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Influences of TSR on gaseous hydrocarbon components and carbon isotopes:
revelations from high-+temperature and high-pressure simulation experiments

2
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Lii Yuzhen', Fu Xiaodong’, Zhang Jingyi®, Qing Ying®, Liu Jinzhong’
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Reservoirs of CNPC, Hangzhou, Zhejiang 310023, China; 3. Lanzhou Center for Oil and Gas Resources, Institute of Geology and
Geophysics , Chinese Academy of Sciences, Lanzhow, Gansu 730000, China; 4. SINOPEC Exploration & Production Research Institute,
Beijing 100083, China; 5. Wuxi Research Institute of Petroleum Geology, SINOPEC, Wuxi, Jiangsu 214126, China; 6. Research Institute
of Exploration and Development , PetroChina Jidong Oilfield Company, Tangshan, Hebei 063004, China; 7. State Key Laboratory
of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou, Guangdong 510640, China)

Abstract: Crude oil rich in sulfur, kerogen of types II and I 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 §C, —8C, 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.

s HHEF: 2011 -03 -01; {&iT HEA: 2011 - 11 - 18,
TEHE BN kR E(1978—) , B 1+, WF SR DU ZE I S ERAL 22875 o E-mail: zhangjy-hz@ petrochina. com. cn.
EEWE: [FZEASEMBTIE R EH(973 3140) B H(2001CB209102) 7 4L F ( PO6006) FiI o [E B}~ B 14 ik 1222 G IR B B o



14

SRE T, 4. TSR X ASHELH 73 Bk [ 57 2 4L 52 )

e i ey T AL S 6 ) i A * 07 -

Key words: carbon isotope; gaseous hydrocarbon component; thermochemical sulfate reduction; simulation ex—

periment

AL b & B R AR SR H,S (R EH A LR T
5%) |25 NFER R B = R4 404, OF HiY
SRR A B — 2 A R TR LB R
WIFA R H,S UM KRG BRRR LA R
B H,S BB FEAT 2 Rl A B AR Eh A 8 R A
H( BSR) AR RER A JFAE( TSR) o T H,S 1Y
BEEVEH  BIRER S R R TE = & H,S MRS AN RE
FAEAEG  BSR iR =A: 1) H,S S — AR &K,
i TSR i A2 F=A: 19 H,S & & v] LA KT 5% , 4
TEREARDE H,S SEaT LLAR] 10% LA E, RS
e BT A ( SEE) HAEIAT) 98% . FSR TSR 5T
TP T T 30 ZAE, ¥ SO S T2 B 2% M ER
AR2F L A5 i 2240, I H A T & R
ST TSR JE S ML (4 A5 405 50 45 SR HIAR D, i1 ie
TSR X2 21 43 B Ho Al [R) 47 28 52 1) F) 5400 5 56 o
A, FEIE RN G R MIE R, 25 5 IR Bt
A& mA B RN, HyS T /K, 9 H H,S R4 5 8
Ak, BRSNS 5 77 A T /i HL S AR MEAG o
VEAFSR , 8 44— o R 28 PR R 3R S04 1 a4
TG LA R IR AL AR (1 1 25 R B S B R TSR #L
PE2EE T AT . A B AN S —EE
BRI R B S BG 70 A TSR XSS IR 4 4 K
B2 25 BB, U435 TSR X KR S ARAT K
RARSFNFEFR I o

15

1.1 XEHmA

TSR J2 I 9 52 Jo S i R AR (R0 Ak 771 o de 2
(B AN S BB TR EAL R A, I B
FA B G R B JE AR S, He i — RN S B B
JCE L H,S BIEFFTE .

AR TR R R R B R I A
BB A BE SR A AT 2 M B R B . N T8
R A G AR SR KA TSR G =Yk f 1
AEXT EL , S F T oo A B D K 1 0 R T 760+ i
MR FESRFED R

(1) S BB A H5 T T740 -, P
REITA( 0, _,y) F=2: WA R IR 43.8%;
F51% 28.8% 5 ARJE 10. 6% ; Wi 5 Fi 16. 8% ; & it
2.25% .

(2) TR FAR: FE S R o0 kS )
T KL I A 45, R, M 0. 546% , Jé 4 i & i
0.9% .

(3) WA FEEAR: i) TeAeseil F &g e
BRI, R, 5 0.6% TS 17.34% .

(4) BERREE: /MHrdt.

