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a b s t r a c t

In this study, the influence of various physical process parameters on the liquefaction of lignocellulosic
biomass (pine wood) in supercritical ethanol was investigated. The parameters include reaction tem-
perature (280e400 �C), initial nitrogen pressure (0.4e7.5 MPa), reaction time (0e240 min), and biomass-
to-solvent ratio (0.06e0.25 g/g). The reaction temperature and residence time were found to have a more
significant effect on biomass conversion and product yield than pressure and biomass-to-solvent ratio
had; conversion in the range 34.0e98.1% and biocrude yield in the range 15.8e59.9 wt% were observed
depending on the process parameters. Despite the absence of catalysts and external hydrogen source,
solid biomass to liquid and gaseous products conversion of 98.1%, and a high biocrude yield of
approximately 65.8 wt% were achieved at 400 �C, 120 min, and a biomass-to-solvent ratio of 0.06 g/g.
Moreover, the biocrude contained considerably lower amounts of oxygen and higher amounts of carbon
and hydrogen, resulting in a substantially higher heating value (>30 MJ/kg) as compared to raw feed-
stock (20.4 MJ/kg). A comparison with sub- or supercritical water-based liquefaction revealed that su-
percritical ethanol produced biocrude with a lower molecular weight and much better yield. Finally, a
new biomass liquefaction reaction mechanism associated with supercritical ethanol is proposed.

Crown Copyright � 2013 Published by Elsevier Ltd. All rights reserved.

1. Introduction

Extensive efforts are being made to develop renewable and
sustainable energy sources, and cost-effective energy processes,
owing to concerns regarding global warming and fossil fuel
depletion [1]. Biomass is considered as one of the most promising
renewable energy resources as it is carbon neutral and abundant.
Several thermochemical conversion technologies such as fast py-
rolysis, liquefaction, and gasification followed by FischereTropsch
synthesis (or biomass-to-liquid, BTL) have been investigated to

convert biomass into liquid fuels and valuable platform chemicals.
In a typical BTL process, biomass is first gasified at high tempera-
tures of 600e1300 �C to produce syngas (CO and H2) and then the
syngas is converted to mostly straight chain alkanes using Co-, Fe-
or Ru-based catalysts. Fast pyrolysis and liquefaction generate
multicomponent oxygenated hydrocarbon mixtures called “bio-
oils” or “biocrude.” Fast pyrolysis and liquefaction are similar but
not identical processes with many differences in reaction param-
eters and product characteristics. Fast pyrolysis is the thermal
degradation of organic matter in the absence of oxygen at atmo-
spheric pressure. The high heating rate combined with short resi-
dence time (both few seconds) and the medium operating
temperatures (450e650 �C) associated with fast pyrolysis convert
biomass into oxygenated hydrocarbons. Subsequent rapid
quenching of produced organic vapors results in high-yield bio-oil.
The bio-oil produced in fast pyrolysis, however, typically has
less desirable physicochemical properties such as, higher oxygen
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