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Development of functional nano-ecomaterials for energy and Professor
environment in the environmentally benign systems Kazuyuki Tohji

Energy Resources
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The research of Tohji Laboratory focused on how to develop well-defined nanomaterials and utilize them in our lives. In particular, we developed methods
for synthesizing and utilizing useful nanomaterials with specific morphology.

Our research objectives can be classified into (a) natural energy conversion materials, such as photocatalysts with specific morphology (stratified
photocatalysts), thermoelectric alloy nanoparticles, and CIGS alloy nanoparticles for solar cells; (b) functional nano-eco materials, such as uniform and
well-crystallized alloy nano materials, well-defined electric integration nanomaterials, precise control of nano catalysts for fuel cells, and carbon
nanomaterials; and (c) development of novel methods for extracting rare metals with precise control under complex condition
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Research

To achieve industrial applications of transition metal/alloy nanoparticles
instead of precious metal nanoparticles, various procedures for
synthesizing these materials have been developed under low environmental
loading conditions. In particular, a method of synthesizing “uniform” and
“well-crystallized” metal/alloy nanoparticles should be developed to
utilize the uniform properties, selective and high-performance, suitable
phase, and long lifetime. Moreover, materials synthesized for commercial
applications should have specific properties, such as high oxidative
resistivity and low addition of surfactants. We have developed a method of
synthesizing metal/alloy nanoparticles with the properties mentioned
above; by using simple equipment and low energy conditions (RT-70°C) in
the aqueous phase.

To synthesize “uniform” and “well-crystallized” metal/alloy nanoparticles,
the condition of metals in the aqueous phase should be restricted to the
homogeneous phase, and the reduction potential of both metal complexes
should be equal. Sometimes, oxide materials and also sulfide materials are
also synthesized.
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Fig.4 Presentation of Mr. Seigo Tsunashima (MC2)
at fall meeting of MMIJ (The Mining and Materials
Processing Institute of Japan) (Fukuoka, Japan)

Fig.5 Presentation of Mr. Takuya Endo (MC1) at fall

Institute of Japan) (Fukuoka, Japan)

Therefore, we introduced our idea for a particle synthesis system based on
the predicted concentration of metal complexes in an aqueous solution as a
function of pH.

For the solar cell application, we developed methods of synthesizing Cu-In
alloy nanoparticles, Cu-In-S nanoparticles, Cu-In-Sn alloy nanoparticles,
and Cu-Zn-Sn-S nanoparticles, and we applied these synthesized materials
to the formation of printable solar cells. Moreover, we tried to synthesize
Cu nanoparticles with high conductivity and oxidative resistivity, Cu
materials with specific morphology, and Fe nanoparticles with low melting
point to apply bonding materials. Thermoelectric materials, fuel cell
materials, and stratified photo catalysts with specific morphology were
also developed to apply these synthesized materials to environmental
friendly energy materials.

Students’ activities
(conferences, awards, and so on)

Students from our laboratory attended fourteen international and domestic
conferences from April through December of 2018. To develop their
various abilities, we recommended that the DC students attend international
conferences and study abroad.

This year, Mr. Tatsuichiro Nakamoto (DCI, Fig.l) attended the 223rd
Electrochemical Society Conference in Seattle, USA, in June; Mr. Hugo
Fathur Rahman Erawan (DC2, Fig.2) and Mr. Kouhei Sato (MC2, Figure 3)
attended the 224rd Electrochemical Society Conference in Cancun,
Mexico, from September 30 through October 4.

Mr. Erawan, Mr. Nakamoto, Mr. Sato, Mr. Takuya Endo (MCl1, Fig.5), and
Mr. Daiki Oikawa (MCI, Fig.6) attended the Tohoku-branch spring
meeting of the Mining and Materials Processing Institute of Japan in
Sendai, Japan, in May. Mr. Erawan, Mr. Nakamoto, Mr. Sato, Mr. Seigo
Tsunashima (MC2, Fig.4), Mr. Endo, and Mr. Oikawa attended the fall
meeting of the same group in Fukuoka, Japan, in November.

In addition to these meetings, students attended meetings of the Japan
Society of Applied Physics and the Electrochemical Society of Japan, as
well as the Materials Research Conference (USA), among others.

Moreover, the students participated in various social activities, such as
events on natural energy and public lectures.

Fig.6 Presentation of Mr. Daiki Oikawa (MC1) at fall
meeting of MMIJ (The Mining and Materials Processing meeting of MMIJ (The Mining and Materials Processing

Institute of Japan) (Fukuoka, Japan)
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