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1

METHOD FOR PREPARING CRYSTALLINE
ZIRCONIUM PHOSPHATES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This is a continuation of copending application Ser.
No. 676,968, filed on Nov. 30, 1984 now abandoned

The present invention relates to a method of prepar-
ing zirconium phosphates in the presence of a bulky
organic cation. The resulting material exhibits thermal
stability, ion exchange properties, sorption capacity and
distinct X-ray diffraction patterns.

Crystalline zirconium phosophates are known to ex-
hibit a capacity for ion exchange. Alpha zirconium
phosphate Zr(HPQO4);.H;0 is known to have a small
interlayer radius (7.6 angstroms) which results in slow
exchange of cations having a large ionic radius such as
Cs+: 842+ and hydrated Mg2+. A more highly hydrated
form of zirconium phosphate, theta, variously reported
a8 Zr(HPO4):.8H20 and Zr(HPO4)2.6H;0, exhibits
improved cation exchange properties probably owing
to its greater interlayer spacing of 10.4 angstroms,
Clearfield et al., J. Inorg. Nuc. Chem. 1964, Vol. 26, pp.
117 to 129, Pergamon Press. The anhydrous phase of
zirconivm phosphate Zr(HPQy);, known as beta zirco-
nium phosphate, and the dihydrate phase, gamma zirco-
nium phosphate Zr(HPO4);.2H;0 also exhibit greater
interlayer distance than the alpha form with d-spacings
of 9.4 and 12.2 angstroms, respectively. Clearfield et al.,
J. Inorg. Nuc. Chem. 1968, Vol. 30 pp. 2249-2258, Per-
gamon Press. Like the theta form, these zirconium
phosphates of increased interlayer spacing are capable
of ion-exchanging bulky cations at a greater rate than
the alpha form.

The above zirconium phosphates are normally pre-
pared by addition of a soluble salt of zirconium to a
solution of phosphoric acid or a soluble sulfate. In the
presence of an excess of the phosphorus derivative, i.e.,
P:Zr mole ratio >2, a gel is formed with crystallizes
when the reactant mixture is maintained at elevated
temperature for an extended time, say about 48 hours.
Other methods of producing zirconium phosphates are
set out in U.S. Pat. Nos. 3,056,647; 3,485,763; 4,025,608
and 4,381,289, all of which are incorporated herein by
reference.

Although the resulting materials exhibit a significant
ion exchange capability, they suffer from limitations in
thermal stability. At temperatures above about 300° C.
such materials are subject to losses in sorption and sur-
face acidity.

Zirconium phosphonates have been prepared by re-
acting organics such as ethylene oxide with the acidic
hydroxyl of the layered zirconium phosphate to convert
the inorganic acid hydroxyls to bound organic alkanol
groups. See, e.g. Yamaka, Inorg. Chem 15, 2811, (1976).
Other phosphonates of zirconium including zirconium
bis(benzenephosphonate), zirconium bis(thydroxyme-
thanephosphonate) monohydrate and zirconium bis(-
monoethylphosphonate) have been prepared. Alberti et
al, J. Inorg. Nucl. Chem., 40, 1113 (1978), U.S. Pat. No.
4,298,723 to DiGiacomo et al., incorporated herein by
reference describes a process for preparing layered
materials similar in structure to zirconium phosphates.
A source of zirconium such as zirconyl chloride is com-
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bined with an organophosphorus acid compound of the
formula ((HO)%OP)xR, wherein n is 1 or 2 and R may be
an acyclic group, heteroacyclic group containing one
or more heteroatoms selected from O, N, and S, a cyclic
group, aromatic group, or a heterocyclic group contain-
ing one or more heteroatoms selected from O, N and S.
The organo groups occupy an average surface area not
greater than about 24 square angstroms in each section
bounded by four zirconium atoms. The resulting lay-
ered material exhibit improved thermal stability over
prior art zirconium phosphates.

