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Amphipathic Structure
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pH=2.0

SO_nm

pH=13.0

tArranged with ~ Arranged with
HCI KOH

Z,-Potential

pH dependence of & -potential for
gold particles at various pHs. 7

|

100 nm

18 73.1 mN m?
At10nm 704mNm-1 (35 )

Effect of Droplet Size on Properties
of Water at 18 °C.

-1
m

Surface Tension/mN

o

L L L 0.8

1

Vi = 75.680—0.138t—0.356x10° t2 +0.47x10°° t*

—e— . Mixture of Hexane-Ethyl
lodide at 60 °C.

—8-: Spreading Pressure of
Oleic Acid at Air/Water.

Spreading Pressure/mN ih

Relative Vapor Pressure, p'lp
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Particle Size/nm
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Soft Nanoparticles

Nano-particles

1. Soft nanoparticle

Molecular self-assembly
Lamellar, Vesicle
Polymer
Compact grouble

2. Hard nanoparticle

Metallic particle
Oxide particle

Various Shapes 9

"

Emulsifier Particles

Natural product origin materials

Vesicle formation substance
Phospholipids, Caster oil derivatives
Polysaccharide and their derivatives

Shape
Hollow globular hydrophilic particle
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SDS  C12H250S03 Na

Soap CuH2COO Na

C12H25s CHCOOMe

MES $0; Na

LAS

Ci2H 25 @'SO 3Na

LES
C12H2s0(EO)p SO3 Na

T-800 Ci1gsH37N(CH3)s ClI

2HP (Ci8Hz36)2N(CHs )2 ClI

(C10H22)2N(CH3)2Cl

CisH33 <0 N ClI

CizH2sN(CH 3)2cH0 ) Cl
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)
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OH

APG
MEGA

AX C12H25 N(CH3)20

LPB Ha

Cu szqNHC.’.H sNGH 200
CH:

C12H2sN(CH 3) 2CH2C0O0

C12H 25 N(CH3 )2 C3H6SO3
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S — "
HLB
HLB HLB

({ICI America Literature) TnEred o YT I
Surfactant HLE value Component Required HLB
Beeswax 9
Sorbitan trioleate 1.8 Butyl stearate 11
Glyceryl oleate 2.8 Cetyl alcohol 15-16
. Cocoa b G
Sorbitan oleate 43 Dﬁwpm::r:ﬁimw "
Sorbitan stearate 4.7 Dimethyl silicone 9
Steareth-2 4.9 Glyceryl monostearate . 13
Laureth-4 9.7 Isopropyl lanolate 14
Isopropyl myristate 11-12
PEG-8 Stearate 11.1 Isopropyl palmitate 11-12
Nonoxynol-5 10.0 Isostearic acid 15-16
Nonoxynol-9 13.0 Jojoba oil 6-T
PEG-4 Sorbitan peroleate 9.0 Lanolin anhydrous 9
PEG-25 Hydrogenated Castor Oil 10.8 5:‘;‘:’;‘:"! 3
Triethanolamine Oleate (TEA oleate) 12.0 Minersal ofl (paraffinic) §-11
Polysorbate 60 14.9 Mineral oil (naphthenic) 11-12
Polysorbate 80 15.0 Mink oil 5
PEG-40 Stearate 16.9 ?l;ﬂ&fg‘t‘m 11-03
-}
PEG_'—IOO Stearate 183 Polyethylene wax 15
Sodium Oleate 18.0 Silicone oil (eyclic) 1-8
Potassium Oleate 20.0 Stearyl alcohol 15-16

C. Fox, Cosmet. & Toilet., 101, Nov., 25(1986).
15
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HLB

HLB

(SC,(S + NC,,A) mixed Surfactants ‘
45 T T T T

0

y/mNm -t

30
25 | o )
0 02 04 06 08 1

XNCMA

y/mNm™

A :Gemini

0.6 0.8 1

(Oil 50wWt%)
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High Viscous Materials

High Melting Point Substances
Vegetable or Edible Oils

Silicone or Perfluorocarbon Oils
High Functional Synthetic Oils
Petroleum or Rock Oils

And

Some Kinds of Solid Particles, etc.

