K R A Wk A F Vol.29 No.1
NATURAL GAS GEOSCIENCE Jan. 2018
doi:10.11764/].issn.1672-1926.2017.12.011

F 20K % 1H
2018 %1 A

BRI I 3K 00 AR A B 3 B AR RE

B K HE . AT

(P B & HHRFLHFRLIE, LT 100083)

WE.-ANNECAMAERTRAR, CETAL LR L % b R #2540 6 B30 42 5 3 24 OE & 3
BEREGREARENARRINBRENARFEE . FRER A RN TR A ZTEIA
BB A TRENP, FRTRZETS2ER TR ZEITREFE(2C/h.20C/h) Fo & E A H R
HABBEMHTHIAAMER. LT FRARLER TR AIR A BRI ERG I FE,AH/C
RFVAERLAK, A ARBFINEHERY H/CRFIEEFIKRSHER) G % 2 AL a, &
IHRRERBEFTRENARREBEAME ARRRA R, R X ZEMR, 4REF.OME %
R AREERBREREEN AR ARAERREL TR I KRZES. ARERE RO
AR R, AR, FLEREAZETBRFEFRZBYEKEKE RS H 0~0.9%, K& £ H
BB R BRI E Ry A S T RAMEIK 0~0.2%:@3 4534 Easy% R, 1A £450°C
VATFAR 0~0.5%, £ 470C A LZH B 0~0.8%, REAMHBRERETRGEAKRKZER, AELEL AR
R ROAE.ER\EANFHRE—FARE LY ra T ARG R R I FHA R BB, 2t B R TN
MR Z M AAERC<13WEMMEEE A 0~0.25%.1.3%<R,<6%EMmELE A 0~0.5%,
BRTHEEMEAHBREERRRELAS , T HEATHARABRR R G AR FRFH0,
KRB AR R BB AR T AR B RAR R E

RESES . TE122.1713 MERAR SR A MERS.1672-1926(2018)01-0096-07

5] A#& 3 : Chen Ruiyin,Mi Jingkui,Chen Jianping.Maturity of coal-derived hydrocarbon in pyrol-
ysis experiments[ ] ].Natural Gas Geoscience,2018,29(1):96-102.[ FRIm4E , KA , R BT
S 1A BE ) b BT bR [T ] R AR R R B, 2018,29(1) 1 96-102. ]

Wl A R R AR B9 1l R R L SR (H/ O T I 55 2
B AF7E 22 570 ULk A R Bk B Hbr e A

0 5=

BERAE R H A F AU 0 E S
PR S R b 5 22 1 A T A B AR R A
IO 56 AR o 2 3 o S 3 R AU T i T A DU R R IR
A S D s A RO LB IR ) B ET B . S B
PR B AR (R o) B F T AE & KA ML AE A 2R
b J5 ) T BRI A AR 0 R AR A R (H S R
B AZ IR BT . B AR O 7 1 55 4 Al B B R
T s 55 R AR FE B B oA Rl A R T RO
SR SR A I B KT AR AR S R A A= i
g W X IV % B W) R o L EE 9K Ml J5T 38 Ak 1) T L i
0.3% S TEMTE Ro (B F . SEEHE i 5 1 8 &1 T

s B H#5:2017-08-20; f& B H #§ : 2017-09-30.

Re bR T B S — O T, T g % A 5 Y
KI5 S T I Y A ek R R
A BT B RE AT A N A e R R Y 52 o A A T I 2
S BT R R A R 2 A A DA AN T
A . AT R B AT AR R A 2 2R S A
A H B B 4 PR E MR AR S 56 mT R A HL B e
— 5 PR TR P R 05 P B A g D R SR B
AR A R TR R A R SR AR A
TR SR 7870 5 8 T #a TR SR R RS
W I 2% AF L AU AR i A i R R 8RR Y AR
Felor 2R UL Easy 20 Ro MERLIE 4 BR GE Bk T I

EE£TE b EA KRR RA GRS FE I H I E (45 :2014A-02) B8 8.
EHE B PRI (1976-) , B IR FRL N, m S TR, -5, 222 A S5 S b Rk 2% 5 7 i b 5T AF 55 . E-mail : chenry @ petrochina. com.cn.



