
Thermochimica A&a, 45 (1981) 49-54 
Elsevier Scientific Publishing Company, Amsterdam - Printed in Belgium 

49 

THERMOANALYTICAL BEHAVIOR OF CADMIUM(I1) OXIDE-ALKALI 
PERSULFATE BINARY SYSTEMS 

HAMID J. JAFFER and FADHIL JASIM * 

Deparfmenf of Chemistry, College of Science, Baghdad University, Baghdad (Iraq) 

(Received 2 October 1980) 

ABSTRACT 

The non-isothermal behavior of two binary CdO-persulfate systems has been investi- 
gated_ The molar ratios and Ti-Tf are established. TRe temperatures for the (Y- to 
p-NaaSO4 phase transition, as well as for (Y- to p- to y-CdS04 of the CdO-NazS2Os system 
have been fried. No evidence for the occurrence of the fi- to y-CdS04 polymorphic trans- 
formation has been obtained from the reaction of the CdO-KzSaOs system. This is 
because of the formation of a CdS04/K2S04 eutectic mixture which melts at 653OC, i.e., 
before the p- to y-phase change transition, which usually occurs later. No basic cadmium 
sulfate has been identified. The excess cadmium oxide acts as a p-type semiconductor 
which accelerates the thermal decomposition of pyrosulfates. 

INTRODUCTION 

Cadmium(I1) oxide forms cubic crystals [l] which act as n-type sernicon- 
ductors when prepared in air at 650°C. The crystals contain an excess, y (= 
5.5 X 10m4), of Cd*’ in comparison with its stoichiometric structure, Cdl+,O. 
However, once it deviates from stoichiometry, its electric conductance 
increases. It sublimes at high temperatures, and its subhmation pressure 
reaches 1 atm at 1559°C [2]. 

The thermal decomposition of cadmium sulfate has been studied by many 
authors, and the formation of a liquid phase during its thermal decomposi- 

tion has been noted on several occasions [ 3-111. It was found by Shargorod- 
skii [3] that at 1015-1050°C simultaneous fusion and decomposition occur. 
Margulis and Remizov [4] observed that the material fused at temperatures 
higher than 990°C and the fusion products due to the formation of a mix- 
ture of CdSO4 and its decomposition products are melted at those tempera- 
tures. Ketov et al. [5] found that decomposition and fusion occurred at 
1006°C when CdS04 was heated in air. Also, on mixing with carbon in the 
specified stoichiometric ratio, the cadmium sulfate starts decomposition at 
681°C 

2CdS04+C+2CdO+2S0,+C0, 
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Panetier et al. [6] found from TG curves that a partial decomposition of 
CdSOd into CdSO, - 2 Cd0 occurs at 955-lOOO”C, depending on the heating 
rate and the atmosphere. All these transformations were studied using iso- 
thermal heating. 

It therefore seems worthwhile investigating the effects of this oxide on the 
non-isothermal decomposition of sodium and potassium persulfates for the 
sake of disclosing some parameters of their intermediate and final products. 

RESULTS AND DISCUSSION 

Figures 1 and 2 exhibit the TG and DTA curves of the thermal decompo- 
sition of sodium and potassium persulfates in intimate mixtures of each salt 
with CdO. These curves reveal a slight shift toward higher temperatures 
for the decomposition of the persulfates into pyrosulfates as the amount of 
oxide increases. The shift is attributed to the dilution effect of the oxide 
[12,x3]. 

CdO-Nu2S208 system 

The DTA curves of Fig. 1 and Table 1 show that lowering of the melting 
point of Na&O, occurs when the oxide content increases and is 345°C for 
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Fig. 1. TG and DTA curves of cadmium(I1) oxide-sodium persulfate mixtures. 

Fig. 2. TG and DTA curves of cadmium(X) oxide-potassium persulfate mixtures. 

Cd0 : KIS20., 



51 

TABLE 1 

Thermoanalytkal data obtained with the CdO-Na2S20s system 

Cd0 : Na2S20s 

1:6 
1:3 
1:2 
1:l 
4:3 
3:l 

M.p. 

