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Thu. Oct 27, 2022

Special lecture

[1c0101-01] Special lecture
Chair:Soichiro Yamada(Mitsubishi Chemical Corp.)
5:00 PM - 6:00 PM 1F (Acty Hall)

[1S01] The siginificance and the potential of Japanese
wine industries: considering the global situation
OMiyuki Katori' (1. Research Prof. of Shinshu
University/Chief Director of Japan Vineyard
Association)

5:00 PM - 6:00 PM

Open lecture

[1c01-1300] Public seminar
Chair:Yasushi Murakami(Shinshu Univ.)
1:00 PM - 2:30 PM 1F (Acty Hall)

[ME#EE1] Public seminar
W B (Lrd—I7Y V@) BiTRE KR
AERIAEE)
1:00 PM - 1:30 PM
[IEE8EE2] Public seminar
Bl KRB (BRUR—ILT VI X SDGsHEEE
&)
1:30 PM - 2:00 PM
[IEEE3] Public seminar
&H %2 (hide kasuga GROUP %)
2:00 PM - 2:30 PM

JPI president remarks

[1S0] JPI president remarks
4:30 PM - 5:00 PM 1F (Acty Hall)

[1S0O] JPI president remarks
4:55 PM - 5:00 PM

Natural resource exploitation

[1BO7-1B10] Natural resource exploitation (1)
Chair:Takaaki Uetani(INPEX Corp.)
1:00 PM - 2:30 PM Room-B (12C Conf. room)

[1BO7] [Invited] Scales of time and space in sequence
stratigraphy
OKoichi Hoyanagi' (1. Shinshu University)
1:00 PM - 1:45 PM

[1B08] Development of induced-seismicity prediction
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model using joint element - application to
carbon dioxide sequestration -
OKoki Katayama', Kenji Furui', Kimikazu Tsusaka® (1.
Waseda University, 2. INPEX Corp.)
1:45 PM - 2:00 PM

[1B09] Evaluation of Permeability for Multi-Component
Packed Beds Containing Swellable Polymer
Particles
OMIZUHO IDO", Furui Kenji' (1. WASEDA University
)
2:00 PM - 2:15 PM

[1B10] Modeling and flow simulation of a volcanic
reservoir: Application of multiple uncertainty
analysis for decision making
OYusuke Takai', Shinichi Koshi', Takefumi Shibuya',
Ryo Yuasa', Ryo Wakizono' (1. Japan Petroleum
Exploration Co., Ltd.)
2:15PM - 2:30 PM

Natural resource exploitation

[1B11-1B15] Natural resource exploitation (2)
Chair:Hiroyuki Nakagawa(Japan Petroleum Exploation Co.,
Ltd.)

2:45 PM - 4:00 PM Room-B (12C Conf. room)

[1B11] Evaluation of roughness due to calcite
dissolution in crude oil/brine/rock system:
Implications for low salinity water flooding
OYueqi Wang", Xingjuan Hao', Yogarajah
Elakneswaran’, Takeshi Hasegawa1 (1. Hokkaido
University)

2:45 PM - 3:00 PM

[1B12] Agile uncertainty evaluation for field
development with multiple high quality history
matched models using cloud computing
ODAIKI WATANABE", YUTA TOSUJI", HIROTATSU
YAMABE? (1. JX Nippon Qil &Gas Exploration
Corporation, 2. Schlumberger)

3:00 PM - 3:15 PM

[1B13] Study on improvement of shale permeability by
chemical
ORyu Okamoto’, Yuichi Sugaiq, Ronald Nguele1,
Takehiro Esaki’ (1. Kyushu University)
3:15PM - 3:30 PM

[1B14] Study on enhanced oil recovery using nano-
emulsion

OMasakazu Hayama', Ronald Nguele', Yuichi Sugai’,
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Takehiro Esaki’ (1. Kyushu University)
3:30 PM - 3:45 PM

[1B15] Next generation MEOR (in situ Oil to Gas)
Technology
OHaruo Maeda’, Konomi Suda’, Masayuki lkarashi?,
Hiroki lwama?, Hideyuki Tamaki’, Susumu Sakata”',
Daisuke Mayumi' (1. National Institute of Advanced
Industrial Science and Technology, 2. INPEX
Corporation)

3:45 PM - 4:00 PM

Refining equipment

[1D01-1D04] Refining equipment (1)
Chair:Hidetaka Kitazawa(Cosmo Qil Co., Ltd.)
9:25 AM - 10:30 AM Room-D (12D Conf. room)

[1a0401-04-1add] Process Eqgipment Div. chief remarks
9:25 AM - 9:30 AM

[1D01] Improvement of the Safety Competency
Assessment method
OMiho Nakajima' (1. ENEOS Corporation)
9:30 AM - 9:45 AM

[1D02] Reduction of work hours through work style
reform
OYosuke Sakuta® (1. Idemitsu Kosan Co.,Ltd.
Inspection &Reliability Section Hokkaido Refinery)
9:45 AM - 10:00 AM

[1D03] Creation of a safety information platform
applying Al analysis technology
OMitsuru Uchida', Jun Akimoto’, Hiroyuki Nakamura”,
Takao Nozaki' (1. Japan Petroleum Energy Center)
10:00 AM - 10:15 AM

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

Refining equipment

[1D05-1D07] Refining equipment (2)
Chair:Tomoyuki Makishita(ldemitsu Kosan Co., Ltd.)
10:45 AM - 11:30 AM Room-D (12D Conf. room)

[1D0O5] Rotating Equipment trial example of prediction
/ diagnosis / predictive maintenance solution by
digital twin analysis
OHidetaka Kitazawa', Suguru Tachikawa' (1. Cosmo
Qil Co., Ltd.)

10:45 AM - 11:00 AM
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[1D06] Introduction of Al-based failure prediction
system for process and mechanical failures
OTakuya lkeda', Shohei Imaoka' (1. TAIYO OIL
CO.,LTD Shikoku Operations Refining Department)
11:00 AM - 11:15 AM
[1D07] Computational fluid dynamics simulation of
feedstock diffusion at the inlet of a trickle bed
reactor
OShin-ya Suzuki®, Kenta Natsuhara’, Kazuyuki
Komori' (1. COSMO Oil Co., Ltd.)
11:15 AM - 11:30 AM

Refining equipment

[1D08-1D13] Refining equipment (3)
Chair:Toshiaki Mashiko(ENEOS Corp.)

1:00 PM - 2:30 PM Room-D (12D Conf. room)

[1D08] Case study on creep damage in welded part of
boiler super heater tubes
ONagata Yohei' (1. Cosmo Qil Co., Ltd. Chiba
Refinery Asset Inspection Section)
1:00 PM - 1:15 PM

[1D09] Effectiveness of pipe screening tests using
drones
kazutoshi inagaki®, OHirotoshi Fujigaki® (1. Cosmo
Oil Co.,Ltd Yokkaichi Refinery, 2. Non-Destructive
Inspection Company Ltd. (NDIC))
1:15 PM - 1:30 PM

[1D10] Utilization of data mining technology for
planning of CUI inspection
OShota Murakami®, Keisuke Fujimoto® (1. Marifu
Refinery, ENEOS Corp., 2. Central Technical Reserch
Laboratory, ENEOS Corp.)
1:30 PM - 1:45 PM

[1D11] A case study; Localized external corrosion
atmospheric tank bottom plate and application
of inspection methods
OMitsuru Nakamura', Hiroki Tsuruoka® (1. Idemitsu
Kosan Co.,Ltd. Chiba Complex Inspection &Reliability
Section)
1:45 PM - 2:00 PM

[1D12] Immersion UT technology for heat exchangers
and boiler tubes (FREND system)
OSatoru FUJITA", Masashi KOBATAKE" (1. RAIZNEXT
Corp.)
2:00 PM - 2:15PM

[1D13] Utilizing API standards for inspection to
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improve reliability of equipment

OHiroki Ishikawa", Yoichi Ishizaki’ (1. Idemitsu
Kosan, Co., Ltd.)

2:15 PM - 2:30 PM

Refining equipment

[1D14-1D18] Refining equipment (4)
Chair:Akira Kamagaya(ldemitsu Kosan Co., Ltd.)
2:45 PM - 4:00 PM Room-D (12D Conf. room)

[1D14] Effect of flow on the wall thinning of the
reactor effluent piping of hydrodesulfurization
equipment
OKenta Natsuhara', Shinya Suzuki’, Kazuyuki Komori’

(1. Cosmo Oil Co., Ltd.)
2:45 PM - 3:00 PM

[1D15] Outline of needle coke
OTakashi Oyama1 (1. ENEOS Co. Refining
&Manufacturing Dept)

3:00 PM - 3:15PM

[1D16] Introduction of TMEIC Self Commutated
rectifier
Kazuo ikarashi', OTohru FUKIAGE" (1.
ToshibaMitsubishi-electric industrial systems corp.,)
3:15 PM - 3:30 PM

[1D17] Carbon neutralization of energy by fuel
ammonia
OToshiyuki Suda' (1. IHI Corporation)

3:30 PM - 3:45PM

[1D18] New energy-saving challenges using new
materials
OKaori Matsumoto’ (1. Emertging Development
Dept. Group 2, ENEOS Corp. )

3:45 PM - 4:00 PM

Mercury removal

[1FO1-1F03] Mercury removal (1)
Chair:Hiroyuki Yamaura(Ehime Univ.)
9:30 AM - 10:30 AM Room-F (13A Conf. room)

[1FO01] Development of lithium recovery process from
seawater and brines
OKazuharu Yoshizuka' (1. The University of
Kitakyushu)
9:30 AM - 10:00 AM

[1F02] Change of the international oil market

Olkuo Hamabayashi' (1. Petroleum Association of
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Japan)
10:00 AM - 10:15 AM
[1FO3] Mercury waste management from oil and natural
gas industry in Southeast Asian countries
OHiroki lwase’ (1. Nomura Kohsan Co.,Ltd.)
10:15 AM - 10:30 AM

Mercury removal

[1F04-1F06] Mercury removal (2)
Chair:lkuo Hamabayashi(Petroleum Assoc. of Japan)
10:45 AM - 11:30 AM Room-F (13A Conf. room)

[1FO4] Influence of surface functional groups on the
adsorption of mercury in petroleum
OHiroyuki Yamaura', Yuki Nakanishi’, Syuhei
Yamaguchi’, Hidenori Yahiro', Masataka Ikushima?,
Yoshihiro Ikushima® (1. Ehime University, 2. IH
Technology Co., Ltd.)
10:45 AM - 11:00 AM

[1FO5] Study of mercury adsorption on activated
carbon in water
OKosuke Takahashi’, Hiroyuki Yamaura', Syuhei
Yamaguchi', Hidenori Yahiro' (1. Ehime University)
11:00 AM - 11:15 AM

[1F06] Development of simple and highly functional
GTL experimental equipment using mercury
containing biomass as a raw material
Okenji ikushima1, Hiroyuki Yamauraz, Hidenori Yahiro
Yahiro?, Tsutomu Sato®, Naoki Murashita®, Kota Ito®

(1. IH Technology Co., Ltd, 2. Ehime University, 3. GL

Sciences Inc.)

11:15 AM - 11:30 AM

Oxidation
[1EO01-1E03] Oxidation

Chair:Shoji Iguchi(Kyoto Univ.)
9:30 AM - 10:15 AM Room-E (12E Conf. room)

[1EO1] Design and catalyst characterization of Ir oxide
monolayer and Ir composite oxide sub-nano
particle on rutile TiO,

Okodai watanabe', oda akira', sawabe kyoichi1,
satsuma atsushi’ (1. Nagoya University )
9:30 AM - 9:45 AM

[1EO2] Surface-coating effects on catalyst properties

of crystalline Mo,VO, particles

OTomohiro Okakura', Kosuke Shimodaz, Satoshi
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Ishikawa', Wataru Ueda' (1. Department of Material
and Life Chemistry, Kanagawa University, 2. Institute
for Catalysis, Hokkaido University)
9:45 AM - 10:00 AM

[1EO3] Catalytic propane ammoxidation over crystalline
Mo-V oxides coated with metal oxides
OKosuke Shimoda”, Tomohiro Okakura?, Satoshi
Ishikawa?, Takashi Toyao1, Ken-ichi Shimizu', Wataru
Ueda®? (1. Institute for Catalysis, Hokkaido
University, 2. Department of Material and Life
Chemistry, Kanagawa University)

10:00 AM - 10:15 AM

Environmental chemistry

[1EO4-1EQ7] Environmental chemistry
Chair:Masaru Ogura(The Univ. of Tokyo)
10:30 AM - 11:30 AM Room-E (12E Conf. room)

[1E04] Mechanistic investigation of the low-
temperature NO, reduction reaction under the
application of an electric field
OChihiro Ukai’, Ayaka Shigemoto1, Takuma Higo1, Yuki
Narita', Toru Uenishi?, Yasushi Sekine! (1. Waseda
Univ., 2. Toyota Motor)

10:30 AM - 10:45 AM

[1EO5] Low-temperature CO oxidation observed at Ni-
decorated RuO, epitaxial layer
ORisa Ichihashi’, Akira Oda", Yuta Yamamoto', Kyoichi
Sawabe', Atsushi Satsuma' (1. Nagoya University)
10:45 AM - 11:00 AM

[1E06] Development of platinum-base metal composite
catalyst for exhaust purification under oxygen-
rich conditions
OKosuke Morijiri', Katsutoshi Sato’, Hiroshi Yamada',
Katsutoshi Nagaoka' (1. Nagoya University)

11:00 AM - 11:15 AM

[1EQ7] Gas diffusion and reaction in the catalyst pore
ORen Kato', Katsutoshi Sato', Katsutoshi Nagaokaq,
Hiroshi Yamada', Yohei Kinoshita?, Takahiro Hayashi2

(1. Nagoya University, 2. Toyota Motor Corp.)
11:15 AM - 11:30 AM

Petrochemical Symposium of JPI)

and their governing factors
OHiromu Akiyama1, Hiroshi Sampeiﬂ, Masahiro
Yamaguchi', Chinami Takashima’, Hiromi Nakai’,
Shuhei Ogoz, Tadaharu Ueda?, Yasushi Sekine’ (1.
Waseda Univ., 2. Kochi Univ.)
1:00 PM - 1:15 PM

[1EQ9] Investigation on degradation mechanism of
amine on SiO,, support during CO, adsorption-
desorption process.
OKodai Tanaka', Hajime Hojyo', Hisahiro Einaga' (1.
Kyushu university)
1:15 PM - 1:30 PM

[1E10] Formation of spherical zirconia particles via
thermal treatment of zirconium alkoxides in
1,4-butanediol
OShinji lwamoto', Hitomi Igarashi’, Tetsuya Kojima”,
Fuya Sugiyama' (1. Gunma University)
1:30 PM - 1:45 PM

[1E11] Synthesis of MFI zeolite-encapsulated metal
NPs by dry gel conversion method and its
application for catalytic reactions
OMisaki Endoh’, Nodoka Nakatani', Ye Jianan, Kentaro
Kimura', Hiroyasu Fujitsukaz, Teruoki Tago1 (1.
Department of Chemical Science and Engineering,
Tokyo Institute of Technology, 2. Department of
Chemical Engineering, Kyoto University)

1:45 PM - 2:00 PM

Functional materials

[1a0512-16] Functional materials (2)
Chair:Satoshi Inagaki(Yokohama National Univ.)
2:15 PM - 3:30 PM Room-E (12E Conf. room)

Functional materials
[1EO08-1E11] Functional materials (1)

Chair:Ryota Osuga(Tohoku Univ.)
1:00 PM - 2:00 PM Room-E (12E Conf. room)

[1EO8] Theoretical chemical investigation of the proton

adsorption properties of Keggin-type polyacids
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[1E12] Direct synthesis of Ru-containing MFI zeolite
and its catalytic activity for methane oxidative
conversion
OMuyuan Yu', Shuhei Yasuda?, Toshiki Kaseguma',
Takeshi Matsumoto?, Junko N Kondo?, Toshiyuki Yokoi?

(1. School of Materials and Chemical Technology,
Tokyo Institute of Technology, 2. Institute of
Innovative Research, Tokyo Institute of Technology)
2:15 PM - 2:30 PM

[1E13] Synthesis of Cr-containing MFI zeolite and its
catalytic activity
OToshiki Kaseguma1, Shuhei Yasuda', Muyuan yu',
Junko N. Kondo", Toshiyuki Yokoi' (1. Institute of

Innovative Research, Tokyo Institute of Technology)
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2:30 PM - 2:45 PM

[1E14] Synthesis of zeolites with Al pair sites and
evaluation of ion-exchange properties for Sr**
cations
OYoshiyasu Imanishi’, Mizuho Yabushita’, Ryota
Osuga, Sachiko Maki', Kiyoshi Kanie®, Toshiyuki
Yokoi?, Atsushi Muramatsu® (1. Tohoku university, 2.
Tokyo Institute of Technology)
2:45 PM - 3:00 PM

[1E15] Impact of acid treatment on titanosilicate with
different preparation methods and its catalytic
properties
OShunsuke Yamada', Shuhei Yasuda', Takeshi
Matsumoto’, Junko N Kondo', Yoshihiro Kon?,
Toshiyuki Yokoi' (1. Tokyo Institute of Technology,
2. National Institute of Advanced Industrial Science
and Technology(AIST))
3:00 PM - 3:15 PM

[1E16] Investigation on the surfactant effect on the
syntheses and properties of various 8-membered
ring zeolites
OMasafumi Kamidate', Yuuta Iga’, Masato Sawada’,
Takeshi Matsumoto”, Shuhei Yasuda', Junko N. Kondo',
Toshiyuki Yokoi' (1. Tokyo Institute of Technology )
3:15PM - 3:30 PM

Utilization of biomass

[1B01-1B03] Utilization of biomass (1)
Chair:Kiyotaka Nakajima(Hokkaido Univ.)
9:30 AM - 10:15 AM Room-B (12C Conf. room)

[1BO1] Acrylic acid synthesis from lactic acid catalyzed
by K-type zeolite
Olkuya Watanabe', Kazuya Imamura’, Ayumu Onda’
(1. Kochi Univ.)
9:30 AM - 9:45 AM

[1B02] Sodium containing hydroxyapatite catalyst for
dehydration reaction of lactic acid into acrylic
acid
OMomoka Inui’, Yuki Matsuura®, Shuhei Ogo’, Kazuya
Imamura’, Ayumu Onda" (1. Kochi University)
9:45 AM - 10:00 AM

[1BO3] Analysis of specific acid sites on WO,/Al,O,
catalyst for gas-phase dehydrogenation of

glycerol
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ORYUICHI KANAI', Fuyuki Yagi', Hiroki Miura?,
Tetsuya Shishido® (1. Chiyoda Corporation, 2. Tokyo
Metropolitan University)
10:00 AM - 10:15 AM

Utilization of biomass

[1B04-1B06] Utilization of biomass (2)
Chair:Ayumu Onda(Kochi Univ.)
10:30 AM - 11:15 AM Room-B (12C Conf. room)

[1B0O4] Alkaline earths titanate mixed metal oxides for
sugar conversion
ODaniele Padovan', Hideki Kato?, Kiyotaka Nakajima'?

(1. Institute for Catalysis (ICAT), Hokkaido

University, 2. Institute of Multidisciplinary Research
for Advanced Materials (IMRAM), Tohoku University,
3. MIRAI, JST)
10:30 AM - 10:45 AM

[1B0O5] Development of Zn-supported ZSM-5 catalyst
for selective synthesis of p-xylene from
isobutanol -effect of modification of acid sites
located on external surface of zeolite-
OTaisuke Kojima1, Taiju Sakanushi’, Takaaki Furuyaz,
Kentarou Kimura', hiroyasu fujitsukaB, teruoki ’cago1

(1. Tokyo Institute of Technology, 2. Nippon steel

engineering, 3. Kyoto university)
10:45 AM - 11:00 AM

[1B06] Solvolysis of benzyl phenyl ether in aqueous
ethanol solution with a flowing system
OKenkichi Taniguchi1, Etty Nurlia Kusumawati’,
Hidetaka Nanao', Osamu Sato?, Aritomo Yamaguchi?,
Masayuki Shirai"? (1. Graduate School of Science and
Engineering, lwate University, 2. National Institute of
Advanced Industrial Science and Technology (AIST))
11:00 AM - 11:15 AM

Hydrogen/energy carriers/CCU/carbon recycle

[1A01-1A04] Hydrogen/energy

carriers/CCU/carbon (1)recycle
Chair:Hideshi Iki(ENEOS Corp.)
9:30 AM - 10:30 AM Room-A (12A Conf. room)

[1AO01] Reverse water gas shift reaction over Pt-MoO,
catalysts under electric field at low
temperature
OKeidai Tomozawa', Tadaharu Ueda', Shuhei Ogo'

(1. Kochi University)
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9:30 AM - 9:45 AM

[1A02] Reverse water gas shift reaction over
supported Fe catalysts under electric field at
low temperature
OMasaki Yamaoka', Tadaharu Ueda®, Shuhei Ogo1 (1.
Kochi University)
9:45 AM - 10:00 AM

[1A03] Pt/CeO, catalysts prepared by flame spray
pyrolysis for reverse water-gas shift reaction
OKakeru Fujiwara', Hiroshi Inoue’ (1. Yamagata
University)
10:00 AM - 10:15 AM

[1A04] Effect of crystal structure of copper-zinc
catalyst for reverse water gas shift reaction
OTakayuki Furukawa', Shinnosuke Sekizawa', Akihide
Yanagita', Keigo Tashiro’, Shigeo Satokawa' (1.
Seikei University)
10:15 AM - 10:30 AM

Hydrogen/energy carriers/CCU/carbon recycle
[1A05-1A07] Hydrogen/energy
carriers/CCU/carbon (2) recycle

Chair:Masakazu Sasaki(Toyo Engineering Corp.)
10:45 AM - 11:30 AM Room-A (12A Conf. room)

[1A05] Evaluation of the effects of applied voltage and
external heating on CH, dry reforming using
plasma-catalyst
OKenji Kamiyaq, Nobusuke Kobayashiz, Masanori
Yumura®, Terunobu NakajoB, Takashi Suzuki®, Yoshinori
Itayaz, Akira Suamiz, Eika W. Qian1 (1. Tokyo
University of Agriculture and Technology, 2. Gifu
University, 3. Dept. of Energy and Environmental
Technology, Technology Research Center, Sumitomo
Heavy Industries, Ltd.)

10:45 AM - 11:00 AM

[1A06] Inhibitory effect of trace impurities on the
catalytic activity in autothermal reforming of
methanol
OKatsutoshi Nomoto', Hiroki Miura'?3, Tetsuya
Shishido™*3 (1. Tokyo Metropolitan University, 2.
Research Center for Hydrogen Energy-based Society,
Tokyo Metropolitan University, 3. Elements Strategy
Initiative for Catalysts and Batteries, Kyoto
University)

11:00 AM - 11:15 AM
[1AQ7] CO, reforming reaction of ethanol using
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CuCe0,Zr0O, and CuCeO,TiO, composite
catalysts prepared by sol-gel method
ONaoya Inoue”, Yuuki Hatooka', Tadanori Hashimoto',
ATSUSHI Ishihara Ishihara' (1. Graduate School of
Engineering, Mie University)

11:15 AM - 11:30 AM

Hydrogen/energy carriers/CCU/carbon recycle

[1A08-1A11] Hydrogen/energy

carriers/CCU/carbon recycle (3)
Chair:Takuma Higo(Waseda Univ.)
1:00 PM - 2:00 PM Room-A (12A Conf. room)

[1A08] Study of aromatic hydrocarbons production in
direct FT synthesis reaction using sodium iron
catalyst
OChiharu Kaida Kaida', Osami Yamamoto', Kaito
Nishioka', Hideaki Sumi’, Ken Hanayama1, Daishi
Yasuda' (1. Honda R&D Co., Ltd.)

1:00 PM - 1:15 PM

[1A09] Effect of reduction conditions on the synthesis
of lower olefins from CO2 over iron catalyst
supported on active carbon
OHibiki Yasumura', Ryosuke Oshikata', Kenji Asami’

(1. The University of Kitakyushu )
1:15 PM - 1:30 PM

[1A10] Influence of carbon supports on the synthesis
of lower olefins from CO, over iron catalyst
ORyosuke Oshikata’, Kenji Asami' (1. The University
of Kitakyushu)

1:30 PM - 1:45 PM

[1A11] Investigation of reaction behavior for Al,O,
supported Ru catalysts in Fischer-Tropsch
Synthesis
OMasatoshi Toyoda1, Katsutoshi Sato', Md.
Shahajahan Kutubi®, Hiroshi Yamada', Katsutoshi
Nagaoka' (1.Nagoya University)

1:45 PM - 2:00 PM

Hydrogen/energy carriers/CCU/carbon recycle

[1A12-1A14] Hydrogen/energy

carriers/CCU/carbon recycle (4)
2:15 PM - 3:00 PM Room-A (12A Conf. room)

[1A12] Doping effect of alkaline metal elements on
Co/MgO catalyst for NH; synthesis (3)
OTomoko Shibata', Shin-ichiro Miyahara', Hiroshi
Yamada', Katsutoshi Sato, Katsutoshi Nagaoka' (1.
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Nagoya University)
2:15PM - 2:30 PM

[1A13] Development of the industrial waste supported
Ru catalysts for Ammonia decomposition
ORyousuke Narukawa', Naohiro Shimoda”, Shigeru
Sugiyama' (1. Tokushima University)
2:30 PM - 2:45 PM

[1A14] Application of non-conventional catalysis to
ammonia decomposition
OYukino Ofuchi', Sae Doi', Kenta Mitarai?, Ken
Kawabe?, Yasushi Sekine' (1. Waseda Univ., 2.
Yammar HD)
2:45 PM - 3:00 PM

Hydrogen/energy carriers/CCU/carbon recycle

[1A15-1A17] Hydrogen/energy

carriers/CCU/carbon recycle (5)
Chair:Katsutoshi Sato(Nagoya Univ.)
3:15 PM - 4:00 PM Room-A (12A Conf. room)

[1A15] Investigation of CeO, surface proton
conduction in an H, atmosphere using an
adsorption equilibrium model
OYoshiki Koshizuka', Taku Matsuda', Hideaki
Tsuneki’, Norby Truls?, Yasushi Sekine' (1. Waseda
Univ., 2. Oslo Univ.)
3:15PM - 3:30 PM

[1A16] Investigation on the electronic state of Ni in
the methane steam reforming reaction using Ni-
doped YSZ catalysts
OJun Sasaki', Kaho Nagakawa', Hiroshi Sampei’,
Naoya Mori?, Takashi Oyamaz, Hideto Sato?, Yasushi
Sekine! (1. Waseda Univ., 2. Murata Corp.)

3:30 PM - 3:45 PM

[1A17] Development of zeolite-encapsulated Ni NPs
catalyst with high durability under high
temperature steam atmosphere and its
application to ethanol steam reforming reaction
OTsuki Yokosawa', Sirintra Arayawate1, Hiroyasu
Fujitsuka?, Kentaro Kimura', Teruoki Tago' (1. Tokyo
Institute of Technology, 2. Kyoto University)

3:45 PM - 4:00 PM

Interenational sess.

[1FO7] Interenational sess. (1)
Chair:Shinya Furukawa(Hokkaido Univ.)
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1:00 PM - 1:30 PM Room-F (13A Conf. room)

[1FO7] [Invited] Nano-metal phosphides as green
sustainable hydrogenation catalysts
OTakato Mitsudome™?® (1. Osaka University, 2.
PRESTO)

1:00 PM - 1:30 PM

Interenational sess.

[1F08-1F11] Interenational sess. (2)

Chair:Shun Nishimura(National Inst. of Advanced Industrial
Science &Technology)

1:30 PM - 2:30 PM Room-F (13A Conf. room)

[1F08] Protection strategy for selective oxidative
esterification of HMF-dimethylacetal to
dimethylfuran-2,5-dicarboxylate with Au/CeO,
ONirupama Sheet’, Jan J. Wiesfeld", Atsushi Fukuoka,
Kiyotaka Nakajima1 (1. Institute for Catalysis,
Hokkaido University)

1:30 PM - 1:45 PM

[1FQ09] Stereospecific ring opening metathesis
polymerization of cyclic olefins by vanadium-
alkylidene catalysts containing N-heterocyclic
carbene ligands
OlJirapa Suthala’, Kotohiro Nomura' (1. Tokyo
Metropolitan University)

1:45 PM - 2:00 PM

[1F10] Synthesis of bio-based network polymers by
acyclic diene metathesis polymerization
OLance O'Hari P. Go', Kotohiro Nomura' (1. Tokyo
Metropolitan University)

2:00 PM - 2:15PM

[1F11] Conversion of N-acetylglucosamine derived from
marine biomass chitin over ion-exchanged
montmorillonite
OKiyoyuki Yamazaki', Norihito Hiyoshi1, Aritomo
Yamaguchi1 (1. The National Institute of Advanced
Industrial Science and Technology(AIST))
2:15PM - 2:30 PM

Interenational sess.

[1F12-1F14] Interenational sess. (3)
Chair:Yasutaka Kuwahara(Osaka Univ.)
2:45 PM - 3:45 PM Room-F (13A Conf. room)

[1F12] [Invited] Low-dimensional assembling of iron-
aqua complexes for designing post-TiO,

OYusuke Ide" (1. National Institute for Materials
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Science, International Center for Materials
Nanoarchitectonics)
2:45PM - 3:15 PM

[1F13] Development of thermally stable highly
dispersed supported polyoxometalate cesium
salts
OTakaaki Suzuki', Tomohiro Yabe', Keiju Wachi',
Kentaro Yonesato', Kosuke Suzuki®, Kazuya
Yamaguchi' (1. the University of Tokyo)
3:15 PM - 3:30 PM

[1F14] Crystalline Zr;SO, oxides with superior acid
catalytic property to the conventional sulfated
zirconia
OMeilin Tao', Satoshi Ishikawa', Takuji Ikeda?,
Shunsaku Yasumura®, Yuan Jing®, Takashi Toyao®, Ken-
ichi Shimizu®, Hiromi Matsuhashi*, Wataru Ueda' (1.
Kanagawa University, 2. Research Institute for
Chemical Process Technology, National Institute of
Advanced Industrial Science and Technology (AIST), 3.
Institute for Catalysis, Hokkaido University, 4.
Hokkaido University of Education)
3:30 PM - 3:45PM

Poser sess. room-A (PO1-P0O8)

Petrochemical Symposium of JPI)

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

[PO1-P08] Poster sess. A
10:00 AM - 4:00 PM Poser sess. room-A (P01-P08) (12G Conf.
room)

Poster presentation

[PO9-P15] Poster sess. B
10:00 AM - 4:00 PM Poster sess. room-B (P09-P15) (12H Conf.
room)

[PO1] Catalytic oligomerization of isobutyl alcohol to
jet fuels over dealuminated zeolite Beta
OXiaoyu Guo’, Yingluo He', Guohui Yang", 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)

[PO3] Methylcyclohexane dehydrogenation activity of
Ca added Pt catalyst
OAyumu Kobayashi1, 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 Taniya', Yuichi Ichihashi', Satoru Nishiyama' (1.

Catalytic Reaction Engineering Group,Department of

©The Japan Petroleum Institute

[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
OShun Nishimura', Junya Ohyama?, 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)
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[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)

Hydrogenation/dehydrogenation

[1C12-1C17] dehydrogenation
Chair:Yasunori Oumi(Gifu Univ.)
2:30 PM - 4:00 PM Room-C (12B Conf. room)

[1C12] Development of noble metal nanoparticles
encapsulated ZSM-5 zeolite catalysts for highly
efficient production of light olefins by low-
temperature cracking of naphtha
ONODOKA NAKATANI', Rikako Nakatani', Hiroyasu
Fujitsuka?, Kentaro Kimura', Teruoki Tago' (1. Tokyo
Institute of Technology, 2. Kyoto University)

2:30 PM - 2:45 PM

[1C13] Synthesis of zeolite catalysts for
dehydrogenation of light alkanes
OHiroyuki Imai’, Ryu Noguchi', Akihiro Oshima' (1.
The University of Kitakyushu)

2:45 PM - 3:00 PM

[1C14] Catalytic dehydrogenations of ethane and
propane in which activity improves with carbon
deposition

OShigeru Sugiyama1, Akihiko Koizumi', Takahisa

©The Japan Petroleum Institute
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Iwaki', Naohiro Shimoda', Yuki Kato?, Wataru
Ninomiya2 (1. Tokushima University, 2. Mitsubishi
Chemical Co.)
3:00 PM - 3:15 PM

[1C15] Low-temperature catalytice dehydrogenation of
propane under electric field
OKoki Sumiyoshi', Tadaharu Ueda', Shuhei Ogo’ (1.
Kochi University)
3:15PM - 3:30 PM

[1C16] Development of supported Pt catalysts
promoting dehydrogenation of cyclic C5
compounds to form cyclopentadiene
ORyuichi Ukita', Miru Hirahara', Hitoshi Ogihara’,
Hideki Kurokawa' (1. Saitama University)
3:30 PM - 3:45 PM

[1C17] Hydrogenolysis of methylcyclopentane over
Ir/silica catalysts
OSatoshi INAGAKI, Yuki MAEKAWA', Rikuto
WAKATSUKI", Yoshihiro KUBOTA" (1. YOKOHAMA
National University)

3:45 PM - 4:00 PM

Plastic recycle

[1C01-1C05] Plastic recycle (1)
Chair:Atsushi Ishihara(Mie Univ.)
9:30 AM - 10:45 AM Room-C (12B Conf. room)

[1C0O1] Alkaline earth addition to Ni catalyst for
catalytic phenol refroming from pyrolysis gas
OKazumasa Oshima”, Akihide Yanagitaz, Keigo
Tashiro?, Masahiro Kishida®, Shigeo Satokawa® (1.
Kyushu University, 2. Seikei University)

9:30 AM - 9:45 AM

[1C02] Conversion of plastic pyrolysis gas over zeolite
catalyst
OMasataka Sakamoto’, Keigo Tashiro', Kazumasa
Oshima?, Masahiro Kishida?, Shigeo Satokawa' (1.
Seikei University, 2. kyushu University)

9:45 AM - 10:00 AM

[1C0O3] Recovery of terephthalic acid derivatives by
thermal decomposition of PET with PVC
OAkihiro Yoshida®, Takumi I\/\otomiya1, Shogo
Kumagai®, Yasuo Nakatsuka®, Ryuichi Takasawa®,
Yoshiyuki Toyooka4, Toshiaki Yoshioka® (1. Hirosaki
University, 2. Tohoku University, 3. ENEOS Corp., 4.
Japan Petroleum Energy Center)

10:00 AM - 10:15 AM
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[1C04] Effects of plastic-type on the pyrolytic
interactions during co-pyrolysis of vacuum
residue and plastics
Shogo Kumagai', Ryo Kusumi', Borjigin Sigingaowa”,
Yuko Saito', Tomohito Kameda', Akihiro Yoshida®,
Yasuo Nakatsuka®, Ryuichi Takasawa®, Yoshiyuki
Toyooka®*, OToshiaki Yoshioka' (1. Tohoku
University, 2. Hirosaki University, 3. ENEOS, 4. Japan
Petroleum Energy Center)

10:15 AM - 10:30 AM

[1C05] Recent study on reaction mechanism of co-
pyrolysis of vacuum residue and mixed plastics
ORyuichi Takasawa', Yoshiyuki Toyooka', Toshiaki
Yoshioka?, Shogo Kumagaiz, Akihiro Yoshida®, Yasuo
Nakatsuka® (1. JAPAN PETROLEUM ENERGY CENTER,
2. Tohoku University, 3. Hirosaki University, 4.
ENEOS)

10:30 AM - 10:45 AM

Plastic recycle

[1C06-1C07] Plastic recycle (2)
Chair:Masahiko Matsukata(Waseda Univ.)
11:00 AM - 12:00 PM Room-C (12B Conf. room)

[1C06] [Invited] Life cycle thinking on the role of oil
refineries in a society towards carbon
neutrality
OVYasunori Kikuchi’ (1. Institute for Future
Initiatives, The University of Tokyo)

11:00 AM - 11:30 AM

[1C0O7] NEDO project on chemical recycling of plastics
OMasahiko Matsukata® (1. Waseda University)
11:30 AM - 12:00 PM

Plastic recycle

[1C08-1C11] Plastic recycle (3)
Chair:Shigetaka Fujii(Chiyoda Corp.)
1:15 PM - 2:15 PM Room-C (12B Conf. room)

[1C08] Effect of zeolite type on catalytic cracking of
low-density polyethylene catalyzed by gel
skeletal reinforcement silica-zeolite
hierarchical catalysts
OKoudai Mizuno', Tadanori Hashimoto®, ATSUSHI
Ishihara Ishihara’ (1. Graduate School of
Engineering, Mie University)

1:15 PM - 1:30 PM
[1C09] Catalytic decomposition of polypropylene in n-

cetane

©The Japan Petroleum Institute

Petrochemical Symposium of JPI)

OMahiro Matsushita', Tohru Kamo?, Motomu Sakai?,
Masahiko Matsukata'?3 (1. Department of Applied
Chemistry, Waseda university, 2. Research
Organization for Nano &Life Innovation, Waseda
University, 3. Advanced Research Institute for Science
and Engineering, Waseda University)
1:30 PM - 1:45 PM

[1C10] Catalytic decomposition of polyethylene in n-
cetane over zeolite catalyst
OEri Miura', Tohru Kamo?, Motomu Sakai?, Masahiko
Matsukata®?3 (1. Department of Applied Chemistry,
Waseda University, 2. Research Organization for Nano
&Life Innovation, Waseda University, 3. Advanced
Research Institute for Science and Engineering,
Waseda University)
1:45 PM - 2:00 PM

[1C11] Effects of coexisting substances on the
catalytic pyrolysis of polyolefins
OHiroki Masuda', Yuya Kawatani', Satoshi Suganuma”,
Etsushi Tsujiq, Naonobu Katada' (1. Tottori
University)
2:00 PM - 2:15 PM
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Special lecture

[1c0101-01] Special lecture

Chair:Soichiro Yamada(Mitsubishi Chemical Corp.)
Thu. Oct 27, 2022 5:00 PM - 6:00 PM 1F (Acty Hall)

[1S01] The siginificance and the potential of Japanese wine industries:
considering the global situation

OMiyuki Katori' (1. Research Prof. of Shinshu University/Chief Director of Japan Vineyard
Association)

5:00 PM - 6:00 PM

©The Japan Petroleum Institute
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%, 8-> THATIE, SfETMEISRRANE->TEY . &

REA: (B520FH - AHIEZEHRSR)

BRI OVWTORZHNT —IDERS Rl T\ 5,
MATRLEZN GO HEAST RODEARDIEE
FTHB. 7RI AREEHLLIN TN,
BADEARENHBTEL0IIHTH 66 HFEITBE
WA TEITREINTOEFH R RENEND
TEWRVW AT . BREN/O-—COHELE
BT RIEREADRRICIE, 70— 2R TEHL1THk-
TWABHY  ZNHILBEN TS, D F Y #thiEfE+# o
3 L TORBRBASRENIIDRVDTHS,
ZLTRAEDBARTIE FRI7a— X REDH A
B BMERELEABNHRENEEENHAICIT-
THEY BEAINTIa—>% — R I7A>R TR
ERRTIAF )= TIECRTHIrHTERV Y
AATRIOHIETIE. VAL AEBL TV RV
EHEABIUNEREN . SOBERTIRYRTITAYT
IR F Y THREI O FEL TOR W, I5ITRFIC
bl T 7V EEIEBEICENYVB 2RI TELE
DITTAYATRIET2mRANERIES W,
ZOEHEITFT TV 2D 20 FEREIZY, BFITH
BLTEBARVAVELORBEIBRLIIVAT. 5
ZNEBEUTETSENHD. TRHE INLDR
BICAB T AN TRYBL I RBFTHS,
LAOLES ZILETACATR IR 258K %
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Open lecture

[1c01-1300] Public seminar

Chair:Yasushi Murakami(Shinshu Univ.)
Thu. Oct 27, 2022 1:00 PM - 2:30 PM 1F (Acty Hall)

[IEREEEE1 ] Public seminar
HE B (Lrd—I7FYVVHK) BifT1RE RINRRABRIAEER)
1:00 PM - 1:30 PM
[FIREEEE2] Public seminar
Bl KB (BUKR—ILT 1 V5 X SDGSIEEEER)
1:30 PM - 2:00 PM
[ EE3] Public seminar
#H =z (hide kasuga GROUP &)
2:00 PM - 2:30 PM
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

1:00 PM - 1:30 PM (Thu. Oct 27, 2022 1:00 PM - 2:30 PM 1F)

[ EEE1] Public seminar

W B (L O—I 7YY BTRE BMERADEARE)

20 ECHE Lt - T 7Y Y OBESS MBEEY 32050 OBEHBE LS, BELYaY
205012853 3B - SEAE ORBHEROEELOCH T 2 B OROEHERT LET,

1:30 PM - 2:00 PM (Thu. Oct 27, 2022 1:00 PM - 2:30 PM 1F)

[IERE8EE2] Public seminar

Bl RE (BRUKR—ILT 1 V5 X SDGsHEEER)

FMERBREA & MEEM £ IR 3SR (CBE S B /VREN 7 Y IREEE (KEFSEEZENTE
BLETEEIRBOFE) , SLUABARE L KRIKBEEEIC KL BZEB (Net Zero Energy Building) OXfE%
BTLEY,

2:00 PM - 2:30 PM (Thu. Oct 27, 2022 1:00 PM - 2:30 PM 1F)

[FIEERE3] Public seminar

#H 2 (hide kasuga GROUP &)

TADMEDZUREMEADETBARAIGET ] 27—V, BEANBEZEMER-IIICEZEEE(CLZHEAD
=M, &, &, =i, ®HE, BEMEesLEY—Fa15— - I3 /=— - QY=Y FPLTHY—=y - OVR
Jw k- EJLX by hidek 1896 ZZHBNMLE T,

©The Japan Petroleum Institute



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

JPI president remarks

[1S0] JPI president remarks
Thu. Oct 27, 2022 4:30 PM - 5:00 PM 1F (Acty Hall)

[1S0] JPI president remarks
4:55 PM - 5:00 PM

©The Japan Petroleum Institute



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

4:55 PM - 5:00 PM (Thu. Oct 27, 2022 4:30 PM - 5:00 PM 1F)
[1S0] JPI president remarks
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Natural resource exploitation

[1BO7-1B10] Natural resource exploitation (1)
Chair:Takaaki Uetani(INPEX Corp.)
Thu. Oct 27, 2022 1:00 PM - 2:30 PM Room-B (12C Conf. room)

[1BO7] [Invited] Scales of time and space in sequence stratigraphy
OKoichi Hoyanagi" (1. Shinshu University)
1:00 PM - 1:45 PM

[1B08] Development of induced-seismicity prediction model using joint element -
application to carbon dioxide sequestration -
OKoki Katayama', Kenji Furui', Kimikazu Tsusaka® (1. Waseda University, 2. INPEX Corp.)
1:45 PM - 2:00 PM

[1B0O9] Evaluation of Permeability for Multi-Component Packed Beds Containing
Swellable Polymer Particles
OMIZUHO IDQ", Furui Kenji' (1. WASEDA University )
2:00 PM - 2:15 PM

[1B10] Modeling and flow simulation of a volcanic reservoir: Application of
multiple uncertainty analysis for decision making
OYusuke Takai’, Shinichi Koshi', Takefumi Shibuya’, Ryo Yuasa', Ryo Wakizono' (1. Japan
Petroleum Exploration Co., Ltd.)
2:15 PM - 2:30 PM

©The Japan Petroleum Institute
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Scales of time and space in sequence stratigraphy

XLl

1970 R 5 1990 FRUZHNT T, HWEFEF
O HRCHEREY) & HEREE A0 O HERE Y, HERGHNVE
IR E R FMRERZ 7. X, HEREMARAT
D — LV AJBFEASDBERTH D,

HIERBL AR TIE 1960 FFRICTL— T 7 h =
7 ABRERMNARAL LC, /NI XA LR Z Fi- L
T o, RIREHNCHEREY) OAFFE CIXIBEED & D1F
MIZE T, WBEICHET WETHLZ—
A N OTER; - HEREEEE MR S, s HERE
FIRAT~ L DR > T o7z, Zhb 2 0D8F
XA DOV A Eo T DIE, v BT K7
ZE Y PHERBLR T OMWIFEMEFE TH D
Heezen fit:Ch o 7o, WFEOE WA & OHIEK
WBERE R EMENOE OB Z D H DD
WIE & DG INZ DT X A Linfiz > »7z
LWz A 1968 FIc/a—~v— F LTy —
TR o THRE > THER PRI, T v— T
7 b=7 AZFEH L, OB R IEE] = 7R
BT kK 2 FEREFOEREE LR L 20 ARG
21 HACHIEE O HIERFL O e 2 fE - 7.
BREFZNLY—F  ABFEA~
IR & W 7o BB R I R R Bk &2 78 O
FREE (ZEMMIC 10 m) OffMBETH L & Ehd
(B 21X Mial, 1990). —J7, HifE % WHR CRlIZS
HEE, BEHEOE S T HEDNEN 10 nRETH Y,
WHICE > THONE2T7H 10 m BAITHDH Z
EBZW. bbb, EEWHE L TIXEESED
L<iﬁ%émt:7£%®%$#*0@ﬁ%
me LTRSS TV Z Eic2d. &b,
NI OZE M RREEEL, %E%Tiﬁﬁk&é
MR e CHBHREOHRNE ZATH

EOLE 505

EMKZE) OFRMIEE—

1m/1000 FFEEZR DT, LR O RF [ ARG
IBOTERE LD,

U U RSB, AR O B i A IREH]
& LTI R 1970 FFRDOY A A3 v 7 GEER)
B3 LT, 1980 4RI Peter Vail =
Henry Posamentier 72 E\Z X > TRz L7z, 14
A 7 VO HIHEARHELE B 23D < D YR~
HRICZ > TSN LT 2 >OAREESHE (&
— U ABES) L EOROHE DRy r— T EHE
ﬁv~/7‘/;< ELTIOOHET S, ZDXD

BT 2 AT VK MEZZ B 0D 1 WA 7 )W T%E
mbr RET D, —J7, FRAGEKEZE)X
J = 7O E A —RZT
7 IR YER B L OFINS 2D T, T h=7
A LR AR K EE B & g ) HiEam T 5 2
ENHREIZR D, ZOBEZXHFEHWT, =&kl
R DL SR BV K ER B HhHR 2 1987 FITHK S
NTW5b (Haq et al.,1987). L2vL, Z DK
HEZSEHh A RS AKELEE O 1 YA 7 L% 50
FENSEE THET, FAT- BN D ALK U
Zeghihit (B 2.1%, Lisiecki and Raymo, 2005) 7371
FTEGENS 10 TEBB EITR 256D THD.
WEKHER B DPEIEME & HEFE O — 7V A DRFK

Vail (1991) (JifE/KHUEZENTIT 6 DIe7R 2 A1)
MOBRDI—F—DFET D E LT (F£).

