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Fig.1 Destabilization process of emulsion

creaming

phase separation
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Type of 
layer

Group 
(x=layer 
charge)

Octahedral 
character

Species

1:1
Serpentine-

Kaolin
(x~0)

Tri Mesite, lizardite, cronsyedite

Di Kaolinite, dickite, halloysite

2:1

Talc-
pyrophyllite

(x~0)

Tri Talc, 

Di Pyrophylite

Smectite
(x~0.2-0.6)

Tri Saponite, hectorite, stevensite

Di Montmollironite, beidellite

Vermiculite
(x~0.6-09)

Tri Trioctahedral vermiculite

Di Dioctahedral vermiculite

True Mica
(x~0.6-01.0)

Tri Biotite, phlogopite, lepidolite

Di Illite, muscoite, paragonite

Brittle Mica
(x~1.8-2.0)

Tri Clintonite, anandite

Di Margarite

Chlorite
(x variable)

Tri Clinochhlore, chamosite, 

Tri-Di Sudoite

Di

Table 1 Classification of Hydrous phyllosilicates
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Fig.2  Models of phyllosilicates
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Fig.3 Structure of (a) SiO4 tetrahedron;  (b) tetrahedral sheet;
(d) Al(OH)6 octahedron and (e) octahedral sheet 

Fig.4 Ideal (a) Di-octahedral and (b) Tri- octahedral sheet

Al3+
2.2

Free space

Free space

OHorO

Mg2+
2.2

OHorO

2.2

a)

b)

a) b)

c) d)

Si or Al
OH
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Table 2  Classification of smectites (after Uehara, 2000)

name Japanese name chemical structure

saponite (Ca/2,Na)0.3(Mg,Fe2+)3(Si,Al)4O10(OH)2 4H2O

hectorite Na0.3(Mg,Li)3Si4O10(F,OH)2 4H2O

sauconite Na0.3Zn3(Si,Al)4O10(OH)2 4H2O

stevensite (Ca/2)0.3Mg3Si4O10(OH)2 4H2O

swinefordite (Ca/2,Na)0.3(Li,Mg)2(Si,Al)4O10(OH,F)2 2H2O?

montmorillonite (Ca/2,Na)((Al,Mg)2(Si4)O10(OH)2 nH2O

beidellite (Ca/2,Na)0.3Al2(Si,Al)4O10(OH)2 nH2O

nontronite Na0.3Fe33+(Si,Al)4O10(OH)2 nH2O

volkonskoite Ca0.3(Cr3+,Mg,Fe3+)3(Si,Al)4O10(OH)2 nH2O

tri-octahedral
di-octahedral

19



Fig.5 Alkylammonium cations

a) Cetyl Pyridinia (CP+)   b) Cetyl trimethylammonia(CTA)
c) Tetramethylammonia(TMA)   d) Trymethylphenylammonia(TMPA)
e) Hexadecyltrimethylammonia(HDTMA)

e)

d)

c)

b)

a)

20



Fig.7 Gelling mechanism of organoclay in oil (afer Kieke, 1988)

Fig.6 Conformations of interlayer cations (after Lagaly, 1982): (a) monolayer 
(1.37nm), (b) bilayer (1.77nm), (c) pseudotrimolecular layer (2.17nm),
(d) paraffin complex (>2.2nm) 

a)

b)

c)

d)
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Fig.8 Position of a small spherical particle at a planar fluid-water 
interface for a contact angle (measured though the aqueous phase) 
and the corresponding probable positioning of particles at a curved 
fluid-water interface. For θ<90 , solid stabilized aqueous foams or 
O/W emulsions may form (left),  for θ>90 , solid stabilized earosols 
or W/O emulsions may form (right).  (after Binks, 2002)
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water

oil

θ

θ

E π 2γOW cosθ 2

Fig.9 Position of a small spherical particle at planar oil-water interface; 
(a) lipophilic particle, (b) hydrophilic particle

(a)

