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Abstract

The potential use of renewable, bio-based polymers in high-technological
applications has attracted great interest due to increased environmental
concern. Cellulose is the most abundant biopolymer resource in the world,
and it has great potential to be modified to suit new application areas. The
development of controlled polymerization techniques, such as atom transfer
radical polymerization (ATRP), has made it possible to graft well-defined
polymers from cellulose surfaces. In this study, graft-modification of cellulose
substrates by ATRP was explored as a tool for tailoring surface properties and
for the fabrication of functional cellulose surfaces.

Various native and regenerated cellulose substrates were successfully
graft-modified to investigate the effect of surface morphology on the grafting
reactions. It was found that significantly denser polymer brushes were grafted
from the native than from the regenerated cellulose substrates, most likely due
to differences in surface area.

A method for detaching the grafted polymer from the substrate was
developed, based on the selective cleavage of silyl ether bonds with
tetrabutylammonium fluoride. The results from the performed kinetic study
suggest that the surface-initiated polymerization of methyl methacrylate from
cellulose proceeds faster than the concurrent solution polymerization at low
monomer conversions, but slows down to match the kinetics of the solution
polymerization at higher conversions.

Superhydrophobic and self-cleaning bio-fiber surfaces were obtained by
grafting of glycidyl methacrylate using a branched graft-on-graft architecture,
followed by post-functionalization to obtain fluorinated polymer brushes.
AFM analysis showed that the surface had a micro-nano-binary structure. It
was also found that superhydrophobic surfaces could be achieved by post-
functionalization with an alkyl chain, with no use of fluorine.

Thermo-responsive cellulose surfaces have been prepared by graft-
modification with the stimuli responsive polymer poly(N-isopropylacrylamide)
(PNIPAAm). Brushes of poly(4-vinylpyridine) (P4VP) rendered a pH-
responsive cellulose surface. Dual-responsive cellulose surfaces were achieved
by grafting block-copolymers of PNIPAAm and P4VP.
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