Thu. Nov 11, 2021

Room-C

Hydrogen production/energy carriers/CCU
[1C01-04] Hydrogen production/energy

carriers/CCU(1)
Chair:Shigeo Satokawa(Seikei Univ.)
9:00 AM - 10:00 AM Room-C (Dojo-A/Hakodate Areana)

[1CO1] The effect of structure of Ru/ Sr,_Ba, ZrO, catalyst
on low-temperature ammonia synthesis
OSae Doi1, Yuta Tanaka1, Kota Murakami1, Kazuharu
Ito1, Yuta Mizutani1, Koki Saegusa1, Takuma Higo1,
Hideaki Tsuneki', Yasushi Sekine' (1. Waseda Univ.)
9:00 AM - 9:15 AM

[1C02] Effect of heterocation doping in CeO, surface on
the surface proton migration and its application
for ammonia synthesis
ORyuku Maeda', Kota Murakami', Yuta Mizutani',
Takuma Higo1, Hideaki Tsuneki1, Yasushi Sekine' (1.
Waseda Univ.)
9:15 AM - 9:30 AM

[1CO03] Simulation study of optimized operation condition
in ammonia synthesis process applying renewable
energy under wind speeds probability
ORyosuke Atsumi', Hideyuki Matsumoto? (1. National
Institute of Technology, Nagaoka College, 2. Tokyo
Institute of Technology)
9:30 AM - 9:45 AM

[1C04] Doping effect of alkaline metal elements on
Co/MgO catalyst for NH, synthesis
OTomoko Shibata1, Shin-ichiro Miyahara1, Hlroshi
Yamada', Katsutoshi Sato?, Katsutoshi Nagaoka' (1.
Nagoya University, 2. Kyoto University)
9:45 AM - 10:00 AM

Hydrogen production/energy carriers/CCU
[1C05-09] Hydrogen production/energy

carriers/CCU(2)
Chair:Shinya Hodoshima(Chiyoda Corp.)
10:15AM - 11:30 AM Room-C (Dojo-A/Hakodate Areana)

[1C05] Development of Ni catalysts supported on high-
surface-area BaTiO, for ammonia decomposition
OHaruki |shida1, Hiroki Muroyama1, Toshiaki Matsui1,
Koichi Eguchi1 (1. Kyoto University Graduate school of
engineering the Department of Energy and Hydrocarbon

Chemistry)
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10:15 AM - 10:30 AM

[1C06] Mechanism of activity development of ruthenium-
based catalysts for ammonia synthesis using ceria
support with a large amount of cesium
OAyane Hori1, Mami Osozawa1, Kosuke Fukai1, Minoru
Somiya', Kazumasa Oshima’, Shigeo Satokawa' (1.
Seikei University )
10:30 AM - 10:45 AM

[1C07] Development of liquid synthetic fuel production
technology from carbon dioxide Part 1
OMasaomi Amemiya1, osamu sadakane1, kenichi
okamoto', mitunori tabata' (1. JAPAN PETROLEUM
ENERGY CENTER)
10:45 AM - 11:00 AM

[1C08] Catalytic Property of Cobalt/Silica for CO, FT
Synthesis
OShohei Harada1, Shigeo Satokawaz, Masaru Ogura1

(1. The University of Tokyo, 2. Seikei University)

11:00 AM - 11:15 AM

[1C09] Effect of support material for CO, FT synthesis on
Cobalt-based Catalyst
OKyohei Shitaba1, Shohei Haradaz, Masaru Oguraz,
Shigeo Satokawa' (1. Seikei University, 2. The
University of Tokyo)
11:15AM -11:30 AM

Hydrogen production/energy carriers/CCU
[1C10-13] Hydrogen production/energy

carriers/CCU(3)
Chair:Yutaka Amao(Osaka City Univ.)
1:00 PM - 2:00 PM Room-C (Dojo-A/Hakodate Areana)

[1C10] DFT calculation of CO adsorption over Ce; M, O,
s catalyst
OMasabhiro Yamaguchi1, Kota Murakami1, Yuta
Mizutani1, Hiroshi Sampei1, Atsushi Ishikawaz, Yasushi
Sekine' (1. Waseda Univ., 2. National Institute for
Materials Science (NIMS))
1:00 PM - 1:15PM

[1C11] Composite Oxides Based Non-Noble Metal for
Oxygen Evolution Catalysts toward Water
Electrolysis
OVYuichi Hisa1, Katsutoshi Satoz, Hiroshi Yamada1,
Katsutoshi Nagaoka' (1. Nagoya University, 2. Kyoto
University)
1:15PM - 1:30 PM

[1C12] Oxidative Coupling of Methane in Solid Oxide



Electrolysis Cells
ORyuiji Kikuchi1, Shu Kodama1, Naoya Fujiwara1, Shohei
Tada® (1. Univ. of Tokyo, 2. Ibaraki Univ.)
1:30 PM - 1:45 PM

[1C13] Catalytic activity of brownmillerite Fe-Co oxide for
electrochemical oxygen evolution reaction in
neutral aqueous solution
OHiroyuki Okada1, Etsushi Tsuji1, Satoshi Suganuma1,
Naonobu Katada' (1. Center for Research on Green
Sustainable Chemistry, Tottori University)
1:45 PM - 2:00 PM

Hydrogen production/energy carriers/CCU
[1C14-18] Hydrogen production/energy

carriers/CCU(4)

Chair:Katsutoshi Sato(Nagoya Univ.)
2:15PM - 3:30 PM Room-C (Dojo-A/Hakodate Areana)

[1C14] Development of a visible-light driven CO,,
reduction system by combining a biocatalyst and
CulnS, photocathode
OTakumi Toyodome1, Yutaka Amao1'2, Masanobu
Higashi® (1. Graduate School of Science, Osaka City
University, 2. Research Center for Artificial
Photosynthesis, Osaka City University)
2:15PM - 2:30 PM

[1C15] Substrate selectivity and isotope effects in CO,
reduction catalyzed with formate dehydrogenase
ORyohei Sato1, Masanobu Higashi1, Yutaka Amao' (1.
Osaka City University)

2:30 PM - 2:45 PM

[1C16] Synthesis of unsaturated dicarboxylic acid from
carbon dioxide with enzyme
OMika Takeuchi1, Masanobu Higashi1, Yutaka Amao’

(1. Osaka City University)
2:45 PM - 3:00 PM

[1C17] CO2 adsorption/reduction cycle in the presence
of oxygen by solid catalysts
OKenichi Shimizu’, Shinta Miyazaki', Takashi Toyao',
Zen Maeno' (1. Hokkaido University)
3:00PM - 3:15PM

[1C18] CeO,-catalyzed synthesis of cyclic urea from CO,-
derived ethylenediamine carbamate
OHikari Terada1, Jie Peng1, Masazumi Tamuraz, Mizuho
Yabushita1, Ryotaro Fujii1'3, Yoshinao Nakagawa1, Keiichi
Tomishige' (1. Graduate School of Engineering, Tohoku

University, 2. Research Center for Artificial
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Photosynthesis, The Advanced Research Institute for
Natural Science and Technology, Osaka City University,
3. Organic Materials Research Laboratory, Tosoh Corp.)

3:15PM - 3:30 PM

Fri. Nov 12, 2021

Room-C

Hydrogen production/energy carriers/CCU
[2C01-05] Hydrogen production/energy

carriers/CCU(4)
Chair:Shohei Tada(lbaraki Univ.)
9:00 AM - 10:15 AM Room-C (Dojo-A/Hakodate Areana)

[2C01] Low temperature CO2 methanation in an electric
field
OYuki Katayama1, Kensei Yamada1, Ryota Yamano1,
Takuma Higo', Yasushi Sekine' (1. Waseda Univ.)
9:00 AM - 9:15 AM

[2C02] Methanation property of CO, emitted from
industrial process by structured catalyst system
OChoji Fukuhara1, Hiroshi Akamaz, Tomoya Taniguchi1,
Kentaro Uchida’, Ryo Watanabe' (1. Shizuoka
University, Graduate school of engineering, 2. Shizuoka
University, Faculty of engineering)
9:15 AM - 9:30 AM

[2C03] Exergy evaluation of CO, auto-methanation by
adiabatic reactor
OHiroshi Akama1, Tomoya Taniguchi 2, Kentaro Uchidaz,
Ryo Watanabe?, Choji Fukuhara® (1. Faculty of
Engineering, Shizuoka University, 2. Department of
Engineering, Graduate School of Integrated Science and
Technology, Shizuoka University)
9:30 AM - 9:45 AM

[2C04] Performance of rapid CH, dry reforming using
spiral-type Ni-based-structured catalyst system
OShuzo Hatano1, Masaki Tanebayashi1, Ryo Watanabe1,
Yoshiumi Kohno', Choji Fukuhara' (1. Shizuoka
University)
9:45 AM - 10:00 AM

[2C05] CH,, dry reforming process with continuous solid
carbon capture from CO,: carbon capturing
property of iron-group metal catalyst
OMasaki Tanebayashi1, Shuzo Hatano1, Ryo Watanabe1,
Yoshiumi Kohno', Choji Fukuhara' (1. Shizuoka
university)

10:00 AM - 10:15 AM



Hydrogen production/energy carriers/CCU
[2C06-11] Hydrogen production/energy

carriers/CCU(5)
Chair:Mitsuru Koike(ldemitsu Kosan Co., Ltd.)
10:30 AM - 12:00 PM Room-C (Dojo-A/Hakodate Areana)

[2C06] Steam reforming of methane in an electric field
and the effect of Ni-alloying and steam treatment
OAyaka Motomura1, Maki Torimoto1, Yasushi Sekine'

(1. Waseda Univ.)
10:30 AM - 10:45 AM

[2C07] Degradation and carbon deposition behaviors due
to impurity sulfur over the catalyst for CO2
reforming of methane
OShimoda Shimoda Naohiro1, Masayuki Mizuno1,
Masahiro Katoh1, Shigeru Sugiyama1 (1. Tokushima
University)

10:45 AM - 11:00 AM

[2C08] Development of New Tandem Catalysts for CO2
Hydrogenation Reaction Aimed at Synthesis of
Lower Olefins
OHiroka Kinoshita1, Kenta Iyokiz, Noriko Yamauchi1,
Yoshio Kobayashi', Shohei Tada' (1. Ibaraki University,
2. The University of Tokyo)

11:00 AM - 11:15 AM

[2C09] ZnZrO, catalyst for CO, hydrogenation
ONagomu Ochiai1, Kenta Iyokiz, Noriko Yamauchi1,
Yoshio Kobayashi1, Shohei Tada' (1. Ibaraki University,
2. The University of Tokyo)

11:15 AM -11:30 AM

[2C10] Optimization of component of Fe-Cu-Mn catalyst
supported on active carbon for the synthesis of
lower olefins from CO2
ORyosuke Oshikata1, Midori Mori1, Kenji Asami' (1.The
University of Kitakyushu Asami Laboratory)
11:30 AM - 11:45 AM

[2C11] Single step synthesis of dimethyl ether from CO,
over PdZn alloy based catalysts
OHiromu Chikagwa1, Kohei Fujiwara1, Nobuhiro Iwasaz,
Shinichiro Fujita2 (1. Graduate School of Chemical
Sciences and Engineering Hokkaido University, 2.
Graduate School of Engineering Hokkaido University)
11:45 AM - 12:00 PM

Hydrogen production/energy carriers/CCU
[2C12-15] Hydrogen production/energy
carriers/CCU(6)
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Chair:Atsushi Takagaki(Kyushu Univ.)
1:00 PM - 2:00 PM Room-C (Dojo-A/Hakodate Areana)

[2C12] Low temperature steam reforming on Ni-doped
YSZ catalyst in an electric field
OKaho Nagakawa1, Ayako Takahashi1, Maki Torimoto1,
Ayaka Motomura1, Naoya Nakano1, Reiji Yamashita1,
Hiroshi Sampei', Takuma Higo', Hideaki Tsuneki', Naoya
Moriz, Hideto Satoz, Yasushi Sekine'! (1. Waseda Univ.,
2. Murata Manufacturing Co. Ltd.)
1:00 PM - 1:15PM

[2C13] Inhibitory effect of trace impurities on the catalytic
activity in methanol reforming
OKatsutoshi NOMOTO", Hiroki MIURA"'?3, Tetsuya
SHISHIDO™%3 (1. Tokyo Metropolitan University, 2.
Research Center for Hydrogen Energy-based Society,
Tokyo Metropolitan University, 3. Elements Strategy
Initiative for Catalysts and Batteries, Kyoto University)
1:15PM - 1:30 PM

[2C14] Chemical-looping reverse water gas shift reaction
on Cu-In-oxide
OSota Kakihara1, Junichiro Makiura1, Takuma Higo1,
Yasushi Satoz, Yasushi Sekine' (1. Waseda Univ., 2.
ENEOS Corp.)
1:30 PM - 1:45 PM

[2C15] Development of Pt supported LaO, modified TiN
catalyst for dehydrogenation reaction from
aqueous methanol solution
OYuki Shimoji', Kohsuke Mori'?, Hiromi Yamashita'?

