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The effect of thermal drying on the mechanical strength of South African coals

drying temperature increases. It is, however, interesting to
note that there is a vast difference in the final amount of
breakage and rate of breakage among the different types of
coal.

As described earlier, the breakage rate constant, Ks, is
determined from the slope of the graph of In[*4] vs. time.
This graph is shown in Figure 9.

The graph in Figure 9 shows that the rate of breakage of
the Middelbult coal is much lower than the rate of breakage
of the New Vaal coal (keep in mind that a lower K value
means a lower tendency to break). In general, the Free State
coalfields are predominantly dull coal, interlaminated with
sandstone and mudstone, whereas the Witbank coal field has
high coal zones with mudstone and siltstone partings. The
Highveld coalfield on the other hand, consists more of very
thin discontinuous layerss, giving a coal sample that looks
like shale. Therefore, for the New Vaal coal, there is a more
homogeneous distribution of interfaces between the macerals

Figure 6—Witbank grindability results
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Figure 7—New Vaal grindability results
Figure 8—Middelbult grindability results
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and the minerals close to the surface than is the case with the
Middelbult coal, meaning more potential weak spots. The
number of weak spots is exaggerated when exposed to the
higher temperature and will give rise to greater breakage
rates.

An interesting trend arose during the determination of
the Ks values. The graphs of In[*:] vs. time did not yield a
linear relationship as was expected from the relevant
literature. An example of the Witbank coals is shown in
Figure 10.

Figure 10 shows a graph where there is a clear discon-
tinuity in each of the tests between 2 and 4 minutes. It yields
a curve with two different slopes, indicating two different
breakage rates. Since the grindability was carried out in a
laboratory-scale mill, the path each particle travels leaves
space for a 200 mm freefall, which will include some degree
of volume breakage, especially on an already weakened
surface. It means that for the first few minutes both surface
and volume breakage may occur. Similar findings were
documented in the paper of Sahoo and Roach?.

To determine the significance of the impact on the surface
breakage of the particle, the slope of the curves for the first 4
minutes and the remaining 6 minutes were drawn separately.
From the slope, the K; values were determined for the
different breakage mechanisms. The results are given in
Figures 11 and 12.

Figure 11 (which is the K values for the first 4 minutes
of grinding) shows a distinct relationship to the graph in
Figure 9, whereas Figure 12 has yielded a near horizontal
line. These results are very significant. It means that most of
the breakage of the particles takes place in the first 4 minutes
of grinding, whereas very little breakage occurs in the
remaining time. It seems as if there is an optimum size to

Figure 9—Ks values

Figure 10—Example of Witbank reworked grindability data
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break easily to a certain size, whereafter it takes a
definite input of energy to break the coal more finely.

o Witbank = New Vaal a Middelbult

Figure 11—Ks values for the first 4 minutes
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