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Abstract

The increasing environmental concern has reawakened an interest in
materials based on renewable resources as replacement for petroleum-based
materials. The main objective of this thesis was to explore plant proteins, more
specifically wheat gluten, as a binder in wood adhesives intended for typical
solid wood applications such as furniture and flooring.

Alkaline and acidic dispersions of wheat gluten were used as wood adhesives
to bond together beech wood substrates. Soy protein isolate was used as a
reference. The tensile shear strengths of the substrates were measured for
comparison of bond strength and resistance to cold water. AFM in colloidal
probe mode was used to investigate nanoscale adhesion between cellulose and
protein films. Wheat gluten was divided into the two protein classes; glutenins
and gliadins, and their adhesive performance was compared with that of wheat
gluten. Heat treatment and mild hydrolysis were investigated as means for
improving bonding performance of wheat gluten. The treated wheat gluten
samples were analysed by SE-HPLC and 13C-NMR to correlate molecular size
distribution and structural changes with bonding performance.

Soy protein isolate is superior to wheat gluten, especially in regards to water
resistance. However, the bond strength of wheat gluten is improved when
starved bond lines are avoided. The AFM analysis reveals higher interfacial
adhesion between soy protein isolate and cellulose than between wheat gluten
and cellulose. These results partly explain some of the differences in bonding
performance between the plant proteins. Soy protein isolate contains more
polar amino acid residues than wheat gluten and possibly interacts more
strongly with cellulose. Furthermore, the bond performances of wheat gluten
and glutenin are similar, while that of gliadin is inferior to the others, especially
regarding water resistance. The extent of penetration of the dispersions into
the wood material has a large impact on the results. The bonding performance
of gliadin is similar to the others when over-penetration of the dispersion into
the wood material is avoided. Moreover, the bond strength of the wheat gluten
samples heated at 90°C was in general improved compared to that of wheat
gluten. A small improvement was also obtained for some of the hydrolyzed
wheat gluten samples (degree of hydrolysis: 0-0.6 %). The improvements in
bonding performance for the heat treated samples are due to polymerization,
while the improvements for the hydrolyzed samples are due to denaturation.
The 13C-NMR analysis of the treated samples confirms some degree of
denaturation.
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