(b)

hydrophilic lipophilic

0       30      60       90      60       30       0

Fig.10 Variation of the energy of attachment, E( relative to kT), of a spherical 
particle of radius R=1x10-8m at a planar oil-water interface of interfacial tension 
γow  =36x10-3Nm-1 with the contact angle θ the particle makes with the interface 
at 298K, calculated using eq.1 (after Binks, 2000). 
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Fig.11 Stabilization of emulsions by (a) surfactants; (b) solid particles 
(Pickering emulsions); an envelopoe around the droplets and a three-
dimensional network of particles spanning the coherent phase between the 
droplets  (after Abend, 2001).

a

b

c
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Fig.1  Rheo-Optical analyzer system 
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Table 2 Molecular weight of PEGs

Material name Mw

PEG9 400

PEG23 1,000

PEG90 4,000

PEG250 11,000

PEG460 20,000

Table 1 Characteristic value of clay minerals 

Product name KunipiaG SmectonSA LaponiteXLG Laponite XL21
Abbreviation KU SA LA LAX

Company Kunimine.Ind Kunimine.Ind

Group Natural
montmorillonite

Synthesized
saponite

Synthetic
layerd silicate

Synthetic
layerd silicate

SiO2 61.30% 52.7 59.5 62.5
Al2O3 21.9 5.1 <0.1 <0.1
Fe2O3 2.2 <0.1 <0.1 <0.1
MgO 3.4 29.1 27.5 27.1
Na2O 4.1 4.0 2.8 2.3

F --- --- --- 3.0
CEC

(meq/100g)
114.3 71 55 107

Diameter (nm) 200 300 50 100 20~30 40~60

BYK Additives & Instruments



Fig.2 Viscosity change of LA 2wt% dispersion prepared by different procedure 
(shown in schem1), ; A, ; B, filled points; samples stored at room 
temperature, open points; stored at 50 degree
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Fig.3 Birefringence of SA 2wt% dispersion
Between crossed polarizer, A; 0day, B; 6days, C; 14days after 
preparation
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Fig.4 Viscosity change of LA 2wt%+PEG 9 5wt% dispersion 
prepared by different procedure (shown in scheme1): ; A, ; B, 
open points; samples stored at room temperature, filled points; 
samples stored at 50 degree. Samples in dotted area have 
birefringence.

V
is

co
si

ty
 (m

Pa
S)

Time (days)

39



0

2000

4000

6000

8000

0 10 20 30

A 50
B 50
A RT
B RT

V
is

co
si

ty
 (m

Pa
S)

Time (days)

birefringence

Fig.5 Viscosity change of LA 2wt%+PEG 90 5wt% dispersion 
prepared by different procedure (shown in scheme1): ; A, ; 
B, open points; samples stored at room temperature, filled 
points; samples stored at 50 degree. Samples in dotted area have 
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Fig.6 Amplitude Sweep of LA 2wt% and LA 2wt%+PEG 5wt% 
dispersion (prepared by procedure A, measured 40 days after preparation, 
stored at room temperature)
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Fig.7 Amplitude Sweep of SA 2wt% and SA 2wt%+PEG90 
5wt% dispersion (prepared by procedure A, measured 40 days 
after preparation, stored at room temperature)
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Fig.8  Viscosity change of LA 1wt%+PEG 4wt% dispersion including 
0.03wt% of citric acid and 0.07wt% of sodium citrate. 
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Fig.9  Viscosity change of  SA 2wt%+PEG 5wt% dispersion including 
0.03wt% of citric acid and 0.07wt% of sodium citrate.
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Table 3 pH change of clay-PEG mixtures

Clay

time 1d 1M 1d 1M

Control 5.98 8.63 6.02 9.4

PEG 9 5.76 8.18 5.88 7.78

PEG 23 5.9 7.94 6.12 8.05

PEG 90 6.08 8.65 6.04 8.12

PEG 460 5.96 8.44 6.1 8.11

SA LA



Fig.10  Appearances of the LA dispersion; LA 2wt%, PEG 5wt%, 
Citric acid 0 .03wt%, Sodium Citrate 0.07wt% (a) LA (b) LA + 
PEG9 (c) LA + PEG90 

