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Interactions between Brij Surfactants and Laponite Nanoparticles
and Emulsions Stabilized by Their Mixtures
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Abstract The adsorption of polyoxyethylene alkyl ether surfactants (Brij 30 and Brij 35) on synthetic
smectite clay (Laponite) nanoparticles and the interactions between them have been investigated through
surface tension, zeta potential and rheology properties measurements, showing that Brij 30 and Brij 35 are
adsorbed onto Laponite surface, and the adsorption is increased with decreasing oxyethyl groups (EO). The
zeta potential of the Laponite decreases slightly at the high Brij concentrations, and the rheology results in-
dicate that the adsorption of Brij reduces the particle-particle interactions and the viscosity. Brij surfactants
and Laponite nanoparticles were used to prepare emulsions containing equal volumes of oil and water. The
emulsion stability and droplet size measurements indicate that the properties of the emulsions are mainly
controlled by the Laponite at low Brij concentrations, whereas primarily depend on the Brij concentrations at
high surfactant concentrations. To illuminate the different effects between cationics (such as CTAB) and Brij
on emulsions stabilized by negatively charged solid particles, the desorptions caused by high speed shear
were measured.
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taining different Brij 30 concentration and the fitting curve

R LI RORGRE M2k, BEATARZ LA, RIENTH
Fr4r JUR () Ostwal d-de Waele 785 A R, |[I:

=Kyt 2

o BN ITREBE, y BTV AR, K B FEFE4L, n b
AFREL. T M B D) ORI, n<d. {511 Brij 30
SEN 0.1%I6, K=829.5, n=0.238. 7+ 4 &l Ay s
K K4 AT Ostwald-de Waele #5442k, TTLLE
NS TEIRLF.

hRE—BHEST Brij BEXT Laponite 1A &KLY
m, P T AER—BIUE AT, A RREERE Brij WAL
Ak, giRaE 5 Fis. WEIFRTUUE H, b B D)E
HRE T, A FRRORG FE RAIG, 7 [ e BY D R,
P ZR RS B2 B AR R b Brij 359 BE R4, IR S L Y
YeFEANAS, FEREEHEIL 0.19%0 R, AT PR, IXRTT T
) Zeta HLAZ )AL F 45 1 — 3. X T Brij 30/1%
Laponite 14 5 A A LR L.

ML g, AT LA AR Brij 210V 2 AR
Laponite FURLVE G 7/K 0 HUPk &, Brij IR
Ay i % MU B 7F Laponite ficki 2R i 1, FLWRG B bt
Brij WU FERE IO, 2 SR E R A EE KT 0.1%
I, R F s L Laponite JURL ) Zeta A FH TR B 1T
TR BRI T B, A 2R (DR 5 A H 0 [ AH
AR 7 (ks T W A BRI, R A R A 2 Uk
RIBTUIRBEAT A RAR KI5, Rl 2 ¥ o4



No. 21 W E S Brij JEK TSRS Laponite 40K URE I AH FLAF H A LR85 FLIR a9 2317
10 AtaE, R Y Brij WAL 0.05%IN 4 ReA 4 i A
FETE.
—~—~ 8 .
Z - -
.g 4 F B
> ) |
I |e=5005s"
0 f’ 1 1 1 b d

0.01 0.1 1
Brij concentration/wt%

B 5 AHEIYEZET Brij 35/1% Laponite & Z 4 &k Brij 35
AR 2

Figure 5 Viscosity of the Brij 35/1% Laponite dispersions at
different Brij concentrations

