4)
0.16644(5)
0 .84335(5)
0.09631(5)
0.88933(5}
0.95568(5)
0.20947(5)
0.02193(5)
0.93735(5)
0 .18020(5)
0.0'7638(5)
0 .96736(3)
0 .22807(1)
0.05347(7)
0.78167(10)
0.20069(8)
0.81793(6)
0.0450(13)
0.0881(14)
0.7773(13)
0.8085(17)
0 .2274(16)
0.1685(14)
0.8072(13)
0.8615(16)

y

0.75000
0 .76532(1)
0 .81979(1)
G.&4688(I )
0.83180(1)
0.78025(1)
0.80211(1)
0 .86233(1)
0 .77289(2)
0 .80800(2)
0.85319(2)
0.80837(1)
0.77385(1)
0.85935(2)
0 .75866(2)
0.92339(2)
0 .84183(2)
0.80062(2)
0.7&462(2)
0.86358(2)
0.82799(2)

0.75695(2)
0.83892(2)
0.76089(1)
0 .92737(1 )
0 .76839(2)
0 .81598(3)
0 .84820(3)
0.85687(2)
0.7813(4}
O.7679(4)
0.8037(5)
0.8232(5)
0 .8560(5)
0 .8438(4)
0.8702(4)
0.8525(5)

ooסס0.0

0.87210(9)
0.65040(9)
0.65213(9)
0.27740(9)
0 .61310(9)
0.892lrl(9)
0.89294(9)
0.86482( 17)
0.15228(17)
0 .12809(18)
0.59682(16)
0.86525(17)
0.67096(18)
0 .51529(18)
O. 79447(17)
0.80185(]7)
0.75319(18)
0 .95950(17)
0.71805(18)
O.43383( 17)

0.64166(17)
0.41273( 17)
0.63172(14)
0.88068(9)
0.37684(22)
0.07685(25)
0.18338(23)
0.36556(28)
0.322(4)
0.420(5)
0.018(5)
0.004(6)
0.247(6)
0.260(5)
0.381(5)
0.359(6)
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Mesollte Fig. 2: The SlIUClUre of mesolite projected along c. symmetry Fdd2 with
tripled b; 2 and 2, only are shown; H,o(3) corresponds (0 lJle circle that appears as the
farthest from Ca . The arrows show the Ca-H10 vector (Nat. Zeo, 39 (1985»).
(Reproduced with permission of Springer Verlag Publishers

Meso.Ilte Fig. 3: DTA CUlVCS for mesolite: (1) original
hydrated samples; (2) rehydrated after evacuation at
300·C; (3) al 400"C; (4) at 6OO"C (Nat , YO . 265
(l9lUl». (Reproduced with permission of Springer Verlag
Publishers)

Thermal Properties

The thermal analysis of mesolite has been found
10 be sample-dependenl. The major dehydration
steps, however, occur at 247, 327, and 397°C.
The peak around 32TC is similar to that of
natrolite and may be related to the loss of water
in the Na-containing channels. The peakat 397"<:

intermediate composition. In mesolite there are
two types of chains, one surrounded by two Na
and two Ca channels and the second surrounded
by one Na and three Ca channels. This structure
separates mesolite from natrolite or scolecite,
as there is a large difference in the T-0-T an
gles between these three structure. The distor
tion is most evident in the angles associated with
o atoms bridging two adjacent chains. The Si(3)
()(4)-A1(l). Si(2)-O(5)-Al(2), and Si(4)...Q(6)
AI(3) angles are similar to those of scolecite.

Each Na channel has twice the number of
cations as a Ca-containing channel in this struc
ture . The sodium cations coordinate to four
framework oxygen atoms on one side of the
tetrahedral spiral forming the channel and to two
water molecules. Each water is shared by two
adjacent Na atoms along the channel, causing
the Na coordination polyderon to become a dis
torted trigonal prism . The Ca cations also are
coordinated to four framework 0 atoms of the
silicate, but are slightly more centered in the
channel than the Na cations. This arrangement
produces four similar Ca-Q distances instead of
the two long, two short distances around the Na
cation.

OTA

100 300
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'2

I !

500
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may correspond to the loss of the two remaining
water molecules in the Ca-containing channels
(Acta Crystallogr. C42:937(1986)).

Infrared Spectrum

Ion Excbange

No exchange is observed with Na- or Ca-con
raining solutions. but high exchange has been
observed with fused salts (l80-270"C) for Na,
K, Li, NH4 , Ag , and Tl). Upon exchange, com
plete removal of Na occurs, but only partial

Vibrational spectra of mesolite (Cryst. Res. Technol. 18:1045 (l983)):

Type of spectrum

Type of vibration
FIR
em?

REF
ern" Rem-I

Bending 0-T-O 420W

"Pore opening" oxygen 520 W
translation mode of 380VW 370VW

lattice
320 VW 330 VW

310 VW
Ca"'() 280 VW

205M

Na-O I80VW
160W

Complex Ca-H,O 105M

Complex NIl-H,O lJOVW
optical mode of lattice 110 M

52VW

Anosymrnetric +
symmetric

stret, O-H

Combination band H,O

Bending H,O
external vibrations
between TO.
antisymmetric steel. T...()

Symmelric stret. T...()

3620 VS

3520 VS
3420 VS
3250 S
2520 VW
1640 M

1410 M
1020S
960 vs

750VW
710VW

1620 W

1105 M 1100 VW
1070W 1080 VW
1020 M 10lOW
9&OW 990M
940 W %OW
900W 9JOW

860W
805 VW 805 W
715 W now
690W 720 VW

700 VW
680 W

420M 480 VW
4{)5M 460M

405 S
640W

360 M 360VW

J4(J W 340 VW
315 VW 330W

290VW
260W
240W
ISO VW

105 VW
90W

148 w
70 W

50 W

IR-infrared absorption specrra; REF-iofrarcd reliectAncc spectre; R-Rarnan 8Cat1eri118 &pec=; VS-very strong: W_calc; vw
very weak;S---strong: M-mtdiwn; W-weal<; l'lR-f.... infraJ'e4 ahoolpriOD spcctnl.
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3000

Mesolite

500 300

Mesollte Flg. 4: Infrared spectrum of mesolire (NaJ . Zeo, 347 (1985)). (Reproduced with permission of Springer
Verlag Publishers)

exchange of the calcium ions is noted (Miner.
Mag. 23:421(1933») .

Mesotype (NAT)
Obsolete synonym used in early papers to de
scribe natrolite.

aluminophosphate mineral, metavariscite oc
curs as fine microcrystals in cavities of variscite
and has been found in deposits in Utah , Nevada,
and Pacific Ocean islands (Phosphate Minerals
74(1984)) .

Metaheulandite 11
Metabeulandite II was coined for the first tran
sition of beulandite, which is observed as the
heulandite structure contracts by 8%. This also
was called the heulandite B phase. This con 
traction occurs at 230aC (Nat. Zeo. 267(1985».

M etanatrolite

Metanatrolite was the name given in 1890 to
describe dehydrated natrolite (Nat . Zeo. 36
(1985».

Metavariscite
(natural)

Related Materials: lucinite

Metavariscite, which is dimorphous with var-
iscite, first was reported in 1925. A natural Metavarlsdte Fig. IS: Framework topology.
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Structure

(Acta Crystallogr. B29:2292(1973»

CHEMICAL COMPOSmON : AU'O.*2H,O
SYMMETRY: monoclinic
SPACE GROUP: P2./n
UNIT CELL CONSTANTS (A): a '" 5.178(2)

b '" 9.514(2)
c = 8.454(2)

J3 = 90.35°
DENSITY: (measured) 2.54

down-down-up-down-down (or boat) confor
mation . The two waters coordinate the alumi
num in cis-positions and donate two short and
two longer hydrogen bonds to the phosphate
oxygens. Noneof these hydrogen bonds is along
the octahedron edge . Both waters are true H20

species and are not coordinated to the structure
as OH- or H30+ species (Acta Crystallogr .
B29:2292(1973» .

X-Ray Powder Diffraction Daia: (from au-
Atomic Parameters for metavariscite (Acta Crystallogr,

thor) (synthetic) (dCA) (11/0» 6.3O(m), 4.78(5),
B29:2292 (1973) :

4.55(s), 4.43(w), 4.23(s), 4.01(w). 3.50(5), x y z

3.24(w), 3.10(w). 2.70(vs), 2.57(w), 2.50(m), Al O.40)()9(9) 0.32545(5) O.30626(5}

2,42(w), 2.39(w), 2.28(mw), 2.20(m), 2.16(w), P -0.09105(8) 0.14683(4} 0.18371(4)

2.094(w). 2.060(w), 2.002(w), 1.950(5),
01 0.16505(22) 0.1790l(11) 0.27036(13)
02 -0.09291(23) 0.21677(121 0.02094(13)

1.925(w), 1.853(w). 1.8 lO(w), 1.780(w) . 03 -0.31481(22} 0.20439(12) 0.28127(13}
1.758(w), 1.733(w), 1.71O(m), 1.662(w), 04 -0.11458(21) -0.01392(11) O. 17117(13)

1.637(w). 1.620(w), 1.582(w). I.530(w), OWl 0.40410(30) 0.44767(15) 0.32202(18)

1.51O(w), 1.484(m) . om 0.40410(31) 0.36239(14} 0.07903(15)

The metavariscite structure is composed of HII 0.139(5) 0.530(3) 0.288(4)

P04 tetrahedra that share vertices with four HI2 -0.037(7) 0.432(3) 0.331(5)

AJ0 4(OH2h octahedra and form six-member T-
H21 0.274(7) 0.334(S} 0.023(4)
H22 0.539(8} 0.369(5) 0.023(41

atom rings. The sequence of linkages is an up-

.~
c..
E

2.00 10.00 20 .00 30.00

DEGREES TWO THETA

40.00

MetavDrl5cite Fig . 2: X-ray powder diffraction pattern of rnetaveriscite . (Reproduced with permission of B.
Duncan. Georgia Tech)
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Metavarisdte Fig. 3 : TGA(10p)IDTAlbOttom) of metavariscite run in air. (Reproduced with permission of B.
Duncan, Georgia Tech)
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Synthesis

ORGANIC ADDTnVES
none

Synthetic metavariscite is prepared from re
active mixtures containing a P20 s/AI20 3 ratio
of 2.73. It crystallizes with or without the pres
ence of potassium in the crystallization mixture.
Metavariscite is prepared in pure form with rel
ative ease after 1.5 bours at Joo-c. It also occurs
with other AlP0 4 hydrate phases including AlPG.1

HI, -H2, -H3. and -H4, as well as variscite. In
the presence of organic additives, the temper
ature generally will dictate which structure is
formed, with metavariscite being observed at
temperatures below 1250 (Bull. Chem. Soc. Fr.
1762(1961); from author).

Thermal Properties

Metavariscite reversibly transforms at room
temperature upon dehydration over the desic
cant P205 to AlP04-A, or upon thermal treat
ment to between 70 and 120°C. With further
beating, AIP04-A transforms to tridymite (Bull.
Chem . Soc. Fr. 1762(1961».

Infrared Spectrum

MgAPSO
(EP 158,348(1985))
Union Carbide Corporation

MgAPSO molecular sieves represent the mag
nesium silicoaJuminophosphate molecular sieves.

MgAPSO-S (AFI)
(EP 158,348(1985))
Union Carbide Corporation

Related Mauriols: AJP04-5

Structure

Clu!mit:a1 Composition: magnesium silicoal
uminophosphate. See MgAPSO.

X-Ray Powder Diffraction Pattern: (d(A)
(lila» 12.28-11.95 (69-100), 7.()()-...6.86
(8-12), 6.07-5.93 (15-35), 4.5&-4.48 (38--73),
4.26--4.21 (sh-IOO), 4.013-3.969 (48-100),
3.648-3.583 (0-14), 3.480-3.434 (23-44),
3.110-3.069 (12-20), 3.013-2.964 (15-21),
2.683-2.656 (2-11), 2.622-2.589 (11-19),
2.455-2.430 (0-4), 2.405-2.380 (5-11), 2.222
2.217(0-1),2.196--2.171 (0-3),2.159-2.132
(3-4), 2.122-2.101 (0-3), 2.094-2.080 (0-2),
2.032-2.015(0-2),2.002-1.989 (0-2), 1.969
1.959 (0-1), 1.926-1.905 (4-6), 1.811(0-1),
1.794-1.787(0-3), 1.771-1.762 (0-4), 1.752
1.746 (0-1), 1.664-1.648 (0-4).

100

eo

2l>OO "'00 ,_ '000 1:200 \ 000 (CIol') aoo _ .... 2IlO
oL-_---'-__--'-----_ ----'-_ _ ---'---_----'-_---'-_---'-_---J.- -L----'------ -'------'-------'
.cooo

MetaVlll'bdte FIg. 4: Infrared spectrum of metavariscite, (Reproduced with permission of B. Duncan, Georgia
Tech)



MgAPSO Fig. 1: Preferred composition field for the MgAPSO molecular sieves (EP 158,34S
(J98S)).

MgAPSO Flg. Z: Crystalllzatlon field for !he reactive gels that produce the MgAPSO molecular
sieves (EP 158,348 (1985). ' 323
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The MgAPSO-5 structure exhibits properties
characteristic of a large-pore molecular sieve.
See AIP04-5 for a description of the framework:
topology.

Synthesis

ORGANIC ADDITIVES
tripropylamine
tetrapropyJammonium·
di-n-propylarnlne
diethylethanolamine
isopropylamine
tetraethylammonium ~

tetrabutylammonium +

cyclohexylarnine

MgAPS0-5 crystallizes from a reactive gel
with a molar oxide ratio range as shown for
MgAPSO. Crystallization occurs over a range
of times, but generally begins after 40 hours.
This structure occurs in the temperature range
of 150 to 200°C, depending on the organic ad
ditive utilized . Co-crystallizing phases with
MgAPSO-5 include MgAPSO-26, -47, -II,
-39, -34, and -44.

Adsorption

Adsorption properties of MgAPSO-S:

Kinetic
diameter. Pressure. Temp.• WI. %

Adsorbate A Torr ·C adsorbed"

O2 3 .46 99 -183 /3 .2
Ch 749 -183 15.5
Cyclohexane 6.00 57 23.4 7.9
Neopentane 6.2 100 23.4 5.0
H2O 2.65 4.6 23.2 16.0
H2O 16.S 23.5 21.3

"Calcined ;" oil to 6()(fC (or 2.25 hr.

MgAPSO-ll (AEL)
(EP 158,348(1985»
Union Carbide Corporation

Related Materiah: AlP04-11

Structure

Chemical Composition: magnesium silicoal
uminophosphate. See MgAPSO.

X·Ray Powder Diffraction Data: (d(A) (1//0»
11.33-10.85(sh-35), 9.83-9.21(6-60), 6.86
6.71(sh-22), 5.75-5.57(sh-30), 5.56-5.42
(sh-3). 4.75-4.65(0-4), 4.44--4.33(sb-38),
4.27-4.19(100), 4.040-3.969(sh-72) , 3.969
3.900(sh-90), 3.900-3.850(21-48), 3.810(0
4), 3.648-3.576(0-9), 3.401-3.339(0-21),
3.143-3.100(sh-17), 3.048-3.028(0-6), 3.01 S
2.979(0-17), 2.867-2.823(0-15) . 2.763
2.730(0-18), 2.652-2.600(9-13), 2.515(0-3),
2.488-2.442(0-11), 2.398-2.374(0-17), 2.301
2.276(0-3), 2.241-2.214(0-1), 2.191-2.181(0
1), 2.16J-2. 146(0-4), 2.113-2.094(0-5),2.036
2.019(0-4), 1.814-1.801(0-3), L.687-1.681
(0-3) .

MgAPSO-11 exhibits properties of a me
dium-pore molecular sieve . See AlP04-11 for a
description of the topology.

Synthesis

ORGANlC ADDmVES
di-n-propylemine
diisopropylamioe

MgAPSO-11 crystallizes from a reactive gel
with a composition in the range shown for
MgAPSO. Crystallization generally occurs be
tween ISO and 200°C. Crystals begin to fonn
after 40 hours or longer. Common co-crystal
lizing phases include MgAPSO-5 , -33 , -34 ,
-39, and -46.

MgAPSO-16 (AST)
(EP 158,348(1985)
Union Carbide Corporation

Related Materiah: AIP04-16

Structure

Chemreal Composition: magnesium silicoal
uminophosphate, See MgAPSO.



X-Ray Powder Diffraction Dauu (d(A) (1110»
7.76-7.69(sh-64). 4.75-4.72(10---45). 4 .07
4.00(100), 3.900-3.81805-26), 3.332-3.267
(16-40).3 .084- 3.079(sh- 17) , 3.008-2.988(9
45). 2.730---2 .96B(sh-3). 2.592-2.573(4-10),
2.380-2 .368(4-7). 2.287-2.256(2-5). 2.044
2.036(2-10), 1.876-1.873(7-10), 1.746
1.743(1-2) .

MgAPSO-16 exhibits properties character
istic of a very small-pore material.

Synthesis

MgAPSO-34 (CHA) 325

MgAPSO-20 crystallizes from a reactive gel
within a molar oxide range as shown for
MgAPSO . Crystallization begins after 18 hours
at temperatures between 100 and 200°C.

Adsorption

Adsorption properties of MgAPSO·20:

Kinetic
diameter, Pressure, Temp ., WI. %

Adsorbate A Torr "C adsorbed"

ORGANIC ADDITIVES
qoinuclidine

3.46 99
750

2.65 4.6
16.8

-183
- 183

23.2
23.5

0.8
2.7

16.5
19.9

MgAPS0-16 crystallizes from a reactive gel
within the molar composition range shown for
MgAPSO. Crystallization generally begins after
48 hours at temperatures ranging between J50
and 200°C. MgAPSO-35 is a common co-crys
tallizing phase in this system.

MgAPSO.20 (SOD)
(EP 158,348(1985»
Union Carbide Corporation

RelaJed Materials: AlP04 -20
sodalite

Structure

Chemical Composition: magnesium silicoal
urninophosphate. See MgAPSO.

X-Ray Powder Diffraction Data: (d(A)
(1//0» 6.42-6.23(42-100). 4.55-4.41 (22-43),
4.050-3.964(3-7), 3 .695-3.603(56-100).
3.198-3.121 (11-15), 2.861-2 .791(10---12).
2.610---2.60100---16). 2.417-2.408(1-2). 2.260
2.253(3-4). 2.130-2.124(5). 1.927-1.921(4
5), J.772-1.768(8) .

MgAPS0-20 exhibits properties character
istic of a very small-pore material.

Synthesis

ORGANIC ADDITIVES
tetramethylammonium ~

'CAlcined in air 10 600"C (or 1.$ hr.

MgAPSO-34 (CHA)
(EP 158,348(1985»
Union Carbide Corporation

Related Materials: chabazite
AlP04-34

Structure

Chemical Composition: magnesium silico
aluminophosphate. See MgAPSO .

X-Ray Powder Diffraction Data: (d(A) (IlIa»
(as synthesized) 9.32(100), 6 .91(15). 6.30(15) ,
5.55(52),4.94(21),4.32(92),4.002(4).3.864(5),
3.540(23), 3.455(18), 3.243(3), 3.151(4).
3.029(4) , 2.932(33), 2.866(22). 2.833(5*),
2.775(2),2.611(7),2.332(2).2.480(8),2.277(4),
2.100(3), 1.915(4). 1.862(6). 1.795(4), 1.727(4),
1.684(2), 1.649(4); (after 500°C calcination)
9.12(100),6.76(22),6.24(1),5.44(15),4.90(10),
4.60(3), 4.24(31), 4. t1(sh). 3.969(3), 3.809(3),
3.513(11), 3.389(10). 3.132(4), 2.979(sh) ,
2.885(23). 2.652(2), 2.564(3). 2.455(1),
2.071(1).1.845(2),1.781(2).1.752(1),1.725(1),
1.698(2) (*indicates impurity peak).

MgAPSO-34 exhibits properties character
istic of a small-pore molecular sieve.



326 MgAPSG-35 (LEV)

Synthesis

ORGANIC ADDfnVES
diisopropylamine
tetraethylammooium •

MgAPSO-34 crystallizes from the range of
gel compositions outlined for MgAPSO. Crys
tallization occurs after 40hours at temperatures
ranging between 100 and 200°C. Other molec
ular sieve phases observed in this system include
MgAPSO-5 and -11.

Adsorption

Adsorption properties of MgAPSO-34:

Kinetic
diameter, Pressure. Temp.. WI. %

Adsorbate A TOrT 'C adsorbed-

0, 3 .46 100 - )83 21.7
O2 734 -183 33.6
lsobutane 5.00 300 23 1.3
n-HelUllle 4.3 5\ 24 10.4
H2O 2.65 4.6 23 27.1
M 18.5 24 32.9

·Calcine<! in air to 600"C f&r 1.5 br .

MgAPSO-35 (LEV)
(EP 158,348(1985))
Union Carbide Corporation

Related MaJeri4ls: Ievyne

Structure

Chemkal Composition: magnesium silico
aluminophosphate. See MgAPSO.

X.Ray Powder Diffraction Pattern: (d(ft..) (II
Jo)) 10.65-10.0500-21), 8.35-7.97(36-100),
6.76-7.46(17-100), 5.64-5.54(0-9), 5.22
5.04(25-80), 5.01-4.98(o-sh), 4.31-4.19(sh
54),4.11-4.00(40-100),3.867-3.754(sh-27),
3.619-3.534(5-8), 3.453-3.376(0-8), 3.351
3.267(10-16), 3.290(sh-1O), 3.175-3.100
(24-44), 3.089-3.008(5-23), 2.844-2.840
(sh-7), 2.805-2.763(19-37), 2.763-2.739(sh),
2.629-2.585(5-9), 2.522-2.488(0-4), 2.404
2.368(0-6), 2.287-2.259(0-4), 2.212-2.206(0-

1),2.166-2.141(0-5),2.132-2.118(0-6),2.036
2.023(0-7), 2.014-2 .010(0-1), 1.914-1.907(0
2), 1.888-1 .873(0-4), 1.870-1.859(0-4), 1.848
1.834(0-5), 1.797-1.774(<J-7), 1.664-1.653
(0-4).

MgAPSO-35 exhibits properties character
istic of a small-pore Ievyne molecular sieve.

Synthesis

ORGANIC ADDITIVES
quinuclidine
methylquinuclidine

MgAPSO-35 crystallizes from reactive gels
in the range of compositions shown for Mg
APSQ. Crystallization occurs after 40 hours at
temperatures ranging between 150 and 200°C.
MgAPSO-16 is a common co-crystallizing phase
when quinuclidine is used as the organic addi
tive.

Adsorption

Adsorption properties of MgAPSO-35:

Kinetic
diameter, Pressure. Ternp., WI. %

Adsorbate A Torr "C adsorbed*

O2 3.46 100 -183 6.7
O2 734 -183 9.2
lsobutane 5.0 100 24 0.3
a-Hexane 4.3 5\ 24 \.I
H2O 2.65 4.6 23 11.5
H2O 19.5 23 17.7

·C,!Icine<! in nitrogen at SOO"C for 2 hr.

Adsorption properties of MgAPSO.35:

Kinelic
diameter. Pressure, Temp. , WI. %

Adsorbate A TOrT "C adsorbed"

O2 3.46 100 -183 11.2
O2 744 -\83 14.0
Isobutane 5.0 \00 22.8 0.2
n-Hexane 4.3 49 22.3 5.7

H2O 2.65 4.6 23.\ 16.1
H,o 17.8 22.9 20.5

·CaJcitted in air at 500'C fo' 6.7 hr.



The adsorption data indicated incomplete re
moval of the organic with nitrogen calcination.

MgAPSO-36 (ATS)
(EP 158,348(1985))
Union Carbide Corporation

RelaUd Materials: other metal-substituted
alurninophosphate
molecular sieves

Structure

Chemical Composition: magnesium silicoal
uminophosphate. See MgAPSO.

X-Ray Powder Diffraction Pattern: (d(A) (//
10» 11.3-11.05(100), lO.92-1O.78(o-sh) ,
6.58(6-8), 5.64-5. 57(sh), 5.44-5.37(24-31),
4.70-4.60(38-41), 4.29-4 .27(25-49), 4.23
(o-sh) , 4 .12-4.08(sh), 4.077-4.058(sh),
3.978(25-42), 3.900-3.867(sh) , 3.739-3 .723(5
9), 3.290-3.278(14-16), 3.178-3.148(7-10),
3.100-3.069(10-12), 2.988-2.969(3-7). 2.814
2.797(8-11) .2.714-2.6980-3),2.592-2.564(7
16), 2.515-2.495(3-4), 2.392-2.386(2-3),
2.293-2.2810), 2.249-2.238(2-3), 2.186(4),
2.103-21.080(1-2), 2.060-2.045(1 -2), 2.006
1.998(1), 1.949(0-1), 1.922-1.910(3) , 1.867(0
I), 1.787-1 .784(1-2), 1.707(0-2), 1.661
1.656(1-3).

MgAPSO-36 exhibits properties character
istic of a large-pore molecular sieve .

Synthesis

ORGANIC ADDITIVES
tri propylamine
tetrapropylammonium"

MgAPSO-36 crystallizes from reactive gels
within the composition range given for Mg
APSO. Crystallization occurs between 150 and
200°C after a minimum of 48 hours at these
temperatures. MgAPSO-5 is a common co-crys
tallizing phase.

MgAPSO-39 (ATN) 327

Adsorption

Adsorption properties of MgAPSO-36:

Kinetic
diameter, Pressure, Temp., WI. %

Adsorbate A Torr ~C adsorbed"

O2 3.46 100 -183 12.9
0, 734 -183 15.4
lsobutane 5.0 100 24 5.2
Cyclohexane 6.0 59 23.7 9.0
Noopenlane 6.2 100 24.S 5.5

H~ 2.65 4.6 23 16.8
H2O 20 23.6 23.5

-Calcined In nitrogen at 500-c for 2 hr and in a" at 6OO"C (or an
addilional 2 hr .

MgAPSO..J9 (ATN)
(EP 158,348(1985»
Union Carbide Corporation

Related Materiols: A1P04-39

Structure

Chemical Composition: magnesium silicoal
uminophosphate. See MgAPSO .

X-Ray Powder Diffraction Pattern: (d(A)
(1110») 9.61-9.21(20-53), 6.76-6.56(25-53),
4.98-4.85(23-34), 4.27-4.17(70--100), 4.0Q4.
3.900(97-l00), 3 .326-3.296(3-4), 3.191
3.175(0-4), 3.121-3.IOO(sh-17), 3.038-2.998
(13-20), 2.979-2 .950(17-29), 2.763-2.740(10
16), 2.644-2 .622(sh-II), 2.448-2.439(0-2),
2.380-2.362(5-9), 2.217-2.201(0-5), 2.L03
2.085(0-2), 2.014(0-1), 1.966-1.961(0-2),
1.926-1 .922(0-1), 1.877-1.864{4-5), 1.859
1.84l(0-3) , 1.791-L718(3-5), 1.755-\.746(0
4), l.692-1.681(0-2) .

MgAPSO-39 exhibits properties consistant
with those of a small-pore molecular sieve. See
MAPO-39 for a description of the framework
topology.

Synthesis

ORGANIC ADDITIVES
di-a-propylarnine
dlisoprepylamine
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MgAPSO-39 crystallizes from a reactive gel
in a composition range shown for MgAPSO.
Crystallization begins after 48 hours in a range
of temperatures between 150 and 200°C. Co
crystallizing phases include MgAPSO-5, -11,
-31, and -46.

MgAPS0-43 (GIS)
(EP 158,348(1985»
Union Carbide Corporation

Related Mauriols: gisrnondine

Structure

Chemical Compositilm: magnesium silicoal
uminophosphate . See MgAPSO.

X-Ray Powder Diffraction Pattern: (d(A)
(1110» 7.20-6.83(35-100),5.85-5 .37(2-4),5.13
5.09(12), 4.51-4.47(3---5), 4.15-4.12(49-100),
3.653 -3.635(2), 3.336-3.319(7-9), 3.232
3.215(39-50), 3.182-3.16508-25), 3.126
3.107(5--6),2.710-2.699(8-12),2.510-2.502(3
4), 1.997-1.991(3), 1.788-1.785(4), 1.759
1.750(1-2), 1.728-1.725(3-4), 1.707-1.700(2).

MgAPS0-43 exhibits properties character
istic of a small-pore molecular sieve.

Synthesis

ORGANIC ADDITIVES
di·n ·propyhunine

MgAPS0-43 crystallizes from a reactive gel
within the composition range shown for Mg
APSO. Crystallization occurs when catapal is
used as the source of aluminum at temperatures
of 150°Cafter] 22 hours. MgAPSO-46 is a com
mon co-crystallizing phase in this system.

MgAPSO-44 (eRA)
(EP 158,348(1985»
Union Carbide Corporation

Relmed Malerinls: chabazite
SAPO-44

Structure

Clumical Comporilion: magnesium silicoal
uminophosphate. See MgAPSO.

X-Ray Powder DiffTadion Pattern: (d(A) (1/
10» 9.61-9.37(100), 6.92--6.81(11-35*), 6.51
6.33(2-4), 6.11--6.07(0--5), 5.57-5.50(20-36),
5.16-4.93(7), 4.72-4.67(7-53), 4.33-4.28(58
100), 4.1~.08(Q-18), 3.986-3.934{sh), 3.867
3.817(8), 3.663-3.562(17-58*), 3.453-3.406
(10-18*), 3.243-3 .209( 1-12), 3.175(0-3),
3.018-2.998(Q-sh), 3 .008-2.931(4-15*), 2.931
2.885(16-48), 2.849-2.831(sh-l), 2.780
2.755(1-5), 2.739-2. 698(sh-3) , 3.578(0--1),
2.543-2.495(3--6) , 2.442(0-1), 2.344-2.338(0
I), 2.309-2.304(Q-l), 2.276-2.254(Q-1), 2.151
2.141(0--6*), 2.090-2.076(0-2), 1.953(0-1) ,
1.929-1.914(0-5), 1.895-1.888(0-8*), 1.877
1.866(0--5),1.824-1.797(4-10) ,1.771-1.765(0
1),1.728-1.704(4-10),1.689-1.681(0-2) ("'peak
may contain impurity).

MgAPSO-44 exhibits properties character
istic of a small-pore cbabazite-type molecular
sieve.

Syntbesis

ORGANIC ADDITIVE
cyclohexylamine

MgAPSO-44 crystallizes from a reactive gel
within the composition range shown for Mg
APSO. Crystallization occurs after 40 hours at
150 to 200°C. MgAPSO-5 is a common phase,
co-crystallizing with MgAPSO-44.

MgAPS0-46 (AFS)
(EP 158,348(1985»
Union Carbide Corporation

RelaUd Materitzls: other metal-substituted
aJuminophosphate
molecular sieves
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X-Ray Powder DiffrlUtion Ptutem: (d(A)
(//10) ) 13.44(3) , J1.48(100),8.76«1),7.15(2),
6.71(2), 6.44(3), 5.95(1), 5.79(2), 5.33(3),
5.10« 0,4.48(1),4.34(4) , 4.29(sh), 4.13(12),
3.906(6), 3.682(3), 3.534«1), 3.320(4),
3.219(3),3.163(2),3 .109(4),3.000(1),2.873(2),
2.823(< I), 2.722« I), 2.622(1), 2.505(2),
2.462«1), 2.417«1), 2.344«1), 2.276«1),
2.201«1), 2.141«1), 2.062(1), 1.977«1),
1.914«1). 1.845«1), 1.821«1), 1.778«1),
1.752«1).

MgAPS0-46 contains a 12-member ring pore
system with interconnecting eight-member rings
(SSSC 37:269(988) .

MgAPSO-46 Fig. IS: Framework topology . Refined parameters for the framework atoms of MgAPSO
46 (SSSC 37:269 1998)):

Atom' .r ) . z B (A 2)

PI 0 .66667 0.33333 0 .06039 1.22
P2 0.19862 0.18082 O. JJ 165 1.62
P3 0 .46965 0.10767 0.19050 1.02
P4 0.20093 0.96592 0.30722 1.73
PS 0 .46960 0 .31952 0.36555 1.16
P6 o.ooeoo o.ooooo 0.43771 1.60
All o.ocooo o.ooooo 0.06457 1.55
AI2 0 .46967 0.31 S84 0 .13168 2.55

tcontinued}

2420181284 28 DEGREES 36 40
28

MgAPSQ..46 Fig. 2: X·ray powder diffraction pattern for MgAP50-46 (Abstracts,
BU Meeting. 1989).

Structure

.~
<:
u

oS

CHEMICAL COMPOSmON: See MgAPSO.
SPACE GROUl>: P3c1
UNIT CELL CONSTANTS: CAl a = 13.2251

b = \3 .2251
c = 26.89U
'Y = 120

UNIT CELL VOLUME: 4080 Al
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Atom' .{ y B (A')
MgAPS0-47 (CHA)
(EP lS8,348(l98S)

AJJ 0.19875 0.96524 0 .18925 1.04
Union Carbide Corporation

A14 0.46726 0.11576 0 .30775 1.42 Rel4ted Materials: chabazite
AI5 0 .19352 0.17290 0.36246 \.46
Al6 0.66667 0.33333 0.43950 1.39 Structure
012 0.9846 0.1174 0.5852 1.75
016 OOסס.0 OOסס.0 0.9957 2.49 Chemical Composition: magnesium silicoal-
021 0.6875 0.2336 0.0819 1.36
022 0.7350 0.0649 0.1160 1.02 uminophosphate, See MgAPSO.

023' 0.9192 0.4727 0.1661 2.29 X-Ray Powder Diffrm:tion Pattern: (d(A) (II
023 0 .7826 0.2713 0.1759 1.91
032 0.1515 0 .2587 0.1616 2.65 Jo» 9.29(100), 6.84(9), 6.36(5), 5.52(22) ,

032' 0 .1910 0 .0927 0.1748 1.96 5 .03(9), 4.66(2), 4 .30(53) , 4.06(7), 3.961(2),
033 0.3389 0.9936 0.1796 2.58 3.859(7), 3.598(21), 3.432(12), 3.222(5),
034 0 .1638 0.2199 0.7555 3.21 3.190(3), 3.126(1*), 3.022(3). 2.919(21),
043 0.8976 0.5052 0.7477 1.74 2.893(sh), 2.837(2), 2.763(1), 2.695(2),
044 0.3218 0.0036 0.3158 1.95
045 0.5189 0.4365 0.3483 1.15

2.597(4),2.567(1),2.510(3),2.338(2),2.305(1),

045' 0.4884 0.2442 0.3316 2.&5 2.270(2), 2.126(2), 1.085(1), 1.907(2), 1.870(4),
054 0.1405 0.2616 0.3398 1.76 1.810(3),1.768(1), 1.745(1),1.719(2),1.695(1),
054' 0 .1867 0.0777 0.3187 2.29 1.681(1),1.645(2) (*impurity peak).
055 0.7279 0.0750 0.3741 2.09
056 0.9997 0.8889 0.4222 2.66 MgAPS0-47 exhibits properties character-
061 0.6666 0.3333 0 .0081 2.85 istic of a small-pore chabazite-type molecular
065 0.7979 0.4676 0.4151 2.54 sieve.

Synthesis Synthesis

ORGANIC ADDITIVE ORGANIC ADDJTIVE

di-s-propylamlne diethyleihanolamine

MgAPS0-46 crystallizes from a reactive gel
within the composition range shown for Mg
APSO. Crystallization occurs after 122 hours at
150°C, and MgAPS0-43 appear as a co-crys
tallized phase in this system.

Adsorption

Adsorption properties of MgAPS0-46:

Kinetic
diameter, Pressure. Ternp. , WI. %

Adsorbate A TOrT "C adsorbed"

MgAPS0-47 crystallizes from a reactive gel
within the composition range shown for Mg
APSO . Crystallization occurs at l00"C after 22
hours, and MgAPSO-5 is a common impurity
in this system. Ludox is used as the source of
silica and catapal as the source of aluminum.

Adsorption

Adsorption properties of MgAPS0-47:

Kinetic
diameter, Pressure. Temp., Wt%

Adsorbate A TOll" ·C adsorbed-

0 1 3.46 100 -183 20.7
0 1 734 -183 24 .7 0, 3.46 99 -183 14.1

Neopentane 6.2 100 24.5 8.4 o. 725 -183 29.2

Isobutane 5.0 100 24 7 .8 lsobutane 5.0 100 22.8 0.2

Cyclohexane 6 .0 59 23.7 11.9 n-Hexane 4 .3 49 23 .3 4.2

H,O 2 .65 4.6 23 22 .0 H,O 2 .65 4.6 23.1 18.5

~O 20.0 23 27.4 H,O 17.8 22.9 28 .7

"Cxlcined in nitrogen at SOO"C for \.75 hr. -"CaJeincd in air at 5000 for 1.75 hr .
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-Typical amounl adsorbed.

Synthesis

ORGANIC ADDmVES
diisopropylamine
di-a-prnpylarnine

MnAPO-ll (AEL)
(US4,567,029(1986»
Union Carbide Corporation

Re/QUd MaJerials: AIP04-11

7.9
13.3
26.S

Wt%
adsorbed-

24
23
23

Temp.,
·C

710
2.65 4.3

20.6

Kinetic
diameter, Pressure,

A TorrAdsorbate

Structure

Chemkal Composiuon: manganese alurni
nophosphate. See XAPO.

X-Ray Powder Diffraction Data: (d(A) (1/10»)
11.05(41),9.51(56). 6.81(27), 5.68(43), 5.47(6),
4.70(9),4.40(57),4 .21(63),4.04(49), 3.97(4(»,
3.93(50),3 .87(100),3.66(9),3 .62(14),3.39(35),
3.18(10),3.\2(25),3.04(9),2.849(9),2.747(25),
2.629(11), 2.481(8), 2.392(11), 2.298(5),
2.113(5), 2.032(8), \ .804(6), 1.687(5).

MnAPO-11 exhibits properties characteristic
of a medium-pore molecular sieve . For a de
tailed description of the framework topology of
MnAPO-l1 see AIP04-11.

Neopentane

H~

H,o

Synthesis

Structure

Chemical Compotition: manganese alumi
nopnosphate . See XAPO.

X-Ray Powder Diffraction Data: (d(A) (11/0 ))

12.11(100), 6.86(110), 5.99(33), 4.53(47),
4.25(32), 3.99(57), 3.62(5), 3.45(27), 3.09(11),
2.99( 19), 2.681(4), 2.614(15), 2.442(3),
2.398(7), 1.918(4) .

MnAPO-5 exhibits properties characteristic
of a large-pore molecular sieve. For a detailed
description of the framework topology of
MnAPO-5 see AIP04 -5.

Adsorption

MnAPO-S (AFI)
(US4,S67,029(1986)
Union Carbide Corporation

Re/QUd MaJerillIs: AIP04-5

ORGANlC ADDITIVES
tetraethylammonium •
diethylethanolarnine
tripropylamine
diisopropylamine

MnAPO-5 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0
R : 0.167 MnO : 0.917 AI203 : PP.1 : 0.33
CH3COOH : 5.5 C3H10H: 45 H20. Manganese
acetate or manganese sulfate is an effective source
of manganese, and hydrated alum ina or alu
minum isopropoxide is the source of aluminum.
Crystallization occurs readily after 24 hours at
temperatures between 150 and 200°C.

Adsorption properties of MnAPSO-5:

Adsorbate

Kinetic
diameter . Pressure,

A Torr

3.46 100
750

6.2 12

Temp.,
OC

-183
-183

2A

Wt'll>
adsorbed*

14.1
19.6
6.5

MnAPa-11 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0
R : 0.4 MnO : 0.8 AI20 3 : P20~ : 0.8 CH3COOH

: 50 H20 . Manganese acetate or manganese sul
fate is an effective source of manganese, and
hydrated alumina or aluminum isopropoxide is
the source of aluminum. Crystallization occurs
readily after 24 hours at temperatures between
ISO and 200°C.
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MnAPO-16 (AST)
(US4,567,029(1986»
Union Carbide Corporation

Related Materials: AIP04-16

Structure

CMmical Composition: manganese alumi
nophosphate . See XAPO.

X-Ray Powder Diffraction Data: (d(A) (//[0»
7.83(100), 4.75(28), 4.06(88), 3.87(23),
3.35(26),3.08(7), 2.998(l5), 2.747(3), 2.585(5),
2.374{7), 2 .270(2), 2.045(2), 1.877(6), 1.746(2),
1.678(2).

MnAPO-I6 exhibits properties characteristic
of a very small-pore molecular sieve.

Synthesis

ORGANIC ADDITIVES
quinuclidine

MnAPO-16 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0 R
: 0.167 MnO : 0.917 Ah03 : P20 S : 0.33
CH3COOH : 40 H20 . Manganese acetate or
manganese sulfate is an effective source of man
ganese, and hydrated alumina or aluminum is
opropoxide is the source of aluminum. Crys
tallization occurs readily after 24 hours at a
temperature of 150°C.

MnAPO·34 (CHA)
(US4.567 t029(1986»
Union Carbide Corporation

Reloled MaterUzls: chabazite
AIP04-34

Structure

Clumiea/ Composition: magnesium silicoal
uminophosphate. See MgAPSO.

X-Ray PowderDiffraction Data: (d(A) (lITo»
9.31 (100). 6.86(18), 6.28(18), 5.51(49),
4.90(26), 4.31(89), 3.99(5), 3.85(5), 3.52(26),
3.45(22), 3.23(5), 3 .14(5), 3.028(8), 2.934(32),

2.858(27), 2.607(8), 2.468(5), 1.918(5),
1.910(3), 1.855(6).

MnAPO-34 exhibits properties characteristic
of a small-pore molecular sieve.

Synthesis

ORGANIC ADDiTIVES
tetraethylammonium"

MnAPO-34 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0
R : 0.16-Q.4 MnO : 0.8-Q.917 AhO) : P20s :
0.33 CH3COOH : 40 H20 . Manganese acetate
or manganese sulfate is an effective source of
manganese, and hydrated alumina or aluminum
isopropoxide is the source of aluminum. Crys
tallization occurs readily after 24 hours at a tem
perature of 150°C.

MnAPO·35 (LEV)
(US4t567,029(1986»

Union Carbide Corporation

Related Materials: levyne
SAPO-35

Structure

Chemical Composition: manganese alumi
nophosphate, See XAPO.

X-Ray PowderDiffra::!ion Data: (d(A) (1110»
10.28(15), 8.04(47), 6.66(29), 5.61(7), 5.13(73),
4.98(13),4.23(53),4.08(100),3 .85(20),3.77(6),
3.56(6), 3.34(23), 3.13(26), 3.11(24), 3.08(sh),
2.797(46), 2.592(10), 2.515(6), 1.881(6),
1.848(6), 1.781(6), 1.664(6).

MnAPO-35 exhibits properties characteristic
of a small-pore levyne-type molecular sieve.

Synthesis

ORGANIC ADDITIVES
quinuclidine

MnAPO-35 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0



R : 0.5 MnO ; 0.75 AI~OJ : P20j : CH3COOH

: 50 H20 (R represents the organic additive in
this system). Manganese acetate or manganese
sulfate is an effective source of manganese, and
hydrated alumina or aluminum isopropoxide is
the source of aluminum. Crystallization occurs
readily after 24 hours at a temperature of ISO°C.

MnAPO.J6 (ATS)
(US4,567,029(1986»
Union Carbide Corporation

Structure

Chemical Composition: manganese alumi
nophosphate. See XAPO.

X·Ray Powder Diffraction Data: (d(A.) (1110»
11.l9(lOO), 10.78(30), 6.56(6), 5.57(14),
5.37(33),4.67(45),4.27(*),4.10(24),4.04(37),
3.88(10), 3.74(11), 3.29(21), 3.16(12),
2.959(lOsh), 2.805(J3), 2.585(*), 2.501(4)
(*contribution 10 peak by shared impurity peak) .

MnAPO-36 exhibits properties characteristic
of a large-pore molecular sieve.

Synthesis

ORGANIC ADDITIVES
tripropylamine

MnAPO-36 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.5 R
: 0.167 MnO : 0.917 A1:z03 : P205 : 0.33
CH3COOH : 40 H20 (R represents the organic
additive in this system). Manganese acetate or
manganese sulfate is an effective source of man
ganese, and hydrated alumina is the source of
aluminum. Crystallization occurs readily after
72 hours at a temperature of lSOOC.

MnAPO-44 (CHA)
(US4,567,029(1986»
Union Carbide Corporation

RelaUd MaterioJs: chabazite
SAPO-44

MnAPO-47 333

Structure

Chemkal Composition: manganese alurni
nophosphate. See XAPO.

X-Ray Powder Diffraction Data: (d(A) (11/0»
9.41(1 (0), 6.81 (7), 6.42(2), 5.54(15), 5.13(2),
4.70(5), 4 .31(41), 4.11(16), 3.97(3), 3.87(3),
3.65(22), 3.41(7), 3.21 (5) , 3 .018(3), 2.969(8),
2.912(29), 2.763(1), 2 .714(3), 2.536(3),
1.899(3), 1.892(2), 1.877(4), 1.821(4), 1.707(3).

MnAPO-44 exhibits properties characteristic
of a small-pore molecular sieve.

Synthesis

ORGANIC ADDlTTYES
cyclohexylamine

MnAPO-44 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0 R
: 0.4 MnO : 0.8 AhO) : P20 s : 0.8 CH3COOH

: 50 H20 (R represents the organic additive in
this system). Manganese acetate is an effective
source of manganese , and hydrated alumina is
the source of aluminum. Crystallization occurs
readily after 168 hours at a temperature of
150°C.

MnAP0-47
(US4,567,029(1986»
Union Carbide Corporation

Related MaterioJs: related metal-substituted
materials.

Structure

Chemical Composition: manganese alumi
nophosphare, See XAPO.

X-Ray Powder Diffraction Dasa: (d(A) (lIlo»
9.41(100), 6.92(*), 5.57(14), 5.07(4), 4 .33(49),
3.62("'), 3.45(*), 2.94(19), 2.903(13) (*repre
sents a peak shared with an impurity).

MnAP0-47 exhibits properties characteristic
of a small-pore molecular sieve.
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Syntbesis

ORGANIC ADDITIVES
diethyledulllolamine

MnAP0-47 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0
R : 0 .167 MnO : 0.917 Aha) : P20~ : 0.33
CH3COOH : 45 H20 (R represents the organic
additive in this system). Manganese acetate is
an effective source of manganese, and alumi
num isopropoxide is the source of aluminum.
Crystallization occurs readily after 96 hours at
a temperature of 150°C.

MnAPSO
(EP 161,490(1985)
Union Carbide Corporation

MnAPSO compositionally represents a family
of manganese silicoaluminophosphates with a

preferred range of compositions for AlIPI
(Mn + Si). See MnAPSO Figs. I and 2.

MnAPSO-S (AFI)
(EP 161,490(1985»
Union Carbide Corporation

Related Maleria/s: AIP04-5

Structure

Chemical ComposiLion: See MnAPSO .

X-Ray Powder Diffraction DalIJ: (as-synthe
sized) d(A) (/I/o» 12.81(13)*, 11.79(100).
11.05(5)*. 9.72(4)*, 9.51(4)*. 6.81(14),
6.46(3)*.5.91(27),5.37(3)*,4.80(7)*,4.48(43),
4.23(58) , 3.99(75), 3.60(6) , 3.440(42),
3.079(18). 2.979(34) , 2.667(8), 2.000(21),
2.436(4) , 2.386( 10), 2.176(5), 2.146(5) ,
2.141(5), 2.122(5), 2.080(3), 2.019(3), 1.914(7),
J.778(5), 1.762(3). 1.656(5); (calcined 500"C)

MnAPSO FIg. 1: Ternary diagram of die preferred composition, in mole fractions, for MnAPSO
molecular sieves (EP 161,590(1985)).
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MnAPSO FIg. 2: Ternary diagram of the reaction mixture, in mole fractions. for MnAPSO molecular
sieves (EP 16I,59O(J985» .

11.95(100), 11.33(4)*, 6.86(25), 5.91(21),
5.37(3)",5 .31(3)*,5.07(5)*,4.48(40),4.19(40),
3.95(43), 3.427(30), 3.069(11), 2.969(35),
2.660(5), 2 .592(19), 2.423(4), 2.374(6),
2.127(4), 2.099(3), 1.973(3), 1,899(5), 1.647(4)
(*peaJcs may contain impurities).

MnAPSO-5 exhibits properties of a large
pore molecular sieve. (See AlPO oI-5 for a de
scription of the framework structure .)

Synthesis

ORGANIC ADDmvES
tetnethylammonium '
tripmj)y larnine
tettabutylammonium •
cyclohexylamine
lelTilpropylammonium ~

dipropylamine

MnAPSO-5 crystallizes from the reaction
mixture: 1.0 R : 0.2 MnO : 0.9 Ah03 : 0.9

P20S : 0 .2-{).6 Si02 : 50 H20. It appears as a
stable phase at 150 to 2000e when R = TEAOH
is used in the synthesis mixture at 1S0oe, with
MnAPSO-34 crystallizing first. Pure phase crys
tallization was not identified in this organic-con
taining system. When tripropylamine is used ,
MnAPSO-S crystallizes between 4 and 11 days,
at temperatures ranging between L50 andwaoe.
In TBAOH, at 2OO"C, MnAPSO-5 crystals are
formed; however, at lower temperatures no
crystalline phases were identified. This structure
will crystallize in the presence of cyc1ohexylam
ine at 200oe, but MnAPSO-44 appears as a mi
nor product. TPAOH in the crystallizing mix
ture provides very pure MnAPSO-5 crystals.
Small amountsof MnAPSO-5 are observed when
dipropylamine is used . Generally, crystalliza
tion limes required to produce this structure oc
cur between 2 days (in the presence ofTPAOH)
and 25 days (in the presence of dipropylamine).
Temperatures are generally between 150 and
200"C.
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Catapal or aluminum isopropoxide has been
used as a source of aluminum, phosphoric acid
as a source of phosphorus , Ludox LS as a source
of silica, and manganese acetate as a source of
Mn cations.

Adsorption

Adsorption properties of MnAPSD-5:

Kinetic
diameter, Pressure. Temp. , Wt%

Adsorbate A torr "C adsorbed~

0, 3.46 102 -183 8.9
0, 750 -183 10.8
a-Butaee 4 .3 504 23.0 4.4
Cyclohexane 6.0 65 23.4 5.4
H>O 2.65 4.6 23.0 8.1
HlO 2.65 19.5 23.0 l7 .1

MnAPSO-ll (AEL)
(EP 161,490(1985»
Union Carbide Corporation

Related Materitzls: A1P04-11

Structure

Chemical Composition: See MnAPSO.

X-Ray Powder DifjractWn Data: (d(A) (fIfo))
(as-synthesized) 10.92(36),9.31(61),6.7609),
4.65(36), 5.47(10), 4.65(13) , 4.33(45),
4.21 (00), 4.00(55), 3.95(52), 3.92(61),
3.83(71), 3.63(13), 3.59(6), 3.5629(13),
3.38(26), 3.153(13), 3.121(23), 3.028(13),
2.84(16) , 2.730(23), 2.622(16), 2.54(lO),
2.508(10), 2.475(10), 2.398(13), 2.370(16),
2.287(10), 2.108(l0), 2.023(10), 1.866(3),
1.804(10),1.681(10); calcined 6OO"C) 10.92(33),
9.03(60),7.5O(13),6.92(27),6.56(13),5.99(sb),
5.51(67),4.55(27), 4.46(40), 4.35(33), 4.13(73),
4.08(100), 4.00(73), 3.97(80), 3.79(73),
3.66(27), 3.453(33), 3.339(27), 3.267(33) ,
3.209(33), 3.132(27), 3.028(33), 2.998(40),
2.940(27), 2.814(20), 2.747(33), 2.637(20),
2.529(27), 2.423(20), 2.404(20), 2.356(20),
2.332(27),2.201(20) .

MnAPSO-ll exhibits properties of a me
dium-pore molecular sieve. (See AlP04-11 for
a description of the framework topology.)

Synthesis

ORGANIC ADDmVES
dipropylamine

MnAPSO-11 has been crystallized from
reactive mixtures with the composition: 1.0
dPA : 0.2 MnO : 0.9 A1 20 3 : 0.9 P20 5 : 0.2
0.6 Si2 : 50 H20 . Crystallization generally oc
curs between 150 and 200°C within 2 to 25 days.
Other phases observed to co-crystallize with
MnAPSO-11 include MnAPSO-39 (minor),
MnAPSO-31 (major), and MnAPSO-5 (minor).

Adsorption

Adsorption properties of MnAPSO·ll:

Kinetic
diameter. Pressure. Temp., Wt%

Adsorbate A Torr "C adsorbed

Ol 3.46 106 - 183 7.0
O2 744 -183 11.1
Neopentane 6.2 741 25.3 2.5
Isobuiane 5.0 740 24.2 3.6
Cyclohexane 6.0 82 23.9 10.7
H2O 2.65 4.6 24.9 S.I

H)0 2.65 19 24.8 14.9

MnAPSO-16 (AST)
(EP 161,490(1985))
Union Carbide Corporation

Related Materials: AlP04-16

Structure

Chemical Composition: See MnAPSO.

X-Ray PowtkrDiffraction DaI4: (d(A) (lIlo»
(as-synthesized) 10.28(8)*, 8.04(23)*, 7. 76(48),
6.66(11)*, 5.57(5)*, 5.13(24)*, s.onar-.
4 .75(40), 4.21(19)*, 4.06(100)**, 3.87(13),
3.83(10)*, 3.75(5)*, 3.548(5), 3.351(26)**,



3.339(sh)*, 3.209(5), 3.100(15)*, 3.079(15),
2.998(24), 2.797(16)*, 2.747(7)*, 2.585(10)**,
2.515(5)*, 2.380(1l), 2.270(5), 2.151(5)*,
2.049(5), I. 877(10)**, 1.845(5)*, 1.746(5),
\.678(5); (calcined 600'C) 7.69(100),6.66(9)*,
4.77(25), 4.37(44)*, 4.33(41)*, 4.13(66)*,
4.06(72)**,3 .88(31),3.79(13)*,3.363(31)*"',
3.198(13), 3.079(19), 3.008(14), 2.747(13),
2.585(13)**, 2.522(16)*, 2 .380(13), 1.888(9)**
(*impurity peak; **peak may contain impurity).

MnAPSO-16 exhibits properties of a very
small-pore material. (See AIP04-16 for a de
scription of the framework topology.)

Synthesis

ORGANIC ADDITIVES
quinuclidine
methylquinuclidine

MnAPSO-31 337

1.917(4), 1.764(7); (calcined 500°C) 12.51(2),
6.33(100), 4.48(40), 4.00(4), 3.66(99),
3.168(17), 2.835(15), 2.589(17), 2.243(3),
2.116(4), 1.913(4) (*impurity peak).

MnAPSO-20 exhibits properties of a very
small-pore material. (See AIP04-20 for a de
scription of the framework topology.)

Synthesis

ORGANIC ADDITIVES
tetramethylammonium ~

MnAPSO-20 has been crystallized from re
active mixtures with the composition: 1.0 TMA
: 0 .2 MnO : 0.9 AI20 J : 0.9 P20 S : 0.2-0.6
Si0 2 : 50 H20 . Crystallization generally occurs
between 150 and 200aC within 4 days. No other
phases were observed.

Adsorption

Adsorption propertiesof MoAPSO-20:

MnAPSO-16 has been crystallized from re
active mixtures with the composition: 1.0 quin
: 0.2 MnO : 0.9 Ah03 : 0 .9 P20S : 0.2-0 .6
Si0 2 : 50 H20. Crystallization generally occurs
between 150 and 200°C within 2 to 11 days .
Other phases observed to co-crystallize with
MnAPSO-16 include MnAPS0-35 (minor) when
quinuclidine is used as the organic additive. When
rnethylquinuclidine is used, MnAPSO-16 is the
minor product and MnAPSO-35 the major prod
uct isolated.

Kinetic
diameter, Pressure.

Adsorbate A Torr

~ 3.46 102
O:z 744
HIQ 2.65 4.6
H~ 2.65 20

Temp.,
OC

-183
-183

23.3
23.2

wt%
adsorbed

0.7
1.2
9,0

13.7

MnAPSO·20 (SOD)
(EP 161.490(1985))
Union Carbide Corporation

RelJUed MQlerials: A1P04-20
sodalite

Structure

Chemical Composition: See MnAPSO.

X-Ray Powder Diffraction DtJUl: (d(A) (/110»
(as-synthesized) 6.35(49), 4.49(43), 4.02(3),
3.75(1)*, 3.67( 100), 3.117(13), 2.842(11),
2.595(16), 2.400(2), 2.247(4), 2. II 8(4),

MnAPSO-31 (ATO)
(EP 161,490(1985»)
Union Carbide Corporation

Related Materials: AIP04-31

Structure

Chemical Composition: See MnAPSO.

X-Ray Powder Dijfra£tion DaI4: (d(A) (1110»
(as-synthesized) 11.22(4), 10.27(61), 5.17(5),
4.81(4),4.36(49),4 .19(4),4.04(30), 4.02(32),



338 MnAPSQ-34 (CHA)

3.92(1(0), 3.526(5), 3.450(3), 3.181(12),
2.995(6), 2.812(22), 2.548(9), 2.482(3),
2.411 (3), 2.382(3), 2.353(3), 1.2346(3),
2.285(3),2.266(3),2.241(3), 1.942(3), 1.866(2),
1.766(5), 1.654(2); (calcined 500°C) to.31(58),
5.98(4), 5.18(9), 4.81 (4), 4.36(52), 4.03(44),
3.92(100), 3.526(7), 3.460(8), 3.181(15),
2.998(11), 2.879(3), 2.811(33), 2.546(11),
2.477(6),2.409(3),2.383(3), 2.34S(3), 2.289(4),
2.236(3), 2.000(3), 1.942(5), 1.909(4), 1.864(3),
1.767(6).

MnAPS0-31 exhibits properties of a me
dium-pore molecular sieve . (See AlP04-3 1 for
a description of the structure.)

Syntbesis

ORGANIC ADDmvES
dipropylaminc:

MnAPSO-31 has been crystallized from re
active mixtures with the composition: 1.0 DPA:
0.2 MnO : 0.9 Al20 ) : 0.9 P20S ; 0.2-0.6 Si02

: 50 H20. Crystallization generally occurs be
tween 150 and 200"C within 2 to 10 days. Other
phases observed to co-crystallize with Mn
APS0-31 include MnAPSO-46 (minor) and
MnAPSO-11 (minor).

Adsorption

Adsorptio» properties of MnAPSO-31 (EP 161,490
(1985)):

Kinetic
diameter, Pressure. Temp. , WI'll>

Adsorbate A Torr ·C edsorbcd

0.. 3 .46 lOS -183 5.6
0, 741 - 183 9.7
Neopentane 6.2 739 23 .5 4.6
H,o 2.65 4.6 23.8 5.8
H,o 2.65 18.5 24.0 15.5

MnAPSO..J4 (eRA)
(EP 161.490(1985))
Union Carbide Corporation

Re/oted MaterilJls: chabazite
AlP04 -34

Structure

Chemieal Composition: See MnAPSO.

X-RayPowder DijfTflCtion Data: (d(A) (///0))
(as-synthesized) 9.21(100), 6.86(17), 6.24( 15).
5.51(33),4.90(23),4.31(69),3.99(10), 3.85(8),
3.543(25), 3.453(19). 3.243(10), 3.143(10),
3.028(10), 2.931(27), 2.867(23), 2.652(8),
2.614(12), 2.475(8), 2.103(6), 2.080(6),
1.9J4(6), 1.863(8), 1.794{6), 1.728(6), 1.650(6);
(calcined 425°C) 9.21(l00), 6.86(25), 6.28(5),
5.47(l5), 4.96(15),4.65(5),4.27(37),4.00(5),
3.97(5),3.83(7),3.534(15),3.427(12),3.220(4).
3.153(5), 3.008(4), 2.912(17), 2.849(11),
2.763(3),2.592(5),2.481(4),2.321(3),2.265(3),
2.099(3),2.076(3), 1.903(1), 1.859(3), 1.791(3),
1.719(4), 1.681(3).

MnAPSO-34 exhibits properties of a small
pore molecular sieve.

Synthesis

ORGANIC ADDmvES
tetraethylammonium '

MnAPSO-34 has been crystallized from re
active mixtures with the composition: 1.0 TEAOH
: 0.2 MriO ; 0.9 AhO:! : 0.9 P20~ : 0.2-{).6
Si02 : 50 H20. Crystallization generally occurs
between 100 and 200°C within 2 to 14 days .
MnAPSO-34 appears to be a low-temperature
product, as it can be prepared in pure form
after 7 days at 100°C. Other phases observed
to co-crystallize with MnAPSO-34 include
MnAPSO-5 (major) . The purity of the prod
uct, either MnAPSO-5 or MnAPSO-34, is
dependent on the temperature and the time of
crystallization .



Adsorption

Adsorption properties of MnAPSo-34:

Kinenc
diameter, Pressure, Temp., Wl%

Adsorbate A Torr "C adsorbed

0 1 3.46 103 -183 11.4
O2 731 - 183 15.6
Isobueane 5.0 741 24.5 0.8
n-Hexane 4.3 103 24.4 4.6
H,O 2.65 4.6 24.4 15.2
H2O 2.65 18.5 23.9 24.4

MnAPSO-35 (LEV)
(EP 161,490(1985»
Union Carbide Corporation

Related Mauritlls: SAP04-35

levyne

Structure

CMmical Composition: See MnAPSO .

X-Ray Powder DijfractWft Data: (d(A) (/110»
(as-synthesized) 10.28(14),8,12(45),6,61(23),
5 .57(21), 5.10(80), 4.98(26), 4.25(57),
4.06(100), 3.83(34), 3.59(9), 3.466(7),
3 .314(21) , 3.153(50), 3.069(11), 2.849(9),
2.788(41), 2.614(14), 2.571 (7), 2.543(5),
2.508(7), 2.386(5), 2.281 (5), 2.156(7), 2.118(7),
2.032(5), 1.910(7), 1.884(7), 1.841(7), 1.791(9),
1.670(5), 1.658(7); (calcined 500"C) 10.28(27),
8.12(96), 7.76(14), 6.61(41), 5.61(14), 5.13(68),
5.01(sh), 4.27(64), 406(100), 3.82(32), 3.59(23),
3.466(18), 3.314(27), 3.153(59), 3.069(23),
2.849(18) , 2.780(46), 2.622(18), 2.578(14),
2.508(9),2.156(9), 2.127(9), 2.032(9) , 1.918(9),
1.888(9), 1.845(9), 1.791(14), 1.664(9),
1.650(9).

MnAPSO-35 exhibits properties of a small
pore levyne molecular sieve.

MnAPSO·44 (CHA) 339

Synthesis

ORGANlC ADDmVES
quinueJidlne
methylquinuclidine

MnAPSO-35 has been crystallized from re
active mixtures with the composition: 1.0 quin
: 0.2 MnO : 0.9 Ah03 : 0.9 P20 , : 0.2-0.6
Si02 ; 50 H20. Crystallization generally occurs
between 100 and 200°C within 2 to 11 days.
Other phases observed to co-crystallize with
MnAPSO-35 include MnAPSO-16, a major
component at the higher temperatures in the
presence of quinuclidine and a minor component
when methylquinuclidine is used as the organic
additive.

Adsorption

Adsorption properties of MnAPSO-35:

Kinetic
diameter, Pressure, Temp. , WI'll>

Adsorbate A Torr ·e adsorbed

O2 3.46 103 - 183 1.8
0 1 7Jl -183 2.6
/I-He~ane 6.2 [OJ 24.4 0.8
H,Q 2.65 4.6 24.4 9.9
HlO 2.65 18.5 23.9 15.9

MnAPSO-44 (CHA)
(EP 161,490(1985))
Union Carbide Corporation

ReloJedMateriJJls: SAPO-44
chabazite

Structure

Chemical Composition: See MnAPSO.

X.Ray Powder Di.ffraction Data: (d(A) (/110»
(as-synthesized) 9.39(100). 6.83(20), 6.45(4),
5.52(43),5.12(5),4 .68(7).4.29(84),4.09(21),
3.94(8), 3.86(9), 3.65(58), 3.409(22), 3.205(10),
3.012(5), 2.969(16), 2.900(50), 2.753(4),
2.721(6),2.577(3),2.528(9),2 .336(2),2.299(2),
2.255(2), 2.143(3) , 2.125(3), 2.076(2), 1.922(2),



340 MnAPS0-47 (CHA)

1.890(7), 1.870(4), 1.814(7), 1.701(6); (cal
cined 500"C) 9.21(100), 6.79(26), 6.26(3),
5.46(12),4.93(18),4.60(3) ,4 .25(28), 3.99(3),
3.80(3), 3.526(13), 3.387(9). 3.137(3), 3.123(4),
2.990(2),2.976(2),2.921(3),2.875(7),2.811(2),
2.791(2), 2.560(3).

MnAPSO-44 exhibits properties character
istic of a small-pore molecular sieve . (See
CoAPSO-44 for a description of the structure.)

Synthesis

ORGANIC ADDITIVES
cyclobexyIamine

MnAPSO-44 has been crystallized from re
active mixtures with the composition : 1.0
cycloC<;NH2 : 0.2 MnO : 0 .9 AlzO; : 0.9 PzOs
: 0.2--0.6 Si02 : 50 H20. Crystallization gen
erally occurs between 150 and 200°C within 3
to 9 days. Other phases observed to co-crystal
lize with MnAPSO-44 include an unidentified
phase, MnAPSO-31 (minor), and MnAPSO-5
(major). Crystallization of pure MnAPSO-44
occurs at 200"C after 4 days of crystallization.

Structure

Chemical Composition: See MnAPSO.

X.R.ayPowtkrDi.jJraetionPattem: (d(A) (1110»
(as-synthesized) 18.44(1), 9.38(100), 6.89(5),
6.40(3), 5 .56(9), 5.06(4), 4.69(3), 4.32(30),
4.08(4), 3.98(1), 3.88(3), 3.61(11), 3.445(7),
3.234(2), 3.\99(1), 3.033(2), 2.930(0),
2.901(7),2.845(1), 2.700(1),2 .604(2),2.576(1),
2.516(20), 2.343(1), 2.297(1). 2.277(1),
2.132(1),2.091(1),1.9[[(1),1.874(5),1.813(2),
I. 722(1), 1.698(1); (calcined 500°C) 17.80(1),
9.12(100), 8.85(1), 6.75(5), 6.23(1), 5.45(2),
4 .92(2), 4 .58(3), 4.24(7), 3.98(1), 3.80(1),
3..521(2), 3.385(2), 3.176(10), 3.125(1),
2.977(1),2.876(3), 2.837(2),2.645(1),2.562(1),
1.838(1).

MnAPS0-47 exhibits properties of a small
pore molecular sieve.

Synthesis

ORGANIC ADDITIVES
diethylaminoethanol

Adsorption

Adsorption properties of MnAPS()..44:

Kinetic
diameter , Pressure. Temp..

Adsorbate A Torr ·C

MnAPS0-47 has been crystallized from re
active mixtures with the composition: 2.0 DEEA
: 0.2 MnO : 0.9 Aha) : 0.9 P20S : 0.2--0.6
Si02 : 50 H20. Crystallization generally occurs
at 150°C within 9 to 18 days. No other phases
are observed to co-crystallize with MnAPSO-

Wt% 47 in this system.
adsorbed

0, 3.46 102 -183 5.6
0, 744 -183 9.7 MnGS-3n-Hexane 4.3 95 23.6 1.3
Isobutanc 5 .0 746 24 .1 22.7 (SSSC 49A:375(1989»
H,O 2.65 4.6 24.S 22.7
H,O 2.65 19 29 .8 27 .7

MnAPS0-47 (eHA)
(EP 161,490(1985»
Union Carbide Corporation

Re/aUd MaterioLs: chabazite

Structure

Chemical Composition: manganese germa
nium sulfide .

X-Ray PowderDi.ffraetinn DaJQ: (d(A) (//10»
7.93(100),7.13(3),6.75(7),4.90(39),4.08(17),
3.96(24),3 .17(45),3.04(9),2.85(4),2.77(11),
2.30(10), 1.86(9).
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56

MnGS-3 Fig. 1: X-ray powder diffractien pattern for
MnGS-3 (SSSC 49A:J75(1989» . (Reproduced with permission of Elsevier Publishers)

fraction maxima, initially interpreted as being
due to structural disorder. Mineral samples from
Hokiya-dake, Nagano. Japan exhibited sharp
diffraction spots ("Annual Meeting of the Min
eralogical Society of Japan" (1964); Contrib,
Mineral. Petrol., 49:63 (1975); Natural Zeo
lites, 105 (1978); Eur. J. Mineral. 2:187(1990») .

Synthesis

ORGANIC ADD/TlVE
tetrarneihyamrnonium -

Reloted Mat~rials: dachiardite

Minato first identified a dachiardite mineral in
the Onoyama gold mine in Japan. Characteristic
of these samples are diffuse and streaked dif- "Mod" Dachlardlte Fig. IS: Framework topology.

MnGS-3 crystallizes from a reactive gel with
the composition : 0.8 TMAHCOJ ; 0.27 TMACI
: GeSz : 0.1 Mn acetate: 22 H20 . In this prep
aration, crystalline GeSl is used. Crystallization
occurs after 90 hours at 150°C. The initial pH
of the reactive slurry is 7 to 9, with a pH of 0.5
to 3 upon crystal formation .

"ModijUdU DachiArdite (DAC)
(natural)



342 Monoclinic Ferrierite (FER)

Structure

(Eur. J. Mineral . 2:187(1990)

CHEMICAL COMPOSmON: Mgo.OICa'7~ao.l'

Ko.sISi,~..l,Feo.oI008·13.13H~
SPACE GROUP: C2Im
UNIT CELL CONSTANTS (A): a = 18.625

b = 7.508
c = 10.247

13 = 108.056°
VOLUME: 1362.34 A J

Occu-

Atom xla ylb ztc pancy

09M 0.004(9) 112 0.611(17) 8{2)
CI* 0.4902(4) 0.239[(14) 0.1335(9) 32(1)
C2* 0.5422(16) 0 0 .5361(30) 24(J)
C3· 112 0.252(11) 0 14(1)
WI 0.49080 I) 0 0.2565(18) 92(1)
W2 0.0835(16) 0 O.0336(29} 54(3)
W3 0.0869(27) 0.1334(83) 0.0217(51} 23(3)
W4 0.0743(22) 0 .6055(94) 0.0262(45) 26(5)
W5 0.0919(26) \12 0.0324(44) 48(5)

~c..tion .ires ;n tbe structure,

Atomic coordinates and occupancy fac/Ol'S (%) for
dachiardile from Hoklya-dake. Japan (Eur. J. Mineral,
2:187(1990»:

The refinement of the structure of Hokiya
dake dachiardite shows the presence, in 16%
abundance, of domains referred to as "modified'"
dachiardite in association with domains of "nor
mal" dachiardite. There is significant partial or
dering of Si and AI. The T3 and T4 tetrahedra
of the four-member rings are the richest in alu
minum. There are eight extra-framework sites;
seven are very close to those found in dachiar
dite in Elba , Italy. and one is not found in the
Italian dachiardite (Eur, J. Mineral . 2:187
(990»).

