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Fig. 1 Ammonia synthesis rates of various 2 wt%
Ru catalysts. 7 = 350 °C. P = 0.1 MPa.
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Fig. 2 Ammonia synthesis rates over various
Ru/Cs-CeO: catalysts; Cs/Ce = 0 (%), 0.2 (4),
03 (O), 035 (@), 04 (), 045 (1),
equilibrium (dot-line). P = 0.1 MPa.

1) K. Aika, H. Hori, A. Ozaki,J. Catal., 27,424 (1972).
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1) K. Sato, S. Miyahara, Y. Ogura, K. Tsujimura, Y. Wada, T.
Toriyama, S. Matsumura, K. Nagaoka, ACS Sustainable
Chem. Eng., 2020, 8, 2726 — 2734

2) kM. /R JAVAID, #3%, % 123 [IfRBEETER2.

2P20(2019)
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Fig. 1. Ammonia synthesis activity of supported Co catalysts.

The influence of doping amount of Ba (a) and reduction
temperature (b).

1) K. Sato et al., ACS Sustainable Chem. Eng., 8 (2020) 2726.
2) A D, 39 BEKFZ R LF—HaKE (2019) B0S.
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Fig.1 Ammonia synthesis rate of supported Ru catalysts.

Reaction condition; 0.9 MPa, WHSV 18,000 mL g ' h

“1 Ny/H,=1/3.

Ru Zfifi <1, mWEFIEE567), TRbbin
W FENE 2 FF O ARSCBI I & DA G DRIC L - T
T U =T ARG T A EE AW X Ty
%. % Z T Ru/PrOs DI IEEIZ OV TRETT 5720
CO, 7/ u—7 L LIZFiREEY 0 7 7 A V& JIE
L, WEROBEZRE L7 (Table1).

Table 1 Physicochemical properties of supported Ru

catalysts
Catalyst SSA H/Ru  TOF* Density of
m?g’! s! base sites**
umol m™
Ru/Pr,0; | 20.4 0.17 0.050 4.4
Ru/CeO; | 33.5 0.29 0.014 23
Ru/MgO | 46.4 0.30 0.003 22

* Based on H/Ru and ammonia synthesis rate at 390 C.
** Based on SSA and amount of CO, desorption.

Z DR, Ru/Pr0; 1% Ru/MgO <° Ru/CeO, & T
KI2MEOBECTHERZBALTND Z ERbNY,
Pr,0; N7 V=T AR & LT

Copyright(C) The Japan Petroleum Institute 2020 All rights reserved. 1F04 -



1F04

BEHATWDZERHAL NSz, —FT, K
FAFWAE BRE DO, TEHESIOFEE L 72 % H/Ru
DAL Ru/PrOs B b /N W2 &, it o 3 5L
DL LIEME S H 720 OSUGEIEAEE (TOF) % b
W5 &, MR L R CIERICRE A R T
ZENMSMNE ST THIUE, OIS
128 Ru/PrOs DEIEMHEICH 5 L TW AR 235 2
EERIBLTND. ZIT, SLRLITEIT-T-

RuR7T =T G RABE O & LT, BSH &
RHEBOREEENIEEICRESEET L LN
MH5NTWS, 22T, EDS AWt~y
7 &, INFERIER STEM (2 K B 5 F 55 fifHe T D@22
2 > T Ru/PrO; XD Ru FOEEZ BT L7
(Fig.2). Z DR, PrOs RO FE TIE, Ru fEH
FEABTE DR 0.3~5 nm FBREDOH S DT LA ¥ —
ELTRERICEFBEN TS E V) Z L2 LM
L7z. RuBR7 & =7 G Clx, BEOBNA
fAFN72 Ru 72308 No o F EMHAEER 5 &, &
HWEMECTH D N=N FESOUIN 2 (EET 5 L) =
EDRHBN TN D, Ru/Pr0s O fatEDIRNREIZ
HENLA B2 R A D LTV D72, Nosy
T O -TEE LA RET S 2 B2 65, 5,

Ru ORIBKKZHENDITH 2 ET, F /R IKT Ru
EHEFTAZELABETH DN, T RTOGET)
J LA v —iEE L LT ' =T AR
TT 52 ENEBRMICHI LN ->TWND. ZOf
b, RuFEORR e REEED ST =T A
FEHEO—RTHD LA HHEL TV,

Fig. 2 STEM observation of Ru/Pr,O;. (a) HAADF
image, (b) elemental map, (c) high magnitude STEM

image, (d) schematic structure of Ru/Pr,0s.
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Fig. 3
supported Ru catalysts.

