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The study of the pyrolysis characteristics of oil shale, an important strategic resource, is of great significance for oil shale refining
and in situ underground mining. In this study, using the oil shale from Jimsar region of Xinjiang, in combination with
thermogravimetric analyzer (TG), Fourier transform infrared spectroscopy (FTIR), and mass spectrometry (MS) techniques,
the pyrolysis characteristics and mechanism of the oil shale are analyzed according to the experimental results and explored
the effect of its pyrolysis on the development of the pore. The results, the pyrolysis with three stages, show the following: (1)
The first stage is 23-390°C. The precipitation of adsorbed water within the oil shale and the dehydration of gypsum are mainly
at 100°C or so, appearing some microcapillary pores and other temperature sections change little. (2) The second stage is 390-
527°C. The organic matter pyrolysis of Jimsar oil shale accounts for 71.1% of the total weight loss of oil shale. This stage has
the greatest impact on the evolution of pore structure, and there are two weight loss peaks at 458°C and 506°C, respectively, in
the thermogravimetric curve. Combined with FTIR-MS, the main products of its pyrolysis gas are H2, H2O, CO2, CH4, and
CnHm and will change the original pore surface of oil shale, create new pore volume, and produce complex and irregular pore
structure. (3) In third stage (527-800°C), the formation of H2, CO2, and hydrocarbon gases suggests that this stage includes not
only the decomposition of major inorganic components like carbonate and clay but also the degradation process of some
organic matter. At this stage, the CO2 generated in the precipitation process will lead to a large number of pores in oil shale.
Crack grids will appear, due to the melting and recrystallization of some clay minerals. Once the interaction between the two is
particularly intense, the mineral skeleton may rupture and collapse. The pyrolysis characteristics above provide a basis for the
analysis of the pore structure evolution of oil shale and are of implications and practical application value to the exploitation of
shale oil.

1. Introduction

2021 is the key year of energy transformation, and the
energy industry is facing severe challenges. According to
the World Energy Council (WEC) [1], after the largest abso-
lute decline of 4.5% in 2020, energy demand rebounded in
2021 as a result of the gradual lifting of new corona restric-
tions and economic recovery. The oil and gas industry is
possible to enter a recovery phase by 2021, with interna-
tional oil prices expected to rise year on year, according to
the China Petroleum Daily [2]. By 2020, the crude oil depen-

dence of China on foreign countries has reached 69%, which
indicates that China has been highly unable to be self-
sufficient in energy. As unconventional energy, the world’s
oil shale reserves contain approximately 6050 billion barrels
of shale oil, which is four times that of conventional crude
oil [3]. China’s oil shale reserves are about 330 billion bar-
rels, ranking second in the world. Therefore, its rich
resources and comprehensive utilization value are more
prominent [4].

The traditional exploitation and utilization of oil shale is
ground distillation that has problems of cost, pollution, and
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energy consumption and is out of step with the current trend
of low-carbon and environmentally friendly development.
Therefore, in situ mining of oil shale has emerged as a new
trend in the development of mining technology, due to its
advantages of large recoverable depth, high oil recovery rate,
small footprint, and environmental protection. And oil
shale, an organic-rich and fine-grained sedimentary rock,
consists of a mineral porous matrix that contains insoluble
kerogen, quartz, clay minerals, and other substances. With
the increase in temperature, the organic matter and inor-
ganic minerals in oil shale will undergo complex physical
and chemical reactions, which will have a direct impact on
the evolution of the pore structure of oil shale, thus affecting
the exploitation of shale oil. In this process, the internal
organic matter is pyrolyzed, and some inorganic minerals
are decomposed, and the internal structure will inevitably
change, thus affecting the evolution of pores. At the same
time, the thermal expansion force inside the oil shale also
affects the evolution of its pore structure, so it is feasible to
study the pore evolution law through the material composi-
tion of the oil shale.

