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1,3-Butadiene is an essential chemical that is mainly used to produce polymers for
automobile tires. It is obtained as a byproduct from fractions resulting from the steam
cracking of naphtha where ethylene is the main product. However, the increased
usage of shale gas for ethylene production is expected to lead to the decrease of
butadiene supply. On the other hand, the demand for bio-butadiene is increasing
from the viewpoint of sustainability and environmental protection.

In this study, a four-step continuous butadiene production method from bioethanol
was developed. The first step is acetaldehyde production from bioethanol, the
second step is crotonaldehyde production from acetaldehyde, the third step is crotyl
alcohol production from crotonaldehyde, and the fourth step is 1,3-butadiene
production from crotyl alcohol.

At the first step, eco-friendly non-chromium catalysts for acetaldehyde production
through bioethanol dehydrogenation were developed. They were consisting of
copper and calcium silicate. The suppression of acid sites of the catalysts led to high
acetaldehyde selectivity.

At the third step, ZrO2/SiO2 catalysts for Meerwein—Ponndorf-Verley reduction of
crotonaldehyde were developed and the long-term catalyst durability over 2,200 h
was confirmed.

At the fourth step, optimal silica-alumina was selected from commercially available
solid acid catalysts. It was found silica-alumina catalysts with few silanol groups and
a low Si/Al ratio were preferable for crotyl alcohol dehydration. Furthermore, it was
shown that the decrease of the catalytic activity was due to water adsorption and the
activity was recovered by drying treatment.

Based on the results obtained from this study and the information on the existing
production method for the second step, process simulation on four-step continuous
butadiene production method was carried out. As a result, the butadiene yield of
76.4% was achieved, exceeding the target of 75%.
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