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Closed system gold-tube pyrolysis experiments were performed on a peat and two coals (TY: R, = 0.51%;
SX: R, = 0.94%) at temperatures ranging from 337 to 600 °C and a pressure of 50 MPa with heating rates of
2 and/or 20 °C/h. Solid reaction residues were analyzed microscopically. Yields and chemical and isotopic
compositions of the generated gases were also determined. All three samples had similar thermal evolu-
tion pathways. With increasing heating temperature, vitrinite reflectances (VR;) of the residues increased
linearly from 0.72% to 4.50%. This increase was lesser for the sample with a higher hydrocarbon genera-

f)(e{gog?:: tion potential and at faster heating rates. Gas compositions are dominated by CO, and CH,4 throughout
Cgal 4 the experimental process. Total gas and CH, yields gradually increase with pyrolysis temperature for
Peat all samples. The carbon isotopic compositions of CH4 generated from the peat are lighter than those from

the coals. The 5'3Cey, values exhibit a generic evolution pattern which the initial CH, is isotopically
heavy, then becomes lighter at moderate temperatures, and finally becomes heavier again. Methane pro-
duced from the samples at low heating rate has higher transformation ratio than that at high heating rate
under the same temperature, so tends to be isotopically heavy after pyrolysis temperature of more than
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408 °C.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Many researches on coals as a major gas source rock have been
carried out [1,2], even though coals are now also recognized as po-
tential sources of oil [3]. The gas generation mechanism and poten-
tial of coals are a main aspect of this research. Experimental
simulations have been used to determine the gas generation mech-
anisms and assess the gas generation potential of coals [4-17].
These studies are mainly based on the cognition that organic mat-
ter exposed to higher temperature for a shorter period of time has
the same maturity as organic matter exposed to lower temperature
for a longer period of time [18], suggesting that temperature and
time compensate for each other as effects on organic matter matu-
rity. Therefore, it seems to be valid to simulate the natural matura-
tion process in the laboratory by increasing temperature during a
short period of time [14].

Many simulation experiments on coal have been performed to
demonstrate the mechanism of hydrocarbon generation and coali-
fication process (e.g. [1-3,14,15]). These simulations have been
used in both open and closed systems, and it is found that open-
system pyrolysis is not a good simulation of natural conditions
[19]. The samples adopted in these simulation studies include
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different coals (e.g. brown coal, bituminous coal and torbanite)
and maceral components (vitrinite, exinite and inertinite) of coal
[14,15,20], the gas generation potential of which is obvious. How-
ever, these simulation results are often inconsistent due to the
differences of approaches and samples. For example, Behar et al.
noticed by pyrolysis experiment that gas generations of coal differ
significantly between open and closed systems [21]. The data ob-
tained using simulation experiment by Yao et al. showed that the
yield of gas vary among pyrolysis coal samples [15]. Therefore,
more simulation experiments on coal should be made using differ-
ent approaches and samples to understand the hydrocarbon gener-
ation of coal and provide the basis data for the application study in
natural systems. It is also important to understand how small vari-
ations in maceral proportion and chemical composition will influ-
ence the generation of gas from coals because it would assist in
predicting the gas generation potential of the coal that is widely
distributed in the natural environment. Nevertheless this simula-
tion comparative study is also not performed. Peat is considered
as the original matter of coal and has not undergone deep burial
and strong degradation, which normally contains abundant origi-
nal organic matters. On the other hand, sedimentary environments
also affect the initial composition and extent of biodegradation of
peat. At present, the simulation experiment is lacked on peat
formed under cold climate. So far, many previous simulations have
been performed under normal pressures. However, gas from coal is
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generally generated under certain pressure even though there are
some disputes about the influence of pressure on gas generation.
Therefore, the pyrolysis experiment under high pressure would
be better suitable to simulate natural conditions. Furthermore,
gas generation and vitrinite reflectance of coal are sensitive to
heating time. The most attentive problem at present is the level
of the influence of a certain difference of heating time on gas gen-
eration and vitrinite reflectance of coal although the effect heating
time is well known.