R A-RII—DA—F—ZzOBBMEZOERBRE RWIFH, 2006)

F—5— A RE
BR | F1R | 50my UL |KEOHH IRICLGHEREEL
E2R | 3 - 50 my |FIL—REBEEEICLIBEREEL
EIR | 05 - 3 my. |REZBICLDBKEOEL? FEMAH
#4R | 50ky.- 05my.
o 30 - 80ky. ig;%’%;};gggébwwz&%iﬂi%ém:
BR | #eR 10 - 30 ky.
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Z®D 5B, Posamentier and Vail (1988) 23/m L
TeHERE S — 7 o R & i K RS Bl | s R W i 0
BRIWERR D 7= D OFRANZ IS < Witk X H 545 5
NOHEIWA—HF—LIEHINDEDTHD. —
77, R HUE SR ASCHE = 7 2 vy —7
AJEFERIT A2 3 270 5 L E 6~4 AW H
72 % 1~50 HEAMOHERE Y — 7 o AR R S
U, KT KER B E OREE iR T D 2 &
MHRD . AR K ELE) 2> < > TV H HE
BT 7 b=y 7 7eklE, EARMIC
THEBHITHD. LEN-T, HEITEMIC 100 m
PLED b5« BT 240 53K MK 125 8)
XL T, HEREARERE N L O LT
RN, BlzE, v— o ABEFURR T, 3
WA — B TIIIRBEEE O BT L0 WK EK T
272275, 4 IREV @R TIXE DB 72 <1
KEDR BIRWKIC2 5. 2D LI,
7/2Ff%fmﬂéhfwé%3ﬁﬁ—ﬁ~

PRER DS PEE K AR B 23 iR O HERE > —
VAN SRR N R B D,
BIRWTE & o 7T OXt

IR PR HEZE B 3D < 2 $ 07 A8 8 ) oD HEFE
=l A, KO EWEBORRE Y — 7 R
NEEND. #IH, a7 O CRIH N5
RSO @R HERE > — 4 v A & RIS B B R
éthi,_ﬂ%ﬂEMﬁl% PR L DA
D, BIWRA—F—HERE L — A LRI L
FiUF e v IBHI 2T 2 WSS, R
IR ERE T RSN TR, a7 EEL
DOxf I ITHE O HIERPGHEE (Vp) 12K 2 #a
WELL D, a T I h DEkx IR RGN D,
V~&yzﬁﬁ(K A oMt 2 L,
(Z R PR O B I 5 O FENT 2 B Z AL 5

Gﬁﬁ%ﬁ%”bf%ﬁﬁ&fﬂbﬁm%ﬁ%iiy&bﬁﬁ
Fhaxttb T2 L1205, Lo, W IXEREN
[ DR B L REZE OB ORI/ E N L
THhRVEEETHD. T, v—Fr v AEF
?%&%ﬁ:&@#fﬁ#’ﬂﬂb%f R
FERERET D012 7 7 EHIE OB
%%f,é%_%wﬁ%@ﬁ%&mﬂb%ﬁét

:‘/\_‘
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DI, RIS 2 $2 009 2 B PRI & Xttt
IVNETHD. FOELZ BT 5701Ch, v—
v AJ@ R RNCIRIR & dvle 2 7 T oo AR E
&R PRI O SO 1 & FE D e SRPEE T S 2
&ﬁﬁ%?%é ﬁﬁotﬁk®ﬂ%%ﬁfék
Zh, a7 EEREME O — v R B
6%%1@%@%5
EXaR s
Bex Rfffi 2275 BT, A7—n0Rind
HEREREIT OMNENEDHEFTHAELD. &
— TV AREFETIE, R AR S
JAHIZ L > Ty —4 v ZABER O R 23 7
HIRE, AT —NDEWVCLDERNELD T L
HEEB LRI B0,
£, T U REFAE, FRRTRE K HELEE) &
VN ORI 7 RN K D RRER S HUE T2k S h
TWD Z LZRL, FRRIEE 72 & LI 72 e A
A—vEarihll LTEBICELHIE L
OREME L AR L7z, HF o XY Ef 2 BRRIT
ié?fﬁ#“éﬁ IBWCOERTH L. ZOREMEDT-0
ChY =T U AEFFOMSITEETH S,
iﬁ
Haq, et al., 1987, Science, 235, 1156-1167.
RENEAS, 2006, 74—V KA R I— 4, —
by AJER LR LE, FESEHIR,  180p.
Lisiecki and Raymo, 2005, Paleoceanography,
20.
Mial, 1990, Principles of Sedimentary Basin
Analysis, Springer—Verlag, 668p.
Posamentier and Vail, 1988, SEPM, Spec. publ.,
42, 155-181.
Vail et al.,

1991, Cycles and Events in

Stratigraphy, Springer—Verlag, 617-659.
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Yad v rEEEZHWEERBE T T L O

(R - a4t INPEX™) OF 1L R

1. %S

CCS icxtd 3 attlo—oe LT, CO #1F
JEAIC X 2355 E o R EBE T b 5, Kiffst
Tl & DY HAME Wi O J) 1R % % R
L 7= =ZXUHRESRE (FEM) SFRE vl 7
NEBFE L 7z, 2013 12 K[E Decatur CCS 7'm
Yz 7 b ORI X N UMREN T — X & f#T L.
ETNDORYMEEGELL 72,

2. WMRFE

2.1 =Xt FEM FHHMETFHE TV
KEFFECIEILHD FEM £ FIC 2 ko fin/
FIEE/ e 2 BT 2 2 e A CE BV af v ME
FUVEBEAL, FRMETHMET AV ZHFEL 72,
FEM 7V ClE, WL o 5BoWHH O3
HeBEH L. EABOAREZIC X 2 B E
DISHEEFELCWE, Yady bz (b
J&) OUEEMIE s — v v OUIEHHER L |
YaAd v hofitkrbi#ERoE Y BEEREL
Too F 7o, MR Z B - 35 0 L O T fiE &
i+ 3 2 & TEFTADRZ YA L 72,

2.2 Case Study (Decatur CCS 7m¥ =z 2 })
Case Study TlZ. Kaven & DTS 2 % KT,
FEM & 7 MG EIC 032 7 iy 88 JE PR AR O W o i
ERER A - EfRE DT 2 =2 COJEAR
RRE LT, £3. GROVIHICIIREICE T 2
Wi JeE o 258 V2> & Wi o & A WL % U L 72,
KT, CO JEA R  HHEE & 2 I o fLIRE
ZALEZ IR L. FLBEZ I X 2 i %2 5 HRIC
AL, WiE o EHE & AR Z T -
oo HEEINE~=F2—FDKE XX FEM
ETAVCHIHINLMIE DM &2 BICER L
Teo E 2. WREENZACHWE ~NMEIEST 256
LRI EECHER SN BGEED 2007
— A& WL, FRMEO Y R 7l %17 o 7,

hlE 5 & »23 0 AL DX P EFaH,T
*

= - R AT

3. BRBIUEZR

YIRS & coWiE o REME 2 & Wig o2 A
WrisE % 33.75 psi L RRE L7z, X 1 (XMW D
FRZEAL 2 7R 325, Br#d 8 o fLBsUE % 400 psi b
Fxe/z7—2 (¥ 1a) ClWiEm cLUE R %
BV EMNEEL R BT, FEM £5
NTER I NZWE OMHNZER 2o PRI S
<7 =F 2 — FlZ Mw=-0.52 & HE5E & L7z, filbr
I RERE O WiE TR T 3 UMREI O K
T Xt Mw=-1.13~1.26 D] ?TH > 7zD T, K
WF9e ChIYE & W= FRME Tl 7 L DR
FoOZUMNEMERETE 2, Kic, IFHEE D ILIRIE
AL W JE ~MEAE L 72 7 — 2 (K 1b) % kT L 72
R, PRI HEOKE X 1X Mw=-0.06 & 3
MU7zo COFERLY . Wi~ CO DAL 7285
BEOREGFAMELREST L LHREZ
n7-,

a) WildofLBEZ AL b) WildofLRELLS Y

B 1 WrfeE o A ZE L

D G

Joint/Interface Element for Finite Element

Beer. 1985. An  Isoparametric
Analysis. International Journal for Numerical
Methods in Engineering.

2) J. O. Kaven, S. H. Hickman, A. F. McGarr,
and W. L. Ellsworth. 2015. Surface

Monitoring of Microseismicity at the Decatur,

Mlinois, CO; Sequestration Demonstration

Site. Seismological Research Letters.
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BEEMER Y ~ =R T % & 0% B R T FLERIER D 1257 35

LE s mgly  RBL HAL

(AR AT OFfF Bt - fe—

1. #

v — AR TR BRSO 77T v —
BINRNICHREI R D0, 77 7 F v —% I
HICEA%E & ¢ % Diverting Agent (DA) & XiTh
BRACRYVE DSE AR ICHM S 5, JEE, KIE
WHED —fchsd 7T vt —Arbv= AT
a2 —naRY <—(BVOH) 2. 4tk Permian 73
mEDT 4 —)v FCH#H SN, BRIFRiERSERE
XT3 (Ikebata, 2022), AWFZE T3, MHIE
CHJE L7z BVOH =L v F EERIEA 7 26 —X
ZRAEL. DAY 775 » —PFAZEHRRICEIT
BVOH Hi ¥ @ M WG M 0 8 v CEF
it % 17 > 7z,
2. WIEFE

¥3, BVOH =L v b &H T AL —-XDEE
A AR, HEZHEL, ASROAM.
AElo tLE D b BA RO FLERE 2 WIE L 72, $5K
5 (1984) D%y Fhi T O ZERFHMEET V%
Fwt, Ly b - H 72 —=XRAEKRDFLEE
RN L7, EBRCHIE S LR L =TI
X 2EHEMEALE L, <Ly F 2EEF LLEE

CHEMALDETANBEHAETH 2 2 L &
L7z,

77 ) NVEIZS KA GBS E & > TEK
Eﬁ%ﬁ%ﬁo 72o RBREEEICRL Y}« T AL —
BB ZRIE L W ERT 2 kFx2 T
F A AT g L., @R o EE R 2 E L
Teo BKEEETIZ, 77 —H L ORNNEZHEL
WiEo R 2 2 HEOBKZHEL. BVOH ~
Ly b & UKETIEFER 2 BRI LI
H IR CEKARZAT - 72,

BEIEa¥=—- - A2r~<voRzHwCHERmE
LALIRE S b RE R DIREFR 2 HH L, &K
XD ME I NI RBEBLROfE L KL, =L v M

]

T ORI - W D RE % 5 L 72,
3. BRBIUEER

B FEERTHIE S N7 iRiERIL, FLBRFE L B
MHBERAR 23 H 0 | LRI & 13 & O HBIBR 2 R
bNDET LY BIEaX=—- L=V D
Ko FHEIN DR E L 72, REE MR VA
WCIE, EBEL ET0IC X 2HEEME DERK
L R HABDHY, T—2DIEHLDOETDKREX
LR AR DS B S 7z 72 . EERh i %
ERREL 723 L EFHADOKK L LTENT
WBIENREZOLND, —JTT, I T —HL&d
U 7z ek A C . EEsEE I3/ X <72 b,
EEE L ETNVOMEMOAEIT/NS (BB L
BT o Tz,

DA k28 BVOH =L v b2 E&H LT3
By _Ly FOGEENSKE L kB L, LKL
BRIERITEDICNIL RBERE -7, Th
X, 2Ly MR E N Tw 3 BVOH Hifig D
Mic XY RO FEETH 2 LB PHZE X iz 7z
HDTHDLEHEZLND,

T, ST =N LHEMOF D KEER LT 5
LT T = LEFMU RO ST 2330 R D 2L
REFRECHERL R, VT —HLOFENRL
v MZEIC X 2 LIROREICGEREE 51 b L
DL L o Tz,

1. Ikebata, K., et al. 2022. Design and Analysis of
Improved Swelling and Degradable Diverting
Agent for Multistage Hydraulic Fracturing. SPE
Prod & Oper 37: 414-430. doi:
https://doi.org/10.2118/209784-PA

2. $aAGERE - JUKE - FOUERK - KEHUS | 1984,
3RAPERIGRLF T v & L FEIEE O 22 R D HEE
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Natural resource exploitation

[1B11-1B15] Natural resource exploitation (2)

Chair:Hiroyuki Nakagawa(Japan Petroleum Exploation Co., Ltd.)
Thu. Oct 27, 2022 2:45 PM - 4:00 PM Room-B (12C Conf. room)

[1B11] Evaluation of roughness due to calcite dissolution in crude oil/brine/rock
system: Implications for low salinity water flooding
OYueqi Wang', Xingjuan Hao', Yogarajah Elakneswaran', Takeshi Hasegawa' (1. Hokkaido
University)
2:45 PM - 3:00 PM

[1B12] Agile uncertainty evaluation for field development with multiple high
quality history matched models using cloud computing
ODAIKI WATANABE', YUTA TOSUJI", HIROTATSU YAMABE? (1. JX Nippon Oil &Gas Exploration
Corporation, 2. Schlumberger)
3:00 PM - 3:15 PM

[1B13] Study on improvement of shale permeability by chemical
ORyu Okamoto’, Yuichi Sugai', Ronald Nguele', Takehiro Esaki' (1. Kyushu University)
3:15 PM - 3:30 PM

[1B14] Study on enhanced oil recovery using nano-emulsion
OMasakazu Hayama', Ronald Nguele', Yuichi Sugai', Takehiro Esaki' (1. Kyushu University)
3:30 PM - 3:45 PM

[1B15] Next generation MEOR (in situ Oil to Gas) Technology
OHaruo Maeda’, Konomi Suda', Masayuki lkarashi?, Hiroki Iwama®, Hideyuki Tamaki', Susumu
Sakata', Daisuke Mayumi' (1. National Institute of Advanced Industrial Science and
Technology, 2. INPEX Corporation)
3:45 PM - 4:00 PM
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Evaluation of roughness due to calcite dissolution in crude
oil/brine/rock system: Implications for low salinity water

flooding

(Hokkaido University”) OYueqi Wang” + Xingjuan Hao" - Takeshi Hasegawa® -

Yogarajah Elakneswaran®

1. Introduction

Low salinity water flooding (LSWF) has been
considered as a cost-effective and environmentally
friendly technique for enhanced oil recovery (EOR)
in carbonate reservoirs. Changes in surface
roughness and oil-brine-rock interactions play an
important role in the contact angle and thus
wettability alteration in LSWF. In this study, atomic
force microscopy (AFM) was used to measure the
surface roughness of calcite in high and low salinity
water. Moreover, the contact angle of the calcite in
the brines was measured. Finally, influence surface
roughness caused by calcite dissolution in LSWF on
the contact angle was evaluated.
2. Materials and methods

A high salinity (HS) water was prepared with 1
mol/L NaCl and 0.01 mol/L CaCl,. A 100 times
dilution of HS water was selected as a low salinity
(LS) water. The calcite base was immersed in the
brines and equilibrated for 24 h before the
measurement of surface roughness by AFM. The
same base, which was used in AFM measurement,
was used to measure the contact angle in the brines
in order to evaluate the roughness on contact angle.
A crude oil with acid number of 1.84 mg KOH/g was
used in the contact angle measurement which was
recorded when there was negligible change in the
measured data. PHREEQC was used to analysis the
calcite dissolution in the brines.
3. Results and Discussion

The surface roughness variation due to calcite
dissolution in HS and LS brines are shown in Fig. 1

and Fig. 2. The surface roughness increased

significantly in LS (from 5.12 nm to 24.02 nm) as

clearly seen in AFM images as well. This indicates
that the calcite dissolution is higher in LS as
compared to HS brine. The experimental results
were confirmed by PHREEQC calculations where a
twofold dissolution was obtained in LS comparing to
HS. The measured contact angle of calcite surface
after dissolution in the brines is shown in Fig. 3. The
higher surface roughness induced by the dissolution
of calcite in LS shows a lower contact angle. For
example, a contact angle of 96.5° was observed in
LS whereas HS gives 122.7°. This confirms that
surface roughness variation due to calcite dissolution
impacts the contact angle changes and thus
wettability alteration in LSWF. The influence of pH
and calcium concentration on surface roughness and

contact angle was also evaluated.

Fig.1. AFM image of calcite surface in HS and LS
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Fig.2. Change of calcite surface roughness in HS
and LS
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Fig.3. Contact angle in HS and LS
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Refining equipment

[1D01-1D04] Refining equipment (1)
Chair:Hidetaka Kitazawa(Cosmo Oil Co., Ltd.)
Thu. Oct 27, 2022 9:25 AM - 10:30 AM Room-D (12D Conf. room)

[1a0401-04-1add] Process Egipment Div. chief remarks
9:25 AM - 9:30 AM

[1D01] Improvement of the Safety Competency Assessment method
OMiho Nakajima' (1. ENEOS Corporation)
9:30 AM - 9:45 AM

[1D02] Reduction of work hours through work style reform
OYosuke Sakuta' (1. Idemitsu Kosan Co.,Ltd. Inspection &Reliability Section
Hokkaido Refinery)
9:45 AM - 10:00 AM

[1D03] Creation of a safety information platform applying Al
analysis technology
OMitsuru Uchida’, Jun Akimoto', Hiroyuki Nakamura', Takao Nozaki' (1. Japan
Petroleum Energy Center)
10:00 AM - 10:15 AM

[1D04] Advanced broad gas monitoring system
OSeiichi Tsuduki’ (1. KONICA MINOLTA, INC.)
10:15 AM - 10:30 AM
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Refining equipment

[1D05-1D07] Refining equipment (2)
Chair: Tomoyuki Makishita(ldemitsu Kosan Co., Ltd.)
Thu. Oct 27, 2022 10:45 AM - 11:30 AM Room-D (12D Conf. room)

[1D05] Rotating Equipment trial example of prediction / diagnosis / predictive
maintenance solution by digital twin analysis
OHidetaka Kitazawa', Suguru Tachikawa' (1. Cosmo Qil Co., Ltd.)
10:45 AM - 11:00 AM

[1D06] Introduction of Al-based failure prediction system for process and
mechanical failures
OTakuya lkeda', Shohei Imaoka' (1. TAIYO OIL CO.,LTD Shikoku Operations Refining
Department)
11:00 AM - 11:15 AM

[1D07] Computational fluid dynamics simulation of feedstock diffusion at the
inlet of a trickle bed reactor
OShin-ya Suzuki', Kenta Natsuhara', Kazuyuki Komori' (1. COSMO Oil Co., Ltd.)
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)

Refining equipment

[1D08-1D13] Refining equipment (3)
Chair:Toshiaki Mashiko(ENEOS Corp.)
Thu. Oct 27, 2022 1:00 PM - 2:30 PM Room-D (12D Conf. room)

[1D08] Case study on creep damage in welded part of boiler super heater tubes
ONagata Yohei" (1. Cosmo Qil Co., Ltd. Chiba Refinery Asset Inspection Section)
1:00 PM - 1:15 PM

[1D09] Effectiveness of pipe screening tests using drones
kazutoshi inagaki', OHirotoshi Fujigaki® (1. Cosmo Qil Co.,Ltd Yokkaichi Refinery, 2. Non-
Destructive Inspection Company Ltd. (NDIC))
1:15 PM - 1:30 PM

[1D10] Utilization of data mining technology for planning of CUI inspection
OShota Murakami', Keisuke Fujimoto® (1. Marifu Refinery, ENEOS Corp., 2. Central Technical
Reserch Laboratory, ENEOS Corp.)
1:30 PM - 1:45 PM

[1D11] A case study; Localized external corrosion atmospheric tank bottom
plate and application of inspection methods
OMitsuru Nakamura', Hiroki Tsuruoka' (1. Idemitsu Kosan Co.,Ltd. Chiba Complex Inspection
&Reliability Section)
1:45 PM - 2:00 PM

[1D12] Immersion UT technology for heat exchangers and boiler tubes (FREND
system)
OSatoru FUJITA', Masashi KOBATAKE' (1. RAIZNEXT Corp.)
2:00 PM - 2:15 PM

[1D13] Utilizing API standards for inspection to improve reliability of equipment
OHiroki Ishikawa', Yoichi Ishizaki' (1. Idemitsu Kosan, Co., Ltd.)
2:15 PM - 2:30 PM

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

Refining equipment

[1D14-1D18] Refining equipment (4)

Chair:Akira Kamagaya(ldemitsu Kosan Co., Ltd.)
Thu. Oct 27, 2022 2:45 PM - 4:00 PM Room-D (12D Conf. room)

[1D14] Effect of flow on the wall thinning of the reactor effluent piping of
hydrodesulfurization equipment
OKenta Natsuhara', Shinya Suzuki', Kazuyuki Komori' (1. Cosmo Oil Co., Ltd.)
2:45 PM - 3:00 PM
[1D15] Outline of needle coke
OTakashi Oyama' (1. ENEOS Co. Refining &Manufacturing Dept)
3:00 PM - 3:15 PM
[1D16] Introduction of TMEIC Self Commutated rectifier
Kazuo ikarashi', OTohru FUKIAGE" (1. ToshibaMitsubishi-electric industrial systems corp.,)
3:15 PM - 3:30 PM
[1D17] Carbon neutralization of energy by fuel ammonia
OToshiyuki Suda' (1. IHI Corporation)
3:30 PM - 3:45 PM
[1D18] New energy-saving challenges using new materials
OKaori Matsumoto' (1. Emertging Development Dept. Group 2, ENEOS Corp. )
3:45 PM - 4:00 PM
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0.9Mt, 2%

Geothermal brine,

1.0Mt, 3% Oil and gas brine,

0.8Mt, 2%

Hectorite mineral,
2.0Mt, 6%

Pegmatite mineral,

9.3Mt, 26% Salt lake brine,

21Mt, 61%

Estimated Amout of Lithium;
Total: 34 million tons (Mt)

Fig. 1 Lithium resources ?

HMHOV F U LEERYE LTI 2016 F0UF
7 LAEFERITRFELE 111%0 35000 #ii%y ko {iREE
UF o LHE (LCE) & LT 172000 k>, UF L
R D 53 fEHIHY) Thotz, TAEBY T
THH T e =7 FORKBEICL Y, RiFL
158% & RE <Y, FU & SQM <> Albemarle D4
PESEIZ XV | BITAER 114% DO R LTz, EEA
EixzM, FU. 7ABF oo 3 NET B0,

2016 XD AT 3 DETHRAEFED 91%% 5
HTND, RN 7Y » KB (LT HEV)
RLEXKHENE (LLF EV) TO LIB A EEORN
% FAA A TTIT OV EEAPERE CORERHE TR %S
LC 2014 45, 2015 FEXEREMEORATZLN, 2011
FE~2016 FEOHFEPERT, 31000~35000 #i5y ko
THERE L CWD, U F U LMEENTEN DD /oK D>
BOEFEDIEFN, AR 2 Ay (Y FTHA), 2K
T4~ GEREFR) %0 SANSEESND,
ENICRIT S YT LOFEERRIT. FORE
L. LIB MITFEEOHDLEIEN 7B L@
ENRET HND, KR F U AT, #EEERS - PC 25
O/INRID BRIV D = > 7 VRSO LIB O
EAREE (2 SV R, v TR, =o0%k) &
*%EMH&&%:«MMJ%?AiE EV. HEV
FEOHBEPTICEDNS RO = 7 /LR LIB O
IEMAA R AR DI D, 2016 DY) F 7 AENEE
13 4,860 sy b (25700 b -LCE) TH D, &
HOFTETHIE LT, SQM & Albemarle TiZ, 2020
M ST PHV + EV IO LIB OFEEL. 30000~
65000 k> -LCE EE L TRV, ZOMOFEELE
OECHEREYTO Y= F2EDThH, VT
U ARG O EESR S STV D,

2. BKML®D!) FyLEUR

MHEEORS IR 3 {5 6000 /5 km?, JE/kKiaEIL 14
B km’ Pl kB, HIEREE O 70 %% HDT\W5H, 2D
2 BIKIL 96.5% T I AKIZIEITIAA TWHWE
TEHOOLINTEY ., EITEA RWENEITAATH
Do ZHUEHDFEEIREI IR 3TN T, K
DI A EOHEEH R L 0 RE WA, HkHIcAE
ET 5 EOREIIAETH Y . BFIHDOE
FEWZENN G2 Z L i3md CREECH 5, S HI2, 1
PEORFERNED B b2 &R OB 2 2 0 F FiEs
THIENTE AR, BIE, ERRIZENY - FIFF &
MWDK DORSIIE, el R S E b
U oA (B, b~ x> n (280), &
F, FURREIFEEINTND,

WK OITTHERE LV | Fig. 2 (/KRS ORI
OREFMET RN E 7R LTz 3, MK OERRE L1
filiks & DBHR LD | BEEIEDO SR FAET D Z &
OB, A1 OENIEATBHFE OUERC TS O
EREETIL, VFULA ARarF UL LEY
T, BVUL EVTTY, TR EDOLT A
ZVOEIROATREMENHTL 5, FRZ, WKFD Y

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 1FO1 -



1FO1

F 7 DY) 0.17 mg/L & RO E AN < |
WK FUNAFAET 5 U F 7 AOFENT 2300 (E R b
HER S D Z D5 35 KD U F 7 AR,
TR 2078, BAEE F.LE L TEL O
HZEoTHESNTWS 417,

EEEHEE

107

-
o
)

g A
> 105 a
a ] gy A
8 100 W
5 s Mo m n
B E@ IIl Economically
< 103 possible J
©
= ‘ &
[Mn ]
102 . ‘ @ (i ]
Economically S

. |mposs|ble

10!
10° 10 10 10‘5 10 10* 10° 102 10 1o° 101 102 103 10*
Concentration in seawater [mg/kg)]
Fig. 2 Economical potential of metal recovery from
seawater; Revised figure cited in ref. (3), based on
current market prices of metals
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Fig. 3 Effect of pH in aqueous solution on the adsorption
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Fig. 4 Effect of co-existing cations (Na*, Ca?*, Mg?*, and
K*) in the aqueous solution on the adsorption of
Lit 7.8)
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Silica binder

Chitin binder ~ Alumina binder
Fig. 5 SEM Images of the adsorbents granulated by
various binders %)
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Lithium Recovery Plant

Adsorption Column
!
Seawater - & + 13
intake il g 2 |u
Micro filtration unit .._

Filtered
4 seawatertank

1
=]

Eluenttank

Evaporated
crystallizer unit

HCl recovery

Fig. 6 Flow diagram of pilot plant of lithium recovery

from seawater 59

. :" s
Fig. 7 Pilot plant of lithium recovery from seawater >

Fig. 8 Concentrated liquid and the dried precipitate
obtained by the practical lithium recovery from
seawater for 150 days run >
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Pump up of brine to solar pond

Brine pond (Li 0.2%)

Solar pond (Li 1%) Solar pond (Li 6%)

Fig. 9 Concentration process of lithium in brine by solar
pOl’ld 18,19)

Stripping by HCI
(1) B removal PPINg B

Ca(OH), addition —>y

H,BO,
(2) Mg removal _l
l Mg(OH),

(3) Li recovery
and concentration
Na,CO, addition ——»,

(4) Li,CO4

‘ precipitation

NaCl (5) Crystallization,
precipitation purification, drying

(6) Crushing,
particle adjustment

Fig. 10 Production process of lithium carbonate from
concentrated brine 819
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Fig. 11 Benchmark plant of lithium recovery from Salt
Lake brine '3
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Fig. 12 Elution curves of metals from loaded adsorption
column of benchmark plant by 1 mol/L HCI %19
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WD N BHIBEH s D A O FE J OB 8 % {7
HZEHRHMELTERY, O, .
BEIEIZEDLKIBOT A 7H A4 7 VBIRIZHIZ5
WERER PO A ED LD Th D, i
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R LR RSN AT 5, KIREHNTIX
T B KERBEFEMMLBIZEA L, §K05 11 &gk
WTAN—BLEKO T TIERK S L7z K ERBEIEEY)
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Mercury removal

[1FO4-1FO6] Mercury removal (2)

Chair:lkuo Hamabayashi(Petroleum Assoc. of Japan)
Thu. Oct 27, 2022 10:45 AM - 11:30 AM Room-F (13A Conf. room)

[1F04] Influence of surface functional groups on the adsorption of mercury in
petroleum
OHiroyuki Yamaura', Yuki Nakanishi', Syuhei Yamaguchi', Hidenori Yahiro', Masataka Ikushima?
, Yoshihiro Ikushima® (1. Ehime University, 2. IH Technology Co., Ltd.)
10:45 AM - 11:00 AM

[1FO5] Study of mercury adsorption on activated carbon in water

OKosuke Takahashi', Hiroyuki Yamaura', Syuhei Yamaguchi', Hidenori Yahiro' (1. Ehime
University)

11:00 AM - 11:15 AM
[1F06] Development of simple and highly functional GTL experimental equipment
using mercury containing biomass as a raw material
Okenji ikushima', Hiroyuki Yamaura®, Hidenori Yahiro Yahiro?, Tsutomu Sato?, Naoki Murashita’
, Kota Ito® (1. IH Technology Co., Ltd, 2. Ehime University, 3. GL Sciences Inc.)
11:15 AM - 11:30 AM

©The Japan Petroleum Institute
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W TAF Yo T KSR S MERE & FEAf L 72,

2. EBR
2.1 BRFVEEHT D b OFHR

MR T Ty T TR -7 )
oL ) bR Ty) EHWT, Y UA
(it 22> B Rl TRC-SIO-6) (2T v v

Vo 7 %4T0, = U VA RS U F (Si0,-CN)

B L7~ 15 5477 Si0r-CN % 48%Fiile Tiddt
L. Yo« §pi &8 C= U VA DK iE LT
TR VHAER Y B (Si0,-COOH) #1537,
FAEFOFHMIX XRD, XPS., TG-DTA. BET tt3E
EHEIZ L DITo 7,
2.2 /KERERBR

Ny F A ERBRIC L0~ o kERER
ExATol, BERORE (8 0.5mg/L) D&k
FREA~F Y ERIE 20mL & WEA0.01 g 2 =14
77 ATHNZ, 25°C, 3hiBFE L, KL% O
R DKL % JR A0 /A d& & (PE-1000, NIC)
ICTHIEL, WEH 1g -0 OKEEAER q
(ug/g) ZRD7-,

3. BREBE

UM N gl LTI oy T THl%E 8
mmol VT SiO,-COOH % F#L L 7=, XPS HIE T
£ ¥ Si0,-COOH @ Cls A7 RLITHILRF
Hfkov—7 (2883eV)a MR L7z (X 1), F
7=, Si0,-CN 28172 N1s B — 7 1% Si0,-COOH
WCBWTHELEZZENBT YU D= MY Lk
S B N OMK 3 g s AT L= 2 & 2R L C
WHEEZOND, 218 2BV Ty
V7 HIETHEL L7z Si0,-COOH(x) & OARALEL D

REA: (B520HHM - AHLEEHRS)

SiO; & HW T OKERW & &2 HE LR E R
9, x 1% TG-DTA HIE 24T WA O ST
PES EHERDEND MBS b LR UK
& (mmol/g) THDH, ~FH L HTOKIBWAEE
XAV ARFVEREOREME & HICHEPFICEML
oo ZOZENBIFHERZIT TR U AITEN
THINNRFVHENKEERAEICEEL TWDH D
ENbnoTz,

4000
$i-C/C-C
(284.6¢V)
c-0
(285.5¢V)
WO (288.3eV)
2
2000 b
o 1 30 @8 6 m om0

Binding Energy (eV)

1 Si0>-COOH @ C 1s A~7 kb

400 |-
350 |

300

250 |-
§zw-
T 1s0f
100 |-
so]
o

Si02 COOH(0.14) COOH(0.23) COOH(0.32)

[X] 2 Si0s 3 X TN Si0,-COOH T L % 7K SR 75 il 5

1) s, L#sle, @ERE, e, N\
JM, RENE, BB, B S1EHAM--A
b RER2s, 2D09 (2021)
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(FIEK) OfiEE

1. %5

Fxld, cNETICT VAP E2FEEIE LTH
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FOFEFAIC L0 0 D KERW A ZEB DK = < e
HZEERWELE D, ZomETIIA~FY BT
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OBRE IR L722Y, ZOFEMIE R Do T
RN, ZCANZETIE, BVLELIC X o TEEMEE
REdL B A L ST IRIE MR & VT, BULER
A% COR MM EREILOLZEEDY 0 ffi(HE)
H BT 2 MHE DKW AEIZED K H I
B2 H0ONERELT.

2. EB

TSR (ACL, AC2, AC3)% N, il A
TIZEVWT 900 °CT 5 h ZULEE L 72351 R(ACI -
900, AC2-900, AC3-900)% HE L7-. I&EMER DL
FEAHIL BET 1%, RmfeME e &1L Boehm i
EEZE AW TRD .

Ry F R AERERI L0 K KSR A5 B
ExIT-72. 0.5 mg/L & Hg® KIAH X4 8 k%
KPTHFET 52 & TR L7, 0.5mg/L @ Hg**
ISR IE T R D K SR YR 2 A B L C R L 7=
IND DOKIRE A KA S0mL & W AEA]0.01 g %
“H T T ANz, 25°C, 3h THlAEEREIT
S T2 SRS RiT t D VIR O 7K SR FE % JF1-48 6 50 T
JEE(PE-1000, NIC)THIZEL, WHEH 1 g H72Y
DIKERW A & q (ng/g)Z Kb 7-.

3. FERLEEBE

AWFZE TN IEM R O R g & Rty
REJLEOOfEA Table 1 ICF L 7. KEFEDOEL
HIZ KX DBbT—FETIE A>T 0D 1150~
1560 m*/g O#IPH CERmfE 2 MEFF L Q2. — 0,
BVLPR% O R BRI RIL, WT I OTEMER
HLIETLTWAZ Enbhol-

Table 1 Characterization of activated carbon

Amount of acidic

Sample Surface area (m?%/g) functional groups
(mmol/g)
AC1 1560 0.52
AC1-900 1270 0.48
AC2 1320 0.60
AC2-900 1350 0.30
AC3 1150 0.64
AC3-900 1250 0.40

feiElL 53 REILVAHPE
.

5 & H L5~ ROV
5k « g -\ 75

Hg KERVAIR T CEMLERRT# OIRE IR IZ L 5K
FRIR A FBREAT /2 o T-fE SR % Fig. 1 1Z”7. Hg°
W5 X, K9 2000~2200 pg/g &2 0, WTTRD
TEMER I W T HBVLBERIR Tl & A EZ{EL
IRV

—J7, Fig. 1 LFRIERORIEE Hg? TITo7-. #E
R% Fig.2 IR, AC1 & AC3 TiT Hg" DA L
45 DF) 2000~2200 pg/g D EMERE 2 7~ L7223,
AC2 TIFWAENKE KT L7z, BULP% DTS
PERIZEWTIE 3 FEH & A BEOHINNRD 5
i, VLB CRmMBEERREAENME T L2 &
EEZEDED L, H OWAEIIIFR T HE
ERMONOMEDRERLTND LHfEETE
5. FEERTIE, pH & DR SOV THBET
5.

3000

i

ACL ACI-900 AC2 AC2-900 AC3 AC3-900

g

Amount of Hg” adsorbed on
activated carbon (ug/g)

Fig. 1 Amount of Hg adsorbed on activated
carbon before and after heat treatment

3000

Ll

ACL ACL-900 AC2 AC2-900 AC3 AC3-900

y

Amount of Hg?* adsorbed on
activated carbon (pg/g)

Fig. 2 Amount of Hg*" adsorbed on activated
carbon before and after heat treatment

1) 8 RoLFE, SHERE, ULz, \=HH, &
B e, REENE, 47 BlA - A eEE
Fiez, 1D02 (2017)
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2.2 R FEEREEE OLER

B =tk (BF7), Y—ntt (L —37) &
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P 413

3.2 FHmSEERAEE O RIUE
TROICEE SRR 2R T,
OB RS A EhpikE (X-1)

JEREH 2B I ANA A~ AT A & 02 DFE, RE
RS CE | ROSENTIEEE, EJIOFRENRETH

Do £ SUGERD A A & H P ITBEER T 23R E
SYBERRIT AR 2 o EERIL L, Ry 2 ERTE D,

-1 BN A asREX
QFT & Ak I E (-2)

JFUEFH ZHBI% CO & H2 DIREH A DI, ks
T & ROSEIXIEEE JE ) OFRFE N ATRE T D,
FOS#R DAL & H I o 25k &, BT I
R BRI L. By R ERTE D,

-2 FT & R it X
-3 | FBRIEB O LR AR T, HITHiTEE ik
(ZBUS R A B E S RN 3R 8 U BB R <
ZEEORmVEIE L 7o TV D,

-3 FRAMLFEBREE O 425

4. £&®

A K AT A & TFRAGIR TR 2R & U To B ke
WA SN TND, NA A~ AT ZAOKEPEREIIEE
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(51 3CHR)

1) S 1#2, THT 2%k, 59, 1, 16~20(2019)

2) BRIRISSE &, L 52, 5 38 4F2, 1315, (2006)
3)GL A = AL & 1 7

DX C ORI R & 2

) REEIEDL, ~brT v 7,39,1,47~51(2016)
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Oxidation

[1EO01-1EO03] Oxidation
Chair:Shoji lguchi(Kyoto Univ.)
Thu. Oct 27, 2022 9:30 AM - 10:15 AM Room-E (12E Conf. room)

[1EO1] Design and catalyst characterization of Ir oxide monolayer and Ir
composite oxide sub-nano particle on rutile TiO,
Okodai watanabe’, oda akira', sawabe kyoichi’, satsuma atsushi’ (1. Nagoya University )
9:30 AM - 9:45 AM

[1EO02] Surface-coating effects on catalyst properties of crystalline Mo,VO,
particles
OTomohiro Okakura’, Kosuke Shimoda?, Satoshi Ishikawa’', Wataru Ueda' (1. Department of
Material and Life Chemistry, Kanagawa University, 2. Institute for Catalysis, Hokkaido
University)
9:45 AM - 10:00 AM

[1EO3] Catalytic propane ammoxidation over crystalline Mo-V oxides coated
with metal oxides
OKosuke Shimoda', Tomohiro Okakura?, Satoshi Ishikawa?, Takashi Toyao', Ken-ichi Shimizu’,
Wataru Ueda® (1. Institute for Catalysis, Hokkaido University, 2. Department of Material and
Life Chemistry, Kanagawa University)
10:00 AM - 10:15 AM

©The Japan Petroleum Institute
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1. #8

BUE B> & BAE D )7 F 2 l’o}ﬂi% ¥ 7F R TR
ZIET R COJREFARMENICTEH L 72 8], /\
FIENNZEEE), TEL T 7 AREE RS L, ﬂ‘
IR e TR B = — o il e
N 1>'H‘7ﬂ‘/‘ﬁ‘/f}<fh XoTFH/RFTIHE
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FRB I THw3ED
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+ 7 A XML BETTE & oEAIC X Y E{EA
VYU LR S NS 28, Lo LEER
KL 22,4 Vv LEABILMY 7> KT %
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v LWEGTRACY) Y 7 5 7 KT O MR 3 AT &
NIz E A R,

T4 ixEEFmEEA LB VY LR TED
HARMICER T 2B RICEH L 72, Rutile #5
FHTLEMAEREICA Y Y AREMAE SR L, K
SBT3 DRT, 4 )Py LpEEKE ECES
BL, BItA Y Y LoBEFEIRZ X F o v L
BT 5. IKRHGE T, ,\@%E}Hu%[ﬁi LfFrPcc
DL A Y ¥ LFEFHBERREFEL, L oA
VY NEAETRACY Y 7 R Tl o 5 5 3 ET
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2. B
2. 1. filfiaRSL
AV F VL TIO 1T 5wit% @ Ir(NOs), & 5Wt%
M™(NO3)o(M™=Mn?" Fe**,Co*" Ni**,Cu*" ) Z &R L,
MM, 300°C T 4 REfRIR SR 35 2 & T, r-TiO,
KA ET3IdERBEELA VY LLL R 2EEME
W7 F 7 Koz ilaz (LE ITMO,/r-
TiO, &) MDD 729, 5wt% D Ir(NOs), D & %
iR L2t b 1572 (A&, IrO/r-TiO, &R d) .
2.2.CO BELRIGEABR.
Bt % 0, 7 v —"F, 300°CT 1h BERK L 7z. 50°C
TRIGH A (0.5% CO, 20% O, Ar balance, & 50
mL/min) ICBEL, HWOXZZEEDLS CO BEbH
ExRD 7.

