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The influence of microstructural parameters on the yield
stress and fracture toughness of 3CR12 steel

by F. SIum*, N.R. Comins*, and S.l. Weissf

SYNOPSIS
The effect of microstructure on the deformation and fracture properties of 3CR12 steel was investigated at different
strain rates in the temperature range -196 to 200"C. The yield stress of the as-received steel, showing a banded
dual-phase microstructure, was much lower than that of the flake-like dual-phase microstructure produced by heat
treatment. The heat treatment also resulted in an increase in the volume fraction of martensite. The fracture
toughness of the as-received 3CR12, on the other hand, was signifICantly higher than that of the heat-treated
material. These changes in both yield stress and fracture toughness were attributed to the effect of microstructural
parameters on the constraints imposed on the deformation and subsequent failure of the ferritic phase in the as-
received and heat-treated steels. The exceptionally Iow resistance to crack extension in a plane parallel to the roiling
plane of the as-received material was ascribed to the delamination process, which is typical for controlled-rolled
steels. The yield stress and fracture toughness were found to depend on temperature and strain rate. The
appearances of the fracture surfaces were found to be consistent with the mechanical properties.

SAMEVAmNG
Die effek van die mikrostruktuur op die vervormings- en falingeienskappe van 3CRI2-staal is teen verskillende
vervormingstempo's, by temperature tussen -196 en 200"C, ondersoek. Die vloeispanning van die soos verkrygde
staal, wat 'n gebande tweefasemikrostruktuur getoon het, was baie laer as die van die flokkerige
tweefasemikrostruktuur wat deur hittebehandeling geproduseer is. Hierdie hittebehandeling het ook 'n toename in die
volumefraksie van martensiet tot gevolg gehad. Die breuktaaiheid van die soos-verkrygde 3CR12, aan die ander
kant, was heelwat hoer as die van die hittebehandelde materiaal. Hierdie veranderings in beide die vloeispanning en
die breuktaaiheid is toegeskryf aan die invloed van die mikrostruktuur op sekere beperkings in vervorming en
gevolglike faring van die ferritiese fase van die soos-verkrygde en die hittebehandelde staal. Die uitsonderlik lae
weerstand teen kraakvoortplanting in 'n vlak parallel tot die walsvlak van die soos-ontvangde materiaal is toegeskryf
aan die delaminasieproses wat tipies vir beheerdgewalste staal is. Daar is gevind dat die vloeispaming en die
breuktaaiheid afhanklik is van die temperatuur en vervormingstempo. Daar is ook gevind dat die voorkoms van die
breukvlakke in ooreenstemming met die meganiese eienskappe is.

INTRODUCTION

Low-alloy dual-phase steels, which are characterized by a
ferritic-martensitic microstructure (although they may
contain three or more phases), have aroused great interest in
recent years since they show an attractive combination of
strength, ductility, and initial work-hardening ratel-3. A
major advantage of these dual-phase steels is that their
mechanical properties can be manipulated by
microstructural modification. The mechanical properties are
generally sensitive to both the volume fraction of martensite
and the morphology of the phases. The tensile properties of
most dual-phase steels have been found to vary
approximately linearly with the volume fraction of
martensite4-8, unlike their Iow-cycle fatigue behaviour,
which does not follow a rule of mixture9. It has, however,
also been shownlO-lz that the interaction between phases
during straining has an effect on the deformation behaviour
and that the law of mixture cannot be applied
unambiguously.

The locally produced chromium-containing 3CR12* steel
is of particular interest for many applications since it
combines better corrosion resistance than that of mild steel
with the attractive properties of dual-phase steels, such as
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good ductility and high initial work-hardening rate13,14.A
previous study has shown that the yield stress and impact
energy of 3CR12 steel depend on temperature and strain
rate, and that the yield stress can be presented as a function
of a strain-rate parameterlS. In an earlier investigationl6, it
was found that this alloy also showed continuous yielding
and a three-stage work-hardening behaviour under tensile
loading, similar to that reported in other Iow-alloy dual-
phase steelg4,17,18.

