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Abstract: Five kinds of thickening agents were synthesized by copolymerizing two isomers, methyl methacrylate (MMA) and
ethyl acrylate(EAL) ,with 1H, 1H, 2H, 2H-perfluorodecyl acrylate (HFDA). The solubility and thickening capacity of the
copolymers were evaluated by experiments. And the microstructure and intermolecular interaction of CO,-copolymer systems
were analyzed by molecular simulation, through which the effects of structure and composition on the performances of the co-
polymers were discussed. The results show that P ( HFDA-co-EAL) could enhance the viscosity of SC-CO, by 34-87 times.
With the enhancement of EAL content, the degree of intermolecular association increases, leading to the stronger thickening
capability but the poor solubility. P ( HFDA-co-MMA) could enhance the viscosity of SC-CO, by 51 times, and the solubility
is also weaker than P ( HFDA-co-EAL). The presence of methyl group in the backbone of the latter reduces its molecular

chain flexibility and inter molecular association degree, resulting in the poor solubility and thickening capability.
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Table 1 Systems constructed by molecular simulation

k= . REPIHR B Repiis  REyEE €O,
B ) X TR0 HFDA FOTHL i oI S TEK

1 CO,+P(HFDA ;9—co—EAL ,,) 3211 8 6 1 2000

2 CO,+P(HFDA, ¢ —co-EAL, 5, ) 3411 8 6 3 2000

3 CO,+P(HFDA, 4 —co-EAL, 5, ) 3093 8 5 5 2000

4 CO,+P(HFDA 55 —co-EAL 4,) 3075 8 4 10 2000

5 CO, +P(HFDA 55 —co-MMA,, 5,) 3075 8 4 10 2000

3 HBROW

RN SRS WIENE
JIrE I 5 R IR YT H AL REIE I 3 TR,

3.1

A T 5 AS [) 5 P 4 AIE 068 1) Ak 2 A0 #% 6 TG R 22
L2 AR R R AR SRR . LA 3 (a) BT
78 P(HFDA, . —co—EAL ,, ) B H &R 15 E R ], EAL
FEAIHIE H JFEF a MO AE (1.2 ~ 1. 4) x107° Y,

........................................

5 4 3
HEhrtg/107
(a)P (HFDA, ,,-co-EAL, )

a
gb h l
M d+f e
2

5 4 3
HEpr#s /10
(c)P(HFDA, ,,-co-EAL

0.51

_L

)

5 4
A #/107°
(e)P(HFDA, ,-co-MMA, )

B3 5#ERYWE HZHEE
"H NMR spectrum of five copolymers

Fig.3

5 4
g /10
(b)P(HFDA, ,-co-EAL

0.34

b

[
H a+ehe
.JL___m_JWL

8 7 6 5 4 3 2 1 0
NI #/10°
(d)P(HFDA, ,-co-EAL

0.74




F 435 FoM

FNLA R R MIG AR ARG CO, T AL M S A

- 71 -

HFDA JE P 3L H BT h #9465 6 78 1 L A
(4.3 ~4.5)x10°°, PIFPIEA FRHAE H R 112
LU T FR 2 LU A5 T 0 o B 18 ) J5 1) 5 L, 90 Ik
P43 y=21 279, HAth 4 Rt AG L5 L i
LEICEEpRr IR

JIr Il SR ) R T 5 T B A e 7 T AN
FEOXF 3 7 o I R A5 SR NS 2 Fros, 5 P (HEF-
DA 55—co=EAL, 5, ) HIH, P(HFDA 5 —co—MMA, ;,)
AR AT K I AN IE AL S R TR B R, X T 4 Fif
P(HFDA-co—~EAL) 33RY) i EAL Jir i ) Jot ) it
PRI N, 2 T 7K g 0 35 3 Al e 7 it B % W O
AR 31 B I 25 SR R W SR SR R A 22 8] A AH
X5 R 2 AU
%£2 #HEY P(HFDA-co-EAL) 5 P(HFDA-co-MMA)

B4 1%
Table 2 Results for properties of P( HFDA-co-EAL)
and P( HFDA-co-MMA )

