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Room-B

Natural resource exploitation

[2B01-2B04] Natural resource exploitation (3)
Chair:Masanori Kurihara(Waseda Univ.)
9:00 AM - 10:00 AM Room-B (12C Conf. room)

[2BO1] Trial of automated cuttings description based
on image recognition
OYuta Mizutani', Takuya Harada®, Takashi Nanjo?,
Takuya Ishimaru?, Yoshitami Fujisawa3, Shota Inoue®,
Hirotaka Sakai®, Kenta Watanabe® (1. JX Nippon Oil
&Gas Exploration Corporation, 2. Japan Qil, Gas and
Metals National Corporation, 3. ITOCHU Techno-
Solutions Corporation)
9:00 AM - 9:15 AM

[2B02] Numerical methods using Deep Neural Network
in airborne electromagnetic exploration
OTakumi Ueda', Tamaki Nishino', Kengo Nakanishi'
(1. Waseda University)
9:15 AM - 9:30 AM

[2B03] Development of wellbore stability analysis
model cosidering discontinuity in shale
formations
OSata Tetsu", Furui Kenji® (1. Waseda University, 2.
Graduate School of Creative Science and Engineering,
Waseda University)
9:30 AM - 9:45 AM

[2B04] Transition of Environmental and Social
Management Measures, and Initiatives as a
Business Operator
Taiki Inoshita’, ORyohei Anzai', Yasuaki Kigushi1 .
INPEX Corporation)
9:45 AM - 10:00 AM

Natural resource exploitation

[2B05-2B09] Natural resource exploitation (4)
Chair:Tomoyuki Suzuki(JX Nippon Oil &Gas Exploration Corp.)
10:15 AM - 11:30 AM Room-B (12C Conf. room)

[2B0O5] A quantitative approach to evaluate the effect
of temperature and homogenizing conditions on
crude oil emulsion stability
OXingjuan Hao', Mai Shimokawara?, Yoshitake Kato?,
Ryuta Kitamura?, Yogarajah Elakneswaran' (1.
Hokkaido University, 2. JOGMEC)

10:15 AM - 10:30 AM
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[2B06] Influence of inorganic solids on the formation
and stability of crude oil emulsions as a function
of temperature history
OTOKIMA HATTORI', Xingjuan Hao', Yoshitake Kato?,
Mai Shimokawara?, Ryuta Kitamura?, Yogarajah
Elakneswaran' (1. Hokkaido University, 2. JOGMEC)
10:30 AM - 10:45 AM

[2BO7] MIC cases and immersion tests of metals in
industrial water of LNG reciving plant
OToshiyuki Sunaba', Hirotaka Mizukami®, Satoshi
Wakai®, Yasuyuki I\/\iyano2 (1. INPEX Corpoiration, 2.
Akita University, 3. JAMSTEC)

10:45 AM - 11:00 AM

[2B08] Crisis management at INPEX
OAtsuhiro MOROE", Takahiro TERANISHI', Masaki
INOUE" (1. INPEX CORPORATION)

11:00 AM - 11:15 AM

[2B09] Considering history of Japan's oil development
industry
OMasaru lhara' (1. JOGMEC)

11:15 AM - 11:30 AM

Test analysis/refining process

[2D07-2D09] Test analysis/refining process
Chair:Masaomi Amemiya(Japan Petroleum Energy Center)
10:45 AM - 11:30 AM Room-D (12D Conf. room)

[2D07] GC analysis of trace impuriteis in alternate fuel
gases using on-line sampling with thermal
desorption
OKatsura Sekiguchi’, Sadao Nakamura' (1. Agilent
Technologies Japan, Ltd.)

10:45 AM - 11:00 AM

[2D08] Slective hydrodesulfurization over rhodium
phosphide catalyst
OYasuharu Kanda', Ami I\/\iyamo’co1 (1. Muroran
Institute of Technology)

11:00 AM - 11:15 AM

[2D09] Analysis of sulfurization behavior for HDS
catalysts with XAFS
OYusuke Matsumoto’, Risa Fujino', Kazunari Tagawa”,
Hiroyuki Seki', Takeharu Sugiyamaz, Hisahiro Einagaz,
Takeshi Kubota® (1. JGC Catalysts and Chemicals
Ltd., 2. Kyushu University, 3. Shimane University)
11:15 AM - 11:30 AM
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Heavy oil

[2D10-2D13] Heavy oil (1)
Chair:Koichi Matsushita(ENEOS Corp.)

1:00 PM - 2:00 PM Room-D (12D Conf. room)

[2D10] Development of High Performance Catalyst for
Residue Hydro demetallization
OKenji Yamane', Hiroshi Shintaku’, Yusuke
Matsumoto’ (1. JGC Catalysts and Chemicals Ltd.)
1:00 PM - 1:15 PM

[2D11] Improvement of desulfurization activity by pre-
add saturated fatty acids prior to active metal
addition
OSoichiro Tokitsu', Kazuyuki Komori', Hikaru
Yamada', Masaaki Haneda® (1. Cosmo Oil Co., Ltd., 2.
Nagoya Institute of Technology)
1:15PM - 1:30 PM

[2D12] Effect of phosphorus and zinc on alumina
support used in hydrodesulfurization catalyst
OHikaru Yamada', Kazuyuki Komori', Masaaki Haneda?
(1. Cosmo Qil Co., Ltd., 2. Nagoya Institute of
Technology)
1:30 PM - 1:45 PM

[2D13] Development of residue hydrodesulfurization
catalysts with zinc-titanium or zinc-boron
additions
OShin-ya Suzuki', Hikaru Yamada', Kazuyuki Komori',
Masaaki Haneda? (1. COSMO Oil Co., Ltd., 2. Nagoya
Institute of Technology)
1:45 PM - 2:00 PM
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Cosmo Oil Co., Ltd)
2:30 PM - 2:45 PM

[2D16] Constructed a method for estimating catalyst
performance of Hydrodesulfurization unit
OTsubasa Sekine', Usui Daisuke’, Koji Tsuji' (1.
Cosmo Oil Co.,Ltd. ResearchDevelopment Center )

2:45 PM - 3:00 PM

Heavy oil

[2D14-2D16] Heavy oil (2)
Chair:Yasuharu Kanda(Muroran Inst. of Technology)
2:15 PM - 3:00 PM Room-D (12D Conf. room)

[2D14] Effect of hydrothermal treatment of alumina
support on hydrodesulfurization catalytic
activity
OShunsuke Takahashi', Hikaru Yamada', Shin-ya
Suzuki’, Kazuyuki Komori', Masaaki Haneda® (1.
Cosmo Qil Co., Ltd., 2. Nagoya Institute of
Technology)
2:15PM - 2:30 PM

[2D15] Optimization of physical properties of guard
catalysts in cracked heavy oil
hydrodesulfurization unit
ODAISUKE USUI", TSUBASA SEKINE", KOJI TSUJI" (1.
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Petroleomics

[2D17-2D22] Petroleomics
Chair:Shigeki Nagamatsu(JEPLAN, Inc.)
3:15 PM - 4:45 PM Room-D (12D Conf. room)

[2D17] Development of technologies to reduce CO2
emissions from refineries
OHiroshi Kato', Kiyoshi Sase’, Teruo Suzuki', Kotaro
Matsumoto’, Keita Katano' (1. Japan Petroleum
Energy Center)
3:15 PM - 3:30 PM

[2D18] Development of machine-learning model to
predict crude oil molecular information for CDU
real-time optimization (Part 1)
OJumpei Yoshizuka®, Hiroaki Taniwaki', Masumi
Hashimoto?, Kotaro Matsumoto?, Hiroshi Kato?,
Hiromasa Kaneko® (1. Meiji University Department of
Applied Chemistry, Graduate School of Science and
Technology, 2. Japan Petroleum Energy Center (JPEC)
Advanced Technology and Research Institute
Petroleomics Technology Laboratory, 3. Meiji
University Department of Applied Chemistry, School
of Science and Technology)
3:30 PM - 3:45PM

[2D19] Improving accuracy of estimated distillation
curve with FT-ICR MS data
OKeita Katano, Teruo Suzuki', Kotaro Matsumoto’,
Hiroshi Kato' (1. Japan Petroleum Energy Center)
3:45 PM - 4:00 PM

[2D20] Development of model for analysis of fouling in
heat exchanger by co-processing of renewable
feeds (part1)
OKiyoshi Sase', Teruo Suzuki', Hiroshi Kato' (1.
Japan Petroleum Energy Center Advanced Technology
and Research Institute Petroleomics Technology
Laboratory)
4:00 PM - 4:15 PM

[2D21] Average molecular structure analysis of fouling

deposits in crude oil refineries
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OFEri Fumoto’, Toshihiro Kakinuma', Shinya Sato’,
Masato Morimoto', Toshimasa Takanohashi® (1.
National Institute of Advanced Industrial Science and
Technology)
4:15 PM - 4:30 PM

[2D22] Hierarchical structure analysis of foulant using
scattering methods
OTakeshi Morita', Eri Fumoto?, Masato Morimoto?,
Ryuzo Tanaka®*, Teruo Suzuki* (1. Chiba University,
2. National Institute of Advanced Industrial Science
and Technology, 3. Idemitsu Kosan Co., Ltd., 4. Japan
Petroleum Energy Center)

4:30 PM - 4:45 PM

Refining equipment

[2D01-2D06] Refining equipment (4)
Chair:Satoru Okamoto(ENEOS Corp.)

9:00 AM - 10:30 AM Room-D (12D Conf. room)

[2D01] Improvement of multi-point thermometer of
CCR regeneration tower
Omakoto kawamoto' (1. Seibu Oil Company
Limited)
9:00 AM - 9:15 AM

[2D02] Introduction of a cold water tower renewal
project using the
uninterrupted water supply method during
operation
OShuta Tanaka', Yuuji Kitano' (1. Fuji Oil
Company)
9:15 AM - 9:30 AM

[2D03] Application of high-performance insulation
material and its installation method
OKentarou Toyouchi’, Takashi Motojima®, Shinya
Sasaki’, Soji Tomono? (1. Cosmo Engineering Co.,
Ltd., 2. NICHIAS Corp.)
9:30 AM - 9:45 AM

[2D04] Upgrading Tube Skin Thermocouple for Improved
Furnace Monitoring
OYUYA Kondo" (1. Fuji Oil Company,Ltd.)
9:45 AM - 10:00 AM

[2D05] Application of Kammprofile gasket to CSL type
heat exchanger
OShu Hasegawa1 (1. Idemitsu Kosan Co.,Ltd.
Hokkaido Refinery Engineering &Maintenance
Section)

10:00 AM - 10:15 AM
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[2D06] Seismic retrofitting of the control room. ~Non
welding method to reinforce with bolts.~
Okyosuke Miyabe' (1. TOA OIL CO., LTD.
ENGINEERING Division)

10:15 AM - 10:30 AM

General petrochemistry

[2F08-2F11] General petrochemistry (1)
Chair:Ken Motokura(Yokohama National Univ.)
1:00 PM - 2:00 PM Room-F (13A Conf. room)

[2F08] Acetaldehyde Synthesis from Ethanol Using
Gallium-based Catalysts
OKento Norii", Kojiro Fuku', Naoki lkenaga® (1.
Kansai University)
1:00 PM - 1:15 PM

[2F09] Catalytic cracking of linear paraffin in the
presence of hydrogen using various zeolite
catalysts
OYasumitsu Shimura’, Keisuke Nishimura', Takuya
Kitagawa1, Satoshi Inagaki1, Yoshihiro Kubota' (1.
Yokohama National University)
1:15 PM - 1:30 PM

[2F10] Selective oxidation of methacrolein over strong-
acid modified Fe,O with high surface area
OShogo Sawada', Mitsuru Kan-no?, Wataru Ninomoyaz,
Ryoichi Otomo”, Yuichi Kamiya' (1. Hokkaido
University, 2. Mitsubishi Chemical)
1:30 PM - 1:45 PM

[2F11] Selective hydrogenation of nitriles to primary
amines over nickel carbide nanoparticle
catalysts
OSho Yamaguchi1, Daiki Kiyohiraﬂ, Takato Mitsudome”,
Tomoo Mizugaki' (1. Osaka University)
1:45 PM - 2:00 PM

General petrochemistry

[2F12-2F14] General petrochemistry (2)
Chair:Yuichi Manaka(National Inst. of Advanced Industrial
Science &Technology)

2:15 PM - 3:00 PM Room-F (13A Conf. room)

[2F12] Selective hydrogenation of nitriles over
zirconia-supported palladium catalysts
OKISHIMOTO MASAAKI", NISHIDA YOSHIHIDE",
HANEDA MASAAKI' (1. Nagoya Institute of
Technology)
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2:15PM - 2:30 PM

[2F13] Development of supported iridium catalysts for
the synthesis of N-containing chemicals
utilizing SMSI effects
OKenji Wada', Han Yu', Qi Feng1 (1. Kagawa
University)
2:30 PM - 2:45 PM

[2F14] Influence analysis of bacterial plasmid conjugal
transfer under flow condition
ORyujin Watanabe', Kazuhiro Takeda' (1. Shizuoka
University)
2:45 PM - 3:00 PM

Polymer, oligomer

[2EO01-2E05] Polymer, oligomer
Chair:Toru Wada(Japan Advanced Inst. of Science
&Technology)

9:00 AM - 10:15 AM Room-E (12E Conf. room)

[2EO01] Synthesis of Biobased Aliphatic Polyesters with
Optically Active Diol Moieties by Acyclic Diene
Metathesis Polymerization
OKanoko Isami’, Kotohiro Nomura® (1. Tokyo
Metropolitan University)

9:00 AM - 9:15 AM

[2E02] Synthesis of Biobased Polyesters by Acyclic
Diene Metathesis (ADMET) Polymerization with
Molybdenum-Alkylidene Catalyst
OMika Kojima', Kotohiro Nomura' (1. Tokyo
Metropolitan University)

9:15 AM - 9:30 AM

[2EO03] Synthesis and characterization of multi-block
copolymers by cross metathesis of
norbornene/butadiene copolymers and partially
hydrogenated polyconjugated diene
ORiki Otsuka’, Ryo Tanaka', Yuushou Nakayama',
Takeshi Shiono' (1. Hiroshima University Graduate
School of Advanced Science and Engineering)

9:30 AM - 9:45 AM

[2EO4] Bio-jet fuel production by oligomerization of
butenes using heterogeneous catalysts
consisting of nickel complex/EtAICI,

Itsuki Kamisaka®, Shingo Haruta®, Minoru Hirahara',
Hitoshi Ogihara', OHideki Kurokawa®' (1. Saitama
University)

9:45 AM - 10:00 AM
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[2EO5] Development of hybrid ethylene-polymerization

catalyst by immobilizing metallocene/late

transition-metal complexes on montmorillonite

OYusuke Tanaka', Kazuhiro Yamamoto?, Miru

Hirahara', Hitoshi Ogihara1, Hideki Kurokawa® (1.

Saitama University, 2. Japan polychem Corp.)

10:00 AM - 10:15 AM

Polymer, oligomer

[2E06-2EQ7] Polymer, oligomer (2)
Chair:Kotohiro Nomura(Tokyo Metropolitan Univ.)
10:30 AM - 11:30 AM Room-E (12E Conf. room)

[2E06] Relationship between molecular structure of
internal donors and catalytic performance:
Impact of alkyl groups of phthalates
OMostafa Khoshsefat'?, Patchanee Chammingkwan
"2, Minoru Terano'?, Toshiaki Taniike'? (1. Graduate
School of Advanced Science and Technology, Japan
Advanced Institute of Science and Technology, 2.
DPI)
10:30 AM - 10:45 AM

[2EO07] [Invited] Development of living coordination-
polymerization catalysts and its application for
tailor-made cyclic-olefin copolymers
OTakeshi SHIONO' (1. Hiroshima University)
10:45 AM - 11:30 AM

Polymer, oligomer
[2EO08-2E10] Polymer, oligomer (3)

Chair:Toshiyuki Oshiki(Okayama Univ.)
1:00 PM - 2:15 PM Room-E (12E Conf. room)

[2E08] Synthesis and properties of
ethylene/norbornene gradient copolymers by
ansa-fluorenylamidodimethyltitanium complex
OTaichi Usabayashi', Ryo Tanaka', Yuushou
Nakayama', Takeshi Shiono’ (1. Hiroshima
University)

1:00 PM - 1:15 PM

[2EQ9] Titanium catalyzed transesterification of
methyl-10-undecenoate and aliphatic polyesters
for chemical recycling
OVYuriko Ohki', Tomoyuki Aoki, Yohei Ogiwara’,
Kotohiro Nomura® (1. Tokyo Metropolitan Univresity,
Faculty of science, Department of Chemistry)

1:15 PM - 1:30 PM
[2E10] [Invited] Catalytic pyrolysis of polyolefin

towards combination with petroleum refinery
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ONaonobu Katada', Yuya Kawatani', Hiroki Masuda’,
Satoshi Suganuma1, Etsushi Tsuji1 (1. Tottori
University)

1:30 PM - 2:15 PM

Polymer, oligomer
[2E11-2E14] Polymer, oligomer (4)

Chair:Takeshi Shiono(Hiroshima Univ.)
2:45 PM - 3:45 PM Room-E (12E Conf. room)

[2E11] Non-empirical structure determination of
Ziegler-Natta catalyst nano structure using
machine learning potential
OHiroki Chikuma', Gentoku Takasao’, Jorg Behler?,
Toshiaki Taniike' (1. Japan Advanced Institute of
Science and Technology, 2. Georg August University of
Gottinge)

2:45 PM - 3:00 PM

[2E12] "®*W NMR measurements of homogeneous
tungsten precatalysts for ring-opening
metathesis polymerization
OToshiyuki Oshiki’, Hiroto Nagai', Kousuke Sano’,
Hiroyuki Koshino?, Takanori Komatsu®, Hitomi Mutou®

(1. Okayama University, 2. RIKEN, 3. JEOL Ltd.)
3:00 PM - 3:15 PM

[2E13] Structural Investigation on Methylaluminoxane
by X-ray Total Scattering
OToru Wada', Patchanee Chammingkwan', Toshiaki
Taniike' (1. Japan Advanced Institute of Science and
Technology)

3:15 PM - 3:30 PM

[2E14] Mechanistic studies on syndiospecific styrene
polymerization using half-titanocene catalyst
through solution XAFS analysis
ORyuske Iwase’, itsuki izawa, souichi kikkawa', seiji
yamazoe1, kotohiro nomura’ (1. Tokyo Metropolitan
University)

3:30 PM - 3:45 PM

C1 chemistry
[2F15-2F19] C1 chemistry

Chair:Naoki Ikenaga(Kansai Univ.)
3:15 PM - 4:30 PM Room-F (13A Conf. room)

[2F15] Investigation of high performance catalysts for
low temperature selective ethane

dehydrogenation in the presence of steam
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OMasaki Sato’, Kosuke Watanabe', Takuma Higo',
Hideaki Tsuneki', Shun Maeda’, Kunihide Hashimoto?,
Yasushi Sekine' (1. Waseda Univ., 2. Kubota Corp.)
3:15PM - 3:30 PM

[2F16] Direct synthesis of gasoline-ranged olefins from
syngas over a Na promoted Fe@Na-ZSM-5
capsule catalyst
OXu Sun’, Yingluo He', Guohui Yang1, Noritatsu
Tsubaki' (1. University of Toyama)
3:30 PM - 3:45 PM

[2F17] Electrochemical reduction of CO, to multi-
carbon products using copper-based catalysts
OWenhang Wang', Yingluo He', Guohui Yang',
Noritatsu Tsubaki' (1. University of Toyama)
3:45 PM - 4:00 PM

[2F18] Low Temperature Oxidative Coupling of CH,
over Cerium Oxide Based Catalyst
OEllen Gustiasih Maulidanti', Masashi Awaji', Riko
Osaki', Kenji Asami’ (1. The University of
Kitakyushu)
4:00 PM - 4:15 PM

[2F19] Methanethiol synthesis from CO by Mo sulfide
catalysts: improvement of methanethiol yield
ORyo Watanabe', Natsu Oba', Hiroshi Akama’,
Kazumasa Oshima?, Masahiro Kishida?, Priyanka
Verma', Choji Fukuhara® (1. Shizuoka University, 2.
Kyushu University)
4:15 PM - 4:30 PM

Utilization of biomass

[2B10-2B11] Utilization of biomass (3)
Chair:Tetsuya Fukunaga(ldemitsu Kosan Co., Ltd.)
1:00 PM - 2:00 PM Room-B (12C Conf. room)

[2B10] [Invited] Co-processing of biomass resources in
catalytic cracking process — Reaction analysis
with experiments and machine learning -

Olori Shimada® (1. Shinshu University)
1:00 PM - 1:45 PM

[2B11] Effect of adding triglyceride in the catalytic
cracking reaction of bio-oil
OYoko Tanaka', Mitsumasa Osada’, Hiroshi Fukunagaﬂ,
Nobuhide Takahashi', lori Shimada' (1. Shinshu
University)

1:45 PM - 2:00 PM



Utilization of biomass

[2B12-2B15] Utilization of biomass (4)
Chair:Hiroyuki Imai(The Univ. of Kitakyushu)
2:15 PM - 3:15 PM Room-B (12C Conf. room)

[2B12] Effect of reaction conditions on the formation
of cyclic compounds in the jet-fuel production
through decarboxy decomposition of
triglycerides
ORyota Sano’, Kenji Asami’, Haruki Tani?, Yayoi
Murakami®, Kaoru Fujimoto® (1. The University of
Kitakyushu, 2. Environment Energy Co., Ltd., 3. HiBD
Research Institute, Inc.)
2:15PM - 2:30 PM

[2B13] Design of multifunctional catalyst for biojet
fuels production from coconut oil
OToshiya Tsunakawa’, Kenji Kamiya', Eika W. Qian."

(1. Tokyo University of Agriculture and Technology
Graduate School of Bio-Applications and Systems
Engineering)

2:30 PM - 2:45 PM

[2B14] Development of carbon-supported Cu catalyst
for selective hydrogenation of xylose to xylitol
under relatively low hydrogen pressure
OHiroyasu Fujitsukaq, Taku Hiraoka', Yuki
Yamaguchi', Teruoki Tago?, Motoaki Kawase' (1.
Kyoto University, 2. Tokyo Institute of Technology)
2:45 PM - 3:00 PM

[2B15] Hydrogenation of methoxyphenol using
supported metal catalysts in supercritical
carbon dioxide
OAritomo Yamaguchi', Yuka Murakami®, Norihito
Hiyoshi' (1. AIST)

3:00 PM - 3:15 PM

Utilization of biomass

[2B16-2B19] Utilization of biomass (5)
Chair:Hiroyasu Fujitusuka(Kyoto Univ.)
3:30 PM - 4:30 PM Room-B (12C Conf. room)

[2B16] Investigation of reaction pathways in the
hydrogenolysis of xylose using in-situ hydrogen
generated from Fe particles and water during
the reaction
OKota Matsubara’, Ryoga Higuchi', Keita Taniya',
Chiaki Ogino”, Yuichi Ichihashi', Satoru Nishiyama'

(1. Department of Chemical Science and Engineering,

Graduate School of Engineering, Kobe University)
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3:30 PM - 3:45 PM

[2B17] Oxidative esterification of acetal-protected
HMF to dimethyl 2,5-furandicarboxylate using a
nitrogen-doped carbon-supported cobalt
catalyst.
OJan Wiesfeld', Kiyotaka Nakajima®' (1. Hokkaido
university)
3:45 PM - 4:00 PM

[2B18] Sustainable catalytic transesterification of
polyesters using heterogeneous TiO,-supported
MoO, catalyst
OS. M. A. Hakim Siddiki", Kotohiro Nomura® (1.
Department of Chemistry, Tokyo Metropolitan
University, Japan)
4:00 PM - 4:15 PM

[2B19] Polymer composite of plant-based linear and
cross-linked polyesters with cellulose
nanofibers and their mechanical properties
OYuichi Matsumoto Matsumoto', Kotohiro Nomura®,
Lance O'Hari P Go' (1. Tokyo Metropolitan
University)
4:15 PM - 4:30 PM

Hydrogen/energy carriers/CCU/carbon recycle

[2A01-2A04] Hydrogen/energy

carriers/CCU/carbon recycle (6)
Chair:Kazuhiro Takanabe(The Univ. of Tokyo)
9:00 AM - 10:15 AM Room-A (12A Conf. room)

[2A01] [Invited] Future prospects of renewables and
hydrocarbons
OVYasushi Sekine’ (1. Waseda Univ.)
9:00 AM - 9:30 AM

[2A02] Doping effect of 13 and 14 group elements to
Co/CeQ, catalysts for CO, hydrogenation
OYasuhiro Araya1, Katsutoshi Sato", Hiroshi Yamada',
Katsutoshi Nagaoka' (1. Nagoya University)
9:30 AM - 9:45 AM

[2A03] Self-processing methanation: A novel route of
CO, methanation without heating
OChoji Fukuhara', Hiroshi Akama?, Kentaro Uchida®,
Priyanka Verma?, Ryo Watanabe' (1. Shizuoka
University, 2. Shizuoka University, Faculty of
engineering, 3. Shizuoka University, Graduate school

of engineering)
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9:45 AM - 10:00 AM

[2A04] Influence of preparation conditions on the
activity of supported Ru catalyst for CO2
methanation
OTsuyoshi Sanda’, Yoshihide Nishida', Masaaki
Haneda' (1. Nagoya Institute of Technology)
10:00 AM - 10:15 AM

Petrochemical Symposium of JPI)

Environmental Chemistry)

11:15 AM - 11:30 AM

Hydrogen/energy carriers/CCU/carbon recycle
[2A09-2A12] Hydrogen/energy

carriers/CCU/carbon recycle (8)
Chair:Yutaka Amao(Osaka Metropolitan Univ.)
1:00 PM - 2:00 PM Room-A (12A Conf. room)

Hydrogen/energy carriers/CCU/carbon recycle

[2A05-2A08] Hydrogen/energy

carriers/CCU/carbon recycle (7)
Chair:Satoshi Suganuma(Tottori Univ.)
10:30 AM - 11:30 AM Room-A (12A Conf. room)

[2A05] Hydrogen Formation from Hot Spring Gas in
Hokkaido
OMasaya Arai', Hirotoshi Sakagami1, Noriyasu
Okazaki', Masato Kida', Hirotsugu Minami®, Kazuto
Ohmori?, Keiichi Hayashiz, Takahiro Suzuki® (1.
Kitami Institute of Technology, 2. Hokkaido Research
Organization)
10:30 AM - 10:45 AM

[2A06] Direct methane reforming reaction — The role of
alumina in iron-based catalysts -
OYohei Sakurai', Koichiro lwama?, Noriyasu Okazaki®

(1. Kitami Institute of Technology, Mechanical and

Electrical Engineering Program, 2. Kitami Institute of
Technology, Applied Chemistry Program, 3. Kitami
Institute of Technology,Department of Bio-
Environmental Chemistry)
10:45 AM - 11:00 AM

[2A07] Direct methane reforming reaction — Utilization
of biomethane-
OSho Fukushima', Kouichiro lwama?, Noriyasu
Okazaki® (1. Kitami Institute of Technology,
Mechanical and Electrical Engineering Program, , 2.
Kitami Institute of Technology, Applied Chemistry
Program, 3. Kitami Institute of Technology,
Mechanical and Electrical Engineering Program)
11:00 AM - 11:15 AM

[2A08] Direct methane reforming reaction — Effect of
coexisting gas—
ORei Satoh', Kouichiro lwama?, Noriyasu Okazaki®

(1. Kitami Institute of Technology, Mechanical and

Electrical Engineering Program, 2. Kitami Institute of
Technology, Applied Chemistry Program,, 3. Kitami

Institute of Technology, Department of Bio-
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[2A09] Design of Pt,Co single atom alloy with high Pt
mass activity for toluene hydrogenation
reaction
OTakahisa Fujita', Akira Oda’, Yuta Yamamoto®,
kyoichi sawabe’, atsushi satsuma® (1. Nagoya
university)

1:00 PM - 1:15 PM

[2A10] Carbon dioxide solid adsorbent properties under
an electrostatic field
OTakumi Masuda’, Kouki Saegusa’, Kenshin Chishima',
Hiroshi Sampeiq, Kota Murakami', Yasushi Sekine! (1.
Waseda Univ.)
1:15PM - 1:30 PM

[2A11] Catalyst development for carbon capturing
from plasma processed gas of CO,

ODaisuke Murata', Manabu Miyamoto', Yasunori
Oumi’, Shigeyuki Uemiya', Tsutomu Imai’, Shinji
Kambara' (1. Gifu University)

1:30 PM - 1:45 PM

[2A12] Photo-assisted chemical looping for CO,
reduction using Pt-supported molybdenum
suboxide.

OTaku Kishimura', Kazuki Kusu', Yasutaka
Kuwahara'?, Hiromi Yamashita' (1. Division of
Materials and Manufacturing Science, Graduate School
of Engineering, Osaka University, 2. JST PRESTO)
1:45 PM - 2:00 PM

Hydrogen/energy carriers/CCU/carbon recycle
[2A13-2A17] Hydrogen/energy
carriers/CCU/carbon recycle (9)

Chair:Kakeru Fujiwara(Yamagata Univ.)
2:15 PM - 3:30 PM Room-A (12A Conf. room)

[2A13] Synthesis of CaO-based composite oxides from
iron &steel making slags and their applications
in CO, capture
OYasutaka Kuwahara'?, Aiko Hanaki', Hiromi
Yamashita' (1. Osaka University, 2. JST PRESTO)
2:15 PM - 2:30 PM
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[2A14] Effect of Cr addition to PdAg binary alloy
catalysts on hydrogen production from formic
acid
OTatsuya Fujita', Kohsuke Mori’, Hiromi Yamashita'

(1. Graduate School of Engineering, Osaka
University,)
2:30 PM - 2:45 PM

[2A15] Formic Acid Synthesis by CO, Hydrogenation
using Pd Nanoparticle Catalyst modified with
GaO,

OKohsuke MORI", Hiroto Hata', Hiromi Yamashita'
(1. Osaka University)
2:45 PM - 3:00 PM

[2A16] Fluoride-catalyzed Synthesis of Formic Acid and
Methanol from CO, and Waste Silicon
OKen Motokura'?, Kaiki Nakao?, Chihiro Nakagawaz,
Yuichi Manaka®? (1. Yokohama National University,
2. Tokyo Institute of Technology, 3. National
Institute of Advanced Industrial Science and
Technology)

3:00 PM - 3:15 PM

[2A17] Eco-friendly synthesis of polyurethane raw
materials from 1 atmosphere of CO,
OKatsuhiko Takeuchi Takeuchi', Ming-Yu Chen’,
Hiroki Koizumi', Kazuhiro Matsumoto’, Norihisa
Fukaya’', Yoong-Kee Choe', Shinji Shigeyasu?, Seiji
Matsumoto?, Satoshi Hamura?, Jun-Chul Choi" (1.
AIST, 2. Tosoh Corporation)
3:15PM - 3:30 PM

Petrochemical Symposium of JPI)

University, 2. Research Center for Artificial
Photosynthesis (Recap), Osaka Metropolitan
University)
4:00 PM - 4:15 PM

[2A20] One-pot synthesis of ingredients of
biodegradable polymer from CO, and acetone
using bio/visible-light absorption dye
OYu Kita', Masanobu Higashiz, Yutaka Amao® (1.
Graduate School of Science, Osaka City University, 2.
Research Center for Artificial Photosynthesis, Osaka
Metropolitan University)
4:15 PM - 4:30 PM

[2A21] Development of the photochemical CO2 fixation
reaction on the aromatic amine
OKyosuke Gomi', Takeshi Matsumoto’, Shuhei
Yasuda', Junko N. Kondo', Toshiyuki Yokoi" (1.
Institute of Innovative Research, Tokyo Institute of
Technology)
4:30 PM - 4:45 PM

Interenational sess.

[2F01-2F04] Interenational sess. (4)
Chair:Naohiro Shimoda(Tokushima Univ.)
9:00 AM - 10:00 AM Room-F (13A Conf. room)

Hydrogen/energy carriers/CCU/carbon recycle
[2A18-2A21] Hydrogen/energy
carriers/CCU/carbon recycle (10)

Chair:Keigo Tashiro(Seikei Univ.)
3:45 PM - 4:45 PM Room-A (12A Conf. room)

[2A18] Feasibility Study of DME Synthesis Process
Using Waste Gas as Feedstock and CO2
Reduction
OShinsei Shiotani’, Kazuhiro Takeda', Kaoru Takeishi’

(1. Shizuoka University)
3:45 PM - 4:00 PM

[2A19] Development of visible light-driven synthesis
system from carbon dioxide to produce
unsaturated dicarboxylic acid
OMika Takeuchi', Masanobu Higashi?, Yutaka Amao'~?

(1. Graduate School of Science, Osaka Metropolitan

©The Japan Petroleum Institute

[2F01] CeO,-supported bimetallic Ni-Ag catalyst for
ammonia synthesis from NO-CO-H,O
Chandan Chaudhari', OYuichi Manaka'?, Tetsuya
Nanba' (1. Fukushima Renewable Energy Institute,
AIST, 2. School of Materials and Chemical Technology,
Tokyo Institute of Technology)
9:00 AM - 9:15 AM

[2F02] Plasmon-assisted hydrogenation and
dehydrogenation reactions of noble metal
nanoparticles
OPriyanka Verma”, Kohsuke Mori?, Yasutaka
Kuwahara?, Ryo Watanabe', Hiromi Yamashita®, Choji
Fukuhara® (1. Shizuoka University, 2. Osaka
University)
9:15 AM - 9:30 AM

[2F03] Effect of Ca addition on the catalytic activity
of BaTiO, for oxidative coupling of methane
ORongguang Gan', Yoshihide Nishida', Massaki
Haneda' (1. Nagoya Institute of Technology)
9:30 AM - 9:45 AM
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[2F04] CO, hydrogenation reaction over Pd-containing
MWW zeolite catalyst
OWillie Yang', Shuhei Yasuda', Sridharan Balu?,
Muyuan Yu', Toshiki Kaseguma”, Toshiyuki Yokoi' (1.
Tokyo Institute of Technology, 2. National Taipei
University of Technology)
9:45 AM - 10:00 AM

Interenational sess.

[2F05-2F07] Interenational sess. (5)
Chair:Ryo Watanabe(Shizuoka Univ.)
10:15 AM - 11:15 AM Room-F (13A Conf. room)

[2F05] Direct synthesis of carbamates as polyurethane
raw materials from low-concentration of CO,
equivalent to thermal power plant exhaust gas
OHiroki Koizumi", Katsuhiko Takeuchi’, Kazuhiro
Matsumoto’, Norihisa Fukayaﬂ, Kazuhiko Sato’,
Masahito Uchida?, Seiji Matsumoto?, Satoshi Hamura?,
Jun-Chul Choi' (1. National Institute of Advanced
Industrial Science and Technology , 2. Tosoh
Corporation)

10:15 AM - 10:30 AM

[2F06] Design of efficient catalyst for higher alcohols
synthesis via CO, hydrogenation
OMinghui Zhao', Nozomi Kawamoto', Kenji Kamiyaq,
Eika W. Qian' (1. Tokyo University of Agriculture and
Technology)

10:30 AM - 10:45 AM

[2F07] [Invited] Oxidative coupling of methane over
alkaline tungstate catalysts
OKazuhiro Takanabe' (1. The University of Tokyo)
10:45 AM - 11:15 AM

Poser sess. room-A (PO1-P0O8)

Poster presentation

[2a07-0900] Poster sess. A
9:00 AM - 3:00 PM Poser sess. room-A (P01-P08) (12G Conf.
room)

[PO1] Catalytic oligomerization of isobutyl alcohol to
jet fuels over dealuminated zeolite Beta
OXiaoyu Guo', Yingluo He', Guohui Yangq, Noritatsu
Tsubaki' (1. University of Toyama)

[PO2] Effect of P addition on activity of Ru catalyst
for C,H, selective hydrogenation
OMana Murakami', Yasuharu Kanda® (1. Muroran

Institute of Technology)

©The Japan Petroleum Institute
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[PO3] Methylcyclohexane dehydrogenation activity of
Ca added Pt catalyst
OAyumu Kobayashi', Yasuharu Kanda' (1. Muroran
institute of technology)

[PO4] Gas-phase Oxidation of Benzene over Cu Catalyst
Loaded on Molded MFI Type Zeolite
OXindong Yin', Shuhei Miyamoto', Masaya Morimoto’,
Keita Taniya1, Yuichi Ichihashi’, Satoru Nishiyama1 (1.
Catalytic Reaction Engineering Group,Department of
Chemical Science and Engineering, Graduate School of
Engineering, Kobe University)

[PO5] Chemical recycling of aliphatic polyesters by
transesteirifcation using homogeneous Lews acd
catalysts
OYoushu Jiang", Yohei Ogiwara’, Kotohiro Nomura' (1.
Tokyo Metropolitan University)

[PO6] Synthesis of half-titanocene catalysts for
efficient synthesis of cyclic olefin copolymers
OTaiga Fujioka', Jiahao Gao', Kotohiro Nomura' (1.
Tokyo Metropolitan University)

[PO7] Synthesis of New Bio-Based Polyolefins by
Ethylene Copolymerization with Camphene by
Nonbridged Half-Titanocene Catalysts
OTomu Watanabe', Kotohiro Nomura' (1. Tokyo
Metropolitan University)

[PO8] Regioselective oligomerization of w-siloxy-
a-olefins using a zirconium complex : synthesis of
novel ester-based lubricant precursors
OKazuma Okada’, Akihiko Ishii', Norio Nakata' (1.
Department of Chemistry, Graduate School of Science

and Engineering, Saitama University )

Poster sess. room-B (P09-P15)

Poster presentation

[2a08-0900] Poster sess. B
9:00 AM - 3:00 PM Poster sess. room-B (P09-P15) (12H Conf.
room)

[PO9] Mechanistic study of Ni,P catalyzed
dehydrogenative coupling of methane
Rattanawalee Rattanawan', Min Gao', Shoji Iguchi?,
Ichiro Yamanaka®, OJun-ya Hasegawa' (1. Hokkaido
University, 2. Tokyo Institute of Technology)

[P10] Machine Learning-Aided Catalyst Modification in
Oxidative Coupling of Methane by Addition of

Promoter Element
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OShun Nishimura', Junya Ohyamaz, Xinyue Li’, Itsuki
Miyazato®, Toshiaki Taniike', Keisuke Takahashi® (1.
JAIST, 2. Kumamoto University, 3. Hokkaido
University)

[P11] Development of low-temperature methanol
synthesis process from CO,

OAyaka Miura', Kenji Nakao', Noriyuki Yamane', Fei
Chen?, Noritatsu Tsubaki? (1. Nippon Steel Corp., 2.
University of Toyama)

[P12] Gas-phase hydrogenation of CO, over supported
iron-based catalysts.

OMisuzu Komuro', Miru Hirahara', Hitoshi Ogihara”,
Hideki Kurokawa' (1. Saitama University)

[P13] Mechanism of foaming phenomena during pre-
heating in the liquid phase synthesis of bio-jet
fuel form triglycerides
OShimada Hikaru', Kenji Asami', Haruki Tani?, Yayoi
Murakami®, Kaoru Fujimoto® (1. Asami Laboratory, The
University of Kitakyushu, 2. Environment Energy Co.,
Ltd., 3. HiBD Research Institute, Inc.)

