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ABSTRACT 
 
Exxaro installed their first ultra fines treatment plant at Leeuwpan Coal mine. The plant 
is now fully operational and results already show that the plant has great potential. The 
plant was designed and installed by DRA. Several challenges were faced during the 
installation due to the space constraints in the Leeuwpan plant. Efficiency tests were 
conducted on both modules after commissioning and showed very promising results. A 
lower ash product with a higher yield can be produced with the fine coal dense medium 
cyclones compared to the spirals previously employed. 
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1. INTRODUCTION 

Leeuwpan Colliery is located close to Delmas in the Mpumalanga Province, and is one 
of seven coal mines in the Exxaro Resources group. 
 
The dense media separation (DMS) plant at Leeuwpan was commissioned in 1997. The 
plant originally treated three Witbank coal seams, namely seams no. 2, 4 and 5. A coal 
jig plant was built in 2005 to treat the top layer of coal ï Seams 4 and 5ï to supply a 
30% ash coal to power stations. When the jig plant was commissioned, it increased the 
DMS plant availability to treat the higher grade coal (the bottom layer of coal) from the 
no. 2 Seam for a local and export metallurgical market.  
 
Following the path of evolution, in 2007, Leeuwpan commissioned the first double stage 
ultra-fines dense medium cyclone plant in the coal industry, to form part of its overall 
DMS plant. It replaced the method of using spirals to treat the -1 mm material. Spirals 
are still the most commonly used and accepted method by the industry, but it seems as 
if the pioneering cyclone process has ignited interest among many players in the 
industry (Theunissen, 2008). 
 
The Leeuwpan Plant consists of two identical modules. In each module there are two 
800 mm cyclones to beneficiate the 6x25 mm and the 1x6 mm material, respectively. 
The +25 mm feed of both the modules is directed into a Wemco drum, whereas the -1 
mm material was beneficiated by spirals in each module before the fine dense medium 
circuit was installed. 
 
The business case for the fine dense medium circuit was based on the fact that a better 
quality product can be produced at a higher yield, and the quality can also be controlled 
to a fixed RD set point, something which was difficult to achieve with spirals. 
 

2. LEEUWPANôS FINES DENSE MEDIUM PROCESS 

The installation of the fines dense medium circuit was done by DRA, and it was in the 
same area previously occupied by the spirals. Each module in the DMS plant has its 
own fines dense medium circuit, with some of the equipment from the spiral plant, such 
as tanks, pumps and dewatering screens being re-used in the new installation. 
 
The process flow shown in Figure 1 is being described as follows: 
 

 The -1mm feed material enters a hydrocyclone, which performs a desliming 
function by removing the -100 micron particles which are dispensed to the 
thickener. 

 The +100 micron to -1 mm material is pumped to a feed dewatering screen. 
The feed material after the dewatering screen is mixed with magnetite in a 
launder and then pumped to a primary cyclone (the first stage beneficiation). 



 The primary cyclone overflow is again mixed with magnetite in the launder and 
enters a second stage washing cyclone. 

 The product of the secondary cyclone is sent to a product magnetic separator and 
the discard of the primary cyclone is routed to the discard magnetic separator. 

 The discard of the secondary washing stage is recycled back to the feed. 

 The product and discard (underflows of the magnetic separators) are deslimed 
and dewaterered on product and discard dewatering screens once again and 
transported to the product and discard conveyors. 

 The cyclone circuit can have up to three stages ï depending on the feed and 
product quality of the coal that is treated and produced. 

 

 
Figure 1: Flow diagram of the fine coal dense medium circuit at Leeuwpan 

(de Korte, 2008) 
 



3. INSTALLATION AND OPERATION DIFFICULTIES 

3.1.  Fitment of new plant into the existing circuit 

The biggest challenge with the plant design and installation was to fit the new plant into 
the space where the spirals used to be, given the equipment size and the pipe work 
between the equipment. As can be seen in Figures 2, 3 and 4 there was very limited 
space for installation, but DRA excelled with the design and layout of the plant, and 
therefore the entire installation was done with minimum influence to production due to a 
temporary bypass line that was installed to divert the -1mm material feed straight to a 
dewatering screen while the rest of the plant was under construction.. 
 

 
Figure 2: Leeuwpan Fines plant under construction 

 



 
Figure 3: Confined spaces for installation 

 
 

 
Figure 4: Primary and Secondary Dense medium cyclones 

 



Remarkably therefore, the entire installation was done whilst the rest of the plant 
continued with production.  
 

3.2. Plant equipment operational changes 

3.2.1. Cyclone spigot changes 
 
In an attempt to lower the cut-point density, the spigot on the primary cyclone was 
increased from 120 mm to 145 mm and that of the secondary cyclone from 100 mm to 
120 mm. A series of tests were conducted on the 1st November 2007 to evaluate the 
performance of the cyclones with the larger spigots. The circulating medium density was 
lowered progressively and samples of the feed, product and discard were taken at each 
of the 4 different density settings. Bottom coal was being processed at the time. (de 
Korte, 2008). The following results were obtained: 
 

Table 1: Test results 1 Nov 08 (de Korte GJ, 2008) 

Circ Med 
RD 

Feed Ash, 
% 

Product 
Ash, % 

Discard 
Ash, % 

Yield, 
% 

1.30 28.7 15.8 68.3 75.4 

1.30 28.4 15.9 68.2 76.2 

1.25 29.6 15.0 61.8 68.8 

1.25 29.0 14.7 63.8 70.8 

1.20 35.6 13.3 63.8 55.8 

1.20 27.5 13.3 62.7 71.1 

1.18 26.5 12.3 50.6 62.8 

1.18 26.2 13.1 52.8 67.2 

 
The results show that the circulating medium density needed to be lowered to 1.20 in 
order to obtain a product with 15% ash. This is not unusual, as similar results were 
obtained on the Coaltech pilot plant. 
 
The product ash is directly related to the density of the circulating medium as shown in 
Figure 5. When the circulating medium density is increased, the density of the feed to 
both the primary and secondary cyclones is increased and relatively small increases in 
the circulating medium density causes fairly large increases in the feed density to the 
two cyclones. (de Korte, 2008). 



 
Figure 5: Relation between circulating medium density and product ash for 

Bottom coal (de Korte, 2008) 
 
3.2.2. Magnetite circulation and magnetite bleed stream 
 
The efficient magnetic separators used on the fines plant can be considered as an 
important breakthrough in ensuring stability in the ultra fines beneficiation circuit. High 
magnetite consumption in ultra fines beneficiation circuits has historically been viewed 
as problematic. The magnetic separators act as the drain and rinse screens of this 
process. The efficient magnetic separators ensure that minimum magnetite will report to 
the product or discard that goes to the desliming sections. Efficiency tests were done on 
the magnetic separators installed at Leeuwpan. 
 
The results obtained from the analysis of the magnetic separator feed, over-dense and 
effluent samples show that the magnetic separators are working very well. Tables 2 and 
3 summarize the results obtained. 
 

Table 2: Product magnetic separator performance (de Korte, 2008) 

Product  04-Oct-07 14-Feb-08 

Feed g/L magnetite 189.10 156.64 

Concentrate g/L magnetite 1046.22 1016.38 

Tailing g/L magnetite 0.13 0.23 

Efficiency % 99.94 99.87 