Atom PO ylb zlc Occupancy

Percent of aluminum in the tetrahedral sires calculated
according to the methods of Alberti and Gotardl (Z .
Kristallogr . 175:249(1988» and Jones (Acta Crystallogr ,
B24:355(1968» for Hokiya-dake and the Elb.a
dachiardites (Eur . J . Mineral. 2:187(1990»;

Hokiya.-dake Elba

A.G. Jones A.G. JObes

TI 5 0 12 0
T2 2 0 6 0
T3 28 18 24 15
T4 31 22 40 31

Average 12.3 7.2 16.5 7.6
From chemical

18.9 20.4
analysis

TI 0 .2872(2) 0.2063(4) 0 .1578(4) 92(4)

TIM 0.288(3) 0.266(6) 0.168(5) 8(4)
T2 O.1917(2} 0 .2959(4) 0.3554(4) 92(4)

T2M 0.188(3) O.230(7} 0.356(5) 8(4) Monoclinic Ferrierite (FER)
TI 0.0964(2) 0 0.6995(3) 92(2) (Am. Minerai. 70:619(1985)
TIM 0.089(3) 1/2 0.691(5) 8(2)
T4 0.08Q9(2) 0 O.3792(4} 92(2)

T4M 0.078(3) 112 0.372(5) 8(2) See ferrierite.
01 0.3636(4} 0.3204(10) 0.2181(7} 92(4)
OIM 0.376(5) 0.152(13) 0.226(9) 8(4) Monophane (EPI)
02 0.1152(4) 0.1719(10) 0.3284(7) 92(4)

02M 0.113(6} 0.314(14) 0.316(10) 8(4)
Obsolete synonym for epistilbite,03 0.2264(4) 0 .2563(12) 0.2338(8) 100

04 0.0991(5) 0 0.5440(10) 92(2)

Q4M 0.083(9) 1/2 0.528(15) 8(2} Montesommaue (MON)
05 0.1669(6) 112 0.3461(12} 92(2} (natural)
OSM 0.171(7) 0 0.356(14) 8(2)
06 0 .311)7(6) 0 0.1769(11) 92(2)

Montesomrnaite is a rare mineral that occurs06M 0 .326(7) 112 0.199(14) 8(2)
07 114 1/4 0 100 with dolomite, calcite, chabazite. and natrolite
08 114 1/4 1/2 100 around Pollena, Mt. Somma-Vesuvius, Italy. It
09 0.0102(4) 0 0.7079(9) 92(2) was named after Monte Somma, the high ridge



of the volcanic cone that preceded Vesuvius. It
occurs as transparent, colorless, euhedral crys
tals up to 0.1 mm in length.

Structnre

(Am. Mineral. 75:1415((990)

CHEMICAL COMPOsmON: (K, NaMl"si1.J064*
IOH~

SYMMETRY: orthorhombic
SPACE GROUP: Fddl
UNIT CELL CONSTANTS(A): a = b = 10.099 (I)

c = 17.307(3)
DENSITY: 2.34 gtcm 3

PORESTRUCTURE; 8-member rings

X-Ray Powder Diffraction Data: (d(A) (1//0))
6.589(75), 4.488(0.7), 4.334(43), 3.299( 100),
3.130( 100), 2.797(30), 2.513( 18), 2.347(22),
2.256(11), 2.178(16), 2.005(2), 1.959(5),
1.865(1), 1.784(22), I.720(16), 1.655(9),
1.595(0.7), 1.571(11), 1.558(18), 1.546(13),
1.497(0.7), t .442(2), t .420(5), 1.397(3),
1.381(3), 1.320(11), 1.291 (6), 1.262(3),
1.253(8), 1.237(4), 1.227(0.7), 1.212(3),
1.174(5).

Several levels of pseudosyrnmetry are found
in montesommaite, and the powder data have
been indexable on the pseudotetragona! cell. DLS
modeling of the framework structure suggests
that rnontesommatie can be related to a 4.82 net
as proposed by Smith (Am. Mineral. 63:960
(1978»). Such a net also occurs in merlinoite
and gismondine. The (l00) projection is a

MODlaommaite Fig. IS: Framework topology.

Mordenite (MOR) 343

(5. 28)2(5.82
) 1 net with five-member-ring sheets

separating the eight-member rings.

Refined atomic coordinates for the idealized
montesornmaite substructure (Am. Mineral,
75: 1415( 1990)):

Atom x y U(iso) (A2)

K 0 0 0/2 0.025
T 0 0.~3(4) 0.090(2) 0.005
0(1) 0 1/4 0.116(8) 0.015
0(2) 0.186(7) 0.436 7/8 0.015
0(3) 0 0 0 0.015
H2O 0 1/4 0.342(15) 0.015

Note. Calculation. are based upon a cell having A ~ 7.141 A.
C = 17.301 A, and symmetry i4,/amd. Atom T represents (4.7
Al + 11.3 Silo The K and H,D sues contain 4.3 K and 4 0,
respecti vely. Esd's an: in parentheses.

Mordenite (MOR)
(natural)

Related Materials: Na-D
Ca-Q
leolon
LZ-211

The silica-rich mineral zeolite mordenite first
was named by How in 1864 after the location
Morden, King's Co., Nova Scotia, where sam
ples were located (Nat. Zeo. 223(1985)). Com
mercial synthetic mordenite prepared by the
Norton Company is referred to as Zeolon.

Mordenlte F1g. IS: Framework topology.



344 Mordenite (MOR)

Structure

(Nat. Zeo. 223( 1985»

CHEMICAL COMPOSmON: Na)KCa2

(AJ."Si.0096)·28H10
SYMMETRY: orthorllomic
SPACE GROUP: Cmcm
UNIT CELL CONSTANTS: (A) /l = 18.11

b = 20.46
c = 7.52

PORE STRUCTIJRE; intersecting S- and 12-member
rings 6.5 x 7.0 A and 2.6 x 5.7 A

X-Ray Powder Diffraction Dakl: iZeo, Mol.
Sieve. 231(1974) (d(A) (//Jo» 13.58(18),
10.26(5),9.06(100),6.59(14),6.40(17),6.07(4),
5.80(18), 4.88(3), 4.60(2), 4.53(31), 4.46(2),
4.15(8), 4.00(70), 3.842(7), 3.765(4), 3.629(3),
3.568(4), 3.532(2). 3.476(43), 3.4217(11),
3.394(33), 3.291 (3) , 3221(40), 3.201 (34),
3.155(2), 3.10 1(4br), 3.028(1), 3.017(2),
2.942(5), 2.895(13), 2.741(2), 2.715(2),
2.101(5), 2.633(3), 2.588(1), 2.565(10),
2.521(7), 2.459(4), 22,436(2br), 2.294(1),
2.279(1), 2.263(1), 2.232(2), 2.166 (2br) ,
2.117(1),2.052(7),2.035(2),2.019(2), 1.997(2).

$1

Mordenite exists with a nearly constant
SiOz/AI 203 ratio of 10, and is considered to be
the most siliceous of the zeolite minerals. In the
distribution ofSi and AI in the tetrahedral frame
work sires, there is a small AI-enrichment in the
four-member rings that connect hexagonal sheets
(Z. Kristallogr. 115:439(1961); Nat . Zeo .
53(1978); Zeo. 9:170(1989)).

The structure consists of chains that are
crosslinked by the sharing of neighboring ox
ygens . The building units of this structure con
sist of four- and five-member rings. Each of the
framework tetrahedran belongs to one or more
five-member rings in the framework. The zeolite
contains a two-dimensional channel system, but
for practical applications it is considered to be
a unidimensional, large-pore molecular sieve with
side pockets because of the constraint on tbe
eight-member-ring openings for diffusion. The
main cage is defined by two four-rings and two
hexagonal sheets connected by them . This case
has two exits, through two eight-member rings .

Natural rnordenite contains crystal stacking
faults in the c direction or amorphous material
or cations in the channels that severely restrict
diffusion into the large channel system. Many
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Mordenlte Fig. 2: X-ray powder diffraction pattern for mordenite (Zeo. 5:251 (1985)). (Reproduced with
permission of Bunerwortbs Publishers)



of the synthetic mordenites do not exhibit such
pore restriction.

The cations are located mainly in three sites.
Site A is near the center of the eight-member
ring that connects the main cage, described above ,
with the smaller channel; site D is near the center
of the eight-member ring that connects the cage
with the larger channel; and site E is in the larger
channel far from the four-member rings . These
three sites are preferred by most cations except
Rb and Ba, which are found in sites normally

Change in the unit cell parameters (A) and asymmetric
infrared stretch as a function of aluminum content (Zeo.
7:427 (1987»:

v.. T-O
Si02lA20, a b c (cm'")

12.6 18.25 20 .51 7.50 /074

17.6 J8 ./8 20041 7.48 1080
19.5 18.14 20 .3 1 7.47 1084

35 J8.23 20.43 7.47 1085

66 \8.20 20.4\ 7 .46 1088
165 J8.22 20 .44 7.47 1090

Atomic coordinates and occupany factors (%) foe natural
mordenite fcom Elba. Italy (Z. Kristallogr,
175:249(1986»:

Atom x y z Occupancy

Tt 0.3007(1) 0.0724(1) 0.0412(3) \00·
TIP 0.6993(1) 0 .9276{1 ) 0.9588(3) 100·
TI 0.3037(1) 0 .3088(1) 0.0461(3) I~

TIP 0.6963(1) 0 .6912(1) 0.9539(3) 100·
TI 0.0870(2) 0.3941(1) 1/4 100·
T4 0.0867(2) 0 .2278(1) 1/4 100·
01 O./243(3) 0 .4\70(3) 0.4287(7) 100
OlP 0.8757(3) 0.5830(3) 0 .5743(7) 100
02 0 .1226(3) 0 .1954(3) 0.4254(7) 100
02P 0.8774(3) 0.8046(3) 0.5746(7) 100
03 0.2362(3) 0 .1224(2} 0.9865(8) lOO
03P 0.7638(3} 0.8776(2) 0.0135(8) 100
04 0 .0958(4) 0.3064(4) 1/4 100
05 0.1696(4) 0.1960(5) 3/4 100
06 0.1778(5) 0.4208(4) 3/4 100
07 0.2321(4) 112 112 100
08 114 1/4 112 100
09 0 0.4067(6) 1/4 100
010 0 0.2050(6) 1/4 100

°The occupancy refers to • scattering curve of 5180% and AI 20%,

Mordenite (MOR) 345

Comparison of sire oceu pancies for mordeoite (Nat. Zeo,

53(1976»):

iypc hNa· hCa hK· dCa dK dH

r 4b 4Na 1.7OCa I.92K l.66Ca 0.651-1.
II 4<: 4W 3.95W

81'*· 4.5W
8d·· 3.34K

III 8g· o 4W 4 .7W O.62Ca
40 4.7W

IV 81'* ).()2K O,45Ca

4<: 4? :l,4W

Sd·· 3.04K
V t6h 1O.3W

8f 8W 8.4W
VI 8g gw 8.7W S.8W.K O.63Ca

8d O.9IK
VlI 4c INa J.68Ca
VIII lk 6.5W.K

·Catioo and water assignments arc uncertain. and mixed occupancy
may be important
'°ibese sites are effcel i~cly fourfold because of close approach if
fully occup ied.

occupied by water. All Ca ions are localized in
an 8-coordinated site; K ions alternate with water
molecules in a 6-coordination site (2. Kristal
logr . 175:249(1986)). A comparison of hy
drated sodium exchanged with dehydrated so
dium and hydrated calcium and dehydrated H'"
mordenites shows only small changes in the di
mensions of the channels.

Sites I and II are close, as are II and IV. The
formal charge distribution for dCa and dK is
similar when these pairs are considered .

Synthesis

ORGANIC ADDITIVE
OellZyluimelhytammonium·
alkyl phenol/alkyl suffonares
N-ethylpyridinium·
trioctylamine

Early investigations into the synthesis of this
known mineral utilized high temperature and
high pressures . Mordenite synthesis first was
claimed in 1927, and it was prepared from feld
spars and alkali carbonates at 200"C over a pe-
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riod of 7 days (Econ. Geol. 22:843(1927». Later
a more reproducible method was reported re
quiring 3OO"C (lCS 2158(1948) . At 100 to 175°C
using diatomite and sodium aluminate this zeo
lite was formed after 7 to 16 days (Mol. Sieves
71(1968». Crystallization generally occurs in
the range of B to 15 days. A wide variety of
silica and alumina sources have been used to
produce this structure, generally in the presence
of the sodium of the cation (Zeo, 6:2(1986» .
A higher-silica mordenite can be prepared with
out the additions of organics. A SiOzlAl20J of
19.1 was prepared from a crystallization mixture
having a mole ratio of 22.9 (Zeo . 6:30(1986».
Generally, mordenite will begin to appear at a
Si02/AI20) of 8, with impurities of phillipsite
being observed. At the higher silica contents
quartz is a general impurity. Crystallization oc
curs in a pH range of 8 to 10, but analcime will
begin to appear at higher ph (12.8 (Mol. Sieves.
78(1968». Calcium-containing mordenite was
synthesized at very high pressures and temper
atures (1000-5000 atrn and 330-500°C) (Am .
Mineral. 43:476(1958); Geochim. Cosmochim.
Acta 17:53(1959)). Strontium-containing mor
denite was prepared in a Si021AhO) of 9 at
temperatures between 110 and 4500C (fCS lon
don 485(1964)). Lithium rnordenite was pre
pared at temperatures between 150 and 200"C
(ACS 101:127 (1971». The preferred cations
include sodium and the alkaline earth ions (Zeo .
1:130(1981)).

Much of this synthesis produced a small-pore
mordenite similar to that of the natural material,
based on adsorption studies . X-ray diffraction
cannot distinguish between large-port and small
port materials. Generally, small-port materials
are prepared at the higher temperatures, whereas
low temperatures (l00-260°C) will result in the
large-port material (Mol. Sieves 71(1968». The
small-port materials exhibit adsorption proper
ties of a material with only a 4 A opening,
whereas the large-pore rnordenite exhibits char
acteristic adsorption properties related to the
structurally determined presence of the open 12
member-ring channel system. Erionite has been
transformed to mordenite under hydrothermal
conditions at 3000C and 30 MPa (Zeo.
6:95(1986) . Large port mordenite also has been

prepared using I wt% Hsmordenite as seed crys
tals in the presence of potassium. In the mixed
cation system, the rnordenite was found to pref
erentially incorporate potassium into the struc
ture over sodium . The KINa ratios obtained dur
ing synthesis and during ion exchange were found
to be the same (Zeo . 5:309(1985».

Solid solutions of Be.Al-mordenites also have
been prepared (CJay Science 7:49( 1987»).These
materials crystallize in the presence of benzyl
crimethylammonium base . The batch composi
tion of the gels for these solid solutions are in
the range: (4.87 + O.33,x) Na20 : (1.65 
O.33x) K10 : (0.44 - O.08.x) BTMA20 ; 0.06x
AhO) ; (0.30 - O.6Ox)BeO : 20Si02 : 6OOH10
(0 < X < 5) . Crystallization occurs after 3 to 5
days at 150°C.

Mordenite has been crystallized from clear
aqueous solutions at lOO"C at I atm pressure.

MordenlteFig. 3: Thermal curves of mordenite from
(a) Morden, Canada and (b) Poooa, India, in air, heating
rate 2O"Clmin (Natl. ao. 223(1985)) (Reproduced with
permission of Springer Verlag Publishers)
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The batch composition is in the range: to Na20
Type of Spectrum: O.075---OAAl)O) : 28-40 SiO) : 360 H2O.

Crystals obtained had a SiOl / AI20) ratio of J5 Type of i.r, REF R
(Am. Mineral. 65:1012(1980», vibration (crn'") FIR (cm'") (em") (em')

4 910vs 10905 1080....
Thermal Properties 10SOrn 10lOw

IDIOm 930w
5 780vs 740w 815w

Temperatures (K) of me DTA and DTG maxima for 705w 7&:Jw
mordenite and dealurninated mordenites (J. Plry~ . Chern. nOw 700vw
88:1130(1984»; 6 1210w 1220w 860w

I I SOw
/I-Butylamine Ammonia 7 440vs 405 480m 460vw

44(Jm 450w
Sample DTA DTG DTA DTG 43Qm 440w

4105
HM 393(20.01) 37J 393(11.32) 373 405s

573(shoolder) 853(WUow) 8 660vs 690w 680w
623(shOlllder) 9 620w 595w
618(6.53) 668 10 280w 268w
843(shallow) 683 270w 24Sw

260w 220w
Deal. 3.58(6.56) 423 363(13.28) 353 240vw

HM(1S) II 225w 210w
478(shoulder) 205m 200w
678(9.641 66J >773(sballow) 190w 19Sw
718(0.77) 693 190vw
843(shallow) 12 95w 105vw

98vw
D<al. 34S{5.65) 333 353(20.88) 348 13 [70w 17Qm

HM(26) 160w 150m
478(3.77) 473 >773(shaJlow) 14 370m 340w
678(8.28) 563 355w 320w
713(0.75) 693 290w 29Sw
843(shaJlow) lSOw 68w

115w 52vw
Numbers in parentheses indicate peak he\ghl£ (10, mmlg) . 70w

SOvw

Infrared Spectrum

Evaluation of the studied vibrational spectra of mordenlte
(?.eo. 3:329 (I9R3»:

Type of
vibration

2
3

3620s
3480vs

2950w
l640m

Type of Spectrum

REF
FIR (cm'") (cor")

3S90w
3S3OW
3520w

LT. - infrared absorpj,oo spectra, AR - Far·~ absorption
spectra, REF = reflectaoce in frare.d spectra, R - Raman spectra,
vs = very strong, • = frttOng, m = medium. w = weak. vw =
very we.U.,

I = antisymmebic and symmetric strelching C-H
2 = combination band H,O
3 = bending H-C-H
<I = sntisylllJ1lroic SlrelCbing Si(AJ)-.O
5 = symmeaic stretching Si(AI)-.O
6 = external Si(Al)-(J
7 = bendiog O-Si (A 1)-<l
8 = "pore opening"
9 = vibration H,o

10 =ea-o
II = N.-o
12 = C.-H,o
13 = Na--H,o
14 = optical translatiooal made ()f lama:

Group vibrational repn:sr:ntJtion: G... =fhA.jJ{) of $8•• + fhB,.{R)
+ 698lJR) + 69A,. -+ 69BN,. (fR ) + 698,,(1R) + 69B.(IRJ.
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Mordenite Fig. 4: TGAJDTA of the hydrogen form of mordenite (JCS
466(1964». (Reproduced with permission of the Chemical Society)

Ion Exchange

Rates of ion exhange in mordenite (6O"C) (ZeD. Mol.
Sieve, 574 (l974»:

System D (Cm1Is)

Na+ -> K+ L3x r(T1l

K· -+ N.lI· 1.8 X 1(]-')

Na' -> Rb" 7,5 x Ill"
RIl- -+ Na' 8.1 x l(]-Il

Na· -> InCa" 2.3 x 10-'2
Cs' -+ Na" 1.0 x 1O_'l

Mordenite is highly selective for cesium and
strontium. These properties make this material
desirable for application in radioactive waste
treatment iZeo, 4;215(1984»). Cooper ions can
be exchanged in this zeolite, using solid CuO,
CuF2 • or CU3(P04h in a physical mixture with
mordenite at temperatures between 550 and 8<ffC
iZeo. 6: 175(1986». Tin can ion-exchange into
mordenites with up to 3.6 molecules per unit
cell upon heating of H-mordenite mixed with
lin(H) chloride dihydrate in an oxygen atmo
sphere (Solid State tonics 35:51(1989»).

I
200

I
BOO

/

l-L_--1=-=----o_L-_.l-::--_-;-l I
1200 1000 800 600 400 200

em-'
Mordenjte Fig. 5: Infrared spectrum in the mid-rR regions for synthetic mordenite (Zeolon) (Advances In Chemistry
Series 101, Molecular Sieve Zeolites, Flanigan, E. M, Sand, L. B.• eds., 201(1971). (Reproduced with permission of
the American Chemical Society)
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Adsorption
Adsorbate T. K P.Torr gig

Adsorption properties of natural rnordenlte" from Nova SO, 273 50 0.083
Scotia ("lio, Mol. Sieve. 611l (1974)): 200 0.18

700 0.24
Adscrcate T, K P.Torr gig HCl 293 40 0.0335

120 0.104
Argon 90 NA 200 0.117
Oxygen 90 10 0.11 n-C.H,o 298 10 0.045

100 0.123 100 0.053
700 '0.13 500 0.058

195 700 0.063 700 0.060
Nitrogen 77 100 NA Isobutane 298 50 0.040

195 700 0.061 100 0.043
H2O 298 1 0.095 500 0.048

5 0.136 700 0.049
20 0.15 Neopeotane 298 50 0.044

CO:! 298 to 0.075 100 0.001
100 0.107 500 0.052
600 0.126 700 0.054

CO 298 25 0.085
100 0.107

600 0.125
CH.. NA
C1H.. 298 700 0.034 (slow) Adsorption properties for the sodium form of Zeolon

C,H6 298 NA (uo. Mol. Sieve. 619 (1974»:

CJfu 298 NA
Adsorbate T, K P. Torr Jdm

'lbe l)Ipicsl rnerdenite mineral does no( adsorb molecules with a
critical kinetic diameter greater than 4.8 A at 300"K. Argon NA

Krypton 273 11000 60
(cc(STP)lg

45000 70

Adsorption properties of synthetic mordenite (H-Zeolon) Oxygen 90 10 0.154 (gig)

(uo. Mol. Sieve. 619 (1974»: 100 0.165
700 0.171

Adsorbate T, K P. Torr Jdm
Nitrogen 77 to 0.154

100 0.165

Argon NA
700 0.138

213 100 0.039
Oxygen 90 10 0.182 (gig)

700 0.055
100 0.198

CO:! 298 100 0.10
700 0.212

Nitrogen 213 100 0.012
700 0.12

700 0.029 SOl ca. 300 10.7 0.l7

CO, 298 100 0.035
34 0.175

700 0.070
83 0.187



N

N (LTN) Infrared Spectrum

See Linde type N. infrared spectrum of N-A (ACS 101:201 (1971»:

N·A Fig. J: Infrared spectra in the mid-infrared region
of N·A with two different SiO,jAl,01 Illt10S (Advonus in
Chemi.rtry Series rOJ, MQlecular Sieve Zeolites. Flanigan,
E. M. Sand. L. B., eds., 201(1971). (Reproduced with
permission of the American Chemical Soc iety)
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N-A (LTA)
US3,306,922(1967)
Union Carbide Corporation

Related Structures: Linde type A

ORGANIC ADDITIVes
TMA

Zeolite N-A is prepared from a gel compo
sition of: 1.5 (TMA20 J : AhO) : 6 Si02 : 200
H20 after 8 days at IOOOC. The SiOJA1203 ratio
of the product can vary between 2 and 7
(US3,306,922(1967». As crystallization is done
in a glass vessel, significant amounts of sodium
dissolved from the glass also are present and
incorporated into this structure. Without the ad
dition of sodium, no type A structure is formed .
The rate at which N-A crystallizes is dependent
on the amount of sodium present.

Syntbesis

Structure

For a description of the structure see Linde type
A.

Chemical Composition: 1.0 ± 0.1 [(CH3)4
NhO + x Na20 : Ah03 : 4 .25 ± 1.75 Si02 :

yH20

X-Ray Powder Diffraction Data: (d(A) (l/lo))
. 12.08(100),8.55(60),6.99(45),6.05(5),5.41(8),
4.94(6),4.28(11),4.03(59), 3.83(7), 3.65(68),
3.36(24),2.93(36), 2.85(11), 2.710(5),2.644(5),
2.583(5), 2.474(5), 2.423(3), 2.375(0.6),
2.333(2), 2.250(0 .5), 2.211(4), 2.141 (6),
2.111(1.3) , 2.078(2), 2.049(1), 2.019(8),
1.992(0.2), 1.966(1), 1.892(5).

350
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Na-A

See Linde type A.

between 265 and 295 °C. Silicic acid and sodium
aluminate are used as the sources of silica and
alumina in this synthesis.

Na-B (ANA)
(JCS 1561(1952»

Na-J (lBW)
(JCS 1561(1952))

Related Material: analcime

Structure

Chemical Composition: SilAI = 2.

See nepheline hydrate I. This material was pre
pared in the sodium cation system over a tem
perature range of 270 to 450°C.

Na-K
(JCS 1561(1952»

Synthesis
This material is called nepheline hydrate U.

ORGANIC ADDITIVES
none Na-M (MOR)

(Geokhimija 9:820(1963»

Na-B crystallizes from a batch composition
of: >1.0 Na20 ; 4.0 Si02 : AI20 ) : xs water.
Crystallization occurs at 180"C.

Alurninosilicate mordente prepared by Sende
roy.

Na-D (MOR)
(JCS 1561(1952»

Na-Pl (GIS)
(JCS 1959:195(1959»)

Related Material: mordenite Related Materials: gismondine

x

z

~y

Na-PI is a commonly crystallizes phase from
sodium aluminosilicate gels. This zeolite was
thought to be related to phillipsite , but was later

Structure

Na-D crystallizes from a batch composition
of: Na20 : 8.2-12.3 Si02 ; xs H20. Crystalli- Na-P1 (gisrnondiJIe-type) Fig. 18: Framework
zation occurs after 2 to 3 days at temperatures topology.

Synthesis

ORGANIC ADDITIVES
none

ChemUal Composuion: Na20 : 10 Si0:2 : AhO)
: 6.7 H20.

X-Ray Powder Diffraction Data: (Zeo. Mol.
Sieve . 356(1974» (d(A) (1/10» 13.53(40), 10.
24( ) , 9.06(50), 6.57(55), 6.39(-), 6.08(-),
5.80(l5), 5.05(-), 4.83(-). 4 .52(25) , 4 .15
r-», 4.00(60), 3.84(-), 3.76(-), 3.53
(-), 3.47(100), 3.39(-), 3.29(-) , 3.22(-),
3.16(-).
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shown to contain a gismondine framework
structure. A multitude of names have added to
the confusion. These include P, or cubic P and
PI or tetragonal P, as well as P(B).

Structure

(Zeo. Mol . Sieve . 168(1974»

CHEMICAL COMPOSITION: N36AI&Si1oO,,· 12HlO

SPACE GROUP: pseudosymmetry 14,/a
UNIT CELL CONSTANTS (A) ; a = c = 10.04
PORE STRULrURE: intersecting eight-member rings

4.5 X 3.1 A and 2.8 x 4.8 A

X-Ray Powder Diffraction Data: (d(A) (/reJ»
([Na-PI)ca!c) 7.101(515) , 5.021(314) , 4.491(4),
4.100(559),3 .551(8),3 .348(13),3.176(1000),
3.028(15), 2.899(65), 2.785(8), 2.684(534),
2.511 (51), 2.436(8), 2.367(88), 2.304( I),
2.246(21), 2.192(12), 2.141(12), 2.050(46),
2.009(1), 1.967(148), 1.933(1), 1.865(7),
1.834(26), 1.775(69), 1.748(6), 1.722(08),
1.698(4), 1.674(101), 1.651(3), 1.629(70),
1.588(38), 1.568(8), 1.550(42), 1.532(2),
1.514(13), 1.497(5), 1.481(75), 1.450(5),

1.435(7), 1.420(50), 1.406(3), 1.393(40),
1.380(4), 1.367(92) ; ([Pc]) 7.10(55), 5.01(35),
4.10(55), 3.16(1()(), 2.67(55), 2.52(5), 2.36(7),
2.054(5), 1.965(10), 1.771(7), 1.719(7),
1.667(7); ([PJ) 7 .132(85), 7.047(83), 5.776(5),
5.048(51), 4.914(26), 4.420(8), 4 .108(94) ,
4.049(22), 3.527(4), 3.328(18), 3.194(100),
3.117(64), 3.036(10), 2.979(5), 2.776(3),
2.750(5), 2.694(46), 2.679(28), 2.653(21),
2.531(6),2.435(5),2.387(4),2.257(2),2.206(2),
2.159(2), 2.055(1), 1.982(2), 1.966(2), 1.929(1) .

The structure of Na-PI is based on a gis
mondine aluminosilicate framework. This struc
ture contains feldspar-like chains that run par
allel to the x and y axes. Based on the average
T-0 distance, the distribution of aluminum is
uniform throughout the unit cell .

The structural coordinates were obtained with
a pseudosyrnmetry of 141/a. 1l.!.e true symmetry
is expected to be lower than [4.

The variations observed in the different ca
tion-exchanged forms of P due to hydration and
so forth are attributed to the flexibility of the
framework structure . This flexibility is proposed
to be the reason for the considerable twinning
observed in crystals of this material.

L
65 60 55 50 -'5 ~o 35 30

28

25 20 15 10
-I

5

Na-Pl FIg. 2: X-ray powder diffraction pattern for zeolite Na-Pl (Z. Krisiallogr , 135:339 (1972)) . (Reproduced
with permission of OldeobouIg Verlag Publishers)
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Data on various cation-exchanged forms of zeolite P(B) (Zeo. Mal. Sieve, (1974»:

Calion form

Li'
Na' • cubic"
Na", terr."
K+ b

Ca''''
Ba''''
Mg' 2 , cubic"
Zn.', cubic'

Unit cell
dimensions, A

a = 9.99. c = 9,91
a = 10.05
0= 10.11, C = 9.83
II = 9.93. C = 9.67
a = 9.89, C = 10.30
a = 9.92. C = 10.36
II = 10m
a = 10.04

H,O, Density. Refractive
wt% glee in<let

18.7 2.02 1.489
19.3 2.01-2.08 1.40
16.9 2.15 1.482
10.8 2.28 1.504
18 2.J6 1.505
14.6 2.57 1.531
14
14

a. Rstio of si/AI of original B = ca. 1.5.
b. Unit cell contents of original P; '" Na, ?lAID,), ,(SiO,)IO., • 12H,o.

Final parameters based on space group 14" for Na-PI (Z. Kristoallogr . 135:339 (1972»:

Occu-
Posj· pancy

Atom tion factor t: y

T(I) 8g 1 0.1438(9) 0.1692(9) -0.0181(8)
T(2) 8g I 0.1683(8) 0.3579(9) 0.2329(7)
0(1) 88 I 0.1890(25) 0.0215(15) 0.0410(20)
0(2) 8g I 0.1885(20) 0.2895(20) 0.0880(20)
0(3) 8g I 0.0090(25) 0.3%0(30) 0.2985(20)
0(4) 88 1 0.2830(20) 0.2845(25) 0.3300(25)
I 4e 0.42(4) 0 0 0.3250(45)
II 8g 0.70(5) 0.2195(25) 0.0240(35) 0.3515(30)
1ll 8g 0.50(5) 0.2930(45) 0.0020(60) 0.3520(45)
IV 8g 0.32(2) 0.0140(55) 0.1&95(50) 0.4940(50)
V 8g 0.42(2) 0.3590(40) 0.0825(35) 0.2210(35)

Synthesis

ORGANIC ADDITIVES
none

Zeolite PI is synthesized from a sodium al
uminosilicate system. Batch compositions in
clude: 4Na 20 : AI20] : 10 5i02 : 160 H20: 6
NaCI at 120"C (5th Ini. Conf. on Zeolites, Na
poli, S8( 1980)). Clear solutions with batch com
positions of IS Na20 : AhO] : 32 Si02 : 1100
H20 will transform into cubic P after several
days at 13Soe (JCS A:2909(1 97 I); Zeo.
8: 166(1988)). In gel compositions that result in
the formation of the faujasite structure, with

time it will convert to zeolite PI. Zeolite A also
will transform into zeolite P in highly caustic
media (Zeo. 2:135(982».

Ion Exchange

Cation exchange in zeolite PI (25·c. 0.1 N solution) (JCS
A:2909 (1971)):

Exchange Xmn

Na+ to Li+ 0.5
Na' to K~ 1.0
Na' to Rb~ 0.9
Na" to Cs" 1.0
Na+ to In Sr·' 1.0
Na· to In Ba· 2 1.0
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Na-P2 (GIS)
(lCS 195(1959»

A variant of the synthetic analog of gismondine .
See Na-Pl for a description of the framework
topology.

Na-P3 (GIS)
(JCS 195(1959))

A variant of the synthetic analog of gismondine.

Na-F (FAU)
(Am. MilUral. 49:656(1964»

AJuminosilicate faujasite prepared by Taylor &
Roy.

See nepheline hydrate II.

Na-Q
(JCS 195(1959»

Alurninosilicate identified by Barrer et at

X-Ray Powder DiffrQdion Data: (d(A) (/I/o»
12.36(vs), 8.77(5) , 7.15(s) , 6 .35(w), 5.52(s),
5.03(w). 4.36(m), 4 .102(5), 3.899(w), 3.712(s),
3.413(m), 3.287(ms), 3.072(vw), 2.982(vs),
2.900(m), 2.751(m), 2.681(mw), 2.623(s),
2.512(mw), 2.4 lO(w), 2.369(mw), 2.247(w),
2. 173(m), 2. 143(mw), 2. 109(mw) , 2.078(mw),
2.050(m).

Na-R (FAU)
(JCS 195(1959»

Alurninosilicate faujasite prepared by Barrer et
al. Also called species R.

X-RayPowder Diffraction Da/.tJ: (d(A) (IlIa»
14.52(vs), 8.84{ms), 7.56(ms), 5.74(s), 4.8l(m),
4,42(ms), 4. 20(vvw) , 3.954(w), 3.813(ms).
3.769(mw), 3.621(vvw). 3.515(vvw). 3.048(m),
2.941(m), 2.881(s), 2 .79O(m), 2.745(w),

2.725(vw), 2.662(m), 2.617(mw), 2.545(mw),
2.403(m), 2.206(m), 2.181(m) .

Na-S (GME)
(JCS 195(1959»

Alurninosilicate with the gmelinite topology re
ported by Barrer et al . Also called species S.

X-Ray Powder Diffraction Dtua: (d(A) (Wo»
1l.9(ms). -9.5(vw). 6.85(s), 5.01(s), 4.46(l)'lw),
3.962(mw), 3.431(s), 3.280(vvw), 3.167(vw).
2.970(m), 2.900(mw). 2.829(mw) , 2.595(5).
2.284(w), 2.113(w), 2.083(5), 1.901 (m),
1.800(5), l.716(s), 1.687(m), 1.667(m).
1.646(w), 1.636(w) .

Na-T (JBW)
(lCS 195(1959»

Aluminosilicate related to nepheline hydrate 1.
Also called species T.

X.Ray Powder Diffraction Data: (d(A) (1110»
8.2(ms). 7.6(mw), 5.6(m), 4. 85(w) , 4.66(mw),
4.46(ms), 3.25(m), 3.17(m), 2.93(s) , 2.84(ms).
2.72(w). 2.58(w), 2.39(w). 2.34(w), 2.27(w),
2.23(w). 2.02(w). 1.89(w).

Na-V (THO)
(JCS 195(1959»

Aluminosilicate with the thomsenite topology
synthesized by Barrer et al.

Natrolite (NAT)
(natural)

RelDJed Materials : gonnardite
mesolite
scolecite

Na.turaJite originally was known mainly as "fi
brous zeolite ." The name natrolite first was pro
posed in 1803 (Nat. Zeo. 35(1985» . Natrolite
occurs in nature in association with analcime
but has not been observed with albite .
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NlItrollte Fig. IS: Framework topology ,

Structure

Fractional atomic coordinates wilh esd values in
parenthese s; Si(J) in special position (0.0.0) (ZeD .. 4: 14Q
(1984»;

The unit cell composition and symmetry of
natrolite, scolecite, and mesolite differ, but all
three zeolites possess the same type of frame
work structure. The natrolite framework is com
posed of linked chains of tetrahedra. The total
number of cations and water molecules in the
unit cell is 32, which does not vary among the
three structures. The channel dimensions are
small, and the space is occupied by the cations.
Each sodium ion has for its nearest neighbors
four framework oxygens and two water mole
cules. Ordering of silica and alumina in the
framework of this structure is well known.
Structural changes are associated with dehydra
tion and ion exchange; therefore. this material
is not considered as a molecular sieve adsorbent.

The lattice constants change linearly with the
Na20/(Na20 + K20 + CaD + MgO) ratio.
The transformation from natrolite to mesolite
occurs via a rotation of the secondary building
units two-dimensionally along the a-b plane.

x y

Na 2207(1) 306(1) 6Jn(3)
AI 374(1) 936(1) 6152(2)
Si(2) 1533(1) 2113(1) 6232(2)
0(1) 217(1) 687(1) 8662(4)
0(2) 702(1) 1817(1) 6097(4)
00) 984(1) 350(1) 5000(4)
0(4) 2063(1) 1528(1) 7259(4)
0(5) 1805(\) 2273(1) 3900(4)
O(w) 563(\) 1897(1) 1111(5)
H(I) 573(27) 1577(25) S31(n)
H(2) 842(26) I854(28} 1801(79)

X-Ray Powder Diffracdon [)Q/Q: (d(A) (/110»
6.53(74), 5.88(36),4.66(35),4.59(30), 4.39(58),
4.35(70), 4 .15(42), 4.11(37), 3.622(2),
3.261(12), 3.192(42), 3.151(52), 3.098(29),
2.939(36), 2.897(9) , 2.863(80), 2 .844(74),
2.582(43), 2.570(71), 2.552( 16), 2 .448(88),
2.410(86), 2.331 (15), 2.318(37), 2.288(18),
2 .260(36), 2.239(7), 2.222(7), 2.194(58),
2.177(100), 2.076(\ 0, 2 .053(27) , 1.933(23),
1.883(21).

log 0CQ,t

NatroUte Fill. 2: Stability fields of natrolite, mesolite,
scolecite at 25"C. 1 atm. aK,O = 1 (Am. Mineral.
68:1134 (1983». (Reproduced with permission of
American Mlneralogisl)

(Zeo. Mol. Sieve. 164(1974»

0
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0
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SCOLEClTE
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CHEMICAL COMPOSITION: Na,~(AII"si2AOeo)*16H:zO
SYMMETRY: onhornombie
SPACE GROUP: Fdd2
UNIT CELL CONSTANTS rA): a = 18.285

b = 18.630
c = 6.585

FRAMEWORK DENSITY: 1.76 glcc
PORE STRUCTURE: rwo-dimensional eight-member

rings 2.6 x 3.9 A



356 Natrolite (NAT)

The a and b axis elongates with increasing Ca
content. The conversion between rnesolite and
scolecite is a three-dimensional rotation of the
SBU with an increase in the beta angle and
elongation of the c axis (PP 7th IZC IB-7(l986»).

SynthesJs

Thermal Properties

Dehydration causes a substantial change in the
local charge balance as the cations move into
different sites for coordination with the frame
work oxygens, The result is a change in the
lattice dimensions. The dehydrated form of na
turalite shows no tendency to readsorb mole
cules other than water and ammonia.

ORGANIC ADDITIVE
none

Infrared Spectrum

Synthetically, natrolite has been observed to
form from sodium aluminosil icate gels. Crys
tallization occurred between 100 and 200°C, and
the natrolite species was readily observed when
the gels were seeded. Analcime was a persistent
impurity (ACS 101:149(1971).

The state of the water in natrolite is character
ized by absorption bands ar 1640, 3230, 3350,
and 3550 crrr" , with a combined absorption band
observed around 2150 crrr" . All the bands dis
appear after vacuum treatment between 130 and
lSO°C. This type or dehydration is reversible.

800600400200

""- I I I-
\ TG

f

DTG

- '"
- -

( OTA

TeC)

I I I Io

NatroUte Fig. 3: Thermal curves of natrolite from Tierno. Trento, Italy; in air. healing
rate of 2O"CImin (NQI. U(). 49(1985» . (Reproduced with permission of Springer Verlag
Publishers)
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Lattice parameters of natrolite; dependence on heating temperature and time (Coil. Czech. CMm. Comnwn. 52: l21t
(1987»:

Time, a, b, c. b-a.
Temp.• "C hr nm nrn nm nm

310 0.5 1,816(4) 1.868(6) 0.658(3) 0.052
310 32 1.836(3) 1.864(3) O.658(2) 0.028
310 4905 1.823(2) 1.859(3) 0.657(1) 0.036

350 0.5 1.823(5) 1.873(5) 0.655(3) 0.050
350 32 1.831(7) 1.868(7) 0.665(6) 0.037
350 4102 1.832(6) 1.878(9) 0.659(3) 0.046

400 0.5 1.826(4) 0.864{6) 0.659(1) 0.038
400 32 1.803(10) 1.858(10) 0.638(10) 0.055
400 4097 1.816(10) 1.862(10) 0.669(7) 0.040

500 0.5 ).833(3) 1.872(6) 0.661 (I) 0.039
500 32 1.832(3) 1.859(5) 0.659(1} 0.027
500 4096 1.804(7) 1.883(10) 0.663(3) 0.079

Vacuum treatment at 600°C results in a shift amount of readsorbed water found by thermal
toward lower frequency by 10 ClTl- 1 with an analysis and its removal at relatively low tern-
increasing halfwidth. The readsorbed water can peratures suggests the formation of secondary
be removed at a relatively low temperature porosity with dehydration. This secondary po-
(l (X)0C). The combination of an increase of the rosity is enhanced by anisotropic compression

Tetronotrolite

Natrohte

em"
3000 2000 1500 1000 500 300

Infrared spectrum of natrolitc (NDI. Zeo. 347 (1985». (Reproduced with permission of Springer

L.OOO

Natroltte FJg. 4:
Verlag Publishers)
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,
200 400

I
600

I
BOO

VII

100oem"'

N.troUte Fig. S: Raman spectra of natrolite (Acta PhysicQ HlUIg .
61:27(1987» . (Reproduced with permission of the Publishing House
of the Hungarian Academy of Sciences)

and subsequent expansion of the natrolite crystal
during dehydration and subsequent heating . These
two opposite changes lead to the formation of
microfaults along the C axis (Nat. Zeo. 265
(1988)).

The changes in the infrared absorption spec
tra in vibration bands, fine structure, and split
ting are caused by variations of the local force
fields with changes in symmetry and by other
chemical and physical factors.

Evaluation of infrared spectra of natrolites (Acto MO/l/QIUl 70:15 (1985»:

Stretching Bending Stretching Bending
Natro - vibration vibration vibration vibration

lite O--H H,o T...{) 0-T-Q

3580vs 16Z0m 1180-IOSOvs 120m
33220m fine struc ture

2 3S1Ovs 1615m I 180-1050vs 73O-100m
BIOrn fine structure fine structure

3 3570vs I630rn 1J90- [02Ovs 780w 720
fine structure

4 3580vs 1620m 10000s 720-700w

Bne structure
5 3590w 1625m 1150-I04Ovs nO-110m

3560w wide band doublets
3390rn
BlOw

6 35805 1630m I ISo-l140vs 790~90m

3S00w tine structure line structure

3400m
BlOw

7 3580s 1620m 114()....I04Ovs 79O-69Om
3450w fine structure fine structure
3360111

8 3600vs 1620m 113O-I04Ovs 790-700m

3590vs line structure line strucrure

3400w
9 36ZO-357OVS 1630m 1160-IIOOvs 730m

3380w doublets
3605-358Ovs

doublets
10 3460 inflection 1620m IISD-I04{)vs 760--690m

3370m fine structure line structure
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Band frequencies (in cnr") in lbe RamJIlI spectra of
natrolite (in the region below 1200 em") (Acta MonJaNl

70:75 (1985»:

Al A2

99
75 129

IDS 141
141 170
155
160 184
196 211
206
242 336
272
307
361
415 413
434
445 495
520
534 588
598 633
703 708
727
965

BI B,

93
us 106
121 123
182 135

144
162

216 1&3
222

273 2TI
289 297

326

331 358
358

415
514 495
576
619 604
967 722

964
- 990

X-Ray Powder Diffradion Datil: (dCA) (lIlo))
7.09(vs), 5.00(ms), 4 .00(vs), 3.51(w), 3.34(vw),
3.17(vs), 2.677(5), 2.51l(w), 2.238(vw),
2. 136(w), 2 .017(vw), I. 962(m) , 1.829(vw),
1.772(mw), 1.717(m), I.669(mw), 1.624(w),
I. 479(mw) , I.390(w) , 1.363(mw), 1.313(vw),
1.274(mw).

N-B represents the gismondine, or type B,
structure prepared in the presence of organic
amine cations .

Synthesis

ORGANIC ADDITIVE
terramethylarnmoniurn ~

Zeolite N-B crystallizes from a tetramethy
lammonium ion--containing aluminosilicate gel
with a batch composition of: 1.5TMA20; Al:z03

: 3 Si02 : 200 H20. Crystallization occurs at
temperatures of 2000C after 6 days.

996
993

1024
1047 1075
1071
1083 1092

Na-X (FAD)

See Linde type x.

1009

1063
1088

Nepheline Hydrate I <JBW)
(JCS 1561(1952»

Nepheline hydrate first was identified by Barrer
and White in 1952 when they synthesized these
aluminosilicates from a sodium oxide system
(JCS 1561(1952». This structure constitutes a
link between the anhydrous tektosilicates and
the zeolites.

NaZ-21 (LTN)
Structure

(Zeo . 2: 162(1982»
See Z-21.

CHEMICAL COMPOSmON: NaJAL3SI,oI]*2H,O

SYMMETRY: orthorhombic
SPACE GROUP: Pna2.
UNIT CELL CONSTANTS: (A) a == 16.426

b == 15.014
c == 5 .2235

DENSITY (calc): 2.38 glcrn 3

PORESTRUCfURE: eight-ring apertures

N-B (GIS)
(US3,306,922(1967))
Union Carbide Corporation

Relaud Materials: gismondine

Structure

Chemical Composition: 1.0::t 0.2 [(CH3)4 X-Ray Powder DijJractWn Datil: (JCS
NhO + x Na20 : AhO) : 3.5 :!: 1.5 Si02 : y 1561(1952» (d(A) (/!Io» 8.19(60), 7.49(50),
H20 5.53(20), 4 .397(100), 3.432(15), 3.408(100),
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2.960(35), 2.850(10), 2.607(10), 2.445( I0),
2.420(5), 2.303(5).

Nepheline hydrate I consists of a tetrahedral
aluminosilicate framework with alternating alu
minum and silicon ions . There is a set of parallel
two-repeat chains with single and double chains
alternating. The largest channels are bound by
eight-member rings. Two of the sodium ions are
coordinated by seven framework oxygen atoms,
whereas the coordination of the third sodium
ion is with three framework oxygens and three

water oxygens .

Nonasil (NON)
(c1athrasil)

Related Materials: ZSM-51

Nonasil-[4 158J is a member of the c1athrasil fam
ily of materials with an 88Si02*8M

88M9*4M2o

composition. This material has no structural an
alog in the clathrate hydrates .

Structure

(J. Incl. Phenom. 4:339(1986))

X-Ray Powder Diffraction DakJ: (J. Incl.
Phenom. 4:339(1986)) (d(A) (11/0» 11.1(23),
9.2(35), 7.56(3), 6.83(3), 6.25(3), 5.98(5),
5.82(4), 4.61(66), 4.47(28), 4.30(100) 4.26(32),
3.97(50), 3.752(14), 3.704(28), 3.567(27),
3.406(5), 3.329(24). 3.256(31), 3.231(16),
3.107(4),3.068(3),3.028(3),2.989(7),2.834{4),
2.778(2) , 2.732(5), 2.684(10), 2.635(2),
2.565(3), 2.526(4), 2.509(15) .

Nonasil-[4 158) contains cagelike voids oc
cupied by guest species. The three-dimensional
4-connectedsilica host framework has three types
of cagelike voids, the 8-hedra, [5464

].

the 9-hedra, W5~] (fundamental cage), and
the 20-hedra, [586 12 ] . It is in the last of these
cages that the structure-controlling guest mol
ecules reside.

CHEMICAL COMPQsmON: sio,
SPACE GROUP; Fronun
UNIT CELL CONSTANTS (A): a "" 22.232(6)

b "" 15.058(4)
c "' 13.627(4)

0.0774(1)
0.273(1)
0.135(2)
0.25
0.734(1)
0.738(1)
0.7470(7)
0 .232(1)
0.236(1)
0.583(2)
0 .055(1)
0.173(3)
O.180(2}
O.674(3)
0.674(3)
0.509(2)
0.519(2)
0.031(2)
0 .02&(2)
0.221(2)
0.225(2)
0.226(4)
0.686(6)
0.12(1)
0.76(2)

Atom x y

Na(l) 0.0929(2) 0.2500(4)
Na(2) 0.4156(2) 0.2518(4)
Na(3) 0 .2086(4) 0.5ll44(6)
N(I) 0 .2022(1) 0.2509(3)
Al(2) 0 .4511(3) 0.3923(2)
AI(3) 0.4511(2) 0.1068(2)
Si(l) 0.3075(1) 0.2482(2)
Si(2) 0.0574(2) 0.1090(2)
Sit)~ 0.0559(2) 0 .3890(2)
0(1) 0.2252(3) 0.2495(6)
0(2) 0 .287&(3) 0 .2498(6)
O() 0.1411(7) 0 .1606(6)
0(4) 0.1436(6) 0.3447(5)
0(5) 0.3618(6) 0.3339(6)
0(6) 0.3592(6) 0.1606(6)
0(7) 0 .0228(6) 0.1392(6)
0(8) 0.0230(5) 0.3563(5)
0(9) 0 .4886(5) 0.3583(5)
0(10) 0.4932(6) 0.1447(6)
0(1 J) 0.0736(4) 0.0048(7)
0(12) 0.0689(3) 0.4954(7)
W(I) 0.337(1) 0.492(2)
W(2} 0.237(1) 0.497(1 )
Na(31) 0.216(2) 0 .005(3)
W(lO 0.168(4) 0 .503(7)

Atomic populations, positions. and displacements (uo .
2;162 (I982));

Identified as Na-K in the NazO-AhOrSi02-H20
system. Crystallization occurs over a tempera-
ture range between 270 and 450°C. NODasil Fig. IS: Framework topology.

Nepheline Hydrate II
(lCS 1561(1952»



Nonasil (NON) 36\

cB ® Atom x y z

. ..... .'
Si(3) 0 .2950(7) 0.3270(13) 0T

I Si(4) 0.5 0.1051{9) 0.6156(12)
Si(5) 0.3173(7) 0.5 0.2831(13)
0(1) 0.3356(1) 0.3282(19) 0.9056(20)

["5' J [5' 6'}
0(2) 0.4427(8) 0.1~2((S) 0.3]74(16)
0(3) 0.3520(15) 0.4050(50) 0.2525(39)
0(4) 0.2702(28) 0.4329(39) 0
0(5) 0.3197(17) 0.5 0.5937(29)
0(6) 0.3667(37) 0.25 0.25
0(7) 0 0 0.1392(38)
0(8) 0.5 0.1155(28) 0 .5
0(9) 0.25 0 0.25
0(10) 0 .25 0 .25 0
C(I) 0 .5 0.4489 0.5700
C(2) 0.~59 0.3547 0 .5
CO) 0 0 0 .5

Nooasll Fig. 2: The three types of cages in nonasils-
14'-5~ (J. Incl . Phenom, 4:339 (1986»). (Reproduced
with permission of Reidel Publishers)

Comparison of lattice parameters in nonasils·r4'581with
different guest molecules and degassed nonasil ; standard
deviations are less than 0.1 A (J. Incl. Phenom. 4:339
(1986» :

Fractional coordinates for the nonasil-Id' S~J 88SiO.· 4M2

0·. MlO = CHJCH(NH,)C1H7 , refined in space group
Fmmm; the guest species is represented by the positions
cel) to C(3) (J. Incl. Phenom, 4:339 (1986)) :

1,2·
Lattice diamino-

parameters cyclohexane

Guest Molecules

2·Amino- 2-Amin()-
pentane butane

No
guest

o
1
H

Acom

Si(l)
Si(2)

x

0.3745(4)
0.2798(10)

y

0 .1635(1)
0 .5

z

0.] 103(8)
0.5

22.21
15.04
13.64

o
I
H

22.23
15.06
13.63

22.17
14.99
13.63

22.11
15.Q1
13.63

o
\

H

Nonasll F1g. 2: Organics used in the preparation of nonasil .
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Synthesis

ORGANIC ADDmVES; See NonWI Fig. 2.

Nonasil crystallizes from aqueous silicate so
lutions using different organic additives that be
come trapped within structural cages . Crystal
lization generally occurs at temperatures between
150 and 200°C, depending on the organic used
in the synthesis. This clathrasil requires several
weeks of crystallization time. When hexame
thyleneimine is used, the best yield of product
nonasil is obtained (1. Incl . Phenom, 4:339
(1986» .

Thermal Properties

Three distinct exotherms are observed in the
DTA of nonasil : a very weak one in the range
of 250 to 350"C. a stronger one at 530 to 610°C,
and one in the range between 520 and 750°C.

Weight loss in the TGA begins slowly at around
ISOGC and becomes faster in the temperature
ranges 520 to 610GC and 800 to l000°C . A total
of 5.75% weight loss is observed up to 700°C.
A total weight loss of 7.2% occurs between
room temperature and I(X)()"C. This indicates
that the organic guest (hexamethyleneimine) oc
cupies only the larger cage, and that the smaller
cages are essentially empty (1. Incl. Phenom.
4:339( 1986» .

Nosean (SOD)
iTscherm, Min. Petro Mitt.
10:225(1965))

. See socialite.

N-R (FAU)
(JCS 983(1961))

Aluminosilicate faujasite prepared in the pres
ence of amine cations by Barrer et al.

Clathrasil.!synthesized wilh different guest substances at various temperatures; when two phases were obtained under
the same conditions, the main product is given on the upper line (J. Incl. Phenom, 4:339 (1986));

Reaction Temperature (Oel

Ouest 150 160 170 ISO 190 200

2-Melhyl pyrrolidine Ns Ns Ns Ns Ns Ns
Hexamelhyleneimine Ns Ns DJH DIH

Ns Ns

2-(Aminomet.llyl)- Ns Ns Ns Ns DIH
t.etrahydrofuran

2-Methyl- piperidine Ns Ns Ns Ns Ns Ns
DIH DIH

J,2· Diamlno- Ns Ns Ns Ns Ns DIH
cyclobexaae DIH D\H DIH Ns

2·Met.llyl· piperazine Ns DIH DIH DIH DIH DIH
DIH

2·AmioobuLane Ns Ns Ns Ns D3C D3C
D3C DJC D3C Ns Ns

I·A1I'IinoblllaM Ns
D3C'

2·Aminopencane Ns Ns Ns Ns Ns Ns

N. = nonasils; DlH =- dodec ..ils JH; D3C =- dodecasils 3C ; - ~ no expctimcntal tWa ,

'150 baIr M pressure,



Nu-J
(US4,060,S90(I977))
Imperial Chemical Industries

NU-2 ]63

occurs at temperatures between 150 and 200°C
from a static autoclave after 1.5 to 3.0 days.
The reproducibiliry of this synthesis appears low.

Water n-Hexane Isobutane p-Xylene Pyridine

Adsorption

Adsorption properties of NU-I (COlaJ. Highly Siliceous
aOlileJ 343 (1986) :

Structure

Chemical Composuion: 0 .9-1.3 RzO : Al10 3

: 20--150 SiOz : 0-40 H20 .

X-RayPowder Diffraction Dam: (d(A) (lI/o»
8.87(18), 8.23(69), 6.53(43),6.19(75),4.43(52),
4.30(51), 4 .08(37), 4.03(100), 3.965(73) ,
3.845(74), 3.81(22), 3.687(16), 3.508(29),
3.256(27), 2.858(15).

WI% 7.8 4.0 3.0 3.8 4.0

Zeolite Nu-l exhibits properties character
istic of a small-pore and of a medium-pore mo
lecular sieve.

Syntbesis

ORGANIC ADDITTVE
TMA

Nu-I crystallizes in the presence of TMA and
sodium cations with a ratio of 0.05 to 1.0 (R20 /
NazO + R20). II crystallizes over a range of
Si02/Ah03 between 20 and 200 with Na20/SiOz
in the range of 0.05 to 0.25 . Crystallization

Nu-2 (BEA*)
(EP 55,046(1981»
Imperial Chemical Industries

ReWed Materials: beta

Structure

Chemical Composition: 0.5-1.8 R20 : Ah03
: at least to Si02 : 0-100 H20 .

X-Ray Powder Diffraction Data: (d(A) (///0))
11.33(23) , 9.04(3), 7.56(4), 6.61(3) , 6 .03(3),
5.37(5), 4.51(2), 4.14(23), 3.96(100), 3.51(12),
3.46(3),3.38(2), 3.31(21), 3.10(7). 3.02(21),
2.93(8), 2.91(5), 2.68(6),2.59(3).

100.------------...-0:----------------
10

eo
10

IOOV!O

" .ctA

NU·l Fig. J: X-ray powder diffractioD pattern for Nu-I (US4 ,06O.59O(1977».
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NU·l Fig. 2: Adsorption rates on HNu·\ (US4.060,590(l9n)),

Syntbesis

ORGANIC ADDITIVE
tetraethylammonium ..

Nu-2 crystallizes from a reactive aluminos
ilicate gel with a molar oxide ratio between 10
and 3000 and an OHlSi02 ratio between O.I and
2.0. The ratio of the organic amine cation to
Si02 is low. generally falling between 0.02 and

0.4. Crystal.lization occurs readily at 1500c, with
product being formed after 3 days. At lower
temperatures (ca. 95°C) nearly one month is
required before crystalline product is observed.

Zeolites ZSM-12 and ZSM-8 both have been
identified as impurity phases in the synthesis of
NU-2, crystallizing preferentially at low TEAOHI
5i02 ratios. The organic amine in this synthesis
undergoes significant Hofmann degradation dur
ing the crystallization, which consumes hy
droxide and releases ethylene and triethylamine.

10 20 30
D~~ree. t.o lbeta

140

Nu·2 Fig. J: X-ray powder diffraction pattern for Nu-2 (SSSC 49kl 5 I( 1989). (Reproduced with. permission of
Elsevier Publishers)
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Adsorption

This is directly related to the temperature and
the base level used in the synthesis (SSSC
49A: 151(1989».

Adsorption properties of zeolite Na,H-Nu-2:

Kinetic"
diameter

Adsorbate A
Time, Wt%
min. adsorbed

Voidage
available,
ccilOO s

Structure

Chemical Composition: 0.5-1.5 R20 : AhO)
: at least 5 Si02 : 0-400 H20.

X-Ray Powder DifJrodion Dakl: (d(A.) (/110»
10.Il(8), 8.0t(33), 7.56(0, 6.56(19), 5.50(10),
5.07(19) , 4.94(14) , 4 .69(6), 4.62(2), 4.39(3.5),
4.21(56),4.01(100), 3.78(35), 3.54(6), 3.42(3),
3.27(18),3 .18(2),3.12(48),3.03(9),2.81(5),
2.75(38).

·L<onnllld Jooes kinetic diameter.

Adsorption properties of zeolite H-Nu-2:

Lattice parameters for organic-containrng Nu-3 (BZA
Mu/ing Abstracts J293 (1990»:

The levyne structure contains cages acces
sible via eight-member-ring openings. The or
ganics are found to be ordered with well-defined
orientations in this structure. The iodine, how
ever, in the N-methyl-quinucIidinium iodide
prepared sample was not incorporated into the
structure. Residual fragments of the organic
are thought to be present in the calcined
sample.

c
22.290 A
22.601 A
22.558 A

a
13.23\ A
13.062 A
13.121 A

ORGANIC
l-Aminoadamantane
N-Methy]-quinuclidinium iodide
Calcined and H' -exchanged

SPACE GROUP: R3m

7.6
12.8
12.8
17.9
18.3
18.5
14.6
18.7
18.7
18.6
4.0
0.26
0.6
0 .6
1.3

10 7.6
60 12.8

144Q 12.8
10 U.8
60 12.1

1440 12.2
10 12.7
60 16.3

120 16.3
144Q 16.2
1440 3.5

10 0 .2
60 0.5

120 0.5
1440 1.0

Watcr 2.7

n-Hexaoe 4.3

p·Xylene 5.85

m-Xylene 5.95
Cyclohexane 6 .0

Adsorbate

Kinetic·
diameter. Time, WI%

A . min adsorbed

Voidage
available ,
ec/too g Synthesis

·L<oMard JoDeS kinetic diameter,

Nu-3 (LEV)
(EP 40,016(1981»
Imperial ChemicaJ Industries

Re/.QJ.ed Meuerials: levyne

Water
p-Xylene
m-Xyle/lc
CycJohexane
Symtrimethyl

benzene

2.7
5 .85
5 .95
6.0
7.8

1440
1440
1440
]440
1440

13.6
17.0
15.9
14.6
0.8

13.6
19.5
18.3
19.0
0.9

ORGANIC ADDITIVE
N-methyl-quinuclidine
substituted adarnamanes

Zeolite Nu-3 is prepared from the reactive
aluminosilicate gel with SiO;JAh03 ranging be
tween to and 300, inorganic/organic ratio be
tween 0 and 2.0, H20/organic between 8 and
30, and OHlSi02 between 0.01 and 2.0. Sodium
cations generally are used as the inorganic cat
ions in this synthesis. Crystallization occurs
readily after 3 days at ISOoC (EP 40,0/6(1981».
This zeolite atso has been observed as the more
stable phase in the transformation of cubic P in
a gel-free system (Zeo . 9:3(1989».
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Adsorption

Adsorption properties of Nu-3 at 25QC and PIP. = 0.5
(EP 4<J ,O/6 (198J):

)(inetic· Voidage

diameter, Time, Wt% available,

Adsorbate A min adsorbed cellOO 8

Water 2.7 10 6.5 6.5
60 9.3 9.3

lU> 9.9 9.9
n-HCllane 4.3 10 L5 2.3

60 4.9 7.4
120 5.9 8.9

/4W 6.0 9.9
p-Xylene 5.8 10 0.1 0.15

1440 0.2 0.3

Nu-J Fig. I: X·roy powder diffraction patterns of NU-3: (A) synthesized in the presence of I-
aminoadarnantane, (B) syntbesUed in the presence of N-melhyl-quioucUdinium iodide and (C) calcined and H~

exchanged (BZA Meeting Abstract 129 (1990))

Structure

Chemicill Composition: 0.1-7 .5 M20 : 0.2
2.5 AhO) : 100 Si02 : 0-50 H20

X-RayPowderDiffradionDaUJ: (d(ft..) (1110»
11.3(16), 11.1(20), 10.08(15), 9.90(8), 9.77(6),
9.05(1), 7.50(2), 7.09(1). 6.78(2), 6.44(5),
6.07(4), 6.05(5), 5.97(1), 5.75(8), 5.65(6) ,
5.63(2) , 5.41(2), 5.19(2), 5.07(2), 5.01(4),
4.915(1),4 .629(9),4.000(0,4.495(2),4.475(2),
4.386(13), 4.291(10), 4.124(3), 4.104(4),
4.039(6), 3.950(1), 3.880(100), 3.850(69),
3.743(51), 3.730(50), 3.678(27), 3.649(22),
3.629(5), 3.466(12), 3.364(6). 3.332(9),
3.329(4), 3.267(4), 3.260(4).

Nu-4 exhibits properties characteristic of a
medium-pore ZSM-5 type molecular sieve .

Nu-4 (MFI)
(EP 65,401(1982)
Imperial Chemical Industries

Re14Ud Materials: ZSM-5

Synthesis

ORGANIC ADDITIVES
N,N-diethylethylene diamlne
tetraethylene penramine



Nu-4 crystallizes from a reactive mixture with
a batch composition of: 18 tetraethylenepentam
ine : 11.1 NazO: 96.3 sio, : 3600 HzO : 50
NaCl (Zeo 4:275(1984». The temperature re
quiredfor crystallization of this material is l6O"C,
with J day of crystallization time.

Thermal Properties

Nu-4 is stable to temperatures required to re
move the organic from the poresof the material.

Adsorption

Adsorption properties of HNu-4 at 25"<::

% sorption w/w

Nu-6 367

Syntbesis

ORGANIC ADDITIVE
peotaerythritol

Crystallization of Nu-5 occurs over a Si021

AhO) ratio between 50 and 200 with an alkali
metal hydroxide/Si02 ratio between 0.1 and 0.25.
The ratio of pentaerythritol to A120~ ranges be
tween I and 50 . Crystallization occurs after 48
hours at 180°C.

Adsorption

Adsorption properties of HNu-5:

n-Hexane p-Xylene m-Xylene Cyclohexane

HNu.4

monoclinic n-Hexane p-Xylene m-Xyl,ne Cyelohexane

sample fI PIP. 0: 0.33 PIP. = 0 .5 PIP. = 0.5 PIP. = 04

W(% 9.0 8.0 0.1 0.1

A 10.5 85 1.9
B 11 9.7 4.2

C 11,2 9.8 6.8 0.5
D 12.0 10,3 10.0 2.5

Nu-S (MFI)
(EP 54,386(1982))
Imperial Cbemical Industries

Related Materials: ZSM-5

Structure

Chemical Composition: 0.5-1.5 RzO : AhO)
: at least )0 Si02 : (}-2000 H20

X-Ray Powder Diffrection Data: (d(A) (IlIa»
11.1(70), 10.02(41),9.96(37),9.74(18),9.00(3),
&.04(1), 7.44(6), 7.08(3), 6.71(7), 6 .36(14),
5.99(15),5.70(12),5.59(13),5 .13(4),5 .03(6),
4.984(8), 4.623(7), 4.371(15), 4.266(15),
4.095(14), 4.014(1 I), 3.859(100), 3.821(70),
3.749(39), 3.725(54), 3.643(31), 3.598(4),
3.484(7), 3 .358(10), 3.315(12), 3.054(12),
2.994(13),2.979(13),2.015(8), 1.996(8).

Nu-5 exhibits properties characteristic of a
medium-pore ZSM-5 type molecular sieve .

Nu-6
(EP 54,346(1982)
Imperial Chemical Industries

Structure

Chemical Composition: 0.5-1.5 R20 : Al20 J

: at least 10 Si02 : 0-2000 H20.

X-Ray Powder Diffraction Data: (Nu-6(l))
(d(A) (/lJo») 13.4(89), 11 .3(6),6.89(3),5.46(13),
4.52(17), 4.48(15), 4.29(84), 4.23(19),
3.998(100), 3.683(34), 3.478(40), 3.382(91),
3.335(61), 3 .107(13), 3.109(11), 2.986(3),
2.964(3), 2.484(17); (Nu-6(2» (d(A) (1/10))

8.41(45), 6 .67(42), 6.09(5), 4.61(27.5),
4.33(100), 4.19(sh), 4.10(sh), 3.94{2), 3.76(11),
3.65(15), 3.44(27), 3.33(76), 3.17(15), 3.05(9).

Zeolite Nu-6(2) exhibits properties of a me
dium-pore molecular sieve.

Synthesis

ORGANIC ADDITIVE
4,4' -bipyridyl/ethan ol

Zeolite Nu-6( I) crystallizes from a reactive
aluminosilicate gel with a SiOz/AlzO) ratio be-



368 Nu-IO (TON)

tween 10 and 5000 and an inorganic (generally
sodium) hydroxide/Sifj, between 0.0\ and 0.3.
The ratio of the alcohol to Ah03 is between 0
and 1000, and the ratio of the organic amine to
AJ~3 is between I and 500. Crystallization oc
curs readily after 3 days at J40°C. Thermal treat
ment at 450<>C of Nu-6(1) for 48 hours produces
the X-ray powder diffraction pattern for Nu
6(2).

Synthesis

ORGAN1C ADDmVES
N,N ' -diethylethylene diarniue
N,N-diethylethylene diamine
diethylamine
triethyltetrarninc
1.3-propane diamine
1,2-propane diarnine

Structure

Adsorption Properties

Adsorption propenies of Nu-6(2) at 25·C and PIP. of 0.5
after 2 hours :

Nu-l0 (TON)
(EP 77,624(1983»
Imperial Chemical Industries

Related Mmerials: theta-I

Zeolite Nu-IO crystallizes from the reaction
mixture: x DEA : x NAOH: 20 Si02 : w H20
(w =: 250, 1000; x = 0, 1,3, 5;y = 20,50,
100). The formation of this zeolite favors low
DEA and Na + concentrations and temperatures
between 150 and 180oe. Crystallization occurs
within 5 to 10 days at pH ranges between 12.4
and 13.4. Morphologically the resulting Nu-10
crystals are lath- and fused lath-shaped balls, as
well as platelets . The DEA appears to remain
in the structure with 1.3 DEA per 24 Si02 , but
lesser amounts were observed when the crys
tallization mixturewas stirred (Zeo. 8:508(1988)) ,
When 1,2-propane diamine is used as the or
ganic additive, a mixture of ferrierite and Nu
10 is observed to form. From the composition
18 R : x Na20 : 96.3 Si02 : 3600 H20: 50 NaCI
(where R =: tetraethylenepentamine), Nu-10
crystallizes when x is between 0.48 and 7.22
and temperatures are between 150 and 180°C.
These crystals are rod-shaped. When x = I I. I,
the zeolite Nu-4 crystallizes.

This zeolite also can be prepared from a batch
composition of: 5 M20 : x AhO) : 60 Si02 :

3000 H20: 20 R (where R is NH2(CH1)"NH2,

and M is an alkali metal cation). The pH ranges
from 12.3 to 12.6 with highly crystalline ma
terials prepared in both the potassium and the
rubidium systems, with n falling between 6 and
10 for the carbon number of the diamine. ZSM
5 mixed with cristobalite forms when the in
organic cation is lithium. High Sial"AI20 ) ra
tios (greater than (70) also produce good-quality
crystalline Nu-IO. Pure silica systems result in
the formation of ZSM-48 (Zeo , 4:280(1984)).
The addition of excess NaCl also will change
the crystallization products. Using tetraethyle
nepentamine (TEPA), ZSM-5 is formed, along
with Nu-IO and cristobalite (SSSC 28:255(1986) .

3.94.8

Cycle-
hexane Water

5.97.3

n- p- m-
Hexane Xylene Xylene

Wt% 8.0

X-Ray Powder Diffradion Data: (dCA) (lllo»
10.64(36), 8.58(17), 6.91 (17), 5.37(12),
4.55(17), 4.35(98) , 3,64(100), 3.60(74),
3.45(40), 3.32(10) , 2.51(24), 2.43(10), 2.35(7),
1.87(7)_

Nu-lO exhibits properties characteristic of a
medium-pore molecular sieve.

CHEMICAL COMPOSITION: 0.5-1.5 RIO: AbO) : .Ilt

least 20 Si02 : 0-4000 J-h0
SYMMETR Y : orthorhombic
SPACE GROUP: Crncm
UNIT CELL CONSTANTS: (A) a '" 13,853

b '" 17.434
c '" 5.04
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Thermal Properties
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NU.I0 Fig. 1: X·ray powder diffraction pattern for DEA·si!iea·Nu·10 iZeo . 8:508(1988») . (Reproduced with
permission of Bunerworths Publishers)
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with permission of Butterworths Publishers)
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recrystallization 10 alpha-cristobalite as a function of treatment temperature
(SSSC 28:255(1986». (Reproduced with permission of Elsevier Publishers)
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Infrared Spectrum

The infrared spectrum is similar to that of other
zeolites having the same main adsorption re
gions. 'The stretch appears near 1100 em" (1209,
1117,1081 em"), and the deformation is sit
uated near 500 crrr ' (637,547,463 cm'"), See
NU-lO Fig. 4.

NU-13 (MTW) 371

Summary of the gravimetric adsorption data recorded at
2%K (Zeo. 7:28 (1987));

Sorbate Uptake (I = 90 min),
del. V (rnu.llg)

Kinetic Nu-IOA Nu-lOB Nu-IOC
diameter,

Sorbare A Na H K H Rb H

Adsorption Water 2.66 22.9 24.4 21.9 22.7 19.2 20.2
Methanol 3.35 59.7 56.6 55.8 51.0 49.0 53.1

Difficulties with the adsorption properties of this n·Heune 4.30 81.0 79.5 84.0 83.4 79.0 76.7

material were noted when the larger templates Benzene 5.85 37.7 34.9 41.9 39.2 37.1 39.7

were used. Total organic removal was found to
p·Xylene S.SS SO.2 48.6 47.9 47.') 43.3 43.8
m-Xylene 6.80· 22.0 J5.9 6.8 6.2 7.4 6.8

be difficult. The adsorption properties reflect the a-Xylene 6.80 9.2 5.8 4.3 3.2 3.5 4.9
presence of residual carbon (Zeo. 4275(1984». 2,3-DMB 6.10 20.8 17.4 8.4 L5.0 5.8 16.7

·TakC/1 to be the sameas o-oxylene.

Adsorption properties of HNu-IO (Z~o. 4:275 (1984»):

Time,
min ",-Xylene p-Xylene pyridine n-hexane water

Wt% adsorbed at 25·C Adsorbed at O·C

Nu-1J (MTW)
(EP 59,059(1982»)
Imperial Chemical Industries

Re14ted Maurials: ZSM-12
HNu-1Ocontaining 0.9 Wl% carbon:

10 0.5 1.7 2.4
60 0.6 1.9 2.6

120 0.7 2.0 2.7
300 0.8 6.4 6.9

Hnu-1O containing 0.2 wt% carbon:
10 0.5 5.6 6.9
60 0.7 6.0 7.0

120 0.8 6.6 7.6
300 0.8 6.5 7.7

1.8
2.2
2.4
4.8

3.5
6.1
6.4
6.5

3.8
4.0
4.0
4.3

2.0
2.5
2.4
4.2

Structure

Chemical Composition: 0-4 M~O : 0.1-2.5
Al203 : 100 Si02 : 0-35 H20.