3. BMEBIUEER

Fig.1A T IrOy/r-TiO, ® HAADF-STEM f& % /R
F.1r0, BT 2 & - R o iR IR -
TIr REDEHILTWwBEZEhb,TexFs v
BERE L L CIffE T % 5. Fig.1B 1213 IrsMs0x/r-TiO,
@ HAADF-STEM %R L 72 (A= 2D &
EM=Co DHRL)HTF /) HA4AXD2 T AL
—DFEICHHEI N FHIREZ I AL T AL

RN B K HE

o

éb&ﬁ;ﬁbé bhoL

° if\'% w T iﬁé %

— FCEFI A XDa v IR NRERIATH
2 THL.INEF IR TFEDELL 72 REET 3d &
B e 7F RN EERKLZZ EZRLT
v % XAFS XPS 12 X » T b EHAL % 4 2 i/
BIREO T ERIG O L7z,

Fig.2 IZ I'MO,/r-TiO; ® 50°Cic 1) 2 &4 @8 i xf
3% CO BE{biEt: D TOF %7/~ L 72.TOF 13 IEE)E D
FEEEICIRTE L, M=Co ILB W THRKDEEZRL 7=,
[rO/r-TiO, % CoOy/r-TiO, @ 50°CIZ BT % CO fi{b
EHEREHTE IR E/NT W LA, THE—
YRIHEAEZ v 72 [rCo0,/a-TiO, & L T
[rCoO,/r-TiO, IIBH S 2 lc & Tch 3. il

CAFC Y ALERERFIALEZYTF ) 4 X0E
GAERER L e cigbiEErmE Lz %
RELTW3,

Fig.1 HAADF-STEM #%{% : (A) IrOyr-TiO2, 5 (B)
IrCosOx/r-TiO,.

(.16
0.14
50,124
% 0.10
o 0.08
%‘U.DE
~ 0.044

m ln'rrmm min

0.024

St PP ﬁ'%p e o ﬁi\m t"‘o,,;,p @‘9 o

Fig.2 IrMOy/r-TiO» B{ 63 IrOx/r-T102,CoOX/r-T102 D
50°CIC B1F 2 CO BE{LH L,

1) K. Yamamoto et al., Chem. Rev. 120, 1397 (2020).
2) Z. Liang et al., Science 356, 299 (2017).

3) L. C. Seitz et al., Science 353, 1011 (2016).

4) M. Ledendecker et al., Nano Res. 12,2275 (2019).
5) M. Moser et al., ACS Catal., 3, 2813 (2013).
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fEmtE MosVO B B ERIL AL F DMEMIEICH TS

(BRI 5" - JLHBER™) O A 7 - FH k™ -

1. #% 8

TaRXrERAnWET ek T 7=
kUL (AN) BOEIZIIRVT A5 O Mo-V-Te(Sb)-Nb
AL (MoVTe(Sb)NbO) SV B T
5. BAERKITR O EE B LT AR 7 R
WZED, SHITmWENEE A EBLTE 5 &b
0%, IHETIE AN JURH B2 27203 2 a3 s
TR, MoVTe(Sb)NbO [3A# % 4 8 st 3 T
RSN DTENT 7 AREUE 5 Z L THREET
L. BULBLC X RS T v RSN EE L <,
ZOOBETHHERE R TEOWEIRIEILZ )
TIZFRI & T e, iEA4A IR T8 O BRI 23
HEND.

AWFFE ClIAsGPE MosVOx (MoVO) 2% 5 BB
=y FX 6,7 BERMMZR E DMK I,
MoVTe(Sb)NbO & [A] UE#HEELZ A LT DH 2 &I
HH LUz, W EEEE 2 A7 5 MoVO IZ Te X°
Sb, BELUINb, Ta Z R TEHEAL, T bHOWE
RAE DRI 23 A 72
2. £ B

b EERE - MoVO I ZBEHRIZIEVW Ak L 72 D. MoVO
~DLEBITFEENTIDOR A AKBLALF (POST-M) I
L OQWHIR A (PG-M)IC L ViT 7=,

@ BAEEEMEREY D /38 L T- IR MoVO %
Mz, /Joni=EEKE 4 — b7 L—712 AN,
175°C T 20h, 1 rpm DOZMFTKREULH A ATV, Post-
M (M = Nb, Ta, Sb, Te) & 1537~

@ DL FEOAFESERIY, KO MoVO %M Z
Htk & Fek A UV 10 4IRS L, PG-M (M =Nb, Ta,
Sb, Te) & #37-.

POST-M # LT PG-M (% N, Xt F(50 mL / min),
10°C /min CTHTERE £ THIE%, [FIEE T2h
PR ZAT o 7=, BVLERTS OFEHE, B -NT IR
(CO KT 5.

3. HERLEBE

MoVO (22T, 500°C LA~ OB ClIfE &I
HERF S NUT228, 550 °C 725 o-MoOs DA RSB &
Ak, 600°C Tk MoVO &AL, a-MoOs,
Mo00.97V0950s 23 4% L 72. MoVO-NT550 > HAADF-
STEM Z0#T & 0, BRIREE S O i il A i 28 (b3
1T925Z -7, —7F, POST-(Nb or Ta)ls LT
PG-(Nb or Ta) TiZ 600 °C DEVILFEIZ 51 T & MoVO
G ZIREF L CTU2. Mogoe7VoesOs (X3 DM ARk
L7=H DD, a-MoOs DA IFHH 47z, POST-(Te
or Sb)¥ L TN PG-(Te or Sb)TH, 600 °C FAKLELF ¢,
MoVO FEEIIHER: ST 2. Moo.o7Vo.0s0s DAL
N S 4L, a-MoOs 130T 2R L 72 (Figure 1).

FEHEENR
Bl r O A Lb7%E ZH3 Wb & & l,* 9 Z T 1‘27’;7;;*
A B FH W
FIEFIZE AL @: o -MoO,
72 PG-TeNb C ¥ Mo 67Vo.8505
1% 600 °C D ER
PG-Te-NT600
MBI kB R q¢hdaﬂ .Juwwu
MO
N ©
HElsne 3 POST-Te-NT600
Mo T, % e
hbilizo  E
v»T HAADF- PG-Ta:NT600
STEM 5 Xk y
— N
EDX e b POST-Ta-NT600
AT o 1= . v
PEENETE AR el RPETEETE A
POST-Nb- 5 10 15 20 25 30
NT600 T % 20 /degree (Cu-Ka)
MoVO i i Figure 1. POST-M-NT600, PG-M-NT600
I Nb ASELE (M=Ta, Te)?® XRD /<% — 3

LTW5DZ &ENBUHI S 7=, POST-Ta-NT600 D4,
MoVO fifhZM4 Ta D 5 BEa2=v F\WET S
BRI S 7= (Figure 2 (a)). FIEROBZITI W %
AWEELRONE. ZAbiInThd s BiRa=
v NEKTE 5 LETHDH I LD, Nb,Ta, W 1L
Bz kY 5 BB =y FEJEA L, MoVO fidh
S Y — BT 5 LR L72. POST-Te-NT600 C
% MoVO @ 6,7 BERIZH =722 s T X FHELHI
SN 7=(Figure 2(b)). %72 Sb T Te & [AlkE D EVILEE
BOAERMPBIR SN T=7-%, Te & Sb BT
MoVO f&ENICE A S Z EH LTz, Z %
{bIX XRD FERMN D b LS 7z,

7 = a2
¥ 4 (b) :‘ o

@ "

P R
e -
eptagonal ’chaﬁ_nelz

- ot S
,;-‘ﬁ ‘:‘

i | & *
el i ~ *a ¥

Figure 2. HAADF-STEM % (a)POST-Ta-NT600, (b)POST-Te-NT600

PIE, MoVO ~0 Nb, Ta, Te, Sb DE A2 L V) &4
TEPER EOBEN R D7, Nb <2 Ta D X 9 22l
DEWARITHED MoVO ‘B4R D % # 4
% Z LT MoVO #idh DIMAl D> & OREEZE AL % ]
L7-. Sb =X Te Tl MoVO ‘BHAIEDZEFLIZAY,
MoVO #& N2 6 2 EL S /.

1) S.Ishikawa, W. Ueda, et al., ACS Catal, 119, 10535-
10545 (2020).
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REXRE (B52EEH - AHbFEHwRS

SBRITRPIE LI RME MoV e (LM L 570

N7 R
Gl A - B2/ k) O R otk - i Fdees - )11 Bdiee . R
oo R oo L e
1 - 1] E ’ﬂ: 6i 6& CE /\/ k%ﬂ(ﬁ” é j/L 50| C3H's com;ersior;: 50-6'0% '
A7 et 2 A% Mo-V-Te-Nb 84 (vl 4*, 550 °C UL T ED

(MoVTeNbO) 17 u X7 oEfbick DT 27 )
=k VUL (AN) SO T L LTSN T
W5, ZOfiEixs B =y FORSIEZEEE L
T~ MR AR L. = ORI TR 7 b/ E
DRBT 5, —FH, BEINTWD Z OO 5
REE TR « EENARWE TH Y . T DOEIEL T
TETWARWATEESERH 5,

Hox ORFZE 7 )V —7 TiL, MoVTeNbO & [FIEED
RIS 2473 5817 5 MosVOx (MoVO) DEREIC
P LT % (Figure 1), filt, Nb iz & e /KESIK
HC MoVO % KESLER 5 Z & T, Nb fEH MoVO
FKHZ2WEmT 5L (MoVNDO) ., Z i & v 2
PERM ET A EER
RL7, guasicky,
A=PANIEE Y. Y A
BIFHANBRER KX 3 &
<MbLizzemnn, # A0
WER D MoVNDO D S
ERINY A IAES N S
b b, ABFETIE a
BSLFLF D MoVNDO D
WIVERRIT 21T > 72,

4 Sﬂﬁl_ vk
o {Mog0,,}*

Figure 1. MoVO O 1E

2. £ B

MoVO [FEEMRIZFEVVE R LT= D, NbyOs-nH,O 73
I L T2 HRIC MoVO & %, 175 °C, 1 rpm D5
¢ 20 h KEGLERZ 1TV, MoVNDO %157, ZEAiL
FRIE N & T (50 mL min™) | F-1E53 % 10 °C min L,
PREFFER] 2 h TIT o 7=, BVLELT: O BHT
MoVNDbO-x & £Fi T 5, x [TBMERE (°C) Th
Do TN T A EOS IR E T B E R s
e % FA BUG AT A CaHgl O2f NHa/ He = 3/ 8.3/ 4.4/
34 mL min?, SUSIREE 440 °C TIiT-o 72,

3. HRLEER
MoVNbO-x % fWTC 7 a R0 7 LI
% L ENVERIR FE DR B A T, ol bR
50%~60% D FEIL T AN BIRVEZ Ll L= & 2 A 24
AL OHEIN & $1C ANGEIRER (T K L, 600 °C
T K & 72 - 1= (Figure 2),

BVLBRFE D E 72 %5 MoVNDbO %ﬂﬂb"(ﬁ%ﬂiiﬁﬁ’r
vy 77XV ¥ —a &7 -7-, XRD HlE
MoVO Tl 550 °C @?X&Uﬂiﬂ%mﬂﬁﬁﬁx@ﬁa‘&
—7J7. MOVNbO TIFEULELIZ L% MoVO i D%

BWT,

V0.97M00.050s 23 £ 2%
iz EE o7, FT-IR #ll
Ex1T 9 & 550 °C Lk
OEGLERIZ - T, 940

AN selectivity /%

cm?l, 891 cm?, 746 cm?

27 7 72 R AN L Frnisnert ermparsiie 90
. . =9E BEAE

AT 7o, SR oo 5 MoVNDOx %

ZBWT UWISTHIET w7 ioR 7 a <

1% 595 nm z
M06+/5+-O-V4+/5+® IVCT
SR O WL AS B L 7=,
T BH I VogrM0ogsOs F S DKL Tl 72 7=,

550 °C LA LEDOEVLERIZ X > T MoVO ‘FHstEiEd o
== e SN NWKL% LHEEREIND,

5\ T MoVNDO 3 L T8 MoVNbO-600 (22T
HAADF-STEM HI%E %17 > 7=, MoVNbO Tid~<> %
~—==v k (Figure 1 ZR) ZHERT &R
WCar b AMNEITIRON STz, —F T,
MoVNbDO-600 TlI~Sr ¥ ~v—2=v FDH.LERE
DJEY D= MERBEICHA BN 2 FIFRE
W Lic, R ~v—a=y MLEROMELER
DRBEIND,

MoVO I 6 BBRIC 50%D 54K T V=0 24 LT
Wb, Alal, BVLERC L0 [EEMALBIEES 5 bR
T5H, ZHIZEY V=0 DAL TV 2 ~w—
2=y FRLERITEN 6 BERICHRY L, U
~v—a=y MLEROMEEB L LTLT LE
Zbib (Figure 3), STEM-EDS HIEICHB W TH,
MoVNbO @ ik dh (VIMo = 0.35) (Zhb,
MoVNbO-600 @ V k. (V/IMo = 0.25) 234 LT
7oo R LT RPHEEZ(IZE Y . NHs OBRBEC A
B DR 72 B3 NH S 4L, AN JEIRERD ) L

VAL RIS B T
% AN IR

Lic& B LT,
VO 5l RyHT—1=yhdily
()’ EREOER
o | A
.5.4 **”ﬁ LB
\g VS L s

Figure 3. BT DIEEEBET IV

1) S. Ishikawa, T. Murayama, W. Ueda, Catal. Today.,
238, 35-40 (2014)
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EHEMEDER NO. & é
IR Ot T8 - sk

CR =P

REKRE (B52EEH - AHbFaE®RE

NOSETTRIED 51 = X L B8

SR C)

0z < E mY £ @y E L HzEL LBb W L,
WR PRST - pRIE BT R fT - B R

1. %8

= Jufili(Three-Way Catalyst: TWC)i% B B #HDHEH
HANE ENDAFERS NOx, HC, CO ZHE/ 4371
a9 5. HIES ML CWDE—X— (O H B #E
a—)LRRZ =M AR L, PR ADMEIRLL TS D,
LU, (KIR Tl = ot I SRR I C B3, i
KDL S AT L TIEFAL DN+ THD. TD
73, AKIRTH = e A BREN 92 Pk H T AL A
T LDORRFEINRDENTND.

Fio, BHFFE TIXBEBL AT 0 2O R A D
TW5. BT o2, il EFIc AL
BB SEFER A M52 TELGEKL, 7
S DR GS TIEFEBLL 72> T AR SO 2 et 2
AR DRI RS T D,

FZTCH &I, o RSB IGAE T v e 2%
AT 22 ETIRIB TO @M - EHRRUE: NO, T
ik HERL, AN=Z LfRAEL T 7.

2. RBER

IR Ceo7Zr0302 137 = BRSEIR T S 1EIZ IV FREIL,
0.5Wt% D Pd % Z&FSHLENEIC KV EF L7z, ARiETS
FEAM [ E R E A S g A W T T o 7. fil
HEEERI T 200, 80 mg LL7-. A 100 mL min™' (Z3%
EL, AILEEEL T 773 K IZBWT 5%0+Ar % 15 47
M L7254, 5%Ha+Ar % 15 e L. JOEAE
% 200 mL min " 12X EL, ¥ UTH A% Ar LT
B A% Table 1 (TR TR L 7. ROSIFIR
&% 338-573 K OFiPH CEPEAIC FR S, FREIC
BIFHH A A% GC-TCD, GC-FID, NO; analyzer({t:
RV AW THIE LT, B TR T2 T
i2%AI2iE, 1.5, 3.0 mA OEFEREZENL, Ik
BEEZA A Aa—7THELRZ. KIZ, NO-C3Hs 7
P T ELARBRZAT 7=, filfii &% 80 mg &L,
T FUINREX 393 K, FEFTINIREE 490 K IZREELT-.
CsHe % 500 ppm CT—EEL, NO &% 2100-300 ppm
TEALESHET2. NO % 2500 ppm T —E&L, CiHs 1
100-500 ppm TZEALSE 7=, In-situ IR JETIE, 15
R L[RIEE O RTLEE AT TV, FT/IR-6200 Z FH\T 500
ppm C3Hs (Ar balance)—4500 ppm NO (Ar balance)32
AR A T o7, AR 160 mg, SUL 2T &
I% 100 mL min' &U7=. BEIHFEVINRET 373 K, FEFTN
Wi 448 K IC VIR EZRE LT,

Table 1 Gas composition in activity tests.

3. MEBLUER

TWC RPN OfBEE B ORE 5, ES2FN
THIETIRIRTO NO B TIE N BB T=, £, &
TEEIC N2 BEHPRNIEIE 100%E720, CO, CsHelizil
Ky B Lz, ZOZEND, BHEINCIVKE T =
JEEETE M W B L7223y no Tz, IRIZEY: TWC
B D S5 R 9572012, NO-CO-02-H20, NO-
C3Hs-02-H20 FEFHAIC TWC FHERESEILT-. £0
FER, NO R bELE Ny BIEICOWT, TWC Kbk
NO-C3He-02-H20 Sta DB FELI LT, L7Z3> T,
TWC D FE KT NO-CsHe i THD LT,

ZZC, NO-C3Hs BB DB EIN O30 Fe A fif
95728, NO-CsHes Z5 PR CESHUMEEE FERTINRE
THEELRBREIT 7=, BHIEHNEED NO #z1k
L NO, CsHe /3 EICRITKAFLT— /5T, B
MBI IEICKAFE L. Ko T, BHEIINCEY NO &
C3He DR SOLBEITTAZEN o7,

NO-C3He I DAH =X DGR 5729, in-situ
IR HIEIZF T CHe—NO 22 AR ERZAT 7.
CsHs BE#R %, BIGHIINEEZO A 1700-1880 cm™ |2
C=0 & 2100 cm T Pd’-CO DB — 7R @EsnT- 2.
ZIT, RO IR IR TR, B R IR A gt
HIROZRTH-T=. ©FED, BN LY il R D
2 H RS R B IS MEL S, CiHe D ER 0 B L FE
CH,O: AR LIZEE 2 H1LD Y. I51Z, NO #4514,
C=0 & Pd*-CO DB —7 kL=, ZZC, Burch Hi,
IRAL K FE DE Sy FRAL RS NOx 38 JT B W CHE
FERFRRTHHZEEHLNIZLTND Y. ZoZEn
5, AR L7z CH0: 28 NO Zig ot Lz & 2 Hib.

PL XD, EHETINEED NO-C3He St D AN =K
% Figure 112779 9 NO 2% NO,/NO3 &L C, [AllRF
1 C3He DMRIBESR 12 25 775, CaHe ITfiRiEA A DR
G R IZEY CHO: IZBbEND. %12, NO,
/NOs3™ & CH,O: DS L THRAEAE R N2, CO2, H20 %
AR 5. —J7, BHIEFIINIEZ 1L NO & CsHe D3Nl
FHENIWAETHDIHT, NO-CsHe FUSMTHEITLARU 9.

Applying Electric Field

NO

“ 9 “ v , @NO
l'/‘f‘ ve ¥ CO0 g Y 'y
“\
c o’RY c=0.
_C=l =O\
AR AR —> CHO, NO,/NOy~ R AUURAIE CH,0.
0z o 0z oz.j oz V2 V2 0z V2 o
Ceg 210,30, Cey72ro 30,

Figure 1 Predicted reaction mechanism of NO-Cs;Hs
reaction on 0.5wt%Pd/Ceo.7Zr0.302.>

Ry NO CO C;3Hg 0, H,O
/ppm /ppm /ppm /ppm  /vol%
TWC ZPHS 2500 3000 500 2500 7
NO-CO 2500 3000 250 7
NO-CsH, 2500 500 1000 7

1) J. Gao et al., Appl. Thermal Eng., 2019, 147, 177.

2) M. Haneda et al., J. Catal., 2002, 206(1), 114.

3) K. Takise et al., Appl. Catal. A, Gen., 2019, 573, 56.

4) R. Burch et al., Appl. Catal. B Environ., 2002, 39, 283.
5) A. Shigemoto et al., Catal. Sci. Technol., 2022, 12, 4450.

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. TE04 -



1EO05

REXRE (B52EEH - AHbFEHwRS

Ni i RUO, v 2 ¥ v L@ el s
K5 CO FEfbid

whiglL b X B EhED LEHLWS bRErd>nb xoEhoOL

7z X
(BEEKRT) OE@EMD™ - Ml 52 ™ - IDAKKR™, US4 —™ - EE B

1. S

RUO, 2R 13 W B & B L= TigtE i i
Jed B AR % 7R 3. Rutile TR 2 A 4 5 K
FeHRICAERT 2 RUO, ~T B Y X X2 v LE
iZ, FFic, CO BRILAEG D% NoO 3RS 2iexf LT
BN RE 2R L, MEFH I AT W 3,

BRI ~D BESE ¥ — 7 I3t RE 2 5
2—=v 7T RENFED—-DOTHL. TNET
IZ RUO, F / ki A 7 iE~o 3d &)/ F—7
I & Y, OER iHME I Ica L3 2 & L, EHICHE
T3 V=TSR 2E% CHREINTWB 3 RO, =
vAF Uy LE~D 3d &|F—7icix, /KT
AN ~DEBE— T L IE R 2= — 7 R
HEafFansg. LaL, RuO, T8 X Fo v L@~
DHEREEE Y -7 oMP VIRt a Tz iar
-7, HHiZ 2 255, 1) HEBYZ L X
Y VB OREHE B R0z, 2) A F T L
& D A L =L D TE B 0 RS 3T 23
THEETH - 7=,

AWHFE T, rutile-TiO, ~ Ru WHEEEHE & 3d &8
G % HER L, K&ABER T %7210, RUMOx A&
PRt — v 2 %o v V@B HREWICH ST 2 HiE
RERHE L. Ni F—71C XY, Ru filliiic 5\ CBE
T D WK CO BLiEEn AT s L 2 |
HL, Zo%REE 7 2 &R T % XAFS, HAADF-
STEM #i%2, XPS, M UNHx-TPR T X 0 220 L 7=.

2. EBR

RS Rutile-TiO2 IC 5Wt% D Ru(NOs), & 0.5 wt%
D M(NOs)x (M = Mn, Fe, Co, Ni, Cu) Z&iR L,
300°CT 4 RFEIRSUBER & 17\, il 4 o HAH Rl
%1572, LA, SRu+0.5M/r-TiO, & Mg % . Hrusfdidit
LT 5wt%®D RuNO3z), % it 0.5 wt% D
Ni(NOs), D & % fHEF L 72 fili it & 157 . LAt%, S5Rulr-
TiO2 S T 0.5Ni/r-TiO, L #rd 3.

AR TR M S . i & SIS R (0.5% CO, 20% Oy,
Ar balance) ICBEL 7-. IO 4 X % CO/CO, 4r#ratic
XoTEHIIL, EHIRETD CO fzfbEB XU CO
FRAVSE S 2 B L 72, TOF 13 CO Mfbk s % 4 H
EEA SR (mol) THEIY DT A CERL 7.

3. EBRRUER

Fig. 1 I 5Ru+0.5M/r-TiO, ® 50°Cic &) % TOF %
RY.3d EJEOIAEFFIC X Y TOF 23AEEEM I ) 1
L 7= . ¥ 1, 5Ru+0.5Ni/r-TiO; T & K 494
mol/molmea/h 2SI X 72, — 5, 0.5/r-TiO, 11T &
b ETEERIRE R 272 (< 1 mol/molmewa/h) .
fit 5 T, 5RU+0.5Ni/r-TiO, D E W iETE I Ru & Ni o4t
HEFIC X o CTRRICHEHT 5.

HHEFFHR O LR D BfFE %2 HAY & L T, Ni K-edge

XAFSHIE# 1T o 7. F b N7z A=T F LD EXAFS
M AE Y o — 7Ly PEWRL, T LA, Ni-
(O)-Ru 77 BREL S BH IC U < L7z, Z4LiE, Ni &
Ru 2> 5 ik 3 ALY A r-TiO, LTI L2 &
PEWT 5.

Fig. 2 IC 5Ru/r-TiO; & U' 5Ru+0.5Ni/r-TiO, @
HAADF-STEM % /"3, &b 5 ofiifficBnwTd,
r-TiO, ® (110) #&T-HmiC i o THE R ASEE LA T
BRETDMER I NS, THiE RUO, TE X F 2 v L
JE DI % BT % (Fig. 2, M) . 2 OfEHE
5, Ni F—=7%% RuO, TV & F 3 v L@ M &
NTWaZERRENT,

Ni EAEB IR~ R T HE L2 RS 5 7-
B, RISKB DN, ik Z{T 572 Ni F—=7Ic X
D, CO DRIGREICTIT L A EZAIZ 7> o 7228, Oz
JGRELNZ+0.17 2> 5+0.50 ~BEAN L 72, & DFERIZ,
W W 56 % I L 72 BE AL ROCBERE o 25 52388 L
72 HERBLTCWS, TLoU R 7By P b
5 172 5Ru+0.5Ni/r-TiO, D /W2 ik b = 4 v ¥
— 1 S5Ru/r-TiOz 12k, 22 kd/mol &< 72 o> T\ 7z,
AFHEE I, BFMICE U 2 E AR 2 il EE,
FOGKRE 1< KIT T RZIC O W CHElIC R 9 5.

49.4

50 —

IS
=]
|

w
o
1

25.7

]
=]
|

1 121

TOF / mol/mol yea/h
]
=1
wn

-
o
1

=

< @ [«] S N 13 13
S & £ & & & @
NN N S ,
SUO O SO T S
S¢S K dy w9 o

Fig. 1 5Ru+0.5M/r-TiOz, 5Ru/r-TiOz, X T 0.5Ni/r-TiO,
D 50°CIc B % TOF.

(a)

Fig. 2 (a) 5Ru/r-TiO; (b) 5Ru+0.5Ni/r-TiO, ® HAADF-
STEM f4.

1) Li, H. et. al., ACS Catal., 8, 5526 (2018).

2) Lin, Q. et. al., J. Matter. Chem. A., 2, 5178 (2014).

3) Chen, S. et. al., ACS Catal., 10, 1152 (2020).
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WS ERI S TP AL v B iR
A& T4 B A RO H %

bhl

SHBEKE Ofih BN -UoiE Do

1. S

—orfkE T B BV PEN RTE EFNDH ERR Y
ThHERE LY (NO), RILAKSE (HC), —F&
bR R (CO) Z [RIRF IS b3 ot THD. 51
O HBHEFEEOHES CTIX, "7 UYREOHD
HEIE DI AZENTFRISILTNDD, NAT
Uy RELIHED ADIREMEL, £, BREOH Lk
DT=DIZFEF B FEISRM THEIRI LD, NOx D
BICIZES TUIARRN 2 5 &lpoTLES. BURT
X2 ORIEIC KRS T D7 it c 2 B0 &4
BMEASN TS, 2O BB T
1L, AR IR TR W ET R BIE M E IR L, v
Fe RIS T TEVy NO B oEfER b o, &
B A EAHI L 72 B B mPET A L i o
BIRZBMELT. ZNETITARMIEE Tl &
DEEBENHSEOEE(LITER LI MF %
fT>THY, PtECoxEAILTHILT, [RfHF&E
D Pt il L0S mV B E A R T 28 A RS
DR QAY S N A G i e YA Y A [ M bl = K i= 1 O
Pt LEAILEELH &R (PHER) DM AE
DRI OWTHRE 2T 72,
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(N ZAbStE) 217 o7

3. RBIUERE
A —ESMEICBITS NO RO HIE RS B
Fig. 1 (2”4, Zn LIS OIRAE BEE LTS

S

o7 LS5 okl REE OO AL nkd holl
& .

S K ] R

ZETPtE/AZVEDE EV NO B ITIEMED R B
L7z, FEIZ CuPt MO S A Z L~ TEVYNO
DB TTIEMEZ R UTZ. ZHUX Cu BIRDOL >EENT-
NO B TS SN2 B 2 bD.

Fig. 2 (2 A 2 b5 (0.5=A=15) {ZFi}5 NO
HaAl R OB ERE 2R, BRFEmEIERF (A >1) 12
FHTHE, IWHEREIZE ST NO #EuoiErEiT K
ZERY, KR CoPt 23\ NO #infbiE 27~
ZLEDGy o7, CoPt iz T, Co & PHIZA
BHREEZTERR L TWAZER D> THRVM, Zn
B AMENEFIBEI S T TO NO EitioxL
THHHTHLAIREMED RSN,

MHOFFRTIE, EiLERERNOELEEE
ZONAHINAEREOHEFFEE 2B, TDRE
IZOWTHREILTERE BRI OWTHIRE T 5.

100

—=—Fe(1)P(0.1)
g0l | —*—Ni()PLO.1)
Zn(1)P(0.1)

—v— Cu(1)Pt{0.1)
Co(1)Pt(0.1)
——P{(0.1)

60

NO conversion /%

1 1 1
300 400 500

Temperature / °C

Fig. 1. A —ESRMIZBITD NOLHE(L .

1
200

100 600

—&

BN = o
\& . N \

=

0]
o

Ec
&
260
g .
5 Co(1)Pt(0.1)
O 40F | —=— Fe(1)Pt(0.1) ]
o —e— Ni(1)Pt(0 1) ‘\
< —Pi0.1) v \:
20+ Zn(1)Pt(0.1) \
—v— Cu(1)Pt(0.1) 1
e — | \

Y

0 . . L L L . . . .
05 06 07 08 09 10 1.1 1.2 13 14 15
A

Fig. 2. A Z2{L5AFI281F 5 NOK iR L =R,

[2%5 3R]
[1] Sato, K. et al., ChemPlusChem 2019, 447— 456
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FOGERBEENNUT=. Z D7D 22 29%E 37%D T
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Functional materials

[1EO8-1E11] Functional materials (1)
Chair:Ryota Osuga(Tohoku Univ.)
Thu. Oct 27, 2022 1:00 PM - 2:00 PM Room-E (12E Conf. room)

[1EO08] Theoretical chemical investigation of the proton adsorption properties
of Keggin-type polyacids and their governing factors
OHiromu Akiyama', Hiroshi Sampei', Masahiro Yamaguchi', Chinami Takashima', Hiromi Nakai',
Shuhei Ogo?, Tadaharu Ueda?, Yasushi Sekine’ (1. Waseda Univ., 2. Kochi Univ.)
1:00 PM - 1:15 PM

[1EO09] Investigation on degradation mechanism of amine on SiO, support during
CO, adsorption-desorption process.
OKodai Tanaka, Hajime Hojyo', Hisahiro Einaga1 (1. Kyushu university)
1:15 PM - 1:30 PM

[1E10] Formation of spherical zirconia particles via thermal treatment of
zirconium alkoxides in 1,4-butanediol
OShinji lwamoto’, Hitomi Igarashi', Tetsuya Kojima', Fuya Sugiyama®' (1. Gunma University)
1:30 PM - 1:45 PM

[1E11] Synthesis of MFI zeolite-encapsulated metal NPs by dry gel conversion
method and its application for catalytic reactions
OMisaki Endoh’, Nodoka Nakatani', Ye Jianan, Kentaro Kimura', Hiroyasu Fujitsuka?, Teruoki
Tago' (1. Department of Chemical Science and Engineering, Tokyo Institute of Technology, 2.
Department of Chemical Engineering, Kyoto University)
1:45 PM - 2:00 PM
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1) S. Kongwudthiti, P. Praserthdam, P. Silverston, M.
Inoue, Ceram. Intern., 29, 807 (2003).

2) F. Sugiyama, S. Iwamoto, J. Ceram. Soc. Jpn., 128,
410 (2020).
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ik, B4 T4 PO SVALLLERICTH D, BHHNT
PtMFI@SiO2-ALOs % [FIUV » Bz M S W72 4% . My ARIR D

I%. PUYMFI & Le#k L. Pt@MFI OKFIEMEITE L
ARV, ZHiE, TMB 28 MFI OfIFLEE L » K& <
BE~OT 7 EANRKNECH-T-Z LITEF L,
Pt@MFI & Pt $Ri 3B AT A MR +IN~[EE(L
SNTWDHZ EERT, LR, iRk E EFEiR
LA A G O ER B, W Z Y
VI ENTESDVRICENT-EA T A FNAARE
R - PN Ll D SR Bl zh U 7=,

© MFI ®PUMFI ®Pt@MFI
® Pt/ MFI@Si0,-Al,0,

average

PYMFI@SiO>-ALO; IZHEEHUERI(T ~ 7 7 m e T >lm]
VEZULAE Ry TPAOH)7J‘<{§{1§ & NaOH 7~ 5 5 1 (s./Alrzn‘F;to/oM.Fz:n = (suALzEE%’yth) =
RHRAREE GRS, WRLEIZEY T544 & Fig. 2 TEM &
NEfRf, O, A— I L—TERNCT T4 S swe s v | _Table URKILRUGHIR

. e PN o]t R KRALERY
PADYHTA MEH (453K, 12h) BTV, PR - izt 01t S kol
HEkiZ X 0 Pt@MFI 24572, 156 - ikl o ik "8 wnosoo, o5 o1 | PIOMFI @ oL 227
FBR X MBI (XRD) & SRR &0 3 S| e 380135 | PUMFI 315
L. MFI 474 F OB & PR FEHIE 1T, g T POMEL ) () 016

Fig. | SRS Sig _PUMA 551

AR E TS (FE-SEM) & %8 M5 1 A B
(TEM) 12X v Eliti L7=, Pt ki1 B E LB O
X, oFv A XDORRDFEFE 135 F) AFL
AN ¥ TMB, F/bx TOL) OAFECEIGIZ LD
Ikt L7,

ARHFGE O —EIIFHIFE: . 33 OB ) = BE 36 R F
72717 Z 2 (JST, SICORP) DK THEli L7-,

[1] Kobayashi, T., et al., Chem. Eng. J., 377, 120203 (2019).
[2] Fujitsuka H., et al., Catal. Today, 375, 360 (2021).
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Chair:Satoshi Inagaki(Yokohama National Univ.)
Thu. Oct 27, 2022 2:15 PM - 3:30 PM Room-E (12E Conf. room)

[1E12] Direct synthesis of Ru-containing MFI zeolite and its catalytic activity
for methane oxidative conversion
OMuyuan Yu', Shuhei Yasuda®, Toshiki Kaseguma', Takeshi Matsumoto?, Junko N Kondo?,
Toshiyuki Yokoi® (1. School of Materials and Chemical Technology, Tokyo Institute of
Technology, 2. Institute of Innovative Research, Tokyo Institute of Technology)
2:15 PM - 2:30 PM

[1E13] Synthesis of Cr-containing MFI zeolite and its catalytic activity
OToshiki Kaseguma1, Shuhei Yasuda®, Muyuan Yu', Junko N. Kondo', Toshiyuki Yokoi" (1.
Institute of Innovative Research, Tokyo Institute of Technology)
2:30 PM - 2:45 PM

[1E14] Synthesis of zeolites with Al pair sites and evaluation of ion-exchange
properties for Sr** cations
OYoshiyasu Imanishi', Mizuho Yabushita', Ryota Osuga’, Sachiko Maki’, Kiyoshi Kanie',
Toshiyuki Yokoi?, Atsushi Muramatsu® (1. Tohoku university, 2. Tokyo Institute of
Technology)
2:45 PM - 3:00 PM

[1E15] Impact of acid treatment on titanosilicate with different preparation
methods and its catalytic properties
OShunsuke Yamada', Shuhei Yasuda', Takeshi Matsumoto', Junko N Kondo', Yoshihiro Kon?,
Toshiyuki Yokoi' (1. Tokyo Institute of Technology, 2. National Institute of Advanced
Industrial Science and Technology(AIST))
3:00 PM - 3:15 PM

[1E16] Investigation on the surfactant effect on the syntheses and properties
of various 8-membered ring zeolites
OMasafumi Kamidate', Yuuta Iga’, Masato Sawada’, Takeshi Matsumoto’, Shuhei Yasuda',
Junko N. Kondo', Toshiyuki Yokoi' (1. Tokyo Institute of Technology )
3:15 PM - 3:30 PM
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PR L7, ikt x v Z 7 # VE— 3 1%, XRD,
XRF, TG-DTA, CHN %347, SEM, STEM, JtH#~ v £
VITEE AW T .

A X AR, H R B E R s SN E A
FAWTIT o 72, (20 mo) % S ICRE D, 7=
VI T 600 °CT 1 BERERTLER 21T o 7214, UG
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Ar 0.91 atm) % 25 ml mint TG L, SOSE1T o 7=,
AR H A1E GC-FID B8 L TONGC-TCD 12 & Y

=
\ﬂ'@

§

SrRr Le.

REXRE (B52EEH - AHbFEHwRS

ELFE G RIS & OMRAEHY A & s
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3. BWREEBEE

2T OB I T, BHARTO MFI BUREE DT K
TR X BREPT S Z — o B E6n, sRTED
EWVE RSO « MR E L RIS v T
LEMER LT, ET, BERZOREHIIBWT Ru fi
WCHRT 2 BT BIEE S, 2SL7 Ru FEOTER
DR X 7.

AL U 7= Sl 2 T A 2 AR B LSS 21T
7= (Fig. 1. ZifFICL VR L7 Ru/ZSM-5
13 84 WFEE D@ A X LA R L, EHEG KIS
L v L 7= & B ( Ru_ZSM-5_as-made,
Ru_ZSM-5_Ar-cal, Ru_ZSM-5_air-cal) % kE[E]~7=.
EDA & L — M#INA &2 A v TR U 7= il 45 o
as-made /& (Ru_ZSM-5 EDA as-made) 2D ¥ F X
JSIZHWWZ L 25, 88 WIRE D @A ¥ V(bR %
~L, RUZSM-5 D% (84%) % LFIAEVCO ¥
FO H, WEERLE. —F, BEREZORE

(Ru_ZSM-5_EDA_Ar-cal, Ru_ZSM-5_EDA air-cal)
IEWT IS IEF TR A & i b (10%, 18%) %
R L, BERSEOEWICE D b3 L MlEEERE D
BAEA RS-, Ru_ZSM-5_as-made (81%) + L
Ru_ZSM-5_Ar-cal (68%) , Ru_ZSM-5_air-cal (68%)
D A B LR O L TG [RER OB A 5 i,
as-made K% ZDFEERISITHWD Z &1Z K 2 fillit
PERED M BRIz, £, WTHLOREHT
WTH H/CO MEFRILD 2 & LRl 722 &k, K
FREUE S U IIAMEHN 27 NS OHELT A3 e
ST,
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Fig. 1 Catalytic conversion of CHs over (a) Ru/ZSM-5,
(b) Ru_ZSM-5_as-made, (c) Ru_ZSM-5_Ar-cal,
(d) Ru_ZSM-5_air-cal, (e) Ru_ZSM-5_EDA_as-made,
(f) Ru_ZSM-5_EDA_Ar-cal, and (g) Ru_ZSM-5_EDA _air-cal
catalysts.

1) M. Choi, et al., J. Am. Chem. Soc., 26, 132,
9129-9137 (2010).
2) L. Liu, et al., Nat. Mater., 18, 866-873 (2019).
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BRI LR O 1 > Th D, ITEIE, Zfic
FIIALZ TN EB2LL Gy a— VT ANDLT
0B LSS B 7 a o ik 3 (PDH) RG2S FE
WICHEBR SN TWD. TV E TITER & 7 filifisr gt -
FRIE SO SR DR PIE AR STV D D &
& DR EI O T Y, (LR ENE &R
OHHEICEN-EA T A M NI AR B o
— DO THY, f$3KD PDH & D KB I b~
DOREIZAREMENR S D LW ST 5.

TN U= NI AT A M, LA
TR A NER L, IR T A ERUL
SHDLHZEICKY, BFEA A ERITERERT Ol
BEARRVE 2 HIE - BT D Z LN ARETH H. MR
FTIXINETIE, BATA MIERARZERM
9oz ticky, &Rk LTEALE
HZERRHL, & 51T CHyB b SICxT 248
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&R ORI G- 2 5 EEBIZ O TIEWEZITH]
LN TE DT, REERFI % % EL S
5 ENTENR, Hi- 22 bBEBRR ORGHI % 5T
X5 LT D, 22T, AFETIEEAT A P
— AT Cr R lizdlid 2 FEE RHL, 2 b
DT a R UBKFBISICRT D C-H fEEIEMEICD
WG LT,

2. RE&

MFI #¥ 4+ Z 4 b (Silicalite-1, ZSM-5 (Si/Al=30,
50, 100) ) % , Tetrapropylammonium hydroxide
(TPAOH) % AHEERIEAI & L CHLART V&
KEAGHTHZ EICL VL. feDBEA4T A
k%, Cr(NOs); DKERFIZEIR L, Holf & Bepk %
BT, @REAEATA MRS, T,
Silicalite-1 % Cr2(SO4)s, CrCls, Cr(acac)s, Cr(OAc); D
KRR e Bepk 2R C, @BEFEEA T A b
fih i 2 15:7- . (Cr/Silicalite-1, Cr ¥HFF &:0.1-30wt%) .

PDH S TEPEREAMG 3 [ 7 PR it 180 =S i 25 1 A
WCHENE L7-. il 100 mg 2, Ar+H, i@ T 550 °C
THIWE L, 550 °C T/t # A (C3Hg/N2 = 1.0/4.0mL
min) Z il S RIS EIT > 72, RUSE D T AL,
4> 4 GC-TCD & GC-FID % AW T L7-.

3. ERBERBIUBE
TRTOEAT A4 B OKER X BREPHHIEIZ

BT, MFI AUREE (TR 22 BT /3 2 — o D3R
S, CrEOEREARL L EEEEZHERF L TWD

ZENHER SN, UV-vis HlIEIC LV EALE Cr
FEOIRREZ AT LI/ R, oA Al &I 5T,
Cro"B L CPfICRE SN E— 27 BREH Sz
HHTREZ LI, Cr HEFRIIKFE L T Cr BOJR
AL L, el O Cr R B OS82 1%
ZETe CrOs IR ikt 2T 2 MARDBE LI
HZ L EMER L., —J, Cr i REOK FICEOR
BHIRHE - B A~ S EfERIC A L, ZHiFEA
L7z Cr fES Cr* & LCHAET 2HENM ET5 2
EMEZLEND. DFEV . BF T A FEMmICET D
Cr O Miid+6 flicdh b —F, CrOEEDL L
I Cr fEE~DE L2 5HE - FEEER TR L
T2 BAd T4 MIEMLURW Cr fEIF+H3 MR 7l T
FETHEEZLND.

B HAIBMATIE, T XTOH 7 izisnT
300-500 °C [Z/KBHE ©— 7 Mg Sz, EH
F XX Z LT Cr(acac); i IR E ©— 2
DR I 72, F£ 72, Cra(S04)3,CrCl; Tl 500-700 °C
\ZHTTZCHNSE LT Crt OB TS SR 5 K FE W 2
B BNHER SN Y. ZOFRERN DS Cr OAREEN
RIpoTND T EAVER S L. g2 1 (1),
HElig 7 v A (D & V7= Cr HERE Bk PDH
FOGTEVERER OFE R % Fig. 1lab (R, g7 o
LI ZHE L= o 70Tl WG TE Oz
28%, C3=(7' 1 B L NDULHE 26% % 7~ L=, HEfg
7 v A THE, FIIEME ORISR 18%, C3=(7'1
ELNDINHE 18%% /R L. 20D Z LT
DEVNZ LY ,Cr OAREN R/ D = & TRIGNTEME
WCEWHELCLTWD EEZLND.

Cr/R 7 LV CHFEBTEMENRELS B D 2
EaRMLT.

