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Fig.1 The equipment map of hot pressing simulation experiment
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THP LA e, WO HE I R, RS BRE R
H—BEHETIAH, HRERET BN EL
. xR EBRENEHEOMSBET RMER
S, NEMMSER HESBERXERYT—-AFER
®REz,

F-RHAXHELST, SRR S5TES
AEANE BEELNLRERSERRELBER
B, P — R ER AR TSR R
M HRRREREN=YHIEARATR. EAREMET
BRRE&EE HESBRALEN.

BT ARTBRIER, ETRN IS HSH T
SHEX—-REMERRABRRESE HELE KA
oL, H A X &R ML R R E R &R YA R4
EHITHEADE. BEFEHFHAOMERE T A&
R RBEH - FHRBE AR, N EMRELERR
BRAHE,EX A EX SRR REEHFELIE
ZREKR. Hoh, X F R BOEXR LB, Rt #
H FHEBAFERBA S EEERERAEM.

1.4 ZXBRHTH

BHEEMEEFARARMNE, EHE, A 5~
6 MPa B S, R, FHREARS  REASHRE
BEMBZFRASRKE 3~5 K. BEHE. #am
B.AREEHERFER 24 h, RUZE, FEAEE
RS 250 CRE IR . BB el T M AERE
BRANBRAEEZE BEI KR HOERE , BE
RHBERETEAERIWER MBS HTS45
il

BB R M ACRBENTHE, A B RB R K,
MAZER G BHTAE A R RERKE
3. ZEHFRTHENMTELCEEHTERER
RERLEER.

HEZ£Z NENESARERENMRYE-K
Herhdt, —_SFRELRG, WEHLHEN. BHE

RREERERE, A L. A R RN EE, A8
HMRHFA”(EHEREM, RS HERERLR.S
R E, A TERRE EHTREBHRESY
BT B AT & R0 B Rk 0 .

1.5 TWHEHY

FATTEG XF I B B 18] B & BORLR /N K B B 0%
BRI CRAAHT TEREANTRS . XKERHA
MIRGERRRERMARTEREEN.

D) H#RAE . BMIMER 8~16 g, HEMBF
BHEN70g.

2) BEREFR KN FERA 2.5~10 mm B #
SRR /N BB A S E AL E A S K ER
R RWE, R B RE A,

(3) fnK AR I KB K 8~16 g (R %44
MERMNS0%)EEMBMKBARRERM 5K~
90%,

(4 EHERE T HRERE MERB— BB
>ERBR SRR EANBRYEHRER Y
BRER WA, RIATEHET 200C,250C.275C.
300°C. 325°C.350°C.,400°C,450°C 1 500°C3t 9 iR
B A

(5) PR ET A AR LB A R S HER 24 D
B,

2 PIFR IR T AR 2

2.1 SEHEHENBEACRIBKTR
2.1.1 AR EMEAGTHGEL.H 2)
BEHE,CO, . H, A RER T EHHE LR E
FEmE M. £ B0CHARERMR, BERKEL
126.8 m’/t, & | 7 F < 48. 4 m*/t, CO, K <
31. 9 m¥/t., ERFEE<39.1 m¥/t., 350CLLJGE, B4
SEMBESFREHBA MAELER, B4R
BAERK617.2m° /1. B HN4T4.3m?/t. . B W

=1 DMGA) MAEFBHM A MMABIILWMS~E
Table 1 Qil and gas yielding of DMG40 oil shale by stepwise heating

HE B4 CO: 5, 5 25 A F AT 20k ek REMW B Bz
/T /miete? fmiete)] /mPet) Jmiete! Jhgete ! Jhgete! Jkge ot ! Jkgete? Jkgeted /kg e te) Jkg et
B# 00 00 00 0.0 0.0 00 00 00 2.5 255 255
200 30.1 23.8 0.7 0.5 0.9 2.1 5.0 7.2 25.6 32.8 34.0
250 46. 6 23.2 2.0 2.3 4.8 5.4 12.7 18.1 36.3 54.4 58.9
275 65. 3 41.9 7.1 8.2 11.9 19. 6 42. 8 62.4 53.0 115.5 129.9
300 98. 0 57.0 12. 8 19.2 33.5 49. 1 78. 8 127.9 196. 8 324.7 362.7
325 119.6 54.5 22.2 33.2 56. 3 68. 3 137.7 206.1 189.0 395.1 459. 3
350 126. 8 31.9 39.1 48. 4 67.9 118. 9 108.1 227.0 271. 4 498. 4 580.2
400 312.8 58.0 42.0 206.4 308.9 64.8 62-5 127.3 3.7 131.1 455. 0
450 418.5 54.7 19.7 343. 3 355.1 66.4 53.5 119. 9 1.2 121.1 483. 3
500 617.2 67.4 71.5 474. 3 428.0 18. 3 26.3 44. 6 1.0 45.5 499.1
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Fig.2 Oil and gas yield of DMG40 oil shale variation with simulation temperature in sealed system