(a) (b) (c)

44

(a) (b) (c) (d)

Fig.11  Appearances of the SA dispersion; SA 2wt%, PEG 5wt%, 
Citric acid 0 .03wt%, Sodium Citrate 0.07wt%; Appearances of (a) 
SA  (b) SA + PE90, between crossed polarizer; (c) SA +buffer, (d) 
SA + PE90 +buffer, phase separation occurred in sample a.
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3 days 2 weeks 3 days 2 weeks 3 days 2 weeks
4 3.5 5.7 0.1 0.2 0.0 0.0
6 3.8 5.4 0.1 0.1 0.0 0.0

KU 7 4.6 4.5 0.1 0.1 0.0 0.0
8 3.3 3.5 0.0 0.0 0.0 0.0
9 2.8 2.3 0.0 0.0 0.0 0.0
4 89 194 0.1 0.0 0.0 0.0
6 103 159 0.1 0.1 0.0 0.0

SA 7 53 83 0.1 0.0 0.0 0.0
8 14.4 21.1 0.0 0.0 0.0 0.0
9 3.9 9.0 0.0 0.0 0.0 0.0
4 87 249 0.0 0.0 0.0 0.0
6 105 223 0.0 0.0 0.0 0.0

LA 7 41 81 0.1 0.1 0.0 0.0
8 3.0 7.6 0.0 0.0 0.0 0.0
9 0.3 1.6 0.0 0.0 0.0 0.0

Table 4  Amound of cationic ion dissolution from 2wt% clay dispersions
with citric acid buffer of different pH (ppm)

Clay pH
Mg Al Fe



Fig.12  pH alteration of (a) KU + buffer (b) SA + buffer 
(c) LA +buffer dispersions at 0 and 50 degree. All 
samples contains 1wt% clay.
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Fig.15   Rheo-Optic measurement flow chart; (a) 
LAX+PEG9+buffer (b) LAX+PEG90+buffer 
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Fig.16 Schematic image of adsorbed PEG and LAX particle in water 
(a) single molecule of PEG4000 adsorbed on LAX (b) Adsorbed layer  
of PEG90 on LAX (c) single LAX-PEG90 particle in water (d) image 
of particles and excess PEG90 in water 
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PEG90

Fig.17   Schematic image of (a) clay and (b) clay-PEG 
network in water 

(a) (b)
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Table5  Formulation for Rheo-optic measurement 

A B

LAX 1.6 1.6

PEG 9 5 -

PEG 90 - 5

Glycylglycine 0.48 0.48

Preservative 0.3 0.3

Ion exchanged water 92.62 92.62
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Fig.2 NaCl LA
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Table 1   Cationic polymers used in this investigation 

Abbreviation Sales name Supplying company
Chemical
structure

Mw
(×104)

Nc structure of cationic part

CC-A PolymerJR-400
The Dow Chemical

Company
45 1 2

CC-B Jelner QH400 Daicel Fine Chem Ltd. 80 1 2

CC-C Catinal HC200 160 1 2

CC-D Catinal HC400 200 1

CH Oligoquat M Arch Chemicals Cationic HEC* 3 5 0.3 0.6

CG-A JAGUAR C-14S 280 1 2

CG-B JAGUAR C-17 650 1 2

CG-C JAGUAR EXCEL 200 1 2

DD-A Merquart 100 15 100

DD-B Merquart 106 1.5 100

DA Merquart 550
DADMAC-

AM***
160 8

DAA Merquart PLUS 3300
DADMAC-AM-

AA****
150 10

* Hydroxyl ethyl cellulose
** Diaryl dimethyl ammonium chloride
*** Acrylamide
**** Acrylic acid

same as CC series

Cationic
cellulose

Toho Chemical
Industry

Rhodia
Cationic guar

gum

Lubrizol

DADMAC**



Fig.1 Viscosity of the ( ) 2 ( ) 3 ( ) 4 wt% clay 
dispersions a; KU, b; SA, c;LA,  as a function of NaCl  
concentrations.
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Fig.2 SEM images of the 3wt% clay dispersions with and without 
NaCl, a-1; KU without NaCl, a-2; with 2wt% NaCl, b-1; SA without 
NaCl, b-2 with 0.5wt% NaCl, c-1; LA without NaCl, c-2; with 
0.5wt% NaCl. 

