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Simulation of hydrocarbon generation
of the Paleozoic coals in the Dongpu Sag, Bohai Bay Basin
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Abstract; The hydrocarbon generation and expulsion characteristics under different temperatures and pressures and
the hydrocarbon potential of coals were studied based on the thermal simulation with water in a half-open system of
coals using the geological conditions of the Carboniferous—Permian coals in the Dongpu Sag, Bohai Bay Basin. The
results indicate that: (1) The Carboniferous—Permian coals in the Dongpu Sag show a very high hydrocarbon genera-
tion potential. The yield of hydrocarbon generated can reach 254 mg/g, among which the gaseous products account for
220 mL/g, and the liquid part about 145.8 mg/g. (2) The yield of thermal cracking oil from coal shows a single peak,
which appears at 325 °C (R, =1.08%). Almost 40% of the liquid hydrocarbon was expelled from coal. (3) The hydro-
carbon generation of coal followed an increasing tendency in several stages. The intervals 325-400 °C and 500-550 °C
are the stages when gaseous hydrocarbon shows a rapid increase. The former increase should be a result of thermal
cracking of liquid hydrocarbon, while the latter maybe caused by the condensation of aromatic hydrocarbon. (4) The
Carboniferous—Permian coals in the Dongpu Sag yielded both oil and gas, with an oil generation potential appro-
ximately equal to that of the Jurassic coals in the Turpan—Harmi Basin, and a gas generation potential matching
the Carboniferous—Permian coals in the Ordos Basin.
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15% , PIFPREARE 1 S0 S BURRIE SE AR B3 — B, b
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A GOHE OB B AT R

LRSS S0 1 B AN T ORE R S AR AR 1~
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x1 BEEREASES=
Table 1 Maceral contents of coals
A B RERORIE WE/m BRA/ % SERME/ % TERA/ % W/ %
w29 259 74.5 15.6 6.2 3.7
X K1 3 086 75.4 43 16.1 4.2
/\: l1__r| /7 Ve P, s
ARMEER Pas K1 4283 76.5 13.5 8.5 1.5
Jeil 1 1 444 67.2 11.3 18.6 3
BERE Pis EPURGIEST 72.0 14.5 11.5

x2 WEAEREBMSIERE

Table 2 Program for thermal and pressure simulation under geological conditions

F5 MHR/m BRUEE/C

D S/ %

A E S/ MPa )2 K 71/ MPa

1 2 800 250
2 3200 300
3 3 600 325
4 4 000 350
5 4 600 400
6 4 800 450
7 6 000 500
8 7 500 550
9 9 000 600

0.70
0.90
1.01
1.14
1.45
1.84
2.33
2.96
4.00

67.20 28.00
76.80 32.00
86.40 36.00
96.00 40.00
110.40 46.00
115.20 48.00
144.00 60.00
160.00 75.00
200.00 90.00
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Fig.1 Mass loss of solid phase and hydrocarbon
generation rate during thermal simulation of coal

TR R R R O R i e B AR — 30, 7 350 C =2
A, AR R A SR AL R 2 H N 1% ~ 4%
350 CZJm , PiE ZEREY KE 10% £ 47, It
REURFFIX — 22 (H 2 AL EE A28 4 600 °C.,

REAAASLAL [ A 1) T A 40 0 2 ol AL
FEASBIA 77 W A TR 0 o A B 7 4 B
BRSSO SRR, A T v W iy AR 1 4 461 %
FFRIEAAR A SR 25 5 TR = R [ (A 2k
R 2 (H AT RE S B T rp W R K 4 i Y 3K
BRI AKAH 2 TR Tl K 53, 350 ~500 °C DX [ B
[ A R R AR 52 | ] BB S P A T o eSS S
Wids A" K2R iy, ST A7 7E 325 °C
A i s I S R K 0.09% , 11 3 350 °C i 4y
WEANSHHEAGARE 0.05%, E05WH“A”H
PR B A T REAT PR 37 Ak . — 0 o0 24k LA e
R AR SRR T R KRN, 5 —
B G B AR JE rh RS T RRERE AR A P A
A 31 2 2, 45 A5 FE 1Y 1A ot 2k R AR 27
350 CZJa ) AR 26 i 322 2 TR AR
Y35 1Y, Herb 350 ~ 500 °C X Ji) ) 6 2k S
JHE R B o A A SN S U A R TS R 2 S 1 45
BEER 1T 500 ~ 550 °C X [B] 5 5 4 4 D) AT RE A A
W5 IR HE — 2B 45 B A ) CH, ROIR 1 R,
350 CZJm AR 2k 2 5 B AE R R 2 M Y 2
5 (29 10%) W 32 22 72 th 1 v 4k & 0 K 45028 T iR
(), X A /KA R S B K 53 (1) B 45 doK, o
B0 WA B K A3 UK
2.2 BAEREYIR ST
221 A GRE®RMFE

