EFHEIS 2 EE  Resources Strategies
BisESMEEIREIS 4 EF Nanocomposite Science and Interfacial Materials Design

RERBES A TRAT L ILDEIRZEES
SIREEIFERETR MBI ORA

Development of High-Functional Non-Metallic Light Element
Materials for Creating a Next Generation Life Style

EHIR (k=R
Associate Professor
Yoshinori Sato

F/PEIRFNSWELNSE, BRFEER>TWS, UM L. T/ PEORMEZEN UEEMBORE - 8. SV YLICRESNEL
DF/YEORUEDITEEHSND D, BHTHULL BB, 22T F/MEOREERARITEN UicH/EERAXICED WeEmRIEREN
MR LCRETRNDETH D, FAMRETIE. HTRBEAFICLETIEETHD TH/PEOFEZ/\LI T SMETHORTRES
MRS EMBBER LV ZOEEREICETZME) ZBELTWS, AREZKTIDICHD. BTROKRVR. kK. BR. BR. 7v*HK.
iE, VyzRAWcEEReRARZR DIFEBETRMBORKZITo TV,

In the past, a number of composites consisting of nanomaterials that possess excellent features have been produced in basic studies. However, it is extremely
hard to design and produce materials and composites in which nanomaterials’ properties are reflected, because each nanomaterial in the composite
assembles at random, without a view of the overall nanomaterials. In this laboratory, the purpose of the research is to study and develop high-functional
non-metallic light materials with high-performance surfaces and interfaces using boron, carbon, nitrogen, oxygen, fluorine, sulfur, and phosphorus in an
effort to expand the properties of nanomaterials to those of bulky materials.

ORR BB X h =X LDEREAD = 8H D
I37 74 AADERRK—EY JHliH

FUWIRILF—IRTLELT, BRABAETER TSR @
EMNAEERKBRIRILF—DNEZSNTVND, ZOXKBEIRILF—D
FIATERINZT /A REVTHFHFINTWIERED FRRHE
i (polymer electrolyte fuel cell: PEFC) (&, kA GZRED=
EWERICIEFE->TWEW, ZOFEED 1 DN ERETTRE (oxygen
reduction reaction: ORR) &S U THERINTVWIEEMET
H3. BERFEBEN DL FRNEN, 22T HEZERAULAE
WRER T/ RHENMEFECTHAEOR TEEINTWS, FICE
RRN—TRRF/HRIEEVWREEEZRT, LML, ZOXAAZX
LIFBAINTE ST, &EER ORR MEIC kD SN B FEER
THEZREICERTETOERWN, AKX TIE. ORR AEFEEDX
AZXLOBADHIC. TvRIE—B7vRIEERATSI LK
D BUIVRBRETZT7AMRI—EYT T2 E%iTo>TVWS,

ZBH—MRYF/Fai—THitDEHEELL : 7vE
—B7yvREb7OLRICEDEBENEF/Fa—7T
& D FEE D Dl

wYYVH, wITSTILER, BRARERTEEMEIELTE
HBENTWBA—RYF/Fa—TBsEREL T o, B

o R TR BT

fucrination defuarination nilroge Goging

Fig.1 Tllustration of nitrogen doping to graphene via fluorination-defluorination process.

Gray, cyan, and blue balls indicate carbon, fluorine, and nitrogen atoms, respectively.

Control of nitrogen doping into graphite for
clarifying the mechanism of oxygen reduction
reaction catalytic activity

Hydrogen energy is a candidate for a new alternative energy system
because hydrogen molecules can be generated from various resources,
stored, and transported. Although hydrogen-energy-harnessing polymer
electrolyte fuel cells (PEFCs) have been expected, they have not yet been
widely used. Platinum as the oxygen reduction reaction (ORR) catalyst is
an expensive and non-abundant resource, and it has poor durability for
ORR activity. Therefore, metal-free carbon nanomaterials have been
developed as alternative platinum catalysts. Nitrogen-doped carbon
nanomaterials have been hitherto reported to exhibit especially high ORR
catalytic activity. However, the ORR mechanism has not been clarified. To
achieve highly efficient ORR activity, doping nitrogen species should be
precisely controlled in carbon framework. In this study, we try to dope
pyridinic-type nitrogen atoms to graphite via a fluorination-defluorination
process in an effort to clarify the mechanism of ORR catalytic activity.

Enhanced tensile strength of defluorinated
multi-walled carbon nanotube fibers:
Suppression of interfacial slip between
nanotubes cross-linked via fluorination-
defluorination process

Although carbon nanotube fibers (CNTFs), which have attracted attention
as electrode materials in the fields of sensing, wearable devices, and
electrochemical batteries, are not only lightweight but also possess
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Fig.2 Fluorination-defluorination process to cross-link CNTs.

Fig.S1 New crews. Yuto Sano (left) and Ryudai
Tsukidate (right).

Fig.S2 Cherry-blossom viewing.

Fig.S3 Oktoberfest in our laboratory.
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Fig.3 Snapshot at the 42th Fluorine Conference
of Japan. (Minori Kokubo)

Fig.4 Open campus 2019.

excellent flexibility, their tensile strength and elastic modulus are inferior
to that of carbon fibers due to the interfacial slip caused by weak interaction
between adjacent nanotubes. In actuality, it is difficult to introduce
covalent bonds between nanotubes. Here, we prepare multi-walled CNTFs
(MWCNTFs) cross-linked by fluorination-defluorination process and
investigate their electronic and mechanical properties.

Academic conference * Lecture

* Yoshinori Sato, Miyagi Kenmin Daigaku, Sendai (Lecture)

* Yoshinori Sato, 2019 Joint Meeting of the Tohoku Area Chemistry
Societies, Yamagata, (Invited talk)

* Minori Kokubo, The 42nd Fluorine Conference of Japan, Kobe (Poster)

* Yoshinori Sato, The 42nd Fluorine Conference of Japan, Kobe (Oral)

* Yoshinori Sato, 3rd International Conference on Applied Surface
Science (ICASS 2019), Pisa, Italy (Poster)

* Yoshinori Sato, 2019 Global Research Efforts on Energy and
Nanomaterials (GREEN 2019), Taipei, Taiwan (Invited speaker)
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*JSPS KAKENHI 18H04145 (Scientific Research (A)/PI)
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* Collaboration grant (Stella Chemifa Corporation/PI)

Collaborations

* Stella Chemifa Corporation (Research Division)

Fig.5 Snapshot of our drinking party.
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