
Research Article
Characteristics and Origin of Methane Adsorption Capacity of
Marine, Transitional, and Lacustrine Shales in Sichuan
Basin, China

Xianglu Tang ,1 Wei Wu,2 Guanghai Zhong,2 Zhenxue Jiang ,1 Shijie He,1 Xiaoxue Liu,1

Deyu Zhu,1 Zixin Xue,1 Yuru Zhou,1 and Jiajing Yang2

1State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum, Beijing 102249, China
2Shale Gas Research Institute, Southwest Oil & Gas Field Company, PetroChina, Chengdu 610000, China

Correspondence should be addressed to Xianglu Tang; tangxl@cup.edu.cn and Zhenxue Jiang; zhenxue_jiang@sina.com

Received 9 November 2020; Revised 27 November 2020; Accepted 8 April 2021; Published 21 April 2021

Academic Editor: Reza Rezaee

Copyright © 2021 Xianglu Tang et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Adsorbed gas is an important component of shale gas. The methane adsorption capacity of shale determines the composition of
shale gas. In this study, the methane adsorption capacity of marine, transitional, and lacustrine shales in the Sichuan Basin was
analyzed through its isothermal adsorption, mineral composition, water content, etc. The results show that the methane
adsorption capacity of marine (Qiongzhusi Formation and Longmaxi Formation), transitional (Longtan Formation), and
lacustrine (Xujiahe Formation and Ziliujing Formation) shales is significantly different. The Longtan Formation has the
strongest methane adsorption capacity. This is primarily related to its high organic matter and organic matter type III content.
The methane adsorption capacity of the lacustrine shale was the weakest. This is primarily related to the low thermal evolution
degree and the high content of water-bearing clay minerals. Smectite has the highest methane adsorption capacity of the clay
minerals, due to its crystal structure. The water content has a significant effect on methane adsorption largely because water
molecules occupy the adsorption site. Additionally, the temperature and pressure in a specific range significantly affect methane
adsorption capacity.

1. Introduction

As a clean fossil resource, natural gas has always been an
important energy source for the world’s industrial and
economic development. As one of the important types of
natural gas, shale gas is an abundant resource, and the
shale revolution has changed the global oil and gas supply
[1–3]. North America and China are the primary regions
of commercial shale gas development. In 2019, the pro-
duction of shale gas in the United States reached 7151 ×
108 m3, accounting for 62.0% of the total gas production,
the highest production in North America. China’s shale
gas production reached 154 × 108 m3 in 2019. The Sichuan
Basin is an important petroliferous basin where China’s
shale gas exploration and development has made the most
rapid progress and the earliest commercial development
[4, 5].

Shale gas is divided into adsorbed gas, free gas, and dis-
solved gas. Adsorbed gas and free gas are the primary forms
of shale gas [6]. Adsorbed gas is a popular focus of shale gas
research, largely because the control factors of adsorbed gas
are complex. According to the different adsorption forces,
adsorption can be divided into two types: chemical adsorp-
tion and physical adsorption. Physical adsorption is VDW
(Van der Waals’ force) adsorption, which is produced by
the interaction force between the adsorbate and adsorbed
molecules. It includes the dispersion force, electrostatic force,
and induction force. Physical adsorption is the principal type
of adsorption for shale gas [7].

Adsorbed gas and free gas codetermine the scale of shale
gas accumulation, and the dominant position of the two
changes with the accumulation conditions, shale, gas mole-
cules, etc. [8]. The adsorption starts quickly, and the
adsorbed gas molecules are then easily desorbed from the
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surface of the shale particles and enter the dissolved and free
phases. When the adsorption and desorption speeds are
equal, the adsorption reaches a dynamic equilibrium. With
the massive generation of natural gas, the internal pressure
of the shale rises, causing gaps and discharge, and free gas
enters the sandstone to form conventional gas reservoirs [9].