The aim of this paper is to discuss some aspects of the
influence of microstructural parameters on the yield stress
and fracture toughness of 3CR12 steel.

MATERIAL AND EXPERIMENTAL PROCEDURES

The investigated steel was supplied by Columbus
Stainless in the form of 20 mm hot-rolled sheet. The
chemical composition is given in Table I. The as-received
steel was characterized by a banded ferritic-martensitic
microstructure with elongated grains parallel to the rolling
direction. The microstructure is shown in Figures I and 2
for the longitudinal and transverse directions respectively.
Heat treatment for two hours at 850°C followed by oil
quenching resulted in a more isotropic and coarse flake-like
morphology of martensite and ferrite as shown in Figure 3.
In Figures 1 to 3 (nital etched), the ferrite appears light and
the martensite dark.

:j: 3CR12 is the tradenarne of a chromilJl'TH:ontaining corrosion-resist
ant steel produced by Columbus Stainless, previously Middelburg
Steel & Alloys (Pty) Umited, Middelburg, Transvaal.
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Figure l~ptlcal micrograph of the as-received 3CR12 lteelln L-Torientation

Figure 2~ptlcal micrograph of the as-received material In SoTorientation

Tensile specimens having a gauge section of 60 by 15
mm with a thickness of 5 mm were machined from the as-
received steel plate in the longitudinal (L-T) and in the
transverse (T-L) orientations and from the heat-treated
material showing the isotropic flake-like morphology. The
yield stress at 0,2 per cent offset was then determined at
temperatures between -196°C (liquid nitrogen) and 100°C,
and at strain rates of 10-4 and 10--1s--1,by use of a 100 kN
servohydraulic testing machine. The yield stress at 0,2 per

cent offset is deemed as the intersection of the stress-strain
curve with a line that is parallel to the elastic part of the
curve and that intersects the strain axis at 0,2 per cent

Single-edge notch-bend (SENB) specimens with a
thickness (B) of 18 mm and a width (W) of 36 mm were
prepared from the as-received and heat-treated materials.
The specimens from the as-received material were
machined in the L-T, T-L, and through-thickness or short-
transverse (S-T) orientations. Suitable extension studs were
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Rgure ~ptlcal micrograph of the heat-treated material

Table I
Chemical composition of Investigated 3CR12 stllel

Element Ti NiMn Sic Cr S FeN

Weight % 1,450,022 1,41 0,38

friction welded to the surfaces of 40 by 40 mm 3CRI2
plates to facilitate the fabrication of the S-T specimens,
with the machined notch in a plane parallel to the rolling
plane (sheet surface) and normal to the rolling direction.
The specimens were then loaded cyclically on the
servohydraulic testing machine to grow a fatigue crack of
about 3 mm from the machined notch. Fatigue pre-cracking
of fracture-toughness test pieces is necessary to eliminate
the effect of the notch shape on the crack-tip stress field.
The specimen preparation and fatigue pre-cracking, as well
as three-point bend fracture-toughness tests, were
conducted in accordance with the relevant ASTM standard
specifications19.

In the case of the heat-treated and S-T specimens,
conditions were met for the direct determination of the
plane-strain fracture-toughness parameter K1cby the offset
procedure19. In accordance with this technique, the load,
PQ' associated with a crack extension of about 2 per cent
was determined from the intersection of the load-
displacement trace and the 5 per cent secant line. This line
is defined as a line through the origin of the load-
displacement curve with a slope 5 per cent less than the
slope of the initial elastic part of the curve. Under small-
scale yielding conditions, as manifested in the minimum
specimen size requirements, PQ was then directly used in
the calculation of K1c'These conditions were not satisfied at
ambient and higher temperatures in the case of the L-T and
T-L test pieces machined from the as-received material.
Thus, the fracture toughness was evaluated in terms of an
elastic-plastic fracture parameter, the i-integral, employing