Infrared spectra of adsorbed N, molecules over
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WA, AR CIEFEIEEET 523, Fx b, Ru/Pr0s
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T =T EHEhE LA RRE= R L X —FIH
VAT AOEBIL, HAROZR L THAN e L
X—, REMELRRET S, RERREELHO T
WD, FEDEEN I SIRNRBOHEEO—B L7
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1) K. Sato, et al, Chem. Sci., 8 (2017) 674.
2) 7= & 21X, K. Sato etal., ACS Sustainable Chem. Eng.,
8 (2020) 2726.
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Hydrogen production/energy career/CCU

[1FO05-06] Hydrogen production/energy career/CCU 2
Chair:Qingxin Jia(Osaka City University)
Thu. Nov 12, 2020 11:00 AM - 11:30 AM Room F (3F/Conf. Room F1-2)

[1FO5] Effect of proton on catalyst support on catalytic reaction in an electric field
OSae Doi1, Yuta Tanaka1, Kota Murakami1, Takuma Higo1, Shuhei Ogo1'3, Jeong Gil Seoz, Hideaki
Tsuneki', Yasushi Sekine' (1. Waseda University, 2. Hanyang University, 3. Kochi University)
11:00 AM - 11:15 AM

[1FO6] Preparation of Cu-chalcopyrite-based photoelectrodes for their sintered
pellet forms
OTakumi Toyodome', Wakaba Fujita®, Shigeru lkeda?, Kenji Yoshino®, Yutaka Amao® (1. Graduate
school of science, Osaka City University, 2. Department of Chemistry, Konan University, 3.
Department of Applied Physics and Electronic Engineering, University of Miyazaki, 4. Research
Centre for Artificial Photosynthesis, Osaka City University)
11:15AM - 11:30 AM
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1) R. Manabe et al., Chem. Sci., 8, 5434-5439 (2017).

2) K. Murakami et al., Catal. Today, 3, 271-275 (2018).

3) K. Murakami et al., Catal. Today, 351, 119-124 (2020).

4) K. Murakami et al., J. Chem. Phys., 151, 064708
(2019).

5) K. Murakami et al., Chem. Commun., 56, 3365 (2020).

6) K. Werner et al., J. Am. Chem. Soc., 139, 17608-17616,
(2017).
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B 1. BAbAE RO LB —FEAL AR
1) HHEEER, CIGS KIGFEMOD ML, 2010, A FI) T35
R4k, pp.48-49.

2) K. Domen et.al, J. Am. Chem. Soc. 2013, 135, 3733-3735.
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[1FO7-08] Hydrogen production/energy career/CCU 3
Chair:Ryosuke Atsumi(National Institute of Advanced Industrial Science and Technology)
Thu. Nov 12, 2020 1:00 PM - 1:45 PM Room F (3F/Conf. Room F1-2)

[1FO7] Development of photo-switchable heterogeneous catalyst based on Fe-MOF
for formic acid/CO, interconversion
OlJumpei Matsuo', Kohsuke Mori'?, Hiromi Yamashita'® (1. Division of Materials and
Manufacturing Science, Graduate School of Engineering, Osaka University, 2. Elements Strategy
Initiative for Catalysts and Batteries Kyoto University (ESICB))
1:00 PM - 1:15 PM

[1FO8] [Award Lecture-The Japan Petroleum Institute Award for Encouragement of
Research and Development] Development of metal nanoparticle catalysts for
anode of anion exchange membrane fuel cells
QOlunya Ohyama1 (1. Kumamoto University)
1:15PM - 1:45 PM
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1) K. Mori, S. Masuda, H. Tanaka, K. Yoshizawa, M. Che, H.
Yamashita, Chem. Commun., 53, 4677 (2017).

2) S. Masuda, K. Mori, Y. Futamura, H. Yamashita, ACS
Catal., 8,2277 (2018)

Copyright(C) The Japan Petroleum Institute 2020 All rights reserved. 1F07 -



1FO8

BAARS (B50EAH - AmbEFEHRS

T = SRR EM T — R &R T Rk o

EZF?‘D

1. %%

BE, 7'm N Rk L (PEMFC) 23
HEhES CERLESNTWAR, Zhicfb sk
B & U T 7 =4 > 22 fa Ak R i
(AEMFC) 2MER &R TW5. PEMFC TlLEY
NESBNBE R CTH 5720 Pt HoElie &4
LAMEF T 220 vAy, AEMFC TIZEMN MK
JERERE CH A0, ikl L TRERE S
WS ESEhGRENFEHTRELE RS,
AEMFC Dif8EIX PEMFC (2~ TH A12MEW =
ETHY, ZTORKO—> L LTERER (7 —
R) IO KFEEACSOLD BN ENFETFHND.
Z T, B lIKRFEBRLSOS IR L TEWIEME %
R BRI LD R AT

