3645240
201946 H 25 H

Wmow o F
Oilfield Chemistry

Vol.36 No.2
25 June, 2019

X EHE:1000-4092(2019)02-361-05

— SRR BRI R R

PUR N T

:5'?:_5} ! ’ﬂefgj:% : ’1:Z‘LEL‘HA‘£2’ Eim%2’$ﬁ7]‘(%j Z’i%\@‘i/ﬁ::l

(1. AbmtReFAb 5 7 TR, JE T 10087152, HiE A AT Z 05t b, Jt 5t 100083)

HE. —AARIRIE 5 6 0 R R R A — IR 5 252 4 IR T AR F 5, B BRI IR

W, 122 XEBE S B EATAR, Bibde CO, 0 AR RARE AT &, X2 4 29 — BALBIRIE 5 6 i Rl R
RAEXRBEIENETLR Z, B oA A G BIRA LA 28, AR T B WNINE T CO-R il B RA 69 5 5 2L

KGR E R A S FHRA B AR AR EE E 5T

 BLE R FHAE COrRIMBIRA S F T EEH S/

FCOAAA S AFMAR, FA4RH, EHZIER mAF G LIRBL T a3 T, AFRIA8 T 3 2080 CO.- R ik
BRAK AL B AT BB IRIR 5 6 R R H R AR n, H9Z25
SRR AR HE R TR ICR s BIRA ; 5 CO LA s R oT it Ji8 s 43k

FE 42K S TE357.45 HERFRIRAD : A

0 55

AR, R AR AR IR R A TR SR
F AR (CO-EOR) , JE4R & A R ISR A B H AR T
Btz —. 1ECOHRIM I AT, COLMNE G TE A H T
o, AR S MR SR, S PR SR . T e A
TR EE o S PR BRI K AN /1N CO, A5 5 [R] 4 A
T 5K 745, AR AR BRIK AT LA AR e A R
H M 1952 4 Whorton 252 £ YR CO, 9K 3 Y & ]
Jii o COL BRI — 2 Y A I 2 Gl 1 — A A
J5 1) o KR AR FE AT B B, COL 3R 3 mT AR =
JECIH SRR 7% ~ 15% , FERK M H AR 72 54y 15~ 20
AR IXON T R ISR Ay i HE T A <
FER & TR W51 J1. 554h,CO T LA Tl
Bl an A& i) AT BRI AR AN T S HE
W RN, 78 COLBREREE W i, K CO K &
FEAEIMP A, ffR COLMEAF Y )L, Yl T == SR Y
Hem e o PR, AR iR IR i A TR IR B R

* Wi HHEE:2018-10-16; & E HHH:2019-01-16,

DOI:10.19346/j.cnki.1000-4092.2019.02.032

(CO-EOR) 52 2| 1 i 5 4% [ WO AT 1) 2
(IS

55 FE SMEARDUR I T AR HE, 3R R 280 T s
TREFHTCER, PR FE AP A AH OGS 28 46 ml A M PR
%o FIE COIREA 5 % H R ME LR CO. 5 i
T BOIR AR TR 7 ad w8, $0T JSU 0 3 )2 15, Bl it e
LER IS A28 TP RBICR2E o A COL- IR
AR R 3 B 77 3 T Ly g Wy B Ak S ik P A,
o W B B IE BB ST B, g AR
FURFAZAN ARG A T 10 Mo JZ BOEE T AR A%
I, COABZRAT A AT Il BN ke " S B 5
2, VA COL S 2 I AT AR, U 17— 1
BB SYHIREMLE, ATk — B B A
R VB SR TRAR S ) AT R R AR IR AR
wed o PRI o 8 B T 45 7 ik T il v 25 ) Bl 4 591
K BEARIR AR T 3 8 5T Dy 1) o AR, A
TEREAR CO5 iR AR s 1 B9WFTE T5 T S 17—
YRR (EAT SR B = A7 5 BhIR HLBE A4 4x TS A1)

