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Mon. May 29, 2023

Room-C

Special lecture

Special lecture 1
Chair:Koichi Matsushita(ENEOS Corp.)
4:00 PM - 5:00 PM Room-C (Zuiun)

[SO3] Future Mobility
Kato Yoshiaki (CEO, Techno Revolutions LLC )
4:00 PM - 5:00 PM

Special lecture

Special lecture 2

Chair:Yuichi Manaka(National Inst. of Advanced Industrial
Science and Technology)
5:00 PM - 6:00 PM Room-C (Zuiun)

[SO4] Industry and energy sectors are also involved in
the nitrogen issue as a tradeoff between
nitrogen use and nitrogen pollution
OKentaro Hayashi'? (1. Research Institute for
Humanity and Nature, 2. National Agriculture and Food
Research Organization, Japan)

5:00 PM - 6:00 PM

JPI president remarks & Award lecture

JPI president remarks &Award Lecture-JPIl Award
Chair:Toru Matsuoka(The Japan Petrol. Inst.)

Chair:Kotohiro Nomura(Tokyo Metropolitan Univ.)

3:10 PM - 3:45 PM Room-C (Zuiun)

[SO1] JPI president remarks
3:10 PM - 3:15 PM

[SO2] Study on preparation and function of supported
metal catalysts and catalyst matrix for
petroleum refining
OAtsushi ISHIHARA Ishihara’ (1. Graduate School of
Engineering, Mie University)

3:15 PM - 3:45 PM

Tue. May 30, 2023

Oral presentation

AO01-AQ03
Chair:Ryoichi Otmo(Hokkiado Univ.)
9:30 AM - 10:15 AM Room-A (Fukuju)

[AO1] Continuous conversion of lignin model compound

into mono-aromatics using aqueous ethanol

©The Japan Petroleum Institute

(The 71st R&D Symposium of JPI)

solution
OKenkichi Taniguchiﬂ, Etty Nurlia Kusumawati’,
Hidetaka Nanao', Osamu Sato?, Aritomo Yamaguchi?,
Masayuki Shirai"? (1. Graduate School of Science and
Engineering, lwate University, 2. Research Institute for
Chemical Process Technology, Natinal Institute of
Advanced Industrial Science and Technology (AIST))
9:30 AM - 9:45 AM

[AO2] Conversion of palm acid oil to biodiesel fuel using
solid acid catalysts
OLIJIANG FAN', Eika W Qian’, Kenji Kamiya' (1. Tokyo
University of Agriculture and Technology)
9:45 AM - 10:00 AM

[AO3] High efficiency production of 5-HMF from
glucose by multi-phase reaction system and solid
catalyst
OYUYANG JIA", Eika W Qian’, Kenji Kamiya' (1. Tokyo
university of Agriculture and Technology)

10:00 AM - 10:15 AM

Oral presentation

BO1-BO4

Chair:Masaru lhara(Japna Org. for Metals and Eneregy
Security)

9:30 AM - 10:45 AM Room-B (Heian)

[BO1] Development of carbon-supported metal
nanoparticle catalysts for dehydrogenation of
formic acid and hydrogenation of polyols
OHiroyasu Fujitsuka® (1. Kyoto University)

9:30 AM - 10:00 AM

[BO2] Effect of Cobalt Oxide Addition on Formic Acid
Synthesis by CO, Hydrogenation Using Pd-Based
Catalyst
OKohsuke MORI', Jun SHINOGI', Hiromi YAMASHITA'

(1. Osaka University)
10:00 AM - 10:15 AM

Oral presentation

C01-CO03
Chair:Koichi Matsushita(ENEOS Corp.)
9:30 AM - 10:30 AM Room-C (Zuiun)

[CO1] A demonstration of ammonia production (1

kg/day) by a high-pressure synthesis system
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OMasashi Kikugawa', Yoshihiro Goto', Kiyoshi
Yamazaki', Masakazu Aoki', Naoki Baba', Akinori Sato?,
Yuichi Manaka®, Tetsuya Nanba®, Hideyuki Matsumoto®,
Shinichi Ookawara® (1. TOYOTA Central R&D Labs.,
Inc., 2. TOYOTA Motor Corp., 3. National Institute of
Advanced Industrial Science and Technology, 4. Tokyo
Institute of Technology)
9:30 AM - 9:45 AM

[CO2] Development and demonstration of New
Technology for the Reduction of Crude Oil Sludge
ONAOYA FUKATSU", TAKU MORIYAMA', KENJI IKEDA?,
YOSHIHIRO TAKAGI®, KAZUHITO FUJINO* (1. Cosmo
Oil Co., Ltd., 2. Japan Organization for Metals and
Energy Security, 3. ABU DHABI OIL CO., LTD., 4. Cosmo
Engineering Co.,LTD.)
9:45 AM - 10:00 AM

[CO3] Energy efficiency improvement of large-process
plants via mathematical optimization
OHiroshi Takase', Toshihiro Wakabayashi', Yohei
Otomo", Kakeru Ouchi' (1. Advanced Technology
Business Department, TOYO Engineering Corporation)

10:00 AM - 10:30 AM

Oral presentation

AO01-A03
Chair:Masakazu Sasaki(Toyo Engineering Corp.)
10:30 AM - 11:45 AM Room-A (Fukuju)

[AO4] Development of ammonia utilization gas turbine
combined cycle system for carbon neutral society
OMasakazu Nose', Tomo Kawakami', Sosuke Nakamura'

(1. Gas Turbine Engineering Dept., GTCC, Energy
Transition &Power Headquarters, Energy Systems,
Mitsubishi Heavy Industries, Ltd.)

10:30 AM - 11:00 AM

[AO5] Study on fuel composition to reduce CO, by
expanding the lean limit of super lean burn
gasoline engines
Taketora Naiki', OYuki Yasutake' (1. ENEOS
Corporation)

11:00 AM - 11:30 AM

[AO6] Fluctuations in oil and natural gas prices lead to
the disappearance of Green Paradox?
OMasaru lhara' (1. JOGMEC)

11:30 AM - 11:45 AM
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Oral presentation

Cc04-Co7
Chair:Tetsuya Shishido(Tokyo Metropolitan Univ.)
10:45 AM - 12:00 PM Room-C (Zuiun)

[CO4] Analysis of the formation process of soluble
carbon precursor and its application to liquid-
phase carbon coating
OSyun Gohda' (1. Nippon Shokubai Co., Ltd.)

10:45 AM - 11:15 AM

[CO5] Alkane oxidation catalytic activity of thermally
modified crystalline Mo-V oxides
OKosuke Shimoda', Tomohiro Okakura?, Masashi
Makizawa?, Satoshi Ishikawa?, Takashi Toyao', Ken-ichi
Shimizu', Wataru Ueda® (1. Institute for Catalysis,
Hokkaido University, 2. Department of Material and
Life Chemistry, Kanagawa University)

11:15 AM - 11:30 AM

[CO6] Acid Catalysis over Crystalline Zr,SO,: Role of
the Local Structure in Generating Acidity
OSatoshi Ishikawa', Meilin Tao', Takuji Ikeda?,
Shunsaku Yasumura®, Kosuke Shimoda?®, Ryota Osuga“,
Yuan Jing®, Takashi Toyao®, Ken-ichi Shimizu®, Hiromi
Matsuhashi®, Wataru Ueda' (1. Kanagawa University,
2. National Institute of Advanced Industrial Science and
Technology (AIST), 3. Hokkaido University, 4. Tohoku
University, 5. Hokkaido University of Education)
11:30 AM - 11:45 AM

Oral presentation

BO5-B0O7
Chair:Keigo Tashiro(Seikei Univ.)
10:51 AM - 11:36 AM Room-B (Heian)

[BO5] Effect of high surface area of support on
catalytic activity of Ni/Rare-earth oxide for
ammonia decomposition
OHaruki Ishida", Hiroki Muroyama1, Toshiaki Matsui’

(1. Kyoto University)
10:51 AM - 11:06 AM

[BO6] Varidation of Carbon Active Species in
Microwave-assisited Direct Methane
Decomposition

OAkihiko Miyakoshi®, Ryo Kikuchi', Kana Orihashi’, Miu
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Onishi’, Mio Mizuno' (1. Department of Material
Chemistry National Institute of Technology, Asahikawa
College)
11:06 AM - 11:21 AM

[BO7] Temperature Gradient Effect on Catalytic
Performance in Photothermal Steam Reforming of
Methane under Visible/Near-IR light
OAkira Yamamoto", Wirya Sarwana’, Yuko Nishino',
Daichi Takami', Hisao Yoshida' (1. Kyoto University)
11:21 AM - 11:36 AM

Invited lecture

AO07-A08
Chair:Weihua Qian(Tokyo Univ. of Agriculture and Technology)
1:00 PM - 2:00 PM Room-A (Fukuju)

[AO7] Moving on synthetic fuels, especially in Europe
OKazuhiro Inamura’ (1. Japan Petroleum Energy
Center (JPEC))

1:00 PM - 1:30 PM

[AO8] Energy crisis and energy security
ORyuzo Yamamoto™?® (1. Professor Emeritus, Tokoha
University, 2. International Environment and Economy
Institute)

1:30 PM - 2:00 PM

Oral presentation

A09-A12
Chair:Shun Fukasawa(ldemitsu Kosan Co., Ltd.)
2:15 PM - 3:15 PM Room-A (Fukuju)

[AQ9] Effect of visible light irradiation on CO,-
methanol conversion reaction using Pt-loaded Mo
suboxide catalyst
OYasutaka Kuwahara', Koji Hamahara', Hiromi
Yamashita' (1. Osaka University)
2:15PM - 2:30 PM

[A10] Hydrocarbon synthesis from CO, using spinel
oxide and zeolite
OKazuya Hashimoto', 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, 4. Faculty of Advanced Science and
Engineering, Waseda University)

2:30 PM - 2:45 PM
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[A11] Effectiveness of Zeolite Dehydration Membrane
for Direct Fischer-Tropsch Synthesis of CO,
OMotomu Sakai®, Naoto Chihara®, Takaya Matsumoto®,
Yukihiro Sugiura®, Masahiko Matsukata'?* (1.
Research Organization for Nano &Life Innovation,
Waseda University, 2. Department of Applied
Chemistry, Waseda University, 3. ENEOS Corp., 4.
Waseda Research Institute for Science and
Engineering)

2:45 PM - 3:00 PM

[A12] Catalyst development of low-temperature CO,
methanation
OShohei Tada', Tomona Jinushizono?, Masahiko
Nishijima®, Noriko Yamauchi?, Yoshio Kobayashi?, Ryuji
Kikuchi® (1. Hokkaido University, 2. Ibaraki University,
3. Osaka University)

3:00 PM - 3:15 PM

Oral presentation

BO8-B11

Chair:Satoshi Suganuma(Hokkiado Univ.)
2:15 PM - 3:15 PM Room-B (Heian)

[BO8] Effect of co-feeding H,S on isomerization and
dehydrogenation of C5 mono olefin over Fe-based
catalyst
ORyo Watanabe®, Fumiya Karasawa', Kazuhide Mino’,
Yuichi Miygagi® Katsuya Watanabe?, Choji Fukuhara'

(1. Shizuoka University, 2. Cosmo Qil Co., Ltd.)
2:15PM - 2:30 PM

[BO9] n-Butane dehydrogenation over mesoporous
alumina-supported PtCu catalysts
Yuki Oshima’, Miru Hirahara', Hitoshi Ogihara', OHideki
Kurokawa' (1. Saitama University)

2:30 PM - 2:45 PM

[B10] Catalytic cracking of polyethylene using zeolite
prepared from coal ash components
Kouki Kunieda', OShuuma Tanaka', Hung Nguyen',
Shinya Matsuura?, Tadanori Hashimoto', Atsushi
ISHIHARA Ishihara' (1. Graduate School of
Engineering, Mie University, 2. Mie Prefecture
Industrial Research Institute)

2:45 PM - 3:00 PM
[B11] Catalytic cracking of VGO using ZSM-5-

containing micro-meso hierarchical catalysts
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prepared by gel skeletal reinforcement
OTomoya Yoshimura®, Tadanori Hashimoto', Atsushi
ISHIHARA Ishihara" (1. Graduate School of
Engineering, Mie University)

3:00 PM - 3:15 PM

Oral presentation

C08-C09

Chair:Toshiyuki Yokoi(Tokyo Inst. of Technology)
2:15 PM - 3:15 PM Room-C (Zuiun)

[C08] Lactic acid production from glucose over
heterogeneous catalysts under base-free
conditions
Daichi Hata', Takeshi Aihara', Hiroki Mkiura'*?, OT
etsuya Shishido"*® (1. Tokyo Metropolitan University,
2. ReHES, 3. ESICB)
2:15PM - 2:45 PM

[C0O9] Development of solid acid catalysts for synthesis
of useful chemicals from saccharides
ORyoichi Otomo" (1. Hokkaido University)

2:45 PM - 3:15 PM

Oral presentation

A13-A15
Chair:Shohei Tada(Hokkiado Univ.)
3:30 PM - 4:30 PM Room-A (Fukuju)

[A13] Development of technology for synthesis of
carbonates, carbamates, and urea derivatives
using carbon dioxide
OKatsuhiko Takeuchi’ (1. National Institute of
Advanced Industrial Science and Technology)

3:30 PM - 4:00 PM

[A14] Synthesis of glycerol carbonate from CO, and
glycerol using CaO as dehydrating agent
OKatsuhiko Takeuchi', Kazuhiro Matsumoto’, Norihisa
Fukaya', Kazuhiko Sato', Jun-Chul Choi' (1. AIST)
4:00 PM - 4:15 PM

[A15] Selective hydrogenation of CO, to CO over metal
phosphides
OTetsuya Shishido'*3, Kazuma Fukuda”, Mingjie Li",
Hiroki Miura?3 (1. Tokyo Metropolitan University, 2.
ReHES, 3. ESICB)

4:15 PM - 4:30 PM
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Oral presentation

B12-B14
Chair:Kazunori Honda(JGC Holdings Corp.)
3:30 PM - 4:15 PM Room-B (Heian)

[B12] Nonoxidative ethane dehydrogenation using Ga-
exchanged zeolites
Zen Maeno”, OMengwen Huangz, Takashi Toyaoz, Ken-
ichi Shimizu® (1. Kogakuin University, 2. Hokkaido
University)
3:30 PM - 3:45 PM

[B13] Dehydrogenation of propane to propene over Cr-
containing zeolite catalyst
Toshiki Kaseguma1, Shuhei Yasuda?, Junko N. Kondo',
OToshiyuki Yokoi' (1. Tokyo Institute of Technology,
2. University of Toyama)
3:45 PM - 4:00 PM

[B14] Catalytic conversion of plastic pyrolysis gas
using zeolite catalyst
OKazumasa Oshima’, Fuka Tsuneyoshi1, Masataka
Sakamoto?, Keigo Tashiro?, Shigeo Satokawa?, Masahiro
Kishida' (1. Kyushu University, 2. Seikei University)
4:00 PM - 4:15 PM

Oral presentation

C10-C12
Chair:Satoshi Inagaki(Yokohama National Univ.)
3:30 PM - 4:30 PM Room-C (Zuiun)

[C10] Effect of sulfur species contamination on
ethylene aromatization using zeolite catalyst
OEriko Konishi', Kazumasa Oshima’, Ryo Watanabe?,
Choji Fukuhara?, Masahiro Kishida' (1. Kyushu
University, 2. Shizuoka University)

3:30 PM - 3:45 PM

[C11] Development of novel organic-inorganic hybrid
layered silicates applicable to bioethanol
condensation
OQing Ma', Katsutoshi Yamamoto', Takuji Ikeda® (1.
Faculty of Environmental Engineering, The University
of Kitakyushu, 2. The National Institute of Advanced
Industrial Science and Technology)

3:45 PM - 4:00 PM
[C12] Development of synthetic route for Fe-
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substituted MWW-type zeolites using
mechanochemical method

ORyota Osuga’, Ginpei Tanaka®, Mizuho Yabushita?,
Kakeru Ninomiyaz, Sachiko Maki?, Maiko Nishibori?,
Kiyoshi Kanie?, Atsushi Muramatsu® (1. Hokkaido
University, 2. Tohoku University)

4:00 PM - 4:30 PM

Oral presentation

B15-B18
Chair:Atsushi Ishihara(Mie Univ.)
4:30 PM - 5:30 PM Room-B (Heian)

[B15] Investigation on location where polypropylene
catalytic pyrolysis proceeds through analysis of
property change by base treatment of zeolite
OTomohiro Fukumasa’, Hiroki Masuda’, Yuya Kawatani’,
Satoshi Suganuma1, Etsushi Tsuji1, Naonobu Katada'

(1. Center for Research on Green Sustainable
Chemistry, Tottori University)
4:30 PM - 4:45 PM

[B16] Beta zeolite catalysts for polypropylene
decomposition in n-C16 solvent
OTakumi Omata’, 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, 4. Faculty of Advaced
Science and Engineering, Waseda university)

4:45 PM - 5:00 PM

[B17] Catalytic decomposition of polypropylene in
petroleum solvent
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, 4. Faculty of Advanced
Science and Engineering, Waseda University)

5:00 PM - 5:15 PM

[B18] Effect of zeolite beta on the decomposition of
polyethylene in hydrocarbon solvents
OMASAHIKO MATSUKATA, Eri Miura', Tohru Kamo',

Motomu Sakai' (1. Waseda University)
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5:15 PM - 5:30 PM

Oral presentation

A16-A18
Chair:Yasutka Kuwahara(Osaka Univ.)
4:45 PM - 5:30 PM Room-A (Fukuju)

[A16] Ammonia methanation of carbon dioxide with a
hybrid catalyst
OHitoshi Saima’, Reiji Sunamoto', Sohsuke Imamura’,
Hiroki Miyaoka', Takayuki Ichikawa' (1. Hiroshima
University)
4:45 PM - 5:00 PM

[A17] Investigation of reaction intermediates for
reverse water-gas shift reaction over
perovskite-type oxide-supported noble metal
catalysts.
OShinnosuke Sekizawa', Wataru Doi', Takayuki
Furukawa', Akihide Yanagita', Keigo Tashiro", Shigeo
Satokawa' (1. Seikei University)
5:00 PM - 5:15 PM

[A18] Electric field assisted low-temperature reverse
water gas shift reaction over Iron-based
catalysts
OShuhei Ogo', Masaki Yamaoka', Keidai Tomozawa',
Tadaharu Ueda’ (1. Kochi University)
5:15 PM - 5:30 PM

Oral presentation

C13-C15
Chair:Ryoda Osuga(Hokkiado Univ.)
4:45 PM - 5:30 PM Room-C (Zuiun)

[C13] Structure determination of Methylaluminoxane
by X-ray Total Scattering Analysis
OToru Wada', Patchanee Chamminkwan’, Toshiaki
Taniike! (1. Japan Advanced Institute of Science and
Technology)
4:45 PM - 5:00 PM

[C14] Catalytic CO oxidation over Au/CST
silicotitanate
OSatoshi INAGAKI", Takuto MIYATANI?, Miyu
MURAOKA?, Kishin MACHIDA?, Yoshihiro KUBOTA" (1.
YOKOHAMA National University, Graduate School of
Engineering, 2. YOKOHAMA National University)
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5:00 PM - 5:15 PM

[C15] Improvement of catalytic performance of
titanium suboxides by formation of composites
with different metals
OMiyu Sato', Futoshi Tanaka', Ryouichi Otomo", Yuichi
Kamiya' (1. Hokkaido University)
5:15 PM - 5:30 PM

©The Japan Petroleum Institute
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Special lecture

Special lecture 1

For the lecturer's convenience, no abstracts (pdf file) will be prepared.
Chair:Koichi Matsushita(ENEOS Corp.)

Mon. May 29, 2023 4:00 PM - 5:00 PM Room-C (Zuiun)

[SO3] Future Mobility
Kato Yoshiaki (CEO, Techno Revolutions LLC )
4:00 PM - 5:00 PM
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The Japan Petroleum Institute The 65th Annual Meeting of Jpn. Petrol. Inst. (The 71st R&D Symposium of JPI)

4:00 PM - 5:00 PM (Mon. May 29, 2023 4:00 PM - 5:00 PM Room-C)
[SO3] Future Mobility

Kato Yoshiaki (CEO, Techno Revolutions LLC )

TEEYUT v (ADBEITBHDOEDY) (F. HMEKIRBREADOKID. EMOES. FONHBOEFCX
D, SEBIESETULICKEZLED>TUVKEEZSNTND, ZOFETZBNIT D &H(C, FHERKDEEY
TAIEESIHBIRENCDODVWTERT B,
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Special lecture

Special lecture 2
Chair:Yuichi Manaka(National Inst. of Advanced Industrial Science and Technology)
Mon. May 29, 2023 5:00 PM - 6:00 PM Room-C (Zuiun)

[SO4] Industry and energy sectors are also involved in the nitrogen issue as a
tradeoff between nitrogen use and nitrogen pollution
OKentaro Hayashi'? (1. Research Institute for Humanity and Nature, 2. National Agriculture
and Food Research Organization, Japan)
5:00 PM - 6:00 PM

©The Japan Petroleum Institute
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ZEEL, ERETo s FOSRY, EERE Pollut., 286, 117559 (2021).
] (UNEP) 7¢ ¥ O Fjfi il fE/p BB EH A B L CT& 4) AAREFREME I NV—7, vxT7H A (2023)
o THEIL 20224 11 H X0 INL T ¥ 7 Hulgi & > https://jpneg.jimdofree.com/

2 —RFEEH->TW5, UNEP [ZEEEREERSICE 5) REHIEREREESOTZERT, 25 2022, 30-31(2022)
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JPI president remarks & Award lecture

JPI president remarks &Award Lecture-JPI Award
Chair:Toru Matsuoka(The Japan Petrol. Inst.)

Chair:Kotohiro Nomura(Tokyo Metropolitan Univ.)

Mon. May 29, 2023 3:10 PM - 3:45 PM Room-C (Zuiun)

[SO1] JPI president remarks
3:10 PM - 3:15 PM

[SO2] Study on preparation and function of supported metal catalysts and
catalyst matrix for petroleum refining

OAtsushi ISHIHARA Ishihara' (1. Graduate School of Engineering, Mie University)
3:15 PM - 3:45 PM
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BHABHRDO-HOEEFERME - MEI )V I AD
AREUE S HREICRE I S E RIS

1. #E

MRS R T, el R, KR, A OOE
D7 AN BRI I, FILEIUT TR o T2 [EK
RIS VBTV D, Hl i T, miEtEe €
FT7A4 bE~ bV w7 AL RDIRAEHW
b A, = hU w7 ADFEEE, EECERY
BIMER CICEBT L BN, ZRETO
FITHI IR A 72y VD) KB LR TIE, R
W RoBA4 T4 N AV ERS v N v
25 72 HAEAHHRIZ NiMo < CoMo 72 £ D4 @ ik
3 E AR LT 2 e RE R 32 T 5 03 mi T
W L7 filiZd7eu, RS ClE, @ PYALO;
FRIBERS DN B D 08 A7 2 Al O TR % 3
WEZEDDITEE LV, 22T, Zhboaihks
oA THOWLNLMMERICEENRD~ R
v 7 ARAIICHE B U LOHT LRSS A o FH 1 4
A, IS OHEfM R, IKFEAL R, BfhdE O
BN BT BEEEEIZ S THEAT L =55 B 2 5347
T 5,

2. 2R, INSHBAVEH, RELGAVHMS
HAHRBEEEMEOIR &M, VG0 & & U LDPE
D ¥ fh 5 2

PE SR CIE, RE e A VY HLEFS VU b 2l
TE D7 NVERMEGSR)IEEZ YA T A NMEET
T L7690, B4 T A MRS 7 VB i Al
TRV BAT L LICLY B4 T4 & GSR
ETHRIL7= U (GSR v U ) #[ERHZIA
R 5 HE VDRI &R,

Fig.l ICPE it OFR EHRE A2 R L= X %
Y, BATA MEEFTA YLV Y AR L,
2 Jg oS AEE (2L) #FET 5 9, I 512
D2ALTGFHETFTT.GSR VU B EFRESHEDLZ LITX
D, L7 fl-/NERAVI-RERAIAND R
% 3 BopEEEML 3L) 2S5, B4
TA RBFLICHY . ZOIMINT NS 72 A FLA
DAL, SHICEDOIMANT LV K& 722 LN F

fET oM EME L L REICHRT 52 2icdk v,

VGO, KTl (SBO) HAHWIIIKEEARY =F L
Y(LDPE)R EOE RGO E AT A b 1
THERLZ LY IGHEOB WS T 7 ¢ v RoF
V7 v, BEBERE OREIRAE R O BB A

L - wLiEh  bol
(ZEKBEL) Alf 8
0, Mesoporous

TEOS A L™ ,”SiOz

“ o I'e
Malic acid ° 000
® 9y Two-layered
catalyst
Gel skeletal
reinforcement TEOS

(GSR) HMDS + AA

% :
/.“ o 'L.\C" /Q/
/\/\/\‘Jﬁ\/\/\ [ .T GSR-Si0,

Heavy fractions Aromatics,
(AR, VGO, SBO etc.) Thtrele"fyemd Gasoline,
catalys Hydrogen

Fig. 1 Preparation and function of hierarchical catalyst

hRESRET D2 ENTE S,

WA B fish o5 il i D 387 UM (8 72 A ik & L
T, ¥=2VU—+ KA b4 17 A% —(CPP)
ERAWDHIEEREZELZAEZRT, HY B4 Z
A FRAEEIC LD VGO DA R A2 Mt L 7=k
B ER RO AY AT A FDORE
ik Clx, YV VBIREIFZEA T A FEMEY
HZ T1% % s L2y, s baidm E L2y, —
J. 2L BROBL L EME(LT D L TEAT
A4 FEMET T 220 0b b TR N m BT
B LNy T, BRERC > BIH AIFLARE &
NH3-TPD Offi% . #thihic VGO Difsfbf s 7 a »
LR, LWEREAE RS, S ML
FHEH D VIR &S B L T2 ATREME R S
ni= 9,

