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Advances in downhole catalytic upgrading of heavy oil under steam injection conditions
LI Wei, ZHU Jian-hua
(Faculty of Chemical Science and Engineering, China University of Petroleum, Beijing 102249, China)

Abstract: The downhole upgrading process of heavy oil involves reactants, catalysts and processing conditions, efc. The
influences of these factors on the upgrading of heavy oil are comprehensively reviewed. The results indicated that the suitable
hydrogen donors were of liquid slate and the proper catalysls were homogeneous under the sleam injection conditions. Since the
dehydrogenation of cyclohexane could take place over catalysts under the steam injection conditions, it may be a potential
hydrogen donor with [easible economy . The research results demonstrated that the mineral materials in oil-bearing lormation have
some catalytic effects on upgrading of heavy crude oil, therefore, these mineral materials could be used as the catalysts in
downhole upgrading process of heavy oil, keeping the crude oil from pollution and also simplify the operation.

Key words: steam injection; extra-heavy oil; catalytic upgrading

Wi 2w AL I O R Y 52 T A B, T Rl R R A
TEFM = Z BN R ERTE AR, i T
HEA AR R R R R R AR AR
P 45 BRI R TR BN 3 RO 2 IR A TR
FARRM R SR A, W] LAAIR K B R i ke |
TRIRRE o 5 WA R I Bl AR R [AD, BA T
A 5 T A 3R B Bt SR TE I R L S 4
oy A AEVER HETA B R A H Y

0 2 v B b R 2B LR LA
MCCE ST BT BRI P R B ALy A B TR B
119 SRR 5 LU, AR AR A TR BB i A~
R PR 2 T A 18 A s dw e, AT LARREAIR I o B0 B
BE AP R E 4 R S i, S R R A g R
e BB o o T R ) 3% D R A R S ) B A
NIRLERE5 €

e [0 B9 B bk T SR 32 B R AR VBRI 28 VO i X
2R A7 e TR ARRPCR AR, Ml

45 H 8 : 2005 - 06 - 21

HALSCR B A WA R AT SR (i R AR
1M B 5 2 SR B B AR AN K 28 S ) VB L BUR
ZA (I S 85 B A 7 ) 2 0 PRARCR A B
AR 3 N E BN AR, IR A R X B I ek
J3 B 5 MR A R A9 B AR T 2 4 B4R B T RE
B4R 1k, Zim 5 X B T R A I IR RCR AR T
PRI T HEALBUR R F ARV T ORI R Bt B
A, 78 SE B 28 AU T 20 1 A8 S A R AT R i i
R A AT AT PR E AR 2 T Bk, (HUR AT A IR
R4 & 50 AR B AP E A . BT, EH
K 3ot FEPCIAR A AF T B b o AL R BRI B A
PEFRAEAT R A 40 F 0 R R A B = AL
70 B e kA BEAT A AT o

1 #HERF

1.1 &5
R Wk o= NI 6 Sl N g SR e ]

o

EER N 41978 - ) Y LA s AREE AR (1963 — ), ), T o, 380R, T Dk S D, A Al 2 JONE 1 VR Y A e PR BB B R IR T 1

1, 78 KK 22 A ,010 - 89733711, rdcas @ bjpeu. edu. cn,



.26.

HRRAE, BN T, A
B E T RS a2 . EEEFRRE T
— RN M E T R AR, R AR H e A
T ZE VT 72 00 s SRS, ) oA DX R e A 2o
WA TERE R Z A, S AR 4R R m A
R R s Ba , AR 77 B 09 0 i AR R Bl
28 3t 0B A AR TR e A O . R R T ik
g T S I X = A R N R T o i e
ARBHER, URFHF TERAEEBEN T E, H
WHEAMBE A FARS, RERER, HERS
R, A — E B E R
1.2 ALY