Unlike conventional gas reservoirs, shale has a high con-
tent of adsorbed gas [10, 11]. Therefore, it is necessary to
conduct a detailed study on the adsorption capacity of shale
to determine the various factors that affect its adsorption
capacity. The adsorption capacity of shale is primarily related
to the organic carbon content, mineral composition, reser-
voir temperature, formation pressure, shale water content,
gas component, shale density, and pore structure [12–16].
When the formation pressure is low, gas adsorption requires
a higher binding energy. When the pressure increases, the
required binding energy decreases, and the rate of increase

of the gas adsorption capacity declines [17]. Reservoir tem-
perature has a great influence on methane adsorption capac-
ity. The higher the temperature, the lower the methane
adsorption capacity. The shale gas in the Upper Jurassic Gor-
dondale Formation in northeastern Canada has a methane
adsorption capacity of 0.05–2.00 cm3/g at 60MPa and 30°C
[18]. Additionally, there is a positive relationship between
organic carbon content and methane adsorption capacity
[19]. While both clay minerals and kerogen adsorb gas,
the adsorption capacity of kerogen is stronger than that
of clay. Although the adsorption capacity of clay is rela-
tively weak, it still contains a large amount of gas and can-
not be ignored [20, 21]. Only when the water content is
large (higher than 4%) is the gas adsorption capacity of
shale significantly reduced, and the gas adsorption capacity
of samples saturated with water was 40% lower than that
of dry samples [18].
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Figure 1: Stratum characteristics and sampling locations in the Sichuan Basin. Shales are primarily developed in the Cambrian Qiongzhusi
Formation, the Ordovician Wufeng Formation, the Silurian Longmaxi Formation, the Permian Longtan Formation, the Triassic Xujiahe
Formation, and the Jurassic Ziliujing Formation. A total of 10 wells and 152 samples were selected for analysis.
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There are multiple sets of shale formations in the Sichuan
Basin, China. The occurrence status of marine shale, transi-
tional shale, and lacustrine shale gas is not clear, and the
influence of shale reservoir parameters and the external envi-
ronment on shale gas adsorption capacity has not been deter-
mined. The microscopic mechanisms of shale gas adsorption
have not been clarified, which hinders the understanding of
shale gas formation. Thus, we selected typical marine shale
(Qiongzhusi Formation with 27 samples, Longmaxi Forma-
tion with 54 samples), transitional shale (Longtan Formation
with 37 samples), and lacustrine shale (Xujiahe Formation
with 19 samples, Ziliujing Formation with 15 samples) in
the Sichuan Basin for methane adsorption capacity analysis
(Figure 1). In order to guide shale gas exploration and devel-
opment, the primary controlling factors of methane adsorp-
tion capacity were determined through the analysis of shale
composition, water content, temperature, and pressure.

2. Geological Setting

The Sichuan Basin is part of the Upper Yangtze Plate and is a
petroliferous basin surrounded by complex fold belts. There
are six sets of potential shale gas layers in the Sichuan Basin.
From old to new, they are the Lower Cambrian Qiongzhusi
Formation Shale, Upper Ordovician Wufeng Formation
Shale, Lower Silurian Longmaxi Formation Shale, Permian
Longtan Formation Shale, Triassic Xujiahe Formation Shale,
and Lower Jurassic Ziliujing Formation Shale. Among them,
the Lower Cambrian, Upper Ordovician, and Lower Silurian

are marine shale, the Permian is transitional shale, and the
Upper Triassic and Lower Jurassic are lacustrine shales.
These shales have reached the standard of effective gas
sources, especially the marine shale, which has many layers
and a wide distribution, and have entered a high and overma-
ture stage, with a higher gas generation rate [22–24].

The evolution of the Sichuan Basin goes through five
stages, namely, the Presinian basement formation stage, the
Sinian-Middle Triassic kratogen basin stage, the Late Triassic
foreland basin stage, the Early Jurassic–Late Cretaceous
depression basin stage, and the Cenozoic tectonic basin stage
(Figure 2). The Sinian-Middle Triassic is dominated by
platform-type marine carbonate rocks, interbedded with
transitional facies argillaceous sediments, with a thickness
of 4000–6000m. After the Indosinian period, seawater exited
the area resulting in a terrestrial environment [25]. The basin
began to enter the foreland and depression stages. The Upper
Triassic and above strata were dominated by clastic rocks
with a thickness of 2000–6000m.

