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* At resolution of 4.0 cm™!
*Aperture 7.1 mm

R. Manabe et al. Sci. Rep., 6, 38007 (2016).
S. Okada et al. Catal. Today (2018)
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Low wavenumber region Adsorbed water
With EF H
I (200°C) 3675 cm' .
0.1

Without EF (400°C)

After EF (200°C)

855 cm™ '
1K
w A Mf‘* With EF (200°C) 3699cm? 9
- [ |

Before EF (200°C) Before EF /
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| | |
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With the electric field application, Proton transfer via Grotthuss mechanism
» The peak assigned to water rotation at 855 cm was observed.

» The red-shift (24 cm™) of O-H vibration peak was observed. (\

O-H bond energy was weakened approximately 25 kI mol?  (0-H=1.02 A) H .. H* H
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10 R. Manabe et al. Scientific Reports 6 (2016) 38007.
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V' Sample: CeO, (JRC-CEO-1)
V/ Relative density: 58 %
V/ Electrode: Pt ink (both sides)
VvV Flow:

dry =& Ar flow

wet = Ar bubbling system

(0.026 = P,,, = 0.2 atm)

vV Temperature: 125 - 500 °C

0]
su

i
{
In ProboStat measurement cell (NorECs),
with a standard 2-electrode-4-wire set up (shown in right side)
connected to a Novocontrol alpha-A impedance spectrometer with a ZG4 interface

Inner Gas

|
-

Spring
Force

Compressed
Hose Force

VvV Frequency range . 103~ 107 Hz supply tube
vV Amplitude : 0.1V RMS
Analysis

vV ZVIEW equivalent circuit fitting software (version 3.5a, Scribner Associate Inc.)
S = 25m mm?

o) L= 1.0 mm

L
R

Spring load system

uter Gas
pply tube

Sealing place

:’Pt electrode
contacts

Q\
Thermocouple

~ \
Support tube

L “U‘D—J; |

_ L
Y. Sekine et al., Solid State Communications, 270, 45-49, 2018.
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14 Y. Sekine et al., Solid State Communications, 270, 45-49, 2018.
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15 Y. Sekine et al., Solid State Commun., 270, 45-49, 2018. Chem. Commun. 2020, ibid. 2021
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Table 3.1 Results of activity tests over various metal supported catalysts
in the electric field

catalysts Temp. Power CO;conv. CHysel. CO sel.
/K /W /% /% /%
5wt% Ru/CeO, 416 0.84 17.4 96.4 3.6
0.5wt% Ru/Ce0, 405 0.83 7.5 26.9 73.1
5wt% Co/CeO, 406 0.90 5.2 9.1 90.9
5wt% Cu/CeO, 396 0.79 3.7 0.0 100.0
5wt% Ni/CeO, 428 0.94 11.2 63.6 36.4
S5wt% Fe/CeO, 394 0.80 24 0.0 100.0
5wt% Mo/CeO, 377 0.51 0.0 - -
5wt% Zn/CeO, 412 0.66 2.2 0.0 100.0
5wt% Ga/CeO, 447 1.49 6.9 0.0 100.0

CO,:H,:Ar = 1:4:5; 100 mL min! total flow rate; 5.0 mA input current;
100 mg catalyst weight; 343 K furnace temperature

2021 The Sekine Group.@Waseda Univ.
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(a) With EF (5 mA) at 343 K (b) Without EF at 493 K

12 . Co | 12 . Co |
H cH,

9 4 2.3 15 1

H2/C02 ratio / - H /CO ratlo /-

[N
o
T
[N
o
T

©
©
T

Formation rate / mmol min *g_
Formation rate / mmol min * g *

Figure 3.6 CH, and CO formation rates over Ru/CeO, catalyst under various
H,/CO, ratios (a) with EF at 343 K or (b) without EF at 493 K (CO,:H,:Ar = (1-
5):(9-5):10; 200 mL min! total flow rate; 100 mg catalyst weight).
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DRIFT spectra after reaction under different H,/CO, ratios (1 at 493 K (CO,:H,:Ar = 5:5:5 or 0:5:10; 15 mL min total flow rate).