[P14] Optimization of reaction conditions with machine
learning in woody biomass solvolysis using
vegetable oil solvent
OEmi Fukutani', Mitsumasa Osada', Hiroshi Fukunaga',
Nobuhide Takahashi', lori Shimada’ (1. Shinshu
University)

[P15] Efficient prediction of jet fraction yield and
optimal condition using machine learning in
catalytic cracking of vegetable oils
OYuzuki Katayama®, lori Shimada’ (1. Shinshu
University)

Methane reaction catalysts

[2C01-2C04] Methane reaction catalysts (1)
Chair:Wataru Ueda(Kanagawa Univ.)
9:00 AM - 10:15 AM Room-C (12B Conf. room)

[2C01] [Invited] Considering the survival of oil
industries in a turbulent environment such as
climate change and decarbonization
OMasaru lhara’ (1. JOGMEC)

9:00 AM - 9:30 AM

[2C02] Liquid metal indium catalyst for

dehydrogenative conversion of methane

OShoji Iguchi1, Yuta Nishikawa”, Ayumi Nakayaﬂ,

©The Japan Petroleum Institute
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Ayako Suzuki', Kiyotaka Asakura?, Ichiro Yamanaka'
(1. Tokyo Institute of Technology, 2. Hokkaido
University)
9:30 AM - 9:45 AM

[2C03] Dehydrogenative coupling of methane on Pt
catalysts
OHitoshi Ogihara’, Tatsuki Tomono', Riku Takamura',
Hideki Kurokawa' (1. Saitama University)
9:45 AM - 10:00 AM

[2C04] Rooted catalysis centre for long-term stable
carbon dioxide reforming of methane
OShusaku Shoji®, Xiaobo Peng®, Ryo Watanabe®, Yuta
Yamamoto®, Tomoharu Tokunaga®, Ayako
Hashimoto"”’, Shigenori Ueda’, Choji Fukuhara®,
Masahiro Miyauchi?, Takeshi Fujita®, Hideki Abe™® (1.
National Institute for Materials Science, 2. Tokyo
Institute of Technology, 3. Kochi University of
Technology, 4. Shizuoka University, 5. Nagoya
University, 6. Sitama University, 7. Tsukuba
University, 8. Cornell University, 9. Fuzhou
University)
10:00 AM - 10:15 AM

Methane reaction catalysts
[2C05-2C08] Methane reaction catalysts (2)

Chair:Hitoshi Ogihara(Saitama Univ.)
10:30 AM - 11:30 AM Room-C (12B Conf. room)

[2CO5] In-situ STEM observation of Ni/SiO, catalysts
during dry reforming of methane
OTomokazu Yamamoto', Youichirou Kamawi’, Junko
Matsuda®, Osamu Nakagoez, Koki Urita?, Syo
Matsumura® (1. Kyushu University, 2. Nagasaki
University, 3. Kurume College)
10:30 AM - 10:45 AM

[2C06] Computational Screening of Bimetallic Alloys
for Methane Activation
OTakashi Kamachi', Masataka Yoshida?, Yuta Tsujis,
Kazunari Yoshizawa® (1. Fukuoka Institute of
Technology, 2. Tokyo Institute of Technology, 3.
Kyushu University)
10:45 AM - 11:00 AM

[2C07] Propane dehydrogenation over metal hydrides
OZen Maeno', Shunsaku Yasumura?, Xiaoming Hu?,
Takashi Toyaoz, Ken-ichi Shimizu? (1. Kogakuin
University, 2. Hokkaido University)
11:00 AM - 11:15 AM
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[2C08] Low-temperature oxidation of methane using
platinum oxide catalyst and synthesis of
hydrogen cyanide using an alumina-supported
platinum catalyst
OAtsushi Takagaki1, Tatsuya Yamasaki', Yuta Tsuji1,
Kazunari Yoshizawa', Junko Matsuda’, Tatsumi
Ishihara’, Kyoko Bando?, Tetsuya Shishido® (1. Kyushu
University, 2. National Institute of Advanced
Industrial Science and Technology, 3. Tokyo
Metropolitan University)

11:15 AM - 11:30 AM

Methane reaction catalysts

[2C09-2C12] Methane reaction catalysts (3)

Chair:Tetsuya Shishido(Tokyo Metropolitan Univ.)
1:00 PM - 2:15 PM Room-C (12B Conf. room)

[2C09] [Invited] Designing methane oxidation catalysts
via catalysts informatics
OKeisuke Takahashi' (1. Hokkaido University)
1:00 PM - 1:30 PM

[2C10] Data-driven catalyst discoveries based on high-
throughput experimentation -Implementation in
oxidative coupling of methane-
OToshiaki Taniik! (1. Japan Advanced Institute of
Science and Technology, Graduate School of Advanced
Science and Technology)
1:30 PM - 1:45 PM

[2C11] Low-temperature oxidative coupling of methane
over Ce-MFI-supported metal catalysts
ORyota Osuga’, Atsushi Neya', Motohiro Yoshida',
Mizuho Yabushita', Shuhei Yasuda?, Sachiko Maki',
Kiyoshi Kanie', Toshiyuki Yokoi?, Atsushi Muramatsu’
(1. Tohoku University, 2. Tokyo Institute of
Technology)
1:45 PM - 2:00 PM

[2C12] Development of Cu zeolite catalysts for direct
oxidation of methane to methanol and
investigation of catalytic reaction mechanism
OJunya Ohyama”, Yuka Tsuchimura®, Hiroshi Yoshida',
Masato Machida®, Shun Nishimura?, Keisuke Takahashi®
(1. Kumamoto University, 2. Japan Advanced
Institute of Science and Technology (JAIST), 3.
Hokkaido University)
2:00 PM - 2:15 PM

Methane reaction catalysts

[2C13-2C17] Methane reaction catalysts (4)

©The Japan Petroleum Institute

Petrochemical Symposium of JPI)

Chair: Tomohiro Yabe(The Univ. of Tokyo)
2:30 PM - 3:45 PM Room-C (12B Conf. room)

[2C13] Investigation of active site structure in Cu-CHA
for direct synthesis of methanol from methane
OYuka Tsuchimura', Junya Ohyama’, Hiroshi Yoshida®,
Masato Machida® (1. Kumamoto University )
2:30 PM - 2:45 PM

[2C14] Design and synthesis of zeolite catalyst for
production of hydrocarbons from methane via
methanol
Kengo Nakamura', Peipei Xiao', Shuhei Yasuda',
Takeshi Matsumoto’, Ryota Osugaz, Mizuho
Yabushita?, Atsushi Muramatsu?®, O Toshiyuki Yokoi'
(1. Tokyo Institute of Technology, 2. Tohoku
University)
2:45 PM - 3:00 PM

[2C15] Direct oxidation of methane into formaldehyde
over metal phosphate catalysts
OKeigo Kamata', Aoi Matsuda', Haruka Tateno',
Kazuhiko Obara’, Michikazu Hara' (1. Tokyo Institute
of Technology)
3:00 PM - 3:15 PM

[2C16] Partial Oxidation of Methane to Oxygenates by
Oxygen Transfer at Palladium and Ruthenium
Bimetal Oxide
Zhao Ming1, Song Yang1, Higashikubo Daiki, Moriyama
Masanaru’, Imai Hiroyuki1, Bando Kyokoz, Takagaki
Atushi3, OXiaohong Li' (1. Faculty of Environmental
Engineering, The University of Kitakyushu, 2. National
Institute of Advanced Industrial Science and
Technology , 3. Department of Applied Chemistry,
Faculty of Engineering, Kyushu University)
3:15 PM - 3:30 PM

[2C17] Selective oxidation of methane to formaldehyde
over supported Cu-W catalyst
OHiroki lwai’, Junya Ohyama', Hiroshi Yoshida',
Masato Machida' (1. Graduate School of Science and
Technology, Kumamoto University)

3:30 PM - 3:45PM

Methane reaction catalysts

[2C18-C21] Methane reaction catalysts (5)
Chair:Junya Ohyama(Kumamoto Univ.)
4:00 PM - 5:00 PM Room-C (12B Conf. room)

[2C18] Selective methane oxidation catalyzed by

supported iron oxide subnanoclusters prepared
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from a diiron-introduced polyoxometalate
precursor
OTomohiro Yabe', Keiju Wachi', Takaaki Suzuki®,
Kentaro Yonesato', Kosuke Suzuki®, Kazuya
Yamaguchi' (1. The University of Tokyo)
4:00 PM - 4:15 PM

[2C19] Oxidative Reforming of Methane over Zeolite-
Supported Metal Catalysts
OHirokazu Kobayashi'2, Lingcong Li?, Kazuya Kato?>,
Atsushi Fukuoka®® (1. Komaba Institute for Science,
Graduate School of Arts and Sciences, The University
of Tokyo, 2. Institute for Catalysis, Hokkaido
University, 3. Graduate School of Chemical Sciences
and Engineering, Hokkaido University)
4:15 PM - 4:30 PM

[2C20] Influence of Al atoms’ distance contained in
Co/MFI zeolite on methylation of benzene with
methane
OEtsushi Tsuji’, Nobuki Ozawa?, Keigo Kanehara',
Hitoshi Matsubara', Akiho Otsuka’, Satoshi
Suganuma’, Momoji Kubo?, Naonobu Katada® (1.
Tottori University, 2. Tohoku University)
4:30 PM - 4:45 PM

[2C21] Enhancement of selectivity and rate of
methylation of benzene with methane on
Co/MFI catalyst by controls of gas phase
composition
OTaiga Sakamoto', Akiho Otsuka’, Hitoshi
Matsubara®, Etsushi Tsuji1, Satoshi Suganuma1,
Naonobu Katada' (1. Tottori University)
4:45 PM - 5:00 PM

©The Japan Petroleum Institute
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Natural resource exploitation

[2B01-2B04] Natural resource exploitation (3)

Chair:Masanori Kurihara(Waseda Univ.)
Fri. Oct 28, 2022 9:00 AM - 10:00 AM Room-B (12C Conf. room)

[2BO1] Trial of automated cuttings description based on image recognition
OYuta Mizutani’, Takuya Harada', Takashi Nanjo?, Takuya Ishimaru?, Yoshitami Fujisawa®,
Shota Inoue’, Hirotaka Sakai®, Kenta Watanabe® (1. JX Nippon Qil &Gas Exploration
Corporation, 2. Japan Qil, Gas and Metals National Corporation, 3. ITOCHU Techno-Solutions
Corporation)
9:00 AM - 9:15 AM

[2B02] Numerical methods using Deep Neural Network in airborne
electromagnetic exploration
OTakumi Ueda', Tamaki Nishino', Kengo Nakanishi' (1. Waseda University)
9:15 AM - 9:30 AM

[2BO3] Development of wellbore stability analysis model cosidering
discontinuity in shale formations
OSata Tetsu', Furui Kenji? (1. Waseda University, 2. Graduate School of Creative Science and
Engineering, Waseda University)
9:30 AM - 9:45 AM

[2B04] Transition of Environmental and Social Management Measures, and
Initiatives as a Business Operator
Taiki Inoshita', ORyohei Anzai’, Yasuaki Kigushi' (1. INPEX Corporation)
9:45 AM - 10:00 AM

©The Japan Petroleum Institute
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Resistivity Structure below the Line No.230290
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A quantitative approach to evaluate the effect of
temperature and homogenizing conditions on crude oil

emulsion stability

(Hokkaido University” -+ JOGMEC™) O Xingjuan Hao™ - Mai Shimokawara™ -

Yoshitake Kato™ - Ryuta Kitamura™ - Yogarajah Elakneswaran®

1. Introduction
Water-in-oil (W/O) emulsion is highly undesirable in
petroleum industry as it can cause pressure drop,
enhanced

processing equipment, production capacity decrease,

pump malfunctions, corrosion  of
overused consumption of transportation energy, and
cleanup difficulties. Many studies were carried out
to analyze factors affecting crude oil emulsion
stability. However, most studies were limited to ideal
model oil. Few studies have evaluated emulsion
stability quantitatively as well. There is still a lack of
understanding on crude oil emulsion stability and
influencing factors. In this study, the effect of
temperature and homogenizing conditions on
emulsion stability was quantitatively evaluated for
different kinds of crude oils.

2. Experimental

Four types of crude oils (Oil A, Oil B, Oil C, and Oil
D) with different properties and de-ionized (DI)
water were used. Crude oil emulsion was prepared at
oil volume ratio of 10%. The emulsion was formed
by homogenizing crude oil with DI water under
different  conditions including temperature,
homogenizing speed, and homogenization time.
Thereafter, the samples were allowed to rest at the
corresponding temperature for 24 h, and then the
resolved water was separated by centrifugation at the
speed of 10,000 rpm for 5 minutes. The volume of
resolved water was measured for evaluating
emulsion stability quantitatively. Moreover, the W/O
emulsions obtained after centrifugation were
observed by microscopy.

3. Results and Discussion

The stability of crude oil emulsion was significantly

affected by

conditions, which can cause the amount of resolved

temperature and homogenizing
water in oil emulsion systems (Fig.1.). It means that
the lower percentage of Resolved water indicates the
higher crude oil emulsion stability. With increasing
the temperature (20°C~50°C), the stability of
emulsion formed by different oils changed in
different trends, which was considered due to the
changes of interfacial tension and crude oil viscosity.
The interfacial tension changes mainly depend on
crude oil properties, especially total acid number
(TAN) and total base number (TBN). It should be
noted that increasing homogenizing speed produced
more external energy for emulsion formation and
consequently its stability. Fig. 2 shows Oil A W/O
emulsions formed at different homogenizing speeds.
Higher

external energy contributed to more

emulsion particles formed and stabilized.

%Resolved water
%Resolved water

Fig.1. Variation of %Resolved water in different
systems with condition changes. (A) temperature;

(B) homogenizing speed

Fig.2. Micrographs of W/O emulsion obtained after

centrifugation formed by Oil A at different
homogenizing speeds. (A) 10,000 rpm; (B)
20,000rpm; (C) 30,000 rpm
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1) A. Sadia et al. il 25E, 86, 423-424 (2021)
2)Michaela K. McGurn, et al. The Canadian journal of
chemical engineering (2017)

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 2B06 -



REFAS (B5200H - GHLEHRE

LNG EH#uick1F 2 TERKCRE L -HEYFEREEN & BERR

1. #¥sS
LNG & ANHHh o THFKEHRICE W T,
RFEHP AT v L AMICE RS FEAE L 72, FED
ek L 72 B PR R OEED b MICHUEY)
FEIER) LHEE S . REELTIE, BRE &
FERETIT o iR A it 5 5.

2. BEEM

Fig. 1 127”3 SUS403(16Cr-OND)# o Fpfk & §
#k (FCD-S) #l o 04§ TRERK & L7238 1k 77 T 1,
SUS403 Ti3§ EMER2S, FCD-S ic/HHKI WL
SHEEARFE L7, Zofth, REMBBSI
TIREHHIE R, A7 v L ABIEGIHREecl3+ %
MERRE L 7-.

Fig.1 i1k FHE AR (42 SUS403, 45: FCD-S)

TEERAKEAIKESE T, FELY A 4~ 30 ppm,

pH7.4, HEH 20 mS/m & —#%i 7 TEER/KDH
HERG7Z L72KTH Y, 27 v L RARMETIR
JEEPEL AN FRERTH L. LL,
TR DM IT 40 CRERE CRUEYI A ST L
LTVIRETH 572, 22T, LEMKROE
RER L HEREo Tz BV LB To
RIRE R % T - 72

3. REHR

SERHT & LT FCD-S, #igh 2 v 8, SS400,
SUS(403, 304, 316) % F\» 7=, 3XBR A 12 AR
(20 x50 mm) & L 600 #F % CHAME L 7. R
I TERAKDZKE v FKE LD 1.5m BIEIC
RE L. $£72, —HMEHC B T RERMN
EHEL -, RiEk 1, 3, 6, 14, 22 » Af%E
I BBR & [, ASTM G1-03 (CHEHL L & &k
B % bRE L, EREES X CRmERE % £t L
7o, F7z, BIEEERFREICHE L2 MEY % (B

kl’@é* 23D /)y % * Ié—! ’g** 444) e sk
(INPEX', FKHHA™, JAMSTEC™) OWEHIIT', K LIH, Supdeit”, £t
e

R Y

IV L DNA % {8 & L 7= BEEERE & T
4, REARERRUER
BN 22 » A Cog AR, FCD-S X
U SS400 & b i 2T E A A 0.1 mm/y 5T H
D, REBEEE 3 b o 72, %72 SUS403
TIIFig. 2 B L3 IR TWL WEHERED X
NTHY, EETOBRPHHE N, ALBNE
DIFRILREIR TR, B3 ERTBENE
KINT, INLEEBVEOECHHEYICL 2
JBEPIIFFETE b o720, FLBRAEICEIT
Wi (S) DifE s EPMA 047 X W iR I = &
2> 5 SRB(HiBHLETCH) & O MUAEY 235 L 72 &
g ns,

1To7.

[EECTTENRN T
16.0kY17 3 |

Fig. 3 RiEENE D SEM & (E: @, £i: ®)

FCD-S % SS400 DAYt ST 2> 5,

BB {LEE# £ > Dechloromonas B 23 EREEK

X0t ans. 7, FEFER L 7= SUS403

EHYL o 72BN 5 72 SUS304 & TldHE%AR 3

AE VIR RS DR S /e,

5, x&®

o 7T v TEMMKICKFENME XX
7 v L Ao RIZEHBZ FEf L, FEEO
MIC ZHE T 7.

® SUS403 ofLEWHCI: SRB Fic X 3 &

TEE N BT DN L SUS304 & Hi7x 2 HEtE

ME R S N .

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 2B07 -



2B08

REXS (B52EAH - AHLFHARS

INPEX IZHT5EH#EEDEYFEAIZDNT

(Bt 2t INPEX HSE 1=vh) OS5I H¥A- S /5 244+ 3

1. [EZC®IC

A R4 INPEX (X, THRIILX—ORFK-E£E-#
HEBEHEETERT SO ZMPOTIFE,
FRGEHR 20 HHETIRL-FAXK-£ETODT
INEEBEEZERALTWS, EEDRIZEEIR
BVOERRHESADBITEVSBFHEOKREL
EIEORNBLEFEELDH . XBEOFKTH--FR
M RARHRXLREBEITINZ TCCU)S PLKFESFH
HREESFICMYBATNS, ZOHTEH, 5|1k
EEEDNREHRRUVRERENRBALDES
DyE. &1t—NE4->T HSE OERYMEAIZERYAE
ATWS, ARKRTIE. REBRERVIRERESEE
BT 5B HNEDISIBEERICRYMBAT
WENENT B,

2. B HERDOBEKEEDORYEH

2010 EQ AT EFHRHBREZHELT,
(7 FH{A®D IPIECA & IOGP (X, (5 19 #iH D
4 & Joint Industry Program #3156 £ (1=, #1115
EBLE-CORYBADPTIE. EHOHENEBEER
THEBLEOHRMGRICOMENEESN,
Good Practice Guidelines 4> Technical Reports A%
RiTENT=, FICRARA G OZMEAITDONTIE,
KEHEOBRIEEREDMEHEATHS Incident
Command System (ICS) BB #xt s LIEEICHER
[CHERELT-C&ZRIT, KRIRELLT, H4A ICS
FRFEA-BREAIEDLEHEATEATHIIENHE
gEIht-,

3. INPEX D fE B & A
FRTENL-ERMGRYEATEER . St
T ICS ZMYANT-EHEERAFIZERBL TS,
LI TIE HSE YR AVM O RTLEEKFLT
Health, Safety &1 Environment [ZBIL TR EZE
REEELTLS, BHEEL HSE AFMELTEY.
RERICEEIELOXELZEBLTCREBERD

AHDOVBH ThITLEADS LY

S
N
S
H
o

WMUBMEAREERBEERVELHTNS, BFXE

FIEFNERBEICEDE, TLROBFHEICEL

REBMEXEFTEHFE LTS, BHEKEED

R RHILHE M EL TDTiered Response., =L

QICS [2&BF—ILNTF—FT7TO—FhEIFon

5= FICSNLDABRICTOVWTHENT 5, £1=

EERARFXIEXEDRE L E RN LINBEDERE.
COVID-19 ® &4 2019 FDEE 19 &l Vvo=H

B FEIMYBEH - EXMISICONTEH, EOAEE

BNT %,

4. F-LBBEREADEZDEIE

2021 FE(ZKAOAZTFIIIATSAUDBH A3 —K
BEZITTRENBILELIZESIC, AN\ —Z/EH
SNWEBICLDHBEFEIEITOVTIE, TRILF—%
RILZFDEBHD—DEH-TIND, Y TIEISLE
EREBHEBLIOHEBERLRZTAN—D
ERZERIELTHY . SSLERYMBAIZOVTAR
NI B,

LU TEIRILF—DREH/BEVSHRME
mER-I=O. 5IEHRSEHEEDRILICDOLNT
HLEBRICERYBA TN (T)

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 2B08 -



2B09

REAR ($B520FH - AHLFHRR)

2B09 HARDEHMEAFKEELEEZEZD

Considering history of Japan’s oil development industry
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Test analysis/refining process

[2D07-2D09] Test analysis/refining process
Chair:Masaomi Amemiya(Japan Petroleum Energy Center)
Fri. Oct 28, 2022 10:45 AM - 11:30 AM Room-D (12D Conf. room)

[2D07] GC analysis of trace impuriteis in alternate fuel gases using on-line
sampling with thermal desorption
OKatsura Sekiguchi', Sadao Nakamura® (1. Agilent Technologies Japan, Ltd.)
10:45 AM - 11:00 AM

[2D08] Slective hydrodesulfurization over rhodium phosphide catalyst
OYasuharu Kanda', Ami Miyamoto® (1. Muroran Institute of Technology)
11:00 AM - 11:15 AM

[2D09] Analysis of sulfurization behavior for HDS catalysts with XAFS
OYusuke Matsumoto', Risa Fujino', Kazunari Tagawa', Hiroyuki Seki', Takeharu Sugiyama®,
Hisahiro Einaga®, Takeshi Kubota® (1. JGC Catalysts and Chemicals Ltd., 2. Kyushu University,
3. Shimane University)
11:15 AM - 11:30 AM

©The Japan Petroleum Institute
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1. f65

KT E DIREREIND AT E END A, LI
LK F72E ORI LAY IR A &
ET 72D IRREETOEMEREENLEESI TN,
UL, ZOEETIIRHBHEL -0 EHEZTT>C
GC HTEATI HIEDNH T D,

ARG TIIA L TAL Y TV T ENNEI A IS
FOVKET AT DR A% sub ppb LUV E TR
H - ERETEAINFEA DRMRGEITT-,

2. R

HAEA T TH TV TED Markes 1
Air Server-Kori— Unity—xr & Agilent £1:00 GC-SCD %
FAEDHE T, W2 VR WET G A
R BEEOWER A EDOEHZENTELT— /LR
7o 7 %A U TR PO @V OB LK SR 70 & 4 R
TEDLMRE LT, GC Mg L Tt LA LISN
IR CEDIDNTHHEN 7 LD H A2 43I L, SCD
DOAIZ MSD B8EONFID T FBREA T 7,

THEE TOONTNEELWE L KB L, Bk LR
=)V AF VAN I T E e B O IR FE & Tkt
Gy U CIER A T o7,

3. MR LB

IS S 2 B b 3 57 Iica— ARy,
OWHRREE, FemiRE, FHRL —MIOWTEERZT
ofc, A= AR T DIRELALED DL AR AD
BfRE T RE R, WALKFEEATF VAN T T 2
20 CLLTFICRETDRERDHL— I, Hifb =
NETF N ANHTZ AT 10°CFEE THfitET 528
MWREETHDHZED 3 -oTz, I— /LRIy 7 ORI
TRLEE L BR DR L AR ZDBURE A 1 1R T,

HESH 0b Bt X774

(TYVvohe Ty ar—) OBR & - kR B8R

Effect of Trap Temperature on
GC Response
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~
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-
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X N 3 @
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o

-30 -20 -10 0 10 20 30 40
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1. =R YT DEELFEFEEMDOL AR ADER

MM =e—EM

a2 — /LRIy 7O FHRSAFTE T Vb5 E
FHR (K 100°C/sec) ZOBH IR L—RD F3E— IR
NEL, BRI IR —AT A O _ERAEIZ B0
RDIZFRE LT,

P T IVIEELRR R AR A T TR
R EsL AR 2D EAME I BRI R Eon
770 7 VIEEE 0.5ppb, 1ppb,10pph @ 3 AEB L
100ppb Z3BANLTZ 4 SROEBLLTHARMEKSE TR
EARMEDMF DI, 0.5ppb - 7L TOD S/N Enbhi
{b/KFE1T 100ppt FREEE T, fhdbA 1% 10-50ppt F2
JEETRIETEDZEN 3 -T2,
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1. %S

FHKFZETARHDS) il & LTV b i3t
HEEINTEY HFEE TR 1Mbe v A(RhP)
EEYE DEKFILRE 22 AT DHZ L2 5N
\ZL7, Lo, ZofitiEszF 730 HDS Kk
WCHWD TV U oo b Bkl e LTHE 24 L
74 HRIBHIKFEL L TLE ) afREER & D
Komatsu & /%, RhBi il 1,4-~FH D
HIRA K F USSR L TR 2-~ 2 LR 3R
Zor L, ZAUTKSE OPERTT M OHFilEF L O &
72 Bi JRFDMFEAET D AT PRI 2R FAT Lo Tk
BHCELHELTCND I, ThaEzxsd .
Rh fikliEz U b4 52 L CHRERICA LV 7 >
DKRFEALZBG S Z ENTE, FRBIRW HDS SUG A
AIRBIC 2 D & PR Lo, AMFFETIX. Rh-P HRfil
B XD FT7HET LA E LTORY Y T F
72 BB LY I-~F & (1-CORAWY
(BT+1-CO ) K7 %53 INAY HDS s & 1T - 72,

2. EB

RhCls 3H20 3 L8 NHH2PO4 & V=55
EIZED U e v A(Rh-PlE 23R % U7,
FRIZIE Si02 2 vy, #HEFEIT Rh: 5.0 wt. %,
P: 1.5 wt.% & L7c, ZRHE#%ZICHEE L, 500C
TZERN 4 BFEIBERR L7z, 728, [FHEDHET
Rh it & 58 L 7=,

b Y U T 8 T PR it 2SS 2 2 F VN C
SR L 7=, ORI L L C He ALER(500°C)
B L He ®T(A50~650C) 21T - 7=, BIALEEL
7ol 2 Ho &k T 350°CICIRFEF L. BT+1-C6” D
n-7 N IRIR A TET D 2 & T HDS Mt &E{T-
T BRI A7 v~ N7 712X 0T LTz,

Table 1

B AERTED  abe b B

(R TR) OfHIEER, HAHR

3. BREBE

Table 12 Rh# K OVRh-P il & 2 BRAYHDS
Bt OfE R %773, Rh il <, BuolEEIc X S
T BT #5fb, 1-C6#sfkRI L UA~F & (C6)
FAFRIZI—ETH -7, Rh-P il CILELIRE
550 °C T KD BT #{LFENG Oz, T Ofilit
% 500 °C LA ETEILT 5 &, RoP HHNERT S
Z &% XRD Y=V LHEER LTz, DT,
5O BT AL R ITIE A T d D RhoP DA RICEE R
THEWz D, £, 20D BT #{L=EiX Rh
filie}s K O/l CoMoP filif . v b o 7=, —
77, EITIRE 600 °C UL ET BT b RIZE T L
T2 ZHUT. RMP DB Y 7L P OWE T
HTcErtBZx6ND, o, BILIEED LA
Eb R, COFRFHRILM E Lz, & <IZBT ik
RNEE DO TR 450°C & 600°C TlE, COFEAF
RIX 10 R"A» MEERRLTDH, U ARIZEY
COFRIERMM ELTWD L TcE 5, L,
Rh filtt & 13 BT $5{bE R E L B2 D728, W/F
ZHIE L, COFRIFRIZ OV TEEMIZRIME L 7=,
BT $5/L34 65% 0T TD CoFRAFER1T, Rh il
TIX 85.0%72 - 72723, Rh-P il C1X 91.5% TH -
7o Z @ Rh-P il D 5L Hi L CoMoP il (C6’
AP 89.1%) X v LN TV,

PLEDZ &5, Rh-P o & @40 HDS
TEPEIE, RhoP OAERITELIK T2 & Hlr L7z,

1) Y. Kanda et al., Appl. Catal. A: Gen., 386, 171
(2010).

2) Y. Kanda et al., Catalysts, 8, 160 (2018).

3) T. Komatsu, S. Furukawa, J. Jpn. Petrol. Inst., 63,
336 (2020).

Effect of reduction temperature on 1-C6’ conversion, product selectivities, and C6’ remaining rate in

selective HDS of BT and 1-C6’ mixture over Rh and Rh-P catalysts.

Catalyst Reduction BT conversion 1-C6’ conversion C6’ remaining rate
temperature (°C) (%) (%) (%)
Rh 450 43.6 92.8 92.6
550 42.0 91.8 92.1
Rh-P 450 86.7 93.9 75.6
550 94.1 93.7 79.6
600 83.3 93.1 86.1
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BENE— 722 k5 P Lf_o TEH OFREE D 72 DI il R TR AR L W 2 6
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KL v u b oy R L 2 — DUl ke BREXLND, B, 20— EiRTOHIY
E—AF 42 SAGALS #M\iz, MWy T R TOMREMBLL,

iﬁ@JiﬁE?ﬂCiﬁ 5k 5 c:ﬁkiﬂ [/\ in-situ "¢ 2000 ppm %%T@i\ in-situ %ﬁ?f@ﬁﬁfté%ﬁﬁﬁﬁﬁ{ﬁ L
HoS/AT &G 673K £ CORIRMELTIZ Co &t CORROTEM, T 7 VRISIHIT R & B £ 2 To
I2S DK BEZAY R LZRIE LT, fil RS F & IR SEIC DWW T E KT S,

F - IR oD 7K FEAV AR SO FEBR 1L 4,6-DMDBT s
EETAMELE LTHW, A= 7 L—7 2T 6 Wy |
KFEIE 4MPa, 623K T 3h DM THEME, ARkimD » 2482 eV
ML GCIZ T T2 7=, '-'E:; 12

Z o1

3. WMRBLUBLE 2 os

MR D SR AR AL ERRT & 573K THULALEE L 7= E o6 | ] e AR - 373K
Co K ¥ii XANES A7 ML &K 12" d, 22T 04 ‘ — BIRMR - 373K
7725 eV AL DA E— 2713 Co* N F A3 72bb 02 A

N N 0 Al

COO @ﬁﬁ & F%@@H‘U %MZD - & 75)%] %hfb \ZD 2)0 2400 2450 2500 2550 2600
iR C AT L& BT D & BERO R TR L Photon energy /eV
B’TH ZOE =7 BURAE LI TR TR [ 2. S K i XANES 227 |1

LTCWBZ ENnD, Co D LIS N K& Birb 2

LD, IR AR D J7 73"@)“ HDS @‘Eﬁf 1) H.Topsoe etal., J. Catal. 249 (2007) 220-233
ERMCEOMANCH L0, ZOLIIREALH ) T Kubota et al., Appl. Catal., 373 (2010), 214-221
5D IR NAC A OE DAL RR IR BT S &

HEHITE D,
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Heavy oil

[2D10-2D13] Heavy oil (1)
Chair:Koichi Matsushita(ENEOS Corp.)
Fri. Oct 28, 2022 1:00 PM - 2:00 PM Room-D (12D Conf. room)

[2D10] Development of High Performance Catalyst for Residue Hydro
demetallization
OKenji Yamane', Hiroshi Shintaku’, Yusuke Matsumoto' (1. JGC Catalysts and Chemicals
Ltd.)
1:00 PM - 1:15 PM

[2D11] Improvement of desulfurization activity by pre-add saturated fatty
acids prior to active metal addition
OSoichiro Tokitsu', Kazuyuki Komori', Hikaru Yamada', Masaaki Haneda® (1. Cosmo Qil Co.,
Ltd., 2. Nagoya Institute of Technology)
1:15PM - 1:30 PM

[2D12] Effect of phosphorus and zinc on alumina support used in
hydrodesulfurization catalyst
OHikaru Yamada', Kazuyuki Komori', Masaaki Haneda® (1. Cosmo Oil Co., Ltd. , 2. Nagoya
Institute of Technology)
1:30 PM - 1:45 PM

[2D13] Development of residue hydrodesulfurization catalysts with zinc-
titanium or zinc-boron additions
OShin-ya Suzuki', Hikaru Yamada', Kazuyuki Komori', Masaaki Haneda® (1. COSMO Qil Co.,
Ltd., 2. Nagoya Institute of Technology)
1:45 PM - 2:00 PM

©The Japan Petroleum Institute
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=y V) XD —BIRELFEATRE 7 S B A Z oL
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Arlal, FIZFRBRLE 2 o B L 7 LA B AR 0D 3
FIZEY, AZNDEZLSELT AT 7 VT Vo
RN L T D E A X OKRE & T D il it
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Tro ARFEFTIL, Hrffit RS431 O G ORI K
WZ OflE % ETe s 2T ADKSEEIZ OV CHE
T 5,

2. FEB

i1, PREARE U2 BER S 2N Ly MRS
MBI EZRT 7 4 ) o ZTIETEHRBEE L, 225
HCRERRT D 2 & CRBL U 7=, MRBCAFLAR T, /KER
FEAE (B2 7a—htlll R7< A% —GT-
60) 2 & > TR FLARE A6 2 HE LT,

Fl T 0D BT L U e 2 ] T R S 2 1 2 A
7o T U7-fililt % Tl b L2212, R IE
Feima R L Uz UEHm 2 @i L, &#EERsfco
ARk & 4572,

i T BRI S A Z V) b TPy a it/
A ONECHEfE L. BRFE A I BEICFRIE L
7o PREETEMEIT St BEAFAIE CDS-RS420 (LA
RS420) & OFERHEM: TRAN L 72,

3. EBRRRBIUVEBE

Hfi RS431 D a7 NI, A XA EEL

BT AT NT U T ENREIL T 5 15~

25nm OMMFLEREIG % % < AT D HMEHREHE LTz,

V= KL 2B T HHEE NT ooy a g
EICHEAT 52 LT BERT AT LD A X VPEEE
KOVt A Z tEmsm B L, ESIZERBOT A7 7
NT MR T T 5 2 & THRED FCC T IGE
mEbLHFRFCEXDLEEZTZLDOTHD,

RKa w7 bR Lo HIROKEER 7 o X

— & —E SR D I AL 6T 2 LA FE O F
B IR, BREEETIE, BA X VBORIZ
HEHS AL 15~25nm OMILERE O 281
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HkTn o,
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E
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o
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1. FEARDARRHIFLAFE O ELi

BWLTER 11T1E, BRI O T B TOH)

HNE MRS R 2~ 7, BRFEAMLE RS431 2587 k&
YUV a VENCHEMA LY AT AT, BEfFEO
RS420 i@ f o A7 & & bl U Tl A Z AT T
26%., M7 A7 7 VT AEHET 41% 6 D\ Lz R
THRERDPE LN, RO MBI T A7 7 L
T USSR E A B NS ORI EE L EZS
na, B2k, BEEME AW mESEERERIC X
0 MR ZEE A ZOUERENA BT A T L A
BLTWD, ZTOXD 7l A Z VEIRED & il
ERAEDE S Z LT, HFRWFT Tt D=—X
WX D Z ERNHREICAR D Z IR TE B,
RE T, BIRARED X 0 FEM 22 WM S R ER
ROV THREMT 5,

F 1. B 2T S ORI REAMG S 5

FHRHEE (%)
i Jii A% L 7 277 T
RS420# > A7 2 100 100 100
RS43Li > A7 2 99 126 141

SR geft - LHSV=0.3 (h"), PH, = 13.5 (MPa), Hy/Oil = 800 (Nm?/kl),
TEIRIRE =370 (C)
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2. HABETIk

FIRIRIAER & LC 2 ) R F VilkE 2-7 2 ) —VICHA
L, 7ov I HARICERIE IS TN, 120°CTiRlE
WolEL 2-7 % ) —ARERE LTz, SO X HIciE
PSR E LT Ni, Mo Z#HFFL, 3£ 1 ofill %8l L
77o FIRHEBSRRE LTI U RF VEBERIL 7 il
BB 2L 72, WEMESEERR I RAME L SRR T

NS LR ST e

RERT,

1 Cat. A ® MoS, {#1& D534

Rl

2 Cat. B ® MoS, & D4y

£ 2 TEM IC X % MoS, s #ilgds

JEELL 7 Fatty acid Lennnngth Layer No.
Cat. A (Myristic) 3.2 2.2
Bkl . s i
,;El Jﬂ%bf;ﬁﬁﬁ%@uiiﬂﬂ CatB (None) 28 25

Cat. Fatty acid C No. Add.
A Myristic 14 2mol%
B None — —

1Y AT VEERINC X @B/ HER T 5 72
DI, TSRS O A E A AU E A
v, BB/ KBREHT ZDFGE T, 400°CT 6 I
OB CALEE % £7 v filifi > Mo % MoS, & L 724,
ZEERIE T HEMEE (TEM) % v T MoS, DJgikiiE
RIS L7z, X OIS % ik 3 2 72012,
T Dl % [ E AR s o SRS E N TR bk 3 %
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fidi e & LR U 72

3. REREEE
3.1. TEM &%
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3.2, bRGEVERHL
Cat. A OGN IT Cat. B icf L€, KIGEE T
W11 o R L 72,

4, Wi

EHESEERRNC I ) X F VEERISINT 5 2 L T,
WSRO E R S, X0 ST i
BBEZENTET,

EE BN

DR = Al AL TR0 80 [Hl4E2 D304 (2015)

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved.2D11 -



(2 AW HRBRTERTE) Ol

1. &8

BEMOTER LN PHEIND . Eil 2 BRE W~
R L BT HHEMNRO SN TWD, ED—>
LT, AKRFBMER I W CEIECEMNEZKE
L3R+ 2~A L Rong Ka 2 F v 27 (MHC) A3
B D MCOBZRBIR T ClEa— 27 EMBBhEINRD
ZEnn, RS LTV, BaixIhE TR
RO 22— 7 BBz TH v | EE
& BEIMBFIZ WA P L InDAR BAEIC X 0 BRTRE
DMEI L T2 TR 2 fERR L 72, £ 72, iEOR
LY HIRBERIEE 2 2 b &7 & 2 DIn-AE G
Bt DTS AR BEETEIC B A 5 2 T D 2 & h
ST NI FHEEE OMBEER L RBEIR TN,
AFEFRTIT, PLInEBIT i?w FHR & OFH
HAEFICOWTHER T D701, BERRKIRE, Wit
BEPESEEY IR L, R~ 2 5%
BN D a— 7 IR A B LT,

2. EBR
2. 1 HHEEFHN
PRREECZnFRIE & MK ISR S8 IR FLA FEAR

YEDOERWEER L, HERICER I, (ERE
Kixy-Al. v-Al+P. vy -Al+Zn. vy -Al+Zn+P& L.
BERIRE 2600°C, 700°C, 800°C & L7-,

2. 2 W&t

NHsTPDI Y AR > 7 v & e F2 1R, Hel B[]
600°C CHIMLEL L 7=, & D%, 5% NHy/Hel RFfH i <
., He/ = % 3043100°C THTU Y NH & W 35 X872,
i Bl 25 B 1 X He i@ T 12 T600°C £ T10°C/min THIR
L. WBED 2 2 E &t & 0 sk ot Lz,

U IR, CORAEIRIEICT ¢ 2R 7 fRICARTFL LT
B 7L ZEEFET600°C TLRFMALEEE . & 512600°C
THERL B A T L 72, HEXZ T =|IR T Y /00
%10Torr CE A L7z,

3. BRBIUBE

3. 1 XRDHEIEHRE

XRD L V) BERIREE 52 B A fesB L7z, Znd RIS 1
72y -Al+Zn, vy -Al+Zn+PTlE. Zn-ALEAFILH D
AR AEMRE LT, £7-. PIRINCX V., BekiiE %
EFTH vy AL EIERA/NE < e B9, BEfE &
HT D REMR LIz, L, EOBEKEHERE
FEIZ LB E— LB LT, A kI
VY, Lo T, 600°CLLEDBERR TR da D2 I &

REA: (B520FH - AHIEZEHRSR)

RE P Ond ZbHh hTwE G hE EShE

HLI !

L AR R/ MILEEA~OREO R EZ 2 6
2o

3. 2 fEEEREFEAm

XRD & — 7 (L BICZBALR 2 N T & v, 600°C D
CIINDIEGHT LTz, RITIINH,TPD, X228 Y ¥

VW AEIRDFER &R,

1 CIIHBEEE A ST S, BNV &
BTN, PRI LT vy -AL+P, v -Al+P+Zn T
250°CLL g i) & fesd L7z,

K2 Tix, BAOWEEZTETL LN TED,

y —AI+PCIIBEE S HHBL L. ZniN (v —A1+P+Zn) IZ
V) BEZ DK A e L 72,

s YAl mmmy-AltZn  mmm y-Al+P y -Al+P+Zn
B

a—

-
[~
o 3

MS signal of NH,
(mfe=17) ! a.u,
. 4
e
o :
bsorbance ! a.u.

200 300 400 500 6OO

1 425
Toipirature 675 1625 1575 1525 1475 1

Wavenumber / cm!

[X 1 NHsTPD 5 X2 vy vl IR #55E
WA, LEROREZ R T 5 72D12, COWe 5 IRH
B FNE L7- (K3), COFEITmEETHIITFL,
WIRTH D, y-Al+Zn, vy -Al+PTIL. JRVLEE
(2231em ™) FEFE L TWD N, v -Al+Zn+P Tl
2231cm ' DR E MR LTz,
v -Al

r-__._______-"'
2931 2208

y -Al+Zn A

/ﬁr 2192
l

y -Al+P+Zn

2212

Absorbance [ a.u.

2300 2275 2250 2225 2200 2175 2150 2125 2100
Wavenumber/ cm*!

[¥ 3 CO a5 IR #E5R

3. 3 BE-EL®

B s DARIBCCLER ML DAL B 7L 2 K B
TInEPIIMAEALTWA EEZ LN D, BEEAIT
BIKEWBEC IV RAELI-FA LT 4 L OREICL D
a— 7 ERICEHET D, LERIE = — 7 BiBRA & K
DOFEGORS, a— 7 AR LT ST ET 5, X
ST, Zn, PHEERIZ X 5 2 — 7 If O R XK
OFEMEZE N BRSO, ELEEOHER) THD
tEZLND,
) FEolEam - Ak EsEas il 2
2) EES0EIAH - Ak RS A i

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved.2D12 -



REXRE (B52EEH - AHbFEHwRS

HEn-F & R TR SRR U SRS INE R D AREE oD BE 7

TFE LAX L F E OOrd R ] m)% TR bz
(ZAEAW-LEHRBTHERE) O M- [Lm % "/ <A ~
1. ¥S
o lE, T AVE T OO HES B ik 5 (2 P ) e 14
RefbiC T 7= 5 BR R I L v | HE A~ FSR ORI T8 hase
1.2 +B

MBI = — 2 S IR R |1
HHThoHZ LRI L, BIFRMEC THEEL T
BY, SBHIT, T OWHERA EICEHOAFS T
FRBEREIC kY B K FEALBE O LI kB 2 & %R
LI,

AR T, T172 B BRIERE DM L4 BE L L
ST ALV I G N L PR 0 B 8 % 0 L7,

2. EB

FrEdsy & LTk, #ERIC L HKFE S T REEK
WAL U T TE KRR A D A B F—3—2) (1
RFE 1 _E~D P - BEIE X OBLARIE TS~ D HES)
DWRIZFET 5 SN D, TX U BLOR
UREEE LT,

T, FHUERIFIRVEEECKERE HIN
LY U ERBBLET VS FHIKICER - BERT 5
Z LT, #ign-T X R L OEEER-A U F R A
AR L7,

W2, FHERIC=w r LB 7T o2&
IKIRIE A iR« BERR T D = & T, Hign-F & Vil
K OHER-7 » Sl A2 R H L7,

TR L 7= Sl DV T, R TR E A
7 fl L REREAMG 2 5266 U 7=, JRURHINC 139 AR &
T RN & TR ORI Z Vv, IndES1e
RUFIT I T 2 BLARIE M % bhifgs U 7=,

Fro, AR, g, 6 HEARE d X OVRHEER
btz >\ C, Fix DX ¥ 77 XV EB—va %
EhE L7z,

3 ERBIUVUEE
3.1 M RE AR

BN RN TlE, FIENEME AN R~
T AEMB A LNZ(KL), ik, I L -
THROREEMET L, PGSR (= v 7 v
FOEV 7T NOGEMEBIRT Licl % & HEL
b,

B, RN 5 M C IXEs Y O 2040720 0E
LR IHI S TR Y |, R REY O BRRTE
PEIZELHERRE & i U CL2~1.3 M5 R L LT,
U, BRI X0 BERASINE SR o = —
TEAIER E HiIZm E L2 EEZBND,

X 1. 2 Tl AR EEAM RS R

32 X ¥ F I/ XV B—a v

BN X B EEER EOMEZ T 5729
BRI OW T, BAFEE o —T 1L
L7 IRBGE &2 980 L7z, AYETIE, HET v 1
DOHEIZ BT 5 /KFEOFARFE LM 2 BT 5
T & T M EKFE 51 OFRBER L 2 3 5,
FER L LT, HBIRIN OIF(EIC L - TOD

(2600 cMLFIT) D AR R VERFEIZHE RN R S AL
7(X2), ZOZ G, FHUBIOFRURICLD
IKSEMREERE R L OVKEILRED M EAHERI S5,

| =0.003a.u. +B

+Ti

Wﬁ -

group

Absorbance/ a.u.

