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sident's word

This is an epic year for Mintek in that 1984 marks its
fiftieth anniversary. During the past fifty years, Mintek
has advanced from its humble beginnings as the
Minerals Research Laboratory, then attached to the
University of the Witwatersrand; in 1944 it was renamed
the Government Metallurgical Laboratory and, in 1966,
the National Institute for Metallurgy; finally, in 1981 it was
given yet another name—Council for Mineral Tech-
nology, which is usually abbreviated to Mintek.

The new buildings in Randburg were occupied in
1977, and provide facilities of which all at Mintek are
justifiably proud. It is generally recognized that pleasant
surroundings are strongly conducive to a feeling of well-
being and hence stimulate members of staff to achieve
the demanding goals set by management.

It may well be said that Mintek has now reached
maturity, having grown within the past ten years from
a staff complement of 530 to 847 today. Of these, 181
highly qualified scientists and engineers are engaged in
a wide range of metallurgical projects geared to the
future well-being of all who live at the southern tip of
the African continent. Mintek is approaching its planned
'benchmark' of 200 professional staff, which is regarded
as the ideal complement to fulfil its present brief.

The metallurgical profession concerns itself with a
number of specialized disciplines, and, since applications
of ever-increasing sophistication require specialist inter-
action, it is clear that too small an organization would
not be effective. With too large an organization, manage-
ment becomes more difficult, and fruitful interaction may
suffer as a consequence.

The importance of the minerals industry to South
Africa is profound. For example, in 1983 over 80 per
cent of South Africa's gross foreign-exchange earnings
could be attributed to sales of minerals and beneficiated
mineral products. It is indeed questionable whether any
other country depends on this area of activity as much
as South Africa does. However, it must be remembered
that, as the reserves become depleted, more and more
emphasis will need to be placed on mineral products
of enhanced value. A new and expanded minerals in-
dustry will not only help to provide employment for South
Africa's rapidly growing population, but will increase the
country's stature as an industrial nation.

Mintek can be regarded as the principal research
body to meet this objective, and it is gratifying to note
that support from the State has been forthcoming. The
current budget at 24,4 million rands far exceeds that of
ten years ago, which amounted to 4,5 million rands. Only
through dedication and continued interaction with in-
dustry can Mintek's goals be met.

I am proud to be a member of this world-acclaimed
organization, having assumed the position of President
in July of this year. It is with pleasure that I express my
gratitude to Dr Louw Alberts for having handed over
such a well-oiled machine, and it is my wish that it should
remain so for at least the next fifty years.

A.M. Edwards
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The main table at the MINTEK 50 Dinner. Left to right: the Honourable Dr P.G. Koomhof, Mrs Elsa Alberts, the Honourable
Mr P.W. Botha, Mrs Lulu Koornhof. Dr Louw Alberts, and Mrs Elize Botha. The MINTEK 50 logo in the background consists ,

of 'everlasting' flowers, and was made by the South African Transport Services. j
1



Introduction

The year started with the establishment of a new
engineering research division known as the Physical
Metallurgy Division. Dr P.T. Wedepohl, who had been
Assistant Director: Physical Metallurgy in the former
Pyrometallurgy and Physical Metallurgy Division, was ap-
pointed Director of the new division, and the name of
the former division was changed to the Pyrometallurgy
Division.

taken at Mintek. Also in recognition of Mintek's golden
anniversary, the South African Journal of Chemistry
dedicated its September issue to Mintek. It contains
twelve papers by Mintek authors.

MINTEK 5O

To mark its fifty years of growth, Mintek organized the
International Conference on Recent Advances in Mineral
Science and Technology (MINTEK 50), which was held
from the 26th to the 30th of March, 1984, at the Sand-
ton Sun Convention Centre. Some 520 delegates attend-
ed, 150 from beyond South Africa's borders.

The Conference, which was opened by the Minister
of Mineral and Energy Affairs, the Honourable Mr D.W.
Steyn, consisted of three parallel sessions, during which
90 papers and 5 plenary addresses were presented. The
third day of the Conference period was devoted to a
Symposium on International Mineral Policy, at which six
papers were presented by eminent overseas and South
African authorities.

The Conference dinner was attended by about 800
people. The guests of honour were the Prime Minister,
the Honourable P.W. Botha, and Mrs Botha. Among the
other guests were six Ministers and former Ministers
whose portfolios had included responsibility for Mintek.
The presence of five members of the Cabinet at one
social gathering must be a unique event in recent history.

The post-Conference tours included a visit to Palabora
Mining Company, the Phosphate Development Corpora-
tion (Foskor), and Fairview Mine in the eastern Transvaal,
with visits to the Kruger Park, the Sabie area, and the
Blyde River Canyon.

Other Jubilee Events

Four open days were held during the early part of the
year, when Mintek threw open its doors, first to the
MINTEK so delegates, and then to educational
establishments (secondary and tertiary) and members
of the public. Coloured posters informed guests of the
work being undertaken, and members of staff were on
hand to give further explanations or demonstrations.

The major pc ' ' in of the January issue of Archimedes
was devoted to the research and development under-

New President

Dr L. Alberts, who had been Mintek's chief executive
officer since near the beginning of 1977, left Mintek at
the end of June to take up the post of Director General
of thp Department of Mineral and Energy Affairs.

His successor is Dr A.M. Edwards, who was former-
ly General Manager: Exploration, Research and Develop-
ment of the Johannesburg Consolidated Investment
Company Limited. A metallurgist by training (obtained
at the University of the Witwatersrand and Imperial Col-
lege of Science and Technology), Dr Edwards also has
ties with the academic world, having recently been ap-
pointed Honorary Professor in Chemical and
Metallurgical Engineering at the University of
Stellenbosch.

Productivity Award

During the year, Mintek received one of the six National
Productivity Awards for its work on the carbon-in-pulp
process. Instead of the costly filtration procedures used
in the conventional recovery of gold, this process
employs screening, which is simple and requires less-
expensive equipment. The process also improves the
overall efficiency of the recovery of dissolved gold and
can result in a slight increase in the overall dissolution
of gold. The use of this process can result in a reduc-
tion of as much as 50 per cent in the capital costs of
the metallurgical plant and about 30 per cent in the
operating cost.

New Building

A new block of the Randburg Complex is nearing com-
pletion, and part of the engineering divisions should be
able to move in early next year. The new premises will
provide much needed space for these divisions, and will
relieve accommodation conditions in the buildings that
are vacated.



Gold

As always, the extraction of gold from its ores has of-
fered many interesting challenges to Mintek. These con-
cern not only the larger gold deposits, but also small,
and often refractory, deposits. Such deposits in the
eastern Transvaal are being examined, since the
economics of opening up a small gold mine in that area
often depends on the complex mineralization of the ore-
body. Statistics are therefore being compiled on the
reserves, grades, and types of ore available in more than
a hundred known occurrences. It is hoped that this in-
formation will indicate whether the building of a central-
ized treatment plant can be justified.

Carbon-in-Pulp

Work on the carbon-in-pulp process continued on the
pilot plant at Rand Mines Milling & Mining Company, with
further tests on prescreening of the pulp, screening
between stages, adsorption of gold, and reactivation of
the exhausted carbon.

Inefficiency in the prescreening area still presents a
problem in that the oversize fraction and fibre pass
through the screen to the cyanidation and adsorption
stages. Sieve bends are being tested and installed for
the prescreening of some of the pulp flows.

In tests on interstage screens of various designs and
arrangements, improved flowrates were obtained with
several modified equalized-pressure air-cleaned <EPAC)
screens. (The EPAC screen, which was designed by
Mintek, was described in last year's Annual Report, as
was the Kliptek screen, which was developed by Mintek
from an application at the Klipvaal Mine.) The EPAC
screens giving good results include one with a notched
or slotted weir plate, and another having a zig-zag pro-
file, so providing three times the normal area of screen
cloth. A metal plate inserted opposite and parallel to the
screening area of an EPAC or Forbes screen was found
to improve the utilization of air. The three large cylin-
drical Kliptek screens in use at present appear to be
performing satisfactorily, but their size makes handling
and servicing difficult.

On the main plant at Rand Mines Milling & Mining,
six carbon-in-pulp adsorption stages (of one hour each)
follow five stages of cyanidation (four hours each). It was
found on the pilot plant that, when carbon was added
to two stages of cyanidation (ahead cf the normal six
stages of adsorption), the overall adsorption improved
from approximately 92 per cent for carbon-in-pulp alone
to approximately 98 per cent. However, the carbon in-
ventory was higher, and hence more gold was locked
up in the circuit. The carbon used in these tests was
carbon that had been reactivated on the plant.

On the main plant, the adsorption of gold remained
fairly steady at about 92 per cent.

The on-line gold analyser using electrothermal atomic
absorption that was developed at Mintek was tested suc-

cessfully at the carbon-in-pulp plant of Rand Mines Mill-
ing & Mining. Considerable interest has been shown in
this technique, and a system based on this work is being
used at a local gold mine to monitor the barren solu-
tions in a conventional extraction plant.

A gold analyser using isotopic-source X-ray fluor-
escence that is based on work carried out at Mintek has
been developed by a commercial firm. With this instru-
ment, gold (and possibly calcium) can be determined
direct on activated carbon.

Other work on carbon-in-pulp involved pilot-plant tests
at Rand Mines Milling & Mining on various samples of
activated and extruded carbon, and tests at Mintek on
elution at temperatures of up to 150°C. Because dry-
ing of carbon in hot air before it is reactivated saves
energy, a pilot-scale air-dryer for granulated carbon was
designed and constructed.

The testwork on the cementation of gold from cyanide
solutions of high gold concentration using the simulated
Merrill filter was extended to include eluates from six
carbon-in-pulp plants and one plant practising the inten-
sive cyanidation of gravity concentrates. These duates,
containing gold at concentrations below 100 milligrams
per litre, were spiked with potassium aurocyanide to gold
values of 100, 200, and 500 milligrams per litre. In almost
all instances, the concentration of gold in the tailings
from the simulated Merrill filter were found to vary
between 1 and 5 milligrams per litre; notable exceptions
were the eluates containing free cyanide at concentra-
tions below about 200 to 400 milligrams per litre due
to passivation of the zinc bed. The presence of dissolv-
ed oxygen and lead appeared to have little effect on the
efficiency of cementation. Enhanced corrosion rates for
zinc and the evolution of hydrogen were observed when
the eluate contained abnormally high concentrations of
sodium hydroxide. In some instances, the evolution of
hydrogen was sufficiently severe to cause expansion of
the zinc bed, resulting in high losses of gold to the tail-
ings. These results demonstrate how important it is for
the eluate produced by the Anglo American elution pro-
cedure to be well mixed before cementation. It is clear
that cementation could be used as an alternative method
to electrowinning for the recovery of gold.

Two types of furnace have been used at Rand Mines
Milling & Mining for the reactivation of carbon: a rotary
kiln, and a resistive-heating furnace known as a Rintoul
furnace. As reported last year, the former could not cope
with the flow of recycled carbon. However, the latter is
operating smoothly and is producing satisfactorily react-
ivated carbon.

The effects of temperature and residence time in the
furnace on a sample of acid-washed eluted carbon from
the pilot plant were determined in a Shirco furnace at
the National Institute for Water Research. It was found
that the intraparticular structural properties of the car-
bon are best restored at 850 °C and a residence time
of 10 minutes. The resulting volume distribution of the
carbon is almost identical to that of new carbon. As the



residence time increases to 20 and 30 minutes, pro-
gressively lower temperatures are required for the
restoration of the intraparticular structure, and fairly ef-
fective regeneration is also achieved in 20 minutes at
700 °C and in 30 minutes at 550 °C. The most prac-
ticable conditions suitable for the restoration of the in-
traparticular structure are therefore described by the
following operating line: 10 minutes at 850 °C to 20
minutes at 700 °C to 30 minutes at 550 °C.

The model that was developed at Mintek to describe
the adsorption of gold cyanide onto activated carbon
was shown to be as accurate in predicting the elution
as would be expected of a reversible system. The elu-
tion of gold cyanide from carbon by the Homestake
method and by that of the Anglo American Research
Laboratories (AARD was modelled in batch reactors as
well as in columns, and the influence of several
parameters on the rate of elution was examined. These
included temperature, concentrations of sodium hydrox-
ide and sodium cyanide, ionic strength, flowrate, and
electrowinning efficiency (for the Homestake method).
The rate of elution was shown to increase with flowrate
and temperature, and to obey an Arrhenius relationship.
The rate also increased with concentrations of sodium
cyanide or sodium hydroxide up to 0,2 molar, but then
decreased at higher concentrations owing to the in-
crease in ionic strength, which has an adverse effect
on elution. Sodium cyanide is more effective than sodium
hydroxide, although sodium hydroxide alone, given suf-
ficient time, strips all the gold from a sample of loaded
carbon.

A significant result to emerge from these model
studies is that cyanide is rapidly destroyed at high
temperatures by hydrolytic reaction. This hydrolysis is
not influenced by the presence of carbon and, in 12
hours at 95 °C, accounts for the loss of about 65 per
cent of the cyanide in solution. At higher temperatures,
the rate of cyanide loss is even faster.

A microprocessor-based instrument for the determina-
tion of the activity of carbon for the absorption of gold
was tested at two gold plants. Although the instrument
performed well for most of the time that it was installed
at Rand Mines Milling & Mining, scattered results were
obtained on occasions, which threw doubt upon the
reliability of the instrument. The staff involved in the tests
suggested that the fault might be due to an overheated
power supply, since the poor performance appeared to
be related to high ambient temperatures. After the in-
stallation of a cooling fan. the instrument was taken to
the Western Areas Gold Mine for further evaluation
Tests over a period of approximately three months con-
firmed that the cooling fan was effective The instrument
was found to be sensitive and reliable, and to give
reproducible results

Another instrument under development at Mintek for
use in the carbon-m-pulp process is a carbon-
concentration metei. Two prototypes that were tested
at two gold plants were found to be accurate in the short

term (about one day) to within 2 grams per litre in a pulp
containing about 20 grams of carbon per litre. However,
over periods of three months, they were accurate only
to within about 6 grams per litre.

A major difficulty in the achievement of greater
accuracy is that there are large fluctuations in carbon
concentration both with time and with position in the con-
tactor vessels. Another difficulty, which emerged late in
the tests, is that carbon activity appears to affect the
reading on the meter, but this can be overcome by the
use of a suitable bias voltage and a better probe design.
It is envisaged that the next prototype will incorporate
the electronic circuit and sensors in one unit, which
would prevent interference from noise.

Carbon-in-Solution

In addition to its use in the carbon-in-pulp process, car-
bon is being used as an absorbent in a pilot plant at
Durban Roodepoort Deep Mine. The NIMCIX pilot plant
at that mine was modified to treat unclarified pregnant
solution. A settler was '""tailed between the mine pre-
settler and the adsorption column to prevent coarse par-
ticles of ore from entering the adsorption column, and
the barren solution was returned to the Merrill barren
tank. Slime that had accumulated in the cone of the sett-
ler was removed periodically The average solids con-
tent of the unclarified pregnant solution entering the
column was 270 milligrams per litre, and that of the bar-
ren solution 218 milligrams per litre.

The pilot-plant campaign, which started towards the
end of March, continued for twelve weeks. The pH value
of the feed solution was reduced to 7,5 and the adsorp-
tion column was operated at a flowrate of 34,0 litres per
minute. The average gold concentration of the feed solu-
tion was 1,90 milligrams per litre and that of the barren
solution 0,007 milligram per kilogram. Gold loadings of
up to 9700 milligrams per kilogram were achieved, the
calcium loadings being about 7000 milligrams per kilo-
gram.

During elution, the gold was eluted from 9700 milli-
grams per kilogram to approximately 30 milligrams per
kilogram. The elution was carried out for 48 hours,
downflow being used in closed circuit with an electrowin-
ning cell. The eluant consisted of sodium cyanide and
sodium hydroxide, and the cyanide concentration was
maintained between 1000 and 1600 milligrams per litre
The temperature in the elution column was kept above
90 °C.

A vib rat ing-deck kiln was used for the reactivation of
the carbon after every cycle, the carbon being heated
to between 800 and 900 °C, The residence time of the
carbon in the hot zone was about 20 minutes

At the end of the campaign when the adsorption
column was dismantled, it was found that there had
been no maior build-up of solids in the column The solids



The prototype of a furnace for the regeneration of the carbon used in the carbon-in-pulp gold-recovery process. The
'urnace can treat 100 kilograms of carbon at a time. Mintek collaborated with the inventor in bringing this furnace

to plant scale.



recovered from the adsorption column amounted to
about 300 grams, which is less than 0,06 per cent of
the total solids fed to the column.

Resin-in-Pulp Process

An evaluation was made of the techniques used for the
elution of gold cyanide from strong-base resins. The four
eluants tested were zinc cyanide, ammonium thio
cyanate, a mixture of sulphuric acid and thiourea, and
a mixture of hydrochloric acid and acetone. The best
results were achieved with zinc cyanide and ammonium
thiocyanate, but the thiocyanate had the serious
drawback that there was no satisfactory method for the
regeneration of the resin after elution. This is a most im-
portant requirement since the ion-exchange activity of
resin is significantly decreased after elution owing to the
very favourable loading characteristics of the thiocyanate
anion, and the process would be uneconomic unless
most of the thiocyanate extracted from the eluant by
the resin during elution could be recovered and recycled
to the next elution cycle.

A method of regeneration was developed that is very
efficient and should be economically viable. The method
involves treatment of the eluted resin with ferric ions,
which converts the thiocyanate from free anions to a
cation complex that is readily displaced from an anion-
exchange resin, hree thiocyanate can be recovered from
the regenerated solution by treatment with lime, which
precipitates iron as ferric hydroxide, leaving the thio-
cyanate in solution and therefore available for recycling.
This part of the process concept is being protected by
a patent application.

In the light of these developments, and because thio-
cyanate is non-toxic whereas zinc cyanide is very
poisonous, it is now believed that thiocyanate should be
the preferred eluant for strong-base resins.

Laboratory and pilot-plant work demonstrated that the
gold content (50 to 1000 milligrams per litre) of 'poisoned'
strong-base resins originating from the fixed-bed uranium
operations of the 1950s can be recovered effectively by
elution and electrowinning. Several batches of resin from
various stockpiles of poisoned resin in South Africa were
tested, and a small plant was commissioned at Stilfon-
tein Mine in August 1983 to treat 100 tons of resin con-
taining about 1 kilogram of gold per ton. Much of the
ion-exchange activity of the resin is restored by this treat-
ment, and it is envisaged that, at some stage in the
future, the resin will be re-used at Stilfontein in gold-
scavenging operations. A similar plant is envisaged for
the treatment of an even larger stockpile at Buffelsfon-
tein Gold Mine

Further work was done on the structural aspects of
resins that affect their performance and on the develop-
ment of improved resins for the absorption of gold.
Because of the high basicity of the nitrogen atoms in
resins with imino-diacetic acid and glycine groups, they
are well protonated at pH values higher than 10, and
loading of gold can therefore be expected to proceed
well at such pH levels. The effect of pH on the loading

of gold onto these resins was therefore investigated. A
commercial resin, TP207, was used, and several resins
with different matrices were prepared. The results of
loading experiments indicated that only approximately
20 per cent of the gold that can be absorbed by the
resin is loaded at a pH value that permits only the
nitrogen to be protonated. Absorption increases stead-
ily as the pH value is lowered and the carboxylate groups
become protonated. It therefore appears as if the anionic
carboxylates effectively repel gold cyanide, or otherwise
neutralize the protonated amine to prevent absorption.

Loading improves as the carboxylate groups are pro-
tonated and become more covalent. This effect is to be
studied in phenol-formaldehyde anion-exchange resins,
since the phenol group ionizes only above a pH value
of 10 and therefore should not interfere with gold loading.
However, it should aid in the elution with alkali at high
pH values.

The different matrices that were used in the prepara-
tion of the imino-diacetic acid and glycine resins had no
apparent effect on the basicity or pH functionality of the
resins, but the more rigid polymers affected the capacity.
The effect of polymer matrices and the content of func-
tional groups on anion exchangers are being
investigated.

Leaching of Gold
and Uranium

As previously recounted, Mintek has been carrying out
research for the past two years aimed at the develop-
ment of resin-based processes that, it is believed, will
reduce capital and operating costs on South African
gold-and-uranium mines. In the 'eaching operations
adopted on all such mines, gold and uranium are both
leached in the form of anionic complexes: gold as the
aurocyanide anion, and uranium as the uranyl sulphate
anions. The research has shown that, under certain con-
ditions, both these complexes are stable in the same
solution, and that it is possible for both metals to be ex-
tracted and concentrated simultaneously with an anion-
exchange resin or solvent. However, the conventional
leaching operation suffers from several drawbacks:

(1) leaching of the two metals sequentially, rather
than simultaneously, doubles the residence time
in the leach and therefore approximately doubles
the capital cost of the leaching plant;

(2) the lime, which is required for protective alkalinity
in gold leaching, and the free cyanide remaining
after leaching have to be neutralized during the
uranium leach, thus increasing the consumptior
of acid:

(3) it is not practical for the leaching operation to be
carried out in a reverse mode (i.e. with the
uranium leach preceding the gold leach), which
can be a serious disadvantage for certain ores,
for which the gold recovery is improved by prior
leaching under acidic conditions.

(4) The chemical conditions must be carefully con-
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trolled during the addition of the acid after the gold
leach.

Research work is therefore being conducted on the
development of a combined gold-uranium leach. One
lixiviant that was tested is a mixture of thiourea and
sulphuric acid, but, although this method is technically
feasible, the high operating costs resulting from an un-
acceptably high consumption of thiourea render the pro-
cess uneconomic. An alternative process, which is
suitable only for alkaline ores (and therefore not prac-
tical in a South African context) uses a mixture of
cyanide and carbonate to leach the gold and uranium
simultaneously.

A new technique that is being developed at Mintek
involves the use of the thiocyanate ion, and it has many
advantages over other methods.

(a) It is non-toxic, and is stable in solution over a wide
pH range (2 to 14), which means that it can be
used in the treatment of acidic or alkaline ores.

(b) It is a large, highly polarizable anion and is
therefore strongly extracted by anion-exchange
resins. This allows for the efficient recovery and
recycling of the free thiocyanate remaining in solu-
tion after leaching. Therefore, in theory, the
reagent utilization in leaching should be restricted
to the forming of complexes with metal values
from the ore.

