Improving Catalyst Efficiency in
Bio-Based Hydrocarbon Fuels
New study determines the effect of catalyst structure on
product yields and coking during vapor phase upgrading
of biomass pyrolysis products.
Converting biomass, an abundant and renewable resource,
into liquid transportation fuels
has attracted significant attention because of depleting fossil
fuel reserves and associated
environmental concerns. In
the quest for sustainable and
eco-friendly fuel alternatives,
much research is focusing on
improving the properties of
bio-oil. Scientists at the National
Renewable Energy Laboratory
(NREL) studied the structure
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(widely used catalysts that
accelerate chemical reactions and improve the effectiveness of the process) and investigated
upgrading biomass pyrolysis vapors to form hydrocarbon fuels and chemicals that use catalysts
with varying concentrations of acid sites. The results showed that greater separation of acid
sites improves the efficiency of catalysts for producing significant amounts of hydrocarbon fuels
and chemicals. It also reduces coke formation.
In this study of pine pyrolysis products, β-zeolites with a lower silica-to-alumina ratio (SAR)—or
more acid sites—primarily produced aromatic hydrocarbons and olefins with no detectable
oxygen-containing species. This is noteworthy because bio-oil that has not been upgraded
has limited applications, as oxygenated species are present that are derived from the cellulose,
hemicellulose, and lignin. The oxygenated products found in catalysts with a high SAR give rise
to bio-oil with high acidity, high viscosity, low heating value, immiscibility with hydrocarbons,
and aging during storage. These are significant technical and economic barriers that could slow
or prevent commercial deployment of bio-oil in the transportation fuels industry.
The discovery that the number of acid sites in catalysts affects the amount and quality of the
resulting bio-oil will set the foundation for future work on enhancing catalyst efficiency. More
effective catalysts will enable the production of bio-oil with improved properties that can be
upgraded to feedstocks and/or blendstocks for further refining to finished fuels.
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Achievement
This study explored the effects of
concentrated active sites on catalyst
deactivation while biomass pyrolysis
products are being upgraded during
the vapor phase to form hydrocarbon
fuels and chemicals. During this
process, NREL researchers developed a
better understanding of the chemistry
during catalysis of biomass pyrolysis
products, which is leading the way to
improved bio-oil properties.
Key Result
NREL researchers discovered that the
zeolite catalyst deactivated quickly.
This significant finding demonstrates
that a greater separation of acid sites
improves the efficiency of catalysts
for producing hydrocarbon fuels and
chemicals.
Potential Impact
The results are instrumental in
designing reactors used for large-scale
vapor phase upgrading. Johnson
Matthey, a world leader in developing
catalysts, will use the derived catalysis
chemistry to develop the next
generation of catalysts used for vapor
phase upgrading.
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