S5 Kifik 1/ I&I%{tﬁ‘ﬁ AHXS 43

(mN -m™") REE/C  FHEE

P(HFDA, 7o—co—EALg 5, ) 27.4 53.4 157100
P(HFDA ¢ —co—EALg 5,) 28.8 55.6 150500
P(HFDA, y—co-EAL 5, ) 30. 1 57.5 153600
P(HFDA 55-co-EALg 7,) 31.4 59.7 149200
P(HFDA y5—co-MMA, 7,) 35.2 65. 1 151000

3.2 HEWIE SC-CO, HHIAMRIERE

J 53N 1% LR YA S AE SC-CO, HiY
WA R HIREEZ R SR M 4 Fros, e A 3R
YITE SC-CO, ity s s g Bt it B 1) - v i 48
. BE#E M 35 F+ZE 50 C, P (HFDA, , —co—
MMA, ,, ) B3t 5 % 7 A 24 MPa 3 /i115] 29. 9 MPa,

BN 5.9 MPa, X T4 F P(HFDA-co—EAL) £5¢

30F
—8—P(HFDA, ,,-co-EAL, ,,)
28[ ——P(HFDA,,.-co-MMA,,)
§ 261
~
R 24}
=l
g
5220
20k -—_‘/./._J/./././.
18 C 1 1 1 I(a) 1
1.0 2.0 3.0 4.0 5.0
TRES /%
@) GEEBARF

Yy, B IR 35 C T2 55 °C i s D gk T
25 MPa, AR, i X LR Y {E SC-CO, HHYH
fiftEA R, RN AE TR R R T CO,
(125 2 AT Fi B AR % SR W 1RV i i ) B
Z TR U AR R e T LU I CO, 3L
Oy IR EAR -3 R Y -CO, PR F 73T [ AH
HAEH,

= P(HFDAo.m'co'EALo.n)

o— P(HFDA, . -co-EAL ,,)

35 —a— P(HFDA, ,-co-EAL )
)

‘ P(HFDAn.zs'co'EALo.n
30F —v— P(HFDA, ,,-co-MMA . )

15¢

0.34

0.51

i E /1/MPa
o

3‘5 4I0 4IS 5.0 5‘5
BE/C
4 HEYIESC-CO, FHERENSEENXR
Fig.4 Cloud point pressures of copolymers in

SC-CO, versus temperature

35 CHMTF, FLRYFE S FE SC-CO, H gl
RS 5B B2 B OC R ILE 5, AT LA T,
A LR T ) Y R R B T T R
B 5(a) H P(HFDA, , —co—MMA, ., ) 7E AR [7) 5 & 43
BEMHTHMREE ST P ( HFDA, 5 = co -
EAL, ;) o SX PRI fi b 58 10 BH i 22 5 N IR
THEEMIX ], Bk MMA Fl EAL J2 6] 48 A0 44
{5 HFDA 3R 415 5 59 W Fh 6 4 14 50 1 45 ¥4 00
BT XH], P(HFDA, ,,—co-MMA, ,,) 1) F=45% F0 5
MMA & &7 —AH 3 i P ( HFDA, 5 —co -
EAL, ) M E8E 13 B 3L 6 EAL SEHA] A7

24t - P(HFDAOW'CO’EAL 0.21)
—®—P(HFDA, ,,-c0-EAL,,)
—A—P(HFDA ,-co-EAL, )

§ 22F  _m—P(HFDA,,-co-EAL,,,)

_E //./././.
20+

H

7

H

18f

16 ()

1.0 2.0 3.0 4.0 5.0
BB/ %
(OE: =2 3%ik;: |G

B5 HEWESC-CO, PHHRENSREFBHIXER
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Fig.6 Relative viscosities of polymer—CO, systems versus mass fraction

B 7 R IL R Y R 4% 58 e R T

CO, MIZRAFT SR Y -CO, TR MARXT R BE 5 iR



43K FoM

AR E AR ERIER CO, TN E AL - 73 -

FIETIHIR AR ML, vl LI 78 30 MPa Z51F T,
Wt LS A T e, R AR AR X 26 L R A /N A 35
CHAT B R TT B R, PR 38 B X 2k B i A
Ko BRI CO, xiHRY R M RE 1 T I,
LY P A BT IR 22 AR 27 ROT R/
G125 R R AR DL T R, S EOLI BPERE T, 1

70 —=—P(HFDA,;-co-EAL ,,)
—®—P(HFDA  -co-EAL,,,)
60 | —A—P(HFDAOM-CO-EALO.SI)
—&—P(HFDA ,.-co-EAL,,,)
50} —€—P(HFDA,,-co-MMA, )

