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Abstract ; In situ heating technology is considered as the most effective means to solve problems for the development of medium to low
maturity shale oil. Compared with conventional heating, microwave irradiation heating has the advantages of high heating efficiency
and excellent oil quality, and thus has attracted much attention. This study aims to further clarify the effect of microwave irradiation
heating on hydrocarbon generation and chemical structure of organic matter in shale, as well as the differences between microwave ir-
radiation and conventional heating. Specifically, based on the independently developed microwave pyrolysis instrument of MPS-1
type, in combination with Rock-Eval pyrolysis, total organic carbon, X-ray diffraction, Fourier transform infrared spectroscopy, and
hydrocarbon generation kinetics, microwave irradiation heating was carried out on organic rich shale in Member 1 of Qingshankou
Formation in Songliao Basin. Meanwhile, conventional heating was performed for comparison. This reveals the hydrocarbon genera-
tion yield, product characteristics, and chemical structure evolution characteristics of shale under the two heating conditions. The re-
sults show that microwave radiation heating can effectively reduce the activation energy of the reaction and promote a series of chemi-
cal reactions during the pyrolysis and hydrocarbon generation process of kerogen, such as methyl side chain and C-C bond cleavage,
and thiol group cracking, allowing the shale organic matter to decompose and produce long-chain alkanes and small molecule hydro-
carbon compounds earlier. Compared to conventional heating, shale samples heated by microwave irradiation at the same temperature
can generate more oil and gas, with higher heating efficiency. The pyrolysis hydrocarbon generation process of shale organic matter

is more complete, and the hydrocarbon generation conversion rate is higher. Kerogen has lower aliphatic content and a greater degree
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of aromatization. Microwave irradiation heating promotes the breaking of aliphatic chain bonds, removal of carboxylic acid structure,

and decomposition of long-chain alkanes in kerogens, leading to the generation of more long-chain alkanes in the stage of kerogen

cracking, and more small molecule alkanes, especially methane, during the cracking of heavy components. In addition, microwave ir-

radiation heating can promote the dehydrogenation of alkanes and the decomposition of thiol groups, leading to the production of

more olefin gases and H, S in shale gas components.
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Fig.1 Tectonic division and sampling locations in the study area
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Table 1 Organic geochemistry and mineral composition of shale sample
TOC &/ S/ Ss/ Tuw/  Ro/ FLw¥&aw/ s/ FIKASE/ Aoadi/ S5y o5/
% (mg/g) (mg/g) C % % % % % %
3.87 0.97 29.93 443 0.55 48. 40 30. 90 8. 70 5. 80 5.20
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Table 2 Experimental conditions for microwave irradiation

heating and conventional heating

e LY A SRR

AN RN IALR ORI 2 IAZR 435 300 C
800 W {5 {L B [A] &y 4 h) 350 C,400 C ,450 C
A TR LR T E LR 53 5 R 300 C
ClE IR [E] 4 4h) 350 C ,400 C 450 C

Tl A

R

e 5 @ D vl T A TRV VR I AR RO P AR T
WHEE LS REME T @R 45 K5, A
DCM 3 44 it 25 B P 350 0457 4 o WAC B 3 A 1) D i

S 0 ACEE 1SR T 0 3 S SRR IS TR AT A L AR
K H Agilent 7890N RIS AH @AY . ZAXIRFELAE T 3
ARG % 25 1A R F T AR 28 <k (n CH,, LCo H,,
) 1A O B AR 2% (FID) 5 45 2 A g JH T 46
H, S 0 #4600 2% (TCD) 5 45 3 4> T4 3%

ftb TTAHL A Can CO, 20 MR I 35 . 7 58 o — 2 R
M) HUEE R 73 B0 A A oE AR il T Al B A 1 SO
H. ARUESRIR AL 53 CHL BEJR 4350 5% . CO, JBEJR
IYEL 5% G Hy BEIRITEL 2% CsHy BEIR 380 1% N,
FEIR AP HL 87 % o #RJG - i 3 €% (GO 43 B I % A o
AR R ASCAE e L AR B AR 7 AR T R =2 1) Y
GC i i o 2t 3SR = i 7= 3

