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1 Introduction

Firstly, | wish to thank the organizers of this Conference for making It possible
for me to be here today and | am honoured to give the opening lecture in this
saction,

Austratia and Brazil have a common interest in a variety of minerals: and we
both have extensive deveiopments for the production of iron ore and bauxite. Aus-
tratia's exploitation of base metals, particularly as sulphides, has been on a large
scale since the turn of the century and it is only a matter of time before large
commercial deposits are found in an area as large as Brazil. Lead, zinc and silver
sulphide deposits at Broken Hill in Australia formed the object of the first extensive
developments in flotation technology from the year 1801. Advances made from
1900-1930 have found wide-spread application throughout the world (the copper
activation of sphalerite was developed as part of this group’s efforts).

Figure 1 shows the wide distribution of our minerals in Australia. The total
area is slightly jess than of Brazil. | have marked our sources of sulphide ores,
oxidizea ores and fossil fuel in & very diagrammatic manner in this figure and have
underlined the elements which are concentrated by flotation.

Fiotalion is now used in Australia for the concentration of the sulphides con-
taining copper, lead, zinc, nickel, iron, bismuth and gold. The flotation of auriferous
pyrite is used in Kaigooriie to concentrate gold, In addition oxidized ores in the
form scheelite are being floted and pilot plant tests have been made on the flotation
of apaiite. =

The purpose of fotation is to selectively concentrate ores and the efficiency
of this process depends on the technique used as well as on the type of ore. The
efficiency of the flotation process is dependent on the ore type and in figures 2 and 3
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Fig. 1 — Distribution of Minerals in Australia.

we show a comparison of the flotation behaviour of two lead-zinc ores. One is
well crystallized material from Broken Hill and the other a finely divided sedimentary
sulphite from Mt. Isa. The Broken Hill material uses simpler flotation reagents be-
cavse it is of a high grade with no pyrite and it has a high recovery with low levels
of iead and zin¢c in the appropriate concentrates. In the case of Mt. Isa more rea-
gents are required, the recovery is lower and the separation is not as good.

Broken Hill

3rind to 2% =28 mesh, 40% =200 mesh

Product Assay ' % Adistribution
oh Ag Zn Pb Ag Zn
% g/t )

Feed 13.8 98 10.4 100.9 100.2 100.0
Lsad conc. 75.8 h14 4.2 97.0 93.0 7.1
Zine conc. 0.9 18 52.8 s § Fgid 8.5
Final tail 0.39 5 O'Thj 1.9 3.8 1.4
Reagents: Lead float: ethyl xanthate and frother

Zinc float: copper sulphate, ethyl xanthate

Flg, 2 — Flotation Behaviour af well Crystallized Pb-Zn Sulphides
with Silicale gangue.
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Mount Tsa

Grind to 76% = 2004

Product -| Asaay % dimtribution

Pb Ag Zn Pb Ay 2n

t g/t [
Feed 4.0 174 5.0 100.0 100.0 100.0
Laad conc. 48.0 1022 7.7 85.0 a7.0 22,5
Zinc conc. 2.4 83 52,0 .0 2.0 65.0
Final tail 1.12 26 0,79 12,0 11.0 12.5

Reaqente: Lead float: ethyl and butyl xanthate,
cyanide, zinc sulphate, frother.
Zinc float: Copper sulphate, ethyl xanthate, frother,

Fig. 3 — Flotation Behaviour of Finely Dissemineled Pb-Zn Sulphides
with. High Pyrite.
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Fig. 4 — Complexity of Flolation Research.

It is a very complex problem to determine the procedure for the optimum flo-
tation of a given ore. The Director General of the National institute of Metallurgy

in South Africa, Dr. Robinson, used figure 4 recently o emphasize the complexity
of a mineral dressing operation,
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Fig. 5 — Effect of Particle Size on Flotation Recovery.

