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Introduction 
 

In the past, most of the coal preparation research efforts in South Africa were aimed at low-
density separation of raw coals in order to produce low-ash coal suited to coke making. This 
research eventually led to the successful implementation of the Low-Ash coal (LAC) export 
project and the establishment of the Richards Bay Coal Terminal. 

Coal used for power generation was traditionally not processed other than crushing the coal to a 
convenient top-size to facilitate easy handling of the coal. The total supply of coal to South 
African power stations was supplied by a few large suppliers and the coal was mostly mined 
from ócaptiveô mines, dedicated to supplying a specific power station. The coal was usually 
transported to the power station by conveyor belt and in only a few cases, by rail. . 

In recent times the demand for power coal has grown considerably. Eskom (the largest 
electricity supplier in South Africa) presently requires approximately 100 million tons of coal per 
annum. Although many power stations are still supplied with coal from captive mines, additional 
coal is supplied to several of Eskomôs power plants from a number of small mining operations. 
This coal consists of raw coal, washed coal, reclaimed/re-washed discard coal and even slurry 
recovered from settling ponds.  Many of these operations are distant from the power stations 
and large tonnages of coal are transported to Eskom by rail and by road. The transport of coal 
by road has a negative influence on the condition of South Africaôs roads.  

Most of the coal consumed in the power plants are of a low quality and contain incombustible 
sandstone and shale. If the inert material (stone and shale) can be removed from the coal by 
processing, a significant reduction in the tonnage of coal transported can be effected. 
Processing of the coal will furthermore improve the quality of the coal delivered to power 
stations which will improve the efficiency of the power plants. 

Coal properties 
 

The quality and properties of the coal used for power generation largely determines the 
efficiency of the operation. The net power output, the initial capital cost as well as the continuing 
operating and maintenance costs of power plants is influenced by the nature and properties of 
the coal burned.  

The calorific or heat value (CV) of the coal determines how much energy can be obtained from 
a specific mass of coal ï a low CV coal implies that more coal is required to generate a certain 
amount of electricity. The amount and nature of the mineral matter contained in the coal plays 
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an important role in the process of pulverizing the coal, determines how much abrasion the coal 
will cause during the pulverizing and combustion process, whether the molten slag formed 
during combustion will tend to cause slagging and fouling of boiler tubes and how much bottom-
ash and fly-ash will need to be handled and disposed of. 

The moisture content of coal influences the heat value of the coal and furthermore affects the 
handling characteristics of the coal. The size consist of the coal as received has an influence on 
the handling properties of the coal since fine, damp coal tends to hang up in bins and conveyor 
transfer points.  

The Hardgrove Index determines how much energy will be required to mill the coal whilst the 
Abrasive Index is a measure of how much wear the coal will cause to the mills and other 
equipment.  

The reactivity of the coal, which is a function of the volatile matter content and the petrographic 
composition, determines the burning characteristics of the coal.  

The properties of raw and washed coal can differ significantly and beneficiation of raw coal can 
improve the quality of coal which in turn can positively influence the performance of power 
plants. 

Status quo  
 

The majority of coal used for power generation in South Africa is raw coal or washed middling 
coal. Due to the large demand for thermal coal, all available sources of coal are exploited at 
present and these include discard dumps and slurry ponds. Much of the coal transported to 
Eskom is of a low quality and contains incombustible stone and shale.  

The inert material contained in the coal is transported over long distances to power plants and 
milled at great expense. This material negatively influences the generation process due to its 
low heat value. After combustion this material reports as either bottom ash or fly ash ï removing 
energy from the system and requiring disposal.  

It is not difficult to see that removal of the inert material at source will improve the efficiency of 
the whole process ï and reduce the amount of material transported without gain.  

Benefits of using washed coal 
 

Beneficiation of raw coal prior to utilization for power generation offers the following benefits: 

 It provides a consistent quality of coal 

 It reduces the tonnage of 'stone' being transported by road and rail 

 It reduces the ash loading at the power plant 

 It reduces the abrasiveness of the coal 
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 It helps to improve the thermal efficiency of the power generation process, mainly as a 
result of a reduction in energy loss associated with inert material passing through the 
combustion process 

 It assists in the reduction of greenhouse gas emissions (less tons of coal required for 
same energy output) 

 It lowers the sulphur content of the coal  which in turn lowers the amount of SOx emitted 

 It lowers the amount of potentially harmful trace elements in coal combusted ï it is 
believed that many of the trace elements in coal are associated with pyrite which can be 
removed during coal processing 

 It allows lower grade reserves to be exploited (rather than selectively mining higher 
grade reserves to meet quality specifications) 

Downside of using washed coal 
 

The main negative factor associated with using processed or washed coal is the cost of 
establishing and running a coal processing plant. These costs, however, are countered by the 
reduction in transport costs as well as the capital and running costs of the power plant where 
the coal is utilized. It is, however, necessary to evaluate the economic impact of using washed 
coal for each individual situation. 

