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Figure 1 Young's modulus of both sulfonic acids-grafted FEP and carboxylic acids-grafted FEP as a
function of IEC.
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Figure 2 The tip displacement of both C-IPMC, S-IPMC and N-IPMC actuators as a function
of IEC. The operation test was carried out at an applied voltage of 10V under atmosphere at
RT.
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Figure 3 The tip displacement of both C-IPMC, S-IPMC and N-IPMC actuators as a function
of operation temperatures. (a) C-IPMC actuator, (b) S-IPMC and N-IPMC actuators. The
operation test was performed at an applied voltage of 10V under atmosphere.
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/ Grafted sulfonic polystyrene chain

O Sulfonic acid

Proton conduction occurs even under low humidity conditions

(a) Grotthus mechanism

/ Grafted polyaclylic acid chain

® Carboxylic acid

Proton conduction requires relative humidification

(b) Vehicle mechanism

Fig.4 Model of proton conductive mechanism of our obtained PEM

T Faz—FOBERBAEEZETLE. KMZ TAX—%2BR L A 28T 5T
7 UNEET T 7 NUPEM BFE L VWEBZ B, £, HBIRHEOBLE S IPMC 7 7 5
2T —HDOEMELTUIAT LRIV LT 7 UAEERD PEM NFE LV, GY ZKk&E LT
DI, SRR ZE L T250, RIGKHZES T20ERNS D, 70 VEEELTIC
XU & 2 B0 BN B D08, BREDN S W EEIR TIIZECH Iz XL 0 oYtk 224k
T5, FIZ T, HxIIT 7 VNAEEE FEPSPCETFE 2 EO R HEMIC T T 7 252 L&k

L7,

2.2 B DOENNCED IPMC 7 7 F oo —F ~DE B

Fig.5 I%, 80°CT/E X 50um @ FEP }3 X ONETFE 2T 7 U AVEE%E 7T 7 b3 5 IS O
B E L TOGY ZRLTCW5, 77 UNEES 7 N FEP 72 LONZT 7 U VEERZ Z 7 - ETFE
DT OW > 7D GY X, RICFFREI O E & iz L7, 77 7 k &iiz FEP & ETFE
DT, WINHRENEWTE GY BEm o TWb, 57 &7~ ETFE ® GY 1%, 75

7 NENTZFEP O GY KV HE <, K2MEDGY THDHZ ENRbNb,



yRRERWCT T UV FEZFM L, WE D7 T 7 NEBOEWEMKER LT, X /3 R ESR
ZRHOWTRIREDREE LTOT I NVDOIEEZRE L, ZOEMEE S GHEEFEL
7ofES8. FEP & ETFE @ G(*RIIZNEI 095 & 2.0 THHo72, 2F 0, 2D L I 7228,
FEP & ETFE Dl i TR T v 7 ENTZT P HNAD GEDEW A TE 5, ETFE X7 27 U
NMRE DT T 7 MRUGDIERTH D G(* RS FEP O 2 5 ThrZ b, /797 LT
ETFE ® GY & FEP O 2 fFIZr o7 B2 b b,

B GY ZF5D PEM &, Z< DI R NI, DFE ) 7' b EAKFKE~ U 7 R
R+ 5, 77Fax—XITROBND PEM (21T, mWEER L K17 72X —OBEINE
FLWED, BWIEC, 2EVEWGY 1T 7 F a2 —XOEEICARARTH D, GY BE
L 7T 7 NMEDOMEIOBMBVREDNME T2 FTREMEN & 5 720, BIERBITEIR - fiukiE
TN L7,

140
120 | | AETFE s0kGy
- | ®ETFE 100 kGy
100 |
[ | AFEP 50 kGy
S 80 | | OFEP100kGy
> 60 |
% 60
40 %
20 |
0 1 1 1 1 1 1 1 1
0 1 2 3 4 5

Reaction periods (h)

Figure 5 GY as a function of reaction periods for acrylic acid grafting onto each FEP and ETFE

membrane at 80 °C.
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Figure 6 S-S curves of the various acrylic acid grafted FEP, ETFE, and Nafion®212. (a) The
grafted FEP and Nafion®212, (b) The grafted ETFE and Nafion®212.
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Table 1 Relationship between GY and Young’s modulus.

GY (%) IE Ciheoretical (Meq/g) Modulus (MPa)

13 1.60 144

acrylic acid grafted FEP 431? i‘;’g 22
58 5.09 38

12 1.49 261

acrylic acid grafted 29 3.12 159

ETFE 43 4.17 102

60 5.20 100

Nafion®212 - 0.9 47

Table 2 Relationship between GY and thickness of evaluated various PEMs

Thickness (um)

Notation Base matrix GY (%) IEC (meq/g)

Dried Wet

13-FAC 13 1.60 60 66
31-FAC FEP 31 3.28 65 72
44-FAC 44 4.24 65 78
61-FAC 61 5.26 69 87
11-EAC ETFE 11 1.38 61 67
27-EAC 27 2.95 64 72
45-EAC 45 431 66 78
63-EAC 63 5.36 69 86

N-AC Nafion®212 - 0.9 51 54
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Figure 7 Relationship between GY and the tip displacement of FAC and EAC. The operation test

was carried out at an applied voltage of 5 V and 10V under atmosphere at RT. (a) applied voltage at

5V, (b) applied voltage at 10 V.
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