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Apart from the elements like C, H, O and N, other mineral elements are also found in the composition of coal, which influence the low-
temperature oxidation of coal. Five kinds of inorganic additive (Na and Mg) were added into the coal samples for the programmed-
heating experiments. Then the O, consumption, CO, and CO generation were tested. Interfering by the magnesium or sodium reagent, the

can react with coal molecules and form stable structure, which resulting in the suppression in the oxidation of coal.

| concentration on O, consuming, CO, and CO producing for the treated coal all decreased evidently. Furthermore, some inorganic minerals |
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INTRODUCTION

Spontaneous combustion of coal is the major natural
disaster in Chinese collieries. According to incomplete statistics,
over 60 % of state-owned coal mines have hazards on coal
self-ignite and annual economic losses reach up to several
million dollars'?. Coal, a kind of polymers, includes many
elements, such as carbon, hydrogen, oxygen, nitrogen and
sulfur efc,. Various organic and inorganic components, like
clay, sulfides, sulfates, carbonates, chlorides, silicates, oxides,
influence the characteristics of coal together**. Spontaneous
combustion of coal is an extremely complex process with dyna-
mic changes and inorganic mineral in coal is likely to affect
its properties and processes, for example, the pyrite Fe** ions
can accelerate the oxidation of coal’’. Many elements can act
as a catalyst or inhibit in free radical reactions, some elements
even be directly involved in the reaction. Minerals can be used
to evaluate the use of coal in a different process behavior,
including control of fly ash, cinder and other combustion by-
products®'.

It is necessary to further examine which elements or
inorganic minerals play the significant role in coal sponta-
neous combustion and which act as a disincentive. Oxygen
consumption, CO and CO, generation can be used to evaluate
the oxidizing intensity in the low-temperature oxidation of
coal. How these elements impact the self-ignite of coal not
only helps to estimate the combustibility of coal, but also
supplies a new way for the inhibition of spontaneous com-
bustion.

EXPERIMENTAL

The coal from seam 3# (Xutuan colliery) was used as the
experimental sample. Taking into account the non-homo-
geneous property of coal, coal with small particles were selected
and crushed in order to avoid interference in the test results.
The reagent solution was added to the coal samples and
prolonged agitation and then sealed 24 h to make it fully mixed
with coal. Before experiment, all coal samples were dried in
vacuum for 12 h. Each 40 g coal (0.125-0.180 mm) with 0.4 g
inorganic sodium or magnesium were prepared as the experi-
mental sample. Besides, coal sample only with deionized water
also used in the comparative experiment. Controlling remains
a heating rate at 1.2 °C/min for ensuring the heating uniform
and slow. Experimental setup is shown in Fig. 1, which includes
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Fig. 1. Diagram of temperature-programmable experimental device
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three parts i.e., the air supply system, programmed heating
system and the gaseous products analysis system.

RESULTS AND DISCUSSION

With increasing temperature, the oxygen consumption
increased and the oxygen concentration gradually decreased
due to the chemical reaction between oxygen and coal. Because
the heating rate during the heating process is slower, the
temperature inside the sample tank can be considered as equal.
As the oxygen content in the entrance of experimental setup
is 21 % (mass fraction), the average oxygen consumption rate
(unit volume) is:

vy 9 __dc __dc o
dt dx/u dx S
where, V(T) is oxygen consumption rate [T, mol/(cm’ s)] at
temperature; C is mass fraction of oxygen; T is time, s; u is air
flow rate (cm/s) in the sample tank; x is the distance (cm) of
any point (within the sample tank) away from the tank inlet
(cm); Q is supplied air volume (cm?/s); S is the sectional area
(cm?) of sample tank.

According to the chemical kinetics and chemical equili-
brium, the oxygen consumption rate is proportional to the mass
fraction of oxygen. Therefore, the oxygen consumption rate
in fresh air is:

VoM =)
C
where,Vo(T)V(T) is average oxygen consumption rate in fresh
air; Co is mass fraction of oxygen in fresh air, Co= 21 %.
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where, C, and C; is the mass fraction of oxygen at the inlet
and outlet of sample tank, separately, C;=21 %; L is the height
of coal sample in the tank.

On the basis of experimental data, the oxygen consum-
ption for coal samples in the low-temperature oxidation process
is shown in Fig. 2. Generally speaking, the oxygen consum-
ption of coal decreases after the loading of all three inorganic
sodium. For the sodium phosphate, this additive do not play a
prohibitive role until the temperature reach 423 K. By contrast,
the sodium chloride shows a obvious effect during the
temperature range of 393 to 453 K. The performance of sodium
sulfate is particularly outstanding, which keep the oxygen
consumption not more than 2 % in the whole process. Both
magnesium chloride and magnesium sulfate play a remarkable
inhibitory effect in the low temperature oxidation of coal. After
the treatment magnesium, even at 453 K, the reducing oxygen
concentration remains around 2 %.

Figs. 3 and 4 show the curve of CO, and CO generation at
different temperature. After adding inorganic sodium, the CO,
and CO producing of coal lower than the data of raw coal. Accor-
ding to the CO, and CO data, the sodium chloride and sodium
phosphate start to significantly inhibit low temperature oxida-
tion of coal since 393 and 423 K, respectively. However, even
when the temperature reach to the 453 K, the sodium sulfate
still can make sure the yield of CO, and CO below 4100 and
1000 ppm, respectively. Obviously, the dium chloride and sodium
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Fig. 2. Changes in the oxygen consumption of coal samples
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sulfate start to work at early stage of the low-temperature
process, while the sodium phosphate become effective till the
temperature up to 453 K. It is noteworthy that both magnesium
chloride and magnesium sulfate remarkably suppress the CO,
and CO production in the spontaneous combustion of coal.
Addition of magnesium chloride or magnesium sulfate can
control the CO yield of coal less than 4800 ppm. In comparison,
the CO, generation is limited within 154 and 755 ppm, respec-
tively.

In the chemical reaction of coal-oxidation, the reaction
proceeds mainly determined by the activation energy and
probability of effective collision between the molecules. When
the sodium and magnesium exist in the coal, the inorganic
salts and active substances mutual attract each other and destroy
the free force field in coal surface. Thereby the oxygen atom
return to the molecular state, which improve the activation
energy of oxygen, also reduces the opportunities of effective
collision between reactant molecules. Further, the inorganic
salts and molecular coal may occur substitution and comp-
lexation to form a stable structure, which suppress the rupture
rate of bonds in coal molecule, thereby inhibit or slow down
the reaction rate of oxygen and active groups in coal surface.
Using magnesium chloride as the example, the chemical reac-
tion equations are as follows'":

R-0-0* + MgCl, + H,O—— ROCI + Mg(OH), + HC1
R-O-O® + HCl—— ROCI + "OH

In addition, some scholars put forward new ideas, they
state that the coal molecule is a polydentate ligand with multiple
ligand atoms (N atoms). Through the reaction with metal ions
like the Na* and Mg™, the active side chains in coal molecule
mutually chelate and form stable ring structures. As a result,
the chemisorption of oxygen becomes more difficult and the
active of whole coal molecule decrease significantly.

Conclusion

In this paper, the temperature-heating methods and gas
chromatograph detecting were used for studying the inorganic
sodium and magnesium impacting on spontaneous combustion
of coal. According to the data of gaseous products, both inor-
ganic sodium and magnesium can hinder the low-temperature
oxidation of coal effectively, while the magnesium usually
has better effect than the sodium. In addition, after the loading
of these reagents, the formation of stable ring structure may
be the main reason for the decreased activity in the coal surface.
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