(c) As all the leaching is carried out at a constant
acidic pH value, there is no consumption of lime
and no subsequent consumption of acid in
neutralization.

(d) The process is compatible with an efficient resin-
elution technique in which the thiocyanate anion
is used to displace gold cyanide and other anions
from the resin matrix.

The preliminary results indicate that the process is
technically feasible, and research is currently aimed at
the optimization of the various unit operations involved
in this process: leaching, absorption by resin, elution and
regeneration of the resin, and recycling of thiocyanate.

Refractory Gold

One project on refractory gold at Mintek has as its broad
objective the identification of cost-effective technology
that will enable the production of gold to expand into
resources other than the Witwatersrand. The project
started with a literature survey, which included all the
reports issued on the subject by the Government
Metallurgical Laboratory and the National Institute for
Metallurgy up to 1976, and recent publications of Randol
International Limited.

As many refractory ores also contain active carbon-
aceous material, a series of tests was started in an at-
tempt to find ).'•? best reagent to foul the active-carbon
constituent of i. .3 ore and so prevent the adsorption of
gold during leaching. So far, the best fouling agent has
been found to be used motor-car oil.

The recovery of gold from an ash dump was

hampered by the high level of active carbon in the dump
material: a direct cyanide leach yielded a recovery of
only 6 per cent. Various aspects were examined, in-
cluding leaching in the presence of highly active carbon
and of resins that can be recovered by screening.
Recoveries of up to 75 per cent have been achieved.

Flotation of the carbon and sulphides from the dump
material yielded a concentrate with recoveries of more
than 80 per cent. However, roasting of the concentrates
and a direct roast of the dump material yielded poor
results. These findings are being studied further.

A number of refractory flotation and gravity concen-
trates from the Barberton area were tested. After
pyrolysis, the material was pressure leached with acid
under oxygen to convert the remaining sulphide sulphur
to elemental sulphur and to liberate the gold for subse-
quent cyanidation. Good gold recoveries (up to 99 per
cent) were obtained when elemental sulphur was remov-
ed from the pressure-leach residue prior to cyanidation.
When this step was omitted, the gold recovery was more
variable. A mineralogical investigation is being under-
taken in an attempt to explain this phenomenon. Any
arsenic in the head material was almost fully removed
in the pyrolysis step, and reported to the volatile frac-
tion as a mixture of arsenic sulphides.

Some preliminary tests were conducted on the col-
lection of gold from certain products that are rich in
refractory gold into iron formed by the heating of a mix-
ture of the product and reducing agents. These tests
were successful, and a project was commenced in
which more-detailed tests are being done.

In a sponsored project, a refractory ore from the
eastern Transvaal, which contains large quantities of
sulphide (mainly in the form of pyrite) as well as
arsenopyrites and active carbon, is being evaluated so
that it can be established whether, by the use of a novel
flow sheet, differential separation of the refractory por-
tion of the gold from the ore is possible. Open-circuit
milling appears to allow for preferential milling of the
active carbon and the arsenopyrite. The milled product
is then passed over a gravity separator, which yields a
concentrate containing the coarse pyrite. The middlings
are low in gold, and can be rejected, whereas the slime
fraction chiefly contains the arsenopyrite and active
carbon. Fine milling of the coarse pyrite prior to cyani-
dation results in an extraction of 80 per cent of the gold
contained in this material.

In another sponsored project, seven large bulk
samples (20 tons each) of a refractory gold ore were
treated in a milling-flotation pilot plant to produce con-
centrates for roasting tests overseas. The roasting tests
demonstrated that between 80 and 95 per cent of the
gold in the concentrates could be extracted after
roasting, and flotation on the pilot plant showed that 85
to 90 per cent of the gold could be preconcentrated in
a mass of 10 to 25 per cent, depending on the ore being
tested. A composite sample, made from the seven dif-
ferent types of ore, is being tested on the pilot plant.

Calcines from refractory gold ores were included in
a project during which gold-bearing calcines were milled
finely before being cyanided. The greatest potential of
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this technique appears to lie in the improvement of gold
recoveries from calcines emanating from refractory ores.
Current methods require the calcines to be milled to
about 80 per cent smaller than 11 micrometres. The
residue, however, still contains about 4 to 6 grams of
gold per ton, and work is currently in progress to
establish whether finer milling to about 80 per cent
smaller than 4 micrometres will yield residues with lower
gold values. A continuous attritioner, based on a four-
cell Wemco flotation machine, is to be tested so that
it can be ascertained whether this type of equipment
will be suitable for the attrition milling of such calcines.

Milling

Of several projects on the milling of gold ores, one deals
with the effect of the piant configuration on the libera-
tion of gold. When the Grootvlei Gold Mine recently
changed from three-stage milling to a single-stage
autogenous milling circuit, the Chamber of Mines of
South Africa decided that this offered an ideal oppor-
tunity for a comparison of the two circuits. (It is poss-
ible that different methods of comminution may yield dif-
ferent degrees of liberation for the gold and the pyrite,
even for products of the same size.)

The initial phase of the project involved sampling of
the milling circuits at Grootvlei during the change-over
period This was more difficult than expected, since both
circuits ran erratically during the sampling period, which
cast doubts on the reliability of some of the samples.

An analysis of the products from the rake classifier
and the rake-bowl classifier in the three-stage milling cir-
cuit confirmed that the bulk of the gold was liberated
during the secondary milling stage. It was also confirmed
that multistage milling results in a product with a nar-
rower size distribution. (The product from the single-stage
milling circuit contained more ultra-fine particles for the
same percentage passing 75 micrometres.) The results
also indicated that there was a higher proportion of gold
in the fines from the single-stage circuit than from the
multistage circuit, but this may have been due to the
larger amount of ultra-fines present in the product from
the single-stage operation.

Because of the unreliability of the results, the test pro-
gramme was revised, and it was decided that pilot-plant
tests should be carried out under more controlled con-
ditions. A sample of Grootvlei ore will be used in com-
parative pilot-plant tests on autogenous milling and ball
milling Products from the two plants will then be com-
pared as to the degree of liberation of the gold and the
pyrite in each size fraction.

In another project. Mintek's autogenous-milling pilot
plant is being used to test the contention that a mill feed
with a particle size between 13 and 75 millimetres is
'potential critical size' material, and that the crushing of
this material before it is fed to an autogenous mill will
result in an increase in milling efficiency of 30 to 40 per
cent. The proiect is aimed at the determination of steady-
state running conditions with and without precrushinq

of the potential critical-sized material, and the results will
be compared.

Nearing completion is a study of the effects en-
countered when pebbles of between 25 and 60 milli-
metres are removed during milling (via pebble ports in
the mill-discharge end). A significant fraction of the
pebbles in this size range are thought to be barren, and
the installation of a radiometric or optical sorter would
allow the rejection of barren material before it had been
milled to product fineness. The mineral-rich pebbles
would be crushed and returned to the mill. This would,
of course, lead to savings in milling and downstream pro-
cessing due to the reduced effective throughput, but the
effect on milling efficiency is not known. Preliminary
results indicate that milling efficiency is not affected
adversely, and may even be improved.

Pebble load formed the subject for investigation on
the pebble mills in the no. 1 milling unit of East Driefon-
tein Gold Mine. Normally, the control of the pebble feed
to these mills ensures that they draw maximum power.
It was decided that a study should be made of whether
the grinding efficiency would be improved by operation
on a pebble load slightly lower or higher than that draw-
ing peak power. It has been shown that, during normal
operation, the power consumed at peak power varies
as a function of the size distribution of the load and the
pulp density in the mill. For this reason, continuous runs
at constant power consumption would not be at a con-
stant pebble load lower or higher than that drawing peak
power. The experiments were therefore designed so that
the pebbles were fed into the mill until the power con-
sumed was about 10 per cent higher than normal. The
pebble feed was then stopped, and the mill was allowed
to grind until the power consumed was about 10 per
cent lower than normal. This cycle lasted several hours,
and samples were taken frequently for particle-size
analysis. The size distribution indicated that the mill
operates slightly more efficiently when the power con-
sumption is about 5 per cent lower than normal.

Advanced control systems are being applied to run-
of-mine milling circuits on two plants. On one of the
plants, all the instruments related to the milling circuit
have been connected to a data-acquisition system, and
a data logger (developed at Mintek) has been configured
to print, on the site, suitable short-, medium-, and long-
term reports. Recommendations for the instruments to
be installed on the second plant have been made. A
data-acquisition system is being assembled at Mintek
for that investigation.

In support of the practicality of these projects. Mintek
is making a study of autogenous milling, using dynamic
models and computer simulations. The literature on the
subject was used as an aid in the construction of a
suitable dynamic model of an autogenous mill for the
calculation of the transient responses of all the required
metallurgical variables. A software module containing
this model was written for the extension of a software
package simulating milling circuits of varying configur-
ations.

Consultancy services on the procurement of hard-
ware and on the transfer of Mintek technology relating
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to multivariable control were provided to a mining group
where multivariable control strategies developed by
Mintek are to be implemented on all the milling circuits.

Wet High-intensity
Magnetic Separation

The work at ERGO on the recovery of gold from residues
has been completed, and it has been confirmed that wet
high-intensity magnetic separation can recover gold re-
maining in the flotation tailings and in the tailings from
the new carbon-in-leach plant. From a flotation tailing
with an average gold concentration of 0,32 gram per
ton, Ergo has shown that carbon-in-leach can recover
0,1 gram per ton, and Mintek has demonstrated that wet
high-intensity magnetic separation, either before or after
carbon-in-leach, can recover an additional amount of
0,08 gram per ton. The optimum position for the
magnetic separation in the flow sheet is before the
carbon-in-leach circuit, because this reduces capital
costs.

Recovery of Pyrite

A project aimed at the recovery of gold from a Wit-
watersrand gold-bearing pyrite (flotation concentrate from
Ergo, for example) also includes among its objectives
the production of elemental sulphur instead of sulphuric
acid, and the recovery of any base metals in the pyrite.
The process consists in pyrolysis of the pyrite in an inert
atmosphere, acid leaching of the pyrolysis product under
oxygen pressure, recovery of the elemental sulphur from
the leach residue, and cyanidation of the desulphurized
residue for the recovery of gold.

The first phase of the project involves the pyrolysis,
which was evaluated by assay and by acid-oxygen
leaching, removal of elemental sulphur, and cyanidation
of the residue. About 40 per cent of the pyrite sulphur
was removed in 8 hours in a shaft kiln by the use of
hot (800 °C) nitrogen. The rate seems to be controlled
by the transfer of heat to the charge. The best results
obtained so far gave a pyrolysis product with a gold con-
tent of 13 grams per ton from pyrite with a gold content
of 11 grams per ton. This was pressure leached with
acid and oxygen to produce a residue (after the sulphur
had been recovered) with a gold content of 7,8 grams
per ton together with elemental sulphur of 95 per cent
purity and a gold content of about 13 grams per ton.
The leach residue was cyanided, and the gold content
of the cyanidation residue was found to be 1,07 gram
per ton. This represents a dissolution of 86 per cent of
the gold in the leach residue, and an overall recovery
of about 93 per cent of the gold into the cyanide liquor
and the elemental sulphur. Since the sulphur is 95 per
cent pure, a further upgrading step (for example, filtra-
tion) would produce 100 per cent pure sulphur and a
residue with a gold content of about 260 grams per ton,

which could easily be processed further.
The dissolution of base metals during the acid-oxygen

pressure leach was about 80 per cent for nickel and
70 per cent for copper and cobalt.

The removal of the pyrolysis product from the shaft
is difficult because some sintering occurs, but lower
temperatures would probably alleviate this problem.

Unlike the novel approach just described, flotation is
the process usually applied to the extrac 'ion of gold from
pyrite. Investigations at Mintek into this topic had
previously centred on flotation at low pH with mercapto-
benzothiazole. This work has been extended to samples
of sand and samples lacking pyrophyllite, and to teo.j
on the effects of temperature at high pH with xanthate
as the reagent. Some of the technology arising from this
work was transferred to a mine in the Orange Free State,
and enabled it to improve its flotation recoveries in the
winter.

A flotation plant in the Klerksdorp area where cyanid-
ation residues are treated was experiencing difficulty in
achieving satisfactory recoveries of pyrite. These
recoveries had fallen from the upper 80s to approximate-
ly 70 per cent.

In laboratory tests at Mintek on samples from the
cyanide-filter plant, the effect of the different waters used
on the mine was evaluated, and it was found that the
calcine water was responsible for a decrease of 5 to
10 per cent in the recovery of the pyrite. Simulated
cyanidation tests ahead of flotation showed clearly that
any cyanide remaining in the pulp after the leach had
a deleterious effect on the flotation recovery of the pyrite,
even though the pulp had been conditioned with acid
for 5 hours before being floated. The pyrite recovery
decreased in inverse proportion to the amount of cyanide
remaining in the pulp after cyanidation. Contrary to ex-
pectations, the addition of cupric sulphate during the
conditioning led to an even lower recovery of pyrite when
cyanide was present in the pulp.

Longer flotation times, both in the rougher and the
cleaner, as well as the addition of extra collector to the
cleaning stages, improved the pyrite recovery when
calcine water and cyanide were present in the pulp
during flotation.

Plant tests in which the residence time and the rate
of pyrite flotation in the rougher circuit were determined
showed clearly that more flotation capacity is required
if the recovery of pyrite is to be improved.

Tech no-economics

The first phase of a project on the tech no-economics
of the recovery of gold and uranium from residue dumps
consisted in the estimation of the capital costs involved
for various flow sheets. The present phase is concerned
more with the acquisition of techno-economic data from
existing operations, and the development of computer
and other methodologies for the techno-economic
analysis of various process routes.

Work has continued on an assessment of whether
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the current taxation structure applicable to the gold-
mining industry encourages maximum recovery from
underground and surface operations.

Testing the use of a wet high-intensity magnetic separation (WHIMS) machine as a step in optimizing a process for the
recovery of gold from gold-mine residues.
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niu m

As well as the projects described in this section, Mintek's
work on uranium includes projects described under the
headings 'Leaching of Gold and Uranium' and Techno-
economics' in the section on gold.

Leaching Studies

In one project, the results ot mineralogical analyses and
leaching tests that had been conducted on sixteen dif-
ferent uranium-bearing ores were correlated and modell-
ed mathematically.

The mineralogical compositions of 16 leached and
144 unleached samples were first calculated from
chemical analyses. There is some uncertainty about the
values for the chlorite and pyrophyllite owing to varia-
tions in the ratios of magnesium to iron and of
magnesium to aluminium in the chlorite occurring in Wit-
watersrand ores.

Correlation coefficients were then determined for 16
values of uranium extraction, uranium residue, iron(iii)
consumption, or sulphuric acid consumption (for par-
ticular experimental leaching conditions) with 16 values
of a mineral content or chemical constituent in the
unleached ores. Correlations were found between the
consumption of sulphuric acid and the concentrations
of chlorite, calcite, and metallic iron in the ores, and
between the consumption of iron(iii) and the concentra-
tions of pyrite and metallic iron in the ores. No useful
correlations were found between the uranium extracted
(or the uranium remaining in the residue) and the mineral
contents of the ores.

The pattern of reagent consumption with changes in
leaching conditions was examined for the various ores,
and it was found that the pattern could be explained in
terms of the chemical reactions taking place. The role
of pyrite was found to be significant in the reactions in-
fluencing the consumption of sulphuric acid and iron(iii)

In an examination of the prediction of reagent con-
sumptions for any ore leached under the experimental
conditions, it was found that the expressions obtained
from the experimental results by multilinear correlation
gave calculated results that did not agree completely
with the experimental results.

Other leaching tests were conducted on Buffelsfon-
tein ore at high pulp densities. At a solids content of 50
per cent the extraction was above 70 per cent, at 60
per cent solids it was just below 70 per cent, and at
70 per cent solids it dropped to 55 per cent. This
decrease may be due to the increase in the concentra-
tion of ferrous ions, wi.ich inhibits extraction.

Two-stage leaches on Buffelsfontein ore involved the
leaching of a fresh sample of ore in a semi-pregnant
solution, filtration of the pulp, and leaching of the rssidue
in fresh solution It was expected that the recovery would
be higher than from the conventional one-stage leach.

but preliminary results showed that no appreciable
benefits were obtained.

Controlled leaching is a technique in which the
multistage addition of reagents is used to control and
maintain the concentrations of acid and ferric ions at
optimum levels in all the leaching tanks. Mintek suc-
cessfully demonstrated the technique at a uranium plant,
which has operated in this way since February of this
year. It is estimated that, during the first six months of
operation, controlled leaching, together with the attend-
ant optimization of the reagent concentrations, led to the
following reductions in reagent usage, as compared with
the previous operation: sulphuric acid 12,5 per cent,
pyrolusite 12,4 per cent, and lime 9,1 per cent.

On the same basis, the dissolution of uranium (or the
leaching efficiency) increased from 81,2 to 83,6 per cent,
although this improvement is possibly due to the higher
temperature, longer residence time in the leach, and
higher uranium head grade. The downstream unit opera-
tions were not affected.

The points of reagent addition and controlled reagent
concentrations at these addition points were optimized
as follows:

(i) the concentration of acid was controlled at 8
grams per litre by the addition of sulphuric acid
to the first, second, third, and fourth leaching
tanks,

(ii) the concentration of ferric ions was controlled at
about 1,5 grams per litre by the addition of
pyrolusite to the first, second, and fourth leaching
tanks, and

(iii) the temperature was maintained at 55 °C down
the leach cascade so that the results could be
compared with previously monitored results ob-
tained under the former strategy.

The correct choice of instruments and their calibra-
tion were vital factors in the control obtained, and a
steady flowrate of the feed to the leach, never actually
achieved, would have made the benefits of controlled
leaching more fully apparent. A minimum residence time
of 8 hours was found to be critical for successful con-
trolled leaching in this situation.

The transfer of the technology was effected by liaison
and cooperation between Mintek and plant personnel
at all process and management levels throughout and
after the test period.

The correlation between the results observed on the
plant and those obtained in the original laboratory work
was good, which augurs well for the incorporation of
similar metallurgical improvements on other uranium
plants.

Resin-in-Pulp

Work on the development of a resin-in-pulp process for
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A new pilot plant, which is to be used for the study of the resin-in-pulp (RIP) process.

the recovery of uranium included a determination of the
effect of various types of mesh on the screening rate
of submerged launder screens. A pilot plant consisting
of an air-agitated or a mechanically agitated tank fitted
with three equal screen boxes and connected to a surge
tank in a loop gave a duty of 1,2 tons per square metre
per minute with a pulp having a relative density of 1,5
and a resin content of 10 per cent (by volume). The
mesh used was 316 stainless steel with openings of
595 ̂ m and the screen was air-swept, no attempt be-
ing made to optimize the air rate during commissioning

Another project concerns the effect of five different
mixing systems on the degradation of resin with time.
A pilot plant is being erected, and will be commissioned
with water so that the characteristics of the system can
be determined with a Newtonian liquid before a non-
Newtonian liquid (slurry from a uranium leach) is used

The economics of six recovery routes for uranium

were compared. Resin-in-pulp with stirred-tank contac-
tors was found to give lower capital costs and lower
annual operating costs than did more conventional
configurations.

Since the mass of resin employed is a critical
parameter in such tests, a new measurement technique
was evolved and tested.

The pilot plant for studies on the degradation of resin
includes stripping and regeneration sections. The
capacities of these sections for resin were determined
experimentally.

A considerable effort is being expended to ensure that
fresh pulp is used in all the experiments Various tests
were conducted so that the extent of autogenous grind-
ing of pulp particles during stirring could be determined
It was found that there is a small decrease in the coarse
fraction after it has been stirred for a week at maximum
levels on a 5-litre scale
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rro-alloys

The more-fundamental aspects of the work in this pro-
gramme were previously undertaken by Mintek's
Pyrometallurgy Research Group at the University of the
Witwatersrand Although the Group was formally
disbanded during the year, the projects undertaken there
are continuing. These include studies of the physico-
chemical properties of manganese alloys and slags, the
activity of chromium in ferrochromium and
ferrochromium-silicide melts with the use of zirconia
electrolytes, and the free energies of formation of
synthetic chrome spinels.

Work on the prereduction-preheating of chromite in
a fluidized bed has been initiated at Mintek, and ex-
perimental runs on a small-scale pilot plant are about
to start. An investigation on the plasma processing of
vanadium to the ferro-alloy, carbide, and carbonitride has
started. The initial results appear to be promising, since
vanadium carbide has been produced to specification.

Ferrochromium

The final stage of a sponsored project on the recovery
of chromite from dump tailings involved the evaluation
of an elutriator of pilot-plant size at a local chromite mine.
Lack of suitable gravity-concentration facilities made it
difficult for the performance of the elutriator to be op-
timized, but the test results confirmed those obtained
in the laboratory tests, and a final product assaying 46
per cent chromium trioxide and 1,1 per cent silica was
obtained at recoveries of more than 45 per cent.

Previous work on the recovery of ferrochromium from
furnace slags and related products led to the applica-
tion of the principle of magnetic separation on a local
operating ferrochromium plant. Since this process is ef-
fective only on material larger than 10 millimetres, alter-
native recovery procedures were required for the under-
size material. In tests on various wet gravity-
concentration methods, tabling was found to be suc-
cessful on material smaller than 0,6 millimetre, and con-
centrates assaying over 99 per cent metal were pro-
duced. Jigging was found to be viable on material
between 4,0 and 0,6 millimetres, and the recoveries
were estimated to be above 90 per cent when concen-
trates assaying above 99 per cent metal were produced.
Heavy-medium separation of the material between 10,0
and 4,0 millimetres gave excellent results, the grades
and recoveries both exceeding 99 per cent.

