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Abstract: Applications of nano-emulsion for cosmetics as a means of promoting dermal absorption have been the subject
of interest. In this study, the stability of nano-emulsions prepared by low-energy emulsification method and varying the
composition of raw materials was investigated. By measuring the particle size of the nano-emulsion against time, the
stability of nano-emulsions prepared by adding polyol to water phase was increased significantly compared with the
nano-emulsions prepared by adding polyol to ethanol phase. The speed of adding ethanol phase to water phase did not
have a significant impact on the particle size and stability. Depending on the type of oil, stability was not affected.
However, there would be a correlation between the initial size of the nano-emulsion droplets and the molecular weight
and polarity of the oil. Stability and the initial particle size according to the type of polyols showed a similar trend
except 1,2 hexanediol. The initial droplet size was affected by the concentration of surfactant and oil. However, the
initial droplet size did not change against time. Concentration of ethanol was observed to have a significant impact on
the initial particle size and stability.
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Table 1. Materials for Experiments
Chemical name Trade name Company

POE-16 octyldodecyl ether Emalex OD 16 Nihon Emulsion (Japan)

POE-40 hydrogenated castor oil Nikkol HCO 40 Nikko Chem. (Japan)

Methyl phenyl polysiloxane Silicone 556 Dow Corning (USA)

Octyl dodecanol Eutanol G Cognis (Germany)

Squalane

Methyl polysiloxane 6cs
Olive oil

1,3 Butylene glycol
Glycerin

Dipropylene glycol DPG
1,2 Hexanediol
Propylene glycol PG
EDTA-2Na

Ethyl alcohol

Olive oil

Glycerin

EDTA-2Na
Ethyl alcohol

Pripure 3759
Silicone 200 6¢s

1,3-Butylene glycol

1,2 Hexanediol

Croda (UK)

Dow Corning (USA)
Harts Corp (USA)
Daicel (Japan)

LG H&H (Korea)
Dow (USA)
Sigma-Aldrich (USA)
Dow (USA)

AKZO (Netherlands)
Sigma-Aldrich (USA)
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Table 2. Composition of Samples

Materials Al A2 A3 A4 AS A6 A7 A8 A9
POE 40 hydrogenated cater oil 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
POE-16 octyldodecyl ether 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Methy phenyl polysiloxane 0.1 - - - - 0.1 0.1 0.1 0.1
Octyl dodecanol - 0.1 - - - - - - -
Olive oil - - 0.1 - - - - - -
Squalane - - - 0.1 - - - - -
Methyl polysiloxane 6c¢s - - - - 0.1 - - - -
Ethyl alcohol 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
1,3 Butylene glycol 5.0 5.0 5.0 5.0 5.0 - - - -
1,2 Hexanediol - - - - - 5.0 - - -
Propylene glycol - - - - - - 5.0 - -
Dipropylene glycol - - - - - - - 5.0 -
Glycerin - - - - - - - - 5.0
Distilled water 89.25 89.25 89.25 89.25 89.25 89.25 89.25 89.25 89.25
EDTA-2Na 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Materials Al0 All Al2 Al3 Al4 AlS Al6 Al7 Al8
POE 40 hydrogenated cater oil 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
POE-16 octyldodecyl ether 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Methy phenyl polysiloxane 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.2
Ethyl alcohol 2.5 5.0 7.5 10.0 15.0 20.0 25.0 30.0 5.0
1,3 Butylene glycol 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Distilled water 91.6 89.1 86.6 84.1 79.1 74.1 69.1 64.1 89.15
EDTA-2Na 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Materials Al9 A20 A21 A22 A23 A24 A25
POE 40 hydrogenated cater oil 0.3 0.3 0.3 0.3 0.3 0.6 0.3
POE-16 octyldodecyl ether 0.3 0.3 0.3 0.3 0.3 0.6 0.3
Methy phenyl polysiloxane 0.25 0.35 0.4 0.5 0.3 0.3 0.25
Ethyl alcohol 5.0 5.0 5.0 5.0 5.0 5.0 2.5
1,3 Butylene glycol 5.0 5.0 5.0 5.0 5.0 5.0 5
Distilled water 89.1 89.0 88.95 88.85 88.15 87.55 64.1
EDTA-2Na 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Materials A26 A27 A28 A29 A30 A31 A32 A33 A34
A25 72.5 72.5 72.5 72.5 72.5 72.5 72.5 72.5 72.5
Ethyl alcohol 0 2.5 5.0 7.5 10.0 12.5 17.5 22.5 27.5
Distilled water 275 25.0 22.5 20.0 17.5 15.0 10.0 5.0 0
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Figure 1. Nano-emulsion droplet sizes obtained in system
of Al and A2 as a function of adding position of 1,3 bu-
tylene glycol. A: octyl dodecanol, 1,3 butylene glycol to
ethyl alcohol phase, 4: methy phenyl polysiloxane, 1,3 bu-
tylene glycol to ethyl alcohol phase, [1: octyl dodecanol,
1,3 butylene glycol to water phase, x: methy phenyl poly-