Na2S207 
(“C) 

382 
375 
370 
345 

S0310st(mg) NaGGO M-p. 
decomp. Na2S04 

Theor. Pratt. (So) (“C) 

61.64 50.00 81.10 862 
56.95 37.00 64.96 833 
52.92 25.00 47.23 800 
43.65 700 
39.08 700 
25.66 700 

a 1 : 1 molar ratio. As for the ratios 4 : 3 and 3 : 1, the melting endotherm 
of pyrosulfate disappeared, but a small exopeak appeared at 330°C for the 
former ratio. This indicates that the reaction between the oxide and pyro- 
sulfate occurs in the solid state, i.e., below the melting point of Na2S207. On 
the other hand, the disappearance of the reaction exotherm in the 3 : 1 

molar ratio is caused by the degradation of the small portion of persulfate in 
the ratio mixture, which naturally leads to the liberation of a small amount 
of heat and a little pyrosulfate. Consequently the exothermic oxide pyro- 
sulfate reaction is so weak that its DTA measurement occurs outside the 
detection limit of the recording assembly of the derivatograph. 

The endotherms at 390 and 395°C for the 4 : 3 and 3 : 1 ratios, respec- 
tively, are due to the ar+polymorphic transition of Na2S04, a fact which 
has been confirmed by X-ray pcwder analysis. Other ratios produce P-l?a,S04 
directly. 

From calculation of the TG CUES (Fig. 1) for molar ratios 1 : 6,l : 3, and 
1 : 2, it is clear that Cd0 reacts T-&h its equivalent of pyrosulfate, and at the 
same time accelerates, through catalysis, the thermal decomposition of 
excess pyrosulfate into sulfate. For this reason, Na2S04 is formed at a tem- 
perature lower than expected from degradation of the pyrosulfate alone 
[14]. Calculation from TG curves for the 1 : 1, 4 : 3 and 3 : 1 ratios, com- 
plemented by X-ray diffraction analysis, indicates that all the pyrosulfate 
present is consumed on reacting with CdO. As for the 4 : 3 and 3 : 1 ratios 
in particular, an excess of pyrosulfates remains unreacted. 

XRD patterns (Table 2) for products heated at 460” C and 1000” C for the 
stoichiometric 1 : 1 ratio indicate the formation of CdS04 and Na,S04. The 
reaction is 

Na2SZ07 + Cd0 + CdS04 + Na2S04 

However, the d-lines for products obtained by heating samples at 600” C for 
the molar ratio 4 : 3 point to the presence of Cd0 in addition to sulfates of 
cadmium and sodium. 

It has been shown (Fig. 1) that CdS04 does not decompose until the ceil- 
ing temperature of the heating program has been attained [3,5,6,8]. It is to 
be emphasized that ratios beyond 1 : 1 contain an excess of oxide. To 
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TABLE 2 

X-Ray diffraction patterns for compounds involved in the thermoanalytical study of 
CdO-NazSzOs and CdO-KzSzOs systems 

Compound XRD patterns, d(A) 

Cd0 2.72, 2.35, 1.66 
CdS04 3.32, 3.26, 2.95 
NazSOG 2.81, 2.63, 3.92 
K2S04 2.90, 3.00, 2.87 

explain the high temperature reaction between CdS04 and CdO, Margulis 
and Remizov [4] proposed that the solid sulfate dissociates into basic oxide 
sulfate, CdSO, - 2 CdO, with the liberation of sulfur trioxide. The latter in 
turn reacts with excess metal oxide, thereby producing more oxide sulfate, 
and the overall reaction is the formation of basic sulfate. In the present 
work CdS04 does not dissociate within the temperature range of the heating 
program (ambient-1050” C), and as such, no reaction between the CdS04 
and excess Cd0 has been found. 

Further scrutiny of the DTA curves shows two polymorphic transforma- 
tions of cadmium(I1) sulfate, i.e., from cY-CdS04 to /3-CdS04 and from 
P-CdS04 by r-CdSO4. The cr_P phase transition takes place at the tempera- 
ture intervals 495-515”C, 512-532”C, 520-54O”C, 530-550°C for the 
ratios 1 : 6, 1 : 3, 1 : 1, 4 : 3, and 3 : 1, respectively. However, it has been 
noted that the transformation temperatures are highly influenced by the 
type of sub&nces present in the mixture [ 7 J and also by the history of the 
CdS04 used [ 8,9]. 

