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Executive Summary 

 

With the kind co-operation of Mintek, X-ray sorter tests were conducted on raw coal samples 
from New Vaal Colliery and Matla No. 3 Mine. The results obtained showed that raw coal can be 
effectively de-stoned with this technology. The separation efficiency obtained is typified by cut-
point densities between 1.60 and 2.0 and EPM values between 0.12 and 0.20. 
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1. Introduction 
 

The Coal Preparation Sub-Committee of Coaltech decided, as part of its strategic focus, to 
investigate methods suited to the beneficiation of low-grade raw coals. Dry processing of coal is 
presently one of the technologies under consideration and in this regard, evaluation of different 
dry processing techniques is being conducted. In addition to the use of the FGX compound dry 
cleaning machine, the Committee has also decided to consider X-ray (optical) sorting and dry-
dense medium separation. This report gives an account of test work conducted at Mintek with 
optical sorting of raw coal. 

Mintek previously conducted some work for the Central Energy Fund (CEF) on the separation of 
coal and torbanite – something that has been virtually impossible to do with gravity separation. 
The means of achieving this separation is through the use of dual-energy X-ray sorting which is 
capable of determining the atomic weight of the different components present in coal. The 
technique was developed by CommoDaS in Germany, in conjunction with the University of Delft 
in the Netherlands. The pilot-scale work at Mintek was conducted on a MikroSort X-tract 1200 
machine – shown in Figure 1. Coaltech and Mintek agreed to investigate the more conventional 
separation of rock from coal using this machine. 

 

Figure 1: X-Tract sorter at Mintek 
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2. Optical sorting 
 

In optical sorting, a single-particle layer of material is transported on a conveyor and allowed to 
fall past a suitable sensor capable of discriminating between differing materials on the conveyor. 
Properties that may be utilized to differentiate between the materials can be for example color, 
atomic density, transparency or conductivity. The sensor used can be an X-ray sensor, a metal 
detection device, a CCD camera etc. The valuable mineral bearing rock (or stone in the case of 
coal) is then selectively extracted using a precise pulse of pressurized air from the high 
performance nozzle system. The principle is illustrated in Figure 2 below. 

 

 

Figure 2: Conceptual sorter 

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 
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3. Tests conducted on New Vaal coal 
 

Two test campaigns were conducted with raw coal from New Vaal. 

A first sample of +20 mm raw coal was provided by New Vaal for a de-stoning test on the X-ray 
sorter at Mintek. The test was conducted on Thursday 26 July 2007.   

The sorter was operated at a setting adjusted to be able to discriminate between rock and coal 
and hence to remove the rock from the raw coal. The coal (product) and shale (discard) 
obtained from the sorter were weighed and thereafter taken to Witlab (Pty) Ltd. for float & sink 
analysis. The results obtained from the float & sink analysis were used to derive the partition 
data and curve for the separation. The separation efficiency data are summarized in Table 1 
and the partition curve is shown in Figure 3. 

Table 1: Efficiency test data – New Vaal coal 

 Feed % Ash      49.6 
 Product % Ash  42.4 
 Discard % Ash  60.3 
 Product Yield  60.00 
 D50 1.988 
 EPM 0.3172 
 Organic Efficiency % 73.6 
 Sink in Float % 18.22 
 Float in Sink % 15.70 
 Total Misplaced % 33.93 
 Near Dense Material * 14.9 

 

* Percentage between +0,1 and -0,1 RD units from actual d50 cut-point 
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Partition Curve :  New Vaal : X-ray sorting test (Mintek)
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Figure 2: Partition curve for New Vaal coal 

It can be seen from Table 1 that the sorter affected a cut-density of about 2 with a yield to 
product of 60%. The ash content of the product is relatively high at 42% and the ash content of 
the shale removed is 60%. The EPM of 0.317 obtained is, as expected, inferior to that 
obtainable with wet-processing techniques but is in line with other dry-processing units. The 
amount of misplaced material is high.  

A second sample of New Vaal coal was received from the mine in early 2008 and two sorter 
tests were conducted on this raw coal sample. The settings used for Test 1 were aimed at 
extracting a good quality coal whereas the settings for Test 2 were aimed at only de-stoning the 
coal.  The results obtained from the tests conducted on 5 February 2008 are shown in Table 2. 
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Table 2: Results obtained on New Vaal coal on 5 February 2008 

  Test 1 Test 2  
  5 Feb 08  5 Feb 08 
 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 

 

It can be seen from Table 2 that a relatively low cut-point density was obtained during Test 1. 
This produced a product coal with quite low ash content.  The product yield is also low, as may 
be expected. Test 2, at a higher cut-point density shows higher product ash, higher yield and a 
higher organic efficiency. The partition curves for the two tests are shown in Figures 3 and 4. 

 

 

Figure 3: Partition curve for New Vaal coal Test 1 (5 Feb 08) 
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Figure 4: Partition curve for New Vaal coal Test 2 (5 Feb 08) 

 

4.  Tests conducted on Matla No. 3 Mine coal 
 

A 6 ton sample of raw coal from Matla No. 3 Mine was received by Mintek on 29 July 2008. The 
top-size of the sample received was approximately 150 mm and the sample contained a 
significant amount of fines. The coal was screened to yield two size ranges, namely 75 x 50 mm 
and 50 x 25 mm for testing. The 75 x 50 mm size range is shown in Figure 5.  
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Figure 5: 75 x 50 mm raw coal feed to X-Tract sorter 

Four tests were conducted on the Matla coal.  

 Test 1: 50 x 25 mm coal – settings aimed at de-stoning 

 Test 2: 50 x 25 mm coal – settings aimed at obtaining good quality product 

 Test 3: 75 x 50 mm coal - settings aimed at de-stoning 

 Test 4: 75 x 50 mm coal – reprocessing of Test 3 rejects at higher RD cut-point 

The results obtained are summarized in Table 3 and the partition curves are shown in Figures 6 
to 9. 

Table 3: Summary of results obtained on Matla coal 

 Test 1 Test 2 Test 3 Test 4 
 Feed % Ash      42.7 41.1 38.4 49.0 
 Product % Ash  30.8 29.8 24.1 38.2 
 Discard % Ash  62.0 55.9 49.0 67.1 
 Product Yield  61.81 56.49 42.62 62.45 
 D50 1.917 1.790 1.633 2.001 
 EPM 0.1895 0.1270 0.1341 0.1927 
 Organic Efficiency % 82.0 73.4 64.7 83.0 
 Sink in Float % 6.88 7.62 11.61 9.60 
 Float in Sink % 12.47 13.24 14.93 11.41 
 Total Misplaced % 19.34 20.86 26.53 21.00 
 Near Dense Material * 10.3 13.1 35.8 9.8 
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Figure 6: Partition curve for Matla coal Test 1 

 

 

Figure 7: Partition curve for Matla coal Test 2 
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Figure 8: Partition curve for Matla coal Test 3 

 

 

Figure 9: Partition curve for Matla coal Test 4 
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5. Conclusion 
 

The results obtained from the tests conducted at Mintek show that x-ray sorting can be used to 
de-stone raw coal. The separation efficiency obtained is typified by cut-point densities between 
about 1.60 and 2.00 and EPM values between 0.12 and 0.20. The amount of misplaced material 
is high at about 20%. A fair degree of control of the cut-point density is possible through 
sensitivity adjustment of the sorter.  

The main criticism of sorting for use in de-stoning raw coal probably revolves around capacity. A 
single particle layer feed is required to effectively sort material and this restricts the capacity of 
the feed to a sorting machine. In addition, the feed to the unit has to be screened into narrow 
size fractions.  
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