The work on the production of high-carbon ferro-
chromium, which started some five years ago at
Tetronics Research & Development, has advanced at
Mintek to the point where campaigns lasting several
days are conducted satisfactorily on the 100-kilowatt
pilot-plant scale. It has been demonstrated conclusively
that run-of-mine chromium-ore fines can be smelted with
coal fines as the reducing agent to produce high-carbon

Tapping a 200-kilowatt furnace during experiments on the
smelting characteristics of ferrochromium mixtures.
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ferrochromium that complies with the current specifica-
tions. Materials can also be made that cannot be pro-
duced by the conventional submerged-arc furnace; for
example, products with a carbon content of as low as
4 per cent and a silicon content of less than 1 per cent.
In this work, difficulty was experienced in the control of
the silicon concentrations when they were above 2 per
cent. An open bath is being used in an in-depth investiga-
tion of this aspect of the process chemistry. Consistently
high recoveries of chromium and iron (above 95 per
cent) have been obtained.

A patent covering the smelting of high-carbon ferro-
chromium from ore fines and coal fines in a d.c. trans-
ferred-arc open-bath process and the optional co-melting
of high-carbon ferrochromium fines has been lodged in
over twenty countries and has been accepted by the
United States patent examiners.

A second patent, which covers the refining of high-
carbon ferrochromium using chromite ores to produce
an alloy with carbon levels down to between 3 and 4
per cent and silicon levels as low as 0,1 per cent, has
been taken out with the same broad coverage.

By way of a consultancy project, the results of the
above work were used extensively by the sponsor in
commissioning and operating the first industrial-scale 20
megavolt-ampere plasma furnace.

The open-bath d.c. transferred-arc plasma approach
that is currently in use at Mintek offers a unique oppor-
tunity for the control of the carbon addition during the
smelting of chromium in a manner that is not possible
in a submerged-arc furnace. With this degree of
freedom, products covering a range of chromium-to-iron
ratios from the conventional 1,6:1 to 100.1 can be made.
Several extensive campaigns, each lasting several days
of continuous operation were carried out on the 200
kilovolt-ampere furnace at powers up to 160 kilowatts
in order to produce tonnage quantities of products that
should be new and attractive to the market.

At the sponsor's request, Mintek investigated the pro-
duction of iron-chromium-silicon alloys with silicon levels
of 46 per cent, using d.c.-arc open-bath technology.
Reservations as to the viability of this process were con-
firmed during pilot-plant trials when the expected ex-
cessive fuming of silicon monoxide occurred It appears
that a furnace design allowing for solid carbonaceous
material above the bath is essential to the success of
this method. This work will be continued when a suitable
design for a reactor is available. The co-melting of high-
carbon ferrochromium and silicon fines was shown to
resul! in rapid exsolution of the carbon, and alloys with
carbon levels as low as 0,05 per cent have been attain-
ed Although this equilibrium relationship between the
silicon and the carbon is well known, the rapid rate of
carbon removal, now proved, leads to a practical alter-
native method for the production of iron-chromium-silicon
alloyp.

A member of staff who was seconded to the Univer-
sity of Minnesota for two years to study the more-
fundamental aspects of the interfacing of plasma
technology with chromite reduction has completed his
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post-graduate project. The sustained shock-wave plasma
and the transferred-arc open-bath plasma were both in-
vestigated. Significant degrees of reduction of chromite
were observed in the former system and appear to have
taken place in flight. No further work on this system is
planned because of the formidable scale-up problems
involved. However, the interaction of the feed material
with the plasma arc has been shown to be an import-
ant parameter even in the d.c. transferred-arc open-bath
system, where the very high temperatures reached in
the attachment zone of the arc to the open bath result
in undesirable side reactions, such as the reduction of
magnesium oxide to magnesium by carbon or silicon.

Because of the successful derivation of empirical
equations for the physicochemical pioperties of slags
with compositions outside the spinel region, such equa-
tions are being derived for the spinel region itself. The
slags in that region are typical of those found in con-
ventional ferrochromium smelting. The interrelations bet-
ween the various slag-forming oxides appear to have an
empirical correlation with fundamental slag theory.

Major assistance was provided with the instrument-
ation and a data-acquisition system thai was designed
and built to monitor the performance and to control the
variables in the first commercial plasma-arc operation
for the production of ferrochromium. Also, assistance
was provided in the development of software for the
analysis of these captured data on a desk-top computer
system.

A sponsored project on the comparison of various
feed-preparation routes, based on preheating or
prereduction, or both, for the optimum utilization of
plasma-smelting techniques, was completed for a local
ferro-alloy producer.

Ferromanganese

The detailed investigation of the mineralogy of the
Kalahari manganese field is nearing completion.
Mineralogically, the Kalahari Basin can be subdivided
into two areas of different mineral distributions and com-
positions. Two-thirds of the basin, which comprises
diagenetic to very low-grade metamorphic sediments,
is named the Mamatwan-type area. The minerals in this
area show virtually no alteration other than that resulting
from diagenetic influences. The remaining one-third of
the basin, the north-western portion, has been partially
altered by hydrothermal solutions, and is named the
Wessels-type area.

The Mamatwan type of ore is dark brown in colour
and spotted throughout with white and light-brown ellip-
soidal carbonate ooides. The matrix between the ooides
consists of braunite and carbonate. Braunite is the ma-
jor manganese mineral present, and kutnahorite
(manganese-dolomite) is present in the ooides and in the
fine-grained matrix. Hematite is a widespread minor
constituent.

The Wessels type of ore is very coarse-grained, and
has a typical massive black appearance. Kutnahorite is

absent, its place being taken by recrystallized calcite.
Braunite is less conspicuous than in Mamatwan ore, and
is sometimes replaced by braunite(ii), bixbyite, and
hausmannite. Hematite is more abundant, and barite and
andradite are present.

The project aimed at the development of an X-ray
technique for the quantitative phase analysis of
manganese ores was completed. Unfortunately, the
technique is not as successful as was hoped initially.
The reason for this is that the X-ray method relies on
the crystallinity of the minerals for their determination,
and a significant percentage of the material in man-
ganese ores appears to be amorphous.

In another project, a procedure was developed for
the recovery of solids and water from sludge at a local
ferromanganese plant. The waste gases from the ferrc-
manganese furnaces at this plant contain a considerable
amount of manganese-bearing . material, which is
recovered in the form of sludge by water spray.

Two methods were found to be practicable. Floccu-
iation of the fine solids by a selected commercial floccu-
lant gave a solids phase containing about 45 per cent
solids, and a liquid phase suitable for recycling to the
venturi sprayers. The practicality of this process was
demonstrated on a small pilot plant. Centrifuging was
considered as an alternative to flocculation and thicken-
ing, and the process was successfully demonstrated on
site by the suppliers of such equipment. A solid phase
containing over 50 per cent solids was produced without
the addition of a flocculant, and the liquid phase was
found to be suitable for recycling. The economics of the
two procedures is now being assessed.

The second phase of this project concerned pelletiz-
ing and briquetting tests. Briquetting of the material with
a mixture of 10 per cent lime and 10 per cent molasses
as the binding agent gave a briquette with a compressive
strength less than half that of chromite pellets. Pelletiz-
ing gave weak pellets, even with large additions of the
binding agent.

As demonstrated previously, the melting and refining
of high-carbon ferromanganese fines is feasible.
However, as had been feared, attempts to smelt high-
carbon ferromanganese and silicomanganese in the
plasma furnace were not successful, in that the recov-
eries of manganese and silicon were low as a result of
volatility losses of elemental manganese and silicon
monoxide.

A sponsored project covering the manufacture of low-
to medium-carbon ferromanganese in the plasma fur-
nace has been initiated, and is making good progress.

Ferrosilicon

A reference material of the type of ferrosilicon used in
heavy-medium separations is being prepared.
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A photomicrograph of manganese ore from the Mamatwan deposit in the north-western Cape, showing the replacement
of kutnahorite (white) by hausmannite (red) in a matrix of braunite (black).
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Iron, Steel, and Stain!

Preparing for a high-temperature tensile test on a sample of stainless steel.

A post-graduate student working with Mintek's Iron and
Steel Research Group at the University of Pretoria suc-
cessfully completed the experimental part of his project
work, which was to study the behaviour of sulphur in
the production of direct reduced iron (DRD in a rotary
kiln. It was shown that sulphur pick-up can occur well
before advanced metallization occurs. This is because
the sulphurization of magnetite and wüstite can occur
at temperatures below 800 °C

Desulphurization w.as shown to take place at a fairly
rapid rate in the presence of hydrogen, and at a lesser
rate in the presence of carbon monoxide, except where
liquid iron sulphide phases had penetrated into the pores
of the sponge iron The understanding of this mechanism
is important in the control of sulphur in the D R i pro-
duced in rolary kilns, such as those being commissioned
by Iscor at Vanderbijlpark

The project of a second post-graduate student from
the same Group is well advanced. This is a study of the
melting and smelting characteristics in a plasma furnace
of D R i of varying degrees of metallization. Subsequent
treatment in a plasma furnace completes the smelting
and melting. Carbon levels of as low as 0,1 per cent
were obtained, even when material that had undergone
relatively low degrees of prereduction was smelted.

A third post-graduate student from the Group recently
started a project on the preheating and prereduction of
iron-ore fines with coal in a fluidized bed.

A computer programme was written to calculate the
mass and energy balances for the coal-oxygen smelting
of iron-chromium alloys of a composition similar to that
of stainless steel (20 per cent chromium) from feed
materials prereduced to various degrees. This pro-
gramme will be used in the evaluation of the newer iron
and steel processes, such as those of Krupp (Coin) and
ASEA(Elred), for the making of the iron-chromium alloys
required for stainless steel. It will lead to an examination
of alternative routes for the making of stainless steel that
bypass the conventional production of high-carbon ferro-
chromium. Initial checks on the data produced by the
programme agree well with published information

In the control field, a start was made with the model-
ling of the argon-oxygen decarburization <A o D ) refining
process as used in the production of stainless steel
Relevant thermodynamic and empirical data are being
gathered for the design of a model that describes the
operation of the plant. If successful, this model will be
used in studies of process control.
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r, ISli I, and Cobalt

A mineralogical project was conducted in support of
Mintek's bacterial-leaching investigation. Particular atten-
tion was paid to acid-consuming minerals, and chemical
tests were conducted in which samples were leached
under standard conditions with sulphuric acid. The most
important acid-consuming minerals were found to be
carbonates, chlorites, serpentines, and sulphides
(pyrrhotite, pentlandite, chalcopyrite, and minor pyrite and
violarite). A 'consumption coefficient' was derived to give
an indication of the leaching efficiency in terms of acid
economy.

A mineralogical study was made of ore obtained from
the nickel occurrence at Mabelikwe Hill. It was found
that disseminated and locally more massive millerite-
violarite mineralization is hosted by highly recrystallized
limestones. Supergene alteration had led to the form-
ation of zaratite, gaspeite, and a previously undescribed
nickel carbonate, unfortunately finely intergrown with
quartz and calcite, which precluded a full description of
the mineral. Present knowledge indicates that the
occurrence is not economically viable. However, if the
nickel carbonate is indeed new to science, the occur-
rence could be scientifically important.

The possible galvanic influence of pyrite during the
leaching of low-grade copper-nickel sulphides was in-
vestigated mineralogically. It was found that, if a large
mass of pyrite was added to the ore (in a ratio of 1 to
1), the rate at which the copper and nickel were leached
by the acid from a complex sulphide ore could be
enhanced significantly. The observed effects are not due
to the presence of a high concentration of aqueous ferric
iron.

Beneficiation

Because of the low nickel and copper contenls of a local
unexploited ore-body, which effectively rule out conven-
tional mining, crushing, milling, flotation, and smelting on
economic grounds, it was decided that the beneficia-
tion of this ore-body should be by alternative procedures
such as in-pit crushing, preconcentration by ore-sorting
or heavy-medium separation, followed by more-intensive
treatment of the preconcentrates by gravity, flotation, or
magnetic separation, and bacterial leaching.

Preliminary tests involving ore-sorting on material from
50 to 37 millimetres gave nickel recoveries of about 65
per cent in a concentrate mass of about 30 per cent.
Heavy-medium separation of material of similar size gave
similar results, but with the advantage that size fractions
down to 1,0 millimetre can be treated by this method.
A new sorting process developed by an overseas com-
pany is being assessed. Flotation of the original ore by
the procedure developed for this ore in a previous in-
vestigation gave poor nickel grades and recoveries, and
work is in progress in an attempt to improve the flotation
procedure. At present, it appears that much better

grades and recoveries can be obtained by a modified
flotation procedure.

Heavy-medium separation of a bulk sample to pro-
vide a product free from acid-consuming constituents,
and therefore suitable for bacterial leaching, was suc-
cessful, over 80 per cent of the nickel and copper being
recovered from the fraction between 9,0 and 0,5
millimetres in a concentrate mass of about 58 per cent.
Magnetic separation of this size fraction of the ore gave
a nickel grade of 0,48 per cent and a nickel recovery
of'70 per cent. The concentrate mass was 34 per cent.
The copper recovery, however, was much lower.

Work on this sponsored project is continuing with in-
vestigations on the new sorting method and on flotation
to produce bulk sulphide concentrates. These concen-
trates will be used in magnetic-separation tests to pro-
vide high-nickel concentrates for smelting and low-grade
concentrates for bacterial leaching. Further gravity-
concentration and flotation tests will be done on
preconcentrates obtained by sorting or by heavy-medium
separation.

Specific attention is being focused on whether the ex-
ploitation of this low-grade nickel deposit by heap
leaching of the ore or of a low-grade concentrate will
be feasible. After a bulk sample had been obtained from
the disused adit, several bacterial-leaching column tests
were conducted on ore of different sizes. The rates of
leaching were found to be very high (up to 70 per cent
of the nickel was leached in 100 days) but, owing to the
large amounts of carbonates present as gangue, the
acid consumption was too high for heap leaching of the
ore to be economic. However, the concentrate, which
was low in carbonate material, was more amenable to
heap leaching. A 9-millimetre heavy-medium concentrate
leached well, as did an agglomerated table concentrate,
and the acid consumption was low. A flotation concen-
trate is being produced that will also be subjected to
column-leaching studies. This project has drawn exten-
sively on the knowledge gained from continuing trials
on the leaching of a low-grade nickel-pyrrhotite concen-
trate that is currently discarded at a mine.

In another sponsored project, a study was made of
the effect of vibratory milling of a low-grade sulphide con-
centrate on the dissolution during the acid-oxygen
pressure leaching of nickel, copper, and cobalt from the
concentrate. The leaching rates of nickel and copper
were significantly enhanced by the vibratory milling treat-
ment. Nickel and copper dissolutions of about 90 per
cent were achieved in about 3 hours of leaching after
vibratory milling of the concentrate, compared with 80
per cent for nickel and 20 per cent for copper when
vibratory milling was not done. The leaching of cobalt
was not significantly affected by the vibratory-milling step.
The results of this investigation can be explained in terms
of the mineralogical composition of the concentrate.
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Testing the effectiveness of an experimental
chelating resin in separating copper and cobalt

from a solution containing the two elements.

Solvent Extraction

The investigation of the solvent extraction of cobalt,
nickel, and other metals by acidic extractants and their
mixtures with oximes has continued to produce in-
teresting results. In earlier studies, it was found that the
addition of aliphatic aldoximes to carboxylic acids causes
synergistic enhancements of extraction that enable
useful selectivities for nickel over cobalt to be obtained.
This was extended to the application of such synergistic
mixtures to the extraction of several other base metals.
The extent of the synergistic effect for different metals
was correlated with the formation constants for octa-
hedral complexes containing two oxygen and four
nitrogen donor atoms. A number of useful separations
can be achieved with these extractants, such as nickel-
zinc, zinc-manganese, cadmium-zinc, manganese-
calcium, and manganese-magnesium. As part of the
study, the extraction of metal ions by carboxylic acids
themselves was examined, since the properties of these
reagents are not documented adequately in the
literature. Selectivity series were obtained for four car-
boxylic acids of different types, and linear correlations
of the observed selectivities with characteristic proper-
ties of the metal ions, such as the formation constants

of carboxylate complexes (divalent ions) and ionic radii
(lanthanides), were demonstrated. The effect of chloride
ions in the aqueous phase were also investigated, and
the results quantitatively related to the formation con-
stants of the chloro-complexes of the different metals.
Some novel potential applications of carboxylic acid ex-
tractants became apparent as a result of these studies.

Work started recently on the solvent extraction of cop-
per from aqueous chloride solutions by reagents of the
non-cnelating nitrogen-donor type. Such extractants offer
the advantage that the extraction reaction is not direct-
ly dependent upon the acidity of the aqueous phase, and
therefore does not require any adjustment of the pH
value of the feed solution. Some commercial interest is
now apparent in extractants of this type, particularly for
copper and zinc, and an examination is currently being
made of the extraction chemistry of an analogue of a
recently patented commercial reagent, as well as non-
chelating oximes of Mintek's invention.

Considerable progress has been made in the inter-
pretation of the kinetics and mechanisms involved in the
extraction of base metals by chelating solvents. Previous-
ly obtained kinetic data for the extraction of copper by
hydroxyoxime-type extractants were correlated quanti-
tatively with the rate of the homogeneous reaction in
the aqueous phase. The development of suitable digital
simulation techniques has allowed the kinetics of a
relatively complex process involving chemical reaction
coupled to mass transport to be predicted accurately.
This work was recently extended to include other
published studies of the kinetics of solvent extraction,
and could result in the resolution of the controversy
regarding the site of the extraction reaction in such
systems.

Ion-exchange Resins

The development of specific chelating ion-exchange
resins based on the pyridyl-imidazole functional group
has continued with the production by a local company
of a batch of the functional group. Work on the optimi-
zation of the polymerization steps in the production of
suitable resin beads is continuing at Mintek and in the
laboratories of an overseas manufacturer of resin. In ad-
dition, the synthesis of a number of substituted polyvinyl-
imidazole resins containing amine, hydroxyl, carhoxylic,
or thiol groups was completed, and preliminary screen-
ing tests indicate desirable properties such as select-
ivity for copper, nickel, and cobalt against ferrous ion
in some instances. Work on the thermodynamic aspects
of the absorption of metal ions by chelating resins is
nearing completion, and the selectivities of three com-
mercially available resins and one Mintek experimental
resin for various base-metal ions are being correlated
with those predicted from the formation constants of the
corresponding complexes with model ligands in homo-
geneous solution.
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Z i n c a n d ï_c=ï£*ci

A visit was paid to zinc and lead deposits in South and
South West Africa so that information could be gathered
on lead and zinc mineralization, beneficiation, and
economics, and so that an attempt could be made to
identify problem areas that may benefit from ore
research. In geological terms, the deposits can be
classified as carbonate-hosted deposits, volcanogenic
deposits, and sedimentary exhalative deposits.

Perhaps the most important field requiring further in-
vestigation is that of supergene alteration, with particular
reference to the following:

(a) the changes in mineralogical composition during
supergene alteration (the new minerals that are
formed and the reactions that take place),

(b) the effect of these minerals on recovery
processes,

(c) the overcoming or avoidance of deleterious ef-
fects, and

(d) the recovery, by processes totally different from
that applicable to unoxidized ores, of a whole new
suite of oxide minerals that formed as a result of
extreme oxidation.

i,i the analytical sphere, a method using X-ray
fluorescence was developed for the determination of
zinc, lead, and magnesium in concentrates, middlings,
and tailings.

Recovery of Lead
and Silver

The recovery of lead and silver by the hydrometallurgical
processing of local galena concentrates continued to
receive attention, various options being explored in a
study of leaching, puiification, and electrowinning on a
laboratory scale. Previous results had indicated that
recoveries of 99 per cent of the lead and 95 per cent
of the silver could be obtained by an oxidative leach
using ferric chloride. Further simplification of the pro-
cess is possible by the use of a non-oxidative leach in
acidic chloride solutions, and the initial results seem pro-
mising The oxidation of the hydrogen sulphide to
elemental sulphur, the cementation of silver from the
leach liquors, and the electrowinning of lead from
chloride solutions are also receiving attention. A project
aimed at a fundamental understanding of the kinetics
of the electrodeposition and the electrocrystallization of
lead from such solutions was initiated recently.

Recovery
and Zinc

of Copper

Attempts are being made to produce improved
strains of Thiobacillus ferrooxidans to enhance the
rate of bacterial leaching of low-grade sulphide

ores.

Two years ago, column-type studies simulating leaching
m situ were carried out on the amenability of Prieska
coDper-zmc ore to bacterial leaching. The mine is due

to cease operations during 1985, but large amounts of
fragmented ore will be left in the mine. This ore is of
too low a grade to warrant hoisting to the surface and
treatment by conventional methods. \n terms of metal
recovery, the results obtained from the first laboratory
studies were not good, but more recent experiments
using a specially devised leaching campaign have yield-
ed encouraging results. This work gave rise to the
initiation of a larger-scale (20-kiloton) underground
leaching test in situ at the mine, and the progress is
being monitored closely.

Cyclic testing has continued on the Mintek process
for the low-pressure leaching of sphalerite and the elec-
trowinning of zinc and battery-grade manganese dioxide.
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Platinum-group IX/letal

The value distribution of platinum-group elements in a
borehole core from the UG-2 Reef was investigated. It
was found that the values for platinum and palladium,
when plotted against their depth in the Reef, could be
modelled fct part of the Reef by an exponential equation,
and for most of the remainder by an equation relating
the diffusion coefficients, rate of crystallization, and
distribution coefficients. The implications of these obser-
vations with respect to the origin of these elements was
investigated. At the same time, observations were made
regarding later changes, such as talcification and
calaclasis, which are probably related to low recoveries
of the platinum-group metals.

An analytical method applicable to this ore and that
from the Merensky Reef was developed during the year.
It employs a pressed-powder X-ray-fluorescence tech-
nique, and is used for the determination of copper and
nickel in iron- and chromium-bearing materials.

Another method, one using particle-induced X-ray
emission, is being investigated for the determination of
the platinum-group metals. This work is being carried
out by Mintek's Activation Analysis Research Group at
the University of the Witwatersrand.

The potential application of titanium anodes coated
with precious metals (DSA) to the electrowinning of
metals from sulphate solutions continued to receive at-
tention. Literature surveys were completed on the state-
of-the-art in the use of lead and DSA anodes, and work
started on the development of methods for the uniform
electrodeposition of platinum onto titanium, and for the
characterization of the quality and morphology of the
deposit and the anodic properties. Long-term stability
tests were also designed and initiated.

IX/lilling

Advanced control strategies are being implemented in
a circuit used for the milling of platinum-bearing ores.
This is being done in consultation with Mintek.
Multivariable control has been implemented and is being
evaluated on one milling circuit. Computer-based con-
trol equipment has been ordered by the sponsor, but
is expected to be operative only in 1985.

