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ABSTRACT

A resin derived from protein can be obtained by hot-pressing the powder obtained from
animal fibers such as silk, wool, and spider silk. These resins have thermal and
mechanical properties comparable to petroleum-derived plastics in addition to
biodegradability. Our research group has created silk and wool protein resins with high
functionality by combining various inorganic materials and introducing the secondary
process. In this thesis, we have improved the mechanical strength of wool resin by giving
toughness. In the next chapter, we have tried to apply a wool resin as an ion exchange
resin to recover noble metals from industrial wastewater. Recently, artificial spider silk
attracts our attention because of its excellent mechanical properties. We have introduced
this fiber as raw material to fabricate novel protein resin.

Resin derived from wool powder exhibits a brittle fracture. We tried to fabricate a resin
with a fibrous texture by directly hot-pressing wool fabrics to prevent it. Removal of
cuticles on the fiber surface improved wool resin's mechanical strength and translucency.
Compared with conventional powder-resin, this resin exhibited a superior impact
absorbability, because of its reversibility to the fabric under stress.

Next, we evaluated the cation exchange behavior of the protein resin because proteins
have various functional groups. Therefore, we tried to recover precious metals from
simulated wastewater using wool resin. Our results indicated that Au, Pd, and Pt ions
were absorbed selectively on the wool resin. Because the metal ions could be stored in
the inner region of resin, the recovery capacity per volume was larger than that of the
fabric.

Finally, we tried to fabricate a high-performance resin from spider silk. Although
spider silk is less crystallinity than silkworm silk composed of the same protein, it has
excellent strength due to the dispersion of polyalanine regions which easily forms crystal
structure. Moreover, focusing on its hydrophilicity, we tried to improve its strength by
adding water as a plasticizer. The artificial spider silk powder-resin had translucency
and bending strength superior to the powder-resin derived from other protein fiber.
Furthermore, the addition of water promoted the crystallization of the polyalanine
region, improving the mechanical properties of the resin.

In this study, we have created various protein resins by using low-cost processes. These



resins have unique mechanical, biodegradable properties and functions not found in
petroleum-derived plastics. In the future, these results could promote the fabric-waste-

recycling and reduction of the consumption of petroleum-derived plastics.
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