19

Fundamental Concepts of Three-Phase Emulsification |

Three-Phase Emulsion Method

Emulsifier:
Soft Nanoparticles

Conventional Method

Emulsifier:
Surfactant Molecule

@,
OO
O

O0

OO0

1m—€3H

Oil/Water : two Phases | Qil/Particle/Water

1
1000 A
Imm [— %
L
1000
S
lpmpE— ':0 Pollen
1 i
1000 @ }100~10 nm
Nanoparticle]
1nm |
1 /) ] 10~1 nm
1000 1-0.1nm
1 pm Atom

three phases

20
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Generation of Surface Excess Energy

Y. Imai, K. Tajima, Colloids and Surfaces A,
276 (2006) 134-142
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TEM images for soft-particles of DMPG (A) and HCO-10 (B)

200
200nm Junin

25

"

2 (Oil 50wt%) 30 (Ol 50wt%)

HCO-20

26
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80%

27

™ Prepdraiion ol thireephicsesiliconeemulsioniand oreinesiicope eniulsion

Silicone oil HCO-10 dispersion 10 wt%

W, =05

Aged for 360 days

Viscosity mPa s

Hydrocarbon

v 'y

Silicone surfactant 10 wt%

Aged for 30 days

Perfluoro-
Hexane

Heptane

E Fluorocarbon

Octane
Nonane

14
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Emulsions of various oils with DMPC by the
three-phase emulsification technique

-
Liquid Silicon emulsions Perfluorocarbon
paraffin 2.0 cSt emulsions
360 cSt C.F C.F
1000 cSt o T

C8F18 Cng?f’

"
[Effects of added salt and solution pH's on the stability

of emulsions prepared with soft-nanopaticles

Acetic Acid 1.0 wt%, 3.0 wt%, 5.0 wt%

Concentration of NaCl in emulsion
36
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Characteristic phenomena of three-phase emulsion

39
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[Important Aspects]

It can be said that the coaservation phenomena would be
depressed, when the emulsion size is less than 1 jam,
because the moving velocity (blue line) coming from the
thermal diffusion based on the Brownian motion is
obviously lager than the buoyancy velocity (red line) per
unit time.

41

" J—
Coacervation of liquid paraffin emulsion prepared
by the three-phase emulsification.

e

Redispersion

(A) (B)
(A): Coaservation of emulsion due to (B): Redispersed emulsion with
the gravitational effect for gigantic gentle shaking with hand for
droplets without any oil separation. coaservation state.

42
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Gigantic Water-Droplet-in-Oil Formed
by the Three-phase Emulsification

43
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Applications of Three-phase Emulsion

Exhaust Emissions Cosmetics &

«S&Retroleum

or cosmetics

Fats ‘& Oils

Agricultural \,.,,

Chemicals Edible Oils

Foods & Medicines

Toiletry

45
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GWP) (2008
(CO,), (NOX), (HFC),
(CH,), (PFC), (SFe)
(2000
/PJ 1%
/ (GWP) 12,106 51.8
20 100 4,196 17.9
CO, 5 200 1 1 3,072 13.1
CH, 145 62 24.5 19,374 82.8
N,O 120 290 320 2,898 12.4
HFC-23 CHF, 250 9200 12100 846 3.6
(HFC-125 C,HF; 36.0 4800 1100 267 1.1
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Gwe: 2002,1,13
48
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P . .
. Combustion Test for Emulsion Fuel

Emulsion Ingredient: A-heavy Oil/Water = 50/50 wt%
Detection: CO, CO,, NOx, SOx, O,, and PM

53

50/
0,
120 109/" — 1210°
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20
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0
0 200 400 600 800 1000

Time / sec Time / sec

54

Concentration / ppm
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MDT-30 2006 6 27 29
137kW/2000 rpm
177kW/2200 rpm

65/ 35
70/ 30

56
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ppm
250.0
205.5 rpm
200.0
163}\ mago  (
150.0 44. 0
80 85% W1500 (
100.0 1 02100
50.0
0.0 —
100 65
100%
57
e — .
%
30.0
27.6
25.0 \\
po | A\
15.0
10.0
5.0
1.0 \ 1.3
0.0 | —— ||
100 70 65
100%
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/ 0, (%) CO/ppm