Flotation

Tests done for a platinum mine during 1983 on the flo-
tation of UG-2 ore had indicated that higher recoveries
of the platinum-group metals could be obtained if the
residence time in the cleaning circuit was increased. The
results also indicated the presence of a fast-floating com-
ponent in the ore that yields a high-grade concentrate
after one cleaning stage. The slow-floating component
requires a much longer residence time in the cleaners

and three stages of cleaning.
On a recommendation from Mintek, the mine installed

six Wemco Fagergren flotation cells of 2,8 cubic metres
capacity. Mintek investigated two configurations for
these cells. In the first circuit, the Wemco cells scaveng-
ed the cleaner tailings and cleaned the scavenger con-
centrate once; this concentrate was eventually mixed
with the final concentrate. Although this circuit gave an
increase in recovery of 4 per cent, the grade of the con-
centrate fluctuated considerably and the chromium tri-
oxide content was unacceptably high. The second cir-
cuit, which was designed to provide maximum residence
time in the cleaner for the slow-floating component, gave
an increase in recovery of almost 7 per cent.

The plant ran well at first on the second.configuration,
but the recoveries then fell. Tests indicated a number
of causes, and work is being done to provide a solution
to the problem. An examination of the distribution of the
platinum-group metals in the run-of-mine ore showed that
a large portion of the platinum-group metals were con-
tained in the fines and that flotation of these fines yield-
ed a low recovery. This indicated that underground
operations, such as blasting and handling of the ore,
should be modified so that as few fines as possible
would be produced.

Laboratory tests showed that the flotation of Meren-
sky ore with a modified guar reagent may be superior
to that with the silicate depressant currently used by a
sponsor. A plant test was conducted for three days, and
the results were encouraging enough for Mintek to
recommend that the guar should be used on the plant
for a month of continuous testing.

Examination of the distribution of the platinum-group
metals showed that most of these were contained in the
coarse fractions, and that the underground operations
would therefore not need to be modified.

Leaching and Smelting

Because a sample of slowly cooled blended matte yield-
ed a 95 per cent recovery of the platinum-group metals
in a magnetic fraction representing 25 per cent by mass
of the matte, a method was sought for the leaching of
this magnetic concentrate to yield a concentrate that
would be suitable for treatment by a platinum refinery.
It was found that material assaying more than 30 per
cent platinum-group metals could be obtained from a
two-stage oxidative leach in ferric sulphate solution.
Because the second stage caused some dissolution of
the platinum-group metals, the filtrate was returned to
the first leaching step, where dissolved platinum-group
metals had cemented out. Base-metal sulphates in solu-
tion from the first stage could either be precipitated with
lime and recycled to the smelter, or sent to a base-metal
refinery. This work came to an end when the sponsor
decided to erect a conventional base-metal refinery.
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Mintek has been evaluating multivariable control in a circuit used for the milling of platinum-bearing ores. The photograph
shows a part of the milling circuit and flotation plant. The latter would benefit from a feed of optimized particle size.
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Refractory Minerals and Their IVIetals

This topic included work on andalusite and related
minerals, and aluminium

Andalusite and
Related Minerals

The first project concerned with andalusite was on the
development of a modified milling technique for an-
dalusite shales. It was shown that recoveries could be
increased by up to 50 per cent by prescreening and mill-
ing in a modified standard attrition mill. This procedure
was incorporated in the plant of a leading andalusite pro-
ducer. This is now the third plant using this procedure.

The modified mill was also used in two other projects
involving the beneficiation of andalusite. One sponsored
project concerned the evaluation of a deposit at
Maroelasfontein in the north-western Transvaal. Pilot-
plant tests confirmed the initial observations on borehole
samples that ore from certain areas would give the re-
quired concentrate grades and yields to make the
deposit viable, and it was recommended that further in-
depth bulk sampling should be done so that the grade
and the reserves could be established. The other spon-
sored project concerned the evaluation of a deposit of
high-grade andalusite in Groot Marico, western
Transvaal. Borehole-core results showed the deposit to
be highly variable in grade and yield, but the current
open-pit ore was of high grade and gave the required
marketable grades and yields when tested in the Mintek
pilot plant.

Coarse kyanite crystals from a deposit in Southern
Africa were upgraded by attrition tumbling and screen-
ing to reduce the iron content to less than 0,35 per cent.
Some surface impurities remained, and the effect of
these can be determined only in the brickmaking
process.

A sponsored project on the beneficiation of a South
African wollastonite ore was completed. Although high-
intensity magnetic separation was successful in reducing
the iron content to less than 0,3 per cent, other impurities
such as calcite and silica made it necessary for an alter-
native supplementary concentration procedure to be
found. Flotation was the only alternative, and several
established procedures were tested with limited success.
The wollastonite could not be floated selectively and,
although some upgrading (a grade of 80 per cent at a
recovery of 60 per cent) was obtained by flotation with
amine, it was concluded that a more detailed long-term
investigation would be required for the development of
a viable flotation procedure for this ore.

Two sponsored projects concerned with the beneficia-
tion of carboniferous ores were undertaken.

A graphite deposit from Messina was investigated,
and it was demonstrated that a flake-graphite concen-
trate assaying 90 per cent carbon at a recovery of 10
per cent could be obtained. The low recovery may be

acceptable in view oi the hign price ot tnis material
(about R1400 per ton). Flotation of the fine graphite was
less successful (a grade of 78,6 per cent carbon at a
recovery of 48 per cent), but subsequent work showed
that leaching of the concentrate can increase the carbon
content by up to 15 per cent.

A project that was undertaken for the local aluminium
smelter involved the recovery of high-grade carbon from
anode scrap. Flotation was found to be the only viable
procedure, and concentrate grades of over 95 per cent
carbon at a recovery of 90 per cent were obtained. A
tailing high in alumina and suitable for recycling was also
produced. This led to a second phase in which a pilot-
plant investigation is being conducted to provide data
for a full-scale treatment plant, and to produce carbon
concentrates for pelletizing tests.

Aluminium

Sponsored work was undertaken for a plant that
recovers fluorine from its pothouse fumes and ventila-
tion system by scrubbing with caustic soda. The resulting
sodium fluoride is then reacted with aluminium sulphate
to form cryolite. The plant was recovering only about
70 per cent of the fluorine as cryolite, which can be com-
pared with an expected recovery of 95 per cent. Mintek
modelled the complex stoichiometry of the reactions
taking place and confirmed the models in small-scale
experiments. An operational strategy was devised that
allowed the cryolite plant to be run at design efficiency
with only minor modifications.

Other work on aluminium included an investigation
of the expected local requirements of alumina for the
production of aluminium, and an assessment of the
various process options that are being investigated in
other parts of the World. This was followed by a deter-
mination, on the basis of these process options and
locally available raw materials, of the process route and
raw material most likely to be suitable for local
conditions.
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phate and Flu jpstr

Some preliminary work was done to show whether the
on-line quantitative diffraction method developed for
phosphate can be applied to fluorite. The results are en-
couraging, and work along these lines is proceeding.

Monitoring of
Phosphate

Further work was done on the development of apparatus
for on-line diffractometry to monitor phosphate during
the flotation of apatite on a plant. Early in the year, a
visit was made to factories in Germany where a new
prototype apparatus using a novel geometry was built
for Mintek. This apparatus has since beer received and
installed. It has the advantage over the previous design
in that more than one peak, which may belong to more
than one mineral phase, can be measured simultaneous-
ly. Initial tests reveal that the count rate obtained with
the new apparatus is much higher than with the previous
apparatus, but that the peak-to-background ratio is
somewhat lower. This latter effect was expected, and
is more than outweighed by the advantages of the new
design.

Flotation

The investigation on the chemistry involved in the flo-
tation of oxide minerals by fatty-acid collectors continued.
It was found that the adsorption of sodium oieate in the
presence of polyoxyethylated nonyl phenol forms an im-
pervious layer on fluorite but not on calcite. Under such
circumstances, the dissolution of fluorite is inhibited but
not that of calcite. This difference arises from the
stronger attachment of oieate to fluorite. The polyoxy-
ethylated nonyl phenol is co-adsorbed with the oieate
on both minerals because of an association of these
reagents via hydrophobic bonding between alkyl chains.
This association prevents the build-up of multilayers on
the mineral and makes more-effective use of the oieate
collector. Preliminary adsorption studies of sodium oieate
on apatite have shown that, in the presence of polyoxy-
ethylated nonyl phenols, the behaviour is similar to that
for fluorite.

Microflotation studies showed that the floatability of
fluorite improves if the mineral is conditioned with
calcium oieate at higher temperature, but no such ef-
fect has been observed for calcite. Bench-scale flotation
tests showed that the presence of magnesium ions is
detrimental to the recovery of fluorite by flotation.
However, in the presence of polyoxyethylated com-
pounds, the floatability of fluorite is enhanced more than
it is in the absence of magnesium ions.

The adhesion of air bubbles to polished calcite and
fluorite surfaces was studied, a bubble-extensibility

Using the Davis tube to determine the percentage
of magnetic material in a phosphate-bearing ore.

technique being used in the presence of the reagents
commonly employed in the flotation of fluorite. The
presence of sodium oieate in solution increased the
adhesion of the bubble to the surfaces of both minerals,
but the attachment of the bubble to the fluorite surface
was stronger than to the calcite surface. The addition
of polyoxyethylated nonyl phenol reduced the strength
of the adhesion and the difference in strength between
the calcite-bubble and fluorite-bubble adhesions.
However, the depressant, wattle bark extract, had no
influence on the adhesion of the bubble to the fluorite
surface, but prevented attachment of the bubble to the
calcite surface once the mineral had been immersed
in the solution for some time.
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Refractory Metal

Three projects on the determination of refractory metals
by X-ray-fluorescence spectrometry are being in-
vestigated. These concern molybdenum and tungsten
in resins, and niobium and tantalum in pegmatites;
niobium and tantalum together with a number of other
base metals in tin-smelting slags; and molybdenum,
arsenic, and uranium in solutions, solids, and activated
carbon. It is hoped that these methods will reduce the
time required for several difficult analyses.

Tungsten and
Molybdenum

Work on the separation, by ion exchange, of tungsten
from molybdenum was focused on the chemistry of the
complexing of sulphide with the metals. The rates of
formation of the anionic sulphide complexes are suf-
ficiently different for relatively clean separations to be
achieved by the use of weak-base anion-exchange
resins. Further work on waste solutions from a local plant
is in progress, the aim being the recycling of the tungsten
and recovery of the molybdenum.

Sponsored work on the response of ore from different
zones in a local tin-tungsten deposit to an optimized
standard leaching process was completed. It was found
that, when the more-refractory samples were ground to
100 per cent smaller than 38jum, a recovery of more
than 99 per cent was achieved on all materials.

Another sponsored project explored the possibility that
a pressure leach with sodium carbonate could be used
to extract tungsten, instead of a leach with hydrochloric
acid followed by a leach with caustic soda. The condi-
tions under which a recovery of more than 98 per cent
could be achieved were determined. Pre-Jeaching of the
concentrate with dilute hydrochloric acid to remove the
calcite and apatite resulted in a substantial upgrading
of this low-grade material.

In parallel to the sponsored work was a more fun-
damental investigation on pressure leaching with
reagents of various compositions of sodium hydroxide,
sodium carbonate, and sodium bicarbonate. Preliminary
work on the removal of silica and molybdenum from
tungsten leach liquors was initiated.

Tantalum and Niobium

A process was developed for the recovery of tantalum
and niobium from Iscor's secondary tin slag. In the first
stage of the process, the tin is separated for recycling
to the smelter, and the second stage produces a con-
centrate of tantalum and niobium oxide that exceeds the
market specification for this product. In recent work, the
conditions for leaching of the concentrate with
hydrofluoric acid prior to the separation of the tantalum

and niobium by solvent extraction were optimized.
Niobium pentoxide and potassium tantalum fluoride of
high purity were produced.

Molybdenum and
Uranium

The recovery of molybdenum and uranium from Karoo
material by alkaline leaching was optimized further with
respect to extraction and filterability. Extractions of 80
and 90 per cent were achieved for uranium and
molybdenum respectively.

Titanium and
Ferrotitanium

A project was completed in which the titanium re-
quirements of South Africa were identified, together with
the most appropriate ways, in the context of local raw
and intermediate materials and pyrometallurgical infra-
structure, by which such needs could be met.

Sponsored work continued on the production of a
grade of ferrotitanium that can be used as a carbon
stabilizer in stainless steel. Locally available high-titania
slag and aluminium were used as raw materials in a d.c-
arc plasma furnace. Alloys with titanium contents of up
to 60 per cent were produced, but the residual
aluminium ranged between 10 and 20 per cent. This
aluminium content is considered to be too high, and
attempts are being made to refine the first-stage
material. The refractory problems, which are particularly
severe in this system, were solved by the use of a water-
cooled jacket backing up a magnesia refractory on
which a chilled layer of slag is maintained to form a pro-
tective layer.

llmenite

A project was initiated on the processing of ilmenite in
a d.c.-arc furnace to produce a high-grade titania slag
and pig iron. Tests were also planned on the sustained
shock-wave plasma (SSP) system at the University of
Minnesota as part of a post-graduate project.
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Constructing an alumina-based roof for a plasma furnace. The roof has to be able to withstand high temperatures.
and is strengthened by the addition of stainless-steel fibres.

31



irth Metals, Antimony, Tin,
Onromium and Manganese Metals

Chemicals

As in previous years, a considerable amount of work was
done on chromium and manganese metals and che-
micals, with a lesser amount of effort in work on tin and
no effort in research on rare earths or antimony.

Chromium IX/letals
and Chemicals

The separation of chromium and iron by the solvent ex-
traction of solutions obtained from the leaching of ferro-
chromium with hydrochloric or sulphuric acid was in-
vestigated as part of a potential process for the produc-
tion of electrolytic chromium metal from ferrochromium
fines. The most suitable extraction system was found
to be that based on the use of the secondary amine
Amberlite LA-2 for the selective removal of iron(iii) from
concentrated chloride media. A trial of continuous
countercurrent extraction lasting 48 hours was carried
out on a ten-stage mixer-settler miniplant. The aqueous
phase consisted of solutions that were obtained from
the leaching of ferrochromium fines with a mixture of
hydrochloric acid and chromium(iii) chloride followed by
oxidation with chlorine. It contained 25 grams of iron per
litre. Raffinates containing less than 0,05 gram of iron
per litre were obtained. Losses of chromium to the strip
liquors amounted to only 0,1 per cent of the metal con-
tained in the aqueous feed solution.

The electrowinning of chromium from chloride solu-
tions continued to be the major technical hurdle to be
overcome in the production of chromium metal by that
route. Electrowinning from electrolytes having high con-
centrations of chloride ions was found to be less depen-
dent on the formation of chromium(ii) than it is when the
electrolytes have lower concentrations of chloride ions,
and can be carried out in cells in which the anolyte and
catholyte are separated by a simple cloth diaphragm.
It was demonstrated that, although chromium can be
electrowon in the absence of ammonium salts, the cur-
rent efficiencies and quality of the deposit are lower than
those obtained by other routes, the major impurity be-
ing oxides that are formed as a result of precipitation
of the chromium under the alkaline conditions at the
cathode surface.

A process route that uses ferrochromium as the in-
termediate material between chromite ore and chemical-
grade chromium products was examined. The ferro-
chromium is leached with sulphuric acid under reducing
conditions to produce a solution of chromium(iii) and
ironfli). A chromium hydroxide product can be selectively
precipitated from this solution by iron powder, and the
precipitate, when calcined, yields chromic oxide with a
purity of more than 98 per cent. The precipitate can be
processed further to form basic chromium sulphate,
another chromium chemical of wide use.

The conditions under which ferrochromium is
dissolved in sulphuric acid are being optimized on a

bench scale with respect to process conditions and the
composition of the ferrochromium feed. The chromium
hydroxide precipitate is produced in a filterable form by
batch reaction. The conditions under which this reac-
tion can be made continuous are being investigated. The
purity of the hydroxide product appears to be influenc-
ed by the purity of the iron precipitant. Traces of titanium
and vanadium were found, and a small nucleus of
unreacted iron was identified in studies using the scan-
ning electron microscope. A circuit based on known
technology is available for the removal of iron and the
regeneration of acid. The development of an alternative
circuit is in progress.

A separate investigation is concerned with the low-
temperature (1200 °C) reduction of chromite to ferro-
chromium with catalysis by fluorides. This might offer
an alternative route to the production of a ferrochromium
suitable for feeding to a leaching process. This route is
more economical than conventional smelting, which
must produce a ferrochromium product that is
marketable. The fine grinding of chromite ore is a
necessary precursor to solid-state reduction. This was
investigated in a ball mill and a Palla mill, and it was
found that acetic acid is an effective grinding aid that
appears to decrease the tendency of the very fine par-
ticles to agglomerate.

Tests on the electrochemical oxidation of
chromium(iii) to chromiumrvi) is at an early stage. This
reaction opens a route to an extended range of
chromium chemicals. In parallel with the development
of the process, costing studies indicated that the pro-
posed flow sheet is economically attractive.

Some work was done on the determination of the
phase chemistry in the system chromic oxide-calcium
oxide. This work promoted a better understanding of the
lime-chromite roasting process, and is continuing.

Manganese IN/I eta Is
and Chemicals

The synthesis of the previously developed ion-exchange
resin for the recovery of manganese was improved, and
a large batch of this resin was produced for further tests
on a potential resin-in-leach process for the extraction
of manganese. The results of this work have demon-
strated the superior properties of this resin in such an
application, and an economic assessment of the cost
of production is being undertaken before the process
is developed further.

Research involving the heavy-medium separation of
manganese ore was completed. Hausmannite (with a
manganese content of more than 72 per cent) is present
in this ore, and its recovery could provide the sponsor
with a premium product. It was found that about 30 per
cent of the ore could be recovered at a grade of 48 per
cent manganese, which is the required grade Very high
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separating densities were required in this separation. The
results were considered to be satisfactory, and pilot-plant
tests are being carried out at the mine.

A project was recently registered requiring an assess-
ment of whether hausmannite can be recovered from
the ore fines at three mines by heavy-medium cyclone
separation tests. The use of a new type of heavy
medium is being tested in conjunction with these tests.

A project on manganese metal and oxide that was
initiated in 1981 received sponsored support in 1983.
It is concerned with the leaching of Hotazel manganese
ore under reducing conditions to dissolve the
manganese minerals without prior reductive roasting.
Ferromanganese was found to be an effective reducing
agent in this duty. A good return from the application
of this technique to the processing route on a local plant
was in the releaching of the residue after normal
leaching of the calcined ore. Approximately 95 per cent
of the unleached manganese in the residue was dis-
solved by reductive leaching. However, the silica dis-
solved in this operation must be removed from solution,
and this detracts from the economic benefits that could
be obtained.

Work was conducted on the use of an ion-exchange
resin in the hydrogen form as a leaching agent for an
acid-leachable ore. In principle, the ore and the resin
are contacted in a resin-in-pulp mode. Acid released from
the resin dissolves the metal as a cation from the ore,
and the cation is absorbed by the resin, which then
releases more protons to continue the leaching process.
This concept was illustrated by experimental data taken
from a manganese-resin leaching system.

After its deposition, electrolytic manganese dioxide
(EMD) contains sulphate ions and residual acidity. The
conventional technique for the removal of these
undesirable ions is by partial neutralization with sodium
hydroxide and washing with large quantities of water.
Apart from wasting scarce water, this procedure
generates a large amount of dilute sodium sulphate solu-
tion that presents a problem in terms of effluent disposal.
An alternative is contacting of the EMD with an anion
resin in the hydroxide form. The resin takes up sulphate
and bisulphate ions from the EMD and can be
regenerated separately with caustic soda to yield a con-
centrated eluate of sodium sulphate that is suitable for
disposal, or for the electrolytic recovery of the caustic
soda in a membrane cell. A sponsored investigation on
the effect of several process variables established that
there is an acceptable lower limiting value for the
sulphate that cannot be removed from the EMD by
washing. A similar observation was made on the EMD
produced at Mintek, although at a different value for the
irreducible sulphate concentration.

Tin

A sponsored project concerned preliminary tests on

borehole samples from a local tin deposit. The ore was
of low grade (about 0,12 per cent tin), and tests on a
composite sample showed that careful control of the
milling conditions, close sizing, and tabling would recover
about 80 per cent of the tin at a grade of 2,8 per cent.
No upgrading tests were conducted on the concentrates
because of the small amount of sample available, but
a second phase is in progress.

Other sponsored work on tin involves the development
of a flotation procedure for the recovery of tin from
various plant tailings at a local tin mine.

In the analytical field, a method was developed for
the determination of tin (and zinc) in concentrates, midd-
lings, and tailings by X-ray-fluorescence spectrometry.

A novel primary route for the production of
chromium metal includes the electrowinning of
chromium from a sulphate solution that is produced
by the dissolution, in sulphuric acid, of chromium

hydroxide derived from ferrochromium.

33



Material election
ent

and Alloy

A fair amount of time was spent during the year on
background work that would serve to support and pro-
vide an infrastructure tor the main projects under this
programme. This included the building-up of expertise
in the identification and quantification of the intermetallic
phases (especially the sigma phase) in stainless steels;
the acquisition of background information on the quanti-
tative determination of textures (especially rolling tex-
tures) so that the correct choice of X-ray-diffraction
equipment can be made; and the development of an
X-ray-fluorescence method for the determination of
certain platinum-group metals in special alloyed steels.

pipe materials in a line carrying diamond concentrate
are continuing.

Some laboratory testing was conducted in an Abex
wet-sand machine on the relative abrasion resistances
of several commercially available wear-resistant
materials and some hard-facing materials. The initial
results seem to indicate that, in most instances, the 'bulk'
wear materials are more cost-effective than the hard-
facing materials. However, the results should be ap-
proached with caution until it has been demonstrated
that the ranking in the laboratory test is the same as
would be obtained in a full field trial.

Abrasive Wear

Tests on grinding media showed the following.
(1) The heat treatment of a cast ball of modified com-

position gave a 27 per cent improvement in life
over that of a standard cast semi-steel ball in the
grinding of quartzite.

