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1 INTRODUCTION 

Many processes require to smelt the material. Smelting provides a 
concentration of valuable elements and also their chemical transformation 
(mainly the reduction of oxides). Therefore, the furnace is producing two types of 
materials : a concentrate of reduced elements (matte, cast iron, ferroalloys) and a 
slag rich in oxides. The slag more or less represents 2/3 of the production of the 
furnace. Most of industries try to get benefits out of that by-product. To do so, the 
slag must be transformed. For instance, blast furnace slag is used for aggregates 
(crushing), in cement industry (granulation and grinding), and for rock wool 
(threading). 

The present study deals with the comparison between two processes used 
to treat from one side the platinum matte (grinding) and from the other side the 
platinum slag (granulation). These materials are coming out of a single electrical 
furnace installed at Polokwane smelter in RSA. 
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2 INSTALLATION  

2.1 The furnace 

Smelting is done by a Hatch six inline electrode furnace. It is nominally 
rated at 68 MW and projected to smelt : 

�  650,000 tpy of concentrate 

�  60,000 tpy of limestone flux 

�  6,500 tpy of revert material 

�  26,000 tpy of recycled dust 

The furnace has a maximum capacity of 80 MW to smelt 836,500 tpy of 
concentrate. It is producing 20% of matte and 80% of slag for an average hourly 
throughput of 82.5 tph. Slag contains less than 1% of valuable elements and 
PGM values less then 2 grams per ton 

 

 

 

Figure 1 – Furnace flow diagram 
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2.2 Slag granulation 

The slag is removed from the top layer of the furnace. On one side, the 
furnace is equipped with three tap holes. When a hole is opened, the molten slag 
flows on a launder and is mixed with a turbulent water flow. The granulation 
process starts. The fluid is then entering in a Rake classifier. That aims to 
separate the solid constituent of a flowing pulp stream into two portions with the 
help of different settling rates of the solids which are directly dependent on their 
size. Usually it implies two fractions of a relatively fine finished product, called 
©overflow© and relatively coarse raked material (slag). Overflow is the 
comparatively fine, slow settling portion of the pulp which is carried across the 
overflow weir of the classifier. Slag conversely is the comparatively coarse, rapid 

settling portion of the classifier feed which is 
discharged as a rake product. The slag is then 
stockpiled. 

The most difficult part is the treatment of the 
overflow. That flow is going first in a sump (note 
that the classifiers spillage is also collected there). 
Then, it is pumped and sent through a thickener 
distributor in two thickeners. The bottom layer 
(fine particles) is going in a fines collection tank. 
This material is thickened one more time. The top 
layer is mainly water. This water is acidic, rich in 
sulphides and hot. It is sent to 6 cooling towers. 
The pH is regulated with addition of dosing 
chemicals. This part of the process is very 
consuming in potable water, flocculent and 
chemicals dosing. Moreover, the sulphides 
causes a build-up of suspended solids. Then, 
these solids cause erosion. The acidic water 
causes corrosion. In a hot water environment, the 
combination of erosion and corrosion wears all 
metal surfaces, leading to high maintenance 
costs. 

·  Slag composition : 

Silica   45-50% 
Oxides of iron  15-20% 
Magnesium  15% 
Calcium   5% 
Chromium  1-1,5% 

 

Figure 2 – Slag launder 
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2.3 Matte casting and grinding 

 

The matte is removed from the bottom molten layer of the furnace. On the 
opposite side from slag side, the furnace has two tap holes. The molten matte 
flows through a launder in a ladle. Then, the matte can be poured in matte 
casting pits on the floor or on the matte casting machine. This caster requires a 
mould heating burner with propane, some water with wash powder to clean up 
the moulds and some potable sprayed water to cool down the moulded matte. 
This material is falling onto a stockpile. Water is sent through a sump to the slag 
granulation thickener (small quantities). 