The Qiongzhusi and Longmaxi Formation shales are a set
of deep-water shelf black carbonaceous shales [26]. The
Longtan Formation transitional shale is thick and has many
layers. The lithology is a set of shale strata with black shale
as the foundation and frequent interbeds of siltstone, lime-
stone, and coal seams. The sedimentary facies of the Triassic
Xujiahe Formation and the Lower Jurassic Ziliujing Forma-
tion are large-scale black shale strata of lacustrine deposits,
dominated by shore-shallow lake deposits, with a shale thick-
ness of 40–120m, and the distribution is stable. The primary
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Figure 2: Structural evolution and Stratigraphic histogram of Sichuan Basin. The Qiongzhusi Formation, Wufeng Formation, Longmaxi
Formation, Longtan Formation, Xujiahe Formation, and Ziliujing Formation shales are primarily developed in the Sichuan Basin.
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lithology is thin gray-black shale, siltstone, and thin green
marl. Climbing ripple bedding, wavy sand bedding, and hor-
izontal bedding are common sedimentary structures.

3. Experimental Methods

3.1. Methane Isothermal Adsorption. The detection equip-
ment used for methane isotherm adsorption is a ZJ466 HP
Static III magnetic levitation balance high-pressure gas
adsorption isotherm instrument. The resolution of the mag-
netic levitation balance is 0.01mg, the environmental condi-
tion is 23.5°C, and the maximum test pressure is 30MPa.
First, sample particles of 0.18–0.43mmwere placed in a sealed
chamber, and the methane adsorption was tested under differ-
ent pressures at a constant temperature. The weight change
recorded by the magnetic levitation balance was used to obtain
the mass of methane gas, calculate the shale adsorption char-
acteristic parameters according to the Langmuir theoretical

model, and draw the adsorption isotherm curve. Five sets of
shales with 152 samples were tested. Additionally, each com-
ponent of shale, including organic matter, quartz, feldspar,
carbonate minerals, smectite, illite/smectite, illite, and chlorite,
was tested for methane adsorption capacity.

3.2. Organic Matter Content, Type, and Maturity. Organic
matter content was tested using a C-S determining apparatus.
Dilute hydrochloric acid was used to remove the inorganic
carbon in the sample, and then it was burned in high-
temperature oxygen to convert the total organic carbon into
carbon dioxide. The organic carbon was checked by an infra-
red detector, and the total organic carbon content was deter-
mined. The sample was powdered with a particle size of less
than 0.2mm. The organic matter type was tested using a bio-
logical microscope with transmitted light and reflected fluo-
rescence functions to identify the microscopic components
of kerogen in shale and calculate the percentage of each

Table 1: Characteristics of shale in different formation in the Sichuan Basin.

Deposition
type

Formation
Number of
samples

Organic matter type
TOC
(%)

Ro
(%)

Quartz
(%)

Feldspar
(%)

Carbonate
minerals (%)

Clay
minerals

(%)

Lacustrine
shale

Ziliujing
Formation

13
Mainly type II1 and II2,

partly type III

0.7–
3.9
2.1

1.6–
1.8
1.7

15.3–
78.8
25.3

4.2–23.4
8.2

1.3–38.6
22.4

21.6–78.1
44.1

Xujiahe
Formation

17
Mainly type II1 and II2,

partly type III

0.7–
5.9
2.2

1.2–
1.5
1.3

12.1–
53.0
35.9

0.4–6.3
3.9

0.6–67.0
14.2

15.1–57.3
46.0

Transitional
shale

Longtan
Formation

35
Mainly type III, followed

by II2

0.5–
13.0
4.8

1.3–
2.0
1.6

10.9–
71.7
28.9

2.0–24.8
11.6

2.3–86.6
21.3

5.1–77.8
38.2

Marine shale
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Formation

52 Mainly type I, part II1
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5.6
1.8

2.1–
2.9
2.4

28.7–
76.3
42.2

4.2–19.3
9.8

8.3–33.3
16.7

26.7–53.0
31.3

Qiongzhusi
Formation

25 Mainly I, II1 type
0.9–
9.9
4.5
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Figure 3: Methane adsorption capacity of different types of shale. All 5 sets of shales have high methane adsorption capacity, among which
the Longtan Formation Shale has the strongest methane adsorption capacity, followed by the Qiongzhusi Formation and the Longmaxi
Formation.

