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1. 2 EXEW

Climate change is one of the most important issues that human being is facing. Development of
highly efficient energy system is necessary, and polymer electrolyte fuel cell (PEFC) is one of the key
technologies. However, in most PEFCs, platinum (Pt), which is a rare metal, is used for the electrode
catalyst. Since Pt is a metal of low abundance and high cost, alternative catalyst is required to put
PEFCs to practical use.

Many non-Pt catalysts have been investigated. However, much of them exhibit low oxygen
reduction reaction (ORR) activity, or low durability. Furthermore, metal containing catalysts dissolve
in a low pH environment. In recent years, metal oxides and nitrogen containing carbon are reported as
novel catalysts which exhibit high activity and durability, but they are not yet ready for practical use.
Therefore, in this study, silk-derived activated carbon (SAC) was investigated as a metal free activated
carbon catalyst for cathode of PEFC.

SAC was prepared using silk fibroin as a starting material after removing sericin from the silk
fiber. Temperature rate during the primary carbonization, and maximum temperature during the
secondary carbonization were varied and the obtained SAC was evaluated. Comparing
thermogravimetric (TG) analysis, SAC prepared at higher temperature rate showed faster weight
change and smaller total weight loss. From the scanning electron microscope (SEM) images, the
particle size of the sample prepared by high temperature rate was smaller.

From the nitrogen adsorption isotherm analysis, it was revealed that SAC exhibit large volume of
micropores. Decrease in micropores and increase in mesopores were observed for SAC prepared at
high carbonization temperature. The average pore size of SAC prepared at low carbonization
temperature was small, which indicates formation of strong molecular potential field. By changing the
carbonization temperature, characteristics of nano-space changed, such as average pore size and
mesopore fraction. Development of highly active carbon catalysts is expected by further investigations.

Catalytic activity toward ORR was measured by linear-sweep voltammograms. The onset
potentials for ORR showed little dependence to the steam activation time, and its value was slightly
lower than those before this study. Further investigation on impurities, relative surface area, and
properties of microstructure are necessary. SCA as a support material for Pt was also investigated. The
onset potential for ORR was higher than carbon black indicating the validity of SCA as support
material.

Membrane electrode assembly was prepared, and the relationship between the electrode
microstructure and the performance was evaluated. Since SCA is a catalyst of lower activity but is less
expensive than Pt, different design from a general electrode should be optimum. By varying parameters
such as amount of catalyst and mixing ratio of catalyst and ionomer, the microstructure of the electrode
was optimized. The maximum power density was 70 mWcm™ at 80°C under ambient pressure, which

was 20% higher than the value obtained before the investigation. The highest performance was



obtained when the maximum temperature during carbonization was 1000 °C. This temperature is higher
than the carbonization of usual active carbon, which indicates an existence of a unique active site.
Further investigation would make SCA a promising material for an alternative of rare metal catalyst for

PEFCs.
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Thbd, H=2.0 nm TIFRA Y v MRZEMOEMA, 370 blBEHTIZR T > v v /L O/ ME
DAL, BARREPZET 2R T vy MGE 52 T0nd, EZ2AN H=E1.0nm LA F &2 5

15



ELRT VR AR RIMICERLS 720 | R ML E S FLR AT D R AR A~BE) LT
%, H=0.7 nm TIEMERND DRT Y LNERY | H—TIHEFITIEVRT 2 v L
EHT LI LD, oF Y EEKE BT 2 HEERBREATK I DI, £E—50T
BOMBEMERBRA D, 22H— THEERRRE~EET D025,

500 - . — T
0_ -

!

¢

£-500 .

B

-1000 - -

_ 1 . | . ] . ] . 1 N 1

15005 1 2 3 4 5

!/ nm

X 33 77774 NEHEDERNSFOZTDHRT V¥ XV

500 - T T T - T

-500 7]

-1000
2.0 /

1.0

T

WF@EW
)
=

-1500

-2000

H=0.7 nm

. . 1 . 1 . 1
2500 -0.5 0 0.5

H /nm

X 3-4 AU v MRHFALZERICBITZEZ S FOZTERT Vv L
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DFICBLSET oY D riZHTMWm03, 20 FRICEBIS e s, 7/ = TP OSF
TIE, P LMALEEICB HEBRDI LN TE D, WELSTHEmEEELZ A &358. oF
g A ST ITB< TR L 25,

d¢
dr

ZOPIFG I ESITH Y TS 7= 0 OFEINTHRE T 5 £ 103104 atm 2 H 72 5,
Weo T, T/ ZEMP O FIEHTENrbEENTH DL LR REBL D, &F 61X nae T /M
L TOREBENREFATED I 70l TEO 1O _BALL7 7 A X —Afk72 E Doy 14l
MR EERT D &R Lz 37, KIS T /L% T3 RN R M N LB S
TWb, Ko TZDOF /7 ZEROBERIZIE, TIVE TSR 72 K9 oLz 2 g 3 5 7=
DOBENLE LR D,

