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Introduction

Ash fusion temperature, or the temperature at
which the mineral matter in coal begins to
soften, flow and fuse is an important aspect
relating to coal utilization. It is relatively
poorly understood and virtually under-studied
with respect to South and Southern African
coal. For too long the view has been held that
operational conditions in a boiler or gasifier
are more important than the nature and
physical properties of the coal per se1.
However, it is coal’s chemical or mineralogical
properties that generate the greatest challenge
to those involved in the successful use of coal
with respect to ash performance, and indirectly
in the boiler design of the plant in which it is
being used. It is these properties that are the

most problematic in the operation and
maintenance of equipment in terms of ash
deposition and erosion.

Optimum ash fusion temperatures derived
from coal mined in the study area are approxi-
mately 1400°C, and higher, although temper-
atures above 1300°C are also considered
acceptable. Unfortunately in certain coal seams
the ash fusion temperatures drop well below
this optimum value, leading to problems in the
user industry. As yet, the reasons for this are
poorly understood, hence this study.

The objective of this investigation was
therefore to attempt to determine which
factors, mineralogical or inorganic-chemical,
influence fluctuations in the ash fusion
temperatures in certain coal seams. An
understanding of this problem will have a
bearing on the ultimate assessment of a coal
for utilization purposes, in general, and ash
deposition prediction in future boiler plants in
particular.

Conventional analyses conducted on the
samples included proximate analyses, calorific
values, percentage sulphur, and ash fusion
temperatures. In addition, further analyses
performed included ash analyses (composition
of  ash), X-ray diffraction, scanning electron
microscopy and petrographic studies. 

The study site is New Clydesdale Colliery
which is situated in the Witbank Coalfield
(Figure 1), South Africa. The Witbank
Coalfield is located within the northern part of
the Karoo Basin and contains the major coal
deposits in South Africa. The coal seams are
interbedded with clastic strata (sandstone,
shale, conglomerate) of the Permo-
Carboniferous Dwyka Group and Permian Ecca
Group sedimentary rocks2.
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Synopsis

Ash fusion temperature is the temperature at which the mineral
matter in coal begins to soften, flow and fuse. It is an important
parameter relating to coal utilization. Optimum ash fusion temper-
atures derived from coal in the Witbank Coalfield region are
approximately 1400°C, and higher, although temperatures above
1300°C may be deemed acceptable. This study attempted to
determine which factors, mineralogical or inorganic-chemical,
influence variations in the ash fusion temperatures in certain coals.
Coal was sampled from the Number 2 coal seam at opencast and
underground workings at New Clydesdale Colliery, Witbank
Coalfield, South Africa. The samples represented known low and
high ash fusion temperature coal. Analyses performed included
proximate analyses, calorific value determination, percentage
sulphur, ash fusion temperatures, ash analyses (composition of
ash), X-ray diffraction, scanning electron microscopy and
petrographic studies. Results show that although a complex
relationship exists between ash fusion temperature and the various
geological and coal parameters, some positive correlative results
were obtained. These indicate a possible relationship between low
ash fusion temperatures and i) finer size fractions, ii) an increase
in iron content present in the form of pyrite and iii) the form in
which pyrite is present, namely cleats. High ash fusion temper-
atures tend to correlate with i) the absence of pyrite or ii) pyrite
present as framboids.
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Samples were collected at four sites at New Clydesdale
Colliery (Figure 2). The sample sites were determined by pre-
existing knowledge of the ash fusion temperatures obtained
from company analytical sheets. The sites were therefore
representative of low and high ash fusion temperature coal.
This study is therefore based on a relatively small data set;
but this has not detracted from the results achieved. This
study presents an in-depth study of ash fusion temperature
for a select sample population using several analytical
procedures.

General geology

The Karoo Basin of South Africa was one of several contem-
poraneous basins in southwestern Gondwana that originated
during the Permo-Carboniferous (280 Ma) and continued to
accumulate sediments until the early Jurassic, 100 million
years later4. The main Karoo Basin of South Africa contains
an almost continuous 100 Ma record of predominantly
continental sedimentation within Southern Gondwana, from

the Permo-Carboniferous (300 Ma) through to the earliest
Jurassic (180 Ma). These rocks, known as the Karoo
Supergroup, accumulated under a range of climatic regimes
and within a variety of intracratonic tectonically controlled
depositories. 