(1. Osaka University, 2. Elements Strategy Initiative for

Catalysts and Batteries Kyoto)
1:45 PM - 2:00 PM

Hydrogen production/energy carriers/CCU
[2C16-19] Hydrogen production/energy

carriers/CCU(7)
Chair:Hideshi Iki(ENEOS Corp.)
2:15PM - 3:15 PM Room-C (Dojo-A/Hakodate Areana)

[2C16] Development of H2 energy storage and
transportation system using Organic Chemical
Hydride
OKenichi Imagawa1, Hironori Kawai1, Masataka Okada1,
Yusuke Nakajima', Yoshimi Okada' (1. Chiyoda
Corporation)
2:15PM - 2:30 PM

[2C17] Development of technology for hydrogen storage

and transportation at large scale by organic



The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-
Petrochemical Symposium of JPI)

chemical hydride system - Development of
modified catalyst for methylcyclohexane
dehydrogenation -
OShinya Hodoshima1, Kenichi Imagawa1, Masashi Saito1,
Kanechika Matsuiz, Hironori Kawai? (1. Chiyoda
Corporation, Research &Development Center, 2.
Chiyoda Corporation, Process Development Section)
2:30 PM - 2:45 PM

[2C18] Hydrogen production from surface-type methane
hydrate collected off Tokachi
OHirotoshi Sakagami1, Noriyasu Okazaki1, Satoshi
Yamashita1, Akihiro Hachikubo1, Masaaki Konishi1,
Kazutaka Tateyama1, Masato Kita1, Hirotsugu Minami’

(1. Kitami Institute of Technology)

2:45 PM - 3:00 PM

[2C19] Direct methane reforming reaction - Examination
of preparation method of iron oxide catalyst-
ONoriyasu Okazaki1, Kouichirou Iwama1, Shou
Fukishima1, Youhei Sakurai1, Hirotoshi Sakagami1 (1.
Kitami Institute of Technology)

3:00 PM - 3:15 PM

©The Japan Petroleum Institute
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Hydrogen production/energy carriers/CCU

[1C01-04] Hydrogen production/energy carriers/CCU(1)
Chair:Shigeo Satokawa(Seikei Univ.)
Thu. Nov 11, 2021 9:00 AM - 10:00 AM Room-C (Dojo-A/Hakodate Areana)

[1CO1] The effect of structure of Ru/ Sr, Ba ZrO, catalyst on low-temperature
ammonia synthesis
OSae Doi', Yuta Tanaka', Kota Murakami', Kazuharu Ito', Yuta Mizutani', Koki Saegusa1, Takuma
Higo', Hideaki Tsuneki', Yasushi Sekine' (1. Waseda Univ.)
9:00 AM - 9:15 AM

[1CO2] Effect of heterocation doping in CeO,, surface on the surface proton
migration and its application for ammonia synthesis
ORyuku Maeda1, Kota Murakami1, Yuta Mizutani1, Takuma Higo1, Hideaki Tsuneki1, Yasushi Sekine'

(1. Waseda Univ.)

9:15 AM - 9:30 AM

[1CO3] Simulation study of optimized operation condition in ammonia synthesis
process applying renewable energy under wind speeds probability
ORyosuke Atsumi’, Hideyuki Matsumoto® (1. National Institute of Technology, Nagaoka College,
2. Tokyo Institute of Technology)
9:30 AM - 9:45 AM

[1C04] Doping effect of alkaline metal elements on Co/MgO catalyst for NH,
synthesis
OTomoko Shibata', Shin-ichiro Miyahara1, Hlroshi Yamada', Katsutoshi Sato?, Katsutoshi Nagaoka1

(1. Nagoya University, 2. Kyoto University)

9:45 AM - 10:00 AM

©The Japan Petroleum Institute
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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) Y. Tanaka et al., RSC Adv., 11, 7621-7626 (2021).
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Fig. 1 Correlation between H adsorption energy and NHj3
synthesis rate (standardized at 1W)¥.

1) Y. Hisai et al., Chem. Commun., 57, 5737-5749
(2021).

2) M. Wang et al., Chem. Eng. J., 427, 130987 (2022).
3) K. Murakami et al., Phys. Chem. Chem. Phys., 22,
22852-22863 (2020).

3) K. Murakami ef al., Phys. Chem. Chem. Phys., 23,
4509-4516 (2021).
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2. YIal—varvETIL
2.1 HET —F DERL

JEGER O H B HER 13— %12 . Weibull 2347 1266 9
LLUT @ Weibull 7547 0 S F& 5347 B %L

x\P
F(x)=1 —exp{—(a) }
MOWREEIEIC K BT — % =K LT, 7272
L. B3 x [m/s], RE/ T X —% o, Weibull #2

i

BB THD, MOF—ErDhy b7 U MEEEIL,

25m/s THDHE LT,
22 AT Iv v Iab—valsETNV
PO D 2R e LU IR T,
oT

= ZFiCpi +

aT

aT
T SPpeaCpea = rAH; + UAhE

VI alb—T g URRET

Lo

(I )20 L i, (R TR A 17

dF,
dt
2L IRE T, Bz, Rt & LT lirio
EEENBE & Cpi AELEWmFE S, AlE
& 0 ved, AREEFEENAR B Crea. SULHE v SULER
AH:, BRI U, JE & H 72V OB An
TdH D, fiaEE |2 Hougen-Watson 24w L.
FREDRMGy TR A 2B K VR, BOG
I = VT 2 — T RSRER 2 E L, B 20.6
mm, E& 2.0m & LTEHELE,
3. MRLBH
Weibull 53472 oW T, RE/NT XA—4 1.0 &
LT 1h ORBT —F 2Bk Lz, RIS
5T 2—7 1 KbH7Y D NHs #iE&% T D
MUNZTRT, ZORERNE, AR E S RDI1FE,
Ay T U MNEEOFENRKE A0 JEEI )
T LG ELLOEIG R T LB 2T,

rS

(2]

w
T

o~
T

\S]
T

—8— 15000
e 12 500
- 0-10000

'y

Ammonia production [kg/(ube day)]
w

o1 2 3 4 5 6 7 8 9 10
Average wind speed [m/s]
ARG xS 5 B EE NHs s & 0%k
#BEHET) 7.0 MPa, H2/Nz2tb = 3.0,
GHSV =10 000 ~ 15 000 h'!

*Emalil to r-atsumi@nagaoka-ct.ac.jp
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NH; & % Co/MgO filtfii~D 7 LV 770 & J@ U Inzh S o fst

(% ﬁ B ?'?T%‘IUC**)

OSBRI R R B A i
1. # 8 e mE gD K&L<ApoT-. ZHHDHEKIZEY, 500°C T

A GO B2 E O 3 — AR, AR ZBERL L 72 Co/KooitMgooeOx TIEMEAN A EL7=E
FAEMRET R X —LZ I b ND H ORI Bxbhs. 1K 500 °C BRI DR ITREZ ST
KRR THD. ZDT=8, Hy =X —RPjliER (= FERFMEIC 52T, SBIZfEMEEM EL7= (Fig. 2).

FNX—=F X UT)ITHHLL , 24D RN A - YHIX K UASNOT A& BOTIMNFIZDONTE
i1k 3 HEAN DBAFE DM T TS, HRTDHTETHD.

NH; 135, 10 KUEFRREE THE S ITHRALS ATRETHY,

L EIZ h R CTED. 20 &, 55, REESE -5 020
EIZH CO &L TIT, A2 IINH; g —a&—K 1 mol%, 1814500 * CRERL I’ %
=7 LU THIAIT 5720, R 4lE FC NH; 015l —7—K 1 moe, #4700 CA e
AR CEDETE MR OB R 21T o T, ThE < I, %
TICH ~ %, NH: & RIS @& WG 2 o 3 om0l &
Co@BaO/MgO ZBAFELT-. D ZOfl 3 iR T Hi % g
JLTHIET, Ba &/ Tt GOV BaO 228k E z 13
BIEBEIEMA R T ER D > ThAN, S6ITflll voer 3
VA ESEHITIE NH: A RO H B Cih %R “u
D =BEBREAOYINEEET L2012, InE 504 000 e e0 7m0 800 w0 100 ° -
OIRVBIARIE A A G DA ERFE I THHEEZD Reduction temperature /°C
N5, 27T, AENL, I0EFIEEORNT LAY Fig. 1. K 0N M OEARSGE RGO DTS ME~D 2,
SROBAEMZEB LT, B ROBRFEIT-7-. (EJCALEE: 1 h; OGIREE: 400 °C)

2. £ E&

KOH /KIAHZIZ MgO & A, Fiff, Wil , K& Table 1. Co/ Ko.oiMgowOx ERHEEE N K &4 £.
ZFTT 500, HDHWE 700°C THRERLIEAZ ST =2 BIRGERL | AIEODIKEE | LbRTERE K20
(2 SV NI T B F LT M — R KA R B AR L m (m2g") | (mol%)
LG, 20 wt%®D Co ZHHURIZEIRL, €D, Ar il 700 °C RIEHI - 0.15
TEVLE ATV, Co/KMgO 1572 700 °C, 1h 39.2 0.085

NH; & B3 E R i 8 2D SO S {8 4 N . BTk
AR E L TMEGE P T C H2 (60 mL min) iEt4 500 °C RIGHET - 0.56
7V, N2(30 mL min™) & H2 (90 mL min™) DIRE A A% 700°C,1h 55.9 0.13
il (S R 0.1 g) ~SUSE ) 1.0 MPa T A B
U7z (Ze[E3EE 72 Lh' @) . AEplL7= NHs Z Rl Cho 05 .
v 7L, BRARERO BN Lo T e A BT |
3. ﬁi%&%% —8—500°Cred.,1h 16 =

ATlE], K OWMEREBRGIL72B1C, AliETHE & N —#—500 Cred, 72h I
OSE TSR COBLEIZ LY, K 29 LTz, 3 | TR0 O e
ZZT, K #ENHAT 2010, ikzzhen :? ‘3
500 °C, 700 °C TRERK L 72 Co/KooiMgooOy & FHALL , z 133
FRARBERRIRE OB A LT, 12 9,

K WAL TV 20 wt%Co/MgO &, Fito —f I =
DREBEZDOUVNT NHs IURZ i L7282 A, K OB . - - 0
DRDHRBSIIA, BERIRIEI LR 778\ T P emperature G
/RLTZ (Fig. ). XRF (240 K OFHRENET 5L, Fig. 2. Co/Ko.01Mgo.090x D% JLil FE DE M~ D228,
EIRTORMLERIZIY K 2N L TRy, FHRBERRIE (GRARBERIELEE: 500 °C)
EETIFH2LTK GABOEDELAZIMNZDIENTE 1) ACS Catal. (2021) in-press
7=(Table 1). F72, Table 1 19, BEpkii o FIF7=2LT ChemRxiv DOI: 10.26434/chemrxiv.14101949.v1
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[1C05-09] Hydrogen production/energy carriers/CCU(2)
Chair:Shinya Hodoshima(Chiyoda Corp.)
Thu. Nov 11, 2021 10:15 AM - 11:30 AM Room-C (Dojo-A/Hakodate Areana)

[1CO5] Development of Ni catalysts supported on high-surface-area BaTiO, for
ammonia decomposition
OHaruki Ishida1, Hiroki Muroyama1, Toshiaki Matsui1, Koichi Eguchi1 (1. Kyoto University
Graduate school of engineering the Department of Energy and Hydrocarbon Chemistry)
10:15AM - 10:30 AM

[1CO6] Mechanism of activity development of ruthenium-based catalysts for
ammonia synthesis using ceria support with a large amount of cesium
OAyane Hori1, Mami Osozawa1, Kosuke Fukai1, Minoru Somiya1, Kazumasa Oshima1, Shigeo
Satokawa' (1. Seikei University )
10:30 AM - 10:45 AM

