Thu. Nov 11, 2021

Small Hall

Special lecture

[1S4] Special lecture
Chair:Hiromi Matsuhashi(Hokkaido University of Education)
5:00 PM - 6:00 PM Small Hall (3F Hakodate Citizen Hall)

[1SO1] CCS demonstration test in Tomakomai and
suitable CO, storage sites in Japan -our approach-
OToshiaki Nakajima' (1.Japan CCS Co., Ltd.)

5:00 PM - 6:00 PM

Open lecture
[1S1] Open lecture

Chair:Nobuhiro Iwasa(Hokkaido Univ.)
1:00 PM - 1:45 PM Small Hall (3F Hakodate Citizen Hall)

[1S1] The world heritage “Jomon prehistoric site in
northern Japan”
Yuji Fukuda (Hakodate City Board of Education Cultural
Property Division, Curator )

1:00 PM - 1:45 PM

Open lecture

[1S2] Open lecture(2)
Chair:Kiyotaka Nakajima(Hokkaido Univ.)
2:00 PM - 2:45 PM Small Hall (3F Hakodate Citizen Hall)

[1S2] What a chef can do
Koji Fukaya (Chef, Restrante Vascu)
2:00 PM - 2:45 PM

JPI president remarks

[1S3] JPI president remarks
4:20 PM - 5:00 PM Small Hall (3F Hakodate Citizen Hall)

[1S3] JPI president remarks
Takashi Matsushita (Idemitsu Kosan Co., Ltd.)
4:55 PM - 5:00 PM

Petroleomics

[TEO09-14] Petroleomics(1)
Chair:Mitsunori Watabe(JGC Catalysts and Chemicals Ltd.)
1:00 PM - 2:30 PM Room-E (Stadio-A/Hakodate Areana)

[TEQ9] Statistical Reaction Analysis of Residue
Desulfurization
OYasuki Kansha1, Shoma Kato1, Koji Tsuji2 (1. The

University of Tokyo, 2. Japan Petroleum Energy Center)
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1:00PM- 1:15 PM

[TE10] Evaluation of deasphalted oil activity on RDS
catalyst with different extraction ratio in SDA unit
OMasaya Kani1, Koichi Sato1, Manami Nakagawa1, Koichi
Matsushita1, Marie Iwama1, Ryo Kishida1, Chikanori
Nakaoka' (1.ENEOS Corporation)
1:15PM - 1:30 PM

[TET11] Development of RDS catalyst system on
pretreatment of heavy residue for RFCC feedstock
(7) -Verification of RFCC reactivity on commercial
unit-
OKoichi Matsushita', Masahiro Higashi', Masaya Kani',
Ryo Kishida', Chikanori Nakaoka' (1.ENEOS
Corporation)
1:30 PM - 1:45 PM

[TE12] RDS-RFCC total optimization
ORyuzo Tanaka1, Yoshifumi Hiramatsu1, Kei Sakakura1,
Yuki Miura', Shingo Harada' (1. Idemitsu Kosan Co.,
Ltd.)
1:45 PM - 2:00 PM

[TE13] Development of RFCC reaction model by using
molecular structure information(Final)
OMatsumoto Kotaro1, Sase Kiyoshi1, Kato Hiroshi' (1.
Japan Petroleum Energy Center Advanced Technology
and Research Institute Petroleomics Technology
Laboratory)
2:00 PM - 2:15 PM

[TE14

Prediction of product composition using machine
learning in catalytic cracking of polycyclic aromatic
hydrocarbons

Olori Shimada1, Mitsumasa Osada1, Hiroshi Fukunaga1,
Michihisa Koyama' (1. Shinshu University)

2:15PM - 2:30 PM

Petroleomics

[TE15-19] Petroleomics(2)
Chair:Chikanori Nakaoka(ENEOS Corp.)
2:45 PM - 4:00 PM Room-E (Stadio-A/Hakodate Areana)

[TE15] Examination of compatibility evaluation method
about crude oil using Multi Components
Aggregation Model (MCAM) (Part2)

OHashimoto Masumi', Tsuji Koji', Kato Hiroshi' (1.
JapanEnergy Center (JPEC) Advanced Technology and
Research Institute Petroleomics Technology Laboratory)
2:45 PM - 3:00 PM

[TE16] Petroleomics molecular aggregation model of



asphaltene
OMasato Morimoto1, Shinya Sato1, Eri Fumoto1, Takeshi
Moritaz, Ryosuke Sekine3, Koji Harano3, Eiichi
Nakamura3, Hideki Yamamoto4, Haruo Kumagai5, Ryuzo
Tanaka6'7, Teruo Suzuki’ (1. National Institute of
Advanced Industrial Science and Technology (AIST), 2.
Chiba University, 3. The University of Tokyo, 4. Kansai
University, 5. Hokkaido University, 6. Idemitsu Kosan Co.
Ltd., 7. Japan Petroleum Energy Center)
3:00 PM - 3:15 PM

[TE17] Chemical analysis of fouling deposits in crude oil
refineries
OFri Fumoto1, Toshihiro Kakinuma1, Shinya Sato1,
Masato Morimoto1, Toshimasa Takanohashi' (1. AIST)
3:15PM - 3:30 PM

[TE18] Improving quantitativity of FT-ICR MS
measurement using standard reagents
OKeita Katano1, Teruo Suzuki1, Hlroshi Kato' (1. Japan
Petroleum Energy Center)
3:30 PM - 3:45 PM

[TET9] Conversion of tetralin into benzene derivatives
over bifunctional catalyst
OSayaka Sekino1, Kazuki Nakajima1, Satoshi Suganuma1,
Etsushi Tsuji', Naonobu Katada' (1. Center for Research
on Green Sustainable Chemistry, Tottori University)

3:45PM - 4:00 PM

Refining equipment

[1D01-04] Refining equipment(2)

Chair:Akira Miura(ENEOS Corp.)

9:10 AM - 10:30 AM Room-D (Dojo-C/Hakodate Areana)

[1a0401-04-1add] Process Eqipment Div. chief remarks
Katsuyoshi Uzawa (Cosmo Qil Co., Ltd.)
9:10 AM - 9:15 AM
[1DO1] [Invited] Development of robotics technology for
new plant operation and maintenance under
digital twin environment
OSHIZUKA IKAWA'! (1. Digital Transformation (DX)
Division, Chiyoda Corporation)
9:15 AM - 9:45 AM
[1D02] Feasibility study for asset performance
management system implementation.
OYOHEI MANABE' (1. Cosmo Oil Co.,Ltd.)
9:45 AM - 10:00 AM
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[1DO03] Digital twin for asset management
ORisa Koda1, Dai Mizuno1, Hidetoshi Aoki1, Fumitaka
Ono1, Kazuki Yamamoto1, Tatsuya Fujii1, Jun Ikeda1,
Hideaki Tanaka' (1. ENEOS Corporation)
10:00 AM - 10:15 AM

[1D04] Advanced wide area gas monitoring system
OSeiichi Tsuduki' (1. KONICA MINOLTA, INC.)
10:15 AM - 10:30 AM

Refining equipment

[1D05-08] Refining equipment(3)

Chair:Masahiro Hirako(ldemitsu Kosan Co., Ltd.)

10:45 AM - 11:45 AM Room-D (Dojo-C/Hakodate Areana)

[1DO05] Introduction of condition monitoring system for
rotating machines and utilization of FFT analysis
tools
Oryoke kiyoto! (1. TOA OIL)

10:45 AM - 11:00 AM

[1DO06] Introduction of electric reverse flow system
(eHydroCOM System) as capacity adjustment of
reciprocating compressor
Oshuji shinya' (1. Fuji Oil Co.)

11:00 AM - 11:15 AM

[1DO07] Hig-capacity lithiumion rechargedble battery
system and multiple power compensator
OTerumasa Sagawa' (1. TOSHIBA MITSUBISHI-
ELECTRIC INDUSYRIAL SYSTEMS Corp.,)
11:15AM - 11:30 AM

[1DO08] Introduction of electric power receiving facilities
renewal work
OKazunori Kawano1, Hideyasu Shimizu' (1. Seibu Oil
Co. Ltd.)

11:30 AM - 11:45 AM

Refining equipment

[1D09-12] Refining equipment(4)

Chair:Dai Hisa(Fuji Qil Co., Ltd.)

1:00 PM - 2:00 PM Room-D (Dojo-C/Hakodate Areana)

[1D09] Pier inspection by the structure panoramic
inspection system "Tag Base 360"
OTsuyoshi Ishida', Masaaki Narita1, Harunobu Ichikawa'

(1. ApplicoreMSIS Co., Ltd.)

1:00 PM - 1:15PM

[1D10] Inquiring screening methods for CUI inspection
ONoriaki Okamoto' (1. Asset Inspection Section
Yokkaichi Refinery Cosmo Oil Co., Ltd.)
1:15PM - 1:30 PM



[1D11] Upgrading the Corrosion Resistance of the Existing
CDU Overhead System
OTakahiro Andou’ (1. Fuji Oil Company Sodegaura
Refinery Maintenance Engineering Section
Construction&Facility Maintenance Department)
1:30 PM - 1:45 PM

[1D12] Cases of thermal fatigue problems in boilers and
countermeasures
Olunya Tanaka' (1. Engineering Design &Technical
Office Technology and Engineering Center Idemitsu
Kosan Co. Ltd.)
1:45 PM - 2:00 PM

Refining equipment

[1D13-15] Refining equipment(5)
Chair:Yasuhiro Kido(ENEOS Corp.)

2:15 PM - 3:00 PM Room-D (Dojo-C/Hakodate Areana)

[1D13] Effective utilization of incident information in oil
refinery
OYoshitaka Ota' (1. COSMO OIL Co.,Ltd.)
2:15PM - 2:30 PM

[1D14] Development of anticorrosion system by corrosion
acceleration test
OOgura Tsuyoshi', Kamaga Akira', Asami Hiroki?,
Matsuo Yukoz, Nakagawa Takumi? (1. Idemitsu Kosan
Co., Ltd., 2. National Institute of Technology, Tomakomai
College)
2:30 PM - 2:45 PM

[1D15] The damage analysis of the storage tank's floating
roof
OTsuyoshi Ishii' (1. Idemitsu Kosan Co.,Ltd. Tokuyama
Complex Inspection &Reliability Section)

2:45 PM - 3:00 PM

Refining equipment

[1D16-18] Refining equipment(6)
Chair:Katsunobu Hasegawa(ldemitsu Kosan Co., Ltd.)
3:15PM - 4:00 PM Room-D (Dojo-C/Hakodate Areana)

[1D16] Tightening training of bolted flange connection for
the worker established by JAMSEC (Japan
Association of Maintenance and Service
Contractors)

OKoji Kondo' (1. RAIZNEXT Corporation.)
3:15PM - 3:30 PM

[1D17] Construction using non-welding method in plant
frame extension work under operation

OMANABU WADA', DAIKI SASOU', REN KAMIYAMA',
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HIDEAKI TAKAHASHI?, TETSUO NOZAKI?, SATOSHI
KIKUTAZ (1. Cosmo Engineering Co.,Ltd., 2. SENQCIA
CORPORATION.)
3:30 PM - 3:45 PM

[1D18] About FISHBONE Gasket of a new gasket
technology
Takaaki Nakahara1, Yasushi Takeharaz, OToshio
Yuminamochi® (1. Taiyo Qil Co.,Ltd., 2. Taiyo Techno
Service Co.,Ltd., 3. IDEN Co.,Ltd.)
3:45 PM - 4:00 PM

Polymer, oligomer

[TFO1-04] Polymer, oligomer(1)
Chair:Naoki Nakatani(Tokyo Metropolitan Univ.)
9:00 AM - 10:00 AM Room-F (Stadio-B/Hakodate Areana)

[TFO1] Synthesis of Bottle Brush Polymers by
Stereospecific Ring Opening Metathesis
Polymerization using (Arylimido)vanadium-
Alkylidene Catalysts
Osirilak Mekcham', KOTOHIRO NOMURA' (1. Tokyo
Metropolitan University)

9:00 AM - 9:15 AM

[1F02] Stereospecific Ring Opening Metathesis
Polymerization of Cyclic Olefins by
(Arylimdio)vanadium-Alkylidene Catalysts
Containing NHC Ligands
Olrapa Suthala', Yuta Kawamoto', KOTOHIRO
NOMURA' (1. Tokyo Metropolitan University)

9:15 AM - 9:30 AM

[1FO3] Synthesis and characterization of multiblock
copolymers of norbornene/butadiene copolymers
and polybutadiene by cross metathesis
ORiki Otsuka1, Ryo Tanaka1, Yuushou Nakayama1,
Takeshi Shiono' (1. Hiroshima University Graduate
School of Advanced Science and Engineering)

9:30 AM - 9:45 AM

[1F04] Synthesis of Bio-Based Polymers by Acyclic Diene
Metathesis Polymerization
OKanoko Isami', Mohamed Mehawed Abdellatif',
KOTOHIRO NOMURA' (1. Tokyo Metropolitan
University)

9:45 AM - 10:00 AM

Polymer, oligomer

[1TF05-07] Polymer, oligomer(2)



Chair:Toru Wada(Japan Advanced Inst. of Science &Technology)
10:15 AM - 11:30 AM Room-F (Stadio-B/Hakodate Areana)

[1TFO5] Copolymerization of tetrahydrofuran and
alkanediol over *BEA zeolite.
ORisa Furuta1, Satoshi Suganuma1, Etsushi Tsuji1,
Naonobu Katada' (1. Center for Research on Green
Sustainable Chemistry, Tottori University)
10:15 AM - 10:30 AM

[1TFO6] [Invited] Controlled polymerization of ethylene and
conjugated dienes by transition metal catalysts.
ODaisuke Takeuchi' (1. Graduate School of Science
and Technology, Hirosaki University)
10:30 AM - 11:15 AM

[1FO7] Copolymerization of ethylene with myrcene by
half-titanocene catalysts
OSuphitchaya KITPHAITUN', KOTOHIRO NOMURA' (1.
Tokyo Metropolitan University)
11:15AM -11:30 AM

Polymer, oligomer

[1F08-12] Polymer, oligomer(3)
Chair:Kotohiro Nomura(Tokyo Metropolitan Univ.)
1:00 PM - 3:00 PM Room-F (Stadio-B/Hakodate Areana)

[1TFO8] Cycloolefin copolymers bearing pendant fluorenyl
groups with improved refractive index and low
birefringence values
OHaobo Yuan', Ryo Tanaka', Yuushou Nakayama',
Takeshi Shiono' (1. Hiroshima University)
1:00PM - 1:15 PM

[TFO9] Polymerization of conjugated diene by catalytic
systems combining rare-earth amides and pyridine
derivatives.

OKento Shibuta1, Daisuke Takeuchi1, Shigenaga Takano?
(1. Hirosaki University, 2. Bridgestone Corp.)
1:15PM - 1:30 PM

[TF10] [Invited] Theoretical studies on XANES spectra and
reaction mechanism of transition metal complex
catalysts
ONaoki Nakatani' (1. Graduate School of Science,
Tokyo Metropolitan University)
1:30PM - 2:15 PM

[TF11] On the origin of active and selective
nanostructures of Ziegler-Natta catalyst
OToru Wada1'2, Alessandro Piovan02'3, Gentoku
Takasao1, Patchanee Chammingkwanm, Elena Groppo3'2,

Minoru Terano'?, Toshiaki Taniike'? (1. Japan

©The Japan Petroleum Institute

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

Petrochemical Symposium of JPI)

Advanced Institute of Science and Technology, 2. DPI, 3.
University of Torino)
2:30 PM - 2:45 PM

[TF12] Evaluation and upgrade on catalytic performance
of solid MAO activated single-site catalysts
OKazuki Ae1, Ryo Tanaka1, Yuushou Nakayama1, Takeshi
Shiono' (1. Hiroshima University Graduate School of
Advanced Science and Engineering)

2:45PM - 3:00 PM

Polymer, oligomer

[1F13-16] Polymer, oligomer(4)

Chair:Takeshi Shiono(Hiroshima Univ.)

3:00 PM - 4:00 PM Room-F (Stadio-B/Hakodate Areana)

[1F13] Development of hybrid catalysts supported on
layered clay mineral applied for one-pot synthesis
of polyethylene blend having different properties
OYuki Narita1, Yusuke Tanaka1, Miru Hirahara1, Hitoshi
Ogihara', Hideki Kurokawa' (1. Graduate School of
Science and Engineering, Saitama University)

3:00 PM - 3:15 PM

[1F14] Bottom-up synthesis of MgO-based Ziegler-Natta
catalysts by spray-drying method and its
application to the synthesis of ultra-high molecular
weight polyethylene
OTomohiro Ikeda1, Toru Wada1, Patchanee
Chammingkwan', Toshiaki Taniike! (1. Japan advanced
institute of science and technology)
3:15PM - 3:30 PM

[TF15] Improving mechanical properties of graft-type
nanocomposites using silane modified SiO, and
reactive polypropylene prepared by a Ziegler-Natta
catalyst
ODongzhi Zhu', Eiji Kurahashi?, Toru Wada', Patchanee
Chammingkwan1,ToshiakiTaniike1 (1. Japan Advanced
Institute of Science and Technology, 2. Kojima Industries
Corporation)
3:30PM - 3:45PM

[1F16] Copolymerization of ethylene with a -olefins
containing hydroxy group using half-titanocene
catalyst
ORyoji Makino', Suphitchaya Kitphaitun', KOTOHIRO
NOMURA' (1. Tokyo Metropolitan University)
3:45PM - 4:00 PM



Environmental chemistry

[TAO1-04] Environmental chemistry(1)
Chair:Masaaki Haneda(Nagoya Inst. of Technology)
9:15 AM - 10:15 AM Room-A (Room-A/Hakodate Areana)

[TAO1] Low-temperature CO oxidation over Pt/ 8-MnO,
catalyst
OTAKESHI NAGATA', AKIRA ODA'"?, ATSUSHI
SATSUMA'? (1. Nagoya University, 2. ESICB)
9:15 AM - 9:30 AM

[TAO2] Search for catalysts active for low temperature
methane combustion with ozone toward
suppresstion of methane-slip from car exhaust
OKazuki Kitagawa1, Ryoichi Otomo1, Yuichi Kamiya1 (1.
Hokkaido University)
9:30 AM - 9:45 AM

[TA03] Manipulation of oxidation activity of RuO, epitaxial
layer using Mn-doped TiO, support
ORisa Ichihashi1, Akira Oda1‘2, Yuta Yamamoto1, Atsushi
Satsuma'? (1. Nagoya University , 2. ESICB)
9:45 AM - 10:00 AM

[1TA04] Photo-redox system for NADH regeneration using
rhodium nanoparticles and water-soluble zinc
porphyrin
OTakayuki Katagiri1, Masanobu Higashi1, Yutaka Amao’
(1. Osaka City University)
10:00 AM - 10:15 AM

Environmental chemistry

[TA05-08] Environmental chemistry(2)
Chair:Ryoichi Otomo(Hokkaido Univ.)
10:30 AM - 11:30 AM Room-A (Room-A/Hakodate Areana)

[TAO5] Low temperature three way catalysis by an
application of an electric field
OYuki Natita1, Ayaka Shigemoto1, Yuki Omori1, Takuma
Higo', Toru Uenishi?, Yasushi Sekine' (1. Waseda Univ.,
2. Toyota Motors)
10:30 AM - 10:45 AM

[1TA06] NOx adsorption/desorption property of ZrO,-
based composite oxide
ODaiki Mochizuki1, Yoshihide Nishida1, Masaaki
Haneda' (1. Nagoya Institute of Technology)
10:45 AM - 11:00 AM

[TAQ7] Development of PGM-free three-way catalyst-HC
preferential oxidation activity and descriptors in
Mn-based oxides-

OKeisuke Maruichi1, Ryosuke Sakai1, Kakuya Ueda1,
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Junya Oyama2'3, Akira Oda1'3, Atsushi Satsuma™® (1.
Nagoya University , 2. Kumamoto University, 3. ESICB)
11:00 AM - 11:15 AM

[TAO8] NO oxidation activity of Pt catalysts supported on
La-doped alumina
OKeigo Kurimoto', Yoshihide Nishida', Masaaki Haneda'
(1. Nagoya Institute of Technology)

11:15AM - 11:30 AM

Functional materials

[1B08-13] Functional materials(1)
Chair:Tomoaki Takayama(Tokyo Inst. of Technology)
1:00 PM - 2:30 PM Room-B (Room-B/Hakodate Areana)

[1B08] Synthesis of novel polyoxometalates containing
sulphur as a hetero atom
OTadaharu Ueda1, Naoki Yamasaki1, Shuhei Ogo1 (1.
Kochi University)
1:00 PM - 1:15 PM

[1B09] Analysis of electrochemical behavior of
polyoxometalates
ONaoki Yamasaki1, Shuhei Ogo1, Tadaharu Ueda' (1.
Kochi University)
1:15PM - 1:30 PM

[1B10] Synthesis of organic-inorganic hybrid layered
silicate having unique interlayer properties
OKatsutoshi Yamamoto1, Takuji Ikedaz, Yukiko Otsu1,
Yusuke Tsukamoto', Qing Ma' (1. Faculty of
Environmental Engineering, The University of Kitakyushu,
2. AIST Tohoku)
1:30 PM - 1:45 PM

[1B11] Synthesis mechanism of Fe-containing amorphous
composite oxide by mechanochemical reaction
OKakeru Ninomiya1, Maiko Nishibori1, Ginpei Tanaka1,
Ryota Osuga1, Mizuho Yabushita1, Sachiko Maki1, Kiyoshi
Kanie', Atsushi Muramatsu' (1. Tohoku University)
1:45 PM - 2:00 PM

[1B12] Introduction of hierarchical structure into YNU-5
zeolite and its improved catalytic performance for
hexane cracking
Liu Qing1, Ryota Sugimoto1, Satoshi Inagaki1, OYoshihiro
Kubota' (1.Yokohama National University)
2:00 PM - 2:15 PM

[1B13] Surfactant effect on the synthesis of CON-type

boroaluminosilicate zeolite and its MTO catalytic



performance

OMasato Sawada1, Takeshi Matsumoto1, Shuhei
Yasuda', Junko N. Kondo', Toshiyuki Yokoi' (1. Tokyo
Tech)

2:15PM - 2:30 PM

Functional materials

[1B14-18] Functional materials(2)
Chair:Satoshi Inagaki(Yokohama National Univ.)
2:45 PM - 4:00 PM Room-B (Room-B/Hakodate Areana)

[1B14] Development of a novel route for TUN-type zeolite
synthsis and its catalytic properties
OYao Lu1, Feiyu Qin1, Yong Wang1, Junko Nomura
Kondo', Toshiyuki Yokoi' (1. Tokyo Institute of
Technology)
2:45PM - 3:00 PM

[1B15] Methane oxidative conversion to lower olefin via
methanol over metal-containing zeolite catalyst
OKengo Nakamura', Shuhei Yasuda', Takeshi
Matsumoto1, Junko Nomura Kondo1, Mizuho Yabushitaz,
Ryota Osuga?, Atsushi Muramatsu?, Toshiyuki Yokoi' (1.
Tokyo Tech, 2. Tohoku University)
3:00PM - 3:15PM

[1B16] Synthesis of Ti,O, from TiO, with different particle
size and morphology
OAsako Iwamoro1, Masanori Nagao1, Ryoichi Otomoz,
Yuichi Kamiya® (1. Graduate School of Environmental
Science, Hokkaido University, 2. Faculty of
Environmental Earth Science, Hokkaido University)
3:15PM - 3:30 PM

[1B17] Development of highly loading amine-immobilized
silica for solid CO, sorbent
OMiiori Kataoka1, Soichi Kikkawa1’2, Seiji Yamazoe''?3

(1. Department of Chemistry, Graduate School of

Science, Tokyo Metropolitan University, 2. Elements
Strategy Initiative for Catalysts &Batteries (ESICB), Kyoto
University, 3. Precursory Research for Embryonic Science
and Technology (PRESTO), Japan Science and
Technology Agency (JST))
3:30 PM - 3:45PM

[1B18] QM/MM ONIOM calculations for Methane to
Ethylene Conversion inside Coinage-Metal
Containig ZSM-5 zeolites
OKeigo OISHI1, Takashi YUMURA! (1. Kyoto Institute of
Technology)
3:45 PM - 4:00 PM
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Separation technology

[TEO5-08] Separation technology
Chair:Shuhei Ogo(Kochi Univ.)
10:30 AM - 11:30 AM Room-E (Stadio-A/Hakodate Areana)

[TEO5] Separation of high pressure organic liquid through
zeolite membranes
OMikihiro Nomura', Kazuki Kamata', Masahide
Matsuoka1, Katsunori Ishii' (1. Shibaura Institute of
Technology)
10:30 AM - 10:45 AM

[TEO6] Synthesis of ethyl acetate by membrane reactor
using AEl-type zeolite membrane
OYuma Sekine1, Motomu Sakaiz, Masahiko Matsukata''%®

(1. Department of Applied Chemistry, Waseda

University, 2. Research Organization for Nano &Life
Innovation, Waseda University, 3. Advanced Research
Institute for Science and Engineering, Waseda
University)
10:45 AM - 11:00 AM

[1EQ7] Development of MIL-96 monolith for CO,
adsorption and desorption
OHayata Hori1, Motomu Sakaiz, Takaya Matsumoto3,
Tsuyoshi Asano®, Masahiko Matsukata'?* (1.
Department of Applied Chemistry, Waseda University, 2.
Research Organization for Nano &Life Innovation,
Waseda University, 3. ENEOS Corporation, 4. Advanced
Research Institute for Science and Engineering, Waseda
University)
11:00 AM -11:15 AM

[TEO8] Investigation of dehydration performance from
products of Fischer-Tropsch synthesis by ZSM-5
membrane
ONaoto Chihara', Motomu SakaiZ, Masahiko
Matsukata?® (1. Department of Applied Chemistry,
Waseda University, 2. Research Organization for Nano
&Life Innovation, Waseda University, 3. Advanced
Research Institute for Science and Engineering, Waseda
University)
11:15 AM - 11:30 AM

Fine chemicals

[TEO1-04] Fine chemicals
Chair:Kiyoshi Kanie(Tohoku Univ.)
9:15 AM - 10:15 AM Room-E (Stadio-A/Hakodate Areana)




[TEO1] Constructing photoredox system with platinum
nanoparticles of pyruvate conversion to lactate
and revealing the reaction mechanism
OYu Kita1, Masanobu Higashi1, Yutaka Amao' (1. Osaka
City University)

9:15 AM - 9:30 AM

[TEO2] Development of supported iridium catalysts for the
synthesis of benzoxazoles via dehydrogenative or
hydrogen transfer pathways
Han Yu', OKenji Wada', Feng Qi' (1. Kagawa
University)

9:30 AM - 9:45 AM
[TEO3

Preparation of silica supported Pt nanoparticles
using immobilized platinum complex on silica
OToshiki Nishitoba', Yusuke Ishizaka®, Kazuhiro
Matsumoto1, Katsuhiko Takeuchi1, Choi Jun-Chul? (1.
National Institute of Advanced Industrial Science and
Technology, 2. Graduate School of Pure and Applied
Sciences, University of Tsukuba.)

9:45 AM - 10:00 AM

[TEO4] Scale-up of Amberlyst A26-Catalyzed Aldol
Condensation of a-Tetralone with Benzaldehyde
under Continuous-Flow Conditions

OYasukazu Kobayashi', Yasuharu Morii®, Teruhiko
Tanaka1, Nagatoshi Koumura1, Hajime Kawanami1,
Koichiro Masuda1, Shun-ya Onozawa1, Kazuhiko Sato1,
Shia Kobayashi®' (1. Interdisciplinary Research Center
for Catalytic Chemistry, National Institute of Advanced
Industrial Science and Technology (AIST), 2. Department
of Chemistry, School of Science, The University of Tokyo,
3. EYELA)

10:00 AM - 10:15 AM

Utilization of biomass

[1B0O1-04] Utilization of biomass(1)

Chair:Aritomo Yamaguchi(National Inst. of Advanced Industrial
Science &Technology)

9:00 AM - 10:00 AM Room-B (Room-B/Hakodate Areana)

[1BO1] Heterogeneous recombinant expression of
phosphatidylglycerol-specific phospholipase C
from actinomycete Amycolatopsis spNT115
OKIYOTO KAJIYAMA', MEGUMI MATUI', DAISUKE
SUGIMORI™? (1. Fukushima University Graduate
School, 2. Fukushima University)

9:00 AM - 9:15 AM
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[1B0O2] Purification and characterization of degumming
enzyme phosphatidate phosphatase
OMegumi Matsui', Taisei Fujita', Yuka Sato?, Daisuke
Sugimori'? (1. Fukushima University Graduate School,
2. Fukushima University)
9:15 AM - 9:30 AM
[1B0O3] Switching between methanol accumulation and
cell growth by expression control of methanol
dehydrogenase in methanotroph
OHidehiro ITO1, Kosei Yoshimori1, Masahito Ishikawaz,
Katsutoshi Horiz, Toshiaki Kamachi' (1. Tokyo Institute
of Technology, 2. Nagoya University)
9:30 AM - 9:45 AM
[1B04] Design of mutifunctional catalyst for upgrading
derived from copra
OToshiya Tsunakawa', Eika W. Qian' (1. Tokyo
University of Agriculture and Technology Graduate
School of Bio-Applications and Systems Engineering)

9:45 AM - 10:00 AM

Utilization of biomass

[1B05-07] Utilization of biomass(2)
Chair:Weihua Qian(Tokyo Univ. of Agriculture and Technology)
10:15 AM - 11:30 AM Room-B (Room-B/Hakodate Areana)

[1B05] Highly efficient degradation of fructose to 5-
hydroxymethylfurfural (HMF) by continuous flow
processing in multiple solvent system
OPengru Chen1, Aritomo Yamaguchi 1, Naoki Mimura '

(1. National Institute of Advanced Industrial Science
and Technology (AIST))
10:15 AM -10:30 AM

[1B06] Liquid-Phase Synthesis of New Hydrocarbon
Biodiesel Fuel (HiBD) from animal fat and oil
OHikaru Shimada1, Tetsuya Hirakawa1, Kenyji Asami1,
Haruki Tani2, Yayoi Murakami 3, Kaoru Fujimoto® (1.
The University of Kitakyushu Asami Laboratory, 2.
Environment Energy Co., Ltd., 3. HiBD Research Institute,
Inc.)

10:30 AM - 10:45 AM

[1B07] [Invited] Catalytic transformation of biomass into
chemicals
OAtsushi Fukuoka' (1. Hokkaido University)

10:45 AM -11:30 AM

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
It01, 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 Maeda1, Kota Murakami1, Yuta Mizutani1,
Takuma Higo', Hideaki Tsuneki', Yasushi Sekine' (1.
Waseda Univ.)
9:15 AM - 9:30 AM

[1C03] 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
Yamada1, Katsutoshi Satoz, Katsutoshi Nagaoka1 (1.
Nagoya University, 2. Kyoto University)
9:45 AM - 10:00 AM
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OAyane Hori1, Mami Osozawa1, Kosuke Fukai1, Minoru
Somiya1, Kazumasa Oshima1, 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
okamoto1, mitunori tabata' (1. JAPAN PETROLEUM
ENERGY CENTER)
10:45 AM - 11:00 AM

[1C08] Catalytic Property of Cobalt/Silica for CO, FT
Synthesis
OShohei Harada', Shigeo Satokawa?, 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)

Hydrogen production/energy carriers/CCU
[1C05-09] Hydrogen production/energy
carriers/CCU(2)

Chair:Shinya Hodoshima(Chiyoda Corp.)
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 Ishida’, Hiroki Muroyama', Toshiaki Matsui’,
Koichi Eguchi' (1. Kyoto University Graduate school of
engineering the Department of Energy and Hydrocarbon
Chemistry)

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

©The Japan Petroleum Institute

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

[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 Kikuchi', Shu Kodama', Naoya Fujiwara', 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)

1:45PM - 2:00 PM

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

carriers/CCU(4)

Chair:Katsutoshi Sato(Nagoya Univ.)
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 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 Shimizu1, 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 Terada1, Jie Peng1, Masazumi Tamuraz, Mizuho
Yabushita1, Ryotaro Fujii1'3, Yoshinao Nakagawa1, Keiichi
Tomis,hige1 (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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Interenational sess.

[TA09-10] Interenational sess.(1)
Chair:Toru Murayama(Tokyo Metropolitan Univ.)
1:00 PM - 2:00 PM Room-A (Room-A/Hakodate Areana)

[TAO09] [Invited] Dehydrogenative conversion of small
molecules -from alcohol electrolysis to methane
polymerization-

OHitoshi Ogihara' (1. Saitama Univ.)
1:00 PM - 1:30 PM

[TA10] [Invited] Precise synthesis, characterization, and
reactivity of multi-functional catalysts
Olnsoo Ro' (1. Seoul National University of Science
and Technology)

1:30 PM - 2:00 PM

Interenational sess.

[TAT1-13] Interenational sess.(2)
Chair:Takuma Higo(Waseda Univ.)
2:15 PM - 3:00 PM Room-A (Room-A/Hakodate Areana)

[TA11] Local structure of In-hydride species in zeolite and
its reactivity for C,H, dehydrogenation.
OShunsaku Yasumura', Takashi Toyao1'2, Zen Maeno',
Ken-ichi Shimizu™? (1. Institute for catalysis, Hokkaido
University, 2. Elements Strategy Initiative for Catalysts
&Batteries (ESICB), Kyoto University)
2:15PM - 2:30 PM

[1A12] Highly efficient removal of ethylene at 0 °C over
Au-Pt/zeolite
OMinyue Lin1, Haifeng Wang1, Tetsuya Shishido1, Hiroki
Miura1, Masatake Haruta1, Toru Murayama1'2 (1. Tokyo
Metropolitan University, 2. Yantai University)

2:30 PM - 2:45 PM

[1A13] Catalytic reduction of NO to ammonia by CO-H,0
over metal oxide supported catalysts
OChaudhari Chaudhari Chandan1, Keisuke Kobayashi1,
Yuichi Manaka'?, Tetsuya Nanba' (1. Fukushima
Renewable Energy Inst., AIST, 2. Tokyo Inst. Tech. )
2:45 PM - 3:00 PM

Interenational sess.

[TAT4-16] Interenational sess.(3)
Chair:Yasutaka Kuwahara(Osaka Univ.)
3:15 PM - 4:00 PM Room-A (Room-A/Hakodate Areana)

[TA14] Low-temperature conversion of methane to



methanol using carbon nanotubes supported
catalyst
OYingluo He', Guohui Yang', Noritatsu Tsubaki' (1.
University of Toyama)
3:15PM - 3:30 PM

[TA15] One-pot synthesis of HKUST-1 monolith for CO,
adsorption
OMotomu Sakai1, Hayata HoriZ, Ayaka |toh3, Takaya
Matsumoto4, Tsuyoshi Asano"’, Masahiko Matsukata'"%>®

(1. Research Organization for Nano &Life Innovation,

Waseda University, 2. Department of Applied Chemistry,
Graduate School of Advanced Science and Engineering,
Waseda University, 3. Department of Applied Chemistry,
Waseda University, 4. ENEOS Corporation, 5. Advanced
Research Institute for Science and Engineering, Waseda
University)
3:30 PM - 3:45PM

[TA16] Zr doped Ni/CeO, prepared by Flame Spray
Pyrolysis for CO, methanation
OKakeru Fujiwara1, Syugo Kayano1, Dai Yoshioka® (1.
Yamagata University Graduate school of Chemistry and
Chemical Engineering, 2. Yamagata University
Department of Chemistry and Chemical Engineering)

3:45 PM - 4:00 PM

Poser sess. (odd no.))

Poster presentatioin

[Poster odd no.] Poster presentatioin
11:45 AM - 12:45 PM Poser sess. (odd no.)) (Dojo-B/Hakodate
Areana)

[PO1] The Effect of lonic Composition and pH of Injection
Water on Wettability of Carbonate Rock Core in Low
Salinity Water Flooding
OYuki TAKAOKA1, Kazunori Abe' (1. Akita University)

[PO3] Acid property of SiO,-Al, O, supported tungsten
sulfide catalysts
OTakeyuki NOGAMI', Hiroki MIURA %3, Tetsuya
SHISHIDO"2® (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)

[PO5] Analysis of sulfur compounds in diesel using by GC-
SCD focusing on equimolar sensitivity
characteristics

OYu Nagao1, Riki Kitano1, Yusuke Takemori1, Tomoaki
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Kondo1, Rebecca Keltingz, Pierre Giusti3, Marco Piparo3

(1. Shimadzu Corporation, Analysis &Medasuring
Instruments Division, Grobal Application Development
Center, 2. Shimadzu Europa GmbH, 3. Total Refining and
Chemicals, Total Research &Technology Gonfreville,
International Joint Laboratory - iC2MC: Complex Matrices
Molecular Characterization)

[PO7 (# >S4 %K) ] Preliminary observation of
aggregation in asphaltene and
the constituent model molecules
using Raman scattering
OTakeshi Morita', Masato
Morimotoz, Hideki Yamamoto3,
Ryuzo Tanaka™®, Teruo Suzuki® (1.
Chiba University, 2. National
Institute of Advanced Industrial
Science and Technology, 3. Kansai
University, 4. Idemitsu Kosan Co.,
Ltd., 5. Japan Petroleum Energy
Center)

[PO9] Synthesis of MIL-53(Al) crystal using waste PET

bottle and its phenol adsorption property
OKoki Sato', Hiroki Konno' (1. Toho University)

[P11] Effect of pore structure on adsorption
characteristics of imidazolate complex
ODaiki Koizumi', Hiroki Konno' (1. Toho University)

[P13] Development of MFI-type zeolite for ethane
dehydrogenation reaction
OTomoka Sumi1, Koji Miyake1, Yoshiaki Uchida1, Norikazu
Nishiyama' (1. Osaka University)

[P15] Dehydration of methylcyclohexane over In-added Pt
catalyst
OAyumu Kobayashi', Jyun Miura', Yasuharu Kanda' (1.
Muroran Institute of Technology)

[P17] Fabrication of CoNx doped micro/mesoporous
carbon and its ORR performance
OYasuhiro Shu1, Miyake Koji1, Yoshiaki Uchida1, Norikazu
Nisiyama' (1. Osaka University)

[P19] Preparation of Bamboo-derived Structured-cellulose
and Its Application to Noble Composite Materials
OMisuzu Matsumoto1, Hiroya Ishimaru1, Takuya
Yoshikawa1, Motohiro Sato1, Yuta Nakasaka1, Akio Inouez,
Takao Masuda' (1. Hokkaido University, 2. Kindai
University)

[P21] Low-concentration CO2 capture using solid-liquid

phase change of amine solution



OKazushi Amamoto1, Soichi Kikkawa1'2'3, Yu Fujiki1, Jun

Hirayama1’2, Gen Kato4, Hiroki Miura®>*

, Tetsuya
Shishido®**, Seiji Yamazoe**® (1. Department of
Chemistry, Graduate School of Science, Tokyo
Metropolitan University, 2. Elements Strategy Initiative for
Catalysts &Batteries, Kyoto University, 3. Research Center
for Hydrogen Energy-based Society, Tokyo Metropolitan
University, 4. Department of Applied Chemistry for
Environment, Graduate School of Urban Environmental
Sciences, Tokyo Metropolitan University, 5. Precursory
Research for Embryonic Science and Technology, Japan
Science and Technology Agency)

[P23] Synthesis of Bio-Based Network Polymers by Acyclic
Diene Metathesis Polymerization
Olance O’ Hari P. GO', Mohamed Mehawed Abdellatif',
KOTOHIRO NOMURA' (1. Tokyo Metropolitan
University)

[P25] Synthesis of Bio-Based Polyesters by Acyclic Diene
Metathesis (ADMET) Copolymerization
OMika Kojima1, KOTOHIRO NOMURA! (1. Tokyo
Metropolitan University)

[P27] Synthesis of (arylimido)niobium(V) complexes
containing anionic ancillary donor ligands and their
use in catalysis for reaction with ethylene
ONonoka Nakashima1, Koji Koide, Kotohiro Nomura' (1.
Tokyo Metropolitan University)

[P29] Polymerization of ethylene using mono and multi
nuclear silver complexes
ONanako Kimura1, Daisuke Takeuchi1, Sayoko Oguraz,
Ayaka Takazawa®, Masaki Kakiage?, Takeshi Yamanobe?,
Hiroki Uehara® (1. Hirosaki University Graduate School of
Science and Technology, 2. Gunma University Graduate
School of Science and Technology)

[P31 (#5414 vHZK) | Photo-induced conversion of

benzene to phenol with

a zirconium complex

ORyo Nishikawa'?, Kou
Sameshima1'2, Takahiro
Matsumoto?>** Seiji Ogo'3* (1.
Chemistry and Biochemistry Course,
Department of Applied Chemistry,
Graduate School of Engineering,
Kyushu University, 2. Precursory
Research for Embryonic Science and
Technology (PRESTO), Japan

Science and Technology Agency
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(JST), 3. International Institute for
Carbon-Neutral Energy Research
(WPI-I2CNER), Kyushu University, 4.
Center for Small Molecule Energy,
Kyushu University)

[P33 (# 5 4 v%K) ] Photo-Driven Oxidation of
Saturated Hydrocarbons
Catalyzed by a Ruthenium
Complex
OGenta Nakamuram, Takahiro

Matsumoto?3*

, Kento Kimuram,

Tatsuya Nakano1’2, Tsukasa Abe5'6,

Yoshihito Shiota5'6, Kazunari

Yoshizawa>®, Seiji Ogo'** (1.
Chemistry and Biochemistry Course,
Department of Applied Chemistry,
Graduate School of Engineering,
Kyushu University, 2. Precursory
Research for Embryonic Science and
Technology (PRESTO), Japan
Science and Technology Agency
(JST), 3. International Institute for
Carbon-Neutral Energy Research
(WPI-I2CNER), Kyushu University, 4.
Center for Small Molecule Energy,
Kyushu University, 5. Institute for
Materials Chemistry and
Engineering, Kyushu University, 6.
Core Research for Evolutional
Science and Technology (CREST),
Japan Science and Technology
Agency (JST))

[P35] Three-way catalytic performance of Cu catalysts

supported on cerium- zirconium composite oxide
OKeiya Shinohara1, Yoshihide Nishida1, Masaaki Haneda'

(1. Nagoya Institute of Technology)

Poster presentatioin

[Poster odd no.] Poster presentatioin
2:00 PM - 3:30 PM Poser sess. (odd no.)) (Dojo-B/Hakodate
Areana)

[PO1] The Effect of lonic Composition and pH of Injection
Water on Wettability of Carbonate Rock Core in Low
Salinity Water Flooding
OYuki TAKAOKA', Kazunori Abe' (1. Akita University)

[PO3] Acid property of SiO,-Al, O, supported tungsten



sulfide catalysts

OTakeyuki NOGAMI", Hiroki MIURA %3 Tetsuya
SHISHIDO™2® (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)

[PO5] Analysis of sulfur compounds in diesel using by GC-
SCD focusing on equimolar sensitivity
characteristics
OYu Nagao1, Riki Kitano1, Yusuke Takemori1, Tomoaki
Kondo1, Rebecca Keltingz, Pierre Giusti3, Marco Piparo3

(1. Shimadzu Corporation, Analysis &Medasuring
Instruments Division, Grobal Application Development
Center, 2. Shimadzu Europa GmbH, 3. Total Refining and
Chemicals, Total Research &Technology Gonfreville,
International Joint Laboratory - iC2MC: Complex Matrices
Molecular Characterization)

[PO7] Preliminary observation of aggregation in
asphaltene and the constituent model molecules
using Raman scattering
OTakeshi Morita1, Masato Morimotoz, Hideki Yamamoto3,
Ryuzo Tanaka®®, Teruo Suzuki® (1. Chiba University, 2.
National Institute of Advanced Industrial Science and
Technology, 3. Kansai University, 4. Idemitsu Kosan Co.,
Ltd., 5. Japan Petroleum Energy Center)

[PO9] Synthesis of MIL-53(Al) crystal using waste PET
bottle and its phenol adsorption property
OKoki Sato', Hiroki Konno' (1. Toho University)

[P11] Effect of pore structure on adsorption
characteristics of imidazolate complex
ODaiki Koizumi', Hiroki Konno' (1. Toho University)

[P13] Development of MFI-type zeolite for ethane
dehydrogenation reaction
OTomoka Sumi1, Koji Miyake1, Yoshiaki Uchida1, Norikazu
Nishiyama' (1. Osaka University)

[P15] Dehydration of methylcyclohexane over In-added Pt
catalyst
OAyumu Kobayashi1, Jyun Miura1, Yasuharu Kanda' (1.
Muroran Institute of Technology)

[P17] Fabrication of CoNx doped micro/mesoporous
carbon and its ORR performance
OYasubhiro Shu1, Miyake Koji1, Yoshiaki Uchida1, Norikazu
Nisiyama1 (1. Osaka University)

[P19] Preparation of Bamboo-derived Structured-cellulose
and Its Application to Noble Composite Materials

OMisuzu Matsumoto1, Hiroya Ishimaru1, Takuya
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Yoshikawa1, Motohiro Sato1, Yuta Nakasaka1, Akio Inouez,
Takao Masuda' (1. Hokkaido University, 2. Kindai
University)

[P21] Low-concentration CO2 capture using solid-liquid
phase change of amine solution
OKazushi Amamoto', Soichi Kikkawa'?3, Yu Fujiki', Jun
Hirayama1'2, Gen Kato4, Hiroki Miura2'3'4, Tetsuya
Shishidoz'3’4, Seiji Yamazoe#*® (1. Department of
Chemistry, Graduate School of Science, Tokyo
Metropolitan University, 2. Elements Strategy Initiative for
Catalysts &Batteries, Kyoto University, 3. Research Center
for Hydrogen Energy-based Society, Tokyo Metropolitan
University, 4. Department of Applied Chemistry for
Environment, Graduate School of Urban Environmental
Sciences, Tokyo Metropolitan University, 5. Precursory
Research for Embryonic Science and Technology, Japan
Science and Technology Agency)

[P23] Synthesis of Bio-Based Network Polymers by Acyclic
Diene Metathesis Polymerization
OlLance O’ HariP. GO1, Mohamed Mehawed Abdellatif1,
KOTOHIRO NOMURA! (1. Tokyo Metropolitan
University)

[P25] Synthesis of Bio-Based Polyesters by Acyclic Diene
Metathesis (ADMET) Copolymerization
OMika Kojima1, KOTOHIRO NOMURA' (1. Tokyo
Metropolitan University)

[P27] Synthesis of (arylimido)niobium(V) complexes
containing anionic ancillary donor ligands and their
use in catalysis for reaction with ethylene
ONonoka Nakashima', Koji Koide, Kotohiro Nomura' (1.
Tokyo Metropolitan University)

[P29] Polymerization of ethylene using mono and multi
nuclear silver complexes
ONanako Kimura1, Daisuke Takeuchi1, Sayoko Oguraz,
Ayaka Takazawaz, Masaki Kakiagez, Takeshi Yamanobez,
Hiroki Uehara® (1. Hirosaki University Graduate School of
Science and Technology, 2. Gunma University Graduate
School of Science and Technology)

[P31] Photo-induced conversion of benzene to phenol
with
a zirconium complex
ORyo Nishikawa''?, Kou Sameshima'?, Takahiro
Matsumoto'%%%, Seiji Ogo1’3’4 (1. Chemistry and
Biochemistry Course, Department of Applied Chemistry,
Graduate School of Engineering, Kyushu University, 2.