Bianco %5 -2){d FH {1t &0 14 X 9 i k47 0 B 24 4L
JEfe R At AR R TR A8 VR AR T AR 9 200 ~
390 CHARHIN I A3 AT AL B ER RN EA =4
1y S NS B H AT R TR B A W .
BB AE — R T 200 mL /3% 9 5 28 & B
AT, OB IR BE N (442 £ 2)°C, R E S A
2 MPa, Al B A 20 mL/h B9 &S 4509, &
R BIEE BB ER, Zhong DB ISR
A Z5 4R Ay S AT T VAT 3 9 O T A R AT T
S AR AL, TR A SR 4% AF CANAF A 7K 28 < BN TR
JBE 240°C S s B] 72 b)) AH [R] B, X AN [R] 7 5 6 2
HEAT A3 0T, G5 R R U U A Ak SR B, il ot 6 B R I
NLHT AT 220 Pa-s B3G9 96 Pa-s; AL S 1K
i, B 3 RN 5 B9 136.5 Pa- s[RI BHE FR fE 404k
AL I B, B T % 2] 28.5 Pats, Cesar Ovalles
2 e S o I IR R TR BB, R DY Sk 2
YENAEE R, DLR R W 5T o AR K B R e
KIEE ,EIGE S0 6.20 MPa, ik & 1K f1 4 11.03
MPa, 7£280 ~315C F, i /0 24 ho 45K 5
JESHIAR B, 2R S R A APL BESS AN T 40, 26 B RRAK
T 50% , WiH R B B A D 8% S A K,
RAIRT Wy 4 Ak 700 B B o 1) 77 AE X A Sy o o 2 b 22

0, F e R T RE S 5 T AR O .

FEC A A T A R B R TR, 3
BRI R A R BRSO A AR
J G A AR 28 R SR Y — R AL A, RN
BEN T BRI A VIR R, 0 EL S 2t A T T
MATRE B (A2l TUEAZEN N BER R,
AIRE N R 2 T M A — @ T AT, B,
TR BN MRS TAES T — S EENAR
BARZ —o HBE K — AR AN K 1A 25 A5 B8 i 14 1
TETIE I S B At A2 R B A R, R0 e e AR
o B T AR T B AR
1.3 Hix

FitE AR R Fam(H/C R FhE&m iy
B, AR R MR, HGE, B bt LA g s
5 S0 883 21 4 o T 2 R v A SRR B T LG, R R
BN EE BB 8o Cesar Ovalles 251 OV 7E & K L B 48
b DL B B S R SR, 76 410°C 11 MPa B9 8185 HE4T
B4l SO, SO 1 h JE, SR S R AP 8
TR AR . 2% 0 2 TR L R R 28
Jot A R AR, X 20 9T ok P 9 9 A T AL R, R
TEE N 430°C, R A8 v BB 4y O 7.0 MPa, 38
aXoF S5 IO T i T R R 43T, AR e AR O
AT 8 it AT OB R R — R B AT R

HBEAE I KRR BB R4, HEFEFE iR X
HAE a2tk m it T H My R, 22
B3t 7 oA A S A 0T ) ek 8 47 4 1 B BRI, o AR A
JEE N BRI A 380 ~ 430°C , 5 HH I R A
RO FRERABRRKNZER . BEEANZER D
AR SR AR 1 A v A SR i R B A a8, AL
S RZE VM BHT AR AR, 8 a2 B 07, [0SR g
R VET IR B HELE A .

1.4 7k

Entomb 25-° FH #AIIf LK 76 785 R 28 7 W B 47 5L

JERFSE, KA F ST SRR 3 500 mPa-s(50°C)

(E#&% 24 7)

(13] I8, A, B A 0 TR AR T IM] L Jead A2 1l it s, 2001

[14] W3, J8 B, XM LI fo 4 FHOB B 4 TH, 1997, 13
(3):138 - 143.

[15] Huang R Y M. Pervaporation membrane separation process[ M]. New
York: Elsevier Science Publishing Company Tnc, 1991.

[16] Balko J, Wynn N, Glaser R, et al.[J]. World Refining,2002,12(4):
22 -28.

[17] Lesemann M,Schult C.[J] . Hydrocarbon Processing, 2003,82(5) :66 — 68.

[18] Chin K.[J].Chemical Engineering Progress,2002,98( 12):14.

[19] Schucker R C. TransSep-s-A unique pervaporation process for the re-
moval of sulfur from gasoline[ EB/OL] . hitp://www . becresearch . com/
membrane 2003 proceed . html, 2005 — 06 - 15.

[20] Exxon Mobil Research and Engineering Company . Membrane process for
separating sullur compounds from FCC light naphthal P].US 6649061,
2003 - 12 - 18.

[21] Exxon Mobil Research and Engineering Company . lonic membranes for
organic sulfur separation from liquid hydrocarbon solutions [ P]. US
6702945,2004 - 03 - 09.

