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1.1 HBRIRAE (L & 2 O fFRJ7 5

2013 FITAFE SN2 KURETNZ B 2 BURH S %L (IPCC) D 5 IREIE &
IZ& 5L, HROFELKIRIL 1880 406 2012 FFDO W] T 0.85°C EH-L TV 5
ZERHESNTEY, HEKRBESHERICEITL TWD Z R LN -
72 V. Fig. 1-1 (a) - (d)i%, IPCC 7% 2013 4| “CLIMATE CHANGE 2013” N T
H L7zAR R 1T 2 B AR O FAME, AL oMok m i o M, R ry
MR JE O P EVE DAL R SO L~V O E b2 TR L TR D,
HERIRRAGICEENZ S DENZE L TWD Z LR ENT. £, ZoWEE
NTIHREDRT AZONWTHFERENTEY, REDRTATH D Btk
# (CO2), A% (CH4), —MR(b —%H (N20) 72 & DORKHIRE T A\ HTES)NC
E V1750 FLIERTHEML TWD Z EAME SN TND. LV biT COREX
TEABREDN D DPE 72 ST X0 THEBARTE D 40 %M L7z 2 L3 @iE ST
BV, HEKEB(LOERE L TRRKOFEZ L TWDDOIE COx &iEf LT
%2,

IAFE DB HERGCR[MGEEBOFIN & S5 HERIBRRCIT, HRERED R
DHBOBETH Y, RTCOFEXE T X —IZZDORRNBRDO BN TND. HARIZ
BWThH, 2050 FFFE TSR AJEHE A, 2010 FEED 80 %IZHITT 5 =
EERAEE LTS Y. HREIRENRET A A X b EIC T, 2014
FHED CO» HEHEDWERIE, BRBIOBRBEIZFE D HJEH2Y 953 %L b £ <> T
BO, BB BEHD ) B R VX —FEEDN 42.0 %, B K OHFEEN
25.9%, EHN 16.5%% HDTND Z ERHEINTND Y. ZORENRET A
HIR B AR O 72012, = F — I BWTIE, BEITCIELN DB D%
BRAZWOT I EICL DA TR —IZT T, &FEE CHAEER % ff
LT RxNF—aEo ZEMBEEL = —Y = b — 3 27 & (ENE-
FARM) O K %#EDH T 5. ENE-FARM OfEHICE Y, Al « KRBT A L
ST =R =DM EZ 23 %HIE L, COHEHEE 38 %HITHT 2 Z &2
AIREETRB I N TN D Y. 2015 KRR T, ZORFHREEHITT TIZIS IE



ML TR, A7%IE 2020 4512 140 J5f, 2030 4RIZ 530 HHEOE K% H iR
L, BUEBIFZEBTR O IR HED 5T 90,

7o, ERHHEMICIWTH 2 0 HIRERITIEE & > TR Y, (LABE & RIE
S5 NIAKEE 2 P58 L 72 B BV B S RABFE L (FCV) ~ODis#az £, 2030
A2 65 T, 2040 412 300 1R, 2050 4R12 800 HH D FCV KA HEE L LT
W5 Y 2014 FERIZIL TOYOTA 75 FCV @ “MIRAT” 23, 2016 40 3 HIZiX
Honda 7°5 “CLARITY” 234 TIZ—RFEM T RMEL LTRSS T 5
S 512, TOYOTA 1£ 2020 FFIChifE SN D H A Y By 7 « RT Y By 7T
AT, O & 0T 100 B LA EDRREIER SR (FCNR) DB ALZTIEL
THY, 2017 FYHEICIT FC ANRAZATIIC 2 BEAT LI L2 RELTWD
V. ZDEHIT, AEOFHRRATREZR S O FEBLUT T 7oKL~ D UEITE ~
EHEATEY, HERRRALICHEIED Z 0T 5 Z ENMfFSh TV g

1.2 PRBFE ML O I & R

1.2.1 BoerEE h O VEE) F B

PREFEERLIIKSE (Ha) L8R (02) OEXULFRIGEZFMA L THRET 57 1
ATHY, OB EITER D 25 OB G LT DR 0 FERRICIE
KIBIZHEN R AT LATHD. ZUOBBOKEMR (T /) — K, 1Y —R)
BT LS E, RITRT.

