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« BN (Wetting), il (Contact angle)
— #BEK (Superhydrophilic, SH)
— #Bi%K (Super-Water-Repellent, SWR)

Contact angle: 0~10° ‘ ‘ Contact angle: 150~170°

Super-Water-Repellent(SWR) surface

Superhydrophilic(SH) surface
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Change in contact angle with UV Change in contact angle in dark
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« Keyence: ST-7000
— Plasma type: Arc Plasma
— Power: 200W, Voltage: 10kV o . o
— Air flow rate: 50L/min L 219
— Frequency: 70~100Hz

Surface activation

Aluminum
{Normal Surface)

Plasma
Irradiation Device

\\\U/// Kyushu University
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o EBEFKKE(1) - Photocatalyst(TiO,) coatmgm
— RTRAEXZEF (Falling film evaporation)
— 2ESEN (Immersion cooling)
— J— L% (Pool boiling)
— 7% (Water drop evaporation)
— D4V RETO EEHE (Condensation on finned surface)
o BEKMREQ) - Plasma irradiation @
— ;2&SE (Immersion cooling)
— 7% (Water drop evaporation)
. BRKEE [ swe
— J— L% (Pool boiling)
— FREPIEIUIERENE (Drag reduction in single-phase water flow)
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Tio,o —T4V 0 EEDRTRIE

(a) w/o UV light

(b) w. UV light

Base material: Stainless steel
Thickness of TiO,: 250nm
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T [kg/(s'm)] (109
20 40 60

® 30kWim? Coating
4 38dNim Coating
askim? Coaing

Eteommia

5 9
Rep =4I/ [x10%]

i Heat transfer characteristic
(b) TiO,-coated surface
q=35kW/m2, Re=150

o Sawim: Nonoostng | 100

T273.15K 50
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Prof. Y. Takata, Thermofiuid Physics Laboratory
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Water temperature: 100°C

g

Nop-coat Indagionime 1205

Waertenp: 100C ]

Temperature [°C]

Temperature [°C]
8

10 20 30 40

Time [s] Time [sec]
EFay — s
BiETS J5Z%mSt
Copper Specimen
| Size: Diameter: 30mm

Thickness: 8mm
Initial Temperature : 400~500°C
Water Temperature:

15, 60, 80, 90, 95,100°C
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. (0.
Water Cooling of Hot Slab Experimental Apparatus and

Kyushu Umversrty
f M

Kyushu University
Dep.

No.14
Department of Mechanical Engineering Prof. Y. Takata, Thermofiuid Physics Laboratory

e Type of Heat Transfer Surface
Controlled by Plasma Irradiation
—»> — Type of heat transfer surfaces
@ © - -
Sample No coating coating
Plasma generator Water cooling zone ® method thickness
—— Nos.1,7 non -
o No.3 dipping 4um
o Nos.2,8,9 sputtering 250nm
Hot slab 2 1 : Heat Transfer Block
2 : Vessel .
(-] W @ 3 : Insulator Material : Copper
4 : Cooling Water Diameter: 17mm
@ V : Heater )
T : Thermocouple Contact angle of
C : Condenser

normal surface: 97°
Experimental Apparatus

Kyushu University No.15 Kyushu University No.16
Department of Mechanical Engineering Prof. Y. Takata, Thermoftuid Physics Laboratory Department of Mechanical Engineering Prof. Y. Takata, Thermofiuid Physics Laboratory
O,
. L. Water Drop on Heated Surface (250°C)
Boiling Heat Transfer Characteristics
0.0ms 1.53ms 2.72ms 5.78ms 11.05ms ‘
e e - e
Ee asoof i B
= No3 Dipping 2 N0 Shutenngist )
25 No St el .
= ggg puterngrst ) ] 2 Kiistoraare’s correaton
Kutatoadze's comlaton 2000
—— Zuber's theory £
z
sata =
| Sso0f -
e - - - -
\/fﬂ 1000
Saturated temperature
10 R Pl . 500 L
5 10 50 100 500 10 20 30 40 50 60 .
. [K] - [K] error . - - -
(a) entire region (b) high heat flux region
D=2.4mm
\¥§/, Kyushu Umversrty No.17 \#/,  Kyushu University No.18
%J;{f Dep of M ing Prof. Y. Takata, Thermofiuid Physics Laboratory Sz

Department of Mechanical Engineering Prof. Y. Takata, Thermofiuid Physics Laboratory

HEQEE-RTL—AH- Super-Water-Repellent €

_ FKEEE400 {L/(min~ i)} (SWR) Surface
13

- T T T T T T T T T T i

2500 \ Flow Rate Density | Flow Rate Dersity « Coating method

@ 400 [Lé(min + nf)] 2 400 [L(min + m)] i K .

B400f ot ] Electrolytic plating with

& . !

300 2 nickel and fine PTFE

200 El ] particles

Siool Z + Coating thickness: 10um
& O T 260360400500~ g00 (minimum requirefi thickness to
A Lapsed time (s) Surface Temperture of Steel Slab  (C) form fractal asperity)

Contact angle: 150~170°

HINKRENFE, AHMRELREALDIENRBRIICHMSN
TW3. LAL, Ra0.1, Ra0.2[FRa3&kYEAHAELY.

[RE : Ra0.1, Ra02DESHMIELICEH 11D AEEEMNKEL
f=&h, BOIOFRIBEICEL, BHBERICEBET 5.
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\§/,  Kyushu University No.19
SiZ  Dep: t of M i ineering Prof. Y. Takata, Thermofiuid Physics Laboratory

Boiling Feature of Checkered
Surfaces

A/, Kyushu University No.20
S+Z Department of Mechanical Engineering ~ Prof. Y. Takata, Thermofiuid Physics Laboratory

Boiling Feature of Checkered Pattern from
Incipience to Film Boiling

J 7“ -
- . ’.—.A
" -~
ST
(a) AT, =2.4K, q=1.76kW/m? (b) AT, ~1.3K, g=24.6kW/m? (c) AT, =3.4K, g=46.1kW/m?

