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The reaction between copper(I) sulphide and excess copper(ll) sulphate in the tem- 
perature range 600--750 K was investigated by methods of thermal analysis as well as 
by measuring the phase composition as a function of the fractional conversions. The reac- 
tion proceeds in four stages. The transient products are Cu2S , a Cu2SO 2 phase and Cu2SO4, 
and the final product is Cu20 with the non<lefect structure. The initial composition of the 
substrate mixture strongly influence the reaction kinetics. 

The reaction between copper(ll) sulphates and copper(I) sulphide has been the 
subject of many investigations. However, the reported results are highly contradictory 
[1 -3 ] .  

In this paper an attempt has been made to establish the reaction process occuurring 
between copper(I) sulphide and excess copper(H) sulphate. Measurements were carried 
out using the same substrates and the same methods as described in [4], where this 
reaction was investigated for the case of an excess of copper(ll) sulphide. Mixtures 
with initial compositions z =  2/1, 3/1, 4/1, 6/1 and 10/1 ( z = t h e  ratio of the 
number of moles of copper(ll) sulphate to that of copper(I) sulphide (CU1.96S)) were 
prepared. Changes in mass and related thermal effects were measured under conditions 
of a linear increase of temperature. Some typical results, obtained for z = 1/1, 3/1 and 
4/1, are presented in Figs 1 -3  as the variations of de/dT and DTA with e and 7". 
The fractional conversion e was calculated according to the equation: 

Cu2S(s ) + 2 CuSO4(s) 2 Cu20(s) + 3 SO2(g ) (1) 

The phase composition of the reaction products as a function of ~ and z was deter- 
mined by means of X-ray diffraction and scanning electron microscopy, From the 
measured changes in intensity of the diffraction lines characteristic of a given phase, 
the changes in the concentrations of these phases were determined. 

Table 1 lists the values of (~ for which a given phase began to appear, when a com- 
plete reaction or its content reached a minimum (denoted by Olmin) , and the values of 

for which the content of a given phase reached a maximum (denoted by Otmax). 
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Fig. 1 TG and DTA curves of the mixture 2 CuSO 4 + Cu2S 

The results revealed that at 7 3 0 <  T < 8 0 0  K for e = 1.00 (Eq. 1) is merely the 
overall equation; in reality, the investigated reaction proceeds in four  steps, described 
by the fo l lowing equations: 

Cu 1 .96S(s) + (0.02-0.04) CuSO4(s) = 

= 0.98 Cu2S(s) + n X  + (0.030-0.045) SO2(g ) (2) 

2 Cu2S(s ) + 2 CuSO4(s) -- 3 0u2S02( i )  + SO2(g ) (3) 

Cu2SO2(i) 4- 2 CuSO4(s) = 2 Cu2SO4(i) 4- SO2(g ) (4) 

3 Cu2SO4(i) = 2 Cu20(s ) + 2 CuSO4(s) + SO2(g ) (5) 

The first step occurs for e = 0 .01-0 .015 and 650 < T <  700 K (Eq. 2), whereas 
the second step is dominant for 0 . 1 8 < e < 0 . 2 4  and at T / > 7 1 0  K. The steps de- 
scribed by (2) and (3) are equivalent to the two first ones if the reaction proceeds in 
an excess of  copper(I) sulphide [4]. 
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Fig. 2 TG and DTA curves o f  the mixture 3 CuSO 4 + Cu2S 

Table 1 Values of  e at which the content o f  a given phase in the reaction products reaches a 

minimum (emin) or maximum (emax) 

z p h a ~  CuSO 4 Cu2S Cu Cu2SO 4 Cu20 Cu2SO 2 

4/1 0.34 0,20 0.13 0.20 0.20 0.05 
~min l  3/1 0.54 0.24 0.14 0.18 0.33 0.03 

2/1 0.45 0.18 0.11 0.18 0.21 0.03 

4/1 0.00 0.02 0.35 0.63 1.00 0.20 
~max I 3/1 0.00 0.03 0.30 0,50 1.00 0.22 

2/1 0.00 0.03 0,30 0.45 1.00 0.20 

4/1 1.00 -- 1.00 1,00 -- 1.00 
~min2 3/1 -- -- 1.00 1.00 -- 1.00 

2/1 -- -- 1.00 1.00 - 1,00 

4/1 1.00 . . . . . . .  

<~max2 3/1 1.00 . . . . .  
2/1 . . . . . .  
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Fig. 3 TG and DTA curves of the mixture 4 CuSO 4 + Cu2S 

In the third step (Eq. 4), which is dominant in the range 0.45 < ~ < 0.63, the main 
product is copper(I) sulphate, which is liquid under these conditions [5]. In the fourth 
step (Eq. 5), in the range 0 . 4 5 < ( ~ < 0 . 6 3  with z > 2 / 1 ,  not only Cu20 but also 
CuSO 4 is finally formed, which indicates that Cu20 is a product.of the decomposition 
of Cu2SO 4. The Cu20 formed under these conditions has a non-defect structure 
compared to the Cu20 obtained as a decomposition product of Cu2SO2, [4]. The de- 
composition of Cu2SO 4 proceeds simultaneously with its formation. The rate of 
decomposition compared to the rate of its formation increases substantially in the 
range of ~ greater than that corresponding to the maximum content of Cu2SO 4, 
and also with the increase of the CuSO4 content in the initial mixture of substrates. 

A considerable amount (~ 10 mol%) of metallic copper appears in the range 
0.11 < ~ . <  0.35. This is most probably caused by the decomposition of CLI2SO 4 tO 
Cu and CuSO4. 
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Zusammenfassung -- Die Reaktion zwischen Kupfer(I)-sulfid und (Jbersch(Jssigem Kupfer(ll)-sulfat 
im Temperaturbereich von 600--750 K wurde mittels thermoanalytischer Methoden und durch 
Ermittlung der Phasenzusammensetzung in Abh~ingigkeit vonder Konversion untersucht. Die Reak- 
tion verl~uft in vier Schritten. AIs Zwischenprodukte treten Cu2S, eine Cu2SO2-Phase und Cu3SO 4 
auf, Endprodukt ist ein Cu20 mit ungestSrter Struktur. Die Reaktionskinetik wird stark von der 
Ausgangszusammensetzung des Substratgemisches beeinflul~t. 

Pe310Me -- PeaKu, HR Me,KAy cynb(~0HAOM O~.HOBaJ'IeHTHOH MEAH H H36blTKOM cynbq~3Ta AByXBa- 
neHTHO~I ME~H 6b~na HCC, Jle/Z, OBaHa S o6nacTH TeMnepaTyp 600--750 K MeTOAOM TepMHqeCKOFO 
aHanH3a, a TaK;,Ke orlpe~erleHHeM ~a3oBoro COCTaBa B 3aBHCHMOCTH OT ~paKIJ.14OHHpOBaHHOFO 
npeBpaU4eHHR. PeaKI4HR npoTeKaeT B qeTblpe CTaAHH. rlepexoAHblMH rlpo/~yKTaMH 5bltlH Cu2S , 
Cu2SO 2 + ~a3a H Cu2S04, a KoHeqHblM rlpoAyKTOM -- Cu20 c ynopRAOqeHHO~ cTpyKTypo~. 
~IcxoAHbI~I COCTaB CMeCH KOMnOHeHTOB oKa3blsaeT 6onbwoe BnHRHHe Ha KHHeTHKV peaKt~H~. 
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