7=k H, > 2H" +2e” (1-1)
J V=R O, +4H" +4e- - 2H,0 (1-2)
2R 2H,+0, >2H,0 (1-3)

(1-3) Ao on2 K918, {LABREIZREE S ETRET 2% & I13RRD,
IREFEML O BRI BT D IREAERDIIAKRDZTH Y, CO2 78 & DIREZN R
ZHEPHLRWBD T V) = R XV F—EWEBTH DL Z E 0™ nDb. =
DD 25 °C TR T DIERET v L e —28 b (AH® = —285.83 [kI-mol']) KN



%ﬁ%i%:*w%~%k(M¢—B7nmnmm)%ﬁmf PRELEE LD 25
B DBGERIER (ar2s) 1TIRO LI ITROBEND.

o] _ . -1
b = AG0 _ 237.13[kJ mol_l] ~0.83 (1-4)
“ AH®  -285.83[kJ-mol ]

U, 25°C ICRIT HREIEIM OB ERFLIZIB N T, BB OR LR F
—Z HERAYIC 83 %DERT RN F —~EMAETHLZLEABERL TS, =
BATICB W CTEMEBIONERN 0 THDH Z L E2EET D &, IR TEV aras
EETLHI L, BREERMORERFREFTAD.

— 5T, AN =Y A IS L DEERIER (ao) (X, @SB (Th) & ARENE (TL)
OHFHEFEIZ L WV IRED LI TEY, KA TEIND.

T
gc:]-_T_L (1-5)
H

KNFEET T NOBEEZIEL, RA 7 —OIRE (Tu=560°C), HAKIZHFOIR
JE (TL=30°C) &95L, BUMER L L GET Decld 64 %725 19, L2 AT,
WRRFE ML D o 1XEMOIEBNREIC L > TRARDZ ZENMOLNTEY, Tk
BHEMIZIIT S (1-3) ROKIEHFHEASIETHHT-0, ®iRIZR2 L5615
IR o 5 BELRLFEZINF =N 72720 ThH 5. 2F 0, BREHE?

Dep (FMME B LW T 20, —FHThNV ) —H AT NDe IFRE L&
iz EAFTHZ e (1-5) KXo 5. Fig. 1-2 1%, Ota 73 2012 2 “Refk
B OFFERLFPIOR Liceg OIREKRFETH Y, HIEOHEER T 1000 K
LLEIZBWTEWE Dac DI BNEL 2D Z EBHLNTHD . LT,

REFEMIIRIER@ 5 Z ENBEBTH L EE X ONDHD, ERIDE (1-1) R
(1-2) X TrRENHARFERIKE (HOR) RfEHEETKIE (ORR) O & GH
EEBDHDIC, ZROORISICH L TEN - B - & 2 R o /EEhiE g
MULETHDLEEbh TG D12,



REFEM O o 1 XmVMEZ T2, EEROFBIBREEIZ W) Tidbk 2 72 2RI &
STZRNAF—BRIRPBAET L ENALN TS, REVEMOBERIELE ) (E°)
1%, SE (n=2) K7 7 77 —&E# (F=96485 [C'mol']) & L TKRAT
KRDDHZENTES.

AG®  —237.13[kJmol
po o _AG° _ (Imol™T 1 23pv) (1-6)
nF 2-96485[C-mol™]

ZALERY, BREFEMLO E01X 1.23V ERE DD, FEERITITEMANIBIZI T D k%
ﬁﬁﬁm&@%r@%%ﬁ:#.ﬁghﬂiCMﬁmmzﬁm“%&%”@%ﬁ
LA IR LR B O B ER L OBEAN 2R L TR Y, HEHRmD I3 Y
— FROT /) — R TORISETT - B E R R - WEB BRI E23H Y,
IO OEFERKITEY HTEROHERKE L HICRKRELRDZ Engnd .
PREFE M O TR CIHEDR B IR F T2 DD, T DOIEPISD 5> B Y —
R BOSHEHTo B E NPT ORI, @R EM 2 T2 L ToRE 4
HEIRRE E S Ting 112,

