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DTA curves for the thermal decomposition of uranyl oxalate trihydrate and 
ammonium vanadyl oxalate dihydrate, using different DTA instruments, are com- 
pared. It is shown that widely differing and misleading results can be obtained by aL 
incorrect choice of sample cell. The anomalous effects are discussed in terms of the 
geometry of the sample holders and the consequent ease of removal of product gases 
and accessibility of the reactant gas. 

It is recommended that uranyl oxalate trihydrate could be used to assess the 
conditions of flow-rate, sample size, etc., necessary to achieve correct atmosphere 
control with a given DTA cell. 

In a recent publication’ we presented DTA results for the thermal decom- 
position of U02 -&Oh-3H20 and showed that widely different results could be 
obtained for the dehydration of the trihydrate to the monohydrate using different 
DTA equipment_ The diffirences were attributed to differing cell designs, leading to 
varying efficiency of product water remcval. We have since then re-examined DTA 
curves for dehydration reactions of other salts and conclude that inflexions on the 
main dehydration peaks for many of these could well be due to similar effects. 
Although the present discussion is concerned primarily with dehydration reactions as 
an illustration, the inferences apply equally well to atmosphere control during other 
reactions where evolved gases can either react with the residue or provide a stagnant 
‘blanket’ which prevents free access of reactant gas, e.g., oxidative decomposition of 
metal oxysalts. 

To investigate the effect of different cell designs on the dehydration of 
UO, -C,O,- 3H20, a single sample of this material was investigated using several 

l Prcscnt address: Jo-n-Matthey Chemicals Ltd., Catalyst Services Dqartment. Orchard Road, 
Royston, Hcrts., England- 
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commercial instruments with different cells. AdditionaNy, a ‘custom-built’ cell2 was 
used to investigate the effect of sample size on’the dehydration peak_ Uranyl oxalate 
trihydraze seems particularly susceptible to giving anomalous results if product water 
vapour is not efficiently removed. It is for this reason that the material was chosen, on 
the basis that splitting of the main dehydration endotherm can readily be detected in 
those cases where correct atmosphere control (i.e., removal of product water in this 
case) is not achkved. 

The preparation of uranyl oxa!ate trihydrate, UOt - C20,- 3Hz0, has been given 
previously ’ _ 

Ammonium vanadyl oxalate dihydrate, (NH,), -VO(C,O,), - 2H,O was 
prepared by the method described by Paimer3. 
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Fig_ 1. Various ceil types. (a) Netzsch standard cell (nickel block, wells zppror 8 mm diameter). 
(3) Stanton-Redcroft cell (a3urnini~1111 pans, approx. 6 mm diameter). (c) Netzsch catalytic ceiI 
(ceramic sleeves, appron 8 mm diameter). (d) Du Pont intermediate temperature ceI1 (sampIe tube 
approx. I mm diameter). (e) Wilbum cell (nickel block, wells approx. 9 mm diameter). (f) Du Pont 
hi& temperature cell with pIatinum iiners in pIace (sampIe hoIder approx. 5 mm diameter). Arrows 
indicate normal direction of gas ilow. 
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and rf) and endothermaliy in an inert &.rnosphere (Fig. 4b and g)_ However, e.xamina- 

tion of figs. 4c and d shows that the DTA curves for the decarboxylation in air and 
nitrogen are identical using the Du Pont intermediate temperature cell_ The expected 
exothermic reaction in air is not observed with this particuIar ceil because access of 
reactant oxygen and remova of reaction product gases is severely restricted, to the 
extent that completely erroneous results are obtained for the material_ Confirmation 

of this effect was obtained by examination of the material after decomposition in the 
DTA celI_ The product was dark green (indicative of lower oxides of vanadium) 
instead of the characteristic orange-yellow of V,05 invariably obtained when the 

material is decomposed in an ampIe supply of air. Si.miIar bchaviour using this cell 
has been observed during decomposition of other oxysahs (e.g., ammonium metavana- 
date, uranyl oxalate, vanadyl o_xaIate). 

