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Organic derivatives of crystalline zirconium phosphate-phosphite (ZrPP) are easily ob-
tained by direct contact of the given organic solution with the crystalline material. The ther-
mal decomposition of benzyl alcohol, benzylamine and some other aromatic compounds
intercalated in ZrPP was examined. All examined samples lose their crystal water first at a
relatively low temperature. The structural water is lost at a relatively higher temperature (in
comparison with the crystalline a-zirconium phosphate derivatives).

The zirconium phosphate-phosphite (ZrPP) ion-exchanger was first in-
vestigated by Alberti and coworkers [1, 2], and we investigated the effects of
modification of the preparation method and the mode of preparation of or-
ganic derivatives of this material [3, 4]. The double-layered ZrPP is a good
intercalating agent for organic molecules containing COOH and/or NH2
groups.

As part of this work, the thermal stability and thermal decomposition of
organic derivatives were studied, and the results of these investigations are
presented in this paper.

Experimental
Preparations

Preparations were carried out as follows: in each case, 100 ml of a
saturated solution of the organic molecule added dropwise to 1.0 g of zir-
conium phosphate-phosphite (ZrPP). The ZrPP was equilibrated with this
solution for five days at room temperature.
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The precipitate formed was then separated, washed, air-dried and stored
in a desiccator above phosphorus pentoxide, at room temperature (25+2°)
until use.

For the experiments, the following organic materials were used: benzyl
alcohol, benzylamine, p-nitrobenzoic acid, hippuric acid and phenylphos-
phonic acid. The organic derivatives were identified by analytical, X-ray
powder diffraction and IR spectrophotometric methods under the condi-
tions described earlier [4]. The thermal behaviour of the materials was in-
vestigated with a MOM-C derivatograph under the conditions described
earlier [5].

Results and discussion

The results can be summarized as follows:

Benzyl alcohol intercalated zirconium phosphate-phosphite.

The curves in Fig. 1 show endothermic peaks with weight loss at 30°,
120°, 510° and 700°, and exothermic peaks without weight loss at 450° and
950°. The first two endothermic processes relate to the loss of the alcohol
group and the crystalline water, and third to the loss of the benzyl ring, and
the fourth to the loss of structural water. The two exothermic processes re-
late to the changes in the phosphite group and in the crystal structure of zir-
conium dioxide, respectively. The thermal decomposition of the material
may be described as follows:
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Benzylamine intercalated zirconium phosphate-phosphite. Figure 2
reveals endothermic peaks with weight loss at 40°, 135°, 510° and 700°, and
exothermic ones without weight loss at 450° and 900°. The first two en-
dothermic processes relate to the loss of the crystalline water and the amine,
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the third to the loss of the benzyl ring, and the fourth to the loss of struc-
tural water. The two exothermic peaks relate to the changes in the phosphite
and in the crystal structure, respectively.
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Fig. 1 Thermoanalytical curves of benzylalcohol intercalated zirconium phosphate-phosphite

The thermal decomposition of the material may be described as follows:

—-0.5H,0
—0.,0

Zr[(HPO4)(CsHgN.PO3)]-0.5H20 Zr[(HPO4)(C5H6PO3)]Z4§).0

40°-»135°

—— Zr[(HPO4)(HPO3)]—— Z1P207—— a-ZrO2—— B-Zr0O2
450° 510° 700° 90(¢°

J. Thermal Anal, 37, 1991



134 RAJEH, SZIRTES: THERMAL DECOMPOSITION OF ORGANIC

Exo 10
DTA ~
AT 0
{ 5 \/'_\f
Y

-

m
2
a
o

AN

o O

T

n
o

DTG

dmidt,mgimi
Ooi) Ny =

TG

am %

12

1

| I S I W N B |
400 600 800 1000
Temperature ,°C

1
0 200
Fig. 2 Thermoanalytical curves of benzylamine intercalated zirconium phosphate-phosphite

Hippuric acid intercalated in zirconium phosphate-phosphite. Figure 3
shows endothermic peaks with weight loss at 60°, 200°, 405° and 700°, and
exothermic processes without weight loss at 500° and 850°. The first two en-
dothermic peaks relate to the loss of the crystalline water and the amine, the
third to the liberation of the hippuric acid ring, and the fourth to the loss of
the structural water. The two exothermic peaks relate to the changes in the
phosphite group and in the crystal structure, respectively. The thermal
decomposition of the material may be described as follows:

Zx[(HPO4)(C9H9NO3.PQ3)]-0.5H20 0.‘55;130
Zr[(HPO4)(CoHoNO3.PO3)] ——I\;—()}?;—}! Zr[HPO4)(CoHs02P03)]
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Fig. 3 Thermoanalytical curves of hippuric acid intercalated zirconium phosphate-phosphite
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p-Nitrobenzoic acid intercalated zirconium phosphate-phosphite. The
curves in Fig. 4 demonstrate endothermic processes with weight loss at 40°,
130°, 240° and 460°, and exothermic processes without weight loss at 830°
and 980°. The first two endothermic processes relate to the loss of the crys-
talline water and the amine, the third one to the loss of the benzoic ring, and
the fourth to the loss of structural water. The exothermic processes relate to
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changes in the crystal structure. Calculations of the weight losses suggest
that the thermal decomposition of the material may proceed as follows:
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Fig. 4 Thermoanalytical curves of p-nitro benzoic acid intercalated zirconium phosphate-
phosphite
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Phenylphosphonic acid intercalated zirconium phosphate-phosphite.
The curves in Fig. 5 show endothermic peaks with weight loss at 60°, 510°
and 700° and exothermic peaks without weight loss at 440° and 900°. The
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Fig. 5 Thermoanalytical curves of phenyl phosphonic acid intercalated zirconium phosphate-
phosphite

first two endothermic peaks relate to the loss of the crystalline water and
the phenyl ring, and the third to the loss of structural water. The two ex-
othermic peaks relate to the changes in the phosphite and in the crystal
structure of zirconium dioxide.

The thermal decomposition of the material may be described as follows:
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If data are compared with those on the organic derivatives of a-zir-
conium phosphate [6], the latter are seen to be less stable against tempera-
ture than the ZrPP organic derivatives (the steps of decomposition occur at
higher temperature). For each investigated material, the crystalline water is
lost at about 200°, generally in two nearly equal steps. This is followed by
the loss or reordering of the organic molecules, and then loss of the struc-
tural water at about 700°. In comparison with the decomposition of phos-

phates of tetravalent metals, the decomposition of the HPO}~ groups in
these cases occurs at temperatures higher by about 200 deg.

Further, the processes connected with the formation of pyrophosphates
and the change in crystal form of the zirconium dioxide were found to be the
same as known for pure metal phosphates [7].

The results discussed above can help towards a better knowledge of the
crystal structures of these materials.
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Zusammenfassung — Organische Derivate von kristallinem Zirkoniumphosphatphosphit
(ZtPP) werden durch direkten Kontakt der kristallinen Substanz mit der gegebenen organis-
chen Ldsung problemios erhalten. Es wurde die thermische Zersetzung von in ZrPP eingelager-
tem Benzylalkohol, Benzylamin und einiger anderer aromatischer Verbindungen untersucht.
Alle untersuchten Proben geben zuerst bei relativ niedrigen Temperaturen ihr Kristallwasser
ab. Strukturelles Wasser wird (im Vergleich zu kristallinem a-Zirkoniumphosphat) bei relativ
hoheren Temperaturen abgegeben.
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