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1.2 REHZE

(1)SOE Byl 45

5 35 mL PU S e IR AT 1.50 g AR 4l A 250
mL = W AR . TER AR i Bt
VKW, FE T W e 1454 20 g PFDL (1 50
mL Y SR PR A TR 328 30 A = 11 s g O P 6k o 5
Be RERONE 2 h A IOk . IR R T R
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T B 3 2% 100 E 2R 1 DG MRS VA WA Rl . TR
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30 g/L, FZ/KFN30 g/L NaCl¥E 843 5 B il A [) v
JE %) SOE W , S W ZR 115K 7 (o) R /K FE 1T 7
(IFT) Fifi SOE hinst iy fL an & 2 Firos o R 7K Y
FTH K 7 K S K (TR PR R AT 5K ) 43 5]
RTFEliKiAH . FELliKAER KA, 24 SOE it
WK T 0.4 g/L B, R G 3 L FEIm 5K ) Bl JFL v 1
[3E N R R, 2 SRR A K S TR,
I, SOE FE 4l /K FNER /K 5 1 v ()l B MR B (e )
524 0.4 g/L(0.673 mmol/L) . TEiZHSERT, 4liKiw
W 2 AL 5K 143 98 17.33 mN/m il 4.25 mN/
m; Eh /KW 2 AL 9K 7 43 510 13.73 mN/m Al
2.80 mN/m. i SCHRFR T8 fie S0 2 1A 1 390 R 5
AT {6 M 590 79 80 7K 3 T 1) 3% 1T 5K T 40l ol 25 ~ 42
mN/m 1 18 ~29 mN/m""’, H W] UL, SOE [ 1
TR T S F TG PR30 o SR B 110 G il 1 fef A
SOE A4 S 36 M 42 55 , (0 PR H S AT i & AT,
ST R I AR T A R R T IR PR . kR
AT 1 7] 20 K V5 9 1 5 18T 5K 77 T 5.0 mN/m'™
U SOE i B8 5 T 0.4 g/L I, FE % 577 20 17
TR S R B R B R, 3R AT R D) AR
A% o AEER K, Na XF SOE 431 1 B, 5 i A8 i i
T HAET R A L rHES B S B fdi SR B
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FEfih £l R 75.63° , 38 5 K Y 322 ok /1 48.33°, SOE
ER K W T 2 ik £ ) v T Al K M. AN,
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VR A f1 DN 55.89° (. 5 38 N 5] 68.05°, X
B EE Y SOE RE 1. 35 14 b 5 2 1w (1% 7K AR AR i
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FIA 37 185 2 1T A ACRR A VR R U 55 o B % SOE ¥k
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AR X (A A B 3
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[#]3 SO He s %4l 7K F1 30 o/ L NaCl A B2 il ff) B 5200

24 HREREEMEFIXS SOE B BITHBISM

R T VD R A TG PR SOR I =, 41 i b
1 T R 7 7] A 9 K AL T L BRAR B A R T
PERIRIHACR K SOE Sk AR TG HERE & .
A, B TR R B B e S T T T &
W2 A 5 £ B A () D T, 3ok o 1T 3 1 9D P it
FE, U, HOBESE T I H R AR B A g -
i S 2% TG 14 7906 SOE 2% | AL 1l i 4 AR 1 4 1)
S
241 FEABERCHE-106% 0

IR % B 1 5 48 £ k- 10 (OP-10) ZE 4l 7K
YWY ceme 9 0.08 mmol/L (0.052 g/L) , %W i T
WIS A K 143 3194 30.16 mN/m T 5.68 mN/
m;OP-107£ 30 g/L NaCl¥ I H1 Y ceme 47 0.020 mmol/
L(0.013 g/L) , i BE N ER A RT5K 13501 R
31.89 mN/m F18.61 mN/m. AL, #%#5 SOE Z &
i OP-10 A& & 4 0.020 mmol/L .

