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I REEISERT 5 2 LAVRI S LT, PYC PrFe/lC o Fe capsule
I 5T, MAMEIZE LT fet-PtFe F / b5 4 B 135 — Ry 7 o5 s S ed
TEVIEFEIENLTEY W —R U HEROERZM kit (PYC) £7ixA&EA 4T / ki1 (PtFe/C)
T % B BRI T BTG 2 ey RS BRET R TIERD T M ARIR OB
HIEHBEIELZ, LEDORER NS, PtFe F / Ki 1 HOLRIL AT & R

WS 7R, FEFRITE W ORRIENE EMAMEZ A L TWD 2 ENRGNn0 ., A—AR 7 ) —7pREER
R LCTHERATH D Z EARENT,

AMFFETIX, fet-PtFe F /R8I 7 72 /L OREERIEN S | A ORI 2EE TH DRy h U —
7 Mg & e DY ORR JEMEM FICH FHT 522 L 2H 60 LT D, (WFER R OFEMZ 2 M)
F7o, BPET — 2 & OILFENIIE T IEM L 2R & 2EMRIT 225 b fet-PtFe 7/ K885 7 7B )V D72 72
BN R STV D, In-situ XAFS JIE 25, Pt-Fe J / ki FiEfE o> PPt f5 A WHEEEH L 2.72A TH
0. RO Pt Rt 2.77A X0 L F7o, Pt ki & BT Pt-Fe -/ R {- SR D
Pt-5d 22 fLE0EZ <. EFRBICEAL THEWAER SN, S 512, M 14 1R T EKEIAM IE STEM
Z W TAESERT S, Pt R ITEAEREE Ch D DIZK L, PtFe 7/ R FEfER Yy N U—2 3%

i
n

ha
o

—_—
(4]

2
o

ORR specific activity (mA cm™,)
.'j -
o o



fEib O SN D Z &2 R LT,

Ibiz, AET—7 L, EX/LF XPS
(EC-XPS) Z VT, ik C o S W As fi oD
FEMT & FEHE L 7=, PtFe /b bbbtz ik
D Pt fiftfi & e~ K OERAVEOGT K D Aty
DI D72 < | —J7T ORR (2L 5 FRFEFRDO W 3
EBREZNZ ERH LN E R ST,
PLEDOFERMN G PtFe F /R8s B 7 & L fih
BEORM oG TH DT /R ERE Ry h T —
7 RG2S A ORR IEPEM RICF G- L
TWADAEEER &V, Fo. I b Ok, &
I C OSSR AR B % 5 % . ORR {HEM

FIZFEHELTWD LI SN D, ™y & [ 2om |

—JIC, AT RNVBED B 72 D i AL & B R X 14. PtFe F / Ki 75845 5 7% L0 STEM 14
L. JHH A-1 OFEND fet-PtFeCu #4577 & /v

DEREED -, BIEET CTOBZACFREN S, fct-PtFeCu 1 7 /WIZ fet-PtFe 7 7 &)L & [RIFLE D&

VY ORR IEMEZ R L, )8 OB 2 T 2 A s & BRI I W Tl A D 1] 23 ifERR S 4172, fet-PtFeCu
AT vME, =R TV —Th—RUEREOEELZ T T REME YA 7 < EHIC Cu &L Ae
b LS 7HEE L 35 2 & T, Fe, Cu ORMEMXAMNIGET A 7 VICHERTEMAETH L2, £
HIFN L E LT R B MR 2 HBL LIS 5K CTh 5,

WHSEE B B : FSLEMREAM B OB
B-1. /M BEHEE I L 2R E~7 v S ERRERE OB

ARIETITHE—OME T, @IRICA A S A B S E B R BB E LR T 272010, sV
S A Y . RO RA~T v iR EERP BT 25 EER (N F 7T Y —VEk: BT KO
TaFT = EKTDICER L. Zhb 2=y FE ALK AT = =)L+ =—F )L« ALK > (SPES)
DBKEIZEAN LT 7 2 b s
S FHBEZBRE L. (2. &K

—
o]
e
—
e

b
30 _ 1o
FH & AT 5 5), oz E mSPES £ .
BT-SPES AN U ~—#Bi%, BT A& 225 singr =10F
72 0.1% ~ 1%L B F, Mg 8 §w”
= =]
MR EAEICRR LT, @ igidams Y 5
e S o -5-SPES
e, MEWER MEPR R Es AL, 810 §107k 0.1%8T
=1 o
BUKER & BUKS 2SR AR Y EL 72 < =B E SO ST e
%ﬁ*ﬁﬁ%@ié:k%ﬁﬁjbflo 40% R.H. BO%R.H. 0 5 10 15 20 25 30

Water Content [%]

Z FT-IR #E - EEf
S BIC FTR BEL D, BT-SPES @ B 15. G ~T v A EFERREMEAR Y ~— (BT-SPES) @ (a)
FRENRIE, AV AR R EE R OMAEIR  EM b kL — RO (b) 71k AZREME (80°C)
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A EEE A~ 7 ML, bbb, BBOKE/REEA T 2BEEEMENMEEI N TWD Z & AR
ENiz, ZOX DT HEELICKIN LT, BT-SPES SEMEEIL, TRV EEERER (30-95 %RH, 80°C)
ST, BAFe 7w b AZEM (4-120 mS/em) 7R L, RWVEE L= R X—I2 X o T, @R
B R UERESEIT LTV Z E R Lo (K 15),