or 4) over Ru/CeO, catalyst with EF (5 mA) at 343 K or without
EF at 493 K (CO,:H,:Ar = 2:8:5 or 5:5:5; 15 mL min™! total flow
rate).
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Carbon dioxide (CO,) is a major cause Chemical Looping Reverse Water-Gas Shift (RWGS-CL)
of global warming and climate change using a novel structured Cu-In oxide
Hz Metal oxide (MO) CO7
bR
. i Reduced by solar-driven Hz Re-oxidized by CO2
= b P Fuels
H:0 MO + CO coO
T Chemicals

C | Advantages
\
P O l l Record CO, splittin
* 2 Structural Kinetics thici 2 il g
> characterization analysis Sy, L
E (>10mmolh'g’)
E ﬁ » Reduced Cu structure - Fast oxide ion High reducability at
0 {t supported by In,O, ' ; migration into alloy lower temperatures
S » Cu-In alloy formation : bulk + preferential (400-500°C)
m and reoxidation — Novel metal oxide: oxidation of alloy- :
ﬁ Successful RWGS-CL Cu-In.O In,0, interface — Simplified gas separation
iﬁ ﬁ High CO, splitting rate without byproducts
Q i
C ;f‘. Novel Cu-In oxide oxide shows record-high CO: splitting rate at lower
O temperatures, opening up possibilities to reduce carbon emissions in the future
-
i

Y. Sekine et al., Chem. Sci. 2021
2021 The Sekine Group.@Waseda Univ.
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26 Y. Sekine et al., Chem. Sci. 2021
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STEM-EDX images for Cu-In,O5 after oxidation

10.0
o
Reduction of Cu(ll)
" 8.0
o
[e)
E Redox cycle on Cu(O)-In203 300 nm
X
)
°
Q
x
©
<
>
o)
£
<

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle5

SA7IVEFEICEN. CullnMIF(CDBIVER{ LY A > DILENIER (DR

27 Y. Sekine et al., Chem. Sci. 2021
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Cu_In_O_ after oxidation
A ° 2 275 \.J A0 9L @ oK F Cu K-edge In K-edge
®ino, # Cu,in O, . . 4
A Cu In alloy V¥ Cu metal = L = L
Xy g g
= =
S 5k
(%] (%2}
Qo Q
© ©
300 nm S L o L
= — 9 8
c K T
S e e R e Mt d A E r Er
Q- Cu_In O _ after reduction g | - Beforere-oxida(ioln » 2 | - Beforer.e-oxidatio‘n .
[ 2 25 - At 30 min of re-oxidation - At 30 min of re-oxidation
cs --- Cu-foil _Ino
~ L L L L il L
> 8970 8980 8990 9000 9010 9020 27920 27960 28000 28040
= Energy/ eV Energy / eV
2]
c
40_'1) E Cu K-edge In K-edge
< 300 nm | l
O B . ‘
F % Culn - 2 =
a @ Culn N é r § i
o L ! ° © <
|- T |
= izsooo AHD ki g
1 —_ =
= [ < [
2 : H Er Er
S ’ : [ =} =} - Before reduction
c 1 p 1! =z . . P X .
< . L - At 30 min of reduction L - At 30 min of reduction
1 [ - Cu-foil )
1 [ -- In-foil
C I Loy f L L L ! 1
41 41.5 42 42.5 43 8970 8980 8990 9000 9010 9020 27920 27960 28000 28040
25 30 35 40 45 50 55 201 degree Energy / eV Energy / eV
26/ degree
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> 9.9wt%Cs/5wt%Ru/SrZrO, (Cs/Ru/SZ0)