[1CO7] Development of liquid synthetic fuel production technology from carbon
dioxide Part 1
OMasaomi Amemiya', osamu sadakane’, kenichi okamoto', mitunori tabata' (1. JAPAN
PETROLEUM ENERGY CENTER)
10:45 AM - 11:00 AM

[1CO08] Catalytic Property of Cobalt/Silica for CO, FT Synthesis
OShohei Harada’, Shigeo Satokawa?, Masaru Ogura1 (1. The University of Tokyo, 2. Seikei
University)
11:00AM-11:15 AM

[1CO9] Effect of support material for CO, FT synthesis on Cobalt-based Catalyst
OKyohei Shitaba', Shohei Harada®, Masaru Ogura®, Shigeo Satokawa' (1. Seikei University, 2. The
University of Tokyo)
11:15AM - 11:30 AM
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T =T RO T 8 D 3 il BaTiOs

HLEE Ni AREEOD DA 56
g k) OFM ik -
1. # =

KREENEDT- DD T o F =T MRt Z E I8
i E AR DR S AL, RO REEOIERIZERE
FEOSHEZm L, IEEROKEZEMSES ET
HETHD, T E TICYHFIEE TR S /- il
DOHIT BaTiOs #HFF Ni il i 23 Feag i @7 5 =7
SREMEEZRTZ N> TD D, LaL,
BaTiO; % —#% )7 FECTH 2 [EME TR 5
A, BIRTORERZLEL L, BEMEIC I D2 RmED
RTFNEES DL, & 2 CARMSE ClI & RS
BaTiO; Z K & L7-#HEF Ni i 28l L, 7o %
=T oy RRIEVE 2 RTAR L 72,

2. E E&
fE 2% M FE BaTiOs #HIRF Ni il 3 e/ TR 78 291235
T BaTiOs @ 2 K& Ni(OH), T2 A R L
2o 7THWIVEFEHKXTTEENLVEDERE Ba &
Ti(OCH(CHz)y)s &2 T L a— LN TEIR « 1]
AL, A= b7 L—7%HT200°C, 48h T
ST, R O 2-2-2-A FF v hFY)
T bR INEERRIC K REEAT A L BaTiOs = v A
FE LT ) — VIS, Ni(OH), 21
A RERIRIZ NICL-6H,0 & =% ) — VZIEfR L. 77
VAR 7o LAy REzb 2 & TRl
7o BONTEREESET-05, BaTiO; =2 72 A
Negiexo X ) —VHICHoBSEZ, =%/ —
EEEARFE DK A Z, 80°C THIEA L, 7k LT,
o= VICBER A T Z T r s
DOl Ni/BaTiOs(CA) & 157, £7-. EFIIE TR L
72 BaTiO; KON L5E & RARICFREL L 7= BaTiO; D #& D
T RTVICENENETRIET NI 2 E,
Ni/BaTiO;(IS). (IA)Z437=, Ni/BaTiOs(IS). (IA)IZD
WVCIE NI fEFE % 10 wt.% & L. Ni/BaTiO; (CA)IZ
SOWTILICP FEaHric L v R 2Rk 7-, FHE
L 7=z > T 350-750 °C CF v & =7 i
MR EIT 7=, 72, TEMIZ XV, fili ok s
PEIE L,
3. HRLEEBEET

Ni/BaTiO3(CA)ZXf LT Ni fiRfE %z R 5 72D(
ICP BN 2 AT T AR, 8.5wt% TH -T2, —J7F
T, Ti & Ba Okt K% 2:1 Th o7z, Al
TR OREHZ DWW T HRERRIZT LIz 2 A, =
A ROFPFHEUHEF LIz VR BIZE > T, Bad
FNEERANCBEH L W Z ERAL N E o T2,
Fig. 1 12 Ni/BaTiO3(CA)?® 500 °C TiELLEL % 1T >
7% D TEM %% 7~r9, 2-5 nm F2E D Ni ki 25

TeAHR

E=

ES >y BHE 2<h

S AN |

2ok

[0 ¥ - .
SINRIVYN E—

L
R (i
Sz, BaTiO; 214 R & Ni(OH), =217 A RER
FHRIZH) 2B S g REN S b s 5 ik
THET HZ & TN A RSHICHEF S Lz &
Exz2 N5, Fig 2 127 =T DIRIEVERBR D
AR, Ni/BaTiOz(CA)IE Ni Ki+-25 i 2y B HHEE
SNT-RER, fthofiit & el U CIRIEER cEW T
vE=TofREEE R LT, — 5T, 600°C LLLED
EE T LR OMONIH S iz, ZudkesE
WCEDHIALNA L. TV T=T Lk Cx 5 Ni bi T
DENPFD L= EEZ NS,

.,
. o
v
------

......

Fig. 1 TEM image of Ni/BaTiO3(CA) sample
reduced at 500 °C.
100

80

60

NH_conversion / %

—O—Ni/BaTio(S) ]

20 —O—NifBaTiO (1)

—A—Ni/BaTiO,(CA) |

400

450 500 550 600

Temperature / °C
Fig. 2 NHj; conversion of NH3 decomposition reaction
over Ni/BaTiO; samples. S.V. = 9000 L kg™! h™".

650 700 750

AKHFZE1% ISPS BHFE JP20K05584 DBk %521 F 7~
HDOTT

1) K. Okura et al., RSC Adv., 8, 32102 (2018)

2) F. Rechberger et al., Angew. Chem. Int. Ed., 53, 6823
(2014)

3) N. Tarutani et al., Chem. Mater., 31, 322 (2019)
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HEERS (B51EAM - AMILFIRE

28OV T LFEANL-E ) T EAHEAL L
TR ET BN T =0 LSRR ORI A B = KX A

BEED

1. #E

T ST IXEIR CORILAIATHE, @V VKRB,
IIRREIZ COr ZHEH L7 E Do TR B =3 LY
—X ¥ UTEME LCTERESRTWD, Autha b T
T =T AT D T DIIHRIRRE TS
HETE DA RO B D, TERO Ru ZARETIE, 7
TV @ B & U OIS ES B OHFHZ I &R
42 Z & ChutpMEESILS EfiEEnTna D,

INETICHIRTH DT U 7 (CeO) IS BDl
T LESHIEIN L T BT =7 ARu) & HHEF LT
FliE(2 wt.%Ruw/Cs-CeOx il Cs/Ce =0.35)) 13, X F~
— 7 il CdH % Cs-RuMgO il Z b T =7
HERGEEDS 4 fFI270-2 2 LA ME L2 Y, £ TA
WFZE CIL TEMIEBIE 2 5 5 720 in-siu FT-IR £
(2L DWAE CO FED TR, XPS 1T K D&M
ORISR AR T2 £ AT o T,

2. EER

FRDFEHZ TS — i b TR Ce(OH)
Z RV, ZE5H 400 °C T 5 h BERR L T CeOr 24572,
Cs(NOY ZKIRIE T CeOn ¥R % 2 h PP, JBUERZHE
L. 110°C T20h ¥l S H7=, Z0Dth, SN HK
Z. Rus(CO)i2 @ THF IR AU TR TR K
OYSERZE L, 60 °C C 20 h #28: ST 2 wt.%Ruw/Cs-
CeOs fillii(Cs/Ce = 0.35) & 457, IGMRBR L TEREERE
PRS2 V2, IS 6 mm DA FEE | CfdE
0.1 g ZFIE L=, Ar KW 400 °C T 1 h 2 L7z
. 10%Hz/Ar & 400°C C 1 h 3#5CAUR L7, 1EPE
BT Ha (45 mL min) & N> (15 mL min™) 27518 S,
200~400°C TV, A A % HaSO4 ZKIAIE (1 mM,
400 mL) CHSE L, FERUEEEOZ b b NHs ARod AL
ZEH L, o FLHIR A2 EH L, o7
#1800 mg &7 4 AV LT v b L7tk, AiERE
LC Ar &0t 400 °C C 1 h BVUER L, H & 400
°C C1hiZEmAWE L7, %L T2%COMe iRAH A%
TANIZEL, TO%EANEEZHER Lz, HIEE
60°C DHEZE T T{To7,

3. BERBIUVER
TEMERRBROAER, JElZ Cs ZUSIN L72 Ru/Cs-CeOr D
350 °C TP NH3 A ROHE T 4.62 mmol h'! g-cat! & 15<

A S o9

(RBERNOR SO - R 4k - G Nl - = FR - R

ZOHR HDDH BBLE  »TES b ¥

ST il

Cs % & F 720 Ru/CeOr DIFISE T NHs AERGHEE(0.32
mmol h' g-cat’)<°, Ru fAFHEIZHED Cs ZUTINLTZ
Cs-Ru/CeO ® NH3 A% E(2.11 mmol h! g-cat ) Z b~
TEWZ EE2HER LT, 2D X D 7280583 Cs SRR
% Z & T Cs DRulZxf T HEFHEENRNA LD —
B BT b EB 2T,

Ru/CeOz, Cs-Ru/CeO2, Ru/Cs-CeO il 1800~2300
cm! fEIED FT-R AX7 V% Fig. 1 12779, Ru/CeO:
([ZhE, 1982, 2056, 2120 e D 3 SOFE/ R — 7 718
oz, 2B Ru i b5 Lic CO FEIZ R
HHOEHESITND Y, 2120 em! F5 L 0V2092 em!
DEREEID ' — 27 13, +53TE TSIV TVRW Ru 1
EFRIIRAE LTz CO DIRBNIFE STV D, Cs &
TNy, b0 e —7 MEREMic T~ b
L7z, FFIZ Ru/Cs-CeOr DS CO b — 2 (A&,
R ~D > 7 b RE D o7, Wz CO B —
7 DIEEAA~DT 7 ME, Cs 12X D Ru ~DE Tk
HNRIZ KD E&Z2 6D, AT, JlCs ZImL
727412 Ru AR S YL T, Cs IR L 578
FHEEIRN LV REL Rol BB, Tl
NH: ZEROHEFEDE] Bzl b D e EZ T,

2056 cm! | 1982 cm"?

@) 2120em™ - [ (x 1/5)
5 ! i ‘ 1938 cm”! .
B S g
3 — |
o ' 1931 em
3 (c) 2011 cm” i
‘5 I _/N-*
[72]
<

(d)

2300 2200 2100 2000 1900 1800

Wavenumber / cm’

Fig. 1 FT-IR spectra of adsorbed CO species on the
(a) Ru/CeOs, (b) Cs-Ru/CeOz, (c) Ru/Cs-CeO,, and
(d) CeOz at 60 °C under vacuum condition.

1) Aika, K., Hori, H., Ozaki, A., J. Catal., 27,424 (1972).

2) WSCE, BICKE, HHA, FERE, KE—H,
BINETR, 250 B - Ak yahns T, A8
2020, 1FO01.

3) Gonzalez-A, E., Rangel, R., Solis-Garcia, A., Venezia, A.
M., Zepeda, T. A., Mol. Catal., 493, 111086 (2020).



