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Abstract: The evaluation system of shale hydrocarbon generation is mainly addressed in the static condition at present, ignoring
the dynamic process of hydrocarbon generation. Consequently, the original hydrocarbon generation potential of the shale cannot
be properly evaluated. In this study. a typically marine shale sample with relatively low maturity and its kerogen were artificial-
ly matured by a half closed pyrolysis system and a closed pyrolysis system. Samples with different maturity levels obtained
from the two systems were then pyrolyzed for gas generation in sealed gold tubes (i. e., pyrolysis experiment in sealed gold
tubes). The quantitative analysis based on the products of C; —C; gases, Cs —C,; light hydrocarbons and carbon isotopes of ga-
ses from the simulation experiments indicates that the generation process of methane in kerogen can be divided into four stages:
oil-generation (<(1.0% FEasyR,), condensate-generation (1.0% —1.5% EasyR,), wet-gas-generation (1.5% —2.2% EasyR,)
and dry-gas-stage (>>2.2% EasyR,). Kerogen, expelled bitumen and residue bitumen contributes 22.7% ., 57.6% and 19.6% of
maximum yield of methane in shale, respectively. Abundant soluble bitumen still exists in the shale matrix after the hydrocarbon expul-
sion, which becomes the major source of shale gas by interacting with kerogen and insoluble bitumen at high maturity levels.

Key words: organic-rich shale; kinetics of hydrocarbon generation; hydrocarbon expulsion; kerogen; bitumen; geochemistry.
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Table 1 Maturity and TOC content of the whole rock and kero-

gen samples obtained from the closed pyrolysis system

M ARS Ay} BASE (VD) TOC(%)
R L CR I 0.57 6.78
KO TR CR A 0.57 67.12
K1 TR Chlr 42 ) 0.57 68.12
K2 T EEAR Gt 4 0.8 69.07
K3 TS AR Gl 42 ) 1.0 69.92

K4 T AR 233D 1.3 72.56
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Table 2 Experimental condition of artificially matured sam-
ples and basic parameters of samples with different

maturity level in a half closed pyrolysis system

BEdh RPAE WE &1 T[] G E N
(i) 0 (CT)  (MPa) (h TOC(%)
S1 0.7 300 50 66 4.55
S2 1.0 343 50 72 5.07
S3 1.3 370 50 65 3.56
S4 2.0 415 50 72 3.42
S5 2.5 442 50 72 2.86
S6 3.0 467 50 72 2.99
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Fig.1 Yield curves of gaseous hydrocarbons from the organ-

ic-rich shale (whole rock) and kerogen by pyrolysis

experiments in sealed gold tubes
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Fig.2 Carbon isotope composition of gaseous hydrocarbons

by pyrolysis experiments in sealed gold tubes
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hydrocarbons generated from artificially matured
samples in a half closed pyrolysis system
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Fig.5 Yield curves of gaseous hydrocarbons generated from
artificially maturated shale samples by pyrolysis

experiments in sealed gold tubes
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P BERE 1R 6.8 mLL/ g Uy 2.5% EasyR, 1Y
T S5, = H e 1ol 4.2 mL/gs BAVE K 3.0%
EasyR, BT A S6, 7= FHE J1{UH 0.2 mL/g, LA
JLT- k=g (F 5a).

&l 5b Fl 5c 43 5l e m TUA BR A £ e RN ot 1) 7=
2[5 B  BE HE 0 ) AR Ak . L 5 T T
A AR 5 T AR AR A R0 B AT A 7 R B A A A
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JE B T SE 1 R, FE BB R A o 2.7%0.2.20
EasyR, B}t 8 fe K AH . Bl 5 5 32 8r BE AR N AR 41
WK E L PEA ALY BER L  JAArp DL e
e MR O AR TR P R I B AE TS R
B e R OBE B, W ke T R RS RCRR R
1) 90 % LA L.