4 Geofluids



microscopic component according to their different weight-
ing coefficients and calculate the type index and divide the
kerogen into four types: I, II1, II2, and III. The maturity of
organic matter was obtained by the vitrinite reflectance
method. Vitrinite reflectance refers to the percentage of the
intensity of the reflected light from the polished surface of
the vitrinite at a wavelength of 546 nm ± 5 nm. It is obtained
through the photoelectric effect principle by converting the
reflected light intensity into current intensity through a
photomultiplier tube and comparing it with the current
intensity generated by a standard sample with known reflec-
tivity under the same conditions.

3.3. Mineral Composition. The mineral composition was
obtained using an X-ray diffractometer. Each mineral crys-
tal has a specific X-ray diffraction pattern. The content of

a certain mineral in the sample is proportional to the
intensity of its diffraction peak. The test voltage was
40 kV, the current was 40mA, the target was Cu, and
the measuring angle range was 5°-70°. First, the sample
was dried at 60°C, and then the sample was crushed to
less than 40μm. The powder was placed on a frosted glass
plate, pressed to shape, and tested.

3.4. Humidity. Shales with different water contents were
obtained through a balanced water experiment and were
used to analyze the influence of water content on methane
adsorption capacity. During the equilibrium water experi-
ment, the moisture content in the sample principally
depends on the humidity of the environment. The higher
the relative humidity, the higher the water content in the
environment, and the higher the water content adsorbed
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in the sample pores, the higher the water saturation. Con-
versely, if the relative humidity of the environment is low,
the moisture in the sample will also evaporate. Therefore,
there is a one-to-one correspondence between the humid-
ity in the environment and the moisture content in the
sample. In order to get samples with different degrees of
saturation, different solutes were used. In this experiment,
five solutes, namely, zinc chloride, magnesium chloride,
sodium bromide, sodium chloride, and magnesium sulfate,
were selected, corresponding to samples with a humidity
of 11%, 33%, 55%, 75%, and 98%, respectively. The tem-
perature of the experiment was 30°C. Shale samples as well
as organic matter and single minerals such as smectite,
illite, chlorite, and kaolinite in the shale were tested.

4. Results

4.1. Characteristics of Shale. The geochemical characteristics
of shale in different strata in the Sichuan Basin are quite
different (Table 1). The total organic carbon (TOC) varies
widely, ranging from 0.4% to 13.0%. Generally, the
Qiongzhusi and Longtan formations have higher TOC
values, followed by the Longmaxi Formation, Xujiahe For-
mation, and Ziliujing Formation. The maturity, Ro, is
1.2%–3.6%, and the order of values is usually Qiongzhusi
Formation > Longmaxi Formation > Longtan Formation,
Xujiahe Formation, and Ziliujing Formation. There are
obvious differences in the types of organic matter. The
marine shales were primarily type I and II1, the transi-
tional shales were type III, and the lacustrine shales were
type II1 and II2. The marine shale is dominated by dark
shale, and its minerals are primarily quartz, clay, carbonate
minerals, and other types of minerals. The clay mineral

content in lacustrine shale is higher, with an average con-
tent of over 40%.

