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A series of quaternized copolymers (QP-QAF) composed of quinquephenylene and

fluorene groups functionalized with pendant hexyltrimethylammonium groups were designed and
synthesized.Precursor copolymers were successfully synthesized, which were fully quaternized to
obtain the title copolymers. The resulting membranes exhibited minute phase-separated morphology
based on the hydrophilic/hydrophobic differences in the components as confirmed by suggested by TEM
images. High hydroxide ion conductivity up to 134 mS/cm in water at 80 degrees C was obtained with
the high ion exchange capacity (2.25 meqg/g) membrane. The membranes were stable in strongly alkaline
conditions (4 M KOH at 80 degrees C) for as long as 1000 h without serious degradation. A
hydrogen/oxygen alkaline fuel cell using the QP-QAF membrane exhibited 248 mW/cm2 of the maximum
power density at 60 degrees C and 100% relative humidity.



X C—19. F—19—1, Z2—19 (58)

BG4 ) OTE B

:EZ/I/%~7/\4’7<AO)I“EH%EH?ELtm/\%4’ﬁ 77\1%“4=Jrk LT, 744 ItfFEs
WD 7 Ry TEiRE. ﬁ%&i@“ﬁ%*“/n“ BIREN S REsnTnd
%’%*%%%E@%ﬁm”kﬁérmmﬁ By B, Am#a%fﬁkwamrw
<, ERE@AO L m L) Lf%mw%Wﬁf%%ﬁf%é R8T R RE T FITIT R VER
TR A FF D ENA CIERIZIT DI TV B 03 AL E ORI R AL | Bl A A4 &7 U
BOBREEIBLT B 720 Doy TR FHESH D BAREIZ 72 > T eV, FRICA 4 EER( L E
MYWEWN T DEDFAFT =7 AMBNIZTEAERLS, BWWRT U YV EENP L TZ R LT —
BT SA AT 2D DT HEF 5T & L TlETE T2,

2. WFFEDHW

A TIIZORELERTHZ 52 H
m&vtﬁﬁﬁ%%#ﬁﬁm%%ifﬁﬁ
Licmn A A =27 ZZET 50 F&atfa
HAEFEHL, 2N E CEEARNEEL Sh T
=4 A BEMEER O ZFEREL & & A
(b DT, @ZAERE (48 ) & o Stk

@

%z L 5 BRALERIE D EIE L, @ %L N o of N—
3@»«7»\4 ZOISHEM ERETOAE

Bl B R R I S ey b O SOH
5%%9%%?4% J A BNT TS

BB YR & MBS . VR (f o & )k

B8 SR - KO ToFE) oA B &

T Iy THEE L O E L7 4 U (4 ) )

SYBEREIE) OFHBE 2 R L. ZHEREZ W] 5K
FZWHNITT D, WIZ, FllED 1 4= 1
U AR B A dE AR AR & AR 2 G o T S A
L%MWL/HA¥%j<17X@&%%LW
BB - WHEITBOERIC LT TR L

AT 5, IO X OR EEE % o 4 cl
BRBHEM R E DO R IL X —F N, 2T
ERT 5, Q O O

o J QP monomer AF monomer

3 Hh@ﬁ{f NeEd DMA tol Ni(cod),’ 2:2- -bipyridine, 80 °C
TREFITINETT =4 EEM ¢, toluene, Ni(cod),’

ﬁtbf B 1 (a) IZR I ER 5 7 Ak

BN —=T At ~F ) 2 Fo Q Q O.O

QPAF-4 DBAFEIZAE) L 72 (J. Mater. Chem.