X-RayPowder Diffraction Datil: (d(,!..) (/110»
11.8(19), 10.05(9), 4.79(16), 4.26(100),
4.08(46), 3.834(23), 3.648(3), 3.541(0),
3.395(11), 3.320(12), 3.198(6), 3.143(6).
3.043(5), 2.894(8), 2.515(12), 2.495(13).

See ZSM-12 for a description of the frame
work topology.

Adsorbate cr. "K): N. (77) C.~ (176) n-c.H'/l(173)
I--<:J{ '6 (273): Synthesis

Sample

Nu-IO" 2.1
NaNu-IO 70
HNu-10 72
KIlu-10 67
RbNu-10 62

:>6
36
34
4{)

27
28
24
29

17
20
22

ORGANIC ADDmVE
piperazine

Nu-13 crystallizes from a reactive gel with a
batch composition of; 2.32 Na20 ; 92.7 piper
azine : Ah03 : 96.3 Si02 ; 3371 H20; 54.8
NaCL Crystallization occurs at 177°C after 3
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days in a stirred autoclave. Minor impurities in
some batches include quartz, ferrierite, and cris
tobalite (EP 59,059(982».

Thermal Properties

Nu-13 is thermally stable to the removal of the
organic from the pores of the material at 450°C
after 3 hours.

Nu-15 (TON)
tCollect, Czech. Chem. Commun.
55: 1750(1990))

Rel4ud Materials: Nu-IO

Nu-15 is part of series of materials that include
the hydrothermal decomposition products of
glasses with variable AhO). Si02 , V20S con
tent. This zeolite first was prepared by Dubanska
for the Institute of Geology and Geotechnique,
Czechoslovak Academy of Sciences in 1990
(Collect. Czech. Chem. Commun. 55: l750
(1990».

Structure

Chemical Composition: 2 NalO : 2 AhO) : 6
sto.: V 20 S •

X-Ray Powder Diffraction Data: (d(A) (lJJo»
10.40(60), 8.27(40), 6.42(40), 5.54(25),
4.41(100), 3.69(65), 3.60(70), 3AI (90).
3.26(90), 2.76(45), 2.54(5), 2.44(5), 2 .36(5),
1.89(10).

See theta- J for a description of the frame
w<;rk topology.

Synthesis

ORGANIC ADDlTIVE
none

Nu-I5 is prepared by decomposing glass con
taining 15-17% NalO, 15-17% AhO). 25-40%
SiOl, and 30-45% V20S for 4 to 8 days at 120
to 16O"C in strongly basic solutions of NaOH
(1-4 mol/l),

Nu-23 (FER)
(EP 103,981(1984))
Imperial Chemical Industries

Related Materiols," ferrierite

Structure

Chemiazl ComposilUJn: 0.5-1.5 M2InO : Ah03
: at least 5 Si02 •

X·Ray Powder DiffrDCtionData: (d(A) (lIJ0»
11.3(5),9.4(53),7.00(20,6.89((3),6.58(12),
5 .70(14),4.94(6),4.72(3),4.25(1),3.966{66),
3.931(39), 3.822(35), 3.771(49), 3 .628(24),
3 .535( 100), 3.467(75), 3.355(21), 3.317(28),
3 .246(4), 3 .127(27), 3.038(8), 2.939(8),
2.887(8), 2.818(4), 2 .702(5), 2.645(8), 2.575(5).

Analysis of the adsorption properties indi
cates the presence of a medium-pore system in
Nu-23. See ferrierite for a description of the
framework topology.

Synthesis

ORGANIC ADDITIVE
cycloltexylamine
2-aminocyclohexanol
methylaminocyclchexane

Nu-23 crystallizes from a reactive gel system
having a molar batch composition of: 2 .74 Na20
: 22.1 organic: AllO) : 728 SiOl : 659 H20 :
15.6 NaCl . Crystallization occurs readily after
4 days at 150°C, using cyclohexylamine as the
organic additive. When 2-aminocyclohexanol
was used, crystallization appeared more facile,
requiring 48 hours for completion (EP
103,981 (1984».

Thermal Properties

Nu-23 is stable to temperatures of 450"C after
the 3 hours required to remove the organic amine
from the pores of the structure.



Adsorption properties for NIl-23 (EP 103,981 (l9S4»:

Adsorption

Adsorbate

Kinetic Wt Voidagc
diameter, Time, adsorbed available,

A PIPo min gllOO g l:':/IOO s

Nu-87 373

Nu-32 crystallizes from a reactive aluminos
ilicate gel system wi th the following molar batch
composition: 7.95 Na20 : 4.6 (4,4'-bipyridyl)
; AhO) : 30 Si02 : 834 H20. Crystallization
occurs in a stirred autoclave at temperatures of
180°C after 3 days (UK 2,158,056(1985» .

Water 2.7 0.3 10 10.4 lOA
60 11.8 11.8

120 12.1 12.1
n-Hexane 4.3 0.33 10 5 .8 6.7

60 6.5 7.5
120 6.7 10.1

p-Xylene 5 .9 0.5 10 1.9 2.2
60 2.8 3.2

120 3.2 3.7
m-Xylene 6.2 0.5 10 1.9 2.2

60 2.5 2.9
120 3.2 3.7

Cyclohcxanc 6 .3 0 .5 10 0.8 1.0
60 2.1 2.7

120 2.6 3.3

Nu-32
(UK 2,158,056(1985»
Imperial Chemical Industries

Structure

Chemical Composition: 1.0 ± 0.3 M2J~O :
AhO) ; 15-70 Si02 ; 5-25 H20.

X-Ray Powder Diffraction Data: (d(A) (lIl o»
6,99(6) , 6.56(6), 4.96(6), 4.75(5), 4.64(22),
4.50(6), 4.214(6), 4.072(27), 3.919(7),
3.822(21), 3.504( 10), 3.423(100), 3.354(8) ,
3.176(33), 3.070(15), 2.905(4), 2.778(33),
2.708(17), 2.645(19), 2.59{)(2) , 2.325(13),
2.206(2),2.021(4), 1.890(2), 1.862(21).

Analysis of the adsorption properties of
Nu-32 indicates that this material is comprised
only of small pores.

Synthesis

ORGANIC ADDITIVE
4,4'·bipyridyl

TbermaJ Properties

Calcination to 550°C for 17 hours to remove the
organic additive does not substantially change
the framework. of this material.

Adsorption

Adsorption properties of Nu-32 :

Sorbare Time. min % w/w sorbed

Water 10 6.4
60 7.6

120 7.8
Methanol 10 0.2

60 0.4
120 0.8

n-Hexane 10 0 .2
60 0.3

12() 0.4
p-Xylene 120 0 .2

Nu-87
EP 377,291(1989»
Imperial Chemical industries

Structure

Chemical Composaion: 100Si02 : > 10 AJp)
: ;;>; 20 R2I~O (R = cations of valency n).

X-Ray Powder Diffraction Data: (d(A) (1110»
12.52(w), I1.06(s), 1O.5O(m). 8.31(w), 6.81(w),
4.62(m-s), 4.39sh(m-s), 4.31(vs), 4.16(m),



374 Nu-87

'10.0 20.0 30 0
OOiR£ES TWQ THETA

400 SO,O

NU-87 Fig. 1: X-ray powder diffraction paru:m for as-synthesized Nu-87 (EP
3n,291(1989».

Apparent
voldage
filled,
cmlJg.

Adsorption
temperature, Relative Uptake,

OC pressure WI'll>Sorbate

3.9&(s-vs), 3.92(s), . 3.83(w-m), 3.70(m-s), Adsorption
3.61(w), 3.4I(m-s), 3.37sh(m), 3.26(s-vs),
3.15(w), 3.08(w), 2.89(w-m), 2.52(w-m). Adsorption data for H.Nu.87:

Nu-87 differs from EU-I in that EU-I does
not contain an X-ray line at about 12.5 A; EU·
1 contains an X-ray line at about 10.1 Athat is
absent from the pattern of Nu-87.

"The "PJlMI'nt~ojdage filled WOo, calculated by ar.swning the liquids
maintain their l\Of11lol densities at the ad<orption temperature,

Synthesis

ORGANIC ADDmVES
Rt~~(CH1)..NRI~R3

Crystallization of Nu-87 occurs within a SiO~

AhO) range of preferably 20 to 200. with ROH/
Si02 between 0.1 and 0.5. H20/Si02 between
25 and 75, and Q/Sj02 between 0.05 and 0 .5.
R represents the alkali or ammonium cations,
and Q represents a nitrogen-containing organic
cation. Salts can be added to accelerate crys
tallization. Nu-87 crystallizes in the presence of
[(CH:0~(CH,)loN(CH3hl~2.Analcime has been
identified as an impurity phase in this system.

Water

Methanol

n-Hexane

Toluene

Cyclohexane

Neopentane

25.4

25.2

26.7

26.7

26.7

0.0

0.07
0.2.8
0.46
0.10
0.29
0 .50
0.13
0.31
0.52
o.u
0.32
0.48
0.12
0.37
0.49
0.11
0.32
0.54

5.4
8.3

10.0
10.3
11.6
12.3
11.0
11.5
[2.0
[2.3
13.2
13.6
11.6
12.2
12.5
3.29
5.55
8.54

0.054
0.083
0.100
0.130
0,147
0.156
0.167
0.175
0.182
0.142
0.152
0.157
0.149
0.157
0.160
0.05
0.09
0.14



N-X (FAU)
(US3,306,922(1967»
Union Carbide Corporation

Related Materials: faujasite
Linde type X

Structure

Chemical Composition: 1.0 ± 0.1 [(CHJ ) "

NhO + x Na20 : AI20 3 : 2.5 ± 0.55 Si02 : y
H20 .

X-Ray Powder Diffraction Data: (d(A) (/110))
14.47-14.37(vs), 8.85-8 .80(m), 7.54-7.50(m),
5.73-5 .71(5), 4.81-4.79(m), 4.41-4.46(m),
4.22-4.29(w), 3.95-3.93(w), 3.80-3.79(s),
3.68-3 .66(m), 3.34-3 .33(s), 3.05-3.01(m),
2.94-2.93(m ), 2.89-2.87(s), 2.79-2. 78(m),
2.74-2.73(w) , 2.66-2 .65(m), 2.55-2.54(vw),
2.50-2.49(vw), 2.45-2.44(vw) , 2.40--2.39(m),
2.32-2.29(vw) , 2.21 -2 .20(w), 2.19-218(vw),
2.12-21(w) , 2.08-2.07(vw) , 2.06-2.05(vw),
('93-1.92(vw), 1.92-1.91 (vw), 1.87-1.88(vw),
1.83-1.82(vw) , 1.80-1.8 I(vw), 1.79-1.78(vw),
1.77-\.76(w), 1.72-1.71(w) .

Zeolite N-X exhibits properties characteristic
of a large-pore faujasite molecular sieve .

Synthesis

ORGANIC ADDITIVE
TMA"

N-Y(FAV) 375

Structure

Chemical Composition: I .O:!: 0 .1 [(CH3)4

NhO + x NazO: Ah03 : (>3-6) SiOz : )' H20.

X-Ray Powder Diffraction Data : (d(A) (1110»
14.28(100), 8.77(18), 7.48(17), 5.69(11),
4.78(10),4.39(7), 4 .20(4), 4.135(1), 3.924(7),
3.786(20), 3.661(9), 3.474(1), 3.316(17),
3.032(6), 2.923(8) , 2.866(l7), 2.775(6),
2.721(2), 2.646(7), 2.533(2),2.478(1),2.430(1),
2.388(4),2.301(1),2.238(1),2.193(2),2.167(2),
2.101(1),2.064(1),2.023(1),1.915(2), 1.897(1),
1.853(1), 1.841(1), 1.791(1), 1.777(1) , 1.754(2),
1.707(2) .

Zeolite N-Y exhibits properties characteristic
of a large-pore faujas ite molecular sieve .

Synthesis

ORGANIC ADDmVE
TMA '

Zeolite N-Y crystallizes from a tetramethy
lammonium ion-containing aluminosilicate gel
with R20/Al20J between 1.5 and 2.5 and SiO-z/
AhOJ ratio between > 3 and > 4. Crystalli
zation occurs after 13 days at IOOoc.

Adsorption

Adsorption propert ies of zeolite H-Y:

Zeolite N-X crystallizes from a tetramethy
lammonium ion-containing alurninosilicate gel
with R201AhOJ between 1.5 and 4.2 and SiO';
AhOJ ratio between 2 and 3. Crystallization
occurs readily after 8 days at 100°C.

N-Y (FAU)
(US3,306,922(1967»
Union Carbide Corporation

Related Mauriols: faujasite
Linde type Y

Adsorbate Temp. ·C

25

- 196

P. Torr

20
25

100
500
700

Wt% adsorbed

18.7
13.0
14.2
15.3
15.6



o

D

See Offretite. Has also be referred to as TMA
O.

Octadecasil (AST)
(Eur. J. Solid State lnorg, Chem.
28:345(1991)

Silica version of AlP04 -16.

DE (OFF/ERI)
(EP 106,643(1983»
Toyo Soda

Relaled Materials: offretite/erionite

StMlcture

Chemical Composition: 1: M20 * Al203 *
5-10 Si02 * y H20 (M =: Na, K; oX = 0.8-2;
y = 0-10).

X-Ray PowderDiffractionData: (d(A.) (Illo))
11.5(s), 9.2(w), 7.59(ms), 6.65(s), 6.32(w),

5.75(w), 5.40(w), 4.57(ms), 4.35(5), 4.17(w),
3.83(ms), 3.77(100), 3.59(s), 3.4l(w), 3.31(ms),
3.23(w), 3.17(ms), 3.15(ms), 2.928(w),
2.864(s), 2 .847(5), 2.680(ms), 2.586(ms),
2.354(w) .

Synthesis

ORGANIC ADDITIVE
R()Ce

Zeolite OE crystallizes from reactive mix
tures in the range: Si02/AhO) = 6-40; OHI
SiO:z =:: 0.3-1; KJK + Na = 0.1-0.9; H20/SiO:z

= 10-70. Crystallization occurs around ISOaC
after 40 hours with a stirred autoclave. Increas
ing the size of the autoclave and using a static
autoclave suppress the crystallization of this
structure. Small quantities of erionite are ob
served as intergrowths in the crystal . At higher
crystallization temperatures, zeolite P appears
simultaneously.

/0 20
26

30 40

OE Fig. I: X-ray powder diffraction pattern of zeolite
376 OE (EP 106,643(1983».



Offretitc (OFF) 377

Fractional atomic coordinates for offrerire (Acta
Crystallogr . B28:825( 1972»:

The c spacing of offretite is half that of erionite,
and all X-ray reflections with 1 odd for erionite
are absent in the X-ray patterns of offretite (Min
erai. Mag . 29:773(1951)). The framework
structure consists of the AABAAB sequence of
six-member rings. It is this sequencing that dif
ferentiates offretite from erionite . The frame
work consists of columns formed by cancrinite
cages joined together by double six-ring units ,
and leads to the generation of 12-ring channels
in the c direction. Some of the potassium ions
are located in the grnelinite cages, with the re
maining ions occupying sites in the large chan
nels (ACS 101:230(1971); Acta Crystallogr.
B28:825(1972)).

Adsorption

The adsorption capacity for cyclohexane is 1.9
wt% (25°C, 48 mm Hg).

Offretite (OFF)
(natural)

Related Materials: TMA-O
LZ-217

Structure

(Nat. Zeo. 209(1985))

CHEMICAL COMPOSITION: KCaMg(AlSiI30J6)~

15H10

SYMMETRY; hexagonal
SPACE GROUP: P6m2
UNIT CELL CONSTANTS (A): a = 13.29

c = 7.58
PORE STRUCTURE: large /2-member ring channels

6.7 A, intersecting 8-member rings 3 .6 x 4.9 A
Atom x/o ylb zle Occupancy

I
0.39(3)
0 .07(3)
0.82(6)
I
I
I
J
I
I
I
I
0.90(8)
0.34(6)
0.14(5)
0.58(8)
0.47(5)
0.17(4)
0.30(8)

Synthesis

ORGANIC ADDITIVES
TMA·
monoethanolamine
diaminoethane
BTMA~

choline chloride
BTEA'
DABCO

T
c.

1

Framework topology.

K 0 0 1/2

X-Ray Powder Diffraction Data: (Nat. Zeo. Ca(I) 2/3 1/3 0.377(5)

335 (1985») (d(A) (lllo» 11.61 (70), 7.60(13),
Ca(2) 0 0 0.13(1)
Mg J/~ 213 0

6.67( 17), 6.36(7), 5.77(4), 4.59(30), 4.36(78), Si(1) 0.0027(5) 0 .2342(4) 0.2085(7)
3.842(50) , 3. 784( 100), 3.607(52), 3.431 (8), Si(2) 0 .0930(6) 0.4251(5) 112

3.329(19), 3.195(10), 3. t72( 17), 3.046(2), 0(1) 0.029(1) 0 .351(1) O.:n9(2)

2.046(17), 2.B81(72), 2.862(94), 2.694( 18), 0(2) 0.101(2) 0 .202(2) 0.257(4)

2.644(3), 2.516(32), 2 .499(16), 2.307(3),
0(3) 0.255(2) 0.127(3) 0 .293(4)
0(4) 0.012(2) 0.267(2) 0

2.218(22), 2.204(6), 2.129(7), 2.114(7) , 0(5) 0 .230(3) 0 .46()(3) 1/2
2.090(8), 1.996(8). 0(6) 0.075(2) 0 .537(2) 1/2

H10(7j 1/3 213 0 .261(5)
The offretite structure is related to erionite H,O(8) 0.243(6) 0.486(6) 0

and often is found intergrown with that zeolite. H,O(9) 0.16(1) O.52( l) 0
H,O(IO) 0.485(6) 0 .242(8) 1/2
H,O(II) 0.562(7) 0.438(7) 0.172(9)
H10(l2) 0.53(3) 0.35(3) 0
H,O(l3) 2/3 1/3 0.24(2)

Offretlte Fig. IS:
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:1

100 100 SOO

TU'P(,,"TUlII toe)
'00

I

IDa

100 ,-------------------------,

oe

nL_---lL-----.L--..L-----I--..L.--.L----I.- ---L---L----'
200 ~oo '00 .00 1000

Tv.tPf:RATU~ (~l

OfJredte FIg. 2: (top) D'TA profiles for: (A) BTEA; (B) BTMA : (C) DA8CO(I);
(0) DABCoaO; (E) CC-offretite. Heating rate: lO"CImin: oxygen 1101" MIte : 55
cm'/min. (bottom) Tbermogrsms for: (A) BTEA; (8) BTMA; (C) DABCO(l); (D)
DABCO(!O; (E) CC-offl'l:tile. He.ating nile: IO"amin; oxygen flow raze: 180 cm'lmin
(Zeo . 7:265(1987». (Reproduced with permission of Butterworths Publishers).



The synthesis of the pure offretite structure
is difficult because of the recurring presence of
the erionite as an intergrowth within the crystal,
Offretite synthesized in the presence of TMA
(Zeo. 9; I04( J989); JP 83,1355,123(1983)) ca
tion has a high degree of offretite character;
however, based on analysis of the mid-infrared
vibrations, it still contains a small amount of
erionite impurity. The use of choline chloride
(CC) and benzyl trimethylammonium chloride
(BlMA) also produces offretite phases with small
erionite impurities within the structure. Excel-

Offretite (OFF) 379

lent results in obtaining higher-quality offretite
have been found with the use of benzyl-N,N,N
triethylarnmonium chloride (BTEA) as the or
ganic amine additive to this system (Zeo.
9:104(1989)). Hydrogel compositions that have
successfully resulted in the crystallization of of
fretite materials involve: Alz03 : 12 SiOl : 2.2
NazO ; 0.64 K20 : 2.5 (organic amine) : 200
H20. with temperatures ranging between 150
and 200"C for 7 days. This structure also has
been prepared in the presence of lithium and
cesium (lCS Dahon Trans. 1020(1977) or ru-

...
U
'2:
c(
m
/Z
o
CI>

~

ns 700 £4S 550

WAVEHUMBERS (em-')

475

OtfretIte Fig. 3: Mid-infrared spectrum of several zeolites of the
offretite-erionite family. crystallized from gels containing: (A) NA.
(D) cc. (C) BTMA, (D) DABCO(J), and (E) DABCO(TI) ions as
tempJating agents, Spectra for reference material.... such as ZSM-34 and
natural crionite an: shown in (F) and (0), respectively (Zeo.
9: 104(1989». (Reproduced with permission of Burterworths Publishers)
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bidium (ACS 218 :21(1983». In the lithium and
cesium system, ZK-5 appears as a major im
purity phase. The use of KJTMA in preparing
offretite results in a very narrow distribution of
particle sizes, around 1 micron, whereas the
KlNaffMA-prepared offretites will range in size
from I micron to 6 microns (Zeo . 7:63(1987» .

Thermal Properties

The loss of TMA cations in offretite occurs at
3O<fC. Decompositionof choline occurs at 5000(:
(Zeo. 7:255(1987» . The decomposition range
for NI-4 offretite is between 370 and 7800C (Zeo.
3:249(1983».

Infrared Spectrum

Mid-infrared Spectrum (em" '): For TMA
offretite bands are reported at 438(ms), 471(ms),
581(w), 602(w), 633(mw), 725(bw), 777(m),
953(wsh), 1063(s), 1150(bwsh) (ZeD. 9:104
(1989». The shoulder near 412 crrr ' and the
weak band near 560 em>' suggest the presence
of erionite. For CC-offretite bands are observed
at 436(ms), 472(ms), 579(mw), 610(bw),
633(mw), 725(bw), 783(mw), 954(vwsh),
IO64(s), I I59(bwsh). For BTMA-offretite bands
are observed at 437(ms), 469(ms), S80(vw),
610(vw), 647(w), 745(bvw), 794(mw), I07O(s),
1I87(bwsh). For BTEA-offretite bands are re
ported at 421(wsh), 443(ms), 471(ms), 594(bw),
647(bw) , 746(bvw), 798(mw), 955(vwsh),
1077(s) , 1187(bwsh). For DABCO-offretite
bands are reported at 415(wsh), 438(ms),
470(ms), 555(w), 582(w), 635(mw), 677(vw),
728(bw) , 785(m), 1057(s), 1152(bwsh) (ZeD.
9:104(1989» .

Ion Exchange

Protons can be exchanged into offretite by using
an acid ion exchange resin (Zeo. 3:72(1983);
pp 8th IZC 37(l989)).

Adsorption Properties

Adsorpt ion properties for synlhetic offretite (TMA. Na,
K) (uo . Mol . Sieve, 623(1974» :

Adsorbate T.K P, Torr Wt'll> adsorbed

Oxygen 90 10 18
JOO 21
700 23

n-Butane 298 10 10
100 I I.5
700 12.2

lsobutane 298 10 5.8
100 6.7
700 8.0

Neopentane 298 \0 5 .5
100 5.8
700 6.9

Omega (MAZ)
(US4,241 ,036(1980);
BP 1,178,186(1970))
Union Carbide Corporation

RelaUd Makrials: mazzite

Structure

(Zeo. Mol. Sieve. 167(1974»

CHEMICAL COMPOSITION: Na..sTMA1.6
(A10))a(SiOl hs]2 \H10

SYMMETRY: hexagonal
SPACE GROUP: P6,y'mmcs
UNIT CELL CONSTANTS rAJ Q = 18.4

c = 7.6
DENSITY: 1.65 yee
VOID FRACllON (determined from water

content): 0.38
PORESTRUCTIJRE: unidimensional /2 -rnernber rings

7.5 A

X-Ray Powder Diffnu:non Data: (ZeD. Mol.
Sieve. 364(1974» (d(A) (l/lo)) 15.95(20) ,
9.09(86),7.87(21), 6.86(27),5 .94(32),5.47(6),
5.25-5.19(8), 4.695(32) , 3.909(1l), 3.794(58),
J .708(30), 3.620(25), 3.516(53), 3.4.56(20),
3.13(38), 3.074-3.02(21), 2.911(36), 2.640(6),
2.488(6), 2.342(l7), 2.272(6), 2.139(5),
2.031(17), 1.978(5), 1.909(10), \.748(6).



Omega Fig . IS : Framework topology.

See rnazzite for a description of the frame
work. topology.

Omega (MAZ) 381

Synthesis

ORGANIC ADDITIVES
TMA·
choline-chloride
pyrrolldine
DABCO

Omega will crystalize from reaction mixtures
containing TMA at 100°C after faujasite first
appears. The faujasite can be eliminated as an
impurity if crystallization is at 135°C. Sodalite,
analcime, mordenite, and cristabolite aJso can
be formed as impurity phases in this system
(ZeD. 7:203(1987)). Crystallization at the lower
temperatures occurs after 6 days . The batch
composition that produces omega is: 4-7 Na10

las made'

607°C

907°C

4 /2 20
28

28 36

Omega Fill . 1: X-ray powder diffraction pattern of as-synthesized (lap) and calcined omega (UD. 4:26J(19S4)).
(Reproduced with permission of Bunerwonhs Publishers)
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Omega FIg. 3: DTA profile in air of zeolite omega prepared in the presence of TMA
(uo. 7:200(1987». (Reproduced with permission of Butterworths Publishers)
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Zeolite II
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Omega F1g. 4: Mid-infrared vibrations of zeolite omega. (Advances in CMmlstry Series
101. Molecular Sieve Zeolites. Flanigan, E. M. Sand. L. B.• eds., 201(1971).
(Reproduced with permission of the Ameri can Chemical Society)

Adsorption

Cation Act. rernp., Temp.• Pressure. Wt'lb
Adsorbare form OC ·C Torr adsorbed

Adsorption properties of zeollte omega
(US4.24 I,035(1980)):

0 ,
N,
N,
H20
COl
i-CJi,o

13.6
10.7
13.2
21.3
16.9
4.4
4.8
5.9
5.0
7.5

23.0
20.3*
16.9*
15 .0·
17.4·
15.6"
18.7*
13.0·

100
700
700

18
700
700
76(J

700
76(J

700
30
0.7
0.7
0.7
0.7
0.7
0.07
0.07

-183
-196
-196

25
78
25
25
25
25
25
29
50
50
SO
50
SO
28
28

400
350
250
200
200
200
400
400
400
400
350
350
400
400
400
250
350
400

Na
Na
Nil.
Na
Na
Na
ea
K

NH.
Neopenlane Na
C.FJ60 Na
(C.F~hN Na

Na
CII
J<
NH.
Na
Na

: AhO): 15 Si02 : 300 H20 : 2-4 TMABr (Zeo .
4:263( 1984)). The zeolite S. or gmelinite phase,
initially forms in this system . The pH range for
crystallization is between 11.8 and 13. This zeo
lite generally crystallizes in a spherulite mor
phology and appears as 3.5- to 7.S-micron ag
glomerates. Fibrous crystals also have been
prepared and are found to be more thermally
stable than spherulitic ones.

Thermal Properties

Three exotherms are observed upon decompo
sition of the organic amine contained within the
structure of omega. They occur al360 and 560"C.
with a small exotnerm at 92O"C resulting from
decomposition of the zeolite structure (Zeo.
7:203(1987)). The temperature range over which
NH.,omega decomposes to form NH3 and H
omega is between 310 and 780·C (Zeo.
3:249(1983)).

lnfrared Spectrum

Mid-iIifrored Vibrations (em-I): (SiO~Al~3

= 7.7) 1l3O(wsh). l024{s). 805(mw), 722(mw).
610(mw). 45l(ms). 372(m) (ACS 101 :201
(1971).

Orizite (EPI)

Obsolete synonym for epistilbite.



p

p

General term for synthetic zeolites with the gis
rnondine structure. Pc, P, and Po represent the
cubic, tetragonal and orthorhombic phases of
gismondine. See Na-PI for a description of the
framework topology.

Another material referred to as P also is known
as species P. This material is related to the ZK
5 framework structure (see species Pl.

P-A (LTA)
(ACS IOI:7(j(1971»

Related Mmerials: Linde type A

Structure

Chemical Composition: P-A represents the
phosphorus-containing analog of zeolite type A.

SYMMETRY: cubic
UNIT CELL CONSTANT (Al 1I = 12.24 (pseudo cell)
TETRAHEDRNU.C .: ~

D (measured): 2 .11 glcm'

X -RayPowder Diffraction Data: (d(A) (/110)

12.2(100), 8.6(89), 7.07(57), 5.48(35), 4.99(5),
4 .33(16) ,4.08(57) ,3.87(8),3 .69(81),3.54(5),
3.40(32),3 .28(68),2.96(92),2.89(22),2.74(16),
2.68(11),2.62(49), 2.50(11) ,2.45(8), 2.36(5),
2.24(3), 2.17(14) , 2.14(8), 2 .10(5), 2.07(5),
2.05(14), 2.02(2), 1.92(12), 1.89(7), 1.85(5),
L83(5), 1.73(/8) .
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Synthesis

The silicoaluminophosphate P-A crystallizes from
a molar reactant composition of: ~ 1.8 Na20 :
A/203 : 1.6 Si02 : 1.1 P20S : ~ 1to H20. Crys
tallization occurs at 125°C after 45 hours.

Infrared Spectrum

See P-A Figure I.

Ion Exchange

P-A with an initial cation wt% of 15.1 ex
changes 88% with K + and 93% with Ca + 2.

Adsorption

1400 1200 1000 800 600 400 200

FREQUENCY (crrr")

P·A Fig. 1: Infrared spectra of P-A (upper curve) and
type A (lower curve (Ildvanc~.r in CMmislry Seria 101,
Moucular Sieve Zeolites, Flanigan, E. M . Sand, L. B.,
em.. 76(1971). (Reproduced with permission of the
American Chemical Society)
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Adsorption properties of ion-exchaoged fOnTIS of P-A:

Exchange P. T, W~

form Adsorbate Torr "C adsorbed

Na H,o 20 25 26.7

K 2D.7

Ca 27.8



Exchange P. T, Wt%
fOJ1Tl Adsorbate Torr ·C adsorbed

Na Co,. 750 25
K 13.2
ClI 21.4
Na 0, 750 -196 23.8
K 3.0
ClI 26.7
Na I'l, 750 -196
K
Ca 22.6
Na ll-c.H,~ 750 25
K
ClI 11.5

PCB) (GIS)

See Na-Pl

Pahasapaite (RHO)
(natural)

Relmed Materials: rho

Pahasapaite is a crystalline beryllophosphate 1mt
identified in 1987 by Rouse , Peacor, Dunn,
Campbell, Roberts, Wicks, and Newbury (N.
lb. Miner. Mh. 433(1987». This mineral was
named after the Lakota Sioux word for Black
Hills. Pahasapaite was discovered at the Tip Top
Mine in Custer, South Dakota, associated with
tiptopite, tinsleyite, fransoletite, and ehrleite.

Structure

(N. lb. Miner. Mh. 433(1987»

CHEM1CA!- COMPOSITION: (CaJ JLh ..J(I .~Ba.l--

u .s). (-- represents absences) Li.BeuP,.O"'·38H10

SYMMETRY: cubic
SPACE GROUP: 123
UNIT CELL CONSTANTS (A): 13.781 (4)
DENSITY: 2.28(4) g/cm?
PORE STRUCTURE: eight-member rings

X-Ray PowderDiffrtu;tion Data: (d(A) (IlIo»
9.60(00), 5.61(30), 4 .86(30), 4.35(40),
3.97(20), 3.684(90), 3.439(20), 3 .24S(90) ,
3.081(30), 2.935(90), 2.809(20), 2.702(60),
2.5]6(30), 2.361(10), 2.297(20), 2.237(40),
2.180(2), 2.124(10), 2.075(10), 2.033(1),
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I. 991(5), 1.950(10), 1.878(1), 1.843(5),
1.810(2), 1.750(5), 1.723(5), 1.698(10),
1.672(5), 1.604( 10) , 1.564(5), 1.524( I),
1.488(2), 1.455(5) . 1.423(10), I. 409 ( lO),
1.395(15), 1.316(1), 1.292(2), 1.270(0),
1.233(5), 1.192(5), 1.166(5), 1.151(2), 1.142(2),
1.098(5).

The pahasapaite framework contains a three
dimensional network of large cavities connected
to one another through narrow apertures. The
cavities contain all of the water plus 10.5 (Ca,
Li, K. Na) ions . The eight Li atoms lie on a
separate eightfold axis and are not considered
to be readily exchangable.

Paranatrolite (NAT)
(natural)

ReJmed Materials: natrolite

Paranatrolite is the name given to the natrolite
mineral from Mt . St. Hilaire, Quebec (Nat. Zeo,
36( 1985». This material has a higher water con
tent than the other natrolite minerals have.

Structure

(Nat. Zeo. 35(1985))

CHEMICAL COMPOSITION; Na'6(AI\l,sh,Ofl()·
24H20

SYMMETRY: pseudo-orthorhombic
UNIT CELL CONSTANTS (A): a =' 19.07

b =' 19.13
c = 6.58

PORE STRUCTURE: eight-member rings
2.6 x 3.9 A

Parastilbite (EPt)

Obsolete synonym for episrilbite.

Partheise (-PAR)
(natural)

Partheite is a proposed name for a mineral found
in the Taurus Mountains of Turkey (Bull. Suisse
Min. Petrogr . 59:5(1979» .
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PartbelJe f1g. IS: Framework topology .

Structure

(Nat. Zeo. 315(1985»

CHEMICAL COMPOSmON: Ca..lAJ,~i,00611

(OHnJ4l1 6HlO

SYMMETRY: monoclinic
SPACE GROUP: CUe
UNITCELL CONSTANTS: (A) <l == 2/ .59

b == 8 .78
c == 9.3/

13 == 91"28'
DENSITY: 2.39 glcm.l
FRAMEWORK DENSITY: 18.2 T atornsllOOO A)
PORE STRUcrtJRE: to-member rings 3.5 x 6.9 A

X.Ray Powder Diffraction Data: (Nat . Zeo,
346(1985» (d(A) (/110» 10.79(100),8.12(80),
6.10(70), 5.39(5), 4.65(5), 4.38(10), 4.31 (5),
4.05(20), 3.870(0), 3.740(50), 3.600(40),

3.532(15), 3.400( 15), 3.190(40), 3.046(30),
3.(00(10), 2.950(20), 2.900(30), 2.790(10),
2.752(15), 2.710(10), 2.682(5), 2.600(5),
2.531(10), 2.454(10), 2.427(5), 2.332(10),
2.265(5), 2.231(20), 2.200(5), 2.161(10),
2.1334(5), 2.094(5) , 2.051(10), 2.010(5),
1.974(l5).

Partheite consists of a three-dimensional al
uminosilicate framework with hydroxyl groups
associated with the framework at every second
AI04 tetrahedron. Water and the calcium ions
occupy sites in the large lO-member-ring zigzag
channels. The framework contains eight-mem
ber rings and two four- and six-member rings
as well.

Atom positions for partheire (Z. Kristallogr.
169:165(1984)):

Atom x y z

Si(l) 0.06729(9) 0.1832(3) 0.2896(2)
Si(2) 0.23983(9) 0.0077(3) 0.4611(2)
Al(l) 0.1161(1) 0.0844(3) 0.6006(3)
AI(2) 0.1999(1) 0 .3162()) 0.2858(2)
Ca 0.35586(7) 0.1991(2) 0.0444(2)
0(\) 0.0695(2) 0.0181(1) 0.2162(6)
0(2) 0.0725(2) 0 .1719(7) 0.4626(6)
0(3) 0.1222(2) 0.2883(7) 0.2295(6)
0(4) 0.1722(2) 0.0363(6) 0 .025()(6)
0(5) 0.2081(2) 0.4669(6) 0.4096(6)
0(6) 0 .2345(3) 0 .1550(6) 0.3605(6)
0(7) 0 .234()(2) 0.3599(6) 0 .1221(6)
0(8) 0 0.2632(9) 1/4
OH 0.3523(3) 0.2673(7) 0.2918(6)
H,O(I) 0.0712(3 ) 0 .5050(8) 0.0159(9)
H2O(2) 0.4541(3) 0.307()(8) 0.0800(7)

Thermal Properties

Three endothermic peaks are observed in the
DTA curves, at 255,430, and 590"C (Schweiz
Miner. Petro Mitt . 49 :5( 1979». No major struc
tural change was observed after heating to 150"C
for 64 hours. Structural transformation to an
orthite was observed when partheite was heated
at 400°C for 40 hours (Z . Kristallogr. 19:165
(1984».



Paulingite (pAll)
(natural)

Paulingite is a natural zeolite mineral first iden
tified in 1960 and named in honor of Nobel
laureate Linus C. Pauling (Am. Mineral.
45:79( 1960)) .

Structure

(Zeo. Mol. Sieve. 169(1974»

CHEMiCAL COMPQSmON: (K),Na,.0l,Bah6
[(AIOz).,,(S iO, ),20) • 700 H,O

SYMMETRY; cubic
SPACE GROUP: ImJm
UNIT CELL CONSTANT (A): a = 35.10
FRAMEWORK DENSITY: 1.54 g;cr.
VOID FRACTION (determined by water content): 0.49
PORE STRUCTURE: intersecting eight-member rings.

3.8 A )( 3.8 A

X-Ray Powder Diffraction Data: (Nat . Zeo,
331(1985» (d(A) (1110» 12.42(5), 10.14(4),
9.39(10), 8.79(6), 8.29(60), 7.85(6), 7.49(5),
7.16(12),6 .89(67),6.21(35),5 .85(21),5.70(32),
5.42(17), 5.30(5), 5.18(6) , 4.96(33), 4.78(76),
4.69(23),4.39(28),4.32(8),4.26(21),4.08(25),
3.974(4), 3.877(32), 3.700(11), 3.620(2),
3.583(60), 3.444(7), 3.377(12), 3.349(69),
3.261(89), 3.231(8), 3.204(6), 3.179(18),
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3.129(58) , 3.081(100), 2.991(39) , 2.969(31),
2.944(7), 2.907(6), 2.869(11), 2.848(11),
2.828(7), 2.794(13), 2.726(39), 2.631(17),
2.618(45), 2.574(1), 2.522(l2), 2.485(7),
2.449(10), 2.306(5), 2 .286(7) , 2.259(7),
2.178(4) , 2.137(5) , 2.106(6), 2.063(8) ,
2.049(12),2 .034(5), 2.008(10), 1.954(4) .

The structure is composed of an extremely
complex framework with eight different struc
tural units: two double eight-member rings, three
types of cages, two horseshoe-like configura
tions, and one toroidal channel. The A cage is
a truncated cube-octahedron: this cage is con
nected with a set of six double eight-rings. The
B cage has two planar and four nooplanar eight- .
ring openings and 32 comers . One of the planar
openings is connected with one double eight
ring, and the other with the other double eight
ring. These double eight-rings are alike but
differ crystallographically, This part of the
structure contains all crystallographically dif
ferent Si ,AI sites. The final (or C) cage has two
planar six-ring openings and six nonplanar eight
ring opening . This cage plus two horseshoe-like
configurations is not a center of symmetry. The
whole framework topology can be described by
these aggregates (Sci . 154:1004(1966». The
channels in paulingite are similar to those in
Linde type A and ZK-5.

Atomic posilions for paulingjre (Sci. 154:1004(\966»):

Atom No. per cube ~ y z

ISi.Ai)l 48 0.3137 1/4 1/2 -
)(

(Si. AI)2 48 0.4021 1/4 112 -

Paullnglte Fig. IS: Framework topology.

(Si ,AI)3
(Si,AI)4
(Si, AJ)S
(Si.A\)6
(Si,AI)7
(Si,AI)8
01
02
03
04
05
06
07

96
96
96
96
96
96
48
48
48
48
48
48
48

0.3132
0.4558
0.4019
0.3126
0.1592
0.1708
0.1635
0 .2679
0.3041
0.4092
0.4484
0 .4489
0.07t3

0.2498
0.1072
0.1782
0.1785
0.1073
0 .1076
0.0933
0.0968
0.1886
0 .1900
0 .0952
0.3794
;It

x
0 .0979
0.0443
0.0448
0.0446
0.0445
0.0441
o
o
o
o
o
o
0.1610

(continued)
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Atom No. per cube x y 1 Atom No. per cube x y

08 48 0 .4308 J( 0.2322 (H,o)2 16 0.217 J( II

09 48 0.1437 x 0.0545 ("hO)3 48 0.209 x 0.053
010 48 0 .2860 J( 0.1965 (H,o)4 48 0 .348 x 0.200
Oil 48 0.2868 II 0.0890 (H,O)5 48 0 .350 x 0.082
012 48 0.4299 J( 0.0548 (}{,0)6 48 0.220 J( 0.14()
013 96 0.2152 0.121\ 0 .0496 (H10)7 48 0 .139 x 0.217
014 96 0.2870 0.1414 0.0582 (H10)8 48 0.334 0 .275 0
015 96 0.3573 0.1672 0 .0525 (H10)9 48 0 .422 0.285 0
016 96 0.4278 0 .1417 0.0513 (H10)JO 24 0.292 l/l 0
017 96 0.3002 0.2163 0.0693 (H,o)11 24 0.367 x 0
018 96 0 .4148 0.2142 0.0710 (H10)12 12 0.178 0 0
019 96 0.3576 0.2623 0.0909 (H20)13 12 0.270 0 0
020 96 0 .3080 0 .2351 0.1419 (H.l0)l4 12 0.458 0 0
M1 16 0.1788 J( x
M2 24 0.2543 )( 0
M3 48 0.3975 J( 0.1445
(H10)1 16 0 .140 J( x Tbermal Properties

0

5
r:
U')

In

::l 10-:=c:>

~ 15
TG

Panllngite J11K. 2: Thermal curves of paulingite from Ritter. Oregon; in air.
heating rete 2O"CJmin (Nat. Zeo , 167(1985)) . (Reproduced with permission of
Springer Verlag Publishers)



Adsorption

During dehydration, the structure appears to
undergo irreversible distortion.

P-B(P) (GIS)
(ACS 101:76(1971»

Re/med Materials: gismondine

Structure

Chemkal Composition: P-B(P) represents the
phosphorus-containing analog of zeolite type B
(8 or P structure type) .

SYMMETR Y: tetragonal
UNIT CELL CONSTANT (A): a '" 10.1

c '" 9 .8
TETRAHEDRA/D.C.: 16

X-Ray Powder Diffraction Data: (d(A) (/110»
7.08(58),5.01(58),4.96(45),4.44(7),4.10(57),
4.04(17), 3.53(5), 3.34(6), 3.20(100), 3.13(57),
2.71(37), 2.68(38), 2.66(22), 2.53(8), 2.20(5),
1.98(6), 1.68(7).

99li

1400 1200 1000 800 600 400
em'!

P·D Fig. I: Infrared spectra of p, B (upper curve) and
rype B (lower curve) (Advances in Ch..mistry Series 101,
Molecular Sieve Zeolites. Flanigan , E . M, Sand. L. B.,
00$.,76(1971 ). (Reproduced with permission of the
American Chemical Society)

r-c (ANA) 389

Synthesis

The silicoaluminophosphate P~B crystallizes from
a molar reactant composition of: ~O.4 Na20 :
AI203 : 0.6 Si02 ; 0 .7 P205: ~ 110 H20. Crys
tallization occurs at 200°C after 70 hours.

Infrared Spectrum

See P-B Figure I.

Ion Exchange

P-B with an initial cation wt% of 12.1 ex
changes 100% with K+.

Adsorption

Adsorption properties of ion-exchanged forms of P·B:

Exchange p. T, WI%>
fonn Adsorbate TOtT OC adsorbed

Na H,O 20 25
K 4.1
Na CO, 750 25
K 2.4
Nil. O2 750 -196
K

paC (ANA)
(ACS 101:76(1971))

Re1JJJed Maurials: analcime
type C

Structure

Cmmical Composition: P-C represents the
phosphorus-containing analog of zeolite type C
or analcime.

SYMMETRY: cubic
UNIT CELL CONSTANT (Aj: a '" 13.73
TETRAHEDRAJU.C .; 48
D (measured): 2.30 glcm 3

X-Ray PowderDiffraction DaJa: (d(A) (///0»
5.64(80), 4.87(16), 3.68(6), 3.44(100), 3.27(3),
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2.93(45), 2.81(6), 2.70(14), 2.51 (13), 2.37(8),
1.91(8), 1.87(5), 1.75(12), 1.72(3), 1.70(3).

Synthesis

The silicoaluminophosphate p-e crystallizes from
a molar reactant composition of: ~O.5 NazO :
AI203 : 0.6 SiOz : 0.5 PzOj ; ~55 H20 . Crys
tallization occurs at 210°C after J60 hours.

Infrared Spectrum

See P-C Figure I.

Adsorption

Adsoilltion propenies of ion-exchanged forms of p·e:

A name used to describe a dimensionally cubic
synthetic zeolite with the gismondine structure.
See Na-PI for a description of the framework
topology. Unit cell constant: a = b = c =
10.04 A(from J. Higgins).

P-(Cl)

See species P.

Perlialiie
(Proc. 6th IZC 570(1983»

(See Linde type L.) Perlialite is a hydrated sil
icate proposed to besimilar to thesynthetic zeo
lite Linde L.

Exchange P. T. Wt%
P-G (CHA)form Adsorbate Torr °c adsorbed
(ACS 101:76(1971))

Na H2O 20 25 4.4
RelDJed MateriDIs: chabazite

type G

Structure

~
1 3

760
730

1405
438

1014

1400 1200 1000 800 600 400

cm!
P-C Fig . 1: Infrared spectra of p·C (upper curve) and
analcime (lower curve) (AdvQllces in Chemistry Series
10\. MDlecularSieve Zeolites , Flanigan. E. M, Send, L
B.• eds.• 76( 1971). (Reproduced with permission of the
American Chemical Society)

Chemical Composition: P-G represents the
phosphorus-containing analog of synthetic cha
bazite.

SYMMETRY: rhombohedral
UNIT CEU CONSTANTS (A) a:: 9.44

(l :: 94~8'

TETRAHEDRAJU.C.: 12

X-RayPowderDiffraction Data: (d(A) (IlIa))
9.46(100), 6.97(21), 5.61(17). 5 .10(21),
4.72(10), 4.53(5), 4 .36(74), 4.15(7), 4 .02(9),
3.9O(43).3.62(28),3.48(16),3.25(12),3.14{10),
2.95(95), 2.92(53), 2 .71(9), 2.64(19), 2.54{14),
2.33(9),2.11(7), 1.89(8). 1.82(14), 1.73(12).

Synthesis

The silicoaluminophosphate P-G crystallizes from
a molar reactant composition of: ~O.5 K20 :
A~03 : 1.0 Si02 : 0 .5 P20~: ~ 110 H20. Crys
tallization occurs at 150°C after 1/6 hours .
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Infrared Spectrum
EllchaSlge P. T. Wt%

See P-G Figure I. form Adsorbate Torr 4C adsorbed

NH. 4 .0

Ion Excbange Na N2 750 -196 8.8
K 9.1

P-G with an initial cat ion wt% of 13.9 ex- Ca 24.6

changes 83% with Na + and 99% with Ca+ 2 • Na n-CJi,o 750 25 1.8
K 1.6
C8 3.5

Adsorption

Adsorption properties of ion-exchanged foJTllS of p·G:
Phacolite (eRA)

Exchange P, T,
form Adsorbate Torr "C

Na H2O 20 25
K
Ca
Na co, 750 25
K
Ca
NlL
Na 0, 750 - [96
K

Ca

Wt%
adsorbed

26.1
23.3
26.2
9.6

11.0

9.8
11.2
28.4

A variety of chabazite. phacolite forms triclinic
crysals with a high degree of twinning (PP 4B
4. trh IZC (1986»

'Phakolite (eRA)

See phacolite.

Phase A
(Soviet Phys. Crystallogr.
16:1035(1912»

Structure

CHEMICAL COMPOsmON: Ba2(XIBaCl2(Si.AI)sO'6
SPACE GROUP: 14Jmmm
UNIT CELL CONSTANTS (A): a = 14.194

c = 9.234
PORE STRUCTURE: eight member rings
X is the tetrahedral group ((Si,A1)(O,OH)~ or (OH ,CI)} .

Atomic coordinates for Phase A (SOy. Phys, Cryslllllo8T.
16:1035(1972» :

Atom x y

1026 Si,AI 0.2386(7) 0 .3917(7) 0.157(1)
0(1) 0.193(2) 0.390(2) 0

1400 1200 1000 800 600 400 0(2) 0.350 0.350 0.156(3)

em-l
0(3) 0.158 0.342 1/4
0(4) 0.257(3) 1/2 0 .213(3)
&(1) 0 .1816(4) IJ2 1/2

p·e FIg. 1: Infrared spectra of P-G (upper curve) and &(2) 1/2 112 0.288(1)
chabazue type G (lower curve) (AdvtlJlCi!s in Chemistry CI 0.375 0 .375 1/2
Series 101, Molecular Sieve Zeolites, Flanigan, E. M, x· 0 In 114
Sand, L. B., eds .. 76(1971) . (Reproduced with
permission of the American Chemical Society) -0-' was used for r,.
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Phase A Fig. IS: Framework topology.

PHI
(US4,124,686(1978))
Union Carbide Corporation

Structure

Clumieal Composition: O.97-l.l M21nO

AI20) : 4-7 Si02 : 0-6 H20.

X-Ray PowderDiffractionPaJUm: (d(A) (lIla»)
11.63(01),9.51(8), 7.69(vw), 6.97(8),5.61(8),
5.04(s), 4.31(s), 3.97(vw), 3.43(vs), 2.92(vs),
2.69(vw), 2.61(w), 2.51(vw), 2.09(w), 1.9O(w),
r.s: (w), 1.74(vw) , 1.72(w).

Synthesis

ORGANIC ADDlTIVE
TMA+

Zeolite phi crystallizes from a reactive alu
minosilicate gel system with a SiOl/AI20) ratio
between 9 and 15. The ratio of base (Na20 +
TMA10)/Si02 is between 0.5 and 0.6 and the
ratio of Na20INa20 + TMA20 between 0.8 and
0.95. Crystallization occurs after 68 hours at
roo-c.

Thermal Properties

See Phi Figure 2.

Infrared Spectrum

See Phi Figure 3.

10 20 26 30 40

Phi FIg. 1: X·ray powder diffraction pattern of zeolite phi (Zeo. II :349(1991».
(Reproduced with permission of Burterworths Publishers)



PhjJIipsite (PHI) ]9]

Adsorption

Adsorption properties of zeolite phi (US4,124 .686( 1978»:

Pressure. Temperature. Wl%
Torr °C adsorbed

T,K

Phi Fig. 2: TGIDTA pattern in air of zeolite phi (Si/AI
:= 2.5) (uo . II :349(1991» . (Reproduced with
permission of Butterworths Publishers)

0,
O2

n-Butant
Isobutane
Neopcntane
(C.F9hN

100
750
750
750
750
0.5

-183
-183

25
25
25
50

12.1
18.4
8.1
2.7
3.5
8.0

PhI Fig. J: Infrared spectra of zeolite phi (5il AI :=

2.5) (a) and offretite (b) (Zeo. II :349( 1991» .
(Reproduced with permission of ButtclWOnhs Publishers)

1500 1100 700

V(cm-1)

300

Phillipsite (pm)
(natural)

Relmed Materials: harmotome
ZK-19
wellsite

The name phillipsite first was introduced in
1825 by Levy for samples of the harmotome
mineral from Sicily, Italy (Nat, Zeo. 134(1985» .

Structure

(Nat. Zeo. 134(1985»

CHEMICAL COMPOSITION: Ba2(Cl1os.Na)
(AI,Si"On)" 12H,Q

SYMME'ffiY: monoclinic
SPACE GROUP: P2,lm
UNIT CELL CONSTANTS CAl: a = 9.88

b = 14.30
c = 8.67
11 = 124°49'

PORE STRUCTURE: eight-member rings 3.6. 3 .0 x
4.3. 3.2 x 3.3 A

X-Ray Powder Diffraction Datil: (Nat. Zeo.
326(1985» (d(A) (11/0» 7.11(100), 5.78(20),
5.06(50),4.89(3) ,4.41(25),4. [2(100), 4.03(20),
3.515(10) , 3.326(30), 3.201(100), 3.106(80),
3.040(10), 2.968(lObr), 2.887(5), 2.757(5),
2. 699(80br) , 2.651(40), 2.539(25), 2.435(20),
2.379(20), 2.317(10), 2.256(15), 2.206(25),
2.l53(25), 2.057(20), 1.986(25).
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Pbfilipslte Fig. IS: Framework topology.

Phillipsite contains a two-dimensional chan
nel system like that of harmotome, differing
only in the chemical composition and symmetry
(see hannotome for a description of the topol
ogy). The channels intersect in a plane perpen
dicular to the c axis . It is thought that the chan
nels are subject to blockages, which, in the
dehydrated mineral, are thought (0 be the cat
ions . No Si,Al ordering is observed. There are
two calion sites outside the framework that are
fully occupied by Ba or K, resulting in a low
ering of the symmetry of the structure.

Stacking faults, if extensively present, would
transform a phillipsite crystal into one with do
mains of phillipsite and merlinoite .

Phillipsite can becomplexely twinned (0 give
a diffraction pattern displaying tetragooal sym
metry with the same unit cell dimensions as
those of the untwinned crystal.

Atomic coordinates for phillips ite (Acta Crystallogr.
15:655(1962» :

Atom .c y

Si(l ) 0.153 0.018 0.892
Si(2) 0.833 0.01'7 0.891
Si(3) 0.335 0.861 0.238
Si(4) 0.650 0.860 0.237
0(1) 0.815 0.083 0.156
0(2) 0.773 0.104 0.840
0(3) 0.235 0.102 0.849
0(4} 0.178 0.Q75 0.174
0(5) 0.992 0.048 0.885
0(6) 0.509 0.874 0.205
0(7) 0.203 0 0
0 (8) 0.796 0 0
0(9) 0.303 0.250 0.7.w
0(10) 0.707 0.250 0.750
Na 0.010 0.250 0.865

Synthesis

ORGANIC AOOmVES
NH.. +
NMeH) '
NMe1H1+

NMeJ{"
TMA '

Phillipsite
Nidda, Hesse, Germany

Phillipsite
Sylvania sea Mount

........-.'-AJ\"............._L

~
I I t I I I I I I I I I I
8 12 16 20 24 28 32 36 40 44 48 52 56

°28CuK~

PbOllpsite Fig. 2: X-ray powder diffraction pattern of
natural phillipsite from three locations (bo. Mol. Sieve.
206(1974». (Reproduced with permission of John Wiley
and 50115, Inc.)
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Phillipsite Fig. 3: Thermal CUIVes of phillipsite from Casal Brunori, Rome .
Italy: in air, healing raee 20'Clmin (Nat. Zeo, /46(1985». (Reproduced with
perrnission of Springer Verlag Publishers)

The phillipsite structure appears as a regular
impurity phase, and in many crystallization sys
tems many zeolites will recrystallize to form
phillipsite. It has been prepared in the K, Ba,
Ca, N~, (Na,K), (Na,TMA). (Ca,TMA) sys
tems.

Thermal Properties

When dehydrated, phillipsite decomposes at
temperatures above 250°C. See Phillipsite Fig
ure 3.

Ion Excbange

See Phillipsite Figure 4.

P-L (LTL)
(ACS 101:76(1971»

Reltzud MDJerials: Linde type L

Structure

Chemical Composision: pol represents the
phosphorus-containing analog of zeolite type L.

SYMMETRY: hexagonal
UNIT CELL CONSTANT (A): a = 18.75 ; c = 15.03
TETRAHEDRAJU.C .: 72
D (measured): 2.21 g/cml
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Rbs

O.B0.4
Philllpsite Ffg. 4: Exchange isotherms for Pine Valley. Nevada phillipsile at 2S'C.
total normality 0 .\ N (JCS 2904(197 Jn. (Reproduced with permission of the Chemical
Society)

1400 1200 1000 gOO 600 400

em"
P·L Fig. 1: Infrared spectra of pol (upper curve) and
Linde type L (lower curve) (AdvQllcn ill Chemi~/ry

Seriu 10I. Molecular Sieve Zeolites. Flanigan, E. M,
Sand, L. B., eds., 76(\971) . (Reproduced with

permission of the American Chemical Society)
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Infrared Spectrum

See P-L Figure I .

X.Ray Powder Diffraction Data: (d(A) (lIJo))
16.0(lOO). 8 .0(4), 7.55(8), 6.09(18) , 5.86(4),
4.65(29), 4.47(9), 4 .37(6), 3.96(28), 3.68(9),
3.51(19), 3.32(15). 3.22{31), 3.09(24), 3.05(5),
2.94(28), 2.88(4). 2 .82(4). 2.69(24), 2.64(8),
2.53(9), 2.50(4), 2.46(4), 2.44(5), 2.32(3),
2.30(3), 2.22(9) , 2.06(3), 1.96(2), 1.88(6) .

Synthesis

The silicoaluminophosphate pol crystallizes from
a molar reactant compos ition of: ~ 1.0 K20 :
Ah03: 1.5 s.o.. i .o P::lO'j : ~110 H20. Crys
taliizarion occurs at 175cC after 166 hours.

Ion Excbange

pol with an initial cation wt% of 17.8 exchanges
40% with Na + • 90% with NiL. 42% with Ca + 2,

and 5 wt% with La.
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X-Ray PowderDiffraetion Data: (d(A) (/110 ))

9.46(100),6.94(29),5.59(10),5.09(32),4.72(9),
4.35(76) , 4 .11(5) , 4.00(8), 3.90(24), 3.63(32) ,
3.47(16), 3.25(10), 2.94(82), 2.71(5), 2.62(11),
2.53(8), 2.32(5), 2.10(8), 1.89(8) , 1.82(9),
1.73(6).

SYMMETRY: rhombohedral
UNIT CELL CONSTANTS (A): a = 9.44

(l = 94"28'

Structure

Chemical Composition: P-R represents the
phosphorus-containing analog of chabazite,

P-R (ellA)
(ACS 101:76(1971)

RelDLed MaJerials: chabazite
zeolite R

TETRAHEDRNU.C.: 12

2 .2
3-J
3.1
J.7
J.?
1.4
2.2
1.\

0.6
1.4

2.2
0.8
0.6
1.2

25

2.S

50

25

T, Wt%

°C adsorbed

2.S 15.9
14.4
16.4
14.8
15.6

2.S

750 - 196 5.3
8.9

14.0
12.1

11.6
750 -196

P.
TorrAdsorbate

i.ro-CJi,o 750

Neopeutane 750

n-C.H,o 750

Exchange
form

Orthorhombic form of gisrnondine.

Adsorption

Adsorption properties of ion-exchanged fonns of P·L :

Na
K
Ca
NH.
La
Na
K
Ca
Na
K
Ca
NH.
La
lola
K
Ca
Na
K
Ca
Na
K
Ca
lolH.
La
No
K
Cn
NH.
Na
K
C3
NH.
La

997

600 400
PoUuciJe (ANA)
(natural)

Pollucite, CsAhSi4012 , appears to be the only
naturally occurring cesium-containing fe1dspa
thoid. It is structurally related (0 analcime.

1400 1200 1000 800

crn!
P-R Fig. t; Infrared spectra of P-R (upper curve) and
chabazite (type R) lower curve (Advances in Chemistry
Series 101, Molecular Sieve Zeolites, Flanigan, E. M .
Sand, L. B., eds., 76(1971) . (Reproduced with
permission of the American Chemical Society)



398 Pseudonatrolite (MOR)

Synthesis

The silicoaluminophosphate P-R crystallizesfrom
a molar reactant composition of: ~ 1.2 Na20 :
AbO): 1.8 Si02 : 0 .9 P20, : ~ 110 H20. Crys
tallization occurs at 125°C after 94 hours.

Infrared Spectrum

See P-R Figure I.

100 Exchange

P-R with an initial cation wt% of 13.2 ex
changes 91% with K+, 87% with NH4 oj. , and
96% with Ca+ 2 •

Adsorption

Ad&OrptiOll proptJ1ies of ion-exchanged fOrrnJi of ?-R:

Exchange p . T. Wr%
fonn Adsorbate Torr °C adsorbed

Na H10 20 25 19.0
K \8.0
Co 11.\

NH.. 0.8
No CO, 750 25 11.6
K 11.2
Ca 9.0
NH.t
No 750 -196 6.6
K 0
ea 9.6

NH. 0.2
No H1 750 -\%
K
01
Hll II·c..H,o 750 25 6.6
K 1.6
Ca
HI-!. 0.2

Pseudonatrolite (MOR)

Obsolete synonym for mordenite.

PSH·3
(EP 64,205(1982)
Bayer AG

ReltzUd Materials: MCM-22
SSZ-25

Structure

Chemical Composition: M2/"O : AlzO) : 20
150 Si02•

X-Ray Powder DifjrQctionDatll: (d(A) (/110))

12.63 (vs), 1O.92(m), 8.84(vs), 6.86(w), 6.15(5),
5.50(w), 4.91(w), 4.60(w), 4.39(w), 4.09(w),
3.91(m), 3.75(w), 3 .56(w), 3.41(vs), 3.30(w),
3.19(w) , 3.11(w), 2.836(w). 2.694(w),
2.592(w), 2.392(w) , 2.206(w). 2.122(w),
2.036(wl, 1.973(w), I. 873(w), 1.855(w).

Synthesis

PSH-3 crystallizes to from a gel with batch
compositions in the range : Si02/Al,,0 3 of 10 to
200, OHlSi02 of 0.05 to 10, RlNa20 of 0.5 to
5.0. R is hexamethyleniroine. Crystallization
occurs at temperatures between 80 and 180°C
after 12 to 144 hours.

Adsorption

Adsorption in gllOO g for PSH-3:

H~ 7.7
II·HelUlDe 6.9
Cycloheune 6. J

r, (GIS)

The tetragonal form of synthetic gisrnondine.

Ptilolite (MOR)

Member of the mordenite groupof minerals found
in Jefferson Co.. Colorado, USA. This name is
not used today (Mineral . Mag. 31:887(1958)).
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1005

7S N781 692 513
634

595
474 431

p-w
(ACS 101:76(1971»

Related Materials: type W

SYMMETRY: tetragonal
UNIT CELL CONSTANTS (A): a = 20.17; c = 10.OJ
TETRAHEDRAIU .C.: 64

Structure

Clumi£al Composition: P-W represents the
phosphorus-containing analog of zeolite W .

X-Ray PowderDiffraction DDJlJ: (dl(A) (1Il0 ))

10.2(18), 8.3(42), 7.2(61), 5.40(17), 5.07(29),
4.51(27),4.31(23),4.11 (19), 3.68(18), 3.23(71),
3. 19(100). 2.96(45), 2.80(16), 2.75(39),
2.69(18) ,2.57(23),2 .46(10),2.20(8),2.08(4),
I.79(5), I. 78(6), 1.73(8).

1400 1200 1000 800 600 400

crn!
poW Fig. I: Infrared spectra of poW (upper curve) and
type W (lower curve) (Advances in Chtmistry Series 101,
Molecular Sieve Zeolites. Flanigan, E. M, Sand, L. B.•
eds .• 76( 1971). (Reproduced with permission of the
American Chemical Society)

Synthesis

The silicoaluminophosphate P-W crystallizes
from a molar reactant composition of: ~O.5 K20

: AhO) : 1.6 Si02 : 0.5 P20 5 : ;;.110 H20 .
Crystallization occurs at 150°C after 68 hours .

Infrared Spectrum

See P-W Figure 1.

PZ-l
(EP 91.537(1983»)
Degussa

Related maierial«: magadiite

Adsorption

Structure

Chemical Composition: high-silica alurninos
ilicate.

Adsorption properties of ion-exchanged forms of P-W:

Exchange P. T, Wt'%
form Adsorbate Ton ·C adsorbed

Na H2O 20 2.'i 23.1
K 19.1
Ca 10.6

X-Ray Powder Diffraction Dasa: (PZ-l) (d(A)
(/110» 15.49(100), 9.97(7), 9.18(1), 7.3l(2),
5.15(17). 4.84(13), 4 .55(7), 4.23(5), 3.68(6),
3.56(14), 3.44(59), 3.30(30), 3.15(28), 2.15(18),
1.88(3), 1.83(6); (PZ-2) (d(A) (/110 )) 13.48(1(0).
7.34(24),3 ..55(55), 3.40(85), 1.85(20).

PZ-l represents a hydrous layer silicate struc
ture related to the known mineral magadiite.



400 PZ-2

Synthesis

ORGANIC ADDITIVE
RJP·(CH, ). -PRl X1

Adsorption

Adsorption properties reported for PZ-I and PZ-2 (EP
9\ ,537(1983)):

PZ-l crystallizes from an aluminosilicate gel
with a Si021Ah03 ratio between 20 and 250 and
an RlSi02 ratio between 0.01 and 0.2. The or
ganic used in this synthesis is BU3P-(CH2h
PBu)13r2. The preferred inorganic calion is so
dium. where the Na20/Si02 ratio is between
0.01 and 0.5. Crystallization occurs after 14
hours at 175°C. After treatment with either HCl
or NH..Cl followed by thermal treatment, PZ-2
is obtained.

n-Hexaru:

PZ-\:
wt% 1.0
PZ-2:
we%> 6.0

PZ-2

See PZ-I.

Benzene

3.0

4.0

Water

7.0

5.0



Q-R

Q

This term designates two different species; it
can refer to Linde Q or to species Q.

Q-[Br}

See species Q.

R (FAD)
UCS London 1959:195«1959»

RelaUd Materials: faujasite

Zeolite R, identified in 1959, was identified as
the synthetic faujasite related to Linde X .

See also (Type) R (CHA)

Outdated designation for a synthetic chabazite
as coined by Union Carbide in the early 19705.

RbALSi04 (ABW)

Synthesis

Rb-M crystallizes from a rubidinm-conraining
alurninosilicate gel with a SiO~AhOJ ratio be
tween 4 and 6, using rnetakaolin, silica, and
RbOH. Crystallization occurs after 7 days at 80°
C.

Reissue (EPI)

Obsolete synonym for epistilbite,

Rho (RHO)
(US3,720,750(1973»
Exxon

Relaud Materials: pahasapaite
LZ-214
beryllophosphate-R

Structure

(lACS 112:4821(1990))

See A (BW).

Rb-D
(}CS, Dalton Trans. 2534(1972»

RelaUd Materials: K-F
Z

UNIT CELL COMPOsmON:
(Na,Cs)ll[AII~il60'l61·44H~

SYMMETRY: cubic
SPACE GROUP: Im3m
UNIT CELL CONSTANTS (A):

(dehydrated NH: + form)
(dehydrated H+ form)

(Li" form)
(Li,Cs + fonn)

Q = 15.0
o = 14.821
a = 14.982
a = 14.3390(5)
a = 14.4925(5)

Synthesis

Rb-D crystallizes from a reactive rubidium-con
taining aluminosilicate gel at a Si02/A20) of 2,
using rnetakaolin , silica, and RbOH as the start
ing materials and temperatures of 80"C.

RbaM (MER)
(JCS Dalton Trans. 2534(1972)

Related Materials: Linde W
merlinoite

(Ag " form) a = 14.2251(6)
(CaH+ form, 4OO"C) Q = 13.970(5)

(5T H form . 25O"C) a = 14.045(1)
(Ba " + form, 200"C) a '" 14.184(2)
(Cd" + form, 3500c) a = 14.488(3)
(Na.Cs " form, 25°C) a = 15.031(1)
PORE STRUCTURE: eight-member rings. 3.6 A

diameter

X-Ray PowthrDiffraction DaID: (d(A) (/110 ))

10.33(100), 7.25(3),5.95(30),5.14(1),4.61(2),
4.20(13), 3.90(16), 3.64( I), 3 .44(51), 3 .26(52),
3 .11(24), 2,979(32), 2.862(8) , 2.667(22),
2.578(1),2.501(4),2.433(4),2.368(2),2.309(7),

4Q!



402 Rho (RHO)

Summary of rho structural data (lACS I 12:4821(1990»:

Zeolite rho crystallizes from reactive so
dium/cesium aluminosilicate gels at 100" after
6 days. Prior to the hydrothermal synthesis , the
gel is aged at room temperature for 6 days.

<T-D> <T-Q-T>

131.5

lJ5.6

136.5
135.6
137.5
137.9
138.9
136.3

133.4

149.2

143.8
143.8
145.8
141.0
144.5

139.8
140.8
140.8
132.8
143.0
139.8
143.5

137.J
140.7
140.0
136.5

145.7
142.5
139.6
146.8
147.5
146.8
147.1
/47 .0
146.8

1.651

1.642

1.649
1.66

1.648
1.642
1.640
1.637
1.644
1.655

1.610
1.655
1.660
1.624
1.625
1.627
1.626
J.627
( ,629

1.610

1.645
1.631
1.635
1.648

1,640
1,636
1.638
1.683
1.632
1.642
1,630

1.632
1.632
1.610
1.645
1.632

a

13.9645
14.045
14.110
14.184
14.2251
14.3390
14.372
14.375
14.410
14.4245
14.425
14.461
14.4848
14.488
14.4925
14.5264
14.601
14.613
14.620
14.6536
14.6566
14.6652
14.678
14.694
14.7014
14.7237
14.7412
14.7580
14.821
14.850
14.8680
14.8803
14.969
14.982
14.995
15.00
15.027
15.031
15.0387
15,0620
15.0686
15.0696
15.0799
15.0976

Temp.,
FOIlTl K

CaD 298
Sr 473
CaND.OI) 298
Ba 473
Ag 298
Li 298
uxn, 298
Rl> 298
CaND.(I) 298
(ND')6 II
(ND4)6 II
TI 298
Na 298
Cd 623
LiCs 298
(ND.)6 298
o II
K 298
o 13
cso 298
NKCs<H,O) 298
CsD 298
NaCs 298
dD 294
CsD 493
D 295
K(H,O) 298
o 423
(NfL)1l 373
D 13
D 573
D 298
CDlOO II
H 773
Ca
H 293
D,O 423
NBCs(H10) 298
o 298
D 623
D 298
D 298
o 623
D 298

ORGANlC ADDITIVES
none

2.254(3),2.201(9),2.154(2),2.067(6),2.025(3),
1.987(2), 1.951(4), 1.918(2), 1.855(3), 1.824(3),
1.798(4), 1.771 (5), I.746(0.5), l.722(4),
1.698(6), 1.675(0.5), 1.853(2), 1.633(0 .5),
1.613(2), 1.594(1), 1.575(2), 1.556(1), 1.540(1),
1.506(2), 1.490(3), 1.475(4) .

Rho Fig. IS: Framework topology .

The rho structure consists of a body-centered
cubic arrangement of alpha cages joined to
gether through double eight-member rings. The
three-dimensional topology contains intersect
ing eight-member-ring channels. Distortion of
the alpha cages is observed in the NH 4 + and
Na" ICs+ forms of this structure. The eight
member rings in the H + form are completely
open, whereas the N~+ cations are all located
at the center of the eight-member ring (Zeo.
4:51(1984». The Ca,D-rho shows the largest
reported deviation from InUrn symmetry for this
structure (a = 13.9645(7)A). The calcium at
oms arelocated in the center of the double eight
ring, distorting the framework to generate a te
trahedral environment (lACS 112:4821(1990».
In the Li" -exchanged form, the lithium cations
occupy sites in the six-member ring, leaving the
eight-ring pores open (lACS 112:4821(1990».

