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Abstract

The present study focuses on two topics: 1) synthesis of methanol from CO,
hydrogenation using CuO-ZnO nanocatalysts 2) investigation of effect of bimodal porous
silica on particle sizes and reducibility of cobalt oxide.

In the first topic, CuO—ZnO nanocomposites were prepared by chitosan-assisted co-
precipitation method and performed as catalyst for CO, hydrogenation to methanol. Effects
of chitosan concentration on the physicochemical properties of the nanocomposites as well
as the catalytic activity have been investigated. The obtained catalysts were characterized
by means of thermal gravimetric-temperature difference analysis, scanning electron
microscopy, X-ray diffraction, N, adsorption—desorption, N,O chemisorption and
temperature-programmed reduction. Chitosan was found to act not only as a coordination
compound to produce a homogeneous combination of CuO-ZnO nanocomposite, but also
as a soft template for the formation of hollow nanospheres. The CuO and ZnO crystallite
sizes of the hollow nanospheres were found to be 11.5 and 18.8 nm, respectively, which
were smaller than those of other catalysts. The increase of chitosan concentration caused
a change in catalyst morphology and a reduction in BET surface area as well as metallic
copper surface area, but still higher than those of the unmodified catalyst. The catalysts
prepared by using chitosan as precipitating agent exhibited a higher space time yield of
methanol than the unmodified catalyst, which was attributed to a synergetic effect of the
CuO nanoparticle incorporated in the CuO-ZnO nanocatalyst. However, when the reaction
temperature was increased up to 533 K, a decline in the space time yield of methanol was
observed for the catalysts prepared at high chitosan concentration.

In the second topic, the effect of bimodal porous silica (BPS) on particle size and
reducibility of cobalt oxide has been investigated. Unimodal porous silica (UPS) was used
for comparison purposes. Both silica supports were impregnated with an aqueous solution
of cobalt nitrate to obtain cobalt loadings of about 10 wt%. Specific surface area,
morphology and cobalt oxide crystallite size of the cobalt oxide loaded on porous silicas
were systematically characterized by means of N, sorption, X-ray diffraction, scanning
electron microscopy and transmission electron microscopy. The reduction behavior profiles
and the activation energy for the reducibility of the cobalt oxide were studied by dynamic
thermal gravimetric under flow of H,. The average particle size of cobalt oxide loaded on the
BPS sample was revealed to be slightly larger than that loaded on the UPS sample, likely
because cobalt oxide particles were distributed both on mesopores and macropores. The
reduction temperatures of the cobalt oxide loaded on the BPS sample were found to be

evidentially lower than those of the cobalt oxide loaded on the UPS sample.
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