WNT, @S &R S-S HHAMEH A AT 5 TT ‘B4 % SPES OBUKEICE A L7z TT-SPES &K
U~ —#kEL, BT-SPES AR YU ~—HEL [FERIZ, B817e~T7 vl A/ERICER LT, @zl &b
FHVREMZ R L, BKE & BAGH 2SRRI H B L 72 BRI 2 52 2 L & bi2, 7'm b UimssEig
THOHBAKITD RAA U EMRIELZ /MM LT, £ 20F /7 #EEICER LT, TT-SPES &Efif
B, JAIR - RISV T, BT-SPES AU ~v—#E LV b RAF7R2 7 1 b A8V EZ R L, RUVE
Mk R X =TT a b AT 5 Z ERH LN T,

B-2. REERERELZ B LMY 1 V v S EREROEE

ARSI BREE N C OB EEERR ~ T T, BB EME AR D, EMSIRE BN 7o BBl 7 ¢
VU TEORBEE T o7z, 22T, BET LR ~— ORI, BERGRE 72 & OFERSM 2 et L.
JEHPEI 7 m DR Y =F L ZAEEM A~ MW ALR CERIEEE (& IEC) (T 5/3—7 A4 n
REMERY) ~—Z FHE LTS 7 « U o VEREROFERIC RS Uic, FRLUIEMILT 2V o
EARERET, B L2RETHIIEEE T, Eh i = -
FEMHIAEZ A L, £72. FT-IR ORSEMNTNS ., ALK |-H«ﬂwﬁ

SRIKO U — ) OEEHNA~OL T MRES I, B [ .
B E oI TR S, CoMRICRR 2 o1 R
LT BI6 ISR £ O ITHIZLY £ U > 7 BREBIE, W 2 6o ®
JEVRERENR (20-90% RH, 80°C) (Zi - T, & IEC Oifi Z Dmi :*
WiF 7 4 A B (NR-211, B 25 pm) L0 R § ' E :

BN AREE AR LA BN LT, I

— T, ARETIE, 100CLL 0 RIS £ 45 L oootl o, ]

0 20 40 60 a0 100

MEMED BV R Y A I NS ILEM OB bHEE L, K Relative humidity [%]

SR DBHEIC E VAR A I FEAEMEER L, B g6 7o ko msbh o & ik k. (@) &
ST L 2 AL OB AR L7, TESRGB RO B 55T2%§%§%§5f6§§%§fgg
BTG + % ¢ % BT BIRS - BSAEEORE 5 ool ¢ 2 ML Nafion211 i
EEALEETMED SEM BN G| 1) RIFH A~ DRI

FRE<, 2) F¥ A MTDHELNELS ., £z 3) AiADO S FEMEVIZE, BEANBELST N
Ex U, Bt nm~3E nm COMALEHIENKI Lz, RN A I REALEMZH WL ¢ U >
VEMEROBEICHETF L. & IEC OGS EHEREMER Y ~—OFEITKI Lz, BIF L7oMfL
74 U TR, BUKITEICEIL, e b AREME (RH=100%, T=80 C) 1%, £ 0.1 S/em LA LD @
7'u b AREMERG LT,

U EOFER LY | SRR T T @ OB E L RE 22 281 L 15 2 IR O SEAFE B 8 12 ik 2h
L7z,
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B-3. BEEEEELA T HHMEIMET v b A=EEORIR

EEAME, - SRS T CTHIFE e/ 7 e b ARERORIR 2 R L, A IRV BB DRI~
IKEREREM BN LR AT L — 2T —7 1 kel - AL, 7o b Az A I 2 — 5y
TLOMTHOCMBILZ I L2 TBEBEERT 7o F AzE8K)] OR¥E21To7, 9TV A L
A7 L —2U—7 113, BELOEIRREMFIEIZL T, —EETHETLZ LIRS LT, £
IO L—2U—7 | OFCEGEBICBTOERERELZHETLZLICkY, 7a hARE
PEA I F =N E B E O EBEICNG L8 T ER (1CIm) B ohd 2 L2 /LT,

Z OEREE 1 Clm O X ST 21T o To/E R, K17 IR d Lol A7 L—2aU—27 11%, Y
LK DSIARREE TR L Caf BN o BAME (Rivf: 774°) 280 (K 17a), —RIeIkOR )
TRKFRES (2.693 A) LHEO CH-r HEMERICER LT, BFKROT 7 22/ (13X8 A?) %Rk L T
WD ENGoT (X 17b), T7hbb, R LA L —2T—2 11X, ®ETLH5A N0
4f%%% U, BFRICEERAERE~E B CEAET D NI N, S HHEERNZ &

