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ABSTRACT: During deep underground coal gasification, the
semicoke produced by the pyrolysis of dense coal cores is an
important material for its gasification and combustion. In this
paper, pressurized pyrolysis experiments were carried out on dense
coal cores at 700 °C and pressures of 1, 2, and 3 MPa using a shaft
furnace. The resulting semicoke and raw coal were analyzed using
the characterization methods such as the N2 isothermal adsorption/
desorption and scanning electron microscopy, Fourier transform
infrared spectrometry (FTIR), and a pressurized thermogravimetric
analyzer coupled with a FTIR spectrometer. The pyrolysis gas
generation characteristics during pressurized pyrolysis were studied.
The mechanisms of evolution of aliphatic functional groups and
pore structures in semicoke during pressurized pyrolysis were revealed. The results indicate that the increase in pressure obviously
changed the gas composition, most notably, the relative content of CH4 and H2 in the pyrolysis gas. The methane in the pyrolysis gas
during pressurized pyrolysis of dense coal cores is mainly from the secondary reaction. As the pyrolysis pressure increased, the ratio
of −CH2−/−CH3 became smaller, indicating that the pressure promoted the breakage of the long fat chains. With the increase of
the pyrolysis pressure, the surface deformation of pressurized pyrolysis semicoke increases, and the pore structure becomes more
abundant.

1. INTRODUCTION
In 2021, the total production and consumption of coal in
China accounted for 67.0 and 56.0% of primary energy,
respectively, which is mainly applied for electricity and heat
generation or as syngas (for chemical synthesis).1−3 Based on
China’s huge coal reserves, coal is expected to remain the
dominant primary energy for a considerable period and will
continue to contribute to China’s socio-economic develop-
ment for a long time to come.4 The present global climate
change has developed detailed emission reduction plans to
tackle climate change. However, that range of plans still falls
short of achieving the Paris Agreement’s goal of emission
reduction. For this reason, scholars have delved into the
economic feasibility of carbon removal, such as biochar-based.5

In September 2020, at the 75th United Nations General
Assembly, the Chinese government made an important
commitment to “peak carbon dioxide emissions by 2030 and
carbon neutrality by 2060”, which will guide China’s national
policy for medium- and long-term energy development.6

Therefore, how to use coal resources efficiently, cleanly, and
safely is an important part of China’s “double carbon” goal and
is also in line with China’s energy strategy.7,8

Underground coal gasification (UCG) is the process of
underground controlled combustion of coal in situ and a series
of chemical reactions with gasification agents, converting the
coal into a valuable gas product.9,10 Coal gasification can also
produce liquid fuels, such as methanol. Compared to fossil
fuels, the combustion of methanol reduces nitrogen oxide,
carbon dioxide emissions, and sulfur oxide emissions.11 UCG
technology has changed the traditional way of coal processing
and its utilization. It has the advantages of coal mining and
utilization with good safety performance, less investment and
construction,12,13 high economic efficiency,14,15 and less
environmental pollution.16 Osman et al.17 showed that
captured CO2 can be stored in geological formations, enabling
large-scale carbon sequestration. Near-zero carbon emissions
can be achieved using a combination of UCG carbon capture,
utilization, and storage technology (CCUS). China’s deep coal
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deposits are abundant, with proven depths of 1000−2000 m up
to 2.7 trillion tons.18 However, there are no technical and
economic conditions for mining coal resources with a depth of
1000 m at present due to the influence of rock bursts.19

Therefore, the UCG technology is extremely promising for
deep coal mining. As an important supplementary technique
for coal mining and utilization, UCG technology has, in recent
years, been developed and advanced widely.20,21 Pyrolysis gas
is an important component of the UCG gas product. In
addition, the semicoke produced by pyrolysis is the raw
material for gasification and combustion. The pressure in the
pyrolysis process is a very important factor.
In the process of UCG, when the oxygen in the UCG cavity

is exhausted, heat accumulates in the coal seam, and strong
pyrolysis reactions occur on both sides and in front of the coal
wall. The structure of the coal char undergoes significant
changes, such as expansion and deformation, during the
devolatilization of coal. The structure of coal char is mainly
dependent on changes in heating conditions such as temper-
ature, heating rate, and pressure.22 The effect of pressure on
the pyrolysis process of coal is mainly manifested in two
aspects, one is that the volatile fraction stays longer in the coal
and its release is inhibited and the other is that the diffusion of
the volatile fraction inside the coal particles increases, which
obviously increases the secondary reaction.23 Howaniec et al.24