4000 3500 2000 2500 2000 1500
Wavenumber/ cm™

2. BAES v —7 IR HIEHE R

1) Nakajima, N., et al., Jpn. Petrol. Inst., 56, (6),
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Heavy oil

[2D14-2D16] Heavy oil (2)

Chair:Yasuharu Kanda(Muroran Inst. of Technology)
Fri. Oct 28, 2022 2:15 PM - 3:00 PM Room-D (12D Conf. room)

[2D14] Effect of hydrothermal treatment of alumina support on
hydrodesulfurization catalytic activity
OShunsuke Takahashi', Hikaru Yamada', Shin-ya Suzuki', Kazuyuki Komori', Masaaki Haneda’
(1. Cosmo Qil Co., Ltd., 2. Nagoya Institute of Technology)
2:15 PM - 2:30 PM

[2D15] Optimization of physical properties of guard catalysts in cracked heavy
oil hydrodesulfurization unit
ODAISUKE USUI", TSUBASA SEKINE", KOJI TSUJI" (1. Cosmo Qil Co., Ltd)
2:30 PM - 2:45 PM

[2D16] Constructed a method for estimating catalyst performance of
Hydrodesulfurization unit
OTsubasa Sekine', Usui Daisuke’, Koji Tsuji' (1. Cosmo Oil Co.,Ltd. ResearchDevelopment
Center )
2:45 PM - 3:00 PM
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1) H. Topsee, et al.,

2) C. T. J. Mensch, et al.,

3) S. G. Hindin, S. W. Weller, J. Phys. Chem.,
(1956).

Ind. Eng. Chem. Fundam., 25, 25(1986)
J. Phys. Chem., 92, 4961 (1988)
61, 1506
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1) Rasmus Breivik etc. , Haldor Topsge,

Coker naphtha hydrotreating, digital refining, Jan—2008
2) P.Perez—Romo etc., Appl.Catal.A.Gen,485 (2014) 84-90
3) KA Nadena etc., Catalysis Today, 329 (2019) 53-62
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2) BH—K LFTFERXE F215%E 6 5 (1995)

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved.2D16 -



The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Petroleomics

[2D17-2D22] Petroleomics

Chair:Shigeki Nagamatsu(JEPLAN, Inc.)
Fri. Oct 28, 2022 3:15 PM - 4:45 PM Room-D (12D Conf. room)

[2D17] Development of technologies to reduce CO2 emissions from refineries
OHiroshi Kato", Kiyoshi Sase’, Teruo Suzuki', Kotaro Matsumoto’, Keita Katano' (1. Japan
Petroleum Energy Center)
3:15PM - 3:30 PM

[2D18] Development of machine-learning model to predict crude oil molecular
information for CDU real-time optimization (Part 1)

OJumpei Yoshizuka®, Hiroaki Taniwaki', Masumi Hashimoto?, Kotaro Matsumoto?, Hiroshi Kato?
, Hiromasa Kaneko® (1. Meiji University Department of Applied Chemistry, Graduate School of
Science and Technology, 2. Japan Petroleum Energy Center (JPEC) Advanced Technology and
Research Institute Petroleomics Technology Laboratory, 3. Meiji University Department of
Applied Chemistry, School of Science and Technology)

3:30 PM - 3:45 PM

[2D19] Improving accuracy of estimated distillation curve with FT-ICR MS data
OKeita Katano', Teruo Suzuki’, Kotaro Matsumoto', Hiroshi Kato' (1. Japan Petroleum Energy
Center)

3:45 PM - 4:00 PM

[2D20] Development of model for analysis of fouling in heat exchanger by co-
processing of renewable feeds (part1)

OKiyoshi Sase', Teruo Suzuki', Hiroshi Kato' (1. Japan Petroleum Energy Center Advanced
Technology and Research Institute Petroleomics Technology Laboratory)
4:00 PM - 4:15 PM

[2D21] Average molecular structure analysis of fouling deposits in crude oil
refineries
OFEri Fumoto', Toshihiro Kakinuma', Shinya Sato', Masato Morimoto', Toshimasa Takanohashi’

(1. National Institute of Advanced Industrial Science and Technology)
4:15 PM - 4:30 PM

[2D22] Hierarchical structure analysis of foulant using scattering methods
OTakeshi Morita', Eri Fumoto?, Masato Morimoto?, Ryuzo Tanaka>*, Teruo Suzuki* (1. Chiba
University, 2. National Institute of Advanced Industrial Science and Technology, 3. Idemitsu
Kosan Co., Ltd., 4. Japan Petroleum Energy Center)

4:30 PM - 4:45 PM
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Fig.1 Average molecular models of samples after treatment

with HCl and CS,.
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Refining equipment

[2D01-2D06] Refining equipment (4)
Chair:Satoru Okamoto(ENEOS Corp.)
Fri. Oct 28, 2022 9:00 AM - 10:30 AM Room-D (12D Conf. room)

[2D01] Improvement of multi-point thermometer of CCR regeneration tower
Omakoto kawamoto' (1. Seibu Oil Company Limited)
9:00 AM - 9:15 AM

[2D02] Introduction of a cold water tower renewal project using the
uninterrupted water supply method during operation
OShuta Tanaka', Yuuji Kitano' (1. Fuji Oil Company)
9:15 AM - 9:30 AM

[2D03] Application of high-performance insulation material and its installation
method
OKentarou Toyouchi', Takashi Motojima®, Shinya Sasaki', Soji Tomono® (1. Cosmo Engineering
Co., Ltd., 2. NICHIAS Corp.)
9:30 AM - 9:45 AM

[2D04] Upgrading Tube Skin Thermocouple for Improved Furnace Monitoring
OYUYA Kondo" (1. Fuji Oil Company,Ltd.)
9:45 AM - 10:00 AM

[2D05] Application of Kammprofile gasket to CSL type heat exchanger
OShu Hasegawa' (1. Idemitsu Kosan Co.,Ltd. Hokkaido Refinery Engineering &Maintenance
Section)
10:00 AM - 10:15 AM

[2D06] Seismic retrofitting of the control room. ~Non welding method to
reinforce with bolts.~
Okyosuke Miyabe' (1. TOA OIL CO., LTD. ENGINEERING Division)
10:15 AM - 10:30 AM
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Fig. 1 Acetaldehyde Synthesis from Ethanol with
Various Catalysts at 673 K for 1 h
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Fig. 2 Effect of Molecular Ratio on Acetaldehyde Synthesis

1) H. Zhang, et al., J. Catal., 389 (2020) 19
2) T. Yamamoto, et al., Catal. Sci. Technol., 11 (2021)
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AFAT D U722, YNU-51ZZSM-5(Z bb~C i\ R
EEATDHZENbo T DI,

Z ZTYNU-5E/KEA b B S il Cdo HPYSIO S
HE DT AL UH A FTo~F L
R 1 ORI A U=, FTROS O EEhR &

% 2 2180-400°CIZ 3513 2 [ AR AL RE 29~ 7.
2. R
YNU-5 [3BE#R 2 NS &G L7z, 125 mL A —

~Z7 L—7% FNT 160°C, 4 HRE, #{E Sk CTAEL
B LTZ. Aild, Yo, $%12 550°0C T 6 MREEIGE
% L7z, Z D%, NHINOs KIRHE 2 FIV T A A L 3R

21TV, NHs*-YNU-5 2157-.
LR NI I AT ARETIRD PYSIO % 2:1 DO E

B THEIRAL, 500-600 pm (ZERIL7-H D%
77 AR S X [ RE R S 2 A FV V.

AL OB R TIX, OSBRI 150 mg
FEHEL, He ifiid T 550°C T 1h FiALEEZFT -7, %Y
THAIZ Hp e W, ~F D55 E% 5.0 kPa &L7-.
FEIE 180-400°C T TOS (ZZHZE4 2 min £T/TW
HREMITA T4 D GC (FID) THHLT-.

RT > O FRTIX, SOSE 2z 120 mg
FEHEL, He ¥l T 450°C T 30 min BiiLERAT-7-.
XX UTH A Ho AWV, KT D53 E% 22.6 kPa &
L7=. &I 180, 200, 250, 300°C TZHLE4 TOS =
3min £TTTo7c. SRR, A2 pi#iZ-15°C LI RIS
WHILT=T BV ~ERSE 7> 7L, GC (FID) T4y
Wiz, FohTy 7 CEam o= 5B b o T
FRHLL, GC (FID) THHTLIZ 9.

REXRE (B52EEH - AHbFEHwRS

WE=KREXETFTTOD
EE NS0 DE SR

OB K HF A st J6)11 4 &R bt o0 £ /A 1%

3. AEREBLE

ANF P OEMIRTIE YNU-5 24258
JSIRE 250°C DL ECUTvx o I TUZ. — T,
ZSM-5 Akt -2 L 300°C LL T ClI B b H3 it
1TL, 350°C CTvx 7 DI TUIRD D LA Ed LT,

N7 702 OFEfb S REORE A Fig. 1 12773, YNU-5
DFRTIE 2000C TIT7vF 7 I HEITL Cs-Crp FTIC
JNZ T Co-Cq DARFRERAL KT AERLL, BT 21%
E7poTe. YNU-5 ITAFAE T 20RO EARR IR, v
R AT, a7 a I nF A DA B Y
WizpEBMRES T2 EE 2 HID. — 5, ZSM-5 D
FTIE 200°C DEEIFEMALDHDEITL, 7T vF
TIHHEEAE BB oT-. 22T 300°C 56807
v T BEITURIERIT 30%E70572. £/ YNU-5
DR TRGRE 250°C LA T, 200°C DRI H~T
PWEEME T LIz, BOSRED EFITENIH oO f$#
WrC LD RIS N (ST -0 b B 2 BN,

AFERNEIT, NEDO OZEGFEREELL THT-7M5E
R THD, ZZICHEAERT S,

(A) (B)
n| [oermos] =N
2 ace
(_l) ucs
3" -
3 acz
s 5 mol__
*| [ossproaoe | ace
10 mc2=
Temperature / °C
Fig. 1  Product yields in the catalytic cracking of n-
dodecane at 180-300°C over (A) YNU-5 (Si/Al =
9.4) + Pt/SiO; or (B) ZSM-5 (Si/Al = 15) + Pt/SiOs,.
4. BEIR

1) H. Schulz, Appl. Catal. A: General, 186, 3-12 (1999)

2) N. Nakazawa et al., J. Am. Chem. Soc., 139, 7989-7997
(2017)

3) N.Katadaetal., Micropor. Mesopor. Mater., 330, 111592
(2021)

4) N.Nakazawaetal., Micropor. Mesopor. Mater., 280, 66—
74 (2019)

5) I. Shimada et al., Catalysts, 5, 703-717 (2015)
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REKRE (B52EEH - AHbFaE®RE

SRR CTIEAR L 7= 5 2 18 Fe O filIEIC L 5
AH 7Tl A RIRERY

(bgiER™ -

1. %8

77 UNBREDIREE ) ~—TdHHAZ T
IVEE A T IV(MMANTA VY T T b A X 7 e L
A4 Y MAL)Z T A B2 7 U VEE(MAA)~D 2 B
fefl, & 512 MAA O 2T UKIZ k- THlE S
L TCU 5 (Scheme 1). MAL 75 MAA ~0 TFE|Z
BGEDORMN L EHINTE Y, ilirrEom -
NI RO BN TND.

J 0, 0, ,,,L\ o CHsOH /;,‘\ o.
—_— o & — TN

. Bi-Mo / =~ P-Mo l acid H

- OH o

reo0L14Y ARGV IVER
(MAL) (MAA)

ABTYILEEATFIL

AVIFY (V)

Scheme 1 Production route for methyl methacrylate.

MAL 75 MAA ~O5 L (MAL SRz
1b) 12iZ, 763k P-Mo ~T 1 /R U st & L
THOWBNTE . lf, BAITERRDZ AT D
it & LT SiO, HIRIZ Fe, 03 ZHHEF L, X5
HsPW1204(HPW) % & fifi L 7= filh 4 (HPW-
Fe,03/Si02)5% MAL BN LIZIE A RT 2 & %
RH L7, LaL, ZOfifftio MAA SRR IT P-
Mo Z~7T R VLY IR, KELPLETH
% . Fex0:/Si0, X° HPW/SiO, TlEse &b )3
FICHITT 5 Z D, Fe,03 & HPW OFHEIC
MAA YA EBERR SN D EEZEZTnD. 2
DRI FED X, AR TIFHEZ AT, &
F 1A Fe,O3 7/ Ki ¥ (nano-Fe,Os, BHH/ L,
135 m? g'!) %[E#2 HPW TEfifi L 7= HPW/nano-
Fe 03 Zifi#l L, MAL SBRFR( LIS I %9 5 il
PERE A TR T2

2. XE&

VEERO HPW Z IR S W72 HPW KRS
nano-Fe;O; /%, 1 h#EF L7112 50 °C THK
FEL[E L7, 15O EEREZ 100 °C T— Mz
=, 320°C C 2h 225 L C HPW/nano-Fe,0;
#1547~ HPW {&ffi &1, nano-Fe.O3; EIZ HPW 23
HARMIZE L TV D ERE L7z & & o =R

O=1TE/VLAT—) TERL, 0=1~4 DOfil
AR LU=, HPW KIERICAx Ty=F 1=
—5 )L (DEE) ik Z PV 7= b & [RIRE (2 3 L
7=.

MAL JEIRERAL S 1 ] 8 PR 7 18 2 St 2 1
ZHWTAT o 0. il 05 g, KIS H A

=Hr N Of

S b7 L k9 = DD % (:ﬁk’ﬁ;té
R - B
Hické@j_?hib* ﬁff-ﬁ/ﬁ@\@m %
REGE—" « M —

MAL/Oy/H,O/N»=3/6/13/78 ($a3%3# 72 mL min '),
FOSIREE 320 °C & L, IR & KAL)
% ZF 1 F GC-FID & GC-TCD THO#rL7-.

3. HBREEER
Figure 1 (Z HPW/nano-Fe;0;3 |Z & %5 MAL &R
LIS D 0K EZRT. 0=0 T 725 HPW
RAEA D nano-Fe,O3 I MAA #&< 529, 248
FRAL S DA ST L=, HPW KRk &2 VW C
R L7~ HPW/nano-Fe;0; T, 8 W K& <725
IZHE> T MAA JRIRRITHFR ML, 0=4 (2
BT MAA BIREK 44% % 5. 2 7=, L)L, i
FH pk @ HPW-Fe,03/Si0, @ MAA % R R
(63%@MAL 2/t 22%) Z#x 52 LIXTX
IRt

Conv. Select.
Water @ -
DEE -O-- -0

20

Conv. and selec. to MAA/%

o

HPW coverage (0)

Figure 1 MAL oxidation over HPW/nano-Fe;O3
prepared with aqueous and DEE solutions.

HPW/nano-Fe,O3 23KV MAA @RI L HvR &
RVWEH A ST A 7D, XRD & IR Z1{#
o> CEDOEE 2T 7= & 2 A, HPW O—HEH
LTS Z &R Sz, HPW KR
TIRMRE LT~ nano-Fe>O3; 75 HPW & i L C HPW
MR LUT- & & 2 7. HPW O fR% k4 5 7=
B2, HPW @ DEE &% % A Tl 2 3R % L 7=
&2 A, 0=3 1BV T HPW-Fe,0:/Si0; & 1EIE[FH
20D MAA BHRE (53%) Z/x Uiz, HTE, fil
DOEERAT 2D TRV, Y4 B 1% HPW KFK %
i o> THRBL L 72 i fi & OBVIC O W T L RBET
ETHD.

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 2F10 -
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AL/ RFRE RN Y JLIEEYHI S

1R 7 = VEA~DFRAIKFIERE

1. #5

BRI CIE, ERREEOEVAERRICEHT S
FEERA AR Z DT80, MBS OTEMHEIC R & 7
ZRAET. NilZ L 7 RRE CEV) S22 22 TE 7o T D
ST (feo) & 24 B 23, F /R TIEIARLERN
FiBIEE (hep) 2 LD ENTE S, LarL, hep-
NiIXZEFH TH Hfce-Ni~ L BG IZHEEE T 5 7~
W, ZORBEAYERIZET 2HFEIXIE & A E1TILT
VR,

A= & VF 7 bk (nano-NisC) 1%, hep-Niod i
aa%%@ F%' \ZIRFBIRT- DM U T2 28 1l IR bl oA
LD, WY NS TE D ARBFZETIE, nano-
NI3C0)7J<7MISJFT‘E AL A, = FU N —HK
T XU A~D KRBT I T fee-NiT / fibdh &
Db E ORI A R E A R L.

2. EER

nano-NisCid, BEDIC IS & | Niflikikz 7 3 o dk
TFRFTMAT AL LI VPR L=, Al s
Fa L NERAT L ABA— N7 L— 7_%E
BEoOflt, RE, WA INZ, KFEIE T CINEE
L TRISEITS I AR oRES L OVERIZIE,
GC-MS#% fv 7=,

3. BRBLUER

FHEL L 72nano-Ni;COXRD/ S &7 — -1, NiCOO k(i &
—3 L7=(Fig.a). £7= TEM Eif§7>5, nano-Ni;C 13
RIEERI36 nmDERIN T VRi-ThH D Z EH LN E 72 o7
(Fig.b).
(a) 113

20 40 60 80 100
Diameter (nm)

Intensity (a. u.)

006 l 116 300 119

Ni,C: JCPDS No.72-1467

1 ! L1
30 40 50 60 70 80

20 (°)
Fig. (a) XRD patterns of nano-Ni;C and the reference of Ni;C
(JCPDS No. 72-1467). (b) A TEM image and size distribution

histogram (inset) of nano-NizC.

nano-NisC% F\»T130°C, H;10bar, 1hdO5MHT,
benzonitrile (1) D AKF LIS EMRETLTIZ & 2 A,
benzylamine (2) Z 31% ML= TH57= (Table, Entry 1) .
%72, nano-NisCZ L7 /L I =7 A (y-Al0s) EIZ[E
EAL L 72 i (nano-NisC/AILO3) 2 5 &, 20D U=
1368%!1Z 18] | L 7= (Entry 2) . nano-NisC/Al,03% 350 °C
TKFERICLELT 5 Z & T, nano-NisC & fga 1 X
B EOIRAR 23 % L v fee ki i o NiJ~ / ki - (fee-

(RBR) OliA # -3

RESHLESD Lo b g

TRAER A -

HOEM T L

T AN -

HERELD B

K HE L1

Ni/ALOs) % FWHL L 7=, fec-Ni/ALOs D flLTEE % 14
LA, 20IFEIFRE KT L7 (Entry 3).
INHORERNG, NiffiZR(LT 5 Z & TRy il
PEREDNFEBLT 5 Z & dbho Tz,

&Iz, nano-NisC/ALOs;%# W THEAX DT LTt N
D=FY VKBRS EEET TR L
(Scheme) . nano-NisC/AlLOs| 3k~ 72 W5 F ik L OE
WilE=~ VU IC@mWIEMEZ R L, ST 5Lk 7 I
RN TE X 72,

Table. Hydrogenation of benzonitrile (1) using various

nickel catalysts.
CN' Catalyst (Ni: 5 mol%) NH,
-
2-propanol (3 mL)
. aq. NH3 25% (1.2 mL) )
H, (10 bar), 130 °C, 1.5 h

Entry | Catalyst Conv.of 1 | Yield of 2
[%][a] [%][a]

1 nano-NizC 45 31

2 nano-NisC/Al,O; | 78 68

3 fce-Ni/AlL O3 29 16

[a] Conversion and yield were determined by GC-MS analysis using an
internal standard method.

CN nano-Ni3;C/Al,O5 (Ni: 10 mol%)
™ R” "NH,

R/
2-propanol (3 mL)
aq. NH; 25% (1.2 mL)

1 bar Hp, 150 °C, 14 h

©/\NHZ/E>/\NH2 /©/‘NH2 /©/\NH2
~o X

>00% >09% 99% X =Cl 95%
Br 85%
F 94%
/©/\ \/‘\/\NH2
97% 96% 95% 91%

Scheme. Hydrogenation of various nitriles using nano-
NizC/ALO;s catalyst under 1 bar H, pressure.

nano-NisCfii > XPSHIE 1T - 7= #E 5, nano-NisC
HFONID2psp L O2p1DfE G =1 V¥—I1%, i1
8529 eV £870.1 eVTH D, Offiofcc= v 4L
(2p312(852.7 €V) £ 2p12(870.0eV)) DIE L [RIZ%ETH 5
Z R bmrolz. b b, nano-NisCH D R B+
IENIDE IRRBIC YT, hepfEiE DIEARIZ T E- L
TWb EB2bN5D. —KIC, fBEMEITREICHE
HU72f i R E <HKfFET 5. L7 > T, nano-
NisC & fee-Ni D i iEPERE O3 T, #E RS & =
MU NBIOKEOHAIERANRKES R DHZ LT
ERTDHEEZLND.

1) Y. Goto, K. Taniguchi, T. Omata, S. Otsuka, S. Yao, S. Matsuo,
N. Ohashi, S. Ueda, H. Yoshikawa, Y. Yamashita, H. Oohashi,
K. Kobayashi, Chem. Mater:, 20,4156 (2008)

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 2F11 -
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UNa=THERT VT AMMEIC X D= N Y LVORRY

(% B THERT)

KB
1. =
= MU VOKFBACITERERFEDO EHWEEHR
ILEMDOERRIETH Y, KFBIREKESFLTD

IZE VTR 100% T LR T I &2 525,
KRBT, $kx 7o) —% 3 JORE)— R Al )3
W ATV DM, BRSO BRENZINESLANE A
VETHY | fiiEo&SiEEERD 5T D
AR, ez lZ "7V n (Pd) EEEDT o H A
BT I RAN= )V EFIREEFT2/H/T 2
VBT D 2 b R LB, & 2 AR
B8 705 5 043 %%ﬁﬁ%ﬂ@%ﬁmﬁm%ﬁ
R—2E L, BIREETTC=MI A% 1T
VTR ZE A3 2 il oD BRJE 2 fe it L 7=,

2. EB

TIRIEIZ K0 2 U7, T4 e il
YHRIIEME G B 2 HEFED It 25 L D1
HEF L7, £k, wiEE2 500 °C TRk (A
ir) JLERL7-%%. 500 °C Ti#Eyt (Ho/Ar) JLEEZAT
ST, FRBEEHEIZIZ Ny FR S gs 2 VW=, M
eOH JEIEIZ Y = UL (BN) &tz iR
L7-5&K (BN: 1 mmol, Cat: 1 mol%) % 25 °
C-1 bar (Hy) FC2 h#f## L7z,

3. RER - BE
FPTHIEE Zi0, HFF EL 1wt & L TIEMESR
DAY V== T w 7ol & A PAdDHM 1 #&
TILVTHDHRNUDLT I (BA) ZRIRIZE
XD ENGIoTle, I TRIZ, Pd ZFE4 O
I Iwt% CHEF L, 46 Ofiiirkge 4 ik L
7= (Fig. 1), T OER, HEMEMAK (Y05, CeO
2) ARBIEEMEIR (ND2Os, TiO2) #EFE D &5
WIEMEZ R LIS, 59V g &R O 5 Zr0
> ARBUE CImIEER G DR Z Eonh 1K
DR FEME EVEMEIIFEBI L e W2 &Aoo Tz,
— 7. ARRED CO LR & L IEMEIZIZ—ED

Ly LESHE LEXL FhREEsh

ORI - P 5 - 3 HE

FHBIAN L S 4L, bl &Y 72 DR # H R 1-5
OHMAEM EOERD 1 > Th D Z &R
iz, WiT, AfliEoiE eRE % H-TPR 12 X
R L 72, R —HREE AR E Z v i<
U Si0, FEARFREL T 80 °C f13T1Z PAH, DEA) iR
100 °C {3t ’mowﬂ*mm%?émﬁﬁﬁﬁ
e SN B, — 05, memiE % R LTc ZrO, #R
EFCIX PAO D ITL mezm%JHL Pd-
O-Zr #5G DBEICITHIRT 2 KB HE DR S
W\Eﬁénkpmﬁnmﬁﬁkmﬁﬁﬁbfm
D EDNRBRENT, EHIT, PA/ZrO;, DIEILALER
BEEZBLSEL 25, Pd-O-Zr fkaF‘ﬁ@Efzi‘%
NHRESND EIRCTOE LA ICEERRE
<ﬁ£bk:&ﬁ%ub@%@&mﬁﬁﬁ%ﬁo
AHY 77 Pd FER= R U LOKFRITHE T
HDHZEBREINT,

80 1180
= I BN conversion
= 70t I BA yield 1160
o —— i -
@ col CO adsorption | 140 >
< g
( 4
S s0- 120 s
°g 1100
g 40r £
5 {80 &
o 30r 2
z ° 60 3
5 ©
o 20r da0 O
P Q
© qor {20

0 : ¢ 0

Z0,  Y,0, CeO, Si0, NbO, TiO,

Support
Fig. 1. HH{KIC X 2 fitfiitEre & CO WaE =DM,

BE R

[1] React. Chem. Eng., 2021, 6, 2181

[2] Catal. Sci. Technol., 2022, 12, 4128

[3] Molecules, 2016, 21, 1289

[4] Appl. Catal. A: Gen., 2021, 616, 118107
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EARAEALEWE R

HEFA U 20 Ll o B %E

(FJIKRE" -

1. &E

AR T 1 A OBREARREIE, BAYLS
DEBRPEDO—DOTH D, BxlIN A I
f~w%®@ﬁ@@%$ﬁ%mé%@mm$@
BRLOKFEBIVE GRS, 7 =7 K%E
N-T7 v F )AL BOSZ A #0728, ﬁﬁ%UVWA%ﬁ
ZRARE L=V, ARRFETIE, JRFEO N-7 V¥ 1L
ﬁﬁ%@ag%ﬁwmA%A&ﬁm ﬁ@&,m
FiA U0 M2 BR%E L2, SMSIZhRIC &

T, bhEgA s R R kwfﬁﬁnﬂﬁ%ﬁ4j
DU LN S, BRI L &
ZEzbhbd 2, BETHEEFRCAWA G
BN GBI L= T, 5T 5,

2. EBHE

fe(b 7 & ARl L, [Tr(cod)Cllz (cod; 1,5-
cyclooctadiene)® THF JFiIC, filllt=:ss 2 ik
@ (JRC) B{bT % U FHDOHEKEER - oz,
KFEEIEH 500°C T 30 syfEliEoe L CHAR Lz,
i I 121X Pyrex 84 Schlenk 45 (W24 20 mL)
ARz, FiE&OA Y P Al JRE, B
O — TV a—LEx, RREOT VA5
FST, MEREREEA ARy hAZ—F—
%ﬁ“fﬁﬁﬁﬁﬁméﬁkoiﬁ%iﬁﬁbﬁ
n~ NI 7 0 —TolpER L, BB I OE
Tl NMR, GC-MS, GC #HW\WTiT- 710

Ir(6.0 wt%)/JRC-TIO-10 Q
0,
+ HO (10mo|/oaslr) ]
1 N (1)
8 h, 140 °C, in Ar \_O
Mesitylene
3. 75 mmoI

3a 91%

1
0.75 mmol as N

3. EBRBERBLUER

Fi 2 O&BERILMERA U U0 ARETE T,
R#E (1) XU Ta—)L (2a) MOKIEE
MEtL7c & 2 A, FRCibT # oA U U o A
2N BT Ao U, TR EIE, 2 =7
oA U2 AHERITEKEL, JRC (s
Z ) -TIO-10 RS FTh o7z,
(2 6 Wt% & LB E R EF R O AR S SR A R L

KBz T OFN L " -

“ih** I\}i-%**
2SS )

FURUALT IV (8a) BEINET, EIRAYIC
Boniz (K1),

AR TP IR IEVEIR T 225 2 &< e
<EH 5 HOFAEFMANAGETHY, ICP-AES
DHTOFRERN DAV 7 AFEO SOSTER~ DA
TR BT, BARE AR OFER 0 D A —
RfpgE e U THREL TWAH Z ENRE T,
TEM #BIZOERNS, SEHFREICBWTHER

2 nm RO EEIZHHLTZA Y D0 AT
SINTEY, EBNAETEIEOERTH D & HEL
ns (X1),

5
gw g%
g - g%
B» 32
Z 2
010- 513
o .38 5 -_ ________

012141818202224262530
Pariicle size (nm)

101214 16182022
Particle suze(nm)

Figure 1. TEM images and corresponding particle size
distribution histograms of Ir/TIO-10 catalysts with (a) 1.0
wt% and (b) 6.0 wt% loading of iridium.

BT, 22=bhr 7=/ —)L (4a) ZFEEIET
LKFBRBENAN L ARV — LB RICE R 7
FefbT 2 AHERA U O MMl A R L7223, F
WASH R EARBE BN T IEE R R L (K 2),

Ir(0.50 wt%)/JRC-TIO-4
©:0H ©/\OH (0.25mol% asi)
NO, 18 h, under Ar >_©
130 °C, no solvent
2a 5aa
8.0 mmol 91%

1.0 mmol

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); H. Yu, K. Wada et al., J. Jpn. Petro. Inst. 64. 271
(2021).

2) H.Yu, K. Wada et al., Catal. Today (DOI: 10.1016/j.cattod.
2022.07.007).

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 2F13 -



2F14

REKRE (B52EEH - AHbFaE®RE
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FICEREEE ORI T2E8) OfEn S - &M #

1. #65

BREEFAL D T2 OMAEM O FFOREEG Y E
DofRREIE. 77 A RERWTOMAED~ &
REISELZENTEDL, 77AIRNE. BHOD
RN I B Yefafk & 13N L TSR D
BIROBLETTHD VD, 7T AI REMoOMAEY
NMRESEDH LT, BHORME, HREEX
TIHFIZE SR EL N TED D, e d
DARTEFED 1| D& L THEARERD D, A
T, BEHRLOFHELFFOMAEME 77 A K
RV ESEESELDOICHEARBEND L%
YIal—va ko THRET S,

2. FEB

KR DY I 2 b—3aid, HiNEESE
MATLAB CfT -7z,

21 ¥Iab—3i g 4

M N O Tk 2 ME O 2 X =
L—a 45, B 6mm OMENICKERR L,
ZOH T, B 2um OMIEEL T, EiREFET)D
FEOEA B Z A Lz, ARG IT 1 4,
AW 100 HE U, BE5E & S2 AT O RS
10 um AN THIVTHEGT 5 & LTz 7,

2.2 1D
VEOBERIZ D05 I3 8 LT HEET), BRBLOM,
EREIC 2D AEER & LT, 51, K3 1%
EE LT,

3. FER K OB L

AR L7210 5 B I OFMmE 21T 572, A
FFEETO 2N E TOMFTE 2T, (EGH &%
BEOE TOIH, BINBM#H< & LT\, KSR
T, () EEERICE - & & & DOBREEE 1T

2Tz, LTS, WIROZEEHO iz r~d,

OEGHE EZRE  ()EEIR
Figure 1. [{ADZEH)

Fig. 1. X0 @) TIEEER —FRIZHEE L TW DO
2wt L, (i) Tl OB > CGEB) LT
D DWRHHAIAL D, HEECHE 1 EYS 720 12
DB IR N O T, (D FROEY b
FEFIZ N EHmAIND, ZED, )T
HZELIZEY. BIOFEERHEV B, KRET&E
HZENRBREND,

4. fi5
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[2E01] Synthesis of Biobased Aliphatic Polyesters with Optically Active Diol
Moieties by Acyclic Diene Metathesis Polymerization
OKanoko Isami’, Kotohiro Nomura® (1. Tokyo Metropolitan University)
9:00 AM - 9:15 AM

[2E02] Synthesis of Biobased Polyesters by Acyclic Diene Metathesis (ADMET)
Polymerization with Molybdenum-Alkylidene Catalyst
OMika Kojima"', Kotohiro Nomura' (1. Tokyo Metropolitan University)
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[2EO3] Synthesis and characterization of multi-block copolymers by cross
metathesis of norbornene/butadiene copolymers and partially
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ORiki Otsuka', Ryo Tanaka', Yuushou Nakayama', Takeshi Shiono' (1. Hiroshima University
Graduate School of Advanced Science and Engineering)
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[2EO4] Bio-jet fuel production by oligomerization of butenes using
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Itsuki Kamisaka', Shingo Haruta', Minoru Hirahara', Hitoshi Ogihara', OHideki Kurokawa' (1.
Saitama University)
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[2EO5] Development of hybrid ethylene-polymerization catalyst by immobilizing
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OYusuke Tanaka', Kazuhiro Yamamoto?, Miru Hirahara', Hitoshi Ogihara’, Hideki Kurokawa'
(1. Saitama University, 2. Japan polychem Corp.)
10:00 AM - 10:15 AM
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1. #3
B ERIEATRE OGN O 5 -
7 THEREA B ORI, 1ERDILABREI B 5
NDETTMENC R T 2B EFHA AT 2 EEH
LR SNTWD D, KRR TITHED M ko K
SHRBIFIAR IS & TG Y A — ) Bt R D &
i ,0-Y T E ) ~— (M1-M5) &% L, ADMET
HE 2NCLDRV ~w—DERKE >3 tandem /K7
fbERE L= T, ZDfER %79 5 (Scheme 1),

PRI I RE 72

W“d&w Y F A
W/)J\/w_\ M Ko M4 0

NN~ °
Cl, .
y
= 0
A\cw M3 o ‘ ’
o o
HG2

Mes = 2,4,6-MeCqH, <

HGZ‘ ADMET. ) -

polymerization o N~ EtO

0 o X o
. OEt
0" o P2, HP2 P3, HP3
P1

/\ﬂ *@A%\

tandem H; 1.0 MPa, 50 °C
hydrogenation | Al,0; P4, HP4 x

o o

0 0
14 JO7 (o} N \7°>‘ ‘O%o - 077-
N e
n [N o _o
K P5,HP5 X

HP1

Scheme 1

2. EB

BRI, EFFAK T /e —T7Ry 7 A dh
DHUVNFEZE T A EBRFEE AN T To 2, Bohiz
R ~—iF NMR (2L B FERD GPC 12X 555F
& o ESMHEETo T,

3. BRBLIOER

5 FEHE ORI kO Y A —L & BRI IE
sal Rns SHEEOE ) ~— (M1-5) 248k « [
E L7z, Rufitfft (HG2) f#E T, £/ ~v— M1-4D
ADMET HAIZ LV, HIEEDS+BESMA2AT 5
R ~—215 507 (Tablel), R U ~—0 'H-NMR
AR MVEY | RSET# CREA VT 4 ITFEY
THVTFARRNEA L7 4 B L2 e,
DY T FMNIREBRECNRHZ NIRRT &b,

DI HZEVA

ESTKREH) O B /o> =« BrRfEELL

ADMET HEADOHRNEIT LI Z L 2R LT, &5
NHRY ~w—05 18X, EEFREHHESCAE & o8
%f_’x 7L7L:o

ST, HoniR) v —idn o AEEETS 2
Ll DEO ALOs ZIRIML T 50°C TAFELT
HZ LT, AR ~—%h 27, BETIEZORE
MzERET D,

Table 1. ADMET Polymerization of M1-4.?

monomer cat time MpP Muw/M,?
/ 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 181
M1 0.5 24 19400 1.81
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 34700 2.06
M3 2.0 3 12400 1.57
M3 2.0 6 12600 1.59
M3 2.0 24 20100 1.88
M3 1.0 24 14800 1.68
M3 0.5 24 10000 1.58
M4 2.0 24 17000 1.68
M4 1.0 24 19400 1.69
M4 0.5 24 21600 1.78

aConditions: Ru cat. 2.0-0.5 mol%, monomer 0.65 mol in CHCl3z
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. Chaijaroen, M. M. Abdellatif, ACS
Omega, S, 18301-18312 (2020).
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BV TTF =T NAFY T U E2 AW HERRN A #
A2 (ADMET) BEAICX AL FR—ZARY = AT )VDOERK

BT HRBEEE) ONE % - B

1. #
KIKL \ZAFET D FE Al B O & IR (i)
DOOE - U YA 7 VERET @ o TS REM R O Al Y
X, AEARED BFE SN AR AR ONE & 72
D EER AT L s T s Y, AT
/%&t/X(Ammﬂj%éiH%ﬁU7%®é
ROARAZRTFETHLIN, BRZHEORIITIT
D ES T EEOARFIEORBERLETH D, Kﬁ
ZECIE, MM ORfafnisiame) LB LA O
WXND YT AT IVENL & NI AH T DR D%
Yz E /) ~v— (M1-M4) #4&5R L. Schrock %
DY 7T =T NFX YT R Mo(N-2,6-
Me,CgH3)(CHCMe,Ph)[OC(CH3)(CF3),lo. DAFLE T
ADMET BEAIZ X REEERY = 27 V& ARk
L7z, ZOFEICLVERD Ru filllitic L 5EAET
DBRFHETHoT-@mN TRARY ~—DAmK 2P
AL oD T, TORREWMET D,

m 1]||||

.
|

bl

M3
S S
Mo cat. ADMET 0”0
toluene, Polymerization M4

in vacuo, 25 °C =

ST AL -}
g\ “ H
RRF% MScHome e
Mo cat.
> \s RF: CMe(CF3),
- (@] —In
Scheme 1

2. EE

%/ <— (M1-M4, Scheme 1) [3EEH 22V &

L7z, EREERFEHA T/ a—7HRy 7 ANT
1TV, P EZE D A B 2 W CRIZERY O =
FLraBELE, IERERREZICT VT E RE
M2 TG EEESE, HonR Y ~—I3FED
%@@W@%HWMRl&ﬁwaiéﬁE&@\
GPCIZ L DT« &MU EEIT T,

D Lo b

;3&207)
IR

3. BRBKLUEE
Schrock % Mo it (Mo cat.) 12 & 5 M1 & ADMET
E@é%O)ﬁgﬁiﬁ)——%B%f'Tabm 1 IR, b‘ﬁiib0)7kﬁ#
THEREE CHIEEO S T BOME2GT 501
T)v~#%%hto%%héf)v—® %i
RO 2 Mo it & DB % i < &) 72,
ZOFEIZED M1 OFEE THEEAS T ENK AT
DR = —NELIL, ATF—NT v LD FE
DIRTHRLNRN-T-, T, PO ORLRD
M2M4@$AT%mA%ETJv BFE BT,
SONT-R ) ~—TRERF 25 L. 6[%511*%75’
ﬁoktzé\ﬁ%%@%MK%wm%%E%mﬁ
HOMNME LT, BRCTIIEROFEMERET S,

Table 1. ADMET polymerization of M1-M4.%

mono- ArCHO time toluene cat. M, My
mer /h /mL /mol% M,
M1 TMS 4 0.72 50 10700 1.52
M1 TMS 6 0.72 50 16000 1.79
M1 TMS 6 0.72 25 32000 1.81
M1 TMS 6 0.72 1.0 34400 1.49
M1 Bz 6 0.72 1.0 31100 1.89
M1 Bz 6 0.72 25 25100 1.43
M1 Bz 6 0.36 25 25700 1.81
M1 Fc 6 0.72 25 39600 1.52
M2 Fc 6 0.72 25 35300 1.76
M3 Fc 6 0.72 25 25100 1.57
M4 Fc 6 0.72 25 35200 1.76
M1 Bz* 6 0.72 1.0 34800 1.60
M1 Bz* 6 0.72 0.5 39400 1.69
M1 Fc* 6 0.72 0.5 46100 1.84

3Conditions: M1 90.5 (or *271.5) umol, toluene, 25 °C. "GPC
data in THF vs polystyrene standards at 40 °C. TMS:
4-Me;SiOC¢H,CHO, Bz: PhCHO, Fc: Fc-CHO.

References

1) K. Nomura, N. W. B Awang, ACS Sustainable Chem
Eng., 9, 5485 (2021).

2) a) K. Nomura., Chaijaoroen. P., Abdellatif, M. M.,
ACS Omega, 5, 18301 (2020). b) M. Kojima, M. M.
Abdellatif, K. Nomura, Catalysts, 11, 1098 (2021).

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 2E02 -



2EO03

V%% A E D

REA: (B520FH - AHIEZEHRSR)

HEAE LT AKBEFIHE v 2D

JUHRARAREVRICE BT T uy s RBEEEOERK L YT

1. #E

vormuA L7 4 vHESERCOC) LTEIEN S
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2. FEEr
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o THM LT DDy m 2 A &% 2|, NB/BD
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KENRK 936 %)% 7L Y FLERY=—BXW
BoN7zRY ~—D GPC it % Figure1 IC/R 7.
7L v FK Y ~=—d GPC Hiff Tix HPBD IZ1EIC,
NB/BD (F &I v — 27 23 & iz, KOCAERY ©
GPC Hi#%TiZ HPBD & NB/BD @ v'— 7 OEICHT
72— HELAZ, ZoZ 25 NB/BD &
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u
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Figure 1. GPC curves of the blend polymer and the

reaction product (o-dichlorobenzene, 140 °C)
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Figure 2. DSC curves of the blend polymer and the

reaction product

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

2) HEPER, KIESC, EEAME, SR
50, 873

5, 1993,
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1. #%5

A F= AHRDIRFELL 8~16 DoIEA L7 ¢ LA
BO) X, A AT =y NMERBIOHMME 70D, Frexld, =
Z ) —VBKIZ LD BEICERTE AT L oz Uk
& L ONiREERZ W22 B L DA V7 4
OB ERET Loy, FAERMITESHNT AL 7 4
VETH A VT 0 RO EREIG IR o 72,
ZIT, =F OB LV AR TE L ESHT T
VHAZIKE A (oligomerization) X5 Z & T BO Of
Rz R AT, BEMORFFFClX, IVR B NI KO
EtAICL & A 7= ) — Rl 23 [ 8H 7 7 L FE % gl
I —BALTED EHME LT D W AR TIEZ O
FdE R 2 ARl & T2 7 b | iy D)
EAOBEEEITV., TTUHEOESICL Y T OMERE
I L7,

2. EERAE

No Z7PASC R, 400 °CTHzME L 7= SiO2 (CARIACT, P-10)
% BtAICL ~FH VPRI CHLER LT, ~FH 2 CTHEd 4.
EtAICLALER L 72 SiO-IZ S ARl 75 100 pmol-Ni g-
SiOx! & 72D K9 TA Y # UM NI/THF ik % Nz 7=,
PEREEALTL . ~FY 0 THES L ORRIGEEIRZBRE L
TR — Rt & U7z,

7T AREASIZIE 30 ml A— R 7 L—T &, o~
& 10ml, filfiiE 20 mg (Ni=20mmol), A A~
Y% — (Scav.) & LT EtAICL (AUNi = 140), 1- or 2-
butene 2.0 g /M2 T 45°CT2h MSEITH T2,

3. fERLEER

22T T UERFRIE LTAHY AV g LR
R%& Table 1 lTRd, £T DA Py —% %
2T EITo T2, FOFER A DXV %—72 L (Run
1) BLOIEEFERD TEA (Run 2), MMAO (Run3) Tl
TEMEDNFEEL L 72 > 72 DIk LT, BtAICLZ V=35
BDI 2-TT VEAITIER AR UL, 7T VR EA
S5 12 OIS RN 2 & EefE AL A D 1EAE
DARFRTHD EEZEZ LD,

Runs 4, 5, 6 [ISFFHEZEZ TTHo e A I A Y€
—2arOfRTH D, KIGKHZ 1 R &35 &
HfbRITB L ZH0r L 7o 7= (Rund), —J7 CRUSHERE]
% 4 B & L ChiR{bROKE 2em EixA bz
72 (Run6), F7=, UK ZZ 2 THIRIKAERD OF
A (lig) BE Cs-Cie BIT DI R E 228N DN

LA &

X3 7 b v
HH BE, FR FEE. Hdi 25, ORI FH

BEWEL VL L {5H T

s

VoL A 3

i

ZEMnD, 2EAEZ D & AEOITENRNE Z o T
5 EEDbID,

Table 1 2-butene oligomerization over supported Ni complex *!

