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*@in mE K OE FEE ESEIXR
w—EERNT FZB B 1968FE4 MWL BIREA
hESES P593 XRARIRE A

“NETLUFR, RERREHRA T BEHLLH
BAERRS EEROFM GO HERERL. RRK
RN TEABRARBERAKHEK. £HE
EXRAMAKTFRSHY, ARSUERBEEHRR)
WEAXY., FEEBRHEAERPRSEHNRL. LA
BOUBR.EBNEWMKREMBHSHYSKE, BAA
BRETHBAMBERTY HHNEBEAERIRE
MR+ AEE. HERBEENIEARAUTE
fif: OXRE L, GIER S QBB A . HE . T
HFHALURA X EWBESES. OREASHESR
RO, N R T BRRMABHF, WA HRBSE
ARGFRHESHHMESBEBERIEFA. OREA
KRSHERAF T AER—EHILRAH BFIR
HEANENTH B . HUEMRBEERLREHHR
Nt+ad%.

IR A RS FR, — Sk B T BIRKE,
A-NHKETERENLRELN, XEENETE
AFHEIRGEEREEGERUBHRBANRG
B, MRXRSBURERN I EEERT YRR, X
TREKEEIERRABREENRE. TREREMAK

AR

R AR LR AN X — R B, KB A BT SR, B R
B FAH IR A X B R A R B VR EA TR
ERO”, EFEREULRAMROCEBR - L4ER
RN EMAS, FEANERAY RBEHRS
EHENENTRD, FARATHAEHEATY
B AR R RS T E NI MERKNS
B ATEDMNRARBAREANERBEREAR
IR, RIOVERTE FHIUEEMIE R HFS
R RS S HEBDESGRHAT T AZHAKRR
BT H.

1 SCHHE AR BEE

ERIAATEMH BB ATEANEEY, K
BETHENMIUAE . BETE B BFNAREL
ARG R IER T .

2 SRR

MARSHEEHARRETERELRAR
FMESIT . HRBALZTL, EEMBEHNREDR
%, Al AT R, B WB K, B THT 4,

*1 HBERER KR

Table 1 Samples selected for vaccum simulation experiment

H®e L= 31 7= B4R, A H HREREHR/Y MY TR
1 WHRE  FERKT O KBEHE 1.3 1A
2 WA BHARF P, BEaMTE 0. 66 1
3 % PPl A T % 0. 65 | &1}
4 biiil=} =S} P, ik = 0.68" bR
5 R E ] T EHEM / /

o SR R AT B B AL O (1994) AR VR,=0. 668Bro+0. 346 i+ 8, BR, HIHHE K4 .
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ERBERNB EEWHT.

ERFE KB ERER, BETHBE P, MK
HEZ/F¥H, S 300,350,400,440, 480,520 C %R F
BB R, PR P IR Z A8 R IR B S R E IR 50 4/,
RHEARBBRESSKRERE MESEEKEH;
FABPL A HTSEH BT E R, f K GC-
IRMS #A7T KB F AL KW E .

3 SLEERE

DEABEAMREENTEREREFRHS ™
BHTRESEEGRBANCBESR~EHNXEH
AR REDNE R RS RATREH#T T T,
HFWHEE B OFREMNOERSREIE,RA
THRA®B AR E,R, 45(%:0.67(300C),0.96
(350°C), 1. 55 (400°C), 1. 85 (440°C), 2. 28 (480°C),

3.09(520°C), WMHIEMNM BRI RET,  HTTE
W, R, 4 5 H:1.32(300C), 1.56 (350C), 1.77
(400C),2. 35(440°C), 2. 60(480°C), 3. 29(520°C) . %
RESHBEHEDSAAR . SEETREENE 2,
31 AERBESHBRETE

HFESBEM 300~5200C B I BERSK ™
B,EFRC~COFE, AR CHOER, BL(C,~
COFERRE 2, AUEH .

D EHERBRBIWEBRSKEZRTEEA,H
1014.45ml/g, Hi F B R KR Z X
514.55 ml/g, M TL & =% K 286.06 ml/g, HH RH
SHEEEN121.2 ml/g, BHAEPZERERK, b
51.55 ml/g. B (C) EB =Rt E FAE KA E . KE
M, EHE,MIE, BBEHIE, Fi™mEEKEKN:
811.52,442. 26,248. 97,119. 48,51. 10ml/g . B 1%