3.GSR¥ D& IN-5 DEIBREICLZY—17 2
[EiSEEEAEDRE L EMOMRIZE 1T HHEE
BATA ML 0B—ICmABIbSE 572012
X, AV B EBATA D ERIFICEASY
LHENENTHD, FVEBRGHERETHD~F
P A F L m F Y (HMDS) & K EERE (AA) D IR
B AE. T RIS REALT VB AE R X
> R(TPAOH) % v 7= ZSM-5 J il |c /7 S8 5
ik, AVHT I B EEFT A D ERRRIC
AEXEDLZ ENTEY, Fig. 212 HMDS %S0
BOBIIZEZ AV L ZSM-5 OFRAE
DEALE T, RFOFIL, ZSM-5 GRH D>
U AFIF O Si EABITXT D HMDS O E /LD
fEZEHSETRLTWD, HMDS 2 10% D4
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(GSR-10HS-H-ZSM-5, LI Tl LT 10HS & LT
F). A VLYY BIFFEARE T, ZSM-5 ST A
AR LTz, HMDS &M EE 5122500 TA VAL
U AR L, 12HS 38 X OV 13HS Tl gk
NERENT-, L, 14HS L9 5% & ZSM-5 f#
EiITER ENT . A VI B OHREBRERL S LT,

Z Ofiligt Z T, CPP % 500°C C LDPE D%
fih oy iRt = Bt L 7= 9, ZSM-5 D& A F N E W
H-ZSM-5, 10HS 3 X O* 12HS T 20%F([#% O = 75
BRI EZ R LTz, 72, STV UREHTO
p-F v L UBIRMIZER 5 &, H-ZSM-5 TiX m-
XL EIRPE E VLAY, 10HS, 12HS B L O
13HS T 95%LL E DR TEv p-F o L 3l
BT ENSoT-, T, 10HS, 12HS B
J TV 13HS T Fig. 2 TrRENT- K 9 2 H-ZSM-5
DAEFHEMNIERE ) DI LV m2RIEmEbN
kA2 L TRV . ZSM-5 D43 b OmE s o3
ENAREMEAL L7z Z EABIFR LTV 5, 10HS Tl
1B CHUY L7z @i dntE H-ZSM-5 23 U )
WX UARENPWEEB SN TWDD, @iEtt s &
p-F ¥ L VRO & FIRFICREBLT 5 2 &
T& 7=,

Zeolite Mesopores
~<3 QDZ
7/
10HS A
\ 12HS, O
o) Large
TEmplete ' f mesopores
“aeenB 1) s IO
el —— OO
Zeolite,” @
Precursor ;1 O
AV VA VAV 2N

Gel skeletal \ 1aks

reinforcement Zeolite-containing

hierarchical catalyst
% Mesoporous
material
Fig. 2 Hypothetical images of zeolite-containing

hierarchical catalysts prepared using different amounts
of the gel skeletal reinforcing agents®

4. X Z4 F-AL0; EEBAEERE Pt/NiMo & &
U Pt/CoMo Bt #fibi (= & 2 mAE & & U FAME IR
LB KR 52 fE

KRFEACSIRTIZ, BAT A b & A|20375>f572€%>7‘2
HHARIC Pt R NiMo &£ L 7= filifitiz i}l
SONENER A F LT 2T )L %{&E%‘iﬂ%?f‘@fﬂi L.k
F LT E WA BRI BIE T D RIS F AL 0 iR
ERELHIZRT 19, Fig. 3121 X H1c, g
NKFEE HESTICHBEN B ToiET 5 J:{EafE
THE MBSO AT ASERND CO 8 3 %
F& RN, Cls & CL7T DT VIR
LC EEFELTDZEICEY 6 0 FOFHFRNE

GHER EE5AFR (B71OMARRSR)

EJZ@“ZD LT B7%0b, BLZFUHGFOKENELN
Do ZORISEBRRIZATO ZLI2X 0, WE»D
KFET YV &AL FEE O FiK %
MECTE D, B-EATA F-AlOs %Eé\ﬁﬁ:a: Pt <‘:

NiMo ZHHFF L. fififk L CIRE L 7=l ic
580°CC SBO DB kMiAKE{LS \ﬁq:%:ﬁédbt& z
4. 1.0MPa O TFCHMARIL 100% 77 fE L, &
WG S AT=, D 1.0MPa LL T OARE T D4y
TlX. NiMo & W= 721F TIlEHoickFE i fikfs &
3. PtORMB AR TH- T2,

TG D BRAGIK F A3 M8 Tl 7205 F BIER A
20%IZZE L CTWARWA, FAME OET LV TH DA
LA VATV E W RO BRE LK F A0 R
TI% 500°C, 0.5MPa O 541 TH FHILED 20%IZ
ETAMBELH Y. ZOHEITITAZEBEEN 01
TSN TND W,

Pt or Pd
NiMoS or CoMoS
IA1,O, 3Co, 14H,
sz"‘-. /?\ t
rak \O/?\ m—) R@
C3Hy Pt/BAIl or Pd/BAl

Fig. 3 Hypothetical reaction pathway of dehydrocyclization of
soybean 0il*)

5. Zn B & U Ga i ZSM-5-A1,0; t5 & EL 1Lt fih i
I2&B mrRUAUHALDEEEEE
PR OOE Tl N Z R0 nenF I U B R
R TRIRNCE D702, Zn R Ga A LT
ZSM-5 < RU w7 2L 1L TH ALO: ZIEE Lt
ﬁﬁﬁ;‘t%ﬂ%b\ BRALDLAKSE 2R A 7B 2 ov g 1),
AT THREIL 7> TV 5 C5 B LT C6 ¥y
@f)'%ﬂﬁﬂﬁﬁﬁ LB EFHRMEEITO D, Zn B
L Ga TR LT ZSM-5 &t~ U w7 AL LT
AlLOs ZiRA LI Al U A 2 R L n-_ &
L OBRIVNKFE % 550°C TIT - 72, AlLO3 il DR
INE:Z OWt% > 5 10Wt% TN & & 5% & | B5{kBD
ZIT/NEZWVDS, BTX ~OZIRMN M\ E9 25 AlOs
O EEZNDO TR L. BA T4 FoRmES
Bt nZ LR TEIz, £72. Zn KK ZSM-5 %
AW TIE CHy OBPRER—ETHD I &
B, C2-C4 BT IE E B 72 D RS &% 77, 8
INh7=4& g <. Diels-Alder iz L B4 L7 v
53 D At LT U S FRACAERICES LT D
AREMEDS R ENTZ, —F . Ga &R ZSM-5 & v iz
ST, Ga 23#8 ZSM-5 OEEANC & 3720y CHy
DOBPCENIEIN L2728, £ Th 5 CA o3 D
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2 W PR EAT T DR OER AL DO TE RS AR S v Tz
12b)
6. £&H

L= Uy 7 2OFRE & it iE T O
BEICERA L. R 7B LA VISR DA 72
PRSI 2R Lo~ N v 7 AR D A Y
LEAPEEZ M ESE B4 T4 FOMERICKE

RS L LER LT, FVERARIEILE AT
A B B S RS O BUE [ N X | kT
ML AR A LS, £, X2 U — -
RA YV b a4 F—iEEZHNT, BRSO
P SR T+ % Z LN T & T2, £72. KFE S
FEARIE 2 F T2 RSP IR e A /L= X 7 )L DK
JECOMBDOAREMEZ /R LTZ, S5 Zn(Ga)sc#fa
ZSM-5 & AlLOs & DIR G2 -V T n-Sr & v
DOFEAMSUE AR BT OB/ IREIREIC~ Y v
J ADEEINHFIET D L EBR LT,

1) A. Ishihara, Fuel Process. Technol., 194, 106116
(2019).

2) AR, filldt, 83 (3), 87 (2015).

3) A. Ishihara et al., Energy & Fuels, 34, 7448 (2020).
4) H. Oono et al., Micropor. Mesopor. Mater., 233, 163
(2016).

5) K. Mori et al., Catal. Sci. Technol., 9, 3614 (2019).
6) K. Inui et al., J. Catal., 295, 81 (2012).

7) T. Sonthisawate et al., Fuel Process. Technol., 142,
337 (2016).

8) S. Matsuura, T. Hashimoto, A. Ishihara, Fuel
Process. Technol., 227, 107106 (2022).

9) K. Mizuno, et al., Chem. Lett., 51(10), 1033 (2022).
10) a) Y. Shirasaki et al., Fuel Process. Technol., 194,
106109 (2019). b) S. Kanamori et al., ACS Omega, 6,
5509 (2021).

11) a) K. Takemoto et al., Fuel, 289, 119885 (2021). b)
Y. Tsuchimori et al., RSC Adv., 11, 19864 (2021).

12) a) K. Takai et al., ACS Omega, 5, 11160 (2020). b)
Y. Kodama et al., Fuel Process. Technol., 213, 106679
(2021). c¢) T. Mizuno et al., J. Jpn. Petrol. Inst., 65,
27-35 (2022).
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Oral presentation

A01-A03

Chair:Ryoichi Otmo(Hokkiado Univ.)
Tue. May 30, 2023 9:30 AM - 10:15 AM Room-A (Fukuju)

[AO1] Continuous conversion of lignin model compound into mono-aromatics
using aqueous ethanol solution
OKenkichi Taniguchi', Etty Nurlia Kusumawati', Hidetaka Nanao', Osamu Sato?, Aritomo
Yamaguchi?, Masayuki Shirai"? (1. Graduate School of Science and Engineering, Iwate
University, 2. Research Institute for Chemical Process Technology, Natinal Institute of
Advanced Industrial Science and Technology (AIST))
9:30 AM - 9:45 AM

[A02] Conversion of palm acid oil to biodiesel fuel using solid acid catalysts
OLIJIANG FAN', Eika W Qian’, Kenji Kamiya' (1. Tokyo University of Agriculture and
Technology)
9:45 AM - 10:00 AM

[AO03] High efficiency production of 5-HMF from glucose by multi-phase reaction
system and solid catalyst
OYUYANG JIA", Eika W Qian', Kenji Kamiya' (1. Tokyo university of Agriculture and
Technology)
10:00 AM - 10:15 AM
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TH )= VKRR EF WD) 7 =T AENALE Y D
BABR 75 75 M~ 0D 850 28 A S i

)
(EFR - ERIT?) OfB N
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ek
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[ERAEE]

0TI

5™ - Etty Nurlia Kusumawati™ « ©E 552" .
}Sé?ﬁ‘* RESH 37)”)&’6* L5 fé@éf* .
&2 hn A2 AaF ahe™m

1. ¥ 8

NERNA A~ A% HWEWE & T Dbk O
BRI FHE T RE72AEPE Y B AEEICHIRTE 5 &
WS Tnb, KEFZRAAS A~ ZADERISITE
na—2A, ~Iktru—2x, US=ThY, 1
ERNDRRGT AL FURR~ & B39 D WFIE 3 5% <
BRENTWS, BAE—2R0~I L r— R 3
PR E~DOER, VT = XS ERAC A~ DA
I AFFEENT WD, ZDH B U F= 3kl L
DI Z TR RS 5 L KBEEAFT57 =
= NVEANEBERSND D, ERIE SR NE S
L@ T ER AR S B B OIRSy T &5 B RIS
PMETFLTLE D, MEER EORESLLEO A
AW, REAMNSTEHROM2 oD FE
TY V= R0 FmEA~EET D3NN E E
N5, KR TIEL, RKERNAA A~ 2O FIH
FHETEHSLS, Bro—2nbEL A3 4
=X ) —)VIZIER L, =& = KERERHA L
JR 3 - 3R - PR SR B O IS BE 3 RS AT DU TR ES
Lz, BELLTY V=0 PZEEND 0-0-4 S
WALDET MMEEMTH L XUV T 2 =) m—T
NEFAWTZ ) — LKA CRLEL LT,

2. £ B

RSN EEEZ AN TR VLT 2= m—T
/v (BPE) DA HRIG AT -7z, KWE 0.7 mm,
W 1.78mm, 2 10m D AT L AF 2 —T7 %
=T UHNICRE LYY VORI TR E %o T,
FOSEIRIE, =% 7 —VIEIEEC BPE 2 fif S H(7
mmol-dm3), /K& =¥ ) —/WRiKEZTnZENH o
VU 7 O THRBRENICH L, 2 Of
BILCIRA SW 72, “BLRFZIRNT 5 6T,
WIED “LIRFEAFIELIZV Y VO R T %2
THTE D E CTKEREEE N % ) — WETR & AT
W7z, WEANEEROE T ER CTHRE LT,
FOSHITEBEEIN LA A 7 v~ k7 F 7 (GC-FID)IZ
ToatrLiz,

3 RREEBE

T X ) — VKIER D e 72 K1 Z ) — Vo
v FRSamE VTR LT, =% ) —/LENS)
013 Ok 2cmdP+ =% J—)L 1cmd) DREETT
I3 — )V K DRI R DU e R & 72 o T,
SO 573-673 K, 27 40 MPa, 7K 26.1

1y

mmol-min?, =% /—/L¥EHK 4.1 mmonl-min?, 2

{bfR5E 1.2 mmol-min? O 5ff Tt =i 2 E &
VT BPE Z4LEE L 7= (Figure 1), HAATHERIY7-0
BRI DT % 7 — VBNV 53313 013 Th D, M
IREE 573 K TSR (=2 7 U V&, ks
fi) (\Z& o> TR VT )L —TF )L(BEE) 3%, X
PULT a— L (BA) 11%, 7 =/ —/L(Ph) 19%7°
HIBARE L GlgMIcE N, /72, br=x
(TL) 1%, X v 7 = /) —)V(BP) 12% & L 7=,
TL 1 IKFE R (B R) (2L, BP X BPE 237
CHNBAHE L RN TN T 2 IR T
WINERR, BRAT DI ETAERLELDEEZD
N5, FOSIREEZ BF 5 2 & THBIFERENER, —
BERERDIEELE HITHEM LT,

Y HEROSRERTNY:, BRNEIER R 2o
T 9 b

100 . .
.
80 r
=
= °
2
£ 60 r
w
=
=
3
= =
g 40 r
=
v
.>,: I F
20 t+
0
573 598 623 673
Temperature/ K

Figure 1 > L7 = = )L —F L D HEE IS iR
BOSIZ 31F 2 BSOS EE O 2%

573-673 K, 7K 26.1 mmol'mint, =% / —/ 4.1
mmol-min?, g {bikFE 1.2 mmol-min?t, 40 MPa),
5% (@), BEE(M), BA(H), Ph(M), TL(H),
BP (M), BREURER]; 45 min (15 min X 3).
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B B 2 AN 72— AR A N DA FTF 4 — B NVIRE~ DL

BV VA (A N]

AR TLR) O #

R VA AN NHR T AT
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1. &5

NR— LA A NVORERTIL, FEEHEL TR S
Ut RTG<T0%) & HEBENRNIEE(FFA>30%) % &
Lo/ N— LA A MPAO)BREIESNLD, ZHETIT
AAFSEE TIXEREBAMELZ VT PAO & A X /) —
VAR S5 BDF BEEA R L CE 70,
BDF DOEIRFEMENENZ EXETH -T2, £
T T AR CIIBT L E (R ER A A BHJE L PAO &
ZOETNMLEWEIFEEE LTHER L, A%/ —
V& OWE RS EAT T2, ABFIETIZ PAO & A ¥
J=IVIIGRIZEBNW T, = AT /B L= AT L
RS IZM % T, Ak Sz Gk A F v
(FAME)X® TG OB #5417V, BDF ORI
kA deET 2 REEEA T2 2 L2 HNE L
77

2. ERFE

fiflit & LT SBA-15 |2 Al Z#F A L7 Al-SBA-15
ZEA L. SAPO-11 XMl & iz, BOGEE
IZIZ%E PAO B X OMENIBA(FFA)E Y 77Uk K
(TG & —EDEIA TRE LizE T VEEHHEZ A
7o FETEBRTITEERTENNERE &Ny F
A SaR 2 VY SOSIRE X 220-280 °C, LHSV 1%
0.5-2h', SUCHEERIX 3h & L7z, AT GC-FID
L GC-MS THOMTEAT>T-, FT-ERIMOREE &
Slip point Z & L 7=,

3. MERLEBE
3.1. PAO O%H

i E RIS g T SUSREE 240-280 C.
LHSV (% 0.5 h! & L. AI-SBA-15(7)fifit % FH\ 7=
PAO DOECEHEF % Fig. 1 (TR L7z, 280 ‘COHE,
FFA #2{b3#1% 92.9%. TG #ix{b31E 66.3%., FMHE(L
FEIE 69.8% & 72 o e, AR OREEZ I3 B D 74.2
mPa *s 705 3.54mPa * s (2, &% 139 mgKOH/g
725 6.1 mgKOH/g (2387 L 7=, Slip point % 47.3 °C
ne 83 Clek#E LT,

32. LA VEBBRAFIVOERBMEACEE

[ E R AR g T, A LA VA F L%
JFEE LT, B2 D Si/Al @ Al-SBA-15 % W T,
220-260 ‘C. LHSV Z 2h' & L. ‘B EMHEEIG

~ 100
S gy —+ =
2 75
Y
5% 50 ¢
z.8
g% 25 | ® Conversion of Fatty acid
o E Conversion of TG
g Isomerization Degree
5 0 L L
= 220 240 260 280 300

Temperature (°C)

Fig. 1 Conversions and Isomerization Degree of Fatty
acid and TG on Al-SBA-15(7) catalyst.

30

°\° Si/Al=5/1

E 20 | = Si/Al=7/1

é + Si/Al=10/1

=

€ 10} *
<

8

St

L

E 0 1 1 1
g 200 220 240 260 280

Temperature (°C)
Fig. 2 Changes in Isomerization rate with different
Si/Al ratio for AI-SBA-15

"Table 1 Conversion and Isomerization Degree of Fatty acid and TG

Feedl Feed2
Temperature(C) 220 240 260 220 240 260
Xepa-c2:1 65.8 71.8 825 76.8 87.3 88.9
Xr6-cis:0 - - - 513 57.1 652
XrG-cig 33.2 37.8 36.1 393 445 59.6
ISOppa.c22:1 253 693 84.8 394 869 95.6
ISOrg.c151 157 64.1 86.3 16.7 71.0 83.1

Feed1:FFA ,,.,,(30wt%),TG 5., (70Wt%) X:Conversion (%)
Feed2:FFA ,,,(30wt%),TG 4.;(35Wt%), TG 5,(35wt%) ISO:Isomerization Degree (%)

ZATolz, SUAl ZHNSE 5 &4 LA VEEA TV
OISR I RIEICHEINT 5 2 L B3 bh o7, Fig 2
(RO IREER O R BMA R 2 7R LTz, SIAI(T)D
Bh . BMECREIE D & o 728, SI/AIGS) T, 7
T XU IGHIAET DT, B RELE
SiI/AI(7) &V HAEL 72572, 72 LHSV 1 0.5h" D
A A VA VAT O REMAERIT 80%LL i
ELT,

3.3. ET/VIEEHEOBE RIS

SOGHEREFEBH D 7=, SAPO-11 % 7= 2 FiSA
DE T VIEEHFeedl: FFA2:1(30wWt%)+TGis:1 (70Wt%).
Feed2:FFA22:1(30wt%)+TGuis:1(35wt%)+TGis:0(35wt%)
YOWE Z#FT-7=, Table 1 k0O, FUA LA
(TGis)D—B% N U AT T U A(TGigo)lllEZ 5 &
NellE Dlinfb = & 4k L7z FAME OB B4 bR
AN L, TGisa & TGisa H12k FAME O/F#&% B AL
DETT D EBbhroTz, 2. TGiso T TGiso
i3k FAME O 5% ST R b o 72,

4. F&®

Al-SBA-15(7)% VT, BUSIREE 260 °CORF, 2
B PAO ARG OKEEE X 3.54 mPa + s, FEMlIE 6.1
mgKOH/g. Slip point |% 8.3 °C~& kST,
ERERSOG TlE. AI-SBA-15(Si/AI=7) & iV 5
ZETH LA U ATFILORMALRIT 80%LL EiZ
LT, ETVEEHNOWERIS LV, FAME & &
HITAREF TG DOFHEEMEEZ D Z LA on
ST, FTCAEIFN TG oA ESFfENIER 38 fN TG &
DR FRY A MIBHFWET D L Rbhol,

Copyright(C) The Japan Petroleum Institute 2023 All rights reserved- A02 -



GHER EE5AFR (B71OMARRSR)

B L A R R IZE DT N a—R B Rk Ui

5-HMF D5 3hR8lE

1. &S

(LA EIROREBITREE 2> TRY ., HA REE IR
~OBITHRUETHD, TOH TV /n—AHk
D Co FHERIIFAFTREZRE P T, DK T2&, @mULHME
HEATHS 5-ERuxs AF L7 V75— (5-HMF)
DELNAZENEH SN TV, £ 2 CTARZE TlElH
IR A T BRFN72 454 7 C 5-HMF &2 /L —2
MHT Ry N CRET A7 v ADOBRE BELT-,
F7-. 5-HMF O /3 iz iz %72 MIBK % fv 7= —
FHBOSFRbIRFT LI,

2. EBRFE

AL TR L, d s ZSM-5, Y ZAF
LA LT- H-, Na-, K-, Na/H-ZSM-5, Na-Y, Na/H-
Y CThoto, IS ELL TH— ML —7ZHn, 7V
a—Z/fill/ 7k =1.0/0.5/30 [g/g/g]l. 160—200 °C TKL
JRE 0.5-6 h TITo72, $£72 MIBK & Mo AKX
i & TUE 7 v 3 — A/l /7K /MIBK = 0.2/0.1/6/60
[g/g/g/g]. 180 °C, 3.0 h THUGSH Tz, fFHII/KFHEE
#1X HPLC TH#TL ., AL GC TotraLiz,

3. BREABIUCEE

3.1 AKMIZBTFDHT Va—AD Kk

ZSM-5 fil LD TE MRS B X Fig. 1 IORLTZ, — OO
il C OB b L 5S-HMF YL=E1E H-ZSM-5 LD EH-o
720 BRMEFEARIE Na/H-ZSM-5 Tid, FE7 L7k —=

100 —— K-ZSM5 —A— Na-ZSM5
- A 6
,\-o\ 80 —0— H-ZSM5 _ @
=) [ ] =)
— e - ~—
= L -~ =]
— >
% 40 , LEL
S 20t T
0 0

Fig. 1 Conversion and 5-HMF yield on different acidic

and basic catalysts.

— Do 250t oz par DAL
CRAUR L R)oH -8k frdE-fhgy &I

OENEE DL, Y BRI O TG MERE R
I Fig. 2 \ZRL7z, ZSM-5 filllEL b ~T Y AT A
I Lm\V 5-HMF IR &R AR LT,
3.2 THIRGFR TOI IV a—AD K

KFHE Z A0 R (UK + MIBK) O s Rz g L7-
(Table 1), HEIEMRIE DG . “HRUERTO 5-HMF
RPN T2 DI LT, it D556 Tk, —4H
FOGRTO 5-HMF ICGRIFKFEE AT KRz m B
L7z, ZAUTAR S 5-HMF 2% MIBK fRIZfhHH &S,
B RZ IR LT 72b &2 B2 D,

24 —&— Na/H-ZSM5 —&— Na-Y
—~20|—®— Na/H-Y —v— Na-ZSM5
X
< 16
5 L
<5}

'3, 12
L
8l
=
I 4
0

o1 2 5 4 5 6
Time (h

Fig. 2 5-HMF yield on different acidic and basic catalysts.

Table 1 Activity test of glucose using different catalysts
(180 °C; 3 h).

Conv. Yield [%]
Catalyst .
[%0] Fructose 5-HMF

NaY (aqueous) 83.89 7.38 28.79
NaY (aqu.+MIBK) 94.9 11.54 19.41
HZSM-5 (aqueous) 94.7 5.13 4.35
HZSM-5(aqu.+MIBK)  89.6 8.82 28.86
4. K

K TOZ Na—2E 5-HMF ~O GIZHEWNT,
AR TR A AR LD AR BOSIZE L TRY | ZSM-5 12
Y BIBATANIE 5-HMF IURE /R LT, —F
T, K+MIBK —AH%R LRl A OF 32356 KHH
FREDLE S-HMF IR SEH7Z,
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Chair:Masaru Ihara(Japna Org. for Metals and Eneregy Security)
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[BO1] Development of carbon-supported metal nanoparticle catalysts for
dehydrogenation of formic acid and hydrogenation of polyols
OHiroyasu Fujitsuka' (1. Kyoto University)

9:30 AM - 10:00 AM

[BO2] Effect of Cobalt Oxide Addition on Formic Acid Synthesis by CO,
Hydrogenation Using Pd-Based Catalyst
OKohsuke MORI", Jun SHINOGI'", Hiromi YAMASHITA" (1. Osaka University)

10:00 AM - 10:15 AM
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GHER EE5AFR (B71OMARRSR)

FHABE L UVRETILA—ILKRIEGERO-HDRFBHEEEM

AT ARR DS

G OREHE b

1. #8

KFEFX v U T h 5 OKFRIECKE L ELE D A
T ZADOAV SR T 1 AT, R TRIR b
L TEME 2 el 2 T AR AR R D B D BRI
B ORERIRE, IR EToORIBISICE D
BRI R A 2 72V K, 428 2 9R[E | [ E
(b9 DIEM S 2 FF T2 72N T2 DA B DRI X DI
TR E 72 5. FHUTKEL, BERE BITGA 4
ARG 2 ISR TRIR ORI/ & U7 IR AR
ORI AL 2 B L C & 72 19, AFEFETIL, BHFEfh
% R FREOL % L OWET L 2 — LD KFEAL
AR ST LA AW TR 5.