Run Scav. Conv. TOF Ligq. mol /%
/% /bt /% Cs  Cn  Ci
1 none - - - - - -
2 TEA - - - - - -
3 MMAO - - - - - -
4" EBtAICL 16 2750 98 90 9 <1

5  EtAICL 30
6"  EtAICh 39
7%  EtAICk 32

2660 99 86 13 1
1720 98 84 14 2
2630 98 87 12 1

*I Reaction conditions: #n-heptane 10 mL, 2-butene =2.0 g, catalyst
=20 mg, temp. = 45 C, time = 2 h, Liq. = liquid products. *? time
=1h. ™ time =4 h. ** Homogeneous catalyst.

Run5 28T 5 Cs A D Y v~ ~ 7T LTI 7R
< &b ISTEHOARM D MR S TI 0 RIEAEHE LA
ST (Fig. 1) . SN A L7 ¢ UHEE KR LR
R AT AR (1R DE) LR, 2055
D 2T n-F 7 Z LV BIOR3-ATFNAATZ L Tho
77

Retention time

Fig. 1 Gas-chromatogram of the products in Run 5

ZORERIE Ce By D72 < &b 2 TN I AR
THDHILERLTRY, AR ITIA LT 4>
FARICAENTH D Z L3531z,

AREKTIE 1-7 7 2k L LIGEOEARRIC
ST HHIET D,

D =T (BR) . FrFES 3016644 7,
2) TUATATaTTr T a-_hn—L F
2R 3154060 -,

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 2E04 -



2EO05

REXRE (B52EEH - AHbFEHwRS

ErEVuFA MEF4BEAZ 0 R BNERS BN
maﬁéwmmx?vygAMﬁmﬁ%

(B EKR* -

1. S

RY F L > (LLF PE) D4y F B340 DK PE

D4y DA GIRIEIN T2\ bS5 7%, H—
Ot L O EA KM TR YD PE &R 5
DOIFEE L, BIFRETIE, ErEV A N (L
™ mont) DJFEM & REIZEEOPER A [ E L7 & [
[ E b+ HLRF hybrid fiifE 2 BHFE L7 D, AEF5E
TiZ., BAOEL L7 mont OERI A T4 % Cu*' A A4
NZAHAT% . Bis(imino)pyridine (UL F PBI) ElA+ %
A= b— hSH, BRI F& PE 24K
3% PBI/Cu?* 1A % [E & L . mont X [ |2 &4 1 & PE

AT D (n- s b
PrCp),HfCl, $&{4& ﬁ%f'g‘ryiof
(LLF PCHf $&
WYz HESE
7= hybrid fihift %
LR S A I
T, MRV T w Sl
B A T Fig. 1 hybrid il
5PE7 LR

(LLF PEB) D& E R~ T,
2. EB
~hybrid il o 3

HATH D Cu -l mont (Z PBI Bid\i + D5 LT
D 26-CTEFAEYTL 246-NY AFNLT
=V o7kt =Y IVERKRE 90 °C T 24 h #fil <
iz, E0%, T M=K,
PN BT H T = g P, BIEEE (SR,
4h) 217V, JEHEEARE(PBYCu?) & 1572, it
T, AR Lz EEEE R N Y A Y T TF AT v
R =0 (LLUF TIBA) 12X 0 4L L, PCHf 8514/ k
IV U VRIR B B S D 2 & T hybrid filt i > kv
VAT — &G,

ML, n-~%

290 RLELENTOA ObIEE

A Y 7 2% O b+, (LA faLs, e e+,

BEELOE L <AHMPPLD T &

RIS, BT 4!

3. R-BE

Tablel =F LV ES-=F L L /1-~Fk

A
HEAHR Y
PBIEEHL T PCHf$éfk  Concentration vield T
Entry  Catalyst BmE e of 1-Hexene '€ , o"&
/ pmol g-mont™ / pmol g-mont™ /mol L
1 0 1566 136.4
PBI/CU* 200 0
2 0.80 0.701 136.5
3 PCHF 0 100 0 0.610 136.9
4 0.80 0.089 1195
5 . 0 1157 1364
PCHf-PBI/CU 200 100
6 0.80 0.582 136.1

#Reaction conditions : solvent 50 mL of n- hexane + 1-hexene, Activator and Scavenger TIBA 1.0 mmol,

Reaction temp. 50 °C, Cat. loading 4.0 mg, Reaction time 1 h, Ethylene pressure 0.7 MPa

Entryl
WML hybrid B ey NS
BEOTF L HE S “\\\/’_
R A - \f
JEEAE R % Table 1 %mm
2 ZER% PE @ DSC Il =|[Entrys
ERERE Fig. 2 127 | Earys \/—
4+, Fig2 ICEAT 5 \F

& . PCHf (Entry3,4) —
R R T
ERAC LV AT o | e2DSCFTT
KT (136.9—119.5 °C) 23 A B L7223, PBI/Cu?* (Entry
1,2) TiExHLNR»oT2 (1364—136.5°C), 22
C. hybrid filtfif (Entry 5,6) IZBWT I-~Ft &
DIERICED T, DR TRA LR -T2 (1364
—136.1 °C) Z &b, R PEB (X & A EN
PBI/Cu**'Hi3k®d PE ThHZ N FPHIND, Zh
I%. PBI/Cu?" & PCHf @ Hifitiit (Entry 1~4) D&M
WCRERENHSTZT-OTHDLEEZLND, A%
2 CIE PBI BN 1-#2fih & 2 )4 L C PEB O HHLALH
ATz,

1) BCH SR, Wi, R, KR,
BINFH, 851 A AR b SR (1F13)
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Relationship between molecular structure of internal donors and catalytic
performance: Impact of alkyl groups of phthalates

(Japan Advanced Institute of Science and Technology (JAIST)= « Dutch Polymer Institute (DPI), P.O.

Box 902, 5600 AX Eindhoven, the Netherlands.~) O Mostafa Khoshsefat~= Patchanee
Chammingkwan=»+ Minoru Terano=»= Toshiaki Taniike=»«

1.Introduction

Internal donors (IDs) are one of the essential components
in the Ziegler-Natta catalysts (ZNCs) for propylene
polymerization. The main roles of IDs are to aid the
formation of (specific) catalyst nanostructures during
catalyst preparation, and to render the stereo-controlling
ability to active sites during polymerization. Recently, we
have tried to reveal the relationship between the molecular
structure of IDs and catalytic performance by using a
parallel catalyst preparation setup. Here, a part of such the
efforts is delivered with a particular focus on the impact of
the alkyl groups of phthalates.

2. Experimental

A series of ZNCs having different phthalates was prepared,
where the alkyl group (R) of ester moieties included -nBu,
-iBu, -nPr, -iPr, -Et and —Me (Scheme 1). Reference
samples such as ethyl benzoate-based and ID-free
catalysts (Ti-1; one time titanation and Ti-2; two times
titanation) were also prepared based on the same protocol.
All the catalysts were prepared using a parallel catalyst
preparation setup (Scheme 1; 12 parallel reactors under
identical condition), followed by basic characterization for
the chemical composition and particle morphology as well
as by evaluation in propylene polymerization.

3. Results and Discussion

The protocols for the synthesis of CAT-IDs along with the
ID structures and reactors setup are depicted in Scheme 1.
The starting material, magnesium ethoxide (MGE), was
synthesized according to our previously reported method
[1, 2]. A part of the results is shown in Table 1. In terms
of the chemical composition, ID-free samples, CAT- DiPP
and CAT-DMP along with CAT-EB possessed high Ti
contents and high Ti/Mg and/or Ti/ID molar ratios. These
catalysts, moreover, exhibited lower activity (PP-kg Ti
mol? h'Y) and made PP with lower stereoregularity (lower

Table 1. Results of CAT-1Ds characterization and propylene polymerization.

mesopentad (mmmm) and higher heptane-soluble (HS)
fraction).

- CAT-Ti-1

1 1 Bl SR e i
]', re e s L M CAT-Ti-2
} S % 1 I
EB DBP DiBP DPP DiPP DEP DMP CAT-EB
CAT-DBP
—_ Ticl,
o
< oh  mwre  Toluene o awcc { CAT-DiBP
5 b o Lo
8 " Wash it tluene CAT-DPP
g
£
e

| car-ppp

ca.07h /57 CAT-DEP

MGE/toluene

— s\ CAT-DMP

T’irme (h)

Scheme 1. lllustration of protocols, ID structures, and catalyst
preparation setup used for the synthesis of catalysts

These results suggest that not only Ti centers accompanied
by high -OEt groups, i.e., TiClx(OEt)asx species but also Ti
sites in the catalysts that the IDs were less incorporated
(DiPP) or less hindered (EB and DMP) can cause lower
activity and stereoespecificity. The observed lower 1D
content for CAT-DiPP could be explained by side
reactions such as transesterification. Although no clear
trends could be observed regarding the catalytic properties,
branching of R group in the case of CAT-DiBP showed
better performance than CAT-DBP.

More details on relationship between molecular structures of IDs
and catalytic features will be presented.
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Chemical compositions Catalytic performance

Tit OEt" IDeP* D74 ) . Activity® HS mmmm'

Entry mmol/g mmol/g mmol/g mmol/g Tinoe TiMg® kg-PP mol—}ll'i'1 ht wt% mol%
CAT-Ti-1 2.0 1.50 - - 0.31 800 15.4 91.1
CAT-Ti-2 2.2 0.20 - - - 0.36 950 22.5 92.9
CAT-EB 0.96 0.36 n.a. 0.75 1.29 0.13 1000 5.5 93.3
CAT-DBP 0.46 0.20 0.29 0.53 0.87 0.06 3000 0.8 97.1
CAT-DiBP 0.42 0.11 0.26 0.46 0.91 0.05 3600 0.4 97.5
CAT-DPP 0.36 0.11 0.30 0.51 0.69 0.04 3800 0.5 97.8
CAT-DiPP 1.15 0.27 0.64 0.64 3.60 0.15 750 2 95.7
CAT-DEP 0.38 0.16 n.a. 0.61 0.62 0.05 3000 0.8 97.9
CAT-DMP 0.56 0.09 0.12 0.81 0.70 0.07 650 2.6 96.9

2Obtained by UV-Vis spectroscopy, ® Obtained by solution-state *H NMR, ¢IDg: ethyl ester form of ID derived through transesterification, ¢ IDt: total amount of 1D, ¢ Polymerization
condition: TEA= 3.0 mmol, Hep= 300 mL, CMDMS= 0.2 mmol, T= 70 °C, t= 30 min, P=5 atm, H,=0.02 mol, and f acquired by **C NMR spectroscopy.
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Figure 1 Ti complexes used
in this study
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AR 2. Lo T, EAEEMEDRIGHE
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CHIKFT 5. KE Me;Al DS LRI TH 5 A
FAT NI FH Y (MAO) ¥ MesAl & Bu;Al D
REYE R THEL 72&6#i MAO (MMAO) %
HRI 22 B © 5 2. MMAO 13 MAO X Vi
fREICENTEB Y, ~7 & v EofuflR{bKE
BIRCHWS 2 HTE S, MAO ¥ MMAO I
EEINIRMIGDOPMN Y TAFAT A I =7 LH
HIEBEEAIE L CERT 2720, Vv JZEHAR
TOBARCEINODEER IO P Y TAFAT
NI LERYBRSBEDLED D, MAO DEHE
ZIREFZ B ~F I v RE T 2L TRB I
MesAl ZHLY R 2 &3 TE 328, BwAl &1
MMAO D& I X RTEREHE: - ~ 7 &2 v iR - %
BORTHLERD L, ZNHIEFUT, ZhEFn
dMAO, dMMAO & %Kit 9 5. M7 AMMAO O
FAHESE 2 BT 3 729, MMAO H1 D ‘BusAl 15}
LB E D 2,6-di-Bux-4-Me-phenol (BHT) %Il x
BwAl Z WG 2 7 =/ F 2 FICZH L 7= Bhfhist
(MMAO/BHT) & V v v ZE&ICHRT, EHEIX
dMMAO It R LS5, 72, MoK
7 =74 v % 5 %z % [PhsC][B(CsFs)s] % Bl fislt 45 1 F
WBEETEEL B0, AARY Yy —L LTH
W3 BusAl % Octyl:Al I X 2 #EAREE) 258 T &
Nz, LA L, BusAl % Oct;Al (Oct = Octyl)
&2 UED BHT # KGRIV Y v — (B4
#% RsAUBHT & it#k) & L THWw % &g EN K
JOIXRIE I 2 4, #Y v v JEASETT 5.

3. JrRarvoroafimBly ey SELAL
HES

1—dMAO I F v v T NB D& = Al
Ve v ZEERETSE S (EARET,)=20°C,
HAREH(2,) = 5 min, My = 296 000, M/M, = 1.26)
9 MMAO ZH\ % L 3 FEDMD X LI ER
V~—=2F6n3 (T,=20°C,t,=3 min, M, =79
000, MyW/My=1.07) 23, Z 3T MMAO D &\ VA7
P & EE O NB R R 2 BusAl 12 X % EEEZE)
ZZFiIcd wZ EicEREKL TWw 3 10,
1_[Ph3C][B(C6F5)4] A ARV vy —¢ LT
R3AIRR = Bu, Oct)IFE T, EiiETNB & 1-7 v
rrvtotELEEZETIE, FEDaT /) ~—F
BoELEIESNS D, ZhboiEAIC
BWTDH dMAO *° dAMMAO #% Bififiic FHw % &
vy SEANETT S 121,

Table 1 IZ IMMAO % Bhfiiiiic v 72 1-4 I X
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Table 1 Effects of Ti complex on NB/1-octene copolymerization activated by dIMMAO*

entry Ti 0] time AP M,¢ D¢ NB¢ NB cnv. Ocnv.® T,*
M) (min) (x10% (mol%) (%) (%) ©)
1 1 1.05 5.0 340 53 1.19 80 22 4 213
2 1 2.10 1.5 320 4.3 1.23 63 16 3 128
3 2 1.05 1.5 800 4.9 1.15 82 17 2 233
4 2 2.10 1.5 720 3.6 1.18 67 11 2 138
5 38 1.05 1.5 620 3.2 1.40 74 11 3 169
6 3¢ 2.10 1.5 680 3.1 1.34 59 9 2 113
7 4 1.05 1.5 1660 9.9 1.37 75 30 7 184
8 4 2.10 1.5 2300 10.9 1.28 56 39 8 98
9 10 0.18 10.0 - 10.4 1.24 50 100 100 -

2 Polymerization conditions: Ti = 20 umol, activator = dAMMAO, Al/Ti = 200, [NB] = 1.5 M, solvent = toluene, total volume = 30
mL, temp. = 20 °C. ® Activity in kg-polymer-mol-Ti-!-h'!. ¢ Number average molecular weight and molecular weight distribution
determined by GPC using monodisperse polystyrene standards. ¢ Norbornene content in copolymer. ¢ Conversions of norbornene and
1-octene calculated from yield and comonomer content. f Glass transition temperature determined by DSC. ¢ Different lot of
dMMAO was used. " [PhsC][B(CsFs)4]/OctsA/BHT was used in place of dIMMAO; Ti/B/AI/BHT = 1/1/10/20, [NB] = 0.36 M.

% NB/1-#4 277 (O) HHEADNKN MR Z Table 3  NB/I-alkene gradient copolymer *
MW, e vEGDERRICT VAL VER - ;
E~o Bu DA EATEEIRAE L oyt be I
5. —77, KT 3 EEESKD PDI I AOHE (x10%) (°C)
FH° NB/O fLIABMKIC L 53 1.2~14 TH Y, PINB/O) 104 124 16,5
TX FEAICXDVIEVYIEHATH DL Z L %E
ALTw3, 77 AEBREREFomECKE  PNBDo 112 130 “1eo
327, NB/O OfAALMHMKIC X v ilfic 5 P(NB/Do) 124 1.28 —47.7
L ETL TG, —
Fineman-Ross 7512 X U sk 7= K45k D £ ) < — 7P01ymerlzat10n conditions: T1:1 (20 pumol), cocatalyst
T = [Ph3C][B(C¢Fs)4], scavenger = OctsA/BHT,
FOGHERL % Table2 IR 9. £/~ — KOG, Ti/B/AVBHT = 1/1/10/20, NB = I-alkene = 10.8
WINOEERICENWTS, NBAR1-4 77 VI mmol, solvent = toluene, total volume = 30 mL, temp. =
TLCEHATLIZEERLTNS, 0 °C, time = 10 min. ® O, 1-octene; De, 1-decene;, Do, 1-
dodecene. ¢ Number average molecular weight and
Table 2 Monomer reactivity ratios of NB/1-octene molecular weight distribution determined by GPC using
copolymerization by 1-4 using dMMAQ as cocatalyst monodisperse polystyrene standards. ¢ Glass transition
Ti 'NB ro temperature determined by DSC.
1 8.2 0.42

HAOEERIPERETAKTE 2220, 1-4 7T

8.2 0.31 . e
3 42 0.23 v (0), 1-7t v (De), BXWVWI-FFT v (Do)
4 6.3 0.50 a/)EY—ICHWTNB L I-TAT v EYE L
12 6.0 0.46 HiAH, —HD IS F7 T ]\;:EEA{Z"{%I/EI\@LfC
2 [Ph3C][B(C¢Fs)4]-OctsAl/BHT was used in place of (Table 3). 24503 E/\{ZIS i, DSC HIFEIC
dMMAO. 104 " P(NB/O) ]
= 8 ——mem)q
4, INVKAZRV/1-TAy v oYy FHEA o ] ——mem)_
HOAR & Pk =
1-[PhsC][B(CeéFs)a] IC A IR v ¥ % — & L T 2 4 l
RsAVBHT(R = Bu, Oct)% il \» NB/O A %17 5 2 2 :
Y, 10 SUPICEA AT L, EoalodtEatk @ o)
ﬁ%%h%(ﬁMﬂ,m@.Kﬁ@m&mm&i 0.00 0.05 0.10 aw 0.20 0.25

6.0, 046 TH Y, EHORKLLZIEBES ZLiIT X Strain
b7y MEESROEREHIRL 72 9. K
%%mhéukTNWL7W7/77/i/FA

Figure 2 Stress-strain curves of gradient copolymers. '4)
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BOTLRY)~—DEIETEH, 797
oy 7HEAKETLZZLTCHREREARY L
A2 KR mMETE2 2 083005
(Figure 3).

15
E —— P(NB/Do)
= 104 1— P(NB/Do):
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@ 5 P(NB/O)
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00 06 12 18 24 30
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Figure 3 Stress-strain curves of gradient block
copolymers of NB and .l-alkene (M,, 114000 ~
141000). 1
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BREREZEATZ L REEECHZ. LrL, K
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[Ph3C][B(C6Fs)4] D18 Y I MMAO/BHT % Z L%
NWHW2S & NB & oEEADEY v v ZiICHEST
35 23,

IKIEFE DB ANICIRET 57 b BwsAl TIREL
72 10-7 v 7+t v-1-A—1 (UOAIBuw) HHZNT
H5. bibo synFi# 7 3—MMAO/BHT % H
WTC,ER P OHMEA%1T > 72112, NB & UOAI
Bu, Zids 2 e, RV AL 74 v 7wy
7 (E$4IR PE ® syn-PP) & OH HEHHAL 70 v
7 (Poly(NB-co-UOH)) 257 %2 7 u v 7 2K Y
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Figure 4 Stress-strain curves of PNB-b-ata-PP-b-(NB-
co-U-OH) obtained by 2—MMAQO/BHT?).
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2. FEEr
E/NB HLE A XD 77 % 2 1 b4 AT
2729, 2047, 3047, 4047, 50 ML EAET
Ww, Rlv—INgE%2kD, BonizR)~v—%
GPC, BCNMR IZTHHi L7z, FY=—I{&EL 2
T/ v —M» 6, FEAKRBICAERL ZHLEA
RO % KD 7=,
3. EEHERE L UEE
HEAFKEA Table 1 1. ¥ 7-, GPC Hhfii%
Figure 1 \C7R 3. GPC Of5HE» 6, HAKM L &
HICECEF T8 M, 3BT % LRSI
7=.
FHEARRTH LN ILESEKO NB &F & %
£/ ~—DLE % Table 2 1T, KEAFHME
THEAARICMVAINZ-EE /) ~—DESR
Table3 IR 3. TF L v Dls{bKITKE (AL L
TW3ICdrrbbd, FHICKL NBEHKICIK
KEBREABR SN o7z, EAKRIIC NB iz
LR FRERMEA Z RS &b, REET TR

NB—NBE T DR EREIEN L2 REL Tk
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Table 1. Results of E/NB copolymerization®

Reaction Time  Yield b, bM/ M,
(min) (8) (X10%
20 0.63 11.3 1.23
30 1.29 17.2 1.30
40 1.45 17.0 1.15
50 1.65 234 1.36

a Polymerization conditions: Ti = 20 pumol, Al/Ti=1100, NB=10.8
mmol, solvent = toluene, total volume = 50 mL, ethylene = 1 atm,
temperature = 0 °C. b Norbornene conversion calculated from the
13C NMR spectrum of copolymer

=20 min
=30 min
40 min

4 5 6 7

Figure 1. GPC curves of poly(E-co-NB) (o-
dichlorobenzene, 140 °C)

Table 2. NB content in poly(E-co-NB) and
conversions of E and NB

=50 min

Time NB E conv. NB conv.

(min) (mol%) (%) (%)
20 18.6 26.7 26.9
30 15.5 59.7 48.4
40 20.7 57.9 66.6
50 14.7 78.3 59.4

Table 3. Consumed monomers in each interval

Time E NB NB
(min) (mmol) (mmol) (mol%)
0~20 12.7 2.9 18.5
20~30 15.7 2.3 12.8
30~40 -0.9 2.0 -
40~50 9.7 -0.8 -
1) T. Hasan, T. Ikeda, and Takeshi Shiono,

Macromolecules 2004, 37, 8503
2)T.Hasan, T.Shiono, and T.lkeda, Macromol. Symp.
2004, 213,123
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RIRICE & 72 FE T B ORI 0> & O 3R A FA HL
X, koAb 7 mt AR & e 2 HER A
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BN CTH D, AFZETIE, RTINS AT v
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IRIPRERICE D FLATE, Sl R LT & v

SEARfRED 7 L o — )L o S PO AFEAR Y

AT ND kT v AT AT AT X D Sy fifiki~ i

M Zat L7 (Scheme 1),

w

Catalytic transesterification: Conversion of FAEs
cat.
Q HOR Cp'TiCl; Q
+
fﬁ%o/ 100 or 120 °C OR
Cp": Cp, Cp* O
Depolymerization, Chemical Recycling,
by Catalytic Transesterification

P~ e

CpTiCls
120-150 °C RO

HO\H/\OH

Excluswe Selectivity

Scheme 1

2. EB
ERIZEZFWMK T /0 —7 Ry 7 AN, £721%
B2 H AEWBREE AN TITo272 FT VAT AT
IAED AL GC IZTER LTz (NEMERER), R
U T AT )V DSREOGE BCNMR A2 k)L CRERE
bz B L, AT GCIZTER LT,

3. BEBIUOBE

BRI — R X D 10-v TR U AT IV
MU) Lo ranFth AL ) —EDGETD
PR SR DR (100 °C) . CpTiCls X° Cp*TiCls it
T 99%LL EDEWVEIGEE TROSDET L, SO IRE
D & EnRRE L RE L CE LR AIEMER B2
b7z (Tablel), ZOF & fiflE MU & 455
TNha—=vEDRISIZH AT, @R THIEE
W% 5 %z 7= (Scheme2),

S 51T, CpTiCls IE poly(ethylene adipate) (PEA)
<2 poly(butylene adipate) (PBA) & 7 /La—/L L d
BO& (R Y ~—43fF) (I2HAZT (120-150 °C) |

EEEBNRBIRRERCT O Uy AT )L L :1:3: %

vz b ELbw

W

BEDH ~Uy D P HEVA

&9
KR T - BPRERIA

VA= % b el = O W B i RV e - N d (et
ZOFEICLY BEEOR)~—Dr I N A
VT THER) B - KT ) — O R Y <~ —
i (B ~—~Dr I AN YA T IL) DNARE
rolz, FHMERETETHD,

Table 1. Transesterification of methyl-10-undecenoate

with cyclohexanemethanol.”

catalyst MU temp. time yield® select® TON?
/ mmol /oC 'h 1% %
CpTiCls 2.0 100 3 60 >99 120
CpTiClz 2.0 120 3 92 >99 184
CpTiClz 4.0 100 6 66 >99 264
CpTiClz 4.0 100 24 85 >99 340
Cp*TiCl; 2.0 100 3 60 >99 120
Cp*TiCls 2.0 120 3 92 >99 184
Cp*TiCls 4.0 100 6 64 >99 256
Cp*TiCl; 4.0 100 24 81 >99 324

aConditions: Ti 0.01 mmol (0.25 or 0.5 mol%), methyl-10-
undecenoate (MU) and cyclohexanemethanol (CM) 2.0 or 4.0
mmol (MU:CM = 1.0:1.0 molar ratio), toluene 0.5 mL. "Based
on MU. ©Selectivity on the basis of MU. 9TON (turnover
number) = product (mmol)/catalyst (mmol).

(0]
+ HOH,C—  )—CH,OH
WOMe 2 2
2.0 mmol
MU 2.0 mmol CpTiCl,
_0.5mol% /_<:>_/
120 C,24h
>99 % vyield, >99 % selectivity
X AN OH —— W
ome T SABAO S a0eC A S
MU Ti 1.0 mol%, o o .
1.0 mmol 1.0 mmol 100 °C, 24 h 93 % yield, >99 % selectivity
Ti 0.5 mol%, . L
2.0 mmol 2.0 mmol 1|20 DCT?ZOh 99 % yield, >99 % selectivity
CpTiCl,
\/\Mjl oH 1.0 mol% 9 1/\
N NG L R {
7 "OMe 120°C, 18 h 7 O
1.0 mmol 1.0 mmol 84 % yield, >99 % selectivity
Scheme 2
References

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

2) K. Nomura, T. Aoki, S. Kikkawa, S. Yamazoe ACS
Sustainable Chem. Eng., 10, web released (2022).
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gH TDOM, = 370,0000PP 0.25 gD 1 hi st Diix{k
R, JEIRE,

5. SUNAAATOEVNIY FOE—2RRT S
i#Bronsted® m il 3% /€ FA

ATEO X 512 7 e flifLERIC S < KSR
BIREDR RN &0X, /MW T vl 41 TE
B, PP+ b o6 I 7 afifLN TG LTV 5
ZEEREWT L. M), AREEBRENERY A
L7 4 USREERE W E bbb TNDHDT,
7 AN TIES A28, ANFHE RIS E X T
WHEEZLND. HIEWSFORIGH#ELE LTH
HETHD.

DT EE, EOTRNEIRTIET V& b aA Ltk
WEEEVRTINIE, MESMHOS Z &3 TR
W hur b —% 67 T O TREEMEIMEWZ &1
EXFETHEIICAZXD.

B 41ZC3~8D R HEHHT VA BLOAT L
MHEFF O T NV OKMEF, SESEEF
T A M ET oS ROEEIEMELT o H L —
(AH*°) & FEAETEME L o b 1 B —(AS*) D BER Y,
BROEENCITH DL I L2-AF L7 rs
VERNT, HoOBEBRTRINDS I EEH LM
LTWA. AH*FR/NEVY, DF 0 ARBEEHE & IE
EAS* H /NS W (AIZKREWV)PIRIEDIR YA R LT
W5, WEDRIIEA T A - &l & 5 Bronsted
FA AR R BRI R DAL 5 1.

Inoue 512 & 5 —H O WL AW DL FE T FHY
FFRIZ L - T, AR -T2 MEBICBW TR R
T A NE (AN S WIE R L T b e
E—(ASO) b/ E W 2 & N EEICBIE S, T

REKRE (B520%AH - AHLFAHRS)

RAN-T A MRS FEBT D T2 OIITREE DM
RS2 L 20BN H Y, T OREE & D ERNME
WEWEZ D &, SN EREN DRV T
R E— NSV ThD I E R LN Eh
TV, ZpZ Lk, Tk ERREE o
BRUMEMESIC L > T U Z L E— DRV EB IR RE
BT DITIE, FEOHIEZIMALENHDH DT
TR E—%ZKI EBZLNDY. AHROIKTIZ
Ko TRIGHENIEFIZRE <720, AS*DIKFT
FOROE EE DRI RN 7 L—F 230 5 (9 5) 7%,
WICAHOEBEO N RKE L, K 4THELE FIfr<
ER AN VAN AAR

T T T
_501- 6 _'
_ I nC4,nC5,nC6,nC8,iC5
3 I
& 100 .
M
~ I
O')e -
& . 2 i
21507 2’0 nC3,iC4
Ao
2008 ]
ya 1 L 1
100 200

AH** ] kI mol™!

4: MFI (), MOR (A), FAU (@, ‘B4t 5 F 4
\Z & > TBrensted 7 i % 5 & & AL 77k & & Te),
Beta (W)L AT 14 FETOTr (), 77X
(OR), 2-AFNT BN (R), R Z(JR), 2-AF )L
TH(K), ~NXY (), X ERI RO
T LT 2L B —(AH*°) L EHER (b= ha v
—(AS*)D AR

K 4D LDk BT Ok £ TAH**1X150 kJ
mol NI E RN, Rk 72 BOS A TIERTE MR 1E
HTEVEMHNZEHEER LA T A2 EBREBEIND
THAH 9. £ FTIHAS*IE-200 J K mol™! = -3 X
102K 5 NTEL, AS* =kn(W*/We) /5,
KRR DOIEHIRAE & R CTEBIRE O 2 LD i
RIW*O Weaed FAX 107115 & AT S HALD. RNITIEAE
THT NI FOHRT, 7 afiflicE <M,
S HITTEMERICR S RS D 0 13 TH ¥
Th D0, IEMERORRILFRIEMR T |
nbE—ZFfk L, SEICKCREDR L OICRD &
NEASEEDOVER OARE L Bfif S 5.

X 50X, il BronstedFRTRIE X EVN (T =T
il XNV E—RNRE NI ET VA oD
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AHFPMENZ L 2R LTWDY, DF 0, filto fr
FL72 b WIS RE O 1 R 1358\ \Brensted FE 1 T 5 =
ERALNTHD. BATA - DiEBrenstedfft: X
Si-(OH)-AIF A2 S JEME S D Z 212k » T
FEHL L, 2 OJERE I IR 70 B R S B3 520,
L7=NoT, B4 T4 MIFFRRFHRMEEIZE -
T, KL= T NV h O >R\ hr B —%7%
MR LTS & E 8 5L P e &2 FBL L T
LT EERD.

200

140
AHyyy; / kI mol™
5: MFI (9), MOR (A), FAU (O, BA&s 0 F 4
\Z & o TBronsted 58 & & & b L7230k 2 5 1),
Beta (V)R EAT7 A4 FBLXOTELT 7 AU IT
AL F(OYEToT7Tre=T Mz 21—
(AHvm) & 7 a X (B, 72 (), 2-ATF 7 aox
YR, NRUH(K), 2-AFNT X ), ~FY
Y(H), AT H R IR OBEREEM b 2 L —
(AH**)DBf%.

|
120 160

X 49C, [A—OfMETIIEWT VB AFELT
WALE L THRY, N A V7 0 ORI, EED
B O E AR E T, M TRV AR & AS*e % 52
LOLERELBND. END, MFUZREDEA T
A4 FO 7 aALANIZIXIRY Bronsted 8 5203 H B D
T, RIFT V74 0B ERWZ br E—&2 o1
Db bHT, BT 7 e LN TRIGL, K
SRR Z R T LB b D.

BE

AR ZMED HIZHT-0, BREHEKRY R IEEZ
HIRBIOWEEDA L R—DE KD T HKEE
W2 TEWTe . REFZED —EIINEDOF Y 7" 7 A F
v 7 GIRIEER 7 1 A BB 3 (JPNP20012) & LT
fThhi-.

1)  Schirmeister, C. G., Mulhaupt, R., Macromol. Rapid

REKRE (B520%AH - AHLFAHRS)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)
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Angew. Chem. Intl. Ed., 59, 15402 (2020).
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125 (2004).
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[2E11] Non-empirical structure determination of Ziegler-Natta catalyst nano
structure using machine learning potential
OHiroki Chikuma', Gentoku Takasao', Jorg Behler?, Toshiaki Taniike' (1. Japan Advanced
Institute of Science and Technology, 2. Georg August University of Géttinge)
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[2E14] Mechanistic studies on syndiospecific styrene polymerization using half-
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Metropolitan University)
3:30 PM - 3:45 PM
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BHEZERT v IVIZ &L BZiegler-Nattafilitt
+/ BEDIEZRERRIEERTE

1. #E

KUY A L7 4 VAEFEDOHEL % S Ziegler-Natta (ZN)
i OBEREREHC B W T, ESTIC L o> TS
7eMgClt/ 7' — b ORGEMFIIZIA R R TH 5, L A
L. Rl X 5 8t 7 0% <l IEMERJET -
STIERE ERNICER T2 2 L IREECh B, £
T, FJFREE L ERT LI ) X LML DEIC
X BREERED AR DN T E 208, R T~ E il
e E—FHEHEOHE a R F OB FH A4 R
Y ICERICRT 320, BENRIA X7 —0
TORGEITE IR E R TH - 72,

AWl @ IS L 72 ZNfilifs (MgCly/TiClL%)
— KRBT B B R R RO T — X R — D
ZICICHEREE R T v o v VR RESR L, BT AT
Y X2 (GA) Z#lAaGbE 2 L CrRERhEE %
FEHL 72,

2. Fi&

Behler, Parinello 51 X > CTIRE I N2 EXIC= 2 —
SNFw P T—2EFV ¥ (NNP) 770 —FIC
HOEHMEERT v oy A EBEELZ, 2hid, &
IANF - ZBRIBKEDOFEF T AL F -l L TR
L. &HEF DB % atom-centered symmetry function
(ACSF) Citih 5 & ic X v #ER 1ont L < |z,
i, A AEEEZRIET 2D DTH 2,
19MgClL/4TiClss 50MgCL/3TiClys 50MgCly/9TiCly% D %
NZNICDOWT, FMRFR T L ICNNPREE S X &R
EZIT o720 ACSFRZ PRSI etfiig s v 7'
v ZIT XY, £5%12,000-18,0008 5 B 0 il T — £
ZHE L 72, BEE X N-NNPIC X 2 EE R & GAIC
L 3 KR A/ DY 5 T & TREEME % IE
L7,

3. fER - HE

HEE L 7-NNPOKEEIX, 7 97X X —H7-h DTN
¥ — 0 TR (RMSE) T47-68 meV (1.0-
1.5 kecal/mol), JE 1472 ) ©J] DRMSE T63-64 eV/A
(1.2-1.6 kcal/mol A) & . SCHRIC 351F 2 —fHI72NNP & [t

LBEEA" - AR 2 - T 972 b K™
TehEs <{

<% O flcwly blbE

i‘) 7) :3 = Lf/'\,/k * . Kk Y *
O 5L - miki X#E" - BEHLER Jorg™ - 2 ith {2

B L CENSECH o7 (Table 1), Fig. 11X, NNPZ
72 50MgCLOTICL O REERIE IC 35 1) 5 GADHE(L D iz
ERLIZDDTH D, AN D N2 RLERMEIL
{110} [ 233~ CTiCL CHZE X L CTH D | {100} Fic2
BHEOTICLZH L T\ 7z, iEmodfic 2 L 22 R
DFTD4546,00080 12 5 LNNPC I3 FE15HTH - 72,
Z DKME 7R EREAI X D 1,300,000 % 8 2 5 HEZLTE
WS R R L7, RRCTIRIAEBIER SO N MR E
W& P TICLIED I OV T O IENT %,

Table 1. Accuracy of NNPs constructed for MgCly/TiCls
systems.”

System RMSE (train) RMSE (test)
E F E F
(meV) (meV/A) (meV) (meV/A)
19MgCl/4TiCly 385 64.0 475 64.0
50MgCl/3TiCls 57.5 63.1 67.4 63.1
50MgCl/9TiCly 47.5 519 50.6 523

4 E corresponds to the RMSE in the energy per cluster, and
to the RMSE in the force on atoms.

110
Ecuster = E — Nymgar, X Emgal, — Ntial, X ETicl,
105+
= — {110}
o {100}
£ 1007 Sk
© AP A AK K
Y o5t A K K I K
= KA AKK
] *&XXXXX‘ K
= oof S
85 !
80 250 500 750 1000
Generation

Fig. 1. Evolutionary progress plot for the structure
determination of 50MgCly/9TiCls. The energy of the most
stable structure in a generation is plotted against the
generation.

I

AWFFE X, ISTRIARHTFEE PRERAIHGE 7' e 277 7 4
JIPMISP2102 DB % 2 CTiThb N2 b DTH 5,

1) G. Takasao, et al., J. Catal., 394,299-306 (2021).
2) J. Behler, et al., Phys. Rev. Lett., 98, 146401 (2007).
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REXR: (B52EAM - AHIEFARS)

BARA O RAES AEEMEELS
B AT URIBRED W NMR (2L B9 HT

(EWRFEBE A" BIEFHER"- BAEF™) OfFK

o

BLE ELBE KL VBE

- Al 4'}- *-

& 037 :j)_?'IT* :L,G% uams** ZFED anu*** L ES U_):J%***
£ -8 LET-MLY TRk T

1. #E
=B ESIETAEY—FRAL T4 A

B RAIVT AT UMBERDAREED TES-,

ZDRIE, MIERIERIAELTEV Y AT UK, B
gL CTHEBTILES =V LZRAVS. LWHhSF
—J5—RAFEVREEMETHD, AT ATV
KX, 6 M TREMEZD T, "H 4 °C 42E NMR
FRAVADTRERBTIEIBESZTHS,

ZD—AT, SEMEED PR EL DIV T AT
ZDLDOITEBLIZEZE. "W (X 1 = 1/2 DT,
NMR BIEICE DD HE%FEICHZSH, LML, E
RiE#%THY. TORREEE °C D# 6%EEL.
|EBILERLN TS, " 2020 FIZEA2ELRAR
ISEAIE T DAV RTUTILETUEERE 18w
NMR CAIEL=IRENGESNTz, ? FAtzB(E 2014
Ero. BMBRARLEIVITRATUEKD BW
NMR DBIFEIZERY#EA. 8 FEHICLTEIOKEE
BRI E R BE R R & L CE =D THRE T 5.

2. =&

'BW NMR [FEAEFHRARLHOERE KT DO
—J%{HZ 1= INM-ECAGO0(5 FF} F oA T ik 2s
t+>%—, 10mm Z0—7), JNM-ECZ600R(F# 1L X
FEHRAEGHEARIZELS— 10mm TO—T7,;
BLEHARMREEREEHAR L 2— 5mm 7
A—2)T{Ti o1, Y FILIE Wilmad-LabGlass
Co.#t® Low Pressure/Vacuum (LPV)Fa—7IZ
FILIUTTAN, BKRSLIZEBE(CoDs F1=
I& CD2CL)IZiBEA LTz,

3. BRBLUEER

THE PR LR T O— T 12E 544 E 10mm OF
A—TJITY T ILEH 500mg. EiFME 3mL 55 TH
VTIBRELTA—H—HEDES 5cm 1255,
PFEMN0EEDIGEICIE. YT ILEEN0.3
M EBELLED, COFHITENT. 1 O "BW{'H}
NMR ZBIELI=Frv— &R 1 [2RT,

HHEE(E 2557 [@, AIFERHEIE 2 BFHE 21 2

Bu

Cl
O\\‘}V/Oj%
o7y
a©
Bu

1

: '\‘W’A’\"‘W“’ﬁ“y“n‘ “M.‘ ‘{A" '-: o ‘1“.‘ “‘P\w ey v‘wv T ”‘M’\“«WMWWM“V‘AH‘*\“‘”

1. 884K 1 @ "SW{'H} NMR RRF k)L

ThY. EALEELZVOBEBATHEO ST FILR
+ 57738 E(SIN = 43:1) TEAIS N =,

R AT URITBEMBEARNESNTEY.
LI EFLERM%E 20s (TEHRELTRIELTLM:=. %
D%, BIERE(Cr(acac):) D AMEEDH =R 178
BRERT.HERNF DIV RATUBERTIEE
LEEE 2s TR EMN DM of=, CHLERAD A
ERREDFREOERIEILE. KKRT 5,

F1=.BW DT FILIE. BFRDKFEDENR
HoFT)TIZKYRBELTHBASNBIGEENHDIL
Ehhotfz, CORRICONTIL, FELEAREEDHE
FEHET NMR ZRIE LA, e A CIEBARA A
[ETETULVELY,

3
A ED—E IS BRATE RE P RMRESE
F(EWUR)OXEZZT=. 7 FREHAERTD
AEICHE-TEH. REFENBEEMEDOXIEE

=ltt=.

1) M. Minelli, J. H. Enemark, R. T. C. Brownlee, M.
J. O’connor, A. G. Wedd, Coordin. Chem. Rev. 68,
169, (1985).

