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An adsorption model with multiple factors for shale gas.Taking the Wufeng
Formation-Longmaxi Formation shale in southeast Sichuan as an example

LI Aifen,HAN Wencheng,SUN Hai, ASADULLAH Memon

(School of Petroleum Engineering , China University of Petroleum ( East China) ,Qingdao 266580 ,China)

Abstract ; The adsorption of methane on shale is simultaneously affected by the physical properties of shale and external
storage conditions. To establish a shale gas adsorption model that takes into account the influence of multiple factors,the

Wufeng Formation-Longmaxi Formation shale in southeastern Sichuan is used to carry out the experiments on the adsorp-
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tion of methane on shale with different total organic contents (TOC) at different temperatures and different water con-
tents. The Langmuir model is used to fit the adsorption data and the quantitative relationship between saturated adsorp-
tion capacity , Langmuir pressure and temperature , TOC ,water content are analyzed ,and finally,the multi-factors adsorp-
tion model which considering the comprehensive effects of temperature, TOC, and water content is established , also the
accuracy of the model is verified by comparing with the measured adsorption data. The results show that the Langmuir
model can fit the adsorption data of Wufeng Formation—Longmaxi Formation shale well with high fitting accuracy ,the co-
efficient R” is between 0.972 8 and 0.998 2. The saturated adsorption capacity has a positive linear correlation with TOC
and a negative linear correlation with temperature and water content. In contrast, Langmuir pressure has a negative linear
correlation with TOC and a positive linear correlation with temperature and water content. The adsorption capacity of dry
shale with TOC of 4. 17% is about 39% higher than that of dry shale with TOC of 2. 95% at 30 °C. The adsorption ca-
pacity of dry shale with a TOC of 4. 17% decreases by 30. 6% when the temperature increases from 30 °C to 80 °C.
For the shale with TOC of 3.66% ,when the water content increases from 0 to 4. 2% ,the saturated adsorption capacity
of the wet sample decreases by 23.1 and 11.6% at 30 °C and 60 °C ,respectively. The established adsorption model
which based on the Langmuir model and considering the effects of multiple factors can calculate the adsorption capaci-
ty of shale with different TOC at different temperatures and different water contents accurately. From comparing with 2
sets of experimental data,the relative error in the entire experimental pressure range is less than 6% ,and the average

errors are 2.48% and 3.67% ,respectively. The proposed model has been verified to have good applicability to differ-

ent shales by using adsorption data of different shales in other literature.

Key words :shale gas;isothermal adsorption ;adsorption model ;saturated adsorption capacity ; Langmuir pressure
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Flow chart of experimental equipment
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Table 1 Basic physical properties of shale samples %
AT TOC R Wy 2H B ik 534
G5 i ' iy wke  MKE FmE HEA ERT SR Biew
1 2.95 2.36 53 3 10 — 2 1 8 23
2 3.66 2.39 56 4 12 4 4 — 4 16
3 4.17 2.47 53 5 12 5 5 1 3 16
4 2.31 2.33 50 4 11 — 3 1 3 28
5 4.22 2.45 51 5 12 5 5 1 5 16
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Table 2 Experiments and corresponding experimental conditions

S TOC /% L/ C BIKES % T
1~4 2.95 30,45,60,80 0
5~8 3.66 30,45,60,80 0
9-~12 4.17 30,45,60,80 0 OB P T 57 5 2 R
13 ~16 3.66 30 1.12,2.03,3.15,4.22
17 ~20 3. 66 60 1.06,2.23,3.07,4. 16
21 2.31 50 3.06
B TR R
22 4.22 45 5.03
(2) SR B 9258 . A YRD-HPHTsor 45 1% NoZN /(1 A (2)
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Fig. 2 Adsorption curves of shale sample with TOC content of 3. 66% at different temperatures and different water contents
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Fig. 3 Adsorption curves of the dry shale samples with different TOC content at different temperatures
%3 Langmuir BEIKIPGER
Table 3 Fitting results of Langmuir model
SRS TOC &H/%  WET/C EKEW/% TN R (STP) Qp/ (em® = g7) p./MPa R? Erus
1 30 0 4.182 5.031 0.991 8 0.089 1
2 5 05 45 0 3.949 5. 808 0.998 2 0.026 9
3 . 60 0 3.905 6.463 0.989 4 0.1358
4 80 0 3. 641 8. 667 0.978 4 0.107 2
5 30 0 4.971 4.775 0.991 9 0.090 6
6 3 66 45 0 4.636 5.375 0.995 2 0.078 7
7 . 60 0 4.177 5. 849 0.976 0 0.099 6
8 80 0 3.831 6.761 0.990 2 0.099 0
9 30 0 5.851 4.538 0.993 2 0.054 7
10 417 45 0 5.331 4.876 0.972 8 0.128 7
11 . 60 0 4.549 5.378 0.986 0 0.1330
12 80 0 4. 060 5. 689 0.988 6 0.1157
13 30 1.12 4. 609 5.298 0.991 8 0.091 4
14 3 66 30 2.03 4.347 5. 662 0.993 9 0.089 4
15 30 3.15 4. 066 6. 057 0.994 0 0.0859
16 30 4.22 3.825 6.379 0.993 8 0.088 7
17 60 1. 06 4. 044 6. 467 0.9915 0.094 8
18 366 60 2.23 3.908 7. 146 0.992 0 0.067 5
19 60 3.07 3.817 7. 600 0.991 8 0.081 4
20 60 4.16 3.701 8.153 0.996 0 0. 060 9
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Fig. 4 Relationship between saturated adsorption capacity,

Langmuir pressure and temperature for dry shale
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Fig. 5 Relationship between the saturated adsorption capacity,

Langmuir pressure and TOC content for dry shale
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Table 4 Fitting results of multi-factors equations for shale adsorption in Wufeng—Longmaxi Formation
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Table 5 Basic physical properties of shale samples and corresponding experimental conditions (from references[37-407)
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Table 6 Fitting results of multi-factors equation for shale adsorption in literature
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