P BB S 6 77 AR AR UL 3R 3 IR 2, A
SEESEE I LUE R R i AR ke )y,
w1 T R R A R Y PR B B —
BRI RRE SRR 1 7 2 0 Ry 32
ThvE B R AE MRS R AE325 °C I A BB K ME,

F3 ERERSIE Y

Table 3 Products of coal thermal simulation

WEE/ R/ SRR IR WK R ke

C % (mL-g') (mg-g') (mg-g™') (mg-g™h)
250 0.67 0272 0.4 26.67 26.67
300 0.87  4.104 6.70 45.48 52.19
325 1.08  11.812 19.26 145.79 165.03
350 125 32472 48.45 119.93 168.38
400 1.59 72439 82.37 65.49 147.86
450  2.08  122.750 140.55 49.75 190.29
500 2.23  142.221 151.63 50.47 202.10
550 2.95 213.074  202.44 61.25 263.69
600 3.52  222.043 194.28 60.28 254.57
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Fig.2 Evolution characteristics of thermal simulation products

145.79 mg/g, BEAR G50 1.08% , AR 4™
Rik 200 mg/g AT, MR A R TE 600 °C 7] ik
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M 2 HRT LA Y S A e A A A
PR ERAE  7E 250 CC R (R, =0.67%) B4
FIRA B Z MRS IR A ;300 C (R, =0.87%)
PUG IR A3 5 325 C (R, =1.08% ) Zi 4735 5]
AV U S AR T R PRE /L 5 400 ~ 600 °C IX
[ A2 v A A PR, R BETE 50 ~ 65 mg/g ZH],
400 C UG WA R0 TR B P HE L
K,

SR A B A ER T S BUR WG KA
Azl I (325 °C) Z R, AR B P AR ARAR, Al
W2 J AR 7= R AR n, DA T o 0 AR A
SHEAE 20 mg/g (SE 50 R SRR,
Jo et S B R e A B SR TR i
B ) B 450 °C B AE R AR IAE] 140 mg/g
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Fig.3  Yields of expelled gas and absorbed gas

B AR A5 R v i R o B i S A L
B2 W4 5 5450 CHIHEH AN 6.46 mL/g, W Fh
SRR R T i B 2 MIE E] 116.29 mL/g, HE
A/ (R HIFEA) A 1 185500 CHHHEH A
TN 27.08 mL/ g, W BRASRI R R 22 R i S AR R I
AN, A 11514 mL/g, HE B/ (OB B +IE S
)AL 425 HE AR B R IE 3 K5 550 °C B HE
HARE 44.76 mL/ g, W FR0RI g He 22 v A U 25 AR o
168.31 mL/g, HE S/ (WS +FES) N 1 : 3.76;
600 °C I HEH S 49.91 mL/g, WS R R 28 vh
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)R 3.45 HEW HL B TR E .
ARSI T B (B 4) | JERE S AR Y AR
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Fig.4 Contents of CO,, CH, and C,, gases

in coal thermal simulation products
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B & R, 400 CHY CH, A Wi s [Tt 5 A2 i
SRR 1 51.7% , T CO, = A X B 5 T 1%,
350 °C I 5 AR BB 0 46.4% T 53 400 °C i 1)
22.3%, di L FFE—FLL L, % 600 CH},CH, & &t
15 85% ,CO, Fr i AN VAR 13.5% , ik I
CO, 1 CH AH X 75 2 B A AP0 R B 7 18 15 52 6 R T
KRR ERUR(C,, ) 75 350 CIERIRAL, & &
SARE T 20% , L5 2380 T R, 2 600 CHIE 4
AL CH, A,
223 RAREFAHIE