It has now been found that crystalline zirconium
phosphates of high thermal stability and sorption capac-
ity can be prepared by including a bulky organic cations
having a molecular weight greater than about 100, 500,
1000 or even 10,000 in a forming mixture which con-
tains a source of zirconium and a source of phosphorus.
Crystalline zirconium phosphate compounds of the
present invention include those having the composition:

XA yM 2/mO:Zr02z2P305:wH320

where A is an organic cation having a molecular weight
of at least about 100; M’ is a cation of valence m;
0<x<4; 0<y<6; 0<z<3; and 0<w<20. Such mate-
rials can be prepared by combining a phosphorus source
selected from the group consisting of water-soluble
phosphates and phosphoric acid, with a salt of the or-
ganic cation, and thereafter combining the resulting
mixture with a source of zirconium under crystalliza-
tion conditions. Cations of onium compounds are par-
ticularly useful in preparing zirconium phosphates of
the present invention. Onium compounds which may be
usesd include those having the following formula:

RoM+X~

wherein R is alkyl of from 1 to 20 carbon atoms, hete-
roalkyl of from 1 to 20 carbon atoms, aryl heteroaryl,
cycloalkyl of from 3 to 6 carbon atoms, cycloheteroal-
kyl, of from 3 to 6 carbon atoms, or combinations
thereof; p is 1 to 4, preferably 4; M is a quadricoordinate
element (e.g., nitrogen, phosphorus, arsenic, antimony
or bismuth) or a heteroatom (e.g., N, O, S, Se, P, As,
etc.) in an alicyclic, heteroalicyclic or heteroaromatic
structure; and X is an anion (e.g., fluoride, chloride
bromide, iodide, hydroxide, acetate, sulfate, carboxyl-
ate, etc.). When M is a heteroatom in an alicyclic,
heteroalicyclic or heteroaromatic structure, the cation

R,M+ may be, as non-limiting examples,
R Y / 3
R'—N N+=R’, N+—R’ or

e/

R'+—N R N+R’
Q‘ @

wherein R’ is alkyl of from 1 to 20 carbon atoms, hete-
roalkyl of from 1 to 20 carbon atoms, aryl, heteroaryl,
cycloalkyl of from 3 to 6 carbon atoms of cycloheteral-
kyl of from 3 to 6 carbon atoms.

In particular, tetraalkylammonium compounds have
been found to be useful onium compounds in the present
invention, e.g., tetrapropylammonium bromide and
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tetrapropylammonium hydroxide. Compounds contain-
ing multiple cationic centers including cationic poly-
mers known as ionomers, by also be used such as those
having the formuia:

RBMH(Z)aM ¥ (R)IAX " )2n

where y >1

wherein R, M and X are as above defined, Z is a bridg-
ing member selected from the group consisting of alkyl
of from 1 to 20 carbon atoms, alkenyl of from 2 to 20
carbon atoms, aryl, heteroalkyl of from 1 to 20 carbon
atoms, heteralkenyl of from 2 to 20 carbon atoms and
heteroaryl, and n is a number of from 1 to about 50.
Non-limiting examples of such multiple cationic center
containing compounds include:

(CH3)3As+(CHz)eN +(CH3)sKCl ),
(C3H7)3N+(CH2)1oN +(C3H7)3i(Cl )2,
(CeHs)sN+(C2Ha)16P +(CeHs)a(OH ),
(C1sH37)3P+(CaH2)3P+(C3)31(Cl )2,

(C2Hs)3N +(CeHa)N +(C2Hs)](Br )2,

(CH3)3Sb +(CH2)10Sb+ (CH3)3}(C1 )2,
(CsHs)3Sb+(CH2)4N+(CH3)3J(OH ),
(C2H3)sN+(CH2)s0N +(C2H3)3J(OH )z,
(CeHs)3P+(C2H2)eAs +(CH3))(Cl )z,