The matte coming from the pit or from the caster is crushed and ground. 
The matte (400*200 mm) is first reduced to –150 mm on a grizzly. A primary jaw 

crusher set at 70 mm 
reduces it to –100 mm. This 
is the fresh feed to the 
Rhodax® 1000 HP (440 kW 
installed). It is running is 
closed circuit and produces 
90 tph of (0 –2.4 mm). This 
final product is transferred 
through a pneumatic vessel 
to a 500 t storage silo. 
Lastly, that fraction is 
transported by tank trucks. 
The crushing facility is 
equipped with a dust 
collection network and fines 
are incorporated to the final 
product. 

·  Matte composition : 

Copper  8-10% 
Nickel  14-16% 
Iron  40-42% 
Cobalt  0,5% 
Sulphur  25-30% 

 

Figure 4 – Rhodax® 1000 HP crusher 
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Figure 4 – Matte casting and grinding flow diagram 
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2.4 Particle Size Distribution 

The data below come from Rustenburg plant where a Rhodax® 450 HP is 
installed. This machine is running in close circuit with a –8 mm screen. 
Consequently, the Rhodax output is coarser than the granulated material. 
Otherwise, the Rhodax® PSD is smooth and regular. It is not the case for the 
granulates. That characteristic can increase some downstream processes 
efficiency. 

PSD Comparison
(Granulated matte based on Mortimer operation, where fines were not fully recovered)
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Figure 5 – Comparison of matte and slag PSD at Rustenburg MC plant 
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2.5 Operation and maintenance 

2.5.1 Slag granulation 

The granulation process avoid to cast and break big blocks. It is also easy 
to make it running continuously. 

But the main relevant disadvantages of the granulation process are listed as 
follow : 

�  The necessary potable water to run this process at Polokwane is 1200 
m3/h. 

�  Water becomes acidic (pH 2) and need pH dosing. The use of dosing 
chemicals is necessary (25 kg of 35% caustic soda per ton of slag 
granulated). 

�  The SO4 causes a build-up of suspended solids 

�  The suspended solids cause erosion 

�  The acidic water cause corrosion 

�  The combination of erosion and corrosion wears away all metal 
surfaces. 

�  The high water temperature has a negative effect on the above 
mentioned item. The cooling towers are quite huge as well. 

�  Environment unfriendly (high consumption of potable water and 
treatment of acidic water) 

 

2.5.2 Matte casting and grinding 

The following disadvantages have been met : 

�  Casting produces hot and corrosive gases that need to be treated 

�  The ladles have to been filled up and moved in presence of human 
beings. That area is hazardous. 

�  The matte from the pits or from the caster must be broken manually 
(rock breaker). It makes it difficult to be a continuous process 

�  The moulds of the casting machine have a poor life time due to the 
fact that they are cyclically heated and cooled down. This problem is 
almost sorted out at Polokwane since the life time has been increased 
by a factor five since the first commissioning. 
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�  The crushing area is dusty and requires a good dust collection 
network. The dust is problematic as far as it is creating quite a high 
explosion hazard. 

�  Crushing fine (-2.4 mm) implies some maintenance costs on the high 
pressure crusher (Rhodax®) 

 

3 CONCLUSION 

The Angloplatinum Polokwane smelter has been commissioned in 2003. 
This site gave us the opportunity to compare granulation and crushing processes. 

After 2 years of operation, the granulation side appears to be more 
problematic than the casting and crushing side. 

For both slag and matte production, the casting and crushing process is a 
better way to go. The remaining problems to fix on this process are far easier 
than the granulation ones. The efforts must be mainly focused on the dust 
collection network design and scaling-up. 

Moreover, the Rhodax® technology brings with it another advantage in slag 
industry in general. The slag often contains some matte residues. By crushing 
the slag, almost all the remaining matte can be recovered and lead to significant 
revenues. The Rhodax® has already been installed successfully in slag 
industries for such application : 

�  Steel slag (crushing and recovery of cast iron) 

�  Refined steel slag (grinding and recovery of cast iron) 

�  Chromium slag (ground corundum and chromium balls recovery) 

�  Granulated titanium slag (grinding) 

A lot of industries need to smelt and split their products. The by-products 
(slags) represent the biggest part of the production. But, the rules to achieve a 
better environment protection are nowadays considered in the projects. Slags 
must be transformed, recycled and re-used in human activities. An environment 
friendly granulation installation seems to be costly and crushing is one more time 
the solution to take into consideration.  

 