studied the properties of lignite coke produced at 1, 2, 3, and 4
MPa and 1273 K, and it revealed that the development of the
porous structure of semicoke was enhanced with increasing
pressure. Zhu et al.25 showed that pressure affects the pyrolysis
process mainly by influencing the secondary reaction of
primary volatiles in coal particles. Xie et al.26 showed that ion-
exchanged alkali and alkaline earth metals in raw coal can
promote the breakage of long aliphatic chains at pyrolysis
pressures higher than 1 MPa. The physicochemical properties
such as pore structure and microcrystalline structure of
semicoke are an important basis for studying the gasification
and combustion processes of coal char. However, the chemical
structure evolution of dense coal cores under different
pyrolysis pressures has rarely been reported.
In this article, pressurized pyrolysis experiments of coal cores

were carried out through a pressurized pyrolysis device. The
characterization methods such as Fourier transform infrared
(FT-IR), X-ray diffraction (XRD), Brunauer−Emmett−Teller
(BET), and pressurized thermogravimetric (TG)−FTIR were
used to study the pyrolysis gas generation characteristics
during pressurized pyrolysis. The mechanisms of evolution of
aliphatic functional groups and pore structures in semicoke
during pressurized pyrolysis were revealed. This paper provides
a scientific basis for deep UCG to produce methane.

2. MATERIALS AND METHODS
2.1. Materials. The coal used in the experiments is long-

flame coal located in Inner Mongolia, China, as shown in
Figure 1. A sample of approximately 90 mm diameter raw coal
was collected from the underground coal seam by means of
drilling. The results of proximate analysis and ultimate analysis
of raw coals have been described in our previous research.27

2.2. Experimental Method. A diagram of the exper-
imental setup for pressurized pyrolysis of coal cores is depicted
in Figure 2. The laboratory equipment mainly consists of four
parts, including a high-pressure reactor (Φ 48.3 mm × 10.2
mm × 650.0 mm), a temperature control system, a liquid
phase product condensation system, and a detection system.

Gas bags made of aluminum-plastic composite film are used to
collect the gas produced by pressurized pyrolysis. The pyrolysis
gas components were analyzed by gas chromatography (GC-
2014C, Shimadzu, Japan).
First, the air in the experimental system is purged with a flow

rate of 500 mL/min of nitrogen. After the high-pressure
reactor leak test, the samples were heated at a rate of 10 °C/
min to the target temperature and then held at that
temperature for 30 min. The coal cores with a diameter of
24.5 mm and a mass of ca. 40 g were processed in a high-
pressure reactor to produce semicokes under various pressure
conditions of 0.1, 1, 2, and 3 MPa. The gas was collected
during the experiment, and the semicoke was collected at the
end. The gas produced by pyrolysis is mixed with pressurized
nitrogen in the atmosphere for pressurized pyrolysis due to the
outlet pressure control of the experimental unit.
2.3. Analysis and Characterization. The raw coal and

semicoke samples were analyzed by a FT-IR spectrometer
(Nicolet IS10, USA) in the spectral range of 4000−500 cm−1.
The samples were pressed by mixing semicoke samples with
KBr powder at a mass ratio of 1:200 under a pressure of 1
MPa.
The nitrogen adsorption analysis was performed at 77 K

using a Quantachrome instrument (NOVA100E, USA). The
samples were outgassed under a vacuum at 120 °C for 12 h
before exposure to the adsorbed gas. The specific surface area,
mesopore area, and pore size distribution of the semicoke
samples were tested separately. The pore size distribution was
calculated using the Barrett−Joyner−Halenda (BJH) model
based on the desorption isotherm.28

The microscopic morphology and pore structure of
semicoke samples were characterized by scanning electron
microscopy (SEM, SU8020, Japan) and energy-dispersive X-
ray spectrometry (EDS, Japan).29

The pyrolysis of coal samples was carried out using a PTGA
(Thermal Max 500, Thermal Cahn) coupled to FT-IR
(NICOLET IS5, America). Approximately 10 mg samples
were put into a pressurized TGA, and the system pressure and
temperature were elevated to the selected values (0.1, 1.0, 2.0,
and 3.0 MPa; 1000 °C). The TG experiment was carried out at
a rate of 10 °C/min with a flow rate of 100 mL/min of argon
as the carrier gas. The pyrolysis gas from the TG analyzer, with
highly pure argon at a flow rate of 80 mL/min as the carrier
gas, was fed into the online FT-IR spectrometer to detect its
composition.

