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This thesis is about research on pyrolysis and gasification of Mongolian brown
coals. The final purpose of this paper is to improve the quality of Mongolian brown
coals and to improve the environment of Ulaanbaatar city through this research.

This paper consists of five chapters. Chapter 1 summarizes the literature survey on
pyrolysis and gasification of brown coal. Brown coal is rich reservation and mostly

unused resources. However, brown coal has disadvantages such as high moisture



content, low calorific value, and self-ignition when dried. Thermal decomposition and
gasification can be considered as a method of solving this problem. Many researchers
have studied pyrolysis and gasification, but because of the characteristics of coal, the
research results differ depending on the type of coal and the place of production. In
order to upgrade Mongolian brown coal, it is necessary to conduct research on pyrolysis
and gasification using Mongolian brown coal.

In Chapter 2, kinetic study of Mongolian brown coals was discussed. A new
method for accurately predicting the volatile amount of brown coal depending on
temperature and time of pyrolysis has been studied in isothermal condition. This method
IS based on the kinetic parameters obtained from the pyrolysis process. The kinetic
parameters were determined using the first-order series reaction model, which consists
of two steps: the first step is rapid weight loss with free radical reaction, and the second
step consists of slow weight loss with condensation reaction (char formation). Both
steps follow first-order reaction with different reaction rate constants, which are
obtained from the graph of In(1 — X,) versus the pyrolysis time at each given pyrolysis
temperature. The validity of this new method for estimation of final amount of volatile
matter was proven by comparing these results with the experimental results of the
pyrolysis of three different Mongolian brown coals. From these results, also the char
amount could be estimated.

In Chapter 3, the effect of temperature on the yield and distribution of pyrolysis
tar and light gases of Mongolian brown coals was investigated at temperatures between
673 and 1173 K by using the designed fixed bed reactor for carbon mass balance. The
yields of gases (CH4, C2Hg, C3Hs, CO, COy) increased with increasing pyrolysis
temperature. The yields of tar initially increased with increasing temperature and
reached the maximum at around 900 K and then decreased subsequently, because of

decomposing tar to light gases. The results of carbon balance were 86-98% in the char,



tar and gas. Polycyclic aromatic hydrocarbons (PAHS) in tar were analysed by gas
chromatography/mass spectrometry (GC/MS). The major 17 polycyclic aromatic
hydrocarbons (PAHSs) were identified. The concentration of PAHSs increased with
increasing pyrolysis temperature. Principal component analysis was applied to evaluate
the PAHSs. The differences in tar composition were observed for each Mongolian brown
coal. Naphthalene and acenaphthylene are the prevalent compounds in Khuut coal tar,
whereas fluorene and phenanthrene are the main compounds in Shivee-Ovoo coal tar at
1173 K.

In Chapter 4, Gasification of three Mongolian brown coals was conducted by the
pure CO2 and steam for determin

ing the rate-controlling-step which governs many performance metrics of gasifier
such as its operating temperature, the heating value of the product syngas, and the
overall cold gas efficiency. Coal gasification is generally described as a two-step
process. The first step is the devolatilization of coal and the second step is the
gasification of the char. Hence, determining the apparent reaction kinetics of char
gasification is important for modelling and designing the coal gasification reactor. In
this work, the apparent kinetic parameters of the CO2 and steam gasification of
Mongolian brown coal char was determined using a fixed bed reactor under isothermal
conditions between 1073 and 1373 K. The experimental results were fitted by the
random pore model (RPM). Reaction rate constant (k) is determined using the RPM.
The result showed that rate-determining step of the char-CO2 reaction changes at about
1273 K and activation energy is 118.13 kJ/mol below 1273 K and 46.58 kJ/mol above
1273 K. In char-steam reaction, rate-determining step changes at about 1173 K and the
activation energy is 52.22 kJ/mol below 1173 K and 97.2 kJ/mol above 1173 K.

In Chapter 5, this work is summarized. This work has provided important new

technologies for the development and design of pyrolysis and/or gasification equipment



for Mongolian brown coal. The new model equation is proposed for measuring the
pyrolysis rate of brown coal more accurately than before. The volatile amount obtained
from the pyrolysis of Mongolian brown coal increased with increasing pyrolysis
temperature. At that time, light gases (CH4, C2Hs, C3Hsg, Hz, CO, etc.) increased with
increasing thermal decomposition temperature, but the amount of tar increased to 900 K
and then decreased to about 2% (wt%) at 1200 K. The production rate of hydrogen
increased with increasing the thermal decomposition temperature and became about
50% (mol%) at 1200 K. The high calorific value of char increased with the increase of
thermal decomposition temperature and increased on dry base from 5500 kcal / kg to
7600 kcal / kg at 1200 K. These results showed that the pyrolysis condition of
Mongolian brown coal is over 1000K. By using the elemental analysis of the char, the
Van Krevelen Diagram was obtained. Furthermore, gasification experiments of
Mongolian brown coal were done using carbon dioxide and steam. For gasification with
carbon dioxide and gasification with water vapour, the gasification rate was determined
using a random pore model (RPM) equation. This model was able to determine the
gasification rate of Mongolian brown coal. The high-grade coal can be obtained by
pyrolysis of Mongolian brown coal and that brown coal can be converted to gas energy
by gasification. From above results, it was shown that effective utilization of Mongolian

brown coal and environmental improvement of Ulaanbaatar city are possible.



