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Fig. 1.1.1 Observed changes in global average surface
temperature and sea level!).
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Fig. 1.1.2 Change of sectoral CO, emissions in Japan?.
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Fig. 1.1.3 Change of primary energy supplies in Japan?).
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Fig. 1.1.4 Hypothetical potential of individual technologies
to lower road transport well-to-wheels CO, emissions>.



BREFOAMIRS I X E L, A5 1B O RS B ES TEY, R 2 I LA BREF~DIRLF 1D
FREIL TSNS, LLARAE, Fig. 1.1.3 1R X2, KR BESHAEATRE
fxi*/w‘r“~(ﬂ%i‘é%&ﬁ%ﬂﬁ%ﬁﬁ&k)@% FIEFICEL, &R FNLF—
AR IR L TREREIBZ 5O D7D ITRI T REFREN LV, JH /13 ELIK
AR, ARIR T TIXH DM, FH i%ﬁ%@kfiﬁnﬂh%@z\ B 72 FE BT ORI
T RBRERAANEROBEMENMLETHY, 5% AR A KRS580
KNEEThH D,

ZDIHRAE BN KEEREIE L THWAKZE T RLF — (S ~DBL E £o
TWD, IKFITRALKFE R T ADYEIC LS THESIGFLNHTET T #EKDE

RIS THHELND 2D RS D LELA R, Flo A A v AL LR RLF
—BENEWZD, BFESCHE L TS, IV E T 585 5D13KZT T
BT, COL 72T TIRKRZIGERE THD SO, NOy ZHEH L7V, ZDZEMNE,
R F A2 RBUZB WO TOKRIZFTEMROREL THHEF 25, FFRANTITIRT 7, K
. KR ERE LS TELN =X — %K FICEHL Tl 2 il
BT HENITRIX — 2P HAE)TH D,

ZDOKFZONFTRNF = ERT RN —ICEZDEDO TRV — T A
AELT, REFEMIME IS TS, 2009 45 5 A IZHEFUTJEBRIT T, B AR E
NSINT % FCA (REFE S MARERH ) 13, FEAREEL T —Y =Rk — gy
AT LTENEFARM | DR GE & BRIAE L T2, ZOFRE B E IR ELHE Hﬁ@l—ﬂ/\?ﬁ
FITMZ ., FEBHTPOOEBIANRNZOE N X —FHREFFD | BEIC
STHONDBEF|HTED120, HERD KT EEIET E'””@ﬁﬁﬁktt«cozm#ﬁj
B AS%INZ DN TED Y, FIREFEAZ B IR ST HRENE Aﬁ%@ﬂﬁ-i(ch
Fuel Cell Vehicle) DF5E2Y H B B tHIZ KD ED B TVD, Figure 1.1.2 (XA
CO, HEH D 20% 2 BT FI A3 5 b | SEFER P IZ 31T 280 90%72% H Bh B C LD HEH
THDH0 ., BEHEICBIT AL RENSOBENL CO, DHIEIC KRS E#ATE2,
Figure 1.1.4 [ZHB)HIZBITDE-EINAATREZRRY 100%I1ZUTV Vi K R T 356
CO, PRI -2 BB TR, ZOfE DT 4 — BB NAT Yy REODE A
(Z&% CO HEHHDAIRIZ T T, BEHEFFEZEOHMIC ED CO, HEH ORI T
ERNWZEN D, — HTHhH—AR =a— VKB LML FCV OEANITED,
CO, HEHI R IZHEL TR, FCV O K KREARBIFRENFELR TS Y, BIE,
JHFC OUK3& - BREFEMIZE Y vy = /8 L EL T, KFEAT —al pEA 7T
N7 F % —DFEAEA T, V—AREWITET 6 20D FCV DIRERINCTTISGHITEAS



AN QAYR

L2l FEEERBREIERSC FCV X2 08 1R ChHOBREFER D= AL | it A MO
IR K DBNPR SIS TS, FREREFEMIT 2010 8T, BRFEAmE
350 T D 4 FzENSOMBIAEN D TEY, aANMT p—< 2 A0 _E/RLICS
H O R IFTHEEL N, THAPEIZBIL T | St OWFFEDE 40,000 REfH OBREFE AL >
I DMAMEE RIBTZENTETWDA, 2T 7-8 FEREOBEERIRE 9,
SRANCIZESITRE W DM AMES KD SN TS O, —J7 FCV IZTEZITHY, 1 &
MARE DX 1/100 (T D0ERN 6D, SHIZH B HIFEOT ENCH & S EE
IECA M A B AR T2 L MEEIERBEO H, 5,000 FEFLL EOiEERFmE 20 77
km OFEATER RO BV, PAEFEMOMEREL(LITRET DAL, ml A L MEKIREL
TR 2>TND 7,

L MG IR E BRI AD BN AN 7 AR AR S8 1 O EHUZ I ZREL R oo A
HFELL, ZOE KK AME, @I ALDS R R THD, B @i AL FEEL
IHMEZAMEA~DIEE A 52 5728 | b EERRE TH D, T TRETIT, JAEE
oD P - KU i REFEE O b, FRICREIE LY 2T LD ThiRrb AR
DD D BAVIC T AN ETOR REELD D, B ICANZEO BRY, B
FOMERRIZ W TRT,

1.2 BREHE AL D JF B L R

B b F =X — 2 BEEE KA FICER T 5@ ThY, —REM, K
L () | BRBFE M S 2 SN D, —IREML., R E M IER LR, E oA
ZOBMNIAFET HH, BBOIEWE L L THEE W TZ OB S 2B 5L
FHNATO A LF RN X — BRI T — AT D EE 2R E ), £
DIz | JRERANTITRE A ks Ut T ARV FE AT 52 LN TE D, RIS
IFER TV (NoHy) ZBREE T DR TV RELE MRS, A% /— /L (CH;0H) Z#REFE
T DA% ) — VKRB R E DTN B3, AR SCTIIKFEEZRELE T2k FE B
FIREL B 2R ML FE S 2 LT D,

PREFE ML ORI <, 1839 4FIZU AU T A a—T NI K> THID CTHFES N7
N, EIPLEFIZOIEDEREA~OM I TON D -T2, 1930 FAUTTFH ¥
DIFZIB W THFFEDNFEBIEAL. 1965 4512 NASA OF NFHM P 23= 5 5 | ITBRE
LD TH SV E Rk R L,

