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In this work, the methane desorption isothermal curves at different water contents on deep sampled fromWestern Chongqing of
China were measured at pressures up to 65MPa and at 130°C by the volumetric method. In the first instance, the desorption
increases with the decrease of pressure, the adsorbed gas desorbs slightly with decreasing pressures from 65 to 30MPa. When the
pressure drops to 30–20MPa, the desorption rate increases rapidly with the decrease of pressure and the desorption curve begins
to separate from the adsorption curve, resulting in desorption hysteresis. At last, when the pressure is lower than 20MPa, the
desorption increases almost linearly with the further decrease of pressure, but eventually there will be some adsorbed gas which
cannot be desorbed to form residual adsorbed gas. After that, the isotherm desorption data of CH4 was fitted using the improved
desorption model. )e fitting results showed that the improved desorption model can be used to describe the desorption process
of deep shale gas containing water and has a strong applicability. In addition, the critical desorption pressure increases with
increasing water content. When the water content is lower than 1%, the effect of the water content on the desorption of deep shale
gas increases rapidly with increasing water content, as well as when the water content is greater than 1%, the impact
changes slowly.

1. Introduction

)e geological shale gas resources in China are 123×1012m3,
of which the amount of resources that can be exploited using
the current technology is 21.84×1012m3 [1], and the deep
shale gas resources at depths of over 3500m account for
more than 65% of the total resources [2]. )e shale gas
resources in China’s Sichuan Basin and its surrounding areas
account for 46.56% of China’s shale gas geological resources
[3], of which deep shale gas accounts for more than 69% [4].
)erefore, in recent years, the proportion of deep shale gas
exploration and development work in China has gradually
increased and has achieved certain results [5].

In shale reservoirs, gas is mainly stored in the form of
adsorbed gas, free gas, and dissolved gas [6], and the
adsorbed gas usually accounts for 20–85% of the total gas
[7, 8]. In the early stage of exploitation, free gas is used as the

main gas source and is rapidly exploited. And, massive
desorption in the adsorbed gas in the reservoir when the
reservoir pressure drops to a certain extent [9]. Conse-
quently, it is of great significance to investigate the de-
sorption law of CH4 in shale to evaluate the exploitation
potential and for the productivity prediction of shale gas
[10, 11]. However, the desorption of shale gas is affected by
many factors such as temperature, pressure, and water
[12, 13]. During the process of fracturing transformation, the
reservoir’s water content increases because of the large
amount of fracturing fluid retained [14], and the original
water content state is disrupted. )e entry of the fracturing
fluid leads to a change in the desorption of shale gas during
depressurization [15]. Most researchers have studied the
influence of the water content on shale gas adsorption. For
example, Zhang [16] tested the adsorption of water-bearing
shale gas under the experimental conditions of 30°C and
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50°C and 0–25MPa by improving the volumetric method,
and it is found that the maximum adsorption capacity
decreases with the increase of water content. Yang et al. [17]
measured the isothermal adsorption curves of water-bearing
shale gas at 20°C and 85°C and at 0–30MPa using the
volumetric method. In 2018, Shen et al. [18] measured the
adsorption curve of shale gas at 95.6°C and 50MPa. It was
found that the fitting error of the Langmuir model was
greater when the pressure was higher than 25MPa. Duan
et al. [19] studied shale samples from the Longmaxi For-
mation in the Sichuan Basin, China. )ey measured the
isothermal adsorption curves of shale gas at a maximum
pressure of 50MPa using the volumetric method. Under
different pressures, the pore structure will also change,
which will affect the desorption and flow of gas [20, 21]. )e
pressure of deep shale reservoir is generally higher than
60MPa, and the average formation temperature is about
130°C [22]. However, the temperature and pressure con-
ditions of the existing experimental studies are not con-
sistent with the conditions in deep shale gas reservoirs. In
addition, there are few studies which focus on the shale gas
desorption under the water content condition.

In this study, isothermal desorption experiments were
conducted on shale samples under temperature up to 130°C
and gas pressure up to 65MPa. In addition, combining
these experiments and an improved desorption model
based on the D-A model and the gas-solid adsorption
model in a tube pore system, the desorption law and de-
sorption model of shale samples with different water
contents under high-temperature and high-pressure con-
ditions were studied.