Synthesis
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46.80

Rho (RHO) 403

57.00

Rho Fig. 2: X-ray powder diffraction pattern for zeolite Ca.ND~-rho (lACS 112:4821( 1990)). (Reproduced with
permission of the American Chemical Society)

Positional parameters for NH. ~ and H~ forms of zeolite rho (Zeo. 4:51(1984» :

Point
symmetry x y z Population Multiplicity

(a) NH.·mo (l43m)
T 1 0 .2648(2) 0.1135(2) 0.4103(2) 48 48
0(1) I 0 .2109(3) 0.0200(4) 0.3868(3) 48 48
0(2) m O.1936(4) O.1936(4) 0.3932(7) 24 24
0(3) m 0.3623(3) 0 .1191(5) 0.3623(3) 24 24
N mm 0 0 0.3842(8) 12 12
X ~2m 0 0 In 2.4(6) 6
(b) H-rtlo (lm3m)
T 2 1/4 0 .1030(2) 0.3970(2) 48 48
0(1) m 0.2191(3) 0 0.3831 (3) 48 48
0(2) m 0.1668(2) 0.1668(2) 0.3783(3) 4$ 48

N\lQlbe!1; in parentheses arc the esd values in the units of the lellf.I significanl digit given . Popula.lioD parameters are given ... the number
of atoms or ;0l\J per cell.

a
Rho Fig. 3: Framework structural changes from (a) dehydrated H-rho to (b) Ca.Dcrho
112:4821 (1990». (Reproduced with permission of the American Chemical Society)



4Q4 Rhodesite

Thermal Properties Synthesis

- QOO2 [ml//sI 0
_ WEIGHT LOSS

100

U
~200

UJ
a:
~300
ot
II:

Ie LOO
I

""...
soo

DTG TG

I 1.00mg (

ORGANrc ADDITIVES
none

This mineral is found in deposits in South
Africa as well as California. Rhodesite can be
synthesized from a batch composition of: x KOH
: 7.64 Na-O : AhO) : 32 .26 Si02 : 5.36 CaD:
2.34 MgO, over a temperature range or 160 to

200°C for 200 hours, The crystals appear as
aggregates or radiant white fibers (RR 8th IZC
46(1989)).

Rho Fig. 4: Thermogravimetric (TG) and differential
thermogravimetric (DTO) curves for Na .Cs -rho (2.
Kristallogr, 187:253(1989». (Reproduced with
perm iss ion of Oldenbourg Verlag Publishers)

Thermal Properties

Thermally, dehydration occurs in three steps, at
20 to 150°C, 240 to 305°C, and 605 to 820"C,
with decomposition of the structure occurring
between 605 and 820°C.

Rhodesite
(natural)

ReloUd MalerioJs: delhagelite

Rhodesite is a natural aluminosilicate of the del
hagelite group of minerals . This structure was
successfully synthesized by Babaev, Ganbarov,
and Ragimov of the Academy of Sciences of
the Azerbaijan SSR.

Adsorption

Synthetic rhodesite adsorbs 3.75 mmollg of CO2

(RR 8th IZC 46(1989)).

Roggianite (ROG)
(natural)

Structure

(RR sa. IZC 46( 1989))

SYMMETRY: orthorhombic (synthetic)
SPACE GROUP: Pman
UNIT CELL CONSTANTS (A): 0 = 23.42

b = 6.54
c = 7.05

Roggianite is a natural hydrated calcium alu
minosilicate found in deposits in Italy. Thom
sonite is generally observed to be associated
with this material (Proc, 5th IZC 205(1980)) .

Structure

(Proc. 5th IZC 205(1980))

a = 18.3
c = 9.2

12-membet: ring with diameter ofPORE STRUCTURE:
4.2 A

CHEMICAL COMPOSmON: CaI6(AI,~inOg(OH),.]
(OH)'6·26 Hi>

SYMMETRY: tezragonal
SPACE GROUP: 14/mcm
UNIT CELL CONSTANTS (A):

Rhodesite is structurally related to the de
hayelite group of minerals, which have eight
member-ring cavities approximately 4 A in di
ameter. The large cations that fill the channels
for this mineral are potassium. These cations
also are found in delhayelite , hydrodelhayelite,
and mauntainite. 8a+ 2 are found in rnacdon
aldite. (Z. Kristallogr, 149:155(979)



Roggianite (ROO) 405

RoggIsQlte Fig. IS: Framework topology .

X-ray Powder Diffraction Data: (d(A) (ll/o»
13.040(100), 9.230(49), 6.525(5), 6.150(42).
5.834(20), 4.589(2), 4 .472(2), 4.339(10),
4.111(9), 3.752.(7) , 3.605(41), 3.411(68) ,
3.246(12) , 3.198(34), 3.154(43), 2.905(14),
2.869(24), 2.833(23), 2.740(3). 2.652(17),
2.623(6),2.5985(10),2 .5481(20.2.4549(10),
2.3530(6), 2.2962(13) , 2 .2790(8), 2.2600(5),
2.228\ (9), 2.1660(4), 2.1348(6), 2.0535(9),
2.0280(7), 1.9436(7), \.9375(13), 1.8546(l7),

1.8253(8), 1.8808(7), 1.7843(2), 1.7284(5) .
1.7202(10), 1.7069(7), 1.6698(3), \.6600(3) .
1.5314(3), 1.5200(6), 1.4806(6), 1.4490(3),
1.4420(2), 1.4088(2), 1.3966(1). 1.3766(7).

This mineral has a nearly zeolitic structure
with only apical hydroxyl ions of the Si20J groups
contained within the structure, which interrupt
the three-dimensional linkage of the 5i-AI te
trahedra. Each four-member ring of one layer
is connected to two rings, one from the preced
ing layer and one from the subsequent one,
through four AI tetrahedra. This results in cages
defined by two four - and four six-member rings.
Each of the cages shares two planar four-mem
ber rings , which are rotated by 45°. Two iden
tical cages are located above and below, forming
columns parallel to c. Each of these columns is
laterally linked through Si20? groups to four
neighboring columns. thus formingan open three
dimensional network.

Intersecting channels have a free diameter of
4.2 A and run parallel to the c axis . Six- and
ten-member rings are present; however. they are
bisected by ShO? groups and obstructed by Ca
cations. These Cacations lie in the cavities where
two tetrahedral framework is interrupted and are
coordinated by two oxygen atoms and four hy
droxyl ions.

10 0 TOC8006 0

DTG

4 0
-

-- -- .......
'---....

<.; -,

\

"----- \ x

-
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Roggtenlte Fig. 2: TO/oro and rehydration (dashed line) curves of roggianite (Minl!rol. Mag. 52:201(1988».
(Reproduced with permission of lIIe Mineralogical Society)



Atomic coordinates fOJ" roggianite tProc. 5th IZC
205(1980)) :

°H,O occupancy facIo", are : 69(J)5 for H,o I and 34(6)% for H,02 .
respecli~ely_

406 Roggianite (ROO)

The distribution of Si and Al in the structure
appears to be ordered in the three independent
tetrahedral positions. The average interatomic
distances are SjJ-O = 1.62 A, Si2-O = 1.63
A. and AI-O = 1.715 A.

Thermal Properties

The presence of the hydroxyls in this structure
can be readily observed by the DTA curve and
by the ignition loss. There is a small endother
mic peak at 1l3°C and a weight loss of 4.49%
at 100°C. A sharp endothermic peak is observed
at 874°Cwith a weight loss of 17.24%at IOOO°C
(Mineral. Mag. 52:201(1988» .

Ca
Sil
Si2
Al

01
02
03
04
OHl
om
H20I'"

H20 2'"

.r

0.1771(2)
0 .1047(5)
0.1161(5)
0.2169(4)
0.1339(11)
0.1641(7)
0.0586(8)
0.0429(12)
0.1740(13)
0 .2942(8)
0 .4258(30)
0.3853(78)

y

0.1771(2)
O.2809(5)
0.0411(4)
o
0.3661(11 )
0 .0581(8)
0.2671(8)
0.0939(12)
0 .2233(12)
0.2058(8)
0.0742(30)
0.0773(77)

2

\14
o
o
1/4
o
O.I469((5)

0.1446(17)
o
o
0.1512(23)
0 .1950(76)
o



s

S
(US3,OS4,6S7(1962))
Union Carbide Corporation

Related Material: gmelinite type

Structure

CHEMICAL COMPOSITJON: 0 .9 NlI20 : AhO) : 4.6
5.9 SiOz : 6-7 H20

DENSITY; 2.08 glee

X-Ray Powder Diffraction Data: (d(ft..) (1110»
11.8(77), 7.73(19), 7.16(1(0), 5.96(9), 5.03(72),
4.50(46), 4.12(79), 3.97(20), 3.44(62),
3.305(13), 3.236(23), 2,973(80), 2.858(47),
2.693( 19). 2.603(39), 2.126( 11). 2.089(39),
1.910(12), 1.809(40), 1.722(32).

Zeolite S is thought to be a gmelinite-rype
structure.

Synthesis

ORGANIC ADDITIVES
none

Zeolite S crystallizes from a reactive sodium
aluminosilicate gel with a composition of: 3.2
Na20 : 6 Si02 : 80 H20. Crystallization occurs
after 17 hours at 100°C.

Infrared Spectrum

Mid-injrored Vibrotions (em-I): (Si02!'AlzOJ

"" 2.5) 1140wsh, 1020s. 77Ovwsh, 722mw,
690vwsh, 631-595mb, 518mb, 448m. 424ms .
370vwsh (ACS 101 :201(1971)).

Adsorpti6D

Adsorptive properties of activated synthetic zeolite S
(US3.054,657 (\962»:

Pressure, Temp., Wt%
Adsorbate mmHg OC adsorbed

Water 0.D12 25 10.4
0.076 25 15.2
4.5 25 21.5

24 25 28.0
2 100 2.8
4 .5 100 4.2

14 100 11.2
22 100 13.4

[continued]

\,

1200 11m 800 600 400 2OO!m 600 ..aD 200
Cm-I

S Fig. I: Mid-infrared spectrum of zeolite S (Advanct!s in Chemistry
Series 101, Molecular Siev« Zeolites. Flanigan, E. M, Sand, L. B..
eds., 201(1971). (Reproduced with permission of the American
Chemical Society) 407



408 Sacrofanite

Adsorptive properties of activated synthetic zeolite S
Sacrofanite

(US3.054.657 (1962»:
(natural)

Re/Qled Maierillls: cancrinite
Pressure. Temp.• w!%

Adsorbate mm Hg ·C adsorbed Sacrofanite is a cancrinite-type phase with unit

Agron 1.8 -196 4.7
cell parameters of a = 12.865 and c = 74.24

24 -196 7.8
A, with an unknown layer stacking sequence

[30 -196 9.0 (Proc, NATO Study Institute of Feldspars and
Co, 6 25 5.4 Feldspaihoids, Rennes, France, 1983) .

24 25 8.7
100 25 11.7 SAPO
700 25 13.9 US4,440,87J(1984»

Nitrogen 110 -196 4.4
8.5 -196 4.7 Union Carbide Corporation

700 -196 6.2
Chemical Compodtion: mR : (Si.Aly Pr)0 2'700 -78 2.5

Propane 700 25 2.9 See SAPO Figs. 1 & 2.
Propylene 700 25 4.7
Betuene 65 25 <I SAPO-S (AFI)
Ammonia 0.5 25 5.5 (US4,440,871(1984»

46 25 7.7 Union Carbide Corporation
700 25 9.4

SO, 0.02 25 7.5
7 25 16.1 Re1ilb!d Materials: AIP04-5

100 25 18
700 25 21.2

Oxygen 140 -196 4.9 Structure
Krypton 18 -UB 5 .5
n-penlaJle 404 25 1.3 Chemical Composition: silicoaluminophos-

phate, See SAPO.

Pr

SAPO Fig. I: Composition range of SAPO molecular sieve crystals
(US4.440.87 1(1984)).



SAPO-5 (AA) 409

SAPO Fig. 2: Composition range of the reaction mixture for SAPO
molecular sieves (US4,440.871(1984» .

X-Ray Powder Diffraction Data: (d(A) (/1/0»
11.8(100), 6.86(12), 5 .91(26), 4.46(61),
4.21(53), 3.96(77), 3.59(5), 3.43(30), 3.07(17),
2.96(19), 2.66(5), 2.59(16); (after thermal
treatment to 600°C) 11.79(100), 6.81(27),
5.91(11), 4.46(42), 4.17(62), 3.93(96), 3.56(4),

3.427(44), 3.058(23), 2.959(23), 2.652(6),
2.592(17).

SAPO-5 exhibits properties characteristic of
a large-pore molecular sieve . For a description
of the structure see AIP04-5.

50

SAPQ.5 F1g. 1: X-ray powder diffraction pattern for SAPO-5 . (Reproduced with permission of M. Chaudhary,
Georgia Tech)



410 SAPO-8 (AEn

Synthesis

ORGANIC ADDITIVES
tetraethylammonium ...
tetrapropylammonium"
Iri-n-propylamine
tetrabutylammonium...
tetrapropylammooium'" /tetramethylammonium"
diethylethanolarnine (US4 ,440.87I (1984))

SAPO-5 is prepared from a reactive gel com
position with the following composition range:
R : O.3--{).6 Si02 : AhO) : P20s : 40-60 H20.

This structure does not appear to be strongly
selective for the organic used in the crystalli
zation mixture, as several different amines have
been successfully used. Crystallization occurs
between 150 and 225°C after 24 to 168 hours.
Higher temperatures promote more rapid crys
tallization . Impurity phases generally encoun
tered are of the quartz type. which are observed
with extended crystallization times. especially
at the higher temperatures. Entrapment of the
organic additive generally is encountered.

Thermal Properties

This material appears thermally stable, as heat
ing to 600°C results in little change in the
X-ray powder diffraction pattern.

S.OK

2.5

Absorption

Adsorption properties of SAPO-S (US4,440,871 (1984)):

Kinetic
diameter, Pressure. Ternp., WI. %

A Torr °C adsorbed

O2 3.46 100 - 183 14.5
O2 750 -183 19.8
Cyclohexane 6.0 60 24 10.9
Neopeotane 6.2 743 24 7.6
H,o 2.6S 4.6 24 14.7

H,0 20 24 31.3

SAPO-8 (AET)

SAPO-8 has been identified as the thermally
treated form of MCM-9 (Abstracts MRS Meet
ing. Fall 1990). Conversion of MCM-9 to SAPO
8 occursat temperatures above 100°C. It is top
ologically related to AIP04-8.

SAPO-ll (AEL)
(US4,440,871(1984))
Union Carbide Corporation

Rekued Materials: AlP04-11

degrees 2&

SAPO.II Fig. I: X.ray powder diffraction pattern for SAPO-II. (Reproduced with permission of M. Chaudhary,

GeorgiaTech



A!; I.

SAPO-II <AFn 411

RATE: 10.00 deglmln

cl
I--~ -
".76%

89.114%
I
J

780.00700.00620.00460.00390.00220.00140.00
80.004-----+---+-----+---+----+---+-----+---+-----+--

60.00

5.00-r----------------------------------
WT: 10.50 mg
ATMOSPHERE: AIR

SCAN RATE: 10.00 deglmln

80.00 130.00 200.00 270.00 340.00 410.00 480.00 1550.00 820coo 990.00 760.00

TEMPERATURE (e)

SAPO-II Fig. 1: TGA (lOp)/DTA (bottom) of SAPO-II prepared in the presence of di-n-propylamine. (Reproduced
with permission of M. Chaudhary, Georgia Tech)



412 SAPO-II (AEL)

Structure

Chemical Composition: silicoaluminophos
phate. See SAPO.

X-Ray PowderDiffraction' Data: (d(A) (lIIo»
10.98(20),9.41(36),6.76(13),5.66(23),5.44(3),
4.68(5), 4.35(36), 4 .23(100),4 .02(54), 3.95
3.92(56), 3.84(66), 3.63-3.60(8), 3.38(9),
3.28(1),3.121(14), 3.079(3),3.033(6),2.840(8),
2.730(13), 2.629(8), 2.512(3), 2.475(3), 2.389
2.380(10), 2.292(3), 2.238(2), 2.113(6),
2.019(4),1.941(1),1.870(2),1.807(3),1.684(4).

SAPO-II crystallizes from a reactive alu
rninophosphate gel with a batch composition of:
1.9 Pr2NH : 0.1 Si02 : AI20 3 : P20S : 42 H20 .
Crystallization requires an oven temperature of
150 to 200°C, with crystals resulting after 24 to
133 hours . At the lower temperatures, AJP04•

H3 is observed as a common impurity phase.
SApo· I I also crystallizes as large crystals from
mixtures containing HF. Depending on the
HF/Al z03 and the SiOz/AI203 , SAPO-31 and
SAPO-41 also appear as either a minor or a
major phase in this system.

SAPO-II exhibits properties characteristic of
a medium-pore molecular sieve. See AlP04-II

for a description of the framework topology.
Thermal Properties

SAPO-II retains its framework structure upon
thermal treatment to 550°C, which is necessary
to remove the organic.

Synthesis

ORGANIC ADDITJVES
di-n-propylamine
TBA ·'di-n-propyJamine

Infrared Spectrum

Mid-infrared Vibrations (em':'): 1125(5),
74()(m), 710(m), 59O(w), 550(m), 470(ms) (From
author).

50
100 .....--.....;.----T-----T---r----y--.-.-.--,--.---.-~___,-___,

80

2000 1800 1600 1400 12DO 1000

(em-1)

SAPO-I1 Fig. 3: Infrared spectrum of SApo· I I, as-synthesized. (Reproduced with permiss ion of M. Chaudhary,

Georgia Tech)



Adsorption

Adsorption properties of SAPO-II:

Kinetic
diameter, Pressure, Tcrnp., Wt%

Adsorbate A Torr OC adsorbed

0 1 3.46 102 -183 8.4

~ 743 -183 10.9
Cyclohexane 6.00 52 24.6 4.5
Neopenrane 6.2 300 24.8 0.8

HIO 2.65 4.6 23 .9 10.5

H2O 20.2 23 .2 15.4

SAPO-16 (AST)
(US4,440,871(1984))
Union Carbide Corporation

Related Materials: AIP04-16

Structure

Chemica! Composition: silicoaluminophos
phate. See SAPO.

X~RayPowder Diffraction Data: (d(A) (lIla»
7.73(54), 5.11(4), 4.72(51), 4.03(100),
3.345(20), 3.058(6), 2.993(25), 2.739(3),
2.578(4), 2.365(8), 2.259(3), 2.040(2), 1.877(6),
1.859(1). 1.746(2), 1.675(2).

SAPO-16 exhibits properties characteristic of
a small-pore molecular sieve. See AlP04-16 for
a description of the framework topology.

Synthesis

ORGANIC ADDITIVES
quinuclldine

SAPO-16 crystal lizes from a batch compo
sition of: 1.0 Q : Ah03 : P20 j : 0.3 Si02 : 50
H20. Crystallization occurs at temperatures of
200"C after 48 hr to 338 hours. The source of
aluminum is Al(OC3H, )3, and that of phospho
rus is H3P04 •

SAPO-I? (ERI) 413

SAPO·17 (ERI)
(US4,440,871(1984))
Union Carbide Corporation

ReloUd Materials: A1P04-17

erionite

Structure

Clumical Composition: silicoaluminophos
phate . See SAPO.

X-Ray Powder Diffraction Data: (d(A) (/110»
11.4*(100), 9.03(5), 6.61 (60), 5.70*(65),
5.31(5), 4.93(25), 4.51 (10), 4.31(100), 4.15(sh),
3.80(20), 3.507(15), 3.302(24), 3.255(5),
3.110(5), 2.921(sh), 2.853(10), 2.797(20),
2.683(5), 2.491(10), 2.465(10), 2.254
2.238(40), 1.977(5), 1.834(5), 1.794(15),
I.701(5), 1.656(5) (*may contain impurity).

SAPO-17 exhibits properties characteristic of
a small-pore erionite molecular sieve. See AJP04 

17 for a description of the framework topology.

Synthesis

ORGANIC ADDITIVES
quinuclidine
cyclonexylamine

SAPO-I? crystallizes from a batch compo
sition of: 1.0 Q : 1.3 Ah03 : P20j : 0.6 Si02 :

60 H20. Crystallization occurs at temperatures
of 200°C after 50 hours (using cyclohexylamine
as the organic additive) to 338 hours (with quin
uclidine). The source of aluminum is A1(OCJ-l,)3,
and that of phosphorus is H3P04 •

Thermal Properties

SAPO-17 is stable to 550°C, the temperature
necessary to remove the organic from the pores
of the structure.



414 SAPO-20 (SOD)

Adsorption

Adsorption capacities measured for SAPO-I 7
(US4.440,87I (1984»:

Killelic
diameter, Pressure, Temp. • WI%

Adsorbate A Torr OC adsorbed

02 3.46 98 .5 -183 21.5
O2 740 -183 29.4
n-Hexane 4.3 53.5 24 10.3
H2O 2 .65 4.6 23 25.2
H2O 19.4 24 35.0
Isobutane 5 .0 400 24 1.1

SAPO·20 (SOD)
(US4,440,871(1984»
Union Carbide Corporation

Refllied Mtuerials: AlP04-20

sodalite

Structure

Chemical Composition: silicoaluminophos
phate. See SAPO.

X-Ray Powder Diffraction Data: (d(A) on»
6.28(40), 4.46(41), 4.00(5), 3.65(100),
3.164{l3), 2.840(II), 2.585(14), 2.398(2),
2.243(4), 2.11 0(6), 1.908(5), 1.759(10).

SAPO-20 exhibits properties characteristic of
the very small-pore system of sodalite.

Syntbesis

ORGANIC ADDITIVES
TMA'

SAPO-20 can be crystallized from a batch
composition of: 0.75 TMA 20 : AI20 3 : P20 5 ;

Si02 : 50 H20. Crystallization occurs at tem
peratures of 125°C after 68 hours. The source
of aluminum is pseudoboehmite, and that of
phosphorus is H3P04 •

Thennal Properties

SAPO-20 is stable to 5500C, the temperature
necessary to remove the organic from the pores
of the structure.

Infrared Spectrum

See SAPO-20 Figure I.

SAPO·1O Fig. I: Mid-infrared spectra of the sodalite
SAPO molecular sieves: A. B. C. and D with SilAI ratios
of 0 .110.55, 0.48/0.35. 0.41/0.44. IlIId 0 (lACS
110,2127(1988». (Reproduced with permission of the
American Chemical Society)



Adsorption capacities measured for SAPO-20:

Adsorption

Kinetic
diameter.

Adsorbate A
Pressure,

Torr

100
761

4.6
20.0

Temp., Wt%
°C adsorbed

-183 3.2
-183 12.8

25.1 14.6
25.0 25.1

SAPO-3J 415

2.481(2),2.417(2),2.392(2),2.350(2),2.292(3),
2.276(1),2 .238(3),2.094(1),2.038(1),2.014(2),
1.929(3),1.910(2), 1.873(2),1.852(1), 1.797(1),
1.771(4), \.653( 1).

SAPO-31 exhibits properties characteristic of
a large-pore molecular sieve.

Synthesis

ORGANIC ADDITIVES
di-n-propylamine

SAPO-31 (ATO)
(US4,440,871(1984»
Union Carbide Corporation

Structure

Chemical Composition: silicoaluminophos
phate. See SAPO.

X-Ray PowderDif.fractionDat.a: (d(A) (l!Ia»
11.5(sh), 10.4(100), 9.94{sh), 9.21(sh), 9.03(3),
6.89(1), 6.03(7), 5.50(3), 5.20(10), 4.81(2),
4.37(34), 4.15(sh), 4.03(37), 3.93(81), 3.81(3),
3.548(3), 3.466(4), 3.198(11), 3.008(8),
2.885(J), 2.823(18), 2.736(1), 2.557(7),

SAPO-31 can be crystallized from a batch
composition of: DPA : 0.9 AJ20 3 : P20 S : 0.1
Si02 : 49 H20. Crystallization occurs at tem
peratures of 150 to 200°C after 52 to 133 hours.
The source of silica is aqueous silica sol or fumed
silica, the source of aluminum is aluminum is
opropoxide or pseudoboehmite, and the source
of phosphorus is phosphoric acid.

Thermal Properties

SAPO-31 is stable to 550°C for 2 hours. the
temperature necessary to remove the organic from
the pores of the structure.

2.8' ~....
DEGREES TWO THETA

SAPO-31 Fig. I: X-ray powder diffraction pattern for SAPO-31. «Reproduced
with permission of M. Chaudhary, Georgia Tech)



800 600 400

416 SAPO-34 (CHA)

cm'
SAP0-31 Fig. 2: Mid-infrared spectrum of SAPO-31 .
(Reproduced with permission of M. Chaudhary, Georgia
Tech)

Infrared Spectrum

Mid-infrared Vibrations {em":'}: 124O(s),
1130(5), 740(m), 650(m), 530(m), 470(s),
390(w).

Adsorption

Adsorption capacities measured for SAPO-31;

Structure

Chemkal Composition: silicoaluminophos
phate . See SAPO.

X-RayPowderDiffraction Data: (d(A) (lIla»
9.21(100), 6.81(17), 6.30(23), 5.50(33),
4.97(75),4.67(2),4.29(99),4 .03(4),3.85(10) ,
3.57(76), 3.43(19), 3.220(3), 3.l70(l2),
3.038(4), 2.912(67), 2 ,880(28) , 2.763(2),
2.683(6), 2.596(14), 2.495(11), 2.270(4),
2.085(3), 1.910(6), 1.866(7), 1.852(5), 1.802(8),
I. 722(6), 1.691(4), 1.645(4).

SAPO-34 exhibits properties characteristic of
a small-pore molecular sieve.

Synthesis

ORGAN1C ADDITIVES
TEA·
i-PrNH 1

SAPO-34 can be crystaJlized from a batch
composition of; 0.5 TEA20 : AhO) ; P20j : 0.6
Si02 : 52 H20 . Crystallization occurs at tem
peratures of 200°C after 48 hours or 150°Cafter
336 hours. The sources of aluminum are pseu
doboehmite or aluminum isopropoxide, that of
phosphorus isH~4' and that of silica is aqueous
silica sol or fumed silica.

O2 3.46 99 -183 U
0, 740 -183
Cyclohexane 6.0 49 25 7.2

Neopentane 6.2 400 24 5.9
H,o 2.65 4.6 23 6.2
H,o 19.4 24 21.1

Adsorbate

Kinetic
diameter, Pressure, Ternp., WI%

A Torr "C adsorbed

Thermal Properties

SAPO~34 is stable to 550°C, the temperature
necessary to remove the organic from the pores
of the structure.

Adsorption

Adsorption capacities of SAPO-34:

Kinetic
diameter, Pressure, Temp., Wt%

Adsorbate A Torr "C adsorbed

SAPO-34 (CHA)
0, 3A6 1M -183 25.1(US4,440,871(1984» O2 746 -183 36.6

Union Carbide Corporation a-Hexane 4.3 46 23.4 11.0

RelaUd Materials: A1P04-34 H2O 2.65 4 .6 13.0 30.1
H2O 19.5 22.8 42.3

chabazite



SAPO-37 (FAU) 417

5.0 8.5 12.0 15.5 19.0 22.5 26.0 29.5 33.0 36.5 40.0

28;0

SAP()..34 Fig. I: X-ray powder diffraction pattern for SAPO-34 (JCS Parada» Trans.
86:425(1990»). (Reproduced with permission of the Chemical Society)

SAPO·35 (LEV)
n;S4,440,871(1984))
Union Carbide Corporation

Related Materials: levyne

Structure

Chemical Composition: silicoalurninophos
phate, See SAPO.

X-Ray Powder Diffraction Dtua: (d(A) (1110»
13.0(2), 10.78(2), 1O.46(14), 8.04(100),
7.76( 17), 6.53(89), 5.50(4), 5.10(24), 4.75(3),
4.23(29),4.00(63). 3.87(4),3.77(15),3.555(13),
3.427(9), 3.267(20), 3.121(42), 3.028(10),
2.921(2), 2.818(6), 2.763-2.747(32), 2.592(7),
2.536(4),2.475(2), 1.899(2), 1.768(3).

SAPO- 35 exhibits properties characteristic of
a small-pore molecular sieve.

Synthesis

ORGANIC ADOmVES
quinuclidine

SAPO-35 can be crystallized from a batch
composition of; 1.0 quin : Ah~ : P20S: 0.6
Si02 : 60 H20. Crystallization occurs at tem
peratures of 150°C after 48 hours. The source

of aluminum is aluminum isopropoxide, that of
phosphorus is H:?04' and that of silica is aqueous
silica sol.

Thermal Properties

SAPO-35 is stable to 600°C, the temperature
necessary to remove the organic from the pores
of the structure.

Adsorption

Adsorption capacities measured for SAPO-35:

Kinetic
diameter, Pressure, Temp., Wt%

Adsorbate A. Torr "C adsorbed

0 1 3.46 98 -183 15.3
0, 746 -1S3 30.3
n-Hexane 4.3 48 25 0.7
lsobutane 5.0 101 25 10.2
HJC) 2.65 4.6 22 22.2
HoO 19 24 47.7

SAPO·37 (FAU)
(US4,440,871 (1 984»
Union Carbide Corporation

Related MaterUds: faujasite



418 SAPO-37 (FAU)
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29
SAPO-J7 Fig. J: X-ray powder diffraction pattern of as-synthesized SAPO-37 (SSSC 49A:215(1989)) . (Reproduced
with permission of Elsevier Publishers)

Structure

Chemical Composition: silicoalurninophos
phate. See SAPO.

X-Ray Powder Diffraction Data: (d(A) (/110»
14.25(100), 8.74(22), 7.44(5), 5.68(42),
4.80(34), 4.40(16), 4.19(4), 3.92(11), 3.79(39),
3.59(1), 3.47(6), 3.314(27), 3.232(2), 3.038(7),
2.921(9), 2.867(8), 2.780(5), 2.714(2),
2.644(7),2.607(3), 2.380(6), 2.233(2), 2.191(2),
2.099(1), 2.062(3).

SAPQ-37 exhibits properties characteristic of
the large-pore faujasite molecular sieve.

The source of aluminum is pseudoboehmite, that
of phosphorus is H~04' and that of silica is
fumed silica.

Thermal Properties

SAPO-37 is stable to 600°C, the temperature
necessary to remove the organic from the pores
of the structure.

Adsorption

Adsorption capacities measured for SAPO-]7:

Synthesis

ORGANIC ADDITIVES
TPATtrMA ~

SAPO-37 can be crystallized from a batch
composition of: 1.0 TPA10 : 0.025 TMA20 :
AhO) : P205 : 0.4 Si02 : SO H20. Crystallization
occurs at temperatures of 200"C after 24 hours .

Kinetic
diameter.

Adsorbate A

O2 3.46
OJ
CyeJohexane 6.0
Nepentane 6.2
H~ 2.65

Pressure.
Torr

100
750

60
743

4.6

Temp.,
"C

-183
-183

24
24
24

Wt%
adsorbed

35.0
42 .9
23.2
14.8
35.3



SAP0-40 (AFR)
(US4,440,871(1984»
Union Carbide Corporation

Structure

Chemil:aJ Composition: silicoalurninophos
phate. See SAPO.

X-Ray PowderDiffrtldion Data: (d(A) (/1/0»
11.63(18) , 11.01(100), 7.12(18), 6.47(43),
6.32(12), 5.50(1) , 5.11(7), 4.80(14), 4.50(6),
4.36( 13), 4.15(10), 4.10(6), 3.88(4), 3.75(19),
3.68(5), 3.61(I), 3.264(22), 3.204(15), 3.176(4),
3.123(1),2.946(3),2.920(2),2.878(3),2.8]7(4),
2.769(3), 2.692(2), 2.654(2), 2.559(2) ,
2.507(3).

SAPO-40 exhibits properties characteristic of
a large-pore molecular sieve.

Synthesis

ORGANIC ADDITIVES
TPA·

SAPO-40 can be crystallized from a batch
composition of: 1.0 TPA20 : AhO) : P20S : 0.4
Si02 : 50 H20. Crystallization occurs at tem
peratures of 200°C after 96 hours. The source
of aluminum is pseudoboehmite, that of phos
phorus is HJP04 , and that of silica is fumed
silica.

Tbermal Properties

SAPO-40 is stable to 700°C, the temperature
necessary to remove the organic from the pores
of the structure.
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Adsorption

Adsorption capacities measured for SAPO-40:

Kinetic
diameter, Pressure, Temp.. Wt%

Adsorbatc A TOll "C adsorbed

0, 3.46 100 - 183 21.8
0, 750 -183 24.4
Cyclohexane 6.0 60 24 8.0
Nepentane 6.2 743 24 5.1
H2O 2.65 4 .6 24 12.7
H,O 20 24 31.5
Isobutane 5.0 697 24 7.0
SF6 5.5 400 24 11.6

SAP0-41 (AFO)
(US4,440,871(1984»
Union Carbide Corporation

Structure

Chemical Composition: silicoalurnino-
phosphate. See SAPO.

X-RayPowderDiffraeJion DtJ1D: (d(A) (1/10»
13.19(24), 9.21(25), 6.51(28), 4 .87(10),
4.33(10) , 4.21(100), 4.02(82, 3.90(43),
3.85(30), 3.52(20), 3.47(28), 3.048(23),
2.848(10), 2.706(7), 2.392(15), 2.362(7),
2.276(5), 2.103(8), 1.855(8), 1.774(8).

SAPO-41 exhibits properties characteristic of
a molecular sieve with pore openings between
6.00 and 6.2 A.

Synthesis

ORGANIC ADDITIVES
TBA"

SAPO-41 can be crystallized from a batch
composition of: TBA20: AI20) : p,os :0.4 Si02

: 98.7 H20. Crystallization occurs at tempera
tures of 200°C after 144 hours . The source of
silica is fumed silica, that of aluminum is
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pseudoboehmite, and that of phosphorus is
phosphoric acid.

TbermaJ Properties

SAP0-41 is stable to 70Cfe for 2 hours, the
temperature necessary to remove the organic from
the pores of the structure.

Adsorption

Adsorption capacities measured for SAPO-41:

Kinetic
diametcr, Pressure, Ternp., WI%

Adsorbate A Torr OC adsorbed

Synthesis

ORGANIC ADDITIVES
TMA' /Na·
TEA-

SAPQ-42 can be crystallized from a balch
composition of: 1.2 Na20 : 1.1 TMA 20 ; 1.66
Al z03 : 0.66 P203 : 4.0 sio, : 95 H20. Crys
tallization occurs at temperatures of ioo-c after
480 hours. Aging and the lower temperatures
appear to facilitate the crystallization of this mo
lecular sieve . Without the lower temperatures
and aging, SAPO-20 is crystallized under iden
tical conditions. In the presence of TEA + and
in the absence of Na + , crystallization occurs at
2000e after 168 hours .

O2 3.46 100 -183 9.3
o, 750 -183 11.8
Cyclohexane 6.0 6Q 24 4.2 Thermal Properties
Nepentane 6 .2 743 24 1.2
H,O 2.65 4.6 24 10.4 SAPO-42 is stable to 550oe, the temperature

H~ 20 .0 24 2\.9 necessary to remove the organic from the pores
of the structure.

SAP0-42 (LTA)
(US4,440,871 (1984»
Union Carbide Corporation

RelJJJed MaJeri.aJ: Linde type A

Structure

ChemkaJ Composition: silicoalurninophos
phate. See SAPO.

X-Ray PowderDiffraction Data: (d(.!.) (11/0»
11.9(71),8.51(55),6.97(61),6.37(7),5.42(31),
4.96(13), 4 .13-4.06(68), 3.85( 17), 3 .67(100) ,
3 .376(29), 3 .255(83), 2.955(75), 2.876(15),
2.722(19). 2 .660(9), 2.603(37), 2.491(9),
2.436(5), 2.347(5), 2 .227(7), 2.158(11),
2.125(6),2 .096(3),2.065(1),2.036(9), 1.907(8),
1.884(4), 1.859(1), 1.841(6), 1.822(4), 1.746(3),
1.728(16), 1.710(2), 1.679(16), 1.664(2).

SAPO-42 exhibits properties characteristic of
a small-pore type A molecular sieve.

Adsorption

Adsorption capacities measured for SAPO-42:

Kinetic
diameter, Pressure, Ternp ., Wt%.

Adsorbate A Torr °c adsorbed

O. 3.46 100 - 183 12.6

0 1 740 -183 17.0
n-HclL1I1e 4.3 53.5 24 7.4

Isobutane 5 .0 75\ 24 1.0

IilO 2.65 4.6 23 15.5

H~O 19.4 24 21.0

SAPO-44 (eRA)
(US4, 440, 871(1984»
Union Carbide Corporation

RelJJJed Material: chabazite

Structure

ChemkaJ Composluon: silicoaluminophos
phate. See SAPO.



X-Ray Powder Diffraction Data: (d(A) (lllo»
11.8(2),9.31(100),8.08(4),6.81(31),6.66(1),
6 .44(3), 5.95(1), 5.49(51), 5. )0(9), 4.67(6),
4.51(1), 4.26-4.21(98), 4.06(25), 3.95-3.92(7),
3.85(12),3 .626(55),3.440-3.401(22),3.314(1),
3.198(10), 3.132(2), 3.079(1), 3.008(4),
2.959(8), 2.894(80), 2.831(1), 2.784(2),
2.751(3), 2.714(5), 2.667(1), 2.678(3),
2.522(11), 2.338(1), 2.298(1) , 2.259(2), 2.137
2.122(4),2.071(3),2.040(1),2.006(1),1.965(1),
1.922(2),1.888(6),1.866(5),1.807(9),1.784(1),
1.752(2), 1.698(8).

SAPO-44 exhibits properties characteristic of
a small-pore molecular sieve.

Synthesis

ORGANIC ADDITIVES
cyclohexylamine

SAPO-44 can be crystallized from a batch
composition of: CJ1I1NH2 : AhO) : P20S : 0.6
Si02 : 50 H20 . Crystallization occurs at tem
peratures of 200°C after 52 hours. The source
of silica is aqueous silica sol, that of aluminum
is aluminum iso propoxide , and that of phos
phorus is phosphoric acid.

Thermal Properties

SAPO-44 is stable to 550°C for 2 hours, the
temperature necessary to remove the organic from
the pores of the structure.

Adsorption

Adsorption capacities measured for SAP0-44:

SAPO-47 421

SAP0-47 (CHA)
(J. Phys. Chem. 93:6516(1989»
Union Carbide Corporation

RellJ1ed MllJerillJ: chabazite

Structure

CHEMICAL COMPOSmON: A~(Sil.J>. 6)0 104•

1·4CsHI1NH, · Z.5H,Q
SYMMETRY; rhombohedral
SPACE GROUP: R3
UNIT CELL CONSTANTS (A): a :. b = c :. 9.38>4

A
Ct = ~ = 'I =0 94.085"

DENSITY: 1.82 glcm 3

A!OmJc positions of SAPO-47 model (J . Phys . Chem .
93:65 16(1989»:

Atom x y

Al 0.09888(9) 0.33 [96(9) 0.87510(10)
P 0.33245(8) 0.10847(8) 0.874U(8)
O(J) 0 .2580(3) - O.2704{2) -0.0/27(3)
0(2) 0 .1519(2) -0.1445(3) 0.4911(Z)
0(3) 0.2542(2) 0.2460(2) 0.8876(3)
0(4) 0.0291(3) O.OI04(3) 0.31'78(3)
cel) -0.132(2) 0 .524(3) 0.500(3)
N 0.009(2) 0.480(Z) 0.551(2)
CO) 0 .112(2) 0 .492(2) 0.440(3)
C(3) 0 .189(2) 0.353(2) 0.424(3)
C(4) 0.334(2) 0.382(2) 0.3 59(2)
C(5) 0.449(2) 0.303(3) 0.439(3)
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Scapolites
(natural)

Scapolites are a group of feldspathoid-like al
uminosilicates that form a solid-solution series
ranging from compositions of Na4AhSi~24CI,
known as rnarialite, to C<4Al6Si6~C03' known
as meionite (Am. Mineral. 73:119(1988».

Schneiderite (LAU)

Obsolete name for laumontite.

Scolecite (NAT)
(natural)

RelaUd Materillls: natrolite

Structure

(Zeo. Mol. Sieve. 171(1974»

CHEMICAL COMPOSmON: Cas(AI1.sSb..Oso.l*24
H20

SYMMETRY: monoclinic
SPACE GROUP: Cc

Scoleclte Ftg. IS: Framework topology.

UNIT CELL CONSTANTS (A): "0 '" 18.52
bo '" 18.99
Co '" 6.57
f:lo '" 90"39'

PORE STRUCl11RE: eight-member rings 2.6 x 3.8 A
intersecting variable eight-member rings

DEGREES lWO THETA
Scoledte Flg. I: X-ray powder diffraetion pattern for seolecue from Pune, India. (Reproduced with
permission of author)
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Scoleclte Flg. 2: Thermal curves of scolecite from
PUna. India ; in air , healing rate 2O"CJmin (Na«. Zeo,
49(1985». (Reproduced with permission of Springer
Verlag Publishers)

Synthesis

ORGANIC ADDmVE
none

Thermal Properties

There are two fundamental losses of water for
scolecite, the first occurring at 240°C and the
second appearing at 420°C. Above 420°C the
structure degrades to form an amorphous phase.
See Scolecite Figure 2.

See natrolite for a description of the frame
work topology of scolecite.

Scolecite first was synthesized in 1960 from
a reactive aluminosilicate gel with a batch com
position of CaO*AhOJ*3Si02 with tempera
tures ranging between 230 and 28jOC (J. Geol .
68:4 1(1960». Scolecite can convert to analcime
at 180°C after 24 to 160 hours (Crys. Res. Tech
nol. 21:46(1986».

TG

DTG

DTA

rrc
800& 0(00

I~II------+-----l------+__====:~

X-Ray Powder Diffraction Data: (Nat . Zeo .
318(1985» (d(A) (11/0» 9.26(12), 6.55(62),
5.90(24), 5.37(5), 4.64(98), 4.38(34), 4 .14(61),
3.953(6), 3.506(67) , 3.277(18), 3.202(20),
3.182(46), 3.083(6), 2.948(38), 2.926(40),
2.859( 1(0), 2.794(16), 2.677(78), 2.582(17),
2.564( 10), 2.433(21), 2.326(4), 2.313(6),
2.284(6), 2.255(21), 2.190(24), 2.178(50),
2.124(9), 2.087(5), 2.067(14), 2.025(2),
1.976(3).

Infrared Spectrum

See Scolecite Figure 3.

Ion Excbange

Scolecite exchanges with much difficulty. re
quiring fused salts at temperature between 180
and 270°C to obtain partial substitution. No ex
change with NRs- is observed (Mineral. Mag.
24:227(1936».

LoaD

Scolecile

3000 2000

Scoledte Flg. 3: Infrared spectrum of scolecire (Nar. Zeo, 348(19&5)) . (Reproduced
with permission of Springer Verlag Publishers)
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Seebachite (eRA)

Obsolete name for chabazite.

Sigma-I (DDR)
(SSSC 37:57(1988»

RelaJed Materials: deca-dodecasil 3R

Structure

Sigma-I exhibits properties characteristic of a
clathrasil. For a description of the framework
topology, see deca-dodecasil 3R.

Synthesis

ORGANIC ADOITTVES
l-adamantanearnine

Sigma-I crystallizes in a sodium oxide sys
tem at 1800C. This material crystallizes readily
with a molar ratio of SiO~AI20)of around 60,

with low ratios of free OHlSi02 (pHftnaI = 11.72
12.10). At higher hydroxide concentrations,
ZSM-5, cristobalite, and mordenite are ob
served. At different Si02/AIzO) ratios, sigma-2
and Nu-3 are obtained instead. A typical batch
composition in terms of molar oxide ratios is:
3 Na20 : 20 AN : AhO) : 60 sto, : 2400 H20.

Thermal Properties

Weight loss is observed below 2500C due to
water; combustion of the organic occurs be
tween 250 and 800"C. The rate of loss is rapid
at 420°C, with two stages being observed. Ex
othenns are noted at 472 and 6100C in the DTA.
Between 250 and 800"C, 10% weight loss is
observed.

Infrared Spectrum

Mid-infrared vibrations fOT sigma-l (em-I)
1070-1120s. 122Osh, 61Ow, 528, 5t7m, 4Q2ms.

( a)

(b)

t'-lo==C~~=~~;....~-.:...~~....:;::...---:-;.:=..-=-.....----==---.::--..---~
'r-!
C/')
C
Q)
~

c:
H

5 10 15 20 25
Degrees 2-theta ~

30

Slgma.t Fig. I: X-I'lly powder diffraction pattern for sigma-I : (a) as synthesized: (b)
simulated (SSSC 37:57(1988). (Reproduced with permission of Elsevier Publishers)
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10011

i
0 i 80
x
<11 C

lI) i ~ 60
III <Il

0 <Il
-..<

...-l E..,
~

~ «o
3 '"L
~ 0 f-

'0 * 20c:
Ql

0
1',00 1200 800 400

Wavenumbers/cm- 1 ---..,

200 ~OO 600 800
Temperature/oC~

SIgma·t Fig. 2: DT AffGA of as-synthesized sigma-I
(SSSC 37:57(1988) , (Reproduced with permlssion of
Elsevier Publishers)

Sigma-I Fig. J: Infrared spectrum of H-sigma-l (as a
nujol mull) (SSSC 37:57(1988». (Reproduced with
permission of Elsevier Publishers)

Adsorption

Adsorption of various sorbares in H-sigtnJl-J (single-point
method unless otherwise stated) (SSSC 37:57(1988)}:

SPACE GROUP: I4 1/amd

UNIT CEU CONSTANTS (A): 11 = 10.2
c = 34.4

PORE STRUCTURE: openings formed by six-member
rings

X-RayPowderDiffraction Dasa: (d(A) (/!Jo»
Kinetic 9.81(40), 8.60(7), 7.64(2), 6.67(1), 5.71(1) ,

diameter. Temp. , WI% 4.91(1), 4.54(99), 4.49(100), 4.43(2) , 4.40(36),
Sorbate A K n», adsorbed

4.30(11),4.25(10),3.82(2),3.81([ 1),3.62(4),

H2O 2.65 293 0.5 10.5 3.58(2), 3.4O( 18), 3 .34(43), 3.29(24), 3.27(6),
N,' 3.64 77 range 9.8 3.18(2), 3.11(2) , 3.06(10), 3.03(2), 2.99(15),
Methanol 3.80 295 0.3 9 .2
Xenon" 3.96 293 range 20 .9

n-Butane 4.30 273 0.5 0.1
I-Butane 5.00 193 0 .5 0.3
Benzene 5.85 293 range 0 .2

• . Alpha -plot method .
b. ExtrllPQlalion of i. O!henns of Langmuir rypc; density = 1.99
glem'. obtained by comparison of uptakes of Xe and N, on a range

or zeol lies .

Sigma-2 (SGT)
(Zeo. 9:140(1989»

Relaud Maurials: ZSM-58

Structure

CHEMICAL COMPOSITION: [Si<..OI2H)'"4R
SYMMETRY: tetragonal Sigma·2 Fig. IS: Framework topology.
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(a)

(b)

10.0 15.0 20.0 25.0

DEGREES TWO THETA~

30.0

Slgma·2 Fig. 2: X-my powder diffraction pattern for "as-synthesized" sigma-2 (top)
and calcined sigma-2 (bottom) (UO . 9;] Ml(l 989» . (Reproduced with permission of
Burterworths Publishers)

2.93(1), 2.86(3), 2.85(2), 2.83(5), 2.82(7),
2.80(3), 2.76(8), 2.63(10), 2.59(5), 2.58(3),
2.56(4) , 2.50(2), 2.39(2), 2.34(2), 2.29(1),
2.29(2), 2.27(1), 2.25(3).

The structure of sigma-2 is composed of 000

asil (4356) and large eikosasil (51268
) cages . The

800

o
°
<, 600
~
.=
e..
~ 400......

organic adamantanamine unit is located in the
large cage and is disordered in the structure.

The borosilicate analog of sigma-2 also has
been identified . With the same space group as
the aluminosilicate, it has unit cell parameters
of a = 10.2431 and c = 34.3184 A (PP 8th
IZC 20 (1989» .

IS

::E..
10 .g:

r
o....

5 .......
~

a
o 20 ~0 so 80 100 120 t '0

To~~ ~~cm ISOoC / rnins

SIgnw-l FIg. 3: Thermal analysis of as-synthesized sigma·2 (uo.
9:IMl(1989» . (Reproduced with permission of Butterworths Publishers)
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resulting in black-colored materials even after
long calcination times . The presence of alumi
num within the framework enhances the ability
of the organic to be removed from the cages.
In the TGA, little loss in weight is observed
below 450°C. The rapid loss in weight around
500°C is attributed to degradation of the ada
mantanamine. An exotherm is observed with a
maximum at 560°C. The total weight loss is
13.2%, with 7.5% occurring up 10 800°C. See
Sigma-2 Figure 3.

Calcination stud ies on sigma-2 (Z~o. 9:140(1989»):

Synthesis

ORGANIC ADDIT]VES
I-adamantanamine

Sigma-2 crystallizes from a reactive alum i
nosilicate gel in the presence of either Na + or
K+ cations . In the presence of progressively
lower Si021Ah03 ratios, sigma-I and Nu-3 are
observed to form. The batch compositions that
result in the formation of sigma-2 are: 0-3
Na]O: 0-3 K20: 0-1 Ah03: Si02 : 2400 H20.
Crystallization occurs at temperatures between
\ 40 and 200°C.

The crystallization of the boron analog of
sigma-2 occurs at pH between 9 and 13 at 150°C
for 10 to 30 days with either l-adamantanamine
or 2-adamantanamme. If aluminum or gallium
is substituted for the boron under these condi
tions, sigma-I (DDR) forms instead (PP 8th
IZC 20(1989)) .

Thermal Properties

The organic encapsulated within the large cages
of sigma-2 is difficult to remove by calcination,

>1500
870
9\
50

48

Calcination
conditions

(temp ., "C, time . hr.)

500 ,48
500. 28; 700. 17
500, 48, 700, 24
500.48
550.16
500,48
500. 48; 700, 24

Color

blade
black
dark grey
yellow
buff
yellow
while

Wt%C

8.2
1.8
1.6
4.2
2.7
4.6
0.3

80 r-------------------.

zo
c;;
(/)

~
en
zg

60

40

20

400600800
Ot-,--.....,....-r-r-....,..----,-r--r-----r-~-.,._-.-~

1600 1400 1200 1000

WAVENUMBER / cm'"
Slgma.2 Fig . 4 : Infrared spectrum of as-synthesized sigma-2 in nujol mull (Zeo .
9:140(1989». (Reproduced with permission of Butterworths Publishers)
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Infrared Spectrum

The infrared spectrum of as-synthesized sigma
2 with a SiO~A1203 ratio greater than 1000 has
an intense stretching mode around 1100 crrr",
with a side band at 1225 cm'", and bending
modes at around 500 crrr"; at 632(m), 550(s),
465(vs), 444(w) , 420(w) [Zeo . 9: 140(1989».
See Sigma-2 Figure 4.

Ion Exchange

No ion-exchange properties were observed for
this structure. Even under reflux conditions with
I M Hel solutions, the Na + and K+ cations
within the structure will not exchange (Zeo.
9:140(1989».

Adsorption

Xenon , water, and n-hexane could not be ad
sorbed into the cavities of sigma-2.

Silicalite (MFI)
(US4,061,724(1977))
Union Carbide Corporation

RelLlJed Materials: ZSM-5

Structure

(Nature 271:512(L978»)

CHEMICALCOMPOsmON: (TPAj,0*48SiO,·H,O
SYMMETRY: orthorhombic
SPACE GROUP: Pnma or PD21&

UNIT CELL CONSTANTS (A): a = 20.06
b = 19.80
c = 13.36

DENSITY: 1.76 glcmJ

PORE STRUCTURE: intersecting I~member rings 5.7
x 5.1 A. and 5.4 A

X-Ray Powder Diffraction Data: (d(A) (/I/o»
L1.1(100), 10.02(64), 9 .73(16), 8.99(1),
8.04(0 .5),7 A2( 1), 7 .06(0.5),6.68(5),6.35(9) ,
5.98(14), 5.70(7), 5.57(8), 5.36(2), 5.] L(2),
5.0](4),4.98(5),4.86(0.5), 4.60(3), 4.44(0.5),
4.35(5), 4.25(7), 4 .08(3), 4 .00(3), 3.85(59),
3.82(32), 3.74(24), 3.71 (27), 3.64(12),
3.59(0.5),3.48(3),3.44(5),3.34(11),3.30(7),
3.25(3), 3.17(0.5), 3. L3(0.5), 3.05(5), 2.98(10).

Silicalite is topologically related to ZSM-5,
composed of 5-1 secondary building units and
intersecting straight and zigzag channels . It has
also been called silica lite-I .

DEGREES TWO THETA

SUk.alIte Fig. I: X-ray powder diffraction pattern of silicalire. (Reproduced with
permission of F. Testa, U. della Calabria)
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Atom positions in silicalitc (Nature 271 :512(1978)) ; Atom positions in silicaJ ite (NO/UTe 271:512(1978)):

Atom ;c y I Atom ;c y I

Si(l) 0.4225(6) 0.5468() ) 0.3518(9)
5i(2} 0.3055(9) 0.5150(10) 0.1944(7) 0(31) 0.2768(16} 0.2320(18) 0 .9137(19)
Si(3) 0.1902(2) 0.5570(2} 0.3197(6) 0(32) 0.0818(17) 0.1548(17) 0.0798(19}
5i(4) 0.0687(7) 0.5225(8) 0.1616(9) 0(33) 0 .0766(18) 0.0362(IB} 0 .1714{Z2)
Si(5) 0 .2160(8) 0.4223(8) 0 .4595(10) 0(34) 0.2074(16) 0 .1165(18) 0.4281(20)
Si(6) 0.3752(8) O.440I(IO} 0 .4627(10) 0(35) 0 .3970(16) 0.1289(16) 0.3892(21)
Si(7) 0.0788(8) 0 .3597(10) 0 .1744(10) 0(36) 0.1917(17) 0.1492(17) 0.9844{ZO)
Si(8) 0 .188B(10} 0.3056(10) 0 .3060(10) 0(37) 0.0959(17) 0.1096(16) 0.8882(22)
Si(9) 0.3166(10) 0.3582(10) 0.1586(10) 0(38) 0.2978(18) 0 .3715(17) 0.8828(23)
Si(IO) 0 .4266(9) 0.3193(10) 0.3227(l0} 0(39) 0.3030<19) 0.2375(16) 0.8621(20)
Si(ll) 0 .1220(10) 0 .3138(11) 0.9710(10) 0(40) 0.1989(1B) 0.0438(17) 0 .5593(19)
Si(12) 0 .0754(7) 0 ./208(8) 0./912(0) 0(41) 0.4144(18) 0 .0564071 0.5818(22)
5;(13) 0.1965(9) 0 .1517(8) 0 .3032(10) 0(42) 0.3853(17) 0 .9245(18) 0.2291(19)
$i(14) 0.3187(10) 0 .1150(IO} 0.1766(12) 0(43) 0.2588(16} 0.9544(18) 0.2675(19)
Si(15 ) 0.4228(10) 0 .1631(10) 0.3005(12) 0 (44) 0 .1171(16) 0.9156(17) 0.2415(19)
Si(l6) 0.1184(9) 0.1586(10) 0.9420(11} 0 (45) 0 .5020(16) 0 .9401(17) 0.2986(22)
Si(17) 0.2727(8) 0.3166(9) 0.9773(11) 0(46) 0 .3103( 17) 0 .0342(16) 0.4894(19}
Si(18) 0.2752(7) 0.1658(9} 0.9599(11) 0(47) 0.4198(16) 0.9896(17) 0 ,3833(22)
Si(19} 0 .2261(9) 0 .0492(10) 0 ,4464(1 J) 0(48) 0 .1992(18) 0.9823(17) 0.4196(21)
Si(20) 0.3845(9) 0.0592(8) 0,4818(1l )
Si(21} 0.4249(8) 0.9393(10) 0 .3132(12)
5;(22) 0.3063(9) 0 .9575(10) 0 .1701(11)
Si(23) 0 .1B81(9) 0 .9450(10) 0 .3239(12}
Si(24 ) 0.0590(8) 0.90S 1(8) 0 .1989(10) Synthesis
0 (1) O.3834( 16) 0.3370(17) 0 .2262(21)
0(2) 0.3730( l7/ 0.5211( 18) 0.2454(22)
0(3) 0.4837(18) 0 .5483(17) 0 .2972(23) ORGANIC ADDITIVE
0(4) 0 .2409(17) 0.5344(18) 0 .2262 (22) TPA'
0(5) 0 .3047(18) 0.4414(19) 0 .1849(23} hexane 1.6-{\iam;ne
0(6) 0 .1082(19) O.5474( 18} 0 .2573(22) Pip + TPA
0(7) 0.1234( (8) 0 .3419(19) 0 .2806(23) Pip + TBA
0(8) 0.2521(17) 0 .3213(1 B) 0 .2209(24) Pip + TrBPe
0(9) 0.2995(18) 0.3313(17) 0.0822(23) Pip + TrBHp
0(10) 0.0963(19) 0.3102(18) 0.0572(23) Pip + TPeA
0(11) 0.1306(17) 0 .1508(19) 0.2555(24) diethylamine
0(12) 0.4967(16) 0.1527(17) 0.2721(22)
0(13) 0.3214(17) 0 .0614(\8) 0 .1352(23)
0(14) 0.3687(17) 0.1690(18) 0.2261(24)
0(15) 0 .2481(18) 0.1473(16) 0.2212(23)
0 (16) 0.3214(16) 0 .1481(18) 0.O394(22)

Silicalite first was prepared from a reactive0(17} 0.0836(16) 0 .4454(19) 0.1702(24)
0(18) 0 .9931(18) 0 .3393(18) 0.1904(25) gel containing TPA and silica at temperatures
0(\9) 0.4 274( 17) 0.2462(19) 0.3529(20) ranging between 100 and 200DC. The molar ox-
0(20) 0.3866(16) 0.4978(18) 0 .4116(25) ide composition of the synthesis gel is; (TPA)200(21) D.1827( 17) 0.4747(18) 0 .3853(22)
0(22) 0.4039(\9) 0.3795(18) 0 .4059(25) 6.2 Na20 38.4 Si02 : 413 H2O (US
0(23) 0.1907(J8) 0.3629(18) 0 .4021(24) 4,061.724(1977». In a gel compositionof: 0.99
0(24) 0 .2892(16) 0.4112(17) 0 .4760(20) TPABr : 0.026 Na20 : Si02 : 24.8 H20, large
0(25) 0.1802(16) 0.4479(18) 0.5685(20) crystals ofsilicalite can be prepared. The crystal
0 (26) 0.4021( 17) D.c«i94(16) 0 .5966(21) size shows a strong dependence on the temper-0(27) 0.1974(18) 0 .2503(18) 0.3459(20)
0(28) 0.2054(16) 0.3315(16) 0 .9469(18) ature of crystallization, with the larger 30-mi-
0(29) 0 .0696(J5) 0.359O(16} 0.9334(20) cron-size crystals formed at 200DC and 150°C
0(30) 0.1011(12) 0.2550( 16) 0.9533(20) producing crystals that have a maximum length
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The size of the crystals of silicalite can be
varied by using the following batch composi
tions (Zeo . 8:416(1988»:

Crystal size
(macrons)

Oxide composition Aspect
(I7CfC, unstirred) Length Widlh ratio

4Na,0:lITPABr.l !JOSiO,: 12 13 0.9
IOOOOH.!O
2Na,O:8TPABr:IOOSiO,: 74 30 2.5
10000H,O
INat):8TPABr: 100SiO,: 160 37 4.3
lOOOOH,O
O.5Nll2O:lITPABr: JOOSiO,: 100 15 6.7
lOOOOH,O
4TPA,0:JOOSiO,:tOOOOH,O 24 20 1.2
ZTPA,o:4TPABr: 1005 iO,: 70 35 2
IOOOOHt)
lTPA,o:6TPABr: l005iO,: 105 30 3.5
10000H,0
O.5TPA,O:7TPABr: 100SiO,: 110 18 6.1
10000H,O

In this synthesis, made without the presence of
sodium, nucleation and crystallization were ob-

SlIk:allte Fig. 2: DTA traces for silicalile: (A)
HEXDM; (B) HEXDM ,TPA: (C) TPA (Zeo .
8:495(1988». (Reproduced with perm ission of
Butterworths Publishers)
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of 20 microns. Crystallization also is much more
rapid at the higher temperatures (Zeo ,
9:136(1989».

Silicalite has been crystallized from the
mixture: x HEXDM (1,6 hexanediamine) : 20
5i02 : w H20 (x = 20, 50; w = 250, 1000).
At lower temperatures (less than 150°C) and
high HEDMlSi02 ratios. crystallization of sili
calite is preferred. At higher temperatures, ZSM
48 forms. Stirring the crystallizing mixture also
encourages the formation of silicalite. The ad
dition of small amounts ofTPA further improves
the range over which this structure will crys
tallize. The pH of the solution, prior to and after
crystallization is complete. is between 12.6 and
13.3. The crystal habit appears to be blocks and
aggregates 7 x 3 x 3 microns in size. Thermal
analysis of the material shows the occlusion of
the organic within the channel system (Zeo .
9:495( 1988)).

In the mixed organic system, Pip + (TPA,
TBA. TrBPe, TrBHp, and TPeA) with the fol
lowing composition: 10 Pip : 3 organic: 20 5i02

: 250 H20 . silicalite will form as the only phase
after crystallization times ranging from 7 days
(Pip + TPA) to 63 days (Pip + TrBHpA) . The
pH of this system ranges from 11.4 initially,
decreasing to a final pH value around II for Pip
+ TPA. The presence of the piperazine appears
to increase the time needed for this zeolite struc
ture to crystallize (Zeo, 8:501(1988)) . The pri
mary effect these mixed organic-containing
mixtures have on silicalite products is modifi
cation of the morphology. The Pip + TPA sil
icalite has very large twinned crystals . greater
than 25 microns in length. The Pip + TBA
containing system has long mixed dendrital
crystals and longer 50-micron needles, with less
twinning observed when TPeA is used.

The neutral diethylamine also will encourage
the growth of silicalite but only if sodium also
is present in the crystallization mixture: y DEA:
x NaOH: 20 Si02 : w H20 (w = 250, 1000;
x = 0, I. 3. 5; y = 20. 50, 100) . The time
required for crystals to form from this system
is over 14 days (Zeo. 8:508(1988)). The other
phase crystallizing is Nu-10 in the absence of
Na+.
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Sllkallte Fig. 3: DTA traces of as-synthesized silicalite: (A) TPA-silicalite; (B)
TBA-silicaJite; (e) TPcA-silicaJite; (D) TrBPe-'Silicalite; (E) TrBHp-silicalite (2£'0.
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served to occur more rapidly than for the s0

lutions using Na + . In systems using Na + • K+ ,

and TPA + , a variation in the crystallinity was
observed with varying KINa + Kin the reaction
mixture. The presence of alkali salt in the crys
tallization mixture influences the kinetics of for
mation, the dissolution of the gel phase, and the
morphology of the final crystals (J. Catal.
60:241(1979); Proc, 5th IZC 64(1980). In sys
tems thaI contain NH 4 +. TPA +, and an alkali
cation, nucleation decreased with increasing al
kali concentration. In the presence of Li + cat
ions, very large uniform (140 x 4O-micron)
crystals were observed to form (Zeo. 3:219
(1983» . If sodium salt was the only source of
alkali cations, large spherical crystal aggre
gates. 80 microns in diameter, could be pro
duced . In systems that introduce the alkali as
the hydroxide, it has been noted that the OH
anions could be regulated to produce crystals of
various sizes . The lower alkalinity produced larger
crystals than those from systems with higher
alkalinity (JCS Faraday Tran.s . 1:82:785(1986».
The length of the crystals has been shown to be
inversely related to the pH (EP 93519( 1983».

"Gel panicle" silicalite is prepared through
the transformation of particles of silica gel. The
gel composition consists of: 10 Pip: 2 TPABr
: 20 Si02 : 250-1000 H20. with crystallization
occurring around 150°C within 24 hours. iZeo.
7:135(1987». The process involves the forma
tion of a dense layer of small-micron-size crys
tals at the surface of the gel particle. The for
mation of this layer keeps the particles intact.

1400 1200 1000 800 600 400
em'!

SllkaIlte Fig. 5: Infrared spectrum of silic.a.l.ile in the
mid-infrared region. (Reproduced with permission of B.
Duncan, Georgia Tech)

The interior of the gel particle contains 5-rni
cron, loosely packed crystals .

Thermal Properties

See Silicalite Figures 2. 3 and 4.

Infrared Spectrum

See Silicalite Figure 5.

Thermal analysis of HEXDM silicalite and HEXDM.TPA silicalite :

WI I~ from TGA (%)

DTA peale,
Organic OC 25-180 J8Q--6(J() 600-900 25~)

HEXDM 417 0.25 13.2 1.8 15_25
HEXDM+Na 426 .43J 0 .3 13.9 G.7 J4.9
HEXDM+TPA 430 0.35 12.85 2. • 15.3
HEXDM+TPA' 407 0.0 12.1 1.4 13.5
HEXDM+TPA" 389 0.4 12.8 1.9 15.1



Thermal analysis results for "as-synthesized" silic.alite

(Zeo. 8:50 I(/988» :

TGA WI loss (%)

DTA
Organic peak temp ., OC 0-300 soo-soo 600-900 ·C

TPA 399 om 11.77 0.79
TPA 393 0.14 11 .75 0.79
TPA 405 0.02 11.38 0.60
TBA 400 0.16 11.80 0.79
TBA 382 0.26 11.93 1.56
TBA 392 0.25 12.16 0.71
TrBPeA 397 0.23 11.29 0.40
TrBHp 393 0.30 11.76 0.69
TPeA 388 0.20 12.02 0.56
TPeA 402 0.30 10.91 0.57
TPeA 408 0.36 11 .38 0.90

Silicalite (MFJ) 433

Adsorption

For the adsorption of ethanol on silicaJite it
has been reported that this molecular sieve ad
sorbs 8 wt% ethanol at low ethanol concentra
tions (1 . Caral. 59:114(1979)) . In an exami
nation of straight chain alcohols and their isomers,
it has been reported that the saturated alcohol
adsorption capacity increases with increasing
chain length of the straight chain alcohols and
decreases for the three isomers of butanol (J.
Chern. Tech . Biotechnol. 31:732(1981)):

l-butanol > 2-butanol > i-butanol

In liquid equilibrium adsorption isotherms of
cyclohexane, l-heptene, benzene. cyc1ohexene,

Adsorption volumes in silicalite (Nature 271:512( 1978»:

Kinetic
diameter, Vp Molecules adsorbed

Adsorbate T(·C) A (em/g) V, per unit cell

H,O RT 2.65 0.47 0.083 15.1
Q, -183 3.46 0.185 0.326 38.0
CH)OH RT 3.8 O.[93 0.340 27.6
a-Butene RT 4.3 0.190 0.334 10.9
II-Hex3Ile RT 4.3 0.199 0.350 8.8
SF6 RT 5.5 0.167· 10.9
C.H.. RT 5.85 0.134 0.236 8.7
Neopentane RT 6.2 0.029 0.051 1.4

v, = total micropore volume in actiYa~ silicalite from saturaLion cap.dt~. calculated using oonnaI liquid densiues at the adsorption
temperature, Void fraction: V, '" Yp )< d (gIcm'). where d i. the~ density . 1.16 glcm'_ All c.amplcs activated by calcination in
air BI 6OO"C followed by vl>Cuw:n activation (10-' Torr) . Ad<orption measurements all by gravimetric MclIain-BalerballlnCC teclmiqllt. RT
= room temperature . • At 760Torr.

Adsorption capacity and heat of adsorption of hydrocarbons on silicalite (T = 2O"C) (Zeo. 3:118(1983»:

Kinetic Adsorption capacity

diameter.
Adsorbate A (mmol/g) (molecules/uc) V. q"

Benzene 5.85 1.42 8.2 0.126 80
Cyclohexane 6.0 86"
Hex3JIe 4.3 1.42 8.2 0.185 87
p-Xylcne 5.8.5# ).06 6.1 0.13 4\
Ethylbenzene 5.85# 1.04 6.0 0.14 44
m-Xylene 6.8 0.69 4.0 0.085
o-Xylclle 6.8## 0.51 2.9 0 .062 'IS

·E.<!ioutcd by isotbo::nns at 100 and 200"<:; adsorption amount ~ 0.16 mmoVg.
"'Taken as the same as benzene.
##Tur:n as the same: as m-xylene .
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and »-octane at 30°C in hexane solvent. the
equilibrium adsorption capacities decrease in the
order (AICHE Sym. Ser. 81:41):

I-heptene > cyclohexene > benzene >
n-octane > cyclohexane

Silica-sodalite (SOD)

See sodalite ,

SilicaJiJe-2

Silica polymorph of ZSM-Il.

Skolezit (NAT)
(natural)

See scolecite,

L

Sloanite (LAU)

Obsolete name for laumontite.

Small-Port Mordenite

A leon used to describe rnordenite samples that
did not exhibit properties characteristic of the
large-pore framework topology. See mordenite.

Sn-A
(Solid Slate Ionics 32/33:423(1989))

Structure

CHEMICAL COMPOSmON: Na.SnJSil~",·IlHzO

SYMMETRY: orthorhombic
UNIT CELL CONSTANTS (A): a = 7.940

b = 10.338
c= \\.59\

b.

52.00

DEGREES TWO THETA

Sn-A Fig.. I : X-ray powder diffraction pattern for Sn-A (a) hydrated and (b) dehydrated
(Solid Stole lonics 32J33;423( 1989)). (Reproduced with permission of Elsevier Publishers)
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Sn-A Fig. 2: TGNDTA fur Sn-A (Solid Stale tonics 32133;423(1989» .

X-Ray Powder Diffraction Data: (d{A) (///0»
6.33(29) , 5.83(100), 5.56(42), 5.19(12), 4.73(8),
4.28(18) , 3.30{23), 3.05(73), 2.91 (69), 2.77(27),
2.64(11) , 2.45(15), 2.35(9).

Sn-A exhibits properties characteristic of a
condensed felspathoid,

Synthesis

ORGANIC ADDITIVE
Done:

Sn-A crystallizes from a basic sodium stan
osilicate gel with a molar oxide composition of;
2 Na-O : Sn02 : 4 SiO:z ; 80 H20 . Crystallization
occurs at 200°C after 21 days.

Thermal Properties

A 10% weigh. loss is observed for this structure
upon thermal treatment.

Infrared Spectrum

Sn·A Fig. 3: Infrared spectrum of Sn-A (Solid Stale
lonies 32133:423(1989). (Reproduced with permission of
Elsevie:r Publishers)

1400 1200
I I

1000 800
crn""

600
The infrared spectrum exhibits a very sharp and
complex band in the T--0 bending region (400
500 crrr") and symmetric stretching vibrations
berween 650 and 800 cm'. OH stretches are
observed around 1600 to 1800 crrr" , as well as
water vibrations at 3200 to 3600 crrr ' .



436 SnoB

Sn-B
(Solid StLUe Ionics 32/33:423(1989»

Structure

CHEMICAL COMPOSITION: NaaSn)Si'1034·nH10

SYMMETRY: orthorhombic
UNIT CELL CONSTANTS (A): a '" 7.940

b = 10.338
c = 11.591

X-Ray Powder Diffraction Data: (d(A) (11/0»
6.33(29), 5.83(100), 5.56(42), 5. 19(12). 4.73(8) .
4.28(18),3.30(23),3 .05(73),2.91(69),2.77(27),
2.64(11), 2.45(15), 2.35(9).

Sn-A exhibits properties characteristic of a
condensed felspathoid and contains both tetra
hedral silicon and octahedral tin.

Sn-B crystallizes from a basic sodium stan
osilicate gel with a molar oxide composition of:
LhO : Na-O : Sn02 : 4 SiOz : 80 H20 . Crys
tallization occurs at 2o<rC after 16 days.Fumed
silica is used as the source of silica. and tin
chloride as the source of tin.

Infrared Spectrum

Synthesis 1400 1200
I !

1000 800
cm-1

600

ORGANIC ADDITIVE
none

Sn·B Fig. 2: Infrared spectrum of se-a (Solid State
lonics 32133:423(989». (Reproduced with permission of
Elsevier Publishers)

DEGREES lWO THETA

SnoB FIg. I: X-ray powder diffraction pattern for So-B (Solid Stall tonics 32133:423(1989). (Reproduced with
permission of Elsevier Publishers)



SnAPO-5 (AFI)
(Zeo. 10:680(1990»

Related MiUerials : AIPO..-5

Structure

Chemical Composition: (AI4~.7 P47 SI4)0200.

