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ABSTRACT
Sample of coal from Enugu and a suspected sample from Afikpo were analysed to ascertain
the ranks using proximate analysis and heat of combustion. This was done by determining the
moisture content, ash content, volatile matter, fixed carbon and the heating value of the two
samples. The results obtained revealed a high percentage of volatile matter and calorific value
with the values of 39.33 £2.61%; 46.67 £2.04%; 10842.0525 Btu/Ib and 15143.05422 Btu/Ib
in Afikpo and Enugu coal respectively. Also a low percentage moisture content of 9
+0.6%and 2 +0.1%, low ash content of 5 +£0.3%and 4 +0.3% with a moderate fixed carbon of
46.67 £2.06% and 47.33 £2.10% in Afikpo and Enugu coal respectively. The variation in the
parameters determined were found to be statistically significant (p < 0.05) as determined by
one way analysis of variance.Based on the results, the suspected coal sample from Afikpo
falls within high volatile bituminous coal rank or low coking
Key words: Coal, Proximate Analysis, Ranking.
INTRODUCTION

Coal is a non-renewable fossil fuel contains varying amounts of carbon,

made up of complex mixtures of inorganic
and organic compounds where theorganic
compounds are those materials inherited
from the plants that live and died in the
mines over millions of years (Schweinfurth,

2009).Coal is a readily combustible and it

hydrogen, oxygen, nitrogen and sulphurin
addition to trace amounts of other elements,
including mineral matter and water
(Speight, 1994).Coal varies in quality from
place to place depending on the original

organic matters that led to its formation.
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Coal quality is important in its application
both industrially and domestically (Mishra,
2009).
Proximate analysis involves
determination of parameters such as
moisture content, volatile matter, ash
content, fixed carbon are all useful in
determining the quality of coal. Moisture
content is the total moisture in coal is the
determination of the moisture (in all
formsexcept water of crystallization of the
mineral matter) that resides within the coal
matrix (Speight, 2005). Ash content of a
coal is the non-burning residue left after
coal is burnt. It represents the bulk mineral
matter after carbon, oxygen, sulphur and
water (including from clays) has been
driven off during combustion (Mishra,
2009). Volatile matter in coal refers to the
thermal decomposition products like
methane, hydrocarbons, hydrogen, carbon
monoxide and incombustible gases like
carbon dioxide and nitrogen which are
liberated or given off when coal is heated at
high temperature in the absence of air (Zhu,
2014). Fixed carbon is the carbon residue
that remains after determination of the
volatile matter which does not occur as
such in coal but as the result of thermal
decomposition of coal (Rees 1966).
Calorific value is the heat produced by the

combustion of a unit quantity of coal in a

bomb calorimeter with oxygen and under a
specified set of conditions (Speight 2005).
Besides proximate analysis, rank of the
coal is another vital index in determining
its application. Knowing the rank of coal
therefore helps to determine where the coal
will be useful in its day to day applications.
Ranks and types of coal are fundamental
facts that determine suitability of coal for
application such as coking, liquefaction etc.
Coal ranking is based on the progressive
alteration in the coal in response to
increased pressure and heat during its
formation (Albrecht and Matoney, 1982).
Globally coal is used as fuel to generate
42% of the electricity production in the
world especially in many countries such as
India, China and many other developing
nations and it promises to last for hundreds
and thousands of years more before it
finally finishes. (International Energy
Agency, 2010). Moreover, coal chemicals
such as benzene, xylene, anthracene,
phenol, etc are highly needed in chemical
industries even though it is cheaper to
obtain them from petroleum.

