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This study was carried by standardizing national and international

testing methods of coal. Methods for the determination of Moisture,

*Corresponding Author’s E-mail:
kalhoro786pk@yahoo.com
Mobile: 00923212201252

Ash, Volatile matter, Fixed carbon, Total sulfur and Calorific Value in
fourteen different samples of Pakistani coal. The result shown in three
tables carried out with different analytical methods (American Platinum

crucibles method, British single-crucible method and Franco-Belgian
double crucible method).
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INTRODUCTION

For many years the lllinois State Geological Survey has
cooperated actively in the work of Committee D-5, Coal
and Coke, of the American Society for testing Materials,
whose goal is establishment of national standard
methods for the analysis of coal and coke. The Methods
have been found to differ considerably for the
determinations of volatile matter and ash of coal and
these methods have been used in various countries for
the determination of volatile matter vary in specified
temperature of heating from 875’ to 1040°C and in time of
heating from 7 minutes to 20 minutes. Methods for
determining the ash specify temperatures from 700° to
more than 850°C. At 815°C is under consideration as an
international standard. This is higher than the American
standard specification of 700-750°C. Furthermore, there
is difference of opinion as to the proper rate of heating for
the determination of ash in coal. Volatile matter in the
coal and coke is defined by the American Society for
Testing Materials (ASTM D 120-30, 1954) as “those
products, exclusive of moisture, given off by a material as
gas or vapor, determined by definite prescribed methods
which may vary according to the nature of the material.”
It is one of the important determinations in the proximate
analysis for use in certain classification systems and for

evaluating coals as to combustion characteristics.
Differences in temperature and in time or rate of heating
are known to influence results beyond permissible
tolerances. To meet the need for definite specifications of
the American Society for Testing Materials in the United
States sponsors two standard methods (ASTM D 271-48,
1954). The first, commonly referred to as the standard
method, consists of heating the coal at a rapid rate in a
vertical tube furnace maintained a t 950~~.*20T~he~
other method, commonly referred to as the modified
method, consists of heating the coal in the same furnace
at a considerably slower rate. Two methods are
necessary because certain solid fuels (such as sub
bituminous coal, lignite, peat, certain cokes, chars,
anthracites, and semi anthracites) spark appreciably
when heated at the rapid rate, causing high values
through mechanical loss. By the slower rate of heating
used in the modified method, sparking is reduced to a
minimum. Unfortunately, the two ASTM standard
methods may not give the same results. Calorific value is
an important property, indicating the useful energy
content of coal and its value as fuel. Heating value is a
rank parameter, but is also dependant on the ma-
ceral and mineral composition (Hower and Eble, 1996). A



number of equations have been developed for the
prediction of gross calorific value (GCV) based on
proximate and / or ultimate analyses (Given et al., 1986;
Parikh et al., 2005; Spooner, 1951; Mazumdar,1954;
Channiwala and Parikh, 2002; Patel et al., 2007,
Majumder et al., 2008). Neural network, as a new
mathematical method, has been widely used in research
areas of industrial processes (Zhenyu and Yongmo,
1996; Specht, 1991; Chen et al.,, 1991; Wasserman,
1993; Hansen and Meservy, 1996, Jorjani, E et al., 2007,
Chehreh Chelgani, et al., 2008). Whereas artificial neural
network (ANN) is an empirical modeling tool, which is
analogous to the behavior of biological neural structures
(Yao, 2005; Bagherieh, A.H.et al., 2008). Neural network
is a powerful tool that has the abilities to identify
underlying highly complex relationships from input—output
data only (Haykin, 1999). The modified method frequently
gives result as much as three percentage units lower
than the rapid heating procedure. Because of this, it is
not satisfactory to compare coal, some of which are
analyzed by the standard method and some by the
modified method.

