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Thermal characteristics and oxidation Kinetics study of light crude oil during air injection
process

HOU Jianfeng, LIU Penggang, CAO Tingyi

(No.2 Gas Production Plant, Sinopec Southwest Oil and Gas Company, Langzhong, Sichuan 637400, China)

Abstract: In order to deeply analyze the thermal oxidation behavior of crude oil during air injection process in reservoir and further
develop air injection enhance oil recovery technology, the TG/DTG—-DTA analysis methods were used for study. Based on the
classical Arrhenius kinetic model, the effects of oil chemical composition and reservoir rock on the oxidation activity of tested
samples were quantitatively characterized. Crude oil undergoes three completely different chemical reactions during the whole
heating process: low—temperature oxidation, fuel deposition and high—temperature oxidation. The oxidation of crude oil at low
temperature shows a certain endothermic phenomena. Because of different hydrocarbon composition, crude oil with three samples
added show different mass loss rates in each reaction area. Compared with that only contains crude oil, the addition of reservoir
rocks reduces the activation energy of low temperature and high temperature oxidation. Researches show that: the higher the
content of heavier components, the quicker the reaction of crude oil in LTO stage, the more fuel is deposited, and the higher the
heat released from the combustion in HTO stage. The activation energy of crude oil in the high temperature stage is greater than
that in the low temperature stage. High content of heavy components make the activation energy of oxidation reaction increase. The
catalytic properties and specific surface area of reservoir rock reduce the activation energy of crude oil, playing an important role in
the heterogeneous catalytic oxidation.
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Table 1 SARA composition and physical property parameter of crude oils
F TR TR Y% JBE 531 % Wi 5i/% /(g em™) ZhE/(mPa-s) API/(°)
JEi-1 41.535 43.256 14.483 0.725 0.859 23.624 33.235
JE-2 47.326 41.308 10.872 0.492 0.857 21.517 33.617
Jiim-3 48.368 42.083 9.120 0.428 0.854 20.704 34.192
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Fig. 1 TG/DTG/DTA curves of crude oil in test environment
with ambient air flow
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Table 2 Temperature range and mass loss for different tested samples
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Fig. 2 Thermogravimetric and heat flow curves of different oils in test environment with ambient air flow
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Table 3 Oxidation kinetic parameters of tested samples
oy RIS Rl WAL AE/(KJ - mol ™) & i 5 F/min
m LTO HTO LTO HTO LTO HTO
JE-1 -2556.352 -4595.501 48.952 87.991 67 601 575 004
JEH—-2 ~1447.140 ~4281.890 27.710 81.990 2.572 851.140
J5iH -2 -1259.130 -3897.054 24.114 74.623 1.480 120.235
SR -1+ 2 A -1481.016 -3061.673 28.363 58.621 42.650 776.240
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