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1 INTRODUCTION 

 

During the normal mining of coal, no appreciable weathering of the coal occurs. However, 

this situation changes when previously extracted reserves are re-mined. In the latter case, 

severe weathering of the coal may be encountered at the time of re-mining. 

 

In order to evaluate the potential of analytical techniques to identify weathering of coal, two 

samples of oxidised coal were subjected to analysis. The aim of the study was to establish 

whether available analytical techniques could identify weathered coal. 

 

Samples of oxidised coal were requested from three collieries where previously extracted 

reserves are being re-mined. Procuring the samples proved very difficult, but eventually two 

samples were received for analysis. The samples received were from Boschmanskrans and 

New Vaal. Conditions at the third colliery precluded the taking of a sample. 

 

The sample obtained from Boschmanskrans was taken by personnel from Khanya 

Laboratories. It was taken from the floor of the pit and formed part of “normal production” 

from the colliery. 

 

The New Vaal sample was taken by mining personnel. No details regarding the origin of the 

sample were made available, but it is understood that the sample was obtained from an old 

pillar. The request made to the mine was to obtain a sample of weathered coal. It was 

therefore not expected that the sample would be representative of normal production. 

 

The samples were delivered to the laboratory of Coal & Mineral Technologies in Pretoria for 

analysis.   

 

 

2 ANALYSIS 

 

On delivery of the samples to the laboratory in Pretoria, some of the larger particles were 

removed from the sample bags for petrographic analysis. The mass of uncrushed sample 

removed was small enough not to affect the analysis of the remnant of the samples 

significantly. These coal particles were mounted in epoxy resin / hardener and then polished 

to yield a sample block suitable for microscopic examination. 
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After being crushed to minus 1 mm, a portion of each sample was removed and mounted in 

epoxy resin / hardener to yield a particulate sample block suitable for petrographic analysis. 

 

The remainder of the samples were prepared in the normal manner for proximate analysis. 

In addition to proximate analysis, the calorific value and sulphur content of each sample 

were also determined. 

 

A froth flotation test was also conducted on each of the samples. A portion of the minus 

1 mm coal was taken from the main crushed sample for this purpose. 

 

 

3 RESULTS OBTAINED 

 

Two separate reports containing the detailed results of the analysis were issued by Coal & 

Mineral Technologies (CMT). The titles of these reports are given in Section 6 (References) 

of this report. 

 

The main findings from the CMT reports are discussed as part of this report. 

 

 

4 DISCUSSION OF RESULTS 

 

The proximate analysis, calorific value and sulphur contents of the two samples are shown in 

Table 1. 
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Table 1:  Analysis results of coal samples 

 

Air-dry basis Boschmanskrans New Vaal 

Calorific value (MJ/kg) 22,50 24,92 

Moisture content (%) 7,6 6,6 

Ash content (%) 19,1 14,9 

Volatile matter content (%) 22,9 34,8 

Fixed carbon content (%) 50,4 43,7 

Total sulphur content (%) 0,35 2,44 

 

 

4.1 Boschmanskrans 

 

Boschmanskrans is an opencast operation that mines coal previously extracted by bord-and-

pillar mining by Douglas Colliery. 

 

The mining method currently employed at Boschmanskrans differs from that used at some of 

the other mines that are re-mining old workings. At Boschmanskrans, the pillars are mined 

“selectively” by first collapsing and removing all the coal in the bords. The pillars are left 

intact until removal of the bord coal has been completed. They are then removed as a 

separate “select” coal. At most other operations, the pillars are blasted and mined together 

with the bords – thus increasing the degree of contamination of the mined coal.  

 

The method of mining employed at Boschmanskrans can be seen on the photograph in 

Figure 1. 
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Figure 1:  Mining operations at Boschmanskrans 

 

The data in Table 1 show that the inherent moisture content of the sample obtained from 

Boschmanskrans is 7,6%. This is unusually high for coal from this area. Coal produced from 

Douglas Colliery, according to data obtained from the Coal Bulletin3, always had inherent 

moisture contents of below 2,5%. This is illustrated in Figure 2 below. 

 

Inherent moisture content: Douglas Colliery

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1940 1950 1960 1970 1980 1990 2000

Year

In
h

er
en

t 
m

o
is

tu
re

 %

 

Figure 2:  Inherent moisture content of product coal from Douglas Colliery 
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The inherent moisture content of coal is believed to increase when the coal weathers. The 

high inherent moisture content of the sample from Boschmanskrans may therefore be an 

indication that the coal is oxidised. 

 

The volatile matter content of coal is believed to be another indicator of weathering. In the 

case of Boschmanskrans, it is not possible to identify any decrease in the volatile matter 

content compared with the coal previously produced by Douglas Colliery because the 

Douglas coal was washed. The same applies to the calorific value of the coal. 

 

Petrographic analysis of the larger particles, referred to as “mounted pieces” in the CMT 

report (attached as Appendix A) does not indicate severe oxidation of the coal. 

 

The photograph shown below as Figure 3 indicates that no oxidation of the coal is visible 

under the microscope, even at the edge of the particle. 

 

 

Figure 3:  “Fresh” coal minerals at edge of coal particle 

 

The finer coal particles, referred to as the “particulate block”, do, however, show marked 

signs of oxidation. Of significance to coal processing operations is the fact that the particles 

exhibit severe cracking. In practice, this will probably result in the coal breaking into fines. 