At present, research has made great progress in the
pyrolysis characteristics of oil shale, and different scholars
have analyzed the pyrolysis mechanism from multiple per-
spectives. Campbell et al. [5] conducted nonisothermal rate
pyrolysis kinetics analysis on pyrolysis gas of Colorado oil
shale and considered that the pyrolysis of kerogen could be
divided into carbonaceous residue and liquid, gaseous, and
hydrocarbons; carbonaceous residue and gaseous; and car-
bonaceous residue and gas three stages. Williams and
Chishti [6] investigated the effect of pyrolysis reaction resi-
dence time on oil shale pyrolysis. Yue et al. [7] concluded
that increasing pyrolysis temperature has a greater impact
on the yield of oil shale pyrolysis products than residence
time. Based on the influence of heating rate on the decompo-
sition of organic matter in oil shale, using TG and MS tech-
niques to the pyrolysis of Green River oil shale at different
heating rates, Tiwari and Deo [8] show that the ratio of ole-
fins to alkanes increased with the increase of heating rate.
Wang et al. [9] established the three-dimensional model of
kerogen by simulating annealing dynamics and performing
geometric optimization. Through the infrared experiment
of minerals, Lan et al. [10] found that the maximum weight
loss temperature of oil shale was higher than that of kerogen,
and the activation energy was calculated by the model. Han
et al. [11] found through experiments that shale oil produc-
tion increased significantly with the increase of distillation
temperature and recommended the distillation temperature
of 460–490°C. Due to the adsorption of clay minerals on
native asphalt in organic matter, Borrego et al. [12] show
that the initial weight loss temperature of oil shale pyrolysis
is significantly higher than that of organic matter pyrolysis
alone. Karabakan and Yürüm [13] thought that alkaline
metal cations in carbonate catalyzed the pyrolysis reaction,
while silicate inhibited the pyrolysis reaction, and the inhibi-
tion of silicate was greater than that of carbonate. Meantime,
some scholars, based on the combination of CT technology
and three-dimensional reconstruction, studied the structure
of pores during oil shale pyrolysis. On the pyrolysis of oil

shale research, Zhao et al. [14] found that different mineral
compositions under the action of temperature have different
physical and chemical reactions that lead to oil shale rup-
ture. Additionally, mineral particles and matrix cementation
way and degree affect the difficulty of oil shale rupture.
Zhang et al. [15] found that oil shale after bioleaching will
produce a large number of micropores, which is conducive
to transferring heat from the outside to the inside of the oil
shale sample and helping to produce more shale oil. Wang
et al. [16] considered that the pore connectivity caused by
the generation and migration in pyrolysis products was an
important factor for the increase of porosity. Through the
study of Fushun oil shale, Geng et al. [17] found that with
the increase in temperature, the length and opening of
cracks became larger, the porosity and the degree of pyroly-
sis increased gradually, and the number of cracks and the
maximum porosity increased gradually. Eseme et al. [18]
found that during the pyrolysis process, the microscopic
pore structure and physicochemical properties of oil shale
interacted and changed significantly. Yang et al. [19] found
that the total pore volume, average pore diameter, and
porosity of oil shale increased significantly with the increase
in temperature. In the heating process of oil shale, the vol-
ume of mesopores increases, and the volume of micropores
decreases continuously.

In summary, presently there are fruitful results in the
study of pore structure and material composition, but there
are few studies to explain the evolution law of pore structure
through the basic material composition and the reaction of
oil shale. Therefore, the purpose of this study is to research
the changes in mineral composition and product formation
in the pyrolysis process of Jimsar oil shale; what is more, dis-
cuss the influence of pyrolysis on pore development by com-
bining the TG, FTIR, and MS techniques. This research, on a
theoretical basis, is crucial to the technology for in situ oil
shale extraction.

2. Materials and Methods

2.1. Preparation of Oil Shale Samples. Oil shale samples were
collected from the Shichanggou Mine of Jimsar County in
the Xinjiang Province, China, which belongs to the Permian
Lucaogou Formation. With the simple structure, it is mainly
composed of lagoon facies. The thickness of the ore body is
18.80–63.20m, and the ore body mainly composed of stria-
tion and phyllotactic structure, grayish black or gray, and
locally lenticular. The oil shale samples were sealed immedi-
ately using paraffin wax to avoid weathering and deteriora-
tion. After that, they were broken to particle sizes less than
75μm [11, 20] and dried for 12h at 70°C for use in pyrolysis
experiments.