ZH Laponite FIURLTE 1 Y 24 25 14
2.3 FiAMBEMEMIBREZES T

Sty DL TR 7 Brij AT Laponite Fivk: A FL 4k 71,
illE T LR BI LA AS[RIH BE ¥ Brij F1 Laponite i1
(VR 7K 20 HOPR R R KA, DA i Dy i AH, BCEL R
O LD LR ke, MBI, AR
i BIREBOUEE K i e, HUE A ELI A O/W
RUFLAE, F VKN 2 B FLVBORR zeta HLAT ) — 25~ —35
mV. &6 A E RAFUIR % 48 h 5 D62 .
i 6a FIE 6b Fros TR, e I K AR & AN R
Brij 30 5% Brij 35 & 1% Laponite ¥ 1, FLALHLHEE 8000
r/min. WREAT 50 73 EHREL o FIER E5 382 a0 KR
HEIX LG LI ) oy SR T RS g A e vk, 4 i3 7
6a H11E 6b ISR ac (AT aco f. THESTREW,
FLIRCE WA T MBS A Brij B B34 0w A 15 . &R
th Brij WEERARI, 15 BRI S I or SR TR 5 Al
Laponite FUKLAS & I FLIAHIT, ao #84E 0.30 Zita; fEAR
R, aq A T LGS 0.10 LU, HrA I £
P R AR dife e, AL A (0 =0). X FI
HAE Brij AR MFLEBOANIE, R Brij FesE LK,
AL BT 0.05%(K T Brij 35 2 0.02%)I], il {51
FLBARE AT, Rt R A K e 450 .

N T HCIB LB R % v A O FLIECPE R s, 0K
U 4000 rimin, e AAEARTE], dile PR FLE.
P A3 FL RS e P 5 BT &5 R, BiITE 1% Lapo-
nite N, PR EON FLIRE TS AR, T %%
TR B 1 5%, 1% F] 0.5% Laponite 15 Brij 2 i i 1 71
SRR E IR, 45 R 6c FK 6d Fras, nlLAE F4E
4000 r/min I, ¥ty 0.5% L aponite kL G2k LK,
WIKSEAE, AR Brij ZHEIEVERZ G, FLKE

B 6 Brij 15 Laponite 4 (1 7L 8 A
Figure 6 Photograph of emulsions prepared by Brij and Lapo-
nite
(a) 1% Laponite/Brij 30, 8000 r/min, the concentration of Brij (from left to
right) are 0%, 0.0004%, 0.0006%, 0.0008%, 0.001%, 0.002%, 0.004%,
0.006%, 0.008%, 0.01%, 0.02%, 0.04%, 0.06%, 0.08%, 0.1% and 1.0%; (b)
1% Laponite/Brij 35, 8000 r/min, the concentration of Brij (from left to right)
are 0%, 0.001%, 0.003%, 0.005%, 0.01%, 0.012%, 0.015%, 0.02%, 0.05%,
0.1%, 0.3%, 0.5%, 1.0% and 2.0%; (c) 0.5% L aponite/Brij 30, 4000 r/min; (d)
0.5% Laponite/Brij 35, 4000 r/min, the concentration of Brij in ¢ and d (from
left to right) are 0%, 0.01%, 0.05%, 0.1%, 0.3%, 0.5% and 1%.

X Fdk PAAS R 55 52(0.5%F1 1.0%) Laponite 1 Brij
M FUARF, AEANIA) 34 (4000 AT 8000 r/min) il 45 I L
W, S e T FLIORLAR N A, A S 7 Rl
Kl 8 . B 7 3R T S RAR AT I, BATTRT LA
MR RN A, SR EAR S B AE 10 AT 80 um
Ab. A Brij WREERARIT, FEAEPDLE 80 pm &b, IXHIHL
Jit Laponite & & LA, (e Brij WA S, &
BT 10 pm P, IXRIEA T Brij FRE I FLIRLAR
AT, B 8 TN TEARFZAT T il 2 FLIR KA kAT
dao, 1T LAE BIPIA Brij 74 R IO EIRAR AR AL #2251
AR, EREEALT 0.1%i0, FLIEH P34 KiA2AE 60 pm ¢
A, MBI, RGN, HE T 0.5%
Laponite &R, 7E Brij BARIKEER, WA T4 M
TR AR A BRI TR, R TGRS A

BAGE DL FLIBRR T M RO A2 I 5 Y S5 45 S, T L
75 th H 1% Laponite #5UkE 437 15 Brij 30 F1 Brij 35 F& & (1)
FLAPETTAHAT, SO0 FLIR RS TS AN K. R &R
h Brij WL T 0.29%H), FLIBFI: 5T Ll i Laponite
TOURE B 5 PRI R AL, 0 FH S B AL A il /7K 5 T £
B S FL 7 2 WA HP R 3 1 325 4952 1) 4% 4 4 S L R 2 1)
POERE. 2 Brij WS R T 0.1%I, FLR A E MRS
P, R, FLAOHE TR Al Brij A8 € )
FLBAAR R, BLRHICIS Brij b LR FE 2R e %, i
PRI E AR F] Brij WEE R, Pl ph 2 1S PR AR 2 1)
FL kiR LIS Laponite Fivki -t [RIFe e (1) FLIB0H R A2
N IXEDR Brij s USEAERURL R I B, P DL



