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1. Introduction 
 
It was initially planned to design and build a 1t/h thermal dryer at Kleinkopje Colliery. The 
type of dryer would be either a fluidised bed or a flash dryer. The intention was to dry part of 
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the belt filter product to below 10% moisture and to provide the dried coal as feed to the 
briquetting press. 
 
Particle Separation Systems (PSS) developed a steel belt dryer (SBD) and sold a prototype 
to Kleinkopje. The Coal Preparation Sub-committee decided, with the kind permission of 
Kleinkopje, to first test the SBD at Kleinkopje before committing to purchase and install the 
proposed 1t/h test dryer. 
 
The SBD was to have been commissioned at Kleinkopje early in 2004 but, due to various 
reasons beyond the control of Kleinkopje and Coaltech, was only commissioned in early 
June 2004. A number of drying tests were conducted on the unit after this date. 
 
Drying tests were also carried out using the pilot scale Torbed dryer at Fer-Min-Ore and a 
pilot scale flash dryer at Drytech. 
  
The results obtained from the tests conducted on the different dryers are discussed in this 
report. 
 

2. PSS Steel Belt Dryer (SBD) 
 
In the original design of the SBD, the dryer was to employ heated air, generated by a 
compressor, to dry the coal being transported on a horizontal steel belt. In the revised 
design, the unit was fitted with electrically operated infrared radiation panels that supplied 
heat to dry the coal. 
 
A photograph of the SBD installed at Kleinkopje is shown in Figure 1. 
 
 

 
 

Figure 1: PSS Steel Belt Dryer 
 
The Infrared panels convert electricity to radiant heat. The coal is transported on a slow-
moving conveyor belt, made from woven stainless steel mesh. The heat supplied by the 
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infrared (IR) panels evaporates the moisture within the coal layer and the evaporated 
moisture is withdrawn through the bed of coal by a flow of air provided by an extraction fan. 
 
The unit can be switched on and off as and when required. 
 
Tests were conducted with spiral product and also with froth flotation concentrate filter-cake. 
The material to be dried was manually loaded on to the feed side of the dryer conveyor and 
samples were collected from the discharge end. This is illustrated in Figure 2. 
 

 

Figure 2: Collecting samples from the SBD 
 
During tests, the speed of the conveyor and the number of IR panels were varied to 
ascertain the optimum conditions for drying the coal. 
 
 Although it was found that the SBD could dry the coal to about 12% surface moisture, the 
following problems were experienced. 
 

o The upper surface of the coal layer on the conveyor is rapidly heated to high 
temperatures whilst the bottom layer remains cold. 

 
o The top layer of coal is completely dry when it leaves the dryer but virtually no drying 

of the bottom layer occurs. 
 

o The top layer of coal, once dried, starts to smoulder and burn. This can be seen in 
Figure 3. 
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Figure 3: Burning coal exiting the SBD 
 

o The smouldering coal creates a lot of smoke that is drawn through the coal layer on 
the conveyor and blown out by the fan, as can be seen in Figure 4. 

 

 
 

Figure 4: Smoke blown out by extraction fan 
 
To order to prevent the coal from being set on fire, it is necessary to control the rate of 
drying. This can be done by either speeding up the conveyor belt and by using less heat. 
The latter can be achieved by turning one or more of the IR panels off. The result of this 
action is, however, that the top layer of coal is not fully dried and the bottom layer leaves the 
dryer wet. Hence, more than one pass through the dryer is required.  
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The main problem with the SBD seems to be the mode of exposure of the coal to the heat 
source. Due to the orientation of the layer of coal as it passes underneath the IR heat 
source, uneven heating of the coal occurs. An attempt was made to turn the coal over during 
drying by installing rakes. This can be seen in Figure 5 below. The attempt was not 
successful 
 

 
 

Figure 5: Rakes installed to turn coal 
 
It appears as if the best option for the SBD would be to divide the conveyor into a number of 
short units where the coal can be “turned over” by the transfer between the units.  
 
An attempt was made to improve the drying by making the bed of coal more permeable. This 
was achieved by extruding the wet coal into ‘pellets’ prior to drying. The pellets are shown in 
Figure 6, which also shows that combustion of the coal during drying remained a problem. 
 