The X-ray powder diffraction pattern is sim
ilar to that of A1P04-5.

Synthesis

SnAPO-5 (AFI) 437

used as the organic additive. The resulting batch
composition that crystallizes this structure is:
1.4 Et,N : 0.2 Sn02 : 1.0 AhO, : 1.0 P20 5 :

40 H20. The gel is aged for 96 hours at 90°C
prior to the addition of the organic. Crystalli
zation of the final product occurs at 200"C after
24 hours.

Adsorption

Comparison of adsorption capacities fOT AlPO.·5 and
SnAPO·S (lLo . IO:680<J990)):

N, T = 18K. PIP. = 0.25 .
H,O T = 2981<. PIPa = 0.8 .

ORGANIC ADDITIVE
triethylamine

SnAPO-5 is prepared by throughly mixing
SnC4*2H20 with hydrolyzed aluminum isopro
poxide and phosphoric acid . Triethylamine is

Sample

AlPO.-5
SnAPO·S

N2 capacity.
cm)/IOO g

12.5
4.7

Hi) capacity,
cml/lOO g

21.7
19.5

I I

,,10 4
s.oa

4. so

4.00

~
~ 3.S0
c:
2
S 3 .00
II
>

1;
2.50OJ

a::

1 .00

I-SO

1.00

o.SO

Degrees 2e. Co K

SnAPO-S Fig . I : X-ray powder diffraction pattern of SnAPO-S after (a) 9O"C pretreatment. (b)

2QifC crystalllzarion, (c) 500"C calcination stages of preparation (Zeo . 10:680(1990)). (Reproduced
with permission of Bunerwortns Publ ishers)
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SnS-l
(SSSC 49A:37S(1989»

Structure

Chemical Composition: tin sulfide.

X-Ray Powder Diffraction Datil: (d(A) (lila))
11.43(9),9.45(22),8.47(100),6.81(9),5.06(10),
4.73(7), 4.28(5), 4.23(8), 3.12(4), 2.76(5),
2.37(3), 2.31(4).

Synthesis

ORGANIC ADDITIVE
tetramethylammonium ...

50S-1 crystallizes from a reactive gel with
the following composition: 0.5 RHC03 : SnS2
: 14 H20. Crystallization occurs after 65 hours
at 150°C. The initial pH of the reactive slurry
is 7 to 9, with a pH of 0.5 to 3 upon crystal
formation.

~
(f)

Z
w....
Z

Sodalite (SOD)
(natural)

Related Materials: A1P04-20

basic sodalite
bicchulite
danalite
G
genthelvite
hauyn
helvin
hydroxosodalite
lazurite
nosean
silica sodaI ite
TMA-sodalite
tugtupite

Sodalite and its variants represent a transition
between the nonzeolitic felspathoids and the
zeolites, depending on the composition and guest
species contained within the cages of this struc
ture.

8 16 24 32 40 48 56

DEGREES 2 8, Cu Ka

SnS·l Fig. I: X·ray powder diffraction pattern for SnS-1 (SSSC 49A:375(1989» .
(Reproduced with permission of Elsevier Publishers)



SodaIlte Fig. IS: Framework topology .
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Rb, Ca, Sr, Ba, Cd, Cu, and others, and X =
CI, Br, I, OH, or X04 ::: 504 , W04 , Mo04 ,

CI04 , etc. (Mineral. Mag. 38:593(1972); Acta
Crystallogr. B4O: 185(1984) ; Acta Crystallogr.
B4O:6(\984)).

The pure silica end member also can be pre
pared by using a variety of organic additives.
The trapping of that organic in the cages can
notably change the intensities in the lines of the
X-ray powder diffraction pattern (SSSC
49A:237(1989».

Atomic positional parameters for sodalite (Zeo.
6:367(J986)):

Acorn Occupancy x y z

The crystal structure of N8(,{AlSi0416*8H20

is strongly determined by hydrogen bonding be
tween the nonframework hydrate water oxygens
(donors) and the framework oxygens (accep
tors). The hydrogen bonding scheme is de
stroyed during dehydration (Zeo , 6:367(1986».

o
112
0.489(2)
0.235(1)

Structure

CHEMICAL COMPOSITION: Na.[AI.sio02Aj"2NaCI
SYMMETRY: cubic
SPACE GROUP: P4'3n
UNIT CELL CONSTANTS (A): a = 8.9
PORESTRUCTURE: six-member-ring pore openings

only

X-Ray Powder Diffmction Data: (d(A) (1110 ))

6.388(40), 4 .823(12), 4.506(35), 4.028( 13),
3.686(94) , 3.294(10), 3.188(8), 2.927(12),
2.852(8), 2.819(14), 2.603(100), 2.476(8),
2.411(37), 2.252(12), 2.125(57) , 2.094(5),
2.054(7), 2.006(7), 1.840(15), I. 822(6),
1.769(80), 1.646(20), 1.589(60), 1.546(58),
1.502(40), 1.tM3(48), 1.391(14), 1.360(45),
1.329(21), 1.302(35), 1.275( 18), 1.227(55) ,
1.205(12),1.184(10),1.145(15).

(a) Na.[AJSiO.J 6-8H,O at 298K
$i 1.0 1/4 0
Al 1.0 1/4 1/2
O( I) 1.0 0.1366(1) 0.4338(5)
0(2) 1.0 0.3753(5) 0 .3753(5)
Na 0.75 0.1504(6) 0.1504(6)

(b) Na..\AISiO.16 at 673K
Si 1.0 1/4
Al 1.0 1/4
o 1.0 0.1450(9)
Na 0.75 0.235(1)

1/2
o
0.1490(7)
0.3153(5)
0.1504(6)

112

o
0.1550(9)
0.235(1)

The framework structure of socialite consists
of a cubic array of beta cages; it represents one
of the more condensed structures of the zeolite
frameworks. It can have a full range of alumi
num concentrations, from pure aluminum to a
pure silica form . In addition, a number of other
ions have been shown to substitute into this
framework lattice. This behavior has been at
tributed to the flexibility of the framework, where
the T-O-T angle can range from 1250 to 155 0

(Hydrotherm , Chern. leo . 310(1982».
The space-filling character of any guest mol

ecules or ions is a well-accepted model for so
cialite: Ma[AISi041<X2 , with M = Li, Na, K,

Synthesis

ORGANIC ADDITIVES
TMA+
dioxane
trimetbylaminelf"

Sodalite can be synthesized by various tech
niques, such as solid state reactions, hydrother
mal growth, and transformation of zeolites. Hy
droxysodalite is a synthetic analog of the mineral
sodalite, whose typical formula is
Na20*AI203*2Si02*2.5H20. This structure has
been synthesized in the presence of Na, TMA,
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Sodalite FIg. 2: X-my powder di~ction pattern for sodelite (top) and gallosilicate sodalite (bottom). (Reproduced
with permission of author
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INTENSITY (c.u.]
100
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SOOa.ltte Fig. 3: X-ray powder diffraction pattern for moxane-sodalite samples (a) as synthesizes and (b)
after calcination (SSSC 49A:237( 1989». (Reproduced wim permission of Elsevier Publishers)
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Conversion of cubic P zeolite to TMA sodalite at 130"C
(ZeQ.8:166(1988)) :

trimethylaminel-l", (Na,TMA), (Na,K), (Na,Li).
(Ca.TMA), and (Li,Cs,TMA), but the preferred
cation appears to be sodium (Zeo. 1:130(1981).

Hydrothermal crystallization in the system:
Na20 : Si02 : AI20J : 8 20S : H20 results in the
dominant formation of terrahydroborate sodal
ite, Nag[AISi04MB(OH)4h, in the temperature
range 473 to 773K at pressures of 100 (0 150
MFa and concentration of reactants in the ratio:
17 Na20 : 2 Si02 : AhOJ : x B~s : y H20 (x
= 0.1-10; y = 260-290) . The IB(OH)4r anion
is at the center of the sodalite cage (Zeo.
9:40(1989». Elements such as germanium, gal
lium. beryllium. and iron have been shown (0

occupy framework sites in the sodalite system.
The pure silica end member can be prepared

in the presence of TMA+ cation. as well as the
non-nitrogen-containing organic trioxane. The
trioxane narrowly fits in the beta cages of this
structure. Crystallization occurs from a batch
composition of: 40 SiD2 : 0.4 Ah03 : 4.5 Na20
: [000 H20 : 30 trioxane (SSSC 49A:237(l989».

Silica-sodalite can be prepared from non
aqueous systems in the presence of ethylene gly
col, trapping the ethylene glycol within the cages
of the structure (Nature 317:157(1985».

The aluminate sodalite where the framework
contains [A112024t12 has been prepared. The
tetrahedral cage anions are X04 , where X = S.
Cr , Mo, and W. The aluminate sodalite is a
prime example of the violation of Lowensteins's
rule. This material was prepared by twice firing
pellets of stoichiometric mixtures of the appro
priate oxides at 1340 to 1400"C for 12 hours
(Phys. Chem, Minerals 14:419(1988») and ex
hibits a strong interaction between the frame
work and the X04 unit (J. incl . Phenom,
5:279( 1987»).

Infrared Spectra

Infrared absorption bands (em -I for TMA-sodallre and
Ga-TMA-sodaJ.jte (JCS Dalton Trans. 623 (1987)):

Salt

Na,sO,
Na250.

NaCI
NaBr
Nal
NaOH
CH3COONa
Nam3
NaHCO,
Na,C10.
Na1WO.
Na'po.
NaCIO.
NaCIOJ

Na~

Stability in DT A

Lattice breakdown
at 850·C

Stable abov e 850"C

Stable at 850"C

Ass ignment TMA-sodalite Ga-TMA-sodal.ite

H10 3430 3430
TMA+ 3040
H,O 1650 [650

TMA+ 1490 1490

TMA+ 1420 1420
1080 1020

TMA+ 960
760 760
720 670

600 595
460 450

330

Salt-filled sodalites and their stability (JCS Al516
(1970)) :

Thermal Properties

Upon dehydration of basic hydroxysodaJites,
partial collapse of the framework: structure is
observed upon release of the hydrated water (J.
Am. Chem . Soc. (56:523(1973». In the non
basic sodalite, the hydrogen bonding scheme in
this structure is destroyed during a two-step de
hydration at 400 to 500K. Thermal treatment of
silica sodalite does not completely remove the
ethylene glycol from the cages of the material.
even upon heating to lOOO"C (Nature 317:
357(1985».

Final state

TMA-sodal ite
12.83
2.00

13.00
0.56

Cubic P
12.39

1.00
6.00
1-03

Init ial Slate

Zeolite
pH
Relative mass
SiOJlAJ,O,
Na,O/AbO,
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Soda/lte Fig. 4; DTAfrO profiles of sodium gallosilicate socialite (at> . 5: ll( 1985»). (Reproduced with permission
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of Bunerworths Publishers)



444 Sodalite hydrate (SOD)

Adsorption

This structure adsorbs 18 wt% water and ethanol
in very small amounts (Dokl. Akad. Nauk SSSR
154:419(1964)) . Sodalite also can intercalate
sodium hydroxide as well as a variety of other
salts, as described above. The thermal motion
of water in the hydroxysodalite was examined
as a function of temperature between 120 and
420K. Below 160K the water molecules are rigid,
with a reorientation time greater than about 10
microseconds. Above 160K thermal motion be
comes extremely fast, and transport between
cages is observed (Zeo, 3:209(1983)).12501000

UK
750

(etl

(e)

(a)

(b)

o
t

...
<J

1'------.,.----.----..-----

SodalIu F1g. 6: DTA curves for TMA-sodalire (a) in
air and (b) in a nitrogen atmosphere. and for gallium
TMA-sodalite (e) in air and (d) in a nitrogen atmosphere
(JCS Dalton TTIUU . 64 I(I981}). (Reproduced with
permission of the Chemical Society)

(0)

Sodalite hydrate (SOD)

See sodalite.

Species P (KFI)
(lCS London A:2735(1970»

RelaUd Mmerials: ZK-5

Species P is a name for a synthetic salt-bearing
aluminosilicate compositionally related to the
synthetic zeolite ZK-5 (2. Kristallogr . 135:374
(1972).

Structure

(2. Kristallogr. 135:374(1972)

Sodallte FIg. 7: Infrared spectra of TMA-sodaJice (a)
and gallium TMA-sodalite (b) (lCS Dalton Trans ,
641(1987)). (Reproduced with permission of the
Chemical Society)

1!>00

(II)

1000
Wa~numb~(' em-I

!>oo

CHEMICAL COMPOsmON: Ba"rA1:JoS~OI91J·

1.7Ba(OHh"12.5BaCh·35H~

SYMMETRY; cubic
UNIT CELL CONSTANT (A); a = 18.65
PORE STRUCTURE: eight -member-ring openings 3.9

x 3.9A

X-Ray Powtkr Di/frt:Jetion Da1il: (d(A) (11/0 ) )

13.29(vvs), 9. 37(mw), 4 .99(-), 4.66(m),
4.40(vw). 4.17(vs), 3.98(w), 3.81(s), 3.65(m),
3 .30(vw), 3.19(s), 3. lO(vw) , 3.02(VV5) ,
2.94(vvw). 2.87(vw), 2.80(s), 2.74(vvw),
2.69(m), 2.58(vvw), 2.53(s), 2.49(w),
2.45(vvw), 2.36(vw), 2.32(w).

The framework structure of species P is re
lated to that ofZK-5, built up of 26-hedral cav
ities, linked through pairs of six-member ring.
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Atom parameters for species P (Z. Kristallogr . 135:374 (1972»:

Atom x 'j z

Si.AI 0.0814(20) 0 .1937(20) 0 .3211(20)

00) 0.1268(30) 0 .1268 0.3156(50)

0(2) 0.2574(40) 0 .2574 0.4039(40)
0(3) 0 0.1834(40) 0.3400(40)
0(4) l/4 0 .1169(60) 0.3831
Ba(1) 0 1/4 112
Ba(2) 0 0.3877(20) 0
Ba(3) 0 .1194(30) o.t 194 0
Ba(4) 0.1413(10) 0.1413 0.1413
CI(I) 0.4060(20) 0.4060 0
CI(2) 0 0.1540(150) 0
CI(3) 0 0 .2543(150) 0

Fractional
Occupancy

0.60(1)
0 .39(1)
0.18(1)
0 .34(1)
0 .87(2)
0.20(4)
0.30(5)

These form hexagonal prisms and intermediate
18-hedral cavities.

The nonframework species were located in
the 18-hedra as well as the 26-hedra of this
structure. No definite positions were assigned
to the adsorbed water molecules . Ba(l) is lo
cated at the center of the puckered eight-ring
shared jointly by two 18-hedra, resulting in two
sets of four barium-oxygen contacts. Four hal
ogen atoms occupy the 18-hedra. with two ap
proaching Ba( 1) from each side. 8a(2) occupies
a fourfold axis within the 18-hedra close to the
planar eight-member rings. Ba(4) occupies sites
that are close to three of the six oxygen atoms
in the six-rings of the 26=-hedra cavity.

Synthesis

ORGANIC ADDmVES
none

Species P is prepared from the addition of
BaCh at 25(f'C after 4 days , starting with cha
bazite or zeolite Y as well as an alurninosilicate
gel.

Species Q (KFI)
(}CS London A:2735(1970»)

RekzJed MaJerUzls: ZK-5

Species Q is a name for a synthetic salt-bearing
alurninosilicate compositionally related to the

synthetic zeolite ZK-5 (2. Kristallogr . 135:
374(1972» .

Structure

(2 . Kristallogr , 135:374(1972»)

CHEMICAL COMPOSmON: BHI,[Ab(~iMOI021*

1.6Ba(OHh*II.9BaBrl· 30 HzO
SYMMETRY: cubic
UNlT CELL CONSTANT (A): Q = 18.66
PORE STRUCTURE: eight-member-ring openings 3.9

x 3.9 A

X-Ray Powder DiffractionDaJa: (d(A) (/110»)
13.32(vvs), 9,49{mw), 5.92{vvs), 5.41 (vvw) ,
5 .01(vw), 4.41(m). 4.19(m), 3.82(s). 3 :67(w),
3.31(vw), 3.20(vs), 3.12(vw), 3.03(vvs),
2.88(m) . 2.82(vs) , 2.79(vw), 2.64(s), 2.59(vw),
2.54(s), 2.50(vw), 2.45(vw), 2.37(vw), 2.33(m).

See species P for a description of the struc
ture.

Synthesis

ORGANIC ADDITIVES
none

Species Q is prepared by the addition of BaBr2
at 230°Cafter 2 to 4 days , starting with synthetic
analcime, natural chabazite, or zeolite Y, as
well as an aluminosilicate gel.
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Atom parameters for species Q (Z. Kristallogr, 135:374 (1972)):

Atom x y Fractional Occupancy

Si.AJ 0.0795(20) 0 .2031(20) 0.3175(20)
0(1) 0.1206(30) 0.1206 0.3253(40)
0(2) 0.2471(40) 0.2471 0 .3840(40)
0(3) 0 0.1705(40) 0.3497(40)
0(4) 1/4 0.1178(60) 0.3822
Ba(l) 0 l/4 112 0 .48(1)
Ba(2) 0 0.3821(20) 0 a .34(1}
Ba(4) 0.1430(10) 0.1430 0.1430 0 .20(1)
Br(I) 0.3998(10) 0.3998 0 0.57(2)
Br(2) 0 0.2065(80) 0 0./8(4)

Sr-D (FER)
(JCS 485(1964»

Related Materials: ferrierite-type

Structure

Chemical Composition: SUAI ca. 3.5 .

X-Ray Powder Diffraction Data: (d(A) (///0»
9.49(75), 7JJj(W), 6.96(15),6.61(55),5_77(15),
5.43(5), 4.96(15), 4.76(15), 3.99(45),3.94(35),
3.86(25), 3.78(50), 3.74(10), 3.67(30),
3.555(10),3.536(90),3.483(100),3.3389(15),
3.313(20), 3.142(55), 3.058(45) , 2.960(25),
2.938(25), 2.897(35).

Syntbesis

ORGANIC ADDITIVES
none

$r-D crystallizes from a reactive alumino
silicate gel using hydrated alumina and silica sol
in the presence of the Sr+ 2 cation. The batch
composition that results in the formation of this
phase is; srO : Al203 ; 9 Si02 ; 485 H20. Crys
tallization required temperatures of 340°C and
10 days, and lath-like crystals resulted under
these conditions.

Sr-F (GME)
(JCS 485(1964»

Related Material!>: gmelinite-type

Structure

Chemical Composition: aluminosilicate.

X-Ray Powder Diffraction' Data: (d(A) (lI/o))
11.9(ms), 9.4O(w), 7.65(vw), 6.93(vw),
5.95(vvw), 5.54(vw), 5.14(w), 4.99(5),
4.53(mw), 4.32(m), 4.12(s), 3.98(m), 3.89(vw),
3.S4(mw), 3.4«ms), 3.32(w), 3.19(w), 2.99(s),
2.93(ms), 2.87(m), 2.675(ms), 2.608(s),
2.302(m), 2.091(ms), 2.05O(vvw), I. 947(vvw) ,
1.912(vvw) , 1.801(m), 1.727(5), 1.694(w).

Synthesis

ORGANIC ADDITIVES
none

Sr-F crystallizes from a reactive alumino
silicate gel using hydrated alumina and silica sol
in the presence of the Sr+ 2 canon. The batch
composition that results in the formation of this
phase is: srO : Ah03 : 4.4 SiOl ; 485 H20 .
Crystallization required temperatures of 205°C
and 6 days. Hexagonal crystals resulted, but



reproducibility of this synthesis was found to be
difficult.

Sr-G (eRA)
(ICS 485(1964»

Related Materials: chabazite-type

Structure

Chemical Composition: aluminosilicate.

X-Ray Powder Diffraction Data: (d(A) (lIIo»
9.43(m). 6.80(m). 5.54(m), 5. I2(rn), 4.48(vvw).
4.37(vw), 4 .30(ms), 3.95(m). 3.68(w), 3.2l(w),
3 .l2(m). 2.95(vw), 2.91(5), 2.82(vvw),
2.78(vw), 2.74(vvw). 2.54(m). 2.28(w),
2.09(mw). 1.81(row), 1.71 (mw).

Synthesis

ORGANIC ADDITIVES
none

Sr-G crystallizes from a reactive atumino
silicate gel using hydrated alumina and silica so]
in the presence of the Sr+ 2 cation. The batch
composition that results in the formation of this
phase is: s-o : AhO] : 3 Si02 : 485 H20 . Crys
tallization required temperatures of ]500C and
35 days.

Sr-I (ANA)
(JCS 485(1964»

RelaJed Materials: may be analcime-type

Structure

Chemical Composldon: aluminosilicate.

X-Ray Powder Diffraction Dam: (d(A) (/1/0»
5.6O(s), 4.87(mw), 3.68(vw). 3.44(vs), 2.93(5),
2.806(vw), 2.692(m), 2.509(m), 2.423(m),
2.227(m), l.906(ms). 1.757(ms). 1.7 J9(vw),
1.695(vw), 1.596(mw), 1.415(ms), 1.360(ms).

Sr-Q 447

Synthesis

ORGANlC ADDITIVES
none

Sr-I crystallizes from a reactive aluminosil
icate gel using hydrated alumina and silica sol
in the presence of the Sr+ 2 cation. The batch
composition that results in the formation of this
phase is: srO : Al203 : 3 Si02 : 485 H20 . Crys
tallization required temperatures of 380°C and
3 days. The resulting product was impure and
of limited reproducibility.

Sr-M (MOR)
(JCS 485(1964»

RelaUd Materials: mordenite-type

Structure

Chemical Composition: aluminosilicare.

X-Ray Powder Diffraction' Data: (d(A) (lIlo»
13.56(mw), 9. lO(m) , 6 .63(m), 6.43(w),
6.07(vw), 5.86(m), 4.76(mw), 4.55(m),
4.32(vw), 4.18(m), 4.00(ms), 3 .84(vw),
3.76(w). 3.64(w), 3.48(s), 3.40(ms), 3.23(s),
3.04(mw), 2.92(5), 2.69(mw), 2.563(ms),
2.523(ms), 2.l82(w), 2.090(w), 1.886(w),
1.821(w), I.798(vw). I. 705(vw), 1.638(vw).

Synthesis

ORGANIC ADDITIVES
none

Sr-M crystallizes from a reactive alumino-
silicate gel using hydrated alumina and silica sol
in the presence of the Sr+ 2 cation. The batch
composition that results in the formation of this
phase is: srO : AI203 : 7 Si02 : 485 H20 . Crys
tallization required temperatures of 300°C and
5 days.

Sr-Q (YUG)
(JCS 485(1964»

RelaJed Materials: yugawaralite-type



448 Sr-R

Structure

Chemical Composition: SiJAI = 3.

X-RayPowderDi/frtu:tionDallJ: (d(A) (//10))

7.80(5),6.91(25),6.28(15),5.85(95),4.74(80),
4.65(40),4.30(45),4.16(25),3 .9300),3.76(30),
3.48(5), 3.30(20), 3.26(70), 3.231(5), 3.137(10),
3.105(35), 3.030(100), 2.928(60), 2.76(20),
2.735(20), 2.650(25).

Synthesis

in the presence of the Sr+ 2 cation. The batch
composition that results in the formation of this
phase is; SIt) : AhOJ : 9 Si02 : 485 H20. Crys
tallization required temperatures of 250°C and
23 days .

SSZ-13 (eRA)
(US4.544,538(1985))
Chevron Research Company

Relaud MateriQJs: chabazite

Synthesis

Comparison of rhombohedral unit cell parameters for
SSZ-13 and Ca-chebazite (leo. 8: 166 (1988) :

ORGANIC ADomVE
N.N.N-trimethylaminoacLmtantane +

Structure

Chemical Composition: Si/AI = 6 .

X-Ray Powder Diffraction 1JaJIl: (d(A) (l/lo»
9.120(39), 6.790(12), 6.280(12), 5.420(54),
4.960(26), 4.620(2), 4.210(100), 4.917(5),
3.926(6), 3.826(6), 3.552(36), 3.401(22),
3.187(5), 2.877(59), 2.858(19), 2 .814(2),
2.741(2), 2.576(5), 2.483(6) .

SSZ-13 exhibits properties characteristic of
a small-pore, eight-member-ring molecular sieve .

VoUcell
a (A) o (A ')

9.291 93.92 796
9.269 94.33 789

9 .420 94.47 828

SSZ-13 as prepared
5SZ-l3 calcined

(550"C)
Ca-chabazite

Zeolite

Synthesis

none

Structure

ORGANIC ADDITIVES

Sr-Q crystallizes from a reactive alumino
silicate gel using hydrated alumina and silica sol
in the presence of the Sr+2 cation. The batch
composition that results in the formation of this
phase is: srO : AI203 : 8 Si02 ; 485 H20. Crys
tallization required temperatures of 3400C and
5 to 7 days .

RelaUd MaJeriols: heulandite-type
(low purity)

Sr-R (HEU)
(JCS 485(1964»

Chemical Composition: aluminosilicate.

X-Ray Powder Diffraction Data: (d(A) (/110»
9.04(m), 7.99(m), 5.28(mw), 5.23(ms), 4.66(w),
4.37(w), 3.98(vs), 3.92(w), 3.84(vw), 3.73(vw),
3.58(mw), 3.44(w), 3.4I(w), 3.33(w),
3.18(mw), 3.13(mw), 3.08(vw), 2.97(ms),
2.80(m), 2.74(m), 2.67(vw), 2.28(vw),
1.96(vw), 1.83(vw).

ORGANIC ADDITIVES
none

Sr-R crystallizes from a reactive alumino
silicate gel using hydrated alumina and silica sol

SSZ-13 crystallizes from a reactive alumi
nosiliciate gel through initial conversion to cu
bic zeolite P at pH around t 2.35 and SiO-JAhO)
starting at 6. Crystallization OCCllfS at 130°C
with the organic additive being incorporated into
the final product (Zeo . 8:408(1988».
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DSSZ-13
• Cubic P
es Overlap Peak

10152530 20

Degrees 2 0

SSZ.13 Flg. 1: X·ray powder diffraction pattern of SS2-13 (U O. 8:166(1988». (Reproduced with permission of
Bunerworths Publishers)

SSZ-15
(US4,610.8S4(1986))
Chevron Research Company

5.81(8),4.62(74),4.47(26),4.31000),4.07(11),
3.99(40) .

Synthesis
Structure

Chemical Composition: 0.5 -1 R20 : O....().5
M20 : AhO) ; > 5 s.o;
X·Ray Powder Diffraction Data: (d(A) (1110»
11.16(37) ,9.26(63),7.53(5),6.83(8),5.96(8),

ORGANIC ADDITIVE
cyclopentyl trtmetnylamrnonium"

SSZ-15 crystallizes from a reactive alumi
nosilicate gel in the presence of cyclopentyltri-

:50 25 20 15 10 5
OEG~E.(S

SSZ-tS FiB. I: X.ray powderdiffraction pallem for SS2-IS (US4.610.854(1986)).
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methylammonium + cation in a ratio of RJAlZ03

between 5 and 20. The Si~/Alz~ ratio of the
crystallizing gel is high (greater than 80), thus
producing a very high-silica molecular sieve .
The OHlSiOz is greater than 0 .40, with crys
tallization requiring 3 to 6 days at IS0aC. Quartz
and magadiite are two reported impurity phases
observed in this synthesis (US4,620,854(1986» .
Calcination to 704°C does not alter the X-ray
diffraction pattern significantly; however, the
organic, which is trapped within the pores of
the material. is not completely removed by cal
cination.

SSZ·16
(US4,508,837(1985»
Chevron Research Company

Structure

ChemU:QJComposition: 0.5-1.0 R20 : 0-0 .5
M20 : AhO) : > 5 Si02 •

X-Ray Powder Diffraction Data: (d(A) (/110»
11.74(32), 10.13(81), 7.63(46), 6 .77(14),
5.87(22),5.64(62), 5.60(49),5.07(68), 5.02(54) ,
4.84(5), 4.62(5), 4.44(9), 4.34(100), 4.07(95),
3.917(22), 3.800(32), 3.418(59), 3.394(24),
3.317(5), 3.222(68), 3.100(11), 2.979(16),
2.912(73).

From constraint index data, SS2-16 exhibits
properties characteristic of a small-pore mate
rial.

Synthesis

ORGANIC ADDmVE
j ,4-di( l-azolllabicydo(2. 2.2)OClaOe)butyl dlbromide

SSZ-16 crystallizes from reactive alumino
siliciate gels with a SiOz/A120) ratio between
15 and 200. Crystallization occurs readily at
140°C after 3 to 6 days . Generally the cubic P
zeolite is observed to form first, prior to the
formation of SSZ-16 after 3 days . Other im
purity phases observed include mordenite. Both
stirred and unstirred autoclaves have been uti
lized in this synthesis with little observable dif
ference. The pH range of crystallization is be-

tween 12.2 and 12.8. The organic additive is
incorporated into the final crystalline product
(Zeo. 8:409(19B8».

SSZ·17 (LEV)
(Zeo. 8:406(1988»
Chevron Research Company

Relaud Mmerials: levyne

Structure

ChemU:QI Composition: aluminosilicate.

X-Ray Powder DifJraction Pattern: (d(A)
(11/0») 10.11(8), 8.01(33). 7 .56(1), 6 .56(19),
5.50(10),5.07(79),4.94(14),4.69(6) ,4.62(2).
4.39(3.5). 4.21(56), 4.01(100), 3.78(35),
3.54(6), 3.42(3), 3.27(18), 3.18(2), 3.12(48),
3.03(9) .

Synthesis

ORGANIC ADDITIVE
N.methylqumuc1idine·

SSZ-17 crystallizes at 135°C after 4 to 5 days

in the presence of the substituted quinuclidine,
used to encourage crystallization . The pH range
for this system is between 12.2 and 12.8. The
organic is observed to be present, incorporated
into the final crystalline product (Zeo.
8:406( 1988».

SSZ-19
(US4,510 t 2S6(1985»
Chevron Research Company

Structure

Chemical Composition: 0.5-1.0 RzO : 0-0.5
M20 : AI20) : > 6 Si02 •

X-Ray Powder Diffraction DQ/Q: (d(A) (/I/o»
11.22(22), 7.55(50), 6.49(40) , 5.59(13),
4.93(70), 4.62(40), 4 .25(12), 3.92(100),
3.75(56), 3.25(70), 2.98(16), 2.91(22) .

Characterization of this material indicates only
the presence of a small-pore system.
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o SSZ·19

~ ANA

• P

200ays
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35 30 2S 20
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1S 10 5

SSZ-19 Fig. I: X·ray powder diffraction pattern for 552-19 with some analcime and P impurities
(ZeD. 8:409(988». (Reproduced with permission of Bunerworths Publishers)

Synthesis

ORGANIC ADnmVES
N ,N .N-lrimetbylcyclopentylarnrnonium iodide
N-ethy\qu.inuc:lidinium iodide
N,N ,N-trimethylneope.ntyJammonium iodide
J-azoniaspiro [4,4) nonylbroIIlide
4-adamanrane-arnmonium halide

SSZ-19 crystallizes from high-silica alumi
nosilicate gels with a SiOl!Ah03 greater than
15 and an inorganic oxide!Al203 between 10
and 30. The organic additives are complex qua
ternary arnines, with l-azoniaspiro {4,4] nonyl

bromide producing the highest-purity products.
The OHJSi~ falls between 0.95 and 1.1. A
common impurity found in the product is an
alcime. Crystallization occurs readily after 6 days
at 150QC.

Using the adamantane-ammonium cation as
the organic. SSZ-19 crystallizes after 3 to 4 days
at 145QC. It has been observed in this system
that mixtures of analcime and zeolite P crystal
lize prior to the onset of SSZ-l9 crystallization
(Zeo. 8:409(1988». When N-ethylquinuclidine
is used, the initial formation of a transient cubic
P phase is observed after several days. After 20
days the final crystals of SSz..19 are formed
(Zeo. 8:409(1988»_
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Adsorption

SSZ-] 9 adsorbs ] 1.5 wt% water after 24 hours
and adsorbs no n-hexane (US4,510,256(1985».

SSZ-23
(EP 231,018(1987»
Chevron Research Company

Structure

Chemical. Composition: 0.1-3 R20 : 0.1 -2
M20 : AhO) : > 50 Si02 •

X-Ray Powder Diffraction Data (d(A) (11I0»
10.85(100), 10.31(45), 9.31(55), 8.39(40),
5.04(45), 4.79(80), 4 .52(65), 4.43(65),
4.13(100), 4.011(50), 3.914(70), 3.580(45).

SSZ-24 (AFI)
(EP 231,019(1987»
Chevron

Related Materials: AlP04-S

Structure

Chemical. Composition: 0 .1-10 R20 : 0.1
5.0 M20 : AIl 0 3 : > 100 Si02 •

X-Ray Powder Diffraction Data: (d(A) (/110»
II.79(98), 6.81(10), 5.906(46) , 4.459(100),
4.184(36), 3.927(87), 3.544(4), 3.406(44),
3.041(13), 2.949(30), 2.631(5), 2.574(20),
2.404(4),2.351(7),2.152(4),2.118(4).

Lanioe parameters A for the hexagonal unit cells of
AIPO.-S and SSZ-24 (template for AIPO.-S is
tetrapropybmmonium hydroxide) (lteS 368:236 (1988):

tJ b

AJPO.-S
with template 13.126 8.484
calcined 13.77 8.38

SS2-24
with lernplate 13.62 8.296
calcined 13.62 8.324

S$Z-24

,
40 35

.
30

,

25 20
Degrees 26, Cu Ka

I

15
I

10

L
I

5

SSZ-24 Fig. 1: X.ray powder diffraction pattern for SSZ-24 and AlPO.-S (ACS SYmp<JSilUfl Series
368:236(1988) , Perspectives in Molecular Sieve Science, Flank. W, H., Whyte, T. E., Jr .. eds.),

(Reproduced with permission of the American Chemical Society)



SSZ-24 is isostructural with AlP04-5 , con
taining a unidimensional 12-member-ring chan
nel system .

SSZ-25 453

Adsorption

Adsorption properties sl Irr'C in units of mglg (ACS
368 :236 (1988» :

l. 2 .2-<1imcthylbuWle: 2 . 3-methylpcntane ; 3. n-hexane .

Synthesis

ORGANIC ADDITIVE
N,N,N-trimethyl-I-adamantarnmonium hydroxide

2.2-DMB'
3M}>'
n_C6J

AIPO.-S

27
13
6

SAPO-S

21
12
9

SSz..24

26
15
12

SSZ-24 crystallizes from a silicate gel system
where the SiOl"AhO) ratio is greater than 50.
The OHlSiO l ratios range between 0.2 and 0.3.
and the organic-to-S'O, ratio is between 0.1 and
0.2. Sodium is the alkali cation employed in
this crystallization . The crystallization occurs
readily in a stirred autoclave at 16O"C after 6
days.

SSZ-25
(EP 231,019(1987))
Chevron Research Company

Related Materials: MCM-22
PSH-3

Infrared Spectrum

Mid-irifrared Vibrations (cm- J
) :

1104(5), 1060(5) , 811(m). 712(w).
621(mw), 567(w), 518(w). 460(ms).

110C

1213sh,
692(w),

Structure

Chemical Composition: 0.1-2 RlO : 0.1-2.0
MIO : AIlO] : > 20 S;02.

X-Ray Powder Diffraction Data: (as-synthe
sized) (d(A) (1110» 29.0(20), 13.77(l00) .
12.31(100), 11 .22(47), 9.19(53), 5.63(27),

Q)
o
C
at
.c...
o
~

"~

1400 1200

480

SSZ-24

821

1000 800 600
Wave Numbers, cm-1

SSZ-U Fig. 2: Mid-infrared vibrations for SSZ-24 (ACS Symposium Series
368:236(1988), Perspectives in Molecular Siev« Science , Rank, W. H.• Whyte, T. E..
Jr., cds.) . (Reproduced with permission of the American Chemical Society)
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4.58(47), 3.94(50), 3.86(30),3.42(73), 3.32(33);
(calcined) 25.5(17), 12.30(100), 11 .00(55),
8.78(63), 6.17(40), 5.51(17), 3.90(38), 3.47(20),
3.417(65) .

Synthesis

ORGANIC ADDITIVE
N.N.N·trimethyl-l-adatnBnl1Ullmonium hydroxide

SSZ.25 crystallizes from an alurninosilicate
gel system where the SiO l / Ah03 ratio is pref
erably between 30 and 100. The OH/Si02 ratios
range between 0.2 and 0.4, and the organic-to
Si02 ratio is between 0.15 and 0.3. Sodium
is the alkali cation employed in this crystal
lization. The crystallization occurs readily in
a stirred autoclave at 175°C after a week (US
4,826,667(1989».

SSZ-26
(peT WO 89/09185(1989»
Chevron Research Company

Structure

Chemical Composition: 0.1-2.0 R20 : 0.1
2.0 M20 : AhO) : 10-200 sio;
X-Ray Powder Diffraction Data: (as-synthe
sized) (d(A) (1110» 11.36(100), 4 .389(63),
4. I5~(25), 4.042(53), 3.890(48sh), 3.867(64),
3.365(33); (calcined 540°C) (d(A) (1/10»
11.36(100) , 4.392(18), 4.164(5), 4 .044(15),
3.878(l3sh), 3.853(19), 3.366(12).

Synthesis

ORGANICxoomvss.
hexamethyl 14.3.3.0] propelJane-8,1J-dla.mmonium ~ 1

SSZ.26 crystallizes from a reactive alumi
nosilicate gel in a ratio (Si02/Ah0 3) between
20 and 100. Sodium aluminate and fumed silica
are preferred sources of aluminum and silicon.
Ranges over which this structure is observed to
form include:

OHlSi02: 0.20 to 0.50
Organic/Si02: 0.05 to 0.20
Na + /Si02: 0.15 to 0.30
Water/Si02: 25 to 60
Organic/organic + Na ": 0.30 to 0.67

Crystallization occurs between 150 and 170oc.
after 5 to 10 days in a slowly stirred autoclave.
Rapid stirring results in co-crystallization with
another zeolite phase. Impurity phases include
Y zeolite, analcime, and quartz.

Thermal Properties

No struetura.l degradation was reported to S2ifC.

Adsorption

N2 BET adsorption gives a surface area of 560
m2/g for SSZ-26 and a rnicropore volume of
0 .19 ccig.

SSZ-31
(WP WO 90/04567(1990»
Chevron Research Company

X-Ray Powder Diffraction
Data: IU synthesized Calcined SSZ-31

(din) 1110 d()..) /I/o

20.7 5 17.5 2
14.49 6 14.49 27
12.01 30 11.96 96
10.81 II 10.80 43
8.25 I 8.55 1
7.36 1 8.18 6
6.18 1 7 .25 2
6.02 1 6 .13 14
5.57 2 5 .97 9
5.08 7 5.54 I
4.&11 9 5.06 5
4.374 15 4.806 6
4.206 69 4.360 13
4.156 9 4.210 64
3.997 100 4.[27 4

3.921 7 3.969 100
3.600 23 3.742 I
3.535 It 3.583 14
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deA) 1110
between 0.1 and 0.25, and H20/SiOl is between

(din) /I/o 25 and 60 . Crystallization occurs at 160°C after

3 .466 5 3.534 4 10 days.

3.339 9 3.4D1 14
3.278 5 3.326 6 Stellerite (STn
3.210 5 3.220 2 (natural)
3.167 2 3.164 I
3.103 4 3.084 3 Related Maurials: stilbite
3.079 ) 3.060 3
3.028 2 2.995 3 Stellerite identifies the calcium-rich phase of the
2.996 5 2.979 3 natural mineral stilbite.
2.925 2 2.885 7
2.8'M II 2.770 3
2.783 5 2.726 3 Structure
2.734 6

(Nar. Zeo. 2&4(1985))

Synthesis

SSZ-31 is made using, N,N,N-trimethyl-8-am
monium tricyc!of5.2 .1.02

•
6jdecane under SSZ

24 reaction conditions; SiOl/AI203 ~ 100 .

CHEMICAL COMPOsmON: Ca.(A4$i,.o.".)·28HzQ
SYMMETRY: monoclinic
SPACEGROUP: Fmmm
UNIT CELL CONSTANTS (A): a = 13.60

b = 18.22
c = 17.84

PORE STRUCTURE: 8-member rings (2.7 x 5.6 A)
intersecting IG-membcr rings (4.9 x 6.1 A)

SSZ-33
(US4,963,337(1990))
Chevron Research Company

Structure

X-Ray PowderDiffractU>n Pottern: (Nat. Zeo.
343(1985» (d(A) (IlIo»9.03(100) , 6. 37(< I),
5.44(2), 5.41(3), 5 .29(4), 4 .65(15), 4.56(4),
4.47(2), 4.28(6), 4.06(45), 4 .01(6), 3.784(1),
3.734(5), 3.482(3), 3.397(7),3.181(7), 3.100(3),

t
i

ORGANIC ADOmVE
N,N.N·lJimethyl-g...arnrnonium tricyclo[5 .2.I.O>·6ldccane

Chemical Composition: 1.0-5 R20 : 0.1-l.0
M20 ; W20 3 : > 20 Si02 , where W is boron
or mixtures with aluminum, gallium, and iron.

X-Ray Powder Dijfradion Data: (d(A.) (/flo»
11 .25(90), 10.58(2), 6.23(13), 5 .62(7), 5.29(10),
4.336(100), 4 .139(40), 4 .035(90), 3.837(64),
3.526(3), 3.323(40), 3 .116(12), 3.060(10),
2.920(8).

Synthesis

,
The borosilicate SSZ-33 crystallizes from a I

reactive borosilicate gel with a preferred com
position in which Si021W20J is between 30 and
60, OHlSi02 is between 0 .2 and 0.3, RlSiOz is Sldlerlte Fig. IS: Framework topology.
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Atom coordinates (X J()4} for narural stelterite (Cryst.
Res. Technol. 21: 1029 (1986)):

3.028(23), 3.003(10), 2.976(1), 2.875(2),
2.827(1),2.804(1),2.771(8),2.703(2),2.608(2),
2.562(4), 2.546(1), 2.532«1), 2.512(1),
2.508(1),2.494(2),2.485(2),2.452(1),2.351(2),
2.318(1),2.267(1),2.239(1),2.233(1),2.223(1),
2.206(1), 2.201(1), 2.168«J), 2.161«1),
2.124(1), 2.120(1), 2.097(1), 2.078«1),
2.066(2), 2.037(2), 2.031(2), 1.978«1).

Adsorption

17
9 .7

25
707
NA

298
298

77

250
250
250

Activation. Adsorption Pressure, WI %
Adsorbate temp . • ·C temp. DC Torr adsorbed

Steflerite FIg. 2: Therm.aJ curves for stellerite from
Villanova, Monteleone, Sardinia, Italy; in air , heating
rate 20"CJmin (Na«. ZeD. 295(198.5». (Reproduced with
permission of Springer Verlag Publishers)

Adsorption properties of natural stellerite (Zeo. Mol.
Sieve. (1914)):

H,o
CO2

0,

0.25
0.69
0.31
0.50
0.38
0 .12
0 .16
0.09
1.00
1.00
0 .50
1.00
0.50
0.25
0.25
0.20
0.05
0.24
0.20
0.21
0.32
0.63
1>.17
0.19

Occllpation

2908(1)
3768(1)
3768(1)
sooo
50000
50000
2.500
2500
5763(2)
5748(2)
6514(2)
6984{2)

5000
5000
5000
1982(7)
808(12)

3201(10)
1599(10)
4202(8)

2985(7)
3138(11)
3774(15)
2082(20)

y

o
3074(1)
3074(\)
4114(1)
1838(1)
1838(J)
2500
2500

- 1198(2)
- 2680(2)
-1848(2)
-1%6(2)
-1135(2)

o
-1502(3)

1303(7)

o
o
o
o

120](7)
743(9)

o
o

Atom

Ca SOOO
Si(l) 3858
AI(I) 3858(1)
Si(2) 3016( I)
Si(]) 3883(1)
Al(3) 3883(1)
Si(4) 2500
A1(4} 2500
0(1) 1435(2)
0(2» 1275(2)
0(3) 0
0(4) 1817(2)
0(5) 3150(3)
0(6) 1948(4)
0(7) 5000
W(l) 0
W(2) 0
W(3) 1160(14)
W(4) 4539(12)
W(5) 4394(10)

W(6) 4483(11)
W(J) 3395(12)
WeB) 3659(17)
W(9) 3489(27)

See stilbite for a description of the framework
topology of stellerite. No SiJAl ordering is ob
served in this mineral.

ThermaJ Properties

The thermal behavior of stellerite is similar to
that of stilbite with losses due to water occurring
at 70, 175, 250, and 680°C.

Stilbite (STI)
(natural)

R~lmedMaurials: stellerite
barrerite

Stilbite was named in t801 by Hauy, from the
Greek work for luster (Nat. Zeo , 285(1985».
Though the name stilbite was used to describe
a number of orthorhombic lamellar zeolites in-



Stllblte Flg. IS : Framework topology.

Stilbite (STI) 457

eluding heulandite, it was not until 1822 that it
was used to designate a distinct structure.

Structure

(NaJ. ze« 284(1985»

CHEMICAL COMPOsmON: NaCa.(A1.,sinOn)·30
H~

SYMMETRY: monoclinic
SPACE GROUP: C2Im
UNIT CELL CONSTANTS (A): a = 13.61

b = 18.24
c = 11.27
~ = 127°51'

(pseudo-cnhorhombic cell)
SPACE GROUP: F21m
UNIT CELL CONSTANTS (A): 0<') = 13.61

bo = 18.24

Co = 17.80

~ = 9O"4S'
PORE STRUCTURE: lQ.-membcr rings (4. 9 )( 6.1 A)

and 8-member rings (2 .7 X 5.6 A)

2 10 2lil
2 theta 4B

Stllbltl: FIg. 2: X-ray powder diffraction pattern of stilbite from India, large crystals . some preferred orientation
observed. (Reproduced with permission of author)
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X-Ray Powder Diffraction Data: (Nat. Zeo.
342(1985» (d(}..) (///0» 9.12(100), 8.88(9),
6.83(2), 6.37(2), 5.46(1), 5.30(8), 5.23(1),
4.68(16),4.63(15), 4.56(3), 4.44(2), 4.30(9),
4.27(7),4.06(58), 4.00(10), 3.788(2).. 3.756(6),
3.699(6), 3.504(3), 3.474(5), 3.456(2),
3.415(10), 3.396(8), 3.368(5), 3.199(13),
3.172(7), 3.122(5), 3.088(2), 3.028(36),
2.990(0), 2.965(4), 2.877(3), 2.811(4),
2.780(21), 2.751 (I), 2.730(8), 2.687(1),
2.591(4),2.577(6),2.557(5),2.537(3),2.530(2),
2.510(4),2.484(3),2.474(3),2.468(4),2.444(3),
2.352(4) , 2.311 (2br) , 2.276( I), 2.255(1),
2.239(2br), 2.216(2) , 2.160(2), 2.122(3),
2.106(5),2.101(4),2.066(3),2.056(4),2.028(4),
1.995(1).

The structures of stilbite, stellerite, and bar
rerite are examples of the reduction of topolog
ical framework symmetry caused by repulsions

Atomic coordinat es for natural stilbire (uo. 7: 163
(1987» :

Atom xla yin zlc

T(l) 0.3625(1) 0 .3046(1) 0 .1214(1)
T(2) 0.1347(1) 0.3097(1) 0.1304(1)
T(3} - 0 .0529(1} 0.0893(1) 0 .2426(1)
T(4} - 0 .1384(1) 0.3169(1} 0 .2426(1)
T(5) 0.000 0 .2615(1) 0.000
0(1) 0.4226(2) 0 .2916(2) 0.0432(2)
0(2) 0.0579(3) 0.3157(2) 0.0589(2)
0(3) -0.1253(3) 0.2667(2) O.t754(2)
0(4) -0.0989(3) 0.1196(2) 0.1611(2)
0(5) O. [21 1(3) 0 .2302(2) 0.1719(2)
0(6) 0.1158(3) 0.3787(2) 0 .1858(2)
0(7) 0.2477(2) 0.3156(2) 0.0953(2)
0(8) 0 .0646(2) 0, ]]32(2) 0.2505(2)
0(9) -0.0567(4) 0.000 0.2415(4)
0(10) 0 .7500 0 .3524(3) 0 .2500
Ca 0.2340(2) 0.000 0.0471(1)
Na(l} 0.4818(9) 0 ,0665(6) 0.0188(7)

Well 0 .0725(14} 0.0597(9) 0.0436(11)
W(2) 0.2732(5} 0.1266(5) 0.0523(4)
W(3) 0.1923(7) 0.000 0.1772(6)
W(4) 0.3873(9) 0 .000 0 .1146(8)
W(5) 0.3692(20) 0.500 0.0638(14)
W(6) 0 .1236(8) 0 .500 0 .0534(8}
W(7) 0.1894(9) 0.000 -0.0802(7)
W(8) 0.0854(11) 0.0827(9) 0.38(3)

of the extra-framework cations iTschermaks.
Mineral . Petrogr. Mitt . 26:39(1976». The so
dium ions are responsible for the real symmetry
of these structures. In stellente, because of the
absence of sodium, only one extra-framework
site is present, and the real symmetry is the
topological one, Fmrnm, In barrerite, which has
a space group Amma, the orthorhombic frame
work is a result of the electrostatic repulsion
between the monovalent cations present in the

o

20 L-...L-....L-L-.l_.L----'---_.L-----l------'_....L.....I
20 ZOO ~oo 600 800 1000

II"CI

20 200 400 600 eoo 1000

I('CJ

StlIblte Fig. 3: Tbennal curves for stilbice:TGA (top).
DTA (:leo. 5:389(1985)). (Reproduced with permission
of Bunerworths Publishers)
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Infrared absorption spectra of stilbite ~o. 5:389 (1985)):

Infrared Spectrum

Y5 t=: VCl)' strong. s = strong. m ~ medium, w ~ weak. vw =
very weak , inti = inflexion.

Ion Exchange

Stilbite has a high selectivity for cesium and
potassium. Increasing the temperature from 23°C

3660-3360 (5)

3270-3150 (5)

l650 (s)
1300 (w)

1150 (w)
1070-970 (vw)

800 infl
770 inll
670 (vw)

600-530 (m)Liberation H,o

Antisyrn. stretching T-O
Sym. stretching T--G

Antisyrn . stretching OH
Sym. stretching OH
Bending H20

External TO.

Thermal Properties

Stilbite exhibits three peaks in the range between
room temperature and 500°C; the first appears
at 70°C. followed by a large water loss at 175°C
with a further water loss at 2500C. Dehydrox
ylation occurs at 500°C. Total loss in weight is
16.8%. with a major loss between 20 and 200°C
of 14.8% (ZeD. 5:389(985)). See Stilbite Fig~

ure 3.

site that is equivalent 10 the Na site of stilbite,
and also in a new site.

The stilbite framework is composed of 4-4
1building units arranged to form an open frame
work structure with intersecting 8- and IO-mem
her rings. The Ca +2 cation is coordinated with
eight molecules of water and Na + with four
water molecules and two oxygen atoms of the
framework . There are five unique T atom sites
within the framework.

~ 20'C

~ 200

260

470

~
5~0

620

see

770
870

~ 1000

~

4000 ~ooo 2000 1600-,
tm

1200 800 400

Stilblle FIg. 4: Infrared spectrum changes as a function of temperature between 20 and
I()()()"C (Zto. 5:389(1985». (Reproduced wiLh permission of Butterworths Publishers)
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to 85°C produces a large drop in selectivity for
cesium over sodium (Zeo. Mol. Sieve.
564(1974)).

Adsorption

Adsorption properties of natural stilbite (ZeD. Mol. Sieve.
626 (l974)):

minimum of 10 result in the formation of this
material. Crystallization occurs at 180°C under
agitat ion after 6 days . Mordenite and quartz reg
ularly are found as impurity phases in this sys
tem.

SUZ-4
(EP 353,915(1990»
British Petroleum

Activa- Temper-
tion ature

Adsorbate·C K

SUZ·2
(EP 353,914(1988»
British Petroleum

700 Torr 7.7
none adsorbed
800 atm 31 ccJg
300 atrn 30 ccJg

C~

Oz
Ar
Kr

250
250
180
200

298
77

453
473

Pressure
Wt%

adsorbed Structure

CJumkal Composition: m (M2I"O) : Aha) :
at least 5 Sial'

X-RayPowder Diffraction Data: (d(A) (/I/o»
11.5(vs), 7.50(m), 7.20(w), 5.88(s), 5.73(m) ,
4.75(m), 4.58(ms), 4.00(w), 3.95(m), 3.81(m),
3.75(w), 3.67(w), 3.58(5), 3.55(s), 3.49(5),
3.48(m), 3.14(m), 2.97(w). 2.93(m), 2 .91(w).

Structure

Chemical Composition: 0 .5-1.5 M20 ; Aha)
: > 5 Si02 •

X-Ray Powder Diffraction DaJIJ: (calcined,
H+ form) (d(A.) (1/10)) 11.4(5),9.5(5), 7.1(w/
m), 7.0(s), 5.8(m), 5.4(5), 4.8(m), 4.0(m1s),
3.8(vs), 3.6(s), 3.5(m), 3.1(5), 3.05(w).

Synthesis

ORGANIC ADDITIVES
quinuclidine!TEA •

SUz..2 crystallizes from reactive hydrogels
with molar compositions such as: 1.23 Na20 :
1.37 K20 : 4.6 Q : 4.2 TEAOH : AI20 ) : 33.9
Si02 : 366 H20 . Ranges of Sial/Aha) with a

Synthesis

ORGANIC ADDITIVE
quinuclidineJTEA •

SUZ-4 crystallizes from a reactive hydrogen
with a molar composition of: 1.23 Na20 : 2.84
K20 ; 2.9 Q : 5.2 TEAOH : 1.0 AI20 3 : 21.2
Si02 : 528 H20: 40 CH30 H. Crystallization
occurs at 180°C after 48 hours. The resulting
crystals are stable to the calcination tempera
tures of 550°C used to remove the organic trap
ped within the structure. Mordenite is observed
as a minor impurity phase in this system.

Svetlozarite

Svetlozarite is the name of a dachiardite mineral
containing a stacking disorder.



T

T (ERlJOFF)
(US2,9S0,9S2(1960))
Union Carbide Corporation

Relared Materials: offretite/erionite
OE

See also Linde T.

Structure

(Zeo . Mol. Sieve. 173 (1974))

CHEMICAL COMPOSmON: (NaK, .)(AlOi).
(SI~)l.J· 14H20

SYMME'rR Y: orthorhornbia
UNIT CELL DIMENSIONS (A): a = 6.62

b = 11.5
c = 15.1

FRAMEWORK DENSITY: 1.50 glee
VOID FRACfION (determined from water content): 0.40
PORE STRUCTURE: three-dimensional. 3.6 x 4.8 A

X-Ray Powder Diffraction Daia: (d(A)(/llo»
11.45(100),9.18(4), 7.54(13), 6.63(54), 6.01(2),
5.74(6), 4 .99(2). 4.57(8), 4.34(45), 4.16(3),
4.08(2),3 .82(16),3.76(56),3.67(1),3.59(30),
3.42(2), 3.31(16), 3.18(12), 3.15(18), 2.93(11),
2.87(38),2.85(45),2.68(11),2.61(2),2.51(8) ,
2.49( 13), 2.30(2), 2.21(6), 2.12(5), 2.09(3),
1.99(2), 1.96(2). I. 89(8), 1.87(2), 1.84(3),
1.78(8), 1.77(5), 1.75(2), 1.71(3), 1.66(9),
1.59(5) , 1.52(1), 1.51(2) , 1.47(3), 1.41(1).
1.39(3) .

Zeolite T is related to both offretite and er
ionite, as it is a disordered intergrowth of the
two types of structures. A larger portion of the
material consists of the offretite structure. x
ray powder diffraction patterns show the I odd
reflections of erioniee to be very weak in this
zeolite. The positions of the cations are in the
D6R units, the gmelenite cages, and the single
six-rings within the main cavities (lzv. Akad.
Nauk , SSSR Ser . KJUm . 6 :116(1965)).

Synthesis

ORGANIC ADDmVES
none

Zeolite T crystallization is very sensitive to
changes in the ratio of OHlSi02 in the reaction
mixture. The batch composition that results in
the formation of this phase was a NazOl
Na20 + K20 ratio between 0.7 and 0.8, a
M20/Si02 from 0.4 to 0.5, a SiOz/Ah03 ratio
ranging between 20 and 28, and a H20 IM20
ratio from 20 to 51 . Crystallization occurs at
IO<rC after 166 hours .

Infrared Spectrum

Mid-in.frared Vibrations (cmi"): (SiO"tAh03
= 7.0) 1156(wsh). 1059(s), 101O(s), 771(w),
718(w), 623(mw), 575(w)m 467(mw), 433(ms) ,
41O(vwsh). 366(wsb)(ACS 101:201(1971) .

Adsorption

Adsorption properties of zeolite T (US2.9S0,952(1960»):

Adsorbate Ternp., Pressure. Wt%
·C Torr adsorbed

H,O 25 0.1 7.5
4.5 16.2

20 18.2
O2 - 196 0.( 8.4

10 13.5
100 15.8

Argon -196 0 ./ 8.0
10 13.5

120 16.4
Propane 2S 10 1.8

100 2.5
700 2.7

Propylene 25 10 3.7
JOO 4.7
700 5.5

{continued}

461



462 TEA-MOR (MOR)

Adsorbate Temp .• Pressure. Wt%

°C Torr adsorbed

n-Pcntane 25 10 6.6
100 8.1
400 11.2

Cyclopropane 25 10 0 .1
100 0.8
7()() 1.6

Isobutane 25 700 0.5
Thiophene 25 20 0.9

70 4.3
Benzene SO 70 1.4

25 27 0.9
75 2.5

COJ 25 I 3.2
100 7 .3
700 10.0

BUlene-J 25 10 1.7
100 2 .7

700 3.3
NHJ 25 I 2.4

100 6.6
700 7.8

Krypton -183 1 17.0
10 23.1
18 23.5

CycLohcxane 25 68 0 .8

TEA-MOR (MOR)
(US4,052,472(1977»
Mobil Oil Corporation

TEA-MOR, designating a silica-enriched fonn
of mordenite,was first reportedby Givens, Plank,
and Rosinski of Mobil in 1977 (US 4,052,472
(1977».

TEA -Silicate (MTW)
(US4,104,294(1978»
Union Carbide Corporation

Relt.wd Materials: ZSM-12

Structure

Chemical Composition: SiOl'

X-Ray Powder Dijfraction DaM: (d(A)
(///0» 11.9(60), 10.2(26), 4 .98(5), 4.77(18),

4.29(100), 3.88(84), 3.66(16), 3.49(24),
3.39(32) , 3.21 (10), 3.06(8), 2.89(5), 2.65(5).

See ZSM-l2 for a description of the frame
work topology .

Synthesis

ORGANIC ADDITIVES
TEA +

TEA-silicate crystallizes from a reactive basic
silica gel with a molar oxide ratio within the
range: RlO : 0-8 M~O; l2-4O SiOz : 100-500
H20, where R represents the tetraethylammon
ium cation. Crystal formation requires temper
atures between 125 and 1500C and from 70 to
250 hours.

Adsorption

TEA-silicate adsorbs at least 2 wt% neopentane,
characteristic of its large-channel system.

Tetragonal Edingtonite (EDI)
(N. Jb. Miner. Mh. 373(1984»

See edingtonite.

Tetragonal Natroliie (NAT)

See tetranatrolite .

Tetranatrolite (NAT)
(natural)

Related Materials: natrolite

Tetranatrolite or tetragonal natrolite has been
used to describe samples found at Mt. St . Hi
laire, Quebec in 1980 and also in Greenland in
1969. (Nat. Zeo. 35(1985») .

Structw'e

CHEMICAL COMPOSmON: NalJ(A1,oSb..Oao)
16H,o

SYMMETRY: tetragonal
SPACE GROUP: 142d



UNIT CELL CONSTANTS (A): a = 13.10
c = 6.63

PORESTRUCTURE: small pore eighl member rings

X·Ray Powder Diffraction Data: (d(A)(I/lo»
6.53(50), 5.9O(100), 4.61(25), 4.38(50),
4.12(25), 3.171(50), 3.114(25), 2.949(25),
2.914(5),2 .851000) .

Theta-] (TON)
(EP 57t049(1982»
(British Petroleum)

RelilUd MaUriaJs: lSI-I
KZ-2
Nu-IO
ZSM-22

Structure

(Nature 312:533(1984»

CHEMICALCOMPOSITION: 0.9:!: 0.2 M2/NNO :
Al,Ol : X SiOl : 'Y H10 n = cation valence X < 10;
Y/x between 0 & 25:

SYMMETRY: orthorhombic
SPACE GROUP: Cmc21
UNIT CELL CONSTANTS (A): a = 13.836

b = 17.415
c = 5 .042

Theta-I Fig. IS: Framework topology.

Thela-J (TON) 463

FRAMEWORK DENSITY: 20.5 T/lOOO Al
DENSITY: 2.05 glcm3

VOID VOLUME: 0.2t
PORESTRUCTURE: unidlmensional IO-me.rnber rings

4.4 X 5.5 A

X-Ray Powder Diffraction Data: (d(A)(ll/o»
10.85(100), 8.71(16), 6.93(16), 5.42(10),
4.57(10),4.36(77),3.70(74),3.61(49),3.46(23),
2.52(22).

The theta-I structure can be constructed from
complex 5-1 building units, making it part of
the mordenite group of zeolite structures. The
lO-member-ring elliptical channels an: unidi
mensional in this structure. There are four crys
tallographically unique T atoms with relative
occupancy of 4:4:8:8 (Nature 312:533(1984» .

Fractional atomic coordinates for theta-I (Acta
Crystallogr, C41:139J (1985)):

Atom x y z

Si(l) 0.2838(9) 0 .0503(7) 0.250
Si(2) 0 .201(1) 0.2157(8) 0.312(4)
Si(3) 0 .500 0.218(1) 0.824(6)
Si(4) 0 .500 0.118(1) 0.320(7)
0(11) 0.264(2) -0.010(2) 0.493(8)
0(12) 0.214(2) 0.125(2) 0 .309(8)
0(14) 0.404(2) 0.065(1) 0 .280(9)
0(22) 0 .257(3) 0 .257(2) 0 .534(7)
0(23) 0 .407(2) 0 .269(2) 0.795(10)
0(34) 0.500 0.\52(3) 0 .628(10)
0(43) 0.500 0 .187(2) 0.1)2(9)

Synthesis

ORGANIC ADDmVE:
diethanolamine
trieth yleneterramine
methanol

Theta-I crystallizes preferrably from a re
active gel with batch compositions containing a
SiOz/Ah03 ratio greater than 40:1 and MOHlH20

ratio greater than 2 x 10-3
: I. Crystallization

can occur within 24 hours depending on the
initial composition of the mixture. Crystalliza
tion takes place at l70oe. ZSM-5 and crysto
balite have been observed as impurity phases in
this synthesis.



464 Theta-3 (MTW)

Tbeta-! Flg. 2: X-l'lly powder diffraction pattern for
thera-I (Acta Crystallogr. C41: 1391(1985»). (Reproduced
with permission of the lnternauonal Union of
Crystallography)

Infrared Spectrum

The presence of five-rings is supported by a
band present in this material at 1230 to 1210
crrr" (Nature 312:533(19&4».

Adsorption

Adsorption properties of tneta- t (Natur~ 312:533 (1981»:

Structure

Chemical Composition: 0 .9 ± 0.2 M2I"O :
AhO) : at least 20 Si02 : y ~O.

X-Ray Powder Diffraction Data: (d(A)(lIJo»
11.9(vs), II. 7(vs), 10.1 (rn), 4.76(m), 4.69(m),
4.24(vs), 3.98(vs), 3 .88(vs), 3.82(vs), 3.45(w),
3.39(m), 3.32(w), 3.04(w), 2.89(w), 2.51(w).

Synthesis

ORGANIC AoomVES
BzNR) ~ (Bz = benzyl or substituled benzyl; R '" aIlcyl)

Theta-S is prepared from a reactive gel within
a composition range of: 0.006-0.025 AhO.} :
0.2--0.5 Na'" : 0.02--0.2 OH- : 20-150 H20 .
Crystallization occurs between 24 and 80 hours
at temperatures between 120 and 19O"C. Col
loidal silica (Ludox~ As4() is used as the source
of silica, and sodium aluminate (40% A120 3) is
used as the source of aluminum.

Kinetic Vg
Thomsonite (THO)

Adsorption diameter, A cmlg VI
(natural)

ReJoted MauriaJs: Ca-I
N, 3.64 0.1 0.21
H2O 2.65 0.058 0.12 Thompsonite was the name given by Brooke in
n-Hexane 4.3 0.089 0.18 1820 to a mineral found in Dnnbartonshire,
p-Xylene 5.85 0.062 0.13 Scotland (Nat . Zeo. (1985») .
Cyclobexane 6.0 0.021 0.04
m-Xylene 6.0 0 .031 0.06

Void volume. v, (em'/g) . i>the tOtal microporr: volume in hydrogen
form of \bela-). calculeted by usiog normal liquid denslly III the
adsofptioo temperature, The void fraction it v, =' v, x d.. where
d. (2.05g/em') is the measured CfY$ta1 density. All samples were
activated by c:alcination aI 55l1'C (or I hour. Adsocpcion IIICaSllle

menls were made by microbalance teelmiquesat room tempe:ralU1e

with relal.ive pressurePIP. '" 0.5. N, adsorpeon was meuun:d by
• s;ngle-p!linl-Bnm.uer.Emmetl ·TeUer test. - 183'C. PIP, =' O.~.

Theta-) (MTW)
(EP 162,719(1985»
Britisb Petroleum Company

ReltJud MateriDls: ZSM-12

Structure

(Zeo. Mol. Sieve . 174 (1974»

CHEMICAL COMPOSrnON: Na..ClI8(AJ,oSiwOllO)·
24H~

SYMMETRY onhorbombic
SPACE GROUP: PCM
UNIT CELL CONSTANTS (A): a = 13.05

b = l3 .09
c = 13.22

FRAMEWORK DENSITY; 1.67 glce
VOID FRACTION (determined from water

content): 0.32
PORE STRUCTURE: two-dimensiooal, 2.6 x 3.9 A,

and 2.2 x 4.0 A, eight-member rings



ThoJTl5Oll!te Fig. IS: Framework topology .

X-Ray Powder Diffraction Data: (Nat. Zeo .
319 (1985» (d(A)(IIJo»6.63(100), 5.87(59),
4.74(74), 4.62(49), 4.40(35), 4.38(37), 4 .34(8),
4.22(31), 4.16(20), 3.643(10), 3.308(4),
3.222(14), 3.187(10), 3.158(14), 3.083(7),
3.065(4) , 2.991(12), 2.934(31), 2.902(40),
2.889(54), 2.882(48), 2.858(42), 2.607(3),
2.584(9), 2.579(7), 2.479(8),2.448(2),2.440(3),
2.421(8), 2.371(1), 2.336(1), 2.322(3), 2.3164,
2.296(4), 2.293(4), 2.272(4), 2.254(3), 2.248(3),
2.208(9),2.170(3), 2.143(1), 2.111(3), 2.078(5),
2.063(1),2.032(4), 1.993(3).

Thompsonite consists of an aluminosilicate
framework constructed of crosslinked 4-1 type
chains. The topologic cell of highest symmetry
is replaced by a topochemical supercell when
alternate tetrahedral nodes are occupied by Si
and AI. Rotation of the 4-1 chains together with
some distortion from the ideal shape allows
bonding to the extra-framework ions and water
molecules. Both sites for exira-framework cat 
ions are associated with elliptical eight-rings .
The Na,Ca site contains O.S Na and 0.5 Ca and
is surrounded by a square antiprism containing
four water-oxygens in one square. Each square
of water-oxygens is shared with an adjacent an
tiprism, and one edge between framework-

Thomsonite (THO) 465

Positional parameters for thomosonite (Zeo. 5:74 (1985»:

Atom x y z( x 10')

NaCa 582()(7) 50360( II) 36141(7)

Ca 49939(28) 47837(11) 49952(27)

Si(l) 25000 25000 68850(11)

AI(I ) 25000 75000 69049(13)

Si(2) 11291(6) 69558(7) 50065(7)
AI(2) 11939(8) 30543(9) 49655(8)
Si(3) 3082()(7) 38501(7) 37805(7)

AI(3) 30947(8) 62405(8) 38045(8)

O{I) 16863(6) 31051(6) 61839(5)
0(2) 15818(5) 69179(6) 61444(5)

0(3) 31248(6) 33136(5) 75655(5)

0(4) 31152(6) 65725(5) 76318(5 )

0(5) 216(6) 63793(4) 50143(7)

0(6) 18380(5) 62980(6) 42414(6)

0(7) 19038(5) 38476(6) 41668(6)

0(8) 10438(5) 81313(6) 46106(6)

0(9) 11829(6) 18031(6) 45256(6)

0(10) 35586(4) 49928(6) 38346(4)
OW(I) 12597(6) 50192(9) 18859(7)
OW(2) 3917)(7) 49760(10) 63937(6 )
OW(3) 0 64972(12) 75000
OW(4) 0 34436(11) 75000

oxygens is shared with a second antiprisrn to
give an infinite chain parallel to c. There is 00

evidence for long-range alternations of Na and
Ca atoms.

Thermal Properties

The DTG shows four peaks of weight loss under
450"C, plus one shoulder. This is in agreement
with the presence of four water sites in the struc
ture; a broad peak occuring between 500 and
70CfC is attributed to dehydroxylation (Nat. Zeo ,
61(1985» .

The vacuum treatment of thornsonite up to
10000C results in complete disappearance of the
absorption at 1620 em" from the infrared spec
trurn , Increasing the temperature to 200°C re
sults in the disappearance of the band at 1680



466 Tipropite (CAN)

T C

Infrared Spectrum

See Thomsonite Figure 3.

Structure

Tiptopite (CAN)
(natural)

ReWed Materials: cancrinite

Tiptopite is a natural berrylophosphate mineral
that was discovered in the Black Hills of South
Dakota in 1985 (Canad. Mineral . 23:43(1985»).