2. Theories

2.1. D-A Model. )e D-A (Dubinin–Astakhov) model
[23, 24] is suitable for describing the adsorption and de-
sorption of shale gas under high-temperature and high-
pressure conditions [22]. In this work, the D-A model
(equation (1)) was improved to describe the desorption of
deep shale gas under different water content conditions:

Vad � V0 exp −
RT
E

ln
P0

P
􏼒 􏼓􏼢 􏼣

k⎧⎨

⎩

⎫⎬

⎭, (1)

where Vad is the absolute adsorption capacity of the ad-
sorbent (m3/t), V0 is the maximum adsorption capacity of
the micropores (m3/t), E is the characteristic energy of the
adsorption (J/mol), R is the gas constant (8.314 J/(mol·K)), T
is the temperature (K), P0 is the saturated vapor pressure
(MPa), P is the test pressure of experimental (MPa), and k is
the coefficient of the distribution of the adsorption potential
on the adsorbent surface (taken as 2–6).

Because the temperature and pressure of the experiment
are higher than the critical temperature and pressure of the
CH4, the adsorption of shale gas was supercritical adsorp-
tion, and the saturated vapor pressure had no practical
physical significance, so the virtual saturated vapor pressure
(P0) (equation (2)) was used to replace the saturated vapor
pressure (P0) [25]:

P
0

� Pc

T

Tc

􏼠 􏼡

m

, (2)

where P0 is the virtual saturated vapor pressure (MPa), Pc is
the critical pressure of methane (4.59MPa), Tc is the critical
temperature of methane (190.56K), and m is the adsorption
system coefficient.

2.2. Desorption Model considering Water Content.
According to research from Li et al. [26], the water molecules
adsorbed on the surface of porous media will form a water
film. )e gas-solid adsorption of circular pores is used to
simulate the adsorption state of gas in the actual matrix
pores. If only the adsorption between gas and solid is
considered. )e specific model is described as follows.

Assuming the water molecules coverage on the pore wall
at θw, then

0≤ θw ≤ 1. (3)

)us, as can be seen from Figure 1(a), the water molecules
completely cover the surface of the pore. When the gas-liquid
adsorption is not considered, the gas is completely in the free
state. It is assumed that the saturation of the pore water is the
critical water saturation Scv, and thus, the water saturation in
the pores can be expressed by equation (4). As can be seen from
Figure 1(b), if the water molecules do not completely cover the
surface of pore of the matrix, then the water saturation is set as
Sw, and thus, the water saturation can be expressed by equation
(5). )en, by transforming equations (4) and (5) [27], the
relationship between the water saturation and the water
coverage in the nanopores is obtained using equation (6).)en,
the relationship between the actual adsorption capacity V0 and
the maximum adsorption capacity V1 and the surface coverage
θw of the water can be expressed by equation (7):

Scv �
r
2

− (r − 0.4)
2

r
2 , (4)

Sw � Scvθw, (5)

θw � Sw · S
− 1
cv � Sw

r2 − (r − 0.4)2

r2
􏼢 􏼣

− 1

, (6)

V0 � 1 − θw( 􏼁V1. (7)

By combining equations (1), (2), and (7), the desorption
model (equation (8)) for deep shale gas-containing water
considering the influence of water was obtained:

Vad � 1 − θw( 􏼁V1 exp −
RT
E

ln
Pc T/Tc( 􏼁

m

P
􏼠 􏼡􏼢 􏼣

κ

􏼨 􏼩. (8)

In the depressurization and desorption of the adsorbed
gas, the amount of adsorbed gas decreases gradually. In fact,
the amount of desorption in each pressure stage is the
difference in the adsorption capacities at the two pressure
points. In actual production, when the residual pressure is
reached, the adsorbed gas in the reservoir cannot be
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completely desorbed. )erefore, the parameter Vc is in-
troduced here, which is the quantity of adsorbed gas under
the residual pressure [28]. Based on the conversion from
adsorption to desorption in the Langmuir isothermal ad-
sorption model [11], equation (8) was amended to

Vad � 1 − θw( 􏼁V1 exp −
RT
E

ln
Pc T/Tc( 􏼁

m

P
􏼠 􏼡􏼢 􏼣

κ

􏼨 􏼩 + Vc, (9)

where r is the pore radius of the matrix (nm) and V1 is the
maximum adsorption capacity of the gas at θw � 0 (m3/t).

