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ABSTRACT 

The study of the thermal decomposition of V2(SO4)3, VOSO4 * 5 HzO, VO(CHs- 
(COOh and VOGO 4 * 2 Hz0 has been made in .argon and hydrogen atmospheres and 
compared with that in air by following thermogravimetry and differential thermal anal- 
ysis. The decomposition products are characterized by chemical analysis, IR, and X-ray 
powder diffraction methods. The results suggest that ail the-salts decompose to VzOs in 
air and to VzOa in hydrogen. In argon atmosphere, the suiphates decompose to VzOs 
whereas the carboxyiates decompose to V203. 

INTRODUCTION 

The study of the thermal behaviour of transition metal oxycompounds is 
of special interest due to the formation of various oxides during the decom- 
position [ 121. The desired oxides-are generally obtained by the temperature 
programme heating under different atmospheres. The reduction of metal 
sulphates gives rise to various~roducts such as lower valent sulphates, metals, 
sulphides, oxides or a mixture of oxide and sulphide [3,4]. Although it is 
reported [ 5] that VOS04 - 5 H20 decomposes in air to give V205, the precise 
temperature has not been determined. Vanadium pentoxide is also obtained 
as the final product of decomposition of vanadyl acetate [6] and vanadyl 
oxalate [7] in air, though VOz is found to be the transient phase. Reported 
in this paper are the thermogravinietric and differential analysis studies of 
Vz(S04)J, VOSO, - 5 H20, VO(CH&00)2 and VOCz04 - 2 Hz0 in atmo- 
spheres of air, argon and hydrogen. The decomposition residues are charac-’ 
terized by wet chemical analysis, IR spectral measurements and X-ray pow- 
der diffraction patterns. 

EXPERIMENTAL 

The vanadyl sulphate pentahydrate was commercially available reagent 
grade. Vz(SO& was prepared by the reduction of V,Os in H2S04 using ele- 
menti sulphur [ 8 j . VO(CH-,COO), was obtain&l by the ~01~0ly~is of VCl, in 
acetic anhydride 1.91, and vanadyl oxalatc dihydrate was prepared [7] by the 
interaction _of V,O, and.oxalic acid. Vanadium(V) and the lower valentvaria~ 
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dium were determined by potentiometric method employing Fe(II) and 
Ce(IV) reagents [lo]. 

TG and DTA studies were made using a Stanton thermob&nce, Netzsch 
differential thermal anaIyzer and a Mettler simultaneous TG-DTA analyzer. 
Samples were linearly heated at the rate of 6?C min-’ under a flow stream of 
argon and hydrogen. The IR spectra of the decomposition products were 
measured with Perkin-Elmer 257 and Polytec IR 30 Fourier spectrometers. 
The X-ray powder patterns were obtained using CuK, radiation. 

RESULTS AND DISCUSSION 

TG and DTA results of V2 (SO,),, VOSO, - 5 HzO, VO(CH&OO)3 and 
VOC204 - 2 Hz0 in argon atmospheres are given in Figs. 1 and 2. As can be 
seen from the TG curve, V,(SO& decomposes in a single step in the tem- 
perature range 450-62O”C, with a weight loss of 53.0% which corresponds 
to the calculated weight loss of 53.4% for the formation of V30+ The DTA 
curve shows an endotherm at 600°C corresponding to the decomposition of 
the sulphate moiety. The sharp endotherm at 680°C is reversible in that an 
exotherm is obtained cfi cooling at 666°C. The melting of V,O, is reported 
[ 111 at 690°C so the endothermic peak at 680°C is ascribed to this effect. 
The brown residue obtained was found to be fused and wet chemical analysis 
verified it to be vanadium(V) oxide. The IR spectrum exhibited bands at 
(cm-‘) 1017s, 825s, 59Os, b, 380m, 290s and 220m, characteristic of V205 
[ 12,131. Further, the X-ray powder patterns of the residue gave dhkr values 
(A) 5.75m, 4.39s, 4.05m, 3.35s, 2.87s, 2.73m, 2.59m, 2.19w, 1.98w, 1.91m, 
1.76m which correspond welI with those of V305 [ 141. 
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Fig. 1. TG plots of V&30,)3 (A), VOSO4 - 5 Hz0 (B), VO(CH&OOk (C), and VOC&Oa .. 
2 Hz0 (D). ._ 
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Fig. 2. DTA plots of Vz(SO4)3 (A), VOSOQ * 5 Hz0 (B), VO(CH3COO)2 (C), ttnd VOCp- 
O4 * 2 Hz0 (D). 