: ~

-
i~ -
(d) AT,,=9.4K, ¢=90.7kW/m? (e)AT,,=24.0K, ¢=299kW/m> ()AT,,=59.3K, 4=24.8kW/m?
= 2 =
q =85 kW/m? AT, =15 K Gmmsmm)
Q\\ﬁ//} Kyushu University No.21 Kyushu University No.22

SiZ  Department of Mechanical Engineering Prof. Y. Takata, Thermoftuid Physics Laboratory

[ swr
BFRNATVYMERE O HERE

)

S.Z Department of Mechanical Engineering Prof. Y. Takata, Thermofiuid Physics Laboratory

=

)

BIEKI—ToT I RBIBHRIERIN R

1000 —— ———r— , .
500F Water E Watanabe’s experiment
Checkered pattern 1 —
_ 3% 3 1 ;
“=100 __
£ E
= 50 3 [
22 iy ] PR N
S Vo] : i
10k, g/ . Voo By =
sE E v 2
—@— Mirror surface R BT T ind i : .
Super-water-repellenty PTFE(Polytetrafluoroethylene) ' w’ 10
1 Lol —Berensqn, |, | Re
5 10 50 100
Friction factor of SWR surface is reduced
AT [K] by 20% compared with normal surface.
&/,  Kyushu University No.23 N§/, Kyushu University No.24
g‘{;{f Dep: of M i i ing Prof. Y. Takata, Thermoftuid Physics Laboratory §${ Department of Mechanical Engineering Prof. Y. Takata, Thermofiuid Physics Laboratory

Condensation on TiO,-coated Fin Surface

T,=40°C, ® =90%,T,=15°C,u,=1.5m/s

UV on (1hr) UV on (15hr)

SBRBETIEREICBTE2EEMET—
—10FEEICHEEROLAKFE—

(ME-MEBELIILIHLLIEAEOEBELEBE(ENE

HE)DHIE

— BEADSBIBKECHREEDENEHIET S ORE:L

— KA D AEDFENEE I DR i)
Q)KBRHEE LN ELIREIZE T IERREDENLED

BEECHIIERFEDEE

— hEE, RR, BE [REZHERICBTIIENEORE

- RABRERDOFARITEN M OLEEEETIVNEHY

- BEK-BEKOESEICLSEHEE LRI OBRR
BVEMTEELZE >HEREICH T - MERKE, L%
RIGDETIVIEELZaL—ar HEiff
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2. 2 BA<HOMSERAETNRE

tH=RE (RRIFAXE XEREIZEMZER ZHiR)
ﬂ&<%fﬁ9t£* FHEBIZOWTHET D, HEENRETIEH L3, KEEMLO
AR A BT 20 Tided, £E LT, FAMREBENICEHRT LD TH 5,

i# MR D DES S W OBRGE 2. T OWROREICMMEIES e ED LT, £
HLTVEEFOFTHERBE LD TEXENEIDITHONTEZD, ZOHAF. WIKEK
DRI BIRFHEIRN 7 o 7 DAFAET DRI T H D06 IS5 OFED
B, T, TWREERBILTEZ L TUIRLR, ZO LK) 2R EFET 5729
DET IV EFERE OGRS, BUEHKRP TSN T DN, Ra7S 7 A€
N Lt%&%~%kﬁ/7)/7%@(&5&F@%&&ﬁﬂ@ﬁﬁi@ﬁ@ﬂf%é
ZERDMoTn, BENLBIURENR TRV —BTIIHHN, MEERO~A 70 )
H—7vA 78Xy BT 4 —HiEICL o T, S HOFKINIFHETH D Z &R 5 H
27> TW A,

IR R R I B I ZAFAET D= 3Rk v o NIRRT ISR EE D 5RO BRI 2 Ff o
MY, ENEENTHZ D FIEEMNILL TS, 3371 HBWE TOUIRIINE
Rk 2 BRI X DL DRI O NEBEMT 72> T, IS LOHEE TiE-S
T & IERICEBERBENNEOND AREMENRH Y . BIEFEBRIITRGEZ R A TV
5, o, vIalb—va i, =A"Axy bV MEBELYA 7 eX Yy BT 4 —IC
FoTHEEay P — R EZEZOND, TNERGET D720, K77 A —%# L
TR Z L2 A TWD, BIffSsnsZ & & LTIE, FlmICEXTHry BT 0 DF
DTG DIRENIRLS 70 b LB 2 b, RIMEARE 5, 500nm &\ H/hE
REZE L TCAL TL DI AT L TBUAIT 5, I ab—ra UiERIC
FIEAEEEZTRTDIZETENTEDLWVW) ZERbho TS, 2Dk ) RERIT
ITHSG OB TH D 72012, MK L LEEE T OmBEB AL ST 2 MERH Y | l
%%¢5okﬁb\wﬁm%éin%— FRXWNETROT, ARy MNEE~
47Xy T A —RTHEa be— L L ETH /Xy v FETHEDTTREL S
HEWOIMZEEEZRE L CWEZWNWEEZTND
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) ® XOFBHEFIVERFRRS
BHEIRILF—HRAH2EXX SHERAHET—7>2 42
aj<HoPERARBNHAR
~1/ - 2107027 —ILEARANE A DI RIL¥—FER~
RRIERSE
ferma
I h l Tokyo Institute of Technology I h l Tokyo Institute of Technology
° SERIBA(T/ \F YUK ’ ° RETS5XE ’
§ £
%
i ,

‘*"“h il AREIHLTESABES SRR
A <HLY S - .
) . S = HBR(RETFXED)FIEE=£D5<
! : BOBREE AR R 245 & UMEAA 1 NERIC34 e 5 =

@ R r £ (e At ) HOBENNENEEESETERTD
S CERUE) D& S<H(BRER) O#E =
BEAK2 Bk2
BEIRST 1 BE1AST > ; . 1
[ESCHEER 3 L EAKHEESR - /1 RRBEISBNTIE A< Wik
naeS00S /I
FiblTEN L) FiHITMmy L) b = ‘
A g* BEWTS
PRkt (SEATIFECELY) PEt (SEAETIEHECELY)
l h l Tokyo Institute of Technology l h l Tokyo Institute of Technology