BCUEEFATRERABRBESHHE.
2.1.2 AHRMBEMHEAGL.E 2b)

T A A R AR R, 275 C AR, 4 R R 183K
fn, 275 CRLG BB, S HE i 0 BE b R
M. HAEBCHEAEMBE S BEAMERZX
498. 4 kg/t., RE MW ik 271. 4 kg/t., He ) 227. 0
kg/t., HEMIE R 45.5% . XERFAKF R TH LEME
BEEARBAENME S, BHEMB RN K AW
it EEWMRAR TR, 00CHREMAREE 10
kg/te ATF. GBIMEE EH#A T ETWEBSMEE.

3[50CHRERFIE, BB H 580.2kg/t.. H
[OCUE R R ER M A B MK, 500CKE 2
499.1 kg/t.. XATRER BN KR —3 &R, KA
EYREMREERMNAER,S0CHREMSTERRA
14.826%, S E RO AEHM 23.61% . REMBIE
B.OGHEESERE,00CH, ERMHTRSERSL
79.52%,350°C Rk 72. 05% . XK T b
AYERBBEH# S AR RAYUBRTR—BLE
BABESH - FHRRAIERFIFHRRYTMARE
FHEA XEEAREMCEEERNTRE,FE87%R
B, R RBENAVBRE AR, XERHARR
B R B — MR
2.2 SEMEENBCIFTRERBMSIER

MFENEEER. HEX MEHRSERTE

HRABERMER HAXRMEKRESF —BAE
EBRRBEERAAENTEHR ., XX R HE
132 38 WY SR A 401 B 2 5 AR Y FF B0 R SR 3R B
BRROEERE.
2.2.1 (BB HBELAARFPHERLEHR

D A S REEEENELGE 2.8 32)

EEBAER BEEREH “REERHEET
BRI, 7 350~400C H I B4 S W&, 400C
PEW B REM. M CO, K7 200CHI 250C H
BE. e BRE. XTBERRAREAER, B
BHBRME CO, mEBEH.

(2) BB whEFEE B AL (R 2.8 3b)

B B I 5 A M B 7E 300°C, A M EB Y 369. 7 kg/
teo SR B AR MM Y 272 kg /t. . BEHT AR M B B A W
B & 7E 350°C, BEAT W A M R K 57 2kg/t, B A
106. 3 kg/t.. HEMI R K 163.5 kg/t.. BAEKFT ET 4
FERERMAAET D RREMMEMN.I0CLEH &
4= 3 B8 R I . 400°C BT, By BUAE R EARAK, B RE
E 12.6 kg/t., REMEE 0. 9kg /1.,
2.2.2 RHAEKEHTHLHR

(D) RHESEREERENEAGE 3.8 42)

BESE ESANBRSRYEREARTHEM.
EHEREBEAERKE 018 n/t, REBR ™%
200. 4 m*/t., L EHAKREKE. XREEVHFHHE

£2 XBADMGI HAAEEMBRHLRMSTR(RBH~F)
Table 2 Oil and gas yield of DMG40 oil shale by continuous heating (yielding of each temperature step)

