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Abstract: The oxidation process of crude oil in oxygen-reduced air is complex. In order to accurately analyze the oxidation
reaction of crude oil under reservoir conditions, it is necessary to carry out comprehensive qualitative and quantitative studies.
In order to further explore the oxidation mechanism of crude oil in the process of deoxygenated air flooding, and to clarify
its oxidation heat release, weight loss and kinetic characteristics, the thermal analysis experiment of Tazhong deep heavy oil
reservoir in Tarim Oilfield is carried out. DSC results show that the increase of oxygen content significantly promotes the
oxidation heat effect of crude oil, and the overall oxidation heat release and peak heat flow of crude oil increase greatly with
the increase of oxygen content. TG experiments show that with the increase of oxygen content, the low temperature oxidation
interval of crude oil keeps shortening, and the mass consumption in the low temperature oxidation stage is reduced. The
temperature range of the low-temperature oxidation interval gradually narrows with the increase of oxygen content in the oxygen
reduction air (the deepening of oxidation degree) during static oxidation. Based on the TG experiment data, the activation energy
of crude oil in the low-temperature oxidation stage obtained with Friedman and OFW methods is close, and the activation energy
increases with the increase of conversion rate. The average activation energy of crude oil used in the experiment in the low-
temperature oxidation stage in oxygen reduced air with oxygen content of 5% is 81.04 kJ/mol.
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Tab. 1 Physical parameters of crude oil
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330 42.21 23.80 11.92 22.07
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Tab.2 Experimental equipment
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Fig. 1 Oxidation of crude oil in deoxygenated air with different
oxygen levels
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Fig.2 TG-DTG curves of crude oil at different heating rates
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Tab.3 Reaction area and mass loss of crude oil at different heating rates

B/ °C

FHEHER/(°C -min~!)

R4 (LTO)  #ERHIIRL(FD) kil fk (LTO)

5 30~368 368~443
10 30~390 390~455
15 30~393 393~458

AR %
PRRHIUEL(FD)  IGRA L (LTO) #RRHIUEL(FD)
443~602 62.02 14.38 23.60
455~671 61.54 13.30 25.16
458~701 60.67 13.56 25.77
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Fig.3 TG and DTG curve of crude oil with different oxygen content
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Tab.4 Changes in oxidation interval and mass loss of crude oil with different oxygen contents
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Fig. 4 TG-DTG curve of multiple heating rate with different oxygen content
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Fig. 5 Variation of oxidation interval of crude oil with different oxygen content and heating rate
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Fig. 6 Mass loss of crude oil in low temperature oxidation stage
with different oxygen content and heating rate
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Tab.5 The variation of reaction zone and mass loss of different oxidized oils

A % R/ eC AR %
RS (LTO) AR (FD) fIEEL(LTO)  #BBHIBU(FD) RS (LTO) BEEHII(FD)
5 30~391 391~452 452~730 64.11 11.55 2434
10 30~389 389~449 449~721 61.11 11.75 27.14
15 30~388 388~451 451~716 62.26 10.56 27.18
21 30~381 381~446 446~614 60.58 10.52 28.90
23 RMBNZERT FADE B i i ek e AL B A T R T R, DR TG A

F T 7 il 0 2 0 D il 2w e 4T AR
B BN R B e il A B, B, AR SO S
A TR 3 TG 8l , 304 Friedman IR
5375 OFW X IR A AL B Be 1 1) ) 2 S 80k A T
Refto IR SRR 5% WA S P IRR AL
W Bl AL RERESE L (0=0.1~0.9) AR L R 41K 8
PR o

140

# Friedman
120 | ®moOFW

100 |

80

LAY/ (kJ-mol ')

60

40

01 02 03 04 05 06 07 08 09
oAb A/ TR IR

8 FHEESMMBIEUREEEURNEAXR

Fig. 8 The relationship between activation energy and conversion
of crude oil at low temperature oxidation stage
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