CNEINTA IF Y G T ERNICHEICESI L, 20T b UgiEY A RS, ARl
ﬁﬁkéﬂ:*&mﬁ®%ﬁ§ﬁ7ﬂF/h%?k/*w(NNWE%'2%1M ERBELTCND L
MWLM (K 17¢), Z OFEMBEY e imltix, N7 REBo A I ¥ —/0 (281 A) LV b
BIZHELSFFETRELDOTH D, ZOFFR &

RBEEERE (1CIn) ORBUTKRK L ™

T, HELE7 o b A8 F v RV, * # SRy
AR - EIRAME (1200) 2B T, WS
B 7ot & U CTHBRE L. 7L 7 fRBE

[1-1]
DT TN AREEE A 1000 R b Mﬁ?‘ A
o~ e = 4-
B L LBz, B L BT L% c}!mﬁ_:,?@'&};m& W
e S e AR

— (02eV) T | HENHETT LTV ?iéb‘ ,
5 LB bR, ZOTE b 1 MWKW%%
WOEB W] D AN B 72, TR ATZS R (K ki o

(e} ‘ ' el L

2H-NMR A% bV ORIGRHT %3 7 7= i

AR R
B 1 35— T O RS s e ::;ta{.'“.' S
FE PR LR L L C . K & 700 U % SARNARANA ﬁn

; i‘q'i‘tﬁiiﬁi "ﬁ

"'J"Jr_‘ !f_‘rlr.-_'__-_":_'-;_'.._: =

H4 % Pake &7 L v kb (130 kHz) 73,
IRV R FE R (25~100°C) 123~ TR .
IS AL, FH 0oy TEET K & < il & i'
NTNWLZERNghotz, Thib, kb
ROHCEARIEIC L > THRELEYED
OEEEIARET v VR T, D

; \\'."
) ﬂ}Pm'lnn Conducting-Channels via imidarole W
4 L s

RS XEH R RE AN = ZADETE g e e MR S 1 b AR 1C Im OB

. EEOTE UEBEENETLTWD D X SR, () AT L— AU —7 1 O 1. (b)

ERA LN Tz BROT AN E» OB EICEBMIN T 1 b

= —o NEEBYEA I H Y =5 (e d) JERRCUTEE LT as A
AT D —RTIRO T 0 b AREF v R
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FFZ2IE B C : $H MEA OBA% & RBLEMRE
C-1. B¥T7F 7 i T 2 A 72 &t A MEA OB %

JHH A-1 TBA¥E L7= PtFe, PtFeCu B FAlliIX, $k& &4, ERAEEZ X THEG, Fe XA A & LT
WHLZBICAL D72 FURIED OH TV WV EAER L, EBIREREST A 4 /) ~—DH x5 &
BT AREMN D D, ZDTD, BEEEOFA CTIER 4 Th Y, BIRERST A4 ) ~—%2 &0
MEA 2K COMAMEZTAM L7z, & 2 Tik, © Mo H A2 IET 2 ARISE AR S, © Eff
BEORHZIEST 2 OCV (B E ) REFIAMRER, 2L T, OL@%FMAEDLEZOQ HAMA

PERBR A S L. SRR EIES T C Fo ST AEA A LI RIS T % T LT,
£7°, 80CTODOAMICERBRAZITV, BRI R 100
HEFO MEA CHWVWThH, BETHEZET S T om.
fct-PtFeCu/C 1d. ™k @ Pt/C* (*“Cell Evaluation and £ g0} oo " L]
Analysis Protocol Guideline”, NEDO, p19-22, 2014 D7 — %) % a0 ° ]
EU QRS A 2 MR L TRCER (RS b | ’ .
B (ECSA) #{RFT5 - LRS-, ([18) WA £ 40f
PRI ORUEARNT 70 D BRT (L, Cu skt B | 2 e
2L o THE D BHESCTR D If ST 7o Th D LR
uﬂéﬂfco ¥ 02000 4000 6000 B0GD 10000

VT, 90°C, 30% RH T EME LD H Ak 2 Mk 5
% OCV PAEFABRICEB T, fet-PtFeCu/C % FV 7= MEA
X PYC & [RIFREEOLRFFRER] (100~150 IFfE]) %12
OCV WET+2Z L& L7z, OCV frEralERE D

Cycle number

X 18. 80°C. MEA T®
4% ECSA fRFFR .
Pt/C

BARINE YA 7 Tt
(M) fct-PtFeCu/C, (O)

SEM-EPMA #HI@& LV Fe jcHE I YV — N EEAERENICEBEINTZ, Cu cEIZELUL7T /— FE2 &1

MEA 2R S, I L7z Cu A A i3 i@

=

@7/%1&[&@@3@“5 Lo T, OCV I F ik g
(TS B E BT S ARFE Y uxzkwwimm %o
JJD f&lﬁ“é Lim8oT. LT Fe A o 12 EAR 3 04 T
BT AET 5 b D0, LI LA = & 40% b 0 PUC 1
Shiz, SHl2, L0 EROBEZENTHS 110CT é‘“-“ﬂ T T
D OCV {#E#ER (X 19) 123U T, fet-PtFeCu/C % U _ Time ()
72 MEA IZ, PYC ® MEA &l LT, @&V OCV &L “g 40— —— —
K7 v xd——% 3 el RIS L, B g E 0L® |0 E{:{g:pecl.,-::'_
BT FA A BRI S o T, 220 | — 4
FIC. MEA IO Fe, Cu BAREIC 52 5 8E 8 1o