EETR : FEMAE R LI RIIM T EHZATF L 05 H 45 20162X05016-001) .
PEZ BT R IR I (1993-) , 3, A5t KAk 2 5 00 TR B AE R IR (2015 ) , R B A FRRIIE PR I 426 00 A ORI 9 . Tl
AL - 100871 b HTHTHFE X RN 202 %5 A420, E-mail : sxpylkedun@]163.com.,



362 WomofL

2019 4

TRV 22560 1 R G0 Ml . Ol T ek AR Ak B ok
PRV AT IR MR $ AR (CO-EOR) 78 [H P il 3 T %
R RARAL N T L BInR COL-J I B ALEE Al 2R G bk
WFFE T2 i 5% Bh R 7R IR 2 02 BB BEATF 9% 114 24 55
P~ WS o it e 5 I B i S R T
BRRZES, MRS R BRI %, 1990
Sl BRI R BB S, A B AR A
A LR AT ELA B R IR IR R . AR
HR A ] P 41 B TR 391 ) A 9 B, A Bl ) 43 T
SRR i B gl T = S =3 G B e el = g
P, 32 27 B -CO, “ WGE ™ 7 T BRI 5%
K

1 BRI >R AT

FEBETT COL 3K FH IR ) o T4t et , 225 Fifl
YK IR v BRI F 9% 0 A ELTE [ RIS Ak 17 2k SR
B R TEPER 4> e — AT B R B
FEARBRFE AR, 5 | 2 2 1 36 PR X R e LK R
TIPS P (8RR AR 25 A8 14 40, T L B I8 vy K
ROR X R BCELE M E AR A RS B
FIET . R, 7EBET COL- i B 77 £ 73 74544
i, SR e L 3% CO, | 35 T 5 A 9 Bl 25 49 A 15 11 J8
o o, ST 3 AT G 3k B T AR S R T 9 )
I 5 B A S T A 91 R B AR 3 5 RO
B A3 B 43 F 45 A 20, o] DAAR 5 AN [+ 3l FH 53
F1R) R A R S T R A B R S A R K i
F CO, JE AT (1 358 426 0] B A T 1 BT 91 46 4 1) O e
A

HI AT CO-H.O FURIE A5 F/ N+ B TR
FIGEF R > T TR Z BUBSE . Bastoe
J A5 R A R A 2 T R SRR — R R 3R
CO, E %R . Mohamed A" % BHLAL F/H 1) E
(51 P LAAS 20 1 o A o P S 8 25 R T TG ),
£ CO-HLO 1 Z P A5 BT 1 FLALRICR (4> T 4514
TP 1) o 5 80 7 T 190 3 1 0% T R R B A (HL AR
AHE G IREE S Gl A A5 A A Y 2R 1 4
FERFIF K B2 8] T —E PR .

Hollamby M J 4§ "7 5% & B, T 4% BE Il — k4
()AL Z FRIEAC G (O F 25K DL 2) L RB IR #
A R E BRI R CO- K A4 M o 33X 15 W i 3
(EHEZAEREL) R AR AR 3 COHE A .

e cr.or.or.cr, |

SR CF.CF.CF.CF;
*Na'03S ‘1 CH,
(o]
(0]
SN  Cr,cF,CF,CF,
N e CF,CF,CF,CF,

O
El1  Mohamed A SEMF5Y AY 5 2 TG PE A 444

B2 Hollamby M J %5811 S HE(L 2R ILAL S 45447
2011 RS04 S HRAE T PR ] TR S CO,
FI I Al B K o B Bk S Ak A 1 2R T
7| CAE il CAF,
2015 4F, S E AT T H BRI LR {8
FH 1% ~ 4% /Ny 15 e (B8 FBE . OB TN RS
O R T A DLIEL 3) T R AR AR R 7o 4l
ELIUESE TN 4% BT R 5:3: 2 M AT
M- £, vl DARRARSRAIR AR FE 7 12% . X B
FL(BE) = —Fh 1T 15 COL LA
2016 4F , FFAE 5 S L SR A f £ — e T ik
(532544 UL & 4) v LhREAR S AT AR R 7 A
0.3% ) &, T T Fk v D REAR S AR TR AH 77 18.1%,
T HA 0.3% AR R AT DL e AR TR AR FE 77 16.8%

_oH P S .

