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T 5 R AE TR SR AT PR & A 22
K, ANTEIATIR R AU & ARG AR i
FIMRAZ 5 R A Sl BB | Hb s AR
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WUBUA A, TR SRR A R AN HE SR A o 1« AR %
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MR Bl 25t . I X B di | 45 5 HLAR IR
HTCRBE, AT TR A A HLT R IR e
T8 Hb T 2 5K ECAE TRy B0, S SR A T TR
J Iz R A LR & SR IR R, i T
FETOAR 225095 S50 9 245 SR A & 36, AR SO )
WHE KRR T LR R TFRR RS Bk
FNF M A AR R AT T AR 8 S B 1
FORGCHE T B H

1 HFmMERFTE

L1 FEAh

FSEREHIA PR IS A BB AL Y 1 R A R

TR HE B 20084F 45 13 % 45 2

fiE | R ZE SR AL S50 T FH AR i RV HE AR, AR
YRS B0 2R FH AR it 2 B ROR e R I U (1)) =
PR I — B G P R A (P BRER R A (11AY 4h
TrEAZEAL) Rt s b0k 2 2P LA A (Ix)
M FES SR AR BRI A (5 B AN ERL s

F1  TERERAOEM IR F 2R

HRFMTUE (K) 66.99 1.22 413 |
SIEMZHERIRER S () 71.53 0.99 440 Il
1 mG AR (Ox) 69.12 0.95 430 |

1.2 5855k

FESRIE 2042 0150~ 0.175 mm (80~100 H),
ZERR - E R (HCI-HF) Kb B Z8 1K BT EE  Hil#%
BT B ARBE A A8 g 8 T B AR R i FEZEMAB (Y
P AR A =1:2.5:2.5) = ol e T $e | bR L nl
ATy, ATEANUR S RA LR & =5k, 24
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&S, SEEFEREST, It mESRE
TR, WA i R AR I R 1 4ERFTES0 MPa,
[ 5 R 48 B AR R R sl p R St
TR, $ 82 °C/h 20 °C/h B TR 5 = R 28
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INE WA IE, LR R E R ZE /N T, R TR
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A ARET AR R ORI 2R F i RA G TR RE S
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Wi T (2) AT, SR 515 ) Hi S Rl 4k |
HEI R IG L RE 2 A

Ki(T)= 1-Mi(T)/M, (1)

FEi(T)=[Mo'Eo—Mi(T)'Ei(T)]/Mo'Eo (2)

A K(T)—— T B H T BRI R % 0
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1Z[H2854k 0. Bk 1. A Z EH R,
Mi(T)——EE T B T REAR SR A 0T i, BAor
AT ARYE T BRI
T— IR K
My——300 °CfE i 5 i T B AR ot | B T AR
P T ZEIE I
E—— o i TR A LR = A S =
P Rt SR B R %
FE (T)——43 0l il EE T B A ALk & AU
U R A A BB R 05 1 2 EAR
At LA FCi(T) JFHi(T) .FNi(T) FCHN(T)
TR,
E(T)——r B AR T R A T RS A A HL
ik A AT R RS AN ST %,
ALK S 5 IR R BOE SO AR IR R I a A
MU & 1 5 AR IR SR R A A B & 1 A LU AEL, B DA A
PR 52 2250 D AT Rl
DC<T>:CO/Ci(T) (3)
K. Do(T)—— A VUK R EL
Co—EIRRIM R IR A LA 5 &, %
C(T)—ARFEERANIRS I, %,
A HLR T 45 R 2R R R
FC/(T)=[Mo+Co— Mi(T)-Ci(T)]/Mg*Cy
=1-[M(T)/ Mo] - [C(T)/Co]
=1-[1-Ki(T) ]-[Ci(T)/Co]

I,
De(T)=Co/Ci(T)=[1-Ki(T) J/[1-FC(T)]  (4)
[ B i SRR R S AR 1 L R O

Al ERoR A
Dan(T)=[1-K(T) I/[1-FCHN(T)]  (5)
DHC(T)zCH/(j)I_Z/CHi(T> = Ho . G(T)
0 (T)I12  Hy(T) Co

_ 1-K(T)  1-FC(T) _ 1-FCy(T)

1-FH(T) 1-K(T) 1-FH(T)

1-FC(T)
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A : Doy T)— W AR B E RHL
DHC(T>—§L%JE¥A[:K‘VJ{/§/%§&;
DMC(T>—€E%JE¥‘[:K‘VXE§§&;
Ho—— BRI A AL S i, % ;

(6)

Dne(T)= (7)
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Co— JERT I LR MUK &5 1 | %,
C(T)—HERIEHRAA YRS &, %,
MR fl2F SR B ) 2 FE AR JEH A ML I Ak
T R A G A2 By — G B A Rk