AHEH AL RRIE R (B 5) ,250 C B JE
FEFF i Azl H = ZELVE DT A B
FEFHEA LA A HE H 5300 °C B4R B4 3 7=
FiRE 45.5 mg/g, (HHEH AL 2.11 mg/g, HE
/BB AR R 0.05 5 Z A4 Il G 325 C I HERE
AR AR Y 0 R o R HE /B B L s B
0.63, HEH i 5 83 9 (IR 21 0.38, RIAH Y F2E
B AT 40%HE R, B 2O HER M 1,
2 5, HE R BT, 350 °C B HE R
TN 74.64 mg/g, SA M EA L HEH W B AT
18.57 mg/g, M4 T ETH T 33%, W% Br BE &5
TN PRE TR, i 89.68 mg/g T FF] 45.28
mg/g, NREREREIN R 45% , HEH M Ag P T2
TR “ A" R %P B A i i, 1B Bt
AT A" KA R LR I i B B, R4 ik 1 5k
PIRAA BI [ AAs 28 b S B AR 2 R Bk (7
%), X5 ER IR 2 AR LR E =M A 1Y,
S35 0% 7= W CHE I HE A SRR ACR R
PE1R o 350 CZJEHEH HE KT8 B I Y B
400 °C B HE H 9 S AR BT B Y AR B 78%
450 CHFA ] 94% ,3X 7] BEA2 55 Wi i < A" 1)
SR BNy TSR, HHE S FHEH.
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Fig.5 Oil yields vs. temperature during

coal thermal simulation process
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T AU S G TR Ao A epHE A I AT A AR
g A% BRI SR TR

He ol 1 AHE IR 2 BRI R T 25 HE
{14 H R 5% B R IS 1 28 Y AT, A 1 HE S DA HE
W1 I 1 R 2 PR 2~ 18 7, K
HRFE A G 600 °C TR ARt HEH i 1/HEHE S
2 W LLAE > B3k 16.5 F 16.8, 1 350 °C ik )5 55
18, AL SO LA FE ARG TE 2~ 4 Z 0], 254k
AR, Fbr b A2 5, B 350~ 500 °C Z[H],
A5 TR SR R 25 HE H ) IR s HE vl 1 3R - 4
FEPE 36 mg/g Ao, WA AT 4728 4k;500 C Z )5 HE
01BN, wHER 2 R R, BB 500 °C L
JE 25 B HEIM R

25 L RTIAR B ARSI S 50 2 W L P AN
AR AR R MY R R SRR
RN
3 A HERE LR S e
31 BEAEHREXREFEER

A1l 6 mIA, Sk EE R E G T 250 C A&
i, B R, =0.65% 747,300 °C LIS EA K& A IZBY
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Fig.6 Hydrocarbon generation and expulsion characteristics of

the Upper Paleozoic coals in the Dongpu Sag, Bohai Bay Basin
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LR P B A TR A T 1 U S VR A R ) 1) i
500~ 550 °C. X [|] 14 bR 214 Jonn D) mT e 2 8 55 7 455 44
PG TE R, FIHAE B R4 L CO, H
3,350 CLARAMM A5 LL CH  E, R R
A Nt B AR A B N R, 2 R E 1.1%
DLUR B, SA R 2RI, JEA AR R A 20 kgt
HANF] 150 kg/t;24 R, =1.1% ~2. 1%} JE A4 kg
A PTG I B A XS AT — B B g Y R, =
2.1% ~3.0% , S A K i FROCHGEE ME] 230 ke/t;
R,>3.0% M} S A= Ja 2 15 0 AN B 3 s i A 98 /b 1Y
FEE