3. Experimental Section

3.1. Shale Sample Preparation. Shale outcrop rock samples
were collected from theWufeng and Longmaxi Formations in
Western Chongqing and were prepared according to the coal
sample preparation method GB/T474 [29]. An ST-E200 table
jaw crusher was used to crush the shale samples, and the
30–80 mesh powder was screened out. )en, the powder was
dried in a constant temperature oven at 80°C for 48 h. )e
preparation of balanced water samples was conducted
according to Section 6.3 of standard GB/T19560-2008. )e
water-bearing shale samples with different water contents
were prepared using supersaturated NaCl solution
(RH� 0.75, where RH is the relative humidity of the air, which
refers to the ratio of the vapor pressure of water in the air to
the saturated vapor pressure of water at the same temperature
and pressure) and supersaturated K2SO4 solution (RH� 0.98).
)e equilibrium water content is the ratio of the mass in-
crement of the sample after equilibrium water to the mass of
the sample after equilibrium water, and the basic information
about the samples after preparation is presented in Table 1.

3.2. Experimental Instruments and Testing Principles. )e
isothermal desorption experiment of deep shale gas was carried
out using an IAA-1020 shale isothermal adsorption instrument
(Figure 2). )e pressure sensor used in the experiment was a
high-temperature resistant sensor (Honeywell, American,

model TJE, range: 0–100MPa and accuracy: ±0.001) and the
PT100 temperature sensor (Shiye instrument, China, model
WZP-035, range: − 50–200°C and accuracy: ±0.1°C). In this
study, the isothermal adsorption and desorption experiments
were conducted at 130°C and 65MPa, and single component
methane was used as the adsorption phase.

Testing principle: before adsorption equilibrium, the
amount of free gas in the reference cylinder was expressed by
equation (10), the amount of free gas in the sample cylinder
was expressed by equation (11), and the volume of free space
was expressed by equation (12). After adsorption equilib-
rium, the total amount of free gas in the free space was
expressed by equation (13):

nc �
PcVc

ZcRTc

, (10)

ny �
PyVy

ZyRTc

, (11)

Vz � Vc + Vy, (12)

nB �
PBVZ

ZBRTB

. (13)

)erefore, after the ith pressurization, the adsorption gas
increment was expressed by equation (15):

Δni � nci + nyi − nBi, (14)

Δni �
PciVc

ZciRTci

+
PyiVy

ZyiRTci

−
PBiVZ

ZBiRTBi

. (15)

)en, the total amount of gas adsorbed measured for the
ith pressurization was expressed by

ntoal � 􏽘
i

i�1
Δni. (16)

Adsorbed water 
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Figure 1: Diagram of gas-solid adsorption in the pores of a circular tube. (a) Water molecules completely cover the pore wall. (b) Water
molecules do not completely cover the pore wall.
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During the desorption, the total amount of gas de-
sorption measured at the jth time was expressed by

nde � nall − ntoal. (17)

At present, the adsorption capacity of shale gas measured
using the volumetric method or the gravimetric method is
defined as the excess adsorption capacity (it can be directly
measured by the gravimetric method or the volumetric
method, which is the adsorption capacity of the actual
adsorption phase density minus the gas phase density), and
there is a large deviation in the absolute adsorption capacity
at high pressures [30]. Researchers usually assume that the
density and volume of the adsorption phase [31, 32], and
then, the absolute adsorption capacity is calculated using the
relationship between the excess adsorption capacity and the
absolute adsorption capacity. However, the former requires
that the density of the adsorption phase remain unchanged
after adsorption saturation, while the latter requires that the
volume of the adsorption phase remain unchanged after
adsorption saturation. However, as the pressure changes, the
adsorption capacity will inevitably change, and the density
and volume of the adsorption gas will also change.)erefore,
there are great limitations and deviations when calculating
the absolute adsorption capacity (actual adsorption capacity
of the solid-gas adsorption system) by assuming that the
density and volume of the adsorption phase must be the
same.

