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Abstract

Abstract

Coal is the dominant energy resources in China, but 40% of the total coal
resources are the low-rank coals. It is thus highly required for the efficient utilization
and upgrading of low-rank coals and the development of coal chemistry to carry out
computational simulations on this part of the resources. Generally, coal has a
complicated macromolecular network structure consisting of different size organic
structural units linked by covalent and noncovalent bonds, where the large molecular
building components are composed of fused aromatic and hydroaromatic ring clusters
containing heteroatoms (oxygen, sulfur, and nitrogen), and their molecular structures
and physical and chemical properties are still less known at present. Quantum
chemical calculations as the important tool at the atomic/molecular level have been
applied to computational characterization of the structure and properties of coals.
Here extensive density functional calculations are used to explore selected coal
models and their spectroscopic properties, pyrolysis behaviors, water-holding and

dehydration properties. The main results are summarized as follows:

(1) Equilibrium structures and infrared spectra of the four typical molecular models
of coal have been studied by density functional calculations. Combining
theoretical calculations on the coal models with the experimental spectra of coal,
a plausible molecular representation for low rank perhydrous coals was proposed,
and its predicted IR spectra reasonably match the experimental observation.

(2) The pyrolysis properties of selected coals have been explored by density
functional calculations. The thermodynamic values of various bridge-bond
dissociations and the critical temperatures for the decarboxylation reaction in
these coal models have been estimated theoretically. Calculations show that the
electron-donating substituents in benzene rings of Ar-C—C-Ar can facilitate the
cleavage of C-C bridge bond while the electron-withdrawing substituents show
different behaviors. The decarboxylation reaction is predicted to occur at about
300°C, showing good agreement with the experimental observations.

(3) The interactions of water molecules with coals containing various oxygen or
nitrogen groups have been investigated theoretically. Effects of metal ions around
these groups on the dehydration properties of coals have also been evaluated

based on extensive density functional calculations. Generally, the dehydration

II



Abstract

becomes more difficult as the charge/radius ratio for cations increases, i.e.

Mg®" >Ca®" >Na" >K".

Keywords: Molecular representation of coal; spectroscopic features; pyrolysis of coal;

dehydration properties of coals; density functional calculations.
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