(2) Locally produced white-iroi. grinding balls high in
chromium showed that these perform as well in
quartzite, ore from the Merensky Reef, and copper
ores as do imported balls.

(3) For equal masses of charge, non-spherical media
give a coarser grind.

The theoretical work on ball-wear mechanisms con-
tinued. Information obtained on the rate of discharge of
ball scrap from the No. 3 A-stream ball mill at Western
Platinum Mine was in good agreement with the theory
developed. A formula was derived for the kinetics of ball
wear in the presence of both abrasive and impactive
wear.

Some laboratory-scale and theoretical work was con-
ducted on the slip of grinding media in mills with smooth
liners. A detailed theory of the lifting action of lifter bars
was worked out, and its predictions are being tested.

The initial project on the erosive wear of pipeline
materials has been completed. The main results are as
follows.

(a) For the hydraulic transport of fused ash, white iron
high in chromium seems to be the most cost-
effective material.

(b) Polyurethane seems to be the most wear-resistant
material for the pneumatic conveyance of dried
slime (for backfilling operations).

(c) Cemented tungsten carbide had the best wear
resistance (ten times better than mild steel) for
the pneumatic conveyance of quartz rock.

(d) In terms of cost, neither tungsten carbide nor any
other material is as cost-effective as mild steel.
The most cost-effective and operationally satisfac-
tory solution is probably the use of small tungsten
carbide inserts at high-wear areas in the bends
of mild-steel pipes.

The field tests on the relative wear rates of different

Oorrosive Wear

An on-line corrosion-monitoring system, which provides
for the monitoring of some aspects of water quality as
well, was designed and constructed at Mintek. The
system consists of a section of glass-reinforced plastic
pipe (2,5 metres in length and 100 millimetres in
diameter) with standard flanges. Built into the pipe are
holders for corrosion-test coupons, electrochemical
monitors of the corrosion rate on a continuous basis,
and probes for the measurement of dissolved-oxygen
content, water temperature, conductivity, and pH. The
flowrate is also monitored. Data from the various probes
are collected on a continuous basis.

At present the system is being tested at a surface
site at Durban Roodepoort Deep. Once its performance
is found to be satisfactory, it will be used at various
underground sites for short-term work on the solving of
problems and for longer-term work on the reduction of
corrosion costs in the mining industry.

The laboratory work on the corrosivity of synthetic
mine waters continued. In general, the results of this
work are in good agreement with the results of earlier
corrosion tests in actual mine water. The work led to
a more-extensive understanding of the factors influenc-
ing corrosion in mine water, and confirmed that the
lowest corrosion rates are obtained at pH values of more
than 4 and dissolved-oxygen concentrations of less than
1 milligram per litre.

Some work was also done on the corrosion of 3CR12
stainless steel in synthetic mine water under static con-
ditions. Again, the corrosion rate rose steeply as the pH
value dropped below 4, but the corrosion rates were
generally two orders of magnitude lower than those for
mild steel.

The project concerned with the cost-effectiveness of
various commercially available inhibitors was completed,
and an order of preference for the selection of inhibitors
was produced. Mixtures of passivating and precipitation
inhibitors seem to be the most promising. Further work
on phosphonate inhibitors, developing from this project,
is planned.

An attempt was made to establish a galvanic series
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In an investigation of abrasive wear, the wall thickness of a worn steel pipe is being determined by ultrasonic
measurement.
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for 3CR12 and other alloys in two different mine waters
and other industrial waters by measurement of the
potentials of the alloys in these environments. The
measurements have been completed, but the con-
structed galvanic series is not considered to be com-
pletely reliable because of the wide passive range in
3CR12 and the other stainless steels used. Accordingly,
additional work has been suggested to the sponsor,
which will probably be carried out in the near future.

A survey in the form of a questionnaire relating to
pumping and piping systems in the mining and mineral-
processing industries is almost complete. Once it has
been analysed, it should provide a clear picture of the
problems being experienced in the pumping and piping
area, and give a useful direction to future work on cor-
rosion and wear problems. The following generalizations
can be drawn from the preliminary results.

(a) Abrasion is more significant than corrosion in pi-
ping failures.

(b) Abrasion, and to a lesser degree cavitation, is the
main problem in the operation of pumps.

(c) Abrasive service conditions, use of the wrong
materials, and inadequate maintenance, in that
order, are the main reasons for the premature
failure of pumps.

Problem areas revealed by the survey include the
failure of high-density polyethylene (HDPE) lines, seam
attack in rubber-lined piping, abrasion attack in control
valves, scale build-up in chemical pipelines, failure of an-
cillary pump components, and the highly aggressive
nature of abrasive attack from magnetite and ferrosilicon
in high-density separation systems.

Development Work on
Alloys

Further work was done on 3 per cent chromium steels
with very low carbon contents (less than 0,01 per cent).
A large number of heats to target composition were pro-
duced. Some of these were hot-rolled and then cold-
rolled to sheets of approximately 1-millimetre thickness.
Mechanical and formability tests were then carried out.
The formability was disappointing (since one of the initial
motivations for the work had been the achievement of
high formability), and was not as good as that of a com-
mercial steel tested.

The use of 3 per cent chromium steel in the norm-
alized condition for structural applications is being in-
vestigated. Also, corrosion tests on alloys with the same
low carbon content but with chromium contents vary-
ing from 1 to 10 per cent are planned.

Further work was done on the superplastic-forming
properties of XR12. So far, the results indicate that the
superplastic-forming properties of 'standard' 3CR12 seem
to be as good as those of the variant containing 1,2 per
cent nickel, which was on the market for a period.
Elongations of up to 320 per cent were achieved at low
strain rates, these elongations being nearly double those
obtained earlier by other workers. The optimum
temperature seems to be about 850 °C— perhaps 30 °C

or so lower than that suggested earlier.
In another project on 3CR12 steel, an examination was

made of the microstructural behaviour of plates finished
at different rolling temperatures and subjected to heat
treatment at different temperatures. This work was done
in close liaison with the manufacturers. The results of
the work underlined the sensitivity of the final microstruc-
ture to small changes in temperature and composition
as a result of the narrow (alpha + gamma) region in the
phase diagram. During the course of the work, a new
and very effective tint etch to highlight low-carbon
martensite in XR12 was developed.

A project on the formability of local stainless steels
(including 3CR12), which was conducted by the Mintek
Alloy Development and Fabrication Research Group at
the University of the Witwatersrand, is almost complete.
One of the more interesting results was that the form-
ability of 3CR12 is higher in the as-cast condition than
after hot-rolling (with or without subsequent annealing).
This is the reverse of the typical situation for normal
stainless steels.

The work on the initiation of pitting corrosion in
stainless steels has been completed, and a project was
initiated on the factors that affect the preferential cor-
rosion of particular microstructures in stainless-steel
weldments and heat-affected zones. The main technique
used is the measurement of the varying corrosion cur-
rents between a fine probe and the weld area as the
probe scans systematically across the area. A similar
scan of microstructure and chemical composition on a
micro-scale is being correlated with the measured cor-
rosion rates. The design of a computer-controlled micro-
stepping motor and stage is complete, and their con-
struction is under way.

Polarization studies of heat-affected zones are
proceeding.

The use of stainless steel in coinage in various coun-
tries was surveyed and summarized.

Several projects on the development of alloys con-
taining very high percentages of chromium are being
undertaken.

The first of these concerns Fe-40Cr alloys contain-
ing a few parts per thousand of palladium or ruthenium.
Last year the results of a few initial corrosion tests on
one of these alloys was reported. Since then, extensive
corrosion tests on a range of alloys containing 0,1 to
0,4 per cent ruthenium or palladium were carried out
in boiling sulphuric, nitric, hydrochloric, and phosphoric
acids at various concentrations. The main results of this
work and some microstructural and micro-analytical
work can be summarized as follows.

(1) The addition of ruthenium or palladium causes a
very large reduction in the corrosion rate for Fe-
40Cr in sulphuric acid at all concentrations up to
40 per cent by mass.

(2) Mass for mass, ruthenium has a greater effect
than palladium.

(3) The corrosion resistance of the alloys in
hydrochloric acid is poor.

(4) A preliminary investigation of the microstructure
(including the micro-analysis of inclusions) in-
dicated that the platinum-group metals are
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distributed fairly homogeneously throughout the
alloys.

A member of staff was seconded to the Corrosion
and Protection Centre at UMIST in the u K to investigate
the fundamental mechanism of the reduction in corro-
sion rate caused by the platinum-group metals. At
Mintek, work started on an examination of similar effects
in other alloys.

In a parallel project at the University of the Orange
Free State in Bloemfontein, the distribution and segre-
gation of palladium at the surface of the alloys were in-
vestigated by a Mintek bursar using Auger electron spec-
troscopy. One of the more interesting findings is that the
surface concentration of palladium increased sharply in
a certain temperature range.

Although the results of the corrosion-oriented work
described above are very promising, a drawback of the
alloys is that they are rather brittle. It was established
that fracture occurs by transgranular cleavage. Recent
work in the u s.s R indicates that the ductility of the alloys
can be improved, but the methods used are not always
clear. Recently a new project was established in col-
laboration with the Mintek Alloy Development and
Fabrication Research Group at the University of the Wit-
watersrand, which, it is hoped, will indicate changes in
the chemical composition of the alloy that will improve

its impact strength.
In another project, which started recently, the corro-

sion and wear resistance of chromium-nickel alloys at
the high-chromium end of the phase diagram are being
examined. Alloys at the high-nickel end have been used
commercially for many years, and have been actively
promoted by the international nickel industry.

A project on hard-facing materials, carried out in col-
laboration with Mintek's Alloy Development and Fabrica-
tion Research Group at the University of the Witwaters-
rand, was completed. A very useful classification of hard-
facing materials in terms of their chemistry and
microstructure was made, and some correlations were
established between wearing properties and
microstructures.

In a post-graduate project, the costs of corrosion to
the South African economy are being investigated. This
research includes an examination of the various
categories of corrosion, the costs to sectors of the
national economy, and the technc-economics involved
in the modification of such costs. The data, which were
obtained from several industries (including the mining
and metallurgical industries), are being analysed in the
following four categories: capital costs, operating costs,
business costs, and fixed costs.

Microscopic determination of the grain size of a high-chromium ferro-alloy produced at Mintek
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General Research

Mintek undertakes research that is not associated with
any specific commodity but is considered to be of
general application in its fields of interest.

Mineralogy

Continuous effort is devoted to the maintenance of the
electron microprobes, the improvement of these facilities
where possible, and the provision of micro-analyses. The
computer programmes used to operate the microprobes
and to process the results were modified and improved,
and one programme was developed especially to con-
duct trace analyses.

It was decided that a new electron microprobe should
be purchased to replace the instrument that was ac-
quired in 1965. In the selection of an instrument, only
two manufacturers could be considered, since one
manufacturer had closed down its microprobe division.
After careful comparison of the two instruments and test
runs on them, a Jeol microprobe was selected.

The nine microprobe atandards received last year
were analysed, and the results were distributed to other
users in South Africa. Standards were also supplied to
the Rand Afrikaans University, Potchefstroom University
for Higher Christian Education, and the University of
Pretoria.

In a project aimed at a study of size distributions, an
analysis programme was developed for the image
analyser that determines a size distribution 'by mass',
based on the measurements of individual particles. In
addition, a comparison was made of the size distribu-
tions in preparations of quartz and cassiterite as mea-
sured on a Sedigraph, a Microtrac, and an image
analyser.

An investigation was made of an interesting occur-
rence of native nickel-iron in serpentinites in the Molopo
Farms Complex, which straddles the boundary between
South Africa and Botswana.

Analytical Chemistry

Work continued on the preparation of reference
materials for use in analytical determinations. The
preparation and certification of three coal reference
materials were completed, and a project on the produc-
tion of a reference material of phosphate rock is draw-
ing to a close. A sponsored project for the production
of a series of plant-control standards (reference materials
intended purely for the use of the sponsors) was com-
pleted successfully.

An examination of the use of the LVov Platform in
electrothermal atomization (ETA) and atomic-absorption
spectrophotometry (AAS) was concluded. Although a
great deal was learnt from the investigation, this tech-

nique for the removal of interferences was found to have
only limited application to the work carried out at Mintek.

An investigation on the possible use of Simplex Opti-
mization to establish optimum parameters in ETA-AAS is
drawing to a close. It was hoped that this method would
be as useful in AAS as it is in studies involving induc-
tively coupled plasma (ICP) systems, but the results in-
dicated that little saving in time accrued when it was
applied to atomic absorption.

The hydride-generation method for the determination
of elements such as arsenic, selenium, and tellurium is
often used in AAS, but is fraught with difficulties.
Improved methods for AAS, as well as the application of
this technique to ICP, are being investigated.

An extensive project is being carried out in which the
atomization processes of a number of rare-earth metals
are being studied for application in the ETA- AAS tech-
nique. The interferences are very severe, but several of
the rare earths can be determined in this way with good
sensitivity and precision after a group separation.

Of three projects involving methods for the introduc-
tion of samples into the plasma of an ICP torch, one was
an investigation into the efficiency of nebulization.
Another involved experiments on the three types of
nebulizers used at Mintek, and their ability to handle solu-
tions containing large amounts of solids. The three
nebulizers are a commercially available nebulizer, a
crossflow nebulizer built at Mintek, and a nebulizer based
on the Babington principle. The last nebulizer proved to
be the most effective. The third project concerned the
introduction of highly viscous slurries into the plasma,
a method that was applied successfully to the analysis
of slurries containing gold-loaded resin and carbon from
the resin-in-pulp and carbon-in-pulp processes. The poss-
ible use of this method for slurries of powdered rock
materials is being investigated. The method is very
simple and rapid, and does not require dissolution of the
sample.

Several projects on the analysis of a variety of
materials by ion chromatography were concluded. In
these, methods were developed for the determination
of ammonium, sulphate, chloride, and cyanide ions.

Two projects concerning flow-injection analysis were
also carried out. One involved some fundamental studies
of this technique, and the other was a study of the prac-
tical aspects of the technique with a view to its possible
use at Mintek.

Two methods were developed for the direct analysis
of the ash components in carbons and coals, and a
computer programme was drawn up to control and run
the SRS200 X-ray spectrometer. The importance of this
programme is that it can control the operation of the
instrument as well as carrying out on-line calculations.
This latter capability, which did not exist previously, has
resulted in a reduction in the time required for analysis.

Further refinement of the Mintek-assembled photo-
acoustic spectrometer has increased its sensitivity, par-
ticularly in the near-ultraviolet region of the spectrum.
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Preliminary studies of the nature of the species formed
on the surface of synthetic zinc sulphide treated with
copper ions revealed a broad absorption band that can-
not be assigned to any single copper sulphide species.

Ore-dressing

The flotation of pyrite continued to receive attention in
several fundamental studies. An extensive study of the
behaviour of dodecylamine and several commercially
produced amine collectors at quartz and pyrite surfaces
failed to reveal any reason for the selective flotation of
pyrite from a mixture of these minerals. This was con-
firmed in microflotation experiments on pure samples
of these minerals. However, the presence of multivalent
metal ions, such as those of iron, magnesium, or
calcium, was found to result in the selective depression
of quartz as a result of the selective adsorption of metal
hydroxide species on the surface. This accounts for the
success of amine collectors in the flotation of pyrite on
some local plants.

Electrochemical studies of the interaction of pyrite
with dithiophosphate and mercaptobenzothiazole con-
tinued, measurements of electrode impedance, cyclic
voltammetry, rest potential, and contact angle being
employed in a study on the oxidation of these collect-
ors on the surfaces of gold, platinum, and natural pyrite.
The impedance measurements resulted in complex
impedance-plane plots from which the double-layer
capacitance was the only usefully derived parameter.
The variation of capacitance with potential revealed ad-
sorption of the coWector in potential regions where the
contact-angle measurements indicated bubble contact,
being strongest at potentials close to the potential
required to oxidize the collectors. Large variations in the
rest potentials of particles of pyrite obtained by the
crushing of a larger particle have, at least partly,
explained previous observations of the relation between
rest potential and flotation recovery. A detailed elec-
trochemical study of the interaction of copper ions with
galena, pyrrhotite, and pyrite confirmed the formation
of a layer of cupric sulphide on the former two minerals,
but indicated no interaction for pyrite. Mechanisms have
been proposed for the reactions taking place during the
copper activation of sulphide minerals.

The fundamental study of the chemistry and reactions
of organic depressants with gangue and sulphide
minerals continued. Previous work had shown that the
adsorption of polysaccharide on oxide minerals (such
as talc and apatite) and on sulphide minerals (such as
pyrite and galena) is characteristic of the depressant
rather than of the solid. This focused attention on the
structure and properties of the depressant molecules,
such as the molecular mass, charge, and nature and
degree of substitution. Additional studies of the adsorp-
tion of these molecules onto cassiterite, rutile, and quartz

revealed that this finding is not generally applicable, and
that several factors can contribute to decreased adsorp-
tion. Work aimed at the establishment of relationships
between molecular properties and depressant action is
continuing.

The milling efficiency of a tower mill that was installed
at Mintek some years ago in the ultra-fine grinding of
mine-dump sand was compared with that of a ball mill.
The experimental work included a comprehensive set
of tests on the effect of ball loading and pulp density
on the mill's grinding characteristics and on the power
required by a ball mill to produce the same product. The
results are being analysed, but initial indications are that
the tower mill is more efficient than the ball mill for
ultrafine grinding.

A sponsored project on the improvement of a milling
circuit for an oxide catalyst was completed successfully.

Good progress was made during the year on several
post-graduate projects on aspects of scale-up and the
optimization of operating parameters on the Mintek in-
strumented laboratory mill. These projects included work
on the influence of pulp viscosity and density on the
power drawn by a mill, and the calculation of the shape
assumed by the load in a centrifugal mill.

Much of the more-fundamental work on magnetic
separation has direct relevance to the recovery of extra
gold from tailings. In many ways, magnetic separation
continues to be the Cinderella of ore-dressing tech-
niques; Mintek considers that, with a better theoretical
foundation and practical improvements in the engineer-
ing area, magnetic separation will continue to grow in
importance.

The design of a machine for wet high-intensity mag-
netic separation was finalized, and test coils were
designed, built, and tested. As a result of these tests,
the ball matrix was replaced by a bound structure such
as woven wire. Extensive experiments were conducted
on gold- and uranium-containing tailings so that the
matrix could be optimized. Over 30 different ferro-
magnetic structures were tested, and the following
parameters were investigated: flowrate, magnetic induc-
tion, slurry density, matrix loading, matrix height,
mechanical capture, size matching of matrix and part-
icles, magnetic susceptibility, and scalping of the sample
prior to magnetic separation. The magnetic circuit was
optimized, and its construction is being undertaken
locally.

A laboratory-scale batch high-intensity solenoid
separator was designed, and will be constructed at the
same time as the continuous machine. The small test
coils were assembled into a small batch solenoid
separator, and the unit is being used in comparative
studies along with the Eriez batch separator.

For a better understanding of the behaviour of fine
mineral particles in a magnetic field, the following in-
vestigations were carried out.

(a) An experimental and theoretical study showed
that colloid forces are responsible for incomplete

39



flushing of the matrix, and that adjustment of the
pH value of the water used for flushing can lead
to an improvement in the efficiency of flushing or
to a lower consumption of water.

(b) A theoretical model for the magnetic flocculation
of weakly magnetic minerals was formulated.

(c) It was shown experimentally and theoretically that,
by adjustment of the surface interactions of the
valuable and gangue minerals, the grade of the
concentrate can be increased by about 20 per
cent and the recovery by about 10 per cent.

(d) An investigation of the magnetic separation of
various size fractions of gold tailings showed that
the concentration ratio is the same for all size
fractions except the fraction smaller than 25
micrometres.

(e) A computer programme was developed that
simulates the trajectories of the particles in
magnetic separators, and enables the threshold
conditions that lead to particle capture to be
determined.

(f) A dry magnetic-separation technique in a matrix
batch separator was developed in an investiga-
tion on the beneficiation of foskorite by magnetic
separation, and tests were carried out to supple-
ment those performed by open-gradient magnetic
separation at Foskor.

(g) In sponsored work, dry drum and matrix magnetic
separation was applied to the beneficiation of
limestone for the cement industry.

As the result of a project on the evaluation of
magnetite for use as a heavy medium, Mintek recom-
mended standardized methods to the industry to
describe the physical properties of the magnetite, both
as such and in suspension as a heavy medium. Several
of these methods were implemented at the plant of a
leading producer and by several consumers.

The project on the use of heavy-medium separation
for the concentration of fine mineral particles was closed
after two materials (andalusito and chromite tailings) had
been treated, Good results were obtained on both ores,
and it was concluded that the major difficulties in the
application of heavy-medium separation to fine particles
are in the recovery and regeneration of the separating
medium.

Hydro metallurgy

As the development of ion-exchange and flotation
reagents based on organophosphorous compounds did
not yield compounds with properties superior to those
of commercially available reagents, work in this area was
terminated.

Much of the fundamental work on bacteriological
leaching concerns methods that will increase the rates
of bacterial oxidation. The slow rate of bacterial leaching
of sulphide lends itself admirably to low-cost processes
such as heap leaching and leaching in situ, but prohibits
the adoption of high-cost methods such as agitated
leaching for the extraction of the base metals. With this

in perspective, a programme for the development of dif-
ferent strains of organisms was established so that
mutant organisms with better oxidizing capabilities can
be produced. Although practical difficulties limited the
success of the programme, Mintek now possesses
more-virulent strains for the leaching of nickel than it did
a year ago. Better organisms were produced by natural
methods of strain selection, and it was found that mixed
cultures exhibit better leaching characteristics than pure
cultures.

For high leaching rates, large numbers of bacteria
must be present in a reactor. Methods for this were in-
vestigated, and considerable success was achieved.
Although this study was confined to liquid substrates,
further work will include an investigation of mineral
substrates involving solid-liquid interfaces. Cell im-
mobilization and biomass feedback to the reactor, which
are required when cell-concentration techniques are
used for continuous tests in reactors, are also under
study.

Life tests were conducted on two ion-exchange mem-
branes in a laboratory-scale electrolytic cell for the
recovery of ammonia and sulphuric acid from ammo-
nium sulphate solution. The first membrane lost 7 per
cent of its efficiency in 1000 hours, whereas the second
membrane showed no loss in performance after 500
hours. This work was extended to other systems that
are prone to undesirable side reactions at the electrodes.

