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Development of aerobic methane oxidation catalysis based on nano-carbon materials

Kamiya, Kazuhide
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We synthesized iron (Fe) and nitrogen (N)-modified silicon carbide (Fe/N-SiC) as

a novel methane (CH4) combustion catalyst by annealing Fe-deposited SiC under ammonia atmosphere at 900
° C for 3 h. The activity tests indicated that catalytic combustion of CH4 was accelerated on Fe/N-SiC
compared to Fe-modified SiC (Fe-SiC). Extended X-ray absorption fine structure and X-ray photoelectron
spectroscopy analyses suggested that Fe was atomically distributed and coordinated with N atoms for
Fe/N-SiC. N-ligated Fe centers might facilitate the activation of molecular oxygen and the generation of
active oxygen species which react with CH4, resulting in the enhancement of CH4 combustion activity.

In addition, we prepared nickel (Ni)-modified nitrogen (N)-doped graphene (Ni-N-Gr) as a selective
electrocatalyst for the reduction of CO 2 to carbon monoxide (CO).



Fe-N
Fe-N
Fe (Silicon
carbide ; SIC) 900 °C 3
h Fe-N SiC (Fe/N-SiC)
Ni-N-
900°C 45s
pH 6.8
-
1 -
(m/z
=44)
Fe-SiC
Fe/N-SiC 400 °C
13C
N

Fe/N-SiC

CcOo, CO

Fe-N SiC
( 2a)
Fe/N-SiC
N
3d
Fe d
T (m )
( 2b)
| meesacoy Fe/N-SiC
3
>
(@]
6
=
3
£ Fe-SiC
250 300 350 400 450 500
T/°C
1. Fe/N-SiC, Fe-SiC CoO, -
(a)
CH
0=0 4
\\-,, -> COZ
e- “Fe
N C
/NS ON_SON S
i Si i
AN AN
C C C C
7 back-
donation N
— (e]
4+ ,
+ 4 x
4
¥ o
0=0
2. (a) Fe/N-SiC
(b) Fe/N-SiC
2 -
CO,

Fe



Ni-N-
0.7V -09V CcoO
90 % (4
CO 5%
Ni-N- CO,
ACS
Catalysis
SRR *o.
b,,‘\‘ \\ \k\;x \’ .'.
o 'C\\'\\\\'- (AT,
- SONY ey €0
SR
P S RN

3 Ni-N-

100 ——H,

a o B0

80

. %

—— iy ————

FE (%)

T T T T
05 06 -07 -08 09 -10 -1

z
b ——CO
100 1 s T
-— .
B804
£ &0
w
w
40 4
20
04
™ a5 T T 55 T
0.7 -0.8 0.9 -1.0 -1.1 -1.2
Potential (V vs RHE)
4 (a) Ni-N- (b)Ni

coC ) C )

2.

1
K. Kamiya, R. Kamai, K. Hashimoto*, S.
Nakanishi“Platinum-modified covalent
triazine frameworks hybridized with carbon
nanoparticles as methanol-tolerant oxygen
reduction electrocatalysts” Nature Commun.
2014, 5, 5040.

7

K. Kamiya, S. Nakanishi, K. Hashimoto

Single Atom  Modified  Covalent
Organic  Frameworks as Heterogeneous
Catalysts for Applications in Energy
Conversion and Environmental
Preservation The 1Ith Pacific Rim
Conference of Ceramic Societies, Jeju,
Korea, 2015 September.

K. Kamiya, S. Nakanishi, K. Hashimoto

Platinum-modified Covalent Triazine
Frameworks as Methanol-tolerant Oxygen
Reduction Electrocatalysts ~ The 66 th
Annual Meeting of the International Society
of Electrochemistry, Taipei 2015 October.

95 (2015)
95 (2015)
2014
12
2014
55
0



PCT/JP2015/004423
27 & 31

o
KAMIYA, Kazuhide

50716016

@

®