(CH3)3N +(CH2)sN+(CH3)3](C1—)2, and

[(CHJ)3P+—©'N+'(‘CH3)3K0H‘)2

The cation may also be a quaternary phosphorus
cation of a salt. The phosphorus-containing salt may be
of the type disclosed in U.S. Pat. Nos. 4,209,449 and
4,336,385 to Mayhew et al. incorporated hereby by
reference, and available from Mona Industries, Pater-
son, N.J. Broadly speaking, such salts are of the for-
mula:

+++
il

P—(OCH;‘-?H—CHZ— R)3 3X—
OH

wherein
R is an amidoamine moiety of the formula

o R? R}
| |
Rl=C—~N—(CH2)s—N-—
Xe

Rlis alkyl, alkenyl, alkoxy, or hydroalkyl of from 5 to
22 carbon atoms each, or aryl or alkary of up to 20
carbon atoms,

R2 is hydrogen or alkyl, hydroxyalkyl or alkenyl of
up to 6 carbon atoms each or cycloalkyl of up to 6
carbon atoms, preferably of from 2 to 5 carbon
atoms, or polyoxyalkalene of up to 10 carbon
atoms;

R3? and R4, which may be the same or different, are
selected from alkyl, hydroxyalkyl, carboxyalkyl of
up to 6 carbon atoms in each alkyl moiety, and
polyoxyalkylene of up to 10 carbon atoms; in addi-
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tion, R3 and R4 taken together with the nitrogen to
which they are attached, may represent an N-con-
taining heterocycle;

n is an integer from 2 to 12; and

X is an anion.

In a particularly preferred embodiment, R is Cs to
Cy7 alkyl, R; is H, R3 and R4 are methyl and n=3. In
another preferred embodiment Ry is Cyy to Ci3alkyl and
Xis ClL

In another embodiment, R may be

(‘!Hz—Cl-lz

-N N=—CH;CH20H

00

and R5is Csto Cy7alkyl, say, for example, C2alkyl, and
Xis CL

In still another embodiment the phosphorus-contain-
ing salt may comprise a zwitterion, for example, materi-
als such as

CH;C0;~ OH (I?
RCONHCH;CH;—®N CH;CH—CH,0-1—P
CH,CH;0H

may be included in the forming mixture.

Upon exposure to crystallization conditions a crystal-
line zirconium phosphate compound is produced, hav-
ing the composition:

xA:yM/mO:Zr072:2P05:wH20

where A is an organic cation of the salt described
above; M is a cation of valence m; 0<x<4; 0<y<6§;
0<z<3; and O<w<20, preferably 0.01<x<2;
1<y<4; 0.5<z<2; and O<w< 10.

The crystalline material of the present invention ex-
hibits an X-ray diffraction pattern showing the signifi-
cant lines set out below in Table 1.

TABLE 1

d-space 2-theta 171,
1133 + 0.1 7.79 m
3.89 + 005 22.87 s
3.29 + 0.03 27.05 vs
3.14 + 0.03 28.45 w-m
.66 + 0.02 1371 w
2.63 + 002 34.10 w

with I/I, from O to 24%=w (weak), from 25 to
49%=m (medium), from 50 to 75%=s (strong), and
from 75 to 100% — vs (very strong).

While not wishing to be bound by theory, it is be-
lieved that the surfactant and directing properties of the
organic cations, as well as their ability to ion-exchange
during synthesis, advantageously affect the gelation of
the reactant mixture, the rheology of the obtained gel
phase, as well as gel crystallization. The bulkiness of the
cations serve to keep the layers far apart during the
reaction.

