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ABSTRACT

This thesis focuses on fabricating the fibroin resins through resinification of silk
powder with the hot-pressing process and subsequently strengthening by the hot-
rolling process with ethanol treatment and water boiling treatment.

First, silk powders are obtained from Bombyx mori and Eri silk waste fibers
before the degumming process. The powders are fabricated into resins via simple
hot pressing under a pressure of 31.2 MPa at a temperature of 150 °C. The results
indicate that the B. mori resins have higher micro-Vickers hardness, three-point
bending strength, and elastic modulus (66 Hv, 122 MPa, and 8.7 GPa, respectively)
compared to the Eri silk resins (58 Hv, 95 MPa, and 8.2 GPa, respectively). The
better mechanical properties of the fibroin resins are related directly to longer
drying times. Comparing to the resin of the previous study, it is confirmed that the
use of the silk powder before degumming improved the mechanical properties of
the fibroin resins. In the case of B. mori silk resins, the B-sheet structure was

transformed from the random coil structure upon resinification and drying.


https://www.sciencedirect.com/topics/materials-science/hot-pressing
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Furthermore, the secondary structure of the Eri resin was converted from a random
coil structure to the P-strand structure and continued converting to the B-sheet
structure upon resinification and drying, respectively.

Then, the silk resins produced by the hot-press was strengthened by hot-rolling
with ethanol treatment or water boiling treatment. The maximum rolling reduction
ratio was 50% for resin derived from commercially available silk powder, however,
it was not possible even at lower reduction ratio (10%) for both resins derived from
the pulverized powders of B. mori silk and Eri silk threads. It is clear that the resins
derived from the pulverized powder of B. mori silk thread and Eri silk thread
cannot be processed by hot-rolling; this possibly due strong silk fibroin peptide
strand structure. In the case of silk resins derived from commercial available silk
powder, the maximum bending strengths and elastic modulus reached up to 192
MPa and 10.2 GPa for ethanol treatment, and 229 MPa and 12.5 GPa, for water
boiling treatment, which is higher than those of polyether ether ketone (PEEK)
resin which is one of super engineering plastics were obtained. The three-point
bending characteristics depended on the water content in the resin and reached the
maximum value at a water content around 2.4 wt%. It has been found that the

ethanol treatment and the water boiling treatment only control the amount of water



acting as a plasticizer by dehydration and water addition, respectively. On the other
hand, findings show that the silk resin after treatment with the higher Amide I
intensity promoted to the hot-rolling process better than that of the silk resins
before hot-rolling with the lower Amide I intensity. Finally, higher content of
aggregate strands and Intramolecular link of B-sheets analyzed by ATR-FTIR and
XRD data, respectively and higher the crystallinity index and higher orientation of

the crystal structure, directly reflected higher bending properties.
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