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The reaction between ZnS and PbSO,, has been studied at different mole ratios. It has been
found that the reaction is multistage. The products of the first stage of the reaction consist mainly
of ZnO, PbS and PbSQ, in different amounts, depending on the mole ratio of the substrates. The
following stages consist in the interaction of PbS formed in the first stage with PbSO, . It has been
found that the reaction rate depends on the temperature and on the PbSO, : ZnS mole ratio (up
to3:1).

It is thought that chemical reactions between sulphides and sulphates have a
great influence on the roasting of zinc-lead comvcentrates. Some information
concerning the reactions between the sulphide and sulphate of the same metal can
be found in the literature [1-7], but no reports on this process between the sulphide
and sulphate of different metals have been found. The reaction between ZnS and
PbSO, can play some role in the roasting process of zinc-lead concentrates, which
led the authors to investigate this problem.

The preliminary thermogravimetric studies, carried out in an argon atmosphere,
at increasing temperatures, on mixtures with varying mole ratios, showed that the
reaction between PbSO, and Zn$ has a multistage character (Fig. 1). To determine
the phases formed, the direction of the chemical reaction, and the influence of the
temperature and the PbSO,, : ZnS mole ratio on the reaction rate, isothermal studies
were carried-out. Samples of 1 g were used and a heating rate of 25 deg/min was
applied.

Phase analysis and chemical analysis of the materials after a definite mass
reduction showed that in the PbSO,+ ZnS mixture, independently of their mole
ratio, the ZnS —=ZnO transformation and PbS formation take place. The next
stages are connected with the chemical reaction between the PbS formed and some
lead sulphate in an amount exceeding the stoichiometric composition. Let us
consider the problem of how PbSQ, and ZnS react with each other. Analysis of this
problem leads to two schemes of reaction:
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Fig. 1 Thermal curves of (ZnS + 3 PbSO,) reaction. TG = 10 mg, DTG = | mg/min, DTA = 20 pV.
Sample size: 206.3 mg, Heating rate: 10 deg/min

1. Reduction according to the equation
3/4 PbSO,+ZnS = 3/4 PbS+ZnO + S0,

2. Gradual decomposition of lead sulphate PbSO, to basic sulphate
PbO - PbSO,, with sulphur dioxide and oxygen evolution. Oxygen combines with
zinc sulphide, and zinc oxide is formed. Simultaneously, the exchange reaction
occurs between lead sulphide and the oxide in the basic sulphate. This can be
presented as follows: '

2PbSO, = PbO-PbSO,+1/20,
ZnS+3/20, = ZnO+S0,
ZnS+PbO-PbSO,. = ZnO+ PbS + PbSO,

Table 1 Theoretically calculated composition of products after the first stage of the reaction

Composition, % Theoretical
Mixtures mass
Zn Pbioiar Pbprsos S50 - S, Sioal reduction, %

3ZnS+2PbSO, 2695  56.93 e -— 10.26 10.26 18.99
ZnS+ . PbSO, 19.42  61.55 15.38 2.38 7.13 9.51 15.98
ZnS +2PbSO, 1022 64.79 40.48 6.25 3.75 10.00 9.09
ZnS+3PbSO, 693 6592 49.44 7.64 2.55 10.19 6.36
ZnS+4PbSO, 525  66.51 54.04 8.54 1.92 10.26 4.88
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The chemical compositions of the products after stage I of the reaction have been
calculated according to the above assumptions. The calculation results are
presented in Table 1. The chemical compositions of the samples after stage I of the
reaction are presented in Table 2. Very good conformity of the Zn, Pb and S,
contents is observed if the data in Tables 1 and 2 are compared. Some discrepancy

Table 2 Chemical composition of products after the first stage of reaction

Composition, %

Mixture
Zn | Pbpyso. +po) Sso1 5 Seora
3ZnS+2PbSO, 27.19 5537 7.03 0.45 9.50 9.95
ZnS+ PbSO, 19.27  61.11 20.60 247 6.81 9.28
ZnS+3PbSO, 6.91 65.44 53.54 7.82 2.18 10.00
ZaS+4PbSO, 549  65.62 56.95 8.44 1.68 10.12

occurs in the cases of Pbpysq,) and Pbpyso, + poo)- This discrepancy is caused by the
fact that a certain amount of PbO is present in the material after the reaction. This
proves the reaction of PbS with PbSO,. The decrease of the PbO content in the
reaction products with PbSO, : ZnS ratio increase (which corresponds to the
PbSO, : PbS ratio in the reaction products) is in accordance with [8, 9]. The
conversion has been calculated as the ratio of the recorded mass reduction to the
theoretically calculated one, and is presented in Fig. 2.
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Fig. 2 Influence of PbSO, - ZnS ratio on conversion of reaction at 923 K. B 3ZnS+2PbSO,, A ZnS+
PbSO,, O ZnS +2PbSO,,. A ZnS+ 3PbSO,, O ZnS+4PbSO,, ® PbS+2PbSO,
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Conclusions

1. The multistage character of the studied reaction has been found. The
ZnS —-ZnO transformation and the formation of an equivalent amount of PbS
proceeds in the first stage of the reaction, while the following stages are connected
with the PbS + PbSO, reaction.

2. The PbSO, : ZnS reaction up to 3:1 and the temperature have a significant
influence on the conversion in the first stage of the reaction. The conversion is
directly proportional to the PbSO, : ZnS ratio, while a temperature increase of
25 K results in almost a doubling of the conversion.

3. The ZnS +PbSO, reaction proceeds at a highér rate than the PbS+PbSO,
reaction.
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Zusammenfassung — Die Reaktion von ZnS mit PbSO, wurde bei verschiedenen Molverhiltnissen
untersucht. Man fand, daB die Reaktion in mehreren Schritten ablduft. Die Produkte des ersten Schrittes
sind hauptsichlich ZnO, PbS und PbSO,,, deren Mengen vom Molverhiltnis der Reaktanten abhéngen.
Die folgenden Reaktionsschritte bestehen aus den Zusammenwirkungen von dem primir gebildeten
PbS mit PbSO,. Dabei hingt die Reaktionsgeschwindigkeit von der Temperatur und vom
Molverhiltnis PbSO, : ZnS (bis zu 3:1) ab.

Pestome — M3ydeHa peakuus Mexay Cyab(HIOM LMHKA M CyabdaToM CBHHIA IIPH HX Pa3iHYHOM
MOJIApHOM cooTHOMmEHUH. HalllieHo, YTO JlaHHaA peaKits ABAAETCA MHOIOCTYNIEHIATOMR. ' 1aBHbLIMH
IPOAYKTAMHA PA3NIOKCHHS HA MEPBOH CTaJMM PeakUMH SBIAIOTCH OKCHI HHMHKA, CyJibduA CBHHIA U
Cynb}aT CBHHUA, KOJHYECTBO KOTOPHIX 3aBUCHT OT MOJIAAPHOTO COOTHOLUEHHUA HCXOIHBIX KOMIIOHEHT.
Ha noc/ieaylomax cTanusax TPOMCXOIHT B3aMMOAEHCTBHE CynbHIa CBHHIA C CybdaTOM CBHHLE.
VCTaHOBJIEHO, YTO CKOPOCTh OTAENBHBIX CTAfHH peakIMil 3aBHCAT OT TEMIEPATYPH H MOJIAPHOTO
COOTHOLICHHA CyIb(aTa CBHHIA U CyJjbduaa UHHKA (BepXHbIX npeaen 3: 1).
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