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The crystalline cerium bis-monohydrogen phosphate Ce(HPO4)2.1.33 H20 was 
synthetized and identified by X-ray and analytical methods. 

The thermal decomposition was investigated by simultaneous TG, DTG and DTA 
measurements. As a result of investigations four endothermie processes with weight 
loss were found; the first two, nearly equal peaks at 373 and 423 K, the third at 653 K 
and the last at 1053 K. The material after heating over 1273 K was investigated with 
the same analytica ! methods. In connection with these data we supposed that the weight 
losses may be identified as water and oxigen losses. The thermal analysis was supported 
by X-ray measurements. Collecting the results of thermal and X-ray analysis crystalline 
water bound in the molecule in various ways can be quantitatively distinguished. 
It was found that this phenomena have definite influence on the layer distance. 

By the X-ray measurements the change of the crystal structure taking place during 
the heating process could be followed. 

Of the synthetic inorganic ion-exchangers, zirconium phosphate has been in- 
vestigated in some detail. The thermal analysis of such materials is of current 
interest. Based on the results obtained for zirconium phosphate [1 ], the thermal 
analysis of crystalline cerium phosphate was carried out. 

The synthetized sample, which was analyzed, can be identified as the first 
member of the group Ce(OH)x(PO4)x(HPO4)~_zx. yHaO. The results are reported 
in this paper. 

Experimental 

Cerium phosphate was synthetized using the method described by Alberti et 
al. [2]. The final product was washed with redistilled water to pH = 4 and dried 
and stored at room temperature over saturated sodium chloride solution (P /Po  = 

= 75 %). Identification of the material was carried out using X-ray diffraction 
analysis and determination (by analytical methods) of the PO]-/Ce ratio. 

The cerium content of the sample was determined using the colorimetric method 
described by Sandell [3]. The phosphate content was measured according to 
Bernhardt [4], using a Unicam photometer. 
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The X-ray measurements were made using a Dron-l .5  diffractometer with a 
CuK~ (Ni fil ter)beam; the high-temperature X-ray measurements were repeated 
with the same apparatus. The thermoanalytical experiments were carried out 
with a P a u l i k - P a u l i k - E r d e y  (MOM, Budapest) derivatograph [5], which is 
able to record TG, DTG,  T and DTA curves simultaneously. 256.4 mg of  
crystalline sample was heated in a medium Pt crucible over the temperature range 
298 - 1273 K at a heating rate of  10 K per rain. The measurements were performed 
in air and alumina (c~-A1202) was employed as reference material. 

Results and discussion 

Based on the results of  the analytical investigations, the composition 
Ce(HPO~)2. yH~O was calculated for the synthetized sample. Data  relating to 
the identification are collected in Table 1. 

Table 1 

Data  relating to the identification 

Alberti 
I~o43-/Ce 

Sample synthetized by intensities 
of  the mean peaks, A 

Present 
authors 

PO43-/Ce 

2.0 

15.90 vs 
7.89 m 
5.43 s 
3.95 s 
3.41 s 

15.86 vs 
7.82 m 
5.34 s 
3.92 s 
3.36 s 

2.0 

v s -  very strong, s - strong, m -  medium 

The results of  thermoanalytical investigations are shown in Fig. 1. 
The investigations revealed four endothermic processes with weight losses. 

The first two, nearly equal peaks found at about 373 and 423 respectively are 
not so high as those at 653 K. The last process begins at about  1053 K, with 
a similar weight loss as the first one. After being heated over 1273 K, the mate- 
rial was investigated with the same analytical methods as the original sample. 
Chemical analysis indicated a composition corresponding to a mixture of  Ce203 
and P~O10. In connection with these data we assumed that the weight losses may 
be identified as water and oxygen losses, as follows:.up to 398 K 0.5 mole, to 
433 K another 0.5 mole, to 596 K 0.33 mole, and between 586 and 1053 K ano- 
ther one mole water were lost. The endothermic process between 1053 and 1273 K 
covered the oxygen loss originating f rom the cerium reduction Ce(IV) ~ Ce(III). 
From the ion-exchange measurements the one mole 10st water (between 586 and 
1053 K) was identified as structural water, giving exchangeable H + ions. In 
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connection with these data the original material can be described by the formula 
Ce(HPO~)2 " 1.33HzO. The thermal decomposit ion or changes may be described 
as follows: 

298 - 398 K Ce HPO 
Ce(HPQ)2" 1.33H~O ~-0~5H~O ( 4)z "0.83H20 

398 - 433 K 433 - 586 K 
- Ce(HPO4)2 " 0.33H20 Ce(HPO~)z 

- 0 .5H20 - 0.33HzO 

5 8 6 -  1053 K 1053 - 1273 K 
CeO2 �9 P205 0.5C%O3 �9 P~O10 

- HzO - 1 / 4 0 z  

K 

dm 
dt 

1273 
o • 
tu 

1073 

I 873 
AT 
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w 
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Fig. 1. Thermoanalytical curves of crystalline cerium phosphate 