2) J. Hillenbrand, M. Leutzsch, C. P.Gordon, C.
Copéret, A. Flrstner, Angew. Chem. Int. Ed. 59,
21758, (2020).
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X{BEEELICE B AFILTILE /) X5 O DEERTT

LBD fzicwly bLbHE

b 7=
(AIST) ORI & - CHAMMINKWAN Patchanee - 73 ith &1

[S=Y
-
il

FURAFATA =YL (TMA) DR EFEEIC X
STHELNBEAFATAI 2 AFH Y (MAO) I, o+
L7 4 VESHAS ML o TRPTZEDTER
WIEHELFITH 2 235, % D43 FREE DI AR 72 1T
LICENT VR, KPZERIBIERTHE L (7
MEDHEST) . B IR AFET 2 2 & flfmtEDR
Bl BEEAEEL <. Bk X BRI FEMET & i
& EB A ERE DN 720 TH B, Z DIz,
SR (BHESRET - Wb ER. HESHD. Al & O
DFHE (NMR) DR S 7= KB FHE LT 2
HiPH O THE K DA FREEE T AMBRE I . FIC
SHEALER T RIC X o THEED TR T & 72,

AifFFECld, RIBBERFRE 2R 2 wWIE OV 7
F ) ~F 7 R = OREERERE RS TRE R X #AAK
fiLZ VT MAO Do TG DT 2 ik 7z, BARIY
Cid, ZREB G TLEYMZED, ThETIciR
LINTE 2 IO FHEEE T L 1953 X Bl
KXo TEDX ) ITHFHEEING L DO EET L, Kbk
fIciES 7 MAO @ PDF L HEiRT 2 2 kick b, %
Iy FREE D ATREME 2 RET L 720
2. R

F3EF ¥ 7 ) —ICEH A L 72 MAO kAR MAO.
EA MAO, BY — « 77 4 v 7 kX&) @ X ##
SHiELIEER % SPring-8 BLO4B2 12 TS L 72 (61 keV),
HIE & 7z XREELT — & 2R, B, Ny 2 75
vV FICkoTHIIEL, 356 N -HERT S(Q%& 7 —
Y xZ5Had 5 2 & TR AR B (PDF. G(r) %
77,

3. AR - EE

B THE»S>Y I 2L —F X7 PDF
(DiffPy-CMI 3, r = 0-15 A, Ar = 0.03 A) % k-means
clustering I & > T5 2D 7 A — ZIC 4 L 7= (Fig. 1),
Z DfEF. PDF ORHEA T RED A/ (Group 1 <5 <
2,34). W& TMA 0% % (Group 1,4 < 2,35), ZL T

Hh&DEW (Group 1 : 1-3AIJE 1. Group3: Fa—7

K. Group 2,45 : BEIK - AR 1ikfFET 2 2 L 23S
PICTR o 77,

1 ¥
(A) All the simulated PDF (172 structures) AP
Group 5 s
Small cages and sheets gt
B e
23 structures L
Group 4 u’éiy % ;&E
L L, h ! ! | . Cages withless TMA L&),
1 2 3 4 5 6 7 52 structures ‘)%
riAl
(B) Averaged simulated PDF of each group Q{Lf} qi
4 . ;: 1 ;:A
i
Group 5 &g
Group4  Group 2 "%ﬁ{ e
| Cages and sheets ’%C
Group 2 58 structures PV
Group 1
Group 1 At o
' . v + ' + . 1-3Alatoms 44 FNE
1 2 4 5 6 7 6structures &
riA]

Fig. 1 (A) PDF simulation for 172 MAO molecular models
(B) Average PDF of each group. Right: characteristics of
each group and representative molecular models.

RIT, FEERIICHS S 7231 MAO @ PDF 1IZxf L T
BOTHEEZHCC 74 v T4 v 7% EEL 7= (Table
1, mOEE Ry 2VNE D57 10 K& 131313 Group
2 1354 L. 431 500-1,500 PR D FEIR - HkiE A
RO RFEBRERZHRT 2 2 LavRE iz, HHIZ
D MAO B DFERICOWT S b THRET 2,

Table 1 Fitting results for solution MAO: The 10
molecular models with the smallest residues (Rw).

Ranking Structure 2 R, Group
1 (105) 0.267 2
2 (10,2) 0273 2
3 (13,7) 0276 2
4 (12,6) 0277 2
5 (85) 0.278 4
6 (10,4) 0.281 2
7 11,2) 0.282 2
8 11,3) 0.283 2
9 122) 0.283 2
10 (11,4) 0.287 2

2 (x,y): x Al in the Al-O skeleton with y TMA molecules.

T

AR T X oY — - 774 v 2R &t
FRICE LI L U E 3, 720 ABRE (0t
filete [OHEBE] oEBZ 2 TiTbiizb D
THb,

1) Z. Falls et al., Macromolecules, 47, 8556—8569 (2014).
2) M. Linnolahti et al., ChemPhysChem, 18, 3369-3374 (2017).
3) P. Juhés et al., Acta Crystallogr. A, 71, 562-568 (2015).
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N XAFS FX2FRAWVEN—TJF 42/ oIz kB
DUDHEBEREMRATFLUESDIEERER

ST ABEED)  OW B 4

1. #%

N—=TF B )8R, CpTiCls (1), Cp*TiCly(O-
2,6-Me;CeHs) (2), Cp*TiCls )ik, ¥ FH 7 F v
IRYAZAF L OERMEEE LTHmHNATWND 12,
BT O WK XAFS HIE 12 X % Cp’TiCly(0-2,6-
Pr,CsHs) (Cp’= Cp, ‘BuCsHy) fillfiz k5o v A Hs
B AT L o HE OB TIZ . MAO TidZe <,
AF L OTRMI LY PR Er S
O 3MMEEARNTEMEREE U CERT 2 Z L 2ARB S
7= 3>o o T, ZOFEEN—BEIRT X ‘/%%M:ﬁﬂzﬁ
HOFEETHDL I LAHERT DO, flix D
N—=TFH ) A VT AT V/Eém%%
WefEATIZER Y A 72 (Scheme 1),

i

\—/\

Ti cat.

_—
MAO cocat.

Ti cat #*
1L O/T|.\,,C,:ICI _II_
~el ~Ael
Cl I Cl \CI
2 3
Scheme 1

2. £

fikE I IREIZ L 0 Ak L, AF L o EA IR
B (hvxmy), AF AT 7 FH% 2 (d-MAO,
WY —« 77 A5 TMAO X0 RIEFHE) 1f71E
TTIiTo7z, ARk Lt R Y~ — I3 E DR B ED
. GPC THrff& - r FEmHm & E L7z, XANES
AT RV, SPrlng-S BLO1B1 CHIE L7,

3. BRBIUEBE

Figure1 (2, ML U EHEH1 D TiK-Edge XANES
AL MVERT, $EA 1B LN 212 MAO RN
T % & Pre-edge peak Db/ E SR OREEZLIL
HEZ X725, Edge peak @7 MIPE D iEZ AL
FBE SN hole, —H. AF L U2 S HITRMN
THEART PABMEZ R LF— 7 h L, 3 flifE
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Figure 1. Ti K-edge XANES spectra (in toluene at 25 °C)
for 1 or 2 upon addition of MAO or MAO + Styrene.

Table 1. Syndiospecific styrene polymerization by
CpTiClz (1) or Cp*TiCly(0-2,6-Me,CsHs) (2) -MAO

catalyst system ¢

cat. cocat. time activity’ = M," My/M°
(umol) /min x10*
1(20) d-MAO 15 1360 16.8 2.74
1(2.0)0 d-MAO 30 1750 13.1 2.59
220) d-MAO 15 67 305 239
2(2.0) d-MAO 30 153 60.4 2.83
120) AlBu; 30 _ S

@ Conditions: styrene 4.5 mL, toluene 0.5 mL, 25 °C, d-MAO
(116 mg, 2.0 mmol). » Activity = kg-sPS /mol-Ti-h. ¢ GPC data
in o-dichlorobenzene vs polystyrene standards.
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T. J. Mol. Catal. A 1998, 128, 167.
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K. Macromolecules 2004, 37, 5520.

3 Nomura, K.; Izawa, 1.; Yi, J.; Nakatani, N.; Aoki, H
Ina, T.; Mitsudome, T.; Tomotsu, N.; Yamazoe, S.
Organometallics 2019, 38, 4497.

4 Yi, J.; Nakatani, N.; Nomura, K. Dalton Trans. 2020,
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[2F15-2F19] C1 chemistry

Chair:Naoki Ikenaga(Kansai Univ.)
Fri. Oct 28, 2022 3:15 PM - 4:30 PM Room-F (13A Conf. room)

[2F15] Investigation of high performance catalysts for low temperature
selective ethane dehydrogenation in the presence of steam
OMasaki Sato', Kosuke Watanabe', Takuma Higo', Hideaki Tsuneki’, Shun Maeda?, Kunihide
Hashimoto?, Yasushi Sekine’ (1. Waseda Univ., 2. Kubota Corp.)
3:15 PM - 3:30 PM

[2F16] Direct synthesis of gasoline-ranged olefins from syngas over a Na
promoted Fe@Na-ZSM-5 capsule catalyst
OXu Sun’, Yingluo He', Guohui Yang', Noritatsu Tsubaki' (1. University of Toyama)
3:30 PM - 3:45 PM

[2F17] Electrochemical reduction of CO, to multi-carbon products using copper-
based catalysts
OWenhang Wang', Yingluo He', Guohui Yang', Noritatsu Tsubaki' (1. University of Toyama)
3:45 PM - 4:00 PM

[2F18] Low Temperature Oxidative Coupling of CH, over Cerium Oxide Based
Catalyst
OEllen Gustiasih Maulidanti’, Masashi Awaji’, Riko Osaki’, Kenji Asami' (1. The University of
Kitakyushu)
4:00 PM - 4:15 PM

[2F19] Methanethiol synthesis from CO by Mo sulfide catalysts: improvement of
methanethiol yield
ORyo Watanabe', Natsu Oba’, Hiroshi Akama', Kazumasa Oshima?, Masahiro Kishida?, Priyanka
Verma', Choji Fukuhara® (1. Shizuoka University, 2. Kyushu University)
4:15 PM - 4:30 PM
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1) H. Saito et al., RSC Adv., 10 (2020) 21427-21453.

2) T.Ren et al., Energy., 31 (2006) 425-451.

3) H. Saito et al., J. Phys. Chem. C., 123 (2019) 26272-
26281.

4) Y. Hosono et al., J. Phys. Chem. C., 125 (2021)
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5) K. Watanabe et al., RSC Adv., 12 (2022) 24465-
24470.
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Direct synthesis of gasoline-ranged olefins from syngas over a
Na promoted Fe@Na-ZSM-5 capsule catalyst

(Univesity of Toyama) OXu Sun, Yingluo He, Guohui Yang, Noritatsu Tsubaki

1. Introduction

Fischer-Tropsch synthesis (FTS) is a catalysis
process to convert syngas (a mixture of CO and H») into
hydrocarbons and oxygenates.! Direct synthesis of olefins
from syngas using metal-zeolite composite catalysts has
attracted lots of attentions for decades. In this work, we
designed a novel capsule-like Fe@Na-ZSM-5 catalyst for
one-step conversion of syngas to Cs: olefins. The Fe@Na-
ZSM-5  catalyst realized the  gasoline-ranged
hydrocarbons selectivity of 52.5 %, in which olefins
accounted for more than half. The characterization results
indicated that the promoter of Na ions facilitated the
formation of FesC, phases during FTS reaction, therefore
favoring C-C coupling and leading to high gasoline-
ranged olefins selectivity. In this work, the novel Na
electron promoted metal-zeolite capsule catalyst and its
application in FTS for olefins direct synthesis would

greatly promote the development of heterogeneous

catalysts and functional materials.

2. Experimental

NaZSM-5 (NaZ5) catalyst was prepared in a similar
procedure by the solvent-free grinding SiO,, AIOOH,
TPAOH and NaOH for 10 min. This mixture was
transferred into a Teflon-lined stainless-steel reactor and
heated in an autoclave at 180 °C for 24 h. The sample was
then washed, filtrated, and dried at 120 °C overnight.
Finally, the composite was obtained after was obtained
after calcination at 550 °C for 5 h. Fe@NaZ5 can be
obtained by adding Fe,Os during the grinding process.

NaoH Fe:0; TPAOH

Sioz\\l' /

Fe@NaZsM-5 Gasoline ranged

Olefins

Figure 1. The morphology of Fe@NaZSM-5 catalysts in FTS.

3. Results and Discussion

The FTS activity and performances for all the
catalysts are revealed in Fig.2. Relatively higher Cs:
selectivity is achieved on zeolite-supported catalysts over
the bulk Fe,O3; and Fe/SiO, samples. It suggests that the
textural and acidic properties of zeolite influence the chain
growth of the primary hydrocarbons. Fe@NaZ5 catalyst
demonstrates the highest selectivity of 52.5 % for
gasoline-ranged hydrocarbons of which 30.2 % were
olefins. The total olefins recorded on this sample was
36.6 %, which was the highest among all the samples. It
indicated that the Fe@NaZ5 sample possesses the highest
surface area with a possibly higher encapsulation Fe in
zeolite rate over the zeolite-based samples. Fe@HZ5
demonstrated much lower Cs+ and olefins selectivity when
compared to Fe@NaZ5. The higher measure of FesC,
phase on the spent Fe@NaZ5 can be credited for the high
Cs+ and olefins selectivity obtained. As Na ions not only
facilitates the formation and stability of active phase FesCa
but also inhibits the secondary hydrogenation step which
resultantly enhance the olefins selectivity in overall

hydrocarbons.?
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Figure. 2 (a) Catalyst performance and product distribution, (b)

Product distribution in hydrocarbons and Os.;; proportion in Cs.j;.

1. Zhuo Y, Zhu L, Liang J, et al. Fuel 2020, 262, 116490.
2. Liang B, Duan H, Sun T, et al. ACS Sustainable Chem.
Eng. 2019, 7 (1), 925-932.
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Electrochemical reduction of CO, to multi-carbon products
using copper-based catalysts

(University of Toyama) (OWenhang Wang, Yingluo He, Guohui Yang, Noritatsu

Tsubaki

1. Introduction Under the synergistic effects of [Omim]* and CI,

The electrochemical reduction of CO; to multi-  the novel quasi-spherical Cu;O on ILGS with
carbon products is a promising option for tackling abundant oxygen vacancies was prepared, which
carbon emissions and restoring renewable behaved with excellent catalytic performance

electricity”. Optimizing the morphology and towards CO; electroreduction to C; products.

enhancing the oxygen vacancy of Cu,O has proven \21 00 —T13 4.0
to be an effective strategy for boosting the E;,sn- Blc, |ss
conversion of CO; to C, products®. Here, we used a § * 20 6

. . . . . . ‘O 8]
halogen-containing  ionic  liquid,  1l-octyl-3- %’ 60 . :’ 550
methylimidazolium  chloride, to tailor the L a0 .
morphology of Cu,O nanoparticles and increase its g = 20
amount of oxygen vacancies, which exhibited i J . . l"'s
excellent performance for the electrochemical 0- . o pr N 10
reduction of CO; to multi-carbon products®. o™ 569‘\@% 0‘,9“"6% o™

2. Experimental Figure 1 Faradaic efficiency of C; and C; products at -

2.1 Catalysts synthesis 1.15 V (vs. RHE) in an H-cell.

The ionic liquid functionalized graphite sheets By adjusting the content of [Omim]Cl, the

(ILGS) were synthesized according to our previous optimum catalyst of Cu,O/ILGS-400 performed

work. Then, Cu(OH)»/ILGS precipitate was prepared
by adding NaOH into the CuCl; solution. After that,

the best performance with a faradic efficiency (FE)
of 62.4% for C, products at-1.15 V (vs. RHE) in an
H-cell with 0.1 M KHCOs as electrolyte. By using
1 M KOH as an electrolyte in a flow cell, the FE of
C; products was raised to 78.5% =+ 2% with a

it was reduced to Cu,O/ILGS-x by a certain content
of [Omim]ClI and L-ascorbic acid (x = 800, 400, 200,
where x represents the volume ratio of the final

solution to [Omim]Cl). Without [Omim]|ClI,
current density of 123.1 mA c¢cm™ at -1.1 V (vs.

RHE).

CuO/ILGS was prepared as the control experiment.
2.2 CO; electrochemical measurements
All electrochemical tests in an H-type electrolytic This work may open a new horizon toward the

cell (H cell) and a flow cell with three electrodes controllable synthesis of metal oxides for CO;

system by a CHI 760E electrochemical workstation, reduction and other electrocatalysis processes.

respectively. The anode and cathode were separated

by an exchange membrane. The working electrode 1) He, M., Sun, Y., et al.; Angew. Chemie - Int. Ed., 61,
€202112835 (2022).

2) Wang W., Ning H., et al.; Electrochim Acta, 306, 360-

was prepared by electrocatalysts, while an Ag/AgCl

electrode and a platinum gauze were used as a

reference and counter electrodes, respectively. 365 (2019).
. . 3) Wang W., Ma Z., et al.; Chem. Eng. J., 436, 135029
3. Results and Discussion ) Wang asocta em. =g
(2022).

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 2F17 -



2F18

Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposi...

Low Temperature Oxidative Coupling of CH4 over
Cerium Oxide Based Catalyst

(The University of Kitakyushu) OEllen Gustiasih Maulidanti, Masashi
Awaji, Riko Osaki, Kenji Asami

1. Introduction

Eliminating the deep oxidation in the gas
phase through surface dimerization of
CHjs radicals is a possible way to increase
C, yield in oxidative coupling of methane
(OCM). A low temperature reaction is
required to prevent the CHj; radicals
desorption into the gas phase. To
accomplish this goal, the cerium catalyst
with varied metal incorporation were
developed.

2. Experimental

A series of MCY catalyst with varied M
cations (M = Co, Ni, Fe) and varied of
Cerium (Y = W is for nanoparticle, A is
for microparticle, B is for nanocube) are
prepared by impregnation method. The
catalysts were characterized by XRD, N,
ads-des, and Raman spectroscopy. The
OCM reaction was evaluated in a fixed
bed reactor with reaction condition as
shown in Table 1.

3. Results and discussion

Table 1

The incorporation of metal cation into all types
of CeO, can obtain a catalyst with more
mesoporous pore structure and higher surface
area. Pure CB possessed the best catalytic
activity at 500 °C (Table 1), which indicate that
CB produce higher amount of OSC than
irregular CeO, that influence oxidation
performance at low temperature [1]. As 5% of
metal (Co, Ni, and Fe) added, the CHs
conversion has risen. 5% Fe;04/CeO,(5FeCA)
possessed the best catalytic activity at 500 °C
and CH4/O; ratio in 3/1. Furthermore, SFeCA
produced better performance at 500 mg catalyst
and the ratio of CH4/O> ratio in 2:1 which gives
SFeCA catalyst has the best performance
among all. The increase of Fe content is aligned
with the CHs conversion and C; yield.
However, 20% of Fe (20FeCA) possessed
lower CH4 conversion and C; yield than 5% of
Fe. According to XRD, the presence of a-Fe,Os3
on 20FeCA could reduce catalyst activity [2].
[1]Zhang, J., et al., Nano Lett., 11, 361(2011).
[2]Perezalonso,F., et al., J. Catal., 239, 340(2006).

talyst [CW | CA CB [5CoCW

SNiCW [5FeCW |SFeCB |S5FeCA |1FeCA |20FeCA

Perform Reaction condition: CH4/O; ratio in 3/1; 500 °C; 100 mg of catalyst

CH4 3;0 [19;0.1 [19;0.3 | 18;0 18;0.1 |17;0.1 [16.4;0.7 -
Conversi Reaction condition: CH4/O; ratio in 2/1; 500 °C; 100 mg of catalyst

o ) \ 2

C, Yield Reaction condition: CH4/O; ratio in 2/1; 500 °C; 500 mg of catalyst

(%) 27;1.4 26509 | 28;0.5
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Fig. 2(a) XRD patterns and (b) Raman spectra
of K:Mo/SiO; catalyst after CH3;SH synthesis.

1) M. Yu et al., J. Catal., 405 (2022) 116.
2) J. Baltrusaitis et al., Appl. Catal. B, 187 (2016) 195.
3) C. Cammarano ef al., ACS Catal., 9 (2019) 605.
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Utilization of biomass

[2B10-2B11] Utilization of biomass (3)

Chair:Tetsuya Fukunaga(ldemitsu Kosan Co., Ltd.)
Fri. Oct 28, 2022 1:00 PM - 2:00 PM Room-B (12C Conf. room)

[2B10] [Invited] Co-processing of biomass resources in catalytic cracking
process — Reaction analysis with experiments and machine learning -
Olori Shimada®' (1. Shinshu University)
1:00 PM - 1:45 PM

[2B11] Effect of adding triglyceride in the catalytic cracking reaction of bio-oil
OYoko Tanaka', Mitsumasa Osada’, Hiroshi Fukunaga', Nobuhide Takahashi’, lori Shimada® (1.
Shinshu University)
1:45 PM - 2:00 PM
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Fig. 1 Scheme of hydrogen-transfer deoxygenation in
RFCC process. Oxygenates receive hydrogen species
from hydrogen donors and produce H>O.
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Fig. 2 Oxygen-based yield of reaction products from
catalytic cracking of various guaiacol/n-hexadecane
mixtures (500 °C, WHSV = 16 h™).
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Fig. 3 Oxygen-based yield of reaction products from
catalytic cracking of guaiacol/tetralin  mixture
(guaiacol:tetralin = 40:60 (mol%)) at different
temperature. (a)(c) 450 °C. (b)(d) 500 °C.
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Fig. 4 Training (blue)/test (red) error plots with (a) only

basic descriptors and (b)physics-based model.

1) I Shimada, Y. Kobayashi, H. Ohta, K. Suzuki, T.
Takatsuka, J. Jpn. Petrol. Inst., 61, 302 (2018).

2) WGH, KM, f&&, Wik, %51 R - ARy
Fas, 1E14 (2021).
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1) A. Ibarra et al., Ind. Ing. Chem. Res, 55, 1872-1880

(2016).
2) Z.Zhang et al., Energy Fuels, 33, 4389-4394 (2019).
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[1] H. Tani, et al., Catal. Today, 164, 410 (2011).
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Fig. 1 Reaction pathway of CCO hydrotreatment.
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[1] IATA, Annual Review 2019.
[2] M. Rabaey, et al, Fuel, 161 (2015) 287-294.
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%:TKKiDpH%88K%%LtﬁWmK%@
(ZA A SR 2SN L, Cu % A A MR
DRI L7, I CuZ#EI#fﬁEE@%E‘%m@F
T500°C, 30 70fRFFd 52 & T, Cu@C =157, L
D7, Si0, (JRC-SIO-12), ALO; (JRC-ALO-6),
MgO (JRC-MGO4 4000AfHARIZ, Cu $HFFED 10 wi%
(2722 K 9 ISR A SR U 7= il KV 2 iRt
FFL, CwMOx fildit(M=Si, Al, Mg) & 157=.

X v — ZKFCOSI B E Ry s a2
Wz KRFEBEITT(350°C, 1 h) & KA T - T it
& 3 wit% ¥ — ZKERIE 30 g 2% 97 mL DX
JEERTEA LT, ROt D Cu &F e —ADL
1 0.2 g-Cu/gxylose & L7z, RUtasNAT AZZEFHZT
EHLL7ZDOBHEIRT 1.1 MPa OKFLZFHE LT, X
PRI & PR L7223 5 130 °C IR L, 3 hRFFL
Tetk, R oK USROG 23 o0 1L S 7.
&% D H AR5y GC-TCD (Shincarbon ST) & GC-
FID (PorapakQ)“C WRIRER Sy 13 HPLC (Sugar CS-1101)
THM - ERLE. ¥ m— 2R X yiose), L

VAT [P/ LESEL B H X 7 \:’\ \Tﬂéio‘éi**
Tt LT R - 2 R -
PR bibx
I o
Table 1 % L 7= Cu it oMtk

BhiEs CufH#FE CubiF{E CufEHl CufBH=E

[wt%] [nm]  FREFEmYe (%]
Cu@C 66.3 18.7 23 9.9
CwALO; 10 15.1 1.5 34.1
CwSio, 10 14.2 1.4 29.5
CuMgO 10 21.4 1.3 41.9
Wi OWER(Y), BINEES)ITRFEILE TR L.
. ERBLUER

ﬁ%bt%ﬁ@iﬁ IHTREGL A Table 1 (TR 7.
Cu@C IE Cu FHEFEDS 66.3 wt% T 0 EiRiAft X
D HREL, TEM BIE XV HIE L7z Cu b 780X
18.7nm T V) GiR{EMAMEL & [FIFREE(14.2~21.4nm) &
pofe. —HT, SRBHENO WEIZIVEHL
72 Cu REFEO LR IR HFE)NL 99 % &
%ﬁ%%ﬁ@laiﬁ&dé< Cu@C H® Cu %
B RRFBHRBITH N B SN TN D Z &R
e,

BRI A PN T2 2 o — ZOK BV USRS B4
Fig. 1 127”7, Cu@C T @i R/ ha<F Y

F—/UIERIE 17 C-mol%IiZ & EF o7, FRDRR/E
FHEDFIT Cu@C (Syyliol = 96.8 C-mol%) & Cuw/SiO»
(Syyliol = 75.3 C-mol%) 3\ F 2 U b — LR %
~L7z. —JF, CwALO; & CuMgO TiL 1,2-~" %
¥ VA —/(1,2-PenD) & Kfi 3 (FICEEW) 1
<AL 51T, Cu@C X, NEMR RS
T Cu b2 LoEc kY, sk U b—

IERERIONA TaWLEEZz " Z L2 R LT
100

:- Undetectable (diff)

- Unidentified ]
80 T Gases . 7]
- 1,2-PenD E

g

) ‘

g 60 [E=3 1,2,5-PenT [ ]

_% - xylobiose E— -

E W aralbllto[ ;:; éfj§ ]

= 40 |- xylulose E N

133 ;:i ]

‘§ [ xylitol ,47; ]

= | = i
't l I _

Cu@C Cuw/AlL O, Cu/Si0, Cu/MgO
Catalyst
Fig. 1 & 3 —Z/KFUBUSAER#(130 °C, 3 h,

WIHIKSRIE 1.1 MPa, filllifz A& 0.2 g-Cu/g-xylose)

1) Arcafio, Y.D., et al., Catal. Today 344, 2 (2020).
2) Wang, W., et al., Catal. Today, in press.
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%o o T, A T~ A AL U~ D ZE #a
HIFBR B ED LN TS, N A~ RIZEEN

DY 7= 0%, B =R THZEICKD,

HEBAEMPRELND Z LD, bR amFR
LTCOMMARHESR TS, L, BfEIFE
IMERBRIHSNCE LT, V7= 2Ry
W\ WT DEBRE N R D BTN D, 2-4
F¥T Tz = (IFTATa—) X, V7=
O OREIRICEHTHY  2-A FFRT T
x ) =D bikx I G LG ~ERT DR
PATONTND, ABFFETIE, 2-XA X T =/
—VOKRFACIC LD, PLEFE R EOFEHC
FIRTHER 2-A ¥ v 7 a~FxH ) —/L~D
Eremat Uiz, 2-A hXv v rangi ) —u
E. 7 e UBROBED G O RFEIT, KEEE
EANXVEEFETHEDUVABBI O N T
AU DSLRBEDPAFAET DD, 2-A MF T T = )/
— NV OKRFACIEIZB N T AR [ F 2B D
ARREIEIZOWNT, WEE TR 2 ST
|

TR LIRSEIL, FRERHIR RN 22 55 (311 CLL Lk,
7.5MPa L) ) THEEEFIREIZTLZENTE D,
HEER S I bR F T, A E f R LT 27210 T
72 KRFBHARE Y —FEED T, IR
ISSE TRV RER IR SN D 9, £72, X
JSZITIE, R FURTE TV L CW BB - &
RS, P EREIC LV SIS0 BE LRI RTRE
ThOFNEDH D, AT, BERR B x
FEBBEE LT, 2-A ¥ 7= —LDOKFEL
BRI £ 0 BHRIIT cis-2-A RF v o7 maasd
J =B ERTHZ EERH L,

2. EE&R
-2 NX U7 = ) — LD KFEAL ST N AT
50 cm?® O UG AW TR SR TIT - 72,

g ZUSERIC A, BED bR E TlE# LT,
FOGIREE (40~80 °C) (Titgnz AL, £RIEL
Totk. KFE% 1 MPa, _RALIRFEEFTEDES (5
~25MPa) HA L, SE s LTz, BOSKE T#%
L, b aRE R B HBEAIL, o< Y EJJE LT,
SGENONEY % Az L0 708 L. GC-FID
ZHWTCERELE, 2. ARBoORERTIZIX
GC-MS % HWTHHT L7,

KT & 70 & OV A W T2 KB LS
b ER L2, FUSsaNIc, HESRAE, 2- 2 -
X7 /=), BIHES emd 2 AN, EEOT L
I CEM LTz, INEME, KFEE ITMPallz, X
I Z AT T2,

3. HBRBLUEBE

BOGIREE 40 ‘C T, #x 2Fre Al (X7
VUL He, VT=UL vYUL) ZHNT
FOszFEM L7 & 2 A, HRia 20 Al 2 Fv
EE RLAWV2LA MV ankt ) —1
IERDBG B ATz, SO 2 B g R —F b RF I
THZELIZKY, 2-A FF ATt ) —
DAEREENSSIZH ET5Z En”nhoTz, £
7o, BBERAR _BLIRFBEZEEE LT & 2 DHh,
T ABNZH LTV ABIDO A R v 7 s
W) — L EIRIRWICAERR T D Z ERH LN E
ol

PLbED X 5 ICBER —BILIRBIEEEZ A VD
ZEIZEY, 40 CEWHIRERZRBIGHRET, &
WIS A2 & & BT, SRR 227k 71
FOGBHEITS D Z &Ny Tz,

1) Hiyoshi, N., Rode, C.V.,, Sato, O., Tetsuka, H.,
Shirai, M., J. Catal., 252, 57 (2007).

2) Hiyoshi, N., Bando, K.K., Sato, O., Yamaguchi, A.,
Rode, C.V., Shirai, M., Catal. Commun., 10, 1702
(2009).

3) Hiyoshi, N., Sato, O., Yamaguchi, A., Rode, C.V.,
Shirai, M., Green Chem., 14, 633 (2012).
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[2B16] Investigation of reaction pathways in the hydrogenolysis of xylose using
in-situ hydrogen generated from Fe particles and water during the
reaction
OKota Matsubara’, Ryoga Higuchi', Keita Taniya', Chiaki Ogino', Yuichi Ichihashi’, Satoru
Nishiyama® (1. Department of Chemical Science and Engineering, Graduate School of
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[2B17] Oxidative esterification of acetal-protected HMF to dimethyl 2,5-
furandicarboxylate using a nitrogen-doped carbon-supported cobalt
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BRI ENTERD, o —RIMEMZLDE
BUETE 228, R UHETH NI BIETH D~
o —2AOAYEBIIRIFREETH S, ~ILa
—ADHMERE BIE L. ALFEHIZ X 0 BATO A
(b7 7 a e A EANTE AWM ESE DT OICITlESR
EREOEEN AR TH D, TDOHEE L TKHEL
RPN TS D, L, KBRS KT
IHMeaER»bESh D, 22T, BxIHMLAER
M O5EENEIZ BHE L, Fe LK & DRLERTRG
MO G CHAE LT KF 2 AWV D KRB i AT
AZEB LY, A TIEANI LR —RIZELH
ENDNAAL AT 0 A TIIEBRBREE v — 20
Fe Z MW AKFLRICE W TSR EZE 2D Z
& T, ZDORIRIE A HEE LT,
2. Sk

X —RAOKF L, Fr—2R 0.10 g,
Fe ¥3K 0.15g, A A 22#K 4.0 mL & #7224
—h7 LA ZICFE L, R 393 K, ZEHRFH
T 1.0 MPa(gauge). SGHFE 0.25-10 h Tf7o72,
¥ u—ADEFEITX HPLC, A oo#iE GC-
FID, KiasigHh o4k 1L TOC 2 vkl L
72
3. FERRERBIOBE

Fig. 112 393 K TOF 21— ZADKFE LRIz I T
% % v m— 2D LIRS KOS AR ORI L &R
T, FLo—RDEEERIT 4h T100 %IZELTZ, ®
TN 3 DA (Cs, EIZE ReFo 7 & by
TE RaXxo T ) (3GBAAESL D D AR L,
4h THRKEZ R LT, REHDS 2 DERY) (Coy F
ICHEER) bAREIIEW SO, SUSBIREE )B4
W#%méhto — 05, IRFED 4 DR (Cay
FIZTE RV, 18 RX-2-T X V) OIERITS
WTIE, 1h ETIEEAEER LRV, ZORAERK
DIAED . 4h TRKNEZR L, WIHOSOGHERE
IZRBWTH CalllRIT Cov Ca LV BT, FEED
o u—RIRFEE S DILEWTH D, SIS
CsNEonbHZ L, HOET CoDEMRPRLND Z
En, FUr—R T Ce b CalImfiREn Vb EE
2 oNb, Fe ZfW=rva—2x (JRF\E6) DK
FALOFRCRBNT, Zva—R I 7NV h— AT

“0; BEoObLH

SN =28

HIFLW SN D L% ERRe)

(it T
14 A " 100
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LA ey
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en A :Conversion of ;‘
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Fig. 1 Carbon yield of each product obtained by
hydrogenolysis of xylose at 393 K as a function of
reaction time
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Scheme 1  Isomerization of xylose and retro-aldol

reaction of xylulose

fbshizthk, L ha 7 R— IR L > THLR=
IVEED o [RFE & B IRFEDRFBED RS, 2 FEED
CsDER NG EHE SN TS 2, Scheme 1127~
LizE o icxvmn—R e —22H LT, Ce
& CsDALAMNT R S HT= 2 & T Cs DN EABIII 72
STbDEZEZHND, —F. Scheme 1 DX T
JEEFTT D DO THIUE, Co & ColIEEART ST

TTHDHD, ColllRIT Co TN TER Do T2, F T2,

Cs DAERITIFTFFEMB L ONT=Z LD, Culdifig
R BIERT 2 ATREMEDN B 5, Cs LA DY)

il (CoOLEMDOWE E+Cy LA DOYE X
2) OREFFEALE R LT & 2 AIRIER U5# 2R L
7= (Fig.7e L)y ZOZ &b, iRk Lz Coldol
RMICZEAL LT CaER LT B2 DD, FR

TIER KLV FE R SOSRRIR IOV Tl 5.

1) Q. Schmetz, H. Teramura, K. Morita, T. Oshima, A.
Richel, C. Ogino, A. Kondo, ACS Sustain. Chem.
Eng., 7 (2019) 11069-11079

2) Y. Hirano, Y. Kasai, K. Sagata, Y. Kita, Bull. Chem.
Soc. Jpn., 89 (2016) 1026-1033
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Oxidative esterification of acetal-protected HMF to dimethyl 2,5-
furandicarboxylate using a nitrogen-doped carbon-supported

cobalt catalyst

(Hokkaido Univ.) O Jan Wiesfeld, Kiyotaka Nakajima*

1. Introduction

The copolymer of bio-based FDCA and ethylene
glycol (polyethylene furanoate, PEF) is recognized as
a replacement for polyethylene terephthalate (PET).
Recently, our group reported the production of FDCA
and FFCA in high yield (>91%) from concentrated
solutions (>10 wt%) of HMF-acetal with 1,3-
propanediol using supported gold catalysts.! Here, we
examined nitrogen-doped carbon-supported cobalt
catalyst (Co@N-C)? for the oxidative esterification of
MeOH-acetalized HMF (MeO-HMF) to produce
MFDC (Fig. 1).

- ~, -

(o] o
o o
HOO {7 o ~o" T\ J o~ ° °
MeQ-HMF MeO2-DFF

- f ok

o FD!
‘O»UA\D

DFF MFFC
Fig. 1. Reaction pathway from MeO-HMF to MFDC, including
acetalized and free aldehydes as detectable intermediates.

o
PR
o \,L/;/ o

2. Experimental method

Co@N-C was prepared by pyrolysis of ZIF-67 as
described in literature.”> MeO-HMF was prepared
analogous to procedures described in earlier works.'
Oxidation reactions were performed in PTFE-lined
batch reactors. Reactors were loaded with 100 mg
substrate, 100 mg Co@N-C, 0-0.1 mol. eq. Na,COs
and 1 g MeOH, pressurized with 2 MPa air and heated
for a specified duration. Reaction mixtures were
analyzed by GC.

3. Results and discussion

Pyrolysis of ZIF-67 yielded Co@N-C containing
~37 wt% Co with an average particle size of 12 nm
estimated by the Scherrer equation. The activity of the
catalyst was evaluated in a time course (100 mg MeO-
HMF, 100 mg Co@N-C, 1 g MeOH, 100 °C, 2 MPa
air; Fig. 2a). The reaction stagnated after 90 minutes,
at a conversion of 55%, with MeO2-DFF in 40% yield
and MeO-MFFC in 15% yield. No MFDC was
detected, nor presence of any free aldehydes (Fig. 1).
Addition of fresh catalyst (50 mg) after 2 hours only
led to as small increase in conversion and product yield.
Absence of free aldehydes suggests that the reaction
conditions favor acetalization of free aldehydes.
Additionally, the catalyst might suffer from product

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved.2B17 -
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Fig. 2a. Timecourse for MeO-HMF oxidative esterification to
MFDC, 2b Initial rates for fresh and reused catalyst.

deposition as suggested by a decrease in the initial rate
(Fig. 2b). Deactivation by oxidation of the Co particles
was excluded by XRD (Fig. 3) showing no additional
or changed phase besides metallic cobalt.

5000 c

- *acCo

2] .

a_ 4000 T + Graphite
Spent
Fresh

20 30 40 50 60 70 8 90
26 (°)

Fig. 3. XRD diffractograms of fresh and spent catalyst

Recovery of the activity was attempted by washing the
catalyst with different solvents (Table 1). The results
indeed indicate that deposits deactivate the catalyst as
the activity is recovered to different degrees depending
on the washing solvent, and that MeOH is the optimal
solvent.

Table 1. Catalyst reuse after washing with various solvents.

Solv. XMeo-HMF | YMmeo-MFEC | Ymeo2Drr | C.B.
(%) (%) (%) (%)
MeOH 459 10.3 33.7 98.6
EtOAc 25.4 2.1 21.8 98.8
THF 28.8 3.8 24.1 99.3
References
1) Kim, M. et al., Angew. Chem. Int. Ed. 2018, 57 (27),
8235-8239.
2) Zhong, W. et al., ACS Catal. 2015, 5 (3), 1850—-1856.
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Sustainable catalytic transesterification of polyesters using

heterogeneous TiO:-supported MoOx catalyst
(AR RBEEE) OS. M. A. Hakim Siddiki,* Kotohiro Nomura*

1. Introduction

The chemical recycling and upcycling of polyesters
to  value-added chemicals under controlled
depolymerization or degradation in fewer reaction
steps with the generation of minimum waste employing
a sustainable catalytic system is a vital challenge in
chemical industries and a prime environmental
concern. However, significantly few such processes
have yet developed.!? A catalytic transformation
process will increase the recycled content, reduce the
dependence on depleting the fossil reserve, and ensure
a benign environment. We have demonstrated a
sustainable transesterification method for a series of
the

esters of alcohols using a simple reusable catalytic

polyesters/polycarbonates to corresponding
system (Mo0Os3/TiO2) under additive-free, solvent-

free conditions.

2. Experimental

The catalyst was prepared by impregnating supports
with an aqueous solution of (NH4)¢Mo07024- 4H,0
followed by calcination at 500 °C to give MoO3/TiO5,.
For transesterification of polyesters, pre-calcined
catalyst (10 mg), 2-7 mmol of polyesters (with respect
to monomer unit), 10-100 mmol of alcohols, and a
magnetic stirrer bar were inserted into a stainless
autoclave (28 cm?®). After being sealed, the autoclave
was charged with 1 bar N, and heated at 130 170 °C
under stirring (500 rpm). After completion of the
reaction, the catalyst was removed by filtration, and the
products were identified by 'H and !*C NMR and GC-
MS equipped with the same column as GC analyses.

3. Results and discussion
Various metal oxides (CeO;, NbyOs, ZrO,, TiO,,

Al,03) supported MoO; catalysts, solid
acids montmorillonite K10 clay, acidic resin
i
o n HyCy, )\/\/Y&
)(0\/\0)‘\/\/\r>j7 + CHiOH Catalyst (10 mg) o 3 [ s ;
1 3 T=130°C 99% yield "
2.9 mmol ) (50 mmoly ¢ =12P ( MoO5(10)/TiO,, catalyst)
(based on monomer unit) i n HO/A\/OH

Amberlyst 15, different zeolites (HZSM-5, HBEA),
and homogeneous Lewis acid Sc(OTf)s, were screened
benchmark model

for a transmethylation  of

poly(ethylene adipate) to the corresponding methyl

ester dimethyl adipate. MoO3/TiO, catalyst calcined at
500 °C generates the highest yield of dimethyl adipate
1 (99%), as shown in eqn. (1). Under the optimized
reaction conditions, we examined the scope of the
alcohol for transesterification of poly(ethylene-
adipate). The result shows that MoO;/TiO; catalytic
system readily promotes the high yield of trans-esters
(86-99%, isolated products) for a series of alcohols.
The same catalytic system is also effective for the
transesterification of polylactic acid, polycaprolactone,
terephthalate),
terephthalate), and poly(bisphenol A carbonate).
MoOL(10)T0; 1 & UL
500 mg (2.9 mmol) 22 t=12-180 5o~

based on repeating monomer unit 8-50 mmol 4

poly(ethylene poly(butylene

o}

o
| |
H3C. (0] (0] -CeH
3 ~o)\/\/\ﬁ CH, "-CussAO)\/\/\ﬁ - 1-CeH13

3a, 95% © 3b,96% ©

g IO Oy

3c, 88% 3d, 94%

HaC o
3 \©\/\ P S(j\/\ J\/\/\ro
(o}
o o =
CHs

3e, 86%

“\/\OO | 0.
3g,92% (18 h) ©

/\/)/\0)0\/\/\0/0\/(/\/ O\OJO\N\OroO

3h, 86% (18 h)

3f, 94%

isolated yields 3i, 86%

Scheme 1. Transesterification of poly(ethyleneadipate) with different alcohols.

We have developed a general heterogeneous
catalytic method for selective transesterification of
polyesters with different alcohols. The catalytic
activity is correlated to the facile activation of ester
carbonyl bond by LA sites in the co-presence of
alcohols, resulting in the formation of carboxylate
Our method has the
following advantages: (1) recyclable catalyst, (2)
broad substrate scope, (3) higher TON, and (4) easy

catalyst/product separation.

species on the surface.

References

(1) Westhues, S., Idel, J., Klankermayer, J., Sci. Adv., 4,
€aat9669 (2018).