The zirconium phosphate materials of the present
invention are made by reacting a source of zirconium
and a source of phosphorus in the presence of a bulky
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organic cation characterized above. Suitable sources of
zirconium include zirconium water soluble compounds
such as zirconyi chloride, ZrOC1.8H;O. Suitable phos-
phorus sources include water soluble phosphates or

hydrogen phosphates such as NaH3PO4. H;0, organo- 5

phosphorus compounds, phosphorus oxides, and phos-
phoric acid. Preferably, the bulky organic cationic com-
pound is combined with the phosphorus source, e.g.,
NaH;PO4.H;O and where necessary, solution is ef-

fected by adding an acid solution such as 3N HCI. The 10

resulting mixture can be then refluxed, during which
time the source of zirconium, e.g., a IM ZrOCl2.8H20
solution, is gradually added. The P/Zr molar ratio of
the resulting forming mixture, exclusive of added or-

ganic cation, is greater than 2. Upon addition of zirco- 15

nium a gel is formed. Crystallization of the gel results
from its exposure to refluxing conditions or by auto-
claving. Temperatures greater than about 70° C., prefer-
ably about 90° C. to 150° C., may be used in effecting

crystallization. The pressure may be atmospheric, auto- 20

geneous, or any suitable crystallization pressure ranging
from about 1 to 30 atm. Depending on the particular
conditions employed, crystallization time can range
from 1 to 500 hours.

In those situations where an alkali metal-containing 25

phosphorus salt is used as the phosphorus source e.g., a
sodium salt of phosphoric acid, some or all ion-ex-
change sites of the resulting crystalline zirconium phos-
phate material will be exchanged with alkali metal. In

order to convert such material to the proton exchanged 30

from, the as-synthesized crystalline zirconium phos-
phate is acid washed. Proton-exchange is preferably
achieved by contacting the material to be exchanged,
with a mixture of hydrochloric and/or phosphoric acid,

followed by rinsing with distilled water. 5

Upon crystallization and any subsequent treatment
such as proton-exchange or ammonium exchange, the
crystalline material is dried. The drying step may be in
any suitable atmosphere, including vacuum or air at

temperature ranging from about 50° to 200° C., say 40

about 120° C.
The dried crystalline zirconium phosphate may then

6
cation present in the structure of the zirconium phos-
phate.

The calcined materials exhibit thermal stability at
temperatures of 400° C. or even higher. In addition,
these materials possess strong acid sites and enhanced
surface acidity. Accordingly, the zirconium phosphate
materials of the present invention are significantly bet-
ter than prior art zirconium phosphates which exhibit
poor thermal stability and reduction in surface acidity
when exposed to temperature above 300° C. Thus, the
present invention may be used to prepare zirconium
phosphates which may be used as ion exchangers or
catalysts under a wide variety of operating conditions
and temperatures. For example, they may be used in
their acid form for acid-catalyzed reactions. Ion-ex-
change of the zirconium phosphate with metal ions
yields a catalyst suitable for oxidation or base-catalyzed
reactions. The zirconium phosphates of the present
invention may be employed in converting organic com-
pounds by contacting said compounds with the zirco-
nium phosphates at conversion conditions. In addition,
the products of the invention may be used as a catalyst
binder owing to their thermal stability.

The following examples further describe the inven-
tion but are not to be considered limiting in any way.

EXAMPLES 1-10
Preparation of Zirconium Phosphates

A series of zirconium phosphate compounds, ZP-1
through ZP-10, corresponding to the product of Exam-
ples 1 through 10 were prepared in accordance with
Table 2. ZP-1 and ZP-9 were conventionally prepared
in the absence of bulky organic ions in the forming
mixture. The remaining materials were prepared in the
presence of organic ions derived from quaternary am-
monium compounds such as tetrapropylammonium
bromide (TPABr), tetrapropylammonium hydroxide
(TPAOH) and Monaquat PT-Z, a compound having
the formula:

be exposed to thermal treatment, i.e. calcined in an inert CHz ?Hz i

gas atmosphere, such as nitrogen or helium, and/or in HOCH;CH;—N N—CH;CH—CH;—0 P + 3Cl—

an oxygen-containing atmosphere, e.g., air. Suitable 45 @ (')H

calcining temperatures can range from about 200° to c':