 
 



 7

 
 

Figure 6: Extruded pellets 
 
At the present time, it appears as if the SBD is not suited to the drying of coal, primarily due 
to the nature of coal, which causes it to catch fire during the drying process and the fact that 
the coal is not exposed to the heat source in an even fashion. The SBD works very well with 
non-combustible minerals such as hematite, especially when the material is granular in 
nature. 
 
The method of contacting coal with drying air and the very short contact times between coal 
and the drying air in flash and fluidised bed drying, seems a more viable means of drying 
fine coal without causing it to start burning. 
 

3. Torbed Dryer 
 
The Torbed dryer dries fine coal by contacting the coal with hot gas whilst the coal is 
suspended in an upward flow of hot gas. A set of vanes, arranged as shown in Figure 7 
below, facilitates fluidisation of the coal particles.  
 
Coarser particles leave the unit via a central annulus whilst the smaller particles are carried 
out the top of the unit in the gas flow. A cyclone recovers the solids and a wet-scrubber 
ensures that the cyclone overflow gas is cleaned before being released to atmosphere. A 
portion of the cyclone overflow gas is recycled to the dryer to maintain a low-oxygen 
atmosphere within the dryer. The pilot dryer at Fer-Min-Ore is shown in Figure 8. The dryer 
has a capacity of about 400 kg/hr of dried product. Heat for drying is supplied by a liquid 
petroleum gas (LPG) burner.    
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Figure 7: Operating principle of Torbed dryer 
 

 
 

Figure 8: Pilot scale Torbed dryer 
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Table 1 and 2 below show a summary of results, obtained when drying a flotation 
concentrate and a spiral product in the Torbed dryer. As is evident from the tables, very low 
product moistures can be obtained. No de-volatilisation of the coal is evident. 
 
 
Table 1: Torbed dryer results on flotation product 

Air-dry 
analysis   Feed Coarse product 

Cyclone 
product 

 Inh. H20 % 2.9 3.0 2.8 
 Ash % 20.3 19.9 20.9 
 Vol.Mat % 21.4 20.7 20.6 
 Fix.Carbon % 55.4 56.4 55.7 
 Tot.Moisture % 23.5 3.5 1.6 
 
Table 2: Torbed dryer results on spiral product 

 Air-dry 
analysis   Feed 

Product 
-Test 1 

Product 
-Test 2 

Product 
Test 3 

Product 
-Test 4 

Product 
Test 5 

Calorific MJ/kg 24.3 25.8 24.8 24.5 24.1 24.5 
Inh. H20 % 2.4 1.2 2.6 2.3 1.7 2.8 

Ash % 23.5 20.1 21.3 22.9 24.2 22.5 
Vol.Mat % 21.6 21.7 21.4 21.2 21.2 21.3 

Fix.Carbon % 52.5 57.0 54.7 53.6 52.9 53.4 
Total H2O % 23.0 1.1 4.8 3.9 4.2 9.4 
 
 

4. Flash Dryer 
 
The pilot scale flash dryer at Drytech has a capacity of 70 kg/hr of water evaporated. The 
drying air is heated with a LPG burner. 
 
The wet feed material is introduced into the dryer at the bottom of the drying shaft. If the 
feed material is difficult to handle, a portion of the dried product can be back-mixed with the 
wet feed to improve the handling characteristics of the feed. A cage mill is used to break up 
any lumps and to assist the upward motion of feed in the drying shaft 
 
 The wet coal is pneumatically conveyed upwards in the drying shaft by the hot drying gas. 
Drying occurs within the shaft in a very short time period. The dried material exits the top of 
the dryer where a gas cyclone recovers the dried coal from the gas stream. A portion of the 
drying gas is re-cycled back to the gas burner to control the oxygen content within the dryer. 
A bag-house is used to clean the gas purged to atmosphere. 
 
A photograph of the pilot flash dryer at Drytech is shown in Figure 9. 
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Figure 9: Pilot Scale Flash Dryer 
 
A drying test on spiral-sized coal from South Witbank Coal Mine was conducted on 19 
January 2005.  
 