In this figure 5 he shcws the main objective, which ls to improve the recovery
of phosphate in a flotation plant. Then there are a series of sub-objeciives all
related to specific improvements and then the scientific disciplines required ranging
from organic analvsis to hydrodynamics with mention of mineralogy, electrochemis-
try and colloid chemistry. | will mention some of our work employing these disci-
plines later in this talk. In the final column Dr. Robinson lists the equipment and

techniques ranging from electron microprobes to flotation pilot plants.
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| could thus stop at this stage, probably to your relief, and say that this is far too
difficult and complex a subject to be presented by any one person, particularly one
whose main research has been in the laboratory rather than the plant.

However, | am sufficiently naive to attempt to suivey some contributions to
flotation understanding by the CSIRO, and in order to do this | will restrict my talk
to a description of the work done in our laboratories with the following aims: —

improve Mineral Liberation
Improve Plant Operation and Control Procedures
Understand the Flotation Mechanism

2. Mineral Liberation

The aim of this operation is to physically separate the mineral particles from
those of the gangue and it is achieved by grinding in ball or rod mills or by auto-
geneous grinding where the ore itself is the grinding medium. The grinding opera-
tion is crucial to any subsequent processing and is also one of the main energy
consumers in mineral dressing. If the grinding is insufficient the mineral values are
not freed and cannot be separated from the gangue in subsequent treatment stages.
On the other hand, if the particles are too fine, selective flotation becomes difficult.
In practice, therefcre, a compromise has to be reached between the degree of libe-
ration and the finenéss of arind.

CHEMICAL PARAMETERS

Parameter Significance On-stream  Automatic
measuring control
method possible

pH High Glass Yes
electrode

Collectors High UV absorb- Yes
ance

Frothers High Nil No

Activators High MN1l? Ho

Dépressants High AAS, Spec- Yes?
ific ion

Cations Low AAS Yes

Anions Yow Nil No

Oxygen Med . Polaro-
graphic o

Fig. 7 — Chemical Paramelers and their Significance on Flotation.

The influence of partiol size on the recovery of zinc and lead sulphides is shown
in figure 5. You can see here that the particle size of the required mineral is
very important in determining the recovery. If the particles are too small (<7 10y).
Their recovery falls due to loss of selectivity and if they are too large. (< 40 )
the recovery also falls due to the buoyancy factor. This points out the need for
optimizing the overall operation in terms of grinding, classiﬂcatson_ and selective flo-
tation, Detailed particle size analysis in the circuits of operating p!gn!s by our
Division of Chemical Engineering has led to significant operating improvements which
| will mention shortly.
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in order to fully optimize the grinding procedure we need to have a better
understanding of the compositions of the individuat particles and the relative con-
tents of the various minerals in each particle. In CSIRO we are developing tech-
niques using the electron microprobe which will give us an elemental analysis of
the particles as well as the mineralogical composition, particle size and the relative
areas of the various mineral phases present.
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Fig. 8 — Flotation Plan Behaviour when automatically controlled by
Copper Recovery.

The equipment is a JEOL electron microprobe, interfaced with a computer and
magnetic tape storage unit. Using this eguipment, particle sizes down to 0 25,
can be examined to provide a particle size distribution, and elemental and mine-
raloglical analys:s

This is achieved by converting the electron image of a composite particle into
a digital form and then from this the probability distribution of minerals within par-
ticles can be obtained and this could be very useful in interpreting flotation be-
haviour, and figure 6 indicates, in idealized form, the results we expect to obtain.
The figure on the left shows complete liberation and simple flotation should be
possible if the size is in the right range. That on the right shows almost compiletely
composite particles and as a result the flotation selectivily and grades will be much
more difficult to achieve

Particle size distribution and modal analysis can also be obtained by suitable
computer programmes with this equipment. ;

3. Improvement to Plant Operation.

The behaviour of an operating flotation plant can. in many cases, be improved
by a close examination of particle size distribution and also the on-stream measure-
ment of various parameters in the pulp. These parameters are:

Particle size
Pulp density
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