The element analysis and industrial analysis of samples
of initial oil shale were determined according to the national
standards GB/T 212-2008 and GB476-91, respectively
(Table 1). The mineral composition of the sample was deter-
mined by using a Rigaku D/Max-2500 X-ray diffractometer
(manufactured by Shimadzu, Kyoto, Japan) (Table 2). XRD
data was recorded at 45 kV and 100mA, at a scan rate of
2°/min (whole rock), scanning range 2.6–45° (whole rock
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analysis). According to Table 2, the quartz, plagioclase, and
dolomite are the primary mineral components of the oil
shale, followed by sanidine, calcite, and clay minerals and
smaller amounts of pyrite and gypsum.

2.2. TG-FTIR-MS Experiment. TG-FTIR-MS was used to
analyze the pyrolysis process of oil shale and pyrolysis gas
products, as shown in Figure 1. The system is composed of
a SETSYS Evolution 16/18 synchronous thermal analyzer
(Setaram Co, Caluire, France), a TENSOR27 infrared spec-
trophotometer (Bruker, Germany), and an OMNI star mass
spectrometer (Pfeiffer, Germany). The instruments were
connected by heating quartz capillary to prevent the error
of experimental results caused by condensation of vapor
and other gas components in the experiment. The TG reso-
lution of this equipment is 0.03μg, and the vacuum degree is
10–4 mbar. The FTIR resolution is 4 cm-1, the scanning times
is 4, the spectral range is 8000-350 cm-1, and the wavenum-
ber accuracy is 0.01 cm-1. The MS detection range is 1-
300 amu in high vacuum conditions, and the capillary oper-
ating temperature is 200°C.

In this study, about 20mg of oil shale samples were
evenly distributed at the bottom of the thermogravimetry
crucible and heated to 800°C at a rate of 10°C/min [21] using
nitrogen as a protective gas. In the thermal separation pro-
cess of the TG analyzer, the gas produced by the pyrolysis
of the sample in TG was transported to the FTIR and MS
in real-time through nitrogen purge, and infrared data
acquisition and mass spectrometry detection were carried
out, respectively.

3. Results

3.1. Experimental Results and Analysis Based on TG. During
the heating process of Jimsar oil shale, with the increase of
temperature, the oil shale undergoes physical and chemical
changes such as decomposition and dehydration. The TG/
DTG curves of pyrolysis of oil shale are shown in Figure 2.
The TG/DTG curves are consistent with the weight loss
trend of reference [22] and described the weight loss and
weight loss rate of samples with the increase of temperature,
respectively.

According to Figure 2, The total weight loss of the oil
shale was 20.4%. The pyrolysis process can be divided into
three stages. In the first stage, between 23 and 390°C, the first

main weight loss stage of Jimsar oil shale appears at about
100°C. There were two peak weight losses corresponding to
73 and 100°C in the DTG curve, and the weight loss was
0.3%. According to Table 2, it is speculated that the two
weight loss peaks on the DTG curve should correspond to
two asynchronous but overlapping reactions of the precipi-
tation of adsorbed water and gypsum dehydration, respec-
tively, due to the dehydration reaction of gypsum in Jimsar
oil shale at 100°C [23]. The second stage, between 390 and
527°C, is the main oil shale pyrolysis stage; weight loss in this
stage was 14.5%. It accounted for 71.1% of the total weight
loss and had the greatest impact on the composition of sub-
stances. There are two obvious weight loss peaks in the DTG
curve, which can be divided into two substages. Stage I
ranges from 390 to 488°C. The weight loss peak is located
at 458°C, and the weight loss is about 12.2%. This is owing
to the intense chemical reaction of organic matter in oil
shale, and a large amount of pyrolysis gas is precipitated
from the pyrolysis of oil shale, and more aliphatic and aro-
matic compounds are produced [22, 24, 25]. Phase II ranges
from 488 to 527°C. The weight loss peak is located at 506°C,
and the weight loss is about 2.3%. This peak indicates that
new chemical reactions occur in oil shale around 506°C,
which is analyzed as the secondary reaction of pyrolysis
products, petroliferous cracking [26], in phase I, and is the
thermal decomposition of hydrocarbon compounds with a
large mass. And the unstable intermediate produced in stage
I is high maturity bitumen, which is conducive to connecting
open and closed pores and promoting oil and gas transpor-
tation. The third stage, 527-800°C, had a weight loss of 2.9%,
and the peak of weight loss is located at 658°C. Weight loss
in the third stage is related to the decomposition of inor-
ganic matter, especially the decomposition of carbonate
minerals such as dolomite and may be related to the crack-
ing and degradation of polycyclic aromatic hydrocarbons.
And there is also a weight loss peak at about 790°C, which
is due to the thermal decomposition of calcite in Jimsar oil
shale, and this part is slightly different from the pyrolysis
process of Fushun oil shale [27], indicating that the compo-
sition of oil shale in different regions is different, resulting in
some differences in its pyrolysis characteristics.