(3) h—RoILY EEROMAEE

ZZCHEHRIGIRED R 2 3 FFHOREHIEA LT, 77 KIZB T 2 ERWAEF RN ES L
OZ DN MFEIEOZRICE L Tk 2. £, X 3-5 124 ED 77 K2R
%R HEW A SIRRIERE R 2R, K 3-5 X 0 AR RS b WS B SEIEm L, A
SHE 0.1 DARR TR AE B OBMMNIEE ITECNIT > TNWD Z ERNbnd, T OWESRRIT,
[UPAC O LAV T AL MEEN D, T RIE SRR L I 7 2R — 7 A 2L I R0
RWAEBERRTHY IR B0 27 vk Iz LT b SR T v x
VSRR S AL TN D 7o O ARAR KT L GBI 2 D K& RWAE B2 R T 2 L1272 5, & alkl oW 5%
MR EFE L A2 & ASHT-AC20 TIEAHXE 0.1 AR TIIRESIRMSIE L A CFHTHY |
7w LU ORI & A EFIEETHARENIEFITNI N LAEZ D, AGHT-AC20,
A10HT-AC20 & fRAGIRE DM D12 2h TURA R E R COWAE BRI LT D Z &N
BinD, ZhE, L7 e AREORDEREL TS, ERGIBED EFIZHES T, ik
HEEOWWA L AT 0.1 L ETOWEROEMAA LN, ZIORRNL, RIGIEED
FIfE-> T 7 v LoD & A VILOEIA R S b, £ 2 CTRIC, RIGIREE & A FLiEE S
T A —Z DRERICOW TN 21T - 72,
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500 ———————————
® A8HT-AC20
g ® A9HT-AC20
g400 ® AIOHT-AC20
"
n
1g:ﬁxoo— .oo-°::::::==tltuon_
g o oo’ R i
@ @
| 4 e
%200 L 8 e _
n 3
u
0 ’
m
Al0O |- § i
L]
of _
1 M 1 L | L | M 1
0 0.2 0.4 0.6 0.8

PIP,

3-5 H—RL NI IEMRD TIK 21T 5 L5 L5
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2V B ~DOFHKLEEEIL. FEElZ 7 Dubinin-Radushkevich (DR)=Z X v 3 L < f#HT C
x5,

& )2#
W, =W,exp £

o + o( !
Ap =RT1n§

P

TITAEIWERT v, WaldES P TOWERE, Wolk 7 o LA, BT fniek.
Eo 1T MR ET XL X —TH 5, BIIX P oEx i (1) & LTHROLNIET, 2H
T TIE 033 THDH, £FERNK 0.837 TOEBWAE g ld, WEH ADKFEEEAHY
ETHERATRTZENTE D,

g9, = E,+!'H,

I DRADEGEN S, MARERS L OFEREAEL KDDL LN TE D, DRFHTIZLY
ROTAAABOMILA B L FRWAEAPOEZE 3-112ELDT,

# 3-1 H—AR I TIEMER D DR TS E

ASHT-AC20 A9HT-AC20 AI0HT-AC20
Wo cm?/g 0.37 0.33 0.25
gst kd/mol 13.5 13.3 12.8

# 3-1 X0, RALIBED LI o TI 7 a AL BERNHD LTWD Z ERbhd, ZORE
X BRAGIREE O AT PO IR S S RAR O R CORE BB 2R LTz Z & & —8 L T
W5, Fo, RAGIREDO EFIENVERWAEZNFHAD L TWDZ ERnbhd, TIUTRILIRE
DEWREFCITILERN AL 20 . DR Ty ABRFHO L TWBEZEEZRBLTWD,
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Wz, A HLDOEAZE NI 5 728, Dollimore-Heal (DH)IZ X 5 A VHIFLER DA 2 5HHE L
TR R A2 X 3-6 1T, MFLAED 10 nm UL EOFEBIZIZ MR bR 2 Lk,
i 10 nm A FOfEk A2 R LTz, 2k, RAGIEE O E > T 2~8 nm OFEEIC
BWTAVILDOHABEIML TIHE Y | IRAGIEEDS @O TN S 2 A VI ER LT WS
LAY VIRV