&
S 40
B

30

10

RE/C
(BRI

&7

35 40 45 50 55 60

W ENT, CO, MRS B R ) ifae )
P, HERYITERE WO BT )27 RO R AT
DA b B g R 14 () 4 5 77 A i ) B B TR
H1F AR X CO, Hl CO, -3 54 1A 2 (1 2
YA RO, AR SC AP A 23 Bt s T 6 R B 4 52 )
I IR T 46 B M B

| —8— P(HFDA ,;-co-EAL ,,,)
| —®—P(HFDA, ,,-co-EAL,,,)
—A—P(HFDA, ,-co-EAL )
| —v—P(HFDA,,-co-EAL,,,)
S0F ——P(HFDA, ,,-co-MMA, ,,)

v/v/v‘m/?”_’v

&
401
® *
B

10k 1 1 1 1 1
20 22 24 26 28 30
EJ1/MPa
()RS

HEY-CO, ARMBEMHPESBEERENZERXR

Fig.7 Relative viscosities of five polymer-CO, systems versus temperature and pressure

FE1) 43 A BRI T T2 iR & B oML 45 # O F-F
W53 IRIAH LA A, 06 {57 R0 {8 e 6% [ 42 32 W 43
FIRIAHEAE T 3R 55, A2 1] 23 A PR AR 2R DL A R
FohHLs JE B R A ER X AR AR ) 43 A AR, H
FikaL N
(Nyw(r))
4mr’Amp,, (3)
K, g (r) AR 34 BRI p o 0 AB RET- X £
BN, (r) NTE ¢ B reAr BREES X 8] P4 AR X

gap(r)=

2.0 —a— P(HFDA, ,.-co-EAL ,,)
—&— P(HFDA ,,-co-MMA ,,)
1.5F
=
g
& 1.0F
F
S
0.5
oF
0 5 10 15 20
pEpg/&
@ EEAARR
E 8

P A%0H

FPEM CO, - IR F v LR W) B AN ] k4]
XPHSEE M RE R Tk, goit T IR Y AR A SR Y
C—C %1 HFDA JE[F B F-F XF 8943 7 8] 42 16 23 A
PRIEL A2 ) A PRSI W /) | U {8 ey | AR ELAE
kiR, P(HFDA —co—EAL) B EAL LA F1 P
(HFDA—-co-MMA ) ] MMA [ C-C %1943 -0 42
] 3 A PR S SR AR 8 BT

2.0 —A—P(HFDA, ,,-co-EAL,,)
—&—P(HFDA, -co-EAL,,,)
—@—P(HFDA_,-co-EAL

0.51)

1.5F —®—P(HFDA, ,,-co-EAL,,,)

&/
=
£1.0f
R
=
® 0.5

0

0 5 10 15 20
/A
(b) 4F & HFH M

HEYHERER T C-C XK S FEEZE B D EH

Fig.8 Radial distribution functions of intermolecular carbon-carbon pairs of associative groups

Kl 8(a)H,P(HFDA, ,,—co—EAL, ., ) Fll P( HF-
DA, ;s—co—-MMA, ., ) HY i 28 |- X5 n] 3052 2 B & A
U W E 4.3 A AL, {5 # ORI/ T, B

B EAL JE 1A 44> 7 M)A B /R 3 T MMA JE[, H
Oy FlRIGE A RE St dam, I G BE PR e B 4, 1K 8
(b) " 4 £l £ i W (i R i 437 A B WA AN E], P



- 74 - T EE WK FFR(ARFFIR)

2019 12 A

(HFDA, 5 —co—EAL, ,, ) A2 ] 53413 bR A5 2 08 {1 e
%, P(HFDA, ,,—co—EAL, ,, ) IRZ, i & B IE(H H PR
7E 4.3 A kb, P(HFDA, o —co-EAL, 5, ) AUIE{E %
% 0EA T, 76 4.8 A kb £E P(HFDA, o —co—
EAL, ,, ) (R 95 W82 B S A (e, Bl
EAL BEp & & i3 Ok, 2R Y 40+ T AR B B B
DA P A R AR (43 T8) 4, AT Al 6 8 1k i
P