4.2. Methane Adsorption Capacity

4.2.1. Methane Adsorption Capacity of Shale under the Same
Humidity Conditions. The methane adsorption capacity of
the Qiongzhusi Formation is in the range of 1–4mL/g, with
an average of 2.87mL/g, indicating a high adsorption capac-
ity (Figure 3). The methane adsorption capacity of the Long-
maxi Formation is in the range of 1–4mL/g, with an average
of 2.38mL/g, also indicating a strong adsorption capacity.
The methane adsorption capacity of the Longtan Formation
is widely distributed, the peak value ranges from 1–4mL/g,
and there are many samples greater than 4mL/g, with an
average of 3.36mL/g, the strongest adsorption capacity. The
range of the methane adsorption capacity of Xujiahe Forma-
tion shale is 1–3mL/g, with an average of 2.19mL/g, indicat-
ing that the adsorption capacity of the Xujiahe Formation
shale is relatively weak. The range of methane adsorption
capacity of the Ziliujing group is 1–3mL/g, with an average
of 2.07mL/g, showing relatively weak adsorption capacity.
A comprehensive comparison shows that the Longtan For-
mation transitional shale has the strongest adsorption capac-
ity, followed by the Qiongzhusi Formation and Longmaxi
Formation marine shales, and the Xujiahe Formation and
Ziliujing Formation lacustrine shale have the weakest
adsorption capacity.

4.2.2. Methane Adsorption Capacity of Shale under Different
Humidity Conditions. Experiments on the methane adsorp-
tion capacity of shale under different levels of humidity, from
absolute drying to 98% humidity control, showed the
increase in water content reduced the methane adsorption

0

2

4

6

8

10

0 2 4 6 8 10 12 14

M
et

ha
ne

 ad
so

rp
tio

n 
ca

pa
ci

ty
 (m

L/
g)

TOC (%)

Qiongzhusi
Longmaxi
Longtan

Xujiahe
Ziliujing

Figure 6: Relationship betweenmethane adsorption capacity and TOC of different types of shale. With the increase of TOC content, methane
adsorption capacity increases gradually. After TOC > 0:4%, the increase range decreases.

6 Geofluids



capacity of shale (Figure 4). When the humidity increases to
98%, the shale adsorption capacity drops from 4.90mL/g to
1.35mL/g, and the adsorption capacity of the dry sample
drops to 28%.

4.2.3. Methane Adsorption Capacity of Different Shale
Components. Testing the methane adsorption capacity of a
single component of shale shows that the methane adsorp-
tion capacity of different components varies greatly. The
adsorption capacity of organic matter was the strongest,
reaching 48mL/g. Among the clay minerals, smectite has
the strongest adsorption capacity, followed by illite/smectite,
kaolinite, chlorite, and illite. Brittle minerals such as quartz
and feldspar have the weakest methane adsorption capacity,
with an average of only 0.2mL/g (Figure 5). Therefore, the
difference in methane adsorption capacity of different com-

ponents jointly determines the methane adsorption capacity
of shale.

5. Discussion

5.1. Shale Components

5.1.1. Organic Matter Content. The methane adsorption
capacity of the five sets of shales shows a significant positive
correlation (nonlinear) with organic matter content, but the
correlation coefficients of the five sets of shales are different
(Figure 6). When TOC < 4%, the adsorption capacity was
positively correlated with organic matter. When TOC > 4%,
the adsorption capacity did not increase significantly with
the increase in organic matter, indicating that the adsorption
capacity had a certain upper limit. Therefore, the organic car-
bon content is an important factor in controlling shale gas
adsorption. The increase in organic carbon content will
improve the methane adsorption capacity of shale for two
primary reasons: first, the shale with a higher organic carbon
value has a greater gas potential, so it has a higher gas content
per unit volume of shale. Second, owing to the characteristics
of kerogen, micropores can be developed, the surface is oil-
wet, and the adsorption capacity of gaseous hydrocarbons is
relatively strong. At the same time, the dissolution of gaseous
hydrocarbons in amorphous and structural-matrix bitumi-
nites has a nonnegligible contribution [27]. In the five sets
of shales, the Qiongzhusi and Longtan formations tend to
have higher TOC levels to match their strong shale gas
adsorption capacity.

The Sichuan Basin shale has similar adsorption charac-
teristics to the North American shale, and its organic carbon
content is positively correlated with methane adsorption
capacity [28, 29]. However, the shale in Sichuan shows a
stronger methane adsorption capacity. The methane adsorp-
tion capacity of shales in Sichuan and shales in North Amer-
ican can be up to three times worse. The Sichuan Basin shale
TOC is about 3 times as high as that of the North American
shale, which is more favorable for gas adsorption (Figure 7).

