CHAPTER - I

INTR ODUCTION

In recent times, studies on sulphide/solution interface
have assumed added value due to interest taken by people in
developing solar cells, Thess sulphide systems have in genéral
given photovoltaic effect over wide range of wavelength of
light. But the major trouble has been the degradation (corrosion)
gsusceptibility of thess systems due to interfacial reactionsa.
Reports on kinetics studies of these interfacial reactions at
sulphide /solution interface are scanty and the details of the
reparted titles of Russian work in this field are not available,
0n the other hand, these interfacial reactions have more
impor tance from' metallurgical point of view as the metal dissolved
from sulphides through such reactions can be won directly on the
cathode, After the successful application of such a process by
INCO for nickel wianing, metallurgists throughout the world could
see the possiblility of adopting this process for other wetals
as well, Therefore, tiw kinetica studies of interfacial reactions
at some sulphide electrode surface coupled with a process
development of winni.n‘g ntai dir;ctly from a sulphide wmineral has
been chosen as the topic for this thesia.



The problem of dealing with a sulphide system is quite
complex in many ways. Firstly, the sulphides sre not single
component aystems like those of we tals and at least two
components such as me tal and sulphur are present, Pherefore,
from thermodynamics point of view sulphides are to be taken as
gome sort of alloys. Secondly, metal sulphides are mostly
semiconductors, either of p- or a-type., The same sulphide can
also exist as both p-type or n-typs or a n-type sulphide can
change over to p-type due to presence of air or for any other
reasou. For example, when a n-type galena is brokea down to
swaller sizes it changes over to p-type. This means studies on
sulphides are more complex than those on metals which show
me tallic conduction, Another complicacy caused by the sewi-
conducting nature of the material is that the normal Butler -
Volmer eguation applicable to we tal aystems way lose its
significance due to the ressnce of a spacé charge layer in the
solid side of the interface in addition to the Helwholtz layer
in the solution side, This space charge layer may again become
negligible when the concentration of charge carriers of the
semiconductor is high, These variations may cause anodic and
cathodio reactions at the interface to depend on the conduction
type and the nature of the semiconductor. Due to these
complications the sulphide electrodes have rewained vir tually

unexplored till today.

Although almost no literature is available on electrode

kine tics of sulphides, an exhaustive literature is available on



open-circuit potential measurements of the sulphides - both
synthe tic as well as rock minérals, Investigators lilke M.Sato,
E., Pe ters, K.E.Wrabetz and coworkersg, D.M.,Chizhikov and his
group have tried to deal with aulphide/aolu’tion interface as &
reversible interface in terms of Nernst's equilibrium as is
observed in sowe of the metallic systeus, M.J .Hicol, T,Bilegler
and group, on the other hand, through experimentation have
proved that the systems attain a steadystate condition as in

' corroding syastems of wetals, Coutradictionsiliko this on
reveragibility as a whole as well as on regroducibility for
sulphide systems do exist and the behaviour of many systems like
ecovellite. and chalcopyrite is not yet clear.

Therefore, in the next chapter a review has been made of the
available literature in this line and in chapter- III results
have been presented on the studies of electrode kinetics through
steadystate anodic and cathodic polarizations for four sulphide
systems viz. Cus3, precipitated Fb3, sintered Pb3 and C43,
cover ing both the conduction types with differiung carrier
conce ntr:étions. Based on these experimental results an atteapt

has been made to arrive at the reaction schéme and wechanism,

In relgtion to the process development, that followed by
INCO at Thompson, Manitoba, consists of casting the nickel matte
produced from & conveutional pyrome tallurgical step into anodes
and electrolysing them in an aqueous bath to deposit electrolytic
nickel on the cathode, Such agueous elecirolysis using



consumable anode is being followed for years duriang electro-
refining of a number of metals su.et‘x as copper, nickel, lead e te.
These crude me tal anodes in electrorefining contain a few other
we tals a8 impurities, whereas, the sulphide anode contains
other sulphides as major impurities. However, the sulphides are
electronic conductors and therefore can be used as elegtrodes,
This pmocess, once successful has a large number of advantages
over conventional processes, Therefors, many research |
inveaiigationa have already been conducted and many are still
on the way to adopt the process for other sulphides like ecopper,
lead and 2ine, In the present study galena has been selected
for winning of lead and in the literature review chapter,
litergture reiating to electrowinning of lead frow galena is

incorporated,

Literature reports the use of baths like chlorides,
peréhloratas, fluoborste e tc., although Australian practice
using perchlorate bath with compacted PbS anodes appears to be
quite impressive, However, surprisingly no work in acetate
bath is reported yet, although this bath may have sowe
advantages over others like its simplicity, cheapneas and
no action on ceramics, Moreover, it is z solvent for sulphate
and a few oxides of lead which may form om the electrode
surface during electrolysis, Therefore, an attempt has been
nade to study the performance of acetate bath for electrowinning
of lead using lead concentrate of Zawar, India, which has been

presented in chapter IV.



