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LR TTARZ 15.24 h; & wep =0.05% BY, £ kA8 2 BF 18 25 4.37 h, W REAAZEE % 13.20 h;
EFHE A 1x10* mg/L o, WREA T4k 17.88 h, A% RKF K 55.98%, Si0, 5 CAPB
P B A8 69 FLIR AR F AR 95 4% B BE I e IR AR g RO A

EER:ZHAMMCW LR, MATE, AREFEADERAN,; ZET; Kd

i E 4y &K S: TE3S7

CO, A TF R A R 1T AR 755 B SR R,
Al LLSESR CO, By Hb B39, 2 i T CO, H A iE
B A AR, R IR P 5 5 B )
L Bt IR A AR IS, A A TR R
fRREFHY, Tk COLK (C/W) L, AT FEARA 3R
PR I5 35 FE RIS L T2, 418 w3 D SRR R i 3k
ARG . T340, XFoREEREE, AL 20K
FEFE LR AR TR R )25 5 R AL,
I, f K GEZEAE) AR T 25.95% (B0 50 9 1
M C/W FLIRTE T RARB B | IR FK 8% )2 7 1T
MOk AR Z B CTER, HAEREZ 0T, R MR
FE M FLIRGE H TCTE KR E ), 9K BURL (NPs) i R
JEE/IN T Hi 2 v LG 2 R IR R R i 2 P ) B AR R
RN, R E KR R R C/W FLI AR e
JZ R AR T RR E P A BN RN K, San ZEU0)
W T AR B T X482k Sio, ki fa e O/W FLk Y
SO, 4550, BEE NaCl vk B84 i, Lk ke v Tt
o B7E Emrani Z:00 (8755 v, Bl % NaCl ik 2 14

Y5 B H3: 2024-05-20
EE&TH: MR ALKPEIA T LW H (22178098)

XHERPRARRD: A

i, iR RR R (AOS) 55 SiOo, P A Fa & 1Y C/W FLl
B s M AR . Yang 25 U2 8RS 1 I B R0 R B X 40
K R 5 IR B 2 TS R R R e /W FLIR B
SER R RE MR E TS YRR TR E .
HAg g Scikeh, h s Pl A 2R SR et
1] (1) % ZAPBAEAEAR KA

AR SR FEAR 3 B i P9 356 Bl SR B (CAPB) 5 36 7k
PEGIK Si0, WUk P R AR i A /W LI, S5 56
FE T FLIRA R RO Bk )y, R K
ORI B 40 B h B TR 2R L R Ak B FL RS
PERYFE I, R i B B 2R N 2 5 A )2 9 R ik
RILHEBIE LR

1 SCIGESY

1.1 FERFRF
5 4l CO,: w=99.95%, ¥ [H W 1k == < % A ;
CAPB: w=98.00%, I 2 i kA= AL B A FR A Fl 5 5%

EE B R (1997—), 2, Wi, FEMFR 5 AR, E-mail: 18037701272@163.com

BIEBKRA: X 7%, E-mail: liutao@ecust.edu.cn

SIAARI: FEE, T KX W YUK FREE VR PRI E O/W FLIR R R (7], AR B TR 22 i (A SRR 18D , 2025, 51(3): 322-

328.

Citation: LI Lulu, XU Biao, LIU Tao. Synergistic Stabilization of C/W Emulsions by Nanoparticles and Surfactants and Their Salt Resistance[J]. Journal of
East China University of Science and Technology, 2025, 51(3): 322-328.


http://dx.doi.org/10.14135/j.cnki.1006-3080.20240520001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20240520001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20240520001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20240520001
mailto:18037701272@163.com
mailto:liutao@ecust.edu.cn