(2) Abel, B. A., Snyder, R. L., Coates, G. W., Science,
373, 783-789 (2021).
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Figure 2. Structure of cross-linker
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uﬂ“@”ﬁﬁ%&l?f&@ glycerin <° erythritol 7> 5 #3538 L
ZAEA % 1~5 %DEIE TR L, [FRRO#EIETD
E/\ J: O AEMEAUE R Y ~— 2157, BonloR

I B ME D 1,9-nonanediol (ME1) <0# kD U~ — A O R WO BN A i
tetracthylene glycol (ME4) %3 24K Y ~—TIix, U%ﬁ—‘/ VWEEER LTz, FEE SRS TETH D,
CNF (2 X 2Em ER RS enoT-, —H, #l
1) ACS Omega, 29, 18301-18312 (2020)
Table 1. Physical properties after polymerization and hydrogenation
a a CNF film making o] € Toughness Young's Modulus
Monomer — Mn" MuMn™ ‘o1 method [Nimm2] [%] [Nmm2] [N/mm2]
- 6.49 (£0.31) 1.40 (£0.10) 5.41 (£0.85) 5.31 (:0.58)
ME1 18700 170, soventeast oo 401y 143(:006)  4.86(:067)  6.38(:0.19)
solvent-cast  7.08 (+0.26)  68.56 (5.58)  341.95(+12.69)  0.82 (:0.04)
hotpress  5.83 (+0.30)  203.46 (x0.58) 1017.01(¢88.92)  0.55 (+0.03)
ME2 35100 2.06 , solventcast 975(:055)  1807(#273) 9353(x18.11)  2.17(:031)
hot-press  8.87 (+0.30) 4177 (+6.47) 25145 (+47.43)  1.57 (0.37)
solvent-cast  6.95(:0.33)  81.61(+1.58) 39547 (+13.60)  0.96 (£0.22)
VIES 12500 191 hotpress  8.19 (+0.59)  278.89 (x9.10) 1982.78 (£188.20) 0.82 (+0.06)
: : , solventcast 952(:045)  1372(x132) 7283(:2242)  233(:0.15)
hotpress  9.72 (+0.38) 4452 (+3.93) 367.29 (+39.75) 224 (+0.78)
- 923 (t0.44)  16.08(z0.29)  108.70 (+5.58)  1.61 (:0.06)
ME4 32000 1.72 1 sohenteast ;o5 1026) 550 (£0.22)  26.03(+1.86)  2.07 (x0.05)
ME2 28000 178 . solvent-cast 651 (:040)  34.00 (:0.70) 147.51 (+16.26)  1.26 (£0.22)
ME2 + 0.5% CL4 28500  3.40 solvent-cast  9.03 (:0.24)  114.17 (+4.01) 857.76 (+31.85)  1.13 (0.35)
ME2 +1.0% CL4 24,400  3.12 solvent-cast  12.96 (+2.64) 42562 (+44.21 3925.06 (+512.63) 1.00 (0.13)

#GPC data in THF vs polystyrene standards (sample after ADMET polymerization and hydrogenation)
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[2A01-2A04 ] Hydrogen/energy carriers/CCU/carbon recycle (6)
Chair:Kazuhiro Takanabe(The Univ. of Tokyo)
Fri. Oct 28, 2022 9:00 AM - 10:15 AM Room-A (12A Conf. room)

[2A01] [Invited] Future prospects of renewables and hydrocarbons
OYasushi Sekine' (1. Waseda Univ.)
9:00 AM - 9:30 AM

[2A02] Doping effect of 13 and 14 group elements to Co/CeQ, catalysts for CO
,hydrogenation
OYasuhiro Araya', Katsutoshi Sato’, Hiroshi Yamada', Katsutoshi Nagaoka' (1. Nagoya
University)
9:30 AM - 9:45 AM

[2A03] Self-processing methanation: A novel route of CO, methanation without
heating
OChoji Fukuhara', Hiroshi Akama?, Kentaro Uchida®, Priyanka Verma?, Ryo Watanabe' (1.
Shizuoka University, 2. Shizuoka University, Faculty of engineering, 3. Shizuoka University,
Graduate school of engineering)
9:45 AM - 10:00 AM

[2A04] Influence of preparation conditions on the activity of supported Ru
catalyst for CO2 methanation
OTsuyoshi Sanda', Yoshihide Nishida', Masaaki Haneda' (1. Nagoya Institute of Technology)
10:00 AM - 10:15 AM
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REKRE (B52EEH - AHbFaE®RE

BEAREIRILE—ERIEKEDRE

1. BEBIRMLRIEKRERGTOH

2021 -8 A, A2 A, 4 AlCZENENRITSIN
72 IPCC D5 6 IaHlidEHEOH T, Wbk FEE
HIZHOWTIE, fEkk v v bh—>T M1 hord
SO LR BHEH DS 1 BT O HERIRRE (L A 1 6
TW5] EWIH Ay b—URHENT, &b, —
FEfbRFEDIrTe 5 A X e - iR ZE#H (N2O)
PEH B RIRFIC KR ERBETH D, W) T EHRE
2D 3OO ZFRIFFICHE L TWn Z &
BEEREDNZ, 25 &2, LA
DOIEITRBEOFRE E 7> TV D  WEE L THD
LR TH HHIERIZ BV T, 3EEDEA KR DE
e L COEMIZE HEETHHILAENRE, JEH]
LCHRIH - RBET 2 Z L1k, D REGI A H
FNTH U T bk B &K & B~ LR B {EE
[ZIEM 72 B 720,

— T HADALXDES LIX, 2D 9HI< %
{EEEIFRITHRAF LTV D, 2021 4 11 AREOT X
NFX—FEHZ LD &, 1 R=FLF—E LT 20E]
(27 WY 2—/LEIE10®) 3o/l B A2 HED,
Z D 4 FIRREE Z IR (BB T A « B B HL - LRk -
LPG 72 &) 12, 4 EIRREZRE (RART AKX - A
REZ) 12, 1 BIREE(FEE (F7e LTS
TAF w7 RERM I EOFED ITHNTWS, i
HFHERFFEOBLEND ERSBRETDODT T AT v
R OBEEMTE L CWD, A RET L A«
OFED LiIHMbaEIFRFIRICHH TR Y | & 72 3
PR S ETCIRT I AF v ZFIASREIT S
ZEEMESTWS, 20K H R, WERER
T D MERDAKGENEZ LT D72 DI, A TRE
TRV —FHEZILRT D5 ENME—DIETH D
25, g &V D R TIEE L - KB LA BT, F
TR EH BB KL D T A BRI D AR
RALKFZRE S M TH 5, # EEJR Ok iRk
RIS « BEFEW 72 &) & KGO = ¥ —%H
WTZRF— - YWEZEHLHEIE, HERRESFRL
EOEDL LOXKGEEEZHETE I EEZLND,

2. BIxbdcAEEAEIVOHN
TERLRFEZHEFR(LT D, L) Z TR
XF—OBLITET NS S EEEKICAR 25, BbEh
TRERWEZEL L KO3 ¥ —% T
BT HERETAZ L, = b E— DA T
AR REN, — T, REOBIEDOEDL Lt
204 27 7ML EFEMHICEEIE SN TRBY
Eik & WO RATII S bRFELZHERLL T A

L

(RRREA2) Ol %

RIRICKFEEDVLIRER S D, EH o fer— A
THRALKFBRIED LI /25D TH A 5 0, Kk
DTZRINF—%HZT 0 RT-FNALFXF— LR
BVRED 1 REFNF— LRI E T R ES
IR D HERDILAEIRN 1 IR= VX —Th HEF
RO BZREND I RNV X—LRDHNNTH
ALY T EPWTNEZ D, EHIEOEEES Z
EMTE LR O IERE W, 7272 L, EILBLRF
RCIENEIRILZ AT 28 2 H W2 25 E R
E 0 E I E R X0 RIBICEET S L@
REXRBITIERANE D REICHIBREANE 5 2
DERIEEC, KHBICEMZ W5 & & 2 RERT
DONDLN, TRVFXF—EEOB RN T XTE D
AUCHED 2 STk, UV F U AL F o EMEE
R FIREL & e L7236 BBt 6 L- 16 kg 23,
AR B R R ALK FE 350 cc + 250 g &R U= R /LF—
Jrik i & 72 5, IO RERL SRR S AU TV 5 73,
CHUTHEBRFOMIE L LT~ RV A MRS
2725 2 & CRIEFRBENEEIC /R D0, HE - A
NR—=ZATOZRF—FEEIL JAMELPED TH K
ELEDLY I BHHLDOTIER,

1REDOKTRL m3EFELVWIRILF-2FFOOE ?
LF~E=7 UFOLT A
© 2022 Y. SEKINE Ll 61L
#9927 mol=450 g
BN\ RSAR 11.4 MJ=16 kg
@ 1.73L e-fuel /SAFZE
é-ue
#13 mol=1.3 kg “52’?‘”0@3
#340 mol - -34L
=80 g BEKR (7005E) 14 4 \vy=256 g
£11.4 M) [J1a31L
=30 (20304E2@METI) #140 mol=80 g
FeREUMHESSah'EN
M HARDOKES(IAIE(CH > TIERC/ER]

B1 HEAHOKRE - EEOHLE

3. WITHHEIIhESDEH

A% BTN AERRILKFEL EH T T & D
MREIN D08, 1. bR, 20 BT A |
3.LPG (RAbfimA A), 4. EEEHBH - 2 H
BREL RETHAI,
bR, BRI L 7 &2 Aib T8¢
TV T =N L AV T (=T L
oLy s TTr e T HTYTY) RBX (RUE¥
VeXvLy) EET, InbEFERE LTERES
T AT 7 ROBINEEL R AbPER . EIES R &N
BRI TWS, b z2EDHiEE LTIE, FT
(Fischer Tropsch) & DO OB A MG 7 1+ X %

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 2A01 -
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AL THE OBIZEMELS FCC 2185 ik, &
JRAT AN A B ) — VA fRHE L TO MTO &1k, 72

ENERE L LTmbND, FT AT Tl %
— /)L CRBIZEEERE SN TEY | MTO X E
TEROBEFERNH 5,

FH A AL, BEHE TITIA L FEeA 7 4 A - L
OB ETHOWON BEIXA—A T D TR
H B =)L EDNEB D LNG DA IC k- TG &
B FRERAT7 4 A2 EH CNALBSHIFES L5
Wi A% ZBALRBEDD DARRA X N E &
ZTW ZEN—DoDF T g ThAhH, KL
LTIEEHELS MDD T ¢ G & FEE
5 LRFEOKFLTHY 2 2 NOREEBRT
IREITEIC IR R L T D,

LPG 122\ TCid, BMKEEEZ T LT 2 ke
REo Ik A TP BR R e L TR e s,
EREOABOERPFALTEY OV EST
CN bz T35 517 ) — MIESNETH 5,
C3/C4 TV v Z BRI E LT 2 FiEIT 77
NEENTW W2, HINEHBEPAEECTH D,

HEhEREL L LTl OB E L LT Wiz,
BT ER SITRBREB LIS THAD, —HT
KEREIWZRNIERDIE AL CERMOERE D
FL D, RO G EV EOLE, £ OEEIL 2.5
t CEEHL7ZIT T 800 kg % 5, 80 kg DAL FE
D10 N, KFICRANLFESTWNDA A=V EE
R TCHTIELW, BIRHKISCT R F =2 LD
RCIERRNED, Ty 7o RELRDH e B
HIZIHIZKREW, 2T A RRILAKTE (e-fuel)
ZIRET 5 2 L8 RN X BIRHIROBLE NS
HLEE LW, LR END B ERICKFIRE & B
BHhEE LCE, WikMEHN 227 MRS (CO2+Ha
—CO+H0) %4 LT FT &kEITV, K&
TCHBOBICEEFRMT T 'y M W TEME
{b72 E CRON Z @D DR ENHRETH A I,

WLZEBREHZ DWW TR R B & | KBRS &2 A T
W5 100~500 AN3EY & D \WITEYH O ZET,
FEIREE D 50~150 t, TN ZRITT 72D DMz
BrOBEEN 1 HIZHOX 30~150t THh D, HMTE
T2 DHE R RX—2E2 2B 1 D
70T t LRV, BA~20 ANFREED
V&Y % #EIT T 200 km LA T OEBTHIN - &2 B+
L g/ NI ZE R 7S T N EBAL R RE T H B, £ DR
5 Y. FrfE AT AE e Mt ZE A8 (Sustainable Aviation
Fuel : SAF) OGIIMEATH 5, SAF IZITBIAEW
<OMND Amnex 3DV I BTEATLTNDHDIE2HE
DEREMNOIED FIET EHNTHHFEER L H 5.
FT #9175 Annex 1 FiX Lt BEh B & dEql
HBTHb,

RHA% (B520AH - AHIEZFHRS)

Ak (FE-IJ-JAI
& HREX)

BHHR  (A5) PtoG/\{AX5>
JU-2LPG

E-fuel (MTG etc. >C6)
E-fuel (FT >C12)

LPG (O'0ItY)

#YU> (>C6)
(TERH  (>C12)

aH{EFIE
(37%)

HERDIERE : (LEERNS1E5NZIREIEE

IU->379
(COM5DERTTY)
NAARZABREEMFIA

CO,DEBEIFIETESNBRILKREE

2 fICREZEEMATLLLH

4, MZERFBVRELTHWS,

AT R LX =6 RILKFEEZED LTI,
[N B bR FEE NS0, A A~ A - FEIEY &
WD D2RE72 D, NA A~ A - BEFEW LI T
DNTIEFZL ORI A HH DT, Z 2 TIIHEIET S,
TRRbRFEDOBRIIE, KE 3T T2 DD HEN
Hb, SHHTTED _BLKRFELZED D72 51E,
PREEDPER & W B D W LR 7 T THED
HZEMTE, HfffE LTI LTS, LT
AR MEBZR LR —R T ITA T ED
AT 4 TRAIHMOLBLNYLIL 727, — T, BE
WCHEH L T L E o7 bR B 2 TEMICED D
DIXHEE L\, Direct Air Capture (DAC) & FEIZAL,
W R—A1IMSADELRERGFEL TR NS v
1 EB5ADZLRHE (1 b)) ZEINATRETH 5,
BURE S CITETAYIC b = 2 FAIC B BLFER Tl e
AN

5. F&®

SRRSO RIRAT AN F 12 F R ERRICFET D, L
DURRNG HEKE WO WE L L THDEMUTR
IZBWT, KitrD BIRDOEE Th DA EPRITH Y
el 5 2 EIIKFEOR R GIXRER S 5, T
ENNP LR TRLIME DT LX—ThH DK
Bt E VT, M BB TH D (RS - WG
T - K - BEIEM 2 JT, BALD KRR VWEED D
DERRALKRFEEED T2 L1 g &V H HT
LIEFICEETH D, 20D OHMIIRKATH
D azxhbEND, S%OPIERETEOME S AN
RO T & v b Z2TED L R oS 20 H45
ENbEZATHD,

B85 SRR

D B &R, RIEKFBOREEZZBZRNWERIA D,
T w7, 2021, 44(4), 255.

2) BIR 2, BUHES HEROKEIEDTZDOITLFEN 2
NMHRDLREZ L, (b E T3, 2022, 75(2), 85.
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CO, KRS H Co/CeOn filt i~ 13, 14 IR H

RFTO5 & okl REE OAL RIS InoEL

(Zxﬁ)zi:th)O%ﬁ%i FEaL" Vel 5 (L sk s

1. #65

BUTE, Wik ke o EBUC AT 7o B AL A 23 %
FALLTREY, CO, LT (b5 8 g7 m
ARNEHRZEED TND. ZROFEBLZIE, CODKFE
CISIC LA G IR T e 2N BETHS. T,
K 2 7o bR A ik 7 e A CIERL /2D CO ~DZE
BN EEHSNTND. Lo, (LB ER CO,
% CO ~EBTHI LIRS Tldia<, Bk Tl filgt
Z W THIKIR CORNMIR EETH 5.

COy KT RO T, Co Rt
B& B NBRIETE WV CO, Hiafb=R% 7R, CHs 4
REEET HZENBI TS, LTz23> T, Co F
fib It D A ) D IR 2 HI I 5 2 e TEIUE,
IR TYH CO AERA{EtE CEAMPENEHRTELD
TIHRVINEE ZBND.

AL TIL Co ~DEILHEDOEEAITE R LI
FELTVY, Co/CeOy 1T In HHMTHILT, ARk
DFFRNEZ I CEHATREMEA FLH L7z

2. B

FHIRD CeO 1T —IREIEIZ TR L2, Co B
FOUSIN& R OREFRL, T X TERIETITo72. Co
HEFEE 20 wt%lEEL, In HFFEE 2T
VT NVERBILTZ. 2NN O HER SR O RIBE RIS
1%, Co(NO3),+6H,0, In(NO3)3+3H,0 % AV =,

S F2BRAZ U 7 AR e e US4 2 ] L7z

fib i 13 150 mg &L, ATALEEEL T Ha(50 co/min)ii
R T500°C, 1 hiETTafTo7. OGS AT H,
20 cc/min, COz 5 cc/min, N; 2 ce/min & L7z, F72, X
JSIREEIX 150 °C 75 450 °C &L, 50 °C 2 GC-
TCD (2> TERMAT A% 53T L.

3. fEREHELE
Co-In/CeO, il iz DT, In DFHFF BN B2 5
T NDIEME LT, Fig. 1 ([Z& o CO, #ix
ﬂ:%%ﬁ@“ In FHEFEZHINSETULE, COBa(L
RITE T LT ZEN o7, KT, In HHFFESL
0.2 wt%)5 2 wt%lZHNS®5E, 300 °C L EToO
COL R LR KIE AR N L7z, Fig. 2 \Z& o> CO

IR RATRT. CO LISMTM S/ ERiiE CH,
DHTIHoT=7280, COBIRENMENG A, CHa N
SAEMLTWZEZEWT 5. In HHEFED 2 wt%ll
FOBA, CO BIREINIIZE 100 %2727, LA
ST, In HFFEZEINSETCE, B4R D N
CH4 25 CO IZEALLT=ZEN D, ZhUZ, In D
HINZEY CO DAFNESNTZZEICLDEE
26D, 2O LT, Co/CeOy ~ In ZIRINTHIET,
R D3RI Z R ESEZLINDTEN 377
W, In & d BUBEORIER UL, [FEROZh R3]
FEEND 13, 14 HEITLR ORI RERFIL, FwEn
WA RERER L. Y HORETIE, Sn X Ge D

WD FAERL, In ZIRINUIZ5E LD AT,
70
—e—C

60 oD !
_ —@In 0.2 wt% P
% 50 In 2 wt% .
@40 | @ Indwth .
e —®—In 10 Wt%
€30
9 In 20 wt% /*
o' 20 _
O

10 | ] //

0« -2 —
150 200 250 300 350 400 450

Temperature [°C]

Fig. 1. COx #{L3RITX 95 In DURIZIE.

100 ; —
o / —o—Cold
LN VAN / —o—In 0.2 wt%
& SERN / In 2 wt%
> y /
S 0 N —o—In4wt%
= \
o " | —o—In 10 wi%
o 40 L N
800 A In 20 wt%
Q J-'I \‘.\__‘__7‘
.:,-' .JI
ol : . . .
150 200 250 300 350 400 450

Temperature [°C]

Fig. 2. CO BPRIT%FT5 In OUHIZI .
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REAR ($B520FH - BHLFHNRR)

AOENR A Z 32— 9> EEMEE L L7auy CO, D
FLWAZ L — |

5< 2

(xR Ofmis

1.

PEEET 0t 2P COH A DM TIL, YA
D 00 CO 72 ERFRET B 72012 COD oy - i
T ARFEH I EHO 2 A MEE2oTWD,
FlZFHR 21T, R A2 0 CO FEDEE, &
BhEIT A AMERZ1T72 9 auto-methanation(AM)
BGVEFE R LT D, Hy-O, DIRBES I A il g o
B2 NEINE D = 2 L X —JH & 720 . AR CHy
ZRBER 9 DN D AMER B NS S N L Bh & VRS 5
LERTHD, T LT, 2O AMBREZEHNL, &
P T IVTERE AR 2 L TR A T2 T AR A A — L D
BEHA A F I ALIEE A BE L, T OR TS AR
T2 BT A DD 21772 > TN B2,

AWFETIE, —FE AM RO EE) L 7213 Ha-
Oy BREEDOWNERINEAA T 2 )L X — 4 72 LIC/EBN T 5,
HOHSNMOB LWA X M — M &3 R LT
DTEET D, A X AL ZEREFHIZFER T 5
FLWEHL— N THY  INEHOEEH (CO,
PEHFREL : 0.4~0.5kg/kWh) 23720, FE COy HEH
O CHs BT TH 5,

I

2. EB

2.1 FlUBEFRBL L X 2 AVEERE AR B OF IR
{ETHF7Z Ni/CeO2 & Ru/CeO, DA ffEE(Ni, Ru: 10wt%)
Thbd, BERIITBRAY A TOHL0 L, #EERIEL
72 b D& W=, HERME DS A1, Ru/CeOk KD
AV —RIZIN=T1 LR (2 —V = T A N Z R
L. HOAR - BERR O TREARR T, Ml 2 e B
L THRES IR 21572, A Z ACROGRBRICIE, 1@
WO EREASSEREE AV, ek, HilERo
SO ERE TS & W CIRIE L7,

2.2 IUGHEME - fitfit DK FEEIL(500°C, 1h)fk, fil
PR IR N IR BEGK) 25°C) L 7o T2 & 2 AT,
JEEFT A (R CO2:H2:02:N2=10:46-50:3-5:balance)
% i 400~1000 ml/min TG L7=, £ LT, X
SO ACSOGEEE) U2 E 7R RBEICEE LTtk B
HARD O ke Z4E1IE L, £ D50 % Ny iz t)
DIz =, RSSO AR &0 DOIRE 2B T
HIE L7,

3. BERUVOELE

Fig.1i%. /=% L Ru/CeO filii & AV, /KFEiE
TCIR it A sRiRRRE & L, AMEINEE L s E
FITFR T AZHAE L2 & & D COMR LR, KOk
BERE N O & H D O E R L ThH D, KM
5. BB A Z A LTy B N RS & H DRI
EBHIZ240CLL L7225 TWA Z ERbnDd, COME

5L
=3

77

HnE VAL I b IEFAEAD Ny w7 ‘{ Yoo {')7’;3&4& U(Lé
PR 8L - NHE HR « VERMA Priyanka - JE3 #%

1L HKI86% T, CHABIRMEITI9% LI | (& ToFEEk
WIZBWTH) Thoto, fllEOEEIXZEDORITHF
ME L Hic B LA, CodnfbRiziTd £ &L
IR o Tz, NI E T /eb 3 &b, FUEbA A
D Hyk Oy DIRBESIGNT K0 A X AV RN BT
D ENbND, WEINEIC X 2B TR 72 A
S AT LTV D,

LT ER EWEN S D REELFE L7-2h £l
DOFET, FET A O OG22 1k L=, Z Dk
B RBERUGME IR 5 O TR IRE K T+ 5
HOO, ERFETEET EFICEE U, HEHICZIEA
MA#EFI310°C & H P #I340°C TLE L=, T DORD
COMEALRIT, —FE LFH L THHESMITHED L,
88% CTLEE LTz, Z DIREEIZIWTIX, SMAINEL G
PERINER S 72V B OB R L X —CTH N L 72 ik
DEJHETLTNS,

F72. KRR & A 7D Ni/CeO, it Z W= 34T
HLZDOX IR ECHEN A X ACSIERE L=,
MDD T= > DES HAMHEH Z L 72 < (=CO, HEH D [a]
WE), FRAHITRIEN R CHy B AN B & 72,

[1] C. Fukuhara, S. Ratchahat, Y. Suzuki, M. Sudoh,
R. Watanabe, Chem. Lett., 48, 196 (2019).

[2] #EJ, L5157, 85(5), 271-274 (2021); i,
64(1), 9-14 (2022).

Auto-methanatio

(with O,) | Normal methanation (without O,)
100 —
MOOQOOOQOQQQQQl
g 80
s o
k=l L —
s 60 10, cut-off
= [
= 1
8 40
8 Gas comp.: CO2(10 vol%), Hz, N2
201 Setting temp. : no heating= room temp.
3 Feeding rate: 1.0 L/min (a)
0 1 1 n 1 n 1 n 1 1 n
ggg Outlet part
~ 320 ||IIIIIIIIIIIIIIIIIIIIIlIlIllIll
@) ! 0000000000000
E/ 280 Inlet part
2 240
©
g
£
2
(b)
0 4 8 12 16 20 24 28 32

Time on stream (h)

Fig.1 Self-processing methanation for (a) CO> conversion and
(b) temperature profiles using honeycomb Ru/CeO> catalyst
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“EBERFEDN DA R VEBRD=ODEFILT =0 L
R DRAREHDEE

1. 5

TRbIRSE (COp) DA K 2 (CHy) ~DZEHL (A
HF—ay) Fh—Rr=a2— T 4L T
< S DX — ORI TH D,
AL R =73 o TlE COy DUSMEDIR Z 7> & fi
R E T DA, 300°C LLE o & il fE s Ik
CHy DOEBIEIME T T 272D D, AKIR T ElEE
TR T DOBIFE 2RO BTV D, ARIFFETIX
IR TEWEEEZ RT 2 ENHM LTV HE
Ru DT 70 2 @iE i ka2 B L. AiEEMEC
FAZ TR RT A — & — (Ru JFUBHE, AlBLAEETR
DA, HEIK) DA I MG L7z,

2. FEH

EHRIEIZ L0 HHEF Ru A4 FH%L U7, Ru J5UE}
i & LT Ru(NO)(NOs);, Ru3(CO)i2, Ru(CsH702)3
AV, flix o4 R EARIC Ru HEFED 1~
Swt% & 725 KO ITHER LTz, 2Dk, itk
500°C TARFEILH L < 1M LB LT, AlBERE
MR B E R U 2 18 2 Nz, e (10
0mg) (ZSis AT A (COa:Ha:He=1:4:95, Total=50mL
/min) Z A S, AREUE % 150°C 725 300°C %
THENL 72, HASHTICIE GC-TCD % v 7=,

3. R B

F9°. % RuJFEHE % Zr0, 1T Swt% CHEF L 72
oD A & p— a UVEREA IR Lo, £ OFER,
FR APt & bl U CETAEL 21T 5 2 & T
FTIOAMBLIZ I THEWVIEERFEL L, Zhix
FEICLBLIZ LY Ru KL+ E 0BT 5720 Th D
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D Jiajian Gao et al, RSC Adv., 2012, 2, 2358
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Hydrogen/energy carriers/CCU/carbon recycle

[2A05-2A08] Hydrogen/energy carriers/CCU/carbon recycle (7)

Chair:Satoshi Suganuma(Tottori Univ.)
Fri. Oct 28, 2022 10:30 AM - 11:30 AM Room-A (12A Conf. room)

[2A05] Hydrogen Formation from Hot Spring Gas in Hokkaido
OMasaya Arai’, Hirotoshi Sakagami', Noriyasu Okazaki', Masato Kida', Hirotsugu Minami’,
Kazuto Ohmori?, Keiichi Hayashi?, Takahiro Suzuki? (1. Kitami Institute of Technology, 2.
Hokkaido Research Organization)
10:30 AM - 10:45 AM

[2A06] Direct methane reforming reaction — The role of alumina in iron-based
catalysts -
OYohei Sakurai’, Koichiro lwama?, Noriyasu Okazaki® (1. Kitami Institute of Technology,
Mechanical and Electrical Engineering Program, 2. Kitami Institute of Technology, Applied
Chemistry Program, 3. Kitami Institute of Technology,Department of Bio-Environmental
Chemistry)
10:45 AM - 11:00 AM

[2A07] Direct methane reforming reaction — Utilization of biomethane-
OSho Fukushima’, Kouichiro lwama?, Noriyasu Okazaki® (1. Kitami Institute of Technology,
Mechanical and Electrical Engineering Program, , 2. Kitami Institute of Technology, Applied
Chemistry Program, 3. Kitami Institute of Technology, Mechanical and Electrical Engineering
Program)
11:00 AM - 11:15 AM

[2A08] Direct methane reforming reaction — Effect of coexisting gas-
ORei Satoh', Kouichiro lwama?, Noriyasu Okazaki® (1. Kitami Institute of Technology,
Mechanical and Electrical Engineering Program, 2. Kitami Institute of Technology, Applied
Chemistry Program,, 3. Kitami Institute of Technology, Department of Bio-Environmental
Chemistry)
11:15 AM - 11:30 AM

©The Japan Petroleum Institute
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Hydrogen/energy carriers/CCU/carbon recycle

[2A09-2A12] Hydrogen/energy carriers/CCU/carbon recycle (8)

Chair:Yutaka Amao(Osaka Metropolitan Univ.)
Fri. Oct 28, 2022 1:00 PM - 2:00 PM Room-A (12A Conf. room)

[2A09] Design of Pt,Co single atom alloy with high Pt mass activity for toluene
hydrogenation reaction
OTakahisa Fujita', Akira Oda’, Yuta Yamamoto', kyoichi sawabe', atsushi satsuma’ (1.
Nagoya university)
1:00 PM - 1:15 PM

[2A10] Carbon dioxide solid adsorbent properties under an electrostatic field
OTakumi Masuda', Kouki Saegusa’, Kenshin Chishima’, Hiroshi Sampei’, Kota Murakami’,
Yasushi Sekine' (1. Waseda Univ.)
1:15 PM - 1:30 PM

[2A11] Catalyst development for carbon capturing from plasma processed gas
of CO,
ODaisuke Murata', Manabu Miyamoto', Yasunori Oumi', Shigeyuki Uemiya®, Tsutomu Imai’,
Shinji Kambara' (1. Gifu University)
1:30 PM - 1:45 PM

[2A12] Photo-assisted chemical looping for CO, reduction using Pt-supported
molybdenum suboxide.
OTaku Kishimura®, Kazuki Kusu', Yasutaka Kuwahara'?, Hiromi Yamashita' (1. Division of
Materials and Manufacturing Science, Graduate School of Engineering, Osaka University, 2. JST
PRESTO)
1:45 PM - 2:00 PM
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BT AT TCIIEERRBIGICIRERADR S 57280, #
T R R GRS AL EAR AR TH D
BEEBILOMOT 7o —F &L LT, L7 54
BERHWERIGERRHD. LrL, &F)
K7 B CIIKFEMEEOTGEVBERE RN BN T2, KSR
LR NENB, 2 2T, KFE Tl 4R R+
EHREET R DA D HIR A A B
L7z, B&eERE oS48 B 113K EMREE Lk
LCEWEEEZ D, A LA —"—% I L Ak
KFEEBEBERICHEAT D2 & TRVAKELD
RERMET D, ZO0, REFRLK LR
TIATE R, A F~ A7 ETx L TENLT-AZEL
fRBEPERE N B E K R & C& =04 L, &
TE 72 5 B DK FACITAH 20 78 R 1A A fil it o 3%
LA

ARIFFETIE, 2.0 nm FREEIZ Y XfilfEl &7z Co T
ORI RENC PR T2 A48t d 52 & TPt/
Fr AR X 0 B ERBICE VY Pt RIS A AT
ARG AR TE D 2L A2RT

2. EB

2-1. TR LFARIF X =7 (+-TiO, JRC-
TIO16) |ZHFF S 7= 6 wt% D Co F / Ki+1Z Pt il
FRYEKERIE (0.1 wt%) Z 3 F L, 7/ RiZKim
F % Pt P THANR= y 7B LT-. LI,
Pt,Co,/r-TiO> (x % Pt HHFFiE, y 13 Co HHFFE) & &KL
T 5. E il & L C, r-TiO, (JRC-TIO16) (Z
Pt(NOs), #7512, 200 ‘CT 1 el R&UBERL T 2 Z &
T 2.0 wt% P/r-TiO, (LI#%, Ptdr-TiO, & KFLT %) b
7.

2-2. " KRFRIEBOSERER 50% Hy 77 A iftiE T,
200 °CT 1 h /AKFE&ET L7 10 mg 12 LT,
125 °CTRUGH A (0.8% toluene/ 50% Ha/ Ar) Z i L,
FOGBRMGH, 70 5% OE O T AREEZ T A7 o~ b
75 7 4 — (GC-BID)& W THHT LT-.

. BRBIUEE
Pt0.03C06.0/t-TiO, DI 4 IE HAADF-STEM IZ X V¥,
Co F kit ETPtHETOFELME LT (Fig.
1A). T2, Pt Lip-Yi XAFS, & O CO-FTIR D435
I 2 OFH L, Pt R A e DR & MR LT,
Fig. 1B |Z Pto03C06.0/r-TiO2, C0g.0/r-TiOz, M TN Ptyolr-
TiO; O M= U KFBALIE M % 7R 9. Plo03C0s0/r-TiO:

S B
FE - Wk H

bHED ES)

1

e
.3

W5 7 ESha xronh  S0F HoL
o

Pt

D b v L KFEAVEEIT Cosolr-TiO, D 27.3 5 TdH
ST-. ZORERIL, HEF Co kiR m &
(=0.03 wt%) @ Pt B % EEkd 52 & TR
T UK FALTEEDS RN ICA ET A5 E2RLT
W 5. Pto.osCosolr-TiO, @ Pt B & HIEM T Pt 7
J KAl (Ptoo/r-TiOy) D191/ CTHh 7= Pt &%
119 12 L CHR UIEERHE LN D DT, B E4mit
MATREL 72D,

PloosCoso/r-TIO,  SHNEE —

[~
a
=]

\

A Y

— 200

.

150

.S
AR
T
g

\

T
@
o

{1-4 96 jow) Apanoe ssew id

SRR

o

[ I
Cogy PloosCosn  Ptag

Fig. 1 (A) Pt:Co-HiJiL & & fil o> HAADF-STEM 4
(B) &fifiod v L IKFALEEE (BB Z 7)) KO,
PtEEHIEME ().

Fig. 2 |2 Pt HFL-A& T /i r- ORI 112 L PtE
B|HIEMEORBRRZ T, K781 Co #HE&E (1.0,
3.0, 6.0, 10.0 wt%) THil4# L, ###TiX HAADF-STEM
BIEUT X VAT o 7=, KA 1.8 nm LU R O REIE Tlhs
TEEOHEMIZE Pt B B HIRES B A E LT,
—77, 1.8 nm DL E O CITEMEIXIZIE—E L e o
7o, ZORERIT, 2.0 nm FEE YA X S 7z Co
T RLF-RIEA~D Pt BT OGS @G AR5
DOFFHIEETHDHZ L2 EWRT D, ITHETDH
R EHB O BEEMEN FE I T DL K 2.0 nm
PLEDORI T AT 5 plane site 75\l
EMEZ RS, ZhUE L= @ phenyl F28 3~4 K
TINORRDLT TN A MiFATRAEL, K
ISINEITT A7 Th 5. FHELORL -V A X FR
ABRTHLENTND ETPHEEIND.

= 250
=

N

o

o
n

—
[*)]
o

1
~

100+ ’

Pt mass activity (mol g,
W
o
F--a

o

1t5 2j0 2?5 3j0 3?5 4.0
Particle size (nm)

Fig. 2 Pt 7G4 /Wi F-ORi & & PtE &b

TEPED B,

-
o

[1] R. Atsumi et al., Appl. Catal. A, 590, 117374 (2020).
[2] K. Murata et al., Appl. Catal. A, 629, 118425 (2022).
[3] X. Zhang, et al., Nat. Commun., 10, 5812 (2019).

[4] R.T. Hannagan et al., Chem. Rev., 120, 12044 (2020).
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155

LA REE O 72 LI L B K& Hh o g b F
(CO)EDHENITHIERIR B L SR ZE B 70 & D ERIR
MEZBIEEZ LTWD. COor JEHEDHIBICAH T
72 & LT COx DENY, BFEREEAMT(CCS) D 8 5.
COx DEMHIEIZIE, FERWAER ¥ K ONRARIRIL A
ENIEFRINTE . LoLaeRb, Co oW
BHEBELLT I L — R 7OBERH Y
PERECE IR & JE ) ORIFINE S

Z O E RS D721, BT K D CO WL
HFENCEE Lz, Sun HiX, BHAINEZTHZ &
TRIRZEAL R 7 FEBN)D COWAETERENEL L, &
%ﬁ@ﬁcm&%%@%ﬁ:ﬁ%f%é*&%ﬁb
7. UL, ESHIENCE U 7o S AR T A AR
HTHD. 2T, ABFETIL CO DWW AT
TR AFFEE LTV B ER(LE U w7 A(CeO) I BaFd A F
F U REW S, fRx R RO BT
K DWW AE R DA 2 el L7z,

2.8

DFT #5121 Vienna Ab initio Simulation Package %
Mo, 2 #F B BT % & L T Perdew-Burke-
Ernzerhof % 7z, CeOr DNV BIONAT 7%
FLz
£z, BRI
AT ORI ROE L FEL

BIFANKEREEIX 10°eV & L2, T
IZBWTIIA Ly BT 7

YTNT— )V A )% ERE LT DFT-D3 L4 H L.

Ce D 4fBTEIZDOVWT 5.0eV D U/NT A —H iR E
L7z, F72, BEBHAIMNCOWTIA T 7 RmICTHE

B 727181 x=-0.50, -0.10, 0.00, 0.10, 0.50 eV A" D
NAEL A R E LTz, BHEET VI CeO2 (11 1)ED
4x4x3 JE L L, z il mICEZEEE 20 ASBALT,
TRBEEE L. Bt LI-ERET LTI, GHHE
T VORI
Ga, La, Sc, St, Y, Zr)IZE#a L 7= 6 D & iz,

B D k 5UTZENZIUS*5%5), (1xIx1) & LTz,

BT 5 Ce2 i 1% 71 F 74> (Ba,Ca,

REKRE (B52EEH - AHbFaE®RE

BHEBMMED
Z B R RE R
CRARFIASE) O - LR - T b
TR A LA - R A
3BRBLIVESE
FEOFER, F—7 L7 CeO: IZIEDEL#HIM
LB, RS AICHET 5 2 L CRFITREL,
BAOHERZFMULIE, AEEr L. 2, R
—/Xy N EICEGHINC L 2 WAEZRNLX—DE
BT A2 o7=. 22T, EONAELDHHERFIZOWN
THETZR T 72, IR+ & LT, \EHAINC X
m-&%ﬁﬁ@*%@ﬁlah\%wﬁLﬁm -
L TRAEM R OREELLD 3 OBEZ HD. L
FORTNEBETEDETLVEERL, KRTOE
BERRH L. R, F—Sr R LI COr - W5
MOBFBEO LT ENELD 2 ERTEARERNT
DL hotz. B, R—2XU ML HEFB
@@L%ﬁéﬁﬂ&é%l:owf@ﬁbt ZZ
T, @RIz oNnT, ﬁ?‘ﬂ“/@fﬁﬂﬁxf JE D
INEWEE, BRI OEMIAICKREL, A A
HWEMENRLS 70D 2 EDHMBINTND 2. 2D
F%Nybwﬁkkifk&%iZW%%ﬁm%%
L7z, ZTORE, BEXEHEEO/NS WG F A 1F
EWE T N F =N K E L RDHEAN R SR,
V@ COr R T T Z LA LMNE o T,

0.4

Valence
o o +2
W 035
€3 s
° =~
2l .
) 03 L
S5 =
[She%
€ & o025 — =5
3
ez
S =
< x=-0.50 eV A"

0.2 o E
L L
Ba Sr Ca La Ce Y Zr Sc Ga

(0.89) (0.95) (1.00) (1.10) (1.12) (1.22) (1.33)(1.36) (1.81)

1 BHEIINEE-0.50 eV AN ZH1F D K—s30 b

DA T F )b F—78 & BRI D BLR

1) Q. Sun et al., Nanoscale, 9 (2017) 19-24.
2) AHEE—, “FREGERE 10 JSoRBIAEER, %1
i, HUANFEARE (1967), p.788.
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REAR ($B520FH - BHLFHNRR)

CO, 7T R~<= W7 2 s & D fi A 8 FH it oo B 3%

e b HAHR LFWwE wE o okYy »riES LA L

(BEEA) O Agt - Bk 2 < T 0] - L5 s - 590§ - W (o

I
r~
e
&
¥y
A
o

¥
5
o
S
=

1. #5

CO:2» b DEIR IR BRI, CO.D R T %2 &
BT BT TR, CODEMAMICHENRL,

CO, BRI B X, ARBERR Ve X v F T
AV 73— v RERLZH 228G S hTw b,
2R V%2 SEFIC, RJET7X<ICLY CO:
3R L (COr — CO + 1/20,). % OHEH R I filill %
EH &2 CO A¥MLRIGQRCO — C + COE R T
T LT CODERRFNEIT O KIEY AT L DFFE
ik HTz, ARIFFECIE. REBEMEMAMBICERL,

REHERES 75 X <12 & 3 CO D RED R FEI
I RN T RE & G L 72,

2. RE&
2.1 i DRR

HRICEHAT = v P @#R)E o AEROSIL®200
Rz, HEE= v 7 (D) SIKEIY) & 7R EE KRR
T RECHEMAICIN A, EEEICK D Ni & 50wt.%HH
FElL 7z —MpazlE L. 225 T 600°CT 3 h BEAL L 72
%, RifE% 355~500 pm ICEIE L 72,

2.2 FEMEER

Fig. 1 ICIGEEBERIZ KT, 77 XA~ RIGE D%
Fiid, BEEER (B0 &K DIRBEY) B X DK
(VAT MEREL. REMESICIE CO BIY
CO, DA EELPEA A(COy, 77 X~ L7 2) % {1k
WBWTEDXHICL T,

REFESG ICB LT, GEF M 0.1 ¢ & D
1.0 g DRGW % T L Tl o /KRETUHE %
600°CC 1 h 1T o 72, PRI % T E DI
BRIE LTz, RiT, 77 A2 RIGHICE LT CO it
10~50 mL srp/min, FIINEIE 14~20 kVpp T CO, 77
X ativ, ZOPET A % RFHES~HE L
Tzo IRFMEHR N 2 ORI AR E <. MK
lZ GC-TCD THHT L 72 ST o filt#5 o> B & 34
SERFFMEE L, KEWESAOICET S CO
BLPCO I L CTORBICKEZREH L 72,

Inlet

1

’
]
1
1

Plasma }

section |

Carbon capturing
section

Outlet

Fig. 1 Schematic diagram of reaction apparatus.

3. RBRHERBKLUBER

Table 1 ICIRKBHERE B L O CO, fREK %21
TRIGHORFNELRT, T, REMERE
DR BRI BT T RE 2 FAM L 72 R B X
500°CTHRA L 72 0. 600°CTIZRIGICIET L 7=, 20
FEER BRI 2. 600°CDHE1d SEM i itk
WCRIGEDIER R ERRFZ OB R b NT729,
JRFEIC X O IR 3 E S W IGE L 72 2 & TIE
PMEPN Lz EING, Ric, 77 X~ IGHIC
BT 5 COr AR DI PR RN AT 3 708 % 51 L
720 CO AZ D FFITHEWIRFRINE 13 FR L 7223,
R RR EFICEE S O HRIRE DRI D & 7%
5. WF DAL TwWE Z LICERT 3 & HEH X
ns,

Table 1 Carbon yield at various temperatures
and various CO, decomposition rates.