Figure 1. (a) Raw coal and (b) coal core (reprinted with permission
from ref 27. copyright 2022 Elsevier).
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3. RESULTS AND DISCUSSION
3.1. Effects of Pyrolysis Temperature and Pressure on

Syngas Composition. The effect of temperature on
cumulative pyrolysis gas component content at 3 MPa is
shown in Figure 3. When the pyrolysis temperature is less than

300 °C, it is the degasification and dehydration stage. The
pyrolysis of coal starts at about 300 °C and is dominated by
the decomposition of carboxyl groups in coal macromolecules,
so the gas component is dominated by CO2. When the
pyrolysis temperature reached 400−500 °C, the chemical bond
breakage in the macromolecular structure of coal began to be
significantly enhanced, and the CH4 and H2 contents in the gas
fraction increased significantly, which was consistent with the
analytical results of FT-IR of semicoke. The carbonyl and ether
bonds begin to break at temperatures of 400 and 700 °C to
form CO, respectively. When the pyrolysis temperature is low,
the gas component is mainly controlled by the pyrolysis
temperature.
The effect of pressure on the cumulative pyrolysis gas

component and the yield of gas at 700 °C are shown in Figure
4. The cumulative yield of pyrolysis gas increases with
increasing pyrolysis pressure. Our previous studies have
shown that pressure promotes the secondary cracking reaction
of coal tar and produces small-molecule compounds. With the
increase of pyrolysis pressure, the relative contents of CO2 and
CH4 increased significantly, while the relative contents of CO

and H2 decreased, and the relative contents of C2 ∼ C3 did not
change significantly. When the pyrolysis pressure was increased
from atmospheric pressure to 3 MPa, the relative content of H2
in the pyrolysis gas decreased from 42.86 to 19.56%, while the
relative content of CH4 increased from 21.92 to 44.78%. The
sum of the relative contents of CO2 and CO is about 34% at
different pyrolysis pressures. Therefore, the increase in
pressure obviously changed the gas composition, most notably
the relative content of CH4 and H2 in the pyrolysis gas.
It is shown that CH4 is mainly derived from the cleavage of

methoxy, alkyl side chains, and aryl methyl groups at low- and
medium-temperature pyrolysis (<700 °C).30,31 Most impor-
tantly, it was found that pyrolysis pressure greatly favored the
formation of CH4.

32 Our previous research shows that the
pressure promoted the generation of CH4 from the oxy-
quaternary carbon chain as the active site in the aliphatic
group. Combined with Section 3.1, it is concluded that the
pressure promotes the secondary reaction, which in turn
changes the components of the pyrolysis gas.
3.2. Online FTIR of Coal Sample Pyrolysis. During the

process of atmospheric pressure pyrolysis of coal, coal tar and
gases (CO2, CO, H2, CH4, etc.) are mainly produced by
primary pyrolysis.33,34 In order to better understand the
behavior of coal pyrolysis under pressure, gaseous products
were analyzed by online infrared spectroscopy. The online
infrared spectra for the pyrolytic gaseous products of coal are
illustrated in Figure 5. Several volatile species including H2,

Figure 2. Diagram of the experimental setup for pressurized pyrolysis of coal cores: 1-nitrogen; 2-high-pressure pump; 3-Al2O3 porcelain ball; 4-raw
coal; 5-reactor; 6-pressure gauge; 7-filter; 8-back-pressure value; 9-condenser; 10-wet flow; and 11-gas bags.

Figure 3. Effect of temperature on the cumulative pyrolysis gas
component relative content at 3 MPa.

Figure 4. Effect of pressure on the cumulative pyrolysis gas
component and the yield of gas at 700 °C.
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CO2, CO, CH4, and H2O were detected by FT-IR absorbance.
At atmospheric pressure and 0.1 MPa, the absorption band of
the infrared spectrum of CH4 occurs between 400 and 700 °C.
As the pyrolysis pressure increases, the intensity of the
absorption bands representing the pyrolysis gases in the FT-IR
spectrum gradually decreases. It is indicated that high external
pressure hinders the release of moisture and volatiles from the
primary pyrolysis process. Therefore, the gas component in the
medium- and low-temperature pressurized pyrolysis process in
dense coal cores is mainly controlled by secondary reactions.
In pressurized pyrolysis units, due to the secondary reactions