600° C., say about e.g., 250° C. or 500° C. Such treat- R 3

ment results in removal of at least some of the organic

TABLE 2
SYNTHESIS AND CHARACTERISTICS OF ZIRCONIUM PHOSPHATES

Designation Zp-1 ZP2 ZP-3 ZP4 ZP5 ZP6 ZP-7 ZP8 ZP9 ZP-10
Reaction Mixture (g)
Na—phosphate 68 68 68 68 68 68 68 68 68 68
Zr—oxychloride 8 8 8 8 8 8 8 8 8 8
HCl 55 55 55 55 55 55 55 5.5 5.5 5.5
Water 75 75 75 75 130 75 100 75 75 75
Organic Cmpd. —_ A A A B A A A —_ C
A = TPABr »
B = TPAOH
C = Monaquat PT-Z
Organic (g) — 132 40 40 19 40 40 40 - 10
Temperature (°C.) 95 95 95 135 95 135 135 135 135 135
Time (hrs) 25 25 25 25 25 48 25 168 25 25
Product composition (wt. %)
c - o1 01 23 40 0.3 3.6 44— 14.9
N —_ - - 0.1 0.2 — - 0.2 —_ 0.2
Na 6.0 38 43 6.1 9.9 5.3 0.5 14.2 33 28
Cl —_ nt. nt nt. 25 0.1 —_ 23 1.6 1.3
Zr 29.1 96 299 288 20.8 272 269 18.3 22.6 20.3
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TABLE 2-continued
SYNTHESIS AND CHARACTERISTICS OF ZIRCONIUM PHOSPHATES
Designation Zp-1 ZP2 ZP-3 2P4 ZP-5 ZP-6 ZP7 ZP8 ZP9 ZP-10
P 205 209 203 197 206 197 199 198 219 17.2
Product molar composition
PZr 206 207 199 201 291 212 217 317 28 249
Na/P 039 025 029 042 065 036 003 097 051 02
Adsorption (n-hexane, wt.
%, at 30° C)
Cale. 250 C 120 180 — 1.72 0.73 210 — 0.95 0.12 1.80
Calc. 500 C .20 160 090 L77 0.33 230 - 1.12 0.00 2.10
The materials of the present invention were prepared What is claimed is:
as follows: 15 1. A method for preparing in an aqueous reaction

The organic cation compound and 68 g of NaH2PO4
H,0 were dissolved in 50 ml of 3N HCl at reflux 25.0 ml
of IM ZrOCl2.8H,0 was then added dropwise over a
period of about 30 mins. A gel resulted which was crys-
tallized by autoclaving at 135° C. or refluxing at about
95° C. for about 25 to 170 hours. The crystallized sodi-
um-exchanged product was then filtered and washed.
Sodium ion was proton-exchanged by acid washing in
2N HC) and 0.2M H3;POj4 followed by rinsing with
distilled water. The acid forms of the zirconium phos-
phate was then dried in an oven at 120° C.

EXAMPLE 11
Thermal Stability of Zirconium Phosphate

X-ray diffraction patterns of ZP-4, a zirconium phos-
phate prepared from a forming mixture which contains
tetrapropylammonium bromide were obtained by stan-
dard techniques for as-synthesized ZP-4, ZP-4 calcined
at 350° C., and ZP-4 calcined at 500° C. The X-ray
diffractograms were substantially the same except for
minor shafts in interplanar spacing and variation in
relative intensity. Thus, it is seen that ZP-4 is thermally
stable even at temperatures of 500° C.

EXAMPLE 12
X-Ray Diffraction Pattern of Treated ZP-4

ZP-4 was treated by NaOH according to the follow-
ing procedure:

(1) Add 1.0 g ZP-4 (as synthesized) to 130 mg NaOH
in 200 ml water.

(2) Stir for 3 hours at ambient temperature.