Precursory Research for Embryonic Science and
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Technology (PRESTO), Japan Science and Technology
Agency (JST), 3. International Institute for Carbon-Neutral
Energy Research (WPI-I2CNER), Kyushu University, 4.
Center for Small Molecule Energy, Kyushu University)

[P33] Photo-Driven Oxidation of Saturated Hydrocarbons
Catalyzed by a Ruthenium Complex

OGenta Nakamura'?, Takahiro Matsumoto' %3

, Kento
Kimura1'2, Tatsuya Nakano1’2, Tsukasa Abe5‘6, Yoshihito
Shiota®®, Kazunari Yoshizawa®®, Seiji Ogo'3* (1.
Chemistry and Biochemistry Course, Department of
Applied Chemistry, Graduate School of Engineering,
Kyushu University, 2. Precursory Research for Embryonic
Science and Technology (PRESTO), Japan Science and
Technology Agency (JST), 3. International Institute for
Carbon-Neutral Energy Research (WPI-I2CNER), Kyushu
University, 4. Center for Small Molecule Energy, Kyushu
University, 5. Institute for Materials Chemistry and
Engineering, Kyushu University, 6. Core Research for
Evolutional Science and Technology (CREST), Japan
Science and Technology Agency (JST))

[P35] Three-way catalytic performance of Cu catalysts
supported on cerium- zirconium composite oxide
OKeiya Shinohara1, Yoshihide Nishida1, Masaaki Haneda'

(1. Nagoya Institute of Technology)

©The Japan Petroleum Institute



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

Special lecture

[1S4] Special lecture
Chair:Hiromi Matsuhashi(Hokkaido University of Education)
Thu. Nov 11, 2021 5:00 PM - 6:00 PM Small Hall (3F Hakodate Citizen Hall)

[1S01] CCS demonstration test in Tomakomai and suitable CO, storage sites in
Japan -our approach-
OToshiaki Nakajima' (1. Japan CCS Co., Ltd.)
5:00 PM - 6:00 PM

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

Open lecture

[1ST1] Open lecture
Chair:Nobuhiro Iwasa(Hokkaido Univ.)
Thu. Nov 11, 2021 1:00 PM - 1:45 PM Small Hall (3F Hakodate Citizen Hall)

[1S1] The world heritage “ Jomon prehistoric site in northern Japan”
Yuji Fukuda (Hakodate City Board of Education Cultural Property Division, Curator )
1:00 PM - 1:45 PM
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The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-Petrochemical Symposium of JPI)

1:00 PM - 1:45 PM (Thu. Nov 11, 2021 1:00 PM - 1:45 PM Small Hall)

[1S1] The world heritage “ Jomon prehistoric site in northern Japan”
Yuji Fukuda (Hakodate City Board of Education Cultural Property Division, Curator )

2021 FICA X A AHANLEEICEFKI N T1L/EE - LRICDOESGENEE] OfEYHBHE & IS, XL
NRRAUEANMBRA DAY E—JEEFEEDEIREDIHEL XY,

Keywords: world heritage, UNESCO, Jomon archaeological sites
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The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-Petrochemical Symposium of JPI)

Open lecture

[1S2] Open lecture(2)
Chair:Kiyotaka Nakajima(Hokkaido Univ.)
Thu. Nov 11, 2021 2:00 PM - 2:45 PM Small Hall (3F Hakodate Citizen Hall)

[1S2] What a chef can do

Koji Fukaya (Chef, Restrante Vascu)
2:00 PM - 2:45 PM

©The Japan Petroleum Institute



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

2:00 PM - 2:45 PM (Thu. Nov 11, 2021 2:00 PM - 2:45 PM Small Hall)
[1S2] What a chef can do

Koji Fukaya (Chef, Restrante Vascu)
HENSREFEDMABNEE ANV N [NLE] FBEEICENY F Lk, SHICRERARS Y - RRIMHORIE
ANbDESEMOEFNEL THANEEZS] ZERNICRONE 2R E, HETIINEBADFICLEEEDL
UHETHTT, TINSDEENIAT ILRARNSY RNRT | OA—F—Y 2 7RBRABKIC, TREAIHESOD
BHOTRADNTEDDN] ZHFDICE > TWEEET,

Keywords: chef, Bascu country, bar street
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The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-Petrochemical Symposium of JPI)

JPI president remarks

[1S3] JPI president remarks
Thu. Nov 11, 2021 4:20 PM - 5:00 PM Small Hall (3F Hakodate Citizen Hall)

[1S3] JPI president remarks
Takashi Matsushita (ldemitsu Kosan Co., Ltd.)
4:55 PM - 5:00 PM

©The Japan Petroleum Institute



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

4:55 PM - 5:00 PM (Thu. Nov 11, 2021 4:20 PM - 5:00 PM Small Hall)
[1S3] JPI president remarks

Takashi Matsushita (Idemitsu Kosan Co., Ltd.)

©The Japan Petroleum Institute



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

Petroleomics

[TEO09-14] Petroleomics(1)

Chair:Mitsunori Watabe(JGC Catalysts and Chemicals Ltd.)
Thu. Nov 11, 2021 1:00 PM - 2:30 PM Room-E (Stadio-A/Hakodate Areana)

[TEQ9] Statistical Reaction Analysis of Residue Desulfurization
OYasuki Kansha', Shoma Kato', Koji Tsuji2 (1. The University of Tokyo, 2. Japan Petroleum Energy
Center)
1:00PM - 1:15 PM

[TET0] Evaluation of deasphalted oil activity on RDS catalyst with different
extraction ratio in SDA unit
OMasaya Kani1, Koichi Sato1, Manami Nakagawa1, Koichi Matsushita1, Marie Iwama1, Ryo Kishida1,
Chikanori Nakaoka' (1.ENEOS Corporation)
1:15PM- 1:30 PM

[TET11] Development of RDS catalyst system on pretreatment of heavy residue for
RFCC feedstock (7) -Verification of RFCC reactivity on commercial unit-
OKoichi Matsushita', Masahiro Higashi1, Masaya Kani', Ryo Kishida', Chikanori Nakaoka' (1.
ENEOS Corporation)
1:30 PM - 1:45 PM

[TET12] RDS-RFCC total optimization
ORyuzo Tanaka', Yoshifumi Hiramatsu', Kei Sakakura', Yuki Miura', Shingo Harada' (1. |demitsu
Kosan Co., Ltd.)
1:45 PM - 2:00 PM

[TE13] Development of RFCC reaction model by using molecular structure
information(Final)
OMatsumoto Kotaro', Sase Kiyoshi', Kato Hiroshi' (1. Japan Petroleum Energy Center Advanced
Technology and Research Institute Petroleomics Technology Laboratory)
2:00 PM - 2:15PM

[TET14] Prediction of product composition using machine learning in catalytic
cracking of polycyclic aromatic hydrocarbons
Olori Shimada1, Mitsumasa Osada1, Hiroshi Fukunaga1, Michihisa Koyama1 (1. Shinshu
University)
2:15PM - 2:30 PM

©The Japan Petroleum Institute
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M - ZRAE CIX MRS, 2 THEE ClEFEIC T 7
TUBROSR « BBRKEDEE TWEZ Enn,
X 2 \ZART RGN A BERR LT, OB/ S AT
FOSEMTE L TIRIERI U TH- 22 b, 4%
S (HRIR )
T8 53 DAL -

I U TS/ S A RN EAT D Bk
BRTHET V2RI LT,

4{_!1- i
m%am

2 JFUBHH « AR O RIS S A

3—2. KnETNL®

o — 7 AR R ORI R . &JE S
RED—RMIREMHBEN DD ZLNMEN TN D

28, JPEC Tl 7 7u—F L L Ta—rnE
N aT#EOET A ERMLTEE, ART
EHE R DET VO THNEE - WAMEZSNET L7
b, aTEEE S TNV E T a T BRI
a7 OFEIZ OV TEEMICHE Le, £ ORER.
RFCC JF 23 EE (DSAR) 722 ¢ 1 2 JFUEHIM 0 7% 15 |2 AH
YIdrlEIOND 8 BUEDFT L 7’75‘33‘5&’
a— JAERICEE L, T B TFIXO MBS

HCO /iy L viEibLTnWapZ L4 71»/\75:071(!
3T EnD, a—IJAERET NV ELER LT R,

AR Iwt% N TTHIHKRD 7 V£ THRET
LI ENTET,

8

[ sgHIDSAR |

. wth

B3 JFEHE - RO Y o T E T 3T A5 A
4. £&¥
BRGNS T 5 RFCC JsUEHm /£ skl o 7%
HHRE A 1 fR AT A4S B S S LMD H D RFCC
DA BT T VR OREFT T I ES S AR TFHlE
TNERB L, IO L Ta—7 ORIG
ZEE A RATT D FIEIR, A% OEEFURHE O LBt
¢ it. RFCC filftBAF % COTEANHIFF SN S,
B3
AT FEEREE - BIRT XLV X—TDZERE
FEO—BRELTEMSINZ, ZZIZREL, #HE
ERT D,
2 3R
D) EED, # 49 AW AWl ¥ETme,
2C13(2019).
2) ARG, % 50 B A - AL RS,
2C13(2020).
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ZIRFERDERDBERIGIZE TS
HWHFE = AU A BT A

5 X 72 BoFEs S OAL R

(EMK) OWSH Bt - BH JCUL - ik 1 - il @)

B

3

1. ¥ Table 1 Descriptors used in model construction
A, B 2 A BRSO TR D e on .
ROIERFT A TEFIA TN TV D D, ZIVE TORSE Contact time t

H Cl AL O H H A S R~ ORI Feedstock concentration  Xi(i=1-5)
. o ] o s o e Additional descriptors (Physics-based feature engineering)
75\\ EE /Hﬂ%@fcﬁ k @ﬁ*4ﬁﬂﬂ%ﬁm*%*%7b‘%ﬁﬁﬁ}i Concentration interaction AX;AX; (l,] =1- 5)

IR~ A LR SN D, AR CIL. SESEE Arrhenius type temperature  exp(—FEa/RT)

L - . - Reacti t —FEJ/RT)-X;
BRALASE DB RS 2 X & L. BB 2 caction rate ZQEE_EQ/R?)X. X
T AR TN ER W AT, T ORISR T, % Concentration change exp(—Eo/RT)-X:t

B B I T RE b 5 48, JETFEE (% CXp(—E/RT)-Xe-X;t

FT7 4T TT ) EOMABAERNT LV 53 iEAEIT  Table 2 RMSE and R? (mean + SD) with different models

F5ZENRBESNTNG ), — 5T, BHARRIETR gggglo 5 7;61‘1\155316 - 849{?50 -
DHHEER A Z IS Z LIIREETH D Support vector regression 047740283  0.956 +0.064
7~ FOfERFFEE U TS ok 251 L7-, Random forest 0.581+£0.260 0.930+0.106

Exhaustive model 0448 +£0.260 0.955+0.183

BT H 2O TRORE S LT TRIEE S prydiosbased model  0.421£0.217 0,966+ 0.048

WATREMED b L— KA 7 ORI ZRT b b, Sk

HEOMRIARCEE R K F OISR T T V21 BEEER L, ZhE VT LASSO IZ L 280F N
T B 7= OIITE T L OFRIR ATREME S N 2 & kD 5 J#E7 /L (Physics-basedmodel) Z{Ek L7z, F£7=. ¥
DD, —HRIIEIRTTEENE O i T T PSRRI PRI HES S R V=7 U 7 DR DT
$D, & ZTAMIETIE, AR ATRENMED =\ B R W, AR EOT X TOMAG OB S 2 kK
ZHVWOO L, MEYLRICES S HMED V=T O 3 ROHE AR LA E 7 LASSO [EUFET
VI ELTH L TSR O E AR, /b (Exhaustive model) & fERk L7z,

TERL L= BT VO PRIRSEE A | AR E D 5% H
WZBEENT (LASSO) K OFE#YEENG (v— kX
I B —FK T X LT F VAR gL, #
NZNDET ITET 5 RMSE KO R? % Table 2 (271

— N == o ) N
(?—7?/?\ P (T/Ef%i@ /L\% - 2;10 /b/]:u T, FIEHIZENFFES Exhaustive model &2V ¢ Physics-
T Ty (BOSHRHIEK)) OIRGHEZZEE L TT-o based model (5T PRS2 5560 L7, & Blr.

72 62 MDEMIIRIIGT — 5 P fffiig & L, &

" RO e . Physics-based model Tld, DR L LT3
ﬁﬁf#&@ﬁﬂ@ﬁb%%ﬁi%@ﬁb\ﬁﬁﬁa BT L 75 b 0 2 SRR R D
AR Z BRIV L LT, #UERIE (LASSO) %A

o : S RIC K DIEA b E R L AR AR SR
WIEPRET VIR, TT ORS00 o p it o 1 SRS ORRE Y, B
i a - P & PR O\ e T AR D FTREMEAVE ST,
3. HEBLUSBE si3e
AHFFECERE L= HF % Table 1 (T/R9, AR AHFZ213 ISPS BHIFE 20K05207 TR (—R) Ail—
B (BOGTREE, SR, A RO A TRED) 12Nz, X —HFlE v F —OFEF A ISR O > — X
MBI ORI EL R % BT 2 I AE T A LA A T2, TEMFROIRE T T,
Sl YRR S BEET L V=T ) vk 1) T. Toyao, Z. Maeno, S. Takakusagi, T. Kamachi, I.
LT REEET L=y A e BRT) TRETD. g S ek, T
SO 3 T SO 0 S i 2 ABUE U T IR R LT A N Takatsuka, Fuel, 161, 207 (2015).
T5, REEFTO, WEMUERERA R AT 3) B, ey 7, 40,81 (2017).

2. B
BOGEEE , BElisR, 5B -2 F LT F Tk 3
BEER) n-~XYThy RT3 740), T TV
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The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-Petrochemical Symposium of JPI)

Petroleomics

[TET15-19] Petroleomics(2)
Chair:Chikanori Nakaoka(ENEOS Corp.)
Thu. Nov 11, 2021 2:45 PM - 4:00 PM Room-E (Stadio-A/Hakodate Areana)

[TE15] Examination of compatibility evaluation method about crude oil using Multi
Components Aggregation Model (MCAM) (Part2)
OHashimoto Masumi', Tsuji Koji', Kato Hiroshi' (1. JapanEnergy Center (JPEC) Advanced
Technology and Research Institute Petroleomics Technology Laboratory)
2:45 PM - 3:00 PM

[TET16] Petroleomics molecular aggregation model of asphaltene
OMasato Morimoto1, Shinya Sato1, Eri Fumoto1, Takeshi Moritaz, Ryosuke Sekine3, Koji Harano3,
Eiichi Nakamura3, Hideki Yamamoto4, Haruo KumagaiS, Ryuzo Tanaka6'7, Teruo Suzuki’ (1.
National Institute of Advanced Industrial Science and Technology (AIST), 2. Chiba University, 3. The
University of Tokyo, 4. Kansai University, 5. Hokkaido University, 6. I[demitsu Kosan Co. Ltd., 7.
Japan Petroleum Energy Center)
3:00 PM - 3:15 PM

[TE17] Chemical analysis of fouling deposits in crude oil refineries
OFri Fumoto1, Toshihiro Kakinuma1, Shinya Sato1, Masato I\/Iorimoto1, Toshimasa Takanohashi' (1.
AIST)
3:15PM - 3:30 PM

[TE18] Improving quantitativity of FT-ICR MS measurement using standard reagents
OKeita Katano', Teruo Suzuki', Hiroshi Kato' (1. Japan Petroleum Energy Center)
3:30 PM - 3:45 PM

[TET9] Conversion of tetralin into benzene derivatives over bifunctional catalyst
OSayaka Sekino', Kazuki Nakajima1, Satoshi Suganuma1, Etsushi Tsuji1, Naonobu Katada' (1.
Center for Research on Green Sustainable Chemistry, Tottori University)
3:45 PM - 4:00 PM

©The Japan Petroleum Institute
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HEERSR (B51EAM - ARILFTRE

SR o7 SRR T TV (ICAM) |2 X 2 SR DR SRR A DRt

1. #EE

RIS FR M A FHV N DAk & 75 CIRt
DFHEERT A7 7 VT A As) DEHEMICER T 5 2 F
> VW AR 72 5 & TSRS,

AR 2 Tl 6 FEEEO IR LT, 2 FREFOIR
BIFIM%E 95~60Vol%IEA L7=FFD A T UHTHHZSE &
Fast LRI O A E-ROR A HERIC 0 M@y e 5
Z L EWE LT, Fiz, JPEC 3B LT- 2k REEE
7 /U MCAM : Multi Components Aggregation Model) C
RGO A T » PHTH A TR L 7RG B
BB AT 95 Z LiC L 0 F2NE S MCAM Il
DMERFERES 5 Z & Vo T,

AHE T OMATIZ LD AT » AT HHEEORE
FERIEDS F 72 2 BRH A L 7= D C, Z DR 2 HET 5,

2. FEBOE

RATFIDAZ » L RT A AT v VikBR(IS010307-
ITHEWNHIEZF TV, S Wiehe HOTFEY (TER
L CiMili 24T -7, £72. MCAM |2 X 5 FHIlZ oW T,
JEGH O 53 1R B JF-FA %7 59E1C K D HERIEIKU-
HSP) %z TN LR ST A — 42 (HSP) &R 4,
MCAM f#HTC X 0 JFHH 045+ DORHEE (Dage) &5
H L., Dagg DRE ZIZE VT DR T v V&EERDT-,

3.1 RIA 2Ty UREBROFHMER

JFURMORATIZ L 0 2T o DHTHZEh S B 72 2 N &
et 5720, 5 A (AP 12.4) K OV EAPI 20.)I2%F L
TJFIH o (APT 40.1) & B (API 41.7) % 3~30Vol%iga L7-
DA T o PEE LTz, ZORSE, AR CIEEERmEL
O Z DIZONAT v UHTHENED LT H E
WICHBAERH YD (AT < IO AT SRR
OFTHZEEN 2 R T MTHIBOR & 72 DIRA R Z O
I IFTHOMARSAARNEIZ L W b B = LB STz,
3.2 FEAMEE W R T v DHTHEENOfFHH

BT U C Wiehe /35 A—#H(In / Spn) & 2T v M
HUZOWTHEIE R B eno 7=, & 2T IRAFIMF D
As BOBRICE R L TELR LT, TORME, BERINE
BN As BT 72U VAN / Se)DMEL V=D
As JFHTHI Lo, EERUBEIGEZ TS H L As
B X DR < 72 b7 As HHEIFIK T L,
Wiehe /37 A —% L As i1 DHEZATAT v
Prt B & 725 2 L WV 7-(% 1),

(Fn2)
SLZoHL 05 L

C IS 5
sk ik v

BLbEEd A

(JPEC) OfALE

2.2 Wicka 4.9
2.0 — R&FASE - 4.2
— F5A3958 - =
- 18 358 5
Big AEUSHLA ARSI 55 258 %
81 Tgwlvry " Uwileccn 2§
£ 1.4 =asifhBIEEL 2 ~pstriERzEL | 21 B N
1 - g 2
512 | 148 R
= . B =
1.0 ] 0.7 @B
0.8 = - e 0.0 "

0 5 10 15 20 25 30 35 40 45
IEaFEHPOEEREBEIS(%)

JEIRSICIT 5 Wiehe /3T A—Z L As &L
25 CEOMS

X1

3.3 MCAM DORBIENEZ BIFERDELE

MCAM D7 BE2 572 2 JFRIZ-DOU T HSP 12 &
HEEZAT 5T FIRETRIHD As & FOMESTIZOW T,
FNEND TR BROT- HSP i % X 2 1R,
JFHATRS LTZRA, IRABIMONS HSP & D7 K&
VT NB AT e LTTHTHT 5 Z &vb, HSP DK
VST LEOEREEEIGE G L. KTA AT v TVD53E
HE & —Ecd 5 HSP fE& Kb 7k, EEFE D
IRAHEHRIF U Cdh > CTHEERIH o TlX HSP=22.31,
B TIX HSP=20.90 & —Ert3", ZAunsEE & 72 5 B
DNE) FINTH D Z LIVRB ST,

T 0.01 , —
2 5008 other MAs $EERha(95)-EEEHA(S)
30.006 EHSP=16.6 API:40.1 DaggfEfiils
ﬁo.oo; AHSPAI=575  Hspfifiz22.31
g 0.002 (AFYTE0.14%)
o 0 ;
20.0 20.4 20.8 21.2 21.6 22,0 22.4 22.8 23.2 23.6 24.0
SRAEUAOHSPE
g 0.01 — e
Z 0.008 other WAs BIB9S ) -EERIMA(S)
20.006 FIIHSP=16.4 APL:41.7 DaggBifiill
b 0.004
s \~ =S HSPiE=Z20.90
15 0.002 1 AHSEE=4.51 (R595/80.36%)
L] 0 '
20.0 20.4 20.8 21.2 21.6 22.0 224 22.8 23.2 23.6 24.0
RERIMOHSPE
2 REEMO HSP 554

AR SRR RS - BT RN F—TOLFEFEL L
THFEMEShZ, ZZIZfl, #EEET S,

BEHER

DIBALEEEE 49 [alaih - AR 2C02,2019

DFEAGRTE, B 50 (A - Ak atRRes 1C07,2020

3) Irwin A.Wiehe, Raymond J . Kennedy, G.Dickakian,
EnergyFuels, 2001, 15, 5, 1057- 1058

) \LIATS M, Pk 28 4 JPEC 74— 7 K 7R A X —
No.8, #1%,2016.5.11
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TR 7T L DAY R FEEEE T L

(E’(‘l/‘ﬁm* . :F‘%j(** . ﬁﬁ':j(*** . F%ﬁj(**** . jtiﬁﬁk***** . 'EH%****** . JPEC*******)
boHe F X &* =) L:/n“YJ* 5 & z b " H 07 f;‘ITL** ) V),t")*ﬂ‘f*** [ES BU?)‘ Z ;)‘C***
OMmA EN" - 1% 13 FEET-ARE W T-BAR R BT RS2
P ;’:’“_\]2,\“5*** FELE %{ 5 skkk iéa&‘ ‘JZ) jj***** [CECHIN N et Hokkkkok Rk ok A = T]? o A AAAE
A Se— FHR-RER 16 P B = ’ S N Y«
1. &S #£1 CaAs EHEET/LOLTH, Mw, Mn, TEHEHML
BAMIZEENDIT AT 7 VT OS5 FEE IR CaAs  TEM D2 D3 Dage-d Dy
N N N " Number of
K3 2 REZ MR D720, 570 THE & GEEFEND  molecules 5 7 2 46 73
N o Mw 2542 8002 26763 51462 84147
FEIIDSRO BTN D, ABFFETIL, Hox 03980 L Mn 1280 490 1143 115 1119 1153
- VAN /s NSNS == kR Elemental CaosHies  CsasHs CisisH Case0H3 Csea9Hss
A DOFRR EHIET 2T A7 7 VT Rk G NES NSO N0 NoOUSAN NeowS
WETFT VA FEE LT, C/wi% 813 891 80.7 813 80.9 80.6
H/ wi% 72 6.8 71 7.0 7.0 71
2. REREMRYT N/:w/ 13 29 14 13 13 13
BEEOMZECTH W=7 27 7 /L7 2 (CaAs) &l S/ Wit 8.3 13 8.8 8.5 8.7 9.0
3 Aﬁj\@ L 1)\ -7 — U i%jﬁ/]) 7]_?/,9_/]) 7 o }\ % O/ wt% 1.9 0.0 2.0 1.9 2.0 2.0
_ ‘ I v/ wi% 0.1 0.0 0.0 0.0 0.1 0.1
LIS EoHTEEE (FTLICR MS) 12 & A5 & 052 069 0.55 0.56 0.55 0.54

Br 2 & SRy ERRAT DA ARG D, TiEE
WET 2 X972 180 HDETF N T AVERR LT 9,
LA U — L &/ XORRHEGEL (SAXS) HIEIC &
. AFEALE 10~100000 mg/L (Z331F % CaAs %t
SEARDEREE Dyge. TEVENAR Ry, S3 T8 Mw %38
H L7258, % Dy (20 3, 4. 5) IZBIFH Mw & R,
LD FEERE AER LTcET VA2 W
S FEN ) (MD) FHREAZEH L CER LTz, 22T
BHERET M 2ET L5 11E, CaAs D#
Y orf-8 (Mn) | JeHEMAR, HEBERBZLZAZE ()
PR SEL L ICELy T A RETHIE LS,

CaAs % h/Lx >t 50 mg/L TH kL 7= ki 28
B7E07 7 ARFERE S, B EICHES R
To RN 2 B E T B EE (TEM) THIZ LT,
TEM & & kST 2 EEIRET V& | Lk LT
% L7=,

FETT NVEERD Ry 13, R EENSFE L
SAXS 7’1 7 7 A L7 ElR & [[ U515 THEMT (Zimm
RE) LTIREL Y,

3. RRLEBE

R VICHERERET VO FH. Mw, Mn, JtH
MR A R, BT VOREIL CaAs ZHTHE & xbii L
TEY, ZYURET NG TERINLEZ LR T
%, KVITERR LIc TEERET VAT, £
NN OEESAEFARITRE LT 3 Fan b O THE
L7, MPOEIZRRD ST 2HRT 570l E
F72b DT, [ TH S THIA 5 F TIERV, Dagg
=2, 3., 4, 5 OFMCEBRICIE S RIZZTH
Zi 14, 2.8, 42, 5.6nm THDLDIZHK L, whhad

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1E16 -

X 1

VERS UT=T A7 7 VT S T EHERE T L

DEHERET LD R IXFNZHL 1.5, 2.8, 42, 54
nm CTHh o7z, £72 TEM TEE SN BERD K &
SIEM 2 nm THY , —KEEKET LD R 75 1.0
nm TH Dtk & IET 5, FNTHES EEE, X
FREELEE), BERY A X2 B KRBTHT AT 7
NT U TRERET VAR TE I B2 biILD,
HITE

AWV IR FEEL OEFEUT L 0 — M EEANA
T L — il o & — 23N LT B BB g

FEO—BRE LT Thbi,

1) EEDS, 5550 B4 - A LFHR,
2) A5, 2325 7< 796,432 (2017)

3) S, AT 40,46 (1997)

4) FARD, 5§30 [B A AR R /L F—F K, P-1-01 (2021)
5) ARG, 550 BlAREVESEE, #11(2013)

6) Morimoto, M., et al., Energy Fuels, 29, 2808 (2015)
7) FARD, 558 Bl RE RS, 2-08 (2021)

8) Morimoto, M., et al., Energy Fuels, 29, 5737 (2015)

1C11 (2020)
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BREREE BRI

S b Ul f}ib{.xi LLOA 3&\’ L:/u%’ byvihe F XL oL ELESX
GERRID O #E L - il ol - ok (51 - 0K A - 5 FIA

1. f&S

Fr SRS E B IR O EIUL, BGRROK
TR N T N ESIEEITENE 2o, 15
TR FEORE L DT-DITIE, (EWEN %
HHRET BN D S, F2C. AR, FUhEE
BAERDED DR T EA T, S0 TS 2T L7,

2. FEBx
2.1, BB RS R O BT HARRPN R s D [
INT=fHEY (A1, B-1) W=, (5. ~v

TRy (TD AT X RNEDT A7 707 (As).|

NT B ARO~IVT Y (Ma) (SR LT,

22, DB I OWHT TI O eI L. CHNS i35y
Frisloutr vy 7 A (XRF) IZLOHEL, M
Yot X BHalT XRD) (X0 L7=, TI ©
B AR E RN (TG) LB T A n~
k7' 7 EESH Py-GCMS) ([CXVEM L, £
72, As @O CHNS JiROHT. 'H RIS NMR) 7K
FOMHAIE, FIVigEk s v~ 8T 74— (GPC) ¥
Y55 +EIE VA 96 L. Brown-Ladner {12350 C
SR AN 25AT o1, HEEREERS Y3HE
B2 FAV =,

3. fERLEBE

2 TR B OVEH T EORER, 80%LL LAY TI T
Ho7- (Table 1), AsMa BEEHITIFIMY & [FIFRE CH
HTEND MEMIZEENDAs EMaDIFE AL,
BAF LTI EE 2 bid,

MEMDERSLY T D THZIL, i & S vE
Fh. Fe & SHLU (Table 1), XRD HIEDFER. A
fbgk (FeS. FeSy) MaFivdZ EAVHH L, Fi-.
TI OEGRT Ss RS NI=Z &b, THIZEEN
58130%D S 1L, Fifkgk Ss. BIOEHGRELEY
EEZ N5, TIDOH/C Hik, oo iikEiekE )R
MBS Y X0 b2 &b, fEAKNE
ENDHEEBEZ LD,

TI DAL, TEENSIET 22 RS L T
EDROIVD, F 2Ty As OIS AEEMENT % 3kt
L7=, B-1-AS @ S IIFEFIZZVDT, A-1-As & [Flk:
FED R SARE UTHT LTz, ZORER, As D551
FEIEIL, A As OWH)5 1S 2 LA OREE Th -
7= (Fig. 1),

Table 1 Composition of Deposits and Atomic Composition of TT

A-1 B-1
Composition [wt%]
Ma 17.7 149
As 0.2 04
TI 82.1 84.7
As/Ma [g/g] 0.011 0.025
Atomic composition of TI [wt%]
C 242 6.3
H 2.5 1.2
N 0.2 0
S 30.8 28.7
O(difH) 6.5 25.1
Fe 34.6 25.5
Other ash 1.2 13.2
H/C of TI [mol/mol] 1.22 2.32

Fig. 1 Average molecular model of (a) A-1-As and (b) B-1-As

B AW AGEAEE MEE TR Om B
VAT MERRER DR ZIT T,

1) Sato, S., et al, Energy Fuels, 19, 1991-1994 (2005).

2) VEpEEt, ~Az7 2,88, 581-588 (2010).

3) KRN, etal, HATFR/LF—FE54 88, 586591
(2009).

4) /O, et al, £IHFRE 24, 260-264 (1981).

5) Chew, J., et al, "Crude Oil Fouling," ed. by Coletti,
F, et al, Gulf Professional Publishing, Boston
(2015), p. 95-178.

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1E17 -



HEEARS (B51EAM - ARILFTRE

FT-ICR MS OfEHEREK | L 5 't E D at

1. &
T—V B A YA a b R Ry
Hrat (FT-ICR MS) (35 & ik 5y O MEFER 72 3 4T
EARELTHMARY =L THY, ZhETIZE
SOEEMIFYZ7 72V E—2 3~ AFN
WESH TS, JPEC IIAEMEZ e )4
AQERHEAME L, B FRISET U o 7o
BV o IS AEMBERICER YA TE Y, K
BT, WEZMAR) O FTICR MS & — 4 O &
Mam B3 5780, EUERIE 2 U 72 8 A E AR
MEITO, ST 2L HEE L AR IR
% 7R IR L i LR FIE OB R 2 il LTz,
2. B

AR ZIHE IS L a~ NS5 T 4 —Th
BEL. ffnsy(Sa), 3FEDOGFM (1A, 24, 3A+),
ftk:, £8P (Po, PA)., 727 7 /L7 v (As)IC
7 L72, FT-ICR MS #liEIL. m/z100~1200 4
KaEERETHRET A7, &BOFENE &0 T
BRIl 2 fEIEIC T TITV, EYEREE CRE A IE
BICH T — & 28t L CT — % 2 {Ek Lz, fEHE
AT K DM T, BB 2120V T L L E L
(C16) L THR LTz 2~4 BRDO B EHFIRy 7% GPC T
1~4 EHRICHEEL 72%% mol JRG L. FTICR
MS(solariX 12T, 7/ h— ¥ S 4R THEFR L
72 FT-ICR MS #EROARBMER~DOERLIT, X
WEFHICE S 7 Ao ibaftEm 217> X 9%
FAWTHTV, FT'ICR MS 7 BH#HEE L 7= 2K B Mk &
ASTM EIZ X B &R RO 21T > 7=,

3. BRREVOEBLE

X1 k- B 1A OIRy T & - B0 T &
WERERZRT, WEk, @MWKy £ CHRIHT
XL O@maTEKSORMICHE L ZHEE— R
THEZEIT> TEEN, ZOREETIHES &
MlORHEENE L <K T L, FT-ICR MS OZ&#
PEIRHERE Y ASTM (B X 228K R L 0 B RN
EERTZENDIoT-,

ZIT, BoTE - BOTEOKHEE—RT
T NEGHT L, WEEREGT D HIEICONT
et &1T o7, TOREE, m/z425 ZHIEE LT
ETHIENRBEBTHD I EN oz, £,
ERMEDOE R DG ED T, FEAERIEZ v Cli
HEE— BT REDOMEELEI T T2, TD
RESNZ MS 227 L& 1 FEIC, AR D
Ko EY T 1A L RBEOWMEE L= FTICR
MS 7 — & I BHEE S H AR Z X 2 1I2RT,

il

T3 B L S5UAL

(JPEC) O Brk. $aAnime, nne ik

&

REMEIROHEEIZFE LW SEEHEA AR TE 22
LM RFEOHFRAEN RS, 4. o
AR THAFIEZMGEL ., ERE ZRELT 52
LIZRVERDEEMEOLERHFFIND,

ok m/z100-425 | ‘

2 {553 7 R
m

" ; — [ . _ '__M_J;{/z-r;zsﬁzoo I : I ;_‘
£ 5 Rl E
oo

’r‘llﬁ(‘ﬂi@'{ ‘

il JJJ mm
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m/z

K1 oEY 1A O - &0 FEfERS R, $
BY) & U IE#6 DS MS A~ FL(TFEY)

100 : . —=

= 60 —— HER
= . - - HiE#
40 ped / * REER
20 ,/’
0 e . |
500 600 700 500 900 1000 1100 1200
h /K

X 2 FTICR MS 7 —# ) bLHEE L= AR R Mk (i

ERT#) & 2881 SR D L

4. ¥L¥

AR ® FTICR MS /g7 — ¥ OE &M% hE

DHFMETIEEER L, KFETHTE LR

BERIIAEERBERLEBN—HERL, T4

DE BN RIS R SGEN L S T,

5. #HEE

A TEILIRFFEEE - BIRT= RNV X —TOERE

T a0 fE b AP s ) o

—ELLTCEMSNhEZ, ZZICREL, #EE2ERT

Do

ZE R

1) Katano, K. et al., Energy Fuels, 35, 13687—
13699 (2021)

2) Francisco, M. et al., Energy Fuels, 25, 4600—
4605 (2011)

3) Pk 30 FFE mhE A R RN I 2 4R B A
JERRR I (HRtF) MEwLEE (2018) .

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1E18 -



1E19

HEEARS (B51EAM - ARILFTRE

THEREMEIIC X AT R T U OB UFHERA~DLE

HE0E R M»n

(BBR) OBEFP R,

1. #%=
JFOMIIZRRE, o, B Ko TR A TR~
R XN 5. JERH OGREN Rl iE CRIET 5
SIREH(LCO) & N B U ERA~EH TE N
X, ALBSREERS A VU AR & D O THIM
DOEIRARNE BT 5. LCOIZEL GENnD T
7 & LU BRITHEFMofit I C X B KB TT
T U NCEBTE DY, 51T R T U O
BICLEDTFARUV B U EZRTRUOBUB LW
TEX(hrxy, =mF APy, 2L )R E
HNDH(AF—2A41). ZNETIZ*BEAEAFZ A b
D EVEE 2 R T 2 L 25 LT D,
ZFILTH450 °C, Wear/Fretralin = 12 gh molt ¢~ ¥
VIHBERINE2A% L TR, FlAT A
VEARIRENEND, T T U RO L
R AT A ANKRFBEDRLIAAMESET
RUBUHERINER AW LS 572012, *BEA
BA T4 MIKFETEREEZ b OFEBEHEL
7= & Z AMO*BEAN BV UV U ERINE &
IR LTZ. ARHFFE TIIMoHE & 72 & NI B L
FEPE O FRILTETEIC 5 2 DB Z T~ T,

CO=C0
+7au>/ ?FS'J‘J\
©/)—.