A, 5, 24804-24812 (2017)), QPAF-4 fiki| X Q O O

(a) QPAF-4 B LY (b) QP-QAF 7 =4
HEME ST ORI

NIeT =A FE LT A0 ) 2R \ /

QP-AF
l DMAG, (MeO),50, " 481

T—J0 . BAKRENE EIRKF TORIR
ZEMICEREN H -7, 7. K1)
R AR Y 7 = =1 2 SPP-QP
i, NP RN b OHE L
7Iw—1//T§L%Z7ﬁ¢ZD7i&D FHRZE TE

I T 5 (Sci. Adv., 3, eaao0476
(2017))0 % Z T, QPAF-4 £l SPP-QP fis

QP-QAF (X = MeOSO0y)

@%‘ﬁ%ﬁ’d’ﬁofl’ j_: 7 21%‘*/[’ CE l/ membrane preparation
T, X7 7=V MEETHRTLT = iKOHaq.,80°C,48h
F L EEME ST TH D QP-QAF Z % EF. QP-QAF (X = OH)

B LTz,

QPAF-QAF DA R IEIE, X 2 12> T 2 QP-QAF 7 =F VEEM &S T ORI E
1To7 PE/~—11F, NoE¥r-1,4-

URB UL 1-78E 3-F— FRUB U EAVESAERY v )V IRISICE ) YT e s
— 7 2= AEARL, EHiIné 3rrurBrrurBERWESARER S S T
RIS 0 E Lz AFE /) ~—21F. VAL 2HEYELE LT N-Zooanyif IR
ORI, 1,6-C 7 mEATH OB, DAFAT I EORISIZE Y B LT,
F)w—1, 2 OXESKINIEARA(,5-v70d s 20z )=y L 0) AN~ h
v 7V U T ROSICE VATV, BIBEAAR U = —QP-AF 28R L7z, i\ T, ¥ A F LR % % A
T A v a2 PR UNISICE VSR T X 7 DT L A2 1TV, QP-QAF (X F/LEiEE A A7)



AR LTz, £F5172 QP-QAF Z AT v A MEIC I > TR L, KERIED V 7 LKEERH Tht
A FUBEHREITO) LTk, BIE T 57 =AU EEME S TIE QP-QAF OKER (LA A 7))
i3z, BALAEMO TR L OV T 'EIE, BRI A7 MV (NWR) B L OV WRiE2 v
~ 27°F 7 (GPC) & FVNTHEMT L7=, QP-QAF IED A 4 A3 8 (IEC) 1. Mohr ¥EIZ K W & L
7o QP-QAF RO E K, KEEW A A &SR, Th VEEM, 70 ) IR E R EM:
ElX. MMEREXES N ETIREL CWAHHBOFEIC X - T L7,

4. WFITERH

QP T/ ~v—1BIWAF £/ ~v—2 DMKEEZ TEEZITV., 557 RIBRARAR U <~ —QP-AF
BLOZZEMNEI L 7= QP-QAF O FEEMIE %2 % 1127”7, QP-QAF [ZEEMICEONES BT
&Ho7= (Mn=5.2~9. 8kDa, Mw=131~187kDa), 'H NMR 2<% kLD v — 7 gL 6k e 7= il
AT ) v~ —AAME L IFIE—E L TEY, BN ETHHEZ2A L TWD 2 &2 MERL
72 F72. QP-QAF @ 'H NMR A7 hMVZEBWTHIBE =T 3 ENT Uk EnhTnbd =
L HEAHEANIEE L IFIT L TWAD D L 2R LT, QP-QAF IV AFIAKRALLT I R
(DMF) 2 A F Z V7R F 2 K (DMSO) 72 & Ot AREEEIEIZ FIE TH | IWIRF v A MEIZE - T
WP OFAIZ B W T H Rk R HOEREE D Z LN TE T,

#1 AH L7 QP-AF 35 LTk QP-QAF o KfEi

No. QP-AF Yield Mp® Mut Mw/Mn  QP-QAF IEC? (mequiv/g)
m:nt m:nP (%) (kDa)  (kDa) m:nP NMR Titration
1 5:1 56:1 100 5.2 131 25 46:1 0.89 0.80
2 2:1 20:1 97 9.8 147 15 22:1 1.50 1.60
3 1:1 10:1 99 8.6 187 22 12:1 221 2.25
4 1:2 11:2 96 7.5 149 20 11:2 2.85 2.78

3 Feed comonomer ratio. ° Determined by *H NMR spectra. ¢ Determined by GPC measurements. ¢
Calculated as QP-QAF (OH~ form).