3

AR, A YRI5 2 M0 PR D ) R C/ WL B 323

KA K Si0, Fk:: w=99.80%, Kift 7~40 nm, H %
11 300 m¥g, b2 SO A AL BHE AT BRAS Al 5 5258
FHK R 25 887K SE56 BT TS AL ER 240 1 BTz T3
#4287 AL AN (NaCl, w=99.50%) , — /K & & AL 45
(CaCl,2H,0, w=99.50%), S fbEE (MeCl,, w=99.90%),
T BR 4l (Na,SO,, w=99.99%) , B iR & & (NaHCO;,
w=99.80%) . ASLILLHEJZ 7K r A Pl JCHLER B vk B A
BT (Na*, w=35.00%), 55 # 1 (Ca®", w=3.00%) , £ &
T (Mg*, w=1.00%) , % & (CI', w=60.00%) , ik % &
& F (HCO5, w=0.30%) , i 2 #R & F (SO,
w=0.70%) 5 3K 71 5 56 BIr 40 - K 8.08 em, HL#&
2.50 cm, FEAL AR 4.91 cm?, FLERAATH 9.29 em?, FLER
R 23.43%,

1.2 C/W Z K H & 5FRIAE

1.2.1 C/Wilikty#l & MHLB=ZEAFEEN
JE AT MLFLAE 28 (B R R 20 mL, fie K] iR A2 1K 1k
40 MPa) f9 4 C/W FLIE", BARSR T (1) FE
I CAPB 5{# SiO, 5 CAPB /Ml & T 5 E5L 1k
i (fE 25 °C), BEAAE; (2) B EGHIGERE
2184 CO, I AFLILE Z HARE T 12 MPa, 2R 5 HF
2Rt HE AL il LS, IR aks i bt
—BeiF]; (3) B ks (k5 HF AT a8 SRFLR AR
BFE] . g 1Y C/W FLIJE CO,(4r i) 57K (4k
FD P RBEE A 85 ¢ 15 By INAH LI . A I ] LA
e W R bR, ALt L R2(R LR - 4%)
bRy FEMELR , FEMELR DL 135 43 7 il v FL A B ) iE
i,

122 RaskAqK SR E A FEENTH
S50 0, SR R VA e /WA R R I
77, # 3 DropMeter #4443 B S 5 5icdls o I 25 143
4 25 °C., 12 MPa, BRI 3 W5 BCEIME .
123 WA A TRIHE . ST
R IREE I P BRIE BT C/W FLIR AR 2 1 =00
B0 MK SRR R 25 °C L 12 MPa, £ iR

K3 WE BCFME,

1.24 C/WILRIRH%HE ML E H FHEMN
o R R 2 A T L VR IR S 1), LV IR % R
BEE 1, SERFEMT: (D) H TS0 E DA
B AT, 80 °C T 12 he HUH G FREUA O &,
CN myo TEINEZS 28 E T O S, HEA D
N 71 5-0.1013 MPa, 7£1 mL/min (9373 R, 745
PN TE AR, HAE 8 MPaZc 4 RN 6 h, I FR
BUA O BT, 188 my; (2) K 58 B HUL TR A6 A Y N
FD A DI HFER T, ¥ IR 15 MPa, RN
10 MPa; (3) B FLAE A M AZLILZE H, 72 25 € T3l
k&R FEA CO, BRI M12 MPa, TR RE IR &
i+t 30 min #l7L; (4) FTHEEME RS, DL 1 mL/min
U ) D TP O/W FLIR, BE AR
1 N ot S B W S RN B I ) T = R 0 s SR A3
— B[] B A A B TR H A Y A 1) R i

2 #HR5TiIE

2.1 HkBRXT C/W I iKREEER N

£ 12 MPa. A [R] 3 B 2% {4 F fi FH CAPB i &
C/W FLik, H LW = WiBE CAPB i = 43 B A5 1k
AL 2(a) Bros . FLIR A FRE PP CAPB it it 43
B, SesihniE RS, 24 CAPB & 7050k 4.00%
I, BRIk B i K AE 4.60 h, 24 CAPB Jfif 70 5
TR, 23 2Z 6] i AH B4 B ) %555, CAPB 7 S 1 b
IHEFIRABG B CAPB BR8N, 41 22 [6] 1)
FH AR FH 7 5858, i CAPB 7F 5 18 Ab 4 W% it )2 HE %1)
AR FLIR AR MR 5 IR AN, 7E— Bl 1
T CAPB Jii i 4 8%, vl 4k v S i A, Bl CO, 5K
Z s HE R 1, AR TR AR € . {0 CAPB i i
G S, CAPB 31 DA A 5 1 8380 55 1o 114 ik
JEHE CAPB 4 78 L1 b (0 W0 B, 2 1
7153 1:f Marangoni R8I & 52 5 T 5 14 BE 1 98055,