7+u,/<>+z'>\
oG

—  BHIRIG

AFA H

Rty

AX—nb1 T TV RGO RGRR

2. FEB

*BEAY 45 1 I (Si/Al,=28, HSZ-930NHA, ¥
V=)Mo EFE N 1-20 wt% & 72 B X 9 I
(NH2)6M07024+ 4H,0 % /KIETR F Chriz Lz, 785
HE[E#£12110 "CT—BhRzEE L, 500 °C T4 hZe&kibe
R U7e. 7 a AL I NS I E 2 & 5
L, BEMEEIEZNHs IRMS-TPDIETCRIE L. [EE
PR S S S i Al 0.2 g & 55 8, Ha2 134 mmol hr
L& G550 *CCL hpiflLeltk, 414 MPa, 450
‘CTKEZITFTZ U rmolit=8DEEWM%
Weat/ Fretralin = 12 g h mO|’le“1'ﬁ37(ﬁﬁ L7-. {TQ%EBZ% &
SKILTEI L, FID-GCTHHTL7-.

3. REBLIUGEBE
K1lZMoZz#HEE L7-*BEAEY A 74 DI/ 1

AMFLAFE & Bronstedfit B4 /R d™. 2 7 miALAE

IIMofHEF&E & & |2 L7z, Bronstedfig & (%0-

BNCENT &

oS R, EESES, bR, A EIE

TRmEsLL HOLx-oL MR D5

Iwt% DT L < il L7-1%, Swit%E THEML
2. 2D LG, 0-1wWt% TIEoHE D E W
MOFEDS A A L M A N &2 L, & D%, HifL
Z € A A TH L Brensted g i A FF-OMo -
TAZ =R S EHERI S D,

2127 N7 U SSRGS I 1T 5 2-5 hd )
AL 3R, AERMIEE RS, 3L 1T5-10Wwt% T,
NP UFHERINERITI0 Wi TR S @ o 7.
*BEAY 4 T A4 kDBronstedf /5 FTF T U >~
N HNR= T WNDT A NS ND 72D
Mo23 72 < TH ST S DD, TR =1 A
HFF I RAF A L H o ~D BT T
Z L ~OIKFEBETT HDICx L, BRI
WMoY T A X —NEETHE, Moy T A% — |
TAKBDADREESNELCTZE KU R~
ZULANTF A MEEEIN DT, BRSO
FES B30, RB UFHERINGR LRI W

THLEEALND.

025 1
> e O ILOMALEME o
T 02%, ~® Brensted®E |08 =
©
° €
i 0.15 106 ~
@ o
= 01r 104
& 0.05 - 402 s
1t @

0 N | n | n 1 n | n 0

0 5 10 15 20 25

MoiB¥F = / wt%

X1 Moz#H&EFEL7-*BEAE AT A FDI /o
HIFLZSFE & Bronsted ik &

-
o
o

PR [

O ARUEUERIE
8 =)
@m .-' _ C“Sé
W ® ° >
w40 4 A AFIAEY
o o

_n W FOALY
0 5 10 15 20 25

MoiB# = / wt%

X2 7 b7V CHRHAROSIZ T S Mot E D
B (IR 2-5 hd SER R LR & I R)

BEE KDDL MER OB A Z T,

1) Pang, M. et al, Appl. Catal. A: Gen., 490,
146 (2015)
2) Nakajima, K.
1272 (2020)

et al, React. Chem. Eng., b,

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. TE19 -



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

Refining equipment

[1D01-04] Refining equipment(2)
Chair:Akira Miura(ENEOS Corp.)
Thu. Nov 11, 2021 9:10 AM - 10:30 AM Room-D (Dojo-C/Hakodate Areana)

[1a0401-04-1add] Process Egipment Div. chief remarks
Katsuyoshi Uzawa (Cosmo Oil Co., Ltd.)
9:10 AM - 9:15 AM

[1DO1] [Invited] Development of robotics technology for new plant
operation and maintenance under digital twin environment
OSHIZUKA IKAWA' (1. Digital Transformation (DX) Division, Chiyoda
Corporation)
9:15AM - 9:45 AM

[1D02] Feasibility study for asset performance management system
implementation.
OYOHEI MANABE' (1. Cosmo Qil Co.,Ltd.)
9:45 AM - 10:00 AM

[1D03] Digital twin for asset management
ORisa Koda1, Dai Mizuno1, Hidetoshi Aoki1, Fumitaka Ono1, Kazuki Yamamoto1,
Tatsuya Fujii1, Jun lkeda', Hideaki Tanaka' (1. ENEOS Corporation)
10:00 AM - 10:15 AM

[1D04] Advanced wide area gas monitoring system
OSeiichi Tsuduki' (1. KONICA MINOLTA, INC.)
10:15 AM - 10:30 AM
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The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-Petrochemical Symposium of JPI)

Refining equipment

[1D05-08] Refining equipment(3)
Chair:Masahiro Hirako(ldemitsu Kosan Co., Ltd.)
Thu. Nov 11, 2021 10:45 AM - 11:45 AM Room-D (Dojo-C/Hakodate Areana)

[1DO0O5] Introduction of condition monitoring system for rotating machines and
utilization of FFT analysis tools
Oryoke kiyoto' (1. TOA OIL)
10:45 AM - 11:00 AM

[1D06] Introduction of electric reverse flow system (eHydroCOM System) as
capacity adjustment of reciprocating compressor
Oshuji shinya' (1. Fuji Oil Co.)
11:00 AM - 11:15 AM

[1D07] Hig-capacity lithiumion rechargedble battery system and multiple power
compensator
OTerumasa Sagawa' (1. TOSHIBA MITSUBISHI-ELECTRIC INDUSYRIAL SYSTEMS Corp.,)
11:15AM - 11:30 AM

[1DO08] Introduction of electric power receiving facilities renewal work
OKazunori Kawano1, Hideyasu Shimizu' (1. Seibu Oil Co. Ltd.)
11:30 AM - 11:45 AM

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

Refining equipment

[1D09-12] Refining equipment(4)

Chair:Dai Hisa(Fuji Oil Co., Ltd.)

Thu. Nov 11, 2021 1:00 PM - 2:00 PM Room-D (Dojo-C/Hakodate Areana)

[1D09] Pier inspection by the structure panoramic inspection system "Tag Base
360"
OTsuyoshi Ishida', Masaaki Narita', Harunobu Ichikawa' (1. ApplicoreMSIS Co., Ltd.)
1:00PM - 1:15PM

[1D10] Inquiring screening methods for CUl inspection
ONoriaki Okamoto' (1. Asset Inspection Section Yokkaichi Refinery Cosmo Oil Co., Ltd.)
1:15PM - 1:30 PM

[1D11] Upgrading the Corrosion Resistance of the Existing CDU Overhead System
OTakahiro Andou’ (1. Fuji Oil Company Sodegaura Refinery Maintenance Engineering Section
Construction&Facility Maintenance Department)
1:30 PM - 1:45 PM

[1D12] Cases of thermal fatigue problems in boilers and countermeasures
QOlunya Tanaka' (1. Engineering Design &Technical Office Technology and Engineering Center
Idemitsu Kosan Co. Ltd.)
1:45 PM - 2:00 PM

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

Refining equipment

[1D13-15] Refining equipment(5)
Chair:Yasuhiro Kido(ENEOS Corp.)
Thu. Nov 11, 2021 2:15 PM - 3:00 PM Room-D (Dojo-C/Hakodate Areana)

[1D13] Effective utilization of incident information in oil refinery
OYoshitaka Ota' (1. COSMO OIL Co.,Ltd.)
2:15PM - 2:30 PM
[1D14] Development of anticorrosion system by corrosion acceleration test
OOgura Tsuyoshi1, Kamaga Akira1, Asami Hirokiz, Matsuo Yukoz, Nakagawa Takumi® (1. Idemitsu
Kosan Co.,Ltd., 2. National Institute of Technology, Tomakomai College)
2:30 PM - 2:45 PM
[1D15] The damage analysis of the storage tank's floating roof
OTsuyoshi Ishii' (1. Idemitsu Kosan Co.,Ltd. Tokuyama Complex Inspection &Reliability Section)
2:45 PM - 3:00 PM
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The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-Petrochemical Symposium of JPI)

Refining equipment

[1D16-18] Refining equipment(6)
Chair:Katsunobu Hasegawa(ldemitsu Kosan Co., Ltd.)
Thu. Nov 11, 2021 3:15 PM - 4:00 PM Room-D (Dojo-C/Hakodate Areana)

[1D16] Tightening training of bolted flange connection for the worker established
by JAMSEC (Japan Association of Maintenance and Service Contractors)
OKoji Kondo' (1. RAIZNEXT Corporation.)
3:15PM- 3:30 PM

[1D17] Construction using non-welding method in plant frame extension work
under operation
OMANABU WADA', DAIKI SASOU', REN KAMIYAMA', HIDEAKI TAKAHASHI?, TETSUO NOZAKI?,
SATOSHI KIKUTA? (1. Cosmo Engineering Co.,Ltd., 2. SENQCIA CORPORATION.)
3:30 PM - 3:45PM

[1D18] About FISHBONE Gasket of a new gasket technology
Takaaki Nakahara1, Yasushi Takeharaz, OToshio Yuminamochi® (1. Taiyo Oil Co.,Ltd., 2. Taiyo
Techno Service Co.,Ltd., 3. IDEN Co.,Ltd.)
3:45 PM - 4:00 PM

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

Polymer, oligomer

[1TFO1-04] Polymer, oligomer(1)

Chair:Naoki Nakatani(Tokyo Metropolitan Univ.)
Thu. Nov 11, 2021 9:00 AM - 10:00 AM Room-F (Stadio-B/Hakodate Areana)

[TFO1] Synthesis of Bottle Brush Polymers by Stereospecific Ring Opening
Metathesis Polymerization using (Arylimido)vanadium-Alkylidene Catalysts
OSirilak Mekcham', KOTOHIRO NOMURA' (1. Tokyo Metropolitan University)
9:00 AM - 9:15 AM

[1FO2] Stereospecific Ring Opening Metathesis Polymerization of Cyclic Olefins by
(Arylimdio)vanadium-Alkylidene Catalysts Containing NHC Ligands
OJrapa Suthala’, Yuta Kawamoto', KOTOHIRO NOMURA' (1. Tokyo Metropolitan University)
9:15AM - 9:30 AM

[TFO3] Synthesis and characterization of multiblock copolymers of
norbornene/butadiene copolymers and polybutadiene by cross metathesis
ORiki Otsuka1, Ryo Tanaka1, Yuushou Nakayama1, Takeshi Shiono" (1. Hiroshima University
Graduate School of Advanced Science and Engineering)
9:30 AM - 9:45 AM

[1F04] Synthesis of Bio-Based Polymers by Acyclic Diene Metathesis Polymerization
OKanoko Isami', Mohamed Mehawed Abdellatif', KOTOHIRO NOMURA" (1. Tokyo Metropolitan
University)
9:45 AM - 10:00 AM
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Synthesis of Bottle Brush Polymers by Stereospecific Ring Opening
Metathesis Polymerization using (Arylimido)vanadium-Alkylidene Catalysts

(CIPN=Z

1. Introduction

Living
(ROMP) has been known as an effective method for
synthesis of advanced functional polymers.! The
“grafting through” method by adopting the ROMP of
norbornene macromonomers is one of the best

ring-opening metathesis polymerization

approaches for synthesis of molecular brushes.

However, there are several challenges such as
difficulty in control of cis-/trans-olefinic double bonds,
incomplete monomer conversion, and the catalyst
decomposition (due to inferior thermal stability).
(Arylimido)vanadium—alkylidene catalysts® display
their promising potentials in the ROMP of cyclic
olefins, including
ROMPs.2ac¢
enable stereospecific (Z-/E-selective) synthesis of

bottlebrush ROMP polymers (Scheme 1).

SR = 0T

the cis-specific (Z selective)

We herein present that these catalysts

I‘V N
|
TNCE;IAHZQ Catir C14H29 CMHQQ
ONDI cis-specific trans-specific
cat. 1, 3

Qﬁ@

Mej3P-
\ ‘ | SIMeg o3 \‘ |

Me.
ﬁw 1~ SiMes o \H | siMey

Fo o N N A
F3C>( PMe; F3C>( PMe; &' ) \PMeg
Stereuspecmc (cis-/trans-) 2 cl cl

block copolymers 1 ] 3

Scheme 1

2. Experimental

All experiments were carried out under a nitrogen
atmosphere in a drybox. Molecular weights and
of the
polymers were analyzed by GPC, whereas the

molecular weight distributions resultant

microstructures were analyzed by NMR spectra.

3. Results and discussion

Although there have been no reports for ROMPs of
norbornenes containing imide functionalities by group
5 catalysts, ROMPs of exo-N-tetradecyl-norbornene-
2,3-dicarboximide (TNDI) using vanadium catalysts
(1-3) enabled stereoselective synthesis of bottlebrush
polymers with high catalytic activities (Table 1). Note
that poly(TNDI)s containing 97-99 % cis olefinic
double bonds have been attained by the fluorinated

OSirilak Mekcham, and Kotohiro Nomura

alkoxide analogues, V(CHSiMes)(NAr)[OC(CF3)3]-
(PMe3), [Ar = 2,6-Cl,C¢H3 (1), C¢Fs (2)], whereas
synthesis of trans-rich polymers (trans 91 %) was
demonstrated by the perchloro-phenoxide analogues,
V(CHSiMe3)(N-2,6-F,C¢H3)(OCsCls)(PMes): (3).

Importantly, the highly cis-specific (Z selective)
living ROMPs by 1
and 80 °C (Table 1); the catalyst provides an efficient
thermally robust method for stereospecific synthesis of
bottlebrush ROMP polymers for the first time.

By adopting the living ROMP technique, the
successful  synthesis of  bottlebrush  block
copolymers, [poly(TNDI)y-bl-(ONDI)y], has been
demonstrated with high cis-stereospecificity (97-
98 % cis) by using complex 1; complex 3 afforded
highly trans-specific (90 %) block copolymers.

could be achieved even at 50 °C

Details will be introduced in the symposium.

Table 1. ROMPs of TNDI by vanadium catalysts.?
cat. PMe; temp. time TON?  M,* M/ cis?
/eq. /°C /min x10*  M,° %

1¢ - 25 5 220 12.3 1.41 >99

2¢ - 25 240 822 1.17 97
3 - 25 489 21.7 145 9
1 - 50 473 21.3 231 98

15 20 50 93.3 11.8  1.25 >99
15 20 50 127 19.0 1.26
1¢ 20 50 10 231 29.5 1.38 >99
12 20 50 15 329 358 145
30 80 1 298 209 133 97
30 80 3 436 31.1 1.73 97

5
1
3
1= 20 50 1 27.7 5.06 1.15
3
5

“Conditions: V 2.0 pmol, TNDI 1.0 mmol, benzene 2.0 mL.
»TON = TNDI reacted (mmol)/V (mmol). ‘GPC data in THF vs
PS stds. “Estimated by 'H NMR spectra. ¢V 4.0 pmol, benzene
1.0 mL. /benzene 1.0 mL. 8V 4.0 umol, benzene 4.0 mL.

(1) Y. Chen, M. M. Abdellatif, K. Nomura, Tetrahedron (report) 2018,
74, 619.

(2) a) X. Hou, K. Nomura, J. Am. Chem. Soc. 2015, 137, 4662. b)
X. Hou, K. Nomura, J. Am. Chem. Soc. 2015, 138, 11840. c¢) K.
Nomura, X. Hou, Organometallics 2017, 36, 4103. d) S.
Chaimongkolkunasin, K. Nomura, Organometallics 2018, 37,
2064. ¢) K. Nomura, S. Chaimongkolkunasin, Catal. Sci. Technol.
2020, 10, 5840.
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Stereospecific ring opening metathesis polymerization of cyclic olefins

by (arylimido)vanadium alkylidene catalysts containing NHC ligands

(BRSLARBEEE)

1. Introduction

(Arylimido)vanadium(V) alkylidene complexes
containing anionic donor ligands are to exhibit from
moderate to high catalytics activities in the ring
opening metathesis polymerization (ROMP) of cyclic
olefins;'3 Z-specific ROMP was also demonstrated by
the ligand modification.> N-heterocyclic carbene
(NHC) ligands are known to stabilize high oxidation
state organometallic complexes with early transition
metals, as recently demonstrated by molybdenum- and
tungesten-alkylidenes.*

Herein, we report on the synthesis of (arylimido)-
vanadium(V) alkylidene NHC complexes containing
fluorinated/chlorinated phenoxy ligand that exhibit
high activity in the ROMP of norbornene (NBE) to

afford cis-, syndiotactic polymers (Scheme 1).

5=
Q@

Pl \CHSlMe3
\ \’ CHZS|Me3

V cat _
benzene "
25°C poly(NBE)

o
& b ji;(

X=F(2),

cis,syndiotactic

Scheme 1

2. Experimental

All experiments were conducted under nitrogen
atmosphere in the drybox. Molecular weights and
distributions of the resultant
analyzed by GPC, and the
microstructure was analyzed by NMR spectra.

molecular weight

polymers were

3. Results and discussion
The
complex (1) were prepared from the trialkyl analogues,

(arylimido)vanadium(V)-alkyl, alkylidene

Olirapa Suthala, Yuta Kawamoto, and Kotohiro Nomura*

V(NAr)(CH,SiMe3)s, via addition of the corresponding
NHC, and the phenoxy alkylidene complexes,
V(CHSiMe3)(N-2,6-ClL.CsH3)(OCsXs5)(NHC) [X = F
(2), Cl (3)], were prepared from the corresponding
dialkyl complexes by treating with the NHC through a-
hydrogen elimination. These catalysts were identified
by NMR spectra and elemental analysis.

The result in ROMP of NBE using complexes 1- 3
are summarized in Table 1. Complexes 2 and 3
exhibited cis-specific (Z selective, 98 % by 3) ROMP
of norbornene at 25 °C with turnover frequencies
(TOFs) of 750,000 hl,

possessed syndiotactic stereoregularity (estimated by

and the resultant polymer

'"H NMR spectra after partial bromination).

In this symposium, we wish to report the details
including factors affecting the cis-syndiospecific
ROMPs of NBE and the other monomers.

Table 1. ROMP of NBE by using 1-3.¢

cat. additive® time vyield TOF® Mn® M/ cis®
(umol) Imin /% /ht x10% M /%
1(5.0) CeFsOH 3 >99 8500 30.5 2.75 90
1(5.0) CeClIsOH 20 >99 1270 27.1 251 93
2 (0.5) - 1 >99 254000 27.3 2.16 93
2(0.3) - 1 97 412000 47.2 2.26 93
2(0.1) - 1 59 750000 77.8 2.65 94
3(0.5) - 1 92 235000 18.4 1.82 96
3(0.3) - 1 81 344000 50.1 1.91 97
3(0.1) - 1 42 530000 56.6 2.16 98
“Conditions: NBE 200 mg (2.12 mmol), benzene 4.8 mL

(initial NBE conc. 0.44 M). ?1.0 equiv of C¢XsOH was
premixed in benzene at 25 °C (1 min). “TOF = TON/time.
4GPC data in THF vs polystyrene standards. “NBE 100 mg
(0.22 M). °Cis percentage (%) estimated by '"H NMR spectra.

References

(1) Nomura, K.; Hou, X. Dalton Trans. 2017, 46, 12.
(2) Hou, X.; Nomura, K. J. Am. Chem. Soc. 2015,
137,4662; 2016, 138, 11840.

(3) Chaimongkolkunasin, S.; Nomura, K.
Organometallics 2018, 37, 2064.

(4) Buchmeiser, M. R. Chem. Eur. J. 2018, 24, 14295.
(5) Kawamoto, Y.; Elser, I.; Buchmeiser, M. R.;
Nomura, K. Organometallics 2021, 40, 2017.
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Figure 1. GPC curves of PBD and P(NB/BD) the
reaction products (o-dichlorobenzene, 140 °C)
24 h

6h N e~ ﬁ

e

30 min \‘

| 10 min A NN

P(NB/BD) FYAVAN

} PBD

T T T T T
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

Figure 2. 'HNMR spectra of PBD, P(NB/BD) and the
reaction products (500 MHz, CDCls, 25 °C)

1) S. I. Chowdhury, R. Tanaka, Y. Nakayama, T. Shiono,
Polymer, 2020, 187, 122094.

2)Y. Hu, W. Dong, T. Masuda, Macromol. Chem. Phys.,
2013, 214, 2172.
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Table 1. ADMET Polymerization of M1-3.2

monomer cat time MpP Muw/Mp?
/ mol% /h
M1 2.0 3 15400 1.68
M1 2.0 6 16800 1.91
M1 2.0 24 18600 1.58
M1 1.0 24 18700 1.81
M1 0.5 24 19400 181
M2 2.0 3 14800 1.68
M2 2.0 6 15700 1.85
M2 2.0 24 21400 1.73
M2 1.0 24 23900 1.71
M2 0.5 24 25700 1.78
M3 2.0 3 12400 1.57
M3 2.0 6 22800 1.83
M3 1.0 24 11400 1.61
M3 0.5 24 9400 1.43

aConditions: Ru cat. 2.0-0.5 mol%, monomer 0.65 mol in CHCI3z
0.18 mL , 50 °C, Hz 1.0 MPa, 24 h after addition of Al.Os. "GPC
data in THF vs polystyrene standards.

References

1) K. Nomura, N. W. B. Awang, ACS Sustainable Chem.
Eng., 9,5486-5505 (2021).

2) D. Le, C. Samart, S. Kongparakul, K. Nomura, RSC
Adv., 9, 10245-10252 (2019).

3) K. Nomura, P. Chaijjaroen, M. M. Abdellatif, ACS
Omega, S, 18301-18312 (2020).

4) M. Kojima, M. M. Abdellatif, K. Nomura, Catalysts, 11,
1098-1106 (2021).
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Polymer, oligomer

[1FO5-07] Polymer, oligomer(2)

Chair:Toru Wada(Japan Advanced Inst. of Science &Technology)
Thu. Nov 11, 2021 10:15 AM - 11:30 AM Room-F (Stadio-B/Hakodate Areana)

[1FO5] Copolymerization of tetrahydrofuran and alkanediol over *BEA zeolite.
ORisa Furuta1, Satoshi Suganuma1, Etsushi Tsuji1, Naonobu Katada' (1. Center for Research on
Green Sustainable Chemistry, Tottori University)
10:15AM - 10:30 AM

[TFO6] [Invited] Controlled polymerization of ethylene and conjugated dienes by
transition metal catalysts.
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1)Katada, N., Mol. Catal., 458, 116 (2018)
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Fig. 1. SEM image of PE formed by Cp2TiClz
supported on PG50.
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1) Jin, G.-X. et al. Organometallics 2006, 25, 3565
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LS8R - LR - EIRES, £ 51 BA# - AiReE
FiRe P29.

3) T. Aida, et al. Science 1999, 285, 2113.

4) #HARY}-TAXRNT-SHFEK. E51EHEB - A
miEFEtaw= 1F09.
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Copolymerization of Ethylene with Myrcene

by Half-Titanocene Catalysts

(#BSLARBEER)

1. Introduction

Development of sustainable polymers from bio-
renewable feedstocks has been considered as an
important subject, and [B-myrcene is a promising
renewable monomer due to their natural abundance and
their reactive conjugated 1,3-diene framework (like
isoprene).! Half-titanocenes containing anionic donor
ligands, Cp’TiX»(Y), are known to be the efficient
catalysts for synthesis of new polymers by ethylene
copolymerization, and the ligand modification plays an
important role.> We thus herein present our results for
synthesis of the random ethylene (E)/myrcene (My)
copolymers by phenoxide-modified half-titanocenes
Cp*TiCly(0-2,6-"Pr2-4-R-C6H>) [R = H (1), SiEt; (2)°],
in the presence of MAO cocatalyst (Scheme 1).*

Ti cat.

- MAO
E | cocat.

Me
Al )
0%

"
Y

X

poly(E-co-My)

\

X

Formation of cyclopentane unit

cyclization
Ti\/@ My My ——
2,1-insertion 2,1-11,4-
insertion
T
assumed intermediates
Scheme 1

2. Experimental

Ethylene copolymerizations were conducted in
toluene in the presence of MAO white solid, prepared
from commercially available sample [TMAO, Tosoh
Molecular

Finechem Co.]. weights and the

distributions of the copolymers were analyzed by GPC

and the microstructures were analyzed by NMR spectra.

3. Results and discussion

Table 1 summarizes the selected results in
ethylene/My copolymerization by 1,2-MAO catalyst
systems under various conditions. The phenoxide-
modified catalysts (1, 2) showed remarkable catalytic
activities, notably at high temperature (50 and 80 °C),
and exhibited rather efficient My incorporation. The
resultant polymers were high molecular weight poly(E-
co-My)s which possess unimodal molecular weight
distributions as well as composition. On the basis of

OSuphitchaya Kitphaitun, and Kotohiro Nomura*

microstructural analysis, the resultant copolymer
possessed cyclopentane units with My pendant arm (-
CH,CH=CMe), formed by 2,1 or 1,4-My insertion and
subsequent cyclization after ethylene insertion
(Scheme 1). Importantly, the resultant poly(E-co-My)s
exhibited promising tensile and elastic properties
depending upon the My content (Figure 1). More

details will be introduced in the symposium.

Table 1. Ethylene copolymerization with myrcene
(My) by 1,2 — MAO catalysts.

cat. My° temp activity! My® Tm (Tg)"  My?

(umol) /M /°C x1074 /°C /
mol%
1(0.5) 0.97 25 1690 7.17 59.5,(-84) 7.9
1(0.5) 0.58 50 4160 8.33 82.3 2.6
1(0.5)* 0.97 50 6100 16.8 75.5 3.5

1(0.5) 0.97 50 3320 5.63
1(0.5) 1.46 50 3100 4.75
2(0.5) 0.97 25 1440  6.58
2(0.5) 0.97 50 4500  4.32
2(0.1) 0.97 80 6600 3.03 63.2,(-18.2) 5.3
2(0.5) 1.46 50 2200 2.54 (-20.9)  10.9

60.2, (-15.6) 7.1

(-16.4) 9.9
60.3, (-9.0) 7.7
62.5, (-18.6) 6.7

“Conditions: total 30 mL, ethylene 4 atm, MAO 3.0 mmol, 10 min,
Pethylene 6 atm, CInitial monomer concentration. %Activity in kg-
polymer/mol-Ti-h. *GPC data in o-dichlorobenzene vs PS stds. By
DSC thermograms. Myrcene content (mol%) estimated by *H NMR
spectra.

My 2.6 mol —
15 o | Strain Recovery (10 cycle)
14 My @b
3.5mol% <
£ 12 ]
= 24
= @
3 10 My
% Ao
8 /-‘ 6.7mal%
[
6 ) 50 100 150 200 250 300
| Strain/ %
4
Unique Tensile and Elastic Properties
2 My
10.8 mol% My 9.9 mol%
0 T T T T T
0 500 1000 1500 2000 2500

Strain/ %
Figure 1. Stress—strain curves and plots of hysteresis

experiments of 10 cycles at a strain of 300% for
poly(ethylene-co-My)s.
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Cycloolefin copolymers bearing pendant fluorenyl groups with improved refractive

index and low birefringence values

(Hiroshima University) OHaobo Yuan, Ryo Tanaka, Yuushou Nakayama, Takeshi

1. Introduction

Cycloolefin copolymers (COCs), including
norbornene (NB) based copolymers, have great
potential for the application of optical lenses and
films due to their high transparency, low moisture
absorption, high heat resistance and low density.
However, they usually have lower refractive index
compared with other optical plastics containing
heavy  heteroatoms, which reduces their
competitiveness.

Recent computational research predicted that
the copolymers with fluorenyl functional groups
would show both low birefringence and high
refractive index.!

In this report, we conducted copolymerization
of NB with new alkenyl monomers bearing fluorenyl
groups by using the (‘BuNSiMeFlu)TiMe, (1)-
[Ph3C][B(CsFs)4] catalytic system with 2,6-bis(1,1-
dimethylethyl)-4-methylphenol
octylaluminium (Oct;Al/BHT) as a scavenger,

-treated  tri-n-
which catalyst system has been discovered to show

a living manner for NB/a-olefin copolymerization.?

2. Experimental

All operations were performed using the same
techniques reported in the previous work.> The
alkenyl monomers a, b, ¢ and d were synthesized by

R R’
1) "BuLi O 3/
. 2) H,C=CH(CH,)3Br .
AL A e 1 i
O Et,0 O
R R
a(R'=H): 78%
¢ (R"='Bu):90 %

1) "BuLi
2) R?Br

Et,0

R'
b(R'=H,R?="Pr): 79 %
d(R'=H,R?=Et): 76 %

Scheme 1 Synthesis of alkenyl monomers bearing

fluorenyl groups a to d.

Shiono

the procedure shown in Scheme 1. The polymer
films were made using a solvent cast procedure with
CHCI; as a solvent.

3. Results and Discussion

Copolymerizations of NB with a, b, ¢, or d were
conducted at 0 °C in toluene with a monomer feed ratio
of 3.6/1.4 to 4.6/0.4. Copolymers with M, values over
50000 and controllable fluorenyl group contents were
obtained with total conversions of 88 to 100 %. The
GPC curves of the obtained copolymers were shown in
Figure 1. The comonomers with an alkyl substituent on
the 9-position of fluorenyl groups (b and d) gave
copolymers with narrower molecular weight
distributions than unsubstituted comonomers (a and c).

The copolymers films were transparent and
showed refractive index (up to 1.66) higher than the
conventional COCs (about 1.54). Meanwhile, their
birefringence values were low (down to 3x107%/Pa).
Other thermal and optical properties of the copolymers

will be discussed in the presentation.

(1) T.Badur, C. Dams, N. Hampp, Macromolecules,
2018, 57 (11),4220-4228.

(2) H. Yuan, T. Kida, H. Kim,R. Tanaka, Z. Cai, Y.
Nakayama, T. Shiono, Macromolecules, 2020,
53 (11),4323-4329.

t =60 (min) Yield

NB/(a~d) = 4/1 (mmol) (%)

—— NB/a 100

—— NB/b 91

—— NB/c 88

NB/d 94
3 4 5 6 7

logMW

Figure 1 GPC curves of NB/(a ~ d) copolymers
obtained by 1-[Ph3;C][B(C¢Fs)4]/(Oct;Al/BHT).
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DVWTHREHZEITo T
2. BREER
Ln[N(TMS)2]s (Ln=Y, La, Nd, Gd; 0.01 mmol) & &
U L1-L5 (0.01 mmol) &L LT VA& (2mL)
(23t L T.'BusAl (0.10 mmol) & & U[PhsC][B(CsFs)4]
(0.01mmol) ZIBXRMA S Z & THREERZARIL .
FhicxtLTAYTL> (400 mmol) #MZ T
40 CTRIEESESHZ LT, EEZH®ET L1z, N-(2,6-

oS4y JaorEILT T __ 0 R

S EYT LA @—{

REH I FLNER N~ HN R?
WE=BEI1ZE, RIGE

R‘l
fEl 1-3 BFfE TR L1:R'=iPr,R?=H
63.5-100% TR ) < L2: R'=R?=Me

HEEBCIVEDESR
L Atk HFAE ( j gt 1:._73‘0% L(f&;ﬁ
7AzH ERix . > - S8 JK™

—MNEohiz. BoNfzRY) T —D cis-1,4-ZRME (L
725 - 93.7%T&Ho71= (La: 93.7%, Nd: 72.5%) ,

Ln[N(TMS)2]s DA ZERAWNIGEICEL ESIEEITL.

ZDIHEEDANEERMIEEIETE N 12 (REGH
il 1-60 9 TURZE 84.0-100%) . cis-1,4-ER (X 71.6
-91.0%THY . EEDIELEIC & > TIXELLF DA
MELER NI (La: 91.0%, Nd: 87.3%), —A.
N-(2,4,6- k1) A FILTTZIL)2-E ) SUhLKRF
B2 RL2)ZAVEESIE L1 ZRAVEEIZER
T cis-1,4-EREITE < (91.5-95.7%). $5IZY, Gd
[ZDULTIE La, Nd ITEERTEM. cis-1,4-FIREH
=UMEZRL (Y: quant. yield (15 min) cis-1,4 =
95.7%. Gd: quant. yield (5 min) cis-1,4 = 94.3%) .

Ftzcis-14-BREIX. EBDOA A D FEHP S NF
E. BUMEELL o1z (La<Nd<Gd<Y), Chid
BRHIL., BUFLEEROAF U FFL0BE TGN
7/175\ LY Cis-14-BIREICEETHDIEEZ DL

GjH NHMes %_{
NHMes
Me
— 0]
N\ 7
NHMes N NHMes
L6

N-Z1)—JILEELT 246-FJAFILTzZLE
36, EUDUENDBEDERGHSNILARFY S
F (L3-L6) & Y[N(TMS)]s Z#A & -l R(C
DNWTHEEZHE Lz, Thnld L2 ITHARTH
LEMZ R Lz (RIGHER 20 #-2 9 TIRE 28.9-
52.6%). Ff=. WThDHEELEL cis-1,4-8RHE
NEZR - (L3: cis-1,4 = 94.6%, L4: cis-1,4
>97.0%, L5: cis-1,4 >92.2%) ,

(1) BB MARNT-SFEK. £ 70 BEHF
we 2C12.
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EBREBEARD XANES ARYKMLUZIaL—I 3V

1. %8

X BRIy Ve (XAS) 1, E D@\ Itk oy R he
L& =7y MR A JEL O /a7 E G wmsmohn
HEVORFERHY | X BREIHT (XRD) R <L
53 H61E (NMR) S HE A O 7ot & g bir — v & L TRl
MENDIDIT70>TET, KR, AR L
DEHFENA T, Bl CIRIEIR T D in situ [ E 72
ELESINTIY ., 43 F IO TR PRI < S
HEHRDfENT ~DIS AR ED HI T, 12

FrlZ, =7y MR Offi IR BBICH R L THL
N5 XAS ORI IT XANES EFEIEIL, FT-D
PR BRI R, B L O BAERRE | 45+
DFMEZFND L THRRIEWME E A TVD, Ll
2D XANES OfFATI3, Pkphid KRB D B H v
BEELNWZEDBAT L2l — 3 DRFFEN
FENTEY, BURTIEL, AF7EE ORBRIZIKD LA
REV, RFEH T, bR EEFHR F kL L TIAL
RIS TS IRF K A7 BEYLBE 45 (TDDFT) &

BB ITTHED XANES A7 MLORHT~EBHL

BEAMBEE L CRIHSNS Ti 8580 V S5 R ZHIC,
IR XANES AT ML OFHFfRT S B0
FHRAC LD SR 22D R A ORISR E 21T
e DO F RIRATIF TR DV TR 5, Y
2. B

TRV — A A PR E L7 TDDFT 35 (HLEE%K :
®B97XD) % M\ T 5000 eV LA ED 1s FhiE kg
100 JRHEFFHHEL , pseudo-Voigt Bk &l ~7=7 0 —F
=V EREATHE, Fig. 1 1R T I EBRA~LI -
NOIERE BLEHETHZE08 0035, RO H
MR RWT, flix O Ti $5R V 85 R, XY Al
B A T2 T D ROSTEMEFED XANES A7
MV E R LT,
3 HREEE

% D V $EARIZOUNT XANES A7 ML Z 33
L. 2O — (@4 R 5L FERITR

ik 0 I I R AT

BB B

FEr k) O B

o5

Calculated spectra P I,
—— FWHM 0.5 eV n
——FWHM 1.0&V I

——FWHM2.0eV

Oscillator strength

- i \/
5486 5468 5470 5472 5474 5476 5478 5480

Expti

5,460 5,465 5470 5475 5,480

Fig. 1 Calculated and experimental XANES spectra of
vanadium complex 1.

5468.0

— r 25
S sugrs L R=0.94 pragict
o _~Bp,
= sl 5T
o 670 - < 2P, 6P,
=, g
@ AR o

L Ak
@ 2%65 « T 4P,
c b 8p,
L sme0l =
4 L .

2P,

2 54551 *7p, ‘o
8 &P,
G S50 ey, e
£ 1. 1P,
= The calculated energy well agres vith sxperim etnal
8 5464.5 - data by the constant shift of 77.05 eV
c L
W 546

4.0 L L L I I L L L
54640 54645 54650 54655 54660 54665 54670 54675 54680

Calculated photon energy (eV)

Fig. 2 Correlation between experimental and calculated
peak energies.

FIBIBIR S DD (Fig. 2), L7ehd-> T, NRHLIE
(ZHSRT AR RRR AT = RV — T T D E
TMZESTURIF PR T D ENTED, F72. V K
& Al B2 00 RS &o TR LSS OSSP
ZRHECTTHIL, XANES AT NLEFEBRD in situ
HIE L3528 T ROSTEMEREANY V S5 E Al B))
kDA SER THHZEDIRBS T,

1) H. Takaya, et al., Bull. Chem. Soc. Jpn., 88, 410 (2015).
2) K. Nomura, et al., Organometallics, 36, 530 (2017).
3) J.Yi, etal, Phys. Chem. Chem. Phys., 22, 674 (2020).
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On the origin of active and selective nanostructures

of Ziegler-Natta catalysts

(JAIST” - DPI™ - UNITO™) OToru Wada™"™", Alessandro Piovano™ ", Gentoku Takasao",

Patchanee Chammingkwan™™", Elena Groppo

1. Introduction

Ziegler-Natta catalysts (ZNC) exhibit high activity and
stereoselectivity in the polymerization of a-olefins despite
their relatively simple components (TiCls, coordinating
Lewis base organic compounds (donor), MgCl, support). It
has been considered that the interactions among TiCls, donor,
and MgCl, surfaces account for the active and selective
nanostructures. However, their details have been unclear due
to the heterogeneity and complexity. This study attempts to
the origin of the active and selective
during typical
high-performance ZNC using Mg(OEt), as a starting

understand
nanostructures preparation of a

material by means of multifaceted analysis techniques.
2. Experimental

The catalyst preparation [1] and sample (A-F) extraction
protocols are shown in Figure 1. Mg(OEt), powder was
treated with TiCls in the presence of di-n-butylphthalate
(DBP, a typical donor), and after sufficient washing, the
obtained powder was treated with TiCl4 again. The extracted
samples A-F were subjected to chemical composition

analysis,  ethylene/propylene  polymerization  tests,
synchrotron ~ X-ray total scattering, and various
spectroscopies.
4 TiCl,
()
5 Washing I
© E
g Washing
£
R
Time

Figure 1. Catalyst preparation and sample extraction
protocols.

3. Results and Discussion

Based on the multifaceted analyses, we visualize the
evolution of catalysts (Figure 2 top). The polymerization
activities of the extracted samples are also shown (Figure 2
bottom). (A,B) Mg(OEt), quickly converts to MgCl, seeds
upon contact with TiCls, yielding TiCly(OEt)sx by-products,
which efficiently polymerize ethylene but not propylene. (C)

Kok Kk

, Minoru Terano™"", Toshiaki Taniike™™

The addition of DBP grows the MgCl, seeds with the
preferential exposure of lateral surfaces, including those
relevant for the catalysis; consequently, the catalyst becomes
capable of isospecific polymerization for propylene. (D) The
aging step completes the growth of MgCl, seeds and
partially removes the by-products. (E) The secondly added
TiCls mostly chemisorbs on MgCl, surfaces while largely
replacing the TiClx(OEt)sx. Thus,
remarkable activity for propylene polymerization. (F) The
aging allows a rearrangement of the species (MgCl;
morphology, DBP dispersion, and the local structure of the
Ti sites), thus further increasing the activity towards
propylene polymerization.

The results of each analysis and how they are assembled

the sample gains

to illustrate the evolution of catalysts will be presented.

Figure 2. Top: Image for the evolution of catalysts. Bottom:
The polymerization activities of the extracted samples for
ethylene and propylene (monomer = 0.4 MPa, n-heptane =
300 mL, catalyst = ca. 10 mg, triethylaluminium = 10
mmol/L, Al/cyclohexylmethyldimetoxysilane (only for
propylene polymerization) = 10 mol/mol).

Acknowledgments

The work of T W, A.P,P.C,E.G, M. T,and T. T.
forms part of the research programme of DPI (P.O. Box 902,
5600 AX Eindhoven, the Netherlands), project #302.

[1] US 4829037 (1982), Toho Titanium Co. Ltd., invs.: M. Terano,
H. Soga, K. Kimura; Chem. Abstr., 108, 113156x (1988).
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B4 MAO % Bhfshl & 4 %
9y¢»#4h%ﬁ®ﬁ%ﬁﬁt=ﬁ et

R B REe et E 1)

1. &5
AFNATNAIFH (MAO) (FA V7 4 VEA
BT DA X vt CEROB R & L TR < F
A Tnsd. MAO ZINEAVLEE4 25 Z & THEL
D ER MAO (sSMAO) 1, TEMEALAIE HIED 2
OOMREE A L BRI CH v, THEMIZEH
AR SHES Tt A~DORAAZAREICT 5. =
o OB I TE S G BSA DB O 1 O%
ToA v LT EH Z & TIEMRE R X
WA=, Bl v A AR FE X IEVERR DM
WL G 2D5EE25N0 TS, AIFETIX
F VL7 4 VEARHIBIT S sMAO OBhfililiaE
SMAO [ 5D & NV A Ak EE & o FHEI B
fRIZOWTHRE L.
2 2ot
BERAEIAIE, B2 L TRIEA A
M OIEMFEZ TR L sMAO (CELEEHHEF S5 Ni
([Ni(C1oHs02NCeH;_2,6-iPr2)(Ph)(Ph3)]) &
A GBI OIEERE 2 TER LIEE S D Ti 5K

((+-BuNSiMexFlu)TiMey) () 2 FEFEZ A L 7.

F72, sSMAO I Y — 7 7 A VU r 2ER SRk
EIDIII %{ﬁﬂq L/7LC.
3. EBRERROEL

—EED sMAO IZXf L TR EEZ A2 C, =F
VBB EIToT. EAERS % Table 1 [Z7R7.

