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ABSTRACT

This project consisted of a literature and a laboratory study to in-
vestigate the applicability of an electrochemical model, to the leach:-
ing kinetics of gold ore. The procedure was to get an approximate
measurement of the gold surface potential and then, to use only this
potential and an avea term in a two parameter rate expression. The
potential measurements in a pulp, with a gold and gold-silver elec-
trode, were attempted but, the electrodes became passive. The results
showed that the rate controlling mechanism was a combination of the
rate of both oxygen and cyanide diffusion and it was concluded that
the applicability of an electrochemical model to the leaching kinetics
of gold ore, could not be ruled out, It was found that the leaching
kinetics could be modelled very accurately by using the solution
redox potential, however, no theoretical basis could be found to
explain this observation.
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PREFACE

1.1 Introduction

The importance of gold in the South-African economy cannot be over-
emphasised. The gold industry has formed the foundation of the South-
African economy for most of this century. Ironically though, is the
fact that this huge and important industry has not seen as many major
technological developments as have so many other sectors in South-
Africa, A notable exception occurred a few years ago when the gold
industry took a great step ahead with the introduction of the Carbon-
in-pulp (C.1.pP.) process. This development has led to a substantial
increase in the recovery efficiency of many gold plants.

Despite this conspicuous lack of major technological improvements in
the gold treatment Process, the industry in general has never had much
difficuley in showing handsome profits., Favourable gold prices, com-
bined with relatively low running costs of gold mines, were the main
factors contyibuting towards the prosperity of the gold industry,

This fairly easy economic situation in which the gold industry found
itself and the lack of obvious methods of significantly improving the
gold extraction process, inevitably reflected in the general approach
towards plant design. It would not be wrong to say that the main ob-
Jective of plant designers over the years, tended to be to maximise

the extent of extraction of gold from the ore with cost being of
secondary importance,

As a result of all this, gold plants were often considerably overde-
signed. This point was illustrated by a recent research project in
which two final year students at Wits University did some batch leach-
ing experiments and were able, by applying basic chemical engineering
design principles, to show that a particular plant could operate quite
satisfactorily with 4 to 5 leaching tanks, instead of the 10 tanks
they were running at the time (King and Greef 1986). This tendency to
rather overdesign and play safe, can largely be attributed to a lack
of accurate knowledge of the Processes involved. So for instance, the

kinetic equations needed to be able to adopt a more fundamental ap-
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Proach and to apply modern design techniques,
fully explorad,

have, as yet, not been

The economic situation in the gold industry has been chenging fairly
rapidly during recent years and has become financiall
process. With escalating capital and runnin
creasing ore grades,

y tighter in the
g costs and rapidly de-
improved efficiencies have become essential. A1l

this has placed new emphasis on the search for technological advances
in the gold extraction process,

The leaching process in the gold recovery circuit has long been iden-
tified as & particularly weak link which was seriously hampering the
further improvement of the efficiency of the recovery process,
cyanidation leaching process has been in use fo
still che kinetics and mechanisms involved
fully understood, Recently, Soviet

showed interest in finding a Thio urea

(NHZ.CS.NHZ) is sesn as one possibility.  Polysulfide ((NH4>ZSX)
is also a good solvent for gold., It appears unlikely however, that
any of these reagents will provide the answers, that will lead to im-

proved commercial operation and the search for an improved leaching
process must therefore be continued in all earnest,

The
r almost a century and

in this process are not
metallurgists in particular,
substitute for cyanide,

1.2 Objective and Structure of the

Research Project reported

in this dissertation

Wicth the foregoing as background,
a view to uncovering new knowled
gold from gold bearing ore and i

the present work was undertaken with
ge in the field of the leaching of

n doing so, to inter alia provide a
better understanding of the mechanisms and k

cyanide process., More specifically,

the applicability of an electrochemic
of gold ore,

inetics involved in the
the objective was to investigate
al model to the leaching kinetics

Bearing in mind the growing importance attached

to the improvement of
the leaching process,

as being imperative for the continued economical
tecovery of gold from ditferent types of ore,

it is only natural that
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a great amount of theoretical and practical studies have already been
carried out in this field. In the undertaking of any new studies on
this subject, it would therefore have been extremely short-sighted not
to take thorough cognizance of the work that had already been done and
to acquaint oneself as thoroughly as possible, with all the existing
knowledge on the subject,

Wicth this in mind, it was decided to split the project in two separate
phases. The first phase consisted of a very thorough study of all the
work published on the subject to date. It was just possible that, by
doing so, something like a common denominator might have been disco-
vered in the results of the many studies of the past, that could lead
to new perceptions.

