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OKosuke Watanabe1, Yukiko Hosono1, Takuma Higo1,
Hikaru Saitoz, Hideaki Tsuneki1, Shun Maedas, Kunihide
Hashimot03, Yasushi Sekine' (1. Waseda Univ., 2.
Institute of Molecular Science, 3. Kubota Corp.)
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[2A14] Development of indium-loaded zeolite catalysts for
selecive ethane dehydrogenation
OZen Maeno', Takashi Toyao'?, Ken-ichi Shimizu'? (1.
Institute for Catalysis, Hokkaido University, 2. Elements
Strategy Initiative for Catalysts and Batteries, Kyoto
University)
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Faculty of Environmental Engineering, The University of
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[2A16] Effect of matrix on selective dehydrocyclization of
n-pentane using Ga- exchanged ZSM-5-alumina
hierarchical composite catalysts
OShouta Morishita1, Tadanori Hashimoto1, Atsushi
Ishihara' (1. Graduate School of Engineering, Mie
University)
4:15PM - 4:30 PM

[2A17] Effect of B addition on activity of Rh based catalyst
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ONozomi Tanaka1, Hidekazu Arikawaz, Masahiro
Nagakane?, Yasuharu Kanda' (1. Muroran Institute of
Technology, 2. Hrein Energy)

4:30 PM - 4:45 PM

[2A18] Effect of Ru loading on redox behavior of lattice s*
and propane dehydrogenation properties of Fe-
based catalyst
ORyo Watanabe1, Yuta Yoda1, Chikamasa Yoda1,
Yoshiumi Kohno', Choji Fukuhara' (1. Shizuoka
University)

4:45 PM - 5:00 PM

[2A19] Effect of P adding on activity of non-supported Ru
catalyst for C,H, selective hydrogenation
OMana Murakami1, Yasuharu Kanda' (1. Muroran
institute of technology)

5:00 PM - 5:15 PM

[2A20] Synthesis of alloy nanoparticle catalysts using
hydrogen spillover characteristics over reducible
metal oxides
OKohsuke MORI"?, Kazuki Shun', Shinya Masuda’,
Hiromi Yamashita'? (1. Osaka University, 2. ESICB
Kyoto University)
5:15PM - 5:30 PM
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[1] Nakamura, K. et al., ChemCatChem, 10, 3806 (2018).

[2] Matsubara, H. et al., Micropor. Mesopor. Mater., 310,
110649 (2021).

[3] Niwa, M. and Katada, N., Chem. Rec., 13, 432 (2013).
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1) Nakamura, K. et al.,
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2627 (2019).
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w
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Fig.1 Time course of the CoH4 formation rate under the
wet and dry atmospheres.

1) B PEER, RO FRE D 5% O
faEhm (Ram) 7,
https://www.meti.go.jp/policy/mono_info service/mon
o/chemistry/downloadfiles/01_2019souronr.pdf

2) J. J. Siirola, AIChE J., 60 (2014) 810-819.

3) H. Saito, Y. Sekine, RSC Adv., 10 (2020) 21427-21453.
4) H. Saito, H. Seki, Y. Hosono, T. Higo, J. Seo, S. Maeda,
K. Hashimoto, S. Ogo, Y. Sekine, J. Phys. Chem. C, 123
(2019) 26272-26281.
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HEOIR RN, Ao = & ik RS
DIEMEALRERE 2 #EF L 7= (Figure 1b). In-CHA KO
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236 X U258 kd/mol &RFE Y, [FFRREDETH - 7=.
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DL 7 L & F ik

HUHR: ESICB™) Oﬁuiﬁﬂ %E% e o A
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Table. Initial conversion, selectivity, and carbon balance values
of ethane dehydrogenation using In-exchanged zeolites

. Conv. Sel. Carbon
Catalyst Si0O,/AlLO; [%]° [%]? balance [%]?
In-CHA 223 25.9 96.1 99
In-MF1 22.3 12.9 99.2 99
In-MOR 20.0 14.9 97.6 99
In-BEA 25.0 13.5 97.5 94
In-CHA(AI-rich) 13.7 37.9 96.6 98

Reaction conditions: 0.1 g of catalyst (In/Al = 0.8), 10% CsHg/He (10 mL/min),
660°C. [a] The determination was performed using a gas chromatography (GC)

[x10% 2 In-CHA(Alrich): 258 kJ/mol
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Figure 1. (a) Normalized ethylene formation rate and (b)
temperature dependency of formation rate with apparent
activation enthalpies for the ethane dehydrogenation.
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Figure 2. In situ FTIR spectra for In-CHA(AI-rich) measured at
-120 °C after H treatment at 500 °C.

1) H. Saito, Y. Sekine, RSC Adv., 2020, 10, 21427.
2) Z. Maeno, et al. J. Am. Chem. Soc., 2020, 142, 4820.
3) Z. Maeno, et al. Catalysts, 2020, 10, 807.
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Fig. 1 Conversion of alkanes to aromatic compounds over
zeolite catalysts (Reaction temp., 600 °C)
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Fig. 1 Change in conversion with temperature
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1) K. Takai et al., ACS Omega 2020, 5, 11160-11166.

2) Y. Kodama et al., Fuel Processing Technology 213
(2021) 106679.

3) Y. Kodama et al., React. Kinet. Mech. Catal., 2021 in

press.
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Fig. 1

Table 1 Conversion in dehydrogenation of MCH

at 30 min.