VA SEhr= H\
HEROEIS Ee 15 ENANEF (6 mA)
8000 40000
° 0.1 MPa ) ——0.1 MPa
pa o> 0.3 MPa - —e—0.5 MPa %
o ° 0.5MPa - .
5 %P0 o 0.9MPa f 2 30000 [ _*_0-9 MPa
3 g
” ~ 0.9 MPaT®H
B 4000 - ZRJZL0.5 MPaT f SIS o | SEMNELE
, Y =5 i 20000
2 SEENEEITS e
N f N
Qg 2000 |- VR
Q 4 10000
AN -
. . A D T N e ’@’8//‘
450 500 550 600 650 -~-~0-“|——__J_ S @fozg’o |
Temperature / K 450 500 550 - ~ 600 650
. L Temperature / K
- BIBEINNCED 7 eV aRsEENRIR(ICE
- ERDRIETIX0.5 MPaTEREFT B(CHOTULVEIEEN 0.9 MPaTHE_E
SIKFRE B O HERIE
32 R. Manabe et al., Chem. Sci, 2017, 8, 5434-5439.
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9.9 wt%Cs/ 5 wt%Ru/ SrZrO,
8K B ESE
SEIEAEIRRY  BRERE
& N, +H A48 (BIZENNNEHER @473 K) AIBRAA : RuCly*3H,0, CsNO,
e & N, +H, S (BIBENINRL @473, 773 K)

N,+H,

IS N+R, (773 K)

. :
S o
b E N,+H,(473 K)
C\U N2+H2 '?lé',i’/% &
) O
é < Inert(Ar)
N,+H,
Inert(Ar) 3500 3000 2500
4000 3500 3000 2500 2000 1500 1000 Wavenumber / cm ™
Wavenumber / cm™
> BISEIMICLOFTRE —IhHE > NH,EEROE — ISR T

> NH,/"BIRDOE—-JTHDEEZLND

33
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7 =
B8 : ARERENRICAN A LICRIF TR E 7R
AR : 1wt%Ru/CeO,
RIS © 100 mg
BUALE : N,/H,=60/180 SCCM, 450°C, 2h{R$F
ENNNEEIRAE : 6 mA

1.5
) N, order
B H, order > =miEk(673 K)CHIFBRUTIREUIERD
1o | M NH order 7 EZVERROMEREIERE
< ONIREMISEMBZRY
5 .., SN, ARB DR HE T BT th
20 OH REN BOEERYS
< SHNRUDZEZH A NMtBHTHKRE I Bl
B o
g °f > AMEERRE O LIC TRISRERE AL
s ORE DT (CAEVON, REDY R
050 | SERIBICH VTN, DREREMEESN TS
QIRE DR T (CAEVHRERFIE(CZEE
-1.0 ' ' 91EE/mi'E(LBLDL5N ﬁfFfﬁjﬁo)'fEL(LH h\ %
443 K 533 K 673 K

Catalyst bed temperature / K
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- BRI - Cs/Ru/SZ0O
% ¥ N\) * Q » -ENNNEERAE : 6 mA
-EDNNEE/EME : %9 0.2 kv

N2 K NH,,D, | “PHEHRAN,:H,:D,=1:15:15
(Total 60 SCCM)

> N,, H,, D,ZREIF(CHE
> NH,ENH, D DEREEZ LEER

> (NHAERGRE) > (NH, D DAERRIERE)
B NH, B NH, D KEAGBRRICE— R EAAR BN TR
KRB GEE RN B

YV

> TERORIGANZA LT, #IERICRE(CFE
IR RIMARRN R 2 ER B TSR0

YV

> H,ERDOIENN ARG CEERES LU TV a]EEE
0 50 100 150 200 250 300 350
AERRGEEE | umol gt h?