[22] Exxon Research Engineering Company . Fluorinated polyolefin membranes

for aromatics/ saturates separation[ PJ].US 5396019,1995 - 03 - 07.H



005 7E 16 B FET AR AN TESH TRELNFNTAEE - 27 -

Zi A B R EE AL N 5 ~ 35 mPa-s(30°C) A5 R o
Richard 25 OFE 4 / Tk 8 AR AE RS LU, X 4
K Athabasca i X 9 5 75 #E47 #5440, DA K 28R
Xf g et BRI, il E K FE AP B 2% D,0, K3
KRS EBRWE L. Fan SRR TH
PR AR ZE ST BN RS FEULTE
ST ERE YRR, SE S5 R AR WY, WO BN S E Y
BEW /N, HAERM 2SS THERBR. HIET
114 SV I 5 28 A I R K T S A R (i D v
TUEM) BRI TG W (IR O & it AR
SR TR MR R IR MR, Fan "B TH
Py I oF 23 K BN ) S T, 48 HE B SR P K
TR, YRR RO T RN .

TE BRI AR o AN A AT RB 3 S e B A LT
7, A A KPR S R IR, X A AN S SR A B
5, 1M H R fE TR
1.5 K—FAEKREER

FEEMIE T G R H0-Co kR
A S BT A R . 5O R A B R R
I H/CTRTE R 1.60 FH B, 2408 B A 40 550 Bsf L 15
IR H/C T 1.80, X R K F A E #%
B3Rk b Kunio o 75 @ IR Rk P RFZ T M5t B
TR 43 S AL 77 A T HE AT A T I A AL B A 1 R 7
673 K30 MPa BJA [F SRR (KM@ i A K —
AALBR AN G ALK — A ARk B &R I A KD
R AR R 0 2R I wE Wy (DBT) #E47 Jim &0 B At 52
B, RN FE=YN HER O ERAR T
— AR AR I 5K — E AL ik S & AR I ALK
o1, DBT Y JBERR Bt AR MBI R P Y o

IKZESR— AT Ry SR AT FE VR BOR S5 1F
THEH T 5iMZ P CH, M H,0-CO-CH, A &,
TEREALFIE T, K A K R A e OB, 77 AR T P
2, BES S5 SR, WA 4R AR, AT AT
PL3R m AR O F N A O B ROR .
1.6 FEk

PO B A £ 4 A A 59 PR TR, 7E 170°C Bp AT
B, 2R BEAIK T 200°C B, AN 2 & A2 F 36 BB 5 TE
B AL T E F T, T B 8 A B H B, A7 AE T 3 R
B 5 F AR A8 VE b 21 s R BRI BR 1 7 4, 7 300 ~
310°C T B AW, A2k A TR R . 4% SCmk
I8 J4RIE , O e 7F 58 R M i 4k 590 L 988 M i Ak )
TiO, - Zr0, #6505 R] & Az FF 340 SR, SR 3k 42 2
(1) (2) . B)fras:

+ H* - H*
O @% @ — CH3;CH = CHCH,CH,CH, (1)

- H* + H*
W% — CH,CH— CHCH,CH,CH;, (2)

O 0% 0O+x ®
MR R R ML R DUE 7R 2 O % 1Y AR
M aAEE AENEF A I EREEES N
300°C, X FZE VAR & A I T 4 A0 ol S i B
SAEREA M SRR E, E AR,
C—S BEAE 500 K if R E] Br %L, C—O0. C—N BT L BF
T B S I VAR B TR A ARG
He 3 20 43 T 1 & R JT R DA 2B A L, DT 4 o A
A H/C R L, BRAR AR T A9 85 &, ) B e ek
FRfE TR RS BRI . BRI R E,
BN A C ot B — a0 B 00 o, OF B — R R
I B B AR TR R B 3R BT DA RL R B C B R R
PR HR AT N A R T AT Y

2 fEF

2.1 e HEEML A

[ w7 S = I AR DS A EW G a1 e B
HEAT A RN R A AR Y AR A A R s B 2% BE % RV
T A TR R R . SRR LU A A
e Je B 4R A o B AR T AR AR AR Bl - A Ak B B
B BB E A ALY AU RE R T A il R g R
X SE AL SR 7 AT H e A A K S R
ALY AR LA TR AR AL Y, LA SR R AR R Y O
K 2R AR AR R N T T AR A O T OB, 2 1
FET R BN A B9 52, 47K B K 728 R AR )
S o 4% SCHRARIE 207, B A% o A 4k 30 18 755
TREREE T A2 2 Wi 35 TR 4 Ui B9 20 B RO AR,
B 2 AR A AL ) B 15 e o