In this study, a peat formed under cold climate and two coals
representing slightly different maceral compositions and distinctly
different depositional settings were subjected to pyrolysis in a
sealed gold tube at temperatures ranging from 337 to 60 °C with
heating rates of 2 or 20 °C/h and a pressure of 50 MPa consistently.
The kinetic parameters of hydrocarbon gas generation of these
samples and the history of hydrocarbon gas generation in the Qin-
shui Basin were reported previously [22]. The objectives of this
work were to investigate the evolutional features of the gas and
vitrinite reflectances during coalification from peat to anthracite
stage. Furthermore it aimed at an improved understanding of the
influence of slight differences in maceral compositions on these
features. The results provide important evidence for understanding
the potential and genesis of natural gas derived from coals.

2. Samples and experiments

Two coals and a peat were used for the simulation experiment.
The coals were collected from the Late Carboniferous Taiyuan For-
mation (TY) formed in a shallow epicontinental sea delta environ-
ment from Tanggongta Coal Mine of Inner Mongolia Autonomous
Region, and the Early Permian Shanxi formation (SX) formed in
an epicontinental carbonate platform environment from Liyazhu-
ang Coal Mine of Shanxi Province, China, respectively. The peat
was collected at a depth of 3.0-3.2 m from Ruoergai Marsh located
in the eastern part of Chinese Qinghai-Tibet plateau with a cold
and moist climate. Prior to simulation experiments, the vitrinite
reflectance, total organic carbon (TOC), and maceral and elemental
compositions in the samples were analyzed. The analytical results
are listed in Table 1. The original vitrinite reflectances (R,) of the
two coals are 0.51% and 0.94%, respectively, corresponding to an
early stage of coal maturation. The exinite content of the SX coal
is slightly higher than that of the TY coal. The H/C atomic ratios
indicate that the coals and peat are classified as type Il kerogens
[23].

The samples were first crushed to 120 mesh and then treated
with hydrofluoric and hydrochloric acid according to a standard
procedure [24] in order to remove inorganic matter, and then
extracted using a Soxhlet apparatus with a mixture of methanol-
acetone-benzene (1:2.5:2.5, v/v).

The treated samples were pyrolyzed in a set of gold tubes with a
40 mm length, 5 mm i.d. and 0.5 mm thick. The gold tubes were
welded at one end and 25-50 mg of sample was put in each gold
tube. Then, the open end of each gold tube was welded in the pres-
ence of argon. The 13 gold tubes were separately placed into 13
high pressure vessels with a 180 mm length, 10 mm i.d. and

Table 1
Geochemical characteristics of the studied samples.
Sample R, TOC Maceral composition (%) Atomic ratio
(%) (wt.) Vitrinite Inertinite Exinite H/C
Peat N 28.0 N N N 0.97
TY coal 0.51 653 56.9 31.2 7.1 0.79
SXcoal 094 775 58.4 27.2 9.4 0.75

N - not analyzed.

28 mm thick and heated in a temperature-programmed round fur-
nace [25]. A 1/8 in. stainless steel tube leads to inside of a vessel to
inject high pressure water into the vessel. The internal pressure of
the vessels, which were connected to each other with pipelines,
was adjusted to 50 MPa by pumping water into the vessels before
heating. It maintained automatically by pumping water into or out
of the vessels during pyrolysis experiments. The pressure acted on
powdered samples through the deformed gold tube. The pyrolysis
experiments were performed at heating rates of 2 and 20 °C/h in
the range of 337-600 °C. Two heating rates represent different
heating times in the pyrolysis experiments. Namely, pyrolysis time
spent at heating rates of 2 °C/h is 10 times more than that at heat-
ing rates of 2 °C/h. There is a fan at the bottom of the furnace to dis-
turb air in the furnace to maintained uniform temperature in the
vessels during the experiment. Two thermal couples were used
to control temperature. One was put inside a testing vessel which
has the sample size as the other 13 vessels to measure inside tem-
perature of the vessel, and the other was put in air near the testing
vessel to control temperature of the furnace. We also put a thermal
couple into a small hole in wall of each vessel to measure its indi-
vidual temperature. So in the system, 15 thermal couple was used
to measure temperature of inside testing vessel, air in the furnace
and individual temperature of each vessel. By all the measures we
made temperature errors among the vessels less than 1 °C.