LI

8

1—CO, cylinder; 2—High-pressure continuous-flow reactor; 3—Emulsification reactor; 4—Magnetic stirrer; 5S—Core holder; 6—Collection

container; 7—Back pressure vessel; 8—Hand-operated pump

1 FLRIRERE R E R

Fig. 1 Schematic of emulsion displacement apparatus
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Fig.2 Half life of C/W emulsion varies with CAPB mass fraction (a); When CAPB mass fraction is 4.00%, the half life of C/W emulsion

varies with the concentration of SiO, (b)

i LW R PR AR

FeF LRSI S5, W BURAE CAPB i 2 /4K,
Bl 4.00%, 7E 25 °C . 12 MPa 5 1F F, % 44 K SiO,
ORI i 43 06 C/W LIRS E RS2 . AN [m) T o
4380 Si0, ki B[R] CAPB Fa i€ C/W FLIR Y 2 2 1)
wmE 2(b) Brzs, WE Rl LUE H 20 2 5 1 Rl
Si0, it /- B I Se s RIF AR, M 94K Sio, i
ITECN 0.70% B, FLIE =B, O 21.92 h, S
M FH CAPB (wepps=4.00% ) FT 22 1 FLIRE I 1Y
4.77 1% . ARG RN, B S ARFLAR R R TR
JEIE T RIS BRIE U . 2 Si0, FURL Y
AN T2 DA SE 4 7 15 T K R T B, 0 BR8N VTR 49 )
W R EEAIFBUOR W . A, WA Y Sio, it
A 32 AR T, DU R DR A Al 24 53 24 AR
BN o AE K e MRFLAR R 1B Hh ke SRR
18 2 PR R AT CPE Y S10, FIURLZH B8 [T AR 2 o TR
B F T, K5 CO, ZJL ARG pH {HIZ KT CAPB
() 4 L i (PI=6.4) 181, [Al i, CAPB Sk & i9 JR IR SE 7
PR 2 F T 23 AR T4k, 230 M BH B 1 3R 1hI I P
FI M, 55 G B SR KRN K Si0, kL 2 18] 7
TEMFEAEH

FIEE %) i R S A e L VR R P P R e TR
2, P A R T HE S S, R S B, D L
B — 5 (A58 BRSO, X3 O TR ER S AR B
ol FLAE A BRI TR B RN S R4, IR R 1 FLobR
. &3 FTR A CAPB 5442k SiO, Wik fE C/W Fiii
FR W B s 2 R, 448K SiO, ORL T R 4 BB AR N
TS 43 40 DK UL 2 T P 25— % 1 T 2 R4 7 T Ak
R G A BURE, B K R T O/W SR R, REAZRH
1RSI, P T FLM R A SR L B 4K
ORI 40 B I, e AT FL b HES 7 O/ W R,
TE BT I0 56 5 1 S5 B, A S E 8 S 4, TR B ) i

B, PR FLM MRS E M o SR, M oK BURL o R 1
W25 % Az BEE T UUTE s R, — LB JF A5 B 7E C/W St
10 Ak 1Y) CAPB T 1t 23 Bl 2 7% 2y I K AH v, W B A
C/W FLTH i) Si0, Fl CAPB 43 F BB /b, FLW ) £
FEME TR RN AR Y B 4 B0 LN, 9K R AE
SRR B, A B TR T A, 8 CO, HiE
SR A (42 fl TR, A ROIZE CO, TR, K B
PR FLR R E

C
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22 2 202 2 23 2 2132 w
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3
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1—CAPB system; 2~5—Mass fraction of SiO, nanoparticle
gradually increased

Kl 3 CAPB 540K SiO, FUkL7E C/W S Y W B 7 14
Fig. 3 Adsorption diagram of CAPB and SiO, nanoparticles at