WTROKICENT G, $SHEREOBIINICEE- T,

HARDTZ D OIEMEITET L, GonizR Y =F 1
> @ GPC fh#iE, & FEAICBEHTLE LS
(2, DFBESAMTIES poTe. T XKD IZEERE
e J:of{ﬁi@@fi’%i_pr\#éizhé_éﬁb

X /Zﬁf)”)!:) RInREPI Lk ") LB oL
O W(I ﬁ HH sE - it 8 %
FAELTND EBE LT,
100 Run 1 Ly
Run 2 '," ':' ‘:\'

o]
o

' L] 1
Run 3 P I T
'

d Wid log (MW)
5 3

N
o

o

log (MW)
Fig 1. GPC elusion

FZTT X UTEEIC & o T sMAO i D e
DA L7, EORER, Ho (NA v S OFEEE
B0 7% 4.8 LT D55V EE UL 1.8 mmol/g, Ho
-3.0 LLF OFRER s E 29 umol/g 1FET 5 Z &8
bhoi-.

Z I T, ISMAO RIZBWTIE, M, BNEAREM
WZHHIL, =F L UEANY B T IIICHEIT LT
WDHZ EEMER L. 725, Rund-6 (2B
LEARE DI D My DRI, AR ROGSH
EORTICER L TWD. £72, R ~—Hn
5, ETOEKIN sMAO 12X » TiEMbEN T
WBHZ EDRDbND.

LEDZ L n, $EREDDI2WREZIE, SMAO
K D @A AR O R MBI ERE D
TR bivETIEE CEn T &IEE 52203, 85
REOBKIZHEN, BV A ABEORERIZL > T
HIGMHRA TR S bk, IKIEPE TR %Eﬁ%
Hz256E852nZ 2oL,

5, sSMAO K I3/bA AFRYEEE D F7p 2 Wk 03
Table 1. Polymerization of ethylene with Metal (Ni or Ti) complex activated by SsMAO.
Run Amount sMAO Temp Yield M2 My/M, AP N° Acid Point
(umol) (2) O (2) x103 (Metal)  (umol) (umol)
(g/mol) x102 (Ho=-3.0)
1 1.0 0.34 0.60 1.2 59 24 5.0 9.9
2 Ni 5.0 0.34 40 0.94 0.67 7.5 7.5 14 9.9
3 10 0.37 0.59 0.43 11 2.4 14 11
4 1.0 0.13 0.12 0.99 2.5 4.8 1.2 3.8
5 Ti 5.0 0.12 r.t. 0.37 0.70 2.6 3.0 53 3.5
6 10 0.12 0.31 0.35 3.2 1.2 8.9 3.5

Polymerization conditions: toluene = 30 mL, ethylene = 1 atm, time = 15 min
9 Determined by high temperature GPC and converted in terms of polyethylene using the calibration coefficient
obtained from polyethylene standards. ® Activity(A) = kg-polymer/mol-Metal /h © Numbers of polymer chains

(N) were calculated from yields and M.
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BFERY =F L 7 L R%& one-pot &k I HEZR
g DRGSR hybrid filfiE o> B 5%

B0y &

sy ObIEL &2 D

BEEFLHVE L KAHPDOTE

(B ER) Opk M BHE, Hhthi, PR, KR, B8

=

il

1. &

—fRIZAR Y =F L (LR PE) O FEDARDIEK
RN Y = —EHA D3I OB T RN T4\ E S
5o, LU, H—sE Al CHliEmIHE7: PE O

FHIRA® D

L e R T '7ﬁ;mm
V. BYALRGAE /™
T
yardg b e
T mont) ZHH & :éz,--\m
e Lery L -
— S |
e hAT T X Fig. 1 hybrid it DR

721 AAFFETIE, ERALEE L 7= mont DfEMA T4 %
Ni* (25 L%, JBRIC a-diimine BH&EFF> (LT
DAAN) Bifii %A > % —Hh L— kL, BEEmIIC (n-
BuCp).ZrCl: (BLF BCZ) $&{K % HH£F X 7= hybrid
filt it 2 R L=, K7/ PE 24T D
DAAN/Ni $8K & | &5y 18 PE 245§ % BCZ 6
KIZL > T, WAV FESMEHT 5 PE 7 L
> K (BLF PEB) OAERKZ AT,
2. R
+ hybrid fiftf o F 5
Ni® “-BE24LEE mont (Ni® =214 pmol g-mont ') |2,
DAANEUZLFDRE T H 78T 770 % ) b 2-
CF: 7=V @ CH:CN ¥#ii % 90 CT 24 h #fi
Wi, FDO% CH:CN, by p-~FH 2L
Yo, WOEEE (EiE4h) 2R CEMEEL
DAAN/Ni* ' -F4LFE mont (UL DAAN/Sup.) filiit
R, feCL PR L2 B RE e Lt A TIBA

(14 mmol g-mont ') THLELL | /L= THEFE.
BCZ/ b V= VYRR B Bl S FEEE RV TG
F%Z & T hybrid filifl:0 LT 25 Y —E I,
3. RB LB

Uit (Entries 1~3) & hybrid fil#i (Entries4,5) @
TF L HEAR A Table 1 (2, 4R PE 0 DSC JliE

Table ] =F L v HEAER

Am ountof Am ountof

Enty*  Catast BCZ  DAAN Ligand 0% /r%
/mmolgmont' /molgmont’ cat-base

1 BCZ/Sup. 100 0 357 135.5

2 DAAN Sup. 0 300 75 130.9

3 DAAN ASup. 0 400 170 130.7

4 BCZ-DAANAup. 100 300 114 133.3

5 BCZ-DAANAup. 100 400 261 132.0

AReaction conditions : Solvent 50 mL n-hexane, Ethylene pressure 0.7 MPa,
Reaction time 1 h, Reaction temp. 50 °C, Activator and Scavenger TIBA 1.0
mmol, Cat. loading 4 mg. PActivity : g-PE g-cat™* h™'.

130.9°C 135.5°C

l

Entry 1 : :
Lo
1
(N
Entry 2 : !
v /i (d) Entry 5
3 : : 5 dgo1 =1.42 nm
© ]
~| Entry 3 B s
z i /1 2] (c) Entry 3
= | : g dgo1 = 1.42 nm
© 2
2 Entry 4 N £ : (b) Support
[ 1 | (no DAAN Ligand)|

dgor = 1.36 nm
Entry 5 !
(a) Support

| weag 001 =1.19 Nm

]

100 110 120 130 140 150 4 6 8 10 12 14
Temp. | °C 20/ degree

Fig. 2DSC 71— Fig. 3 XRD {7 #& 5

FER% Fig. 2 \ "9, Fig 2 ICEHT 25 &, Blfilitto
T, 3TN 1355 C (Entry 1), 1309 °C (Entry 2)
T o7, xF LT, hybrid itfflZ KX 5 PE DT, 13216
OEDEZER -T2 & 225, 2 FEO PE IZHKT S
PEB DARN TSIz, £7-. Entryd— 5 ~DAAN
BN OB A N S5 Z & T, DSC B —7 DMK
AN S 7 N Lo 2 &b BN f- it D285 &
% PEB OFALOHIE S FIREL B R B D,

F7-. Fig. 3 1T L O (001) 281 L7z
Bk X BIErOERCH D, IR Ni*-FRALEE mont

(a) 1%, CH:CN LIz L (b)), HAEERIC
DAAN Bl -5 > 2 —H L— b5 Z & CE M
2023nm LK L7z (), D%, BCZ $EKZ R L7-
hybrid filiE CILEEFIFROIERB O e® (d) |
BCZ ST IR S 7z Il L7z,

D ROINER, BODREK, TREH, HRCE, B
11, 25 49 [HaH - A b2 AR (1F03).
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RTL— KRS 4EFFA LTIz MgO F / #iFHX Ziegler-Natta fii%
DR LTy TEREEBENFERIIFLUEH~DOFIA

WiFE EH0A

P Y] it LLlbE

(JAIST") Ol 1", full & ", FyIv s vy Ay Fy=—", A B

1. &

FYVAL 74 vERICAELHL 2R —FK
Ziegler-Natta filtlft (ZNC) &, >/ A — bt rF—X
— DFEARRERCHAL (I — K1) DBEED» D 5
~AF LA RS IEh AR T IEREE L B, C
DEHIAE LG IR T ) ~ — LIl o fi A U
THUEPERE L BBl b o T3 EEZ LT W
3, L2l BETZRTH 2RMERHEZED X 5 2
TR & AL 25 R I Ef T3 F v & v Iy
RHEE TR, KK T OKRE X LHILABSEOHE
MO NT A — 2 —Z I CHIHT 2 2 & 13N
#Cod o7, LHTHE 4 13, MgO 7/ ki t-% TiCly ©
WS 2 ickh), NEBHEEL2 R4k w
MgO/MgCl,/TiCly 2 7 & = Ao —Ycki ¥ ZNC %
W& L7721, AFEclichziisk L, MgO F /%
FEATL—F I 47EIC X o CERKR O EERICHK
L. %Dtk TiCl, CULELS 2 iRk 2 2R 4
%, MgO F /R & it — K& 3252 LT, =
subifOEEZR LT v ZHICEY BT 3 C
ERTEDL, At EES> TER) ZF LV
(UHMWPE) O&RICBWTa T v = AR—Jok
T ZNC XY dEeiEEsRmL, 72, BRRRoKY
~—NTEERL T,

2. KR

MgO F / fi ¥+ (MgO NP, d=50nm) DO X %/
—ANZT ) —=hHATL—F T A EE Rk
. SD-1010) # FH v CERIRDEEEMR (S-MgO) %
872, S-Mg0O 0.5 g % 30 mL ® TiCl, 2 s, 136
°C TiEIitd 5 2 & Tt 257 widEElcH 2 =
7 vz ARk 7 ZNC (PA-Cat50) !, HEEERS
1E@ BT MgO NP % S 4 (polyoxyethylene

alkylamine) Tl L 72 4. Rk D Stk it 3 2
T & Tz, R L 7 il % v < UHMWPE % &
B L 7= (AI(C:Hs); = 5 mmol, heptane = 500 mL,
0.7 MPa, 70°C. 2h),

3. MR EFH

ATV —=FI7 4% FAT 2 EIcL b, Rk
~suhiTEBL LB TER, G+ 2 MgO =
7Y —DREEZRELS 4-160gL"Y) T5icoh, ~
7 a kT OERFITHRICHEALZ (d=3.7t0 4.7
pm), UHMWPE &k cid, filfifk L 72 S-MgO 1
PA-Cat50 ICH_TH) 1.6~2.2 {5 DG %R L 72,
27 —=F 748X o THiERNEINZ-D,
Fil B P R & Bk A S B LG MR 2 A 3 5 B
PEL o720 TH 5, 72, PA-Cath0 THESH
NizRK) v —RTFRIAEBREEER L Ro7zDIC
AL, S-MgO TldEkiko~ 4 7 v ¥ (d= ca.50-
60 ym) %752 Z &3 T 7= (Figure 1), £ T
¥ o7z UHMWPE OEE DE W, v L F 27 L A
VREBE S IEREIC G 2 - L B0 THEmT B,

20.0kV X1. I
Figure 1. SEM image of UHMWPE obtained by a)
catalized S-MgO-160, b) PA-Cat50.

1) Chammingkwan, P.; Bando, Y.; Terano, M.;
Taniike, T., Front. Chem. 2018, 6, 524, 1-11.

Table 1. Characteristics of catalyst samples and polymerization results

Sample  Slurry conc.” quporjc Support b CgtalysF Activity Pollyme-r

name (@ L) part(lfllli)sme pozenxliolgl_llr;le part(lfli;)mze (t-PE mol-Ti"! b)) part(lfli;)mze
S-MgO-4 4 3.7 0.51 4.5 39 £1 51 £2
S-MgO-40 40 4.1 0.69 4.4 32 £3 53 £3
S-Mg0O-80 80 4.3 0.70 4.8 45 £1 59 2
S-MgO-160 160 4.7 0.69 4.8 40 £3 52 2
MgO NP - 0.05 - 0.07 20 -

a) S-Cat-XX; XX indicates the slurry concentration fed to the spray dryer.
b) Determined by mercury intrusion porosimetry.

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1F14 -



1F15

Hakodate Conv. of JPI (51st Petroleum-Petrochemical Sympo...

Improving mechanical properties of graft-type
nanocomposites using silane modified SiO: and
reactive polypropylene prepared by a Ziegler-Natta

catalyst

(JAIST", Kojima Ind. Corp.™) oDongzhi Zhu", Eiji Kurahashi**, Toru
Wada", Patchanee Chammingkwan", Toshiaki Taniike"

1. Introduction

Polypropylene (PP), one of the most
representable commodity plastics, has been widely
employed with a range of nanofillers to endow
various functionalities. The main challenge in
creating PP-based nanocomposites is to overcome
the chemical inertness of PP, which leads to poor
compatibility and weak interfacial bonding. In a
previous study, we copolymerized propylene with
octenyltrimethoxysilane (OTMS) to afford PP-
OTMS having less than one methoxy group (-OMe)
per polymer chain [1]. By melt mixing, PP-OTMS
in-situ grafts onto silica nanoparticles (Si0O,) through
reaction between -OMe and Si-OH, leading to
improved dispersion and reinforcement. It is
generally known that neat nanoparticles cannot
avoid agglomeration during melt mixing. As the
reaction between -OMe and Si-OH competes with the
reaction with -OMe, the graft reaction becomes
inefficient. In this study, SiO, was modified with
silane coupling agents for better dispersion in order
to achieve PP-OTMS/SiO, nanocomposites with
further improved mechanical properties.
2. Experimental section
Trichlorohexylsilane, trichlorododecylsilane,
and trichlorohexadecylsilane (donated as C6, C12,
and C16) were used to modify SiO, as coupling
agents. The amount of coupling agents was
optimized not to consume all the Si-OH. PP-OTMS
was synthesized by copolymerization of propylene
with OTMS using a Ziegler-Natta catalyst having a
diether as internal donor [1]. PP nanocomposites
were prepared by melt mixing 3.6 g PP-OTMS with

5 wt% SiO; in Micro Compounder MC5 (Xplore).

3. Results and discussion

The tensile test results are shown in Table 1.
Compared to HomoPP, the presence of -OMe (PP-
OTMS) enhanced the mechanical properties due to
the formation of cross-linkage through the reaction
among -OMe groups. The SiO addition slightly
deteriorated the yield strength of HomoPP, but PP-
OTMS/Si0, exhibited better Young’s modulus and
yield strength, which can be associated to better
dispersion of SiO, and stronger interfacial
connection due to in-situ grafting. The surface
modification of SiO, further enhanced both the yield
strength and Young’s modulus. It was consider that
the surface modification improved the initial
dispersion of SiO,, facilitating the grafting reaction
between -OMe and remaining Si-OH, especially for

longer alkyl groups.

Table 1. Tensile properties.

Sample Yield Young’s
strength modulus
(MPa) (MPa)
HomoPP 32.0+3.6 585+18
HomoPP/SiO; 29.7+£0.4 617 +46
PP-OTMS 345+1.0 61640
PP-OTMS/SiO, 36.0+1.0 641 +40
PP-OTMS/C6-SiO; 36.8+£0.6 646 + 85
PP-OTMS/C12-SiO, 37.6+ 1.0 652 +41
PP-OTMS/C16-SiO, 379+1.1 666 + 82
Reference
[1] E. Kurahashi, T. Wada, T. Nagai, P.

Chammingkwan, M. Terano, T. Taniike, Polymer,
2018, 158, 46-52.
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N=TFE/ RV IFLUE
KEBEER a A LIV EDRESR

(#kBEEl) OB 7w - Suphitchaya  Kitphaitun - BFRf  BE/A

I

1. & AA LOEESTHE, = FLUEE TP TLER
EEREZ AT LRI A L7 4 ik, Rk OELIXIZFFER DN -T2, BRTITFERDOE

PR AN SITEN D mEREM R E L CIER & MEHRETETH D,

LOTWDD, HiEHERE R OWMEFIIAD T

D, TOLOERGIEIMHELPTLERE L O Table 1. Ethylene (E) copolymerization with 9-decen-

FRAEAERIC LD —RIEEEZ R L, K28R 1-ol (DC-OH), 5-hexen-1-ol (HX-OH), 3-buten-1-ol

V~—%525, %05 CiEl - AR L 72 JE4E (BT-OH), allyl alcohol (AA) by Cp*TiCly(O-2,6-Pr»-

BWRON—TF & ) il 6 FEITEEER 1 23 9-  4-SiEt3-CeH2)-MAO catalyst.”

7 v-1-A =/ (DC-OH)R 5-~F & v -1-F4— /b cat. comonomer E activity® Mnd Mw OH® Tml
(HX-OH) & D= F L v L E LT E T Ti%’i’/T L, & (umol) (M)P [ atm x10* /My? / mol% / °C
e 1(0.01)DC-OH (0.19) 6 320000 185 220 2.6 935
AS 31 — = A -
DARARY v =2 525 C \éf%i&” Lo 7o AR 1(0.01)DC-OH (0.38) 6 96000 12.7 2.15 3.8 80.2
KCEHEZF LU EAFLVHEDRER DI T Vv 1(0.05)DC-OH (0.47) 6 64600 insoluble 5.9 68.0
A=V EORBES AR L, EHELaE ) v — 1885; DC'gH 878 g ggggg Zinsg'uzbge 9.3 “0
N 1 (0.01) HX-OH (0.1 1 1.8 285 11 11
b — D B2k = -
FHARA~DE ) ~—DEEL R L7Z (Scheme 1), 1(0.01)HX-OH (0.28) 6 68500 17.9 2.62 2.2 107
1(0.05)HX-OH (0.57) 6 39300 10.9 2.70 5.9 88.1
1(0.05)BT-OH (0.19) 6 26200 insoluble 0.4 125
|)1 -MAO 1 (0.05) BT-OH (0.47) 6 25400 543 3.2 0.6 120
>) Ttoluene, MAO, ARy 1(0.05)BT-OH (0.57) 6 24300 31.3 49 0.6 120
2-6 atm n 50 °C HO " 1(0.05)BT-OH (0.66) 6 15000 23.1 4.7 0.7 119
pretreated ii) HCI/MeOH 1(0.1) BT-OH (0.76) 2 9120 3.2 220 3.7 937
with A'Bu, cat. 1(0.1) AA(0.19) 6 10100 insoluble 0.3 134
1(0.3) AA(047) 6 3510 63.7 2.64 -- 131
7\ /\ = T, 1(0.3) AA(057) 6 3440 58.0 39 -- 131
o~ \”CI 1(2.0) AA(0.76) 2 390 5.93 1.67 0.6 127
HO (s ”7 O 1(0.5) AA(0.76) 6 1800 188 7.6 -- 130
AA  OH OH — :
@ “Conditions: a-olefin-OH and toluene total 30 mL, MAO 3.0
BT-OH HX-OH DC-OH mmol, 50 °C, 10 min, AliBus (1 equiv of OH). bInitial

concentration in mmol/mL. ¢Activity in kg-polymer/mol-Ti-h.
dGPC data in o-dichlorobenzene vs PS stds. ®Estimated by 'H
NMR spectra. /By DSC thermograms.

Scheme 1

2. EBR
EHBERERERLF. /0—7 Ry 2 2N Reforemces
TIToTe, N—T7F X ) BUEEKIIBERICE D & 1 J. Imuta, N. Kashiwa, J. Am. Chem. Soc. 2002, 124,
R U7z, EEA IR, A (b UKD . I 1176.
ROAFATLI 2 %H (d-MAO, Y — « 7 2 a) H. Hagihara, M. Murata, T. Uozumi, Macromol.

. g e Rapid Commun. 2001, 22, 353. b) H. Hagihara, K.
7 A A TMAO &V ALETE) f7(E T 17~ Tsuchihara, J. Sugiyama, K. Takeuchi, T. Shiono,

7eo #3HATZAR Y ~—I% GPC, DSC, NMR % £ fifl Macromolecules 2004, 37, 5145.
HEZIT- 7, 3 H. Terao, S. Ishii, M. Mitani, H. Tanaka, T. Fujita, J.
Am. Chem. Soc. 2008, 130, 17636.

3. MR LIUOEE 4 X. H. Yang, C. R. Liu, C. Wang, X. L. Sun[,qY. H.
S A B % Table 1 1% & 7. = Guo, X. K. Wang, Z. Wang, Z. Xie, Y. Tang, Angew.
IHE G ORRO —F % Table 1 (2 o Chem. Int. Ed. 2009, 48, 8099.

F 1L v & DC-OH X° HX-OH ¢ 0IEA TIE. &5 5 J. Chen, A. Motta, B. Wang, Y. Gao, T. J. Marks,

BERY~—0OLKARET,. SEOEIMIEVEY Angew. Chem. Int. Ed. 2019, 58, 7030.

N - A 6 a) K. Nomura, Dalton Trans. 2009, 8811 (2009). b) K.

~— O (Tw) MET LA, —J, 6 JETFT Nomura, J. Liu, Dalton Trans. 2011, 40, 7666.

® BT-OH L oiLtEES TIT., &M, M, METT 5 7 S. Kitphaitun, Q. Yan, K. Nomura, Angew. Chem. Int. Ed.
LOD T O EITFER AR b DD, 2020, 59, 23072.

Ko F LU ETTIEEEN M E L, ZhidiE#i

EHLER E ORVHAAEH OFEEZRRT 5,
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B-MnO, H¥#; Pt i E T DK

(%j(* .

1. ¥#8

WTAE, HEEOME M LR AR L 2FHic kY,
2> & DHPER A A DIREMET LT 300 HER
A ARSI X o T LI T w32, K
i CIE B W L7z COo 3 EIAT, Tékmﬁx
DFAL AN X 2230 K5 CO MLl —o &
LT, b crfizBESEORFIFE 2 RALL 72
BRI 2 ETH S w3, &by ko
JRTFoE L 7= B BIR 1, hE oRCAIEREE L E R
RErs, F IR 715? REOEE LY b &
Nﬁ‘l‘i%ﬁ L T 315 Qiao & % Pti/FeOx 25 27 °C
T AuwFe0; X D b & v CO &1L & 1 (0.435
MOl/h/gmew) % R T HZHE L T 30, FeO, LD
FE(LARBE D Pt 1Z CO B FEMMEZ /R L 7252 5, KR
CO Mfbicxl L CHERRIEEY 4 F THh 2 HIR X
n7-6l

AW7E <, (KR CO ML I %h 7 =il (b Pt filfit
DK E LT B-MnO, 125 H L 72. PtO, & B-MnO, 2%
NF ARG R & 250 5, B-MnO, 1 Pt % [EE 3
ZEMFICEL T3 L PRI B-MnO, K% H
WT 0 °CICHBWTDH CO MLiEME %R Ptv o &k
'fK Pt iﬁ%ﬁﬁtﬁ% an_I' L 7’:_

2. EBR
2. 1. sl

Hayashi b D& %2 SE 1T, B-Mn02(140 m?/g)%
AR L. THICHHEE Pt KB Z &R L 214,
300 °CTREBERL L T, 0.2 wt% Pt/B-MnO; % 1577
2.2. REEG

CO byt SBR 1 | EE R vt SUOGEEE %
F 7z, il 100 mg 128 L€, RG A A(CO=0.3%,

il

0,=20%, balance Ar, 7t 400 mL/min)Jiti@ [ CfT- 7=.

BRI 0,25 °CTITV, RICEHIG2> 5 2h 2D EH K
REICBIT 2 COAEKEDS COMBLEE BB L 7~

3. ERB X UEHE

0.2 wt% Pt/B-MnO, ® STEM {4 % Fig.1 IZ/"3. B-

MnO, b CHFIRICIINZ L 72 PtHR 7038 S 7z,

Z D Pt Jﬁ%%/f b @ fEPTEE % XAFS 1T X Y fi#hr
L7-. Pt-Pt A ICHSE T 2 i R S e o 72
TE26, Pt FECRTIRTHEE X LT3 &R
T&E 5. Pt-O DENIEIL 5.6 THo7-. T DRI
12 B-MnO, EH D Mn-O DEENERIGLTED,
B-MnO; = Pt 2351 Mn & [AlkE D {7 BRHE CTAAE
T 2HEIREEI N, £72, XANES O White line 58
JE75 b NIC XPS 263 b L7z 74.8 eV(4fn) & 78.1
eV(@fsp)D 2 DD — 7 DT )LF —{[iEH 5 Pt #l
JRF 1 P DRBECIFFET 2 {33 0> o 72,

0.2 wt% Pt/B-MnO, ® CO LR D FE R %, R F
(7% SCHRE & LT Table 1 1C/R$. TEERY 7 fil it 4H
HTH 3 ALO; Z{HiFH L 72 Pti/ALOs Tl 100°CLA |

AR ) OKHE Bx -

HEEARS (B51EAM - ARILFTRE

o 7 Jo L

T CO MLt R T 2. 2L N OEE T
CO #0251, W3 OWAE H3HE & S 2330
INb. —4, 0.2 wt% Pt/B-MnO; 13 25 °CIC BT,
Pti/ALO;M D 200 °Clc B F 2 G X v b & v
CO ML E 2R L 7. 2D CO Mt E iz
Pti/FeOxP1E LLIE L T, #I 1.5fFm0dDTH - 72.
X 51T, 0.2 wt% Pt/B-MnO, 12 0 °C & W ) KR T D+
737 CO BBLIEMEZ R L=, 2RO DREELSHS
H7e X 5T, R CIHEL L 72 0.2 wt% Pt/B-MnO, D
IR CO B LIGHIIMD TEW. F¥ 7272 ) ¥ —
voa v EHERRENT 2 5, 0.2 wt% PYB-MnO, DK
iEPEE B-MnO, o Pt ﬁ)??r# PtHICEE(L X L7z 4k
RETH 5 F0 b, COHFEMM: % /RT3 &, B-MnO, 2
D D EIEHRE rf‘" CENT Z2HEPHS 2L o Tz,

Fig.1 0.2 wt% Pt/B-MnO, ® STEM {4

Table 1 CO &1l ZEx

Temp Reaction rate

(°C) (mol/h/gp)
0.2 wt% Pt/B-MnO, 25 0.676
(Pti/B-MnOy) 0 0.206
Pt;/AL O™ 200 0.425
Pt;/FeOx! 27 0.435

[1]Nakanishi, Y. et al., SAE Technical Paper. 2019-01-
1293 (2019).

[2]Zhang, N. et al., Catal. Sci. Technol. 9,347-354 (2019).
[3]Peterson, E. et. al., Nature Comm. 5, 4885 (2014).
[41Zhang, Z. et al., Nature Comm. 8, 16100 (2017).

[5] Qiao, B. et al., Nature Chem. 3, 634-641 (2011).
[6]Hayashi, E. et al., J. Am. Chem. Soc.141, 890—-900
(2019).

[71Chen, C. et. al., ACS Appl. Mater. Interfaces. 9, 17
(2017).
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FRLA & DARIE A & 2 RBERRIE D ERSR

BkLb

(e R) OJe) Fus -

1. &8

KIRHT ADERKSY Tl D CHL TR S 72V
D CO, HEH BN D72 <, FIBRBEIC X - TRES SO,
ZHEH LW U= pREbCh D, 207 CHy &
BREL & 9B RERAT A B ENEL O M AR IC KA HE % s
IZED HILTWD. LA L CHyid CO, D 25 15 D HIERIE
BEAbtRda & o7, FEEFASCRKART A BB H NS
DARIRBE CHy DPEH (A Z 2V ) [ZBREIICRE

R RIET. O, e A O CHy BE %
BT 2 Z L KD BN D CH D T V7 12
HARTLETH Y, CHYRBEIZ I E— I SO IR 2 3
LT B, HEH AFRIC B W TIRIE T CH, BRBE A2
HeT D AMBEARD B D, fEkD A B HHED A fil it ¢
%% Pt,Pd,Rh 72 E'13, 02 ZIRILA & 5 CHyBRIEI K}
L T 400 °C AT TIRIFIEEEZ R S 720!

IR T CH, W@E%%ﬁa‘aﬁf:w:, SERER{E )
EFO Oy VAN & 55 CHy BREE (Os-CHy JBREE) 7340F
JESHI TN D, Fe A A & BEA LA T A Mt <
1%220°C THI60%',Pd A AL AT A b 13X fil
I 363 °C T 68 %~98 %D CHy &L RN EH S5 ?
EHAE SN TWD. L L, 05-CHy BREEICTENE 2 7R T
fil i 2 RAEHICERER L 7o A SR O S BT 200, A&
e T, SR & ¥ AT A4 MoV Tl gER
% SEhE L7,

2. EB

Os-CHy B X im AN EE E 2 W T T o 72, 3
B L 7= figt 0.05 g 2 KOG IZEE D, 0, 100 ml/min T 0.5
h, 400 °C AifALER % 1T - 724412, CH4 0.1 ml/min (670 ppm)
O3 1.16 ml/min (8000 ppm), O, 98.26 ml/min, N, 49.9
ml/min DIEH T A %t L O-CHy R BEZ BIAE L 7=, X
JGIEEE & 400 °C 206 P 7223 b SFRH 0 T A % FT-
IR CHHT L, fliEVERE 2 FFM L 7-.

3. EBRRERBIUOEBE

AERET L= & st (MOx, M=Mg, Al, Si, Ti,
V, Mn, Fe, Ce) DT MgO, Al2O3, TiO2, MnO, Fe>03
1% 150 C T CHaJRBEEME 2 7R L7223, & ORI
<, FRBUSREZ EIFTH 100 %0 CHs {3
Bonenroiz.

— 05, H BB A T A IR T 03-CHIAHEZTE
MaR L, BTH H-BEA & H-MFI I3RFZ &\ O ilitE
P& LTz, £ 2T H-BEA & H-MFI (oW T, it
EVEIC B2 5P 454 ORI L SYAL o2
F~7z (Fig. 1) . AL X 57 SYAL % Ff-> H-BEA

(Si/AL,=25) & H-MFI (Si/AL=24) % It 150°C T

v

I }T’

L

PHNDH

%@#

D
;:u
Ju

te#9 % &, H-BEA O 5 3@\ CH 5k % 78 L7, H-
BEA (Z2W\WTC, £V Si/AL DKV H-BEA (Si/AlL=18)
I£ H-BEA (Si/AL=25) XV HIREMHETH -7 i
BRI T L 2Ty RS ETO 05 A S0, H-
BEA (Si/AL=18) IZBWTCHHZEES N LB 2
7-.

100

H-BEA-25

o ~
o o

CH, conversion (%)

N
(&

0

Figure 1 Catalytic activities of BEA-type and MFI-type zeolites for Os-
CHa4 combustion at 150°C.

#EU T Fe A A > A4 BEA D filiie: 2 50~ 7= (Fig.
2) . 1 wt%®D Fe*' & A 4 A3+ 5 2 & T, 05-CHy %
BN XV IRIECH#EIT T2 X 512720, S0OCHHEN D
CH4 RBEDSHEAT L7, CHy 20l L 72 WRFET O, 0 A

OB EG OIRERATIE 2T _T= & 2 A, 80°CHHIH
5 03D B O REOG D EI TS % H-BEA (2% L C, Fe?*
A A 225 HE BEA TIE 40°CHHE D BIGTEN L B EAd -
7. Fe¥ VA N ETO O; DIEMALDS L W {KIE TIE = %
Z &M, Os-CHy BRBEDIKIBALIZ D2 RN o= & & 2 7.
L2>L Fe* A A4 &#: BEA TIIKREZ LFTh
CH, #5 L3R 1T 100%I2#EE, 2% 0 D H ORI
JIENETEL =0 TH Y, Z OMNHI D i RE Ak &
BT D00 L5,

100

~
o

0---0 "'-—ﬂ},

(4]
o

n
a

| ——Fe(1wt%)-BEA-25
_& _o H-BEA2S

CH, conversion (%)

o

0 200 400

Temperature (°C)
Figure 2 Light-off curve of CH4 conversion for Os-CHa combustion over
H-BEA and Fe-BEA.

AMFFEIE, 2021 4FEEIZ SN L 7 B B PR B 1
M ERl S & OILFEFFEFEDOMIR T . BRERAL
IR EHOEERLET.

1) M. Keenan et al., Top in Cataly, 62,351 (2019)

2) K. S. Hui et al., Energy Environ. Sci., 3, 1092 (2010)
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Mn [E7& TiO, &% v 7=

RUO, T v X ¥ o ¥ )L J&E D /b i 1 il (]

(FEEAT - RURMEEE?) OEtE

IoF »HOL
Yixirg *1’*2

BERE

1. ¥S

EN-BERITEN: 2 F 3 % RuO, £ X, CO
TRl D% NoO 70fif 2 & v o 7= il S S e L C i
WIETER RS, EETIE, v FARRESE R AT
2 AR EIC RuO, 21053 % 2 & CEN il
PEPERE S FI T 2 2 & AR & 1, RuO-THAR
DIHEERICEHL2EE > TWw b . Lin b, vF
AT KM ETRUO AT X F v vy LRSS
T HREHEBIEL, 2D NO DRSIGITH L
TEWENZRTZEZHEL TS D Li b
XPS S FEfRNTIC X D, RuO,-TiO, [ B8 %
ERNICIM L, ¥ RuO, © CO MEfbiftk s o
MBI %R L7z D XPS DfEtrft % Hic, HiF
RUO, JEDJE A % HFFJEICc$ 5 Z &Ic k- T,
MEAiEEEZRAIETE 2 2 L 2IREL T 3,

AWFFE I, VFVERO A HEE RuO, @
CO FEfbiftE I RIT 3B 2~ 7=, BRI,
Mn Z[EA X 720 F A TiO, 2k E LTHWw
RuO, HEilE DT, ¥ 77 2 ) ¥ - 2 v,
CO BTG M EFA % 1T - 72. Mn [E{AE D& ek ic
XV, RuO, il clidiz & A EHIA 72\, {KiR CO
PALEE RIS 5 2 b 2 R L 7=

2. EB

2.1 SRR L 5 L TiO2 1T x Wit (x=1, 5, 10, 20,
30)D Mn(NOs), Z4HFE L, 500 "CTREBEL T 5
LT MNERATIOZFHE L 7=, itk b, &
KIOW%FEE D Mn Z[EIETZ 5. 135 N [FHE
HEIRIC 5 wt% D Ru(NOs), Z #H#7 L, 300 "CC 4 I
MRSBERR S % 2 & C RuO, fH £ filt i % 15 7=
(RUO/-XMNTIO, & #i3 3). HlD 7291, Mn 7
Y —TiO, #HEZ H W 2z KA D 1T - 7%
(RUO/r-TiOy).

2.2 CO Bt RISHBR. filt i 50 mg 1cxf L C,
300 °CT1h D QUL %17 > 7=, KIT, FiRITH
HLU, GH A %EA L7 (0.5% CO, 20% Oy, Ar
balance, £t 50 mL/min) . H[1 % 2 % COICO, 73
FHC X o CRHINL, EHIRFEICEB 1T 5 CO finfb®
ZIRDT-.

3. ERKRUEE

Fig.l IZ RuO,/r-TiO; & RuOy/r-10MnTiO, @
HAADF-STEM &% %/Rd. &b o 0ilkick
WTh, BT Eicay PSR FERBIEIN,

.

Bl Y

x bR BEL L wEDE W)
E“}\l.ﬁkﬁﬂ 5 12 .

i &,

RUO, TV X ¥ ¥ LEOIMKATERI N, C
nofilito CO WAL iE M REA %2 1T - 72 5 &,
RUO/r-TiO2 13 50 °CT 20%® CO ¥xfb X % /R L 7=
—75, RuO2/r-10MnTiO, 1% 25 °CT X 2 b 17%,
50 ‘C Tl 52%® CO nfbE %R L 7-.

RuO./r-xMnTiO; 78 50 ‘CT/Rnd CO Enfbk &
Mn EVA R & ORfR% Fig.2 IC/RT. Mn BEARD
B A CO {3 A A E L, Mn [EAR A 28
3% (10 wt%) CHIFI L 7z. AWFFE Il & iz ik
TR D RuO, HEFIEE V& e L CHHL
A K, v F K O RE i X o T
RuO, T v & ¥ v v VDM LiGEZHIH & %
L ERBBICRLTW S,

KRG PE D 17 EEER % Mgt 3 % 72 0 FikE
RICHE % 1T o 72. RuO/r-TiO2 1T H X, RuO/r-
10MNTiO, DR TTHEIEE <, Mn iR I X - THgEE
R E T2 2 LRSI o7z, &
MK CORRLiGE0BERThH 2 L E 2 b 5.

Fig.1 (A) RuO/r-TiO; & (B) RuO2/r-xMnTiO, D
HAADF-STEM f{&.

60

50
40
304}

20

CO conversion / %

10

0
I I I I I I
0 5 10 15 20 25 30
Mn loading / wt%

Fig.2 RuO2/r-xMnTiO; 2% 50°C T/ 3~ CO HrfbK &
Mn [E7AE & OBIR.

1) Li, H. et. al., ACS Catal., 8, 5526 (2018).
2) Lin, Q. et. al., J. Matter. Chem. A., 2, 5178 (2014).
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OO0 LBBFE S UKBEERRLI « ) &AL
NADH BA D - D HEE{LETR

TR B e IR S T Tl AR E A
S }ir“ (NS Y 5 ¢SS TN St N AN DY )
BB LA R, [EIEAL e ETRIAV VBRIV \gﬂ
TW5, =aF L TIRTF = VXL A F RINADH)IE
%L DAV TTIER ORRER L L CTHEET 5, ZDiE T
AI(1,4-NADH)IE, BEEZ ML Tk x 7o i E A%
9%, LiL, NADH (Z&flicdhy, TEMITFIFT 572
HIZ NAD*» S 1,4-NADH ~Digt({FA) N LEEN T
W5, ZDT8 | ZIVETHALFRIFIE R SRR 4 72 1,4
NADH AR ALI TS, LNLELDEE, NADY
I CIIREEARNEME 1,4 NADH FEAMEARQ,2-5B L
1,6-NADH)H 2\ V& NAD —&AAVERT 5, D AMFSE
T, BUKMEE S T ChHHRIE =LEnY R (PVP) T
Oy EE Ty Mk F-(Rh-PVP) 7S, NAD+DOREETE
Me2A4% 1,4-NADH ~OER A8 oI i 2 A
THZEE RHLI-OTHE TS,

hv
TEOA ZnTPPS =P ZnTPPS* NAD*
TEOA ZnTPPS* 1,4-NADH
1 Rh-PVP Z Al U-C - RIS EERENE NADSE TR

2. EBR

TEAFHEERLL TN =% ) — /L7 A(TEOA; 0.2 M),
JFAREHN L L CHighT T 7 == ARV 4T RF AL
A7) —hk (ZnTPPS; 19 uM), Rh-PVP (250 uM), NAD+
(1.0 mM)% &t pH7.4 HEPES (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid)f%fEfifk% 7 /L2 755
RFIZBW TR A S22 L1280 NADSE TlE
PR 72, F72, RONR T 2 it~ L L

K #EREFE(LDH) % Fvy 1,4-NADH DA AR L=
(E/VE % Na; 2.0 mM, LDH; 2.0 U), 1,4-NADH &
P 340 nm OWIEE (340 = 6.3 X 103 em M1) Z84L,
NHRDTZ,

ELE U + 1,4-NADH - L-3#2 + NAD+ (1)

3. RBIUEZR
TEOA. ZnTPPS, Rh-PVP BXX NAD* A& Lo

(KBEK)  OFi B -
TR AT RS L7 L, 340 nm Ak L2008
FEOHIMA RS, ZhuE, NAD+A 1,4-NADH %L
<IZNAD ZERISETSNIZZE2REL TD, IRIC
RS LT NADHETRIZE L E UligE L O LDH 23N
L7-AESE, 340 nm ZABKETDWSCEE B L, YRGS
AIDART ML EIRIE—E LT, ZHE, A2k L2 NAD+
BITIRIIRESRTE A A9 1,4 NADH THY, ELer
FRINDFEA~DSOG COMBERLEL THERLIZZ &% R L

TWD, Fiz, GEREZ HPLC % AW Tt Lz fE 3L,
1,2-3L 0 1,6-NADH (ZHRT A8 — 23S g,
1,4-NADH |[Z ik 28—/ DA S =(K2), —
J7. Rh-PVP JEFAE FCORBED SIS T, 340 nm %
WRETDWAED AT ROHN-23, LDH BLU%
BEFMUZBICIZ B L e o7z, Ziud NAD+S
NAD —#A~LEILSNIZZEEERL C0VD, DFED,
Rh-PVP 7% 1,4-NADH HAEIZA &7 cho,
ZnTPPS & Rh-PVP ZfAEDELZETHEZRLY
—JREL T NAD+ 1,4-NADH ~ 7 EEINAIE TS
HZEITRRHILT =,

70

OMBL FzZok bE B @b

HOIE(E -

60 | 1,4-NADH 300 min
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50t ot N\ 60
0
40t /
Ep |
20 | 1,6-NADH 1,2-NADH
0 | - |
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2 IR ORIGEIRD Y v~ b7 L

(2, ATHLEERERR NADH £ R &R AL, @)
YOS A IS 21 L = K S RS (I ) 2L A
Aot A E TR LF LT HELE VRO
FR IR BTN S A 3R T2,
ELE U + CO2 + 1,4-NADH

> L-Uo = + NAD+ (:L2)

AT RS IR R O BEAIM RN o T R AR Bl ) i HHY
[ZHIINL , SEHRST 5 e OV T A~DARENFRIE
0.18 % ThH-o7=,
1) T Saba, et al, ACS Catal, 11, 283 (2021).
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The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-Petrochemical Symposium of JPI)

Environmental chemistry

[1TAO05-08] Environmental chemistry(2)
Chair:Ryoichi Otomo(Hokkaido Univ.)
Thu. Nov 11, 2021 10:30 AM - 11:30 AM Room-A (Room-A/Hakodate Areana)

[TAO5] Low temperature three way catalysis by an application of an electric field
OYuki Natita', Ayaka Shigemoto1, Yuki Omori', Takuma Higo1, Toru Uenishi?, Yasushi Sekine' (1.
Waseda Univ., 2. Toyota Motors)
10:30 AM - 10:45 AM

[TAO6] NOx adsorption/desorption property of ZrO,-based composite oxide
ODaiki Mochizuki', Yoshihide Nishida', Masaaki Haneda' (1. Nagoya Institute of Technology)
10:45 AM - 11:00 AM

[TAO7] Development of PGM-free three-way catalyst-HC preferential oxidation
activity and descriptors in Mn-based oxides-
OKeisuke Maruichi1, Ryosuke Sakai1, Kakuya Ueda1, Junya Oyamaz's, Akira Oda1'3, Atsushi Satsuma
# (1. Nagoya University , 2. Kumamoto University, 3. ESICB)
11:00 AM - 11:15 AM

[TAO8] NO oxidation activity of Pt catalysts supported on La-doped alumina
OKeigo Kurimoto', Yoshihide Nishida', Masaaki Haneda' (1. Nagoya Institute of Technology)
11:15 AM - 11:30 AM

©The Japan Petroleum Institute
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1. # 8
HEhEHET 2 DIRIEALIZEYY, = ool R 5
TOFEMER EARD BTV, ABFZE T NOE
FESUGZZE B L, 0.5Wt%Pd/Ceo7Z1r0302 I DWW T ELS
FOIN & FERIINCIE MR 21T > 72, £ 72 NO-C3He-
0,-H,0, NO-CO-0,-H,0 ZXH K DiEMHERER, 0,50 F
IR, in-situ DRIFTS I #1T - 72, £ OFEE,

EHEINC & 0 IR = e DS b L D,

F 728 TWC it D ERiE NO-C3Hg ST,
S TEERIZ L D CHe OF B EMEdET 5 Z &
T, BMWNO BALIEZRT Z Engmnorz.