(3) Filter, without washing, and dry at 100° C.

Another sampie of ZP-4 was treated with dimethylsi-
lane by heating 2.0 g ZP-4 to 250° C. (5°/min), while
flowing dimethylsilane continuously through the reac-
tor at 60 cc/min.

X-ray diffraction patterns of the samples were then
obtained by conventional methods. A comparison of the
two patterns showed that the crystalline structure was
essentially maintained, as minor shifts only occurred in
interplanar spacings. Furthermore, the uptake of dime-
thylsilane, a material which is relatively inert to weakly
acidic conditions, indicates the presence of very strong
acid sites in the partially protonated form of ZP-4.

EXAMPLE 13
Reproducibility of ZP-4 Synthesis
Another batch of ZP-4 was prepared according to
the procedure of Example 4. A comparison of X-ray
diffraction patterns of the materials of Examples 4 and
13, indicated the reproducibility of the synthesis prod-
uct.

20

25

30

35

45

55

65

mixture crystalline zirconium phosphate compounds
having the composition:

XA:yM'2/mO0:Zr07:2Py05:wH0

where A is an organic cation having a molecular weight
of at least about 100; M' is a cation of valence m;
0<x<4; 0<y<6; 0<z<3; and 0<w <20, wherein a
phosphorus source selected from the group consisting
of water-soluble phosphates and phosphoric acid is
combined with a salt of said organic cation, and thereaf-
ter combined with a source of zirconium under crystal-
lization conditions.

2. The method of claim 1 wherein said phosphorus
source comprises NaH;PO4.H;O; said source of zirco-
nium is ZrOCL.8H0; 0.01 <x<2; 1<y<4; 0.5<z2<2;
and 0<w<10.

3. The method of claim 1 wherein said organic cation
is a cation of the compound

RaMM+X—

wherein R is selected from the group consisting of al-
kyls of from 1 to 20 carbon atoms, heteroalkyls of from
1 to 20 carbon atoms, aryls, heteroaryls, cycloalkyls of
from 3 to 6 carbon atoms, cycloheteroalkyls, of from 3
to 6 carbon atoms; M is a quadricoordinate element
selected from the group consisting of nitrogen, phos-
phorus, arsenic, and antimony and X is an anion se-
lected from the group consisting of fluoride, chloride,
bromide, jodide, hydroxide, acetate, sulfate, and car-
boxylate.

4. The method of claim 3 wherein R is an alkyl of
from 1 to 20 carbon atoms and M is nitrogen.

§. The method of claim 4 wherein R is propyl.

6. The method of claim 1 wherein said organic cation
is a cation of the salt

RM+X—

wherein R is selected from the group consisting of al-
kyls of from 1 to 20 carbon atoms, heteroalkyls of from
1 to 20 carbon atoms, aryls, heteroaryls, cycloalkyls of
from 3 to 6 carbon atoms, cycloheteroalkyls, of from 3
to 6 carbon atoms; p is 1 to 4; M is a heteroatom selected
from the group consisting of nitrogen, oxygen, sulfur,
selenium, phosphorus and arsenic in a structure selected
from the group consisting of alicyclics, heteroalkicy-
clics, and heteroaromatics; and X is an anion selected
from the group consisting of fluoride, chloride, bro-
mide, iodide, hydroxide, acetate, sulfate, and carboxyl-
ate.

7. The method of claim 6 wherein said organic cation
is selected from the group consisting of
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é A\ / \
N N+-R’, R’ N+—R’ or
E=/ 3
R'*N R’ N+R’

wherein R’ is selected from the group consisting of
alkyl of from 1 to 20 carbon atoms, heteroalkyl of from
1 to 20 carbon atoms, aryl, heteroaryl, cycloalkyl of
from 3 to 6 carbon atoms and cycloheteroalkyl of from
3 to 6 carbon atoms.