C/W interface

22 AEFEEI C/W A EREEER N
343 HILA NaCl I CaCl, 1 Jy#6E85 £h  BF 5% 1

WL ST Si0, 5 CAPB B[Rl f2 2 B C/W FLiFa &

PRSI, 25 A& 4 TR o 76 25 °C. 12 MPa 4514
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T, %4587 CAPB(weapp=4.00%)5 Si0,( wgo, =0.70%)
1) 43 I & 1 C/W LRI 2 562 91 Bt Na™ 1 Ca2* it
EOBIARAAE DL, 255N 4(a) | 4(0) IR, 1E Wy =
7.00% I, CAPB (weaps=4.00% ) B § 5 (19 L 7]
JE 4.04 h, Si0, 5 CAPBHHATRE HFLIK FIFRE 15.24 by
FE weer =0.05% B, BT {E F CAPB (weaps=4.00%) £t
ERFLIE T R4 E 4.37 h, SiO, 5 CAPB B[R 2 & I FL
W FRE 13.20 hy TTIRETE & A NaCl YR R, ik
JETA CaCl, HMAR R Hh, G4 K BURL G T AR RE & 25 4

T oW AL ER T . Ak, WE 4(a) s, BEE
Na"Jii it 20 B8 i, Sio, 5 CAPB Rl A2 a2 # FLIk F
FEMEREZ A, R, R oI A RS, B
PR T T RRAIG, AT S8 TR SR AED Y GnE] 4(b)
P, 5 NaCl AL, CaCl, X SiO, 5 CAPB WAl &
1) C/WELIR AR E P 2 ma B B &k o Y Na' it i 43
N 0 34 E] 1.00% B, FLIE A AR E BT 1 21.92 h
IR 21.56 h; 24 Ca? i i 430N 0 18411151 0.005%
if, LR AR e AT K 21.92 h X 19.44 h,

24 - 24 - 24 -
—— " o—wcapr=4.00%
20+ \ 20+ =—wcarp=4.00%, 2214
- — = wsi0,=0.70% — 20+ \
alor T~ & 16 — S8l u
= = — = \
S12F 5= weaps=4.00% =12+ S 16t .
= o— wearB=4.00%, wsi0;=0.70% = T, T~
8t 8t i \
. /a 2L
4t ?/B}Z .\E$F‘ , 4t :/@ .\f.\? , 10 Lo L L L L L L L ) ,
0 2.00 4.00 6.00 8.00 0 0.01 0.02 0.03 0.04 0.05 0.06 0 2 4 6 8 10 12 14 16
WNa*/% wcaz+/% Salinity/(]O4 mg-L’l)
(a) (b) (©)

4 SiO, 5 CAPB Pl C/W FLIRF Wbl Na'Jfi it 434 (a) . Ca®* Tt 434 (b) . 5 AL EEZE fh (c)
Fig. 4 Halflife of C/W emulsion co-stabilized by SiO, and CAPB with Na* mass fraction (a), Ca’>" mass fraction (b) and salinity (c)

HJZ K A b B X 2% T 1 751 A B 2 T 7 P 5
2N AKABOR () 52 BC A4 22 A 90 F A i . R A R
SR, AR SO BIECH] T AR EE (1 LK b & A7 25 ik
A3 B9 &) S 1x10%, 5x10*, 10x10%, 15x10* mg/L
PRI HLZ K o [ 4(c) 7R H T 78 25 °C. 12 MPa 5%
£ T, CAPB(werps=4.00%) 5 SiO,( w0, =0.70%) Bl
[FfeE C/W LM P =W S50 L Z B R, Y
WAL EE N 0 343 1x10* mg/L B, C/W FLIK 1Y 2F 2
AT M 21.92 h FEAKF] 17.88 h, FEAK T 18.43%; 24
WAL DA 0 B E] 1.5%10° mg/L i, C/W FLIk 12K 5
HIM 21.92 h FEAK 3] 11.64 h, FEAK T 29 50%, X 1
C/W FLH AR E X AL iU, Bk sl g i 3t
Y D R, B e A B T K FL i BT R B A
BT W 2 1R] B L HE R AR, R =2 1A A R
SEIMR, T BORAEAR T, A B C/W FLIR T
e
2.3 SiO,/CAPB #H#E RS CO, 2 B FE K

