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Abstract: All shales contain a certain amount of water, and in-depth understanding of the occurring mechanism of
water in shale pore system is of great significance to the efficient development of shale gas. Typical shale samples
taken from the Lower Silurian Longmaxi Formation in the southern Sichuan Basin are applied to quantitatively study
the occurrence characteristics of water in shale pores and analyze the main factors controlling water adsorption within
shales. The study is carried out by means of the isotherm adsorption and desorption curves of vacuum water vapor
generaled by gravimetric adsorption instrument, coupled with parameters of shale compositions and pore structures.
The results indicate that the isothermal curves of water vapor adsorption for the shale samples present three typical
stages: single-layer adsorption, multi-layer adsorption and capillary condensation. The water vapor hysteresis loop
can be divided into two stages of the “convex type” in medium-low relative pressure stage and the “flat type” in the
whole relative pressure stage. The formation of the hysteresis loop in medium-low relative pressure zone mainly lies in
reluctant interlayer dehydration of clay minerals. GAB and FHH models can effectively describe the characteristics of
the adsorption curves. Furthermore, there is a significant positive correlation between the clay mineral content and the

water adsorption amount, and it is believed that the strong hydrophilic property of clay minerals is the main factor

%5 H #3:2022-05-04; 1&1T B #3:2022-09-08 ,

FE—EEE N KL (1991—) Lo, TR, B 5 M #2374 . E-mail: zhangy23@petrochina. com. cn.
WBREE BT Eﬁ(l%o—) 5, TR, AEE B A AE)Z A . E-mail: xnyqt001@163. com,
EETA b EAAWM RIS R 5] & RKABHE L35 (2016E-06) .



1432 £S5 KRR R a3 &

controlling the amount of water vapor adsorption. While a negative correlation between carbonate mineral content and
the water adsorption amount is observed. High carbonate mineral content is not conducive to the occurrence of water.
For organic-rich shales, the adsorption capacity of water vapor has a strong correlation with the 7OC content.
Inorganic minerals and organic matter components jointly control the occurrence behavior of water molecules. The
organic pores of kerogen can provide storage space for the adsorption of water molecules, and the larger the specific
surface area and pore volume of the sample, the stronger the water adsorption capacity. However, for the clayey shale
with low TOC content, the strong physicochemical interaction between clay minerals and water is key to large
occurrence of water.
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Fig. 1 Tectonic division map (a) of the Sichuan Basin, and stratigraphic column (b) of the Longmaxi Formation in the southern Sichuan

Basin (modified from references [24 ] and [25])
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Table 1 Statistical table of geochemical parameters, pore structure parameters, mineral compositions and maximum water

vapor adsorption capacity of shale samples taken from the southern Sichuan Basin
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S1 0.71 2.15 4.53 0.0101 51.31 33.52 — 19.05
S2 0.52 / 3.36 0. 0062 55.24 28.01 — 21.08
S3 1.79 / 6.34 0.0192 14.32 47.46 38. 13 6.27
S4 2.18 1.93 10. 76 0.0173 19.55 50.91 24.65 8.09
S5 1.53 / 7. 06 0.0135 12.29 34.56 53.31 4.28
S6 3.82 2.81 22.94 0. 0286 30. 71 49.73 6.29 9. 84
S7 4. 15 3.07 20. 90 0. 0278 26.22 55.31 9.76 13. 86
S8 5.93 2.77 25. 10 0. 0301 11. 15 73.28 12.22 10. 72
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Fig. 2 Water vapor as well as N, adsorption and desorption curves of typical shale samples taken from the southern Sichuan Basin
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Table 2 Fitting parameters of water vapor adsorption curves for typical shale samples taken from the southern Sichuan Basin

GAB R FHH 57
EaT
M/(mg-g™") C K R M/(mg-g™) n A R’
St 18. 64 4.78 0.34 0.997 4.60 2.03 2.24 0.998
2 9.94 5.26 0. 62 0.997 9.07 1.85 0.51 0.998
S3 1.73 13.77 0.76 0.997 1. 60 1.93 1.21 0. 988
S4 2.44 19.38 0.73 0.997 2.38 2.17 1.21 0. 994
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S6 4.45 12.45 0. 60 0.998 3.01 2.30 1.59 0.993
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