TIRALER 3R D b DRI G REH RS H AT B 58

BT F—Hilit o 2 —)OmE  1ER - &K &

1. 5

2015 FEITEIR SN (R EE] I2ESEN
EOHERRBR LIS T 20 #ia & LT, 2020 4
10 AT 12050 FFE CIZHEE I —AHR > =a— K7L
(CN) = BHfgd ) L oF#tnEH S, 20 HEE
D 7= “fR{bikFE (CO2) HIMNAE L 72oTz,
CO2 ODRZ=ZPEHIEDO—>ThH 5 THFEITEB W
TUE, R EAT O 2 K D H 70 % @ h L0 F
AFTRET RV X —OFHILR, £ LT CO2 AL,
M. FIHOHEENEECH S, —FH,. BENE, it
Zepk, fn. PEEH MR ENE IR IRk iR ba
REFMEF S THBY CN # Big+ LTl iib
APRBF O FH =EHITE | REEO IR LB LETH
5o MRIRBREHI = RV — BN & < AR I
NTEY, BEEOT LY —2LEL L, &E#L,
IRFBAEDEE LW i, MiZetgic ok s —iE
BENMEAINDGEEZONTWVWD, D0, T
SEE FABRE & U CE A S B IR O i IR
b3 sReD 5T %, Tablel (2 2013 (2 H @) #,
RUZERE, MOARICEE R SN IRIRIRE R L S 0%
EENERK %2 F & Oz, [FROBMRREI R STk~
7R BERTCEBT 503, ABFETIE 2013 4% HLHE L
LT 30%REDFTFENKDL & RKE L, 2050 Fi23
VB IR SR A5 2800 7 KL EH#ER L7,
o2 TR EL OB F{LE B E L, CO2 7>
5 DR LS BT I B 4~ D AF PR~ FERE L ~UL
F ORI 72 BB SV TR 21T 72, K
WETIX, TOPWERSRE L &1 CO2 ZJRELE L
TRIEE R E— B 7 o v 2B LS H% O
WBHZE D FF 1A & BRI O W THE T 5,

Tablel 2013 FEHRMASREHE F R ba5 B #) B K]

20134

BERHEE privet 20505 ORFEHREOLTHER
‘ BEE (AYUX. &) ” 7,8657KL H BEVEA RS LUMEE £ |
{ fnze | ’ 55973KL ‘ I HIEMRRELUMEE L I
‘ aena | I 7027kL I | HIBRERS KU KT A l

2. B CO2 DIEBRIZHOWT

Fig.1 \CHAE BREHIER D CO2 Dtz 7R
L7z, JBEEHE 72D CO2 1T TS OH D
D EL K NKE D S O EEIUL (Direct Air
Capture: DAC) &3 528, BURIZ TSN G OHE

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved.1C07 -
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HWHHR &8

¥
e

Sk BSi Bnb L ) 7= 0E 7 :7;}’)(/)
2 0
.

TN SV

TAFHERBEL TnD, 20 CO2 ZJFkte LT
AR ALY —ZIEH L., FT (Fischer-
Tropsch) SUSDEELE 725 G5 A (CO+H2) %
ET D,

E:XEH%%D ‘ 7.k \ f KEFrYT (MCH)
- .@
O - -
g | © G
) o Cs~20BAkE

EEPR. 1353 SE.ER

xamz (€02 T s s
DAC o _‘4 Iy s
xss (€02)

Figl RIKARREHLEIZB TS CO2 Dt

3. IRIEAHRE—ERE T R

Fig.2 |ZIRIEA BORE— B ilE 7 1 & 2 ofE&K
R LT, AT ABEIIXEMR T 0 2 & KK
B RICIZ FT Ks 7 e 258 L-, &Y
ZBUETIE, KE CO2 Z R4 ICEMT 57T nk A
L RIFEICAT 9 LB T 0 A OV TR EIT 9,
F7-. FT KIS 7ot 2Tk, 88N A EREN
WAX Bk & Hilf9- 2 @REFIE AR 38 Z O CO2
D> D E BRI 2 G T 5 FT A OB# %217 9 .

~ A ~ ~ SRIHARGE ~ ~ IS ~ ~ JERFIA ~

BEEL

sioleo,|
i ¥ 5 —~
: >5

AIRERENCD| @

0>
mssmE | He
ST (BEARBE)
iFTgi":L._) MCH
BITHEFEREODZEFALL
R ARANISE Tt R OFABIT

Fig2 {lIRG IR —BRE T 12

4. FHEE

ARRAEL, ESCAFTERIEN Bro kL — - jE
EHRA IR (NEDO) OZFtH% L LT
ST, ZZICHEERT S,
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CO B FT &RKICHITH /3L b2 1) A ORIESF

(BREA* - IEA™) OEH ¥~ -

1. ¥#8

A—HRrZa—+rFIERICAITT, CO2 KHE
EIc& 2B AERBRMMEESATVS . VZC
TlEaN)L FREEZRAWNTs vy vy— - kO
TLaFT)ERNERTHLIMN, EH%E CO2&L
= CO:E# FT EBDBZE. A2 UNTERYT
HHEZEMNHMOENTWLS, 2350 FRAVEIZT L
HUEBTHDINI)HILERZMT S LT, CO:
EEFTERERYOD ConBRENE LT D EMN
MESNATWVDS D90, HUDLEMHEDFHM
(FEAS M > TLEL, AAETIE, CO2 B
FTERICHE TS CoBIRMEMLEZBIEL. AU
L Ufza/8)L k1Y) 51(K-Co/SiO2) 0 fil i 4%
HER~T=,
2. KB

1) HB{K(CARIACT Q-10, EX ) ¥ 7)LIC
BEEE /L M ()RR EERR Y LVERE
BLfzo hUDLRIZIZEEAD) D LZERAW,

CO: B FT &RICx 9 2 FMFETSERE
BREXRIGFZAVTERL A 300mg &
RIGEIZFIE L. KFKiEx % 350°C. 2h, 0.1 MPa
TEHE L f=. RIEH R (CO2/H2/N2=1/3/1) % 300 °C.
1.0 MPa THR@EL. EREEARE L1z 5 h BBk
ZERIC. HAOA R E GC-TCD H& U GC-
FIDZRWTH#H L., fEFEEEFE L1,

HUHLFEMBEIEX, FT-IR, H-TPR, XPS %
AUa#rLiz, FT-IR Tl R 212y, RIEE
ETCO.CO2ZNTNRESEHBOIRY +
IWERIE LT,
3. WRBLUER

CO2 Brib & L A FYERMEZE Table 1 IZ5RT,
Co/SiO: Zfift & L THUWVIGA . A 2 UBIREMN
N%IBEL LY VERIKICAZ U EERY
THDIENERTEz, —A. K-Co/SiO2 % filiif
ELTHWSE, A2 UBIREMN 60%EEFETH
BHL, COBIREL LU ConBIREMNEML 1=,

COFIXCO270—THFEL-FT-IIR X
Y hIL%E Fig. 1127R9, 500 °C TKFRETE.
6 TorM CO HBWLXCOZEAL., HIREATE
LE=3DTHDBD, Fig. 1@)IcFREnf=&k S I

Ehh LT R B <CH FEsb
Hi| g%~ . g &~

Co/SiO2 TIEEE CoIC|F L= COIZHET 5
IRAY 2030 cm! fHiEICHER S fzDICxH L. K-
Co/SiO: TIEER SN o1z, Fi=. Fig. 1(b)IZ
RENTz& 512 Co/SiO2 TIEWE CO21ZHXT %
WL (FFER SN Mo =DI(Zxt L K-Co/SiO2 Tl
2350 cm™ RIS FIK CO: DRFEICHET 2%
IR FER SNz, LEXGSTUIT H-TPR, XPS @
RN 5. K-ColSiO21F, RIGHIZT/NIL FDEELE
KENRI-NDZ LT, CoaBIRENEMLIZZ &
NEZLND,
i
AHARIE, EIRAREAREN FIRLX—EF
ERINHRSEREENEDO)DREETLEL LTS
2f, CCICHEERT D,

Table 1 COz2 conversion and the product selectivity.

€0, co Hydrocarbon selectivity / %
Sample conversion  selectivity
/% /% CH, Co~Cy Cs, + others
Co/SiO, 21.7 10.1 91.1 13 76
K-Co/SiO, 15.8 30.7 56.4 27.1 16.5
(©) (b)
Co%-CO
~2030 A
f LA
. .‘I‘ | _Co,-CO . a»‘W‘w.J\\r‘“"-""‘l"'-FMJTI\4
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Fig. 1 FT-IR spectra of (a) adsorbed CO and
(b) CO2 on Co/SiO2 and K-Co/SiO2 catalysts.

1) BIIEX, Nr,OT7wv7,44(4), 262 (2021).

2) Visconti, C. G., Lietti, L., Tronconi, E., Forzatti,
P., Zennaro, R., Finocchio, E., Appl. Catal. A-GEN.,
355, 61 (2009).

3) Owen, R. E., O’'Byrne, J. P., Mattia, D., Plucinski,
P., Pascu, S. I., Jones, M. D., Chem. Commun., 49,
11683 (2013).

4) lloy, R. A., Jalama, K., Catalysts, 9, 807 (2019).
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Fig. 1 COz conversion and product selectivity over

various cobalt catalysts.
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1) BINER, ~heT v, 44(4), 262 (2021).

2) Yao, Y., Hildebrandt, D., Glasser, D., Liu, X., Ind. Eng.
Chem. Res., 49, 11061 (2010).

3) Owen, R. E., O’Byrne, J., Mattia, D., Plucinski, P.,
Pascu, S. 1., Jones, M. D., Chem. Commun., 49, 11683
(2013).
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1) B. Qiao et. al., Nat. Chem., 3, 634 (2011); T. N. Ye et
al., Nat. Commun., 11, 1020 (2020).

2) R. Sakai et al., ACS Omega, 5(12), 6846 (2020).

3) K. Murakami et al., Phys. Chem. Chem. Phys., 23,
4509 (2021).
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Figure 1. Co,TiO, D XRD /3% —>.
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Fig. 2 Selectivity to C2 and C3 products in OCM reaction at
a constant current load of 11.7 mAcm over pristine LST and
Al-doped LST anodes as a function of reaction temperature.
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Fig. 1 A schematic image of a solid oxide electrolysis cell

reactor for oxidative coupling of methane.

1) G. Centi, E.A. Quadrelli, S. Perathoner, Energy Environ. Sci., 6, 1711-1731
(2013)

2) soHhpEw], FAEM, MEUREM, ZHEN, 5§ 127 AR,
2P26, THE (T4 ). 2021.3.16-17

3) W. Wiyaratn, W. Appamana, S. Charojrochkul, S. Kaewkuekool, S.
Assabumrungrat, J. Ind. Eng. Chem., 18, 1819-1823 (2012)
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Fig. 1 Linear sweep voltammogram of
P-LFC-1, P-SFC-1, B-CFC-1, B-CFC-
1.25 and B-CFC-1.25-600.
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Fig. 2 Overpotential vs time plot of B-CFC-1,
B-CFC-1.25 and B-CFC-1.25-600 with an
applied constant current density of 4.7 mA cm?
for 24 h.

Overpotential / V vs. RHE

T
1

1) B. Han et al., Phys. Chem. Chem. Phys., 17, 22576,
(2015).
2) E. Tsuji et al., ChemSusChem, 10, 2864, (2017).
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[1C14-18] Hydrogen production/energy carriers/CCU(4)

Chair:Katsutoshi Sato(Nagoya Univ.)
Thu. Nov 11, 2021 2:15 PM - 3:30 PM Room-C (Dojo-A/Hakodate Areana)

[1C14] Development of a visible-light driven CO, reduction system by combining a
biocatalyst and CulnS, photocathode
OTakumi Toyodome', Yutaka Amao'?, Masanobu Higashi2 (1. Graduate School of Science, Osaka
City University, 2. Research Center for Artificial Photosynthesis, Osaka City University)
2:15PM - 2:30 PM

[1C15] Substrate selectivity and isotope effects in CO, reduction catalyzed with
formate dehydrogenase
ORyohei Sato', Masanobu Higashi', Yutaka Amao' (1. Osaka City University)
2:30 PM - 2:45 PM

[1C16] Synthesis of unsaturated dicarboxylic acid from carbon dioxide with enzyme
OMika Takeuchi', Masanobu Higashi', Yutaka Amao' (1. Osaka City University)
2:45 PM - 3:00 PM

[1C17] CO2 adsorption/reduction cycle in the presence of oxygen by solid catalysts
OKenichi Shimizu', Shinta Miyazaki1, Takashi Toyao1, Zen Maeno' (1. Hokkaido University)
3:00 PM - 3:15 PM

[1C18] CeO,-catalyzed synthesis of cyclic urea from CO,-derived ethylenediamine
carbamate
OHikari Terada', Jie Peng1, Masazumi Tamura?, Mizuho Yabushita', Ryotaro Fujii1'3, Yoshinao
Nakagawa1, Keiichi Tomishige1 (1. Graduate School of Engineering, Tohoku University, 2.
Research Center for Artificial Photosynthesis, The Advanced Research Institute for Natural Science
and Technology, Osaka City University, 3. Organic Materials Research Laboratory, Tosoh Corp.)
3:15PM - 3:30 PM
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fiklf e U THEBEL QD EB X DILD, ZIHDERMNG,
CdS/CuInS; e h Y —R ETHETINTERKLTE MV
B AA T TV FDH ICEF%2PE+ 24T, FDH N
T CO, NXMRITE TSN EhEim LT,

& /Vvs. RHE
0 Oi2 0.4 0.‘6 D.B

1 1
5 T100 v JmmEE (o1 70)