No.1 MR s AR S B R I R B E B MR AR T 97

V] —— Yk B M R T 4% 12 1) A% 40 52 6 1 AR R R R O
PG RN 1°C /DY B % R R ) HE R R
F18) R AP S A e A A0 92 56 1) 3 FH P B O T A 5
HAEIE.,

WFFE 2R WL I S e Al 2 A L 3 &
e AR R AR AR AL H/C R L e B 4%
S5 B AT 4 S A= 0 1) RE T RN ARG AL R R R T RS AR A%
AR AT R B bR S S8 AN 52 D5 M AR R BE RS2 e, 5
Rock-Eval Iy fHAH I, A2 38 a0 e 9y 5 57 . I
HYER R AR SO R T A R
K Z A0 THIR R (2°C /h, 20°C /h) AT A HE R 1K
FERZMTH 3 HAAERLE, M TR H/C R
T Pk — A BT L0 A R R R [RS8,
B RE S H/C 5 Ro MR @ BEAE AR
SLYG R R 5 AR ) 1A () A5 AR S R T T I 1 kA
SRR RN, Ry A S 5 0 98 O 1R VT i &R
AR BRI
1 7%

TR H/CH Ro XRRG TSR A H
] 32 B A b Hl )22, N SRR 22 W7 4 b AR 2% Rl g
B B RMAKR M &R EE
=& R AEILHL AR & kS 2 R R
SR AR MR P R L SR 139 A, IR A IR S
T FHRE 2R B SRR 22 1 23 b 4 )1 R ¢ L b X AR 2 3R
T2 2 ARV (H/C=0.83,0/C=0.10, TOC =
75.69%,S, =6.72mg/g..,. » S, = 188.10mg/g..,. »
R,=0.52%),

fE 3 T4 S5 43k 2°C /h R 20°C /h 2 AR A1
HOEAE A B R R AT N K 10 ~
30mg [ R HEFE WS PR 4P E I FE 50mm X
Smm fY 8 &8 N R LR AT EGEZ R, K
MR 44 4 0l BB m R SR, Th NE R T
% 300°C . fH it 30min, #R J5 LA 2°C /h 8¢ 20°C /h Ft
TR FEAE S R SR 2 AR & 300~ 650°C AN 4E,
S AN B AR P s ) € i 30MPa,, Il ERHE il
TREERIREEE N 1°C R IR B2y 3MPa, #ASE R G
SEZVHCH B A IR B IR AV VL R R EE S R
A F A S SR T AL o3 D, AR R s A
AMGE W b B ORI AT A AL e A, A AR
TS T T & AR 9 o0 3 AR B BT AR I G R
M

VL A S 06 R AR I AR HE R S G R g kAT
() 5 FLE5 RO R B L i 7 A5 HUL T HE S B 401 g 52 30 7 3k D

SCHRL19J ML A [24,25], H 30~80g HEAEAE AR
JEZBR N BIRE G OF 22 18 A Eb I [ 2 Fn %
HOHESEZEMES G, @ ST s L EA
30MPa B 4K . 38 1k 28 A - i HE I 48 i 2 8 4 1l
HERE A1 45 552 06 2o A8 v R = SR R AR R TE (30 +
3)MPa, il b Sk XA A it in HUAUE g, DAASE AU
WA R BB 72MPa, 3l k55 B Sk 45 ] 3R
FL A 5 DA S0 B0 08 s P T n A R IR A o A
JEN 1°C B fh PR 2 MR R 2 E /N T 5°C, 1F
250~650°C 1 [l e & 52 5 H A B2 2, FH 10min T
2 250°C 5 fE IR 30min, 2R J5 LA 60°C /h Y 3 % T
T HAR IR B S fH R 72h, SCO6 45 oS i R B R
T 14 B DA T A B s oy e s P — 40 R ot il
P& Hh4E S akE AR TR G T T EEAR T R A
LRI J5T A B S5 3 B I A

ARt Jo P9 TET AR AR AR 52 30 5k s R AE A LT R
TE T » 416 FH 3k 2 A 34 D Bk 25 JE HLBk . 4R )5 A Vaio
MICRO cube JC &R 43 Hr %, #% BUE A8 GB/T 19143~
2003¢ A A HLIT e L& AT 2 48T O 1RO T A2 45
S RN BRERE R R E TR S . C.H.N TR
e L2 #0R, A R Bl 950°C S i R b i
500°C 5 %0 R W 5 Jir T 4o AU, 27 IR
JE R (1 140+=10)°C,