In summary, during the whole pyrolysis process of oil
shale, the first stage is the desorption of internal free water,
adsorbed water, and adsorbed gas in oil shale samples. The
second stage is kerogen decomposition in oil shale,

Table 1: Element analysis and industrial analysis of oil shale.

Elementary analysis Industrial analysis
N% C% H% O% H/C O/C Moisture Ash Volatile Fixed carbon

1.36 9.27 1.98 8.865 2.56 0.72 5.44 82.25 10.32 1.99

Table 2: Mineral composition of oil shales.

Mineral composition (%)
Quartz Pyrite Clay Sanidine Plagioclase Calcite Dolomite Gypsum

36.1 0.6 5 8.2 26.8 3.6 19 0.7
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producing unstable intermediate and gaseous products; with
the gradual increase of heating temperature, unstable inter-
mediates produce secondary cracking and release some gas-
eous products to form more stable intermediates. The third
stage is the phase transformation decomposition of some
inorganic components such as carbonates and clay minerals
in oil shale at higher temperatures. The starting and ending
temperatures of this stage are mainly related to the compo-
sition of inorganic substances. At the same time, Jimsar oil
shale still has gaseous products at this stage due to its high
degree of metamorphism.

3.2. Experimental Results and Analysis Based on MS. In gen-
eral, the chemical reaction process of oil shale pyrolysis is
the branch chain fracture of kerogen, the rupture of ether
bond or carbon-carbon single bond between benzene rings,
and the ring cracking and degradation of thick rings. With
the pyrolysis of functional groups, the macromolecular of
oil shale is degraded into small molecules with low boiling
point and precipitated in the form of gas at the reaction tem-

perature. These gaseous compounds can be detected by the
MS technique. The following is to characterize the gas pre-
cipitation law under the action of temperature by the ion
current intensity of gas fragments with a fixed mass-to-
charge ratio at different temperatures. The change law of
ion current intensity reflects the precipitation concentration
of corresponding gas and ion fragments. Figures 3(a)–3(e)
are mass spectrum curves of major light gases H2 (m/z = 2
), H2O (m/z = 18), CH4 (m/z = 15, 16), and CO2 (m/z = 44)
and light hydrocarbons CnHm (hydrocarbons and fragments
with C atom number less than 4 outside CH4) during pyrol-
ysis of Jimsar oil shale.

According to Figure 3(a), the precipitation of H2 is obvi-
ously divided into two stages. The first stage occurs in the
temperature range of 400–545°C, and there are two intensity
peaks at 477 and 515°C, respectively. The second stage is
from 545 to 800°C, and the ion current intensity of H2 con-
tinues to increase. At this stage, H2 comes from the decom-
position of condensed aromatic and aromatic structures or
heterocyclic compounds [28, 29]. The temperature of H2
production is consistent with TG weight loss temperature,
which further shows that the pyrolysis and condensation
between small molecules first occur in the oil shale, releasing
H2. With the increase of temperature, sphere-like molecule
further reacts to release H2 or through H2O+CO2——CO
+H2 reaction to release H2. As shown in Figure 3(b), the
precipitation characteristics of H2O in the oil shale show
an obvious stage. Jimsar oil shale in the first stage of precip-
itation water is more obvious, mainly from the precipitation
of adsorbed water and gypsum dehydration in the sample;
the second precipitation peak appeared in the range of
410–500°C, and the peak intensity was less. The CH4 curve
of the Jimsar oil shale is shown in Figure 3(c), and there
are two stages of CH4 precipitation in the curve. The first
stage occurs in the temperature range of 400–573°C, and
there are two peaks at 480°C and 515°C, respectively. In
the second stage, the precipitation occurs in the temperature
range of 570–710°C, and the peak point corresponds to the
temperature of 671°C. In this stage, CH4 comes from the
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Figure 1: Experimental principle of TG-FTIR-MS.
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bond fracture between aromatic methyl or aromatic alkyl [8,
30] This corresponds to two peaks in the third stage of the
DTG curve. The reason for this result is that the organic
matter composition and structure of Jimsar oil shale are

