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a b s t r a c t

Platinum group metals (PGMs) are traditionally smelted in electric furnaces where the valuable metals
are collected in a base-metal sulphide matte. An alternative to this process is the ConRoast process that
uses reductive alloy smelting in a DC arc furnace to collect the valuable metals in an iron-rich alloy.
Reductive smelting of feed materials containing PGMs, using carbon as a reducing agent, can be used
to obtain high PGM and base-metal recoveries and to ensure the solubility of chromium in slags.

Based on work carried out in Mintek’s 3 MW DC arc furnace at throughputs of over 1000 tons per
month, it was found that PGMs could be collected effectively, and that the chromium problem could
be managed. However, if matte is present in the furnace, there remains a significant risk of furnace fail-
ure. Furthermore, the PGM ‘lockup’ (inventory inside the furnace) in a process that used reductive matte
smelting of UG2 concentrates was much greater than that of reductive alloy smelting. Further differences
exist in the better working environment and lower emissions of SO2 in the case of the ConRoast process.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Matte smelting in an electric furnace has been the established
route for the treatment of PGM (platinum group metals) ore con-
centrates since 1969, when the six-in-line furnace took over from
the blast furnace. The separation of the base-metal sulphides
(forming the PGM-containing matte) from the oxide minerals
(which make up the slag) is essentially a simple melting operation.
Mostert and Roberts (1973) explained that the reasons for moving
away from the blast furnace included the labour-intensive nature
of the smelting operation, the rising price of coke, and the changes
in legislation regarding gaseous emissions. The introduction of
anti-pollution laws meant that it would be costly to control the
emission of a very large volume of gas containing between 1%
and 2% sulphur dioxide that resulted from the typical concentrate
of that era containing 15% Fe, 6% Ni + Cu, 8.5–10% S, and
110–150 g/t PGMs.

The products of PGM mining today look very different from
those of 40 years ago, and process changes are required in the
smelting of PGM ore concentrates in order to accommodate the
increasing amounts of UG2 concentrates that are being produced
in the South African Bushveld Complex. These concentrates contain
much higher levels of chromium oxides and much lower levels of
base-metal sulphides than the previously typical concentrates
from the Merensky reef.

The ConRoast process, previously described by Jones (2002)
Jones (2009), is an alternative to matte smelting that does not
require sulphur to collect the valuable metals, but instead collects
the PGMs and base metals in an iron-rich alloy. This proposed
solution to the problem of smelting UG2 (and other) concentrates
involves roasting of the concentrates to remove most of the sul-
phur prior to smelting, followed by reductive alloy smelting in a
DC arc furnace. This process is unconstrained by the amount of
chromium present in the feed, is much environmentally cleaner
in terms of sulphur emissions, is much less prone to failure of fur-
nace containment, and achieves very high recoveries of PGMs. The
resulting alloy can be treated further either hydrometallurgically,
or pyrometallurgically by converting to remove the iron to produce
a product very similar to a conventional converter matte.

The challenges facing PGM smelters today can be summarised
in terms of three major problems.

1.1. The sulphur problem

The emission of SO2 (sulphur dioxide) from furnaces and
converters is hard to avoid when using a sulphur-based matte-
smelting process. However, the ConRoast process does not rely
on the presence of sulphur, as it smelts essentially sulphur-free
(or low-sulphur) material in a DC arc furnace and collects the
valuable metals in an iron alloy. Sulphur can be removed, prior
to smelting, using a fluidized-bed roaster which is a well-enclosed
vessel that produces a steady continuous stream of SO2 that can be
used for the production of sulphuric acid (if the concentration and
scale warrant this course of action). Compared to the traditional
matte-smelting process, emissions of SO2 can be orders of magni-
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tude lower if the ConRoast process is used. The capital costs of acid
production can also be reduced markedly.

1.2. The chromium problem

The traditional matte-smelting process imposes strict limits on
the quantity of chromite (prevalent in the UG2 reef) that can be
present in the smelter feed, because of the deleterious conse-
quences of build-ups of the very stable crystalline chrome spinel
in the furnace. This constraint restricts the recovery of the PGMs
in the production of ore concentrates. The ConRoast process elimi-
nates the chromium constraint in smelting and so opens up huge
opportunities in the types of materials that can be smelted, and pro-
vides an opportunity to significantly enhance the overall process
recovery of PGMs (through removing the restrictions in concentra-
tor operations). The essential step in the solution of the chromium
problem involves the addition to the furnace of carbon as a reduc-
tant, to ensure that the oxidation state of the chromium changes
from that of Cr2O3 to that of CrO, which is readily soluble in the slag.

1.3. The containment problem

As the South African platinum producers have moved increas-
ingly to processing ore from the UG2 reef to supplement the previ-
ous production from the Merensky reef, there have been numerous
furnace failures and explosions in the industry. Increasing smelting
temperatures have been used in an attempt to avoid the build-up
of chrome spinel emanating from the higher Cr2O3 contents in
UG2 concentrates. Even though water-cooled copper cooling sys-
tems have been introduced in recent years, the highly superheated
and corrosive molten matte in traditional smelters is inherently
difficult to contain. The CEO of one of the major platinum produc-
ers was recently quoted by Hasell (2010) as describing the com-
pany’s largest furnace as ‘‘particularly unreliable’’. On the other
hand, the ConRoast process is able to use a simple and robust de-
sign of furnace, because the melting temperatures of the slag and
alloy are close to each other.