A basic engineering study of the factors affecting the
rate of filtration of metallurgical pulps in laboratory- and
plant-scale equipment showed that, within the range
available for normal operation, an optimum drop in
pressure exists that maximizes the rate of filter-cake
formation. The porosity of the cake was found to be the
key to the understanding of the effects of feed density
and particle-size distribution on filtration rates. Similarly,
changes brought about by the washing of filter cakes
could be related to the migration of fine solids through
the porous cake.

Pyrometallurgy

The first steps towards the establishment of a High-
temperature Chemistry Research Group within the
Mineral and Process Chemistry Division of Mintek were
taken during the year. Suitable equipment for high-
temperature thermal analysis was ordered, and several
potential projects were identified. Computer programmes
for the calculation of useful thermodynamic quantities
at high temperatures were written and used successfully
in the prediction of the feasibility of several proposed
pyrometallurgical reactions.

Over the past four years, much effort has been con-
centrated on the design and construction of a range of
furnaces in Bays 1 and 5 to provide the equipment re-
quired for the pyrometaliurgical experimental studies
reported elsewhere. A feature of the equipment
developed during this year has been the use of pot tests
in which, on a small scale, initial experimental runs using
the d.c. plasma arc are conducted at the rate of several
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Microflotation apparatus, such as this single-bubble-stream cell, is used in the testing of the flotation characteristics
of small samples of pure minerals.

tests per day These pot tests are conducted regularly
on two furnaces (the 50 kilovolt-ampere unit in Bay 5
and the 100 kilovolt-ampere furnace in Bay 1) and are
considered to be an essential preliminary to furnace
campaigns. The latter are usually run on the 200 kilovolt-
ampere unit in Bay 1 and require continuous runs of
several days' duration. Successful operation at that level
is, in turn, required before the work is transferred to the
3.2 megavolt-ampere unit, which is Mintek's maximum
feasible scale of operation. The 3,2 megavolt-ampere fur-
nace has been relined with more-suitable refractories,
and modifications have improved the superstructure
above the furnace. The furnace is now ready for further
testwork as and when required.

The programme of improvements to furnace features,
the need for which emerges during experimental work,
continues It was found expedient for these

developments to be explored separately and to be intro-
duced on the standardized furnace units only when they
have been shown to be generally beneficial. Some topics
under this heading are improvements to feed systems,
improvements to instrumentation, and the selection and
development of better furnace linings.

A 300 kilovolt-ampere three-phase submerged-arc fur-
nace was commissioned successfully.

A closed type of pot furnace was developed and is
being used in experimental work aimed at the produc-
tion of magnesium by the silicothermic reduction of
dolomite. Argon, used as the plasma gas in this variety
of plasma furnace, serves also as an inert gas to sweep
out the magnesium vapour. In initial runs, the
magnesium was combusted to magnesium oxide of a
purity that gives promise of a successful process along
these lines
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Experimental work on water-cooled plasma torches
showed that the heat losses were linear with current up
to about 1,2 kilo-amperes; this is in agreement with the
results obtained in work up to 2,6 kilo-amperes that has
been reported by other investigators. Theoretical studies
of heat flow based on these results showed that even
a high-powered torch would be of reasonable size.
However, the torch would have to be easily maintainable,
and the cost of the consumables (argon and thoriated
tungsten) would need to be established on a larger scale
before any financial advantages over graphite electrodes
could be shown.

The project on the location of the energy-dissipation
regions within a d.c. transferred-arc system was com-
pleted during this year. The experiments showed that
approximately 80 per cent of the energy developed in
the arc is directed onto the anode region. Because of
heat-transfer restrictions, this energy will not necessarily
be absorbed here and will leak away. Therefore, a
mechanism must be sought by which the absorption of
energy in the bath of the furnace can be maximized.
Another conclusion is that radiation is not a major factor,
even for long arcs.

Another project is concerned with continuing improve-
ment of the electrical and electronic control of Mintek's
plasma facilities. In the current control strategy employed
on the plasma furnaces, the temperature in the bath is
kept at a constant value by the achievement of a
balance between the power input to the furnace and the
feed rate. This requires accurate control of the feed rate
and the power.

A power-control loop was closed round the 200
kilovoit-ampere furnace, which enables the operators to
select a given power input and to maintain this level.

The second development was the design and im-
plementation of a feeding system that maintains a con-
stant feed rate to the furnace without segregation of the
feedstock components. The system consists of two or
more hoppers (one for each of the feedstock com-
ponents), each of which is equipped with its own
vibratory tubular feeder and load cell. The load-cell signal
is fed into a dedicated feed-rate controller that compares
this signal with an internally generated linear ramp, and
uses the difference to drive the vibratory feeders. The
feed rate is easily changed by variation of the slope of
the ramp. This enables the ratio of the various feedstock
components to be controlled. The feed-rate controller
was tested successfully on the 100 kilovoit-ampere pot-
test facility, and enables feeding through the centre of
the electrode. The combination of the feed-rate and
power controllers enabled a more-precise and reproduc-
ible experimental procedure to be followed during
campaigns.

The third area under examination is the measurement
of bath temperature—a critical measurement for the
plasma furnace. A preliminary investigation is in progress
on the possible production of a model of the plasma fur-
nace that will provide an estimated bath temperature.
No reliable direct or indirect method is available at
present.

A project that had, as its objective, the provision of
infrastructure for computer-aided control of the new

commercial 16 megavolt-ampere plasma-arc facility was
completed during this year. This infrastructure includes
the instrumentation for the furnace, a programmable
controller to perform various control functions, a data
logger to monitor and report the operation of the fur-
nace, and a desk-top computer system for off-line data
analysis and the operation of metallurgical design and
performance programmes. All the equipment has been
installed and commissioned. The project is moving into
a second phase in which the emphasis is on the use
of the equipment in the setting-up of infrastructure for
computer-aided control.

Measuremi
Oontrol

int and

Three projects are in progress on measurements taken
inside a grinding mill. Some of the bolts that secure the
mill lining were instrumented, and the measurements
provided sufficient information on a short-term basis (up
to 30 minutes) on the impacts from pebbles, and the
pressure and conductivity of the load, to warrant further
work. The first project, on a wireless sensor-to-transducer
link, was based on radio-controlled 'hobby' circuits, which
are commercially available. The modulators and
der odulators were designed and built at Mintek, and
limited field tests provided sufficient information to show
that the wireless link can transfer data accurately from
moving machinery (a rotating mill) to a stationary
instrumentation system.

The second project aims at the long-term transmission
of conductivity signals and position-of-rotation signals.
Both signals are to be used in the measurement of the
volume and density (viscosity) of the load in an
autogenous mill.

The third project concentrates on the processing of
the pressure and impact signals that can be generated
by instrumented bolts. The object is the extraction of
those portions of the signals that will be useful in the
interpretation of the state of the mill and their use in pro-
cess control.

The use of sonic and ultrasonic velocity and attenu-
ation for industrial measurements is being pursued. The
major area of development is an ultrasonic system for
the measurement of the degree of attenuation in a pulp
consisting of materials of different particle sizes and con-
centrations. A wide range of frequencies from sonic to
ultrasonic (10 megahertz) is intended. The ultrasonic
transducer calibration system is almost complete, and
the system for computerized data capture and presen-
tation are under development together with the
associated interfaces.

In the more applied work, two projects have been
started in spite of the lack of the above facilities.

In some earlier experiments it was found that, if the
attenuation of ultrasound was measured at about 93
kilohertz and 1,3 megahertz in a mixture of resin and
pulp, the concentration of the resin could be determined.
A measurement system was subsequently developed
that can measure the resin concentration from 0 to 13
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The fully instrumented, computer-controlled milling and flotation pilot plant at Mintek will permit more effective control
of the variables tested.

43



per cent in a pulp with a relative density from 1,2 to 1,5.
This prototype system is being used for the determina-
tion of the effect of temperature and air bubbles in the
pulp.

The second project aims at the development of a port-
able instrument for the measurement of slurry density.
Such an instrument would permit plant personnel to
carry out spot checks on density variations in mixer
tanks and slurry-transport systems. The technique
employed is based on changes in the driving impedance
of a piezo-electric ceramic element. So far, it has been
shown that the change in impedance versus the change
in density of typical gold slurries is linear from a relative
density of 1,1 to 1,7. However, for compensation,
temperature will have to be incorporated.

The project undertaken by Mintek s Measurement and
Control Research Group at the University of Cape Town
on the characterization of slurries and other suspensions
by the use of ultrasound supplied some interesting find-
ings. Attenuation measurements in slurries in the range
0,5 to 4,0 megahertz show that the attenuation per
wavelength (or acoustic-loss angle) increases only slightly
with the frequency, indicating that the loss mechanism
is not primarily due to scattering. This is in contrast to
the finding when resin beads suspended in water are
measured. Also, in experiments where the slurry was
allowed to settle through a horizontal beam of ultrasonic
waves, large refraction effects, indicative of a vertical
velocity gradient, were noticed. This seems to suggest
that sound velocity is very dependent on slurry density.

The development of an ultrasonic-based thermocouple
up to 2000 °C for use in plasma-arc furnaces was con-
centrated on the sensor material and its encapsulation,
but so far only partially successful measurements up to
1800 °C have been possible with rhenium as the sen-
sor material. O;her materials under consideration are
graphites and sapphire rod.

In a new project, the feasibility of the use of a tuning-
fork transducer to measure the velocity of a slurry is
being examined The tuning fork is excited at its reso-
nant frequency by a burst of pulses, and the signal is
left to decay. The resonant frequency of the system is
proportional to the density of the medium in which the
transducer is immersed, and the rate of decay of the
signal is proportional to the viscosity of the medium. (For
slurries, this is the apparent viscosity.) The experimental
work showed that, although the system is able to
measure density and viscosity in slurries, there are some
fairly major problems. The viscosity measurement is sen-
sitive to many other variables in the process such as
temperature, air bubbles, and particle size, the response
is non-linear, the reproducibility is not particularly good,
and the response flattens off at high viscosities. Some
of the problems may be resolved by further investiga-
tion, particularly with a probe of suitable design.

Another measurement project started in the Measure-
ment and Control Research Group is based on the
design and evaluation of coplanar transmission lines. The
objective is the evaluat'on of the non-contact
electromagnetic-field penetration for various purposes.
The major findings are as follows.

(a) The geometry and associated electronics of co-

planar lines give a linear measurement of water
level. A theory of co-planar lines was developed
and verified experimentally. The performance of
expected future designs can be predicted.

(b) For the detection of slurry-froth and slurry- mud
interfaces, a complete unit having analogue and
digital readouts was tested under laboratory con-
ditions and in a flotation cell where the suspen-
sion, which had a solids content of 40 per cent,
was highly conducting.

(c) A line machined longitudinally on a tube 4 inches
in diameter gives a geometry that shows every
promise in the measurement of the total water
content of coarsely ground rock.

(d) A feasibility test using a minimum quantity of
sulphuric acid is being planned for the non-
intrusive measurement of corrosive liquids.

In addition to the data-capturing and reporting system
developed for Mintek's plasma facilities and the commer-
cially operating plasma furnace, two systems were built
to capture data from run-of-mine milling circuits. Each
system is capable of capturing and displaying up to 160
process variables. It also provides periodic reports and
transfers processed data onto cassette tape for replay
and analysis, either on the in-house system or on desk-
tops at the site. This on-line information system has suf-
ficient capacity to be used in the implementation of a
multivariable control strategy to show the benefit of its
use in such operations.

Work started on the identification of control strategies
that can be applied in the mineral-processing industry,
and on the provision of infrastructure and software for
Mintek. The need for dynamic simulations in the predic-
tion of transient behaviour is growing, and techniques
were developed for the efficient use of models in the
dynamic simulation of differently configured networks of
metallurgical operations. These studies include the
following:

(a) the multivariable control of a complex milling cir-
cuit in which there are an unusually large number
of control actions and measurements,

(b) the development of a dynamic model of a flotation
circuit, the examination of the effect of changing
operating variables, and the testing of possible
control schemes,

(c) the development of a dynamic model, based on
a uranium-leaching plant, of a cocurrent leaching
operation, and the determination of the possible
benefit to be derived from the use of advanced
process-control strategies, and

(d) the development of a dynamic model of a rotary
kiln so that the effects of various parameters on
kiln operations can be determined and a better
insight can be gained into the dynamics of the
process, and the study of the effectiveness of
various control schemes.

As in previous years, work was also done on the infra-
structure and software for non-linear processes requiring
process control. In this connection, a study was made
of adaptive and self-tuning control systems.
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Engineering
Economics

A computer system was purchased to interact with the
existing computer-assisted draughting, spread-sheet, and
word-processing facilities, and a project was initiated for
the provision of a data base of commodity-price data
that will support the financial analyses required for other
projects.

Life-cycle cost analysis has become important in the
techno-economic assessment of plant and process alter-
natives. The MAINOPT software that was acquired last
year permits the optimum selection of materials and
maintenance strategies, and a service is now being pro-
vided in that area.

The professional-service activities at Mintek require
the support of comprehensive data bases. At present,
such data bases are being maintained for uranium,
chromium, gold, costs, and processes.
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Summary of Program

Programme

Ferro-alloys (including ferrochromium, ferromanganese,
ferrosilicon, and calcium carbide)

Objectives

1. To study the fundamental aspects of ferro-alloy pro-
cesses required for the optimization of existing pro-
cesses and the development of new processes.

2. To determine mineralogical parameters that may pro-
vide an understanding of the behaviour of ores, fluxes,
reducing agents, and various pyrometallurgical
processes.

3. To develop new and improved processes for the pro-
duction of ferro-alloys, with special reference to the ag-
glomeration of fines, direct processing of fines, prereduc-
tion techniques, and processes that will satisfy new
specifications for products.

4. To develop the instrumentation and the computer hard-
ware and software required for the acquisition of data
and for the control of electric smelting and melting
equipment.

5. To develop control strategies for the optimum stable
operation and control of electric smelting and melting
equipment, electrically and metallurgically.

6. To develop analytical procedures where necessary, and
to meet commitments to the International Standards
Organization (ISO) in the interests of ferro-alloys.

7. To determine the metallurgical and electrical character-
istics of suitable chars for the electric smelting of various
ferro-alloys.

8. To determine the characteristics of S0derberg elec-
trodes so that they can be optimized.

9. To study the techno-economics of the chromium in-
dustry with particular emphasis on the economics of
technical innovation and alternative raw materials.

Iron, steel, and stainless steel (including the processing of
titaniferous magnetites from the Bushveld Complex)

1. To provide technical assistance and research and
development to the local iron and steel industry, with
particular reference to the problems arising from the use
of local raw materials.

2. To develop a basic understanding of the chemical and
engineering aspects of prereduction processes so that
these processes can be assessed and improved.

3. To develop improved processes for the production of
stainless steel in semi-finished and finished form in the
context of local raw materials and local requirements.

4. To develop improved process-control strategies for
reduction, smelting, and melting operations.

5. To develop analytical procedures where necessary.
6. To study techno-economic elements of the ferrous-

metals industry and to provide, where required, an
economic evaluation of new processes.

Copper, nickel, and cobalt To develop practical ore-dressing expertise in the treat-
ment of the sulphides of these elements, with special
reference to the flotation of mixed sulphides, including
laboratory and pilot-plant testing.
To determine the mineralogical occurrence of these
elements in ores and processing products so that their
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behaviour can be characterized during the extraction
processes.

3. To obtain a fundamental physicochemical understanding
of the factors governing the flotation of these sulphides,
with special reference to the activation and depression
of the various minerals in mixed-sulphide systems so
that improved recoveries and separations can be
obtained.

4. To become expert in the knowledge and practice of all
hydrometallurgical processes for these metals, with a
view to testing them on laboratory and pilot-plant scale,
and assessing them technically and economically for
specific applications to South African raw materials.

5. To develop improvements to hydrometallurgical and
electrometallurgical processes, and so produce more
efficient processes and purer products.

6. To develop analytical procedures, especially for the final
products.

7. To use techno-economic techniques in evaluation of the
commercial feasibility of processes and raw materials.

Zinc and lead (only including copper if present in a com- 1. To develop practical ore-dressing expertise in the treat-
plex sulphide of zinc-lead-copper) ment of the sulphides of these elements, with special

reference to the flotation of mixed base-metal sulphides,
including laboratory and pilot-plant testing.

2. To determine the mineral associations and other
parameters that may affect the behaviour of the ores
during processing.

3. To obtain a fundamental physicochemical understanding
of the factors governing the flotation of the sulphides
of these elements, with special reference to activation
and depression of the various minerals in mixed-sulphide
systems, so that improved recoveries and separations
can be obtained.

4. To become expert in the knowledge and practice of all
hydrometallurgical and electrometallurgical processes
for base metals, with a view to testing them on
laboratory and pilot-plant scale, and assessing them
technically and economically for specific applications to
South African raw materials.

5. To develop improvements to hydrometallurgical and
electrometallurgical processes for base metals, and so
to produce more efficient processes and purer products.

6. To establish the necessary expertise in the smelting of
lead and zinc with a view to assisting local industry.

7. To develop analytical methods to determine impurities
in lead.

8. To develop instrumentation and control strategies for
plants (particularly those treating complex sulphide ores)
with a view to improving their efficiencies and the quality
of the products, and to increasing the production
capacity.

9. To use techno-economic techniques to evaluate the
commercial feasibility of processes and raw materials.

47



Platinum-group metals (including anode slimes and
byproducts containing precious metals)

1. To investigate means of improving the recovery and
grade of platinum-group metals <PGM) in ore-dressing
processes treating ore from the Merensky Reef, and
also of improving the subsequent smelting processes.

2. To determine the mineralogical occurrence of these
elements in ores and processing products so that their
behaviour during processing can be characterized.

3. To develop processes for the recovery of PGM and
chromite from the PGM-containing chromite reefs in the
Bushveld Complex.

4. To develop a radically new hydrometallurgical process
employing continuous solvent-extraction and ion-
exchange separation steps for the refining of PGM, with
special emphasis on the reduction of processing time
and improved recoveries.

5. To develop an improved process for the treatment of
anode slimes arising from copper refining, with special
emphasis on the improve,Tier,t of recoveries, decrease
in the processing time, and the use of continuous
hydrometallurgical separations with a minimum of pollu-
tion problems.

6. To develop instrumental analytical procedures, coupled
with a variety of separation and concentration tech-
niques, and further investigations into fire-assay tech-
niques.

7. To develop instruments for the control of ore-dressing
and matte-smelting plants with a view to improving their
efficiency.

Gold (including silver if associated with gold) 1. To increase the recovery of gold (and associated
elements), and to reduce the operating costs of existing
gold plants.

2. To determine the occurrence of gold (and associated
elements) in ores and processing products so that their
behaviour during processing can be characterized.

3. To investigate the development of less conventional
flowsheets, with special consideration of such tech-
niques as carbon-in-pulp, resin-in-pulp, the use of car-
bon and resin in continuous adsorption columns, run-
of-mine milling, gravity concentration, flotation, and wet
high-intensity magnetic separation.

4. To investigate the economic recovery of gold (and
associated elements) from sand dumps and slimes
dams.

5. To develop instrumentation, on-line analytical techniques,
and control strategies for ore-dressing and hydro-
metallurgical processes.

6. To develop improved extraction processes for the
recovery of gold from refractory gold ores, with special
emphasis on improved gold recoveries and pollution
considerations.

7. To investigate improvements to existing processes and
the development of alternative processes for the refin-
ing of gold and silver.

8. To study the techno-economics of gold production, both
primary (from mines) and secondary (from dumps), with
the object of developing computer models to assist in
the comparison of processes and the selection of op-
timum flowsheet configurations.
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Refractory minerals and their metals (including alumina and
aluminium, silica and silicon, magnesia and magnesium)

1. To determine deleterious impurities and their size in
refractory minerals and their ores, so that the degree
of comminution required for their removal can be
assessed.

2. To assess the technical and economic feasibility of the
production of cell-grade alumina from South African raw
materials.

3. To develop suitable ore-dressing processes for the con-
centration of andalusite, sillimanite, and other materials
for the production of refractories, according to the
specifications of the manufacturers of refractories in
South Africa and elsewhere.

4. To provide technical assistance and research-and-
development effort to South African producers of silicon
metal with problems arising from the use of local raw
materials, optimization of furnace design, and control
of the smelting process.

5. To develop suitable ore-dressing and hydrometallurgical
processes for the upgrading of low-grade magnesite to
yield products meeting the specifications for refractories.

6. To assess the technical and economic feasibility of the
production of magnesium metal from local raw
materials.

7. To develop analytical procedures where necessary.

Phosphate, fluorspar, and their chemicals 1. To provide assistance to phosphate producers in
developing and improving their processes, with special
reference to the difficulties encountered in the treatment
of ores having high CO2-to-P2O5 ratios, and of concen-
trates with high MgO contents.

2. To determine the mode of occurrence of impurities and
possible methods for their removal.

3. To develop suitable flotation reagents from local raw
materials.

4. To develop suitable recovery processes for the wide
variety of fluorspar deposits found in South Africa.

5. To develop analytical procedures where necessary, and
to meet the requirements for the preparation of
reference materials.

6. To develop instrumentation for the improved control of
ore-dressing operations.

Refractory metals (including tungsten, zirconium, titanium,
molybdenum, vanadium, tantalum, and niobium)

1. To determine the mineral associations in the ores of
these metals, and the implications during beneficiation.

2. To provide technical assistance and, where necessary,
research and development for the production of minor
ferro-alloys in South Africa from local raw materials.

3. To develop processes for the recovery and refining of
local tungsten reserves, and processes that will permit
the use of imported lower-grade concentrates.

4. To develop technically and economically feasible pro-
cesses for the production of zirconium and zirconium-
containing alloys from local raw materials.

5. To develop processes for the production and refining
of titanium metal and its alloys from local raw materials.

6. To encourage the establishment of a local molybdenum-
processing industry by the development of specific pro-
cesses for the recovery and refining of molybdenum
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from possible local reserves, and to develop improved
processes for the refining of molybdenum concentrates.

