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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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Fig.1 Schematic illustration of the defluorination-
assisted nanotube-substitution reaction for the

synthesis of nitrogen-doped single-walled carbon
nanotubes. nanoparticles.

Fig.2 Schematic illustration of the interactions
between the MWCNTSs and PtPd nanoparticles.
Tensile strengths of MWCNTs with and without PtPd

Development of a post-doping method to
synthesize nitrogen-doped carbon materials
by defluorination

In polymer electrolyte fuel cells (PEFCs), platinum nanoparticles
supported on carbon black (Pt-C) have been used as a standard catalyst for
oxygen reduction reactions (ORRs) on the cathode. However, the high
price and poor durability of Pt has led to an increase in the cost of PEFCs
and shorter cell lifetime. Nitrogen-doped carbon materials are known to
act as electrocatalysts for the ORR. In our laboratory, we suggest a new
and facile post-doping method for synthesizing nitrogen-doped carbon
materials by defluorination. In particular, nitrogen-doped carbon materials
have been synthesized by reacting fluorinated carbon materials with
ammonia gas at 25-1000 °C.

Influence of supported metal nanoparticles
on the tensile strength of individual multi-
walled carbon nanotubes

In an effort to fabricate durable carbon nanotube (CNT)/metal composites,
the interfacial strength between the CNTs and the matrix in the designed
composites must be strong enough to endure the load transfer between
these two components. We have investigated the influence of supported
metal nanoparticles on the tensile strength of individual multi-walled
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Fig.3 “Student Travel Award” at the 5th Nano Today
Conference. (Koji Yokoyama)

Fig.S1 New crews. Minori Kokubo (left) and
Shota Taira (right).

Fig.S2 Cherry-blossom viewing.

Fig.S3 Oktoberfest in our laboratory.
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Fig.4 “Poster Award” in the 44th Annual Meeting of
the Carbon Society of Japan. (Akihisa Kuroda)

Fig.5 “Poster Award” at the 10th Young Meeting of
the MMIJ Tohoku Branch. (Issei Mamiya)

CNTs (MWCNTSs) using in situ scanning electron microscopy. In the case
of the deposition of PtPd nanoparticles, the average tensile strength of
individual deposited MWCNTs was slightly lower than that of the as-
grown MWCNTs. Since X-ray photoelectron and Raman scattering
spectroscopic data showed bonds between the PtPd nanoparticles and the
MWCNTs, the slight strength decrease can be attributed to the induction
of local distortions in the nanotube structure caused by the covalent bonds
between the nanoparticles and the CNT basal plane.

Awards

*Koji Yokoyama, “Student Travel Award” at the 5th Nano Today
Conference

* Akihisa Kuroda, “Poster Award” at the 44th Annual Meeting of the
Carbon Society of Japan

* Issei Mamiya, “Poster Award” at the 10th Young Meeting of the MMIJ
Tohoku Branch

*Koji Yokoyama, “Poster Award” at the 55th Annual Carbon Summer
Seminar for Young Researchers and Students of the Carbon Society of
Japan

* Shota Hosomi, “Scholarship (Third year student)” of the Environment
and Energy Engineering, School of Engineering, Tohoku University

* Koji Yokoyama, “Scholarship Award” of the 8th Scholarship Award of
the Shaping the Future Technology for the Environment and Energy

Grants

*JSPS KAKENHI 15H04131 (Scientific Research (B)/PI)
*JSPS KAKENHI 17H01584 (Scientific Research (A)/Co-I)
«JSPS KAKENHI 16H05518 (Scientific Research (B)/Co-I)
< JSPS KAKENHI 26220104 (Scientific Research (S)/Co-I)
* Collaboration grant (Stella Chemifa Corporation/PI)

Collaborations

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

Fig.6 “Scholarship (Third year student)” of the
Environment and Energy Engineering, School of
Engineering, Tohoku University. (Shota Hosomi)
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