Figs_ 4b-e indicate that the decarboxylation under inert atmosphere is a two- 
stage process. However, Fig. 4g shows a single-stage process. Whether the different 
behaviour is due in this case to atmosphere control is uncertain. However, no indi- 
cation of a two-stage process was apparent using rising temperature thermogravi- 
metry (to be published). 

It has been showu that a correct choice of sample cell is essential for certain 
types of reaction. For reversible reactions (e.g., many dehydration reactions) or 

reactions where product gases can either react with the residue or form an inert 
‘blanket’ (e-g-, decomposition of metal oxysaIts where reducing gases are formed 
during decomposition), it is necessary to establish whether proper atmosphere control 
is achieved using any particular DTA cell design. Since many investigators have access 
to only one apparatus, often used as a ‘universal’ instrument for a variety of studies, 
it is clear that the required conditions (e.g., flow-rate, sampte weight, etc.) necessary 
to eliminate secondary reactions must be established for the particular instrument and 
cell available_ Since uranyl oxalate trihydratc is particulariy susceptibie to rehydration 
by product water vapour, we recommend that this material could be nsed to assess 
instrument performance in this manner. It is a relatively simple matter to optimise the 
conditions required to eliminate, or at least minim&. ‘splitting’ of the main dehydra- 
tion endotherm. This does not, of course, guarmtee that these pre-determined con- 
ditions wiI1 eIiminate such probIems with the material to be subsequently investigated 

but it -would, at least, be a guide to the minimum flow-rate, sample size, etc., required. 
A note of caution must IX inserted-a commercial sample of uranyl oxalate was 
previously investiga&d’ and found to be substantially impure. The imptity gave rise 
to an additional large endotherm at around 373 K, which clearly interferes with the 
observation of splitting of the dehydration peak for uranyl oxal& trihydrate. 
However, the laboratory preparations described previously arc easy to carry out and 
give pure materials in each case. 

It has been shown in the present study that, in those cases where gas flow is not 
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directly through the bulk sample, an important factor during decomposition in 
controlied atmospheres is the geometry of the sample holder rather than the sample 
size, flow-rates, etc_, used, Thus smah, thinly spread samples Iead to efi?cient product 
gas removal but small samples contained by narrow, restricted tubes lead to a serious 
loss in efficiency of product removal. 

Finally, it shouId be borne in mind that many different cell designs are commer- 
cially avaiIabIe, each type being particularly suited to different investigations”. Thus 
the Du Pont instrument has been extensiveIy used for the investigation of organic 
materials although it is aIso used in the investigation of other materiaIs. Similarly, the 
‘Wilburn’ cell is specifically intended for quantitative work in glass-making reactions. 
The results presented here do not represent a systematic study of the materials using 
the various DTA c&s but are rather an illustrative collection. The variation of results 
with any particuiar cell has not been exhaustively studied but it is shown that with 
most of the cells it is possible, by selection of appropriate conditions, to eliminate or 
at least minim& accumulation of product gases. 

ACKr;OWLEDGL 

The authors wish to acknowkdge assis’ance freely given by Dr_ F_ W_ Wiibum 
and Mr. R. M. McIntosh, Pilkington Brothers Ltd., Ormskirk, Lanes., England, and 
the Consultancy Service, Stanton Redcroft, Copper Mill Lane, London. 

REFERENCES 

I D. Dollimore, L. F. Jones,T. Nicklin and P- Spooner, I_ Chem_ Sot. Faraday, Tram_ Z. 69 (1973) 1527. 
2 F_ W. U’ilbum, Ph. D. Xbesis. Univ.ersity of Salford. 1972. 
3 W. G. Palmer, fiperirnental Znorgonic C’hemisfry, Cambridge Press, Cambridge, 1954, p. 319. 
4 R. C. Mackenzie, Differenrial Thermal Analysis, Vo!. I. Academic Press. 1970. 