QP-QAF JEDE/L 7 4 1 o—UE 2 IE L
FHARE (IEC) OB 2 et L=, £ EimAE 111
s (TEIC L » T, EA 74+ —%2@E 1L
72 (4 3), QP-PAF-1~4 OWFHOHEREE | Hk
H R A A EBUKEL B A A 2 h 6 Rk D ARy BiEAs
E(T =T LHEORA A % PtCL* TEBL
TWAT72, TEM g TIZEAE DN BKE B A A
CTHD)EBH L TWD Z ENbhotz, Bk
HRAAL L EBUKE R A A 30D 2nm 2
EOBEBRDOEE THY | IEC 2 RKSETHIFL
AERI—ThHoTm, /2. /X—T )V Fa~F )L
HAHTH QPAF-4 EDENL 7 41— L L
TWD Z LD BUKEEESCZ ORI 27 B
REEDRREITITE A EEE LN Lo
776

KANZIS 1T % QP-QAF D& /KR LK IRk A _

A EERO TBC AL, K4 17T, &b ' o '
TEC 2MEVY QP-QAF-1 IE D& K R1T 10wt % FEE T 3 (a) QP-QAF-1B:, (b) QP-QAF-2 i,
HY . [FFEED IEC @ QPAF-4 OEKZTIZH~_T  (c) QP-QAF-3 B, (d) QP-QAF—4 5> TEM 14
/3 BEICIZ BTz, QP-QAF-1 LY, QPAF-
4 JEE L [RARIT TEC BERITEE - TEAKRRITIEM L= 23, #INIIE STk v . IEC 28 2. 25meq/g
D QP-QAF-3 LT 1 100wtk FChHh o7z, F o7 7 ==L v ORIE B &K X 2 IR
KTFWREFSOZ L2 LN L, A 4 EERT QPAF-4 A TEC OEINicxt L ChT iz
M =92 DTkt LT, QP-QAF X TEC 28 2. Omeq/g LA ETH A L LEHT 5 2 E M RERFFHETH
%, QPAF-4 JECIXEKBOHE KIS TIEEM A A U RENME T 523, QP-QAF ETIXE /K
BRMHI SN TNWALDTHDHEBEZ LD, P-QAF-3 BL N4 RO A AL EERT, 30CT
BEON70mS/cm, 80°CTIX 100mS/cm X HEVMETH -T2, 7 =4 LV EBERITIREITHR LT
T L= ARG ERLTE Y, BMEWEE RO Z LR E Tz,

QP-QAF-1~3 D 7 )V 71 U 22 MR BR A B 2 X 5 12759, 80°C D IM KOH /KA R Th I i % & 15
LT, EFINCA A EEREZRE L TEOELEBIE LIz, WTHORS A 4 HERTIT L
AEELLTE LT, 1000 KfEIE CTH AN & REOEERZREF L, RBRZICBWTHHE
IR THD ., F7o, HNMR AT MDD bIEEZERRO LN T2 b, 7




=7 LU bLBUKEHE S RISEMNOT ' =
U LAREEIINTR LT AN VEEREET D Z
EBBHLMNE TR0 T,
BIBIZARFE TR L7 QP-QAF [ED 5 5, &
IR HEMOREE . KIRIEA A L EHEBRONT
ANTEN TV D QP-QAF-3 84 W TIEEMmE S
WAEER L, 70 U IRREVEM O R ERER 21T
>72 (X 6), EEOA A EHERIZEKESLS A — A
EHLUL 0. 15Qem* TH Y | /KPP OB ESR L HHEH
HEEINAME0.02Qcm) LV HEWETH -
7o KA TOEKRFRA A L EERN, Kb X
DHEWZ ERNFRRERTH D EEZBND, B
BIEX 1OV ETHY, BEOKMENY TN
R E Tz, FEHBZR S (60°C, 100%FH <, 7K
FRIHZE 30%., BEFEFIH R 14%) 1[BT D ik H
J3E 248mW/em® TH Y . T VIBREFE E L
THEZRMRENSE LN, 5k, B m
OB FHI LD, BEMREIIWETE DL Z LN
M CcE D,