+— 25mVs’

off
Light on

EHE / mA cm2

— MVEL
—_— MV&HL

'10 T T T T T
06 04 -02 0 0.2
B/ V vs. AglAgCl

1. CulnS, Y4 — R DY EE AL Hh R
350

CdSICulnS, ° .
1504 With FDH

XEE4 R / nmol

Without FDH

50 y

0 M
120 180 240 300 360

F§RE / min
2. FIHDERRE TR DR R ORI ZE AL

1) K. Teramura et al., J. Phys. Chem. B, 2004, 108, 346

2) H. Nakanishi et al., ChemSusChem, 2017, 10, 112

3) J. Zhao et al., Angew. Chem. Int. Ed., 2014, 53, 11808

4) S. M. Lee et al., Phys. Chem. Chem. Phys., 2011, 13,

6662

5) F. Amano et al., Electrochemistry, 2011, 79, 804
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L2>L, FDH AT ED X 5 725 T CO, M FIEIZIE
TEENTWD I SN2 > TV, Je THFSE
(28T FDH 3 RFEFE(CO, 431, HCOy 721X
COYDHFTH CO 3 FDAHEEILLTND Z &N
B ENTWD., —J T, HCOs NRATITE L FIET
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TLENRTEXAL, ZOFIEIZ LY FDH O HEA R H 7~

DD CO, =ILTEMEZ 3 L 7=, FEBFIHIL, NADH
ZETe GTA FEMHRICREEIR Cd H NaHCOs % 151
S, FDH #RA T 25 Z & TG EES¥7-. GTA
T K
(hydroxymethyl)-1,3-propanediol,
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1) Y. Amao, Chem. Lett, (2017), 46, 780.
2) R. Sato, Y. Amao, New J. Chem., (2020), 44, 11922.
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1) Y. Morimoto, K. Honda, X. Ye, K. Okano, H. Ohtake,
J. Biosci. Bioeng, 117, 147 (2014).
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Fig. 1 Concentration profiles of CO2 and reduction products
(CO and CHa4) during CCR.

Fig. 2 STEM image and elemental mapping for Pt-Na/AL,O3
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Fig. 3 In situ FTIR spectroscopy for surface species on
supported Pt catalysts during CCR.

1) (a) AN, W3, S8, md, 5126 IR GG =
A, 1HO06 (2020) (b) F. Kosaka, Y. Liu, S. Chen, T.
Mochizuki, H. Takagi, A. Urakawa, K. Kuramoto, ACS
Sustainable Chem. Eng. 9, 3452 (2021).

2) L. F. Bobadilla, J. M. Riesco-Garcia, G.
Penelas-Pérez, A. Urakawa. J. CO; Util., 14, 106 (2016)
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Scheme 1 EU synthesis from EDA-CA
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CeOr P b EIVY EU PEZ R LTz, flofilifcix
HA LR DI 50% Td> - 7203, BUITAER L7e -T2
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Figure 1 Catalyst screening for the EU sy(gthesis from EDA-CA.
Reaction conditions: catalyst 0.5 mmol (based on metal), EDA-
CA 1.04 g (9.8 mmol), 2-propanol 10 mL, 413 K, 24 h, Ar 1
MPa (atr.t.).

CeO, Zfilltt & U CHWT, SUSNAED 28 % G~
72 (Table 1). 7 /b3 —/WiEiEClY, mlsfbg - @\
FTEU BMF5N7= (Entries 1-4). FTH 2-7' 1%
/=L EDA-CA ~DIEfEN @ <, & D 2-7'1
%) —)L Tl EDA-CA O fROMHENCAZY TH -
7o, 373 - 473 K OB CROSIREER AT & R
fbZRat Lz, 2 TORINREIZHBNT, PERITK
SRR & & BTN L=, 433 K DL EOEIR CIRE
BRI XD ICRAME T L, 413K, 24h 12 Tl
R 83% & 17z
Table 1 Solvent effect on the EU synthesis from EDA-CA on CeO.

Conv.2 Sel.? /% Yield?
Entry Solvent

1% EU EDA Others /%
1 Methanol 95 8 14 1 81
2 Ethanol 84 >99 <1 <1 84
3 1-Propanol 82 >99 <1 <1 82
4 2-Propanol 83 >99 <1 <1 83
5 Acetonitrile 82 % <1 4 79
6 NMP 62 94 6 <1 58
7 THF 35 >99 <1 <1 35

Reaction conditions: CeO20.34 g (2.0 mmol), EDA-CA 2.08 g (19.6
mmol), solvent 15 mL, 413 K, 24 h, Ar 1 MPa (at r.t.). 2 EDA-CA
based. Others: Solvent-derived compounds.

4. ZEIHR
[1] M. Tamura, K. Noro, M. Honda, Y. Nakagawa, K.
Tomishige, Green Chem., 2013, 15, 1567-1577.
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[2C01-05] Hydrogen production/energy carriers/CCU(4)
Chair:Shohei Tada(lbaraki Univ.)
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Shizuoka university)
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1) T. Yabe et al., ACS Sustain. Chem. Eng., 7 (2019) 5690.
2) T. Yabe et al., J. CO: Util., 20 (2017) 156.

3) Y. Hisai et al., Chem. Commun., 57 (2021) 5737.

4) J. A. H. Dreyer et al., Appl. Catal. B, 219 (2017) 715.
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[1] Fukuhara, C. et al., Chem. Lett., 48, 441(2019).
[2] Fukuhara, C. et al., Chem. Eng. Sci., 219, 115589(2020).
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Fig.2 Exergy efficiency of produced CH, (TlCH ) and CO, production with
electric heating in methanation by 2- stage reaction system
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1) C.Fukuhara, S. Ratchahat, Y. Suzuki, M.Sudoh,
R. Watanabe, Chem. Lett., 48, 196 (2019)

2) R, R, JEES, (L TERH6RIKF RS
LC207, LC208(20214F9H)

3) https://miraiz.chuden.co.jp/info/topics/1206545_1939.htm
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Fig. 1 CHa conversion over the spiral-type Ni/Al2O3 and
Ni/CeO2-Al20s5 catalysts.
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Fig. 2 TG profiles of various catalysts after dry reforming test.

1) C. Fukuhara, et. al., Appl. Catal. A: Gen., 468,
18-25 (2013).

2) W. Chen, et. al.,, Appl. Catal. B: Environ., 136-137,
260-268 (2013).
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C STEM-EDX #lliE #1772 9 & (Fig. 4). Fe-Ni-C @ 3
JTEHR THER S D 100 nm FEE OBCKI 23 Jedl i
%Lt\%%&r%@ffﬁﬁ X7,

\_DRM DRM + Carbon capture DRM
1007 '
DRM temp. : 700°C
2 80 ‘200 Capturing temp. : 470°C
; ww.
2 60|
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Fig. 1 COz conversion change with carbon capture.
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Fig. 2 Carbon capturing rate over various Fe-Ni oxides.

Middle 1 Middle 2 Outlet

Fig.3 Captured solid carbon.

100nm

Fig. 4 STEM-EDX images of captured carbon.

1) C. Fukuhara, Y. Matsui, M. Tanebayashi, R. Watanabe,
Chem. Eng. J. Adv., 5, 100057 (2021).
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the catalyst for CO2 reforming of methane
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1. #8

AHXURT AV 7 —3 7 (DRM, ()i,
CH4, CO, ZJFELE LT, T a— LAPER FT Ak
DOFEELE LTRSS FH SN D BT AR 5
KISTH 5.

CHA4CO;, —»2CO+2H, (1)

A, BEDRET AOFH72FMEE LTI
FEH IILTWD A, BIEDOINEIT X 2 i /)& T
% 1000~1100 K FEED SIRALETH Y, RFEHT
I K 2 Al A b K OO O PAZEDNFRE & 72 -
TW5 D ARWFFEE T fidtE (29555 72 5t & FIn
THZETEH I b= AL DHIKIETORKIG
HEAT R OVREAT O 2R L= 2. Lo, N
B & D RS & bl U TR SENT B O I
e Sz b DD, Whisker kD 71— R 41 H A8
WENTT=®, S 5725 RENTH O INH] FAEA M2
Th 2. KEFTiX, REFTHIMHIORENH D Ni
FE et & BISFIMES ZAEhE 5 2 LI
£V, Ni RASMBEOTEME R OURFEAT HINHI~D %)
REMBATAHZEE2HNE Lz, £, EBHFT A X
VIRERYE NSRBI 5 Hy EKREBERDRE T A
RO T RTLERIZ L 216 & OV 7 3h 3 1) B oo
BRI E 2, Y DRM 1B 5 KEKE AW
BTALERIC L A BB ST B RE 21T o 7.

2. =B

CeO,(JRC-CEO-) &K & L TH W, HEFe)RE I
Ni, 85 _4&J8I21% Fe, Co, Zn #BE L, 2HEEL
10 wt% & BE L, a2 b3, JRFEHTHILEE
WX DR E T o 72 IEPERERIE, [ E R i
RS Ggs 2 H L, 355~500 um (ZHERL L 7= fibfi &
100 mg FOM 7z, g 2832 Ko ZAD
WA ERICHA L, AL 72, iAEER I,
SOGIRE & 473 K ([Z3% € L, CHi:COxAr = 1:1:1 (&
Wi 30 mL min') , 10 mA TiT-o7=. 7z, HAXY
AlLa—/N R T v I TRERE L%, GC-FID,
TCD TH#rL, &Mk, EEOITE1To 7. BIEPER
BRoOmNz, 673 K, ArHa=4:1 (&¥i& 100 mL min™")
TEITUB AT -T2, Fz, KEKHLE TII AT
F—%HHv, 673K, Ar:HyH,0=3:1:1 (£&F&E 100
mL min!) EEXE L, KEXE HWTZRTLEER OTF
PERBR O L 21T~ 7=, £ 7=, XRD #ll7E, TEM HIE,
CO,-TPD #II%E, BET ¥£(Z X 2 te R m AR E % %2
T X v 7 2 V¥ — 9 v &217o7-.

Ni REEAMER T KATITLEDHR

& A RTL

=
ko B %

bLeten H =l
(RREHEK) OMN B - B

3. HRBLUER
Fe iRIMZ X B Z T2 %, Fe D3 (mol k)

S WL 7o il A SR 8L L, Ni, NiooFeoi, NiosFeoz,
Nio7Feo3/CeOy % VT R D H W TG MERER %
To7. ZO/ER%Z Fig. 1R T. IHMEROVED)
RO NiosFeoz, NiooFeo.r, Ni, NiosFeos DJEIZ K
& <, A IS R, Hy/CO v RZr o7, &
HEVEMEE 7R L7z NiesFeor TIXRFBINZ 0 HEH
SNDRFHTHENNI LY b7 <, R OIENE
AR TR MES LAY L DAL 7R > 72, CO-TPD MIE
DFER KD, Fe DM LY leREBEOM L2 RS
AL, CO» DWAEAFEBMNENT D Z ENbhoTe. £z,
TEM HIEDOFER (Fig. 2) XV, Fe s LV Ni
SEMEDF EOZRN R 5T,
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g
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Fig.1 CHa SRR ORRRE(L

Reaction rate of CH / mmol h™ g

e 100

Fig.2 TEM @ EDX TR~y 7K

(2)10Wt%Ni/CeOz2, (b)10wt%6Nio.sFeo.2/CeO2

1) Z. Bian et al, ChemPhysChem, 18(2017)
3117-3134.

