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Investigation on the Distribution of Yimin Lignite Pyrolysis Products
and the Stability of its Char
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ABSTRACT: This paper introduces the utilization of lignite in China and abroad and studies the influence of different process
conditions on the pyrolysis products of lignite. The effects of pyrolysis temperature, residence time, and heating rate on the yield and
stability of pyrolysis products were studied by standard lattice low-temperature distillation of coal. The results showed that the final
pyrolysis temperature of lignite increases gradually, which is a key factor affecting the pyrolysis performance of lignite. At the same
time, the combustible gas yield and tar yield were also significantly improved. Semichar yield and semichar volatile content showed a
downward trend. From the range of pyrolysis products, the heating rate also has an important influence on the pyrolysis performance
of lignite. Through the thermal stability test of lignite, it is concluded that the particle size distribution of carbon black products is
not significantly different, and most of the coal particles are mainly distributed in the range of more than 6 mm.

1. INTRODUCTION

With the general trend of world economic development, the
energy demand is increasing rapidly, and the impact of
environmental pollution in the process of energy utilization is
gradually increasing."”” Cleaning new energy, energy utilization,
and reducing environmental pollution caused by energy use are
priority issues for scientists around the world.”* High-quality
coal is still dominant in the utilization of coal resources. With
the rapid development of large industrial enterprises, the
demand of coal is increasing, the consumption of high-quality
coal such as bituminous coal and anthracite coal is increasing,
and the supply has become increasingly challenging.”~” Under
this circumstance, the utilization of low rank coal such as
lignite has also been studied.”” China has relatively abundant
coal reserves, with oil, natural gas, and other energy sources.
Low- and medium-rank coal accounts for 55% of the total coal
reserves, of which lignite accounts for about 13%, mainly
distributed in Inner Mongolia, Yunnan, Shanxi, and Shaanxi.
Some domestic power plants have transformed lignite to
achieve efficient and clean utilization of lignite, which is of
great significance to alleviate energy supply problems and
optimize China’s energy structure.”

At present, coal combustion and power generation, gas-
ification, liquefaction, pyrolysis, and so on are commonly used
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lignite utilization methods. The most common direct use is
combustion. Therefore, the lignite produced by the lignite
producing countries in the world is mainly used for the
combustion power generation of pithead power stations. Only
a small amount of coal is partially dried or made into briquette
and transported to other places for various industrial boilers.
Gasification is more acceptable for lignite upgrading than
combustion. However, the disadvantage is that lignite is a kind
of “three high and two low” coal. Many processes are not
suitable for running large quantities of lignite as raw materials;
there are still many problems and technical difficulties in the
application process. The direct liquefaction of lignite is also
called the deep conversion process of lignite (hydro-
liquefaction process). This is a utilization method with high
technical requirements and high equipment requirements. In
addition, the microbial treatment process of lignite will also
become the main direction of future development. The
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microbial transformation of lignite is mainly the use of fungi,
bacteria, and actinomycetes to achieve the dissolution of the
lignite liquefaction process so that it can be transformed into
soluble for water-related substances, special valuable chemicals
and industrial additives, plant growth promoters, and clean
fuels extracted from the water. Methane, methanol, and
ethanol were produced from coal products after anaerobic
microbial treatment. Oil can be replaced as clean fuel. At
present, the lignite pyrolysis processes in China and abroad
mainly include the fluidized-bed rapid pyrolysis process in
Australia, the LR process of Germany, the multistage converter
process in China, and the new, solid heat carrier distillation
process. There are also the former Soviet Union semichar solid
heat carrier lignite pyrolysis process and the United States
series (4) fluidized-bed gas—solid heat carrier low-temperature
fast pyrolysis process.'”'* The pyrolysis process not only
changed the physical and chemical properties of lignite,
fundamentally removed the moisture in coal, and effectively
reduced the moisture content of lignite but also solved the
problems of li¥nite spontaneous combustion and moisture
reabsorption.' >