16

DIG

DTA

6 0

~~~s;:...
;1

r----t---+--+------====~~

Thomsanite Fig. 2: Thennal curves of thomsonue ; in
air. healing rate 20OC/min. (Nat. Zeo , 60(1985)).
(Reproduced with permission of Springer Verlag
Publishers)

CHEMICAL COMPOSITION: Li.K .Na,Ca._.
BC6(PO.l6<OH).

SYMMETRY: hexagonal
SPACE GROUP: P6,
UNIT CELL CONSTANTS (A): a = 11.655(5)

c = 4 .692(2)
PORE STRUCTURE: typ ical of cancriniee, 12-01ember

rings 5.9 A in diameter

cm'", attributed to the second step in dehydra
tion . With vacuum treatment at 150"C. a broad
band at 1590 crrr ' appears , which remains until
3000C. The broad vibration bands of the OH
groups disappear upon heating between 450 and
700°C.

Tiptopite is isotypic with basic (hydroxyl)
cancrinite. The framework is composed of BeO..
and PO.. units with complete ordering of Be and
P. In the channels are the large cations and rwo
nonframework oxygens .

zooo

Ttlomsanit.

JOOO 2000

Thom.sontte Fig. J: Infrared spectrum of thomsonite (Nat . Zeo, 348(198511.
(Reproduced with permission of Springer Verlag Publishers)



Positional coordinates in tiptopite (Am. Mineral. 72:816
(1987)):

TMA-E (EAB) 467

Adsorption

x y
Adsorption properties of TiZnAPO-31:

01 3.46 100 - 183 4
0, 750 -183 6
Cyclohexane 6.2 90 24 J
Neoperuane 6.2 700 24 3
H,O 2.65 4.3 24 3
H2O 20 24 10

"Typical amount adsorbed.

p

Be
OJ
02
03
04
Ml

M2
05
06
Oi
08

0 .0851(2)
0.338(1)
0.1902(6)
0 .1378(6)
0 .0547(6)
0.3302(6)
113
0.2207(8)
o
0.064(3)
0 .066(4)
0 .168(4)

0.4167(2)
0.418(1)
0.3&43(6)
0.5647(5)
0.3801(5)
0.3741(6)
213
0 .1137(7)
o
0.130 (4)
0 .130(4)
0.322(4)

314
0.746(5)
0.6.518(15)

0.7027(17)
0 .0688(15)
0 .0862(J7)
0.253(2)
0.7486(30)
0 .253(6)
0 .378(9)
0 .097(10)
0 .236(20)

Adsorbate

Kinetic
diameter, Pressure

A Torr

Temper-
ature WI%

DC adsorbed.

TiZn.APO-31
(EP 158,977(1985»
Union Carbide Corporation

Related Materials: AlP04-31

Structure

Chemical Composition: See XAPO.

X-Ray Powder Diffraction Data: (d(A)(lllo»
1O.40-1O.28(m-s), 4.40-4.37(m), 4.06-4.02
(w-m), 3.93-3.92(vs), 2.823-2.814(w-m).

TiZnAPO-3\ exhibits properties character
istic of a medium-pore molecular sieve. See
AIP04-3 J for a description of the framework
topology.

Synthesis

ORGANIC ADDrnvE
di -n-propylamine

TiZnAPO-31 crystallizes from a reactive gel
with a batch composition of: 1.0-2.0 R : 0.05
0.2 M20 q : 0.5-1 .0 AI20 3 : 0.5-1.0 P205 : 40
100 H20 (R represents the organic additive; q
denotes the oxidation state of the titanium and
zinc (M».

Tl·B (ABW)
(JCS 1949:1253(1949»

See A(BW).

TI-C (ABW)
(JCS Dalton Trans. 934(1974»

See A(BW).

TMA-E (EAB)
(lCS A 1970:1470(1970»

TMA-E first was identified to be an erionire
type structure, but later was shown to be unique.

Structure

(J. Solid State Chern. 37:204(l98 1»

CHEMICAL COMPOSITION: TMA,Na7[AI~in072l·

26HtO
SYMMETRY: hexagonal
SPACE GROUP: P6ymmc

UNIT CELL CONSTANTS (Al: a "" 13.3
c "" 15.2

PORE STRUCTURE: eigne-member rings 3.7 x S.l A

X-Ray Powder Diffraction DatlZ: (lCS A
1970:1470(1970)) (d(A)(lllo» 11.58(2),9.20(78),
7.63(17), 6.65(56), 6.30( 18). 5.77(1), 5.46(18),



468 TMA·E (EAB)

erionite, which is AABAAC. The smaller cages
in this structure are gmelinite-type. The alu
minum atoms are thought to be located in the
double six-rings, whereas the single x-rings may
contain silicon only.

Refined atomic coordinates of the fnuneWOfk atoms of
(Na,TMA)·E at room temperature, 2OO"C. and 35ifC" (J.
Solid SIa1~ Chem, 37:204 (1981)) :

TMA·E FIg. IS: Framework topology.

5.018(2), 4.650(2). 4.588(38), 4.341(5),
4.179(59), 3.842(35), 3.792(3), 3.776(00),
3.716(1), 3.616(64), 3.425(2), 3.332(20),
3.190(2), 3.181(13), 3.120(5), 3.072(3),
3.053(2) , 2.942(23), 2.876(9), 2.863(31),
2.825(58), 2.704(1), 2.691(20), 2.642(15),
2.506(19), 2.492(6), 2.475(5), 2.438(2) ,
(2.385)(1) , 2.342(3). 2.253(4) , 2.214(10),
2.121 (l 0), 1.994(4), 1.969(3). 1.901 (1),
(1.915)(3), 1.901(6), 1.842(l2), 1.785(18),
1.743(1) , 1.709(3) , 1.672(10, 1.660(20),
1.593(9), (1.575)(1) , 1.561(3), 1.529(4).

The TMA-E framework consists of parallel
six-rings in an ABBACC sequence. This differs
somewhat from the stacking sequence found in

Atom

TI

1'2

01

02

03

x y

0.233(2) 0 0
0.249(4) 0 0
0 .249(5) 0 0

0.425(2) 0 .093(2) 0.146(1)
0.43(J(4) 0 .088(7) 0.150(5)
0 .086(4) O.OS6(4) 0 .15;}(4)

0 .309(2) -0.003(2) 0.088(2)
0.305(5) - 0 .008 (6) 0 .087(5)
0 .325(7) 0.OOS(9) 0.082(5)

0.212(2) 0 .106(1) 0.006(4)
0 .202(8) 0.101(4) -0.026(9)
0.214(6) 0.107(3) 0 .011(8)

0.478(2) 0 .239(1) 0.117(3)
0.406(3) 0.203(2) 0.150(5)
0.428(6) 0 .214(3) 0.162(6)

b .JL~~Lt L"-J~
JuJL"JL j' ~J)~

20

DEGREES TWO THETA

TMA-E Fig. Z: Observed lOP and calculated bottom, X-ray powder diffraction pattern
for TMA -E (J. Solid Stale Chem , 37:204(1981». (Reproduced with permission of
Academic Press)
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TPZ-3 (EUO) 469

'.' .
z ..

x y .': t
0.399(3) 0.081(4) 114

: \0.375(6) 0.014(5) 114
0.373(8) 0.009(4) 114 - '\
0.536(2) 0.072(4) 0.106(3)
0.543(2) 0.090(6) 0 .109(5)
0.576(4) 0.152(8) 0 .127(7)

Synthesis

'Based on space group P6l mDlC (with estimated standard
deviations in parenthesis) .

05

04

Atom

Hexagonal unit cell constants (~ 0 .01 A) of (Na.TMA)
E at different temperatures (J. Solid Stat« Chem, 37:204
(1981»:

TMA-E Fig. 3: TGAfDTA of TMA-E (Zeo.
4 :226( 1984». (Reproduced with permission of
Bunerworths Publishers)

Temperature

rCl Q (A) etA)

20 13.28 15.21
220 13.00 15.47
350 12.86 15.51
490 (12.65) (15 .50)"

'VaJ~ calculated from a = 8.948 A of the cubic sodahte-type
product .

when it is heated in air to 350°C. This trans
formation appears to be more pronounced at
higher aluminum concentrations or when the in
organic cation in the structure is Na + . In a sam
ple TMA-E made with K + , the material is stable
to temperatures ofover 500°C. When it is healed
under dry N2• the temperature range over which
this transformation is observed is shifted (Zeo.
4:226( 1984))

TMA-Gismondine (GIS)

ORGANIC xoornvs
tetramethylammonium +

Gismondine structure synthesized in the
presence of the tetra methyl ammonium or
ganic amine cation.

TMA-E crystallizes from a reactive gel with
a molar oxide ratio of: 3.51 Na20 : 3.63 TMA20

: AhO): 13.60 Si02 : 372 H20. Crystallization
occurs at 80°C after 4 to 5 days. Crystals exhibit
a platelike morphology, invariably twinned.
Thermal treatment of this structure results in a
solid state transformation to sodalite (JCS A
J970: 1470(1970».

TMA-O (OFF)

See offretite.

TPZ-3 (EUO)
(EP 51,318(1982»
Teijin Petrochemical Industries

Related MllUriIlls: EU-I

Thermal Properties

An irreversible transformation of TMA-E to a
sodalite-type structure is observed in this system

Structure

Chemical Composition: 0.5-4 M2I"O : Al20 3

: at least 10 Si02 -



470 Triclinic Bikitaite (BIK)

X-Ray Powder Diffraction DalIl: (d(A)(Illo»
11 .29(42,/), 10.28(23.5), 9.94(9.4) , 6.943(3.0,
5.829(4.4), 5.644(4.0), 4.901(1.9). 4.671(37.5),
4.339(100), 4.022(60), 3.834(32.9),
3 .722(23.5), 3 .440(14.4), 3 .376(15.4),
3.278(34),3.164(3.9). 3.JOO(4.4), 2.959(5.6),
2.710(3.9). 2.546(7.9), 2.481(2.5), 2.414(4.6),
2.327(2 .9). 2.301 (2.9).

Syntbesis

ORGANlC ADDITIVES
N,N,N,N' ,N', N'-hcxamethyl -l ,6-hexanediamine

Crystallization of TPZ-3 occurs after 6 to 8
days with temperatures ranging around 160°C.
Ratios of SiO l / AhO] between 50 and 200 have
been investigated. with the higher ratios result
ing in the crystallization of mixtures of TPZ-3
and quartz. The OHlSi02 is between 0.008 and
0.5. At high aluminum contents, analcite and
rnordenite predominate. In the absence of the

organic additive, only quartz and mordenite
crystallize.

Triclinic Bi1citJJite (BIK)
(lb. Miner. Mh. 241(1986»

See bikitaite.

TS-l (MFI)
(US4,410,501(1983»
Snamprogetti S.P.A.

RelaUd MattritJls: ZSM-5

Structure

Chemical Composition: .xTi02 ; (I - x) Si02

(x = 0.0005--0.04).

X·Ray Powder Diffraction Data: (d(A)(I/lo»
11.14(vs). 9.99(5). 9.74(m), 6.702(w),

28
5 10

t f , , I I • I I , ,

15 20 25

DEGREES TWO THETA

35

TPZ-3 Ftg. I: X-ray powder diffraction pattern for TPZ-3 (EP 51.3J8(1982)).
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6 8 10 12 14 16 18 20 22 24 26 2B 30 32 34 36 3B

TS-t Fig. I: X-flly powder diffraction pattern for TS- J (US4,4JO,501 (J983)).

6.362(mw), 5.993(mw), 5 ,698(w), 5.574(w),
5.025(w), 4.980(w), 4.360(w), 4.26O(mw),
3.855(5), 3.819(s), 3.751(s), 3.720(5), 3.646(m),
3.444(w), 3.318(w), 3.051(mw), 2 .988(mw) ,
2.946(w), 2.D14(mw), 1.994(mw).

See ZSM-5 for a description of the frame 
work topology.

Synthesis

ORGANIC ADDITIVE
tetrapropylamrnonium ~

Infrared Spectrum

TS-l FIg . 2: Infrared spectrum showing the extra
vibration occurring at 950 cnr ' attributed to the presence
of framework titanium (1)54.410,501(1983».

TS-[ crystallizes from a titanosilicate gel with
a TiOiSi02 molar oxide ratio between 35 and
65, an OHlSi02 between D.3 and 0.6, and a
RJSi02 ratio between 0.4 and 1.0 . Crystalliza
tion occurs after 10 days at 175°C.

1000 800
I I



472 Tschernichue (BEA)

Tschemichite (BEA*)
(natural)

Reklted Structures: beta

Tschernichite is found near Goble, Oregon and
first was reported with boggsite in 1990 (Am .
Mineral. 75: 1200(1990».

Structure

(JCS Chem , Commun. 363(1991)

CHEMICAL COMPOSITION: CaSi~bO'6·8HzO

SYMMETRY: tetragonal
UNIT CELL CONSTANTS (A): Q = 12.88

c = 25.02

X-Ray Powder Diffradion Data: (d(A)(/Ilo»
25.98(2), 12.52(10), 11.36(32),6.24(7),5.63(2),
4.97(2), 4.74(2), 4.45(2), 4.22(14), 4.12(1),
4.02(1 (0), 3.971 (4), 3.708(6), 3.651(2),
3.569( 13), 3.500(7), 3.333(5), 3.156(16),
3.062(15), 2.990(7), 2.950( I), 2 .818(2),
2.730(10) , 2.617(2), 2.527(5), 2.439(3),
2.300(1), 2.220(2), 2.191(2), 2 .164(2),
2.114(16).

Tbermal Properties

See Tschemichite Figure 2.

Infrared Spectrum

See Tschemichite Figure 3.

TSZ (MFI)
(EP 101,232(1984»

See ZSM-5.

TSZ-111 (MFI)
(EP 170,751(1986»

See 25M·5.

Tugtupite (SOD)
(natural)

Relmed Materials.. sodalite

Tugtupite originally was referred to as be
ryllium sodalite or beryllo-sodalite; however,
tugtupite was the name suggested based on the
origin of the mineral samples (Tugtup Agta
korfia, South Greenland) (Acta Crystallogr .
2O:812(1966» .

2. II( r-------------.----------------,

DEGREES 1WO THETA

Tsclternkhhe Fig. I: X-MiY powder diffraction pattern of Tschernichite, (Reproduced with
permission of A. Long, Georgia Tech)
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474 Type A (LTA)

Structure

(Acta Crystallogr , 20:812(1966)).

CHEMICAL COMPOSmON: NaaAhBe~jg~.(CI.Sh

SYMMETRY: tetragonal
SPACE GROUP: 14

UNIT CELL CONSTANTS (A): a = 8.583
c = 8.817

In the chemical formula of this mineral the
sulfur content accounts for only 5% of the (Cl ,S)
content. The structure of tugtupite consists of
M04 tetrahedra linked, where M is Be, AI, and
Si , One third of the rings contain only Si; the
rest have Be, Si, and AI alternating. The Be
and At-containing tetrahedra are not distorted,
but the 5i04 units are distorted. Of the four 0
atoms in this unit, two are bound to other Si
atoms with one coordinated to a Be and theother
to an AI. The sodium and chloride ions are con
tained within the beta cages.

Atomic coordinates for tugtupite (Acro Crystallogr.
20:812 (1966)):

Type B (GIS)

A disused term for synthetic gisrnondine.

Type C (ANA)

A term used by Union Carbide workers for syn
thetic analcime.

Type G (CHA)

Synthetic chabazite prepared in the presence of
potassium cations (see chabazite).

Type R (ellA)

Synthetic chabazite prepared in the presence of
sodium cations (see chabazite) .

Type W (MER)

Type W was used to identify a synthetic form
of zeolite W.

Type Y (FAU)
Atom :cJa ylb zle

See Linde type Y.
0(1) 0.1471(8) 0.))32(8) 0.4431(13)
0(2) 0.3467(9) 0 .0362(9) 0.6512(15) Type Y (FAU)
0(3) 0.4261(8) 0.1506(8) 0.1347(14)
Na 0.1575(5) 0 .1970(5) 0 .1&15(8)

See Linde type Y.Si 0 .0134(3) 0.2535(3) 0.4956(5)
Be 0.(0) 0.5000 0.2500
Al 0.0000 0.5000 0.7500 TZ-OI (MFI)
CJ 0.0000 0.0000 0.0000 (EP 57,016(1982»

Type A (LTA) See ZSM-5.

See Linde type A.
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Ultramarine blue (SOD)

R~lated Materials: sodalite

Ultramarine blue or "blue from beyond the sea"
has a brilliant blue color and belongs in the
ultramarine pigment family. The word "ultra
marine" is derived from Latin, where ultra means
over or from beyond and mare means ocean or
sea. The natural source of the ultramarine blue
is the mineral lapis lazuli, which is composed
of three different sodalites-i-hayne, sodalite, and
lazurite; the distinguishing chemicals for these
sodalites are sodium sulfate. sodium chloride,
and sodium sulfide, respectively.

Structure

Ultramarine blue is a sodium-alumino-sulfo-sil
icate that is closely related to the sodalite crystal
structure (see sodalite) . The typical composition
of ultramarine blue is: 37-50% Si02 : 23-29%
Ah03: 19-23% Ns20 : 8-14% S.

Thermal Properties

Ultramarine blue is heat-resistant up to temper
atures greater than 350°C.

Ultrasil (MFI)
(J . Phys. Chern. 55 :1175(1981))

See ZSM·5.

Ultrazet (MFI)
(Casal. Lett. 20:431(1982»

See ZSM-5.

USC-4 (MFI)
(US4,32S,929(1982»
Union Oil

USC-4 is a silica polymorph of the ZSM-5 type
structure.

US/·108 (MFI)
(US4,423,020(1983»

See ZSM-5.
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VAPO·5 (AFI)
(EP 158,976(1985»
Union Carbide Corporation

RelaJed Maurials: AIP04-5

Structure

Chemical Composition: See FCAPO.

X-Ray Powder Diffractum Dala: (d(A) (1110»
12.1-11.56(m-vs), 4.55-4 .46(m-s). 4.25
4. 17(m-vs) , 4.00-3.93(w-vs), 3.47-3.40
(w-m).

VAPO-5 exhibits properties characteristic of
a large-pore molecular sieve. See AIP04-5 for
a description of the framework topology.

Synthesis

ORGANIC ADDITIVE
tripropylamine

VAPO-5 crystallizes from a reactive gel with
a batch composition of: 1.0-2.0 R : 0.05--0.2
V20 S : 0.5-1.0 AhO) : 0_5-1.0 P20S : 40-100
H20 (R represents the organic additive) .

Adsorption

VAPO-n (AEL)
(EP 158,976(1985»
Union Carbide Corporation

Related MaJerials: AlP04-11

Structure

Chemical Composition: See FCAPO.

X .Ray Powder Diffraction Data: (d(A) (1/10»
9.51-9. I7(m-6), 4.40-4.31(rrH), 4.25-4.17(s
vs). 4.04-3 .95(m-s), 3.95-3 .92(m-s). 3.87
3.80(m-vs).

V APO-II exhibits properties characteristic
of a medium-pore molecular sieve. See AlP04

II for a description of the framework topology.

Synthesis

ORGANIC ADDITIVE
di-n-propylamine

VAPO-II crystallizes from a reactive gel with
a batch composition of: 1.0-2.0 R : 0.05--0.2
V20 S : 0.5-1.0 AbO) : 0.5-1.0 P20.s : 40-100
H20 (R refers to the organic additive).

Adsorption

Adsorpnon properties of VAPO-5: Adsorption properties of VAPO-II :

Kinetic Temper- Kinetic Temper-
diameter. Pressure srure Wt% diameter, Preuure anire Wt%

Adsorbate A Torr "C adsolbed- Adsorbate A Torr 'C adsorbed"

O2 3.46 tOO -183 7 0, 3.46 100 - 183 5
0, 750 -183 10 O2 750 -183 6
Neopel1tane 6.2 700 24 4 Cyclohexane 6.0 90 24 4
H.10 2 .65 4.3 24 4 H,o 2.65 4.3 24 6
HIO 20 24 12 H,o 20 24 8

"Typical amount adAorbod. "Typical amount adsorbod.
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Yariscite
(natural)

Variscite first was described as peganite in 1830,
and then as variscite in 1837 (Encyclopedia of
Minerals 648(1974)) . A natural mineral, var
iscite is found in deposits of phosphatic meteoric
water on alumina-rich rocks. It also is found
associated with crandallite and other phosphate
minerals.

Structure

(Acta Crystallogr..B33:263( 1977)

CHEMICAL COMPOSITION: AlPO.·2H20

SYMMETRY: orthorhombic
SPACE GROUP: Pbc.a
UNIT CELL CONSTANTS (A) : a = 9.87

b = 9.57
c = 8.52

DENSITY: 2.57 glee

PORE STRUcruRE: very small -pore , condensed
material

Var\sdte FiR- 15: Framework topology.

Variscite 477

X-Ray PowderDiifractU>n Data: (Bull. Chern.
Soc. Fr. 1762(L961) (synthetic variscite) (d(A)
(/110)) 5.38(vs), 4 .83(5), 4.28(vs), 3.9O(s),
3.64(m) , 3 .21(m), 3.05(vs), 2.92(5), 2.87(s),
2.64(m), 2 .58(m), 2 .49(m), 2.45(m) , 2.40(m),
2.34(m), 2.29(w), 2.2O(w) . 2.14(mw), 2.085(m),
2.050(w), 2.018(w), 1.960(m). 1.945(m),
1.918(w), I. 860(m), I. 843(w), I.780(w),
1.753(m), 1.718(w), 1.605(m), I. 592(m) ,
1.576(m), 1.559(m). I.520(ms), 1.500(m).

The P04 tetrahedra share vertices with four
Al04(OH0 2octahedra in the variscite structure,
result ing in a three-dimensional network of six
member rings . The AI-O distances are 1.963(4)
and 1.909(4) A for the two water molecules,
which coordinate to the aluminum in the struc
ture in a cis configuration. Hydrogen bonding
is observed with the phsophate oxygen atoms.
Only three of the four water hydrogens partic
ipate in hydrogen bonding in this structure.

Atomic parameters for varisc ite (Acta Crystallogr ,
833:263 (1977» :

.t Y z

AI 13389(7) 15500(8) 16841(6)
p 14779(6) 46844(6) 35284(6)
01 1118()(16) 29870(19) 31525(17)
02 4030(17) 58186(21) 29453(17)
03 28545(16) 51247(20) 29OO6{J6)

04 14997(16) 47916(19) 5J224{16)
OWl 6041(19) 32564(23) 5469(19)
0W2 30726(18) 23597(21) 11499(19)
HII 63(5) 310(5) -28(4)
Hl2 -12(5) 311(5) 68(4)

Synthesis

ORGANIC ADDITTVES
none

Synthetic variscite is prepared under low
temperature (ca. 80-100°C) hydrothennal con
ditions with phosphorous oxide to alumina ratios
of 2.73 . A very acidic pH in the reactive gel
(ca . I) is observed, and crystallization is ob
served between 8 and 24 hours (Bull. Chern.



478 Viseite (ANA)

Soc. Fr. 1762(1961». Other phases present in
the crystallization mixture include rneravaris
cite, AIP04-H I , -H2, and -H3. The amounts of
these other phases formed depend on the time
of crystallization and the degree of dilution. In
crystallization mixtures employing organic ad
ditives, variscite will crystallize between 55 and
125"C and usually in combination with H3 and/or
metavariscite (6th /ZC 97(1983» . In these sys
tems the organic does not appear to play a role
in the crystallization of the structure.

Thermal Properties

Upon heating to between 100 and 200°C, var
iscite is transformed to AIP04-B . TGA studies
show that the loss of both associated waters
occurs between these temperatures. AlP04-B will
rehydrate to variscite . In addition, partial re
hydration can occur 10 produce AIP04-H5

(H 20 /AIP04 = I). When AlP04-B is heated to
400°C. further condensation occurs with the for
mation of tridimite and small quantities of cris
tobalite.

Viseite (ANA)
(natural)

(See analcime.) Viseite is a natural silicalumi
nophosphate related to analcime, with the com
position Na~aloCAlwSW>IO060(OH)JJ* 16H20.

It has cubic symmetry with a = 13.65 A (Ann .
Soc. Geol. Belg. Bull. 66:b53(1943».

VPI-5 (VIl)
(Nature 331:698(1988)

Related Materials: AlP04-Hl

MCM-9
AIP04 -54
AIP04-HI(GTRJ)

Structure

(ZeD. 1I:308(199 1))

2

o
N

~ 1
E

200 "'00

CHEMICAL COMPOSmON: A1PO.
SYMMETRY : hexagonal
SPACE GROUP: P6J

UNIT CELL DIMENSIONS CAl; ll'" 18.9752
c.., 8.1044

PORE STRUCTURE: unidimensional 18-member ring.
12-13 A pore opening

Temperature' C

Varisdte Fig. 2: (bottom) DTA of synthetic variscite
and (top) TGA of synthetic variscite (J . Appl. Chem.
13:17(1963); Bull. Chem, Soc . Fr. 1762(196/)).
(Reproduced with permission of Socil!cl! Francaise de
~mje) VPI-5 Fig. IS: Framework topology.
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VP)-5 Fig . 2: Xvray powder diffraction pattern of VPI-5 (UO. 8:362(1988)).
<Reproduced with permission of Bunerworths Publishers )

PosiliOllal parametel3 for VPI·5 Cao. 11:308 (J 99 J»:
X.Ray Powder Diffraction Data: (Zeo .
8:362(1989» (d(A) (1110» 16.43(1 ooi. 9.49(2),
8.23(14), 6.21(6), 5.48(2), 4.75(6), 4.08(20),
4.05(22), 3.97(14). 3.94(15), 3.77(0), 3.64(4),
3.41 (2), 3.28(6), 3.17(5) , 3.08(7), 3.03(4),
2.95(8), 2.90(5), 2.74(7), 2.63(2), 2.50(3),
2.35(3) .

The VP! -structure consists of unidimensional
l S-rnember-ring channels. The channels are
formed from six-rings alternating with two four
member rings. The aluminum and phosphorus
in this type of structure are found to occupy
tetrahedral oxide framework positions. The
structure is similar to the theoretical net 81(I )
of Smith and Dytrych (Nature 309:607(1984».
The 18-member-ring pore opening is circular
with a diameter around 12 to 13 A.

In the hydrated state the aluminum ions pre
sent in the double four member ring occupy
octahedral sites . Two of the six oxygen atoms
completing the coordination are from water mol
ecules .

Atom

AI(I)

Al(2)
AI(3)
P(I)
P(2)
P(3)
0 (1)
0(2)
0(3)
0(4)

0(5)
0(6)

0(7)
0(8)
0{9)
O{IO)

O{II)

0(1 2)

x

0.385(1)
0.474(1)
0.654(1)
0 .550(1)
0.311(1)
0.507(1 )
0.470(2)
0 .431(2)
0 .322(2)
0.430(2)
0 .540(2)
0.619(2)
0 .512(2)
0.378(1)
0.474(2)
0.311(1)
0.575(1)
0.739(1)

y

-0.001(2)
-0.173(1)

0.169(1)
-0.001(1 )
- 0 . 185(1)

0 .185(1)
0 .001(3 )
0.009(2)

- 0. 112(2)
0.111(2)

-0.074(2)
0.072(2)

-0.231(2)
- 0 .206( 2)
-0.175(2)
- 0.168(2)

0 .195(2)
-0.236(1)

0.239(3)
0.204(4)
0.198(3)
0 .358(3)
0 .320(3)
0.309(4)
0.339(4)
0 .037(4)
0 .223(4)
0.255(5)
0.264(5)
0.278(4)
0 .280(5)
0.280(4)

- 0 .0 15(4)
0.500·
0 .198(4)
0.315(5)
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VPI·S F1g. 3: Thermogravimetric analysis of VPI-5. Heating rate : (A) ,oOmin (B) 200min. (C)
800min, (0) 25°0min, (E) 3ifCJmin. Insert ; differential scanning calorimetry of VPI·5; heating rate
'"C/min (lACS 111 :3919(1939» . (Reproduced with permissionof the American Chemic.al Society)

Adsorption

Adsorption capacity of VPI-5 at PIPo = 0,4 (lACS
III :3919 (1989));

Tbennal Properties

See VPI-5 Figure 3.

0.351
0.228
0.198
0.J56
0.148
0.117

Capacity, em 3/g

2.65
3.46
4.30
6.0
6.2
8.5

Kinetic
diameter,

A

Infrared Spectrum

Mid-infrand Vibrations (em-I): 1265 m,
116Os, l055s. 75Omw. 61Omw, 515m, 465m.

HO,
0,
n-Hexane
Cyclohexane
Neopentane
Triisopropylbenzeae

Synthesis

This a1uminophophate was prepared from a
gel composition of: OPA: A 120 3: P20S: 40 H20 ,
or TBA(OH): A 1203: P20,; 50 H20 , using pseu
doboehmite as the source of aluminum with tem
peratures ranging between 140 and 1500C for
24 hours. The starting pH is dependent on the
nature of the organic additive. The initial pH of
the reaction mixture begins around 4 to 6 and
ends around 7 (ACS Sym. Ser. 398:291(1989».
When n-dibutylamine is used to encourage crys
tallization of this material, aluminum isopro
poxide is used as the source of aluminum from
a similar gel composition: DBA: A1203: PzO,:
40 H20. Crystallization occurs after 8 hours un
der these conditions (Appl. Catal. 56:L2t
(1989») .

ORGANIC ADDITIVES
n-dipropylamine
tetraburylarnmonium •
n-dibrd'jlamin~
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Water adsorption properties of VPI-5 and (b) VPI-5
calcined [0 AlPO.-S; kineric diameter of H,o -= 2.65 A
(from author) :

(a) H,O adsorption dat.a for VPI·5 :
0.5 2.41 0.92 0.0
1.0 10.02 2.19 0.42
2.0 17.78 10.86 1.62
5.0 20.75 16.82 9.55

10.0 22.42 19.15 13.70
17.0 24.15 20.20 15.10

(b) H,O adsorption data for VPI·S calcined (AlPO.-8):
0.5 1.76 0.96 0.59
1.0 .US 1.69 0.98
2.0 5.97 3.09 1.56
5.0 15.37 7.91 3.13

10.0 17.91 14.81 5.91
17.0 19.45 16.93 11.52

%Wt
adsorbed
(50·C)

%Wt
adsorbed
(35"C)

%Wl
adsorbed
(20"C)

Pressure
Torr

I
)

I ( I I I
noo 1100 aoo 6a0 400

ern"

80-

~

'5
;;;

~
%

""c: <0-...

1CO-

Vl'1-5 Fig. 4: Infrared spectrum of VPI·5.
(Reproduced with permission of K. Vinje, U. of Oslo)
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w Synthesis

See Linde W. ORGANIC ADDmVES

T6

DTG

DTA

TI'e)
2 0 • 0

WaJraklte FIg. I: Thermal curves of wairakite from
Wairakei, New Zealand. in air. heating rate 2ifOmin
(Nol . Zeo. 90(1985». (Reproduced with permission of
Springer Verlag Publishers)

none

Several attempts have been made to synthe
size wairakite from calcium-containing gels. A
crystalline phase thought to be wairakite was
formed from Ca(OHh, hydrated alumina. and
silica gel at 300°C (Chemie der Erde 10:129
(1936» . Preparation through ion exchange of
analcime was only partially successful, as only
limited replacement takes place (JCS 2342
(1950» . Decomposition of mordenite at 325 to
400°C has resulted in the generation of wairakite
(Am. Mineral. 43:476 (1958». Reactive mix
tures that will result in this phase include:
CaO :AhOJ:4.7Si02 . Temperatures range be
tween 200 and 400°C, requiring 4 weeks ofcrys
tallization (Cryst . Res . Technol. 20:K90 (1985».

i~
• .'I-- - -1-- - -+- - -=t== =----1---::..::.

Structure

(Nat. Zeo . 76(1985»

See analcime for a description of the struc
ture.

X-Ray Powder Diffraction DaJiJ: (Zeo , Mol.
Sieve. 240(1974)) (d(A) (l/Io» 6.85(40),
5 .57(80), 4.84(40) , 3 .64(30) , 3.42(60),
3.39(100), 3.2t{< IObr), 3.04-3 .06(10br),
2.909(50), 2.897(30) , 2.783(10), 2.770(0),
2.680(40), 2.67(10), 2.50«10), 2.489(40),
2.418(30), 2 .35« IObr), 2.26-2.28( JObr),
2.215(40), 2.17«10), 2.147(10), 2.115(10),
2.095«10), 1.996(20), 1.93«IObr), 1.886
1.895 (30br), 1.867 (JO), 1.844 (10), 1.822
«JObr), 1.722-1.732 (40br) , 1.708 «JO),
1.696 «10), 1.680 (20br), 1.66 «lObr), 1.612
(10br), 1.595 «10), 1.986 (20).

CHEMICAL COMPOSmON: Ca&(AI,<>SinO~).. t6H,0
SYMMETRY: monoclinic-pseodocubic
SPACE GROUP: Is or Ial2
UNIT CELL CONSTANTS (A): a = 13.69

b = 13.56
c = 13.56
.a = 90.5

PORE STRUCTIJRE: highly distorted eight-member
rings

Wairakite is a calcium ion-containing zeolite
with the analcime structure. It first was discov
ered by Steiner in 1955, in Wairakei, New Zea
land (Nat . Zeo . 76 ( 1985».

Wairakite (ANA)
(natural)

Related Materials: analcime
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Higher temperatures appear to produce better
quality cubic crystals (JCS 983(1961». Lau
montite, which has the same chemical formula
as wairakite but more zeolitic water, also can
be formed in this system at high temperatures .
Anorthite and quartz also are high-temperature
phase products.

Thermal Properties

Water desorption occurs in two steps in wair
akite, at 360 and at 500°C.

Wellsite (PHI)
(natural)

Relaled Materials: phillipsite

Wellsite is an intermediate member of the phil
lipsite-harrnotorne group of mineral zeolites,
composed of a mixed population of Ba and K
with very low Na/Ca ratios . It sometimes occurs
with chabazite , phillipsite, analcime, leonhar
dite, and calcite (Nat . ZeD. 143(1985».

Structure

X-Ray Powder Diffraction Data: (Nat. Zeo.
328(1985» (d(A) (Il/o»8.15(19), 7.13(100),
6.41(19),5.36(24),5.05(23),4.96(19),4.30(16),
4.11(65),4.07(26), 3.962(5), 3.922(5), 3.684(3) ,
3.474(5), 3.263(38), 3.220(31), 3.189(100),
3.138(58). 3.093(7). 2.934(23), 2.752(30),
2.702(27), 2.690(47), 2.669(20), 2.569(7),
2.537(6), 2.528(9), 2.479(3), 2.388(5), 2.337(7),
2.311(4), 2 .250(7). 2 .228(4), 2.159(5) ,2.072(5),
2.058(5), 2.003(3), 1.963(7).

Wellsite (PHI) 483

,
20

Weilsite Fig. I: X-ray powder diffraction pattern of
phillipsite from Monte Somma (P). weJlsite from Buck
Creek (WBC). wellsire from Vezna (WV). and
harmotorne from Korsnas (H). Note the prominent
changes in relative intensities of several reflections,
particularly in the groups located at 10-14·, 16-18",10
24°. and 27-29° (N . lb . Miner , Abh , 128:312(1977».
(Reproduced with permiss ion of Neues Jahrbuch fii:r
Mineralogi~)

Thermal Properties

The thermal curves of well site appear very sim
ilar to those recorded for harmotome. The sig
nificant difference occurs with the last water loss
peak, which shifts to a higher (ca. 350°C) tem
perature (Nat. Zeo . 144(1985». See Wellsite
Figure 2.

Unit cell dimensions of wellsite samples (N . lb . Miner, Abh. 128:312 (1977»;

am CA) b...(A) em (A) ~ v, (tV) e. (A) v, (Al)

Vczna 9.882 14.222 8.704 124.48 1004.5 14.294 2008.9
M. Calvarina 9.909 14.246 8.710 124.41 101l.l 14.327 2022.5
Bucks Creek 9.878 14.246 8.696 124.54 10.003.5 14.263 2007.1
Kunsy 9.869 14.214 8.679 124.51 999.1 14.243 1998.0

m ; monoclinic: 0 ; orthorhombk



484 Willhendersonite (CHA)

CHEMICAL COMPOSITION: KzCa2(A~io02,.)·10H,o
SYMMETRY: triclinie
SPACE GROUP: PI
UNIT CELL CONSTANTS CAl: II = 9.20

b = 9.18
c = 9.49
a = 92"36'
~ = 92"26'
'Y = 90°3'

PORE STRUcruRE: intersecring eight-member rings

Structure

(Nat. Zeo. 175((985»

OTA

DTG

we)
I CC4 0

chabazite structure after William A. Henderson,
who determined the material to be composi-

::i tionally unique (Nat. Zeo, 176(1985)).
~ 10
i:;

~ IS TG

WeUslte Fig. 2: Thermal curves (}f wellsite from
Monte Calvarina, It8Iy; in air, healing rate 2ifC1rnin
(Nol. ZeD. 145(1985» . (Reproduced With permission of
Springer Verlag Publishers)

Willhendersonite (eRA)
(natural)

Related Materitzls: chabazite

Willhendersonite is the name given in 1984 to
the potassium calcium aluminosilicate with the

X.Ray Powder Diffraction Data: (Nal. Zeo.
334(1985)) (d(A) (1110)) 9.16(100), 5.18(30),
4.71(5),4.57(5), 4.27(2),4.09(40), 3.93(20),
3.82(20), 3.71(30), 3 .06(10) , 3.01(10),
2.907(60), 2.804(50), 2.746(2), 2.674(1) ,
2.538(20), 2.508(20), 2.429(l0), 2.264(15),
2.209(1), 2.163(15). 2.078( 10). 2.042(10),
2 .004(5) , 1.979(5) .
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See Linde Type X

XAPO
(EP 158,977(1985»
Union Carbide Corporation

"XAPO" is an acronym that designates metal
substituted aluminophosphate molecular sieves
where X can be iron or titanium in combination
with cobalt. magnesium, manganese, or zinc.
The numerical designation after the acronym,
as in XAPO-5, represents a topological code.
See XAPO Figure I.

XAPO-S (AFI)
(EP 158,977(1985)

RelJJled Malerilzls: AlP04-5

X-Ray Powder Diffraction Data: (dCA) (/JIo)
12.1-1 I.56(m-vs). 4.55-4.46(m-s). 4.25-

4. 17(m-vs), 4.00-3.93(w-vs), 3.47-3.40
(w-m).

XAPO-5 materials exhibit properties char
acteristic of large-pore molecular sieves.

XAPO-Il (AEL)
(EP 158,977(1985»

Related Malerilzls: ALP04-11

X-Ray Powder Diffraction Data: (d(A) (IJla))
9.51-9. J7(m-s), 4 .40--4.3J(m-s), 4.25-4.17(s
vs), 4 .04-3.95(m-s), 3.95-3.92(m-s), 3.87
3.80(m-vs).

XAPO-II materials exhibit properties char
acteristic of medium-pore molecular sieves .

XAPO-14
(EP 158,977(1985»

Related MaterUzJs: AIP04-14

XAPO Fig. 1: Producl compositional range (broad) for >cAPO molecular
sje~es (EP 158.977( J985)).
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486 XAPO-I6

X-Ray Powder Diffraction Data: (d(/>..) (1110»
1O.3-9.93(v5), 6.81(w), 4.06-4.00(w), 3.51(w),
3.24(w), 3.01(w).

XAPO-14 exhibits properties of small pore
molecular sieves.

XAPO-16 (AST)
(EP 158,977(1985»

RelaJed Materials: AlPO,,-16

X-Ray Powder Diffraction Data: (d(/>..) (lIla»
7.83-7.63(m-vs), 4.75-4.70(w-s), 4.06
3.99(m-vs), 3.363-3.302(w-m), 3.008
2.974(w-m).

XAPO-16 materials exhibit properties of very
small-pore molecular sieves.

XAPO-17 (ERI)
(EP 158,977(1985»

RelaJed MaterUzls: AlPO,,-17
erionite

X.Ray Powder Diffraction' Data: (d(A) (lIJo»
11.5-11.4(vs), 6.61(s-vs), 5.72-5.70(s), 4.52
4.51(w-s), 4.33-4.31 (vs), 2.812-2.797(w-s) .

XAPO-17 materialsexhibit propertiesof small
pore molecular sieves.

XAPO-18 (AEn
(EP 158,977(1985»

Reltzted Materials: AlP04-18

X·Ray Powder Diffraction Data: (d(A) (/1/0»
9.21-9.16(vs), 5.72-5.70(m), 5.25-5.19(m),
4.41-4.39(m), 4.24-4.22(m), 2.814-2.755(m).

XAPO-18 materials exhibit properties char
acteristic of small-pore molecular sieves.

XAPO-20 (SOD)
(EP 158,977(1985»

Relilted Materials: AlPO,,-20
sodalite

X-Ray Powder Diffraction Data: (d(A) (/1/0))
6.46-6.22(m-vs), 4.54-4.44(w-s), 3.70
3.63(m-vs), 2.614-2.546(vw-w) , 2.127
2.103(vw-w).

XAPO-20 materials exhibit properties char
acteristic of very small-pore molecular sieves.

XAPO-31 (ATO)
(EP 158,977(1985»

Relmed Materials: AIPO,,-31

X-Ray Powder Diffraction Data: (d(A) (/110»
lO.40-1O.28(m-s), 4.40-4 .37(m), 4.06-4.02
(w-m) , 3.93-3.92(vs), 2.823-2.814(w-m).

XAPO-31 materials exhibit properties char
acteristic of medium-pore molecular sieves.

XAPO-33 (ATT)
(EP 158,977(1985»

Re1LJted Materials: AIPO,,-33

X-Ray Powder Diffraction Datil: (as-synthe
sized form) (d(P..) (/Ilo»9.56-9.26(w-m), 7.08
6.86(V5), 5.25-5.13(w-m). 4.34-4.25(w-m),
3.73-3.67(w-m), 3.42-3.38(w-m), 3.27
3.23(V5); (calcined fonn) (d(A) (//10» 6.73
6.61(vs), 4.91-4.83(m), 4.82-4.77(m), 3.36
3.34(m), 2.80-2.79(m).

XAPO-33 materials exhibit properties char
acteristic of small-pore molecular sieves.

XAPO-34 (CHA)
(EP 158,977(1985»

Re1LJted MlJIerinls: AIP04~34

chabazite

X-Ray Powder Diffraction Data: (d(A) (/110»
9.41-9. 17(s--vs) , 5 .57-5.47(vw-m), 4.97
4.82(w-s), 4.37-4.25(m-vs), 3.57-3.51(vw
s), 2.95-2.90(w-s) .

XAPO-34 materials exhibit properties char
acteristic of small-pore molecular sieves.

XAPO-35 (LEV)
(EP 158,977(1985»

R~laUd Materials: levyne

X-Ray Powder Diffraction DaJtl: (d(A) (/110»
8.19-7.97(m), 5. 16-5. lO(s-v5), 4.23-4.18
(m-s), 4.08-4.04(vs), 2.814-2.788(m).



XAPO-35 materials exhibit properties char
acteristic of small-pore molecular sieves.

XAPO·36 (ATS)
(EP 158,977(1985»

Related Malerials: MAP0-36

X-Ray Powder Diffraction Data: (d(A) (//10»
11.5-1 I.2(vs), S.47-S .34(w-m). 4.70-4.60
(rn-s), 4.31-4.27(w-s), 4.08-4.04(m), 4.00
3.95(w-m) .

XAPO-36 materials exhibit properties char
acteristic of large-pore molecular sieves.

XAPO-37 (FAU)
(EP 158,977(1985))

Related Materials: SAPO-37
faujasite

X-Ray PowderDiffraction Data: (d(A) (1/10»
14.49-14.03(vs), 5.72-S.64(w-m). 4.80
4.72{w-m), 3.79-3.75(w-m), 3.31-3.29(w-m).

XAPO-37 materials exhibit properties char
acteristic of large-pore molecular sieves.

XAPO·39 (ATN)
(EP 158,977(1985»

Related Materials: AlP04-39

X-Ray Powder Diffraction Data: (d(A) (1110 )

9.41-9.21(w-m), 6.66-6.51 (rn-vs), 4.93
4.82(m), 4. 19-4.13(m-s), 3.95-3 .87(s-vs) ,
2.96-2.93(w-m) .

XAPO-39 molecular sieves exhibit adsorp
tion properties of small-pore molecular sieves .

XAP0-40 (AFR)
(EP 158,977(1985»

Related MaJerials: SAPO-40

X-Ray PowderDiffraction Data: (d(A) (1/10»
11.79-l1.48(vw-m), IL05-10.94(s-vs), 7.l4
7.08(w-vs), 6.51-6.42(m-s) , 6.33-6.28(w-m).
3.209-3. 187(w-m).

XAP0-40 materials exhibit properties char
acteristic of large-pore molecular sieves.

XAP0-46 (AFS) 487

XAP0-41 (AFO)
(EP 158,977(1985)

Relaud MaJerials: SAPO-41

X-Ray Powder Diffraction Data: (d(A) (1//0»
6.5l-6.42(w-m), 4.33-4 .3 I(w-m) , 4.21
4. l7(vs) , 4.02-3.99(m-s), 3.90-3.86(m), 3.82
3.80(w-m), 3.493-3.440(w-m).

XAP0-41 materials exhibit properties charac
teristic of medium-pore molecular sieves.

XAP0-42 (LTA)
(EP 158,977(1985))

Related Materials: SAPO-42
Linde type A

X-Ray PowderDiffraction DatiJ: (d(A) (11/0»
12.36-11.95(m-vs), 7.08-6.97(m-s) , 4 .09
4.06(m-s). 3.69-3 .67(vs), 3.273-3.255(s),
2.974-2.955(m-s).

XAPO-42 materials exhibit properties char
acteristic of small-pore molecular sieves.

XAPO-44 (CHA)
(EP 158,977(1985»

Related MaJerials: chabazite
SAPO-44

X-RayPowder Dijfra£tion Data: (d(AHI/Jo»
9.41-9. 26(vs), 6.8 1-6.76(w-m) , 5.54-5.47(w
rn), 4.31-4.26(s-vs), 3.66-3.65(w-vs), 2.912
2.889(w-s) .

XAPO-44 materials exhibit properties char
acteristic of small-pore molecular sieves.

XAP0-46 (AFS)
(EP 158.977(1985»

Related Materials: MgAPSO-46

X-Ray Powder Diffraction Data: (d(A.) (1110»
12.3-10. 9(vs), 4.19-4.08(w-m), 3.95-3.87(vw
rn), 3.351-3.278(vw-w), 3. I32-3.079(vw-w).

XAPO-46 materials exhibit properties char
acteristic of large-pore molecular sieves.



488 XAPO-47

XAP0-47
(EP 158,977(1985)

Relaied MauriDls: MgAPO-47

X-Ray Powder Diffraction Datil: (d(A) (11/0»
9.41(vs), 5.57-5.54(w-m), 4.33--4.31(s), 3.63
3.60(w), 3.45-3.44(w), 2.940-2.931(w).

XAPO-47 materials exhibit properties char
acteristic of small-pore molecular sieves .
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See Linde type Y.

Yugawaralite (YUG)
(natural)

Relaled Maierials: Sr-Q

The name yugawaralite was proposed by the
Japanese workers Sakurai and Hayashi in 1952
for the locality in which this zeolite first was
found (Yugaware Hot Springs in Japan) tNat ,
Zeo, 110 (1985» . Since its initial discovery,
crystals of this rare zeolite have been found in
Italy, Alaska, India, and Iceland.

The framework structure of yugawaralite
consists of four-, five-, and eight-member rings.
The two-dimensional channel system lies in the
ac plane and is 1I. small-pore zeolite possessing
eight-ring openings of about 3.5 A (Z . Kristal
logr. 125:220(1967); Am. Mineral . 50:4&4(1965);
Acta Crystallogr. B 2.5:1183(1069); Z. Kristal
logr. 130:88 (1969». Complete ordering of the
Si and Al is observed. The calcium ions lie in
the channel intersection; they are located on the
side of the cavity and are asymmetrically bonded
to four framework oxygens and four water ox
ygens. There are seven different water oxygens
in the strucutre, with only two fully occupied
oxygen sites and a multitude of alternative hy
drogen sites.

Atomic coordinates (x 10') for Yugawaralite:

x y

34121(25) 14798(8) 98083(19)
71051(24) 3650(8) 19124(19)
40911(25) 12450(8) 69431(19)

2736(24) 47598(8) 43748(19)
36039(24} 37327(8) 96046(19)
74211(23) 49757(8) 62097(18)

0" 710(9) 0-
39614(28) 35598(9) 65361(20)

(continued]

Sil
Si2
Si3
Si4
SiS
Si6
All
A12

DENSITY : 1.81 g/ec
PORE STRUCTURE; two-dimensional eight-rings 3.6

x 2.8 A

Structure

(Nat . ze« 110(1985»

CHEMICAL COMPOSlTION: Ca2I(AJ<hM Sio,) '21-
18H,O

SYMMETRY:
SPACE GROUP: Pc
UNIT CELL CONSTANTS (A); a "" 6.700(1)

b = 13.972
c = 10.039
~ = 111.07

X-Ray Powder Diffraction Data: (Nat. 2£0.
323(1985» (d(A.) (lIlo» 7.79(20), 6.99(60),
6.26(25), 5.82(90), 5.62(5), 4.68(85), 4.65(85),
4.45(10),4.41(30),4.30(65),4.18(30),3.89(15),
3.87(5), 3.78(25), 3.75(5), 3.30(5), 3.27(5),
3.235(55),3.198(10),3.135(20),3.056(100),
2.997(10), 2.937(30), 2.907(60), 2.864(10),
2.763(30), 2.720(35) , 2.706(5), 2.680(25),
2.650(20), 2.638(15), 2.603(5), 2.587( 15),
2.562(5), 2.513(15). Yugawaralite FIg. IS: Framework topotogy .
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490 YugawaraJite (YUG)

Thermal Properties

Water is lost from yugawaraJite in three steps:
between 70 and lOO"C,between 200 and 300°C,

'Cooniinale fixed 10define origin.

Ot
02
03
04
05
06
07
08
09
010
011
Ol2
013
014
015
016
Ca
OWl
OWIA
Hll
HI2
HI3
OW2
H21
H22
Ow)
H31
H32
H33
OW4
OW4A
H41
H42
H43
OW5
H5\
H52

x

10689(22)
85591(23)
19153(22)
50365(22)
43489(23)
61915(23)
84451(22)
33904(23)
39913(23)
16380(23)
83032(22)
17154(22)
57911(22)
36053(23)
62998(22)
93634(22)

5134(24)
98759(34)

4165(297)
9582/(60)

3505(65)
5913(412)

90310(24)
87938(55)
81676(40)
70811(23)
59175(71)
65286(127)
66062(41)
36902(36)
33283(237)
39007(48)
49359(83)
4514Q(288)
81646(142)

90889(282)
87863(581 )

y

10638(6)
4834(6)
1642(6)

10778(6)
11736(1)
7317(6)
6416(6)

26252(6)
23277(5)
42664(6)
48293(6)
38236(6)
41154(6)
39320(6)
40026(6)
47014(6)
21654[7)
24929(13)
27602(96)
19582(22)
30007(25)
34986( 134)
23331(7)
18305(18)
28638(15)
29016(7)
27280(50)
33338(60)
32229(17)
15938(14)
12668(97)
14373(22)
13517(40)
15376(424)
25961(65)

20607(123)
31721(154)

94841(17)
9817(17)

59056(17)
13425(16)
86004{17)

67971(17)
35574{17)

- 394(18)
63939(17)
98834(17)
49303(17)
49904(17)

8345 (17)
80583(7)
64000(17)
26478(16)
42364(l9)
17041(25)
20621(141)
[0667(37)
12817(42)
21315(240)
61844(18)
67456(38)
62799(32)
32835(18)
34773(68)
39098(76)
23748(28)
36919(24)
35814(155)
28329(32)
44553(52)
40785(405)
92491(J 17)

91977(216)
90312(424)

TG

om

DTA

YugawaraWe Fig. 1: Thermal curves of yugawaralite
from Sardinia, Italy; in air, heating nee 20"Cirnin (Nar.
U() . 116(1985») . (Reproduced with permission of
Springer Verlag Publishers)

and at 450°C These steps correspond to the loss
of two, two, and four water molecules per unit
cell. At high temperatures the crystals melt to
form a glass (970°C). With further increase of
the temperature to 1050°C, recrystallization to
anorthite and cristobalite is observed.

Ion Exchange

The ion exchange capacity for yugawaralite was
found to be0 ,045 rneq/g, which represents 1%
of the maximum value (3.34 rneq/g). Higher
capacities were observed in the synthetic rna
terial (30% of theoretical), with 0.14 to 1.0 meq
reported. A strong selectivity for Sf is observed
(Mat . Res. Bull. 2:951(1967)).



Adsorption

Z Fig. I: Adsorptive capacities of ion-exchanged Z
(US2.972,516(J 961».

z

Z
(US2,972,516(1961))
Union Carbide Corporation

RelaJed Maleriols: K-F

Structure

(Zeo. Mol . Sieve. 370(1974»

CHEMICAL CONTENTS: K~SiO.·3HJO

VOID VOLUME (cc/g): 0.14
PORESTRuCruRE (based on adsorption): 2.6 A

X-Ray Powder Diffraction Data: (d(A) (/Ilo»
7.45(vvs), 4.78(vw) , 3.98(m), 3.47(m), 3.29(m),
3.09(vs), 2.97(s), 2.82(vs), 2.35(mw), 2.2O(w),
2.11 (m), 1.85(m), 1.74(m), 1.59(m), 1.56(m).

...E 20
u
:::>
~

.",
&>

.D...
o
~ 10
-<
-:E
:z:

~__- --6Ca··

10 1.5 20 ~~ JO 3!1

Prtuure (em. Hi)

Synthesis

ORGANIC ADOmVES
none

Zeolite Z crystallizes from reactive alumi
nosilicate mixtures with the composition in mo
lar ratios of: K20/Si02 = 0.58, Si01/Ah03 =
1 to 7, and H20/K20 = 316. Crystallization
occurs readily after 3 to 4 days at 120"C
(US2,972,5160961); Dokl. Akad. Nauk SSSR
157:913(1964». Crystallization also can occur
at temperatures as low as 800C (Rend. Accad,
Sci. Fis. Mat. Naples 35:165(1968» .

Thermal Properties

Zeolite Z maintains its structure during hydra
tion at 300°C but decomposes at 600°C after 3
days.

Z-21 (LTN)
(Ger. 1,935,861(1970»
W. R. Grace and Co,

RelDted Maserials .. Linde type N

Structure

(Zeo. Mol. Sieve . 272(1974))

CHEMICAL COMPOsmON: Na10 - AbO,-1 .7-
2.ISiO,*9H.lO

SYMMETRY: cubic
UNIT CELL CONSTANT (A): a = 36 .7
VOID VOLUME (cc/g): 0.14
PORESTRUCTURE: based on adsorption

measurements , 2.6 A

X-Ray Powder DiJJradion Data: (Ger.
1,935,861(1970» (d(A) (/110 )) 21.12(50),
12.98(75), 11.07(70), 9.18(35), 8.42(10),
7.50(3),7.06(10),6.51(100),6.23(50),5.82(20).
5.60(10), 5.30(5) , 5.15(15), 4.79(15), 4.50(10),
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492 ZAPO-5 (AFl)

4.34(20), 4 .24(3), 4.12(15), 4.04(70), 3 .92(10),
3.76(45), 3.70(75), 3.61(5), 3.55(10), 3.43(10),
3.369(15), 3.31(1), 3.21(15), 3.15(2), 3.12(30),
3.03(15), 2.9(45), 2.95(0), 2.90(2) , 2.88(5),
2.82(15), 2.77( 10), 2.75(45).

Synthesis

ORGANIC ADDITIVES
none

Zeolite Z-21 crystallizes from a gel compo
sition with the following molar ratios: 0.3~.0
Si02 : AhO): 7-43 Na20: 117-720 H20. Crys
tallization occurs readily at 90°C after 1 hour.
Sodium silicate and aluminum trihydrate are ef
fective sources of silica and alumina in this syn
thesis .

ZAPO-S (AFI)
(US4,S67,029(1986»
Union Carbide Corporation

Related MateriDJs: AIP04-5

Structure

Chemical Composition: zinc aluminophos
phate . See XAPO.

X-Ray PowderDiffraction Data: (d(A) (lllo»
11.95(100), 6.86(shared peak), 5 .91(19),
4.48(46), 4.27(43), 3.97(75), 3.6S(shared peak),
3.41 (shared peak), 3.08(12), 2.959(21),
2.660(4) , 2.578(14), 2.423(4), 2.392(9) (a small
impurity of ZAPO-11 appears in this example,
with some peaks shared with this impurity) .

ZAPO-5 exhibits properties characteristic of
a large-pore molecular sieve. For a detailed de
scription of the framework topology of ZAPO
5, see AlP04-5.

Synthesis

ORGANIC ADDmVES
diisopropylamine
diethylethanolamine
cycloybexylamine

ZAPO-5 crystallizes from a reactive gel com
position with a molar oxide ratio of : 1.0 R : 0.4
ZnO : 0.8 Alz03 : P20.s : 0.8 CH3COOH : 50
H20 (R represents the organic additive). Zinc
acetate is an effective source of zinc, and hy
drated alumina is the source of aluminum. Crys
tallization occurs readily after24 hours at 150"C.

ZAPO-ll (AEL)
(US4~S67,029(1986»
Union Carbide Corporation

RelaUd MaJerilJls: AlP04-11

Structure

Chemkal Composition: zinc-aluminophos
phate. See XAPO.

X-Ray Powder Diffraction Data: (d(A) (1110»
10.92(37),9.41(67),6.81(16),5.72(46),5.51(5),
4.70(9), 4.40(52), 4.23(73)', 4.04(69), 3.99(57),
3.93(69), 3.87(100), 3.66(12), 3.62(15),
3.39(37), 3.18(12), 3.12(28), 3.038(11),
2.849(13), 2.747(32), 2.629(14), 2.481 (9),
2.392(14) ,2.298(7),2.036(8), 1.807(7).

ZAPO-II exhibits properties characteristic
of a medium-pore molecular sieve. For a de
tailed description of the framework topology of
ZAPO-Il, see AIP04-11 .

Syntbesis

ORGANIC ADDITIVES
diisoprcpylamine
dipropylamine

ZAPO·ll crystallizes' from a reactive gel
composition with a molar oxide ratio of: 1.0 R
: 0.4 ZoO: 0.8 Al Z03 ; P20 S : 0.8 CH3COOH

: 50 H20 (R represents the organic additive).
Zinc acetate is an effective source of zinc, and
hydrated alumina is the source of aluminum.
Crystallization occurs readily after 24 hours at
200°C.



ZAPO·14
(US4,S67 ,029(1986»
Union Carbide Corporation

Related Materials: AlPO..-14

Structure

Chemi£al Composition: zinc-aluminophos
phate, See XAPO.

X-Ray Powder Diffraction Data: (d(A.) (11/0»
9.94(100), 7.97(22), 6 .81(27), 5.61(22),
4.96(12),4.27(10),4 .08(17),4.00(22),3.93(32),
3.41(1),3 .30(4),3 .03(16) ,2.950(14),2.667(6).

ZAPO-14 exh ibits properties characteristic
of a small-pore molecular sieve. For a detailed
description of the framework topology of ZAPO
14 see GaPO..-14.

Synthesis

ORGANlC ADDmVES
isopropylamine

ZAPO-14 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0 R
: 0.167 ZoO: 0.917 Ah03 : P205 : 0.33
CH3COOH : 50 H20 (R represents the organic
additive). Zinc acetate is an effective source of
zinc , and hydrated alumina is the source of alu
minum . Crystallization occurs readily after 168
hours at 150°C.

ZAPO~34 (eRA)
(US4,567,029(1986»
Union Carbide Corporation

RelaUd Materials: chabazite
AlPO..-34

Structure

Chemica! Composition: zinc-aluminophos
phate. See XAPO.

X-Ray Powder Dif:/ra£tion Data: (d(A) (/110»
9.31(99), 6.86(2J), 6.33(15), 5.54(45), 4.98(24),
4.33(100), 4 .00(7), 3.&8(7), 3.56(36), 3.47(26),
3.24(12), 3.16(13), 3.03(12), 2.93(55),
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2.876(36), 2.614(14). 2.488(10), 2.28l(5),
2,443(5), 1.918(6), 1.866(8), 1.804(6), 1.728(5).

ZAPO-34 exhibits properties characteristic
of a small-pore molecular sieve. For a descrip
tion of the framework topology of ZAPO-34 ,
see AIP04-34.

Synthesis

ORGANIC ADDITIVES
teeaethylammonium ...

ZAPO-34 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0 R
: 0.4 ZnO : 0 .8 AI20 3 ; P~5 : 0 .8 CH3COOH

: 50 H20 (R represents the organic additive).
Zinc acetate is an effective source of zinc, and
hydrated alumina is the source of aluminum.
Crystallization occurs readily after 68 hours at
1Oife. ZAPO-14 has been noted as an impurity
in some crystallizations.

Adsorption

Adsorption properties of ZAPO-34 :

Kinetic
diameter, Pressure. Temp.. Wl%

Adsorbate A Torr OC adsorbed

Oz 3.46 12 -183 18
O2 704 -183 22.2
Butane 4.3 692 24 8.3
Xenon 4.0 754 23 17.5
HzO 2.65 20 2J 27.8

ZAPO-35 (LEV)
(US4,S67 ,029(1986»)
Union Carbide Corporation

Relaled MaJerials: SAPO-35

Structure

CMmical Composition: zinc-aluminophos
phate. See XAPO.
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X-Ray Powder Diffradion DaJD: (d(A) (1110»
10.40(14), 8.19(42), 6.66(35), 5.57(8),
5.01(lOsh), 4.19(49), 4.08(100), 3.56(6),
3.35(23), 3.12(34), 2.814(48), 2.592(12),
2.529(7).2.151(2), 1.877(9), 1.852(7), 1.781(7),
1.667(7).

Synthesis

ORGANIC ADDmvES
quinuclidine

ZAPO-35 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0 R
: 0.5 2nO : 0.65 AhO) : P20 s : 1.0 CH3COOH

: 3.9 C3H70 H : 55 H20 (R represents the organic
. additive). Zinc acetate is an effective source of

zinc, and aluminum isopropoxide is the source
of aluminum. Crystallization occurs readily af
ter 72 hours at 1S0°C.

ZAPO-36 (ATS)
(U84,567,029(J986»
Union 'Carbide Corporation

Related Materials: related metal-substituted
AIP04 's

Structure

Chemical Composition: zinc-aluminophos
phare. See XAPO.

X-Ray Powder Diffraction Data: (d(A) (11/0»
11.3(100) 1O.9(sh), 6.56(4), 5.61(sh), 5.40(32),
4.67(49),4.29(36), 4.11(sh), 4.06(44),3.99(40),
3.9O(sh), 3.75(11), 3.29(16), 3.16(13), 3.09(11),
2.96(7), 2.814(10), 1.585(20), 2.529(4) .

ZAPO-36 exhibits properties characteristic
of a large-pore molecular sieve.

Synthesis

ORGANIC ADomvES
tripropylamine

ZAPO-36 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0

R : 0.167 ZnO : 0.917 Ah03 : P20S : 0.33
CH3COOH : 39.8 H20 (R represents the organic
additive). Zinc acetate is an effective source of
zinc, and hydrated alumina is the source of alu
minum. Crystallization occurs readily after 24
hours at 1500C.

ZAPO-44 (CHA)
(US4,567 ,029(1986»
Union Carbide Corporation

Related MaurWJ.s: chabazite
SAPQ-44

Structure

Chemical Composition: zinc-aluminophos
phate. See XAPO.

X~Ray Powder Diffrrulion DaJD: (d(A) (lIlo»
9.41(97), 6.81(28), 6.46(5). 5.51(4<»). 5.13(3),
4.70(6), 4.34(90), 4.10(48), 3.93(13), 3.87(15),
3.66(100), 3.41(33), 3.21(14), 3.018(10),
2.979(27), 2.894(60), 2.755(8), 2.722(10),
2.578(6), 2.529(23), 2.344(8), 2.132(8),
1.895(10), 1.875(6), 1.817(13), 1.765(5),
1.707(10).

ZAPO~44 exhibits properties characteristic
of a small-pore molecular sieve.

Synthesis

ORGANlC ADDITIVES
cyclol\exylamine

ZAPO-44 crystallizes from a reactive gel
composition with a molar oxide ratio of: 1.0 R
: 0.4 ZnO : 0.8 A1P~ : P20S : 0.8 CH3COOH

: 50 H10 (R represents the organic additive).
Zinc acetate is an effective source of zinc, and
hydrated alumina is the source of aluminum.
Crystallization occurs readily after 24 hours at
200"C .

ZAP0-47 (eHA)
(US4,S67,029(1986»
Union Carbide Corporation

Relmed Mauriols: chabazite
SAPO-47



Structure

Chemi£a1 Composition: zinc-alurninophos
phate . See XAPO.

X-Ray Powder Diffraction Data: (d(A) on»
9.41(00), 6.86( 15), 6.42(6), 5.57(34), 5.10(8),
4.70(4), 4.33(85), 4 .10(8), 3.88( 10), 3.63(22),
3.45(21), 3.24(l2), 3.038(7), 2.959(14),
2.931(49), 2.849(5), 2.698(2), 2.600(9),
2.536(5),2.356(4),2.281(4),2.137(2),1.910(4),
1.887(6), 1.824(6), 1.725(6), 1.704(2).

ZAPO-47 exhibits properties characteristic
of a small-pore molecular sieve .

Syothesis

ORGANIC ADomvES
diethylethanolarnine

ZAPO·47 crystallizes from a reactive gel
composition with a molar oxide ratio of : 1.0
R : 0.167 ZnO : 0.917 Ah03 : P20s : 0.33
CHJCOOH : 5.5 C3H7 OH ; 40 H20 (R repre
sents the organic additive). Zinc acetate is an
effective source of zinc, and aluminum isopro
poxide is the source of aluminum. Crystalliza
tion occurs readily after 144 hours al 150°C.

ZAPO-SO (AFY)
(US4.8S3,197(1989»
UOP

Structure

Chemical Composition: zinc aluminophos
phate. See MeAPO.

X-Ray Powder Diffraction Datil: (d(A) (lIlo»
11.00(100), 9.00(30), 6.98(4), 6.38(12),
5.21(10), 3.79(42), 3.68(44), 3.49(6), 3.41(11),
3.07(10), 3.01(13), 2.91(6), 2.86(3), 2.n(5),
2.64(3), 2.61(2), 2.44(3), 2.41(4), 2.19(2),
1.84(3), 1.74(3).

See CoAro-50 for a description of the
framework topology.
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Synthesis

ORGANIC ADDITIVES
di-a -propylamine

ZAPO-50 crystallizes from a reactive mix
ture with a molar oxide ratio of: 2.5 R : 0.3
ZnO: 0.85 AI20) ; 1.0 P20S : 0.6 CH3COOH
: 50 H20. Crystallization occurs at 150°C after
J44 hours.

ZBH (MFl)
(EP 77,946(1983)
BASF

Related Materials: ZSM-5
AMS-IB

Structure

Chemical Composition: M2InO: B20~ : ~ 10
Si~ : <h'lO H20 (M = alkali or alkaline earth
metal cation; n = charge on the cation) .

X-R.ay Powder Diffraction DiJJa: (d(A) (/110»
11.0746(100). 9.9725(68), 9 .7271(19).
6.6567(10),6.322O(17),5.9489(22),5.674D(ll) ,
5.5405(18), 5.0022(10), 4.9479(10), 4.5883(8),
4.3352(10), 4.2392(11), 3.9747(5), 3.8322(96),
3.7980(70),3.7282(30),3.6940(46),3 .6254(25),
3.4652(5), 3.4174(9), 3.3654(6), 3.3371(10),
3.2907(10),3.2429(3),3.1188(4),3.0303(12),
2.9691(13), 2.9259(7), 2.8543(4), 2.7151(5),
2.5928(5), 2.4984(3), 2.4746(5), 2.4013(4),
2.3831(5), 2.3106(3), 1.9999(10), 1.9825(9),
1.9418(3), 1.9062(3), 1.8621(5), 1.8289(3),
I.7567(3), 1.6615(3), 1.6544(3), 1.6501(3),
1.4807(3), 1.4539(4), 1.4377(4), 1.4J49(4),
1.4046(3). 1.3864(4),1.3738(4), 1.3556(3).

Synthesis

ORGANIC ADDITIVES
ethylene glyco! dimechyl ether
diethylene glycol dimethyl ether
triethylene glycol dimethyl ether
tetraethylene glycol dimethyl ether
CHlO·(CH2CH,o)s-CJh

CH,O-(CH>cH10 )1-C)1-l7
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ZBH crystallizes from a reactive borosilicate
gel with a SiOiB203 ratio of 11 to 40 in the
presence of sodium cations with ether as the
organic additive. Crystallization occurs over a
temperature range of 80 to 140°C.

Zh (SOD)
(Do~.Akad.Nauk.SSSR

147:1118(1962»

Sodalite hydrate. See sodalite .

ZBM-30 (MFI)
(EP 46,504(1982))
BASF
Retaud Materials: ZSM-5

AMS -IB

ZK-4 (LTA)
(US3,314,752(1967»
Mobil Oil Corporation

Re1LJted MaJeriaJs: Linde type A

Structure

Clumil:al Composition: 21" R : M203 : m Si02

: 0-160 H20 (R = neutral amine; n = number
of amine groups in R; m = 96-(40n/LR + KJ
5n!KR + K]; LR = size of the amine in A) .

X-Ray Powder Diffraction Data: (d(}..) (lllo))
11.60(36), 10.02(15), 7.08(5),6.05(6), 5.80(11),
4.18( 100), 3.87(79), 3.60(4), 3.56(6), 3.40(5),
3.35(7), 3.06(3), 2.84(16), 2.09(8), 2.07(4).

Structure

(Zeo . Mol. Sieve . 179(1974»

CHEMICAL COMPOsmON: NioTMA({AI~)9
(Si~)"l·28H~

SYMMETRY: cubic
SPACE GROUP: Pm3m
UNIT CELL CONSTANTS (A) : a = 12.191
FRAMEWORK DENSITY: 1.3 glee
VOID FRACTION (determined from water content): 0.47
PORE STRUCTURE: three-dimensional eight-member

rings 4.2 A

X-Ray Powder Diffraction DaJIJ: (d(}..) (lila))
12.08(00). 9.12(29), 8.578(73), 7.035(52),
6.358(15), 5.426(23), 4.262(11), 4 .G62(49),
3.662(65), 3.391(30), 3.254(41), 2.950(54).
2.725(10), 2.663(7), 2.593(15), 2.481(2),

Earliest name for the mineral gismondine.

Syntbesis

ORGANlC ADDITIVES
dipropylenetriamine
bexamethylenediamine
diheumethylenetriarnine
trierhyleaetenamlnc
propylenediamine

Zeagonite (GIS)

Zeown (MOR)

Crystallization ofZBM-30 occurs at elevated
temperatures (15(fC) using neutral organic amine
additives. Both the aluminosilicate and the bo
rosilicate composition have been prepared.

An industrially used name referring to morden
ite prepared by the Norton Company. See mor-
denite. ZK4 Fig. 25: Framework topology.
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ZK-4 F1g. 1: X-ray powder diffraction pattern for ZK-4 (Zeo. 6:449(1986», (Reproduced with permission of
Butterworths Publishers)
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ZK-4 FIg. 3: Cubic lattice parameter vs. composition for the bydrated sodium
form of ZK-4 (ACS Symposium Series 218:267(1983), Inrrozeolile ChemiJtry,
Stuckey, C., Dwyer, L eds.). (Reproduced with permission of the American

Chemical Society)
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Atom position parameters using the asymmetric Voight
refinements (leo. 6:449(1986»:

2.435(1),2.341(2),2.225(2),2.159(4),2.121(5),
2.085(2). 2.061(2), 2.033(5), 1.90(2), 1.880(2),
1.828(1).1.813(1),1.795(1), 1.735(1), 1.720(5),
1.703(1),1.669(2),1.610(1).1 .581(2),1.559(1).

ZK-4 is a higher-silica composition structur
ally related to zeolite A. It also is similar to
N-A . See Linde type A for a description of the
overall framework topology .

The difference between the X-ray powder
diffraction pattern of ZK-4 and Linde type A is
the absence of superlattice reflections in the for
mer, which arise from the ording of Si and A1
in type A. No vacancies in the framework are
detected. The sodium cations are found in the
six-ring windows, coordinated to three oxygen
atoms of the framework at 2.311 A. No cations
occupy the eight-ring pores; their absence ac