In the investigation for this project the No. 2 seam
(Figure 3) was targeted for analysis, since it is the thickest
and most widespread mineable seam in the Witbank
Coalfield. At New Clydesdale, the No. 2 seam accumulated
upon a sandy substrate deposited by braided river systems.
The footwall lithologies consist of coarse- to medium-grained
feldspathic sandstone, commonly with a pebbly basal
channel lag. Initially, these rivers transported clastic
sediment into the basin5. This run-off was derived from
melting ice sheets that liberated meltwater during the waning
stages of the Carboniferous glaciation. The resultant
sedimentary rocks overlie an undulating Pre-Karoo floor
which influenced sedimentation patterns and coal accumu-
lation6,7,8. 
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Figure 1—Locality of the Witbank Coalfield and other coalfields of South Africa3



The stable cratonic conditions which prevailed at the time
of No. 2 seam peat accumulation are considered a
fundamental factor which contributed in part to the high
inertinite content of the coal9. The lack of subsidence during
peat formation would have promoted relatively low water
table levels from time to time, with consequent high
oxidizing conditions leading to the high inertinite content of
part of the coal seam9,10. Similar conclusions have been
drawn from inertinite-rich coals in Australia11,12. However,
elevated water tables did periodically exist during the
formation of some parts of the No. 2 seam, namely the lower
portions, as indicated by the higher vitrinite contents13. 

Sampling procedure

The first two sites were located in the opencast area where

the No. 2 seam is being mined. The other two sites were
located in abandoned underground workings. At each site,
three 10kg samples were collected, each taken in a different
lithological band. The lowermost band at sample site 1 was
not sampled as it was erratic and too thin and of no signif-
icance. The coal face was logged and based upon the coal
seam logs (Figures 4 and 5) and the individual samples were
assigned individual numbers.

Mineralogical, petrographic and geological controls on coal ash fusion temperature
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Figure 2—Location of New Clydesdale Colliery with respect to Witbank3

Figure 3—Generalized stratigraphic column for the Vryheid Formation in
the Witbank Coalfield showing lithologies, coal seams and interpreted
depositional environments14

Figure 4—Coal seam profiles for the opencast sites
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Cone-and-quartering technique was used to split the bulk
coal samples into small enough, statistically representative
portions, as required.

Analyses

Conventional analyses conducted on the samples were
proximate analysis (moisture, volatile matter, fixed carbon

and ash), calorific values, percentage sulphur and ash fusion
temperatures. Further analyses performed include ash
analyses, x-ray diffraction (XRD), scanning electron
microscopy (SEM) and petrographic studies. The analytical
methods and procedures used to obtain the analyses, are
presented in detail in Weber (1996)20.

Results

Chemical analyses and ash fusion temperatures

The results of the chemical analyses and ash fusion temper-
atures are shown in Tables I to VIII. These results were
transformed into graphical format and showed no
relationship between ash fusion temperatures and percentage
ash, volatile matter or calorific value.

Ash analyses

X-ray diffraction

The results obtained from X-ray diffraction analyses of the
whole coal samples are presented in Table XIII. 

When comparing the amounts (wt%) of carbonate, clay
and pyrite with the ash fusion temperatures (flow) (Figure 6),

Mineralogical, petrographic and geological
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Table I

Proximate analyses, calorific values, per cent 
sulphur and ash fusion temperatures for sample 
site 1 (raw coal). All results are on an air-dry basis

Raw coal Raw coal Raw coal
Product LW 2 II 1 LW 2 II 2 LW 2 II 3

%Inh H2O 2.20 2.40 2.50

%Ash 31.20 9.00 16.70
%Vols 16.40 31.60 22.40
%F.C. 48.20 56.80 56.40
C.V. MJ/kg 20.70 29.90 25.70
%Sulph. 1.03 2.63 1.75
AFT init.°C 1261 1145 1263
AFT def.°C 1450 1196 1304
AFT hem.°C 1454 1221 1313
AFT flow°C 1450 1243 1319