11,31 0,012 0,013 Balance0,69

the multi-specimen resistance curve method20. The critical
value for the i-integral, ic, was then converted to an
equivalent critical stress-intensity factor by the
relationship21

Kc=.Ji:E,

where E is the Young's modulus.
Charpy V-notch specimens having a cross-section of 10

by 10 mm and a length of 55 mm were prepared from the
as-received and heat-treated steel for the determination of
the yield stress and the fracture toughness at higher loading
rates. These tests were conducted at temperatures between
-196 and 200°C, use being made of an instrumented impact
machine to record the impact load as a function of time
and/or deflection. The inertial loading peak22,23,resulting
from the change in the momentum of the specimen as it is
accelerated from rest to the tup velocity, is reduced by
impacting the tup against a dampening lead pad glued to
the specimens. The increase in loading time by a factor of
about 2 as a result of the testing of 'padded' specimens is of
no practical consequence, since an increase in the strain
rate by a factor of 10 to lOO is required to produce
measurable changes in the mechanical properties of strain-
rate sensitive materials24,

The impact or dynamic yield stress, O'yd,was determined
from standard Charpy V-notch specimens by a relationship
given by Server and Ireland:
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O'yd '" 51,55 Py (MPa),

where Py (in kN) is the general yield load obtained from the
records of load versus time2/>.

Fatigue pre-cracked Charpy specimens were used to
obtain a measure for the impact fracture toughness, Kd' For
linear-elastic fracture behaviour, the Kd values were
determined from the fracture load in accordance with the
relevant ASTM standard19.When the load-deflection traces
indicated that plastic deformation had occurred prior to
fracture, the resistance to ductile-crack extension was
evaluated in terms oftheJ-integra120.

Since the impact test cannot be interrupted, multi-
specimen or partial unloading compliance techniques are
inappropriate for the evaluation of the dynamic test data.
Strain-gauge instrumented specimens were therefore tested
to determine the load, Pc, at the onset of crack extension
from records of load versus time and of strain versus time,
as suggested by Kalthoff et alP. The critical value for the
J-integral, Jc corresponding to the onset of ductile-crack
extension was then obtained from the area dermed by the
curve for load versus displacement up to the load, Pc from
the well-known relationship20

A
Je= B(W-a)

f(a/W) ,

where A is the area under the load-displacement curve, B
and Ware the respective thickness and width of the
specimen, a is the total crack length (machined notch plus
fatigue pre-crack), and the factor f(a/W), taken as 2 for
quasi-static conditions, becomes about 1,2 for higher
loading rates28. Jc was then converted to an equivalent
stress-intensity factor, Kc, as shown above.

The test results were related to the appearance of the
fracture surface and to the failure mode from fractographic
examinations of the tested specimens conducted in a
scanning electron microscope (SEM).

RESULTS

Influence of Microstructure on YieldStress

The variation of quasi-static yield stress with temperature
is shown in Figure 4 for the banded dual-phase
microstructure of the as-received steel and for the flake-like
dual-phase microstructure of the heat-treated material. In
the as-received condition, the yielding behaviour was found
to depend on temperature and was very similar for the L-T
and T-L directions, the yield stress being slightly higher for
the T-L orientation. The heat treatment, which produced a
coarse flake-like dual-phase microstructure with a higher
volume fraction of martensite, increased the yield stress
(and ultimate tensile strength) by 30 to 40 per cent.
However, the temperature sensitivity of the yield stress is,
for all practical purposes, the same for both the as-received
and the heat-treated material.

Figure 5 demonstrates the effect of temperature and
strain rate on the yield stress of the heat-treated steel. The
increase in the yield stress with increasing strain rate and
decreasing temperature is evident from this diagram. It
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Figure 4-Dependence of yield stress (0,2 per cent offset) on
temperature for as-received (L-T and T-L orlentatlons) and

heat-treated 3CR12

should be noted that, for the instrumented impact tests at
low temperature, where fracture occurred in a brittle
manner, the general yield load was not resolved from the
inertial loading peak, and dynamic. yield-stress data could
consequently not be obtained for those temperatures.