13.3μm

a-1 a-2

b-1 b-2

c-1 c-2
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Fig.3 A: LA 3wt% dispersions, B: Emulsions containing 50wt% liquid 
paraffin and 1.5wt% LA and water.
Concentration of NaCl are (a) 0 (b) 0.01 (c) 0.05 (d) 0.1 (e) 1 (f) 2wt%, 
respectively. Doted area expresses its appearance;    :transparent, 

:translucid,     :turbid

Appearance homogeneous phase separation

Appearance phase separation emulsion emulsion

Droplet size (μm) - >100 30~100

(a)          (b)   (c)      (d)        (e)         (f)

A
water water

B
oiloil

water water

63



Fig.4 A: LA 3wt% dispersions, B: Emulsions containing 50wt% 
liquid paraffin and 1.5wt% LA, water, MgCl2 .
Concentration of MgCl2 are (a) 0.001 (b) 0.01 (c) 0.05 (d) 0.1 (e) 1 
wt%,  respectively. Doted area expresses its appearance;

:slightly translucid,    :translucid,     :turbid

Appearance homogeneous phase 
separation

Appearance phase separation emulsion emulsion

Droplet size (μm) - >100 30~100

(a)   (b)      (c)      (d)          (e)

A
water

B water

oil

water

emulsion emulsion
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NaCl (wt%) 0 0.01 0.1 0.5 1 2 5
KU

Droplet 
diameter (μm) 500 ~1000 ~500 phase 

separation

SA .

Droplet 
diameter 
(μm)

~500 ~100

LA

Droplet 
diameter (μm)

phase 
separation ~100 30~50

Table 3 Appearances and the droplets diameter of the clay-NaCl emulsions

water

oil

water

oil

water

Emulsions containing 50wt% liquid paraffin and 1.5wt% smectite, water,
NaCl, respectively. Doted area expresses its 
appearance;    :transparent,    :translucid,     :turbid

water

water
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10μm

Fig.5 Microscopic image of the emulsion 
prepared with 2wt% LA, 0.24wt% NaCl, 
50wt%  liquid paraffin and water.

66

A

B

a b c d e

Fig.6 SA 3wt% dispersions with various CC-A 
concentrations, A: without NaCl, B: with 3wt% NaCl. 
Concentration of CC-A is (a) 0.01, (b) 0.05, (c) 0.1, (d) 0.2, 
(e) 0.5wt%,  respectively. 



Fig.7 Viscosities of SA 3wt% dispersions as a 
function of CC-A concentrations, ;without 
NaCl, ;with 3wt% NaCl, ; CC-A aqueous 
solution, respectively. 
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Fig.8 A: Viscosities, B: droplet diameter of 
3wt% emulsions of clay-CC-A composite as a 
function of  CC-A concentrations, KU, 

SA, LA. 
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Fig.9 Relationships of the viscosities of clay- cationic polymer 
composite gel and molecular weight of cationic polymer.  
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Fig.10 Schematic image of cationic polymer and clay particle in water
(a) SA 3wt%  (b) CC-A