The second phase of the project consisted of practical research work
in the laboratory, with the view to substantiate and further develop
existing knowledge, which was disclosed through the literature study
and/or to uncover entirely knew knowledge on the subject., More speci-
fically, the object of the practical research work would be to inves-
tigate the applicability of an electrochemical model on the leaching
kinetics of gold ore.

The two phases of the project will now be reportsd on successively .n
detail in the following sections of this dissertation,

Cf ke WU 2 rciens s 3



LITERATURE SURVEY

It appears from the literature that most of the studies done on the
dissolucion of gold, used ideal systems in that it studied the disso-

lution of pure gold. The methods used, can be divided into three

groups, namely:

1) Gold foil test: The time required for a piece of gold foil to dis-

solve completely was measured.
2) Rotating disc or plate method: The mass loss of a rotating gold

dise or plate during a specific time-span was measured,

3) Electrochemical studies: The relationship between the gold surface

potential and the current density (dissclution rate) was measured.

-

In section 2.1 below, the results of studies using the first 2 of the

above mentioned methods, are given while the results of studies, using

the third method, are given in section 2.2. Unless otherwise stated,

all the studlies were conducted on pure gold.

2.1 Experimental studies on dissolution kinetics

2.1.1 The dissolution reaction

The first equation {1l] formulated for the dissolution reaction, 1is

known as the Elsner equation and followed after ﬁlsner(1846) recogniz-

ed that oxygen was essential for the dissolution of gold.

4Au + BNaCN + Oy + 2Hp0 == 4NaAu(CN)y + 4NaOH ... [1]

Other researchers, like Janin(1888), were unaware of the necessity for

oxygen however, and postulated the following equation [2]:

2Au + 4NaCN + 2Hp0 = 2NaAu(CN), + 2NaOH + Hy ...[2]

Bodlénder(1896) detected hydrogen peroxide in the solution while
the gold was dissolving and postulated the equation {3] that follows:
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2Au + 4NaCN + 0y + 2Hp0 &= 2NaAu(CN)2 + 2NaOH + HoQp ...[3a]

HgOy + 2Au + 4NaCN = 2NaAu(CN), + 2NaOH ... (3b]

Barsky, Swainson and Hedley(1934) determined the free energy changes
in the various reactions suggested., Their caleulations supported the
Elsner and Bodlander equations, whereas Janin's équation seemed ther-
medynamically unfeasible.

Boonstra(1943) was the first to recognize the similarity between the
dissolution of gold and the corrosion process of metals. Thompson-
(1947) did some experiments that unambiguously illustrated the
electrochemical nature of the dissolution of gold particles. Today it
is generally accepted that the dissolution of gold takes place by way
of an electrochemical mechanism. The anodic and cathodic reactions
are respectively:

Cathodic:
02 + 2“20 + 287 e H202 + 20H" ...[4]

H202 + 2e” wa 20H ...[5]

Anodic:
4AU + BCN™ e= AAu(CN)é + 4e” ., [6]

Scientists are not yet in agreement however, as to which cathodic
reaction is the predominant one, or as to the actual mechanism of the
anodic reaction. Recent experimental observations though, convinced
many investigators that the oxygen is reduced to Hyo0y and that only
a small amount of HpOp is reduced further to OH", Highly accurate
electrochemical experiments performed by Kirk, Foulkes and
Graydon(1978) tended to indicate, that the anodic reaction most proba-
bly takes place in the following sequence:

Au + CN® = AUGN, 42 ...[7]

AUCN, 4o ~= AuCN, 4, + ™ ...[8)
AuCN, 44 + CN™ e= Au(CN)5 ... (9]




Effect of agitation

dany investigators, who studied the dissolution of gold in cyanide
solucions, reported that the rate of dissolution increased with in-
creasing speed of agitation. Kakovskii et al(1960) analysed the
L effecec of agitation quantitatively with a rotating disc. They report-
ed that the rate of dissolution increased only up to a certain speed
of agitation (150 rpm), after which it dropped again and became nearly
constant. Sse figure 2.1,
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Figure 2.1: A decrease in the rate of gold dissolution was observed
at high speeds of agitation and at two different cyanide concentra-
tions, Conec. in gmole/liter. Temp 25°¢, Pop = 1l atm, Plotted from
data by Kakovskil ec al (1960).

To explain this phenomenon, they suggested that the dissolution of








