2. ZER

RSV T IIEEVERS A A A MR R (WK-11, =
IV ERWE. &R T AU IRE LT, HlE
=V, RN, HEbT X AaeE V.

bR OIS 2B 1 1 oRd. A A AcHakstis
ZATEDBIRE, SR LSRRk
IR LTz, T =TKER 9252 & TRIRD
pH Z 59t ELMEI SRS L, A A ARG LT, =
IR C 24 Kl A A ZHaZAT S Te DB, Al » HEIRIT
£V &g A A o HEF I E Metal@resin) Z 1572 .
Metal@resin % ZE5&3i@ FC 500 °C, 30 43 ZMILEL L,
ERRL LT BIIE R CaJB A A DiE T L IR DR
LA FRIRFZEAT S, @RR 2 RFHETHEL
7o IR FAFRE B (Metal @C) & 15 7=

PINI@C |2 & 2 Wi S L s S 2 2
VY, BUSTREE 100~200 °C, fH4#AFEYE 12 kPa,
GHSV=300,000h |23V THEfE L=, £72, Cu@C
I2EB Y RY b= BIOZ YR Y o OKFEH
We 8 RO m Ry NS a2 vy, ROSRE
150~180 °C, FJIHI/KFEIE 0.3~1.8 MPa, WouWiolyol =
0.2 g/g IZFV T HEff L 7=

(Metal@resin)

3. BRBLUER

(1) PINi@C itz V= FWe0ig . A A%
PSR OB R B BINROA A L 2R EAI
THZLT, SR liid s LN TE5. %
D=8, A A PR OB L v 5N
% PINi@C il D> & BARR A LRI HIE 32 2 &3
AfEL a7, FARLL 7 PINI@C filfiion & @R i &
1% 25~49 wt%, XRD FBLONTEM (2 X 0 HIE L7=4:
BRAEIIOTIE 2 nm BT LSV R R
Wk PIREZ N T D Z L& R LT

FHEL L 7= PINi@C fil#i (PtNi = 75 mol%:25 mol%)
Z 2 150 °C 1281 2 /0~ b O/KFEERGHE
1% 20,8000 Nm3-Hy/(m?-h) & 72 > 72, BT OTEMEAL
TR F 1T 30~40 kl/mol &, HEEALECH D Z L
DRI STz, & Z°C, MR L0 Ak 722 % 1/5
(2 L7l 2 2 & CROSSERSAHTATL,
IRBAERGEEE AN 3 f5icm) B L7z,

(2) Cu@C fillt A =BT )L 20— L DK E LI
fesE ©  Cu I B I ED 67 wi%, ki1
BT 18 nm & 72572, Cu DX L~ ARFEN 500 °C
VIR, fBERELAT Cu fk 1 OB
RS S 7oAy, o fl IR (R (G4 B2 (AC), SiO,
Chromite) % IV VE{ZIE CTHEL L 7= st (FHEFE
10 wt%) & Lhie U CaBhi v <, B L
fb RS EIC K 2 BUERE DI AR BT,

Cu@C W= U 2 Y b= )L D/KFLMiEE
JTTIE, BER LY HAKY VKFEIE 1.8 MPa lZBWV\ T
IR (68 % (180 °C, 24 h)) TKELMBEE Lk
BFOI, SOGH O Cu OEHE - IEHITHESE S /s
mofo. Ziu, RIEMEZRRFHEOMH, BIO
Cu KIS RFARIERE S NSRS, [F]
FRIZ, Cu@C ZFHWi=27 ) U > OKEBEESE X
STIE, EW12-F e R D — VISR AR LT

EEAAABFH IR

2/§1z;§1t
(BFRP,
so0c) ) | _ Eng. J., 377, 120276 (2019).

1) Fujitsuka, H. et al., J. Chem. Eng.
Jpn, 52,423 (2019).
2) Hanprerakriengkrai, S. et al., Chem.

i 3 £
(Metal@C)

3) Wang, W. et al, Appl. Catal. A.
Gen., 619, 118152 (2021).

4) Wang, W. et al., Catal. Today, 411-
412, 113827 (2022).
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Pd ZfitifEZ ALV CO KFRIL XD FEEEHRIGIZE TS

3| AmVAYIN =) 1f 2
(KBEAT) O st - &k # - 0T 4B

XPS HI7E & U FUSHRHET TT N TORIKRD Cos04
OREKBENENLIZZ ERNghoTz, EHIC
CO,-TPD {IZE & ¥ F K EE & & S ILE R E O
A (100)EH A FEH L7z cube TIHRRK TH -7, Zhub
DL, KK L EOWEIEMED CO, KFN
ORMC R & 72508 % 5.2 T D 2 EBRIB iz,

T

X aE HAERREAKZEZ A LF—Fy U T & LTH|
M3 2 7-0i2iE, BKFEAE(HCOOH — H, + CO»)
ORRZIEL E LY, WL THD CO, DKFLSIEL
2 & B XA 7 1 & A(CO, + Hy — HCOOH) D4
HEHLRAIRTHD Y, KD COy DIAFRIE MR-
D, BEAF OMEER T A saet, RN % i H
THVERH L, LNLARNRGL, ZHIXHEEE2KE
Fx U7 L LCHAT 2MCKEARTAY v k& ! v m§m£§5
B SBIT, BUSHEDZ LU COMEMALIZIE 100 i o J0AeW Relad) Tol oo,
B LR EREALE T B8, €O, DRI i~ ‘ (R
DO FE ISR THER TH 5720, KGR

Cloz 'i'z <t

HED ERHE AR RART 5 2, KBRS Syl
At (PAAg/TIONZ Cos04 Z Bl & L CTHSINT % B R FRK ARG

HCOOH

T & THAIEFAE T CofEEm Ea2 B Lz, AR

JERTIE, Co304 TD CO, RFMNT & % HaCOs DR
L. PAAg/TIO, TD HyCOs KA &\ 5 — BrpE R Fig. 1 Schematic illustration CO, hydrogenation in water

2 KD FA R T & 5 (Fig. 1), in the presence of Co304 as hydration catalysis of CO,.

(100)i

2. ER

KRESOSIZHUT D, IR IEORIE, SO RE %
MR D Z & TR L 72 Cos04 (cube, octahedra,
sheet) & 5k L 7o, FEEDA SIS, RIS #RD
— b7 =TT E & O, H0(15 mL)%_”jJIJZ\
/KFE 1 MPa 35 L O {b ik # 1 MPa D5t 2 MPa |2
L, 100°C, /KEPEATHAR LIT o 7o, TEMRITIRIR 7
n~ h7Z7 4—%H\T6hTOTON ZRKbD7-,

N
o
o
o

-
[
o
o

1000 -

500 -

TON / moliicoonmOlpg ' Mcos0s™

o
!

x}f"%‘\ o o ‘(\e&a s“ee\
Q

Fig. 2 Effect of Co304 morphology on CO, hydrogenation
3. WEBIUEE

TEM (2 X 0 FEIRHE L 7= Co304 23, 1240 cube
1%(100), octahedra 1Z(111). sheet IZ(112)fE &l if % i H
LTND I L a R LTz, CosO4 D HIHKS i OE
DIGEICR B E 5 2 5 2 &% L L7 (Fig. 2).
PdAg/TiO2 D F TIL TON=9 T - 7275, cube Ik Co304
DI LV TON=76 & FREBEIICIA b LT, Fig.2 i Mater, 2020, 3, 5847
BN RGNS 72 @ TON &34, $R2(100)HE D%

H L7z cube tRD Cos04 BAEZNTH D Z L EZHH LM
L7,

activity in water based on surface area of C0304.

1) K. Mori, T. Sano, H. Kobayashi, H. Yamashita, J. Am.
Chem. Soc., 2018, 140, 8902
2) S. Masuda, K. Mori, H. Yamashita, ACS Appl. Energy
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[CO1] A demonstration of ammonia production (1 kg/day) by a high-pressure
synthesis system
OMasashi Kikugawa', Yoshihiro Goto', Kiyoshi Yamazaki', Masakazu Aoki', Naoki Baba', Akinori
Sato?, Yuichi Manaka®, Tetsuya Nanba®, Hideyuki Matsumoto®, Shinichi Ookawara* (1. TOYOTA
Central R&D Labs., Inc., 2. TOYOTA Motor Corp., 3. National Institute of Advanced Industrial
Science and Technology, 4. Tokyo Institute of Technology)
9:30 AM - 9:45 AM

[CO2] Development and demonstration of New Technology for the Reduction of
Crude Oil Sludge
ONAOYA FUKATSU", TAKU MORIYAMA', KENJI IKEDA?, YOSHIHIRO TAKAGI?, KAZUHITO FUJINO*
(1. Cosmo Qil Co., Ltd., 2. Japan Organization for Metals and Energy Security, 3. ABU DHABI
OIL CO., LTD., 4. Cosmo Engineering Co.,LTD.)
9:45 AM - 10:00 AM

[CO3] Energy efficiency improvement of large-process plants via mathematical
optimization
OHiroshi Takase', Toshihiro Wakabayashi', Yohei Otomo', Kakeru Ouchi’ (1. Advanced
Technology Business Department, TOYO Engineering Corporation)
10:00 AM - 10:30 AM

©The Japan Petroleum Institute



CO1

ARF¥S Fe5OES (B71OMERKS)

BESRVATLIZEZT7UE=7HE (1kg/day) DEE
EIMbESL ey 9 L/B CEXXXLL b E
CL PR U FOT RN O )1 ! - 15#5 y Tfluh fﬂ—“ CEA
FENT o ek ERR X ERhDIND mAETY R )’{)}U S E i B LA
R - S - R - S - BT -+ AT - |
1. 45 3. E

T =T (N) (RIRF A R Cib 5 2 &L IR
%*7J<§’%%ﬁr“ WIRAKRF LY HRENT EDBKE M)
T OWE L LTHER SN TWA, BHARTRE= X
/I/ﬂe HRAKEFIA OB, WERIETH DN —
IR—7R w3 =275 (20-30 MPa, 400-500 °C) X 0 HIKIR
RJE CrniE 2 fiiitds X OY NHy ARl S AT D OREEEN
RKOLNTND, AIFFETIE, ZEXRFTRETHY .,
BV NH A RIS 25D Ru/Celal, Az 35 H L7127,
Fx 12 Z U FE TIT Ru/Celal, fillii~ Ti <2 Si Z¥shnd
5 Z & T Ny A REED ) B35 Z L&A LT 52
VD, AKFEFRTIT ST EWMUIKE Ru fil 4
(Ru/Cey, 5Lag 4510 10, Z FVY, 1kg/day @ NH,HLE ) 5
AIREZ I OSEE ARE LS L=, 72, S L7
NH, 24K NHy & U CorlifEte. AREUSERIT A & [l
HIHA 77t R (KN) 28T 55 % it L=,

2. REx

FBEEFRAA Cey slag 4Sio 0, ITEHIREBEIC Lo TR
L. Ru, (CO) 12%—’ ﬁ(%?ﬂ#j’#é N U ﬁ'%fio Ru 2
FERuIowth & Uiz, Flde e I e R A S s i %
VN, /%fénﬂﬁﬁ@ﬁfuﬁﬁ&&fic‘: LT H/N=3DIREH
AP T, 600°C, #HETIHM L7z, NHyaElE MR
T L > B oml (2 Hy/ NS T A Z8WPaG Tk
LSV = 11100 h™), BHI7HiAT A D NHRE %
HAT v~ 7Z7GOIZLREE LT,

VA 77 e A (K1) Trifilihi 2 s & %
BH20 mL oS Uiz B RS R A V2, BB
i & % B it ORI R A D—E A2l 3 5 2 &
T ARES) . AR L7 Hy/Nobb~ & il
Uiz, Btds
IR NHy & U CorE L 7o, NH/TBERRATTTR OO NHIREE &
GC THIE L., ZD7EN D NHBEEHE 2 KH7-, NHlH]
W DRSOEN ANTFER, JFEIT A LIRE L, B
SO =,

DEHASE

—RERIGE

(8MPaG)

R —| — @T

USLINHZ

@ —> SBEANH,
NH, %8128
Gco  (-60%)

] < l

SEH

X1. VA I NEEGLT =T HR 7T rt A
(BUSERtE + 400 °C. 8 MPaG., JUSERAY H A
H,/N,=1. 25, NH; /> BfEEE-60 °C)

S A % NHAvBfEeR 60 ‘CE Tl

OB Ru fiifi (Ru/Ce, sLay ,Sig ,0,) 8 MPaG T Hy/N,
HHERAFEZ P21 T, R A D Hy/ N DR K
X <, Hy/NoEEAMEL 722 D13 ETERM D E < 72 DA 2o
L72(350 C)s ZAUZ HAEAMENGA: (X Hy/No k)
TlX Ru ~D LE#mNTH< R57bEEZLND, —
F. BOSIREN EF32 L (400 ‘CLLE) . Hy/NLEAME
WS CIEERGE U7 N IREE DS SRR L I CRIE T 5 7
B NHJEEE IR T L. Hy/NoEbiz sk LTIl o e &
TR ZEDSI 0T, DT DE USRI LT
W72 U/ NolEISFAET D Z E ML N E I o Tz,

20
15 | ~®-350°C
s /’*\ D - 350°C ¥y
i | —*-400°C
g‘ii( 10 --- 400°C F#F
7 —e_ 8- 450°C
z 0 -— ---- 450°C T&F
e
0
0 2 3
Hy/N, k.

2. RU/CGOA 5Lao‘ 4810' lox ﬁEﬁio) NHg/E[\EE%‘I\i
(8 MPaG, SV =11100 h™)

RO 2 S L 7l A DT Y S 2 v
o Al A S L7z, K20 RED . KISEAY
HADOBEE Hy/N, b A 1. 25, 400 °C, 8MPaG kiﬁ%ﬁkﬁﬁ
TR U770 FOSERNTO NH AR Tl s
(Hy/N~=1. 25) £ 0 $,26< D H,3 48 S5 (Hy/N=3) 71
D, VYA 7B AFO BN, HlE e ~DHa B
AL HNEL 2D, FOD, FEET AD Hy/No bt
ZEES D T & CRIGEIE T A D Hy/Nobed—7E &
725 X OWTHIE L7z (K1), VYA 77 mt X5
DOFER, BEL T2 & H5REM) . N & R
15. 8% (& H 1. 08 kg/day) CHUEFRIGETHH Z &
EHER LIz, Tk &, NIBERR% O NHJ;;%F 132000
ppm F£JE (=60 craﬁﬁ%ﬂrﬁé)ﬂw %%“CO)
HENZ L > THOIZ NBARIE L TnWd 2 krﬁxﬁ%m
=T,

SEH

1) Ogura, Y. et al., Chem. Sci., 9, 2230 (2018).

2) Goto, Y. et al., Chem. Commun., 58, 3210 (2022).
3) &6, b7 L EES3EE K2 BA107.
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MRSy DOBRBIEICEAYT DM O & Rt

(2 A AiH* « JOGMECHk* « 7 7 & B A7 itk « 0 A L Uskokokok)

S kR

OFHE B - ARl Hi* -

1. ¥5

& BTS2 & o 2712380V T, RIS R IR AT
ISND EHEREA T v (LR, JRHAZ v ) M
FWAET D, FUMAZ v 3y, By @, SO»
IRE) KNEOREMTH Y Bix RERICE - T
227 EERICHERE T 5, A 7 v D132 < D5 A
30~80 %Dl =&AL TRy, BT Clx& v 7
DB FRIFIZ Crude Oil Washing(COW) T2 L -
TEUL L7 JFIA T » P a7 N TR
L. WREEE~DOEBELMZ R DU IND Z &
bbb, —F, FEMEOHMIFTIE, RS E
EHEIRNZ ENREL, COW (2L - TR E 7z
JRA T DITFEERERE) & U AU S NS EHDEY
REET D,

I ZEAIREAEAE T, BRI AR Z
v VOPEBRIERHN A BRI, FUHA T v Vb0
AR M Ot 70 B R bRt A et L C & e,
ZOHT, JFIHAT v PEk T D 2 & Tk
R BNEE A EEER WSy (PR, [EIGH)
ZEUNTE D Z L 2R L, S OIZEIGHOIREE K&
OSBREE 2 il U S IRA S5 2 & T AR
& [FFREE & CITHA T LA L7e2s B R
METEDZ L ZHER LD,

AR TIL, ZOFRFUITIES & | A TEGEAT F
VX — - BEIETREAE, o AT ARt
77X AR SO IERIE L LT, 2 AT
=T ) IS oL & PEILX T
AEPES VTR Z k3 5 & V7 \CHERE L7 RO A
T o VERBIT LT, Bl D CRET LT RIMA 7 v
2B OISR & TR EE 2/ Aot
72 Figl [T JRIMA Z » PRgs . (BUF, Sludge
Volume Reduction:SVR) Fiffr o> FEERER % Gk L 7=
DTEDRERZFFIT D,

SOCE- N S50 Ip———
R [
{Eith y g—
—@®

K- B

JH A Z Rl

Fig. 1

W R GA

== ‘,Db.** E—ZJ) g é:l?l)v’)*** L ﬂ)fu—&****
ML IR - moAK H R - R i

2. EirRER
ARIFEARRT, 77 7 EREEICCT 7 e A
RS I 2 0l & > 7 W CHERE U 7= il 2
T UkRRE L, B OB 2 a5
AES T NG - ARk L, SF44ES AKXV 9 A
FCOM], FEHERER 2 550 L7z, [FISERE 77 > M,
L=y b, BRI =y R S BRERK
INTHEY, FHAT vV ORBEEEIITHRKT 20
kL/h TH 5,

. R T

e " !.
a1 et g 1@ Pt

§ S uc‘.:","‘ d »

N

Fig.2 OB~ =~ b

3. EFEEER
FEERBROFER, FIA T v VERIFET T R
WCCERERE L, FHA T v U6 50%LL EDhsy
U H Z &N TE L, FmEHEIZ OV T
EHARG 2 L C— B L CAEEFRE HAT v U’
NARRETH D Z L ZMEE LTe, S DICRRHEMEICE
LClE, AR E RS TRMAT v V2 BEFED
COW LIETHH LA Ll 5 &0 £ 22%D
BTN B~ T- = & H R LT,

ARIGEROFER, BEEEA X 0 a9 5 A
Ty UNMIBETE D Z AR LT, %L, IR
JFGHE SRS DJFIA 7~ U &8, SVR Hifffd%E
MBI ONT & & 72 D3 FHEIER Z [ > TWh & 720,

e
Z:%?Eﬁ: :—:‘%jj]‘ﬁb \f:%*%b:ﬂ I_/\ %#ﬁ%i%ﬁ—éo

D &S, 546 maH - AilbFains UK
£%) | 2F03,2016
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HEBFEBEICLZRBRRER O D
REET T PET MBI ORR

bhEelL L BrLdLi~w 559 bb

BBEUS L b ' Ly 2 g
CREET v =7 ) v o) Omllieds - 5 WEeh* - KRG - H

1. XLC®BIC

AR - At icER I LT R R
FEEIF T ANF L HEEXL L THILAT W
5, ¥ 7meRTid, L oG, ALK T 7 v
FCHERLIZATF — L, HDHW0IE, MEYFICTH
LNDLIATANLF—% KEICHET S, T/, JE
it v I X RO A EEFETHLEICE S
fFHicOoWwTh, AF—LX—bvVIiIckvEIN%
B2hAR HrviE, FAEZ—ELVRRF—L XK
— VY THREL-ERADPOLE—ZX —TCH N %G
2HARERTH Y, WA AL F—ZHAHL
TW3Ze2%\v», ZLT, TNLDETALF
— DR IE, {LEREIZ RGeS+ 5 2 ic X 2
BERD DIF 2 2 L NEHETH B,

(b7 0 v RFEFETEBFR N MR 5729,
HICAT AT~k b, FrickoE Tt
I EENT TE K OB A I N T & 7z,
Z DFER, HERDILET T v MG 7-HEmMm” &
iEh sz rarF—ALInKEICH S
LIns,

—J7C, I, REMEOBIN» LD, LT
O AFEFEDE T AN F —L~DHFF - ZR D35
FoTwd, I, FEXDOBHTALFX—DIH
BEPKIRL LTKREL, Ebic, 2oL
F—DIg e A&, MEMNRIZADFEEEMNS L
LRELDIRBEIC X > TR T W3 525 TH % ,SDGs
DN IR L3 Y 2, ESG % Jedih & L 72 #% &1 Wt
DM 2> HFUTIA Y # BT W BHES, 77
ViF—F -ttt o THIAALF—{LDHLY M
AL, HUGHIEEHZHIK T 2720 T, FE
EkFE T 272D K WV EEEEZEL T T,

o E»S, AL T o RAEETIIFEL D
TR —FIC IV BT ALF (LD S NT
X7, FEMHHAL UKW DL LTiE, AT
D3IOPETLND,

o HEZDHDDOHMN - AL F—1IELE
K& E 27 7u—5 (] : ZKEEICH T2
ETEREFE )

0 IR —2%Fa—=vrFT5T7 70
—F (f : Advanced Process Control)

& TutkXFH, HITHKRN TR L%
MEL, =ar¥F—FHORELEXA S &
T577u—F (il : v FMN. Visual
MESA. Aspen Utility Planner)

SHIZEZET, IThoDT 7u—FIE—ED%
BEDPFCTE, LL, Thbid, HEREMHE
BoORFREEZIREL TV B ITBE R\, 77
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T, RVAT NIH AR —E L DOHET A DEE R
LCT U E=T BKEEERITHML, BEICERL
ENTWDHKBIRFEON A X — U RBERR, 0%
BILEBR R R OK FHERERBESRIC L VRS2 b D
Thb, TVE=THRIIIT E=7 1ELHT
D46 kd DRV IETH D0, BALZEZTT
EoTNKEILRD L TREIORBAED 1.14 %
OEMmE LTeFHESIND, L7z ->T, GTCC

NH;93 88 JANH3IRZE

=l

\
|| NH;+46kJ - 3/2H,+1/2N,

FIOEZTF(R) || 3w 363K
\

PR HESEFR (B7TEMARRR)

A7 E LT GT HEH R EERREREI I L 725
F CHEEVRH © & AURRER 72 BV SRR R I,
#£ 212, @ TrE=THMRHT AL RKRTARIR
LB, O 7ToE=T OB AZEREL L
B DOV AT AOWEE T, BEOEEIE, 4
iR T A L RIRH A &AL, BBEZRA O TOBRED
FAUZ B W TKRBORFEEIE DN 20 %D AT
LEBELL, ZuX, BABEFEOTEA NI 4K
NOx BAlids CLEIIRBE T RE 7R /KB IR EE OHIPH T
HbH, KEOERYT- 0 ORBEITRRT ALY G
INEWTes, T UE=T ORBEEETIIN 6.5 %
DIRBEL 12D, T =T OfRICHEREE LT,
TAL = DY A% BIR L T HHEEEIL AR A Z
THRR Lo KR AR AR T DA G L T2 203,
FRZIRBES AT D OBEITIIBEF O PRI AR A
DB & I DR T B LT 2 ATREMED &
0, WESRIBIRE RN DIRNZ E R TH D,
—J, TUR=T AT ADEREL AT ME, K
FT5 %, ZEF 25 % (WTILHIRFEEIS) OS5I A
BIRELE U CRRBES B 5720, BIUEBZET YD~ v
FI TR —N—F—F D L, B#E 70 % TH

JEZe
‘ IKEES,
J —
[ PUEZTHMEHR
; o Az HRSG .
| 795, . l7j<73§l,
R

Hz5-E>  HEH BRI-EY

B3 7UoE=THMETAIZLS GTCC v AT A

R2 TUVETHMHTAL—E L DIRBES AT L EBEEES AT LD HER

Type of the system (a) Co-firing system (power output: 430MW)

(b) Mono-firing system (power output: 530MW)

Composition of fuel at | Mixture of natural gas (almost methane) and

the combustor

ammonia cracked gas (H2=75 vol.%, N2=25 vol.%)

Ammonia cracked gas (H2=75 vol.%, N2=25 vol.%)

6.5%
(when H2 = 20 vol.%)

Ratio of calorific value
of initial NH3

100%

Required equipment + Small NH3 cracker (10 t/h)

+ Pre-mix combustor (state of the art)

- Large NH3 cracker (170 t/h)
+ Multi Cluster burner (under development)

Reduction of CO2 30,000 t/y/unit 1,100,000 t/y/unit
emission
Utilization of H2 10,000 t/y/unit 180,000 t/y/unit

Remarks

+ Modification of existing systems (retrofit) is possible
+ Fewer R&D is needed compared with mono firing system

Larger contribution for CO2 Reduction
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4 /KFEEE:H DLN (Dry Low NOx) ABESS
3. 2 KFREETILFISRAMREER

RENFIZEREIC 2D &, RIEOKFRIRBEREE
BRICEH SR AFEREIRIC L DKL & 22 R oIS =R
T, W ORI CRAET DM KD U 270
FICE < b, £ 2 CREREZFAET, Lo/hs
IRA— VTR EKFEERATEDRE TN EE
ZCHREZEDTND,
IKFRRBERRABERR DIREHIERS 2 X1 (8 AR) Tk LT,
IVEE D) ANVERTHHE OVT T T AH
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2. FEBRG:
ARFTCHWEHAR = U Ot E R 1R
T AR U UATEBATERIEIC BV TRE LR
AT O 7, RNOFENRE & mUCRIR LA LT
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T T X782 WA T T AR BT oW
TIE, RAE FICBWCHEEMIIEKRTED L
ZAMNZ, b LT mk AT AW 22T
L, EmEIZ1RESHTY 1 SERAT AT O M k=2
A N2 EZEYCHEESE-b0E 1y FEL,
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Table 1 Specification of SIP single cylinder research engine

Displaced volume 497cm?
Bore x Stroke 75.0mm x 127.5mm
Connecting Rod 250mm
Compression ratio 14 :1
Number of Valves 4

Intake port adapter Enhanced tumble

Boosted system Electric supercharger

Fuel Injection system Port fuel injection

Enhanced Ignition system
(20 coils)
10 series of paralleled 2 coils

Ignition system

Table 2 Engine experimental condition

Engine Speed 2000 rpm
Gross IMEP 500 ~ 1000 kPa
Ignition Timing MBT, KL
20coils

Coils used for Ignition ) )
(Discharge at 0.2ms intervals)

Fuel Injection Timing 350 deg. ATDC

Excess Air Ratio Lean limit, A=2.0
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Table 3 Properties of test fuels

surrogate fuel formation
IUPAC Molecular ellipsis PONA | C-No. Mw Dens. RON B.P. S5H S5R S-LG
Formula g/mol g/cm3 - C vol% vol% vol%
n-heptane C7H16 c7 P 7 100.21 0.684 0.0 98.5 10.0 21.5
2,2,4-Trimethylpentane C8H18 iC8 P 8 114.23 0.690 100.0 99.4 31.0 29.0
2,4,4-Trimethyl-1-pentene C8H16 iC8= (e] 8 112.20 0.719 106.0 101.4 14.0 14.0
Methylcyclohexane C7H14 MCYC6 N 7 98.19 0.769 74.8 100.9 5.0 5.0
Toluene( Methylbenzene) C7H8 TOL A 7 92.14 0.867 120.1 110.7 40.0 30.5
n-Pentane C5H12 C5 P 5 72.15 0.626 61.8 36.0 - - 5.5
2-Methylbutane(Isopentane) C5H12 2MC4 P 5 72.15 0.619 92.3 27.9 - - 53.0
1-Pentene C5H10 1C5= o 5 70.14 0.641 90.9 30.0 - - 11.25
2-Methyl-2-butene C5H10 2M2C4= (e] 5 70.13 0.662 97.3 38.5 - - 11.25
4-Methyl-1-pentene C6H12 4M1C5= (e] 6 84.16 0.665 95.7 53.8 - - 15.0
Methylcyclopentane C6H12 MCYC5 N 6 84.16 0.749 91.3 71.8 - - 4.0
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3. 2. EEE FW 2 U — RS st 2000rpm, £=14.0
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SN I3 2-methylbutane % B & 58V VHBEZ 2 BT g 80 e e
LTS o> T, SEA Y ) B ) — IRAER D . —°
R & L CIRBER I OMABERE ) BT & 2 28R Yo s s aa s
ROPERIZEDINRDPRENEEZZ BND. AR Lean Limit, A
L7 C5,C6 DEALKFEEID L 5 7pRES D7 Fig. 4 Relationship between the lean limit and
VWIEICEIT D U — UBRFHER DR RIZ DWW TES Molecular weight
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Eon, BB (B Efb) X 2WEBEOHE A== Y= R— VD) — R AR
MhERLH D EEZOND. 2B, K428 5iT SEDEHRLE LT, By TEWEOIEHIC X R0
PHUTIEAC A DB OBIEITETH Y, o EH— &%®M%km//7@®ﬁh%ﬁmfzfmé:
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Table 4 Properties of gasoline blend stocks

