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KL x~A 7 v 2R L) /) A— YA XORFTEIRS D% G L OMEF KIS ~D I m) 7258
RS D, RIS, BERDHCRO T /SRR L ORESR OB R T /R l2 20T, 7/ A= AP A X
TOREREFEORRELE L ORATERSOFMEEIT 72, Fiz, AR Pt 22t Lz 2-7' v N —u
DORABFEIERIZONT, <A 7 2 EINENT TOMMBESSMEERS RS Pt O RPTEiRGICER T2 2 & 2 FEiE L.
BIRIC, xRS Rt 2 R U7z E TR e~ A 7 mNEAERB L OV I = L— 3 UENT
ATV, Wi~ A 7 2 INEGS X OSUSMEERN R % b 72 b TH RSB M O GHES 2 1RE L7z,

F1E Fif CTIE, ~A 7 vk 7 at 2AOEEF & FRRM eI L, ~1 7 v oWEEInec i
SLJFFTEIRE O & ARBERG DOIRED R OWTOMEF 2 L7z, F / i IR E-CHE R4 R 7/ R 1
fiklft % AN 728 = 3L — SO O EBL A b2 S AlRetE A2 EIE L, /A — b A X0 RETERS OEE
PR AT O ARam SCO BB 25 U,

FowE [N FREFHZFALz~A 7 ailfMB T 208 2RENE] T, BERSBCRICBT 5F /s
fil i o> IR AT i S OIR R 21T 5 729012, IRERFE ORI EZ AT 2 9 FIRES 2 Rt & o gz E A
L, FEMMERES BRI D~ A 7 niMEVF o) VIRERENE2IT-o72. BREIRENAHEEL Y L 5°CH
RORFTEIRS 28I L7223, BJEBSEOEE R TIHIREZENNE L, L0 REQRIBREEZ O RrERE%
HET D 2O BB AN B WRERICEH L.

%3 FE T X ORI Y S < HEF Pt /RO~ A 7 a il NE 2 0% 7 /7 \BERE) T, BE
IRAERNCEAT % Pt RET O X BRI ZFIH L, $8EF Pt 7/ R FORE RN EZ~ A 7 n BT TIT o 7=,

LEFAK T O PUALOs XL v MIBWT, XBRIVIZEES L PUHEE (Te) NEUSHEREFHZ Lo THIE L=V
v FEHERE (Tx) LV % 10°CRESE TH. 2Ly hOX 7 o RIRESH 2 ZETH-HT IaL—
3 UFRNTIZE D XD E -T2y NANEROFERRE (Tin) Z2FH L7z, Tee & OIREZEIT 25°C TH Y PtF /KL
FOFFTEIBALNIR ENTZ. —F T, PUSIO2 Ly MZBWT Te Tex LD b 227 °C HIETHY, Tn LV b
132°C B TH o7z, PUSIO VA Z & CRERBEXELZET L RPTEESEZ EIE T2

AT [HHEF Pt Rl O R &SRS IS RS < ROMERE ] TiE, 15 Pt )/ K+ 0 /T @RS 03 KB iE
IR DISIC B2 DB EZFA LT A0, 2-7 128 —LiE T COMBENR IS EiTo7-. 2-7 a8 ) —
NORKBENTERT B 78 bR E S L2, PYALOs il b L7z & Zi2id~ o 7 o FickvC~25
°C A D SARHERER MG DA,  PUSIO2Z DWW T & Y K& 72~50 °C FI Y OUMEERE RN S SN/, H3E
B W T PYSIO I & W KERBEXAZ2HT 2 RATERSEZRLTEY, 2 2 TPt k10O RATRE O &ELIC
KO ROMEEERB LT A EEZHLMNC L. &5, Pt R FORATEIRSG O OEAE VL L7V Pt
T R OB IS T B RFTEEG OV IBEORBERIET 572, 2-7 v — R Pkt 5
PtOx/Al03 DIRILI S A T I 7 A% X BRI HTHNT LIz, <A 7 22 K5 100 °C #1124 DK & 72 SUSMEHE
FERNE SN, 3 ED X I/ EIZHES < PYALOs D T & Tex & DIRFEZE (100°C) LHEEIL 72, RrmiEE
ZDHOMEFEEALT 2 RICEBO TR RISMEE A/ OND Z L 2 FEAE L.