Hossain %[2”1)1%}% Ph-Rh A HI I, B Co 11 %
FE LR R B b, B R AR R A B
IMEE R EBS, Ph K Rh B0 4E 4 B 55 At
AR A A 5 317 B A ROR AT . BRIE R
T4 B 0 AAE P M BB A LR G5/ A 06 % L
75 2 A A A0 R 78 AR M OB P B0 A R TR LR 4R
e AL, B S S A& Y BA B R R a1k L B8
VEPE IR O B 00 R, A A0 A B e R R 4 AR B
Ko TEXE R YR I Tad # o, KL AL A
BRI B, R0 T 48 T O 2 L AR T 3k A A A A )
R B BRI R P

I 2 AR FT DS o 8R4 AT 7 S B AE4R I



.28.

PRSI A R Y B BB A R R I
o, DURE DR SR 7E A 77 o AR b kAR ] . AR
N BT AR AL R 5 T A S A e A B AL
Fl—FE, ML LA, I, 2 R
AR FR A IS AR o ARG ARAEIL T By IR E 7
FETELL R AR - — 2 WA 1 o DR 2 5% et 4 £k 390 1
PR 285K 5 — 0 BT A] A 5 4, B 78 f 10 700 3R 18 TR 1
AR, SRS WZEBIE ZE BRI A, IS
R YRR AL IR VRGBSR T DU ) MR Be ik
BT ARTE A Ak 700 3R 187 A 2% 5T, s AT RAFT I e £k
THC A O 4 T A A0 (E I (SR R4 X R AR K, IR 8
T AR T AR T A R Y RS
2.2 HHEELF

FH T3 T 8 5T A B A A AR A Tl L K
PE LA B A OB AL R T R AR B2 1 R
X B AL R B A 5 AR R A AL R AR A I 4 B o
R, EEONBRER, AR FIBAE R B N L IR B L&
BT SERIEEME. ARRENEZHR
L BEHR IR I . Y AR SRS
HEEARAE TG, 7T T8 R TR 19 i 1 40 78 4
{321 Hoftide & ¥, GBI %, 2 TE TN B Ak 4
Bl VBRVERVELEE, DL O AR R L A0 Bk Y AT B4R
L B AR i 7 S A o L Ao AR 0

it T 35 A0 A A 0] A A 22— A A 7R 1 o
il £ BN T BB, X — 2 AR T DALAR R K — Fh g L AR
A AT IR B OE A N A B LB, 7RO
TR ATY B S R S AR AR AR . BN A Y
MoS, #4450 AT LA 3 o R Ak, 7 VO i R 4 i ok il 4% 5 =
I3 O AR AL R 2 TE AR TR T B AL BRI B BR B S
MAE B Fe,Sy, FeySy £E 200°C 43 f# AL — # 4k £k Al
B2 . Matsumura 25 2 DROR A B 1 pm BYBROK
FINE Yandi 248 29 50K 72 WAL 6 OB R 30%
(REAH0) & T W IN AR Marlin I8 JE 7 0 A, [5] 57
TABRA , Xof 356 il ys e 7 e R AT 244k, 78 m 3
WK 548 88 F i) FeOOH SN Az B 43 HLRY 35 1
2043 Fe, _ .S

TR 43 HACP L 70 T A et R R R L T
HAg, s R RWP ER Sk AR A
25 DA S B3R O B AL P R A 1 & R AL A
A A A O 22 BN K o TE T E AL ZE DAL W il
& B9 Mo, Co Fe #EAL I, A %1 45 £ 68 7 9% 24
Mo > Co > Fe. Mo 3% B i 4 & Ay 58 4% (MCR) i1 S %%
Ak (HLJE X0 W 7 0T 1) Al R R X A, B — MR &
4 B AL, T Fe AN Co U R8T A I A5

TG 4 B39 359 A L4 7R U A A A 7R £ (T LA
BEZEVCEIRIEA IR TE 2R TR B3 T 0 A B 28 KB
BRER T A Z LR, B RE A AR5 R BRI RE =
R AL A KA B B T 2 B2 N H TR AL
B A 0 I A AR — b 3 M R R A R AR B AR
FITT AR 3E ZE 10 LI DAL 78 A , AT 8 5 i1y AL B o
A D, i AT LA 3o A PR B I R O R 4 2R T AR T
S Bl B 2 Bk I 2 4y, AT /N 2 i = B R 2
(] (4 1 o, 0 110 48 R 2RO o AR T 1 A v 20 B AL
FUATAE 2™ A — Se AR B A IR XE, 32 2R 04T £R R
A PR IR 5 AR R R A, LA, T B AR AT
BB 2T M e 2= R, S BT R