IR Il 0 R 158 20 (1997) X A 3 2 1 A v TR B
SCERT B, Y R, [HARTF 3.5% 0 AA AR ETFR
MR BEW /N T2 R, (EE I 4.0 V0B AE i 2 R R Ui
FOR A AR TR A B T 45 (2007) 38 3 X — &R 51
v — 3ok T A B B ) 0 VR A I A AT o AT I
R S B A L R, Ry 3.0 2602 T AT AL+
B RR R A S BB T- 467 N i AR 11 AL T B AR 7F R, >
1.5 % i} Se Rk S &k 18.5~185.0 mL/g « TOC.

XF b b3 2 35 B RIS LR, A S i i A DT
FE i S5(1.3% EasyR,) 1977 Bt i ) & 491 16 KR
TR (K 5a), FE b S6 (3. 0% EasyR,) 7E
4.0% EasyR, I i H ¢ 4 sUARE T AL 0.2 mL/g, &
Ak T B BE A EE S S1(0.7% EasyR,) =S BE N
(18.1 mL/@) W 1L.1% A4, R TUHR C &+ o0k
AR FE TN AR 11 AT B AR RE &L 7E R, >1.5%
B Ok S BR A R &= AT & 38 9. 4 ml/g
(250 mL/g » TOO) Ph I, H fR -5 (2007) #F 52 1%,
T S BR A A

HAEBENE, FEM S3(1.3% EasyR,) FIEE i
S4(2.0% EasyR)FRAR = e ik 1 2 5 EEH B
FEAE S BE L 7= e RN 58 16 BE 0 U IR — S0 AR
PUBE K F) 4.0% EasyR, If, FE 5L S3 Fl S4 f B
F e Ak 9.5.6.8 mL/g (8 5a) . B Ak B BE 1k
F2 2.6 % EasyR, W, £ e 5™ 4250 f K AH B 5
S3 WY ZHEF7H K 0.47 mL/g(K 5b) ; P AL TR ik
N2y 2.0% EasyR, B, %8 7™ 8 45 30 i W, 4 i S3
A1 S4 I BE = 43508 0.12,0.11 mL/g(F 50) 4
i S3 5S4 B 22 IR HUA SR R 2%
SBUN, SUUHESRWE T REA L LR F
(199D HEMTE 2.0% EasyR, VA A i 19 PR AL 3ot
FErp RS RROR TR E T MR 5 A AT HEW 5 (A 224K
R A LT A5 1 28 B R
222 HRESEHNHREALEZARISME AR LA
JE U 20 R e Y Wb L 2 ek IR A R 4H
LA R R B Ak B (B 6) . A BB DU
TR BRI, FOBR A SR 2 B B 4R 8 C
FRRE B 5 00 A0 R T (] — T 5 i 3R B 11 o 2 AR Ak
TR JSE 1S s i A i ) e A RS R T ik D o 3R A
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Fig.6 Carbon isotope curves of artificially maturated shale
samples by pyrolysis experiments in sealed gold tubes

a H BEsb. L%t 5¢.CO;

B EE O CABEEN 8V C A IEFHESI Y
LA HD 8 C, <T8" C,<T8" C,<<8% C, A4 52 86 vy,
B BE 0% CH R —44.9%0~ —31.74%, - Hob [F] {3 K A8
EARFRR I B PR R P R C HE# s E"C
(52 2% o B T 2 DN HR ot A B O O Rk OR R
EEC R, HF EasyR, KT 3.5 0P C HEHRE
A BEE (E 6a).

H R b R 2 T CA R R R G b 430 TR )
FE RS F ., RS R A C A PLE
FE A AR AN S I B L € 2 B HE S DT R R X
T R J T 25 7 B 4 A8 BB UL R A 7 v L )
AU A 1k TR 28 1) 31 ) 2% 43 TR R0 CRE i 5 55
2004 5 B 72 55, 2007) K IR [R] 407 25 E R B 20 B 7Y
H G B T U0 U5 A 04 sk [R) 67 38 4 A Bk L
AR [ A7 2B A VAl R AR T ik IR o2
B R 1) U AR T AR T ) U R
77 A T R e ik ()67 38 2 AR TR I L S [ B R DT
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FRE I BE (k) Bk TR A R 4R il e 3 AR
A7 (] 6a,6b).