A second objection against the use of washed coal in power generation is the moisture increase 
associated with coal processed in a plant where water is used as the separating medium or for 
rinsing the coal free of magnetite in the case of dense-medium processing. Equipment needs to 
be installed in the coal processing plant to de-water the coal products after processing. In this 
regard, centrifuges are routinely employed. In most cases though, the higher moisture content 
of the coal is more than compensated for by the increased heat-value of the coal resulting from 
processing. In some cases, unfortunately, washed coal could have a higher moisture than the 
raw coal and this could make the handling and transport of the coal more difficult.  

Perhaps the biggest negative factor associated with the processing of coal is the production of 
discard and slurry. Discard and slurry have to be disposed of and both discard dumps and slurry 
ponds take up valuable land, are unsightly and have the potential to result in air and water 
pollution. The construction of discard dumps has progressed in recent years and modern 
discard dumps are constructed in such a way that spontaneous combustion of the discard coal 
is prevented. Run-off water is furthermore contained and controlled to minimize the risk of 
groundwater pollution. One should keep in mind that the cost of disposing of the discard 
produced during the coal beneficiation process is off-set to some degree by the reduction in the 
disposal of the ash that would have been generated during combustion of the coal. It is probably 
easier and less expensive to dispose of coarse discards that fine ash.  
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De-stoning of raw coal 
 

De-stoning of raw coal refers to a beneficiation operation where only the high relative density 
fraction is removed from the coal. Table 1 below shows the washability data for a typical raw 
coal. One can see from the data in Table 1 that the CV of the raw coal is 18.6 MJ/kg and the 
ash content is 46.3%. 

Table 1: Washability data for raw coal 

Dolan Coal ROM 

  Fractional    Cumulative 

  
Relative 
density   

Yield 
% Ash % 

CV 
(MJ/kg) 

% of 
Heat 
Value 

Yield 
% Ash % 

CV 
(MJ/kg) 

% of 
Heat 
Value 

F @ 1.40 8.1 9.3 29.1 12.7 8.1 9.3 29.1 12.7 

F @ 1.50 8.6 14.2 27.7 12.8 16.7 11.8 28.4 25.5 

F @ 1.60 16.0 26.3 24.3 20.9 32.7 18.9 26.4 46.5 

F @ 1.70 17.0 30.8 23.0 21.1 49.7 23.0 25.2 67.5 

F @ 1.80 7.6 40.2 20.3 8.3 57.3 25.3 24.6 75.8 

F @ 1.90 3.6 47.7 18.2 3.5 60.9 26.6 24.2 79.4 

F @ 2.00 2.5 56.4 15.7 2.1 63.4 27.8 23.9 81.5 

S @ 2.00 36.6 78.3 9.4 18.5 100.0 46.3 18.6 100.0 

 

If the coal shown in Table 1 is processed so as to remove only the sinks fraction at a relative 
density of 2.0, 36.6% of the coal will be discarded. This fraction will have a CV of 9.4 MJ/kg and 
an ash content of 78.3%. It is very likely that the abrasive index for this fraction will be very high.  

The quality of the coal remaining after removal of the sinks at density 2.0 is now improved to the 
extent that the CV is 23.9 MJ/kg and the ash content 27.8%. The sinks fraction of the coal that 
will be discarded after de-stoning contains only 18.5% of the potential heat value of the coal ï 
the floats (product) contains 81.5%.  

De-stoning of the raw coal requires high-density separation of the coal. Cut-point densities of 
2.0 and even higher are usually employed. 

Beneficiation processes employed to de-stone raw coal 
 

Dense-Medium 
 

Several processing options are available for de-stoning raw coal. The current method of choice 
for coal processing in South Africa is dense-medium separation. The dense-medium process 
employs a magnetite/water medium to affect a separation between coal and impurities (stone, 
shale and pyrite) based on the density difference between the differing materials. Coarse coal 
(typically plus 10 mm) is usually processed in dense-medium drums or baths (for example 
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Wemco drums, Drewboy vessels etc.) whilst the small coal (typically 10 x 1 mm) is processed in 
dense-medium cyclones. Figure 1 shows a dense-medium cyclone installation employed for the 
preparation of power station coal. 