7. To develop suitable processes for the recovery and re-
fining of tantalum and niobium from ores and slags.

8. To develop analytical methods for the metals.

Rare-earth metals, antimony, tin, chromium, and
manganese metals and chemicals

1. To determine the mineralogical composition of the ores,
products, and intermediate products, and the implica-
tions during beneficiation and use.

2. To become familiar with lanthanide chemistry, especially
with the hydrometallurgical techniques that can be
employed in the recovery of rare-earth elements from
local sources.

3. To improve mineral-processing techniques for the
recovery of tin concentrates from local deposits.

4. To develop, on a laboratory and pilot-plant scale, pro-
cesses for the smelting and refining of local tin
concentrates.

5. To assess the most suitable processes for the produc-
tion of chromium chemicals and metal from local raw
materials, and to undertake the necessary research and
development to establish the technical and economic
feasibility of such a venture.

6. To provide technical assistance and research and
development to the local manganese-metal industry.

7. To provide technical assistance and research and
development with the object of establishing a local plant
for the production of manganese dioxide.

8. To develop analytical procedures where necessary, and
to meet the requirements for the preparation of
reference materials.

Materials selection and alloy development 1. To undertake a comprehensive survey of the materials
used in the mining and metallurgical industries, with
special reference to ther costs of replacement and
maintenance.

2. In cooperation with other organizations, to initiate a pro-
gramme of laboratory and plant tests to establish the
cost-life advantages of alternative materials.

3. To investigate the technical and economic feasibility of
the production of new alloys from South Africa's raw
materials.

4. In cooperation with industry, to undertake the develop-
ment of processes for the production of such alloys, and
the testing of these alloys to prove their cost-life benefits.

5. To develop analytical procedures where necessary.
6. To study technc-economic elements of novel alloys, and

to evaluate the cost benefits of alternative materials.

Mineralogy (general) 1. To maintain an active effort in the development of im-
proved mineralogical techniques and methods, with a
view to providing the most efficient and up-to-date
mineralogical research-and-service functions.

2. To determine mineralogical reasons for the behaviour
of the valuable constituents of ores during beneficiation,
with particular emphasis on the mode of occurrence of
losses.

50



Analytical chemistry (general) 1. To develop methods of analysis for the elements of in-
terest in the silicate ores submitted by other divisions
of Mintek and by industry.

2. To investigate new techniques of analysis, and to
develop new methods to provide more rapid, accurate,
and sensitive analyses to meet the requirements of
Mintek and industry.

3. To investigate and develop nuclear-activation techniques
as methods of analysis for elements in minerals and
metals.

4. To provide reference materials for use in South African
and international industry.

Ore-dressing (general) including physicochemical studies,
equipment, modelling, and simulation

1. To obtain a fundamental understanding of the physico-
chemical nature of flotation and flocculation processes
so that scientifically based improvements can be made
to the unit operations involved in recovery and
separation.

2. To develop improved flotation reagents with a view to
achieving greater selectivity and higher recoveries.

3. To provide a better physical understanding of ore-
dressing processes with a view to improving these pro-
cesses and the equipment used for them.

4. To investigate and develop new concepts in ore-
dressing.

5. To provide the necessary basic understanding of simula-
tion and optimization so that they can readily be applied
to real situations.

Hydrometallurgy (general) including physicochemical studies
of hydrometallurgy and electrochemistry, and development
of solvents, resins, and equipment

1. To maintain an active fundamental research effort in the
chemistry of hydrometallurgy with a view to providing
an increased understanding of hydrometallurgical pro-
cesses and the expertise required as an aid in process
development and the solving of problems.

2. To maintain an active fundamental research effort in
electrochemistry with a view to the provision of an in-
creased understanding of electrometallurgical processes
and other processes in which electron transfer is
involved.

3. To develop improved processes and equipment for
hydrometallurgical and electrometallurgical processes
based on a better understanding of the physical and
chemical aspects of the processes involved.

4. To develop solvent-extraction and ion-exchange reagents
based on an understanding of the mechanisms by which
they act and by which selectivity is achieved.

FVrometallurgy (general) including physicochemical studies
and equipment

1. To maintain an active fundamental research effort in the
chemistry of pyrometallurgical processes with a view
to the provision of an increased understanding of
pyrometallurgical processes and the expertise required
as an aid in process development and equipment
design.

Process control (general) 1. To provide the necessary basic understanding of simula-
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tion, optimization, and control theories and techniques
and their usefulness in practice, so that they can be ap-
plied readily to real situations.

2. To develop and improve the instruments and other hard-
ware associated with process-control computers for use
in extractive-metallurgical processes.

Uranium (including thorium and other source materials) 1. To increase the recovery of uranium at existing plants.
2. To reduce the operating costs of uranium recovery at

existing plants.
3. To develop new and improved techniques applicable to

uranium production, special consideration being given
to the recovery of uranium from slimes dams.

4. To develop flow sheets and demonstrate processing
routes for the economic production 'of uranium from
primary ores, with attention to possible byproducts from
Karoo material.

5. To develop instrumentation, analytical techniques, and
control strategies for ore-dressing and hydrometallurgical
processes in uranium production.

6. To develop improved extraction processes for the
recovery of uranium from refractory ores.

7. To provide consulting services on operating problems
at existing uranium plants.

8. To act as a reference centre for local industry on the
technology of uranium production in South Africa and
overseas.

9. To study the techno-economics of uranium production
with the object of selecting economically optimum
recovery strategies.

Costing and economics (general) 1. To develop computer-programme modules that can be
used to assemble techno-economic computer models
for use in the economic assessment of processes.

2. To acquire and develop relevant macro- or micro-
economic theories as a prerequisite for the econometric
analysis of mineral commodities so that the impact of
technological innovation can be assessed.

3. To study value-engineering techniques, particularly 'life-
cycle costing' so that such techniques can be used in
the assessment of process alternatives.

4. To acquire and maintain a data bank containing inform-
ation on machine specifications, capital costs, operating
conditions, and associated costs, factors, tariffs, and
other data of potential use in process evaluation.

5. To support the development of cost-engineering
literature relevant to the South African minerals industry.
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IN/lintelc Reports

Unrestricted reports
issued in 1984

M116 Abrasive and impactive wear of high-
chromium cast-iron grinding balls

M124 The use of activated charcoal in a NIMCIX
column for the recovery of gold in cyanide

M128

M129

M131

M132

M133

M134

M135

M136

M140

M141

M144

M145

M146

M147

M150

M151

M153

M154

M156

The determination of cyanide in hydrometal-
lurgical process solutions and effluents by
ion chromatography
The determination of tin, niobium, and tan-
talum in pegmatite by X-ray-fluorescence
spectrometry
The determination of copper and nickel in
iron- and chromium-bearing materials by a
pressed-powder technique and X-ray-
fluorescence spectrometry
Mineralogical parameters influencing the
acid-bacterial leachability of low-grade nickel
ores
Binding mechanisms in chromite briquettes
at low and high temperatures
The NIMROC reference materials: revised
values for thorium, yttrium, lanthanum, and
the rare-earth elements
The installation of a 100 kVA a.c. plasma fur-
nace at Mintek
The determination of gold in activated char-
coal by use of a loose-powder technique and
X-ray-fluorescence spectrometry
The effect of physical and chemical factors
on the corrosivity of a synthetic mine water
The development of a modified milling
technique for the treatment of andalusite-
bearing shales
The development of standard procedures for
the evaluation of magnetite for use in heavy-
medium separation
A preliminary study of the mineralogy of the
nickel occurrence at Mabilikwe Hill, northern
Transvaal
The determination, by X-ray-fluorescence
spectrometry, of tin and zinc in ores, midd-
lings, and residues
Development of a system for the measure-
ment of the pulp-froth level in flotation
Energy transfer in the hearths of submerged-
arc furnaces
A preliminary investigation of the initiation
of pitting corrosion in austenitic stainless
steels and nickel-based alloys
The determination, by ion chromatography,
of chlorine, bromine, phosphorus, and
sulphur in organic materials
The reduction of Winterveld chrome spinel
at 1300 °C under an argon atmosphere in the
presence of carbon
A kinetic study of the reactions of certain

gaseous sulphur compounds with iron
M157 Reaction mechanisms in the reduction of

Winterveld chrome spinel with graphite and
carbon

M161 Improved recoveries of gold from auriferous
calcines and pyrites by fine milling

M165 The development of an improved on-line gold
analyser

M167 Three nebulizers for use with an inductively
coupled plasma spectrometer

M169 The preparation of three South African coals
for use as reference materials

M171 The development of a versatile computer
programme for the evaluation of batch-
flotation results

M172 Computer programmes for the control and
data manipulation of a sequential X-ray-
fluorescence spectrometer

M177 A proposed test for the determination of the
grindability of fine materials

Special publication
issued in 1984

6 Unrestricted Mintek publications 1966 to 1984

Reports declassified
and reissued during
1984

2096D A meter for the measurement of moisture
in mill feed

M14D The liberation and size distribution of pro-
ducts from the plants at the Black Moun-
tain Mine

M10D The recovery of pyrite and gold from acid-
leached residues from the Merriespruit Gold
Mine

M20D The separation of ore from Cooke into high-
and low-grade fractions

M33D Exploratory tests on the reduction of the
sulphur content of sponge iron

M42D The recovery of tantalite and cassiterite
from a bulk sample of pegmatite

M43D Beneficiation tests on andalusite-bearing
shales from a farm near Thabazimbi

M46D Tests on the nature and the reduction of
chlorine in fluorspar concentrate from the
western Transvaal

M58D An electrochemical process for the recycl-
ing of tungsten carbide scrap

M59D Testwork on samples of oxidized ore from
the Potgietersrus Prospect

M60D The production of electrolytic manganese
dioxide from furnace sludge

M64D Isotope-source neutron-activation analysis
for the determination of manganese in bulk
samples
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Papers pared during "1984

Balaes, A.M.E.

Balaes, A.M.E., Jacobs, J.J., Bray, A.R., and
Kendrick, K.

Barker, I.J., Rennie, M.S., Stewart, A.B.,
Barcza, N.A., and Sommer, G.

Becker, E.C.H.

Boydell, D.W.

Corrans, I.J., and Dunne, R.C.

Corrans, I.J., and Svoboda, J.

Dann, M.S.

Eddy, B.T., and Balaes, A.M.E.

Ferreira, A.M.P., Macleod, I.M.*, and Barker, I.J.
"University of Cape Town

Giesekke, E.W., and Harris, P.J.

Giesekke, E.W., and Harris, P.J.

Green, B.R., and Lotz, P.

The determination of gold in activated carbon by X-
ray-fluorescence spectrometry using a loose powder
technique. Submitted to S.Afr. J. Chem.

Determination, by X-ray-fluorescence spectrometry,
of tin and tungsten in ores, concentrates, and
residues of scheelite, wolframite, and cassiterite.
S.Afr. J. Chem., vol. 37, no. 3. September 1984. pp.
124-128.

Process control and optimization of submerged-arc
furnaces. Presented at the Colloquium on Control
and Simulation in the Minerals Industry, Johan-
nesburg, September 1984.

Beyond the Fourier transform. Papers: 1984 Inter-
national Conference on Operations Research in
Resources and Requirements in Southern Africa.
Pretoria, CSIR, 1984.

Developments in plant practice for the recovery of
gold in South Africa. Submitted to Proc. Australas.
Inst. Min. Metall.

Optimization of the recovery of gold and uranium
from Witwatersrand residues. To be presented at the
XVth International Mineral Processing Congress,
Cannes, June 1985.

Magnetic separation in South Africa. Submitted to
Magnetic Separation News.

Linear-displacement measurement. Presented at the
Symposium on Modern Measurement Techniques,
Pretoria, May 1984.

The determination of molybdenum and tungsten in
solutions by thin-film X-ray-fluorescence spectro-
metry. Submitted to Spectrochim. Ada.

Software engineering for an adaptive controller. Sub-
mitted to Trans. IEE.

Influence of polyoxyethylated nonylphenols on the
adsorption of sodium oleate on calcite and fluorite.
S.Afr. J. Chem., vol. 37, no. 3. September 1984. pp.
96-102.

The use of polyoxyethylene compounds in the flo-
tation of fluorite with fatty acids. Presented at the
Symposium on Reagents in the Mineral Industry,
Rome, September 1984.

Chelating resins for the recovery of manganese and
other first-row transition metals. S.Afr. J. Chem., vol.
37, no. 3. September 1984. pp. 109-115.
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Groot, D.R.

Guest, R.N., Dunne, R.C., and Jenkins, R.

Haines, J., and Robert, R.V.D.

Halicz, L

Harris, P.J.

Harris, P.J., and Richter, K.

Henderson, J.L

Hiemstra, S.A.

Higginson, A., and White, R.T.

Hosking, J.W.*, and Robert, R.V.D.
* Murdoch University, Western Australia

Hoyer, D.I.

Hulbert, D.G.

Hulbert, D.G.

Electrochemical investigation of the reactions of
diethyi dithiophosphate and mercaptobenzothiazoie
on noble-metal electrodes. S.Afr. J. Chem., vol. 37,
no. 3. September 1984. pp. 103-108.

The evaluation of gravity separators by the use of a
synthetic ore. Submitted to J. S.Afr. last. Min. Metall.

Measurement of platinum, palladium, rhodium,
ruthenium, and indium by atomic-absorption spec-
troscopy using electrothermal atomization. S.Afr. J.
Chem., vol. 37, no. 3. September 1984. pp. 121-123.

Determination of germanium in silicate rocks and
sulphide ores by hydride generation and flame
atomic-absorption spectrophotometry. Submitted to
Analyst (Lond).

Influence of the substituent group on the decomposi-
tion of xanthates in aqueous solutions. S.Afr. J.
Chem., vol. 37, no. 3. September 1984. pp. 91-95.

The influence of surface-defect properties on the
activation and natural floatability of sphalerite.
Presented at CENTEK (Conference on Flotation of
Sulphide Minerals), Stockholm, June 1984.

A survey of hard-facing methods, consumables, and
microstructures. FWP Journal, April 1984. pp. 7-16.

The distribution of elements in the UG-2 Reef of the
Bushveld Complex. Submitted to Econ. Geol.

The corrosivity of a synthetic mine water. Submitted
to Corrosion and Coatings.

Determination of silver in cyanide solutions by elec-
trothermal atomic absorption spectrophotometry.
S.Afr. J. Chem., vol. 37, no. 3. September 1984. pp.
129-132.

Particle trajectories and charge shapes in centrifugal
milling. Presented at MINTEK 50 (International Con-
ference on Recent Advances in Mineral Science and
Technology), Sandton (Transvaal), March 1984.

The design of control systems and the role of simula-
tion. School on Simulation, Control, and Optimisa-
tion in the Minerals Industry, Johannesburg, July
1984.

The use of control for optimization. School on
Simulation, Control, and Optimisation, Johan-
nesburg, July 1984.

Jacobson, S.A., Denbigh, P.N., and Naudé, D.E.H. A new method for the demodulation of ultrasonic
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Jones, E.A.

Jones, E.A., and Solomons, M.

Kleyenstüber, A.E.S.

Le Roux-Preis, D.B., and James, H.E.

Maxwell, D.G., and Simonsen, H.A.

Moore, G.L

Nicol, MJ.

Nicol, M.J.

O'Connor, C.T.*, Dunne, R.C., and
Botelho de Sousa, A.M.R.
* University of Cape Town

O'Connor, C.T.*, Dunne, R.C., and
Botelho de Sousa, A.M.R.
*University of Cape Town

Ohlson de Fine, M.J.

Overbeek, P.W., Loo, J.P., and Dunne, R.C.

signals for cross-correlation flowmeters. Submitted
to Ultrasonics.

The determination of uranium<vi) in waste waters and
leach liquors by flow-injection analysis. Submitted to
Anal. Chim. Ada.

The determination of chloride in tap water by flow-
injection analysis using an ion-selective electrode.
Submitted to Anal. Chim. Ada.

The mineralogy of the manganese-bearing Hotazel
Formation, of the Proterozoic Transvaal Supergroup
in Griqualand West, South Africa. Presented at
Geokongres 84, Potchefstroom (Transvaal), July 1984.

Die belangrikheid van kennis, vaardigheid en houding
vir navorsing. Presented at the Symposium 'Die
Ekonomiese Opswaai—Kan U Dit Hanteer?', Vander-
bijlpark (Transvaal), June 1984.

Techno-economic influences on the long-term
availability and cost of uranium. Presented at Ninth
Annual Symposium of the Uranium Institute, London,
September 1984.

The use and misuse of internal standardization in
atomic emission spectrometry using the inductively
coupled plasma. Submitted to CHEMSA.

An electrochemical study of the interaction of cop-
per<ii) ions with sulphide minerals. Presented at the
Symposium on Electrochemistry in Mineral and Metal
Processing, Cincinnati, May 1984.

Application to extractive metallurgy. COMPREHEN-
SIVE COORDINATION CHEMISTRY. Wilkinson, G.
(ed.). Oxford, Pergamon Press, to be published. Chap.
64.

The effects of temperature on the flotation of pyrite.
J. S.Afr. Inst. Min. Metall., vol. 84, no. 12. December
1984.

The effect of temperature on the flotation of pyrite
from two ores. To be presented at the XVth Inter-
national Mineral Processing Congiess, Cannes, June
1985.

Ultrasonic measurement techniques for use in the
mineral industry. Presented at the Symposium on
Modern Measurement Techniques, Pretoria, May
1984.

The development of a concentration procedure for
platinum-group metals and chromite from the UG-2
Reef of the Bushveld Complex. Presented at the First
International Symposium on Precious Metals
Recovery, Reno, June 1984.

Paul, R.L. The role of electrochemistry in the extraction of gold.
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Paul, R.L, and Kruger, M.M.

Pohlandt, C.

Pohlandt, C.

Pohlandt, C.

Pohlandt, C.

Preston, J.3.

Ruhmer, W.T.

Schoukens, A.F.S., and Curr, T.R.

Smits, G.

Smits, G.

Sommer, G.

Sommer, G.

J. Electroanal. Chem., vol. 168, 1984. pp. 147-162.

Oxidative dissolution of platinum and ruthenium from
various base-metal binary alloys. SAfr. J. Chem., vol.
37, no. 3. September 1984. pp. 116-120.

Ion chromatography—the missing link in analytical
chemistry. S.Afr. J. Sci., vol. 80. May 1984. pp.
208-209.

IC speeds anion analysis. Nucl. Active, no. 31. July
1984. pp. 33-36.

Determinations of cyanides in metallurgical process
solutions by ion chromatography. S.Afr. J. Chem.,
vol. 37, no. 3. September 1984. pp. 133-137.

The chromatographic separation and determination
of stable metal cyanide complexes in gold process-
ing solutions. Presented at the Conference on
Cyanide and the Environment, Tucson (U.S.A.),
December 1984.

Solvent extraction of metals by carboxylic acids. Sub-
mitted to Hydrometall.

The application of a techno-economic model to the
recovery of gold, uranium, and pyrite from mill tail-
ings. To be presented at the XVth International
Mineral Processing Congress, Cannes, June 1985.

The production of manganese ferro-alloys in
transferred-arc plasma systems. Presented at 42nd
Electric Furnace Conference, Toronto, December
1984.

The early Proterozoic atmosphere: mineralogical
evidence from the Witwatersrand. Presented at
Geokongres 84, Potchefstroom (Transvaal), July 1984.

Witwatersrand reefs: an excursion in the past. Sub-
mitted to Nucl. Active.

The state-of-the-art and future trends in measurement
techniques and systems. Presented at the Sym-
posium on Modern Measurement Techniques,
Pretoria, May 1984.

Instrumentation and process control in mineral
processing—an introductory lecture. Presented at
School on Measurement, Process Control and Op-
timisation, Johannesburg, July 1984.

Sorensen, P.F. A simple mathematical model for calculation of the
pumping rate in an air-agitated pachuca tank. Sub-
mitted to J. S.Afr. Inst. Min. Metall.

Sorensen, P.F. A rigorous method for analysis of the thermo-
dynamics of steam-ejector pulp-to-pulp heat ex-
changers used in pachucas. Submitted to J. S.Afr.
Inst. Min. Metall.
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Southwood, A.J., Miller, P.C., and Corrans, IJ.

Southwood, MJ.

Southwood, MJ.

Southwood, MJ.

Steenberg, E., and Harris, PJ.

Svoboda, J., and Corrans, IJ.

Svoboda, J., Corrans, IJ., and Spitze, M.H.E.

Swash, P.M.

Vermeulen, LA.

Vermeulen, L.A., and Howat, D.D.

Von Broembsen, D.S., and Laxen, P.A.

White, R.T.

Parameters affecting the bacterial heap leaching of
low-grade nickeliferous material. To be presented at
the XVth International Mineral Processing Congress,
Cannes, June 1985.

The influence of mineralogical parameters on the
leachability of low-grade nickel ores. Presented at
Geokongres, Potchefstroom (Transvaal), July 1984.

Acid leaching of nickel and copper sulphide ore in
the presence of pyrite. Submitted to J. SAfr. last.
Min. Metall.

The mineralogy of the Pering zinc-lead deposit, Cape
Province, South Africa, with special reference to
supergene alteration. Submitted to Trans. Geol. Soc.
SAfr.

Adsorption of carboxymethylcellulose, guar gum, and
starch onto talc, sulphides, oxides, and salt-type
minerals. SAfr. J. Chem., vol. 37, no. 3. September
1984. pp. 85-90.

The removal of particles from the matrix of a high-
gradient magnetic separator. Presented at INTERMAG
84 (International Symposium on Magnetics), Ham-
burg, April 1984.

The effect of pH on the recovery of uranium and gold
by high-gradient magnetic separation. Submitted to
Int. J. Miner. Process.

The role of the mineralogist in the copper-mining in-
dustry. Presented at Geokongres 84, Potchefstroom
(Transvaal), July 1984.

The lift of lifter bars. Submitted to J. SAfr. Inst. Min.
Metall.

Fluctuations in the slip of the grinding charge in
rotary mills with smooth liners. Submitted to Int. J.
Miner. Process.

The testing and commissioning of a novel resistive-
heating furnace for the reactivation of carbon from
a carbon-in-pulp circuit. Presented at the International
Ozone Association/National Institute for Water
Research International Conference, Pretoria, March
1984.

Water-treatment practice in the South African gold-
mining industry. Presented at the Colloquium on Cor-
rosion of Piping and Tubing in the Mining Industry,
Johannesburg, September 1984.