AR TUE ) CO. Mtk Rl 2 i — L 50k 1 3
A LS TCHL Rl A= ARk BT I8 Y 7 (8] 60). 2 3R
BN AL T 3.5% EasyR, W, F£ 5 S1 % F
S2.S3 kUt , H## = )b CO, 1Y Bk [ 7 2% 21 W
P C B R, 01 C 22 AT 5%0. 3% A& B 7 AL
BRE R 0.7 0 B il B4 7 Wy b TTHLET 1Y 43 il AT
RETTHR 1 AH Y3020 89 CO, s G i BVE KT 1.0%
B Bl 25 R 1 B A BE 1, C O, 1 Bk [ 457 25 41 0
H S C R )2 T R AL S T T A ) C O, 1 sk [ 3 R
AR C B BI3E N 5 FE v — i R B O A R
T 3.5% EasyR,), B & B 09— L340, #E i
FT A 8 CO, B Bk 6] 7 2 41 B R C /Y EE ] 2

3 B

31 HAKRTRESHWESINESITEN

3.1.1 FERBEAMBEMN S £HETHH
RAPTEAR C, .C,~C, AR C~CLREM
HALERE DL M2 Fang et al.(2012) % J5 3 24 fift B Bt Y
K153 ¥ T AR SR G R R Ao 4 B BECIEL 7).
(DAEMB B, EE L 0.6% ~1.0% EasyR,. #R
Fang et al.(2012) W) 52 5 25 B, J5 ol 24 i OF s T
1.0% EasyR, . F I 28 35 B T g AR #4824 B2 /N T
1.0% EasyR, BBy BRI 0 A 0 B B 5 (2) 8E AT 0 2E %
M. FEE 1.0% ~1.5% EasyR,.:X 4~ Fr Bt £ #
o C RSN DI TR R SR S NG o
Co~C,RIETHIE 1.5% EasyR, Wik 25, 2
Je G 4 fire R A AR R R (B 7o), BT AR Y
WA AR A ENH B HIE 1.0% ~
1.5% EasyR, 8 R A 883 25 s B Bt 5 (3) 1R A hL
Brit, FERE 1.5% ~2.2% EasyR,.C, ~C;, A& &
TERGAE 2 2.2% EasyR, I 5 2 77 g i, 2 J5
Frih &2 (B 7h) Ik 1.5% ~2.2% EasyR,
B AE WA A B F BB B () T A B Bt A
KT 2.2% EasyR,.

3.1.2 FEBROESEESH 4 DAFEBA BT
T MR i 2B AR 0L S G 25 R A TR S, T AR RE
K1.K2,K3 Hfl K4 43 5403 TR (0.57%
EasyR,) A E &L (0.8% EasyR,) A= i % i 1
(1.0% EasyR,) 4k F A= 3 7 45 o 4 K B I B B
(1.3% EasyR,).Z # X b T B AR A i AR %
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Fig.7 Yield curves of gaseous hydrocarbons generated from

artificially maturated kerogen samples

a B BE s b, Lt s e T

A B, Wi T AR %) B B s, L R UBE T B
BEARG s AN ] T B AR FE S 7E 4.0% EasyR, B0y H e
;R R i, K1, K2, K3, K4 1 Be 7™ 5 5 51 R
341.7.287.2.172.3.93.8 mL/g » TOC ([ 8a). %
Hh AT IS AR A AL B2 B 5K %) 1.3% EasyR, Z i,
P g 7 R K 18 (] 8a). A K1 A i, M 0.57 %
EasyR, 7 1k 3] 1. 3% EasyR,, B % 7= &R X H
7.5mL/g+« TOC ¥ % 40.1 mL/g » TOC; )5,
BE BT A0 R RE A Y, L e R RS R ®
4.0% EasyR, B} Ay 341.7 mL/g « TOC.