complex, and the pyrolysis process needs to be decomposed
step by step at different temperatures. According to
Figure 3(d), the thermal desorption process of CO2 from
Jimsar oil shale shows two stages. The first stage is located
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Figure 3: Mass spectrogram of oil shale. (a) H2, (b) H2O, (c) CH4, (d) CO2, and (e) CnHm.
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in the temperature range of 454–550°C. In the interval, there
is an obvious indigenous strength peak at 513°C, and there is
a weak strength peak at 477°C. The strength peak near 477°C
is caused by the decomposition of aliphatic and aromatic
carboxyl groups in oil shale. With the increase of tempera-
ture, ether structure and oxygen-containing carbonyl func-
tional groups in oil shale are broken. In addition to some
escaping in the form of CO, some combine with oxygen
atoms to form CO2, thus generating the second precipitation
peak at 513°C. The second stage occurs in the range of 550–
715°C, and the peak width is large, which is mainly gener-
ated by the decomposition of minerals such as carbonate.
Hydrocarbons are the main products of oil shale pyrolysis.
The law of hydrocarbon substances (CnHm) from oil shale
pyrolysis is shown in Figure 3(e). Hydrocarbon organic mat-
ter in the whole pyrolysis process only in 400-542°C interval
appeared an obvious strength peak; the width is small, and
the peak is at 477°C (corresponding to the first peak of
CH4 precipitation). After 542°C, the ion current intensity
was significantly higher than that before the peak, indicating
that a small amount of CnHm light gas continued to
precipitate.

Summary of the above MS analysis found that after
550°C, whether CH4 or CnHm showed a sustained and slow
release trend, indicating that under the temperature condi-
tions, Jimsar oil shale organic matter in the continuous
cracking. The above MS analysis has high consistency with
the weight loss law and mineral composition in a TG analy-
sis of oil shale.

3.3. Experimental Results and Analysis Based on FTIR.
According to the FTIR absorption spectra of different gas
products, combined with the infrared analysis of oil shale
gas products and peak separation technology [9, 31, 32],
the characteristic absorption peaks of some gases and func-
tional groups in gas products are determined as listed in
Table 3.

The FTIR spectra of pyrolysis gas products are shown in
Figure 4. Combined with Figure 4 and Table 3, it can be seen
that the pyrolysis products of Jimsar oil shale mainly contain
CH4, CO2, H2O, and CnHm. In the range of 23–400°C, only
CO2 and H2O were detected in the infrared gas; at 450°C,
there were relatively obvious CnHm peaks at 2929 cm−1 and
2858 cm−1, respectively, and a large number of aliphatic
hydrocarbon gases were precipitated. At 500°C, the CnHm
intensity peak decreased significantly, while the H2O and
CO2 intensity peaks reached the maximum value in the
whole pyrolysis range, reflecting the obvious staged pyrolysis
characteristics of Jimsar oil shale, and each peak decreased at
550°C. The intensity peaks of H2O and CO2 at 600°C
reached the second peak in the heating range, mainly for
the decomposition of carbonate minerals such as dolomite
and calcite in oil shale to produce gas; the infrared spectra
after 600°C was mainly characterized by H2O and CO2,
which was consistent with MS and TG/DTG analysis.

