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Experimental study on the effects of reservoir mediums on crude oil cracking to gas
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Abstract: The cracking of crude oil in different medium conditions was simulated by using a confined gold
tube-autoclave system and a heating method of constant temperature (365 “C) and constant pressure (50 MPa). The
experiment results show that: (1) Water and minerals can promote the cracking of crude oil and lead to obvious
increase of gas yields, in which gaseous hydrocarbon yield increases about 2 times and the yields of H, and CO,
also increase to some extent. (2) The adding of magnesium sulfate solution can trigger the thermochemical sulfate
reduction (TSR) in this reaction system and lead to significant increase in the yields of hydrocarbon gases and
non-hydrocarbon gas, such as H,S. At the same time, TSR makes hydrocarbon gas become dryer and enriched in
BC. (3) sodium chloride solution can promote the TSR, which leads to the yield increase of hydrocarbon gas and
non-hydrocarbon gas and the '*C-enrichment of gaseous hydrocarbons, especially for ethane, its &°C
variationreaching up to 4%o. Therefore, the influences of reservoir mediums should be taken into consideration
when chemical and carbon isotopic compositions of gases were used into gas-source rock correlation.

Key words: oil cracking to gas; pyrolysis simulation experiment; reservoir medium; thermochemical sulfate reduction

Y75 B #A(Received): 2014-05-09; 2 [E] H #8(Revised): 2014-07-17; 35 HH(Accepted): 2014-11-10
E€WAB: (2011ZX05008-002-32); ([2014]03-030-003)
TEHE N (1990-), , E-mail: 232082827@qq.com

* B {E# (Corresponding author): XIONG Yong-qiang, E-mail: xiongyq@gig.ac.cn, Tel: +86-20-85290744

Geochimica || Vol. 44 | No. 2 | pp. 178~188 | Mar, 2015



%21 IRFEE: RENRAENRHMRBESZMHELEAR 179

0 ,
, TSR
[1-4] ’
20 90 ,
, [17,29]
[5-71
365 C,
[8-10]
, 1
[11-12] 1.1
Lewan et al.t'!
[5]
Behar et al. 23 ( )
( )
5 CGNC14 9C15+
1.2
, Lewan et al.["Y
, 5
; = () ; (@)
[15] (
) ; (3) (
[16]
) ; (4)
, ( (NaCl: 0% 5% 10% 15% 20% 25%)
) ; (5) pH
(7201 5 6 7 8 9
) ( 40 mm, 4.2 mm,
s > 0.25 mm), s
9 b 5 (
(1l 11 2
1
[20]
, , 50 MPa
(TSR) ,
- , , , 365 C
(21-24] TSR , 12h 24h 36h
(2528 48h 60h 72h 84h 96h 108h 120h 144h
, 168 h
, TSR 1 C, 1 MPa

WANG Xiao-tao et al.: Experimental study on effects of reservoir mediums on oil cracking



