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In this article, the application of thermal analysis in the development of skin care cosmetics was explained based on
three cases. The a-gel formed by fatty alcohols and surfactants is deeply involved in the physico-chemical properties and
usability of cosmetic creams. The formation and physical properties of a-gel were verified by thermal analysis. By reducing
the emulsion particle size in this cream formulation, the cream was transferred to a low viscosity water-like formulation. In
order to keep this formulation stable, it was necessary to reduce the particle size of the emulsion until all the a-gel could be
adsorbed from the aqueous phase to the emulsion interface. To prove this condition, quantitative analysis of the transition of
a-gel to the interface by thermal analysis was useful. The extra-large size emulsion was stabilized by precipitation of fatty
alcohol crystals around the emulsion particles. This structure was derived by finding the difference between the surface and
internal state of the particles by thermal analysis. Thermal analysis clarified the physical properties and phenomena of the
formulation and provided scientific support to establish it as a formulation technology in the development of a novel

formulation.
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Fig.1 Schematic diagram of a-gel structure.
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Fig.2 DSC heating curves of sodium stearoyl glutamate
(C18Glu)/behenyl alcohol(C220H)/water systems.!?

(a): C1sGlu 2.5 wt% aqueous solution, (b): molar ratio of C220H
to CisGlu of 0.2, (c): ratio is 0.5, (d): ratio of 2, (e): ratio is 3,
(f): ratio is 5, (g): C220H 2.5 wt% aqueous dispersion. Heating
rate was 2 °C min™".
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Fig.3 DSC heating curves of commercial cream containing
a-gel at different heating rates.
(a): 2 °C min™" (b): 0.5 °C min™".
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Droplet size 1~10 um 120 nm 30 nm
Viscosity 1020 18 10
(mPa-s)
Appearance Cream Low viscous Low viscous

fluid fluid
Preparation Mixer High pressure High
method homogenizer pressure

homogenizer

Stearyltrimethylammonium 0.8
chloride

Stearyl alcohol 1.7 Emulsification
1,3-butanediol 10 (70-80 °C)
Water balance

Dimethyl silicon 5

Fig.4 Preparation of a-gel emulsion with various particle size
and their physico-chemical properties.
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Fig.5 Relationship between the viscosity of the emulsion and
the emulsion droplet size following one month in storage.!”
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Fig.6 Relationship between the phase transition behavior and
17)

the emulsion droplet size.
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Fig.8 DSC heating curves of the new formulation before and
after its application. !? (a) new formulation prior to the
application, (b) new formulation during the application, (c) new
formulation after the application, (d) oil-free system prior to the
application and (e) oil-free system after the application.
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Fig.7 Changes in the structure of the emulsion with decreased
emulsion droplet size.'” (a), (b) and (c) correspond to samples
(a), (b) and (c) in Fig. 2, respectively.
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Fig.9 Relationship between the size of the particles and the
composition of solid oil: '

(a) 2.0 w/w% batyl alcohol; (b) 1.0 w/w% batyl alcohol and 1.0
w/w% behenyl alcohol; (c) 0.5 w/w% batyl alcohol and 1.5
w/w% behenyl alcohol, and (d) 2.0 w/w% behenyl alcohol.
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Fig.10 Thermal properties of the oil particles: '
(a) the particle made with behenyl alcohol and squalane, and (b)
the particle made with ceresin and squalane.
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Fig.11 Effects of the solidification conditions during the cooling
process on the thermal properties of the oil plates made with
behenyl alcohol and squalane: ')

(a) the surface region closed to the oil/air interface; (b) the
middle region, and (c) the surface region closed to the oil/water
interface.
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(a) Surface of a particle (b) Cross section of a particle

Fig.12 Scanning electron micrographs of the particle made with
behenyl alcohol: 19
(a) the surface of particle and (b) the cross section of particle.
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Fig.13 Effect of fluid oil type on the thermal properties of
particles.
(a):pentaerythrityl tetracthylhexanoate and squalene(1:1), (b) :
pentaerythrityl tetracthylhexanoate and dimethyl-

polysiloxane(1:1), (c): squalene and (d): dimethyl-polysiloxane.
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