A B c D E F G H EtOH | ETBE

RON 723| 820| 948 852| 944 960/ 110.7] 112.0f 112 115

Initial Boiling Point , *C 285 25.0| 295 98.5| 136.0| 285| 103.0| 161.5| 78.3| 73.0

10% Distillation Point{T10) , °C 365 255/ 405 1055| 1435 460 107.3| 165.5| 78.3| 73.0

Distillation |50% Distillation Point(T50) , °C 440| 34.0| 525 112.0| 151.5| 104.0( 108.5| 167.5| 78.3| 73.0

90% Distillation Point(T20) , °C 645 47.0| 750 131.0| 167.0| 123.5| 110.0/ 183.0| 78.3| 73.0

End Point , °C 810 575 960 1420| 186.0| 1850 121.5| 291.0f 78.3| 73.0
Paraffins , vol% 935 955 389 41.8| 26.8 867 71 1.4
Olefins , vol% 0.0 27| 537 151 32 0.1 0.6 0.0
Components |Naphthenes , vol% 55 1.7 52 18.4 4.0 0.2 0.6 0.0
Aromatics , vol% 1.0 02 1.9 24 6 66.0) 130 0.3 99.2

Oxygenates , vol% 0.0 0.0 0.0 0.0 0.0 0.0 90.1 0.0{ 100.0{ 100.0

Lean-limit A

S5H A B C D E F G
Fig. 5 The result of lean limits

H EtOH ETBE

IZRON72.3 725 115.0 LHEAIAL, FEZ RON MK
W/ v U RO BN X0 BARO el
REECHD. TDI=sD, RCOEMENAF T H Y
U ¥ ul— MEEE (SSH) T 50vol. %7 L CRiAh
L7z, &7, @EESML, £4IRLIZTXTOR
BHS MBT S50 CEElZ rTRE 72 i8R B ik C & % IMEP
800kPa TRz 30 L7=. X 5 (23S B A
C4,C5 FED ) N~ N385 7 4 L ZHb A L C4,C5
FRDOA I RT T 4 VREMBIZY — RN S o
EHEIoTE. FOWIZC5,C6 FIROA LT 4 %
HAfC, =% /7 —/L (EtOH) DY — RN E -
7-. —hTCI1,C8 FERDT u~Eh G & Co LI LD
T~ EROHEM H, C8 A VT T 4 U EROHAS
Fi, U—BRAMMEMERZ 7R LT,

RIS HINZ I DIRESCE A R8T D 7201, A
BEHAM OER & LT SA-CA95 (sik LT B IAEES|
B 95%F TOKffH]) Dk E 772, Zhvaeild &
SA-CA95 23, T2 BIREENNE < AThiu 2808
TV = RARELS o TRy, BEAEP.LELE
e & FRROMEMA L S 72, BIEET HIR~72723,
U — PR ZYERT D=/ ~ 7 &2 T
WHZ E BB D, BB T 5I2HTo>T
IXEE 2R TR D 2 e ELEZ, XTI
KTV, RON & SA-CA95 DA L - TEZ D
ZE& b LT C4,C5ERD I N NRT T 4RI
A & C4, C5 FRDA V8T 7 ¢ REHM B IR
BRI 2 4040 S 523, Bi—0 RON 2 FERF IR

72, M/ v 7 PECGRER S D, —F, T r~vRsk
B G &HEbF H X RON DSFEFITEODS, BABEIRIE
ELT 258N 55 Z L BNbooTz. C6 EiRkD 4
L7 4 VREM CIINRT U ARBWEM L EZ 2 B
5. F£72, EBIZM/ v 7 MEA D T2z, BREHR
DT a< %D ST, RON A LESEL LW H 8l

KT, A TRBEIRHA N ThD EZRT.

SA-CAI5@A=2.0 [deg]
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Fig. 6 The relationship of SA-CA95 and Lean limit
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SA-CA95 at A=2.0 [deg]

Fig. 7 The relationship of SA-CA95 and RON of
each gasoline blend-stocks (A=2.0, IMEP700 kPa)
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3. 4. BN 7=t

WIS EAT D 2 & BB LT 2 1B L,
BRI AL DA T o7, £, gk
LTEITLFX 27—V IV VROBIOTLIT
LAV U (PG L7=. Fuell 2V — 1%, ek
FTLM v 7 EAEZ TN D EBEZ BN HH
C W, ZOEMEL Gl s L7129 2T,
S BT/ 7 PR b L BRI R % Sfedadin . T
W% EtOH ZiRAT5H 2 kfﬁ EDORARILZ X - T
W5, —J, TS ARHIIST 2 BEIRE Cofli %

@mﬁékmmuvj—ximﬁﬁ/)/k%&
U CARRRENMRNZ ERFETH D, Fuel2, 3
U — X% Fuell ¥ U —XIZPROENNT YV 2 FHhf

Table 5 Properties of fuel designed for practical application

HE¥S $Be5MFR (B71OMARRS)

HIRAT D2 L CARBEZZL S 872, Fuell LY
HSOEWIES & LT, T a~ R 8 FRD
FEMENBZ LD, AiBORGHERIZLY, U
— TR OYERZ MR 2D, b DEA LY
& L) U %/Bﬁﬁz‘nmb\%ﬁE HIRAETHIET
FRERIRE 2B U=, F 7, ZRBBIRE Oz,

it/ > 7D EDT- O m A7 2 Ay &
T,RON %[ L &¥T-. 7 u~DREZED SEH-,
I B AR ESEHELENG, HAROBIITINE
WCHWHTWD ETBE, FRNSOKEZREDO=Y 7
THWHIL TS EOH O 2 FEED /A A KBl 2
FIL7-. EtOH [ZoWTiEA 7 Z MmN Z &l
jJIJK E{}Ibkﬁkﬂf %r%) AN L b’ﬁﬁwuéﬂf?\) D

AITER T Lt%/ﬂﬂ)ﬂﬁ@
FEA ORIz B

SR DR BEH R 25

Commercial fuel Fuell series Fuel2 series Fuel3 series :;?; -
T ] | ] | e [ | AL, Y BRAAE
+ + + + + =
RTDHZExMERLT
RON 90.8 99.4 94.0 98.2 99.9 9.5 96.6 94.4 98.9 99.6 .
Density @15°C glem3 | 0727 0.754 | 06794 | 0.7005 | 0.7027 | 07038 | 0.7125 | 0.728 | 0.7312 | 0.7349 A é . i 7LC, Fuel4 > U
Vapor pressure kPa 68.2 64.6 82 86.5 86.1 71.4 78.6 57.8 55.8 57.9 — Xﬂi RON ;1&—, PG *ﬁ%
Initial Boiling Point ‘c 35.0 35.5 36.0 35.0 36.0 33.0 34.0 37.0 38.0 395 ’ ., - e
10% Distillation Point(T10) c 49.5 53.0 445 43.0 43.0 45.5 44.0 49.0 52.0 53.0 i < J: U’ 71'7_ qu {ﬁﬁdﬁ%ﬂ <
50% Distillation Point(T50)| " C 83.0 95.0 56.0 53.0 53.0 63.0 56.0 71.0 71.0 725 3?) é
90% Distillation Point(T90) c 1535 158.0 84.5 715 76.0 142.5 1405 156.5 153.5 1455 _ ) . § _
End Point ‘c 1945 176.0 128.0 133.0 86.0 180.0 176.5 178.0 183.5 207.0 — ﬂ ’5 O);ﬁj: %i‘c—’ 81Z
e ms [ sro | ss | 7o [ seo [ sto [ sss [ oot [ons [oma] 700 7EIDFHBALFL,
H mass% | 13.8 12.6 14.9 147 14.6 14.6 143 14.0 13.9 134 {-E_Eﬁ Tﬁiﬂi yop E‘ =] /%\ Tﬁiﬂi
o mass% 0.0 0.0 0.0 9.0 1.5 0.0 43 0.0 43 3.6 i QD) rI]E }j; ) //% ﬁi—ﬁ <
E70 vol.% 35.9 28.2 76.7 87.7 83.3 58.8 71.4 49.9 49.9 45.5
n-Paraffins vol.% 16.9 6.2 55 4.4 45 5.1 4.6 45 3.5 3.8 &) %) IMEP 500 kPa ~
iso-Paraffins vol.% 43.8 321 40.7 325 34.0 38.6 333 32.8 253 277 1000 kPa vcéqzﬁﬂ [/7'—: i
Olefins vol.% 9.4 16.8 45.4 35.6 29.6 38.8 347 30.2 233 227 o e .
Naphthenes vol.% 33 34 5.6 4.5 3.8 5.4 5.0 5.4 42 3.0 ﬁ” H/%JWT ODHZ%CVC [N
Aromatics vol.% 27.4 418 3.2 2.5 1.8 1241 12.2 26.5 20.4 203 /%\ IE] ﬁ; ;‘@ é j”b 7’-: d@lﬁq 6i
EtOH vol.% 0.0 0.0 0.0 20.3 26.0 0.0 10.0 0.0 0.0 0.6 N . N
ETBE vol.% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.0 22.0 Wy @‘ﬂ DY U — A %) fﬁ
Average molecular weight - 88.8 89.3 79.8 68.3 65.5 84.7 80.7 89.0 ??ﬁ y U :/"C\‘& %) PG k
RG [ZHAT, V=R
2.35 ’
Test condition Fuell (RONS4) WNIER LT Z L 2k
Engine speed: 2000rpm = . . S
238 1 inAEP: 5001t0-1000KPY & o Fuel1+E20(RONSE) WLz, 7=, BElo
Ignition timing: MBT v KL ; RON DiEWZ L v jEilin
2.25 Compression ratio :14 { Fusl1+£25(RONI00) s gy R
B ERA =i AN SieyiR
2.20 e AT 7=, FDFEE, RON 23
P ~=& - Fuel2+E10{RONS6) "%‘ < fGE é c:/)ﬂ’ %“ﬁﬁt
2.15 N
E Fuel3 (RONS4) ijZi T@iﬁﬁ’ EJ‘ﬁE LAY
E 2.10 Fuel3+ETBE22(RON9S) U] , J —‘/Bﬁéﬁﬁi 5T
= > =3
IA & &L
e —— Fueld+ETBE22(RON100) fjt ‘a_ e ;i} ﬁﬁ we
" Z.
2.00 = AEBRBRE D H s & Ry
--m--FG (ZHEREARN T v v LD
195 ia WD 2 % H &
- L, BUTHEITH S RG
: I .
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Ra™T.

Fig. 8 Result of lean limit at each IMEP
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AT ST T2k Cd 5. Fuell+E20, Fuell +E25 13,
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TR0 b1 95 2 & & ffEd L7e.
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Fig. 9 The result of Lean limit and
Thermal efficiency of each fuel
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Fig. 10 The result of CO2 reduction ratio of each fuel
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A06 Rl - KAHRMIEDZEE)E Green Paradox D E IR N EH

Fluctuations in oil and natural gas prices lead to the disappearance of Green Paradox?

(ZRLF— ERIEVEREE OFR B(WLWEIo FEH)

Rl -RAARERNMEFSEHL. FREERT

B512A52L T Green Paradox BNREZABNLTLVS,

BATREIALY—UT. BT OMADEL
LR HE RS ZFF OO D0 1L O 3L KT
ERHZDFHLhREIEESERTEDM.

AN UNEXPECTED FUTURE
FOR OIL AND GAS

K. Konrad, Max Planck Research, 2022, 1, 18-21
Green Paradox

The crisis in Ukraine has driven up energy prices, obscu-
ring a dilemma that we're likely to face in the near future: if
many countries are increasingly able to generate energy
without using oil and natural gas, the price of these com-
modities will fall. This means that the use of fossil fuels will
become more attractive again for countries that cannot
afford or do not want to make the transition to renewable
energies. Against this backdrop, our author advocates
speeding up the search for alternative uses, starting now.

ERIEREAY DWFFEHERS Max Planck O Konrad K
DHIXTIERERARHTADFHEHREIESZ
AFILTH B, Green Paradox EESEZNEKRICH
NTWB, DI54FBHICE > TIRIILT—EEMN
EFRLGGAVEREETSHZA50LUIHARZR
NLTWASEESRE, ThiTfIhESE. 2<OE
NEBORRAREEOLTICEIRELEET DHE
WD EFE-EThIE BOKRATRENEHD
@& (T TETHEIThD, Thbb LWAHAKE,
BIZ (TEIRCEITTHREBHLEVE. fIZIEAD
#EMAFEINDTIUHEE. HALIEBITLIK
BOWELHIEAIENSTEITHEE, MEATE
FThIE EBRREOFBIZOVNTOBANTES,
Thbhb, —4£BRERERETELZI. EbhAL
FOILDDL, BHERATANFET HRYIE.
ZTNEFALESETHENDEBEMICHD LS

1/1

WFITi B, ZhhMEDATLESLE CO, HREEAIC
BoTLFELT, BIREETHZDL>TLDDM S
DBEIE>TLEWVNE SN T, Konrad KIFST<
[CTHBEIXROMAMNEZLEHIOEHEXITM
WU FNIENFROD, REFICHB-RATRE
DR AESMIEICTSHEERHBLTEITE, FF
[CFRYSECELBRNET T LT D KSR FH
MOFALERFICEDINGENE AN FHE A
EHRIDDTIEENANLNSZEEFERHL TS,

£55A. Green Paradox BIAAVERL TL (7
TIFRLTEWA, ENERRISEISELELSIC
EMfiEEY EIFTLODEDENTFEL, HEIFER
BRZESFECFIRALGA L, ERLGARIMEEDY. £
LTHRBHICBIRTHOHRMNIENKEIITH-
TIHEVEWTEL, ChIFREIZSRDA-LH
EEYAEAICERDT, SESICEIEHSALE
WF7ELY, RIS, SORETHLH DI, +oT
[FWFENIE, PEHRETEZ LMY HIETL . BRI
[CHYMBFRGENENTFELD, =2 BFLKRELEL.
FSITHLVEIL AR ZEBOLGET oL TRLDIT
EN.BIREEAEAANGHA L, BFFEERNT
HEwIBEZ. BRAO BB EFHERDORYIL
ZLOoNYEREZ . HNBE~NDRERMBELEX
TULKEWNS B A FIvIRHREREANORIETE
HRNY B,
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HY ., FHUAFEL TV D,

(5)Functional”
group

1 Hexagonal
network surface

Fig. 1 Typical local structures present in carbon materials
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L7236, BEREREIR 2 5 R D R R LR X
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bolz, HIBMEES b RFICEOBLED D EST
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XPS, UV-Vis, Raman, XRD. st#&75#r. FTIR,
SEM, GPC) 7252t L, PG DRFE(LBFEZI
THARIND EHEE SN OMEEEZET Vo1& LT
PRE UiE R batE (V7 b @ Gaussian 09) %
1TV, ZNENDO RGBT AT I =
L—a 52 8T, ok L EHES R A kT

Copyright(C) The Japan Petroleum Institute 2023 All rights reserved:- C04 -



Cco4

Likim L=, 512, PG O FEIFERIGY R =
L—vay (V7 b :ReaxFF) ZMAGHOEDZ
& T, PG DORFBELBR L, WREICHFS5T
HWSEEREREHEE L, £72. PG OA[{EMRE
AT=A A, BLORBEEOHEEZ S L2, £
DEAFR AR 2 &I ATRE 22 BUSSRMIRRET.
I ATRHE T 2 il A 38R E L7 19,

OH o o on
NN <N NN

WO L, L,

HO H JIL,
Phloroglucinol "”’il” 9 °‘©""
PG) 2, Q,,

Fig. 2 PG structure, ideal reaction mechanism, and

solution of soluble carbon material in NMP

8. RRa—T 47

HERAA B ~SEEBMEOETE 2 59 5 72DI, &’
FMEHC L 2 8EEL - RIS A S FIH ST
%o BlZIE, ORI EOFMIME & b
I - IR D1k, @ T Ty 7Y v 7l
72 EOBRE Y TR B A & L= o BT
- RFT DL, O FREEENE (CVD) 7e L
DEHEBEERE ST WD, LnLans, OT
IFHHUZIRG L CORFIET B 72008 — 0= —7
S TTHZERRETHY, O TITR T ERmEA
BT OSOSHERMEETH U JUHMEDMEN, £72,

X JERIER D AR A~ D
a—F 4 v IHEE

OF LETCE

~

XA—=T 4 » 7 Tldh<
—{&{LLTLES

GHER EE5AFR (B71OMARRSR)

(CVD, RNy &)

B0 BAFITIRFBET ., RFEAL & D RESH
WATLTLE D, @TIEABEMD L 5 22 K72
BB ~D 2 —F ¢  TVIAGE TN, RGHk:
FD X ) I E DY S R RS D ER Sy

WL IRDE D A—T 4 T REE L, iz,
78750 E OFRBHAHIE G MEE L 7 ) KEAEEDTZD
DIEBEDOKRIEULNKETH S (Fig. 3),

AR TIE,  Fal U7z rivste G ek 25 7%
LT IEIC L DIRFT—T 4 VT HBRE LT 19,
AR FZ o —T ¢ 7 TlL, Rif-72 & Ok E T
boThH, FEMERFM BRI COWRE - FiF
EIZ X0 BRI BIRIRBR D EITEESED
ZEMAREE 72D, A—T 4 U ZIZEAE- LTV
BT 7R R IR IIIE T & 0 B BRETE D72,
V) —{Ee kB a—T 4 T AREE 12D, I BT
WAIRFZ o —T ¢ 7 CIEEE LM TH Y . R
LT WA "B 5, AFEICLYV T LI=
UL, Bk O KD Bk e, U, TR
F. BTN =T LD LS 7' T I vy RRTIT
IR 2 —T 4 > 752 LT, R ~EEM,
TEVEME, TRENE R & OMERER 52 35 L=,

Reference

1) Gohda, S., Yamada, Y., Kanazawa, S., Ono,
H., Sato, S., JJ. Mater: Sci., 55, 11808 (2020)
Gohda, S., Saito, M., Yamada, Y., Kanazawa,
S., Ono, H., Sato, S., J. Mater. Sci., 56, 2944
(2021)

Kanazawa, S., Yamada, Y., Gohda, S., Sato,
S., J. Mater: Sci., 56, 15698 (2021)

Gohda, S. et al., . Jpn. Soc. Tribologists, 67,
201 (2022)

2)

3)

4)

P2 KT & DILERISH BB
90 ¢

DY0 <GRREAEL
- ) % = b DG T
) JJ)J X RR{LIF IO BEHALLT

[ X ) J'__J.
’ QBN FRE + kEitiE
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- J /” J J .”\\
':_:"/-_,-/J' {: ﬂ))?))‘)J \‘
9 20."a J ‘) !
el g . ‘\ JJ J JJ !
2990 \'JJJJ,/
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v tomEsy) RBFARE) AT & Y REE R

Fig. 3 Examples of existing carbon coating methods and their problems
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B LT fE bt Mo-V BRI DT VT o BRI ARERE

(LB > - Al hx*) O T Jeth* - MA Az - Hos

LN

LRk I/ L &
Bspx . SRR FE* - K

1. #
i e &L B Mo-V-Te(Sb)-Nb  # & & 1t &
(MoVTe(Sh)NbO) (x7F a7 v EfibIic L 5T
7 Vua=kU/L (AN) GO TEMBEE UCTHEM X
NTW5, Zofitiixs BiRo=y DRSS %2 EE
& LT MR A AR L B AL R A R B
%, MoVTe(Sb)NbO 1% 600 °C F2E D BHLFRIZ L v #E
PR T %, —J7, A UREEOR T Mo-V
BEEBRLYiE: (MoVO) 1%, KEGME T TRt
LT Y., 600 °C DI TEULEE 5 L fil it
WA a-MoOs ~EEE T 5, fil, #WURGM T T
BVILPFR 24T 9 Z L T, 600 °C £ THlfbiss & ©
X5 Z LMo 77,600 °C TEULEE L 7~ MoVO %
ANWTT a7 B bEIT9 & AN BHFERN
m L7, ZORKROZEY &2 7T,

il

2. £ B

MoVO IFBEBRIZIEVA R L7z D, BVLER L N &
T (50 mL mint), FIEE#EF 10 °C min 1, {REEH
12 h TIT>7-., MoVO [T ERE#EIC L > TRk
So-MoO; FHZ KT 5 728, BULERFIIZ S8,
Ny &I Ty 4 h =TI 21T 70, BVLE%Z OR
BHE, MoVO-x &£ T 5, x [TEVLEEE (°C)
T D, ST Table 1 (70 # L7,

3. HRLEER

MoVO-x %z iz FiVWC T v X7 k& 5=
ML, Z D AN EIRM:Z RFEE D 7 1 S sk T
Leig L7= (Table 1), ZVULERIRFE S 450 °C & Tix AN
BEPURITK 24% T o 5 23 BVLEIRFE N HE KR35 & |
AN EHENKIEICH B L, MoVO-600 Thgh b
AN EIRVEZ R LTz, W otz AW =546
CsHs 35 L TN Others OEIRFITITEITIZEA LD
Nigmoiz, —H T, COGRINEIL AN BIEDH
UM E ST L=, MoVO il oo BVILER IR FE %
T2 &, ARWOBERBIEBIH ESND EEZ S
nas,

B B & ExSb

éé L WL
B . o)l
FAnh P bi=d

B Lo e

fpbfii | 2 A 9 % BiTD MoVO-x @ XRD HIE %17 >
72o 600 °C 2BV T b i iE I TMERr S /=03,
550 °C LL B 508D Vo.97M00.e50s D3 AE ik L 77,
EVILEE BT MoVO, MoV0-400 3 L T MoVO-600
@ HAADF-STEM HIlE 21T > 7, BULELRTD MoVO
BELOMoVO-400 TlxR v ¥ ~—=2=v b K7
LEBBILHICTY T A R ETIR BN 0T, —
J7. MoVO-600 TlI_r ¥ ~v—=2=v hH.LER
(Fig. 1 ¥f) oOMEEEN, ==y MNEU&RE (Fig. 1
H) IZHA_T2HRER D LT, XU F~v—
2=y FLERO A RIKT ELIIMEERE R
RBEEND,

MoVO (%6 BRICR VU H~v—2=y MuL&E &
WAL VOPrZ2ALTW5D, BVLEHIC Z » VO
NFEHEL, N H~v—a=y NHLEBNRLEN
L7zesd, HLa& RO 56 R T EIIEER L
meEx2 565 (Figurel), £7-. XRD THHEIE
7= V0.97M00.9505 ¥ V/IMo J:t?b‘ 0.98 /Cg?) ) . MoVvO
(VIMo= 0.37) 2@V, ZD7=H, 6 BERND
ﬁ?%ﬁ L7= V02+ & MoVO f)‘}iﬁ; [_/\ V0.97M00.9505 75’1{‘2
LicEBEZ oD, BE LI RIMEEZIc LY,
AR DAL 53R 72 E 3 NH S 4L, AN BEREE )

EL7EBERLE,
Vo= D5kt RUAT—A= g PLRIRD
. ;' FREL

Figure 1. ZULELC X 5 MoVO @ [FriEZE1L

1) S. Ishikawa, T. Murayama, W. Ueda, Catal. Today.,
238, 35-40 (2014)

Table 1 7' /X7 U EBLIGIZI T B MoVO-x Ofit e

Conversion /%

Selectivity /%

Catalyst

CsHs 02 NHs AN CsHe COx Others
MoV0-400 45.0 85.9 69.3 24.3 6.5 63.9 5.3
MoV0-450 47.8 88.9 70.6 24.6 5.7 64.8 4.9
MoV0-500 45.6 80.2 717 31.3 6.9 54.1 7.7
MoVO-550 51.0 85.5 74.0 44.0 49 44.2 6.9
MoV0-600 48.1 755 74.1 56.7 5.8 304 7.1

Reaction condition. Catalyst amount; 0.2-0.3 g, reaction gas; CsHs/O2/NHa/He =1.2/2.9/1.5/14.4 mL min, Others:

Acetonitrile, Acetic acid.
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A6 et ZrsSOo it D R AT i & CHREL T 5 Bl aE

(RN - FERDE - G « UK B #A) O iz -
Tao, M" « i FEHR 517 « Z2FF B 1R + T EOBAHET™ + KRR HE A » Jing, Y™ + SR
T PR R EE
1 =
R &L o = 7 Al (ZrS) 1R A R L
BEx REEEOSICHEH ST\ 5, 2 Ot PERE D

AT 5720, METEHEERAZBER LS
< OIEBEMIEN TN TE -, L LBIEIZE N T
b TS MRS 1T 2 U TICERAR S TR Ly, il
IEMAEE OBRZ HIr RE 2B R D—> & LT, fil
PRS- SO R EMEN R S D, EBE ZrS 1T
Fex 7p SHAEKT D, ZHE TIZE < OfhityEE:
HEETADRBREINTVDE OO, H—HfERIC
IXE - TV,

[ (A5 D AN BJENE 2 FRYE T D 7o DIz, K -
WEE N E 7o ks E B RO AR RD BEND, 2D
PEEA -9 72, At Zr-S A mRILmIZ BT 5
ERZ A LT & 2 A, flidatE ZrsS0o I B84 2
RO, T OWEIL 1988 ., NNE S I X - T
LEEINTZHDOTHDN, FOMEMEETMIAINT
BHT, B LOSH ST o7 b,

AHFFETIL ZrsSO¢ 23 D T i WO ER Al BT M & 7R
TZEEIA LI, £, RKWEOREEAEERRNTIC
HEED L. b 2 2 S Rl A 8 T D R T
EEARETE T, ZrS & ZrsSOo (ZHEERPELIMED
THITZZ &0 D, ZSOo B3 ZrS O B O fil i PEA#
POl il DY e

2. £ B
0.8 M ™ H,SO, &% 18 mL (H,SO4: 15 mmol) (2 7.5
mmol @ ZrOCl-nH,0 % 524 fR S 7214, 240 °C
T 72 h KEAE R Z ATV, ZrsSOo A 1572, i fidiit &
LTCD ZrS [FBERICHE > TAM LTz, n-7 % v Bk
{ESEIE SV A K & 7 [ E PR A 2 T3
i U7e, SORGRME UL ARX) © SOSIEREE, 300 °C; fil
W 0.1 g; 77, 1.5 bar; n-C4Hyo 8 A 0.29 wmol
Ipulse, FUGSAE (=) « ROGNREE, 250 °C; filifie
%, 0.5 g, Ejj, j(é_?\}j_:‘, }imﬁz, n-C4H;o/H2/N, =
0.3/1.0/10 mL min™!,
3. HREER

ARINFE ELHEIENTIZ LV ZrsSOg D sl i % fif
L7z (Fig. 1), ZOWEIL Zr O NV ~—_EIZ SO
PALE L7z = HEROBIRMETHY . TOHED
ZrO, FAITIE 7 dd ZrO, (0D & & L T,
Sauer HIXIEST it ZrO; D(10D)HEA SO % 2 ik
METCHEETE S &% DFT &I K 0E/HLTW
%) 2) Z @%&ﬂ:%%}:‘?‘é <E 713509 ﬂ?i SO42_7§§W
L TEMRRE CREIEAL S 4072 SR T A3 b B #IL2
ﬂbt@%%gkmzéDAWXEﬁ&%%mmf
Zr;SOy D n-7 Z v BMAUIEM 2T L7 & 2 A, i

20000

Elemental compositon 20805
Spacz group R3(no. 143)

16000 Lattice parsmeters, a, o/ & 6.3637(1),
30.1£27(0)

10571427
8

: Uniz-cell volume / A3
12000- 2
® R faztors
Rep/% 99
Re 1% 75

Intensity

K000~

4000- 4

T
20 40 60 &0 100 120
2¢ / deg.