2. &

TEPERUBR I B R T il ARG 2R 2 O 2L /il
ALFE, 773K T 5 %0, 5L 15 23 I AL L 7=
%, 5 %Hy 2L T 15 EE TR A T o7z, 2D
%, B IEENINIRE & B EINE 24~ 338, 373, 398,
423, 448, 473, 498, 523 K T NO, C3Hg, CO DHnflHRL
Ny PR AT L 7. Al O b N ICEmE et
EEIREFINT 52 CESBEZEMR LTZ. E-HIN
BT 1-6mA T, A nra—7 ko UK EFE
ZRE Lz, A ATAE 200 mL min &L, NO-C3He-
CO-Oz-HzO(u‘F TWC &ﬁ?'g—), NO-C;3Hs-0,-H»0,
NO-CO-0,-H,0 ® 3 FHDOFEPHR T, TNENSEE
AL S CEMERBR 21T -7-. £72 NO-C3Hs, NO-CO
AT Oy I EEALRBR AT 572, SHIZST3KITE
WCAEE 100 mL min! T5 % 0, T 15 4y gk
L, 5% Hy T 15 FrfdiE o LBLL 721, 3000 ppm
C:He ZHEAE L7 in-situ DRIFTS HIE% 0.5wt%
Pd/Ce.7Z10302 {2 DUNTHTo 7=, BIHFINEEL 373 K,
FEENINIG I 373, 448, 473 K CHIELT-.

3. BEBLUEER

TWC FBHA COTEMERBRERE Fig. 1 (DR
423-473 K OfKiRIk CESL AN 52 LT NO, C3Hs,
CO b KL Y Ny BPREA KR EL7-. RICE
% TWC RSO ERISE R ET D720, BHHIM, IF
FIJNEE D NO-C3Hs, NO-CO 25 PHAUZ I\ THEMERRBR
ITo7-. FORER NO-C3He F5FH % D B FHIUNEEIZ
BIF5HNO HE(LHE Ny SR = D 2873 TWC FRPHAE
FILT7=DT, #EYs TWC BULDAA 7 3NA 1L NO-C3He
FORTEEHE 2 H5. F-mi R T T O, 3 B2 bR
BRAAT 7=, B IEFINEED NO-C3He XTI, O,
IR T NO EoeHEN AR LT, — 8
FINEE X O, 2 0-1000 ppm T NO 3 C@E E 1L IEIC

U::" =< % Iz L k/ij% 7
et PRS- REPE fer - BEAR 2R+

KAFLTZ. LT2A > T Oy i E 0-1000 ppm Tl O, & H
AW NO-C3Hg SUBDEITL TWVAHEB 2 DS,
ZD X572 NO, B JTA IR G (HC-SCR)IZBIL T,
Burch 513 (1)~4)DAT= AL TG Z LA HEL T
W52,
NO (g) + 0, (g) = NO, (ads) (1)
C.H, (g) + O, (g) — C.H,0:. (ads) (2)
NO, (ads) + C,H, 0, (ads) — R-NCO (ads) 3)
NO, (ads) + R-NCO (ads) —» N, (g) +CO, (g) (4)
HC-SCR TlE NO &RILAKFED Oy IZL> T b4,
NOy, NOy=X° CH,0. N+ 5. %O % et 1%
CH,0. I[2XVE{EEi, R-NCO 2L C Ny MRS
5. F72 HC-SCR IZB W TL#DIL, Pd e T7 AH Ak
AUFRIE N DN TR D A& FBR R DDA T D CH,0:
DFT TEV NO, B ITTIEMZ R T EHmEL TS .
ZZCELG SR AR TR DR AL PO
(295728, in-situ DRIFTS JIEE1T 7=, BHIEFM
FFIZI acetates & carbonate DY — 7B EHIENT-. D
FY Pd/Cep 7210302 DIREHE T HEFEIZLY CHe D3 ERAL
ENFZENBZLND. — HELGHMERCE, 2
[Nz C=0 ROV — I RELHIS Tz, SRR A H
2 O IIMFIELZ2WOTC, BAHIINT 52 & Tl
RS FIEFEICLD CHe DI b MEES N,
CHO. ZE$5ZLTEV NO ETiEMERLE
EZD.

Without electric field With electric field

100 — 2100 -
Z 80 E 80}

3 g

= 60} 3 60

z ~“+NO | ~+-NO
g 40 ~CH | Z%r ~CH
g 3 8 36
5 201 g 20}

g ]

&) (=}

—U—N1

0L« 4 . — 0 . ‘ ;
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Fig. 1 NO, C3Hs and CO conversion and N, selectivity
under NO-C3Hg-CO-0,-H»O reaction.

1) Y. Omori, A. Shigemoto, K. Sugihara, T. Higo, T.
Uenishi, Y. Sekine, Catal. Sci. Technol., 11 (2021)
4008-4011.

2) R. Burch et al., Appl. Catal. B: Environ., 39 (2002)
283-303.

3) T. Higo et al., RSC Adv., 9 (2019), 22721-22728.
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T —BVEOPEH T A 1L, HERIRR Lk
MR E VS TREMELZ S &E TR —
SL LTHERESN TV, gEH T 2 Dikic
IEAREEA VB TE Y NOk IEJRE SCR IZ X
Db b, Lo, JRFE SCR Oifbitaelx
200°C LA F CTIHMEW 720 KIE T NOx 245 L,
JRFE SCR MEENT 2 IR T NOx & iS5
NO WM DIFFEN D TS D, AHFZE
T, Bk v a=v A~O8RIINZ L,

WINEDE Y NOy Wi R IC 5 2 D 2 %
R L7,
2. =B

HPLIEIZ LY | 0,5, 10, 15, 20, 25, 30wt% Hk-
Mo a =0 5 (Fe-Zr0p) A Fiid L7z, 3k
DX v 772 YE¥— 3L LT, XRD, BET
W RMAHHIE 247 o 72, #UED NOR ik HiReE
AT 1%, NOyRHE FT-IR 2 HU», 80°C TOWK
A LSRR (< 500°C) iRk S) A JIE L7,

3. HREER

XRD /#H7 Tl ko & - Cligfk v =
=7 AOFE S S BANL D IE R~
52 ENgmoiz (Fig.l) . £, SRINE
25 10~25Wt% D &P Tk, [EHT B — 27 2RI
LEBITEABEMANL T N LI END, 0
Wby a=g A~ERE L Z EDNRBI N
2o — 7. BROTMED 30Wt% Tlx, BR{bEk
(Fe;,0s) ISR DEIFT B — 27 MR S = 2 L
5. AREBHI I T 2 8D EIRIR AT 25wt% T d
HTEMWGTGINoT, BT, SOz E > T
101 i (ca.30.4°) DOEFTE—7 mHHEMIND
AL 131 nm 25 8.4 nm £ TR T L7,
BET bR mfHlL 25Wt% F TOERIRINC L » T
HWIML7Z &b, BEEREIICHE S fd 1
BOKRTHEREEZR LS5 2 &R00
STy —J7. 30Wt%Lh EOFRIIN Tl EE
KT U, ZAVTRBEE O SR GE2 1m & #
LT EHEER LT,

NOy W il B E Tl #k& by ra=17 A
~He R (25Wt%) [V S H 72 5UER)Y 80°C (23

LLoT R X

GHRTHR) OUH JoBE - [ &5 - B m Bl

W BN NOWW A &%~ LT= (Fig.2)
F 7o BEEAE Y- 0 D NOL W& &1L 5wi% Fe-
Zr0; TER &7 o T2 Z LD v NO A& 45
PEDRBUIT LR EFHLUSNOER N D &%
2 HiLD, WAE NOx DIEEZEENIT Fe AR /I
X 59" 150°C, 350°C & 400°C |Zfiiff ' — 27 23
BlEL S, SIS TIE NO, & L TR L 7=, Fe
FREFE)Y 10~25Wt%IZ 38\ Tl NOk it i Ehic
PAE 72 EVII R SN2 Tz,

VL EDOFER S, LY v a =0 A~gkE TR
N4 2% Z & CTHEEERPIZE L, tREmfEA M
T 5 L THENT NOX WEREN I+ 5 =
ERBH BN T2,

®: Zr0; (monoclinic), ®: ZrO, (tetragonal), A: Fe,0y
-
-
owtte 2 A2 s R ane2
|
|
| A
Swth e I A |

I
I\ * .

10 wt% )'ﬂ'\ 2 \ A
15 wt% _j b N A

20wt% S\

Intensity /a.u.

AN .

owt% . N4 AL A
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Fig. 1. XRD patterns of Fe-ZrO2 with different Fe loading.

160
g l40r
g
= 120
(@]
Z 1001
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% 80 —5wt%
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£ 40r — 25 Wt%
— 0,
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0 . \ . . ) )
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Time /s

Fig. 2. NOx adsorption profiles of Fe-ZrO. with different Fe
loading. Conditions: NO=150ppm, 02=10%, 100ml/min, 20mg

1) J. Szanyi et al., J. Phys. Chem. C, 2017, 121, 15793
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CO 47 F T bAKFE (HC) ESEER L ERIZ B\ C
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ThoTo. BRDIEMER OO~ O RiE4 R
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HC M SRR LTEME 2R L7z, T, Mg 23 Mns0, [ [E IR
L 7= MgMn204 2MEMEFE TH - 7.
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HC e L
jp (BEEERE)

1.+ &
BE A g E = el idmit e &SRSV S
TS 720, Zefli7e BB ~OMREENRD HiL T
2. B JRITHC RO BT IRILKFIZ I #hES
, NOEITIEMENEER LV ELMENH D V. Y
WFFEEE CIXATE: O HC 2 BR LR 2575 ZnCr.04, R B2 D
012 L D NOZEEITT D Cu/Ce0e 72D X T LI
il 2 $2 22 L, ZAUTESBICICHETT 5 NO 3 olg ik
ZaRLIZ?. UL, HCBREMEEIIFMEDE W Cr
NEENDTD, KFZETIE, Cr 7V —72 @& HC
PrEMEOBRRZ HRY & LT,

2. F B
Mn AT Tt TRl L=, F
4 )& (X:7Zr, Ba, Cu, Ni, Ca, Co, Zn, Mg, Fe) & Mn D Lhix

AT 12 THAR LTz, DB AIEA 13 X1IMn2 & FKFeT 5.

&R BIBR AR XN O R EETE & I, BERk iR
13 500°C & L7z, 2 < Ofillix XRD XV
“Mnz05 & MnsOq DEIPT/SZ — o HHERD S 3L7=. filgtyg
PERHEIE, 17.5 mg Ozt LT, (kP Eimstt:
DR A (NO = 1000 ppm, CsHs= 1000 ppm, CO = 4000
ppm, O, = 6000 ppm, Ar:balance, & 60 ml/min) 3R
T, 200~500°C T{T - 7=.

3. FERLEEBE

Mn Hi—DER{E4 1% 250°C ¢, HC #i5{b3 21%, CO #x
{EZR A% TH - 7223 Mg Z W3 % & HC #x{b3E 52%,
CO fixfb ¥ 8% & HC BSEm LG ME N K& <fm B L7z
T DIEMEN E -, MgiMn DA 1:56~5:1 £ T
L, BRENALOKEEEZITo 7. Mg £721F Mn
ELLEMNRELTEDH L CO B L, Mg:Mn=1:2
D & & HC HA{L#E 96%, CO dinfbd 46% & i b HEAL7- HC
R IR E 2R LTz (Fig. 1).

MgiMn2 ZHiiE¥, CuCon0, %L 324 7 LT
il 2 3Bk L 7- & 2 A, 1RO & BAEE, 5 X O
Cr Z# AW R Z IR TIZ RS NOE ikt a2 R L

% HC e bIEME & HlA A —
CRORBRBLEIE) OFLilT A - I s 4 -
BSESESES L AR B2 HEH X o F HoL
<RI MR . S L. AR R
7= (Fig. 2).

VTR DR EZ 1T > 7. XRD OFER L 0, Mg
FEEE RIS MgO 23R L, Mn BEDSHER T 5 & «
“Mny05 & Mnz0, DEIFT/IZ — 23 /L 5372, MglMn2 1
XRD DEHFTHRN/NE < RHMRCTH - 72720, BERKIE
FE% 700,900°C L EH-SE7= L 25, Mghn,0, D[EIPT
RE—UNABICR N, £-RER/NLT-0 O
ST ERIREE 2 B T E b L o7z Uk
D&MD Mg A3 M0,y (2 [EVE L 72 MgMno0,” 25 & AR

m CO

T D &bt
| h II II II

100
Mg5Mn1 Mg2Mn1 Mg1Mn2 Mg1Mn5 Mn

300°C
m HC

Conversion / %

o

Fig. 1 Mg:Mn FelZ%t3 % 300°C TP HC - CO FafbiEM:

100F

Rh/ZrO,
< 80rMg1Mn2+CuCo,0,
5
S 60}

()
8 4ot
o
=
20

ZnCr,0,+CuCo,0,

300 400 500

Temperature / °C

Fig. 2 ¥ 7 KBUdigEod NO & Tk

200

1) K. Ueda et al,
2) K. Ueda et al,
3) V. Soundharrajan et al,
1998 (2018).

ACS Omega, 2, 3135 (2017).
ACS Catal, 9, 2866 (2019).
ACS Energy Lett, 3,
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firky AL A L 03 ] A AR 9 e S s 2 1 A FH
7z. 50 mg O s A (NO=150ppm, Oz=
8%, CO,=8%, H,0=8%, 500ml/min) % i &,
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NO/NO; IEEZFHHIL7=. Fv T2/ XU —
= > & LT XRD, BET b mfs, /L ATEIC X
L MENEEIT- 7.

<hve 2 L kL
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3. HERLEER

Fig. 1 124> 7 1dD NO {bisEtEZz x4
IS ALERRT (fresh) Tl PYALLOs 73 Pt/La-
AlLOs LV & EVWEEEZ R LT, 2 b BET
LR AR E & XRD 7047 TliE, La ZiRIN7 5%
Z L CRMEDO L REREAMET L, HEFS 7 Pt
F RO FENEM L2 s, WY
YV OIEMEZEIT R A N OEWITH
kT pEEZLND. —JF, IEA{LALEE (aged)
2L 0 PHUAILOs DIEPEIF R & <X T (250°C C-
69.8%) L7=7%, Pt/La-Al,0s TIXIEMEDIK FihE A
/&< (250°C T-55.6%) , AEH: & LT P/ALO;s
K0 HEWIEMERE L. & 51T, PYALO; D
XRD 53H7 Tl ALOs DFEFHD y 725 00 0~
FEAE LT 223, PHLa-Al,Os TIIFRERR A3
HlENTWDZ ENbnot-.

PLEOFER S, La BN Pt/y-AlOs filt i o>
BN AR BICE R TH Y, IEHS{LALEE% I
BWTH ALO; DAFEERE R HIH S D - En

FRALIEVEN S DN D Z E RSN o T.

—@- PYALLO; (fresh)
—@- Pt/La-Al,O; (fresh)
—O PYALO, (aged)
- Pt/La-AlL,O; (aged)

60

A
o
T

NO conversion (%)

N
o
T

100 200 300 400 500
Temperature (°C)
Fig. 1. Effect of La-doping to Pt/Al,O3 catalyst on
the catalytic activity for NO oxidation.

1) Y. Chen et al., Catal. Today, 2019, 327, 64
2) M. Haneda et al., Appl. Catal. A, 2014, 475, 109
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Functional materials

[1B08-13] Functional materials(1)

Chair:Tomoaki Takayama(Tokyo Inst. of Technology)
Thu. Nov 11, 2021 1:00 PM - 2:30 PM Room-B (Room-B/Hakodate Areana)

[1B08] Synthesis of novel polyoxometalates containing sulphur as a hetero atom
OTadaharu Ueda', Naoki Yamasaki', Shuhei Ogo' (1. Kochi University)
1:00 PM - 1:15 PM

[1B0O9] Analysis of electrochemical behavior of polyoxometalates
ONaoki Yamasaki', Shuhei Ogo', Tadaharu Ueda' (1. Kochi University)
1:15PM - 1:30 PM

[1B10] Synthesis of organic-inorganic hybrid layered silicate having unique
interlayer properties
OKatsutoshi Yamamoto', Takuji lkeda?, Yukiko Otsu’, Yusuke Tsukamoto', Qing Ma' (1. Faculty of
Environmental Engineering, The University of Kitakyushu, 2. AIST Tohoku)
1:30 PM - 1:45 PM

[1B11] Synthesis mechanism of Fe-containing amorphous composite oxide by
mechanochemical reaction
OKakeru Ninomiya1, Maiko Nishibori1, Ginpei Tanaka1, Ryota Osuga1, Mizuho Yabushita1, Sachiko
Maki', Kiyoshi Kanie', Atsushi Muramatsu' (1. Tohoku University)
1:45 PM - 2:00 PM

[1B12] Introduction of hierarchical structure into YNU-5 zeolite and its improved
catalytic performance for hexane cracking
Liu Qing’, Ryota Sugimoto’, Satoshi Inagaki', OYoshihiro Kubota' (1. Yokohama National
University)
2:00 PM - 2:15PM

[1B13] Surfactant effect on the synthesis of CON-type boroaluminosilicate zeolite
and its MTO catalytic performance
OMasato Sawada', Takeshi Matsumoto', Shuhei Yasuda', Junko N. Kondo', Toshiyuki Yokoi' (1.
Tokyo Tech)
2:15PM - 2:30 PM

©The Japan Petroleum Institute
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REREEAN LB S RERY 7 X M
FREEIR DA ERIE DR 21T > 72,
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i
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LTSI LT, EBIT, FRaxRhEBAA UL
[SW11030] & [(S2W140sa)s > & i S ¥ 5 Z & 1T
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A X B IS AT 35 L OVESI-MS 12 & - CTHHE POM
DGR L, IR, Raman BX YA 27U v 7
AN AN —IZL>THRY T 7 XV E—T

a U EITo T3,

PR - AW, JSPS WFEHLAIR A et —

FNVF—MEE R LAY AF Y A X L— |

BH2EBSF TR ) OB E 21 T T,

1) S. Himeno, M. Takamoto, M. Hoshiba, A. Higuchi,
M. Hashimoto, Bull. Chem. Soc. Jpn., 2004, 77,
519-524.

2) S. Himeno, H. Tatewaki, M. Hashimoto, Bull.
Chem. Soc. Jpn, 2001, 74, 1623-1628.

3) S.Azuma, T. Kadoguchi, Y. Eguchi, H. Hirabaru,
H. Ota, M. Sadakane, K. Yanagisawa, T.
Hasegawa, T. Ueda, Dalton Trans., 2020, 49,
2766-2770.

4) H. Hirabaru, D. Kawamoto, M. Ohnishi, H. Ota, M.

Sadakane, K. Yanagisawa, T. Hasegawa, T. Ueda,
Eur. J. Inorg. Chem., 2020, 682-689.

[S:ZW;,0¢,]™
Scheme 1 Preparation Routes of Metal-substituted Tungstosulfates
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Ce)DH¥A 7V w7 RINVEETT A(CV)%E Fig.
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AT Co(II/11)Z LT 200 mV £F3T1Z Ce(111/1V)
\CHRT DB LE T B S -, SRR E
L, Theney Y (py) & 1,10-7 =F > k
72U (phen)Z M L7ZFFD CV Th 5,

REIEShE X I 5 LwH~

(5 5R) O LIRS /i s 7 -

5 2 Bk
FHEEY

g

1%
NIAN
l:l

SMnWu DA, py OEINT X 0 FR bR 23
HENCTABMMANTS 7 L7225, phen ZHN
L7e%a, Bt k& < IEEMMAICS 7 FL
7o ZHUL py & SMnWy D Mn & OIZELAZAE
ANIMZENTERE 720, phen & Mn & D
BONLFE B IRV 72D ik Shic < g -
7EBEZBILD, SFeWn IZB LTI, py BEL O
phen & ©1Z, EBEAMNI 72723202 B,
SST HEAEENAM[NZ 7 N LTe, ZHUX
py 3 KUY phen 23 Fe'" X v &, Fe! [ZHINT LKD?‘
W, BILINRT K hole B2 HN5,
SCoWu DA, py ZIRINT 5 & ER{biE ok
NRESAMA~ETZ L, phen ZIRINT 5 &,
B b 2380 LU, o3 E e L TR S u7e
{7po7z, ColXFe°Mn LT py &D
BONLAE & I T=, KRES B ELZEE 2
L5, phen ZIRINT 5 L REDA L T2 Z
ED, POM 220 Co 3B L CuN 2 mlEeMED
E 255, SCeWu DAL, py 3 X O phen
EWNT 5 &, B S D ERMESAHML 7=,
L, mETH S Ce3+0)/(ﬂ‘/43 RDKE
S EEVENE DS, IR TR POM
k #Eﬁ-‘%%ﬁib“(b‘é EEZLNTEY, &
e+ ORMCE -~ T, BEKLZ2o72720,
BIMMENEM LT EZ D,
HITE - ABFIEIZ, ISPS AFZEHLTE R et
FNNX—MEEFRE LR A% A X L— |
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T T T T T

(d

(b)

10 pA

llOpA

1 " 1 " 1 " 1 " 1 " 1

-1000 0 -2000  -1000 0 1000
E/mV vs Fc/Fc ™ E/mV vs Fc/Fc*

Fig. 1 Cyclic voltammograms of 0.5 mM (a)
[SMHW11039]4’, (b) [SFe(OH)W11039]4', (c)
[SCOW11039]4’ and (d) [SC6W11039]8' in CH3;CN
containing 100 mM n-BusNPFs in the absence (black
line), in the presence  of 10 mM pyridine (red line) or
0.5 mM 1,10-phenanthroline (blue line).

-2000

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1B09 -



1B10

RECBERRFEZEHE > AR -—EHN N1 T Uy FEBK

T— DR

(AETLriR* - pERRAIF**) Ol

ES- )

K5 I+

1. #8

YU — MBIt O — BN 7Y v N
I RE OB D7D DHE N FETH D,
Fox ITRIRAHE S T 2 D B fG sl i — MR
NATY y RRIERT LI )2 r— b EERK
L2 e 2L TWAER, 200 LD KCS-11
DR B A FEEZ R LT O THET 5,
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szl T AT,
1. K. Yamamoto, T. Ikeda, Y. Tsukamoto, Mater. Lett.
288, 129332 (2021).
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mEEZLND,

WIZ MC SIS & b7 5 Fe EEEOZLEZ K
ST BH7=0, MC KSHE 0h (0-FeOOH) & 24h
MO LAY VAL LT, 74T
4 T IND 4B Fe & 6 BAfiL Fe OEIG ZRDT-
(Fig. 2), = DOFER, 4 BNL Fe OE|IA 1L MC Kt
BRI U CHEFEEMT 5 Z & nbhro Tz,

Fe 17 OBV EAEERIE (RDF) Z RO AR
(Fig. 3) . MC FUGKFRIZ & & 72\ Fe-O A R HfE
DAL, 12h B C—E L 7272, —J, Fe-O
FEA O RDF ML 6 h £THAD LI-0 b, BENZ
#iz U7z, EXAFS #EAAX) S, RDF M IC4H 5
TAHRT & UCTHRGTBELR T, Bk, 714U
T—mlFnETF 5D Y, Fe-O-Fe f&& Ak
HE— I PHERTEX WD & & BT EHENIE
VMERNC 3 D Z & Ay B . RDF 58 OHE NI #
BT N_A D7 —RTFODICERT S EEZD
Nz, ZOZ L, MC BUGZ X 0 FERE LA
179 % —J5C. Fe I D JHATHIRE SR 38 L
TV Z EERIBET 5,

1) K. Yamamoto, S.E.B. Garcia, A.
Muramatsu, Chem. Lett., 35 (2006) 570.

2) T. Yamamoto, Adv. X-Ray. Chem. Anal., Japan, 38
(2007) 45.

3) M. Newville, Rev. Mineral. Geochem., 78 (2014)
45.

F. Saito,

Fe-K 0h 12h 1.0 ‘__---.'1.0
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Fig. 1 Fe-K XAFS spectra of Si—Fe
amorphous composite oxide.
time.

Fig. 2 Variation of tetragonal and
octahedral Fe ratio with MC reaction

Fig. 3 RDF of Si—Fe amorphous
composite oxide.
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PR RS U CH B CHDL LMD DO HILTND
S, IRFHTHIC IV RIELT VMBI HY, SaEs =k
DHILTND, IR O —2 L TF R kel AT
0, BDOEZARIIL TR, ZZ THIDIRREFELL T,
FldE N D Y E R BN AR T B T2 ORI -IN A FLOT
FRIZ RO PEB S DOREFA ML TZ[3], ZORER, Hkk
BRI Z X~ CREERE YNU-5 245250, filfiirEresm)
bEEBZEICHS LD TS5,

2. IR

YNU-5 DBERAROHHAER D $AI 72 FIEZ RIS
. YNU-5 OBERA (YFI cal #558)1.0 g % 0.2 mol L™
NaOH 7KK 60 mL (ZHRESH, 105°C OJHE CHIZAL
72306 1 h BERUTC, IRA AR, mloriiEtk, iRt
JKPEL, 80°CT—MRAZHRSE 7=, 5017 [E A (Rl E
68~70%)% YFI-BT EMESZEET %, YFIBT [E{A%
0.35mol L' 721 2.0 mol L ORHEAZKIANEH, 130°C O
FANSAZ T 24 h AL 7=, 150y, ke,
80°CHEIGA 1 TS [E{A% deAl-[YFI-BT] (x) L350 7%,
FEANAOAE x 1%, ICP-AES (2% Si/Al e STl TH
%o FREPERBIZ 69 DB BGOSR DT, 1
HO YNU-5 BRICSAE T THBLALL, deALYFI (v) #4572,

3. fEREEE

200 nm

Fig. 1. FE-SEM images of YFI-BT showing the
cross-sectional structures: examples of mesopore
channels approximately (a) vertical to and (b)
parallel to cross-sections.
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Rt R D, YFI BASICRHBRYSR XRD /"2 — %
5.z 1=, SR X% YFI-cal & YFI-BT O Ci&
WRRBINRD -T2, Fig. 1 @ FE-SEM 1813, A/ 4L0
{FER TR L CTND, FT2, BRWAETHERBLIOEN
(2 FE S EOIRITIZ Lo T AV FLOFFAEN AR
STz, SHIZ NHs-TPD (20, SR - FRAuA-8C
HEER MR DIV T RN I EL BN 5T,

[ A S 2 B AV oS Yk oy i DG
HAFig 21277, Fig. 2a00deAl-YFI (35) DfE R L,
deAI-[YFI-BT] (35) CIZBAL TR LA INL 7= (Fig.
2b), BEEHEEIC LS C, IRBHTHIN L > Th7e s TEME
AL IIHISNDZED DD T2, YFI(75) BLUdeAl-
[YFI-BT](61) DL~V ETHIAIT HE, W 4vh RFENT
HICLDIEMEHR F oM, ZOGAThH, MG
BAFH RO M EICFHE L TWAEEZ TWD
(Fig. 2¢,2d) [3].

(a)

(b) (o)

aBTX
WC5+C5=
oc4
®C4=
ocC3
ac3=
oc2

oC2=

Conversion/ %

aci

Oconversion

Time on stream / min

Fig.2. Product distribution and conversion of hexane over
(a) deAl-YFI(35), (b) deAl-[YFI-BT](35), (c) deAl-YFI(75)
and (d) deAl-[YFI-BT](61). The number in the parentheses
is Si/Al ratio.

Reaction conditions: catalyst, 100 mg; temperature, 550 °C;
W/F, 19.6 g-cat h (mol-hexane)!; He gas flow rate, 40 cm®
(N.T.P.) min™".

4.

2 BN

[1] N. Nakazawa, T. Ikeda, N. Hiyoshi, Y. Yoshida, Q. Han, S.

Tnagaki, Y. Kubota, J. Am. Chem. Soc., 139, 7989 (2017).

[2] N. Nakazawa, Y. Yoshida, S. Inagaki, Y. Kubota, Micropor-

Mesopor. Mater., 280, 66 (2019).

[3] Q. Liu, R. Sugimoto, S. Inagaki, Y. Kubota, Chem. Lett., 50,

1725 (2021).
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EEDSBEBEAR A LI L LR, o EES
RIEDOBRDBLEENS.
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ML AT A4 N OEEEMIEORRBEZ B,
TEMER 2 S TG v b D CON BB
T4 NOAREE, EOREEYIER O MTO filigl
BRI B U CREIC R 21772 o 7.

2. £ B

Cab-O-Sil (M7D, Si Jii), AL(SO4)2 (Al i), H;BO;
(BJR), NaOH, N, N, N, - b U X F)b-(-)-cis- I )V
H=NT o=y At Faxy K, CTAB, BL O
2wt% CIT-1(seed)Z BT E A7 /V (HHAZ Si/AL b
=200, 313, 400, 500 or 600, Si/B Lt =10) Z 7l
L, 170°C, 7 HEIKEGER LT-. Boh/-alk%
TR AT A UT-H, 600°C THERK L
T2 B D TR B O R E & eI
ICP-AES, XRD, SEM, ZFEWiE1E, BLOTPD
WX HIE LT,

3. EBRERBLUBE

ARV TO CTAB OHAFE, FEEFEICED 6
7, AL 722 TOREHIN TS CON HlEts
(K AY 72 XRD 734 —> %/~ L, CONAI¥ 4
A MEEORR AR LTZ. 557z CON Al¥
F T4 N OFEFEHERERS RN T, ARk
JLHIZ CTAB Z UL 7=3EHZ BWC, IR L <
WZRWECEE K U B AR R M KT D m 5 e
BN, FRCEOBEITANA SVAL LB 400 DFA
BFCBEE CTH 5 Z &2V L7z (Table 1) . = Z T,
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ke

CTAB % s/l L7230k (CIT-1_C 400) & L Cu 7z
Wikl (CIT-1 400) @ MTO fil R 2 AR GE L 7=
(Fig. 1). WT b AR /3 Al SRS 70 22 B 3
WH DD, CIT-1_C 400 D5 CIT-1 400 LY %
(LR T AELS, MiiiHmiARFHmb L T
DT DR SN, T OSSR, Al
RED S ETEPEAI O S A7, ki Ok 1-TERE & MTO
AR M\ B R RAE T 2 & A RIS R T 5
LOTHD.

MHIX, AREEOILEYME L MTO Al RHEIZ
E TR EIETERIEIR OFEMICE L CGgiad 5.

Table 1. Physicochemical properties of CON-type zeolite catalyst

e NA=! sh#
Si/AlR  Si/B? fifh ®
mite  ALARTC mREC
CIT-1
- /m?g
- - /mmol g-cat* /m?>g*  /ecm®g? .
313 341 31 0.026 600 0.22 53
C 313 353 29 0.023 640 0.22 102
400 431 31 0.018 591 0.22 59
C_400° 411 28 0.016 625 0.21 113
500 525 30 0.014 599 0.23 58
C_500° 534 29 0.013 627 0.22 102
2ICP-AES, °NHs-TPD, °Nzads., ¢catalyst prepared from the gel

containing CTAB
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Fig. 1. MTO reaction over a) CIT-1_400 and b) CIT-1_C 400 (50 mg

catalyst, 50 % MeOH diluted in N> (9.4 mL min.” ') WHSV =15

h™!, W/F=21ghmol!, 500°C, O:conversion, m:C2=,
:C3=, A:C4=, @:CIl-C4paraffins, e:C5s).

1) T. Yokoi et al., ACS Catal., 5, 4268 (2015).
2) T. Yokoi et al., Catal. Sci. Technol., 10, 4293 (2020)
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Functional materials

[1B14-18] Functional materials(2)

Chair:Satoshi Inagaki(Yokohama National Univ.)
Thu. Nov 11, 2021 2:45 PM - 4:00 PM Room-B (Room-B/Hakodate Areana)

[1B14] Development of a novel route for TUN-type zeolite synthsis and its catalytic
properties
OYao Lu’, Feiyu Qin’, Yong Wang1, Junko Nomura Kondo', Toshiyuki Yokoi' (1. Tokyo Institute of
Technology)
2:45 PM - 3:00 PM

[1B15] Methane oxidative conversion to lower olefin via methanol over metal-
containing zeolite catalyst
OKengo Nakamura1, Shuhei Yasuda1, Takeshi Matsumoto1, Junko Nomura Kondo1, Mizuho
Yabushita?, Ryota Osugaz, Atsushi Muramatsu?, Toshiyuki Yokoi' (1. Tokyo Tech, 2. Tohoku
University)
3:00PM - 3:15PM

[1B16] Synthesis of Ti,O, from TiO, with different particle size and morphology
OAsako Iwamoro', Masanori Nagao', Ryoichi Otomo?, Yuichi Kamiya® (1. Graduate School of
Environmental Science, Hokkaido University, 2. Faculty of Environmental Earth Science, Hokkaido
University)
3:15PM - 3:30 PM

[1B17] Development of highly loading amine-immobilized silica for solid CO,
sorbent
OMiori Kataoka', Soichi Kikkawa'?, Seiji Yamazoe'?* (1. Department of Chemistry, Graduate
School of Science, Tokyo Metropolitan University, 2. Elements Strategy Initiative for Catalysts
&Batteries (ESICB), Kyoto University, 3. Precursory Research for Embryonic Science and Technology
(PRESTO), Japan Science and Technology Agency (JST))
3:30PM - 3:45 PM

[1B18] QM/MM ONIOM calculations for Methane to Ethylene Conversion inside
Coinage-Metal Containig ZSM-5 zeolites
OKeigo OISHI', Takashi YUMURA' (1. Kyoto Institute of Technology)
3:45 PM - 4:00 PM
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3 WL HIFLEEEZ AT H TUN BEA T 1 |k

(TNU-9) X ZSM-5 (MFI) & &SR EL T B 728,
BxRISABREIRENn TS, TNU9 IZTELT 7
AR FH U BB FR 12 38\ ) T MWW Ltk
MHZRHLTERSND Y, —F, TELT 7 R
FEORDVIZEA T A M2 ARHBEREE T 5
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ARG AREREE R EA] (OSDA) i il DKL
R ENHIFES LTV D, ARAFZETIE, MWW A8 A4
A4 FTH5H MCM-22 (Si/Al = 11 ~ 40) KX ITQ-1
(Si/Al = o) & HFEJFRE & L7283 72 TUN BLB 45 A
N DEKERA, O S O FE AR RE
TNU-9 & fhis L7z,

2. FEhr
MWW 7 MCM-22 (Si/Al = 11 ~ 40) &% ITQ-1

(Si/Al = 00) [XBEH 29D GG c 5% 150 °C T
ZNEI5 & 6 HFKBVLEIZ X0 AR L, Bk L
b D& MBEERE L THWE, £72 HS-40 XX
AI(NO3)3-9H0 % BT D Si/Al FLIZ T % & 5 (i
L7z, 1,4-MPB (1,4-Bis(N-methylpyrrolidinium)butane)
Z OSDA & L., TNU-9 ZffifEdh & L CHW -, 5
JFEICHZ MWWEIZAHZ A4 ROSIAILLZIZ T D,
’EA L0 SilAl B, OSDA df:, Na D&, KD,
FEAG SR D&, KEVERRIRE 72 E DGR T A — 2R
TUN BB A7 A FOfEgIC RIE T B L M L
T2 A Bz TUN BB 4 Z 4 M i 2 TUN-mww(x)
ET5H (X MWW BIEAZ 4 b SilAl kL) |, Fhlg
& LT TNU-9 ZBEH VIZHEV, T T 7 AR
5 160 °C, 14 AROKBILIRIZ L W Ak LT,

TUN-mww(x) & TNU-9 Ol fEREi 1% n-hexane
DR IR IS X VAT o 72, B E R = e 3
& %2 VN, n-hexane DHEARKER (W/F) 1% 3.25 g-cat.
h molt & L7-, Jild 500~600 ‘C TV, Lk
I% GC-FID Z W\ Totr L7z,

3. BRBIOUOBL
TNU-9 Of i bimfziz
MWW IR AR (SiIAl =

BT, KEMLEE 7 H Tl
11.5). 14 H TI% TUN A2

Boni, %n 2% L. MCM-22 (Si/Al = 11) % Hi%&
J?*Jr}: L7236, 7 B CTHIFE O TUN-mww(11) D5
BB E) LTz (Flg. 1), TNU-9 & TUM-mww(11)®
SI/Al liZ = Fh 142 L 146 Th o712, SRS
A LIofE S, HRIEEIO SilAl LE, 7L SilAl

4
NI

g

f?H

5 LwhAZ

D e E @é“
%, Qin Feiyu, Wang Yong, #4f % Z

EH:?T

b, KA RIRE 72 ¥ OB RT A —% 1% TUN Y
BT A NOERITEEZ KIFT ZEN DTz,
FEIZKEVA FRIRFE DR K & < 160 °C Tl H%
Bt —EB8E R & L THE->TLE 928, 170°C T
I3 AL 5 H ], 180 °C Tl #L 3 H M THIAHD TUN-
mww(11) %155 = <E MTEDLZ WG mole, KE

N T A — BB RIETREOFEMICONWTIEY H
WET 5,

n-hexane BEfl/>MESSIZ 351 D WG % Fig. 2
(T, TNU-9 & TUN-mwwi(11) 1% [REE E O FIHITE

MWERFOZ ENghote, LELD . MWW BB 4
A4 bEEREEHZ Liz#T Ly TUN BB 45 4 k
O FIEOBARITRL L=,

(@ ()

14 days 7 days

._.\JMJLMJMM\_WJIMJ ‘l’h‘L’U-«,"MW *‘"LH"”“"‘M‘“"‘“J‘MJ |’lmb"“|‘““"‘“‘“4
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Fig. 1 XRD patterns of (a) TNU-9 samples after 7 and 14 days
for hydrothermal treatment and (b) TUN-mww(11) obtained
after 7day for hydrothermal treatment.
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Temperature [C] Temperature [C]

Fig. 2 Conversion and selectivities in n-hexane cracking
reaction at first 5 min at 500, 550, and 600 °C, over (a) TNU-
9 and (b) TUN-mww(11) zeolites.

1) S. B. Hong et al., J. Am. Chem. Soc., 129, 10870 (2007).
2) A. Corma et al., Zeolites, 16, 7 (1996).

3) M.A. Camblor et al., J. Phys. Chem. B, 102, 44-51
(1998)
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D Ee b E;‘_.vf/u:* i(:ﬁl,t Jf';f [E3 . B }; kN ;ﬁ; VJ‘,t L - LHED }7-’-—/!/ Wl LpE
CEPRF S BT R KRB AT RPER TR S

1. # 8§

TR, AR U REEA K ) — b~ EH 5 ki
ZrtEAx (MTM &) BEHSRTHD. Ll
MTM SUSICIZA & 7 — /L O LIRS 5 A #

J—VERRBEOHITLAMERE L THERMENT
W5 D =T, BAXTA4 hOT L UAT v RERR
ZIE MR & 9% methanol to olefins (MTO)S G IE A
)=V E B LR TH DR A L T o TR
T DORISTH D, AWFIETIEA Z AFERELE 7 L
VAT NBEROWM G EFFOEF T4 NEERKL,
filift e L CHWD Z & T MTM s 6 MTO K
PEGHNCHEIT SRR EMNTE L X T A MY
AT A4 M7 e 2O EBENE Lz, £,
Fex X CHA BB A T A FOAIERZZE{LEE5
ZETHBAN Al A HETELZ A RAHBLT

JFEHZ &> T CHA RIS IN D Al 3T 3 g > T
L EBFMoT. CUBAZLDOY T NDITHRIHT
DOFER X v, CUICHA-Am (X Si/Al = 3.27, Cu/Al = 0.04
T, Cu/lCHA-FAU IZ Si/Al = 3.46, Cu/Al = 0.03
ThoT-.
Cu/CHA-Am 3 X T Cu/CHA-FAU % W T A X v
HAH S & S0t L 725 B & Fig.2(a) o 3. it idRE
SUBEOAEBM DA NRRKEL BieoTEY,

CHA-AmM TiIAZ ) — L NEIZERENLTWED
2% L C CHA-FAU TIHMEMEA L 7 ¢ DD e
BENTZ. £7- GC-MS OfE R D)5, Kkt 1L 7
o U EAER Uil (CuICHA-FAU) TOARIFHER
DHER SN TEY, MTO IGOETA/RIER S 7z,
AFBTIEINOORENDS, KICHEESL I Dm0
OSTEE 2 R+ & B OB E R SI2o0 Tk

W5 DI KRFSETITER N Al A SRR R 5.
ETHEINONTHIHETRIL7Z. CHA-FAU | CHA-Am
| QLA N
) %8 | wan 1
ARBIFGE T 1A L E b 2 IO T A L7 TN oo [ aton
CHA ¥ 4 A k%ﬁﬁzﬁik Lfﬁﬁb\f:. NaOH 5 K& . f-; \ oAy | \ f‘w
O KOH o i & K EWIC Si L LT o it e Y e,

CAB-0O-SIL®M-5 muztmﬁk/wv%é)ﬁ@b, ARk
FINCTERGESR & 72D CHA BIP 45 4 R &2A T,

130 -80 90 -100 -110 -120
Chemical shift /ppm

80 -90 -100 -110 -120
Chemical shift /ppm

150 ‘CT 2 HRIKEERKAZ1T > 72 (CHA-Am). Z® Fig. 1 Si MAS NMR spectra of CHA-Am and CHA-FAU
%, TVE=U LA T URBETo T2, CuA A (@)  CWCHAFAU  Cu/CHAAM b)
ZEHAIT &> T CulCHA-AmM Z737-. £7-, Silié L ‘ Il ‘

TFAUBIE AT A & (SilAl = 15) ZHWT, [Fkk

130

% H 15 § T

DOKREE RLERE] (CHA-FAU) CALELZfid = & T £ - '
CU/CHA-FAU % A L 7=. N "3 y —

CH4 @J*B ﬁé’iﬂﬁ}iﬁ} i ./:E%{JILLAQ& 1L, 'H: § “ os CulCHA-FAU
HNTIT o7z, il KOS IZ 100 mg &, 7/1/ ‘N — - L li,lm_ﬂ.[
= F 500 CCC L FRIRIALE 24T - 72 %, B e - ~
% 350 “CIZ"C CHa, N;O, HO 244 2 (Poys= 0.4 ﬁmmmﬁmﬁﬂlm.MH = S
a.tm PNZO— 0 4 a.tm PHZO— 0 08 a.tm PAr— balance) fZ gldn r’|“1-e0:3269 hjmal athana Eg: Eig:,ED:C‘; ’ " F:;Smig:iima(::n} ” *

25 ml mint THHE L, BULE T 7.
GC-FID ) (X GC-TCD {ZCTH#r L7=.