AR @Y | RBFEHL DB KD A b D — DT ER DK T THY . HERBR B



% -2 722 Thh D, Figure 1.2.1 ICKFREHEM ORI 27T Y, fHleLT
[ {4 i 40 - 2K EE i (PEFC: polymer electrolyte fuel cell) % 2. 5%, AMRTILT
J—RIGEU TR SN TR DAL O (X 1.1) 3L 25,

H, — 2H +2¢ (1.1)
AR LT a b ATy - RS A U CEME &2 EARE KB T 5, B D
HMERIRI S AR CL EABRIZRET D, 20 2 DEIEMICEREAIE L CEASNZERFHE N
FOG U, AKDAERT 5, (K 1.2)

0,+4H +4¢ — 2H,0 (1.2)
Fo TR 1.3 TRINDKD RO RS ET2D,

H, + %oz — H0 (13)

DT | HARRNIRERFIZIL CO, RRKIHYME ThH D SO NO ZHEHI L7220,
L LBLRE S CIIKFOEDERIC CO, ML T, 11— ‘j‘/va:*—]‘7/l/7fﬁ7j<
FORIEL AT LOREENL END, Figure 1.2.1 ([ZIXFF 5 FFEOBREHEMIZ
PRBEE A FTRE SRS TCOBH, FARIIZ T X CTORELE jbb\“(ﬂi}iﬁ:\ :tit
1.3 \RSNDETHY, EIFE DE LA A AREFN 2> TS,

FIRBIEMD A N U THBNROEIHZEET HND, BREHE I Lo
F—ZEEER TRV —CEBRT DN ARER T IV ) —TF A7V O [R%
ZUFDHEFRD K I EIRE OBREBIL LR =3 X —D KA DR THILNT
X5, 25CICBITDHEEDNENIN 13 ITBITAEEX T Ao 2 L¥ —Z&4k
AG°(-237.13kImol ) LA HE = Z e — AH"(-285.83kImol )& VTR 1.4 DI
D,

0
n= 220 = :i;; =0.83 (1.4)

ZOXIVREE MO BRER R NN, KT EFT OB HFA 60%% KEL LA
STWHZENHBINTHD, EREFEMOHEGE S E I ToX 1.5 TR
EMTE, FONIRE n 2 2 &35 1.23V &725,

AG®
E°=- 1.5
F (1.5)
TITFIIT ﬁ—?‘ —ﬁz;& (96485C mol ™) THh 5,
I HREE T FEOBRIZAELDHRAFI AT A2 —V =R —ar v A

T | DOREEE 75%5}13@6_& OB PRI NI AL RN LR E 2D A



load

4

depleted fuel and
product gases out

depleted oxidant and
product gases out

““““ H, — —o,| .
H,O H,0 AFC 65-220 °C
H, 0, PEFC 60-80°C

H,O PAFC 205 °C

Hy

(C0) |co, Op MCFC 650 °C

_______ H,O COz

(CO) |H2 O

(CHy 1,0 SOFC 600-1000 °C

fuelin ——» . <&— oxidant in

Fig. 1.2.1 Types of fuel cells, their reactions and

anode

electrolyte catho

operating temperatures®).

de

Table 1.2.1 Character of five types of fuel cells”.

TAHY YRR R R EsRENT (4 U U ESRaN e
i (MCFC) W (PAFC) i
(AFC) (SOFC) (PEFC)
EAE KOHaq Li,CO,,K,CO;, Z10,(Y, H,PO, YA
0,)
RRBE H, H,,CO H,,CO H, H,
Ee{bAl o, 0, Air 0,Air 0,,Air
ISR 2= iR -240°C 600-700°C 700- 160-220°C 2= iR-100°C
1000°C
B R fi i Nifg 1k % B RE Pt Pt
%
A FBHEE OH™ C0,2~ 0~ H* H*
REHE 50-60% 45-60% 50-65% 35-50% 35-50%
A& R ~2— R EBERE EBRE EEFRE FREFAEIR
¥ b KIFHEHE KEEFE KIFAZE AT
& B HEE
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Fig. 1.3.1 Schematic of Polymer Electrolyte Fuel Cell.
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Fig. 1.3.2 Molecular structure of Nafion membrane®.
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Fig. 1.3.4 Typical TEM images of Pt supported
on high surface area carbon'?.
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Carbon support

Fig. 1.3.5 Schematic of three phase interface of Pt catalyst.
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Fig. 1.3.6 Cost analysis of 80 kW FCV system’%.
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Fig. 1.3.7 Cost analysis of 80 kW FCV stack?¥.
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(a) Particle growth via Ostwald ripening
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Pt — PtZt + ze- / \ PtZt + ze- — Pt

Carbon support

(b) Formation of Pt band in a polymer membrane.

H, H,
Pt +H, — Pt+2H" l l N
Pt band :
& f Polymer membrane
| Cathode catalyst
Pt(II), Pt(IV) :

Pt — PtZ" + ze / 5\

v

Carbon support

Fig. 1.3.8 Proposed mechanisms for degradation
of Pt nanoparticles in PEFC.
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(C) Particle coalescence via Crystal Migration

T N

Carbon support

Fig. 1.3.8 Proposed mechanisms for degradation
of Pt nanoparticles in PEFC.
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Potential, £/ V vs.SHE
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Fig. 1.3.9 Pourbaix diagram of Pt!®),
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Fig. 2.2 Current transient (A) and corresponding mass
change (B) as a function of time during electrochemical
deposition of Pt at 0.2V in 40mM H,PtCl, at 298K.
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Fig. 2.3 Schematic of typical nucleation and growth model.
(A) Instantaneous nucleation, (B) Progressive nucleation,
(C) 2D growth, (D) 3D growth.
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Fig. 2.4 Relationship between the mass change and

amount of charge during electrochemical deposition of

Pt at 0.2V in 40mM H,PtCl,, 10mM H,PtCl, + 10mM
HCI at 298K.
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(A)

2.54cm

(B)

