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Preface

Preface

Spontaneous combustion of coal is a serious problem in coal industry. The
existed reaction model suggested there are two parallel reaction sequences in
spontaneous combustion of coal. They are the direct burn-off and sorption
sequences between coal and oxygen. However, whether the two reaction
sequences above can reflect spontaneous combustion of coal comprehensively or
not is still being suspected. In consideration of the current research status, the
dissertation focuses on the oxidation and self-reaction of active groups in coal.

Active groups in coal were tested and analyzed based on theory and
experiments, According to the formed time, active groups in coal could be
separated to initial ones and secondary ones. The major groups in coal include
groups containing oxygen, alkyl chain and groups containing sulphur. Due to
different coal ranks, the quantities of active groups in different coals are
different as well. For further understand of active groups in coal, the infrared
spectrogram of initial coal samples were tested using FTIR. It provides a basis
for the real-time test of active groups in coal reaction.

The real-time changes of active groups under different conditions are very
important for the study on spontaneous combustion of coal. The previous and
current study on reaction of active groups usually use the FTIR based on
transmitted light. The testing process needs to blend coal sample with KBr at
first, which usually results in inexact data. And the traditional testing
technique of FTIR can not test the infrared spectrogram on-line.
Consequently, the real-time changes of active groups in coal reaction are still
unclear now. In consideration of this situation, an in-situ test system of
infrared spectrogram was designed based on traditional FTIR. In the in-situ
test system, a chamber was used to load coal sample; a gas providing system
was used to simulate different atmospheres, gas flow and gas concentration; an
electronical heater was used to simulate different surrounding temperatures.
Using the in-situ test system, the real-time changes of active groups in coal
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reactions under different conditions can be obtained. The dissertation tested
and analyzed the real-time reaction of active groups in six different ranks of
coal samples under three different conditions, i. e. oxygen atmosphere,
oxygen-free atmosphere and oxygen atmosphere after oxygen-free atmosphere.
The changes and trend of various types of groups, i. e.—OH,—COOH,
=0, ¢c—0, —COO—, —CH;, —CH,—, —CH, C=C and substituted
benzenes, were analyzed under different conditions.

Under oxygen atmosphere, the quantity of some active groups decreases at
initial stage and then increase with the rise of coal temperature. The break
points of different active groups differ from each other as well. Among the
temperatures at break points of different active groups, the low ones are about
40~ 50 °C while the high ones are about 130 ~ 140 °C. Under oxygen-free
atmosphere, the change trends of active groups are similar to the change trends
under oxygen atmosphere. In contrast, the quantity of active groups is smaller
than that under oxygen atmosphere at a value of 25% ~ 80% and the
temperatures at break points are lower than that under oxygen atmoshphere at
a value of 10 °C. Under oxygen atmosphere after oxygen-free atmosphere, the
decrease of active groups at the initial stage almost disappears.

The aboveanalyses indicate some types of active groups in coal can react at
low temperatures under an oxygen-free atmoshphere. At the initial stage of
coal reaction under oxygen and oxygen-free atmospheres, initial active groups
in coal are consumed but the same types of secondary active groups would not
been generated very much until a high enough temperature. So the quantity of
active groups decreases at the initial stage of coal reaction under oxygen and
oxygen-free atmospheres. During the reaction under oxygen atmosphere of
reacted coal samples, most of the initial active groups have been consumed
during the previous self-reaction under oxygen-free atmosphere. The self-
reaction of active groups under this condition is weak, Consequently, the
quantity of active groups would slowly increase with the generation of
secondary active groups. The decrease phenomonon of active groups at early
stage in coal reaction under oxygen and oxygen-free atmospheres disappear.

In order to further approve the self-reaction of active groups, the products
were tested by a gas chromatography. The products of coal reactions under
different conditions, i. e. oxygen atmosphere, oxygen-free atmosphere and

s 9 @
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oxygen atmosphere after oxygen-free atmosphere, were tested. All the
reactions under three different conditons can produce different types of
products. The quantity and increasing rate of active groups under oxygen
atmosphere are the most and the two parameters under oxygen-free atmosphere
are the least. In contrast, the quantity and increasing rate of active groups
under oxygen-free atmosphere are less than that under oxygen atmosphere,
The results indicate the self-reaction of active groups in coal can produce
different types of products but they are less than oxidation of active groups.

According to microcosmic and macroscopic characteristics in coal reaction,
the self-reaction of active groups is approved. Based on comprehensive
analysis, a chemical model including three different reaction sequences was
proposed to describe the spontaneous combustion of coal. The model suggests
the self-reaction of active groups exist in spontaneous combustion of coal
besides the direct burn-off and sorption sequences between coal and oxygen.
And the chemical reactions which produce CO, CO, and H,;O were proposed,
respectively. The three important products of spontaneous combustion are
generated from the oxidation and self-reaction of initial and secondary
carbonyl, carboxyl and hydroxyl. Actually, spontaneous combustion of coal is
the result of oxidation and self-reaction of active groups in coal. They enhance
the process of coal self-heating together. Self-reaction of active groups in coal
can not exist individually. The heat released from oxidation of active groups
provides initial enery for the self-reaction of active groups.

Based on the theory of oxidation and self-reaction of active groups, some
macroscopic characteristics of spontaneous combustion were analyzed. At the
early stage of self-heating of coal, only initial active groups and few secondary
active groups take part in reaction. So the accordingly reaction intensity is
weak. In contrast, plenty of secondary active groups will be produced and then
take part in the chain reaction at later stage. As a result, temperature rising
rates differ from eath other in different stages of coal self-heating. Both the
types and quantity of initial active groups in high ranks of coal are very few.
Their secondary active groups are also difficult to form. It implies the quantity
of active groups in high ranks of coal would decrease at the initial stagy.
Consequently, the oxygen consumption rate decreases during 30~50 °C. The

moisture in coal would inhibit the transfer of active groups and heat, which
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decreases the ratio to contact and react. As a result, the coal samples with
high moisture contents present a delay phenomenon in temperature rise. The
reactivity of sulfur components in coal is low under dry and low temperature
conditions. The unreacted components form a film that covers the coal surface
and slightly inhibits the contact and reaction between active groups. The
theory of oxidation and self-reaction of active groups can explain the
macroscopic characteristics of spontaneous combustion very well.

The authoris deeply grateful to the financial supports provided by the
National Natural Science Foundation of China. In addition, special thanks go
to the editors from China University of Mining and Technology Press for their

meticulous works.

Qi Xuyao July 2013
China University of Mining and Technology
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