Conversion [%]
Hz-N2
43.1
43.1

Catalyst N2
Rh 4.6
Rh-B 21.0

1) S. Nagatake, T. Higo, S. Ogo, Y. Sugiura, R. Watanabe,
C. Fukuhara, Y. Sekine, Chem. Lett., 146, 54-60 (2016)
2) Y. Okamoto, Y. Nitta, T. Imanaka, S. Teranishi, J. Chem.
Soc., Faraday Trans. 1,75, 2027-2039 (1979)
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Fig. 1 Periodic pulse test over Fe/SiOz catalyst.
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1) R. Watanabe et al., J. Jpn Petrol. Inst., 63(4)
(2020) 228-237.

JEES, K H, SFH, W8, IR, AR 68
[EIfFFERE K2, Cl1, (2019).

2)
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Fig. 1 Effect of P/Ru ratio on reaction rate constant of
Ru and Ru-P(0.3-1.6) catalysts reduced at 600 °C.
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Fig. 2 TOF of Ru, Ru-P(1.0) and Ru-P(0.3) catalysts.
Reduction temperature Ru : 500 °C,
Ru-P(0.3) : 700 °C, Ru-P(1.0) : 600 °C

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 2A19 -



HEAS (B51OEH - AREFHRS)

ETTHEEBRIEYM L TCOKEAEILA—/I—ZFIALT]-

(TON7aN

1. #8

KFBEAENF— =1L, &BhiT RS
L 7o KB DA R~ L N 2 BR ThH 5.
M, AN A— = LIKENKES T L ITRRD
HEE AT 2 ENEHERE S, O HER

SNTWVWDED, ZNETHLIZREE NTTAHEL
72 TiOy [ZKFBHIERTE T L AKFERA LA —N

—NFBLL, EOR\VETERE) )IZ X o TIEFM
RuNi &R - T A Z L2 R L T& 722, =
@ RuNi A4 1M EFE TIERR L R - T AR
THEMNEIDEIELTDHI LT, ZNENDOKHE
AENA—N—EEEAETE 5 LB 2T A%
TIE, FEFA RuNi G4k OIERISORE 2 DX v 7
72 )= a &@LU T, Bt EEOKkFZEAY
A ——HE ORI A B L.

2. RE&

RuCl;-3H,0 & NiCl,-6H,0 % TiO, EIZERHFFL,
300°C £ CARFEHIRELZIMT Z & T, RuNVTiO, &
TERLL 7=, [AIBE D T4 T Gay0s, CeOz, NbOs, WO;

AR L U7 fildit & RS L 7= A SOGIZ 31 D Ru
L Ni OB@REFHNT 57212, 1ERLL 7= il
T =T R T (AB ; NHsBH3) 2 5 Dk FE AR
BOSWZISH LT,

3 BRLER

AB 75 DKRFARMINIZ I T, RuNi/TIO,,
RuNi/Ga;03;, RuNi/CeO,, RuNi/Nb,Os %% 41 Ru
DI HEF U2 il & fE R TEWREE R L2, —
77, RuNi/WOs 1% Ru/WO; & [RI1% DM % 7~ L 7= (Fig.
1. FATHFFEIZEBWTC, Ru & Ni BE4bd52 &
T AB 226 OKRBARSSNZ T DIEMER W =95
ZEMNRENTWA D, FZ CAFEHEFHATT
in-situ XAFS B #1T\, 1554072 XANES A7
NV DOZEAED D TiO,, CeOr, WOs ZHR & L 7= filt
O Ru? B L ONNIF OIEICIRE % KD 7. TiO,, CeO,
Tl Ru 75 F T N OETTIREMER Lz, =
AUEE TN AR L2 Ru O & LI KB
BIZAE A —"— 1, KiEILO R E N2 & 20l
Bl EEZzoNS. —F, WO; ETix
Ru¥ & Ni¥OBETCIRENRKE S Bip o7z, DFED,
WO; ECIERE AR A E LA — N —DFRBLZ L
BIERAMETH Y . iz RuNi a4k L
ol EEZD.

SEF/HAFMEDS K

by ZoT . o NELE 055

« JLK ESICB™) O# 5" -

B okt - RO - LT SRS

DICHR Z & OFEM e KT A BN A — N —F
A & BICHRET 572012, H/D SIS 2RI L
7= in-situ DRIFT HI7E %17 > 7=(Fig. 2). TiO, DLHE,
50 °C DIE T 2600-2700cm™ FITIZ 6 o.p FeNBIER
S, ZORELLTFTTORBAE LA —N—RNRE
iz, —J5T CeO, TlX, 50~150°CR] T, WO; D
B1E 150~250 °CTCEEHZ AL A —_"—F 5 L=
25, SHIZMSHIEIC XD HD AR E BHR L 74
B TiO,, CeO, TIXFE D A /LA — N —DMESEHY

WL Z B D% LT, WOs TIERERD A B LA —R
~75 BT Z D Z ¥ broTz.

N
&)

B RuNi ¥ Ru

_;
- 3] N
) ) )

Relative activity of RuNi
o
(6]

0 4
WO, Nb,O; CeO, Ga,0; TiO,
Figure 1. Activity enhancement of each catalyst by the
addition of Ni in the hydrolysis of AB.
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Figure 2. In situ DRIFT experiments
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