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Figure 1 Image of “CAFE” alliance and relationship with various academia and industries.
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é :Av\v\v\v\: o ' X kS
2 0 N K /' %
= 1 e “
- _2_ i [ \\
é 10 5: 8PE-bI-Hg4;a ?Eg:%g) 3 2 o . .
S Fe® QPE-bl-11(4)a (EC=1. 3 3 .- :
8§  [A QPEb-1(4)a (EC=247) 1§ 50 oBEgl) e g e
. v QPE-bl-11(8)a (IEC=1.23) g e O T
g ¥ QPE-bl-11(2)a (IEC=1.19) 7 S -
10-3LY_QPE-bl-9 (IEC=1.76), ! t N e
2.8 3.0 132 34 2 0 200 400 600 800 1000
1000/T (K™ Time (h)

Figure 9 Temperature dependence of hydroxide  Figure 10 Change of hydroxide ion

ion conductivities of QPE-bl-11a and -9  conductivity of QPE-bl-11a and -9

membranes in water. membranes at 60 °C in 1 M KOH aqueous
solution.
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QPE-bl-11a £ (IEC = 1.29 meq/g. I VALMIA A 9) OT AT VitERBRZIT-72 (1
M KOH /ki&ik. 60 ° C, Figure 10), QPE- bl-1la i (IEC = 1.29 meq/g)i%. 1.8 mS/cm @
WA A BERL R LTz, 24 FFRIER. 3 VLA 42 0 DKL A A ~DA F
URHRICE S T, A A EBERIL 68 mS/em ~& EH LTn, ZOk, EERTEECOITED
L. 1000 EFREZIEZICIZ, 23 mS/cm & 72 o7=, ZiUE, HmKIMED 349 TH - 7=, & IEC D
QPE-bl-11a (IEC = 2.47 meq/g) BEDO T V1 ViHHRER ©IT 72 & 2 A, HKRKEERITEHW
ETdH - 7= HMK TEC i & [RIAR 2K 2882 /R Uiz, BRKENC 7 v #F &2 & T QPE-b1-9 i & Lt
BLTHT7ABVMMEITHEVEDLLRNWZ LD, A AU REZH Y T =7 AT
FFOLFREEDF U ThiuT, BRI D3 572 > T TH T A U ZE I R
ThHZERHALNE T, i, REBZICHEOML 13580 b T | o1 L8 E
WTENT=T A VIR R 2 DRI T,

QPE-b1-9, -lla [ IENT=EMEEDMEELZRT R, FEREEORN DK HHBETH DHT-
WERETH D E WD) KHE., FRMEICZ LW E W BN h 5, 2T, BT =4 E
TEMEEAL TR ZE TE M TIN 2 T D ek PR IR i e S ) B E 2282 HRYEL T, #7725y
TG ARG LT, BUKEC R K CIL PR EM BN D =T v A a TV VA8 A LT
5y 7 v SRV FEMRE QPAF DX ET Z #7147V, TR Et b aa 72, QPE-b1-9 B I WY
QPAF BB = — T A A L D BALFIINCLE 7 C-CREA DA TR I TNDH T8,
EREX U7 =40t Red T Uh ETEEREVESERRIC K D it s b
ZENHIETE S, £ BAKHOAETO T 2= L URICT VESTENEAIN TS
T B AEBENEL . EBWT = L EENE L B R AR L VR
T 5. QPAF D4 FRE 0B AR, TEC 72 & NSRRI IC I TR ZMET LT,

|H:}X\| . I\©/CI

X =4or6 //
120°C Cu

wsh | DMso /

| /
cl cl cl cl ’ /
O £ O + \©/ + CIOCI
| o e e

1(x=4or6)

0, DMA . .
soc 2.2 bipyridine Figure 11 Picture of QPAF
Ni(COD), membrane.

PAF(C4) (x = 4, R = H)
PAF(C6) (x = 6, R = H)

TCE
80°C CMME
24h SOCl,

ZnCl,

CMPAF(C4) (x = 4, R = CH,Cl)
CMPAF(C8) (x = 6, R = CH,Cl)

rt. 48h l 45 wit% trimethylamine aq.

r.t.48hllMKOH T :
Figure 12 TEM image of
QPAF(C4) (x = 4, R = CH,N*Me3 OH) QPAF(C6) membrane
QPAF(CE) (x= 6, R = CHaN"Mes OH) (IEC=1.26 meq/g) stained
Scheme 2 Synthesis of QPAF membrane. with tetrachloroplatinate ions.
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QPAF 5%, Scheme 2 IZHE~>TEA LTz, BARMIIZIZ, 1) Ullmann 7y 7V 72X D747 V%
IVE ) —DEK, 2) Ni(cod), ZHW=hy 7V 7RI LD EREE . 3) 7V —FT VI T 7 KL
kB AT b, 4) Ay a b U K ED 4 i b T ' =r b, 5) IS Y ANEIC
FDBIEE, 2Ty 7 v R/ Ab T = A BN S T QPAF A 137, & B DO SO & &
’JTM SORSRAFIZ LR 2 7o/ TEC @ QPAF JAa435Z LITRkEh LT, QPAF DAL F AL
BRI Y61k (WR) B XNV WRE e~ 7 Z7 +— (GPC) IZZVFEMTL | 5% 7@
@ff%aj:ﬁ T DE oy 18K (M, >28 kDa) MFHIT-Z LA R LT, QPAF EI3 #0258t
D, 30 um FRFEOEBRTH B CFFEEL TRVWREZ R LTz (Figure 11),

Figure 12 (2 QPAF JRODZ A EE - BMEE (TEM) 2~ 7 E=U AKOXA 40 %
PtCl® A A UNZEH L TN D 7, BEATHSNT o E=0 A EEEZETBUKE, AN
BKERZ R LT 5, QPAF BT 7o kB B &2 R L TR0 | 1. 6nm BREOH K 7 A
H—INB]—ZHH L TWDZ ENHL N E
72570, [A UBLAKER 57 1A% 2 52 QPE-b1-9 : x : x
B (WRAR SRS ) & Bl B L, 7 T A ¥ & rarcans .. ]
—REIE N/ N E Dy o T2, QPAF RITELAKE & ?; QEQE‘EZ’_-;“»W ]
BOKER T v & Mk A L EAETH s Optbio . .
Diembr ey 7 EAKTHS QPE-bI-9
Bt &[RRI AR B IS 2 7R L7 2 & 1. QPAF
DHKETIH H/X—T7 )L A a7 LF )LD I A
OBKEIC K Db EEZ NS, e b ol ‘ ‘
CHEENDORTF— I TH D Nafion 72  (b)

Eb T AELKRTH D 7205 IR T ]
OB EZ R TZ En<monTRBY,
7 =4 EEREREICBONTHREARS &
WS DZ & A A F ¥ X NVDERK
WCERLZEL 70V —2 Bl SE D 2 L
WAREL 72 o7, L

QPAF EDKFIZIBIT HEKRBLE T =F 0 10 20
(B R A 42 )EER (EIR) O TEC KA IEC(mea/g)

% Figure 13 (2789, QPAF JEOEKHEIX Figure 13 (a) Water uptake at room
IEC ¥R Lz, IEC>1. 5 meq/g T temperature and (b) hydroxide ion
1% 80% % A2 7-, QPE-b1-9 fi& & bhifid % & conductivity at 30 °C of QPAF and
WPAF EDIE 9 R E AR EMER R LT H ?EPCE-bI-Q membranes as a function of
NN Fk%kiﬁ%a_ Iz .z. ENDBEEFEROE A7 '

WZEIZL VT EEPEZIRTHAHT-DT Temperature (°C)

H 5 &%Z%ﬂéoQPAFH%OD?:ZL‘/%%% B0 70 60 50 40 30

t, IEC OB KIZEE - TN 228, 1EC=1.5
meq/g DOREHNETE RO KAE (58 mS/cm) Z 7~
LZ LA E TEC Z 8K ST HEERIIME T
D LNy o Tz, TECL. 5 meq/g DRI
EIKRNRE K DT DR TEC EAME I
TTr2Z2 L boThirEEZLND, \\\1
EKRBLT = A VEEREIINEETDH & i

BRI S—=T v F a7 X VD RER 6 T 102 ‘ 1 ‘ 1 ‘
% QPAF I (IEC=1.26 meq/g) H3/3T > & L 238 3.0 32 3.4
WRRE AR R T R R LT, 1000/T (1/K)

QPAF JEDKFUCIIT 27 =4 HEHRD  Figure 14 Temperature dependence of ion
RN A Figure 14 ([R$, 7 =448  conductivity of QPAF(C4, C6) and QPE-bl-9
FRITEFEICK LT L=y 2B k(g (both in OH- form) membranes in water.

=
o
(=)

501 A .

Water uptake (%)

60+ B
40+ ° Bl

20f [ A

OH' Conductivity (mS/cm)
[ )
<3

e QPE-bl-9 1.3 meqg/g e (C4)-11.11 meqg/g
(C6)-1 1.26 meq/g
e (C6)-11.52 meqg/g

10'1?\ |

lon conductivity (S/cm)
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@)

Zor L, JEMEET 2L F—]F 9.2-17.0 kJ/mol OHFPATH 7=, ZOfEIZ. CHERPICE#RE
ENTWHMOT =4 EEMNEG S TEEEFRETHY, Ko TOKERKEEZI Lz
Grotthuss HEMEIC L 2 Ruo A 4o D8 L HEE SN D, QPAF fi5 (IEC=1. 26 meq/g) D
HERIT80CT 95 mS/em & WO IEFIZEVMEIZEL TH Y, FSEMHICHIT D Nafion D

7k EERICPLECT D mVVEEME A ER T D 2 N CE T,
FeFEFe
cl O FIFLF Cl Ni(COd)z
FFFF 2,2"-bipyridine
+ DMAc
Cl 0.0 Cl
CHasl or

N N- (CH30),S0, J DMAc

(X_ =l or CHSOSO:{)

Scheme 3 Synthesis of QPAF-4.

QPAF (ZRIT D7 e =0 MEAMIE 2 UWE 200, : .