counts for the ability of this zeolite to adsorb
linear hydrocarbons. Neutron diffraction studies
of ZK-4 reveal the presence of detrital material,
one at the center of the eight-ring window and
two in the alpha cage, thought to be residual
TMAOH, water, or an aluminum- or silicon
containing species. The presence of this detrital
material is consistent with the hydrocarbon ad
sorption properties because only 30% of the
windows appear to be occupied in this structure
(Zeo. 6:449 (1986».

Atom ~ y

T 0.0 0.1844(8)
0(1) 0.0 0.2208(7)
0(1) 0.0 0.2924(4)
0(3) 0.1118(5) 0.1118(5)
Na(l) 0.2114(9) 0.2114{9)
PO) 0.0 0.5
P(2) 0.300(2) 0.300(2)
P(3) 0.303(9) 0.5

0,3720(7)
0.5
0.2924{4)
0.3386(5)
0.2114(9)
0.5
0.437(3)
0.5

Zeolite ZK-4 crystallizes from the following
molar oxide ratios :

Si02/AI20) = 4-11
NalO + TMA201AllO) = 9-30
Na20/AhO) = 1-1 .5
H20/AllO) = 100-350

Crystallization occurs between 24 and 72 hours
with times as short as t 3 hours in the presence
of seed crystals. Temperatures are in the range
of 100"<:. Sodalite can be a major impurity phase
at long crystallization times and/or varying hy
droxide content.

Tbennal Properties

ZK-4 is thermally stable to 600°C. the temper
ature necessary to remove the organic from the
structure.

Ion Excbange

ZK-4 can be prepared in the potassium and so
dium form by direct treatment of the calcined
material with aqueous NaOH or KQH. 'The lower .
cation content in ZK-4 increases the effective
size of the apertures for adsorption; in the de
hydrated form adsorption is equivalent to that
of the Ca-form of zeolite A iZeo. Mol. Sieve.
576(1974)).

Adsorption

Comparison of the adsorption properties of Uncle lype A
and ZK-4 (US3,314,752(1967»:

Sorption (gllOOg zeoli~)

Synthesis n-
H,Q CJi.4 Cyclohexane 3-Methylpentanc

ORGANIC ADOmVE
TMA·

4A 24 <1
ZK.-4 20-25 IH3

<I
<I

<I
<1



ZK·5 (KFI)
(US3,247,195(1966»
Mobil OU Corporation

Related Materials: species P
species Q
P-[CI]
Q-[Br]

Structure

(Zeo . Mol. Sieves. 179(1974»

CHEMICAL COMPOSmON: NIl.JoIA1~~O'9:lI"98H,O

SYMMETRY: cubic
SPACE GROUP: 1m3m
UNIT CELL CONSTANf (A): a = 18.7
PORE STRUCTURE: three-dimensional eight -member

ring nonintersect ing dual channel system 3.9 x 3.9 A

X-Ray Powder Diffraction Data: (d(A) (1110»
13.3(18),9.41(100),6.62(6),5.93(41),5.41(48),
5.03(2),4 .69(6),4.41(50),4 .19(34),3.98(22),
3.81(18), 3.66(6), 3.41(13), 3.21(35), 3.02(28),
2.94(21),2.88(2),2 .81(26),2.75(9),2.64(11),
2.59(2), 2.54(9), 2,45(3), 2.37(1), 2.30(2),
2.20(3), 2.17(2), 2.14(1), 2.06(1), 2.04(2),
2 .02(3), 1.97(0.5), \.93(2), \.89(2), 1.87(5) .

The ZK -5 framework structure can be de
scribed as joining truncated cuboctahedra, or
alpha cages, through double six-member rings,
producing a body-centered array. Thereare two
truncated cuboctahedra per unit cell . The main
cavities are similar to those found in zeolite A,

ZK-5 FIg. IS: Framework: topology. ~
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and thus both zeolites produce similar adsorp
tion properties. The cation positions in the struc
ture are sensitive to temperature and water con
tent. At room temperature 16 of the 30 sodium
ions in the unit cell of the hydrated zeolite are
located in the alpha cage near the center of the

Atomic parameters of ZK-5 at room temperature with
corresponding values at 150"(; in parentheses (Z.
Kristallogr, 121:211(1965» :

Atom J: Y z

Si ,AI 0.084(0.085) 0.2015(0.204) 0.322(0.323)
Om 0.1245(0. I 265) 0 .1245(0.1265) 0.321(0.325)
0(2) 0.2525(0 .251) 0 .2525(0.25/ ) 0.4045(0.3985)
0(3) 0(0) 0.183(0.187) 0.327(0.328)
014) 1/4(1/4) 0 .1 125(0.1095) 0 .3875(0 .3905)
Na 0 .1315 O.DIS 0.1315

Posldonal parameters for (/) ZK5RT, (2) ZK5220 , (3)
DZKS. and (4) CsZK5 refinements (2 . Kristallogr.
165:175((983»:

(I) (2) (3) (4)

T
x 0.0825(3) 0.0828(4) 0.0843(4) 0.0850(3)
y 0 .2023(3) 0 .2029(5) 0 .2029(4) 0.20'16(5)

0.3211(3) 0 .3219(5) 0 .3188(5) 0.3168(5)

0(1).1 = Y

Y 0.1280(2) 0.1277(3) 0.1258(3) 0.1251(3)
0 .3145(3) 0 .3140(5) (),)163(4) 0.3153(5)

0(2) J: = Y

Y 0 .2522(2) 0.2522(3) 0 .2551(3) 0.2551(4)
0 .4081(3) 0.4082(4) 0.4004(4) 0.4020(4)

0(3).1 = 0
y 0 .1783(3) 0.1785(4) 0 .1862(4) 0.1852(5)

0 .2'269(3) 0.3390(4) 0.3322(4) 0.3327(5)

0(4) x = 1/4; y '" 112 - z
0.3915(2) 0.3909(3) 0.3867(3) 0.3860(3)

Csx==}'==O
0.314(1) 0.314(1) 0 .336(2} 0 .327(2)

populanorr' 9.7(3) 9 .0(4) 3.9(3) 6 .0(2)

K(I) x = 0; y = 1/4; z = 112
population" 9.4(4) 9.9(6) 0.8(3) 2.7(3)

K(2) J: = Y = z
z 0.150(3) 0.152(9)
population" 3.6(5) 1.9(5)

'Alamo/un i. cell.
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ZK·S Fig. 2: Diffraction pattern for ZJ(·5 (Z. Kristallogr,
165:175(1983» . (Re:produced with permission of Oldenbourg
Verlag Publishers)

six-rings on the threefold axis. Heat treatment
to 150°C produces a shift in the sodium ions.
as the ones near the six-ring sites move to an
other (undetermined) site (Zeo. Mol . Sieve.
90(1974». With Cs,K-exchanged ZK-5, the Cs
occupies the fiat eight-ring sites, and the K pre
fers the puckered eight-ring sites. Distortion of
the pore openings is observed upon extraction
of the potassium cations. The Cs atom either
moves toward the alpha cage if K is present or,
to relax, toward the gamma cage if K is ex-

ZK·S FIg. 3: The Cs and K positions in the: gamma
cage:of ZK-5 . For clarity, oxygen is omitted from the
dnwing of !be framework (Z. Krisusllogr,
J65:175(1983» . (Reproduced wilh permission of
OJdenbourg Ve:rlag Publishers)

traeted (2. Kristallogr. 165:175(1983». The site
preferences of the two cations , Cs and K, sug·
gest the possibility of producing two distinct
adsorbents in this zeolite.

Distances between atoms in the framework
of the dehydrated materials change little upon
heating. This behavior is not observed in the
hydrated material. as large atomic shifts are ob
served upon dehydration. Onlyforexchange with
the small proton (deuterium) is the change in
the framework significant.

Synthesis

ORGANIC ADDITIVE
1.4-<limetbyl-I,4-dilllOJliabicyclo(2.2.2]octane (DABCO)

ZK-5 can be prepared from a reactive alu
minosilicate gel with a balch composition hav
ing a 8iO:/Al~3 ratio between 2.5 and 15; Na20/
NaJO + DABCO from 0.01 to 0.25, H20/

Na20 + DABCO falling between 25 and 50, and
Na20 + DABCOlSi02 between I and 2. This
gives a batch composition with a molar ratio of:
5.9 Na20 ; 45 DABCO : 4.0 Ah03 : 45.1 Si02 .
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Adsorption propenics of ZK·5 (U53 ,247. J95( 1966»:

Adsorption

Structure

(Zeo. 4:218(1984»

CHEMICAL COMPOsmON:
NaIO.J<o..lIShuAIII ,<h~1·32H~O

SPACE GROUP: R3m (room temperature)

UNIT CELL CONSTANTS (A>: a = 13.822
c = IS. ISS
(room temperature)

at 220°C C2Im a = 12.87

b = 13.51
C' = 15.4S

at 3S00C C21ma = 13.12

b '" 13.51
c =' 15.81

PORE STRUcroRE: eight-member rings

X-Ray PowderDi..ffnu:iWn Dasa: (d(P.) (lIJo»
11.78(2), 9.41(7),6 .89(3) , 5.55(4), 5.031(8) ,
4.669(3), 4 .332(27), 3.979(3), 3.880(21),
3.602(20), 3.449(8), 3.236(4) , 3.188(14),
3.130(4), 2 .930(100), 2.894(53), 2.857(2),
2.775(5), 2.696(6), 2.607(22), 2.576(10),
2.517(10), 2.3640) , 2.316(6) , 2.299(l3) ,
2.168(8), 2.128(2), 2.092(18), 2.066(8),
1.914(5), 1.875(20) , 1.811(41), 1.772(14),
1.725(41), 1.702(8) , 1.680(18), 1.651(26),
1.523(10). 1.518(2).

The structure of ZK -14 is based on a cha
bazite-type framework generated by stacking
parallel six-rings of tetrahedra in an AABBCC
stacking sequence. A minor structural change is
observed in this material upon thermal treatment
between 200 and 800°C. In the potassium
exchanged ZK-14, potassium cations are posi
tioned at the ceoter of one of two symmetrically
inequivalent double six-rings coordinated by six
oxygens. The other two sites where potassium
is located are in two symmetrically inequivalent
eight-rings. The population parameter of one
eight-ring site is only 0 .6 and is proposed to be
a result of alternate occupancy of that site.

The sodium form of ZK-14 transforms to
potactially to sodalite above 6fXfC, a transfor
mation dependent on the aluminum content,
number of protons, and amount of water pre
sent . The potassium form of this material does
not transform. This lack of transformation is
attributed to the presence of the K + cations in
the eight-member-ring sites. The transformation
can be represented as : AABBCC- ABCABC.
Natural chabazite in Ihe Na-exchanged form also
transforms to sodalite phases at 360°C in wet
N2 . Stacking faults are observed in the ZK-14
structure based on the presence of both broad

20.6
0.9

12.7

WI'll> adsorbedAdsorball:

H~

Cyclohexane
n-Herane

Crystallization occurs after 8 days at tempera
tures between 95 and 100°C.

This zeolite also has been prepared in the
presence of Cs and K and the absence of or
ganics (US3,720,753(1973» . ZK-5 also can be
prepared in the presence of Li cations in add ition
to Na cations at a Si02/AI20) ratio of 5 (USSR
1,115,564( 1985» . It has been synthesized in the
presence ofBa,(Ba,Na),(K,Ba), (Li,Cs,TMA)
containing reaction mixtures and shows a pref
erence for the presence of barium iZeo.
1:130(1981». See species P and species Q for
a description of these synthesis .

Thermal Properties

ZK-5 is thermally stable to at least 500<'C, the
temperature needed to remove the organic trap
ped within the pores of the structure . In the
Nf4 + form it can be deep-bed-calcined to pro
duce a more dealuminated form containing trap
ped AI-0-0H clusters (Zeo. 6:378(1986») .

ZJ(·14 (CHA)
(Moue. Sieves Soc. Chem, Ind.
85(1968»

RelDUd MaurUds: chabazite
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I
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ex
INa) -ZK-14 room

temperature

ZK-14 Fig. 1: X-ray powder diffraction pattern for sodium-exchanged ZK-14 (ZeD . 4:218(1984)) .
(Reproduced with permission of Butterworths Publishers)

and narrow reflections. which are observed in
the powder diffraction pattern. The hexagonal Positional parameters of Na-ZK-14 at room temperature,

cell is observed only at room temperature; the 22O"C. and 350·C (Zw . 4:218(1984)):

transformation is to monoclinic symmetry at
Popu-

higher temperatures . Atom x y Ialion'"

220"<:, C2Jm (conI.)
0(22) 112 0.160(4) 112
0(3l) 0.197(4) 0.199(2) 0.250(3)

Positional parameters of Na-ZK-l4 at room temperature . 0(32) 0.339(5) 0 0.111(5)
220"C, and 35O"C (Zeo. 4:218(\984));

0(41) -0.155(4) 0.153(2) 0.035(3)
0(42) 0.293(5) 0 0.306(5)

Popu- N.a(ll) 0.735(5) 0.266(2) 0 .389(3) 1.26(1)
Atom x }' z lation" Na(2} 0.007(11) 0 0.143(8) 0 .68(1)

W(\2) -0.212(5) 0 0.274(4) 1.20(1)
room temperature , Rlm (hexagonal axis) Wen) 0.160(12) 0 0.143(8) 0.51(1)
T(I) -0.0013(5) 0.2245(4) 0 .1053(2)
0(1) 0 0.2691(7) 0 350"C, C2J01
0(2) -0.0238(9) 0 .3095 1I6 T(II) 0.0042(7) 0.2561(4) 0.0965(5)
0(3) 0.1248(5) 0.2496 0.1282(9) T(I:!.) 0.3442(6) 0.1125(3) 0 .3278(4)
0(4) -0.0932(5) 0.0932 0.139(1) T(13) 0.3491(6) 0 .1193(3) 0 .1355(5)
Na(l) 0.440(1) 0 0 0.70(1) 0(11) 0 0.3203(6) 0
Na(2) 0 O./24{4) 0.30(2) 0(12) 0.4292(9) 0.1372(5) 0.2924{7)
W(I) 0.IOJ2(7) 0.2063 0.470(1) 1 0(21) -0.0283(7) 0.3315(4) 0 .1491(6)
W(2) 0.7293(5) 0.4587 0.016(1) 0.84(2) 0(22) 112 0.1347(7) 112
W(3) 0 0 0.456(4) 0.60(2) 0(31) 0.1993(7) 0 .2072(4) 0.2422(6)
W(4) 0 0 0.768(3) 0.36(4) 0(32) 0.308(1) 0 0.0850(9)

0(41) -0.1454(8) 0.1619(5) 0.0205(6)
220"<:. C2Jm 0(42) 0.256(1) 0 0.289(1)
T{II) 0.001(3) 0.237(1) 0.101(3) Na(ll) 0.7235(9) 0.2619(4) 0 .3904(7) 1.\9(1)
T(12) 0.363(3) 0.124(1) 0.340(2) W(21) 0.663(\) 0.5645(6) O.n49(8) 0.47(1)
T(13) 0.340(3) 0.115(1) 0.131(2) W(5) 0.304(2) 0 0.686(2) 0 .53(1)
O{l \) 0 0.282(3) 0
0(12) 0.392(4) 0 .157(2) 0.26O{3) 'Popol&tion parameters of all DOlIfr.unework alorns~on~· (10
0(21) - 0 .02 1(4) 0 .326(3} 0.157(4) tle<:trollS) .
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Syntbesis

ORGANIC ADD1TIVES
tetramethylammonium + (TMA)

Zeolite ZK-14 crystallizes from a reactive
aluminosilicate mixture with a composition of;
4.61 K:zO : 15.91 TMA20 : Si02 : 2342 H20.

A temperature of 70°C has been used, with crys
tallization at this temperature complete after 11
to 12 days. Precipitated silicic acid was used as
the silica source (Zeo, 4:218(1984)) .

ZK·19 (PHI)
(Am. Mineral. 54:1607(1969))

ReloJed Materials: phillipsite

nate, and water glass are used as starting ma
terials. The ratio of Na20/(Na20 + K20) ranges
between 0.3 and 0.85. If trisodium phosphate
is substituted for the potassium phosphate, a
phillipsite with a SiO:z/AI:zO) ratio between 4.1
and 4.8 crystallizes instead. In more aluminum
rich gels the resulting ZK-19 crystals will have
a SiO~AhOJ between 3 and 4.5.

Thermal Properties

The structure of ZK-19 is destroyed upon cal
cination to 350"C for either the sodium or the
calcium form. At higher Si021AI:zOJ ratios, in
the potassium form, the structure is more ther
mally stable.

Structure

Adsorption, gllOO(

rn", sorption capacities were measured at 2S'C and 20 0101 Hg (,,
CJl,.) or 12 rnm Hg (H,C). respectively .

Adsorption capacities for zeolite ZK-19 (Am. Mineral.
54:1607((969»:

n-CtJil4 H10

0.94 ].2
0.31 1.0
0.25 i.s
0.51 5.7
0.59 11.4
0.62 7.0
0.66 13.0
0.69 5.6
0.49 12.3
0.25 9.6
0.20 11.9
0.34 13.7
0.10 12.6
0.34 13.4
0.10 12.9
0.11 12.8

0.31 J1.9
I .S8{?) 11.8
0.21 12.2
0.74 12.0

0.35 L42
0.29 0.24
0.30 0.4)

0.32
0.39
0.27
0.43
0.35
0.5i
0.24
0.46
0.14
0.38
0.37
0.26
0.28
0.16
0.26
0.18

NalNa + K

3.26
3.35
3.90
4.19
4.26
4.30
4.33
4.74
4.79
4.90
5.08
5.10
5.16
5 .]!)

6.00
6.22

Potassium -exchanged form:
3.26 0.002
3.35 0.006
3.90 0.002
4.74 0.009
Sodium-exchanged form:
4.79 0.87
5.16 0.92
6.00 0.82

Syntbesis

X-Ray Powder Diffraction Data: (Zeo. Mol.
Sieve. 370(1974» (d(A) (1/10» 8.17(19),
7.13(88), 5.37(19), 5.0301 sh), 4.98(23),
4.29(12), 4.13(7sh), 4.08(26), 3.68(3),
3 .26(15sh), 3.23(13sh), 3.18(100), 3 .15( l6sh),
2.94(30), 2.89(5), 2.74(23), 2.685(31), 2.56(6),
2.54(4), 2.51(6), 2.39(5), 2.34(7), 2.24(5),
2.05(6).

The X-ray powder diffraction pattern of ZK
19 is very similar to that of natural sodium!
potassium phillipsite. ZK-19 represents a more
potassium-rich phillipsite (Am. Mineral.
54:1607(1969».

SYMMETRY: orthorhombic
UNIT CELL CONSTANTS (A): Q = 9.96(5)

b = 14.25(2)
c = 14.25(2)

ORGAN1C ADDlTlVE
none

ZK-19 crystallizes from a reactive alumi
nosilicate gel with a SiOJAl20 J ratio between
8 and 10, resulting in a structure with a ratio of
4.8. Tripotassium phosphate, sodium alumi-



504 ZK-20 (LEV)

Adsorption

Caldum-excbmgcd ZK·19 (Am. Mineral .
S4;1607(1969)}:

Adsorption,
glIOOg'

SiO~ 2CalNa + KINa +
AlA K + 2Ca K + 2Ca n-CJiI4 Hz<)

-4.19 0.78 0 .22 0.33 0.82
4.34 0.66 0.26 0.58 0.45
4.79 0.49 0.49 0 .45 6.6
5.08 0.58 0.38 0 .51 2.48
5.16 0.71 0.28 0.26 1.70
5.39 0.46 0.50 0 .43 4.80
6.22 0.57 0.40 0.14 8 .65

"The~q>tiO/l capacitieswere measuredal 2SOC and 20 mm Hg (n'

CoM,,) or 12 rom Hg (HP>.~vely.

ZK.~20 (LEV)
(US3,4S9,676(1969))
Mobil Oil Corporation

Rewud Maurials: levyne
SAPO-35

Structure

Chemical Composition: O.I-Q.2 R20 : 0.8
0.9 Na20 : AI20 J : 4-5 Si02 : 1-5 H20 .

X-Ray Powder Diffraction Data: (d(A) (II/o))
14.2(vw), 10.4(m), 9.5(w), 8.2(S), 7 .7(w),
6.7(m), 5.2(s), 4.3(s), 4.1(vs), 3.86(m-s),
3.62(w), 3.48(w), 3.34(w), 3.18(5), 3.10(m),
2.87(m), 2.81 (5-VS), 2.64(m), 2.59(vw),
2.52(w), 2.41(m), 2.33(w-m), 2.l8(vw),
2.14(m), 2.07(vw), 2.04(w), I. 96(w), 1.93(w),
1.9O(w), 1.88(vw), 1.86(w), 1.80(m), J.69(w),
1.68(m), 1.60(m), l.S55(m), 1.545(m),
1.435(m) , j .4OO(m).

ZK-20 appears to be isostructural with the
natural zeolite levyne.

Synthesis

ORGANIC ADDmvES
l-meltiyl ·l ·a:zonia-4-aubic)'clo[2.2.2]octane·

ZK-20 crystallizes from a reactive alumi
nosilicate gel in the presence of the organic
cation l-methyl-I-azcnia-a-azabicyclo {2.2.2}
octane at a Si021Alz0 3 ratio between 4 and 1I ,
a Na20INa20 + [C7HI~2hO between 0.05 and
0 .15, and a H20INa20 + [C7Hl sN2h O between
20 and 50. Crystallization occurs at tempera
tures around 100°C. Silica gel and sodium al
uminate are used as the sources of silica and
alumina, respectively. Crystallization requires 5
days for completion.

ZK-21 (LTA)
(US3,355 ,246(1967)
Mobil Oil Corporation

Reloled MaterillIs: Linde type A

Structure

Chemktd Composition: 1.0 ± MvnO : AhO)
: y sio, : O.Ol(y + 2)/48 P205 (y ::= 1.9-4.5).

X-Ray Powder Diffnu:tion Data: (d(A) (ll/o»
12.160(0), 8.65(68), 7.07(63), 5.48(29),
5.02(4), 4.33(l5), 4.07(63), 3.86(3), 3.675(83),
3.389(30), 3.264(59), 2.952(77), 2.878(15),
2.732(10), 2.664(5), 2.601 (32), 2.491(9),
2.441(4), 2 .395(2), 2.348(6), 2.227(3),
2.154(10), 2.122(4), 2.093(3), 2.061(3),
2.033(9), 1.904(7), 1.881(5), 1.839(2), 1.818(2),
1.740(2), 1.720(14), 1.706(2), 1.674(8),
1.659(2), 1.615(4), 1.586(5), 1.560(5).

ZK-21 appears to be isostructural with the
Linde zeolite type A.

Synthesis

ORGANIC ADDITIVES
tetramethylammonium'" (TMA)

ZK-21 crystallizes from a reactive alumi
nosiliciate gel in the presence of phosphoric acid
and TMA + • The reactant composition that pro
duces ZK-21 after 96°C and 5 days is: 5.72
Na20 : 8.28 TMA 20 ; 4.0 Si02 : AhO) : 6.58
H20. The crystals formed contain a SiO:JA120J

ratio of 3.26. Sodium aluminate was used as
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ZK ·21 Fig. 1: X-ray powder diffraction panem of ZK-21 (leo. 10:2(1990». (Reproduced
with permission of Bunerworths Publishers)

°0
ZK-21 Flg . 2: Lanice parameters of zeolites ZK -21
and ZK-22 (lnorg , C~11t. 10:2488(1971». (Reproduced
with permission of the American Chemical Society)

the source of aluminum; sodium metasilicate
was the source of silica as well as water glass
and colloidal silica. Aluminum phosphate di
hydrate and phosphoric acid were the sources
of additional aluminum as well as phosphorus.

Zeolite Y and sodalite are observed as impurity
phases in this system.

Adsorption

ZK-2l adsorbs between 0.9 and 1.54 g cycle
hexane, 11 to 13.2 g n-hexane, and 21 to 24.6
g of water per 100 g zeolite (Inorg ; Chem ,
1O:2488( 1971».

Structure

ZK-22 is differentiated from ZK-21 in that ZK
22 contains TMA as a cation to balance part of
the framework charge and has a higher Si02/'
A120J ratio than ZK-21. ZK-22 is also iso
structural with the Linde zeolite type A.

ZK·22 (LTA)
US3,791,964(1974))

Related Materials: Linde type A
ZK~21
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Synthesis

OROANIC ADDITIVES
tetramethylammonium" (TMA)

ZK-21 crystallizes from a reactive alumi
nosilciate gel in the presence of phosphoric acid
and TMA +. The reactant composition that pro
duces ZK-22 after 90°C and 74 days is: 6.7
Na20 : 2.7 TMA;20 : 6.0 Si02 : Ah03 : 404
H20. The crystals formed contain a SiOp'Ah03
ratio of 5.34. Sodium aluminate was used as
the source of aluminum; sodium metasilicate,
water glass and colloidal silica were the sources
of silica. Aluminum phosphate dihydrate and
phosphoric acid were the sources of additional
aluminum as well as phosphorus. Zeolite Y and
sodalite are observed as impurity phases in this
system.

Adsorption

ZK-22 adsorbs between 0.9 and 1.54 g cycle
hexane, 11 to 14.8 g n-hexane, and 21 to 24.6
g of water per 100 g zeolite (lnorg. Chem,
10:2488(971».

ZKQ-1B (MFI)
(EP 148,038(1984))

See ZSM-5.

ZKU-2 (ERIJOFF)
(US4, 440,328(1983))

RelaUd Materials: ZSM-34

Structure

Chemical Composition: MunO: Ah03 : 8-70
Si02.

X-RayPowder Diffradion Data: (d(A) (1/10»
11.50(100), 7.59(19), 6.67(70), 6.36(33),
5.78(8), 4.59(23), 4.49(7), 4.29(82), 4.17(8),
3.84(29), 3.77(119), 3.66(20), 3.59(74), 3.43(3),
3.33(25), 3.19(16), 3.16(38), 2.95(15), 2.Fi7(76),
2.95(91),2.69(30),2.51(16),2.49(20),2.20(10),
1.89(14), 1.78(16), 1.66(21), 1.59(81).

Synthesis

ORGANIC ADDmVE
telraaikyl ammonium, with alkyl either methyl or ethyl

ZKU-2 crystallizes from a reactive gel with
a batch composition of: SiO:z/AI203 between 8
and 70; OHlSi02 between 0.2 and 1.6; H201

Si02 between 10 and 30; MlSi02 between 0.2
and 1.7; K 20/M20 between 0.05 and 0.3; RJ
Si02 between 0.0086 and 0.20 (M = K + Na).
Crystallization occurs rapidly in the presence of
seed crystals at temperatures between 150 and
270°C after 0.5 to 20 hours. The crystals have
an orbicular regular crystal form.

ZKU-4 (ERIJOFF)
US4,440.328(1983)

RelilJed Material: ZSM-34

Structure

Chemical Composition: MunO: AhO] ; 8-70
Si02•

X-Ray Powder Diffraction Data: (d(A) (lIlo»)
11.62(100), 7.61(24), 6.67(59), 6.35(47),
5.77(1), 4.58( 16), 4.49(22), 4.36(60), 4.15(5),
3.84(26), 3.77(97), 3.66(56), 3.60(60), 3.43(4),
3.33(16), 3.30(3), 3.19(12), 3.17(35), 2.94(12),
2.88(53), 2.69(85), 2.59(8), 2.51(14), 2.50(16),
2.21 (8), 1.91 (11), 1.78(13), 1.76(6), 1.66( 13),
1.59(13).

Synthesis

ORGANIC ADDmVE
tetraalkyl ammonium. with alkyl either methyl or ethyl

ZJ{U-4 crystallizes from a reactive gel with
a batch composition of: Si0 21AhO, between 8
and 70; OH/Si02 between 0.2 and 1.6; H201

Si02 between 10 and 30; MlSiOz between 0.2
and l.7; K20IMZO between 0.05 and 0.3; RJ
Si02 between 0.0086 and 0.20 (M = K + Na).
Crystallization occurs rapidly in the presence of
seed crystals at temperatures between 150 and



2700C after 0.5 to 20 hours . The crystals have
a rice-grain morphology.

ZMQ-TB (MFI)
(EP 104,107(1983»

See ZSM-5.

ZnAPSO
(EP 158,975(1985))
Union Carbide Corporation

ZnAPSO represents a family of zinc silicoaJu
minophosphates with the batch composition: m
R : (Zn..,.A'"PySiz)0 2' See ZnAPSO Figures I ,
2, and 3.

Synthesis

See ZnAPSO Figures 1, 2 and 3.

ZnAPSO-5 (AA) 507

ZnAPSO·5 (AFI)
(EP 158,975(1985»
Union Carbide Corporation

RelJJJed Maurials: AlP04-S

Structure

Chemical Composition: Zinc silicoalurnino
phosphate. See ZnAPSO.

X-Ray Powder Diffraction Data: (d(A ) (lfla»
12.28-11.91(vs), 4.S8-S.58(m), 4.23-4.19(rn),
3.971-3 .952(m-s) , 3.466-3.427(w-m}.

Zn-APSO·5 exhibits properties characteristic
of a large-pore molecular sieve. See AIP04-5

for a description of the framework topology .

ZnAPSO Fig. I: Ternary diagram indicating the compositional parameters for the ZnAPSO
molecular sieves (EP 158.975(1985».
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ZnAPSO F1g. 2: Ternary diagram indicating the preferred compositional parameters for the ZaAPSO
molecular sieves (EP 158,975(1985».

All( (Zn.+Siz)

ZnAPSO Fig. J: Ternary diagram for thc reaction mixtures used in the preparation of the ZnAPSO
molecular sieves (EP 158.975( 1985».



Synthesis

ORGANIC ADDITIVES
tripropylarnine
tetrapropylammonium"
tetraethylammonium ~

dierhyletbanolamine

ZnAPS0-S crystallizes from a reactive gel
with a molar oxide ratio of: R : 0.1-0.2 ZnO :
AhO) : P20~ : 0.6 Si02: 50 H20 (R represents
the organic additive) . Crystallization occurs af
ter 42 hours at 150 to 200C>C. Co-crystallizing
phases observed in this system include Zn
APSO-34 , -36, -44, and -47.

Adsorption

ZnAPSO-ZO (SOD) 509

Synthesis

ORGANIC ADOmVE
d.i-n-propylamine

ZnAPSO~ II crystallizes from a reactive gel
with a molar oxide ratio of: R : 0.1 Zno : AlzO)
: PlOS : 0.6 sto, : 50 RlO (R represents the
organic additive). (See ZnAPSO.) Crystalliza
tion occurs after 42 hours at 150 (0 200"c. Co
crystallizing phases observed in this system in
clude ZnAPS0-46 and -39.

Adsorption

Adsorption properties of ZnAPSO·ll:

Adsorption properties of ZnAPSO-5 :
Kinetic

diameter,
Adsorbate A

Temper-
Pressure, ature, Wt%

Torr °C adsorbed·
Kinetic

diamerer, Press ure,
Adsorbate A Torr

~ 3.46 100
O2 750
Neopenrane 6.2 700
H20 2.65 4.3
H20 20

"Typie.>l amoum adsorbed.

Temper
arure,

°C

-183
-183

24
24
24

7
10
4
4

12

0, 3.% 100 -183 5
0, 150 - 183 6
Cyclohexane 6.0 90 24 4

H2O 2.65 4.3 24 6
HJ0 20 24 8

"Typical amounl adsorbed.

ZnAPSO-l1 (AEL)
(EP 158,975(1985»
Union Carbide Corporation

RelaUd MmeriilJs: AlP04- 11

Structure

Chemical Composition: zinc-sllicoalurnino
phosphate. See ZnAPSO .

X-Ray Powder Diffractian. Datn: (d(A) (/110) )

9.51-9.17(m-s), 4.40-4.31(m-s), 4.25-4.17(s
vs), 4.04-3 .95(m-s), 3.95-3.92(m-s), 3.87
3.80Cm-vs).

ZoAPSO-11 exhibits properties characteris
tic of a medium-pore molecular sieve. See AlP04

II for a description of the framework topology.

ZnAPSO·20 (SOD)
(EP 158,975(1985»
Union Carbide Corporation

Relmed Maurillls: AlP04-20

sodalite

Structure

Chemical Composuion: Zinc silicoalumino
phosphate. See ZnAPSO.

X-Ray PowderDifJrtu:tion Daia: (d(Pt.) (l110) )

6.39-6.33(m), 4.52--4.48(m), 3.685-3.663(vs),
3. t87-3.170(w), 2.853-2.84O(w), 2.600
2.589(m-w)_

ZnAPSO-20 exhibits properties characteris-
tic of a very small-pore material.
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Synthesis

ORGANIC ADOmVE
tezrametbylamrnoniurn ~

Zn-APSO-20 crystallizes from a reactive gel
with a molar oxide ratio of: R : 0.2 Zno : AhO)
: PzOs : 0.6 SiOz : 50 HzO (R represents the
organic additive). (See ZnAPSO.) Crystalliza
tion occurs between 46 and 166 hours at tem
peratures ranging between 150 and 2000C. Co
crystallizing phases observed in this system in
clude ZnAPS0-43.

ZnAPSO·31 (ATO)
(EP 158,915(198S»
Union Carbide Corporation

ReloJed Materials: AlP04-31

Structure

ClumkaJ Composition: Zinc silicoalurnino
phosphate. See ZnAPSO.

X·RQJ Powder Diffraction'Data: (d(A) (lIfo»
1O.53-10.40(m), 4.40-4.37(m), 4.171(w),
4.036(m). 3.952-3.934('0'5), 2.831-2.820(w-m).

Zn-APSO-31 exhibits properties character
istic of a medium-pore molecular sieve . See
AlP04-3 I for a description of me framework
topology.

Synthesis

ORGANIC ADomVE
di-a-propylamine

ZnAPSO-31 crystallizes from a reactive gel
with a molar oxide ratio of: R : 0.2 ZnO: A120J
: P20 S : 0.6 Si02 : 50 H20 (R represents the
organic additive). (See ZnAPSO.) Crystalliza
tion occurs after 42 hours at temperatures be
tween 150 and 200"C. Co-crystallizing phases
observed in this system include ZnAPSO-46.

ZnAPSO·34 (eRA)
(EP 158,975(1985»
Union Carbide Corporation

Relared Materials: chabazite
AIPO,,-34

Structure

Chemical Composition: Zinc silicoalumino
phosphate. See ZnAPSO.

X·Ray Powder Diffraction Data: (d(A) (11/0»)
(as-synthesized) 9.19(100), 6.84(6),6.25(14),
5.50(42),4.90(22),4.30(91),3 .978(5),3 .842(5),
3.521 (25). 3.437(18), 3.281(5), 3.135(6),
3.015(5), 2.920(33), 2.856(23), 2.755(2),
2.602(7),2.468(5),2.320(4),2.267(5),2.097(4),
2.077(4)*, 1.908(5), 1.856(8), 1.827(4),
\.791(4), 1.723(3), 1.697(3), 1.645(3), (* rep
resents an impurity peak); (after calcination in
air to 50()OC) 9.27(100), 6.85(24), 5.49(13),
4.94(10),4.28(30),4.004(2),3.828(5),3.533(9),
3.411(12), 3.138(4), 2.896(16), 2.852(9).

ZnAPSO-34 exhibits properties characteris
tic of a small-pore molecular sieve.

Synthesis

ORGANIC AOOmVE
(etr.ledtylammonium ~

ZnAPSO-34 from a reactive gel with a
molar oxide ratio of: R : 0.1 Zno : 0.95-1.0
A120 3 : 0.7-1.0 PzOs ; 0 .6 Si02 : 50 H20 (R
represents the organic additive). (See ZnAPSO.)
Crystallization occurs after 17 hours at tempera 
tures between 100 and 2000C. Co-crystallizing
phases observed in this system include
ZnAPSO-5 .



Adsorption

Adsorption properties of ZnAPSO-34:

ZnAPSO·36 511

A1203 : 0.7 PzO,5 ; 0.6 sio, : 50 HzO (R rep
resents the organic additive). (See ZnAPSO.)
Crystallization occurs after 46 hours at temper
atures between ISO and 200°C.

Kinetic
diameter. Pressure,

Adsorbate A Torr

Temper
ature,

OC
Wt%

adsorbed

0 1 3.46 99 - 183
0, 725 -183
lsobutane 5.0 100 22.8
n-Hexane 4.3 98 23.3
H,o 2.65 4.6 23.2
H2O 17.8 23.5

14.5
25.8
0.8

13.3
19.9
30.1

Adsorption

Adsorption properties of ZnAPSO-3S-;

Kinetic
diameter. Pressure, Temperature, W!%

Adsorbate A Torr "C adsorbed

"Calcined in air at 500'C for 1.75 hours prior to activation.

ZnAPSO·35 (LEV)
(EP 158,975(1985»
Union Carbide Corporation

Related Malerials: levyne
SAPO·35

O2 3.46
0 1

lsobu lane 5 .0
n-Hexane 4.3
H,Q 2.65
H20

99
725
100
98

4.6
17.8

-183
-183

22.8
23.3
23.2
23.5

10.2
19.1
0.8
8.6
17.2
26.3

Structure

Chemical Composition: Zinc silicoalumino
phosphate . See ZnAPSO.

X-Ray Powder Di/frtu:tion Data: (d(A) (1/10»
10.27(20), 8.44sh*, 8.08(47), 7.80(4), 6.66(39),
5.57(10), 5.13(72), 4.98(sh), 4.20(48),
4.06(100), 3.841(19), 3.762(3), 3.552(4),
3.325(22),3.107(30<), 3.069(sh), 2.788(43),
2.582(9), 2.530(3), 2.507(5), 2.382(5), 2.889(4),
2.134(6), 2.096(4), 1.873( II), 1.845(8),
1.773(6) , 1.66J (6) (*represents an impurity
peak) .

ZnAPSO-35 exhibits properties characteris
tic of a small-pore molecular sieve .

Synthesis

ORGANIC ADDmVE
quinuclidine

ZnAPSO-35 crystallizes from a reactive gel
with a molar oxide ratio of: R : 0.2 ZnO : 0 .9

ZnAPSO-36 (ATS)
(EP 158,975(1985»
Union Carbide Corporation

Related MQJerials: related metal-substituted
aluminophosphate
molecular sieves

Structure

Chemkal Composition: Zinc silicoalurnino
phosphate. See ZnAPSO.

X.Ray Powder Diffraction Data: (d(A) (1/10»
11.14-11.04(100), 10.76-10.68(D-sh) , 6.53
6.50(3-4), 5.60-5.5600--12), 5.38-5 .36
(18-31), 4.65-4.62(19-22), 4.28-4.25(17-39),
4.09-4.08(10--17),4.027-4.017(14-17),3.865
3.859(3-4), 3.72&-3.707(3-6), 3.273-3.260(9
J5), 3.152-3.142(6-9), 2.970-2 .940(4-6),
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2.~2.788(6-II), 2.698-2.665(1-2), 2.580
2.572(7-10), 2.504--2.497(2-6), 2.384
2.380(2), 2.246-2.232{1-3), 2.180-2.176(1-2),
2.142-2.137(0-2), I. 779-1.776(2), 1.697(0-1),
1.658-1.648(1-2).

ZnAPSO-36 exhibits properties characteris
tic of a large-pore molecular sieve .

Synthesis

ORGANIC ADDITIVE
tripropy lamine

ZnAPSQ-36 crystallizes from a reactive gel
with a molar oxide ratio of: R ; 0.1 ZnO : 1.0
AhO) : 1.0 P20~ : 0.6 Si02 : 50 H20 (R rep
resents the organic additive). (See ZnAPSO.)
Crystallization occurs between 42 and 183 hours
at temperatures between ISO and 200°C. 20
APSO-5 appears as a common impurity phase
in this system .

ZnAPSO·39 (ATN)
(EP 158,975(1985»
Union Carbide Corporation

Relattd Maurials: AlP04· 39

Structure

CMmicaJ Composition: Zinc silicoalumino
phosphate. See ZnAPSO.

X-Ray Powder Diffraction DIJkl: (d(A)
(1110» 9.46-9 .36(60-72), 6.73-7.73(22-40),
4.85-4.82(16-40), 4.21-4.19(83-100), 3.909
3.892(85-100), 3.389-3.314(12-40), 3.1~
3.153(5-8), 3.110--3.100(19-20), 3.008
2.998(11-32), 2.979-2.959(11-25), 2.730
2.718(8-12), 2.600-2.589(5-6), 2.465-2.462
(4-12), 2.377-2.362(3-10), 2.222-2.204((}--4).

ZnAPSO-39 exhibits properties characteris
tic of a small-pore molecular sieve. See MAPa
39 for a description of the framework topology.

Synthesis

ORGANIC ADDmVE
di-n-propylamine

ZoAPSO-39 crystallizes from a reactive gel
with a molar oxide ratio of: R : 0.1 ZoO : 1.0
AhO) : 1.0 P20, : 0.6 Si02 : 50 H20 (R rep
resents the organic additive) . (See ZnAPSO.)
Crystallization occurs between 42 and 183 hours
at temperatures between 150 and 200°C. Zn
APSO-II and -46 appear as common impurity
phases in this system.

ZnAPS0-43 (GIS)
(EP 158,975(1985)
Union Carbide Corporation

Related MauriaJs: gisrnondine

Stnlcture

Chemkal Composition: Zinc silicoalumino
phosphate. See ZnAPSO.

X-Ray PowderDif.fraetion Data: (d(A) (1110»
7.20-7 .1 J(66-100), 5.28-5 .23(0-10), 4.27
4.24(10-13), 4.095--4.068(0--48), 3.308
3.290(82-l00) , 3.116-3 .105(11-23), 2.763
2.751(18-20), 2.191(0-4), 2.017-2.010(8-15),
1.792-1.786(0-7), 1.710-1.707(0-8).

ZnAPS0-43 exhibits properties characteris
tic of a small-pore molecular sieve.

Synthesis

ORGANIC ADDmVE
tetramethylammonium ..

ZnAPSO-43 crystallizes from a reactive gel
with a molar oxide ratio of: R : 0.2 ZOO ; 0.9
AhO) : 0.7 P20s : 0.6 Si02 : 50 H20 (R rep
resents the organic additive). (See ZoAPSO.)
Crystallization occurs between 46 and 165 hours
at temperatures between 150 and 200°C. Zn
APSO-20 appears as a common impurity phase
in this system.



ZnAPSO-44 (eRA)
(EP 158,975(1985»
Union Carbide Corporation

Related MaurUds: chabazite
SAPO-44

Structure

Chemical Composition: Zinc silicoalumino
phosphate. See ZnAPSO.

X-Ray Powder Diffraction DaID: (d(A) (///0»
9.41-9.25(100), 6.86-6.78(8-34), 6.51-6.30
(3-5), 5.54-5.47(14-21), 5.14-4.94(0-6),
4.68--4 .66(0-5), 4.30--4.27(35-52), 4. J5
4.08(18-32), 3.943-3.926(4), 3.842-3.826
(5-10), 3.663-3.541(22-47), 3.414-3.395(8
14), 3.220-3.143(7-9), 2.998(0-3), 2.974(0
13), 2.908-2.889(23-31), 2.743-2.730(0-3),
2.714 (0-6), 2.571 (0-2), 2.553(0-2), 2.543
2.522 (9-10), 2.327(0-2), 2.292-2.243(0-2),
2.249 (0-1), 2.146-2.137(0-3), 2.127(0-2),
2.071 (0-1), 1.888(0-3), 1.872-1.866(0-5),
1.817-1.811(0-5), 1.759(0-1), 1.704-1.698(0
7) .

ZnAPSO-44 exhibits properties characteris
tic of a small-pore molecular sieve.

Synthesis

ORGANIC ADDITJVE
cycJohcxylamine

ZnAPSO-44 crystallizes from a reactive gel
with a molar oxide ratio of: R : 0 .2 ZnO : 0.9
Ab03 ; 0.7 P20" : 0.6 Si02 : 50 H20 (R rep
resents the organic additive) . (See ZnAPSO.)
Crystallization occurs between 40 and 158 hours
at temperatures between 150 and 200°C. Zn
APSO-5 appears as a common impurity phase
in this system.

ZnAPS~ (APS) 513

Adsorption

Kinetic Pressure. Temperature. Wt%
Adsorbate diameter, A Torr "C adsorbed

o, 3.46 99 -183 10.3
0) 745 -183 19.8
a-Hexane 4.3 98 23.3 9.7
Isobutane 5.0 100 22.8 0.8
H,o 2.65 4 .6 23.1 14.0
H,o 17.8 23 .1 24.0

'Calcined in air al 5OO"C for 1.75 ho<ln prior 10 activation.

ZnAPS0-46 (AFS)
(EP 158,975(1985»
Union Carbide Corporation

Reklkd Maurials: MgAPSO-46

Structure

Che",ual CompodtWn: Zinc silicoalurnino
phosphate. See ZnAPSO.

X-Ray PotWhr Diffraction Data: (d(A.) (1/10) )

13.60-13.19(7-10), 11.63-11.42(100), 8.67(0
1), 6.76-6.63(10-20), 6.46-6.41(4---5), 5.95
9.51(4-5),5.83-5.77(5-7),5.34-5.28(7),5.11
5.07(0-1), 4.51-4.44(2-3), 4 .37-4.33(6-11),
3.934-3.896(32-58), 3.723--3.700(2-3), 3.548
3.520(0-1), 3.333-3.302(10-12), 3.220
3.187(3-4), 3.175-3 .152(2-3), 3.121-3.089(8
II), 3.008-2.988(6-9), 2.885-2.870(3-4),
2.831-2.813(0-1), 2.730-2.706(3-4), 2.626
2.607(2-4),

ZnAPSO-46 exhibits properties characteris
tic of a large-pore molecular sieve.

Synthesis

ORGANIC ADDITIVE
di-n-propylamioe

ZnAPSO-46 crystallizes from a reactive gel
with a molar oxide ratio of: R : 0.1 ZoO : 1.0
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"CAlcined in air al 500"C for l. 75 hours prior 10 activation .

Adsorption properties of ZnAPS0-47·:

Adsorption

APSO-5 appears as a common impurity phase
in this system.

- 183 LJ.9
-183 23.0

23.3 7.8
22.8 0.7
23.\ 18.8
23.1 27.0

99
725

98
\00

4.6
17.8

Kinetic
diameter. Pressure, Temperature. Wt'J&

Adsorbate A Torr "C adsorbed

Structure

(ZeD. Mol. Sieve. 259 (1974)

Chemical Composition: M2>lO*AbOl*3.3
4.0Si02*ZlhO

X-Ray Powder Diffraction DaJlJ: (US3,411,
874(1968» (d(A) (1Il 0» 14.0(83), 13.8(76),
12.2(42), 8.70(47), 7 .34(37), 7.07(41), 6.83(8),
5.63(85), 5.48(10), 5.37(16), 4.86(5), 4.70(16),
4.56(7),4.34(33),4.24(5),4.14(35),4.04(43),
3.97(7), 3.71 (11), 3.66(39), 3.60(10), 3.51 (4),
3.40(1 I), 3.38(16), 3.36(8), 3.28(27), 3. 19(8),
3.15(41), 3.01(100), 2.97(16), 2.94(18),
2.90(22), 2.88(3), 2.84(5), 2.79(9), 2.75(10),
2.69(23), 2.61 (6), 2.58(5), 2.54(3), 2.47(12),
2.43(3), 2.34(10).

ZSM-2 (FAU)
(US3~411,874(1968»
Mobil on Corporation

0 1 3.46
0 1

n-Hexatle 4.3
Isobutane 5.0
H10 2.65
H,o

Synthesis

AI20l : l.0 P20~ : 0.6 Si02 ; 50 H20 (R rep
resents the organic additive). (See ZnAPSO.)
Crystallization occursbetween 42 and 183 hours
at temperatures between 150 and 200"C. Zn
APSO-11 and -39 appear as common impurity
phases in this system.

ORGANIC ADDITIVE
diethylethanolamine

ZnAPS0-47 (CHA)
(EP 158,915(1985)
Union Carbide Corporation

R~lIltedMateritlJ.s: chabazite
SAPO-47

Structure

Chemical Composition: Zinc silicoalumino
phosphate. See ZnAPSO .

X-Ray Powder Diffraction Data: (d(A) (1110))

(as synthesized) 11.88(2*), 9.35(93), 6.87(17),
6.38(7), 5.54(42), 5.03(11), 4.67(3), 4.31(200),
4.07(7), 3.97(6), 3.867(11), 3.600(21),
3.439(23), 3.228(10), 3.188(3), 3.029(5),
2.922(49), 2.894(sh) , 2.839(3), 2.772(2),
2.689(3), 2.600( 10), 2.573(2), 2.516(4),
2.344(3),2.273(4),2.]26(3),2.089(2),2.0]9(2),
1.909(4), 1.873(5), 1.807(5), 1.721(5), 1.684(2),
1.642(5); (after calcination at 500°C in air)
11.78(11*), 9. 17(100), 6.78(25), 6.26(3),
5.46( (0), 4 .93(8), 4.61(3), 4.49(2), 4.26(27),
4. 18(sh), 3.950(8), 3.816(4), 3.533(8),
3.399(0), 3.187(2), 3.126(3), 2.998(2),
2.885(18), 2.849(sh), 2.571(2) (*indicates an
impurity peak).

ZnAPS0-47 exhibits properties characteris
tic of a small-pore molecular sieve.

ZnAPS0-47 crystallizes from a reactive gel
with a molar oxide ratio of; R : 0.2 Zno : 0.9
A1 201 : 0.7 P205 : 0.6 Si02 ; 50 H20 (R rep- .
resents the organic additive). (See ZnAPSO.)
Crystallization occurs between 40 and 158 hours
at temperatures between ]50 and 200°C. Zn-

Synthesis

ORGANIC ADDITIVES
Done



ZSM-2 is prepared from lithium aluminos
ilicate glass with an oxide ratio of: 4 Li 20 : I
AhO) : 9 Si02 . Initially it stood in aqueous
solution for 48 hours; crystallization occurred
after 30 days of heating at 60°C. With changes
in the Li and the Si02 content of the initial
reaction mixture, ZSM-2 also could be obtained
after lengthier crystallization times. Impurity
phases include both the unreacted glass and lith
ium silicate.

Adsorpti()D

Adsorption properties of ZSM-2 (US3,411.874{1968»):

ZSM-3 (FAV/EM11 515

X-Ray Powder Diffraction Data: (d(A) (l»
15.26(62), 14.16(124). 13.19(26), 11.86(4),
9.21(2), 8.76(44), 8.00(3), 7.61(9), 7.41(32),
7.22(7), 7.03(15), 6.89(2), 5.94(4), 5.72(37),
5.62(25), 5.4&(6), 5.15(4), 5.02(7), 4 .90(3),
4.82(2), 4.78(2), 4 .75(18), 4.70(1), 4.62(3),
4.58(1), 4.49(5) , 4 .38(51), 4.19(14), 4.16(6) ,
4.11(13), 3.99(1), 3.96(2), 3.93(7), 3.85(14),
3.78(19), 3.72(23), 3 .52(1), 3.47(10), 3.40(l0),
3.31(42), 3.22(16), 3.18(17), 3.02(60), 2.98(11),
2.92(3l), 2.87( 10), 2.85(8), 2.80(9), 2.73(ll),
2.70(11) .

Synthesis

WI% cyclohcxane

15

Wl% water

22

ORGANIC AOOmvES
lIone

ZSM·3 (FAU/EMT)
(US3.415,736(1968)
Mobil Oil Corporation

Structure

Chemiull Composuion: (0.O~.8)Li20*(O.2

O. 95)Na20*AI203 ~(2-6)Si02*(0-9)H20 .

ZSM-3 is prepared from reactive gels con
taining sodium and Lithium cations. A precursor
aluminosilicate solution is prepared initially. The
precipitate is filtered, dried, and mixed with a
lithium hydroxide solution, with heating to lOO'C
following . Crystallization occurs after 16 hours
at this temperature. At a lower temperature
(60°C), crystallization times are significantly in
creased, requiring 5 days. Without the precursor
step, zeolite P and sodalite are formed instead

5 .0 t!.O :U .~ ~ .o 11.0

degrees 2-lhetll
531••

ZSM-J Ji1g. J; X-ray powder diffraction pattern f()l' ZSM-3 SSSC 37: 123(1988». (Reproduced with
permission of Elsevier Publislters)
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Li 2 0 L..--"-----"_-""-----><..----''''--''''>O<''--->.'---''-----''..-.Jo 5 i 0 2

- (0-100) ( 0-100)

ZSM·3 Fig. 2: Molar ratios of Na,D, Li,O. and SiD, in !he mixtures for rhe
synthesis of ZSM·J. The Sio,/AJzO:, ratio varies from 12.9 to 16.7 . The open
symbols refer 10 pure phase ZSM -J, the closed symbols to ZSM-3
contaminated with lithium silicate ; the area circumscribed by tbe dashed line
corresponds 10 the preferential compositions according to the patent . (SSSC
37: 123(1988)). (Reproduced with permission of Elsevier Publishers)

(ACS 10 I: 109(1971». In the presence ofexcess
lithium cations (Lilli + Na > 0.5), lithium
silicateis the majorproduct (SSSC 37:123(1988»).

observed for the faujasite zeolites. A third band
at 3745 cnr ' also is observed and is attributed
10 the crystal-terminating silenol groups (SSSC
37:123(1988)).

Adsorption properties of ZSM·3 (ACS WI: 109( 1971)):

Adsorption

Ion Excbauge

See ZSM-3 Figures 3 and 4 .

30 .2
29.5
29.1

% water

1'1.6
18.0
18.9

% cyclohexane

3.05
2.99
3.6Infrared Spectrum

The hydroxyl stretching region of ZSM-3 in the
H+-exchanged fonn contains a high frequency
band at 3650 crrr" and a low frequency band at
3545 cm-l . These bands are similar to those

Thermal Properties

The as-synthesized ZSM-3 does not lose crys
tallinity on hearing to 500°C. Exotherms are
observed without accompanying weight loss at
780°C. When it is heated in the NH t form.
crystallinity is lost at 4(X)OC (SSSC 37:123(1988».



ZSM-4 (MAZ) 5\ 7

ZSM·3 Fig . 3: Ion-exchange isotherms (or ZSM-3:
Li" -Na "; total normality = 2SoC; Si02/AJ,O) = 3.2S ;
contact time = 48 hours ; X, = equivalents of lithium in
zeolite/gram atom AI; X, "" equivalents of lithium in
solution/total equivalents in solution (SSSC
37: 123(1988». (Reproduced with perm ission of Elsevier
Publishers)

)

/!
'/ •:

'/ 0
I

V ,

V ~ "

'/ o , a
V ,p

/ ~,;
'0

/ d'

L ::~
;.d

La

..
Xli

z

0.0 •
Xli

s

1.0

ZSM-4 (MAZ)
(BP 1,117,568(1968»
Mobil Oil Corporation

Related Materials: mazzite

Structure

CHEMICAL CDMPOsmON: M')J.O: AbO): 6-IS
SiD2 : o-S H,o

PORE STRUCTURE: 12-member rings 7.4 A in
diameter

X-Ray Powder Diffraction Data: (d(A) (/110) )

16.7(w), 9.12(s), 7.90(m). 6.92(m), 5.99(ms),
5.37(vs), 5.28(w), 4.70(ms), 4.39(vw), 3.93(w),
3.79(s), 3.71(w), 3.62(w), 3.52(ms), 3.44(w),
3.15(m), 3.08(w), 3.04(w), 2.92(m), 2.65(w) ,
2.62(w), 2.52(w), 2 .37(w). 2.28(w), 3.24(vw),
2.10(vw). 2.08(vw) , 2.03(vw), l.98(w).

For a description of the structure see mazzite .

Synthesis

ORGANIC ADDITIVES
tetramethylammonium ~

pyrroJidine
choline chloride
diazobicyclooctane

Thennal Properties

Thermal treatment of this material above 500"C
showed an apparent loss in crystallinity based
on a loss in cracking activity with the time of
thermal treatment at this temperature (5 min to
25 min) .

ZSM-4 can be prepared from reaction mix
tures that have been heated at 95°C for 20 to
186 clays with RzO/RzO + Na20 in the range
of0 .05 toO.7, R20 + NazOISiOz between 0.15
and 0.50, SiOzlAJ20J between 6 and 20, and
H20IR20 + Na20 between 30 and 150. Sodium
silicate is used as the source of silica, and either
sodium aluminate or aluminum chloride is used

l. 0 as the source of aluminum.

0

Z
/

~" .n
~-~ r/

, ....~CI
'0 /

,o- 1"6 1/
,e /,

I~ /,
p 1/
V

0.0

l.0

+.
x Ca

s

ZSM-3 Fig. 4: Ion -exchange isotherms {or ZSM-3:
Ca+ 2- Na; total normality = 0 .1; remperarure = 2SoC;
SiOy'AI,O, = 3.25; contact lime = 48 hours; X. =
equivalents of calcium in zeolite/gram atoms AI; X, =

equivalents of calcium in solurioo/total equivalents in
solution (SSSC 37:1 23(1988)) . (Reproduced with
permission of Elsevier Publishers)

X Ca·'
l
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B

Si02/A12~ Ratio varies
from 5:1 to 30:1

H20/ [ (eH) JlhO+Na..z0 Ratio
Varies from 30:1 to 120:1

c
ZSM-4Fig.]; Ternary phase diagram of the region of crystallization for
ZSM-4 using TMA as the organic additive (DP I, J J7,568(1968».

Adsorplion capscides for ZSM-4 sample crystallized after
7 days (BP I,JJ7.:i68(J968» :

Adsorption

Wt% cyclohexane
20 rom Hg

4.6

Wt% water
12 mm Hg

13.6

TZ-OI
USC-4
USI-I08
ZBH
ZKQ-IB
ZMQ-TB
silicalire
silicalite-I

Structure

ZSM·5 (MFI)
(VP 22.516(1%8»
Mobil Oil Corporation

Re1LUed Materials: AMS-IB
AZ-I
Bor-C
Encilite
PZ-I
LZ-I05
Nu-4
Nu-5
TS-l
TSZ
TSZ-lIl

(1. Phys , Chem. 85:2238(1981))

ZSM-S Fig. IS: Framework topology.
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2U )Q 60
DEGREES TWO THETA

(b) ---:-:----=-::-------=:------;-::;----~;__-~-

ZSM -5 Fig. 2: X-ray powder diffraction pattern for ZSM·5: (a) as-syruhesized form; (b)
ammonium-exchanged form (scale factor changes just below 2802 theta) (J . Phys . Chern.
83:2777{l979}) . (Reproduced with permiss ion of the American Chemical Society)

CHEMICAL COMPOSmON: (TPA,Na),OoAhO,·5-
lOOSiCh·4Hi) (US3,702,886( 1972»

SYMMETRY: orthorhombic
SPACE GROUP: Pnma
UNIT CELL CONSTANTS (A): a = 20.1

b = 19.9
c == 13.4

VOID VOLUME : 0.10 glee
PORE STRUCTURE: three-dimensional intersecting to

member rings 5.3 x 5.6 A and 5./ x 5.5 A

pore openings are elliptical lO-member rings (1.
Phys. Chern. 85:2238(1981». There are 12 unique
T atom sites in ZSM-5.

This structure is successfully described in the
orthorhombic space group Pnma; however, it
shows a reversible phase transition at about 330K
(though the temperature is dependent on the

X-Ray Powder Diffraction DaIiJ.: (d(A) (lllo»
ll.L(s), 10.OO{s) , 7.4(w), 7.1 (w), 6 .3{w),
6.04(w), 5.97(w), 5.56(w), 5.01(w), 4.60(w),
4. 25(w) , 3.85(vs), 3 .71(5), 3.04(w), 2.99(w),
2.94{w).

Zeolite ZSM-5 can be constructed from five
member-ring building units. These units link
together to fonn chains and the interconnection
of these chains leads to the formation of the
channel system in the structure. The combina
tion of these building units results in a frame
work containing two intersecting channel sys
tems, one sinusoidal and the other straight. The

ZSM·S Fig. 3: Packing diagram with Si atoms as
framework viewed along <010> axis horizontal (Zeo .
6:35(1986». (Reproduced with permission of
Burterworths Publishers)



Positional parameters for ZSM·5 (J. PJrys. Chem.
85:2228( (981» :

Synthesis

The ZSM-5 structure can readily be prepared
under a wide range of conditions. It crystallizes
readily, with the SiO,jAI20 3 ratio ranging from
20 to that of the pure silica polymorph silicalite.
Generally the higher the SiO,jAI~3 ratio, rbe
more facile the crystallization. (See silicalite for
a discussion of the pure silica end member of

520 ZSM-5 (MFI)
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lSM·5 F1g. 4: Peak spacing delta (deg, 2 theta CuK
alpha radiation) vs, the bulk AJ20. content (%) of
HZSM·5 samples equilibrated at 75% relative humidity .
The reladonshlp follows: percentage AhO, ;: 16.5 
30.8 delta (J . CaliJl. 72:373(1981)) . (Reproduced with
permission of Academic Press)

aluminum content to monoclinic symmetry . Be
low this temperature, the symmetry is mono
clinic, and it is orthorhombic above the transi
tion temperature (JCS Chem . Commun .
1433(1984); s. Pkys . Chem . 89:1070(1985».
At room temperature this change in symmetry
is observed upon adsorption of molecules into
the pores (J. Phys , Chem . 83:2777(1979); JCS
Chem. Commun , 541(1984); Pure Appl. Chem.
58:1367(1986».

The TPA cations of this structure are located
at the channel intersections with a conformation
that is different from that of free TPABr. The
C3 groups have larger thermal parameters, in
dicating some freedom of motion, and each ex
tends into the lo-member ring window . (lACS
104:5971(1982); Zeo . 6:35(1986».

Atom

nl)
T(2)
T(3)
T(4)

T(5)
T(6)
T(7)
T(8)
T(9)

T(lO)
T(Il)
T(12)
0(1)
0(2)
0(3)
0(4)
0(5)
0(6)
0(7)
0 (8)
0(9)
0(/0)
0(11)
0(12)
0(13)
0(14)
0(15)
0(16)
0(17)
0(18)
0(19)
0(20)
0(21)
0(22)
0(23)
0(24)
0(25)
0(26)
Oxl

0.4232(5)
0.3090(9)
0.2788(5)
0.1220(6)
0.0728(7)
0.1884(8)
0 .4232(7)
0 .3076(9)
0 .2748(6)
0.1199(6)
0.0702(6)
0.1894(8)
0.3728(14)
0.3095(13)
0.1993(18)
0.1000(15)
0.1183(10)
0.2407(14)
0.3750(15)
0.3079(18)
0.1981(11)
0.0909(/6)
0 .1230(18)
0.2529(14 )
0.3112(17)
0.0790(12)
0.4091(13)
0.4160(15)
0.3976(15)
0.1847(11)
0.2037(16)
0.1910(20)

- 0 .00 16(12)
-0.0016(14)

0.42n(9)
0.2045(17)
0.2861(14)
0.1089(23)
0.1746(33 )

y

0.0605(7)
0.0281(5)
0.0602(8)
0.0641(7)
0.0278(6)
0.0573(7)

- 0.1695(7)
-0.1286(7)
-0.1722(6)
-0.1729(6)
-0.1304(6)
-0.1742(5)

0.0665(15)
0.0621(12)
0.0605(16)
0.057 1(26)
0.0592(15)
0.0440(16)

-0.1509(16)
-0.1514(11 )
-0.1541(10)
-0./652(18)
- 0 .1427(22)
-0.1660(14)
-0.0519(21)
-0.0526(22)

0.1258(15)
0.0011(18)

-0.1300(16)
0.1295(12)
0.0030(15)

-0.1259(17)
0.0425(13)

-0.1565(13)
-0.25
- 0.25
-0.25
-0.25

0.75

-0.3306(9)
- 0.1849(11)

0.0312(10)
0.0326(9)

-0.1822(13)
- 0 .3249(9)
-0.3258(13)
- 0.1848(11)

0.0366(10)
0.0269(10)

- 0. 1826( 10)
-0.3172(9)
- 0 .2397(19)
-0.0761(13)

0 .0263(18)
- 0 .08 17(23)
- 0.2697(13)
-0.24 18(21)
- 0.2361(2])
-0.0681(17)

0.0324{l7)
-0.075/(25)
-0.2632(26)
-0 .2393(21)
- 0.1923(20)
- 0.1743(20)
- 0.3870(21)
-0.4177(24)
-0.4191(22)
- 0.3824(16)
- 0.4020(22)
- 0.4147(22)
- 0 .2056(19)
-0.2078(20)
-0.3503(28)
-0.3476(23)

0.0590(23)
0 .0580(34)
0 .3515(50 )



Use of various organics in the syntbesis of 2SM-5
structure:

this series of materials .) Numerous synthesis
procedures have been described, and a wide range
of organic additives have been employed in en
couraging the formation of this structure. In the
presence of the TA cation this structure is very
readily formed over the largest SiOz/ AhO) ra
tios. Some of the literature concerning the role
of the organic in encouraging crystal growth is
confusing, as the aluminosilicate with the ZSM
5 structure also can crystallize in the absence of
any organic additive when the SiOz/ Ah03 ratio
of the gel is between 70 and 90. The role of
some of the organic additives is thought to be
that of hydrophobic void tiller, such as hexane
1, 6-d.iol and piperazine (Zeo, 6: 111(1986».
Under certain conditions it has been observed

Organic

Ti>A
TEA
DEA
triprcpylamine
diethylamine
DMEPA
HEXDM
1,6-hclUlIIediol

no alkalki
propylamine + propylbrornide
tripropy lamine +

OlCthyliodide
tributylarnlne + rnethyliodide
triethyl-e-propylemminlum"
diqual phosphonium ~ 1

alkyltropinium
fluorocarbon-carboxylic acid
fluorocarbon-sulfonic acid
seeds
pyrTOlidine
piperazine
Pip + TPA
Pip + TBA
Pip + TrBPe
rnonoethylene glycol

dimethylether
cyanoalkanes
cyanoalkenes
N-2-hydrollyethyl-

piperazine-N-2
ethanesulfonic acid

Citation

US3 ,702,886( 1972)
PP IZC 10(1989)
Zeo. 8:508(1988)
pp IZC 10(1989)
PP IZC 10(1989)
US4.565 ,681(1986)
Zeo . 8:495(1988)
EP42,225(1981)
Ger . 3.021,580(1981)
JP 85,71,517(1985)
IP 85,7 [.517(1985)

IP 85,71.517(1985)
ze« 2:313( 1982)
Ger . 3,333.124(1985)
US4,592.902( 1986)
JP 84 .73,425(1984)
IP 84,73,425(1984)
JP 85,71 ,519(1985)
Zeo. 3:282(1983)
aD. 8:501(1988)
Zeo. 8:501(1988)
Zeo. 8:501( 1988)
Zeo. 8:50J(1988)
EP 51,741(1982)

IP 86,68,318(1986)
IP 86.68,318(1986)
US4 .639 ,360( 1987)
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in the TPA system that silicaJite may be the
initial crystallizing species. dissolving and re
crystallization to form the more aluminum-rich
species (Zeo. 5:295(1984)).

Starting with a batch composition of: 12 NazO
: 4 .5 TPA20 : AbO) : 90 Si02 : 2000 H20,

which will produce spherulitic aggregates on the
order of I micron , additives to this system can
promote the formation of larger crystals of this
structure. Substitution of sodium salts for s0

dium hydroxide will yield 80-micron crystals.
The addition of organic additives also will mod
ify the crystal habit (Zeo. 3:219(1983»). The
largest crystals produced to dare were from gels
containing NH..JfF2 and NH4F, in addition to
TPA (SSSC 28:121( 1986»). Under conditions of
high gravity, very large 800-micron-size crys
tals also have been prepared (PP lZC 13(1989».
In the presence of 4-picoline N-oxide or tripro
pylamine N-oxide, 100% crystallinity is not ob
tained; however. the presence of a crystalline
second phase that is not thermally stable has
been used to prepare, in situ, bindered material
(US4 ,430 ,314{ 1984)). Synthesis from type A
zeolite and excess silicate has been claimed (JP
86,155 ,214(1986)) . A common impurity found
in the ZSM-S synthesis is quartz-type phases.
and in aluminum-rich systems, mordenite.

Crystallization in general is more rapid in the
presence of seeds when the reactive gel does
not contain an organic amine (PP IZC 7(1989)).
Sucrose has been found to inhibit the crystal
lization of this structure (JP 85,71 ,5 18( 1985»).

Thermal Properties

The peak at 360°C for TPA-ZSM-5 thermal de-
composition is attributed to external TP A spe
cies on the surface of the crystal associated with
surface aluminum species (Zeo. 8:209(1988)).
By following the thermal decomposition of TPA
ions with different techniques, at least two types
ofTPA framework species could be evidenced,
a TPA counterion to the framework negative
charge located near the AI atom and a less strongly
bound species released at lower temperature
(CaLorim AMi. Therm. 14:20(1984). Desorp
tion peaks between 400 and 470°C are associ
ated with the loss ofTPA from the crystal (Zeo ,
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Chemical composition of sonicated ZSM-5 samples obtained from the system: 4.5(Li.Na,K)20 ; AI~J : I)(J Si02 :

30.000 H,o : 2 TPABr (Z~o. 7;549 (1987)):

AlltaIi TPA U Nil K (fPA + M) AI H~ SilAl (per unit cell)

Li 2.7 0.9 3 .6 1.9 4.1 49 .5
Na 2.7 2 .4 5.1 2.2 3.5 42.6
K 3.0 0.9 3.9 2.1 2.6 44.7
Li-Na 2.8 0.4 1.0 4.2 2.3 3 .8 40.7
Li-K 3.0 0.5 0.6 4.1 2.3 2.9 40.7
Na·K 3.0 1.8 1.2 6.0 2.2 2.6 42.6

ll'A results obtained from TG wea<urr:menr.. iO"'lanic cations from atomic absorption ,

4:2(1984». The decomposition range for N~
ZSM-5 is between 553 and 893K (Zeo.
3:249(1983» .

~ ,----------------------,
o

1
E
I
o

BOO

ZSM·5 Fig. 5: DTA curves for as-synthesized ZSM-5:
(a) NaZSM-5; (b) (Na<Pip:r.)ZSM-5; (e)
(Na,HXDM)ZSM-5; (d) (Na .TPA)ZSM·5 (UO .

6:111(1986». (Reproduced with permission of
Bunerwonhs Publishers)

Ion Exchange

All univalent cations achieved 100% exchange
in ZSM-5. The thermodynamic affinity for ex
change is;

Cs> Rb = N~ = H30 > K > Na > Li

for ZSM-5 with a Si02lAh03 ratio of 78. Mul
tivalent cations are unable to achieve 100% ex
change in this structure. The maximum ex
change increases through the series Ca < Sr <
Ba and is better achieved at higher temperatures
than at room temperature . The maximum ex
change for La is proposed to be similar to that
for Ca (Chem. Age India 37:353(1986)).

Organic ions have exceptionally high selec
tivities, with full capacity exchange readily at
tained for all organic ions except for those that
are larger than the IO-member-ring openings in
this structure (Zeo. 8:423(1988». The selectiv
ity sequence for organic arnines correlates with
ionic size:

Na -s MA < WA < PA < SA
Na <t M1A < ~ < P1A < B2A

MA < M1A < TMA

Copper ions can be exchanged into this zeolite
from either CuO. CuF2 • or CU3(P04)2by heating
the solids together in the absence of water at

temperatures between 550 and 800"e (Zeo.
6: 175(1986) .
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Thermogravimetric analysis of bases sorbed on HZSM-5 (containing 2.7 AlIU.C.) (<<0 . ~ : 384 (1985»):

Weight loss
Peak temperature (OC) (%f MoJeculesJuc<

2 2f 2" total
Is Ib 2a 2b 2c total 2a 2b 2c total eorr.

Ammonia' 150 360 2.03 1.25 6.9 4.2 4.2 4.2
Ammonia" 200 360 0.23 0 .91 0.8 3.1 3.[ 3.1
Ammoniac 360 0.80 2.7 2.7 2.7

MClhylaminc 140 400 470 520 3.57 2.09 6.6 1.5 1.2 0 .3 3.9 3.0
Ethylamine 100 180 400 490 5.94 2.19 7.6 2.8 2.8 2.8
n-Propylamine 80 210 370 430 8.15 2 .38 8.0 2 .3 2.3 2.3
n-Butylamine 110 220 370 430 7.88 3.64 5.8 2.0 0 .5 2.9 2.5
Pyridine 100 600 8.11 3.00 5.9 2.2 2.2 2.2

'Anhydfl>\l< ammonia , ort:>od on H-ZSM·S
'Sample from [a) , afte.r heatiJlg a. 19O'C for - 16 Ii
cAmmonium ion e;och.angcd H·ZSM·j
on..e weight 1_ 'is given lIS a percentage of the zwlile we ight at 6OO"C
"The number of base molecules per unil cell calculated from the 'i'Il ",eight less
'Calculat ed assuming no am ine rcacnons have OCCUlTed

OCa.!C1Iwd by ~irnating the proportion of monoarniDe (18). d \amine (2b) and triamine (4) from t.d.lm.s. data

Infrared Spectrum

Vibrational data of sllicalite-l and 25M-s lSi/AI", 20.7).l.r. is used 10 indicate infrared spectroSCOpy, Lr. FS for
infrared Fourier spectroscopy, and RS for Raman spectroscopy (Zeo. 7:24? (1987»

Silicalire-I ZSM -5

15 K
293 K 17K 17K (i .r . 293 K 293 K TJK 293 K
(i .r.) (Lr.) (i.r. FS) FS) (RS) (i .r.) ILf .) (RS) Assignment