The temperatures measured during the test are listed in Table 3 below. 
 
Table 3: Temperatures measured  

Measuring point Temperature (Degrees C)
 Drying gas Inlet  450 
 Product (ex cyclone) 50 - 100 
 Cyclone inlet 104 
 Bag-house inlet 57 
 
The results obtained are shown in Table 4. 
 
 
 
 
 
 
Table 4: Results of drying test on SWC fine coal 

    Inherent Ash Volatile Fixed Total 
    Moisture   Matter carbon H2O 
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Lab No. Sample % % % % % 
21433 FEED 3.2 27.0 25.3 44.5 27.64 
21434 BATCH-1 3.6 26.1 24.9 45.4 4.19 
21435 BATCH-2 3.5 31.2 23.6 41.7 4.07 
21436 BATCH-3 3.6 25.8 25.0 45.6 4.15 
21437 BATCH-4 3.4 27.1 24.3 45.2 4.46 

 
It can be seen from the results in Table 4 that very low product moistures were obtained. 
The inherent moisture and volatile matter content of the coal seems unaffected by the drying 
process. 
 

5. Discussion 
 
The thermal drying tests conducted on the Torbed and Flash dryers prove that it is possible 
to dry fine and ultra-fine coal to below 10% moisture – a level that is not possible with 
mechanical dewatering techniques. Thermal drying, both in Flash dryers and Torbed dryers, 
has already been proven in other countries and in other industries. 
 
The SBD is not, in its present form, suited to the drying of fine coal. 
 
Two concerns remain however. The first concern is that of safety and the second is the high 
capital and operating cost of the equipment.  
 
When dry, fine coal is exposed to high temperatures, there is always a risk that the coal dust 
can combust or explode. This fact will have to be taken into account in the design of a coal 
dryer installation. By proper design of the plant and the necessary precautions, such as 
control of the oxygen content of the drying air, monitoring of gas and coal temperatures etc. 
it is possible to have a safe dryer. 
 
In the case of drying spiral, TBS or DM cyclone product coal, it would not normally be 
required to retain the minus 100 micron size fraction in the dried product. It would therefore 
be possible to use a wet scrubber to clean the purge gas from the dryer. The scrubber 
effluent can be pumped to the existing ultra-fine coal disposal system. A wet scrubber would 
be safer to operate and is also less expensive than a bag-house. When drying flotation 
product, a bag-house will be required. 
 
The capital cost of thermal drying plants is high. At a plant like South Witbank, a thermal 
dryer capable of evaporating 8 t/h of water would be required. The cost of such a dryer is in 
the region of R40 million. 
 
The operating cost for a thermal dryer is expected to be between approximately R5 and R10 
per ton of feed coal. This cost can be reduced somewhat by burning discard coal to 
generate the hot gas required for drying. It must however be kept in mind that most of the 
ash contained in the fuel coal will report to the dried coal product.  
 
Despite the high capital and operating costs, thermal drying proves to be economically 
viable as the results of calculations, summarised in Table 5 below, shows. 
 
Table 5: NPV versus drying option 
 NPV over 10 years (Rand) 
 5900 kCals/kg 6000 kCals/kg 
Base Case: Discard fine coal 0 0 



 12

Process fine coal and dewater to 14% 
surface moisture by centrifuge R163587055  (R58816977) 
Process fine coal and dewater to 5% surface 
moisture by centrifuge and thermal drying R486760085  R494356551  
 
One can see from Table 5 that, when producing a 6000kCal/kg export product, it will be 
uneconomical to process the fine coal and use only mechanical dewatering to dewater the 
fine coal product. When the fine coal product is dried to 5% surface moisture, a profitable 
option is indicated, despite additional capital and operating costs incurred.   
 

6. Conclusion 
 
Thermal drying provides the only means of lowering the moisture content of fine coal to low 
levels. The tests conducted indicate that thermal drying is technically viable whilst 
calculations show that it will be economically viable. 
 
The concerns regarding the safety of dryers are real and should be addressed through 
proper design of drying plants. Where possible, wet scrubbers can be used instead of bag 
houses. 
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