Influence of Microstructure on Fracture Toughness

The variation of quasi-static fracture toughness with
temperature is shown in Figure 6 for the banded dual-phase
microstructure of the as-received 3CR12 steel and for the
flake-like dual-phase microstructure of the heat-treated
material. The temperature dependence of the fracture
toughness of both steels is evident from this diagram. As
expected from the yield-stress results given in Figures 4

HEAT -TREATED

1 000
""
as
~,

tu 800
(J)

u.
~
~ 600

0
(Jj

ff3 400
a:
I-(J)

C
m 200
>-

0 rE:: 10'" a-I

. rE:: 10-18-1
0 rE :: 102 8-1

EACH RESULT IS THE AVERAGE
OF THREE TESTS

0
-200 -100 0

TEMPERA TLJ=IE('C)

100

Figure 5-Dependence of yield stress (0,2 per cent offset) on
temperature at different strain rates for heat-treated 3CR12
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and 5, the resistance to crack extension is lower in the
flake-like dual-phase microstructure than in the banded
dual-phase microstructure. The fracture toughness of the
as-received steel was found to be very similar for the L-T
and T-L directions. However, the fracture toughness of the
as-received 3CR12 in the SoT orientation, where crack
propagation occurred in a plane parallel to the rolling plane,
was found to be 30 to 50 per cent lower than that of the
heat-treated material.

The influence of microstructure on fracture toughness
determined at a strain rate of about 102 g-l, also referred to
as impact or dynamic fracture toughness, is shown in
Figure 7 as a function of test temperature. Similar to quasi-
static loading conditions, dynamic fracture toughness
depends strongly on microstructure, and is appreciably
lower in the heat-treated steel, but is lowest when crack
extension occurs in a plane parallel to the rolling plane of
the as-received material.

Fractographic Observations

Scanning electron fractography indicated that the
fracture-toughness results could be linked to particular
failure modes. Fully brittle fracture, where the fracture
surface was made up entirely of cleavage facets, was
associated with low KIc values. Brittle-fracture surfaces
containing isolated regions of ductile tearing were
associated with intermediate fracture-toughness properties.
The fracture surface of specimens that showed a high
resistance to cracking contained voids of up to 50 JlIDin
diameter, which were linked by regions with fine dimples.
At comparable levels of fracture toughness. the fracture-
surface topography produced on Charpy and SENB
specimens exhibited similar features.

Changes in fracture topography with test temperature are
shown in Figures 8 to 12 for pIe-cracked Charpy specimens
in the as-received and heat-treated conditions. The
micrographs depict the regions immediately ahead of the

Figure 7-Dependence of Impact fracture toughness on
temperature for as-received (L-Tand SoTorlentatlons)and

heat- treated 3CR12

fatigue pIe-crack tip or the stretch zone, and the general
direction of crack extension was from left to right

At a test temperature of -196°C, all the test pieces
generally failed by transgranular cleavage, as shown in
Figure 8 for a heat-treated specimen. It should be noted that
isolated areas of ductile tearing were found on the surface
of L-T specimens. At room temperature, the fracture
behaviour remained fully brittle for the S-T microstructure.
while the fracture surface of the heat-treated specimens
showed evidence of ductile tearing (Figure 9). In contrast,
crack extension and subsequent failure in the L- T
specimens were governed by the initiation, growth, and
coalescence of voids, as revealed by the ductile-fracture
surface illustrated in Figure 10.

With increasing test temperature, the amount of ductile
tearing increased in the SoT and heat-treated
microstructures, but cleavage facets were still noticeable on
the fracture surfaces of specimens tested at 100°C (Figure
11). At a temperature of 200°C, fracture of the SoT and
heat-treated specimens was entirely controlled by ductile
tearing. These ductile-fracture surfaces exhibited in general
two characteristic features: (i) voids of 20 to 50 JlIDin size,
and (ii) regions of finer dimples separating the larger voids.
Figure 12 shows a typical example of ductile rupture in an
S-T specimen tested at 200°C.

