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Table 6 - Alloy composition, mass % (PGM listed in g/t)

Campaign ~ Tons C Co Cr Cu Fe Ni S Si PGM 4e
1 179 0.11 1.23 0.21 2.05 83.7 8.1 3.71 0.49 462
2 313 0.08 1.43 0.18 2.69 79.2 11.0 5.94 0.27 771
3 385 0.10 1.60 0.14 3.07 75.6 12.5 5.78 0.25 880
4 964 0.06 1.48 0.16 3.17 74.8 10.8 6.57 0.24 634
5 846 0.05 1.23 0.19 3.67 77.9 10.5 6.13 0.16 597

Overall 2687  0.07 1.40 0.17 3.18 77.0 10.8 6.05 0.24 662

When carbon is added to the molten bath in a furnace, the various metallic elements reduce to
different extents, at a given level of carbon addition. This behaviour allows a reasonable degree of
separation to take place during smelting. It is well known that an increase in the amount of the reductant
added to the furnace results in increased quantities of the various metallic elements that report to the alloy
that is produced. The intention in this process is to separate the valuable metals from the Fe and the
gangue constituents that are present in the slag. The desirable area of operation is clearly somewhere in the
region where the recovery of PGMs and valuable base metals is high, and the recovery of Fe to the alloy is
still reasonably low. This is possible, because Co, Cu, and Ni are preferentially reduced over Fe, especially
under less reducing conditions. The addition of carbon is therefore one of the primary variables utilized in
order to control the selective deportment of the valuable metallic elements to the alloy phase, in order to
optimize recovery of PGMs and other valuable metals, whilst minimizing the recovery of Fe to the alloy
phase. This operating philosophy is depicted in Figure 4 in the context of varying feed grade (PGMs and
Ni) and illustrates the adjustments made to the degree of reduction (via the Fe recovery) in order to
optimize PGM recovery and minimizing the deportment of Fe to the alloy. For the two longest campaigns
(4 and 5), sub-periods were evaluated based on the average grade processed, with each period representing
roughly equivalent tailings throughput. The overall data for campaigns 1 to 3 is evaluated as these
campaigns were significantly shorter and the feed grade did not vary significantly during these campaigns.
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Figure 4 - PGMs and Ni feed grades and associated achieved recoveries per campaign
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The degree of deportment of the various elements to the alloy phase is, of course, of principal
interest in any metal recovery process. During the life of the project, a detailed daily elemental mass
balance was compiled which provided the detailed deportments of various elements of interest. The
recovery of a given element is here expressed as the ratio between the mass of its content in the alloy
divided by the combined mass of its content in the alloy and slag. The basis of this assumption is that all
dust captured in the baghouse was fully recycled to the furnace, and the overall elemental accountability
was good. The recoveries of various elements of interest are listed in Table 7. Please note the earlier
comment that the operation of the furnace was focused not on maximum recovery, but on balancing a good
recovery with the production of a minimum amount of alloy.

Table 7 - Recovery of elements to the alloy, % of feed

Campaign Co Cr Cu Fe Ni PGM 4e
1 80.4 1.4 80.4 34.8 92.2 97.7
2 76.7 0.9 78.6 28.0 94.0 98.5
3 743 0.6 74.8 21.6 91.0 97.8
4 63.1 0.5 66.5 16.9 84.5 97.5
5 81.3 1.1 82.2 28.7 92.1 98.6

A recovery equation, described in detail elsewhere [4-6], was established for the conditions of
interest. The recovery, or degree of collection, of the valuable metals is a function of the extent of
reduction in the furnace, which, in turn, is indicated by the fraction of iron present in the feed materials that
reports to the alloy. The recovery equation relates the recovery of various metals (such as Ni, Co, PGMs,
and Cr) to the recovery of Fe. This recovery equation (for each metal) is characterised by a single
parameter (Ky) that can either be empirically fitted to the data, or expressed in terms of the equilibrium
constant and the ratios of the activity coefficients involved. This equation is a useful tool to model the
recovery relationships during smelting.

<= % where x => Ni, Co, Cu, Cr, or PGMs 1)
(1-(A=Ky)Rp,

There is no apparent reason for why the PGMs should behave in a similar fashion to the elements
participating in reduction reactions, but there are good indications from the data collected during the five
campaigns that they do, and it is on this basis that PGM recovery is also usefully modelled using the Ky
recovery equation. Figure 5 shows the recovery of PGMs, Ni, Co, and Cr as a function of Fe recovery to
the alloy. The best fit Ky values for Co, Ni, Cr, and PGMs were calculated by using the Least Squares Fit
method.

