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Over this grant period we have studied extensively zirconia and alumina aerogels

doped with a wide variety of dopants including silica, sulfate, phosphate, tungslate and

combinations thereof. These results have deepened our understanding of the effects of

dopan{s on acidic properties, which is the main goal of the project, and in particular led to

the development of a hierarchy with which the Br@sted acid strength of different

samples can be meaningfully compared. We provide a more detailed description of

several specific systems below.

Zirconia-tun9tate

We prepared zirconia-tungstate by two methods, a one-step sol-gel synthesis and

an incipient wetness impregnation. A comparison of these two samples shows that the

optimum activation temperature in n-butane isomerization depends strongly on the

method of preparation. However, the active sites in this reaction, an octahedrally

coordinated surface tungstate species, are identical regardless of preparative method

provided the samples are properly activated. Our results further elucidate the relationship

between surface acidity and catalytic activity. Maximum catalytic activity occurs with a

larger population of Br@nstedacid sites and the presence of stronger Br@-istedacid sites.

Zirconia-tunntate-sil ica

In a series of zirconia-tungstate-silica aerogels, we found “that silica, both

dispersed in zirconia (well mixed) and segregated on the surface of zirconia (poorly

mixed), retards sintering due to heat treatment. On poorly-mixed zirconia-silica,

tungstate effectively dispersed onto the surface regardless of the existence of silica-rich

patches. But tungstate species on these patches are not active for n-butane isomerization.

On well-mixed zirconia-silica, the presence of siloxane species in the support further

reduces catalytic activity by extending the influence of silica in zirconia-tungstate. The

lower catalytic activities of these materials correlate with the presence of weaker
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Br@nsted acid sites than those of zirconia-tungstate. Thus, silica as a dopant is effective

in stabilizing the surface area of zirconia-tungstate but not in enhancing its n-butane

isomerization activity.

Zirconia-tunszstate-sulfate

We explored the effect of doubly-doping zirconia with sulfate and tungstate and

investigated any synergy between the dopants. To this end we prepared zirconia-

tungstate-sulfate aerogels that are active in isomerizing n-butane after activation in 773-
1123 K. Because sulfate and tungstate are catalytically active over non-overlapping’

ranges of activation temperature, two distinct regimes of catalytic activity are observed.

Between 773 and 898 K, sulfate is the active species. The presence of tungstate on the

surface simply lowers the specific catalytic activity. Between 1023 and 1173 K,

tungstate is the active species while sulfate is not present on the surface due to thermal

decomposition. These results demonstrate the importance of activation temperature as a

key variable in understanding catalytic behavior.

Alumina-silica

We prepared pure alumina and silica-doped alumina (9:1 Al:Si atom ratio)

aerogels by supercritical drying of monolithic alcogels formed by slow, sub-

stoichiometric hyrolysis of solutions of alkoxide precursors in sec-butanol. The silica

dopant retards sintering of the aerogel, thereby enhancing its surface area and delaying

crystallization of alumina. Silica does not, however, affect the surface chemical

properties of the x-ray amorphous alumina. Stabilization of structure and texture without

alteration of surface-chemical properties is a result of high dispersion of the silica dopant

throughout the aerogel’s bulk.
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