Fig.11  Viscosities of composite gel of SA3wt% and 0.1wt% 
of various cationic polymers, shaded bar is that of containing 3wt% NaCl.  
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Fig.12 Relationships of the Vn/V and A; Nc, B; molecular weight 
of the cationic polymer, respectively.  
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Fig.13 Black bar; viscosity, grey bar; average droplet diameter, of 
SA-cationic polymer-NaCl emulsions, respectively.  
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Fig.14 Schematic illustration of oil droplet stabilized with 
smectite-cationic polymer complex.
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Fig 3 The viscosity of oil-gel prepared from the various mixing
ratios of nonionic surfactants / OC. Surfactant for
cyclomethicone was PEG-10 dimethicone, that for
isohexadecane and liquid paraffin was PEG8 diisostearate,
respectively. Stable oil-gels were shown by the dash lines.
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Fig 4 Comparison of the inclusion compound and OC
SAXS spectra
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Fig 6 SEM observation of oil-gel prepared from P8I / isohexadecane
with various mixing ratios of P8I / OC. The ratios were shown at the
lower left corners of individual photographs.
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Table 1 Formulae of the W/O type emulsions prepared in this study 

Ingredients
Dimethicone
type (%)

Isohexadecane
type(%)

Water
Alcohol 
Glycerin
Butylene glycol
Disteardimonium hectorite (OC)
Polyoxyethylene methylpolysiloxane
Copolymer (P10DM)
Polyethyleneglycol (8) diisostearates (P8I)
Isohexadecane - 10
Isododecane - 13
Dimethicone
Decamethyl cyclopentasiloxane
EDTA
Phenoxyethanol

58.38
3
3
5

2.1
3

-
-
-
2
23

0.02
0.5

59.35
3
3
5

2.1
1.5

0.1
10
13
2
-

0.05
0.5
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Fig 7 Changes in the frictional properties of the emulsions on
artificial skin. The blue and red lines represent the friction of
conventional cyclomethicone oil-gel and isohexadecane oil-gel
systems, respectively. The friction of the latter was found to be
lower than that of the former.
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Fig 8 Results of sensory texture evaluation of isohexadecane / P8I
formula. Eight experienced panels compared the formulae with
cyclomethicone / P10DM formula as the control by 6 evaluation
items and graded their impressions into 5 grades; better, good, no
difference, bad, and worse. The 6 evaluation items were spreading
character, non-oily feeling, skin compatibility, non-stickiness,
moisture providing ability, and smooth after application. The non-
stickiness and skin compatibility of isohexadecane / P8I formula was
found to be better than that of cyclomethicone / P10DM.
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Fig.2 Process of destabilization of multiple emulsion 
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OH

Fig. 5 Chemical Formula of All-trance Retinol

Measured 
material

condition

Reversed-phase 
HPLC column 

Vitamin A Vydac 201TP 104 C18, 4.6 x 250 mm 
(The Separations Group, Hesperia , 
CA) 

Vitamin A 
palmitate

Capcellpak UG 120 C18, 4.6 x 150 
mm (Shiseido) 

mobile phase Vitamin A 10 mmol/L potassium  phosphate 
monobasic and 2 mmol/L potassium 
phosphate dibasic 
solution/acetonitrile (4:6) 

Vitamin A 
palmitate

methanol 

f1ow rate Vitamin A 1.0 mL/min 

Vitamin A 
palmitate

2.0 mL/min

detection 325nm

column oven temperature 40

Table 1 Condition of HLPC measurement
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Table 2  Formula of O/W/O emulsion for varying concentration of 
hydrophilic surfactant

Material Content 
(wt%)

Inner oil phase Liquid Paraffin 20

Water phase
1,3-butylen glycol
PEG60 caster oil (HCO60)
Water

10
A

40-A

Outer oil phase
Liquid paraffin
Organoclay (OCDS)
PEG14 Di-isostearate (PEIS)

27
0.4

2

D
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Fig.6  Effect of the concentration of the hydrophilic surfactant on the 
diameter of internal oil droplets ( ), and the viscosity of O/W/O 
emulsion ( ).  The concentration means wt% to the whole O/W/O 
emulsion weight (all of the following graphs are the same).  The solid 
line are connected and data points.
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Fig.7  Phase diagram of OCDS / PEIS system for O/W/O 
emulsion.  The open circle ( ) represents the stable state of 
O/W/O emulsion, the open triangle ( ), unstable at 50 for 1 
month, cross ( ), no O/W/O emulsion obtained.