At defined temperatures, the vessels were quenched to room
temperature in cold water and the pressure inside the vessel was
gradually reduced to the atmosphere pressure. Then, individual
gold tubes were taken out of the furnace and placed in a vacuum
line with an internal pressure of less than 1 x 10~ Pa. The gold
tube was carefully pierced using a steel needle put inside the vac-
uum line to release gases and total gas was measured quantita-
tively. Molecular characterization and relative quantification of
the total gas fraction were carried out with a HP8890 gas chro-
matograph with an external calibration. Individual gas amounts
were then lumped into C;, C5_s, and non-hydrocarbons.

The carbon isotopic compositions of CH; were measured by
GC-combustion IRMS with a VG Isochrom II instrument. The GC
was equipped with a Poraplot Q column (30 m length x 0.32 mm
i.d.). Helium was used as the carrier gas. The temperature was pro-
grammed from 50 to 180 °C at a heating rate of 25 °C/min, and then
held at 180 °C for 8 min. Each pyrolysate fraction was measured
2-3 times. The analytical error was less than 0.3%.. The isotopic
compositions of the samples being measured are expressed as
o13C values as follows:

513C(%") = [(13C/]2C5ample - 13‘C/]zcstandard)/(lg‘C/lzcstandard)] x 1000

All carbon isotopic values were reported in permil (%0) relative
to the PDB standard. PDB refers to the belemnite carbonate from
the Cretaceous Peedee formation, SC, USA.

The solid residues were recovered and mounted with epoxy into
drilled holes on plastic rods. The mounted sample plugs were pol-
ished and analyzed for vitrinite reflectance using a Leitz MVP Il
microscopic photometer system [26].

TOC for the starting samples was measured with a LECO CS-334
elemental analyzer. Prior to analysis, the samples were acidified by
HCI to remove the inorganic carbon and washed with distilled
water followed by drying at low temperature. All TOC values were
reported in percent (%) relative to dry weight of the sample.

3. Results and discussion
3.1. Distribution and evolution of vitrinite reflectance

As shown in Fig. 1, the vitrinite reflectance values (R,) of pyro-
lysis residues exhibit different distributions among the SX coal, the
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Fig. 1. Evolution of the vitrinite reflectance as a function of pyrolysis temperature.

TY coal and the peat. At 20 °C/h and temperature of 337-600 °C,
their R, values increased from 0.80% to 4.05%, 0.83% to 3.97% and
0.72% to 3.72%, respectively. However, at 2 °C/h and the same tem-
perature scope, their R, values increased from 0.98% to 4.49%,
1.07% to 4.5% and 0.96% to 4.19%, respectively. Here the heating
rate reflects heating time that affects the vitrinite reflectance val-
ues of pyrolyzed residues on the basis of the principle of tempera-
ture and time compensate [27-30]. The low heating rate means
that the sample reaching at a given temperature keeps longer heat-
ing time compared to high heating rate. The studied results show
that 10 fold increase in heating time leads to the differences in
R, values of pyrolyzed residues at temperature of 337-600 °C rang-
ing from 0.18% to 0.44% for the SX coal, 0.24% to 0.53% for the TY
coal and 0.24% to 0.47% for the peat (Fig. 1). As temperature rises
from 337 to 600 °C, the vitrinite reflectance values of all three sam-
ples increase systematically (Fig. 1). This is in agreement with pre-
vious simulation works [11,27] and many observations in natural
samples from various sedimentary basins [31]. The vitrinite reflec-
tances of pyrolyzed residues from these three samples exhibit an
approximately linear increase with pyrolysis temperature (Fig. 1),
although Han et al. and Yao et al. reported that the alteration trend
of vitrinite reflectance vs. temperature was nonlinear and charac-
terized by four phases [14,15]. At the same heating rate, there
are considerable differences in the vitrinite reflectance among dif-
ferent samples. At the temperatures between 337 and 504 °C with
a heating rate of 20 °C/h, the vitrinite reflectances of the peat and
SX coal are lower than those of the TY coal, but the vitrinite reflec-
tance of the SX coal exceeds the peat and TY coal at 529 °C. How-
ever, at 2 °C/h heating rate the vitrinite reflectances of the peat and
SX coal are always lower than those of the TY coal throughout the
whole simulation experiment. This phenomenon is possibly re-
lated to the nature of the samples, because the SX coal contains
higher exinite compared to the TY coal, and the peat has higher
H/C value than the coals (Table 1). The presence of higher exinite
and H/C value shows that these samples have a higher hydrocar-
bon generation potential. It was believed in previous studies that
vitrinite reflectance decreased with increasing Rock-Eval hydrogen
index (HI = pyrolysis hydrocarbon amount/total organic carbon) in
coal [32]. The results obtained by thermal simulation experiment
of lignite also showed that the higher the original hydrogen con-
tent in the sample, the slower rate of vitrinite reflectance change
[33]. The results in the present study further confirmed the influ-
ence of hydrocarbon generation potential of sample on vitrinite

reflectance [32]. The results of the artificial simulation experiments
performed in this study also demonstrated the thermal evolution
process of vitrinite reflectance from peat to anthracite stage.