In this study, the free space volume (in the confined
space for adsorption desorption experiment, except the
volume occupied by the sample skeleton, the remaining
space is the free space volume) at every two adjacent test

pressure points in the experiment was modified using the
method of Li et al. [13]. It was assumed that the sum of the
molecular volumes of the adsorbed gas at the previous
pressure point of each pressure stage was the free space
volume occupied by the adsorbed gas, and then, the free
space volume at each pressure point was corrected. )e
specific amendments are as follows. )e free space volume
VZ1 of the first test point is the exact value (VZ1 is mea-
sured by using inert gas helium, which is not adsorbed by
rock samples, so the measured free space volume is the
accurate value), and the free space volume Vzi of the next
test point is the free space volume VZ1 of the first test point
minus the absolute adsorption capacity Vi− 1 under the
previous test pressure. It is expressed by equations (18)
and (19):

VZi � VZ1 − Vi− 1, i> 1, (18)

Vi− 1 � ni− 1 × NA × Vmethane. (19)

Equation (15) can be amended to

Δni �
PciVc

ZciRTci

+
Pyi VZi − Vc( 􏼁

ZyiRTci

−
PBiVZi

ZBiRTBi

, (20)

where Pci is the initial pressure of the reference cylinder at
the ith point (MPa), Pyi is the initial pressure of the sample
cylinder at the ith point (MPa), PBi is the balance of the
overall pressure at the ith point (MPa), Tci is the initial
temperature at the ith point (K), TBi is the temperature at
the end of the pressure balance at the ith point (K), Zci is the
gas compression coefficient at temperature Tci at the ith
point, ZBi is the gas compression coefficient at the equi-
librium temperature TBi, Vc is the reference cylinder
volume (cm3), Vy is the sample cylinder volume (cm3), VZ

is the volume of the free space (cm3), nci is the initial
quantity of free gas in the reference cylinder at the ith point
(mol), nyi is the initial quantity of free gas in the sample
cylinder at the ith point (mol), nBi is the amount of free gas
after equilibrium at the ith point (mol), Δni is the change in
the adsorbed gas after a single pressure swing (mol), ntoal is
the total adsorption gas at the ith pressure point (mol), nde

is the total amount of desorption measured for the jth time
in the desorption (mol), nall is the total adsorption capacity
at the highest test pressure (mol), ni− 1 is the quantity of the
substance of the real adsorption capacity at the (i− 1)th
point (mol), nA is Avogadro’s number (6.0221 × 1023
mol− 1), and Vmethane is the molecular volume of methane
(3.75946 ×10− 23m3).

Table 1: Basic information about the shale samples.

Sample number Sample test quality (g) Test temperature (°C) Horizon Equilibrium water content (%)

GBW-1
121.613 130

Wufeng formation
0

121.857 130 0.71(RH� 0.75)
122.506 130 2.87(RH� 0.98)

LZX-1
133.144 130

Longmaxi formation
0

133.416 130 0.57(RH� 0.75)
134.143 130 2.53(RH� 0.98)

Data acquisition 
system Constant 

temperature oil 
bath system

Air 
supply 
system

Figure 2: Shale high-temperature and high-pressure isothermal
adsorption instrument.
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3.3. Experimental Steps

3.3.1. System Air Tightness Test. )e system temperature was
stabilized at a predetermined testing temperature. )en, the
reference cylinder and the sample cylinder were filled with
He. )e pressure was slightly higher than the highest test
pressure. )en, the gas injection valve and balance valve
were closed. Real-time acquisition of the pressure data for
the sample cylinder and reference cylinder was collected. If
the pressure change within 6 hours did not exceed 1% of the
initial pressure, the airtightness of the closed system is
determined to be good. If the air tightness was good, the gas
was vented; otherwise, the leakage points were identified and
the air tightness was retested.