(@ (b)

-®-Convesion -4C3= yield -&-Convesion
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Fig. 1 Catalytic performance of 1 wt% metal-supported (a)
Cr(NO3)s/Silicalite-1 in PDH reaction.. (b) Cr(OAc)s/Silicalite-
1 in PDH reaction.
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1) Z.Qu,etal, Inorg. Chem. Front 9, 3096 (2022).
2) T.Yokoi, et al., Chem. Commun. 56, 5913 (2020).
3) T. Yokoi, et al., Commun. Chem., 3, 129 (2020)

4) D. He, et al., ChemCatChem., 10, 5434 (2018).
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1) E. Dempsey, G. H. Kuehl, D. H. Olson, J. Phys.
Chem., 1969, 73, 387-390.

2) T. Nishitoba, N. Yoshida, J. N. Kondo, T. Yokoi,
Ind. Eng. Chem. Res. 2018, 57, 3914-3922.

3) T. Xiao, M. Yabushita, T. Nishitoba, R. Osuga, M.
Yoshida, M. Matsubara, S. Maki, K. Kanie, T. Yokoi,
W. Cao, A. Muramatsu, ACS Omega, 2021, 6, 5176—
5182.

4) M. Yabushita, Y. Imanishi, T. Xiao, R. Osuga, T.
Nishitoba, S. Maki, K. Kanie, W. Cao, T. Yokoi, A.
2021, 57, 13301-
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Muramatsu, Chem. Commun.,
13304.
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WX D7 V= REBACRIS T v ZA0OflE L LT
MTIEH STV D D TS-1 I BRALERIC X - T,
BA T A4 NERICHAAEN 20 o7 Ti FERE
T&, flEEREA M LSS N TE D,
TS-1 ~DOMEABIZEI T HMRFHI I E THix 72
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LE 9, BELRUSICAEZN 2 Ti a2 5% L, EEEE M
E3 Ti O R ZNRIICHRET 5 FEORIENR
D HITWD, AAFFETIX, SUTi b a2 b S w7=LL
MM R —IZ U CERE TS-1 2B L, BRALEE
Lo TEDOHER N -~FE DO RE IALRE
W52 DB ARG LT,
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2. E B
2.1 TS-1 DAL

TS-1 OERFEEIE L TT h T bhFv T
(TEOS), 7 T 7 F&% v F & /(TBOT), 7 771
AT E=U A Ry K (TPAOH) AL
72o JEEFE/LE A 1 TEOS : x TBOT : 0.12 TPAOH : 16

H,O (x=0.010,0.012,0.014, 0.020,0.033) & L. 170°C,

5 HEAKRBEGRO BEEAIC LV Gk Lz (AR
Si/Ti E/VE & LTI 30, 50, 70, 85, 100, 4% % Entry 1
~5 L #KGFL Tablel), MEALEEL LT 6 MHNOsaq %
TS-1 12Nz, 20 KR L 7=,
22 1-~Ft DRI AL

£ TS-1 (10 mg), 1-~F+E> (1 mmol), H,0 (1
mmol), 7& h=kF U/l 2mL)ZMx. 30 C T
S, OGNS S Til B OZRF D
AL BB L B % UL IRERA] O 5 72 TOF (h ') 2 AW T
SRR R LT,

3. WREEE

XAREPT A2 — 2 K0 | 5 5= A 50EHT ML ##
EEA L TWe, Eio, BRLBEHIT% O ICP-AES 1T &
% Si/Ti LbOBIEREF % Tablel (277 L7z, Si/Ti=30-
85 O Entries 1-4 (2B L Ti%., BRALFLRI{Z T SI/Ti ke
DIFRSEREE CTh > 72Dkt L, Entrys Tl Ti 28K
TEICfRZE S 7= 2 & N hso 7=, Entries 1-5 D45 TS-
1 FEALERET#% T 1-~F & v DRI AU HE 5
% Figure 1 |27~ L7z, FRALERRITD Entry 2 28 Kt
MR E <, TOF (X 53 #/RrL7-, UV A7 ML K

V. Entry 2 OFRLFFTRAEHE 250nm (27 71— R72
=7 MBIl E N, 20— 27 13)VEKREALO Ti
MICERT DL SN TEY . 20 Ti OFEN TR F
N ZET VA N LTS ATREMES RIR S vz Y,
Table 1 Si/Ti molar ratio of the TS-1 before and after the
acid treatment.

S/Ti® S/Ti® SVTi
Entry preparation before after
1 30 41 51
2 50 45 45
3 70 58 63
4 85 71 71
5 100 88 339
aDetermined by ICP-AES
60
—~ 40
£
6
~ 20
o |l
before after
m1 E2 m3 54 n5
Figure 1. Catalytic performances of the TS-1 samples

before and after acid treatment.

—J7, Entry 5 TIZERALBAT TIXIE & A & BONTENE
M7e<, TOF X 03 Tholz, MLEIZ LY Ti &M
ROEWZIA Liz23, TOF 1% 13 12 B L7z, Ti &I
DT ND | ZRF AL DOIEMER L 725 Ti
FED TS-1 FUICHEF L TWDH Z ERbh oz,

Entryl CIIFREEE 2 SONTE M2 [ = L7z (TOF:
10205 34), Zhuk, €A T4 FOEENITHAA
ENeD ol Ti AL LV RESNTZTED
LEZ2 5%, Entries 1-4 1%, MRV 235 2
& T, AEORISEEZ RT 2 EDRRALNE RS T,
$72. Entries 1-4 OFRLIHEAEHI BT H UV A
7 FVTIE, W bRk E—27 R Z R LT,
PLEMNG . BRI O Ti FESBRAFEIZ X 0 BrEI L,
BN T 20BN EFE L2 EICEY, £ TS-1 o
Ti JEOREN )b SN TNbH EEZEXHND,

1) T. Tatsumi et al, J. Am. Chem. Soc. 130, 10150 (2008).
2) W. Yang et. al., Microporous Mesoporous Mater. 314,
110862(2021)

3)J. Yuet. al, Chin. J. Catal., 42,2189 (2021)
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HFCTH DDR BB AT A4 MIAEMR I D MED—
DThDH. Lo LREKRZ, ho/NEBRJEA T 4 b
fib R [R1R L S ML PAZE LA 5 RIS 3 FufiR 9~~~ & 3R
HDO—Ho>ThAH.

Bl Fkx X, NEERBAEIRIT LI V) r—k
BA T4 MBI OHFERMCONE AT VI /v
Ur— A5 4+ (CIT-1) fikfi 22BN T, 4
DB M F A MEREFEERTH 5 B
ANEYF IOV NY AFAT E=T A (CTAB) %
EFEIRLZFEEHET D LT, ZNEFnoES
A Mgtk FERER KOV Al 0 Af & ilfE AT RE T
&V, Propylene-to-Butene 33 1. O MTO S il 57 iy
EHEAAT D ENARETHDZ EERE L TN D,
[FAEDFi41L, DDR BI¥ 4T 1 + & 7= MTO fil
BRI BNWTH AN TH D LI END.

% Z CARMFE T, DDR HE 47 1k (ZSM-58)fik
IO &, B R X O MTO fltRs s, &
A7 VHIZ BT D CTAB OHAE 08 FIE 4 2h HIcBI L
TH LT D RETE TR -T2,

2. R E&

B RERE S L H A T 5 Methyltropinium iodide
(MT)IFEERIZHENARR LT 9. W T, BEfR Y25
12 Cab-0-Sil (M7D, Si &), Alx(SO4), (Al J&), NaOH,
MTI, CTAB, 3 X1 6wt% DDR Y45 A | (seed)
Eate A7 v (HAZA SilAl e 30-400, CTAB/SI
Et:0,0.01) ZFEHIL, 160 CT 2 HE/KEAARKZTT
ST BohrRB 2T BT AL F UL
#%, 600 °C T 6 FEfIBER L 7o, Bpci oz
BlofEE & HuE%PEIL, ICP-AES, XRD, SEM, %
FWAEE, BLONH-TPDIC L W HIE LT,

3. HREEE
BFonzikElo XRD X% — 2 %K 1 1[2/R7.
CTAB 3:17(ZSM-58_C)F L OFEHAFD AR 7L L 0
L L 723 BHZSM-58) T DB AT BN T

B Shr ES) k*

SRR 1S YN
L s Lo~ [25 19>} Loic rzw & L@%*
WL PR T BPRS JRT B VA

DDR MU 4T A MEEIZ RSB NZ — 2 035
L, B A~ CTAB @ I:7E1L, DDR Hilt#idk
DR ERE LW & 2R LT,

AT

12 % 104 cps

0 5 10 15 20 25 30 35 40
20/ deg.

1. @) ZSM-58 33 L 1% b) ZSM-58_C ¢ XRD /¥4 —
v

2 27k SEM Ef XY, ZSM-58_C @ 52
ZSM-58 & Lbli LTk 7k LT\ 5 & & & i
Nni-.F7=, # 1 12”9 ZSM-58(_C)D Ffsm el E
FEH LV, ZSM-58_C D 573 ZSM-58 L ¥ & 413 f s
DHERLTWD Z ERMRINT. 2o OREED
5, AR FIZE T D CTAB O H:AE73, ZSM-58 &
R e B KT T 2 LR ST,
WHIE, 2 OMERERIC T RE L, MTO fit
BERPEIC BN 2 BB 2R 2 s 3 5.

2.8) ZSM-5

il

8 ¥ L UM h) ZSM-58_C ™ SEM

% 1. ZSM-58(_C) Si/Al kb, B hk, F5 L O LA

SifAla EEo fexmEiRs MASRH SARERC
Sample /mmol (g-cat)?  /mg™! femdgt /meg!
ZSM-58 38 0.102 375 0.131 40.4
ZSM-58_C 33 0.103 400 0.131 67.8

a: ICP, b: NH;-TPD, ¢ : N, adsorption

1) T. Yokoi, et al., Catal. Sci. Technol., 11, 5839 (2021).
2) T. Yokoi, et al., Ind. Eng. Chem. Res., 61, 1733
(2022).

3) E. Hayakawa, et al., Int. J. Chem. Eng., 11, 6 (2020).
4) E. Hayakawa, et al., Membranes, 11, 623 (2021).
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[1B0O1] Acrylic acid synthesis from lactic acid catalyzed by K-type zeolite
Olkuya Watanabe', Kazuya Imamura®, Ayumu Onda' (1. Kochi Univ.)
9:30 AM - 9:45 AM

[1B02] Sodium containing hydroxyapatite catalyst for dehydration reaction of
lactic acid into acrylic acid
OMomoka Inui’, Yuki Matsuura’, Shuhei Ogo’, Kazuya Imamura’, Ayumu Onda’ (1. Kochi
University)
9:45 AM - 10:00 AM

[1BO3] Analysis of specific acid sites on WO,/Al,O, catalyst for gas-phase
dehydrogenation of glycerol
ORYUICHI KANAI'?, Fuyuki Yagi', Hiroki Miura?, Tetsuya Shishido® (1. Chiyoda Corporation, 2.
Tokyo Metropolitan University)
10:00 AM - 10:15 AM
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XS4 FOBERVTILA ) EBENFLEEEHIC
5 Z % AR 4 D AZEA

(IR -

1. 5
TEMNCEERMLAETH DT 7V VEEIZ AN
Hko 7u v v oEiRNBtic X - TAEREI T
W5, AKigE T, FikirlRettak HigS D
—Bre LT, ABOBUKKIGIC X BT 7V VG
CHEH L 72, SR IIfiit s LT f Fax
TNEAPRELATA PBERNTH S LHEHRE S
nNTwg L2, 72, A X VIS4 ricT AR
&)@ % 52 K-MFI (Si/Al = 14) €+ 7 4 b+ i3ifiz{b
F96%, 77 U NIEHERFE 81 C % L m\ BT
WEI N 2, K, €494 o7 Ah )4
JETE & GRS FLIR ST 5 2 2 508 % R 5
228k, BREMADLT 7V VEEEIRE %283 il
Bo¥EHM L LTz,

2. FEB

YA T A M, SR OHR Y — Xt o
BEA (12, 20) & MFI (12, 15, 20, 45) % Fi\: 72, 4 4
Y, HMoX+ 7 4 % NaOH /KIEHK £ 72
lZ KNOs KB TIT W, ¥ei LIS S 7= i i 1%
100°CT—HizIg & 7. ¥~ 7 i3 XRD, ICP,
BET THM T L 7. fltE S0t i 13 1 [ 58 IR it =X
SEEE % F v, KOGEE 350 °C, N, 5PH& T (30 ml
min) T, 38 wt% D FLE/K AR % 1 mL h ' 4G L 7=,
A RWIE GC-FID, HPLC CTHir L 72, i, fit
e 0.2 g, (*0.5 g) CULHEKE 4 h ofi% /R L 72,

3. MRk UHE%

TN ) BIEHPFEEEC S 2 5 B R RT3
729, KA hFAVEIY AT 4 bl X 2 7L
BYamitor-. 1 X0, HBEAT A bz,
WINDLT 7 Y AMBITERKES, T FTATEF
BEAERYTH - 7. —J7, Na-BEA (14) & Na-MFI
A2)1F, 7 FTAT e FERERESL, 72
WESERERZNEFN36C_ %L 51 C_ %THo7-
72, KBEAIA4 iR, 727 UABBRERE S
WHE L, K-MFI (12)fii#< 83 C_%TH - 7=,

BHuH Oid

CwnEp

it - ok

-

5

BT e BAE iy
- B 2

K1 FEA 7 A4 N2 F o 72 FURRA

Conversion Selectivity (C_%)
Catalyst (C_%) - -
crylic acid _Acetaldehyde

H-BEA (14) 100 0.9 60
H-MF1 (12) 9 0.5 44
Na-BEA (14)* 95 36 16
Na-MFI (12) 99 51 20
K-BEA (14) 98 43 23
K-MFI (12) 99 83 10

XA T A+ D Si/Al L ERYREIRM:ICE 2 3 5
BRI % 79, Bk & 72 K-MFI fit i (Si/Al=12, 15,
20,45) % X O K-BEA fililit (Si/Al=14, 20) % T
FLBEH 2 To7-, K1 XY, K-MFI filtift-ci3,

Si/AL EEAMENIE E T 27 ) AVEBEIRKR 2355 L, T+ F
TAT e FERMEAME A - 72, K-BEA fililit ¢ 3 [Fkk
iZ, SI/ALELDME I EE T 7 U AV IEIRE 2R L
7. 72, Na Bl¥+ 74 FCHRCMEMBZRL 2
(notshowndata) . X o TA F v55#a9 4 b A3
PHEWERECH 5€4 74 FRED, 72Uk
RICEMTHBZLERBLTELEHEZLND.

100
g
o 80
) °
> K-MFI
= 60
8 K-BEA
8 40 t »
g o ©
g7 (o)
o
0 1 1 1 1
0 10 20 30 40 50

Si/Al Ration

1. Si/Al bt & B YnEREORER : 727 V Vi
(closed) , 7 F 77t } (opened)

1) Y, Matsuura, A. Onda, K. Yanagisawa, Catal.
Commun., 48, 5-10, (2014)

2) B. Yan, L. Tao, A. Mahmood, ACS Catal, 7, 538-
550 (2017)
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NaEF/N\A FOFIOT7NE8 4 MREZRE
FLENDT U ) IVEENDRRIK RIS

1. #

AR, A& TRA~O R MEAERCEREE I E ~ O EE )
B, N A~ AGRE~OREDHF S TN D. AIF
JEE T, HBRO— FMKILETT 7 U IVER D AERK
THWFET, A R 7837 A MDA %
FOTHOEMNZ LY., 2, IbEWT 7 U VBRI
78C-% & 7~ L 7o AL F EFa b © 8NaHAP_ /K #4 ik

(Ca/P=1.55) filfiLix, Na % Ca (Zk} L C 8 mol%e; 7%,
Z?D Na GHENT 7V VBERRICELY 525 2
EERWE LD, ZoZ )b, HAP I Na 2% <EA
THIER Na LSNOBEA A Z2HATHZ LK
0, RO ER RS D, L L, EROKER
BRIETIE, Na Z286% 8 mol%ll HEAT 5 Z &,
JZ O Na LIS O4: B FE OB LV, 2 Z TR
WFFETIL, e eEMEICE SV FIRIC L D, BRx
TN RFEE TN Rax T 35 A Ml
DOERMEBRE LTz,

2. =B

2.1 BREEEAS AHFIEIC I DIEFIEICEE S HAP
A RiEZ LU TIZEE Y. CaHPO, + 2H,0 & Ca(OH), &
NaOH % ((Ca+Na)/P=1.67)DJF T, =X/ — L &
HICHERERAR—L I UZE AL, 200 rpm, 30 min THE
L7, BoNTo AT Y —%& i, L, 100°CTK
AREULER U=, 2 UC, MBERUS AT, 25850 H 500°C
TEMUEL L 7=, Na &H%T CalZxL7CO0, 5, 10 mol%
THRELL, 15 DAVl A 2 1124 CaHAP, SNaHAP,
10NaHAP &3 L 7. filtfi¥yRi% XRD, ICP, BET, TEM
3 ARGy [ By

2.2 A RIS [EEIRTLEESOSEEE 2 VY, 38 wt%
FLER/KIATR, BOGIREE 350°C, No 5PHA F(30 ecm® min
NTITo 72, AT HPLC, GC 2V T L.

3. BRBLUSBE

LAZAHFFE O [EABVE CRZESKE L TARR LT
CaHAP, SNaHAP, 10NaHAP filt i D FLEAZ5Hi1% D XRD /X
B BZNEIURT. 2D Offd, HAP-100 (17
JR)SCUERDKENE DTHRK L= 8NaHAP /KEWE &[]
HICHADNA Fuf s T2 4 FOEY—T &R LT,

BL, E—7ENREERMIKL, EREMRn
AVRIE X172, CaHAP, 10NaHAP DR EREIIZNE
23, 12mig! 7~ L, HAP-100 <2, 8NaHAP /KEWED
FIMNIEDETH-T-. # 112, H A FaFi 7
Z A Ml A WA O R 2~ Wb
FOEIER] 5 h Ofi{bRE L OAERBIE T 5 . CaHAP
ki x, 77 U VEBILER 44 %A L, (LEERLLO
HAP T 5 HAP-100 fifif & FIfEZ CTh o7z, —7,
SNaHAP fififit & 10NaHAP filfilix 7 7 U VIR 70
80 %% TN L, CaHAP il v @7 7 U L
BIRMEZ R LT, 2O OREENS, filadlsic &
57, Na A A% HAP [EATLHZ LIZED T2 Y
NABEIRMERNEEL Z 2L LI, £, KE
BIEIZE Y, 41, Na 2563 8 mol%ll HEAT %
Z &0 Na LN D& @A E N L7z HAP filliii 24 A R3
L2k, RO, EiRDT 7V VERRIRVEO A )N
b,

v Hyt:h'c»cyapatile:Cam(F’OJ)G(OH)2
1 1

HAP-100
v Yy ¥ vy V7 «

TR

8NaHAP A #4E

}*m@m%

2
‘w
S v
E v Yy CaHAP
L Xx M x x X,
v
v Y 5NaHAP
v Yy ¥ Y Y v |IKEKFCTD
vy ML
v 10NaHAP
v hd 4 v v

20 25 30 35 40 45 50 55

2 Theta/ degree

1. &8 HAP it O LA Hid% D XRD /34—

F2 1IR3V 5 45HE HAP Ot A

FLE% £ RIR R (%)
i YR RIL#E(%) AA  AD  PA Z0fth
HAP-100 1.0 100 45 14 21 39
CaHAP 2.0 65 4 19 13 02
8NaHAP_KZ4i& 1.0 90 78 60 06 45
5NaHAP 2.0 85 70 15 15 -
10NaHAP 2.0 92 80 7.0

(AA: 7 7 VVER, AD: 7% R 7VT & R, PA:7 0 B4 U R)

1) Y. Matsuura, A. Onda, K. Yanagisawa, Catal.
Comm.2014, 48, 5-10.
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7' £ 8 —ILOKAEIK RIS IC B 1T B WO,/ALO, Bl DR R AR R

DT

(FREL T - $aharAen) O%df fe—res UK

1. ¥5
ZVeua—t C3 FIANDT Ty bk —Lk
LCEETH D, HlziE, 7Y vr - BKKRIGIC
XVAERTZT 7 a4 VIR R 755 ~ iR
AJRE 7 B LA D 1 D TH %, T4 1Z. WO3/ALO;
B o — VSHBKKIGIC X2 T 7014 v
RIS L CTEnT Z7a L4 VIR E B WErE %2R
T EERRELTWE D, RIFSETIE NH-TPD & X
K270 kv — L K SO O 3 FE G i AT X 0
WO3/ALO; 237 7 v L A YARICH L TE WK
b RICEWINASEZ R TERICOWTEEL 72,
2. FEhk

BEARICHE S WO/ ALOs il 133 F & v 7" 2T v
7 VEZ Y L% JRC-ALO-8 IC &5, H7kE 1123 K I
T3hBEKT 5 Z & CTHEL L 72 9, NH;-TPD 137+ -
FH O 238k L 72 NH; WS 12K 78 KL 2 1T W i 3
W& D NH; ZFrET 2 FEICCEL Y, 7,
FHOBHELAZY Ial—va v HEYNCLDY
WO HEFE D 78 5 WO3/ALO; 122\ TSR E D 15
B AHnis ZHH L7z, 77D o — A SAHBK
SO EERTGERSOSRERZERE IC X W fTw, 7Y
& v — ViR LHE 2> © Eyring IS X 0 KIS DG
IV ALY —(AHYF X EHELT v F e v —(ASH)
kDT,

3. AER L EE

Fig. 1 IC&HFFED WOi/ALO; D NH;-TPD 71 7
TANERT, WO; HHFFRICX LT 7 —-FAT7m
77 ANMEBKRER L, HEREOMME L bicy—72
by FIREIIREM A~ 7 P L7z, NH;y DReisteE
(falfgs) 12 WOs &/ L 4 ¥ 2 ALO; K% 100 %
WE T 2 HFR 18 wt% (3.6 W nmA)fHI TIRA & 7
272, T ORERIX, B A ABLRTICHE L 72 WO3/ALO;
Fic#k1F % Amorphous WO; F X A4 VHICHEKT 5
TV VAT Y FBE OERZEE & —E LT3 2,
7. PRECEEOMES (AH=110~130 kJ mol™)
EHRVGIRE DB (>130 kI mol!) D WO, I
BICEOTIIIEELDICH LT VEES (108 kJ
mol!) ORI E L IICL TELLZZ b4
BL77Vvy A7y PS5 WEHREZHE L CT»
LeeEZLND,

Fig. 2 IC WO3/ALO; 3 X N HZSM-5 IC X 3 7Y %
0 — VKIS D W TEEBR L 72 AHE-ASE plot 718
T %L OIS, LY RIGICE T AHE-ASE plot D
BIiFaEEE. bbby i —T v rbE—
HHEEEC)BS KL T 2 Z e BB I hTw3, flz
R H O 3Rk 4 7 EREEAEIC X 5 b v v DR
{ESG. 7 A v D7 Ty F v 7 RIGEEIC BEC SR
T3 L RN, HEE XN D HEEM & iR G

Bl nbhwinb

HH b DA E LLeE

SR - R E

HEHOMH) oEZIREL WS Y, Fig 2 226
WO3/ALOs B XWX HZSM-5 iIZ X 3 7Y ua — ik
FOGIC 2T R WWERREA 9 5 EEC 28z L
TWB I LoD b, Fig2 DA LICAET 5 13~18
Wt% WO3/ALOs 1Z-ASIAS/NE W T & A & thiEfEk & iE
A+ (B OHAFERPHERRICT < i
DHHAENKEWEEZ LN, —H., K TICiiE
T 2% ZSM-5 Tld, -AS*B K E W2 & 2 5 AL IR
RICHESRFE SN, ZOHBER/NIWEFEZ LN
3, INOLDFERIZ, T uL 4 vIERE X O
DREWDREIR L EEOMAER O X 72 b i
HEEICL>THEINZ L EREBL TS,

-3

37 wt%

26 wt%
18 wt%

16 wt%
13 wt%
10 wt%

. S wt%
400 500 600 700 800

NH, Concentration / mol m

3
:;2;);;)

Temperature / K

Fig. 1. NH; TPD profiles of WO3/Al,O3 with various
WOs loadings.

w] ® WO/ALO,

w] ¥ HZSM-5 18 wt%
- 16 wt% %13 wt%
IVERLE 37 wt%
— 26 wt% o5 Wt%

°
10 wt%

AS¥/Tmol K

T T T T T T 1
80 90 100 110 120 130 140 150

AH¥/ k) mol”

Fig. 2. AH*-AS* compensation plot for gas phase glycerol

dehydration of glycerol over WO3/Al,O3 and HZSM-5.

4. ZE3CHR

1) T. Shishido et al., RSC Adv., 10, 37538-37544 (2020)

2) T. Shishido et al., ChemCatChem, 6,2011-2020 (2014)

3) N. Katada, M. Niwa et al., J. Phys. Chem, 99, 8812-
8816(1995)

4) N. Katada et al., J. Phys. Chem. B, 101, 5969-5977(1997)

5) N. Katada, et al., Catalysis Communications, 102, 103-
107(2017)
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Chair:Ayumu Onda(Kochi Univ.)
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[1B04] Alkaline earths titanate mixed metal oxides for sugar conversion
ODaniele Padovan', Hideki Kato?, Kiyotaka Nakajima'> (1. Institute for Catalysis (ICAT),
Hokkaido University, 2. Institute of Multidisciplinary Research for Advanced Materials
(IMRAM), Tohoku University, 3. MIRAI, JST)
10:30 AM - 10:45 AM

[1BO5] Development of Zn-supported ZSM-5 catalyst for selective synthesis of
p-xylene from isobutanol -effect of modification of acid sites located on
external surface of zeolite-
OTaisuke Kojima', Taiju Sakanushi', Takaaki Furuya®, Kentarou Kimura', hiroyasu fujitsuka®,
teruoki tago’ (1. Tokyo Institute of Technology, 2. Nippon steel engineering, 3. Kyoto
university)
10:45 AM - 11:00 AM

[1B06] Solvolysis of benzyl phenyl ether in aqueous ethanol solution with a
flowing system
OKenkichi Taniguchi', Etty Nurlia Kusumawati', Hidetaka Nanao', Osamu Sato?, Aritomo
Yamaguchi?, Masayuki Shirai"? (1. Graduate School of Science and Engineering, Iwate
University, 2. National Institute of Advanced Industrial Science and Technology (AIST))
11:00 AM - 11:15 AM
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Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposi...

Alkaline earths titanate mixed metal oxides for sugar conversion.
('ICAT, Hokkaido Univ.; 2IMRAM, Tohoku Univ.; SMIRAI, JST) ODaniele Padovan'
Hideki Kato? + Kiyotaka Nakajima'->*

In this work we explore the utility of barium titanates
with different compositions for the selective dehydration
of glucose into 5-hydroxymethylfurfural (HMF), an key
intermediate for biomass-based commodity chemicals.
Precise control on acidity and basicity by changing
crystallization temperatures improved HMF selectivity.
Solid Lewis acid, Biomass conversion, HMF
nakajima@cat.hokudai.ac.jp (Kiyotaka Nakajima)

1. Introduction
Dehydration of glucose produces HMF that is an

important key intermediate for biorefinery processes (Fig.

1). Conjugated Lewis acid-base pairs of phosphate/TiO,
are effective for sugar dehydration in water.""?. TiO, is
characterized by weak Lewis acidic and basic characters,
limiting the tunability of acid-base pairs. Barium titanate
complex oxides have a higher basic character due to the
presence of alkaline earth metal (Ba), greatly expanding
the scope for the modification of Lewis acid-base
properties. In this work, we modify the acid and base
characteristic of barium titanates to increase in the HMF
selectivity in glucose dehydration.

OH OH HO
Fig. 1 Synthesis of HMF via glucose dehydration.

2. Experimental method

Barium titanates were prepared by amorphous metal
complex (AMC) method, followed by calcination at
different temperatures. The catalytic reactions were
performed in a round bottom flask placed in a
thermostated oil bath. Typically, a 2 mL of aqueous
glucose solution (3 wt.%) and NaCl was heated with 100
mg of catalyst and 7 mL of methyl tetrahydropyran
(MTHP) at 140 °C for a set time. After the reaction,
aliquots were analyzed by HPLC.

3. Result and Discussion

BaTi,Os samples calcined at 600, 700 and 900 °C
were examined in glucose dehydration. BaTi,Os@600 °C
is an amorphous oxide consisting of amorphous BaO and
amorphous TiO,, while BaTi,Os@900 °C is present as a
single phase (tetragonal phase) and fully crystalline
material (Fig, 2). In contrast, BaTiOs@ 700 °C is a
mixture of various Ba-Ti oxides including tetragonal
phase of BaTi,Os (Fig. 2).

BaTi,0, 900 °C
BET area: 4 m’g’”

BaTi,0, 700 °C

2 1

BET area: 10 m° g

BaTi,0, 600 °C
BET area: 19m? g’

rr 71T 1T 17T 7 1T 17T 711
0 10 20 30 40 50 60 70 80 90
26 / degree
Fig. 2 XRD and surface area of BaTi,Os samples.

100

BaTi,0, @ 600 °C
BaTi,0. @ 700 °C 504
Vs BaTi,0, @ 900 °C
80
40

. R
= 60 o =
=

< [ F804  / BaTi,0, @ 700 °C
® BaTi,0,@900°C  § A P

O 40 |® °

Z & 20 - »

o w
o = .

I
20 104 BaTi,0, @ 600 °C
4 .
l P g
0+ 0 -
T T

Trrrrrrrrrrrrr-1
20 30 40 50 60 70 80 90 100
Conversion / %

T T T T T T T 1
0 2 4 6 810121416 18
Time /h

Fig. 3 HMF formation with BaTi,Os calcined at different temperatures.

(left) conversion vs time and (right) HMF selectivity vs conversion.

Crystallization temperature greatly influences catalytic
performance of the resulting BaTi,Os. The rate for
glucose conversion decreases as crystallization
temperature increases (Fig. 3, left), which is in good
agreement with the trend in their surface areas. Major
differences were found when the values of HMF
selectivity were plotted against those of glucose
conversion (Fig. 3, right). BaTi,Os@600 °C showed low
HMF selectivity, due to strongly basic and water-soluble
BaO that promotes severe side reactions. In contrast,
high HMF  selectivity with

BaTiOs@900 °C. Such unique -catalysis is simply

was  obtained
attributed to original acid-base property of monoclinic
BaTiOs@900 °C. BaTi,Os@900 °C can be reusable
without loss of original activity by simple calcination of
the used catalyst in air after each run.

References

1) K. Nakajima et al., J. Phys.Chem. C, 117, 16028 (2013)

2) R. Noma et al., J. Phys.Chem. C, 119, 17117 (2015)
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AVITZ) =D p-F LUBIREMZEIER LT Zn B

ZSM-5 fRIE DEF—N RE B R R EECREDR—

(RIA" - A" - BT U)0NERR" REXE: FEAd
EEH B0 ALOND B = Tans
RAHERRD, BEXR, 5AER

1. a5

RIFFETIL, NA A~ ARG OREBEIZLVED
NoHAYTEH ) —=NEREIE L, pF UL UOE
IR AE R & LB A RS 7 v A D% % H
5%, Scheme 1 IZRL7-L912, A VT ZJ)—)L

MOEFEHREART DO, DAV TE ) —
DBKIINN DA Y TT DA, BIO 2)1

/77‘/@2%{[3&)75755@17éﬂ‘6 LT, CerD
RALKSEZ B S 2 & IR, 3) Cer LK 3 DB
1« Bi/AKSE ROz iéﬁ%ﬁ%iﬁk%@/ﬁﬁﬁ W HEFT
SEAIMERH D, £IT, IR, MFI szl‘
74 N THD ZSM-5 ~ Zn #¥ L7~ Zn/ZSM-5
AWz, RIS RISEBWDTRIK « (ki 21
T B0, ZSM-5 1T AT A FEEsE %< o
ZEMRO DD, AFmEEORE A ETEIC
AT T AEIRIGEDOXF T L BEER S 26 R X
N, XV L UEREOR TR END, K
RO HBNIA VT H )= bHD pF LD
BINKREKRTHY, B4 T4 MERIREZ RIE
M7 7 /N T 7 A Si02 TES L% o L o BEb X
I DHEETZMHIT D Z & T, pX v L ICER B
X o7,

Hﬂ:

—f#1t

- =

AVTRI—)L AITTF p-FL

Scheme 1 A Y 7 % ) — Vit i

2. EBr

R px v L DRMEEIHIT 5720, A
V7 2= AFLiaxd PPMS)IC L DA
T A M EHORNEMAVILEZFT 5729, Mz
I PPMS. ZSM-5(Si/Al = 50, KiB{bFT 3%
B 2P AL BEEE L 550°CHERLIC L Y SiO:2 JE
PR SE T, [FALHE A 3 [BIFE ik, E4f Si0: &
TP AT A4 M LT 15 wt% Td - 72 (Si0q-
ZSM-5 & WD), SiO2-ZSM-5 ~ Zn(NOs)z aq. & &
B L. Holip - BERCALER 2R T, Zn/SiO2-ZSM-5 %

HiG CHy

#
Zn

Ccé=

SHEL L7~ L L7~ Zn/Si02-ZSM-5 By KA R L |
i [ R B S IS TR L, 22 R AP T
500°C. 30 77 DRITALEE 2 1T - 7= % . SO EEE 450°C,
AT H ) —)VASE 4.2 kPaNe N5 ) | s
fihFE % W/F = 1~15(g-cat h/(L-i-BuOH) T/ i & 52
Wi L7, z o> & %2%%%71%%52%@2“/'74’ Nz
GC-FID (= ST LTz,

3. FERFERB LB

ERWENEERES, NEELEZIZB VT
R/ v flHROERWEBEORDIIMANTHY | ¢
EN DR D - AR EFE A D LTz (14.5
— 7.5m%g) Z &b MFLAMEIRITHER S 4L, St
FHITEEZ SiO MERTi S TWD Z ERIBE N
72 NH3-TPD JIEDFER % Fig. 1 127, REE
LR % 7= Si02-ZSM-5 (2330 CTlE S & o
ZER LTz, 2L SIO B &N 15wt% TH Y |
Si0. Effi & & A mfR S DO ARTEMALLL B HE &
DD LTz Enn, ML O S H —5
REML SN AREENE Z BN D, RIEMLEE
Az 0B (ZSM-5 & Si02-ZSM-5) ~ Zn H#HEF L
Tofit 2 N, A Y T H ) — VERHR O 2 FEi L
ToAER % Fig. 2 \ORT, S FREATEMELLVEL % Jii 4
Z & T, FEBRNRTREA LN L BER
WNIZBIT5 p%/l//@#)i'ﬁfu EON e I‘jLLto
FEBICEOWAIZE L T, BAEDRAD I
% ALIE M DR T 23 EA & Lf%z b5, L
72N o T, filfi B 2 B0 U ARTE LB Fi #2121
LEBHEINREZAZ, BE pFo LU OBRIRE
T Uz, FEBEICRIE 50% DSz BT
. Zn/ZSM-5 L Lb#g L. Zn/SiO2-ZSM-5 (L0
VL UBIE (UK 10.9%) BELNTE, i
W, AR IO S A RNEE SN2 & T, v

LU BMALRIR Il S hicizd B A b D,

1) Yu,L. Huang S. Zhang S. Liu Z. Xin W. Xie S. Xu
L., ACS Catal. , 2, 1203 (2012).

2) Jae,J. et al., Journal of Catal , 279, 257 (2011).

3) Junhui L, ez al, Catal. Sci. Technol., 6, 4802 (2016)

2 r = p-FLw
_ Zsms !a{l:%u E 100 100 195 100 8.9 8.6 10.9
Si0,-ZSM-6 ‘ Heavy = o
= P
Z15 | 0.267 [mmolig] X 5 R
fh ‘mmolig < 80 - g 80
= E (_l) L
E 2 60 _l B 60
| Jogcl o e
E ‘ ;1(— a0 | N ’:’ Aromatics | ﬁ 40k
= 05 0.174 [IITImDUQ] AN E) A 7 e |
05T VEASAREE ) | T
20 } ® 20}
Z A\ = # o[
o} ! . L 0 r
400 500 600 700 80C ZSM-5 Si0,-ZSM-5 ZSM-5 Si0,-ZSM-5
Temperature [K] W/F 75 75 15 WF 75 7.5 15
Fig. | ANEMELERTZICHIT D Fig. 2 ZSM-5 & NEMALEL% ZSM-5 IZ81T 5
S NH; [l e & 02k FOGTEMEZE N (Zn = 5 wt%, W/F=1. 5 15)
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TR UG WD A ) — )LKIEIRIZ L D
RV T = =)L T—T )L ORI RS &

)
(EFRT - ERIT?) Of N
<=}

ek

1. ¥
% < DAL B A B IR B AEE SN TN D,
AHETR IR E IR TH 0 ARG IR
Bl INb, Rt rIRERAFET 1 AEEDTZHD
FEO—DE L TRENS A~ A EMHEME LT 5
BRI O SRR B IfF STV D, RENA F~
23—, ~IkLu—R Y S=rTEIZ
RS Tnd, TNENDOESY Z L ih e~ &
B DIFRN L L I & TWn D, B —ZA0
S =R IPESR E~OER, ) T =R
AL G In E~DEBPIL e ST D, ik
THFIEE LT, ML 'mOARRERE A2 FHV 7220
FIEDRBEAMEROBLA N OEEND, FxiTY
7= a-O-4FEEHNET VLA TH DR DL
7 2=V —T LNy F ORGSR & O TCE R
DT V2 — )L KR TS 2 Z & CIEIE ) fif
DT LA RS FENEICETRELND Z &
s L CE T, DARMGE CIE, keI SOG % i
ITEED 2 ENTE DIMBEASINERIC K D 0fiE %= R
Ao UGSy i 25 ) 2 G~ 7

2. £ B

SO EF RSS2 E 2 W T T 72, WE 0.7
mm, A 178 mm, &K 10m OAT7 > L AT o
—T AT UNICRELY ) VUR T CIRRE
EYVFEDOSRM TR LT-, KIGERIE, =% ) —
JVYEEE (90 cmd®) 1B L L TRy ULV T =L
—7 /L 0.6 mmol ZIEfE S, KEx=¥ ) —VIBR%E
FNENRDL Y VR T A W TR NI
WL, EEORELCTRA ST, “BLREEZIR
T 5 KE T, WIKR T T PR THIC
RO —FALIRSE & TR LD, PUE DR T
L. KRBT N & ) — VIR B S E2, i)
WARNBEOE T TS THE L, KowILE
B LA A7 a~ k7 F 7 (GC-FID)IZ CTHHT L7z,
3 RRLEBE

FOSIRE 623 K, RWJEJ] 40 MPa, 7K 0.94-1.0
cmé/min, T J —)LIEWK 0.47-0.5 cm®/min, — &1k
fX 3 0-0.1 cm¥min 5 CENENNEE L7, K&
TR IX 50 BRI PN L 72 B R B & B AG LT E
DR Z & RIS THEEBRR T 5 2 & TEFEIkEE
WCEELTWDZ E 2R LT, “BbREZIRINL
TRV TIIINEE R (R v TF e —T
b, RUDAT N a—L 7= ) —)L) IR 37%
TholDlIzx LT, ZbKFELZHRMTHZ & T
45% F TR A B LTz, KFERE (B RE)

il

OTrh

HFET

TyF4 XNVT U AT T T 4 78 78 ks

B - Etty Nurlia Kusumawati™ « /%
SEgiy RECH LU= %Eﬁ;@zé*l 2

B2 00 H - fE

ThH D MV AT BRI FE DRI & - T 14%70>
5 3%FE TUCENME T LAEKRSIH Sz, Ny F
REETIIA2cmd, =% /7 —/L 1 ecmd OEETH T 15
min, 623 K JLEL3~ 2 & VL f#W 1 44%, kL=
AT L2%AER LT, Tl SR E V2R, g
{bERFE DEINT K 0 i I T & 2 INERIE 5 g %
RS, Ny FRE RIZEOIBEB SR DS D
77o RICBOSIRTE 573-673 K. AWNJE ST 40 MPa, 7K
0.47 cm¥min, =% / — /LR 0.235 cm®¥/min, —f2{k
%3 0.05 cm¥/min D2t TALER L 72, it % Figure 1
2T, 573 K TSI S fRIZ L > TRUovz
FrxT—T) 3%, XUV T)a—)L 1%, 7=
J = 19% b, KEISRIZE D D EE
AL P b W%HELNTE, —H TR
7z )=V LR2%B ZEEARYE L TR, 2
IRV VLT 2= V=T U REREE T TV
BN LR DN TN T = )T
DA, FEATH I ETERLEZLDEEZON
5o AGIREZ 598 K IZ BT 5 &, HEBF B TH
ARV NEF =T UL A%, RV T L
— T 11%, 7 =/ —/LiT 28%, kLT T%HE
SbHINENENZENm L, —BEEEMTH D
RPN T = ) —VIRBEEML 200458 Lz, &
DITIRE Z @ < 75 & BB & IR O IR ITR

s L7,
ililli

100
598 623
Temperature/ K

Figure 1. SSIEEEIC K 2 AN SR~ %8

Rz Fre—7L(R) R a—r (M),
/=L, b)), XU T7 =/ — (M)
SR 573-673 K, RN /) 40 MPa, 7K 0.47 cm¥/min,
T ) —/VEIR 0.235 cm3/min,  ZE&{L R 0.05 cm3/min.
BE I

1) Taniguchi et al., Green Chem., 2021, 23, 1658-1664.

2) Guvenatam et al., J. Mol. Catalysis A: Chemical 2015, 410
89-99.