L e EtEzm L b5 Et 217 o7, ® OPAF4 ®
BRI, N—=T L F e T X Lo iEr $ 150 © SPAF- ]
BRI E Ly 7% L AIBRmICURT g} ]
ESYNEEATEIAA L EER T 0l e o ]
KENEN LT e e A & 50 F QPAF-4 2 | ° o ]
ZB% L7z, QPAF-4 DAL, Scheme 312 & o f ;
o T 7o, FHABAKMRT ) ~—s > . ° -
LT 2,47-¥2712m-9,9-E%(6,6 -E % i o
NN-TCAFALT I 2)~F L) TAHL ~ ool ' )
VERARL, BAEMGE L OWUHEEEET  § o

> QPAF %° QPE-b1-11a & [AERTIT o7z, @ © e °
QPAF-4 OILESMEITE ) ~—DfhiAzte 5 40F d ° A
LIFF-HLTRY, HEhEY oiEr s 3 o
THESTLELTHDZENTERL, EE 3§ ,| |
R4y &%, Mn = 7.1-16.9 kDa, Mw = § o

72.7-276 kDa O#PFHTH 7=, MEM»D T

B L7 TEC 12, H NMR 222 hamnbe © . . - 25
Sz IEC EfEa—8 L T e, EC (med. o)

QPAF-4 EDEK#EIL, IEC O k& &
WZHEIN L 7= (Figure 15), F£7-. [EIFEE D IEC
AT D QPAF R E bR TR E 2fia R LT,
QPAF-4 ETIXT LF L v A—H —ZFHF
HZ LIk, kT =7 AT ED

Figure 15 Water uptake at room temperature
and hydroxide ion conductivity at 30 °C of
QPAF and QPAF-4 membranes as a function of
IEC.

HHAEBENRKEWZHDLEEZ BND, QPAF-4 EOKEREMA 4 L EERIL IEC OHINE &
HiZm E L7223, IEC 2 1.5 meq/g 2z D &0 T L7z, QPAF EIZHBWTH ., [AERD
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DR ENTWD, ZHUT, IECHAREWEBEDOEKIZE > T, Fv VU 7 —EENMK
T 570 ThdEEZLLND,

HpmcpttsR (B'), kR B )., BX O tand B /E) OIREKRAEMERIE (at 60%
RH) #1T-o7z, QPAF-4 & (IEC = 1.47 meq/g) 1. TOCAHIIZIBWTAH T AEBIZH KT
HE—2 &R LTc, ZOBIREEIX QPAF i (IEC = 1. 26 meq/g) @ 80°CIZEH~TIL L,
HTLFX L A=Y —IC KB R E TR IS, 5IERER (80°C, 60%RH) % 3k L7,
QPAF-4 DR RIS 11X 22.7 MPa TH Y |

QPAF 50D 23. 6 WPa & [AIFREE DB ME T o ' —e—QPAF-4(EC=184) |

>7, g 100 QPAF-4 (IEC = 1.47)
QPAP-4 % 80°CO> 1 M KO KA1 € gof T Opar lEc o 12d ]

RESELZLICE, 7B ViR 5 | ]

B&{7>72 (Figure 16), QPAF BEOAKR: 2 605 e

fe1 A HEHIE, FHEEEE L ble 3,

W L7ZITH L, QPAF4 g, Wi § T

> TEC DFEFTE 1000 FERRGE% S 91 ¢+ 20T T

ORI A A EEREEHE L, © 0 L . . T .

B ORI IRSCIRE N LT 5 2 & 0 200 400 600 800 1000

1372 < FeBRVE A #EFE LT\ /o, £72. QPAF Time (h)

A adrZ NECOT =4 L BB Figure 16 Time course of hydroxide ion
N S 440 1 S b conductivity of QPAF-4 and -1 membranes in 1

%H%ﬁi’/’ﬁ:ﬁiﬁﬁﬁ%ﬁ%’ﬁ{ﬁ a:{ﬁﬁﬁf ﬁé ﬁ% M KOH aqueous solution at 80 °C. The

FLTE ARG E T35 2 kﬁ)%ﬁf hydroxide ion conductivity at 40 °C was

o ToDITHR L, QPAF-4 BEITABIAELIC  monitored.

K DU B HERF L TN, £ 2T,

FBRT% 0 QPAF-4 D 'H NMR A< S RN

7 MAVERE L ZARBETE O .O

P B O BRI 1 3 DAL ’ e

ENRELS B L TWRWE & 2 hE “3,"“\13 " MW DMSO

B L7 (Figure 17), Zh b Oiflif QPAF-4(before the test) e

£ V. QPAF-4 [T QPAF & [FAZED & QPAF-4(after the test)

W7 = A HERERTIET TR 10,

<, XvERET VLY REE 1-7 u

T EBHEME T, M 13 op \ne
S50 QPAF-4 BEoRELliEE  — 80 60 1 20 0

4.0
o (ppm)

7z b RO Qoo D FeSOE 17 14 NMR spectra of QPAF-4 membrane bef
PN o i S VRIELT 80 igure spectra 0 -4 membrane before
eie SIR{LARSROKERRIC 80C and after the alkaline stability test in 1 M KOH at 80 °C

W R0 FEE L7z, BB OB

B U7 08 LM AR LT 0 . 'H NMR A3 R L BABSEREE N L L T
RN AR LT, T =A B EROHERFERIT 73% (59—43mS/cm) Th-o7-, e Tl
Bt 72 SRIFIZ BV T QPAR4 EMEN - (b EME 2 R 2 L 2 5EGE LTz,

(BANYTIET N—T)

IWRKRZFETRRE L7 =4 8EMEE S FIEICE LT, 748 U BRERE R L ~D )&
HOB AL AEYMEFEL (B BT VBt K OERM: & 7 =4 EEREOFR) 0%
TEME (T VT V) B EER b 22 e ) ARl L C & T,

WFZERRAE S AN TERVERE & U TV B I, BRBRZ IR DMWY T = A L8 )08
Botz, & Z CHIRBREHZE LAk e LT, mWValEEr: & RN & 08 R B i
BB N METhH o T, BREORG a7 Fom@b . B (1 4 8EH) & Bk
R CEHS) O E 2 2 E VBRI U T BRER G L72RE SR, Figure 18 12T X 912, FHimz
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Pl L7228 & @ VSR 2 m TR &
BT D LN TE I,

IO FEROT =4 EEEE
ZH ST S, SPring-8 IZHW
T/NA X B ECEL (SAXS) &2 v T
QPE-b1-3 FEDMEIE AT 2 Sl L 7=, Al
B4y F PE-bl-3 &L T, 7
E= v AHEAE A LT QPE-b1-3 EIE
J LU o RS (3nm, 30nm) 73
FWELTWD I ENRBO LN, FFIC,
QPE-b1-3 B TIEZ T =7 Ak
B2 FEEE N EKIZE D 3nm A
5 4mm ([ZHERTHZ EnRBEOLNTE
(Figure 19), 30nm O & #EEITE 751
FHOTa v 7 HEEICHKRT AL D L
EZbN5D, TOICEK LT QPE-bl-3 EF DA Ao fmEF v oL 3mEETHY ., £
<D7a N oA F EERERBEDOY A XOF ¥ 2V EH L TWDH I ENRHELEI N

77
o=

o

e

[any
N
o

[EY
0 o
(=R -

60
40
20

A4 EEZE (mS/cm)

Figure

. e
I ©QPE-bl-2
- o OQPEbI-3
PE-bl-9
- ,’%o 0 @
-~ .- | ®QPAF(CE)-1
g o IR
@] = L L
0 5 10 15
EN 7Y VEBE (g-mm/m?-h)
18 Relationship between hydrazine

permeation and ion conductivity of QPE series,
QPAF, and standard membranes.

PEICBE L Cid, 7 vk Ui ERBRIZ O T, DFT

HEZHWZEIEA =X LD

fiEdT 2 92ht L 72 (Figure 20), ZOfER, < O—fkiNRT =4 EELE&ED TICEEND
C-SHHENHLER L 2D Z LR TS, ZOMRES FHEEORFHIBR ST,

1.0E+08

1.0E+07

d=30nm

— PE-bl-3_dry
— QPE-bl-3_dry

1.0E+06

= QPE-bl-3_wet

RS These “break points” are
highly stabilized by
delocalized oi electrons

Intensity (-)

1.0E+05

d=3nm(dry)

\ —4nm(wet)
D

1.0E+04

.,
WY\

0.1

1
q (m-1)

electronically vulnerable to
breaking

QPE-bl-3 membranes under

conditions.

dry and wet

alkaline

distribution.

3. 2 HL&JET k1R o FH R & Wy T

(BRI N —7)

degradation

using

n-orbitals

T T TR AL RETEERIDTER T 21 X 2L TR A A2 20 L COREE D il -
7o 7R 2R S 5 051 2 WV CEEME RIS m U L728e)E (N, Co i
SOG4 T /R AR L, T VISR Toe RT VU mib, BRSRETipE v

% BF A

L7,
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A7 5% Ve

(Y7 =) u:"w . ENANIE
T—F L) i »"-%%;*if' CA ﬁ (E#&%&?—f)
THh—AR v LB RE

AR & 5 400°C, N2

(5]
gl

WA | o
R YT R i HRRREILY -
(BB (ke 2 WERATARE RERESNT Ni/C, ColC,

Ni(acac),, Co(acac),, Ag(acac) SR/ HF
sl h lﬁﬁ%&ﬁ“ : Ag/C
TN ETE FLAVEE A LAINTIY

REH s Figure 21 Preparation of base metal nanoparticles supported on carbon black
IS B 4T via nanocapsule method.

9z kT k

0. =R RIS E S BERE LT
BAJE T KA DA R R T L
7z (Figure 21), £3. ZOFIEEZR
23 LT 2 R il oo F Y 45X
5‘%7‘:0 WreTF AT M NEEE

WHWTEREZIToTLEZ A,
10nm FREE DR A FF ORI 1 23% 5 i
toéﬁ*ﬁ%%ﬁm%%&ﬁﬁﬁﬁ
OV, BRI O R ERE TR :
. 72 &) 7<L‘fn£“f‘53 TRRET L7278, SRRL Figure 22 TEM images of (a) Ag/CB and (b) Ag/AB.