HE BS#& CO.K a5 7R b i %31 Hed REM B B2
/T /mPet™ /mdet? /miPetc! /miete? Jkgete! Jhgete! Jkhgete™? /kgetem! Jhgete™! Jhgete™! Jhgetc!
0 0.0 0.0 0.0 0. 00 0. 00 0.0 0.0 0.0 38.0 38.0 38.0
200 24.2 21.6 0.14 0.14 0.12 0.8 1.6 2.4 40.1 42.5 42.7
250 29.1 21.3 1.4 4.10 5. 60 12.7 23.1 35.8 81.2 117.1 123.2
300 43.8 10.3 11.5 18. 70 23. 30 43.3 54.3 97.6 272.0 369. 7 397.1
350 98. 7 4.9 30. 4 61. 30 79. 00 57.2 106. 3 163.5 100. 4 263.8 353. 7
400 89.9 2.5 18.9 68.10 59. 30 0.4 11. 3 11.7 0.9 12.6 78.7
450 42.6 2.0 17.7 21. 60 15. 60 0.6 1.5 2.1 0.1 2.2 24.1
500 73.6 7.7 35.1 26. 60 19.10 0.2 2.4 2.6 0.1 2.7 34.3
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Fig.3 Oil and gas yield of DMG40 oil shale variation with simulation temperature in opened system
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115. 2 m*/t., WE A R E . TTREBEENHHMT R
BTRHEAR . BETERD FTRERIERN.

(2) BitEmEHEENELGE 3B 14b)

0CURMERAMERNS B RHBEF R
MW, 300°ChH SRR MELDFE. 2
8% 400 kg/t. 1 272. 02 kg/t.. BUJE 5% B R B
%, 400 CHH XA 0. 94 kg/t.. 7B REAR 4 W R M E 58
% .300°CJ5 BAM R, B2 RgH M, &R~
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Table 3 Qil and gas yield of DMG40 oil shale by continuous heating( accumulated yielding)

HE &A=& CO K 45 -t 25 Al B i REM B p-¥
/T /miet,m! /mPetmt /miete? /miete? /kget”! /hgeted /kgeteT! /kgete! /kg ™! Jhget! /kget?
0 0.0 0.00  0.00 0. 00 0. 00 0.00 0. 00 0.00  37.95 37. 95 37.95
200 24.2 21. 61 0.14 0.14 0.12 0. 81 1. 63 2.44 40.07 42. 51 42.68
250 53.3 42. 91 1.58 4.21 5.76 13.52 24.76 38.28 81.22  119.49  125.82
300 97.1 53.23 13.12 22.89 29. 09 56. 81 79.10  135.92  272.02  407.93  441.70
350 195.8 58.13 43.50 84.20  108.09  114.01  185.38  299.3%9  100.37  399.76  523.39
400 285. 6 60. 64 62.39  152.29  167.37  114.40  196.68  311.08 0.94  312.02  501.67
450 328.2 62. 60 80.11  173.86  182.99  115.02  198.17  313.19 0.07  313.26  524.85
500 401.8 70.31  115.20  200.43  202.08  115.25  200.55  315.80 0.06  315.87  559.09
100
J«.'.‘
Ir 20(
a wfE /C
4 DMG40 M AFHMEREEE RiHA™F
Fig. 4 Qil and gas summation yield of DMG40 oil shale in opened system
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Fig. 5 contrast of oil and gas yield between sealed system and opened system
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HM W RO HRE SN E . TEBE
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“EED 7B OF) "Rl &2 E .

MARNHMBRE BHE, TREEHULRRAE
R T TR, i TRBRRENMEE, EAHAER
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EMABULR TR AL ER, BT E AN
B 1], B B B TR R AR R 3

BM A T DUAE Ry 42.5 kg/t. MR B, B T
s TOCH & BME (38 7%) , B M L8|, K
PO EAHEAR R BEA A M TR LS , 4 3 2 %
KyRo~ 12000 W& MRk, B EMEN
498. 4 kg/t.. B MBI S5, EMB LR B, U
ERTRE. AMBETE S EREaRn, &Rk

BRN 559 ke/t.. RUBRBEBRMITAEERE K.
PURE B, A 1, BAEHRER,

4 MRERIHMAASERT L

IETETR, AR FIIF A R AR BT %R
M RAM, FHEREMBHES, TRSER
BURD. BTHEERTENASUR IR ES
BB TR, T THRARENHTR.