FLIRY) HFDA JEHTH F-F XF 8 20+ [ 42 ]
S3AT RN 9 Fios . T A 2 i o Hh 2L
BB NER B B 0 0, A5 18] o0 A BREUE D T
1, PRI A HFDA JE #1437 18] 4 5 AR F 4%
55, AR LU R 7 A B oy R 4G, XS
HFDA S Ui+ f P R A G, 41
FIaAR ] 43 A pR Ao BT 45 R R W LR Y AE SC-
CO, TP TERENIA ) T B CO, MIZh A M,

1.5 = P(HFDA, ,,-co-EAL,, )
—e—P(HFDA, ,,-co-EAL,,,)
—e—P(HFDA, -co-EAL )

| —A—P(HFDA,,,-co-EAL,,,)

1.0
% | —*P(HFDA,,-co-MMA, )
€
=
= 0.5f
N

0 L

0 5 10 5 20
/A

B9 #HEWYrh F-F X85 FEEE 57 &
Fig.9 Radial distribution functions of intermolecular

F-F pairs of copolymers

4 & it

(1) b5 EAL & HAYHGIN, P(HFDA —co-EAL)
ILRYILE SC-CO, Rk A Ty 3 8 b T W
Ap X 5L o [RIAH BAE A3 KRN o T4
FNPEREARA ¢, (55 e [R] i, FC0E 78 BB i 4
B R BON 5% 1) P(HFDA, ,, —co—EAL, -, ) 1T LA
fdi SC-CO, MIZHE IS 87 1%, X IR T LR W 1E SC-
CO, HJr T HEIR] 4 A L E (1G58

(2) 5 P(HFDA, ,,—co-EAL, ,, ) #H Lt , 7540 R
BB R, P(HFDA, ,, —co—-MMA, ,, ) 7E SC -
CO, W 2 SR PERE AL , Fe (AT LA
fifi SC-CO, MFEEHR = 51 f%, B4R EAL 5 MMA
SE A3 AR A (R P 2R L R 04 43 S5 A R
25 P(HFDA-co—MMA ) 4k | 7% $2 0 A 3L (i

I AT ARSI S R, IR HI S5 T HAE SC-CO,
(5011 4 5 R FEAR T HR AP BE RIS R PR e

(3) SLIRY 25 M R 22 20 T CO, -3t
YRR 71 AR E A AL R Y 53118145 5 g
I3, DT SR 0 14 345 Ak P RE LIS B P BE 7™ 2R T4
RZEER, HEREEEH -PERER R M BFFEA B T SC-
CO, SEFHH > T HBLI,

SENW:

[1] HOU L, SUN B, GENG X, et al. Study of the slippage
of particle/supercritical CO, two-phase flow [J]. Journal
of Supercritical Fluid, 2017, 120:173-180.

[2] PNEIL,PNCRE.BIGF CO, HEREHLHIOT5T 2F e K R

BT AR i (A AR ) L, 2015, 39
(3):76-83.
SUN Baojiang, SUN Wenchao. Research progress and
prospectives of supercritical CO, thickening technology
[J]. Journal of China University of Petroleum( Edition of
Natural Science) , 2015,39(3) :76-83.

[3] SAMPATHK H S M, PERERAM S A, RANJITHP G, et
al. CH,-CO, gas exchange and supercritical CO, based
hydraulic fracturing as CBM production-accelerating tech-
niques: a review [J]. Journal of CO, Utilization, 2017,
22.212-230.

[4] MIDDLETON R S, CAREY J W, CURRIER R P, et al.
Shale gas and non-aqueous fracturing fluids ; opportunities
and challenges for supercritical CO, [ J]. Applied Ener-
gy, 2015,147:500-509.

(5] FhEIL, AV, F R, 45 B IR 5 Co, BRI

MANSECEMA[T]. PR 4Rk (HARB
2#4%) ,2016,40(3) :88-95.
SUN Baojiang, SUN Xiaohui, WANG Zhiyuan, et al.
Flow behavior analysis during supercritical CO, drilling:
consideration of varying thermo-physical properties of CO,
in wellbore[ J]. Journal of China University of Petroleum
(Edition of Natural Science) , 2016,40(3) :88-95.

(6] ZE & Miu:, 250 45 pEE eI o, JE 2 R

TARTELT]. R0 = =Rk (A AR AR ) , 2018,
42(6) :114-120.
LI Binfei, BAI Hao, LI Qiang, et al. Experimental study
on rheological properties of siloxane thickened CO, under
high pressure[ J]. Journal of China University of Petrole-
um ( Edition of Natural Science), 2018,42 (6):114-
120.