X(D)= 2 Xi(0) (®)
Xi(D)=Xio[ 1-exp(=ki(t) ] )

Hr k; BT EARYE Arrhenius 243K
ki=A, exp (-E/RT) (10)

A, X——BF (B t BT EEAR T P 2k i, R

AR 8 T B

Xi—2F5 1 SN FE B[] ¢ B )1 B AR o 1 4

Jedt  BALIE X

Xio—F 1 I R BEAR T B AR T f A0 R i X

) E R 15 B[] X

ki—— I IO 25 R B AR 2 a R [E] 7

AN M AE

t———Fsf [i] | L7 AR P T EE I

E—Ihfkie, WAL,

A, RS R

T— IR E K,

R (5) N (6)F T X A Ay il B2 S st [B] Y pRi

H S 35 45 (4 30 7 2 2 500RT Sk 21 5T 09 B i) R
B R AR T, A (5) A1k (6) RI AT i
A AT — Hb S (R () T AR B P R Rl BE
AR AR — MU TS ) A WL 2 U o A S e
REEMBRR, e, = 4)—7)FE B X
IR Z 88

2 GRSt

2.0 TESHUA R B AT PLER . A U5 R A

SRR T RS S L | S R
KRR 2 Fon, W& 2 el LIE H FE A
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30 A BT 20084F 575 13 4 45 2 )

F2 | F0NETFRIRERER R REENORAEHE

THELEE 2°C/h THIRE 20°C/h
WEE(C) | Mt (mglg) | ABLEK(mglg) | E(mglg) | A (molg) | WEE(C) | MiE(mglg) | ABLER(mglg) | E(mglg) | Z(molg)
301.7 8.64 15.72 12.63 22.07 300 0.00 0.00 0.00 0.00
320.9 28.62 57.90 172.07 23.61 319 14.40 11.15 69.06 0.25
339.3 65.25 121.13 347.53 25.49 357.7 45.35 54.48 265.74 0.34
I 360.0 102.36 185.16 462.18 45.72 376.4 79.89 118.84 433.95 8.73
pidl] 382.9 166.37 257.01 583.32 100.51 382.2 99.72 161.33 465.31 20.49
+ 407.8 283.61 338.51 682.29 215.58 407.8 172.66 260.58 597.05 86.78
% 432.6 321.05 356.10 737.44 266.36 432.7 255.67 308..52 685.37 157.73
R 456.8 346.28 360.20 771.67 331.28 456.9 313.69 325.72 732.78 218.87
i 482.0 348.69 361.71 792.95 398.02 481.6 329.50 331.55 768.17 275.80
ZS 506.6 350.32 340.92 810.91 426.39 506.8 332.97 332.37 789.69 332.13
i 530.1 350.91 336.75 820.28 446.50 530.6 334.98 325.28 797.33 365.81
554.0 351.20 330.91 836.28 457.25 553..5 337.26 318.26 814.64 390.03
578.2 352.87 322.01 849.58 464.06 576.3 341.76 315.86 831.77 430.29
602.4 353.78 325.10 870.42 485.26 602.2 351.07 328.98 861.20 457.79
301.7 11.77 12.87 57.03 22.46 300 0.00 0.00 0.00 0.00
320.9 20.32 15.64 93.14 22.54 319 4.79 0.61 14.38 1.09
339.3 42.70 35.26 190.36 23.81 336.6 17.12 8.44 3114 2.15
360.0 65.94 70.36 552.95 30.39 357.7 24.19 21.99 151.67 3.03
I 382.9 116.08 128.77 736.99 70.29 376.4 52.16 52.61 419.60 6.40
2 407.8 208.28 197.01 770.03 142.03 382.2 56.95 56.89 573.30 6.87
i 432.6 277.91 258.72 807.04 241.34 407.8 98.71 114.24 669.05 21.84
iiz 456.8 299.28 271.88 822.00 302.41 432.7 167.63 174.39 736.67 56.74
0 482.0 299.72 258.26 832.54 359.80 456.9 256.69 242.06 774.99 166.30
% 506.6 300.21 255.62 837.25 387.94 481.6 283.39 253.85 798.42 224.24
5 530.1 300.49 251.48 838.77 438.63 506.8 289.56 253.00 811.45 282.56
554.0 301.23 251.85 840.12 457.90 530.6 291.37 251.23 823.37 353.18
578.2 301.27 250.22 848.29 468.16 553.5 293.66 252.01 832.19 390.26
576.3 294.46 252.42 844.06 420.35
602.4 302.11 246.52 852.99 477.62
602.2 296.53 253.75 848.42 456.41
301.7 3.74 3.79 25.50 27.32 300 0.00 0.00 0.00 0.00
320.9 31.95 4.96 65.85 36.43 319 10.56 0.73 11.38 3.76
339.3 73.72 9.25 125.73 49.98 336.6 24.62 1.65 41.87 6.71
m 360.0 106.81 12.96 261.91 76.23 376.4 90.95 3.86 231.25 38.93
i} 382.9 147.60 17.89 365.80 104.97 382.2 94.01 4.01 259.47 45.92
+ 407.8 168.58 24.88 492.27 141.54 407.8 129.78 6.91 386.24 78.86
i 432.6 178.90 29.56 530.92 155.65 432.7 139.12 11.15 44458 108.04
i 456.8 204.80 42.43 578.86 192.70 456.9 163.38 17.76 508.90 139.81
£l 482.0 212.32 54.67 596.88 241.55 481.6 181.55 31.05 551.61 169.29
K 506.6 224.76 63.77 636.86 282.53 506.8 204.51 46.39 593.32 214.96
L 530.1 237.94 78.76 659.18 308.67 530.6 214.84 56.49 632.02 250.51
554.0 251.12 93.64 714.37 337.03 553.5 231.84 73.42 672.05 289.11
578.2 255.87 98.96 723.58 373.99 576.3 241.66 84.40 704.43 350.33
602.4 257.26 99.62 743.03 398.92 602.2 247.66 91.25 732.66 388.83
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IR S H . FE 2 °C/h A1 20 °C/h B TR
RN, =R AT AR B S A HLaR A A
Ji Uk AR IR, BIEeE TR 1
R B T EARAE i, THEECRBN ST B
FCAETHER R RS Tk E R, BIPRETHE E
P TR ) 2 AT IS, R T Ak g s AR e
TRFE SR HANE R