L0 BIREICEIR T D DI EM LT, @ ARISEY A1 . T N S
7 VRBR Y OCV RFFKR % 12 A D 7= 1 AT A MR T Y

BRICBWTH [AEEIC, fet-PtFeCu/C @ MEA &V OCV
PREFEREZ 7R L72, 110°COEIR T?D OCV fRFrbRIZ &

13

19. 110°C. MEA T® OCV £RE I %1
% (A) OCV, (B) K77 1 A A — —Eji#

DAL

(O, W) fet-

PtFeCu/C, (O, @) PyC



B 577,200 FEHEV OCV ZRFF L KFE 7 1 A — N— DD MR S 2o 7o, LLE S PtFeCu
R A-F  RL il D MEA 13, PAEFEHSEEEI S T Ol & OVEAEE IR L CEMA TH D Z &2
FRES T2, EONTRERIE. MEA OFE 225 &SI AAL~DREHES & 2 5 IEFWICEELRMATH D,

. BE&E&T /R FERMEL L W2 — R 7 ) — g OBk X O &l

A2 ODWEE TR LT K 912, PtFe F /R 85D 72 /L id, FEF IS B OB ME & A 2 G Fs o7
B, BREFEMASEME S L CAETH D, £ I T, PtFe F R FER D TRV EANT, A—Rr T
U—7 Y — Nitiifg 2 F8 L MEA fb S, BREFEMIEELIT o7z, T O Pt-Fe F / hi i 7'
VR Z D Nafion 7 A F /) ~—DOWERREZHIET 5 2 &L TR DT/ MiEZ R ofitiiE 2 FR LT,
ZDOFER, B nm OFENT A A ) ~—J@ IR 2D e N FE R o T 2BV T BV ENE
BEAZTRTZ ENDh oz, BRALFAHECREBRMEOWRERTEND ., BN OT A 4 ) ~— 0D
REIX, MEFEN A OWEBIIESICES LTS Z EavRi S iz, 202 Enb, 7 fitEo
JHEEIL, FEENERE. FFICDEBENIRRERIR A 52 5700, fEE N ORESE T A O+43 7 fikkG
IRADHENR, AN OYE 2 R 2 At @RS OREE PN ETH D Z LBy hol,

AKFEETHNTWE I T AOIERITFIETT 7 L — RO A IR0 GRS T 7 A4 X—7 L) %
BZ2DHIETRGIBBEEZ LT CTEDLT RRUT—UhEFT 5, Foxld, 77w il ofgis
DEEE~ET T, A RAORe B H 72V (BT EVERE 100 ~ 500 nm) 55k LT, [Thoh 7 &
N T )P A ADFy T — 27 THE S, mWEREREE EEEE2 A+ 2, —5 T, ElEEICEL
TILEWABIER SN, AT A XARKEL, BT BABOZERNIEL 515N T, &EREEE
BT DNE E L, &5, HAYEEE S D TR Vg O EEEICEE L, HRABBEDE
JEHB AT 5 2 L CHREMREDH LICHKITI LT\ 5, LLEORERNS . WEBBHIRIL OO 72
DITIX, g - 7 AYLEE 2 & D EM SR COMERFHNLETH D Z LRI T,

BN T, =R 7 U —fillfiiE o ZEBEREE T COMAMEZRAET D720, I —R VA% I
% L B 1k i AP B R
FERM LT, FOREE, 1.0

4 20 (ZRF & DI, it op ®EEE My .y L
X/ 08 7
DAERER (10,000 94 3 gola ] "l-......-
2% A 5t a 2 06 °®
60 >
ECSA L i AE 5 fa, £
c >
s, R rﬁ&% £ 4w g
_ . 2 W initial
j”%) Z & 73)§7\73)O 7LCO 71 4 20l A B oL i 02k B (0] g?t(la? 10K cycles
R AT A 4 pic ®)
-3 0 1 1 1 1 X 1 1 1 )
it Pt/C 12BN T, 0 2000 4000 6000 8000 10000 000.0 02 04 06 08 10
95— 7j< /Fgﬁ kot Cycle number Current density (A/cmz)

4000 V1 2 i X20.(A) BEVEIEY A 7RSS BCSA OfRFiE () 71 —7R 7 U —PtFe
’ i A7V REE m)m%@mm%ﬁﬁ(mﬁ~ﬁy7UHM%ﬁfﬁw%
ECSA 7% 50%LL P27 #it@4 Flu 7= MEA @ 80°CIC331T 2 BTG E ik, (M) #IH. EEhi k3 BRa0.
D SetEicEm e (O) EEFIERER 10,000 YA 7 142

T45, 2O b,
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T —R 7V —h 7 Ve IR T i
DMEFETDHZENEIESNTZ, £/2, 7L
filbii s oW ERLE (XK 21) »6.| fliE/E S
X 1~1.5um THLZ NG00 kDT —AR v
ﬁ%%ﬁ@%ﬁﬁ@@ﬁ%uumkwﬁf\#%
ICHWZ LR ST, filliE OB v E
BRI OMRHA R TE 2,