The analysis, treatment, collection, and utilization of
products and oil products from pyrolysis are the key to
study the lignite pyrolysis technology, but pyrolysis products
are affected by a series of reaction conditions (such as coal
nature, reaction temperature, heating rate, reaction atmos-
phere, etc.)."” Yimin lignite has the characteristics of high
moisture, high volatility, low calorific value, large porosity,
spontaneous combustion, easy weathering and fragmentation,
easy oxidation, etc.'*™*" If these properties of lignite can be
comprehensively utilized, it will create a higher economic value
and reduce environmental pollution.”" At present, the pyrolysis
of coal is a key step in the classification process, widely used in
coal §asiﬁcation, liquefaction, combustion, and carboniza-
tion.”” ** In China, how to reasonably use coal resources and
economically and effectively improve coal utilization technol-
ogy is particularly important.”*~*” Yimin lignite is one of the
typical coals suitable for pyrolysis conversion.”**” During the
pyrolysis process, the composition and structure of lignite
changes, and the products include tar, combustible gas, and
char products.’”*" Research in recent years has shown that
char can be used as a new type of tar cracking catalyst or
catalyst carrier. Its activity is affected by the specific surface
area, pore volume, and alkali metal and alkaline earth metal
content in semichar.”””* The tar produced is formed by the
condensation of many hydrocarbons and oxygen-containing
compounds.”® The main components are acidic phenols and
polycyclic aromatic hydrocarbons with complex struc-
tures.”> " In this paper, the pyrolysis mechanism, structural
characteristics, and composition of lignite were analyzed by
studying the pyrolysis temperature, pyrolysis atmosphere,
heating rate, and residence time of final temperature of
lignite.”

These studies have important guiding significance for lignite
combustion, gasification, liquefaction, and other conversion
processes. In this paper, the effects of different final pyrolysis
temperatures, residence time of final temperature, and different
heating rates on the yield of pyrolysis products were discussed
through the standard low-temperature distillation process and
stability experiments. The industrial analysis results of
semichar production, tar production, gas production and
composition, pyrolysis water production, and semichar under
different conditions were obtained.

2. RESULTS AND DISCUSSION

2.1. Effect of Different Final Reaction Temperatures
on Pyrolysis Products. 2.1.1. Effect of Different Final
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Figure 1. Effect of different temperature control ranges on
combustible gases.

Table 1. Effect of Different Temperature Control Intervals
on Tar Yield

temperature total oil and water tar quality semichar
°C) water (g) quality (g) ?g) output (g)
450 4.231 4.050 0.181 13.110
550 4.178 3.700 0.478 12.440
650 4.282 2.750 1.532 11.720
20 20

2t 7 W//%
o

Semi-coke yield/%
>
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450°C 550°C 650°C
Pyrolysis final temperature

Figure 2. Study on the effect of different temperature control intervals
on the volatile content and production of semichar.

Pyrolysis Temperatures on Pyrolysis Gas Production. In the
pyrolysis system, the original lignite sample was kept at 20 g,
the particle size was less than 0.2 mm, the residence time of
final temperature was 15 min, and the heating rate was $ °C/
min. Under the above conditions, on changing the temperature
(450, 550, and 650 °C), the change of combustible gas in
pyrolysis products was studied.

It can be observed from Figure 1 that when the pyrolysis
temperature was lower, the proportion of CO production was
larger, while the contents of CH, and H, were relatively low.
When the pyrolysis temperature reached 550 °C, it can be seen
that the three kinds of gas production had different degrees of
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Figure 3. Study on the influence of residence time at different final
temperatures on the production of combustible gas.