DISCUSSION

The tensile properties of dual-phase steels are generally
dependent on both the volume fraction of martensite and
the morphology of the microstructure4-9. The yield stress,
for instance, increases with increasing volume fraction of
martensite, and has been reported to be higher in coarse
flake-like morphologies6.

It is generally accepted4-6 that, in dual-phase steels,
plastic deformation occurs flfSt in the ferrite and appears in
the martensite at high nominal stresses. Earlier studies on
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Figure 8-Scannlng electron fractograph showing fully brittle fracture mode In a heat-treated Charpy specimen tested at -196"C. The
direction of crack propagation along varlouscleavage planes Is Indicated by well-defined river patterns

Figure 9-Scannlng electron micrograph of the predominantly brittle fracture surface In a heat-treated Charpy specimen tested at
room temperature. Tear ridges between cleavage facets give evidence of local ductile failure (see arrow)

the tensile defonnation of 3CR12 in a SEM29 showed the
fonnation of slip lines in the ferrite at nominal strains of
about 2 per cent. These slip-line traces terminated at
ferrite-marten site boundaries since the propagation of
dislocations is obviously obstructed by the stronger
marten site. At higher strains, dislocation pile-ups are
expected to occur at ferrite-martensite interfaces, resulting
in the nucleation of voids at interfaces, and eventually in

slip-line fonnation in the martensite during necking. This
observation is in agreement with the results obtained by
Marder4, but Zhang and Nutting30 reported that martensite
already begins to defonn plastic ally during stage 11 of
tensile straining.

The increase in yield stress in the flake-like morphology
of the heat-treated 3CR12 (Figure 4) is in agreement with
other observations6 and can be explained in tenus of the
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FIgure lO-Scanning electron micrograph of ductile fracture surface In L-Tspecimen tested at room tel11'erature

Figure 11-Scannlng electron micrograph of an area In a heat-treated specimen revealing local failure by cleavage (bottom) and
ductile-tearlng (top). The test tel11'erature was l00"C

constraints under which the softer ferrite defonns. In the
banded dual-phase microstructure of the as-received 3CR12
steel, the plastic deformation of the continuous ferritic
phase (Figure 1) occurs under minimal constraints, and slip
lines may propagate freely without being obstructed by the
stronger martensite. Therefore, the yield stress of the as-
received steel is much lower than the yield stress of the
heat-treated material, where the plastic deformation in the

ferrite is more constrained by the surrounding marten site
(Figure 3), requiring higher stresses for macroscopic
yielding. This conclusion is in agreement with arguments
by Shen et a/.31,who reported that, with increasing volume
fraction of martensite, the ferrite phase becomes
increasingly constrained by the martensite, resulting in a
reduction in its contribution to the total macroscopic strain.

As expected from the yielding behaviour, the fracture
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Figure 12-Scannlng electron fractograph associated with ductile rupture In an S-T specimen tested at 200"C

toughness (crack-initiation toughness) of the heat-treated
3CR12 steel is lower than the fracture toughness of the as-
received material in the L-T and T-L orientations (Figures
6 and 7). For instance, fractographic studies showed that, at
room temperature, cracks extend in the banded
ferritic-martensitic microstructure of the as-received steel
by a ductile rupture mechanism involving the nucleation,
growth, and coalescence of voids after the development of
a stretch zone. Fractographic evidence was also found that
voids nucleated at inclusions (Figure 12). This mechanism
of ductile fracture is controlled by the stress-modified
critical strain criterion32, which states that crack extension
occurs when the local equivalent plastic strain ahead of the
crack tip exceeds a critical fracture strain over a
characteristic distance. This critical strain is also a function
of the stress state, and the characteristic distance is related
to microstructural features such as the spacing of void
nucleating particles. Tensile tests in the SEM29showed that
voids were nucleated by cleavage of non-metallic
inclusions and by de-cohesion at particle-matrix interfaces.
These particles, after being analysed by a combined
energy-dispersive X-ray and Auger-electron technique,
were identified as titanium carbonitrides. Void nucleation
in dual-phase steels has also been attributed to the de-
cohesion at ferrite-martensite interfaces and the separation
of fractured or adjacent martensite particles33.