T OMKA L ZMH 325 Z L IXNET

b ole, RO~ DEMENEN

BN ENRFRRTHD EER N2, Witz S RBNENIEEER (70 B2
(C10) R, FTﬁﬂ%@ﬁﬁ «%%Tﬁ/M@ww&:ﬁzféﬁ%imbtaza
BORMX ) —ERH CHEAT L7, 15 DAV il TEM AR B0 | Snm B2 ORI % R DR
/ﬁ%ﬁ)ﬁ AR BIZESHHFF TE TV 2 E DR TE T,

IO, L L TAHLVANLT I U ERHWD Z EIC L WRIRORI - 78R T ki1 0345 5
NHZ xR LE, £/, A=AV HELLTTETF LTIy 7 B BLOTr vy F =
Y777 (B)EHAWLEZA, WTNOMMEND bR /a2l FcE s 2 &
Doyinote, FoHiR) R —AR D XRD Z2RIELTZE A, WT OB
BWTH 20=24" [TH—RAAERIZHKRT 28 =271 T, AgIZHRT D8 — 27 03588
bivlc, B LB e — 27 13580 b mflERE T 2R ER L TnDH 2 &

WoRE ST, BT E— 27 OFERE? S 0 —
Scherrer HZ H W TH B S D R I1X A
2mm%ﬂmk;w&mmyw>f%@ AB 01l i

ARG A NITRIR N RKE N LR ho
7=, Figure 22 Z Ag/AB ¥ LT Ag/CB @ TEM
BERT, WTHOHEEZHWZHAE THIR
F R OEERAT 4. b BRETHY . K
SRS TR EIY VAR Sl Y U A mw%m&
o7z, AB FHIKDHAEIT XRD TR E 70kif A
ﬁotuki‘WM@Ti%%Lmb6ﬁﬁ 0.2 0.4 0.6 0.8 1.0
Mo T=MBETOH KRR EENTND T Potential / V vs. RHE
DTHHEEZHND, TG/DTA D HRd7-48  Figure 23 Hydrodynamic voltammograms of
B OHERER TN Ol T 64 20wt% T AG/CB and Ag/AB for ORR in 0.1 M KOH
B0 | FHEEOFEH AL & FARECHS - (2501pm).

Ag/AB800
Ag/CB .

Current / mA
S
N
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ED L FRIEEEMICHENRTEZ L
ViLY s IR T Y

Figure 23 (28R K- —R >
ik B OBEF IR ITTIIR RN Z T T L%
AT, WTILORE S K 0.9V B EESR
REITIZHAS  BIWATRO 5L, 0.3V LA
T CIXYEBR S BB S 7, B
O [Ersh 2 2 S CTHEBRZITV, THE
{b & P O IR A K BLfEL (0. 76V) IZ 3 1)
% Ag gD HTEME i & EETEME MA &
Koo b Z A Ag/AB filt i T X
JA=31 A/ em?, MA=17A/g, Ag/CB i<
1% J=18 u A/em?, MA=15A/g Th -7~
Ag/AB il o> J5 325 T rdn MR E A A o
U723, [RISRIC I T 2 B4l & b
T 5 LIRS B E -7,

WAZREER, Res, FRFRF R % s (il
L7z PtCo/C ZFR#E L, T VIR +
(23T B e 32 IE ST AT M 2 AT L 7=,
FRKN R D 5 OS2 L NS
&) 7 R (Ptigo«Coy) 1%, il L7z
F I HTRNVECL > THRB L, I —
N AARRIZIZ R I 800 m*/g DT k&
F L7 w7 (AB800) & vy, 4@
ﬂ{%%% ZOWt%g: L/f:o ’/f%l‘ 6ﬂf: Ptloofxcox
/AB800 Mt |3 4= T ELIRIAE DAY 3nm T
B =R R EICE s EICHEER T
X TWAHZ & a2 L7z (Figure 24),

Figure 25 (2% H4v7z 5 FEH ORA AL
D Pt100-Cox/AB800 3 L ONHifilk Pt/CB fik
BEDOFEFZ B TR AN Z T T T D E R
T W FLDRAAL D Ptigo-<Coy/ABS00 T |
T AR AL L2 P~ TR FR38 e SO (ORR) B
REMAEEBEMMAIZ 7 FLTBYE
T fEEE 2 R 2 E 2B BT L
oo o, ZEBFBEITKIGERYM TH D
EBEEIEK T ORI T Oz B
T IR FEERVMETH Y | TUE -E
PRPEDR BN &R L7z, Figure 26
1Z0.85 V vs. RHE IZ2331F BB &iEM: (MA;
HE&EEEHT-V) OB SRR ITNEZ 7
9, MA 1% Co EAEEDIIIHE- Tk
L. X=ca. 40 atom%(Z33V TH KIHE (ca.
800A/g, TR Pt/CB il 6 %) 27~ L
7oo PtCo GBS EAMEIANRH C Pt HLERfL
BT LE AT RO RS R T Al A R
ZEFE<menNTWAR, T UK
B CHRBRRIREPRBOOEND Z L%
EIFLT-, -, ZOH4EICX 5 ORR IE

o o
T
I I

Frequency , %
N Wb o
P2
| |

[any

o O
T
I I

01234

Particle Size (nm)

Figure 24 TEM image (left) and particle size
distribution (right) of Pts1C039/AB800 catalysts
prepared by nanocapsule method.

N —
0.03 Ring
0021 1750 tpm ]
0.01 B ]

of

-0.5

Current density / mA Cm-zgeu

Disk -

L 1 i 1 L 1 L

0.2 0.4 0.6 0.8 1.0
Potential / V vs. RHE

Figure 25 Hydrodynamic voltammograms for
oxygen reduction reaction at Pt/CB and
Pt100xC0x/ABB800 electrodes in 0.1 M KOH
solution at rotation rate of 1750 rpm. The
ring electrode was potentiostatted at 1.1 V.

Mass activity (0.85 V), MA /A g5,

0 20 40 60 80
Co content, atom %
Figure 26 Mass activity of Pt/CB and

Pt100-xCOx/AB800 catalysts at 0.85 V vs.
RHE as a function of Co content x.
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PR ED RIS Tl 2.5 (FREETHY . TAHVIERFPICBWTLVHETHD
ZEEHLMNT L,

FE BT 8 O R TR R T ARIETE MR 9 PteiCose/ABSOO AL D MR AME 2 RN L 7=, it AMERFAM
IXFERB R BLE D DA EIRERBRIE TITH) 2 &2 HIV & LT, BOBFEMSE AL HEE R,
2 (FCCY) D3 HESE T D et /KA P IC 31T 2R 7' e s vz 7 v U KEERRIZE H LTz,
ﬁwm@m&rﬁmﬁﬁéFgmem_r¢ F9 N fFn L 7= IM KOH KIEiE A1 27 Y
Y P IRNVEET T LCV) R PE LT-RIC, ZREMICEZ CRERY 7T 0 A7 EZ AN
Tmmﬁ@¥M%ﬁotoﬁm\M@m BMRIE R CEMNAT v 7IRITE YD 40°C TR A
MREBR AT o7, BMAIHTELIZ0.6, LOVICAT Y FIELZEE 1 A7 LE L,
—E%47Wﬂ_%ﬁm%@ﬁ%ﬁﬁ@SMtM%Mmbtomhmt . Tk Pt/CB fi
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Figure 27 Protocol of accelerated durability test (potential step cycles) for the
nanoparticle catalysts in alkaline solution.
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Figure 29 Changes in (a) ECSA and (b) MA
(per platinum) for Pts1Co30/AB800 (closed
symbols) and commercial Pt/C (open symbol)
catalysts during the potential step cycles in

10°

W2 Th L7 (Figure 31), XPS f#MFIc L0 . the accelerated durability test.
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BRI Z 5, &  Ni 1TmsmEesicfitih b
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AL L2 W2 EMBAL N E o Tz,

Figure 32 (245 5 4072 Ni/CB flRligED 7 v 71 U K FIZBIT D5V A 7 Vv VRNV FET T
LB L RT P UFETF COMBANL T T LMkord, BULEE O (HT-Ni) X, 7
J— RH ARG IREIZ I T 0. 24V ITKE BRI FE-5 < &, 1.4V 12 Ni b A plil 565 <
It 1.6V ICEEREICESSERMBIEI N, 0. 1M b IV UBFET D EL HT-NI

Figure 30 Changes in hydrogen peroxide
yield for Pts1Co3s/AB800 (closed symbols)
and commercial Pt/C (open symbol)
catalysts during the potential step cycles in
the accelerated durability test.
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Figure 31 TEM images of (a) ASP-Ni (12.3 wt% Ni), (b)
HT-Ni; (c) X-ray photoelectron spectra of the Ni 2p3/2 region
for ASP-Ni, HT-Ni, and commercial Ni black.

0.00 - a 1L ;aossactivitymg;“(@on V) b 13000
o i-o.os- 1 450
) L i 42000 _ —
£  oil300k ] 300 % 1030?,,K T
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L 00— I e {1000 <L
1/—_——7 ; ~—
S CB Ni black ° HT-Ni” =
= 1 ——— ASP-Ni HT-Ni ;é/ ] e 0
0 J Ni black —— ASP-Ni
1 / ------- HT-Ni w/o N2Ha HT-Ni
Rl o 1 f 1 L 1 L N M (' 1 I 1 1 I 1 1000
00 02 04 06 08 10 12 14 1603 .02 -01 00 01 02 03 04 05
E/V vs. RHE E/V vs. RHE

Figure 32 (a) Cyclic voltammograms for ASP-Ni, HT-Ni, CB, and commercial Ni black in 0.1 M
NaOH (aq.). (b) Hydrodynamic voltammograms for ASP-Ni, HT-Ni, and commercial Ni black
using a rotating disk (glassy carbon) electrode in 0.1 M N2Hs + 0.1 M NaOH (ag.). The rotation
rate was 1600 rpm for all catalysts.
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Figure 33 ORR activity of Fe-N-C and PtC catalysts
in oxygen saturated 1M KOH aqueous solution.
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Figure 35 (a), (b) Topographic and (c) (d) current images
of QPE-bl-11a with IEC = 1.23 and 1.95 meq/g at 40 °C
and 70% RH under purified air. Tip bias voltage = —2.0 V.
Contact force = 10 nN.
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Figure 36 Topographies and current images of QPE-bl-3
(left) and QPAF (right) membranes at 40 °C, 70% RH.
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Figure 42 Cross section images of water distribution in
direct hydrazine fuel cell under operation.
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Figure 43 IV (IR free) (top) and ohmic
resistance (bottom) of fuel cells with
QPE-bl-3 and QPAF-1 membranes fed
with hydrogen and oxygen at 40 °C and
100% RH. The catalysts were 50wt%Pt/C
for both electrodes.
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Figure 44 (a) IV and (b) ohmic resistance
curves for a hydrogen/oxygen fuel cell
with QPE-bl-11a membrane, operated at
100% RH and 40 °C.
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Figure 45 IV (top) and ohmic resistance
(bottom) curves for a hydrogen/oxygen fuel
cell with QPAF and QPAF-4 membranes,
operated at 100% RH and 40 °C.
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Figure 47 IV (left) and ohmic resistance (right) curves for a hydrogen/oxygen fuel cell with
QPAF-4 membranes and binders operated at 100% RH and 60 °C.