At 5B ) 77 A T AR U B B L & T 0
RS AE 2k 2.5% .2.1% EasyR, B H 8™
e W L AR5 1 WO I 24 (18l 8b, 8e) . iX S T AE
AN BERE RIS ESD . HEXA SRS
TE o Ul P 2 figp e Ji 80 D 1) TR e A, AT 6 B
S G 2. L, HEA R B B L R RR
PArp U e 5 i i D ARAE, O SRR R 8
I & E BRI R G 7 R AT o SR R R
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Fig. 8 Yield curves of gaseous hydrocarbons of kerogen
samples with different maturity by pyrolysis experi-

ments

a B BE s b, Lt s e T

60 Y0 LA I AN TR] T il AR A i 149 2 ot TN ot ) 2R 22 03]
B, DA O 2.5% EasyR, B b i, K1, K2,
K3, K4 1 f% K &8 #8555l 2 49.5.39.0,6.9,
0.8 mL/g » TOC.

AE K50 55 (2004) FEIU 5 T 78 1 % AR 75 A (] 34
b B B 1) Bk 2% 238 B A 6 43 1 ik [ 57 25 20 B B &
A B 2 A A R R O B L AR R TSR 1 87 C &2
PRAE A, R 7R AR R R S (R, >2.0%0)
Af L FER )37 R A SR AT B30T 0.8 % AR fb. I I, 8 C
AT AR A A SRR BT R R 5 AN B A (R 0 3R
J5 T AR K4 A3 T B — 1 T 1K AR R B 7 B A
AR S C AR M KLU R THES TR
S0 AE ARG R R Y B i TR (B 9O 24 T AR AR
S REE N T 1.0% EasyR, BFL, K1 5 K4 ) 8% C
AR AR B FE T R I E XS B B R TR AR AE
R RS B TR AT PR T I AR AR b A

EasyRo(%)
B9 I [a) A T 1 AR 114 5 TR) 432 3R AR AE

Fig.9 Carbon isotope curves of kerogen samples with differ-

ent maturity

a B BEsb. Lt s e T

BT I A BB BE LKL 5 K4 JF 3R 3 B A 5] 49 5% [R]
PR AR A B K T 1.3% EasyR, B,
T 1Y B 0 TR T A6 H B B A A R R T R AR
FEdh 0V C H 2R B W72 R RIS TR W
TSI, 67 C RPN Ke<<K3<<K2<<KI.
3.1.3 FTERHOESNE KRIE R KR
TH1 24 i R0 T 1% AR 24 7% P A K R (Berner and Faber,
1996).Dieckmann er al.(2006) H ¥ £} 4] 14 £ &
B A e, R I BC2E T 58 5 15 3R A5 J i 2 A R
SRR B A SRR 5 2 A R AT T AR
VR KR AR, S50 Ty 125 1 et 24 A AR
o EE TR T i FE A A A B s O kAT R
il TSR T b o 10 e Uk S R AR AT o Y
L A7) T I A1 1 T AR ke U8 B8t DT AR Ay T T i
MR P DT R 0 7 v — 2 LA B
ABIEZE R Y 4 A [R] SRS T s MR A o 7E 48
i R AR R SEAT B S 5, B A T HERR 9
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Fig.10 Possible origins of methane during the maturation of

original kerogen sample K1

T M AR 2R it 2B B0 I AE ARG R o AR R
R FPH EEE 1.0% EasyR, ZJ5 K 4E
S 7 22 HE A G 7 AR ok B I AR Y
WAL (B 8a) AHXSTN 7 - B T T EE AR AR i K4 2 &
FRAEME AR AR B A RS EE
FIRE T L — 20 2 7 A i W e E R AT RS AR
(18 e . R I, 1 T AR A A S Aot AR ke Y e 7 3 11
TUERTE K, o K1.K3 5 K4 Z&nifi i (& 10).