The production of coal in Nigeria
has faced many challenges which inhibited
its development and ultimately led to
closure of the industry. The high utilization
of petroleum products over coal has made
coal products being under-utilized in

Nigeria today and because of this, it has
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resulted to lack of power (Electricity)
generation, high cost of petroleum
products, lack of knowing its general
quality and establishment of its price in day
to day application. Nigeria needs to invest
in coal industries so as to supplement crude
oil products for the better of the economy.
If our indigenous coal deposits can be
explored and exploited, Nigerian economy
can be diversified, leading to a smooth
industrial and technological transformation
from the present petroleum based economy.
The aim of this study therefore is to
conduct proximate analysis so as to
determine moisture content, volatile matter,
ash content, fixed carbon, in a suspected
coal sample from Afikpo and compare its
result with coal from Enugu. In addition,
bomb calorimeter was used to determine
the enthalpy of combustion of the coal
samples.In commercial operations, the
proximate analysis is a parameter used to
determine the price of coal sample as well
as the quantity of coal (Vorres, 1993).
MATERIALS AND METHODS

Sample Collection: A sample of coal from
Enugu and a suspected sample from Afikpo
were collected manually and kept in an air
tight polyethylene bags prior to analysis.
The two air-dried samples obtained were
reduced both in particle size and quantity to
yield a laboratory sample by crushing to a

fine powder with the aid of a hammer and

aluminium tab which was then ready for
analysis. Indian standard Method to test for
Coal (Indian Standard, 1984) was used in
the proximate analysis

Moisture Content Determination: 1 gram
of each finely powdered air-dried coal
sample was taken in a dry and accurately
weighed uncovered ceramic crucibles. The
uncovered crucibles containing the coal
samples were placed in an electronic hot air
oven and allowed to be strongly heated for
1 hour, which was maintained at 108° C.
After the heating, the crucibles containing
the coal samples were then taken out with a
pair of tongs. The crucibles were then
covered and allowed to be cooled in a
desiccator for about 20 minutes and then
weighed. In this test, the moisture is
evaporated during the heating so that the
difference between the starting weight and
the final weight represents the moisture.
The calculation was done as per the
following:

wi-w2 x 100

% Moisture content =
Where, W= Weight of coal powder (Before heating);
W1= Weight of coal powder + Crucible (Before

heating) and W2= Weight of coal powder + Crucible
(After heating at 108°C)

Volatile Matter Content Determination:
1.5 gram of each powdered air-dried coal
samples were also placed in ceramic
crucibles covered with well fitted lid and
heated for 850°C for 30 minutes in the
absence of air. After heating, the crucibles

were removed and cooled in air and then in
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a desiccator which was weighed in similar
manner. In this test the volatile matter is
evaporated during the heating so that the
difference between the starting weight and
the final weight represents the volatile
matter. The calculation was done in the
following manner:

1-w2 x 100

% Volatile matter =
Where, W= Weight of coal sample (Before heating);
W1= Weight of coal powder + Crucible (Before

heating); W2= Weight of coal powder + Crucible
(After heating at 925°C)

Ash Content Determination: 1 gram of
each powdered air-dried coal sample was
taken in covered ceramic crucibles and
strongly heated at 850°C, wuntil all
carbonaceous contents burns away and ash
remains. After heating, it was then cooled
in a desiccator for 15 minutes and then
weighed. The ash in the crucibles was
brushed out and the empty crucibles were
re weighed. In this test everything except
the ash is burned so that the final weight is
the ash.
% Ash =222 x 100
Where, W= Weight of coal powder (Before heating);

W1= Weight of cleaned empty crucible + Lid and W2=
Weight of coal + Crucible + Lid (After heating)

Fixed Carbon Determination: Fixed
carbon is the material remaining after the
determination of moisture, volatile matter,
and ash of coal powdered sample and it is

given by the following:

% Fixed carbon =100 — (% Moisture + %volatile

matter + %ash)