Table 2. Effect of Residence Time of Different Final
Temperatures on Tar Yield

time total oil and water water quality  tar quality  semichar yield
(min) @ @ ® @®
S 3.626 3.150 0.476 12.610
15 4.178 3.700 0.478 12.440
25 3.965 3.150 0.476 12.610
20 20
181
16
115
- =
s 2
5 3
.2 ]
= S
3 >
: :
£ 2z
3 =
©n (5}
%

Smin
Residence time of final temperature

Figure 4. Study on the effect of different temperature control intervals
on the volatile content and production of semichar.

increase and CO still occupied a high proportion. When the
pyrolysis temperature was increased to 650 °C, H, and CH,
increased significantly, accounting for about 20%. Currently,
the upward trend of CO was not very obvious and the
proportion was not as high as that of the other two gases. The
reason for this phenomenon was that when the pyrolysis
temperature was low, the large proportion of CO was mainly
due to the reaction between a small amount of O, and
combustible carbon in the device, and a small amount of O,
was mainly derived from the oxygen element in lignite.
However, due to the low reaction temperature of CH, and H,,
lignite undergoes cracking, so the yield of CH, and H, was low.
When the pyrolysis temperature was 550 °C, the main reason
for the slight increase of the CO content was the
decomposition of carbonyl and ether groups in the coal
structure. As the final temperature of pyrolysis increases again,
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Figure S. Study on the influence of different heating rates on the yield
of combustible gas production.

Table 3. Effect of Different Heating Rates on Tar Yield

total oil and water quality tar quality semichar
heating rate water (g) (g% ?g) yield (g)
3 °C/min 4.103 3.650 0.453 12.110
S °C/min 4.178 3.700 0.478 12.440
7 °C/min 4.096 3.600 0.496 12.000
20 20
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Figure 6. Effects of different heating rates on semichar and semichar
volatiles.

with the increase of final pyrolysis temperature, the
decomposition reaction inside the coal is enhanced, and
some methyl side chains, acid groups, and methylene bridge
bonds are broken to form CH,, which makes the proportion of
CH, increase significantly at 650 °C. The source of H, was
mainly the condensation of organic matter and the cyclization
and aromatization of hydrocarbons. The sudden rise of H, was
due to the increase of final pyrolysis temperature, which
provides a certain energy basis for the condensation reaction of
organic matter, the cyclization and aromatization of hydro-
carbons, and other structural changes, resulting in an
intensified condensation reaction and the secondary cracking
of primary cracking products. Finally, it is concluded that with
the gradual increase of final pyrolysis temperature, the yield of
combustible gas increases significantly. Especially in the
temperature range of 550—650 °C, the change of gas yield
was more obvious. Therefore, it also shows that the final
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Table 4. Analysis of the Semichar Aperture under Different
Final Temperatures

specific adsorption
temperature  surface area pore size total pore volume for single-
°C) (m*/g) (nm) point adsorption (cm®/g)
450 50.07022 4.80563 0.05901
550 64.66517 4.08627 0.06635
650 120.51399 3.41492 0.06635

pyrolysis temperature was a crucial factor affecting the yield of
combustible gas.

2.1.2. Effect of Different Final Pyrolysis Temperatures on
Tar Yield. 1t can be seen from Table 1 that at 650 °C, the

13956

pyrolysis tar yield of Yimin lignite (20 g) reaches the maximum
and the tar output is 1.532 g. Compared with 550 °C, the tar
yield directly increased from about 10% to about 30%. It can
be concluded that under the condition of constant final
temperature residence time and heating rate, the tar yield
increases gradually with the increase of final temperature.

It also shows that with the deepening of pyrolysis, the
amount of tar in coal gradually increases, and more functional
groups are thermally decomposed.

According to relevant information, the temperature range of
tar production is 300—600 °C, and the temperature of
secondary pyrolysis of tar is about 500—600 °C. When the
pyrolysis temperature reached 450 °C, the yield of tar
increased greatly, and then the trend of the increase was

https://doi.org/10.1021/acsomega.0c05204
ACS Omega 2021, 6, 13953—13961
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Table S. Semichar Stability Test Experiment for Lignite”

final temperature  accumulated gas tar and water

(°C) flow (L) production (g) (g)

