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Abstract: In this study, water-in-oil (W/O) nanoemulsions of water/Span 80-Nikkol BL 25/0il system were prepared by
the PIC method at elevated temperature. This method allows the formation of finely dispersed W/O nanoemulsions with
low viscosity in this system. However, macroemulsions rather than nanoemulsions were prepared by PIC method at room
temperature. As a result of the significant change of interfacial tension with temperature, the emulsion droplet size de-
creases from 2 um to 100 nm with the increase in temperature from 30 ‘C to 80 C. The droplet size of nanoemulsions
prepared at 80 C was in the range of 50 ~ 200 nm and the internal phase content could reach as high as 15 wt%.
The most stable nanoemulsion was formed in the vicinity of 7.0 of optimum HLB of the emulsifier mixture. The ob-
tained nanoemulsions were stable without obvious change in droplet size in one month. This study provides valuable
information for optimizing the formation of W/O nanoemulsions with low viscosity. These results suggest that W/O
nanoemulsions of low viscosity could be useful for cosmetics with soft feeling.
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Table 1. List of Used Reagents

Chemical name Trade name Company
Polyoxyethylene (25) lauryl ether Nikkol BL 25 Nikko (Japan)
Sorbitan monooleate Span 80 Croda (UK)
EDTA-2Na EDTA-2Na Akzo (Netherlands)
Liquid paraffin Lily 70 Kukdong (Korea)
Polysorbate 80 Tween 80 Dongnamyuhwa (Korea)
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Figure 1. Photograph of nanoemulsions of Span 80/Nikkol BL
25/liquid paraffin/water system using PIC emulsification process
varying the emulsification temperature, (a): 30 C, (b): 60 C,
(c): 80 TC.
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Figure 2. Influence of increasing oil phase concentration on
the appearance, shear viscosity and electrical conductivity of
emulsions at a fixed surfactant-to-oil ratio of 4/13.
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Figure 3. Photograph of emulsions of Span 80/Nikkol BL
25/liquid paraffin/water system using PIC emulsification process
varying the HLB, (a): 4.3, (b): 5.7, (c): 7.0, (d) 8.7.
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Figure 4. Droplet diameter of emulsions of Span 80/Nikkol BL
25/liquid paraffin/water system using PIC emulsification process
varying the HLB of mixed emulsifiers, (a): 7.0, (b): 8.7.
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Figure 5. Compositions of samples for internal phase ratio of
emulsions.

Figure 6. Photograph of emulsions of Span 80/Nikkol BL
25/liquid paraffin/water system using PIC emulsification process
varying the ratio of water/oil, (a): 17/63, (b): 15/65, (c): 10/70,
(d): 5/75.
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Figure 7. Photograph of emulsions of Span 80/Nikkol BL
25/liquid paraffin/water system using PIC emulsification process
varying the SOR, (a): 20/65, (b): 15/70, (c): 10/75, (d): 7.5/77.5,
(e): 5/80.
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Figure 8. Photograph of emulsions of Span 80/hydrophilic
emulsifier/liquid paraffin/water system using PIC emulsification
process varying the hydrophilic emulsifier, (a): Nikkol BL 25,
(b): Tween &0.

Figure 9. Photograph of emulsions of Span 80/Nikkol BL
25/oil/water system using PIC emulsification process varying
the oils, (a): liquid paraffin, (b): squalane.
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Figure 10. Droplet diameter of nanoemulsions of Span
80/Nikkol BL 25/liquid paraffin/water system using PIC

emulsification process against time varying the temperature of
emulsification, 4: 30 C , l: 60 C, @: 80 TC.
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Figure 11. Nanoemulsion feasible region of Span 80/Nikkol
BL 25/liquid paraffin/water system using PIC emulsification
process.
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