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THE OXIDATION OF PYRITES ASSOCIATED WITH 
SOUTH AFRICAN COALS. 

BY R. F. J. TEICHMANN (Associate). 
(Fuel Research- Institute of South Africa). 

(Communicated by permission of the Fuel Research Board). 

The influence of • pyrites on the spon­
taneous heating of coal bas been studied by 
many investigators, with results that are so 
conflicting that no general conclusions can 
be drawn therefrom. Much of the disagree­
ment is probably due to variations in the· 
properties of pyrites from different sources. 
Great differences in the rate of oxidation of 
pyrites, marcasite and pyrrhotite have been 
established .and variations within these 
categories due to variations iri physical 
structure or to the presence of impurities, 
which may act as catalysts, are also possible. 
Review of Literature. 

Macpherson, Simpkin and Wild (1) and 
Parr and Hamilton (2) conclude from their 
investigations that the main role of pyrites 
in the spontaneous oxidation of coal is a 
physical' one in that the pyrites, on oxida­
tion, expands and disintegrates the coal, 
thus rendering it more liable to self-ignition. 
Stopes and Wheeler (3), Winmill (4) and 
Davis and Reynolds (5) believe that; in 
general, the oxidation of the coal substance 
is by far the major factor in the _ultimate 
self-ignition of coal, and that oxidation of 

• pyrites associated with the coal is only a
contributing factor and then only when the
pyrites is present in a finely-divided state
and in consid,erable proportions: Graham
(6) and Miyagawa (7), however, conclude
that. frequently the oxidation of pyrites is
the dominating factor in the initial heating
of coal. Graham further says: ".AT'the

same time if it were possible to take a 
census of all underground heatings and 
ascertain the primary cause of each, the 
majority would; I believe, be traced to the 
oxidation of the carbonaceous constituents 
of the coal." Coals which contain a, very 
small amount of pyrites (·5 per cent.) have 
been known to fire spontaneously. Th€1 
presence of large proportions of pyrites are, 
therefore, not necessary for self-ignition '. 

Drakeley (8) suggests that where a coal 
which contains only ·5 per cent. pyrites 
takes fire spontaneously, the pyrites may 
catalytically promote the oxidation of the 
coal substance. For such action to take 
place it would be· necessary for ferrous 
sulphate to act as a carrier of oxygen. This 
catalytic action has not, however, been 
proved to take place in the oxidation of 
coal. 

Li and Parr (9) conclude that,· under 
certain conditions, the rate of oxidation_ of 
pyrites in _ stored coal. may be sufficient to 
produce sufficiently high local.temperatures 
(75-85° C.) to initiate the rapid oxidation 
of the. carbonaceous :material. They also 
show that the increaf,\e iµ the rate of oxida­
tion with increasing t(:)mperature is greater 
for pyrites than for marcasite ; but conclude 
that pyrites or marcasite is seldom respon­
sible for cases of spontaneous ignition of coal 
underground. Davis and Byrne (10) also 
conclude that pyrites has b_ut a small 
influence on the oxidation of coal. 
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To obtain the pure pyrites used in the 
oxidation tests, the sink from the separation 
at a specific gravity of l ·6 was ground to 
.pass -200 mesh I.M.M. and floated in 
bromoform (S.G. 2·8). The pyrites which 
has a S.G. of 4·5 and therefore sinks, was 
washed well with alcohol, dried rapidly and 
stored iri sealed containers. The pyrites 
obtained in this way is practically 100 per 
cent.. pure. A microscopic examination 
revealed only traces of carbonaceous 
material and no marcasite was found in any 
of the samples examined. 

Oxidation tests were made on samples of 
pure pyrites prepared in the manner des­
cribed, on samples of the original coal before 
the pyrites had been removed and on mix­
tures of these. The coal was ground to -60 
mesh for the purpose of these tests. The 
artificial mixtures consisted of equal parts 
of the original coals (-60 mesh) and the 
pure pyrites (-200 mesh) extracted from 
another portion of the same coal sample. 
Details of the samples used are given in 
Table 1. 

Samples B, E, F, K, M and N were 
obtained from samples of coal as prepared 
for sale; samples A, C, D, F and L were 
obtained from samples of coal, showing 
pyrites, selected from the picking belts. 

Experimental Procedure. 

Approximately 12 grms. of each sample 
was weighed out into a flat silica dish and 
spread. out in a layer not more than ¼ in. 
deep. The dishes were heated to 105° C. in 
an oven jacketed with a boiling. solution of 
glycerine in w1J,ter. The door of the oven 
was tightly closed and oxygen saturated with 
moisture was passed over the pyrites at a 
constant rate through a spiral pipe immersed 
in the jacket solution. The duration of each 
series of oxidation tests was six weeks. After 
the first, second, fourth and sixth weeks, 
the extent of the oxidation was estimated 
by determining the sulphate sulphur content 
of I-gram samples taken from each dish. A 
representative sample for the sulphate 
determination was obtained by first pouring 
the whole contents of the silica dish through 
a funnel several times, then spreading the 
material in a thin layer and taking out I 
gram in ten increments spaced evenly over 
the surface of the material. The close 
agreement between duplicate samples taken 
in this way showed that they were truly 
representative of the whole mass. 

The method at first employed for the 
estimation of the sulphate sulphur was that 
described by Powell and Parr (18). The 
method consists in extracting the coal or 
pyrites with 3 per cent. hydrochloric acid 

TABLE 2.-INCREASE IN SULPHATE SULPHUR CONTENT OF SAMPLES DURING SIX WEEKS 
OXIDATION. 