80

573

673
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Hydrogen/energy carriers/CCU/carbon recycle

[1AO01-1A04] Hydrogen/energy carriers/CCU/carbon (1)recycle
Chair:Hideshi Iki(ENEQOS Corp.)
Thu. Oct 27, 2022 9:30 AM - 10:30 AM Room-A (12A Conf. room)

[1A01] Reverse water gas shift reaction over Pt-MoO, catalysts under electric
field at low temperature
OKeidai Tomozawa', Tadaharu Ueda', Shuhei Ogo" (1. Kochi University)
9:30 AM - 9:45 AM

[1A02] Reverse water gas shift reaction over supported Fe catalysts under
electric field at low temperature
OMasaki Yamaoka', Tadaharu Ueda’, Shuhei Ogo' (1. Kochi University)
9:45 AM - 10:00 AM

[1A03] Pt/CeQ, catalysts prepared by flame spray pyrolysis for reverse water-
gas shift reaction
OKakeru Fujiwara', Hiroshi Inoue' (1. Yamagata University)
10:00 AM - 10:15 AM

[1A04] Effect of crystal structure of copper-zinc catalyst for reverse water
gas shift reaction
OTakayuki Furukawa', Shinnosuke Sekizawa', Akihide Yanagita', Keigo Tashiro’, Shigeo
Satokawa' (1. Seikei University)
10:15 AM - 10:30 AM
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EREBHEPICEH1T S Pt/Mo0, RAEIZ L B

e
[oid

<
¢
J
e

1. #&
IR, Rkt BR/etb 2 0B OT=0HIZ, CO, & L
EMNCH AW E T DI OR 3 B AT
eI Tnb, B CH CO, ZAKFEL LT CO Iz
Bad D WKMEH 227 MRWGS)GZ K » THRK
T 5 CO I, RILKFERA Y ) — NGO I b0
DOFEIE LTHOWONS 2 E, TOFHA®RIZZIL
WZbi=b, L7225, RWGS K (CO+H, —
CO+H,0 AHs=412kImol") 1%, WEILTH
L7202, MW EREZEDITIEEREZLE LT 5,
SFD, ML ED TR LX—%HEBELTLED
EWVWIHIBEN D -T2, TR TIE, KRIHO
RIEHERY (< 500 K) & W T RWGS ZEfrs€%
7ol KR CHmWEEES LD L EhDE
G RO MIZER Lz, B & W2 RWGS i
IEREIZERE IR S D1, s OREN 650 K T
HHTED, MALTEBIO—ENEALE L THEIN
TLEIEWVIHIBERDH -T2, &2 TARFETIE,
T C 500 K LA F O{KIREK CTH RWGS UG IC
EWIEMEZ R TR OB 2 HAY & L, PtMoOyx &
filit e R SRR R 2 AT o T

2. € E&

Pt/AO,/B (A: V, Mo, W; B: MgO, AL,Os, TiO,, ZrO»,
Nb2Os, CeO,) filliiL, BEHiA & & ICEREIZIEIC K
STHELL7Z2, PtHEFRIT 30 wt%, AOfHFFEIE
30 wt% & L7z, FRBL L 72 b, Ko 1-£82% 250~500
pum (2725 X HIERI L TRV, ThEaE A
0.1 g L, Hy ¥ A% 30 mL min" THi L7,
573K T 30 s MRTLEER T AT T2, D%, Kk
77 A(COx:Ha:Ar=1:3:4) % 2 it & 80 mL min™! THERS L,
323-923 K 1B W TCEGMBL S Z1T>72, 728, 0
~15mA OFEFNTND X 912, EitEEERE M
WCEEZFIN Uz, RIS DGHTIZIEA 2T A
—Z%ft)& L7= GC-FID % A /=,

3. BERBLUEE

Fig. 1121%, £k~ 7248{K B (T PUMoO, Z#H¥§F L 7=
fihl A& Y, T C RWGS St 21T - 72 B0 ARk
PR LB FBRE (fiEESE 1 mm H7- D IZEIINL 72
FEIEM) 2T, WTFRoMEEZHWEZRICE Co
BRI 99%LL ETH Y, CO MNERBRINAIZAER L
72o COLERALRITHRITIKAF L, ZrOr Z AR
TRICE b E < o T2, ALOs R MgO 7 £ Difaigik
AL U7ZRRICIIENEZ Y, JEEL K- 72,

5 Z 9 L iy

1 KaTh - IR s

—J7, TNLSOFEE FWZREIZIE, REICEE
EHIUNTE 72, T 6 ORE W7o RO B
EIEVEDBIRICIER T2 &, BSOS O fil T
P, EBRBEICKHA L W, Thbb,
Pt/MoOy/ZrO, il iii%, HMET 2 Z L mWEEsx
FUNCXx 5728, @mWEtERLIEEE X T,

Fig. 2 I[CEBHEZHII LIz E L TWRWEED CO,
bR O R E KA 2R T, EST (@) T
IR T L EVEMEE R L, 470K T CO, #izfb3
X 19.1% Th o7z, ZHUIINTINED BTG Z AT
ST-BE (A) D 630K D COfnfbRE BB L+ —3
T5H, ZOZEND, BALEENNEE LTHE
ENDHDOEIMEI Lo, 500 K LA FOKERT
RWGS K& 1T9 Z LW TEHZ LNy hoiz,

35 0.12

30 0.1
e 25 —E
E 0.08 E
£ 2 z
£ Discharge S0.06 2
- =
=} 0.04 <
IR 2
=

5 0.02

- O
BN — e |

ALO, MgO ZrO, TiO,
B

Fig. 1. Catalytic activity and field intensity of Pt/MoO,/B
catalysts for RWGS in the electric field at 423 K.

Ce0, NbO,

70

4 Without L

60 * With EF

50 &

.
=)

Equil. conv. o 4
((?Ol:HIZI:J)

conversion / %

w
=3

A

co,

154
»

10 - a
.

i

0 i . L .
300 400 500 600 700 800 900 1000
Temperature / K

Fig. 2. Temperature dependence of catalytic activity with
and without the electric field over Pt/MoO,/ZrO, catalyst.

BEE - RWFZEIX NEDO JCEMZE 7 1 7T bR EST
¥ L 32050 (20M1E0SY) DB &5 1T Tirhbi Tz,

1) K. Oshima, T. Shinagawa, Y. Nogami, R. Manabe, S.
Ogo, Y. Sekine, Catal. Today, 232,27-32 (2014).

2) T. Toyao, S Kayamori, Z Maeno, S. M. A. H. Siddiki,
K Shimizu, ACS Catal., 9, 8187-8196 (2019).
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KREZHTO Fe HHEFMEZE AW =HKEHA R TMRIE

1. %

2050 FEDOH—R = a— FTIIVEBIZMIT T,
COy Z B T DWW EHAAIZIE R D EEE > TN D,
TDOREMRITIEE L THAMET AL 7k

(Reverse Water Gas Shift : RWGS) &3 % 5 (eqn.
1),

CO, + Ha = CO + Hy0, AH®95 =42.1 kJ/mol (1)
AT 5 CO I, TEMITAIHIMBIE D & WE ¢
HY, BERALF RO R SICHWBR TN S,
L72>L RWGS SUSIWRE L Td 0 2779
MEHIFINC KV, @ COLEMERZ G5 7o DIZidm
BCORIERMELDH, DFV, HETZRILFT
— O D AMEDBLEN D, T ORISSEHETIX
Z< OFEN B D, FATHFEIZB N T, S
BELGCTVARNTAZ LT 650K T8 RWGS
FOSEEITT 5 2 & &, Fe HHEMAE AN TE M TR
HDOD, CO BIREBENENZ ERHESNTND
D, & Z CTARBE T, ESH TO RWGS KGD
S BB KIEAL & mIE L2 EBLT 5 EmERE e
Fe ikl DB 2 BHi5 L, KO EIT-72,

2. £ B

RIS ARE GIE TR L, Fe I3 E1R1E CTHE
L7, K & LT Ce0s, CeosZros02 (LT CZO),
Ceo4Aly 1 Zros0, (LLF CAZO) # >, Fe 2 10 wt%
FHEF U7z, fIEROSIE Fe FRFFAREE 100 mg % AW
T, EEREEANSICIEE TIT o 72, BUSE 21X
LYE AR L, R R E & 1 D BB A )
B O TN BN LT, £z, AT L AHE
fi % fil b g oD i 2 B AGA TR CHREA L, —ED
EIRERNIND X 5 ICEGEZRAE ST, Kk
BHOWICAERT AN KERERET 27200
WHNT v 7T EFE LT, BEINT v 75280
\F 7= A% GC-FID %R\ Tl L=, i h 2
1% COxHyAr = 1:1:2 (&% & 100 mL/min) & L,
SRESINEGEEE 1% 423 K ICRE L TS Z2IT 272,

3. HWERBLUBE

fiix @ Fe fHEHillE 2 AW CELFICBNT
RWGS it 21T - 72B D CO, #infb % % Fig. 1 [TR
9, COL#&{lZR (% Fe/CeO, <Fe/CZO <Fe/CAZO O
EZEEML7=, ZH &R C L IEE/LD Fe/CeO,
< Fe/CZO < Fe/CAZO DJEIZHM L=, ZDZ &
NG, JEME LIS BEIIZIEOMBENH S5 Z L0
Lyinotc, £ Z OO CO BIRKIL, Wb
99.8 %Ll EOfEZE R LT-,

REBD LS

(&mKk) OLM &

P

%, LM,

&IZ Fe/CAZO % HAWT, BB L DIEE~D
WL, ELERESETREBAEIET
UNTRUWRED CO, BAALER D il fg 1R Sk 7714 % Fig.
21T, B A RAE ST Lo T2, 500K T
T E A EIEREIT L0272 (O), —J, &
B A RAE ST A TIZ 500K L FOKIRICH W
THRIGCHEEIT L, i b= 28 2 5 O il
EEEZRLE (@), TV TFROEEICBNTS
CO BIREFX 100%TH-7=, ZD XK IHIZ,
Fe/CAZO filiiti%, IR ESH TaEV g & CO 2
REZR LT,

0.4
Fe/Support with EF (7 mA)

201

P
v
10r
| v
“1
oL . .
CZ0

Ct‘;‘O1

[

CAZO

= =
o M
Voltage / kV

CO_conversion/ %o
=}
[

Support
Fig. 1 fix o Fe MFHlft 2 2B <o
RWGS [USIZH T 5 COr afbak & IGE I

30
Equilibrium conversio

B

—_—

S 201

z

z

- r s

=

=]

<10
Q
)

a without EF

ool O 11
A?I]l] 500 600 700 800
Catalyst-bed temperature / K
Fig. 2 Fe/CAZO filifit % F\ 7= B3 IR/ FEH A
IRFIC IS 1T 2 RWGS S O il g 1 AR A7

BAEE . AWFZ213 NEDO O R E 52T CiThhi-,

1) K. Oshima, T. Shinagawa, Y. Nogami, R. Manabe, S.
Ogo, Y. Sekine, Catal. Today, 232, 27-32 (2014)
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NREERSFEICEYARILI=P/CeO,DFEIKMEH R ITRRIGEE

1. #%E

WM A7 b (RWGS) G4 RE= R LF
—IBIELILD Hy & CO MM BLARRHT A %G5 i &
LCTHEEINTWDS., ARISIZE, ZioEo sy
CeO, 5 ZHFF L 7= Pt A ETEETH D Z A5
nNTEY ., FEEYA ME P—HEERAEMLETH D &
EBZ BTN, Lo THEDETEMEIZIT Pt ks
LB THD. 2 TARZE TS IR S 4R
K- ORI b3 ATREZR K RIEZEEMiE (FSP) 1L0%
FAVY PYCeO, HiFZFHBl U7-, Faf L=l s B7n 2
BERIRAE CAUR U712, AR EHRRETS X ONSUSTENE
WZOWTRRRH LD Tl 5.

2. FEBRHE

Iwt%Pt $H$F CeO, Ki+% FSP &2 L 0 il L7-.
BH&I)7EF AT ' M—k (F)E) &Y DA
2 —TF AT 2 —FAFH U (12%
Ce, Alfa Aesar) ZiRBIBIRED 02 M &7220 X HTE
DT, 2% /7—n (ff) & 2—=FA~FH %
(Aldrich) DIEETAHE (1:1 in vol) IZIAfRLT-Z. Z D
A% 3 mL min? T 3R/ AWk Y, 5L min' O
A A (0) 12XV L, CHYO, (1.5 L min"/3.2
L min?) kK TEREEST S Z L ThiFE2ERR LTZ. k&
MHAR LR T IZEH 2R 7 (Seco SV1040,

Busch) THEL, HT7 Riffk7 1 VX —TColEL7T-.

B ORI 222K HITIB T 400-800 °C T 2 IR o
BERALER 21T~ 7.

BERt%, iR X #REHTE (PXRD) , NoAERWE
%, CO {bLFWEEE, FiEE T (TPR) EICK VAR
FEMEZFH L7, CO ALFAEIETIE, CeO~D CO
W25 A2 72 9550%CO- NI 575 L7214, CO W
EHR T 72 TPR 5L 100 mg ORI 1% A5
PICEIA L, 300°COD Ar 1 ClREFRIRTLEE L 721%,
5%H,-Ar %50 mLmin Tyt L72235 5 Kmin CHIE L
72820 HyiH&E &% TCD MiHgsic L v HlE L=,
Pt/CeOxIZ & 5 HytHE &1L, CuO (99.9% Fujt) o
TPR 7’1 7 7 A VA W THER L7

3. MREEBE

BT B BERLIE B CALEL L 7= PYCeO, i fil i oD
PXRD % [XIZRT. BERIREIZ L 57 CeO,DE—2
DHER 7. Pt FRICHNKT D B — 7 B SR
W2 D, PtITESHURIETH S LD, I
R X918, BERRED FHEIZ L T CeO, (111)
DOFEE T A AN L=, FRUlfl- THERmEN
B2 L, BERICL > T CcCONEET S
EWIND. —J7C, CO WAETEIC X 0 IE L7 filst
HEY7Z0 0 Pt REAEIIEEREEIC L STIEE—
EThoT272, BERICL D Pt R FOREIIEER
ThHDHI ERTMoT-.

X2(Z TRP {EIZ & 0 HIE U 7o et 2 g,

EVRETREERL L7 CeORIRN R XV Vil &, 3=

Lns3xz VAL

(U KIEET2HER) ORE ' Hr 1

TERENED T2 Z LB L72. TPR B —7 Hff
MNHHER U7z HolH# 51304-0.6 mmol/gy TH Y,
PY/CeO, R DEICIZHKT H B2 NS, HHD
HFTIE, TPR IZL > THLNECIEE X RWGS
SOSTENE & OB OV CHET 5 T ETHS.

# 1. PYCeO MM DFESL YA Xd IOk F HifH

BERSIR 400°C 600°C 800°C
gh AR
(CeOy) 4nm 6 nm 12 nm
HeFRms 196 m?g | 134 milg | 74 milg
PtebEmfE | 05mig | 06m¥g | 0.6 mig
o O CeO,
A PO,
O Pt
A O
Cal. temp.

800°C

10 20 30 40 50 60
Diffraction angle, 2 0 ,deg.

1. F7p DI TR L 72 1wt%Pt/CeOofili: OPXRD

200

150+

=~

>

1S

c

.2

2 100

% 600°C 400°C

c

Q

o

IN 50

0 T T T T
100 200 300 400 500

Temperature, °C

[X2. $i7p 518 EE CRERRL L 72 Iwt%Pt/CeO,filli:oO TPR

BEIER

1. K. Fujiwara, S.E. Pratsinis, AIChE J., 2017, 63, 139-
146.

2. T. Takeguchi, S. Manabe, R. Kikuchi, K. Eguchi, T.
Kanazawa, S. Matsumoto, W. Ueda, Appl. Catal. A-
Gen., 2005, 293, 91-96.
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SR SRR DS A A S WAKMER A7 SO~ 2%

T T b LA RpEl HEOT

(RIER) O 11 H - oA Hoowh - i 5275 - mifk

SEmb LIFR

rel - 1| o

1. #8

BRSO FHU T 7=ty ie A ) _—2 3 v
7T D15 E LT REATITE 415 ik CO,
DSORGB L 72 0 15 D IARIRE 2 G5 2
& TEREMR COHHEZ Y o 2B ER Sh
T, ZOHRKIE CO, &l CO AT 5
WOKHEHT A7 N (RWGS) [i& CO ZmRILKFRIC
Z5Ha-3 % Fischer—Tropsch AR — DG 7 1
AEATH Z & CEBETH D, YV ARFIETIL, R
ROt T D RWGS Uis% FTEIZHED LA fllt ok
EAT-O TN D, ZOHT, FHEHE Al RWGS
SRR LT, 300 ‘COIKIRIEA 5 800 °CO Rl &
A RTRETH D&t L,
2. EER

i1, BrE % 150~250 pm (32 7= TR OO SRR
SEGANEE (CwWZnO/ALOs, Bl 7 U 7o Ml
MDC-7) ZAEH U7z, TRl o 3 e =
FOGHEE 2 V=, PIEE 6 mm DA i 0.1 g %
FeHE L, EILAHA (H/No=1/4) % 50 mL min ' i
4300 °C T2 hBTEE AT o7, ZDt%, UG
FE% 300, 400, 500, 800°C (ZZNZFHEE L, JFEA
Z (COyHYN;=1/3/1) % 40mLmin™ T 20h ##ii# L7=,
B COH O H A1 Agilent £ Micro GC490 (TCD)
WX 0T LTz, fillfEDx v Z 7 2 )P — 3 43,
TR X BRIEHT, S XM, SR iE s 2 H
WA T2 72,

3. BREKLUEBE

BIREET 20 WEFRNY 2 % Cw/ZnO/ALOs filiiil 237

WS, EFIRIE L 72 o 72RO COL i E#% Fig. 1 (a)

\RT, AfEEOMEE 30 300 °CLLEDIREESATIX
UEV BRI MIAIIES D 2 E R TAEE
T3, FEERZIE 300~800 °CDMFIAL vﬁ'ﬁﬂz _m T
RWGS SURMZEEEZR U, BSOS IREE L
Tz, 7o, EORETEH A X BRI é;hﬁ*\
BRI HERD CTH D CO DR ERSNTZ, —
7. —JE 800 °C &% S CTHUOY 300~500 °C CIEMERR
BREAToT L A, COMRERITE LK T LT,

T ERRER OffiiEo> XRD /34— % Fig. 1 (b)lTR
T, 500 °CTOTEMRRBRE Ottt & TR S Crzfig
{EHEER ZnO (ZHIT 2 B —27 1%, 800 °C TOIFMAER
BB IR ST, B2 ZnALOs HROD[EHT
E—7 NI STz, F72. 800 °CTOTEMRAERE ik
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BECIIZBEO In AR L QNDH L %ﬂ*ﬁéhfzo
72135, il CE F 41D ZnO DO—E0ER{ LT L 2
75 (ALO;) EFRUSLTZnALOs ZTERL L. iy
v 5 Y7 Ulz Cu BT FEET i & AR LT,

BARSE T ORI A TR D T2 OIR L RRANARAT 2238
FrTze FARPET ORISR 2 W T OiEHE
TRAF—ZHH LIZE Z A, 300°C, 500 °CHHITTH
JSEAT ST e TEH bR L= T2 E41 6.04 kI
mol™!, 7.64kJmol™ & LAV MEA R LTz, ZAUTxE
L. 800 °CThihir & H 7=t DA A 500 °CAHL TR
AT T8 E G E =R =X 1.2k mol ! & K&
7polzy LI035 T, 800°CTRUNETT 9 & il
WET 2720 TRLOBEHZ(LL TN D Z &R
NI NI,
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Fig. 1 (a) CO, conversions on the RWGS reaction over
Cu/ZnO/ALO3; (MDC-7) catalyst at different temperatures.
The values under the plots represent actual conversion of CO»,
and the dotted line indicates the thermal equilibrium. (b) XRD
patterns of the fresh and the used catalysts after tested at 300,
500 and 800 °C of Cw/ZnO/ALO3; (MDC-7) catalyst.

HiEE

AFERNET, ESHITERFEEN e — -
PEXBANIR G BIZEHE (NEDO) OZFEFEHEL LTIT
STFEERTHD, T ZITHEEZERT D,

1) D.-D. Suppiah, W.-M. A. W. Daud, M.-R. Johan,
Supported Metal Oxide Catalysts for CO»
Fischer—Tropsch Conversion to Liquid Fuels,
Energy & Fuels, 35, 17261-17278 (2021).
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Hydrogen/energy carriers/CCU/carbon recycle

[1AO05-1AQ07] Hydrogen/energy carriers/CCU/carbon (2) recycle

Chair:Masakazu Sasaki(Toyo Engineering Corp.)
Thu. Oct 27, 2022 10:45 AM - 11:30 AM Room-A (12A Conf. room)

[1A05] Evaluation of the effects of applied voltage and external heating on CH,
dry reforming using plasma-catalyst
OKenji Kamiya', Nobusuke Kobayashi®, Masanori Yumura®, Terunobu Nakajo®, Takashi Suzuki?,
Yoshinori Itayaz, Akira Suami?, Eika W. Qian" (1. Tokyo University of Agriculture and
Technology, 2. Gifu University, 3. Dept. of Energy and Environmental Technology, Technology
Research Center, Sumitomo Heavy Industries, Ltd.)
10:45 AM - 11:00 AM

[1AO06] Inhibitory effect of trace impurities on the catalytic activity in
autothermal reforming of methanol
OKatsutoshi Nomoto', Hiroki Miura'*3, Tetsuya Shishido'** (1. Tokyo Metropolitan
University, 2. Research Center for Hydrogen Energy-based Society, Tokyo Metropolitan
University, 3. Elements Strategy Initiative for Catalysts and Batteries, Kyoto University)
11:00 AM - 11:15 AM

[1AQ7] CO, reforming reaction of ethanol using CuCeO,ZrO, and CuCeO,TiO,
composite catalysts prepared by sol-gel method
ONaoya Inoue’, Yuuki Hatooka', Tadanori Hashimoto', ATSUSHI Ishihara Ishihara' (1.
Graduate School of Engineering, Mie University)
11:15 AM - 11:30 AM
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To5XTRE#RAN:- CHiFS A HEITEITS
FIMMEES &K U ERmELS 5 2 5 B O il

CRIEETK -

1. #8
COMEHHEDHIE RO B A, REIZHBNTH
mw& BT —R e =a— h TV EERT D20
= f&E& D RLADITEfE S TER Y, Carbon dioxide
Capture and Utilization (CCU) (215 COHIEE LY
AR BT DAFZEBIRE DSE AN T O TN D, Y
FFIETTIE CHek COE IR EED Z & T CODHL
FIHZBIET CHy R A ERISNCER Lz, F700k
IR BT 0 A TlERL, 7T A~ G
R LT CHi RTAWENER SN TWD, 77X
~E WD Z L THEIR - BIETORIGETNETH
0. ALARENE VB L U7V SIS AN ATRE T 5,
INFETIIREEDITERB ST A~V T 7 X —
WS CHy BT A BERGZFEM L CE -, EERE
BT S5RX< VT U X, EiRER S X~ )T
7 X —TCIIfEENIcRBIT DR v N AR MERMN 7
W, BNOIRERIENES TH 0 BRI OUE R
JGINAIRECH D Z L AR L CE L, £O—5T, W
WER T2 X< )T 72— WA TIISEDON
ZALHEFRETH D b DD, 7T A~ FEl N g R
WEL . UG A EERMENZ ESFETH D,
T 2 TR TN INESCHIINE LN 7 T X~
CHs R 7 A WERISCE- 2 2585 AT 5,
2. EEAE
FEHRTIL Figure U R ERIEEZ AW T 7 X+
K DUE RS % FEh Uiz, ERREEE T AR X
~vA7n—aytu—7, F7RXER, KONE. B
HET7 97, <4271 GC MoERENTWD, Kk
BIXawmE) 77 X —E AT, e L 7
TRV MRN—IRE 22> TR Y B ON
£RI336 mm, £ 425 mm, T—/3—f360°THY |
T ATy MEBIENELL mm TH D, BILEIE
RS J OB BN TV DI, EE MR
UT 72— DN S L, BRI IR e
WZHSHT BT, mEEMIISMES mm OfilEz
AL, BEHEMICI3EA05 mm, $HE 51710 mm D
i — FEMHL WD, ZNENOEmE & E S
J£7°7 A~ il A B U, SRS B A Fng
HZETT IR HHESHTEY, discharge gap 1%
BXF20mm TH B, TR NS A Bld
LTI IR E NI LT, YR TILT 7
R AERFY VT HALE LT Ar, JFET AL LT
CHsB LN COZMAIHTED, #ItEIF6.0 L/min
THY. CHIB LD COREITENENSN THD, F
7= 7' A~ EIFE T80 kHz THEIE L. FUINEEIX
7-11 kV LT3, FEBAENZOWTIT T X
< BIRIEE I L QWD B CHIE Lz,
FEBRCITMEARE, & L <IE Al03%2000 mg % FEif

g A IRLDET

l

H%W*EKE%I%M)W%%ﬁ“dﬁﬁf

BRI TR S - 4

r~h

DY T b HH N
f

R s sl - R e - Bk

LEEZEINT 2 = & CERIGE FEf LT, BT
IZ~A 71 GC 2L AH AT ARG OS2 FhE LT,
EEREHI T, SUSH AERER, Hads LY CO TR
ZEH L, FUNEER L OYNBInEO 2852 A LT,

Silicon gum
stopper

’\s/‘o condenser
GND.

< electrode

Heating
furnace

Power
supplement

H.V. __9

i electrode

Fig. 1 Schematic diagram of experimental setup

3. ERBERBIUVEE

Figure 2(Z MRS 2 B81F HEIINEEE 29-11 kV (Z
A S RTZBRDOBUGTT A DRI E & ~d, BN
OHEIMZAEONEREFRITIEM L TR Y . WThoOBEIC
BOWTHLE LICE RS AIRE Th -7z, FINERE
ZHINSED 2 & TRAENIERLTEY, BAE
771 & B FRAARITITFEBEN A b ivlz, £70 ALOsTEIE
AW T, EREBR I RFEITHIZ R Bz -
T2b DD, H—7RYE ek~ L TV, BT
W 0 DN LD AT AN Lo TR BAT
BB L, iR I XA~ V7 7 24— s 2 L
CHRIRLF 2 ZRANAE AR Th o7z, £/t
IFRALKRF LA EHEI SN D —J5 T, FriiicfEo-7e
R LRI L7 o 72, YEEFER TIIMESEF TOHE

BRfER b B Tl T2,
CH,, 9kV CH,, 10 kV CH,, 11kV
A CO,9kV W CO,10kV @ CO, 11kV
0.20
0.5
c
2
£ 0.10
s
S
O 0.05 s € $
= A = A = Al
0.00 } }
0 5 10 15
Time [min]

Fig. 2 Effect of applied voltage on CH., CO; conversion

1) Kamiya, K. et al., Kagaku Kogaku Ronbunshu, 48,
54-64 (2022).
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AR/ —IVEREMBRE RISIZH T S MEF MY

DEEMR

(BB RBEAR HTERBE* » AL IR T AL HEEE o -

203 ok L B9 B

OWf A BEfB* « i Jolaprrssons

wE

=R =a— T NOEENS, ERTAND
BESND AKX )= Z, A A~ AHED A
B ) — U SA FA K — ) OFRIARER ST
L. NAF AR ) — TR T L 3 — 0T i
e EORMMBEENIHERHDH V. Fx
X, A =& OB R R KRR T L 3 —
NEETT AR E LTAY ) —WiZimL, &g
Bk ¥ & OVEE {b /Y 20 & )i (ATR: Autothermal
reforming) DG « JIRVEIC KT DB ZFH~7- 2.
ZOFER, KR T L a— L BIRINT D &, KT L
a2 —/VHSRDRFEFED Cu/ZnO/ALOs(CZA) I D iE
PSR L, THME - AEME T35 2 & & B
L7-. #ZCARMIETIE, KK T2 —1 0 C-C i
BIREE AN 22 OB RTE YA CZAICIRINT % 2
&, SRFEFATHH OMNE] & ENE - A EO R R A

ST,

2. EE

CZA TR X v A% U 7=, 56 — 4 B (M=Co, Ni,
Ru, Rh, Pd, Pt)Z s/ L 7= CZA il (M-CZA)L, &12
FICE TR L2, B SROMEFEIT 1 wt%d L
7o, =X = VIAFTF O ATR X, & EEER @
FSSEE I TIT - 7=,

3. HRLER

Fig. 1 {24 / —/L% 1 mol%(EtOH/MeOH) ¥/
L7 A X 7 — KR ZRWT ATR 2{T-o70 & &
DA E ) — VAL ORI Z RS, =& ) —)L
ZUIN L7254, CZA, Co-CZA, Pd-CZA, Pt-CZA 1%
Bt 60 5314735 A % ) — VEMERPMME T L, Zhic
PEVVKSE D ERGEE © IR & & I Lz,
—J5C, Ni-CZA, Ru-CZA, Rh-CZA I 5 Biffl &
TRELTEWA X ) — VLR E R LT,

Wi, FRMBLETPONC LY, =% /) — LVILFETF
? ATR 1% OfIEREIZAFAET D RBFEO AT 217
- 7-(Fig. 2). CZA, Co-CZA, Pd-CZA, Pt-CZA 213,
T X ) —IMAT, =X J—)VHRKDRBFLT
H L7, —J T, Ni-CZA, Ru-CZA, Rh-CZA 121%, =
2 ) — VRO IRFREDSHTH Lo 7.

BT, =& — VIRINZ K 0 ARk U 7= B AR
&7z, CZA, Co-CZA, Pd-CZA, Pt-CZA % 7=
LE, BIEMRMELTT® FTLT B ROHR A F
NI ED C2, C3ALAMN AR LT, — 77T, Ni-CZA,
Ru-CZA, Rh-CZA TlX C2, C3 b AW DA R AN B

L, AZ U DOERRENHEM L.

HL K ESICB**%*)

LLe tox
. S2FE ﬁ&******

IV A3 R B (CoHsOH— CHy+CO+H,) D AT 2 7RI L

TWnD.
CZA H3 &

s DAL

Wwizk

=
o
o

90
80
70
60
50

MeOH conversion (%)

NS OFEEMNS, Ni-CZA, Ru-CZA, Rh-
wm&ﬁ%rbt

W, =& ) — VIR

s PRBESR N PRB DS EAF LR

%2 éﬂ?”

OMeOH 60 min
m MeOH 300 min

g?ayﬁﬁv*W5WgY
SN

Fig. 1 Methanol conversion in ATR

Conditions: Catalyst 100 mg, Furnace temp.: 200 °C,
MeOH:H>0:02:N:EtOH=30:36:10:30:0.3 mL min!

1)
2)

3)

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. TA06 -

CO, formation rate
A
{mmol min  gga

| 0.1

x0.5

AN Ru-CZA
/ [. Ni-CZA

Pd-CZA
_ﬂ_,/%:i;~_4yL

(i __:Curve fitting (ii)
iy Rh-CZA

Pt-CZA

EtOH on CZA

!
100

| L
200 300 400 500
Temperature / ‘c

Fig. 2 TPO profile of spent catalysts after ATR
Conditions: O2/He=10/40 SCCM, 10 °C min"!

Y. Isayama S. Saka, Bioresour. Technol. 99, 4775,

(2008)

B, =AM, SREEh, & 51 [mA -
AR Emes, B, 2021, 2C13

T. Hou, S. Zhang, Y. Chen, D.Wang, W. Cai, Renew.

Sust. Energ. Rev. 44, 132, (2015).
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VIL-FILEIZE YA L 1= CuCe0,Zr0, 3 K Tf CuCe0,Ti0, S A
il A ANV =T 4 / —)LD 00, R E kIt

(CEmARET) OJF Litek - WlikA: - i

1. #&5

B SN TO LA EHTIEBR YD 235 1 |
Frio7oBtE L CKREBENEFER SN TWD, 723
FETIE IBEYDREN A TH D LR FEDOFEE
BZIIRERBELAFEELR TS, 2T, &
ERREZR =& ) — V& W T2 CO BCE 23, fiEk D
ABR LD COLEDRIDVIZ, ERRA AL IKFED
HRFEOFLR R Tnv A L THIREIRTWD[LL,
WHFREETIIINE T X ) — LD KARRUE
SOz /a3t L, Co/C/Ce02Zr0; 3 L TN Co/C/ALO;
fRIE DS K BRI R EIEE CTEN TV D Z & 2 Hiss
LC&E7[2,3]

NSOl Y X RN QR =R AN 2 (A7)
E LT Zr0, 5 WL TiO, &, BERBENRE S I FF
TE D CeOr LiRA LI EAIRTIREE TG MES
F% '(“ &) %) Cu 75?”[] %_ 7LC CuCe()zZrOz iﬂ J: U\
CuCeO,TiO, filf: 2 - NAE GRS L . =&
— /LD CO, WHEBUG & Mt LTc D THET 5,
2. EBR

AR R L, IR A R O & L CREBAER =K
My, Vva=7olREE LT a=y AT b
XN, FE=TDREEE L TFEX=TULT T
AV FuRFLR, BUT L LT CeO, (il
2R JRC-CEO-3) Z o, Iiix 1=
=TT H )= F R =T 2-T N
— N EZENENH W, B EEZRES L, B KE
Mz T axy RaEKS# L%, 110~120°C
T L7z, ML LERIE L2d & EXFHA
T 700°CT 3 K[ BER L CTROGIZH W=,
CuCe0,Zr0; filtli & L T, 10Cu45Ce45Zr, 10Cu-
67.5Ce22.5Zr 3 LT} 10Cu22.5Ce67.5Zr ZiHHl L,
CuCeO,TiO, filt it & L T 10Cu45Ce45Ti, 10Cu-
67.5Ce22.5Ti ¥ L TV 10Cu22.5Ce67.5Ti & il L 7=,
JLEFL AL, Culd Cu. Ce lZ CeOsz. Zr I ZrOs.
Ti IZ TiO, Z E NIRRT, Kl T RIDOMFILE
NZENOYWEOGEHREZEEILTRLTWND,

FO I, B E RSO 2R 2 V-, fillie &
I 0.25g. COy/Feed=5.00(mol/mol) . CO, i &
160ml/min, =4 / —/L i & Sml/h, SIS 625-
700°C, J£7) 0.5MPa D TIT o 7, kI LY
SARAERMIX. GC-TCD 8 X O GC-FID (Z X v 4y
Mr U7, kit x 7 7 % U ¥—3 & LT, XRD,
EHZWMLAE . TG-DTA B L O TEM HIE 21T - 7=,

wo S REE X FeEnWw 5 ¥ BLbEiiEnD WLITH

3. BEBXOEE

FAHAYIC I CoHsOH + CO, — 3H, + 3CO D is
X CTHEITT D EEBEZOND, =¥ ) — LOHLF
1. CuCeO,ZrO, fil il TlE 625°C~700°C DiEEHr
T 90%LL EOE g Z 7R L7z, CuCeO,TiO, fil
BETIE ZrOy Rfill & LR TIRWMEZ R LT, &
7o, KFEOWE/I/KFZOHGHINENSH LN DK
FIFIL, CuCeO2ZrO, filtli T 1L 10Cud5Ced57Zr %
FAWT=5A12, 700°CT 74% D bV MEZ 7~ L
770 ZHUZHE LT, CuCeO TiO, fil i TIIik KT
34% L{RVMETH o 72,

FOSHT#% OfliE D> XRD HIE Tl GBI AE
LR ©— 27 REOSRITR ST, b
DICHSBEOE— 7 BB, ZDOZEMD, X
JARFICER LSRR T ST Z TR L. 2k
BROSEEE L TWD Z EAVURIBE N, KIC,
ERWAE R EDFE RS, CuCe02Zr0, it
PO ALAFE & A OB 7 S, SISz
FOMTH L2 RFEDEEL TWDAIREENS 2
HiLDH, CuCeO,TiO I XS LRI CEL &
T R5NR) o7, TG-DTA HIEDFERI G,
CuCe0,ZrO; il T < O 3 — 7 O MRS
L. CuCeO,TiO; it CII DV ED a— 7 OFERN
Rbinfec, 2k, ERWMAEREORES & —2
1%, RIc%D TEM HIED B CuCeO:ZrO, filtli
TH—RoF ) Fa—TLEZONDH—AR
DA A=V MR BTz, CuCe02ZrO, filtli CILiA
ERRIFBIIR N2 e I—AR T
) Fa—TDEKERBRBRL TWDAEEENH D,
TG-DTA @ =2 — 7 JRIEDIEEE 73 600°C {3 THETT
THIENL, ZTNDDRBEDEHRMETH D Z
LNy oTz,

4. £

T X ) — b CO, tE RIS IZ W T,
CuCe02Zr0; ZfilAS CuCeO,TiO, Ml &t~
TEIEEB L OV CO BX U H N E/R LT,

[1] C. X. Dang et al., “Syngas production by dry
reforming of ...“, J. Energy Chem. 2020,43,90-97.
[2] A. Andou et al., “Steam reforming of ethanol using
....”, Fuel Process. Technol., 197, 106203 (2020).

[3] H. Tsujino et al., “Effects of the addition of CeO; on
the steam reforming of ethanol using novel carbon-Al,O;3
....... ”, RSC Adv., 2021, 11, 8530-8539.
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[1AO08-1A11] Hydrogen/energy carriers/CCU/carbon recycle (3)
Chair:Takuma Higo(Waseda Univ.)
Thu. Oct 27, 2022 1:00 PM - 2:00 PM Room-A (12A Conf. room)

[1A08] Study of aromatic hydrocarbons production in direct FT synthesis
reaction using sodium iron catalyst
OChiharu Kaida Kaida', Osami Yamamoto', Kaito Nishioka', Hideaki Sumi’, Ken Hanayama',
Daishi Yasuda' (1. Honda R&D Co., Ltd.)
1:00 PM - 1:15 PM

[1AQ9] Effect of reduction conditions on the synthesis of lower olefins from
CO2 over iron catalyst supported on active carbon
OHibiki Yasumura', Ryosuke Oshikata’, Kenji Asami' (1. The University of Kitakyushu )
1:15PM - 1:30 PM

[1A10] Influence of carbon supports on the synthesis of lower olefins from CO,
over iron catalyst
ORyosuke Oshikata', Kenji Asami' (1. The University of Kitakyushu)
1:30 PM - 1:45 PM

[1A11] Investigation of reaction behavior for Al,O; supported Ru catalysts in
Fischer-Tropsch Synthesis
OMasatoshi Toyoda', Katsutoshi Sato', Md. Shahajahan Kutubi’, Hiroshi Yamada®, Katsutoshi
Nagaoka' (1.Nagoya University)
1:45 PM - 2:00 PM
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Na-Fe Zfiifft 2 FHW\\7= 24 L 7 ks FT &sic BT 5
75 B R R AV K B AR D ST

R

CRHERF) O H

1. #&

W, =Ry =a— k7 LOERBIZAIT T CO,
T A~ DS N E E o TS, £
D—2L LT CO, & Hy MBEHARIAKFEEED
Na-Fe 2t V& W24 A4 L7 b FT ARG &,
SHURAL KSR 2 5 F AL S 5 B AR R (ZSM-5)
EHNIET v ST V=T ¢ T RO E IR L ST
TR ANREFERINTWA. ZNENOMEE LT,
XA VL7 b FT ARG ClamEE 5 UL Lo mfkix
EARFEOERBENEL, Ty T T v—F 4 VTG
T ERRACKBEBRENMENZ ERRB T ON5.
AW TIE, ERkRACKFE AR OB B m g T
Na-Fe il i~ M BRI (Ga, Zr)Cfil i F ik 5
DIEEF 1T -7, FIZ, Z O Na-Fe Rt & ok
BRI E ARR ik (H-ZSM-5) 3% #l7xE& o 72 SOt D
AR B KIS BES 5 2 & TETIR R TR L,
PONA T &2 4T~ 7=, FOFEHE, HIRBREHT VI
BIEEAR L EUIRIBREI O AR A MR TE -

il

2. E B

Fe,Ga,Zr O HEEIE OIRG/KIEIR 2 JFEr L Li-4t
TRk &0 1572 FeGaZr RiBRIRIZ, FTERED NaNOs &
A= EHRTEIC X o T Na(1wtob)-FeGazr il 215 7= .
HIZ FeGaZr AiERRD TR IRFE & FI o AKEVE R
12XV, Na-FeGazr-HT(Hydro-Thermal)fififi 2 45 7= .

[ (A ER AR 1T AI(NOs)s-9H,0 & NaOH DIRAVATRIZ
TPAOH 35 X N TEOS % iz CHEH%, KEVERKIZ &
DAERI L7z, 7 ) KSR CRLERS 5 Z & T,
FLIEKR H-ZSM-5 2757~

ok TR o ) R e 20D S S A T TCREAR
L72. 3@&HL L 72 Na-Fe SZfiltfiilZ 25%C0,/75%H, 77 A
A i@ S, 380°C, 3MPa DAt TG SHT-. &
(Z [ERERARIE 2 Na-Fe SRt & [F & 2 e A L7
HE L7 CoORMEbIT - 72, iS5 O AR
DOFEIT GC-TCD B L VFID W T L=, %
7o, R E ST D 2 & TR DIV Ry
Wt A&, JIS K 2536-2 [ZHEHL L GC-MS %
AW TITo 7.

3. ERBERBIUEE

B TENE O FEAmAE R A Fig. 1 1R T. SUSED
CO, 7~ CO, Conversion & 3K, Rk L7235
FEICI T D IRFEE 5 LA EDOERIRIEKERIRE 2
Cs+ Selectivity & L, 4157525 Csy Yield ZH H L7z,
FEAm O fE R, Na-FeGazr 1d Na-FeGa?iZxt L CO;
Conversion 75 4.7pt [A] -, Na-FeGaZr-HT /& Na-FeGazr

o REHE B S A Ll L 5 [ & Bk o
B3 KNI SERC 1 SR NI s

3 E A g7

&
T

H
S
Gt

UTh v

{Z%} L CO, Conversion %3 1.5pt, Cs. Selectivity 73 3.8pt
M B L7z, e & RER R ORERE LT, Cs
Yield & Na-FeGa?\Zxf L 1.25 iz ECT& 7=, ¥z
H-ZSM-5 & iRET % Z & T Na-FeGazZr-HT BT
JEEEIEA LV EWCs: Yield 2155 Z & 2k 7=,
F7- Fig.2 IZ Na-FeGaZr-HT & H-ZSM-5 # iR & &1
Te RS BT D ITRIRR Sy DRy A~ . 5
FRIRACKFE OHRITH 42Wm% TH Y, Z ik
DINAF T H Y AATIHVMETH S 9.

PLEDOFER LIV, Na-Fe Rtz H 4117
kN FT & RSO & HIFLIER H-ZSM-5 % W=7 v 7
TU—T 4 T RIGO— IR XY, mifkxbAkE
DUILZR & FERRACKFBOAERER LA ETS 2
EMF o ZOTFat R T CO EFEEE LT
EOHRTY, FRHCHFEGRS AREIOEA~DHFEME
DHIFRFTES.

Cs. Yield (%)
65 -
20 25 30
~60 | Na-Fe_GaZr-HT
NS Na-FeGaZr-HT /H-ZSM-5
S s5 |
[t
E'50 15 o o
2 Na-FeGa?2) Na-FeGaZr
S 45
(5]
-
o 40
@ 35
b3 ({0}
v R
. Na-Fel)
(@] 30 | O a-Fe
25 1 1 1 1
30 35 40 45 50 55
CO, Conversion (%)

Fig. 1 CO, Conversion, Cs. Selectivity and Cs. Yield on
direct CO, FT synthesis reaction with various
Na-Fe catalysts.

n-paraffin
6

16 —e—n-paraffin b
14 i-paraffin
S —=-olefin
?_; | naphthene
E 8 —s—aroma
o
S 6
4
2 o
0 — g .
0 2 4 8C - No® 10 12 14

Fig. 2 Product distributions of synthesized liquid fuel.