53 T 2 el ik % e S E Y BB ) AT i A AL BT
SR BEAT AL DL PR R K1 5 K2 ), P& 78 5
B B B Y B 7 R 2, RISl KL 3l 2o $43 fb
FER B K2 3 B2 v o FF i o & AR 0 T IR 2R i (KO
5 (B) R B H AR, DL 284 K 10 R T
T AR T A [ B 6 e 7 32 9 BT R AR BB R N
T 1.0% EasyR, B}, FUGE 7 R AUAK 3 T B AR 199
WM, TE 1.0% EasyR, B, T & R B I 5= K h
17.4 mL/g « TOC; BUALE R T 1.0% EasyR, 5, iH&
ZLfR IT bR e A T mk, W B OBD S AN 0. 57%
EasyR, (KD #JiE L F] 0.8% EasyR, (K2) i #& = 1k
(AT LIS, B2 B3 LA 3. R i, 28 4 T AR
TEAE T OB S RTA LT 3 =34y AR T T
ik KR A AN [R) B 7 A (R W T 38 FH X i — ok A
B B HR Jot 7™ 2R 119 D KR A T B 0T T R AL

TERASE S 4.0% EasyR, B, % AR v H e 19
PR U4 4K - 15.7 % (55.8 mL/g « TOC) % A
AT A (0.57 %0 ~0.8% EasyR)JE AW Bl
B R A% ,31.9% (113.3 mL/g » TOC) 3k A 4 i
Bl C0.8% ~1.0% EasyR,)JE W B2 B Ik
2 ,21.8% (77.3 mL/g « TOC) 3k H 4= 3ih & i 31
(1.0%~1.3% EasyRDIE M AW F B3 B kA
fi#.30.6% (108.5 mL/g » TOC) i T M& AR 2L 1% (K)
PR TR, T R AR R R e Y T R T B DT
FEHL AR N & 05 T 501 4R s st 72 b i) HE IR AR

TR B 5 — b B B S T AR BRSBTS 4K T
PAE S DU AT RSB
32 ¥AMERTRESHESNESTEN

TP AR RS 1Y H 2 T IRAWEIE SUATE
FROS AL R AN () AR B 0 HE SR AR X I s A g
RE 7 1952 0. Pl T 7 4G A5 40 S 30 R 8 Hh I A AF
TEAN [ P2 B 1) HE R A 5 AL T 75 8 X6 AN [) i 228 B2 it
R B BUE AT BAR S B A0 RE Y S3 . A
TEREBEBLBRFEELEH 1.3% EasyR, . H L,
S3TEE G E — M RSB MK R SR A 6
J1EIh 1.3% EasyR, [T F& AR 5 By Be gk & 0 75
CRLAG ATV 5 Al ¥ P ) 1 & s LA m] 2 4 e
o FR ) R A RS A B0 AR R RE DL il T B A A
Fb, s R AR A AR ) 24T LA SE | 5 AR B
SEER DR AERRE TRy SRR S T ER R
A IR e T 2= 1A

B8 A0 P 22 000 0 A R [ B O 7 DTk
AT TR A TS AR i S1 5 S2 S 1], 5 2 7E 1= L
JE B BB e 7= 2R 254, B O ST 3 oo 34 1B 3] S2
AR A v AR O TR R AR A AR (KO ) K R L 5k
Wit (RB, Residual Bitumen) — ¥R 24 fift 17 4 45
MASGHHEH KR R A& (EB, Expelled Bitumen)
TR Y B R 5 AN TR R BE I R DO S
B IBRTEESE — s EEH MR, AT
RSB GE FR rp O [ B SR TR 7 AR 0 TR, R T
i AR B A R LB R B L AR UV /N T 1,00 EasyR,
I FRE 7 AL K T 1% AR A8 40 U 2L, 7E 1.0 %%
EasyR, I, T AR L~ %4 17.4 mL/g « TOC,
B 0.7 mL/g Ta; VE KT 1.0% EasyR, J5 .
T 2L T 4R 7 AR Uk 1 EBL BISE M 0.7 %
EasyR, (SD## L F] 1.0% EasyR, (S2) i ## 1 7=
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Fig.11 Possible origins of methane during the maturation of