Table II

Proximate analyses, calorific values, 
per cent sulphur and ash fusion 
temperatures for sample site 1 (fines). 
All results are on an air-dry basis

Fines Fines Fines
Product LW 2 II 1 LW 2 II 2 LW 2 II 3

%Inh H2O 2.10 2.30 2.40

%Ash 31.70 11.10 20.20
%Vols 19.40 31.10 24.20
%F.C. 46.80 55.50 53.20
C.V. MJ/kg 20.00 28.80 24.60
%Sulph. 1.34 2.36 1.04
AFT init.°C 1294 1138 1231
AFT def.°C 1388 1176 1266
AFT hem.°C 1401 1221 1258
AFT flow°C 1418 1279 1268

Figure 5—Coal seam profiles from the underground sites
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it is clear that there is no relationship between the carbonates
or clays and the ash fusion temperatures (There are other
iron-bearing mineral species - see Table XIII, but these are
proportionately insignificant). There does, however, appear
to be a definite relationship between the amount of pyrite
and the ash fusion temperature. The lowest ash fusion
temperatures tend to correlate with the highest amounts of

pyrite, except for the fines in the intermediate band at sample
site 1. Another important result is that low ash fusion
temperatures are encountered in the fines rather than the raw
coal. In terms of geological distribution, the lowermost bands
appear to exhibit the lowest ash fusion temperatures.

Mineralogical, petrographic and geological controls on coal ash fusion temperature
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Table III

Proximate analyses, calorific values, per cent 
sulphur and ash fusion temperatures for sample 
site 2 (raw coal). All results are on an air-dry basis

Raw coal Raw coal Raw coal
Product LW 2 IV 1 LW 2 IV 2 LW 2 IV 3

%Inh H2O 2.60 2.40 2.00

%Ash 31.20 10.80 10.90
%Vols 18.40 28.40 31.30
%F.C. 53.70 56.40 51.60
C.V. MJ/kg 26.10 29.50 29.70
%Sulph. 1.90 2.69 4.29
AFT init.°C 1337 1337 1254
AFT def.°C 1366 1353 1302
AFT hem.°C 1394 1367 1349
AFT flow°C 1395 1360 1352

Table V

Proximate analyses, calorific values, per cent 
sulphur and ash fusion temperatures for sample 
site 3 (raw coal). All results are on an air-dry basis

Raw coal Raw coal Raw coal
Product LW 2 70 1 LW 2 70 2 LW 2 70 3

%Inh H2O 2.93 3.79 3.34

%Ash 16.15 30.55 9.73
%Vols 27.64 17.78 26.48
%F.C. 53.27 57.78 60.45
C.V. MJ/kg 26.90 23.59 28.70
%sulph. 0.81 0.37 0.87
AFT init.°C 1294 1208 1297
AFT def.°C 1450 1280 1359
AFT hem.°C 1450 1326 1391
AFT flow‚C 1450 1354 1392

Table VI

Proximate analyses, calorific values, per cent 
sulphur and ash fusion temperatures for sample 
site (fines). All results are on an air-dry basis

Fines Fines Fines
Product LW 2 70 1 LW 2 70 2 LW 2 70 3

%Inh H2O - - -

%Ash 17.70 21.20 10.43
%Vols - - -
%F.C. - - -
C.V. MJ/kg - - -
%Sulph - - -
AFT init.°C 1293 1308 1222
AFT def.°C 1404 1328 1261
AFT hem.°C 1417 1361 1285
AFT flow°C 1422 1362 1286

Table VII

Proximate analyses, calorific values, per cent 
sulphur and ash fusion temperatures for sample 
site 4 (raw coal). All results are on an air-dry basis

Raw coal Raw coal Raw coal
Product LW 2 69 1 LW 2 69 2 LW 2 69 3

%Inh H2O 3.37 3.96 3.44
%Ash 19.77 23.67 11.21
%Vols 26.22 17.44 29.23
%F.C. 50.64 54.93 56.12
C.V. MJ/kg 24.63 22.27 28.37
%Sulph. 1.42 2.30 0.62
AFT init.°C 1318 1311 1222
AFT def.°C 1346 1450 1247
AFT hem.°C 1353 1450 1265
AFT flow°C 1383 1450 1283

