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Preface

Spontaneous coal seam fire is one major hazarding coal mining. To tackle the prob-
lem we have to dig down to the deeper level to study the mechanism of spontaneous
combustion process. The first research paper trying to explain the phenomenon could
date back to as early as the 17" century. Many hypothesizes have been put forward in
the ensuing 300 years. Among these, the coal-oxygen reaction hypothesis has been tes-
tified both in experiment labs and the practice field and has been popularized world-
widely. However, this hypothesize still of limited use since it did not bother to explain
the chemical generation of CO, CO,, alkane, alkene, aldehyde, etc. throughout the
spontaneous combustion process.

There are two major reasons why people still cannot fully explain the mechanism of
coal spontaneous combustion. First and foremost, both the composition and structure of
coal are rather complicated and versatile. Coal is a mixture matter including miscellane-
ous types of organic and inorganic compound. Technically you cannot even find two
identical coal blocks given their unique compositions, structures, as well as properties.
The fact that more than a few potential reasons could catalyze the combustion process
only adds complexities to the problem. Second, studies are limited by the technologies
on hand. People cannot possibly trace and analyze the chemical reaction sequences in-
volved in the process until recent decades with the emergence of the latest test equip-
ment coupled with powerful technical computing software.

Trying to overcome these bottlenecks, the author and his research team made some
significant progress along the way with regard to both the research methods and the so-
lution designs. Firstly, we traced and analyzed the chemical structural changes occurred
during the combustion process in assorted ranks of coal samples. More than 300 coal
samples throughout China were systematically tested so as to provide a solid basis for
the study on coal reaction. The chemical structure units with highly reactive properties
in the combustion process within the coal were then identified, which provides an alter-
native way to better explain the combustion mechanism on the micro-level. Secondly,
thanks to the up-to-date testing facilities and software including C80 micro-calorimeter,
NMR, in-situ FTIR, DSC, TA as well as Gaussian software, the whole research
process has been made more fact-driven and effectively sparked many new insights.

Four major areas of innovated works in the book are highlighted as follows:

1. The unit group of functional group structure of coal is identified and constructed

(1) The variables and quantitative distribution characteristics of functional groups



cvie BB T2 e KV

in different coals are obtained based on the curve fitting of infrared as well as on the
absorbance coefficient computing from quantum chemical calculations.

(2) The chain length of groups and the distribution characteristics of branched and
bridge bond are obtained through the Ultrasonic Extraction Technology, FTIR as well
as NMR.

(3) The unit groups of aliphatic hydrocarbons, oxygen functional group sand radi-
cals are identified after analyzing the active sites and bond dissociation energy of the
structure unit group of functional groups.

(4) The characteristic of charge accumulation and frontier orbitals of functional
groups have been obtained based on the quantum chemistry.

In practice these finding could contribute in the following ways:

(1) The researches overcome the approximate absorptivity characteristics of differ-
ent types of functional groups. The characteristics of functional groups are more accu-
rate, which is the basis for the building of structure units of functional groups.

(2) The big and complicated structure of coal is divided to unit functional groups,
which is very useful for study on the mechanism of spontaneous combustion of coal.

(3) The accurate sites and reaction of functional groups overcome the shortages of
the reactions of coal in previous literatures.

2. Three kinds of reaction models are proposed regarding with the development process
of spontaneous combustion of coal

This book proposes three reaction models explaining the reaction mechanism of the
coal spontaneous combustion:

(1) The first reaction model: the reaction of the structural units between the func-
tional groups of coal and oxygen.

(2) The second reaction model: the self-reaction of the free radicals and their reac-
tion with oxygen.

(3) The third reaction model; the reaction of the structural unit between the func-
tional groups and free radicals in coal.

The author believe that the three reaction models above overcome the shortages of
the antecedent models, such as the consecutive absorption of oxygen model, the dual
parallel reaction model, etc. and provide a basis for revealing the mechanism of sponta-
neous combustion of coal.

3. The elementary reaction model in the process of coal spontaneous combustion
are built

(1) Based on the three reaction models of coal spontaneous combustion, the reac-
tion mechanism of active functional groups in coal was proposed and validated by quan-
tum chemistry, and thirteen key elementary reaction series are summarized.

(2) The changing patterns and the transformation of functional groups in various
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temperatures are obtained in the analysis of programmed and constant temperature of in-
situ series diffuse reflection FTIR experiment. The results are in accordance with the
reaction of functional groups in the elementary reaction series mentioned above.

(3) According to the analysis of experiment using C80 micro-calorimeter, heat
release varied in different stages promoted the reaction of radical chain in elementary
reaction series, and the activation energy increased gradually and finally tended to a
steady state. So the elementary reaction holds changeless in the process.

These research findings are of significance in three respects listed as follows:

(1) The process of elementary reaction in the reaction mechanism of functional
groups is obtained so as to fundamentally solve main reaction mechanism of coal sponta-
neous combustion as well as to overcome some problems caused by subjective factors in
the derivation of coal reaction mechanism.

(2) The stages of coal oxidation, transformation and kinetic properties of functional
groups are explained based on the analysis of changing rules of functional groups, ther-
modynamics characteristics, the temperature-rising and the production characteristics.

(3) Using the elementary reaction model the team built, which is the key compo-
nent of coal oxidation dynamic, the interaction of elementary reactions in the process of
coal spontaneous combustion could reveal the mechanism of coal’s self-ignition and help
identify macro-character and micro-character, as well as the speed rate of coal spontane-
ous combustion. It could support the new technique of determination of propensity of
coal to spontaneous combustion, generation of indication gases and progress of novel

chemical inhibitor of coal oxidation.

114—9/ —> (O,

]
b

Figure 1 Elementary reaction model of coal spontaneous combustion
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4. The oxidation dynamics theory of coal spontaneous combustion is incorporated

Oxidation dynamics theory of coal spontaneous combustion reveals the reaction
sequences during the oxidation process of coal. At low temperatures, less functional
groups would participate in the oxidation reaction and the heat released is moderate,
which lead to a slow temperature-rise period. At high temperatures, the temperature
rises quickly with more functional groups participated in the oxidation reaction and sig-
nificant heat is generated. The oxidation dynamics theory of coal spontaneous combus-
tion can direct the prediction and prevention of coal spontaneous combustion effectively
and scientifically. In this book, the oxidation dynamics theory is applied mainly in the
fields as follows:

(1) The method to evaluate the propensity of coal to spontaneous combustion was
proposed. Based on the oxygen consumption and crossing-point temperature obtained
under temperature-programmed conditions, the propensity of coal to spontaneous com-
bustion can be determined. In addition, the spontaneous combustion period of different
kinds of coal can be calculated quickly and scientifically.

(2) The key active groups that influence the development of coal spontaneous com-
bustion are identified. A highly-effective chemical inhibition technology which could
restrain or cut off the reaction sequences of the main active groups is invented to help
prevent the coal spontaneous combustion.

The research findings in this book embody the hard work of every member in our
research team. This book would not be finished without their hard works on experimen-
ting as well as the computing. The main members participated in the studies are Qi
Xuyao, Xin Haihui, Dou Guolan, Qi Guansheng, Zhong Xiaoxing, Xu Tao, etc.

The author is deeply grateful to the financial supports provided by the National
Natural Science Foundation of China and the Natural Science Foundation of Jiangsu
Province. In addition, special thanks go to the editors from Science Press for their

meticulous works.

Wang Deming
October 2012
China University of Mining and Technology
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