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Mechanism, Kinetics and Application of Ultra-fine Coal
Powder in Photo-Oxidation

Abstract

How to utilize coal resource with high efficiency, cleanliness and high-attached value is a
strategic problem in the Grand Development of the West China. Due to “white pollution” be-
coming more and more serious and human focusing more and more on environment protection,
the R & D of degradable materials are becoming a hotspot. The preparation of coal-based de-
gradable materials is one effective way of coal in non-fuel utilization and high-attached value
processing transformation. The technique key problem of accurate control in the degraded peri-
ods of the coal-based degradable materials is to clarify the reactivity and kinetics in coal photo-
catalytic oxidation.

The grades of ultra-fine coal powder’s uniformity and coal granular surface morphology
were characterized by the fractal dimensions. The functional groups of ultra-fine coal powder
were studied by Fourier Transform Infrared spectroscopy (FTIR) and curve-fitting analysis.
The results showed that oxygen-containing functional groups and content of aliphatic hydrogen
(Al-CH) decreased, whereas the degree of ring condensation and content of aromatic hydrogen
(Ar-CH) increased with increasing coal rank. Meanwhile, main hydrogen bonds in coal struc-
ture were OH-OH, cyclic OH tetramers and OH-ether O. With increasing coal rank, OH-OH
and cyclic OH tetramers reduce, but OH-ether increases.

The reactivity and their affecting factors of different rank coals in photo-catalytic oxidation
were firstly systemically studied in a self-made photo-catalytic oxidation reactor on the basis of
the combination of coal structure and photochemistry in theory, fractal analysis and modern
characteristic methods. The experimental results indicated that the temperature, rate of oxygen
flow, ultraviolet radiation intensity and coal particle’s size were important exterior factors in
coal photo-catalytic oxidation, the reaction procedure of coal photo-catalytic oxidation could be
divided into three periods. Low-rank coal has higher activity than high-rank coal in the photo-
catalytic oxidation. It can be deduced that there is the photolysis reaction of Norrish II of coal
macromolecule in photo-catalytic oxidation because the gases released in the reaction are CO, ,
CO, CH, and C,H,, etc.

The different density grade components of coal were selected by the method combining the
coal ultra-fine pulverization and the float-sinking experiment. It showed that the density grade
components of Shenfu coal were three main density groups of D2 (1.350-1.375 g/cm’), D3
(1.375-1.400 g/cm’)and D4 ( >1.400 g/cm’). Ir's firstly discovered the relationships be-
tween coal’s structure and its activity in photo-catalytic oxidation by studying the structure of
coal different density grade components. The order of coal components’ activity in photo-cata-

lytic oxidation is D2 > D3 > D4. The humic yield ratio of coal different component increases
1




with increasing the time of photo-catalytic oxidation. The order of humic yield ratio also is D2
>D3 > D4. There are two kinds of competing reaction, decomposed and cross-liked reaction,
and the surface functional groups of coal components change in the coal photo-catalytic oxida-
tion. The activity of coal in photo-catalytic oxidation is higher than in the thermal oxidation.
The humic yield ratio of photo-oxidized coal is also higher than thermal-oxidized coal.

The synergic photo-catalytic effects between transition metal ions, nano-Ti0,, rare metal
ions compound catalysts and coal macromolecules were discovered. It’s also found that the
products of coal photo-catalytic oxidation can be controlled by addition of metal ions/nano-
TiO,. The relationships between reactivity of coal in photo-catalytic oxidation and its structural
parameters were discussed and the linear formula was proposed. The mechanism of self-photo-
sensitized photo-catalytic oxidation degradation of coal was firstly proposed and the dynamics
model of photo-catalytic oxidation of coal was presented. The active energy of coal loading met-
al ions in photo-catalytic oxidation decreases.

The degraded properties and degradation control theory of coal photosensitive degradable
films were illustrated. It’s discovered the photosensitive activity of coal powder for polymers is
correlated to the coal quality and its adding amount, the synergic photosensitivity between coal
powder and ferric stearic acid for polymers degradation is existed, the degraded periods of the
coal photosensitive degradable films can be holed by adjusting the species and amount of coal/
ferric compound photosensitizer.

The method of prediction and control of coal degradable films was established based on ar-
tificial neural network (ANN). The ANN model had been carried out by the neural network
toolbox of MATLAB 6.5 software and Visual Basic 6.0. This book discussed partition of sam-
ple data and model’s parameters, and then selected the best configuration of ANN network.
The accurate scope of predicting results was analyzed. This model has a high precision in pre-
dicting on properties of the coal- photosensitized films degradation.

The book is not only directive significance in theory for the development and application of
coal photosensitized degradable films, but also exploits a new route for coal oriented transfor-

mation by photo-catalytic oxidation.
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