The two processes briefly described above, namely matte smelt-
ing and reductive alloy smelting, are very different from each
other, as are the types of furnace in which they are typically carried
out. The question has often been asked whether it would make
sense to use a hybrid of these two approaches, namely reductive
matte smelting, where carbon is used as a reductant, but the prod-
uct from the furnace remains a sulphide matte. This paper is aimed
at answering that question, at least in part.

2. Reductive matte smelting

Addition of carbon to PGM-containing concentrate in a furnace
results in some of the iron (and other metallic) oxides being re-
duced to the metallic state. To some degree, the chromium oxides
from UG2 concentrates will be reduced to CrO, thereby becoming
more readily soluble in the slag. These advantages are similar to
those enjoyed by the ConRoast process (where sulphur is re-
moved in a fluidized-bed roaster prior to smelting, and the PGMs
are collected in an iron-rich alloy), yet there are significant differ-
ences between ‘reductive matte smelting’ and ‘reductive alloy
smelting’.

Reductive matte smelting is constrained to produce a sulphur-
rich matte product, either for reasons of crushability or for compat-
ibility with an existing downstream process. This negates the
advantage of the alloy having a high liquidus (melting) tempera-
ture that is compatible with that of the slag; and there is consider-
ably higher risk of the super-heated matte penetrating the
refractories and breaking out of the furnace.

3. Pilot-scale testwork

Large-scale demonstration smelting of PGM-containing feed
materials has been carried out in Mintek’s pilot plant since April
2004. The DC arc furnaces that were used for the testwork were
lined with refractory bricks similar to those used in conventional
matte smelting furnaces, although the hearth design of the DC
arc furnace is quite different. Much of this work involved the
processing of revert tailings that had a low sulphur content, as
described by Geldenhuys et al. (2009). This initial work, carried
out in a 1.5 MW DC arc furnace with a shell diameter of 3 m, is
used as a reference point for the comparison of more recent
furnace campaigns.

The reductive matte-smelting work described here covers two
roughly 6-month periods of operation of Mintek’s 3 MW DC arc
furnace, which has a shell diameter of 4.25 m.

It was common practice during the two reductive matte-smelt-
ing campaigns to work with a blend of feed materials, typically
somewhere around a 75:25 mixture of various high-chromium
concentrates to converter slag. The converter slag provided a con-
venient supplementary source of iron for the process, and resulted
in an overall slag composition that was acceptable in terms of liq-
uidus temperature and viscosity, and was not overly aggressive.
The compositions of the blended feed for each of the campaigns
are shown in Table 1. The compositions of the slag and alloy (or
matte) products are shown in Tables 2 and 3. In these tables, the
sections marked ‘Alloy smelting’ refer to the work that was exten-
sively reported on by Geldenhuys et al. (2009), where the material
smelted over the period May 2004 to August 2008 was revert
tailings.

It should be noted that, both for reductive alloy smelting and
reductive matte smelting in a DC arc furnace, it is possible to vary
the degree of reduction of the iron oxide in the feed to metallic
iron. The recoveries of the valuable metals are directly linked to
the extent to which iron oxide is reduced to the metallic state.
Clearly, the mass of the alloy (or matte) that is produced in the fur-
nace is also directly linked to the extent of iron recovery to the al-
loy. This allows the operator of the furnace significant flexibility to
choose the desired operating point, and allows a trade-off to be
made between the recovery of the valuable metals and the
quantity of alloy that is produced (which then needs to be treated
further). In light of this, not too much should be read into the vari-
ations between the residual PGM contents of the slags listed below,
as these figures simply reflect the operating choices that were
preferred (or specified by the client) at the time.

3.1. Campaign 1: October 2008–March 2009

The first campaign in the then-new 3 MW furnace at Mintek
started out with the intention of doing alloy smelting, as before.
However, a serious challenge occurred as a result of feed materials
arriving with too high a sulphur content. This resulted in the for-
mation of an alloy with a much lower liquidus temperature than
the process is designed to accommodate. The superheated alloy
then caused rapid wear of the side-wall refractories, resulting in
a leak adjacent to the alloy tap-hole on 27 March 2009. The escap-
ing stream of superheated molten alloy cut through one of the
cooling circuits, resulting in a series of metal-water explosions just
outside the furnace. This incident was well managed and there
were no injuries or burns, but it did cause a 3-week shutdown of
the furnace while repairs were carried out. The incident high-
lighted the benefits of operating in a low-sulphur alloy-smelting
mode, as more than 4 years of previous incident-free operation
were starkly contrasted with a mere 6 months of operation in
high-sulphur mode. This clearly pointed out the limitations of
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