890 196 18.1 107.5

1500 214 16.4 197.5

2100 273 15.9 120.5

890 146 17.1 1219.0

70/30 1500 207 15.0 4460.0

2100 315 12.0 3950.0

890 190 17.7 2200.0

65/35 1500 241 154 5640.0

2100 367 12.1 5270.0

0O,
(6{0)
| |
— [
n e 10 15
560.0
540.0 536.0

520.0
500.0
480.0
460.0
440.0
420.0
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NOX (ppm)

c
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(BOSCH%)

(%)
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70wt%

Total area:- 703,510 Total area: 71,451
1/10

ar

121
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* RUN 8

"

< NOX >

100
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- ) Oil:65wt%
70 e

60 e
50

\
40 Improvement of
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Mixed Water Ratio %
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Application of TPE to Cosmetics
with Polysaccharides

70
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Emulsion Droplet Stabilized with Compact Globule of Alcasea o]

Compact Globule of
Alcasealan

Waals force.

The Principle of Three-phase Emulsification:
Nanoparticles, existed as an independent phase in an oil/amphipathic
compounds/water system, adhere onto the surface of oil droplets by van der

71

Experimental

Chemical Structure of Alacasealan

Alcasealan (Alcaligenes latus B-16)

glucose:rhamnose:glucuronic acid: fucose
=1.8:1.1:1:1 (Mw; 1.5x10°%)

CH,OH COoH H,0H H

H )—o H 0, H 0, o 0,

ooy Sh w0 Hooy £y o

OH H | H H H
H  OH H OH H  OH H  OH

mannose:fucose=1:1 (Mw: 3x10%)

CH,0H

/ Three-Phase Emulsification\

Water Phase Oil Phase
(Alcasealan) (with Fatty alcohol)
N

Homomixer;
16000 rpm/10min.
—

\ /

Stirring

 EE=

36



Alcasealan, a biopolymer, takes form of
ca. 50-70 nm compact globule in aqueous
solutions.

L e

'... b

AM Urea
Added

Random coil occupying a large
water-containing molecular
domain.

TEM

" BT H

— Hexadecane 30 wt

Alcasealan wt )

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

Alcasealan  0.05 wt
Hexadecane wt )

5 10 20 30 40 50 60 70 80 90
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l Results and Discussion

Three-phase emulsion of various kind of
oils with Alcasealan

r
M. L|qU|d Isopropyl
- paraffln myrlstate
Hexadecane M Silicone Olive oail Squalane | Hexane
|

Oil 50wt%
Alcasealan 0.05 wt

75

Models for the liquid paraffin emulsion stabilized with the ne\ﬂ
emulsifier of hexadecanol liquid crystal/Alcasealan particles

[s9seeesssess]

Hexadecanol

—Alcasealan

\ Oily and Sticky Liquid paraffin

J

Slick and Refreshing

On the bases of the
present idea, we have

developed some new
cosmetic products.

PCT/JP2007/62778
(Hakuto Co. & Kanagawa Univ.)
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Preparation of O/W Emulsion with TiO,, Particles dispersed in Oil

Titanium dioxide

TiO,: d = 4.2-4.3 (rutile) Water
o d = 3.7-3.8 (anatase)

%R

/ / Tio,

O - -y
200 400 600 800 1000 1200 ’ Oil (Silicon, Squalene) ‘
Wavelength /nm
UV-Vis spectrum of TiQ, particles 77

Three-phase emulsification technigque enabled to mix both TiO, dispersion and silicone
oil emulsion stabilized by using a single kinds of the compact globule of Alcasealan.

78
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Three-phase emulsification with compact globule of
Polysaccharide (Alcasealan)

PCT/JP2007/63145
(Hakuto Co. & Kanagawa Univ.)

Trial products by HAKUTO Co. Ltd. 79

| A o
A Ordinary W/O emulsion [ Three-phase O/W emulsion }E

Hydrocarbon oil / Silicone / TiO, / surfactant Hydrocarbon oil /TiO,/ Alcasealan

Skin
\
ﬂ Silicone
000 000 »OO0
Skin \

Skin

|
F@m@gam&T

Ordinary Type

1) Ordinary lotion is a W/O type emulsion,
to prevent a wreck of make-up. Therefore,

the used lotion can’t be washed out by the soap

solution.