Fig. 1. Result of structural analysis of ZrzSOo.

D T AW BETEPE S B X v, OTEME X BEAF fh gt
(Fix B4 T A M) 21350 EE L. ZiS
&Ll U7 il R 2 0 | B KO S B
L7- S &%7-0 ORI, ZhEh 25 56 &
RT15fFETH o7,

Zr;SO0¢ DRBEIEMEITACE NI LV R&E <M LT,
ACEANZ X0 iEH b= x =B L= b, T
LY ATw Kfg BWE) ECH#ITTHI AL T
XU THENRELSMELEZ ED, AKEAIZK
D il I B BR AN L, TEMEASE R L7 &R
L7-e & IESHT. DFT SHEZHAEHED Z &
T, SO EHREELTWD Zr B A bV A RfE (L
%)&LT%%?%:&J%&%%bmmmbkm
MBEEL L CHRET D Z Lo Tz (Fig. 2),
ZHHEEF L7 ZrsSOo 1@ EE 2 AV n-7
2 SR IZ B W TRE i EEZ R L, #
OFBEIEMEIL, RIGICHBIT 2 TEMBTH D P
FHFF ZrS filt il & b~ AR E RS-0 45 Th o7,

Bronsted acid site

Fig. 2. Local catalyst structure generating acidity.

1) C. Li, K. Daimon, U. Murase, E. Kato, J. Ceram. Soc.
Jpn. 96, 980 (1988)
2) F. Haase, J. Sauer, J. Am. Chem. Soc. 120, 13503 (1998)
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fir TR EF Ni 36 1 DR O S R AR k)3
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(R%k)OEE HE

1. #% 8

KBRED =D DT =7 DRI E 2488
Fl & AR DR S AL, PR DR mFE OILRIT 4R
FEOSHEZm L, IEESR0BEEmsE5 ET
HETHD, I E TITYHFIEE CH%E S v it
OHTH THERMEY) ., FFZ Y053 2K L L fiky
Ni flERS BT =T DREEEZ R+ Z 03
Mo TN D W2 JefThFge Cld, Wik A HFERR bW
WKL T, EREEZHWTNI 2 STz, K
WFZETIL, =7 v 7 — 2 OfiiE 2 F8 4% = &
W2k - CoEmFEREIL L O NI O @b K 2 filjt

ErE o b 2R AT,
2. £ E&
FATHFGE D BEBIC 7 U P Ly Fy

K& 7Z ALHEANICHN T T v ZF VA ERLL -,
Ni g, v HIEANERYE(Y, La, Ce, Pr, Nd, Sm)}x Y
IR E ) — VIR L, D% TR E L
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LI o TH M LTz, Z ORI VB G R
iz & CHO T a S Vot A5, £,
R ofiiiE & LT iR Y,05 1Tk LT, Ni fil§
ez aR L, e L7 b o2 L7,
FARL L 7=l 2 SN T T v ' = 7 S RIEERER &
1To70, BIALELE L TZE5H 350 °C TRERKE . 50%
Ha/Ar Z5PHACT 350 °C T2 h BT 4 L7z, £
7o FHERE IS W TS 20 min iECABE AT - 70
% IEMEAZ I L7=, 350650 °C O F-{EEFE T O
EfL. Ar FPHKCTREE L, B, FiRiERE CoRER
EE Lz, ¥¥v T2 YVE— a3 L LT CONR
JVARE, R WMAE R E Z1T 72,

3. HRLEEE
Fig. | I&7 & =7 s RO R E2 =T,
PERDERIE TR U7 filllt & el 92 L IEHICH
UVIEMEZ R L7z, NiZty Y2 S0 s 7 v s
179 2 & TOB TP O Ni D EEN L < 722
DIEMESAEMLIZEEZBND, 2D Z L%, CO
2L ZHNEIZ X - T, 650 °C THILLER L 7= filifhE o> 4>
BRI N EIRIEOMBETIT 1.6m2g?!, =7 XL
OfETIX 3.7 m?> g THHZ ELLLEMT LN
72o —J7T400°C LA T TlE, 1% 650°C Z#%7 2 [A]
E@%E@ﬁﬁ%m%k%ﬁ%%hto:ni 5
PERRBRIZ B T a2 R TRRBE S BERS - BEEE L 7= 2
XL 1 ERDOREITEICEBWTARETD Ni DIFE(E
WX VIEMES DN Dol Z L O RRELE

LAHE A X

ENIIIIN: R /55 E

ERSRN /{Lﬁ;%
A

BLCNWDLZEERBLTVD,

Fig. 2 |24 L b 2 IR & L 724555 Ni fifiE
OIEHRBOMER, KOREMEZ T, 1 BIHD
FHRIWFRICB W TIE, AR S COREFED & S
M5 Ni/CeOr WEWNEMEZ R LTz, —FT650°C %
PRER 5 & BERE St A . KRR K&K ONEMEOIR T 25
WINTo, B bR L T ' =T S fRiE e

O & LTkl L%, MEERERBICE- TV 5D
\_&ﬁ)ﬁﬁn éhf_o

100

80

X
~ -
c -
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4
[
E -
S 40r
(3]
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I —&— Ni/Y203 aeogel
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Fig. 1 NH;3 conversion of NH; decomposition
reaction over 34.2 wt.% Ni/Y,0s3 catalysts. Reaction
conditions; NHs: 100%, S.V. = 9000 L kg™' h™".

NHa conversion at 500 °C
[ 1st heating
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BET surface area
Calcined at 350 °C
M After activity test

100 e = 200
L o vs)
80| m
150 =
X M 2
_Seol g:f
(7] [ 1 [}
g | {100 o
g 40[ 3
g *r 12
f : 45031\)
Z 204 «Q
o

(L] L L] L] lo
Y203 La:0s CeO2 Pr:0s Nd20s  Smz0s

Support
Fig. 2 NH;3 conversion at 500 °C and BET surface
area for 40 wt.% Ni/Rare-earth oxide catalysts. S.V.
=9000 L kg™' h!.

1) K. Okura et al., ChemCatChem, 8, 2988 (2016)
2) K. Okura et al., RSC Adv., 6 85142 (2016)
3) Z. Zhang et al., Mater. Lett., 261, 126866 (2020)
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O 3 8 OIREZAL CBEHREE G TR 23R 7,
H, ICRIIRSEEA 500 e CREA L g
H) . 500 43725 1500 43 TiE 80% LA | (ZZEH) T
o703, 1500 43 AREITAR 2 IAIRF (RIEH) L7z,
ZEEMNCIENR U 72508 CIE Ni-CNO 234#4E L 72 TEM
@ oz, 7. KIEHORE T Ni-CNO &
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Fig. 1 The changes of catalyst activity and t
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KF) (lac)y Z VY, SiOx 1F— K425 50 nm F2
FEDERIR Y B b TS, Sciqas 0.05
um) & HWWo FBER YA B BIINI 7 4 2 A B
¥ (nickel phyllosilicate, Ni-PS) D E\/3fi# % Fi| ] L 7=
20wWt%Ni/SiO, il i DI 41T - 72 . BARAYIZIE, 28%
T U =T KR R R R = v L L ERIR Y
U B %Mz 80 °C TEIRMELEITo 72, ok
RIE 450 °C T2 FEfEIBERL L, & D 600 °C T 30 57
MKFEET L Cnikids K OVairic vz, DR
T, ERIETHE LA T ATER R4 2 T
Ni/SiOz-x (x: ace, nit, lac) &7t L, Ni-PS DOE;fE
WXV FRELL 7= & D1 Ni/Si0,-PS & Ft .

ik YR P BB A R s B T P s 2 1 A FH N AT
ST2. FERDIR O 0.5 g & VAR O SR G 2
(ca. 20 x 20 x 1 mm®) |[ZFHE L Bk DK FEE LA
BAHE L=, 25 300 W Xe 7 7Ot %
Ly A CHEIL L TR 21T 572 (E > 420 nm)

- Wirya Sarwana * P55 2F - &

Of
Hx

0k
FK

ZLow 5 AN T L

i

3. WREER

MK XRD Z3#ron 6, &0 Tian3 o
Btb 4R NiICHRT 2RO LB BRI, £
o, TRTCOfMEce&R Ni EHELEBRD
XANES A7 MARRBO LN Z &b, EBILHk
TIEKEGT D= T VR ERIKIETH 5 2 L s
Eh7-. TEM B L N HAADF-STME 5412 513, &
RIE TR L 72 3 FEOMBET Ni B 123 Si0, ki
HEF SN TS DIZ%F LT, Ni-PS ZRiBEAR E L7
& ClE Ni R Si0, T—i#mE b -fiEsz LT
WBZ LEWbinolz. TEM ORAFE5HN6 RFED
S 72 Ni D5 HE 1T Ni/SiOz-ace (9.5%) > Ni/Si0,-PS
(5.5%) > Ni/SiOz-nit (3.9%) > Ni/SiOx-lac (3.1%) & 73
> 7.

FREDEH 173 23.8 W (AR » R X120 mm) @
M TR MR 21T o T2 & 25, WOl
TH I EIT L, Hay, COy CO MERL LT-. g
PEIE Ni/Si0s-lac 235 HAK <, 750 @ 3 FEE DAL T
BB LZRBEECh-oT=. AR T 7 X4 —DRHE
BEONEZIToT=L 25, HFLMFITD 600 °C FEE
WZELTEY, FLnbBfnbic o TRE <IRE
PMMETFLTWDZ ERbhoT-. F£7, BHENZ
&I CO IR (= [CO2]out / [CO2]out + [COTouts [V]ou
IO RITBT B H Ay DAYE) 1B R T
BEL D LEVEE oo 72, R T TR IS
IR Z AT 5 BRS8N T, IR D EO L
HCARARR SN HEIT L, £ O FROEEE T
7 MO EDEITTHZ LTV HE—DIRET
FHR SV B R I T A 2 D IRIRE R G b
mEEZLND.

4. 5|FAX#Ek

1) D. S. A. Simakov, M. M. Wright, S. Ahmed, E. M. A.
Mokheimer, Y. Roman-Leshkov, Catal. Sci. Technol., 2015,
5, 1991.

2) S. Wirya, D. Takami, A. Yamamoto, H. Yoshida., Catal. Sci.
Technol., 2023, 13, 1755.

3) C. Zhang, H. Yue, Z. Huang, S. Li, G. Wu, X. Ma, J. Gong,
ACS Sustain. Chem. Eng., 2013, 1, 161.
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1. #8

GHG HEHHEOHIE, 1—FRr=a— rZ7VEROYY
o—o2 L L TRRFERE (LCF: Low Carbon Fuels),
R RREL (efuel) DI RE L, WAETH AN
T AL X — B A R EEE A B AR L 7B e
FENNH ERY, SR IFNHAEIITHOIL TV,
AR TUE, BN 2 0 & R 2 5588 & D R R
BB OVEMN T E > CELERE L Ea—L, RV
ERATU TR E I —R o =a— kT LKL LT
EFLTODRIERBINT D, T L CARIREHLE B B
I ARELTLIC, FaYxy MEb EFRE, $
Wrdm B2 b OMEEFNT 5, 7ok, MFEEEER
TARIVR O [0 4 AR FEPRENZ TE AR BORIC B 2 7
A L LT JIPEC M LIcTRERNEICES,

2. h—RoZa— I LBBELIROLNEIER
RINZESNHEE L [BRINZ Y —vTF 4 —v), Th
BRI HEE S D EUR Ny - — Y [Fit For 55) 72 &3
iam & HEDSLEIZ T T BB B D, Z DR TT R LF—
BURICERET 500, =3 X —32%iEs (EED) X
AR LY —f4 (RED) T, ZhbiZfts T
M= AL — PR TEEEED TE TS, RED & Ak
IREE 2 B TR R SRR O B 72 &7 B AT A MR L 720,

(WBBD BTV
(Hih= R F =it 2 —) Ofkr  Fik

. LCF hDERBHDEE DI+ L B EHMER

KR FEE LCF 1, AmfEs LTEMATE CO2 #F
HEAHIRNTE 2B TH Y, A AREE, Frse TRE 722
ZEIREL (SAF) G HURE 2 BT Ch 2, ik, B
Ta AR LN DD HM &R R RS OBR L
SEEERE LORT (B, 8aeh, TEbRHE

(CO2) &7k#E (H2) ZJFAEE L THRIESNTZBRET,
FIZHAERRZ RN =L D7) — v KFBEHWEE
FECERBE 1T "e-fuel” & BEIT D, AHE TIX A R
Tre-fuel’ L MFE L T 5, BRREHIBEI LT, FE O
PICE D E TITMAL R 5PN ER RS 2,
4. FHRAERTOD Y FOERY HARKR

B R EHBEE 170 42LL BN 9% eFuel Alliance (2
X2 LBGES A N 18 IR E N TV D, FEEED
BRREHE A XA 57 v 27 MEERLLETHEIN
HChd, BUROWEHIZEZLTET 7 FL~ULT,
PO BEENSNL D B TL B D1E, 2025 4EEN D
2030 FICFTER TS, — 5T, WiEax MIES
RAKRFICREKFELE 2 A MR DOE#ET SR
2%, 2050 FFITIT 26/L REDBRIAE N TV D, RIS
IR MR RITIE Z DRI A DI, & BRI
ERBUEALZ b N BEER R &, BREIT SV,

BORE (BRTR) B0 JPEC
NMARR - BhR MR

| [BRA| e [RE BRERE| oall Tepsl Fa [k

PR [ | s | ool co, | corf |no

e KEE(L

i
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| IAFIzE8 I
TD tz Csterification
FKFEL
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Hydrothermal
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L 3 +
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syrithesis
= HWOD elbiesel
REBER 151 | FamE e |eMethane| |eMeOH | Bl
e Biofuels. PG ey ——————UIGreen
) [BtG) {BtL) Hs
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~ORBLBEE, BRNGEEE 2> T & OfT T
FHEE) EEbLAIRWMICR Y BRNEERr > T
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D, YRR NLF—EBHMHE ORI 453D 3
ik E A IO 5 AMUEFEL TBY (B 1),
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P RA Y DRI ORI DI0 Y ENS DR
SRH AMEAICTR Y L7 RIiE, AR 23
DD EITKY 1960 FARITERE - T AR IR D
BRMEDIENRH-T- L SND, HIRFTHERIC
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D ole, (LABREHRF AR 2R 0o 7 D
F1726 OBFNIRETZ, S 5T, 2060 FWIRE
ZFEBT A DA RV X — JFT S OF]
. EHICIKRFEOMMAE UL Z LTk
I o i

Copyright(C) The Japan Petroleum Institute 2023 All rights reserved- AOS8 -



The Japan Petroleum Institute The 65th Annual Meeting of Jpn. Petrol. Inst. (The 71st R&D Symposium of JPI)

Oral presentation

A09-A12

Chair:Shun Fukasawa(ldemitsu Kosan Co., Ltd.)
Tue. May 30, 2023 2:15 PM - 3:15 PM Room-A (Fukuju)

[AQ9] Effect of visible light irradiation on CO,-methanol conversion reaction
using Pt-loaded Mo suboxide catalyst
OYasutaka Kuwahara', Koji Hamahara', Hiromi Yamashita' (1. Osaka University)
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[A10] Hydrocarbon synthesis from CO, using spinel oxide and zeolite
OKazuya Hashimoto', Motomu Sakai®, Masahiko Matsukata®?? (1. Department of Applied
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University, 3. Advanced Research Institute for Science and Engineering, Waseda University, 4.
Faculty of Advanced Science and Engineering, Waseda University)
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[A11] Effectiveness of Zeolite Dehydration Membrane for Direct Fischer-
Tropsch Synthesis of CO,
OMotomu Sakai?, Naoto Chihara?, Takaya Matsumoto?, Yukihiro Sugiura®, Masahiko Matsukata
124 (1, Research Organization for Nano &Life Innovation, Waseda University, 2. Department of
Applied Chemistry, Waseda University, 3. ENEOS Corp., 4. Waseda Research Institute for Science
and Engineering)
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[A12] Catalyst development of low-temperature CO, methanation
OShohei Tada', Tomona Jinushizono?, Masahiko Nishijima®, Noriko Yamauchi?, Yoshio Kobayashi?,
Ryuji Kikuchi® (1. Hokkaido University, 2. Ibaraki University, 3. Osaka University)
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1. #8

CO, KFIZ X D A X ) — VAR BOGIE 55 -5
WRIDFE S TEH Y . CulZnO/ALO3 %5 Cu Afik
A FIMH LT 200-300 °C, @JESM: T TirhiuvTn
Do AX = VAITHEBE LA ERE LT TENICE
HATHY., I—ARr=a— I VEFRIZMTTERK
S EIE M A R TR OB AR EN TV D, Frx
FZNETIC, PUEEE Y 75 Ml ER L AR AN
o CO, AKFLIZ K B A H ) — VAR N T
200 °C THEN-IEEEZTRTZEEZREBELTWS
LA, & BT AR AT AT R R IN A R L
fih il ATRRE & RS 9- 2 & COfinfb R\ 95 9,
AWML TIL, KFHTD CO KRFIZ I D AKX J—v

BARRSSIZBWT Pt JHEFE Y 77 iR b i it
O EMERE 2 592 & & HIZ. AR SEHR G A3 kgt
BOGIZ BAETHBIZ OV TIAE LT,

2. =E

a-MoO3 %45 SHIKIRHRIZ, FTERED KaPtCly
AIBR A S K OYRFZ A, 95 °C THIRE, =059
B, Peid, 208U 300 °C T Hy@E milEi 2175 Z &
T, Pt fiEFE Y 75 LY (PYHMO0Os.y) % 5L
L 72 (Pt: 3wt%)Y, il st it i 2 i 2 i
% FHVN 200 °C 12 TRUSH A(COzH2 = 1:3, 2 MPa, !
Myt 20 mL/min) Z i@ L7e S HAT - 72, Al ERR
FREL, Gg EOAREE LY Xe 77 E#HW
T2 > 450 nm) & U L7228 BT o 72,
3. BEBLUEER

fli2 O Pt L& BRIttt 2 VWV CT&FE CO,
KFEARIGEEAT-T2 8 2 A, EARME LT COo,
B4R & LT CH3OH, CHy 7b> %6:&710 Shig ootk
&R L & RIZA W 25812 @ CO R LA
Foi, P TH, P/HMO0O;.y mﬂ) i MR A
RLT2(Fig. 1), £7o, BrEERERDITE CO;,
iz k=R I1% A _E L 7=, In-situ Mo K-edge XAFS HIE Tl
Mo FEA Hp Kt CiEoc., CO &+ CTHefk X4,
IO AICE Z 8T ABIZE SN, b

DFERND | BRI S D HF R R K
fa7s CO RIS ZRET H LD EE 2 bz Y,
F 72, PHM0Osy IZ DWW TIEIHEIEMEZ R~ & =
5. FEFIOBENNTEE CO AREEITZ L Lo
= D% L, CHsOH, CHy A EE I A L=, &
512 DFT G572 EORERN S| CO, DBLEFEIZ LY
AR L7- CO AN PR+ ETARFELI D Z &
T CH3OH, CHs NERT D b D L HEZL Sz Y,

Pt/HxM0Os.y Z N T RIHEIEIES N (A > 450 nm, | =
750 mMW/Cm?) TG EFT -T2 & 2 A, HERM AR

GHER EE5AFR (B71OMARRSR)

A B ) — VI

oL RELEL O A H

(TR RNCINS)

B ILK 1.3 f7121m | L7=(Fig. 1), 200 °C. A
FRAT R T CO AR L, WEAT T 217 °C 2B 5
CO ARGl E L 1ZIER U Th -7 (Fig. 2(a)), HHHE
FEGF 2 FA TR IRE T C o fil i 5% iR % e 9 5
L 21 °C ERLTWD Z EMRHER ST (Fig.
2(b)). FE 7o, PL HE TH M & v 72w YEoRE (3R D C
I To, ZIUDDOFERNG | AT I
L &AL 7= BVEE - (hot electron) 23 FE3ESERICHE R L | fik
BEN RTINS LD = & CROG S B B RS et &
nNoHb0EEZx LN, —H, Tv=URA7a v K
MO, BVETO—EN Pt i~ BEIL (&
FIEAZNE) (PRI EIZE1T 5 CO DBRAKFELA
T v T ERARE L TV B REME G ORIB STz,

D = under dark L = with visible light

16
® B 7 CH,
(8]
512 EEZ co
2 Il 77 CH,OH
Es-
[
§ L
[
541 .7
1 :
S i 155
&  HMoO,, MoO, WO, TO, CeO, SiO,
Pt/Support

Fig. 1 Comparison of catalytic performance of various
oxide-supported Pt catalysts in the gas-phase CO:
hydrogenation reaction (200 °C, 2.0 MPa, CO; : Ho =1
3, under dark condition or with visible light (A > 450 nm,
I = 750 mW/cm?) irradiation).

(a) > _ (b) 230
—o— Light

1 —= Dark

+21°C

= = N
o ()] o
L L
N N
= N
o o
L

CO production rate
/ mmol-g-cat. *-h'
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o

o
.

(92}
Surface Temperature / °C
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[
©
o
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Fig. 2 (a) CO formation rate as a function of reactor
temperature over Pt/H.MoOs.y catalyst. (b) Change of
catalyst surface temperature in a flow of H,/CO; (reactor
temperature = 200 °C).

1) Y. Kuwahara, T. Mihogi, K. Hamahara, K. Kusu, H.
Kobayashi, H. Yamashita, Chem. Sci., 12, 9902 (2021).

2) Y. Kuwahara, A. Jinda, H. Ge, K. Hamahara, H. Yamashita,
J. Phys. Chem. C, 127, 4942 (2023).