PP LI P
HoN
2 \/\NH2 /\/\OH
Vi TR

B3 RIS TRE RS T4



% 36 % 5% 2 4

X IR, 5 R 4 : AR IR A 5

363

AR IE TR () AR A S 25 COL 2
o TIIMBRIR A B R 78 BATT 25 I A 1 e 4%
i B SR LT AN IR L

SNl

A

K4 FREET RIS ANR A L R T RERY 774540

254 Db CO-HO LI A/IN - BRI A 5%
SCHR AT L&, 5% COBE ] R ZAHE LT LR
GRE L (B TR L ERG ) Tk R () A5 M A8
VISR ool e a s I B S i R R o i % N )
RS
2 BhRAFiT

FE IR 5 COL RN SE L A S, A0 e ok £ 3 (4]
DL 2 iy 7 2 3 e ok i ™ AR R SR il 2 B
RN F 75 B2 LR A A, 8 Hh 2 B () 9l - /K AR
RERETEVER A 53 F 450 , B2 CO, L A A4
S T P A 3 2 2 e T PR — B A 45
RN THEEAGERCR , & 24 R A s 21 2%
CO, B P M S5 BE A A 5, X — s 8] 1
TR Z ST & R B S8

2015 4F- Abbas s %R H T £ 5% CO, 3L A1 R

Ri: 1~20fithedt

Rz\Rs:HEz 1"-’10{1&%‘5%
A:0 1 CH,

By
PO US N

ik | 22 2 1 3 A 0K/ = Sk K ik 1 /= Sk A
TR (5 F45 4 WLIEL 5) n] LU HERR I 5 COLTE A%,
FLH, B 1S B R ICE

2014 4F R N TE T HS s 2= 10 BhiR
W % & H] , 0.45% ~ 1.65% 3% If 75 V£ 7] +12.0% ~
14.5% Bl 2 18 16 PR (437 4544 UL 6) 1T Lk 3] f#
TRIRAR 124 8.5% B3R o Horh , I 47 R
B s - (1- L FE-2-FF - - TR 6L ) il REBE 31 R 4 S
HFEZY) B2 E-2-6-8- = H H-4-T-fik 2kt
RBE G BRERL, - AR E LR B
SRk 4EUbE R TIR 1, 1- 204 S i FPY L -b-
RA LN, RIS HERR A : OB BT
B NEE | CEEAE N FRESS . I SRR
0.05% % 2, [ -2-6-8- = H Kk -4-T-fif +13.5% L %
A DLREAIR COL S AR TR AT R 1 24 8.5% 0 Jir >R FH 1 Bh
RN EHE AT A 2 s 2
AN, B T £ 0% CORE M 1Y 25 1%, 1 £ ¢
SEDU R R0 T M R R

20154, B HREAE SN TF T H S 2= 0 & 1 BhR

FIEFAE T 0.1% ~ 0.8% 7% [ 17 £ 77 + B 26 1 1%

r 12509 DL & 7) AT 3k B R R AR 1 9 B
P14, L P 2 T 9% 1 7 2 i I T 2R L 2 s R TN M ik
FIVGE JE 19y 58 S £ TR S N O Bk, BITRE 90 2 /N oy 7
Mgt AR R A R I R R B 5K ) i A B i
MR AR J7, 45 SR 1A, 0.6% 1 I 1 15 3 48, 2 045 3R
S TE+0.3% G BEAE Sy B TR T AR AR g e
20% 0 o ATRLA B, i Rt & 213k CO, 3k
(R 10 A ZEAT R IE ) | 1 i P % R 8 g 4 D)
SRR TR S AN A SRR A . 5340, g

A/

N
I

x: BAE0~100
y: RAE 0~ 100

&5  Abbas SEERFSEIAIRCL/ = 3L AE B T R BERY 4> TS5 44"



