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The reaction between copper{l} suiphide and excess copper(ll) suiphate 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 CuyS, a Cu,S05 phase and Cu,SOy,
and the final product is Cu0O with the nondefect structure. The initial composition of the
substrate mixture strongly influence the reaction kinetics.

The reaction between copper(ll) sulphates and copper(l) 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(l) sulphide and excess copper(ll) 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 = the ratio of the
number of moles of copper(ll) sulphate to that of copper(l) sulphide (Cuq ggS)) 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 da/dr and DTA with a and 7.
The fractional conversion & was calculated according to the equation:

CuzSis) + 2 CuSO4(s) = 2 CupO(g) + 3S0zg) 0

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 &yjn), and the values of
a for which the content of a given phase reached a maximum (denoted by tmax).
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Fig. 1 TG and DTA curves of the mixture 2 CuSO4 + Cu)S

The results revealed that at 730 <7 <800 K for a = 1.00 (Eqg. 1) is merely the
overall equation; in reality, the investigated reaction proceeds in four steps, described

by the following equations:

Cuq 96S(s) + {0.02-0.04) CuSO4(s) =

= 0.98 CupSs) + nX + (0.030—0.045) SO3q)

2 CuaS(s) + 2 CuSO4(s) = 3 CuaSOy(y)

+802(g)

Cu2S02(j) + 2 CuSO4(s) = 2 CupS0O4(y) + SO2(g)

3 Cu2804()) = 2 Cuz0(s) + 2 CuS0O4(s) + SO2(g)

(2)
(3)
(4)

{5)

The first step occurs for &« = 0.01-0.015 and 650 < 7<700 K (Eq. 2), whereas
the second step is dominant for 0.18 <« <0.24 and at 72710 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(l) sulphide [4].
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Fig. 2 TG and DTA curves of the mixture 3 CuSO4 + Cu,S

Table 1 Values of a at which the content of a given phase in the reaction products reaches a
minimum {emijn) or maximum {amay)

a Z phase CuSOy4 Cu,S Cu Cu;zS04 Cu,0 Cu,S0,
4/1 0.34 0.20 0.13 0.20 0.20 0.02
ominy 3/1 054 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
a an 0.00 0.03 0.30 0.50 1.00 0.22
maxy
2/1 0.00 0.03 0.30 0.45 1.00 0.20
4/1 1.00 — 1.00 1.00 - 1.00
min, 3/ - - 1.00 1.00 - 1.00
2/1 - - 1.00 1.00 - 1.00
a1 1.00 - - - -
@max, :ﬂ 1.00 - - - - -
7*
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Fig. 3 TG and DTA curves of the mixture 4 CuSO4 + Cu,S

in the third step (Eq. 4), which is dominant in the range 0.45 <a < 0.63, the main
product is copper(l) sulphate, which is liquid under these conditions [5]. In the fourth
step (Eq. 5), in the range 0.45<a<0.63 with z>2/1, not only Cuz0 but also
CuS04 is finally formed, which indicates that Cu, O is a product.of the decomposition
of CupS04. The CupO formed under these conditions has a non-defect structure
compared to the CupO obtained as a decomposition product of CuaSO2 [4]. The de-
composition of CuzSQ4 proceeds simultaneously with its formation. H’he 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 CuzSOq4,
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 <a<0.35. This is most probably caused by the decompaosition of CuzS04 to
Cu and CuSOg4.
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Zusammenfassung — Die Reaktion zwischen Kupfer(i}-sulfid und iiberschiissigem Kupfer(l1}-suifat
im Temperaturbereich von 600—~750 K wurde mittels thermoanalytischer Methoden und durch
Ermittlung der Phasenzusammensetzung in Abhéngigkeit von der Konversion untersucht. Die Reak-
tion verlduft in vier Schritten. Als Zwischenprodukte treten Cu;S, eine Cu3S05-Phase und Cu3S0O4
auf, Endprodukt ist ein CuyO mit ungestorter Struktur. Die Reaktionskinetik wird stark von der
Ausgangszusammensetzung des Substratgemisches beeinfluflt.

Pestome — Peakuua mexay cynuhuaoM 0AHOBANEHTHOR MeAW U M3GLITKOM cynsdiaTa ABYX8a-
NEHTHON Mean Gbina uccnenosaHa B o6nacTu Temnepatyp 600—750 K meTogom TepMuueckoro
ananusa, a TaK)ke onpepeneHnem (hazoBOFO COCTaBa B 3aBUCMMOCTM OT (DPaKLMOHUPOBEHHOTC
NpeBpaweHnA. PeakunA NpoTekaeT B veTsipe cTaguu. MepexonHbiMu npoayKTamu Bbiin Cu;S,
Cu,80, + thasa u CuyS0y4, a KoHeuHbiM MpoaykToM — Cuy0 € YNOpAAOUEHHGH CTPYKTYPOMR.
WcxoaHeiit coCTas cMec KOMMOHEHTOB OKa3biBAeT GONLLUOE BAUAHUE HA KMMETMKY peakumii.
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