3) H. Ge, Y. Kuwahara, K. Kusu, H. Yamashita, J. Mater.
Chem. A, 9, 13898 (2021).
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R e
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16 %& . 873 KBERD H DIEARE 72 o7, BERRIREE
WZE BT, AR LT RIEKFEDNTO BREED Cr-Cad
INT T 4 o ToDHZENIoT, ZnALO, 773 K &
ZnAlO, 873 K DLHHZING | AR/ UEIEZ RO &5
WEALKEAEREAZ T Z L0500 . AV RIS
MAR ) —NAERIZEFES L TWBZ ENEZ BN,
F72. ZnAlLOs 873 K & ZnAl,O4 1073 K D LB
I EEMEN & E WK B AR R EZ RT 2 &
BoyinoTz, BRO1SE LT, fEfEN/ NSV E
TRBLEILOBNEGNEINT D 2 EE2EZ TS,

25

20
co
mCH4

® 15 u C5+
- uC2-4=
% uC2-4
5 10

| J

0 . |

ZnAl:0. ZnFe:0. ZnCr:0. ZnGa:0.
Fig. 1 Yield for changing metal at B site.
25
20
co
N mCH4
f_,_ 15 m C5+
T =C2-4=
2 10 wC2-4
>.
5 .
o L e B

773 873 1073
Calcination temperature / K

Fig. 2 Yield for changing calcination temperature.
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CO: &4 L% b Fischer-Tropsch &RIZH T3
€A 54 FRKIEOF R

(FRSEHEHE T * - ENEOS** -

BRT T A 7wk o BURKP T fff )

& %k\?{r HLiEbhkk L FobL R *«f%“i)‘{) @goé Fomiz FX0C
OMIE  SR* « TIRELAK - Bak Bethes « JLJH 11800 « BATT (L2 ek wns

1. #

—ARr=a— N TVEKIZIL, COy & KBUHEIC
HEFALFTRER I —R > U YA 7 VR OB R
AR T D, AL TIE, COy 25 EBRERALS:
rnJFUEE & 72 B IRILKERF BN D CO, XA L7 b
Fisher-Tropsch & aIZiER L7z,

AIE T, BlIET D2 EOKIZ X > TG E
DETFT2ZEenFEINTWDE D, ZhETi
Fex 1L Fe Rfilft L ¥4 7 A4 MEA S HE TR
FSERICBWT, A4 L7 b FT BAMeEtE s n5
ZEERHLTWD, ABFETIE, BREGSEHZRT
4 FOSAEE D FFIC SO\ TRF 21T - 7=,

il

2. EBFHE

FT G Riflfi & L CHERIBICE > THRE L=
K-Fe,03/y-AlL,Os & IV 7z, fili#iii L 673 K T/KFEE T
ZATWER Lo, BAKHZEERE S LT, BlRa-7 v
S FHEHR RICER LT ZSM-5 B4 T A4 FMiEAE H
Wiz, BA T4 MEOT A X, EE 10mm, £X
80 mm. R 25.1ecm® TH D,

FT & ClX, BB o BEE RSN & 0%
BEDIERSERD & 5 2518 2 U7, RS #R 1,
BRI D SMANT S8 U 7= il g (2 JFORE T A A i fs L
72 EPNERIE Ar Z AW CHEIBAT A2 AL —7 LT,

FT A D JFEHI(HY/CO, = 3/1)DIREH A L L, fil
BEB I ORI AiEE 2SI ED 2 T, WF
% 120~6100 gca min molcoy™ D &IFH THIME L 7=, s
IR - E/IT 573K, 0.9MPa & L7z,

3. EBIUER

B R RB i as & RGN AR 123817 5 W/IF &
COMBIL=R D BIRZ R T, RIS Z VT8
A+ W/F 723510756100 geo min molcoy' E THEAN L 72
BRIZ COMBALRD22.7%~35.8% % Tl b L7z, MK
s E WD Z 2T, W/E I ST COMRLRD K
ME7am BN B BTz, F 72 BERUGES Tk, W/F 23 CO;
HLRIZEH 2 HEENKE < [FA#EFH T CoMalb®E
1936.6%~61.3% T > 7z, B Z H TSR
DKEBEEZRY RS Z & T, BUSIE-> TERKRT S
AKIZ & B BOGHEE DK T 2363 20BN A s,
E<ITE WIF (Eisfb3) fHICIrEoKIc & 5 KOG
FEIHE DK E N2, BAKBEAOBE S KE < 7
ST EEZLND,

X202 Ar & 2 W FKZESUT £ D EEET A O AR A
COMRLRIZH 2 DB A9, Ar THR LG
1%, COB & N Ho i [EDK FIZHEVMEDNT COLR(b
TR LTz, —FH, KEKUITE » THR L7 EE
ZHAWD &L COMALRN RIFIAL T4 5 2 & 38

L& lpoTe, T, BRI TKIZ
X B et (Fefl) F K OMREE T KGSFLE A
EZDHTEHEZEZLND, ZILHDEEIZ OV TR
FEAT O T2, —BEKARKIC R Lz X 515
MRBRFERAZH 70 v b COKRRABRBEHEE T
B2 AT o T il X D RERZ R 7 1 v hTRT,
Z OFER AR OER L & BUSBLE O Wi A3 EME DK
TN NG nol-,

70

60 [ [BREa%

50

w0l
30 _x.. e
' ERBTRS

CO2 conversion / %

20

10 H

0] 1 | |
0 2000 4000 6000

. -1
WIF / g, Min molCG2

Fig. 1 W/F & CO:Ex{bR D%

8000

°
= L] A
T 20
S °
7
(4] .
z 13 °
o
9, 10 Y
3 KESRE

5 L

°
0 ) ) [
0 5 10 15

Ar or H,O composition / %

Fig. 2 Ar % WMIAKERIT & 5 BT 2 DFRH
CO:#rfbRIZ B2 DB

4. fER

IR g & IO TRUS RN DK EZ R T S
5T & T, FT MUSZRE S EEWIERPE LN
52 EEW LN LT, & UTBUSRNDKRIFED
F< o m WIF (BEsbR) sl T, oBEic
& D FOMEEN R DR E Do Tz,

2% 3R

1) M.P. Rohde, G. Schaub, S. Khajavi, J.C.
Jansen, and F. Kapteijn, Microporous Mesoporous
Mater., 115, 123-136 (2008)
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CO, [RIRIFEMALIC AT TR A & 2 —3 a3 Al DBEE

CHRLED LG e

LA « HI? » KRS OZ 0B o - ML -

1. #&=
PEHEHALIM, CO BRI L, KUEZE

BRI EROFRE L 72> TN D, A X F— 3 Ut

=R =a— s INVFEBRICHGT HEERETT
oD, ZORIRNE, KR « SESRA N CRISOMIEE S
N5, BHEDIIETIX, A X R— 3 Al LT Ni
H. Ru RS EE N2 < i SILTWVD D3,
. Q50°CLAT) Tldt4372 COy A & AR
HAIVTURL Y,

AW TIL, A X F—a VKRbEZ B E L, &
N ETEE L TRIMTHYE T RUEARLT 20, il 305
T2 LI EY . SRR EOREEITo T2, £72. Rw
B 710, & RuFESE 210, OfiE: 4 i35
Z 2T Ry RO ATV, AR CRiEE A
RO A BiR LT,

2. EER

ImAETRE, BWHRE (kb o) V. ST
% (BERRZ2 L) o 3 FEEEOD J77%C Ru/ZrO, firlt 4 it
L7z, BOGaiR I, EEAR s UG 2 H L7z,
ALEE & LC. ArHa = 90:10 DIRA T A% 3000C T 1
IR | BN L, KERITC A T o 7o, ROSH AH]
E}di COzIHz:Nz = 1:4:5\ ﬁ]{ﬁ%fi 50 mLSTp/min\ }i
SR 200°C~300°COHIPH T, 25 CHIAZFEHRR
B i 7o, FREREmE, XAREHHEXRD), H#06

X BRIHTIEXRF), No W, CO, SHEMIBE(CO2-TPD),
AT - BESEE(SEM), AT EE B - BESEL(STEM),

X BOEEEFIEHIEXPS) 21T~ 72,

3 REIUVER

RWZiO, itz H L, SRR 1E L IR O 2
1Tt 3FREOMRRGED 5 b, SBRNTHE (BERk
72 L) TR L7z ildin i b imvy CO, bR A R L
Too THVEBEE 2. BEPWTHIE (BERkZe L) CRREEL
7= RWHRNE 7210, (m-Zr0,) 3L RuESHE ZrO,

(am-ZrOy) Z MW, BRI T o7z, it
AEROFER, Rwm-Zr0O, D573, Ruam-ZrO, £V &
EEZ R LT (1), &5 Rwm-Zr0x 1%, 225°CH
T 70 REE S DR, BEMEZ PR BT T (X
2), STEM LV, RHIEERATZ T Ru O BEECER
DRI 2N =D Th D LR S,

c:Lui;{iﬁU:* K’i-‘ﬂ'z? 9 = :(ﬂ*L;H_L zs* S i’;V)w")u*
PAUEHEEZ™ « [LUPNREA-2 « /IRTD5 5572 - Sttt =)™

100

T

80

60

40

COLFR1EZE [%]

—&—Ru/m-Zr0,

20
—-Ru/am-Zr0,

250 275 300
BE[C]
1 EHRATHIE (BERZe L) TR L7 Ru/ZrO: fil
D COy linfbR

0 1
200 225

100
80 |-
:’E 60
Py |
Al
B o
8 40
——275°C
20 |
—a—225°C
0 | | | | | |

0 10 20 30 40 50 60 70
e [h)

2 BA%E L7z Rum-ZrO, il od RAIRAT S F

BEE AW AEMEEA SRS OB
LTI,

1) Sugawara, Y. et al., Liquid-phase reductive deposition as
a novel nanoparticle synthesis method and its application
to supported noble metal catalyst preparation, Catal.
Today, 132, 81 (2008)
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PEAE & BLKSRIZ

KA T hiif b AKZE DR R

bl 019 DHED S B Z O PFOT BRZDIND
(FRRART, = XEa™) OFERD " - sk - Rk —F7 - HEhm—"" -
bizlemno X HEHHEHL
B yaik™ - R
1. &S L ERHERI ST,
AL NET, HS BIGFT DB T VT D HoS OEEIZHONNCT H72012, H X H0 &
KB %F L C SiO I EE L 7= Fe R filt (Fe/Si0,) %ﬂB&ﬁﬁLtﬁm%%%LLJ@3 %, N
MEVEMEZ R T Z &2 MELTND LD, A VX FNDORMICBIT DA E R LTZ, HoS fFTFT

2 UDPKETIE, A ELTA Y LT T
72K, 2-AFN-1-7 T L 2MIB) R 2- A F)L2-T 5
(2M2B), 3-A F)L-1-7 7 ' (BMIB)EDE / A L7 ¢
YHELND, THHEF VT ¢ v ERRMEEB
KBEMAEDEDLZETA VTV NIEBRTE D,
AL TIE, Fe/SiO it ZFIH L CTE /AL 7 ¢
Y D—DTHDH2M2BNLDA YT LBl R Gt
LKOE%% X, HoS 70 F 8N A 7L g
DAY A2 o T ﬁmﬁx$@Hﬁ%F%W
W52 LT, R WELME LT,
51T, HoS D% J%%Bb #ét 1z, Ha X
H,0 % 347 U7z i & 340 L7z,

2. EBFHHE
2.1 fibiEEFRB5 ¥R

Fe/SiO, filiftix, ZMRiRMZ: B S0 824t9 % JRC-
SIO-4 Z IR & L, 28R EEIC L VR L7, SiO,
R Z ZEE KT 6 IRFfEIRIE L7214, Fe RIBKMATH 2
Fe(NOs); * OH,0 %, & 5122 BEf# L=, =
DIk, Wl T 5 E TR EEEIE, HBoNHE
% 500°CC 1 h BERk L Cidt 2 3R%d U7,

2.2 FbEEREME O FEAT

ik AR 1 0D BA L2V I [ E R I = e g &
VNzo 500 mg Ol A FOS AR TR E L7212, Hy
& H,S DIEA A A (Ho/HaS/No= 2.5/2.5/45 ml'min™) %
i LT BALEE 2 600°C, 30 min Jii L7=, & D%,
&Eﬁx%@MﬂMﬁmrymBmmMM@ﬁmf
G L-, BUSAH A%, GC-FID IZ X v 547 L7=,

3. fERLER

Fig. 1 1%, Fe/SiOqfilfifitic K5 2M2B 725 D C5 A
L7 ¢ VEIDOARICKIET HoS EFOMRTH D,
mSAfTTi,ﬁm%ﬁE%#%,4V7vyﬁ
B, FOIRIIRIGER & & HITHERMIT 5

L7z, —77, HoS OffaE g, 4 V7L IRy
RKESETEHE, 2MIB OREZEENEIE7-, =D

FERMND, HS OFIIZE D 5T 2M2B 725 2MI1B
WCHEMALT DA, 2MIB 76 OB Rk FEIT HaS 4
TR TORETT D Z ERRRINT,

Fig. 2 1%, 4 HoS DEICBIT D14 Y 7L UERD
RIFZLEZ R LT D TH D, HoS 43N 0.2 atm 1
BWT, bEmWEMZR L, £72, HS 9EN
BRWEHFICB N T, HIEVIEEEZ RS Z &R
b, bInBEETh-oTH HS 24+ s2 L
T, fREEEI A S, EUWIEESHER S

% Fe/SiO; fiEDFIHIC LY, 4 VTV RGN
Do *ji, Hz%’HzO #QT?‘FVCM:, H»S 7)§jj\:ﬁb7iﬁl/\
FMEOFER LB THY, 4 YTV DOEKEITD
fﬁf&otom%ﬁv74yﬂ%4/fvy%ﬁ

B 7211, HaS & Fe/SiO, il 2 0F 9~ 2 D3 &
5z kb‘fﬁ 675 W7o,
With H,S Without H,S
60 —
[Purge]

& 30 2M2B/H,S/He

= 40 =5/10/35 ml- min™! Z-Tethyl-l-butebne

2 A‘A A A A

230 | @7 &

151 isoprene

3 20 A A 2M2B/H,S/He

e = A A = 5/0/45 ml- min™

10 3-methyl-1-butene a

0

0 100 200 300 400
Time on stream/ min

Fig. 1 Effect of H2S on the 2M2B dehydrogenation.

500 600

>0 H,S partial pressure / atm
®:02 @:01 9 :00
© 40t
< A:0.15 ¢:005
)
° 30
=
2
5 20
)
2 10 %
r——0—o—
0 1 1
0 100 200 300
Time on stream / min
Fig. 2 Effect of H2S partial pressure on isoprene yield.
80
.- 1soprene
X
260 F
= 3-nlleth_vl-thi0phene
> /
= L /
3 40 . 2-methyl-
Q ! -~ 1-butene
= /
3 —
= 20 3-methyl-
A 1 1-butene
l — _|. iso-C Hg
0 . C1-C3
without H,S with H,S ~ with H,  with H, O products

Fig. 3 Effect of co-feeding gas on 2M2B dehydrogenation.

1) R. Watanabe and C. Fukuhara et al., Appl. Catal. A:
Gen., 587 (2019) 117238.
2) R. Watanabe and C. Fukuhara et al., Appl. Catal. A:
Gen., 630 (2022) 118442.
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IIIR—S AT ILSF 1B PtCu BRIEIZ LD n-T 4>

ik = R

w5

(A JUls ik, T
1. #%5
T VT) o B K SR SO Z IR RE Pt R A A 20

&%, Natarajan HIIAHIHIZL worm HRD A Y R—F X
W& % A5 ALOs 1T Pt 35 KT8 Sn ZHHEE L 7-filiEs
n-7"4 URBKFEIHC BN TEW CA™ (7T 48 + 1,3-
THT) BRRETRT ARG LY, L LE
TESUSSAE T CIE@IS ORY Y Sn (AL : 232 °C) 32K
LEWRATHNCHLT RN DN B D, £ 2T, mif
@ Cu (fils5:1085°C) % 4H£F L 7= PtCu/mesoporous-ALOs
(AT PtCw/m-ALO:) il 2 FH8 LU T n-7 & VKK
JSEAT o TG R TERD PtCuly-AlLOs il & Fris LT
W n-7 B R BN C4 BRR AR AR L
72 D, AR TITRR D5 THE L 72 PtCu/m-ALO;
fldt A & AR 2 S L7,
2. EBRAE
PtCu/m-ALOs (Pt: 0.6 wt%. Cu:3.0 wt%)Fall : v —7
—I|Z EtOH % 20 mL, S E{EMAITdH 5 P123(Mn=5800)
Z21gMATIhHELE, &5, Jloe—h—IZ
EtOH % 20mL, Al(OiPr); % 4.08 g, 70 % HNOsaq % 2.6
mL N2 C1h Lz, ZHhDOEEA L <L
B BIRA LTz, 612, FTEED Pt{bAEY) (HoPtClg
TH ) — VIR 8 5T PUONH3)(NO, ), FRIATR) M OY
Cu(NOs), * EtOH ¥R Nz T, 24 h fiifk L7z, WwIT.
ZOWIRERATE =7 T AT UR 2, N itil(20
mL min-1) F, AL 7273 HYEIE A FRZ5(60 °C, 72 h) L
7o GO Z~ v 7V TRERK(550°C, 4h), H,
(550 °C, 1h) LTl L7,
TEHERBR (-7 & VBUOKRROG) © R E ARE AT
JETEE 2 O CRREE: 0.25 g, SOGIRE 550°C, WHSV
390!, AEMItATE /L n-CHio : Hy : He : HhO=1:1:
3:3, & S0mLmin & LCRIGEIT>72, KISHT
12550°C, 1h, 40%H, CiELa1T>7-%. 550°C, 30
min DAF—3 7 &4To7,
3. fEREER

LIRTHE L7238 Y . HoPtCls 7> H A% L 7= ittt PtCu/m-
ALOs (Cl)IE, y-ALOs HAFFEE L v & @y n-7 % (b
FOCABNRE/R LT (Fig. 1), Lo LT ofildlt©
HIRFERGE & & B ITE LRI LTz, — A,
Pt(NH3),(NO,)2 2> 5 #L L 72 PtCu/m-ALO; (NOo)fifitl 3,
WA LERIE PtCu/m-ALO; (CHfiitt & [F1% CTh 5 H D
D FALREORRFECITIEF I/ N & < REMED S\ fi

Vhids
\

BEIR

(g

v

B b L B -
EHE., ¥R FE. OFJIl F©

40 1 T
30 1
20 -

10-%—0
0 N

0 1 2 3 4 5 6 7
Time on stream /h

n-Butane Conversion /%

100 -

X

} 90 -

=

3

2 80 - Az PtCu/m-ALO (NO:

L l: PtCu/m-AlZO3(Cl)

o 1 PtCuly-Al O (ref.)
70 —— 2

0 1 2 3 4 5 6 7
Time on stream /h

Fig. 1 #HEF PtCu iz X % n-7 & K SOG

P& 72 o Te, ETAMNLOMEE Tt CAaRPERITEmD > T,
Z ORRFLZEMDE N Z TR 572512 PtCu/m-ALO;
(NOy)% TEM B2 L7z & Z A, warm R TlE72 < HHIAY
IR A ) HLEFOZ LN T2 (Fig. 2), T ORFRAHE
TEREVRRF L EEICRF G LIz e B2 bhd,

Fig. 2 PtCu/m-ALOs(NO,) filtlfto> TEM &

1) P. Natarajana, H. A. Khana, S Yoonc, K. D. Junga, J. Ind.
Eng. Chem., 63, 380-390 (2018).

2) Y. Oshima, S. Kuchiki, M. Hirahara, H. Ogihara, H.
Kurokawa, TOCAT 9, P1089, 2022, Fukuoka.
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ARIRBDZRAWV-EXS4 FZELD
R IFL2DOEMSF

(ZEHKRPEL! -

1. 5

HLRIKITTZ DL Nk A MEMEHE LTHI
HENTHWEN, B4 74 MEEICHLHWD Z &
NTE5DH, LnL, ZSM-5 B4 T 1 hldEizpE4
DISNT T2, BFREE TIE I E THIRIKD
EIRZEIZ TEM B LUV XRD 2 AW CTREF LT
E72(1,2), Fo., BRI THHEA T A b

OFHEL & SOSVEIZ BT 2098417 > T&E 72 [3], &
ZCARWIZE TR, R M T AEAKRDOTTELT A
~ OFHRUZAE A TE 2 WH Ti#%é Quang Ninh
(QN)R DK B L, Z DI OFEFERK o3 1571E
G ZSM-5 DR A i A 7=, i 7o S L 7= ZSM-
5EMAWT, IREEARY =F L (LDPE) Ok
SR 2 ) —RA 2 b3 1T A Y —(CPP)
1E[3]1% TGRS L KRGS & 3 F 2R WERTE T
FH#EL L 7= ZSM-5 (Conventinal-ZSM-5, C-ZSM-5) &
DRSO R Z1T > 7= D THET 5,
2. FEB

A RIR RSy & T2 ZSM-5 filtil (QNCA-ZSM-
SE, 2 A HZA VB TIVIVEET Y UL
Kb+ N A HO, 7 R 77 Ly &
=7 At e X4 F(TPAOH), Si0 B LW
ALOs LIS D QN RIKAFEHERK 7> & L T Fex0s,
CaCOs, KyCOs3, MgO, NH4H,PO4, NaySO4, TiO;
ZINZ TKEERRIETIER LTz, A7 L AR
BB R AR . TEIRAE T 150~165°C, 48~96
BEFRAAEF L CREMIE 21T\, T OB SH, B
Fi%& 550°CT 6 W4T - 7=[4], VERL U 7= filfhi
NHs(NO3)Z W T F A o 2oz dT o7, filfit
DX 2 V¥ —a& LT, XRD, EHEK
il . XRF, TG-DTA #17-7-, CPPJEIZ &
2 R ST ARIT 500°C D /3A 1 7 4 A JUIZ 0.2mg D
LDPE & il 1.0mg 2 W CTiTo 77,
3. MERBIUELE

FABL L 7= ZSM-5 @ XRD ZHIE L 7-#5 B b il
{EIREE 150°C, #&fmbRER] 48 KefElzB W T
QNCA-ZSM-5 & C-ZSM-5 O EbL 5 DAY
Si0x/ALO; t 52 T ZSM-5 DB — 7 BNEEL S,
SiO./ALOs % 78, 156 £ TS L v —7
SR T B U7z, RS EIEEE 165°C, s bIRFRE
96 KFEIZ IV TIX, Si02/ALOs kb 26 T ZSM-5
DY — 7 DBIEE STz, Ny WA HIE DR R,

SEATHY) BT -

e

B
(“
H

7 x v 7 v
+ Nguyen Hung' *
EEDY

&

L)
OEB L

EF0H L IL

AT +

1

Um%

v

e

b WwLIES oL
1 ey

)
hle AR B

p

*>f

Si0/ALOs FEAY 52 Cllibsa b EEAME V- D R ih
FiF L OSHEFLARE 23 Si02/ALOs FhA3 78 8 LTV 156
OFRBEIZ X TIL T L72, QNCA-ZSM-5 TR Y
fHﬂE‘L%%ﬁiﬁkiUerLaiﬁ@%é%ﬁ R TX, A
IRIKFESY . Bl £ CHEF T FeRTi R XD
BEBEBENPEFREL TS AR D D,

WITAESRL L 7= ZSM-5 |2 X 5 LDPE O#fil4yfiR
#1T-72, QNCA-ZSM-5 & C-ZSM-5 O[T
SiO2/ALO; FEDHINNZ & & 7R b3 B L,
SiO2 /ALOs kb 78 Tl KD b Z /R LTz, C5~
Cll DY U R EN L., Cl~C4 D H AR,
W U=, %72, QNCA-ZSM-5 T C-ZSM-5
IV BV LRNE LN, Z2NHDZ EIXAR
K3 H A WTEGEIT A VLA E L2 & &
BIHE L CTW1b EE 2 b5, Si0/ALOs b 52 @
QNCA-ZSM-5 3 X O C-ZSM-5 TlL, ZSM-5 DOk
LEMEL . BERNME T L2 EZBNRD,
SiOx/ALOs LEA3HENF 5 & Olefin /Paraffin (O/P)tt
DEIN U7z, F72. Si02/ALO; bE2Y 52 706 78 12
AN~ A BRI multi /single branch (m/s)kk & iso-/n-
EamEL7E, WY ZSM-5 fESORE & B
HLTWSHEBZZXH5H, QNCA-ZSM-5 & C-
ZSM-5 % i35 & (R TrEv O/P HhE my/s bt
Y XSV gV el
4. £&8

XRD Dt H7>6 QNCA-ZSM-5 & C-ZSM-5 %
EDH B 1500C, 48h OFHRLSAE T, Si02/ALOs b
52 D& ZfESEMHID TAER L, Si02/ALOs bt 156
F TR L7z, Si02/ALOs tr 78 TlA{bER 3K
R0 156 TITORIK T Lz, ARIKITHRLD
BT QNCA-ZSM-5 Tlid A V fLA3 ¥ L, LDPE
DEALRB LN VU E 8 8m L=,

[1] T. Hashimoto, Takai, Nguyen, Nomura, Ishihara,
ACS Omega, 6, 1197-1204 (2021).

[2] H. Nguyen, M. Katou, Y. Tsuchimori, M. Nomura,
T. Hashimoto, A. Ishihara, J. Jpn. Petrol. Inst., 66(3)
2023 in press.

[3] A. Ishihara, Fuel Processing Technology, 194,
106116 (2019).

[4] K. Mizuno, K. Mori, S. Matsuura, T. Hashimoto, A.
Ishihara, Chem. Lett., 51(10), 2022, 1033.
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ﬁ)bﬂ%?ﬁﬁi;ﬁ’éﬁﬁt\f— S-S EF/ I/ A-4Y
P& BB E AR I & 5 VGO Dl 7 £Z

1. #%=

HAIZEB T 2 A MRS OFE LT+ 580
WD, WRANIT T Y U UEEIIEIRE LT
rK MO L D07 ) R T EE
TatEATHDLH, YWFEETIE, TNETRER
AVHILEZATHA Y R—F 22U A 24
B2 D 7 VE AR (GSR)YZBIR LT 72
[1-4], &b & AW Etsafhiis, EEmo
DRCHEZITHY  Y-BLOB-EATZA FEHW
T X, B4 T A FEMSOD AU RA AR &
ARTEWERE AT 52 &2 @E LZ[5),
AWFFECTlE, GSR 52U B TLJE{l L7= ZSM-

5PATA MEAREESEREE A TR L TR
H (VGO) Otz =) —« RA vk« X

A8 74P —(CPPEEZHNTHRFL, EATA
ORI L A ELHLZLEAMNE LT,
2. EBR
VIUARELTDOT N T =T AN NS
— N(TEOS). isfitfits KO 7 L—h & LTV
v AfEE VT, HZSM-5-E 45 1 + (Y —,
Si02/ALO;=24) DIFAE F T TEOS % K/ iE L,
2 BREIEMIIE 2 7572, IRIC TEOS 2> U Il & L,
2 JEREEMIEAFAE T C TEOS & MK fif L. #l5#
WikeE LT~ ATy vadxy (HMDS)
SEKEERE (AA) IRATAIR 2 H LT 50°C THREF
L. ZVERS Z Ao Lo Bt Ure, BERIZHz)E
22, 600°C T 3 AT > 72 (364 L) GSR
UL 2 G A RS LT 3 e il
ITER A & L CHWE,

fb it D RFMERTAR & LT XRD, %2 BV A T E
NH;-TPD. TEM. TG-DTA #{T7-7-,
FORFERIE, F2V—FRA v h-frTq
P —(CPP, JCI-22)% AT, filf 1.0mg, 500°C,
VGO 0.2mg, He ZXPH5A 0.6MPa D {1 T CHjiti L
7o WA TS X ORURA R X GC-FID Torfr L7z,
3. BERBIUOEE

XRD HIEIZ LV, T _TOREERIAE B0
T ZSM-5 B4 T 4 hOE—7 MRS, B4
FTA FOFEREEDHEFF SN TS Z ENRRE
Nz, PEERESERECIIE AT 4 M ssaE D
T 5 L DHERR STz, AR TN E ORE R
BT A MR E L C, 2/ BB IO Bk
JE il D R A Fs L OHEFLARR IR & <#hn L,

2y} WLIES & oL

(= Ekhl)@fﬁﬁm i SL R

RS IC R & 70 A VLB A ST Z & VR
Iz, b, 3 EMHEREMEORIFLATEL 2 &
POz L RSN TN L Y K& <, 2 B
YEfML: & GSR A N 3 A SR FHEL N
KEBRAVIOENZHFEG LIZEEZDND,
mMsﬁﬁWE%L%ﬁ%mwTVqﬁﬁa
it ket Uiz, ZSM-5 Z UGl L7254 . i
1b#iﬂ%f%otoﬁﬁ)/@ fb it 2Fk
L O3 B ERSE A A 25 E . B4 T A b
@&vﬁiﬁvb&bﬁ;w\$MB4ﬁwin\ﬂw/7
o BIRPED E < AR DM HavTe, AR
W) OFPRIT, ZSM-5 G A B &Skt o 5 A3
ZSM-5 B L 0 & @& < L HIE Cl T4 %
THIF DN BT, ZSM-5 DEH ' 720 OIEMET
X ZSM-5 Bl & b TN L7228, A A ViR
At L D IR L, MEfEE L5 L X2
ZSM-5 OFIFLAY B O —EFAZENTE(ET D Al hE
WRH5H, 2O EF, INFTHRELTEZ Y-
BEWB-EBAT A b & AT E i fm gt ok
BRISIE R . ZSM-5 O/NSUWHIFLER & BEfR L
TS EBZOLND, — 7, FEROBERRETIE
3BOMEHE L THZ L TR L UIREM T O
p-F T L UBIRMEN T L L TWD 2 ER D
R aflObTRAES I 7 a LN O
DY B KDHEN Z BB L T 5 ARE
PEDSRIR SN To, ZSM-5 &4 M TR il it < 1
RON fH23 ZSM-5 il L @& < | AiiE T4 L7
4 VERERNEWZD EEZBND,

4. FLo

ZSM-5 ZfiNT 2 BB LD 3 ): RS
T 52 & THAEREME T L7223, 3 R fih
ﬁf@%§%$®p#vvy%mﬁﬂﬁibto

1) K. Mizuno, K. Mori, S. Matsuura, T. Hashimoto, A.
Ishihara, Chem. Lett., 2022, 51(10), p.1033-1036.