2) So, the coated cream has to wipe off with

cleansing cream, and then to wash out with

soap. However, cleansing cream is composed

with a lot of amounts of surfactants.

3) Sometime, used person is seized with skin

allergy by cleansing cream.

TPE Type

1) TPE lotion takes a O/W type without used
any surfactants, then the lotion is easily fixed
on skin surface mixed with skin oil.

2) The coated cream can be very simply washed
out by the usual soap solution, because the
lotion is a O/W type.

3) Therefore, TPE lotion could be applied on
the skin surface with allergy, because people
is unnecessary to use the cleansing cream
when taken off coated cream. 80
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NH»

F3C NO,

/ N(CH,CH,CH3),

NO,

Prodiamine

83

- - Py

O/W emulsion
pesticide

Three-phase
emulsion pesticide

Commercial

Three-phase
emulsion pesticide

2/3 VVolume of three-phase
emulsion pesticide

pesticide

1/2 Volume of three-phase
emulsion pesticide

fedi s i
2/3 Volume of
commercial pesticide

L3 =
Commercial
pesticide

1/2 Volume of commercial
pesticide
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" JE Background

Edible emulsions

Safety inspection based on
Food hygiene law
Emulsifier 5 items

Use of
hickener

1. Safety and stability of emulsifier
2. Development of emulsification method

1. Safety
Formation of self-assembly

- Pipe structure

[
I_ h‘ Lipid
| ﬂ'.' bilayer
o <+--Protein
Phospholipids L=
Materials Emulsifiers = Oils  Soybean oil E
i Rape oil
- Rl/\/i\/\/\/\/(‘?i\o7(‘:Hz Rice oil
/\/—\/\/\/\ - -
& ~o—CH 0 CHs Olive oil
H,C—0—FP—0—C—C—N—CHj . - .
; ‘ \ Liquid paraffin
Soybean lecithin  SLP o MM gy, HSXadeEane
o)
Hzé*O*IU’*O*C*Cme
on Mt

SLP 0.5wt%
Oil 80 wt%

Adhesion of nanoparticle
Van der Waals force
Electrostatic force
Steric repulsion for hydrated layer
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Soybean lecithin SLP

SR TN o CHy
H,C—0—P—0—C—C—N—CHj
‘O Ha H; CH3
‘ (0]
HyG—0—b—0—C—C—NH,8
Hz Hp

Sugar ester SE14 OH

(R=CHypy n=14) |  Measurements |

TEM JEM-2000EX/FX (JEOL)

I
R-C-O—CH,

' oW w o ow ESR JES-RE2X (JEOL)
‘i @ IR FT/IR-420
HO (¢} | CH,0H .
b bu oH M XRD RAD-rA (Rigaku)

DLS FPAR (Otsuka Denshi)

89

[Stability of soybean emulsions prepared with SLP-SE14 dispersions

\ P 0.5wt SE14 0.5wt
I 50 wt% Oil 50 wt%

Concentration of

Emulsions prepared with SLP-SE14 (Ws 0.6) after 90 days soybean oil wt%

dispersion

SLP-SE14 mixed liquid crystal may emulsify an edible oil
of 90 wt% in water.

20
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[Stability of soybean emulsions prepared with SLP-SE14 dispersions

Effect of
temperature
Soybean oil
50 wt%
After 30 days

Effect of pH
Soybean oil
50 wt%

After 30 days

Effect of dilution

500

DLS

400 |

w
o
o

Particle size / nm
S
o
. cl T

=
o
o

20 40 60 80
Dilution times

o

Diluted by
80 times
ﬂ

Emulsification of Lecithin Obtained from Natural Materials

SLP 0.5 wt%
Oil 80 wt%

0«0

Emulsion with soft
nanoparticles;
three-phase emulsion

SLP 0.5 wt%
Oil 80 wt%

Adhesion of nanoparticle
Van der Waals force
Electrostatic force
Steric repulsion for hydrated 1&yer
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3855203

3858230

PCT/JP2005/005795

tajima-proj@kanagawa-u.ac.jp

Tel: 045-488-3830
Fax: 045-481-6077
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