3 MEREH®

TEFERBCR AT, R I 08 B WL B vl 3k
340°C , THJZ 1B W & = - 147 B 5 ) G 2 o ALK
FEFER B BB B BE T 10 m A0 )2 IR B B
F| 25 200°C , T ZIEEEFE 300°C LA LAY X 38R 2 75 B -
A 4 m N X AR 78 R IR T R e J5 B B A
HRENEm s ZREARBELITEAZRDY
wmpEs,

Jeffrey-*" Ay , 5 B B 40 HUOTE 3% ~ 4% B9 IR
Mg S TIGUR, B R4 C—S B RE AL,
5y &AWL HE T AT 7E AR A R Ak kO i R
HhOBE O BB P B o Zhong 2B A B R B 43 3K
R 0.4 % B 1L 7] A A W AT 1 BB T BB B 52
B, R ERWEA — & 8B R, Fan
214U ST T 240°C Bt 2K — B #9748 14 1) — 32 7 4 3 —
VO S A R o A BT BB, & B AR I T 3 4
SR TR, 368 Wi/ o Siskio 253210 4 75 BR L A
SRR A0 T T ANRENS
YTE 250 ~ 300°C T BB 5 i #OK KA R, B C—O
WA, N ERCABBE AT LUE &, ERACR
AT A A9 T AL Bk BT i R AR 240 ~ 340°C FT
RER AW R INA C—S.C—0 EAmz, a8
C—N MW . AR, & 00 & o A9 38 T B B ROR ¥
T EMBEAN WM E SR, A EEME S &
A0 AR T, A BB IR B A Y AR o

TEVE VR AR o R o, 38 R R O AR VR AR D B
TR R TEH TR C B EAT, W4 R A AR TS AE
HES AT, P S A T R AR T B R T O R
T A K ZE SR S Hewgill 253148 i 78 5%
RIR KA BT, B AR ALK I8 5 4 f i B
TR Eh sl H A A A W18 O fi Al 501, 0 2o B0 R 1 7 BT LA



J2 0] BE 1 A Ak S AR X A g AT SO . B,
Cesar Ovalles %13 $8 1H DL 45 10 S AL 28 M ALK
VLS ia T2 A 598 ¥ o A6 R, AT R AR A 3
B S AR A Y A 0L S 5 N S A 8 R
BUOR

4 #E

(1) TE PRI 25 F B8 5 F A Ak Bl B B R A
IRAL TR FEIT K B B, 3242 1k 1 R 7 E A SC 1 3
H M AL SR Tl A B R 3E o

(2) TR PR AP BEAT B A AL i T, 28
SR 8 AR A3 S PN S A AL

(3) B A AL IR T 2R A 8 SRR 7 50,
FULE T O3k 64 5 R B R R CE B AR RO
P, (ER AR AR IRV 52 O A b i O SE R BEK

(4) BRI T HA w2 B R, 9 B
RES ARl 5 , TEA T BE T B 3 A TR IR & AF
TEGE T SRS R

(S)ELHER MR & A J2 B0 1 1 Sy Ak
A TR AR B R B T AL
7R % D A 75 B o

(6) A HLAAL Y1 N ZE R RR 4 16 T B A il
AL AR, B AT R B R & SR TSR BUR
A B R B AR L T A B K

(7) B4 5 7 TARE T 4R AT i =k,
T s o HOPR AL R, BT S B A o P I S R AL &
W WA I A R B A AR D7 T

&% 0k

[1] World FEnergy Systems Inc. Recovery of oil by in situ hydrogenation
[P].US 4597441,1986 — 07 - 01.

[2] Bianco A D, Garuti G, Pirovano C, et al. [J]. Fuel, 1995,74(5):
756 - 760.

[3] SPE. International improved oil recovery conference in Asia Pacific[ C].
Kuala Tumpur, Malaysia, 2003 .

[4] Ovalles C, Vallejos C, Vasquez T, et al. [T]. Petroleum Science and
Technology , 2003 ,21(1 = 2):255 - 274.