1.2.2 PREHE ML O

BRELEMI, T2 BARECIEEHEE OEW ) HEE X RIS T
BV, 5% Ogumi 3 2005 452 “Readout” NTE & H7=H D% Fig. 1-4 [ TR
T 19, Fig. 1-4 |- SN2 TOREFEM TE Z 2 061% (1-3) KTHY, 44
VEERIIRR DL OO0, & & EPIXFAI L TH L. iR CIEE T 2 Rk E I
Vs Tl PR BR SR TR RE ML (MCFC) <P [EARIE L TR B i (SOFC) 723 & % . MCFC
S O SOFC DAEENRE 1XZ 424 650 °C, 800 — 1000 °C TH Y, Z i b EiRTIE
)9 L IRBFEM, R OMAMEIC BT 2B AR 5 b O 0, Efih
BEAZVTEL LN ERERa A Muad 2 ECRERFETH S, 2011 4D 10
A2, IX =L =03 FU T SeBR T T SOFC #40> ENE-FARM D 5¢ % B 4
LTHEY, BFEEAD 2021 £ T Ok E 100 T E TR 2 2 L1



LR DIERERB L CNE D19 —J5, AR CIEE 9 2 Bk E Iz
X, 0 ARRIERRENER (PAFC) CEA S0 Rk ER (PEFC) 288 %. PAFC
13 200°C FREECIEE) T 2B TH Y, HATIL 1998 FFITE LEMIC LV 35 -
PEERNCHID CTRERL ST FERER & 5 19, PEFC I, fthoRklEENL & bz L C
RN DS 25-100°C & HeD TIRW Z &/ NMIEA W EZ 2 & 0D, 11 TEK
L 72 ENE*FARM X° FCV ~DOJG ARHFHF N TV 5D

Fig. 1-5 |X PEFC O B /WA 2R LT Y, BEELOHRLIZIET /— R T

(1-1) KL VAR LT e b (H) 28 Y —FETBEITLEEOH D,
JEEX 20 — 40 pm OED TR H 5. BUEZ OEyFIRIZIE, 7' b oAngi s

LEMDESND, T aR Ao F 7 o 4 (Nafion) &FHEALD ALK R
BABFTL7 vHBRR ) ~—RNEMMEHINTWD. ZoEg FIROmIRIC (1-
1) KO (1-:2) KOEBWBICHEZ 2T /— KDY —RBHY, ZnbEEmy
TROTE D TEEMEA R (MEA) &MEEND. HE L OBSRMEHTIIE, S5
[ZH AJEERIE (GDL) &'/ XL—2 03B 0, ThEn /L —& DD bk X
NI A e ) — TR S D H R OB B V290 T XA ORI & 72 D
wEE R LTS,

PEFC O KEE K D7=I21%, O A ML T3 Mad CEERBEL 2> T
W%, BIE, ENE-FARM Otk 358 180 7, FCV (3#7 700 TH & 72> T
BY, ZOMikEOE I NG ROYT & 2o T D, (KIEBB 7 % PEFC ClX&E
RERAT ORI B R EE T m VIS CH D23, BEEME (Nafion) ZHWV257-9
BMRER AR BT AMEN RO b D Z &, R OMRIEBE O 7- o |2 B s 2
AT LN aXNE T 2T HRERER L 725 T 5 D19, Fig, 1-6 O
(@), Frm L — PEERITR G PHZEMER (NEDO) 723 2010 4FIZ “NEDO SRk}
B - KFEHMHIE 0 — R~ v 7”7 e Lz FCVAERIZ D v AT b=
A RNONRZRLTEY, VAT LAOKREBTITHEELEZ 100 KEREBESIZFERE
LIEAEEERTHDLAZ v IR 61 %a HDTNDHZENyNnD 0. £, TDRA
Yy 7 ax DL, BB 53 %% HDTWDHZ L6575 (Fig. 1-6 (b)) .

X, IR CIEBY 3% PEFC 7 / — RE OV Y — RITIE, Bl & U CE



NIt 2542 Pt OMEF SN TWAH = TH D, 2017 42 H 20 AHLEIC
BT, PIEXT T LHAMN 4000 H3 5 &FRADMEOEWVESEETHY, PEFC O
WK ARHET D7D, PUEAHEZEH TS Z ENMERAIRTHD.