H5E SR T /T ORPTEERSGERICEET 2R 7O <, BIrEsiESEo I 6 5EmiEflbis &
ORISR BE O 1) BT 7= Sl EER G HRSF DR EZ B & LC, HERRE, Rk, bk, HEE&EM (Pt Pd)
RO (ALOs, Si02) 22 2 - HEF &R T/ BRI T X BRI eI -3 < - 2 IRERIE 21T\, ST
EHRSOIREICKT 22N ENDRTOREE BREE LT

e SR ) /R TO~A 7 ol RARA T =X LAOKREE] T, HEELERICHEE LSBT biT0
HEFE L S, E-HEAOREEZ ZFHANCEZ T~ A 7 aNEAERK LT 41 XOERY - (B
WY R o b—ra VT 2T, ERER MR R Z b LI~ A 7 n ERARICEE L 5 X 5/ T 2 MGE L
2. BRZEB T /R TFEBEOEBEROBERBIOOMIZE > T, 7 ol RAENKE S EDLIEHRIT, &8
FIRA DA T OEIRARA N = AL LTHIO TRET DD THY, T/ A X0 RETE IR % BRI F)
ALz~ A 7 ot AT CEERPEE 2D,

BTE [HER) T, B2\ OLE6EOMBBIVOEE LT LD, KGRI/ A X0 EFTE RS % F
ALz~ A 7 alb 20T 2558 L0, ~A 7 il 2F A LB 7 0 AOMSLIC RN D,

6% FSCER X, RIS 2000 7= & 330 300 3% 1 E DT 50, & L <IXHEIC 800 3% 1R L T2 &0,
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This Dr. thesis proposes rational applications of local heating of supported nanoparticles in catalytic systems.

First, | demonstrated a noble in situ nano-thermometric analysis with supported Pt nanoparticles under microwave heating.
Temperature-dependent Debye Waller factor () from X-ray absorption fine structure (XAFS) of Pt L3-edge is applied to
estimate the Pt nano-temperature (Tet). When Pt/Al2O3 pellet was heated by microwaves, the Tet was 101 K higher than 378
K of the Tex which was the external surface temperature of the pellet. We also found a significant temperature difference in
the Pt/SiO2 pellet as the Tet was 227 K higher than 376 K of the Tex.

Second, | tested catalytic reaction of 2-propanol dehydrogenation on the Pt catalysts. Applying the Pt/Al2O3 catalyst, the
reaction under microwaves proceeded at ~25 K lower temperature compared to the conventional heating condition. As for
Pt/SiO2 system, the larger enhancement by ~50 K was observed. It is expected that the larger enhancement is induced by the
significant Pt local heating. | also applied the pre-oxidized PtOx/Al20s in operando XAFS analysis to monitor the PtOx
reduction by 2-propanol. Surprisingly, the Pt oxidation state was changed instantly under microwaves with the dramatic
enhancement by 100~ K. This enhancement is consistent with the nano-thermometric results, the Tt was 101 K higher than
the Tex. | conclude that the Pt local heating is effective for enhancing the chemical reaction of the Pt nanoparticles itself.

Finally, I conducted the systematic experiments and simulations with the Pt nanoparticles to propose the key factors to
improve the Pt local heating. In particular, | found that the permittivity around the Pt nanoparticles is very effective.

These are the first examples which show a design of the nano-sized local heating under microwaves and its effect on
catalytic reactions, leading to noble catalytic processes with dramatic microwave effects.
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