3.3.2. Free Space Volume Test. Based on Boyle’s law, the
inert gas helium was used to test the volume of the free space
in the closed container after placing the shale sample inside.
If the error of each test was within ±0.1 cm3, then the average
value was taken as the final volume of the free space.

3.3.3. Desorption Experiment. According to the test method
for shale methane isothermal adsorption (revised in
GBT35210.1-2017 shale methane isothermal adsorption
determination method, Part 1: volumetric method) [33],
high-temperature and high-pressure isothermal desorption
experiments on methane with different water contents were
carried out using a high-temperature and high-pressure
isothermal adsorption apparatus. Desorption began at the
last pressure point in the adsorption.)e adsorption process
included pressurization equilibrium and depressurization
[34], and the specific experimental process is as follows:

① )e balance valve and vent valve were closed, the gas
injection valve was opened, andmethane was injected
into the reference cylinder.)e pressure was adjusted
to the designed initial pressure, and the pressure and
temperature data for the reference cylinder and the
sample cylinder were recorded after the pressure
stabilized (the stable time was at least 1 hour).

② )e balance valve was opened to allow the methane
gas in the reference cylinder enter the sample cyl-
inder. After the overall pressure was balanced (the
balance time was at least 4 h), the pressure and
temperature data for the reference cylinder and the
sample cylinder were recorded.

③ )e pressure was changed from low to high, and steps
① and ② were repeated until the end of the last
pressure point test.

)e desorption process included depressurization
equilibrium and depressurization [34]:

① )e balance valve was closed, the vent valve of the
reference cylinder was opened, some of the gas in the
reference cylinder was released, the vent valve of the
reference cylinder was closed, and the pressure and
temperature data for the reference cylinder and the

sample cylinder were recorded after the pressure was
balanced (the stable time was at least 1 hour).

② )e balance valve was opened and the system
pressure was allowed to balance (the balance time was
at least 4 h). )e pressure and temperature data for
the reference cylinder and the sample cylinder were
recorded.

③ )epressure was changed from high to low, and steps
① and ② were repeated until the end of the last
pressure point test.

④ )e valve of the methane cylinder was closed, the
experiment was finished, and the gas in the system
was vented.

4. Experimental Results and Discussion

4.1. Isothermal Adsorption Desorption Curves. )e modified
isothermal adsorption desorption curves are shown in
Figures 3 and 4. As can be seen from the modified isothermal
adsorption desorption curve, as the pressure increased, the
adsorption capacity gradually increased, which conforms to
the type I isothermal adsorption curve. When the pressure
exceeded 30MPa, the adsorption capacity increased slowly
and stabilized.

According to the isothermal adsorption desorption
curves in Figures 3 and 4, the adsorption and desorption of
shale gas are not reversible processes, which is consistent
with the conclusions of previous studies [35, 36]. During the
desorption, when the pressure decreased to the critical
desorption pressure, a large amount of adsorbed gas began
to desorb. Under the same pressure difference, the amount
of desorption during the depressurization process was lower
than that during the pressurization process. For example,
when the pressure increased from 20MPa to 30MPa, the
increment of the adsorbed gas was about 1.0 cm3/g, but
when the pressure decreased from 30MPa to 20MPa, the
increment of the desorbed gas was about 0.4 cm3/g. )e
increment of desorbed gas was obviously lower than that of
the adsorbed gas, and the curve of the desorbed gas does not
coincide with that of the adsorbed gas, and there is a lag in
the gas desorption, so the adsorption and desorption cannot
be the same.

In the early stage of shale gas production, the main gas
source is free gas. With the rapid recovery of free gas, the
reservoir pressure decreases rapidly, the adsorbed gas
gradually begins to desorb, and the adsorbed gas begins to be
the main gas supply source. At present, the mathematical
model used to describe the change in the desorption law of
deep shale gas mostly adopts the isothermal adsorption/
desorptionmodel fitting at a lower temperature and does not
strongly consider the influence of the water cut, and then, it
evaluates the production and productivity of deep shale gas,
which will produce a large deviation from the actual situ-
ation [37]. )erefore, it is very important to establish a
desorption model suitable for describing the desorption of
deep shale gas containing water to accurately predict the
production and productivity of deep shale gas containing
water.
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4.2.ModelFitting. In this study, the relationship between the
water saturation and water content was determined from the
porosity, water saturation, rock volume, rock density, and
water density of the shale samples analyzed. )e absolute
amounts of desorption from shale samples GBW-1 and
LZX-1 with different water contents under high-tempera-
ture and high-pressure conditions were measured and

corrected using the free space volume, and the results were
fitted using the desorption model (equation (9)) and
MATLAB. For convenience, m � 2 was only used to fit the
data for the desorption. )e fitting results are as follows.