364 Wl {2 2019 4
B, E-2-6-8-7 R
v SRBHRE
R \é/\ F i F
' of, ol
F
@N® Rz=
R.. 1 Na CHs;
7o7%°, _WL*<~<— R
O)\/K‘( (|:H n
R, = 3
O\ =
R ‘>—>L F F U F
—o(1-2 - R o o{%XF 0 O%F
%@ﬁg%mmm&ﬁR__<_>_/ ~4:j; 7 r ,@\/#:j; —
I E Y = N F T BEHR—
EES e E
PR 1 1-— A4 S b B 7
Ko #HIESEMIT R BR N4> T ahi >
WA

m:6~8;n:0~2;1:13~15
I ESIbe sl ol
R OH = Ssen PVl
&7

INGYTFRE R BIRR) , — 5 T R R 2 COL 36,
Ty i I A BB 5 T R T R A

201547, BRI EEPAN T T Hoe Tk f R
Bk COIRIM BRI BT LM o 38— Ak iR
FHACIS A 2 AR A SE I R B I R =
P A S B TR AR I ik (O T4 0 LI 8) A
B (1) A AR S5 I TR A 0 1 3505 B AN s 5 24
10% . K F B BRI 0 F W45 & 245 COo, 3 1
(R BEEL 2 REIL ) AYSEFIRR

0N /\</\ >/
/é\/°>n\/\ /T s s|' I
O

L5 2, — \T

n=13,m=5: - DU R A LAk
n=15,m=3: 7N = R A L)k
n=15,m=5: T /NBE 7R A LNk

K8 REANMAEIFE B RERE A SR B DR ) 70 1454

Yot LTy 3R AL e SR S D s ik
m:6~8;n:0~2;i:11~13

H /\/\OH /\/\/OH
g 2O N = SRy o 1 A A a2 e e o

3 HUER BRI A

MELEA3 BT LIS« 5 24 SRS A £
A2 CO,FE A BS54 J2: CO, 3K i BITR 7] Y BEAE 1558
g5k, For  2E COLFE A SR LA R LRI 9.
EE s e YNNG I i S 28 S
TH A ) 2 R M A SO R B . TEIRA Y
SCHRAT L R S o R A B R, Rl
20— BNE R E . R s 3%
TR R, SRk AR A1, &SGR AT, 1 HL AR 7K 3K
R o HR SRk () ik AT, X T RE B T 2
HERMNKEZE. 5N & 24 COo M B4R
WA AR A SO0 2 2 ) 0 Rt A B 1)
LR - PR IE LS R 2 CRIZEIPETE 7T A 6 1IR3k, TREAE
Be R 3L 22 ) i LB tE 4, (AR . BHETE
K A HEER S5 B A E s AR >, R —
AL R EIE

201547, i L BN T T T CO LKAy Bk
R FOE FPEM AR GT 45 R . Bmisk Jy S0 ge 2



%36 %% 20

KRR, 55 RG34 : — A ALK BRI 5 ot e

365

REW], 4 OB HIHE T+ ZBe SEER AT IR IR — 5 N
P (73T 2544 DL 1D 9) B9 A7 R A B ASCR, , 4078 51
6 W] 4 ST 48 B+ e BRI AT LA 2 R
MRIRAE ), B 3 27% . SR 0 S IR AR )
ek i AL 6 BIE OB T A A B R R R R T
ik, A SRR AR T BRI A
WD A AR A 14 | BRSO W IR I 3245 21 T
FEEN AL

