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Abstract

Biopolymers from renewable resources are of interest for packaging
applications as an alternative to conventional petroleum-based polymers.
One of the major application areas for biopolymers is food packaging, where
a candidate polymer should meet critical requirements such as mechanical
and oxygen barrier performance, also in humid conditions. Starch has long
been used in certain packaging applications, either in plasticized state or
blended with other polymers. However, native starch has high sensitivity to
water and low mechanical and barrier performance. Recently, wood-derived
hemicelluloses have been extensively studied as oxygen barrier films, but
suffer from low film-forming ability and mechanical performance. In the
present study, xyloglucan (XG) from tamarind seed waste is explored as an
alternative high-performance biopolymer in packaging applications. The
obstacles of polysaccharides in terms of moisture sensitivity and processability
are addressed in this thesis.

In Paper I, film properties of XG were studied. XG has a cellulose backbone,
but unlike cellulose, it is mostly soluble in water forming highly robust
films. Moisture sorption isotherms, tensile tests and dynamic mechanical
thermal analysis were performed. Enzymatic modification (partial removal of
galactose in side chains of XG) was performed to study the effect of galactose
on solubility and filmforming characteristics. XG films showed lower moisture
sorption than starch. Stiffness and tensile strength were very high of the
order of 4 GPa and 70 MPa respectively, with considerable ductility and
toughness. The thermomechanical performance was very high with a softening
temperature near 260 ºC.

In Paper II, several plasticizers were studied in order to facilitate thermal
processing of XG films: sorbitol, urea, glycerol and polyethylene oxide. Films
of different compositions were prepared and studied for thermomechanical
and tensile properties. Highly favorable characteristics were found with XG/
sorbitol system. A large drop in glass transition temperature (Tg) of XG of
the order of 100 ºC with 20 - 30 wt% sorbitol was observed with an attractive
combination of increased toughness.

In Paper III, XG was chemically modified and the structure-property
relationship of modified XG studied. XG modification was performed using an
approach involving periodate oxidation followed by reduction. The oxidation
is highly regioselective, where the side chains of XG are mostly affected with
the cellulose backbone well-preserved as noticed from MALDI-TOF-MS
and carbohydrate analysis. Films were cast from water and characterized by
dynamic mechanical thermal analysis, dynamic water vapor sorption, oxygen
transmission analysis and tensile tests. Property changes were interpreted
from structural changes. The regioselective modification results in new types of
cellulose derivatives without the need for harmful solvents.
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In Paper IV, moisture durability of XG was addressed by dispersing
montmorillonite (MTM) platelets in water suspension. Oriented
bionanocomposite coatings with strong in-plane orientation of clay platelets
were prepared. A continuous water-based processing approach was adopted
in view of easy scaling up. The resulting nanocomposites were characterized
by FE-SEM, TEM, and XRD. XG adsorption on MTM was measured by quartz
crystal microbalance analysis. Mechanical and gas barrier properties were
measured, also at high relative humidity. The reinforcement in mechanical
properties and effects on barrier properties were remarkable, also in humid
conditions.

In Paper V, cross-linked XG/MTM composite was prepared with high clay
content (ca. 45 vol%) by an industrially scalable “paper-making” method.
Instead of using cross-linking molecules, cross-linking sites were created on
the XG chain by selective oxidation of side chains. The in-plane orientation
of MTM platelets were studied using XRD and FE-SEM. The mechanical
properties and barrier performance were evaluated for the resulting 'nacre-
mimetic' nanocomposites. The elastic modulus of cross-linked nanocomposites
is as high as 30 GPa, one of the stiffest bionanocomposites reported.
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