° A YR O—TI= & BIREIERAEOH ’ . gt 2aL—say °

SiC @O,y 0—J
12k 3. A<E DR kST
4l

by Greffet

EERED R —> RHEERBGIHTESLE

- WYY

Emitter \

Emissive source

BEHARSOMNMESIC AN ESEEES X,
ZIHLOBHEREMIZRDHD

SEEED SR EOR Ut
€RFIHTO SR DB GREI< K DRI

I h l Tokyo Institute of Technology

I h l Tokyo Institute of Technology
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12
° SICT AT IERIE B KT " ° I F R R E ORI B R A 5 *
REDESH
1+ Absorbing boundary
AKHTHILF— e (0)
P wx €(0) 1
R ek £(0)=¢y o cosd
AN HUNEEAN D DG & B 5
. <§=JIB#~)L=\¥—
S B 03 Calculated = o €.(0), el,z(?), €;5(6)
& 01 from n, k Calculated ¢ o.1f fromn, k A Eﬂ?ﬁ?f{iﬁ(f)a&aﬂl*}b:\'—'—
p polarization s polarization AR d/2 : 0.50, 0.55, 0.60 ;)= Zeﬂi(a)
% o % 0 % & %0 BOEw 0.5 Bl i FARREOfE RS S g R
Angle of emission, deg Angle of emission, deg BEO=E h V40 £,(0)=¢' 50 1
m Tokyo Institute of Technology ’l . - o e;N c?sgchnology
° SICEH# FREED AL € RS % * ° B T REEO RS BT % "
" d =055 4 = Plane surface
0.6 . - g =
g d=0551 ;ﬁ\: 0.504 § f
2 f E o4 I ﬁ &
S g4 d=0004 ;ﬁ\ rﬁt f; \\ %. / \ o Etﬁ?:;ﬁwﬁtf;ﬁmif *
- JAVAVAR % n.__.;—;i% E’fo“"\ Yo
z 7 ¢
;f PRI St S| E | EAiEESRE
2 N b 0 &0 [
S Plane \_: Angle of emission, deg
g g TRAEOHS  EFETREEO
=] bﬁ 30 Vi e BEEEN~0OFE
BRESABRKAEE LIAEEARICKENKE
missive source
m Tokyo Institute of Technology m Tokyo Institute of Technology
o EEMMMELRER ° S EHELEERDEEI *
kﬂ
. _ 6
REMMEEOR T —IL | d=0.551 M k,sing
¢ d=0.554 T
1
FIIOEHREHE d- (k) ~ky)=27m
== d(k,sinf—k;)=27m
REMWIECRE
HHBEIC L > TRERDEELNEEF SN BLEFE R COEEMLEINIBHERORKELEAIAE
i diA 0.50 0.55 0.60
HEps 66.7 47.1 352
REBE-RAMEELLTOMR S
RN AROGEET SR AN s K 478 ol
XEREHFTRE, S5 HHEMBREICR > XREHBRK LA
m Tokyo Institute of Technology m Tokyo Institute of Technology
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® TAH0X ¥ ET4—IC kDGR ERE

(] TAYAX Y ET—ICLDBEHRESE

BRI I0FYETA—I2L B S<H OB
BRI

I D T N R
by Maruyama

== Nod [T69K]
Nodl [TIOK]
- --=- Nodll [T39K]

NoIV [T33K]
+ Cr [T38K)

Normal Spectral Emittance [-]

5 8 7
Wavelength |um]

0.5x0.5x0.5 um® | Maximum of emittance (0.86-0.88 y m)
LI, ¥ \ ) — Py .
,") E N l © vicrocaviues
¥ - * Flat
> l
of |6

%
0.4F W

PrasXoi%hd

Normal spectral emittance

LWk
0.2 Newss “tscenss
2%2 mm? 0 Cutoff wavelength A,

1 2 3 4

Rectangular
microcavities

Wavelength 4, um

I h l Tokyo Institute of Technology

I h l Tokyo Institute of Technology

(] TAHAX Y ETo—IZ &k BIREEEHI#

20

® RAYAX Y ETF—IT & ZEHIER 5 B R HH

9o0)

o —/ZLJZL
4 Yo JEA:H

[}
) AT
z 2 i Srce
08 3,“ i“m . 'r‘:;km; elal &
9

© 06 3
E 749%Vt’7"4§ﬁ®ﬁ3@1$
_.-'é 04 % &,
N &Mﬂmu Y

%5 i 15 5 25 3 3% A2~d A2>d

wavelength, jim

without cavities

with cavities

A=1.0pm A=2.0pm

Pseudo spectrally controlled evanescent wave effect
on microcavities surface

l h l Tokyo Institute of Technology

l h l Tokyo Institute of Technology

21

22

® SRBIEEEOEH LD RIEDHMEL

° I3k MEORE —
Rl %
[ =tvtrponmnz | Scaviy(A) S qa A)
Ja—7

ETAE oyt AH

scavily( A )
S flal( A )

Ni @BOBILEEOREIZLSE

ERFEOBMZEL
-0
4
0 £
0.3 1 510 by Makino

I h l Tokyo Institute of Technology

I h l Tokyo Institute of Technology
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° BEEETARAOEEEEHTE(,) ® ° IRy FRERALEBAEE N RE “
. - EERS SRR S ORI -
M - g ERBR
/ = o, *  Makinoand BRBEAREE}
Vacuum ; u Wakabayashi 12 DM THRMBAHMI 1
. v 2 06 X¥3
NiOQ 8
, @Emissive =
Nickel *_source 5 04
E
B E M 07-10um _§L 02
HE EE: 09 um E .
LA Z 07 10 20 40 60 10 P PV &ite .
Wavelength 4, um 1. F/RT— L OREEE GaSb, InGaSb,
HEHRLBTERIS LB 2. REBBEOESHIE InAsPSb, etc.
m Tokyo Institute of Technology m Tokyo Institute of Technology
° TPVEM DR ° ° BRETNRE~OERBEDE “

GaSb-TPVEEst(<1.8um) JSRA—BIE

— <>
@
Isy4— (1000K)

T4V H—BHE
GaSb &t (300K)
£ Optical microscope image
Si KBBEt .
1BhiAH BB ISy4— 4
(TR, <1.1um) kL1 T Syt MERIZ YRR
m Tokyo Institute of Technology m Tokyo Institute of Technology
° EEREE (SIE i) % #SCHOBSREHBETOERBLERNBREE~OEN =

_ RE B DRSR RS

e e
e - ) esomomun | TATCERS

& . - ~<550um
=i FrETAIZL BT ARy Y MROBRHE

#®iiFo0—J

24pm

5

(gm)

KA —
& + BEERELOT/ H ot

= I hyt bR = D HRHAEREELENMONE |

m Tokyo Institute of Technology LT\ 2 DB . 7?—7%!& B OMIERH
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2. 3 MPEHERFE

A0E— (RBAZXERIEMAER #iR)

PREVEMIL, (EFT R AX =D BER TRV —ICEEERT LU AT A THY . 2R
DEWZ ENLITFER SN TS, EBREmCEMFERR TORFRIE - WEBEN DA
BIEMOETH Y . FAREHITOEKRBL TH D = L35> KT, 22 TlE, EiRE
S ERERER (PEFC) @ B4t & B AR R BB (SOFC) 22\ THA
5,

PEFC . BICFEMN a2 =2 —2 3 VY AT LE LTHRENLTWS O T LA
HEATWAHM, Z< ORENH A — I =22 Hl > TRREMEME OB 2D T\ 5, FFiZ
FREHAaZ VR —ya TR AZS%E L TKEEZET, %n%%ﬂkbfﬁﬁ
TWHDTREFRIZEEND —BILKRE (CO) ITLDT /— NiEEOB TR & 2R E
ThbH, BEIIH—R T T w7 ZE8EHRREKICHOASR EOEEBMK 12 LT
7 — R IE WS Tn5b, ¥R 7 —7"Tlk, I—R ROV IZBEA X
RV, ZORBMICEASEZHEF LICAEEZBAR LT, 207 /7 — Nt B[ PRk %
FHRD L CO DELERMEBMNOBIEIND, T7hbE, CO DBALIEMENEWZ
ERHALNNIIR ST, T ORBLIIFRER 7 CO WAEN R v, MBEORRLIETIZR 3 2 2K HE)