The change in the micromechanism of failure by
cracking in 3CR12 as a result of heat treatment can be
explained in terms of observations34.35 that the ferrite is
constrained by a continuous martensite phase. The more-
continuous martensite in the heat-treated 3CR12 (Figure 3)
imposes high constraints on the plastic deformation of the
ferrite, resulting in reduced crack-tip blunting. As a
consequence, the conditions for instability under load in
terms of a critical stress modeP6, i.e. the onset of brittle-

crack extension, are reached before the critical fracture
strain is attained, and the favourable micromode of failure
is transgranular cleavage. Although plastic deformation and
crack nucleation occur fIrSt in the ferrite, it has also been
reported4 that, in a continuous martensite phase, which is
less ductile than the ferrite, crack propagation is enhanced
and occurs by transgranular cleavage as a result of
restricted plasticity. This change in failure mechanism is
illustrated in Figure 9, which shows the fracture surface of
a heat-treated 3CRl2 specimen tested at room temperature;
the morphology of the predominantly brittle fracture is
consistent with the relatively low fracture toughness
(Figure 6).

The very low fracture toughness obtained from the as-
received specimens machined in the S-T orientation, where
crack extension occurs in a plane parallel to the rolling
plane, can be attributed to the process of delamination.
Delamination or splitting37.38 occurs, even at room
temperature, in a brittle manner, and is typical for
controlled-rolled steels. It has been related to the presence
of a sufficient number of inclusions and a banded
microstructure, as well as to texture hardening, residual
stresses, grain-boundary segregation, and pan caking of
grains in a plane parallel to the rolling plane. The low
fracture toughness of 3CRl2 steel in the S-T direction is
also in agreement with reports39 that failure in the rolling
plane occurs predominantly by separation of elongated
grains facilitated by the presence of non-metallic particles.

It is important to note that the application of the 5 per
cent secant method19 produces unexpectedly low and
erroneous values of fracture toughness for 3CR12 in the as-
received condition. The primary object of the 5 per cent
secant methOd19is the determination of the critical stress-
intensity factor, Kc, corresponding to a load, PQ' at which a
pre-existingcrack in a test piece has grown by about 2 per
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cent under small-scale yielding conditions. The relatively
low load determined for the as-received 3CR12 steel in
accordance with this procedure is a result of the material's
continuous yielding behaviour. Hence, the low fracture
toughness obtained is not representative of the material's
resistance to crack extension.

CONCLUSIONS
(1) The yield stress of the dual-phase 3CR12 steel in the

heat-treated state was found to be considerably higher
than that in the as-received condition. The increase was
attributed to changes in the microstructure that give rise
to different constraint effects under which the ferrite
phase deforms.

(2) The values of fracture toughness obtained at different
strain rates were found to be higher for the as-received
condition than for the heat-treated state. The more-
continuous martensite phase in the heat-treated 3CR12
steel imposes higher constraints on the plastic
deformation of the ferrite, resulting in a decrease in the
resistance to crack extension.

(3) The fracture-surface morphologies were found to be
consistent with the results obtained from the three-point
bend and impact fracture toughness tests.
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Jewelpark to provide spark for jewellery industry

More than 200 representatives of the South African
jewellery-manufacturing and related industties gathered at
Mintek in Randburg on 21st July, 1992 to attend a
presentation on Jewelpark, a totally new concept geared to
provide impetus to the industry.