LLbms, A&/ /) RiriiEn 7 ik,

=R N—=h—E:
PtFeth B h T+ L

. . h—dr)—hy—p: BREBR F7/—F:Pt/C
WSEDH— R AR A ST MBI Z 515 prehes At

UMIRBETE M AR, SUVEBENRPIC L B 21 () A—R> 7 U —h 72 L itiE o5k,
& - e g | 4 s (b)) BTRIAH Y — NitlitE - BAVER - PUC T/
PEREAR T & W o 7ok x Z2EZ R LIS 5 9F% R AL CHEG 5% MEA (i
(AR EM B CH D Z LR E T,

C3. fiIFL7 4 V v JEFELZ AW KBERET COREREME

HH B2 TR LIz@mWAVKR VBB E 2R B 7 um & IEFITHOIL T ¢ U v 7RO
TR A SRR L7z, (X122 (A) ISHIFL™T « U > 7 A F V- MEA OF8 B MERE O AR RHE R AFE 2 7
9, £72. K22 (B) (it L LT, Hillk® Nafion 211 57> HA/ERL L 72 MEA O 27797, K22 6,
AILT ¢ U > TR E WA .7 7 — R Y — REEICHRHEE 10%, 20%OER EERFEIZB W TH,
W EMEREZ R L TED, ﬁﬂﬁﬁ@@f@ﬂméw —J5C, MIBEIZB W CIE, BEN FRDHIC
eV, BEERMEREIR T AR S T2, (RTRE 10%, 20%RH (281) 2 liF OMEREZAFHATHY . Z0H
K&LT, M7 U7 %Eﬁﬁx WAL VBB A o7 KBETO T 1 N ASEMER A
LTWbH R, £L T, I’

JEL 2% T R EE O S 5 0D — 1o . son ] m% o a0% RH).
5 Ve R A 20% RH A 20%
ThHY, HY—=FTDE 055 = 10%RH||] _ 08 o 10% RH| |
AKRDT ) — R~ Xk S 'l’!". b & © oo
Y "eaiailf222ee] 3,4 °00000,
D% L. MEA &fkT 9 06} . 8 po6po - °0
= = ml -
L 7o T D =g 0al =g 04 "~ “a
[l [CREN
NIENET N5, © ©
2t S 2t o
LLEDRER NG | A5 02 (A) SR T4 B 0 o (B) HBRNR-211[&
RTHRRE LML 1 295 05 1.0 15 "0 05 1.0 15
U > 7T, ERA Current density (A cm?) Current density (A cm )

FEFEER I B W THERIS  ®22. (A) @ IBC DMLY 4 U v VBN, (B) 15 IEC Ol +
HU B Ly A PRINR2ID) 2 7R R TR R O FERHR BER 7. /LR :80°C,
i S L 7/ —FK-hY—FEE: (@ O)60%RH, (A, /\)20%RH, (M, [])10%RH
B Ca
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FFZ2TEE D : LT ) v T ERIR R O & fth = RV X —5 8~ BB
D-1. BEWAKRKZ BN Z T 4 UV o TROBAR

A H TlE, BN OREBW B ~DICH 2% 2, mVkzZEREEME & 2250 (FRlC g
{bIRFR) HEWERE A AT 27 4 V o ZEOBFEZ BiE Lz, M7 ¢ U > 7RI, MFALNICFTE T
LR~ —OHBESCKEELLER D Z L THEMMAZTE TE 5720, mVKZERREGENME & bR A
B2 RRFCEBLT 5 0 BEEOBBE R FRETH D, L L, BUfE, COXH>REELHT L2857
FREDNKAR 2 BINAIZHZIR S LD E WS TR FRZITR, £ 2T, AR TIE, RS &K
ARRBWMEOEBREEZH NI T A EEHE LT,

T, IR T T T MEAEEZHWT, AR UEBEEZET poly(AMPS), UIVR U EEE G
poly(AAc), 7 I FEAZ T T poly(AAm) D 3 FEHDOHAKMERY v~ —%2 %2R Y =F L o ZALEM ML
~FEHE LA ER L 7=, (AMSP:2-Acrylamido-2-methylpropane sulfonic acid, AAc: acrylic acid, AAm:
acrylamide) Z O 3 FEIHDRIZIBNT, ALK B ZHT 5 poly(AMPS)Z FolE L 7575 5 & =1V M K53
FHEZm L, mVKAKEEMELZ BT 5 2 & 2 MEF8 L7, Hi T, poly(AMPS) % FEE L 72 EIZ 3\ T
FEXHTEE 20~80RH% D I CKZA KGRI Z M L7 & 2 A, 23 alland £ 912, @i 80% RH 5
PR TITMALICAT & FEIE L TW WM & AR E OFFF 2@V KRER BB 2R 2 L hnhol, —
¢ AR 20% RH 55 FClE. RH80% KV & 10°~10* RV kARG A 7~ L, AKAKEBIEL
SRV EARFMEN DD Z e 2 A L7, & 2T, KREKGEMEZ ERm~OEME (23 b) LIENES
TOPEHE (K23 ¢) T3 THEELZE A, BZMMEICE 2 2 B IENER T OPLBUED B T h
HTEMHBLMNE ST,

