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am 3 #H H Highly versatility evaluation method of interfacial mechanical properties and

development of cellulose-fiber reinforced thermoplastics

In recent years, cellulose fiber reinforced thermoplastics (Cellulose-FRTP) which composed
of cellulose fibers (CLF) dispersed in a thermoplastic (TP) matrix, have gained attention for a
wide range of applications, from automobiles and aircraft components to everyday products.
The mechanical properties of fiber-reinforced thermoplastics (FRTP), including flexural
strength and notched impact strength (aiv) are influenced by fiber-matrix interface. The authors
previously proposed a short beam shear test to directly evaluate interfacial shear strength
(TFSS) from injection-molded parts. However, this prior approach was simplified by assuming
two-dimensional fiber orientation, which does not reflect the three-dimensional orientation,
such as cellulose fibers in molded parts. This discrepancy made accurate evaluation difficult
and hindered the ability to predict FRTP flexural strength, ain or interfacial interaction force
(yi) quantitatively.

This study developed a high accuracy IFSS calculation method suitable for FRTP injection
molded parts containing flexible organic fibers, such as CLF. Using this method, the
correlation between IFSS and aiv was quantified, leading to the construction of a quantitative
model for impact energy dissipation. Finally, the model was applied to Cellulose-FRTP to
perform a quantitative evaluation of the interfacial interaction force ;.

Chapter 1 outlines the background, reviews relevant previous research, and clarifies the
purpose of this study.

Chapter 2 detailed the method for calculating IFSS directly using FRTP injection-molded
parts. Both two-dimensionally and three-dimensionally oriented injection-molded parts were
employed. By accounting for twice and thrice fiber-matrix interface slippage during testing, the
IFSS could be calculated with high accuracy.

Chapter 3 clarified the correlation between interfacial strength (IFS), IFSS, and ain. This
chapter elucidated two impact energy absorption mechanisms: fiber pull-out and interface
debonding. The predicted results showed good consistency with the experimental data.

Chapter 4 applied the IFSS calculation methods and ain quantitative models to
Cellulose-FRTP. By blending appropriate amounts of polyamide (PA11 or PA12) and maleic
anhydride-modified polypropylene (MAHPP) into cellulose fiber-reinforced polypropylene
(Cellulose-FRPP), both flexural strength and ain were improved simultaneously. After slight
modifications of the prediction model for ain, the impact energy absorption model can
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successfully apply to Cellulose-FRTP. Moreover, by using the solidification temperature

(7501i0) and IFSS, the y; was quantified. Although PA additions tended to reduce yi, a balanced

control of wettability allowed simultaneous improvements both flexural strength and ain.
Chapter 5 summarizes the key findings and significant contributions of this dissertation.
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