ZEE L EEE BB Lo TN D & BRI L > THESR FJE O EN K&
SELT D ERbhoTETe, B4/ LA XA TIX, EXT 5 & PtSn X° SnPt; %
DOEBRELEMD AR L, REICE > IR a7 o WEEE L D Z N gho TE
TWb, ZhHDOKMBORmEZFE L FHRD Z LIC L - TR 72 CO W DOIRIR 353 70
DVoohb, ZOEBMILEWIL. HRRLIZ XL > THS LB LA XITHEET 5 7 L alififf
BN E TWD Z EWRENT, IR E TO#EE(LE. PEFC 7/ — Rk
L Coffit CO #attmm Fickt LT, HRHHENMETH D,

KIZ SOFC IZOW T, PRA A B — A&z - EEE - HMEE (SEM) % HWi&E
R AR 15 D IFFE 2 OO - AR 282 - BB R 28 & JE[RIfF9E L D, SOFC Tl A v
MU TEERY V=T (YSZ) ZEEREMREICHW=y 7V EEmE L TWDR, 20
YSZ &= NV ERA SETEMICONWTNRA A BE— L2 HWTEME AT A AL
25 SEMBIE L, 3Rt =y 7L, YSZ, KA MR Tx 5, B ImE/ R,
AT NEENRA KIBIEED ED L 12/ STV 5 h, SEM lifg Z BBy 2 = L—
Ta v Lic, ZHERAEORE S EFEM NS D B OMENTIC K o TEEMIZKRD 5 Z &N
T&E 5, o, KIERTHEOBEMOEEELEZMITT 5 2 & T, RIEKZAKMNEZ & DJR
REmDHZENTED,
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M EMEHERE

IoE—
R|MRFELFEHRH

eguchi@sci.kyoto-u.ac.jp

EMEIFNF—FIAHSEXZSBREAOREI—I avT
HR 8H208,2010

Supported metal catalysts

Porous

Si0z2, Al203, active carbon, zeolite .
Support oxide

Porous oxide support

— provide large surface area
Active Component

Fine particle of precious metal : Pt, Pd, Rh,

Pt-SnO: Catalyst

Intermetallic compound — Phase separation — Pt-SnO2

Metal-support interaction
Modification of catalytic activity, Texture of catalyst,

Perimeter Phase, Adsorption of gases, Oxidation-reduction

de 5
B=E

B X{BRHAEME (PUSNO, M) Z ALV =L ORERE

® PUC, pure Hy

O PY/C, 100 ppm CO/H2 (100 min.)
A PYSnOy, pure Hy

A

CO adsorption on Pt/SnO,
after reduction at 400°C

> 07 PUSnO2, 100 ppm CO/H; (100 min.) -§.¢200°C!&ﬁﬂ
E-‘o g: [:J:U-QL’T:PVS_"OZM Sample (0.10g) CO uptake smol
g CoOBEMiEERT
ST 3wt%Pt/SnO, 0
02 Swt%Pt/SnO, 0
01 10wt%Pt/SnO, 0
0 20wt%Pt/SnO, 0
0 005 01 015 02 025 03 035 04 BLETMEERT L. 40wt%Pt/SnO, 8.6X 108
Current density / Acor? BEACOREZEMETS 50wt%Pt/SnO, 10x108
Fig. Comparison of PEFC cell performance
Pt/SnO, and Pt/C. Platinum loading was 1 mg/cm? for
anode and cathode.
Anode: Pt/C, P/SnO, (pyrolysis at 200° C in 10% H,/N,)
Cathode: Pt/C 3 4
Cell temperature: 75° C
£ BitETnE FE-TEM#i%Z

Table Heat-treatment of each sample.

il BR B (&R E)
Sample treatment

SnO, particle’| |Pt(NH3),(NO,), No. 1

* No. 2

No. 3
impregnation (80°C)
1 No. 4

Reduction ¥ (90°C, 2 h)
Reduction (200°C, 1 h)
Reduction (400°C, 0.5 h)

No. 5 Reoxidation 2 (400°C, 0.5 h
drying (150°C) o eoxidation 2 ( )
1 1) Reduction atmosphere : 10% H,/N,

((cateination (400°C, 0.5 |

2)Oxidation atmosphere : air

T WiERIE ‘
. B X#REH (XRD) #IE
_. 6 PtSnO, = XERABTF P HE

* calcined at 800°C for 5 h » BRMSTEE FREMEFE-TEM)BRZR

No. 1 (#ER )

Pt (200)

PRI FAE SRS
ARAE

2nm

Pt (200)

6
Fig. TEM image of No. 1.
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ETMEDIHE

No. 2 (90°Ci&3T)

Fig. TEM image of No. 2.

E?? H HH,,”.T

TR : 3.47 nm

ution of No. 2.7

No. 3 (200°Ci&3t)

Fig. TEM image of No. 3.

FHHIE : 5.10 nm

¢ Il HHW”””

inbution of No. 3|

[EsEIc £y, PHIFHRE |

No. 4 (400°CiEJT)

Core-shell## &

TIHHE : 8.29 nm

H HHHHHHHHWWUWH

20 nm Fig. Pt particle size distribution of No. 4.

Fig. TEM image of No. 4.

Core-shelli&&ENERERINT=,
XRDAIEFHERMNS . EBEILEMAERL TS,

8

BEEOEOHE
No. 5 (400°CEEE{L)

Fig. TEM image of No. 5.

Fig. TEM image of No. 5.

HHHHH””

FIHE : 5.44 nm

TEM#E
No. 1 (BERL#)

TS

Average particle

diameter : 1.9 nm(

Number of Pt particles

0
051152253354455
Pt particle diameter / nm
Fig. Pt particle size distribution of No. 1.

FIHFE2 nmD
PHHIF AR EIL TLV =,

..

Average particle diameter : 4.6 nm

snm

Average particle diameter : 1.8 nm

BEMRGECS. .

