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Research on oxidation characteristics and kinetics of light oil reservoir during the process
of air injection

Pu Wanfen', Gu Fei', Song Ge’, Liu Penggang' and Liu Zhezhi'

(1.State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University,
Chengdu, Sichuan 610500, China; 2. Northeast Sichuan Gas Production Plant, Southwest Oil and Gas Company,
SINOPEC, Langzhong, Sichuan 637400, China)

Abstract: In this artide, we analyse the oil oxidation characteristics of the light oil at different oxygen concentrations (21 % and
8 %) and in the presence of the reservoir rock by the static oil oxidation tube and thermogravimetry/derivative thermogravimetry
(TG/DTG ). According to the Arrhenius oxidation kinetics model, the influence of the factors on crude oil oxidation activity is char-
acterized quantitatively. The results show that the lower oxygen concentration can reduce the oxidation reaction rate, and in addi-
tion, the reservoir rock has strong catalytic impacts on oil oxidation, which can promote the oxidation reaction. The oxygen concen-
tration of the remaining gas drops significantly after the oxidation in a lower oxygen concentration, which greatly improve the safety
of air injection displacement. The thermal analysis shows that the crude oil exhibits three stages of low temperature oxidation, fuel
deposition and high temperature oxidation. The positive impact of cuttings on the crude oil oxidation is stronger than the negative
impact of the lower oxygen concentration, which can significantly reduce the activation energy of crude oil at low oxygen environ-
ment. It is benefit to the application of lean oxygen injection displacement.
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Fig. I Flow diagram of static oxidation tube experiment
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Table 2 Gas phase composition after static oxidation
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Fig. 2 TG/DTG curves of test samples in atmospheric pressure test environment
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Table 3 Temperature interval and quality loss of different samples

. R AAk(LTO) BRI (FD) el 4L (HTO)
i X E/CC AR/ C Fimide, %  WEXE/SC  Fimdidk, % REXE/CC BARESC ek, %
Tt 25~127 97 5.08 127~412 63.05 412~492 455 26.26
B (58 %)  25~112 92 4.89 112~412 71.72 412~497 459 18.12
Jh+ A A Bk 25~162 126 473 162~401 34.38 401~476 431 11.62
" zggﬁf:ﬁ 25~156 121 4.28 156~401 36.68 401~541 451 11.01
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Fig. 3 Arrhenius plots of tested samples in different oxidation kinetic parameters
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Table 4 Oxidation kinetic parameters of different samples
e RIS RER TEAEEE /(kJ-mol™) R[4 21 7R 4 /min™
5[5}
LTO HTO LTO HTO LTO HTO
Jih -3 346.26 -4941.03 64.07 94.61 1.97x10’ 1.70x10°
JE (5 4.8 %) -4422.50 -5352.90 84.68 102.49 1.59x10" 5.59%x10°
SR+ A A -1799.76 -1851.37 34.46 35.45 195.89 14.42
i+t Z A A (FE8 %)  -2148.73 -2298.37 41.14 57.41 2.95x10° 437.86

1) 2 R, st s R o S AR
Gy FHEMLRIE K, Al vk, A2 A A
G L A S AR R, TR A R H 3R
TED AR ) T Dl 5 4R 00 7 R A, S B AR X AH AL
ALt

2) HEAEAARL, et A s e LR R
AR IR T R4 SR 10 %, BCR
MR T AR S R R R ORI A [ I B
I/ R R AR

3) MR R I AR TR AL (LTO ) HRRHITR
(FD) A iR E AL (HTO) =SB B Sk BRI
T B 5 B O AR Ak /L vy i B A B Beth A T ik PR
ME o il 2 A A ] D T R AR A Y 2
R fuf il DX ) ) AR RS O 1) 8% 8l %) S A i AR 2
PEFEAE

4)  Jst v i A B Be i A BE R TR IR A AL B
B 5 2 SRR P AR Bt S Pt 1 T I, S S i B
MEVEAT 5 5 URL 1 285 a4 ] R Wil S AL
JF T 16 AL RE , % T i 481 B £ RV T B A i T 4R
AR BE AT i 7 A T A S e, I T 2 AT s
TE AR A S B TE AL BE , 330X T S it 7% 4802 ALK
R PES.

B % 3wk

(1] 3K, XA, PR 45 2 SR IR ST B v T T A

SRUCEIFE[T]. RIRE T, 2004,24(4) : 78-80.
(2] FUEEATROR, AR, 25 A 3 28 SR o R MR B

BEWFFELI]. ATk T.22,2008,30(3) : 105-109.
[3] NilH, Jia H, Pu W F, et al. Thermal kinetics study of light oil

oxidation using TG/DTG techniques[J]. Journal of Thermal Anal-
ysis and Calorimetry, 2014, 117(3): 1349-1355.
(4] EREFT . B A RS A S D] R VY e A
KA, 2014,
[5] Hassan A, Carbognani L, Pereira—Almao P. Effect of O, on micro-
carbon residue standards analysis[J]. Energy Fuels, 2008, 22
(6): 4062-4069.
[6] Zhang Y, Sheng J J. Oxidation kinetics of Wolfcamp light oil[J].
Liquid Fuels Technology, 2016, 34(13): 1180-1186.
[7] Bagei S. Effect of clay content on combustion reaction parameters
[J]. Energy Sources, 2005, 27(6): 579-588.
(8] ZE—, WU 2%, AT, 45 . AR B 2 AU IR o e AUk
FRWEFEN]. AR T.22,2012,34(6) :90-92.
(9] FEMR,HEI2F, PRIE, 45 . e BRI S it S A e Ik S Bl
J1%] A T FRE,2014,42(8) :56-59.
[10] Hassan A, Carbognani L, Pereira— Almao P. Oxidation of oils
and bitumen at various O, concentrations|J]. Energy and Fuels,
2010, 24(10): 5378-5386.
[11] Jia H, Zhao J Z, Pu W F, et al. Thermal study on light crude oil
for application of high— pressure air injection (HPAI) process
by TG/DTG and DTA tests[J]. Energy and Fuels, 2012, 26(3):
1575-1584.
[12]  XUMSRN, 7725, B0, 46 . A T8 A e T st 25 Ut 4 4
PRI HTI]. BEBERLA SR, 2015,21(5) :464-470.
[13] Kok M V. Thermo-oxidative reactions of crude oils[J]. Journal
of Thermal Analysis and Calorimetry, 2011, 105(2): 411-414.
[14]  Greves M, Osinder A, Rathbone R R. Influence of reservoir
rock and fluids on crude oil oxidation using an accelerating
rate calorimeter{J]. Chemical Engineering Research and De-
sign, 2000, 78(5): 715-720.
[15] Kok M V, Gundogar A S. Effect of different clay concentrations
on crude oil combustion kinetics by thermogravimetry[J]. Jour-

nal of Thermal Analysis and Calorimetry, 2010, 99(3): 779-783.

(%hiE M A E)





