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Preparation of electrolyte membranes by radiation-induced graft polymerization and
atom-transfer radical polymerization methods
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We prepared novel proton exchange membranes (PEMs) by the radiation-induced graft
polymerization (RIGP) of styrene and chloromethylstyrene (CMS) into poly(ethylene-co-tetrafluoroethylene)
(ETFE) films, and the atom-transfer radical polymerization (ATRP) of ethyl styrene sulfonate %EtSS)
starting from the CMS units, followed by hydrolysis to convert poly(EtSS) to poly(styrene sulfonic acid)
(PSSA). The ATRP of EtSS was successfully performed by controlling the catalyst concentration at the
relatively-low temperature. The grafting degree during the ATRP could be controlled and ranged from 24%
to 240%, resulting in the preparation of PEMs with ion exchange capacities ranging from 0.96 to 2.9
mmol/g. The block-type PEMs exhibited higher proton conductivities and water contents than those of the
conventional RIGP-PEMs. In the block-type PEMs, the PSSA graft chains would easily aggregate to create a
well-connected ion-channel network, resulting in enhancing the proton conduction.



(Radiation-Induced Graft Polymerization, RIGP)

RIGP

(S)

RIGP
Nafion

RIGP
(PSA)

RIGP
(Atom-Transfer Radical Polymeri-
zation, ATRP)

1
(ETFE)
St (CMY9)
RIGP CMS
p_
(EtSS) ATRP EtSS
PSSA
ETFE
PSSA
EtSS ATRP
RIR
i
%
%

m
m

Poly(EtS9) f

iy CoPoly(St/ICMS)
oh, CH,—CH PSSA
% {%5} fer—cn} t [Sl for—cr}
X

CF, ?
(‘IFZ ?2 f)o HEH
ﬁ | (‘ZHZCHR

0 ocms O EtSS

e

1 RIGP/ATRP

EtSS

50

ATRP
RIGP/ATRP

RIGP
S/ICMS

ETFE  15kGy v
9 1
60

SUCMS GD; (i)

GDl = (Wl_WO)X 100/ W() (1)
W, ETFE
W, St/CMS

CMS
(SEM)

(EDX)
ATRP

St/CMS 50
(EtSS =50 50vol%)

ATRP )

N,N,N",N"N"—

(PMDETA) 0.08 mol/L
GD, (i)

0.04 mol/L

EtSS

GD; = (W,-W))x100/ W, (i)
W, EtSS

SEM-EDX EtSS

EtSS
24

80-95

80 30% AC

s (i)
o=L/RS (i)
L S

(1) st/cus
2 GD,

RIGP
RIGP GD,
12 h 68%
(St  CMS)
100%  50% RIGP
GD,
1 kg (mg)
3(A)
GD, St
CMS Xa

GD, St CMS

Xa GDy



CMS
(iv)
R - [CMS unit]
M St unit] + [CMS unit]
10° X, my (10° + GD, )

RCMS

(iv)

10° GD, mg, + X, (10% + GD, ) (mg, — mys)

Mgy (104 g/mol)
mcy (35.5 g/mol)
Rems  GDy 3(B)
GD=65% St
CMS
91 GD=60 65%
St/CMS
o°°
60 | e
°
_ °
S\i40 - e
g $ 2
20 |® 4t
4
® CMS 100 %
A CMS =50 50%
0 1 T T T T T
0 2 4 6 g8 10 12
RIGP (h)
2 GD; RIGP
(A) 12
10 |
/\8 0
g
~6
@)
<4 |
2 L
0 1 L 1 L 1
0 10 20 30 40 50 60
GD, (%)
(B) 12
10 |
S8t
=
w6 |
P
|®]
~© o4t
2 L
0 1 1 1 1 1 1
0 10 20 30 40 50 60 70
GD, (%)
3(A) Xa GDy (B) Rems  GDy

(2) EtSS ATRP
St/ICMS EtSS ATRP
4(A) GD,
8h 240% 50
ATRP
SEM-EDX
EtSS
EtSS
ATRP EtSS
y ETFE
(St
CMS)
ATRP
EtSS
1
EtSS
St/CMS 50 80 EtSS
(EtSS =50 50vol%)
(I) PMDETA
ATRP
(ii) GD,
4(B) 80 GD,
8 h 120%
EtSS
RIGP/ATRP
ATRP 100
ATRP
(A)
250 | + + *
200

(B)

120
100

(=]

GD, (%)
% [ee]

IS
=

4 (A) CD,

é
0 2 4 6 8
ATRP (h)
1 (i: O Q
0 2 4 6 8
(h)
ATRP (B) GD;



50 GD, 7%

4(A) 50
ATRP
(3 EtSS
EtSS 80 95
GD,
EtSS

95

EtSS
80

80

100

(%)
®

70 1 1 1 1 1
0 50 100 150 200 250 300

GD, (%)
5 GD,

*
4(3)
(Ion Exchange Capacity, IEC) GD,
6

EtSS (SSA)

EtSS
EtSS SSA

GD, IEC 1.0 2.9 mmol/g

EtSS
SSA
DOH (v)

_ [SSAunit]
~ [EtSSunit] )
10° IEC m, (10° + GD, )
GD, 10° + IEC (my¢ — Mg, )}

DOH

MEss EtSS
Mgsa SSA

(212 g/mol)
(184 g/mol)

DOH  80%

W
T

IEC (mmol/g)
—_ Y

1 1 Il 1

6

100 150 200 250 300
GD, (%)

IEC GD,

IEC

RIGP/ATRP

IEC
0.011 S/cm

2.6 mmol/g

Nafion

((vi) )

Dy

c Nernst-Einstein

Cp

6=CpDpZyF*/RT (vi)

Cp
Zp

8(A)
RIGP/ATRP

RIGP/ATRP

A [H,0] _

Dp
F R

Cp
Cp
RIGP

1
A (vii)

1000(Wy, = W) (vii)

[SO; ]
Wp

Ww
myy

A C P
RIGP/ATRP
A
Dp

m, [IEC W,
(18 g/mol)
8(B)

RIGP

RIGP/ATRP



9
RIGP PSSA ETFE
PSSA
RIGP/ATRP
PSSA ETFE
PSSA
250012 - y o A
2 o001 o e,
nn . ) [ ]
~ A
0.008 - A
..‘
0.006 - °
X
0.004 A
A e RIGP/ATRP
0.002 9 RIGP
> Nafion
0 T -
0 1 2 3
IEC (mmol/g)
7 1IEC
(A) 0.012
| ¢
L 001 F
2
0.008
0.006
0.004
0.002 | .E:gE/ATRP
> Nafion
0 1 T T
0 1 2 3 4
Cp (mol/L)
(B)
12 + e
I r X .. ° ..
0.8 A
<06 | SN
A A
04 A
® RIGP/ATRP
02 RIGP
> Nafion
0 1 T T
1 2 3 4
Cp (mol/L)
8 (A) Cp ; (B)A
Cp

RIGP/ATRP

v,
s ETFE
00¢¢)

@0g® PSSA

» 64
2015 5 27 2015 5
29 (
)

2) Shin-ichi Sawada, Shin Hasegawa, Yasunari
Mackawa, “Preparation of proton exchange
membranes by  radiation-induced graft
polymerization atom-transfer  radical
polymerization”, Euromembrane 2015,
September 6™ 2015  September 10™ 2015,
Eurogress (Aachen, Germany).

and

o
SAWADA SHIN-ICHI

70414571