1) J. Wei, Q. Ge, R. Yao, Z. Wen, C. Fang, L. Guo, H.
Xu, J. Sun, Nat. Commun., 8, 15174 (2017)

2) A fh, #5128 [RIfEEETERS A, 1J24(2021)

3) VHE M, #5130 [AIfMBLEERS A, 2E14(2022)
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COMEDIEEA L7 4 L ERIZEBIT

TEVER AR BRI D2 T 5%

(AL

1. S

AR, COL A EZRJFIA & X2 HERIRIRL 23 K
SRR L 72> T D, CO DT (CCS) D>
SHA (CCU) ~D A —R VWA 7 IDEZ TN
EHENTWD, TOCCUDDESOTEL LT
CO#FEHZ 7T AT v 7 SL@IEM B O EHCT B
DIRREA V7 4 2 (LO) BNV A HAIL TN D, )
& LT, CO:DARFL (W7 MpUR) &7 4
vy— - b7 o (FT) AREHAEHE, 1
&Efﬁ5%®T%5 AWRESIZTZNET

(2, BOSSAE OB b e O 1] fbE#H A% o e b &
1T TC&E, TNETITERT AT L DS DIE
Eff BT, il oizE o b KOG EEE [ U Ho/CO=1
DEFRA A% AV, #H(0.1MPa) T 2h OLEE 1T
S>T&E, LML, Ho/CO: & JFEE 5 Bt it
T 5 R UEORECITMRF STy, &5
1 ZADOFIEALRA IR TE 5 CO Z b7V i T

IZOWNWTHRHBES N TR, F 2 TRIFET
I, LO ARRIC RIE TR ACIRE, W, £
DEBELE T,
2. FEhr

Fl L2196 M AR PR & BRI KPR IRIZ L 5 3Lk

TS A Uz, BOG X B E RN el 2 e ds &
AN, FEAE TS 1E H2/CO=1 % T, 300C,
0.IMPa T 2h & L 7=, 300~390°C. lh~6h.
0.1MPa~2MPa-G OHN 1 DD/XT A — X ZJ5H LT
BT E T o772, H2/CO=3 |Z KD ITLHL BRI A &
FEE DR TTERIEE 1T o 72, KISSMIE. 360°C,
2MPa-G, W/F=2.0g-cat * h/mol, H:/CO.=3 THh 5,
ITIEA > Z A > GC-FID, GC-TCD TiT-72,
3. EBRERBLOELE

AT AMH:/ICO)IZ L D& TIE, HE
300~390°C . i# o] 1~6h TETLRMA2 2L ST
b, AEAESLAf & BT LO R, BIRR L L F 0%
M 20% N TH Y . HERD LO Ak & #aauiE
WA R LTz, £ /) 0.1MPa~2MPa-G D% T8 Tl
JEJID EFIZHEV, LO EIRFIIE(L Leho Tz,
LO WRIZJEI D EFIZfE-> TR TFL TV &,
2MPa-G DRFIIAEHESRAFIZ LT, §95 KA1 > MK
Tl o T, MEEDBETFMDOEFEZ DMHE
WIRNZ ERNboT=,
H:/CO:IZ X 2380 TIE, BT A(H:/CO=1) & b~
T, COHALHRITPAT 505 LO BHERIIMERF T 5
Z b | EBITANT CO AW THAEE

PEOEE

5 VDU E

VK OFeht BA - G - HiE E

PERFEST D Z EnNbhoT=, K 112 H/CO2=3
2 X DIBIC TR & JE N 2B S ETRFD CO-iis
b & LOBINEOFERZK 1 12~ , £/ 0.1MPa
FICHEI & 2h 205 6h IZHEITT & (kA L~
o EPCRIIHERF ST F F COLMR RN EH L,
RALAKFBULE DK 10 RA > hal kL=, oz &
HRERFEETTAITO Z LIk » T kDBETLEN
FHRL. LOWERmELEZEEZBND, 2h DS
- FCiETE 1% 0.1MPa 725 IMPa-G [k &8
% & LO BICRICEIZR O, COHR RN
AN L C LO W3 m L L=, F£7-. 2MPa-G (ZJE
F1% EIF T8 IMPa-G & LO ICRICE LN R b7
WZ ED, IMPa-G TOETHAIREAITH D &b
Mol
4, HEE
H./CO.=3 |2 X Bt CTiL, RmuTFRZEIE I, &
TIXETIE N IS5 Z L1 K> TLO RN
mEL, 2RO THDLZ LRt
(=BT N
[1] #7745, . 2 51 Bl - A{EFRaE 2C10(2021)
[2] Asami et al., Catal.Today, 303, 117(2018).

50 100
40 80 _
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g Y ) ) ) B
7 5 7 =
'2h '6h 2h- 2h-

1 CO-Hifl3R KUY LO iR
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BRI ZE A= C0.OKKILIZED
B#A L7 1 ERICE T2 RFIEHEORE

LT VESTH b & B

AESUNFSER) OFd 24, -

Hr

1.% & Z %\ ZHFF L 7= (Fe-Cu) Mn filtfi: T3, LO BRI KA
AT XL —Z2HVW G DKkEIC K& L ARRAT 7 0 LRI L=, Zh

CO 2 MBI AT H 2 LiF, A—R Y 4%4’ IX. Fe iz Mn 2378 5 Z &2 K 0 IEMSRED D

INDHFENRFFETHY, FOHLIEEA LT ¢ v L7=2 &, BXOFe & Mn DIREENEAL L. M

(LOYD AT NI TH D, EF H1E, C2-Ce® LO  nIZ X DA V7 ¢ O/RFALIHIBEKRESME T L 72
BRUCIEH L, COmbiiv 7 PBLOFT ARl KHEFEXLRD,

XV LO%ED i E —EMETIT O F9t 2 D T 50 100

5. IVETIC EERR- o e | 2 M o A
fih i (Fe-Cu-Mn/AC)738 CO 725D LO A kI T £ ®- A= & _® S} C7+(otp)
BOML ShR CORNC batis e Ths =L, | 2a @ ®-g G § e
AC HENEE ThH D 2 L [2-31 2 HiE LT\ 5, N~ o] 5 T rrrrs Coaco
ABFSETIE, Fe-Cu-Mn il X 5 CO2 b | 27 E 72720 N i)
LO &R KUE T BSRA KRR O 58 L OV R O 1 2 10 g £ o
%JIIE}J—AOD%;;&K ;Ob\f*ﬁﬂj‘ L/7L\_o 8 ||I| |I| |I" III é = je= (CO2 conv.
2. 2B Hik 8 0 . . .] , 0 T = e®e=elCyicld
active pure grap! nite carbon
ﬁﬂ?\ﬁ i}x %?H {i%ﬁ CE E}ﬁ E& 7k {/ﬁ"{'ﬁz %) jj\:?jzli carbon  carbon black
T L/7,L[1] AC DA D[R 32 FEH & IR & L’C{ﬁ carbon carrier material
e Vi i /e S R O
L. AC, # “(PC), 7577
A4 NGF), 1—AR>7Z v 7 (CB)DMFEIEZ H 1
t%ﬁ?ACk@%&%ﬁotyéﬁmmﬁﬁﬁ@ " v .
FF78 SO PENS JIE S BIC S Tl R KIS w e —ho O T

Z W, Fe,Cu,Mn OILBALREFRF % 25 ztﬁﬁﬁi
EPER O RIRF IR AR AR & D 21T > Ty RO
VR T E PR DN JE o 1 U 1 & (4 B HE R B o5 -
Fe=41wt% ,Mn=12.3wt%,Cu=4.1wt% C—7E & L7, 20 g y
BB E T 300°C,H2/CO=1 OARRAT A2 XD 15

2 R U CRUGIC W 2, FEAR 72 SR 411 10
360°C,2MPa-G,W/F=2.0g-cat - h/imol, H2/CO,=3 & w w w
L7z, O#rid4 4 > » GC-TCD, GC-FID TfT 0 e omrce  ecovs

ST,

e C1(p)

S i dubed. X
30

(o)
o

kS
S
Hydrocarbon distribution[C-mol%]

#rxrr C5~C6(o)
C4(o)
i C3(o)

s C2(0)

Do
o

e Ame CO; conv.

(&)}

CO: conv.&HC yield[C-mol%]

- a®es o HC yicld

]

3F%i§i@@ﬁr%r A 2 ¢ PR RIE R 2% SR R T R 1 E T
PR i o [%% k)

1 (287 & W ) Dife

%ﬂ:ﬁ‘o %ﬁfj:é}T;:;icﬁﬁ{;%)ﬁ?:tigﬁigffi@in% [1]Asami et al., Catal.Today,303,117(2018).
/g) ,GF(18m2/g), CB(16m2/g)<‘: . AC D 1066m2/g [2]Asam| et al, Proc.17th |CC(2020)4
LHARTOTRY 140 BFThoHICbambed,  BIPR. M. 5 50 A - AfLafm=
BALAKSRINE, LORIUEE & Brorosides,  2A15(2020)
mEWEMEEIUESHERF S, 202 &d, #HEFS
NS REOSBIMELY &, 1 —AR & OMAEH

DWEBEOTNEETHDHZ L E2RET 5,
3.2. &R OIEBAFFNAT A3 SO R IE T 522

4 212, PREBAHFIEF %4~ 7, Fe-Cu & Mn

% [RIRF IR D1k (Fe-Cu, Mn) & b LT,
Mn % JEIZHHEF L 72 (Mn) Fe-Cu filt it Cix, 7 2IZ
RALKFINER, LO BIRFK L L7z, —F . Mn
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Fischer-Tropsch Synthesis |

REXRE (B52EEH - AHbFEHwRS

ZBIT5 ALO: HEF Ru

f it oD SO ZE B DR ET

P ot

1. ¥&5

H—R =a—FI AR ORI AT T, CO, B
{L. DR 5)>5 Fischer-Tropsch Synthesis (FTS)D = EE AL,
NHIFESH TS, FTS(E 1IiX CO & Hy b irAbk
(CHy)w ZERT D THD. COy D35S 7 M i
G2)zkh co AL, ZnaFENT FTS 217 21X,
KEA~D CO, PEH EABIMEEHZ L7 AR BN
HPELTHE DV AT NVEIEERSEHZENFTREIZRD.

LML, FTS 1IARERIC i@kﬁ/\)ﬁmf%éh
PERFLDFRIEETIE B B D IRALK B Z PRI éﬁjﬁ
DLIEDRREETH T,

AWFZETIL, MBS TA %D E WO TN
FAAFENDIRIREL (Cs~Cro) & i\ W VERINE TEH LT
OO EZ BIL TS, 22T, ALOsHHE;
Rufit iz B L, Csd®IR= D m EA2 HIEL T, AlOs
FIRSCRUFTEE AR KIFE T B A R FTL 7=

nCO + 2nH, — (CH>), + nH,O
CO, +H; — CO + H,O

(EW))
(L2)

2. EB

GIRVEIZ LV ER B W% D Al,Os+H £rRufih i 4 74
U7, ARSI 2 0 2 B AL C & 5 AIO-8,
AlO-9, AIO-10, RuRTER{AIZRu3(CO) 1% VN THlifi A
TR 7. RTBEIR N R O FHZ BT, AlO-8% 4
AIZH VY, Rus(CO)12 D i, RuCls, Ru(NO)(NO3)s&
Ru(acac)Z FHV =, fdihEvE M S F A 03 6 7 PR i 2R
S E A U7, fili0.75 g& H Y, FTSESDRTIZ
H,7ii# T, 500 °CT1 hai LB Z 1T -7, Ko A
(H2/CO = 2/1)Dii f1312.3 ce/mink L, SE /131.0
MPalZ gk & L7z, FTSHAERM D56 XA 53 (C1~Cs) 1%
F2 T4 DGC-TCD, GC-FIDZ A T1 hZ &2/
BITo7=. F2, M RO ERMITKGE T 712X
HEL, RUSHE T GC-FIDIC k> TN E1T 7.

3. ERBLIOEBE

FTSAMEZ 31T DR R AT 5720, #HIKRIC
3FED T VT & W CFTSEBR %17~ 7-(Fig.1). [Fl—
IRLE 12 BT A COHRIL =R I1TAIO-9, AlO-10, AIO-8DJE
TEFLE. ZORFFNTHRF O AR MY L LKL
TEY, BHERTAIFTERAWAZLT, KR TO
i T PE A ) B U= S HERI L7, F72, Coi®B IR
AlO-8LAIO-10TClRIZDFE LN FH .

wIZ, BWEMZRLZAIO-8ZKIZ VT, Ru
Hif B AR @ % B & B & L 72 (Fig.2) . Rus(CO)1z,
Ru(NO)(NOs)s, Ru(acac)fi i3 [7%5 0 COfnk 4 7~
Liz. —, CoaB R IZ OV TIERU(NO)(NO3)s k1
EVMEZ 7R U 72, RUCls% A AR 12 B O 7= il 13 ARR,

Fakl & &

(B HBRFOER HE

Mmookl 5 W

) < &
e R 2y

(O ST = = L2 iE Ll iF A
[ AN NS T Y A VAN
REE VAL BB hoLL

RSN 3 N R 7 5

WDIEF IZE O CORME R B L O Cs i IREZ R LT,
FT-IRHIE LY, RuClafilitt Cidfth D3> fik ik & b
LT, BECODOY —I N @E Hlizy 7L TR, 7%
BALT-CIO I LORUD EIRRENRN KL, CODfi
BEA~ O RFF IR DEF A b7, _@%1%’372
CODWL A R RE S RUCI % VN Z B oD i i 8 7%
L TWDEEZBND.

W HIX, ROSHIGOMBEOF vF 72— a0 D

fili e, 3 LOMHEE LTI R 79 D o i b OF Tl
HID.

glOO-—. ‘ : ® O ° ®

> 90 o

2 80- ¢

8 o] O COconv. AIO-8 <

g 0 CO conv. AlO-9 *

5 607 = coconv. AIO-10 o

- 504 @ C., sel. AIO-8 Py

G 40] ® Cs, sel AIO-9

c

o C;, sel. AIO-10

g 30 - > o

Gé 20 -

8 101 g -

golf -+ o 0 o &

O
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Fig. 1. FTS IGMEIC kI3~ B IR DB 5.

O CO conv. Ruy(CO),, ® C,, sel. Ruy(CO),,

O CO conv.RuCl, ® C.,sel. RuCl,

[J CO conv.RU(NO)(NO;); @ Cg, sel. Ru(NO)(NO,),
0 CO conv. Ru(acac) ® C,, sel. Ru(acac)

_100Te
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Fig. 2. FTS {& PRI % Ru O RIBRAZN R,

AREFZNEDO—ERIL, NEDO OFEEHELL TiTo7-
RO ETHSL. ZZICiEL2ERT5.
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REKRE (B52EEH - AHbFaE®RE

NH; & H Co/MgO fllfe~D 7T 111 & @ IR R DR EH3)

O%}E{t 7= &
1. #% 5

EAGIEDORE B2 E DT 2L X —RIE O MR RIZ 1T
BAERET )L —L, ZIbiESND Hy OF|
INRA[R TdD. D78, Hy & T3/ — BT IEA
(ZRXF—F U7 ) ITHRHL L, RN DRI ET
ik - s T D HAT OB R D S TN,

NH; (4R, 10 SUERHE CRE RIS TThE Ty,

ZE\C o T CED. D &, 45, BREES T4
AT CO ZHEH LR, 22T, Fox IEINH; 2R /L
—X YT ELUCRIHT 5729, IBf0725:1F 7 NHs &
B ECCEA RGO BAF ICEFA TVVA. Zi
FTIZH A 1L, NH: B RRICEWIEEZ R IEE SRR
fikli - C Co@BaO/MgO ZHELT-. D Zoofilfilix
Bhfiblie e U CE - HE 5PED TRV BaO 2 & Tl EAETE
PEARTERO 2> THDHN, SHITHRBIEMZH
SHDITIENH B O ThH RO —FHFES
DU ZAEHET 2, KO- 5 D58 B fil A (H
HEDELIENEN THLHEEZLND. ZZT, AHF
FETIE, JVE TGO T L) 4RO
WCHEA LT, B e U Eo BRI OV TR~
2. £ B

KOH /KIAEHRIZ MgO A4 N, iR, fofdl, KI5
RN TR T 22 & THEE S, Z2iza s D7
TF AT BN K ERIERMAEL T, 20 wt% D
Co ZHIRIZEIRL, £D#%, Ar i@ [ CIELEE %
1TV, Co/KMgO %457-.

NH; & R EE [ 8 R i il 2N SR 2 & & V-,
ATALERE L TINEASR A T C H2(60 mL min™!) &%
17, N2(30 mL min™") & H2 (90 mL min™") DIEAH A%
fil g (A A & 0.1 g) ~SUBETT 1.0 MPa THELA
L7z (2 F'ﬁﬁéf“ 72Lhtg"). ARk L7 NHs [ 3HilE CTho
v 7L, BREEROEIC > TAERERZTEL.

3. WREER

PIHTOBFFEIZHNT K ORI REZ T ES, fif
RO ST LWV ST FR TORLER LY, K aﬁ
BN THIENALNE o7, 2T, Wb A
L, K #H NN ST, BILRIEDO R B E
FfL7z(Fig. 1). £, BICiRE% 700 °C 7°5 500 °C ~
KTFSHEZA, LLAEMIFIE L. L,
500 °C Thiz A 72 h ~EhiE+ LT, 700 °C,
1 h CIEITTAER LG4 LB IEEA A L2, 2t
BICIREZ T 7228 TEBRZDO K OFF &N ER
T-inizzbl, BREICT52ET, 1 h TEAR+5
Thol-& BRI, HIEMEDIK T ORE LD A
WM DOBRENRREL 2o T2 T2 ThDHEE ZBND.

BT -

¥

B

(% HEN)

MEMN hol

ﬂ<ﬂ W

RIEFL LAVnESS

ST I

<3 e

Pk e

BN, BIEAMEZ LI K ISNEET =T B8k
TE MO BRZ el L= (Fig. 2). 700 °C, 1 h B TTOHA,
K % 1 mol%ll EIRIMTAEIEEME N LZ. Zhuix
IR TR T LRI K &/ BOWD M EE%U%_

LITNZ, K OFIMEOHEINIIY Co DEFEIHEL,
IEMERNHD L TCLEST2T2D THDHEEZBND. FE
BS, K % 3 mol%UsIIL7=fifliitd> XRD /3% —>2 T,
HENTIEDLOD, K USRI 72w il cr3 @i s
MizhoTz Co® DY — I RISz, —J5C, 500 °C,
72 h IBILOE, K ISIIE 0.3 mol%lL B TIXiE N
IR ThoT. BIUIREAK TSI ETKE
HEOWBDEIMHITHZLNTE, fHEHAHI-0 oMl
BEPE DSHERF SRS B, K OB LD Co DERE TIE
PESEDAD L Ch, TEEDIR TR EE /2 o7ob Dl
HEZL TUD.
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Fig. 1. Co/Ko.01Mgo.900x DI TLAAF: DIEHE~DE
(FRSIELEE: 400 °C)
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1) K. Sato et al. ACS Catal. 11, 13050-13061(2021)
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EXREVZAALE7VE=7 5B RIGH

Ru fili MBS

1. #%8

WA, AbaREHZ b B 7 ) — v e L F—L L
TKEDEE SN TVD, Lo LKEIFITRSCERIC
TR RBDNDTD, KFEX ¥ U T WEOR
ENTWD, ZOHTH, TUE=TIIRFELEER
WERLX—F v T THDH I LR ELL OFSEA
LTW5, FEBIZT =T KB EM TR
DR KFEEBRITOMLCRIASND, ZD720, &
TEVEZR T =7 SR OBHFE DR D HIL T 5,
T =T iR 21X, Ru ANEMESBERE S LCEWy
PEREZ R 2 & IR E UCHEREME, Bk E AR
TWENE L TWD 2 ERREINTHD D, Ll
SRR TN F I b S CTH D . FEAUKITIZZAT
PR DBRRE RO BTN D, 2 THa I, il
AR L LTHEERTFED THLTVI=TU L R A
(LLF. AD) IZ#H Lz, AD 17V 2 BEM & ERNIC
BWCTU YA 7T 5B CTHRAET DREMTHY |
FERFI20 5 FUBEHENR TS, LacL, T EEK
BETIUTKK R EDRREIND 2 & ROMEF AL E
MINETe Z & AR BN ORELH KD BT
W5, ZOXI B mDOb &, A TIT AD 2K
& LU TH2 Ru il DFREL K OWERERBR 24TV N, 77
F =T RGO R LTD AD O H
PEZOWTRRET L7z,
2. EER

R A IV THES Ru il #IL 7=, Rus(CO)p &
TR FR7 T AL, £ ZIHEZINA 2 K
MR L7, R, BB A 60°C £ THIE L., BE
ORI A 7 ST, 2Dtk 80°C OIEIRARINT—
Weezi U, FHEF Ru il 21572, HARIZIIRLE D AD
(AD-as). AD % 600~1400°C (AD-T ; T'= 600, 800, 1000,
1200, 1400) CRERLL 7=H D% =, 15 D7y R fibis
7 VAR U TR K0 KLY A A
10~18 A v =il d X D3k Uiz, [EEEFbEAL
SRR TR U7 filbiii 2 0.1 g FRIE L, RTALER & L CEVL
MBI AT o7z, BSLEIE 500°C, 15 mL/min O
Ar T AFEER T C, @ooWiiX 400°C, 15 mL/min Ol
H Jiitil N AT 272, £ D%, K 5%NHs/Ar % 48 mL/min

Yty o I R R Lb7 BOA FEPLE LIFD
- = = —+h
FEBK) OBJIl T 4 - FEH EHZ - il %

THEE S, 150°C~600°C DRGSR CHERERER 21T
STy ST A DAL ERAVE B0 EH 2
TATUV, NH3 B ERARH L7,

3. BERBLUEBE

Fig. 1 124 AD Z R - Al oM RERRERAE 5
%759, RwWAD-as Tlid, 7 v E=TEAHMERMEL, fil
e L CORMEIHE VRO LN oT, FTo,
RWAD-600 &% Of RwWAD-800 % [AlERIZfilllt & L COMERE
K> 72, —J7, 1000°C LL_ECTHERR L 7= AD % v
oI b @V WERE R R LT, Fio, BERIEE
ZEIBICELSTHE, MRENR S I ET 5L
WA GNE IR o7z, RO XRD JIEDK R, AD-as
IEFEIZ Al a-ALOs, MgALO4, AIN, MgO, KCI #1722 B 1% %
Z R bhote, £72.1000°C LLETORERIC LY Al
AIN, MgO, KCl FDNHEET D 2 &g Sz, 20
FEAR LD | 1000°C LA ETHERL L 72 AD % FlV 7 il
BV WEREZ R L2 B2 RNE, BB IR TH 5 Cl Gy
ZEte KCI MEFEIZ L VIHKR LIZIed ThDH EEX D
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Fig. 1 Catalytic performance of Ru/AD catalysts for NHz
decomposition. (X) Ru/AD-as, (A) Ru/AD-600, (+) Ru/AD-
800, (O) Ru/AD-1000, () Ru/AD-1200, (<>) Ru/AD-1400.

1) S.F.Yin et al., Appl. Catal. A:Gen., 277, 1 (2004)
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Fig.1 The temperature dependence of NHs conversion
with Swt%Ru/CeO catalyst.
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Fig.2 Arrhenius plots for NH3 decomposition rates
over 0.5wt%Ru/CeOs.

1) R. Manabe et al., Sci. Rep., 6, (2016) 38007.

2) R. Manabe et al., Chem. Sci., 8, (2017) 5434-5439.

3) K. Takise et al., RSC Adv.,9, (2019) 5918-5924.

4) K. Murakami et al., Catal. Today, 351, (2020) 119-
124.
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1) Y. Hisai et al., Chem. Commun., 56(2020), 2699-2702.

2) T. Matsuda, Y. Koshizuka et al., Chem. Commun., in press.
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Fig. 1 The result of activity test with and without electric field;
catalyst, Zro.6sY0.0sNi0.302, pretreatment, Hz: H20: Ar=x: (60-x):
60 (x=0, 30, 60); amount, 80 mg; flow, CH4: H2O: Ar=1:2:7,
total 120 SCCM; furnace temp. 573 - 673 K.

1) A. Takahashi et al., RSC Adv. 10 (2020) 14487.
2) Y. Sekine et al., Catal. Today, 171(1) (2011) 116.
3) R. Manabe et al., Sci. Rep. 6 (2016) 38007.

4) K. Nagakawa et al., RSC Adv., in press., doi:
10.1039/D2RA04974K
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1) S. Ogo, et al., Fuel Processing Technology 199,
(2020)

2) BEED, B4 77 P, 36(2019)106-114

3) H. Fujitsuka, et al., J. CO, Util., 53 (2021)
101707

4) 7. F. Bian, et al., J Co2 Util.
(2017)

18, 345-352
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Nano-metal Phosphides

as Green Sustainable Hydrogenation Catalysts
(Osaka University, PRESTO) Takato Mitsudome

1. Introduction

Currently available earth-abundant metal-based catalysts
such as Raney catalysts are often employed for
hydrogenation reactions and are effective. However, they
face major drawbacks of being pyrophoric and unstable in
air. Owing to these disadvantages, it is extremely difficult
to handle them. Furthermore, they require severe reaction
conditions, i.e., high H, pressure and high temperature due
to their low activities. Focusing on these problems, we
recently  developed air-stable metal phosphide
nanoparticle catalysts for the liquid-phase hydrogenation
reactions.™ 2 The high performance of these catalysts will
be presented.

2. Experiments

Well-defined cobalt and nickel phosphide nanoparticles
(nano-CoP and nano-NiP) were prepared by
solvothermal method. Hydrogenation reactions were
carried out in a 50 mL stainless steel autoclave equipped
with a Teflon® vessel. Conversion and yield were
determined by GC-MS analysis using an internal standard
method.

3. Results and Discussion

The developed nano-Co.P is nanocrystal with a rod-like
hexagonal prismatic structure with a length of 20 nm and
a diameter of approximately 10 nm (Figure 1).* nano-Co,P
can serve as a new class of catalyst for the hydrogenation
of nitriles to the corresponding amines. nano-CoP
exhibits air stability and high activity for the nitrile
hydrogenation with an excellent turnover number
exceeding 49,000, which is over 20- to 500-fold greater
than those previously reported. nano-CoP also shows a
broad substrate scope: a wide range of nitriles including
di- and tetra-nitriles, were hydrogenated to primary
amines even under just 1 bar of H, pressure, far milder
than the conventional reaction conditions (Figure 2). This
work is the first demonstration of metal phosphides
capable of hydrogenation of carboxylic acid derivatives.
We also succeeded in synthesizing a novel nickel
phosphide nanoparticle (nano-Ni>P) and demonstrated its
versatile use for the selective hydrogenation of different
polar groups such as aldehydes, ketones, nitroarenes, and
nitriles in water.?2 Especially, hydrotalcite-supported
nano-NiP is applicable to the hydrogenation of sugar
aldehydes such as D-glucose, D-xylose, and maltose in
water under ambient pressure of H,, giving the
corresponding  D-sorbitol, D-xylitol, and maltitol,
respectively in excellent yields. These catalysts can be
recovered from the reaction mixture by simple filtration
and are reusable with high catalytic activity. Detailed
characterizations using XAFS, XPS, FT-IR, TEM and
theoretical calculation reveal that the high performances
of these metal phosphides are attributed to their metallic
nature and increase of the d-electron density of metals
near the Fermi level.

Figure 1 TEM image of nano-Co;P from (a) side view
and from (b) top view.

-Co,P/HT (Co: 4.2 1%
R—CN nano-Co,| (Co mol%) R/\NH2
1 bar Hy, 150 °C, 20 h

\/\/\NH2 O/\NHz CgH1g/\NH2 wNHZ
N

Yield  85% 87% 90% 90%
/©/\ NHz NH NH
R _0 H NS 2
R=OMe 86% 0

&, 8% 89% 85%

Figure 2 Hydrogenation of nitriles using nano-Co,P
catalyst under ambient pressure of H».

4. Conclusion

Conclusively, such a metal phosphidation can provide a
promising way to the design of advanced catalysts with
high activity and stability for highly efficient and
environmentally benign hydrogenation reactions.
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Protection strategy for selective oxidative esterification of
HMF-dimethylacetal to dimethylfuran-2,5-dicarboxylate

with Au/CeO:

(Institute for Catalysis, Hokkaido University) oNirupama Sheet”,

Jan J.

Wiesfeld®, Atsushi Fukuoka®, Kiyotaka Nakajima®

1. Introduction:

The conversion of non-edible biomass resources
into useful commodity chemicals is of great
importance to build up a sustainable society.’ 5-
Hydroxymethylfurfural (HMF) is one of the
versatile platform chemicals, which can be obtained
from lignocellulosic biomass and can be converted
into various value-added compounds including
building blocks of advanced bio-based polymers.
However, HMF reactions accompany severe and
complex side reactions to produce insoluble
polymerized species, so-called humins and these
side reactions are predominant in concentrated
solutions. Protection of the reactive formyl group as
its acetal with 1,3-propanediol (PDQO) enabled the
use of concentrated solutions (10-20 wt%) in various
redox reactions and ensured high productivity of the
intended products.>* In this study, we applied
dimethylacetal protected HMF (OMe-HMF) in the
oxidative esterification with a CeOz-supported Au
catalyst for stepwise synthesis of dimethylfuran-2,5-
dicarboxylate (MFDC), aiming at a cost-effective,
highly selective, and productive process.

2. Experiment:

OMe-HMF was prepared by the acetalization of
HMF with methanol. A ceria supported gold
catalyst (Au/CeO;) was synthesized by
deposition-precipitation method.® Oxidative
esterification of HMF and OMe-HMF was
conducted in pressure resistant Teflon-lined
stainless steel autoclave reactors. A mixture of
substrate (HMF or OMe-HMF, 100 mg), Au/CeO;
(100 mg), and Na;COs (1 mol%) in methanol (1 g,
10 wt%) was stirred under pressurized oxygen (0.9
MPa) at 373 K for specific time. After reaction, the
reaction mixture was diluted with ethyl acetate (50
mL) to dissolve all products and analyzed with GC
(Shimadzu, GC-2014) using chlorobenzene as an
internal standard.

3. Results and Discussion:

Oxidative esterification of OMe-HMF
exclusively produces dimethylacetal form of
methyl-5-formylfuran-2-carboxylate (MFFC-
acetal) in a 96% yield with a satisfactory value
of carbon balance (97%) when the reaction was
performed at 373 K for 2 h. In contrast, oxidative
esterification of HMF gave the mixtures of methyl
5-(hydroxymethyl)furan-2-carboxylate ~ (MHFC),

MFDC, and other byproducts under the same
reaction conditions.

o ™ 0.065 min % o ™ <<0.001min? o f
A min™ .
(a) Ho’\mm ————b Meok@/k(lMe >me0” "\ /) Me

OMe-| HMF MFFC-acetal MFDC

S
0.0, )
07 3 0O
o

byproducts
5 o
(b) W\@JLH 0.022 min"! ..o/\&,f(o,, 0.003 min?_ o,\\;%?‘km

HMF

02,"”“ Ly
byproducts
Scheme 1. Kinetics studies on oxidative

esterification of (a) OMe-HMF acetal (10 wt%) and
(b) HMF (10 wt%) in methanol with Au/CeO-

The difference between HMF and OMe-HMF
was further confirmed by kinetic studies using 10
wit% solutions (Scheme 1). Oxidative esterification
of -CH,OH in OMe-HMF proceeds faster as
evidenced by a large rate constant (0.065 min™).
Small rate constants (<< 0.001 min®) in the
formation of byproducts and MFDC suggest that
dimethylacetal group is stable against both oxidative
esterification and side reactions to form MFDC and
byproducts, respectively. MFFC-acetal can be used
as an intermediate to synthesize MFDC selectively
with additional reaction steps. Moreover, high
MFFC-acetal yields were obtained after the increase
in OMe-HMF concentration (95% for 15 wt% and
90% for 20 wt%) under the same conditions. MFFC-
acetal can also be used to synthesize several other
bio-based monomers such as 5-aminomethylfuran-
2-methyl carboxylate (AMFMC) through reductive
amination (Scheme 2).

w0k
OMe OMe
Ho’\E)_<°Me Au/CeO,, Na;CO3 )K(v / P
|y Me CHiOH, 0, A MeO OMe
OMe-HMF MFFC-acetal
Pt

AMFMC

Scheme 2. Reaction network from OMe-HMF to
MFDC and AMFMC via MFFC-acetal

1) Jin, M. et al., Catal. Today, 2021, 367, 2-8. 2) Kim, M.
et al., Angew. Chem. Int. Ed., 2018, 57, 8235-8239. 3)
Kim, M. et al., ACS Catal., 2019, 9, 4277-4285. 4)
Wiesfeld, J. J. et al., Green Chem., 2020, 22, 1229-1238.
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Stereospecific ring opening metathesis polymerization of cyclic olefins by

vanadium-alkylidene catalysts containing /N-heterocyclic carbene ligands

(RS KRB

1. Introduction

(Arylimido)vanadium(V) alkylidene complexes
containing anionic donor ligands have been known to
exhibit from moderate to high catalytic activities in the
ring opening metathesis polymerization (ROMP) of

I3 certain catalysts show the high Z-

cyclic olefins;
selectivity and the ligand modification plays a key
role.2  N-Heterocyclic carbene (NHC) ligands are
known to stabilize high oxidation state organometallic
complexes with early transition metals.*>

Herein, we present the synthesis of a series of
(arylimido)vanadium(V) alkylidene NHC complexes
containing halogenated phenoxy ligands and their use
as catalysts for ROMP of norbornene (NBE) and the
derivatives including the ligand effect toward the
catalytic activity, cis specificity and the tacticity

control (Scheme 1).°

A7 A7~

cat 1-8

VNBE poly(NBE) POIy(VNBE) 7
benzene —
; _— 25 or 50°C
ENB poly(ENB)
Ar' = 2,6-Me,CgH3
AL, L, © )ii(

NJSIMS;; Ar NJSlMe3 A ”J SiMe; A HJSIM83

O DCeXs O 0CeXs O oCexs @ DCeXs
Ar Ar )\r'
X= F (1) Cl(2) X=F(3),Cl(4 X=F(5),CI(6) X=F(7),Cl(8)
Scheme 1

2. Experimental

All experiments were carried out under nitrogen
atmosphere using standard Schlenk techniques or using
a Vacuum Atmosphere Drybox. Molecular weights and
of the
polymers were analyzed by GPC in THF vs polystyrene

molecular weight distributions resultant
standards, and structures of the polymer were analyzed

by NMR spectra.

3. Results and discussion

The phenoxy alkylidene complexes, V(CHSiMe3)-
(NA1’)(OC6X5)(NHC) (1-8), were prepared from the
dialkyl complexes by treating with the NHC through

Olirapa Suthala, and Kotohiro Nomura*

a-hydrogen elimination. The catalysts were identified
by NMR spectra and elemental analysis.

Selected results in the ROMP of NBE using
complexes 1-8 are summarized in Table 1.
Complexes 1, 2 and 8 at 25°C afforded ring opened
poly(NBE)s with high molecular weight (M, =
956,000), with high Z-selectivity (98 %) as well as with
high syndiotactic stereoregularity; the turnover
frequencies (TOFs) reached 905,000 h'! (251 sec™!) by
7. In contrast, the phenylimido analogues (5,6)
afforded atactic polymers containing a mixture of
cis/trans olefinic double bonds. We wish to report

our explored results including the living

polymerization and the cis-syndiospecific ROMPs of
NBE derivatives in the symposium.

Table 1. ROMP of NBE by using 1-3

cat. yield TOF® Mn®  Mw/  cis®
/umol 1% /hi(sy)  x10%  Mo® /%
1(0.1) 59 750000 (208) 77.8 2.65 94
1¢(0.1) 90 573000 (158) 95.6 2.69 94
2(0.1) 42 530000 (147) 56.6 2.16 98
3(0.1) 62 790000 (219) 819 280 69
4(0.1) 56 714000 (198) 59.4 2.06 82
5(.3) 85 361000 (100) 58.7 2.14 50
6(0.3) 51 215000 (59.6) 44.0 197 64
7(0.1) 71 905000 (251) 60.6 2.20 75
8(0.1) 58 739000 (205) 704 221 87

“Conditions: NBE 200 mg (2.12 mmol), benzene 4.8 mL
(initial NBE conc. 0.44 mmol/mL). TOF = TON/time. ‘GPC
data in THF vs polystyrene standards. “Cis percentage (%)
estimated by 'H NMR spectra. *Reaction time is 2 minutes.

References

(1) Nomura, K.; Hou, X. Dalton Trans. 2017, 46, 12.
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Synthesis of bio-based network polymers by acyclic diene

metathesis polymerization

(BRSLARBEEE)

1. Introduction

Synthesis of recyclable polymers from renewable
feedstocks, resulting in mechanically tough product, is
of interest for solving the “plastic waste” concerns.!
One alternative to fossil polymers are bio-based
polyesters, which can be sourced from bio-renewable
feedstocks and are converted to monomers or fine
This
demonstrates synthesis of novel type of bio-sourced

chemicals via ester bond cleavage. work
network polyesters, made from an isosorbide-based
(ME2)

polymerized via

diene monomer and a glycerol-based
(CL), ADMET

polymerization followed by tandem hydrogenation to

crosslinker

make a tough soluble network polyester (Scheme 1).

ADMET
Polymerization

™\
—N__N<

Mes C‘/«Y Mes

'R;\:m—i

’F’r/O T H,
HG2 AlyO3 cat.
Mes = 2,4,6-Me3CgHy 50 °C

Soluble
Network Polymers o)

Scheme 1

2. Experimental

All experiments were carried out under a nitrogen
atmosphere. One step approach was performed by
mixing ME2 and CL at the beginning while the two-
step approach required pre-polymerization of ME2
before addition of CL.? Saturated polyesters were
obtained by the tandem hydrogenation from the
ADMET reaction mixture upon addition of Al,Os.3
(My)
distributions (My/M,) of the resultant polymers were

Molecular weights and molecular weight
analyzed by GPC, thermal properties by DSC, and

mechanical properties by a compact tensile tester.

3. Results and discussion
Selected results in the network polymer synthesis
are summarized in Table 1. The M, values in the

soluble network polymer were affected by amount of

OLance O’Hari P. Go, and Kotohiro Nomura*

CL used. The M, values of the polymer by using 5.0
mol % of CL were less than 20,000, whereas a lower
CL (2.5 and 1.0 mol %) resulted in the polymers with
higher M, values (30,000 and 37,000, respectively).
The resultant polymers going above these thresholds
became gel with large PDI (M../M,) values.
Mechanical analysis shows that the soluble network
polymers prepared by 5.0 mol % CL showed higher
max strain (elongation at break) with slight decrease in
the ultimate strength compared to the linear polymer
without CL of same M, value. In addition, using lower
concentrations of CL yielded the network polymers
with higher M, values, thereby resulting in significant
increase in ultimate strength and max strain (Table 1,
row 7). These results also suggest that a two-step
showed Dbetter mechanical

synthesis  approach

properties compared to one-step synthesis approach.

Table 1. Synthesis of network polymers by ADMET
polymerization of ME2 in the presence of CL (1-step

or two-step synthesis approach).

CLmol % Mg Muw/ strength® max strain®
(approach) x10* Ms®  N/mm? (%) % (%)
5.0 (1-step) 1.64 5.45¢ 7.2 (0.2) 173 (19)
none 218 1.77 11.0 (¥0.7) 31.4(%18)
2.5(1-step) 259 2.90 13.0(x0.8) 251 (%32)
2.5 (2-step) 2.55 4.95¢ 14.0(+0.5) 335 (x19)
none 2.79 198 9.0 (%0.3) 193 (%5)
1.0 (1-step) 3.66 2.45 13.8 (¥4.3) 243 (¥26)
1.0 (2-step) 3.68 2.92 23.0(¥5.9) 534 (x100)
none 430 1.88 21.2(x19) 373 (%27)

“Conditions: monomer ME2 900 mg (2.0M), 2 mol % HG2 catalyst,
50 °C. "GPC data in THF vs. polystyrene standards. °Stress-strain
curves measured at a rate of 10 mm/min at 23 °C. 9Onset of Gel
formation.
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Conversion of N-acetylglucosamine derived from marine
biomass chitin over ion-exchanged montmorillonite
(AIST) OKiyoyuki Yamazaki+Norihito Hiyoshi* Aritomo Yamaguchi

1. Introduction at 433 K for 2 h. Products were quantified by high

Chitin is marine biomass and contained in performance liquid chromatography.

crustacean. N-acetylglucosamine (NAG), which is a 3. Results and Discussion

monomer of chitin, can be feedstock of various Table 1 shows product yields of NAG conversion

valuable nitrogen-containing  chemicals. 3-  OV€ solid catalysts such as Na'mont, Al-Na mont,
K-10 (H" containing montmorillonite), MFI-type
zeolite  (Si02/Al,03=40), Amberlystl5 (cation
exchange resin), SiO, + MgO. Al-Na'mont, K-10,
agent' and pesticides’. MFI, Amberlyst15 was found to be active for 3ASAF

Conversion of NAG to 3ASAF (Fig.1) could be formation and Al-Na‘mont was the best among the
applied catalysts. These facts indicate that
dehydration of NAG to 3A5AF would be catalyzed

by acid. Though, solid acid such as Al- Na'mont, K-

acetylamino-5-acetylfuran (3A5AF), which is one of
products of NAG conversion, is a prospective

platform for pharmaceuticals such as anti-cancer

catalyzed by various homogeneous catalysts** such
as metal chlorides, boric acid, and ionic liquids.

However, these catalysts were used excessively over
10, and MFI would also catalyze deacetylation and

lead up to form 5-hydroxymethyl furfural (HMF). To
improve 3AS5AF yield, modification of acidity to

the NAG amount and required to be separated from
products. Therefore, in this study, we considered
solid acid catalysts such as ion-exchanged

montmorillonite to reduce the separation cost. catalyze dehydration and suppress deacetylation

OH o] would be needed.
o © Table 1. Yields of products in NAG conversion
HO on -3H,0 \ /
NH — —— NH Solid NAG 3A5AF HMF
o}
o
NAG catalysts conversion yield yield
3A5AF . . .
Fig.1 NAG conversion to 3A5AF /% /% /%
2. Experimental 1 None 93 0.9 0.0
Ion-exchanged montmorillonite was prepared as 2 Na*mont 97 0.0 0.0
follows. Na* containing montmorillonite (Kunipia-F,
3 Al-Na'mont 99 14 15
Na*mont) 20 g, Al nitrate nonahydrate 30 g, and water
160 g were added into an eggplant flask and stirred 4 K10 %6 8.2 9.0
for 2 h. Then, the solution was filtered. After washing 5 MFI 83 8.6 18
by ethanol aqueous solution, dried residue was 6 Amberlystl5 100 81 0.0
crushed by Dball mill and ion-exchanged .
7 SiO, * MgO 97 13 00

montmorillonite (Al-Na"mont) was obtained.

NAG conversion was carried out in a batch reactor.

: : . 1. A. D. Sadiq, et al., ChemSusChem, 2018, 11, 532.
NAG 6.8 mmol, solid acid catalyst 2.0 g, dimethyl 4 emoust-nem

2. T.T. Pham, et al., Green Chem. 2020, 22 (6), 1978.
3. K. W. Omari, et al., ChemSusChem, 2012, 5, 1767.
4.J. Wang, et al., J,, Sci. Total Environ., 2020, 710, 7.

acetamide 30 mL, and NaCl 2.0 mmol were put into

the reactor (100 cm®). Then, the reactor was heated
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Low—-dimensional assembling of iron—aqua complexes

TiO; nanoparticles are widely used in sunscreens,
cosmetics, photocatalysts, and so on. However, the
use of these nanoparticles raises health concerns; for
instance, their nanometric size/nanoscale reactivities
can lead to cytotoxicity. Because TiO, nanoparticles
are released into the environment during their manu-
facturing and subsequent use, humans will increas-
ingly be exposed to TiO, nanoparticles, which can
enter the body via the skin and inhalation. The classi-
fication of TiO; as a category-2 carcinogen by the
European Commission has motivated us to develop
suitable materials (e.g., photocatalyst, UV absorbers
as active ingredients in sunscreen products) to re-
place TiO, nanoparticles.

In terms of abundance and environmental com-
patibility, Fe and Fe oxides (as well as Fe oxyhy-

droxides) are good candidates for post-TiO, materials.

However, typical Fe-oxide crystals like hematite are
not white, unlike TiO,, because they absorb visible
light (to near-infrared light). Also, typical Fe-oxide
crystals show a poor photocatalytic activity consid-
erably lower than that of TiO; nanoparticles. In con-
trast, aqua—Fe(lll) complexes (e.g. [Fe"'(H20)s]*")
and their dimers (e.g.

[(H20)4Fe"'(OH).Fe"(H20)4)]**) have wider energy
gaps (band gaps) than Fe-oxide crystals; thus absorb
UV light, and show a good photocatalytic activity
comparable to TiO, nanoparticles. However, these

[Fe(OH)s]**

pH 0, 50°C

for designing post-TiO,

(National Institute for Materials Science) Yusuke Ide

aqua—Fe(l11) complexes are extremely unstable be-
cause [Fe'"'(H.0)g]** is stable only in strongly acidic
solutions (pH < 0.2) and undergoes rapid hydrolysis
and condensation to form colored Fe-oxide clusters
and crystals when the solution pH increases.