Table 3  Formula of O/W/O emulsion for varying concentration of 
lipophilic surfactant and organoclay

Material Content 
(wt%)

Inner oil phase Liquid Paraffin 20

Water phase
1,3-butylen glycol
PEG60 caster oil (HCO60)
Water

10
1

39

Outer oil phase
Liquid paraffin
Organoclay (OCDS)
PEG14 Di-isostearate (PEIS)

30-A-B
A
B
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Fig.8  Optical photomicrographs for O/W/O emulsions; 1 Initial 
condition of O/W/O emulsion for OCDS/PEIS (1.5 / 0.6 %), (a) 
right after preparation, (b) stored 1 month at 50 .

(a)
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Fig.9 Cryo-SEM for O/W/O emulsion with organoclay 

Fig.10  Schematic depiction of effect of W/O interface on O/W/O 
emulsion system; (a) rigid interfacial membrane with organoclay 
prevents the internal oil droplets from coalescence with the external oil 
phase, (b) the internal oil droplets are more likely to be absorbed by 
external oil phase without organoclay.

(a) (b)
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Fig.12  Effect of  inclusion compound concentration on the viscosity 
of O/W/O emulsion. Weight ratio of OCDS to PEIS is fixed at 0.2. 
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Fig.11  Effect of lipophilic non-ionic surfactant concentrations of on 
the viscosity of O/W/O emulsions.  The open circle ( ) represents 
the O/W/O emulsion using 0.75% of lipophilic non-ionic surfactant, 
the open square ( ), 1%, the open triangle ( ), 2%.
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ΦO/W

Components 0.1 0.2 0.3 0.4 0.5

Inner oil 
phase Liquid Paraffin 7 14 21 28 35

Water 
phase

water
1,3-butylen glycol
HCO60

52.6
10
0.4

45.2
10
0.8

37.8
10
1.2

30.4
10
1.6

23
10

2

Outer oil 
phase

Liquid paraffin
OCDS
PEIS

2
0.4
27.6

Table 5  Formula of O/W/O emulsion for varying 

Φ(O/W)/O

Components 0.5 0.6 0.65 0.7 0.8

Inner oil 
phase Liquid Paraffin 15 18 19.5 21 24

Water 
phase

water
1,3-butylen glycol
HCO60

24.29
10

0.71

29.14
12

0.86

31.57
13

0.93

34
14

1

38.8
6

15
1.14

Outer oil 
phase

Liquid paraffin
OCDS
PEIS

46
3.33
0.67

36.8
2.67
0.53

32.32
2.33
0.47

27.6
2

0.4

18.4
1.33
0.27

Table 4  Formula of O/W/O emulsion for varying weight fraction of inner oil 
phase ratio
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Fig.13  Effect of weight fraction of internal oil (φO/W) (as measured by 
the ratio of internal oil weight to the whole internal O/W phase weight) 
viscosity of O/W/O emulsion.  The open circle ( ) represents that the 
stable O/W/O emulsion was obtained, the cross ( ), unstable state (oil 
float was observed).
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Fig.14  Effect of weight fraction of O/W phase on the diameter of water 
droplets and the hardness of O/W/O emulsion.  The open circle ( ) represents 
that the stable O/W/O emulsion was obtained, the open triangle ( ), slightly 
oil floated or water separation was observed, ( ) not obtained.
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water
O2barrier

retinol

Table 5 Solubility of oxygen to solvent

solvent Solubility*
10 2 cm3/cm3 25

Water 2.8 

Ethanol 4~6

ester oils around 10

Hydro carbons around 20

Silicone oils around 30

Fig.15  Schematic depiction of retinol stabilization in O/W/O 
emulsion.
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Components LP* solution O/W W/O O/W/O