1.2 XPRERAR

PREIDL S0 AT R Ge B P 2 5
V] 3R 5 5 RS R G0 AR 4 R R A 4
PR AR BB I BB
B RGN B MR R, B E S
R4 M R EEE AT TSR sz | 1) . 4
AEIEENIE 2 D8, BIES AVBLC ORI E
FERLY P T KA B R S . T e
FUA ORI AE TR LS B4 1 ~ 6 ke
dit JELA R T 4 7 458 (IR AN )

TEGLS IR F R B AR AR TE 1 6 4
SRR 4.2 mm, K 50 mm) 4% S KRR
WFE . BESEEESEEN(EL R
4ol8 & 35 MPafH i 360 °C, 2w 240 h )5, K448
W I e e

ST MR &S ST 5 [ s
FEAUHHE I EL28 B 50 ( RGEAFGaIE , Tie
R AU ) B A M A T R H R
AP B SR AT G MR
PR LR 4%, SR 5 B i A HLR IS AS  4

FIEEA

i IA

i A3 O O
i A HE ]
miic
KE

K1 e — s B RRE R R A

Fig.1 Sealed system of gold tube — autoclave
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Table 1 Reaction system and sample
volume of simulation experiment

K HHLUR RBEFK O BREREE RN RN &
= Gl /mg Fifk/mg  Fikt/mg AR KM HE
N 50.00  100.00 0.00 1 w1
e TN .
50.00  100.00  100.00 2 TSR 2
50.00 100. 00 0.00 3 [ fit 3
11 7
AL 50.00 100. 00 100. 00 4 TSR 4
50.00  100.00 0.00 5 WE 5
I
BT 50.00  100.00  100.00 6 TSR 6
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Table 2 Gaseous product yield of each reaction system pmol/g
1?% i’}ﬁ H,S Co, CH, C,Hg G4 Hyg iC,H,,  nC,H,y  iCsH,  nCsH,
1 S 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 2521.8 921.4 662.6 117.3 260.5 74.9 78.6
3 o8 fiet 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 R fire 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 AEREERSESFWES
Table 3 Gaseous product percentage of each reaction system %
ig ig H,S co, CH, C,H, G, Hyg iC,H,  nC,H, iCsH,  nCsH,
1 plyi 6.171 4.909 39.115 15.167 13.337 11.970 3.786 4.704 0.840
2 TSR 43.594 8.452 26.079 9.529 6.852 1.213 2.694 0.774 0.813
3 [o8 fiit 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 o8 fit 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

®4 FREREEZRHS FE5RETRIFE
Table 4 Hydrogen sulfide yield and hydrocarbon dry coefficient of each reaction system

R RN o mg_fzs e G/ €l Gl
1 S fit 451.9 6.2 0.8 1.6 3.2
2 TSR 4215.5 43.6 1.2 2.9 7.7
3 &3 500.6 14.2 1.6 4.7 13.6
4 TSR 2465.7 50.7 65.1 3080.3 4728.2
5 % it 572.6 19.1 1.9 6.6 28.6
6 TSR 2 105.2 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

ArG,, /(kJ * mol 1)

S AR F

25C 50°C 75%C

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

11C,H,, +11CaSO,—

-633.4 -688.9 -744.4 -799.9 -855.4 -910.9 -966.4 -1021.9-1077.4-1132.9

11CaCO; +10C;Hg +10H,S +S +5H,0 +3CO,

8C;Hg +8CaS0,—
8CaCO; +7C,Hg +7H,S +S +4H,0 +2CO,

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

5C,Hg +5CaS0,—

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

5CaCO; +4CH, +4H,S +S +3H,0 + CO,

CH, +CaS0,—CaCO; + 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
U F 13 13 13 13 513(:2 -
hm s 0G0 2o 006 TG

1 S fiit -46.9 -35.1 -37.1 -36.4 9.8
2 TSR -43.5 -37.0 -36.0 -34.8 7.5
3 ¥ fig -39.5 -24.5 -29.8 -29.0 9.6
4 TSR -31.5 -26.5 -28.4 -27.3 3.1
5 Mg -34.7 -21.0 -24.8 -24.6 9.9
6 TSR -29.1 -23.0 -23.5 -22.8 5.6

TE: IR A7 FR A PDB A5k



B 5434 %

KT ARAFFRPRBREMERERBRELAEN AR

Table 7 Formulas to calculate source rock maturity with methane carbon isotope by different experts

EZNE =B SR AR
Stah! % &8¢, =17.0 1gR, -42 8¢, =8.6 1gR, -28
Schoell ' 8¢, =14.8 IgR, 41 53¢, =8.6 1R, -28
88C, =15.4 1gR, -41.3
Faber! 4 ! &, 85C, =13.4 1gR, ~27.7

88C, =22.6 IgR, -32.3

8¢, =17.0 1gR, -42

i 4 g (15 8¢, =15.8 1gR, —-42.2
gj}:E 1 gRu 513(:2 =8.16 1an ~25.71
e 8°C, =21.7 1gR, -43.3 8°C, =8.64 IgR, -32.8
8'3C, =48.77 IgR, -34.1( R, <0.8)
X3 ’ ’

83C, =22.42 1gR, -34.8( R,=0.8)
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