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A study was made of the thermal decompositions of the hydrates of 5 neutral sul- 
phate complexes and 5 hydroxy-sulphate complexes of uranium(IV). The hydrates did 
not yield corresponding stable anhydrous compounds. After dehydration, the com- 
plexes decomposed in endothermic reactions involving progressive substitution of 
sulphur trioxide (that is liberated) by oxygen, giving oxy-sulphates and other compunds. 

It is generally accepted [1, 2] that in complexes of uranium(IV) some molecules 
of  water are attached to the central atom, but the exact number of water molecules 
bound to the uranium is a problem. Thermogravimetric studies of sulphate com- 
plexes of uranium(IV) have been made in order to solve this difficulty. 

The compounds were heated to 800-900 ~ and the formation of relatively 
stable intermediates (oxy-sulphate compounds) and end-products (oxy compounds 
or oxy-sulphate compounds) was observed. 

The complexes reported in this paper had not previously been prepared. They 
are of interest when uranium-containing ores have to be processed ; the uranyl sul- 
phates of the mother liquid resulting from acid lixiviation can be converted to 
uranium(IV) sulphates by photochemical reduction [3, 4]. The photoreduction 
was carried out in sunlight and this requires the addition of a reducing substance: 
ethanol. 

Experimental 
Preparation 

A stock solution of uranium(IV) sulphate was prepared by photochemical re- 
duction of U308 in the presence of ethanol and diluted sulphuric acid. Calculated 
amounts of another metal sulphate solution were added to an earlier solution. The 
crystals (or precipitates) that appeared were centrifuged and dried in the air. In 
most cases the basic salts were observed, due to partial hydrolysis of uranium(IV). 
Fhe addition of enough acid guarantees the formation of neutral sulphates. 

Chemical analysis 

The compounds were dissolved for analysis by oxidation with conc. H~O2. 
Uranium and other metals were determined by suitable analytical methods. Sul- 
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Table 1 

Analytical results 

u+'  I 

ZnU(SO4)3.6 H20 34.02 
Li2U(SO4)3.7 H20 35.73 ] 
MgU(SO4)3.9 H20 33.40 I 
CdsU(SO4) 7.14 H~O 13.80 I 
Mn.~U2(SO4)7.23 H20 27.55 

Ni~U(SO4)3(OH)2.3 H20 32.53 ] 39.39 
V2U(SO4)4(OH)z.5 H20 28.06 45.30 
Zn4U(SO4)4(OH)4.9 H20 21.37 34.50 
V2U~.(SO4)6(OH)2.10H20 34.791 42.12 
La2U~(SO4)~(OH)~. 10H20 30.82 37.32 

Calc., % 

S O-2  M+I'~'3 

41.19 9.34 
43.26 I 2.08 
40.44 3.41 
38.99 32.59 
38.92 9.54 

16.05 
12.01 
23.47 
7.44 

17.99 

H20 U +4 

15.45 32.72 
18.93 i 35.64 
22.75] 33.21 
14.62 13.56 
23.981 27.67 

t 

7 39 I 33.19 
10 62 28.81 
14.56] 21.69 
13.16[ 33 77  
11.56] 30.76 

Exptl., 

39.82 9.00 
43.00 1.99 
40.98 3.40 
39.20 33.10 
38.59 9.49 

39.09 16.20 
45.48 12.04 
34.97 23.64 
43.26 8.12 
38.12 17.80 

H20 

16.00 
18.23 
21.30 
14.96 
21.77 

7.42 
10.96 
15.18 
12.85 
11.46 

phate was determined gravimetrically as BaSO4. The water content  was estimated 
by Karl  Fischer t i tration or by difference to 100 ~ o f  the other results. Table 1 
lists the observed and calculated percentages. 

Thermal analysis 

Thermal  analyses were carried out  with a Mettler automat ic  recording thermo- 
analyser. A suitable crucible holder, which allowed simultaneous T G - D T A  
measurements,  was used. The crucible material was A1~O3. The specimens, which 
had been ground  in an agate ball mill, weighed about  20 mg. The heating rate 
was 4~ A Pt/Pt-Rh, 10~o thermocouple  was used. 

Resul t s  and discussion 

Representative T G  curves are reproduced in Figs 1 - 10, together with the cor- 
responding D T A  traces (as far ,-~900~ which showed that  all the decomposit ions 
were endothermic. The experimental weight changes are compatible with the re- 
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Fig. 1. TG and DTA curves of ZnU(SO4)3.6 H20 
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Table 3 

Endothermic effects 
(characterized by the peak temperatures, ~ 

117 

Reac- Steps 
tion 
no. a b c d 

10 

197 

(65)-- 104-- (127) 
185 

641 

58O 
603 

785-- 802-- 820- 860 

708 

199 

111 
131 
142.5 

104 
112 
149 

121 
175-- 192 

(56) 
112 
170 

{ 70 
189 

135 
175 

(60/ 
154-- 172 

615 

297 

[541 
1557 

801 

787 

800 
815 

560 

650- 704 
785 
833 

(720) 
8O5 

(870) 

890 

act ions  given in Table  2. The cor responding  effects dur ing  the process  (character iz-  
ed by  the tempera tures  of  the minima)  are summar ized  for each step in Table  3. 

