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The properties of polymeric gel systems can be modified through various strategies, such
as obtaining semi- interpenetrating networks (semi-IPNs) by incorporating linear polymers
into network structures. This study is based on the selection of starch as a linear polymer
incorporated into semi-IPN gels due to its abundance, renewability, biocompatibility, and
hydrophilicity, with the hypothesis that the incorporation of natural polymers into networks is
crucial not only for improving system properties but also for minimizing environmental
concerns [1]. Since modification of the network structure can also be achieved by the
addition of inorganic substances, zinc oxide (ZnO) was incorporated into poly(acrylamide-
co-itaconic acid) (PAIl) gels synthesized in the presence of starch. ZnO is preferred over
conventional organic antimicrobial agents such as quaternary ammonium salts and chlorine
disinfectants because of its longer shelf life, higher resistance to temperature and pressure,
and ease of integration into polymer networks [2].

The network structure consists of a copolymer of acrylamide and itaconic acid cross-linked
with N,N'-methylenebisacrylamide, while Hylon VIl starch, characterized by its high amylose
content, is incorporated into the matrix. In the strategy, which was realized using three
different methods and two different geometric shapes, cylindrical hydrogels synthesized at
room temperature were named STx-PAI/ZnO Hgel, while cryogels synthesized at -18 °C
were named STx-PAI/ZnO Cgel. Bead-shaped structures (STx-PAI/ZnO Bead) were
produced by dropping the precursor solution into liquid nitrogen. This study investigated the
effects of two different starch concentrations, while keeping the ZnO content constant, on
the swelling behavior and mechanical properties of hydrogels, cryogels, and beads.
Furthermore, the applicability of Hertzian contact theory and classical rubber elasticity theory
to spherical gels was evaluated. This work provides insights into the structural-mechanical
relationships of starch-based semi-IPN/ZnO biocomposites and can contribute to the
development of antibacterial biomaterials and materials for water treatment applications.
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