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Preparation of Carbon-Supported Pt Catalysts Covered with Silica Layers

and Application to Dehydrogenation Catalysts of Organic Hydride

by

Keizo Nakagawa, Yusuke Tanimoto, Ken-Ichiro Sotowa, Shigeru Sugiyama

Carbon-supported Pt metal nanoparticles covered with silica layer including phenyl or methyl

groups were prepared using successive hydrolysis of 3-aminopropyl-triethoxysilane (APTES) and
phenyltriethoxysilane (PhTES) or methyltriethoxysilane (MTES). The Pt catalyst covered with silica
layers containing functional groups showed higher activity in the cyclohexane dehydrogenation,

compared with Pt catalysts covered with a silica layer containing no functional groups, because the

microporous structure of silica layers which wrapped Pt metal particles increased the diffusion

capability of cyclohexane. The Pt/CB nanoparticles covered with microporous silica layers showed

the high sintering resistance of Pt metal particles to thermal treatment at 973 K in a H, atmosphere as

compared with Pt/CB. As a result, this catalyst showed higher catalytic activity for cyclohexane

dehydrogenation than Pt/CB after thermal treatment.
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Table 1 Contents of SiO,, Pt and C in Pt/CB and
silica-coated =~ Pt  catalysts using  different
organosilanes.

Sample Si0y/wt% Pt/wt% C/wt%
Pt/CB - 1.3 98.7
SiO,(TEOS)/Pt/CB 55.1 1.8 43.1
SiO,(PhTES)/Pt/CB 314 1.9 66.7
SiO,(MTES)/Pt/CB 41.1 0.8 54.2

Fig.1 TEM images of (a) Pt/CB, (b)
SiO,(TEOS)/Pt/CB, (c) SiO,(PhTES)/Pt/CB, (d)
SiO,(MTES)/Pt/CB.
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Fig. 2 FT-IR spectra of (a) SiO,(PhTES)/Pt/CB, (b)
SiO,(MTES)/Pt/CB.
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Fig. 3 Fourier transforms of Pt Ly-edge k3-weighted
EXAFS for (a) Pt foil, (b) SiO,(TEOS)/Pt/CB, (c)
SiO(PhTES)/Pt/CB, (d) SiOy(MTES)/Pt/CB. The
intensity of the peak for Pt foil was halved.
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Figure 3

Table 2 Structural parameters estimated by the
curve-fitting analysis for the Pt Lyj-edge EXAFS
spectra of each catalyst.

Sample R/ A? CN’
SiO,(TEOS)/PYCB 273 7.9
Si0,(PhTES)/Pt/CB 271 74
SiO,(MTES)/Pt/CB 2.70 7.7

%R, interatomic distance of Pt-Pt; °C.N., coordination
number of Pt-Pt.
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Fig.4 N, adsorption measurements of silica-coated Pt
catalysts using different organosilanes.
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Fig.5 Time courses of conversion of cyclohexane
with various SiO,/Pt/CB catalysts after heat
treatment at 623K for 3 h.
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Fig.é TEM images and particle size distributions of
catalysts with thermal treatment at 973 K. (a) Pt/CB
(b) SiO(MTES)/Pt/CB.
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