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% J&: Conversion of waste biomass to platform chemicals and fuels using a catalytic
membrane reactor

& BM: Dr. Ranil Wickramasinghe, Distinguished Professor
Ralph E Martin Department of Chemical Engineering, University of Arkansas

HENE:

Global warming due to release of greenhouse gases coupled with increasing world energy demands
requires immediate development of renewable resources for production of fuels and chemicals.
Though many technologies exist to convert biomass feedstocks to fuels and value-added products,
commercialization has been slow. The high cost of production of biobased chemicals and fuels
frequently makes them uncompetitive compared to fossil fuel derived products. Here a patented
catalytic membrane reactor has been developed that can convert a variety of lignocellulosic biomass
feed stocks (corn stover, corn fiber, wheat straw, almond and walnut shells, coffee ground, rice husks,
food waste etc.) to sugars, hydroxymethylfurfural (HMF) and levulinic acid with high yield and high
selectivity. HMF and levulinic acid are considered critical platform chemicals for the production of
numerous chemicals, resins, fibers etc as well as intermediates for the production of aviation fuels.
Our catalytic membrane reactor consists of a ceramic membrane substrate immobilized with a dual
functional catalyst by grafting polystyrene sulfonic acid (PSSA) and polyvinyl imidazolium chloride
(polyionic liquid, PIL) chains from the surface of the membrane. The PSSA chains catalyze biomass
hydrolysis and the subsequent conversion to levulinic acid. The neighboring (PIL) chains help
solubilize lignocellulosic biomass and enhance the catalytic activity of the PSSA chains. The PSSA
chains were synthesized via surface-initiated atom-transfer radical polymerization whereas the
adjacent PIL chains were synthesized via UV-initiated free radical polymerization.

In this presentation the catalytic membrane will be described. Results for production of sugars, HMF
and levulinic acid will be presented. The catalytic membrane technology developed here could
provide a more economically viable method for utilizing our vast waste biomass thus promoting a
circular economy.
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