6 MA
573 K
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B8 : BISFINIEOEESEASNCTS i
HIZLER : N,/H,=60/180 SCCM, 450°C, 2hiR$F
ENONEETME : 6 mA

. BHHD @443 K BRI @523 K

' °

oo | e.. .9 o . & ® .| °

_I'_E X
70 ®
*r " TO
Lol " Tors - g
L 50 F ® TOF-p w sor
O @]
= 40 - - 40 —
°
°
30 | |
- l H/'\I—‘-/.
20 | |
| | .I LI 0 1 1 1
1.01.0 1.5 2.0 2.5 3.0 10 15 20 25 30
Ru particle size / nm Ru particle size / nm
TOFs : REIHBE L 2RBH 1Y) OEH o BIZZEMNIL TOVRVBRIETOF-sH2 nm{hiZ T
BRAEZRUZ
SRUKRHECTFET DATYIHA hOEIEN
ERAICRBEICHKER]

STERDORUZRANE L EARDAEE)
o B AENNNUIIZEETOF-ph RURTF 1R (CBEIMR K
—TEDEZRUEE
TOF-p : B LR L BEOREIBET 2L Wb 7= Y OEH S>EBIZENNNFIRu-IBARFRHE CRIGHEST
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[0 Reaction rate equation in the electric field

caIc(T) =T conventional (T) + eOH(T) r OH(T)
9. ~—— IR measurement
C 0mA
(Rv@ ! gL 0 6 mA_Experimental
CeOZ \I g\ calc (T)
o 4L
ware | 3 -
—
Dissociative fo) r on (T) Rate determining step
5 6r ‘
E \
Ru
E -’ ‘llg m@ ®
= — CeO,
I' conventional (T) \. . . .
. Associative
3 | | | |
1 15 2 25 3 3.5
1000 T /K™

r..ic Was calculated using 0, (T) obtained by IR measurements

r..ic Showed great agreement with experimental values

Novel reaction mechanism in the electric field is confirmed.

37 K. Murakami et al., Chem. Commun., 56, 3365-3368 (2020).
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K. Murakami, Y. Sekine et al., Chemical Communications, 56, 3365-3368, 2020.
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log (o/ Scm™)

'

[N

[N
T

'
[y
N

E, (b,N,)=0.93eV
E, (gb, N2) =0.89 eV
|

—.—gb(Nz)
+o‘ (N)
+ab(N2H2 1:3)
—8—o (N,H,=13)

E, (b, 2+H2) =q

a
||

-13
1

1.5 2

2.5 3 3.5

47 eV

log (o/Scm™)

(gb, N2+H2) =0.74 eV

-10

-13

-11

-12 -

E, (gb, NZ) =1.49eV

g, (N)
—u— % (Nz)
——o, (NZ:HZ:l:B)
—a— % (NZ:H2:1:3)

E, (b,N)=0.8leV

1

15 2

2.5 3

3.5

1000 T 1/ Kt

Porousﬁﬂzj)l/fd)é’ﬂi@% SESUCTIZEOZEN RSN, DICLBSKIEE RSN

Porous SrZrO; sample Dense SrZrO5 sample

K
ol Scmt on, /Sem?t  oplon, /- ol Scmt on, /Scm?t oo, /-
723 1.21x107 7.91x108 0.65 243%10%  2.41x10° 0.99
623 1.70x10®  9.88x10° 0.58 414x10"7 4.12x107 1.00
523 5.01 X101 2.62x10%° 0.52 257x10%8 255x108 0.99
423 4.74x 101 227 x10% 0.48 2.44 x 1010 242 %1010 0.99

A IE =S BEEERIZESHE, H/DXREAASHEBCET. FAiltRREIOMNAE
BFEZMEY (with Prof. Norby@Oslo Univ.)
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u Dopant effects on NH synthe5|s rate in the electric fleld

