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3
Table 3 Composition of hydrocarbons in gaseous products of TSR at different temperatures
350 375 400 425 450 350 375 400 425 450
CH, 29.68 32.28 36.54 39.57 41.17 26.16 28.79 33.14 36.04 38.62
C,Hq 17.09 15.89 14.02 10.53 9.46 18.67 17. 66 16.06 14.31 12.45
CyHy 0.43 0.52 0.73 1.13 1.12 0.27 0.37 0.77 0.36 0.87
C;Hg 12.88 11.72 8.82 6.83 6.78 14.98 12.97 10. 89 8.86 7.84
C;Hg 0.24 0.44 0.84 0.84 0.84 0.34 0.44 0.64 0.93 1.15
i-C4H,y 2.38 1.85 1.37 1.37 1.56 2.88 2.68 1.66 1.85 1.57
n-C,Hy 7.22 4.25 3.69 2.59 1.88 6.92 5.91 3.88 3.26 2.49
C,Hg 0.28 0.58 0.78 0.78 0.87 0.28 0.48 0.58 0.77 0.88
i-CsHy, 1.86 1.64 1.15 1.15 1.04 2.46 2.36 1.54 1.14 1.05
n-CsHy, 6.52 5.00 3.05 2.15 1.12 5.26 4.25 2.92 1.81 1.43
H, 19.86 22.98 26.16 29.19 29.97 19.56 21.57 24.51 27.44 29.13
CO, 0. 66 1.15 1.46 1.76 2.44 1.18 1.08 1.67 2.07 1.76
(0[0) 0.91 1.69 1.40 2.10 1.74 1.05 1.46 1.75 1.15 0.76
4
Table 4 Composition of hydrocarbons in gaseous products of crude oil pyrolysis at different temperatures
350 375 400 425 450 350 375 400 425 450
CH, 21.21 22.32 27.4 28.44 31.61 21.78 23.67 26.51 28.26 30.4
C,Hg 20. 86 20.76 20. 84 18.39 18.27 21.11 21.01 19.91 18.23 17.82
C,H, 0.27 0.37 0.38 1.11 2.51 0.49 0.49 0.69 1.39 0.89
C;Hg 20.11 20.25 17.33 14.96 12.74 20.70 19. 60 16.53 13.64 13.71
C3Hg 0.79 1.01 1.89 1.42 1.42 0.42 0.42 0.71 1.71 2.32
i-C4Hy 4.59 3.91 2.93 2.76 2.35 4.77 4.74 3.83 2.85 2.27
n-C,Hyo 10.01 9.46 8.5 6.19 3.18 10.42 8.38 7.35 5.4 4.53
C,Hg 0.81 0.86 1.18 1.51 1.91 0.52 0.52 0.91 1.31 1.72
i-CsHy, 5.01 4.44 2.46 1.66 1.05 3.62 2.61 2.59 1.61 1.62
n-CsHy, 7.66 6.71 3.74 2.77 2.06 8.44 7.4 6.37 3.42 1.84
H, 5.83 6.56 10.59 15.18 16.16 6.57 9.92 12.84 18.89 20.29
CO, 1.34 1.95 0.96 3.54 4.03 0.43 0.63 1.02 2.12 2.03
CO 1.52 1.41 1.82 2.09 2.68 0.72 0.61 0.75 1.15 0.56
o C—C
TSR C Co,”
. Co, o,
2, 2 . TSR c C H,0
H, CO.
2.2
3 TSR
H, H, 375C
o C—H H,
C—H TSR
o H, 350C TSR
. co, CO
Co, TSR o \



Fig.3  Total content of sulfides in oil phase at different

reaction temperatures
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Table 5 Linear regression coefficients for the reaction 21
of crued oil and magnesium sulfate
n 0 02 04 06 0.3 1 °

— 0.9873 0.9867 0.9861 0.9854 0.9848 0.9842
— 0.9903 0.9899 0.9895 0.9891 0.9888 0.9884
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Thermal Simulation Experiments and Kinetics on the System of
Crude Oil and Magnesium Sulfate

ZHANG Yong-han' YUE Chang~ao' LI Shu-yuan' ZHONG Ning-ning’

(1. State Key Laboratory of Heavy Oil Processing China University of Petroleum Beijing 102249;
2. Faculty of Natural Resource and Information Technology China University of Petroleum Beijing 102249)

Abstract In the system of crude oil and magnesium sulfate thermal sulfate reduction was conducted in autoclave
under certain temperature and pressure conditions. The thermal-simulation experiments were performed at 350 ~
450°C in the presence of water.

Gaseous products were analyzed using gas chromatography and microcoulometry. Gaseous products were com-—
posed of saturated hydrocarbons ( C1 ~ C6) unsaturated hydrocarbons ( C2 ~C5) and H, CO, CO. Content of
CH, H,and CO,increased with temperature growing. Gas dryness coefficient which was used to monitor the evolution
of the hydrocarbon gas population also increased with temperature growing. Gas dryness coefficient of TSR was much
more than Gas dryness coefficient of crude oil pyrolysis. It showed that the capacity of sulfate oxidization hydrocarbon
increased with temperature growing.

Total sulfate of the liquid products was analyzed by microcoulometry. At the begining content of total sulfur in
liquid products of TSR was higher than crude oil. It implied the reaction temperature for the system of crude oil and
magnesium sulfate was lower than the pyrolysis temperature of crude oil. With the temperature growing content of to—
tal sulfur in liquid products of reaction of Tuha crude oil and magnesium sulfate gradually reduced. It may be that
large amounts of Labile Sulfur Compounds ( LSC) contains in Tuha crude oil whose degradation rate was higher than
generation rate during reaction. While content of total sulfur in liquid products of reaction of Shengli crude oil and
magnesium sulfate increaseed and then sharply reduced. It may be a lot of Stable Sulfur Compounds ( SSC) contained
in Shengli crude oil which was hard to degrade in lower temperature.

Solid products were analyzed by FTHR and X—ay diffraction. MgO and MgSO, were found to coexist in solid
product of TSR. According to the the molar conversion calculated from the weight change of the solid products the re—
action kinetics was investigated. The activation energy of the system of Tuha crude oil and magnesium sulfate was 53.
26 kJ/mol while activation energy of Shengli crude oil and magnesium sulfate was 57.91 kJ/mol. Relative to the ge—
ological condition the activation energy of crude oil and magnesium sulfate was lower. It was likely to be that the
temperature of simulation experiment was higher than the critical temperature of water. Supercritical water could re—
duce the energy required to generate free radicals which resulted in the faster reaction rate.

The activation energy of the system of Tuha crude oil and magnesium sulfate was higher than activation energy of
Shengli crude oil and magnesium sulfate. This maybe relate with content of LSC. It showed that content of LSC in the
crude oil effected on the extent of reaction. The higher content of LSC the stronger activity of TSR. In addition the
LSC has certain effect on the initial temperature of the TSR. LSC leaded to form reactive intermediates sulfate ester in
the process of TSR. Sulfate esters were relatively unstable and would be expected to oxidize the hydrocarbon. This
mechanism provided a possible explanation on the role of LSC in enhancing the rate of TSR at the initial stages.

Key words TSR; crude oil; active sulfur; thermal-simulation experiments; kinetics