Fig. 2.5 Photographs of QCM electrodes used in this study.
(A) Before and (B) after Pt electrodeposition.
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Fig. 2.6 FE-SEM images of QCM electrodes.
(A) Before and (B) after Pt electrodeposition.
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Fig. 2.7 Schematic of EQCM system in this study.
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Fig. 2.8 Cyclic voltammogram of Pt in deaerated
0.5M H,SO, solution at 298K. Sweep rate is 10mVs!.
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Fig. 2.9 Cyclic voltammogram of Pt in deaerated 0.5M
H,SO, solution at 298K. Sweep rate is 10mVs-!. Shaded
area shows the amount of charge of hydrogen
underpotential deposition on the Pt surface.
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Fig. 2.10 Cyclic voltammogram (dashed line) and
corresponding mass change (solid line) of Pt electrode
in 0.5 M H,SO, recorded at 298K and 10mVs-!.
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Fig. 2.11 (a)Current transient and (b) mass change of Pt
as a function of polarization time at 0.9, 1.0, and 1.1V in
0.5M H,SO, at 298K.
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Table 2.1 results of two types of dissolution test

Potential Cycling Potentiostatic
Total dissolution (ng) 335 19.0
Dissolution per 10min (ng) 71.8 19.0
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Fig. 2.12 Change of cyclic voltammogram of Pt
electrode during 300 cycles of CV ranging 0.05-1.4V in
0.5 M H,SO, recorded at 298K and 100mVs-!.
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TR DV T =0 AOERALFRI B AT L, ICP-MS & HWTEA A7V
TICBITDNT =0 LOVIRAE T LT,

63



3.2 EERJjik

3.2.1 VT =0 LEMO/ER

EQCM /K g iR E) - D 4 ez 11 _11/7‘%‘7-5’5_’?53)0%?6 LTV T =0 NEERE
ERLT-, 30mM HifbL 7 =7 A (RuCly) 5 Te 0.1M MR (8606 H b
B YA Do ELTE A LT, 2 IREMIZIXALFI KCI @E/tg{ LEREEMR (SSE) %
VW, o E (X 25C, ZEXBAK T TITo7,

{EFH MR Ch e B DX OKEEIREN 13 2 BIZRHE K, =%/ — /L CHEL, +5
[CHE RS T X & T o7, BB OFIEEZ2RET 57O T R eI 7o T
720N, Z D% EQCM ¥ AT Ay L, IRIEENAL, SHRIE W BN ER, H-Z % B
MHLTZ,

NT =T AE-02V TOEBNMIIZEINDSEZ LTz, DX BRI/ 5,
EQCM (Z XV AR B LA HIEL | JE I E A b2 30,000Hz (272 >7c 2 ATH-E %
BT Uz, ZNAEBEICHRE T DL 54ug DLT =T LN boZ SN2 81270, #)—
IZHSZXENTWVBERETHE 300nm DESITH Y 45, ZOESIIAMFZETHW
T2H&EDS>EDR 5 FITH Y T2, BE&IVLD X BEEOLZOIE, VT =0 L0
IR BN LN E TR TH D,

T =T NI 3OA AL INEETHY, Vi, 2liDA AL DFAEIT DN TUTHES
LTl vt,cu VIO E o LT =Y A S E T3 MON T =7 A F L NEEE RV T =
U ATEITELTWDEEZ LD (K3.1),

Ru3++3e — Ru (3.1)
A2.15, 2,16 T VTV T =0 LD > ED BN % RO T3, IEH IRV MEE 725
7o ZHUE-02V IZBNWT, &0 T =7 A BT KBRAERICH VT =0 LOHTH
ERIFFICEEZDZ LTINS,

ERLIV T =0 AEBMIL, AeROICBTALAEZLTEY, BHRTIE FTHo

BIIHEREINT2 o T, BBV T =T LARDH>ETINTWDHIEIL, Fig. 4.1 (TR T
GI-XRD i R BfETE LT,

3.2.2 VT =7 NEMROD 3 HFE O A

T =T MIEASTHWOI TWDKRFER AR IZED ECA OfFHli26EH T&
2, ZIUINT =0 AR O L IEDOTE LA 0.25V 2 OEMET D8V ENRH
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Fig. 3.1 XRD pattern of Ru electrodeposited at -0.2V
in 30mM RuCl, and 100mM HCIO, solution.
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® IML @ UPD MEZAHEVHPEEZFI AL 'O, Cu AN v E L 7 RAZ L AR —(T
FAMERF IO EENRESN TS D 22 TARIFZETIE, ZhbDOH A
EBEBIHAN B T RNVE AN —Z1T, D Cu-UPD OEXE (Qcy) 225H/L
T = ADOFRHEFEEIE LT, Cu-UPD OFRJSITLLTDRX 32 0 IHITRrEND Y,
Cupa — Cu*"+2¢ (3.2)

ZORISIE lem? 3720 420uC DEKEEZHET5,

Cu AN E TR EZ L AN —( 0.5M Hil£IZ 0.01MCuSO, Z I 2 728 1772,
BEANZIIVT =0 2O Z TV ERST=®, 0.05V T 300s REFLT-, ZD% F4
2 IML @ Cu-UPD 22§72, 0.3V T 1h fREFLTZ, £RFFZ 0.3V 2 BZ 0 FE
7 /=R 10mVs ! TEMAEEZITV, LOVICELZLIIKL ThY —REEE
1727z, Flo Cu ZHVFRWZEIE (0.5M Hili2) 1238\ T 0.1-1.0V T CV 2170, 2
T 7T RELTE, Figure 3.2 IZZOSMICBIT AN Cu AN v 7R
NWEETTLETRT, 0.0IM O CuSO4 & MA TR TlX, /N7 7T REEW 0.4V
TR RERBALE — 7 Rbit, 2ot —2 532 3.2 O AS LT D R kit
T5, ZOALERE Oc 1BV T =7 L0 ECA ZRKHDHEK 300em’ Bifs L7280, 4
A FHEFE DK 200 fFL7eh M TREREXEIEE A T HEMND > XTIV IERIS
N2 e otz . BIE LTV T =0 AOEFEIL, HLERIZDEICIEH D&M
oz, TDIOAMFFE TITF I 300em® £ VT L7~ 7= B A E L CHlE
o Ry

323 EQCMIEIZ & 2 v T =7 LAOBESALFERE

BRALFREEL THA IV IR NS AN — (CV) LB BN iR A T o7, &
HHHREFIRFIZ EQCM HEIZRY VT =0 AOE B2 LA RIE LT,

Figure 2.7 |27k LTz 3 BRI EQCM 2 27 A THIEET o7z, M EMICIT LT
= EHSXLTE QCM EME | MiBEMRICIZASRE, ZREMIZIIY T LUy
Y Ivar AT A0 SSE W, TRk 2 BIZEEKE W TERILZ 0.5M OFf
2 (HoSO4, BT Al L | F2BRIT 25°C T o7z,