R4 HAKROABRSRAEUZTRBRAAEUSALN®

Table 4 Contrast of thermal simulation gas component with sealed system and opened system

aE/c o 200 250 300 80 400 450 500
O HAE M HE R HE O FE HE AR HEA R HE FE HE FR
_ HE #ER HE KR BR KR KR KR MR KR KE KR BR KE
CH./% 0.87 0.54 2.21 7.12  7.88 24.81 19.71 33.32 26.92 61.19 51.22 50.08 60.46 50.08
He/%  2.37 0.57  6.58 4.96 13.09 26.34 30.81 30.79 13.41 21.01  4.72 41.63 11.58 41.63
CO/% 303 1.8/  6.06 3.09 7.13 426 470 1.19 1.25 0.2 0.79 0.73  0.58 0.73
CO./% 79.19 89.41  77.27 73.23 58.20 23.56 25.14 4.97 1854 2.79 13.06 4.60 10.92 4.60
BE/% 1.52 0.60  6.34 14.00 19.54 42.62  38.20 62.13  65.97 75.74 82.02 50.68  76.85 50.68
>Co/%  0.65 0.05 413 6.88 11.66 17.71 18.48 28.80  35.05 14.55 30.81 0.61 16.38 0.61
Ci/B¥%¥ 57.50 61.21 3492 50.86 40.32 58.45 51.61 53.64 40.-81 8G.79  62.44 98.80  78.68 98.80
BM/ S 307 737 6.88 6.59  6.92 1.47  4.45 0.66  3.95 0.06 1.13 0.00  0.08 0.00

B4 W, FF UG R BESH CO,..COREE.
>C BER MR/ EEHHH &R @ CH K.
CH./BREBTHHER., FRERRBEIXFHHAR
AR T AR R BRI TR AR B AL A BRI R AR S LR
5.

FHAEREEROBSBEE TRERS, Pkl
BAEHEIRE TR h T 8RR F MR R
S, T B R R £ SR SR BB BN R G BT LU HE
BARRT B TERE LEEMNEE RN, MK
EHAERBFUIBFIHEBRSBRB N FLHEY,
H RS CO,.CO FSE. MUHAKRY
CO,.COFSHBWFBER R, ,ERE>350CLHEH
BRBA~EBRNE,>C, ERSMSBR BT RE
RH.

FrEURFR S 3 R R HE A R LR e, T EUR
AUERERY/DTHAKR HANEME.FFE.

SR FE+H M/ FFEARRK BREEABEIERL,E
BB PR R HE S R AR AT (R 5D
FHRAERSHAKRHFEHMEESHETH, £
B .OEP i . %2/ BEWEFEEL, B A RIK. RHKkE
¥ Pr/Ph.Pr/nC,; Ph/nC S KR (<250C) #f, #
ARREENFIFRER, BE=300C/EHAERRK
THBEER RHARBHRBRSAEKRXERT M
Pr f1 Ph, M H Pr (94 REE KT Ph(GE6).
ARERSHAGRHLMARSEXT LR
LEMBRBEHAEARRK, REEEEEEESHK
EHE R BHE—EOE i, P F R RRE
SEMELABEHAGRET &,
ARERSHAER THRBTRARN L RE
8, H/C ¥ HIF ik R B R T HAAKR,0/C.N/
C.S/C FHHEHMBEIR.
FRERSHAE RS MK E A EX L RE

%5 HAKRSFANAREHXRUREHHMEARMHT
Table 5 Contrast of simulation ei}l component with sealed system and opened system
W/ % FHR/% /% WHER/ X% BR/% E+W/% /%
"¥/CcC - - —— = e

#HE  FE #HE A HE TR #HE FR HHE M #HE K HE AR

T 200 41.35 25.68 13.46 12.67 20.83 17.12  6.73 11.30 54.81 38.35 27.56 28.4Z  3.07 2.03
250 30.64 25.05 14.89 11.11 23.40 19.96 7. 66 9. 42 45.53 36.16 31.06 29.38 2.06 2. 25

300 35.14 42.23 17.23 15.53 28.04 19.42 7-43 8.98 52.37 57.76 35.47 28.40 2. 04 2.72
350 44.60 51.27 19.06 22.00 25.90 16.71 7.55 3. 82 63.66 73.27 33.45 20.53 2. 34 2.33
400 12.87 17.16 24.26 17.75 32.18 17.75 25.25 44.38 37.13 34.91 57.43 62.13 0.53 0. 97
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Table 6 Contrast of saturated hydrocarbon GC parameter with sealed system and opened system
2Cn— Pr Pr Ph