120
zo T

+QP—IQAF-'1 (IEIC=0-'80) I T
I::QP.QAF-z (IEC=1.60) _
QP-QAF-3 (IEC=2.25)

OH" conductivity (mS cm™)

0 200 400 600 800 100(
Time (h)

X 5 QP-QAF i 7 /L b U 22 e MERER

00-
oo T

[ (a) ) o |
Q + 4
% L 4
g joo QPAF4 ° QP-QAF ]
5 K [ ] [ ]
fg [

0 PY ® ]

r °

| |
+ } + } +
o) b
IS L ]
[}
n L
E I °
> °
= [
S 0 o o b
- * e
S °
T
(@]
1 d 1 1 1 1
0 1.0 2.0 3.0

IEC (mequiv. g ‘1)

X 4 QPAF-4 &35 K OY QP-QAF D
(a) EARERBIO(b) KE{bA 4

VAEE R
1400
| 8

b 4300

) I 2

I ] >

S 1200 =

> ] g

= E (0]

) 4

o Joo S
] 2
1 g

<o 0

£ :

o

c ]

[}

© p3 -

8

@ p2 U

[)] P ©0-0-0-0-0-°

g °

3] p-1 ]

E YU TN T TN ST SN T N ST S T S N T T SN S SN ST ST SN S N ST S

o 0 02 04 06 08 10 1.z

Current density (A cm’z)

X 6 QP-QAF-3 && JH\ =7 v V) TEIkELE
Mo (a) BIER L OHDEHE, () A— 285



31 26 0 6

T. Kimura; A. Matsumoto; J. Inukai; K. Miyatake 3

Highly Anion Conductive Polymers: How Do Hexafluoroisopropylidene Groups Affect Membrane 2020

Properties and Alkaline Fuel Cell Performance?

ACS Appl. Energy Mater. 469-477
DOl

10.1021/acsaem.9b01733

Z. Long; J. Miyake; K. Miyatake 93

Sulfonated Poly(arylene perfluoroalkylene) Terpolymers as Novel Proton Exchange Membranes for 2020

High Performance Fuel Cells

Bull. Chem. Soc. Jpn. 338-344
DOl

10.1246/bcsj 20190309

I. Hosaka; T. Sawano. T. Kimura; A. Matsumoto; J. Miyake; K. Miyatake 93

Differences in the Synthetic Method Affected Copolymer Sequence and Membrane Properties of 2020

Sulfonated Polymers

Bull. Chem. Soc. Jpn. 393-398
DOl

10.1246/bcsj 20190351

T. Kimura; T. Kawamoto; M. Aoki; T. Mizusawa; N. L. Yamada; K. Miyatake; J. Inukai 36

Sublayered Thin Films of Hydrated Anion Exchange lonomer for Fuel Cells Formed on SiO2 and Pt 2020

Substrates Analyzed by Neutron Reflectometry under Controlled Temperature and Humidity

Conditions

Langmuir 4655-4963
DOl

10.1021/acs. langmuir.0c00440




Z. Long; J. Miyake; K. Miyatake

Proton Exchange Membranes Containing Densely Sulfonated Quinquephenylene Groups for High
Performance and Durable Fuel Cells

2020

J. Mater. Chem. A

12134-12140

DOl
10.1039/d0ta03435¢e

K. Shiino; T. Otomo; T. Yamada; H. Arima; K. Hiroi; S. Takata; J. Miyake; K. Miyatake 2

Structural Investigation of Sulfonated Polyphenylene lonomers for the Design of Better 2020

Performing Proton-Conductive Membranes

ACS Appl. Polym. Mater. 5558-5565
DOl

10.1021/acsapm.0c00895

Z. Long; J. Miyake; K. Miyatak 10

Ladder-type Sulfonated Poly(arylene perfluoroalkylene)s for High Performance Proton Exchange 2020

Membrane Fuel Cells

RSC Adv.