<= A8HT-AC20
< AOHT-AC20
< AlO0HT-AC20

oran

pore diameter / nm

3-6 H—RIIVIIEVEROD A Y /LA AR

I, =RV 7 IER ORI OWTHEwT 5. BET 1EIC XV Rk
xR 3-210nd RAGIEEOHEINCE > THEEENBD LTWD Z ENbnsd, 2T
RACIBEE DS WVEEHE & X 7 o (LR EDN/N S WD TH 5, — %I . BET g LM %HE A 0.05
~0.3.C EH¥ 2<C <500 DFEHTBET 7“2 v MIBWTERWEMREGR LY 52 %, 2
2T o LR EE LT R WRIFLIR TIEFE X EAY 0.05~0.15 DFEI T H..) %%%Eﬂﬁméh
L7, BET HEm2aiit s LTV D PHEm TONFRERELZ R KIRL TWD7ZHThH
Do ETAVI—ARU VNI IEERO L HICI 7 m LA EEICHEE LZRE (C By 500
LLE) Tk, B WA OGRS IEF KL TR 2 5 72® ., L—F — 97 BET fighr
T RAEELELFHITERWZ R DD, T TI I T, kT ey ho—FETHD
os 7 1w b & HWT-fENT (subtracting pore effect (SPE){E) & 8 TITo7=, T DFER TIX
SPEEIZ X VRO FRMmE (ass) 1. BET bRmEE LD bEm < AES v, RABIEE
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(xS S R EEOZ X BET R imfE & FAR I RAVIREE 25 @ W ElE Tl bR m g 25 /h & v
i 727,

7 ooy NI, PR Z b OB~ O WA SRR II8) 2RI U, ERENE SRR
DD KRB O AEF RO T NEFNT T D HIETH D, as 71y FTIE, FHXED 0.4 D%
ERA L Cas B2 B L CTRAE SRR Z AT+ 5, ML &2 AT 25 EE TR ~ORAE
WRRIZHARD & A VA TIEBREEM. X7l TlE~A 27 mRT 714V 7 L ERBEEHEIC
FV T vy MZBWT ET~OThRBIShD, REEBRTHW - —R v 7 gk
RIZI 7 a AR EROMAINLTH L7, ~A 7 mRl7 74V 7I2E 25T (F-swing) &
BREEEMICE ST (C-swing) NEICBH SN D, Fswing 1%, LI\ 7R T
VU NWIGIZ K DR RAEDMEE SN D T2 DIZE U, C-swing [XH ) TR A5 8 TERK L 7222
A~ D BEEAER DB AEIZ LD AL D, —MRISHIFALE (w) 28 0.7 nm LU F Tl F-swing D 7,
0.7 < w< 1.4 nm TlZ F-swing & C-swing Ol 5, w2’ 1.4 nm LA E Tl C-swing D 53 7
biLd 9,

B 3-TIZHEMANEA =R T Ty 7 L Lo —R 2V 7 IEMR Dos 70 v b &R
T, R TORELT, F-swing BNBEFIZA LT, AU FEMALEDN 0.7 nm LU & IEF I
W7 a9 5H5ZLERET D, AIOHT-AC20 TiE F-swing IZMM %, T2 C-swing
DHLINDIRIEITBITL TWD, Zhud, FEMAROEMEZ "2 L T\WD, £Z T SPF i
(&SRR 2R ARUEL OB ALE A i L7z (R 3-2), Zh &Y, RILIEED

(A TEHMILBEEIN L TWD Z ERH L NE R o7,

s:s"'o'-mnlo*c.:oz ~gosUe “
(=3 (=3
(=} (=}
T T

(=3
(=]
T

>0

ASHT-AC20 A9HT-AC20 A10HT-AC20

3-7 AD—ARINTIEWRR D7 1y R
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#* 32 H—ARUIIEMRO BET K iEFE (Sper) . SPEIEIC LD HEREME (as) . FMFE

mfE, FEIALE

ASHT-AC20 A9HT-AC20 A10HT-AC20
SpeT (M?%/g) 944 830 618
aas (m2/g) 1137 1004 741
aext (m2/g) 11 14 19
w (nm) 0.67 0.73 0.89
4) FL&H