1.2 T T - T . T .

> 40°C 100% RH —&— a-Ptc-Nicell |
=~ Membrane : QPAF-1 —O—a-Nic-Ptcell |
9 lonomer : QPAF-1 —&— a-Pt c-Co cell
= —A—a-Coc-Ptcell 1
a 0. ——a-Pdc-Ptcell
= —v—a-Nic-Co cell |
0. e
€

]

g0. 7
3o. 1

0 50 100 150 200
Current density / mA cm
Figure 48 IV (IR-free) of fuel cells with

QPAF membrane and ionomer using non-Pt
catalysts at 40 °C and 100% RH.

- 20 -



(FANYTRTN—T) -
B R T U BT OB i e - 500

RERHMIC BV T, BiRod &5 iEER 08 a0

Tl L O BLICERE L2 dki@m e 2 08 3

EMVCHM AT - 72, WEBESE 8 400

(MEA) 1, TEAREIIEC IR Sen® & 5% &

B LS CERA L B AT L— 0z [ 1% =

T2 L& o TR U7z, RBHm fil 0 : : : 0

Zid = F AR — R | 2B 3 -02

[CITERIEAREOT O Pt 5 £,

B —R il AV e, BEEHELL 2

T, BRBHEIZ 10%E RZ 22 & 1M KOH s

DKV E 1. onL/min, EEBICIEL g |

-2 5V A 0. 1L/min O ® *r”""v“—-_~

Lf:o ' 0 5(IJO IOIOO ISIOO 2000
QPE-bl-11a (1.72mmol/g) % &3 KON ERTE (mA/om?)

7A 2]—/’\7(55 L?ﬂqb\j\ H'J¢®4:Z% Figure 49 Platinum-free hydrazine fuel cell
B A 2 il D GA A 72 MEA 2T pertormance of QPE-bl-11a (IEC=1.72meq/q) at
350mW/cm?, BESE T 660mW/cm® DL g0 oC.
#1372 (Figure 49), Z @ MEA DZ43Hifl]
. PERE T2 R CORIE A RIE S &5 = L WEECHH = L IhoTe,
Wiz, ANE & ORINEO 72 OISR ERS s B8UC S — 7 A 7 A%k, WSUTIEN
WRIEZEN LT T =4 BB MR M IR (QPAF-4 : TEC=1. 11meq/g) % FAV 7= MEA O3 E AR
AT o7, 225%T 210mW/cm®, [E3E T 320mW/cn O H A1 A5 B 7 (Figure 50), 2T
QPE-bl-1la (1. 72meq/g) & QPAF-4 (1. 1lmea/g) Ti¥. BEH{KD T =4 HERITIZIEFR
ETHOTHLbLT, BEHRETH 2 HOMERERRBD bz, ZORKEMHHT 720
12, MBA OFERULFHHEDREZ1T o 72, Table LIZ/RT L 912, QPAF-A o> 1 A LA

—_— EAEE el £
1 —_— iﬁf 400 1 -_—TF 600
R 08 1 300 ﬁg 08 < 500 Z‘E\
> = < 4 ©
iH 08 2 Eo.a 400 %
= 12002 @ 1 300
o4 % Ho4 ¢ %
. wk  F 1208
02 H 02 {100 #
0 0 0 . ! . 1 . 0
% 04 ”
s > 03
2 06 | 2
< H o4
o 08 &
L o /-.
-12 : : : : -03 : : ‘ ‘ :
0 200 400 600 800 1000 0 200 400 600 800 1000 1200
BREE (mA/om?) EREE (mA/cm?)
Figure 50 Platinum-free hydrazine fuel cell ~ Figure 51 Platinum-free hydrazine fuel cell
performance of QPAF-4 (IEC=1.11meq/g) at ~ performance of QPAF-4 (IECmembrane=1.11,
60 OC_ IEClonomer=2.08 meq/g) a.t 60 OC.

- 27 -



IZQPE-bl-11a & 1ZIX[A U  Table 1 Electrochemical performance and properties of MEAs
THhot-7, EfhgtE  using QPE-bl-11a and QPAF-4 membranes.

oA A ARFIRRE N fEh et o
e Ginots, £Z2C |EARE (IEC:mmol/g) (mffmz) AR | AAVIEHR (HEC:_’;O (fjﬁ)
T A A <L LT EMmAL (mQ-cm?) | (mQ-cm?)

- DQPE-bI-11a (1.72) 660 150 100 70 13.7
%Ezhﬁﬁﬁegif 734)0; @QPAF-4 (1.11) 320 180 300 69 12.5
2. 08mmeq/g 21 b S CHEMAREE oA 4
B ORI A, 2 DFEE, Figure 51 (05 ‘

T L 928K C 320mW/ e, BRFEC 500mW/cm?® & s 08 f
“F ENKIEIZIM EL, 7 A A/ ~<d IEC 7]k E 06 J\NN\N"\\

5 ERARLE th D A A L E RN EAERE e
Bﬁzé.é CRELSFLTH I LERIM L Ehho  § 04T |
AFVHERERBPECNV ) DBER LRI -T Moz | !
B MFHRRICEDEEMERRENLETH D 0 \ , , ‘ .
ZEHRTHERMRETH D, 1 ;

B E QPAF-4 (IECSL. llmeq/g) B L o M,\\N
T A A~ & LTHUWE MEA TITV, 1000h 2 .
18 2 Bt A% SRk L 7= (Figure 52), OCV b 206 | :
WMEA R L TH 0 RBREOE L AL CE S o4 | [aem i
BN A BIEE LTz & 2 A e vk — L & ita s IHAMAOR |
TR DRI T, BB L 5 I KR A Rl - J
Lf_ BITINZ T B RT DU LRIk 0 ‘ -
Rl Hﬁgﬁa/\ CHBWLT S EY L TOERN T 0 200 400 600 800 1000 1200
#ZBEFE (h)

“i kfﬂﬁﬁ\i%%uﬁﬁ“é EBTEIL,

ionomer

N Be L AMEICEI L < kE =%  Figure 52 Durability of fuel cell of
/vﬂe“—%‘ (D0E) 0 @7°u Ves MOZOMEE AT membrane  and
L DR F o — el A F M LT (Figure 53),  (EC-L1lmea/g)ate0 °C.
A% FAybA(K) 1t/min )
hiblld%? : : ! i §§§ -
1 1 1 $2% 04
Q Ia\tﬁﬁc(ﬂh) LANLGE) 1
5 NREL(K) | T o % & o
-~ N -7WA0ER ' | | Current Density (Alcm?)
= : : : ! : 5
2 Y R D R T (S (-
-bl- H 4T/W RE) | H e
M QPE b:l lla E. PAF_4 ! i E0.8 riufo\v‘e‘H. 1 ~ym ran i E
{&3 i :/\ 0.1L/min i i é“”’ 1 §
R : &0 A -
H AR .J*;_’i I~7C(=|:"< QPA,F -4 % : 02 04
) 075”:““ :., o 1 2019%DOEBRRIE S err— 2'2
0 i EO’QPAIF i i : Cu{rent Density (l:\/cmz) I
0 1000 2000 3000 4000 5000
A% Ch)

Figure 53 International benchmarking of fuel cell performance and durability of AEMFCs.

- 28 -



fBFFERERE T I ) &2 B9 28 m 23 @ < I H O ME I EVER S ST 25, FEH
FUEN D RE NS (D ATER 1065, JER 2 6%) TRz FhE L T\ 5, £z,
M APEIZRE U CIEEANRFFICB N TOREIHITE A ERD LR, —F, A CREST
WFZEIC BV X EMA RS TREZ1T-> TRV . B & @AM EZ W95 Z LR T
70, A%, FHESGEOEIC OV TUEENZ OB & 227 TH Y . CREST #F%ET
DN T HFAERELA L U TIRRBR LTV FHTH 5,

- 29 .



§4

RARRE S

(DR FmCFEL  (ERNGESOF 14 EER (K0 G5 23 1)

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

Hideaki Ono, Junpei Miyake, Byungchan Bae, Masahiro Watanabe, Kenji
Miyatake,"Synthesis and Properties of Partially Fluorinated Poly(arylene ether) Block
Copolymers Containing Ammonium Groups as Anion Conductive Membranes”, Bull. Chem.
Soc. Jpn., 86, 663-670 (2013).

Junpei Miyake, Keita Fukasawa, Masahiro Watanabe, Kenji Miyatake, "Effect of Ammonium
Groups on the Properties and Alkaline Stability of Poly(arylene ether)-based Anion Exchange
Membranes”, J. Polym. Sci. A: Polym. Chem., 52, 383-389 (2014).

Junpei Miyake, Masahiro Watanabe, Kenji Miyatake, "Ammonium-functionalized
Poly(arylene ether)s as Anion Exchange Membranes", Polym. J., 46, 656-663 (2014).

Naoki Yokota, Hideaki Ono, Junpei Miyake, Eriko Nishino, Koichiro Asazawa, Masahiro
Watanabe, Kenji Miyatake, "Anion Conductive Aromatic Block Copolymers Containing
Diphenyl Ether or Sulfide Groups for Application to Alkaline Fuel Cells", ACS Appl. Mater.
Interfaces, 6, 17044-17052 (2014).

Tae-Yeol Jeon, Masahiro Watanabe, Kenji Miyatake, "Carbon Segregation-Induced Highly
Metallic Ni Nanoparticles for Electrocatalytic Oxidation of Hydrazine in Alkaline Media",
ACS Appl. Mater. Interfaces, 6, 18445-18449 (2014).

Naoki Yokota, Manai Shimada, Ryo Akiyama, Eriko Nishino, Koichiro Asazawa, Junpei
Miyake, Masahiro Watanabe, Kenji Miyatake, "Aromatic Copolymers Containing
Ammonium-Functionalized Oligophenylene Moieties as Highly Anion Conductive
Membranes”, Macromolecules, 47, 8238-8246 (2014).

Koichiro Asazawa, Hirofumi Kishi, Hirohisa Tanaka, Daiju Matsumura, Kazuhisa Tamura,
Yasuo Nishihata, Adhitya Gandaryus Saputro, Hiroshi Nakanishi, Hideaki Kasai, Kateryna
Artyushkova, and Plamen Atanassov “In Situ XAFS and HAXPES Analysis and Theoretical
Study of Cobalt Polypyrrole Incorporated on Carbon (CoPPyC) Oxygen Reduction Reaction
Catalysts for Anion-Exchange Membrane Fuel Cells”, J. Phys. Chem. C, 118, 25480—25486
(2014).