2318 % %

Eivd Vol. 66, 2008

Ly

-~ Laponite
—-0.001% Brij/Laponite X
| —&-0.01% Brj/Laponite
—w- 0.1% Brij/Laponite

-0~ 0.5% Bni/Laponite

| |=8-1.0% Brij/Laponite

-0-2.0% Bnj/Laponite

|- 0.5% Brij

=

[

Volume/o,
o w o

=T o5 T -
T

i
(8]

I 10 100
Droplet size/um
B 7 Brij 30 5 1% Laponite il % LB IRLAR 53 A1
Figure 7 Droplet size distributions for the emulsions prepared
by Brij 30/1% Laponite

a
70
g
= 40
&
= L a4
30 ‘ -
& 0.5% Laponite 4000 r/min
20 || -0~ 0.5% Laponite 8000 r/min
—4&~ 19 Laponite 4000 r/min
10 | 2 1% Laponite 8000 t/min
4 Brij 30 without Laponite
0 ! . .
1E-3 0.01 0.1 1
Brij 30 concentration/wt%
0f b
60
501
3407
=30
—& 0.5% Laponite 4000 r/min
20 | ==~ 0.5% Laponite 8000 r/min
—&— 1% Laponite 4000 r/min <
10 || ™ 1% Laponite 8000 r/min
Brij 35 without Laponite
0 1 1 1 1
1E-3 0.01 0.1 1

Brij 35 concentration/wt%

B 8 Brij #1 Laponite 7EAN[m] i N il LR IR 1 B ki Az
Figure 8 Sauter mean diameter ds, for emulsions prepared by
Brij/Laponite at different rotate speeds

(a) Brij 30; (b) Brij 35; E-3=10"°

Fi L Brij 3L ARG AR, B0 SRR T
A Be HAT Wk el Brij e FLIBH A R e v

X} 0.5% Laponite (AR, HIT0EIARA G
SERYIRPEEAR T 1% Laponite, FTLAZE Brij BARH LIS
AEIFE I, X Brij o M FLiE L. X Wik
AT I T 6T Laponite £F 34 SR H i 1o i 9 4% 25 R 3
PEFLBRE PERORRE. 4 Brij & BRI FLIUR R e

FIKif5 5 1% Laponite 1K 5 45 L4350
2.4 BYMERXM S BUARFEK R IE

VA AT SE 2 IS DU AR A B 1) B 57 2 T 3
PRI a0 CTAB) AT LAtk 25 B vy i 67t FbL iy [l A< S0k
P LIRS e Ik, X — 7 &K, fR i r A B A
FAE CTAB it LA 71 [ bW B P ] AR e |, J5icke
SF 7K PR JEURL 25 T4 3 T Pk 7 i /K B 7 2, AT n 17
R (R K P, A2 R SE A e K A R S
TR By, SRS 1 77 43 B 1 E e R T ROk T
LA, P TR I R R D, 3 RROOR (1 59
SUBE. T RIORL IR 59 235k 0] LU R RRORE AR S 1 b AR IR
B, R 5 nT DLSE Sk Ok AE ST R U B R R RE
S /A W/ I

E=n-r’y(1+ cos)’ (3)

I E AR RE, r 9 RORLAR, y PR I ST K ),
O A9 FIURE 5 T AR bl ) — A e, 2 R R ik £ /)
T 900 i B E =7 L SEAKRURLE K RS 2
>k cos 6 [/, 59 ZEE K r BOBE N, TP 5 T
TR B ) 8 o AN L R P R