of volatile fraction, chemical equilibrium between gas phase
products and chemical reactions between gas components and
semicoke result in large differences in the gas phase
components. In contrast, pressurized TG−FTIR mainly
investigates the mass loss of volatile fractions during the
pyrolysis process. Therefore, there is a difference between the
two results in the yield of the pyrolysis gas fraction.
3.3. Infrared Spectroscopy Analysis. 3.3.1. Evolution of

the Chemical Structure of Semicoke during Pressurized
Pyrolysis. The FT-IR spectra of the semicoke under different
temperatures of 3.0 MPa are shown in Figure 6. The

absorption bands at 2999−2800 and 1520−1370 cm−1 are
mainly caused by methyl(−CH3)/methylene(−CH2−)
stretching vibration.35 At the pressurized pyrolysis temperature
of 400 °C, the absorption bands at the two locations weakened
rapidly, and when the temperature was higher than 500 °C, the
two absorption bands were close to disappearing. When the
pressurized pyrolysis reached about 400 °C, the intensity of the
absorption band of the C−C stretching vibration of the
oxygen-substituted aromatics (1682−1520 cm−1) began to
weaken significantly. At 500 °C, the absorption band
diminished to a minimum, indicating that the cleavage of
carbonyl and carboxyl groups was completed at about 500 °C.
To sum up, the intensity of the infrared absorption bands of
various functional groups gradually weakened with the increase
of the pyrolysis temperature, and the most significant
weakening occurred at 400−500 °C, which was consistent
with the generation temperature of gas components.

Figure 5. Online infrared spectra for the pyrolytic gaseous products of
coal: (a) 0.1, (b) 1.0, (c) 2.0, and (d) 3.0 MPa.

Figure 6. FT-IR spectra of the semicoke under different temperatures
of 3.0 MPa.
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The FT-IR spectra of the semicoke under different pressures
of 700 °C are shown in Figure 7. The absorption bands of

1682−1520 cm−1 are mainly caused by the C�C stretching
vibration on the benzene ring. This absorption band decreases
with the increase of the pyrolysis pressure, indicating that the

process of pressurized pyrolysis is accompanied by the
breakage of the aromatic ring, which is most significant at
greater than 2 MPa. The absorption bands of methyl −CH3
and methylene −CH2− (2999−2800 and 1520−1370 cm−1)
also weakened rapidly at a pyrolysis pressure of 2.0 MPa. The
FT-IR spectra of the semicoke showed C−O bonds at 1000−
1100 cm−1, indicating the formation of C−O bonded
compounds accompanying the pyrolysis process. To summa-
rize, the intensity of the absorption band of the semicoke
functional group gradually decreases with the increase of the
pyrolysis pressure and decreases significantly after 2.0 MPa.
Our previous study showed that the highest yield of gas was
obtained at 3.0 MPa.24

3.3.2. Changes of the Aliphatic Structure in the 3000−
2800 cm−1 Region at Elevated Pressures. The absorption
bands of the FT-IR spectra of coal are divided into four main
parts: hydroxyl groups (3600−3000 cm−1), aliphatic structures
(3000−2700 cm−1), oxygen-containing functional groups
(1800−1000 cm−1), and aromatic structures (900−700
cm−1). During the analysis of FT-IR of semicoke, the
superposition of absorption bands of many functional groups
occurs. Therefore, in order to determine the location and
boundaries of the absorption bands of functional groups in coal
coke, Origin 8.5 was used for peak fitting. Based on the results
of the peak fitting of the FT-IR absorption bands, the
characteristic parameters related to the structure and functional
groups of the semicoke can be calculated. The temperature at

Figure 7. FT-IR spectra of coal coke under different pressures of 700
°C.

Figure 8. Fitting of aliphatic hydrocarbon (3000−2800 cm−1) fractions in semicoke at different pyrolysis pressures of 700 °C (a) 0.1 MPa
semicoke, (b) 1.0 MPa semicoke, (c) 2.0 MPa semicoke, and (d) 3.0 MPa semicoke.
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which the chemical reactions of the functional groups in the
macromolecular structure of coal occur varies with the cleavage
of the aliphatic side chains occurring at lower temperatures.
The changes in the aliphatic structure are highly correlated to
the thermoelectricity of the coal. The results of the aliphatic
structures (3000−2800 cm−1) peak fitting of semicoke at
different pyrolysis pressures are shown in Figure 8.
The results of the peak separation of aliphatic hydrocarbons