[5] Ovalles C, Filgueiras E, Morales A, et al.[J]. Energy Fuels, 1998, 12

(2) :379 - 385.

[6] Ovalles C, Filgueiras E, Morales A, et al.[J]. Fuel, 2003, 82(8):
887 - 892,

[7] Apwvd , vk 8, R (I 419 5 R K714k 017,2002,31(3):
138 - 139.

(8] 4%, XM A, M IAF5, % Bl %6 W i L FF R A [M] .k
50BN AL, 2002253 - 289,

[9] Enomoto Heiji, Tohoku Electric Power Co Inc, Onoda Cement Co T.id.

Reforming of heavy oil[ P].JP 05071574,1993 - 03 - 30.

[10] Richard P D, William C M, Murray R G.[J]. Energy Fuels, 2000, 14
(3):671 - 676.

[11] Fan H F,Liu Y J,Zhong L G.[J].Energy Fuels,2001,15(6) :1475 -
1479.

[12] Tohoku Electric Power Co Inc. Modification and/or break down Lo low
molecule of fossil fuel or high molecular material[ P]. JP 09151384,
1995 - 11 - 29.

[13] Nakahara Masaru, Enomoto Heiji , Kinoshita Mutsumi, et al . Method for
supplying hydrogen[ P].JP 09188501,1996 — 0L — 11.

[14] Fan H F, Zhang Y, Lin Y J. [J]. Fuel, 2004, 83(14 - 15):2035 -
2039.

[15] Allied Corporation. Process for production of hydrogenated light hydro-
carbons by treatment of heavy hydrocarbons with water and carbon
monoxide[ P] . US 4675097, 1987 — 06 - 23.

[16] International Society for the Advancement of Supercritical Fluids. The
4th international symposium on supercritical fluids Sendai[ C] . Sendai,
Japan, 1997 ,739 - 744,

[17] 81 8, Sl , B &, 5 Rk 12 ML b st 42 10l B
#1,2001.333.

[18] Fang J, Wangv I.[J].Journal of Catalysis, 1996,164(1) : 166 — 172.

[19] Joseph D, Tomas J,Jose A R.[J].Surface Science,2001,479(1 - 3):
155 - 168.

[20] Taurent F, Delmon B. Deactivation of a sulfided NiMo/ y-Al,05 during
the hydrodooxygenation of bio-oil: influence of a high water pressure
[A].Tn: Delmon B, Froment G T. Catalyst deactivation[ M ]. Amster-
dam: Elsevier, 1994459,

[21] Hossain M M, Al-Saleh M A, Shalabi M A, et al .[J] . Applied Catalysis
A:General ,2004,278(1) :65 - 71.

[22] Hidetsugu F,Satoshi T,Masayuki U, et ol .[J]. Catalysis Today,2004,
98(1-12):207 - 215.

[23] Baltus R E.[J].Fuel Sci Technol Int,1993,11:751 — 782.

[24] (AR B, sk BE b/ OFBFS RS B N M bt o = A1 4k i
JBAt,2003.33 - 35.

[25] Bianco A D, Panariti N, Carlo S Di, et al. [ J]. Fnergy Fuel, 1994, 8
(3):593 - 597.

[26] UOP. Method of preparing a catalyst for the hydroconversion of asphal-
tene-containing hydrocarhonaceous charge stocks [ P]. US 4954473,
1990 - 09 - 04.

[27] Dadyburjor D B, Stewart W R, Stiller A H, et al.[J]. Energy Fuels,
1994,8(1):19 - 24.

[28] Matsumura A,Sato S,Kondo T, et al .[J].Fuel,2005,84(4) :417 - 421.

[29] Duangchan A. Residue upgrading using dispersed catalysts prepared in
reverse micelles[ D] . Columbia: University of British Columbia, 1998 .

[30] Jeffrey G W.[J].Fuel Processing Technology ,1997,50(2 - 3) : 199 - 213,

[31] Liu Y J,Fan H F.[J].Energy Fuels,2002,16(4) :842 - 846.

[32] Siskin M, Katritzky A R. [J]. Journal Analytical and Applied Pyrolysis,
2000,54(1 - 2):193 - 214.

[33] Union Oil Company of California. Enhanced oil recovery technique using
hydrogen precursors[ P].US 5105887,1992 — 08 — 21.

[34] SPE. International thermal operations and heavy oil symposium[C] .

Margarita , Venezuela, 2001 . [ ]



