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Abstract

The three main components of wood, namely, cellulose, hemicellulose, and
lignin, can be used in various areas. However, since lignin covalently crosslinks
with wood polysaccharides creating networks that is an obstacle for extraction,
direct extraction of different wood components in high yield is not an easy
matter. One potential approach to overcome such obstacles is to treat the wood
with specific enzymes that degrade the networks by specific catalysis. However,
the structure of wood is so compact that the penetration of the wood fibers by
large enzyme molecules is hindered. Thus, the pretreatment of wood prior to
the application of enzymes is necessary, for “opening” the structure.

One pretreatment method that was performed in this thesis is based
on kraft pulping, which is a well-established and industrialized technique.
For untreated wood, the wood fibers cannot be attacked by the enzymes.
A relatively mild pretreatment was sufficient for wood polysaccharides
hydrolyzed by a culture filtrate. A methanol-alkali mixture extraction was
subsequently applied to the samples that were pretreated with two types of
hemicellulases, Gamanase and Pulpzyme HC, respectively. The extraction
yield increased after enzymatic treatment, and the polymers that were
extracted from monocomponent enzyme-treated wood had a higher degree
of polymerization. Experiments with in vitro prepared lignin polysaccharide
networks suggested that the increased extraction was due to the enzymatic
untying. However, the relatively large loss of hemicellulose, particularly
including (galacto)glucomannan (GGM), represents a problem with this
technique. To improve the carbohydrate yield, sodium borohydride (NaBH4),
polysulfide and anthraquinone were used, which increased the yields from
76.6% to 89.6%, 81.3% and 80.0%, respectively, after extended impregnation
(EI). The additives also increased the extraction yield from approximately 9
to 12% w/w wood. Gamanase treatment prior to the extraction increased the
extraction yield to 14% w/w wood.

Sodium dithionite (Na2S2O4) is an alternative reducing agent for the
preservation of hemicelluloses because it is less expensive than metal hydrides
and only contains sodium and sulfur, which will not introduce new elements
to the recovery system. Moreover, Na2S2O4has the potential to be generated
from black liquor. Na2S2O4 has some preservation effect on hemicelluloses,
and the presence of Na2S2O4 also contributed to delignification. The extraction
yield increased to approximately 15% w/w wood. Furthermore, Na2S2O4 has
been applied in the kraft pulping process of spruce. The yield and viscosity
increased, while the Klason lignin content and kappa number decreased, which
represents a beneficial characteristic for kraft pulp. The brightness and tensile
strength of the resulting sheets also improved. However, the direct addition of
Na2S2O4 to white liquor led to greater reject content. This problem was solved
by pre-impregnation with Na2S2O4 and/or mild steam explosion (STEX) prior to
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the kraft pulping process. Following Na2S2O4 pre-impregnation and mild STEX,
the obtained kraft pulp had substantially better properties compared with the
properties exhibited after direct addition of Na2S2O4 to the white liquor.

The wood structure opening efficiency of mild STEX alone was also tested.
The accessibility of the wood structure to enzymes was obtained even at
very modest STEX conditions, according to a reducing sugar analysis, and
was not observed in untreated wood chips, which were used as a reference.
The mechanical effect of STEX appears to be of great importance at lower
temperatures, and both chemical and mechanical effects occur at higher STEX
temperatures. 
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