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Hydrocarbon generation Kinetics of type- I organic matters
in the Cretaceous lacustrine sequences, Songliao Basin

He Kun'?,Zhang Shuichang'?, Wang Xiaomei' ,Mi Jingkui'* , Mao Rong'*”

(1. PetroChina Research Institute of Petroleum Exploration and Development , Betjing 100083 , China ;2. State Key Laboratory of Enhanced
Oil Recovery , Beijing 100083, China ;3. Department of Geochemistry , Yangtze University , Jingzhou , Hubei 434023 , China )

Abstract; A pyrolysis experiment with gold-tube modeling apparatus was carried out to study the features and kinetics of
hydrocarbon generation from the type- | organic matters in the Cretaceous lacustrine sequences, Songliao Basin. Quantita-
tive analysis of the liquid and gas products from the simulation experiment of type- [ organic matters indicates that oil is
the dominant product and gas yield is limited with the maximum value from the primary cracking at 100 mg per gram of
organic matter. The chromatograms of light oils and the activation energy distribution of hydrocarbon gas genereation col-
lectively demonstrate that the hydrocarbon gas in confined system are generated from multiple reaction processes,wherein
the secondary cracking of liquid hydrocarbons initially generated have a greater contribution. Meanwhile , kinetics calcula-
tion shows that the reaction kinetic parameters of different liquid hydrocarbons differ from one another;the activation
energy of light components is obviously higher than that of the heavier ones;the average activation energy of secondary
cracking of residual oil in source rocks was 57. 3 kcal/mol , being lower than that in normal reservoirs;and the generation
of primary cracked gas from the type- [ organic matters lasted from the initial stage of oil generation to the early cracking
stage of residual oil within source rocks.

Key words : gold-tube pyrolysis experiment ;type- [ organic matter;kinetics; oil and gas generation model ; hydrocarbon

generation potential ; Songliao Basin
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Table 1 Geochemical characteristics of the black mudstone in the Cretaceous,Songliao Basin

J2 L R /m Ak TOC/%  Tpu/C
K;n' 305.5 M@ 9.49 437 6. 65

S;/(mg-g™') S,/(mg-g™")

Sy/(mg-g") HI/(mg - g™ ") Ol/(mg - g™ ')
77. 40 5.91 816 62

T8 TOC g BA MB35, ,300 °CIFASIN M 59 B4 BT B JR R4 R O 7 455, ,300 ~ 600 “CAS: I A9 B for B BHRR A P S 45 S, , i id i o
BIAHL CO, 74k s HI 1 OF 4353 AU IR B A BRI IR B, T, A0 VIR P S, W) B 85 A0 DO IR E



44 A5 R R R R

535 %

Ao AR W )k B BAE X 2 0 A ROV, s 50
NFHE R K/ sk B, s~ 5 E R RN 5 Ak
fE,J/mol; A Sy I R 8 HT R 7, s 715 R RS MARH 2K
[8.314 J/(mol « K) | ;T M XHEE K,

FR G AR &R rp R SR = AR, TR F

HA S TEALRE 23 AR o e A, ST AR S i A=
EE?”FW”%’&FJE T T IR R i AR AR AR RE PR AN [

BT T 32K

1) B 1Ea B S S 1, ok BT T RS AR
AL A= Bl 1 i BT 3 O 24 . RS ZH RT3 R
(C7_C14>ﬂ]$¢§(c14+>ﬁ%ﬁ%3

2) HERTERST . DCM g Y3 o3, AR A LT A i
Az RS DCM AT AR SR AT 7 B iR o3 o
2.2 1 EFHNENEK
A HILJTT BT P AR A Al e o A B b A A i

xr2

T UK S A SRR AL 3 o 2 AR S 06 7 B A 1
FZEATE, AR A T T R R I Be s R R
##bFE’J%%f%éE’:o A X AN ) A T st 2 B 1 9

S AT HERA A2 B, 80T AR AR AT WL Y AR
k*%ﬁ&ﬁlﬁlfﬁ%m%ﬁﬂc TR K2 G TRANIA
M R T2 1 AR HUT TR P SRR
TRF= i =it

T T B PR AR A S L ) 4 i PR R Ak R
A3 AT L A AR SR SRS {7 e Tl ek R
FUT AL ZE (B 1) o 7620 C/h FHR AT,
A LT Ak (AR R 90 % ) X 107 11 38 3 7 420
Cidvo WO B =k B KA, R i 7=
AR, R R T AL Aol 3
2.3 HMRYERFNRAR

2 SR 1 ABADURE ol 7R T I AR i e AN TR R S

REFEmAIRABEREFSERNRES =8

Table 2 Yields of gas and liquid products during pyrolysis process of type- I organic matter in the

