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Catalytic degradation mechanism of noble metal nanoparticles on metal oxides

Ishikawa, Ryo

4,900,000
Ti02 (110) Pt Pt
Pt-Ti Pt-Ti Ti02 (110)
Pt Tiox EELS
Pt-Ti
Tio2 (110)
Pt

We have investigated the degradation mechanism of catalytic activity in
Pt-nanoparticles (NPs) on Ti02 (110) substrate using atomic-resolution scanning transmission
electron microscopy combined with in-situ heating in the electron microscope. We found that the
Pt-NPs were grown by heating, transforming the NPs into Pt-Ti intermetallic NPs. Furthermore, the
Pt-Ti intermetallic NPs were embedded into the Ti02 (110) substrate. It has been reported that the
surface of Pt-NP is covered with TiOx thin film by heating. However, there was no oxide coverage in
the electron energy-loss spectroscopy. It is therefore revealed that the catalyst degradation is
caused by (1) a change in the interfacial bonding state due to the alloying of Pt-Ti, and (2) the
coverage of active sites by the intrusion of the Ti02 (110) substrate.
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1. WFERHE S YO 5

ATV 7 IREE T TLE Th O A ARIEEIC LD 5T, SRR L4
JRLAIIR & 7R REEE 2 R 2 & 08 80 AR I3 AL S 7z (H. Haruta, J. Catal., (1989)) .
HER—BCIRE OB LS OPEY 2 & L CEALENZ D0, EiE THEY AL
HAEAT O & AEMEREN AL T D Z E DN KRERBEL 2> TS, TN E TOREX 72ffF5E
DOFER, HFEKRE LT, (1) F/7h1oiEl HRE) BLUOHEEERICE 12888
B EDE4EA, (2) 7 /R EREROBRLEEICEDND 1 7'k, (3) T /R0
FREMR A~ DD AL EOBIG BN R EBRFE R IC K ST TRENTE 2. EoBig ¢ it
TEME & ORFHEMER T IMCRIAEND DD, H—B72 RARZIZE > TRV, ZIUE—EITRE
AR EBRFELN IR ST RN I LICERT . L~ T, ORI Z I 50M29 5
Zix, BB R BRBIb E OF ) TR &R A — )V CHEEBIET D Z L BRRO
HRANEBND L EZBND.

2. e EM

AWFIETIE, R0 fRiex A7 RGN E KT (STEM) (X0 & - E#oREx T
T ‘TOLEE BiTH ZLickY, E8ET kT L &R O R im R RS A A B
BT 5. HBONTRT LUV TOERERICHES &, fEOTEM:R3 X OB LS &2 I 5 iz
HZLEEHMET .

3. WFFEDIikE

RO LIR RIS T HIREUT, BREICER SN TWORWERSMET RO ST,
RETHRESLHEAR) TEMINTWRNWZ LICHERS L EEZOND. AL TITR G
TN TER BT Z 2 (Ti0) Z AV, R L-YL T Tio(110) FE EicEEEZEh
(<107 Pa) THELESRT /R TREROHES. M LIRE 2 B T BssE~ L L, =
B0 800°COIREFIPH (HZEMEY) TOZDOLBIEEITH.

4. WF7EE R

K 1ICRd X9, BEZEEE Lz Pt F /7 K3 ek <, Tio, (110) B & OMIcA &
e FPLBAFRITIER S ey, L L, IRED EFIZHEY, Pt F 2R I3 T2 T L 9 187D,
FEIZ, 500°C TMENT % &, Pt/ R 7-1X(100), (110) FEEAMESE L CRIEET 5 Z E R0 5.
I BT, T00CETMET DL, 2-3 nm EFTRRET D, X T 57—V =ZBHG) 6 Pt AR
o0 2GR ETRTZERHLNE o7, 2O 2 FEMORIEEZH ST 570, 700°C
WZBW MBI OB 5T R T2 822 Lz, K211 k91T, 700°CT 2 BELL Fhn#Evd
HE, Pt R adraoary I A MBEMPICEIL L TWD Z ERHLNE /o7, Lizdio
T, Pt KV EBRNEGEEASGILL TWDAREMERH Y, ERIZEEND T & TFREND. Ti D
FREZWHLCTHI0, BTN B HIRIC K DT 21T o T2 T OFER, NI Pt-
Ti 84T KPR ENTWD ZERHLMNE otz E5I, Wl b OEIE%2 0 i
THZ LKLY, Pt-Ti B4T /K Ti0 BRIZBALTVWA Z L AbETHLNE 2o
7.
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1 BRI ARER I K A Ti02 (110) Bk BIlCkiF 2 Pt F ki F O EESE (ETF X7 —V =&
¥il) . BF-RESEE T COMBVEE X () =iE, (b) 673 K, (c) 773 K, (d) 973 K.

a 973K, 1h b 973K, 2h c 973K, 3h

2 BRIRESAREFYEIZ LB T00°CTHEL L 7= Pt F / Ki O H R ER. INEWFRITIL (a) 1h, (b) 2h,
(¢c) 3hTHA.
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