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Design, development and evaluation of multi-functional composite materials

Sustainable Recycle Process
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Our laboratory is engaged in research to design and develop composite materials for energy-harvesting and sensor applications, which helps realize a
digital transformation (DX) society. We focus on composite materials with piezoelectric ceramic particles or magnetostrictive alloy wires and address
improving their strength and functional properties or reliability and durability through both theoretical and experimental research. In addition, to
mitigate environmental pollution, we are developing eco-friendly structural materials with extremely low environmental impact, such as Japanese
washi paper—reinforced polymer composites and functional silk threads. We evaluate these materials for their mechanical and physical properties,

biodegradability, and microstructures.
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Functionally graded
pleroelectric composite

Electrical energy

Fig. 1 Schematic illustration of functionally graded
piezoelectric composites for energy harvesting.

Piezoelectric Composites

The design and development of flexible lead-free piezoelectric materials
are crucial due to the brittleness of piezoelectric ceramics and the
inclusion of toxic lead in high-performance piezoelectric materials like
lead zirconate titanate (PZT). In our laboratory, we have successfully
developed lead-free piezoelectric nanoparticle-dispersed polymers and
laminated carbon-fiber-reinforced polymers (CFRPs) as electrodes.
Corona discharge polarization was applied successfully to these
composites. Additionally, we proposed a fabrication method for
functionally graded piezoelectric particle-dispersed polymers, where
the volume fraction of piezoelectric particles was varied in thickness
direction. By controlling the structure and fabricating prototypes, we
clarified the correlation between compressive shock and bending
vibration power-generation functions and the graded composition
distribution (see Fig. 1). Future developments are expected.

Magnetostrictive Composites

Magnetostrictive alloys such as Tb-Dy-Fe exhibit excellent
magnetostrictive properties, but their brittleness, eddy current
generation, and high cost pose challenges for practical applications.
However, the difficulty in machinability and the fabrication cost inhibit
their applications as magnetostrictive devices. We have developed Fe-Co
wire—resin composites and have succeeded in generating vibration and
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Fig. 2 Schematic illustration of magnetostrictive
virus sensor mechanism.
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Fig. 3 Cellulose nanofiber reinforced
cocoon of a silkworm.

impact. We have also established a technology to embed twisted Fe-Co
wires in aluminum alloy and developed a light metal composite material
that converts impact into electricity. Furthermore, we are investigating
the changes in resonant frequency and output power of magnetostrictive
composites caused by material adhesion, aiming to develop
magnetostrictive virus sensors (see Fig. 2).

Eco-Friendly (Green) Composites

In our laboratory, we develop high-strength, low-environmental-impact
(i.e., green) composites by combining cellulose nanofibers (obtained by
thoroughly pulverizing wood fibers) and basalt fibers (similar in
composition to rocks) with biodegradable polymers. We also conduct
research focusing on changes in mechanical properties of the composites
during the degradation process. Additionally, we successfully created
high-strength silk by feeding silkworms with cellulose nanofibers,
which is expected to contribute to the revival of the declining Japanese
sericulture industry (see Fig. 3).

Other Activities

<International exchange>
+JSPS Core-to-Core Program, “Establishing an International Research
Center for Multi-Energy Harvesting Materials and Devices to Realize
an Internet-of-Things Society”

<Award>
* The Japan Institute of Metals and Materials, 21st Japan Institute of
Metals and Materials Murakami Young Researcher Award (KURITA
Hiroki)
* The Graduate School of Environmental Studies Incentive Award 2024
(ROVA Lovisa)

<Media coverage>
* The Nikkan Kogyo Shimbun,”High Biodegradability, Double Strength:
New Material with Japanese Washi Paper Composite” May 27, 2024
* The Nikkan Kogyo Shimbun,’Strain Detection with High Sensitivity:
Semiconductor Thin Films for Wearable Applications” October 17, 2024

Fig. 4 Group photo of summer trip
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