B N MG AN 223838 1o T AR 3R B AT R 1T
M T EEAR 0 A7 BAFURF R ML A T |
I o A1 7 F-EEAR AE 550 CHF #5430 60.1% |
57.4%71 33.6%,, Espitalie?’ (#5447 20 LA &
B 0] DA AR T T B AR 7E 600 “CHF A B
1585%, ARG ML AL TS 1 7T BEAR 78 600 °C
B AR FE IR 70% , 1 W 22 AL fr 2 | (S T
R FBARAUN 30%., Dow ™ HIF5E 3 B | i o BT+ %
A E S 66% , RIE RN 40% , 11 55 AL Ry
16% ., Behar!“/X} Toarcian UL % 1 Mahakam & iAfF5¢
T TEIFUARZR R 1A AL B AR AE 600 CHiF 1)
IS E 43 ) 58.1%H1 33.0%, it AIKR N4
g T A AL T B AR 500 °C B A9 451 2% = 43 i o0
45.3%#11 30.7%.,

ARG R, fE2 ChBFHEER T, [ Y
T AR (9 S 30K A = T 34 35.4% , I 7T g AR
930.2% , it I AL EEARAN K 25.7% , S ET A
MEERAEE—E 20, JUHE T | TR EAR
XEBEABANA: (1) RARE AT
EE A RIRZR T, RNRT=Y) RARE
K, BRESEMIERR) ETERRZ T, =Yal
REAR A R . A RURR A RT AT 2
TRz, Ry, AT =] ki
ABEHE, PS5 RN =22 8] TR s A A R )
TR IR TSR B RN S AR T A
FLACHIIR, ORI s, Bk, FEEtpR R+
TEEH SRR S e ABUN . (2)WIERHICIEF 5%
Wi, A A SR HICKH FHS BRE &
FARMEELR

TE2 C TR T, T IR E AR &
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IR R AT, R 0 T 3548.5%147.8%
I 7Y T PR 439.99%,, T 78T P AR &t it 402K it
e R T i887.0% . I 7 T & 4R 485.3%, ifif I &Y T
FEAR R74.3%, 1 BT EEARAT ALAR it E 451 2Kk B e K
H36.2% . 11 BT EEAR M 27.2% , 1 T LT BE AR N
10.0%, XFF=FhBMFEAMR, JCIeRTE2 C/hiy T
EHCRT | B EAE20 ChI THEE R T | A LR
Pk B S S PR B R R (JLHE
[ BFsAR ), X 5Baskin'®! . Dung 5% 45 51
—3, Baskin“WFFEFHH | H/C L /D1 b S it T
TH A I 0 A R T AR AL B S, A,
Dung" 38 £ AF 5T R R T 3 0 & B0A LAk %
bR 5 T EEAR I H/C F B A5 I i A DG

2.2 TEEAR A S HAT HLAR . S . 280 1
Y SAIPIEZ 3

AN 3l 1 2% 2 BOR FH 25 B M K 2% Lawrence
Livermore [E 5 52 56 % Kinetics £ /4 1 17 4b B 5 11
BB A B S TR AR S WX 4 B A5 e AR A
il 5 FHE RN T AR B AR B S A PR . A AU
IR EFEALREE | 12 HKinetics 1 4b B 73
eI (A) KaffkegE (E) o (E1),