 

Figure 1: High-Density Dense-Medium cyclones 

The modern trend in coal processing is to process a wide size range of coal (about 50 x 1 mm) 
in cyclones ï thus eliminating the dense-medium bath from the circuit and simplifying the layout 
of coal processing plants. 

The dense-medium process is very efficient and is capable of processing very difficult-to-
process coals ï even those with high amounts of near-dense material. The relative density of 
the washing medium can be accurately controlled and the quality of the washed product can 
thus be ensured. Dense-medium is in use as a de-stoning process in South Africa and 
separation between coal and shale at a relative density of 2.0 is routinely practiced.  

Typical results obtained on a coal mine where dense-medium cyclones are employed to 
process raw coal in order to produce a thermal coal are shown in Table 2 below. 
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Table 2: Results: denseïmedium cyclones 

Parameter Value 

 Feed % Ash      34.8 

 Product % Ash  26.5 

 Discard % Ash  69.5 

 Product Yield  80.82 

 d50 1.974 

 EPM 0.023 

 Organic efficiency 99.8 

 Sink in Float 0.30 

 Float in Sink 0.63 

 Total Misplaced 0.93 

% Near-dense (+-0.1) 2.9 

 

One can see from Table 2 that excellent efficiency values are obtained.  

 

Jigging 
 

Jigging was used extensively in South Africa in the past but the process has been replaced by 
the more efficient dense-medium process. Although jigging is not a very efficient process, it is 
commonly believed to be less expensive than dense-medium since it does not require 
magnetite and uses only water to affect the separation. In high-relative density processing, 
required to de-stone coal, the efficiency of the process becomes less important than when 
producing coal products with low ash contents. Figure 2 below shows the product recovery 
(yield %) as a function of the process efficiency. Dense-medium cyclones (EPM ~ 0.025) are 
capable of producing a product with about 12% ash from the specific raw coal and exhibits the 
highest product yield over the whole range of product ash values. A jig (EPM ~ 0.1) can at best 
produce a product with 18% ash and the yield for other ash values is lower than that obtainable 
with the dense-medium cyclones. The FGX unit (described later in this paper) has an EPM 
value of about 0.3 and can at best produce a product with an ash content of about 24%. 
However, at product ash values of 28% and above, as one would expect to produce in a de-
stoning operation, there is little difference in the product yield obtainable from the differing 
processing methods. This therefore implies that almost any process can be used if the objective 
is to only de-stone the coal. 
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Figure 2: Recovery as a function of process efficiency 

At present, there is only one jig in operation in South Africa ï the one at Leeuwpan Colliery 
(Figure 3). This jig is used to de-stone a low-grade raw coal in order to produce thermal coal for 
Eskom.  

 

Figure 3: Jig plant at Leeuwpan 
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Dry beneficiation 
 

Dry beneficiation is a technology that appears very attractive for de-stoning of raw coal since it 
offers the following advantages: 

 The process does not use any water ï this is an important consideration in South Africa 
where water is a scarce resource 

 The coal remains dry during processing ï the heat value of the coal is thus retained 

 No slurry is produced ï therefore no risk of groundwater pollution (one should however 
keep in mind that a discard coal is still produced. The risk of spontaneous combustion of 
the discards still exists and run-off water from the discard dump can still cause pollution 
of water if not managed) 

 Low capital and operating costs 

Dry jigging of coal is an old technology making a come-back. Air-jigging or pneumatic jigging 
was used quite extensively in the USA and Britain during the early part of the previous century 
but was phased out with the introduction of the more efficient dense-medium process. 
Mechanization of the mining process also resulted in wet and highly contaminated raw coal that 
rendered the dry jigging process ineffective. 

One of the dry beneficiation technologies presently being evaluated in South Africa is the FGX 
Compound Dry Cleaning Machine, developed and used in China. Figure 4 below shows a FGX 
unit in operation in China. 

 

Figure 4: FGX unit in operation in China 
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The FGX unit uses a combination of vibration and air moving through a bed of coal on a 
perforated table to separate coal and stone. The air assists with the separation of the coal and 
provides an effective means of transporting dust to the dust cyclone and gas cleaning system. 
The latter incorporates a fabric filter to capture fine dust. A photograph of a 10 ton per hour pilot 
FGX unit being tested at Exxaroôs NBC Mine near Belfast in Mpumalanga province is shown in 
Figure 5. 