-

PER CENT. SULPHATE SULPHUR. 
Sample 

I
Number. After After After After 

Original. 1 Week. 2 Weeks. 4 Weeks. 6 Weeks. 

A 1·99 2·55 2·86 3·12 3·32 
B 2·72 3·ll 3·27 3·35 3·46 
C 3·29 3·82 4·19 4·43 4·75 
D 1·71 2·31 2·63 2·89 3·03 
E 1·35 1·64 1·87 2·08 2·31 
F Trace ·33 ·63 ·99 1·40 
G Trace ·27 ·50 ·73 ·98 
H Trace .. 43 ·67 ·90 1·07
K ·12 ·25 ·38 ·58 ·77
L ·16 ·22 ·53 ·69 ·84 
M ·30 ·35 ·51 ·77 1·00
KC Nil ·22 ·29 ·37 ·51
LO Nil ·08 - ·37 ·42
MC Nil ·17 ·30 ·36 ·45
KM ·06 ·27 ·43 ·55 ·76
LM ·08 ·33 ·45 ·59 ·69
1\-IM ·15 ·33 ·55 3rd ·76

-

·90
N ·35 1·20 1·49 1·79 - -
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both pyrites and marcasite oxidise until the 
marcasite is consumed and thereafter the 
pyrites alone oxidises at a constant rate. 
This hypothesis assumes the presence of 
marcasite (which was not detected under 
the microscope) or of some other modifica­
tion having similar properties. 

The rate of oxidation of mixtures of 
pyrites and coal is, in most cases, more 
rapid than the rate obtained by calculation 
from the individual constituents. A similar 
phenomenon may often be observed· in 
lumps of coal containing visible pyrites 
which have partly been oxidised by exposure 
to the air. In such lumps the oxidation of the 
;pyrites is generally • concentrated at the 
contact between pyrites and coal. That 
freshly ground coal adsorbs oxygen is well 
known, and it is possible that the increased 
oxidation of the pyrites is due .to contact 
with the oxygen adsorbed on the surface 
film of the coal. In Table 3 are recorded the 
percentages of the pyrites in the test 
materials which had been oxidised after 
six weeks. 

From the figures it is evident that pyrites 
associated with coal (KC, LO and MC) 
oxidises at a rate which is twenty times as 
great as the rate at which pure pyrites 
oxidises (A-M). 

If the percentages of sulphur �xidised 
individually in the coal and iri the pyrites 
are used to calculate what the percentage 
sulphi,Ir oxidised in the 50 : 50 mixtures of 
coal and pyrites (KM, LM and MM) would 
be, the values given in the fifth column of 
Table 3 are obtained. The percentages of 
oxidised sulphur actually found by experi­
ment in the synthetic mixtures are shown in 
the fourth column of Table 3. These figures 
are greater than the calculated ones and 
the discrepancy is too large to be attributed 
to experimental error. It is evident, there­
fore, that the artificial mixing. of coal and 
pyrites accelerates the oxidation to some 
extent. Iri the more intimate natural mix­
tures of coal and pyrites (KC, LO, MC) the 
acceleration is much greater. It would, 
therefore, appear that deductions made from 
the behaviour of pure pyrites cannot be 
directly applied to mixtures of coal and 
pyrites. 

In all the tests made the actual amount of 
oxidation in six weeks is small, and in no 

case did the amount of sulphate sulphur 
formed exceed l ·5 per cent. of the .original 
material. The oxidation of I ·5 per cent. 
sulphur is observed in the case of the 
natural pyritic coal C and is equivalent to 
the liberation of (7 x 22400 x 4·3 x 1 ·5) = .

128 
7,900 calories per 100 grms. of material in• 
six weeks. If all this heat were retained by 
coal C, its temperature would have been 
raised 293° in six weeks. 

From a visual examination of the oxidised 
pyritic coal C, however, the pyrites in it 
appears to be far less oxidised than lumps 
of oxidised pyritic coal observed ,under­
ground in mines which at no time during 
their oxidation reached a temperature any­
where near 293° C. It is probable, therefore, 
that under any conceivable practical set of 
conditions by far the greater part of the 
heat generated would be dissipated, and the 
rise in temperature of the coal would be too 
small to promote spontaneous combustion. 

2. Oxidation of Pyrites suspended in Water• 
and in Magnesium Chloride solutions.

Segal (16) found that on stirring pyrites
ground to -90 mesh with a solution of 
magnesium chloride a definite reaction takes 
place, resulting in an increase in the acidity 
of the solution. He measured the change in 
acidity of the solution with time by means 
of a quinhydrone electrode. The. reaction 
was very rapid, the greatest change taking 
place in the first minute. 

The oxidation obtained by Segal is much· 
greater than that shown in the tests recorded 
in Table 2 (see page 5). It was, therefore, 
decided to investigate the rate of oxidation 
of pyrites samples obtained from coal under 
similar conditions to those used by Segal. 

Experimental Procedure. 

The apparatus used is sketched in Fig. 2. 
It consists of a sintered glass funnel (Schott 
and Gen. 17 G3) of 150 c.c; capacity, to the 
stem of which a side tube and tap had been 
fused. One or two grams of pyrites, together 
with 100 c.c. of water or solution, were 
placed in the funnel and the pyrites kept in 
suspension in· the solution by means of a 
slow stream of air blown through the side 
tube. The acidity of the solution in the 
funnel was measured electro-metrically by 






