Equipment

The equipment has been used in this comparison that
specified by the American Society for Testing Materials
for the American methods (ASTM D 271-48, 1954); by
the British Standards Institution for the British method
(BSI 1016-1942, 1942); and by the Association Francaise
de Normalization for the Franco-Belgian method (AFN
NF-M-03-004, 1950). Briefly, equipment used for the
three methods is described as follows.

(1) For the American methods Platinum crucibles of 15
ml. capacity with tightly fitting capsule lids were used for
both the standard and modified methods. Heating was
done in a vertical tube or volatile-matter furnace,
commonly known as the Fieldner furnace.

(2) For the British single-crucible method: Fused-silica
cylindrical crucibles with capsule-type lids were obtained
from England for this method. Heating was done in an
electric muffle furnace. A refractory stand or “gas mantle”
was used to hold the crucible in the furnace. Two discs of
asbestos, each one mm thick was placed between the
bottom of the crucible and the inside projections of the
three legs of the stand. Mounting the crucible in this
way removes it about 6 mm. from the floor of the
furnace.

(38) For the Franco-Belgian double-crucible method: A
double-crucible (one inside the other) arrangement is
specified and was used for this method. The smaller
crucible with lid was of glazed porcelain, and the larger
crucible with cover was quartz. The two crucibles were
separated by a layer of crushed wood charcoal. All
crucibles and covers were obtained from France. Heating
was done in an electric muffle furnace.
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In all methods, temperature was measured by means of
thermocouples and pyrometers.

Samples

Fourteen samples of Pakistani coals representing the
high-volatile bituminous have been used in this
comparison study.

METHODS

In all methods, I-gram of (minus 60-mesh) coal has been
used, and all determinations were made in duplicate. In
the American standard method, the sample, in a platinum
crucible, was introduced directly into the hottest zone of
the furnace (950°C) for exactly 7 minutes, thus obtaining
a rapid rate of heating. In the American modified
procedure, the sample, in a platinum crucible, was
suspended in the Fieldner furnace (950°C) such that the
top of the crucible lid was even with the top of the
furnace. After 5 minutes, it was lowered one quarter inch
for 2 minutes, then one half inch further for 2 minutes,
after which it was lowered to the hottest zone of the
furnace and heated 6 minutes. By this means, a slower
rate of heating was obtained.

For the British single-crucible method, the sample was
introduced into the hottest zone of the muffle furnace
(950°C) and heated for exactly 7 minutes. A rather rapid
rate of heating was obtained, but not as rapid as in the
American standard procedure. Whereas the Franco-
Belgian double crucible method, the smaller porcelain
crucible, containing the coal sample, was placed inside
the muffle furnace (960°C) and heated for exactly 20
minutes. By this procedure, a slow rate of heating was
obtained.

RESULTS AND DISCUSSION

Moisture, Ash, Volatile matter, Fixed carbon, Total sulfur
and Calorific Value in fourteen samples of Pakistani coal
have been obtained by the three different methods are
shown in Table 1-3.

Values obtained by the American standard method
has lower than values obtained by the British method and
Franco-Belgian methods, however the value of sulfur is
obtained more or less same in three methods, where as
the results of Moisture, Ash, Volatile matter, Fixed
carbon, and Calorific Value are quite different . The
lowest value of Moisture is (1.8-2.3), Volatile matter
(12.0-16.39) in FATA sample, whereas the lowest value
of Ash are in Sor-Range Deghari (2.7-14.3) and Duki
(2.7-22.3 ) samples, the lowest value of fixed carbon in
Duki (14.3-38.9) sample, the lowest value of total sulfur
continents in Sor - Range Deghari (0.4-0.45), in Sonda
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Table 1. Typical Analysis of Pakistani Coals by American Platinum crucibles methods