Table VIII

Proximate analyses, calorific values, per cent 
sulphur and ash fusion temperatures for sample 
site 4 (fines). All results are on an air-dry basis

Fines Fines Fines
Product LW 2 69 1 LW 2 69 2 LW 2 69 3

%Inh H2O - - -
%Ash 21.04 21.20 15.43
%Vols - - -
%F.C. - - -
C.V. MJ/kg - - -
%Sulph - - -
AFT init.°C 1329 1287 1102
AFT def.°C 1361 1450 1146
AFT hem.°C 1365 1450 1159
AFT flow°C 1365 1450 1214

Table IV

Proximate analyses, calorific values, per cent 
sulphur and ash fusion temperatures for sample 
site 2 (fines). All results are on an air-dry basis

Fines Fines Fines
Product LW 2 IV 1 LW 2 IV 2 LW 2 IV 3

%Inh H2O 2.60 2.50 2.40

%Ash 11.50 14.70 18.90
%Vols 28.40 26.60 28.40
%F.C. 57.50 57.20 54.30
C.V. MJ/kg 28.80 27.80 26.10
%Sulph. 2.60 2.59 13.30
AFT init.°C 1219 1290 1096
AFT def.°C 1266 1332 1113
AFT hem.°C 1307 1342 1130
AFT flow°C 1338 1343 1152
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Petrography

Sample site 1

In terms of possible environment of formation, early peat
accumulation at sample site 1 occurred under extensive
exposure and oxidation as indicated by the high proportion
of inertinite present in band 3 (lower band). However, the
water table rose with time, producing an environment where
water levels fluctuated between water-logged (high percent
vitrinite) and dry and aerobic conditions (fusinite and semi-

fusinite layers) represented by band 2 (middle-upper band).
During the formation of band 1 (upper band) environmental
conditions returned to a lower ground-water table and
oxidizing conditions, as seen by the presence of fusinite and
semi-fusinite in this band. It is also evident that intermittent
flooding occurred throughout the development of the seam,
as indicated by the fine, evenly dispersed clays and inertode-
trinite15 observed in all three bands.

Sample site 2
In terms of environmental interpretation, conditions
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Table IX

Ash analyses (X-ray Fluorescence) for sample site 1

LW 2 II 1 LW 2 II 2 LW 2 II 3

Loss on Ignition @ 1000 C,% 1.95 2.87 2.27
Total Silica as SiO2,% 49.1 30.57 36.0

Aluminium as Al2O3,% 33.6 27.2 32.0

Total Iron as Fe2O3,% 5.95 19.8 7.33

Titanium as TiO2,% 1.10 1.05 1.45

Phosphorus as P2O5,% 2.00 1.77 2.45

Calcium as CaO,% 2.60 6.72 8.58
Magnesium as MgO,% 0.6 1.6 2.0
Sodium as Na2O,% 0.1 0.3 0.4

Potassium as K2O,% 0.25 0.28 0.29

Sulphur as SO3,% 2.75 7.84 7.23

Table X

Ash analyses (X-ray Fluorescence) for sample site 2

LW 2 IV 1 LW 2 IV 2 LW 2 IV 3

Loss on ignition @ 1000 C, % 1.40 0.72 0.93
Total Silica as SiO2, % 49.0 59.2 36.4

Aluminium as Al2O3, % 36.1 29.3 21.0

Total Iron as Fe2O3, % 7.05 7.95 39.0

Titanium as TiO2, % 1.60 1.58 0.8

Phosphorus as P2O5, % 0.94 0.14 0.10

Calcium as CaO, % 1.72 0.28 0.53
Magnesium as MgO, % 0.5 <0.1 <0.1
Sodium as Na2O, % 0.2 0.2 0.2

Potassium as K2O, % 0.39 0.25 0.16

Sulphur as SO3, % 1.10 0.36 0.86

Table XI

Ash analyses (X-ray fluorescence) for sample site 3

LW 2 70 1 LW 2 70 2 LW 2 70 3

Loss on Ignition @ 1000 C, % 1.44 0.77 3.09
Total Silica as SiO2, % 36.7 43.83 31.46