COHftGIRRE™ W/F RFMERE  RFRE
[%] [9-ca. Min/mol] [’cl [%]
52.2 112 400 10.5
52.3 112 500 12.3
52.2 112 600 45
28.6 45 500 26
353 112 500 4.0
46.6 112 500 12.1
56.5 224 500 22.9

¥ REWBESAQIZETEE
F 72, COy 77 X~ LI A0 6 DR FBHE 13,
BER 20 X9 A XY F T4 ) 73— VIR
HAD S DRFE L T 2 & RFRINEE
WRE o7, RKE LT, CO, 77 X~ UL =
B RA T Ui 572 0, £ COy & o
TeBRACYEST R DR H3% <. 23 R5E L2 3 W ER
BICH b0 EZT, Sth. Hy7x EOIAET A
DRFICRIC RIE T E 2 T3 2 LR H 5,

4, #E

CO, 7' 7 R~ 77 2 it # EF & ¢ 5 2 & C
CO, BERIRFALZIT O KIG Y AT L DR Z AR T,
IRFRIHERE T S00°CHHEARETH Y . fFED
ERICHEWRFBICRIZ ER T3 2 L ERTE -,

1) T. Kikuchi, et. al., Electrochim. Acta, 100(30), 293-299
(2013)
2) C. Fukuhara, et. al., Chem. Eng. J. Adv., S, 100057
(2021)
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Pt fHEFE Y 77 R b 2 A
Y I AN —r I BH COETE

<hiks ® RELEL O AHH

Lt 72< <F P x S
KB - & 28 "YORSF e - b Fol - 205 Z4n 1T aLp

1. #&

COy DI ~DEMETFIE DML N E & X
NCW5, BHAEERMEDOFTH COITA Y ) —
JVROFE & D RALIKFE DR & 72 5 7= TEMICH H
ThHbd, Ho 2 HNT CO 05 CO ZARKT 2 Wik
H A7 MRWGS) i % Bl A faf O 720 200 °C
LIFCBEEh 32 Mt & LT, Pt ZHEFL7=E) 77
VHREREPI(PYHMOoO5.,) i ST s D, 72,
AR E 77 R S BRI A R L, fik
BEC TR & R D 2 & CRRBEE T O 1) A B
TX 5, Lo, WEER TdH D RWGS St D oAl
HERITGR TIHME SRR TH 5, ZORIELME
RT D7D COy & Hy #RANTT 7 I /L L—
U IRRIHTE RN EER LI, AT Pt
HEFE Y 77 CHEBR b & O TR (~200 °C),
JER, AIfEE T, I —v s I EF A
L 72 RWGS Kt & fat L7z,

2. =R

T U 7T ALY (MoOs) % 43 1 U 72 K I
KoPtCly BTl s K OURFEZ M Z . 90 °C THFRE,
ED B TUE, BT 2 2 228D PG wi%) &
HE L2, oo BmER% 200 °C C Hy i oL %
115 2 L CTPtFFE Y 77 ViRt (PYHMoOs.y)
ERELU, oy T 7 2V —va LT
XRD, H,-TPR, TG, UV-vis-NIR, XAFS H|E 72 & %217
STz, MERSIE. WIER SOGEE 2 VN Cifti@ o
A% COyHo, Ar EYI D R 2 TIT o 72, AR EIR G I
I, ROGEEE EOARE LY Xe 77 H#HNWT
AT BB (L > 450 nm) L 72728 AT - 72,

3. BWEBLUSBE

Fig. 1 |12 Hy & £ 7213 CO, K To Mo K-
edge In situ XAFS JHIEDFEH D 6K D72 Mo OAi%k
At %~ Mo OAi%kny Hy jitild F ¢ L, CO,
Fil T TR Sz, Ko T Mo Bk
TERK S 45 B KRB D AR & W% I LT RWGS
FOBBHEITL TV D Z ER MR SND I

N—¥ 7 % Hiz RWGS KUt Tld CO, it F T
CO MAER L. £ DOAEREEITESNITIET L
(Fig.2) o ZXUX Fig. 1 TROHITZ Mo OFfFE0D il
RIZKHE L TWD EB 2 b, Fiz, AHEIRS
IZE Y CO AERFGEENHMT 2 Z &L BRI, #
177 A RIS < IR & 2 AIEE A oD A)
oo, LEOFRRIY, s Ky s
AREEAT DL Pt HEFT Y 75T CHEBIEYD
(PUHMoOs ) & FHW = r I v v —E 728D
RWGS G2 BB C& 5 2 & BIC A HEmREc &
0 COERGERE N M B35 2 RSNz,

6 250
H, flow CO, flow
L 200
©
5 <
[0
b=l 150 5
g B
[ [
2 + 100 £
4 &
- 50
3 0

O 6 12 18 24 30 36 42 48 54 60 66 72
Time / min

Fig. 1 The change of oxidation state of Mo species in

Pt/HM003.,(200) situ XAFS

measurement.
1000

catalyst during in

go0 1 —~ dark

— light irradiation
600 -

400 -

1
200

CO evolved rate / ymol-g'-h"

0

0 60 120 180 240 300 360
time on stream / min

DCOZ.'Ar=1OI1O mL/min D H,/Ar=10/10 mL/min D

Ar=20 mL/min

Fig. 2 CO evolved in the reverse water gas shift reaction
chemical looping over Pt/H.MoO;,(200) with and without
visible light irradiation (A > 450 nm).

1) H. Ge, Y. Kuwahara, K. Kusu, H. Yamashita, J. Mater. Chem.
A,9, 13898 (2021).

2) Y. Kuwahara, T. Mihogi, K. Hamahara, K. Kusu, H.
Kobayashi, H. Yamashita, Chem. Sci., 12, 9902 (2021).
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Chair:Kakeru Fujiwara(Yamagata Univ.)
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[2A13] Synthesis of CaO-based composite oxides from iron &steel making slags
and their applications in CO, capture
OYasutaka Kuwahara'?, Aiko Hanaki', Hiromi Yamashita' (1. Osaka University, 2. JST
PRESTO)
2:15PM - 2:30 PM

[2A14] Effect of Cr addition to PdAg binary alloy catalysts on hydrogen
production from formic acid
OTatsuya Fujita', Kohsuke Mori', Hiromi Yamashita' (1. Graduate School of Engineering,
Osaka University,)
2:30 PM - 2:45 PM

[2A15] Formic Acid Synthesis by CO, Hydrogenation using Pd Nanoparticle
Catalyst modified with GaO,
OKohsuke MORI", Hiroto Hata', Hiromi Yamashita' (1. Osaka University)
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[2A16] Fluoride-catalyzed Synthesis of Formic Acid and Methanol from CO, and
Waste Silicon
OKen Motokura'?, Kaiki Nakao?, Chihiro Nakagawa?, Yuichi Manaka®? (1. Yokohama National
University, 2. Tokyo Institute of Technology, 3. National Institute of Advanced Industrial
Science and Technology)
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Norihisa Fukaya', Yoong-Kee Choe’, Shinji Shigeyasu?, Seiji Matsumoto?, Satoshi Hamura?, Jun-
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BRA A T 72k L7z CaO REE(LME G IR~ DHRHL &

CO [ ~D &

(RIEA™ - & % 8FOFRIE RIE™ - JE.

1. %8
RUGRPERETIX, S CELAZIETT iR TR
JFAT W, S5 COBR 2 K8 Lkl & 42 PE 9 5 i
RCEFRAZ 7 BNENENRIERSIND, Zhb A
T ITDREZIIE A b7 U — R ok
CLLTHMAENTWD N, IF X7 71X FeO0 &4
BNV R 2B DEF AT 71T~ T
BHRAPE L, #H LWRHEOBREN RO T
W5, BoxldiT, AT 7% CaO-Z 4B U
BOKRNEERT 5 a2 2K T L L BIC
BEMRIZE £ 555 CaO O HEZFH L 7= CO,
WHESDIEHZIT> TS Y, Bi5fF AT 7 % FEHT
L ClAEED COWAEM DGR TEIUR, IR T 7
DAENFIRIZDe % & & B I2, CO [HILITHI (CCS)
(S FE 7 CO2 W A5 B % SREAPE 0 & i 2 DR &
AR CTX D REMER H D, AW CIEfER 7 1t
ZIZKVERIFA T 7 e Ca0 REILMELIKRE S
L., &D CO W AEMEREIZ DUV CREA L 7= 2,
2. 2E&

fisdi 2 Z 7 Z 3 mol/L D X e & iV CIRfif S E 7=,
= DOV FLIE LA (Pluronic P123) Z /1 %, 100 °C
T 24 h INEVL . ZRRHE L TR EZERD BRE,
600 °C TREFK T2 = L2 LV . BE R T Vi k4e R
fi 43 % 4T AU T2 CaO-Fes04-SiOz £ & 45(Cslag CFS)
AR LTz, FERICMAZ T, 3mol/L Ofilie, Hle T
HEERICAER L., BOFEZFE L, oS
< XRD, N W fiz5#IE, TEM, STEM-EDX (2 X v 5F

fili L 7=, CO, Wi A5 PERE 1L, BAEE BT HE B 2 W,
700 °C, 10% CO./N, it F CoOalkl o &\ &2 b & H
ETH L TEME L,

3. BEBLUEER

XRD JI7ETIX, EAEMIZ CaCOs(Ca0) L Fes0s
m%®@ﬁﬂ&—yﬁ\ﬁﬁﬁmmfyf—?xy
U OBABYNCHET D E— 7 BHER Sz, N2
WA IE & 0 bR 64 mig, FHFLERIT 12
nm & RS S FEORF A Z 7 L b TEW L

REBBILORX VHIALEZA L TWDZ LN ahol,

EHlZ, TEM BT, ik F TR g
% 3FHDOKL - HBE S vi-, STEM-EDX 35 X O
FRREFTS | fEEEPED CaO kit & FesO hi ¥, FF
fa'E SiO2 & F Sy & T DR 2 BIEE S v (Fig. 1),
N0 e, BFAZ Z72EEE LT
CaO0-Fes04-Si0, HAEKRNELNT-Z ERbroT,
CO, W5 1:RE ﬂﬁbk&:é\%WX§7%%
WTHARR L7-aEH i7oo °Clz WEIZ CO % W i
HTEDH I EDHER ézhf_(Flg 2) B E&EYD

D CO, W % 0.234 g-COg T 0 . VifillE b L C
HEECHE R 2 W =38 IIE Z D &L 9 ZemE CO
ERITELNRDoT, MIFATZ 7 E2FEEE LI
Bl B L, COWAEREITH 1.2 fFicm L, #
VIR LA REBRICBT2HAHAE b ELE, 2

FULIECEOERIF 2 Z 728 E D Ca0 Al i3 Z
ST EITINA, SIO AP 7a < mEiRAE IR
AIEER I ) i — NEO AR S A
7‘_7‘_&‘)7‘_&%{ LT,

(b) spotA ﬁi’ﬁé
a " CaO

a=0.133 nm

| 101/nm
e b=0.251 nm

(d) spotC

Amorphous
o SiO,

Fig. 1 (a) STEM image of Cslag CFS and SAED images
for (b) spot A, (c) spot B, and (d) spot C, respectively.
0.30 ‘

<—Ads—><—Des j ds: j Des. j ds: j Des.—4

0_25. /Cslag CFS

o

[N

o
L

!

BFsIag‘
0.1541/ cao-sio,

| Raw Cslég

.............

-1
CO, adsorbed / g-CO,  g-adsorbent
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Time / min

Fig. 2 CO, adsorption/desorption test using
Ca0-Fe304-SiO, composite synthesized from converter
slag (Cslag CFS), CaO-SiO, composite synthesized from
blast furnace slag (BFslag CaO-SiOy), and raw converter
slag (Adsorption: 700 °C in 10% CO2/N, for 150 min,
Desorption: 700 °C in N for 150 min).

1) Y. Kuwahara, A. Hanaki, H. Yamashita, Green Chem., 22,
3759 (2020).

2) Y. Kuwahara, A. Hanaki, H. Yamashita, ACS Sustainable
Chem. Eng., 10, 372 (2022).
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FHR O DIKFAERBISCR T 5

PdAg IR G~ Cr IO %R

1. =

FRLHCOOH)IX, ZAM TN 72 < | HIRT
RIETH D720, ITk - BIENKS THDHZ L0 b
KFEZRNLFX—F X U7 & LTHEINLTWVD, ¥
fez/KEX v U7 & LTHWDOIZIE, X2
IHIRIZHR L KT A LT 2 Al D BAFE A3 B &
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Fig. 1 The catalytic activity of ternary alloy catalyst supported

on amine-MSC in Hz production from formic acid

Fig. 2 STEM image and EDX mapping of PdAgCr
supported on amine-MSC

1) S. Masuda, K. Mori, Y. Futamura, H. Yamashita, ACS Catal. 8,
2277-2285 (2018)
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Fig.1 (a) HAADF-STEM image of PdGa/CN, (c) and
(c) EDX mapping of Pd and Ga.
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Fig. 2 TON in the CO, hydrogenation to FA

Mulliken atomic charges of Pd

Electron poor ﬁ Electron rich

+0.20 +0.15 +0.10 +0.05 0.00 -0.05

Fig. 3 Atomic charge of Pd@GaO,/CN
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DHER S 4L, CO, MFEALIBEILEINTNDZ LN
NE T,

XD L& B L, LI AT L Af
F—hr7 L—T% T CO EEHIIR « CO, & ME
LCHEBREZITo72 (Tablel), FMmETOMER. CO;
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Table 1. CO; conversion reaction catalyzed by TBAF
with powdered silicon as a reducing agent

TBAF-3H,0
) (0.85 mmol) O
CO. + Si + HO —  »
2 7 (powdered wafer) (10 mmol) pPMSO (2 mL) H” " OH
(5 mmol) 95°C, 24 h
Formic acid Yield based on
Reactor COz (atm)
(mmol) CO2 (%)
Autoclave 1.0 0.82 68
Autoclave 5.0 1.05 17
Autoclave 9.2 1.75 16

fil gt B & USINF| D Fc i@ bic L D A % ) — VDA Rk,
BELOBNEOEKD XPS Z3Hric 5 < SUSHEAE
B LTH, BEIZBWTHRET D,

SE X

1) W.-H. Wang, Y. Himeda, J. T. Muckerman, G. F.
Manbeck, E. Fujita, Chem. Rev. 115, 12936 (2015).

2) Q. Liu, L. Wu, R. Jackstell, and M. Beller, Nat.
Commun. 6, 1 (2015); R. A. Pramudita and K.
Motokura, Green Chem. 20, 4834 (2018).

3) M. Peplow, ACS Cent. Sci. 8, 299 (2022).

4) https://www.enecho.meti.go.jp/about/pamphlet/
(BJR = L ¥ —T)

5) S. Weckend, A. Wade, G. A. Heath, End of Life
Management: Solar Photovoltaic Panels, IRENA
And IEA-PVPS, 2016.

6) K. Motokura, M. Naijo, S. Yamaguchi, A. Miyaji, T.
Baba, Chem. Lett. 44, 1464 (2015).

7) R. A. Pramudita, K. Nakao, C. Nakagawa, R. Wang,
T. Mochizuki, H. Takato, Y. Manaka, K. Motokura,
Energy Adv. 1, 385 (2022).
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NMP N OMe
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’ up to 98%
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AEE L7z, £7-. DFT 38T & 5 SRR ISR
BATo70, 61T, HEE 1 OGMEFIA & DFT &
B X D BUSKRIEERR ) B By & 70 o T s B
DIEWZ LT, FOLFRDOEITE Y AT,
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F£ 9. Zn(OAc)(OC(=0)NHPh) (1)DA K « HLEEIC
L7z (K2), WIZ, 1 2% Si(OMe)s &ALF &
B L, BN AA— 25252 LE2AL
2T L7, EHIZDFT #HHEDH, 2D 1 & Si(OMe)s
& DGRBS A 7 VOEREE THDL Z & R
LETR BN A FFEZ R L TRISHETT 5 2
xR LT,
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FOG 2 ANES 5 7212, BOSIREE Z2 N THmAl o
BR#REITHT-L Z A, Si(OMe)y & Ui L CiEM: 72 1
BNr 7 A e 525 2 LB 5TV D KOMe =
KF %2 % & ISR S vz (3% 1. entries 3, 4),

X5, KOMe D BIESETH D NMP T 5 &
RIGHE v &z (F 1, entry 5), &&AIIZ,

CO: /) 1 KUE. BUSKH 2 R, BOGIREE 150 °C
EWV) UGEMET, DNV A X — N EEIEETA
D Z EITPI L. (K1, entry 6), £7o. AF
EIXTEMICHEERRY) O LE VEBITH L VL
NA—=BDOERIZHEHAFTRE TH > 7=,

K 1. DN A— PO RIS SR
2 mol% Zn(OAc),
2 mol% phen o
. 2 mol% additive J\
PhNH, + Si(OMe); + CO, - Ph‘N OMe
©5mmol)  (3mL) (1 atm) temp., time H
entry additive temp. ('C) time (h) yield (%)?
1 150 6 91
2 130 3 22
3 KOMe 130 3 62
4 KF 130 3 46
5 KOMe + NMP (2 mL) 130 3 96
6 KOMe + NMP (1 mL) 150 2 96
2Yields were determined by *H NMR analysis using mesitylene as an internal standard.
- B

AW EITIZ I —AR VYA 707 7 F 2021
EENIRBEROTIBIC L > THELNEZHEDTH 5,

- ZE TR

[1] Q. Zhang, H.-Y. Yuan, N. Fukaya, H. Yasuda, J.-C. Choi,
ChemSusChem 2017, 10, 1501.

[2] K. Takeuchi and J.-C. Choi et al., Chem. Eur. J. 2021, 27,
18066.
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2. EBRKFE

BatEITOCHe>T, kA2
— & —@ HYSYSY %=, HYSYS N T
ntE AEER L, ZOMENGT T hDa
A MMEFSC CO JEHHBEDOFEEITH Z & T,
70 A ORI, R D O EBLATREM:
DOFHm L7,

3. R
% Et L 7=~ 1t A ® PFD(Process Flow
Diagram) % [X] 1 {Z/R7,

Distillation|
tower

X 183 L7=7u&2xmD PFD

GO Al i3 D 1% &4

Lk AL e hTos =iFwiL

#AT) Offis BE/E - UH fuze - i

-

np
=
7' AOGERBS X O CO HEHED
TEMERAR1LIORT, FL7T7Fa X
&5 2 12”7,

£ 1 FYuEATEFER

Raw material CO2 1690 kmol/h
Raw material H2 7500 kmol/h
DME production 781 kmol/h
DME purity 99 mol%
CO2 emissions 611 kmol/h

77 kD3 A MERIZIT Bare Module
Cost Estimation {% 2% /=, Z OHERIET
1L, BEEREE A = X T, RSB EHC
K OB EZE LT AR E T H Z & T
MOREIA NERET D, £2~T T
FERFREOTIHBEHZ R L TF 7 MR
IRARETD,

INERAWTCHRE LT T v FOE®RHE
EHR L2 AR 2ITRT I
72

#2779 bharb
Process vessel $3,811,928
Heat exchanger $5,374,384
Electronic pump $93,763

Electronic compressor $53,819,432
Bare modure cost $63,099,508
Plant construction $74,457.419

#F2L0TokvA0axt0rbL, ar
Ly —Z b EANRRbBZ WV E Do
7o F72. COHEHEIZODWTEH, a7
=D EDBEEN6ETH-T-, T
ARTaBANREFIZCEETHLTDTH D,

4, #EE

BEFEW LI T A % FAV V- DME il 7 o &
ADERF LR AT o T2, A% A TSt
D7 aEAZONTRERIC T v' 2 DKE
LEDAA L COHEHBEOHFAEZITV, 32
BLATREMEIC AN 7R Z B B 2M2 LTS,

BEIR

1)AspenHYSYS,
https://lwww.aspentech.com/ja/products/engineeri
ng/aspen-hysys
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1) M. Takeuchi, Y. Amao, React. Chem. Eng., 2022,
Advance Article DOI: 10.1039/D2RE00039C

2) E. Steckhan, S. Herrmann, R. Ruppert, J. Thommes, C.
Wandrey, Angew. Chem. Int. Ed., 29, 388 (1990)
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2) lwasawa, N. et al., Chem. Commun. 50, 14360
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3) Xi, C. et al., ChemSusChem 13, 6201 (2020).
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(2015).
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CeOz-supported bimetallic Ni-Ag catalyst for ammonia synthesis

from NO-CO-H:0O

(AIST!, Tokyo Tech?) C. Chaudhari,' K. Kobayashi,! OY. Manaka,"*" T. Nanba'

1.Introduction

The emission of NO 1is cause of various
environmental problems such as acid rain and
photochemical smog. Therefore, it is necessary to
reduce the concentration of NO. Ammonia can be
prepared from NO (Nitrogen oxide To Ammonia:
NTA) which is an attractive alternative for NO
abatement. Our group developed Pt/TiO; catalyst for
ammonia synthesis on NO-CO-H,O reaction.'
However, the cost of Pt is a barrier for industrial
applications. Recently, we developed Ni/CeO; catalyst
for NTA reaction. Moderate yield (55%) of ammonia
was obtained. In this study, we investigated the effect
of second metal (M= Fe, Co, Cu, Ag) on the activity of
Ni/CeOs.

2. Experimental

CeO; support was purchased from Daichi Kigenso
company and calcined at 700 °C for 4 h. 10 wt%
Monometallic Ni or Ag and bimetallic 10 wt %
NixAgix (x = 0.3, 0.5, 0.7) catalysts were prepared by
an incipient wetness method with using different
second metal. The catalysts were characterized by BET,
XRD, H>-TPR and CO-adsorption. The catalytic
activity was measured by a fixed-bed flow reactor. 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 prepared SNiSFe/CeO,, SNi5Co/CeOs,
SNi5Cu/CeO, and 5Ni5Ag/CeO, catalysts and
examined for NTA reaction. All catalysts showed full
conversion (100%) of NO above 200 °C (Figure 1).
5Ni5Ag/CeO, showed high yield (62%) ammonia
(Figure 2). Higher Ni or Ag concentration in NiAg
/CeOxcatalyst was not favorable for ammonia
formation. The activity of monometallic (Ni or Ag)
and bimetallic (NiAg) was compared. Ag/CeO, was
unable to produce below 300 °C. Ni/CeO, gave 55%
yield of ammonia. Later, we investigated the effect of

support using 5Ni5Ag. CeO, found to be effective
support for ammonia synthesis. We characterized
monometallic (Ni or Ag) and bimetallic (NiAg) to
understand the difference in their activity.

100F = e e 2 4 e s g5 & 9
. '
80} ’
£
60
=l
c
S 40
g ¥ SNiSFe/Ce0),
# 4 BNISCoiCel,
200 + SNISCU/Ced,
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Fraurs 1. NO conversion using bimetallic catalysts

XRD analysis revealed that Ni and Ag metal were in
metallic state in all three catalysts. Ho-TPR profile of
Ag/CeO, showed Ag,O oxide was reduced at 172 °C
which shifted to higher temperature (193 °C) in
bimetallic NiAg catalyst. Ni/CeO, showed reduction at
453 °C which shifted to lower temperature (279 °C).
CO-chemisorption showed metal dispersion was
higher in bimetallic than monometallic catalysts.

SMi-6FeiCe0,
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= 6ol .
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Figure 2. Ammonia yield using himetallic catalysts

In summary, 5Ni5Ag/CeO, catalyst exhibited high
activity for NTA reaction.

K. Kobayashi, R. Atsumi, Y. Manaka, H. Matsumoto, T.
Nanba, Catal. Sci. Technol., 9,289 (2019)
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Plasmon-assisted hydrogenation and dehydrogenation reactions of
noble metal nanoparticles

(Shizuoka University* + Osaka University®) OPriyanka Verma” + Kohsuke
Mori® + Yasutaka Kuwahara® - Ryo Watanabe” + Hiromi Yamashita® « Choji

Fukuhara”

1. Introduction

The localized surface plasmon resonance (LSPR)
mediated enhanced chemical activity can be entitled as a
promising strategy for efficient solar to chemical energy
conversion.! To tune the selectivity of a desired product in
a chemical reaction is of paramount importance yet a great
challenge. Herein, a new strategy to effectively enhance
the selectivity of the product formation under visible light
irradiation is reported.? A series of Ag catalysts deposited
on metal oxide support materials (TiO», ZrO,, Al,O3; and
Ce0,) along with their preparative techniques, optimum
metal content ratio and effect of different wavelength of
light is explored for the chemoselective reduction of p-
nitrostyrene to p-aminostyrene under visible light
irradiation.
2. Experimental

The catalyst was prepared by a simple impregnation
method. 500 mg of metal oxide support materials (TiO,
Z10,, CeO, and Al,O3) and sodium laurate (5 mg) was
dispersed and ultrasonicated in 100 mL ethanol solution.
The mixture was bubbled with argon gas in order to
maintain inert atmosphere. Subsequently desired amount
of aqueous AgNOj solution was added into the mixture and
stirred continuously for 6 h. The suspension was
evaporated under vacuum and the obtained powder was
dried overnight at 80 °C. The obtained sample was named
as Ag/M,Oy and series of catalysts with varied amount of
Ag (0.5, 1.0, 2.0 and 5.0 wt. %) were prepared.
3. Results and Discussion

The prepared catalysts were characterized by a range of
physicochemical  techniques  including  UV-vis,
transmission electron microscopy (TEM) and X-ray
photoelectron spectroscopy (XPS). All samples exhibited
the strong intrinsic plasmon peak at around 400 nm,
attributing to the LSPR effect of Ag NPs. A single broad
peak absorption suggests the spherical morphology of the
prepared NPs which was further confirmed by TEM. The
LSPR peak maximum was observed at 516, 450, 463, 430
nm for Ag/TiO,, Ag/CeO,, Ag/ZrO, and Ag/ALOs,
respectively. The Ag/TiO, absorption peak was found to be
significantly red shifted in comparison to other catalysts.
The average particle size of Ag/TiO», Ag/ZrO,, Ag/Al,0O3
and Ag/CeO, was found out to be 11.8 £3.4, 6.84 £ 2.1,
20.7 5.2 and 9.0 £ 3.2 nm, respectively.

The chemoselective reduction reaction was carried out
in ethanolic suspension at room temperature and pressure
utilizing ammonia borane (AB) as an in-situ source of H,.

NOy NH; INH; NOy
GOSN LN O LRI G

p-Mitrostyrane p-Amis p-Ami y
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Figure 1. (a) Effect of using different wavelengths of light (power =
66.7 mW) in the reaction conversion and selectivity utilizing
Ag/TiOz (b) wavelength of performance increase in the p-AS

selectivity over Ag/TiO2 using LED light.

All catalysts displayed complete conversion with varied

selectivity obtained for different catalysts. Under light

irradiation conditions, the kinetics and overall selectivity
was found to be significantly enhanced. Amongst all,

Ag/TiO, displayed a maximum chemoselectivity of 81 %

shown by Ag/TiO, under light irradiation conditions.

In order to have a detailed insight of the mechanism and
absorption of light by plasmonic Ag NPs, the reactions on
Ag/TiO, with LED light of different wavelengths and
comparison of the obtained results in dark and under
visible light irradiation conditions (A > 420 nm) was
reported (Figure 1a). The LED and their corresponding
wavelengths employed in the present study are Blue (470
nm), Green (530 nm) and Red (627 nm). The order of
catalytic activity follows the trend Green LED > Red LED
> Blue LED > Dark conditions. The selectivities changed
significantly upon varying the source of monochromatic
LED light. The green LED was found to be the most
effective amongst all. Figure 1 (b) summarizes the action
spectrum in the performance increase over Ag/TiO;
catalyst using monochromatic light. The increasing rate of
catalytic performance activities was found to be highly
consistent with the LSPR absorption intensity of Ag NPs.
This result concludes that LSPR plays an important role in
increasing the p-AS selectivity under light irradiation
conditions. We hope that such plasmonic photocatalysts
will assist in opening a new promising avenue in the
visible-light-driven heterogeneous catalysis.

References

1) P. Verma, K. Mori, Y. Kuwahara, R. Raja, H. Yamashita, Mater:
Adv., 2, 880 (2021).

2) P. Verma, Y. Kuwahara, K. Mori, H. Yamashita, Catal. Today,
324, 83 (2019).
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Effect of Ca addition on the catalytic activity of BaTiOs for
oxidative coupling of methane
(Nagoya Institute of Technology) O GAN Rongguang, NISHIDA Yoshihide,

HANEDA Masaaki

1. Introduction

Oxidative coupling of methane (OCM) reaction
has attracted extensive attention due to its energy-
saving and convenience process [1]. Although
perovskite-type catalysts with high thermal stability
are known to show the activity for OCM reaction,
the C, yield is not high enough for industrial use due
to the low activity and selectivity [2]. In this study,
we investigated the additive effect of Ca on the
catalytic performance of BaTiOs and found that the
addition of small amount of Ca is effective to
increase the C, yield. The detail experiments were
performed to reveal the role of Ca.

2. Experimental

Catalysts were prepared by conventional
impregnation method. Commercial BaTiOs powder
was immersed with an aqueous solution of
Ca(NOs)24H,0, followed by evaporation to remove
water. The obtained powders were dried at 110 °C
and calcined at 900 °C for 8 h in air. The loading of
Ca was set to 1 ~ 30 wt%. The catalytic activity was
evaluated using a flow reactor system. Catalyst (100
mg) was loaded into a tubular quartz reactor, and a
gas mixture of CH4+/O»/N; (20/5/20 mL/min) was
introduced to the reactor. The steady-state activity
was evaluated by analyzing the reaction/product
gases with gas chromatography. As for the catalyst
characterizations, XRD, BET surface area and O,-
TPD were carried out.

3. Results and Discussion

Fig. 1 shows the effect of Ca loading on the
catalytic performance (CHs; conversion, C;
selectivity) of Ca-doped BaTiOs for OCM reaction
at 650 °C. Not only CHs conversion but also C,
selectivity were increased by addition of Ca up to 3
wt%. However, further increase in Ca loading
caused a decrease in the activity. In Fig.1 is also
shown the change in BET surface area as a function
of Ca loading. Basically, BET surface areca was
gradually decreased with increasing Ca loading
suggesting that BET surface area is not an important
factor determining the catalytic activity of Ca-doped
BaTiOs.

In the range of Ca loading below 3 wt%, only the
XRD peaks due to BaTiOs were observed. However,
increase in the Ca loading up to 5 wt% caused an
appearance of new peaks due to BaCaTiOs,
indicating the solid phase reaction between Ca
additive and BaTiOs. From the comparison with the
catalytic performance shown in Fig.1, the formation
of BaCaTiO4 is negative effect on the catalytic
performance of BaTiOs.

In order to obtain an information on the role of
Ca additive, O,-TPD profiles from Ca-doped BaTiOs
were measured. O, desorption from BaTiO; was
found to be increased by the addition of Ca. The
maximum amount of O, desorption was achieved for
3 wt% Ca-doped BaTiOs. This is in agreement with
the order of C; yield, suggesting that the Ca additive
promotes the oxygen mobility on the surface of
BaTiOs. More detail experiments to discuss the
promotional effect of Ca is now in progress.

This research is supported by CSC fundament.
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Fig.1. Dependence of CH4 conversion, C; selectivity for

OCM reaction at 650 °C and BET surface area on Ca
loading.

1) J.H. Lunsford, Angew. Chem. Int. Ed., 34, 970-980 (1995).
2) L. Bai, F. Polo-Garzon, Z.H. Bao, S. Luo, B.M. Moskowitz,
H. Tian, Z.L. Wu, ChemCatChem, 11,2107-2117 (2019).
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CO2 hydrogenation reaction over Pd-containing MWW zeolite

catalyst

(Tokyo Inst. Tech.) OWillie Yang, Shuhei Yasuda, Sridharan Balu, Muyuan Yu, Toshiki

Kaseguma, Toshiyuki Yokoi

1. Introduction

Different from the well-known ZSM-5 (MFI) catalyst,
the MCM-22 (MWW) possesses three pore systems:
the two-dimensional sinusoidal channels composed of
slightly elliptical 10-MR, the characteristic of 12-MR
supercages accessible through 10-MR windows, and
pockets on its external surface [1]. Due to the
distinctive pore structure, the MCM-22 zeolite has
shown robust reaction performance in many catalytic
processes such as MTO reaction. The group also
consider this zeolite catalyst a potential support for
CO, hydrogenation. Here in this work, the Pd-
containing MWW zeolite catalyst has been deployed
for the CO2 hydrogenation reaction.

2. Experimental

A series of MWW typed aluminosilicate zeolite,
MCM-22, were synthesized as the following method.
First, the as-calcined sample was synthesized through
hydrothermal synthesis at 150 °C from an aqueous gel
of 1.0 SiO2 : 0.15 NaxO : 0.025 ALO; : 0.9
hexamethyleneimine (HMI) : 45 H,O mol composition
[1]. Then the ammonium-type, proton-type, and
sodium-type sample were obtained through ion
exchange and calcination. Finally, the 1 wt% of Pd was
impregnated into the zeolite support by wet
impregnation method. The final samples were obtained
with the nomenclature of Pd/[M]-MWW-10 where and
[M] represents the containing charge balance cations.

3. Results and discussion

From the XRD results, the patterns of MCM-22 and
Pd-containing MCM-22 are nearly identical. However,
the diffraction peak attributed to PdO (101) particles
was observed. The SEM images revealed the well-

[0.1 abs. I

defined
layered

morphology. Furthermore, the elemental compositions
measured from EDX agreed well with the ICP-AES
results.

To investigate the intrinsic molecular interactions
between adsorbates and the catalyst statically and
dynamically, the in-situ DRIFT measurements were
performed. The sample was pre-treated in
20vol%H2/N> at 400 °C for 1 hour. In Figure 1,
chemisorption of CO, on the PA/MWW-10 samples
with different Na contents were detected differently
under the flow of 20vol%CO2/H; at 250 °C. The band
around 1640 cm™ of PA/MWW-10 and Pd/Na-MWW-
10 is considered as the carbonate species resulting
from the sodium cations and trace amount of water
molecules from aluminum-rich zeolites [2]. The
dynamic evolution of intermediate species was also
observed. During CO» hydrogenation, carbonate (1520
cm), bicarbonate (1640 cm), formate (1603 cm™),
and CO (1800 2100 cm™") were identified as the key
intermediates [3]. In the three samples, band related to
each intermediates obtained different intensities
implying a distinctive reaction pathways from each
sodium content observed from DRIFT spectra. Thus, it
can be concluded that the reaction mechanism can be
controled by the adsorbate species and the relative
position and the amount of sodium cations and Pd
particles.

References:

1) Wang, Y., et al, Journal of Catalysis, 333, 17-28.
(2016).

2) Cheung, O., et al, ACS omega, 5(39), 25371-25380
(2020).

3) Feng, K., et al, Journal of Energy Chemistry, 62,
153-171. (2021).
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Figure 1 In-situ DRIFT measurements of the Pd-containing MWW zeolite catalysts under CO;+H,
gas flow at 250°C.
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Direct synthesis of carbamates as polyurethane raw
materials from low-concentration of CO. equivalent to
thermal power plant exhaust gas

(AIST*, Tosoh Corporation**) (OHiroki Koizumi*, Katsuhiko Takeuchi*, Kazuhiro
Matsumoto*, Norihisa Fukaya*, Kazuhiko Sato*, Masahito Uchida**, Seiji
Matsumoto**, Satoshi Hamura**, Jun-Chul Choi*

1. Introduction

In the technologies of carbon dioxide (CO2) capture
and utilization (CCU), the usage of CO; as a C1 source
for organic syntheses is one effective approach to
achieve CO; emission reduction. Among synthesizable
compounds from CO,, carbamates (RNHC(O)OR’) are
attractive because those can be converted into
isocyanates as monomers of polyurethanes, which are
widely used for such as automobile parts. We have
reported synthesis of carbamates from CO. using
amines and environmental-friendly  regenerable
reagents, Ti(OR")s or Si(OR)s Although these
methods can provide high selectivity and high yields of
carbamates, high-purity and high-pressure (~3.0 MPa
at room temperature) of CO; are essential. In contrast,
direct utilization of low-concentration and low-purity
CO; such as exhaust gas of fire power plants is one
ideal method owing to excluding energy-loss processes
in purification, condensation, and compression.
Therefore, we designed direct synthetic method of
carbamates from low-concentration of CO. by the
combination of regenerable reagent Ti(OR')s and CO,
capture methods using 1.8-diazabicyclo[5.4.0]Jundec-7-
enc (DBU), which induces formation of two organic
salts as CO; captured species: carbamate salt formed
from amine with DBU and carbonate salt formed from
alcohol with DBU (Scheme 1.)4,

Formation of two organic salts
as CO, captured species

RNH, + ROH d > Ti(OR’),
H N v Regenerable
N N0 Q:j
+ Q;Nj [R T bl V
DBU Carbarmata salt " (o]
arbamate sal
s : Ry g R
) N
CO, R,,o\ﬂ/o m H
v Low-conc. o] 4 Carbamates

Carboﬁéte salt
Scheme 1.
2. Experimental

First, to capture CO; into a reaction solution as the
two organic salts as shown in Scheme 1, 0.5 mL of
NMP solution containing 2.0 mmol of monoamine or
1.0 mmol of diamine, 6.0 mmol of DBU, and 0.6 mL of

"BuOH was bubbled by low-concentration of CO; for
20 min at 0.1 L/min in a stainless reactor (volume: 6
mL). Then, additional 2.5 mL of NMP and 2.0 mmol of
Ti(O"Bu)s were added to the reaction mixture. The
reaction vessel was tightly sealed by a stainless lid with
a gasket and then heated in an oil bath at 150 °C for 5
h. Yields of carbamates were determined by 'H NMR
using 1,3,5-trimetylbenzen as the internal standard.

3. Results and Discussion

Various carbamates were obtained in moderate to
high yields by the reaction of Ti(O"Bu)s with the two
organic salts formed from 15 vol%CO; (COx:N; =
15:85, v/v). Conducting the control experiments and
the determination of amounts of captured CO> into the
organic salts, we clarified that the yields of carbamates
were correlated with the amounts of captured CO». The
simultaneous formation of two organic salts was
important to obtain the high yield of carbamates owing
to increasing the amount of captured CO,. This
synthetic method could be applied to use of simulated
exhaust gas (COa: 15 vol%, CO: 300 ppm, NO, and
SO,: 500 ppm, Na: balanced), which is equivalent to
exhaust gas of coal fired power plants including
this gas,
dicarbamates as important precursors of industrially

impurities. Using simulated exhaust

useful alkyl and aryl diisocyanates were obtained in
90% and 71% yields, respectively (Scheme 2).

DBU
HZN\/\‘/\/\NHZ (6.0 mmol)
simulated exhaust gas ~ Ti(O"Bu)y
or (0.1 mU/min, 20 min) (2.0 mmol)
—_—
H NNH "BuOH 0.6 mL +NMP 2.5 mL
z ®  NMPO5SmL 150°C, 5 h
(1.0 mmol) i
(0]
B
”Bu’o\[rN\/\/\/\NJLO’ L "BU.O)LN N)LOGBU
o] 90% H H 71% H
Scheme 2.

Acknowledgement: This work is supported by NEDO Feasibility
Study Program (Uncharted Territory Challenge 2050).
Reference: [1] H. Koizumi et al., ACS Sustainable Chem. Eng.
2022, 10, 5507.
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Design of efficient catalyst for higher alcohols synthesis via

CO: hydrogenation

(Tokyo University of Agriculture and Technology”) OMinghui Zhao",

1. Introduction

Directly synthesis of higher alcohols (HAs) via
CO; hydrogenation has attracted considerable
attention. However, suffered from the complicated
kinetics and adverse thermodynamic properties, the
poor yield of target product makes this route
the
development of an efficient catalyst for this reaction

industrialization ~ challenging. Hence,
is of great importance. Considered from the

perspective  of sustainable and large-scale

application, Co-based catalysts deserve more

attention [1]. Meanwhile, the morphology of a
catalyst also has influence on the catalytic
performance and thus has been widely studied.
Mesoporous metal oxides have been utilized due to
the unique pore structure which could act as the
channel to expose more active site and provide
microenvironment conditions as nanoreactor [2]. In
this work, we selected non-precious mesoporous
cobalt based catalyst as the research subject. The
MOF was utilized as a template for the catalyst
synthesis. Also, the effect of alkali metal, the
carbonization temperature and the promoter have
been studied in this work.
2. Experimental

The catalysts were synthesized by using MOF
as template which refers to build MOF containing
target metal and calcinated under suitable condition.
The catalytic performance of HAs production
directly via CO; hydrogenation were then examined
using a fixed-bed pressurized flow reaction system
under the following conditions: 200 - 300 °C, 3 - 5
MPa, GHSV of 5000 h ! and Hy/CO; ratio of 3. The
effects of morphology and promoter on the
performance of catalysts were characterized by N»
adsorption, X-ray photoelectron spectroscopy (XPS),
and Temperature-programmed reduction (TPR).
3. Results and Discussion

The effect of promoter, the amount of

potassium doping and the carbonization temperature

Nozomi Kawamoto®, Kenji Kamiya®, Eika W. Qian”

were studied in this work. Compared with the

catalyst promoted by Ni, the Fe promoted catalyst
exhibited a relatively high chain-growth probability.
This could be ascribed to the appearance of FeCy
introduced by Fe metal. The HAs selectivity of
catalyst with 0.5% K content increased to 2% which
maybe explained by the electron transformation
from K to Cobalt. As for the effect of carbonization
temperature, as shown in fig.1, the catalyst
carbonized at 400 °C possessed the best performance.
The conversion rate and the selectivity to HAs both
increased. This could be ascribed to the suitable
carbides the

amount of appearing  during

carbonization process.
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probability of catalyst carbonization at different
temperature as a function of temperature. Calcinated
at 300 °C, “@-400 °C, =& 500 °C.

[1] Xu et al, Advances in Higher Alcohol
Synthesis from CO, Hydrogenation, Chem 2021;
7(4): 849.

[2] Zeng et al., Catalysts design for higher alcohols
synthesis by CO; hydrogenation:Trends and future
perspectives. Applied Catalysis B: Environmental
2021; 291 (2021): 120073.
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Oxidative coupling of methane over alkali tungstate catalysts

(Univ. Tokyo) OKazuhiro Takanabe

The oxidative coupling of methane (OCM) is a
promising direct route to make C, products from
CH, using cofed O.. It is generally agreed that
the OCM process proceeds via a complex
reaction network involving surface-catalyzed
radical formation and its chain reaction in the gas
phase.l?