=R NI IEERB LT, 77 K TOERVAEFRBNIE & £ O 2> bl L% E D7
Maigim Llc, W—ARr IV ZIERRIL, S 72 BB ELIMIETHL Z LWL 2R
ol FTERAGIRERSWERETIEI 7 m i3 Lo A VLB 5 Z RSz, &’
IR EE DARO G TIPS RILEE A NS < ISk L ORIV 1T 22 ¥ VG E
RENTWD EBEZDLND, RAGBEOERIC LY | Bl bR ERE O 22T Tidie <, F
IR FLEE DAL, A YV FLDfF Bl & ORI 53BN/ oD ZE RGN E o7,
=R VNI TEWR DT ) 28 & ETEE OB 2 NS5 2 EREHOMBE L LT
HF oD, ZOF /7 ZER OS5 F55 L PR M AREE O ABEEVE & OARBI ST & I A i,
A — R SR TR D FE R IFF T E D,

(5) SE X

1)  W. A. Steele, Surf. Sci., 36, 317 (1973).

2) C. Lastoskie, K. E Gubbins, N. Quirke, J. Phys. Chem., 97, 4786 (1993).

3) J.Imai, S. Ozeki, T. Suzuki and K. Kaneko, J. Chem., Chem. Commun., 746 (1989).

4) K. Kaneko, N. Fukuzaki, K. Kakei, T. Suzuki and S. Ozeki, Langmuir, 5, 960 (1989).

5) K. Kaneko, A. Kobayashi, A. Matsumoto, Y. Hotta, T. Suzuki and S. Ozeki, Chem.
Phys. Lett., 163, 61 (1989).

6) K. Fujie, S. Minagawa, T. Suzuki and K. Kaneko, Chem. Phys. Lett., 236, 427 (1995).

7) H. Kanoh and K. Kaneko, J. Phys. Chem., 99, 5746 (1995).

HAEFRM, “2aA PR V7 BRUEZERAL 1995.
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3. 4 VLY EERMEOERBOH ML FHEFEOHEREL

(1) LY FHRRERICEBITD2KEZSEFHFHMONDE

SOV IEVER 2 KR EIRIE R AR T DO LR ARSI, v 7 OBRALEE, Rk
TR & R, 2 0% O MEVLERIREE & R, KZERKIRIE O KZERE, RIGEE LM TH
Do ARFFETIT ROGMZ —TBIZLTAK LT, T78b b, vy O AL E L 1°C/min,
RAGIREE X 500°CIZ T 6 h, < D% O IMEVLERIE X 700°C, 900°C, 1200°C D4R E T 3
h, KZAKIRIEIRE 1T 850°C L EE LTz, AL VT ZPE DIREE TS I L 72306}
AR — MIAIL, ZTha A ER-OBREENICHRE L, BIRCTKEI LS EoER
A ZEANLU TG L7z, kAR EBEAT HEORMZ 8hiB LU 7Th & L7z& 2K
BraE A Lz,

F# 3-3 IOKEKIIEDM 2L Z - N 7 EEROLERE., I 7 oML ARE, A
VAL R RE 2 72, = 2T CS700-AC % 700°C TRAL% /KRS ITE L 725tk
CS900-AC, CS1200-AC iZZ 24 900°C, 1200°C TAZEKRIE L7z TH D, Zh
LOREDOREBEDIBLOTIFRIERFHZ 7T, 2BOLD, YO T I7BLO T =/ —
RG22 JFUR & - 2T MR d KON PR A AR oMk L LT RICERA STV 5
Vulcan #—AR 7 7 v 7 OfEHEBITF 7=,

#£ 33 FxORFMEIOLERR. 7 2B LU VLD LER

Specific surface

Micropore Mesopore
Sample area volume volume

(m? g) (cm? g1) (cm?g™)
CS700-AC3 807 0.35 0.07
CS700-AC7 1018 0.43 0.12
CS900-AC7 588 0.24 0.13
CS1200-AC3 277 0.15 0.15
CS1200-AC7 464 0.25 0.21
Coc-AC 1604 0.69 0.15
Phe-AC 1838 0.82 0.16
CB 220 0.07 0.31

Coc-AC: Coconut-derived activated carbon; YP-17
Phe-AC: Phenol-derived activated carbon; RP-20
CB: Vulcan XC-72R