Inner oil phase Liquid paraffin 99.9 10 10
Retinol 0.1 0.1 0.1

Water phase 1,3-Butanediol 5 5 5
Glycerine 5 5 5

PEG60 caster oil 1 1
Carbomer 0.1

Methylparaben 0.1 0.1 0.1
Ion-exchanged water to 100 to 100 to 100

Outer oil phase Liquid paraffin 27.6 27.6
Smecton DS-100 2 2

PEG14 Di-isostearate 0.4 0.4

Retinol 0.1

Table 6  Formulas (%) of Emulsions and Retinol Stability

Remaining percentage of Retinol
at 50 after 4 week 0 32.3 45.7 59.6

* LP; Liquid paraffin:
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Fig. 16 Effect of peroxide in an O/W emulsifier (Nikkol HCO-60) on 
the stability of Vitamin A palmitate (VA-pal); the remaining 
percentage of VA-pal at 50 after 17 day. POV, peroxide value; 

88

90

92

94

96

98

100

0 2 4 6 8 10 12
POV (meq Kg-1)

R
em

ai
ni

ng
 V

A
-p

al
 (%

)

0

20

40

60

80

100

0 2 4 6 8
Time/week

R
em

ai
ni

ng
re

tin
ol

/%

Fig. 17 Ffect of organophilic clay minerals and O/W emulsifiers on retinol 
stability; the remaining percentage of retinol at 50 , with ( ) Smecton 
DS100 and Emulex 600 di-IS, ( )Smecton DS100 and Emulex 600 di-O, 
( ) Benton 38 and Emulex di-IS, ( ) Benton 38 and Emulex di-O.
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Fig. 18 Effect of inner oil phase ratio (φi) on the stability of 
retionol; the remaining percentage of retinol at 50 after 2 
weeks, ( ) in O/W/O, and ( ) in O/W. 
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Fig. 19 Effect of inner oil phase ratio (φi) on encapsulation 
percentage (the ratio of retinol in inner oil phase to the total amount 
of O/W/O emulsion); ( ) day 0, ( ) 2 weeks at 50 . 
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φi = 0.1 φi = 0.2

ΔC retinol(φi = 0.1) > ΔC retinol (φi = 0.2) 

A B

retinol

Fig. 20 Schematic depiction of retinol distribution in O/W/O emulsions at 
the same concentration of retinol; (A) φi = 0.1, (B) φi = 0.2. The difference 
of retinol concentrations between the inner and outer oil phase (ΔC retinol) 
induces retinol to migrate from the inner oil phase to the outer oil phase, 
resulting in a decrease of encapsulation percentage. 
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Fig.21 Effect of antioxidants on retinol stability in O/W/O emulsions; the 
remaining percentage of retinol at 50 , ( )control, ( ) 0.05% 
Buthylhydroxytoluene (BHT), ( ) 0.1 sodium ascorbate AsANa), ( ) 
0.1% EDTA3Na, ( ) mixture (0.05% BHT, 0.1%, 0.1% EDTA). 



sensor
weight

sample

Fig.22 Phase inversion measurement system

Material W/O O/W/O

Inner oil phase Liquid paraffin - 5~10wt%
Higher alcohol - 3

Water phase Glycerine 5 5
Sodium Stearoyl glutamic acid - 1
preservatives 0.1 0.1
Ion exchanged water 100 – content of other materials

Outer oil phase Volatile silicone oil 20 20
Organophilic clay 2 2
PEG-10 Dimethicone 1 1

Table 5 Formulation for inbestigation
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Fig.23 Changes of frictional coefficient during applying, the inner oil phase 
ratio for O/W/O emulsion is (a) 12wt%, (b) 8wt%, (c) 5wt%, (d) 0wt% 
(=W/O emulsion), respectively
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Fig.24 Changes of frictional coefficient during applying, the average 
water droplet size is  (a) 30μm, (b) 15μm, (c) 5μm, respectively
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Fig.25 Microphotograph of the O/W/O observed (a) before drastic 
change for the first time (b) during the friction decreasing (c) after 
the second change

Fig.26 Appearance of  (a) W/O emulsion with 90% water phase 
ratio (b) O/W/O emulsion with 87% inner phase ratio 
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