EfEAXFZZHMBHRI NI U
Keio Associated Repository of Academic resouces

Title

RAVOBRRHICIPMBBERSENBEIDIRUNS A AMEDORR

Sub Title

Development of ordered porous catalysts with microwave-heating area adjoining reaction area

Author

2, &#f(Okamoto, Masaki)

Publisher

BR&EZAF

Publication year

2020

Jtitle

FERELESHRRAREERESE (2019.)

JaLC DOI

Abstract
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MBTERA 21 . REDZEAS | AINBN A VORMAICEL EBETHDEZHASHIC
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Recently, microwave heating has been applied to chemical reaction as a method of energy-
efficient heating. In catalytic reactions, selective heating of catalysts leads to high energy efficiency
because of no need to heat all reaction system. Zeolites, ordered porous materials, are one of
catalysts used in chemical industry; however, they do not absorb microwave and are not heated.
To widely use microwave heating in chemical industry, it is necessary to apply microwave to
reactions catalyzed by the zeolites.

In this work, as catalysts suitable for microwave heating, | developed the catalysts with alternate
layered nanostructure (ALN) of zeolite sheets as reaction area and sheets absorbing microwave as
heating area. MWW-type zeolite precursor, MWW(P), having two-dimensional pores and tungsten
oxide, WO3, were used as the zeolite sheets and the microwave-absorbing sheets, respectively.
The surface of MWW(P) and WO3 were modified with allyl and thiol groups, respectively, and the
thiol-ene reaction was performed to layer them alternatively. Finally, to remove the organic groups,
calcination was carried out.

To show that ALN is suitable for microwave heating, ALN and a physical mixture of MWW(P) and
WO3 after calcination were heated by microwave to examine their heating properties. When
microwave at 50 W output was exposed to them in a nitrogen stream, only MWW(P) without WO3
was heated 178 °C. On the other hand, the temperature of ALN reached 368 °C. This shows that
composing MWW(P) with WO3 leads to heating up to a high temperature by microwave radiation.
The physical mixture was heated to a lower temperature, 293 °C. | concluded that ALN is a suitable
structure for microwave heating.
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Development of ordered porous catalysts with microwave—heating area adjoining reaction area

1. HIREBRFROBE

IRILF—DROEFVMEAFEELT, BE, RAVOKICEDZMBAEERIGIZEFASh TS, MERIGDEGE, RIGETH
SR ZRIRM B TEDRE, REZRTRTENMHAITEIDNELNLGL, ITRILF—DELELLD. RAMZALAEMETHEIELFSA
M, TEMICHLERSNTOSEED—DTHS. LHL, EASAMITAIREEIZEAERIRE T, MEBShAL. 2T EIC
BWTIAMIRRELLFERTH=HI2IE, €45/ MllEE BN =RIGCIZHEILTESLSITTEILENDHS.

AMETIE, SAVREMEBIEL-MELELT, REBIZO—MROEASARERN, MBS ELYAIORERINT 2MEIZE
U—hROYMEERANSLET, ChoDU— M EREICIEEITA2XAEREBEBAR (AN) ML DORFEETo-. P—MROEFSARELT
MWW B B4 54 FDRTERIAS —k (MWWP) ALV =. SOY—HZIE 2 RITEBEDOHMILHY, RInBREES. —H, T4 ERIN
HRELTRBIKRDEEIE R Y AT (WOI) ERLV-. MWWPR)E LT WO3 DREIZFNEFNTYILEBLUFA—ILEEZBML, F4—
W—IVRBETICEIZKYXRBEREBEERL:-. REICTHODAREEFIRYBRI=OIZ, EBRET-.

ALN A/ OEMEIZEL TWNDIEERERT B1=0I(Z, Bonf- ALN &, MWW(P)E WO3 ZWIEEALIERLI-EDIZDONT, ¥
ADRICKAMBYFEEFRT-. HAO50W — E0)74"7D,&”EEE%Tszﬁmum'ltfa),ml#é;ﬂ’\tﬁ‘*% BRI RTUES
FHL MWWP)FE T TIEEERE X 178°CTHoT=. —7F, ALN Tl 368°CITELT=. CDKIITW0O3 EEEIET BRI EITLKY, 1449
ORICE > TEBETMATEEI N b=, RS TY 293°CETULMMETEG o=, LLEDTEMDS, ALN [E7A440
FENEIZEL - ETHALEFRALAIZLT-.

2. MIRERRAEEOBE R

Recently, microwave heating has been applied to chemical reaction as a method of energy—efficient heating. In catalytic reactions,
selective heating of catalysts leads to high energy efficiency because of no need to heat all reaction system. Zeolites, ordered porous
materials, are one of catalysts used in chemical industry; however, they do not absorb microwave and are not heated. To widely use
microwave heating in chemical industry, it is necessary to apply microwave to reactions catalyzed by the zeolites.

In this work, as catalysts suitable for microwave heating, I developed the catalysts with alternate layered nanostructure (ALN) of
zeolite sheets as reaction area and sheets absorbing microwave as heating area. MWW-type zeolite precursor, MWW(P), having two—
dimensional pores and tungsten oxide, WO3, were used as the zeolite sheets and the microwave—absorbing sheets, respectively. The
surface of MWW(P) and WO3 were modified with allyl and thiol groups, respectively, and the thiol-ene reaction was performed to layer
them alternatively. Finally, to remove the organic groups, calcination was carried out.

To show that ALN is suitable for microwave heating, ALN and a physical mixture of MWW(P) and WO3 after calcination were heated
by microwave to examine their heating properties. When microwave at 50 W output was exposed to them in a nitrogen stream, only
MWW(P) without WO3 was heated 178 °C. On the other hand, the temperature of ALN reached 368 °C. This shows that composing
MWW(P) with WO3 leads to heating up to a high temperature by microwave radiation. The physical mixture was heated to a lower
temperature, 293 °C. I concluded that ALN is a suitable structure for microwave heating.
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