CV HIEIX FIRENMZ-0.1V IZ[EEL, ERENE 0.2, 0.3, 0.5, 0.8V L2 LS,
BALEAEE 10mVs' TITo72, CV OBRAARTNZ-0.1V (2T 5 43 BB o
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Fig. 3.2 Cu stripping voltammogram of Ru ranging
0.3-1.0V at 10 mVs! in 0.5 M H,SO,
+ 0 M (dashed line) or 0.01 M CuSO, (solid line).
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Fig. 3.3 Effect of upper limit on the cyclic
voltammogram of Ru in 0.5M H,SO, at 298K,
10mV/s. Upper limits was 0.2, 0.3, 0.5, and 0.8 V.
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Fig. 3.4 Cyclic voltammogram (solid line) and
corresponding mass change response (dashed line) of Ru
in 0.5M H,SO, at 298K, 10mV/s.

71



[a—
N
-}

(S u—Y
oo O N
o O O

N
)

Current density, i / pAcm™
b oN
S S

O
()
()]
[E—
O
[
()]
(\©)
O

[\
()]

(b)

o
S

[E—
N

[Em—
-

()]

Mass Change, AW/ ngcm

O - 1 1 1
0 5 10 15 20

Time, ¢t/ s

Fig. 3.5 Current transient (a) and corresponding mass
change (b) of Ru as a function of polarization time at
0.2,0.3,0.5, and 0.8V in 0.5M H,SO, at 298K.
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Fig. 3.6 Relationship between the mass change and
amount of charge during chronoamperometry at 0.2,

0.5,0.8,and 1.0V in 0.5M H,SO, at 298K obtained
from the data of Fig. 3.5.
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Fig. 3.7 Plots of amount of dissolved Ru measured by
ICP-Mass as a function of returned potentials of CVs.
The CVs were conducted in -0.1 — 0.2, 0.3, 0.5, 0.6,
0.7, and 0.8V.
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Fig. 3.8 Rest potential and corresponding mass
change of Ru from a held potential of -0.1V during
simple immersion test as a function of immersion
time m 0.5M H,SO, at 298K.
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of Ru during anodic polarization (dashed line) from
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Fig. 3.10 Plots of amount of dissolved Ru measured by
ICP-Mass during simple immersion test as a function
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RV, EDIZEAERPIIAD 3 K LLNIZEZY  RIEEN DL ETDHEEHIT
e,
PEFC OAE ILFRFZT ) — RSV T =0 AOVEERNEE 252 L2 9D TH L
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(1) Immersion time : 0-0.3h  (2) Immersion time : 0.3-0.6h
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I Reduction of Ru oxide l
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Fig. 3.11 Schematic of dissolution behavior of Ru during
ON-OFF cycle of PEFC.

(1) When PEFC stops, mainly adsorption of water takes
place.

(2) As the potential increases with the time, RuO formation
starts with a little dissolution of Ru.

(3)With further increase of potential, Ru,O;*RuQO, formation
starts and high amount of dissolution occurs.

(4)With the formation of Ru,O,*RuO,, a passive state 1s
formed.
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Fig. 4.1.1 Current-Voltage curve of PEFC.
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Fig. 4.1.2 Performance loss ratio of PEFC stuck in FCV.
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Table 4.1 Sweep rate and number of cycle under sweep rate test 2.

Sweep rate Number of cycle

1 5mV/s 10

2 10 mV/s 20

3 50 mV/s 100

4 100 mV/s 200

5 500 mV/s 1000

6 1000mV/sec 2000

7 5000mV/sec 10000
4.2.3 BALY ATV T O A GOWEMTKIE T EALHFLIH O 8

0.5M ORFEERIZF T 10mVs™ T 100 Y1 27/L0 CV %ﬁofzﬁ%i@ CV & _RREENL
& EI/\@{ﬁﬁ’qiE@Fﬁf-ﬁ% Fig. 4.2.1(a)lZ7:9°, Figure 4.2.1(b)® CV HZi%. (a) 71
v MZ BNLHEIPHZ |, FICADORHITRLTHD, ZOLED CV O FIREMIZT
~T 0.0V Gulﬂib“@\éo ZO7F7E0, ERREBALN ERDICONTASDEMRE
TN T FFIZ 1.0V ZBLZ D& B DOTEMEBIEL TWLZEN 505, — 5T
1.0V LU R OFiaPH TORM LS OBIES T,

%Z°C Fig. 42.1(a)®D 1.0V UL FOENM#EPHZILR L=/ T 7% | Fig. 4.2.2 1T~ 7T,
IERDE 1.0V LLF T EREAN ERDICON T, HEDEMINEEIML T D
LRGN ST, 22O Fig. 422 IZBWCEADORMR C/RULIZE /0L, Wik
ZEZE AL TOLRBRZ G DR, B LIRS TR IR EZ RN T5F T

/@ﬁﬁrbfbiotEl/\47l"/0)i;5fﬂ‘bfb\€) DFEY, Oy AR T EE AL

BT ayhnb, HEDEMNEZ > TWD W28 TED, ZOZEND
Fig. 4.2.2 TIE EEREEALAS 0.8V DFRIZHIO TZO R ADFIR A Z TWDT=, D
<EH 08V UL ETCHENEIRTHEE 25, Z0 0.8V EVHDIE, HrHE Fig. 4.2.1(b)
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ERO BENEIRL TWDZENHERS NI, ZDIINT, AFZETITADOT 1.0V LLF
TOHEBOEMRERET 2L IILT,
F72 1.0V UL ETHE DRI IEL TWAZEIZRL TiL, 2 i To A& DR K
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Fig. 4.2.1 (a) Amount of dissolved Pt with upper potential
limit during 100 cycles of CV at 10 mVs! in 0.5 M
H,SO, at 298K. Potential range of CV is shown in (b).
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Fig. 4.2.3 Amount of dissolved Pt and ECA change with
upper potential limit during 100 cycles of CV at 10 mVs'!

in 0.5 M H,SO, at 298K.