2) T. Yabe et al., ACS Sustain. Chem. Eng., 7 (2019)
5690-5697.
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B &V RBRHTHES
Lb 7 RBOA KT O FXpx nE 5 EFXVAH TERLE LD
(R OFH EZZ - KB (RR - INEE HER - 21 %
1. %‘%E 1 12 e(‘
JE, RAA ADEEREE B, TRANAHRS 2 1L @
BT HRIGT A AL LT, BRYEASZ LT S s |®
TIRH A % FN D A 2 SRS < D BT %
B AKX URERIGE B0 &K S5 Steam 5os |
Reforming of Methane (SRM)23 7273, IREEZNRAT A Q 04 3 with H,S
ThHbd CO EEHE S Dry Reforming of Methane T ool @ 1 without H,S
(DRM) b IT4EEH 28T 5, SRM KU & [k 2 80 ;) 00O0OCOC000
DRM i C b Z2{i7 Ni #1428 Td> 5 Ru=° Rh R0 T
S L HER & D, Ll SR EE(700~ Time on stream / h
1000°C) 1 2\ TG4 IR ARG D3GERE 3 2 RIBEIZIN R | fR 12 1
FHTHORE TR 72 S L ATEMES B O E 2 &0 -~ «
WIEREOBIR & 725, SMR RIS T b HEFERA DRI 2 e © oo,
T ARASDOIEAND B TIAZE TH Y | Niy Rh Rl Sos e
WESIERENMIT T 5 Z S T0s N, Tol® o
BEIC, DRM FUST b Ni RAME CIIERENE L KT © o
THIERMESNTWD 2, —F, EkawES 2z & £ vith H,S
A/TZ SRM FURMZISUNT Pra-ALOs il 3 2 FREEME Sz} 3 without H,S
BRIHME T2 b0, ERICKIET D Z LIFAREN x ) . .
REMEE A5 2 LABESN TG I, 220K o s " a7 2 27

WU, M b &% & A72 DRM BUETO Ni F6 &
O Pt RARBEDMHERE A FFAM L | Wil C O AR 1
D951k & RFAT BB OFERAMEIZ DU ThET L7z,
2. EER

fihfi 4R ko> JRC-ALO-9 (y-Al,Os) & —Hilipk A 55
Ty ME. 0.85~1.7mm iz L7z, FDk,
1300°C C 2 B§fBERR T 5 2 & C a-ALOs IR & L=,
502, Ni JEE LT Ni(NO3), « 6H.0, Pt Ji& LT
KoPtCls % FV >, k7 L7 a-ALOs AK HICERMEF L
720 BRERIZ 500°C T 2 IREfEIBERKL L. 10wt% Nilo-AlO3
B LU Iwt% Pta-ALOs fillfii 5% L7-, DRM FUied
BRI [ R il U 2 A IV T 700°C T 7o
7o FABLU7-fibfiEA 0.1g FRHE L, SUSHTIZ 20% Ho/N,
H AE K, 700 °C T 0.5 RiEE TP 21T~ 72, X
IS H A O R K X 8 O DRM KIS O B A
CH4COIN,=2/4/4 & U7=, 477 AfiiE 50 mL min? &
L. HEH 2#AE GC-TCD & AW THHT L=, it
MPE DRI LS A A F1Z HoS % 20ppm & e s his 7 A
ETHT L TRE L., ARIORETTIE, HS 25T
ST 3 IRFIRL, Z DIRE | E VT HS 72 L OGN T 24
REE SRR 21T o 72, E728IIT, HoS 72 LOSMET
27 WEEIRUSR ZAT o 72356 CTO A Z i b b J
L, FERHR( IR & U TR ORI 2 3 L 7=,

Time on stream / h
Fig. 1 Change in the relative CH4 conversion at 700°C for DRM
reactions over (a) 10wt% Ni/a-ALO; and (b) 1wt% Pt/a-ALOs
catalysts for total 27 h: (@) with 20ppm HaS co-feeding for the first
3 h, and (O) without the HzS feeding for the subsequent 24 h.

3 BRBLUER

Fig. 1 (2 10wt% Ni/a-Al,03 3 L TN 1wt% Pt/a-Al,Os fift
4 72 DRM ROSEBROFER Z7R~T, &5 6 ofil
BECH HS BEFEND LR LRBZILT L72A,
Pt/a-AlOs il il 3 &> % FEFE DER LR A LTz, & D%,
HoS DE FE/NWFIFITT 5 & NiJa-ALOs Al Colx{l,
IR FE £ TH 72208, Pla-ALOs il D54 Cldiin
BRIk 2 \HEHR LR 120D MEFDRERR S 7,
ZDOZEMD, HS THE FTO Pa-AlOs ik D MEEE
IRTFARENTH LV bR LD D THY .
DFDOH TR L DO TH D EEZBND, R
Tl SUSTEBRZAREE F~0RENTHZEEh & /0T L7z
FERIZOWTH H b THET 5,

1) Hernandez, A. D. et al., Appl. Catal. B: Environ.,
258,210 (2019).

2) Stavros. A, T. et al., Appl. Catal. B: Environ., 267,
118691 (2020).

3) Watanabe, F. et al., J. Jpn. Petrol. Inst., 63, 89
(2020).
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SHRBIUER
BABOFTHELT A MIEH L, sk
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DTN,

1) Alvarez, A., Bansode, A., Urakawa, A., Bavykina, A. J.,
Wezendonk, T. A.,, Makkee, M., Gascon, J., Kapteijn, F,
Chem. Rev,, 117,9804 (2017).

2)Li, Z,Qu, Y., Wang, J., Liu, H,, Li, M., Miao, S., Li, C., Joule., 3,
570(2019).

3)Ye,R-P, Ding, J., Gong, W., Argyle, M. D., Zhong, Q., Wang, Y.,
Russell, C. K., Xu, Z., Russell, A. G,, Li, Q., Fan, M., Yao, Y-G,,
Nat. Commun., 10,5698 (2019).

4)Tada, S, Iyoki, K., Chem. Lett., 50, 724 (2021)
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1. #%
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\ZIE. ZnZrOy filfEDMERE A 1A B S5 Z L NEET
H5, ZoOflE ETiE, Zn0 2 HhEiEH L L, Zr0,
M COEWAE L. ZnO & ZrO, DR T COyKELK
WDSEITT B, ZnO & ZrO, TN EOMERE & 2=

WERT 2 2 & TRWERA RIS D, ABFETIL,

ZnZrO, D Zn/Zr FLORFIEATUVN, K0 @V EEE
i COKFA VML DT IR s 2 B 5345,
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1)J. Wang,G.Li, Z.Li,C. Tang, Z. Feng, H. An, H. Liu, T. Liu,
C. Li, Sci. Adv. 3,e1701290 (2017).

2) ZH, #&, KT, UK, 1IN, /MK, 2017255569
[EHHFERS 22 BOS (2021).
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1% 8 EIRR DT H720, LO OAERRIZEHRA TARn
HAT R LX—KHBIZLY CO.2H4HWEICE ZENGyIroTz, Mn I L Y CO.,LO,CO /K
T DL =R VA VDR LHRTERET RO Shizlcd LEX BN, ZDORRIT
HO P THIEBA L7 1 o (LO)DARITE AT AEIOERD ST Mn % Fe @ 30wt%ifn L 72§
BHD, FHBIL, C.-Ce® LO ARRICIER L, CO: —%& LO DAERITH A TH > 72,
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BT 2 AN E A+ Th BT, AT : fma o
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2 %%jﬁ{ﬁ 0 . ) 3 4 5 - Amm  CO2 conv.
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30Wt% D % &, CulFe t 0~5wt% T, Mn #INED g - 4l 0 S e 206
MY CulFe . Iwt% D b & Mn/Fe H. 10~50wtd% R o b R = B ‘
CEL SR, RSEEERNEREREE A, |20 H ] O 0
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7=, 0 10 20 30 40 50 = = CO2 conv.
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ThHsHZ &75‘/\75 5D, Ll bl /ﬁﬁﬂi%ﬂ’ﬂﬂﬂ [%%i@d
éﬁ(f)‘ LQ O)iﬁk /jsge‘foevg{{t LD BT [1]Asami et al., Catal.Today,303,117(2018).
27 “0); 0 R A aEJ?ZX@}iﬁS}: FIfC D [2]Asami et al, Proc 17th ICC(2020)
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Mmeroi,
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ZE 1L, PdZn 64 & AlOs 75 & OEIANR S
O fild A VLT, CO2725 DME O—EdsS
RIZOW TR LT, F£72, PdZn A4~DH =4
JERGT DOUIMOFEN DN T H AT,
2. FhR

PdZn A4&fix, LETIHHR L7 10 wt%
Pd/ZnO filltt% 500°CCiEILd 5 Z &2k D 157,
PdZn &4fb~D Al Si, Zr, Ce 72 K D =48 D
IS, eI =SBy % Twt% &
2B X ONTINZ Tz, ROSITAEHT 2o T
1.5g & L, PdZn &4l & EAREAE 2 7L
FRIZAIUT 1 0RHE 0 IREIREG Uiz, Bl X
fibiiE 2 it AleOs (ALO-1 BEON7), X #l i
YA4T74 F MS13X), ZSM-5 % Hu iz,

PO FE RO SO S E A AV, BUGHR

Lhinb O AT

O KA« gL 5L - 5 (550 - gk fE—ER

SLbb 2o~ Wb DEOA S Lk LAnss)

ROREE TIN5, DME ARGEEL Ce WML
7ot i b K& <, PdZn B4DHOfMED 5 %
PLEDEIZ 72572, Ce WRNFIMEECIX DME SR
ST T, IBET D EAREAME O 2
B2 Tl To =58 % Table 1 (2 TR,
ALO-1 ZRE LTt e b vy DME Azplosifs
ZRL, ALO-7 83X UMS13X, ZSM-5 #iEA& L=
i el DME OAiHiE e A E38o 51, CO
DIHEIRPNERLT D,

Ce I/ PdZn &4 2 iRA3 5 ALO-1 DEA
0, 25, 50, 75, 100 wt% & L S TISEAT D &,
50 wt% D & = DME ERGHE DR L 7272,

SOGEEZ 200~300°C & L CIGE,To 7o Ab R
% Fig. 1\ URT, SUSIRED EH92512240T CO
ARG | XIS HI N2 2%, DME A= plosi i 1
250°CECTIFEMLC, ZNLL EDREE IR 7
B ENDIND,

PILEOFER LY, PdZn 5412 Ce ZHINL7T-fik
Bz ALO-1 % 50 wt%iEA L, 250 Cf}iﬁs%ﬁ 9
&, b EV DME ARGEED S B Z & 0vsy

277,

1) N.Iwasa, etal. Catal Lett.,96(1-2), 75-78 (2004)

FE1E200~300 °C, SUisH AfHALIE CO2:Ha=10:90, - 4 p 40
AfiE 100 cm3 min! DT -7, %( ~3 30 %
3. R LEL %4, 20i§ 4
AR5, DME & CHsOH Ok 23 Y e
27 MNRSIZE Y CO MR LTz, ZhboAsy = °1 103 °
OISR & & H12, CO T4 523, 0 0
DME [N L7= D blc—E L 7o 7=, 200 250
Table 1 (Zffi %  PdZn 4% ALO-1 LIRA LT- BOEE 1 °C
gt ECod 250°C TOUSHER A7~ T, Al, Si, Zr, Ce Fig. 1 %ﬁé@fﬁ%@ g;};‘; %i D
AP 5 N -3
72 EOFEZARORINC LY CO#xk= & DME 4 Pz Co 12 ALOL % 50 wide e L i)
Table 1 KSR
LS COzifir = DME A& pfs IR [ %

PdZn &4kt [E{AERAREE ! % / cm3 min'? DME CH:;0OH CO

PdZn ALO-1 0.5 0.7 27.1 46.3 26.6

PdZn-Al ALO-1 1.8 2.5 28.0 455 26.5

PdZn-Si ALO-1 3.0 3.0 20.5 39.1 40.4

PdZn-Zr ALO-1 0.6 0.8 275 60.4 12.1

PdZn-Ce ALO-1 2.3 3.7 32.1 45.0 22.9

PdZn-Ce ALO-7 10.0 0.1 0.1 2.5 974

PdZn-Ce MS13X 10 2 0.0 0.0 2.4 97.6

PdZn-Ce ZSM-5 0.1 0.3 3.9 95.8

(RRNEEE 250°C, lﬁlﬁ%ﬂﬁm&% 50 wt%)
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Hydrogen production/energy carriers/CCU

[2C12-15] Hydrogen production/energy carriers/CCU(6)
Chair:Atsushi Takagaki(Kyushu Univ.)
Fri. Nov 12, 2021 1:00 PM - 2:00 PM Room-C (Dojo-A/Hakodate Areana)

[2C12] Low temperature steam reforming on Ni-doped YSZ catalyst in an electric
field
OKaho Nagakawa1, Ayako Takahashi', Maki Torimoto', Ayaka Motomura', Naoya Nakano', Reiji
Yamashita', Hiroshi Sampei', Takuma Higo', Hideaki Tsuneki', Naoya Mori®, Hideto Sato?, Yasushi
Sekine' (1. Waseda Univ., 2. Murata Manufacturing Co. Ltd.)
1:00PM - 1:15 PM