8. The method of claim 1 wherein said salt is of the
formula:

15

20
+++

]
P—(OCH;—(’ZH—CHz—R)g X9

OH 25

wherein
R is an amidoamine moiety of the formula

30

0O R? R}
| |
R!—=C—~N—(CHj)y—N—
|
R4

35

wherein

R! is selected from the group consisting of alkyl,
alkenyl, alkoxy, and hydroxyalkyl of from 5 to 22
carbon atoms each; and aryl or alkaryl of up to 20 4,
carbon atoms,

R2is selected from the group consisting of hydrogen,
alkyl, hydroxyalkyl or alkenyl of up to 6 carbon
atoms each; cycloalkyl of up to 6 carbon atoms and
polyoxyalkylene of up to 10 carbon atoms;

R3 and R4, which may be the same or different, are
selected from the group consisting of alkyl, hy-
droxyalkyl, carboxyalkyl of up to 6 carbon atoms
in each alkyl moiety; polyoxyalkylene of up to 10
carbon atoms; and R3 and R? taken together with
the nitrogen to which they are attached as an N-
heterocycle;

n is an integer from 2 to 12; and

X is an anion.

9. The method of claim 8 wherein R; is Cs to Cy7

alkyl, R; is H, R3 and R4 are methyl and N+ 3.

10. The method of claim 9 wherein R is Cy; to Cy3

alkyl and X is Cl.

11. The method of claim 6 wherein R is

45

S0

55

CHy——CH;

—N N—CH,CH;OH

65

-0

and RS is Cs to Cy7 alkyl.

10

12. The method of claim 11 wherein R3 is C; alkyl
and X is Cl.

13. The method of claim 12 wherein 0.01<x<1;
1<y<4;0.5<z<2; and O<w<10.

14. The method of claim 1 wherein said crystalliza-
tion condition include crystallization under reflux.

15. The method of claim 1 wherein said crystalliza-
tion conditions comprise temperatures greater than
about 100° C.

16. The method of claim 14 wherein the crystallized
product is proton-exchanged by acid washing.

17. The method of claim 16 wherein said acid wash-
ing is effected by contacting the crystallized product
with about 2N HCI and 0.2M H3PO4.

18. The method of claim 15 wherein the crystallized
product is proton-exchanged by acid washing.

19. The method of claim 18 wherein said acid wash-
ing is effected by contacting the crystallized product
with 2N HCl and 2M H3PO..

20. The method of claim 16 wherein the proton-
exchanged product is dried at about 50° to 200° C.

21. The method of claim 18 wherein the proton-
exchanged product is dried at about 50° to 200° C.

22. A crystalline zirconium phosphate compound
having the composition:

xA:yYM'2/m0:Z102:2P205:wH20

where A is an organic cation; M’ is a cation of valence
m; [Ox4; Oy6; 0z3; Ow20; ] O<x<4 O<y<s;
0<z<3; O<w<20; and having the significant X-ray
diffraction lines of Table 1 of the specification.

23. The compound of claim 22 wherein said organic
cation is a cation of the salt

RM+X-—

wherein R is selected from the group consisting of al-
kyls of from 1 to 20 carbon atoms, heteroalkyls of from
1 to 20 carbon atoms, aryls, heteroaryls, cycloalkyls of
from 3 to 6 carbon atoms, cycloheteroalkyls, of from 3
to 6 carbon atoms; M is a quadricoordinate element
selected from the group consisting of nitrogen, phos-
phorus, arsenic, and antimony and X is an anion se-
lected from the group consisting of fluoride, chloride,
bromide, iodide, hydroxide, acetate, sulfate, and car-
boxylate.

