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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+ay 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) decomposition 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 bslongs 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 10 form anionic oxalato zirconates [5] and thermal
decomposition of such complex salts 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 adding equimolar {0.1M) aqueous
solutions of zircony! oxychloride and neodymium oxide (dissoived in HNQ3) 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%, Ho0: 10.3%; the calculated
values for Nd2(ZrQ)7(C204)5 * 6 HoO 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—?! and a-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 curves 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

Thermal chan Weight loss, %

ge Calculated Observed Temperature range, K
Dehydration 10.28 11.47 333-423
Decomposition of oxalate 31.56 29.20 413943
Decomposition of the carbonate 1.62 2.00 943-1235

Dehydration

The dehydration of NdZ2rOX 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
H50 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 precess. 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, Nd22r207 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 2 = 11.520 A. All the lines could be indexed successfully into a
cubic system. The value of cell parameter, 4 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, Nd4Zr,04

SinZo hki Relative intensity, ///
calculated observed ve intensity, I/7y
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 a5
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 v,(C=0), 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 15001200 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 Nd2Zrp0O5 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] Nd2Zr07. 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 following tentative scheme for the thermal decomposition of NdZrOX
is proposed.

RT-413 K
1. Nd2(Z2r0)2{C304)5 * 6 HoO — > Nd22Zrp02{(C204)5 + 6 H,0

413-94
2. NdpZrp05(Cy04)5 =243 K | N, 2r06C0O3 + 5 CO + 4 CO,

943-1235

3. NdyZr05CO3 < Nd2Zrp07 + CO2

The present work elucidates some of the intermediates which form during dynamic
thermal decomposition 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 dargestelit und durch chemische
Analyse und |R-spektroskopische Untersuchungen charakterisiert. Die thermische Zersetzung
dieser Verbindung wurde mittels DTA, TG, DTG, Rontgendiffraktometrie und |R-Spektroskopie
untersucht. Basierend auf Ergebnisse der Thermogravimetrie und isothermer Methoden wird ein
mdoglicher Zersetzungsmechanismus vorgeschlagen. Die Zersetzung verlauft im wesentlichen iber
drei Stufen: i} Dehydratisierung zwischen Zimmertemperatur und 413 K, ii) Zersetzung des
Oxalats zwischen 413 und 943 K und iii) Zersetzung des Carbonats zwischen 1028 und 1235 K
unter Bildung eines Mischoxides. 1R-spektroskopische und réntgendiffraktometrische Unter-
suchungen wurden zur ldentifizierung der Zwischenprodukte ausgefiihrt. Die rontgendiffrakto-
metrische Untersuchung des Endproduktes ergibt eine kubische Zelle mita = 11.520 A.

Pesiome — [lonyuexHbli UMPKOHMNOKCANAT HEOAUMMA OXapPaKTEPU3OBAH XUMUYECKUM aHanu-
3om u NK-cnexktpockonuer. Tepmuveckoe pasnoxeHue ero 6b110 uccnegosaHo mertonamu ATA,
Tr, ATC, anddpakuueit peHTreHOBCKMIA Nydeit U nHGpPaKpacHo# cnexTpockonuen. Ha ocHoee
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TEPMOrpaBUMETPUMM U U3OTEPMUNECKUX WCCNeAOBaHWA NPeAnOXeH BO3MOXHbIN MExaHNu3m pas-
noxxeMnA. Pasnoxenne, rnasHeim 06pa3oM, NpoTeKaeT B Tpy cTanuu: a/ aeruaparaumA 8 o6nac-
¥ TemnepaTyp OT KOMHaTHon ao 413 K, 6/ pasnoxeHue oxcanarta B o6nactn Temnepatyp 413—
943 K v B/ pasnoxeHue xap6oHata B uHTepsane 1028—1235 K ¢ o6pa3oBaHuem CMeWAHHOro
okucna. Pentredorpacuna n UK-cnekTpockonna 6binn MCnonb3oBaHbl ANA MAEHTUDWKauMKU Npo-
MEXYTOMHbIX MPOAYKTOB. PeHTreHo-andpakunMoHHbiE U3MEPeHMA NOKa3anu, YTO KOHE4HbI#
NPOAYKT PeaKuMn OTHOCUTCR K KYBMYECKON KPUCTanNW4ecKon CTPYKTYpe C NapameTpoM pe-
werku a = 11,520 A,
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