B8 JO AR S ST 3 1 0 e A HR A AT bR o SY/
T 5124-1995 (LR H B8 T R B S8 258 0 2 J7 125 ) 1l
2 W R, MPV-SP 8 06 B2 100 5 A 5 A 455 3
TR RS %, R 5 AL SIC AR g b B 6 AT 4 2 T 4t
W2 R 0.05%,

2 #XR

R AN () Ml DX 4R Hln o ) T ) R L T AR
H/CJEFILS Ro WREIFXRZ WA 1 PR, Gitke
i Ro {E A JE L #E 0.45 % ~13.05% Z 8], H/C i
T A Y FEIAE 0.02~0.96 Z 0], ik FBEH R,
E AT TREAR H/C {22 87 R A%, #4008 16 & ik 32
ABHENE IJFHEARFHLAECR, £ Ro>
18V BB JERE TSR H/C 5 Ry WX AR LI
XPE e R KB Ro<<1.8% KBt .H/C 5 Ry 1Y
KEAMZIARIB WM &, B EeERE
KW

Ro<1.8% I ,Ro=—400.65(H/C)"+

164.7(H/C)'—2 684.2(H/C)* +

2 190.6(H/C)?—894.09(H/C)+147.07 (1)

Ro>1.8% 0, Ro=11.981¢" *0%*1O (2



98 A R A B o3 A F Vol.29
20 ° %}R%ﬁﬁ' |7 HMEEREMEE 2°C/h,20°C /h 6 T+ 5 3#E 5L
o B 6 RV A HEA PR R AL IR 720 S H B o T
i RARLFL/C RIS R 455 0% 1, 55 AR M0 1
- zﬁﬁm e F8 AT A A AR o B S 0 U R B T e [ AR B i
& Y TR H/C AE I8N R o B R 5 A R I A0, AN [R]
= y=11.08Te362 S R AN H/CRo (EHAA
Kt -y AR 11 R 8 T RE AR 10 H/C BT IS R,
w.;*i; 96 F 3 (D AU (2) 5 96 50 A0 T PRk i H/C JRCT
y=—400.65x"+1 641.74'~2 684.2x+2 190.6x%-891.00x4+147.07 FEAE AR S 25 S5 8 0 H/C LT B xd oz 9 A 28
025 TR YR YT T 1% MR R o {E, ARAT 5250 5 B2 s SL R A Ro (H5 A
H/C SR R o (BRI 5 AR, S5 2R NI 2,181 3 T
E1 B#%BFRHEEH/CEFIES R, £% Wt A S 6 it L BE Y T e A S R B B XV A
Fig.1 Correlation analysis between H/C and R, SR R o) JZ@T}H% TRARBHBHZm AR RIED
parameters of geological coal samples FH ﬁé,% éﬁ(fl |5 T'-ﬁ' r%] i Iﬁ] H 7!‘/]—1 & B&*“ T ‘[ﬁ & 3d E/‘J ?;U?
x1 ARAXBRIEESWEMKRKE H/CRFLE R, WEE
Table 1 H/C atomic ratio and R, value of residuals in experiments
W EREMRR 20°C/h HWEEREMRR 27C/h R A R IR R E R 72h
T/C H/C Ro/% T/C H/C Ro/% T/C H/C Ro/%
300 0.79 300 0.78 0.63 250 0.80 0.86
325 0.71 0.68 325 0.71 0.68 275 0.77 0.91
350 0.64 1.21 350 0.61 1.25 300 0.63 1.00
375 0.62 1.31 375 0.57 1.53 325 0.59 1.15
400 0.59 1.54 400 0.55 1.74 350 0.54 1.59
425 0.57 1.81 425 0.50 2.26 375 0.51 1.75
450 0.56 2.03 450 0.47 2.63 400 0.46 1.99
475 0.51 2.41 475 0.45 2.92 425 0.43 2.19
500 0.48 2.89 500 0.42 3.30 450 0.41 2.41
525 0.47 2.99 525 0.41 3.47 475 0.40 2.80
550 0.42 3.50 550 0.38 3595 500 0.38 3.07
579 0.39 3.97 B/ 0.36 525 0.36 3.26
590 0.39 590 0.34 4.39 550 0.32 3.76
610 0.36 4.19 610 0.32 4.57 600 0.27 4.07
625 0.33 625 0.30 4.71 650 0.19 4.92
650 0.31 650 0.27
Az HE R S50 BT 68 L B R T AR A AR g L y=1X10"*2°+3X10 °2?—0.006 8z +