I DA SR B R — R A SE, TG )
Brij 28 & 1 3R v M b A 7 47 H Laponite Fivkz | il
R AR B, I A R R R [ AH ELAE AT — 5 RS
M. LR R AR B Y B L A e M e . i T
U W AR B~ TS 57 Bri ARH B 1 2 1 35 Mo Bk A
TEFLI AN S, FRATT6F 2 AN IR b 2 3 T v 1 7 )
Laponite 7K/ iR RFEAT =i 8 V), WE By V)5 7k R &
Tk SRS TR Ak, 255 L] 9. AT LI 48 i & 2%t
T Brij ) Laponite A5, w5 4k R R 5K )
BH S0 R BRAIG, B I 1) (9 A K 0 T~ {8, Tkt
T M T CTAB ) Laponite {5, BIY) 55Kk 1 HEA
NG TR TR RS = A T T | K £/ s 0L s DS
IS RTNIE TEFRFAEAE Laponite BURL_L W B, 1H 2
T CTATBHES 7R A7 H [ ROk S 55 s (1 i LA, o
DAAE BY D) i R v v A It B sl e B o ok - 2 I i
T XS SR 2 T A P 36 88 ) e, e e R Fg 3
Sy LA, TS B LA AR HoR ARl /N FLIRGR . 10 Brij
FEPEFRI L@ L EO I 155 J0k 2 181 £ B & A
WA HAE I £E Laponite Woki & 10 1, 45/ Ji%58,
BT PR ) DSORGB, O L OO B R K
[RIIRF ], PR AE il 25 FLIBOS R, 7R AR K R B S R Y
H A H IR T B WS B e e ROR 17 1 A PR FL AR R
1) 4 2 B ATRLAR 8.



B4 Brij KRG TER S Laponite 24K JURL AR FLAE T A HAS E LI 5T 2319

No. 21
80 [ N
= 70 3 v v v
g 60 |2
Z
Esof
E °
240 b
5
; 30 F —m 0.01% Brij 30/Laponite |
2 —o— 0.05% Brij 30/Laponite |
h=) 20 —A— Laponite
a —¥— 0.14% CTAB/Laponite
10 |
0

20 40 60 80 100
Time/h

B9 BYY)JE kR R IEIK SIBEIN (8] 224y
Figure 9 Variation of surface tension for the dispersion with
the time after high speed shear

N T B O A 2 B R IR, AT Brij
30 fl1 Brij 35 5 1% Laponite & & 7K R AR R FE 3 BT ],
W5 BY P 5 Rk Jy B R ARk, g5 R ILE 1010 4
HT Brij 30 FISZIREE ). ATLIE A B, AERHEE;
14 1000 F1 2000 r/min By Y] J, ZRif sk ) BH FEAG; ik
FI 4000 r/min IR ) BEAR SN 2 2, I HAT T B4
P B T 8 08 B S EE. X R W T Brij 1B
Laponite FRIWFH JJ LLERSS, 7EBUREE N i WA I
FE B, 33 AE B T R T X Brij A6 UL RR R A SRR &R
YEH.

=7
g —m— 1000 r/min|
7 —e— 2000 r/min|
5 60 —A— 4000 1/min|
- .
b —-w— 8000 r/min
&
|
=
=]
)
50 L . .
0 10 20
Time/h
40 p
£
Z 35 r
g
= - 1000 /min
2 —A-4000 r/min
7 .
8000 r/min
830t -
]
=]
oS
=
&
25 1
1 1 I
0 10 20

Time/h

B 10 ANRESE ) A R AR K 0 REIN R (A2 4L
Figure 10 Variation of surface tension for the dispersion with
the time after shear at different speeds

(a) 0.001% Brij 30; (b) 0.05% Brij 30

3 Fig

W3 Brij /KW WORI &4 Brij ) Laponite 7K 73 A &
IR TR JI B Brij W BEASA AL, B Brij 284
TR ¥5 P 77008 ) LS /K BO B B -5 Mok R THIAH FLAF F R 2B
WRCBFF, LIS B it 2 TS 1R EO 450 H A3 I o
/N Zeta HIAL . 3iEAR S 0N B 45 AL I Brij WP B RURE
R, AEAR R 0 B P o] ROk g s H A AN
(AR M AN R AR E I, £ bl T W B )2 it il ot
oz JIT A5 1) G H A 9 59 Uk [R) (9 A0 BLAE . L Brij Al
Laponite 1EFLALAIHI & FLIK, 7EBUK Brij WEEH, A
SEPEFIFLAOR AT T 252 3] Laponite I 7R E
Brij WEERS, WIH Brij wew Il tEfrif2, X5
CTAB Sfikittlrlfa e FLMA, CTATBHES @l
Sif i LA FH R B R ORI, AR B R i PR
RS E PR, T Xl 26 e (1) JU RIS, Brij 7RO R
P55, BT o BRE. T8 BY D) &k ) AR AR
B T IX AN AL