£2 LHESSRAEKSANBARSR

Table 2 Composition and content of simulated gases of different precursors

B ORE KM% EAK C Ca Cs i+nC,
f /C R/ % ml/g ml/g  ml/g ml/g ml/g
300 132 45.00 0.81  0.50  0.40 0.11
# 350 1.56 25.24  4.46  1.26  0.45 0. 06
M 400 1.77 68.96 16.40  2.04  0.38 0. 01
H 440 2.02  100.14 23.58  1.28  0.07 0
¥ 480 2.35 156.19  32.27 0. 68 0 0
520 3.19  320.07 51.10  0.44 0 0
" 300 067  9.132  0.17 0.0z  0.01 0.00
350 0. 96 28.38  3.21  0.74  0.30 0. 09
400 1.55 73.16 18.04  5.26  1.83 0.58
#4440 1.85  124.20 44.59  7.02  1.85 0. 41
480 2. 28 95.16 79.87  4.57  1.27 0.26
520 3.09  261.18 119.48 1.74 0 0
300 0.67  14.85 1.19 0.15  0.11 0.02
MW 350 0. 96 74. 62 6.14 0. 36 1. 65 1. 04
W 400 1.55  178.90 33.27 18.51 15.06 9.57
¥ 440  1.85  258.33 79.59 42.38 33.36 3.37
480 2.28  395.18 160.19 62.77 13.48 0.85
520 3.09  490.78 248.97 36.92  0.15 0
300 0.67  7.68 0.51 0.06 0.05 0. 02
350 0.96 27.80  6.12  1.66  1.45 0. 81
# 400 1.55  168.99 60.11 23.69 21.34 12.53
% 440  1.85  317.51 144.84¢ 61.11  45.27 19. 70
480 2.28  513.82 318.78 91.74 29.77 4.55
520 3.09  679.41 442.26 70.86  1.42 0
300 0.67 0.68 0.02 0.01 0.01 0.01
350  0.96 14.63  0.50  0.35  0.32 0.16
400 1.55 53. 94 9.25 8. 86 7.52 3.51
W 440 1.85  406.85 151.04 94.42  69.66 24. 37
480  2.28 1023.37 596.88 247.80  86.93 11.33
520 3.0 1276.00 811.52 200.30  1.63 0. 62

i+nCs  C,+Cs  Ci+Cs  FEB % F TH

ml/g ml/g ml/g ml/g /% /% RE
0.0l 1.0z 1.83 43.1%  4.08 95.92 0.44

0.01 1.78 6. 25 18. 98 24.79 75.21 0.71

0 2.44 18. 85 50. 11 27.34 72. 66 0.87

0 .36 24.94 75.20 24.91 75.09  0.95

0 0.68  32.96 123.22 21.11 78.80  0.98

0 0.44  51.55 268.52 16.10 83.90  0.99

0. 60 Q.04 B 0.22 8. 90 2.45 97.55 0. 80

0. 04 1.18 4.39  23.99 15.47 84.53  0.73

0.22 7.90  25.95 47.20 35.48 64.52  0.70

0.03 9.33  53.93 70.27 43.42 56.58  0.83

0 6.13  86.00 9.16 90.37  9.63  0.93

0 1.74  121.23 139.95 46.41 53.59  0.99

© 0.03  0.32  1.52 13.32 10.27 89.73 0.79

Q.57 3.63 9. 77 64. 84 13.10 86. 90 0.63

512 48.27  81.55 97.3¢ 45.59 54.41  0.41

3.41  82.53  162.12 96.20 62.76 37.24  0.49

0.30  77.40  237.60 157.57 60.13 39.87  0.67

0  37.08  286.06 204.72 58.29 4L.71  0.87

001 015 0.67 7.00 882 9L.18 0.76

0. 34 427  10.39 17.40 37.41 62.58  0.59

2.96  129.06  273.90 43.60 86.27 13.73 0.53

481 62.39  122.50 46.49 72.49 27.51  0.49

0.38  126.46  445.25 68.57 86.65 13.35 0.72

0 72.29  514.55 164.85 75.74 24.26  0.86

0 005 0.07  0.61 10.65 89.35 0.30

0.07 0. 92 1.42 13.20  9.75 90.25 0.35

1.46  21.36  30.62 23.32 56.77 43.23 0.30

447 19294  343.98 62.86 84.55 15.45 0.44

2.17  348.25  045.14¢ 78.23 92.36  7.64  0.63

0.32  202.93 1014.45 261.55 79.50 20.50  0.80
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(C,~CHO R BEBI=RET N 202. 93 ml/g, & M S
SEBRFHK 20%, WHHR 72.29 ml/g, HHF LK
BRI 14%, T A% 37.08 ml/g, G T HBK
RPERE 12.96%, 89 1. 75 ml/g, KB BEE B>
EH 1A%, MSHATANERTRER. RHER™
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Fig.1 Comparison of hydrocarbon gas yield of different
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precursors in different stages
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Fig. 2 Comparison of methane gas yield of different
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precursors in different stages
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Fig. 3 Comparison of C,—C5 gas yield of different

precursors in different stages
REES, MRBILERK,>1.9 UFHARBN
FAFEE., SO TERRESBEZR LMK,
BABMBERESHE, E5H RESERENE, 2
Z@LHEY. MEERNNRBSBRAGRPARER
FHE .