W& 2°C/h A 20°C/h e B R E KR, 1
350°CLL BB B, AHAB B H & My Ry 2H KT
0.5% 3350°C LATF Bl 45 Uk B 1) B3R AR 25 {8 328 7 0 /)
) 250°CHa) , SEEG IR EE 5 XN A SR LT R
FHEKRRRILA N

TER 3d PR A HERR L5

y=9X10 "“2'—2X10 2%+ 0.001x"—

0.245 8x + 22.495,R*=0.997 5
2°C /b 8 T i 2R 0 4 A IR R L

3

0.617 1,R*=0.993 7
20°C /h 1E T4 B A6 B 4 AR R L .
y=—3X10""2*+ 2X10"°2*—0.011 3z +
1.865 4,R*=0.996 2 (5)
KB —E .y AR R, %50 R K 85
R, °C R WA A REL.
FEASRH T Ro<<1.3% BB, 3 L5 R 50110
R GRS R A5 HARMT R, HIEE: 7 A
SR R o=>1.3% By B, 5% i A SR #b it R, {H

4



No.1

Wb 4k R KB R R R AR 99

FH EE o TE TRl A R R Y SR AR R o (B
KB R ZE{H K 0.6 %0, MH R 3d PAJEA: HER 5256 &
SR ERIE R o fE /1N 75 H AR BT R <<4 %% Z i Y
ZE/NT 0.3% . TEHRMBT Ro>4% Z J5 1 22 {8
Wz e R A 1,200, SR ATk R, E
L AR R SRR 4 3 R T2
R 3d R A HEIE 5L 5
y=0.120 82*—0.929 32°+ 3.317x—
1.646 7,R*=0.994 8 (6)
2°C /b 8 T il R B A A R S
v=0.023 52*—0.129 92°+0.972 8x +
0.062 4,R*=0.995 4 (7)
20°C /h fH THIE A B G IR RS
y=0.031 22°+40.317 42*—0.1382 +0.673 7,
R*=0.993 8 (8
KOOy WARMBIR, B, Vosx N
S EATRE Ro (8. Y05 R G A MR

r y=0x107""x"-2x107°x*+0.001x°-0.245 8x+22.495
R?=0.997 5

or y=—1Xx10"x*+3x10°x*>-0.006 8x+0.617 1
L R*=0.993 7

Q\Q D

> 4+

=

g 3F

g |
r y==3x10"%*+2x10°x’~0.011 3x+1.865 4
N T = L A
200 250 300 350 400 450 500 550 600 650 700

SEEIEE/C

o [HiE3d HEHEZ A 2T/ WA
A 20T/ EEE — 2R AR )
— 2R T EEE) — LWAQR0T/h,HEE)
B2 AERILEEENNBARME R, &

Fig.2 Correlation between geological R, and

heating temperature of residuals in experiments

3 it
3.1 REFER, EHLLER

FH Burnaham [ {b2¢4 8l ) 2 il B 1T BT AL
i N SR IR R T LAARAS R 3045 S8 T Y Eas-
YO0 Ro B . AN SCSE B 7R 25 il B2 xd B0 18] 1A 5% i 5 )
R Easy’0 Ro FUAR¥E Ak dE 72 H/C JE T Hodr
SEM R Ro R ANE 4 FoR, Bk 1Bl 5 iR
BERI TR Ro {5 S TR B, 76w | AL o
A R Y LI R R {E 1L Easy % R, fAH
T AR R, 6.

JE Tl AR B R R R SR v 7R S g R
JE/NT 450°CHr Bt Easy % Ro (EART AR ML R,

{H . e R ZE(EH N 0.4 %, FE L0 i R T 450°C i B,
Easy% Ro fAm T A M R, fH. Ix K2ZH N
0.7%, 8k Easy % Ro ANl G 1E 0 # 48 R E KR
MR AL A R i B R AR . E/N T 400°C B BL, AR T
Ro H#EE T AR M R, . b6 % I 5 A4 58 v, 5%
i Ro HBORME T AR R, B, i KZEME T
K 0.7%, B A SRR R, <<1.3% B B, o] LA 5%
R o EAE RS20 T 7E 18R b 0T P4 38 Ak A 8 i R
(48 b o 1 AE B 3k LA BN IS A .

