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Abstract:  Spontaneous combustion of coal is a natural
phenomenon responsible for the burning of thousands of tonnes
of coal every year. Normally, when Indian coal gets exposed to
air, it catches fire within 9 to 12 months and the application of
inhibitors helps in preserving the coal by enhancing its time
period (Incubation period). They have the capacity of retarding
the spontaneous heating of coal by forming a protective layer
around it. This paper deals with four inhibitors and its
retardation capacity to spontaneous heating is laid down by
experimental investigation. Crossing Point Temperature (C.P.T)
analysis and Flammability Temperature analysis (F.T) are the
prime method in determining its retardation effect. Coal samples
from Mahanadi Coalfield Limited (MCL) were prepared and
used for experimentation. Proximate analysis is used to study the
composition of coal. The prepared coal sample is treated with
inhibitors at three different proportions of 5%, 10% and 15% by
wt. Considering the economic and safety application for miner
and mining industry, the maximum retardation capacity of an
inhibitor at particular percentageis been shown in this paper.
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l. INTRODUCTION

Mine fire due to spontaneous heating of coal is one of the
major hazards that cause an economic loss of coal reserve
for the nation. It has an adverse effect on the environment
and the economy. Considering these aspects, studies have
been focused on spontaneous combustion of coal of
different ranks. It is seen that coa of low-rank values are
more liable to spontaneous heating if they are stored for a
longer duration. The coa affected due to heating may be
partially unsuitable to use. Therefore, steps should be taken
to enhance the time period of storage of coa. The
application of inhibitor is one of the methods of increasing
this period and retarding the self-heating of coal.

Inhibitors are chemical or substance which when applied to
other substance causes a slowdown of reaction. It may be
due to the formation of layer/coating around the coal surface
to obstruct the oxidation of coal. Many inhibitors are been
trialed considering its inhibiting nature.
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. SAMPLE COLLECTION

Indian coals come under the parent organisation Coal Indian
Limited. MCL is a subsidiary of CIL. The coa samples
selected for experimentation are from different mines of
Mahanadi Coalfield limited (MCL). The samples are
grounded and prepared for different mesh sizes for different
experimental investigation.

i, EXPERIMENTAL INVESTIGATION

The intrinsic properties of coa are studied through
proximate analysis. Coal composition having moisture, ash,
volatile matter and fixed carbon content are experimentally
investigated. Table No.1 shows the composition of all coal
samples.

Table No 1. Proximate analysis of 4 coal samplesfrom

MCL mines
S. | Sampl | Moistur | Ash | Volatil | Fixed
No. e e Matte e Carbo
r Matter n
1 S1 12.59 30.01 | 13.33 | 44.07
2 S2 07.81 2235 | 26.42 43.42
3 S3 08.55 2434 | 25.78 | 41.33
4 A 06.96 2352 | 28.67 40.85

The susceptibility of coa to spontaneous combustion is
affected by numerous factors such as moisture rank, carbon
content, particle size, temperature, oxidation rate etc. One of
the most important factors is the oxidation rate. Spontaneous
combustion occurs when the rate of heat generation from
oxidation exceeds the rate of heat dissipation.

The susceptibility of the coal sample was conducted by
determining the crossing point temperature of coal. Crossing
point temperature is one of the practised methods of
determining the spontaneous heating susceptibility of coal.
The obtained results and its correspondence to liability
index and risk rating towards spontaneous heating to catch
fireis shownin Table no.2.