The thermal plots in hydrogen atmosphere showed that V1(S04)3 decom- 
poses with a weight loss of 61.0% (expected value for V203 formation 61.6%) 
in the temperature range 450-650°C, with an endothermic maximum at 
600°C. The final product was black and chemical analysis showed it to be 
vanadium(III) oxide. The IR spectrum gave bands at (cm-‘) 985w, b, 52Ow, 
420~ and 370~ which are attributed to V203 [15]. The X-ray powder pat- 
terns exhibited dhhl values (A) 3.63s, 2.70s; 1.47m, 1.33m, characteristic of 
V2O3 [lS]. The thermal behaviour of V2(SO4)3 in air is found to be similar 
to that observed in argon atmosphere, indicating that air does not influence 
its decomposition. The decomposition scheme is thus represented as 

v2@04)3 = v205 + 3 so2 + 0.5 02 

v2(SG4)3 + 3 H2 -+ V203 + 3 SO2 + 3 Hz0 

The TG plot of VOSO, - 5 Hz0 in argon shows that there are three distinct 
stages of decomposition: the corresponding temperatures are 80-160,200- 
350 and 460+2O?C. The weight loss associated with the first stage is 28.0% 
which corresponds with the theoretical value of 28.5% for the removal of 
four molecules of .water -of hydration; The-second stage is accompanied .by a 
further weight-loss of 7.0% due to the formation of. VOSO.,. On expogure to 
the atmosphere the anhydrous-product gradually regained weight to reform 
the per&hydrate. The final stage of.decomposition is accompanied by the 
weight loss leading to anov@I value of 6.4-O.% at 620” C .which is in excel- 
lent ameement .&h the ,vaIue of 64;1%, expected for V,O, formation. The 
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DTA curve shows endothermic peaks at 105,125 and 250°C due to dehydra- 
tion, a peak maximum at 600°C attributed to the formation of V,O,, and 
that at 680°C due to the melting of V,O,. As in the case of Vz(SO&, the 
thermal plots of VOSO,, - 5 Hz0 in air and argon are quite similar. In hydro- 
gen atmosphere, after the stepwise dehydration, the anhydrous VOS04 
formed decomposes in a single step in the temperature range 450-650°C, 
registering a total loss of 70.0% weight which corresponds to the formation 
of V20j. Chemical, IR and X-ray analyses of the products confirmed that in 
air and argon atmospheres VzOs is iormed, and in hydrogen atmosphere the 
product is V,O,. The reaction scheme of anhydrous vanadyl sulphate decom- 
position can be written as 

Air/argon 
/-• TT205 + 2 so2 + 0.5 02 2 VOSQ 

\r, 
Vz03 + 2 SOz + 3 Hz0 

VO(CHJZ00)2 decomposes in a single step in argon atmosphere in the 
tempe,qture range 220-360°C with a loss of 59.0% which corresponds to 
the expected value of 59.5% for the formation of V,O,. The DTA curve 
shows an endothermic peak at 340°C. The decomposition in hydrogen atmo- 
sphere was apparently similar to that in argon atmosphere. However, in air 
the TG curve shows a slight increase in weight during the final stages of the 
reaction. The weight loss observed at 360°C is found to be 59.5% which 
agrees very well with the calculated weight loss of 50.8% for the formation 
of Vz05. The DTA curve exhibited an endotherm at 340°C followed by a 
small exotherm at 360°C. It has been reported [6] that during the decompo- 
sition in air, VO(CH&00)2 gives rise to VO1 and the increase in weight in 
the TG curve and the exotherm in the DTA curve are attributed to the 
oxidation process of VOo to Vz05. The chemical, IR and X-ray measure- 
ments of the residues confirmed the presence of V209 in air and Vz03 in 
inert and reducing atmospheres. 