180 Wik e? 2015 £
F1 FEHAHRBIBIRPARIKERIIEHR. £S5 FKOT 8 ITHE @mg)
Table 1 Amounts (mg) of crude oil, pure water and minerals used in different series of oil cracking experiments
60 - -
+ 40 80 -
+ 60 - 60
+ 60 - 60
+ 60 - 60
+ o+ 50 100 50
+ o+ 50 100 50
+ o+ 50 100 50
+ o +5% 50 100 50
+ o+ +10% 50 100 50
+ o+ +15% 50 100 50
+ o+ +20% 50 100 50
+ o+ +25% 50 100 50
+ o+ (pH=35) 50 100 50
+ o+ (pH=16) 50 100 50
+ o+ (PH=7) 50 100 50
+ o+ (pPH=28) 50 100 50
+ o+ (pH=9) 50 100 50
J’_
1.3 ( ) b
; Ci~Cs ; C1~Cs H, CO,
s 5 CINCS
’ EasyRo = 1.20% s
Agilent 7890N EasyRo = 1.20% 2 mL/g
’ EasyRo =1.43% 17mL/g( la); 1.5 mL/g
’ ’ (EasyRo = 1.10%) 6.5 mL/g (EasyRo = 1.43%)
( 1b);H, CO, ,
60 C, 3 min, 25 ‘C/min . C~Cs EasyRo =
190 °C, 3 min 1.10% , EasyRo =
VG 1.10% SmlL/g EasyRo=1.43% 30 mL/g
ISOCHROM / ( la) 0.8 mL/g (EasyRo = 0.96%)
Poraplot Q (30 m x 8 mL/g (EasyRo = 1.43%) ( 1b); H, CO,
0.32 mm), , 50 C, ., CO,
3 min, 25 C/min 190 C,
14 min 2 ,
+0.5%o0 +
2 C~Cs H, CO,
> CINCS
2.1 EasyRo = 1.10% ,
201 B AR AR K R EasyRo = 1.10% 7 mL/g EasyRo =
+ + 1.43% 40 mL/g (  la); 2 mL/g
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Fig.1 Comparison of the yields of gaseous products from oil cracking
with and without adding water
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Table 2 Yields of gaseous products in pyrolysates from different series of oil cracking with thermal maturity (EasyRo)
(h) EasyRo (%) st C02 CH4 CzHg CzNC5 C]NC_S
168 1.40 + - 1.35 7.83 4.89 21.09 28.92
168 1.40 + + - 1.55 12.65 9.29 35.96 48.61
168 1.40 + + 1.07 19.09 13.54 9.30 31.73 45.28
168 1.40 + + 31.18 4.38 26.12 11.49 26.59 52.71
3 iCy/nCy EasyRo R 1.1~1.3 s EasyRo = 1.30%~1.49%
4 + + ( TSR ), , , 0.95
0.4~0.5 ; + + iCy/nCy iCs/nCs
( TSR ) , ,
0.5~0.6 : + o+ ( TSR )
iC4/nC4 5
3 iCs/nCs EasyRo s
5 + o+ iC4/nCy . (1] )
, 1.2~1.4 ; , , ,
+ + ( TSR ) , EasyRo= iCy4/nCy  iCs/nCs ,
1.2%~1.43% , iCs/nCs TSR ( 4 5) iCy/nCy iCs/nCs,
0.7 tof .
== JEU KB R B , TSR
—— JFUI+K R R
0.6 + —X— R K TR S ’ . ’
o}
S 2.2.3 TSR JE i R A F AL KA H
0.5 3 TSR
, —40.2%o0~ —49.5%0
0.4 ' ' ' (VPDB) ,
0.90 1.10 1.30 1.50
EasyRo (%) ’
6%o 3 : TSR ( + ),
4 lC4/nC4
Fig.4 Variation of iC4/nC4in pyrolysates from different series of oil ’
cracking with thermal maturity (EasyRo) —45.6%0~ —48.3%0(VPDB)
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X
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Fig.5 Variation of iCs/nCs in pyrolysates from different series of oil
cracking with thermal maturity (EasyRo)
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Table 3  Carbon isotopic values of gaseous hydrocarbons in pyrolysates from different series of oil cracking