Among many investigated catalysts for OCM,
Mn-containing Na-tungstate containing catalysts
exhibit excellent performance in the OCM. We
discovered that the promotional effects on both
rate and selectivity were attained over the
catalyst in the presence of H.O, which is one of
the major products.® On detailed microkinetic
analysis study, it appears that the OH radical
from reaction of O, and H,O plays a key role in
improving the performance. After composite
variation, Mn species as a catalyst component is
not essential for this OH-radical pathway
although its presence is effective to improve the
overall rate.® The study also confirms that the
tungstate is among the most effective anions as
they hold the alkali active sites at high
temperatures without possessing redox properties
that combust hydrocarbons.®

Over the Na,WO4/SiO; catalyst, we identified
that active components are alkali metal existing
at the most outer surface, which forms peroxide

30
27

24 ..
214 m R2°

18

151 ,'I,RS
12 - 3

g_
6_
3_
0

C, yield / %

T T T T T T T T
0 10 20 30 40 50 60 70 80 90
CH, conversion / %

Figure 1. C2 yield of OCM reaction as a function of CH4
conversion with 5 wt% K2WQa4/SiO: (filled circle) and 5
wit% Na2WO4/SiO:2 (open square) under different R: CH4/O2
ratio (0.8 g K2W0O4/SiO2 or 0.6 g Na2WO4/SiOz, 850 °C,
CH4 10 kPa, O2 0.83-10 kPa, H20 1.7 kPa, total pressure
101 kPa, Ar balance).

species in equilibrium with gas-phase oxygen,
evident by the near-ambient pressure X-ray
photoelectron spectroscopy (NAP-XPS).® This
surface peroxide is likely responsible for OH
radical formation to selectively convert CH, to
C,, well consistent with the previous kinetic
results.*

Although Na;WO,-based catalysts suffer from
melting at the OCM operating condition,
KoWO,-based catalysts maintain its crystal
forms, which may have benefit for long-term
durability.” After optimization, we discovered
that the similar maximum C; yields can be
achieved using K;WQ4/SiO; to those using
Na,WO./SiO,, as shown in Figure 1.” Very
similar promotional effects of H,O were
identified by kinetic analysis, suggesting the OH-
radical mediated pathway as proposed in Scheme
1. The surface species in situ is indeed evident by
NAP-XPS for the K;WO4/SiO, identifying K-
peroxide or K-superoxide formation during the
OCM condition.” Common reaction pathway is
thus proposed for Na-based, and K-based
catalysts with H,O effects.

*******

Alkali tungstate (A = Na or K)
Si0, support

Scheme 1. Schematic drawing of common
surface reaction steps involved in OCM over
alkali (Na, K) tungstate catalysts.
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[PO1] Catalytic oligomerization of isobutyl alcohol to jet fuels over

dealuminated zeolite Beta
OXiaoyu Guo', Yingluo He', Guohui Yangq, Noritatsu Tsubaki' (1. University of Toyama)
Keywords: Jet fuels, Isobutyl alcohol, Oligomerization
Various dealuminum methods of zeolite Beta to generate the jet fuels by converting isobutyl alcohol has
been investigated in detail. And related factors of the zeolite catalyst were studied utilizing XRD, SEM,
XRF, Nitrogen adsorption-desorption, NH;-TPD, Py-FTIR, and ?’Al solid-state NMR. Removal of extra-
framework aluminum or part of framework aluminum by hydrochloric acid dealumination, is able to
improve the diffusion property of the products in the channel of zeolite Beta via increasing the ratio of
Lewis/Bregnsted. Consequently, isobutyl alcohol can be quantitatively oligomerized over dealuminated
zeolite Beta with the selectivity of Cg,, exceeding 50% at a conversion of 98%.

(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poser sess. room-A (P0O1-P08))
[PO2] Effect of P addition on activity of Ru catalyst for C,H,

selective hydrogenation
OMana Murakami', Yasuharu Kanda® (1. Muroran Institute of Technology)
Keywords: Selective hydrogenation, Ruthenium phosphide, Acetylene
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1.20DRu-PHRIE (. RuBBIR & LEB L TH20BDTOFZR LTz 5. RU-PEIEEIEV T EF L VEER(CH W
TH. BUVIFLYVBREKREZHE L, MEDZED S, RUlCPZERMNT 3 & T £M U 7ZRu,PHEIRKIZKZRL
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(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poser sess. room-A (P01-P08))
[PO3] Methylcyclohexane dehydrogenation activity of Ca added Pt

catalyst
OAyumu Kobayashi', Yasuharu Kanda' (1. Muroran institute of technology)
Keywords: Dehydrogenation, Platinum, Calcium
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[PO4] Gas-phase Oxidation of Benzene over Cu Catalyst Loaded on
Molded MFI Type Zeolite
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OXindong Yin', Shuhei Miyamoto', Masaya Morimoto', Keita Taniya', Yuichi Ichihashi’, Satoru Nishiyama'
(1. Catalytic Reaction Engineering Group,Department of Chemical Science and Engineering, Graduate

School of Engineering, Kobe University)

Keywords: Cu zeolite, Molded zeolite, Phenol synthesis
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(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poser sess. room-A (PO1-P08))
[PO5] Chemical recycling of aliphatic polyesters by

transesteirifcation using homogeneous Lews acd catalysts
OYoushu Jiang1, Yohei Ogiwara1, Kotohiro Nomura® (1. Tokyo Metropolitan University)
Keywords: molecular catalysts, depolymerization, chemical recycling of polyester
In this presentation, depolymerization of aliphatic polyesters such as poly(ethylene adipate),
poly(butylene adipate) etc. by transesterification with alcohols using homogeneous Lewis acid catalysts
will be presented. In particular, the reaction by titanium catalysts afforded corresponding monomers in
exclusive yields, and the detailed results will be presented in the symposium.

(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poser sess. room-A (P01-P08))
[PO6] Synthesis of half-titanocene catalysts for efficient synthesis

of cyclic olefin copolymers
OTaiga Fujioka', Jiahao Gao', Kotohiro Nomura' (1. Tokyo Metropolitan University)
Keywords: molecular catalysts, polymerization, cyclic olefin copolymers
BIRAL 7« VREBSEK. HICEAYCHEAGCENSZIIFL Y E/IIVRILRYPF LS IOORTEZYED
HESEHROMRER BN T Z 4 VERFRUFEES 3/\—7F 5/ CVBBEOERICEDBATL., FCY
DAORVAIIZIEMFENOBREDRKZEES F = REAEEE. Cp'TiCLIN=C'Bu). /{ScR%ZBEIR
B5BY3 71/ FVERMEE. Cp'TiCl(0-2,6-'Pr,-4-RC,H,). NEMREBNRGADEINFMRERE LR
REHBNI 5,

(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poser sess. room-A (P01-P08))
[PO7] Synthesis of New Bio-Based Polyolefins by Ethylene
Copolymerization with Camphene by Nonbridged Half-

Titanocene Catalysts
OTomu Watanabe', Kotohiro Nomura' (1. Tokyo Metropolitan University)
Keywords: Bio-Based Polyolefins, Polymerization, Titanocene Catalysts
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(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poser sess. room-A (P0O1-P08))
[PO8] Regioselective oligomerization of w-siloxy-a-olefins using a
zirconium complex : synthesis of novel ester-based lubricant

precursors
OKazuma Okada', Akihiko Ishii’, Norio Nakata' (1. Department of Chemistry, Graduate School of
Science and Engineering, Saitama University )
Keywords: oligomerization, zirconium complex, ester-based lubricant precursors
It is well known that ester-based lubricants are one of the useful synthetic lubricants having high flame
retardancy and biodegradability. We have succeeded in the regioselective oligomerization of various o-
olefins using Zr(IV) complexes supported by [OSSO]-type ligands. Herein, we present the synthesis of
novel branched diesters, as ester-based lubricant precursors, by the oligomerization of w-siloxy-a-
olefins with the Zr(IV) complex.
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[PO9] Mechanistic study of Ni,P catalyzed dehydrogenative coupling
of methane

Rattanawalee Rattanawan', Min Gao', Shoji Iguchi?, Ichiro Yamanaka®, OJun-ya Hasegawa' (1. Hokkaido
University, 2. Tokyo Institute of Technology)

Keywords: Ni2P, dehydrogenative coupling of methane, density functional theory calculation

Ni,P catalyst has been reported to convert methane to ethane by dehydrogenative coupling. In this
study, the reaction mechanism was analyzed using density functional theory calculations. The results
show that (1) the C-H dissociation of methane tends to occur on the P atom on the Ni hollow site, (2) the
rate-limiting process is methyl radical desorption to the gas phase, (3) ethane formation by the Eley-
Rideal mechanism, and (4)coke formation may be accelerated by the loss of P atoms on the hollow site.

(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poster sess. room-B (P09-P15))
[P10] Machine Learning-Aided Catalyst Modification in Oxidative

Coupling of Methane by Addition of Promoter Element

OShun Nishimura®, Junya Ohyama?, Xinyue Li’, Itsuki Miyazato®, Toshiaki Taniike', Keisuke Takahashi’

(1. JAIST, 2. Kumamoto University, 3. Hokkaido University)
Keywords: Machine Learning, OCM catalyst, Additive element
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LiFeBa-Mn/La203 & LiBaLa-Mn/La203% 87z,

(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poster sess. room-B (P09-P15))
[P11] Development of low-temperature methanol synthesis process
from CO,

OAyaka Miura', Kenji Nakao', Noriyuki Yamane', Fei Chen?, Noritatsu Tsubaki? (1. Nippon Steel Corp., 2.
University of Toyama)

Keywords: carbon dioxide, methanol, carbon dioxide capture and utilization

WHTE. COMBAY ) —)VEERT ZMBETOCIORKCONT, BILAZERDEATNS, ART

(F. RPEFHTIVA-IVERNT 3 C & TEHLEBFGERTRIGHETI 3 C & (CHHEBRH D Cu/ZnORE
BZEAVNTVNS, AEETE. MEERORE(LY. 7ILI—-ILORMOBETEEYZHR U BRZRET
Bo

(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poster sess. room-B (P09-P15))
[P12] Gas-phase hydrogenation of CO, over supported iron-based
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catalysts.
OMisuzu Komuro', Miru Hirahara', Hitoshi Ogihara’, Hideki Kurokawa' (1. Saitama University)
Keywords: Supported iron catalyst, carbon dioxide hydrogenation, methane formation
Gas-phase hydrogenation of CO, to form lower hydrocarbons was performed over supported iron-based
catalysts using a fixed-bed flow reactor. Effects of adding a second element (alkaline metal and
transition metal) to the supported iron catalyst on catalytic activity and selectivity were investigated.
At 300 °C an alumina-supported iron catalyst afforded CO as the main product with a small amount of
CH,. The addition of alkaline metal to the iron catalyst improved the catalytic activity, but the
formation of CH, was suppressed.

(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poster sess. room-B (P09-P15))
[P13] Mechanism of foaming phenomena during pre-heating in the

liquid phase synthesis of bio-jet fuel form triglycerides
OShimada Hikaru', Kenji Asami', Haruki Tani?, Yayoi Murakami®, Kaoru Fujimoto® (1. Asami Laboratory,
The University of Kitakyushu, 2. Environment Energy Co., Ltd., 3. HiBD Research Institute, Inc.)
Keywords: HiBD, Liquid phase synthesis, Foaming phenomena
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(Fri. Oct 28, 2022 9:00 AM - 3:00 PM Poster sess. room-B (P09-P15))
[P14] Optimization of reaction conditions with machine learning in

woody biomass solvolysis using vegetable oil solvent

OEmi Fukutani’, Mitsumasa Osada’, Hiroshi Fukunaga', Nobuhide Takahashi’, lori Shimada' (1. Shinshu
University)

Keywords: solvolysis, vegetable oil, machine learning
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[P15] Efficient prediction of jet fraction yield and optimal condition
using machine learning in catalytic cracking of vegetable oils
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OYuzuki Katayama', lori Shimada' (1. Shinshu University)

Keywords: catalytic cracking, machine learning, triglyceride
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Methane reaction catalysts

[2C01-2C04] Methane reaction catalysts (1)

Chair:Wataru Ueda(Kanagawa Univ.)
Fri. Oct 28, 2022 9:00 AM - 10:15 AM Room-C (12B Conf. room)

[2C01] [Invited] Considering the survival of oil industries in a turbulent
environment such as climate change and decarbonization
OMasaru lhara' (1. JOGMEC)
9:00 AM - 9:30 AM

[2C02] Liquid metal indium catalyst for dehydrogenative conversion of methane
OShoji Iguchi®, Yuta Nishikawa', Ayumi Nakaya', Ayako Suzuki', Kiyotaka Asakura?, Ichiro
Yamanaka' (1. Tokyo Institute of Technology, 2. Hokkaido University)
9:30 AM - 9:45 AM

[2C0O3] Dehydrogenative coupling of methane on Pt catalysts
OHitoshi Ogihara’, Tatsuki Tomono', Riku Takamura', Hideki Kurokawa' (1. Saitama
University)
9:45 AM - 10:00 AM

[2C04] Rooted catalysis centre for long-term stable carbon dioxide reforming of
methane
OShusaku Shoji®, Xiaobo Peng®, Ryo Watanabe®, Yuta Yamamoto®, Tomoharu Tokunaga®, Ayako
Hashimoto’, Shigenori Ueda', Choji Fukuhara®, Masahiro Miyauchi?, Takeshi Fujita®, Hideki Abe
1 (1. National Institute for Materials Science, 2. Tokyo Institute of Technology, 3. Kochi
University of Technology, 4. Shizuoka University, 5. Nagoya University, 6. Sitama University, 7.
Tsukuba University, 8. Cornell University, 9. Fuzhou University)
10:00 AM - 10:15 AM
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Considering the survival of oil industries in a turbulent environment such as climate change and

decarbonization
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Fig. 1 (a) Q-MS profile of outlet gas and (b) In K-edge FT-
EXAFS spectra of In/SiO2 catalysts in in-situ XAFS
measurement during the CHs-TPR.
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1) Y. Nishikawa et al., ChemistrySelect, 2017, 2, 4572.

2) Y. Ohtsuka et al, J. Phys. Chem. 4, 2019, 123, 8907; Y. Nishikawa
et al., ACS Omega, 2020, 5, 28158.

3) U. Kashaboina et al., Chem. Lett., 2019, 48, 1145.
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Fig. 1 CHs D7, CHy/H2IEH T A % 1wt% P/ALO3
(ZUiEE L7z & & D C2 RAbKSE DFRRRFZAL.

50 x10° 50 x10°

(b)
40f

30

CPS
CPS

20

0 ! ! 1 ! ! 0 _@
80 78 76 74 72 70 80 78 76 74 72 70
Binding Energy / eV Binding Energy / eV

Fig. 2 CHy/H2 1A 7 A ZHifih < % (a)FiT & (b)) D
10wt% Pt/ALLOs @ XPS.

1) EkF, KR &, 5 126 [EIARBEERR 2 A, 1119 (2020)
2) AEF, KR B, 55 130 [ ARG R 2 A, 1D07 (2022)
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[1]http://www.jst.go.jp/kisoken/crest/project/11110
89/15665669.html
[2]10.1039/C8SC04965C
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Fig.1 HAADF-STEM images of Ni/SiO, catalyst
particles at different temperatures.

i
Aufgeix. JST-CREST(JPMICR17P3)D BN T iC
fTobirE L7,

1) W.JJang et al., Catal. Today, 324, 15 (2019).
2) N.A.K. Aramouni et al., Renew. Sustain.
Energy Rev., 82, 2570 (2018).
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[1] D. W. Blaylock, T. Ogura, W. H. Green, G. J. O.
Beran, J. Phys. Chem. C, 113, 4898 (2009).

[2] Automatic FLOW for Materials Discovery Home
Page. http://aflowlib.org/

[3] T. Kamachi, et al., J. Comput. Chem. Jpn., 16, 147,
(2017)

[4] M. Yoshida, Y. Tsuji, S. lguchi, H. Nishiguchi, I.
Yamanaka, H. Abe, T. Kamachi, K. Yoshizawa, ACS
Catalysis 12, 9458, (2022).
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Figure 1. C3He formation rate in CsHs dehydrogenation over
TiH2 (as received), TiHz_BM(X) (X: time for ball milling),
TiO2 (anatase and rutile), and TiN. Reaction conditions: 0.1 g
of catalyst, 10 mL/min of 10% CzHs/He flow, 450 °C.
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Figure 2. (a) Effect of H2 co-feeding on CsHs dehydrogenation
using TiH2_BM(18 h). (b) Time profile of CsHs formation rate
under controlled CsHs/He flow or Cs3Hs/H2/He flow. (c) The
Arrhenius plot for CsHs dehydrogenation using TiHz2_BM(12 h).
(d) In situ XRD patterns of TiHz under He treatment at 450 °C
followed by 10% Hz/He treatment at 450 °C.

1) Z. Maeno et al. Phys. Chem. Chem. Phys., 2019, 21,
13415; J. Am. Chem. Soc., 2020, 142, 4820;
Catalysts, 2020, 10, 807; Catal. Sci. Tech., 2022, 12,
986; Catal. Today, 2022, in press.

2) Z.Maeno etal. Chem. Lett., 2022, 51, 88.
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Figure 1 Results of CHs-temperarue-programmed reaction
Table 1 Formation rate of products from the reaction of
methane over 1wt%PtO»/SiOs.

Reaction Formation rate of products | Product selectivity /%
temp. /K /umol gth?
CH;OH CO2 CH:OH CO;
323 0.028 0.14 16 84
348 0.047 0.22 18 82
373 0.00 047 0 100

Reaction conditions: 1 wt%PtO,/SiO; (100 mg), CH4/Ox/He = 1.0/1.0/18, 20 mL min™'.
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AMFSEIL JIST CREST AU | O 34RI1Z &
1Thihi,

1) Z. Liang, T. Li, A. Kim, M. A. Asthagiri, J. F. Weaver, Science, 356,
299 (2017).

2) Y. Tsuji, K. Yoshizawa, J. Phys. Chem. C, 122, 15359 (2018).

3) T. Yamasaki, A. Nishida, N. Suganuma, Y. Song, X. Li, J.
Murakami, T. Kodaira, K. K. Bando, T. Ishihara, T. Shishido, A.
Takagaki, ACS Catal., 11, 14660 (2021).

4) T. Yamasaki, A. Takagaki, T. Shishido, K.K. Bando, T. Kodaira, J.
Murakami, J.T. Song, E. Niwa, M. Watanabe, T. Ishihara, J. Jpn.
Petrol. Inst., 65, 184 (2022).
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Methane reaction catalysts

[2C09-2C12] Methane reaction catalysts (3)

Chair:Tetsuya Shishido(Tokyo Metropolitan Univ.)
Fri. Oct 28, 2022 1:00 PM - 2:15 PM Room-C (12B Conf. room)

[2C09] [Invited] Designing methane oxidation catalysts via catalysts
informatics
OKeisuke Takahashi' (1. Hokkaido University)
1:00 PM - 1:30 PM

[2C10] Data-driven catalyst discoveries based on high-throughput
experimentation -Implementation in oxidative coupling of methane-
OToshiaki Taniik' (1. Japan Advanced Institute of Science and Technology, Graduate School
of Advanced Science and Technology)
1:30 PM - 1:45 PM

[2C11] Low-temperature oxidative coupling of methane over Ce-MFI-supported
metal catalysts
ORyota Osuga’, Atsushi Neya', Motohiro Yoshida', Mizuho Yabushita', Shuhei Yasuda®, Sachiko
Maki', Kiyoshi Kanie', Toshiyuki Yokoi?, Atsushi Muramatsu' (1. Tohoku University, 2. Tokyo
Institute of Technology)
1:45 PM - 2:00 PM

[2C12] Development of Cu zeolite catalysts for direct oxidation of methane to
methanol and investigation of catalytic reaction mechanism
OJunya Ohyama’, Yuka Tsuchimura', Hiroshi Yoshida', Masato Machida®, Shun Nishimura?,
Keisuke Takahashi® (1. Kumamoto University, 2. Japan Advanced Institute of Science and
Technology (JAIST), 3. Hokkaido University)
2:00 PM - 2:15 PM
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1) Nguyen, T. N., Nhat, T. T. P., Takimoto, K.,
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I., Takahashi, L., Fujima, J., Takahashi, K. &
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2) Nguyen, T. N., Nakanowatari, S., Tran, T. P. N.,
Thakur, A., Takahashi, L., Takahashi, K. & Taniike,
T. ACS Catal. 2021, 11, 1797.
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Fig. 1 Catalytic activity of Ce-MFIuc-supported metal
catalysts for OCM reaction with different reaction
temperatures. (A) Methane conversion and (B) Ethane
yield.

1) Lunsford, J. H., Catal. Today, 63, 165 (2000).

2) Yamamoto, K., Garcia, S.E.B., Saito, F., Muramatsu,
A., Chem. Lett., 35, 570 (20006).

3) Yabushita, M., Yoshida, M., Osuga, R., Muto, F.,
Iguchi, S., Yasuda, S., Neya, A., Horie, M., Maki, S.,
Kanie, K., Yamanaka, 1., Yokoi, T., Muramatsu, A., Ind.
Eng. Chem. Res., 60, 10101 (2021).
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1) Ohyama, J. et al., ACS Catal. 2022, 12, 2454;
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Methane reaction catalysts

[2C13-2C17] Methane reaction catalysts (4)
Chair:Tomohiro Yabe(The Univ. of Tokyo)
Fri. Oct 28, 2022 2:30 PM - 3:45 PM Room-C (12B Conf. room)

[2C13] Investigation of active site structure in Cu-CHA for direct synthesis of
methanol from methane
OYuka Tsuchimura', Junya Ohyama’, Hiroshi Yoshida', Masato Machida® (1. Kumamoto
University )
2:30 PM - 2:45 PM

[2C14] Design and synthesis of zeolite catalyst for production of hydrocarbons
from methane via methanol
Kengo Nakamura', Peipei Xiao', Shuhei Yasuda', Takeshi Matsumoto’, Ryota Osuga?, Mizuho
Yabushita®, Atsushi Muramatsu®, OToshiyuki Yokoi' (1. Tokyo Institute of Technology, 2.
Tohoku University)
2:45 PM - 3:00 PM

[2C15] Direct oxidation of methane into formaldehyde over metal phosphate
catalysts
OKeigo Kamata', Aoi Matsuda', Haruka Tateno', Kazuhiko Obara’, Michikazu Hara' (1. Tokyo
Institute of Technology)
3:00 PM - 3:15 PM

[2C16] Partial Oxidation of Methane to Oxygenates by Oxygen Transfer at
Palladium and Ruthenium Bimetal Oxide
Zhao Ming’, Song Yang', Higashikubo Daiki', Moriyama Masanaru', Imai Hiroyuki', Bando Kyoko2
, Takagaki Atushi®, OXiaohong Li" (1. Faculty of Environmental Engineering, The University of
Kitakyushu, 2. National Institute of Advanced Industrial Science and Technology , 3.
Department of Applied Chemistry, Faculty of Engineering, Kyushu University)
3:15PM - 3:30 PM

[2C17] Selective oxidation of methane to formaldehyde over supported Cu-W
catalyst
OHiroki Iwai', Junya Ohyama’, Hiroshi Yoshida', Masato Machida® (1. Graduate School of
Science and Technology, Kumamoto University)
3:30 PM - 3:45 PM
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Fig. 1 Results of the CH4 oxidation reaction using
Cu(X)-CHA(Y).
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1) J. Ohyama, et al. Catal. Sci. Technol., 11, 3437-3446
(2021).

2) H.Li, et al. Chem. Sci., 10,2373-2384 (2019).
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Z O PE R 2 4T o 72 B A T A4 MBS
1L, MTM B L MTO OifiEIZEmVEEEZ R~ T2 &
DB D CHA T & iz,

2. = B
2.1 @K

CHA BB AT 4 MIAHWESEAIZOFH L7
WA T OFNEIZ LY ARk L 72 NaOH 3 X OV KOH @
BRE/KAKIZ Si BIONALJE LT FAU RBP4 5
Ak (Si/Al=15) ZMZART Vv EFHBLL 7. Zhic
Fifhdh & LC CHA ®¥ 474 b&x, 150 CT
2 HIKBVAE R AT 125 D%, ToE=D LA S
VARHE AT NH3/CHA %1572 Z41% 500°C T 4 I
MIBERL L 7= b O(H/CHA),Cu A A A3# % IZ [RER IS
BERE L 7= & O (Cu-H/CHA), B & ONNa A 7 L A2l 2t
< Cu A F U ZHZRITHER L 72 b D(Cu-Na/CHA) D
—FE DA A Z i AU U AR A BT L7z
2.2 AR HEHARS

A B RS SR U E PR il AR 2 1 A
FANTAT - 72 R IE(100 mg) % RS IS FRE L, 7 /L
I WEE T 500 CT 1 KRFHRTABL 21T o 7214, i
B TH D 350 CIlZT CHyN0,8 LY 0 DRA
H A (Pcpa= 0.4, Pnoo= 0.4, Piao= 0.08 atm, Pa,= balance)
% 25 ml min”' O E TS LIS E1T o 7o Bk
A % GC-FID }¢ OV GC-TCD {2 CTH#r L 7=.

Rt 6 JA f* . . o LT L@i'\b\* Fob L f:CTL*

A RS - Xiao Peipei. ” + fRH B SET - faA il
Bk I [£3

< RZEE KT - FRiT

RELL HT hEo BH o L** L Zwn k[,@%*
Ty {EET - ORUE B2

3. MEREER

BonT o X BEPT N2 — L0 Wb
RA NLEROA 3D 5T HA T CHA g
EET DI EEMR LI A Do Si/Al i
3.6-53 ThH Y . AHEEHER 7 V) — ARG FIE
12D Si/AL LED/NEV CHA 35005 Z & 3]
B L 7= (Table.1).NH;-TPD OfE %5 Na # &5 H T 5
il Tl &8 L2 WARBE L U & h-peak SRIEENZE L
<P LTWDZ EPHERI N, Z OfEF 1L Na"
GHBEERTH LT, BATA - OBREZHIH
ARETHDH I L ERT.

A b5 o fi I AFMEFEAMAS SR A Fig. 1 12”9 .Cu-
Na/CHA it 2 FAV 7= BRI CO, R FEERMTH D Z
& LT RAYIC,Cu-H/CHA filhlil 2 VW 72358121
R A V7 1 & Ry & T D RALKSE O AR
RSN 2T RA V7 0 UAERICIE, AT
A MERBENEERER A & AP R T

U RIE,ENE N ORI & ROCHEREIZBI T 2
AR D

Table.1 Physicochemical properties of CHA samples.
Amount of desorbed NH,

Cu amount

Samples  Si/Al* Na/Al*? Cu/Al¢ (Wi%) [ (mmol g")
—peak h-peak
NH,/CHA 38 - - - 0.87 22
Cu-H/CHA 3.6 - 0.04 0.81 0.77 1.1
Cu-Na/CHA 5.3 1.1 0.03 0.43 1.80 0.08
Na/CHA 46 092 - - 2.20 <0.01

“Determined by ICP. *Determined by AAS. ‘Determined by NH,-TPD

(a) Cu-H/CHA

(b) Cu-Na/CHA

10 —100 10 100
8 Feo 8 80 3
c 6 Fe0 6] -60 %
L T
o [ [ o
g 4 F40 44 40 §
O -1 E
2 4 F20 24 -5 20 o
0 -_ 0 0 1 1 1 [ 0
10 70 130 190 10 70 130 190
Time-on-stream (min) Time-on-stream (min)
O CH,4 conversion <> N,O conversion
[l CH,OH  DME [ Hydrocarbons [l CO, [l CO

Fig.1 (a)Cu-H/CHA &% U\(b)Cu-Na/CHA % filifft & LT
Nz A & R O

1) M. H. Mahyuddin et. al., Catal. Sci. Technol. 9, 1744
(2019).
2) A. A. Latimer et. al., ACS Catal. 8, 6894 (2018).
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FePOs,-CM TIEREGHFDEENBREINT-.
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F 1=, FePOs-MA [, 500 °CT 24 h &ELT=
HCHO, CO, CO, InZFE#%RL, BRELXMBELLT
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HFIO TN CZED D, BHRAED CH, ERIE
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Fig. 1 (A) Selectivity toward HCHO as function
of CH4 conversion and (B) HCHO yield as a
function of reaction temperature for the CH4
oxidation over iron-based catalysts. Reaction
conditions: catalyst (50 mg), CH4/O2/N2 (7/1/8
sccm), 420-550 °C.

Ho-TPR Z#RAUWLV=BIE T DT LY Fe0s (X
FePOs KYB KB TELERIE AERTICHEHS
¥, CO, DHFEMRT 5. ZOFREDZEL LS
R DR TOERE D2 IT TIEERBATERLY.
TO—J9FEAVE IRAIEICKYEEMLI-XRE
DEIERESM, RERMAEN, NILARIGCERL
EDIHEREMNS, RISEBIILTOXISIZHESL
%. 9, CHs I& FePO, RE THIE S, HCHO
EBPRIITIBITENT- FePOuss NERKTS. 2D
ERENERERETHLILHETEIND. TDIE,
FePOs-5 (& Oz [CkYRPMIZEEESH FePO, &
%%. Redox active )L A REEMESLKH (5518
AU —ybhEED FePO, (X, $FE M7 C-
H EZME~DEEE C1-BRE £/ (HCHO %4
E) EDBWLEEERIZKY, CHs & HCHO [2E#
ROICEERIETEREEZONS.

Sk
A. Matsuda, H. Tateno, K. Kamata, M. Hara,
Catal. Sci. Technol. 2021, 11, 6987—6998.
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Fig. 1 XRD patterns of Al,Os3 support, Pdo.600.6/Al203,
Rup.601.2/A1,03 and Pdo 6Rug 601.8/Al,03 catalysts.
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Fig. 2 Catalytic performance of Pd3003/AlL0s3,
Ruy.300.6/Al,03 and Pdo 3Ru0.300.9/A1:03 catalysts.
Reaction conditions: 0.5 g catalyst, 300 °C, 0.1 MPa,
CH4/O2/NO/He (13.4/0.7/1.7/84.2, v/v), 100 mL/min,
and time on stream of 66 min.

10 wt%MgO-ALO; Z AL L T PduRumOsm Z$H
FrL. BUSEAT S T-fE R% Fig. 3 (ORT,

—-S-HCHO (%) -O-X-CH4 (%)
80 0.9
© 70 0.8 <
S 60 0.7 2
2 50 06 .2
o 05 @
v
) >
& 04 3
(&)
g 30 0.3 f
T 20 0.2 (S}
10 0.1
0 0
0.1 0.3 0.5 0.7
m
P RUMO3m/10 Wt%MgO-Al,0;
Fig. 3 Catalytic performances of PdmRumOsm/

10wt%MgO-AlL,O3 catalysts.

Reaction conditions: 0.5 g catalyst, 300 °C, 0.4 MPa,
CH4/O2/He (3.2/1.6/95.2, v/v), 50 ml/min, and time on
stream of 66 min.
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Fig. 1. Catalytic activity of Cu/WOs/Support for CH4 oxidation.
Supports and supported metals are described as follows: Cu (C), WO3
(W), AOs (A), SiO2 (S), ZrO2 (Z), SiO2-ALOs (SA).
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Fig. 2. UV-vis spectra of a-CWA under Oz or CH4 flow.
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Fig. 1 Preparation of a thermally stable FeO, subnanocluster from a POM precursor.
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A2 CFRARIEMERER L. BEER T s S
Z TN U7z, A ER &S 100mg & L, KL
A (CH4:02:Ar=2:1:7. #Ji&E: 50 mLmin™") Z4LG
L7=, JFPVIREE 873 K C 1 MRS L. AbiSATER (A
DHEBEWIE Y 7 brE Lo, AR A 1% GC-BID ¥ &
N GC-MS Tohr L7=,

3. HEBIUEZRZ
Fe2/Si0; & AT A ¥ Vb a T > 7= fE . CHq
#nfl 3 2.3%, HCHO K& U CO ~DEIRFKIXZ N h
A1% L 46% & 7R o 7m, & BT 24 B Z DT Z A FF
L7-, —J7C. Fe(acac)s/SiO, TiL 24 Wi ZHn(k
TN L 7=, HAADF-STEM (2 L ¥ | Fe(acac)s/SiO;
TIEBIA LY 7 7 A 2 —FEBROISHICEE L, KIE
95 Z L0337 o 72, Fe(acac);—Siw10/Si0, b [FIEIC
EHEMET L2 006, Fe2 2R ERICHWS Z
ENEFEMIIEETHLZ LA R LT,

WIZ, Fe2lSiO IZoWTHEA DX Y T 7 4 JE—
v a »&1T- 7= (Fig. 2) . Fe K it e OV W Ly #is EXAFS
2B Fe2 OYIIREIEITZEL L, SRk N7 7
AT UMM T ) 7 T AZ—EBR L TCnD DL
NHBMMNE -T2, &E5ICSTEM-EDS LV, k& ¥4
YT AT UPFIER CERICAAE L TWD 2 LD
HOMNE o7z, LD, Fe2 ZRiBEAL LT
WAL 7 F ) 7 T AR —=RNE T AT LY
T TR =TT DI LT RSEFEHKT
TH 7 T AZ—OEENPIHI S, KRG % e
B9 5 2 ENTE I LA T,
(b)
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Fe2/Si0,

1 2
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6 1 2 3 D
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Fig. 2 (a) Fe K-edge and W L, -edge EXAFS spectra and (c) STEM-EDS mapping

of Fe2/SiO,.

1) Q. Zhang et al., Appl. Catal. A, 356, 103 (2009).
2) K. Wachi et al., Appl. Catal. B, 314, 121420 (2022).
3) K. Kamata et al., Science, 300, 964 (2003).
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1. #E

A B NL, KEKSENZ K DA A~DZE M
R, ALFEELE LTRSS TV D, KK
RUYCEGEC 1)L, WEIETH Y, 800 °C A HE z
HER T TIThIL TV D128, ZRBBOBA%E
B LT D, BT, WRREDODATFT—2% H,
FREOBRIEHREEZMNE LT 5. 2O X 5 /Bl
5, AZUINLERH A% X0 HhRICELETE
B RS 7 A DB DRO HILTN .

CHy + H,0 — CO +3H, AH°(298 K) = +206 ki mol™* (1)

KRARSGEINIE D 2 A 7 HIEICITRR A S
BERDHHE 2). REISIIRBIETHY, &
ZE[RE L CHEHA T & 5. FRIT, AR OV EE A 650
CLUTICETCETEELNIEL, LD AT
AW SOSERIHEHTE D X 91T D), 2
IR RDORFERIIR T 0 A ERER X S L
FFEN TV, oL, MEE, ZhnFEcloms
SNTNDITE A EDMBERIZIBNT, A XD
SERMLAEIT L2, WEIZL > TCO & Hy
RS D (BRI 7260, R A Y O fFUTic
A2 >y FARy MERERSEZ D, AR
DEHHEUC > TLEHI Z L THD.

CHy + 1/20, - CO+2H, AH°(298 K)=-36kimol™* (2)

Z T, AT EA T A+ 2 O THE & it
2RI 2 Z LIk o T, P IIAEIENEZ [\
ESELND D EITY, S5, US4
BxHZ EexAfELE.

2. KB

BORMZ 3 A 5 5 00 55 T2 8 78 IR i 188 2O s 2 &
Az, MR OIREL, A9 CIR#E L-EE
P 1A N 1 s RNl N R G e Sl DY P 53 7%
1% GC-TCD TH#r L7-.

3. RREER
Rh 13 A % > ORBLRISCE SOSIZIEME /2t T
HY, T’xITELTA MTLD, EHITEEYS

D HAVRWRE LT Y. 2O R, MOR &K
& LCA A 235 RhIMOR 2l 5 2 &
\Z& D, 0.6 nm 2 D HERAY ) — I b 3% B A,
AFRIEEIX 450 °C TAX U %@L LTCO & Hy &
R LT, —05, GREERWD L, Kx DA
AORIA(CFE 2.9 nm)AAERL L,  Z OfilliidaE 2
WETEECTH -T2, AT A FOMEEFENLT
Rh ki Z#/IMbd 25 &, EWIEERRET 5 2
L AR

Z ORI HIMEDZh R Co ° Ni THF5 2
EMTE B 2 21T, Co i Rh XV 2T,
AL IR 2 R, B ERPAR TIEiRL &
N, FEETFEAKCIIRBETHEZREZ LTk
JHELTLED. Fxix, MOR % Co DAL T 5
Z L2k Y, 1L5nm Ok & 157, B0/
SN, REHARZ T, &5, Rh &
D L721F(0.005~0.05 wt) i+ % Z 12k v,
EHELD Co DIRTLEEHETE L Z L 2R LT
Aflfitx, 650 °C TLE L TAZ &k L, CO
Lk Hz %é}ﬂiéﬁf:.

BT, B2 1T A 2 R B A 2 B
HfE B L CE 2. FORE, RelAlLOs I3,
AL EEERE U CXBR A AR L, TN o fiE
T5ZLTCORBLNLZ a2 RHLEY Re
DEGITBIESNTLE S Z ENFETH 53,
Si/Al tEDfEV Y MOR ZHRICHWS Z Lz kv,
EaEEOLNAZ LR R L. 2, B
T4 NOBRICEDETFRSIIRIZLDHD
ThdHEEZTNA.

PLED X DIZ BF T A M &V Al A i
AUE, BN AR CE D EHIFFL TN D,

1) Hou, Y., Ogasawara, S., Fukuoka, A., Kobayashi,
H., Catal. Sci. Technol., 7, 6132 (2017).

2) Hou, VY., Nagamatsu, S., Asakura, K., Fukuoka, A.,
Kobayashi, H., Commun. Chem., 1, 41 (2018).

3) Yasuda, S., Yokoi, T. et al., Commun. Chem., 3, 129
(2020).

4) Li, L., Dostagir, N. H. Md., Shrotri, A., Fukuoka,
A., Kobayashi, H., ACS Catal., 11, 3782 (2021).

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved.2C19 -



2C20

REKRE (B52EEH - AHbFEHRS

AU KBARVEUAFIVERIGIZR T D Co/MFI €454

D Al EIEERE D E
(B IR, LA™ Ok s -

Blond 13

KEE A -7
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AL ATAMOREERE L CGEFEER SN
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A F ALK (CHgq + CéHg — C¢Hs-CHs + Hy) 12
BWT, MFI B4 7 A MEFF=23L & (Co/MFI)
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L ARG T &SRR A ] X7, 72 DFT &t
FIZED Al B2 R L. Al FEREEDN 5 2 5
TRNAX—T 0T 7 A N~DEEEHR T,

2. XE&

[Alg] = 0.21 ~ 1.25 mol kg! ® NH4 %! MFI ¥ 4
A MZ Co ZEiR4HEF D L Co/MFI (Co/Al=0.6) %
PR LTz, NB 2 AT AL BOGI B E R @
TITV, il 0.3 ¢ 2 NoJi ' 823 K T 1 h AijLB]
L72#%. 813K TA X v« XUV UIRAEEIAK (Pona
=98.6 kPa, Pcens = 2.7 kPa, W/F=4.07gh mol'l)
BALBIG S ETz, AFDITEESIEICEREL
7o BIFG E LTAZ L ORiKER)E (CHy — C
+2Hy)) LTI HZEnD, b EKEDOE
B b B IR 2 T LT,

DFT #51% 288 [+ Bk D MFI &5 /L%
LT Al PYEICERE SNTZIEE25 2., % [AllF
TO Al MEREEZFHRE Lz, £V 20
SELBICAZ EREE/-DEEDOTRLF
—7u 7y A IVEEE LT,

3. BRLEER

Fig. 1 1245 Co/MFI @ Co (Zxt 2% filt it [l diA 45
(TOF) & X' A FALEIRE & [Alf] O BER & 7R
T, b5 [Alg]=0.30 mol kg AT The KE %
~LTz

[AlF]=0.30 B LN 1.25mol kg D& ED a A
NE Y @ Al i B E % Fig. 2ab (28T, TLEH
Al [E1BEEEIT 7.38, 4.78A T&H - 7=, Fig.2c 2T
ENOZRXNX—T a7 7 A )VERr7T, Co ki
RUPBUEREIEDLEEDLL L RIBIZT RV
=W Uiz, IRICA X B fRBEN S SE 5 &
EBIRRED = )L X —HENL1X 7.38A DL X428
kImol', 4.78A ™ & & 99.81 kImol! (2721 | [AlF]
=0.30mol kg' @ Co DI M A X o Z iRl Lod 0
ZEMbhotz, 29 LT Co LIZARK LT CH;
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F k) EEHET D L BRREO = L X —UE
NZIX 7.38A DL x 75.80 kI mol!, 4.78A » & X
196.91 kJ mol'! & 72 o7-, E-BiI#E TILZ DER
REOZ X LE =R B o A F AL IS D T
INX =T a7 7 A MIBNTRbEVEE &
STz, ZOMEIZERTHE SN EB AT L
ERS DHEITIZME /2= R VX —TdH 5D 100 kJ
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Fig. 1 Turnover frequency (e) and methylation
selectivity (A) plotted against [Alr] in Co/MFI.

(a)*\t P O&’)_i = (b) -

p | ¥ o
RV e v, .
2500 - - -
2000 Rt ARy (5691 <o (c)
0 T omas R AFI
1600 R e L > -— -
=
E 1000 f 116.09
= RUHURERS FLILO0
2 500 LiCH,EHD R MEORRE
I i
¥ 00 70 | \
* -50.0
H -100.0 [-115.66
. - *~ Cont 4
2 =
1500 i G = 7200 (A = )

— Oy = 4.78A ([Al] = 1.25 mol kg)
CgHg* + TS CgHg* + TS CgHg* + TS CHy-CeHg* CHy-CeHg* TS CHy-CeHs*  CHy-CoHs*
CH,* CH* CHy* +H*  +H* +H* + 2H* + 2H*

JRARIEHILI=Co-MFI, CH, A2 ¥ 0T LF—0F
Fig. 2 Models of Co sites with (a) long (7.38A) or (b)
short (4.78A) Al-Al distance, and (c) energy profiles of
methylation of CsHg adsorbed on them with CHa.

B EE O OKRMFZE o — ¥ 1X JST . CREST
(JPMJCR17P1) DX &E=21T 1,

1) Nakamura, K. et al., ChemCatChem, 10, 3806
(2018).

2) Matsubara, H. et al., Micropor. Mesopor. Mat., 310,
110649 (2020).

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved.2C20 -



REXRE (B52EEH - AHbFEHwRS

CO/MFIftE E TDOA R UK BRUE U AFILEIZEITS
SHRMA D HIEIZ K 5:F R & RIGEREDR £

=3/AN SR AN/

BEon b EF

¥ Ve L 2L 2oL ThmE &L M IE RBOS

(BBUR) O¥A I, K B, R (26, b BiFl, W3 %58, Al Ef
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KxlZAZ kAR B U DEBE A F L
}im(CH4 + C¢Hs — CesHs-CH3 + Hy) (5 I )
Co/MFI ¥4 T A kD& O MEME 238 /R L7 ).
L2y LA @ VO GRIRPE 2 Ff > Si/AL = 52,
Co/Al=0.6 D Co/MFI IZ3\ T & LR D S5t
TIXRIRG & LTAZ U PKFE(CHy — C + 2Hy)
DEITL, XX UHEEOBRKIIE -T2, & 2
AINAL R B U RICEENIFT H L X X
S UMKFMEESND Z ENHBAL, 4% TR
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g = N v N KRR Z NHa-MFIL B4 7 A b
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1) Nakamura, K. et al., ChemCatChem, 10, 3806
(2018)
2) K&, AlFES FedEIFES, A06 (2022)
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