450 1.3 5431 12.282
550 1.8 5.386 11.476
650 32 5.662 10.159

an ”

semichar yield

particle size particle size mass distribution volatile
(mm) distribution (g) percentage (%) (%)
>6 10.87 88.3 26.4
3-6 1.217 9.89 25.0
<3 0.223 1.81 —
total 12.31 100 —
>6 10.903 94.86 12.6
3-6 0.459 3.99 —
<3 0.132 11§ —
total 11.494 100 —
>6 9.016 87.37 8.16
3-6 1.084 10.5 7.43
<3 0.219 2.12 —
total 10.319 100 —

—" in the table means that the quality is lower than the standard inspection quality.

more obvious. This phenomenon shows that the difference in
tar yield between 550 °C and 650 °C may be because the gas
tar component generated in the experiment does not undergo
secondary cracking due to the influence of device insulation,
which leads to the rapid condensation of the tar that should be
pyrolyzed, resulting in a sudden increase in tar yield, or a short
stay time at this temperature stage, leading to the lack of
sufficient time for secondary cracking of tar, thus resulting in a
sudden increase in tar yield. However, it needs to be affirmed
that most of the tar collected in the experiment is only the tar
components with a low molecular weight that can be vaporized
and those tar components with a large molecular weight that
can exist in liquid form are still left in the surface and pores of
coal particles or are decomposed into small molecules by
heating.

2.1.3. Effect of Different Final Pyrolysis Temperatures on
the Contents of Semichar and Semichar. It can be seen from
Figure 2 that the influence trends of different temperature
control intervals on semichar yield (g) and semichar volatile
content (%) were consistent.

With the increase of pyrolysis temperature, the semichar
yield and semichar volatile content are gradually reduced. It
can be observed from Figure 2 and Table 1 that the semichar
yield of Yimin lignite is about 13.1 g at 450 °C and less than
12.5 g at 550 °C compared with 450 and 550 °C. The reason is
that when the temperature is 450 °C, the water in coal and
some functional groups with strong reactivity and poor thermal
stability is mainly decomposed.

When the pyrolysis temperature increased to 550 °C, the
polymerization reaction in the coal structure gradually
intensified, more functional groups and various side-chain
structures began to be thermally decomposed, and the yields of
pyrolysis gas and tar increased. Therefore, the semichar
production is greatly reduced with the increase of pyrolysis
temperature. The volatile tar and gas content in raw coal
samples also make the measured semichar volatile content to
decrease gradually.

2.2. Effect of Residence Time of Final Temperature
on Pyrolysis Products. 2.2.1. Effect of Residence Time at
Different Terminal Temperatures on Gas Production. In the
pyrolysis system, the original lignite sample was kept at 20 g,
the particle size was less than 0.2 mm, the residence time of
final temperature was 15 min, and the heating rate was S °C/
min. Under the above conditions, the final pyrolysis temper-

ature (450, 550, and 650 °C) was changed to study the change
of combustible gas in pyrolysis products.

It can be seen from Figure 3 that when the residence time
was S min, the proportion of CH, was the largest, while the
content of H, was relatively small, and the content of CH, was
maintained at about 11%. At 15 min, the two gases H, and
CH, showed a slower upward trend, and the CO content
showed a significant upward trend. The reason for this
phenomenon was that with the pyrolysis final temperature of
550 °C, the extension of the residence time causes the
functional groups, side chains, groups and bridges that have
not been completely or uncracked in the first S min to
continue to crack or start to break. This leads to an increase in
the amount of gas produced. The CO mainly comes from the
decomposition of carbonyl and ether groups, but the reactivity
of carbonyl and ether groups is weak. Therefore, only when the
pyrolysis temperature is high, the CO content increases. It can
be seen from the figure that when the residence time was 25
min, the content of H, gradually increased, and the content of
CH, and CO decreased again. Finally, H,, CH,, and CO were
stabilized at about 6.5, 11.3, and 11.4, respectively.

The increase in the H, content was mainly due to the
prolonged residence time, which intensifies the polycondensa-
tion reaction of organic matter and increases the tendency of
hydrocarbon cyclization and aromatization. However, the
effect of increasing the H, yield is not obvious, which may
be mainly due to the excessive residence time of the coal
sample at this fixed temperature stage, and the degree of H,
overflowed completely at this constant temperature. The
content of CH, was slightly reduced. In fact, the amount of
CH, generated is still increasing, but because the output of
other gases is greater, the proportion of CH, in the gas has no
obvious upward trend.