r y=0.120 8x’-0.929 3x*+3.317x-1.646 7
R*=0.994.8
ofF .
’ y=0.023 5x*—0.129 9x°+0.972 8x+0.062 4.
R*=0.995 4

n
T

'S
T

FIARHUTR /%

y=0.031 2x*+0.317 4x°=0.138x+0.673 7
————— T R=0.9938 )
0 1 2 3 4
SIFGR /%
o [Hi3d/EHEE  A2ThEEE - WL
A 20T/ SR — L IR AERL3d, A HER)
— ZWAQRThEEE) — 2T L)

3 AERIIZBEKKE
5 B 74 i 5 &I T AL B BE X B K &

Fig.3 Correlation between measured R, and

bk

geological R, of residuals in experiments

fE R 3d T AR R ke S5 A, 7R 500°C BLHT
Easy% Ro 5 H 2R R 14 22 HR AL K, K&
A bR IR A A B, e K 22835 0.9 % . 7E 500°C LA
Bk BB BE L i 22 AH XTI L FE 0.4 A, SR
WikiA R, (HEA LI T AR R, H2
0.1%~0.3%.

ANTR T3 ¥ BT S R B BB R H A 22 51, I T
A LT A S 0T AR D R A Y R 25 S A R )
Xf 2 FRRAFAE R 2 F IR P, Sweeney ZHK
58 J5 A 1) AR Al o AR R Sy B A AR ] AR PR T Ak
REAS [F] 19— R A VA7 B o BTG ST 1 O T 45 BT AR
I HE) Easy Vo R o B 5 AR S8 Ak o7 Jony I F &
— VAT RN AR b ) I 7E R BE LA R S
FIE A S T o B B LS i S v R . SR BT
J A 23 ) SRR Y A A R RCHE SR R B E R R
JE B 52 ), 17 AR e 0 R SRR I A 1 T AR R T
SRS £E AR BN T Al
32 BAAKXMEERSHEIRE

BT BN s FAR AL AR R L A PLR
H/C Jit 5 Lo Bl % SRR 3G im0 A2 ffa 35, o i =



X R A

100

B2

® A % Vol.29

B R AR A AR o B K S SED RS T R HIL BT AR A
SEEG SR T AR H/C R T S R A O AR e
KB 3 AR B B i A AL AL L O i B T AL o
SRR, (ELHy T A e o R R 0 SR 32 00 1A TR ) Y
S L AN [R] s IXCRY 3 B S s g sl 22 e O S 2 8
A — B, R = B B A SRR ] T HL

5_

4F °
< 3f
%C
2_
1L D)
() L 1 1 L L L L L 1 ]
200 250 300 350 400 450 500 550 600 650 700
/T
(2) 20C/h, WEERERR
5-
4-
< 3f
;o
2-
1F
() 1 1 1 1 1 1 1 1 1 ]
200 250 300 350 400 450 500 550 600 650 700
/T
(b) 2C/h, WEFWERR
5-
4-
< 3F
;o
2-
1F
() 1 1 1 1 1 1 1 1 1 ]
200 250 300 350 400 450 500 550 600 650 700
/T
(c) EIR3d, EAHE RS
® EIARMUTR,  * Easy%R, ® SZIFRIER,
B4 AEIRESEEEKZESLA R, Easy% Ro.

H/C EFILIRE B %A Ro XFEE
Fig.4 Comparison of R, values from different

methods in experiments

H/CIET I SR R #95C R IFARAF TR 5 Tk
R EUE R &R . A SO % I 43t
S A SO L 38 AR G 28 B0 i 1) 22 T XA O G 3 UL
CES

ME T WAL KE Ro<<1.3% W B, G 1T 5K

P B 5 MA &R R 2EMH/NT 0.25%,
1.3%<<Ro<<6% BB, KEM/NT 0.5% ALY
S AR 2 — B, B 22— 4 & R AR B
BL(Ro<<1.0%0) £ AH G MR &7, B B T 3 5 4k
P RS . TR R IR 2 TR A B B
A BEAE R SR A R AR R R RO BE AN B i
PAAR SR I FR R R A AN B N
3.3 WiEAEE

