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Abstract In an attempt to explore the nature and structure of colloidal liquid aphrons (CLA), the formation
and stability of CLA composed of polyoxyethylene 3 dodecyl ether (AEO-3)/n-decane/sodium dodecy! sul-
phate (SDS)/water were investigated using the conductivity technique and microscopic observations. The
formation mechanism and the stability behavior of CLA were derived from the conductivity profiles and
verified by the optical micrographs. It was found that the formation was a low-energy emulsification process
including a foaming stage and then the exchange of the gas for oil phase. No phase inversion took place
during the whole formation process, hence the CLA represented O/W emulsion type. The stability behavior
determined by conductivity analysis was described using linear equation at 303.15 K. As the temperature is

above 318.15 K, the conductivity profiles of CLA, which presents a different kinetics from the first order
o1

(op))
SIS +02, where o refers to the conductivity at
+e

model, conformed to the sigmoidal equation o= )l

timet, o1 and o, refer to the minimum and maximum conductivity during storage, respectively, to is the time
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for conductivity to reach the value of %(oﬁ- 02), and Sis the parameter to describe the steepness of the

curves. A new mechanism for CLA breakdown was proposed from analyses of the conductivity curves,
which involves the simultaneous occurrence of flocculation and coalescence during CLA breakdown proc-
ess. The coalescence displays two distinct stages including film drainage and film rupture driven by two in-

dependent mechanisms, respectively.

Keywords colloidal liquid aphrons; formation; stability; electrical conductivity; optical microscopy

B2 S A YL T (CLA) J i Sebba™ i S5 Bt iy, — il
MURF R SRAL T FLARIE AR 7 A &R 2 R DA /I
fRiRCEY 20 um BUR). KR HERTA(L.5X 10
mPm®). IS (R P (FT RS E A A7 2 4F L _E) S A
LEAL T3 BT - sy PRI ) i oz 01028 A sk 5 2
TR Z 260, A&, CLA AL MBS WA E
W, fEfesg ARG S g5k Bl th Sebba 7E 52
0 B Ll -4 1 A — P DX 531 T 5 LRI 0 4 g T g
A, W LR, AR R 2 CLA WU —
JERE G PEF > 24U, Ll Princenty {03
WITACRh CLA 5 iy A A 38 FLAR I (HIPRE) B A it X
B, B, REARTE CLA FF 2 AH, BLsliiEds. A
THRYE CLA S5 AR, Lye M558 HUR I A B 7 Wil
Bi(Cryo-TEM). ZE/n14Hi i #4070 H1(DSC) S5 AT CLA
SERREATIRGT, JEALAEI %P IR T CLA 5
el PR S LR I, LRl A e R RS
FFT Sebba B . W&, 1%SCRRESEALTE b H B 5L
I REHARRE CLA (1 N FE 454

Outer surface of shell
Inner surface

Electrical
double layer

B 1 R AARIEAR A 7R R
Figure 1 Proposed structure of a single colloidal liquid aphron
(CLA) by Sebba

WA R, PG . B MR AR
2RI, BRT4. Wk, A SCHIEX CLA Tk
SRR AR SE PEAT 4007, 01200 U 0 4 g A 7
SBURIEAR #% CLA KB RBLIL 744 ik
AR A% CLA IR PRI 2 AOHLEE H1 5 5] T

FRPI 2 G R R AR T 0 T 3 AR A el
FERIHRBE < W5 ) 1 P S RN 50 AR 1 AR B LE (PVR =
VoillVaaer), LARARZRT] pH . B FomE . Bifks .
WA CLA R PEIMI 52, 1998 4 Lye 251t )
HUIGE, B T S CLA A rF &t —
Ptk 27 [ N B 2R . Scarpello 2518 [ BEFI ]G ik
WE CLA KRR B HAZE I, JFe it T2 es
CLA il /B0 H5 A 2R 2358 P AN ST oL .

RS o L L S s L (1R NV RN LR
P& R FUA AR AR E AT O DR F B, HAA i nT
AT, o TORERAS I, WERAPE = S AL, DA 22 Y
P2 RS v LA H R A B DO 2 B R
KT CLA B G FERIAR E 8 )1 2247 4.