The conclusion shows that the change of residence time of
final temperature has little effect on the composition of lignite
pyrolysis gas products. The influence of final pyrolysis
temperature on the composition of lignite pyrolysis gas is
greater than that of residence time on the composition of
lignite pyrolysis gas.

2.2.2. Effect of Residence Time at Different Final
Temperatures on Tar Yield. 1t is observed from Table 2 that
under the condition of constant final pyrolysis temperature,
with the extension of residence time, the tar yield increases to
different degrees.

https://doi.org/10.1021/acsomega.0c05204
ACS Omega 2021, 6, 13953—13961
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The reason for this situation was that with the extension of
the residence time, the structure (functional groups, side
chains, groups, etc.) that can be thermally decomposed under
this final temperature condition was decomposed more and
more completely, resulting in an increasing trend of the
amount of tar obtained by condensation. Compared with the
time when the residence time was 15 min, the tar output
changed significantly, which was presumably due to the
insufficient cracking of most of the functional groups that
generated tar before 15 min. But between 15 and 25 min, the
degree of lysis began to increase.

By comparing the results in Section 2.1, it can be concluded
that the change of final pyrolysis temperature has the same
influence trend on tar yield but the influence of changing
residence time on the tar yield is relatively small. The results
show that the residence time is not the key factor for the
change of pyrolysis products.

2.2.3. Effect of Different Residence Times on Semichar
and Semichar Volatiles. As can be seen from Figure 4the yield
of char gradually decreases with the extension of residence
time during pyrolysis. According to Figure 2 and Table 1, the
yield of tar and the yield of pyrolysis gas gradually increase. It
showed that the residence time was prolonged and the degree
of pyrolysis at the final temperature was also deepened. At the
same time, more functional groups were decomposed by heat
or decomposed by heat more thoroughly and completely. As a
result, the amount of tar precipitation increased, causing the
amount of gas generated by pyrolysis to gradually increase,
which is consistent with the principle of material conservation.
From a practical point of view, the content of semichar
volatiles at a residence time of 15 min has a reference value for
industrial applications. If the volatile content of semichar is too
high, it will limit the industrial application and usually coking
occurs, and the material composition after combustion will be
more complex. If the volatile content of char is too low, it
means that the inflammable components in coal are less, which
greatly reduces the calorific value and the utilization value of
coal.

2.3. Effect of the Heating Rate on Pyrolysis Products.
2.3.1. Study on the Effect of Different Heating Rate on
Pyrolysis Gas. In the pyrolysis system, the pyrolysis conditions
of raw lignite sample of 20 g, particle size of less than 0.2 mm,
residence time of 15 min, and the effects of different heating
rates (3, S and 7 °C/min) on combustible gases in pyrolysis
products were studied.

As can be seen from Figure 5, as the heating rate increases,
H, tends to decrease first and then increase. The trends of CO
and CH, are declining. The reason is that the degree of
pyrolysis of lignite decreases as the heating rate increases.
Therefore, the time for lignite to reach high temperature is also
shortened, and the final temperature residence time is 15 min.
This series of reasons lead to insufficient secondary pyrolysis of
lignite. With the increase of heating rate, the decreasing trend
of CO is due to the deoxidation of oxygen-containing groups
during coal pyrolysis. These CO are released only at the early
stage of pyrolysis by a thermally unstable carboxyl group. The
other oxygen-containing groups all form CO during the
secondary cracking, but due to the increase of the heating rate,
the time for the secondary cracking is shortened, so the CO
content is gradually reduced.

2.3.2. Effect of Heating Rates on Tar Yield. It can be seen
from Table 3 that the heating rate increases gradually, and the
yield of tar also increases. The overall trend analysis shows that

the main reason is that the time to reach the final pyrolysis
temperature is shorter and shorter with the increase of the
heating rate in the pyrolysis process.

