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1) M. Shirai, Chem. Record, 19 (2019) 1263

2) S.Kato, M.Shirai, et al., Chem. Lett., 48 (2019) 1262.

3) M.Sodeno, M.Shirai, Chem. Lett., 50 (2021) 572.

4) S. Kudo, M. Shirai et al. J. Ind. Chem. Soc. 100 (2023)
101011.

5) M. Shirai et al., Chem Asian J. 16 (2021) 2035.
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Fig. 1 Time course of ethylene conversion
and the product yields over Ni(0.1)/deAl-Beta.

BE 3

1) Bruijnincx, P.C.A. et al., Angew. Chem. Int. Ed., 52,
11980-11987 (2013).

2) Ye,R.-P. et al., Energy., 188, 116059 (2019).
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72, Sn ¥ : DSnClz. @(NH4)2SnCls
RO, EERTGEASICER % Fv, KGR Pt SETERE
J& 530°C, G ST 30kPa-G, WHSV1.0h'L, Jiik} ; -
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LY DRBDICE BRI T F LY DE 1y G 71y et al., Catal. Today, 276(2016)105

LT3, - B 2) Y. Nakaya et. al., ACS Catal., 10(2020)5163
2 12 Pt,Sn/Si0; @ XRD ¥ &% — v Zind,
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mufwén 5T, Pt OEAKIC &
#4&1®Fﬁ$¢fi$@&%*fﬂ@ﬁbf
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blXENEN, [RURFBEOFGEHRCEMD T
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FRPEIC RIE T B e e LT,

2. B

Zn %8 MFI BEA4Z 4 b (Zn-MFD) 1%, U H
BFeLTH I h, GEEHERELTT FF
LT E=TAE RRXUR, GRIFEE L THE
FRdfign 2 F VY, 80°C TOKIRANEL, 175°C TODKEA
ARk, 550°C TORERERTEK LTz, & 51T, &%
HBIZEY Pt #HEELT, ¥4 T A NEEF Pt il
(Pt/Zn-MFI) Z#FHH L 7=,

bV EPEREAN L, [ R s S 2 VT
1To 7. BUSEITAEAZ FEE L, KFEFE T, 600°C
T 1 REEREE T o7z, D%, KSFEETH D
C5 IRILKFERASTZNRNT T —IZ N, 2 LT, RA
HAL Ll %Abfﬁﬁ%ﬁotoﬁmi
1% FID-GC 12 L 0 458 Lz,

3. BRBIUSBE

B4 T A4 MRELZISIT D Pt & Zn DEELD n-2
A DRKFBRILIZE 2 DB OV TRFT &21T
-7, Pt(NO»)2(NH3)2, HoPtCls, Pt(NH3)s(OH)4 Z
T, PtIROFEE MR L7z, P(NO2)2(NH3), % Pt i
AW RS, p-_X X BN 1-XT DO
KRFBERIZEBNT, b @V CPD IR AR LTz, B
[, Pt(NO2)(NH3), % Pt JFIZ W 72,

Pt HEFRZ BN S 2 &, MBS - CPD BRE
DEML T, T X &2 (PD) EIRK
A U7z (Fig. 1), —7, REZ 0.5wt% LV b
HWLLTh, EHomERR NN, ZDZ
END, PHIBKEBRIEOREICE 5T 503, fHEF
BNEL D EHEMET T2 2 8T, REDE

BDPWKLTLEI EBZBND,

F7o, PHHBEAEELT, ¥4 594 Fho ZnE
HE2ELSEEE, ZIn SHEEOHENM (Si/Zn £
VEEDWD) & &bz, BIKERIEOIEME - CPD %
REDm LN R 5N (Fig.2), ZThbHD I Enb,
Pt & Zn ODEELR, n-2r % L ORKERIICE
T HIEER O RICEE 2 ZEHEZ R L TWE L&
bbb,

100

9 } B C6+
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60 | 7 Il Cyclopentene
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Select. / C-%

40 } Isoprene

30 B PD
20 C5°

10 C3 CPD

0

0.2wt% 0.5wt% 1wt%
Pt loading

0.1wt%

Fig. 1 Dehydrocyclization of n-pentane over Pt/Zn-MFI
with various Pt loading amounts.
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or ] L

o 77 b
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0
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Fig. 2 Dehydrocyclization of n-pentane over Pt/Zn-MFI
with various Zn contents.