Name of Moisture Volatile Matter Ash Fixed Carbon Total Sulfur Calorific Value
Coal Field (%) (%) (%) (%) (%) (K. cal/kg)
Mach 7.1 34.5 9.6 32.4 3.2 5,100
Sor-Range Deghari 5.1 31.0 2.7 36.0 0.4 4,830
Pir Ismail Ziarat 5.2 27.0 13.3 23.8 2.9 5,353
ﬁg‘:ﬁ;}sr‘arigh 1.7 29.7 9.3 255 1.4 4,420
Duki 4.8 36.5 2.7 14.3 2.7 4,610
Meting Jhimpir 26.6 25.2 8.2 241 2.9 3,740
Lakhra 13.5 26.3 7.4 20.7 1.8 2,570
Sonda 9.0 20.0 5.0 15.0 0.4 3,600
Salt Range 3.2 21.5 12.3 25.7 2.6 3,760
Makerwal 2.8 31.5 6.4 34.9 2.8 5,200
Kurd-Sho 3.0 30.2 7.0 31.1 3.0 5,200
Thar 35 35.4 4.9 29.8 0.66 4,330
FATA 1.80 16.39 39.67 43.34 5.46 4,798
Table 2. Typical Analysis of Pakistani Coals by British single-crucible method

Name of Moisture Volatile Matter Ash Fixed Carbon Total Sulfur Calorific Value
Coal Field (%) (%) (%) (%) (%) (K. cal/kg)
Mach 12.0 39.5 20.3 415 3.1 5,730
Sor-Range Deghari 21.2 43.1 14.3 43.0 0.4 6,060
Pir Ismail Ziarat 10.0 415 34.2 37.2 2.8 5939
ﬁ';‘r’rf;fha”gh 11.4 45.7 38.0 45.2 1.4 7,000
Duki 9.2 53.0 22.3 38.9 2.8 6,380
Meting Jhimpir 36.6 34.2 16.8 32.2 2.9 4,260
Lakhra 39.4 42.5 25.0 39.2 1.9 4,200
Sonda 39.5 442 39.2 58.8 0.45 5,700
Salt Range 10.8 38.8 442 44.8 2.6 6,170
Makerwal 6.0 481 30.8 44.9 2.9 6,780
Kurd-Sho 5.8 45.2 9.0 40.2 3.1 6,100
Thar 50 48.3 26.7 33.3 0.64 5,855
FATA 2.0 12.00 34.65 30.95 5.45 4,120




Table 3. Typical Analysis of Pakistani Coals by Franco-Belgian double crucible method
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Name of Moisture Volatile Matter Ash Fixed Carbon Total Sulfur Calorific Value
Coal Field (%) (%) (%) (%) (%) (K. cal/kg)
Mach 9.2 36.5 16.2 37.1 3.1 5,300
Sor-Range Deghari 13.7 37.3 12.1 39.3 0.45 5,330
Pir Ismail Ziarat 8.1 37.0 23.4 33.7 3.0 5,599
Hnost Sharigh 7.4 39.5 19.8 35.2 1.45 5,950
Duki 6.9 43.5 12.2 24.8 2.75 5,600
Meting Jhimpir 32.3 29.4 10.6 29.3 2.85 4,070
Lakhra 23.3 34.2 17.2 27.9 1.8 3,500
Sonda 22.0 29.4 25.0 30.0 0.4 4,200
Salt Range 7.1 29.3 34.2 32.7 2.5 5,160
Makerwal 4.8 38.1 16.4 394 2.85 5,700
Kurd-Sho 4.5 38.5 8.1 34.1 3.0 5,600
Thar 43 44.3 14.6 30.3 0.65 5,300
FATA 2.3 15.09 37.60 40.30 5.4 4,700

(0.4-0.45) and in Thar (0.66-0.64) samples however the
lowest Caloric value is 2570-4200 K.cal./kg in Lakhra and
highest (4420-7000 K.cal./kg) in Khost-Sharigh Harnai
samples. In the light of above data and the observation
mentioned three tables we conclude that the Khost-
Sharigh Harnai, Fata and Thar samples are the best in
Pakistani samples, which are the best reservoir for the
energy in Pakistan.
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