Aluminium as Al2O3, % 32.91 35.4 27.9

Total Iron as Fe2O3, % 7.81 1.44 13.2

Titanium as TiO2, % 1.84 1.10 1.27

Phosphorus as P2O5, % 0.27 1.10 0.43

Calcium as CaO, % 7.15 7.84 7.67
Magnesium as MgO, % 2.2 3.5 3.0
Sodium as Na2O, % 0.7 0.3 0.4

Potassium as K2O, % 0.37 0.23 0.38

Sulphur as SO3, % 8.61 4.19 11.2

Table XII

Ash analyses (X-ray fluorescence) for sample site 4

LW 2 69 1 LW 2 69 2 LW 2 69 3

Loss on Ignition @ 1000 C, % 3.67 0.79 2.70
Total Silica as SiO2, % 38.0 41.9 27.6

Aluminium as Al2O3, % 22.2 30.2 24.5

Total Iron as Fe2O3, % 17.2 3.15 10.4

Titanium as TiO2, % 1.02 1.26 1.03

Phosphorus as P2O5, % 0.15 0.14 2.52

Calcium as CaO, % 5.94 9.39 12.2
Magnesium as MgO, % 2.3 3.6 4.0
Sodium as Na2O, % 0.5 0.4 0.4

Potassium as K2O, % 0.26 0.22 0.41

Sulphur as SO3, % 8.78 8.96 13.9

Table XIII

Results (wt%) of X-ray diffraction analyses of whole coal samples

Sample Calcite Dolomite Siderite Pyrite Alunite Anatase Quartz Kaolinite Palygorskite Smectite

1 - 2 2 5 4 - 14 71 3 -
Sample Site 1 2 - 7 3 29 - - - 61 - -

3 - 8 5 10 - - - 77 - -
1 - - - 11 - - 11 78 - -

Sample Site 2 2 - - - 13 - - 30 57 - -
3 - - - 53 - - 7 40 - -
1 17 9 - 9 - - 5 61 - -

Sample Site 3 2 2 12 - - 3 4 5 71 - 3
3 4 12 - 17 - - - 60 7 -
1 - 7 11 9 - - 25 48 - -

Sample Site 4 2 5 15 - - - - 7 69 - 5
3 5 16 5 18 - - - 50 7 -



prevailing at the time of early peat accumulation are
interpreted as predominantly low energy, waterlogged and
anaerobic (vitrinite forming) with occasional in situ dry
periods and minor intermittent flooding. Some of the large
amount of pyrite was observed as intrusions into cell cavities
(Figure 7) indicating that sulphur-bearing water permeated
the water-logged vegetation during the early stages of peat
accumulation. Band 3 (lowermost band) accumulated under
these conditions which were relatively unique as they have
not been observed in any of the other coal bands studied.

Following this period dominated by water-logged
conditions, relatively dry and aerobic conditions prevailed for
extended periods of time, with brief interludes during which
the vegetation was entirely swamped by water, thereby
producing the minor bands of low-ash vitrinitic coal. These
conditions produced band 2 (intermediate band). The
palaeoenvironment resulting in the formation of band 1
(upper band) was relatively low-energy and water-logged
and the plant remains decomposed below water most of the
time during the formation of this band. The large amount of
inertodetrinite present in some intermittent layers indicates
periods of water-borne transport with redeposition in situ
within the peat swamp15. The fact that some of the
microscopic coally layers were observed to be oxidized,
suggests that after initial peat formation drier periods
prevailed.

Sample site 3

The conditions prevailing during peat formation for the entire

seam at sample site 3 were partly dry and aerobic, as the
organic matter is dominated by fusinite (Figure 8) and semi-
fusinite. Rare influxes of water, however, account for the
inertodetrinite. It is important to note here the presence of the
framboidal form of pyrite in band 3 (Figure 9). The
conditions under which framboidal pyrites form are normally
close to marine-influenced zones in lagoons where currents
and wave action are negligible16 and are rare in the Witbank
Basin. There appear to have been brief periods of flooding of
transgressive shallow marine water during the formation of
band 3, during which the framboidal pyrite crystallized.

