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ABSTRACT

4081003063 : Petrochemical Technology Program
Siriphong Rojluechai: Selective Oxidation of Ethylene over
Supported Ag and Bimetallic Au-Ag Catalysts.
Thesis Advisors: Assoc. Prof. Sumaeth Chavadej and
Prof. Johannes W. Schwank , 131 pp, ISBN 974-9990-13-7
Keywords : Ethylene oxide/ ethylene epoxidation/ silver catalyst/ gold catalyst/
AL O3/ TiOy/ CeO,

Silver-based catalysts are currently the only one catalyst to be used for
production of ethylene oxide since they provide both adequate activity and
selectivity. Under typical production conditions, the selectivity of the epoxidation
reaction is relatively low due to low oxygen surface coverage. In practice, a small
amount of halogenated hydrocarbon is added to the gas stream for inhibiting deep
oxidation. Therefore, it is desirable to develop new catalysts having high selectivity
for epoxidation as well as without adding halogenated hydrocarbon. The objectives-
of this research were to study the effect of gold as promoter on silver catalysts. In
addition, the effect of various supports was explored by using non-porous Degussa C
Al O3, TiO,, and CeO,. Moreover, the effects of preparation methods of catalysts,
which were impregnation, deposition-precipitation and sol gel, were also
investigated. The prepared catalysts were characterized via AAS, SEM, STEM.,
TEM, TPD of O,, XRD and XPS. Finally, the catalyst activity of ethylene
epoxidation was carried out by using a differential flow reactor. The formation of
ethylene oxide was confirmed by DRIFTS. For Ag on Degussa C Al,Os, the catalysts
contained both silver oxide and metallic silver. The average particle sizes of metallic
silver and silver oxide were around 210 A and 300 A, respectively. The optimum
silver loading giving the best yield of ethylene oxide was at 13.18% Ag. It can be
concluded that the large particle sizes on high surface area support can promote the
cthylene epoxidation. Addition of gold to Ag/Al,O; was found to enhance the
ethylene oxide yield. It was observed that 0.54% Au on 13.18% Ag/Al,O;5 gave the

optimum ethylene epoxidation performance with an ethylene oxide selectivity of up



to 90%. The addition of gold did not significantly change the particle size of
catalysts, compared to the monometallic Ag catalyst. However, the effect of gold is
believed to create single silver sites that favor molecular oxygen adsorption, which
react with ethylene to produce ethylene oxide. Due to poor catalytic activities of Ag
on both TiO; and CeO,, Au on both supports was investigated. AwTiO, gave good
selectivity for ethylene epoxidation, but at a lower yield than that with Ag/AL,O;. In
addition, it was foxnd that for the Au particle size in the range of 4 nm, the maximum
ethylene epoxidation was obtained. Au/CeO, was a poor catalyst for this reaction
although the gold particle size was large. It can be concluded that the interaction
between gold and CeO, support does not enhance the adsorbed molecular oxygen
species like the interaction between gold and TiO, support. Among the studied
catalysts in this research, Au-Ag on ALO; was the best catalyst for ethylene

epoxidation.
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