24 OP-10 #¢ & >4 0.020 mmol/L I}, SOE ¥ & %t
BAAIRZR 4K FER K (30 g/L NaCl) i 2% B i ok
TR 4 Fi7s . 24 SOE i i & 0.1 g/L
(0.168 mmol/L) B , fE 2l /K FER K W b, 28 A1
5K 3 Yy bt SOE Wk i iy 14 hinéa T42 2 . itk , SOE/
OP-10 K R 14 B Y AW E 4 0.168 mmol/L SOE 5
0.020 mmol/L OP-10, 2 A% 2 TA1 1 4 551 Joz o vk B2
0.113 g/L. X TIZEAGWR , SiKEFRNE  Fmok
F13 514 19.87 mN/m 1 3.49 mN/m, k7K 15 W 1
2% G sk 4143 9 4 18.63 mN/m 11.98 mN/m, 24
HL2H 5 SOE ,OP-10 15 & A 14 22 3 I i P 1) o o i
WRFE (0.113 /L) AR BT, Fh K 1 7K 5K )
43 5 9 5.32 mN/m 1 5.54 mN/m, ilii H. SOE 7E cene
(0.4 g/L) T £ /KW 143l 7K A1t 5K 71 4 2.81 mN/
m, W& T E SRR MK K S, Hik, 251K
ZHSOEEMH BT can WA T, B AIKR LA
2 {5 SOE B/n T H 4y ALt . 5 5414y SOE
VS WCH 1L, SOE/OP-10 & 2 WL BH b sk /b T SOE 11 HH
i, MRS T ) A TE 5K 7, B SOE 5 OP-10
HA RAFHIDMRIZN . BT OP-10 fY = 1f1 16 PR 44
55, FEE AR R MR IEHERSGER & L XA
M 5K JFH 2050 3 A B v, DL Ry R AT A i SR T
SN A0 ) S BOE MK A K 7 AN &R
15K 7
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S —2liK s HE4E—30 /I, NaCl #53fi ; A—o ; @ —IFT
K4 OP-10 i1+ 0.020 mmol/L i SOE ¥ i 4o 52 45 14
X2y e S T T A

OP-10 ¥ &£ 4 0.020 mmol/L i+, SOE ¢ J&F X} &
AR Z B K FTER 7K (30 /L NaCl) V4 ik 42 ik £ 119 5%
WA S iR . B2 43 OP-10 ZEHEJE 4 0.020 mmol/
L B, 4l 7K R0 ER A W) 42 M £ 43 03 o 45.16° 1
43.27° BT K B HE A 1 48.33°, ULHH OP-10 A9 N
BB S K AR B AR VR A, T AR K HP X RN
R X 5 SOE AT AR R 8. X FRE
K2 78 SOE JR R E 4 0.1 g/L i, 4l K b K i
T B fish £ 0 )4 62.56°F1 60.08°, 4 SOE il i
T0.1 /L W}, Afi7K RN ER 7K 75 W ) 422 ik 71 1 08 11
Fa o A& IR, 0.113 g/L(0.175 mmol/L)OP-10 £k 7k
VSR Al AR Ry 30,320, T ZEAH TS (0.113 g/L)
MIZE T, SOE/OP-10 52 4514 38 A ik A W S A 1
0.113 g/L SOE £h7K W (42 fih A1 ok 68.32°, 5 Z AH
L, AR RER K2 il A IR T 80, X 3R M
TEER KW T, OP-10 By A AS-HE M /71 9l 1N, (H 52
AR R AT ER fE T 35 1 N A A 2 TR A% ZKORE IR i 9

62 -

59+
30 g/L NaCl

0/°

56 |

50 1 1 1 1
0 0.1 0.2 0.3 0.4

SOE ik J%/(g- L")
El5  OP-10 /154 0.020 mmol/L i} SOE 1 B %t &
AR R AR FNER KRR il A 5 )

Yo HAN XM TREAKRRINE , SRINAX & & 14
FE b A B I LA S B 6y SOE AR, iX & T
R ZUEE ) S A L TR A (S

242 IR KRB ARG R

A% B+ bt FEOR R R 41 (SDBS) 7E 4l /K i
T come 4 0.5 mmol/L(0.174 g/L) , iZHJE PR
12 L B 5K 4143 514 27.06 mN/m 1 0.18 mN/m;
SDBS 7E 30 g/L NaCl % Wi H' Y cene 47 0.080 mmol/L
(0.028 g/L) , i MR FE T i W 2 L FL T 5K 71 4300
27.62 mN/m f10.21 mN/m. A, %45 SOE &2 &
(1Y) SDBS ¥ /% 4 0.08 mmol/L .

