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Study on characteristics and behaviors of low temperature oxidation of heavy crude oil
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Abstract: The static isothermal oxidation tube experiments were carried out for heavy crude oil in J block of Xinjiang Oilfield. The
effects of temperature, pressure, quartz sand and detritus on the low temperature oxidation (LTO) characteristics of heavy crude oil
were investigated by analyzing the alterations in the produced gas and SARA (saturate, aromatic, resin and asphaltene) fractions of
oxidized oil. The results showed that the awerage oxygen consumption rate of the crude oil was increased by 1.42 % per day at
110 °C relative to that at 70 C. When the pressure was increased from 10 MPa to 30 MPa, the production of CO+CO, was increased
by 2.13 %. Both quartz sand and detritus promoted oxidation reaction on the heavy oil. The oxygen consumption increased by
1.71 % and 4.08 % after the addition of quartz sand and detritus relative to the crude oil. The promotion of detritus on LTO reac-
tions of heavy crude oil mainly derived from the catalytic effect of detritus. The oxidation behavior of the crude oil was studied by
the TG-DSC, and the activation energy was calculated by Arrhenius kinetic model. The results indicated that heavy crude oil had
poor reactivity in the LTO stage, and the activation energy in the LTO region was only 18.09 kJ/mol, which was much lower than
that in the fuel deposition and high temperature oxidation stages (84.58 kJ/mol and 113.39 kJ/mol).
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Table 1 Basic physical parameters of heavy crude oil
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Fig. 1 Flow of static oxidation tube experiments
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Table 2 Results of static oxidation tube experiments

S AL PR ST ARG S

;F; i}é&fﬁ; B TP 0,,% N, % C(:% CO.,% Ci—Cs,% e jFﬂ(]f/fjk%%/

1 Helith 30 15 19.84 80.16

2 G 70 15 18.62 80.91 0.08 030 0.09 11.22 0.20

3 B 110 15 10.15 84.55 027 347 1.56 7.67 1.62

4 B 150 15 427 86.43 041 641 2.48 6.16 2.60

5 Bl -+ Db 110 15 8.44 85.04 0.31 4.54 1.67 6.53 1.88

6 B+ 110 15 6.07 85.98 038 572 1.85 6.00 2.30

7 B+ 110 10 6.85 85.81 034 537 1.63 6.20 2.16

8 B+ 110 20 4.89 85.92 0.41 6.32 2.46 5.85 2.49

9 B+ 110 30 3.27 86.39 048 736 2.50 5.36 2.76
dw/dt = kw" (2) [ R T DA RO A A S R 8 s A DU 2 43

k=A, exp(-E/RT) (3) i,
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Table 3 Analysis of SARA fractions of heavy crude oil
after oxidation reactions with different conditions

NS AR wi% AR, wi% R, wi% DI, wi%

30 °C 27.89 31.17 33.09 7.85

70 <C 21.14 26.17 35.97 16.72
110 <C 18.52 2247 37.15 21.86
150 C 15.20 20.08 35.52 29.20

10 MPa 22.06 28.87 35.13 13.94

15 MPa 19.68 28.86 37.03 14.43
20 MPa 19.21 28.19 37.76 14.84
30 MPa 17.58 26.96 38.89 16.57
P+ b 22.84 29.08 35.24 12.84
R+ E 19.68 28.86 37.03 14.43
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Fig. 2 TG-DSC curves of heavy oil
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Table 4 Parameters of TG-DSC curves for heavy oil

SN B T X ) /°C FrEA R, % UEEAFTIRLIE /°C PISME/ (K] g") IR EAR A/ (mW mg™)
TR 37.51 ~384.15 33.16 329.83 0.87 1.13
PRI 384.15 ~ 530.61 42.88

[EpiiE=R 4 530.61 ~ 655.46 19.53 536.61 1.39 5.07
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Fig. 3 Calculation curves of oxidation kinetics for heavy oil

based on Arrhenius method
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Table 5 Kinetics parameters of heavy oil

B RIS TEfbE/ BRI 201 30 4 s
e (kJ+mol™) min™'

RIREIL  -944.67 18.09 1.26 0.989

PRBIIURL -4 417.26 84.58 1.86x10° 0.952

mimElL -5921.94 113.39 2.6310° 0.964

LR MO R B 7E 95 %A L, I, TR 2 1%
AL BEFN Arrhenius 7 B0 A UER . R IMTEARIR &L
BEIG AL BE R 18.09 kJ/mol , EAR TR R AR = 1 4
TR BE (35 AL E (84.58 kJ/mol F1113.39 kJ/mol) . %
& N FEAIGIR S AR B B, 480 A il b 4201k 15 1
30 1o T JE SR 0 7 JER AE BaR AR E K A e_L f T
AL 5y KA AN, BT LA SR [ B T 16 Ak
AEAR/IN . BRRHITUBR B B A P B I o = i o
It HIE R . R B TS AL B TR Sk B B
(R AL R , 150 B 2R it B 7 7 2 A s T g o 25 il &
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B R A e I RO T MR G . ZHAO FE
WFFEHE T A B BEAE B I A e S 1y 7 2 5
Z I RE B , RIUL, i SA TR B B 6 AL RE B
AR IR AL TR RRTTR B B

1) B ET e R A A B 0,
THAE &, FE U R A CO+CO.AE B BH W34, 21
TR b TR N PR i AR et A A S B 1
M 10 MPa 3 Ji11 25 30 MPa i, CO+CO, A= i 38 i T
2.13 % , KW Jy 038 fn AR 6% £ 12E B8 i G IR 481k e
o 5 A B A SR RS T IS FE A 530
BT 1.71 %F14.08 %,

2) AR IR A B B, B e i A B B
PH W AR iz B AT A E 2R A T
FEIHRBE SN , I H K (B K 2 2 AR A A B B
1.6,

3) Fh RIS BaR ALRE D 18.09 kJ/mol,
X AT -5 B e o AN I oA R A R R Ay A
Ko BRRHITRUR i i S A B B i 3% A6 BE 23 il 2
84.58 kJ/mol 1 113.39 kJ/mol .
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