R A %

3. MERLEER

XHREHT N —2 L0, 5572 CHA-Am 72 5T
IZ CHA-FAU 1T & % _$$H’C CHA A4 A LT
W7o, Fig. LICFABR L7250k D 2°Si MAS NMR - A
7 MVERRT. BIESBEOREE, QY2AIl) I QYnAl)
DOl CHA-Am TiZ 0.31, CHA-FAU Ti 0.26 & 72
272 (QYnAl) = (Si(OSi)an(OAl)) . T 7205, HIFE

uus atm, (Ar m\ ce)

Fig.2 (a)Results of Catalytic conversion of methane over
Cu/CHA-Am and Cu/CHA-FAU. (b) GC-MS spectra of
catalyst after reaction.

1) A. A. Latimer et. al., ACS Catalysis, 8, 6894 (2018).

2) T. Nishitoba et. al., Ind. Eng. Chem. Res., 57, 3914 (2018).
3) R. Gounder et.al., Chem. Mater., 28, 2236 (2016).

4) W. F. Schneider et.al., J. Am. Chem. Soc., 138, 6028 (2016).
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et L7z,
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3. WRLEBERE

TiO, JFUEHZ 2 HuiTxt L Tl 72 TiOo/TiH, {1
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1) M. Nagao, S. Misu, J. Hirayama, R. Otomo, Y.
Kamiya, ACS Appl.Mater.Interfaces 2020, 12, 2539—
2547 (2019)

1pm—

Figure 1 SEM images of (top) TiO precursor and (bottom) Ti2Os.
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10 mL/min Z3E L, FOFRINTHHERFIZLD
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3. BRLEE
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(BBSTRPEFL L« HUK ESICB? « JST & & 287 %)

(5.54 mass%)7> 5 SiO-EDA 7% 2.0 mmol/g D KV
T EEALTEY, Si0,-Cl D) 38 %D/ 1
n7a e ET AR LT Z 2R LT
Fig. 1 |Z SiO2-EDA DO F-EICPE 5 BEEHD %7,
BHESHDG, 75 °CHHEDOEER A % H0 LY
CO, DEEIZ, 240°CHHEOHEBERD 27 I /M
EEUAREREOOMINE L. AHERE

23 EDA O (116°C) LV @R T L= Z &

5, EDA N7 VX ARIZ K W U A FmEIALFER
WCHEESNTZ &, £, BWEZEERZAT D
ZEENRINL.

Fig. 2 |Z Si0,-EDA @ CO, W FFM: %777, 400
ppm CO2 % 100 %DFREZNFET 100 577z >
TR L7z, F72, K7 2 > OFHAZERIT 10 %
Thole. LEXY, KR CO, ZWINTE 5 [H
R OB RIS LTz, RFETRE A 0T
VAW S Z N TE S, BUE, T
F5D COLWIXA~DRITN R 2 1580 D 128D, ERTT
27 I VOREEST R REBEEON EERE L
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Fig. 1 TG profile of SiO,-EDA.
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Fig. 2 Removal efficiency of 400 ppm
COz over SiO-EDA.

1) E. S. Sanz-Perez et al., Chem. Rev. 116, 11840
(2016).

2) N. Hiyoshi et al., Micropor. Mesopor. Mater. 84, 357
(2005).

3) H. Miura et al., J. Am. Chem. Soc., 141, 1636 (2019).
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HThbH. TOFLEREMHE L THREH ZSM-5 B4
T4 b (Ag-ZSM-5) NZEITF b 5. EBS, NMR JIE
IZE > T Ag-ZSM-5 WEI TDO A Z - F L 254
DA S, =% &2 E LSRR IRE SN
TW2 b LaL, ZORISOFEMIZH LS
TUVMVRW, £ 2T, ARFJE Tl QM/MM ONIOM # 5
ZHWT Ag-ZSM-5 Wi CTO A X - F L 8 H
KISxaBHF L., S5, iBLX0e2E58/ L1
ZSM-5 PH+F A + (Cu—ZSM-5 35 LT Au-ZSM-5)
WZOWT b RIRRICHEAT 2470, ARSI 4 ik L7z,
2. HELZH

QM/MM ONIOM FtHZHWT, 2 3 T DA X %
154 8 G A ZSM-5 WHIZIEGEA L, DG %
B L2 BT ERERS L OEBIRE (TS) o=
FNX—ZEEL, RT iyl px X —iimAs
TERC L7z, QM FHREICILBI% 2 MO6L & L 7% B
BAsIERI R 2 W, 0B, 19154 8|2 SDD JLE
BE%L, D11 6-31G (dp) FEJEBIE A W7z,
MM EF% D 73512 Universal Force Field 23/ L7-.
3. HEERBIUEBE

ONIOM FHHIZ L » THE b - B R & ZSM-
S NERTO A X v F L B O KGR %
Scheme 1 {2779, Z ORI RE < 3 EBICIOTH
N5, FF20FDOAZLDENFN1AD C-H #E
AN TSI BLO TS2 IZBWTHEKMIZIEH LS,
CAF AR T A (M(CH3)]Y) BAEKT D.

i

*

G T2 ) O

WL i n o ) 7

VI wnh L
SR LS

COER L2 ODAF NN v TV 7T 52
ETCHUEERT D (TS3). TDH%, =X 0D 2
RO C-H FEAD TS4 B ONTSS ITHB W THEKRIIIZ
AR L C=F LU RAERT D, 2 b ZSM-5 BT
DOEBGTIL, AT 4 NEFIZ Bronsted B2 25
K S5 Ag-ZSM-5 35 LT Cu—ZSM-5 &, Znnn
FERL & H72\ Au—ZSM-5 IZ SN D . Z DWW T
BEeBERFLOESRBEEDOETHMTE 5.
WA, WIHPRAE 2 JLvE & U /2B R IR e D AR & = %
JL¥—|ZFH L7z (Table 1). Table 1 £ ¥V, Ag-ZSM-5
BELO Au-ZSM-5 O A X - F L IS Tl
2 3 FHDORAX O C-H fEADORZ (TS2) N
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H#E& DB (TSS) BHHEE CTh o7z, Z OFHE
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LtEZOND. —FH, 2 X UL F L UERET
DEBIREIZEET D E, 2X - TF L UEHO
filfit & L C Au-ZSM-5 REZhTH D Lz D.

Table 1. Relative Energies of TSs from the Initial State
(Unit in kcal mol™).

TS1 TS2 TS3 TS4 TS5 TS6
Ag-ZSM-5 | 279 60.0 329 189 51.8
Cu—ZSM-5 | 13.8 43.1 169 127 45.6
Au-ZSM-5 | -58 503 355 7.5 12.8 18.9

1) A. A. Gabrienko et al. J. Phys. Chem. C, 117, 7690
(2013)

Scheme 1. Reaction Pathways of the Methane to Ethylene Conversions inside Coinage-Metal containing ZSM-5 zeolites
(blue allow; Ag—ZSM-5, red allow; Cu—ZSM-5, yellow allow; Au—ZSM-5).
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Separation technology

[TEO05-08] Separation technology
Chair:Shuhei Ogo(Kochi Univ.)
Thu. Nov 11, 2021 10:30 AM - 11:30 AM Room-E (Stadio-A/Hakodate Areana)

[TEO5] Separation of high pressure organic liquid through zeolite membranes
OMikihiro Nomura1, Kazuki Kamata1, Masahide Matsuoka1, Katsunori Ishii' (1. Shibaura Institute
of Technology)

10:30 AM - 10:45 AM

[TEO6] Synthesis of ethyl acetate by membrane reactor using AEl-type zeolite
membrane
OYuma Sekine', Motomu Sakai®, Masahiko Matsukata'?® (1. Department of Applied Chemistry,
Waseda University, 2. Research Organization for Nano &Life Innovation, Waseda University, 3.
Advanced Research Institute for Science and Engineering, Waseda University)

10:45 AM - 11:00 AM

[TEO7] Development of MIL-96 monolith for CO, adsorption and desorption
OHayata Hori', Motomu Sakai?, Takaya Matsumoto®, Tsuyoshi Asano®, Masahiko Matsukata'?* (1.
Department of Applied Chemistry, Waseda University, 2. Research Organization for Nano &Life
Innovation, Waseda University, 3. ENEOS Corporation, 4. Advanced Research Institute for Science
and Engineering, Waseda University)

11:00 AM -11:15 AM

[TEO8] Investigation of dehydration performance from products of Fischer-Tropsch
synthesis by ZSM-5 membrane
ONaoto Chihara', Motomu Sakai®, Masahiko Matsukata'?® (1. Department of Applied Chemistry,
Waseda University, 2. Research Organization for Nano &Life Innovation, Waseda University, 3.
Advanced Research Institute for Science and Engineering, Waseda University)
11:15AM -11:30 AM
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Fig. 1 Methanol separation factor and flux of
methanol/toluene mixture through the MFI
zeolite membrane
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[1] K. Ishii et al., Membranes, 9, (2019) 94
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Fig.1 PV test result
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Fig.2 Membrane reactor test result

Tablel Results of membrane reactor with AEI & MOR membrane

3. BABLUEER

EREDOFFEIZ LY AR L= AEL ¥R L OV AEI R Membrane Reaction AcOEEyieId Dehydrationo
o T . XRD |2 ABI HEE A RER LT, X 6lc temperature / K / % percentage / %
N oo AEI 363 75.3 60.3
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i & 4. BE TR
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ZaR LTz, ZHICX Y AEL BEE WK ORI &

1) Bk, “Na-MOR [lEZ W= A 7 L
V7 72 —IZXDHBT AT VD7 a—4558K
B0 AR T2 (2020).
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1) Y. Zhang et al., J. Am. Chem. Soc. 138 (2016)
5785-5788.

2) ARG, EEMEBL R OH ARSI DN
BEMEIORE L, WO02018/062504
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MERESEAM 22Tl H,0/CO,. H,O/H, %4y
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M#%IC, FT B4R 2K ERED £ E@mET
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PREZ MG LTz, T OB, BUSGMHFIEIEM: uitsﬁﬁ%é&
FREE L, BEREA 533 K, PEEfEA 6.28%10% m
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T HIEMEZ R T % 72 JEMERBR 21T o 7o, R R
F4.5h 128175 CO DOFHHRLZFRIT 383 %L 72>
7o Fig. 1 (TIEVERBR IR T O LR A0 2~
INIVEHEREMRBaEELHLZEZA, o=
0.583 L 7x o7z, Z OfiiZ FH T, FT A RkA R
D25 DK DT T EERR AT o 7o, G DOFER L L

TIX, CO DAL M 38.5 %, HH{EL R AR N
a=0.589 & IEPERERIG & [FEkOZE) %2~ L7, Fig.
2 |2 Na-ZSM-5 E~DHEAE 7T A (Feed), @it {f] 7 A
(Permeate), FEi%E B A A (Retentate) DAL & 7~
ARk L7z HoO 21K 55.6 %% RIC L VERELZZ
& T, HoO DOFAEA Feed @ 9.85 %70 5 Permeate @
259 %~ LHIIN LT-, ZDOBEOSHHREE RIS
&, H,O/H, = 2.9, H0/CO =5.5, H,0/CO, =13,
H,O/HC =57 L 72 o 7=, L7z -> T, FT ARG
ZMEF(533 K. 0.9 MPa), F7- FT A RAEMIAFAE
TIZBWTH Na-ZSM-5 RS KiB SR 2 45
DT ENRENT,

y =0.3242g05%%
R?=0.9858

Wiini-
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Fig. 1 Product distribution of FT reaction

at 533 K. 0.9 MPa.
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Fig.2 Molar compositions for feed,

permeate and retentate.

4. BEER
1) M.P. Rohde, G. Schaub, S. Khajavi, J.C. Jansen, and

F. Kapteijn, Microporous Mesoporous Mater., 115
(2008) 123-136.
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Fine chemicals

[TEOT-04] Fine chemicals
Chair:Kiyoshi Kanie(Tohoku Univ.)
Thu. Nov 11, 2021 9:15 AM - 10:15 AM Room-E (Stadio-A/Hakodate Areana)

[TEOT] Constructing photoredox system with platinum nanoparticles of pyruvate
conversion to lactate and revealing the reaction mechanism
OYu Kita', Masanobu Higashi1, Yutaka Amao' (1. Osaka City University)
9:15 AM - 9:30 AM

[TEO2] Development of supported iridium catalysts for the synthesis of
benzoxazoles via dehydrogenative or hydrogen transfer pathways
Han Yu', OKenji Wada', Feng Qi' (1. Kagawa University)
9:30 AM - 9:45 AM

[TEO3] Preparation of silica supported Pt nanoparticles using immobilized platinum
complex on silica
OToshiki Nishitoba1, Yusuke Ishizakaz, Kazuhiro Matsumoto1, Katsuhiko Takeuchi1, Choi Jun-Chul
2 (1. National Institute of Advanced Industrial Science and Technology, 2. Graduate School of
Pure and Applied Sciences, University of Tsukuba.)
9:45 AM - 10:00 AM

[TEOQ4] Scale-up of Amberlyst A26-Catalyzed Aldol Condensation of a-Tetralone
with Benzaldehyde under Continuous-Flow Conditions
OYasukazu Kobayashi1, Yasuharu Morii3, Teruhiko Tanaka1, Nagatoshi Koumura1, Hajime Kawanami
' Koichiro Masuda', Shun-ya Onozawa', Kazuhiko Sato', Sha Kobayashi®' (1. Interdisciplinary
Research Center for Catalytic Chemistry, National Institute of Advanced Industrial Science and
Technology (AIST), 2. Department of Chemistry, School of Science, The University of Tokyo, 3.
EYELA)
10:00 AM - 10:15 AM

©The Japan Petroleum Institute
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SRVEE S TFRER SN TWD. BAEMRET x L X

—Thb 5 KB & MEKIERE L OJRRME TH D CO,
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7272 CO R A HEAMT 8 L OV Sy Rk i oy 7B B O e
NATOIRIND . T TAMIGEE, AR E S D
— DO ThDHRYIAMEE CO, LR NLF—0 b EL
U, HMBAERTRY LMOERE B & L.
ARFEFRKIL, FOBBROT O L E R TICHES
HBBAERICET 22 WmET 5. EArE VB
JEEICITIE, FTHDEEREVRIKRER AR THO LD
A, BT BERBIORY = rea Y
R THLTH&T /K7 (P-PVP) 6725
St biETCR VEEMA L. (K1),

. ZnTPPS*
ZnTPPS My /i1f°" Lactate
Eﬁé
ZnTPPS* OH Pyruvate
BAHERIC NV = ) =T I nwm AR %
ﬁ ﬁf7k77:ﬂWTW74)/TF7XW$T~}

(ZnTPPS), B IERICA F L E A n—4 2 (MV), filiiz Pt
PVP % F 7o AR EBREN BN P 2L B L fRiR TR

TEOAex

TEOA

2. KB

TEOA (0.20 M), ZnTPPS (17 uM), MV (1.0mM),
Pt-PVP (145 ; 160 uM) 5 L OB /L B U Na (0
~10mM) &L UNRIRIC N 7 T T R NIRIC
AW & B2 2 & CRIGZBM Lz, ok
THOHENE U BB L OER LZIBIZA 47
~ NI T4 =TV EELT.

“ 2
/\@'!‘/\ ,

TEOA, ZnTPPS, MV, Pt-PVP B X NE /L E R
Na (2mM) ZETeSOSEIRIZ AIH A 24 KpEIHRST
L7ofb S, LRI & & HICE R IS FLEE DS AR
L, EVEUEEOK 40%3FEE~ LRI S 7z 2.

ZORUGFRTIE,  FLERARUTAN 2 7K F8 A R A (R
IZHETT L, AKRFBIIEEHOTm b BNESICERE L
THRAELEEEZOND. LIRS L OUKFEAERITH
SIICHEITLTRY, EAEUVBUEREELELS T5
Z L CRFEAR AL, FLBAROMEET D Z
LT LTz,

WIZ, ENLVEVEGEITCRICHT D pH OEEL
AT, HERMESE CIE AL L OVKFE RO W E
EOLIEI ST ZAUTIELER R KX OUKSE AKX
Ebo bR N ELEET LD, Ta M URE
DRV ISR TIImE & bMml SNz LB xS
D, TAUTH LERESMETIE, 7'e FREDE
WZH D BT, KRFEARITME S U FLERAE R D 7
RSN, ZOBREEPLNIT LD, 7r
~AbSi7z TEOA =¥ ([TEOAH']) I8 &L UHLE
AR OFEBIBITR 2R~ 72. 2 OfER, [TEOAH'] 23 &
KRB ONTIHMARS M L 7=, BRI T T
I TEOA O K#5y7 TEOAH E L CFELTHEY,
EALEUBOINVR=NIEDO T m N AL ERET D
TR ENTZ. L7205 T, [TEOAH] D&\ R
PESME TR A R MR E S - 2 B 2 5.

INOLORREEE X, EAEVBEETRICHE
S AMARBEEEHE L (K2).

1) Y. Amao, ChemCatChem, 3, 458 (2011) .
2) Y. Kita, Y. Amao, New J. Chem., 45, 11461 (2021) .
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W DORISIC X B R F %9 — VEHA I
xHLUT, BENTIEEEZ AT HHERA U 20 Al
ZEAELIZOT, METH 2,

2. EBAEK

ffb T # A EEfihE Y, [Tr(cod)Clls (cod; 1,5-
cyclooctadiene) ® THF &I, filil=2 2 M fil
i (JRC) BT & U HDOWMIKEEIR - gk,
ARFEEEH 500°C T 30 HrfEliET LTI L7,

b S 21 Pyrex 8 Schlenk 44 (W4 20 mL)

AW, PIEED Ir ik, 227/ 7=/ —)b
HHNI2-= b Tz —b, BRIOFHE—HT IV
a—EMZ, RRJEOT VI UERKTE, WA
BEE {2 oAy N A X —F — & HWTHT
ERFMBOR STz, BRI AT L a~ N7
74— TR L, Efl X ONERSITIX
NMR, GC-MS, GC #HW\WTiTo7,

3. RBEREBIUEE

Fix OB BBIEDIEF A U 20 MEAFIE T,
2271/ 7x /=) (1la) &N UNLTa—)u
(2a) DS TR LT & 2 A, FrZibF ¥
VHEERA U U SRS EEME R LT, RS
PEIX, F#=7HIEK, (U7 AFIEEEL LA
Vo AHEFEITKAT L, FFIZ[Ir(cod)Cl]x(cod =
1,5-cyclooctadiene) % 1 U <7 AR{BRA & 3% JRC
(il 2 R ML) -TIO-10 fHEFFRED i S &
TEPEZ R Uiz, RIS AR — R T L a—L
WZHEHATRE T, ZRENRIET D A F 4
— NN REFRIRETHE LN, £z, RAEIETE
GBI - RIHATRETH 0, BUSINEARE Atk
BREE DRER D DAY — Rl & U CTHEEL T

D EDNIRENT, BRNRAMEO K EITIXER 2
nm Al O EE IO LAES IZE TR EER A U ¥
U AFENIR S TE Y, L AR O FE K
ThodEHEIND,

Table 1. Scope of primary alcohols for the acceptor-less
dehydrogenative synthesis of benzoxazoles.

OH
@: + RCH,OH
NH,
1a 2
1.0 mmol

IF(2 Wt%)/TIO-10

(1.0 mol% as Ir) O,
20 h, under Ar N
170 °C, Mesitylene

3a

1.5 mmol

Substrate Product Yield (%)

@/\OH
2a
PO
2b
/O/\OH
e 2¢
Q/\OH
Cl 2d

o)
O, w
N 3aa
o)
(O,
N 3ab
0 /
C[ />—< %O 99
N 3ac
o)
@[ />—< %C' 90
N 3ad
OH O
/>—< %F 99
F 2 N 3ae

S U
2f o] 3af

€

—7, 22=btu 7=/ —)L (4a) ZJiEETD
IKFBEROSIZIE, JEIRTF # ik (HTO) Z4H
RRIEEAR & L THOWTIHRER L2 U 2w A filfi
PEHICHEB T o7,

Ir(1 wt%)/support

0
OH
©: . ©/\OH (0.5 mol% as Ir) ©[N/>—©
NO, 18 h, undgr Ar 3aa
4 170 °C, Mesitylene Support: H-HTO 92%
a

HTO 84%
TIO-10 49%

2a

1.0 mmol 0.82 mL

1) For example, K. Wada, H. Yu et al., Chin. Chem. Lett. 31,
605 (2020); H. Yu, K. Wada et al., Catal. Today 375, 410
(2021); H. Yu, K. Wada et al., ChemCatChem 13. 3588
(2021).

2) H.Yu, K. Wada et al., J. Jpn. Petro. Inst. 64. 271 (2021).
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HEEAS (B510EH - BHEFHERR)

YU AEERA®Y VY r— MRz RiEAMA & LR

Pt F / Ki+ DR

1. ®#S

HEF Pt 7 K13, KFOSOE, BALBUG 72 E D
fifit & U CHRIAS FIH S TR Y, BACHFZES L
TW5, & RERREE OB CIEERER LA
BTV DA, FEEHE E~OBFEFEZIT 55,
RS B ISR R ERIE A B Y | ARk L7z Pt il
DY —LRHEETZ L FbivT\nbd, Y RBFFE T,
A&y ) r— MNERE ) DIZEERL, 2 2h
OHFFAGT /R AR 5 2 & T, RO §E
E0E VU AR E RO AR D B A
D BRI Pt R ORI ATV 2 ORIV 2
B &M LT,
2. EBR

H&Y YU 7r— MEROAR, BIXOWHETHS
72— KU A Aerosil-200 ~O & E(LIZIEHRIC
o TIT, 3wt% D [ & [ E(L L 7= 2 U B [EEAL
A&y ) r— MEREZHR L, 2 20k, BHR
FHEKT. FrEimeE <2 R L, > U I #FF Pt
F 7RI f-(3wt% Pt/Silica-A) ZFAR L7z, F7, Mk
& LT 3wt%? PY(NH3)a(NOs), SfAZ RifEA L L,
BRBICEOEEE LY H#HEEF Pt S kLT
(3wt% Pt/Silica-B) DOFf# 35 270 o7, TR L 7= Pt
K- ORI, L5346 % STEM BRI L 0 | il
W Ey 7t s 7 o OKFECKIST L0 FEm L
7
3. BRBLOEBLE

¥ 1121 300°C THERL L 7= & & D& kLD STEM
HRB L ORI ESfEZRL TR, EH50FEHT
BWTH PRLF DAERDPHERS S LT, B ORI F£8
BB L7z & 2 A 3wt%Pt Silica-A |3 3wt%Pt/Silica-
B LU LRI BB/ ERbhoTz, Th
X AT ) r— MEREEERT D2 LIk,
BERR AT I BV TH LT Pt ARSI X
TNl iZ B X b b3 Fig. 2 121% 150,300,
450°C THepk - Boex 7ol Bt O/ mnt s 7

o Lok x NN s
BT OWEN #E" - A & - AR Fogl”

fo&L

DIRFACEIEFE R % 7~ LTz, 3wt% Py/Silica-A 1%, B
AR+ EICIREEITIE & A ERAAE T 90%LL LI
ZRLTHEY ., 3wt%Py/Silica-B LV bEiEZ R L
Teo Y70 F 7T o OKRFACIEEIT T Pt F-EUC
EETDHZEDMOLNTVDEZENDL, Y 3wt%
Pt/Silica-A ORI FPED/NSWNT & RLFFE 7z,
INHORERENS, A4V VY — MMEEREEL
UM ERB L, SRR D ERRT S Z
& TURIE T O Pt FEDOKL LBV EHE D 7] b3 52
BRI b0l Wfrsng, YAEKTIE, b
EIEMEDOERIZ O T HHET 5,

(a) TIHFE 16nm (b FIHFE 25n0m
250 90 gua —

frequency
- n
o (=3
o o

(=3
o

(4]
o

-y

-

0 B

51152253354455 6 7 8 9
Particle size/ nm

X 1Pt/ RiFHE Y D STEM # L KFEAN (a)
3wt%Pt/Silica-A. (b) 3wt%Pt/Silica-B

()

(2.45 mmol)
100

: .l
10 |° l
0 ... =
051152253354455 67 89
Particle size / nm

Cat. (20 mg)
+ Hp

(Tatm)  |PA, 25 °C, 45 min
(4 mL)

80

60

40

20

Yield of Cyclooctane / %

0
150 °C

2 I aF s T RFAIENE & BERK - R ICIRE O BIfR
M 3wt% Pt/Silica-A. M: 3wt% Pt/Silica-B

300 °C 450 °C

1) C. S. Ewing et al., J. Phys. Chem. C 119 (2015) 2503
2) Y. Ishizaka et al., Chem. Eur. J. 27 (2021) 12069

3) P. Laurent et al., Dalton Trans. 42 (2013) 238

4) M. Boudart et al., J. Mol. Catal. 30 (1985) 27

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. TEQ3 -



1E04

RNUFRF—ILLA

T7IL F—=ILEEE It

(EBT - EEE{LEm -
BHEF - H 2" - BES
1. #%E
HEDN Y FEE LT, 7 O—k(T 4

NE<. IO, BEYOHHI/MIZ 5N b mdig
EHEMEDORESNHY . /Ny FiEINL TO—EAN
DRENLFEN S, £REHAEEDRREKZ/NKRI
RETEHI( A, EHRIO—FHTTOTILE
—IUBERIZEWNT, 72/N\—1)J X+ A26 h¥fill
L LTEWNEHEREREERTCEEZRHEL
TW3 Y, REXRTIE, ARELEZADFRT—)L
LRALD T O—FHEREEZAVTHERIG
DRAT—ILVT Y TERFHLI-ABEHKT D, F
Y FRIGE T A—RIGIZE D TREFE (k)
,E'IML’,I*)L:‘F (Ea)ZH#\BL. tkE93 52 &
TRIGHEXDEWNEERLT,
2. SRER
mIRONMETO—EE (~10mL/min) H&UE
EHFICHELE-AEOEAERRBEXRIGEE
(~100mL/min) ZAWVWTRIGHFEHME L. 9.
INBRIEBECIESg D RBEEICEWNTIE223gD
EFELIEETUN—1)R b A260 ZfEH S LIZE
BEL, RIGRICHRE Lz, RIZALIV/ZH ) —
JL(E9/1)A % 0.15 mL/min £7=(% 6.7 mL/min T
RBEESELEMND 60 °CIZFREB L=, BENLEIL
LIE-RICREBREBED 5 o-tetralone (la) &
benzaldehyde (2a)Z BT EH R K (0.1 M)ICYIEZ
RIGZBE L=, AEERERIE, BEXEHAL
TRIGHFONEEELILZERRR LIz, RIGE
DEE LERYMG)DEENHTIZIE. GC-FID #H
L=,
TJA—ENYFORIGHRRXZERT H-0DI.
k& EaDEHEEITo-. Ny FRIGIZBULNT, &
BRE0.05MZ—EDFEFE. RIGEE40/50/60°C)
LAEEREQ/5/10) 7 EbS BTk ZE L LT,
JO—RIGICEWT. EERE0.05M LSS
5¢g—EDNFEFFE. RIEREME0/50/60°C)&EE A
O FIEEE(1.0/2.0/3.5/5.0 mL/min) # L & T

HEEARSR (B51EAM - ARIEFER

=)

N)LD 7 O—FHERERE
Eo i

TEA) o/
jIE [AE--%)

ZFHULV=

)

» ¥
%D*
»

BR* - BT EE R -

3. BRBLUEER

Fig. 1 2, NMNUEESIURBEEZTAHITSHE
SNTIREOBBELETRT, RIEEBED K/
&B5F. BET80WNDKRE LI-INEFFI, /N
HELARBEBEDEEREFIZTNETN02gh & 8
gh THofzo RICHORNIEELILEE=42)
DU LEER, EEBICKSLT ., 22°CLLADEESD
MEBEEHLABONz, ChHDFERLY. K
REBZRAWNV-RS—ILT Y TREFIZEVNT, B
ELIZBREFIEOS EH 40 EOEERENEDS
hadZ t&%&bto

Table 1 IZH/ 5N f-k & Ea Z~9 ., MR D Ea
Lﬁ?%%;@ﬁbﬂﬁﬁoto_ﬁ~7ﬂ &
S0 kBIE/NY FRIED 5.1-59ETH>F=. 2D
e NYFRIGELELTIO—RIETIX
K UMEMICRENETT HEMMENRINT,

100

0090 RRRRXRaaaaaaaaa

60 -

e *@

1a (1.0eq) 2a (1.05eq)

Yield [%]

40

20 A

0

20 30 40 50

Reaction time [h]
Fig. | IREDFFFEZEL
A INRVEE (0.1 M, 0.15 mL/min, 60 °C, 5 g-cat)
O: KEEEE (0.1 M, 6.7 mL/min, 60 °C, 223 g-cat)

0 10

Table 1. /Ay F & 78—IZH1T5 k & Ba DLLES

Temp Batch mode Flow mode
rc k Ea k Ea
[L*mol/kg/s] | [kJ/mol] | [L*mol/kg/s] | [kJ/mol]
60 0.042 0.216
50 0.024 55.6 0.141 48.1
40 0.012 0.071
W CORRBEIRRBAFRKEAFIRILY

- EXRBIMTREFAREBNEDO)DZRAXHED

BRE&LoNT.

kZ#EH Lz, MEKXICENT, Eald7 L =D R
Joy rZkYEHLT,

1) B. Laroche, Y. Saito, H. Ishitani and S. Kobayashi,
Org. Process Res. Dev., 23(5), 961-967 (2019).
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Utilization of biomass

[1B0O1-04] Utilization of biomass(1)

Chair:Aritomo Yamaguchi(National Inst. of Advanced Industrial Science &Technology)
Thu. Nov 11, 2021 9:00 AM - 10:00 AM Room-B (Room-B/Hakodate Areana)

[1BO1] Heterogeneous recombinant expression of phosphatidylglycerol-specific
phospholipase C from actinomycete Amycolatopsis spNT115
OKIYOTO KAJIYAMA', MEGUMI MATUI', DAISUKE SUGIMORI™? (1. Fukushima University
Graduate School, 2. Fukushima University)
9:00 AM - 9:15 AM

[1B02] Purification and characterization of degumming enzyme phosphatidate
phosphatase
OMegumi Matsui', Taisei Fujita1, Yuka Sato?, Daisuke Sugimori1’2 (1. Fukushima University
Graduate School, 2. Fukushima University)
9:15 AM - 9:30 AM

[1B0O3] Switching between methanol accumulation and cell growth by expression
control of methanol dehydrogenase in methanotroph
OHidehiro ITO', Kosei Yoshimori', Masahito Ishikawa®, Katsutoshi Hori?, Toshiaki Kamachi' (1.
Tokyo Institute of Technology, 2. Nagoya University)
9:30 AM - 9:45 AM

[1B04] Design of mutifunctional catalyst for upgrading derived from copra
OToshiya Tsunakawa', Eika W. Qian' (1. Tokyo University of Agriculture and Technology Graduate
School of Bio-Applications and Systems Engineering)
9:45 AM - 10:00 AM
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HEERS (B51EAM - AREFHARS

B2 B Amycolatopsis sp. NTI15 HEHRRA T 7 F IS &
O—JLEBRMRRKY /S—F C DEBEMS 2 RIRE

(HEKRE - B, “EX - BI) ORI XX, &

1. %8

HRRAARY/—+ C (PLC) (&, FU+tnO) g
BDYUVBIATIVEEEZMKSEL, D72
J1)ta—JL (DG) ERRKRY IIIERZHERT
SMKDBEERTHD (Fig. 1). HREOCKBE
DHBEICIERY VIEEDH 10%ULDKRR T
7FILT)EO—)L (PG) NEFhTWS.
LA 2T, ENHNAM AT RIZPGHENPLC
(PG-PLC) #{#ERSHEBHZ LICKYNAIF T«
— L (BDF) 8EDR¥ &7 5 DG 4 E
TZ5%. 2T, PG-PLC DKEXEE AR) #
BisL, BEfEMBRARBRITZT o172

2. B

KIBEE & UIRHRE % AL\ T Amycolaptosis sp.

NT115 #k® PG-PLC Bz FDEEMRMZ IR %
HAf-. KBERHETIEEE IM109, HEANI 4
—pCold TF Z AL, MBBEREKETHEBE X
Streptomyces lividans, ¥~ 2 —pUC 702 %
FAWTHRBEIE. &5, HREHRIET 51
& PG-PLC @ C XimIZ Ni FL— k His6 25 %
fTmEt-.

3. R
ABEEFERTEEMHREOBEORERIZEES
Bhot-. WBEEHRRTIXEAERNIZBrEEEN

1 0

NN

Row__O H T'O
\"/ PLC

O

o/\(\o/F No—Xx —p R

1

Diacylglycerol

FE DL DHIH,,
\ o )
’

T T

S5 KB

e
a+
=

EESIHh, BRSO MEE S -BRIIMBL
NoEEETRLE (Fig. 2). —A, BHRRNEENE
B % His-tag 2 YN\ VBERERAZ LY AT+
T574—I2itL=E T3, ERAKBMIZE—N
VRETHUTE PGPLCHH 70 BRSNS
CEEMHRLR. BE, FE PG-PLC ITDOULVTEE
RENLGHEFEBITZToTWLS.

& EFPOBEREN (VL)

0 .
MPD TSB
i

Fig. 2. Relationship between PG-PLC
productivity and culture medium.

ISP2

O

0
—P.

o/\_,.(\OH +

Rz\n/d H

O

Phosphoric monoester

Fig. 1. Hydrolysis of phospholipid by PLC.
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HEEARS (B51EAM - ARILFTRE

B LSRR D7 F OB R I 72—E DR LR R

1. #&

PRI AT BT, TR OB LS I L0 & b
AR R S ORBEEANTH D Z L bt &
HUMZ K LIRS TV D, L L, BEfFRLY LS
WEHLED—y THDHHEAT 7F VUl (PA) &
IIRTEIRNZ EMD, PA BRI TE D
PA R A7 7 % —1E (PAP) DOFHFN IR ke HALT
W5, F7, PAP IZ X% PA OFRERMIT/ NA A
T 4 —EB/VREL (BDF) BUEDRE L 25T v
7 Vtw—/L (DAG) Thd7h, PAP IF#E¥E LA
HeiF vz b (Fig 1), 2O L) ey sod b
ABIFFE CII MO B3k PAP (235 B L, AREE OfFR
&R AT 24T o T2

PAP

Hull

PA DAG
Fig. 1. Hydrolysis of PA by PAP.
2. FIEBXUHR
2.1 PAP &

WREBLADOHMRET A T 7V —D 55 112 %
MBI LT A7 V== 718D, B5%E EIEIC PAP
ZoyUAVEPET D NT-119 BRAZ B L7z, NT-119 #kD
16S rDNA i LB AT O A5 R 20 5 0 AE R IE
(A T~ SO ST
CIFE S AL7o, NT-119 Hk PAP

(PAPNt119) DFFHL TR
T4 =T 44—~ T 7 40— (Pal-G) ZEA
T5Z LITX Y PAPNTie ZESIKEIAIICH — &7

Amycolatopsis  halotolerans
Amycolatopsis sp.

NV BT — R

[Rd] + Atem

AL/ LR L

)L O— (BAEER)

OfH H5 " - iEH

(AR -

KB -

S W/ N
95 7 TELY EOTY

itk TR - A KB

F o BlH 5L

5HFE TR 5 Z LIcEksh Lz (Fig.2), SDS-PAGE
T DFER, PAPNTo 157 FE & 54kDa DR Y <7
F FHN O R D BERER TH D LHEE LTz,
2.2 RERIEMRAT
FERIEESR Y o 7V % VT PAPNri0 D RERFAERRAT
EAT- T-/ER. PA IZx L C pH6.5, 45°C CRe RIGE
o LTz, FREFFREMRBR OGRS, PA LSO I
TEEAEER LR Eonb | KREEFIT PA I2FF
BENAEH T DB TH D, £72. PAPNmio (XEHT
IZ & - THRIEL, 10 pM MnCL RIS X - THEED
L7 & D, M EREER THDH B2 H
b, 1 mM @BREZROSKIZEIML, &A1 A4
ICE DEBER T2 L 2 A, CaCl B L U NaCl 177E
TCIEMEDK 1.5 51 L7z, BifE, REREERZ2 A
WTE 572 0 s R RAT 2 D TV D
3. WBE
HRRE Amycolatopsis sp. NT-119 H K57 PAP
(PAPNt119) %ﬁi U BRFYERRNT 21T o 72, PAPNTIn0
% Mn* 2R, 43 FE & 54 kDa TH V| pH 6.5,
u%fﬁkﬁﬁ%mbko
PAP (2B L CIE, ZHE TICEBAEY IR &
B PAP OFRE BN 50 5 — 7 T, WA RSy
W XME— Streptomyces mirabilis A-2313 H 3 PAP
(PAPA213) DEE SN TNDEDHRTH D D, PAPAxs
S FEEIT 15kDa TH Y | Ca¥ERMETH D Z &
7R END | R BRI PAP & LT % PAPNtio
IR HTAVEE SR CRIBEMES E W &R S T2,
1) FFEEEERA S, IR A7 7 F 2 R A
7 7 H—¥ ok, R 50-142780 (1975.11.17).

OR OR
RO
RO o
R R

JULER LR —R
R = CO(CH,);4CHs

Pyr / Acetone

6h RT

n

Fig. 2. Synthesis of palmitoyl cellulose (Pal-G).
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XY ECHEPRDA S J —)VBKFEEFFEREEC KD

ARG [RAT ) —=)VE#]R
u\k_éhu\\f(fa ;Li)ncﬁ»@b‘\ WilhrbEIe
CRIERAMILLT* - HRI**) OFRRL* - SRR - Al A
Zh»rok L RELLLD

1. #s
(L2 EREZ 7 C RIBRRERE & L i
HXNTwa A& —ult, TERLELECE
mEE . ZEREORIGE LT 5, —J.
ARV L CERT 3 2 2 v EME .
ARV BRAR) =, FAVLTATEF, ¥
B, TR & BRI ICR( S 5 R ERER
BHo, AR TR, A% A% 5
RCTHDLALX)—ATeFasrr—+ (MDH)
D FI % HIFATHE 72 £ & v BCE % 85 7 T
LFRECER L 72, 2 OBIEE TR ih o
EIEA A v oM X Y MDH R Z T 5 2
LT, AR —VOEREHEBTEO YR 2 %
Hfg L7z (Fig.1) b,
MDH % 1§
OFF,

C— oLy
@, €’
ON Rt add

Carbon Assemiason

CHa + 02

CHa4 + O2 CH30H

,N,,}:NT \\““‘% CH30H + 1,0
)
! ¥, '
wlo Y reairoa

cO2 g coz
BAEEEFE—F AR )—I)LEEE—F

Fig. 1 Cell growth and methanol production induced in
methanotrophs by switching methanol dehydrogenase gene
expression.