2. HEREBLUER

AEMFC @7 / — RiHERIFIZHB W T, O&R
T RO A X, @& ek, @REEHD
3 O&ME L7z,

O&‘T ki FOV A4 XHIECB W TIE, £7,
ikt & U CIE e &R A RR T D201, &Rk
DAYV —=2 7 %47\, Ru D3 KFEB LS b
A OB RE A BT A 2 LA R L. &
ZC,RuF ROV A ZHFENZE D AT E 2
A, RuF 2 RIA DY A X035 3 nm (ZHIE L 7= K
(ZHRF R @S WRBLE 2R L, Z OMEEEIL Pt
F R PEHEL U 7= (X 1). B S e - Bk EE %
N A 2 R A — L THRIZE LTSRS, Ru
F I RADY A X% 3 nm IZHIETAZ & T, B
F LV TCELHE e B BRI A AR T 5 2 L3
BIL, ZAU0S 3 nm THREEMIZEIEME L 72> 725
k rl\ugﬁ% L/7L: D

T @: Ru metal on surface
& «: Ru metal in bulk
@: Oxidized Ru
A @®: Carbon

*.L%‘*f»ff / nm

B 1 ARFRACSOSITHT % Ru 7/ R DY A X
R FRA 7R TS L.

o
X

© Ru/C
| Pt/C

o
o
(5]

2

KEHH-YDIEE/

@&64tTIE, OICBWTRH L7 Ru & &%
SFERBEEBOMAEDEEREFIL, Ir &HLA

AbhtdZ &R NAREL M ETH &
Ze S U7 (1K 2). KSR AS 2580 2 AT L 7266 2R,
Ru & Ir A&k - T, TnFhHEKDOEE
LU HKERETRLE—DET L, KEBIK
m%ﬁwmifé ENIRBEENTZ. D

10
31221%{_12\}

=]
@

T
I
o

u?)

(mA cmy,,
o
(4]
o
e
Mass activity
(A Mgnewr™)

Specific activity
°
N

0.0

I
=]
o

Ru-lr Ru Ir Pt
alloy

B eI & D RFRACSOSTEED ) L.

2 Ru-Ir

@D FREEMITIE, &FT /K1 mDKFERK
HTANX =B IEDH L, I5IT, WaEK
FH LS T 2 REAKBICHOWEEZIEZ D Z
LHERIWE L. =T AL LT —AR U HE
Pt 7 ki t-& v, ZORmER A~ OERBRILY
CTlEfif L7-. 15 FEO & @R 2 VN CFRm 2 &4
% Z L TR E RFHNCEA S, RS oK
FW T X —8 L OFREKBICY O SVE
DfEVEREIC S35 Z L 252N L7 (X 3).
I 5612, Co & RulZ X aERmEMIZL T, Pt
J RO EEB L OREE D 72 0 Ofts
oA = D Nl o =1 s e A AN/ R =

C H2
.Wﬂﬂ

Pt/C

Xl 3 Pt/IC OFREEARIC L 2 miEE b

PLED X 9lc&gr 2 hifoa X, ik, #
HAEEEE 52 & TAEMFC 7/ — RfihltyE
A L&, FOAD=LEHLNLE.

1) Ohyama, J., Sato, T., Yamamoto, Y., Arai, S.,
Satsuma, A., J. Am. Chem. Soc., 135, 8016, (2013).

2) Ohyama, J., Kumada, D., Satsuma, A., J. Mater.
Chem. A, 4, 15980, (2016); Ishikawa, K., Ohyama, J.,
Okubo, K., Murata, K., Satsuma, A., ACS Appl. Mater.
Interfaces, 12, 22771, (2020).
3) Okubo, K., Ohyama, J.,
Commun., 55, 3101 (2019).

Satsuma, A., Chem.
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[1F09-10] Hydrogen production/energy career/CCU 4
Chair:Shigetaka Fujii(Chiyoda Corp.)
Thu. Nov 12, 2020 2:00 PM - 2:30 PM Room F (3F/Conf. Room F1-2)

[1FO9] Dehydrogenation of ethane over Ba-added perovskite catalyst
OKoki Saegusa1, Kazuharu Ito1, Kenta Toko1, Kota Murakami1, Hikaru Saito4, Shuhei Ogo3, Hideaki
Tsuneki', Shun Maeda?, Kunihide Hashimoto?, Yasushi Sekine' (1. Waseda University, 2. Kubota
Corp., 3. Kochi University, 4. Institute for Molecular Science)
2:00 PM - 2:15PM

[TF10] Hydrogen production from formic acid catalyzed by polymer-dispersed
homogeneous Pt nanoparticles
OYusuke Minami', Yutaka Amao' (1. Osaka City University)
2:15PM - 2:30 PM
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Fig. 1 Energy diagrams of ethane dehydrogenation.

1) H. Saito et al., J. Jpn. Petrol. Inst., 60 (2017) 203-210.
2) K. Toko et al., J. Phys. Chem. C, 124 (2020) 10462-10469.
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1) Y. Minami, Y. Amao, Sustainable Energy Fuels, 4,
3458 (2020)
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