Tomokazu Sakamoto, Daiju Matsumura, Koichiro Asazawa, Ulises Martinez, Alexey Serov,
Kateryna Artyushkova, Plamen Atanassov, Kazuhisa Tamura, Yasuo Nishihata, Hirohisa
Tanaka, “Operando XAFS Study of Carbon Supported Ni, NiZn, and Co Catalysts for
Hydrazine Electrooxidation for Use in Anion Exchange Membrane Fuel Cells”, Electrochim.
Acta, 163, 116-122 (2015) Editor’s Choice (Zi%E

Hideaki Ono, Junpei Miyake, Shigefumi Shimada, Makoto Uchida, Kenji Miyatake, "Anion
Exchange Membranes Composed of Perfluoroalkylene Chains and Ammonium-functionalized
Oligophenylenes”, J. Mater. Chem. A, 21779-21788 (2015).

FE SR SO AR, RIER TE—BR. R OMVAL AR, ARG, P OREE, B
nY TV A, THEFYT TT AL Pt 7 U —{RIRBRENE L O AR
BEIEEMEMXE, 46, 2, 361-366 (2015).

Manai Shimada, Shigefumi Shimada, Junpei Miyake, Makoto Uchida, Kenji Miyatake,
"Anion Conductive Aromatic Polymers Containing Fluorenyl Groups: Effect of the Position
and Number of Ammonium Groups”, J. Polym. Sci. A: Polym. Chem., 54, 935-944 (2016).
Ahmed Mohamed Ahmed Mahmoud, Ahmed Mohamed Mohamed Elsaghier, Kenji Miyatake,
"Effect of Ammonium Groups on the Properties of Anion Conductive Membranes Based on
Partially Fluorinated Aromatic Polymers", RSC Advances, 6, 27862-27870 (2016).

Eriko Nishino, Junko Yamada, Koichiro Asazawa, Susumu Yamaguchi, Junpei Miyake, Kenji
Miyatake, "Anion Exchange Membranes Containing Fluorinated Poly(arylene ether)s:
Properties and Application in Pt-free Hydrazine Fuel Cell”, Chem. Lett., 45, 664-666 (2016).
Ryo Akiyama, Naoki Yokota, Eriko Nishino, Koichiro Asazawa, Kenji Miyatake, "Anion
Conductive Aromatic Copolymers from Dimethylaminomethylated Monomers: Synthesis,
Properties and Applications in Alkaline Fuel Cells", Macromolecules, 49, 4480-4489 (2016).
Masanori Hara, Taro Kimura, Takuya Nakamura, Manai Shimada, Hideaki Ono, Shigefumi
Shimada, Kenji Miyatake, Makoto Uchida, Junji Inukai, Masahiro Watanabe, "Effect of
Surface lon Conductivity of Anion Exchange Membranes on Fuel-Cell Performance”,

- 30 -



16)

17)

18)

19)

20)

21)

22)

23)

24)

Langmuir, 32, 9557-9565 (2016).

Manai Shimada, Ryo Akiyama, Hideaki Ono, Junpei Miyake, Kenji Miyatake, "Anion
Conductive Polymers Containing Aliphatic and Ammonium-functionalized Fluorene Groups",
Chem. Lett., 46, 374-377 (2017).

Hideaki Ono, Junpei Miyake, Kenji Miyatake, "Partially Fluorinated and
Ammonium-Functionalized Terpolymers: Effect of Aliphatic Groups on the Properties of
Anion Conductive Membranes", J. Polym. Sci. A: Polym. Chem., 55, 1442-1450 (2017).

Kenji Miyatake, Yuma Shimizu, "Pt/Co Alloy Nanoparticles Prepared by Nanocapsule
Method Exhibit a High Oxygen Reduction Reaction Activity in Alkaline Media", ACS Omega,
2, 2085-2089 (2017).

Ahmed Mohamed Ahmed Mahmoud, Ahmed Mohamed Mohamed Elsaghier, Kanji Otsuiji,
Kenji Miyatake, "High Hydroxide lon Conductivity with Enhanced Alkaline Stability of
Partially Fluorinated and Quaternized Aromatic Copolymers as Anion Exchange Membranes",
Macromolecules, 50, 4256-4266 (2017).

Mizuki Ozawa, Taro Kimura, Ryo Akiyama, Junpei Miyake, Junji Inukai, Kenji Miyatake,
"Copolymers Composed of Perfluoroalkyl and Ammonium-functionalized Fluorenyl Groups
as Chemically Stable Anion Exchange Membranes"”, Bull. Chem. Soc. Jpn., 90, 1088-1094
(2017).

Hideaki Ono, Taro Kimura, Aoi Takano, Koichiro Asazawa, Junpei Miyake, Junji Inukai,
Kenji Miyatake, "Robust Anion Conductive Polymers Containing Perfluoroalkylene and
Pendant Ammonium Groups for High Performance Fuel Cells”, J. Mater. Chem. A, 5,
24804-24812 (2017).

Tomokazu Sakamoto, Alexey Serov, Teruyuki Masuda, Masaki Kamakura, Koji Yoshimoto,
Takuya Omata, Hirofumi Kishi, Susumu Yamaguchi, Akihiro Hori, Yousuke Horiuchi,
Tomoaki Terada, Kateryna Artyushkova, Plamen Atanassov, Hirohisa Tanaka, "Highly durable
direct hydrazine hydrate anion exchange membrane fuel cell”, J. Power Sources, 375,
291-299 (2018).

Taro Kimura, Ryo Akiyama, Kenji Miyatake, Junji Inukai, "Phase Separation and lon
Conductivity in the Bulk and at the Surface of Anion Exchange Membranes with Different lon
Exchange Capacities at Different Humidities", J. Power Sources, 375, 397-403 (2018).

Ryo Akiyama, Naoki Yokota, Kanji Otsuji, Kenji Miyatake, "Structurally Well-Defined Anion
Conductive Aromatic Copolymers: Effect of the Side-Chain Length”, Macromolecules, 51,
3394-3404 (2018).

()T DOMOFEEY) (i, FFeL)

1)
2)
3)
4)

5)

6)
7)

8)

R S, REHEMO SRR kA B LA AU REEORR — A EBEE S 15
DT Tu—F=", FMAILZE, 514, 48-52 (2014).

B fn, ”J&Eﬂ%ﬂﬂf\@mﬂﬂ%ﬁﬁ L7 BN — 7' e b A ST A i e 0 1
BEDBAZE”, ML, 39, 3, 155-161 (2014).

W KB, 7 BB T ) —BREERORE~D T NHET U U ~" ) BEEE
e Bl =2 — A, 45, 6-7, (2014).

WA KRN, R SRR B B, KINE BT DA BRELE 07 =4 U TERRE
i H B EOPSE” , MlREE, 57, 1, 27-32 (2015).

Hirohisa Tanaka, Koichiro Asazawa, Tomokazu Sakamoto, “Non-platinum group metal
catalysts of direct hydrazine anionic membrane fuel cells for automotive applications”,
SPring-8 Research Frontiers 2014, 96-97 (2015).

W e, R R, B A, “BeE T U —IRIEREIER D A I =X L7, R
BR, 11, 29-35 (2016).

B G, TEMAEE & O R imG A B RE Lok E AR I ORGT . T
66, 58-60 (2017).

= M mE fn, TR E T O AR E IR OBMUE & ATREMET . ERUEE
86, 20-24 (2018).

- 31 -



BEFR PR K O T ERENFERIER

O HFFEH (EIN=E 13 148, EFR=E 17 1)

D BHR /S, TEREF L & FREME R EERULER B SGHER 53 Rl LI —,
RBRRFALRE, Rk 25 4F 6 H 26 H

2) ‘R R, TEtEREE T Dm0 B 5 58 Blm sy B R, NS EREE
5i, PR 2547 H 18 H

3) WHE RS, TKMEAUREEE RO BT A SR DT L 5 22 8] SPring-8 ik A BR [#4
a2 ) | SPring—8, ¥Rk 26 4 4 7 27 H

4) A KRN, 7T = A AR e it R AR AR 0D B AT SPring—8 I HExE
W B 2B — AT 4 F TN IAN) — iSRS AR SRR 2 — L SRR 26
FTHA4H

B) WA AN, 7T = AR A B AR RO BRFE” | Rk 26 £EFE STEIRL A T
JTI I —=T Ty T = NEEE WIS T Ty R A — o 5 2 [BIBECRI TSR
BT — B BANR RS AR 1 P —L, SR 27 42 3 30 H

6) HEl @G, TKFELEE A DIREFE R OB IR E R T (KR, Z A7 T — AR
RASAIRR D5 3BT+ —T 4 R 2T 46 A 19 H

7) B G, CRIREREIE A B R L AR IR OB IE B iR R B (KRR . B
RAT L B 28 [AIA A AZ T — R 2T 426 H 19 A

8) HI A, "RIAURE M H B DT R AR E R A~ O PR (KR ). (b L
55 AT RIRKFERE, PR 2T 49 A 10 H

9) BmE IR, AR E A B R L7k T SRR AR N O B (R &5 17
B 24 PR~ —M B 7+ —TF L R 2T 411 H 27T B

10)E R /S, "REHEMH RAC KRR & 50 T IR O BLIR &8 (R ) . — 8 e 26 S8R
BB EEMBA )R = a2 R 2T RS 9 eI F— ER 28 A2 1 A 27
H

IDER @R, "R A~DISHZ B LT B RA A ARG OB " (IG5
363 [ElF AEANT 7 +—TF L A il R 28429 A 21 H

12)5 30 fin, " RAb/K SR RN A & S A& O BB )l C R ) L &0
1672 K FE - REFEMAT BT RS PR 29 4 1 A 27 A

*13)Kenji Miyatake, Hideaki Ono, Manai Shimada, Naoki Yokota, Junpei Miyake, Masahiro
Watanabe, Ammonium-Functionalized Aromatic Block Copolymers as Anion Exchange
Membranes, The 19th International Conference on Solid State lonics (SSI-19), Kyoto
International Conference Center, June 6, 2013.

*14)Kenji Miyatake, Effect of Phosphine Oxide Groups on the Properties of Proton Conductive
Aromatic lonomer Membranes, Hydrogen and Fuel Cells Conference 2013, Napa Valley
Silverado Resort & Spa, July 12, 2013.