IRE A A HE IR S 96 1 B A AN TR 2R R ik
AR S0 3 A I T AR AR 1 AR b ) R A LR
A rE e R H/C JEFE L A SRR R o 5 SE 56
A HE R AR . R TR — Hb X R A ST A H/C R
TR KRRV S50 4F 5 19 A 48 1 RO B
FARY . 7F Ro<<1.3% B Bt , th F #1521 Ji
R IC AN R A R M X 22 (0] A GE 24 B AP 22 5
Gt A NN — 3l A B A L IXRE S R . 7E R o
>1.3% B B, B A AR SRR L AN TR DR Y R
R B — B0 1R 22 R L BRI S AR S 5 AR
T AL R, O S FH M R

DO ¥ N | R S = B S A = SR )
JO AR 8 2 i LA D B O AR i S 2R AF A T T
TP 2% 2 850 FH 55 55088 0 A R 5 50k 2w Lk
HAL AR ERE L A SO R O #om 1T AT
YA HILIE 0 A 0 1 At 7 24 T B 2 0 . FRATT R
495 47 PR A A R S SR AE R TR TR S R AE A
F LA, BRSNS BB IE SR A ke kA 5 I Y 5 ML o
R o A SRR A AL B A R

4 i

EA VA LB RS 547 F BT JLEINIR .

(DB Z R A% TEAAR H/C RT LS B RK
BEHEABRAEERABH G FE L, TURKFEX
RE AEARKEG . AEBEF T AN AR R AR
HARAR T AR,

(DABRBAFRET . AEAHRERERGAE
BRI EEFTREZK AR 2°C/h.20C/h %8 £
Be, st meh B RWARIEES.

(R A ¥ 7 kK136 Easy% R, 14,
588K BFER,MENK ., FELA T HELEERLT
HREEFABRRRE A EAHBRRRZAEREROAR
#REFE, REAHRZREREZEWEKRKSE R, A
PRI R R, A,

(DEBRBE . FREKRKSE R, 5 8RR
Ro st AR ERTHEEAZ MR BRE



No.1

% 3% 4% 5

: BE B S

AR B0 B AR

101

W X &k, B A HER R,

£ % T HR (References)

(1]

[2]

(3]

(4]

[5]

[6]

(7]

[8]

L9l

[10]

Dai Jinxing, Ni Yunyan, Huang Shipeng, et al. Significant
function of coal-derived gas study for natural gas industry in
Chinal ] ].Natural Gas Geoscience,2014,25(1) :1-22.

W B 2 e G A R RIS T R AR AR T K
Jee w2 LT R AR A R B 22, 2014, 25(1) : 1-22,

Jones R W, Edison T A.Microscopic observations ofkerogen relat-
ed to geochemical parameters with emphasis on thermal matura-
tion[M]//Oltz D F,ed.Low Temperature Metamorphism of Ker-
ogen and Clay Minerals, SEPM: Pacific Section,1978:1-12.

Gao Gang, Liu Guangdi, Wang Zhaofeng.Correction of results
from hydrocarbon-generating simulation[ ] ]. Xinjiang Petrole-
um Geology,2005,26(2):202-205.

R B MR R A e L 2R Y A IE [ ] A I A
#2.2005,26(2):202-205.

Que Yongquan,Zheng Lunju,Cheng Qiuquan,et al.Vintrinite
reflectance correction of residues in organic matter pyrolysis
simulation experiments [ ] ]. Petroleum Geology &. Experi-
ment,2015,37(4) :206-517.

VR AR KA A TRFKIR 55 AT BT AR A 540 S5 58 % 70 00 IR
P S AR A IERTSE L) A i S 9 b BT . 2015, 37 (4) :506-517.
Zhang Linye, Liu Qing,Zhang Chunrong.Study on the Genetic
Relationships between Hydrocarbon Occurrence and Pools
Formation in Dongying Depression [ M ]. Beijing: Geological
Publishing House,2005:79-80.

RBRME XK TR AR SR AR B W B R 5 e R B (ML L
A LT R L 2005 79-80.

Qiu Nansheng, Li Huili, Xu Ershe, et al. Temperature and
time effects on free radical concentration in organic matter:
Evidence from laboratory pyrolysis experimental and geolog-
ical samples[ ]J].Energy Exploration and Exploitation, 2012,
30(2):311-330.

Chen Jianyu, Hao Fang. Improvement of organic petrology
studying types and maturity of organic matter[ ] ].Petroleum
Geology & Experiment,1990,12(4) :426-431.

WA 2 0 A BIL A A IS A AL BT I R S 1 o
(10452 56 1 . 1990,12(4) :426-431.