While the water loss between 586 and 1053 K is practically independent of  the 
heating rate, the crystalline water loss is very sensitive to the rate of  heating. 
The above distinguished water quantities showed that part of  the crystalline 
water was adsorbed only on the crystal surface. Further X-ray measurements 
were carried out to clear up the possible change of  the crystal structure during 
the heating process. The results are given in Figs 2 - 3 .  The spectra were obtained 
at the maximum speed of  the goniometer and at the same heating rate as during 
the thermal analysis. The peak intensity change is continuous in the internal 
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A - B, and  is finished at  398 K. The further water loss is no t  followed by changing 
of the X-ray spectra in the temperature  interval  B - C - D. In  the region (D - 
E - F)  where one mole structural  water is lost, an  intensive change of the X-ray 
spectra was found  again. Based on these results, we assumed that  the first 0.5 mole 

G 1077 1061 1045 1029 1013 997 981 KH 965 949 933 91L7 

901 885 869 853 837 821 805 789 773 F 757 7/.1 & 

725 709 693 677 629 597 565 549 533 517 501 

479 463 447 .  431 415.  399 E 383 367 351 335 O 319 303 

255 239 191 175 C 159 143 B 127 111 95 63 A 31 

Temperature j ~ 

Fig. 2. X-ray diffractograms in the temperature interval 293-- 1273 K 
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Fig. 3. X-ray diffractograms at various temperatures: curve a -- at 973 K; curve b -- at 523 K;  
curve c -- at 298 K 
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crystalline water loss is followed by the change of the structure; the 0.83 mole 
water loss did not produce a change in the structure of the sample. The loss of 
structural water caused a considerable change in the structure; after this water 
loss a new characteristic for the oxides, crystal structure being, but this changed at 
the moment when the 1/4 O3 was lost. These considerations may be confirmed by 
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Fig. 4. Comparison of the TO curves with the first peak intensity changes 

Table 2 

The change of the first interplanar distance and first peak intensity with temperature 

T, d, Irel, T, d, Irel, 
K k % K A % 

303 
333 
353 
373 
393 
413 
433 
453 
473 
493 
503 
513 
523 
533 

15.388 
14.717 
14.596 
14.359 
13.586 
13.586 
13.586 
13.483 
13.483 
13.483 
13.483 
13.483 
13.483 
13.483 

100.0 
99.0 
93.5 
78.0 
72.5 
72.3 
72.0 
71.9 
71.2 
70.8 
70.5 
70.3 
70.2 
70.1 

553 
563 
573 
583 
593 
603 
613 
633 
643 
663 
673 
683 
693 
703 

13.483 
13.483 
13.483 
13.381 
13.381 
13.381 
13.381 
13.381 
13.381 
13.381 
13.381 
13.381 
13.381 
13.381 

70.0 
69.9 
69.6 
74.5 
57.1 
51.8 
42.0 
32.5 
14.0 
10.0 
7.0 
3.0 
1.0 
0.0 
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compar ing  the X-ray spectra in Fig. 3. In  curves b and c similar peaks with various 
intensities and positions (changes) in the direction o f  :higher 2 0  values were 
found. This means that,  in agreement  with the water loss for the given temperature 
interval, only the distance between the layers changed, wi thout  any change in the 
crystal structure. In  compar ison to these curves, the X-ray spectrum of  a had 
a quite different character,  corresponding to another  crystalline structure. In  
agreement  with the thermal  analysis, the material wi thout  crystalline water had 
the composi t ion Ce(HPO~)2. 

On the above basis, the interlayer distance depends on the quanti ty and the 
fo rm of  bonding of  the crystalline water. 

Compar ison of  the weight loss curves (TG) and the change in intensity o f  the 
first peak (X-ray diffractograms) vs .  temperature (Fig. 4; Table 2) revealed a 
decrease in the interval A - B. The intensity is a lmost  constant  in the interval 
B - D, but  decreases quickly to zero in the temperature interval D - F. I t  can be 
seen that  all these changes are in good  agreement with the weight losses. To sum- 
marize the above findings f rom the results o f  the thermal  and X-ray analysis, 
crystalline water bound  in the molecule in various ways can be quantitatively 
distinguished. I t  was found that  this phenomenon  has a definite influence on the 
layer distance. Via the X-ray measurements,  the changes taking place in the crystal 
structure during the heating process could be followed. 
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RASUM~ -- Le bis(monohydrog6no)phosphate de c6rium [Ce(HPOa)2.1,33 H20] cristallin 
a 6t6 synth6tis6 et identifi6 par les m6thodes analytiques et par rayons X. 

