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Development of carbon alloy cathode materials realizing the simultaneous power
generation and organic synthesis

Ozaki, Jun-ichi
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3-methyl-3-buten-1-ol

This research was aimed at the development of two types of carbon alloy
catalysts necessary for constructing the system shown in the title. As for the preparation of the
first type catalyts, we prepared carbon materials from mixtures of a starting polymer and different
types of transition metal complexs and evaluated the hydrogen peroxide formation. The second type
catalysts were the heteropolyacid (HPA) fixed on the carbon alloys with surface basicity. We
conducted the characterization and activity test using 3-methyl -3-buten-1-ol as the reactant to be
oxidezed by hydrogen peroxide. We found the possibilities to control the electronic state and the
catalytic activity of HPA by tuning the surface properties of the carbon substrates.

BN



PEFC

ORR

ORR

(1) 0, + 4H,0 4de- - 2H,0
(2) 0, + 2H,0 + 2e- — H,0,

@ @
(2e)
de
@
sp?
ORR
4e

HPA)

(4e)

@

PEFC

€))

90%

ORR

€Y

ORR

@ ORR

NSCC
NSCC 20 30 nm

2
ORR
NSCC
@
HPA
HPA
@ ORR
2
NSCC)
4
800 1000
XRD TEM XPS
@ BN
KB

KB 1390 m¥/g

PAN



PFR

BN PAN
800
PAN
BN-C PAN
N-C
PFR C
X XPS
KCI
pH
(€)
(PMo) )
PMo
50 60 min
PMo
PMo
XPS X
C))
3-methyl-3-buten-1-ol
MBOL
40 6 h
PMo
PMo PMo/N-C
PMo/BN-C
(&Y) ORR

N/C

ORR
Fe/Cu 1:1
@
XPS BN-C
N-C C

KB 1390 m¥/g
BN

1
XPS

N1s
398 eV

400.3 eV
BN-C  Nis
BN-C
B-N-C
399.5 eV

BN-C  Nis

192 eV

PMo

BN
N-C
C
BN-C
KB
BET
BN-C
8
BN-C N-C
2
N-C
2
N-C
BN
N1s
B-N-C
Bls
192 eV
3

BN-C 0.99wth N-C 0.85wth C 0.24 wth

BN-C N-C C
pH 8.0 8.2 6.0

N-C
PMo

PMo
PMo

PMo

KCI

BN-C

XRD PMo



2000J=5-12°

PMo
PMo
Mo 3d XPS PMo
Mo PMo/C
Mo(VI)
Mo(V) PMo/N-C Mo(V)
PMo/BN-C ~ Mo(V)
PMo
0.5 mol/L H,SO,
PMo
PMo/C
0.62V
PMo/N-C PMo/BN-C
Mo
XPS CV
B N
PMo Mo
(€))
PMo
3-methyl-3-butene-1-ol MBOL
PMo
6 h 32 %
PMo/C 47 % PMo/N-C 60 %
PMo/BN-C 57 % PMo/C
PMo 0.24 wt%
PMo
PMo
PMo
PMo PMo/C
PMo/N-C PMo/BN-C  TOF
PMo  PMo/C
PMo
PMo
PMo/N-C PMo/BN-C
PMo/C
PMo
PMo
PMo

MBOL

acet

PM

PMo

MBOL
y -valerolactone GV
PMo/C
amyl
ate AA C-H,,0,
MBOL
AA -
c-C
AA GV
o/N-C PMo/BN-C MBOL
AA GV
PMo/C
XPS CV
PMo Mo
4

Takuya Maie, Jun-ichi Ozaki,
Mechanochemical Treatment of
Precursors of
Carbon-Nanoshel1-Containing
Catalysts for the Oxygen Reduction
Reaction, J. Electrochemical Society,
, 163 , 2016, 3189-3196
DOl 10.1002/slct.201600662
Takafumi Ishii, Keita Yamada, Noriko
Osuga, Yasuo Imashiro and Jun-ichi
Ozaki, Single-Step Synthesis of W2C
Nanoparticle-Dispersed Carbon
Electrocatalysts for Hydrogen
Evolution Reactions utilizing
Phosphate Groups on Carbon Edge Sites,
ACS Omega, ,1 2016, 689-695
DOl 10.1021/acsomega.6b00179
T. Ishii, T. Maie, M. Hamano, T.
Kishimoto, M. Mizushiri, Y. Imashiro,
J. 0Ozaki, Synergistically enhanced
oxygen reduction  activity of
iron-based nanoshell carbons by
copper incorporation, Carbon,
116 , 2017, 591-598
DOl 10.1016/j.carbon.2017.02.035
Takafumi Ishii, Takuya Maie, Naofumi
Kimura, Yuki Kobori, Yasuo Imashiro,




Jun-ichi Ozaki, Enchanced catalytic
activity of nanoshell carbon co-doped
with boron and nitrogen in the oxygen
reduction reaction, International
Journal of Hydrogen Energy, )
42, 2017, 15489 15496

DOI: 10.1016/j.ijhydene.2017.05.003

15
, 2015,
2015
, 2015, 2015
7 42 7
2015
, 42
, 2015

Keita Yamada, Takafumi Ishii, Osuga
Noriko, Yasuo Imashiro, Jun-ichi
Ozaki, Single-step synthesis of W2C
nanoparticle-dispersed carbon
electrocatalysts for hydrogen
evolution reactions, 2016
Japanese-French Seminar on Carbon
Materials , 2016

Takafumi Ishii, Mikiya Hamano, Takuya
Maie, Mayumi Mizushiri, Takeaki
Kishimoto, Yasuo Imasiro, Jun-ichi
Ozaki, Oxygen reduction activity of
catalytically carbonized  phenol
resins with iron and copper

phthalocyanines, 2016
Japanese-French Seminar on Carbon
Materials , 2016
,Fe Cu o
s 43 , 2016
7 43 ’
2016

Takafumi Ishii, Keita Yamada,
Jun-ichi 0zaki, SINGLE-STEP SYNTHESIS
OF W2C/C ELECTROCATALYST FOR HYDROGEN
EVOLUTION REACTIONS UTILIZING
PHOSPHATE GROUPS ON CARBON EDGE SITES,

Carbon2016 , 2016

, 131
, 2016
Jun-ichi Ozaki, Non-Pt catalysts for
polymer electrolyte membrane (PEM)
fuel cells, The International Carbon
Industry Forum 2016 & Spring meeting

of Korean Carbon Society ,
2016
17
44
, 2016
7 44 ’
2017
, 44 , 2017
1
, ,R&D .
, 2017, 386 173-190
0
0

http://jozaki-carbon-lab.ees.st.gunma-u



ac.jp/

@D
0ZAKI Jun-ichi
30214125

®
ISHII Takafumi
50750155
KANNARI  Naokatsu
90743336

®

*