Despite the ubiquity of aqua—Fe(lll) complexes
in biological enzymes (Fig. 1A) and their useful
properties and cost-effectiveness for many applica-
tions, artificially stabilising these fleeting molecules
for practical use remains challenging in terms of their
stability, the precise control of aqua—Fe(lll) complex
structures, and the safety of supports. Herein, we
demonstrate that dimeric aqua—Fe(ll1) species can be
stabilised using mesoporous silicas and layered sili-
cates (Fig. 2B) to produce photocatalysts and UV
absorbers, respectively, whose performances exceed
to that of commercial TiO, nanoparticles.™? We also
report that an exceptional type of green rust, which is
a Fe(1)/Fe(111) mixed-valent iron mineral and previ-
ously thought to be very instable against oxidation,
shows high oxidation stability and good photocata-
lytic activity higher than that of a benchmark TiO;
nanoparticle.?

References

1.Y. Ide et al., Chem. Sci. 2019, 10, 6604.

2.H. El-Hosainy et al., Mater. Today Nano 2022, 19,
100227.

3.R. Tahawy et al., Appl. Catal. B 2021, 286, 119854.

Fig. 1. Dimeric aqua—Fe(lll) species
in a natural enzyme and the present
material. (A) Dimeric Fe(lll) active
site, represented by grey octahedra,
in methane monooxygenase hydrox-
ylase enzyme (Protein Data Bank
accession code, 1IMTY). (B) Sche-
matic representation for the stabilisa-
tion of a dimeric aqua—Fe(lll) spe-
cies within a microporous layered
silicate.
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Development of thermally stable highly dispersed supported
polyoxometalate cesium salts

(The University of Tokyo) oTakaaki Suzuki, Tomohiro Yabe, Keiju Wachi, Kentaro

Yonesato, Kosuke Suzuki, Kazuya Yamaguchi

1. Introduction

Polyoxometalates (POMs) are anionic metal-oxo
clusters typically consisting of metal-oxygen polyhedral
POM tetra-n-
with  well-defined

units. We recently formed various
(TBA)

multinuclear structures.” Generally, to increase the

butylammonium salts
effective surface area, POMs are utilized as heterogeneous
catalysts including supported POMs. However, POM
TBA salts are easily decomposed under high-temperature
conditions thus might be unsuitable for aerobic oxidation.

In this study, we developed a new cation-exchange
method from supported-POM TBA salts to supported-
POM Cs salts in organic solvents in order to provide
thermal stability and effective surface area to POMs.
2. Experimental

TBA4sPVMo0.104 (TBA-PVMoll), synthesized as
previously reported,” was dispersed on various supports
such as Al,O; using the incipient wetness method (named
TBA-PVMo11/Al,03). TBA-PVMo11/A1,0;

dispersed in a solution containing a Cs source. After

was

stirring the dispersion for 2 h, the precipitate was filtered,
washed, and collected (named Cs-PVMo11/A1,03).
3. Results and Discussion

20 wt% TBA-PVMol1/Al,05 was prepared and >'V
and 'P MAS NMR spectra confirmed the same chemical
environments of V3" and P°* in TBA-PVMo11 and TBA-
PVMol1/ALO;s (Figure 1). Then, the preparation of Cs-
PVMo11/AL,03 via cation exchange from TBA-PVMoll
to Cs-PVMoll1 on Al,O3 was investigated. When cesium

jJL Cs-PVMo11
* ' N
AN N AN /A

* TBA-PVMo11/Al,04 J\TBA—PVMDHJ’NZOe

W

(@) * Cs-PVMo11 (b)

TBA-PVMo1
n \ A A J\ TBA-PVMo11
-200 -400 -600 -800 0 -2 -4 -6 -8 -10

Chemical shift (ppm) Chemical shift (ppm)

Figure 1. (a) *'V and (b) *'P MAS NMR spectra.

trifluoromethanesulfonate (CsOTf) was used in ethanol,
the cation exchange completely proceeded and the
chemical environment around V" and P of Cs-
PVMol1/Al,03 was supposed to be similar to that of the
as-prepared Cs-PVMol1 (Figure 1). The cation exchange
using CsOTf in ethanol had the wide support applicability.

Mo K-edge XANES was performed to investigate the
coordination states of Mo atoms in Cs-PVMol1/AL,Os3,
and the pre-edge peak of the Mo K-edge XANES
spectrum of Cs-PVMo11/A1,0s slightly differed from that
of Cs-PVMoll (Figures 2a,b); the octahedral {MoOg}
units in Cs-PVMo11/A1,03 were presumed to be distorted
on the Al,Os support possibly due to the strong interaction.
In fact, HAADF-STEM indicated that Cs-PVMoll was
highly dispersed on Al,Os (Figures 2c,d). Notably, Cs-
PVMo11/Al,0;3 stability
against the calcination at 573 K for 3 h under an O;
atmosphere.

showed favorable thermal

In conclusion, a new cation-exchange method using
CsOTf in ethanol was developed to obtain thermally
stable highly dispersed supported POM Cs salts from the

corresponding TBA salts on supports.

(a)

Pre-edge
peak
— Cs-PVMo11
— Cs-PVMo11
19975 20000 20025 20050 19994 20002
Photon energy (eV)

Photon energy (eV)
(d)

100
) d,, = 0.87 nm
0\ av
E 80 o=0.01 nm
S 60 N = 244
2 40
»
8 20

0+

0 41 2 3 4 B

Particle size (nm)
Figure 2. (a) Mo K-edge XANES spectra and (b) a magnification of
the pre-edge region. (c) A HAADF-STEM image and (d) a histogram
on the size distribution of Cs-PVMo11/AL,0;.

1) Y. Sunada et al., Coord. Chem. Rev., 469, 214673 (2022).
2) K. Nomiya et al., J. Mol. Catal. A, 126, 43-53 (1997).
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Crystalline Zr:SOgy Oxides with Superior Acid Catalytic
Property to the Conventional Sulfated Zirconia

(Kanagawa Univ.* -

AIST** - Hokkaido Univ.*** -

Hokkaido Univ. of Edu.****) o TAO,

Meilin* « ISHIKAWA, Satoshi* + IKEDA, Takuji ** - YASUMURA, Shunsaku*** + JING,
Yuan*** - TOYAQO, Takashi*** - SHIMIZU, Ken-ichi*** - MATSUHASHI, Hiromi**** -

1. Introduction

Sulfated zirconia (SZ) has attracted extensive attention
because of its strong acidity and high activity in
numerous acid catalyzed reactions. Much work has been
devoted to study the state of sulfur species on the surface
of zirconium oxides. However, the precise structure
model of this material is still under debate. Here, we
successfully obtained a crystalline ZrsSOg material, and
investigated its catalytic activity for acid reactions. The
resulting material exhibited superior acid catalytic
properties to the conventional sulfated zirconia (SZ). In
addition, the catalytical active species of Zr;SOgy were
clarified based on the crystal structure.

2. Experimental

Zr3S0y was obtained by hydrothermal synthesis (240 °C,
72 h) of ZrOCl; in H.SO4 solution (Zr concentration: 0.5
M). Sulfated zirconia (SZ) was prepared by a
conventional method. Other catalysts wused for
comparison are obtained from Catalysis Society of
Japan.

3. Results and Discussion

The initial crystal structure of ZrsSOg was obtained by
ab-initio structural analysis (Fig. 1). It is a layered
material with interstitial distance of 10.4 A. In the
cross-section of the material, Zr and O connected with
each other to form a hexagonal-shaped texture. S species
are located uniformly over the sheet in the state of sulfate
anion (SO4%) as confirmed by IR measurements and DFT
calculations. The crystal structure could be successfully
refined by Rietveld method.

Isomerization of n-butane was carried out by pulse
reactor over Zr;SOg and other typical solid acid catalysts
including SZ (Fig. 2a). Compared with other typical acid
catalysts, ZrsSOg exhibited superior catalytic activity for
this reaction under the same conditions in the catalyst
weight basis. The conversion of n-butane was three times
higher than that of SZ in the catalyst weight basis and
was nine times in the S amount basis. In addition, the
catalytic activity of Zr;SOg was highly improved by the
introduction of water. From the experiment results and
DFT calculation, it was clarified that Zr anchoring SO4>

UEDA, Wataru*
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Fig. 1. (a) (b) Structure model of ZrsSOg; (c) Rietveld
refinement.

acts as the Lewis acid site, and water once introduced
can coordinate to the Zr site, which leads to the
transformation of Lewis acid site to Brgnsted acid site.
This might be the main reason why Zr;SOg exhibited a
substantial catalytic activity. n-Butane isomerization was
also carried out for ZrsSOg and SZ with Pt loading
(3wt%) in the continuous flow conditions under a diluted
hydrogen gas flow (Fig. 2b). The activity without Pt
dropped significantly in both cases. 3wt%Pt/Zr;SOq
shows superior activity than 3wt%Pt/SZ. The selectivity

of i-butane was above 98%.

50 60

® PUZr,50, 200
® PUZr,50,-250
OPSZ-200
OPUSZ-250

o
=}

40|

=
o

30

n-butane conversion /%
o
=1

n-Butane conversion /%
w
=3

A S—

0 . 0
0 5 10 15 20 25 30 35 0 10 20 30 40
Pulse number /-

10p Qo RSSO

o

Time on stream /h

Fig. 2. (a) Isomerization of n-butane over Zr3SOg and
typical acid catalysts by pulse at 300 °C. AC means
calcination under air atmosphere. (b) Isomerization of
n-butane over ZrsSOg and SZ with Pt loading (3 wt%) in
the continuous flow conditions at 200 °C (black) and
250 °C (red).
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Catalytic oligomerization of isobutyl alcohol to jet fuels over dealuminated zeolite Beta

Recently, the production of jet-range hydrocarbons
utilizing biological isobutyl alcohol is a new carbon
neutral promising process route.

Here, various de-aluminum methods to modify
zeolite Beta catalyst in carbon neutral jet fuels
production from isobutyl alcohol are investigated in
detail. Critical properties of the zeolite catalyst such
as acidic site, pore structure, and pore size which can
control reactive activity are well designed. 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, increasing the ratio of

(University of Toyama*) OXiaoyu Guo *, Yingluo He *

Guohui Yang *, Noritatsu Tsubaki *

Lewis/Bronsted acidic site. Consequently, isobutyl
alcohol can be quantitatively oligomerized over
dealuminated zeolite Beta with the selectivity of iso-
paraffin-dominated Cg-1s exceeding 50 %, at a
conversion of 98 %. Moreover, the deactivated catalyst
can be easily regenerated by calcination it in flowing
air. High conversion, high jet fuels selectivity, and
facile regeneration make it an attractive potential
catalyst for isobutyl alcohol oligomerization to jet fuel
reaction.

This work is sponsored by JPNP20005 project, of
New Energy and Industrial Technology Development
Organization (NEDO), Japan
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Chemical Recycling of Aliphatic Polyesters by Transesterification Using

Homogeneous Lewis Acid Catalysts
(#SZKPEEE) OYoushu Jiang, Yohei Ogiwara, Kotohiro Nomura

Catalytic transesterification has gained much
attention as one of the efficient chemical recycling
methods of polyesters. We reported that homogeneous
titanium complexes, CpTiClz and Cp*TiCls;, showed
high catalytic activity toward transesterification.! We
herein explored the further screening of Lewis acid
catalysts for the depolymerization of poly(ethylene
adipate) (PEA) with alcohols, cyclohexanemethanol
(CM) or ethanol (EtOH). It was revealed that several
Lewis acids, Sc(OTf)3 and In(OTf); as well as CpTiCls,
gave the corresponding depolymerization products,
diester 1 and ethylene glycol exclusively, in high yields.

Details will be introduced in the symposium.

Table 1. Transesterification of PEA with alcohols.?

o] o]
o catalyst RO oH
o/\/ —»ROH MOR + HO/\/
0] (0]
PEA n 1 EG

temp time conv. GC
(°C) (h) (%)  yield/ %
1 CpTiCls  CM 150 6 >99 80
2 Sc(OTf)3 EtOH 150 6 >99 79
3 In(OTf)s CM 150 6 >99 80

run  catalyst ROH

aConditions: PEA 4.0 mmol (monomer unit), cat. 1.0
mol%, CM or EtOH 32.4 mmol.

1) Nomura, K.; Aoki, T.; Ohki, Y.; Kikkawa, S.;
Yamazoe, S. ACS Sustainable Chem. Eng. ASAP (DOI:
10.1021/acssuschemeng.2c04877)
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References

1) H. Harakawa, M. Okabe, K. Nomura., Polym.Chem. 2020,
11, 5590.

2) K. Nomura, W. Wang, M. Fujiki, J. Liu., Chem. Commun.
2006, 2659.
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Tablel. Copolymerization of ethylene with camphene.2

run Ti cat activity? M M/ T

(umol) <104 Me  /°C
1 12.0) 744 105 197 121
2 2 (0.5) 1680 27.7 3.00 116

3 CGC (5.0) 73.7 184 156 125

2Conditions: catalyst solution and toluene total 10 mL, camphene initial
conc. of 6.0 mmol/mL, ethylene 2 atm, MAO 3.0 mmol, 50 °C. 10 min.
PActivity in kg-polymer/mol-Ti-h. °GPC data in o-dichlorobenzene vs PS
standards. “By DSC thermogram.

1) Y. Nakayama, Y. Sogo, Z. Cai, T. Shiono, J. Polym.
Sci., Part A: Polym. Chem., 2013, 51, 1223—-1229.

2) K. Kawamura, K. Nomura, Macromolecules 2021, 54,
4693—-4703.
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% - 7-[Ind. Eng. Chem. Res. 61, 8462 (2022)],
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(AAREE 1%, &L 2%%) O iRl 1%, PRER 1%, IRILZ 1%, BOR 2%, HRiiz 2%+

AL )=, kRx BRGSO HFEE S,
RENC B 2 032 A bR TH D, ZOHER
WEIIASBBILRT D & TS, YiheE
LR FEFSEEE & OB A TIE, BRISRIZT O
EAZ ) —VEWINT 5D 2 & TR 224
fbat, P FRIR CRISHETT 5 2 &
ZAREIC LTV 5.

ASRIZBWT, CwZnO Al oA S b %
1To72%55%, A, B, Cmol% (A<B<C) Cfilifirh
DEEBEIZXNT D Cu &A% 2 T L 7= il
OHTH, Bmol% & L7z Cu(B)/Zn0O/Gaz0s T
RbEWAZ ) —MNELFZ. IHIZ, 20
fib i 2 D TROR RIS 2 A % ) — L Of

IIZL D, BT DAL ) —/VOZERIHE(STY
lg/kgeat W) ZHLER LTZ. ZDFER, FHA KX )
—NVEIRINT S &, WINELOSE & LT
STY 1349 3 51 L35 Z &3 hotz. Zhbn
DFERMNS, FIGRIZAZ ) —VERNT S Z
ETC, RIRIZEBIT B A X ) — LV OAEFEMEDMENL
ThHoHZ ENghrol.

AT, HreFx— « FEEFMRRABZ
BEORFEFE [H—R VA 7 v - Kbt
KPR FE/CO BEHIHI - A 20 FI 5
FEHAT BT ML b~ CO2 FI F Bt B % |
(JPNP16002) D 1 CTIT o 7=, BEfRa# I O
BEERT.
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Kb A B OB L, V7 4 URED
MRS T D0 E L CTHER 248D T
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T CO, & JiBEE LT A L7 ¢ v DRIEIZHR
DA TND,

UHFFEEE TIX CO,-CO-FT SRR IZ L D4 1
T4 ERICER Llc, ARBOSITZ—BPER O
KMEA A7 MEOG (RWGS) . —EEBEH D7 4 >
Yy — - b7y a R FTS)IZ K- THITT
%o ZD2ODINIIWT, Fe AR IEIL
TEOGEEE T D2 EDNAMBITWN S, Fe &fil
B2 N2 FTS TIE MgALO FHIR Z FlnWa = &

, KR A, BJIL et

THL T 4 BIERT BT 5 2 EndESh
W5, ¥ ZZC, Fe/MgAl,Os it 2 FHE L . &
JE [ 7 AR e 2SS 2 18 2 iV T, C0, DX
KRFAEOGZ i LTz, & DR, RRUSIZEH
W T 72 Fe/A1.0, filtilt & Lbiz L T, CO. 85
LR DM LR STz, S 5IZ, Fe/MgAlq0,
PN % % 55 By DU R & et L
7L ZA KOBWIMZED A L7 ¢ Vg IRPER
M ET 52 ERHERINTZ, £, Cu DI
LD b EWERIEKRDER S LT,
D) (BPIHI ==2—A27 L2 U—2 (2021)
2)Y. Wang et al., Ind. Eng. Chem. Res.,

59, 11462-11474 (2020)
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EFTIZ, A FaZatA & (HT) Rtz H

. EREA AR 2 WA TR IR R T D 2 &
IZE D, BNETT  —EVRENHIBD) 215 %

IR L TRBY ., ZoHifE Y = v Mgk
BB ST 5 HIJET 7o & 2 0B &k T
W5, L2l ZOBBEERIEICBW T, ¥
AR R C ORVABLG )N EiA R A A T
T ENGhroT, I TAMETIIZ ORI
BRAE O ZRA DT, Ny F IR S8
Z AT HHRIER CONMRISIC S 2 % HT fil

AR ke B o7 A SN ST Skl

DR A RET LT,
FNBIRNEZ D & FUBH E & bR
D SEIA~TRE L CLE 5 Z &M 50
2720 SRSV ORISR HT (716
TCEF BRI NT, £72 HT il 2 A A
T2 B34 LTz CO W A T MEfREE X v Bk
ETK 652\ 2 LR SNz, Zhix, HT
FRIESAFAET D 2 & T, MgO OfiiE/ER 23 =
Tl ThHHEEZDND, YLEDZ &9 b,
HT N FET 2 2 & THRICE £ 5 IENEE
DBLIREE SNT= Z L 12 K- T CON AWK
L7cloh, BEBRgENEx- &2 5,
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I R 22 DT RBEAA F~ ZADHRIBIZ K D
NAFAANBEEICEH Lic, ZOHEITEEIC
BRI Z WD 2 &, o7k & bl LT
EERENE WS FER S D, ARBFGE TR T
VR, A — 3o A~ AR OWRIRE
BEIZHRER L 7=,

FRRABRE~ D I D 72 D DO FEFE & L TR
REKE 22T, 2SO OMED H N
ERDENMERF Lic, RKEAAL A~ AT~ —
Lk (PKS) MW, IR ORE2 5 3

RO OFFREELN Y 2 —F v ViR
(CNSL) , RafifEiiiE h Y 7V & U R& a5y
LT He~U U, fafiEEE N U kY RE
FRy & D= L) ZHWT, BELARIZLD
FEBRFHENCEE DWW TR R 24T - 72 £ DRk
FECNSL E RV ZUEY R (B~T Uil 78—
L) ORNCITIRAENGEE S REEICBAL T R L — R
FIWRONTZ, TOM— RE T ERRT H 7
D, BEEE 2 T2 B A i bl ko
TR EAEEOFRET LV EERE L TRO
ERRMERRE LT, FERICEORMETERT 2
Z LT, HRIBRIEE 90%LL E &K 380cP LA D
W50 AEAER L, OSSO R#ELA TE T,
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EMROEMAMRICE T ABMET T ALV:
Dy FESTREFALS I UVREZFHRROEL

W 181 % JEURHIZ O 72 T 2SR R s L i A3 v H
ENTWD, AL CIIFBEAL i~ vt 212
FR L. Wil oS R~OISH Z it Lz, 9%
727 e ARFHOZOIZIE, Yy MESEI
(3 L 7 IR SR ORI DN L EE T h D

PGSR JFEHIER & ¥ = v MR IR O RE
DR EE CET ABEEITY 2L TED
fl A 1 ~C oD fe il S A SO BRI R oD -] 23 AT RE LS
IRHIN, BT VERICIIREOT — X E2ET 5 Y,
L, BN ED S LRl b A DD 2 L)
O, LT LI REOT — BN EL D, £
T, AWFETITEEEFE 2R U, Hrg okt
IS5V =y MESIUET T T UREE K O
HARMRBE O R E HIE LT,

(BMR) OF W #5A, ihm E 8

IF e 5 b ¢ A AA| A without transfer learning
To j( % > 7 A A Transfer learning
T—2%H E. 6 A A

< A A
WTHES = A
T B .
SIS — 01 2 3 45 6 7
;'g TT VR Number of training data
v By M1 BREEE AR LA
Fim Lo W E TOFMMLE EOFT — 2 %
SR L7 A 7 —2 © MAE OB O el
Hr B e 1

TOFHETNVEREE LI-Z LI X 0, Bl
EToLET—20n5THLFREEER E (XK 1)
K OBl SRR N I RE & T o T,

EE - AWF213 JST-OPERA (JPMJOP1832) DB A 32 1F 7,

D HHfl, BT TARR 62 MIRKFR RS, PA104(2021)
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Hydrogenation/dehydrogenation

[1C12-1C17] dehydrogenation

Chair:Yasunori Oumi(Gifu Univ.)
Thu. Oct 27, 2022 2:30 PM - 4:00 PM Room-C (12B Conf. room)

[1C12] Development of noble metal nanoparticles encapsulated ZSM-5 zeolite
catalysts for highly efficient production of light olefins by low-
temperature cracking of naphtha
ONODOKA NAKATANI, Rikako Nakatani', Hiroyasu Fujitsuka?, Kentaro Kimura', Teruoki Tago'

(1. Tokyo Institute of Technology, 2. Kyoto University)
2:30 PM - 2:45 PM

[1C13] Synthesis of zeolite catalysts for dehydrogenation of light alkanes
OHiroyuki Imai’, Ryu Noguchiq, Akihiro Oshima® (1. The University of Kitakyushu)

2:45 PM - 3:00 PM

[1C14] Catalytic dehydrogenations of ethane and propane in which activity
improves with carbon deposition
OShigeru Sugiyama’, Akihiko Koizumi', Takahisa Iwaki', Naohiro Shimoda', Yuki Kato?, Wataru
Ninomiya® (1. Tokushima University, 2. Mitsubishi Chemical Co.)

3:00 PM - 3:15 PM

[1C15] Low-temperature catalytice dehydrogenation of propane under electric
field
OKoki Sumiyoshi’, Tadaharu Ueda', Shuhei Ogo’ (1. Kochi University)
3:15PM - 3:30 PM

[1C16] Development of supported Pt catalysts promoting dehydrogenation of
cyclic C5 compounds to form cyclopentadiene
ORyuichi Ukita', Miru Hirahara', Hitoshi Ogihara', Hideki Kurokawa' (1. Saitama University)
3:30 PM - 3:45 PM

[1C17] Hydrogenolysis of methylcyclopentane over Ir/silica catalysts
OSatoshi INAGAKI", Yuki MAEKAWA', Rikuto WAKATSUKI', Yoshihiro KUBOTA" (1.
YOKOHAMA National University)

3:45 PM - 4:00 PM
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FOY R REMARICESERAL IV EHEMNES
EL-ESBRMRFAE ZSM-5 €A 5S4 Ml DB 5

- LLODUVAR

R T 3 K2 SO O TR D L vk - A B L 7% « B e %

1 %
7L U aIICO LT DIERA L T o AT A
DA FEREIRERCHY | THAITIL 800 CLA LD EIR
AN BEL T HIA T TP OB L > THEFES
VD, [EHATEARIA FIV N A2l S iREEUS T 650 °C LA
FEMELLTERY, A —{bE R RIRT
DAGRA L 7 4 R B ADBRFE KD HIL TNV,
ZHUTHL SFZEE Tl BAJR L TOMKELUSE
B LD Ty 7 I Rl — il ECHEfTSH S
T RIREH RSN AL T, ZORUGRITKE
L. BBMRL 3B A A ML I RSN #E Th
5. Be RN ZSM-5 B4 T A b il i
(Metal@ZSM-5))3 G N CootB R Tz,

AWFFETIL, T 7T VWEIZ n-~FY 2 (n-Co)
ZERFL . Rh #5k7 72N ESE 72 Rh@ZSM-5 %
7o =T Y U AZRR RS2 SO SRl S
HOBED LT 22T, mUVWMERA L 7 0 R
%R 4% Rh@ZSM-5 DOERZ % BFeLT-,

2. B

BRIk N ZSM-5 BA 1 Ml X, =<1
A AR 72 12, Je T A R T E M
o ra e ARRI S & B R KSR AT FL T
Arax~ i ar B RSE | R A A TR
THEA R AT -2 8L 7o, [FAIRIC SiJi, Al
JRE B AT A MEIERUERIZ B T RERAIRIIL | IKEG
FRAERZ L, AR TN EL ZSM-5 B4 7 A Mik
I Rh@ZSM-5 Z45%7-, 107 fEiaERIE X
HRIEHT (XRD) £ & 2 RWAE S, @ RRL ATz
BB TEMYBLES | [EARR SR LT B =7 AR
BB ANH-TPD) & FV G-l L 72,

n-NIE Y B AR X R PR R S e A
Wz, TR 72 filiA 02 g FEHEL  RUSERNTHER
(500 °C) &3BITTALFE (500 C) &FT-o7-1%. W/F:1.0 g-
cath/g-hexane, S 450 ‘COSRMETRILEITO,
R T4 GC THTLIZ,

3. FERLEBE

Rh@ZSM-5 % FAVNTRUSREE 400~550 ‘CT n-~
XV OB R GEA T T2, B RNRE TOlAL
Fab LITHEMTZAT, TV =027y MeAERL
7o BHENT BT OIS 2L —(Ea)l .,

il

EhbLFATEAD BT ThBE
A BRI * « 22 T R B+

ZSM-5 % RS R0 Tl 120 kI/mol Tl
720 ZHUTKIL . Rh@ZSM-5 % VNl R SO C
. BOSIREED 400~450 CORITIXRANTOIEMEAL
T RLX—H 89 kI/mol, 500~550 ‘CHOMITIE 118
kJ/mol EFLHEZ, 24D, Rh@ZSM-5 % Ve n-
A A IRROS T, BOGTRED 450 ‘CLLF
T, HEJE ETO n-Cs DIKFBELIEDHEHEEPET
HDHOIZHL, 500°CLLETIL, ZSM-5 LRIERIC, FEm
D n-Ce DIT> X I OGS EERER L 72 > TS
ZEMHBINTIR ST,

ARG SR ER = vN N ANV -2 i
BT 2572 . MIRE 450 ‘C T Rh@ZSM-5 O S &
Z—EL L, Rh HFFRED B2 DA T p~t
> DR RAAT STz BUSATIH0.5h) T DAL
A Fig1 |7, Rh FHEFEDS 0.3 wt%h 5 0.5 wit%!|Z
BN DI, BUSHIRA0.5 hy TORR LRI 13.4 C-
mol%)>5 17.5 C-mol%!\ 2] L7z, 23, Rh fHEFE:
SHINUT=Z S CRKSEREN ) EL , ol ch o
& JF_ECORUKFEIEIMEES -T2, @A L7
A AEEDELNTZEBZHND,

[BHEE 1AM ZE D —EBITRIE | 6 L ONMRNE AY [E FRAL
[EF5E7 125 2 (JST, SICORP) D HEIC LD 3L 7=,

20

[
JR% : r-hexane

18 450 °C éTX

15 0.5h, WF=1h Cs
- Si/Al = 100 c
= 4y °
o
E 12
[ S50
210 INDT4
B oer
‘—Erf 6 f CALI4v
H};« al JoELy
B, TFLY

0

0 0.3
Rh 1858 [wt%]

0.5

Fig. 1 Rh@ZSM-5 Z NIz n-~F o
AERL RSk o3 iR 0D BT C DA IR

BEIHR
1) T. Kobayashi, et al., Chem. ENg. J.,377(2019) 120203
2) H. Fujitsuka, et al., Catal. Today, 375(2021) 360-368

tago.taa@m.titech.ac.jp
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fREETE PEREAR 1L, B BRSO EEE 2 FHVWTC
IToTe. AREITHELFEL, KEFE T, 600°C
T 1 BRI 2 T o 72, T D%, n-SUHF B A
STENRT T —=II N ZB LT, IRAT A L L Citt)E
WCEA L TR EIT- 2. ISAERMIL FID-GC 12
L0t Lz,

3. BRBLUER
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b ~DEE L E L=, TEOS, vV v L=
A U A& RAWTESAE, MFIEENERET
~%nt.~ﬁ,mﬁ7x%mwt A%, MFI#
%@ﬁbm:wvﬁL#%&Lt.wvﬁL@A
BRI &D Zn & Na"WMER SNb. KH T ZAHC
XL EDO Na BN EAFELTWAH =) (Na/Si: K1), &
JBIRIZ Zn 2N 25 Z & T VSV &N E S L TR
LiztEZDBNS. 22T, KHT7ADEE, ik
HERIELTCRILT F I 7oA T 2= A5
W, BT EAS T A AT VRO pH & iR
KRG EITH Z & T, MFLEEN S LTz,

AR LTEEA T A MTBE&E MR L7zl 2 v

ha

OAHPE

2R HEOAH

B

V)v;m

Ej”—l

BBLE

K

T, n-_XUH DK FE RS %1T - 72 (Fig. 1) . TEOS
BLOWMY I BEHNCTERK LTI, v/ e
Ry (CPD) WEARWERY, 7 ax
»7 v (CPE) BLOEHA LV T ¢+ VHH (1-_UT v
R N3N F TR E) BHEBEEWINERTHE S
ni-. a2 hoEETiE, L iRE
BONSWRILKFBDOAERN L L 20, iz, KHI
FADOPETIE, EHA L 7 ¢ DB ARL
L7, IRWBETE 2 R L. 2D Z Lk
Pt/Zn-MFI ETIE, > U BPRITK DT, n-_ & D
BAKFERICDRINIZE T TS B2 6NnD. —F
T, auA X BERWESSA, BEET A
MZTZ VAT v REBREARETH Z & T, Bk
RGN EIE R S LRI SN S.

F72, B4 T4 FERTNLVE TS5 EREICLTAKR
SNz Zn-MFI & H\W\ % &, s vk oo Kmg 7 1) L

DB S N7-. £ LT, CPD, CPE, HEHAL 7 1
HORIENE N 0D, BiAKFEERLEED M LR
Wb,

60

50 | B C6+
3 ci1~c4
[ isoC5

Syigiolefins

Yield / C-%

mm EfHolefins
CPE

B3 CPD

&

Fig. 1 Conversion of n-pentane over Pt/Zn-MFI catalysts
(Reaction temp., 600 °C).

B AUFRIE, RFEEEORFCT LY — M
BN R VX — il o X — 0N FE i L T D8
WBAREEDO—BR L LTz, £, ARWFIEHE
RoO—EIx, ISPS B (JP19K05154) OBk %=
FTHE LN,

1) Imai, H., Umemiya, Y., Kato, M., J. Jpn. Petrol. Inst.,
61,311 (2018).

2) Imai, H., Noguchi, R., Etane, N., TOCAT9, Fukuoka,
2022, OE205.
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MET. TANCOEETEE S BRFE T, &8
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EaL" -
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DESHSE,
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g 20 °
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Fig. 1 The dehydrogenation of (A) ethane on
NiO(18)/y-AL,Os at 923 K and that of (B) propane on

NiO(15)/y-ALO; at 823 K

NiO(x)/y-ALO; D RIGHI# % XRD 25 &.
RIGBTIZIE NIO &y-ALO; 2L BV T FILA, —
. RIGRIZIEERE Ni. C B&UYy-ALOsITL D
DTN RIEND,DF Y Fig. 1 DFERIL.
NiO £zIE£E Ni Ofti;EM % RIEELTLSD
MNFRETHSD, £ T. Fig. 1| TRHWfE%A
WT. & 5. 15, 30 DO EM Z e L 1=,
B 5 D TIEHONIO M DEERSIIREFE S EE
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L. B30 D RICIEEENETT 5, XRD T
&, B 5 DRICIENIO IZE BT FILAEE
SN, B 15 PRURICIE. EB NI OHH
BmHEEIND, LIzA-T. Fig. 1 DFERIZ. €&
Ni il DFEEHZ R LTS &2 5,

1) Sugiyama, S., Oribe, K., Endo, S., Yoshida, T,
Shimoda, N., Katoh, M., Kato, Y., Ninomiya, W., J.
Chem. Eng. Japan, 54, 35 (2021).

2) Sugiyama, S., Yoshida, T., Shimoda, N., Ueki, T.,
Kato, Y., Ninomiya, W., J. Chem. Eng. Japan, 55, 248
(2022).
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TR AX—EbHb ETHh D, Z ORIBESZ MR
HI20I2iE, KR T e L a2 TE DA
AT LAEBRTIMERG D, T02h, HES
FEOINBRNX—5RATH LIZE-T, ¥7
AHHZRINVX B2 BICTHHLERDHD Y, B
B a AR RV X — & LT AT 5 B AOG
TIX, 7V > C-H fE A MREE % & Lol 5Os O AK
LA STV D B, RIFETIE, BKEICHE
DB % Pt ZLEF L7 il A ¢, IRIRES T
DT 7 XU KT S @O TE M & SRR 2 R o
it DA% & B L7,

2. B

fifAE R & LT, Al S BRI O CeO, (JRC-
CEO-1) BLU, SEEREGIETHM L7 CeixZrO, (x
= 0.25, 0.50, 0.75) Z# A\ 7=, Pt BiBkfk & L T
Pt(NH;3)4(NOs), Z H W, Pt FLEFED 3 wt%lZ7e b K 9
WCERIETHEF Lz, A8 L2 oMEIL, XRD
CHIMT U 7o, MRS IS P PR e e 2 s s 1 2
WCATo 72, il & iT 200mg & L, fitlifg o T4
AT L AEMRTER A, EEIDC) & LTz, At
FSHTIC i 2 300°C T 30 4y Bl&E T LTz, & D14,
Ar FHAF CRONRE (250°C) £ TFF 7=, Mt
HATFEASKIES 0.1 MPa T CsHg : Ar=1:1 (A
A& 20 mL min ) U7z, )i L= 7 A1, GC-FID
THHT LT,

3. BWRBPLUBE

3wt%Pt/CeOa, 3wt%Pt/CeiZr02 (x = 0.25, 0.50,
0.75)% AW T T a R UBKERIGEEITo T, & O
R, P/CeO, & W= B EUSIZ 31T 5 C3Hs A
LR L EBEHOMRE Fig. 112, HAEN 0.6 WITH
B &M CiHs #isfb % Fig. 2 IZR"7, Pt/CeO

EHWT, BHOMRERIZL A, E LR LD
RE(OW)D C3Hg L3R 1E 0.43%7273, 0.6 W D)%
AT D & CGHs #ia{b 31T 1.03%I272 Y, 300°C TD
TR L 2R(0.55%) & Elal > 7=, F 7=, AE T2 04
W & 0.8W Ti, GHsiizfbHIL, FZE40.76% &
1.22%(Z782 572, ZDZ &G, BHAERGIZB
T GHs #isfbZRi%, MABNIEKETHZ EnbM
%o WIT, P/CerxZrOr & VY, A )% 0.6 W I
& L CHR DR Z G ~T, EHORINZ L > T
E Ofi & St b R A2 FE o7, £, Zr OEA
BENEL RHIE EREENE L Y, CepasZrors0: &
FRIZ U7 filiEs CsHs #5863 1.32% T b mio
776

le withEF = o
O without EF
e ql o
= - -
= 1 b
S
w 4
@
z Equil. Conv.
N 117 300°C
I:0.5 E
S 9
0- n L n 1 " 1 L I
0 0.2 04 0.6 0.8

Electric power/W
Fig. 1 Pt/CeO, & W /o BSOS 1T K D 7 a2
iR BE T O CHg st R & ORAfR.

| ] without EF
LIl with EF (0.6 W)

C _H_conversion/%

CeO,

Ce502r0.500;
Ceq 75202502 Ceq 25207502

Fig. 2 ffi # ® Pt {HEHMEE 2 N 7= BIGFAE T /I
FIETICBIT 2 7 a R U fiKFE RGO CiHs b =R,

1) J. Zhang, R. Ma, H. Ham, K. Shimizu, S. Furukawa, J.
Am. Chem. Soc. Au, 2021, 1, 1688.

2) S. Ogo, Y. Sekine, J. Jpn. Petrol. Inst., 2019, 62. 6,264.

3) K. Takise, A. Sato, K. Murakami, S. Ogo, J. G. Seo, K.
Imagawa, S. Kado, Y. Sekine, RSC Adv., 2019, 9, 5918.
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Bk C5 Ay DA R RIRIZ &

/A= & i/§ﬁ®tb®ﬁﬁPt

T fiitk o> BE 3%

BEDL UL L {AHipb O T

EEEKR) OFH B Y J28, o & 21 Fat

14 =
AR AT ENT R E TS
saF L7 4 RA Y v—0FEE LTHOYLR
50 ZORY) ~—ILEmT VERAY— F T+
DHAT L ZEEE LTHOWON, A% EEDOH
MATFREITND

AR EE TlE n- /\/5( CEREEE UBRIE kS
Ik By 7 a2 o ORI il &
HIELTW5D. 2k TOMFSE TG 500~
550 °C,/ KFEILAFE T TD -2 & VBRALIL K E RS
2B T, PUYMOALO, fIEE S S EME 2 " 2 & &
WELTWD. O KRS BRILE BiAKFEE WD B
D ROz R U A O PR AT D B I
ST D, FT ARBED SRR IFFE 523 72
S RIZIZRBAZRER I B EZ N0, Tf/ﬂﬂi}iﬂ:\j &
FERAR AR DRI FEEOR] D Z D551 TROG
Eikim T DMEND D,

AR TEHBEORISICER L,y 7 aXo a2 -
T a R T UMK F DAL T S D Al
DA% EHM & L, PUYMgALO, 1 X O PY/SIO, (2513
%8 AR RSy DRI R A A L.

2. K5k

Pt/MgALLO, filt i35 I TF PH/SIO, filfit 1 X, MgAlLO4 F
721X SiO2 #H{RIZ Pt(NO3), + (NHa), &k 2 FHV T Pt
% iR AR L7214, ERk, 8 o0 L TR L 72 (Si0, A& fil
VR 38 5T O A F ). PtSN/MgAIlLO, fili il 35 JT Al
Pt/MgAl,04 1 Na,Sn0Os+ 3H,0 /K& % VT Sn %
G RER U725 BERR, NatbR 25,180 L Calid L 7=,
PtSn/SiO, fill i1 %, Si0, fAIARIZ Sn Z EIRHHEF L7,
ek Na' BRE AT 7. S HIC Pt 2GR HERET L
TR U7, it PtHERFEIT 1 wit% , Sn/Pt bt
14 L7225 X DRI L7-.

/A= RN I =NV AT ) & 5 g iy Rl B
PSSR A AV, AT 0.50 g SOG TR
FE1% 500 °C,HTLEE L LT 1h DKFEETLEITHT-
AEHIEKE mol Foid, 5B : Ho: He=1:2:2 & L7=.
3AERB L OB

Pt/MgAl,04, PtSn/MgAl,O4, Pt/SiO,, PtSn/SiO, filt i
%%wfyﬁm&y&ymmf&m@sm%£ML

72 Fig. 1 (2 flfhE oo KOS B AR 90 min (23817 D UL
%9, Fig.2 12 ﬂﬂﬂA@mi@%ﬁLtﬁm&

fikile D = — 7 HeFE B A g

Fig.l X0, 9 _XCoftificik Ty a7
Lo a2 OERNEIT LLIZENT &R
D, ZHUXTHRE X0 EH &7z 500 °Clzds
WO E —ET S, ZORRLY,
o TUBKBIZL DT T a XX R

75%\;5 CHITT 2 Z ENHALNNI o T
AR DEINEE : PUMgALO, fil i 2 55 —
AE& >E LT Sn #IRINT % & B8R DI
DARIFIZID L72(7.0-0.3 %). —J5C HIARY)
THDHI 7 a2 ORI 1.4 {12850
L72(9.7—13.4%). = OFfEHRIL,PSn &4:7° Pt 1Tk
A TERRAE R DB BRI Z B U ik 38 SO &

BN TSI Z L ERB LTV D,
HURDZNIR © PUMALO, it DL Z SiO, IZZE R
T 5 &, a— 7 HREENED L72(3.9-0.8 wt%). £
7o, o7 Xy BT CRITR L35I L7z
(9.7—12.6 %). _niM,@d&wﬁW%%wé_
LT raR AN a— 7 BNERT SE
OGRSzt Thdb EEXD.

HBAE : SIO HARA~DETE & Sn iRINOM 5 %2175 &,
T a R B Y R (PYMgAILLO.) D
2 FIZHIN L 72(9.7—19.0 %). Akatkv > 7
N UPKBICBWTEIRIZY 7 a R H Y
T U E R BATIE,SN I E AT O BRI AR DB BRI
I Z T D Z & RO 70 SiO, LR A VT
a— 7 EREMEIT D52 ERIRNTH D EHL
TR o T,

B aromatic

W 1,3-pentadiene @ n-C;H,;

B cyclopentadiene @ 2-pentene O c2-ca
m cyclopentene [ 1-pentene Oc
O cyclopentane O i-C5,i-C5=
50 T
40 MgAlO, SiO,
\o\?/ 30 F
ie)
o 20
> 10 f
0
Pt PtSn Pt PtSn

Fig.1 Yield of each catalyst (Feed: cyclopentane)
~6.0

<°\§ 5.0 — MgALO, Sio,

S40 | :

g&0§

§20F |a9 0 .

g 10 E :

3 o i [os 1.4
Pt PtSn Pt PtSn

Fig.2 Coke amount of each catalyst (Feed: cyclopentane)

1) Y, Harauchi et al. kobunshi ronbunshu, 75, 477-485 (2018).
2) M, Komuro et al. TOCAT9, P1090, (2022).
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NI Ir SR (T RBAFIL ARV A DINKES R

(EEX) OFf B

1. f%

KFETXNLX—=FYUT D1, AF LT
A (MCH) — MV M AR A%
ITHI5. MCH bk FEEM LV ~Ofili
JinC, MCH OEMAVIZE > TIOATF L 7R
>4 (DMCP) #, =F /v ra~Nr 2
(ECP) Z2E O HBBRL WD EICRIZAEL R
PWICERET DL TX Y7 ORI AZENMET
LTLES. HERILEMOREFEL TATF L
vra Ay (MCP) BNEKEW EFbin s
0, ZONMNKFES5f#E (hydrogenolysis) (ZxfL T
Ir, Rh 72 EMiE e U CIE A R T 2 &N B
TW% . Li=A3-> T, MCH BRIFEE FCTI
BERALA Y OBAR IR INKF S IRIZE ST,
R IIRE BB Dy ~EWS HZETHHE
Fat ADE TRILFX — (IR TES.

ARFZETIE, MCP L ONECP 2E7 VAV
ELT, Ir/SiO: il Lol =0 MCH OfF
£ N COHEBRLE W OEIRN NS5 fR
ZRRETLTZ.
2. EB

Fumed silica (Aerosil 380) ZfH{KLL, 0.5, 1.0,
2.0 Wt% 72531 Ir P (IrCls /KIRIR) % 7858 WL
[EVECEIRFFL-. 928%, Ha (il T 400°C
T 5hiECUUERL C I/SiO 24537~

MCH 47 F T MCP BL O ECP D/k5
Gy PR I T PR 8 S s R i A TR L 7.
fii %) 200 mg AP ICFIEL, Ha Vil |
400°C T 1 h BiLBRAATo72. T U7 HAIZ Ha
% FVN, Ha: MCP (F721% ECP): MCH=30:0.1:
0.9 DIRE T AZPEEL T 200°C CThing S
L7=. it 60 min B2 7V,
GC (FID) CTo#rL7=.
3. fER-EBE

TR 72 Iv/SiO: filliit% TEM CTHIZRLI-LZ A,

il

IF = KLU

B %]

T &L FALD 3

I Al

o

moE

=

<

A3

~
o

Dif
[
it
ok

Ir BiFDORKEET 1.8-2.4 nm THo7z. —7,
CO 7 IVAREND RAEL DNDORIFEIT 2-3
nm THY, TEM OfER MR —ELT-.