Mineralogical, petrographic and geological controls on coal ash fusion temperature

▲187The Journal of The South African Institute of Mining and Metallurgy MAY/JUNE  2000

Figure 7—Pyrite intruded into cell cavaties. (Field of view=200µm)
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Figure 6—Comparison of carbonates, clay and pyrite with ash fusion temperature at each of the sites sampled (see Figures 4 and 5 for the different
lithological bands at each site)
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Sample site 4

Conditions during peat formation for the lowermost (band 3)
and intermediate (band 2) bands are interpreted to have been
predominantly dry and aerobic (resulting in the presence of
predominantly fusinite, semi-fusinite and inertodetrinite),
alternating with rare periods of fluctuations in the water level
(rare vitrinite). During the formation of band 1 (upper band),
the swamp consisted of a low energy, passive environment,
with anaerobic, water-logged conditions (vitrinite-rich).
Infrequent dry spells produced (ephemeral) oxidizing
conditions during which time fusinite and semi-fusinite
formed.

One of the most significant findings from the
petrographic investigation is that the coals with low ash
fusion temperatures for the fines have high pyrite contents
and/or pyrite in the form of cleats. The coals with high ash
fusion temperatures for the fines, however, have no pyrite or
low pyrite contents, or pyrite present as nodules or
framboids.

Discussion

The total data set was used in a composite manner to attempt
to understand what parameters control low ash fusion
temperatures in coal and these results are now discussed. 

As a relationship exists between the amount of pyrite
present and low ash fusion temperature, it is assumed that a
relationship should therefore exist between the amount of
Fe2O3 and/or SO3 and the ash fusion temperature (flow).
From Figure 10 it is clear that the percentage SO3 does not
play a role in influencing the ash fusion temperature.
However, there is a trend in the percentage Fe2O3 and the
resulting ash fusion temperature. The lower ash fusion
temperature coals tend to have a higher Fe2O3 content. This
observation was confirmed by scanning electron microscope
analyses where high ash fusion temperature coals display
minor peaks of iron, while low ash fusion temperature coals
display major iron peaks.

The interpretation, therefore, is that lower ash fusion
temperatures can be correlated with the presence of Fe2O3.
This observation is supported by Horsfall17 who states that
low ash fusion temperatures tend to be associated with the
presence of iron, although he does not describe the mineral
component that contains the iron, namely pyrite, siderite or
marcasite. A similar correlation was also reported10 where
the presence of pyrite, as well as siderite and apatite, cause a
lowering of the ash fusion temperature. A positive
correlation, i.e. higher ash fusion temperatures, were
shown10 coinciding with the presence of kaolinite and quartz.
This latter relationship was not detected by the present study.
In fact, kaolinite is always the dominant mineral present in
the No. 2 seam coal ash (see Figure 11), so therefore
correlating the presence of this common clay species with ash
fusion temperature  would be problematic and difficult.
Furthermore, this study shows that where abundant kaolinite
is present, the ash fusion temperature can in fact be low, for
example at sample site 1. The observation that the amount of
sulphur present does not influence the ash fusion temper-
atures, although pyrite and iron tend to, might be explained
by groundwater leaching the sulphur in the pyrite and
leaving a residue of iron-oxide.

What is even more striking is that the fines in the
lowermost bands have the lowest ash fusion temperatures of
all sample sites (see Figure 10). However, it was determined
from petrographic correlation of the bands that the lowest
band sampled at site 1 is not the absolute bottom band at
this site and it cannot therefore be included in this
correlation. However, it still forms part of the lower portion of
the seam and therefore displays a similar relationship with
low ash fusion temperature.

