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Discussion
The focus of our research was to develop an alternative to the > HEHI SRS B
conventional solution-based Wellington process for producing

> O fEREh

short-chain normal alcohols. To accomplish our objective we

®
investigated the use of heterogeneous catalysts, which avoids the > @22
problem of using solvents and allows us to enter a new reaction
regime that can open the way to higher yields. Our investigation — > QO fHHsME

centered on alumina and Y-zeolite supported catalysts due to a

e i
number of factors that indicate that these are the most suitable for @ > @ 1 112 2 BRSO /N
the demands of the reaction process. Among these factors, the > © 5k

> © BUdtR e R A B B

most important one is...

Alumina Supports \ @ «®

The first stage of our investigation evaluated the use of alumina > @ AWTHETERIR

supports with our standard metal catalyst system. We used . e 5
a variety of alumina supports with different surface areas (see g g AR R
Table 1). The main trend we observed was that with increasing

surface area of the alumina support there was an increase in the - > OSBHEYZ

yield of the reaction. The surface area of the highest surface area

support that we used, however, was near the limit for conventional | ®

aluminas that can be used in our reaction. From this result, we '

concluded that simple alumina supports would not allow us to

obtain the desired yields. We thus shifted our attention to the

use of Y-zeolites because of their high surface areas and ease of

modification.



Y-Zeolite Supports v e

Y-zeolites were next investigated as the supports for our new
catalyst system. We began by first measuring the effects of three
representative modifiers of zeolite activity (sodium, magnesium,
and boron). These modifiers were chosen because a recent
study by Jones indicates that they span the appropriate range of
electronic effects that we envisioned would control the catalytic
reaction. Our results indicate that the boron-modified catalyst
provides the highest yield for the test reaction (see Table 2).
Importantly, the yield was equal to that obtained by conventional
Wellington processes, which indicates that further modification
of the catalyst should produce catalysts that can be used in a
replacement process.

Because the boron-modified Y-zeolite catalyst provided the
highest yield, the mechanism for the reaction is of the SP-DF type
that has been well described by Duncan. In such a reaction ...
We next moved from our standard test catalyst and investigated
the effect of the catalytically active metal.

Catalytically Active Metals - =

In the third and final stage of our investigation we evaluated
the effects of the catalytically active metal in an effort to further
enhance the yield of the reaction. In this stage of our investigation
we evaluated such metals as...

During the course of our investigation, we found that the iron, —

ruthenium, and osmium group of metals provided the highest yield
for the reaction (see Table 3). For each of the metals, we found
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that the yield increased with increasing metal loading. Of the three
metals tested, the ruthenium catalyst provided the best yield,
consistently producing yields higher than 90% when the metal
loading was greater than 8wt%. The effect of the metal loading is
easy to understand in terms of...

The reason for the superior yield from the ruthenium catalyst can
be attributed to the a-effect that was described by Smith. Smith
showed...

Regarding the lifetimes for the catalysts, our results show that...

In conclusion, we were able to develop a high-yield heterogeneous
catalyst system based on boron-modified Y-zeolite supported
ruthenium catalysts. Manufacturing processes based on these
catalysts can replace conventional Wellington processes for
making short-chain normal alcohols. The advantages of higher
yield, the use of no solvents, and the long lifetimes ensure that
this catalyst system will find widespread use in the chemical
industry. Additional work is underway to further improve the yields
and stability of this new catalyst system. Tentative results indicate
that the lifetime of the catalyst can easily be doubled and that the
yields can be improved to consistent values near 98%. The results
from our latest research will be reported in the near future.
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