41058-41064

DOl
10.1039/d0ra08630d

D. Koronka; K. Miyatake 11

Anion Exchange Membranes Containing No (3 -Hydrogen Atoms on Ammonium Groups: Synthesis, 2020

Properties, and Alkaline Stability

RSC Adv. 1030-1038
DOl

10.1039/d0ra09308d




Junpei Miyake; Yasunari Ogawa; Toshiki Tanaka; Jinju Ahn; Kouki Oka; Kenichi Oyaizu; Kenji 3

Miyatake

Rechargeable proton exchange membrane fuel cell containing an intrinsic hydrogen storage 2020

polymer

Communications Chemistry 138
DOl

10.1038/s42004-020-00384-2

Miyake Junpei Miyatake Kenji 3

Quaternized poly(arylene perfluoroalkylene)s (QPAFs) for alkaline fuel cells ? a perspective 2019

Sustainable Energy & Fuels 1916 1928
DOl

10.1039/c9se00106a

Shiino Keisuke Miyake Junpei Miyatake Kenji 55

Highly stable polyphenylene ionomer membranes from dichlorobiphenyls 2019

Chemical Communications 7073 7076
DOl

10.1039/c9cc02475a

Long zZhi Zhang Yaojian Miyake Junpei Miyatake Kenji 58

Effect of Alkanediol Additives on the Properties of Polyphenylene-Based Proton Exchange 2019

Membranes

Industrial & Engineering Chemistry Research 9915 9920

Dol
10.1021/acs.iecr.9b01564




KAWAMOTO Teppei, MIYATAKE Kenji, INUKAI Junji at al. 87

Sublayered Structures of Hydrated Nafion<sup>?</sup> Thin Film Formed by Casting on Pt 2019

Substrate Analyzed by X-ray Absorption Spectroscopy under Ambient Conditions and Neutron

Reflectometry at Temperature of 80° C and Relative Humidity of 30?80%

Electrochemistry 270 275
DOl

10.5796/electrochemistry.19-00042

Long zZhi Miyake Junpei Miyatake Kenji 2

Partially Fluorinated Polyphenylene lonomers as Proton Exchange Membranes for Fuel Cells: 2019

Effect of Pendant Multi-Sulfophenylene Groups

ACS Applied Energy Materials 7527 7534
DOl

10.1021/acsaem.9b01513

Koronka Daniel Matsumoto Akinobu Otsuji Kanji Miyatake Kenji 9

Partially fluorinated copolymers containing pendant piperidinium head groups as anion exchange 2019

membranes for alkaline fuel cells

RSC Advances

37391 37402

DOl
10.1039/c9ra07775h

Kimura Taro Matsumoto Akinobu Inukai Junji Miyatake Kenji 3

Highly Anion Conductive Polymers: How Do Hexafluoroisopropylidene Groups Affect Membrane 2019
Properties and Alkaline Fuel Cell Performance?