1.3 [EAK G 50 F IR R 0D BB A Ak

122 THH~7Z X D 1Z, PEFC IMMRIEBME) S E 2 7Dkt & LT Pt 25
LNTWD. 7/ —R&hY— NIERIZIZZIR UMHEL LT Y, Watanabe
22013 FE D “WpfrEE” OFHEFLEN TPV Fig. 1-7 IR Eh b &9
72, 10 — 50 nm O — YR F-BEERIRIER S TG Z /O —AR T T v 7 b
FRIEA 2 IR BB R D F 1 EICKAEE 1 — 5 nm @ Pt ki &2 4HEF L, I—=R
FHEFlE & LT S CE 2 1.

1.3.1 77/ — RO R & RiE A

ENE-FARM O 7 / — KT, LPG VKRR T A 72 8% UE LT 0 A0k
Bré LTHOWONTWER, ZoHAZTb T —bRk#E (CO) NEEN
TWD. CO IIMIETH D PRI LRI T 2> T LE D72, Pt Offlif
REDE LWMET (CO#EmE) A5l LTLEI ZENMESINTHD B H
PREHE, CO #im ORIED BB O CO L ITEL LW EERRE LT b 72
W, EEBEWNE WS MEZ2 TWD. OB RT3 7010, BIETIE
T — Rl LT PV CO #ima b <72l Pt-Ru B4 BI%E S 1,
Ru DIEFIC LY COWFmAIT 5 2 LTI LT\ . 72, 2016 4E0D 8

IR FZD 7 Y — o 2 x X —W5E o Z =3, CO #H 2 B & 2RUis
BROE Pt=Co < Pt-Fe A OIFRICHII LIz Z L2 MG L TRV, Zhix
Pt i I E DRI AT 7o R & i TH 2 20,



1.3.2 71V — N O R & [E A
B —RIZBWTIE, 7/ —RKTRI5 CO HEDHMBITE\A, 121 TF
KL=k oic (1-1) XTEINDH HOR &Ll L T, (1-2) X TRENS ORR
, PtARBEIZ X DTEHENERWNE WO MEZR A TS, £, FEEEO PEFC D%
BRI Y — FAMEDS 0.6— 1.0 V OB A 2D, EE) - 45 IERFIZI3ROR T 1.44
DEMNAMEZT D ERREINTEY 2, 20X 5 REEMNARERERC
BWT PR H T 2 Z LGS TWD
Pt filfio> PEFC {FENEREE NIZH1T 2 %L1, Y. Shao-Horn 7% 2007 4EIZ
"E L 7= Fig. 1-8 ORI L HIZ, LTFTD 322 aTb6nsd 2.

(1) Pt OWMREZIT LT- Ostwald R OURREMAEIZ L 5 Pt R+ DHLKAL
(Fig. 1-8 (a), (b)) 292

(2)  HEHHAKR C OB RIZE D Pt K FONLEE (Fig. 1-8 (c)) 239

(3) Pt ® Nafion T ~DEMEHEHH (Fig. 1-8 (d)) 3539

(1) @ Ostwald iz & (3) DOEMEITHIZ, RLER Pt F /KO AEIT
LCHAETHHIEA T = AL T, Ostwald il TIiX Pt 7/ ki ORI DH K%
H72 b L, WREFHTH TIE Nafion O BERAIIC IR 22 il it & U T 7035
Fi~® Pt /N2 RORRIZORN S, —J7, (1) OWEMKMEIL Pt T /K03 %
[T L X —Z b S ROk O Kb A S & Z 30T, Pt DML
SBRNWTHRAET D, iz, Q) FHEFHEDOI—R (C) BNERETHZ LT,
FHEIIT Pt R AEEST 2 2 & TRAEL, Z0H{Ld PtOBEMFE N ST
WZHAT D, CIERITRTRIGT, £ CO2 KT CO IZ@fbEnd .

C+2H,0=CO, +4H" +4e" (E° =0.207 V vs.SHE) (1-7)

C+H,0=CO+2H" +2¢" (E° =0.518 V vs. SHE) (1-8)

FNEND s OFEUEEREN 1T 0.207, 0.501 V & PEFC O/E#hE KB AT &



g LTRSS C BB E LS EITT 22BN TPRENDDY, ZORISHET
IEFITBENTZDEBNIZRHETIECOFRNVBEZ I LRNESbTEY,
Yadav 51X 1.3V LU EE T COrARER RO TEWVWZ L2 HEL TS =
DX I, Pt EEOFIITZE DEIRE T 2 STV hb b3, it L
TOENEREBBDTDHZ LIk ViEZ Y, PEFC OREMEIKT25 & 23
EEDILTND.