Wang Zhaoming . Luo Xiaorong,Chen Ruiyin,et al.Effects and
influences of pore pressures on organic matters maturation
[J].Advences Earth Science,2006,21(1) ;39-46.

EIRWT, B e s BREm A L 45 AT AL B AL o AR Pt 2 R O i
YE 552 ma. Bk B2 3 L 2006, 21 (1) : 39-46,

Hao Fang. Kinetics of Hydrocarbon Generation and Mecha-
nisms of Petroleum Accumulation in Overpressured Basins
[ M. Beijing : Science Press, 2005 ; 1-406.

5 R A b AR R AR I 3l ) 2 5 il SO L B L MO b s R
2 MR, 2005 :1-406.

Hao Fang, Jiang Jianqun, Zou Huayao. The overpressure dif-
ferently and levelly retard the organic matter evolution[]].

Science in China: Series D,2004,34(5) :443-451.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

WY 22 T AR SRR BB TR XA B BT AR AL R 22 55 4 4 1
KAWL ] E AL D #,2004,34(5) : 443-451.

Behar F,Leblond C,Saint-Paul C.Quantitative analysis of py-
rolysis effluents in an open and closed system[]].Oil Gas Sci-
ence and Technology.1989.44:387-411.

Behar F, Vandenbroucke M, Teermann S C,et al.Experimen-
tal simulation of gas generation from coals and a marine kero-
gen[ J].Chemical Geology,1995,126;247-260.

Landais P, Muller J F, Michels R, et al.Comparative behav-
iour of coal and maceral concentrates during artificial coalifi-
cation[ J ].Fuel ,1989,68:1616-1619.

Xiong Y.,Geng A, Liu J.Kinetic-simulating experiment combined
with GC-IRMS analysis: application to identification and assess-
ment of coal-derived methane from Zhongba Gasfield (Sichuan
Basin, China)[J].Chemical Geology,2004,213:325-338.

Shuai Y,Peng P,Zou Y,et al.Kinetic modeling of individual
gaseous component formed from coal in a confined system[]].
Organic Geochemistry,2006,37:932-943.

Mi Jingkui, Zhang Shuichang, Wang Xiaomei. Comparison of
different hydrocarobon generation simulation approaches and
key technique[ J].Petroleum Geology &. Experiment,2009,31
(4):409-414.

KA BROK B F IR A AN [R] 38 7 AR SR 5258 Uy i T e 5
FKEEHARLT ] A7 5238 # J5T, 2009, 31(4) :409-414.

Zheng Lunju, Qin Jianzhong, He Sheng, et al. Preliminary
study of formation porosity thermocompression simulation
experiment of hydrocarbon generation and expulsion[ ] ]. Pe-
troleum Geology &. Experiment,2009,31(3):296-302.
KA ZR oy £, 45 3t J2 L W B A HE R A5 9L S 06 4 2P
WEELT A il SE 3 5T, 2009, 31(3) 1 296-302.

Ma Zhongliang, Zheng Lunju, Li Zhiming. The thermocom-
pression simulation experiment of source rock hydrocarbon
generation and expulsion in formation porosity[ J]. Acta Sedi-
mentologica Sinica,2012,30(5):955-963.

e )RR 2 L 2 A R VR A R A ) I T 3 4 A R R A
LB B ST ] U244, 2012,30(5) :955-963.

Chen Ruiyin, Wang Huitong, Chen Jianping.,et al.An experi-
mental method to evaluate the hydrocarbon generation and
expulsion efficiency in the Songliao Basin[ J].Natural Gas Ge-
oscience,2015,26(5) :915-921.

AR NS BRSP4 9208 J7 v PR S T 4 AR IS 1
EHEIR R ] R R IR 24 . 2015,26(5) : 915-921.
Burnham A K,Sweeney J J.A Chemical kinetic model of vit-
rinite maturation and reflectance[ ] ]. Geochimica et Cosmo-
chimica Acta,1989,53(10):2649-2657.

Sweeney J J, Burnham A K.Evaluation of a simple model of
vitrinite reflectance based on chemical kinetics[ ] ].AAPG Bul-
letin,1990,74(10) : 1559-1570.

Horsfield B.Practical criteria for classifying kerogens: Some
observations from pyrolysis-gas chromatography[ ]J].Geochim
Cosmochim Acta,1989,53(4):891-901.

