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Quartz-tube thermal simulation study on the pore structure transformation
in over-matured shales
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Abstract: The Niutitang Formation and Longmaxi Formation shales of the upper-Yangtze region were pyrolized
by using the quartz-tube thermal simulation method with an aim to characterize the pore structure changes in
over-matured shales. The pore structure parameters of the pyrolyzed shale samples were measured by using the
helium porosity method, nitrogen adsorption and mercury intrusion experiments. The results show that the
porosity and maturity of the Longmaxi Formation and Niutitang Formation shales tend to increase with increasing
thermal temperature. The total helium porosity of the pyrolyzed Niutitang Formation shales varies from 4.2% to
12.2% and their maturities are within the range of 3.04%~3.46%, while the porosity and maturity of the pyrolyzed
Longmaxi Formation shales are within the range of 5.8% to 11.1% and 2.87%~3.38%, respectively. The increase
in the pore volume of pyrolyzed shales is mainly contributed to the mesoporous and micro-fractures in brittle
minerals as well as in the matrix. The total pore volume of the pyrolyzed Niutitang Formation and Longmaxi
Formation shales range from 0.0031 cm®/g to 0.031 ¢cm?/g and from 0.015 cm®/g to 0.054 cm®/g, respectively. The
total surface area of the Niutitang Formation shales varies from 0.47 m?/g to 2.93 m?/g, as compared to a higher
value of 3.62~13.93 m?%g for the Longmaxi Formation shales. The specific surface area of the initial shales is
mainly due to nanopores which are less than 10nm in diameter, but the nanopores which are larger than 10 nm in

diameter become the dominant contributors in the pyrolyzed shales. The specific surface area of the pyrolysed
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Niutitang Formation and Longmaxi Formation shales displays a positive correlation with TOC, but it shows a poor

correlation with the contents of clay and brittle minerals, suggesting that changes in specific surface area are

mainly controlled by organic nanopores.

Key words: over-matured shale; porosity; pore size distribution; specific surface area; thermal simulation
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Table I Geochemical data and mineralogical compositions of the two initial shales and pyrolyzed samples at different temperatures
(%) (%)
(%)
() TOC RmeRo
2.25 3.04 42.0 35.5 10.7 4.4 43 3.1 42
500 2.21 3.16 37.9 35.1 9.5 4.2 4.1 9.2 4.7
550 2.14 3.27 40.4 36.9 10.3 3.9 3.9 4.6 3.1
600 2.10 3.38 33.4 36.2 9.2 4.1 42 12.9 7.7
650 1.97 3.46 345 35.8 8.9 3.6 43 12.9 12.2
3.48 2.87 49.1 29.6 10.3 7.4 2.9 0.7 5.8
500 3.43 3.06 47.7 29.4 8.6 6.7 32 44 8.8
550 3.32 3.16 47.4 31.1 5.1 4.5 3.4 9.5 9.2
600 3.31 3.31 44.6 30.8 5.9 5.7 3.1 9.9 9.7
650 3.23 3.38 432 31.4 7.2 5.3 3.3 9.6 11.1
: RmeRo , rRmeRo (%) = 0.0537d(G - D) — 11.21, :d(G - D)
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Table 2 Pore property parameters of capillary pressure of the initial shales and pyrolyzed samples
(cm’/g) N
() (x107 um?®) (MPa) (nm)

0.0023 0.0051 0.0074 0.1172 0.519 21

500 0.0011 0.0030 0.0041 0.1634 0.397 24

550 0.0016 0.0033 0.0049 0.0750 0.892 18

600 0.0116 0.0037 0.0153 0.3226 0.265 31

650 0.0437 0.0047 0.0484 0.7714 0.094 34

0.0023 0.0039 0.0062 0.0787 0.390 17

500 0.0078 0.0059 0.0137 2.8294 0.074 18

550 0.0058 0.0052 0.0110 4.7489 0.049 12

600 0.0134 0.0039 0.0173 5.4430 0.036 23

650 0.0176 0.0083 0.0259 13.5935 0.021 35
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Fig.2 Nitrogen sorption and desorption isotherms of the Niutitang Formation shales and their pyrolyzed samples at different temperatures
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Fig.3 Nitrogen sorption and desorption isotherms of the Longmaxi Formation shales and their pyrolyzed samples at different temperatures
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Table 3  Nitrogen sorption pore structure parameters of the shales and their pyrolyzed samples
() BET (m*/g) (cm™/g) (nm)
0.86 0.0031 14.2
500 0.75 0.0036 19.2
550 0.47 0.0031 26.5
600 1.48 0.0130 349
650 2.93 0.0310 41.9
3.62 0.0150 15.6
500 4.32 0.0130 12.3
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Fig.4 Nitrogen sorption pore size distribution of the shales and their pyrolyzed samples
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