15) Kenji Miyatake, Synthesis and Properties of Proton and Anion Conductive Aromatic Polymers
for Fuel Cells, 9th World Congress of Chemical Engineering, Seoul COEX, August 21, 2013.

*16)Koichiro Asazawa, MEA and Material Development for Alkaline Membrane Fuel Cells, 7th
Santa Fe Workshop on Materials for Energy Conversion, Bishop's Lodge, November 4, 2013.

17) Kenji Miyatake, Proton and Anion Conductive Aromatic Polymers for Fuel Cell Applications,
Rensselaer Polytechnic Institute Chemistry and Chemical Biology Department Seminar,
Rensselaer Polytechnic Institute, October 29, 2013.

*18)Kenji Miyatake, Junpei Miyake, and M. Watanabe, "Aromatic lonomer Membranes with
Improved Chemical and Mechanical Stability", 97th Canadian Chemistry Conference and
Exhibition, Vancouver, Canada, June 1-5, 2014.

19) Kenji Miyatake, Naoki Yokota, Manai Shimada, Hideaki Ono, Junpei Miyake, and Masahiro
Watanabe, "Anion Exchange Membranes Based on Aromatic Block Copolymers Containing
Ammonium Groups", Workshop on lon Exchange Membrane Applications, Bad Zwischenahn,
Germany, June 17-18, 2014.

20) Tomokazu Sakamoto, “Precious metal free anion exchange membrane fuel cell vehicles,

- 32 -



Workshop on lon Exchange Membrane Applications”, Workshop on lon Exchange Membrane
Applications, Bad Zwischenahn, Germany, June 17-18, 2014.

*21)Kenji Miyatake, Junpei Miyake, and Masahiro Watanabe, "Hydrocarbon lonomer Membranes:
Current Issues and Future Prospects”, 65th Annual Meeting of the International Society of
Electrochemistry, Lausanne, Switzerland, August 31-September 5, 2014.

22) Kenji Miyatake, Naoki Yokota, Manai Shimada, Hideaki Ono, and Junpei Miyake, "Aromatic
AEMs with Quaternized Oligophenylene Moieties”, Workshop on lon Exchange Membrane for
Energy Applications, Bad Zwischenahn, Germany, June 23-24, 2015.

23) Kenji Miyatake, "Molecular Design, Synthesis, and Properties of Anion Exchange
Membranes”, Japanese Swiss Energy Materials Workshop, Zurich, Switzerland, March 7-9,
2016.

24) Kenji Miyatake, "Novel Anion Exchange Membranes for Hydrogen and Hydrazine Alkaline
Fuel Cells”, 33rd Annual International Battery Seminar & Exhibit, Florida, USA, March 24,
2016.

25) Kenji Miyatake, Hideaki Ono, Junpei Miyake, "Anion Exchange Membranes Containing
Perfluoroalkyl Groups", Workshop on lon Exchange Membrane for Energy Applications, Bad
Zwischenahn, Germany, June 28-29, 2016.

*26)Kenji Miyatake, "Aromatic lonomers as Alternative Fuel Cell Membranes: Issues and
Possibilities", Pacific Rim Meeting on Electrochemical and Solid-State Science 2016 (PRIME
2016), Honolulu, USA, October 2-7, 2016.

27) Kenji Miyatake, Hideaki Ono, Taro Kimura, Junpei Miyake, Junji Inukai, Makoto Uchida,
"Anion Exchange Membranes Composed of Perfluoroalkyl Main Chain and Pendant
Ammonium Groups", Workshop on lon Exchange Membrane for Energy Applications, Bad
Zwischenahn, Germany, June 27-28, 2017.

28) H MR, T ARNX =T NAADIGHZFR M LTz SRR A A ARSI (A7
{5, % 66 [Al& oy fatime, 201749 A 21 H

29) KenjiMiyatake, "Development of Innovative lon Conductive Membranes for Next Generation
Fuel Cells", The 2nd International Symposium on Hydrogen Energy-based Society, Japan,
November 20-21, 2017.

30) Kenji Miyatake, Ahmed Mohamed Ahmed Mahmoud, Kanji Otsuji, and Makoto Uchida,
"Partially Fluorinated Aromatic Anion Exchange Membranes: Effect of Ammonium Structure”,
Workshop on lon Exchange Membrane for Energy Applications, Bad Zwischenahn, Germany,
June 26-27, 2018.

©@ ngagEE (EWNSEE 19 14, EESE 7100

D) SHE A Y SR IR AR, B AL = AR D BUE, ER
B, IAF Lo VR BKEICE e 7 =4 I EM B &S BG4 62 [m5
DIFFRFRRE, RANERESEE, SER 25425 H 30 H

2) BEH A, PEEP SEEL- NEP SERA. RS RS, BT M. = MR, B B
&, B e, V7 2o — T NV EBUKEICE e T = A G S R ) 1R
B, 562 BlE oy T rEP RS, RABEERSAE, A 25425 A 30 H

3) AT HhEk. JR BRI, KA WA, R R, BE E4A B BA. IEOERE. BT
For SRR D SRR K B 77 = L ARHAENR R o MR E IR Ol . BRI TFEE 81
EIRZ, BAERT, PR 2543 H 29 H

4) 7 VRSPt 7 U — iR EFE O BRI R | AEIEHIN S BEREIRES.
N T 4 A, PR 26425 A 21 H

5) BRH s, NP SRR, B B4, L B, =F MR, L BE, =R /R, 7
R 7 2= L o iEEEBUKEICE T2 7 =4 L 8EEE S 17, &6 63 BED T F24F
KR, AhREESES, P26 45 H 28 H

6) = EOC, PRk B, SE A, BRE e, L BE, B /G TRV T U —
Ly T —FNRT = F MREBIC BT AT B AEOME” . E 63 ElES TR
=, RIRF, Frk 2649 A 24 A

- 33 -



T) RRF ORER, JROIER, CKRER BE. NHE B BH EA, N B BE L, R
tEIR. 10 BUE. R R D BEEE A T = N o AR
fEF i ORI, 5B 64 IS0 RS, AUIRERRSHEY . TRk 2T 5
H 27 H
8) WA i, M A, FA ER. B S AR KRER, R OIERNL KA Ve, K
B, =% M, mR @a, TBUKENICA ) ST 2= Vo ER AT AT =4 8
B 77 564 BlmaFafime, ALK, FR2T 49 H 16 A
9) M RS, N P, SE E4A BR &n. AR Bk, TRIEKERT =4 HE
PEm 07 % TR SR /TR 32 RBH R ML PERERTA . 25 56 R Fm=. A b BREERS
. FR2TAE 1L A 11 A

10) AFF KBS, JE BRI, KRfE G, BE BA N G, 2 SN EH KR,
W Gk, B R, D BUE, TREFE A A EE N T EME IR O K s
Ve L EMLERE & OBIFRT. 5 35 IR mEA RS, FURRT, ER2THE 12 1 A

11) JEK &5, WH #, T @6, "Bea 0 MaeT) RO L 7 v Y
WL T ORERETIEMERHE T, AL TR 83 [MIRE, RPCRY:, Rk 28 4 3 J
30 H

12) BEH s, fil B, =% #oF, HEl fE. TBKEICA ) A7 = L UoME R A
27 =A L FEMEE S FOEME WM, 5 65 S0 FERFIRRE, FE
Braikds, PRk 2845 H 27 H

13) vuly Bl W UE—RR. BEE M, RKL B, =% MR =R A TR
=AU MR E AT XA L e KT U UBREIEM 5 65 Bl T FREIR KA,
M ERR S, R 2845 H 2T H

14) Ahmed Mohamed Ahmed Mahmoud, Ahmed Mohamed Mohamed Elsaghier, Kenji Miyatake,
"Stability of aromatic copolymer anion exchange membranes for fuel cell applications: Impact
of varying ammonium structure”. % 65 [BIE 0 Fatamas. IR, Rk 28 4 9 H
16 A

15) EH A, KL B, N JEB =% MO, Bl @G, TIEIIR A S — Y — & 3
WCHALTEHT =4 A HEM S ERE S T O EWME". 5 66 ml&E 0 7 F2ER

2. WREA v, ER294E5 H 30 H

16) BEH s, NP Bl =% MR mR n, RSN —T e T Rk
TNF VT o7 =4 B WG T. H 66 Ry T HARFERRE, HRA Y
. FER 2945 A 30 H

17) Ahmed Mohamed Ahmed Mahmoud, Ahmed Mohamed Mohamed Elsaghier, Kenji Miyatake,
"Partially fluorinated aromatic copolymers functionalized with pendant alkyl ammonium
groups as highly conductive and alkaline stable anion exchange membranes". %5 66 215471
e, E4E, 201749 H 21 H

18) Kib T, BAH M, AT SRR, HR /S, NE . "RICKEREMRE & A
12T = BRI R L O PERERTAR ", 5 58 [l MR Em . . 2017 45 11 A
15 H

19) /NE EH, = W B @G, TV LA TS T v BT =4
HEMEmD O L. 56T HEn FHRFERRE, A hRERSEY . Rk
3045 H 23 H

20)Koichiro Asazawa, Eriko Nishino, Makoto Uchida, Kenji Miyatake, and Masahiro Watanabe,
“Effect of Fuel Permeability on MEA Performances Using Quaternized Multiblock Copolymers,
224th Meeting of the Electrochemical Society, The Hilton San Francisco Hotel, November 11,
2013.

21)Kenji Miyatake, Naoki Yokota, Manai Shimada, Hideaki Ono, Ryo Akiyama, Junpei Miyake,
and Masahiro Watanabe, “Ammonium-containing Aromatic Polymer Membranes for AFC

Applications”, Fuel Cells 2014 Science & Technology A Grove Fuel Cell Event, Amsterdam,
Netherland, April 3-4, 2014.

- 34 -



22)Koichiro Asazawa, Eriko Nishino, Hirofumi Kishi, Junpei Miyake, Makoto Uchida, Kenji
Miyatake, and Masahiro Watanabe, “Cathode Design of Non PGM Catalysts for Anion
Exchange Membrane Fuel Cells”, 226th Meeting of the Electrochemical Society, Cancun,
Mexico, October 5-10, 2014.

23)Tomokazu Sakamoto, Koichiro Asazawa, Hirohisa Tanaka, “Operand XAFS Study of
Hydrazine Oxidation Catalysts for Use in Anion Exchange Membrane Fuel Cells”, 226th
Meeting of the Electrochemical Society, Cancun, Mexico, October 5-10, 2014.