95



20

):
(b) § 1l
3.
< Or
Z -0}
=
g 20}
5 30| -
= i
O 40 ! :
0.0 0.5 1.0 L5
N Potential, £/ V vs. SHE
£ 100 : . . ;
&
s (a)
~ 80+ -
N
£ 60 -
9
>
E 40 | .
;_g
w 20t _
I
2 0 . . .
E 03 00 03 06 09 12
Lower potential of CV, E| ../ V vs.SHE

Fig. 4.2.4 (a) Amount of dissolved Pt with lower potential
limit during 1,000 cycles of CV at 100 mVs! in 0.5 M
H,SO, at 298K. Potential range of CV is shown in (b).

96



BB+ 03702 5t KOS OED IR AL~ T, HEDOEMNRKEARET HIENHED
Llpol-,

4.2.4 BALT ATV T DA BOUFRIZ KIE T BB A A L D F 2

Figure 4.2.5 | aﬁ{iﬂ%ﬁuﬁ%ﬁ@@#*%%ﬂ“?‘ ENENEH, BT RLTNDD
23, 10, 100, 1,000mVs™ TO [ &DOIEMETHD, BifiiciE CV o LREMEZRL, T

FREENLIT 0.0V IZEEL TND, ZOT T 700, B ERHREZESTHITONT, 1
YA NHT-DDOERFEEDE ML CWDIENRHALNTHD, ZOMHE TR RN KX
TR DR BHE 1T~ T,

W TEMEERBROORE R4 Fig. 4.2.6 I/, Table 4.1 [Z7RT 1-7 OAEARE
JE A REEH T ZEOREEN KIS 5 1 A2V ST-0 DR EA T D7 1y T, 5 D#E
TSRS DR AV N DRI EZ FR O 7 ay N TR U, 2T~ Ttk s
2o TS, ZOZTT7X0 1 AV NS0 OUEIREITEE R E D H IR DHIT DT
WAL TEY, Fig. 42.5 LL &KL TWDEN, VA7V OWRMFEII I AR R
f“75> HST2DIZ DIV T (AT NEDE Z DT DIV O HEINL TWDZEN s30T, D

2{RD PEFC DFMM TEZDHE FBCOTRERE COBMEENIVE , ML ENE
iﬁﬁ*n‘%@Léhéfﬁfﬁ@ﬁ ZRWNWT, BHEDOH BRIV TNIEN TSNS,

FIZOBEMNAEERBROOF R%E, WELIEBILEBEXREOBANOEET D, 1
AINVHTVOEE LI EREL T T, 2ot 4711 b\’ﬂéﬁ’u‘:ﬁ&
b ELKEAIRT Fig. 4.2.7 177, 5,000mVs” DFEOER &L, B _HEAE
FEOEENRKEIKERELZ IELABLLZENRNEEDT D B LI, | T4 VH
TEDERIROBLE, EHOY Fig. 4.2.6 TR ELFICEAIZ R Qe 202
END HBDOEEPIBRAGAICRIDEE T D&, B LEIRO IR0 B DU fE
WZEHSNTEY, RITVAE ETOBEEISD EZ DR IZB W CRFFICE SO
RIS Z D2 EH 7R L TUD, LL, Fig. 4.2.6 T1 A7V BT-0 OFRfEREIL 1
WHLA EZEALL TODZEITH L, Fig. 4.2.7 O 1 YA 21 Hi-0 O b E R EILER
OB IS L THEVRA LT, 4.2.3 Tk 7= BN & FH DD ERIC
WX, BB TEILVAGR D DEN ORI BT . BBLE R EIEINTHIT/ES T
VR B IE N A > 7273, Fig. 4.2.6 & Fig. 4.2.7 D 1 YA 7V 37-0 DU fif
CFELAEREORERIT, RSHELTWDETEWEEN,

ZZ T, BLEXEITHTHHBOEMROE 5525 2 Thd, B EERROD
BRD | - BALEAHE CORLERREICH T2 ASEMOEBESED D HEIE r4s

97



50 . . . ; .

40 |

30 + 10mV/s

20 |
100mV/s

10F 1V/s

0 — .

09 10 1.1 12 13 14 1.5
Upper potential of CV, E,__/V vs.SHE

upper

Amount of dissolved Pt, AW/ ngcm?

Fig. 4.2.5 Effect of sweep rate on amount of dissolved Pt
during 100 cycles of CV in the potential range of 0.0-1.0,
1.2,and 1.4V, n 0.5M H,SO, at 298K. .
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Fig. 4.2.6 Single and all cycles of amount of dissolved Pt
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1.4V, in 0.5M H,SO, at 298K. Sweep rate and number of
cycle are shown in Table 4.1.1.
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Fig. 4.2.8 Fraction of Pt dissolution in oxidation charge
during CV in the potential range of 0.5-1.4V, in 0.5M
H,SO, at 298K, which is calculated from Fig. 4.1.8 and 4.1.9.
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Fig. 4.2.9 Schematic of the relation between
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Fig. 4.3.1 Amount of dissolved Pt with holding potential
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Fig. 4.3.3 Amount of dissolved Pt with holding time at
E ... during 100 cycles of potential step from 0.45 V to
1.1 (black plots), 1.4V (red plots) in 0.5 M H,SO, at 298K.
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Fig. 4.3.4 Current transient at 1.1and 1.4 V during
potential step test in Fig. 4.3.3. The potential steps were
carried out from 0.45 V to 1.1 (black plots), 1.4V (red
plots) in 0.5 M H,SO, at 298K.
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Fig. 4.3.5 Amount of dissolved Pt during 100 cycles of
potential cycling at 100 mVs! and potential step. in 0.5 M
H,SO, at 298K. Potential ranges of the potential cycling
were 0.0-1.1, 1.4V. The potential steps were carried out
from 0.45 Vto 1.1, 1.4V and holding time of upper
potential was 1 min.
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Fig. 4.4.1 Amount of Pt dissolution with HSO,* + SO,*
concentration during 100 cycles of CV  0.5M H,SO, +
1.0M HCIO, at 298K. Potential range is 0.5-1.4V,

sweep rate is 10 mVs'.
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0.5M H,SO, and IM HCIO, solution at 298K. Sweep
rate is 10mVs .
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Fig. 5.1 Schematics of CFDE cell.
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Fig. 5.2 Schematic of flow circuit for CFDE measurement.
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Fig. 5.5 Response of collector electrode to current
at working electrode with potential in 0.5M
H,SO, at 298K. Potential range and sweep rate of
working electrode are 0.0-1.4V, 100mVs-!.
Collector electrode is kept at 0.3V.
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Fig. 5.6 Detection of Pt deposition on Au-collector
electrode by EPMA qualitative analysis.
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Fig. 5.7 (b)EPMA analysis of Pt on C.E. surface
after 1,000 cycles of CV at 0.05—1.5V. Potential of
the C.E. was set at 0.3V only when W.E. potential
was scanned in the potential range shown in (a).
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Adsorption on step site