AU ST I AR R AR TR 3 A B BATS A T
BIREMHES X RS IE R R S #& rh
HEH 0 A0 2 T 40 5T 254 B B P R R
PSR XS RRITAS 55 A T
WA 2 . X A1 H AT LA Tissot AL R T
FEE T 14) T R R D A e s e 3L % At PR
SO T W BUR B RE A 25 , FEX R IR T
WA AL 2, Tissot A RNy, IR
FPRANURERZ JFATT T 2 B A PR TE
R,=0.5% ~0.6% M i A48, 78 R, = 1.0% I} ik 5]
AR RE, C s IR R AE VR 7 R > 1.3 % BT
HC., ERTHE,R, =2.0%BH{LF T H &, R, =
4.0% G A AR AR . B4 Z2800A il ek
2= SN R A BT ) 28 J5T 2 N7 A2 — 2 Uik B R
b S )7 A Y R B R 2 AT AR
I P S B0 FE R T AR S AR B AN Bl e
L3 385y 7 AR W b 5 FF 1), %88 PAT R G ) AR L S
AL AR AR I B i AR R R R
BT R GRS R OAHC R T 364
TRR AR Hm TR R | MRS 2%
TIu AR R | R WA R T A R AR <A
JRALHE T ISR AR, DL RS e R SR IE 1
ORI o =B - N B Soe ST o 2 . >y
25, T LA AR R AL S 0 25 A N N A B
PR I HAE SR N O ARSI,

S2br E LA Tissot 45 AR 3% (138 i J2 U 4 H 4K
i Jo T ) T 7 7 R P i e A A X A s A
FRIBLEE TR ) R A, HBe S sk B
(&) M (RO <A™ ) BEHER (RS ) 178 1D
A e T B AUGE RS 2 AR AR
AR URAGEALL S0 ST 114 B T4 U HE AR 9 1l e i A b A
2, 7E 450 CLUGTRASIE IS =475k 50~60 mg/g,
XER MRS SR b2 Fe 0T i 0 R fin i e e rh
He R AR S MY T b A R T R U5 5 Gt

P C AR O HE R RS RS X MR IR
2 5 I W e TR R Ao R P R TR R R i A 2
fif it A

32 FRMEAR—EBRELREN

AR S B6 285 S v LA, bl A R
IHEA RN AR S, B 5A W SR RESR e
JSCIE T o AR I R DA R 1 P R R AR T 150 me/ g,
Z g e A R AR DL ST IR AR A A T, T, R
TR TR O R S R B 8 7 2R 43 1 296.3 mg/g
F1108.7 mg/g, Il BYAHLT A9 A= vl v 1 HAT 28.2
mg/ g, ¢ B 7R I8 I B I vty AR AU B A T v ) 1
I, - 10,22 f) 32 e 30 S AR i =l e, 1<
(I 7 3 (CH, ) SN 187 mL/g, {0 Fo 4 e 2 i HE
HII ARSI P= 3 IR AR S B A 7= R A 5|
250 ml/g ZeA4 o i T — i T 280 T Fg AR 1 e 25
JERIE B F= R, PR S X AHE M B MG
FEAE 2 617.4 m i 20 () R 3 0 7K He 285 P A
P, IZIERE TOC 2 79.5% , #f# T K 437 °C , BE
Ay MY S 45 48 7R KR AL A S Re I 1
450 C I CH, P %K 67.8 mL/g,700 C I K4S,
B 773K 191.28 mL/g, SZH0 25 JL RN AS AT L (1) 7 9
AR BRI T AN B Ly A R LA A i Y
ERW .

TARVTAE T 38 o R P AR UL B AR R A
Wl 3 R R BRE I I T R 5 3R 10.8,
21.1,38.8 mg/g; S E" L EE" @it iR
JFE 22 TR ARSI 56 AR A5 ek oy 2 Hb R 2 2R L
A R AR R 253 0 29.1 ~88.2 me/g Fll
32.8~101.3 mg/g, 2w A0 3 4 X ik 0y 2 3t 1
% Z VG L2 LSRR T e A T R A R AR S 48
ARAG T B I R A IR NS AR 7= R4 3K 56.7
mg/g Ml 145 mL/g , BT Je 75 P 4 A5 0 dxe v TR A
BRI R0 58.3 mg/g 1 286 mL/g; ik
SRR EIETE R, =1.09% , 5 AR WAL 1h &
WE(E R, = 1.01%AH3T, W 2 U0k B R i piA hy
SRR X L EE SR AR M B bl AR ALY
AT AN S AR Y SR T ik i A R R

SRR 2 A S B EE ROk A T A R—
TERMAR, R K 2R G X
SR L i AR R 6 AR IEAT T B
S G e A SR 2 200 ~ 250 mg/g, X
A A 3 i T IV S IR AT (1 S R A
R SLG 45 FEAH T

