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Our laboratory is engaged in research to design and develop composite materials for energy-harvesting and sensor applications, which realize an Internet

of Things (10T) society. We focus on composite materials with piezoelectric ceramic particles or magnetostrictive alloy wires and address improving their

strength and function or the reliability and durability. Furthermore, we are studying cellulose nanofiber-reinforced polymer composites and evaluating the

relationship between their mechanical/physical properties and microstructures to prevent environmental pollution.
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Fig.1 Output voltage versus amplitude (frequency fixed at 60 Hz)
for piezo-resin/CFRP composite under bending vibration.

Piezoelectric Composites

The design and development of carbon fiber-reinforced polymer (CFRP)
composites with a function such as piezoelectricity are difficult due to the
conductivity of carbon. Here, we prepared a lead-free piezoelectric
nanoparticle-dispersed epoxy resin with laminated CFRP layers in the
upper and lower surfaces. A large electric field was applied by corona
discharge, which polarized the composite successfully. The results suggest
that the CFRP layer can be used as an electrode to develop CFRP composite
materials with energy-harvesting performance (Fig.1). Such novel findings
are promising for the fabrication of piezo-resin/CFRP composite
generators, opening the door for the design and development of lightweight,
robust, and efficient energy-harvesting structures.

Magnetostrictive Composites

Magnetostrictive Tb-Dy-Fe and Fe-Ga alloys have a wide variety of
applications due to their great capability as sensors and energy-harvesting
devices. However, the difficulty in machinability and the fabrication cost
inhibit their applications as magnetostrictive devices. We developed
magnetostrictive Fe-Co wire-embedded epoxy matrix composites to
increase the flexibility of the material (Fig.2). A class of lightweight Fe-
Co wire/Al-Si matrix magnetostrictive composites was also prepared, and
the excellent energy-harvesting performance was exhibited (Fig.3).
Furthermore, we showed that a design with twisted Fe-Co wire
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Fig.2 Output power obtained by magnetostrictive wire integrated
shoes during the usual walk.
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Fig.3 Output power for Fe-Co wire /Al-Si matrix magnetostrictive
composite under compression with differing resistive loads.

significantly enhanced the output performance of the magnetostrictive Fe-
Co/Al-Si composite (Fig.4). Our work proposes a feasible exploration on
fabricating lightweight magnetostrictive composites that are potentially
applied in sensors or energy-harvesters, especially at a relatively high
temperature.

Cellulose Nanofiber-Reinforced Polymer
Composites

Cellulose nanofiber (CNF) is a nanofiber obtained by the extreme crush of
wood fibers. CNF attracts attention as a new generation reinforced fiber
for composite materials, owing to its outstanding mechanical properties,
lightweight, low environmental load, and so forth. However, the
strengthening mechanism of CNF in a polymer matrix has not been
revealed. Therefore, we evaluated the strengthening mechanism of CNF in
epoxy resin.

Other Activities

<International exchange>

*JSPS Core-to-Core Program “Establishing an International Research
Center for Multi-Energy Harvesting Materials and Devices to Realize the
IoT Society”
<Award>

+ 7" IRMAIL Science Grant “Verder Scientific Award” 2020 (H. Kurita)
<Media coverage>

* April 6th, 2020 Daily Automotive News “Plant-Derived CNF: Expanding
Applications Through Combinations with Metals”

* November 19, 2020 The Nikkan Kogyo Shimbun “Lightweight Metallic
Matrix Composites: Development of High Efficiency Vibration Energy
Harvesting Material”

* November 26", 2020 Advanced Science News “Grabbing Viruses Out of
Thin Air”

* December 7™, 2020 Nikkei Business Daily “Peace of Mind During
COVID-19: Virus Sensors without Power Supply”

Fig.4 Photography of the twisted Fe-Co wire/Al-Si matrix composite.
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