M+ Kink site

Adsorption on terrace site

Fig. 6.1 Schematic of T-S-K model.
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Fig. 6.2 Schematic of defect site of Pt small
particles on Pt large particle.
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Fig. 6.3 Changes of CV of Pt electrode during
potential cycling ranging (a) 0.0-1.0V, (b) 0.0-1.4V at
100mVs! in 0.5 M H,SO, at 298K
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Fig. 6.4 Changes of normalized ECA of Pt
electrode with number of cycles during 300 cycles
of potential cycling in Fig. 6.1.
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Fig. 6.5 FE-SEM images of Pt electrode (a) before
and (b) after potential cycling ranging 0.0-1.4V at
100mVs!in 0.5 M H,SO, at 298K
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Fig. 6.6 XRD pattern of Pt electrode before and
after 100 cycles of CV ranging 0.0-1.4Vin 0.5 M
H,SO, recorded at 298K and 100mVs!
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Fig. 6.7 Amount of dissolved Pt with number of
cycles during 300 cycles of potential cycling
ranging 0.0-1.0, 1.4V m 0.5 M H,SO, at 298K.
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Fig. 6.8 Schematic representation of dissolution
and redeposition of Pt during potential cycling
ranging 0.0-1.0V in 0.5 M H,SO,.

(a) Initial cycles

(b) Later cycles
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Fig. 6.9 Schematic representation of dissolution
and redeposition of Pt during potential cycling
ranging 0.0-1.4V in 0.5 M H,SO,.

(a) Initial cycles

(b) Later cycles
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Fig. 7.1 Schematics of Place Exchange mechanism.
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2 HND,

Pt — Pt* +2¢ (7.5)

%72 Fig. 7.1 12817 % PtO JEAKIFD Place-Exchange AN =X L% & 2 H&, T TIZ 2

lZER{E L T 5728 Place-Exchange 3L ZABRIZIAFENE Z D Z L1358 2120,
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Fig. 7.2 Schematics of Place Exchange mechanism 2.
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LN L727035, Place-Exchange AW =X LN EITT5E, 5725 PO OIERKIZIT T/< |
PtO, 72D 4 MiDELIERL T 2 FREMED B D, DA 5.1 (1) Tk ~7=k57%
K 7.6 DI 7RIEMESIE D Z D FREME D H 5,

PtO+2H" — Pt*"+H,0+2¢ (7.6)
K 7.7 1285 2 s 4 M~ DR E OEEBMEAIT 1.05V THD 7,
Jerkiewicz HIZLAUIE, Place-Exchange AW =R % 1.15V T EV#EIT3 5750 9,
Place-Exchange &&H1Z3K 7.6 DISIZED B DOWEIENEZH I REMED D, £ 2
L0 4 oD B4 AA L OEIRE DN E "% Mitsushima SIZHEL TWAH7260 .,
4D 4 fli~DERAL IS AR ST D ATREME S D 19,

PtO+H,0 — PtO,+2H +2¢ (7.7)

L FIZZRULTZE91Z Place-Exchange X°H 4D 4 i ~DEEACISS B A7V T
(BNBNAL/HE ) I8V T IML BL_ED PO FE R (1.2V LA _E) (12 W CThH IR RS
PIIHISALT AR ET 28R Th D,

ZDBENY ANV TFIZEBTD 1.2V LI ETOEMEEIZEIL T, Meyers HITFEL)
5 Pt-O TERRIC L DIAMOIHIZ B L TR0 17, PEFC O/ BFIZB W CZDOTT LN
BHEISNTE, LOLITEITASNE~OBEER DR A%"E 2 7~ Balbuena''?
R0 Tada b YR MREOMEEE IR &T 5728 Meyers HER -T2 RN RSN TEY,
AKF XD 5 FIZT 1.2V UL ETO ASEMOEEE #10 TEBRAVICHEZEL T\,

7.2.4 BALY ATV T EEEN T OVFRIENE ~D P-O TERE O 528

BT AL T Tl B LT DI2oT P-O OHFERBR &2 ([ZHIINS 5,
Z AU Fig. 7.1, 7.2 T/RLUTz Place-Exchange A7 = A LM& 4 (ZHEATL . BEALD
ERIZONEBHEORABELHINT 5720 RSB IEES D,

— T CEBN F T, 2 D EQCM OfE R TRENT-INTEI AR EH LR E
R E T HIEFRRACNEMRAT DI R T, L TR L IEOHAE RN ED,
ZDI=OEBA FIZBWTH, 1.2V L E T IML LLED P-O 3BT D726 7.2.3
T/RL7Z Place-Exchange DN H5EE 2 HND, (bHAA 1.2V LU N THEEHRR
T DIRADPEZDATREMED DD DY TR DRCENDDILNE TS ND) LLIRHE
Imai HOWEICENIE, 1.4V OEENMIZBWT, ZOMFBR DR AIZLD Fig.
7.2(b)D LS AEDDPNHINTELDIE, 1.4VIZAT 7 L THH30-120 RO TH
WEEHITHS D, FOBITLE Fig. 7.2(C)D IR Z DT80
IR D,
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PLEDXIIT Place-Exchange AN =X L%EETIUX, AT A7V TFEEENM T
DV DOEWE LT 5,

3 ?éﬁ*y%ﬁ/ﬂf*@@ Eé@%ﬁ%‘ﬁ%
iR ER M EPA IR HEN Y A2V F (0.05-1.5V) TD AL DA% Fig.
73R T, 727210, \_@(ﬁﬂﬂ%ﬂ% VIR A A DWW EZ L TN D,

F£7- Fig. 7.3 TlE 7.2 Ttz 2 FEEHO Pt-O kA& E L. (a) LEFIC Fig. 7.2, (b)
THBIZ Fig. 7.1 @ Place-Exchange A = A L& Z N Z TURE LT BR DR iR 2 7R L
720 () TIX T Tmai HOEL BT T V2L | (b) Tl Jerkiewicz HORE{L
eI AT T Va2 B I TD,