RIUEMI B bty Az B A ) R B ) o
fill, LS B e B (— R T 10% ) Fe S0 3
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TR AT A B S R TR 5 — i, i
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e RA UL, DN T4 555 1 0 A8 4 2 >
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80% , 1 5T 40 Fl 5 Jo 40 7 it — e o3 SIAE 10% ~25%
5% ~159% ", H 32 58 A4 0 Wb AR 2 e A R A
A& o AR BT | A AR i A B i
JE R AR, 3 S A 50 BUREE R AR T Ty
A B AR AL, ARIBE MG bt AR AR R S 2
b T EA BSR4 g ) W EA
4 AR Rt A B s T

ARIEM A by A R B K A6 T AL
s A AL TSR R AR AT
S 5 e AT HILTT =R (R b A Pk &
15, B AR R AR T S TR R BRI S
HRAEAS LS I 25 5 I v AR 0 YRS S ™ f T 3k
145.77 kg, XA 1 m’ (A = MY T 2~3 m’
PLEF LIRS R 5% AR 750 400 ~ 600
mg/g S ILIRIR = 0 AL i . AR TR 2
JESE-BIAE 20~25 m, RIS 50 77 T R 4 5, A Y
F 40~70 m JEAYJE T AVE IR A IS,

P, A HILT B OR B, AR T oy AR
R B LSRR AR R A, 2 RETS BN A 3%
A 52 HEA &, Hh A 1R T AR 2 e
FEHE AU G IR B 1 PR B S 5
ShIR R BE 2 AR IV b 0 R IS 2 —
i TR AR A B, B R MRE R B 5K, (HA R
(495 HLAR AR 28 o A AT T Bt — A IR AT, 5
AR T B 2R R A I A s 1 EA T RGP

4 #Ep

(1) JREPAEUL S 56 8 7 T 7 38 11 74 L v 2 43
RS EAN S AR T B A B T i =
JE RN AR R i oW, R K i &
TE 30% LA I, $AAHDURE S i 481 2 5 LA 350 °C S A
LR 2 AP B R R AR G R, A
SRR LY 273 DAE s R Rl % N 412k
NGNS, R A P R, R TR AR AR
AR K RIS 5 5 BB e T g n = 2
S B TREAR A PRI ™0 5 43 A 8 Jin 3 1Y

(2) A A Y I 2R IHOM IR B B g 2
RPN A LR T PR B 250 C A2 A,
B R =0.65%7% 47,300 °C LLJ5 ¥k A K& A RRF B,
TR BE, 2= R, = 1.0% 22 473K B A4 3
W B 25 L i AN S P ) BT R T R R
R FE 77 AR BRI B A3 KA
Wt g SRR AR T 200 mL/ g, SO S A T
T6A 2 AP FE 325 ~ 450 °C X AR 28 i
PR I 32 R WA R 1 2, 500 ~ 550 C X
(i) Py RS 184 T D PT i  RE D A Ah p itE —2D G
BRI A B R 53 DL €O, 0,350 C LU
AR DL CH

(3) SRR ) Ak B B ARAE , HLIE AR
A8 AR R B R EAE 300 ~350 °C 22 J8], AR s 4 A
325 CAE AT, A A AR R XY AT, LA S A
IKF 145.77 mg/g. MHE Y AL RRAE SR &
250 C B JEAE TF 46 $A A Az o AR BB DL
“A” B R A T, JLF B A A HE
300 CHF, A= FIAF] 45.5 me/g, HHEH Y
2,11 mg/g, HEMBCRAL; Z= Al w0 325 °C HE
FE I BRI T 46 R HE AR R IR SR 28R
40%HEH A, ARSI S BT e AR R
BRI KRR, AR BB W T R (0 HE
AR B WL R HEH SR B R e AR Al
VS S R B CH L e RIS 1 I AR P 2R e A TR
BREGEW,

(4) ZMEMPEIE)E BJELE L m 3] 20 £ m, K
ZTE 20~25 m Z ], ALK S & e, R
S P ER A A Y T 40 ~70 m DL F YR YR
SRV AR A=, SEA N HLZE SRR, AT IR
AR R R AR RN 1 5 ERIR 2 W Ll A R
B A — a2 A i v o, AR Ao
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