This may be related to the type and maturity of organic
matter. The organic matter of the Longtan Formation,
Xujiahe Formation, and Ziliujing Formation shales in the
Sichuan Basin are primarily composed of types II and III,
which have strong adsorption capacity. This is because the
III kerogen type, relative to the I and II kerogen, has a high
content of aromatic hydrocarbons and enhances the adsorp-
tion capacity of shale [30]. Additionally, the vitrinite relative
to the other ingredients has a stronger adsorption ability, and
III kerogen contains a higher concentration of vitrinite, thus,
enhancing the adsorption ability of the shale. The Longmaxi
and Qiongzhusi shales, of the same organic type as North
American shales, are highly thermally evolved with more
developed organic pores, leading to increased adsorption
capacity [4, 28, 31].

5.1.2. Organic Matter Maturity. The relationship between the
adsorption capacity and maturity of the five shale formations
in the Sichuan Basin shows that when Ro < 3%, the methane
adsorption capacity per TOC of each formation gradually
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increases with an increase in maturity (Figure 8). The
Qiongzhusi Formation Ro is greater than 3% with relatively
high maturity and showed a gradual decrease in methane
adsorption capacity per TOC as maturity increased. The
adsorption capacity per TOC of shale in the Longmaxi For-
mation was significantly higher, which may be related to its
appropriate thermal evolution degree (2% < Ro < 3%).

The effect of maturity on shale adsorption capacity is pri-
marily influenced by the development of organic matter
pores. With the increase in maturity, the methane adsorption
capacity of shale increases [32]. Under similar conditions of
organic matter content and type, the methane adsorption
capacity of overmature shale was higher than that of the high
mature shale. The reason for this is that the increase in matu-
rity creates more organic pores in shale, thus, producing

more micropores and mesopores and increasing the methane
adsorption capacity of shale. When the maturity is too high,
the adsorption capacity and maturity will be negatively corre-
lated, and the methane adsorption capacity decreases.

5.1.3. Clay Minerals. Using the methane adsorption capacity
of organic matter and minerals and the composition content
of shale, the contribution of each shale component to the
methane adsorption capacity of shale as a whole can be calcu-
lated. According to theoretical calculations, 3.0% TOC,
26.6% clay minerals, and 67.4% brittle minerals represent a
typical composition of the shales in the Longmaxi Formation
[33]. In each gram of shale, organic matter can absorb 2.9mL
methane, and clay minerals can absorb 0.7mL methane,
accounting for 19.4% of the total amount of adsorbed gas
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(Figure 9). Therefore, the methane adsorption capacity of
clay minerals cannot be ignored. The clay minerals in shale
primarily consist of illite, smectite, illite/smectite, kaolinite,
and chlorite. Because the clay mineral content, chemical
characteristics, and pore structure are different, they contrib-
uted differently to the absorption ability of shale. The Missis-
sippi shale shows that illite has the largest specific surface
area, followed by smectite, and kaolinite is the smallest [34].
Under dry conditions, the adsorption capacity of clay min-
erals is consistent with the order of the specific surface area,
and the order of clay minerals gas adsorption capacity is
smectite > kaolinite > illite. The methane isothermal adsorp-

tion experiment was performed on dried samples of each sin-
gle mineral at 65°C, and the adsorption capacity of clay
minerals was obtained in the order of smectite > illite/
smectite > kaolinite > chlorite > illite [35].