B ORUFRIE, RRIEEEA OTFEIT I — M
ENA T L =il o % — 03 FE i LTV 5K
BARFEO R E L bz, £z, RUFILHE
RO—EIZ, JSPS BHfFE (JP19K05154) DBhAk A%
FTELNT.

1) Imai, H., Umemiya, Y., Kato, M., J. Jpn. Petrol. Inst.,
61,311 (2018).

2) Sz, BAGE, KSR, & 52 B4 - Al
fb¥atame, f%%r,zozz 1C13.
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FLOLTIE, 300°C OIRIR CTH SN E TTH 2 &,
Pt & In ODAEICTHZ L TRABIYZ Y OFENE
N BT 528, TIOHRICEESREEY R—7795
TR BT D Z ERHE STV S, D

AW TUE, RRIGHH A 2072 il AR o B 5% %
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i

2. E B

fib AR & U C, il s S i O CeO, (JRC-
CEO-1) B LU, $EFEATETIHE L7 CeosoMo.1002
(M = Ca, Sr, Ba, Al, Ga, Y, La, Zr)& Fi\ 7=, Pt BRI
& LT Pt(NH3)4(NOs), Z VY, Pt HEFED 3 withlZ
25X ERETHEE L, 5L 7=l ok
I%, XRD IZ &> Tili~7z, ARSI, [EE R
KRB 2 I TT o 7o, il 8% 200 mg & L,
filfitfE o R &2 2T v L ABMCH, EER(DC)
Zy L7-, OSBRI Z 300°C T 30 sy fHiEC L
T2o D1k, Ar FPHA T CIRE % 250°C £ T Fif7-
%2, RSH ADFFRKIET) 0.1 MPa C, CsHg : Ar
=1:1 O#H A E 20mL min! & U CHEERS % B
LT, BUSH DT A1%, GC-FID TH#r L=,
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Pt/CeO, & Pt/Ceo.90Mo 1002 (M =Ca, Sr, Ba, Al, Ga, Y,
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9, Pt/CeoooMo 1002 1%, ED&EE R—7 LIzHAT
H P/CeOr LV biEMEN M < oo, FFIC,
Pt/Ce0.90Alp.1002 L Pt/Ceo.90Gao.1002 bi, ﬂﬁ@(ﬂéﬁ/l) 7
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L, Pt/CeooAlo100: 1%, EIfiMEZ EiF7- & & DLE

AN L Tk b,

EEIEE BT OL \
A, N g

=
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PRI R CIE MK Ze o T, £ 2T,
WETEME % 7R L T2 Pt/Ce90Gao 1002 (2 DWW TEEL <
RHZ LWL,

Ga O A B % filb 3572012, Ga DEAEE
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Figure 1. Propylene yield (Ycsne) and normalized formation
rate based on surface area in propane dehydrogenation using
group 3 and 4 metal hydrides/oxides at 450 °C. Reaction
conditions: 0.1 g of catalyst, 10 mL/min of 10% CsHs/He flow,
450 °C.
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Figure 2. Gas products in PDH using (a) LaHs and (b) LaDs as
monitored by mass spectrometry. The reaction temperature was
isothermal after being increased from 30 to 450 °C. After the
signals for Hz or D2 stabilized, propane was introduced at a
concentration of 10%. The total flow rate was 10 mL/min, and
the carrier gas was Ar. The mass numbers of the gases shown
are m/z = 2 (H2), 3 (HD), 4 (D2), and 44 (C3Hs).

1) Z.Maeno et al. Chem. Lett., 2022, 51, 88.
2) M. Kitano et al. Nature, 2020, 583, 391.
3) V. Kondratenko et al. Nat. Commun., 2018, 9, 3794.
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Fig. 1 Results of PDH reaction ; (a) Propane conversion and

(b) Propylene yields.

Fig. 2 TEM images of spent (a) S-Co (1), (b) CS-S-Co (1), and

(c) physically-mixed catalyst with S-Co (1) and silicalite-1.
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