BREOBRILMECLLIERBMFOBENIT

Core-shellfi& &, shellD B 221wt %29 5L
N F DTS IR, , Fig. Pt particle size distribution of No. 5. E;?C"LEd'\gt'ngfé ?;1(',?5";‘}?;'”&”521)_ . ;ﬂiiﬁt*ﬁ;ﬁ\ij_ﬁio
BibET B C L 5B R FRLiE T AR (C L H B IR

400°C:&5t 2E B 400°CHE &1t 2E B 400°C;E5t 5EH 400°CE#1t 5E B

Average particle diameter : 4.8 nm Average particle diameter : 2.3 nm

&y, BEEESERYIEL T, EBHF O
BABIBRERGE S,
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2[@lH

B, BRMEICE TS FERTDOEIL

Average particle
diameter : 4.6 nm | 400

Average particle
diameter : 1.8 nm

N I,
1234567891011121314151617 181920

123456786 91011121314151617 181920

Bk

| BELEAROBRMELS BN, |

BiEgb®

sm — . .
sEE Btk BRtE

120 400
100 Average particle Average particle

80 diameter : 4.8 nm | ** diameter : 2.3 nm
0 200

40

2 100

O 23456786 0101i211ai5i61781920 O 1234867 6 6101121311518 17181920

Oxidized state Reduced state

R ¥

Metal-oxide

/ Alloy or intermetallic compound

Re-oxidized state

Core-shell structure

o

Perimeter phase

REARIZIST BEF /B
FOS o O—EELTIT AT,

Solid oxide fuel cell (so’:c) Three dimensional microstructure by FIB-SEM
N
Microstructural
observation
= ° Porous Ga* ion irradiation for
(Electron) @ electrode etching
HYY LAA
0o 36°
&
®
H;
0 09 - ¢$(Nydrggem
(Oxygen) 02 &
(Oxygen ion)
@ (w:ir) onal
Cathode Solid oxide Anode gag
olonieate clecirolite | otiote)
0+ 4 e 2Hy + 2 02 Electrode
— 20 = 2Hy0 + e
15
Total 2 Hy + 0 — 2H0 16

Estimation of physical parameters
(Dr. Iwai, Dr. Shikazono, et al.)

movaz

Triple phase
boundary of Ni-
YSZ electrode

Isolated Ni phase

Predicted Overpotential

Effective
Resolution | TPB length
o016 [ iovamEm 51 Exp. Matsui, T.etal., 2009 [mmimm?]
LBM (124 nm) 0 - 248 nm Grid
=+ =-=LBM (62nm) 2% H20 - 248nm 0.885
014 = o Bp 12%H0 -
- =< LBM (124 nm) 10% 120 .-
L 75 ke 1120 - 124 nm Grid 124nm 1.449
62 nm Grid
010 L 62nm 1.564
0.08
- 24 b Grid Cormem Coocan Layer

o Layer
LT -

Anode overpotential 7 ane.
s
g
g

TSR 3 004 e e P
0.02 o
Parameters //D s ooo 1000°C
»tortuosity factor »porosity »>TPB length 000
L N 0 0.1 02 0.3 04 05 0.6 0.7 08
D » ionic y Current Density [Alen’]
ffective electronic y ifi ]<=
surface area > volume fraction + Ni:8YSZ = 50:50 vol.%
Shikazono, N., Kanno, D., Matsuzaki, K., Teshima, H.. Sumino, S. and Kasagi, N., J. Electrochem. Soc., 157 (5), pp. B665-B672 (2010).
| To electrode performance and degradation 17 .y
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Oxide ion electrochemical potential distribution

P

YSZ surface Afl,. distribution ||

Current
collector

Electrolyte

t,,

sz

z=1.178 pm
cross section

1.2% H,0 — 98.8 % H,, i=0.7 Alcm?

Shikazono, N., Kanno, D., Matsuzaki, K., Teshima, H., Sumino, S. and Kasagi. N...J. Electrochem. Soc.. 157 (S), pp. B665-B672 (2010),

Degradation behavior in power generation

Ni-YSZ | YSZ | LSM

08

W

Terminal voltage / V

0.0 05 1.0 15 20
Time / hour

Fig. Time dependence of terminal voltage while
drawing a constant current in the power
generation process at 1000°C. Anode gas
composition: 40% H,0 - 10% H, - N, balance
atmosphere.

40% H,0 —10% H, — N, balance

@100 mA cm?

No degradation was observed.

@ 200 mA cm2
Sudden drop of terminal voltage was
observed at ca. 1.6 h.

0.6% H,0 —10% H, — N, balance

No degradation was observed even after
20 h. (@ 200 mA cm?)

20

FE-SEM observation of Ni-YSZ(50:50 vol.%) before
and after discharge

(a) Before discharge in
40%H,0-60%H,.

(b) After discharge in
40%H,0-60%H,

Mag =10.00kx EHT=
Detector = SE

Mag = 10.00 k x
Detector = SE

EHT =2.00 kV

Fig. FE-SEM images of Ni-YSZ anode (a) after reduction at 1000°C for 3 h, (b) after discharge.

Quantitative evaluation 3-D reconstruction :
degradation by concentrated steam

>A

cermt on YSZ disk

Sample 2

18.600 #m x8.432 £mx6.200 yum

Sample1 27.4% 251% 47.5% 1.09
Sample2 25.3% 25.1% 49.6% 1.01
Sample3 24.5% 26.0% 49.5% 0.94

»>NI-YSZ subjected to discharge under 40%H,0-H,
x27.6 ymXxy9.38 ymxz13.0 ym (sample1)
TPB density : 1.68 ¢ m/ym?(sample 1)

1.66 ¢ m/ym?(sample 2)

Ni Ysz Pore  NifYSZ
Sample1 23.6% 25.4% 51.0% 0.93
blue: YSZ, Yellow: Ni | [sample2 23.2% 241% 527% 096 |
21 2
. . . LSM/YSZ interface
Microstructural observation at LSM/YSZ interface
) ) Before discharge I After discharge
Ni-YSZ (Ni:YSZ=47:53 vol.%) | YSZ | (La,Sr,,),0;MnO; 1 (300 min)
1
1
Current density : 0.3 Afem?
Current loading time : 20 h 1
Anode gas : 97% H,-3% H,0 1
Cathode gas : O,
Temperature : 1000 °C I
1
1
1 1
. |
0%
; I
0 3 1
H 1
0 ¥
£ 1
3
02 3 1
I
o
s sl.;:.nmlls.m 0 2 TPB-length = 132.82 gm I | TPB-length=244.98 um
TPB-length / Surface areayg, = 1.26 g1 m/ m? I | TPB-length Surface areayg; = 1.72 gm/ g m?
Active TPB-length/ Surface areays; = 1.26 gm/ g m? | | Active TPB-length/ Surface areayg; = 1.35 pm/ im?
Fig. FE-SEM images of (a) YSZ surface and & SEM images of cross section of LSM Roughness factor = 1.09 | | Roughness factor = 1.51
(b) LSM/ YSZ interface btfor;: discharge. electrode at electrodeselectrolyte interface
& (a)before and (b)afier discharge at 03 A cm™ 1
for 20 h. -
or 2 24
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2. 4 F—-ZMBESSORMRICETSHREOEEEEEN