[2C13] Inhibitory effect of trace impurities on the catalytic activity in methanol
reforming
OKatsutoshi NOMOTO', Hiroki MIURA"?3, Tetsuya SHISHIDO"?* (1. Tokyo Metropolitan
University, 2. Research Center for Hydrogen Energy-based Society, Tokyo Metropolitan University,
3. Elements Strategy Initiative for Catalysts and Batteries, Kyoto University)
1:15PM - 1:30 PM

[2C14] Chemical-looping reverse water gas shift reaction on Cu-In-oxide
OSota Kakihara1, Junichiro Makiura1, Takuma Higo1, Yasushi Satoz, Yasushi Sekine' (1. Waseda
Univ., 2. ENEOS Corp.)
1:30 PM - 1:45 PM

[2C15] Development of Pt supported LaO_modified TiN catalyst for
dehydrogenation reaction from aqueous methanol solution
OVYuki Shimoji1, Kohsuke Mori'?, Hiromi Yamashita'? (1. Osaka University, 2. Elements Strategy
Initiative for Catalysts and Batteries Kyoto)
1:45 PM - 2:00 PM

©The Japan Petroleum Institute



2C12

HEEAR ($B510AH - AHLFFRR)

BEBPTOEES 2 VKEAIKERIGIZE T HNI F—TF

YSZRRE 7 AL AR ET

I

fepidl o R b

A * I, I @‘ﬁﬁ%ﬁ* * = o * _ ES * Lj“ﬁbf:; j)* <7
(RRBHR" « ATHEEWETT™) O )WL - dfEee 7 - BATE - RFEE - 1iF

RELELALWN T

k3
ol E

nk f@‘* Lt %§L\U 6:‘1;:* U: - 2F L#*ﬁ* %@ﬁ %’\** x b "}U'C‘ 7:**
Ek - L FENET » RS - FLEIRET - A - AR - A -

o xR ST

Bt 2™

1. ¥%E
TR FNLF—E LTHH INAHKED TR

IRELEFEDTIRIIA 7 L KERYEIETH 5.

TIUIRE RWEISTH Y, 973KLL @ik
THITT D720, fllEDIIERCIRFE DHEFEN AL,
E DITSUCIERE OMBWEN LB L 70 5 Z & 3afiE
Thsn. ZOHEEMERT DT80, Fox 1 IfAtEZ
T A FHUINT 2 SRS 2 VT, 473 KD
IR CHEAT T IR T o B R AL L T
o T2 TIRETE OLUSHEN R0, K
BeBORMmMTTa kb A X UNEETH L
T, HOEEETH D A X o OIFH EMEE S DY
5. ZHNFE TOMGEIT, HHIKCeOUZEFE N T A4 Al
% R—7"172Pd/CeqoAlo 10 AR AN EEIGFHIINRF DOTE
PEERTEME, &EROICBWTEWEMEZ R LT, &
FA LD R—=F2L T, WEKDFEIBIRD
MEE I L > THEIL, 7a b oAzEM) M
L7289, ZOHKOT v M ABEMEIZEH L, Bl
BUZIBILH A Th HKFE L HKER AN, £
T K EE L B A A L 723568 OERTE I T~ 5 8
BrfmatLiz., 7o oAt a /4514 v Y
TRENS LI =TIZINiE R—F L =
Zroe5Y005Nio Ol A2 FRHL L, RiIALEE A A AL &
Hao/H,0/Ar=x/(60-x)/60 (x=0, 12, 30, 48, 60) & 254k &
H, KFE LKA E RS L= 856 OERIEMEIZ
DUNTHATZ.

2. RER

SEAREGIEIC LY, FHEOGBMHEEEZ AW T
ZroesY00sNio302 % FHHL U 7=, IEMERBRITIE, £
TEARTEAERS G2 FVY, 355500 pmiZ3&hs L7-
fii80 mgZ& FEta L7=. Z ofififg it s X 91
L CEMEZEAL, 3—-9 mMADEFRERAZEINL
7. SEEBEIA YR A a—A 12X HIEL, fil
BT ORI XSO P HR A L7 BVEE e &2 0
E LTz, MONRE, BAOHORERTII573 - 723
K, BEEMEIS TIZAT3KE L. RIELT A0
At 713120 SCCM & L THELAL A Hao/H20/Ar=x/(60-
x)/60 (x=0, 12, 30, 48, 60) L 2L X, SUSH ADE
FEE13120 SCCM, FHERCHAH0/Ar=1/2/7& L7-.
SIS DERHT AT TH A~ 87T 72T
ST LT, RO DITEC L DB L
TOfETEMER, NRREEOFHE & LT, CO-pulse
HE, XPSHIE, XRDEIEZEIT-T-.

3. ERBIUSBE

FATMLE 31T HDERIGMEA b9~ 5 &, AijALER
TAKFE L AKERZ R KRG LMK
Ha/H,0/Ar=30/30/60 (30/30 & #7t) 73 b iV ERTE
MAER LT, ZAUTEICIER 2R o/KFE DA%
Z =354 HalH,O/Ar=60/0/60 (60/0 & 3%70) & Hb, Xk
D EWVERIEETH 72, RIZ, 30/30 & 60/012F\
T, BPELOERIEEA~DOEZ TR 5H72DIZ, ER
IEHEOHER E Znd 7 8 b AZEEY D ENIDIKREE
[ZOWTHEH LTz, MDD K 5 EEY TOfil
BETEPERRBR, XPSHIE, CO-pulseifll i L UXRDH|
TEDOFERNS, NIOIREEIZOWTEHE L=, 2 b
DOFERING, KERENI & AJENIFEE, 72 5 ONTEM L
W 7 e N AREENERIENEE KL L TV D &
EZD.

0.25
Pretreatment: Hy/H,O = x/(60-x)
30/30
- 0.2 - . o °®
= P,
IS og 00 @
B 015 B ...’0 ) 12/48
= o?, f.: e 48/12
E ° %% ® 600
« 011 0s® ,
o [ J ‘
Q ® P .. 0/60
o e ©
© L L)
~"0.05
o ¥
0 1 1 1 1

0 0.5 1 1.5 2 2.5

Fig. 1 The result of catalytic activity of ZroesYoosNiosO, with EF
(Current=3-9 mA) at 473 K with water pretreatment;
H,/H,O/Ar=x/(60-x)/60 (x=0, 12, 30, 48, 60).

1) Y. Sekineetal., J. Phys. Chem. A, 114 (2010)
3824-3833.

2) Y.Sekine etal., Catal. Today, 171 (2011) 116-
125.

3) K. Oshimaetal., Int. J. Hydrogen Energy, 38
(2013) 3003-3011.

4) R.Manabe etal., Sci. Rep., 6 (2016) 38007.

5) S.Okada et al., Catal. Today, 307 (2018) 272-276.

6) A. Takahashietal., RSC Adv., 10 (2020) 14487-
14492.
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1. #8

AL ) =TRSO RS LT LEERNICHIH S
NTEY, EFETIIAKEFY VT ELTHEAESINT
WHEBERMEEMTH S, L, BIEAX ) —)L
IERIRT A 70 EDLABRE A D EEE S LTV ST,
T BLEEOMSIDNEEN TV D, Fil- il
B LTAA A~ AHED A Y ) — V(A F A H
)= WERFEF BID. N F AL ) — LV ESE
ORI TE X, #ifcei—Rr==2—r7 1
DKFIREHELRTE D, LDLREL, XA FAX
J = ZIEIARMBAFAET B 72 D, Rl o2
DR EIND., —FHTAY ) —NVHRERKSIIHRT 5
AR DR T LT DHEFNT D72 <, Al
MO OWTEHMIZA O NE oo TRV, £
ZTCARMIIETIE, NAFAX ) —VICEENHME
AR H Cu RFREEC L5 A & 7 — Ve SO O ik
BENE - ZEMEICE- X DB L mFT 57201, A
Z )= VI EO A Z L, & DORELZ T~
7. AREFETIHEHR T LV a— L OBRERREICHOWT
fiEHT L7z,

2. B

fil g XL PEVEIC K0 B L 72 Cuw/ZnO/ALOs (CZA)
ERWE. A% — VEE{L B S S (ATR
CH;OH+(1-n) Hy0+0.51 02— (3-n) Ho+CO)IE, 5 JE[H]
ERGARSUREEE I TIT o 72, A ORI 2 1
M50, WETHD A 7 — VKRR L
TR T VT —(=x ) —)b, 1-7T e —), 1-
TR =W EIRIN LT B 2 D CSE ROS & AT

ST,

3. HRLER

Fig. 1 \ZA X ) — VKR LRIC Y ) — V%
1 mol%(EtOH/MeOH)¥RAN L 7= A & J — )L KIRIK %
FAWTRBILSE NS EIT T L DA X ) — ViR
ERERT. =& )= EPRNTHE, RINL72n
STEHELV AL ) —NVEEEPMET L2, 1-78
X)) = NRN-TH )=V ERIMLEBATHLT X
—IVERRRIZ A Z ) — VI ERPME T L7, Ziud
DFERD G, 1 mol% DAL T /L2 — /L DRI L -
TAZ ) =NV OS BN LE S D 2 & A3
Hinklpoin.

KM D XRD /R Z — U Z i LIz & 2 A,
FEEAEBIIT ol D, RRT L —
DWW X DIEEDOILTIX, Cu X° ZnO DOEHED X
IIRREETIIC L Db OTIIRVWEEZBND.

[N

LLe tox
. S2FE ﬁ&******

WA, OGOz >V CHIERRL (TPO)Y 1
7 7 A VERIE Liz(Fig. 2). fllgER mic ARk Lz ik
FREOMREEC L VAT D CO, (m/z=44) DT a7 7 A
NWERHEET D & IRk T L 3 — L 2RI LI EAS,
WINLZ2WGE XD ZED CO, M AERK LTZ. 2Ok
Bt BTV a—Lofing &> CTRRILHSE
FOGOTEEMET L7zDiX, C-C fEB42HT K%
TV a— VRO EFENEME R W L7220 T
HDEHER LTz,

W o5 600000
£
80 t ® o ©®
§ o e © o O
g 60 |
[
8
g 40 | O MeOH
%’ ® MeOH+1%EtOH
20
0 1 1 1
100 150 200 250 300

Furnace temperature / °C

Fig. 1 Methanol conversion in ATR

Conditions: Catalyst CZA (100 mg),
MeOH:H>0:02:N,(:EtOH)=30:36:10:30(:0.3) mL min"'

0.1

MeOH+1%EtOH (1.08)

CO, formation rate / a.u.

w

100 200 300 400 500

Temperature / °‘c

600 700 800

Fig. 2 TPO profile of spent catalysts after ATR,
CO; formation (mmol g™!) is shown in parentheses.

Conditions: CZA (20 mg), O»/He=10/40 SCCM,
30-790 °C(10 °C min™)
1) Y. Isayama S. Saka, Bioresour. Technol. 99, 4775,
(2008)
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Cu-In BBtV ETE ALV
FIAWNWN—TIZEBBKEARS T FRIG

NEEL ZH T2

_ e - SR, EEIL Lpanbid O = B E
(FAE RS - ENEOS™) Offilst HaoK™, o v — A7, Ha #0057,

1. #&

COz ITRFE SN DIMERNIRA A D KK ~DOHEH
NREEBZ SR ZTHRERE > TS, £ T,
(EARBEOFIHRCEE Y a2 b &N 5 CO,
ZHEE L. ARURE R E OB M~ &l S Hdl
Tohbd CCU OEIFENED LN TWND, ZD—
BRELT, COZ2mfR L THLAT CO & HARHE
T AV —HED Hy 205 FT GRS X 0 iR e &
BHEMER SN TWD, CO % CO ICE#T 5
B & UTIE KT 2327 F(RWGS)A 6 T S
B8, BISGEOWETO@m WA A B A N P
KEOMBEN D o1, £ T, @R O
TERW, I B —FIT Lo T RWGS &R
% RWGS-CL AZ b0 Z wflkd 2 FEEE LT
EHENTWAS D, Z® RWGS-CL 2B\ T LK
IR T Redox YERE & R > & BBt kL 2 B3 5
LT EHAME LTHMBHRERZIT o T2, T ORER.
Cu TEEfi &7z In,0s (Cu-Iny03) 3 BE$ RWGS-CL
MEZ B2 DR RTZLERALE 2, £2CT
AWFIETIL, Cu-lnyOs DF ¥ 77 X VE—va &k
ONHEEGm AT 218 L C, AFERO Redox Bt & Cu
DEENZ SN THF LT,

2. RBAZE

SIBRRRLAENT 7 =V RSE IR E AR % AV T
W7, F7o, SRR ~O&BIF X AT L
B2 W TIT 72, RWGS-CL BRI E &HIE
18 (TGA-B0; HERERT) 2 v, EEE(1D
Redox & E&E L7, BLW OIS (H2 BRb
JE)E 10vol% Ho i@ T ¢ 30 min 17V, FE{b UG
(CO2 Zy iR B i) 14 10vol% CO, il T TR AN 5E T
TLHETIToTe, BREITEMEIOXY Z7 7 2 E—
T a vk LT, BAK XRD, STEM-EDX, in-situ XAFS
BLOXPS WEEAT 72, & DITHERMITIZI U
“Ci% Hancock and Sharp method % VN CTiT- 72 3,

3. WRLER

o2 O& BRSOV T RWGS-CL 7Bk D MERE
A A T o728 2 A, CluadnOs(7 7 7 2 LT A b
W) % R ELE 325 Cu-In0s 23BEHR D~
T AT A N D90 Fe RE G ERL O & Lk
L . 673-773K &% O KR TV RWGS-CL P fE
RTZEERH L, Cu b BHAEIEDZ LT, In0s
@ Redox MEfex M ESHETWAZ ENRbnotz, #
Z T, R XRD 3 X STEM-EDX. in-situ XAFS

#+&xh 7L

itk HeRT. B 4

HE % W T, RWGS-CL ¥4 7 Vv OKBREIZ R
17 % Cu-In,03 Dk b i & B IREEDOFEAM 21T - 72,
ZDOFER, RWGS-CL # Cu 1T#1Z 0 fliCIFEFEL .