[7] SHI C, HUANG Z, BECKMAN E J, et al. Semi-fluori-
nated trialkyltin fluorides and fluorinated telecheliclono-

mers as viscosity-enhancing agents for carbon dioxide



F 435 FoM

LA R RRAERER CO, T oML H S R <75 -

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[J]. Industry & Engineering Chemical Research, 2001,
40(3) :908-913.
CUMMINGS S, XING D, ENICK R M, et al. Design
principles for supercritical CO,viscosifiers [ J]. Soft Mat-
ter, 2012,8.7044-7055.
WANG Y, HONG L, TAPRIVAL, et al. Design and e-
valuation of nonfluorous CO,-soluble oligomers and poly-
mers[ J|. Journal of Physical Chemistry B, 2009, 113;
14971-14980.
O'NEILL M L, CAO Q, FANG A M, et al. Solubility of
homopolymers and copolymers in carbon dioxide[ J]. In-
dustry & Engineering Chemical Research, 1998, 37
(8) :3067-3079.
SARBU T,STYRANEC T J, BECKMAN E J. Design
and synthesis of low cost, sustainable CO,-philes[]].
Industry & Engineering Chemical Research, 2000,39 .
4678-4683.
SUN W, SUN B, LI'Y, et al. Microcosmic understand-
ing on thickening capability of copolymers in supereriti-
cal carbon dioxide; the key role of m-m stacking [ J]
RSC Advances, 2017, 7. 34567-34573.
O'BRIEN, PERRY M J, DOHERTY R J, et al. An-
thraquinonesiloxanes as thickening agents for supercriti-
cal CO,[J]. Energy& Fuels, 2016,30:5990-5998.
SARBU T, STYRANEC T, BECKMAN E J. Non-flu-
orous polymers with very high solubility in supercritical
CO, down to low pressures [ J]. Nature, 2000, 405 .
165-168.
BARASDIE B, SHOICHET M S, SHEN Z, et al. Syn-
thesis and solubility of linear poly ( tetrafluoroethylene-
co-vinyl acetate) in dense CO,: experimental and mo-
lecular modeling results [ J]. Macromolecules, 2004,
37:7799-7807.
HU D, ZHANG Y, SU M, et al. Effect of molecular
weight on CO, -philicity of poly ( vinyl acetate) with dif-
ferent molecular chain structure[ J]. Journal of Super-
critical Fluid, 2016,118:96-106.
HU D, SUN S, YUANG P, et al. Evaluation of CO,-
philicity of poly (vinyl acetate) and poly ( vinyl acetate-
alt-maleate) copolymers through molecular modeling and
dissolution behavior measurement[ J]. Journal of Physi-
cal Chemistry B, 2015,119.:3194-3204.
TRAE, GHARIT, Folb R S B v e R G Ak
e P s eIk A NG Sl s R ERi PN == ¢
(FIARRIAR) ,2015,39(2) :124-129.
ZHANG Jun, FANG Timing, WANG Yefei, et al. Mo-
lecular dynamics simulation of dissolution of n-alkanes

droplets in supercritical carbon dioxide[J]. Journal of

[19]

[20]

[21]

[22]

(23]

(24]

[25]

[26]

(27]

[28]

China University of Petroleum ( Edition of Natural Sci-
ence) , 2015,39(2) .124-129.

HUANG Z, SHI C, XU J, et al. Enhancement of the
viscosity of carbon dioxide using styrene/fluoroacrylate
copolymers[ J]. Macromolecules, 2000, 15 :5437-5442.
BIRKIN N A, WILDIG O J, HOWDLE S M. Effects of
poly ( vinyl pivalate )-based stabilizer architecture on
CO,-solubility and stabilising ability in dispersion poly-
merisation of N-vinyl pyrrolidone [ J].
try, 2013,4:3791-3799.

GIRARD E, TASSAING T, LADAVIE C, et al. Distinc-
tive features of solubility of RAFT/MADIX-derived par-

Polymer Chemis-

tially trifluoromethylated poly ( vinyl acetate) in super-
critical CO, [ J]. Macromolecules, 2012, 45; 9674-
9681.

