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Insight into the Electrochemical Oxidation Mechanism of Carbon Materials by
Deuterium-Labeled Temperature-Programmed Desorption
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In this study, the electrochemical oxidation behavior of carbon materials
was investigated by D-TPD analysis. It was found that phenolic hydroxyl groups (Ph2), ethers, and
carbonyls were preferentially formed on the carbon surface by electrochemical oxidation. It is
generally believed that electrochemical oxidation proceeds from the edge sites. However, in the
results of this study, carbon samples with fewer edge sites showed higher reactivity to
electrochemical oxidation. We attempted to understand this electrochemical oxidation behavior by
proposing two hypotheses. Future investigation of the validity of these hypotheses will lead to a
better understanding of the electrochemical oxidation mechanism.



[1]

[2] Fig.1

CO;
(TPD)
(3l
(KB) 3 KB
KB 1000 °C (KB-
1000) 1000 °C (KB-H)
1 3 5 10 30 60min 1.5V vs. RHE
D-TPD
100 mg
100 mg
Fig.2
[sRim| | fFmiE|
BRI
Fa-—7 \' /
FIAAE
TEFRIB
Nom — —
&AyIa

JULOTIL | Edvsa

Fig. 2



D-TPD

D-TPD D-TPD
(4]
Fig. 3 D-TPD
Carbonyl  Ph2
KB1000 Ether Edge
KB1000
C_Jox
o P
KB-EOx(1min) KB1000-EOx(1min)
KB-EOX(5min) % KB1000-EOX(5min)
KB-EOx(10min) %‘ KB1000-EOx(10min)
S = R Yo
0 1000 2000 0 1000 200 .
Number of chemical species / ymol g* Number of chemical species / umol g
KB-H-EOx(1min) - g:;/Anhydnde
[ CxPh/Lactone
I CxH/PhH
[_|Ph
[ Ph2
[_Ether
KB-H-EOx(5min) - Carbonyl
I Eooe H
KB-H-EOx(10min)
1000 2000 3000
Number of chemical species / pmol g™'
Fig. 3
D-TPD KB
KB-1000 D-TPD
KB  2.3x10%° pmol/g KB-1000  2.0x10% umol/g
KB KB-1000
KB-1000 KB
KB-1000
Fig. 4 2
KB1000
KB
KB-H
2
M
KB1000

OH



OBEMDH DT Y ZENEEE —

D-TPD

QIKDERREHIEA LR SN FAIER T

1.
2.
3.
4,

Yu et a., Energy Environ. ci. 8, 702 (2015).

\
KB1000 : ZWUIEDEE(CLKD
KB : WD \EIH GBS RERZ SR e
F%EM&?&ME
8
KB1000 : BWUR(C LD T, EEMHN SORSUSSREND
IRVNEBIHEE L.
EENENDLDICIRD
KB1000-H, : AKF(EICL>TTY S
DFEENEE IKDBALIC K> TEUZ -OH &
\ p DS ZHIEBNREMNEHE
Fig. 4

Ishii et al., Keynote lecture, Carbon 2019, Kentucky, USA (2019).

Z
Y. Yi et a., Catal. Today, 295, 32 (2017).
T.
T.

Ishii et al., Carbon, 161, 343 (2020).



6 0 0 0

Ishii Takafumi Mori Mikaru Hisayasu Shiguma Tamura Ryusuke lIkuta Yuki Fujishiro Fumito 11
0zaki Jun-ichi Itabashi Hideyuki Mori Masanobu
Direct conversion of lignin to high-quality graphene-based materials <i>via</i> catalytic 2021

carbonization

RSC Advances

18702 18707

DOl
10.1039/D1RA02491D

Ishii Takafumi Kitamura Yuki Hasegawa Seiya Sasaki Chiaki 0zaki Jun-ichi

119

Benzene hydrogenation activities of Ni catalyst supported on N- and B-doped carbons

2021

Diamond and Related Materials

108550 108550

DOl
10.1016/j .diamond.2021.108550

Desa Susilo Sudarman Ishii Takafumi Nueangnoraj Khanin

Sulfur-Doped Carbons from Durian Peels, Their Surface Characteristics, and Electrochemical
Behaviors

2021

ACS Omega

24902 24909

DOl
10.1021/acsomega.1c03760

Ono Kiminori Tomai Takaaki Ishii Takafumi Kurushima Kosuke Inamoto Shin Rutz Benjamin H. 5
Tanaka Fumihiko
Direct evidence for highly developed graphene in PAN-based carbon fibers 2021

Carbon Trends

100136 100136

DOl
10.1016/j .cartre.2021.100136




Gabe Atsushi Takatsuki Akira Hiratani Masahiko Kaneeda Masato Kurihara Yoshiaki Aoki 12

Takayuki Mashima Hiroki Ishii Takafumi Ozaki Jun-ichi Nishihara Hirotomo Kyotani Takashi

In-Depth Analysis of Key Factors Affecting the Catalysis of Oxidized Carbon Blacks for 2021

Cellulose Hydrolysis

ACS Catalysis 892 905
DOl

10.1021/acscatal . 1c04054

Ishii Takafumi Philavanh Malisa Negishi Junpei Inukai Eiji Ozaki Jun-ichi 12

Preparation of Chemically Structure-Controlled BN-Doped Carbons for the Molecular Understanding 2022

of Their Surface Active Sites for Oxygen Reduction Reaction

ACS Catalysis 1288 1297

Dol
10.1021/acscatal .1c04806

48

2021

47

2020