The difference between the exper imenta l  and  theoret ical  weight changes should  
be due to over lapping  between consecutive react ions  of  decompos i t ion .  Never-  
theless, good  hor izonta l  sections in the weight-loss curves w e r e  ob ta ined  for  the 
species ZnU(SO~)20 ( 6 7 0 - 7 3 8  ~ Li2U(SO4)20 (605 ~  708~ MgU(SO4)20 ( 6 6 8 -  
717~ Mn3U2(SO~)304 ( 6 0 9 - 6 5 0  ~ Zn4U(SO4)402 ( 3 1 6 - 5 3 3  ~ and Zn4U(SO~)303 
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(582- 680~ The very unstable or poorly characterized species are given in square 
brackets. 

Granted that non-horizontal sections in the TG curves after dehydration are 
due to instability of anhydrous compounds, we examined the corresponding effects 
in the differential thermal analysis curves. The end-temperatures of these endo- 
thermic effects correspond to the calculated loss of all water molecules in the 
neutral sulphates. In some hydroxy-sulphate complexes of uranium(IV) the de- 
hydration is accompanied by the loss of SO3, and as a result the earlier method 
was useless for accurately establishing the temperature at which water is lost. 

After their dehydration the complexes decompose, involving progressive sub- 
stitution of sulphur trioxide by oxygen, giving different oxy-sulphates before the 
end-products. Above 850 ~ these should be oxy-compounds of types Mnuoa  
M n u o 4 ,  MItU207 or  MI I Iu207  (in the case of magnesium, the species identified 
at these temperatures is still an oxy-sulphate, MgU(SO4)O2). It is difficult to es- 
tablish without ambiguity the nature of these residues. We attempted to char- 
acterize their approximate compositions by chemical analysis, and the results 
agree with those expected on the basis of the weight-losses. As regards contam- 
ination of the end-products by oxidation, we consider that this might occur, 
but the visible spectra of these residues are also typical of U Iv. 

In conclusion, we deduce from the decomposition temperatures and the 
SO4:O ratios of the products of thermal degradation that neutral uranium sul- 
phate complexes of type MU(SO~)a.xH20 are more stable than the species of 
higher complexity, MsU(SO~)7.xH20 or M3Uz(SO~)7.xH20, granted that, on 
the other hand, the latter are more hydrated. 
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R ~ s u ~  - -On a 6tudi6 la d6composition thermique des hydrates de 5 sulfates neutres complexes 
et de 5 hydroxysulfates complexes de l'uranium(IV). Les hydrates n 'ont  pas fourni de com- 
pos6s correspondants anhydres stables. Apr6s leur d6shydratation, les complexes se d6com- 
posent suivant des r6actions endothermiques qui font intervenir substitution progressive de 
l'anhydride sulfurique (lib6r6) par de l'oxyg6ne, donnant des oxy-sulfates et d'autres composds 
oxy. 

ZUSAMMEYFASSUNG -- Die thermische Zersetzung der Hydrate von 5 neutralen Sulfatokomp- 
lexen und 5 Hydroxy-sulfatokomplexen des Uran(IV) wurde untersucht. Die Hydrate ergaben 
keine entsprechenden stabilen wasserfreien Verbindungen. Nach ihrer Dehydratisierung wet- 
den die Komplexe in endothermen Reaktionen dutch fortschreitende Substituierung des 
(freigesetzten) Schwefel tr ioxids  durch Sauerstoff zersetzt, wobei Oxysul fa te  und andere Oxy- 
verbindungen entstehen. 

Pe3roMe -- Id3y,~e~o TepM~ecKoe pa3gfo~e~e 5 He~Tpan~,~,xx cyJT~qbaTn~,lx ~ 50KCncy:I~qbaT- 
HbIX KOMnneKcoB ypaHa(IV). FH/IpaTm lie ,RaBanH COOTBe~cTBy~oUluX CTa6~nSHbIX 6e3~o~lsb~x 
coe21HHeHH~. Ilocae ~Ierr~lpaTaurIH KOMIIYleKCBI pa3:Iararoxc~ cornacHo 3H~oTepMFIqeCKI'IX peaK- 
n ~ ,  BKnro'iaa Bce yBenH,tHBasomeeca 3aMeuiem~e Tpexog,cr~ cep~,i (KOTODaS Bbi)Ie~snacb) Ha 
g~cnopoa, )laBan OKCnCyn~,qbaTb~ Hna ~lpyrne o~crtcoe~lrmeHnn. 
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