ELA DL FE =R TR AR T
T 780 T P AR et R AT HLARR o 453 2% i 5 i A3
EC 7R TR ARG, 1 U A AR I R i R - R B
IR TEAAR R, T BT EARSDN, AR
FEETH T A AT R AR A, T 7T AR fe/ )

MELarP ] LIE T B EAR A 3G
fLRELE H7E44~68 keal -mol =[] | G fLRES i S X
PRI 7Y | 3206 558 keal - mol =, FF o 11 H 124 36.0%
I RS B i 1) T AL RESE T 7E48~68 keal - mol 2 [H],
AL R R PRI S04, 45 {LAE 58 keal -mol,
I o (4 HE M 56.9% 5 TS s AR 1140375 AL RE 434 43
i, TE44~68 kcal-mol 2 0] | JHfLEE 1 2 2
A B — TG AL AE 49 keal -mol =, T 5 1 He 45
$}125.1%,

MBI LUE H, T, 18T B AR A FLAK BT
AR S AT AL R 2 A 4 AE -5 L N G T AR A
PTG AL RE 23 AR REAEARARL 7 I 250 T % AR D) B
ANE, T BT EEAR A ALK (1) 1% 1k A £ 2240 A
TE49~66 kcal -mol*Z [H] | F= U8k 55 keal -mol =, fiff
A7 A HU B 4 33.8% 5 i 11 4 B AR AR i (1) 76 AL E &
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B A A 52~68 keal -mol Z [0, FE 1436 1L fE >
62 kcal -mol™, FIT &5 [ EL 9] K 48.8% , T L& AR (1)
TEALRE ST 7E 46~66 keal -mol™ 2 i) | F TG fLHE>

62 kcal - mol ™, T (5 1 EL 4514 26.7%

MIE 1c ., 1d AT RUA ) =Fh 2R TR 0 A
B R R R 20 A, T BT IR U

AR H 5 20084F 55 13 4 5% 2 )

ARG AL RE 250 A 7R 44~68 keal - mol ™ Z [H] |
F U 50 keal -mol, 7 (5 1) Hu ik 25.1% i 1T 78
T R A 6 b RE 35240 A 7F 58~68 keal -mol ™ 2

], SRR ALRENR 7, & 58 keal -mol-1, fIT i

B LB =ik 66.9%; T T+ EE AR 1G AL RE O T 7 47~
68 kcal - mol™ Z [8] , iGfb g 40 A 52 2 1Y 5 — F2 0%

A FEHTA T
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o], 25— FETEALEE N 44 keal -mol, BT i 19 He
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kcal - mol* Z [H], TEILAER 21501 | SF— F U475
fiE 4 58 kcal-mol™, BT (5 1 ELAFA 19.8%
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Kinetics of Kerogen Transformation by Heating in Closed System

Peng Ping’an, Qin Yan, Zhang Hui, Liu Dayong,
Zhang Shanwen, Sui Fenggui, Li Juyuan, Li Zheng

Abstract. It is described on kinetics of kerogen transformation in closed system by means of heating simulation in
laboratory. The kinetic parameters for transformation of kerogen, including Types |, Illand lll, and their organic
carbon, hydrogen and nitrogen,were determined. Using commercial available Kinetics software,the obtained kinetic
parameters were applied to calculate recovery coefficients of organic carbon abundance,atomic H/C and N/C ratios in
kerogens. The result shows that at the range of Ro from 0.20% to 4.45%, the recovery coefficients of organic carbon,
total amount of carbon, hydrogen and nitrogen,atomic of H/C and N/C ratios for Type | kerogen are respectively from
1.00 to 1.12, from 1.00 to 1.16 , from 1.00 to 4.93, and from 1.00 to 1.24; while the coefficients for Type |l kerogen
are respectively from 0.96 to 1.01 , from 1 to 1.11, from 1 to 4.98, and from 1 to 1.39; and the coefficients for Type
Il kerogen are respectively from 0.62 to 1.00, from 0.88 to 1.00, from 1.00 to 1.51, and from 1.00 to 1.50. In term
of above dada, it is concluded that abundance of residual organic carbon must be recovered when the potential of
hydrocarbon generation are estimated at high or over mature stage for Types | and |l kerogen while the abundance
of residual organic carbon is unnecessary to be recovered for Type Il kerogen. Atomic H/C ratio needs to be
recovered for all types of kerogen. These kinetic data provided are useful to calculate the amount of original organic
matter, organic carbon, hydrogen and nitrogen in source rocks at closed system in sedimentary basins.

Key words: Source rock evaluation; Kinetics of kerogen transformation; Closed system; Recovery of organic matter;
Remnant kerogen; Organic carbon abundance; Atomic H/C ratio
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