From the fitting shown in Figures 5 and 6, it can be seen
that when the pressure reached 20–30MPa, the adsorbed gas
began to desorb at 130°C; the higher the water content, the
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Figure 3: Isothermal adsorption desorption curves of shale sample GBW-1 under different water contents after volume correction.
(a) Adsorption curve. (b) Desorption curve.

Adsorption curve-dry sample
Adsorption curve-water content 0.57%
Adsorption curve-water content 2.53%

10 20 30 40 50 60 700
Pressure (MPa)

A
ds

or
pt

io
n 

ca
pa

ci
ty

 (c
m

3 /g
)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

(a)

Desorption curve-dry sample
Desorption curve-water content 0.57%
Desorption curve-water content 2.53%

Desorption lag

10 20 30 40 50 60 700
Pressure (MPa)

A
ds

or
pt

io
n 

ca
pa

ci
ty

 (c
m

3 /g
)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

(b)

Figure 4: Isothermal adsorption desorption curves of shale sample LZX-1 under different water contents after volume correction.
(a) Adsorption curve. (b) Desorption curve.
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greater the critical desorption pressure (the pressure at which
the adsorption capacity reaches the maximum during the
adsorption process) of the adsorbed gas. According to the
fitting data presented in Table 2, the fitting degree of the
desorption model and the experimental data is 98% on av-
erage, and the overall fitting effect is good. According to the
adsorption data for several deep shale gas wells in the study
block (Table 3), the average distribution of the adsorption gas
content obtained using the logging interpretation method in
the gas producing target layer in the study block is 0.6–3.1 cm3/
g. )e adsorbed gas content calculated using the model is

mainly 1.1–3.3 cm3/g, which is close to the range of the
adsorbed gas content obtained using the field logging inter-
pretation method. According to the residual adsorption ca-
pacity at 1MPa, when the water content was 0, the average
residual adsorption gas content is 0.4496 cm3/g. When the
water content is between 0.50% and 0.71%, the average content
of the residual adsorbed gas is 0.1140 cm3/g. When the water
content is between 2.5% and 2.9%, the average content of the
residual adsorbed gas is 0.043 cm3/g. )is shows that the
content of the residual adsorbed gas decreases with increasing
water content, so the presence of water is conducive to the
desorption of adsorbed gas to a certain extent.

4.3. Influence of Water Cut on Shale Gas Desorption. )e
maximum adsorption capacity and residual adsorption ca-
pacity were obtained by model fitting, and the desorption
capacity and desorption rate under the residual pressure were
calculated.)en, the influence of the water content on the deep
shale gas desorptionwas analyzed.When thewater content was
less than 1%, the influence of the water content on the de-
sorption of the deep shale gas increased rapidly with increasing
water content. When the water content was greater than 1%,
the influence of the water content on the desorption of the deep
shale gas only changed slightly with increasing water content.

)e presence of water reduces the adsorption capacity of
shale (Figure 7) and promotes the desorption of adsorbed
gas. When the water content is less than 1%, as the water
content increases, the polarity of the water molecules is
stronger than that of the methane molecules, and it is easier
for the water to adsorbed onto the micropores’ walls,
forming a certain range and thickness of water film, which
prevents the gas from adsorbing onto the micropores’ walls
and produces competitive adsorption with the shale gas.
Competitive adsorption occurs with the shale gas, and the
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Figure 5: Fitting curve of the desorption data model for shale sample GBW-1 under different water contents.
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Figure 6: Fitting curve of the desorption data model for shale
sample LZX-1 with different water contents.
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re-entry water will combine with the original water first,
forcing the adsorbed gas to desorb during the desorption,
thus improving the desorption rate (Figure 8). When the
water content is greater than 1%, because there is a lot of
water in the micropores and the air pressure in the mi-
cropores is very high, as the water content increases, the
amount of water entering the micropores decreases and its
influence on the shale gas desorption increases but slows
down. When the water content is greater than 1%, because
there is a lot of water in the micropores and the air pressure
in the micropores is very high, as the water content

increases, the amount of water entering the micropores
decreases, and the degree of its influence on the shale gas
desorption only changes slightly.