SDBS ¥ J& 4 0.080 mmol/L i}, SOE ¥ & %} 4li
IKFIER 7K (30 g/L NaCDIF W AR R 4% A5k
ISZ IR QIR 6 7% o 24 SOE Ji W B T 0.2 /L
(0.337 mmol/L) B}, ZE 4l /K FIER K b, 46
5k 77 i SOE ¥ & (1) 34 i SE A< AN 48 . A It , SOE/
SDBS A& %3 FLH & & &4 0.2 g/L SOE 5 0.080
mmol/L SDBS. % & & & R MR A& Wk BN
0.417 mmol/L , 2 [ 1% P 7L ) BT f Wk B2 0.228 g/
Lo xR R 4K W2 B iE 5Kk 7143508 19.33
mN/m F14.15 mN/m, ERK W 092 A5k 1530
4 18.43 mN/m F10.44 mN/m, 1fij 0.2 g/L F10.228 g/L
SOE L7k s v iyt /K S 7k 4351124 3.71 mN/m Al
3.62 mN/m, 5 T2 A R K Rk .
I, 7E SOE W M= W AR T cone AT, D i
SDBS [ HI A g i B ik 44 =5 52 44 2R 1% S5 1 37 e
XEM T SOE -+ BE & A #iks:, XS A5
SDBS FH LSS #4) By e U4 , 0 4o W 4 B S 1) 40 T
M) 1E ], & A4 2 Y SOE 78 I 7K AL 1 & A= L Ba

5

14
T‘E 3 7'5
2 %
B 2 E
=

41

0

0 0.1 02 03 0.4

SOE i i f&/(g-L™)
S —4liK ; E4—30 /L NaCl; A—o; —IFT
K6  SDBS 4 0.080 mmol/L i} SOE ¥ JBF %42
B R R LR FNEL KR Fm sk s
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ZH 1y SOE B "% %5 1) W BfT , o 745 975 W 174 SR T 5 g B
filk. 534k, SOE/SDBS 1k % 1y 5t 1 i ¥ 4f T SOE/
OP-10 {& % , Ui B 1 BE £ [] 25 -7 SDBS 5 SOE &
4. 0.4 g/L(0.673 mmol/L) SOE /K ¥ W F10.2 g/L
SOE/0.080 mmol/L SDBS & 1A 22 7K 5 i i 175 5 e
BERA AR 7 TR, SOE MR A1 R I L 254
RERTE , SOE A ) FL 45 M 13 ~ 30 nm, KB4
W EE N 24 nm. B A RRPIRG R EZE N
13 ~ 20 nm, KR4 HE AR A9 E ALK 20 nm, X F B
SOE Yj SDBS J¥ A i 1R A B A 1 RUSF /N F B2 43
SOE W .

(b)

100 nm

——

K7 SOE(a)FISOE/SDBS & &A%
(b) 7K T Y 9 325 S P B R

SDBS #¢ & 4 0.080 mmol/L i, SOE ¢ & % 4
B R Z 2l K FER K (30 g/L NaCl) ¥ 32 il £ 1) 5%
WA 8 FiF 7k . BAZH 43 SDBS 1EH S 7 0.080 mmol/
L B, 48 7K RN R A W0 422 fioh 1 43 3 oy 45.53° il
42.74° KT /K i 42 fl /7 48.33°, 16 SDBS i 1k
5 OP-10 FAEMEPEA T R ABARL , HAE D 2 18 A 7K AH
TR R, Xt 5 SOE BB T AR . W T
ZARA 7E SOE s i & 0 0.2 g/L ), 4liK Fidh
KR TR 2 fih £ 43 ) S 70.42° 1 66.42° . R &
,0.228 g/L SDBS #h /K 7 W i+ fish #1 4 30.86°, 78
SRR A A 2518 F , SOE/SDBS & Gk R K iE
W K AHAEER P15 2 . 0.228 g/L SOE #h /K%
WA AR 71.81°, 5 2 M HL , & A TR & 42 i £
FA T 5.39°, %34, 0.080 mmol/L SDBS fi¥ /il A fifi
0.2 g/L .20 73 SOE FhyK I i i 2 i 1 (70.32° ) W&
REALG, (5 50 T 9 e S H i