EEEFEICOWTE, ARKIIEATOREHIWT N L 10 m2g LT ThH o 7208, AR
JRYEIZ K> CTRIBICH R Lo, KREKIRIER M Z &K <3 % & BET thRmfEIIHmL.,
7 ufl, AV HITHEIN U7z, BIEFEM2Y 7h OB CHll 95 & AL O MNEEE 2
BWVIE EREREIIED LTWD, 277 7 7 A MEOEITIZE 2 b0 EE X HND,
KB X el N2 — o %X 3-8 1T T, VL ZIEMRIE Vulecan I—HR 7 T v
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I OEPARZ = EFEULTEY ., 777 74 MER, fIROIEER LY T LTV D
T EERLTWD, £72, IV T OIMENEEE S EIE R E— 27 O g 23 s L
TEY, V79774 MEREITLTWAZ LA LTWA L Ebn b,

Intensity (a.u.)
=
H
-

26/ °
3-8 Fix DRBFEM B X FREIH % — 2 5 (a) CST00-AC3, (b) CS700-AC7, (c)
CS900-AC7, (d) CS1200-AC3, (e) CS1200-AC7, (f) Coc-AC, (g) Phe-AC and (h) CB.

\‘//W‘ﬁ.ﬁ‘r&%@mﬁz\y FU— 7 HIZHLY A E T2 R OB LIRE & B RR TR &
@&w IZOWTIEFRSGEE E TN LTV 5, T7bb, E#E Nis @ XPS (X#)
ToYE) AT ML b &, BREE= R E—llhb Y PR Ea— Rl
T77A M BRI O 4 FEABLE S, @&ﬁifdﬁ@&@ﬁéﬁxf‘ %, o — e EE
MEELTDHRMET T 7 74 NUERFENEZE L 35 WLE, IIXZ D E R
7t A EBEEEALIC D EDEZ LB D, K &9%&0%:}4uﬁ%m5;5m
AREBR TIIARTRIFEENEGLS 2D T T 7 74 MILBBRLRIZEFZRENFELF LS WO H
B S D M, BIEFRFIICOWTIE3h & 7Th L OMICHEEOERITRD SN2, F
7o. £ 3-4 1THITT2 XPS A7 MV TR LIcRIAEIZERAFT D ER EMHAEDOL, %
BT T2, EROMTIC L D ER LBEDOLICONT Y| IR X D2 K& 2@ T
WD LMo T,
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(2)

(b)

©

Intensity (cps)

(d)

©

®

(&
(h)

Binding energy (eV)

3-9 fEx DRBBIMED X BRIE A IEALTZ b (Nls) ; (a) CS700-AC3, (b) CS700-AC7,
(c) CS900-AC7, (d) CS1200-AC3, (e) CS1200-AC7, (f) Coc-AC, (g) Phe-AC and (h) CB.

£ 3-4 XBOEEFHHIE (NIs) TR L7z SRR T B O R 1 % RO 530

N/C Pyridinic Pyrollic Quarternary Pyridinic N* -O°

Sample 398.6eV  400.5eV 401.3 eV 402-405 eV
CS700-AC3  0.047 0.019 0.002 0.019 0.007
CS700-AC7  0.043 0.016 0.003 0.017 0.006
CS900-AC7  0.066 0.019 0.003 0.039 0.005
CS1200-AC3  0.007 0 0 0.005 0.002

CS1200-AC7  0.007 0 0 0.006 0.001
Coc-AC 0 0 0 0 0
Phe-AC 0 0 0 0 0

CB 0 0 0 0 0

Coc-AC: Coconut-derived activated carbon; YP-17
Phe-AC: Phenol-derived activated carbon; RP-20
CB: Vulcan XC-72R
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# 3-5 XBOCETFDETHL L 2SR BEM B ORI ORE, BEHR, =

FERGAELEEDHE

Sample Cls Nls Ols N/C o/C
CS700-AC3 85.7 4.0 10.3 0.047 0.120
CS700-AC7 83.9 3.6 12.5 0.043 0.149
CS900-AC7 91.0 6.0 3.0 0.066 0.033
CS1200-AC3 97.2 0.7 2.1 0.007 0.022
CS1200-AC7 97.1 0.7 2.2 0.007 0.023
Coc-AC 93.8 0 5.8 0 0.062
Phe-AC 92.9 0 7.1 0 0.076