2HR—N (RRAZEAZERIZFZMAR R

ST m B R E NS DO THY | =R LFXF—REICBWTKREEREETH S,
PUF, BVl & Stz DWW TR T 5,

TUE=TIEH 15000 7 R AT EAEES L, KPITEEHOAGRKIER S LTAED
AEE XA TND, ZOT =T Gl U, ZEEESMBNE I AS AV LR
T&7, Ertl 8RO 2130352 < ORMAFEEIT L - T, BROKHE S i OIEMED
ZERNA LI | A A — )V TRBEEMENR E O X S IZHBLT 2003 bho TE T
Ho WL, ~A4 78X RT 4 v 7 ALV REAFHTECL VG OLNDEKEFESLED
WERAI N T A —H —0, FEBEFRIC L > TR AW LFERT A —H — T FES0N
Tv7uRAabty 7 e n L¥FHREIT O FIENATRRIC R > TETEY , RmAFEm i
R RT 4 I ANL T T NMEEBVNLTF A — L TCOLETH7 I a L—
va YN ERRIC/ D & AE T, M bFEITERL TV D,

ST X D KB EE W T2 K DRSNS DKFERIEIT, B 525 30 48T X 0 #F
D TNDHDOT, BAMEOHEMTH Y @ WMl 25 5, ITFE, sEAEICB W
TR AT =R X — 2B/ LMRICEFHOEE N TON TS, KB R/LF—T
ANERFEHL TSR3V =% &t 758, 510 FhHFr A — MO NHEED 7
T2 N EHER EO T FTIICEET ZVNEND D, KEEMmR PG T o AR ER b
DX, ZOL D KBRS HICIEZS EV#EY TRWEEB X LND, A %2 KI5
BB T0D, 7 VA EIZBHR LR 0oNLKFLRE TS50 T, B
DICKHBRBICHEAITH D, o, TR -, FoblmiliEs =22
&L KRN X =2 b FT XX —~EEEHR L L FEZEY M3 2 & IRV E
BWdb D, KBIIAWNA RT A FTHPR - ik L720 | EFRLRIGSET VE=TICE
BaL7-0, “EMLIRFBELERIGESETAY ) — RS LICER A E LB TE D,

CNETORMBIIBED PO E LT DT, AT LASRTERNE DT
bole, BEOLDZN—TIIEMMENCIER L. GaN & ZnO OBV ACAIE 2 AT
TR EDIES D IcEiEED M TH 5 = & 2 R Uiz, Z DR B aorE A b —
INF =BT DI ENDLXTRT 4 v 7 A LT, F7-. et y) 7o 2 mis
DR EN TN E T 72 VERES I BL L 72N, KR EBRE D B K A~DWM S % [ & 72 53
HIKFE « MR 2 AT D BOSEREDS . b FRIREHZ Lo TH LN E > T D,
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FARL2248A20-218:
IENEIFLF—FRAASEXASARDORFIT—VavT

TH—REERSUMRIC
A SHEREORNCESH

2R
RERFXERTY RS
EF2RTLIFIOR

@m Uliversity af Takyo

nE

1. BEME(R-BRE)
PLECTREME
R

2. XMRICF Sk R (H%-BRE)
X
FETF IR
-KIL7OMES
AKRERA A-ORNE
BRERA-ORAE
BN ALTBRECAH SRF 4 +37R

The Univeralty of Tokyo

Reaction scheme of water splitting
on heterogeneous photocatalysts

< s Cocatalyst

hv . g

2H,0 - h\\:{f: | 2H,

Redox reaction

S _

Phntﬂcataly'xt

é},amuspm
The University of Tokyo

Reaction rate of photocatalytic
water splitting

WK Keakuko@!  light intensity : high
\/ K, cocatalyst loading : small
Vlm >
kol

kileam]

light intensity : low
cocatalyst loading : large

under sunlight (AM]1.5)

Strategies to improve photocatalytic activity

Suppressing quasi-first-order recombination (k,[ey,..])
Facilitating O, evolution reaction (k)

The Univeralty of Tokyo

RuO:-loaded GaN:Zn0O solid solution

RuO, : 3.5:%

& The Uity o Totpe

Amount of evolved gases | mmol

Visible Light-Driven Overall Water Splitting
on Rh-Cr oxide/GaN:Zn0

Bies. A >400 nm
o - |Cal.awsr_u.3g
T T | | Cocat:Rh 1 wi%, Cr15wt%
i 7QE-52%(at41Dnm) -
1.5 It . J W2 W NANDYS B er
T
10 ¢ ¢ T
FA o
£e R 450 W h
0.5 og- i? "1‘{ gﬁo ;fo msﬁurﬁlg";l'wl’
] o i O Waler cooling
0 5 10 15 20 25 30 35 [NaNO,2q |
Reaction time / h Magnatic
stimer
&,MWM
The University of Tokyo
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SEM image

Electron micrographs of Rh-Cr oxide/GaN:Zn0O

TEM image

Strategy for the Development
of a New H, Evolution Sites

Rh Qs reverse reaction | Cr,0, o,

\"ﬂo¥< HO  H;e0,  layer HO R o
/ .
AN YL

- h*
h (=} e H*

| Cr,0,/Rh/GaN:Zn0 '
Photoreduction |

——

photocatalyst

Hoffmann ef al, Chem. Rev. 1995, 95, 69.
\ ¥ CrtjCr.,.c0. 0.5V ve. NHE at pH 7

H*

Rh/GaN:ZnO l

Cré*

A

Chemical Syetem:
@m University of Tokyo

Overall Water Splitting on Modified GaN:Zn0O

o
-

o
o

Amount of evolved gases | mmol
(=]
o

A > 400 nm
Cr,04/Rh Rh Cr;04/Rh
K.’ ,’; 4 + P |
i .-E- '_-$‘i ﬁ
0.8 s :
0.8
Hz
0.6+ 0.64
0.44 0- 0.44
0.24 0.24
+ 0b—no 0 o
4 0 1 2 3 4 ot 2 3 4
Reaction time (h L
Chemical Spatea: Engincering
The University of Tokyo

Direct observation of Pt-H by FTIR(SNIFTIRS)

Pt, Cr,0,/Pt

Pt electrode  Vg,:950 mV

under H, atmosphere

SNIFTIRS of Pt and Cr,04/Pt electrodes

Cr;0,/Pt electrode Vy,:650 mV

5x10° 2

Absorbance

i

PLCO [sm*’

Pi-H

-200 mV
'

2100

2000
Wavenumber / cm™

1900 2100 2000 1900
Wavenumber / cm™

Cheonical Syatem:

The University of Tokye

Oz reduction reaction (ORR)
on Rh and Cr203/Rh electrodes

0.6
i Rh electrode Cr;0;/Rh electrode
‘% 021 a T ! -
! 0, 0,
< 0.0 - Ax 2
§ 024/ @& III Qs No ORR
0.4 { @' / - Qu:*
Sean rate:SmV/s Scan rate:Sm\s
-0.6 v
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
E/Vvs. RHE E/V vs. RHE
On Cr,0,/Rh electrode, no ORR takes place!
Chemical Syatem Eaginceriog
The Univemity of Tokyo
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I-V curves under different atmospheres

0.3

0.2 Hydrogen oxidation reaction
0.1 1
0.0 -

1/ mA em2

0.1
02 - Cr,0,/Rh electrode

25 mV/
03 . . Scan rate:S mV/s

0.0 0.2 04 086 08

Reaction rate of photocatalytic
water splitting

|WKuKokukoa!  fight intensity : high

1 k, cocatalyst loading : small
Viendt v
Kgal light intensity : low
LA e | cocatalyst loading : large

under sunlight (AMI1.5)

Strategies to improve photocatalytic activity

«  Suppressing quasi-first-order recombination (& [e4,..])
»  Facilitating O, evolution reaction (kg)

E!V vs. RHE
@M&m is : _ Chemsies! System Egincering
The University of Tokyo The Linlversity of Takyo
Effect of Coloading of Hydrogen and Preparation procedure
oxygen evolution catalysts "o
/ 2, MnO NPs /
- / loading { ®
¢
e Calcination ®
H* :
\_) 48 . - (673 K. 3h) . Mu, 0, /GaN:Zu0
CB.
H; evolution _.- 2 L
cocatalyst No H, evolution from Selective deposition
aqueous methanol solution o
'— Photocatalyst :‘&=2 L ﬁ;grﬂgnm- RhICr,0, coreishell
€-=mn--aa_ particle evolution co-catalyst. pllclodlpulmon-
hv> E ey & MnO nlnnplrll:ln // &
24 (9.2 + 0.4 nm) f
£ 0 Collaboration with Prof. T, Teranishi ) .
0O; evolution Tsukuba University, Japan . “n’::i;%r:o]
cocatalyst Effective?, i
The University of Tokyo The University of Tokyo

TEM image of cocatalysts loading on GaN:ZnO

Overall water splitting on modified GaN:Zn0

°
140
g
P
§ m H; (Rh/Cr only)
&0 O O, (Rh/Cr only)
E ® H, (Rh/Cr + Ma NP)
g O O, (RW/Cr + Mn NP)
s
€
3
2 0 ©
E 012345678 910111213
Reaction time / h
. Chemical Spetem Engineering
The University of Tokyo
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ATR-SEIRAS investigation of the Fermi level
of Pt cocatalyst on a GaN photocatalyst

Frequencies shift

Chemical System Eagiacering
The University of Tokyo

Schematic illustration
of in-situ ATR-SEIRAS measurements

Uttra high peassure Hg lamp
(365 nm)

Counter electrode (P1)

Reference
electrode
(AgiAgCl)

O-rfg ..... 2
/ \[Wq electrode)
IR Baar
(FTIR) .
Sapphire prism
Chemical System Engioeening
The University of Takyo

SEIRA spectra of adsorbed CO
on the Pt cocatalyst under potential control

Plot of frequency vs. potential

of GaN photocatalyst electrode GaN Bt
; 'g 2080 i
| WHVHNM < 2070 i B
s 1.0 = 2060 Slope:
= = 2 T
8 A e 82050
I 2N 02 =
£ N 23 £ 2040 GaN Pt
@ o 2030 Slope:
2 04 & 41em v
T T T T 1 E;
25 10 05 00 05 10 ew._géé i
.~ zono-m E/V vs. NHE Er
E Pt metal electrode: ca. 30 cm 'V
\Wavenumber / cm’’ Samjeské, G. et al. J. Phys. Chem. C, 2009, 113, 10222. —/
Chemical Syatem Engincering Chemical Syatem Engincering
The University of Tokye The University of Tokye
SEIRA spectra of adsorbed CO

under irradiation at rest potential

P1 cocatahys

J

[Pt cocatahys

Absorbance / a.u
o
"

e o o

2086 0s
——r—r—rr v
2100 2050 = 2000 -
Wavenumber / cm
Chemical Syatem Engil
The University of Tokyo

Time dependence of potential on the Pt/GaN

Pt cocatalyst % ; 0.1V vs, NHE
(SEIRAS) :
2 0
& j'; "\Khue;mw shil -0.35V vs. NHE
(el H,
“.I -0'4 T T T T T F
0 20 40 60 80 .50V vs. NHE
GaN photocatalyst > 00 Time / s
(rest potential = 04
measurement) ,; >
c -02
iy 03 0.35V
< 044 T T T T
0 20 40 60 80
Time /s
The Univemity of Tokyo
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2. 5 ZTREHMEHFTE
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SEI = Solid Electrolyte Interface
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Mesoporous carbon, d =4nm; S = 500- 2000 m%g

Ryoo et al. Adv. Materials, 13, 677 (2001)

Ultra-micro porous carbon, d = 1nm
S = 2000- 4000 m?g

BRFI/OF-FAMEL AT DEHFRR!
(uq askagssTIO;) J. Power Sources 189 (zoos) 485

EAFMEFLTL—MILLX, Zp—H;
Kyotani ot a. Ghem. Mater 13, 4413 (2001)

BE@FREORELEEERL -4
F/BEO= R ~ BERGEARLECLTEERL (RERL-BHHL)

Macro Porous TiO,(0.5mm PS)

PSIOMKEFLTL—MILAT /0K -5 2 RE
Prof. Moriguchi, Nagasaki University
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Nanofluidic unipolar transistors (FET)
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H. Daiguji, P. Yang and A. Majumdar, Nano Lett. 4, 137-142 (2004)

" T

Nanofluidic unipolar transistors (FET)

Orain
Elechods

R. Karnik, R. Fan, M. Yue, D. Li, P. Yang and A. Majumdar, Nano Lett. 5, 943 -948 (2005)
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Nanofluidic diode

Forward-biased diode

Reverse biased diode
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Y ) Current-potential curves
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H. Daiguji, Y. Oka and K. Shirono, Nano Lett. 5, 2274-2280 (2005)

'—
Nanofluidic diode
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<

a

]

] 2
Voltage [V}
|. Vlassiouk et af., Nano Lett. 7, 552-556 (2007)

H. Miedema et al., Nano Lett. 7, 2886-2891 (2007)

" T
AIR—=ZZLVADE R HFLE: nm)
TEM images of MCM-41. The pore diameter s are

(a) 20, (b) 40, (c) 65, and (d) 100 A, respectively.
J. S. Beck et al., J. Am. Chem. Soc.,114 10834 (1992)

l Self-assembly in surfactant-silicate materials ]

LS, A

Liquid crystal phase

e » I n 2 .