(3000−2800 cm−1) for the semicoke sample are shown in
Table 1. The semicoke FT-IR spectra were located at 2870 and
2952, 2850 and 2925, and 2897 cm−1, representing the
absorption peaks of methyl (−CH3), methylene (−CH2−),
and hypomethyl (−CH−) aliphatic hydrocarbons, respec-
tively.36 The ratio of −CH2−/−CH3 represents the chain
length and the number of branched chains in aliphatic
hydrocarbons, with larger values representing longer fatty
chains and fewer branched chains.37 As can be seen from Table
1, the ratio of −CH2−/−CH3 of the semicoke produced by
atmospheric pressure pyrolysis is larger than that of the raw
coal. It indicates that the macromolecular structure of coal
undergoes the breakage of side chains, bridge bonds, etc., and
more fatty chains are formed during atmospheric pressure
pyrolysis. As the pyrolysis pressure increased, the ratio of −
CH2−/−CH3 became smaller, indicating that the pressure
promoted the breakage of the long fat chains.
3.4. Influence of Pressure on the Surface Properties

of Semicokes. 3.4.1. Surface Morphology. The pores in coal
char are broadly classified into three types: micropores (<2.0
nm), mesopores (2.0−50 nm), and macropores (>50 nm).38,39

The N2 isotherms of semicoke at different pyrolysis pressures
are shown in Figure 9. When the pyrolysis pressure is less than
2.0 MPa, the N2 adsorption/desorption isothermal loop of

semicoke is type I.28 It indicates that there are abundant
microporous structures in the semicoke produced by the
pyrolysis of coal cores at different pressures. At a pyrolysis
pressure of 3.0 MPa, the adsorption loop was converted to type
II with mesopore adsorption properties. The adsorption
amounts of the semicoke sample were the highest at 3.0
MPa, and its pore structure was the most developed. It shows
that the semicoke produced by pressurized pyrolysis of coal
cores has a complex porous structure and contains a certain
amount of mesopores in addition to abundant micropores.
This may be due to the increased pyrolysis pressure, which
leads to the increased deformation of the semicoke and makes
the pore structure in the semicoke develop more abundantly,
consistent with the SEM results of the semicoke.
The pore volume distribution of char at different pyrolysis

pressures of 700 °C is shown in Figure 10. The value of the

total pore volume of different pressurized pyrolysis semicokes
is mainly determined by the mesopores. As the pyrolysis
pressure increases, the value of the total pore volume of the
semicoke decreases and then increases. When the pyrolysis
pressure reached 3 MPa, the value of the total pore volume of
semicoke increased significantly. It is shown that higher
pressure can significantly improve the pore structure of coal
coke, resulting in an increase in the total pore volume value.
The surface area and pore volume of semicoke with different

pyrolysis pressures are shown in Figure 11. The surface area
and pore volume of semicoke increase with increasing pyrolysis
pressure. When the pyrolysis pressure was 3.0 MPa, the surface
area and pore volume were the largest, and the development of
a porous structure was the most significant. The swelling
characteristics of coal affect the development of total pore
volume and porosity.40 It is indicated that the swelling
characteristics of coal increase with increasing pyrolysis

Table 1. Relative Content of Aliphatic Hydrocarbons (3000−2800 cm−1) in Semicoke at Different Pyrolysis Pressures

pressure/MPa −CH− −CH2− −CH3 −CH2−/−CH3

peak area PCT/% peak area PCT/% peak area PCT/%

0.1 0.0558 11.7568 0.1561 32.8806 0.2629 55.3625 1.6837
1.0 0.0949 16.4204 0.2692 46.5873 0.1463 25.3133 0.5433
2.0 0.0321 15.9512 0.1066 52.9079 0.0592 29.3611 0.5549
3.0 0.0066 6.9918 0.0695 73.6207 0.0183 19.3875 0.2633

Figure 9. Nitrogen adsorption and desorption isotherms (77 K) for
semicokes at different pyrolysis pressures of 700 °C.