TableNo 2. C.P.T and Risk Rating of coal samples

SNo. | Sample | C.P.T (°C) Risk Rating
(susceptibility)
1 S1 158 Moderately
2 2 161 Moderately
3. S3 166 Poorly
4 A 142 Moderately
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Coa upon slow oxidation reaches to a point where the
temperature rise occurs in a self-propellant manner. If it is
able to inhibit the coa from reaching the temperature, the
coal can be stored for alonger duration in silos and bunker.
A large number of resources can be saved and can be used at
the time of need. This minimum temperature at which coal
catches fire is called is termed as flammability temperature.
Flammability temperature of coal differs depending on the
rank of coal and on the percentage of oxidation of coal. The
flammability temperature of coal decreases with an increase
in the oxidation of coal. This temperature difference
between oxidation of coal prior to its oxidation is one of the
parameters in determining the susceptibility of coal. The
application of retardants delays the spontaneous heating of
coal and a significant rise in the temperature at which coal
catchesfire.

Selection of Retardants

The selections of retardants are based on many properties
like toxicity, solubility, cooling capacity, economic viability
etc. The most important factor among them is the retarding
capacity and its inert nature. Economic and safety are to be
chosen after studying the inhibition capacity of retardants.
On this basis four retardants were selected i.e. Sodium
chloride, Sodium Nitrate, Fused calcium chloride, and
Sodium dodecy! sulfate.

V. RESULTS& DISCUSSION

The application of sodium chloride and sodium nitrate
enhances the flammability temperature of coal samples by
50°C and 120°C. Therise is amost the same for all coal
samples. Table no. 3 & 4 and the figure below it exhibits the
analysis of all four coal samples on treating sodium chloride
sodium nitrate at different percentages of 5%, 10%, and 15
%.

Table No. 3 Flammability temperature of the coal
samplesw.r.t sodium chloride

SNo | Sample | F. T. Sodium Chloride

O [ 5% | 10% | 15%
1 St 505 | 550 555 555
2 2 530 | 575 580 580
3 3 500 | 550 545 550
4 4 560 | 600 610 615

Table No. 4 Flammability temperature of the coal
samplesw.r.t sodium nitrate

SNo | Sample | F. T. Sodium Nitrate
(°C) 5% [ 10% | 15%
1 S1 505 | 620 625 625
2 2 530 | 650 650 655
3 S3 500 | 615 620 620
4 A 560 | 675 680 680
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Fig. 2. F.T. of coal sample on application of sodium
nitrate

Table No. 5 Flammability Temperature of the coal
samplesw.r.t fused calcium chloride

S | Sample| F.T. Fused Calcium Chloride
No (O [59% [10% [15%
1 S1 505 540 540 545
2 S2 530 565 565 570
3 S3 500 535 535 540
4 A 560 595 600 600
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Fig. 3.F.T. of coal sampleon application of fused
calcium chloride
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The rise in flammability temperature for fused calcium
chloride and sodium dodecyl sulphate is found to be 40° C
and 120°C as seen from Table no. 5 and 6. It is seen that the
rise of temperature is uniform for all coal samples. It might
be due to the formation of an inhibiting layer around the
coal surface.

Table No. 4 Flammability Temperature of the coal
samplesw.r.t sodium dodecyl sulphate

SNo | Sample | F.T. | Sodium Dodecyl Sulphate
O
5% 10% 15%
1 S1 505 625 625 630
2 S2 530 645 650 650
3 S3 500 615 620 615
4 A 560 670 670 675
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Fig. 4. F.T. of coal sample on application of sodium
dodecyl sulphate

V. CONCLUSION

From the observations, it can be concluded that inhibition of
spontaneous heating done with retardants is of different
value at different percentages. Considering the difference in
change in rising for different percentage inhibiting capacity
is also noted. In some cases 10% is more efficient and in
few 15 % serves as the best retardation. The sequence of
retardation capacity is that sodium dodecyl sulphate has
highest followed by sodium nitrate, sodium chloride and
calcium chloride. Sodium dodecyl sulphate has the chances
of causing irritability whereas the other three are eco-
friendly in nature. The optimisation of retardation can be
done by suitable mixing of three chemicals. There may be
number of chemicals and its combination is to be studied to
determine the best possible inhibitor. Suitable application of
chemicals can save large amounts of coal from catching fire.
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