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Table 1 Geochemical parameters of crude oil
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Table 2 Sample number and reactant mass

S | ORES | IREE | 48R | KA | R | BREREE 5
o 2 Y
25 | #5 | (O () () (2) ()
T375 | 375 | 31.969 | 17.608 |2.013| 0
T400 | 400 | 73.923 | 18.477 |2.285| 0
Z4 1| T450 450 | 31.303 | 18.303 |2.388 0 gy
T500 | 500 | 74.133 | 18.663 |2.221| 0
T525 | 525 | 31.964 | 18.154 |1.958| 0
TS375| 375 | 32.091 | 18.575 |1.967]| 4. 505
TS400 | 400 | 31.809 | 18.535 |2.264| 4.524 .
21
Z5] 2| TS450 | 450 | 31.948 | 18.259 |1.839| 6.48
-+ TSR
TS500 | 500 | 31.973 | 18.471 [2.077]| 7. 532
TS525| 525 | 32.002 | 18.057 [2.125| 7. 058
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Table 3 Parameter list of crude oil generation and expulsion simulation

Tt i 3 = S B[] R [ =Rl MR 775 B (MPa)
SRFES | R . e - — ,
(C/h) (h) (C) (MPa) eI min max
i 5h JhEE ss0C, | 1375 24 375 69 30 24 36
o T400 24 100 92 40 32 18
) A 37 10min, $ % 3h °
EY J i . R T450 24 450 138 60 48 72
TriEHBRE | g, 24 500 161 70 56 84
— 15 R y
JE L2 24h T525 24 525 184 80 64 96
‘ i 5h ShEE 3500, | IS8T 24 375 69 30 24 36
J N o TS400 24 400 92 40 32 48
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Fig.1 XANES spectra of standard containing sulfur compounds and calcium compounds
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(a)—XANES spectra of standard containing sulfur compounds; (b)—XANES spectra of standard containing calcium compounds
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Table 4 Characteristics of simulation drain water and gas
B IO [t pra| T G| BRI g | ke | Uk | e
(X105 | UZPLJG— R RLHT)
FETK Py 70 P (& (mg/g) (mg/g) (mg/g) (mg/g)
375 8.2 19 —1.79 123. 20 15.43 107. 79 78.33
400 7.2 14 —2.61 262.58 16.12 242.21 27.48
41 450 7.7 7 —1.83 323.28 123.82 199. 52 0. 38
500 8.0 8 —2.01 370. 55 217. 25 153. 30 0. 10
525 8.9 12 —1.67 407.56 229.17 178. 42 0.14
375 8.3 18 —1.19 145. 91 2.69 143.16 51. 24
400 8.2 12 —0.83 271. 64 7.68 257.32 0.61
Z5 2 450 8.5 25 —0.58 371. 40 84.90 286. 50 0. 37
500 8.6 28 +0.58 434.28 146. 91 287.40 0.47
525 9.0 19 +1.16 440. 00 237.07 202.97 0. 36
(a) RS (b) B4
; i RS
A

450°C

AHRS R W B

it (KeV)

B2 RS A=Y b & AL A Y XANES 5% &
Fig. 2 XANES spectra of sulfur-containing compound in solid product
(@ —FF] 15+ KA+ KB FK: (D) — R 2. 5+ R+ KA+ LB 7K

(a)—Series 1:crude oil + limestone + deionized water; (b)—series 2: crude oil + magnesium sulfate + limestone + deionized water
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Table 4 Fitting results of relative percentage of

different sulfur compounds in solid product

it ZRALIRES (0
e | R CC) | Reduced SGAFIAHD | Oxidized SCRALA B
E Wy 2 B R 45
375 80. 29 19.71
400 75. 47 24,53
#71 450 49. 37 50. 63
500 50. 55 49. 45
525 68.75 31.25
375 14.99 85. 01
400 2.38 97.62
51 2 450 11.99 88.01
500 8. 10 91. 90
525 5.31 94. 69

AR 2 5 K 22 Tl AL 40 52 56 i R ) ) rp AN ) 5
B AL A WA T 20 B LS R (3D R M
AR GRS [ 4 = 1 b 3 B AL & W AL BT
F e A0 1R 2D B )5 sifk & Y £
BELABEWY AL A W) MR R B9 O s R 2 (R +

U222 wilad® (calcium sulfate) [

2V

] MEW;ZE (thiophenes)

AV

100

N

90
80

]

]
!
%l

L
e

X
fosel
24!

o

4t
> B
x 707 B2
1 k%
© lB RS
. 60 R4
i Reosd e
1RRRS fs5
KX
Q1 50 BSS
55
= Bl ssssse Rl oress!
=< K55 R3S
m [0 [R5
B 40k R
R R
TR RSk
KRR RERS
30 Ry ks
[osesed foeses
4 ’0‘0’0“ o P
55
20-{ K55
Bl tetesed

2
%
ot

{0

2R,
&8
Sesels

o] RS
[4545¢

R Sotetel tele!
[<503] [555

375

375 400 450 500 525
£512 (O
B3 B b A [ 5 R AL A A T 2 A

Fig. 3 The relative percentage of different
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sulfur-containing compound in solid product
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Fig. 4 XANES spectra of calcium-containing compound in solid product
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Table 6 The relative percentage of different

Calcium compound in solid product
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Abstract

In order to understand the variety of sulfur and calcium elements during oil cracking in carbonate
reservoirs, Ordovician Yingshan Formation oil collected from well TK772 in the Tahe Oilfield was used to
simulate gas generating experiment under the simulation stratum condition through semi-open test system
"formation porosity thermocompression simulation experiment instrument". Chemical occurrence mode of
sulfur and calcium elements in solid products were precisely tested using synchrotron radiation technology
X-ray absorption. The results show that sulfur compounds in solid products of crude oil pyrolysis (crude
oil + limestone (Series 1)) are thiophene and calcium sulfate, which should be the product of the partial
oxidization of thiophene substance during crude oil pyrolysis, with calcium-bearing compound dominated
by calcium carbonate. Sulfur-containing compound, which forms during pyrolysis process of dissolved
sulfate-bearing crude oil (crude oil + limestone + magnesium sulfate (series 2)), consists dominantly of
calcium sulfate, with minor thiophenes, and may be result of the dissolved sulfate (magnesium sulphate)
addition, TSR, and dissolution-precipitation. With increasing of temperature and pressure in series 2, H,S
generation and relative percentage of calcium sulfate increase, indicating the occurrence of thermochemical
sulfate reduction (TSR) in crude oil cracking process. Formation and enrichment of calcium sulphate also
shows that acidic fluid generated during TSR produces not only significant dissolution of carbonate

reservoirs but secondary gypsum.

Key words: XANES; TSR; oil cracking; organic-inorganic interactions; carbonate reservoir





