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a  b  s  t  r  a  c  t

This  work  is focused  on the development  of  kinetic  models  of hydrolysis  of  hemicellulose-derived  wheat
straw  under  high-pressure  CO2–H2O  technology.  The  experiments  were  performed  at  fixed  temperature
(180 ◦C), varying  pressure  from  0 (water-only  reaction),  20,  35  to  50 bar of initial  CO2 pressure  and  reac-
tion  times  varied  from  0 to 45 min.  The  three  accurate  kinetic  models  allowed  to  describe  the  effect  of
reaction  conditions  mainly  hitherto  not  studied  CO2 pressure  and  reaction  time  on  the  concentration  of
intermediate  compounds  such  as xylose  and  arabinose  in both  oligomer  and  monomer  form  as  well  as
final  compounds  e.g.  acetic acid,  furfural  and  other  degradation  products.  Modeling  demonstrated  that
addition  of CO2 plays  an  important  role  in  kinetics  study  of  hemicellulose  fraction  hydrolysis  being  the
fastest  step  the  polysaccharides’  hydrolysis  into  sugars  in  oligomer  form. Even  negligible  amount  of  CO2

(20  bar  of  initial  pressure)  improves  the  initial  kinetic  constant  of  aforementioned  reaction  by  almost
40%  in  comparison  to water-only  process.  Depletion  of  oligosaccharides’  concentration  and  counterbal-
arbon dioxide anced  production  of monomer  sugars  were  found  for longer  reaction  times,  achieving  maximum  faster
for CO2-assisted  than CO2-free  processes.  Moreover,  the  increase  of initial  CO2 pressure  demonstrated  to
be highly  efficient  in enhancement  of  the  kinetic  constants  of  all reactions  occurring  in  the  liquors.  The
developed  models  demonstrated  a  good  fitting to the  experimental  data  albeit  the  complex  composition
of  raw  material  as  well  as the multistep  analytical  process.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

The annual production of lignocellulosic-derived biomass is
stimated at the level of 10–50 billion metric tons per year on a dry
atter basis [1–3]. Lignocellulosic residues have a vast potential

s a source of a wide range of renewable, sustainable materi-
ls, chemicals and biofuels since they do not compete with food
ndustry and animal feed [4–8]. The lignocellulosic biomass is com-
rised primarily by cellulose, hemicellulose and lignin [9]. Cellulose
orms a skeleton surrounded by other components such as hemi-
ellulose and lignin, which act as matrix and encrusting material,
espectively. The presence of covalent cross-linkages between car-
ohydrates and lignin forms a lignin-carbohydrate complex, which
rovides a remarkable stability making it very challenging for direct
onversion. Thus, the application of biomass pre-processing (pre-

reatment) is essential to convert this feedstock into added-value
roducts. In order to make biomass processing feasible, all compo-
ents of biomass must be considered as a source of candidates for
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the production of co-products as described by the biorefinery con-
cept [10,11]. The major aim of biomass pre-treatment is to process
biomass to make it more subjectable for further processing [12,13].
The pre-treatment makes biomass fractions more subjectable bio-
logical and/or chemical treatments aiming further valorization
toward particular products or pivot chemicals [14].

However, to achieve this goal various challenges must be
addressed. Furthermore, depending on the expected results the
most adequate pre-treatment method can be selected. In addition,
the choice of pre-treatment should consider the overall compat-
ibility of feedstocks, enzymes and organisms to be applied and
overall economic assessment and environmental impact. Up to
now several approaches have been used for developing low cost
pre-treatments to generate sugar-rich liquors from cellulose and
hemicellulose [15]. High-pressure CO2–H2O technology is a novel
approach that is been demonstrated to be well suited in the
hydrolysis of hemicellulose-derived biomass to produce predom-
inantly xylooligossacharides and afterwards xylose and furfural.

The benefits of this technology are highlighted by introducing of
a known sustainable catalyst, such as CO2, to water-only tech-
nology. Both CO2 and water are considered green reagents that
can be used in the valorization of lignocellulosic residues making
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