3.2. Yield of gaseous products

The yields of gaseous products are shown in Table 2. Under the
same pyrolysis conditions, the overall yield of gas product from the
peat is much higher than that of the coals, and the TY coal higher
than that of the SX coal. At the beginning of the experiment, the to-
tal yield of gas is high and reaches 314 ml/g Corg at 2 °C/h for the
peat, but low for the coals. As the pyrolysis temperatures increase,
the yield of gas gradually increases for all samples and for the peat
at a relatively higher rate compared to the coals. At the end of the
heating process (600 °C) and the 2 °C/h heating rate, a total of
1059 ml gaseous products/g Corg is generated from the peat,
352 ml from the TY coal and 247 ml from the SX coal. These results
show that the total yield of gas is closely related to the original
maturity level of the samples studied under the same pyrolysis
conditions. The heating time influence on the total yield of gas
was also observed and the total yield of gas is higher at the 2 °C/
h heating rate. Ten fold increase in heating time results in that
the differences in the total yield of gas at temperature of 337-
600 °C are from 1 to 52 ml/g Corg for the SX coal, 15 to 95 ml/g
Corg for the TY coal and 18 to 197 ml/g Corg for the peat.

The variation of CO, is similar to that of total gas as above, but
the variation of hydrocarbon gas is not fully the same (Table 2). The
yield of CH4 slowly rises below 400 °C and then increases rapidly
above 400 °C. The peat has the fastest rate of CH, generation and
the TY coal the slowest rate; the SX coal has an intermediate rate
of CH,4 production. At the end of the heating process (600 °C) with
the 2 °C/h heating rate, the peat has the highest yield of CH,4
(411 ml/g Corg), the SX coal the second (201 ml/g Corg), and the
TY coal the lowest (198 ml/g Corg). At the same time, the yield of
CH,4 at the 2 °C/h heating rate is higher than that at the 20 °C/h
heating rate. Thus 10 fold increase in heating time causes that
the differences in the yield of CH, at temperature of 337-600 °C
are from 1 to 53 ml/g Corg for the SX coal, 2 to 58 ml/g Corg for
the TY coal and 3 to 116 ml/g Corg for the peat.

The yield of C,_5 gases firstly increases to the temperature of
maximum rate around 430-500 °C (T peak) and then decreases un-
til 600 °C (Table 2) as a result of their cracking. The difference in
the yield of C,_s gases is obvious among these three samples. At
the same pyrolysis temperature, the yield of C,_s5 gases is the high-
est for the peat, medium for the SX coal, and the lowest for the TY
coal. The peak values are about 83 ml/g Corg for the peat and about
11-17 ml/g Corg for the coals. It is also observed that for a given
pyrolysis temperature the yield of C,_s gases at the 2 °C/h heating
rate is higher than that at the 20 °C/h heating rate below the peak
temperature, whereas it reverses above the peak temperature. This
also reflects the influence of heating time on the generation of C,_s
gases.

These results above show that the peat yields more volatile
components including hydrocarbons, so that it can generate more
total gas, CH4 and C,_s gases compared to the coals. In addition, the
SX coal with slightly higher exinite component compared to the TY
coal generated more CH4 and C,_s gases, although it has a relative
higher maturity. This is consistent with the results obtained by
other simulation experiment of maceral components of Tarim coals
[20].