The precipitation of H2O and CO2 in the pyrolysis pro-
cess of organic matter lags behind that of hydrocarbon gases,
which is due to the direct correlation between the pyrolysis
process of oil shale and the structure of kerogen. The kero-

gen is composed of polycyclic aromatic hydrocarbons with
different aromatization degrees and is connected by bridge
bonds such as carbon and ether oxygen, and there are a large
number of branched structures. Due to the different compo-
sitions of polycyclic aromatic hydrocarbons, the bond ener-
gies are different, and the pyrolysis temperatures are
inconsistent. The more stable the structure is, the more acti-
vation energy is needed and the higher the cracking temper-
ature is. In addition, as a homonuclear diatomic molecule,
the dipole moment does not change during vibration and
rotation, which is always 0, so there is no absorption peak
of H2 in the infrared [33], but this does not mean that there
is no H2 precipitation in the product. Additionally, after
500°C the peak at 3255 cm−1 of Jimsar oil shale was found
to have a low strength and peak width; the reason may be
due to the stretching vibration of O-H bond in the associa-
tion of alcohols and phenols. In the experiment, when the
organic matter of oil shale reaches the pyrolysis temperature,
a large number of compounds undergo complex chemical
reactions in a short period time, and some products have
similar FTIR spectra. Therefore, in addition to the above
gases with obvious aboriginal absorption peaks, the charac-
teristic spectra of more complex organic compounds in gas
products are not obvious.

4. Discussion

In these experiments, the pyrolysis of oil shale includes three
stages. In these stages, with the increase of temperature, a
series of physical and chemical reactions occur in the inter-
nal material of oil shale, and the material composition
changes, which will inevitably lead to changes in the pore
structure of oil shale.

In the first stage, due to the dehydration of adsorbed
water and gypsum in the oil shale, there is no significant
change in the overall oil shale at this time. When the crystal
water of gypsum is removed, the volume of gypsum in the oil
shale decreases, resulting in microcapillary pores. This is
consistent with the conclusion of Saif et al. [34] that the
porosity of 2μm voxel size does not change significantly
between 20°C and 380°C. And Jin et al. [35] and Meng
et al. [36] found that at low temperature (23-390°C), the
main reason of oil shale fracture is caused by thermal stress
and mineral water loss and thermal expansion without bind-
ing state produced more pores. Combined with the pyrolysis
experiment at 100–390°C, there is no obvious weight loss
phenomenon in oil shale. It is indicated that at this time,
the internal oil shale is mainly due to the different thermal
expansion coefficients of each component. The expansion
force of each component may lead to the expansion of the
original fracture and generate more pores.

In the second stage (390–527°C), the oil shale of Jimsar is
the main weight loss stage. In the in situ mining of oil shale,
shale oil and gas produced by oil shale pyrolysis will be
transported to the ground with the pores and cracks inside
oil shale. In this process, with the increase of temperature,
the softening or carbonization of organic matter in oil shale
will affect the pore structure parameters [37]. When the
organic matter is pyrolyzed, the high-maturity bitumen
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generated in stage I will block the pores and reduce the pore
surface area [38, 39] Entering stage II, the high-maturity
bitumen reacts twice to produce shale oil, which at the same
time leads to a strong fracture with the original bedding
structure of shale, leading to the expansion of pores and
higher pore connectivity [40]. And the violent release of vol-
atile substances will change the original pore surface of oil
shale, creating new pore volume and produce complex and
irregular pore structure. This is associated with Bai et al.
[41] who found that a large number of shale oil vapor and
fuel gas erupted rapidly, which will lead to the opening of
pores, and the increase in the number of micro, medium,
and large pores and the oil shale samples can clearly see
cracks and fractures by scanning electron microscopy at
400°C. This is consistent with Liu et al. [27] who found that
the thermal response mechanism of organic matter and
minerals in oil shale at each temperature stage is different
and affects the change of pore structure—at 350°C, the pore
shape changed significantly and began to thermal decompo-
sition. The pore volume, porosity, and specific surface area
(SSA) of oil shale samples increased rapidly with the change
of temperature from 350 to 600°C. It was also consistent
with the average porosity of the sample at 400°C as men-
tioned by Saif [42], which was 8.6%. As the temperature
increased to 500°C, the average porosity of the sample also
increased to 21.9%. Therefore, at this stage, with the sub-

stantial increase of pores, the production of oil and gas grad-
ually increases to the maximum.