Figure 10. Pore volume distribution of char at different pyrolysis
pressures of 700 °C.
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pressure, which in turn affects the pore structure of the
semicoke.41

The development of the pore structure of coal coke during
pressurized pyrolysis is governed by the pressure and
temperature. Besides, the moisture content, volatile content,
and ash content of raw coal samples also affect the
development of the coal coke pore structure. Among them,
the evaporation of water in the raw coal during pyrolysis plays
a leading role.21 In addition, the degreasing of macromolecular
structures during coal pyrolysis plays an important role in the
growth of micropores.42

3.4.2. SEM Analysis of Semicoke. The microscopic
morphology of semicoke samples at different pyrolysis
pressures at 700 °C is presented in Figure 12. With the

increase of pyrolysis pressure, the pore structure of the
semicoke surface becomes more abundant. The semicoke
prepared under the atmosphere is dominated by a dense
blocky structure. The pressurized pyrolysis semicoke has an
obvious pore structure and more obvious deformation, with
glass-like material attached to its surface. It can be clearly seen
from Figure 12c,d that the microscopic morphology of the
semicoke at 2.0 and 3.0 MPa is rougher with more fine
particles attached, which may be caused by the melting

deformation of the lower melting point vitreous material. At
the same time, the pressure led to the generation of pore
structures with a diameter of about 2 μm in the semicoke.
Therefore, with the increase of pyrolysis pressure, the surface
deformation of pressurized pyrolysis semicoke increases, and
the pore structure becomes more abundant.
3.5. Pyrolysis Mechanisms for Gas Production from

Coal Cores. The mechanism of gas generation during
pressurized pyrolysis of a dense coal core is shown in Figure
13. The pyrolysis gas components of CH4 and CO start to be

released in large quantities at about 500 °C, while CO2 and
H2O are generated at a lower temperature. The pressure in the
pyrolysis process is a very important factor, which has an
important influence on the yield and composition of the
products in the pyrolysis process. According to our previous
research, methane generated from the breakage of aliphatic
chains in the macromolecular structure of coal coke during the
pressurized pyrolysis of dense coal cores is relatively small.
This was also confirmed by the online FT-IR analysis during
pressurized pyrolysis. The methane in the pressurized pyrolysis
comes mainly from the secondary reaction, i.e., the reaction of
the active site on the coal coke with the hydrogen radical to
form CH4.

27 In summary, the rich mesoporous structure within
the semicoke is not only a diffusion channel for small gas
molecules but also an active site for chemical reactions
between the semicoke and the gasification agent. In addition,
approximately 40% of the product gas in the underground
gasification of coal comes from the dry distillation drying
section, where CH4 in the product gas is mainly generated
from the pyrolysis stage. Compared to shallow UCG, deep
UCG is more efficient and has a better product gas
composition.

Figure 11. Effect of pyrolysis pressure on the (a) pore surface area and (b) coke pore volume of semicoke at 3 MPa.

Figure 12. Microscopic morphology of semicoke at different
pressures of 700 °C: (a) 0.1 MPa semicoke, (b) 1.0 MPa semicoke,
(c) 2.0 MPa semicoke, and (d) 3.0 MPa semicoke.

Figure 13. Pyrolysis mechanisms for gas production from coal cores.
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UCG generates heat through its own combustion reaction,
whereas this study provides heat through an electric heating
wire, with the former generating large amounts of CO2, hence
the difference in the pyrolysis atmosphere. In addition, there is
a significant temperature gradient in the dry zone of UCG, and
this study has limitations in conducting tests at constant
temperature conditions.

4. CONCLUSIONS
In this paper, pressurized pyrolysis experiments of coal cores
were carried out through a pressurized pyrolysis device. Using
FT-IR, XRD, BET, and pressurized TG−FTIR, the mecha-
nisms of evolution of aliphatic functional groups and pore
structures in semicoke during pressurized pyrolysis were
revealed. The pyrolysis gas generation characteristics during
pressurized pyrolysis were studied, and the conclusions are as
follows:
The increase in pressure obviously changed the gas

composition, most notably the relative contents of CH4 and
H2 in the pyrolysis gas. The pressurized TG−FTIR indicated
that the high external pressure hinders the release of moisture
and volatiles from the primary pyrolysis process. Therefore, the
gas component in the medium- and low-temperature
pressurized pyrolysis process in dense coal cores is mainly
controlled by secondary reactions. The intensity of the infrared
absorption bands of various functional groups gradually
weakened with the increase of the pyrolysis temperature, and
the most significant weakening occurred at 400−500 °C, which
was consistent with the generation temperature of gas
components. As the pyrolysis pressure increased, the ratio of
−CH2−/−CH3 became smaller, indicating that the pressure
promoted the breakage of the long fat chains. With the
increase of pyrolysis pressure, the surface deformation of
pressurized pyrolysis semicoke increases, and the pore
structure becomes more abundant. The surface deformation
of the pressurized pyrolysis semicoke is more pronounced than
that of the semicoke prepared under the atmosphere, with a
vitreous-like substance attached to the surface and a more
developed pore structure.
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