3.3. Carbon isotopes of CH,
The carbon isotope composition (3C/'2C value) of CH, in gas

from coal is related to the process of formation, thermal matura-
tion, and the maceral composition of coal. For example, CH,
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Table 2
Yields of gases generated from the studied samples (ml/g Corg).
Sample T (°C) 2°C/h 20°C/h
G Cas CO, H, H,S G Cys CO, H, H,S

Peat 337 4.0 4.1 304.5 0.3 1.1 14 1.2 269.8 0.1 0.4
360 8.6 9.1 3193 0.7 1.5 2.8 2.7 294.0 0.3 1.0
385 21.0 20.6 292.4 3.0 2.7 6.0 6.1 307.0 0.8 1.6
408 41.3 38.7 295.4 29 23 13.6 13.7 324.2 1.4 2.7
432 76.8 63.4 359.2 35 2.8 28.2 25.6 337.0 34 3.1
457 119.9 83.0 366.3 4.6 23 51.5 45.6 316.7 4.8 4.5
482 1741 78.3 382.6 6.9 23 90.7 75.7 354.0 6.0 3.2
504 232.7 60.1 394.0 9.3 1.8 134.1 83.1 370.0 7.3 3.1
529 302.1 9.8 459.5 15.6 4.6 185.9 72.2 376.1 9.8 2.8
553 357.4 1.8 541.9 213 6.3 256.1 55.1 411.6 13.0 3.8
577 3954 1.9 574.6 20.9 4.8 308.2 35.2 461.9 20.0 6.5
600 411.3 0.9 618.6 23.6 4.8 357.5 17.5 465.4 214 0.0

TY coal 337 1.8 0.5 22.6 Trace Trace 0.4 0.1 10.0 Trace Trace
360 4.5 1.8 35.7 0.1 0.1 1.2 03 17.7 0.0 0.0
385 111 4.5 44.1 0.3 0.2 29 1.2 27.2 0.1 0.1
408 233 7.7 51.1 0.6 0.2 6.7 3.2 36.3 0.3 0.2
432 40.2 10.6 55.4 0.9 0.2 14.7 6.8 43.4 0.7 0.2
457 64.3 10.2 56.7 1.2 0.2 28.1 10.2 48.1 1.1 0.3
482 91.8 6.6 61.5 1.8 0.1 46.9 129 53.2 1.5 0.2
504 115.5 3.1 66.9 2.3 0.2 67.8 11.2 58.0 2.0 0.3
529 148.7 0.5 85.2 4.6 0.2 95.4 7.3 60.0 2.8 0.2
553 174.9 0.2 102.6 6.2 0.3 117.2 39 64.3 3.6 0.2
577 195.6 1.0 85.2 4.4 0.3 139.5 1.9 83.2 5.0 0.2
600 197.6 0.2 146.6 7.6 0.0 163.8 1.2 98.5 6.6 0.2

SX coal 337 0.4 0.0 1.1 0.1 Trace 0.1 0.0 1.1 0.0 Trace
360 3.1 0.8 3.7 0.1 Trace 0.2 0.0 0.9 0.0 Trace
385 11.2 5.0 6.5 0.2 Trace 1.5 0.3 1.8 0.1 Trace
408 284 111 9.3 0.2 Trace 6.4 2.7 44 0.2 Trace
432 52.6 16.5 10.7 0.7 Trace 18.9 8.9 7.3 0.5 Trace
457 75.8 16.2 113 1.0 Trace 371 141 8.6 0.9 Trace
482 110.7 125 135 1.5 Trace 58.0 174 104 1.1 Trace
504 133.7 5.7 15.2 1.9 Trace 83.1 16.9 15.8 1.6 Trace
529 166.5 14 223 3.5 Trace 117.3 11.8 14.8 2.6 Trace
553 169.2 0.6 22.1 32 Trace 120.0 6.4 14.8 22 Trace
577 190.8 0.4 325 4.4 Trace 158.2 2.0 184 3.8 Trace
600 201.4 0.3 40.3 53 Trace 171.7 14 255 47 Trace

becomes enriched in '>C with increasing maturation due to the
kinetic effect. The carbon isotope composition of CH, also depends
on the maceral type. In general, the exinite-derived CH,4 has lighter
carbon isotope composition. The carbon isotope compositions of
CH4 in the gaseous product from the samples studied are presented
in Fig. 2. At 20 °C/h and the same pyrolysis temperature, the carbon
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Fig. 2. Changes in isotopic compositions of the gaseous product CH, as a function of
pyrolysis temperature.