1.3.3 7 Y — FAMEDAR Ptk & Pt-M &4 filiif

PEFC Z{X = 2 Mb¥ % Pt A &R OE Y #lAD—> L LT, Pt filtfftod—
A& Pt L0z (M) IS L7E PM A&t o6 A28 H 218 0N C
W5, 1.2.1 THiR7= X 912, PEFC OFEREIL ORR O SUSRPTIZ K& < B
£29%. &b E Pt @ ORRIGEMHEIFMOEEIZHLARTEIL TS 2, Toda 5%
Pt O—# &2 L7 Pt-M Sl TlE, ORR IEMEN PtiZtb~xm\ L35 2 &,
FeM OTIMEIREIRED D D & D BUIRERWFE R 2 #E L Tnd 0. 20
ORR {EMEN[A) L9 5 A B = X A1E, P-M A4l o> e 2 i A BUR 1 J8 O Pt i
Mg 2B, TOWEIZ M PE(ET D Z L1IT & o T PtiR#MEE OB IRENE
fEL, ORRIGMEAMEE SN D LIRE STV D, L7235 T, PEFC DFEERHE
DAL, P-M B4aIilB W T M ORI & T O E RIEICRET 5 2 & 03
BETHDLZEDPRBEINT. 2D Toda HOWIZEEFEE LT, ZNETILE
< DWFFEE BKEHIZ P-M @it DBI Il A TH Y, Pr-Ag',
Pt—-Co*2*) | Pt—Cu*?%® | Pt-Fe’9) | Pt—Ir% | Pt-Ni®D6% | Pt—Sn | Pt-Y®? 72 &
xR IINTEHE L OG4A TPt LB L CRWAEREZ 415 2 LR &z,
INHHMTEOHFTY, Co lTFICEWEAEZ RT Z LM LIERSR TS
THETHD P, 1.1 THIR72 TOYOTA 7> 5358 L7z MIRALIZ S, FHAIXEE
RENTWRWE DD Pt—Co @i i I THR Y 9, Pl 5 Pt-M
BB~ OBATIX PUEA RO - DICNALE ZEZ HiILD.

I BERE O SR T PEM B4 il Pt il K 0B TV D Z E R LN -
7y, MHAMED STHE PEM A4t Pttt L W 55 2 LR TREIRD. 2



iE, WIRTEIICPt LY M (M:Fe,Co,Ni, Cu) IZIEHEBMEN DN TH D
7%, PEFC O¥E « (ZIEOAFM T M NEBICIHM LSRN EITT D EEZ S
NAHTZDTHD.

Fe’* +2e =Fe (E° =-0.440 V vs.SHE) (1-9)
Co*" +2e =Co (E° =—-0.277 V vs.SHE) (1-10)
Ni** +2e” = Ni (E° =-0.257 V vs.SHE) (1-11)
Cu* +2e =Cu (E° =0.337 V vs.SHE) (1-12)
Pt2" 4 26 = Pt (E° =1.188 V vs. SHE) (1-13)

Mukerjee H1%, Pt-M A& Ml M NEfET 25 Z & T PEFC OBENZ KIFT
HEREIZONWTLUTOX I IZHERMLTWS .

(1) M A A DIKRGRESOENT & DI DEE DT

(2) ®EWTA A ~—E\, U L DB Y — Nibg oG HEn

(3) fBEANOT A A ) v —~OFEEFRILBOEE O T

(4)  MBENIZREDA A (Ti,Fe) BEfET 2 2 LI X 2D %1

72, MPEMRT 5 L P-M @R HEILEIFET 5 M BET 2720, &4
b+ 2 Z Lic L0 bz EMEEEN Kb BN’ H 5. 2 EOHFED
5, PEFC fEEIEREE M2\ T M Oz iifil+ 25 2 & (@imfAdk) 2%, PEFC
DFEHERRORFMIIZE > TIFFHICHETH DL Z L1005,