JE S 77 W) R AR I AT 0 . SE I A R S e
=Y E AR DCM [ bedf b, i ok I8 158 5 8, 25
VR TP AR R . S K T R AE DCM H i 5
R RN B 40 mL (35 58 0 b 00 S A VR Y O A 5 AR
Jei s O @ A IRCE T AR 2 mL 1 BB b8
1 mL f) DCM H1 50 L B 2 HIVR BE 04 B EFE  (Tet-
racosane-D50) Il A 21| 37 55 . 3 i GC 43 A ) 45 Ji
T FORR ERE i 2 D) o B AR DT A 0 1R R S bR
YRR T A 0 T FR 22 RD Y L DG R SR T A
Ji &
1.2.2 MG Zeh T i kiE L

S50 7E A I R A (R AR TR 2 Tl AR A NS
By SE R, (VAL B (KBr) % FE 5 547 55 B . BE 5
X KBr (BBl 12 100, 43 Hr A% 2% % B Bruker
Vertex 70 BIZLAMEIEAL , £ 500~4000 cm ™' 1 £
WU EE LT AN TS . A HE RN 4 em ™' ESLIR 2 R e £
S G S DI N s S QI EA A5 2 AR \B
T EZCOR T OMNIC B4 b 27 J] 3% Hb g 48 A b oA 21
ARG BECIX ] L G AL 5 S WO BE AR R AL B
il AT WSO ZT A1 S 5 B 1 A X
1.2.3 ARFHAFERELAFLT

e DU A B A 2o i S o Ay 7 50 {1 e 2 3L B
AR b BT B AT I T SR LA O R X
T n] DA S b2 3l ) 2% 1 B 2 i 3R 9 7 3k L ok
— B S LA Y AT A A R . 2% R FH Rock-Eval 6
TR B AR ASHE FF TR 3R T 6T 2 B0 i R AT T AN [ I
WS, BE A 300 CTHEE 700 C, T R
43595 C/min 10 C/min F1 50 'C /min, $R 152k 2 5%
2B K B 5 A TMMI A= 42 8l F1 2 3F 31
PRAFERE A O AR S 1= S8 AR )%
BEAY N o J5 125 WL SCHR[38-39 ]

2 SLEh4

2.1 HBRFRMpFYERE
2.1.1 ARBFER

& 3 g ANTa) 92 50 B 2% 1R GO B R R A
B A A . o SR A 7 i R Dy 240. 00~
683. 00 mg. V-1 k 480. 75 mg, P2 &R 0. 50~2. 70 L,



1496 el B}

=* ki 2024 4 5545 &

F3 HMEESMACEAMANEYESELR
Table 3 Quantitative results of products from microwave

irradiation heating and conventional heating
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Table 4 Gas product components and gas production rates from microwave irradiation heating and conventional heating
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Fig.7 Fourier transform infrared spectra of shale and kerogen
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Fig.8 Fourier transform infrared spectra of kerogen under microwave irradiation heating and conventional heating at different temperatures
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Fig.9 Hydrocarbon generation conversion rates and activation energy distribution of the original shale samples
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Fig.10 Hydrocarbon generation conversion rates after microwave irradiation heating at different temperatures
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Fig. 11

Hydrocarbon generation conversion rates after conventional heating at different temperatures
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Fig. 12 Distribution of n-alkanes in oil products under microwave irradiation heating and conventional heating at different temperatures
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Fig. 13 Gas product contents under microwave irradiation heating and conventional heating at different temperatures
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Fig.14 Hydrocarbon generation conversion rate under microwave irradiation heating and conventional heating at 450 C



%10 £ RS SR N R TUE A BB A e A A 2 6 R 1Y 8 e AL 58 B A BT L 1503
1.0 1.0
M 300 C M 300 C
M 3s50C M 3s0cC
0.8 400C 0.8 - 400 C
W 450 C W 450 C
) 06 # 0.6
R XK
> &
X 0.4 X 0.4
02 F 021
..h.dl.l... J|J|h..h.“

160 180 200 220 240 260 280 300 320 340

TE4LEE 7 (kJ/mol )
(a) Bl

160 180 200 220 240 260 280 300 320 340
1EALAE / (kI /mol )
(b) FEHINH

B 15 AREBERKESMAMERMBEERNGFLEDSS

Fig. 15 Activation energy distribution of samples under microwave irradiation heating and conventional heating at different temperatures
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Fig. 16 Pyrolysis evolution of chemical structure of kerogen
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Fig.17 Schematic diagram of hydrocarbon generation by kerogen cracking
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