1 SCIgERS

1.1 RKFI5NEE

+ TR EERR RN (SDS, AR), PU bR AR
FE b ok R R R A 4 W (3) ik (AEO-3), i 1 41 4y
>99%, ALK & WA B A7 IE%KE(CP), HA
A% LETK, HEE<LO0 uSem, PRI KR
SR A S L R L

H 5% DDS12A 4, g R BR 2 #;
62 AR Olympus BH-2 71, HASHE O oGk AL
Mastersizer 2000, Z[E Malvern /A #].
1.2 CLABY%|&

CLA bl 4% 2 B SOk b 3R 1) 7 7500 7 4o
T B AL SRR 2% . 250 mL KRR AT 50 mL S EE. A
Tl CLA, FRATTE F -+ e Sl 2R 4 £ 4% (B) kA by
T PER IVETER, LA+ e SR RN AR R Kk 2 1hi
TR W RIEZS B A, DL RS K KA. 4
I, BRI ) SDS KU T iR, iz
KT, RIGIBETR NG AEO-3 IS8 ke, 4
FEFEHAE 800 r/min, %3 4 0.5 mL/min B 48 BAR A HH {4
L. Pl 00 CLA BHLE A FLHR, ATAEEKIA S
HZ A, RWAWERAHS S RA, Ttae. il
BRTT S, ASSCH CLA il #2 —M Bi B P Ak 272930,



56 %

i Vol. 64, 2006

1.3 CLAHBEE=E

FH DDS-12A HiL SR A0SR Il CLA 7148 3ok R Fi i
BIGEAT A, BEIMATEEMAAR, X CLA R &EAT Il
IR, AR FE R S AR T A RS, CLA F2
SEAT R R 78, 4% 10 10 H 253 7KFRE, AR
SR, A R I TR B L R, AR SRR R FAR AT
For B R kb, B A
14 CLAXFRRIENE

105625 S Olympus BH-2 ', P37 06 A i
J6I3 AR i AT WS T4 R
1.5 CLA Rzt

FEFIREAE R, B UF CLA KE S I 21 Mastersi zer
2000 WOCKIFEALBErt b, Mike, Bk, fr RGiEE R
W, B A1

2 HR5IR

2.1 CLA®ERKZH2

HTIRIT CLA S5HA T, FAIE H i T 2D
WA A R AT TSI R AL B 2 A
CLA il #5 i fit v i 3 e By AR ION B2 (AR A G 2R i 45
RARFRT 0~8 AR MIAHG I AR B, B — &R
I 5 mL; O 7 AT N 1 B 7K A 78 A AL 9 &
N NG R gk e 30 min. 4% 10 AEO-3 (0.1%,
VIV)/IE 24 48/SDS (0.25%, g/mL)/7K; ZH i 2: AEO-3 (1%,
VIV)/ IF %% §521SDS (0.25%, g/mL)/7K; 411 3: AEO-3
(0.1%, VIV)/ IE %% §¢/SDS (0.5%, g/mL)//K; 41k 4
AEO-3 (1%, VIV)/1EZ$%¢/SDS (0.5%, g/mL)/7K. ME
AILUE H, CLA fEANRI I 2 sl 7] —2H i N AR PVR
NI R AR 2 A R T R AR S . B R
FHARIIARE, 41 0 srR, KA EENL, FRBET
RN MR 910 uSlem B RIRAR IR,
FEA L AF 50~80 pnSlem 2], X2 i TR I i
BEAE WA I ZAZ N, YIRS BT R, Vi B T 2 1R
TG PE RS 1, MR R Sl BT, AR AR A,
K17 200~400 pSem G P, W 188 2 s, #iME
MG, BEEMAHARSE NN, UG TR TE IR, R
PR W B R il - A S T, A (AR AR B
R, AR SFHRITIRGAR T, 12~8 rifir. Y],
R TEBCE AR, AR T R R B
JE W1, RRRTEERIR, U7 AAECR NS, S
RN TP, HRMAR NG R, PR R R
MR AT CLA MR RAZ M FE: LLHERR > S5k R 0, 1
R FRER, B RGP, 9 RiR. Wb