24)Hideaki Ono, Junpei Miyake, Shigefumi Shimada, Makoto Uchida, Kenji Miyatake, "Anion
Exchange Membranes Composed of Perfluoroalkylene Chains and Ammonium-functionalized
Oligophenylenes”, 2015 The International Chemical Congress of Pacific Basin Societies
(Pacifichem 2015), Hawaii, USA, December 15-20, 2015.

25)Koichiro Asazawa, Aoi Takano, Eriko Nishino, Susumu Yamaguchi, Junpei Miyake, Makoto
Uchida, Kenji Miyatake, "lonomer Layer Design of the Electrode Using PGM-free
Electrocatalysts for Anion Exchange Membrane Fuel Cells", Pacific Rim Meeting on
Electrochemical and Solid-State Science 2016 (PRIME 2016), Hawaii, USA, October 2, 2016.

26)Taro Kimura, Ryo Akiyama, Kenji Miyatake, Junji Inukai “Multiplex Analysis on Phase
Separation and lon Conductivity at Bulks and Surfaces of Designed Anion Exchange
Membranes”, 232nd Meeting of the Electrochemical Society, National Harbor, USA, October
1-5, 2017.

@ AARZ—FF (ENEE 01k, EFSEEE 20 7F)

1) Hideaki Ono, Naoki Yokota, Junpei Miyake, Masahiro Watanabe, Kenji Miyatake, Anion
Conductive Aromatic Block Copolymer Membranes Containing Diphenyl Ether or Diphenyl
Sulfide Moieties, 223rd Meeting of the Electrochemical Society, The Sheraton Centre Toronto
Hotel, May 15, 2013.

2) Hideaki Ono, Naoki Yokota, Junpei Miyake, Masahiro Watanabe, Kenji Miyatake, Partially
Fluorinated Anion Conductive Block Copolymer Membranes Containing Diphenyl Sulfide or
Diphenyl Ether Moieties, 2nd International Workshop on Green Energy Conversion, Koumi
Resort City RE-EX, September 2, 2013.

3) Naoki Yokota, Hideaki Ono, Junpei Miyake, Masahiro Watanabe, Kenji Miyatake, Effect of lon
Exchange capacity on Physical Properties of Anion Exchange Block Copolymer Membranes,
2nd International Workshop on Green Energy Conversion, Koumi Resort City RE-EX,
September 2, 2013.

4) Manai Shimada, Junpei Miyake, Masahiro Watanabe, and Kenji Miyatake, “Synthesis and
Properties of Aromatic Block Copolymers Containing Ammonium-functionalized Fluorenyl
Groups as Anion Exchange Membranes”, Fuel Cells 2014 Science & Technology A Grove Fuel
Cell Event, Amsterdam, Netherland, April 3-4, 2014.

5) Naoki Yokota, Hideaki Ono, Manai Shimada, Eriko Nishino, Ryo Akiyama, Koichiro Asazawa,
Junpei Miyake, Masahiro Watanabe, and Kenji Miyatake, “Anion Conductive Aromatic Block
Copolymer Membranes Containing Polyphenylene Groups”, Fuel Cells 2014 Science &
Technology A Grove Fuel Cell Event, Amsterdam, Netherland, April 3-4, 2014.

6) Naoki Yokota, Manai Shimada, Hideaki Ono, Ryo Akiyama, Junpei Miyake, Masahiro
Watanabe, and Kenji Miyatake, “Anion Conductive Aromatic Block Copolymers Containing
Polyphenylene Groups”, The 3rd International Seminar on Green Energy Conversion,
Yamanashi, Japan, August 25-27, 2014.

7) Hideaki Ono, Naoki Yokota, Junpei Miyake, Masahiro Watanabe, and Kenji Miyatake,
“Synthesis and Characterization of Novel Anion Exchange Membranes Consisted of
Perfluoroalkyl Phenylene Main Chains with Ammonium Groups”, The 3rd International
Seminar on Green Energy Conversion, Yamanashi, Japan, August 25-27, 2014.

8) Manai Shimada, Eriko Nishino, Koichiro Asazawa, Junpei Miyake, Masahiro Watanabe, and
Kenji Miyatake, “Synthesis and Properties of Aromatic Block Copolymers Containing
Ammonium-Functionalized Fluorenyl Groups as Anion Exchange Membranes”, The 3rd
International Seminar on Green Energy Conversion, Yamanashi, Japan, August 25-27, 2014.

9) Shigefumi Shimada, Manai Shimada, Kenji Miyatake, Makoto Uchida, Hiroyuki Uchida, and
Masahiro Watanabe, “MEA Evaluation of Quaternized Poly(arylene ether) Membrane for

- 35 -



Anion Exchange Membrane Fuel Cells”, The 3rd International Seminar on Green Energy
Conversion, Yamanashi, Japan, August 25-27, 2014.

10)Ahmed M. A. Mahmoud, Kenji Miyatake, “Anion Conductivity and Alkaline Stability of
Partially Fluorinated Oligophenylene Based Anion Exchange Membranes: Effect of
Ammonium Structure”, 7th International Fuel Cell Workshop (IFCW 2015), Kofu, Japan,
August 27-28, 2015.

11)Taro Kimura, Masanori Hara, Junji Inukai. Makoto Uchida, Manai Shimada, Hideaki Ono,
Shigefumi Shimada, Kenji Miyatake, Masahiro Watanabe, “Distributions of Anion Conductive
Areas on Anion Exchange Membrane Surfaces Studied by Current-Sensing Atomic Force
Microscopy”, 7th International Fuel Cell Workshop (IFCW 2015), Kofu, Japan, August 27-28,
2015.

12)Shigefumi Shimada, Hideaki Ono, Manai Shimada, Kenji Miyatake, Masahiro Watanabe,
Makoto Uchida, “MEA Evaluation of Quaternized Poly(arylene fluoroarkyl) Membrane for
Anion Exchange Membrane Fuel Cells”, 7th International Fuel Cell Workshop (IFCW 2015),
Kofu, Japan, August 27-28, 2015.

13)Yuma Shimizu, Kenji Miyatake, “Preparation and Electrochemical Properties of Silver and
Platinum/Cobalt Alloy Nanoparticles for ORR in Alkaline Media”, 7th International Fuel Cell
Workshop (IFCW 2015), Kofu, Japan, August 27-28, 2015.

14)Taro Kimura, Masanori Hara, Junji Inukai, Makoto Uchida, Manai Shimada, Hideaki Ono,
Shigefumi Shimada, Kenji Miyatake, Masahiro Watanabe, “Anion-conductive Areas on Anion
Exchange Membranes Analyzed by Current-sensing Atomic Force Microscopy under
Controlled Conditions”, The 66th Annual Meeting of the International Society of
Electrochemistry, Taipei, Taiwan, October 4-9, 2015.

15)Mizuki Ozawa, Junpei Miyake, Kenji Miyatake, "Synthesis and Properties of Partially
Fluorinated Anion Exchange Membranes Containing Ammonium-Functionalized Fluorenyl
Groups", 2015 The International Chemical Congress of Pacific Basin Societies (Pacifichem
2015), Hawaii, USA, December 15-20, 2015.

16)Yuma Shimizu, Makoto Uchida, Kenji Miyatake, "Oxygen Reduction Reaction Activity and
Durability of Platinum/Cobalt Alloy Nanoparticle Catalysts in Alkaline Media", 2015 The
International Chemical Congress of Pacific Basin Societies (Pacifichem 2015), Hawaii, USA,
December 15-20, 2015.

17)Taro Kimura, Ryo Akiyama, Kenji Miyatake, Junji Inukai, "Systematic Studies on the Phase
Separations at Bulks and Surfaces of the Anion Exchange Membranes with Different Polymer
Structures™, 2015 The International Chemical Congress of Pacific Basin Societies (Pacifichem
2015), Hawaii, USA, December 15-20, 2015.

18)Mizuki Ozawa, Junpei Miyake, Kenji Miyatake, "Anion Exchange Membranes Composed of
Fluoroalkyl and Ammonium-Functionalized Fluorenyl groups: Effect of the Hydrophilic
Component”, The 11th SPSJ International Polymer Conference (IPC 2016), Fukuoka, Japan,
December 13-16, 2016.

19)Mizuki Ozawa, Junpei Miyake, Kenji Miyatake, "Anion Exchange Membranes Containing
Fluoroalkyl and Ammonium Functionalized Fluorenyl groups for Alkaline Fuel Cells",
Workshop on lon Exchange Membrane for Energy Applications, Bad Zwischenahn, Germany,
June 27-28, 2017.

20)Naoki Yokota, Hideaki Ono, Junpei Miyake, Kenji Miyatake, “Anion Conductive Polymers
Consisting of Perfluoroalkylene, Fluorenyl, and Pendant Ammonium Groups”, 225th ACS
National Meeting and Exposition, New Orleans, USA, March 18-22, 2018.