 

Figure 5: FGX dry processing unit in operation at NBC Mine 

The raw coal feed to the unit consists of coal crushed to a top-size of about 50 mm. The coal is 
fed onto the table surface with a vibrating feeder to control the feed rate.  

The surface of the vibrating table has a series of riffles fitted to the surface. The deck is also 
perforated to allow air (supplied from a fan) to flow through the deck. The vibration of the table 
causes the coal on the deck to stratify ï the heavier (stone) particles move to the bottom of the 
layer whilst the lighter coal particles move to the upper part of the layer. The heavy particles are 
then discharged towards the furthest end of the table whilst the lighter coal is discharged 
towards the front. The fluidization air supplied through the deck surface by the fan aids 
movement of the coal on the table surface and assists small and light particles to move towards 
the upper parts of the coal layer on the deck. The separation achieved between coal and stone 
is illustrated in Figure 6. 
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Figure 6: Product, discard and middling from FGX unit1 

Typical results obtained with the pilot FGX unit on a 50 x 6 mm raw coal is shown in Table 3 
below. A partition curve for the unit is shown in Figure 7. 

 Table 3: Results obtained with FGX 

Parameter Value 

 Feed % Ash      46.3 

 Product % Ash  30.6 

 Discard % Ash  60.2 

 Product Yield  46.8 

 d50 1.797 

 EPM 0.267 

 Organic efficiency 68.6 

 Sink in Float 7.3 

 Float in Sink 17.6 

 Total Misplaced 24.9 

% Near-dense (+-0.1) 7.9 

 

One can see that the efficiency of the unit is not as good as that of dense-medium but the ash 
content of the coal is still reduced from 46% to 30%. This can make a significant difference in 
the utilization potential of the coal. 
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Figure 7: Partition curve for FGX unit 

Optical sorting 
 

Another technology that is capable of beneficiating dry coal is optical sorting. In optical sorting, a 
single-particle layer of material is transported on a conveyor and allowed to fall past a sensor 
capable of discriminating between differing materials on the conveyor. Properties that may be 
utilized to differentiate between the materials can be for example colour, atomic density, 
transparency or conductivity. The sensor used can be an X-ray sensor, a metal detection 
device, a CCD camera etc. The mineral bearing rock (or stone in the case of coal) is then 
selectively extracted using a precise pulse of pressurized air from a high performance nozzle 
system. The principle is illustrated in Figure 8 below. 
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Figure 8: Conceptual sorter3 

1) Raw material input 

2) Vibrating table or conveyor 

3) Chute 

4) Image acquisition 

5) Processor 

6) Compressed air jets 

7) Sorter heads and tails 

8) User interface 

X-Ray sorting of raw coal has been evaluated at Mintek using an X-Tract sorting machine ï 
shown in Figure 9. 
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Figure 9: X-Tract sorter at Mintek 

Promising results have been obtained with the sorter as shown in Table 4 below. Figure 10 
shows a typical partition curve obtained.  

Table 4: X-Tract results 

 Test 1 Test 2 

 Feed % Ash      38.1 39.4 

 Product % Ash  24.0 30.9 

 Discard % Ash  48.5 57.7 

 Product Yield  42.31 68.18 

 D50 1.631 2.003 

 EPM 0.1393 0.2432 

 Organic Efficiency % 61.0 82.1 

 Sink in Float % 13.68 7.90 

 Float in Sink % 11.46 14.35 

 Total Misplaced % 25.14 22.25 

 Near Dense Material * 27.9 4.8 
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Figure 10: Partition curve for X-Tract sorter 

 

   Dry dense-medium 
 

Dry dense-medium is a process that is already reportedly used on a commercial scale in China. 
In South Africa, it has only been demonstrated on a batch pilot scale to date. This process 
potentially offers dry beneficiation and very good efficiency at the same time. The process 
employs compressed air, supplied through a system of orifices to ensure even distribution, to 
fluidize a bed of dry magnetite powder. The bed of magnetite, once fluidized, acts as a pseudo-
dense medium in which coal will float and stone or shale will sink. Figure 11 below shows the 
type of arrangement used in continuous demonstration plants employing dry dense medium 
separation. 

The process is capable of effectively separating stone from coal and EPM values of around 0.05 
have been reported5. The moisture content of the feed coal, however, should be kept at a low 
level for the process to be effective. 

 

  