Y OAc OAc [e]
[} 0o
(o] o) /(/\)}\
Iy A
2 2 OAc OAc OAc
OH

PRI = 5 N T 2 CBEEI T e e

9 BB BB = BRI A L
RN T LS 4 T4

4 e

AR IK R A T SRR SRR D — B
TR R A AR T B, B R4
LRGSR 1Tz 0GRk SR
B 1R A7 TR MSCAR B A A B 138 2 A e R — S d
MIRAR R o o 7R — [l R, iF ] 3
BRFRIC N2 S5 SRR OT, Fe i TIA S BRAR Y
PR A N2 A0 4% Z2 A SR B A M 21> 2% COL B AT,
Ho 3 COL B P A5 LT JLRZE 5 98 & ik
G NN NG = N g8 S AP B AL
W) ARSI R be ke . HRTAFE A 2
T R AP TR EE . AR % 52 AeE
Pt 2 EAR IR R — B2 . S AMEWT T B IR )
Rt A v, B TR AR A R T A 42 ) N B A 2
MRS S A F T E ALY T TR A R
AT (P58 T5 G A RTHE T, BFRI AR E Ak 207
SR B BRI F 02 AT SRR A
TSR MCRROR B OGRS O (A 3RAT TR Ge 2w Y
W
Sk
(1] Ak 5B IR m R R E R R ()], B S5 4l

2016, (02):98-99.

[2] WHORTON L P,BROWNSCOMBE E R,DYES A B. Method for
producing oil by means of carbon dioxide: US 2 623 596 [P].

[3]

(4]

[5]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

1952-12-30.
LIAO X,GAO C N, WU P, et al. Assessment of CO, EOR and Its
Geo-Storage Potential in Mature Oil Reservoirs, Changqing Oil
Field, China [ C]. //Carbon Management Technology Conference,
Orlando, Fla, USA,2012, February, 62-67.
ZHANG L, WANG S, ZHANG L, et al. Assessment of CO, EOR
and its geo-storage potential in mature oil reservoirs, Shengli
Oilfield, China [J]. Petrol Explor Develop, 2009, 36 (6) :
737-742.
DONG M, HUANG S, SRIVASTAVA R. Effect of solution gas in
oil on CO, minimum miscibility pressure [J]. J Can Petrol
Technol ,2000,39 (11): 53-61.
GOZALPOUR F,REN S R, TOHIDI B. CO, EOR and storage in
oil reservoir[ J ]. Oil Gas Sci Technol,2005,60(3) : 537-546.
MORITIS G. Enhanced oil recovery survey-2008[J]. Oil Gas J,
2008,106(15): 31-96.
WRASIR 2RI, /AR L 4. COL SRR 2 SRS ] A A0 K TR v
THELLI ] B AR T, 2009(9) :26-27.
ARV 7 v N VAT W i | S M I = o/ =i
ARPLRBPZELT]. HPIEAENR, 2007(7) :30-34.
SHU W R. Lowering CO, MMP and recovering oil using carbon
dioxide: US4 513 821[P]. 1985-4-30.
FUSSELL D D, YELLIG JR W F. Miscible flooding with
displacing fluid containing additive compositions: US 4 557 330
[P]. 1985-12-10.
K IR, BT S D BRI S AR AR L W A A T 1
FILT]. A2, 2006(2) : 84-90.
LUO T, ZHANG J, TAN X, et al. Water-in-supercritical CO,
microemulsion stabilized by a metal (:omplex[] 1. Angew Chem,
2016,128(43): 13731-13735.
TEOH W H, MAMMUCARI R, FOSTER N R. Solubility of
organometallic complexes in supercritical carbon dioxide: a
review[ J]. J Organomet Chem,2013(724): 102-116.
EASTOE J, PAUL A, DOWNER A, et al. Effects of fluorocarbon
surfactant chain structure on stability of water-in-carbon dioxide
microemulsions. Links between aqueous surface tension and
microemulsion stability [J]. Langmuir, 2002, 18 (8) -
3014-3017.
MOHAMED A, SAGISAKA M, GUITTARD F, et al. Low
fluorine content CO.-philic surfactants[J]. Langmuir, 2011, 27
(17): 10562-10569.
HOLLAMBY M J, TRICKETT K, MOHAMED A, et al. Tri-chain
hydrocarbon surfactants as designed micellar modifiers for
supercritical CO, [J]. Angew Chem Int Ed, 2009, 48 (27) :
4993-4995.
RV RN BRAE S A B RS TR R0k % Bk
TRCEBIFEL) ] AR T.2,2012(2) :81-84.
BFis AT, YRR, A5, — R AR Bk i dre /MR
HEIIHY )T : CN 105422066 A[P]. 2015-11-18.
(FH45380 L, to be continued on p.380)



