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Kinetics of hydrocarbon generation in open system of kerogen
in the Pingliang Shale, Ordos Basin
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Abstract: The hydrocarbon generation characteristics of marine shale kerogen from the Middle Ordovician Ping-Liang
Formation were studied in this paper by simulation experiments based on Rock-Eval pyrolysis at three different heating
rates. Combined with the patent software (Kinetics), variation in the yield of thermally generated hydrocarbon (S,) with
pyrolysis temperature was used to calculate the kinetic parameters of petroleum generation in open system. The
calculated activation energies are in the range of (57~81)><4.185 kJ/mol. The result of kinetic simulation is in
agreement with the experimental data, indicating that experimental results can be extrapolated to actual geological
process. In addition, H/C atomic ratios of the pyrolysis residues show good correlations with pyrolysis temperature,
kerogen conversion, and thermal maturity. Therefore, source rock parameters, such as thermal maturity, hydrocarbon
conversion rate, and hydrocarbon generated amount, can be quickly evaluated by the combination of Rock-Eval
pyrolysis and H/C ratio determination of kerogen.
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Table 1 Geochemical characteristics of kerogen in the Pingliang shale, Ordos Basin
TOC (%) Tinax () Sy (mg/g) Sz (mg/g) S5 (mg/g) HI Ol
Op 34.7 439 72 161.4 18.4 465 53
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Table 2 Hydrocarbon generation yields and elemental analysis data of the Pingliang kerogen during pyrolysis
5  /min 15 /min 25  /min
Tnax Si S> S3 Thnax M S, S3 Tnax M S> S3
H/C H/C H/C
() () (mg/g) (mg/g) (mglg) () (mgg) (mg/g) (mg/g) () (mgg) (mg/g) (mg/g)
350 342 7.9 52 11.7 1.30 320 6.7 34 104 1.13 309 7.1 34 9.4 1.19
380 372 8.7 12.6 15.8 1.30 351 8.9 9.1 13.1 1.29 339 8.1 8.1 11.1 1.26
400 392 8.7 23.7 18.3 1.22 371 8.8 16.0 14.5 1.25 360 8.6 14.3 12.7 1.24
410 403 9.2 34.6 19.3 1.22 381 9.2 22.6 14.7 1.21 369 8.1 18.3 12.7 1.18
420 412 9.0 472 18.9 1.14 391 9.2 30.6 14.6 1.20 379 8.7 26.1 13.0 1.19
430 423 8.9 67.0 19.1 1.13 401 9.1 424 14.6 1.18 389 8.7 35.1 14.0 1.15
440 432 8.9 86.3 18.7 1.07 411 9.1 56.0 143 1.16 399 8.7 46.7 12.7 1.27
450 436 9.4 115.7 19.3 1.01 421 9.3 80.5 14.5 1.10 409 8.9 68.0 12.9 1.15
460 437 8.9 130.4 18.0 1.05 430 9.1 101.7 14.5 1.05 419 8.9 86.7 12.9 1.11
480 435 8.9 152.7 19.1 0.92 435 8.9 136.6 14.6 0.96 434 8.7 125.7 13.0 1.03
500 437 8.8 162.2 18.5 0.77 436 9.2 156.7 144 0.92 434 9.0 151.2 12.9 0.93
550 435 8.5 165.7 19.6 0.69 435 9.0 170.2 15.1 0.72 436 8.7 166.5 13.0 0.73
600 437 8.6 171.1 19.1 0.62 436 8.7 170.1 14.9 0.74 434 8.7 167.7 14.1 0.71
650 437 8.6 172.7 18.2 0.57 435 8.7 171.0 14.7 0.60 434 8.3 168.3 13.6 0.59
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Fig.1 Variations of hydrocarbon generation yields with pyrolysis temperature during the thermal cracking of Pingliang shale kerogen
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Fig.2 Activation energy distribution of the experimental sample and kinetic simulation of hydrocarbon generation in open system
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Fig.3 Relationship between H/C atomic ratio of pyrolysis residues and temperature (a) and hydrocarbon generation rate (b) of pyrolysis
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