isotope compositions of CH,4 in the gaseous product range from
—40.9%o to —35.2%o for the peat, —41.2%o to —29.0%o for the SX coal
and —37.6%o0 to —28.6%o for the TY coal, respectively. Their average
values are —40.0%0, —36.0%0 and —34.0%0, respectively. These data
indicate that the peat produces the lightest methane of all studied
samples, reflecting the peat with more original light isotopic com-
ponents compared to the two coals. On the other hand, methane
produced from the SX coal has lighter carbon isotopic composi-
tions than that from the TY coal, although the SX coal has higher
maturity than the TY coal. Previous results showed that coals with
high exinite content could generate methane with lighter carbon
isotopic values whereas coals with high inertinite content yield
methane with heavier carbon isotopic values at the equivalent
maturity [20]. In this study, the SX coal contains slightly higher
exinite content and slightly lower inertinite content compared to
the TY coal (Table 1). The difference in the carbon isotopic compo-
sitions of methane produced by the SX and the TY coals is consis-
tent with previous studies [20]. The carbon isotopic composition of
CH,4 from this pyrolysis experiment is initially heavy at low tem-
perature, and then becomes light with increasing temperature,
reaches the lightest at temperatures of 360-432 °C, and finally be-
comes heavy again with increasing pyrolysis temperature (Fig. 2).
This variety in the carbon isotopic composition of CH,; with
increasing pyrolysis temperature is similar to previous studies
[4,20,34].

On the other hand, relative methane transformation ratio (MTR)
for the samples were calculated by normalizing to the highest CH,4
yield obtained from the sample at the highest temperature of the
2 °C/h heating experiment (Table 3). The obtained MTR results
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Table 3

Relative transformation ratio (TR) of methane generated from the studied samples.
Sample, heating rate 337 °C 360 °C 385°C 408 °C 432 °C 457 °C 482 °C 504 °C 529 °C 553 °C 577 °C 600 °C
Peat, 20 °C/h 0.003 0.007 0.015 0.033 0.069 0.125 0.221 0.326 0.452 0.623 0.749 0.869
Peat, 2 °C/h 0.010 0.021 0.051 0.100 0.187 0.292 0.423 0.566 0.735 0.869 0.961 1.000
TY coal, 20 °C/h 0.002 0.006 0.015 0.034 0.074 0.142 0.237 0.343 0.483 0.593 0.706 0.829
TY coal, 2 °C/h 0.009 0.023 0.056 0.118 0.203 0.325 0.465 0.585 0.753 0.885 0.990 1.000
SX coal, 20 °C/h 0.000 0.001 0.007 0.032 0.094 0.184 0.288 0.413 0.582 0.596 0.786 0.853
SX coal, 2 °C/h 0.002 0.015 0.056 0.141 0.261 0.376 0.550 0.664 0.827 0.840 0.947 1.000

TR = amount of CH,/the highest CH, yield obtained from the sample at the highest temperature of the 2 °C/h heating.

indicate that the relative amount of CH4 generated from the 2 °C/h
experiment is always significantly higher than for the 20 °C/h
experiment at the same temperature owing to the sample keeping
longer heating time at low heating rate as discussed above. Thus,
methane produced from the 2 °C/h experiment appears to contain
more 3C-enriched components after more than 408 °C and more
12C-enriched ones before 408 °C, so has a cumulativeness of hea-
vier isotope signal after more than 408 °C and light isotope one be-
fore 408 °C compared to the 20°C/h experiment at the same
temperature. These results further demonstrate that the carbon
isotopic composition of coal-derived gas in the natural environ-
ment is controlled mainly by the nature and maturity of coal and
geological time during coalification.

4. Conclusions

The results of this artificial simulation experiments demon-
strated the thermal evolution process of gas and vitrinite reflec-
tance from peat to anthracite stage. With increasing heating
temperature, total gas and CH, yields gradually increases for all
samples, and the vitrinite reflectances of the samples show a linear
increasing trend. In whole pyrolysis process the peat has lower
vitrinite reflectance values and yields more hydrocarbon gases
compared to the coals, and the slight differences in maceral com-
positions of the coals obviously influence the vitrinite reflectance
values and the generation rate of hydrocarbon gases. The peat also
produces lighter methane than the coals, and methane generated
from the coal containing slightly higher exinite content and
slightly lower inertinite content has evidently light carbon isotopic
composition. Results of this comparative study enhanced our
understanding of the effects of original evolution levels of coal-
formed material and slight variance in coal maceral compositions
on the generation gas and vitrinite reflectance characteristics.
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