CB 95.9 0 3.8 0 0.040

Coc-AC: Coconut-derived activated carbon; YP-17
Phe-AC: Phenol-derived activated carbon; RP-20
CB: Vulcan XC-72R

£ 3-6 JLHEOHTIE TR L7~ DRFEMEL O C/N I

Sample C N N/C! N/C2
CS700-AC3 78.2 4.5 0.058 0.067
CS700-AC7 72.6 3.9 0.054 0.063
CS900-AC7 83.4 4.2 0.050 0.059
CS1200-AC3 89.2 0.9 0.010 0.012
CS1200-AC7 87.7 0.9 0.010 0.012

Coc-AC 91.5 0.0 0.000 0.000

Phe-AC 95.4 0.0 0.000 0.000

CB 98.3 0.0 0.000 0.000

Coc-AC: Coconut-derived activated carbon; YP-17
Phe-AC: Phenol-derived activated carbon; RP-20
CB: Vulcan XC-72R

3-101C, KNI IEMROBRIETCEHZRT RVEET T 2 u Bz, BADR
NEET T MIEH TR LICEBMRR T REORNVZE T T MIBFERT T TORLH
BT LTHY ., %AEITEMEZ 2000 rpm OHE TlElfs L CHIE Lz, BBHFEEITTIEMEDRE
LD EDE LT, BRENMNEZ T Y —T 4 v 7 ITEE LGA CBFEETERS B
D HEN (BEFIETHIAEN) ICEHT DL, £ 3-7 2135, CS700-AC (28T,
B IE R R D3V T X » TER R IR TCBIAABALITE W N B B AL 5 25, IIEGEEE 2% 700°C Dk}
X, & 35 IZAHALND LI, BEMBEENZ S TIRIEDR A+ THHZ L, BIOY
BVEIRE  (850°C) @ F3BRISRIINEVEE (700°C) LV @AW T, Z OEEFECHL
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BALOEWVOFIIE G TR, WUl E & IRIEREIC X 2 B E TiE M OE WX
BAEE TIER0,

#+* 3-7 FlAx DRBMELO NS IE IR A ENL
(FEBREAEIEX 3-10 25 M)

Sample Eorr (V vs. RHE)
CS700-AC3 0.75
CS700-AC7 0.72
CS900-AC7 0.84
CS1200-AC3 0.81
CS1200-AC7 0.81

Coc-AC 0.55

Phe-AC 0.47

CB 0.41
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o
o
B S
g
< 10 il
=
s -0
20 @) (b)
-151-
I I I I I I | I I I I I
0 0.2 04 0.6 0.8 1.0 12 0 0.2 04 0.6 0.8 1.0 12
E/V vs. RHE E/V vs. RHE
o ok
5+
LT =
E 10
< L
S 20
- -15
T~
30 =20
(c) (@)
25
40 ! ! ! ! ! ! | | | | | |
0 02 04 0.6 0.8 10 12 0 0.2 0.4 0.6 0.8 1.0 12
E/V vs. RHE E/V vs. RHE
o
10
B
g
< 201
g
; 30
©
1 1 1 1 1 1
0 02 04 0.6 0.8 1.0 12
E/V vs.RHE
o
o
B
g
~
T 10~
® (®
0 o‘z 0‘4 0‘6 0‘8 1‘0 1‘2 -ho 0‘2 0‘4 0‘6 u‘s 1‘0 1‘2
E/V vs. RHE E/Vvs.RHE

3-10 fEx DRFEMEIOBEFETHEEZ/RTRLZE ST (0.5 M HySO4, 60°C, 10
mV s, 2000 rpm. ; (a):CS700-AC3, (b): CS700-AC7, (c): CS900-AC7, (d): CS1200-AC3, (e):
CS1200-AC7, (f): Coco-AC, (g): Phe-AC
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3. 5 DN FERREZOSMEOEAKE L TRAT SAREED KA

SOV IEME R I, ﬁﬁﬂﬁlﬁﬁiﬁfn%ﬁk LTHEHATZENBZLNH0, L VIAWES
MaBZHE T L720IcAe S /AL FOWHKRE LTHWD Z Loz mat Lz, 774
YPRoN ?E{Zli%mb\ﬁ&yﬁiﬁﬁ‘@%ﬂ?'ﬁ‘ﬁﬁﬁk VDT LW EHE TH 5,