shale sample S1
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AW AT HED R AE R DTk, EB2 L EB3 L EB4 DL 2K
HE R, U Ry 0.7 % EasyR, 19 S1 189 H e 77 %
Ao i =4 EBLRB FI K, 20 MR 6 1 005 176 A
[ A3 A B B ™ A= 4 T HE W AN R HE R % R
AR T % A 5 0T A Ao R B A e RE ) B
iz AR i — 3 B B B e 7 R AR AE , 1T DG AR
B 0T Y 5T R AT VALY

TEHEE N 4.0% EasyR, B, S1 Y H b5 R
F =B 2 (L 1) 8 6 s e KR 4ok A el HED
EB, HH Bt = 3R 25 5 B R 57.6 %, Horf16.3%
(3.05 mL/g) K [ A=l & 0 (0.7 % ~1.0% EasyR,)
TR mT HE W EBL 19 R S, 21. 9% (4.09
mL/g) K H A% g5 (1.0% ~1.3% EasyR,)
JE R AT HE Wi EB2 B9 R S, 12.0% (2. 24
mL/g) K AR B (1.3% ~2.0% EasyR,) & 1k
M FTHED B3 B9 K 2%, X 7.5% (1.40 mL/g)
KA 2.0%~2.5% EasyR, XA o] HEWi 5 EBA (1)
TR B AR e ROk AR B U RB Y
TR 5 19.6 %6 (3.67 mL/g) 5 BT SC AT AT,
APERT 2.5% EasyR, I, 5UE hA AT HEP 5 K i
AN RB B H bt 77 2 S FE i S5(2.5% EasyR,)
5 S6(3.0% EasyR,) A B J5g 7= R 22 (5. 56 =54,
22.7% (4.25 mL/g) M Bt 7= ok B T EE AR (KO Y

g b EME SUAE R TR R L & 05 T RO
o R R AR HT DS A 3 A 5 — i A B
BJ5 AR UIE RB MT SR BT K 588 oA — &
8 R e 26 BLRE 0. g AT B I B T S BR Y b
JOT Ak 5 R AL S B A AE — Y 22 S, B S G AR F
AT HEW T Y H BE DT R N TS B BT SR A
3.3 MEBRBAESNE

TEREE/NT 1.3% EasyR, If,S1 5 K1 By
ot A BURE I AR B T AE A R T 1.3% EasyR,
FL K1 5 BRI F BE 7™ 48, S1 5 R By Y e 7 A8 4K
SR — B CE 12). BEWIAE U BE Sl 0.57 %% ~
0.70% EasyR, 4=l & 5 B B, HE R AE RIS 38
FAR PRSI R DU R e AR R I R
FETF RO 2R R 45 1 BLVE R 0.7% EasyR, 1Y
S1 A & A B 7= W e 18 7 A4 5 00 T B AR FE & mT
AE 1 il 7 12 2 P i B RR S A L (Pan e al., 2000)
A o AT il 5 A LA 3 W % DT R IR T T
R 2H 43 19 Ji5 300 A6 SO0 0 A e — ok B B ok e gl
A BT A= S DTk AT 28 080T, Bl A 5
PEJ5 T W A 7 A 4k a2 AR 2L 7E 4.0%
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Fig.12 Yield curves of methane generated from different

samples in an anhydrous closed pyrolysis system

EasyR, I, % AR 453 2% 1 3 &6 437G HL R (14 5Tk o0
JRs R e % (412.1 mL/g » TOO) 5 F AR K1
H e % (360.1 mL/g » TOC) I Z {4 (52 mL/g +
TOC) , 290 J5ia e 7= F8 ) 12 %6 53X A 45 R R W,
Az R I T (<20.7 %0 EasyRo) J5A A 76 1Y AT W A
BLJTE R D AR S0 BT ik 3 R AR AR R 2 B B
(2.0%~ 3. 0% EasyR,), fx KX o1 #k & 4 K
50 mL/g « TOC.