58



-

i »*,

• - ^ , ' ' '•«.

>,^t-:"<l

r/?/s wew of the Mintek complex shows the newly constructed tower block, which will house sections of the scientific
and engineering divisions.
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Financial Statement

The Balance Sheet below has been audited in accordance
with the provisions of Section 42(4) of the Exchequer and
Audit Act No, 66 of 1975, read with Section 13(7) of the
Mineral Technology Act No. 84 of 1981, and in my opinion
it has been drawn up so as to reflect a true and fair view
of the financial affairs of the Council for Mineral

Technology.
H.J. van Eck, Acting Auditor General

Pretoria 84.08.10

Revenue and expenditure account for the year ended 31 st March, 1984. Compiled in terms of Section 13 of Act No. 84 of 1981

1982-83
10 556 031

595 894
160 448

1 147 348
206 067
246 288
334 657
729 068

1 278 566
1 664 840

638 074
250 000
726 766

50 000

16 919 207

Balance sheet

1983

8 092 698
14 933 532

750 000
2 027 942

200 000

26 004 172

93 002
3 974

26 101 148

Salaries, wages, and allowances
EXPENDITURE, R

Travelling and subsistence allowances
Postal, telegraph, and telephone services
Consumable stores
Publications
Bursaries
Building services, etc.
General running expenses
Depreciation
Balance transferred to:
General fund
Contract research reserve fund
Equipment replacement fund
Building fund
International conference 1984—Mintek 50

as at 31st March, 1984. Compiled in terms of Section 13 of

General fund
Building fund
Special funds
Contract research reserve fund
Equipment replacement fund
Minus: Withdrawal
International conference
1984—Mintek 50

Current liabilities
Sundry creditors
Bank balance

LIABILITIES, R

Accumulated
fund

8 092 698
14 933 532

750 000
2 027 942

214 284

200 000

25 789 888

Act No. 84

Balance of
income brought

1
1

2

forward

160 833
000 000

783 178

944 011

1 160 833

783 178
1 000 000

of 1981

Transfer from
equipment re-

placement fund

214 284

214 284

1983-84
13 096 951

797 145
233 719

1 356 131
237 330
414 723
457 242
663 238

1 419 488

2 944 011

21 619 978

Total
1984

9 467 815
15 933 532

750 000

2 596 836

200 000

28 948 183

110 672

29 058 855

Remarks: Commitments outstanding as at 31st March, 1984 amount to R1 081 645
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L. Alberts President S.S.J. Coetzer Assistant Manager: Administration (Finance)

1982-83
14 776 000
1 223 645

919 562

REVENUE, R
State contribution
Contract research
Sundry

1983-84
19 283 000
1 356 651

980 329

16 919 207 21 619 978

L. Alberts President S.S.J. Coetzer Assistant Manager: Administration (Finance) Randburg 84.05.10

ASSETS, R

1983 Purchases Depreciation
Total
1984

14
5

21

4

26

929 057
367 322
264 108
447 108

007 595

18 220
255 793
526 540
293 000

101 148

Land and buildings
Equipment
Furniture
Books

Current assets
Deposits
Store stock
Sundry debtors
Investment: Public investment commissioners
Bank balance

511 608
1 532 669

46 348
99 266

2 189 891

1 345 250
46 755
27 483

1 419 488

15 440 665
5 554 741

263 701
518 891

21

6

777

18
294
586
100
281

998

220
990
349
000
298

29 058 855

61



Organization ancM Structure

The Council
Dr L. Alberts* (Chairman)

Dr A.M. Edwards* (Chairman)
Dr N. Stutterheim*

Mr S.J.P. du Plessis*

Dr L. Alberts*

Professor D.J. Schoeman
Mr D.A. Etheredge

Dr W.L. van Wyk

Mr D.J. Marlow
Mr P.A. von Wiellightt

Dr J.P. Hugof

Mr J.C. Hall

* Member of the Executive Committee

t Alternative member of the Executive Committee

t Chairman, Gold and Uranium Advisory Committee

Technical Advisory Committee

Mr D.A. Viljoen (Chairman)

Professor M.G. Rodd

Mr W.D. Winship

Dr T.B. Beeton

Professor G. von Gruenewaldt

Dr A.K. Haines

Dr P.J. Ryan
Professor H.M.N.H. Irving

Mr H.D. Cox

Mr C.F. Brugman

President: Mintek (until 30th June, 1984)
President: Mintek (from 3rd July, 1984)
Chairman, Telephone Manufacturers of South Africa (Pty)
Limited and Chairman of Council of the University of the
Witwatersrand
Director General, Department of Mineral and Energy
Affairs (until 30th June, 1984)
Director General, Department of Mineral and Energy
Affairs (from 1st July, 1984)
Dean of the Faculty of Engineering, University of Pretoria
Retired (formerly Chairman, Gold and Uranium Division,
Anglo American Corporation of South Africa Limited)
Deputy Director General, Department of Mineral and
Energy Affairs
Managing Director, Sentrachem Limited
Retired (formerly Executive Director, Johannesburg Con-
solidated Investment Company Limited)
Managing Director, Nuclear Development Corporation
of South Africa (Pty) Limited
Executive Chairman, Middelburg Steel and Alloys
Holdings (Pty) Limited

Consulting Metallurgist, Gold Fields of South Africa
Limited
Head of Department of Electrical Engineering, University
of the Witwatersrand (also Professor of Electronics)
Managing Director: Steel, Middelburg Steel and Alloys
(Pty) Limited
Manager: Research and Process Development, Iscor
Limited
Head of Department of Geology, University of Pretoria
(also Director of Institute for Geological Research on the
Bushveld Complex)
Consulting Metallurgist, General Mining Union Corpora-
tion Limited
Managing Director, Phelps Dodge Mining Limited
Head of Department of Analytical Science, University
of Cape Town
Manager: Metallurgical Engineering, Rio Tinto Manage-
ment Services South Africa (Pty) Limited
Consulting Metallurgist, Lonrho Management Services
Limited

Gold and Uranium Advisory Committee

Mr P.A. von Wielligh (Chairman)

Professor M.D.G. Salamon

Mr B.E. Protheroe

Retired (formerly Executive Director, Johannesburg Con-
solidated Investment Company Limited)
Director General: Research Organization, Chamber of
Mines of South Africa
Representative, Chamber of Mines Research Organiza-
tion
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Dr G.G. Stanley

Dr J.P. Hugo

Mr P.J. Mostert

Mr V.J. Moore

Mr B.J. Rear
Mr W.A. Gilbert

Mr J.S. Freer

Mr D.A. Viljoen

Dr T.J.B. Jones

Mr CE. Fivaz

Representative, Chamber of Mines Research Organiza-
tion
Managing Director, Nuclear Development Corporation
of South Africa (Pty) Limited
Consulting Metallurgist, Gold and Uranium Division
(Transvaal), Anglo American Corporation of South Africa
Limited
Consulting Metallurgist, Gold and Uranium Division
(Orange Free State), Anglo American Corporation of
South Africa Limited
Consulting Metallurgist, Anglovaal Limited
Chief Consulting Metallurgist, General Mining Union Cor-
poration Limited
Consulting Metallurgist, General Mining Union Corpora-
tion Limited
Consulting Metallurgist, Gold Fields of South Africa
Limited
Consulting Metallurgist, Gold and Uranium Division,
Johannesburg Consolidated Investment Company
Limited
Chief Consulting Metallurgist, Rand Mines (Mining and
Services) Limited

Minister of Mineral
and Energy Affairs

I
Council

Gold and Uranium
Advisory Committee

Vice President

Scientific Divisions

Technical Advisory
Committee

President

Deputy President

Vice President

Engineering Divisions Service Divisions Administration
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Divisions of IX/lintelc

The Council for Mineral Technology (Mintek) is a
statutory organization financed largely by the State. Its
primary aim is to promote mineral technology, including
research into the properties, composition, recovery, ex-
traction, processing, refining, and utilization of minerals
and mineral products. There are, at present, posts for
181 engineers and scientists, 184 technicians, and 482
supporting personnel in its various divisions, making a
total of 847. Each division relies heavily on support from
other divisions. For example, the development of a suc-

cessful oie-dressing technique is usually a necessary
preliminary step in a new research project; a knowledge
of the mineralogical and chemical composition of start-
ing materials, and of intermediate and final products is
essential; the chemistry of the process frequently
requires special study; instrumentation and control
aspects usually start at the pilot-plant stage; and
workshop services are required for the construction and
installation of pilot plants.

Management

President
Dr A.M. Edwards (who succeeded

Dr L. Alberts on 3rd July, 1984)

Deputy President
Dr P.R. Jochens

Vice President
Dr L.J. Dry

Vice President
Mr H.E. James
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Engineering Divisions

Pyrometallurgy Division

The work of this division concerns the development of
new pyrometallurgical processes and the modification
of existing ones for the processing of minerals. It
includes
(1) iron and steel processes such as direct reduc-

tion, in which the impact of the newer ironmaking
methods is increasingly being felt in South Africa,

(2) metallurgical studies in the production of South
African ferro-alloys, notably ferrochromium and
ferromanganese, with the object of improving the
performance of submerged-arc electric furnaces,

(3) S0derberg electrodes, electrode-paste materials,
and the effects of methods of manufacture on the
physical properties and performance of the
resulting electrodes,

(4) new types of furnace with potential processing ad-
vantages in South Africa, especially those based
on plasma-arc technology, and

(5) test smelting in a variety of small-scale furnaces,
usually for a sponsor, to explore the feasibility of
a suggested pyrometallurgical operation.

Director
Mr G.W. Fletcher

Assistant Director: Pyrometallurgical Processes
Dr N.A. Barcza

Hydrometallurgy Division

Hydrometallurgy is the branch of technology that covers
operations in which a liquid is involved in the recovery
of metals and concentrates. The operations typical of
hydrometallurgy involve chemical change, and include
leaching and precipitation, concentration and purifica-
tion by solvent extraction, ion exchange or other sorp-
tion processes, and electrowinning and electrorefining.
In addition, the separation of solids from liquids by filtra-
tion, centrifuging, settling, or other means is an essen-
tial part of hydrometallurgical process routes.

The Division is concerned with the engineering
development and optimization of hydrometallurgical pro-
cesses and equipment that can be applied to the mineral
resources of South Africa.

Assistant Director: Hydrometallurgical Processes
Dr W.A.M. te Riele

Assistant Director: Uranium Hydrometallurgy
Dr M.A. Ford

Mintek Consultant: Gold and Uranium Ore Processing
Dr P.A. Laxen

Director
Dr D.W. Boydell
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Ore-dressing Division

The Ore-dressing Division seeks new methods for the
treatment and concentration of low-grade and refrac-
tory ores, and tests new types of equipment for their
suitability in the processing of South African minerals.
Not only is the work usually done up to the pilot-plant
stage, but, on occasion, tests are undertaken in full-scale
production plants. The Division also provides a service
to other divisions by preparing samples for their further
investigation.

To carry out its work, the Division has an extensive
range of equipment for comminution, particle-size
analysis, gravity concentration, batch and continuous
flotation, magnetic and electrostatic separation, and
heavy-medium concentration.

Assistant Director: Applications
Mr P.W. Overbeek

Assistant Director: Minerals Process Engineering
Mr R.C. Dunne

Director
Dr I.J. Corrans

Measurement and Control Division

This Division is concerned with measurement and con-
trol techniques of any kind that can be of service to
Mintek itself or to the South African industries with which
it is concerned. The work of the Division includes the
application of electronics, instrumentation, control-
systems analysis, and on-line digital control, much of it
being connected with instrumentation and control in ore
beneficiation, and in pyrometallurgical and
hydrometallurgical processes. In addition to existing
technology, new developments are studied in the con-
text of the needs of South African mineral-processing
plants. The Division works in close cooperation with the
other divisions on a number of large projects aimed at
the control and optimization of existing industrial
processes.

Assistant Director: Digital Systems and Measurement
Or A.B. Stewart

Group Leader: Control Systems
Dr I.J. Barker

Director
Mr G. Sommer
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Physical Metallurgy Division

The work undertaken by this Division can be divided in-
to two broad areas.

Firstly, materials of construction used in the mining
and metallurgical industry are investigated from the point
of view of their resistance to corrosion and abrasive
wear. The prime aim is the development of tests that
will aid in the selection of materials having the lowest
overall cost over the life of a metallurgical project.

The second area concerns the development or modi-
fication of alloys containing metals that are plentiful in
South Africa. The main aim is the improvement of the
useful properties of such alloys, so that increased com-
mercial use can be made of metals that occur locally.

Scientific Divisions

Analytical Science Division

The Analytical Science Division provides a routine
analytical service to the other divisions and is respons-
ible for the analysis of a wide variety of rocks, minerals,
ores, and intermediate products. Modern instrumental,
as well as conventional, techniques are used both in the
service work and in the research and development of
new techniques and methods.

The techniques used are those of atomic absorption
(mainly with electrothermal atomization and hydride
generation), emission spectroscopy (chiefly using induc-
tively coupled plasma). X-ray fluorescence, wet
chemistry, and ion chromatography (including flow-
injection analysis).

In addition, certified reference materials are produced
for analytical purposes

Assistant Director
Dr R.J. Watling

Manager: Analytical Services
Mr E.J. Ring

Director
Dr P.T. Wedepohl

Director
Mr R.C. Mallett
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Mineralogy Division

The Mineralogy Division undertakes research in various
mineralogical topics and provides a service to the other
divisions by identifying minerals and describing their
associations. The investigations involve the preparation
of polished and thin sections, ore-microscopy, image
analysis, photomicrography, techniques using X-ray dif-
fraction and X-ray fluorescence, electron-microprobe
analysis, differential thermal analysis, and small-scale
mineral separation.

Most of the investigations concern the determination
of parameters that are of importance in mineral
beneficiation, and the analysis of the products of
beneficiation processes.

Director
Dr S.A. Hiemstra

Mineral and Process Chemistry Division

The work of the Mineral and Process Chemistry Divi-
sion is concerned with the study of the reactions that
take place in extractive-metallurgical processes, and of
the properties that determine the way in which minerals
take part in those reactions. The aim of the work is the
generation and interpretation of relevant background
physicochemical information so that new concepts in
mineral processing can be established and contributions
can be made towards the solution of processing
problems.

The specific interests of the Division fall into five
categories, each of which is handled by a separate
group: surface chemistry, electrochemistry, solution
chemistry, reagent development, and high-temperature
chemistry.

Assistant Director: Surface Chemistry
Dr P.J. Harris

Assistant Director: Solution Chemistry
Dr C.A. Fleming

Assistent Director: Electrochemistry
Dr R.L. Paul

Group Leader: Reagent Development
Dr B.R. Green

Director
Dr M.J. Nicol

68



Service Divisions

Professional Services Division

The Protessional Services Division, formed during 1981,
is responsible for the compilation of monographs on
metallurgical topics, the running of the Chromium Centre,
the preparation of cost-benefit analyses and economic
assessments, and the establishment and maintenance
of data banks on metallurgical costs and processes.

Alternative process routes, declining ore grades, and
inflationary costs have all contributed towards the grow-
ing importance of economic assessment in the selec-
tion of process configurations. The Division costs alter-
native process routes, provides specific studies on
selected topics of mineral economics, develops com-
puter programmes for the computation of mass
balances, and provides up-to-date reports on the costs
of equipment, reagents, and other metallurgical
requirements.

An important task of the Division is to establish data
bases on metallurgical costs, and on the beneficiation
and processing of uranium, chromium, and gold ores.

Head
Mr H.A. Simonsen

Liaison and Information Division

The work undertaken by the Liaison and Information Divi-
sion comprises the dissemination of information both in-
side and outside Mintek and liaison with other institu-
tions. The Division is responsible for the preparation and
publication of all Mintek's technical reports, descriptive
and information brochures, and a periodical bulletin
about the work of Mintek (Mintek Research Digest),
which are distributed to scientists and institutions all over
the World. The Division arranges conferences, both local
and international, on its own or in collaboration with the
scientific and technical societies.

The Library, which is part of this division, contains
some 21 300 books and bound periodicals as well as
22600 reports, and receives around 500 periodicals,
some of which are not available elsewhere in South
Africa.

Assistant Manager: Publishing
Dr H.W. Glen

Assistant Manager: Information
Mr J. Vaughan

Manager
Mr L.F. Haughton
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Technical Services Division

The Technical Services Division is responsible for the
workshops, the erection and maintenance of pilot plants,
the maintenance of buildings and equipment, and ser-
vices and utilities.

The workshops include a precision workshop, a
carpentry shop, and a welding and sheet-metal shop,
as well as plastics, electrical, and general mechanical
shops for the manufacture and maintenance of
laboratory and pilot-plant equipment and the servicing
of utilities, plant, pilot plants, and laboratory equipment.

The layout and maintenance of the grounds and
gardens, the operation of the ventilation and air-
conditioning plants, and all alterations, extensions, and
modifications to existing buildings, as well as new con-
struction work, represent a significant part of the work.

Fire prevention, general safety, industrial health, and
health physics also fall under the control of the Division. Director

Mr R.A. Wood

AdministrationDivision

The Finance Section is responsible for all financial mat-
ters, including the ordering, storage, and issuing of con-
sumable stores and equipment. The compilation of finan-
cial estimates, the payment of accounts and salaries,
and the receipt of income are also handled by this
section.

The General Administration Section handles transport
and cafeteria services, project administration, research
administration, security services, committee work, and
the registry, which is responsible for incoming and outgo-
ing mail and the maintenance of all the official filing.

The Personnel Section is concerned with all staff mat-
ters covering recruitment, establishment, welfare,
records, training, and bursaries.

Assistant Manager: Finance
Mr S.S.J. Coetzer

Assistant Manager: General Administration
Mr W.A. Jordaan

Assistant Manager: Personnel
Mr D.U. Lamprecht

Manager
Mr P.J. Steenkamp

Administrative and Legal Adviser
Mr K.E. Ducat
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Groups at Universitie

Mintek's aims in establishing research groups at univer-
sities are, firstly, to promote the training of post-graduate
students in fields of study that are of interest to Mintek;
secondly, to provide, within South African universities,
research schools that have specialized expertise in these
particular fields; thirdly, to create a bridge between the
academic approach to research and the approach to
applied research and development that exists in the
mineral industry; and, fourthly, to encourage university
departments to undertake research that complements
the work undertaken by Mintek.

Research groups are led either by a specially ap-
pointed senior member of Mintek's staff, who works in
close collaboration with the staff of the university depart-
ment in which the group is situated, or by a senior
member of the university department on a part-time
basis.

The Pyrometallurgy Research Group at the Universi-
ty of the Witwatersrand was disbanded during the year,
but the projects undertaken there are being continued
under University guidance.

University of the Witwatersrand

Alloy Development and Fabrication Research Group

Research Group Leader: Professor G.G. Garrett
(Part-time)

Hydrometallurgy Research Group

Research Group Leader: Dr B. Verbaan (Part-time)

Activation Analysis Research Group

Research Group Leader: Dr J.I.W. Watterson

Recently established in the Department of Metallurgy,
this research group has a programme directed towards
the development and improvement of alloys that con-
tain significant quantities of locally produced metals. Cur-
rent projects include work on the formability of locally
produced stainless steels, the improvement of the as-
cast structure of stainless steel, and the fracture
behaviour of Fe-40Cr alloys.

The research group was established in 1982 and is
housed in the Department of Chemical Engineering. The
research undertaken is aimed at the analysis of fun-
damental processes occurring in hydrometallurgical
systems, such as leaching, precipitation, and electro-
winning. Current projects include the leaching of spha-
lerite mineral in the presence of gaseous oxygen, the
effect of particle-size distribution on the modelling of
leaching systems, and the development and testing of
theory to permit the prediction of continuous liquid-liquid
settler performance from batch data. Additional activities
include the design, development, and testing of novel
hydrometallurgical concepts and equipment.

Nuclear methods have many diverse applications in the
world of mineral processing. These range from the non-
destructive analysis of trace elements in microscopic
mineral separates, through routine applications of
neutron activation to mineral-processing samples, and
the exploitation of the unique penetrating powers of
neutrons and gamma-rays to on-line analysis. All these
applications of nuclear methods, as well as the poten-
tial of Mössbauer techniques and ion implantation, are
being investigated by the research group at the Nuclear
Physics Research Unit. Recent results include the
discovery of relatively large amounts of mercury in native
gold from the Witwatersrand, and the development of
methods for the accurate analysis of fluorine and
manganese in samples with masses of several
kilograms.
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University of Natal (Durban)

Chemical Engineering Research Group

Research Group Leader: Professor R.I. Edwards

University of Pretoria

Iron and Steel Research Group

Research Group Leader: Professor R.J. Dippenaar
(Part-time)

University of Cape Town

Measurement and Control Research Group

Research Group Leader: Professor J.F.W. Bell
(Part-time)

Rand Afrikaans University

Applied Mineralogy Research Group

Research Group Leader: Professor J.P.R. de Villiers

The work of the group concerns particulate processes,
especially in the areas of comminution and solid-state
reaction kinetics, and the processing of chromite to
chromium chemicals. Current and recently completed
projects include studies on vibrational and centrifugal
milling, the carbothermic reduction of ilmenite and
chromite, and the flotation of coal.

This research group functions in the Department of
Materials Science and Metallurgical Engineering, and
embraces both the extractive and physical metallurgy
of iron- and steel-making. The department has strong
links with Iscor, and the first two projects relate to the
direct-reduction kilns that are being constructed at
Vanderbijlpark.

The research-and-development effort was originally con-
centrated on the development and application of soft-
ware for microprocessors for use in process control.
However, in the past five years most of the effort has
been directed towards techniques for the measurement
of flow velocity and density in slurries. More recently,
the research group has concentrated on the use of
ultrasonic frequencies for industrial measurement. The
group is housed in the Department of Electrical
Engineering.

The research group was established in 1972 to find solu-
tions to mineralogical problems that would prove useful
in the beneficiation and recovery of ores.

The research programme covers the following
aspects:

the development of new and improved methods of
mineralogical analysis;
mineralogical and crystal-chemical investigations of
reactions in metallurgical processes;
mineralogical investigations of specific mineral
deposits, and the characterization of ore minerals; and
the development of instrumentation for process con-
trol in metallurgical plants.
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