References

1 Tadros, T. F. Applied Surfactants: Principles and Applica-
tions, Wiley-VCH, Weinheim, 2005, pp. 115~184.
2 Binks, B. P. Modern Aspects of Emulsion Science, The
Royal Society of Chemistry, Cambridge, 1998, pp. 1~56.
3 Li, F; Li, G-Z,; Fang, W.; Li, X.-Z. Acta Chim. Snica
1996, 54, 1 (in Chinese).
(&7, T, Hfh, 98, EF IR, 1996, 54, 1.)
4 Liang, W.-P. Emulsion Science and Technology, Science
Press, Beijing, 2001, pp. 1~248 (in Chinese).
CRICF, SLREBRAFSHEAR AR, B, bt
2001, pp. 1~248.)
5 Pickering, S. U. J. Chem. Soc. 1907, 91, 2001.
6 Yang, F Y, Liu, S-Y.; Xu, J; Lan, Q.; Wei, F; Sun, D.-J. J.
Colloid Interface Sci. 2006, 302, 159.
7 Yang, F; Niu, Q; Lan, Q.; Sun, D.-J. J. Calloid Interface
Sci. 2007, 306, 285.
8 Aveyard, R,; Binks, B. P; Clint, J. H. Adv. Colloid Interface
ci. 2003, 100~102, 503.
9 Binks, B. P; Lumsdon, S. O. Langmuir 2000, 16, 8622.
10 Von Boekel, M. A. J. S.; Walstra, P. Colloids Surf. 1981, 3,
100.
11 Caderon, F. L.; Thivilliers, F.; Schmitt, V. Curr. Opin. Col-
loid Interface Sci. 2007, 12, 206.
12 Binks, B. P; Rodrigues, J. A. Angew. Chem. Int. Ed. 2007,
46, 1.
13 Binks, B. P; Rodrigues, J. A. Langmuir 2007, 23, 3626.
14 Midmore, B. R. Colloids Surf., A 1998, 145, 133.
15 Lan, Q. Yang, F; Zhang, S-Y.; Liu, S.-Y. Xu, J,; Sun, D.-J.
Colloids Surf., A 2007, 302, 126.



Vol. 66, 2008

2320 i 4

16 Zhang, R.; Somasundaran, P. Adv. Colloid Interface Sci.
2006, 123~126, 213.

17 Zhao, J-X.; Dai, M.-G.. Acta Chim. Snica 1999, 57, 1298
(in Chinese).
(R SURE, #iw e, 154k, 1999, 57, 1298.)

18 Wang, W.-X.; Zhou, Z.; Nandakumar, K.; Xu, Z.-H.; Madli-
yah, J. H. J. Colloid Interface Sci. 2004, 274, 625.

19 Lair, V.; Carbonnell, C.; Peyre, V.; Turmine, M.; Letellier, P.
Colloids Surf., A 2003, 212, 265.

20 Guo, P-Z.; Sun, D.-J. Chem. Bull. 2003, 66, 312 (in Chi-

nese).

21

22

23

24
25

(FREsE, PMEZ, 138 4R, 2003, 66, 312.)

Zhang, W.-M.; Zhu, B.-Y. Acta Chim. Snica 1990, 48, 737
(in Chinese).

(3K SCHL, RAPRE, A 3R, 1990, 48, 737.)

Binks, B. P; Desforges, A. Langmuir 2007, 23, 1098.
Rosen, M. J. Surfactants and Interfacial Phenomena, John
Wiley & Sons, New York, 2004, pp. 34~59.

Grillo, I.; Levitz, P; Zemb, T. Eur. Phys. J. B 1999, 10, 29.
Torres, L. G,; lturbe, R.; Snowden, M. J.; Chowdhry, B. Z.;
Leharne, S. A. Colloids Surf., A 2007, 302, 439.

(A0B03211 QIN, X.Q.)