In the third stage, the mineral composition in oil shale
changes. With the increase of temperature, the constraints
caused by different expansion rates of each component
increase. When the thermal stress reaches the yield strength
of oil shale material, more new cracks are formed and
extended along the boundaries of different grains. The width
and length of cracks increase significantly, and a certain
number of secondary cracks are generated at the edge of
the main crack. In addition, the temperature has a damage
effect on the crystal structure of quartz, and the α and β
phase transformation of quartz in oil shale is also conducive
to fracture propagation [41]. When the temperature is above
600°C, the decomposition of carbonate minerals such as
dolomite will produce a large amount of CO2, and the CO2
in the precipitation process will lead to a large number of
pores in oil shale. At the same time, due to the melting
and recrystallization of some clay minerals, there will be
cracks in the grid, which will even lead to the fracture and
collapse of the mineral skeleton.

5. Conclusions

Based on the mineral composition and TG-FTIR-MS analy-
sis of the Jimsar oil shale, the variation law of oil shale with

Table 3: Main absorption peaks of FTIR spectra of gas products from pyrolysis of oil shale.

Gaseous product Peak range (cm-1) Absorption peak-position (cm-1) Functional group Vibrational modes

CH4 3000 - 3024 3012 C-H Stretching vibrations

CO2
600-725

2240 - 2400
669
2360

C=O Stretching vibrations

H2O
4000-3500
1900 - 1300

3638, 3735
1508

O-H Stretching vibrations

CnHm 3000 - 2800 2929, 2858 C-H Stretching vibrations

0.15

0.10

0.05

0.00

Ab
so

rb
an

ce
 (%

)

1000 1500 2000 2500 3000 3500
Wavenumber (cm−1)

800
700

600
500

400

300

200

100

Te
m

pe
ra

tu
re

 (°
C)

CO2

CO2

H2O
H2O

CnHm
CH4

Figure 4: IR spectra of gas products in the process of Xinjiang oil shale pyrolysis.
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temperature as well as the pyrolysis characteristics and prod-
uct formation law of oil shale was found. And then discuss
the pyrolysis mechanism. Conclusions are as follows:

(1) According to the TG experiment, the mass loss and
loss rate of the experimental samples with the
increase in temperature were analyzed. The results
show that the TG/DTG curves of oil shale shows
three stages of weight loss: free water precipitation
stage, organic matter pyrolysis stage, and inorganic
mineral decomposition stage. The organic matter
pyrolysis stage is the main weight loss stage of oil
shale, and there are two weight loss peaks in the
DTG curve of Jimsar oil shale. In addition, organic
matter in Jimsar oil shale is still cracking in the third
stage

(2) Based on the MS and FTIR analysis of pyrolysis gas
products, it is determined that the pyrolysis gas
products of oil shale mainly include H2, H2O, CH4,
CO2, and CnHm. The products in each stage and
their relationship with temperature are closely
related to the kerogen metamorphic degree and inor-
ganic mineral composition of oil shale. The precipi-
tation of H2, CH4, and CnHm is mainly caused by
the pyrolysis of organic matter, and the production
of H2O and CO2 is related to the pyrolysis of organic
matter and the decomposition of carbonate minerals.
Besides, the precipitation of H2O in the low-
temperature section is also related to mineral water
absorption. In addition, it was found that the TG
reaction in the third stage of Jimsar oil shale con-
tained the degradation reaction of organic matter,
indicating that oil shale had a high degree of meta-
morphism, and thermal cracking of some fused ring
contained in it required higher temperature

(3) With the temperature increased, the pore structure
parameters of Jimsar oil shale changed. Before
390°C, the pore water in oil shale is mainly removed.
The inorganic minerals are slightly adjusted under
the action of thermal stress, and the pore structure
parameters change little. The temperature range,
390–527°C, is significantly affected by the pyrolysis
of organic matter, the pore pressure formed by oil
and gas products, and the thermal cracking of inor-
ganic minerals. The pore volume changes in the
527-800°C temperature range due to the decomposi-
tion of carbonate minerals, SiO2 phase transition,
and a small part of polycyclic aromatic hydrocarbons
cracking, as well as the fracture and collapse of a
mineral skeleton
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