ACS Applied Energy Materials 469 477

Dol
10.1021/acsaem.9b01733




Long zZhi Miyake Junpei Miyatake Kenji 93
Sulfonated Poly(arylene perfluoroalkylene) Terpolymers as Novel Proton Exchange Membranes for 2020
High Performance Fuel Cells
Bulletin of the Chemical Society of Japan 338 344
DOl
10.1246/bcsj 20190351
Hosaka Ibuki Sawano Takatoshi Kimura Taro Matsumoto Akinobu Miyake Junpei Miyatake Kenji 93
Differences in the Synthetic Method Affected Copolymer Sequence and Membrane Properties of 2020
Sulfonated Polymers
Bulletin of the Chemical Society of Japan 393 398
DOl
10.1246/bcsj 20190309
7
2019
24 27
DOl
72
2019
665 667

DOl




69

2020
110 111
DOl
Jinju Ahn, Ryo Shimizu, and Kenji Miyatake 6
Sulfonated aromatic polymers containing hexafluoroisopropylidene groups: a simple but effective 2018

structure for fuel cell membranes

J. Mater. Chem. A

24625-24632

DOl
10.1039/C8TA09587F

Ryo Akiyama, Naoki Yokota, Kenji Miyatake 52

Chemically Stable, Highly Anion Conductive Polymers Composed of Quinquephenylene and Pendant 2019

Ammonium Groups

Macromolecules 2131-2138
DOl

10.1021/acs.macromol .8b02199

Daniel Koronka, Ahmed Mohamed Ahmed Mahmoud, Kenji Miyatake 57

Effect of Cross-linking on the Properties of Partially Fluorinated Anion Exchange Membranes 2019

J. Polym. Sci., A: Polym. Chem. 1059-1069

DOl
10.1002/pola. 29360




Mizuki Ozawa, Taro Kimura, Kanji Otsuji, Ryo Akiyama, Junpei Miyake, Makoto Uchida, Junji 3
Inukai, Kenji Miyatake
Structurally Well-Defined Anion Exchange Membranes Containing Perfluoroalkyl and Ammonium- 2018

Functionalized Fluorenyl Groups

ACS Omega

16413-16419

DOl
10.1021/acsomega.8b02742

Kenji Miyatake and Yuma Shimizu 91

PtNi Alloy Nanoparticles Prepared by Nanocapsule Method for ORR Catalysts in Alkaline Media 2018

Bull. Chem. Soc. Jpn. 1495-1497
DOl

10.1246/bcsj -20180175

Jinju Ahn and Kenji Miyatake 1

Sulfonated Terpolymers Containing Alkylene and Perfluoroalkylene Groups: Effect of Aliphatic 2018

Groups on Membrane Properties and Interface with the Catalyst Layers

ACS Appl. Energy Mater. 3965-3972
DOl

10.1021/acsaem.8b00684

Ryo Akiyama, Naoki Yokota, Kanji Otsuji, and Kenji Miyatake 51

Structurally Well-Defined Anion Conductive Aromatic Copolymers: Effect of the Side-Chain Length 2018

Macromolecules 3391-3404
DOl

10.1021/acs-macromol .8b00284




Ahmed Mohamed Ahmed Mahmoud and Kenji Miyatake 6

Optimization of the pendant chain length in partially fluorinated aromatic anion exchange 2018
membranes for alkaline fuel cells

J. Mater. Chem. A 14400-14409

DOl
10.1039/c8ta04310h

2018

24-28

DOl

2018

8-13

DOl

36 5 15

Kenji Miyatake

Anion Exchange Membranes Containing Quinquephenylene Groups

Workshop on lon Exchange Membrane for Energy Applications

2019




T. Kawamoto, A. Makoto, T. Kimura, T. Mizusawa, N. L. Yamada, J. Miyake, K. Miyatake, J. Inukai

In-Plane Distribution of Water inside Nafion Thin Film Analyzed By Neutron Reflectivity at Temperature of 80 ° C and
Relative Humidity of 30-80%

236th Meeting of the Electrochemical Society

2019

Junpei Miyake, Kenji Miyatake

Quaternized Poly(arylene perfluoroalkylene)s (QPAFs) for Alkaline Fuel Cells

International Conference on Fluorine Chemistry 2019

2019

68

2019

68

2019




68

2019

60

2019

Si02, Pt

60

2019

100

2020




Pt

87

2020

Kenji Miyatake and Junpei Miyake

Polyphenylene lonomers as Fuel Cell Membranes

The 12th International Polymer Conference (1PC2018)