Cretaceous Lenjiang Formation in Songliao Basin

sy L/ C SR/ (mg - g7 1) WA (mg - g71)
Gy G, Gy Cy—GCs H, CO, H,S B ERAS B
1 2 C/h FHEAM
1-1 300.0 0.32 0.11 0.21 0.21 0 21.07 0.11 0.50 16. 17 16. 67
1-2 330.0 5.27 4.74 4.32 3.69 0.01 105. 37 1.05 5.50 86. 17 91. 67
1-3 350.0 12.12 9.48 9.80 8.43 0.05 158. 06 2. 11 50. 00 334. 60 384. 60
1-4 384. 4 16. 48 13. 80 15. 46 13.55 0.10 239.20 4. 65 130. 40 594. 10 724. 50
1-5 424.2 57.98 58.27 69. 71 59. 45 0.31 318.50 16. 36 133.20 399. 50 532.60
1-6 432.9 78.17 82. 89 92.96 69. 01 0. 40 330. 10 19.20 96. 11 247.10 343.30
1-7 457. 1 132.20 135.70 137.10 78. 85 0.58 344. 00 20. 03 55.52 123. 60 179. 10
1-8 481.2 202.90 162. 30 122.30 33.92 0.71 356. 10 15.93 50. 25 52.31 102. 60
1-9 505.3 288.70 166. 30 67.76 10. 25 0. 85 394. 40 17.26 27. 87 19.37 47.23
1-10 529.8 385.00 132. 60 18.07 0 1.12 398. 50 14. 38 19. 06 12. 18 31.24
1-11 550.0 431. 60 88.42 1.21 0.11 1.62 460. 40 11.83 5.57 17. 40
1-12 575.0 478. 80 36. 00 0. 37 0 2.24 566. 20 7.72 3.31 11.03
1-13 602.9 508. 90 4.62 0.05 0 2.53 601. 20 0 2.82 0.94 3.76
#5312 20 C/h JHiR i
2-1 300. 0 0.32 0.11 0.21 0.21 0 21.07 0.11 0.50 16. 17 16. 67
2-2 330.0 1. 05 0.53 0.84 0.63 0.01 47.42 0.32 2.50 80. 83 83.33
2-3 350.0 2.42 1.58 2.11 1.48 0.02 115.91 0. 84 15.01 199. 28 214.29
2 -4 384.7 4.62 2.98 3.18 2.90 0.05 174. 50 1. 60 53.91 360. 80 414. 80
2-5 411. 1 11.01 8. 86 9.22 6.27 0.13 241.90 6.33 108. 20 612.90 721. 10
2-6 434.2 28. 15 25.30 32.25 36. 84 0.29 272.00 13.48 157.70 472.90 630. 60
2-7 458. 4 53.68 58.45 72.36 72.54 0.47 304. 80 19.33 127. 60 328. 10 455.70
2-8 483.8 108. 60 123. 40 132. 80 97. 88 0.70 333.20 19. 48 92.75 206. 40 299. 20
2-9 508. 3 173. 50 174. 10 129.90 59. 81 0. 87 346. 30 19. 01 55.74 58.02 113. 80
2-10 530.5 245.20 176. 00 88. 20 14.75 1. 06 373. 60 16. 84 49. 16 34.16 83.33
2-11 554.4 333.70 165. 37 22.13 2.21 1.33 408. 50 16. 02 41.51 26. 54 68. 05
2-12 578.5 414. 60 130. 37 2.85 0.32 2.16 486. 50 16. 63 20. 11 9. 46 29.57
2-13 602. 9 438.70 72.70 1.12 0.09 2.59 510. 30 11.61 11.98 3.00 14. 98
T AR B AN B2 20 20 S AP AE iy v A TE 2 e F DCM il 24 3853



14 il b, 45 AL TR R | BT LR kR 3 J1% 45
AT TR (P 3) o ARGl B B 2 i i ) 35 22

—=—2C/h
——20C/h

300 3%0 4(I)0 4;0 5(;0 55‘0
i/ C
B A TR | AR BT R P o 7 v iy e Al il 42
Fig. 1  Conversion curves of the type- | organic matter in the

Cretaceous in Songliao Basin
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Fig. 2 Yields of different liquid products from non-isothermal pyrolysis of the type- |

organic matters in the Cretaceous of Songliao Basin
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Table 3 Activation energy distribution of generation and
cracking of liquid products from type- [ organic matters

in the Cretaceous of Songliao Basin

keal/mol
A i
T e T TR g R T
49 14.38 57 56.81
52 32.46 58 3.95
53 27.16 62 6.51
7z 56 26.00 52.9 63 14.33
(G;—Cy) 64 10.11
65  5.75
71 0.30
72 224 59.8
47 14.27 54 36.22
49 16.28 56 22.48
Ve 50  11.05 57  18.63
(Cus) 51 5262 61 10.83
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48  2.34 61 16.59
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59 2321 s6.1
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for type- I organic matter in the Cretaceous of Songliao Basin
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Fig. 6  Yields of hydrocarbon gas from non-isothermal pyrolysis of the type- [ organic matters in the Cretaceous of Songliao Basin
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