Vanadyl oxalate d&y&ate loses weight in argon atmosphere (Fig. 1D) in 
three stages. The first stage takes place between 100 and 200°C with a loss 
of 9.0% weight corresponding to the removal of a molecule of water of 
crystallization. The second molecule of water is lost in the temperature range 
220-28O”C, registering a total loss in weight of 18.5% which agrees very 
well with 18.9%, the calculated value for the formation of VOGO,,. The 
anhydrous oxalate decomposes in the temperature range 300_38O”C, losing 
an overall mass of 60.0% which corresponds to the value of 60.8% calculated 
for the formation of V109. The DTA showed endothermic peaks at 120 and 
260°C due to the dehydration and an endotherm at 350°C attributed to the 
decomposition of the oxalate moiety. The results of the product analysis 
confirmed it to be Vz03. On exposure to the atmos&here the anhydrous 
oxalate rehydrates, indicating that it is an. unstable phase. The nature of 
decomposition in hydrogen atmosphere is similar to that found in argon, sug- 
gesting that hydrogen does not influence the‘reduction’ process-of the oxa- 
late. However, in air, after the dehydration stage VOCz04 decomposes with 
b? overall weight loss of 52.0% which corresponds to 52.4% calculated for 
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V,O, formation. The DTA curve showed, in addition to the endothermic 
peak, an exotherm at 340°C and there was an indication of weight gain in the 
TG curve at the final &ages of decomposition. These observations are attri- 
buted 173 to the oxidation of V02 to V205. 

REFERENCES 

1 
2 

C. Duval, Inorganic Thermogravimetric Analysis, Elsevier, Amsterdam, 1963. 
J.A. Lee, C.E. Newnham, F.S. Stone and F.L. Tye, J. Solid State Chem., 31 (1980) 
81. 

3 
4 
5 
6 
7 
8 
9 

10 
11 

F. Habashi, S.A. Milchail and K. Vo Van, Can. J. Chem., 54 (1976) 3646. 
F. Habashi and S.A. Mikhail, Can. J. Chem., 64 (1976) 3651. 
J. Roth, CR. Acad. Sci., 248 (1959) 3549. 
R.C. Paul and A. Kumar, J. Inorg. Nucl. Chem., 27 (1965) 2537. 
D.N. Satyanarayana and C.C. Pate& J. Inorg. Nucl. Chem., 27 (1965) 297. 
R.T. Claunch and M.M. Jones, Inorg. Synth., 7 (1963) 92. 
R.C. Paul, S. Bhatiaand A. Kumar, Inorg. Synth., 13 (1972) 181. 
Al. Vogel, A Textbook of Quantitative Inorganic Analysis, Longman. London, 1978. 
R.C. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press, Ohio, 1976, p.B- 
174. 

12 S.J. Alyamovskii, G.P. Shviikin and P.V. Geld, Russ. J. Inorg. Chem., 12 (1967) 915. 
13 N.T.McDevitand W.L.Eaun,Spectrochim.Acta, 20(1964)799. 
14 Inorganic Index to Powder Diffractive FiIe, ASTM Index No. 9-387. 
15 L.D. Fredrickson and DM. Hausen, Anal. Chem., 36 (1963) 818. 
16 Inorganic Index to Powder Diffraction File, ASTM Index No. l-1293. 