siloxane, 1,3 butylene glycol to water phase.
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Figure 2. Nano-emulsion droplet sizes obtained in system
of Al as a function rate of adding ethyl alcohol phase. @:
1 mL/minute, X: 4 mL/minute.
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Figure 3. Nano-emulsion droplet sizes obtained in system
of Al ~ 5 as a function of oils. ll: methyl polysiloxane
6¢cs, @: squalane, [: olive oil, x: methy phenyl polysil-
oxane, : octyl dodecanol.
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Figure 4. Nano-emulsion droplet sizes obtained in system
of Al and A6 ~ 9 as a function of polyols. l: 1,2 hexa-
nediol, A: propylene glycol, x: glycerine, O: dipropylene
glycol, @: 1,3 butylene glycol.
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Figure 5. Nano-emulsion droplet radius cube obtained in
system of A6 against time. l: 1,2 hexanediol
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Figure 6. Initial droplet diameter against concentration of
methyl phenyl polysiloxane in system of Al and A18 ~ 22.
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Figure 7. Nano-emulsion droplet sizes obtained in system
of Al and Al8 ~ 22 as a function of concentration of
methyl phenyl polysiloxane. [J: 0.5%, A: 0.4%, @: 0.35%,
O: 025%, Ot 0.2%, @: 0.1%.
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Figure 8. Nano-emulsion droplet sizes obtained in system
of A23 ~ 24 as a function of concentration of POE-40
hydroenated cater oil, POE-16 octyldodecyl ether and methyl
phenyl polysiloxane. Hl: 0.3, 0.3 and 0.3%, [I: 0.6, 0.6
and 0.3%, respectively.
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Figure 9. Nano-emulsion droplet sizes obtained in system of
Al10 ~ 17 as a function of concentration of ethyl alcohol.
A:30%, O 25%, [ 20%, @: 15%, x: 10%, B: 7.5%,
: Or 5%, A 2.5%.

G2 Q7817 913 Figure 87 ol AMTIA o)
FEE Z7MA LS ARNBAAY 57t
Z7¥hd 27] YA 2717} gaskleh. et AW
AL Fwol met A 719 Weke B

37, OIEHS BRO| M2 Li-Of2F0| OHE
09 AAZ ASHE ool FFol we

27 97 A719} ARE Aol wE P 2AE)
ske] olBe BEE WMol 7] YA A7 7
sholl WE Y= Baxo) Wals S5t Figure 99}



z/dWsle] met Al viceld Al A

Droplet diameter/nm

o 5 10 15 20 25 30 35
Concentration of ethanol/wt%
Figure 10. Initial droplet diameter against concentration of
ethyl alcohol in system of A26 ~ A34.
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Figure 11. Nano-emulsion droplet sizes obtained in system
of A26 ~ 30 as a function of concentration of ethyl alcohol.
x: 12.5%, O: 10.0%, A: 7.5%, H: 5.0%, €: 2.5%.
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Figure 12. Nano-emulsion droplet sizes obtained in system
of A31 ~ 34 as a function of concentration of ethyl alcohol.
O: 30.0%, A: 25.0%, H: 20.0%, €: 15.0%.
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