fE 25 °C . 12 MPa %5 1F T, CAPB(weaps=4.00%)
55810, ( wgo, =0.70%) IE AR RTETTH CO, FEE Y
FHTH 5K J1E (IFT) 5 402K Si0, f90RL BT 3 43 %X . Na'Jit
BT LR R WA 5 FrR. ATLLAEH, 249
K SiO, UKL T B 43 KU 0.10% 34 2 35 0.70% i,
IFT {H 1 16.75 mN/mfF Ak £ 16.04 mN/m([&] 5(a) ) .
ST 5K T B A A D TR s, 4ok SiO, 0B AE S if Ab 1
FRHT N RERARAI2O, (HATE K T R RN T 0.71 mN/m,
X FHTE CAPB 544K SiO, MUk 7 34 18 4 W A5 =X

T CAPB 1} (5 = A7, 48 >k Uk 55 5T £ 32 fnh 17T
FUAR /N, X6 518 5K 1 B 52 ma AR /N o 499 KR 38 1o Wt
BRETE C/W S TRT LS 53 79 A 22 D) F 422 i, 338 i % 1T ot
B, I Ostwald 24k, i 2Lk p FeE PR 00, 25
I, CAPB FZ & X FLI M TE B AR, Si0, Hik: X
FLIR RASE AR

KA TR A R ) AR S -, — T T RS TR
FETEPE RN AE C/W FL T A W B, 28 T 5 iR 431 )
1) T B AR AR B 5 | VR FHAHE R VR A (Ffre | 25 ) 45
FIR AR ) 5 55— J T 5 ) 3 1306 PE 570 5 25 K Pl
KOk 2 [ P RVEH . A T 3 LR e PERE
b B2 A5 AR B4 S5 R, #E 25 °C L 12 MPa F 2 T AN [
NaCl Jii & - 8RR R ™ 46 2578 7 Si0/CAPBE &
R AE T CO, B R8T 1Y IFT, 45 R an & 5(b)
FIE 5(c)in . SiO,/CAPB 43R R 11 IFT B NaCl
JoT i 3 B A S Ak B 3 i mi R, 5 i A NacCl
FHG, A6 B Sy 1x10* mg/L 14 ML 2 7K E i 14 & 1Y
IFT i FEAG . 2407 F0 A 0 34 m E] 1x10* mg/L B,
PAZ Y IFT M 16.86 mN/m iR HB A F] 15.50 mN/m.,
X2 A AR 2 K R [R5 — PR F Nat, —
HrFHES T Ca?t, Mg Ll J CI, SO %5 BB 1, /KA ER
BR N B 2%, U A B T (A A AE X R 2R 1 52 ) B
JinBEA &

Wit 1 A0 B 380, KR R R S i R B, 3R
KA CO, ZIH A% 251K, TFT REz34 i, {2240
El 5(c) [im, i o A0 BE 3G i, S gk o Js b, ix
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Fig. 5 IFT of SiO,/CAPB system changes with nano-SiO, mass fraction (a), Na* mass fraction (b) and salinity (c)
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TH L, 255 E 6 Pn . A RUR A FLIR P AILEE 32
AL TE L BE R AL B S = 4 R ok R g L, =
Al R X 8 AL A JORE R AE BAE RE R T =
YE W28 S5R, BEIN T S AR, B BORE TR R
RRATK o o 0 3 52 A 1 85 88 T 0, 98 K B0 1)
AR ZRE T O/W FLIR A F B, B8 T B i R

15
@
r:f 14 +
£
ES 13+
21 —
S 121
E I/
210 /
g 10 =
o, L
=z

9 " " " " " ;

0 0.20 040 0.60 0.80 1.00
Wsioy/%
(@)

) R 8 R 8 L TS A R R RS A S T, 3
WM E M. 45 A K 2, 24 Sio, it i 4 B o
0.70% HF, LR A % 785 18 2k 25 188, L1 2 5 10
ENRRAG o 3 S PR kg ok vy 1140 29 O 288 8 2 {0 B %) i 1k g
A5G, AT T S TR AR5 e % T A% AL 3T A i DX g
TTARBE, (AR TR, fetEAr 2.

