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Neodymium zirconyl oxalate (NdZrOX) is prepared and characterized by chemical 
analysis and ir spectral studies. Its thermal decomposition has been investigated by using 
DTA, TG, DTG, X-ray diffraction and ir spectroscopy. On the basis of thermogravimetry 
and isothermal studies a probable mechanism for the decomposition is proposed. The de- 
composition proceeds mainly through three stages: i) dehydration between RT-413 K, 
ii) decompodtion of oxalate between 413-943 K and iii) decomposition of the carbonate 
between 1028--1235 K to give a mixed oxide. The ir spectra and X-ray diffraction studies 
are made for identification of the intermediates. X-ray diffraction studies of the end product 
indicates that it belongs to cubic crystal system with a = 11.520 A. 

In recent times the quest for high purity ceramic materials of controlled particle 
size, particularly for electronic industry, has led the chemists to search for different 
techniques for the preparation of various mixed oxide ceramics. It has been demon- 
strated by several workers that high purity titanates, stannates, ferrites, zirconates of 
perfect stoichiometry can be prepared from pyrolysis of mixed metal oxalate systems 
[1-4] .  Zirconium is reported zo form anionic oxalato zirconates [5] and thermal 
decomposition of such complex s~lts make up an interesting study. The lack of litera- 
ture on oxalato zirconates of trivalent cations led us to prepare and study the thermal 
decomposition of neodymium zirconyl oxalate whose end product is expected to be 
a mixed oxide. 

Experimental 

All the materials used in the present work were of BDH AnalaR quality. Neo- 
dymium oxide was of 99.99% purity obtained from Indian Rare earths Ltd. The 
zirconium oxychloride octahydrate was of Fluk AG, Switzerland. Neodymium 
zirconyl oxalate hydrate (NdZrOX)was prepared by addi.ng equimolar (0.1 M) aqueous 
solutions of zirconyl oxychloride and neodymium oxide (dissolved in HNO 3) to warm 
oxalic acid (0.3 M). On vigorous stirring the precipitation started. An excess of acetone 
was added to facilitate the precipitation. After keeping for overnight the light violet 
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coloured precipitate was filtered washed with acetone and air dried. The product was 
amorphous to X-ray. Such a sample was subjected for chemical analysis and the 
results were: Nd: 27.35%, ZrO: 21.0%, C204: 41.8%, H20: 10.3%; the calculated 
values for Nd2(ZrO)2(C204) 5 �9 6 H20 are Nd: 27.45%, ZrO: 20.40%, C204: 41.86%, 
H20: 10.27%. Thus a good agreement between the two sets of values is seen. Thermo- 
gravimetry was carried out using Stanton Redcroft TG-770 thermobalance with 
5-10 mg samples in platinium crucibles. The heating rate used was 5 deg min -1.  
Differential thermal analysis was carried out by employing Fisher differential ther- 
malyser model 260P with 100-150 mg samples in quartz crucibles. The heating rate 
was 10 deg min -1 and s-alumina was used as reference material. 

Infrared spectra were recorded on Beckman IR-20 in 4000-250 cm -1 region, 
with samples in KBr pellets. The X-ray diffraction studies were carried out on a 
Phillips diffractometer using CuK~ radiation. 

Results and discussion 

Figure 1 gives the DTA, TG and DTG of neodymium zirconyl oxalate in air and it 
indicates that the decomposition of this system is complex. The decomposition 
broadly takes place in three steps. It can be seen that 1:1 correlation exists between 
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Fig. 1 DTA, TG and DTG curve= for NdZrOX 
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DTA and DTG indicating that all the heat effects are accompanied by weight losses. 
The detailed data of various thermal changes and corresponding temperature ranges 
are given in Table 1. Characterization of intermediate products has been made by 
ir spectroscopy and X-ray diffraction studies. The detailed discussion is given below. 

Table 1 Thermogravimetric data of NdZrOX 

Weight loss, % 
Thermal change Calculated Observed Temperature range, K 

Dehydration 10.28 11.47 333-423 
Decomposition of oxalate 31.56 29.20 413--943 
Decomposition of the carbonate 1.52 2.00 943-1235 

Dehydration 

The dehydration of NdZrOX is a single step process which occurs between room 
temperature and 413 K. Weight loss in TG experiments suggests that all the six moles 
of water associated with NdZrOX is lost in one step. However in DTA there are two 
peaks around 333 K and 423 K. The peak at 333 K may be due to absorbed moisture 
which can also be supported with the calculated and observed weight loss values for 
H20 in Table 1 and that at 423 K is due to the dehydration of NdZrOX. 

Decomposition of oxalate 

The decomposition of oxalate is a multistep proces~ It occurs between 413-943 K 
with 29.2 percent weight loss against the calculated value of 31.56 percent. This step 
corresponds to the loss of five moles of carbon monoxide and four moles of carbon 
dioxide with the formation of an intermediate carbonate. In DTA the entire process 
shows a complex behaviour unlike other similar systems studied earlier. Soon after 
the endothermic peak due to dehydration, a sharp exothermic peak (doublet) due to 
oxalate decomposition is observed. This may be due to the domination of oxidation 
of carbon monoxide in air over the endothermic oxalate decomposition. The nature 
of this exothermic peak is just similar to the DTA peak reported for the decomposi- 
tion of neodymium oxalate [6]. The results of TG and isothermal studies indicate the 
formation of an intermediate carbonate. 

Decomposition of the carbonate 

The decomposition of carbonate takes place between 943-1235 K with a weight 
loss of 2.0 percent that corresponds to the loss of one mole of carbon dioxide. This 
change is clearly indicated as an endothermic peak in DTA around 973 K and a mixed 
oxide, Nd2Zr207 is formed. 

