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Abstract: The Chang 7 Member of the Ordos Basin contains abundant low-to medium-maturity shale oil resources,
with the Xunyi area exhibiting rich reserves and favorable potential for in-situ development. However, the thermal

dynamic characteristics, reaction threshold temperature, and product evolution patterns of autothermal reactions in this
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reservoir remain unclear. To address this, low-medium maturity shale samples from the Chang 7 Member of the
Yanchang Formation in the Xunyi area were investigated using thermogravimetry-Fourier transform infrared
(TG-FTIR) pyrolysis SARA

chromatography-mass spectrometry (GC-MS). The effects of pyrolysis atmosphere and preheating temperature on

spectroscopy experiments, elemental analysis, analysis, and gas
oxidation-assisted pyrolysis characteristics were systematically studied. Results show that an oxidative atmosphere
significantly enhances organic matter reactivity, triggering a low-temperature oxidation-pyrolysis synergy that markedly
reduces the initial decomposition temperature and promotes oxidative cracking of heavy components at high
temperatures. The oxidative atmosphere exerts a chemical heat-promoting effect on the pyrolysis of low-medium
maturity shale oil, with the apparent activation energy under air being 167 kJ/mol—about 30% lower than under
nitrogen-indicating a distinct "pyrolysis-oxidation coupling" mechanism. The suitable preheating temperature range for
oxidation-assisted pyrolysis is 230~390 ‘C , which effectively activates the autothermal reaction and promotes
hydrocarbon lightening. Excessive temperatures, however, lead to over-oxidation of some oil and gas, reducing oil
yield and altering product composition. Thermodynamic analysis confirms that when the pyrolysis temperature is <
530 “C, the exothermic oxidation of residual carbon can maintain system energy balance, demonstrating the feasibility
of autothermal in-situ conversion. This study clarifies the control ranges for key process parameters and provides
theoretical support for the efficient in-situ development of low-medium maturity shale oil.

Key words: low-medium maturity shale oil; in-situ conversion; self-heating conversion; oxidative pyrolysis; preheating

temperature; Ordos Basin
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low-medium maturity shale oil
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Fig.1 Schematic diagram of the experimental apparatus

P U, AR A TR S AR RE T S I I R
TR Y AT el SR R R L R 4R AR AE H bR
B T TEMAESHEANG, KHINEINK RS, F5FE
i FARVR N R, BRI AR AR B . S g it AR
W U R SRR R E O 110 mL/
min, 25 18 60 mL/min"™, i 1 B AT ZE 455 4
S EE LS I ORI S A . A X LIRS A
SRR AR AT Ry 0 S ) R )R A R AT

S SRR — 10 CHY 2 K 1 W 3
iV ¥ BERE LA BR AR 7= . LI A RE I H
SRV HI I DU AR, (il R H R K e g 12 o0 B R AR
7 R ARDK IR RR TR MR . S TR E
S EE M EEE A AR ELE L
W, = A 22 T 5% 1 A5 R BOT ¥ E 1T
G307
1.3 Wik

FE S TGA-FTIR M it R H 78 [# Netzsch 1)
STA-449F3 #4 [l & 4r #r AL 1 3% B Thermo
Scientific Nicolet iS10 £L #MGIEALIEAT , #0145
LLAMETEAL Z ] B Re A 5 9 8 0 T 4 . R e T
43 $I7E 50 mL/min Ji & 1 /S M2 AT T,
FE & B 8.0 mg, P 10 °C/min 38 Z M 30 °C i 2=
850 “C. A EE B M E o fR IR (200 C) L T ALL
AN TEACHEAT S 43 AT, 8 $Gi R 4000~500 em !,
rPEERE A em o O B ORECHE AT RE M B 4 5L 0 3 i
A7 52 S0 A ot T 0 2R R 45 2 43 ) 4 ol 7
+0.5% 5+1°CLIN.

Xof IAARE S G AR AT (4 3 S AT R AL Ay e BT LT R
Sy HT AL GC-MS 40 A1, 1 % #4400 7% i A7 & 40

0.20 MPa, BANFE G AEH R S50 F AT EHE SR
SR BOTBA AR 22N T 5% . GC-MS 4 #1 R
FH Agilent 7890B-5975C Bk FHAN , A 11 3¢ & Ry 73 It
B, 40 b 50 1, 3 BE AR 47 300 *C 3% 42 HP-
SMS(N 42 0.32 mm, 55 0.25 um) , #2 7 TH& : 60 °C
P4 3 min, LA 5 °C/min FHil& % 280 ‘CH-4E i 15 min,
WA NA,WE 2 mL/min. R HTR o T 5%
i (EDE PR, e 70 eV, B T URIE ¥ 230 “C.
RGP E B XRY-1C BLA #it [ 3 & 31
XAE 3 MPa Y KT I E o
1.4 st Bk

