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Abstract: In this study, an organic-inorganic hybrid material was produced, which was capable of absorbing heat gen-
erated from the interaction between UV filters (UVF) and sunlight in the form of latent heat to provide thermal inertia
to the area where the sunscreen was applied. Specifically, eicosane (C,Hy,), a phase change material (PCM) that can
absorb and release latent heat upon its solid-liquid phase transition near body temperature (36-38 C) was finely partic-
ulated and added into sunscreen formulations; here, no external surfactants were used for stabilization of particulated
PCM, but UVF nanoparticles were employed to produce PCM-UVF hybrids with core-shell or Pickering structure via
their self-assembly to fluid-fluid interfaces. A series of in vitro tests were implemented to confirm that the produced
hybrids could significantly delay temperature increases of the sunscreen-applied surfaces under solar irradiation while
possessing reasonable sun protection factors (SPFs).
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Figure 1. (a) Photographs of sample preparation; (b) Experimental
setup for observing temperature variations of the samples under
solar irradiation; (c) A representative sample image observed by IR
camera. Sp stands for a sampling point; (d) Temperature of the base
cream sample under simulated solar irradiation (1 SUN). The dark
region indicates the initial temperature stabilization period, at the
end of which (0 min) the solar simulator was turned on. The red

dashed line indicates the average temperature when the solar irra-
diation began.
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Figure 2. (a) Schematic of producing a PCM-UVF hybrid via Pick-
ering emulsification. SEM images of PCM-UVF hybrids obtained at
different magnifications; (b)x290 (scale bar: 100 um); (c) %3200
(scale bar: 10 pm). (d) EDS mapping and (e) spectrum for an arbitrary
spot on the surface of an isolated PCM-UVF particle (scale bars:
2 pum).
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Figure 3. DSC heating and cooling curves for PCM-UVF hybrids.
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Figure 4. Temperature (T) of the sunscreen samples containing only
UVE, with UVF contents of (a) 10%; (b) 20%; (c) 30%, and those
containing PCM-UVF hybrid, with hybrid contents of (d) 10%; (e)
20%; (f) 30%, under simulated solar irradiation (1 SUN).
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Table 1. Temperature Variations (AT) of the Sunscreen Samples
with Various Formulations After Irradiating Simulated Sunlight
for 20 min

Samples Solar Intensity ~ AT@20 min
Base Cream 1 SUN 021 £0.25
UVF 10% 1 SUN 0.48 + 0.17
UVF 20% 1 SUN 0.80 + 0.14
UVF 30% 1 SUN 0.85 + 0.25
UVF 30% 2 SUN 1.90 + 0.59
PCM-UVF 10% 1 SUN 0.18 + 0.28
PCM-UVF 20% 1 SUN 0.31 £ 0.35
PCM-UVF 30% 1 SUN -0.14 £ 0.28
PCM-UVF 30% 2 SUN 0.25 £ 0.09
PCM-UVF 30% + UVF 12% 1 SUN 025 +0.21
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Figure 6. Temperature (T) of the sunscreen samples containing: (a)
only UVF (30%); (b) PCM-UVF hybrid (30%) under 2 SUN irra-
diation.
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Figure 7. Comparison of the temperature variations (AT) of the sun-
screen samples under 1 SUN (dashed lines) and 2 SUN (solid lines)
irradiation: (a) only UVF (30%); (b) PCM-UVF hybrid (30%).
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Figure 5. Temperature variations (AT) of the sunscreen samples containing only UVF (black) and PCM-UVF hybrid (blue) with various con-
tents: (a) 10%; (b) 20%; (c) 30%, under simulated solar irradiation (1 SUN).

Zav, A|489 A3, 20243



AT (%)

o 5 10 15 20
Irradiation Time (min)
Figure 8. Comparison of the temperature variations (AT) of the sun-
screen samples containing only UVF (30%, black) and PCM-UVF
hybrid (30%, blue) under 2 SUN irradiation.
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Figure 9. Absorbance of the base cream, sunscreen sample with
PCM-UVF hybrid (30%), and that with PCM-UVF hybrid (30%) plus
extra UVF (12%) in the UV region.
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Table 2. Inferred SPF Values of the Base Cream, Sample with
PCM-UVF Hybrid (30%), and that with PCM-UVF Hybrid (30%)
and Extra UVF (12%)

Samples SPF
Base cream 1.16 £ 0.02
PCM-UVF 30% 10.27+£0.71
PCM-UVF 30% + UVF 12% 18.69 +3.41
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Figure 10. (a) Temperature (T) of the sunscreen sample with PCM-

UVF hybrid (30%) and extra UVF (12%) under 1 SUN irradiation.

(b) Comparison of the temperature variations (AT) of the sunscreen

samples with only UVF (30%, black), PCM-UVF hybrid (30%, blue),

and PCM-UVF hybrid (30%) plus extra UVF (12%) (green).
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