380 W oM otk 2 2019 4

[45] FAYAZI A, KANTZAS A. Modeling of CO, diffusion into Mass Tran, 2016(102):251-263.
water-shielded oil at pore scale using moving mesh technique[J ]. [47] GAUTAM S, LE T, STRIOLO A, et al. Molecular dynamics
Chem Engg Sci, 2018(179) :64-72. simulations of propane in slit shaped silica nano—pores: direct
[46] ZHENG S, SUN H, YANG D. Coupling heat and mass transfer comparison with quasielastic neutron scattering experiments [ J ].
for determining individual diffusion coefficient of a hot C;H;-CO, Phys Chem Chem Phys, 2017, 19(48): 32320-32332.

mixture in heavy oil under reservoir conditions [J]. Int J Heat

Research Progress on the Diffusion of CO, in Crude QOil
DU lin, LIU wei, CHEN Xingyi, QING Xiaoyuan, REN Xuefei
(College of Energy Resources, Chengdu University of Technology, Chengdu, SiChuan610059,P R of China)

Abstract: Diffusion of CO; in oil phase plays an important in enhanced oil recovery, since its impact on the recovery improvement
percentage and oil viscosity reduction percentage. The research progress on the CO, diffusion coefficient measurement methods
including direct method and indirect method, were summarized. The difference of mathematic models and research progress of
indirect method were pointed out in this paper. Based on the summary, it is pointed out that the improving the analysis of impact
factors, enriching the research dimension, and improving the study of diffusion law in different scale pores will become the focus
and hotspot of the future.

Keywords: CO.; gas injection; Fick’s law; diffusion and mass transfer; diffusion coefficients

(55365 11, continued from p.365)

[20] Srkdy, Aot 15 , 55, RARIE 779 0§ COERIR (23] W, JudEE, TI5, 45, — Pl AR AU S Jati fre MR

FEWIFELT]. BREEAR S T, 2016 (24) :167-170. AT 77 14 8 i S — A AR B L : CN 104 610 953 A[P].
[21] ABBAS S, ELOWE P R, SANDERS A W, et al. Method and 2015-5-13.

composition for enhanced oil recovery based on supercritical [24] FEAHE, PEG DG, AT 3C, A5, —Fiom) 26 1 36 2k 77 2 5 — 4

carbon dioxide and a nonionic surfactant: US 20 150 136 397 ALBRIRIM SRR AT ¥ . CN 105 257 264 A[P]. 2016-1-20.

[P].2015-5-21. [25] M8 , FRARW #7046 FHF COL BRI BRI 4TI S
[22] kA, 73, 1B, 45, — PRI A COL ML R s iR s WA LT ). B A b5, 2015(5) : 555-559.

HY 51 . CN 104194762 A[P]. 2014-12-10.

Recent Progress of CO, Miscible Flooding Assistants
LIU Kaerdun',MA Cheng',ZHU Zhiyang', YANG Siyu’, LV Wenfeng’, YANG Yongzhi’, HUANG Jianbin'
(1. College of Chemistry and Molecular Engineering , Peking University , Beijing 100871, P R of China; 2. Research Institute of Petroleum Exploration
and Development , PetroChina , Beijing 100083, P R of China)

Abstract CO, flooding for enhanced oil recovery (CO,-EOR) is a promising technology to promote economic efficiency and reduce
green-house gas emission. However, oil field in China usually formed by continental deposit, resulting in high minimum miscible
pressure (MMP) and impeding the application of CO,-EOR in China. Therefore, the research on efficient CO. flooding miscible
assistants becomes vital. This review demonstrated several examples of miscible flooding assistants from China and other countries,
analyzed from aspects of group category, molecular skeleton, assistant effect, and concluded that effective flooding miscible
assistants should consist of multiple CO.-philic and oleophylic groups. Meanwhile, this article pointd that on condition of controlled
cost and environmental sustainability, stable and effective flooding miscible assistants would be the key breakthrough for application
of CO»-EOR in China.

Keeywords: CO,-EOR; miscible flooding assistants; COxphilic group; research progress; review
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