<Double layer region >
B8 EQCM ZEEART 512, AaITIIAG FRREL TWD, ZOBENHEHH
TIEBTERITHML 220,

<0.7V->
ZOFENLEY CV IR LAEIRIZ AD, ENZE T Ua) TIE 7.3, 7.4 TR KDL G
23, (b)) TIER 7.1 TRIEALEE PO OSSN ZVEED S, [FIRFIZ—HD A
& BRI 6 EIRLIZINNC, BEIT RNV —DRERFL DI P AR BE S
WNZIRfR LIRS (K 7.5) . AL EF-T DI O0EMET 2 AR INL T T2
ARSI T Z0IET 5,

<12VH‘
1.2V fHit b\TPto%ﬁEa&z:ﬂ IML (233,

<1.05V->

UL =R N3 H 1241, Place-Exchange WML, BARSH AW ~MR AT
%, Z0 Place-Exchange (250 (a) TIL A BT3P 7, (b) TIELSHRDmIR DL
TR R S E Z VR 5, D Place-Exchange 1B b, BAE RO, H LI
PtO DIEMKEFRIRFICHZDEE X HN503, Jerkiewicz HOWEZILIT 1.05V 75
Place-Exchange 7352257z 7,
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Fig. 7.3 Schematic of Pt dissolution mechanism
under potential cycling.
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Fig. 7.3 Schematic of Pt dissolution mechanism
under potential cycling.
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Fig. 7.3 Schematic of Pt dissolution mechanism
under potential cycling.
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Fig. 7.3 Schematic of Pt dissolution mechanism
under potential cycling,
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@) TIEZDOWNATZEALDOY A TIL, KOBLESICED Pt-O DRSS (X
7.2) LIRS (R 7.5) OFEA N E D, DD TN TLIETR PtO, BT D
CNZTVIEHESND D AL BT DI OB R T D VIA LD X 5720 | I
ﬁ T KT 5,
(b) T 2 i D PtO 75 4 i D PtO, ~D i St (R 7.7, BEHEBEMREENL 1.05V) A3
TV D, FDIIGERIRFIZ—H#8D PtO 232K 7.6 (ZLVIEMET 5 A REIE R 5,
ZD72H IML LA LD Pt-O OIS E THIEfRIFINHI ST, BALO LI
fif B R T D,

<1.2-0.6V >
ZDOENFH TITIE R LTI DIE TT O (3 7.8 <0 7.9) BEEZD . RHEIZITERD
H4&0 % H LR D,

PtO+2H +2¢ — Pt+H,0 (7.8)
PtO,+4H +4e — Pt+2H,0 (7.9)
TR L7z PtO, D—HB28, 0 fiD A4 F CiE TSN TSR TTiAfE 45 (24 7.10)
PtO, +4H +2¢ — Pt"+2H,0 (7. 10)
ZOBITEOHRITABIRRED A BT 5, 20720 0.05-1.5V (281 5B

A7V TIE WOF ATV AT G D ED L, HIJ@‘U‘/I)7/1/E|E*§ Ry
BOG® BRAET 5, %@M‘)_@%t BICOMDIENZLY . BRI IET 2,

FI2 LAV A ETEMD EA-T2E 3 IRTTHIRIREY) PO, MR T %, 2D 3 IR
;—T:E@foeﬁfz{b%@ TCIZROREDT T = T AET DT, 1.4V EL ETOEN YA
7AZEY ECA BN DLV LHs MY 200 k0B TkiIcT 7 =
VTN K S TRBEERF T ARREEML, 0.7V LLETZEDORK LT 7V AR
BN IR IR A REME N Dy ZDT T = P IRIRD NIERK F D — D1 E 2 5
N5,

%12 PEFC AL 7= AN H) (0.6-0.95V) . ON-OFF (0.6-1.5V) IZ XA ENZE
B3 A A B DR~ 52 DI L CRiik 4%, AMABER CIXEICAR %L
TETR AR, ASMBLTE 2 5L 5L0/NShe AR 1 MBI HINIRIE T 5, 205
6 FEIIRLIZINT, DR LT=AF L DXV RERRL 1 EITHT T 588 250,
i EL L TIIIEE RERDZRW okl T OIHR P EZDT2DE LV ECA @YFE
DGl ERIT, —J7TPEFC OB DOFRIZEN 1.5V AT ET LA 0mEIC
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VT, Place-Exchange (240 H4RL FIZRIT DRI Z ER A NE TS5, &5
\Z PEFC BB LARO FBALDS 1.0V L FET I35 &, 1.5V IZBWTEA LT —EH D
PtO, 28 TR T 5, 2728 ON-OFF DA 27 /U250 A &bl 2 31 DIl %
FEHLHEKRT D, 2 1.0V DL ETIREMELT-H4eA 4 OFAT OGS EE 2V 2
D EIRLTeAT o DZLILE S FIEFA~IEHL . A@ U REERT 2L 201
Do

PEFC @ H &ALz M3 57-90121L, 20 ON-OFF Y A7V Z&bH40
W2 B T 5L IIAR AT R T %, 71T PEFC #t@ﬁéﬁ"r AETDHHERAT =X

AL I —RAIOFBALD 1.5V IZ EFH L7 X912, PEFC WO EHE1TH M EIN
H5,

7.4 EEN T TOHEDOUEAE

WRERER IR P38 T D IE AL T TO A& DOVt % Fig. 7.4-7.6 1Z1~7, A
UL DA RS ZIXRRER A A DO % BERLL T 5, Figure 7.4 TiX 0.8V, 7.5 T
I 1.1V, 7.6 TIX 1.4V OO HEEEREZ RL TR, EOET LICEBWTE 045V T
At 2 BREL | ZOBMMNOEIRFFEALAAT v 7 U R RO O RS 2 7R
LCW%, £72Z0 Fig. 7.4-7.6 Tl Fig. 7.2 28175 Imai (245 Place-Exchange A
H=RBHEBEIILTND Y,