G5 RRW] e KIS Wh, 5 OP-10 4111, SDBS
X SOE 7K AH A e ¥ 9 52 0 B 555 . 53 A, AR s i
ik, SOE/SDBS & A& F AEER 7K v i S 15 P B

3 F SOE/OP-10, A1t , %F T HAA 75 135 T 3k 1) 5
BV, NE BB PR PE 5 SOEE A .

75

afisk

70

&
g

30 g/L NaCl

L 4

65

0/°
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S5 F

50 1 1 1 1
0 0.1 0.2 0.3 0.4

SOE [l )¥/(g-L™")
8 SDBSHIHEH 0.080 mmol/L I SOE ¥k 2% & 4
1A R 2l KRR AT WA fl £ 1) 52 1)

3 45t

A 1) SOE BE 547 SUBk B , 3357 ik
SUBE,30°C T AE4liK F130.0 g/L NaCliE i i1 it
FR AT R 357 0.4 /L TG PEAIK AR
TR 25 0 T S A T AR, it K S 3
VAT 2Rk E SR . D EEAEE TR T
Bk SR TS PR A, JEHE: SDBS, 5 158 1
SOE &3 1 A i F i 1, LW W AR 17 SOE i ]
i, (XA R AAHIREIRAE 4L/ . SOE/SDBS
A PRF A TR 1 I P R T
SE Lk
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Surface and Interfacial Activities and Wetting Behavior for a Surfactant Containing Fluorine and a

Sulfonic Group
ZHONG Chuanrong'*, WANG Xiangcheng®, ZENG Guangyu®’, WU Xiaogang®
(1. Sate Key Laboratory of Oil and Gas Reservoir Geology and Exploitation (Chengdu University of Technology) , Chengdu, Sichuan 610059, P R of
Chinas; 2. College of Energy, Chengdu University of Technology, Chengdu, Sichuan 610059, P R of China)

Abstract: Novel surfactant SOE containing fluorine and a sulfonic group was synthesized using 1H, 1H, 2H, 2H-Perfluoro-
1-decanol and sodium 2-chloroethanesulphonate in order to increase the permeability of aqueous phase and decrease the capillary
pressure in ultra-low permeability sandstone reservoirs. This aimed to reduce injecting pressure and increase the amount of injected
water. Moreover, SOE was combined with octylphenol polyoxyethylene (10) ether (OP-10) and sodium dodecyl benzene sulfonate
(SDBS) respectively. The surface tension, oil-water interfacial tension and contact angle of SOE solution and the composite
systems were investigated. The results showed that the surface activity and water non-wettability of SOE were obviously better than
those of hydrocarbon surfactant and the interface activity of SOE was remarkably better than that of perfluorinated surfactant. The
critical micelle concentration of SOE was 0.4 g/L in water or 30 g/L NaCl solution at 30°C. The oil-water interfacial tension of SOE
solution was 2.80 mN/m, and the contact angle was up to 75.63° for this brine at this temperature. The synergism between SOE and
hydrocarbon surfactant was good. When 0.08 mmol/L SDBS was added to 0.2 g/L SOE brine, the oil-water interfacial tension
decreased obviously from 3.71 to 0.44 mN/m, and the contact angle changed slightly and remained 66.42°. Moreover, the amount
of SOE would be decreased remarkably. The oil-water interface activity of SOE/SDBS composite system was markedly better than
that of SOE/OP-10 in the brine. Therefore, the SOE/SDBS composite surfactant could be applied in the depressurization and
injection augment for ultra-low permeability reservoir.

Keywords: fluorinated surfactant; interface activity; wettability; ultra-low permeability reservoir; depressurization and injection

augment