PRI A DA i B 7R RO S AT Y B
3 0 S 0t B R A JC B R Bk b
Friedman'"' | Flynn-Wall-Ozawa (FWO) " A
Kissinger-Akahira-Sunose (KAS) "' Jy gk i 47, 3
F Arrhenius J5#2 , ) B R 0] F R8N

da
da A E

K s a——F AR s ——BF ], s 5 o—— 5 T B AH ¢
() 3 R W 8, k=Aexp (—E/RT);[(a) 2N L
B T I, CsA R FAF s f——
TR 3 R, dT/de,"C/miny E— % fL fiE , kJ/mol; R
—38 FH A %, H8.314 1/ (mol-°C) o

FWO .

E
—5.331—1.052—= (3)

Ing=1
M G (a) RT
Friedman % :
da E
ln(ﬂdT)—lnA'G<a)RT (4)
KAS ¥
B\_, [ AR | E
1n(T2)—ln EG(a) RT (5)

H, Gla)E— KT f(a) By S AL R
o B AEAS TR T R E R BN R A ) Y
AR a kb Gla) y—DEM, A ng 5 1/T . In
(Bda/dT) 5 1/T.In(p/T) 5 1/THRLEM KR, HE



160 BhiR T 7

202643 H

T AR AR AT PR S AL BE E(H

2 AEHFREANEREASNESHINRE-LI
SNEER SR
21 HAEML M
AEPHRATTEMAEALESEZATANATH
TG-DTG & 2 pros 4K TG il 2 i ot i A8
bt e K DTG 1 26 i 2K 31 R 05, Al K 30 oo 7
K43 R =B BB — B B (AU T<K350 °C3 25K,
T<<250 °C) F=ZEXF T~ W i 7K K /b 0 45 b 7K B B 5%
BT R B/ RN A B (AR
350 ‘C<<T<<650 “C; 255 : 250 C<<T<650 ‘C)NA
BILJBT (%) 3 B 2 DX TR I B B A R o R B i S 6
A R PR T ), SR BT R A O B B 5
B B (T>650 °C) W 3= 22 )3 R T e i 5607 10 1) 5 itk B
kPR R T R R Y IR, X 2K 0 BT R E /D ©

100 ¢ 40.02
0
96 | .
{-0.02 _
92+ .‘;
& 1-0.04 £
&) >
& S
88 | 1-0.06 &
gal 4-0.08
80 1 i ‘? 1 A 1 1701
200 350400 460 600 650 800
R EE/°C
(EYE R
100 : : 40.02
96} .- ]
1-0.02
92t b
S 1-0.04 £
2 88 S
1-0.06 &
gal ‘ _ 4-0.08
_ 4 ; -0.10
80 200 250 400 460600 650 800
R E/°C
b=

B2 AEHRANSHERSTZE
SS5ATHTG-DTG fh %
Fig.2 Pyrolysis behavior of low-medium maturity shale

oil from Xunyi under nitrogen and air atmospheres
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Fig.3 Peak-fitting results of the DTG curves (Stage II) for
Xunyi low-medium maturity shale oil pyrolysis under

nitrogen and air atmospheres
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Fig.6 Distribution of product yields under

different pyrolysis atmospheres
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value and cumulative endothermic heat of pyrolysis
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Fig.8 SARA composition of shale oil obtained at different

preheating temperatures via AR and OP processes
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Table 2 Normalized ultimate analysis results of shale oil obtained at different

preheating temperatures via AR and OP processes

KA JREE/C LS H/ClEFIE  O/CIHFIL
C H O N S
300 83.54 11.29 3.96 0.71 0.50 1.62 0.04
380 84.61 11.36 2.77 0.76 0.51 1.61 0.02
390 84.14 10.77 3.13 1.15 0.81 1.54 0.03
AR 400 84.92 10.58 2.62 1.36 0.52 1.49 0.02
500 84.83 10.22 2.57 1.52 0.86 1.45 0.02
600 85.00 9.88 2.69 1.56 0.87 1.39 0.02
300 83.06 10.71 3.47 0.76 2.00 1.55 0.03
380 81.91 10.45 4.31 0.89 2.44 1.53 0.04
op 400 82.43 10.91 3.07 0.82 2.77 1.59 0.03
450 82.63 10.50 2.99 0.90 2.98 1.52 0.03
500 84.53 10.42 2.76 1.57 0.72 1.48 0.02
550 85.25 10.31 2.21 1.45 0.77 1.45 0.02
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processes at different preheating temperatures
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Fig.10 The composition of short, medium, and long chain
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normal hydrocarbons in oil yielded via AR and OP

processes at different preheating temperatures
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Fig.11 Effect of different preheating temperatures
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and OP processes
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