Although the degree of recovery is critical in the process, the grade of the alloy tapped from the
furnace is a direct and practical method of assessment. Highly reducing conditions will provide high
recoveries of the valuable metals, but, at the same time, Fe will dilute the grade of the product with very
little benefit in metals recovery, but with significantly higher alloy production. From Figure 5, it can be
seen that this is particularly true for the PGMs and Ni, as high recoveries are achieved under relatively mild
reducing conditions. The best-fit Ky values provide a valuable tool through which optimum operating
conditions can be established with respect to the recoveries. The grade-recovery relationship, as a function
of Fe recovery is depicted in Figure 6.
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Figure 5 - PGM, Ni, Co, and Cr recovery as a function of Fe recovery (monthly)
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Figure 6 - Alloy grade as a function of Fe recovery (per campaign)
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FUTURE DEVELOPMENTS

The ConRoast process has indeed become a hot topic in the PGM industry due to its divergence
from the traditional matte-smelting process and the opportunity the technology has created for new and
developing miners to utilise high-chromium ores without the penalties imposed on producers by the
existing smelters. Independence Platinum Limited (IPt) was formed to undertake the commercial
development and exploitation of Mintek’s ConRoast technology, with the strategic objective of
establishing an independent smelting and refining facility in South Africa. IPt entered into an agreement
with Mintek to fund a three-year development and demonstration programme in order to set up a smelter
based on Mintek’s ConRoast technology, in exchange for a ten-year period of exclusive use of this
technology. Independence Platinum was acquired by Braemore Resources plc in December 2006 and
renamed as Braemore Platinum [7]. Braemore Platinum identified Mintek’s toll-treatment facility as an
excellent vehicle to demonstrate the ConRoast technology on a continuous basis and also establish the
company’s footprint as a new, independent platinum producer in South Africa. As part of the strategy, the
3 m furnace was upgraded to a new 4.25 m furnace with the feed and off-gas handling systems upgraded to
suit, effectively doubling the throughput of the original facility. In addition to the smelting facility
upgrade, a flash drier replaced the electrically heated kiln previously utilized. Commissioning of the new
facility commenced in September 2008. The first slag and alloy was tapped from the furnace in
October 2008, with a ramp-up to full capacity being aimed at early 2009. The objective of the upgrade was
to demonstrate the smelting of PGM-containing low-sulfur and/or high-chrome materials on an even larger
scale as part of Braemore’s strategy to establish a commercial-scale ConRoast smelter.

CONCLUSIONS

Over a period of four and a half years, one of Mintek’s pilot-plant facilities was transformed from
a highly technical research facility into a full-time production plant. Although the aim and targets for the
smelter obviously moved away from a pure research approach, significant and detailed metallurgical and
process data was captured and compiled throughout. The production campaigns demonstrated that a DC
arc furnace could be operated on a continuous basis smelting low-sulfur PGM-bearing materials, whilst
producing an iron-based alloy without adverse operational problems.

The following general principles were established:

¢ The operation became increasingly efficient as the throughput, availability, and process parameters
were optimized. Energy consumption decreased from an average 1.22 MWh/t during the first
campaign to 0.83 MWh/t during the last, and a direct correlation was observed between throughput
and efficiency.

¢ The temperature distribution in the furnace was very responsive to such factors as arc length and bath
condition. Distribution of temperature was a useful tool through which the furnace operation was
managed, in particular with regard to the maintenance of the freeze lining.

¢ The grade of the alloy is overwhelmingly dependent on the degree of Fe recovery. Under highly
reducing conditions, increased reduction of iron is easily achieved without a significant benefit in
terms of recovery of the base metals to the alloy phase. Selective deportment of the valuable metallic
elements to the alloy phase is very effectively controlled with a view to achieve the desired recovery of
the valuable constituents whilst minimizing the Fe recovery.

* Recovery of the valuable metals, including PGMs, can be reliably modelled as a function of Fe
recovery, allowing for the efficient control of the Fe production by adjusting the carbon addition as
required.

¢ Chromium deports preferentially to the slag, with limited deportment to the alloy (in this context, a
deleterious contaminant in post-taphole processing).

*  Anoverall PGM recovery of 98% was achieved under relatively mild reducing conditions.
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