<0.8V EHEN. FIZBIT DM in Fig. 7.4>

BRI B D72 045V 35 0.8V ICENAAT v 7 SELHE, I 73,74 @
Pt-OH,d, Pt-Ong TR DI Z D E[RIRFIZ | BOhL1-0% o 7 A MR E DO RL E 72
A SDMESE BT 5 (initial stage in Fig. 7.4), ZO&E 0.8V TIREMELIZ A 4A
FrDELITAE LA~ T 5B 2015, TORIERIBRER T D&, ARG
1L OH X O JFR T DWW A 2 L0l &5 (ater stage in Fig. 7.4) , =D 35 DFFEHRIL
IML £ TELRWDS, F2 7 AR ERZE R A MBS Pt-OHyg, Pt-0,9 23
WU, a4 588 255, £72 0.8V TlET ITAYANEDEEARNNPHLD
A NSYANTAN

<11V EBN FIZIIT DM in Fig. 7.5>

FEAL RZBED 72N 0.45V D35 1AV ICEBNMNEAT Y FSH AL, 0.8V R, 12 7.3,
7.4 D Pt-O FERR SR LRI, S0 7 A N2 E DR E LA SOME RN IR 35
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At 0.45V

Pt-H,0,, — Pt-OH_,+ H" + ¢
Pt-H,0,, — Pt-O,, +2H" +2¢-
Pt2+ Pt2+

Pt — Pt*" + 2e-

\ & &
At 0.8V I I .
(nitial stage) P INNINNIY

Pt-H,0,, — Pt-OH_ + H* + ¢
Pt-H,0,, — Pt-O,, + 2H* +2¢

At 0.8V

(later stage) UUUUW\)

Fig. 7.4 Schematic of Pt dissolution mechanism at 0.8V.
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o Pt @ rt ﬁHZO @0 oH

At 0.45V

Pt-H,0,, — Pt-OH_, + H* + ¢
Pt-H,0,, — Pt-O_,+ 2H" +2¢

t2+

Pt — Pt** + 2e \ Pt3*

o
o o

At 1.1V
(initial stage) (WM

Pt-H,0_, — Pt-OH_ +H' + ¢
Pt-H,0,, — Pt-O,,+ 2H* +2¢

P2+
Pt — Pt?* + 2¢ ft

At 11V W
(later stage) \ )\ )1, )g )\ }\ )\ )

Fig. 7.5 Schematic of Pt dissolution mechanism at 1.1V.
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Pt-H,0,, — Pt-OH_, + H* + ¢

Pt-H,0,, — Pt-O,, + 2H" +2¢
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Pt — Pt2" + 2¢ \ Pt2t
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0 od

At 1.4V
(initial stage)  (WININNNIO
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Fig. 7.6 Schematic of Pt dissolution mechanism at 1.4V.
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At 1.4V
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Fig. 7.6 Schematic of Pt dissolution mechanism at 1.4V.
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(initial stage in Fig. 7.5) . —ERFMAFIE T DL, 0.8V L Pt-O,g DHFE HRITHIN
T B0, IML ETIHEL TWRWes | OB 2N A R OIEIENEITT 5
(later stage in Fig. 7.5), 0.8V iV 1.1V TlX, I 7.5 ICLDEMESIE 3 F 7 Ak
VAN D LR 22 E 72 A RSB UL Z 2 FTREME 3BV | VA FRIE 1T IEF I/ &b D
D 11V IRFFSND IRV SOS IS LT T D0 SOIZZOEN Tl LT AF
D HE EA~FHTHOSHEZDIZLL, ZRHOERIZED, 1.1V TOEENM Tz
TR R R ETRD,

< 1.4V EEBN FIZB T DM in Fig. 7.6>

FRL B DR 0.45V DD 1.4V IZEN A AT 7 SEHE, 0.8V, 1.1V EFEE, &
(Z7.3. 7.4 D PO JERLSUGEFIRFIZ, F0 7Y AR E DR E TR A MBI
i35 (initial stage in Fig. 7.6) , Pt-Ou OWERN EHL QL BALY A7V
E[FIAKRIZ Place-Exchange 23HE1TL | BR32 F-23EVIA L (initial stage2,3 in Fig. 7.6) .
L722LZ® Place-Exchange (ZE DU MEDIRIEL BALAT > 7 %5y TR T L, RFfE A
DN DIVE ETREEL B PtO, DR L |, VMBS I3 L <N S 415 (later stage
in Fig. 7.6) ,

PEFC OEEIEREEZME 5L, EREOEEN FICB W TR IEE2->TLD

DI%, PEFC 2% OCV (BH[EIHETE) LIRS D% 6 ThdH, ZORED F e fii
DENITHI 1.0V THY, Pt-O ORFERIT 1 IZEEL TURW=8 B SGETTL
T HEEZLND, ZOEMIZENTIEHEBAA Y OFHT SO Z 2N 2D
WRLUIASAT ATEm S TER LU, A& RERKT LTINS, %
DIZHZD OCV A1 TD B Dzl 45720 1.0V LU FIZPRFFT 272 8 oofil
EDBREE DOHIFE M E L7225,

%12 Fig. 4.3.5 TRUZ_ERENN 1.1V OFRIZ, BALY A7V FLOH#0IEL
BNLAT T FOIRIREDK B RE D=2 LI T, B LIRSS
82925, 1.1V FTORMEIZISUTIE Place-Exchange (ZXLABMRD T G- 13D 7L
ZHNDT2WD | Pt-O BRI LD OIMHI N EEIZ /8> TD, BALY A7V T D5

ANTII R 2 IZEBAZ BT K72, LIVIZET DEIZIE T TIC PO DR RN K
o TS, —H TROIRLEBA AT Y7 FIZHRWTIE, S RNNTE 0 OIRTED
5 LIV IZENMNATY T L, HRIERENP A — 5720, — EREERRE UE RN
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L LZD Ha O BN OHIENZ I LT AR5 T8 . PEFC DK== AL
E~DEMIZIR> TUEI I REMED DD, 5 %ITASMEBE DO RBAHITEL | Bl fil
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Z D LT AR HALNI LT A @ O USRS DS KE 24581 L0022 ML T
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75 fEE
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OEBN NI D Ae ORI 2D TIRE LT,
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Z@ENILL T OISR TED,
@ AN DB A2 FIZBWT, BICARLERTAMIH DR+ (T
R R BN S <L) DMEIERNCIEIRT 2, WL T-AF TR RERRLF L
[T T 2EB 2 00, LU CUIIEF ITIE TH D03, TR+ O Ve fifg 7)3 i
SR DT-DFE L ECA DDA 5| &I,
@PEFC OFLENREIZIL, BREIOE AR ZBIZESID 1.5V FTOEMD EFIZE
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