_________________________________________________________________________________________________________

-6 mA @ 423 K, 0.1 MPa --

1000 SrZr04(Sz0)
(0] (0] (@] (0] (0]
T 00 620000
5 * O 0 © ©
o
£ 700 SrZrogrsAlo12s0ss  SIZrogrsY 0125035 STosrsCa0125203  Srg5Bag1,52r0;
=3 (Al) (Y) (Ca) (Ba)
S~
Y 600
2 Catalyst Ru particle size
2 500
0 /- /nm
g 400
> 200 Ru/SrZrO; 6.8
%m Ru/SrZro.g75Al0.12503.5 7.6
200 | Ru/SrZro 875Y0.12503-5 6.0
100 F Ru/Sro_875Cao_12503 6.7
0 Ru/Sro.875Bao.12503 6.6
* Ba, Ca addition enhanced NH; synthesis rate in the electric field
* Ru particle size was almost constant among all catalysts
These supports can be used for the comparison of intrinsic activities
40 K. Murakami et al., J. Chem. Phys., 151, 064708 (2019).
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CeO2 (111)
. Valence
- aene Relax T
Q -1.00+ T
o) | 3
S 4
2 T
Only dopant CeO, matrix —_— B
was relaxed / \ was relaxed % -1.20 _I_ T / l
Fixed surface Relax surface ~ T 4 il
3 T T P~ 1
T -1.40F | 4
: e Tl
-1.60 / 1 l
Only dopant Only dopant CeO, matrix 'ﬁ: J_
was relaxed was relaxed — _Was_rela)ﬂ o
Fix1 Fix2 | _Relax I = 1.80F
+= 1 1 1 1 1 1 1 1 1 1 1
I = I N Al Ga Hf Zr Sc Ce Y Ca La Sr Ba
@ (0.54)(0.62)(0.83)(0.84)(0.87)(0.97)(1.02)(1.12)(1.16)(1.26)(1.42)
(0] (0] I . . A
| *@ Atom(lonic radius / A) / -
I O@‘I’ I
|_® +@+3 | Small cation Large cation

 Dopant ionic radius evidently governed the adsorption energies
— Smaller cation doping produces various relaxation patterns
that make the adsorption of H atoms favorable

Smaller cation doping strengthened the H atom adsorption thanks to
the facilitation of lattice distortion

2021 The Sekine Group.@Waseda Univ.
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@éi,g_ Eﬂbu H%O)iﬁqiﬁ}% @r%_ﬁu s BH BT B Al 7wt%Metal/CeO, (Metal : Fe, Ru, Pd, Pt, Ni, Co)

RS © 100 mg

BIALIE : N,/H,=60/180 SCCM, 700°C, 0.5h{R$F
N ENONEEIRME : 0,6 mA
EiH/AL @723 K Bi%HD @373 K

7000 160

6000 140

12
5000 0

100
4000

80

3000
60

2000
40

1000

Ammonia synthesis rate / pmol g™ h*
Ammonia synthesis rate / pmolg™* h*

20

Co Ni Pd Pt

| | 0

o FADHDIGSIFNEK DR E ERERDIERZ R U (Ru>Fe>Co>Ni>Pd=Pt=0)
o BIZZENNINT 3EICLOT LERFIINAKREKZEAL(Fe>Ni>Ru>Co>Pd>Pt)

o EIHENNNIFC(RBEE OAMERICE FRBBIATFHEEZROTODETEEM
s RukDEIFEICZAMRFeRAREZ VTR VVEREN B 2RI REME

2021 The Sekine Group.@Waseda Univ.
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B8 : 5EEEEOFRY %2 RO BEFE IR ST AMIE. : 7wi%Metal/CeO, (Metal : Fe, Ru, Pd, Pt, Ni, Co)