The event, which was opened officially by Mr George
Bartlett, the Minister of Mineral and Energy Affairs, is a
sequel to the seminar 'Jewellery-the road ahead'
organized by Mintek in 1990 in response to the
Government's lifting of the ad va/orum excise duty on
local jewellery manufacture. On that occasion, the aim had
been to provide an open forum with the view to initiating
action programmes for the stimulation of the local industry.
The latest event can be viewed as the culmination of the
efforts of a number of disparate individuals and
organizations over the past two years, all sharing the
common motive of providing a 'kick-start' to set the
industry on the road to real growth.

Jewelpark will consist of a single integrated complex, to
be built at Mintek' s site, comprising a jewellery training
school, a 'hive' system for smaller manufacturers, large-
scale manufacturing plants, and facilities that will enable
jewellery manufacturers to relocate their existing
operations.

Advantages for such manufacturers would include
operating in a secure, parklike environment (very different
from many existing operations); a safe, centralized energy
supply; the savings arising from sharing of certain
facilities; a comprehensive support structure, including
conference and display facilities, and a secretariat;
precious-metal handling, and bulk gold despatching and
refining operations; group buying advantages; and
affordable marketing, research, and feasibility studies.

In his presentation on the proposed training facility,
educationalist Mr Pappie Moloto stressed the importance of
the linking of educational and entrepreneurial skills, as well
as the provision of an ideal learning environment in having

10 classes with a maximum of 25 students per class.
Formal training would cover a period of two years, and the
students would be exposed to the. manufacturing
environment at all stages. The course content would consist
of personal and computerized modules, and there would be
interaction with and input from Italian and German experts
in the field. It is envisaged that the course could in time be
extended on a countrywide basis.

Selection of potential students would be on a non-
cultural, non-academic basis, the optimum age group being
24-45 years. Because of the close and dynamic
environment that would exist between training and
production, job opportunities would be assured.

Mintek's motivation for spearheading the development of
the local jewellery industry has been the critical need for
the downstream development of South Africa's mineral
resources; this has become increasingly urgent in recent
years. It has also been perceived that South Africa needs to
refocus its approach towards its gold resources, and move
away from viewing them in purely fmancial terms.

It is felt that, now that the political climate is right, South
Africa needs both to learn from major producers such as
Italy, Germany, the USA, and Japan, and to encourage
these countties to expand their operations to South Africa,
where both labour and raw materials abound.

Jewelpark and similar entrepreneurial ventures will
provide the cement needed to reshape and rebuild the
economic structure of the new South Africa, to enable it to
optimize its valuable mineral and human resources.
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For further information contact Mrs Pat Speedie.

The current success rate of students attending the
laboratory is claimed to be approximately 80 per cent. This
is because most of the students have already gained some
experience on the mines, and are attending the Technikon
as part of a career path to higher positions. Unfortunately,
the present depressed state of the gold-mining industry is
having an effect on the number of students enrolling, with a
decrease in students sponsored by the mines. However, this
is partly offset by a marginal increase in private students.
Although most of the students are white, the number of
black students is growing each year.

EQUIPMENT

The present economic situation in the country has
restticted funding from the Chamber of Mines for further
development of the laboratory. In an effort to increase the
spread of work conducted in the laboratory, Chris Viljoen

asked several mining companies and manufacturers to assist
by donating either funds or equipment. Iscor Pretoria,
Multotec, and Mineral Deposits responded to this appeal.
Donated equipment from Iscor and Multotec were rebuilt
into pilot plants for heavy-medium separation and column
flotation. The column-flotation pilot plant differs from
those available elsewhere in that it uses a co-current column
as opposed to the countercurrent column in common use.

With the existing equipment in the laboratory, project and
research work can be done to raise funds for further
development. Training can now also be offered via
workshops and/or seminars held on or off campus in areas
such as ore preparation and hydrometallurgy. Over a period
of two years, projects have been conducted in the laboratory
on particle size analysis, gravity concentration, cyclosizing,

see page 215
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