N. K. Raman et al., Chem. Mater. 8, 1682-1701 (1996)

R. Fan et al., Nat. Mater. 7, 303 -307 (2008)

)

M. Etienne et al., Chem. Mater. 19, 844-856 (2007)
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Scheme to prepare a mesoporous membrane
in nano-channels

.
L]

P23 surfactants

'dd

Lineas reunt moulds

Evaporation-induced

Inllnmx& f A exsembly
[Lm

a——— = .n-ml patiem
il ed  consisting of well.
Men el meanhannels

CW. Wen et ai., Angew .Chem. int. Ed. 46, 5364-5368 (2007)

" T

TIVEFHBAREICE TS HEFLOEES

l Scheme to prepare a hybrid mesoporous membrane ]

Schematic illustration of 1D-mesoporous membrane

prepared using P123 as the surfactant
« Aging time
« Temperature
=3 e T A. Yamaguchi et al., Adv. Mater. 20, 1034-1037 (2008)

g
RAOF Y RIVRERIZE T H ) HHFLDES]

SEM images of SBA-15 films in Si micro-channels

(&) %2 plans

_——

Charinel-direction 557

T

Daiguiji, N. Tatsumi, S. Kataoka and A. Endo, Langmuir 25, 11221-11224 (2009)

" S
RAAF X RIVARRIZE TS ) HFL D ECS

SEM images of SBA-15 films in Si micro-channels with LTO

Capillary force

200 nm

H. Daiguji, N. Tatsumi, S. Kataoka and A. Endo, Langmuir 25, 11221-11224 (2009)

'_
DFIaL—ay HFLA~DKIEE)

Zeolite (FAU)

Mesoporous silica (MCM-41)

K. Shirono, A. Endo and H. Daiguji, J. Phys. Chem. B 109, 3446-3453 (2005)
K. Shirono and H. Daiguji, J. Phys. Chem. C 111, 7938-7946 (2007)

" T

EFHHFLI2L—oay (A BHESR)
2(11;
LS X

SiCH,
4nm(=Ly)
SiCH,
20m(=L,,)

Y R .

K. Shirono, N. Tatsumi and H. Daiguji, J. Phys. Chem. B, 113,1041-1047(2009)
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J. Israelachvili, “Intermolecular & Surface Forces”
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Potential function

H,0-SiOH
» — Proposed moder| | Optimized structures
& BILYPE-01G(d)| »
o MPZE-31G{d] -
E ) mw;:‘cr:m By
0(go=-126) % 2] Tep” Oyt
1.61A © s LI
1A *HOO0S
. 50| Proton Donar (PD)
Si(qs=+2.4€) 109.47° H (g,= +0.66) ——————
* o BALYPA-1G0) i
1.0A ‘E' | e .‘ T
. O_. P A
Si’ (gs= +1.8e) CH, (gs=0e) = 2
&0
n @ (90" 0.8476) R A T
1A o4l
K. Shirono et al., J. Phys. Chem. C 111, 7938 (2007)
109.47°

H (gy= +0.42386)

* S
UM DOETIL

on the (001) plane

— 001]

8, 8, 12 trigonal unit cells of a-quartz
were arrayed in the [100], [010] and
[001] directions.

"SI
HECECES

Average velocity of K* vs. external potential (vi,-E,,) curves

E,0.75{W/nm|

N, (i)

Wy [mis]

* S
StHEER

Potential energy profiles of K* along the pore direction

" S
StHEIER

Potential energy profiles of K* passing through the model pore

Uiotat = Upore T Uater T Ugs + Ug :
£ -
I -9
-4
-6
!
2|
= of
N :
" H
o :
B Ue® k) | ] ¥ T (]
[ B ] a(nm)

4. U, (K = C)

@+ O

profile Uy, [eV]. Ug, [eV]. Uy [eV] and Uy, [eV].
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ZRELT, =% ) — L E2BRLFRIETE 20N INTWD, =& ) — LV iiE
DYAT VI ARVEETTLAERIZEBNT, WEICLVRRLIE AT Y U ARENRED
NTWVDER, a2l — a3 UNbELADAWET RVX— L gl BAF 72 %S035 B
TW5,

DL BN CT—FR->TNDHZ & E LT, EEOETRAT— /L TOREENERIIZ
HONZESNTWRNWZ ERFET NS, BEBREZHRO IO THRL TS LN D
MEEFTHD, TUBRTFATr— /L TERINTWIUL, EBREHEI LT VNE NS OR
DI b—ya MONENLOERTH D,

DI Ialb—arnbra N AsE BEOWEFEOFEELTHL, TAbEY
P UCEE L7 ECREETE T AR OmEEEMETIE, ~ 7 2Bl S b EREN THIT
X5, LWVWIOIREDA =) —ZFEELTWS, LarLA25, PEFC TiXA VHEEDE
Bl WO ONIEFICRERIPEL 2> T WD, BEOMBEE LT, #l2I1E, o
tF 2 A=Y T I a s R — VI CORRKAERSS, IRAKOHIEZ R Z &
N TEIUTIEFICHAV, — RIS LTZAS ETORIEA =X LFiH7e EOEDIC
b, AL DORMCHRIE 7' 1 b Uik, 7 A7 — IV THEAWE ZALEEEREE-> T 5,

GENT . ERER L TR BB O RBHRIZ DWW TR T 5, Zhid= v 7 VR mE IR
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TETNERWT, BEOWAE, B, BEFEZFHMI L TWD, MEOKREDOHEAIEHT
BN IIET D L) Ml b ED TV D, 2D X I 73 7 a2t R O & 2R RUGRR R I
W OB LR Y R 2 b—2a U &1TH 2 LT, ~ 7 ua B FE £ C]IT
HIENTEAHALEZOND, AV AT —)ILDOLILFER LBt b 2 BEf T A5 L
T, =l Ay N TERENNY V=T OIREHSCRAREDOMME S 2. T
1372 G Rl - BT A EEHNE LIy R 2L —va VA AT 5, BE
JEERL T A& ICITRE 7 0T 0 TER D D, OB 7 FrECMt A (b E S 2 B &
2 Tl M ZEA TN Z 825,

JEEE - BERER T O T A AR a U—"TiX, ®EFEHM (ZDDP) oI b Y o Egdih
MEE LB K COMBEFREREAZAES 720 T 573, RO AL ER L TWholz & E Ol
SOEALEE TN IFE, ARERECTHT AL T Ay — 1y Ialb—a URE
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