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.

5) KB, AEAL AL A GRS
R RSEESE

2022 4
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CRSN T i

b HIEH

W dcHex - FE fee] -

wE

FLE(LA: Lactic acid)iZE3 it 77 A7 4 v 7
T lokk 2 AL O EE R G RUREI CTh D, Bl
7E LA 1T, BHEORMH LWIEIT VT e Fe v
TUBREVHAB=NI L, LA TN AT L E
BHAERBIEIC LY TEMICEEI N TS V. L
ML, TNOHDOHEIITEBZERETHD Z L
i BE T CORINTHD Z L EOENH
L2, 07— hoEsh®R - Ko R il
BEOREN RO LN TS, ZO—> L LT
IRARIEZ 5 Glucose 705 LA ~D—E: A RIEDN
BatEh g, Lal, Glucose M5 LA & —B
T O TH L2, EZYEL (Step 1),
v%m?»bewSMﬁﬁxmmu&wish
JKFN - $507 (Step 6) D EMALZ BT BERE DFEIE
FESOER 2 R - BIRMICHEIT S5 2 L 3 AlRe
7 1 FE VS AR FEME 2 4 U 7= Al O RR T S L B
& 72 % (Scheme 1)?.

Qigomers>_,,
Step8

f \ Ho\j’\,OH

Step8’ Dihydroxyacetone
(DHA) ~_
‘@/ SteQS

—@

OH
&o OH \ % \ / S‘:e[ﬂ % _Step6
OH “stept on = 4 Ve
Glucose Fructose Step3’ 3 oH Step5’ Pyruva\dehyde LA
| o Lo~ (PA)
Step2 Glyceraldehyde !
o | (GLD) Step?
‘ . o + oo
7 H)LOH * )LOH
5 Hydroxymethyl-2-furaldehyde Aetic anid Formic exd
(HMF) (an) (F8)

Scheme 1 Reaction pathway of glucose to LA

AAFSECTlE, Glucose 705 LA ~D— B TOER
HIZEHLIZ O\ T, fix O& BRI bo/KER L) %
HWTHE 21T/ o7& 2 A Y205 2 igpfasn
725 CNaOH 72 EOFRIER A M2 5 Z L 72 < &
W T LA 25252 L, Y05 & SiO, (ZHHFF
SHLZ LI Lo THARBIERM ETHZ &%
L7, F£72, Y205 BEDY Y205/S10; filit O iz
PR & TR « BIREIC O W TEB R AT 7.

2. RER

Y(OH); IZAEfEA >~ N U 7 AL « n KF0 N6
WEAEIZ LV AR L7z, Y205 1%, Y(OH); %225
B, 773K T 3 RFfEIBERK 95 Z LI K D FHEE L 7.

GHER EE5AFR (B71OMARRSR)

R X A L a— A OB
SRR H AR

=N ESICB***)
T DX

LLy
P —
Sy = *Fr&* sk, ok ok sk

Y203/S10, 1%, Ml >~ VU A (1) - n KF9
DKEEZ AN ERIEC X VAR LTZ. &R,
7254, 773K T 3 R BERR LA A 157
SOtE, 77 v B(NE G 2T AT L AR
= 7 =T HOTCHEDRE TITo 7. &£
1% HPLC TH#r L7z,

3. BMRLBR

Fig.1 |Thkx @itz Wiz 7 v a—=A

DI % 473 K TIT 2 T2 B D AERAINGR &
B LR OBFHI T D LR OFIE 2R

T & LT, LA, Pyruvaldehyde (PA),
Dihydroxyacetone (DHA), Glyceraldehyde (GLD),
Fructose, 5-hydroxymethyl-2-furaldehyde (HMF) 7%
BHhtz. Bt L2 Tk MgO, Y203, ZnO %
WZIRHZ, R WINER T LA & DHA 2355
Nz 1 Th, LA KO RIAERA(PA, DHA, GLD,
Fructose)O)/E:\?rW%éi Y203 23 b | hy o 72 MgO,
Y203, ZnO &, WHEANZFET DL L0k,
TG OFEFITIEIL SN LA ORI EE 7o E
EHOTWHZ LERLTWD., —F, BR%x%
<EHTHBEY (ALOs, TiOz, NbyOs) Ti, HMF
13% AERL LT DIZ5% LT LA IURIT K - 72
Si0, DIFA, Fructose B LAY d~—nN%< A
L, LA < HMF OEEITE» -7,

o
o

80

| HMF
£ Fructose
= DHA
GLD
 PA

O LA

o
™

o
=

60

20 i
0
O

O o o®
<&
W AT A 4 BT 90”‘ <9" Sl
.UD

o
o

Basicity/(Acidity+Basicity)

%,

Yield (%)

e

o
= o o
w = wn

o
X}

o

o
o

o O
O %O

Fig. 1 Glucose conversion on various metal oxides.
Conditions: Glucose 1 mmol, H,O 10 mL, 473 K, 0.5
h, Under 1 MPa Ar, Catalyst 50 mg, a) 200 mg

Kt U 7= il Tl 10wt% Y203/Si02 23 e b i U
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LA IR (45%) Z 5 272, Y203 (ZIZMEIE TR
Sl %ﬁoﬁi%)ﬁﬁ‘ﬁ@fé F 7~ Si0, 12 Y203
EHFFT D &0 A ARSI HTITRB LT Y.
INDORERIE, BRSSO RICHERET
HZEICE ST LAWENR M ETHZ LR L
TWAb.

KRl ﬁEﬁi@MF%@b)}iﬁm%w_& Zhz

5B R ST D T2 IR AR TH D DHA

é: PA ZHE L LTS EITH T2,

PA ZIE & L7255, Y205 X MgO 7¢ & Dk
P BER AR, BOSIREE 363K TH MV Y
ZET LA %Eﬁk L/7LC. *jﬁ., ZI‘Oz, TiOz, szOs,
SiO, T, PA L= AMK <, LA R IHK > 72,
ZOFERIE, PA D LA ~DOZEH (Step 6) M3
R TALA—XZHEITTHZ L 2R LTS,

FOGIRE 363 K © DHA ZAE L Lz & &,
Y,03 X2 MgO (%, Fructose # %< AR L7Z. Zh
X, AT K o TR TV R— Ui & h3 itk
ITLIZZ ERRLTWD, F 7z, HILGRE A FRN
MgO TiE, FVA~—bZ< AL, i
FREER AT, AU Iv—1{b (Step8 BLWETZ
I8 MHEIT LT N &R LTS, —,
Nb,Os 3 L O TiO, Tlid, DHA O fii/K i (Step 5)
IZ& 0 PAREITAERL, LA bV EARKR LT,

FOSTREE 423 K TIX LA, 4V d~—0%< A
%L, FFZ Y203 (IZOWTAH Y T~v—DAERNE

LSl AU aF~—1k (Step8 LV E T
%8, L ihr7 L R—/V)& (Step 3), DHA @
7k (Step 5) 1AL TH Y, DHA BN

WA A I~ — b EIT LI
z%hé. Nb,Os & TiO, T, LA & PA DULR/N
FL LI EL7. TiO, TiX, DHA #i{b#% 98%T
LA & PA OULER 53%, 21%TH Y LA 3% < A%
L7=DZxt LT, NbOs Ti, DHA Hx{b3E 100%
TLA & PA DILEN 35%, 51%TH Y PA 3% <
R LTz, 2D ORERN G, NbOs Tk DHA
5 PA ~OZEHPHRIEIIZH- <, TiO, TiL PA 2
5 LA ~OZEAFHITHNC RN b o Tz,
X, TiOs & NbyOs Tlx, /LA AFRSOFRE N
RIRD LB TWNWDLEEZBIND. Z1Oy D
Be, RIENCER S SRS EEL TEBY Y, LA,
PA, Fructose 234E% L7~

INHDORERNG, 1) DHA 725 PA ~DfiiK
Fts (Step5) IR CTHEITT 5, 2) PADNDH LA
~OEH (Step 6) 1XR « IS OWT I THIFM
T 50, B X VIS O REIT LT, 3)
F V) T —(LIFREE S THITT A EE O
5. L2357, Glucose 75 LA ~DZNRI 7228

GHER EE5AFR (B71OMARRSR)

PUZIX, WA AT DER R & AR O
DHREHERET D Z BB L ZE 2 b,

ZF ZTWRIZ Y203 & TiOz & 5 WM NbyOs & i FE

& (EEH 1:1) LzfliiEzs DTS ZEIT> T2
&2 A, LABGRIL, ek %z B <
WA LU TR L, AU I~—{bDkER
DHEIN L7, —, Y203/Si0, TIX, Y203 & b
LTCLAWENKRE M EL (Bl EELETH
1.5 1%, Y 0: ZEHETHI 15 f%), 4V 2~—{Ln34
H & Htz. ZhUE, Y205/Si0, ik Tg « H IS8
WHZRHITHERET D 2 & T PA 2B O KFI KLY
DHA DS (Step 5, 6) 3 A L—RIZHEFT L7
mHEEZLND.

Y»205/Si0, FHiH D Y FEOHFEE % Y K-edge
XAFS A7 MUIZ K VT L7z & Z A Y(OH)s
DRI T-73 Si02 HIZE S BOREETHEL TV D
’kﬁA#mkitJR%ahk;UthD
WCEDFYy 7720 FB—va vt & iakitETFE
TC, %@S@ﬁﬁwﬁm}mﬁﬁ%ﬂ7V/1
T REEHE LT, S5 Y(OH): ki1 & SiO,
FUmIZHWT Lo ATy REREAHEEL, Zh b
OEEYEIE DY Glucose 725 LA ~DHRHAR it D4
ATy I LT RIICHEEE L TV D EHEE
L7 (Fig.2). 22T, HEASREDOFHTWT L
ATy FEEENPRBB T2 Ik TAHY =
~— Rl SN EEZ L BN,

Brgnsted
Lewis acid // Base
/H i H |I|
Brensted Y/ \Y/ \Y/ \Y
Acid
A I‘ Y(OH),
hoy AP
Si- Si- TSI T Si
SiO,
‘=~ . Y(OH);

¥ sSmall particle

=

)

Fig. 2 Model structure of Y,03/Si0,

~

1) R. De Clercq, M. Dusselier, B. F. Sels, Green
Chem., 19, 5012 (2017).

2) M. Dusselier, P. Van Wouwe, A. Dewaele,E.
Makshina, B. F. Sels, Energy Environ. Sci., 6, 1415
(2013).

3) D. Hata, T. Aihara, Takeshi, H. Miura, T. Shishido,
J. Jpn. Pet. Inst., 64, 280 (2021).

4)  H. Miura, K. Nakahara, T. Kitajima, T. Shishido,
ACS Omega, 2, 6167 (2017).
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WENCEREFMZEEL-ODEKREMEDR R

1. ¥#8

T/ SA A~ A% FAERTRE/IRBETR & L CTHRD
FIAL, [EEmEART 5 ENEENTVD, 2
NAEEBT H7-012%, BHFOAMEER - Ailbs:
DY D ENFEIR DCFE DTSN - 7t ZAPEL
&, FRCEMERRZRAME NN IR T 5, HE/N
A A~ AR NEE TH D0, BREERELEOE
ZAREI L, BEREREAA ROG A & LRI LT
FOSZARES D HRED M kD Hbivd, 2Dk D
REFENH DT, Ik TEERE i % <
BRI TE WD, LrL, ZNHOHIZIZIAT
PEOIRE 20 & OB B EZANEI M- TV 7
LOWL DT o7,

Z ZTCHA L, A OBRRE AT IEICE SN
T, WEE» DAL AR T DT DOFEMAMEE
Hedadi 2 7 e ERE e E AR A O BAFS IZ B D AT
&, TITIE B ETHEFRICOFEET &I
ST TR AR D,

2. WEMLDIILIS—IVEDER

TV — A IR SA A~ AD TRy Th DRIV
H—ADE /) v—ThV, KbEEIT LT HHNE
Thd, JNVa—Anb, T7AF v I7E ) v—JK
Bl LTSN TS 5-E Rafdv AT L7
N7 T —)v (HMF) 8T 52 LN TED, 7V

a—RA % Y UEDEWT V7 h—AIZEMAE L,

TN h—=A&MKTDHZ EIZL > T HMF M55
N5, BHEGIIPEHN S D720, FEb L i
AKERFHAEE L TU Ry R T a—20n5
HMF 26592 Z L BIRTH D, Ll FIX
IS ZARAET B 726D D 2 FRFEO AN 2 Bl IRA T 5
72T TS ERZREISOCER T D72, iy HMF
INRAEGD Z LI TE TR, Fox i, BiR
BERY S 417~ Beta B4 7 A R 75 Lewis B2 & Bronsted
DM T2 L, TEnnimib, Bikaeik
THZEICXYEM TV a—2% HMF (27U VR
v NEHCT 57200 D T THSREEIARTRARIE L 22 D 2 &
ZRMLE (Fig. 1), 2

=

BhEb

et R) OKK

Lonh

ot

Lewis acid sites imnstei aclla sites

Beta zeolite

Fig. 1 Conversion of glucose to HMF over bifunctional
Beta zeolite.

Beta B4 7 A ks OUERERIE ClEAMREELE A

(OSDA) AHWHIL, ZDOERK T A N DRER
OSDA (2 X2 b D Th o7, ZDi=h, OSDA = H
WTIZ Beta BA 74 NaART 2 HFIENBERE S
72. ¥ LorL, OSDA ZMWeWARIETIEEA
A R DOULERD 30% A & EF o Tz, Fex 3K
JEPEDRR A Zv ) R, BEZLD
SVAL kL, 7 ) BERETT D 2 LI Ko TEST
A FOFERAGHE 2 L, OSDA % F\ e 4ef:
WZEBWTY Beta BA T4 N EERKK 80%D EINE
THOLNDLERIEZBFE L. (Fig.2),

100

90 -
80 - e
70 | 08

60 -

(e)e}

50 -

Zeolite yield based on SiO, (%)

40 T T T
12.5 10 7.5 5 25
Si/Al ratio in gel

Fig. 2 Effect of Si/Al ratio in precursor gel on the
crystallization of OSDA-free Beta zeolite.

ZOEIETHEONT Beta B4 T A MIEES4A
EOBENREL . TDIND Lewis g5 & Bronsted [
SROOEIE ZBERUT J - THITES 2 Z & T, 70%2L E
DOEWEE T NV a—A 05 HMF 28T 5 2 &2
R L=,
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3. BE7ILa—ILDBK

SO KB L > THEOND VL E h—
WaEBKTDE, TTAF v 7 v—REHKNH
ﬂ&&é%ywaPﬁ%%hé BUE, £DERK
WIZ RSB AW GILTE D . ZIUsEb 5 EE
ﬁz‘%ﬁﬁﬁiﬁ\%’ih“(b v5, Fx 1, Bronsted &S O
DVINS 72 Beta BEA T A MOVKIERFTOY L E h—
VDRI U CRfEth a3 2 & 2 R Uiz,
0 Z® Beta BAT A MIFEEOBEED/NE N =sdF
BRI & 72> TER Y | KIZKDKEDRERNT

HHT-DITKFTHEEEZ R L, AL &SN
EERALMMT LT,
6T, BRIZE DT VI =7 AIZL Y Bronsted

Fie s DR JEE 2 L 72 MCM-68 B4 Z A k73 Beta ©
FI7A4 e ERlD @ EEZ R~ 22 AL, D
Pyridine (Py) 35X " 2,6-di-tert-butylpyridine (DTBPY)
ERLAB DR THNS Z & T, MCM-68 E4 74
DT B FEN T O/RRNLE D 53AR % 43 A HE
ETAHEEZERL, LY ML OGS
L CrRilEtE 2R ofrE a2 HEE Lz (Fig. 3).

0.7

o 06 =
R
I3l e
2 04 [ N
1 ge O
3 03 {3 NP
7] N,
s 02 L ‘@‘&@_
o \ S
0.1 ‘El -9
0 Hn =
0 50 100 150

Si/Al ratio

Fig. 3 The number of Brensted acid sites on MCM-68
with different Si/Al ratios probed by Py and DTBPy.

C3 2T v 2— /L OKFBK SIS AN T B RS
L, U UEEAR U RO BRI - kT 7 m
Hvyﬁjﬂ~wwmmﬁm’ﬂbfm%rWOE
Farpfit s LT3 2B AL, 8

4. TL75—IIEOEFFIMEEILER~DEER
TINT T =7 Ex A HCIMEE O @b
WAL B - O O DOBRTRIC B H Y FHA TE T2,
ZOH T, RIEFALTZ LA D—>TdH % TiOs
DTN T T —)IDT & H— A& EIRA et 5
ZEERH U, RS C T 3B EIKE( L2
L. RICFZ B THH > THT X DRl
DE7R DAL TITARERED B2 5 Z & A H )

GHER EE5AFR (B71OMARRSR)

\2 L7z (Fig.4),

Acetalization

Q)( \leo/m_< + H,0

Acetal
OH / TiO \
)\ Tranéfer Q)

[0}
+
hydrogenation Alcohol )j\
Fig. 4 Catalytic performance of Ti>O3 and TiO> for
reaction of furfural with 2-propanol.

PERIETHR Sz TO; XL F mAE A s
L, IEERH TR o T2, £ 2T, ARFEHl
F B A OFT L WERIEZ NI L, 2O HIEI
Ko TARENTE TiOs T /RN 7V T T —)LD
T Z— AR L R « S8R A N7 L7
BRI C 70 D Z & 2 A Ue, O Rl &
IR DUERA BB T A N R LR DR T
DT EDRRE S IV, BT B Lo A RkiE I3
FETCIR DR 22\ 2 DI JFERRI S A 235
ALBRWEHEIR R HETH D,

Z/h

1) R. Otomo, T. Yokoi, J. N. Kondo, T. Tatsumi, Appl!.
Catal. A,2014, 470, 318.

2) R. Otomo, T. Tatsumi, T. Yokoi, .Catal. Sci. Technol.
2015, 5, 4001.

3) B.Xie, J. Song, L. Ren, Y. i, J. Li, F.-S. Xiao, Chem.
Mater. 2008, 20, 4533.

4) R. Otomo, T. Yokoi, Micropor. Mesopor. Mater. 2016,
224,155.

5) R.Otomo, T. Yokoi, T. Tatsumi, ChemCatChem, 2015,
7,4180.

6) R.Otomo, T. Yokoi, T. Tatsumi, Appl. Catal. A, 2015,
505, 28.

7) R. Otomo, T. Nishitoba, R. Osuga, Y. Kunitake, Y.
Kamiya, T. Tatsumi, T. Yokoi, J. Phys. Chem. C, 2018,
122, 1180.

8) R. Otomo, C. Yamaguchi, D. Iwaisako, S. Oyamada,
Y. Kamiya, ACS Sustainable Chem. Eng. 2019, 7,
3027.

9) M. Nagao, S. Misu, J. Hirayama, R. Otomo, Y.
Kamiya, ACS Appl. Mater. Interfaces, 2020, 12, 2539.
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OKatsuhiko Takeuchi’, Kazuhiro Matsumoto', Norihisa Fukaya', Kazuhiko Sato', Jun-Chul Choi’
(1. AIST)
4:00 PM - 4:15 PM

[A15] Selective hydrogenation of CO, to CO over metal phosphides
OTetsuya Shishido"??, Kazuma Fukuda’, Mingjie Li", Hiroki Miura™*? (1. Tokyo Metropolitan
University, 2. ReHES, 3. ESICB)
4:15 PM - 4:30 PM
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T 23 [E O HER IR AL R SR G < Hiv T
% 12050 £ TOH—Rr =a— F T LDFEH
BERT D20, BRax RARPMONLTND,

FelZ, KRB FHP O S D COr &IFFEN
Eo CO, #tHEDHI 3EIZ 5D TND Z &
D, ZOHIERRITREEREE SN TV D,

Fo. AEIBREET A Z Lic kY COp 2T
HZEMS, =R U A 7 IV ORESNLD
RARMETHDL, TOL I RBANDL, CO %
JFEFE L TeF iz AR 5 CO2 A hHIH Effr
NEHIHTWD, LML, ZoHiffick-T
FERIT CO PEH EZ I T 572 DiTiE, BREEH
e & =R Z N U 7= e b b & Ik % i ST
THVLERDS, UEoERZBEZ., ORFE
NA T~ AGPRE CO, kL LA LT
AR, @1 5HE CO #FIH Lo A b ik
231 @Kk EIPER A A EEMNA LA H
fbF A RSN DN TR 24TV, 1 — AR R —
e IANRZ—F BIXOREFEKR E %

CO2 MBANIRINTERT D Z LI LTz, LLUF,

ENENOMFEHEBIZOW T Z T %,

2. RENAFIRERE CO. ZRMEL-FHA

=y

CO, FEH AR A R EBLT 5 720121, 1Eko

CO, HEHIJR Z & oEBIy ek Tidie <, EDOFEE
NN K BN CO HIIE DB N LETH
%o ARBFFECTIL, M0 LA 23 ATRE 722 TR A2 AT RE
iARF 2 HWT, REANALS ARG THD T
Vta—e CO, bR TLERRY I—
Br— FOFEE 257 —Lh—FRF—
k&2 AR B RS DRSS 4778 - 72,

TP, FEM L U CRIRIC K B & L 2
ZENHBIN TV O AERKAITH S CaO %
JUVra—nt CO, 607 a—nLh—R
F— FERICHWEZ & 2 A, mOEIR M CAERY
hZ7- (F1., Entry 1), OSKROIER TIE

VRIS L 7o 7-7-% (%1, Entries 2-3) .
WSRO m E2 R LT CaO O Y4B AN S 7228,
Ca0 DFEMKIC Lo THEEMNMFIL L, RUSHIEE A
EHIT L7a<leo7z (1, Entry 4), 22T, i
PRE 2 2 7o MR R EE A Lo L 2 A UG
DRI TS D HIC2 > 72 (F 1, Entry 5),
AT, CaO % 20 i, O IRERA] 48 REfE], SOt
IREE 170 °C & W) FUGSEMIT T, IR 80% (HLAfE
R 72%) T/ Utwr—Lh—Rx— 2552
Ll L= (B1. Entry6), 7 U®YU DR
FFIEARIC L > TRAT O CO, 23EEAL
INTEHLOTHLHZ EEHEZLD E, KAFIET
fWELZ7 Ve — L —Rx— MI A&
HKDRFEZE EL &2V FAE AR A A
100% Db F 0 &V 2 D,

#£1. ZVka—nh—REx— FOESRK
CaO (6]

o Zn(OTf), (5 mol%) PR
phen (15 mol%) o O
Ho_k_oH *+ COp ———————
NMP (3 mL) HO
(0.5 mmol) (5 MPa) Temp., Time
Stirring method
CaO - Time Temp. NMR Yield
Entry (mmol) Stirring method ) C) %)
1 5 Magnetic stirring 16 180 43
2 5 Magnetic stirring 64 180 64
3 5 Magnetic stirring 72 180 54
4 7 Magnetic stirring 64 180 12
5 7 Mechanical stirring 16 180 52
6 10 Mechanical stirring 48 170 80 (72)°

2Ca0 had solidified together with the magnetic stirrer bar. °lsolated yield.

