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Influence of nano-nickl catalyst on viscosity reduction
of Shengli extra-heavy oil by aquathermolysis
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Abstract: Nano-nickel catalyst was synthesized by microemulsion method, characterized by transmission electron microscopy
(TEM) , and then used in the extra-heavy oil aquathermolysis at 200 °C. The physicochemical properties of heavy oil both
before and after reaction were analyzed by using gas chromatography ( GC), elemental analysis (EL), molecular weight a-
nalysis ( VPO) , fourier transform infrared ( FT-IR). The results show that the viscosity reduction ratio of extra-heavy oil rea-
ches 90.36% , the contents of resin and asphaltene decrease, and the average moleculars of heavy oil and asphaltene reduce
after the catalytic aquathermolysis. The H-C ratio in heavy oil, resin and asphaltene increases. The contents of sulfur and ni-
trogen decrease, but oxygen content increases in the heavy oil after treatment. A lot of polymerize reactions occurred in the
course of aquathermolysis, and the nano-nickel catalyst not only slowed down the polymerize reactions but also speeded up
the aquathermolysis. The pyrolysis of asphaltene plays a very important role in synergism reactions between high temperature
water and nano-nickel catalyst during the catalytic aquathermolysis, and produces more substances such as alcohol, carboxyl-
ate and fatty acid which results in the viscosity reduction of heavy oil.
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Table 1 SARA composition of Shan56-13-19

before and after reaction %
HRh e UiER KRR FERE AR EEER
JE 15.15 34.85 29.54 20.46 —

TR NS 13.91 30.97  30.71  24.41  33.96
PEARR S N S 9.89 28.37 34.57 27.19 90.36
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Table 2 Average molecular weight of Shan56-13-19
before and after reaction
PR T IO S VS - < [iid ST/ iN=p
56-13-19 1303 426 625 1540 3322

KIMERFI NG 1206 398 601 1524 4023
AL S I 1012 395 589 1484 2390
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Table 3 Elemental analysis of Shan56-13-19 before and after reaction

=T we/ % wy/ % wg/ % wy/ % wo/ % ny/ng

GER] 78.37 10. 88 1.39 0. 86 8.50 1. 666

FEAR T SO AR 68. 43 11.91 0.37 0.79 18. 50 2.089
LGN 84.57 10. 00 1.82 1. 67 1.94 1.419

AR SR S AR e e I3 84. 80 10. 89 0.76 1.72 1.83 1.541
B BT 84. 57 8.78 2.43 2.06 2.16 1.246

AR S B3 3 7 83.03 9.29 1.26 2.06 4.36 1.338
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Fig.3 IR spectrums of asphaltene and resin
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