. E#k C OEP o P Ty T
HE FB HHA FH £ 17| FK E= 4%l FH e 1) Lﬁ!{*_ j’s‘ﬁﬂ‘ﬁj{

200 22 23 .08 1.14 0.66 0.71  1.17 1.32  0.23  0.43 0.14  0.24

250 23 22 1.09 1.08 0.57 0.77 1.07 1.34 0.18 0.22 0.12 0.13

300 22 20 1. 05 1. 02 0.71 1. 27 1.92 1. 30 0.12 0.10 0. 05 0. 06

350 21 21 1.03 1.02 0.94 1.05 1.05 0.77 0. 06 0.01 0.05 0. 02

400 20 19 1.02 1.02 1.22 1.14 1.08 0. 67 0.08 0.03 0.05 0.03

450 22 21 1. 05 1. 02 0. 65 0.78 0. 88 0.72 0.14 0. 08 0.09 0. 06

500 22 23 1. 06 1.03 0.71 0. 40 1.23 0. 89 0.17 0.11 0. 09 0.11

F7 HAKRSABRARENERMAEHHBERSE T
Table 7 Contrast of saturated hydrocarbon GC-MS parameter with sealed system and opened system
Sa-Cur 5a-Cag 205—Cyy BE-Coy Tm Csy—Hop 228 T
HEE/C 5a-Cay 5a-Cag 20S+20R 2Cq Ts Cz9—Hop 22R—Cy Can

HHE FH  HE R HHE  FEK #HE TR A FH O HA AR HEA R HE AR
200 0.67 0.89 0.46 0.42  8.99 872 29.73 23.75 6.41 4.17 1.06 1.09 0.64 0.83 0.16 0.19
250 0.76 0.81  0.47 0.44 9.45 9.07 30.62 21.82 6.70 8.53 0.96 1.01 0.64 0.63 0.13 0.16
300 0.98 ©.98 0.67 0.62 15.64 17.48 30.92 28.16 15.58 12.27 0.77 0.82 0.59 0.70 0.12 0.15
350  1.73 1.07 0.56 0.96 31.72 53.98 34.86 34.30 16.20 10.34 0.71 0.76 0.90 0.78 0.19 0.20
400  1.41 0.68  0.73 0.49  27.49 26.40 44.52 33.85 9.55 9.81 0.70 0.62 0.96 0.71 0.24 0.30
450 0.86 0.72 0.44 0.43 15.80 29.11 32.18 38.73 870 5.68 0.90 0.73 0.62 0.97 0.-14 0.34
500 0.93 0.63 0.49 0.42 15.50 34.31 35.36 42.69 10.70 3.66 0.77 1.14 0.73 1.20 0.14 0.26

®8 HAURSFHAEREUIBRMRATRALIL

Table 8 Contrast of simulated shale element composition with sealed system and opened system

BB/ C Bco o/ . NCe st
#H FFix A FF #HH FHi A FFi
R 1.379 1.383 0.141 0.124  0.016 0.015 T 0.003  0.005
200 1.371 1-335 0.121 0.119 0.016 0.016 0. 003 0. 003
250 1.307 1.283 0. 091 0. 068 0.017 0.017 0. 003 0. 004
300 1.189 1.119 0. 049 0. 058 0. 019 0.019 0. 002 0. 004
350 0. 734 0. 634 0. 045 0. 046 0. 024 0. 024 0. 002 0. 004
400 0. 554 0. 483 0. 032 0.021 0.023 0.023 0. 003 0. 003
450 0. 498 0. 420 0. 022 0. 027 0. 020 0.022 0. 002 0. 002
500 0. 414 0.412 0. 019 0.024 0.018 0.019 0. 001 0. 001

9, FHERMEBEWN HHF A THERREAMLERYMNE B EARE MR ZSH LR, FF R R
FHAKER BREERFEE. 55 Ak R R ISR 1 O % B A R B & b ER
R HAKRSAMEREURRHALBAQRS L CFSUERER BFE BT, AT .

Table 9 Contrast of simulated shale carbon isotope with H %ﬁ%ﬁ%ﬂﬁ&ﬁ?ﬁﬁﬁ%ﬁ?ﬁﬂz%ﬁ SEg]

sealed system and opened system ﬁi%\ZIE H’g-‘ﬁ’ﬁﬂ ,ﬁiﬁlﬁiﬂﬁi&ﬂi‘kmﬁéﬁm
RRAE P GEHA” TRR PSR 53R BERENSR ks msd
_WE/T O HEFERC HE R OHE AN RREHMIRE S YO T .

e -33.3 —33.3 —29.6 —29.6

200 —32.9 —32.1 —29.5 —29.3 &k

250 —31.3 —~30.9 —30.6 —29.9 —28.7
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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.
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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.
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