X-ray diffraction studies of the end product heated at 1235 K for six hours show 
the presence of neodymium zirconate as the only phase which belongs to cubic (Pyro- 
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chlore) system with a = 11.520 ~. Al l  the lines could be indexed successfully into a 
cubic system. The value of cell parameter, a is slightly higher than the earlier reported 
[7] value. The detailed data is given in Table 2. 

Table 2 X-ray diffraction data of end product, Nd2Zr20- / 

Sin2e 
hk/ Relative intensity, I / I  1 calculated observed 

0.0574 0.0573 311 4 
0.0636 0.0627 322 100 
0.0730 0.0714 321 16 

0.0741 
0.0835 0.0835 400 45 
0.0992 0.0996 331 6 
0.1670 0.1661 440 60 
0.2297 0.2291 622 50 
0.2505 0.2500 444 18 

Figure 2 gives the ir spectra of NdZrOX and various products obtained from its 
decomposition. The Vas(C=O) , principal band of NdZrOX appears at 1650 cm - 1 ,  
and all other bands can be assigned for different normal modes of vibration of oxalate 

group [8]. And the bands in the region 1500-1200 cm -1 are not well resolved. 
Spectrum (B) of a sample heated at 873 K indicates the presence of carbonate [9]. 
Spectrum (C) is of the end product, identified as pyrochlore type Nd2Zr20 7 by 
X-ray studies. It shows two bands between 500-600 cm -1 and 400-500 cm -1 
that can be attributed to Pyrochlore [10] Nd2Zr207 . On the basis of TG and other 
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Fig. 2 Infrared spectra of (A) NdZrOX, (B) NdZrOX heated at 873 K and (C) the end product 
neodymium zirconate 
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studies the fo l lowing tentat ive scheme for  the thermal decomposi t ion of  NdZrOX 

is proposed. 

RT-413 K 
1. Nd2(ZrO)2(C204)  5 �9 6 H20  > Nd2Zr202(C204)5  + 6 H20 

4 1 3 - 9 4 3  K 
2. Nd2Zr202(C204)  5 ) Nd2Zr206CO 3 + 5 CO + 4 CO2 

943--1235 K 
3. Nd2Zr206CO 3 ) Nd2Zr202 + CO2 

The present work  elucidates some of  the intermediates which form during dynamic 

thermal decomposi t ion of  neodymium zirconyl oxalate. 

One of the authors (VBR) is grateful to CSIR (India) for the senior research fellowship. 
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Zusammenfassung -- Neodymzirkonyloxalat (NdZrOX) wurde dargestellt und durch chemische 
Analyse und IR-spektroskopische Untersuchungen charakterisiert. Die thermische Zersetzung 
dieser Verbindung wurde mittels DTA. TG, DTG, R6ntgendiffraktomet~e und I R-Spektroskopie 
untersucht. Basierend auf Ergebnisse der Thermogravimetrie und isothermer Methoden wird ein 
m~glicher Zersetzungsmechanismus vorgeschlagen. Die Zersetzung verl~uft im wesentlichen i~ber 
drei Stufen: i) Dehydratisierung zwischen Zimmertemperatur und 413 K, ii) Zersetzung des 
Oxalats zwischen 413 und 943 K und iii) Zersetzung des Carbonats z~schen 1028 und 1235 K 
unter Bildung elnes Mischoxides. I R-spektroskopische und rontgendiffraktometrische Unter- 
suchungen wurden zur ldentifizierung der Zwischenprodukte ausgefiJhrt, Die r6ntgendiffrakto- 
metrische Untersuchung des Endproduktes ergibt eine kubische Zelle mi ta --- 11.520 ~. 

Pe310Me --  rIOs u, HpKOHHXlOKCaXZaT HeO,D, HMHR oxepaKTepH3OBaH XHMHqeCKHM aHanH- 
3OM H HK-cneKTpOCKOnHe~. TepMH4ecKoe pa3no~KeHHe ero 6blnO Hcc•e,0,OBaHO MeTO,O, aMH ,0,TA. 
Tf ' ,  ~,TF, ,o.H~(I)paKl~He~l peHTreHOBCKH~I ny4e~ H HHCI)paKpaCHO,H cneKTpOCKonHe~. Ha OCHOBe 
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TepMOFI)aBHMeTpHH H H3OTepMHqeCKHX HCCJle/tOBaHH~ npe/uio)KeH BO3MO)KHblH MeXSHH3M pa3- 
no)KeltHRo Pa3no~(eHHe, rRaBHblM o~3a3OM, rlpoTeKaeT B Tpi~ CTS/1HH: 8/ AerlR/~0aTal~tR B O~J38C- 
TH TeM nepaTyp OT KOMHaTHO~ /IO 413 K, 6/ pa3no>KeHHe oKcatlaTa B OSrlaCTH TeMrtepaTyp 413-- 
943 K H s/ pa3JlO)ffeHvle Kap6oHaTa B 14HTepeane 1028--1235 K c o6pa3OBaHHeM cMetilaHHOr-O 
OKHC]la. PeHTFeHOI'p~HR 14 HK-crIeKTpOCKOrlHR 6bU1H HcrloJnb3OBaHb! /IJlR H/1eHTH(~)HKaI~tH npo- 
Me)KyTO4HblX npoAyKTOB. P@H1TeHO-/1H(I)~paKu, HOHHble 143MepeHHR rloKa3axlH, qTO KOHeqHt~l~ 
rlpo/1yKT peOKU.HH OTHOCHTCR K Ky(~HLleCKO~I Kpl4cTa~]ll4qeCKO~ cTpyKType C rlapaMeTpoM pe- 
..,r a = 11.520 A. 
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