Baskin D K. Atomic H/C ratio ofkerogen as an estimate of



102 £ K & W ok # % Vol.29

thermal maturity and organic matter conversion[ J]. AAPG fif A % 35 R L JE I 38 R S R )2 Ak R I S T 1 A
Bulletin, 1997,81 (9) :1437-1450. WS [T].0" YA I R 22 T 41 . 1996, 15(2) 1 91-93.

[247] Chen Ruiyin.Zhang Shuichang.Chen Jianping,et al.Diagene- [27] Dalla Torre M, Mahlmann R F, Ernst W G. Experimental
sis, hydrocarbon generation and expulsion process simulation study on the pressure dependence of vitrinite mauration[ ] ].
rig.China:2012,CN202599946U.[P]2012-12-12. Organic Geochemistry,1997,67:2921-2928.

Mia AR L 5koK B B S5 BUA R R R R 4 i B AR R A 52 [28] Jiang Feng, Du Jianguo, Wang Wanchun, e/ al. Influence of
A P E . 2012,CN202599946U.[P]2012-12-12. temperature and pressure on maturation of organic matter[ ] ].

[25] Chen Ruiyin, Zhang Shuichang,Chen Jianping,et al.Fluids release Acta Sedimentologica Sinica,1998,9(3):153-160.
quantitative controlling device. China: 2012, CN202795075U.[ P]. Rl ALAEE, TR A B R RS LIEE &
2013-03-13. P X A7 LB B 2R 5 e [0 ] DT AR A= 4, 1998, 9.(3)
[/ N = T S O A i T T o ol - Al 153-160.
2012,CN202795075U.[P]2013-03-13. [29] Tissot B P,Welte D H.Petroleum Formation and Occurrence

[26] Xie Qilai,Fan Shanfa.Zhou Zhongyi.et al.Influence of pres- [M].New York:Springer-Verlag,1984:1-699.
sure on the evolution and hydrocarbon-generation of source [30] Qin Jianzhong. Source Rock in China[ M. Beijing: Science Press,
bed by simulationg experiments [ ]]. Bulletin of Mineralogy 2005:5-100.

Petrology and Geochemistry,1996,15(2):91-93. Zatpop ER A ML ACE B2 R4 . 2005 :5-100.

Maturity of coal-derived hydrocarbon in pyrolysis experiments

Chen Rui-yin, Mi Jing-kui,Chen Jian-ping
(PetroChina Research Institute of Petroleum Exploration & Development sBeijing 100083, China)

Abstract: Hydrocarbon generation and expulsion experiment in account of pressure and expulsion effects is
an important approach in resource assessment and petroleum formation mechanism.It is necessary to in-
tegrate hydrocarbon generation process in pyrolysis experiments with geological maturity. An immature
coal is pyrolyzed in three experiment models. The first two are in confined gold reactors at temperatures
from 300°C to 650°C with heating rates of 2°C /h and 20°C /h and under a pressure of 30MPa.The third is in
hydrocarbon generation and expulsion simulation rig at temperatures from 250°C to 650°C with rapid heat-
ing rates and holding time of 72 hours and under a pressure of 30MPa.The relationship between hydrogen-
carbon atomic ratio and vitrinite reflectance is confirmed by the mathematical statistics of 139 geological
samples.In view of indicative feature of hydrogen-carbon atomic ratio for organic maturation and hydrocar-
bon generation,the curves between experimental thermal parameters and geological maturity are graphed
for these three series of experiments.Compared with geological maturity R ,the value of solid residue in
confined gold reactors is higher by 0-0.9% ,and the value at higher maturity stage in hydrocarbon genera-
tion and expulsion simulation rig is lower by 0-0.2%.The values of Easy% R, in the three series of experi-
ments are 0-0.8% lower than the values of geological maturity. Obviously, the vitrinite reflectance of solid
residue in hydrocarbon generation and expulsion simulation rig is nearer to geological maturity than in con-
fined gold reactor.The conclusion reflects that pressure and hydrocarbon expulsion play an important role
in thermal maturity and hydrocarbon generation process of organic matter. Error analysis shows that the
corrected maturity of experimental samples with hydrogen-carbon atomic ratio relationship are 0.25% low-
er in oil window,0.5% lower in gas stage than the real geological maturity. These curves can be applied to
resource assessment in coal measures regions by pyrolysis experiments.

Key words: Coal; Pyrolysis experiment; Maturity; Hydrogen carbon atom ratio; Hydrocarbon generation

process; Vintrinite reflectance