L (@ _(b) (c)
=y W p—————————— 107" —— — 1.0— :
B e LT T m s [
< 107 - ®B 620 107 |®es g | os| ®ee A
E | A T e . PR, .
- substrate o2l [ IEERE : | o8 A .
= 02 mi/g L] .
g . of [ (m?/s) i .
o [ i e . Rt
*1 ] o2} ]
- m (kmol/(m3-kPa)) |
¥ 107" = W% e . . ] ———
0 20 40 60 80 100 0 20 40 60 80 100 O 20 40 60 80 100

X 23. FEBORRDMILT 4V FTIEICE T 5 KKK D (a) BWE, (b) SEEME, (o) IWMME. HIFLNARY <
—FEHEE (W) 97%, (@) 62%, (®) 0% (FEkt)

S BT, KRAKILBANEOW R FEIEE X0 ERNCER T 2 72 DIC, WEZHIH L 72 in-situ FT-IR JE 2>
5. BENEBIZE T 2 KOMEZFHI L7, 2 2 Tld, KESROE—27 3% 5 3000~3800 cm™ D &' — 2
. BRI RSB KT (A VB E B EERT K)oV TV
<A S8 KR (BRPESEIICARET B K) 1B LT, 2 ORER, KAEKILHANEO R E KT,
B ARMEROKRGFEMEN DD Z LGN EVKEKIEENE A EBLT D 720 O ER R
DHERFITET) LT,

16



5. RELASBOREE

AK7mav =7 ML 4 FiZm LT, il - itk & EREEOFRE Z RRICED . E2h o
BEZ S EH LUWWEREZ T 3 A 2R THT U AT L% G5, IR OB BB L TH R
FEREFAREE « T —R T U — T TR VRS BEE R RS A R OMIAL T o V) v T EER ST 5%
< ORRE L, FANMNCEE MR OB Lic, RFEETHR LRI 2 3 & L, 5%
PRBFEM N EH T IE, KR EFRZES IR TR A FARFENRE - BIHRELZ LN THZ &0
AMRE T, BUEDEBN R DR RV F —HATIT R b 5 FHi i & 72 0 155,

Sth, K7y =l NTHONTEEREEZRERM L, IEREGEFE] (ICBWCEMRIZIT 7ZERD 24
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(Invited lecture) Takeo Yamaguchi, Takaya Ogawa, Hidenori Ohashi, Takanori Tamaki, “Polymer electrolyte
membranes with high-density acidic groups for polymer electrolyte membrane fuel cells”, The International
Conference on Self-assembled Functional Material, July 6, 2013.

(Invited lecture) Takeo Yamaguchi, Xueqin Chi, Sea Ebina, Hidenori Ohashi, Takanori Tamaki,
“Functionalized membranes having molecular recognition polyampholyte made by plasma-graft
polymerization”, The 8th Conference of Aseanian Membrane Society, July 18, 2013.

(Invited lecture) Takeo Yamaguchi, “Design of polymer electrolyte membranes utilizing interfaces with
high-density acids”, Hanyang University Symposium, August 19, 2013.

(Invited lecture) Takeo Yamaguchi, “Fuel Cell Materials”, NIIST-CSIR, Council of Scientific and Industrial
Research, October 7, 2013.

(Invited lecture) Takeo Yamaguchi, “Super lattice Pt alloy catalysts and porous capsule catalyst layer for
PEMFCs”, nano tech 2014, The 13th International Nanotechnology Exhibition & Conference, January 29,
2014.

(Keynote lecture) Takeo Yamaguchi, “Electrolyte membranes for PEMFCs and solid alkaline fuel cells”, The
10th International Congress on Membranes and Membrane Processes, July 23, 2014.

(Invited lecture) Takeo Yamaguchi, “Systematic material design and development for Fuel Cells”, The 21st
international SPACC symposium and the 1st IFAEE, November 1, 2014.

(Invited lecture) Takeo Yamaguchi, “Systematic material design and development for Fuel Cells”, Seminar at

University of Colorado at Boulder, November 21, 2014.
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(Invited lecture) Takeo Yamaguchi, “Systematic material design and development for Fuel Cells”, 2015 IMCE
International Symposium jointed with the 4th International Symposium of Nano-Macro Materials, Devices,
and System Research Alliance Project, January 28, 2015.

(Invited lecture) Takeo Yamaguchi, “Systematic material design and development for Fuel Cells”, CENIDE
Science Talk, July 6, 2015.

(Invited lecture) Takeo Yamaguchi, “Systematic material design and development for Fuel Cells”,
International conference on nano materials and nanotechnology (NANO-15), December 8, 2015.

(Invited lecture) Takeo Yamaguchi, “Systematic material design and development for Fuel Cells”, Seminar at
Central Electrochemical Research Institute, December 11, 2015.

