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Development of High-Functional Light-Element Composites
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In the past, a number of composites consisting of nanomaterials that possess excellent features of their own, have been produced in basic studies. However,

it is hard to design and produce composites in which the properties of nanomaterials are reflected because each nanomaterial in the composite assembles

at random, not to enhance the features of the nanomaterials. In this laboratory, the purpose of the research is to study and develop high-functional

composites with high-performance surfaces and interfaces using boron, carbon, and nitrogen, in an effort to expand the properties of nanomaterials to those

of bulky composites.
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Fabrication of all-carbon field-emission sources
using highly crystalline single-walled carbon

nanotubes

Field-emission (FE) techniques involve the extraction of electrons using
the tunnel effect. Single—walled carbon nanotubes (SWCNTSs) have some
excellent characteristics, such as chemical stability, high electrical
conductivity, high thermal conductivity, sharpness, and a large aspect
ratio. Therefore, SWCNTSs can be superior FE sources. However, SWCNT-
containing FE sources cannot always show their excellent characteristics
due to the presence of vacancy defects in the nanotubes. Such defects are
introduced into the nanotubes during device processing. Thus, it is
desirable to anneal all FE devices at high temperatures after they are
fabricated. In our laboratory, we fabricated all-carbon FE devices using
highly crystalline metallic SWCNTs (and semiconducting SWCNTs),
annealed these devices at high temperatures, and then investigated their
FE properties (Fig.1).

Creating efficient catalysts for oxygen reduction
reaction by tuning the electrical properties of
nitrogen-doped single-walled carbon nanotubes

prepared with annealing via defluorination

Pyridinic and graphitic nitrogen atoms can be doped into carbon
nanomaterials to improve catalytic activity in the oxygen reduction
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Fig.1 FE fabrication of both conventional and our original methods.

Fig.2 Relationship between the electrical properties
and doping nitrogen atoms.

Fig.S1 New crews. Yuuichi Ito (left) and
Youta Sakamoto (right).

Fig.S2 Cherry-blossom viewing.

Fig.S3 Oktoberfest in our laboratory.
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Fig.3 “Poster Award” at the 45th Annual Meeting of
the Carbon Society of Japan. (Koji Yokoyama)

Fig.4 Open campus 2018.

reaction (ORR). An understanding of the relationship between the
electronic properties and the ORR activity of nitrogen-doped carbon
nanomaterials could help in the design of catalysts to improve ORR
performance. We synthesized highly crystalline nitrogen-doped SWCNTs
using a combination of a defluorination-assisted nanotube-substitution
reaction and a high-temperature annealing treatment of highly crystalline
SWCNTs. We measured the electronic properties of the prepared
samples—such as their work function, carrier type, and conductivity;
these properties correlated with the samples’ORR activity in an acid
electrolyte. Graphitic nitrogen-rich SWCNTs with an n-type carrier, low
work function, and high conductivity exhibited efficient ORR activity.
The work function, carrier type, conductivity, and O,-dissociative
adsorption sites were dependent on the species and number of doping
nitrogen atoms. We revealed that tuning the doping nitrogen atoms was

necessary to achieve high ORR activity (Fig.2).

Awards

* Koji Yokoyama received the Young Scientist Award at the 55th
Fullerenes-Nanotubes-Graphene General Symposium.

* Koji Yokoyama received the Poster Award at the 45th Annual Meeting of
the Carbon Society of Japan.

Grants

*JSPS KAKENHI 18H04145 (Scientific Research A/Principal Investigator)
*JSPS KAKENHI 17H01584 (Scientific Research A/Co-Investigator)
«JSPS KAKENHI 16HO05518 (Scientific Research B/Co-Investigator)
*JSPS KAKENHI 26220104 (Scientific Research S/Co-Investigator)

* Collaboration grant (Stella Chemifa Corporation/Principal Investigator)

Collaborations

* Institute for Biomedical Sciences, Interdisciplinary Cluster for Cutting
Edge Research, Shinshu University (Prof. Naoto Saito)
* Stella Chemifa Corporation (Research Division)

Fig.5 Snapshot after seminar's meeting.
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