IR P-M Sa O &AL O 72D OFTLEE & LT, PtiZxf LT M 2
BRI T 2MEE 2 FA L TPt-M 5442 Y —F 7 L, Fig. 19 (b)Ir~T
£ 97 core-shell #§3& %A 9 2 MO ERA IR ITITON TV D, T,
Pt—M & & il 0 e 32 17 23N R+ J8 O Pt-shell (278D, Z DNJEIC Pt-M-core 73
AT HHETH Y, 90°C D 0.5MH2804 FICHAMIRIET HZ L7V, ROVEMR
B CEMANEZGZ TM ZRIEMIEL 2L THLND Z LRHESNT



WD T E T2, Adzic X° Inaba HIX Cu DT U F—RT X VT RY VA v
L EHLD o X R AE T Co, Au, Pd-core b IZHLJF & D Pt-shell ZJEA%T 5
Z LTI L core-shell filti 2 /ERL L TN 779,

1.3.4 Pt-M A&t D51k

HIE, NP ORR iH1EZ H5 Pt-M A&t OYERR « 1ERIE ORIt
FENTIE L TW D —F, ZOHEEHIIE 22 ST, 72 & % core-
shell #1% %2 A4 2 Pt-M A4&fiti % A\ C b, PEFC {EEIEREE FlcRB W\ CZ 0t

ENBILT D2 ERHESNTND 8080 ZoHOERE LTUL, HR-A
D EBRIZH £ 528 1.3.2 Tifgam L7- Pt & [AIERIC Pt OIEMEE /1 L7- Ostwald fi%
R 808 ORI 8, E7203 Pt OWMREE T S IR WO EEERERAE SD0HEF C O
Pl B3N L % Pt OF DM ERE DR LRSS ZENZ. L LR
5, M OEED PEFC HEREICEREEL H X 2 L WIORRR H D126 00 67,
Pt-M G4l i) HEEfRET 5 MICBIT 2 LIXIE & A E 720 . Chen B X, Pt-25
at.% Co Gk LT 24 KR OFENLY A 7 LaklR (0.65—1.05V vs. RHE (A[3#
KFEFENL) ,100mV-st) &ZITo72& 2 A, Co AEEMEL T Nafion HIZHTH LTV
L2 ExEHHMTL, PEFC OEENMETIZORN L &L ¥ £z,
Mayrhofer SIXEN YA 7 D LIRS 1.4V vs.RHE £ CTEHT 5L, P-Ni &

G Ni BEfFT 5 2 & WS Lz .

Z DL 91T, PEFC fFEIEREE T W TIE P-M A4t o Pt KO'M DM
TGRS D728, T OB E AT 52 LI3MD TEER LD TH 5.
B2, PM A4 O PtEHERO7ZDIZIEM EOBEKIIMNETH Y, P-M A
A o> Pt RAEIE (Pt-shell) DERGETR & 2 DA% DOEIREREIZ OV TH S
NET D2 LD, EOEMAMICKLELZZ BND. ZIVE TIZ, Pt OBRIZ
DWTIIEk A R REIC L VR SN CTE 2, FEFOBET 2= TIXE
SALFIKBEIREN T~ A 7 0T 20T ¥ /L7 un— " HEME L W72 in-
situ DPEFEZ VT Pt OBMEEZIRIE L, OB ZIRE L %) —
55T, Pt=M &4 OVEARIZBIT 5 %1 /1% 2002 - 2013 412 75>F T Corcoran <> Hsieh
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528 Pt=Cu A4 5 D Cu OBIIAFRIC OV THE L TWAED, TSI Pt o
iR % AL C X 2R RIEBICBIT 2HETH Y, EBED PEFC {EBIEREED X 5
IRIEEEIREEE R LT D &1 E 2720 299, Hoshi H1%, 2410560 Pt-Cu &
GICBAT AN FEEOBREIZEH L TWRWNWT & 2454 L, PEFC OfFBjER
WA LB A 7V ERERS AT T A~ &8 (ICP-MS) % W,
Pt-M &4 OIEFREERE 2 IRat L7z 999, ZO/EE, PtM &80T 7R Pt O
BRITEZ 2000, M PNERINCEHL TWD 2 &2l 60T L, IR
ZEN AT TN HR DO P, BALAR O, Co MDD PNTH>NT
WE L. L L b, BALYA 7 L OREE) e M OFME & Pt O AR
FNZLE D 5EMI 72 Pt IRHERE OFERR & Z OBPUEMEOIHIGEIX, ICP-MS 7% ex-situ
IZX DM TETH DI DBINCE Aotz 2D, Pt EHEEOBME
DRI BEOIMHIREIZ KIT T M OFEE - MRRD B OV TE, RAFIAZ2 103
£ FEHS>TVDHONBRTH 5.