Cu-In &K « 43 % £S5 In(0)In(lll)® redox
LU CHRIGHEITLTWA Z RS hoTlz, Fin
“C Hancock and Sharp method %\ 7= 350 B G AT
0. BEBALEIG(CO 3 iREIGR) A 71 = X N OHEE %
1To7 IN0sIZHB W TIE, B b DR & iR %
FEVCHREDNEITT 5720, HBLEN EHT 51
ONTCO MR EITE LTI D2 Enbno
720 — T Cu-In0s IZB W TIE, FfbRITKFE
FE CO R E & R > TS EIT T 5 2 &
bholz, ZORRIRBILFENC OV T, R
PEAT O 728 XPSIZ L D RE T 21T T2, £ DfE
R, Cu-In0s ITFHEALOHEITEICTH DT, KD
TEREEN — IR TND Z Edbrotz, LIk
DORRFIN B, Cu-In05 DFEF 2Rl 281X CO, D4y
i CHARR L7204 A B Cu-InBE&RENL AL &

INO3 D HI~EF RS BET 52 LIZER L T

HEEZLNT,
500 — :
B} ® Cu-Tn,0 [Tln{\s;mﬁ: et ®
=11} 5
= 400 |
L ®
g 300 *
;
2 ($HI:;|°.-) RWGS-CL
i 200 L EE 3 RWGS-CL# $
g e m -
= 100 | @ Py
¥ e
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Fig.1 Comparison of CO- splitting rate with
previously reported materials.

1) Y.A. Daza et al., Ind. Eng. Chem. Res., 2014, 53,
5828-5837.

2) J-1. Makiura et al., Chem. Sci., 2021, 12, 2108-2113

3) J.D. Hancock, J.H. Sharp, J. Am. Ceram. Soc., 1972,
55, 74-77.

4) D. Maiti et al., Energy Environ. Sci., 2018, 11,
648-659.

5) Y.A. Daza et al., Catal. Today, 2015, 258, 691-698.

6) L. Ma et al, Ind. Eng. Chem. Res., 2020, 59,
6924-6930.

7) Y. Qiu et al., J. Energy Chem., 2020, 46, 123-132.
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BHEAZ /=L DKFERRICEIREITS
Pt 8% LaO« &8 TiN filiED Eﬁ%

(EN TN Rﬁ%mﬁﬁ@%iA

i

FIRTIRIKD A & ) — LT ok EiiEae (12.1
mass%) ZH L, F72 CO, #EEIE L TERRTRE R
e, 7 U—rinomARERAKFEF Y VT E LT
BWRT X L ERD. [AHTO A X ) — VK&
RUE SO IB W T I i o B R 23 BRI 7 &
NTWDER, =R FXF—aX NeMxFRREIKEE
o 97120, RIRIRIED 2 Z ) — )b @ hRIC
KFEEAERT DAEENRD 5N D . RS DEMIC
W, KBIOAZ ) —)Va B Lkl b CRIEEC
EMALT 2003 & 5. ARWFFETIL, PY/LaOy/TiN fil
BN DOIEMER O A EBLL, WHA X 7 —Lin»
D OKFBAMRBISERET S Z & &2 A L7z

2. EE

La(NOs); & TiN H{K FICERIEIC L 0 fEF L 724,

225 T 600°C T 2 RpfiBERL L, LaOJTiN #1572, %
D, HPtCls & 5124057 L, NaBH, (2 X D ilitEE T
ATV PYLaOy/TIN Z g L7z, A % 7 — /L dn
D OKFBARSINTIA— 7 L—T7%H, 14 mL
DAK ) —)VIKEEK (A% ) —v:K=1:1) Z2E
E LT 170°CCE Lz, 7ok, FEEOWIKREE

TRo728, KRIE Ny @MPa) R TIT o 72, B L
ToKRFOERITIE, GC ZH, KGBIEID 6 I
B#%OESFE 1 mol 4720 DX — 1 F—s3—F N
— (TON) ZHWTIEMEE LT,

3. WRBLUEE

Pt/LaO,/TiN filii:c> HAADF-STEM 22 Dk 5, ki
TN 2.0 nm FEE D) —72 Pt T KO
WCET. £, EDX o#r)6, La 23 @ 0 B FHEF
SNTWAHZ L EfER L.

Table 1 IZ/R T K D IZHRAH A & ) — /b DKRFEA
RS2 3T, LaOy (BRIl K 0 2% < Ofil i CIg ¢
23 E L, HEIC PYLaOW/TIN filins i & st 2 o
L7~ (entries 1-10). LayO3 ~® Pt O EZEHEF TIIIE
PEPNEL . TIN ETO LaOy DB MBETH D

(entry 11). F7=, MFEOE4LE L L T Ptidks
By ’?U‘Yﬁﬁfzﬂt Lf: (entries 12- 14) CeOy *?3

M5, A B DIERIIAR RS ORI e
%EZFF> (entries 15, 16). F7=. EMb= R /LF
—nbb, A HEBR Y L O TIN OBEEME R S
iz (Fig. 1).

B FEE 0 BK R EHUR & O Tl B R B 220
%,%ﬁ¢L&h@ﬁf_i©m#,mmN_;bf
X ) —PEHEENTWD Z R oiz. 72
B, PYLaOJTiN fillfiti%, MIGHEE Th H KB IO
A B ) =) OTEMHAL A A — it FCHREBET 52 LT
AREOGZ R LT S g S .

Table 1. Comparison of activities in the hydrogen
generation from aqueous phase methanol-water solution

Entry Catalyst TON @ 6 h

1 PYLaOy/TiN 110.9

2 PUTIN 512

3 PY/LaOy/ALOs 96.6

4 PYALOs 66.6

5 PYLaOy/TiO> 70.2

6 PUTIO: 14.0

7 PY/LaOy/C 593

8 PUC 45.6

9 Pt/La0/SiO: 7.0

10 PUSiO: 0.3

11 Pt/La:0s 38.1

12 Pd/LaOy/TiN 21.9

13 RO/LaOy/TiN 12.0

14 AWLaOYTiN 9.5

15 Pt/CeO/TiN 65.1

16 Pt/EuO,/TiN 75.5

57 N Activation Energy
L . rry . PYLaOX/TiN:  73.9 kd/mol
é '5Im. Y PUTIN ¢ 965 kimo
53 R

lg  PLa0s :110.2 kiimol
% I a_
2.2 2.3 2.4
1000/T (K)

Fig. 1 | Arrhenius plots for Pt/LaO,/TiN, Pt/TiN and
Pt/La,0s catalysts
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Hydrogen production/energy carriers/CCU

[2C16-19] Hydrogen production/energy carriers/CCU(7)
Chair:Hideshi Iki(ENEOS Corp.)
Fri. Nov 12, 2021 2:15 PM - 3:15 PM Room-C (Dojo-A/Hakodate Areana)

[2C16] Development of H2 energy storage and transportation system using Organic
Chemical Hydride
OKenichi Imagawa1, Hironori Kawai', Masataka Okada', Yusuke Nakajima1, Yoshimi Okada' (1.
Chiyoda Corporation)
2:15PM - 2:30 PM

[2C17] Development of technology for hydrogen storage and transportation at large
scale by organic chemical hydride system - Development of modified
catalyst for methylcyclohexane dehydrogenation -
OShinya Hodoshima', Kenichi Imagawa1, Masashi Saito', Kanechika Matsui?, Hironori Kawai® (1.
Chiyoda Corporation, Research &Development Center, 2. Chiyoda Corporation, Process
Development Section)
2:30 PM - 2:45 PM

[2C18] Hydrogen production from surface-type methane hydrate collected off
Tokachi
OHirotoshi Sakagami1, Noriyasu Okazaki', Satoshi Yamashita', Akihiro Hachikubo', Masaaki
Konishi1, Kazutaka Tateyama1, Masato Kita1, Hirotsugu Minami' (1. Kitami Institute of
Technology)
2:45 PM - 3:00 PM

[2C19] Direct methane reforming reaction — Examination of preparation method of
iron oxide catalyst-
ONoriyasu Okazaki', Kouichirou Iwama', Shou Fukishima', Youhei Sakurai', Hirotoshi Sakagami1

(1. Kitami Institute of Technology)

3:00PM - 3:15PM
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TLTWA[1],
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(NEDO Bhik ¥ : KB SHEEERINB R F 3
SRR = 3L X —FHEARB%E)) & LT
AHEAD (KRR 3L —F = — AT 7E
& 1 Advanced Hydrogen Energy Chain Association
for Technology Development, 4%k, —ZEpG 9 (B§) |
=JHrE (K. BARE (BR) @ 4 #2358 L
T HAARZEALA) I X W TENT-,

KELT T MEIT AR AITERE S L. LNG
T RDTaw AREN A EE L LG X
N7-/kFExEKFRE LT, TOL ODKFELEIT-
TMCH Z#8E L T\ 5,

BiAFETZ v ME, )BT EEETICERE IR
TEBY, 73 A TRIE L MCH Zfgk L, il
KBS K W AFEEFIL L TS, BEkE
I AL — ¥ B LTREA L
IR I8 XD TOL I3 E 7 LR A IZiREL
TFz—r AR —a 23 L,

Wi 7T > M 2020 4 3 A I 2 BIdG L.
2020 4 12 AR E TORNIHI 110 k> DKFE I AE]
INENFEEAREE L TR SN, REFEIC
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BT, RO (ENEOS(HK)E: & 3t
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[1] [ H {#£E.PETOROTECH, vol.38, No.9, p.660-664 (2015)

[2] AN f—, 2549 A - Al bRt iR 254, 2E01 (2019).

[2] FH £, TRETZ =441 LE2—, vol5, (2021).
(https://www.chiyodacorp.com/service/2021_05.pdf
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HEMIIH 20%HIE STV D,

PL NG, ZeEtEnsm b L 7- SPERA-2 il X
%1 SPERA /K EH il Dt 4r 158 I K & < Hik
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(11 A fE—, 2 49 LA - Al b Eame 2
E1E, 2E01 (2019).
[2] &)1 f—, 55 51 Bl - Al atm e 2

54E, 2C16 (2021).
[3] MH ., AFTRLF—2 X7 A, 46(2),
116-122 (2021).

R AFNT T anFY oK FRARE D 22 E D

Catalyst MCH conv. [wt%]  Tol. selec. [wt%)] Deterioration rate*  Carbon deposit
(50h) (1,400h) (50h) (1,400h) (*Slope of conv. plots) [wt%]

Pt-S/ALO; (SPERA-1) 97.5 96.6 99.6 99.8 0.0007 3.1

Na-Pt-S/ALO; (SPERA-2) 97.1 96.8 99.9 99.9 0.0002 1.2
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