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Influences of TSR on gaseous hydrocarbon components and carbon isotopes .

revelations from high-temperature and high-pressure simulation experiments
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Abstract: Crude oil rich in sulfur, kerogen of types Il and Il and magnesium sulfate were tested in 6 reaction
systems (divided into 3 groups) so as to study the influences of thermochemical sulfate reduction (TSR) on gas-
eous hydrocarbon components and carbon isotopes. The tests were made in gold tube —autoclave system. The
above-mentioned 6 reaction systems had the same temperature and pressure; hence their results were compara-
ble. The modeling experiments have proved that: 1) TSR leads to the obvious increase of H,S and CO, yields;
2)TSR makes gaseous hydrocarbon become dryer, that is, the C,, series are easier to react in TSR while CH,
seldom participates in TSR ; 3) TSR makes the carbon isotopes of gaseous hydrocarbon become heavier and that of
CO, become lighter; 4) TSR makes much more obvious change of carbon isotopes in methane than in ethane and
propane, that is, the value of 6C,—6C, decreases. The changes of gaseous hydrocarbon components and carbon
isotopes caused by TSR influence the index and empirical formula of gas —source rock correlation, so the

influences of TSR should be taken into consideration in gas—source rock correlation of natural gas rich in sulfur.
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Fig.1 Sealed system of gold tube-autoclave
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Table 1 Reaction system and sample
volume of simulation experiment

o AU RETK BB R R &
o Jii/mg Fim/mg  Jlim/mg KEROKE 45
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L
AR S0 00 100.00  100.00 2 TSR 2
50.00  100.00  0.00 3 W 3
I 780 EE AR
50.00 100.00  100.00 4 TSR 4
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TR 00 100,00 10000 6 TSR 6
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Table 2 Gaseous product yield of each reaction system pmol/g
gg% ;%% H,S o, CH, C, Hy C, Hg iC,H,  nC,H,,  iCsH,  nCsH,
1 246 451.9 359.5 2 864.5 1110.7 976.7 876.6 277.3 344.5 61.5
2 TSR 4 215.5 817.3 2 521.8 921.4 662.6 117.3 260.5 74.9 78.6
3 R A 500. 6 860.0 1327.0 451.3 232.4 42.2 68. 1 23.0 14.7
4 TSR 2465.7 1411.6 967.7 14.5 0.1 0.0 0.1 0.0 0.1
5 [ fift 572.6 1274.2 750.0 254.0 112.3 17.0 17.8 3.3 0.8
6 TSR 2105.2 1422.4 952.6 44.0 0.4 0.1 0.2 0.1 0.1
xR3 FARREGERSEFWRESE

Table 3 Gaseous product percentage of each reaction system %0

&g ig H,S o, CH, C,H, C, H, iC,H, aC,H, iCsH, nCsH,
1 246 6.171 4.909 39.115 15.167 13.337 11.970 3.786 4.704 0. 840
2 TSR 43.59%4 8.452 26.079 9.529 6.852 1.213 2.694 0.774 0.813
3 [ fit 14.224 24.435 37.705 12.824 6.604 1.200 1.936 0.654 0.419
4 TSR 50.736 29.045 19.913 0.299 0.002 0.001 0.001 0.001 0.001
5 [¥8% St 19.074 42.443 24.981 8.461 3.742 0.567 0.59%4 0.111 0.027
6 TSR 46.521 31.433 21.051 0.973 0.009 0.002 0.005 0.003 0.003
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Table 4 Hydrogen sulfide yield and hydrocarbon dry coefficient of each reaction system

RNEZR 2R fﬂﬁ/( . mg_:ZS i C/Chs C,/Cs C3/C,s
1 45t 451.9 6.2 0.8 1.6 3.2
2 TSR 4215.5 43.6 1.2 2.9 7.7
3 R fie 500.6 14.2 1.6 4.7 13.6
4 TSR 2 465.7 50.7 65.1 3080.3 4728.2
5 Rk fie 572.6 19.1 1.9 6.6 28.6
6 TSR 2105.2 46.5 21,2 1002.3 1726.4
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Table 5 Activation energy of gaseous hydrocarbon with different carbon numbers when participating in TSR

SN A %

ArG,/(kJ - mol™")

25C 50°C 75%C

100 C 125 °C 150 C 175 °C 200 °C 225 °C 250 C

11C4H,o+11CaS0,—

-633.4 -688.9 -744.4 -799.9 -855.4 -910.9 -966.4 -1021.9 -1077.4-1 132.9

11CaCO, +10C, Hy +10H, S+S+5H, 0+3CO0,

8C, Hy +8CaS0, —

-464.2 -502.0 -539.8 -577.6 -615.3 -653.1 -690.9 -728.7 -766.5 -804.2

8CaC0;+7C, H, +7H,S+S+4H,0+2C0,

5C, Hy +5CaS0, —

-319.4 -339.8 -360.2 -380.6 -401.0 -421.4 -441.8 -462.2 -482.6 -503.0

5CaC0, +4CH, +4H,S+S+3H, 0+CO,

CH, +CaS0,—CaC0, +H,S+H,0 -26.3 -28.2 -30.0

-31.9 -33.7 -35.6 -37.4 -39.3 -41.1 -43.0
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Table 6 Carbon isotopes of gaseous hydrocarbon and

carbon dioxide in each reaction system %o
fir\j finj 13 13 8]3(:2_
S 8¢, 67Cq, 8%c, 8°c,
kx %A 2 o

1 B -46.9 -35.1 -37.1 -36.4 9.8
2 TSR -43.5 -37.0 -36.0 -34.8 7.5
3 Meft -39.5 -24.5 -29.8 -29.0 9.6
4 TSR -31.5 -26.5 -28.4 -27.3 3.1
5 Meft  -34.7 -21.0 -24.8 -24.6 9.9
6 TSR -29.1 -23.0 -23.5 -22.8 5.6
B[R 2R PDB FRife,
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Table 7 Formulas to calculate source rock maturity with methane carbon isotope by different experts

A % IR R
Stahl[12) 8¢, =17.0 1gR, -42 8°C, =8.6 1gR, 28
Schoell 3] 8¢, =14.8 IgR, 41 87C,=8.6 1gR,-28

85C,=15.4 1gR,—41.3

Faber['*) SBC. =13.4 1ok —27.7
o 8C, =22.6 1gR,-32.3 ! 8k,
8BC, =17.0 IgR, 42
L 8¢, =15.8 1gR, —42.2 i \
e R 1 gl 5]3C2 =8.16 IgR,~25.71
pLred 513(]l =21.7 1gR,-43.3 813(}1 =8.64 IgR, ~32.8
X3ciC 7 813C, =48.77 IgR,~34.1(R,<0.8)

83, =222.42 1gR ~34.8(R,>0.8)
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