The fissures in the vitrinite particles can be seen in Figure 4.   
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Figure 4:  Fissures in vitrinite as a result of weathering 

 

The fragmented appearance of the finer particles can be seen in Figure 5. The coal particles 

are the light-coloured areas. The dark areas are due to the mounting material. 

 

 

Figure 5:  Fragmented particles in particulate block 
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It is interesting to note that the finer coal particles are more prone to oxidation. This is most 

probably a result of the smaller diameter of the particles. Oxygen is able to penetrate the 

particles to a greater degree than would be the case with the larger particles.  

 

Froth flotation and flocculation are usually processes associated with beneficiating fine coal. 

The fact that the fine coal appears to be more negatively affected by oxidation than the 

coarser coal means that the implications for coal preparation are that much more severe. 

 

Furthermore, the fact that more fine coal is generated during oxidation also implies that the 

moisture content of the coal will be increased by virtue of the higher surface area generated. 

The increased inherent moisture content will assist in further increasing the overall moisture 

content of coal produced. 

 

A froth flotation test, conducted on a portion of the coal crushed to minus 1 mm, yielded only 

6% of flotation product. The ash content of the product was 12,3%. 

 

The very low flotation yield may be considered as an indication of the degree of weathering 

of the coal. This would imply that, in practice, coal from Boschmanskrans would not be 

readily amenable to froth flotation. Problems may also be expected in flocculation. 

 

4.2 New Vaal 

 

The coal sample received from New Vaal showed signs of weathering. The coal was stained 

reddish-brown and white powdery material, possibly gypsum, was seen on some of the 

particles.  

 

The proximate analysis of the sample indicated that it had a relatively low ash content. 

 

Typical analysis of New Vaal coal as per the Coal Bulletin3 is shown in Table 2. 
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Table 2:  Analysis of New Vaal coal 

 

 

From the above table, it can be seen that the sample of oxidised coal received from New 

Vaal is not representative of the normal production. The inherent moisture content of the 

sample is, however, about the same as that of the typical coal produced. The sulphur 

content of the sample is appreciably higher than that of the coal normally produced. 

 

Both the calorific value and volatile matter content of the sample are much higher than those 

of the coal normally produced.   

 

The pieces of coal taken from the bag prior to crushing of the rest of the sample do show 

signs of oxidation and cracking of the vitrinite. This is illustrated in the photographs shown as 

Figures 6 and 7. 
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Figure 6:  Weathered organic material in mounted sample 

 

 

Figure 7:  Cracking of vitrinite maceral due to weathering of coal 

 

Large proportions of the larger pieces of coal, however, seem mostly unaffected by 

oxidation. Some of this “fresh” coal is shown in Figure 8. 
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Figure 8: “Fresh” coal macerals in mounted sample 

 

The particulate block, containing the finer coal fraction, does not appear significantly more 

weathered than the larger pieces of coal. The vitrinite reflectance readings do not indicate 

that the coal is abnormal in any way. 

 

Of significance, though, is the fact that the coal particles are shown to have a propensity to 

disintegrate into smaller fragments. This tendency was also detected in the coal from 

Boschmanskrans. 

 

As can be seen from Figure 9 below, this disintegration of coal particles can be severe. 
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Figure 9:  Disintegration of vitrinite macerals into fine fragments due to weathering 

 

One of the reported4 consequences of receiving oxidised coal at New Vaal is an increase in 

dust and fine coal content in the run-of-mine coal. The increased amount of fines tends to 

result in an overloading of the belt filters and further tends to create a problem with 

flocculation. 

 

It appears from the results of the microscopic analysis of the oxidised coal sample that the 

fragmentation of the coal macerals resulting from oxidation could be a factor contributing to 

the type of problems experienced in practice. 

 

A flotation test conducted on the New Vaal coal sample, crushed to minus 1 mm, yielded 

42,4% of flotation product. The ash content of the flotation product was 9,4%. 

 

The fine particles included in the particulate block were not severely weathered. This 

appears to be confirmed by the flotation test.  

 

It should be kept in mind that the fine fraction in the New Vaal coal did not arise naturally 

since the original sample was most likely chipped from a pillar. The fines present in the 

sample as received therefore developed mainly during handling and the subsequent 

crushing of the sample during sample preparation. 
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The sample received from Boschmanskrans, on the other hand, was taken from the pit 

production and therefore would have included naturally arising fines. This fine coal may 

therefore have been exposed for a longer period and this may have contributed to the higher 

degree of oxidation of the coal. 
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5 CONCLUSIONS 

 

From the analyses conducted, the following conclusions can be drawn: 

 

 Oxidation of coal results in decrepitation of the coal, which causes the fines content 

of the coal to increase. 

 The naturally arising fine coal particles appear to be more affected by oxidation than 

the larger particles. 

 Large coal particles may appear to be visibly oxidised, but this may be only a surface 

phenomenon whilst the bulk of the coal particles may still be relatively unaffected by 

the oxidation process. 

 Fine coal may appear to be “fresh” whereas in fact it may already relatively be 

severely oxidised. 

 The flotation response of coal is negatively affected by oxidation. 

 Petrographic analysis of the coal can be used to make a reasonably accurate 

assessment as to the degree of oxidation of a coal.  

 It may be advantageous to use the naturally arising fines to assess whether or not a 

particular coal is weathered. 
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