VT EMERA~O BT ERIETITo T2, 3-11 12 5 mass%® H4 & HEF L 725k}
OEEAE FEMEE (HRSEM) SEZHE T, HKOZHIZ, Vulean I—R 77 v 71T
?Hﬁéﬁ‘tﬁi‘i@;@ SEM GE & 45T 7, //1/7@ PEfR BIcs 7 A= VO ERERT 5 H4

(b)

3 -11 5%Pt/CS-900AC(a) L’ 5%Pt/CB(b) D =AM HE - BT BE %

—~ (a)
=
L
Iy
iz (b)
3
=
- (c)
(d)
| |
20 40 60 80

268 / degree (CuKa)

3 -12 1%Pt/CS(a), 1%Pt/CB(b), 5%Pt/CS(c) + L O 5%Pt/CB(d) D X FR[AlHT /<& —
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B EMEOASKFRHEBINTEBY VAV IEMRAHEL LTHEATE 2222571 T
W5, Vulean =R 77 v 7 L0 D LREBRRAIZRSTNDLDIE, & 3-3 ITRLT
oz, v EMRIZ, Vulcan h—R 7T v 7 X0 XAV HARDRNWT=DTH D,

X 3-12 ([ XBREFTSF — 2 2872, 1%0 AL EEORE CIEWMEZ2 Ao mi e — 7
DBLEE SN2, %Pt HEFEL T 40 L FICRIT B — 2 2l &5, HRSEM I
BONSZERT, V7 IEMERICHEF LT A& T O RS KEL 250 7T, XfEPre—2
L Ao TN D,

RFRBETCFEB ORIV ZET T L0, 5%Pt HEFE T 7 EMR & Vulcan 71— AR v
77w 7 OWMERONRE T D & BREITCRGEMNIIFE CETH LB, AVEET T
LaHhBHE, VIVTIERKR IV Y Vulcan =R T T v 7 OFFNEREEOMENEV,
L L7223 B, 1 HFFRAEECIT, BRFRETTBRIATENLIZI b T TV 7 IEMEIR D )5 05 v Vil
oL, Lb VA ZIEWRBIROSGE D) Vulcan B—R 77 v 7 HEOEE X
D HEW, 20X I AR AR TIT YL 2 EMEIRIIK DG B & 2N o 72,

3. 6 BUEKBEDICETI2HFRERILIFEROBRETEEOFME
K7D 7 S OFIRBICAR LTFH S L 7 TEIERIC O W T, B KIATE T T oigsE
EICTEMEEA A, ) 3-13 [CFDORANEET T hERmT, BOAORLVEET T ATE
FOWR LIZEMRET., RODOERNVEET T MIBEBEHRRMFCTORLAET T LATHY
%A 1T EME 2000 rpm OFETEEAL THIE L7z, KD (@ IFAT w27 RRFEET D
AHCARR L= 7 iR T, (b))~ () IEARAT e v =7 MR RBRIZAERKR LIz 7 iHE
RTH D RAEKIERMFIZ. AT e Y =7 FOBIRFNCEKR LI-bD LR T & L, ASHT,
A9HT, A1OHT (XHRTE Al O MIBMRE 23 % 1124 800°C, 900°C, 1000CTH D HLDOEIET),
(a) & (b) ~(d) DIEHZ T 2 & MFETERBEE (@0.6 V vs. RHE), BEFRIZEICHLA
BACILIZ, (b) ~ (d) OFELO T 33 (2) £ 0 bR, BEFETAAENIL 0. 75V vs.
RHE T&H V| 3Bt (a) ©0.84 V vs. RHE LV KJ0.1 VHIERWZ E3bnrole, 5%, AT
R, LR, MAEER OB EMARBRN A LETH 5,
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& (@) v§ (b)
o .
o 0 /’ﬁ
o RPIF AT I e e
g S N A & ﬁhé’."f’iﬁ §2> )//‘ ):-;f" HIRARGEER
E — N g
£q // —— In Q with bubble 83 e In N
<L / ——In 0, 2000rpm = 7 —1InQ
rl without bubble 5L ASHT-AG20
0) 0.2 0.4 0.6 0.8 1.0 1.2 0 0.2 0.4 0.6 0.8 1.0 1.2
E/V vs. RHE E/V vs. RHE
N g /'Vvs N c IV vs
i (©) Olf (d)
N & -
It 4 [ e
‘ / . > 7/ - yd PN o
,\TC)‘" ST gRAeREER -‘:’1' yayd FRERELLR
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