(Invited lecture) Takeo Yamaguchi, “Materials for Polymer Electrolyte Membrane Fuel Cells”,
INTERNATIONAL CONFERENCE on NANOMATERIALS FOR ENERGY, ENVIRONMENT,
CATALYSIS AND SENSORS-2015 (ICNEECS-15), December 11, 2015.

(Invited lecture) Takeo Yamaguchi, “Systematic material design and development for Fuel Cells”, The Asian
Consortium on Computational Materials Science : theme meeting on First principles analysis & Experiment:
Role in Energy Research, ACCMS-TM2016, September 23, 2016.

(Invited lecture) Takeo Yamaguchi, “Systematic material design and development for Polymer Electrolyte
Fuel Cells and Solid Alkaline Fuel Cells”, International Symposium on Advances in Electrochemical Science
and Technology (iSAEST-II), December 10, 2016.

(Invited lecture) Takeo Yamaguchi, “Systematic Material Design for Polymer Electrolyte Fuel Cells and Solid
Alkaline Fuel Cells”, International Polymer Conferences (IPC 2016), December 15, 2016.

[EERZFs - —iREE]

Hidenori Ohashi, and Takeo Yamaguchi, “Shell-Like Free Volume Theory for Molecular Diffusivity
Prediction in Polymeric Membrane Systems”, The 8th Conference of Aseanian Membrane Society, July 18,
2013.

Arumugam Balamurugan, Bhalchandra Kakade, Takanori Tamaki, and Takeo Yamaguchi, “Chemically
Ordered Intermetallic PtFeCo Catalyst With Improved Activity and Durability for Electroreduction of
Oxygen”, The 224th Meeting of The Electrochemical Society, October 29, 2013.

Hailin Wang, Takanori Tamaki, Bhalchandra A. Kakade, and Takeo Yamaguchi, “Correlation Between Carbon
Spacer Ratio in 3D Reduced Graphite Oxide-Nanoribbon and Catalytic Performance of 3D Carbon Supported
PtPd”, The 224th Meeting of The Electrochemical Society, October 31, 2013.

Shinji Ando, Daisuke Arima, Hidenori Kuroki, Hidenori Ohashi, Shigeru Yao, and Takeo Yamaguchi,
“Development of pore-filling polymer electrolyte membrane with high proton conductivity and mechanical
durability for fuel cell application”, The 10th International Congress on Membranes and Membrane Processes,
July 21, 2014.

Takaya Ogawa, Takashi Aonuma, Takanori Tamaki, Hidenori Ohashi, Hiroshi Ushiyama, Koichi Yamashita,
and Takeo Yamaguchi, “The fast proton conduction mechanism without water movements in the electrolyte

membrane containing packed acids”, The 10th International Congress on Membranes and Membrane
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11.

12.

13.

14.

15.

16.

17.

Processes, July 22, 2014.

Hidenori Kuroki, Takanori Tamaki, Kazuhiro Kamiguchi, Kei Kubobuchi, Masazumi Arao, Masashi
Matsumoto, Hideto Imai, and Takeo Yamaguchi, “Structural Characterization and Enhanced Oxygen
Reduction Activity of Chemically-Ordered Intermetallic PtFeNi Catalysts”, The 226th Meeting of The
Electrochemical Society, October 5, 2014.

Kazuhiro Kamiguchi, Hideto Imai, Takaya Ogawa, Takanori Tamaki, and Takeo Yamaguchi, “Selective
Analysis of Grotthuss Proton Diffusion in Polymer Electrolyte Membranes at a Freezing Temperature Region:
A ?H and 70 Solid-State NMR Investigation”, The 226th Meeting of The Electrochemical Society, October 8,
2014.

Shinji Ando, Daisuke Arima, Hidenori Kuroki, Hidenori Ohashi, Shigeru Yao, and Takeo Yamaguchi, “Pore
Filling and Thermally Cross-Linked Polyethersulfone Membranes with High Ion Exchange Capacity and
Thermal Stability for PEFCs”, The 226th Meeting of The Electrochemical Society, October 9, 2014.

Takeo Yamaguchi, “Electrolyte membranes for PEMFCs and solid alkaline fuel cells using self-assembly and
pore-filling technologies™, 2014 AIChE Annual Meeting, November 19, 2014.

Shinji Ando, Takanori Fukushima, and Takeo Yamaguchi, “Self-Assembled Organic Framework: Wholly
Organic Anhydrous Proton Conductor”, 19th European Symposium on Organic Chemistry, July 14, 2015.
Balamurugan Arumugam, Takanori Tamaki, and Takeo Yamaguchi, “Enhanced Durability with Cu-Containing
Chemically Ordered Pt-Alloy Catalyst for Oxygen Reduction Reaction in Polymer Electrolyte Fuel Cell”, The
228th Meeting of The Electrochemical Society, October 13, 2015.

Hidenori Kuroki, Takanori Tamaki, Shiho Nakanishi, Masashi Matsumoto, Kazuhiro Kamiguchi, Kei
Kubobuchi, Masazumi Arao, Hideto Imai, Yoshitaka Kitamoto, and Takeo Yamaguchi, “PtFe Porous Hollow
Nanocapsule Electrocatalysts with Remarkably Enhanced Oxygen Reduction Activity”, The 228th Meeting of
The Electrochemical Society, October 13, 2015.