3. 1RECO#HALIL-FRILELERS

BURPEH &N D CO, D Z ZE+TIE, ¥
R UL Z VR EOREEESNLTY
LML A CCU o X —47 y hEd &L
TN THS, LirL, AT — L THEK
STV D HEB I FEMOEEHZ CO2 2 HWN 545
By BRI EREDOBLE NG, CO2 DEIILE
VIKETHDZ EREE LY, 22T, A5
TiX, 1 XED CO; ZHIH IHE7R F TR BT
FORY 7 L& CJEEHERIEDBRIE 21T - 729
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(1) 1%JECO 05 DOXEEFHEIMRE K

CO; A ML Th 5 XX, SR
VUV EARRT D SIE, 1980 A DI IN
ZAFFEDS D HALE 720, NI e YT LR ED

B4R DES &R R AREL S WIH T H - 1223,

AR T8k 7 & o X 0 i 72 &8 2 v iz
BINHEESND X)o7z, —J, Frxldm
W o BRI ETRT AR 7 T LA
B A L 7= PNP v » ¥ — Bl E {7 + BPEP
(bis(phosphaethenyl)pyridine) %G 3 2% 5 F 4>
PEER () S5 A [Cu(BPEP)][PFe] (1) Z B L7- (X1
) ZOHBEER LIZRAT 7T A LD B
WBITEIZ LD BEfF OSSR L 0 E L < @uvr
A AEMEE R, £ LT, ZOHEEE 1 &2 CO,
t ey U bofiis LTHWS Z T,
I+ LRUE &V D IR OSSR T CO 0 b X2
VUNEERT DI EICES L (K1 F),

~ |
| '\Il Eind =
P— /P\
Eind” Cu Eind

[Cu(BPEP)][PFg] (1
1 (5 mol%)
‘BUOH (10 mol%)
DBU (2 equiv) O
CO, + PhMe,SiH
THF, rt, 24 h 0SiMe,Ph

1at
(1 atm) 88%

B 1. gk 1 2l L 1 KE CO &5k & L=
Pl U VA R G ORI

(2) 1RIECO MEDRY 7 L& UJFEEHA R
RV LEUVFEETCHLA Y T Rr— ME
BEORWARAT 2 LT LEMICEES
nNTEL, ZORFIELELTHIANI VEFETR
7/ (RNHCOOR’) % CO, HAM L. & DE
IR L > TA YU T 33— b aRET 2 FEN
EINTHWDHE, ZnzkEL, ZhETIZ
Fxix, BEFMRERKIGH TH D Si(OMe)s &
Zn(OAC)2/1,10-phenanthroline (phen) fi 4 2 F1| i L
72 CO2 5 RKEMNT KD INEIERD & 72 DB
BRI VxS VR AT VB AR LTE DN,
FOSES O & & ROSFEH O R &3 T3~

AR E ST E T,

Z 2T, ARHFETIE
T IVE RS DN T
BORSREAR AT A 20 L

DB R A
EEr - HE O S
ZEDORINGI DS EE

GHER EE5AFR (B71OMARRSR)

Motz, 3. EETHDHT IV, CO &
Zn(OAc)2/phen filtlit & o KOt TH RS 5 High 7 L
2R A — kA 1 A (phen)Zn(OAC)(OC(O)NHPh)
QOHBECHESI Lz (K2 ), =HIT, $8Kk 2
2% Si(OMe)s & 5 Jis LC 5 Befir 7 A FH k%
T D mENEHEE TH D ZEEH LN E L
oo LT, ZOFHBEMORF(EZ KR LT,
MR ED Si(OMe)s DFEH, 5 Bifir 7 A & HRIAE
DERZET KOMe DN E W5 72 G R Dk
Ba1To7z, ZORER, 1K+ CO 25 H Al

720 ROSKEE S KIBIZHERET 2 Z £ b kD
Lz (K2 TF), REE, flix Ok - B&
AN VIR AT VTN Z, TEMICEE
ARV L UFEE D E AT NI VT
AT NZOWTHEHARETH - 7=,

Isolatable key intermediate 2

Stoichiometric reactions and DFT calculations

Zn(OAc), (2 mol%)
phen (2 mol%) o
KOMe (2 mol%
¢ ), g L
NMP N~ "OMe

H
150 °C, 2 h up to 98%

RNH, + CO, + Si(OMe),
(1 atm) (excess)

R = aromatic and aliphatic group
2. 1%E CO ZFEEE LT NI VB AT VA
B DA

4. RAREFMPFKLAREZEEFALE-FRALE

A
AR A

R REZEE O ERK & EZ 5 TWD A
ZHNCHEH SN D CO2 O T, kK NFEF., &
Ay NTH, ®SkETR Eh D & D BER Y
2D COz 1FIEFICRE REIGZ HDTWD,
LvL., 2B DHER T Ao COs 1TIEHESE T
HO, T L Ehloo, ARG

WCHEF T 2 720012137 OFSHRL « B - JEMEA L
BThol, £Z T, AWFFETIE, CO &7 I
DRSS THEBT A AN VEREIZER L.
nEFEERE LTERT S Z & T, kA
NFEBEETHE A AT Y T HIRRE, KAE 72
CO, R « FEffa « K92 2 & 72 < JRFEFHE
KRB NN U 2T VT Y OF LRI

BT 2 EAT OBIFIZE Y FLA T,
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(1) RFFLAEDEHL

TH )=V TZFLUPT I ICHRKT
FEBPTHE T 2 DEEEPE AT A (COa: 15 vol %,
CO: 300 ppm, SO2: 500 ppm, NO2: 500 ppm, No2:
balance) #{EHSE/-L A, =FL VT
& CO &8 L1 CRUL LTe I N RN F
EEBEMICEKRTHIZEARMLE (M3), i
WT, ZDOHNNI UEEEEIZ, DMI B, X
BRI CpTi(OT), ZfEH S ¥ 2 Z & T, &k
RBEFEE L THBASR =T LT L
TREBEMICERTHZ LIk L (K3),
AP VEHE % DBRAR + FEBRIR D R F5H R A Bk
WA AIRE Tdh o7z, & HIZ, COx A LRI
DMI 952 LT, VoA y FCTREFHE
KEElT25Z L bARETH ST,

(0]
Simulated exhaust gas @
H3N o
EtOH \/\H 0
92%

HZN\/\NH2

DMI | Cp,Ti(OTf),

Components of simulated exhaust gas 170°C| (2 mol%)
= CO,: 15 vol %, CO: 300 ppm,
S0O,: 500 ppm, NO,: 500 ppm,
N,: balance ji
HN™ 'NH
-/

99%
3. AKREE - KAE COz 25U LT RFBEFHEM AR
UNGL

(2) DA BT AT VDAL

NMP Hi, ~F¥ L7 I, 7% /—)L DBU
DIREW A IR K TR BEITHE T A Ok 7
A (CO2: 15 vol %, CO: 300 ppm, SO,: 500 ppm,
NOz: 500 ppm, Ny: balance) %MK ZiAtel | /L
3 Uk DBU #i[DBUH][HexNHCOOQ] & 7' F /L
71 —7R % — b DBU Hi[DBUH]["BUOCOO] 7 ik
L, 155307 Y 7 T7 Ik LTRI2Y
O CO; ZIRKTICHETE 2 2 L 2P 6N
L7z, #tWT, BAERRBKRISAHI T LT X T
N7 hHRU REMZTHATHE, ~FL
TN PR A F LT ZT LRI 90% TS 5
iz, REIGE, Fx OfRE « J5&F B 1
U ATV A, TENICEERRY U
LA VFEEICHDEAD VNI VBT AT LD
BRI HEHFRETH 5,

GHER EE5AFR (B71OMARRSR)

(e}
[DBU-H] R‘NXO]
H
Simulated exhaust gas
HexNH, +
DBU, "BuOH o
NMP
[DBU-H] ng
ug Ay
Components of simulated exhaust gas Ti(O"Bu)y
= CO,: 15 vol %, CO: 300 ppm,
SO,: 500 ppm, NO,: 500 ppm, o
N,: balance H )k
eX\H 0"Bu

90%

4. ARRE - ARG CO2 e LIc NS v i=
AT VA BRSSO

- AR

AWFZeRk A%, TR F B) INEDO JeiEnfse >
075 AFRBEF ¥ LY 2050), [H—Ry U A
JNT 7 R 2020 FFEMEBIE . [ —AR U
ATNT 7R 2021 FEMIEHIAK ] OIRIZ XL o
TEHELNEZHLDOTH A,

- ZEICHER

[1] K. Takeuchi, K. Matsumoto, N. Fukaya, K. Sato, J.-C. Choi,
Asian J. Org. Chem. 2022, 11, €202200212.

[2] K. Takeuchi, Y. Tanaka, I. Tanigawa, F. Ozawa, J. C. Choi,
Dalton Trans. 2020, 49, 3630.

[3] K. Takeuchi, M. Y. Chen, H. Y. Yuan, H. Koizumi, K.
Matsumoto, N. Fukaya, Y. K. Choe, S. Shigeyasu, S.
Matsumoto, S. Hamura, J. C. Choi, Chem. Eur. J. 2021, 27,
18066.

[4] H. Koizumi, K. Takeuchi, K. Matsumoto, N. Fukaya, K.
Sato, M. Uchida, S. Matsumoto, S. Hamura, J. Choi,
Commun. Chem. 2021, 4, 66.

[5] H. Koizumi, K. Takeuchi, K. Matsumoto, N. Fukaya, K.
Sato, M. Uchida, S. Matsumoto, S. Hamura, J.-C. Choi,
ACS Sustain. Chem. Eng. 2022, 10, 5507.

[6] W. H. Wang, Y. Himeda, J. T. Muckerman, G. F. Manbeck,
E. Fujita, Chem. Rev. 2015, 115, 12936.

[7] (a) S. Coufourier, S. Gaillard, G. Clet, C. Serre, M. Daturi,
J.-L. Renaud, Chem. Commun. 2019, 55, 4977; (b) K.
Motokura, D. Kashiwame, N. Takahashi, A. Miyaji and T.
Baba, Chem. Eur. J. 2013, 19, 10030; (c) L. Zhang, J.
Cheng and Z. Hou, Chem. Commun. 2013, 49, 4782.
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N—ARF— &5 27 (£1,Entry6),

Z 2T T ORGSR & TCIT Bl SO St DHRR
TR o7 (£ 2), £, COEZ 5 MPa (IS
Wb 2 A, WERB b T E L (32, Entry
Do fNT, UM ZERET 2 & 64 K &£ TiX
WA B Lehy, 2B ERE ZRET 5 &R
KFBNR &N (FF 2, Entries 2-5), &iZ., CaO @
WINEZ M S22 Ca0 DE{LIC X » THEN

ob L pTOS

O BB « tak Fusl - PEn
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—RRr— FDERK
(PEZEHATIR BRI FERT)
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LLS
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= C C
H"H'f*

BEIEL, ROGIEEAEEIT LR oz (R 2,
Entry 5), & 2T, fii## %TKK%W%#&%%
ERHLIEE ZA, RIGHDFEMIZETT DX 51

- 7= (5% 2, Entries 6-8) , i &2, CaO % 20 él%\
SOGRERE] 48 B, BOSIREE 170 °C &\ ) ORGSR
(2T, IR 80% (HBEILR 72%) CZ7 Uk m—/L

T Sl N = PN a5 ) L B
1. BARFOLRR
Dehydrating agent (5 mmol) o
Zn(OTf), (5 mol%)
OH phen (15 mol%) [ogNe}
+  CO
Ho_k_oH 2 NMP (3 mL) Ho
(0.5 mmol) (3 MPa) 180 °C, 16 h
Entry Dehydrating agent Conv. (%) NMR vyield (%)
1 MS4A 18 6
2 K2COs 69 2
3 CaSO4 10 4
4 CaS04-0.5H.0 11 1
5 MgO 30 0
6 CaO 40 40
=T L
2. FESOSSRMEORR
ca0 o
Zn(OTf), (5 mol%) L
OH
phen (15 mol%) o o
+ CO —_—
HO_J_oH 2 NMPBml) o
(0.5 mmol) (5 MPa) Temp., Time
Stirring method
CaO - Time Temp. NMR Yield
Entry (mmol) Stirring method ) C) %)
1 5 Magnetic stirring 16 180 43
2 5 Magnetic stirring 48 180 58
3 5 Magnetic stirring 64 180 64
4 5 Magnetic stirring 72 180 54
5 7 Magnetic stirring 64 180 12
6 7 Mechanical stirring 16 180 52
7 10 Mechanical stirring 16 180 62
8 10 Mechanical stirring 48 170 80 (72)°

2Ca0 had solidified together with the magnetic stirrer bar. "Isolated yield.

- e
AT RITH =R VA 707 7 K 2020 4F
BB DOFBIZ L > TEHEONEZbDTH D,

- ZE R

[1] K. Takeuchi, K. Matsumoto, N. Fukaya, K. Sato, J.-C. Choi,
Asian J. Org. Chem. 2022, 11, €202200212.

[2] Q. Zhang, H. Y. Yuan, X. T. Lin, N. Fukaya, T. Fujitani, K.
Sato, J. C. Choi, Green Chem. 2020, 22, 4231.
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LTW5b., —J7, Wl bIX, &8V AthiiEn
KFLREZ RT ZLZHEL WD Y. 22T
RW/TiO; 3 £ T Rh-3P/TiO; (& K % Ha-Dy AZHS
ZAT\V, Hy OIEMEALBEIC OV TR L 72, fER %
Fig.1 72 5 (X Table 1 {2759, Rh-3P/TiO, ® HD 4=
RS T RW/TIO, &0 /92 52 &, 3720
H Hy OiEVE(RIE, Rh-3P/TiO, D J57% RW/TiO: |
LU HHEITLOT NI &R0,

I COr KFAVIZHOW TSR I & g UT-.
Rh/TiO, TlE CO, 122V TC 0 K, Hy lZDW\T 1.2
W &E7po7-. —JF, Rh-3P/TiO, TlE, COz T\
TO7K, Rl oW TORER-T2. 2 b Dk
E225 RWTIO; £ TlE COy DIEMALIZ LRI S
(ZHETT L, BT Hy OTEME L, b L < 13
RINHAX NZEDLNT RO OKFLLIBETH

FL K ESICB*#*%*)
»oE BAL— p— HobH  VBHE

—EL* « Minjie Li* « =Ji  Joffesssons

HEEZHND. —J, Rh-3P/TiO, LTl o %
GOSRBE L, Al R AREE L 7o KSR RE D B L
Tk, AHHEREX CO, oW, b L < IHiEHL
WRETHLEZEZLND.

. (@ . (b) L@

o

- / H ; o0 Rh-3P/TIO,

] y 2 =
T TR //‘”‘_’_ s /’JM_/_
3 : / R
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Fig. 1 H2-D2 exchange over (a) Rh/TiO2 and (b) Rh-
3P/TiOa. (c) HD signals. Pretreatment: Ha reduction at 673
K for 1 h and He purge at 773 K for 2 h, Reaction: H2/D2/N2
=5/5/15 mL min’!, r.t., Rh loading: 1 wt%.

Table 1. HD formation rate

Catalyst HD generation rate
/ signal gear*
Rh-3P/TiO: 168
Rh/TiOz 86.3

INHOREREZD &I, 2 LN 5 RWTIO F X
% Rh-3P/TiO, I 51 5 COy IKFEIL D SIOHERE %
I ORRICIRE T 2. RWTIO, Tld CO 23K L,
PR OFE CO LRI NS, Z Ol CO
D C-O fh & Ok & KFEL ST L T, CHa 2
EENE. 2O, Hy o bd L < ik CHy i
ELRKFEEPHEEEECTH D LHEINS.
In situ DRIFT 2= 2 F b, W CO 23Kk#EAL
INT-WEPBRINTVI LD, CO 23—
JEKFL I N2 ITHE L G HETT 5 L& %
51 %. Rh-3P/TiO, LCTlE, Hy 2AA S ICHEREL,
R IC I H BRI L T w3 e E2bN3, Z
DRI CO, 23 L, WHREHARD I CO flAS
R E N3, Z DK, Rh-3P/TiO; 1D Rh JH1-1%
EERhICH L CETFAETH D70, COMHE
DfigEe 3, Zh LA EAKFELI NS T L il
oS 5 2 & T, FEIRIIC CO BRI T
EEZLND,

1) N. M. Martin, P. Velin, M. Skoglundh, M. Bauer, P.
Carlsson, Catal. Sci.Technol., 10, 1086 (2017).

2) K, S, R, 122 FEIfERR S 1E14

3)  fEH, =M, K, 5128 [EIfiliE RS 2005

4) B 21X T. Mitsudome, M. Yamamoto, Z. Maeno, T.

Mizugaki, K. Jitsukawa, K. Kaneda, J. Am. Chem. Soc.
2015, 137, 13452-13455.
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Nonoxidative ethane dehydrogenation using Ga-exchanged

zeolites

(Kogakuin Univ.” - Hokkaido Univ.™) Zen Maeno”, OMengwen Huang™ - Takashi

Toyao™ - Ken-ichi Shimizu™

1.Introduction

Surface hydrides in/on solid catalysts are regarded as
key species for hydrogenation and dehydrogenation
reactions. Recently, we found that the In-exchanged
zeolites exhibited superior selectivity and durability for
nonoxidative ethane dehydrogenation (EDH) compare to
Ga-exchanged zeolitesV. However, the activity of
In-zeolite is still lower than Ga-zeolites. The difference in
activity and selectivity between In- and Ga-zeolites is
ascribed to the different local structure of active surface
hydrides, [InH,]* and [GaH]?* ions. The C—H activation
of ethane on [MH]?* ions (M = In, Ga) induces formation
of Brgnsted acid sites (BASs) as stable intermediates,
promoting coke formation, whereas the EDH on [MH_]*
ions does not involve the in situ formation of BASs?,

Based on the above insights, [GaH2]* ions would be
reasonable active sites that exhibit higher activity than
[InH]* ions and higher selectivity than [GaH]?* ions. This
study aimed to develop efficient Ga-zeolite catalysts for
EDH by controlling the formation of [GaH.]*/[GaH]*
ions in Ga-exchanged zeolites.®*

2.Experiment

Ga;0O3-modified MFI zeolites were synthesized by
impregnation method from Ga(NO)s and NH4*-type MFI
(SiO2/Al,05 = 22.3, Tosoh). The obtained solids were
treated under a 10% H./He flow at different temperatures
to promote reductive solid-state ion exchange reaction,
affording Ga-MFI-X(Y) [X: Ga-loading amount (Ga/Al
=0.3-1.0), Y: H. treatment temperature (550-800)]. The
characterization of Ga-MFI was conducted by in situ
FTIR spectroscopy. The EDH reaction was performed in
a continuous flow reactor system with FID-GC. Other
Ga-exchanged zeolites were prepared in a similar way
using NH4*-type CHA (SiO2/Al,O3 = 22.3, Tosoh) and
H*-type MOR (SiO2/Al,03 = 18.3, Tosoh).

3.Results and Discussion

In situ FTIR spectroscopy was performed to examine
the formation of [GaH_]*/[GaH]?* ions (Fig. 1a). [GaH]**
ions were preferentially formed in the low-loading
Ga-MFI treated with lower-temperature H treatment,
(Ga-MFI1-0.3(550), conventional Ga-MFI?) whereas the
middle Ga loading (Ga/Al = 0.5) resulted in the moderate
formation of both Ga-hydrides. Notably, the high Ga
loading and  high-temperature ~ H,  treatment
(Ga-MFI-1.0(800)) induced the predominant formation
of [GaH2]* ions. The band derived from Ga—H stretching
vibration was deconvoluted into two bands derived from
[GaH2]* and [GaH]?** ions, and the peak area ratio
(Arcarz)+/Arcarz+)  was  compared.  Ajganzy+/Afcarz+
increased in the order of Ga-MFI-0.3(550) < 0.5(550) <
0.5(700) < 1.0(700) < 1.0(800). These results
demonstrate  that both high Ga loading and
high-temperature H, treatment are required for the

predominant formation of [GaH2]* ions.

In the EDH reaction at 660 °C, Ga-MFI-0.3(550),
prepared under conventional conditions, exhibited a high
initial conversion (78%), but a quite low selectivity
(55%) at 1 h (Fig. 1b). Then, the conversion quickly
decreased to around 20% within 3 h. In contrast,
Ga-MFI-1.0(800) showed much high selectivity (89%)
and durability although the initial conversion of
Ga-MFI-1.0(800) was lower (43%). The deactivation rate
(kg) for the 15 h reaction was calculated and then
compared. The reciprocal of kg (1/kg, as an index of
durability) increased in the order of Ga-MFI-0.3(550) <
0.5(550) < 0.5(700) < 1.0(700) < 1.0(800). This trend is
the same as the one for Agcarzy+/AcaH)z+, indicating that
[GaH2]* ions serve as selective and durable active sites
rather than [GaH]?* ions (Fig. 1c). Under the optimized
reaction conditions using Ga-MFI-1.0(800), the C;Ha
formation rate reached 72.1 mmol/(g-h), which is the
highest among the reported Pt-free catalysts.®
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Fig. 1 (a) Difference IR spectra of Ga-MFI-X(Y) (X: Ga/Al ratio,
Y: Hz treatment temperature) for Ga—H stretching vibration
region obtained at 50 °C. (b) Conversion and selectivity in EDH
using different Ga-MFI-X(Y). (c) Structural control of isolated
Ga hydrides in zeolites for selective EDH.

We also investigated the effect of different zeolite
frameworks (MFI, MOR, and CHA) on the formation of
Ga-hydrides and EDH catalysis. A linear relationship
between the catalytic activity and the relative amount of
active Ga-hydrides whereas the experimental activation
enthalpy were similar among Ga-MFI, MOR, and
CHA.® In the presentation, we will comprehensively
discuss EDH using Ga-exchanged zeolites including the
Ga speciation and Kinetics over different preparation
conditions and zeolite frameworks.

These works were finically supported by “Grant for
Research” of The Japan Petroleum Institute and
KAKENHI (20H02518 and 21H00012).

1) Z. Maeno et al. J. Am. Chem. Soc., 2020, 142, 4820.
2) A. T. Bell et al. J. Am. Chem. Soc., 2019, 141, 1614.
3) M. Huang et al. Catal. Sci. Tech., 2022, 12, 986.

4) M. Huang et al. Catal. Today, 2023, 411-412, 113824.
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Fig. 1 Propane dehydrogenation over Cr supported MFI-type zeolite catalysts:
Reaction conditions: C3Hs : 1.0 mLmin™, N> : 4.0 mLmin™, Temp: 550 °C, Catalyst : 100 mg.
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Fig.1 Schematic of mechanochemical method.
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— a-FeOOH
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Ball-milled (600 rpm, 15 min)
Paused (15 min) }

Amorphous Si-Fe-0 composite

______

Repeated 96 times
(Total milling time: 24 h)

25 wt% TMAdaOH aqueous solution, HMI and H,O

— SiO; (Aerosil 200V)

+—— Amorphous Si-Fe-0 composite

Stirred vigorously (room temperature, 2 h)

Heated (150 °C, 60 rpm, 7 days)

Centrifuged (11,000 rpm, 30 min), decanted

— H,0 Repeated
Centrifuged (11,000 rpm, 15 min), decanted | 4 times
Dried (60 °C, overnight)
Calcined (580 °C, 3 h)

TMAdaOH: N,N,N-trimethyl-1-adamantylammonium hydroxide
HMI: Hexamethyleneimine

[Fe]-MWW,,¢ (counter cation: H*)
Fig. 2 Synthetic procedure for [Fe]-MWWc.

MCETERLI-EA S 4 FOBFELAE/ER
AR L7 X 912, MCIEZH WA Za T Fr—
AR Tl FRHRR B B < B NIC ARt R &
BT ENTES, ZHIDMA T, kO
Tk, BRNEBREUANOEA THLOEMER L &R
A4 74 MERTICEATESLZ ERHLMN
IZ7 > T3, Fixld. MC iEI2 X - T Ce A MFI
ﬂ‘”'!fﬂ‘:j/l’ L (Ce-MFI) &7 % &, Ce FEA & E
SECLTREE GRS TPICEATE D Z L eRiy
Lfb\é 9, H b7z Ce-MFI IC& BfEA 15
ERPEA 2B ER SR BLL T 0 . T MC &
DOFLWSEHFID 1 212720155,

3.

1) Yamamoto, K., Garcia, S.E.B., Saito, F., Muramatsu,
A., Chem. Lett., 35, 570 (20006).

2) Yabushita, Osuga, R., Muramatsu, A.,
CrystEngComm, 23, 6226 (2021).

3) Xiao, P, Wang, Y., Osuga, R., Kondo, J. N., Yokoi,
Toshiyuki, Adv. Powder Technol., 32, 1070 (2021).

4) Osuga, R., Tanaka, G., Yabushita, M., Ninomiya, K.,
Maki, S., Nishibori, M., Kanie, K., Muramatsu, A., J.
Jpn. Petrol. Inst., 65, 67 (2022).

5) Yabushita, M., Yoshida, M., Osuga, R., Muto, F.,
Iguchi, S., Yasuda, S., Neya, A., Horie, M., Maki, S.,
Kanie, K., Yamanaka, 1., Yokoi, T., Muramatsu, A., Ind.
Eng. Chem. Res., 60, 10101 (2021).
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1) Y. Kawatani, S. Suganuma, E. Tsuji, N. Katada, 20®
International Zeolite Conference, 04.24 (2022)

2) T. Wakihara, A. Thara, S. Inagaki, J. Tatami, K. Sato, K.
Komeya, T. Meguro, Y. Kubota, A. Nakahira, Cryst.
Growth Des., 11 (2011) 5153-5158.
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Fig.2 Product yields from PP decomposition tests.

Table1 Catalysts and conversion of PP and solvent

Catalyst Sr’%”éegi’ / PP Conv?srillsgn{ 2/;-01 6)
Parent_24.6 101 9.0 62.1
AT_0.03M_21.8 139 13.6 80.5
AT_0.1 M_20 212 54.0 80.2

1) M. Ogura et al., Appl. Catal. A: Gen. 219 (2001) 33-43.
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Fig. 1 PE decomposition results in »-C16 and 1-M.N.
over beta (400 °C, 60 min, Beta: 1.0 g). (a) n-C16
+ Beta, (b) n-C16 + PE + Beta, (c) 1-M.N. + Beta,
(d) 1-MLN. + PE + Beta.

Table 1 Thermal Properties and Conversion of LDPE
and HDPE

M50 C5-CONRNlRB A LASRDULEDME Meling  Decomposiion PE Sohvent

L7ce 2-MNA~OEMALTS YRR EEEST L7 Pf'é‘ Te"';?g‘""’ cm}';“ m"g“

ZEMND, I-MNIE I 7 LN CEM L L

THY ., DEFHV MNAS Beta O 7 B, "o reeottoR 118 w2 et o4
n-C16+HDPE+931HOA 130 465 93 720

WTT PE OORAERMOYLEAIRE L7720

kl‘%ﬁbhéo
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Fig. 1 in-situ FT-IR spectra of Pt/BZY10 and Ru/BZY10.

1) D. Han Kim, J. Layng Park, Y. Dok Kim, S. Uhm, ACS
Catal., 4,3117-3122 (2014)

2) MR, I, )1, #iE, B, B, 5 130
[lfi 3R 2B16, &L (2022)
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Fig. 1 Outline of this study.
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Fig. 1 Effect of the reaction temperature on CO oxidation with
0z over ([J) CST_Au(en)z, (&) CST_Au-S, and (O) Aw/TiO:z
catalysts.

Reaction conditions: catalyst, 150 mg; 1%CO/air (50 mL/min).
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1) J.Huangetal., Appl. Catal. B: Environ., 95430 (2010)
2) FEED, %51 [AE - AR, 2C26 (2021)
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Fig. 1 XRD patterns of Ti2O3; and MoTi samples.
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Fig. 2 Catalytic activity of TioO3 and MoTi samples for

acetalization of furfural.

4. SEXH
1) M. Nagao et al., ACS Appl Mater Interfaces, 2020,
12,2539.
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