GIRARD E, TASSAING T, CAMY S, et al. Enhance-
ment of poly(vinyl ester) solubility in supercritical CO,
by partial fluorination: the key role of polymer-polymer
interactions [ J]. Journal of the American Chemical So-
ciety, 2012,134:11920-11923.

MEYER A, JONES N, LYLE S, et al. Laser light-scat-
tering molecular weight analysis of a poly ( fluoroacry-
late) [J]. Journal of Applied Polymer Science, 2010,
91(6) :3447-3454.

EVAIN K, ILLIEN B, CHABANEL M, et al. Compari-
son of proutiere and Carr-Zimm theories for static light-
scattering molecular weight determination; application to
surfactants in solution[ J]. Journal of Physical Chemistry
B, 2007,111(7) :1597-1603.

LI X, MONSUUR F, DENOULET B, et al. Evaporative
light scattering detector; toward a general molecular
weight cutoff characterization of nanofiltration membranes
[J]. Analytical Chemistry, 2009,81(5) :1801-1809.
ZHANG S, LUO Y, YANG H, et al. Functional oligo
(vinyl acetate) bearing bipyridine moieties by RAFT
polymerization and extraction of metal ions in supercriti-
cal carbon dioxide [ J]. Polymer Chemistry, 2013,4.
3507-3513.

FOLTRAN S, MAISONNEUVE L, CLOUTET E, et al.
Solubility in CO, and swelling studies by in situ IR spec-
troscopy of vegetable-based epoxidized oils as polyure-
thane precursors[ J]. Polymer Chemistry, 2012,3:525-
532.

JENNINGS J, BASSETT S P, HERMIDA-MERINO D,
et al. How does dense phase CO, influence the phase
behavior of block copolymers synthesised by dispersion
polymerisation? [J]. Polymer Chemistry, 2016,7:905-
916.



.76 -

¥ E G K FFIR(AAFFR)

2019 12 A

(29]

(30]

[31]

[32]

(33]

LAVI B, MARMUR A, BACHMANN J. Porous media
characterization by the two-liquid method: effect of dy-
namic contact angle and inertia [ J]. Langmuir, 2008,
24.1918-1923.
TAMAI Y, MATSUNAGA T, HORIUCHI K. Surface
energy analysis of several organic polymers: comparison
of the two-liquid-contact-angle method with the one-liq-
uid-contact-angle method [ J]. Journal of Colloid and
Interface Science, 1977,60(1) :112-116.
KATOH K, YU T, YAMAMOTO M, et al. A new
method for measuring contact angle and liquid surface
tension applying detachment of two-dimensional menis-
cus[ J].
1998,202(1) :54-62.
TAN B, BRAY C L, COOPER A 1. Fractionation of po-

Journal of Colloid and Interface Science,

ly(vinyl acetate) and the phase behavior of end-group
modified oligo( vinyl acetate)s in CO, [ J]. Macromole-
cules, 2009,42(20) :7945-7952.

MATSUDA H, YAMAMOTO H, KURIHARA K, et al.
Computer-aided reverse design for ionic liquids by QSPR

using descriptors of group contribution type for ionic con-

[34]

[35]

[36]

[37]

ductivities and viscosities [ J]. Fluid Phase Equilibria,
2007 ,261 :434-443.

FANG Z, QIAO Y, DI Z, et al. Viscosities of p-xy-
lene, acetic acid, and p-xylene+acetic acid at (313. 15
to 473. 15) K and (0. 10 to 3.20) MPa: determined by
the rolling-ball method [ J]. Journal of Chemical and
Engineering Data, 2008 ,53(12) ;2787-2792.

ZHOU G, CHEN J, WANG M, et al. Insight into the
role of intermolecular interactions on the enhanced solu-
bility of fluorinated epoxide oligomers in supercritical
CO,[J]. Green Chemistry, 2015,17 ;4489-4498.
COSTA GM N, ROCHAPSDM V, RIBEIROALC,
et al. An improved method for calculating CO, minimum
miscibility pressure based on solubility parameter [ J].
Journal of Petroleum Science and Engineering, 2012,
98/99 :144-155.

XU J, WLASCHIN A, ENICK R M. Thickening carbon
dioxide with the fluoroacrylate-styrene copolymer [ J].
SPE Journal, 2003,8(2) :85-91.

(%H 2 AF)