Hidenori Kuroki, Takanori Tamaki, Masashi Matsumoto, Kazuhiro Kamiguchi, Kei Kubobuchi, Masazumi
Arao, Hideto Imai, Yoshitaka Kitamoto, and Takeo Yamaguchi, “Pt-Fe Porous Hollow Nanocapsule with
Highly Enhanced Oxygen Reduction Activity and Durability for Polymer Electrolyte Fuel Cells”, The World
Engineering Conference and Convention 2015, December 1, 2015.

Shinji Ando, Takanori Fukushima, and Takeo Yamaguchi, “Self-Assembled Organic Frameworks: Anhydrous
Proton Conductors Based on Inorganic Acid Adsorption”, The 10th Conference of Aseanian Membrane
Society, July 27, 2016.

Shuntaro Amari, Shinji Ando, and Takeo Yamaguchi, “Development of Novel Aromatic Proton Exchange
Membranes Based on a Benzothiadiazole Unit for PEFCs”, The 10th Conference of Aseanian Membrane
Society, July 27, 2016.

Jin Tomatsu, Hidenori Ohashi, Yuhei Oshiba, and Takeo Yamaguch, “Design of Thin Electrolyte Membrane
with Pore-Filling Method for Polymer Electrolyte Fuel Cells”, The 10th Conference of Aseanian Membrane
Society, July 27, 2016.

Shinji Ando, Takanori Fukushima, and Takeo Yamaguchi, “Discretely Self-Assembled Organic Framework

for the Formation of Anhydrous Proton-Conducting Channels”, The 10th Conference of Aseanian Membrane
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24.
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27.

Society, July 27, 2016.

Vishal M. Dhavale, Hidenori Kuroki, Takanori Tamaki, and Takeo Yamaguchi, “Designing of Carbon-free
Cathode Catalyst Layer by Structural Modulation of Nanoparticle-Connected Hollow Capsules for Improved
Mass-transport in PEFCs”, ECAT2016, September 13, 2016.

Hidenori Kuroki, Takanori Tamaki, Shiho Nakanishi, Masashi Matsumoto, Masazumi Arao, Kei Kubobuchi,
Hideto Imai, Yoshitaka Kitamoto, and Takeo Yamaguchi, “Structural Effects on Oxygen Reduction Activity of
Carbon-Free Connected Platinum-Iron Nanoparticle Catalysts”, PRIME2016, October 2, 2016.

Masashi Matsumoto, Chihiro Yogi, Masazumi Arao, Hidenori Kuroki, Takanori Tamaki, Takeo Yamaguchi,
and Hideto Imai, “Oxygen Reduction Reaction Mechanism of Connected Platinum-Iron Nanoparticle
Catalysts Probed By EC-XPS”, PRiME2016, October 2, 2016.

Shuntaro Amari, Shinji Ando, and Takeo Yamaguchi, “Effect of Heterocyclic Ring Systems on Properties of
Aromatic Proton Exchange Membranes for PEFCs”, PRIME2016, October 5, 2016.

Yoshiki Iwai, Hideto Imai, Yuhei Oshiba, Takanori Tamaki, and Takeo Yamaguchi, “Mechanism of Proton
Conduction in Perfluorinated Sulfonic Acid Polymers with High Ionic Exchange Capacity at Water-Freezing
Temperature Region”, PRIME2016, October 6, 2016.

Yoshiki Iwai, Hideto Imai, Yuhei Oshiba, Takanori Tamaki, and Takeo Yamaguchi, “Mechanism of Proton
Conduction in Perfluorinated Sulfonic Acid Polymers with High Ionic Exchange Capacity at Water-Freezing
Temperature Region”, PRIME2016, October 6, 2016.

Shuntaro Amari, Shinji Ando, and Takeo Yamaguchi, “Heterocyclic Ring Systems; High Performance Proton
Exchange Membranes”, 12th Japan-Korea Symposium on Materials & Interfaces, November 3, 2016.

Daichi Kubota, Hidenori Kuroki, Takanori Tamaki, and Takeo Yamaguchi, “Development of carbon-free
electrocatalysts by connected platinum-alloy nanoparticles for polymer electrolyte fuel cells”, 12th
Japan-Korea Symposium on Materials & Interfaces, November 3, 2016.

Jin Tomatsu, Yuhei Oshiba, Hidenori Ohashi, and Takeo Yamaguchi, “Development of Thin Pore-filling
Membrane with Low Equivalent Weight PFSA Polymer for PEFCs”, 12th Japan-Korea Symposium on
Materials & Interfaces, November 3, 2016.

Takeo Yamaguchi, Hidenori Kuroki, and Takanori Tamaki, “Connected Nanoparticle Catalysts Having a
Porous, Hollow Capsule Structure As Carbon-Free Electrocatalysts for Polymer Electrolyte Fuel Cells”, 2016
AIChe Annual Meeting, November 16, 2016.
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