(h) EasyRo (%) 3¢, >°C, 3¢, ¢, - 65Cy
12 0.96 + ~46.6 -38.6 -36.4 8.0
24 1.07 + —46.5 ~40.3 -36.7 6.2
36 1.14 + ~46.6 412 -38.2 5.4
48 1.19 + —46.7 —40.4 -37.3 6.3
60 1.23 + —45.6 —40.2 -37.6 5.4
72 1.26 + —47.6 -41.0 -38.4 6.6
84 1.29 + —45.6 -39.3 -37.2 6.4
96 1.31 + —48.3 ~40.2 -37.5 8.2
10 1.34 + —49.2 —40.4 -37.6 8.8
120 1.36 + —47.1 -39.7 373 7.4
144 1.39 + —47.4 —41.0 -38.5 6.4
168 1.43 + —46.4 -40.8 -38.4 5.6
12 0.96 + 4+ —40.4 -41.3 -37.1 -1.0
24 1.07 + 4 —42.5 —41.4 -37.2 12
36 1.14 + 4 —42.4 —40.3 -36.2 2.1
48 1.19 + + —42.6 -39.4 -35.4 3.2
60 1.23 + 4 —42.7 -39.8 -35.3 2.9
72 1.26 + 4 —44.1 -39.9 -37.6 4.2
84 1.29 + 4+ —42.9 -38.0 -36.6 4.8
96 1.31 + 4 -43.8 -38.3 -36.2 5.6
10 1.34 + 4 ~45.6 -37.5 -35.7 8.1
120 1.36 + + —45.1 -38.3 -35.8 6.8
144 1.39 + 4 —45.4 -38.1 -36.4 7.4
168 1.43 + 4 -45.9 -37.8 -35.8 8.1
TSR , Cc—C , s
TSR , EasyRo = 0.96% —1.0%o EasyRo =
2c__12¢ , ’c TSR 1.43% 8.1%o,
. c , , TSR
Iic, ’ :
, TSR >
28] TSR
[32]
)
TSR TSR TSR
, TSR
[32] , (513C2—(513C1 5]3C2 ,
(31, sc,  8Bc, - o',
[34]
I - shc, — 2.3 TSR
s C, , 3 TSR ( + ) TSR ,
oc, - 6"C, , :
5.4~8.8 ; ,0°C, —0"C, (Labile organosulfur compounds, LSC)
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[35-37]
P >
TSR (5% 10% 15% 20% 25%) ,
>
TSR , + +
, MgSO, ,
pH @H=5 6 7 8 9 TSR
, TSR
231 # HE 5
4 , TSR ,
Ci~Cs (168 h) + +
C Gy H,S CO; ) —37.8%0(VPDB), 5%
H,S , ~33.8%0(VPDB),
(168 h) + o+ , 4%o
H,S 31.18 mL/g; + o+ +5% 2%o; , 0 C, —
H,S 141.1 mL/g 5"C, , + o+ 168 h
§"C, - o"Cy 8.1, 5%
R4 RREIKIBREFEMS T Rm AR R SKRP=4 7= (mL/g)
Table 4 Yield of gaseous products from oil cracking in different aqueous solutions
(h) EasyRo (%) H,S CO, CH4 C,Hg¢ Cy~Cs C~Cs
168 1.43 + + 31.18 4.38 26.12 11.49 26.59 52.71
168 1.43 + + +5% 141.1 6.87 35.93 25.28 60.21 96.15
168 1.43 + + +10% 128.9 6.02 29.57 21.04 49.69 79.27
168 1.43 + + +15% 141.5 1.97 29.99 22.51 53.20 83.20
168 1.43 + + +20% 198.7 18.61 8.38 24.26 42.88
168 1.43 + + +25% 130.8 2.46 21.05 14.08 33.44 54.49
168 1.43 + + (pH=15) 51.6 3.16 26.46 16.22 49.63 76.09
168 1.43 + + (pH=16) 46.8 1.00 31.18 18.60 56.57 87.76
168 1.43 + + (pH=17) 53.7 222 29.25 16.67 49.67 78.92
168 1.43 + + (pH =38) 41.8 1.26 34.31 19.30 52.51 86.82
168 1.43 + + (pH=9) 51.9 1.65 35.25 20.20 60.78 96.03
RS TEIKNBREMET R AR R SRk B 6L F{E (%0, VPDB)
Table 5 Carbon isotopic values of gaseous hydrocarbons generated from oil cracking in different aqueous solutions
(h) EasyRo (%) ¢, 53¢, oC, o1C, - o8¢,
168 1.43 + + —-45.9 -37.8 -35.8 8.12
168 1.43 + + +5%NaCl —45.4 -33.8 -33.1 11.55
168 1.43 + + +10%NaCl —46.0 -33.4 -33.2 12.58
168 1.43 + + +15%NaCl —47.0 -33.4 -32.5 13.59
168 1.43 + + +20%NaCl -47.0 -34.0 -34.2 13.01
168 1.43 + o+ +25%NaCl —45.9 -33.6 -33.2 12.24
168 1.43 + + (pH=5) —46.1 -38.0 -35.9 8.06
168 1.43 + o+ (pH = 6) 445 373 352 7.16
168 1.43 + o+ (pH=17) 445 375 363 6.98
168 1.43 + o+ (pH = 8) 447 375 -36.0 7.17
168 1.43 + + (pH=9) -44.9 -37.6 -34.8 7.26
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TSR TSR )
TSR

232 pH

(pH=5 6 7 8 9) + o+
5 3 R pH
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