The reason for the fines producing generally lower ash
fusion temperatures than the raw coal is caused by the
morphology of the pyrite present in the fines. Petrographic
analyses showed that the pyrite occurs predominantly as
cleats. When the coal is crushed, it fractures and breaks
along the cleats, thereby liberating this pyrite. The heavy
pyrite then falls into the fines, thus accounting for the higher
proportion of pyrite relative to other minerals in the finer size
fractions. There is therefore a coincidental increase of pyrite
(and therefore Fe2O3) as the size fraction of the coal
decreases. This association of iron enrichment in coal fines
has also been observed in coals from the United Kingdom18.
It was observed that for many UK coals the composition of
ash changes with size, with most ashes showing an
enrichment of Fe2O3 as the size fraction of the ash decreases.
The finer ash fractions show an appreciable enrichment in
pyrite residues, which are responsible for the formation of
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Figure 8—Grey porous fusinite. (Field of view= 200µm)

Figure 9—Pyrite occuring as framboidal nodules. (Field of view =200µm)



both Fe-S-O and iron aluminosilicate bonds between clay
derived particles. These bonds act as the precursors in the
formation of agglomerates and sintered ash. The fact that the
ash fusion temperature is the lowest in three of the bottom
coal bands is due primarily to the higher pyrite content in
these lowermost bands. This is, in effect, a reflection of the
prevailing sedimentary environment during plant accumu-
lation and early peatification. This higher pyrite content
might be a result of the high iron and sulphur contents in the

adjacent rocks of the peat bogs or the sufficient activities of
ground and surface waters, which introduced iron and
sulphur into the peat swamps19.

One exception to the highest pyrite/lowest AFT in fines
present at each sample site described above, occurs in the
middle upper band (band 2) at sample site 1 (Figure 6). This
band has the highest pyrite content and, therefore, iron
content of the three sampled bands, yet the ash fusion
temperature in the fines is not the lowest of the three bands.
In fact, the ash fusion temperature increases from the raw
coal to the fines. The reason for this apparent inverse
relationship can be explained by the form in which the pyrite
occurs in this band, predominantly as microscopic nodules.
Therefore when the coal is broken and crushed, the pyrite is
not liberated as easily as the cleat forms and may well be
retained adhering to and within the organic matter in the
coal. This pyrite is therefore not as readily exposed to high
temperatures during AFT testing. These nodular forms of
pyrite are not liberated and, therefore, do not fall into the
fines, so no pyrite enrichment of the finer size fraction takes
place and no accompanying decrease in the ash fusion
temperature of the fines is experienced.

In addition to the above observations, further support has
been obtained from coals with <10 wt% pyrite (as analysed
by XRD). These have a minimal decrease in ash fusion
temperature (flow) in fine coal samples relative to raw coals
and have ash fusion temperatures (flow) above 1350°C for
both raw coal and fines.  

Conclusion
Positive results have been achieved with regard to attempting
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Figure 11—Mineralogical composition of the No. 2 seam10
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to understand what the controlling parameters are that
influence variations in ash fusion temperatures in the No. 2
coal seam in the Witbank Coalfield, South Africa. A small,
selected group of coal samples was collected, based on known
ash fusion temperature values for each specific sample site.
Detailed field observations of the coal seam profiles were
noted, and the samples were then subjected to detailed
petrographic, geochemical and analytical analyses.
Techniques and analyses used included proximate analyses,
calorific value determination, per cent sulphur, ash analyses
(determination of the composition of the ash), X-ray
diffraction of the inorganic compounds, and scanning
electron microscopy. 

A fundamental finding of this investigation was that the
presence of the iron disulphide, pyrite, causes significant
lowering of the ash fusion temperatures. However, the form
in which the pyrite exists is extremely important, that is,
whether present as framboids, cleats or discrete nodules. This
has a bearing on the behaviour and distribution of the pyrite
during crushing and screening of the coal, because ash
fusion temperatures are lowest in the coal fines, where pyrite
was present as cleat fillings. This form of pyrite is the most
easily liberated during processing of the coal, relative to the
other forms described above. Higher ash fusion temperatures
may exist where pyrite is present, but in the framboidal form,
as this habit does not readily become liberated during
crushing. In contrast to a previous investigation10 which
found that a positive correlation existed between high ash
fusion temperatures and the presence of kaolinite and quartz
in the No. 2 seam, such a relationship was not found to exist
from the samples analysed for this project.

A significant recommendation that can be made, based
on results achieved from this study, is that the amount of
pyrite in saleable coal products should be below 10 wt%
(determined by x-ray diffraction). If this is done, then ash
fusion temperatures (flow) of greater than 1350°C should be
achievable.
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