BT LUE H, CLA JERGE R4l 1 /KA IR — i
MR —~CLA B, ERATERL T, BT
AL A L RA”, XM T CLA FLALBCH
PR 22 4R 1A AR FLARIBE B R ) A R
AR A2 NUER T CLA AR EAL T oW
B T RE— DA E CLA ST, AR T
P S KV P QORI SAL B I ARVE DL E CLA )
O/W A4, SR A5 SRARSE T /RAE A HESEA 45 18

400
1 A —*— composition 1
3504 —e— composition 2
< 3004 —a— composition 3
g 1 * —-+— composition 4
g 207 %;\ PVR =4
3 200 \ N
2 i Q.
g) 150—_ y o
= %
g 100__ \ \*Y*_*/*
© 50l 5
0 T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10
Oil phase volume added/(xS mL)
450
] * B —*— PVR 2
400 - \ —e—PVR3
~.; 350 \ —o— PVR 4
5 ] —+—PVR 8
g 3007 .\*\ SDS-0.5%
< 250 °&° ~, AEO-3-1%
2 200 ': -
(53 i
3 1504 e 3&.
S 100 —_
£ e gy
50 —0—3
T T T T T T T
o 1 2 3 4 5 6 7 8 9 10

Oil phase volume added/(x5 mL)

Bl 2 A CLA R5ITE R AR L3 BEMAH A = 1 A2 1k
itk (li g 298.15 K F )
(A) RFEZHHE CLA ZFI(PVRia=4); (B) AR PVR I CLA (0 4) %
H1: PVRina 53514 2,3, 4,8
Figure 2 Changes in electroconductivity as a function of oil
phase content added during the emulsification process at 298.15 K
(A) different composition (PVRsina =4); (B) thefinal value of different PVR of
CLA (composition 4) being 2, 3, 4 and 8, respectively
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Figure3 Optical microscopy images of CLA (composition 4, PVRyina=4) at different stages in the formation processes 1 (bar = 50 pm)
Labels 1~9 for each picture in the Figure 3 corresponding to the points 1~9 in the X-axis in Figure 2; a series presenting conventiona optical micrographs and b

series presenting polarizing micrographs
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Tablel Thelinear fitting results which describe conductivity curvesin Figure 7A

CLA A B R P
PVR2-303 88.43133+0.88753 0.008+1.88233E-4 0.98354 <<0.0001
PVR4-303 30.5797+0.29291 0.00355+ 1.16606E-4 0.98371 <<0.0001
PVR8-303 34.80625+0.8318 0.00598+2.27688E-4 0.97424 <<0.0001

&2 K 7(B~D) CLA HL AL LR/ ikl & S 8ot Al
Table2 Summary of regression analysis for the conductivity curvesin Figure 7(B~D)

CLA o1 o2 to S R
PVR2-318 —747.70+5.91E4 138.75+1.96 —3817.0+7.15E4 999.71+989 0.85089
PVR4-318 —337.27+ 1.55E4 82.757+1.68 —4036.7+4.99E4 1211.7+1.13E3  0.88224
PVR8-318 —845.69+ 1.68E5 58.750+0.598 —3383.1+1.37E5 1315.46+546 0.82245
PVR2-325 35.618+5.99E5 70.714+0.938 15.2104+9.11E5 17.263+1.08E5  0.95412
PVR4-325 0.46605+ 2.72E3 39.786+0.563 —17.533+4.36E3 36.723+498 0.95732
PVR8-325 2.5482+471 51.950+0.522 —16.989+814 47550+ 122 0.98054
PVR2-333 —152.9445.93E3 94.494+0.172 —39.138+725 13.589+31.7 0.99912
PVR4-333 —40.253+ 1.66E4 76.953+0.119 —24.996+ 3.35E3 17.876+141 0.99877
PVR8-333 18.899+714 54.914+0.303 —22.335+910 28.973+915 0.96834
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