RIS 1 100 mg
AISLIE : N,/H,=60/180 SCCM, 700°C, 0.5h{R¥F
eFe FIAIEETRIE : 6 mA

400

300

TOF-p/h*

200

100

0 ] ] ] ] ] ]
-1.8 -1.7 -1.6 -15 -1.4 -1.3 -1.2 -1.1

pseudo-AE(NzH formation) / eV

psuedo-AE(N,H formation) = AE(N,H adsorption) — AE(N, adsorption)

o ZEEDTOF-pZpsuedo-AE(N,H formation)(CXFLTIOv b
o BRIZIOEV B RMMEERS N

v
o EIZEDNNEF(CEN HOERRIRINF DT EZ 7 EREEZEATD

2021 The Sekine Group.@Waseda Univ.
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Hy, = 2H,, (1)
Hy2>H +e (2)
N, + H* > N, H* (3)
N,H* + e > N,H (4)
N,H > NH +H (5)
N, +3H,, > NH, (6)
N,H* + NH; > N,+NH,*  (7)
NH,* - NH; + H* (8) N, H* N,H

2021 The Sekine Group.@Waseda Univ.
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> RURARIESFISNIA Rz H ARSI S TR R HH

> IFEERBERAMEERDD)UL MVEEZRIRL O3 LZFHER
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<BBEINNRISIHICHTD NV IS DKEKIE> Y

. B 100
Gas inlet =
—_— -®-ER
& SUS electrode o\° O-SR
T ~ 80
Catalyst P [ —
-
Th [T - ;% g ad |
ermocouple ) £ rin?
 —— =
> : S
] — DC power suppl [— o
p pply — ®
 —
Q
=
[¢]
-

N 4
o o
T T

I h....l

0 A

Furnace
188 Electric field
Gas outlet@ i
D -
Silica wool
400 500 600 700 800 900
Catalyst-bed temperature / K

o EE T ICEMREIEAISE. BRERZEINNT3E TEIBZBEAK

o B/SZENINTRHCLD. REITORZIACLDSRO T EZFERBRERR R RSRICH
WUERRETEVEEZRT

. BEBRAMERICEAVERERIGICEVT. EBROHMNCLHEERTESL)
FFEERMEEEZRI CEERBHBUTER (ROJ AN MBAREEZFIR)

= AR R(CEZ 2 SZA TREAAAZIAZEN UK EaR 2K IS
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- TWC reaction (0.5wt%Pd/Ce, ,Zr, ;0,) - M EHMEE#)0.5-1.2 W
- Without EF - - With EF -
Temperature/ K Temperature/ K
400 450 500 550 600 400 450 500 550 600
100 . 100
SN i X r’= = =
> 80} > 80} g
s 60} S 60l
o 40} @ 40l
Q (]
@ 20| 2 20}
=2 =2
100 100
co *Reaction gas:
80 } 80 NO 2500 ppm, CO
Sap = ppm,
%%EWJ[I C;H 3000 ppm,
X R _ C,H, 500 ppm, O
= 60} — 560 - NO Conversion 2200 opm, |_|2072
-8 ‘» vol%
o o EDNNEETR:
§ 40F 540F 1.5 mA
~ © HIIEER: 200 mg
20 20+
NO Conversion
0 L L % L - —_ L
400 450 500 550 600 00 450 500 550 600
Temprature/ K Temprature/ K

v EBIREENNY 35 TIEIRE(423~473 K)(CHITBNO, C;HDER{LiEIEN A £
v (ERENSERIEBICNT T, BIFZENNITHERBUINEIRRZRT
48 Yasushi Sekine et al., Catalysis Science and Technology, 11, 4008-4011, 2021.
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50
45
40
35
30 f

25 B *Reaction gas: NO
2500 ppm
20 t ENANEETR: 3 mA -fil

NOEIESFRICH |T DNOER{L K (I3.2 %IZE IEE: 80 mg
15 +

NO conversion / %

10

O 1 1 1 1 1 1
400 450 500 550 600 650 700 750

Temperature/ K
BIZOEECMKSINOETRICICTETRINNE

49 Yasushi Sekine et al., Catalysis Science and Technology, 11, 4008-4011, 2021.
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e ; NO-CO-0,-H, 05 Bl
SEVEDE %ﬁﬁﬁﬁ 2~H, .