Fig. 1 |{Z MCH 347 FCTD MCP DOAIZKESy
RO S RaR~d. It HEFRICES T, Eo
DB MCP DK ES R4y i
AT 20X T, i fED MCH OSIEE
ENEHEITU R 272, O FED Ir IX MCP &38R
BN SE T DENT- i ChHHZ L3 b
Mol W A E JLHE MCP OBR{EER7)
WIS THAFT Y BAMAD FAEBW) THY,
Ir fREECIEBABR IS DMEI L CEIT T D28
Wb BT, F72 MCP O#RLROBINE LY
(2 C1=C5 /3T 7 4> DRI PBH 2 5T LD,
BRER LR THDH~F T BRI BRI
MKFBRT HEZZ DD,

I1/SiO, filfCiZ MCH #:4F FCH ECP DN
KRBT 2 3-mTF RN A
RLT=ZEH0, Ir 12X~ T ECP ORI
KB ET T DT EMALNE T,

70 | (a) (b) - m 3-Methylhexane
60 1 L

©

m 2-Methylhexane

m n-Heptane

O Toluene

0 C1-C5 paraffins
0 3-Methylpentane

0 2-Methylpentane

o UL

m n-Hexane

5 65125185 5 65125185 5 65125185
Time on stream (min)
Fig. 1 Hydrogenolysis of MCP within abundant MCH (Hz : MCP :
MCH =30 : 0.1 : 0.9) at 200°C over (a) 0.5wt%-Ir/SiO2 (201 mg),
(b) 1wt%-I1/SiOz2 (202 mg), and (b) 2wt%-Ir/SiO2 (204 mg). Left
bars on each time on stream are corresponding to the products from
MCP, and right bars the products from MCH.

1) Z. Paal et al., Nature, 267, 236 (1977)
2) G.B. McVicker et al., J. Catal., 210, 137 (2002)
3) P. Samoila et al., Appl. Catal. A, 369, 104 (2009)
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Plastic recycle

[1C0O1-1CO05] Plastic recycle (1)

Chair:Atsushi Ishihara(Mie Univ.)
Thu. Oct 27, 2022 9:30 AM - 10:45 AM Room-C (12B Conf. room)

[1C01] Alkaline earth addition to Ni catalyst for catalytic phenol refroming
from pyrolysis gas
OKazumasa Oshima', Akihide Yanagita®, Keigo Tashiro?, Masahiro Kishida', Shigeo Satokawa®
(1. Kyushu University, 2. Seikei University)
9:30 AM - 9:45 AM

[1C02] Conversion of plastic pyrolysis gas over zeolite catalyst
OMasataka Sakamoto', Keigo Tashiro’, Kazumasa Oshima?, Masahiro Kishida?, Shigeo Satokawa
T (1. Seikei University, 2. kyushu University)

9:45 AM - 10:00 AM

[1CO3] Recovery of terephthalic acid derivatives by thermal decomposition of
PET with PVC
OAkihiro Yoshida', Takumi Motomiya', Shogo Kumagai®, Yasuo Nakatsuka®, Ryuichi Takasawa®,
Yoshiyuki Toyooka®, Toshiaki Yoshioka® (1. Hirosaki University, 2. Tohoku University, 3.
ENEOS Corp., 4. Japan Petroleum Energy Center)
10:00 AM - 10:15 AM

[1C04] Effects of plastic-type on the pyrolytic interactions during co-pyrolysis
of vacuum residue and plastics
Shogo Kumagai', Ryo Kusumi®, Borjigin Sigingaowa', Yuko Saito', Tomohito Kameda®, Akihiro
Yoshida?, Yasuo Nakatsuka®, Ryuichi Takasawa®, Yoshiyuki Toyooka®, OToshiaki Yoshioka' (1.
Tohoku University, 2. Hirosaki University, 3. ENEQS, 4. Japan Petroleum Energy Center)
10:15 AM - 10:30 AM

[1CO5] Recent study on reaction mechanism of co-pyrolysis of vacuum residue
and mixed plastics
ORyuichi Takasawa', Yoshiyuki Toyooka', Toshiaki Yoshioka?®, Shogo Kumagai®, Akihiro Yoshida®
, Yasuo Nakatsuka® (1. JAPAN PETROLEUM ENERGY CENTER, 2. Tohoku University, 3. Hirosaki
University, 4. ENEOS)
10:30 AM - 10:45 AM
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BN REBEIET A DT = ) — VB DT D

fife~ 7 VA U ¥4

(JuHR”

1. #8

WEIRBR A EET 57-20IC, TITAF I DT 4
— RA My 7 VYA T IL~DEABREE > TN AD,
B,z 1L R E MR 77 A >~ 7 (CFRP : Carbon
Fiber Reinforced Plastic) DEV i U A 27 MZHN T
BATA MEHWD Z & THREEN AT OEHBARL
KFEET =z /)= VI TELZ 2 /AM L, D
ZHUC XV ETEH A )b DA RN O A REM: &
TENTELN, 7o/ — /LERREICHREDE -
TEY, L0E—-RYWE~LERRTEZ5 70t A0
FRIIEECTHD, T TAHETIEIT =/ —1LD
S B2 DA A0V KZE R (CeHsOH + 11H0
— 6CO, + 14Ho)IZ L D KFERLEIZ DOV TRFT L7,
HARBIIZ 1T NVALO; i iz %t LCT7 v U 1A R
THD St =M T DT, 7=/ —/VKERUWE
DESRDEEICHONTHE LT,

2. BB

il AR IR 2 RN & L7 BIRIEIC K R L
7z FRIZIT ALOs 2 VT, Ni #lFF I 8wt% &
L7ce 7B THEERBITZERE RS L OILERE
WCEDEIL, Nilzx LC&ELE LT,

D 7 = ) — VKRR SCE i IT BELCAT 1T %
72 FE O 5 (TPR @ Temperature-Programmed
Reaction)(Z CaAll L7z, filliiA 2 h /KFEiEC L%
WCREHR L, 7=/ —/LEK%E S/C=10 THAT ) v
G L7e 2y b — M CHRIRT 5 2 & TRISHHIE A
ZEHI Lo, O R TRAEAN TEEZ R T v
L7=t%. TCD ¥ 7} WA CTROGE 2 51l L 7=,

3. ERBERBLUER

FPEMR LAl XRD /% — > % Fig. 1 I
R, Fig. 1 £V Srldkfb# e LTS T
DI ENyInoTz, ¥ St EMNOHEFLE
Sr/Ni/ALO; <2, 577 L 72 Ni-Sr/ALO; Tix, NiO @
= N7 a— RIZR->TWAZ ENnD, flEFSh
TV D Ni FEORE BT N T &350 o T2,
WMl oD 7 = ) — VKRR E D TPR 71
77 A /V%& Fig. 2 \Z"T, St ZiRINIT 52 & T,
Ni/ALOs &0 b RIGBIEN EE -7 Z b, Srifs
MMz E>TT7 = /7 — WKREKEEMREE S e 2
RSN, TNHY TEERITT = — VD
EA NIRHZEND, D T =) — )VRFEHDR
R, RBfbicES LB OND, FOHTYH

)% J\\j:”]
S BELE 273 * TREE BEOT mUS mn
- BB K™ OK - PE RHET - | g
JLE 505 simb Ligs
FH By Bl #EER

Ni/St/ALO; A3 bAKIR TS HEST L7, Fig. 1 X
D AR CIRRS MO @V NI RS STV D
ZEMNL, SEAEEY A bE LTHEEL oo, fillfif
Th2n Ni OVEREAZILE Uo7z 2 &3 miEE
FHELIEEEBEZ TS

5
<
g Ni-SH/ALLO,
£ SIINI/ALLO,
J Ni/ST/ALO,
Ni/ALLO,

3 36 38 40 42 44
20/ degree

Fig. 1 XRD pattern of various Ni catalysts.
Circle: NiO, square: Al,O3, and triangle: Sr hydroxide

SIINI/ALO,
Ni-St/AlLO,

mmij\

TCD signal / a.u.

Ni/AlLLO,

AlLO,

1 1 1 1

0 10 20 30 40 50
Time / min

Fig. 2 TPR profile in phenol steam reforming over
various Ni catalysts.

1) K. Oshima, H. Fujii, K. Morita, M. Hosaka, T. Muroi,
S. Satokawa, Ind. Eng. Chem. Res., 59, 30, 13460-13466
(2020).

2) W. Nabgan, T.A.T. Abdullah, R. Mat, B. Nabgan, Y.
Gambo, M. Ibrahim, A. Ahmad, A.A. Jalil, S. Triwahyono,
I. Sach, Renewable Sustainable Energy Rev., 79, 347-357,
(2017).
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BT 7 AT v 7 ODFAGFIAN RO TN D,
BUEER E 72> TV BRIREIL. 77 AF v 7 Ofk
HZ LDV —EILTH D23, CO, DHEHIZ X
HERBAMPRKE N, Rttt 2 B4 57
W, BEIET T AF v 7 M L<IEZ5ICY
A TN DHI 2 FERMELE STV D, Fix
. TT AT v I BGIRTT A B RIS IZ K0 Al
W~EWT D ETHINC T FAF 7DV YA
JVNERE TR AWV InE B 2 7,
ARFFETIX, AT A b 2fl Ll U CRiET A
DEMEAT o T2, A IXFATHFRIZ I T B ki
L7 7 AF v ZITHWSLI TN D ZARX URIAED
B REHT A B AT A Ml ECE T 5 2 LT
Tx )= VEBROICGEONLZEERE L, D
T CZRF AR D T T AT 7 B iR A
OEBIZHHEHTHD B, AR TITEL T A
N HWEIA 7 7 AT > 7 OB R IT A DI
X D EMPENL D FTREMEIZ DUV TRRET L 72,

2. £ B&

Mt 7 AF v 7 L LT, REBERY) =F L
(LDPE) . "RU Zua 'L (PP). "R AF L (PS)
DHE~NLy heHWe=, ¥4I 4 MIrzF VT b
fitfitflo> H-BEA % (Si/Al=18.5, 92.5) ¥y K% 100
~150um IZERL L= DE AW, T AF v I D
BRI S T Ap-Y 77 #— (Rx-3050T ; 712
T 4T - TARME) ZHWCEm L, 20 mg OF
74 FENEZE 3 mm ORSSEICKE L, Ok
AR —/)VCEE LT, 77 AF v 27 F20mg &
FEE EER A SN2, 600 °COMBAfIF (19 S iiae)
THERICB RS D Z L TH AL, Bl&kiE
600 COfMERSIE (2rd fbgs) (Sl S, 4
L, BlE&E A7 a~ v7 T 7 EESTE
(GCMS2030 : S BAERTHY) 2 HW Tt L7z, ¥
YU T HAELLT He Wz, F7=, [A Uitz
FAWTHREBRZ# VIR LT T,

3. ERHERBLIUER

LDPE DENGI R 7T A R OV % il 25 4 U 7= 3565
DRI D4HTHE R4 Fig. 1 1277, LDPE Wy fiF
JJ A% BEA MEAZ 4 & (Si/Al E/VEE 18.5) (Zi@
L7HA. C3 (FrbtLy) ofilcrEy (B).
Lz (T), Fv Ly (X) 72 EOFFHRLA DN
ARk L7z (Fig.1a), —J7. LDPE % filfi|Z 8 < 3724

REXRE (B52EEH - AHbFEHwRS

ox
k4
[
b

IRDIrHZAT > -8 1% C3~24 £ TORx 721k
KFEWAER LT (Fig. 1b), Li=3>T, ¥4 T4 b
filiilE & F S F R IRBELD [RALKFE D RF—IRFEHE
AR LT, HHERILL T ZERNbho Tz,
A Ufiigt 2 N C 30 [BIRRBRZ 4 0 K L CH[RIED
RMEONTZZ 0D, IR K LEH T
HZ MR LT,

AT SI/Al E/VEEAS 92.5 O BEA B¥P AT 1 b %
HWTT T 2F o 7B R TT A DI EAT > - FE R
% Fig. 2 1T ¥, ZOHHIISESZRbEMDE
LT, L7edio T, BREOBENHEIICENE
FI7A4 NERNDIEI N, T TAF v T EGETT A
MOEEFBE (B, by, U L0) &
BRI AER ST DN AZ TH -T2,

(a) |®:B
AT
m X
B — H-BEA-18.5
3 (b)
=
£
£
PE only
0 5 1:3 1I5 EIU 2I5 3IU 35
Time { min

Fig. 1 Total ion chromatograph of products converted over
H-BEA-18.5 catalyst of LDPE pyrolysis gas at 600 °C (a),
and that of the raw LDPE pyrolysis products (b).

L]
= = m

Intensity /a.u.

H-BEA-92 5

20 25 30 35
Time / min

w
> F
w

0

Fig. 2 Total ion chromatograph of product converted over
H-BEA-92.5 catalyst of LDPE pyrolysis gas at 600 °C.

1) K. Oshima, H. Fujii, K. Morita, M. Hosaka, T. Muroi,
S. Satokawa, Ind. Eng. Chem. Res., 59 (30), 13460-
13466 (2020).
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IER LB F U A 7 LTl PET, PVC (22T
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T DR TR OWTHIZES B C(K 1), FEFEREI
BET ZIRA D D DIREYIFR IOV TS L7z 2,
AN, BEEE OBRET ONCIRAHE T T 75O PET
FI BN YA T VETE L CORTEEMEZFFD, PVC
HAF T TO PET B RSUSIZ OV THIE T 2,
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e mwmnR | mARU )
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fdca PP (XFUPI |
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1 MR Z 72 BN PET-PVC SEBERS 215

HALZRERTZORE) VA 7V AF—A

2. XE

BVMiRIEERIX, PET MiK & PVC i RDIEAY 1~29
EFI LN T AEO T A BRIFICE Y 330°C T
T 5L TiToTo, IREE, RFFRE. PET-PVC RS
ERIMAAE LI U, MR, 7 A8 B o
A U FEEER & T AFEE ORI R
FNEM L7z, S bEMWIE, R TR fE LT
T LT BRI LT %, HPLC TER L7z,

3. BEPLUER

PET & PVC Oy RIEG % EZ2H 330°C T 2 IRffH]
ML 7= & 2 A, SUSE OB A7 EY AT H
L7=, PET O &% [Al—5FTELV L C b F3EM 2 A4k
L72NWZ EnD, ZOHRFEYH PET & PVC OILE;y
R X VAR LT Z E MR ST, ZOHIEYE
GC-MS K OVMH NMRIZ T L& 2 A, 7L 7 X
NMERNZFOFERTHLZ ERHLNE 2T, &
T INBILEMOEREET LT HIRR— AT
B LT-(F 1), T PET 2R 27 L 7 Z RO
IBLTHIELLLLODEIGIL, PET & PVC DIEGLH
ICRESIRIFELTEY, 211 OIRAERELOERIC 92%
T D 2 ENDoTz, —H, RIGE DR
CGEIEIEGFE L TBY . ZOESREW T OT L7 &
MR G EIT, AT PET &H D 9%I2 F THIE S 1
72 LIZA>C, PVC OAFFCPET BT 5 =
LT, T LT ENBE A [FNTE D Z LB LD
Lot BETIE, T L7 XNAEBEFHEROHFERIS
PSSO I LIZ DN TR~ 5,

# 1 PET-PVC ENMESOGNT & 2 A-HEAE M K O
IS R R E R 0T L 7 Z VR EA B PET
ERERT DT LT ZVERE 100 & LIZEIG, SOGEE

330°C. 2 HEnEy)
PET-PVCIEE
PETD# (RAER)
4.1 31 2:1
SFAE) 0.1 17 49 92
JECER R 99 70 42 9
4. B

ARSI, ESCAFERISIE AR =R L — - FEREEL
R G BHFHEAE(NEDO) D Z A E3E 5 (JPNP14004) & OV}
EHAN RIS IST) O KFHBERAIN 7 0 7T &
(STARNIZ X D REDOFERIFHNIZH D TH 5,

1) Fukushima &, J. Mater. Cycles Waste Manag. 2010,
12,108-122.
2)iH B, 551 Al - Al bR E 2B06(2021).
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BERBETSIAF VI DHBRIBHIRIZREFTISAFYIBOEE

ié/‘/b\ Li) = </’9‘ »o0Ed iétléé/u "itaé_";_j; %}4\&9 d 5 Z NI LHOE
REAY OFF Bx AZHSE AL MEETT WTERERE. R T HINE,

L L 05 Ry R 8

HEV =
LTSN 3 SN

1. #5
AMFZEIE, BEFEOA MR Z 0O b O &IEH LTz,
BET T AF v 7 OFERbLV— kPO EZHEL T
WD, AFEERTIL, BIEARRRENR (VR) LT T A
F v DIREWE 2 —7 RT LA L VR EBETZ
AT 7 OIEGHRIZ X B EBERICER T 5 (K 1),

FIEIOREF TIL, VRBLOEEERY =F L

(HDPE) OB T HIRE T 1 7 7 A VD8
Vet Uiz, ARE T, WIEERHRE 7T AT v 7O
HBG PN TN RIET T T AT 7 OB DN T

WET 5,

F 7Y &, Eil
7 E Doy fifh

BT AF U R

1z
Ok - SR B 78 B FR v T

(VR:Vacuum Residue)
1 BEfFRX(R 215 H L7z VR ROBETS T AF v 7 D
HEGIRODA A —2

2. 5ER

FUSERAAE 250 mL OB MEE SRz HWT. 7 1 L
— N a—— % RE LT B REEE ) SHUNESRE T
IZBNT, VR KT T AT 7 BUROE ks LY
VR: 77 AF > 7=90:10 IEEH % . 5 °C/min T 470 °C
FCHIR L2 BB R AT o T2, AR LTAA L
DOHTITAM=RL X —EfrE % — (PEC) &iEfE
L. 360 °C TlEI LOBEEHA M Lk, Wi
Oy DFEEERNT 2 5k LTz, AR NI —7 ADE
PEE BT BAL R CE-hE L7z,

3. #BRBLUER

FEFRO—fFIE LT, VR KONfillk HDPE %72(% PE -
PP ZELTDEETT (WP) OBV M ERIZB
TR AR OIEZ K 2 1R, AR TIZRNT

. VR Z HDPE %713 WP & 3B M4 5 = & T,
HEEE ORI L OH AR OEE AR ST,
WP & DOIEBRICIBNTIE, N TIED D 0 E =
SV S U R bR ST, BE - BE
BRGSOy EBAEFUZOWTIE, ##H 1C05] 123\
THET D, Atk BRARN) OFERIE ST 5 4
U BRI SRS 2 B BT L, B
OPERDSHAERTRE & ZeduX, SOHETE T & AR Ot
Bl EEAREE T I ANV YA I LDO—TEE L
THEERD Z LR a5,

BI1—/ X 0EEEH 0BEEHD 0H X 0K+ (NT U R)

100 19 2 17 2.3
105 [87f 107 3L 1423
— YD=T106% * YD=123
X80 |
2
5
S 46.4
260 | m4=9£0 51.5
S 802 ° YD = 1030
g }
g 80.9
£% [ 64 55 -
5 YD = 80“0 — 0
2 2 YD = 55%
34.3 32.3 311
10.9| YD~ 104% - YD =99%
0 o8 s
RS S
N &
&

YD : FHRILERICH 2 ERIL R OFEIE LB iR
ZRIIEE, YD <100% : UXZEPEL, YD > 100% : UL ZEH

2 VR, HDPE. ¥ LT WP OEi#A R M OV VR:
77 =10:90 IR EW D ILE R M DU

4. HiEE

AR, ENIHFZEBRRIE AT = RV — - FESEHL
ke & BRFHEMENEDO) DL 55 (JPNP 14004) D F
SonzboThs,

1) S, RERRFE, EHEE T, ka7 v 7, 43
250 (2020). 2) HIHEA, FERET, RS, BREEE
HWELT, 48,39 (2019). 3) AEAMTL, T HMBEL, TEECR,
il —, BT, SRR, 851 B Al

Rhz oA
R ELliiE=
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BERBMEBRETSIRATF VI OARPBRRICHBICEET HiREt

mEb

Ormis

Dy Hnh &

el

B LLw

L

o

L

&

L
3/

B
O
|
&

1

1. ¥5

EETIE, R 820 1 b DT T AF w7 w4tk
HLTWBER, VS 7 VBIIRENTHY . BT
OB PRATIIE 2 78 6D TR I 70 IR B D IERR DS L EE T
o, Flo, VA 7 VERE EICED T M bR
OB H Y #HTe = & 13, WREREOMETH 5,
ZORRRERBE T BEHFOA MR REE A7E A L.
JIEFRI(VR) & 77 2T 7 % JEGMRBOG S Tk
L e N - N2 ST R A DA S B G 2 =
B AOERHATBRFEICI Y f A, AilElx, VR & @
FEAR Y =F L v OB OSBRI DWW CHE L7z
2, AlElNX, VR SIRAET T AT v 7 OB RIOE
HERE ORISR SOV THRIET 5,

2. FBr

2. 1 #E

#ibk%:, ENEOS 78 VR LRV =F L (PE), 3
BT T, BT T % 470°C CEGMiR S C 3FsED A
) (AR, IR R ONER) Z2E L7, 20k, i)
KERZ 360 CTHHE L, FONTE” Y K OE
BRIy HRREE LT, RFTICER L7z,

2. 2 PRIRSHT. FEAREEAEAT

WRE R 01T, e — MR 7 v — 2 fE o TR,
HE R QSR ot . BT, kot GC
ST K O REERAT UTs, F7m, EEEMEL. BAKO)
T LArE T m— e CRIfGy, BERS, LYV
DEyEG, 7= 2B A YA 7 m ba gk
IV B HF(FT-ICR MS)IC & 0 SRS &R 21T - 7=,

3. MRBIUELE

3. 1 VR &EBEST OIENRSREF
(VR+PE)& & (VR+EFE T 7) R ORE RSy, HER

DOERTD~T VT NIRRT A (=T 37) ik

fTot-fER, EFEZZHIIE, R ~—F8HITorIlAE

EEATDHRY 7L UBNRIELTVD Z & BNER
EEBEZBNDEGY (so R, REFMASE) ([ZEVBAS

e &E1),

3. 2 VR LE#ET T OB SRR
(VR+PE)% & (VRHEWHE T 7) R ORE R 7y, HER

DT INTMT AT T ARG, (VRHE#E T )2 D

(JPEC* » FALI** -

*%

GINEIPNE Skl

Frv Les 2 LLE  HEOS BRI R T B
L R S

ENEOQS****)

ap

e, WHEBOPBREIEAT 57, EEEITR
& <BD Uiz, R, HEBTICEW T, fafiElhnk
PROTDMBEE TR U BRSO DMl S % 55
FreiE R & 7p o7 (R 2),

#1 ERET T ROBERE G ORGY EERER
EWE  HEME = EHEE
n-ARFNRR RARE B ALK 52.8 49.8 49.8 47.0
iso- A8 F00E b Bt (LK % 121 16.5 19.4 16.7
FafisiR ek R 241 211 19.2 211
BREAREAE 3.1 2.8 22 26
BHRF IR B L KR 0.5 0.4 0.2 0.4
BERFERMLKER 2.9 4.3 4.5 5.0
2|FA ERBACKE 0.9 0.6 0.7 0.7
SEMEEERILKE 0.1 0.0 <0.1 0.0
- LAy <0.1 0.0 <0.1 0.0
FAIIVEILEY 3.2 4.0 35 4.0
TEAR S 0.4 0.3 0.3 25

* 1 G LO0IC ALY — Ad)

®2 BT T ROEEE T O ERRR

B4 [vol%] | VR90+PEL0 *1 (PE9+
PVCO0.7+PET0.3)
fEFNAR 5% (Sa) 30.7 30.7 75.8 75.8
BEBSEIE(1A) 11.8 6.6 |
2IRBER(2A) 5.8 [46.2 1.2 | 9.5
Z3RESK(3A+) 28.6 1.7 |
B> (Po) 19.4 12.2 ]
BRI (PA) 3.3 230 24 147
PATFIT(AS) 0.3 0.1 |
* 1 EEL00ICHSELYr - 280
3. 3 IHBEERRISHEMEIZOWT
(VR+3EFET 7)RIE, 1R L T D BRI

L Ao 52 ond, —F, (VRHEREY 7)
ROGE . FT IR SOCHEORE R LI TH 2,
3. 4 HBSISBANORT 2 % MZHONT
VR ¢RIV F L7 4L e LERE T 7RO
BRI Lo T ARZRNENIRRAb KR DS E R
TELN, 7I VY YA 7 O—FiEE LTRSS
BRI AL TH D Z LDV STz,

e

Z OREIE, ENAFERIRSIE AT = L X — - PEE
Bk A BRFEEERE NEDO) OZ3t2E%5 (JPNP14004)
OWMEREONTZHOTYT, ZZICRR L. #EERT 5,
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Plastic recycle

[1C06-1C07] Plastic recycle (2)
Chair:Masahiko Matsukata(Waseda Univ.)
Thu. Oct 27, 2022 11:00 AM - 12:00 PM Room-C (12B Conf. room)

[1C06] [Invited] Life cycle thinking on the role of oil refineries in a society
towards carbon neutrality

OYasunori Kikuchi® (1. Institute for Future Initiatives, The University of Tokyo)
11:00 AM - 11:30 AM

[1CO7] NEDO project on chemical recycling of plastics
OMasahiko Matsukata' (1. Waseda University)
11:30 AM - 12:00 PM

©The Japan Petroleum Institute
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REA: (B520FH - AHIEZEHRSR)

H—RoZa—bSUANRANSIHRITEITS
SURFTORENCET 554 Y1V LES

1. [XC®IC

H—Rr=a2—hrT/ (CN) DFEHLZLE, LA
HRIREE Y LW SET 5D &, fLFpESEI
BIFBIRFPIIRE S VYA T /VHE, A A~ AH
K, ZERINH O COLBEEN A, 728, RHATH
<H, ZIZT, A AV ABEKREIL, —EDOHIROMAE
LD BRI AA A~ A h G DU A SR b
BHIRNR B 0 EMRE~ORF LB 2 BET 5
&L AFARERHEIH CIEH T R&E EWR 5, 272,
AFrReRE & LI bpkibFoRHZ 3 5 T8 2 i 7= 7
T2 DIZIF A A~ AETRO AT RERI T+ Tidre <2,
(LRSS T B A -9 7= DI U A 7 VHSRIRE DOTE
HAEZBINSE, @SB bSE5 2 ERRARTHDLY,
AFEZEBNTIE, CN ~EH D (2B B BbHET D
TENZDOWT, T4 TV A I NVEEIIESEFHRT D,
Rz, BE7 7 OB I ) A4 7 UCRYD H B
BE7" T OBGRIZ X 0 RSy 1At K 215 Dbkt
fBIzonWTF et RET Y v 78 LOIREHRAT A
(GHG) HEHEDFHfiZ1T > 7= FHFINZ DTk D,

2. BEFA V75 & LTORHRICHAFSh 5153
JFGHD B AEFE SN DEFEMD% X, CN % HibAk
B BREFL L OB L 2B LETE D, N A~ A
BIRCT T AF v V@R E L TCOETT1X, Bhie
RFAVIFREE 4T 9 = Lo L 0 . Sk miEilo -
D OEGHAT THW B D IRALKEIZIE VSO H D &
20955, EBC, BEERICHIE & b EE
ZAFEL, JHETS L<ITAbT T o b & RBEA R
NOALRhEAET D RBNIGFEL, T4 7 A 7L
ML (LCA) 12k % GHG BEHHERBZEMA S R ST
23, BEZ I L TIIERE - —BEDRIHIBIZ & VI
ETEXDHRENER DN, N A~ AHKFRE &
(2. bSO 2B X BT - k7T 2 b
PIC TR ATREZR IRAL KR ICE A CE D AREENR B D,
BUMPTOERE & L COIRALKIZEPE S DL, JFEH
ZHEf UHERF9 2 2 & T ON % bakidh - JEEVERES
"HEL L D D,

3. BTSHEDEHEREMESRT L

BT ARt 5 2 bl kv A ARET
X5 Z EITRECH ST DO, M7t E o
Wl B L 7o TV D, DD OJFUEHIRHIZ Z U |
BTN O 7 0 =32 b L 9 578, 2 b ZmlicE
TV 7L, LCA ZIZXL VT LW Z & T, BES
7 HORECE A 7 2 P e & U IR T & 5 AlRE
P& D, BlZIE, s X 2 IRV RS, JRE
FRitirp &L OBV L0 | ALSREE 2 B PE L

x <

CGERAS 3k )O3

I DY

i

720, FUVRSERE Y Ty h—~EALIEY, B
Oy E AR S ST 0 5 Z 8T BRALKFEPES &
EETEDAMREMRH DY, =L, B TEZETS T
OPERIZE ST, =T VTV A 7 U THEME
L CHERLTREGANH 720, IRIEELTWDH Y
F USRI Ko TI R TREIZ & - TRl X B
7T ThHo120 LD D, RO OMREICR 5T,
T A THA VRS REMET M S REFEREE ERR
LT ZEBRELWNZ A,

4. BHYIC

{EAEIRED S ORI & 6D 2 72 DI2id, EDIE:
WOHN B HT- D OEENTS T TIER . 22D
L L) AT U T T — Rk U EiETE
M EBARNUEL 2D, T4 7 A7 NVEEITLY,
L2V 9 HEAER L, S L T BERSH D,

SR
ARFGEDO—HEBIE, Frm /L F— « FEEEHIHR A RIS
s THH0 72 AT 7 EIRTEER 7 1 & AHABEZE )
DIAREZITTND,

SEH

1) Meng, F., Wagner, A., Kremer, A.B., Kanazawa, D.,
Leung, J.J., Goult, P, Guan, M., Herrmann, S.,
Speelman, E., Sauter, P, Lingeswaran, S., Stuchtey,
M.M., Hansen, K., Masanet, E., Serrenho, A.C., Ishii,
N., Kikuchi, Y., Cullen, J.M., ChemRxiv,
https://doi.org/10.26434/chemrxiv-2022-hx17h-v2

2)  Energy Transition Commission, “Bioresources within a

Net-Zero Emissions Economy: Making a Sustainable
Approach Possible” (2021)

3)  Kikuchi,Y., Torizaki, N., Tadhkdmo, L., Enstrém, A.,
Kuusisto, S., Proc. Saf. Environ. Protec., 166, 693-703,
(2022)

4)  Kikuchi, Y., Nakai, M., Kanematsu, Y., Oosawa, K.,
Okubo, T., Oshita, Y., Fukushima, Y., Sustai. Sci., 15,
1473-1494 (2020)

5 BpRRhE. BT, ket R0 TR T &
HHEERD, (b T22R5 87 4Fax, PC266 (2022)

6) Keller, F. Voss, R.L., Lee, R.P,, Meyer, B., Resour.
Conserv. Recycl. 179, 106106 (2022).

7 ERRSE, FEAEE BB, AR, PETROTECH,
45 (1), (2022), 21-28.
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

11:30 AM - 12:00 PM (Thu. Oct 27, 2022 11:00 AM - 12:00 PM Room-C)
[1C0O7] NEDO project on chemical recycling of plastics

OMasahiko Matsukata' (1. Waseda University)
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Plastic recycle

[1C08-1C11] Plastic recycle (3)
Chair:Shigetaka Fujii(Chiyoda Corp.)
Thu. Oct 27, 2022 1:15 PM - 2:15 PM Room-C (12B Conf. room)

[1C08] Effect of zeolite type on catalytic cracking of low-density polyethylene
catalyzed by gel skeletal reinforcement silica-zeolite hierarchical
catalysts
OKoudai Mizuno', Tadanori Hashimoto', ATSUSHI Ishihara Ishihara' (1. Graduate School of
Engineering, Mie University)
1:15PM - 1:30 PM

[1C09] Catalytic decomposition of polypropylene in n-cetane
OMahiro Matsushita®, Tohru Kamo?, Motomu Sakai?, Masahiko Matsukata’?? (1. Department
of Applied Chemistry, Waseda university, 2. Research Organization for Nano &Life Innovation,
Waseda University, 3. Advanced Research Institute for Science and Engineering, Waseda
University)

1:30 PM - 1:45 PM

[1C10] Catalytic decomposition of polyethylene in n-cetane over zeolite
catalyst
OFEri Miura', Tohru Kamo?, Motomu Sakai®, Masahiko Matsukata'*? (1. Department of Applied
Chemistry, Waseda University, 2. Research Organization for Nano &Life Innovation, Waseda
University, 3. Advanced Research Institute for Science and Engineering, Waseda University)
1:45 PM - 2:00 PM

[1C11] Effects of coexisting substances on the catalytic pyrolysis of
polyolefins
OHiroki Masuda’, Yuya Kawatani', Satoshi Suganuma’, Etsushi Tsuji’, Naonobu Katada' (1.
Tottori University)

2:00 PM - 2:15 PM

©The Japan Petroleum Institute
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X

RUIFLUOEMIBERIGICRIEITELX S FOEED %“

1. &
RYZF LR, R EME RS ESE R
S TREIHEHA I, RSAHFMNPEN, D
k@%é?é%%%®ﬁﬂ%ﬁﬁb%hf“éﬁ\
ZFOHRTHRET T AF v 7 ORI X0 Ak
b ROk IR 2 ST 5 S e e A NHE
Thon D, YPFIEETIL, TRETRE A VML
EHTDHAYR—=TAY W ERHST D200
JUE RS ARTRTE (GSR)ZBAZE L CT& 72 19,

ARHFFETIL, GSR {EV Y B TEEIL LA
A4 NERAMEESEME LAV CTREERY) =T L
> (LDPE) D#filisyfif 2 fat L. A b mopow
ERELE LTOF LT 4 UG HEBEMESED
ZEEHEME LT,

2. £

VIUARELTOT TG F AN Y r—
M(TEOS). Eefiiiit s L7 7L —r LT oo
i 2 T, B-’IZZ]"?% r (GR Y —. Si0,/A1,03;=37)
BIXOY-EAT A4 b (HY—, Si0/AL03;=5.5) O
{F1E N C TEOS Z MI/KA3fiR L | 2 JE i il i & 15 7=,
WIZ TEOS 2+ U A& L, 2 @iEEMEEF/E T T
TEOS &Nk L, fiiEiK & L TAF AT
vivuaXxir (HMDS) -KEERE (AA) BRETAR
ZAEH LT 50°C T R LER L 7o, BERITREIRZE
T, 600°C T 3 FERE T -7 (4 L) GSR + U
T & 2 JEREIE I A IR A LT 3 e i 1 X EE R
BRE U THIWZ, 2 RS E 20-B(37)(Z50) &
2L-Y(5.5)(Z50), 3 @t L, 3577 18155 3L-co-
gel-B(37)(Z25) & 3L-co-gel-Y(5.5)(Z25). MELRAR
73 3L-mix-B(37)(Z25) & 3L-mix-Y(5.5)(Z25) Td 5,

il D RFPEFEAR & LT, XRD, ZE R HIE
NH;-TPD. TEM. TG-DTA #1T-7-,

BOSFEBRIZ, F2)—ARA b M m2IA4Y
— (CPP, JCI-22) & HI T, filt# 1.0mg. 500°C,
LDPE0.2mg, He ZX[H % 0.6MPa D 554 F T3 L 7=,
WIS X ORUIBRA R 1 GC-FID Tor#r L7z,

3. BRBLUBE

XRD HIFEIZ LY T _XTORERAEIC ISV T
BELATADN BIXORY BFT4 b —7 Dk
W, BT A FOREEEENHERFSNATND Z
EARENT, BEEREEME CIXE A T4 M E
N T 25 2 L SHER SN,

ERWAEREORERENS B-BA4 T A FHEME
FOY-BAT A FE Ll LT 2L BELOV3L B

m

BLbEiiEnD WLIEES &

(ZEABLT) OKBHEA - AR - £

0
c

EiN

J& fibit D F i AE B K OVHIALAREII R & < #Ehn L. fil
BREEICRER A VIANRBEAINTZZ ENREN
7oo EHIT, 3L AEEOHIFLARE L 2L ikl Z i &

D BILD TR E |2 B S & GSR 5%
72 3 RS AR OGRS . K& 72 2V HLOE NI
HGlltEZON5,

LDPE #%fifi /3 M%ikbfﬁﬁﬁ74baﬁ%ﬁ
A LSS, BRI 10% ThH o7z, Y BA
74%i#apnmm%%@ ENERTHZ LN
HMoNTWD Y, ZOi=d, YREAT A4 MaEte
ikl x, BRI AT A FEETABE LY L EV T
T AR ERT I E N oT, ST, R
fREIXE AT 4 bOBHEN VRN, AL T ¢
VBN EGL b EE NS -T2, Y-BEAT A NG
AL RIL, B-PA T A FEAME X VKL,
3L-Y B CIR K 57% Th o7z, Y-BEA4 T A T
X Al EBEENEHVOT, BEEITIZFHIENS
B, BATA MERINAFET D Al < RN
TEMEE BB LTV D,

H AR DEALR R L ONRINE T, -4 T
A NEAMBEO TN Y-B A T4 FEAMBEL D b
<, B-BA T A NEAMME IR SN ETT S
ZLEWNRBENT, Y-BA T A FEAREE, TV
VB ORRMENRE LS, B4 T4 FOMALRES A
FREPPEICEBR L TS EEZ26ND, B-KTY-
AT A4 NEAREE, B AREoBE s Rz
BWT, AU @R A E S 72, RON fli
B-BA T A NEAMBLED TN Y-BA T A b&FHfil
BEDHEL, ZHXRTEDOF N, L7 1 3R
MEREWT-OLEEZ LD,

4. £L¥

FIVBREMRIEE VTR L 3 Bo B-B &
WNY-BA T4 Mo ARERESEMGIE, LDPE OHil
IR EBNT, BsfbEEREmEIE, VY &
BIREB IO VY VBT OLF L T ¢ BIRME
L RONflEZ M EEEDHZENTE,

1) K. Mizuno, K. Mori, S. Matsuura, T. Hashimoto, A.
Ishihara, Chem. Lett., 2022 in press. 2) S. Matsuura, T.
Hashimoto, A. Ishihara, Fuel Process. Technol., 2022,
227, 107106. 3) A. Ishihara, S. Matsuura, F. Hayashi, K
Suemitsu, T. Hashimoto, Energy Fuel, 34 (2020), pp.
7448. 4) A. Ishihara, Fuel Process. Technol., 2019, 194,
106116.
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JILTILEZ P TD

(Ekf‘a@?&z*

EFoLk E

Of FEH -

1 =
BT TAF v 7 OFRMEREL LT, =7 U7

A 7 IV(MR), 7 HNLYH AT I(CR), =FIL
ﬂ? )77/\ —ER)NFEIT D, ERIZENTIE

R DB, EA D TWA T, Bk
% %<®%77z%/7m#&mﬁﬁ WA ST
W5, EIRTERZ1T O 729012 H MR,CR OFfi/m
IZEETHY ., BT I NI YA 7 VTER LTz,

BES T AT v 7 N EF D SR E DOREE HiA

I, AHERPETRICEE T T 2AF v 7 IR S, By
fi « fbE AR & o> TUL RN A 1T H Z & &
L7z, ABFFETIIRY 71 'L (PP &2 xR I, K
LEAT5 Beta LA T A FEHV, BAEARE L
T/ =t 2 (n-Cle) &R L7z, n-Cle6HizdsiT
% PP 3ty COERINZ OV TR &I T 72,

2. FEgphik
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Fig. 1 Product yields for the cases of (a) n-C16+Beta
(b) n-C16+PP+Beta (c) n-C16+PP.

20
15
a2
3z 10
4
5
0
SBELLLLLLLLLTY
1 = g B 5 = T v 2 5T
S < O A
Srge888528834°
9m<<<g<<gDES
b} N T DS QS
> 0 00 =
= T 1 1 @ O 0O ¥
0 —mw O 1 1T ®
o OO0 1l or~O0
o O —
00 o0

Fig. 2 Product distribution in comparison of the cases of
(a) n-C16+Beta and (b) n-C16+PP+Beta.
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TIAFy ZITIFIABE CH AR Y =2 F L
(PE) Zi®&E L, 3BV EMENE < KL TH
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3. RBIOEZE
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23439 °C TH D DIZxt LT, MISREE400 °C (280
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DRI EE LTINS Z EDRRENT,

Fig. 1OFEF L 0 | 53 fRAE RS NN R OEIE %
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N .
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Fig.1 Comparison of product yields with and
without PE (400 °C, 60 min).
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Fig. 2 Distribution of decomposition products from
PE (400 °C, 60 min).
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e RBRAE BRI, PVC-PET- A -
LA EMATHOREREAD 2N LR D)
~7-(Fig. 1). #EMIIZIE, PVC1 % - PET - 7L &
43%% Nz % & PP« A b1 38 L, ik o
GCIEM Iy (>C28) 23 2 72 = & v b, il pE 28
DUTFNR->TEY, WILUEWE £ 721350 A sk
DAERMPIEE S ZHEL VD EEZOND.
PVCRo W L & o & 44 L PPEE(L T FHICHE U 7=,
T E TICEREE S U TR IR ISR 2 THiRE o & o
FEEEAWD EPPELENEL 2D 2 L& A
LTEY, MIEWE DI L - CTPPE S A
W Cfitit & LTS K oI b E o E
DHEMI S 5. PPIZEH~PE (LLDPE - HDPE) Cldifiz

Ay eysitel

(BHOR) Ofm RE, JIs Eh,

w5 R THRME S &L 2L 2oL M= RBOA
BYR PN, i PR, OAHE E
100 0 0 | Oy —HEfe
. ABBEREE
" 80 _ ® ? N E A O B ngfﬁﬁ;ﬁ?ﬁpcza)
: | B QPR E |||
S 60 ¢ I i I = A B=EBEEK
ay | I n—B%EK
€ w0 B EREEE
e B C21-27H8 Bh ik
B DC11-20fE Witk
ﬁ 20 BC5-1008 Mt
O C3-4R5 Pk
pi-E - = C1-208 M5
v ) ) h) v
$22382707
s 55 2 v %
+ g [
X 7T 02 ® N o
S : 2 g
°\° D\e °
<

Fig.1 WA K 2PPD RS DZAL.
I 8 IPPIC XT3 % B &bk,

LMK GCIEM MR N E Do T2 Z L h, Kt
BEWVWE S 2 5(Fig. 2). PSIZ X< s L7=2y, HBg
PN ZF
FAATAE DK —
~ U BR B &
AR L7z, RN 4
L7 4 UERRS
LPVC - PET -
A=V ERy AV Ve
ZINZTH, I
S L Ao (|
LEMZ TW

100

@
o

RIRE/C-mol %, BILE/%

WX LR E F zZ 3 3 K A
5 g yooy
Llpot-. T o i
DDk 51z, S E7
B %LLN @ N g ”%
W& Nz 720 R mw
BIARY AL 7 o . . . \
. Fig2 RUA L7 ¢ OFEFE
CHBEITH o O

DO, FFIdFiglEFU.
RV A V7 40 VIREWIX
LLDPE : HDPE : PP : PSH &
Ht=15:15:30: 10 CiRA. 1
M¥EPVC-PET - F A 2> -
v LE U EENENL W%

N = A
RE.

> T, Bumi
REELN
Einbhote.

BWEE AR
— ¥ 1ZNEDO #:
HH T 7 AF >
7 BIRIER 7 1
£ R Bl BR
(JPNP20012) & L T3l S 7-.

1) RIEHEE, Wk, IMFIEEE, $50EATH « A
{b5Fames, 2D03 (2020)

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved.1C11 -