1.4 AR B

AREFETIE, HERERRLICE K3 2 BREOBREEFMIC A LT, PEFC O% &3 H
ThHDHZ L EIBRRIZ. PEFC DEKITIZZED AR N T URLEAR R TH Y,
AR NDOKESGT G D DUERD Pt il o, Pt EHEZKR L 72 P-M &4l
BE~DEHRNEH L 725 T D PeM At s W izi5E, 548000 Pt &
O'M OB DIEFEC X0 it A%k L PEFC O%F LWMERRIKR F 25 &R 292
EDER SN TWD DY, £ OB TR O R0 Z<FK 5. £ 2 TR
SO, Bt aTRE AR O BN AT T K FEHS DR EIZEBR S 72012, PEFC
filfit & U CTHIfF STV D PEM S0 Th, FrZBITH#ERE L L TORK
bEWIEREZ R Co®™ , @k b&AMiZe Fe, Q%A T iR UEEMENLAN K
FLVER Cuz Bl P-M A@fEticE B L, £ O@RMAILEEZ ST
HZ b F, ZOMRIZIESE P-M AGRE D B A L~OFEE 2327 5
ZEHHMNETS.
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1.5 A SLORERL,

51 E Tigam) ClE, HIERIEBEL e & O BREE I O fEY I I LREH L O 2 A3
VHETHDLZEEMHL, ZOERBOZOIZIL Pt EHEZIKE L7 P-M &4
fRBEDO RN BE TH D Z &2k~ 7o. £z, TIUTHEVRIEE 725 P-M &
SR OEEFFSAIT BT DUERAFIE AR L, Pt-M & il i oD Vs g B i i B oD
BRERLE. SbIT, KmXoB e E R LT

552 B TESINOCE ORPREEMRIC X 2 Ae iR oM TlE, Pt-Co &4
VT RIERER & ICP-MS 73477 6, Co OBRIEMRIZ X % Pt iEfEE O
TNERIE LTZ. E72, 2L 278 Pt-Fe (Cu) G@&xHWZEAMY 1 7 ikl &
ICP-MS 7342 6, Pt i@ TRt DB OFE &, Pt-Co &l THESL
L 7= PtIRMEEIZRCE T L D2 4 M2 RGE L 7=,

53 EEMEOZ OBEE BT 5T v o RV 7 v —~< LT BRE O
TIL, Pt—Fe (Cu) A& bLEMT 5 Fe (Cu) % in-situ THRIFTREE 7756 F v
FoL T a0 —< VFBIEOHEREZIT>72. Fe (Cu) % in-situ TR TE 2
BMENMEZPRE L, TOBMIZBWTHRILEND Fe (Cu) DOEREMEIZOV T
i Llz. ZOREEID, Pt-Fe (Cu) AEOBMEOMIIIC, Frrxi7nm
— VT BERNE e FETHDL L ER LT,

o4 E [Fyorx7a—<LFBRECLD AN ORRT 58K
OO TliX, v rv7a—~< L FEMEE O CEMY A 7L
BRI Pt-Fe (Cu) 8@ LT 2 Fe (Cu) KO Pt ORIKFHH 21T 72.
FT, TNE O KIZT B A 7 VK OFEALHIFE O B2 i L.
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BSE BN A ZIVTICBIT D A8 0OtEMER ] TIE, Zo3EickY
HSEONT-HAE 2V FE TITHE Sv- Pt OEME R R mILHREE L2 BE L T,
B A 7V TFICHEIT 5 P-M 48 DOIARISIE 212 R= LT,

o MHR4E] TiE, UUEF1ZENLESEE TORIEEZITV, Pt-M A4 fil
EE M AL ~DFES 2R LT-.
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Figure 1-1 Multiple observed indicators of a changing global climate: (a) Extent of
Northern Hemisphere spring snow cover; (b) extent of Arctic summer sea ice; (c)

change in global mean upper ocean heat content; (d) global mean sea level change.
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Figure 1-2 Temperature dependence of theoretical efficiency of fuel cell'V.
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Figure 1-3 Current-voltage characteristics of fuel cell'V.

