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BB 2N G 8 )/ R - ARIE D LI TR D s, &R /7 ki AR & b 3R RO RH R 2 Rl —
V=06 @OVESE S E 5L D, TR EM oM EEINAREE SN TR Y . &BBR{IYIc X o
B2 E LN R T R DOREICENTH DL Z ENREN-DOH D, BATA MILET /) b+ DR EH
EICE LTS EEZBND, ZhICE 2 SOBARDH D, ETELT A MBAHILZET D20, s
DJFEE L E OTRIEN BN ERHIT b D, KIS, BATA R — ke BRI & 3R | B
£ BERE L2, EIRBEICR W CTHAROEHERICERNT 288> K+ DOBENRELLVWETH D, £
T CARIZE T, SR F CREICHIFLEE 2 #EFF L 5 5 Beta Bl & MFI BUCHE N2 Y4 T, &B T/ bit
ZEELLIEZPATA FEAR L, BZENESET ) r—a VICBITAFHMEEZITO 2L T, BT /K
TR O FE A ~DOARFIEOBH 25t Lz,

BHNZ NI F 2R 72 WNel L7z Beta B AT 4 MMl (Ni@Beta) DG RIE A B L. £ OZEME TN L 7=,
Ni@Beta D AEKIEEBREFT LTofER NI 7 a1 U r— & NiJHE L TKBEKT 5 Z & TNilBeta #1552 &
WAL L7z, Ni@Beta H10> Ni D22 EMEITZEKEREE T 900 °C DA LV HER L7z, Z DOfEHE, Ni 8/ ki
RIECTHNEMEZMERF L7 2 & 225 Ni@Beta (X Ni OBEEMHIIR O H ML CTH 5 LfEim S iz, £7-. Beta
WP AT A FOFERMENMET L. FmEbT A2 TN BEET B2 b, B4 T4 FOHIZ LD NI A
BETDIAN=ZALTHDLZELHBNE ST,

NilZEAFA PO M U RERIER L, MU OWMBEBBNKEL b, NI BN F 2 hife LTHEET S
LT U ORERENT ET 52 AR EN., ZHUIEA T A FE N ORESEINT S Z L IcERT S
EBLEI NI, NiBeta 3 Ni T /7RI TNaBEEZ MR T 52 &% Mo OWBAEREOFMIZ & D s L7,
Ni 237 /KL T CREE STV 5 NilBeta 23, 900 °C OEMLIRMZIZ E W Lo v OWAERRE R LIZZ L0
EWEVETBRE Th > Th NilBeta MENT- ML OWEREATLZ LNRENTZ, ThbDZ EnbE
WEERTBREIICBWTC ML 2R ET DT 7Y r—3 a3 o Th b HBE MMk & LTo Ni@Beta OF| ] ATHE
MaRTZENTE T,

WIZ, Ag T /KL T MFL B A F A & (Ag@MF]) DG RIEE R LTz, @B EDT7 4 nv ) r— N2k
L7V R & NEL T D HI TSR S B 2 W RER T I LTV 5, L LIEFFEOH| IRCBHE
RN ETH D T e, L VICHERSHGTE DA TIEERTF Lz, Z OB OME, Ag@MFT 134
BT R HEE LT U BV ERIBRA L L TARTE D Z ENHL NI -T2, Ag IX@ERREFER VY B
NVEHRETAZ L TH I RFE LTHEFSIL., 20 AgH Y LV EKBUEHT 52 LT, B4 74 okt
EFET Ag T /R FREAT A MEENICIDIAEND Z L 2R LT,

Ag@MFI D Ag 7/ KiFDZEMEIE 750 °C OBVILIRZ X - TR L. Ag WL TICHNEE 2 R &b 2
EERMER LTz, DI AgMFT OLZENMNE L 0 EHAMZRRE CHTT 2729, 750 °C T UMb EIL=F L
. Ry, M EERT BBUKE L EHACKOSIC X 0 FHE L7z, AgOMFT IZSUGHEIC Ag T/ KT 05N
WENTAEELHRFLTRY, FAFAK T TOREICHME L U THAMETH S Z L3RI,

&JFT I RF DY AT A4 VBRI NIE, BT/ K248 ORUS TR £ CRIEICHEE T 5 alRetE:
R LTc, ZHUXEROT /R AR TTER <, BOMEBEE B4 T4 N2 BRETDHILEOER
PEZTRIE LTz, BRICETHEMED MFT B A5 A MC Ag ZE LT- 2 & THIO TRISITEE E T Ag F /B 7N g
ENAFIETE A Z E R STz, FTo, RRFITHE L7 Ag@MFT O MFIL HA8451E1% 900 °C O =il T H A FL
R % 9 2 IR ICTHEWED B WD MFT BSE CTH -T2, BT/ RiT2E8T0 VNV EEDLZ LN TE
NWITLZENEOE &R T /R THE N BHEAZ 4 MllE2SoNn5 B2 65, A TH L& RT
JRiITFINE MR BB AT A MO SR TEL &R VR TFHNEE AT A MCET2MmAITS%OE&RT / ki
TOWE - FARICBWTEERMA D EEXBND,
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This dissertation, titled “Study on Improving the Thermal Stability of Metal Nanoparticles
Encapsulated in Zeolites,” consists of six chapters and explores the synthesis methods, catalytic

properties and thermal stability of metal nanoparticle—encapsulated zeolites.

Chapter 1 provides an overview of the properties of zeolites and metal-supported catalysts
explaining the necessity of effective utilization of metal resources and petrochemical raw
materials as well as environmental regulations. The functions and expected effects of highly

thermally stable metal nanoparticle catalysts are also discussed

The synthesis and evaluation of Ni nanoparticle—encapsulated Beta (Ni@Beta) catalysts were
conducted by using NiPS as a precursor. On the basis of the obtained Ni@Beta thermal aging at
900 ° C, it was confirmed that the Ni nanoparticles were encapsulated in Beta zeolites resulting
prevent aggregation of Ni. This high thermal stability demonstrated that Ni@Beta is promising as
an automotive exhaust purification catalyst. The toluene adsorption capacity of Ni@Beta was
confirmed for application as an HC trap catalyst for automotive catalysts. The encapsulated Ni

species enhanced the toluene adsorption interaction.

The synthesis methods and thermal stability of Ag nanoparticle—encapsulated MFI zeolites (Ag@MFIs)
were explored, in which Ag nanoparticles were used as precursors of Ag particles. Ag@MFI was found
to be thermally stable below 75 0° C, and its catalytic activity for ethane/ethylene aromatization

was confirmed.

Finally, the research is summarized, highlighting the successful development of a universal
synthesis method for metal-encapsulated zeolites using PS. This new method allows the production

of thermally stable metal nanoparticle catalysts at high temperatures
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