2. bR

A 2 v FEACHIR Methylosinus trichosporium
OB3b (AT OB3b#k) %M. HHIFEMHL 2%
X Y A4 D MDH T» % mxaF Bfn 1% KiA
X/ EEMREWEL 72, T D OB3b mxaF Ein
FRIEKE (OB3bAmxaF ¥£) %. Hlo MDH T&
% XoxF DFRBIGMNTH 5 Ce¥ 4 4 v E&FHRHIC
THi#EL, Y/ LDNADPCR £V =2 RZ VT
Oy T AV T E{To7z, Ibic, Kb oeE
A4 v EREEEE—TF (Ci*' 14 v AE, ce
AFvER) PoAX ) —AEEE—TF (Cu*'A
TV EH. CHA A VYARE) ~UIYEZTOB3b
AmxaF HRZTEZ R E | FROBEHHE & b o 2
2 ) — VIR &R HEE L 72,

3. EBHERB LUER

EZE L 72 OB3b A mxaF B> 5%/ L DNA % i
H U, mxaF 851 O EAE % PCR THIET %
&L HAEOBMBLY BT v 7Y aviiis
. mxaF BT RIBL TV Z LRERTE
7eo PUMxaF A ZH VT Y 22Xy T 0y T4
VRN BT o2 T A, AU TEHLRNALT
D MxaF D RIBZ L L 72,

OB3b A mxaF #RDEEHIAAIC 51T 5 Cu?'B &
R Ce¥ 4 F v oiREic kY, HikEEE—
FeEAR ) —NEFEE—-FDRAL vF v iR
H7- (Fig.2). WREFE— FTHEL 7 OB3b
AmxaF % * % ) — VAEFEE — F ofEicht 2
D77 A, EARKIIZT L, R & 3t
IR 2 2 ) —ARERE LTz, Z DRI
L7z Wik % BEREEE £ — FICEAAR 72
H. DTPICA R 7 —ARER L =28, HiH
FEICHE > T AR ) — 25 X NP DIREE &
[FIFEEE & CRIABNES FE L 72, M EofE R s
5. OB3bAmxaF #D A & 7 — VK iR I
FIHIC X B A XV IA R ) —AEEWRITHIN L 72,

Cuzt =0 uM, Cuz* =10 uM, Cuz* =0 puM,
Ce™ =25 uM Ce*=0uM  Ce™ =25uM
i T % HEHhICHEAREE IR RE
— 4| BEEEEE-F AR/—LEE BEEEEF
£ £—F
&
b3
o 05
L
0
g 4f
& |
Yo
sl |
&+~
B O

Time / day

Fig. 2 OB3b AmxaF mutant switching between cell growth and
methanol production conditions by modulating copper and cerium
concentrations.

1) Ito, H.; Yoshimori, K.; Ishikawa, M.; Hori, K.; Kamachi, T.,

Front. Microbiol., 2021, Mar 22; 12, 639266
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AT SHERNATHAILDKRIEHRED L REMEDERET

1. #%E

Ty MREHAGD COp HEHIFHIERR IR L A2 1
THHERDO—D>THY, ZhaEsz) T, MEERT
2050 FFETIZ CO HEH EZ I ETHI 52 L
ZHELL TR QD 20 AEA R T 57291
X, AV =y MBI OE AR LEAR AR THD,
ZZTARMZETIL, iInFaa )y Y O AERE TOREHE
W ThHa7 7% KER TR CRE LT A A A A
JL(Copra-BO) & /& 5 /3 A A4 = MR B 14
{24 H L7-, Copra-BO (1% Ce-Cis iR AL 7k # (20-
30%) TN %, Ce-Cis WEHEAR /i (40-50%) | 7 ik 55
{EEW(L0%FEE) B LD EDORN ZURYRNE £
TUW5, Copra-BO 2/ A 2 = MREHI 45 7=
DT, NENIBE DR IR IS B R G OKFE
LWL 3 SGH L ORAL K FE D BME(LE s T %
7 RS DIRIRF I Z D 2 M RE A 2R G 13 DA BN
bb, FZTARFERTIE, 7AW HEHE B
ZSM-5 ([ZHHEFL . E5I2 Pt Z4HEF L7 2R REMIEE 2
FHELL . Copra-BO OB &1T-7=,

2. BB
2.1. iR RS
SASBERLI X IR IE IS X CGRBRIL 7=, TV Y
THEA B MR KRR Z ZSM-5 |2 E RS, il
MeO/ZSM-5 filliEAFHHL 7=, 512 Pt 2 fHERFSH
Pt/MgO/ZSM-5 fifli i &-FHHIL 7=,
2.2. B4 R332 & S fil i 14 RE FE A
A=k —712L% Copra-BO OSE %, KFEE
77 0-2 MPa, FUGEE 300-340°C, B H;R#E] 3-6 h
TAiTo7z, Pt 25 Tofi 1% 7K 58 k3% 5T (400°C, 3
hY 21T o7, DI RR AR | AL R D 53
Wra GC Izl TEM R IWERLZ,

L BRELUEER
Copra-BO OUSE SR W T, KRR EL

T, C1-Cs [R{b/AKFE . CO., CO2 M. RIEA ML T,

Cs-Cig JRILK BN AN S 3172, CO2 DFEA, Ce-Cus
BRALKFEDEENN ., JEIEEE DR L0, 7Y L3
& B TORRRAEE D WL IR BE S Z 7 ZE DR
XAz, Fio, Co-Cs RALKFEDER LY ZSM-5 |2
FDKRFMT ToF LTINS T2 2D DNND,

ek L AR P

GREC T A22) O ([0 . ke

Table 1 (243 KO BUGSETD Copra-
BO H1 D JE I i D HiAb 3 (xera) « JIE A B8 100 15 1 2
(Soco)s 7S AT = MIEHE 73 T2 Cr-Caa fRAEIK
FCFENR)Z R U, AT T v Y
AR BRI IZ LD Tl MgO/ZSM-5 @
Spco DI K THoT=M, Yo 1T bIRVMEE /257
(Entry 1-3), SUSSMHIZHOWT, filli & (Entry 1, 4,
5) B L O EER (Entry 4, 8) & MEH7-LZ 5,
Xeras Socos Yie 230 L3 HZEN b7,

KFIESIE 1 MPa OFF, WD/ T A=
EfE&72>7=(Entry 4, 6, 7), Spcolx 1 MPa DIFLY
K< o72, ZhUE, DCO LV HDO 73092
EBREZHND,

WA ZREREfk A FV /- Copra-BO DB %17
ST A, THERERME DL FERI L7 A B R e &
7ol CHEREARIEL DR ATTIE, Spco & YiE N
B Uz, 2, Pt & A2 L2 H o> MgO
A& ZSM-5 OEEH A NEIE O ZER L T,
Pt T SIEBE D2 T, LinL, BUSHIZ
R Sba— RNl L TnbZERnboTe, &
DI PUZE D= — 7 iifil4 R HZ L TET-,

4. $E5R

[i6] AR S S T8 (AR e C oD B e Al Cl%, Copra-BO
HORRRAEE DB IESE . IRFBEHHD KT TvF
TINEIZSTNHZENHER TETZ, £/, Pt OHHEF
IZR o Ca—2 R IMfilEnsZ L birotz,

Table 1 The result of test on diverse reaction condition.

Entry Catalyst ~ Reaction Condition X rea Spco Yie Weoke

(supported Wea Pro  trea  [05] [06] [%] [wi%]
by ZSM-5) [g] [MPa [h]

1 MgO 05 1 3 47.0 63.3 140 1.13
2 Ca0 05 1 3 68.9 62.2 17.4 1.83
3 BaO 05 1 3 58.2 54.8 155 1.05
4 MgO 1 1 3 86.4 575 22.6 1.16
5 MgO 15 1 3 88.9 75.0 31.6 1.79
6 MgO 1 0 3 69.8 55.7 16.5 0.91
7 MgO 1 2 3 74.8 53.1 20.1 0.90
8 MgO 1 1 6 834 68.1 252 3.54
9 Pt MgO 1 1 6 86.5 56.6 21.6 1.84
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Highly efficient

5-hydroxymethylfurfural

Hakodate Conv. of JPI (51st Petroleum-Petrochemical Sympo...

of
by

fructose to
continuous flow

degradation
(HMF)

processing in multiple solvent system
(AIST) OPengru Chen - Aritomo Yamaguchi « Naoki Mimura

The synthesis of bio-based HMF is attractive because of
its valuable market potentials. Here, we achieve the
continuous formation of high selectivity and yield of
HMF from fructose dehydration in a H,O-1,4-dioxane
(D10)-methyl isobutyl ketone (MIBK) ternary solvent
system over Amberlyst 70. The presence of DIO
promotes the fructose conversion, and MIBK prevents
the side reactions by extracting HMF from active
aqueous phase.

Fructose dehydration + HMF - Solvent system
n.mimura@aist.go.jp (Naoki Mimura)

1. Introduction

Bio-based HMF, produced from acid-catalyzed
dehydration of fructose (Fig. 1), has been identified as a
versatile intermediate for clean fuels and degradable
polymers.? Production of HMF with high selectivity is
challenging because of the high reactivity of its
functional groups, causing concomitant side reactions
under the evaluated reaction conditions. Solvents with
high boiling point, such as dimethyl sulfoxide and
gamma-valerolactone, are using to access high yield of
HMF, leading to formidable energy consumption in
downstream separation and distillation. Here, we
perform an economical reaction system by using low
boiling point solvents to continuously synthesize high
selectivity of HMF from fructose dehydration.

[}
HO“ZCQCHZOH " HOH,c O _CHO
+H
OH — 5 U/
HOY OH -3 H0
Fructose HMF

Fig. 1 Production of HMF from fructose dehydration.

2. Experimental method

The dehydration reaction was conducted in a flow
reactor with Amberlyst 70 as the catalyst. The aqueous
feed consisting of fructose and organic solvents were
separately pumped to the reactor at certain flow ratio of
two phases. A back-pressure regulator was installed to
keep the reaction fluid in liquid state. Product sample
was collected after the system reaching steady state and
analyzed by HPLC and GC.

3. Results and Discussion
Fructose was successfully dehydrated to HMF over

Amberlyst 70 owing to its strong Brgnsted acidity.
Organic solvent present in the reaction mixture greatly
affected the reaction performance. In the monophasic
system with water miscible solvents, fructose conversion
was above 90% and DIO gave higher yield of HMF than
other solvents. FTIR analysis revealed the stabilization
of HMF conformers in DIO. In addition, the rate constant
gradually increased with the increase of DIO
concentration. ATR-FTIR analysis of fructose in varying
ratio of H,O to DIO confirmed a blue shift of OH
stretching vibration when increasing the amount of DIO,
suggesting strengthened H-bond interactions which
contributed to the increased dehydration rate.? However,
the humins formation was significant in monophasic
system. In contrast, biphasic system could minimize the
side reactions by continuously extracting HMF from
active aqueous phase. 94% carbon balance was achieved
in H,O/MIBK system ascribed to high partition
coefficient of MIBK to HMF, whereas the fructose
consumption rate was moderate with only 64% fructose
conversion. Therefore, a H,O/DIO/MIBK ternary system
was performed in order to combine both benefits of
monophasic and biphasic system. In this system, HMF
with 93% selectivity was continuously produced at 90%
fructose conversion (Fig. 2). We conclude that the
presence of DIO and MIBK in the system simultaneously
contributes to the facile fructose dehydration and inhibits
the side reactions. In addition, the reaction system
exhibited good stability even after 10 h.

[ | Conversion ®m  Selectivity
l:| HMF vyield ® C balance 100
100 e g T 3 e -
. e . S
) [] e m F80 >~
[ - Q
o 80 | I — §
[} = o}
E\ 60 % 3
5 ]
c 7 B9 90 2
2 B4 l40 ©
2 404 i 0 BO 80 2
g & 72 2
3 oo 8
O 201 20 @
w
0 0

10 73 32 11 12 O
Ratio of DIO to MIBK

Fig. 2 Effect of the solvent system on fructose dehydration.

Conditions: 0.3 M fructose, 0.5 g catalyst, 120 °C, 1:5 volume

ratio of aqueous to organic phase (total 0.18 mL mint).

1) Q. Hou, et al, Green Chem., 23, 119 (2021)
2) T W. Walker, et al, Energy Environ. Sci.,11, 617 (2018)
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B EAIT I E R R LT,

IMERLEBR
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KOH/g-oil TH V| A AT 4 —E/LD=— Mk
(0.5 LLF) #ii7- LT\ 5, MRER T 3k
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S AT
34

R

v

- HiBD #f*™)

e N (AR S SR

I EFRAE™,

VAT ALBIZBWTIE, £ TRISERDOIEIRE
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WS Doy Te iR 1=, S O FEEE
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© 0 5 10 15 20 25 30
FFfEl[h]
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[1] H. Tani, et al., Catal. Today, 164, 410 (2011).
[2] N. Paweesuda et al., J. Jpn. Inst. Energy, 94,
1393 (2015).
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1740-1763 (2013).
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Res., 51, 761-768 (2018).

3. A. Fukuoka, P. L. Dhepe, Angew. Chem. Int. Ed.,
45, 5161-5163 (2006).

4. H. Kobayashi, Y. Ito, T. Komanoya, Y. Hosaka, P.
L. Dhepe, K. Kasai, K. Hara, A. Fukuoka, Green
Chem., 13, 326-333 (2011).
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ChemSusChem, 3, 440-443 (2010).
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Green Chem., 17, 2732-2735 (2015).
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(2013).
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(2016).

10. P. Chen, A. Shrotri, A. Fukuoka, ChemSusChem,
12, 2576-2580 (2019).
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Chem. Soc. Jpn., 93, 273-278 (2020).
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The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-Petrochemical Symposium of JPI)

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
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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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/RLTZ (Fig. ). XRF (240 K OFHRENET 5L, Fig. 2. Co/Ko.01Mgo.090x D% JLil FE DE M~ D228,
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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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The Japan Petroleum Institute Hakodate Conv. of JPI (51st Petroleum-Petrochemical Symposium of JPI)

Hydrogen production/energy carriers/CCU

[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

©The Japan Petroleum Institute
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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.
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60

NH_conversion / %

—O—Ni/BaTio(S) ]

20 —O—NifBaTiO (1)
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400
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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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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).
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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
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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
| Y1800~ .
5 | \800~2000 e I 0.01 Co/SiO,
D S =
2 ' M’"""L“r"?‘f"ﬂ"m 2 | Molecular €O,
< Co/SiO, < on the basic sites
I 0.02 "
o - TAUR JL»,.‘.“.'.‘.‘.‘JIU“.‘- M*"I"‘N‘ J'.',".\I\"".I
A oeg Al oot I i
K-Co/SiO, I K-Co/SiO,

2250 2050 1850 1650 1450 2500 2300 2100 1900 1700 1500

Wavenumber / em™! Wavenumber / cm!

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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1. ¥8

bRk D CO2 DFEHERIBIZ AT T, CO2
D [EIUFH(CCUYEAR DBHFE S A T TV b,
HAFRET R LX—HKDAKFEEZHANTCONHE
BRI FEE BT HHIEE, I—FRr=a—F7
JARIRG R 2 ilE 3 2 075 L LTHER &ty
%Y, R AN BEREHEZ SR DT E LT
2V N F TR A A2 T v — - bl
TV 2 (FT)ERIEDA BTS2, FEHZ COx &
W56 2790 BRI CIIRIC BOSTEEL |
EIIZIEAEA X THD Z EDRHEINLTY
% D, ARFZETIE, 2790 R RARBEAY COL B #Z FT &
RSO OPERER (TR IR B) & B L.

INETIEEAERFT SN TW Aotz fHIRE
M) R T COKFALRIGIZ - 2 D%
BIZOWTHR Lz, £/, Bifllitksy & LTz
RERHRESNTHDET VR Y OFHIZHE ML T
L EbETHRR LT,

2. =B

230 NECBHZIXAEEE = 230 ~ (D) ASKF % H
W, HIRIZIET X =T (P25, BART e UL, v
U 5 (CARIACT Q-10, &+ U o 71k5). Kigfbt
Uy A(E—FrHbFT¥), EREYLa=T
(NND, #H—#it#{b ¥ 13), ~—~ A1 h(Catapal-B,
Sasol), ¥ 7 % 7 (JRC-MGO-4, fillit#53)) % =2
U 400°C T 2 REIBERL L= b DW=, fifg =L
MIDASKFIZ D ED A A AR E M A, £H
REERERETER Lz, 2290 b EHEORS
BRIZEERT 14 L L, oY 7T L%
110 COTEIRMENT—BuizE L%, SonmER
Z 400 ‘CT 2 BEffERk L= b O & flit & L-CHW
7o AR =L N (D) SKFI) & H208e, BERR L7 =28
Jb N 100% Ol & FHL L 7=,

5 MHERABR 1T PID #1585 R [ & Jg i s = S 2 2
Voo NS 9mm ¢ OSSRl 300 mg (100%Co
il % SiC T 20wt%IlZAIR) A9 5 g LIRA L
THHE Uiz, AKEETTAERIE Ho/Noa=1/4 77 A % 50 mL
min"! THEE S 350 °C, 2 h{T-7=, ZE{LILEE &
L TR H A(CO2/H2/N2=1/3/1)% 30 mL min" T 1.0
MPa, 300 °C, 5 hijilEEH7z, 0%, JE/IL 1.0
MPa |ZHEEF L7 F 5T A& % 120 mL min'',
BOSIREE % 300 °C & U CARBIS A3l L 7=, D
H AFALIE GC-TCD K UNGC-FID (2 X Y 4347 L. CO»
firfb2 & CO, AX >, CoBIRMEZHH LT,

3. BMRBLUEER
BRI D COs bR E L OV ERINME %S Fig. 1

LEE Ergah . BBE Liash o BB EER 0 Siib LB
M- hE '/ BIL ER
(RT, BHT COvnbR A BT 73Rk

REE R LTV D, Co/ZrO; & Co/TiO: 1% 100%Co D
3fELLED CO#MbRE IR LI AERDOIZE AL E
A H 2oz, —F T, Co/CeO2 1 100%Co & [F
D COL AL DO 1.8 5D CraBRIMEE R LT=,
ZORERNGE Y TIE CO2 EEE FT A RBUSIZ I
THERMHEEKMEITZE LB 25D, CoSi0r X
Co/ALOs IE, CO BRI E NS DD CraZiR
PRI > 72, £72 CoMgO DA, BLRITE N
H DD AL RRVEITIER D> T2,

Co/CeOy D CoiiRMEZR S B LS D 2 L%
H¥E L C. Bhfilitksy & LCh YU o A& L7 fik
B K-Co/CeOr B U7z, IEMERBROFER, 1 U ¥
LHEFFEAZINESE D L CO S LRME T T2 28,
A5 BRPCRNH S SR HERE Sz, F2,
K(1 wt.%)-Co/CeO2 23 g & Ry CodZHRME & IR ARk
MINRER LT, ZOLEGONRETEEET
JEIZoBE L T, IBIEDIFEAEE DD TEMN
Hlix, AKDIENTT & b URofEH T L 3 — L D3RR
TE, EEMNSIEEIZ Cien b C DEHRLKED
R TET,

100

90 20
80 - 80
* o
g 70 70 No
L [
2 60 60 g
:.? 50 | 1 50 c<p
2 @
S 40 40 2.
g
(3 30 30 g
20 B 20
10 m 10
0 p— 0
Co/Zr0, ColTiO, Co/CeO, 100%Co Co/SiO, Co/Al,05 Co/MgO
muCOo CH4 C2+ ——CO2 conv.
Fig. 1 COz conversion and product selectivity over

various cobalt catalysts.

A
AWFFEIE, ESZAFZEBATEIEN B k¥ — - pE
EHHH O BRI (NEDO) D EFERHE L L TT-
Too ZTICHMEERT D,

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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Hydrogen production/energy carriers/CCU

[1C10-13] Hydrogen production/energy carriers/CCU(3)
Chair:Yutaka Amao(Osaka City Univ.)
Thu. Nov 11, 2021 1:00 PM - 2:00 PM Room-C (Dojo-A/Hakodate Areana)

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

[1C11] Composite Oxides Based Non-Noble Metal for Oxygen Evolution Catalysts
toward Water Electrolysis
OYuichi Hisa', Katsutoshi Sato?, Hiroshi Yamada', Katsutoshi Nagaoka1 (1. Nagoya University, 2.
Kyoto University)
1:15PM- 1:30 PM

[1C12] Oxidative Coupling of Methane in Solid Oxide Electrolysis Cells
ORyuji Kikuchi', Shu Kodama', Naoya Fujiwara', 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 Okada’, Etsushi Tsuji', Satoshi Suganuma’', Naonobu Katada' (1. Center for Research
on Green Sustainable Chemistry, Tottori University)
1:45 PM - 2:00 PM

©The Japan Petroleum Institute
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Fig. 1. Correlation between E(Metal,g) and E(COaq)
classified by heterocations

-4.00

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% —>.

Table 1. Co,TiO, D Fr 35 4.

200°C  300°C 500°C 700°C  900°C
tﬁﬁ?f 146 145 645 312  <0.1
10
w8t Co,TiO (200)/C
5 Co,TiO (300)/C
<E( Co,TiO (500)/C
N 6 Co,TiO (700)/C
£ Co,TiO_(900)/C
)
3 4r
IS
o
5 2
o
0 I 1
1.4 1.6 1.8

Potential /V vs. RHE
Figure 2. OER {50 i,
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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.

SRR ARBFAEIE. 2020 AR KA B EZE DB & 1)
7-HDTH D,
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{ | /
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RAz —— | ||
el L
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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
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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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Hydrogen production/energy carriers/CCU

[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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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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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)

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved.1C17 -



1C18

HEEARS (B51EAM - ARILFTRE

CeO, it EZ# ALz COOHEDIF LU T I H—/\A—
D DBRRFECSNER -
CGRAEARBET. 1 - KB 2 - B =3 OFH 00 1+ 5 81« MR 2 -

b L LB

II %El ° EEEIE F=—!

b - i S - 6

1. &5

COx IHIREBNRATADEFH E SNDH—FT, &
P SEEICFET D CLERE Rt Z ENTE
5. D1, CO PEHEDHIFEE LTCOo %
A RIS ESEE T 5 5 IENER STV,
neske, ERRAEEKE & L CHRRBRINEE LAY T
b5 2AIFYY 7 (BU) OEKICIE, A
PRI AT U MER &, A KEICEIAET 5. — 5,
E7e COy ZFIAT 2 HEE, BIEMNRKOAT
HOEETHDH. LML, COHDEYEEU AL
IZIIEE CO BRETH Y, £z, COx[RINDOHE
T, COZF L Y7 2 (EDA) IT/b22HY
ICRESETER LI F LU VT I U —3 R
— K (EDA-CA) 75 CO, Z il - JEfE T2 7 et
ADPMENZ 72D, F T TARME T, EF CO, T
AR ATHEZ: EDA-CA 7> & R4 — Rl 2 F €
EU #8115 771% (Schemel) OB ZBHIE L

7z
® 0 i
Catalyst
HBN\/\NJ]\OG Ar HN” NH + H,0
H
EDA-CA EU
Scheme 1 EU synthesis from EDA-CA
2. R

filfitl % 873K (Si02 1% 773K), 3h TEERL L TR
L7z, O E@ERG RN EEE 2 VLT T 7.
fibfif s L OVEDA-CA, T, P12 USRI
L721%, Ar1.0MPa Z £ AL, FRTE TR 2 SOSRE
M oh & LTRIEEIT T2, USSR OFEIZ DU
TITAERICORE LT, Ao 5Hricid GC-FID,
GC-MS (EIBXOCI) %A -,

3. EBRRE RIS L OB

K% 7o B b 2 Rl IO TR MR 217 -
7= (Figure 1). CeO,, ZrO,, TiO, TIHMEA LS,
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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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Dehydrogenative conversion of small molecules
— from alcohol electrolysis to methane polymerization

(Saitama Univ.) o Hitoshi Ogihara

1. Introduction

The conversions of small molecules to value-added
chemicals are important processes in the chemical
industry.  This
dehydrogenative conversions processes. One is the

presentation will show several
electrolysis of lower alcohols. We have developed
electrolysis systems for the conversion of lower alcohols
into esters, aldehydes, and acetals.!? The feature of the
system is to use membrane electrode assembly (MEA) as
an electrolysis unit. As shown in Fig. 1, alcohols
converted into esters, aldehydes, and acetals on the anode.
Then, proton and electron transfer through a proton-
exchange membrane (PEM) and an external circuit,
respectively. Finally, the proton and electron are
recombined on the cathode to generate hydrogen. The
electrolysis using MEA can be a sustainable process for
upgrading alcohols to chemicals because it can use
renewable electricity and does not require chemical

reagents (e. g., oxidants and electrolytes).

<« Power supply

membranes

proton-exchange
membrane (PEM)

Fig. 1 Schematic diagram of electrolysis of alcohols using
an MEA unit

Furthermore, we also studied the direct conversion of
methane (CHa4) to C2 hydrocarbons and aromatics. CHa is
expected to be used to produce essential chemicals, and
recent developments in shale gas extraction technology
are also supporting the use of natural gas in the chemical
industry. However, CHa, which is the main component of
natural gas, is highly stable due to its strong C—H bond
and symmetric molecular structure, making it difficult to
convert it into useful chemicals. In this presentation, some
approaches to activate CH4 molecules are reported.

2. Results and Discussion
2.1 Electrolysis of alcohols using an MEA unit

We have proposed processes to convert alcohols into
chemicals via the dehydrogenative electrolysis using an
MEA device. One example is the electrolysis of methanol
(CH30H). We found that the electrolysis of pure CH;OH
using the MEA device selectively produced methyl
formate,” which is an important intermediate in the
production of essential chemicals. The methyl formate
and hydrogen are directly formed from CH3OH according
to Eqs 1 and 2. The average formation rate of methyl
formate was 930 mmol h™! ge. ™! and a turnover frequency
was 468 h™!. The productivity of methyl formate via pure
CH;OH electrolysis was comparable to previously
reported systems such as heterogeneous catalysts and
photocatalysts.

Anode: 2CH;OH — HCOOCH;+4H"+4e (1)
Cathode: 2H" +2¢” — H» )

Next, we focused on ethanol (C2HsOH). The electrolysis
of ethanol showed different behavior from CH3;OH
electrolysis. In the electrolysis of pure C:HsOH, the main
product was 1,1-diethoxyethane (DEE).? The formation
scheme is shown in Fig. 2. Unlike CH3OH, the
electrochemical reaction of C:HsOH is mainly produced
acetaldehyde as follows:

C:HsOH — CH3CHO + 2H* + 2¢ 3)

where a Pt/C acted as an electrocatalyst, then,
acetaldehyde is converted into DEE with the aid of PEM
(Nafion, in this study). Nafion is known as a strong acid
catalyst so that the Nafion promotes the following
acetalization reaction.

CH3;CHO + 2C;HsOH — CH;CH(OC:Hs): + H20 (4)

PEM Electrolysis of Ethanol

’ G .
Electrochemical Non-Electrochemical
Reaction Reaction
DEE
-~
0 | NAONAON
Son o < oH N
/\OHi i

Fig. 2 Electrolysis of ethanol to form DEE.
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DEE was produced at high faradaic efficiency (78 %) via
the sequential electrochemical and nonelectrochemical
reactions. The DEE formation rate was higher than that of
previous reported systems.

So far, MEA has been widely used in the field of fuel cells
and water electrolysis. Our work proposed that the MEA
can be used as the electrolysis unit for upgrading alcohols
into value-added chemicals (e.g., esters, aldehydes, and
acetals).

2.2 Dehydrogenative polymerization of CHu

Catalytic decomposition of CHa4 is a reaction that produces
COx-free hydrogen.

CHs — 2H>+C 5)

We investigated the catalytic activity Pd-M alloy on the
decomposition of CH4 and found that Pd-Au and Pd-Si
alloys promoted not only the decomposition of CHa but

also coupling of CHs4 to produce C2 hydrocarbons.>¥
2CHs — C:He+ H2 (6)
2CHs4 — C:Hs+2H: @)

Although the selectivity for C2 hydrocarbons was not so
high (~2%), this is the first report that valuable C2
hydrocarbons can be co-produced during the
decomposition of CH4 to produce COx-free hydrogen.

In addition to the catalytic process, we proposed a new
radical route to activate CHs.> CHa is so stable molecule
that it cannot be activated without catalysts even at high
temperatures. As shown in Table 1, CH4 was not converted
at 800 °C in the absence of catalysts. In contrast, ethane
(C2Hs) is more reactive than CHa; therefore, C2Hs was
dehydrogenated into C2H4 and CeHe etc. In such a case,
CHas is expected to be an inert gas; however, mixtures of
CH4/C2Hs and of Ar/C:He showed different pyrolysis
behaviors; the addition of CHs increased the formation of
propylene, propane and toluene. To reveal the activation
process of CHi, we used '’C-labeled CHa. Mass

spectrometry analysis showed that carbon contained in

Hakodate Conv. of JPI (51st Petroleum-Petrochemical Sympo...

CH4 was incorporated into the pyrolysis products. We
assumed that CHs was attacked by radical species
generated from pyrolysis of C2He and was converted into
methyl radicals (Fig. 3). The CHs-derived methyl radicals
were incorporated into pyrolysis products via radical
reactions.

C,H,

yrolysis
P CH, - He..

RO

CH

4

Fig. 3 Schematic diagram of CH4 activation by radicals
generated from the pyrolysis of CaHe.
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Table 1 dehydrogenative conversion of CH4, CoHs, and CH4/C2Hs. T = 1073 K, catalyst mass =0 g.

reactant yield / ymol h' conv. / %
gas C,Hs CoHy CsHg CiHe CegHg CsHg CgHg CioHs CHy4  CoHg
CH,4 1 nd. nd. nd nd nd nd nd 0002 n/a
Ar/C,He 13027 303 2 113 192 0.9 2 10 na 90.6
CH4/C,Hes 13611 266 24 595 125 3 2 4 -0.7 85.0
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Precise Synthesis, Characterization, and Reactivity of Multi-functional Catalysts
Seoul National University of Science and Technology
Insoo Ro *

1. Introduction

Beyond the maximized atomic efficiencies and cost
savings, atomically dispersed catalysts have
attracted great attention in recent years due to the
uniformity in active sites and careful regulation over
local environments of active sites. Thus, it is
interesting to investigate how the dispersed active
site-support  environment can be precisely
engineered to control catalytic reactivity. In this
work, we demonstrate control over the local
coordination environment of atomically dispersed
Rh on AlO; through a systematic tuning of
interactions between Rh and ReOy or WOy species.
Through this precise engineering of the local
environment of atomically dispersed Rh species on
an oxide support, it is shown that the local
environment of the active site are significantly
influenced, which in turn control ethylene
hydroformylation reactivity. Whereas ReO, were
atomically dispersed on Al;Oz regardless of Re
loading, the structure of WO, on Al,O; varied
(atomically  dispersed WOy,  polystungstate
monolayer, to monoclinic WO; crystallites) by
changing W loading, which influences the intrinsic
reaction kinetics.

2. Experimental

Supported atomically dispersed Rh catalysts were
prepared by a strong electrostatic adsorption method.
Catalysts were characterized by a range of
techniques, including UV-Vis and Raman
spectroscopy, CO probe molecule infrared (IR), and
transmission electron microscopy to understand the
local structure and Rh charge state.

3. Results and Discussion

Figure 1 (a) and (b,c) show representative image of
the Rh/ReOx-Al;0; and corresponding line scan
intensity analysis of the two selected dimers,
respectively. The difference in scattering intensity of
Rh and Re species due to their different atomic mass
(intensity o Z+%2, where Z represents atomic number)
evidences the formation of Rh-ReOyx atomically
dispersed site pairs in Rh/ReOx-Al,Os.

For ethylene hydroformylation, the propanal
formation was greatly enhanced over Rh/ReOx-
Al,O3 and Rh/WOy«-Al;O3 relative to Rh/Al;Os,
resulting in the higher selectivity toward propanal up
to 63%. Interestingly, the selectivity toward propanal
substantially changed depending on WOy structure
nearby dispersed Rh species. When Rh were
localized with atomically dispersed WOx (Rh/1WOx-

Al,03), the selectivity toward propanal is the higher
(63%) than Rh on bare AlOs; (Rh/AlLOs, 22%), a
polystungstate monolayer (Rh/2WOy-Al;O3, 43%)
and monoclinic WOs crystallites (Rh/8 and 25WOx-
Al;,O3, 50%).

Kinetic experiments revealed that Rh/ReOy-Al;O3
and Rh/WOx-Al;0s have higher CO reaction orders
relative to Rh/Al,Qs, indicating a decrease in the CO
binding energy on Rh in Rh-ReOy and Rh-WO, co-
localized structures, which was further evidence by
CO temperature program desorption (TPD)
characterization. This suggests that the promoted
reactivity for Rh/ReOx-Al:O3 and Rh/WO,-Al;03
was primarily due to an increase in the concentration
of vacant sites under reaction conditions. As shown
in Figure 2, the CO reaction orders increased and
became positive over Rh/1 and 3WOy-Al;Os,
potentially suggesting that C;Hs adsorbed on
atomically dispersed WOy reacts with CO on nearby
dispersed Rh. Two classes of active sites consisting
of Rh and WOy with an atomic intimacy allow a
cooperative bifunctional mechanism when Rh is
coordinated with atomically dispersed WOy,
consistent with previous report studies reporting
atomically dispersed WOy as active sites for olefin
metathesis.
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Figure 1. (a) HAADF STEM image of Rh/ReOx-Al;Os.
(b,c) Corresponding line scan intensity analysis of the two
selected dimers shown in (a).
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Local structure of In-hydride species in zeolite and its reactivity for CoHe

dehydrogenation

(Institute for catalysis, Hokkaido University” - Elements Strategy Initiative for Catalysts &
Batteries (ESICB), Kyoto University *)OShunsaku Yasumura®, Takashi Toyao™", Zen

Maeno”, Ken-ichi Shimizu™"*

1. Introduction

Hydrides in/on solid materials have attracted significant
attention in many research fields, including energy
engineering, electrochemistry, and catalysis. Research on
the synthesis, characterization, and catalytic function of
the isolated surface hydrides is an attractive but
formidable task.! In this study, in-situ IR and DFT
calculation were carried out to find the formation of
isolated In-hydride species in indium-exchanged CHA
zeolite (In-CHA).? The catalytic ability of In-CHA on
C:H¢ non-oxidative dehydrogenation was examined,
resulting in superior selectively (96 %) and low coke
formation during a long-term reaction (90h). By the
combination of kinetic analysis and transition state (TS)
calculation, it was elucidated that its catalytic
performance was originated from the formation of not
mono-hydride ([InH]*") but di-hydride species ([InHz]")
as active sites.

2. Experimental

In20; supported on the proton-type CHA (In203/CHA)
was synthesized through impregnation of In(NO3)3;-nH20
(Kanto Chemical Co., Inc.) in the NHs"-type CHA zeolite
(Tosoh, SiO2/Al20; = 22.3), followed by drying in an
oven and calcination under air for 1 h at 773 K. Afterward,
the reductive solid-state ion-exchange reaction of
In203/CHA was conducted in the presence of Hz at 773
K. For IR spectroscopic experiments, the In-CHA disk
was prepared in-situ in a quartz reactor from a self-
supported disk of In2O3/CHA. DFT calculations were
performed using the Vienna ab initio simulation package
(VASP) with a periodic boundary condition under the
Kohn—Sham formulation.

3. Result and Discussion

The in-situ IR measurement of In-CHA treated with Ha
at 773 K (In-CHA(H2)) was performed. The IR spectrum
of In-CHA(H:) exhibited a band with a maximum at 1720
cm! (Figure 1a) arising from In—H stretching vibrations
(v(In—H)). This band remained unchanged even at 473 K.
After H-D exchange reaction with D2 at 373 K, v(In—H)
decreased and disappeared at 473 K. v(In—H) appeared
again by the following exposure to Hz at 473 K. The gas-
phase products were also analyzed by mass spectrometry
during the H-D exchange reaction with an increase in the
temperature from 313 to 473 K. The reaction of In-
CHA(H:) with D afforded a positive peak for m/z = 3
with a negative peak for m/z = 4 around 373—473 K
(Figure 1b), while a peak for m/z =2 was hardly observed.
A control experiment using proton-type CHA (H-CHA)
instead of In-CHA (Ha-treated H-CHA with D2) was
conducted where no peak was observed for all signals,

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 1A11 -

supporting the occurrence of an H-D exchange reaction
between In-hydrides and Do.

In-CHA exhibited high selectivity (96 %) and durability
for the nonoxidative ethane dehydrogenation without
cofeeding of Ha. The activity and selectivity of In-CHA
were maintained for at least 90 h, and the catalyst was
reusable without loss of its efficiency. Based on the
results of kinetic analysis and TS calculations, the
formation of [InH2]" as active sites is responsible for the
durable reaction due to the less formation of Bronsted
acid sites and carbenium cations. More detailed reaction
mechanisms and the relationship with the local structure
of In-hydride species will be discussed
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In-CHA(H,) TJo1 Snder D(Q%\ow ) - f?éhfrm
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Figure 1 (a) FTIR spectra of In-CHA after Ha treatment
at 773 K (In-CHA(Hz)) and H-D exchange reactions.
(b) Mass profiles for m/z = 2, 3, and 4 during H-D
exchange reaction of In-CHA(H2) (solid line) or H-
CHA(H>) (dot line) with Da.
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Figure 2 Reaction scheme of non-oxidative
dehydrogenation of C;H¢ on indium mono-hydride
([InH]**) and di-hydride ([InH2]") species in zeolite.
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Highly efficient removal of ethylene at 0 °C over Au-Pt/zeolite

('Tokyo Metropolitan University, >Yantai University)
OMingyue Lin"!, Haifeng Wang"!, Tetsuya Shishido™!, Hiroki Miura'!,

Masatake Haruta™!, Toru Murayama™'*

1. Introduction

Ethylene (C2H4) released from the plants could
fasten the mature and deterioration of fresh fruits and
vegetables even at low temperatures since it is a natural
gaseous plant hormone. To prolong the storage time of
the fresh plants during the transportation, removing
trace amounts of C,H4 is important, and selective
catalytic oxidation of C;H4 to CO> is an ideal method.!
However, almost all of the reported catalysts would be
deactivated due to the water adsorption, usually within
1 h. Therefore, it is necessary to develop a more
effective material with a high CoH4 removal efficiency
and long-term stability at low temperatures (0~5 °C).

Here, we report an Au-Pt/zeolite (ZHM20) with a
highly active C2H4 removal efficiency (81%) and long-
term stability (40 h) for CoH4 elimination at 0 °C.

2. Experimental

Mordenite 20 (ZHM20, Si0,/Al,03=18.3) provided
by the Catalysis Society of Japan was used as the
support. The loading amount of nanoparticles was
prepared as 1wt%. Sol immobilization method’> was
applied to prepare ZHM20, Pt/ZHM20, Au/ZHM20,
and Au,Pt,/ZHM20 (x and y represent the molar ratio
of Au and Pt, respectively) and they were calcined at
500 °C for 2 h before being used.

A fixed-bed flow reactor was used to conduct the
C,H4 removal test. The sample (0.2 g) was firstly
pretreated at 150 °C for 2 h under N, with a flow rate
of 50 mL min' before being evaluated under the
reactant gas that contained 50 ppm C2H4, 20% O, and
N balance with a total flow rate of 10 mL min™'. The
inlet and outlet concentrations of C2;H4 and CO; were
analyzed by an online 490 Micro GC system (Agilent)
for calculating the removal efficiency of CoH4 and the

yield of CO».

3. Results and Discussion

As shown in Figure 1, the initial C,Hs4 removal
efficiency over ZHM20 was 100% at 0 °C and it reached
the maximum adsorption capacity after flowing 11 h of 50
ppm C,Hs. The removal efficiency curves of Pt/ZHM20
and Aw/ZHM20 were U-shaped. Initially, the removal
efficiency was 100% and it decreased to 19% and 15%
after 10 h-on-stream over Pt/ZHM20 and Au/ZHM?20,
respectively, which was the same with that observed from
ZHM20, suggesting that this step might be owing to the
adsorption of C;H4 on ZHM20. Then, the C,H4 removal
efficiency increased until reaching the steady-state of 56%
on Pt/ZHM20 and 45% on Au/ZHM20. AussPtss/ZHM20
also showed a U-shape removal efficiency curve, but the
turning point time of 3.5 h was much shorter than the other
CoHy4
AussPtss/ZHM20 at the steady-state was 81% and it lasted

two. Moreover, the removal efficiency of
for as long as 40 h. According to the electronic state
analysis, Aus4Ptss/ZHM20 possessed electron-deficient
Pt species and electron-rich Au species, which might be
helpful for the faster adsorption and transformation of

C,H4 on AussPtss NPs than that on Au NPs and Pt NPs.
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Figure 1. The removal efficiency of CoH4 with time-on-
stream over ZHM20, Au/ZHM20, Pt/ZHM?20,
AussPtse/ZHM20 at 0 °C.
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Catalytic reduction of NO to ammonia by Hz or CO-H20O over
metal oxide supported catalyst.

(FREA!, TIT2) OC. Chaudhari,! K. Kobayashi,' Y. Manaka'*" T. Nanba'

1.Introduction

Ammonia is an important N-containing chemical
which is used as fertilizer, starting material for
heterocycles sthe synthesis and carbon-free fuel.
Ammonia is synthesized industrially by Haber-Bosch
method with high energy consumption. Ammonia
synthesis from air pollutant NO is an attractive
alternative to reduce the concentration of NO. Several
reductants such as hydrocarbon, H, or CO-H>O have
reported for the transformation of NO to NHs.
Recently, our group developed Pt/TiO, catalyst for
ammonia synthesis on NO-CO-H,O reaction.!
However, the activity of Pt/TiO, was not studied for
NO-H; reaction. In this study, we investigated and
optimized the catalytic activity of Pt/TiO, for NHj3
synthesis. Furthermore, the activity of Cu/CeO;
catalyst at lower temperature (>200 °C) investigated
for NO-CO-H;O reaction.

2. Experimental

Supported metal catalysts were prepared by an
incipient wetness method with different Pt or Cu
precursors. TiO, or CeO, support was prepared by sol-
gel method using different conditions. All catalysts
were characterized by BET and CO adsorption. The
catalytic activity was measured by a fixed-bed flow
reactor. For NO-H, reaction, the feed gas was
composed of 0.1 % NO, 0.3% H: ppm with dilution by
Ar. For NO-CO-H;O reaction, the feed gas was
composed of 0.1 % NO, 0.3% CO and 1% H>O ppm
with dilution by Ar. The total flow was set to 250
mL/min. The product gases were analyzed online
Fourier transform infrared spectroscopy and gas
chromatography.