Regarding the p- to y-transition, the DTA curves of the 1 : 6 ratio expose 
two phase changes of cadmium sulfate at 633 and 655”C, which are com- 
bined in a single broad endotherm at 660°C for the 1 : 3 ratio, and are once 
more resolved at 627’C and 650°C for the 1 : 2 ratio. Concerning the 1 : 1, 
4 : 3, and 3 : 1 ratios, one endothermic effect is observed which is attribut- 
able to this transition at 678, 668, and 668”C, respectively. The second 
endotherm may be embedded in that belonging to the melting of Na,S04 
[ 111. Also the latter is changed by the amount of cadmium sulfate formed 

TABLE 3 

Thermoanalytical data obtained with the Cd0-K2&0s system 

Cd0 : K?_S?0s SO3 lost(mg) 

Theor. Pratt. 

Decomp. 
K2S207 

(So) 

1:6 54.84 44.50 81.14 825 
1:3 51.09 33.00 64.58 810 
1:2 47.82 23.50 49.13 800 
1:l 40.12 
4:3 36.41 
3:l 24.40 
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during the reaction and it becomes 700” C for the ratios 1 : 1,4 : 3, and 3 : 1 
(Table 3). 

CdO--K&O8 system 

The DTA curves (Fig. 2) exhibit no shift in the melting point of potassium 
pyrosulfate, for all ratios, in comparison with that of pure persulfate [14,15], 
excluding the 3 : 1 ratio, where a small exotherm, appearing at 280°C (i.e. 
before melting of K&O,) indicates a solid state reaction of hitherto un- 
known nature. 

From calculations of the TG curves for the ratios 1 : 6,1 : 3, and 1 : 2, it 
is to be concluded that Cd0 reacts with an equivalent amount of molten py- 
rosulfate. Excess of the latter then dissociates, in the thermal mode, into 
K2S04 and SO3 gas. The TG curves of the 1 : 1,4 : 3, and 3 : 1 ratios expose 
plateaux that remain horizontal to the end of the heating program. This 
means that the reaction products are thermally stable up to f050’C. Evi- 
dently, the reaction for the 1 : 1 stoichiometric ratio is 

K&O, + Cd0 --f K2S04 + CdS04 

For ratios 4 : 3 and 3 : 1, their XRD patterns disclose that an excess of Cd0 
remains unreacted. X-ray analysis of samples of the 1 : 1 ratio heated at 
600 and 1000°C substantiates the presence of sulfates of sodium and cadmi- 
um (Table 2), while those obtained for samples of the 4 : 3 ratio at 550°C 
verify the presence of CdO, CdS04 and K2S04. 

The DTA curves (Fig. 2) disclose that the heat effects of the a--$-transi- 
tions of CdS04 [9] related to the 1 : 6,1 : 3 and 1 : 2 ratios are overlapped 
by those belonging to the decomposition of excess KZS207. A similar transi- 
tion has been observed in the temperature range 523-55O”C, 525--55O”C, 
530-560°C for the 1 : 1, 4 : 3, and 3 : I ratios, respectively. The tempera- 
ture ranges depend upon such factors as the presence of KzS04 and Cd0 in 
the heated samples, as well as the mode of preparation of CdS04 [7,8]. 

No evidence has been shown by DTA curves (Fig. 2) for the occurrence of 
the 0-y transition of CdSO,. This is because of the formation of a CdSOJ 
K2S04 eutectic mixture which melts at 653°C. This, of course, obscures the 
/3-y phase change which usually occurs later. 

Similar to the previous system, the TG curves of the 1 : 6,1 : 3, and 1 : 2 
ratios indicate that as the oxide content increases, a greater depression in the 
final decomposition temperatures of KZS207 occurs (Table 3). This is caused 
by the catalytic effect of excess oxide present, which in turn accelerates the 
thermal decomposition of the pyrosulfate. 
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