16



E;EE mai
B Bl{&m 0 FH Y REETY ARt ERIET EHAER LT
= (PEFC) (PAFC) (MCFC) (SOFC)
EfRE =R FE Y A TARbREE REIIVAZT
e A > H* (&7k) H* COsz* 0z
{EENREC HIR~#1100 #7200 #1650 800~1000
Eh=x 30 ~ 60% 36 ~ 45% 45 ~ 60% 50 ~ 60%

HEEAsRE RmIK K, EZR AR AR
BEaZE(LHY) 70 ~ 80% 70 ~ 80% 70 ~ 80% 70 ~ 80%
R CORF AR < 10ppm <1% OK OK

® (K8 TiicEh - B O HIAEINE, ABEIC | HIAEBRAREVATL | BHEELN L
e ® BB (Hy) FIRTES ICHIBTES O HIHEREREV AT L

e TBREBEHZ L ® AR D AERERE A ETRE ICFHIACES

o RER, EXEHERTRE o MRl DREREH T 6E

Figure 1-4 Characteristics of fuel cells
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Figure 1-5 Schematic diagram of PEFC single stack.
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Figure 1-8 Proposed mechanisms for instability of Pt nanoparticles in low temperature

fuel cells: (a): Growth via modified ostwald ripening; (b): coalescence via crystal

migration; (c¢): detachement from carbon surpport; (d): dissolution and precipitation in
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Figure 1-9 Schematics of Pt—M alloy nanoparticle catalyst before dealloying
treatment (a) and after dealloying treatment (b). Gray and orange spheres indicate Pt

and M atoms, respectively.
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F2E FMaxRORNERICESERRMEBOEE
2.1 #EE

132 TR~ & 912, [EiRE S TRk EM (PEFC) IR 5 Pl H&ED
Kz B LB flao—Bt & LC, Pt filllia Pt-M A&flit e+ 25 2
ENRBHDH. ZITT, I ML Pt LR L CTHRARSEPHOOND DT,
Pt-M A&t 5 M PNEIREM T 5 Z LSS TW\W5h. £2 T, PEFCE
HEREE T IZB T D P-M Bl DM A M E D72 DI, & OUigisieg 2 Wik
T HMERDDLEZEZXLND.

JEE S R RIA AR EIE, Zn—Cu, Cu—Au MY Ag-Au L E-7-E4LE - TtHh
BEICOWTEFCHE SN TE . FFIT 1960 FER %105 1970 FCRT
(22> C, Pickering 1% Zn—Cu } (Y Cu—Au % VT < ORFFER R 2 #id L T &
7= DO IS OWEF T, BIRICKIT D BIEMEZ BT 5 72 DIRIZRT 3
DDAN=ALPRESNTZ V. LIFTIE, A-B 84842l 2 cE0>H A
FHAE, BEESRLET D,

(1) YAFEFEATHIEERE (Tonization-redeposition mechanism)

A-B BRI D A PEIUEET H L, miis (f: 28&E) 2R -7 B
MBI ZEIUAT 5. IRIC A DFEMREND B OUIFEN & i L Tz L
BT Y, ZORLERBEBIIEORB=FRNLF =B LD T XL DI,
FIRFINT NS K 0 L RAE R Z D rTREM R H 5. 72721, A OFEMREN B O
IREN LD E L RRGAX, B OEMEITH T D2WMENITIE 0 DA
COBREIIER L nEEBE XN TS,

(2) REPLEBHERE (Surface diffusion mechanism)

A-B @& mN O A DNERPFIEMHT 5 &, REITFEAE LIZRAE B JRF23 Rk
BICEVHRETEERKLL Y E95. ZORTFEECB RIS LRLEEY
LTS EBEZALNTEY, ZOREN=ZRITLGMICEDIT B OB 2R
MR L, A OBRERZMEIT 5 LEZ LN TS, ZOWHEIL, BJRT
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DENVGEPEWVWA-BEETEHZALEZZ 5N TN

(3) tATEILBUERE (Volume diffusion mechanism)

A-B BGEREND A DRIEMT 2L L, RIS L 2R TIREETO A
EBOBECIVEZDLEZLN TS, A-B AEICHFET IHEELE L
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