Short time effectively promoted the mass transfer and heat
transfer process, thus reducing the occurrence of side reactions.
At the same time, it also makes the volatile matter quickly leave
the surface of the coal sample, further improving the yield of
tar. In other words, the effect of heating rate on tar content of
pyrolysis products mainly comes from the secondary reaction.

2.3.3. Effects of Different Heating Rates on Semichar and
Semichar Volatiles. 1t can be seen from Figure 6 that the
volatile content of semichar increases first and then decreases
under the conditions of the heating rate of 3, 5, and 7 °C/min.
The main reason is that the residence time of the coal sample
in the dry distillation furnace is also gradually prolonged during
the heating process under the condition that the heating rate is
3 °C/min, which directly leads to the deepening of the
pyrolysis degree of the coal sample.

Through the analysis of the collected gas yield, more
substances were obtained by volatilization. At the heating rate
of 7 °C/min, the volatile content of semichar decreased
compared with that of 5§ °C/min, which was mainly due to the
increase of the tar yield and heating rate, thereby increasing the
residence time of volatile. In a high-temperature environment,
secondary cracking is promoted. Therefore, compared with the
heating rate of 5 °C/min, the volatile content of semichar will
also decrease. However, when the heating rate continues to
increase, the volatile matter decreases. Combining Figures 7
and 8 can show that the pyrolysis hysteresis is not proportional
to the heating rate. When the heating rate is too fast, the effect
on the volatile matter is not very significant.

2.3.4. Effect of Different Heating Rates on Coal Pyrolysis
Kinetics. Considering that the thermogravimetric analysis
instrument cannot separate and identify the heating rates of
3, 5, and 7 °C/min, the main reason is that the step distance
between the heating rates is too small. So, the experiment
changed the heating rates to 5, 10, and 15 °C/min for
thermogravimetric analysis and speculated that the mechanism
is consistent with the small step distance. Figures 7 and 8 show
the effects of different heating rates (S, 10, and 15 °C/min) on
TG curves of coal pyrolysis. It can be seen from the figure that
with the gradual increase of the heating rate in the experiment,
the starting temperature and the ending temperature of the
reaction both increased to varying degrees. The TG curve
moves to the high-temperature side, causing thermal hysteresis.
The main reason is that the pyrolysis of coal is an endothermic
reaction, and at the same time due to the poor thermal
conductivity of coal, the reaction takes some time to proceed
and the volatiles are separated. When the heating rate
increases, a part of the samples in the lignite is too late to
volatilize and a part of the structure is too late to decompose.
Therefore, it needs to volatilize, decompose, and react at a
higher temperature, resulting in thermal hysteresis. It is
observed from the figure that the experimental thermal
hysteresis does not increase positively with the heating rate.
When the heating rate is too fast, the increase of the starting
temperature and the ending temperature of the TG curve is
not obvious. At the same time, it is again confirmed that the
change of the heating rate has an important influence on the
pyrolysis reaction.

2.3.5. Pore Size Analysis of Semichar Products. Table 4
lists the specific surface area and pore size of the semichar
under the conditions of the heating rate of 5 °C/min, residence
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time of 15 min, and final temperatures of 450, 550, and 650
°C. It can be seen from Table 4 that when the final pyrolysis
temperature increases, the pore size of the semichar gradually
decreases, the specific surface area increases, and the pore is
mainly medium. The main reason is that when the pyrolysis
temperature is higher, the volatile content decreases, the pore
size decreases, the specific surface area increases, and the pores
form a porous structure.

2.4. Research Results on Stability of Yimin Lignite
Char. Using lignite particle size of 6—13 mm coal samples, in
the preparation of about 5, 10, and 15% semichar volatile
process conditions, each experiment used 20 g of coal samples
for the pyrolysis experiment.