I230m l230m 1232m Asymmetric stretch
1222sh I220vw 1225w llliw 12U)w v..(T-o--n

I IBOsh 118/sh 1170sh IIBOvw IlllOsh IISOsb 1185vw
1140sh 1140sb 1140 II 55vw
IIlSvs 11l3vs 1125w 1137vw

I100v$ 1105!h 1I05vs 1I05v5
1095sh 1095vw 1094\1w

10855h 1085sh 10865h
1073sh 1074w
1067sh 1045w 10655h 1065sb I033vw
974wsh 975w 946w

tconnnued)
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Vibrational data of silicalite-I and ZSM-5 (SiiAI = 20 .7).I.T. is used 10 indicate infrared spectroscopy, i.r , FS for
infrared Fourier spectroscopy, and RS (or Raman spectroscopy (Zw. 7:149 (981))

Silicalite-J ZSM-S

IS K
293 K 17K nK (i.r, 293 K 293 K 77 K 293 K
(i.r.) (i.r.) (i.r. FS) FS) (RS) (LT .) (i.r.) eRS) Assignment

820vw 826m 825w 825w Symmetric stretch
81.5w 812", 814m 812w v.(T-o--n
800w 798", 801m 800w 800m 793w
785vw 795m 786s 795m 786m

784sh
758w 761:lvw 7S9vw
752w
745vw
739sh 740vw

136m 735vw
734sl1
730vw
727vw
721v", 714w
704vw 700vw

697w Bending vibrations

687m sro-r-oi and
667vw srr-o-ri

645w 649w 655w 648vw

630 635w 635s 6305h 630w 630",

625vw 625w
615w 615rn

598vw 602w 602s
590vw 590", 588s

580sh
512s

565sh 566s
564&11

557s 559s 560m
5535 555w

55{}s 552sh 550!1

542sh 5423 545s 545sh

S3Qsh S35sh 534sh
52Ssb S25m 525m 528sh 52Srn

490vw 490w 49& 485w 480w

4135 470vw 475",

460sb 466s 460sb 469vw

457sh
4525 450vw 450vw

446s 448s 448$
440s 4<Ws 440sb

433s 435vw

431sh 430vw
422m
420511
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Vibratloeal data of silicallte-I and ZSM-5 (SUAI = 20.7).l.r. is used 10 indicate infrared spectroscopy. LT. FS for
infrared Fourier spectroscopy. and RS for Raman spectroscopy (ZM. 7:249 (1987))

SiJicaJire-1 ZSM-5

IS K
293 K 17K. 17K (LT. 293 K 293 K 77 K 293 K
(i.r.) (i .r .) (i.r . FS) FS) (RS) (LT.) (LT.) (RS) Assignment

4J5sh 414\11 41400 413sh 4151lh
4115b
4O&sh

398sh 400w 400sh
3935h
389m 390sb 386vw 385m

380vw 379w 38()vs

375sh
360vw 362m 365\11

35800 355sh 355m
350m 354$
341w
335m 338w 340vw

290vw 290w Bending vibrations
285w 285w (o-T-o) and
265w 264vw (T-Q-n
255m 255w
24()vw 245w
204vw 218w

185vw 192vw Translation of SiiSi
180w 173w and AUAllattice
165w 163w modes, rotation of
160vw t60w the fragmellt of
140\11 138w zeolite chJLin
135w
1045 104s

65vw
SOW 50m
47vw 43vw
38vs 38vi
30vw
28.6m 28.601

Vi s very ~IroDg. s = sttoD8. m = medium. w = weal<. vw = very ....eak• •h = shoulder

Adsorption

In the adsorption of paraffinic hydrocarbons
on HZSM-5, linear and branched hydrocarbons
behave as condensed liquids. filling the entire
pore structure. This is also true for the cyclic
paraffins. but less of the pore structure is ac
cessible tZeo , 7:438(1987». Crystal morphol
ogy can influence the sorption and the catalytic
properties of this zeolite (Zeo , 4:337(1984).

The heats of immersion for alkanes. linear
alkenes, and alcohols are strongly dependent on
the chain length. The heats of adsorption can
be evaluated from the heats of immersion and
condensation by the following relationship
(Chern. Technik. 35:144 (983»:

( - ) aAH ==: (-) MH + (-) tlLH
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Q)

o
c:::
co.....~
E
cJ)

C
lO

~

1400 1200 1000 800 600 400

ZSM-5 Fig. 6: Mid-infrared spectrum of ZSM-5. (Reproduced with
permission of author)

Adsorption of normal panffins
at 2 kPa on ZSM-5
(Zeo. 7:438 (1987):

1000.00 1700,00

Raman shitt (cm-1
) Ethane

300.00

lSM-S Fig. 7: Raman spectrum of calcined ZSM-S
crystals (J. Phy.f. Chem. 91:4329(l 987». (Reproduced
with permission of the American Chemical Society)

n-AlJcane

Melhane

Liq.
Temp. W!% density

(K) ads. (g/em J
)

79 7.40 0.460
158 4.10 0.340
186 2.35 0.245
25J 0.15 0.000
273 0.28 0.000
295 0.04 0.000
158 9.10 «sn
186 7.80 0.550
253 4.15 0.460
273 3.90 0.420
295 1.35 0.355
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ZSM-S/ZSM-l1
(US4,289,607(198J»
Mobil Oil Corporation

Structure

Clumi£al Composition: 0.9:!: 0.3 M20ln :
A120l : at least 5 sio,

The ZSM-5 and ZSM-II can be found as
intergrowths under certain crystallization con
ditions.The difference betweenZSM-5 and ZSM
11 can be seen in the region around degrees two
theta of 45.

u

ZSM-S/ZSM-l1 Fig. IS: lntergrowth structure,

ZSM-6
(US4, 187,283(1980»
Mobil Oil Corporation

RelaUd MaurillJs: ZSM-47

Structure

Chemkal Composition: SiWA1~J 200-1000.

X-Ray Powder Diffraction Dam: (d(A) (1//0»
11 .6(20), 9.0(30), 8.33(70), 6.64(40), 6.55(20),
6.rJ(70), 5.77(20), 5.41(20) ,4.65(20),4.48(70),
4.33(70), 4 .24(20), 4.17(20), 4.11 (40),

INTERMEDIATEOIS!®J.}

ZSM·5IZSM·t1 Fig. 2: Slow X-ray SCIUl al 45· 2

theta to identify (a) ZSM- l t and (b) ZSM ·5 (SSSC 28:
890)1986». (Reproduced with permission of Elsevie r
Publishers)



4.05(100), 4.01(40), 3.97(70), 3.91(100),
3.85(40), 3.56(40).

Synthesis

ORGANIC ADDlTlVE
TMA-Br

ZSM~6 crystallizes from a batch composition
with Na20/Ah03 around 21.6, RJA1203 around
18, and H20/Ab03 of 1000. Crystallization oc
curs at 2000 after 24 hours.

ZSM-8
(SP 1,334,243(1973))
Mobil OU Corporation

ReltzJed Materials: ZSM-5IZSM-ll

Structure

X-Ray PowderDiffraction Data: (d(A) (/110»
11.10(46), 10.0(42),9.7(10),7.42(10),6.35(12),
5.97(12),5.69(9), 5.56(13), 4.25(8),4.07(20),
4.00(10), 3.85(100), 3.82(57), 3.75(25),
3.71(30),3.64(26),3.43(9),3.34(18),3.31(8),
3.04(10).

ZSM·8 is thought to be an intergrowth of
ZSM·5 with ZSM-I J (Appl . Casal. 5:109(1983» .

Synthesis

ORGANIC ADOmVE
ltlrlIelhylammonium cation

ZSM-IO 529

ZSM·]0
(USJ,692,470(1972))
Mobil on Corporation

Structure

CHEMlCAL COMPQSmON: (R.lC,)O*AI~3"S

1Sio,·9H~

VOID VOLUME: 0.20 cc/g
PORE STRUcruRE: (based. on adsorption studies) 6+

A

X-RayPowder Diffradion Data: (d(A) (lIfo»
15.85(58), 13.92(42), 10.22(13), 7.87(22),
7.55(56),7.04(13),6.29(35),5.96(22),5.46(31),
5.25(15),5.06(25),4.50(76),4.41(67),4.32(27),
3.87(91), 3.64(100), 3.54(56), 3.47(25),
3.42(27), 3.32(13), 3.22(16), 3.16(30,3.10(67),
3.04(73),2.89(89),2.73(48),2.69(15),2.57(15).

Synthesis

ORGANIC ADDITIVE
1,4-d.imethyl.l.4-diazonillbicyclo(2,2,2}octane "'1

ZSM-IO is prepared from reactive mixtures
with the following composition range: SiOi
AI10) = 13-17; HzOIK20 + RO = ~loo,

K10/SiOl = 0.27-0.35; and ROlSi02 = 0.1
to 0.15 (R = the organic additive). Crystalli
zation occurs at the 1000 between 2 and 250
hours. This structure could not be crystallized
in reactive gels containing sodium in place of
potassium.

Adsorption

Adsorptio« properties of ZSM·\O (US3.692,470 (1972»):ZSM·8 crystallizes from a glass-lined auto
clave after 7 days at 180"C. Ludox is used as a
source of silica and sodium aluminate as the
source of aluminum. Na201Ah03 is near I, and

, H,o Cyclohexane

1'"

II-Hexane



ZSM-ll (MEL)
(US3,709,979(1973»
Mobil Oil Corporation

RelaUd MDierillJs: silicalite-2

Structure

(Nature 275: 119(1978)

CHEMICAL COMPOSITION: o.s ± 0.3 M20 : Ah~
: 2(}"'90 sio, : 6-)2 H~ (US3,709.979(l973»

SYMMETRY: tetragonal

SPACE GROUP: 14m2
UNIT CELL CONSTANTS : (A) a = 20.1

c = 13.4
PORE SlRUCTIJRE: IO-member rings 5.3 x 5.4 A

X-RayPowderDiffradwnDaJa: (d(A) (/110»
11.19(27), 10.07(23),7.50(2),7.25(1).7.11(1),
6.73(3), 6.42(2), 6.33(2) , 6.09(3), 6.03(5),
5.75(2), 5.61(5), 5.16(1), 5.03(3), 4.62(4),
4.48(1), 4 .37(9), 4.28(2), 4.08(2), 4.00(4),
3.86(100), 3.73(39) , 3.68(5), 3.49(6), 3.41(3),
3.35(5),3.27(1),3 .19«1),3.14«1),3 .07(6),
3.00(10),2.87(2),2.80«1),2.62(3),2.56(1),
2.51(2), 2.50(4), 2.46(1), 2.42(2), 2.40(2),
2.35(2), 2.28«1), 2.24«1), 2.21«1),
2.18«1),2.14« 1),2.12(2),2.09(2),2.08(2),
2.0 I(21), 1.99(2), 1.97(4), 1.93(5), 1.88(7),
1.85(0, 1.82(1), 1.78(3), 1.76(2), 1.74(1) ,
1.72(1), 1.71(I), 1.68(7), 1.63(1), 1.62(2),
1.60(< I), 1.57(1), 1.65(1) .

ZSM-J1 FIg. IS: Framework topology.

Positional parameters for ZSM-II framework (Nature
275 :119 (1978»:

Atom Position x y

Tl 8g 0.0774 0.On4 0 .0
1'2 16j 0.1263 0.1930 0 .1263
T3 16j 0.0784 0.2245 O.34n
T4 16j 0 .2833 0 .1868 0 .1321
T5 16j 0 .3118 0.0042 0 .0089
T6 8g 0.1796 0.1796 0 .5000

n 16j 0 .0770 0.3811 0.3610
01 8i 0.0924 0.0 0.0208
02 16j 0.0989 0.1207 0.0954
03 /6j 0.1115 0.2063 0.2422
04 16j 0.2051 0.1965 0.1065

05 16j 0.3157 0 .1273 0.0981

06 8i 0.3068 0.0 0.0533
07 811 0./922 0.1067 0.2500
08 16j 0./126 0.1810 0.4342

09 16j 0.2431 0.18/4 0.4271

010 16j 0.0895 0.3023 0 .3707
011 8i 0.0 0 .2087 0 .3441
012 81 0 .0 0 .3970 0 .3836

013 16j 0.0892 0 .2480 0.0596

014 16j 0.1230 0.4198 0.4400

OtS 8h 0 .0951 0 .5()59 0 .2500

The ZSM-Il framework contains two inter
secting channel systems defined by 100member
ring openings . Unlike the ZSM-5 structure, the
intersecting channels are straight and have the
same size elliptical pore mouth. The structure
is composed of four-, five-, and six-member
rings with the linkage of the chains occurring
only through four- and six-member rings.

Synthesis

ORGANIC ADDmVES
tetraaJkylammonium ~ with alley! groups between one and

seven carbon atoms
tetrabutylammonium ~

diamines (US4, 108 ,881 (1987»

ZSM-II crystallizes from a preferred range
of batch compositions: SiO~AhO) of 20 10 90;
Na20/Sj~ between 0.02 and 0.40; RlSi02 be
tween 0.02 and 0.15; HzOINa20 between 100



ZSM-I 1 (MEL) 5~ I
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ZSM·ll Fig. 2: X.ray powder diffraction patterns: (a) computed and (b) of calcined
ZSM-LI (Nature 275:119(197&)). (Reproduced with permission of MacMillan Magazines
LId.)

Adsorption properties of ZSM-Il (Zeo. 4:337 (1984)):

Adsorptionand 600. Crystallization occurs readily after sev
eral days at temperatures between 100and 2octe.
but the lower temperatures are preferred. With
diamines used as the organic additive. the C8

diamine (NH:2(CH2)sNH:2) produces the higher
crystalline product. Impurities observed include
ZSM-5 and alpha quartz .

Tbermal StabUity

The ZSM-ll structure has a high thermal sta
bility. maiotaining its structure beyond the cal-
cination temperatures of 600°C. .

Adsorbate

a-Hexane
3-Mcthylpentane
2.2-Dimethylbutane
Cyclohexane
Benzene
m-Xylene

Kinetic
diameter ,

A

4.3
5 .58
6.2
6.0
5.85
6.8

Sorbate uptake,
molllcg

LAI
0.87
not adsorbed
0 .15 (slow adsorption)
1.35
0.36
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ZSM-12 (MTW)
(US3.832,449(1974))
Mobil Oil Corporation

RelaJed Materials: TEA-silicate
CHZ-S
Nu-13
theta-S
TPZ-12

Structure

(Zeo . 5:347(1985»

CHEMICAL COMPOSmON: 1.0 ± MlhoO : AbO, :
20-100 sio, : 0--60 H20

SPACE GROUP: C2Im
UNIT CELL PARAMETERS: (A) a '= 24 .88

b '= 5.02
C '= 12.15
~ = 107.7"

DE.NSITY: 1.93 glent'

PORE STRUCl1JRE: 12-mem!Jer-ring channels 5.7 x
6.1 A

X~RayPowderDifJrtution Dala: (d(A) (//10»
11.9(27), 11.6(10), 11.15(10), 10.02(35),
9.72(5), 8.93(2), 8.55(2), 7.43(3), 7.08(3),
6.66(1), 6.37(2), 6.02(5), 5.86(3) , 5.69(4),
5.57(5), 5.00(2), 4 .96(5), 4.82(3), 4.75(14),
4.70(11), 4 .45(6), 4.28(100), 4.10(8), 3.98(14),
3.85(67), 3.75(5) , 3.71 (9), 3.65(7), 3.545(1),
3.485(6),3.39(20),3 .36(11),3.20(10),3.16(3),
3.135(2), 3.08(1), 3.06(3) .

ZSM·t1 Fig. IS: Framework topology.

Dl.S vatomic coordinates of ZSM-12 (x 10") (Zeo. 5:346
(1985)):

Atom x y 2

Tl 0714 ooסס 161l
T2 0613 ooסס 9116
T3 3694 ooסס 7085
T4 3797 ooסס 1186
T5 2942 oooo 8683
T6 2788 ooסס 2127
17 2826 ooסס 4751
01 0947 ooסס 0494
02 0044 ooסס 1077
03 0913 2495 2439
04 3164 ooסס 7575
05 0782 2503 -1513
06 3453 ooסס S684
07 2500 2500 5000
08 2465 2494 1403
09 3420 ooסס 2038
010 3446 ooסס -0140
011 2831 ooסס 3454

The ZSM~ 12 structure contains features of
the ferrierite framework and the rnordenite
framework . Structurally it belongs to the mor
denite group. It contains both four-member rings
and five-member rings within its structure. The
opening in this structure is a '2-member ring,
which is highly nonplanar.

Synthesis

ORGANIC ADDrrtVES (Mol. Sieve Prine, (1989))
TEA
N-cont:a.ioing polymers
TEMA
(PhCH2)MClN

(PbCH .),Me,N
Et,MC2N

ZSM-12 structure is claimed to crystallize in
a preferred range of: SiO;JAhO) between 85 and
125; OHlSiOz of 0.15 to 0.25; RJR + Na of
0.28 to 0.90; H20 /Si0 2 between 5 and 100.
Crystallization occurs readily between 150 and
I70°C after 5 to 12 days. Crystobalite is a com
mon impurity phase.
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ZSM·12 Fig. 2: X-ray powder diffraction pattern of ZSM-12 (Zeo. 5:347(1985». (Reproduced with permission of
Butterworths Publishers)

Thermal Properties

Because of the high silica content of this ma
terial, it is thermally stable to temperatures above
the calcination temperature needed to burn the
organic trapped in the pore system.

Adsorption

Adsorption properties of ZSM- 12:

4.10(2),3 .85(2),3 .66(25),3.57(36),3.46(87),
3.32(56), 3.26(20) , 3.16(66), 2.988(3). 2.865(6),
2.&25(8). 2.641(4), 2.578(3), 2.430(2), 2.348(4).
2.292(2), 2 .069(2), 1.834(16), t .789(3).

Synthesis

ORGANJC ADDITIVES

anionic organic sulfonate or carbonate

Structure

Chemical Compo9ition: 0.005-5 R20 : 0.01
5 M2I"O : ()-..{) .2 Ah03 : 100 Si02 •

X-Ray Powder Diffrodion Data: (d(AHlI/o»
15.49(100), 7.72(10),7.31(8),6.92(3),5 .68(2),
5.16(15), 5.01(8), 4.85(5), 4.55(5), 4.29(3),

Cyclobexane
Hexane
H20

ZSM·14
(US4.610,855(1986»
Mobil Oil Corporation

11.4 wt%
9.3 wt%
7.8wt%

ZSM-14 crystallizes from a preferred range
ofcompositions: Si02JAb03 of 1000 to infinity;
H20tSi02 of 10 to 200; OHJSi02 between 0.05
and 2; MJSi02 of 0.05 to I; RJSi02 of 0.02 to
2. Crystallization occurs readily at temperatures
around 160°C after 72 hours .

ZSM-18
(USJ,9S0,4%(l976))
MobU Oil Corporation

Structure

CHEMICAL COMPQSmON: 0.9 ± 0.3 M1J.O :
AbO) : 10--30 8i02

SPACE GROUP : p(jyl1l
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ZSM·18 Fill. 3: Organic CJltiOD structure.

ZSM-18 Ji1g. IS: Framework topology.

3.5 A. The triquaternary organic cation occupies
specific sites within the channel (Science
247: 1319(1990).

UNIT CELL CONSTANTS: (A) Q = 13.175
c = 15.848

FRAMEWORK DENSITY: 14.3
PORE STRUCTURE: unidimensional 12-member rings

X·Ray Powder Diffrtu:tionData: (d(A) (//10 ))

I 1.5(vs) , 9.3(w), 7.9(m-s), 6.6(m), 5.l(m),
4.8(w), 4.64(w), 4.34(m), 4.18(vs), 3.97(8),
3.88(w), 3.80(s), 3.31(m), 3.24(m), 3.13(w),
3.06(m), 2.87(m), 2.50(w) .

ZSM-18 contains three-, four-, six-, seven-,
and twelve-member rings. The large channels
in the system are composed of twelve-member
rings and are unidimensional with seven-mere
ber-ring side pockets with dimensions of 2.8 X

Synthesis

ORGANIC ADDmVE
2.3.4.5.6,7 .8.9-OClllhydro-2.2.S ,5,8.8-hexarnetbyJ· I IH

benzol! ,2-c:3,4;:' :5,6-c"}tripyrrolilJm ~ (See ZSM-18
Figure 3.)

ZSM-18 crystallizes from a range of:
Si02/AI20:! between 10 and 30; Na20/Al:zOJ be
tween 0.2 and 5; H20/AI20) between 200 and
1500; organic/Al-O, between I and 10. Crys
tallization occurs at temperatures around 125
and 130°C after 5 days to 2 weeks. Analcime
appears as an impurity phase in this system.

5 10 15 20

29 (deg)

25 30 35

lSM-18 Fig. 2: X-ray powder diffraction pattern of ZSM·18 (Science
247:1319(1990). (Reproduced with permission of me American Association for the
Advancement of Science)
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Thermal Properties

ZSM-18 is thermally stable to 500DC after 3
hours.

ZSM·20 (FAUIEMT)
(US3 t972,983(1976»

Mobil Oil Corporation

Related Material~: faujasiteJEMC-2

5.64(71),5.31(26), 5.18(9),4.97(10),4.85(21),
4.72(24), 4.43(5), 4 .34(35), 4 .15(16), 3.97(63),
3.82(19), 3.75(44), 3.63(5), 3.58(5), 3.53(5),
3.44(9) , 3.32(10), 3.28(39) , 3.19(5), 3.11(5),
3.03(8), 3.00(5), 2 .94(3), 2.89(27), 2.86( 10),
2.84(35),2.78(11),2.75(5),2.69(24),2.61(24),
2.41(6), 2.37(15), 2.22(1), 2.20( I), 2.17(7),
2.14(6), 2.08(11), 2.05(8), 1.92(4), 1.89(4),
1.88(1), 1.84(5), 1.797(4), 1.759(6), 1.737(10),
1.691(10), 1.639(3), 1.600(3), 1.575(11),
1.549(2) .

Structure

ClumicaJ Composition: (0.3-0.6) R20 : (0.4- .
0.7) MzO : AhOJ : (7-10) sio;
X-Ray Powder Diffraction Data: (d(A) (1110»
14.85(88), 14.23(100), 1J .87(46) , 10.92(29),
8.66(21) ,8.19(20), 7.66(7), 7.42(34) ,5 .85(6),

The broad peaks in the X-ray powder dif
fraction pattern are consistent with the presence
of growth faults . These faults constitute the fau
jasite type structure. About half of the faults are
in the EMT stacking sequence (lCS Chem.
Commun. 493 (1989».

191.49

DEGREES TWO THETA

7.SM·20 Fig. I: X-illY powder diffraction panern of ZSM-20. (Reproduced with permission of J. B. Higgins,
Mobil)
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ZSM·2Q Fig. 2: Results of the combined
TGAJDTGIDTA an81ysis of assynthesized ZSM-20 in an
air flow: (a) TGA; (b) DTG; (c) DTA (Zeo.
7:180(1987». (Reproduced with permission of
Butterworths Publishers)

Synthesis

ORGANIC ADDmVE
tetraethylammonium cations

ZSM-20 crystallizes in a rangeofSi02/Al~3
around 30 . The H~/Si02 ratio is between to
and 20, and the H20 /OH between 15 and 30.
Crystallization appears slow. requiring times in
the range of J to 2 weeks before observable
crystals appear. Crystallization temperatures are
between 80 and 12ifC. A co-crystallizing phase
appears to be that of zeolite beta (SSSC
37:29(1988)).

Tbermal Properties

Between room temperature and 220°C adsorbed
water is lost (I I .4%). The weight loss between

ZSM·20 Fig. 3: Results of the combined
TGAlDTGIDTA analysis of as-synthesized ZSM-20 io a
nitrogen ftow: (a) TGA; (b) nrn. (e) DTA (Zeo.
7:180(1987». (Reproduced with permission of
Bunerworths Publishers)

220 and 850°C is due to loss of the organic.
Losses between 250 and360"C are attributed to
TEA on the outer surface of the crystals. the
occluded organic in the pores decomposes be
tween 360 and 500°C, and the TEA cations bal
ancing some of the aluminum charge occur
at > 500°C and correspond to 6%. 6.7%. and
3.5% of the initial weight. The framework is
stable to temperatures of lOOO°C (Zeo . 7:180
(1987)).

Infrared Spectrum

The mid-infrared region of tne spectrum appears
to be similar to that of the faujasite zeolite type
Y.
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Adsorption

Adsorption properties of ZSM·20 (US3,972.983 (1976» :

Adsorption

Cyclohexane
n-Hexane
Water

ZSM·21 (FER)
(US4,046,859(l977»
Mobil Oil Corporation

Related Materials: ferrierite

Wr%

19.7
18.2
31.6

Structure

Chemical Composition: 0.3-2.5 R20 : Q--.{).8
M20 : Ah03 : > 8 Si02 .

X-Ray Powder Diffraction Data: (d(A) (/1/0»
9.5(vs). 7.0(m), 6.6(m), 5.8(w), 4.95(w),
3.98(5), 3.80(s), 3.53(vs), 3.47(vs), 3.13(w),

1400 2.92(w).

The ZSM-21 family is distinguished from
natural ferrierite by the X-ray powder diffraction
lines. The line at 11.33 A is present in natural
ferrierites but is of weak intensity in the ZSM
21 family . This has been attributed to differ
ences in cation content (Zeo. 5:349(1985».

1000

wavenumber/cm- I

600

ZSM·20 F18. 4: Mid-infrared spectrum of
Nao.ll(NH.)ZSM-20 (JCS Faraday Trans. I,
85:2127(1989». {Reproduced with permission of (he
Chemical Society)

10 20
28

30 40

ZSM·11 Fig. t: X·ray powder diffraction panern of ZSM·21 (US4,046.859( 1977».
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Synthesis

ORGANIC ADDmVE
H~(CH2),NI-b

An example of the synthesis of a ZSM-21
family member has been provided in
US4,046,859(l975)) . For this example the
SiOiAh03 ratio was 16.7 with an OHlSi02 of
0.22 and an H20/OH of 152. The ratio of the
organic to the total inorganic cation + organic
is 0.82. Crystallization was completed after 62
days at IOO"C. ZSM·12 Fig. IS: Framework topology.

Adsorption

Adsorption properties of 25M·21:

Adsorbate W,%

Structure

(Zeo. 7:393(1987))

Cyclohexane 1.0
n-Hexane 5.4
Wa~ 9~

ZSM·22 (TON)
(US4~481,177(1984»

Mobil Oil Corporation

ReliJJed MauriaJs: theta-I

COMPOsmON: 24 Si02((C,H,hNH (silica end
member)

SYMMETRY: orthornombic
SPACE GROUP: Cmcm
UNIT CELL PARAMETERS (A): 0. = 13.86

b = 17.41
c = 5.04

PORE STRUcrURE: 5.5 x 4.5 A, unidimensional,
IO-member-ring channel system

DENSITY: J.97g1cm)

c • cristoba11te peak

DEGREES TWO THETA

ZSM-22 FIg. 2: X-ray powder diffTaclion pattern for ZSM-22 (Zeo. 5:349(1985» . (Reproduced with permission of

ButteTwortb3 Publishers}
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ZSM-5, ZSM-ll, and ZSM~35. The six-ring
sheets compare to those of bikitaite; The 10
member rings are unidimensional with an el
liptical cross-section. There are four unique T
sites in the unit cell (Zeo. 5:349(1985» . The

Atomic coordinates of silica-ZSM-22 (uo. 7:393 (1987»:

No. of
Atom pas. x y 1

ZSM·22 Flg. 3: Twinning of silica -ZSM-22 with twin
Sil 4 0.0 0.2737(2) 0.25

plane (110); projection along (001) (ZeD. 7:393(1987».
Si2 4 0.0 0.3768(2) 0.7465(15)

(Reproduced with permission of Burterworths Publishers)
Si3 8 0.2951(2) 0.0482(1) 0.2265(/2)
Si4 8 0.2055(2) 0.21/2(1) O.I445(l2}

(d(A) (lllo))
01 8 0.0923(4) 0.4268(4) 0.6977(20)

X-Ray Powder Diffraction Dasa: 02 8 0 .0942(4) 0.2224(4) 0.2068(20}
10.90(40),8.70(10),6.94(13),5.40(8),4.58(10), 03 8 0.2712(4) 0.3789(4) 0.6639(26}

4.36(100),3.68(97),3.62(65),3.47(46),3.30(5), 04 8 0.2288(4) 0.4800(4) O.0234(20)

2.74(3), 2.52(19). 05 8 0.2705(5) 0 .2584(4) 0.3535(19)
06 4 0 .0 0.3062(5) 0.5441(26)

ZSM-22 is a lQ-member-ring zeolite com- O? 4 0.0 0.3450(5) 0.0493(24)

posed of five- and six-member rings . The struc- Cl 2.3(2) 0.5 0.5195 0.1363

tun: contains ferrierite sheets similar to those of
C2 2.8(2) 0.5 0.5124 0.3458

--

.--

--..- --
ZSM-22 FI8. 4: Derivation of the ZSM-22 structure from the
ferrierite structure. The diagram depicts the stages in the solution of
the structure: (ZeD , 5:349(1985». (Reproduced with permission of
Burterworths Publishers)
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framework topology is closely related to those
of ZSM-23 and ZSM-48.

Twinning of the high-silica end member has
been observed with (l10) as the twin plane.
Such twinning is assumed to cause only slight
distortions of the Si-O bonds and the Si-O'-Si
angles.

Synthesis

ORGANIC ADDITIVES (Prine. Mol. Sieves (1987)
l-aminobutane
diethylamine
ethylene diarnine
1,3-<1iaminopropane
1,6-diaminohexane
1,4,8,II-tetra-aza-undeclll1c
1,5,8,I2-tetra·az.a-undecane
1,5,9.13-tetra-a1-3-undecane
N-ethylpyridinium

ZSM-22 can be fanned from an alumino
silicate gel with a Si021AhO) ranging between
30 and 10,000. Using N-ethylpyridinium as the
organic additive, the ZSM-22 structure crystal
lizes when RlSi02 is between 0.05 and 1.0
(US4,481.177(1984». The preferred inorganic
cation in this system is a larger monovalent ca
tion such as potassium (or cesium). Crystalli
zation occurs readily at 160"C (EP 102.716
(1984)).

em-' 1300

lSM-~

ZSM-22 Fig. 5: Mid·infrared vibrations of ZSM·22
(SSSC 33;41( 1989»). (Reproduced with permission of
Elsevier Pubfishers)

Infrared Spectrum

Mid-infrared VihraJiom (em"): 1220sh,
1120sh. lO9Ovs, 810m, 785m. 640m, 555m,
4605.

ZSM·23 (MTT)
(US4,076,842(1978»
Mobil Oil Corporation

Relaled Materiols: ISI-4
KZ-l

Structure

(Zeo. 5:352( 1985»

CHEMICAL COMPOSmON: Na.[Al,Si,....O.gJ--4H,Q
SYMMETRY: ortaorhombic
SPACE GROUP: Pmn2.
UNIT CELL CONSTANTS: (Al a = 21.5

b = 11.1

c = 5.0
PORE STRUCfURE: unidimensional IO-member ring

4.5 x 5.2 A

X-Ray Powder Diffraction Data: (d(A) (1110»
11.91(47), 10.07(24),9.51(1),7.86(15), 7.50(4),
6.40(4), 6.15(4), 6.03(6), 5.71(5). 5.58(6),
5.44(6), 5.16(2), 5.00(5), 4.91(10), 4 .54(54),
4.45(15),4.37(15).4.27(73),4.17(21),4.12(23),

ZSM-23 Fig.. 15: Framework topology.
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j
10 30 40 ~

degrees 2-thett

ZSM·23 Fig. 2: X·ray powder diffraction pattern for calcined ZSM·23 (Zea. 5:352(1985)). (Reproduced
with permission of Butterworths Publishers)

DLS-atomic coordinates (X 10') of ZSM·23 origin at
mmn (Zeo. 5:352 (1985)):

4 .07(50), 3 .90(100), 3.83(31), 3.73(79),
3.63(58), 3 .54(33), 3.45(40) , 3.37(6), 3.32(6),
3.17(9), 3.06(7), 2.996(7), 2.956(2), 2 .851(12),
2.787(2), 2.732(1), 2 .640(4), 2.609(3),
2.537(29), 2.495(13), 2.472(2), 2.445(6),
2.401(6), 2.344(8), 2.316(2), 2.242(2),2.201(0,
2.173(1),2.138(1), 2.119(1), 2.095(2), 2.078(4),
2.060(3),2.046(4),2.029(7),2.014(4),2.003(3),
1.992(4), 1.973(1), 1.960(4) , 1.944(2). 1.931(4),
1.912(4), 1.895(3), 1.881(6). 1.864(7), 1.850(3),
1.831(2).

ZSM-23 is a high-silica zeolite containing
five-, six-, and ten-ring subunits that generate
unidimensional ten-member-ring channels which
are parallel to the short 5 A axis . The pore
opening is a teardrop-shaped ten-member ring .
This structure is thought to be similar to that of
ZSM-22.

Atom

TI
T2
T3
T4
1'5
T6
T7
01
02
03
04
05
06
07
08
09
010

x

ooסס

ooסס

ooסס

ooסס

5000
5000
5000
2500
ooסס

ooסס

ooסס

2498
ooסס

2507
2502
5000
5000

}'

2076
1700
1353
ooסס

ooסס

1921
1273
2500
1671
1647
2375
1296
0611
1540
ooסס

0612
1838

-0060
-2696

2379
2936
4642
3638
6030
()(XX)

-1261
1085

-3243
-3101

2125
3151
3783
5418
5085

Synthesis

ORGANIC ADDITIVES
pyrrolidine
DiqWl.I-7 «CHJhN··R I·N ~ (CH)); R '= 7, saturated or

unsaturated)

ZSM-23 was claimed to crystallize from a
reactive aluminosilicate gel with a Si02/Ah03

ratio between 55 and 70 with pyrrolidine as the
organic additive and an OHJSi02 between 0.01
and 0 .049. In the presence of Diquat-7 the range
of Si021Ah03 was extended to 5000. The ratio
of the organic to the total cation content in the
gel ranges between 0 .85 and 0.95. Crystalli
zation takes place after 5 days at 160"C. pro
ducing pure ZSM-23. Common impurity phases,
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ZSM-23 Fig. 3: DTAffGA of ZSM-23 (J. Carol . 121 ;89(1990»).
(Reproduced with permission of Academic Press)

5.S

Water

5.3

If-Hexane

1.4

Cydohexane

Wt%

Infrared Spectrum

See ZSM-23 Figure 4.

Adsorption

AdsoJPtion properties of ZSM-23 (US4,076.842 (1978)):

ZSM·25
(US4,247,416(1981))
Mobil Oil Corporation

Structure

Chemical Composition: O.OI-Q.4 R20 ; 0.9
± 0.2 M20 : AI20 J : 6-10 Si02 •

Thermal Properties

The organic remaining trapped within the pores
of the structure is removed through thermal
treatment. Heating to 550°C does not result in
a decrease in the X-ray crystallinity of this ma
terial.

I
t

40 1
I,
•t
\

20 \
\
\,---,

'-I
...."

1100 VOO 700 500

WAVE MUMBER.OI- 1

ZSM·23 Fig.. 4: Mid-infrared framework vibrations for
ZSM-23 (J. Casal. J21:89(1990». (Reproduced with
permission of Academic Press)

which are dependent on the amount of hydroxide
or the SiO:J AlZ03 ratio, include cristobalite and
ZSM-5 (ACS Sym. SeT. 398:560(1989».

Crystallization of this structure also occurs
under more acidic conditions in the presence of
fluoride ion . with an F/Si02 ratio between 0.1
and 6 (EP 347.273(l989)) .

The iron-containing analog of this material
also has been prepared (J. Casal. 121:89(1980)) .
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ZSM·25 Fig. 1: X-Jay powder diffraction pattern for ZSM·2j (US4,247,4 I6(1978)).

X-Ray Powder Diffraction Data: (d(A) (11/0 ))

16.06(2), 12.28(2), 11.63(2), 10.74(2), 9.25(4),
8.93(7), 8.08(67), 7.37(13), 7.04(86), 6.44(56),
6.22(5),6.08(25),5.76(20),5.68(20),5.49(2),
5.28(30),5 ,13(14),5.01(34),4.79(6), 4.62(72),
4.54(26),4 .44(6),4.32(3),4.24(12),4.10(29),
3.98(8),3.94(15),3.74(11) ,3.70(44),3 .53(8),
3.54(9), 3.36(22), 3.31(67), 3.25(100). 3.13(34),
3.11(80),3.04(50),2.981(3),2.945(8),
2.909(12), 2.838(11), 2.814(22), 2.772(13),
2.725(29), 2.666(9), 2.638(40), 2.603(4),
2.557(4), 2.507(10), 2.486(3), 2.395(2),
2.374(4),2.348(3),2.328(2),2.307(2),2.283(3),

2.252(7),2.208(2), 2.193(2), 2.173(1), 2.156(2),
2.140(4), 2.118(1), 2.085(1), 2.075(1),
2.0505(12), 2.033(3), 2.011(2), 2.001(5),
1.965(3), 1.954(4), 1.94<)(4), 1.931(2), 1.902(3),
1.872(1), 1.853(2), 1.803(1), 1.774(35),
1.756(3), 1.737(7), 1.694(5), 1.687(6), 1.674(6),
1.650(2),1.627(5),1.613(3), 1.588(5), 1.566(3).

Synthesis

ORGANIC ADDITIVES
terraethylammonium '

em-1 1300 1100 900 700

Z$M·25

500 300

ZSM.2S Fig. 2: Mid-infrared spectrum of ZSM-25 (SSSC 33:41( 1989».
(Reproduced with permission of Elsevier Publishers)
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Offretite with erionite intergrowths (UD . 6:474 (1986)):

2.804(11). 2.679(16), 2.5 t 5(4), 2.488(21),
2.286(4), 2.200(7), 2.108(6), 2.080(4), 1.983(4),
1.956(3), 1.890( t9), 1.865(5), 1.830(6).

ZSM-34 is a synthetic zeolite consisting of
an intergrowth of offretite and erionite. The
sorptive and catalytic properties are controlled
by the nature and the distribution of the stacking
faults and intergrowths in the material.

Zeolite ZSM-25 crystallizes from a range of
SiOl/AhO) between 5 and 15 in the presence
of the TEA" cation. Crystallization occurs over
a range of OHlSi02 of 0.3 and 0.7 with the RJR
+ M cation ratio between 0.4 and 1.0. Crys
tallization occurs readily, depending upon tem
perature, which ranges between 80 and 180°C,
in from 6 hours to 150 days . The optimum tem
perature is between 121 and J39°C, which re
sults in crystal formation after 4 days. Only
small amounts of organic are retained in this
structure.

Zeolite Erionite (%)

Thermal Properties

ZSM-25 can be calcined to 500°C with minimal
loss in crystallinity, with some broadening of
the lines observed.

T-type
Si-rich offretite
ZSM·J4

30
10

< I0 (under detection limit)

Synthesis

Infrared Spectrum

MiJ-injrrInd Vibrotions (c"r): 1075vs, 780s,
730s, 6305, 430s (SSSC 33:26(1989».

ORGANIC ADDITIVE
choline

Adsorption properties of ZSM -25 (US4,247,416 (1978»:

Adsorption

Structure

Chemkol Composaion: 0.5-1.3 R~ : ~.15
Na20 : 0.10-0.5 K20 : Ah.03 : 8-50 Si02 •

X-Ray PowderDiffraction Data: (d(A) (11/0»
11.56(100), 9.21(3), 7.60(25), 6.62(52),
6.32(10), 5.74(31), 5.33(4), 4 .98(10), 4.58(64),
4.33(61), 4.16(7), 3.82(55), 3.76(86), 3.59(86),
3.30(34), 3.16(40) , 2.926(9), 2.853(84),

ZSM·34 (ERlJOFF)
(US4,086,186(1978»
Mobil Oil Corporation

Related MaterinJ.s: erionite/offretite
Thermal Properties

ZSM-34 retains its crystallinity after treatment
to 500°C to remove the organic amine trapped
within the pores.

ZSM-34 crystallizes from a reactive alumi
nosilicate gel in the presence of the organic amine
choline and a mixture of inorganic cations Na ...
and K... . This structure will form over a gel
Si02/ Ah03 range of 10 to 55 with an OHlSi02

of 0.3 to 0.8 and a K 20 /(Na + K)20 of 0.1
and 1.0. Crystallization occurs readily, depend
ing on temperature (80 to 175°C), with crystals
fanning after 12 hours to 200 days . The
Si02/Ah03 ratio of the resulting crystal falls
between 7.6 and 8 (Zeo . 6:474(1986» .

Infrared Spectrum

Mid·injraredVibratiom (em l
) : 1I74(bwsh),

1065(5), 952(sh). 791(m), 729(bvw), .683(w).
640(mw), 556(w), 471(ms), 447(wsh), 420(wsh)
(Zeo. 9: 104(1989».

9.15

Water

3.60

Cyc10hexane

10.87

n-Hexane

Wt%
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Adsorption Synthesis

Adsorption propenies ofZSM·34 (U54,086,186 (1978»:

Cyclobexane n-Hexane Water

ORGANIC ADDITIVES
ethylenediamine
pyrrolidine

ZSM·35 (FER)
(US4,016,245(1977»
Mobil Oil Corporation

ReltJUd Maurials: ferrierite

Wt% 4.4 11.5 22.2 ZSM-35 crystallizes from a reactive alumi
nosilicate gel with a SiO:z/AhO) ranging be
tween 12 and 60 in the presence of either eth
ylenediamine or pyrrolidine. Crystallization
occurs with the OWSi02 range between 0.07
and 0.49 after 10 days at 177°C. The only sig
nificantdifference between the synthesis of ZSM
35 and that of ZSM-38 appears to be in the type
of organic amine used.

Adsorption properties of ZSM-35 (US4,016,245 (1977J);

Adsorption

Infrared Spectrum

Mid-injraredFramework Vibrations (em"):
1225s, 1085vs, 810m, 580m .

Cyclohexane n-Hexaae Water

9.05.41.0Wl%

Structure

Chemical Composition: 0.3-2.5 R20 : 0-0.8
M20 : A120~ : > 8 Si02 •

X-Ray Powder Diffraction Data: (d(A) (/110»
11.48(5),9.53(27),7.07(25),6.93(25),6.61(27),
5.76( 12), 5.67(4), 5.25(4), 4 .95( to), 4.73(5),
4.58(4), 3.98(63), 3.93(39), 3.85(20), 3.n(5I),
3.73(12), 3.66(33), 3.53(100), 3.47(80),
3.39(28), 3.31(24), 3.13(18), 3.04(8), 2.954(6),
2.9l7(2), 2.885(4), 2.848(3), 2.702(3), 2.638(7),
2.607(3), 2.573(4), 2.539(2), 2.473(4), 2.444(2),
2.401(4),2.348(5),2.309(2),2.283(2),2.137(2),
2.108(2), 2.025(5), 1.9991(8), 1.965(3),
1.945(4), 1.922(9), 1.862(6).

26

ZSM-3S FIg. I : X-ray powder diffracuon p,attem lor ZSM-)5 (US4,016,245(1977)).
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12 alIo

ZSM·3S Fig. 1: Infrared vitmllions in the mid-inffar«! range
(KBr pellets) for ZSM·35 (SSSC 33:4~( 1989)}. (Reproduced with
permission of Elsevier Publisher»

The adsorption properties for ZSM-35 suggest
that pore blockage, possibly due to stacking faults
within the structure, inhibits the adsorption of
the larger organic hydrocarbons such as cyclo
hexane.

ZSM·38
(US4,046,859(1977»
Mobil Oil Corporation

RelJzted Materials: ferrierite-type

Structure

Che",kol Composition: 0 .3-2.5 R10 : 0-0.8
M20 : Al 20J : > 8 Si02 •

X-RayPowderDiffraction Data: (d(A) (1/10»
9.80(45), 9 .12(29) , 7.97(2), 7.08(34), 6.68(34),
6.03(15), 5.83(11), 5.00(13), 4.73(11), 4.37(7) ,
4.23(5),4.01(82),3 .81(68),3.69(23),3.57(100),
3.51 (100), 3.34(26), 3.17(48), 3.08(24),
3.00( 17), 2.921(29), 2.734(5) , 2.657(11),
2 .596(6),2.495(7), 2.436(3), 2.316(4), 2.332(4),
2.270(2),2.127(4),2.067(2),2 .036(7).

This member of the ZSM-21 family of UXJ

lites can be distinguished from the natural fer
rierite material by the lack of intensity in the
line at 11.33 A. Changes in intensities of these

lines generally are related to the cation content
of the material (Zeo, 5:349(1985» .

Synthesis

ORGANTC ADDITIVE
2-hydroxyedlyltrimethylammonium cation

ZSM-38 crystallizes from a reactive alumi
nosilicare gel in the presence of 2-hydroxyethyl
trimethylammonium andsodium cations. Crys
tallization occurs after 70 days as lOOOC. 'The
Si02JAI203 ratio of the starting gel is between
9 and 200 with an OHlSi02 between 0.05 and
0.5 . The organic/organic + inorganic cation
ratio falls between 0.2 and 1.0. The significant
difference between ZSM-35 and ZSM-38 ap
pears to be in the use of the organic amine in
the synthesis of the structure (SSSC 33: 223
(1989») .

AdsorptJon

The adsorption properties of this material appear
dependent on the synthesis . Adsorption capac
ities have been reported in the range for cy
clohexane between 4 .0 and 7. I wt%, whereas
n-hexane was adsorbed at 7.1 to 7 .2 wt% by
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28

ZSM-38 Fig. I: X-ray powder diffraction panern for ZSM·38 (US4.046.859(1977)).

these samples. Water adsorption ranged be
tween 11.2 and 14.7 wl% .

ZSM-39 (MTN)
(US4,287,166(1981))
Mobil Oil Corporation

RelaJed MauriaJs: Dodecasil-3C
HoJdsrite
CF-3

Structure

(Nature 294;341(1981»

CHEMICAL COMPOSITION: SI.lOOm·'1R IR =
TEAOH]

SYMMETRY: cubic
SPACE GROUP: FdJm
UNIT CELL CONSTANT (A): 19.4

ZSM·39 Fls. IS: Framework topology.

X-RayPowderDiffractionDaJa: (d(A) (1/10»
11.5(5), 6.84(23), 6.45(2), 6 .17(1), 5 .83(93),
5.58(69), 5.35( I), 4 .83(47), 4.43(36), 4 .19(2),
4.12(1),3.95(48),3.89(2),3.85(2),3 .72(100),
3.63(1), 3.42(42),3.27(84),3.23(10), 3.06(12),
2.954(8), 2.710(2), 2.520(9), 2.420( I),
2.365(10), 2.281(17), 2.236(2) , 2.220(1),
2.166(3),2.126(1), 1.975(3), 1.946(4), 1.899(2).

The ZSM-39 structure can be described as a
framework of space-filling pentagonal dodeca
hedra (12-hedra) and hexakaidecahedra (16
hedra), making it the silicate structural analog
of the 17 A gas hydrate (Nature 294:341( 1981);
J . Chem , Phys. 19:112(1951». The arrange
ment of 16-hedra is the same as that of the
carbon atoms in a diamond. The ZSM-39 frame
work consists entirely of five- and six-member
rings, thus limiting its adsorption capacity. There
are only three tetrahedral sites (T( I), T(2), and
T(3» in the unit cell. Structural defects such as

Atomic coord inates of ZSM-39 Fd3m with origin at 3m
(Ntuur« 294:341 (1981»:

x y z

11 0.125 0.125 0.125
n 0.2195 0.2195 0.2195
13 0.1823 0.1823 0.3728
01 0.1722 0.1722 0.1722
02 0.2024 0.2024 0.2967
03 0.125 0.125 0.3743
04 0.25 0.1573 0.4073
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5039
29

ZSM-39 Fill. 2: X-ray powde r diffraction pattern for ZSM-39 (J. Ind.
Phenom. 5:355(1987». (Reproduced with permission of Kluwer Academic
Publishers)

28

twinning and stacking faults have not been ob
served (Zeo. 4: 112(1984)),

Syntbesis

amine/alcohol
glycerine
ethylene glycol
l ,3-propancdiol

morpholine
dioxane

ORGANIC ADDITIVES
TMAITEA
TMAJpiperazine
trimethylbenzylamine/pipera2ine
uietbylbenzylamine/piperazine
2-aminopropane
2-amino-2-rnethylpropane
piperazine
pyrrolidine

1~lDn

ZSM-39 FIg. 3: Structural elements of ZSM -39; me
12-bedron . the association of the [2-bedra into layers of
face-shared dodecahedra. and the 16-l\edron formed via
an ABC slBCking of these layers (SSSC 33:331(1989)).
(Reproduced with permission of Elsevier Publishers)

ZSM-39 crystallizes in a system containing
TMA and TEA hydroxide. silica, and sodium
aluminate. The temperature preferred for crys
tallization is 155°C after 330 hours (US
4,287,166(1981). Large 450-micron crystals
were prepared from gel systems containing
amine-alcohcl-Sio- and water . The alcohols
used include glycerine, ethylene glycol, and 1.3
propane:diol (J. Inc, Phenom, 5:533(1987)) . The
amount of aluminum present in the framework
appears to be limited to about 0.2% (Zea .
13:11(1983))_ At higher pH ranges the crystal
lization results in the formation of quartz (Zeo .
7:133(1987)). The use of mixed systems such
as amine/piperazine does not change the course
of crystallization, but it does lower the temper
ature at which the structure will form in the
presence of the piperazine. from 180 to 16Q°c
(Zeo. 8:495(1988)). In the presence ofTPAcat
ions. piperazine-ZSM-39 recrystallizes to TPA
silicalite-I (lSC Chem. Commun . 804(1987)).

Thermal Properties

ZSM-39 exhibits significant thermal stability
based on its pure silicate framework composi
tion. TGA analysis of the "as-synthesized" ma
terial shows a continuous weight loss from about
l00"e to 1400°C. Such loss ranged from 7 to



ZSM-43 549

ZSM·39 Fig. 4: Infrared spectrum (KBr pellets) of
ZSM·39 (Zeo. 369(1984». (Reproduced with permission
of Bunerworths Publishers)

Structure

Chemu:aJ Composition: 0.6--2.) M 2InO ; A1~)
: at least 5 Si02 •

X-RayPowderDiffraction Data: (d(A) (1/10))

14.74(22), 9.94(6). 7 .56(65), 7.20(8),6.86(31),
6.55(7), 5.97(2), 5.06(6), 4.75(100), 4.45(5),
4.11(5), 3.80(62), 3.65(26), 3.53(30), 3.42(52),
3.31(59). 3.22(92), 3.07(49), 2.912(22).
2.847(28), 2.580(11), 2.529(24) .

ZSM-43
(US4,247.728(1981»
Mobil Oil Corporation

up to 100 hours ZSM-39 sorbed variable amounts
of water, between 1 and 5.5%.

5001000

l
I-----l.~_ _'__

lS00

9% in the aminopropane system. Little change
in the X-ray diffraction pattern is observed, even
after 100 hours at 950<>C. The samples of ZSM
39 appear black after calcination, indicating the
presence of some residual carbon trapped within
the cavities. DTA in air of the as-synthesized
material shows .a small sharp endotherm fol
lowed by a very broad exotherm up to 900<>C.
The temperature of the endotherm varies with
the amine used in the synthesis. as does the
thermal stability (Zeo . 3:11(1983)).

Unlike rnclanophlogite-c-which is unstable to
grinding, converting to quartz after 40 min in a
mechanical mortar and pestle-ZSM-39 appears
to be stable, with only slight broadening of peaks
after 24 hours of grinding (Zeo . 3: 12(1983)).

Infrared Spectrum

Mid-irifrared Vibrotions (en.-'): 1090vs, 78Ow,
460s (SSSC 33:26( 1989».

From the adsorption data, it is not possible
conclusively to distinguish this material as a W
ar a 12-member ring molecular sieve.

Synthesis

ORGANIC ADDITIVE
cllQline

ZSM-43 crystallizes from a reactive alumi
nosilicate gel using choline as the organic. Crys
tallization requires the presence of botb Na +

and Cs + in the reaction mixture . This material
crystallizes over a very narrow SiOiAhO) range
of 10 to 20 . The OHJSi02 ratio is between 0.3
and 0.6. with the RJR + M+ in the range of
0.4 to 0.6 . Crystallization requires 20 to 170
days, with temperatures ranging between 100
and 150°C.

Adsorption

Static adsorption properties of ZSM-43 (US4.24"7.128
(1981»:

Adsorption

No measurable uptake of He (less than 0 .2%)
was observed . Exposing ZSM-39 to water at
100% relative humidity for 24 hours also showed
less than 0.2% adsorption. At elevated temper
atures. between 100 and 16O"C, for periods of

Wl%

n·Hexane

10-20

Cyclohexane

5

Water

6.2
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ZSM-45 (LEV)
(EP 107,370(1983»
Mobil on Corporation

Related MaJeri4ls: levyne

Structure

ChemkalComposiJiJm: 0.8-1.8 R20 ; 0-0.3
Na20 : 0-0.5 K20 : AhO): greater than 8 Si02 •

X-Ray PowderDlffraction Data: (d(A) (lifo»
10.20(12), 7.97(40, 6.51(2)), 5.47(11),
5.07(84), 4.93(15), 4.J9(58), 4.00(100),
3.75(32),3 .52(7) ,3.40(4), 3.26(18),3 .11(50),
3.02(9), 2.81(6), 2.75(39) , 2.58(9), 2.09(7),
1.85(5), 1.76(9) .

Adsorption and catalytic data identify this
material as a small-pore molecular sieve . The
material is structurally related to levyne, con
sidered to be a siliceous member of this structure
type.

Synthesis

ORGANIC ADOmVES
dimcthyldiethylammonium
cobahiniUID

choline

ZSM-45 crystallizes from a preferred reac
tive alurninosilicate gel with : SiOll AbO) rang
ing between 10 and 80; OHlSi02 of 0.3 to 0 .8;
H20JOH 'of 20 to 80; RJR + M of 0.2 to 0.7;
KlK + Na of 0.05 to 0.3 .

Adsorption

Adsorption properties of ZSM-45 :

ZSM-47
(US4,J87,283(1980»
Mobil Oil Corporation

Structure

Chemical Composition: aluminosilicate .

X-Ray PowderDiffraction D0J4: (d(A) (lJIo»
It.60(w), 9.00(w), 8.41(ms), 6.60(m), 6.27(ms),
5.71(w), 5.42(w), 4.65(w), 4.48(ms), 4.J4{ms).
4.12(ms) , 4.06(vs) , 4.00(vs), 3.89(vs) , 3.73(w),
3.55(m) , 3.29(m) , 3.15(w), 3.13(w), 3.03(w).

Adsorption and catalytic data identify this ma
terial as a small-pore molecular sieve.

Synthesis

ORGANIC AOOmVES
TMAlcholine

ZSM47 crystallizes from a reactive alurni
nosilicate get with S i0 2JAI20) ranging between
10 and 80. With the mixed organic amine sys
tem, TMAJcholine crystallization occurs around
150°C after 7 days. The inorganic cation used
in the synthesis is sodium preferably, with po
tassium also possible. The OI-USi02 of the gel
ranges between 0.1 and 0.8.

Infrared Spectrum

Mid-infrared Vibrations (em"): 1200sh.
10000s, 715s . 530sh,w, 45Ovs.

Adsorption

Adsorbate
Pressure
(Torr)

Adsorption
capacity

(Wl%) Adsotplion properti es for ZSM-47 (US4, 187.283 (1980»):

Cyclobexane
n-Hexane
Water

20
20
12

3.4
12.9
21.1

Water

u .s

CyclohexllJ1c

2.7

a-Hexane

2.4
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cm -1 1250 1050 850 650 450
I

ZSM-47 Fig. I: Mid-infrared spectrum for ZSM·48 (SSSC 33:43(1987)),
(Reproduced Wilh permission of Elsevier Publishers)

3.27(4), 3 .07(4), 2 .85(14), 2.46(4), 2.85(14),
2.46(4), 2.37(4).

ZSM-48 consists of a disordered structure
containing ferrierite sheets linked via bridging
oxygens, This framework has eight independent
T atom sites. Two possible structures were pro
posed (Zeo . 5:355(l985)). These two structures
were random intergrowths can be fitted to the
X-ray diffraction pattern for ZSM-48. Both
structures contain sheets of six-member rings
normal to the b axis of the crystal. The walls
of the 1D-ring parallel channels that permeate
the zeolite are composed of distorted six-mem
ber rings.

DENSITY : 1.98 glcm'
PORE STRUcnJRE: medium-pore, unidimensional.

5.3 x 5.6 A

Structure

CHEMICAL COMPOSmON: (0.05-5) N1l20 : (0.1
10) M2lIn 0 : (0-4) AI,Q, : (100) SiO,

SYMMETRY: orthorbombie
UNITCELL CONSTANTS (A); a = 14.24

b '" 20.14
c '" 8.40

Chemical Composition: (0.05-5) R20: (0 .1
10) M2I"O : (0-4) AhO) : 100 Si02 [M is an
alkali or alkaline earth calion. n the charge on
the cation M].

X-Ray Powder Diffraction Da1Q: (d(A) (/I/o»
11.81(74), 10.19(29), 7.19(7), 6.89(3), 6.10(7),
5.86(20), 5.61 (4) , 4.2 [(82), 4.08(9), 3.99(8),
3.89(100), 3.74(3), 3.62(3), 3.59(4), 3.37(4), lSM-48 FIg. IS: Framework wpology.

(Zeo. 5:355(1985))

ZSM-48
(US4,397,827(1981))
Mobil Oil Corporation

RelaUd Materials: EU-2



degrees 2 theta

ZSM-48Fig. 2: X-ray powder diffraction pattern for
ZSM-4lI (uo. 5:355(1985). (Reproduced with
permission of Butterwonhs Publishers)

552 ZSM-48

to .. .. .. ..

UUDD-Cmcm atom parameters ( X 10") for one proposed
topology of ZSM-4lI (0 = 14.24 A: b = 20.14 A; c =

8.40 A) (ZeD. 5:355(1985»:

Atom ;r y z

TI 0000 2251 5615
T2 0000 3752 5620
T3 1887 4306 4338
T4 1975 1868 4361
01 0000 2226 7500
02 0000 3707 7500
03 1671 4437 2500
04 2130 1736 2500
01 0000 30()4 4934
OU 0916 4150 5152
om 2310 5000 5000
orv 2642 3747 4590
OV 2500 2500 5000
QVI 0896 1898 4833

ZSM-48 Fill. 3: Ferrierite sheet of ZSM-48. Shaded
region indicates the location of the possible stacking fault
in this struerure (ZeD. 5:355(1985» _ (Reproduced with
permission of Burterworths Publishers)

Synthesis

ORGANIC ADDmVES
diquat-6
bis(N-methylpyridyl)ethylinium
diethylenetriamine
triethyJenetetraminc
tetraethylenepentuninc
1.4,8.11-leln·aza·undcc.ane
1,5 ,9.13-tetra-aza.undec.ane
1.5,8.12·tctra-aza-undecane
I .3-diaminopropane
n·propylaminetrMA·
hexane -diarnine
triethylamine

UDUD-Imrna atom parameters (X 10") for second
proposed topology of ZSM-4B (0 = 8.40 A, b = 14.24
A; c = 20.14 A) (uo. 5:355(1985» :

Atom

TI
T2
T3
T4
01
02
03
04
or
on
om
orv
OV

3187
1&38
3143
1830
5000
0000
5000
0000
1965
2750
2500
211&
2367

y

-2500
-2500
-0527
-0664
-2500
-2500
-0300
-0965
-2500
-1591
- (}lR5

0143
0000

- 0098
1316
1774

-0601
0172
1536
1704

-0518
0516
1595
2500
1289
0000

Zeolite ZSM-48 crystallizes generally at high
silica/alumina ratios in the presence of a wide
variety of arnines . Many of these amines have
also been used to prepare other high -silica zeo
lites, Generally the structure fOnDS at SiO~Alz03
greater than 50, with the high-silica polymorph
easily crystallized. The OHlSiO,- falls between
0.05 and 0.4, with NalSi02 and RlSiO,- ratios
of 0.1 to I and 0.05 to 1, respectively. Crys
tallization occurs readily at temperatures above
150°C. Depending on the temperature of crys
tallization and the nature of the organic additive,
ZSM-48 or ZSM-22 will crystallize, with ZSM
48 crystallization preferred at the higher tem
peratures (Zeo. 8: 127(1988». ZSM-5 also is
observed to form under high hydroxide ratios.



ZSM-50 553

650 650 450

ZSM-48 Fig. 4; Mid-infrared spectrum of ZSM-48 (SSSC 33:43(987».
(Reproduced with permission of Elsevier Publishers)

Adsorption

Static adsorption results at room tcmperature for ZSM-4S
(SSSC 28:547 (1986»):

Structure

See EU-I for a description of the framework
topology.

ZSM·50 (EUO)
(EP 127,399(1984»

RelaUd MmerUds: EU-l

<0.13.24.15.8

n·Hexane Benzene Cyclohexane Mesirylcne

wt%

ZSM -48 crystallization is suppressed in the
presence of boric acid and a neutral amine, with
ferrierite and ZSM-5 crystallizing instead (Zeo,
8: [27(1988». The pH of the crystallization mix
ture is around 12.6 to [2 .8 . The crystal habbit
appears to be bundles of needles under these
conditions, between 20 and 45 microns in size
(Zeo. 8:495(1988)) .

ZSM-48 also has been prepared in a non
aqueous system using a dried aluminosilicate gel
and hexanediamine or triethylamine as the or
ganic/solvent. Crystallization began after 10 hours
at 200°C.

Thermal Properties

ZSM-48 exhibits the high thermal stability char
acteristic of the high -silica zeolite molecular
sieves.

Infrared Spectrum

Mid-infrared Vibrations for ZSM-48 (em-I):
1220sh, 1l1Ovs, 79Om, 5555, 475s, (SSSC
33:26(1987».

X·Ray Powder Diffroclion Dahl: (d(A) (11/0»)
20.10(25), 11.10(75), 10.10(50), 9.70(25),
5.77(25), 5.61(25), 4.64(50), 4.35(50),
4.30(00), 4.00(75), 3.85(5). 3.70(50),



554 ZSM-5J (NON)

2.00 10.00 20.00 30.00

degrees 2 theta
40.00

ZSM·50 Fig. J: X·ray powder diffraction pattern for as-synthesized ZSM-50.
(Reproduced with permission of author)

3.42(25), 3.35(25), 3.27(50), 3.24(25), 2.94(25),
2.53(25).

Synthesis

ORGANIC ADDITIVE
diquat-6 [Me~(CHv~ell +J

ZSM-50 crystallizes from a reactive gel in
the presence of the diquanterary amine, diquat
6, and sodium. This structure crystallizes over
a SiOz/AI2O:J of 30 to 90, with the OHlSi02

ratio between 0.1 and 0.3 .

ZSM-51 (NON)
(US4,S6816S4(1986))
Mobil Oil Corporation

Relakd Materials: nonasil

Structure

Chemical Composition: x R02 : y M 20 :
0-7 AhO) : 100 SiOz.

X-Ray PowderDiffraction Doia: (d(A) (/110))

11.l2(w-m), 9.21(w-vs), 6.85(w), 5.84(w),
4.6l(s-vs), 4 .47(w-m), 4.3 I(vs) , 3.98(m-s) ,

3.n(w), 3.70(w-m), 3.57(w-m), 3.34(w-m),
3.27(m-s), 3.23(w), 2.69(w), 2.51(w). 2.31(w).

Synthesis

ORGANIC ADDmVES (US4.568 .654(1986); EP
226.674(1987))

cobalticinium
dimethylpipertdinium
trimethylene bis(lrimethylarnroonium)
tetramethylpiperaziniurn
pyrroLidine (RR 8th IZC 14(1989»)

ZSM-51 is prepared from a preferred range
of batchcompositions: SiO:i'AhO) = 15-25,000;
OW/Si02 = O.2~.6; M"'/Si02 = 0.1-1.5;
H20 /Si0 2 = 2O-JOO; RJSi02 = 0.05-1.5. R
is the organic additive. and M'" is generally
sodium. Silica sol (30% silica) is used as the
source of silica and aluminum sulfate as the
source of aluminum. Colloidal silica also has
been successfully used as a source of silica.
Crystallization generally takes place in between
2 and 10 days, with crisrobalite being an im
purity phase observed in some samples. Tem
peratures used to crystallize this structure were
generally around 160 to 180°C. Crystals are rod
like in shape and about 1 micron in length.



ZSM-57 (MFS) 555

Thermal Properties

Three exothermal weight losses are observed for
ZSM-5I, occurring at 250,510, and 910°C. The
total weight lost is about 5%. Heating to l000°C
does not destroy the structure (RR 8th IZC
14(1989».

ZSM-57 (MFS)
(EP 174,121(1986»
Mobil Oil Corporation

Structure

(RR 8th IZC, 132(1989)) ZSM·57 Fig. IS: Framework topology.

CHEMICAL COMPOsmON: 0--15 RO: 0-5 M10:
100 SiO, : 0.5-25 AJ20 ,

SPACE GROUP: lmm2
UNIT CELL CONSTANTS (A.): a = 7.45

b = 14.17
c = 18.77

PORESTRUCTURE: intersecting 8- and IO-member
rings similar 10 those found in ferrierite

The structure of ZSM-57 has been proposed,
from synchrotron X-ray diffraction data and
model building, to be related to ferrierite. It
contains intersecting 8- and lO-member·ring
channels that are linear. The difference between
ZSM-57 and ferrierite lies in the four-rings in
the ZSM-57 structure.

X-RayPowder Diffraction Data: (d(A) (lIla))
11.36(m-vs) , 9.4I(m-vs), 7.12sh(m-s), 6.95
(m-s), 5.74(m), 5 .68sh(w-m), 5 .42(m-s) , 4 .81
(w-m) , 3.98(vw-m), 3.84sh(m-s), 3.79(vs) ,
3.64(w), 3.55(s), 3.48(s-vs), 3.36(w), 3.14(m
s), 3.06(w), 2.949(vw), 2.316(vw), 1.935(w).

Synthesis

ORGANIC ADDITIVES
hexaeihyl-diquat-S" 1

{(Clii,hN(CH2),N(C2H,hl ~ 1

~.O10.0 20.0

.(i,egrf''.:!s_ 2 .th.~ t.~

ZSM-S7 Fig. 2: X-ray powder diffraction pattern of ZSM-57 (RR 8/11 lZC 132(1989».
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DLS atomic coordinates of ZSM-57 (x lif) (RR 8/h IZC
132(1989»):

x y z

TI 0000 0000 0000
T2 0000 2()4J 9486
T3 0000 6998 7986
T4 2941 0000 1176
T5 20S7 1963 1848
T6 2939 7017 0427
T7 0000 5000 8668
T8 2945 5000 9848
01 0000 0915 9503
02 1754 0000 0473
03 0000 2369 8678
04 1755 2405 9876
05 8255 7253 7524
06 0000 5912 8173
07 5000 0000 0946
08 2531 0916 1632
09 0000 2031 2079
010 244J 2688 1221
OIl 5000 7234 0276
012 5000 5000 9611
013 1748 5000 9149
014 2570 5917 0319

ZSM-57 is prepared from reactive gels within
the preferred range: Si02/AhO) = 4(}-100;
H20/SiOl = 20-50; OH-/Si02 = O. t-o.S;
MlSi02 = 0.1-2; RlSi02 = 0.1-1. R is the
organic additive, and M is generally sodium
cations. Crystallization takes place in between
4 and 7 days at 160°C, using silica sol (30%
silica) asa source of silica and aluminum sulfate
as the source of aluminum. The crystals are
formed with a platelet morphology. Calcination
to remove the template at 500°C did not result
in degradation of the crystalline structure .

Adsorption

Adsorption propenies of ZSM-57 (EP 174,121 (1986)):

ZSM·58 (SGT)
(EP 193, 282(1986»
Mobil Oil Corporation

Related Maurial: sigma-Z

Structure

Chemical Composition: 0.1-2.0 R10: 0.02
1.0 M2/"O : 0.1-2 AhO) : 100 Si02 •

X.Ray Powder Diffraetion Data: (d(A) (/110))
t3 .7(w), 11..53(w-vs), 1O.38(w), 7.82(w-vs),
6.93-6.79(w-vs), 6. I9(w-vs) , 5.94(w-m),
5.77(vs), 5.22(w), 5 .18(vs). 4.86(m-s), 4.72(s),
4.57(w), 4.51(5), 4.43(w), 4.19(w), 4 .15(m),
4.oo(w), 3.97(w), 3.89(w), 3.84(m), 3.81(w
rn), 3.59(w), 3.46(w-m), 3.41(s-vs), 3.36(s
vs), 3.32(m-s), 3.29(w), 3.17(w-m), 3.07(w
rn), 3.05(w-m), 3.0 I (w-m) , 2.88(w), 2.85(w),
2.75(w), 2.67(w), 2 .60(w).

Syntbesis

ORGANIC ADDITIVES
methyltropinium

ZSM-58 is prepared from a batch composi
tion with the following preferred ratios :
Si02/Ah03 = 70-500; H20 /Si0 2 = 10-100;
OW/Si02 = 0.10--1.0; MlSi02 = 0.10-1.0;
RlSi02 = 0.10-0.50. R is the methyltropiniurn
ion, and the M is generally sodium. Crystalli
zation occurs at t60°C after 4 days. The zeolite
is isolated and dried at I life prior to X-ray
analysis . Traces of an unidentified component
in samples of ZSM-58 have been reported. The
as-synthesized material contains between 3.8 and
5.0 methyltropinium cations per 100 T02 units.
This material is stable to calcination at 538°C,
the temperature used to decompose the organic.

Hydrocarbcns , 20 TOIT. watt:' 12 Torr 2S"C

WI%

n-Hexane

7.1

Cydohexane

4.7 6.7

ZYT-6 (eRA)
(Acta CrystIJUogr. C41: 1698(1985))

RelllUd Materials: SAPO-34
chabazite



ZYT-6 Flg. IS: Framework topology.

Structure

CHEMICAL cOMPOSmON : HJO~ AhSiPJOI6-*nH20

SYMMETRY : trigonal
SPACE GROUP: R3
UNlT CELL CONSTANTS (Al a:, 13.781(1)

c :, 14.846(2)
DENSITY : 1.92
PORE SnUCTURE: eight-member-ring pore openings.

6.31 A; cavity size (long and short axes) 11.69 Aand
10.63 A

This structure is similar to that of the alu
rninosilicare chabazite. It is formed from four-,
six-, and eight-member rings of A10 4 and
(P,Si)O~ tetrahedra. The cavities are ellipsoidal
and are linked by two six-member. six eight
member. and l2 four-member rings .

The double hexagonal rings in the structure
contain two P atoms. two AI atoms, and eight
oatoms. which are all crystallographically in
dependent. Si substitutes for the P sites, result
ing in an excess charge of - I e per framework
Si atom. which may be compensated by pro
tonated water. The water 0 atoms and the 0

13X (FAU) 557

atoms of the hexagonal ring range from 2.75 to
3.10 A.

Positional parameters (x 10') (Acta Cryslallogr.
C41: 1698 (1985» :

x y z

P(Si)1 38(3) 2261(3) 1082(3)
}>(Si)2 9973(4) 7703(4) 8921(3)
All 2287(4) 2266(4) 1029(3)
AI2 7709(4) 7745(4) 8957(3)
01 25(10) 2638(9) 92(6)
02 1139(9) 2333(11) 1318(8)
03 2005(10) 908(9) 1291(9)
04 3247(9) 147(10) 1706(8)
05 9950(11) 7474(13) 9904{8)
06 8814(9) 7556(10) 8617(8)
07 8095(10) 9112(9) 8779(9)
08 6757(8) 9850(9) 8358(7)

Synthesis

ORGANlC ADDITIVE
rnorpholine

ZYT-6 was prepared hydrothermally from a
synthesis gel composed of: P20S : AhOJ ; 2
morpholine : Si02 .

3A (LTA)

The potassium form of Linde type A.

4A (LTA)

The sodium form of Linde type A.

SA (LTA)

The calcium form of Linde type A.

13X (FAD)

The sodium form of Linde type X.
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