2018

50

2018

18-2

2018




2019

Ibuki Hosaka, Masato Kusakabe, Kenji Miyatake

Widely Applicable Copolymerization with NiBr2 for Synthesis of Sulfonated Aromatic Copolymers

8th International Fuel Cell Workshop

2018

Mizuki Ozawa, Junpei Miyake, Kenji Miyatake

Synthesis and Evaluation of Novel Anion Exchange Membranes Containing Perfluoroalkyl and Ammonium-Functionalized Fluorenyl
Groups

8th International Fuel Cell Workshop

2018

Keisuke Shiino, Junpei Miyake, Kenji Miyatake

Synthesis of Novel Sulfonated Polyphenylenes

8th International Fuel Cell Workshop

2018




Jinju Ahn, Kenji Miyatake

Synthesis and Characterization of Sulfonated Terpolymers Containing Perfluoroalkyl and Alkyl Groups for Application to
PEMFC

8th International Fuel Cell Workshop

2018

Takayuki Watanabe, Junpei Miyake, Kenji Miyatake

Reinforcement Effect in Sulfonated Aromatic Polymers as Fuel Cell Membrane” , 8th International Fuel Cell Workshop

8th International Fuel Cell Workshop

2018

Daniel Koronka, Kenji Miyatake

Effects of Cross-Linking on the Properties of Anion Exchange Membranes

8th International Fuel Cell Workshop

2018

Taro Kimura, Naoki Yokota, Ryo Akiyama, Kenji Miyatake, Junji Inukai

Relationship between Bulk/Surface Conductivities of Anion Exchange Membranes and Fuel-Cell Performance

8th International Fuel Cell Workshop

2018




Zhi Long, Yaojian Zhang, Junpei Miyake, Kenji Miyatake

Effect of Alkyl Chain Length of the Cross-Linking Segment on th Properties of Polyphenylene-Based Proton Exchange Membranes
for Fuel Cell Applications

8th International Fuel Cell Workshop

2018

Ryo Shimizu, Akihiro Masuda, Nobuyuki Sato, Kenji Miyatake, Akihiro liyama, Makoto Uchida

Durability of Sulfonated Poly(phenylene) Quinguephenylene Membrane in Accelerated Stress Evaluation

8th International Fuel Cell Workshop

2018

Toshiki Tanaka, Makoto Uchida, Kenji Miyatake

Application and Evaluation of Aromatic Hydrocarbon lonomer as Binder in Fuel Cell Catalyst Layers

8th International Fuel Cell Workshop

2018

Kanji Otsuji, Naoki Yokota, Kenji Miyatake, Makoto Uchida

Performance Evaluation of Anion Exchange Membrane Fuel Cells Using Electrolytes with Polycyclic Aromatic Hydrocarbon Skeleto

8th International Fuel Cell Workshop

2018




67

2018

67

2018

Jinju Ahn, Kenji Miyatake

Synthesis and properties of sulfonated poly(phenlyene)s containing hexafluoro propane groups as fuel cell membranes

67

2018

Daniel Koronka, Kenji Miyatake

Effect of cross-linking on the properties of partially fluorinated anion exchange membranes

67

2018




59

2018

86

2019

68

2019

Zhi Long, Junpei Miyake, Kenji Miyatake

Effect of the Multi Sulfophenylene Groups on the Properties of Poly(arylene perfluoroalkylene) (SPAF) Membranes

68

2019




68

2019

68

2019

68

2019

Kenji Miyatake (ed. by Naotoshi Nakashima) 2019

Springer 564

Nanocarbons for Energy Conversion: Supramolecular Approaches




http://www. fcgroup.yamanashi.ac.jp/

http://www.fcgroup.yamanashi.ac.jp/