According to the analysis in Table S, the selected semichar
volatiles were approximately 5, 10, and 15%. The stability of
Yimin lignite was tested. The particle size distribution of
semichar at 450 and 650 °C was roughly the same. The
semichar particles larger than 6 mm accounted for about 88%
of the total semichar, the semichar particles between 3 and 6
mm accounted for about 10%, and the particles smaller than 3
mm accounted for only about 2%. Under the condition of 450
°C semichar volatile content, regardless of the particle size, the
basic volatile content is about 25%. At 650 °C, the volatile
content of char is about 7%. At 550 °C, the particle size
distribution of char is as follows: the particle size of char larger
than 6 mm is 94%, the particle size of char between 3 and 6
mm is 4%, and the particle size of char smaller than 3 mm is
less than 2%. The volatile content of char larger than 6 mm is
12.6%.

3. CONCLUSIONS

(1) When the final pyrolysis temperatures were 450, S50,
and 650 °C, the residence time was 15 min, and the
heating rate was 5 °C/min, yield of combustible gases
increased significantly with the gradual increase of
pyrolysis temperature, and the yield of tar also increased
to varying degrees. The semichar yield and semichar
volatiles showed a decreasing trend. This indicates that
the final pyrolysis temperature is the key factor affecting
the yield of pyrolysis products.

(2) When the pyrolysis temperature was 550 °C, the heating
rate was S °C/min, and the residence times were 5, 15,
and 25 min, with the extension of residence time, the
amount of flammable gas and tar increased slightly, and
the corresponding semichar yield and semichar volatile
content showed a weak downward trend. It is proved
that changing the residence time is not an important
factor affecting the pyrolysis products.

(3) In the pyrolysis system, the tar yield increased gradually
with the increase of the heating rate. The production of
combustible gases varies considerably. This indicates
that the change of the heating rate is also an extremely
important factor affecting the yield of pyrolysis products.

(4) In the stability test of lignite semichar, the process
conditions with semichar volatiles of approximately S,
10, and 15% were selected. When the pyrolysis
temperatures were 450 and 650 °C, the particle size
distribution of char yield was more than 6 mm
accounting for about 88%, between 3 and 6 mm it was
about 10%, and the particles less than 3 mm accounted
for less than 0.5%. At 550 °C, most of the semichar
particle size distribution was greater than 6 mm, and

only a small amount of distribution was between 3 and 6
mm and less than 3 mm.

4. EXPERIMENTAL PART

4.1. Materials. The raw material is lignite samples from
Yimin City, Inner Mongolia, with high moisture content. To

Table 6. Gas Used in the Experiment

gas

composition concentration (%) factory

N, 99.999 Beijing Puxi General
Instrument Co., Ltd.

Ar 99.2 Beijing Puxi General
Instrument Co., Ltd.

H, 99.999 Beijing Puxi General

Instrument Co., Ltd.
Dry air Beijing Puxi General
Instrument Co., Ltd.

Standard H,—15.0%; CO—15.0%; CO,— Foshan Ke Di Co., Ltd.

gas 20.0%; CH,—10.1%; N,—39.9%

reduce the influence of moisture in the coal on pyrolysis
reaction gas, first, the coal was first dried at low temperatures.
Then, the coal sample was crushed by a jaw crusher to form
particles smaller than 0.2 mm in size. Finally, it was sealed and
stored for future use. The experimental gas parameters are
shown in Table 6.

Acetone: after collecting pyrolyzed tar, the tar is separated
by rotary evaporation.

Toluene: used to the determine the moisture in the pyrolysis
condensates.

4.2. Experimental Methods and Instruments. The
pyrolysis experiment was carried out using the standard low-
temperature dry distillation process of Gejin. The experimental
device is shown in Figure 9. The experimental method,
principle, and steps of this device were the the same as those
used in the temperature distillation experiment of Chinese
national standard coal. The corresponding pyrolysis products
were obtained by changing the final pyrolysis temperature,
heating rate, and final temperature residence time by analyzing
the generation of combustible gases (three gases of H,, CO,
and CH,), the generation of tar, the generation of semichar,
and the generation of pyrolysis water and semichar volatiles;
the corresponding experimental parameters were obtained.
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