Calorific Value Determination: A
weighed amount of benzoic acid pallets
was used to standardize the Parr 6200
Oxygen bomb calorimeter in order to
obtain a steady temperature before
combustion. 1 gm of coal sample was
placed in a crucible inside the high pressure
bomb containing 20 atm of oxygen gas.
The calorimeter bucket was filled with
200ml of water from the water handling
system and the temperature of the water
was maintained at 4°C. The bomb was
carefully placed inside the cylinder filled
with water with the aid of a tong making
sure that there was no gas bubbles present.
The ignition lead electrode wires was
connected to the terminal sockets on the
bomb head and oriented in such a way that
it does not tangle with the stirrer shaft
located under the calorimeter cover which
covers the cylinder. The current was
switched on and the fuel in the crucible
burns with the circulation of heat
transferred to the water stirred by an
electric stirrer. After 15 minutes, the
readings were taken from the computerized
readings by a side of the bomb calorimeter.
RESULT

Table 1 presents the result of proximate

analysis and bomb calorimeter.
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Table 1: Proximate Analysis and Calorific Value of Coal Samples.
S/N Coal Sample Moisture Volatile Matter Ash Fixed Calorific
Content wt.%) Content Carbon Value
(wt. %) (wt. %) (wt.%) (Btu/Ib)
1. Sample A 9 +0.6 39.33 +£2.61 5+0.3 46.67 £2.06 10842.05
2. Sample B 2 +0.1 46.67 +2.04 4 +0.3 47.33 £2.10 15143.05

Sample A = Afikpo Coal; Sample B = Enugu Coal.

DISCUSSION

High percentage of moisture content was
observed in Afikpo sample (9 +0.6%)
compared to that of Enugu (2 £0.1 %). The
calorific value of Afikpo (10842.05Btu/Ib)
sample was lower than that of Enugu
sample (15143.05 Btu/Ib)High moisture
content is known to decrease in the
calorific value of the coal and consequently
the quality. It also results in the addition of
unnecessary weight during transportation of
coal and poses some handling problems
which result to increase in operating cost
(Jo et.al, 2014). From the result, Afikpo
coal sample has a lower volatile matter of
39.33 +2.61% compared to Enugu coal
46.67 +£2.04. Coals with high volatile
matter content are highly reactive in
combustion applications. Non-coking or
weakly coking coals are known to contain
high volatile matter above 36% (Li and
Fan, 2008) and hence the two samples
analysed are low coking coals because their
volatile matter content were found to be
above 36 %. Nigerian coals are known to
contain high volatile matters which make
them suitable for feedstock for chemical
and allied industries (Okolo, 1988).The ash

content in Afikpo and Enugu samples were

found to be 4% and 5% respectively which
are relatively small and that lowers the risk
of  environmental  pollution  during
combustion and makes them free from
formation of clinkers in the combustion
furnace that hinders reactions. High fixed
carbon content were observed in the
samples from Afikpo and Enugu which
were nearly of the same values, that is,
46.67 £2.06 and 4733  £2.10
respectively.Coal sample is considered to
have high fixed carbon if the fixed carbon
exceeds 40%. The fixed carbon has a direct
relationship with the calorific value and
that is the higher the fixed carbon, the
higher the high calorific values. Fixed
carbon determines the coke yield of the
sample and theses samples could be utilized
in thermal power plants and other small
industries  for combustion
(Mishra, 2009).

According to American Society for Testing

(ASTM D388), for

Processes

and Materials
classification of coal which is based only
on volatile matter, fixed carbon and

calorific value, both samples can be
classified as high volatile bituminous coal
The high volatile bituminous coal is

classified as low coking coal therefore it is
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considered as all-purpose coal because of
its excellent heating quality.
CONCLUSION

Based on observed low percentage of
moisture and ash, high percentage of
volatile matter, a moderate percentageof
fixed carbon and high calorific value, the
suspected sample of coal obtained in
Afikpo was actually coal sample. However
more analysis such as ultimate analysis for
the elemental composition will be required
to authenticate this finding. The two coal
samples fell within the rank of high volatile
bituminous coal based on the values of its
fixed carbon, volatile matter and their
heating value.
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