XF g R R, T RS HORE i K2, K3 K4 76 1 4
A5 ARG 52 50 ok A v 3t i AT R XA Y R e 7
(F13) ., 5o AR S1.92.S3 B 22 FEAE 1.3%
EasyR, B 7 A 1 30, FL Bl 25 #4008 10 R B2 % 5, +
Jot 7= R 22 (2 W I KL AR EVE R 1.0% EasyR,
MR S2 5 K3 i il 78 BB 2 B O 1.3 %
EasyR, i, H B¢ 7 #7353l Jy 19.8,22.2 mL/g -+
TOC, 7= 3 2 {81 AN K5 F W1 AR vl By B A HE 92 4 T
AW 1.3% EasyR, ZHIIMNEEAE =R, 15
WA G — o A B B AR U 7 3R LK 3 7R BUE R
T°3.0% EasyR, B HULGE 7 58 46 5002, 3= W1 T s AR
rp e SRR AR A B SRR T BRI S2 AT IR R Y
77 FBERE 7 o 1 L R e 7 3 22 (1 1 — 2D I K AE R
HALFE B ik 3] 4.0% EasyR, Bf, K3 Hl 4g 7= K K
168.2 mL/g « TOC, Bl B it T S2 B H k¢ /= &
284.0 mL/g TOC, 2{H %} 115.8 mL/g + TOC.

TE 8 445 R R BT R b, ST/ Y e 7= 3
B 12.9~397.5 mL/g « TOC; K2 By H 4572 %N
1.0~281.1 mL/g « TOC. 5 SI1 )& & B %= FAH
2% 116.4 mL/g » TOC; S2 By H 4t = & Jy 5.38 ~
284.9 mL/g+ TOC., K3 # & K B %t /™= K H
169.3 mL/g« TOC, W # i & W % 5= F M 2=
115.6 mL/g « TOC; S3 (% & K B kg /= K N
217.0mL/g+ TOC, 5 K4 i & K B & ™= %
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Fig.13 Yield curves of methane generated from samples by

pyrolysis experiments in sealed gold tubes

B a.b i K S ES 9K 0.7% EasyR,.1.0% EasyR,

92.4 mL/g+ TOC #12 124.6 mL./g » TOC. fH It 7]
Dy Xof T R[] J8C 0B A it 11 TP e 7 4 B R AR AL D
it 235 8 T DAY A R v T AR 5 B R DA
vt IS BB T 728 A A o E R IS A R v Y e R e
R 2ZEIL PR FF A, 2508 120 mL/g « TOC.
T X — BRI AL 5 DA R e 1 B B R R AT
SYHT, F2 B A 5 LB — L 2 T R B i B
FEMTERERS B b 2o THEREN, I &
Xof AR B 4 45 A 2R v A 7 e B i (QO AT BT R AY B B
PEAT 7328 A4 1 I AR ) R A (QLD L R AL i 7R
OB AR R B R (Q2) (LA P R R
R BRI T R R B4R (Q3). 5 — Dy I B R R
MIFESR LT T (Vo : Vi =93 = D 4R S,
A H 2 W48 25 09l A 9 A B (Pan et al.,
2000) , HAERAAALL b 7 v 19 7 S BT kA 590 R 7 b e
HEBR 5 AH R b, PR b2 B2 P i 7 R R Q) LA

T 1 AR A0 YR g 0 A R R (QL ) DL R A Ak i i
HOE A W R R R (Q2 7). 5y Ah L B T T RR R A
P18 A B A 5 6 R R S ) o 25 R Ak o A R
ik o 7 A A [ B 2 2R T R 7 AR R AR 2R R
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