(4)Jn & Hi i
OEPNHRE 9 1, 9BH%Ek 4 1)

1) FEH DT« A A At SRR FEARE I, AT R /N A1 > —,
PR FEAR AL 5 I ORI ER L

FHE B WAL BE EAE ER G 0 BE. = M Y KR 9
IRl

- 36 -



HEEN : ZONZ Ty a Dy N URASH, BN REFEENLRLRT:, XA YT
¥t

HFEH PRk 26 423 H 17 H

HIREE 5 : 2014-53748

Bk 0 6049212

2) FHEHOLTR : &A1 A U RHNE, BREFEM A ERE S, REIER L KO A 4 2cHt
g o i 71k

FEOE  VEEy mE . R VEAR. I EUE. =R fENe. NHE R =% MR AR
Mo, HHE A

AN © 2 A Y TS, BN RFENLIBIRT:, FInFTLeyarPp N
RS AL

HFEH SRk 26 427 A 31 H

HIFEZE 5 © 2014-157149

3) FEHADAFR : B2 A A L AHSIE , PRBFE M AR E N, B ARE B S A & —,
TR FE AR AR S o L OYRELEE

FE  EHE B4, BB WE, TR e, 0 BE. =% M, NE SER], e
JeHE A B RS

HFEN @ Z BTy a Uy S U S, ENRFENLRLRT:, XA YT
AL

HFEH SRk 26 428 A 22 H

HFEE = : 2014-168925

e 5 5960763

4) FEBHDOLFR : A A R HRIE, 72 DN ENE WA A v A Bl K OYRELE
i FH R AR

U BER /G, NHE B = MR A 2%, NE EH. BHE B4, BEHE
i Ny S

HFEA @ ENZRFIENLBLRT:, O ANZ T Loy a Py et

HREH - YRk 2747 A 3 H

HFEE = 2015134000

Bk : 6162179

5) WU DAFR : f2A A 22 Wifis, oG ik, PEIEMMH EMRE R, Bkt
B SA X — B AR d5 K UVREHEY

A ER /A, S MR, NP SRR BE E4. BB ML SR SRR,
JEH A RE SRR

HEEN - ESZRFENLBRLR T, Z NG T Loy a Dy NURAstt, ¥4 YL
At

HFEH Rk 2749 A 22 H

HiFEZ 5 : 2015-186152
6) FADLATER: [2A A LB, PRBIER BN, EAEE I 1 7 —
T EE AR AL RS 5 L OV EE

FEEAE BEE e, BE A BRI B0 BE, —F ME, R R 8
5 RS

HFEN : ZONEZ TP a Dy SRS, ESLRFEEANLFIR S

HFEH - Rk 2848 A 9 H

HREZE 5 2016-156134

BERTE S 6166438

- 37 -



Qs HRE (4 14)

1) FEHOLRR: A A WG, OB E M AR E 5, AR IR S A v 2 —
TR FE AR AL S 5 L OV RS

FEOE B EE B B4, BR G, L B, 2 M, A mET
R

HEEN @ ZANEZ T LT a Py o fRlath, BESERFAENLRIR T

HFEH @ Rk 27 422 H 28 H

HFEZ 5« PCT/JP2015/056004

2) FHDATR : B2A A 2SR, PRBFE M A AN, EALE B S A & —,
TR EE AR AL 5 L OV EE b

U EH B B ML B S, L BE, =% M NP SRR PEEP
HHF R RS

HEEN « XN T LY a v Py R fRaE . ESLRFEANLBLR S

HUREH SRk 27 48 H 22 H

HREZ 5« PCT/JP2015/073636

3) FHDOLFR : A A 2R, e SN ZENE WA A 2 AZHa Bk X Ok EHE
i FH R A M

U ER /G, NHE B = MR A 2%, NE EH. BHE B4, BEHE
Ny S ]

HFEA « ENTREFENUBLR S, ZOANE T LY g P v RSt

HIFE A : PRk 28 456 A 29 H

HiFE =« PCT/JP2016/069364

4) DL« A A o RQWEE, £ ofhE 1k, PREEMA B, EMmAhEE
B SA X — BB AR 35 K OVREHEY

FHE ER e, = MOE, NP R B B4, BIH ML HR SRR, EEP
G FEE—RR

HREA « ENERFENUBLR SR, ZOANE T LY g P v RSt

HFEH : SFR% 28 429 A 20 H

HFES =« PCT/JP2016/077610

(B)Z B - %%

O=E

1) RAY A /) R_R—=ay « TU—R [y b7 U =K U2 VE | FE, B 5, F
fi% 25 4F 6 H 18 H

2) HAFIFRMSF AR MeREZERY., R @5, PRk 25410 A 31 A

@~ A2 (Fri# - TVE) #oi

D ILALH B, ALK - R EARICHE, PRk 25 426 A 19 H

2) HFIE®EEERM, sy b7 U — R« U7 VE, FRk 2546 H 22 H
3) Weoe AT, BREEEAN b7 10 BADS 50, k264510 H 9 A

@F DAt

1) 2013 FULE—H# — a —HRECER 2611 A 22 H~12 4 1 H)

2) FC EXPO 2014 tH/# (k2542 H 26 H~2 A 28 H)

3) ¥ 1M\ ICEF (Innovation for Cool Earth Forum) %5 4 AriZ@H,. “Development of
a prototype vehicle running on a liquid fuel cell free of noble metals” (3
F% 26 4 10 1)

4) 2016 FURE—H —3 a —HRECERR 27410 A 28 H~11 H 8 H)

- 38 -



(6)% F- B = 51
OEAkIZATTORER

* CREST WFZCCRHZ L7-#iHl T = ﬁxé%%aﬂ
T ENE W ERALE, PROEFERIZET L
Tl & CTHRFFHREZ 1T - 72 (EN R HHIRE 9 14,
I BG4, EBRFFEF A 4 1R,

s LY =4 VEEMESFITONT, XN
Ty Va Yy L FEITREAR E E O
R, RBEEO R, MM X b E e
N M, PEsbizii e a A VRE A ED T
W5, T, #HEORE (QPE-b1-3, QPAF)(Z . ,
FBOTH 108 FIETAR L, Figure 510k 57 o o S8 S8R B 4o
= MUV ERBMELILSBEDL Z EITHEYIL large scale.

77

@ﬁ%ﬁﬁ%&%ﬁﬁ@

"o T =4 g EMNE S TIRICE T DUENE 2, TRk 26, 27, 28, 29 H-RE I Bk
Ltmnmma%wfﬂﬁmﬁﬁﬁb\EW%@%%%%&WH%%%%%%<@EE
DT,

* CREST WFEDRURNE &, JST i e (CER 2942 9 R) IZBWTHEK LT,
BHOFERANKFIE IST & — &5 X — VT /\F'aﬁbfu\é
(https://shingi—cms. jst. go. jp/list/kisoken/2016_kisoken2. html),

o ARWFREARE GRCY A M e &) ZIURLKRF 7 V — v mx VX — i v ¥ —R— L=
(URL: http://www. clean. yamanashi. ac. jp/)IZ TR L, —#RIZIHEHREEL L TV 5D,

o AR EZ B RNEHEFECA— R—P A T AFER VICBIT DB - EKET
DFZZEIZEB N THRI L, FEEDO = L X — RO m B 2 k3 2 BRAiF & Bk 4 i
L7,

* CREST WFZERk % & 01~ % 2013 45 2015 FEDOHITE— X — g —ICHBERER LT,

§5 HHEHIFEFOES

5. 1 FTRU—I ayv?, TURITL, TUN—FEDIEE)

FHH 2 FR Bl ZIMAE | B

Rk 24 | BRI | BEEH S| 123 N | SR CORRIGER
A 19 H % 24 HERKEORF | AR

%%ﬁﬁzﬁﬂz ‘:“j‘b‘
¥m2p$1x—vv—-%4za/mﬂ%ja 40 N | B CORRI#ER
A10H A e A AT — )V | EEFR

Rk 25 4F 10| IUBLE 2T 1 57 2 — 3 [ AL IR )1 35 N | TORRIGER
A 18 H % 25 HEFEREDOR | ZHRRT LT
FEME I — JIFE A%

- 39 -



Wk 25 4 1| IUBLEY 7 7 X — | BEAER G| 118 N | EIKR TORRIGER
H 11 H Al 25 FEARKORF | FFK
%%ﬁﬁﬁ'ﬁ ‘: “j‘“‘
gk 25 4R 11| UBSR 7 7 X — 3 | 1L AL IR b A 28 N | FTORIGER
H 18 H A 25 AFERERR OB | LR
Eit I — L
SERK 25 AE 12| TV U FC HNAS | 2 A N L 7N |59 22 it (PennState K
H 18 H i ES Hickner MEHF 2 HIME L |
SEEHTEVZ)
gk 26 4F T| A — 28— « B4 = | UFLEST H 45 N | @R C ORISR
H3H A e A AT —VFEE | IEFETR
Rk 26 45 10| 7V U s FCOEEIRAS | ILAL RS 45 N |52 (Cel 1Era #1: Dekel
H 23 H it MEA L, #EE
72)
Rk 26 45 11| 7V U fiE FC AR A2 | UL KRS 52 N | %~ 1iF 22 it (PennState K
H 10 H it Hickner #EHIZ 2 fHE L |
AR TAVVE)
Wk 26 4 11| IRV 77 07 X —F | BEER M| 120 A | &K TORIGER
H4H A 26 FEARKORF | FHFK
Fite 2 —
SRR 2T L WWBR =T 7 S —E B e W& | 120 N | @R CORRIRZE
H 17 H R 27 FEFE AR DRV | F L
gjjﬁ:ﬂ“lf ‘: ‘7—*‘
Wk 27 AR 11| A==« A = & - [[UFLIRA7 A 40 N | B TORBIEE
H19H INA AT —VEHE MR AR
Rk 27 AR 12| WBLR T 7 X — | 2B T S 25 N | TORERIFEE
H 25 H % 27 FEE R R DR | TP R
Bt < —
R 28 AR T| A—/S— YA 2 - | IURLRSL B 40 N | AT ORERIESE
A21H INA ARG — LR N AR
Wopk 28 4F 9| IUBLE T 5 I — Y | 1L LR 45 N | T ok
A 23 H % 28 FEFE R DR | Fm AR
%jjﬁ:ﬂ’lz N ﬂ_*‘
PR 28 A LT IUARL T U 77 X (BR HURFG | 120 A | B COReRIR
H 15 H Ji% 28 4EFE ARk DR | R
Bt < —
§6 Ht&iz

ETOMITHEBIZBWT, ([ ZIFFHEEVICFEITT DI ENTE -, WA YERCT IV
BV BREFEMOETH > T-QEETE T =4 LV EENEDOE S T ERERORIE. O
PERE 72 LG JE@ R EEMRARBE DB IS, @7 =4 BB E S & A B S 72 B NS %

A L 7z = AR5 oAl

HDTHUCE LT ORI 2R 5 2 L S TR 2, BT,

T = A BB Sy T BRI R A R T b MR D THEAL T2 RE & i O IANE & [l N3
HZ IR L, CRESTAFZE L L Tl b aliicfEd 2R TH 5,
CREST W7t % 18 U C, BREVEM D EICE T 28R (7 =4 L EEMEE 0 12 V2 88k
E) (T AR OBAER 72T 7 b7y IR TR eSS O « fRHT BT A B
452 Lok EERE R BT DR R E + B R T A Z E N TE T,

- 40 -




IR, B/ ERARE R T A R A T LoV THIE L CESRE = R L — T
WA ARG ZARRE THENTHRREZEZTHZENTEZLOLEHAL TS, EOT
B, by, EXET. B LFROEREROBRIZL D RN THLETHZ ENT
=T,

WSS S T E M LT, MO I0aN R D A A\ — 4 B0 -2 RF L E
HBNZAT O 2 & CTHABEMN R, TERREmN TE D HEMEXNTF — LN TR I L TE
T, MMEOERRB L OF—2 T — 7 Oifbic o i o 7=,

- 41 -