100 100
o‘ & *Reaction gas:
NO 2500 ppm, CO 3000 ppm,
< 80 80 1 0,250 ppm, H,0 7 vol%
Z o\\o -ENONEETR: 3 mA AR E: 80 mg
§ —-@—without EF 2
—M-with EF >
- v KR i&fmumowt‘f
2 : e BHOHEIKST)
20 | 20 | VARRY
SEESHNH7E Y DA
1 1 1 1 L L I_HF);T_
%50 400 450 500 550 %50 400 450 500 550 < < ENO-COD ‘77‘ @D }i}/_l:—\
Temperature / K Temperature / K L 7«—& > T LY %) —_[Ablli
100 100 —— g —E— i
—@—without EF N
4o | [with EF . NERK(IEHICL DM
N S ti%bﬂ%%@@ﬂ?&/m
Z 60t 5 6o0f 15, T 1340 %L T
> 7
46 [5) .
D = —@—with EF
g Or § 40 —M-without EF
z o — < . .
20 | 20 | v @%3:%$E'ﬂﬁ$ Liéﬂfﬁiﬁkf
BIHDOBEICIKST
%50 200 250 500 550 %50 200 250 500 550 100 %
Temperature / K Temperature / K
50 Yasushi Sekine et al., Catalysis Science and Technology, 11, 4008-4011, 2021.
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100 100 -
—@—without EF —@—without EF *Reaction gas:
80 —-with EF 80 —l-with EF NO 2500 ppm, C;H, 500 ppm,
A s | 0, 1000 ppm, H,0 7 vol%
2 = -EMANEE: 3 mA - ARIEE: 80 mg
560t 2 60
[%2] —
£ o SER= 3 —
£ 0 z v BIZENAITNO, C,H R
o - o - N
S . (=SNols
pd o
20 | 20 |
1 1 1 1 1 1 O 1 1 1 1 1 1 \
O350 400 450 500 550 600 650 700 750 350 400 450 500 550 600 650 700 750 v/ N21%§$R$L 'E'E'iyw— EDjJ[]
Temperature / K Temperature / K . o
100 100 " ‘(100 A)
—@—without EF
—-with EF
80 80 |
X =3 Vi) N
> 60 = ol vV BREDHEE ;cc H DL
£ S s X
§ g ’ﬂ./; NP EM
§ 40 § 40 L
< —@—without EF ON
20 —-with EF 20 -
350 400 450 7500 550 600 650 700 750 %50 200 450 500 550 600 650 700 750
Temperature / K Temperature / K
51 Yasushi Sekine et al., Catalysis Science and Technology, 11, 4008-4011, 2021.
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NO-CO, NO-C,H S&fk¢&

BRELEDE 0N pei o ’ 3
Seckinsawasedasp (Ao | TWCER A DL

A NBEARE L DT — &

NO conversion(N; selectivity)/ %

Without EF 420 K Without EF 475 K Without EF 500 K With EF 420 K With EF 475 K With EF 500 K
NO-CO0-0,-H,0 97.2(5.2) 100(30.4) 100(96.2) 95.8(22.9) 99.5(32.0) 100(71.7)
NO-C;H¢-0,-H,0 3.6(0.846) 3.4(0.294) 6.2(5.4) 14.4(92.4) 13.7(100.0) 17.7(100.0)
TWC condition 0.11(0.0) 0.27(0.0) 3.5(13.4) 13.7(100.0) 14.4(100.0) 23.0(100.0)

NO-COZfF
— BSOBEEICEIBANOERLERDZE(IFAERL
— BRI EIZENNINEFON,EIRZK(320~30 BI2E
NO-C,H &4+
— RIS CESZENINICEDNOER LR N[
— &RETNIBIRE(IZFEFL100% = TWCERHAETORN > RE—EK

~
BETWCRIGHICEWT, {KIETONOETEEICCH ZETHIELTVD
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