24. The compound of claim 23 wherein R is an alkyl
of from 1 to 20 carbon atoms and M is nitrogen.

25. The compound of claim 24 wherein R is propyl.

26. The compound of claim 22 wherein said organic
cation is a cation of the salt PS

RM+X—

wherein R is selected from the group consisting of al-
kyls of from 1 to 20 carbon atoms, heteroalkyls of from
1 to 20 carbon atoms, aryls, heteroaryls, cycloaikyls of
from 3 to 6 carbon atoms, and cycloheteroalkyls of from
3 to 6 atoms; M is a heteroatom selected from the group
consisting of nitrogen, oxygen, sulfur, selenium, pho-
shorus and arsenic in a structure selected from the
group consisting of alicyclics, heteroalicyclics, and
heteroaromatics; and X is an anion selected from the
group consisting of fluoride, chloride, bromide, iodide,
hydroxide, acetate, sulfate, and carboxylate.

27. The compound of claim 26 wherein M is selected
from the group consisting of
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R'—+N N+=R’ and N+—R’
\=/

wherein R’ is selected from the group consisting of
alkyl of from 1 to 20 carbon atoms, heteroalkyl of from
1 to 20 carbon atoms, aryl, heteroaryl, cycloalkyl of
from 3 to 6 carbon atoms and cycloheteroalkyl of from
3 to 6 carbon atoms.

28. The compound of claim 22 wherein A is an or-
ganic phosphate guaternary cation.

29. The compound of claim 22 wherein A is

+++

[
P—(OCH;—(EH—CH;—R);

OH
wherein
R is an amidoamine moiety of the formula
O R? R3
T |
Rl=C—N—(CHy)y~N—
|
R‘

wherein

R! is selected from the group consisting of alkyl,
alkenyl, alkoxy, hydroxyaikyl, of from 5 to 22 car-
bon atoms each, and aryl or alkaryl of up to 20
carbon atoms,

R2is selected from the group consisting of hydrogen,
alkyl, hydroxyalkyl, alkenyl, of up to 6 carbon
atoms each; cycloalkyl of up to 6 carbon atoms;
and polyoxyalkylene of up to 10 carbon atoms;

R3 and R4, which may be the same or different, are
selected from the group consisting of alkyl, hy-

15
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droxyalkyl, carboxyalkyl, of up to 6 carbon atoms
in each alkyl moiety; polyoxyalkylene of up to 10
carbon atoms; and R3 and R* taken together with
the nitrogen to which they are attached, as an N-
heterocycle;
and n is an integer from 2 to 12;
30. The compound of claim 29 wherein R is Cs to
Cy7akkyl, Rz is H, Rj and R4 are methyl and n=3.
31. The compound of claim 30 wherein R; is Ci; to
Cis alkyl.
32. The compound of claim 29 wherein R is

CH;——CH>

]
—N N—CH;CH;0H

®

A==y
“w

and R5is Cs to Cy7alkyl.

33. The compound of claim 32 wherein RS is Cy2
alkyl.

34. The compound of claim 33 wherein 0.01<x<1;
1<y<4;0.5<z<2; and 0<w<10.

38. A crystalline zirconium phosphate resulting from
thermal treatment of the compound of claim 22.

36. A crystalline zirconium phosphate resulting from
thermal treatment of the compound of claim 23.

37. A crystalline zirconium phosphate resulting from
thermal treatment of the compound of claim 24.

38. A crystalline zirconium phosphate resulting from
thermal treatment of the compound of claim 25.

39. A crystalline zirconium phosphate resulting from
thermal treatment of the compound of claim 26.

40. A crystalline zirconium phosphate resulting from
thermal treatment of the compound of claim 29.

41. A crystailine zirconium phosphate resulting from
thermal treatment of the compound of claim 32.

42. A crystalline zirconium phosphate resulting from

thermal treatment of the compound of claim 33.
* 3 = *® %
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CH5—CH, fHE'fﬂz
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OH-~ 8 \\Y:-7/4
i i
15 x5
| [ CH)— CH, ] 0
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-~ |Hocu, cu, f\{ Ji-CHafli-cH-0B43c1”
l
R
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Column 9, line 62 (formula), (same as correction #2 above).
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