K 6(b)7sH THE 25 °C. 12 MPa B, SiO, 5 CAPB
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FaE B9 C/W FL T Ay 2% 0L ZE B Y R AN B g, 2
Na' i 4380 H 1.00% 3002 7.00% B, 2 W55 H
12.59 mPa-s¥4 1 & 13.63 mPa-s; 454 & 4(a) Si0, 5
CAPB Pl Fa 22 1) C/W ZLIR i £ M 52 0 25 5, mT LA
UL Si0, 5 CAPB 43 HiU i 22 XF 5 B N SRR, 4 K i
RIS T C/W FLI it R
2.5 C/W A RIEELE

2 ) S 56 R R A = R, R TR 12 MPa, 43 i
FH T AS 6 AP 28 09 3K 31 570 : (1) CAPB(weaps=4.00%) 5
(2) CAPB(weppp=4.00%) il Si0,( wgio, =0.70%) £ [7]
FROE ) C/W FLI AT IR 505 .

LR 1R () BT AU R

Vil

n= Ve
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Fig. 6 Apparent viscosity of C/W emulsion stabilized by SiO,/CAPB varies with nano-SiO, mass fraction (a) and Na” mass fraction (b)
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AN ) K3 A FR Y IR Y R IR BE A &
(Injectied volume) (Y72 AL AN & 7 Frow, 5256 b LAITEA
TR AR 5 5O FLBR AR FR Y LB (PV) R A
B 7EH AL K 0 B, CAPB a5 C/W ZL Ik 9K 1y
KA N 70.33%, SiO, 5 CAPB Wi [al%a & C/W FLIK
IR A SRR R 77.61%, B¢ CAPB Bl A E FLI Y
AR T 7.28%, SiO, 5 CAPB WA C/W FLik
FER AL N 1x10% mg/L A IR R IR N 55.98%.
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Fig. 7 Displacement efficiency of different oil displacement
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systems varies with the injection amount

AR TR 7, FLIRCEA 5 R A 2 5 ik e
B, TER ] /W FLIRSR R b A v, L mT DA SR
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Synergistic Stabilization of C/W Emulsions by Nanoparticles and
Surfactants and Their Salt Resistance

LI Lulu, XU Biao, LIU Tao
(State Key Laboratory of Multiphase Materials, School of Chemical Engineering, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: High internal phase CO,-in-water emulsions (C/W) were stabilized with cocamidopropyl betaine
(CAPB) and nano-SiO, particles. The half-life, apparent viscosity, and interfacial tension of the emulsion were
measured. The effects of the concentration of nanoparticles, the type of salt ions and the degree of salinity on the
stability of the emulsion were investigated. The results indicated that the half life and displacement efficiency of the
emulsions constructed by CAPB (wap=4.00%) were 4.60 h and 70.33%, respectively. The half-life of the emulsions
synergistically by nano-SiO, ( wsio, =0.70%) particles and CAPB (wcapp=4.00%) was 21.92 h, and the displacement
efficiency was 77.61%. When the mass fraction of Na" was 7.00%, the former could be stable for 4.04 h, while the
latter for 15.24 h. When the mass fraction of Ca?" was 0.05%, the former could be stable for 4.37 h, while the latter for
13.20 h. When the salinity was 1x10* mg/L, the latter emulsion could remain stable for 17.88 h, and the displacement
efficiency reached 55.98%. In conclusion, CAPB mainly plays a role in the formation of emulsions, while SiO, mainly
improves the stability of emulsions. The emulsion system stabilized by SiO, and CAPB can improve the simulated oil
displacement recovery.

Key words: high internal phase C/W emulsion; nanoparticles; zwitterionic surfactant; salt ions; displacement of

oil
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