5.2. Water Content. Hydrophilicity is an important charac-
teristic of clay minerals [36]. Clay minerals have different lat-
tice structures and different water-absorbing swelling
capabilities. Smectite has the strongest water swelling proper-
ties and is stronger than both illite and kaolinite. This is
because the traction between the oxygen layers in the smec-
tite crystal layer is very small, and the water molecules easily
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fit between the layers, which causes the crystal layer expan-
sion to follow the vertical plane. At the same time, a small
part of Si4+ in the tetrahedral layer of the crystal lattice is
replaced by Al3+, P5+, etc., and the octahedral layer is often
replaced by Mg2+, Fe3+, Zn2+, Li+, etc. This increases the dis-
tance between the crystal layers and allows more water mol-
ecules to enter the crystal layers, causing the mineral to
expand. The crystal structure of illite is similar to that of
smectite. The difference is that the hydration ability of illite
is small, making it difficult for water molecules to enter
between the layers and for illite to expand. The presence of
hydrogen bonds between the kaolinite crystal layers makes
the cells tightly connected, thus, limiting the entrance of
water molecules. The results of a quantitative study on the
water absorption capacity of the mineral component of the
shale of the Xujiahe Formation in the Sichuan Basin show
that the water absorption capacity is highest in smectite,
followed by illite, chlorite, kaolinite, and kerogen. At the
same time, according to the water content at various levels
of humidity, the corresponding water content can be calcu-
lated, and then, by combing the porosity, the water saturation
can be calculated (Figure 10).

After the clay minerals absorb water, the surface adsorp-
tion sites are occupied by water molecules, reducing the
adsorption capacity of the clay minerals [37]. At the same
time, because clay minerals have the characteristics of water
swelling, the increase in the interlayer spacing during expan-
sion reduces the pore volume and connectivity, reducing the
space for free gas of clay minerals. The relationship between
the adsorption capacity and water saturation of shale in dif-
ferent layers in the Sichuan Basin shows that the adsorption
capacity of lacustrine shale, such as the Xujiahe Formation
and the Ziliujing Formation, has decreased the most signifi-
cantly due to the abundance of clay minerals (Figure 11).

5.3. Temperature and Pressure. In addition to the surface
properties of shale, the adsorption capacity of shale is
affected by temperature and pressure [38, 39]. At a con-
stant temperature, the adsorption gas content of the same
sample increases with an increase in pressure, which also
proves that there is a positive correlation between pressure
and adsorption capacity. However, it can be seen from the
shape of the adsorption curve that the increase in pressure
has a limited effect on the content of adsorbed gas
(Figure 12). In the beginning stage (pressure increases
from 0 to 5MPa), the increase in pressure has the most
obvious effect on the content of adsorbed gas, and the
slope of the curve is larger. After that, the increase in pres-
sure caused the content of adsorbed gas to increase more
slowly. After the pressure increased to 10MPa, the influ-
ence of pressure on the amount of adsorbed gas in shale
was significantly reduced, and the amount of adsorbed
gas remained fundamentally unchanged; the control effect
of pressure on the content of adsorbed gas gradually dis-
appeared (Figure 12). When the pressure is low, the gas
adsorption needs to reach a higher binding energy, and
the adsorption gas content increases with the pressure.
When the pressure increases continuously, the required
binding energy decreases continuously, and the gas
adsorption rate decreases accordingly [31]. For the same
sample under the same pressure, a decrease in temperature
causes a higher adsorption content. Specifically, when the
temperature increases from 20°C to 40°C, the slope of
the adsorption capacity decline is evident. When the tem-
perature exceeds 40°C, the amplitude of the decrease grad-
ually lessens (Figure 12). This is because gas adsorption is
an exothermic process. As the temperature increases, the
exothermic process is suppressed and the amount of
adsorbed gas decreases.
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6. Conclusion

(1) The five sets of shales had different methane adsorp-
tion capacities and the order was Longtan
Formation > Qiongzhusi Formation and Longmaxi
Formation > Xujiahe Formation and Ziliujing
Formation

(2) The methane adsorption capacity was positively cor-
related with TOC, while negatively correlated with
humidity. And in a specific range, it was positively
correlated with pressure, while negatively correlated
with temperature

(3) The methane adsorption capacity first increased and
then decreased as maturity increased. For clay min-
erals, the methane adsorption capacity of smectite
was the highest, followed by illite/smectite, kaolinite,
chlorite, and illite. While the brittle minerals such as
quartz and feldspar had the weakest adsorption
capacity for methane
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