La d6composition thermique a 6t6 suivie par TG, TGD et ATD simultan6es. Les r6sultats 
des essais ont mis en 6vidence quatre processus endothermiques avec perte de poids : les deux 
premiers, avec des pies sensiblement 6gaux ~t 373 et 423 K, le troisi+me ~ 653 K et le dernier h 
1053 K. Apr~s chauffage au-dessus de 1273 K le mat6riau a 6t6 6tudi6 h l'aide des m6mes m6- 
thodes analytiques. D'apr~s ces donn6es, les pertes de.poids peuvent sans doute 6tre attribu6es 

des pertes d'eau et d'oxyg~ne. L'analyse thermique a 6t6 6tay6e par examen aux rayons X. 
Le rapprochement des r6sultats a permis de distinguer de faqon quantitative divers modes de 
liaison de l'eau de cristallisation dans la mol6cule. On 6tablit que ce ph6nom6ne a une in- 
fluence d6finie sur la distance des couches. 

Les mesures aux rayons X ont permis de suivre le changement de la structure cristalline 
pendant le chauffage. 
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ZUSAMMENFASSUNG - -  Das kristalline Cer-bis-phosphat [Ce(HPO~)~.l.33 H~O] wurde syn- 
thetisiert und durch RSntgen- und analytische Methoden identifiziert. 

Die thermische Zersetzung wurde durch simultane TG-, DTG- und DTA-Messungen un- 
tersucht. Als Ergebnis der Untersuchungen wurden vier endotherme Vorgfinge mit Gewichts- 
verlust gefunden: die ersten zwei ann/ihernd gleichen Peaks bei 373 und 423 K, der Dritte bei 
635 K und der Letzte bei 1053 K. Nach Erhitzen fiber 1273 K wurde die Substanz mit den 
gleichen analytischen Methoden untersucht. Im Zusammenhang mit diesen Angaben wurde 
angenommen, dass die Gewichtsverluste der Abgabe von Wasser und Sauerstoff zugeordnet 
werden kSnnen. Die Thermoanalyse wurde durch RSntgenuntersuchungen unterstfitzt. Dutch 
gemeinsame Auswertung der Ergebnisse der Thermo- und RSntgenanalyse konnte das im 
Molekfil auf verschiedene Arte gebundene Kristallwasser quantitativ unterschieden werden. 
Es wurde gefunden, dass dieses Phfinomen einen ausgepr/igten Einfluss auf den Abstand der 
Schichtenentfernung hat. 

Durch R6ntgenmessungen konnten die wfihrend des Aufheizvorganges stattfindenden 
Ver/inderungen der Kristallstruktur verfolgt werden. 

PeBmMe - -  KpncTa~uuecKt,Ifi 6aC-MOnOBaMenleHFI~I~ qbocqbaT ttepn~ [Ce/HPOJe" 1.33 H20 
6bIYl CKI-ITe31:IpoBaH IeI rI~enTHqbnJ~npoBaH peHTre~orpa~mecr~Avt H aHaoirITnnecr, m~ MeTO~aM~. 
TepMri~ecKoe pa3JIomeHne 6t, izto riccne~oBauo O~nOBpeMenHbIM ri3MepenneM TF, ,/~TF r~ ~TA. 
]3 pe3yJ~bTaTe accne~oBanuu 6~,mo u a ~ e n o  qeTLIpe 3H~tOTepM'fl~ec~rtX npo~ecca, conpoBo:~a- 
roi~nxc~ noTepe~ Beca: nepBbm ~Ba, nO'fT~ paBHr, IX rpaKa, nprt TeMnepaTypax 373 rt 423 K, 
TpeTn~ - -  npI~ 653 K ~ nocaeann~ - -  np~ 1053 K. ~xo coe~nnerme a~ocae Itarpeuannrt Bb~me 
1273 K 6~,~ao i4ccste~oBaHO TeMrI me CaMb~M~ aHaYtnT~rtIeCraM~ MeTO~aMrei. Ha OCHOBe Ho~y'-teH- 
HLIX peByJ~bTaTOB 6blYtO npe~nos~o~reHo, '~TO rioTeprt Beca MOFyT 6blTb ~I~eHT~d~tLrapOBaHbI t a r  
r~oTep~ BO~,~ ~ r~Ic~opo~a. ~aHnt,Ie TepM~'qecroro anasln3a 6bi~I 170~TBep~K~eFibl peltTreno- 
rpaqbI4~ecKv~M~ ~3Mepe~ngM~. I-loY[yqeHn~,ie pe3yJ~,TaTbI TepMn~ecroro ~,I peI-ITre~orpaqbl~IeCKO- 
ro aHaJ/n3OB IIO3BOYlfltOT KOYI!4qecTBeHHo pa3Yi!4q~Tb Kp~cTaJu~3al2I~IOHltyIO BOJ~y, pa3JII4ql~lbIM O6- 
pa3oM CBfl3aanyIo B MoJIeKyJxe. ]~biJIo t/a~)IeHo, qTO 3TO ~tB~enI,Ie ora3I~IBaeT ortpeaenem~oe BnUu- 
nae Ha CJ~O~,ICTOe paccTo~rr~e. 1-Ipo~on~amTca peHTreHorpa~tqecK~e accyte~OBaHt~l~ ~I3MeHe- 
Hag KpHcTaY~ytn,tec~o~ cTpyKTypb~, nMeiO~J~e~ MeCTO B npouecce JJarpeBanHg. 
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