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Abstract

Abstract

The development of thermally stable, nanometer-sized precious metal-based
catalysts remains a daunting challenge, especially those prepared by a simple
impregnation method. This thesis focuses on the studies of preparing well-dispersed
supported catalysts from metal acetylacetonate. We reveal the mechanism of the
highly stable Pd/SiO, catalyst and inspiring the rational design of anti-sintering
supported catalysts. The well-dispersed and super stable Rh-CeO,/SiO; for partial
oxidation of methane (POM) were synthesized and characterized in this dissertation.
The main results of this study are summarized as follows:

(1) This study shows that the surface silanol groups on SiO, could serve as the
centers to interact with Pd(acac), molecules, and hydrogen bond occurs between
Pd(acac), and SiO, surface. Multiple layer Pd(acac), species cannot be detected on
SiO, surface when Pd loading was below 8wt%. The Pd(acac),/SiO, sample
decomposes into the metallic Pd nanoparticles when heated to approximately 200 °C,
and the latter turns into PdO because further increase in air temperature. The
monolayer of Pd(acac), species on SiO, surface decomposes into the metallic Pd
nanoparticles with an average size of about 2.8 nm. The resulting Pd nanoparticles
demonstrated superior stability against sintering at high temperature. The mean size of
Pd particles over Pd/SiO, catalyst could maintain at approximately 3 nm, even after
the catalyst was calcined at 800 °C and subsequently reduced by hydrogen at 600 °C.
Either Pd(acac)./SiO, samples with Pd loadings higher than 10 wt%, or the samples
prepared with the silica of low concentration of surface hydroxyl groups, multiple
layers of Pd(acac), are formed on the SiO, surface, and which leads to large Pd
particles on SiO,.

(2) A series of M(acac),/SiO, catalysts were prepared from M(acac), (M = Pt, Ru,
Rh, Ir, n=2, 3) and those were decomposed below 300 °C in air. For the octahedral

shape M(acac)s; (M= Ru, Rh, Ir), the possibility of a proton transfer from the surface
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hydroxyl group to the acac™ ligand assists its substitution, which results in the
elimination of the acetylacetone molecule. Pt(acac), species on SiO, surface
decomposed into the metallic Pt nanoparticles while other M(acac), decomposed into
Metal oxide. The mean particle size of M/SiO, catalysts were less than 5 nm,
especially the Rh/SiO; catalyst particle size was only 1.7 nm when calcined at 300 °C.
With increasing calcination temperature, the average size of the metal particies on
Si0;, is gradually increased correspondingly.

(3) Rh-CeO,/SiO, catalysts were prepared by wetness impregnation of SiO, with
acetylacetone solution containing appropriate concentrations of Rh(acac); and
Ce(acac)s. Experimental results showed that the Rh-CeQO,/SiO; catalysts have good
POM stability even the amount of Rh decreased to 0.025 wt%. Silanol groups on SiO,
surface act as the centers to combine with Rh(acac);and Ce(acac); molecules through
hydrogen bonds, leading to the formation of monolayer of Rh(acac); and Ce(acac);
species on SiO; surface, and the maximum loadings of monolayer coverage SiO,was
~8 wt% Rh and ~10 wt% CeO,, respectively. Contrast with Rh/SiO,, Rh-CeO,/SiO,
exhibits excellent stability and coke resistant ability, of which the average particle size
could maintain about 1.7 nm even after the reaction. It is suggested that CeO,

contributes to the dispersion of the Rh particles together with anti-sintering ability.

Keywords: Acetylacetone salt; Impregnation; Well-dispersed; Sinter- resistant
Pd/SiO,; Rh-CeO,/SiO,; Formation mechanism; Partial oxidation of methane;

Synthesis gas
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