)e water present will also interact with the clay min-
erals, destroy the pore structure of the clay minerals, and
block the pores. Clay minerals are the important position of
methane adsorption. )e methane adsorption space is re-
duced by the interaction between the water and clay min-
erals, and the residual adsorption gas content decreases
under the residual pressure (Figure 9). To a certain extent, it
is conducive to the desorption.

Table 2: Fitting parameters of the isothermal shale desorption model.

Shale
sample
number

Water
content, Me

(%)

Maximum adsorption
capacity of micropores

(cm3/g)

Residual adsorption
capacity, Vc (cm3/g)

Coefficient of
adsorption system

(k)

Characteristic
adsorption energy, E

(kJ/mol)

Fitting
degree, R2

GBW-1
0.00 2.2879 0.3933 5.1367 14.9826 0.9956
0.71 1.6695 0.0977 5.2812 13.6741 0.9963
2.87 1.2081 0.0327 5.1143 13.9861 0.9837

LZX-1
0.00 3.2709 0.5058 5.6137 18.2652 0.9968
0.57 2.1516 0.1302 5.5324 19.2934 0.9918
2.53 1.6134 0.0533 5.7124 19.2728 0.9708

Average — 1.2–3.3 — 5.3260 15.9528 0.9891

Table 3: Parameters for several wells in the study block.

Well number Average adsorbed gas content (cm3/g) Vertical depth (m) Formation pressure (MPa)
WY1HF 0.7–1.5 3607.49 68.90
WY9-1HF 0.6–1.6 3626.49 68.20
WY11-1HF 2.00 3728.93 72.30
WY23-6HF 1.30 3836.50 77.60
WY29-1HF 1.2–2.2 3714.57 75.00
WY35-1HF 0.8–3.1 3735.91 75.60
YY1-1HF 1.6–1.9 4004.00 69.45
YY3-1HF 0.7–2.3 4120.98 75.65
YY2HF 0.8–2.0 4123.00 77.48
YY6HF 0.9–2.1 4028.65 75.65
YY7HF 0.8–2.0 3236.63 60.94
Average 0.6–3.1 3796.65 72.43
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Figure 7: Maximum adsorption capacity under different water contents.
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5. Conclusions

In this work, the isotherm desorption curves of CH4 on shale
sampled from Western Chongqing of China were measured
at 130°C by volumetric method. After that, the isotherm
desorption data of CH4 was fitted using the improved de-
sorption mathematical model. In addition, the influences of
different water contents on the maximum adsorption ca-
pacity, residual adsorption capacity, and desorption rate
were analyzed. )e following conclusions can be drawn
according to the above works:

(1) )e improved desorption mathematical model can be
used to describe the desorption process of deep shale
gas containing water and has a strong applicability.

(2) It is beneficial to desorption of adsorbed gas to a
certain extent with the increase of water content in
the deep shale reservoir. At 130°C, the critical de-
sorption pressure of shale samples with different

water contents was 20–30MPa, as well as with the
increase of water content, the critical desorption
pressure increases slightly, and the residual ad-
sorption decreased.

(3) )e desorption curve is higher than the adsorption
curve in the pressure range of 20 to 30MPa, resulting
in desorption hysteresis. Adsorption and desorption
are not completely reversible processes. )erefore,
the desorption needs to be described using the
proposed desorption model, which can more accu-
rately predict the production and evaluate the pro-
ductivity of deep shale gas wells.

(4) With the increase of water content in the sample, the
desorption rate of adsorbed gas increases; however,
when the water content is greater than 1%, the effect
of water on the desorption of deep shale gas changes
slowly.
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