RI3 EMAMBREARLESERVYTHRARERTRE
Table 3 Contibution normalized by marine shale of different

precursors in different stages

BE/C R/% WHIEE H  WEE OF IR
30 067 100 012 0.83 0.37  0.04
350  0.96 1.00 0.70  1.56  1.66 0.23
400 1.55 1. 00 1.38 4.33 650 1.62
440  1.85 1.00 2.16  6.50 10.98  13.79
480  2.28 1.00 2.61  7.21  13.51  28.67
520  3.09 1. 00 2.35  5.55  9.98 19.68

(2) BRBENESHBRBERIFE. THRGE
BRMWM A ESER,R>2. 28 G RNES RN, B
MAESBEORE, LHBRERBAERI, B L&
SLESHEE R>2.28%)5,B Cos SERE W
REEFTERLER=1%~1.8%M&R. F5EMK
ABRRESRENG  BEHENESBETEM &
R>1LSVUGEMABREASR, MEMEE R>
LEKLUEAFRREESR, REBRFKFEH B
£ R,=1.85%~2. 28 % 2 [,

3.3 AEAABREEEMBENSEANRBE

BRBBARFBGLARMEERKRE D, BH
HESEE, TREENF 0.29~0.79 25, Bl T
ESHE%, TRANMELAEZENES . HERES
HRB, THREHAN T 0.49~0.85 ZH, BT ETF
BRAESET B —ZRENBETRABTE>0%.
ML A S MBS AETRABELE(E )%
B.UE MIAE RAAFHENBEESRERN B, gt
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SEEEHERABERAT -8B THRARK.

B P B TR Y3 I, JL A O P IR (3R
1,5 3), M TCE A, R M RFRE N 400C, T
SR RBEER 400C, REMBRBBE N 440C, T
ZHEMBBHEER 480C, MMM AT S, REXT
480C(R.>2.28) Ja  ERLEWMFBRBE AP K. &
b, BpEERXT TR - EEAS YT S, KA HE R
FYRAERNRMRE.
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Fig. 4 Evolvement on dryness index of simulated gases

of different precursors
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(1) AAFFEY RV ER 8, ARB/MEK
YR RS> WE > MEE > B> SIS TUE R
ESBRESHEMMN, TREABRYRBNESHE S
MBRESERIHE, 228 LABE MHFMHR
B EAA R REESKE.

(2) AR FEHFBSEARMERX, KRR
SEBTREHNTF 0.29~0.79 ZH, HHFRFESL
898, FRERAN TF 0.49~0.85 ZfH, EMH 5 T8
BESET, B IRAGBRTRAKTE>0%,H
HF MAE REEHBHBESRERNE, FESK
BEEMEELCBERET B THRERR.

3) BAGEHRETHZREBUN S LRENE
RAEBRARR, BAERFEHEATBRFRIAFTINER
EFECBEEHEARRER, BRREBREMNRMATE
YRR, AERBWEERE PR
ERTERERSAR. GRAENYWRAT KGR
SR, KRHmT R B S E R XX
FEFEEMERENERAENENERERRAR
BHESER ERARMBFNRTAER. JMM

BHEEH - SRBEUEPHESE, BRTLEERS
TREAVRSEREZ T, HEMAEFHRLKLE
RMMAEA LR, KA ER KSR AN EHRTHRSRHE
Frab bR AAGA AR, E RN MBERIBFER
BB S B R F R KB Rr.

KM AIHABEETELEAABHELAXNITIAR (B
% :2001CB209101) 5 B R “A A" FENFE AL X AR
(%% :99-110-01-01), *F B A & Be s it 4] 87 F & B R
B(KZCX2-110) A B E A KA # & 4 (% ¥
4017107 AR AR . R PHANLEHALR K E
ZHARAn R A SR TEFXHHF B, sk,
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Comparison of Experimental Results between Two Simulation Methods

GUQO Jian-ying SU Xue-feng WANG Dong-liang
LIU Bao-quan YU Guo-ying GUO Shu-zhi

(Organic Geochemistry Laboratory, Research Institute of Petroleum Exploration &. Development Huabei Oilfield
Company, PetroChina, Renqiu Hebei 062552)

Abstract The authors carry out simulation experiment with separate heating and continuous heating, the
former is equivalent to sealed system, and the other is equivalent to opened system. Comparing the oil and
gas ylelding in different systems, we discussed t the relationship of natural hydrocarbon generation process
and both of the heating mode. The experiment indicates that total gas yielding and gaseous hydrocarbon
vielding in opened system is lower than that in sealed system: and oil quantity and total oil production
yiclding in opened system is higher than that in sealed system. The natural hydrocarbon process is the status
between the opened system and sealed system.

Key words simulation methods, heating mode, simulation experiment, sczled system, open system

(Continued from page 10%)

Gas Generation Experimental Research of Shales, Coal, Bitumen and Oil

WANG Yun-peng GENG An-song LIU De-han XIONG Yong-giang SHEN Jia-gui

(State Key Lahoratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640)

Abstract Gas generation simulated experiments of the satand samples of shale (marine and oil shale), coal,
bitumen and oil are performed in the closed system. Gas yield, peak stage and molecular composition of the
different precursors in different thermal maturation stages. The gas generation mechanism and regulations of
different precursors and the influence of precursor types and the thermal maturation degree are researched.
The results of this paper provide the experimental basis to the indentification of the effective source rocks.

Key words shales, coal, bitumen, gas-generation simulated experiment