3. Results and Discusion

Initially, we synthesized Pt/TiO, catalyst using
different precursor such as (NH3)4sPt(NO3),,
(NH3)4Pt(Cl),, (NH3)4Pt(OH), and H,PtCls and tested
for NO-H» reaction. All precursors showed full
conversion (100 %) of NO. The catalytic activity of all
four precursors for ammonia selectivity was almost
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similar at lower temperature (100 °C-150 °C). When
the temperature increased to 230 °C, H,PtCls showed
superiority (99 %) for the synthesis of ammonia
(Fig.1). Later, we investigated the effect of reduction
temperature using different temperatures (400 °C,
500 °C and 600 °C). When Pt/TiO; catalyst prepared
from H,PtCl4 precursor reduced at 400 °C, high yield
of ammonia (98.9%) was obtained at 230 °C.
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ol L. ‘ ‘ ‘
H,PtClg (NH3),PtCl, (NH;),Pt(OH), (NH3),Pt(NO3),
Fig. 1. The activity of Different Pt catalysts at 230 °C
For NO-CO-H,O reaction, we examined Cu/CeO,
catalysts prepared from different precursors at 150 °C.

The catalyst prepared from Cu(NOs), precursor
showed higher yield (72%) than other precursors.

Cu/Ce0,

100 -

80+
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NH; yield (%)

29 26
20+ 19
0 ‘ ‘ ‘ ‘

Cu(NO;), Cu(HCOO), C,H;Cu0, Cu(acac),

Fig. 2. The activity of Different Pt catalysts at 150 °C

In summary, Pt/TiO, prepared from H,PtCls found to
be an active catalyst for ammonia synthesis over NO-
H, reaction. In NO-CO-H;O reaction, Cu/CeO,
catalyst showed high activity for ammonia synthesis.

K. Kobayashi, R.  Atsumi, Y. Manaka, H.
Matsumoto, T. Nanba, Catal. Sci. Technol., 9, 289
(2019).
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Low-temperature conversion of methane to methanol using
carbon nanotubes supported catalyst

(University of Toyama) OYingluo He, Guohui Yang, Noritatsu Tsubaki

1. Introduction

Conversion of methane to methanol is performed
by a two-step process under harsh reaction
conditions in industry. The direct synthesis process
of methanol from partial oxidation of methane has
been studied for a few decades. However, it remains
one of the considerable challenges in the sector of
methane utilization. " Herein, we report carbon
nanotubes (CNTs) supported palladium-gold (Pd-
Au) nanoparticles catalyst for this direct synthesis,
which shows outstanding methanol selectivity and
productivity at low temperature. 2%
2. Experimental
2.1 Catalyst preparation

Commercial CNTs were pretreated by various
acids to modify its surface properties. The supported
Pd-Au catalysts were prepared by an incipient
wetness impregnation method. The Pd and Au
amount were 2.5 % wt respectively without explain.
2.2 Catalyst characterization

XRD, XPS, H,-TPR, CO-PULSE, FE-SEM, HR-
TEM measurements were performed to analyze the
physical and chemical properties of our catalysts.
2.3 Catalytic tests

Catalyst tests for direct synthesis of methanol
from methane were accomplished in a stainless-steel
autoclave. The motor was vigorously stirred at 1200
rpm, the temperature was raised to 50 °C to start the
reaction at the same time. After the 30 min reaction,
the vessel was cooled by ice (< 10 °C), to avoid
volatilization of the products.

3. Results and Discussion
The carbon materials such as carbon nanotubes

(CNTs), activated carbon (AC), and reduced
graphene oxide (rGO) are employed as the catalyst

support, and the palladium-gold (Pd-Au)

nanoparticles are used as active center. By using
oxygen/hydrogen mixture as oxidant in the direct
synthesis, it is found that Pd-Au/CNTs catalyst
shows outstanding methanol selectivity and
productivity.

Table 1 Catalytic performance with different carbon

supported Pd-Au nanoparticles catalyst

Catalyst Total MeOH TON
product Selectivity of
(mmol/kgea) (%) MeOH ®
Pd-Au/rGO 332 542 76.5
Pd-Au/AC 156.0 65.6 435.1
Pd-Au/CNTs 190.1 73.2 591.7
Pd-Au/CNTs-a 149.5 71.2 452.6
Pd-Au/CNTs-n 98.0 90.0 375.0

a: Reaction conditions: Time 30 min; Temp. 50 °C; Solvent H,O 10 mL;
Catalyst weight 30 mg,; Feed gas CH,/O./H,/Ar, Total pressure 3.3 MPa.
b: mmoles of MeOH formed by per mole Pd metal.

Compared with the Pd-Au/CNTs, the

Au/CNTs-n catalyst with a treatment of nitric acid on

Pd-

the CNTs support enhances the methanol selectivity
obviously (Table 1), due to the changed surface
oxygen species on the supports. In addition, our
characterization results reveal that a weak interaction
between Pd-Au nanoparticles and CNTs support is in
favor of methanol productivity and selectivity.

This work offers a simple and effective strategy to
directly synthesize methanol from methane partial

oxidation under the mild conditions.

1) Hammond C, Forde M. M, Ab Rahim M. H, et al.;
Angew. Chemie - Int. Ed., 51, 5129 (2012).

2) He Y, Luan C, et al.; Catalysis Today, 339, 48 (2020).

3) He Y, Liang J, et al.; Catalysis Today, 352, 104 (2020).
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One-pot synthesis of HKUST-1 monolith for CO, adsorption
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1. Introduction

Metal-organic-framework (MOF) is drawn attention as
CO, adsorbent. Shape forming technology for powdery
MOF is required in order to generate objects of
millimetric ~ dimensions with enough mechanical
resistance for application in industry". In this study,
alumina tube and Cu cube were used as the metal source
for MOF preparation and a part of them was directly
converted into MOF monoliths. The preparation method
of MOF monolith and its adsorption property were

investigated.

2. Experimental

Two types of monoliths containing MOFs, HKUST-1
and MIL-96, were prepared. HNOs, trimesic acid (TMA),
and porous o-alumina tube were used as raw materials
for MIL-96 preparation. Porous Cu cube was used for
HKUST-1 preparation instead of a-alumina tube. Either
alumina tube or Cu cube was placed into the aqueous
solution of HNO; and TMA, and then hydrothermally
treated by using glass-lined autoclave. The effect of these
preparation conditions on the preparation of MOF
monolith was studied.

MIL-96 powder was synthesized according to the
HKUST-1 powder
(Basolite C-300) was purchased from Sigma-aldrich.

literature® as reference material.

CO:2 adsorption properties of prepared MOF

powder and monoliths were measured by
volumetric adsorption method (Belsorp-MAX,

microtracBEL).

3. Results and discussion
and TMA and the

conditions of hydrothermal treatment were widely

The concentrations of HNOs

changed. By the optimization of synthesis conditions, the
contents of MIL-96 and HKUST-1
increased up to 6.0 and 32 wt%, respectively.

in monoliths

Fig. 1 shows the morphological features of raw
materials of metal sources and monoliths synthesized.

The surface of alumina tube was fully covered with

****)

Wb - - e

MIL-96 crystals and the color of alumina tube changed
to yellow. The surface of Cu cube was converted to
HKUST-1 as well.

Fig. 2 shows the isotherms of CO, on MIL-96 and
HKUST-1 monoliths and powders at 298 K. The
adsorbed amount of CO, at 100 kPa on MIL-96
monoliths and powder were 140 and 95 ¢cm*(STP) g’!,
respectively. HKUST-1 powder and monolith showed
almost the same values of the CO; adsorbed amount, 99
cm®(STP) g™

MIL-96
monolith

HKUST-1
monolith

a-alumina
tube

Cu cube

Fig. 1  Typical photo and FE-SEM images of
a-alumina, MIL-96 monolith, Cu cube and HKUST-1

monolith.
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Fig. 2 CO; isotherms on MIL-96 and HKUST-1 at
298 K.
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Zr doped Ni/CeO; prepared by Flame spray pyrolysis for CO2 methanation

(‘YYamagata University) Kakeru Fujiwara*, Syugo Kayano and Dai Yoshioka

1. Introduction

Utilization of CO; by converting it into CH, is sought
because it reduces CO, emission to the environment
and stores Hproduced by renewable energies. So far,
for this reaction, Ru supported on CeOs; is one of the
most active catalyst but its utilization is limited due to
the cost of Ru. Alternatively, Ni has attracted the
interest but it suffers from the low activity at low
temperature (< 250 °C) compared to Ru catalysts. To
address the issue, high Ni loading with keeping the
size small is promising approach for maximizing the
Ni surface area. Here, we successfully prepared
highly-loaded NiO (60 wt% as Ni) on CeO;
nanoparticles by flame spray pyrolysis (FSP).
Furthermore, the effect of Zr doping to the Ni/CeO;
catalyst for CO, methanation was investigated.

2. Experimental

Ni (60wt%) supported on Ce1xZrkO; (x =0 and 0.1)
was prepared by an FSP reactor [1]. Appropriate
amount of Ni (1) acetate tetrahydrate (Wako, purity >
98.0%), Zr 2-ethylhexanoate in mineral spirits (Wako,
11.7-12.3% as Zr) and Ce (Il1) 2-ethylhexanoate, 49%
in 2-ethylhexanoic acid (Alfa Aesar, Ce: 12%) were
mixed with a mixture (1: 1) of 2-ethylhexanoic acid
(Sigma-Aldrich, purity > 99%): methanol (Wako,
Reagent Grade) to be the total metal concentration (Ni
+ Zr + Ce) of 0.2 M. The precursor solution was fed to
the two-fluid spray nozzle at 3 mL min™?, dispersed to
a fine spray by 5 Lste min* of O, dispersant (technical
grade). The spray was evaporated and combusted by a
premixed CH4/O; plot flame (1.5 Lse min/3.2 Lsm
min™) to form particles. The particles were collected
on a glass-fiber filter by a vacuum pump (Busch
SV1040C). Also, 20 and 60 wt% of Ni was deposited
on FSP-made pure CeO; by an impregnation method.
Before the characterization and activity tests, all the
catalysts were reduced in 5%H,-Ar at 500°C for 1 h.

Catalytic activity was evaluated using a fixed bed
reactor. The catalyst (100 mg) and SiC powder (400
mg) were filled into a quartz tube (inner/outer
diameters of 6/8 mm). The catalyst was reduced at
500 °C for 1 h in 5% Hx-Ar (100 mLste min?), and
subsequently, a reactant gas (CO2/Ha/N2 = 1/4/1) was
fed to the catalyst at 60 mLste min™*. The composition
of the product was measured by a gas chromatograph
equipped with a thermal conductivity detector.

3. Results and discussion

PXRD pattern of all the catalysts shows the peaks
of fluorite CeO- at 28° and 33°. In the absence of Zr,
the peak potions were identical while the Zr doping
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shifts the peaks to the higher diffraction angle.
Additionally, the peaks of monoclinic and tetragonal
ZrO, were not detected. These facts indicate the
preferable Zr doping to the CeO, lattice. EDX
mapping (not shown) exhibited the size of Ni in FSP-
made 60Ni/CeO, and 60Ni/CegsZro10, was small (10-
20 nm), despite the high Ni content (60 wt%).

Figure 2 shows the activity of FSP-made and wet-
made catalysts for CO, methanation. The conversion
of FSP-made 60Ni/CeO, was higher than that of wet-
made ones. Notably, the Zr doing by FSP significantly
enhanced the catalytic activity. In addition, by-product
(CO) was not detected for all the tests. In conclusion,
highly active and selective catalyst was developed by
simultaneously achieving high Ni content (60wt%),
small Ni size (10-20 nm) and Zr doping to CeO; by
FSP.

60Ni/Ceoezro102
(FSP)

60Ni/CeO:
(FSP)

60Ni/CeO:
1(Impregnation)

20Ni/Ce0:
(Impregnation)

24 26 28 30 32 34 36
Diffraction angle, 20, deg.
Fig. 1 PXRD patterns of FSP-made Ni/Ce1.xZO2 and we
t-made Ni/CeO, particles

100 ===
fo b g' - A
80 o 4
==
5
3 601 o A
©
>
c
8 404
o 8
© A O 20Ni/CeO: (Impregnation)
20 - <> 60Ni/CeO: (Impregnation)
o A 60Ni/CeO: (FSP)
A 5 O 60Ni/CeosZro:02 (FSP)
0 - - - Equilibrium

1 éo 200 250 300 350 460
Temperature, °C
Fig. 2 Catalytic activity of FSP-made and wet-made
catalysts for CO, methanation.
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5. BIEREROEMZEY, TOEANEDOM
IR END. BOEETIX, AT I NT
WPRIZ K HARE « BT AA A~ 2 DG 5B
Tz L TWb. AR TIERNEZIGH L, 17
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WD, P OHIF AT DI, KB COy i
KT DRI . ARFZETIE, BEROHTH
ZFIH U7 BRI K > TR EE CO, DWLIY
L, ETHRIIKHTESD DAC ¥ AT LD
BAFE AT L7z,

7 X > 1 mmol ® DMSO ¥&IEIZ =R T 400ppm
? CO2 (75 mLmin )% Jitil L7z. CO, DitffI% N,

SRt 284, (LR ] 1235
BT, 60 CTRMli L=, 4> T A > DA
JCEERHT KV TR D COL IR E DR 4 E & L
7o, PERIBLD MEA ¥ ClE, 400ppm CO, DFRZE
BhEN 2 h T 90%LL FIZIR T35 DIZkt L, Kb
TEDEREL Y AT AT 13 h 120720 &
PrEHE (>90%) ZHMEFFL, HWeT7 I EHEED
COr ZWIN U7z, E 72, I L7z CO, &5 HD CO,
60 CTHHL, W - itz 5 [ElZih7z - T
MR LCHBE RO TR D bhvie
o7, ZO XL, RitEOIKRE CO, & mzh=
TN « 4% DAC AT LS AT I v
TR DB L > TEERk L 7=,
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Synthesis of bio-based network polymers by acyclic diene
metathesis polymerization
(#BNZKPEEE) OLance O. P. Go, Mohamed M. Abdellatif, Kotohiro Nomura

Development of bio-based advanced polymers derived
from natural abundant non-edible plant resources attracts
considerable attention.! Previous work on tandem acyclic
diene metathesis (ADMET) polymerization of dianhydro-
D-glucityl bis(undec-10-enoate) (ME) using Ru catalyst
(HG2) and subsequent hydrogenation yielded rather high
molecular weight polymers? In order to develop more
advanced materials, we prepared the network polymers in
the presence of tri-arm cross linkers (Scheme 1).3

Upon presence of glycerol based cross-linker (CL), the
ADMET polymerization of ME by HG2 afforded high
molecular weight polymers with unimodal molecular
weight distributions; both the M, values and the
distributions were affected by the conditions. The results
have shown that using 5 mol % of the CL results in
formation of an organo-gel while 1-2.5 mol % of the CL
produces a soluble network polymer. This soluble network
polymer, after hydrogenation, showed an increase in
ultimate strain and toughness compared to the linear

polymers. More details will be presented in the symposium.

ADMET
Polymerization

N__N
Mesc‘//Y Mes
‘Ru=CH

Cl

_o

Mes =24,6-MesCeHz  goluble Network Polymers

Scheme 1

(1) K. Nomura, N. W. B. Awang, ACS Sustainable Chem. Eng.,
2021, 9, 5486-5505.

(2) K. Nomura, P. Chaijaroen, M.M. Abdellatif. ACS Omega,
2020, 5, 18301-18312.

(3) D. Le, C. Samart, S. Kongparakul, K. Nomura. RSC Adv.,
2019, 9, 10245-10252.
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FRADT A2+ X (ADMET)

HEEHITED

NAFTR—ZRRYIRATFILDOERK

HATEOMEIE D VYA 7 VATRE &+
BEREM B ORI T, 1RO F A RO & 72

HEERIEMRN TH 5 LS TV D Y
R CIRESNRBMARSAM FTodry
VAL A (ADMET) #HA &-2-3< tandem 7K
FIC L AR Y = R F L OARRE IiEw, A
JECIIMED I & B LA HFFE S N DR HELD
a,0-YTr (M) &K an-vT & OREAK
DARUCE Y fHLA TS (Scheme 1).

o
WO i) ADMET polymerization
7= H R cat. i CHCI3500
=0
(i) tandem hydrogenatlon
o7: AI03H1OMP 50°C
H o

M’N NM

cl,
"“"Ru=
Ru cat. } \
HG2 or O
DCD Scheme 1

(ERSLRBEER) O/MESETE, BFATERL

M1 & DCD (1,9-decadiene) DItEH G % #FlE
VEETHET L T, HIERDSFeOME A3 5
RS DR ~ =G0, HonsRY
~—D5F &3 Ru A ESEA R M O EZ X
o, EEBRTISEEERATT O 2L TR
MLz, BEAEBORISERDROT VI T %
WL, KFEEITSE. KBELLZEORY ~—D
rﬂm FHE—T, EHYzOREGEzmD 5 L R

L, Als72Y100°C i x 5 LEEERPEF L.
References
1) K. Nomura, N.W. B Awang, ACS Sustainable Chem
Eng., 9, 5485 (2021).

2) K. Nomura.,Chaijaoroen.P.,Abdellatif, M. M.,ACS
Omega, 5, 18301(2020).

3) M. Kojima, M. M. Abdellatif, K. Nomura
Catalysts, 11, 1098 (2021).
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B, MOBERERAEIC O RWRHE A R
T DD, EOL{ARE O BRI XK R Y VIS
KR THD., YHRETIIA L 7 4 VEES &
{EIZEPERE 2 3 BL T 5 /3 U MMl 2 i L7
WEND, BN 4 BR =4 7RI

HL7Z2). LrL, =4 7RI ~0

SRVRIEENL BN T T A e =D N 7 a Y
REERZ (LAY & T DRI TIX, GRATHEZR
BERDSIRES NS ). FU R (PAFATIR)

PERIND OSERA T TIZ Y, HIRESEAR )Y BB IR 4
T, HTESA I FEEAFDBRESND. 4

B, FUR (P=FAT IR) GEREHIEERL
T DT IR BN AR = A4 T A DAL — N &

(#SLRBeEE) O s B3, /H R, B 2K

B L, 7=/ =V EDRIGTEET = /&0
NAEATHEREA X NIHSERE SR L0
T, TF L UVEADOKRELED THETS.

R1/©\R2 3eq. R‘Q\RZ R‘Q\RQ
N LiNEt, 2,6-R';,CeH30H

N N
C"’NB”‘C' _— —_——

I R il
Nb; ' INEt, Nb: ' INEt,
~, -| - | ~
_0o” [ n-Hexane n-Hexane or THF f fo) \NE12
R

ELNT N,
IS -30°C - rt. z NEt, -30°C - rt.
AN 16 h 16 h
R'='Bu(2), 'Pr(5), Me(7)

0 1
Scheme 1. =4 7 AR D A Al K

References

1) a) K. Nomura et al., Organometallics 35, 2773 (2016);
b) K. Nomura et al., Macromolecules 53, 5266 (2020).

2) K. Nomura et al., Organometallics, 39, 3742 (2020).

3) K. Nomura et al., ACS Omega. 3, 6166 (2018).

4) K. Nomura et al., Organometallics 38, 1544 (2019).
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(BLRTR*, BER Kxx) OARF 72727, PPN KI*
INBIDAR Fok, BB Bk, Bk, (LB ek, bR Ak

TF U ERIIIMNA REBRSEN L LT
Wb T& 7z, NHC BN 1% F52 =% Ag 8
KX, =F L EASICHREOEEZRT Z L0
WME SN TVDINZEOESOFEMILH 2Tl
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BEAZ A WCTZF LU DBEAEITV, A DM
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B UL AFLEEE S-S NHC 848854K/MAO
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Ly DENT 1P —L cob-web T. HED T
BRY ZF L UORREEDNRB S, — T,
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oY — I HEEREE R 2 W 23S S I3 R o T
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WEHAICbERAE R TR = F LR ED
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YEARIRST (250-385nm) A1To7z L 24, U 1 BET DA Z VLS A 1 = K s

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved- P33 -



U TN THEARIEWIZER L RAEDO = TR E S

HE)HLH oz ix, WA & L TERR
NEHSND, L LEGRBRIIADVILEDTD,
maA N, BIROMBR ENRHEE RS TEY
ZORBMEICHLERR T Y —72 = ufiliio
BTSSR TV D, RBFE T, miEtER Ik
B4Rk oot OBR%E 2 H YT, NO 2otk
R Cull B L, Ce0r-ZrO, ~? Cu IRNNZHHE
%@%Ltoit@ﬁ®%kiﬁ&9€~75y

2k, fRBEEMERE S LT Cu OIREEZ D )
L?5t®®@ﬂ%ﬁ0ko

KENE, kil SRR VAR 21T
Sl ZA WETH LN AR &
WNO B2 g 2 Lo, £ 2T

FEERITIR) OFF i, MmE 5%, PHE B

WikZz v Cu HEF R E Ce/Zr DL ATT -
=& 2 A, Swt% Cu-CZ (1:D)2M i b= NO i
JeiEPEZ 7R L7z, H-TPR JIZEN S, Ce/Zr LHIZ &
O CuflOBETURHEN R D Z & FFIZ Cu-CZ D
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MEICTHHZ b, KFTZ =/ —)LiE MIL-
S3(ADFALIN A~ FE STV D 2 E DRI STz,
ARAFFED—ERIL, ISPS BHff#E | I L VAR E
BN JKA OBhkE=Z 0 CESE L,
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AIEIVL—FREEDAYV) OR—R—REBEFEIZEZ S

HABEDZE

ROPRZER R B TeRt BRI EHE) O/NR KRB, 48 K

VY == TRRIG R 2 < VOC D—
FETHY, BWCKEHLITE L WOBEH I 23T
TWb, HEVEHT VY o= X —[EAN I E
PRV HIN TV DS, AR BB EOB]
KB, K0 SRR ZRERI OB I ST
V%, —J7 T Metal-Organic Frameworks (MOFs) |
WHARDOZ AN B E L CHEEZED TN D, A
fFFETIX, MOFs OFTHA I ¥V L— MERD
ZIF-8 (AFL#E 0.34 nm, SOD %, Sger = 1650 m?/g) &
MAF-6 (HiFL£E 0.74 nm, RHO %!, Sper = 1100 m%/g)
(R Z ST, BRALKFERKUIKTT 2o Rt %
REAE L. AL O EE B ST LT,

n-Hexane #WHHE & L7856, ZIF-8 & MAF-6

DEWEREIL BET HRmFEIZH X2 pld 24
R L 7po72, —F Cyclohexane D55 1%, MAF-6
DEWEEZR LTz, F72 Cyclohexane WA
B DEEMIT A FERE LT 2 A, ZIF-8 ZWE
Fl & L7238 13— IRET VIZ, MAF-6 D561
BIRETIMZ, TNENEGT R L o7,
DF Y ZIF-8 DA TR m WA . £ LT MAF-6
OB EITHFLNIEEDS . ENENALEBME CTH 5
ZEWRBEINTZ, ZO X HIZ MOFs OffifLIEE
13, RAGKFEW S & & WAEBLGIZ 31T DA B
W BE 52D 2 ERAL NIRRTz,
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TAVBKFRIERIGIZEIT = MFI B E4 S5/ DRF

CRBR) OBRAE, =Tikk, WHED, EILEmn

BTX (Benzene, Toluene, Xylene)ld, (b5l FHTHLZ L @mESNTWS, Ll Z
mmDJFEERE LT, FERICHFEOSHVWETH OfRIEL, PR TR, 22— 27 OARGEREN
%, BATTIX, AWEIRE kDT 7 ¥ OB fiF KEWTH, MFLEAZEIZ L » TRERIIEZ 5|
IZE D EGESN TV DN, AIHEIROR B O XTI EnNMERE LTETOND,
BB, RERTAOFHNER SN TS, K Z T, ABFETIER, a—F 2 7N Aa %)
RN ANCEEN DR OF THEIC, =& v EEN TV D EEEEED MgO % HEF L 7= fildlt
%mx%ﬁ%%é%ﬁ@Am®%%#%hgﬁ MgO/Zn-[Al]-MFI Zfi#d L, =% » DRiKFEHFE

b Tnd, TEACSOEZ 31T 2 Rt dn D 1] 122U TR~
T H 2 DRIKET B BRACRIS DD —o & Too ZORER. MgO 2K 52 LI2kh, =
LT, BF T4 b5, I, =2 2 AL LU BTX OIEROR R 23] &

% BTX ~EHT 2 o BIF & LT, Zn2TA v, i D 2 b T,
T LT MFL BB 45 A b (Zn-[Al]-MFI)A3
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In 7N Pt IC K B A FILO Y OANTY URKERIG

KHEROTRLF—L L TAENHIHEEINT
WDIR, F DRI « Bk HIERRRE L 7> T 5.
TOFHEELT, Moy AF T a~Fh

> (MCH) RIZ XD HE# A R 74 FIEIZHEHER L.

AMFFETIE, EPEREZR MCH i K SE it DB T D 7=
D, Pt/AL:0s filtfi > MCH i/ K FIEMEIZH- 2 % In D
I FICOW TR L=,

In DTN L0, IEHOREMEE ML DR
R\ L7z, F72, wthd Pt iZxbd 2 In ¥
IMEDOREEIE, 0.8wthTH D Z NN -oTz
S BT, FEHEFFD Pt MyR L Si0, #WHEIEA LT
X, Pt IR DA & [AHEOIEEZ R L. —7,

(B TR O/PMWAE, =i, b N

Pt ¥RIZ Tno0y Z{RA L7Z il ClE, Pt RO 2
HREOIEENG LN, 2N XY, Indms &
BHEIEEORHITIE, Pt & In0s ODRENEET
HHENRD.

In 0 Pt/AL0; DX+ Z 7 X2 ) ¥—1 3
XU, In OFRIMZ LD Pt K1 OEEEIRER
T, Pt IFAICHET LI ERHALNE R ST,
INEY, AICHEELEZPL Y, IEEOZEM S 4
FADEARYEIC BB A B A 7o L7z Ll L 7.

UEDZ LG, Ins fEA S VTR FEED /NS
72 Pt DAICHET DI ET, @V E ZEME
Wz, BN AERYEREEZ R LB T
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CONx ZE8H L= 0/AVYR—ZAD—FRODEREZD ORR 4R

VAR, FReeEER FTRE 2 0 B 1A 7= it
ROZFNAX—=FTNA 2L LT, KFELHEFEL
JFRE U7oREFEMS K & 22 H 218 VT
%. BIE, BREMEMO BRI A4 V7 fil
ERAFEH SN DD, ZOFHIEE IR D
BINMEE 2o TS, 2078, Zfino
EN IR R OB RO I TV D, R
Bt LT, a9 hEHR (CoNx) iz Ef
LIZREMEIDNEITHD EEZ LN TS,

WEEARIECIE, CoNx fl % @2y kORI I
R S5 Z & CHER A R TX 5720,
fRAEAE R O _BICil L7 fifRiEThH D EE XD
N5, UL, Mo CoNx FlE Al 2 15 2 B

(RBR) O zfE, =8, WH=EP, fmEilEm

DR E 72D DN, AR OEBRLT DEEE
I X DEREDIKR T CTH S

Z 2T, AWFFETIE Co &R A A iRk DE A
IZE D@D CONX BHA Y R—FAI—HRD
BRE R T, A A WK & RETE R O FH A
ERZHWD Z & T, GRiktDaRRL T DEE
OEFZFEEIC LT, BFoizth 7 aicxt L
T, ZEHRDAWAERNE, PXRD HIE K& ONEETE
TEAMEEBIR 21T\, FRERHn A T o7, &
7o, T Of A D CHRIRIR IS8 T D il

PEREZTE L7k, MO AkBivEeE & B bt

LV ENTZIMANEZ R LT,
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o DEKRE)LO—X B EBIEEEM~DF A

(AEHEiE R*, TR ) ORMASER®, fALHh*

ENERHL, PR, FR3RR*, BRI, i m PRI

VrIIHEIE /S i S Tz L m— )
HERLF 2 R 7260 D, MO BEASE & H A~ L T
boH. MERBIEEZIRT 52 L TEMFHLE
MR BNDTID, HEM L L CORM M H
5. BIEREROEMZEY, TOEANEDOM
IR END. BOEETIX, AT I NT
WPRIZ K HARE « BT AA A~ 2 DG 5B
Tz L TWb. AR TIERNEZIGH L, 17
WZaEnNdV r=vi~Itro—205H%
AL, B L7 H sk Ly v — RS e %
PIRSEDHZ LT, HEMOAIR ARG L7

FPEy RS ERZ VY, Lo — 2 HEE O AL

St E b L, B L=t re—2R1%, V7
= eIk —ADLGHEETL D A VILDTERL
ENdo. Fio, RO & bl U TR RIS S
WA — 7 RS BR L, BVEEESRm LT,
HHEEFLZ L0, Bro— 2R LERm L
b EZOND. RIC, HEFLEE O RIC
BifEi A GRS, BIEEOGH ZER L7z, HEE
BT ORIIE IR, ALY & ik UKIgIC
BN U7-. HEEUEIC X0 A& Uz 2 Y FLIC b HE
WERESNTEEDEEBEZ NS, [HFE] AHF7EIT
B2 (JP18KT0037) DBk A T 7= b D Th 5.
1) M.Sato et al., PLoS One, 12 (2017)
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7 IUBRBEDEBHEELEZFNALLERE COBIRY X T L

(HFBZRBeEE 1, 7K ESICB2, #8372 Kk ReHES3, #5372 KEe#friEibs ¢4, JST & 2317 5)
OFA &1, &) Ba— 123, gk 51, Pl #lve, JgE X4, = KA 234,

EABREHARTF LT x OATEE MR T 572
DIZIE, KK D CO, #EHEEINT S (DAC) &
AT DOFESLRETH D, THEPT A 7e &g
BT EE D CO, DEIIZIZE ) =X ) — LT 2 v
(MEA) 243 L 957 2 VKIBEEA R & T
WD, P OHIF AT DI, KB COy i
KT DRI . ARFZETIE, BEROHTH
ZFIH U7 BRI K > TR EE CO, DWLIY
L, ETHRIIKHTESD DAC ¥ AT LD
BAFE AT L7z,

7 X > 1 mmol ® DMSO ¥&IEIZ =R T 400ppm
? CO2 (75 mLmin )% Jitil L7z. CO, DitffI% N,

SRt 284, (LR ] 1235
BT, 60 CTRMli L=, 4> T A > DA
JCEERHT KV TR D COL IR E DR 4 E & L
7o, PERIBLD MEA ¥ ClE, 400ppm CO, DFRZE
BhEN 2 h T 90%LL FIZIR T35 DIZkt L, Kb
TEDEREL Y AT AT 13 h 120720 &
PrEHE (>90%) ZHMEFFL, HWeT7 I EHEED
COr ZWIN U7z, E 72, I L7z CO, &5 HD CO,
60 CTHHL, W - itz 5 [ElZih7z - T
MR LCHBE RO TR D bhvie
o7, ZO XL, RitEOIKRE CO, & mzh=
TN « 4% DAC AT LS AT I v
TR DB L > TEERk L 7=,
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Synthesis of bio-based network polymers by acyclic diene
metathesis polymerization
(#BNZKPEEE) OLance O. P. Go, Mohamed M. Abdellatif, Kotohiro Nomura

Development of bio-based advanced polymers derived
from natural abundant non-edible plant resources attracts
considerable attention.! Previous work on tandem acyclic
diene metathesis (ADMET) polymerization of dianhydro-
D-glucityl bis(undec-10-enoate) (ME) using Ru catalyst
(HG2) and subsequent hydrogenation yielded rather high
molecular weight polymers? In order to develop more
advanced materials, we prepared the network polymers in
the presence of tri-arm cross linkers (Scheme 1).3

Upon presence of glycerol based cross-linker (CL), the
ADMET polymerization of ME by HG2 afforded high
molecular weight polymers with unimodal molecular
weight distributions; both the M, values and the
distributions were affected by the conditions. The results
have shown that using 5 mol % of the CL results in
formation of an organo-gel while 1-2.5 mol % of the CL
produces a soluble network polymer. This soluble network
polymer, after hydrogenation, showed an increase in
ultimate strain and toughness compared to the linear

polymers. More details will be presented in the symposium.

ADMET
Polymerization

N__N
Mesc‘//Y Mes
‘Ru=CH

Cl

_o

Mes =24,6-MesCeHz  goluble Network Polymers

Scheme 1

(1) K. Nomura, N. W. B. Awang, ACS Sustainable Chem. Eng.,
2021, 9, 5486-5505.

(2) K. Nomura, P. Chaijaroen, M.M. Abdellatif. ACS Omega,
2020, 5, 18301-18312.

(3) D. Le, C. Samart, S. Kongparakul, K. Nomura. RSC Adv.,
2019, 9, 10245-10252.
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FRADT A2+ X (ADMET)

HEEHITED

NAFTR—ZRRYIRATFILDOERK

HATEOMEIE D VYA 7 VATRE &+
BEREM B ORI T, 1RO F A RO & 72

HEERIEMRN TH 5 LS TV D Y
R CIRESNRBMARSAM FTodry
VAL A (ADMET) #HA &-2-3< tandem 7K
FIC L AR Y = R F L OARRE IiEw, A
JECIIMED I & B LA HFFE S N DR HELD
a,0-YTr (M) &K an-vT & OREAK
DARUCE Y fHLA TS (Scheme 1).

o
WO i) ADMET polymerization
7= H R cat. i CHCI3500
=0
(i) tandem hydrogenatlon
o7: AI03H1OMP 50°C
H o

M’N NM

cl,
"“"Ru=
Ru cat. } \
HG2 or O
DCD Scheme 1

(ERSLRBEER) O/MESETE, BFATERL

M1 & DCD (1,9-decadiene) DItEH G % #FlE
VEETHET L T, HIERDSFeOME A3 5
RS DR ~ =G0, HonsRY
~—D5F &3 Ru A ESEA R M O EZ X
o, EEBRTISEEERATT O 2L TR
MLz, BEAEBORISERDROT VI T %
WL, KFEEITSE. KBELLZEORY ~—D
rﬂm FHE—T, EHYzOREGEzmD 5 L R

L, Als72Y100°C i x 5 LEEERPEF L.
References
1) K. Nomura, N.W. B Awang, ACS Sustainable Chem
Eng., 9, 5485 (2021).

2) K. Nomura.,Chaijaoroen.P.,Abdellatif, M. M.,ACS
Omega, 5, 18301(2020).

3) M. Kojima, M. M. Abdellatif, K. Nomura
Catalysts, 11, 1098 (2021).
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T/ X VBMFEETLHFEERASA S FBRUE-A THBADERE
IFLYVEDRK

=A TSI =R #lTEF LD O
B, MOBERERAEIC O RWRHE A R
T DD, EOL{ARE O BRI XK R Y VIS
KR THD., YHRETIIA L 7 4 VEES &
{EIZEPERE 2 3 BL T 5 /3 U MMl 2 i L7
WEND, BN 4 BR =4 7RI

HL7Z2). LrL, =4 7RI ~0

SRVRIEENL BN T T A e =D N 7 a Y
REERZ (LAY & T DRI TIX, GRATHEZR
BERDSIRES NS ). FU R (PAFATIR)

PERIND OSERA T TIZ Y, HIRESEAR )Y BB IR 4
T, HTESA I FEEAFDBRESND. 4

B, FUR (P=FAT IR) GEREHIEERL
T DT IR BN AR = A4 T A DAL — N &

(#SLRBeEE) O s B3, /H R, B 2K

B L, 7=/ =V EDRIGTEET = /&0
NAEATHEREA X NIHSERE SR L0
T, TF L UVEADOKRELED THETS.

R1/©\R2 3eq. R‘Q\RZ R‘Q\RQ
N LiNEt, 2,6-R';,CeH30H

N N
C"’NB”‘C' _— —_——

I R il
Nb; ' INEt, Nb: ' INEt,
~, -| - | ~
_0o” [ n-Hexane n-Hexane or THF f fo) \NE12
R

ELNT N,
IS -30°C - rt. z NEt, -30°C - rt.
AN 16 h 16 h
R'='Bu(2), 'Pr(5), Me(7)

0 1
Scheme 1. =4 7 AR D A Al K

References

1) a) K. Nomura et al., Organometallics 35, 2773 (2016);
b) K. Nomura et al., Macromolecules 53, 5266 (2020).

2) K. Nomura et al., Organometallics, 39, 3742 (2020).

3) K. Nomura et al., ACS Omega. 3, 6166 (2018).

4) K. Nomura et al., Organometallics 38, 1544 (2019).
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BB IUVEZNHC REBRICEKSIIFLUESR

(BLRTR*, BER Kxx) OARF 72727, PPN KI*
INBIDAR Fok, BB Bk, Bk, (LB ek, bR Ak

TF U ERIIIMNA REBRSEN L LT
Wb T& 7z, NHC BN 1% F52 =% Ag 8
KX, =F L EASICHREOEEZRT Z L0
WME SN TVDINZEOESOFEMILH 2Tl
RN, ABFFETIE, Fix O NHC B+ % & O8R
BEAZ A WCTZF LU DBEAEITV, A DM
A LNIT D LA B ULRRZITo 7,

B UL AFLEEE S-S NHC 848854K/MAO
EHAWEZF L UES T BRLROR Y =F L
UELNTE (Th=141.4C), BHNT-HRY) =F
Ly DENT 1P —L cob-web T. HED T
BRY ZF L UORREEDNRB S, — T,

BZHEERE F WD & ERlEOR ) =F L U3
RIS BT (T =140.8C) 23, TDE/NT +
oY — I HEEREE R 2 W 23S S I3 R o T
W/, NHC & MAO % fHA G o 7 il 2 2 H
WEHAICbERAE R TR = F LR ED
N2 &ne, EMREIE NHC 885K T <,
NHC BN+ AHT7 VI =0 MIBE) LT,
NHC 7V = U AR TH D 2 E BRI T,
FEC (NHC) 185K & MesAl & DT, NHC
TN =0 LEERBERT S Z &2 NMR 12X
D HEDD BT,
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B IO LBRIZEERVEUNALGD T/ —ILERK

Tx )=V, 7= ) — VIR D FERe R X
UEHEDIFEIE 2D AT = ) —L A DERIC
E SN 572 L, a2 bR DR LT
MWHAMEOEWMEEM T D, BIfE, 7=/ —LD
TEEMRRGEICIZZ A VERHO LR TS,
BOSZHHEOAR SRR O E N b A7 =
T ZADBFENRD SN TS, ABFZETIE, filt
ELTAHKY L a =9 ALK [ZrVa(ns-
CsHs)4(CD2(u-0)] (1) # vy, ek &Lt
—%FHT L LT, BIAERMBAER LN T =
J =V DA RS FRUCBARE Uiz (K1), HE
FMAIEE TR, BV LRV OEE R

Ova) 17 1.2,

(JUKBEL 1, JST &ENT 2,
figz sty 1.2,

WPI-I2CNERS3)
FAAREZSL 12, /T FkE] 13

AL A RITBIH S 3, Eo, B R AH
Rz A NAy N ay FOMEZFIEFIT/N
VMIE LS ST, $720b b, b OfLE
BEBEICIIKBEIR 75l R EOREFBRENE
NN ERHA LN E IR o7z,

O e Oron
® B

C|~Zr'V"'O\Zr'V

& O

Cl

L. Zr $ERIC K 2B DGR L OG
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B—RILT = LSEKICL SEMERIEKFEDORER R

(JukBET 1, JST & & A7 2, WPI-I2CNERS3, JuLKZeEH 4, JST-CRESTS)
OWFF K 12, FAARSEIL 128, ARFEA 12, HhEFREM 12, FETE] 45,
HEFRIR= 45, 8 —p 45, /NLakHA] 13

TR, AZ IHAEFRER CH DM 4~ A BICAZ ) — )L ERNVLT LT RBRAERKLT
NHLREERREL o/ 2 LD BRETEIRIED WHZ EEHLMIT LT,
BAELD L, AOFAEORRBER KD TN D,
AWFFETIX, B R Cd 2 HHl bis(u-oxo) —

°“3°“)/% vﬁ\

B Rulv #8518 [RulVa(n3-CsMes)2(u-0)2]2+ (1) % oho-
WT A K v O IEBREN R E b & R L7 (1), o S
SR 11k, AP T [Rul(n>CsMes)(H20)al+ & Lo (M ﬂé( )é* %@( )é»
HERIESED Z L TRBITEDND, BEE o

WAL EMHERSRZRHT . S5 1 OKIR, A ¥ \ CHa CHy
> (4 MPa), B L O F#(2 MPa) ZUSN L5 Wi, omo0 2
YEARIRST (250-385nm) A1To7z L 24, U 1 BET DA Z VLS A 1 = K s
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U TN THEARIEWIZER L RAEDO = TR E S

HE)HLH oz ix, WA & L TERR
NEHSND, L LEGRBRIIADVILEDTD,
maA N, BIROMBR ENRHEE RS TEY
ZORBMEICHLERR T Y —72 = ufiliio
BTSSR TV D, RBFE T, miEtER Ik
B4Rk oot OBR%E 2 H YT, NO 2otk
R Cull B L, Ce0r-ZrO, ~? Cu IRNNZHHE
%@%Ltoit@ﬁ®%kiﬁ&9€~75y

2k, fRBEEMERE S LT Cu OIREEZ D )
L?5t®®@ﬂ%ﬁ0ko

KENE, kil SRR VAR 21T
Sl ZA WETH LN AR &
WNO B2 g 2 Lo, £ 2T

FEERITIR) OFF i, MmE 5%, PHE B

WikZz v Cu HEF R E Ce/Zr DL ATT -
=& 2 A, Swt% Cu-CZ (1:D)2M i b= NO i
JeiEPEZ 7R L7z, H-TPR JIZEN S, Ce/Zr LHIZ &
O CuflOBETURHEN R D Z & FFIZ Cu-CZ D
KFBWEREITCu/Zr LY %< Cu EHEEHZ
FFD Ce MANRIL SN TWVD Z L DVRB I T,
F72.Ce G £ Cu-Zr [ HEIEMETH D Z L
5., Cu-CZ D@E\NO &ICiEMEIL, Cu-CZ HHAAE
AEFFOREY A MIHER L, BP0 R A
O FIHA AEETEER FICENTH D b LTz,
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