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Developments of Metal Oxide-Supported Mesoporous Silica
and Applications to UV Protection Agents
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Novel titanium-oxide supported mesoporous silica has been developed as an inorganic ultraviolet protection agent.

To improve the UV protection ability in UVA region (400-315 nm), cerium or iron oxide precursor was introduced to

the material following the stabilization of the titanium oxide precursor to the mesoporous silica before calcination.

The properties and UV-Vis spectra indicate that introducing cerium or iron oxide improved UVA protection ability

without clogging mesopores nor crystallization of oxides.
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Fig. 1  Spherical mesoporous silica SPS1

Table 1  Properties of mesoporous silica samples

AYerag? . Pore Pore SBET
particle size ~ diameter  volume (]
[ yim] [nm]*  [cm’g] £
SPS1 3.6 12.1 1.6 570
SPS2 3.7 13.9 1.6 520
*BJH desorption peak
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Table 2  Syntheses of metal oxide-supported mesoporous silica

entry name substrate Ti11013(0Pr)1s Fe/Ce precursor toluene ethanol yield
(amount[g]) [mmol] (amount[mmol]) [mL] [mL] [g]

Ce/Ti/SPS2 SPS2 (1.08) 0.660 Ce(NOs)s - 6H20(1.49) 120 30 1.47
Ce/Ti/SPS1 SPS1 (1.02) 0.613 Ce(NOs)s - 6H20(1.24) 120 30 1.33
Fe/Ti/SPS1 SPS1 (5.01) 3.04 Fe(NOs3)2 + 9H20(1.00) 150 15 0.78
Ti/SPS1 SPS1 (5.06) 3.06 — 400 — 6.36
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Table3 Atomic ratio estimated by ICP measurement

entry name M/Si

(M=CeorFe) /S
Ce/Ti/SPS2 0.09 0.23
Ce/Ti/SPS1 0.09 0.22
Fe/Ti/SPS1 0.11 0.20
Ti/SPS1 — 0.28
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Fig.2 N2 adsorption-desorption isotherms
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Table 4 Properties of metal oxide-supported
mesoporous silica

.Pore Pore SBET

diameter ~ volume (g ]
[nm]* [emPg ] g
Ce/Ti/SPS2 135 1.00 330
Ce/Ti/SPS1 11.2 0.91 341
Fe/Ti/SPS1 11.6 0.91 362
Ti/SPS1 11.5 1.12 388

*BJH desorption peak
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Fig.3 Wide-angle XRD patterns of metal oxide-supported
mesoporous silica
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Fig. 4 Photocatalytic purification test with toluene
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Fig.5 STEM-EELS images of Ti/SPS1
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Fig. 6 Diffuse reflactance UV-Vis spectra
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Fig. 8 Diffuse transmission UV-Vis spectra
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