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Catalytic Conversion of Butenes over Acid-Strength- and
Amount-Controlled Silica-Supported 12-Tungustosilicic Acid
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In petroleum refinery and chemical industry, a large number of acid-catalyzed
reactions are still carried out using conventional liquid acids, which are typically
associated with a series of serious problems, such as high toxicity, corrosion, large cost
of catalyst disposal, difficulty to separate from products and hardship of recovery, and
thus brought out a large impact on environmental burden by producing catalyst waste
and waste fluid. In contrast, use of solid acid catalysts has many advantages and can
contribute to save energy and environmental protection. Being a different phase to
reactants, solid acid catalysts are easily separated from heterogeneous system by
filtration and could be reused. In addition, they can avoid corrosion, provide a safe
operation and generate less waste. Therefore, replacement of liquid acids with solid
acids is strictly necessary for building a sustainable society. In order to achieve the
replacement, developing in high efficient solid acid catalysts is indispensable through
the precise control of the acid strength and acid amount to meet the target reactions.

Catalysis by heteropolyacids and related compounds is a field of increasing
importance worldwide because heteropolyacid including H4SiW 1,04 is a molecular
metal oxide cluster and its supported forms such as HySiW,,04¢/SiO; are promising
solid acid catalysts. Since acidic properties of the supported heteropolyacids change
depending on the loading levels of the heteropolyacids and alkaline metal-modification,
the quantitative understanding and consequent control of them must result in the high
efficient solid acid catalysts. However, the changes in the acidic properties of the
outermost surface have still been unclear. Until now systematic studies on acidic
properties are few due to lack of suitable methods for assessing the acidic properties of
supported heteropolyacids. '

Based on the backgrounds, two objectives were established in the present thesis:
(1) assessing the changes in the acidic properties of HySiW,04¢/SiO; on the loading
level and alkaline metal-modification by using mainly temperature-programmed
desorption of benzonitrile and (2) elucidating the relationship between acidic properties
and catalytic performance of HsSiW1,040/Si0O; in two typical but industrially important
reactions: skeletal isomerization of n-butene to isobutene and preferential
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- oligomerization of isobutene in 1-butene and isobutene mixture.

The author found that the acidic properties of outermost surface for supported
heteropolyacids greatly changed with the loading lever and alkaline metal-modification.
Strong Brensted acid sites were formed on HsSiW13040/Si0, with high loadings, while

only medium strong acid sites exist on the low loading catalysts. Acid amount
increased to a maximum and then decreased with the increase in loading level of
H4SiW ;04 on SiO;. The acid amount maximum appears at 60 wt% loading for
strong acid sites and at 40 wt% loading for medium strong acid sites. The
modification of alkaline metals including Na attenuated the acidic properties of
H,SiW1,040/Si0; and selectively poisoned the strong acid sites.

For the skeletal isomerization of n-butene to isobutene in the presence of water
vapor, 40 wt% H4SiW204¢/Si0; showed the highest activity due to the large amount of
acid sites located on the outermost surface. Another phenomenon was not observed
for the solid acid catalysts other than supported heteropolyacids that the presence of
water vapor in the reaction mixture minimizes the decrease in the activity with time on
stream while maintaining high selectivity of over 80% toward isobutene. Activity and
stability were greatly improved by the addition of water vapor because acid sites were
avoided from poisoning by coke. Therefore, the stable conversion in the presence of
water vapor was twice higher than that in the absence of water vapor.

Preferential oligomerization of isobutene in 1-butene and isobutene mixture with a
1molar ratio of 1 to 1 was studied over H4SiW,,040/S10, and alkaline metal-modified
H4SiW,040/Si0, to search for an efficient catalyst that can selectively convert
isobutene from the mixture. The reason is not only because the separation between
isobutene and n-butene in industries is still hard and low efficiency, which made an
effective catalyst with high selectivity, activity and long lifetime to be searched as soon
as possible, but also because the oligomerization products from isobutene are important
materials for chemical industry. It was found that selectivity increased with the
decrease in loading amount of HsSiW 1,04 due to the absence of strong acid sites. In
addition, the modification of alkaline metal for HsSiW,04(/Si0; further improved the
selectivity. On the outermost surface, strong acid sites were eliminated while the
amount of medium strong acid sites decreased a little. Therefore, the maximum
selectivity being 98% was attained over 15 wt% NasHSiW,040/Si0,.

Based on these findings, the author concluded that precise control of acidic
properties of HySiW1,040/Si0; by loading adjustment and alkaline metal-modification
leads to high catalytic performance in butenes conversions. The author believes
strongly that this can contribute to the environmental protections.
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LH-HREBARPKEN, INSDOET O & BEEREME T O ANEGRTE
N3, BEAHZKIBIEBRTE S, ZOERBEICE., EHEE BB OBRERIIR
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