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Abstract: Ionic polymer—metal composite (IPMC) actuator generates bending actuation via ion/water
flux to the cathode side under an electric field. Polyelectrolytes in IPMC should possess high water—
retention capability, proton conductivity, and Young’s modulus. In this study, for endowing IPMCs with
these properties, Nafion—alumina composite membranes containing a¢— or y—aluminas of 4~8 wt% were
prepared. Mechanical moduli of Nafion—alumina composite membranes were 7~13 MPa higher than that
of Nafion, with the slight decrease in proton conductivity. At DC 3 V, the actuation performance of the
Nafion—a—alumina (8 wt%)—IPMC was superior to that of the typical Nafion—IPMC, exhibiting 2.7
times the displacement with an enhanced blocking force. The enhanced actuation performance with the
Nafion—a—alumina composite membranes was attributed to the higher proton conductivity, the elevated
ion/water flux, and the lower interfacial electric resistance of platinum electrodes and membrane,
compared with those containing y—alumina.

Keywords: ionic polymer—metal composite, actuators, alumina, Nafion.
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Figure 1. A typical chemical formula of Nafion® series ma—
nufactured by DuPont.
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Figure 2. Structure and actuation mechanism of ionic poly—
mer—metal composites.
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Figure 3. Custom—made 4—probe cell for measuring proton
conductivity of membranes.
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Figure 4. Set—up for measuring (a) displacement; (b) blocking
force of IPMCs.
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Figure 5. X—ray diffraction patterns of (a) a—alumina; (b) y—
alumina. (¢) and (d) display X—ray diffraction patterns of Nafion
composite membranes containing a— and y—aluminas with
varying contents of 0~8 wt%, respectively.
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8 wt%, respectively.
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Table 1. Mechanical Properties of Nafion-Alumina Composite
Membranes in the Swollen State

Sample Modulus  Tensile strength  Elongation at break
(MPa) (MPa) (%)

Nafion 37.16 96.01 165.13

AA4 45.06 93.99 151.87

AAS8 44.99 141.75 218.93

GA4 45.46 115.98 160.60

GAS8 50.87 77.54 86.07

AA and GA denote the a— and y—aluminas, respectively. The following
number of the AA and GA codes is the content(wt%) of alumina in the
polymer matrix.

e vro g Agsh 2kF A Tl & ZEEE HofE Zo0= Jve
t} olefst 7t tha ) 22 olfrelxloth BEe sl AIRHE
(moment of inertia) 8] ¥ Ef2 FAE= 212 (cantilever) &) 743
SE(stiffness) &= 2] (3) 2 2ow, o71A po} iz 2P WES] F3)
FAE eI IPMCO) 2532 o5 mlof = o] 2o] A8 4=
}lom Lee 5= IPMCS 7= (£]) S IPMCO] s8]} A
73 AFS B3 1 BRS ERISIGITEE o] 2o wiE] Agt 9l
7} Al Bs= IPMCE] 2Fs82 IPMC BEeA0] 15 nlsh
o] S7IHER, IPMCO] TEARds|d v oA mEe vt S71E4
= 258 o) 71018 Aoz ke

El =FE—— (3

EEPEY ZRE MER. ok dust die, IPMCe A 7F
Al A EE el o]5d ofolo] £ 3 S50E o]
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F [PMCE] #Fs-g35E W Wsle ARl Z10= 7t b
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Adeh= Zom defA glom, webr IR iite] 20] &
Ao ZRE 5 0] 29| oligo] Thsalr! M ral Beol o]
7Vl ERE AL 9] FTh= A Hol= 0w delA
th 59 ) 2R ARRe] olejsh Awd wiiel, aApds)
Aol BAS =gt ueolli= ARk oR 5 F5hs) L2 E HeEE ot
7 AN} Table 200 Vol&— Gt Baate] & See) 27
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27 2 2 ZEE AETE 7R IAREdel 771 214

H dlshe dikAel dao g [PMCH R EwS)
ATA] Fool] uEA-7] BJE AFsl] 1 s T
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30 o\ rf
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Table 2. Water Uptake and Proton Conductivity of Nafion-
Alumina Composite Membranes

Sample Water uptake (Wt%)  Proton conductivity (S/cm)

Nafion 34.3 0.085

AA4 29.5 0.079

AAS8 28.1 0.063

GA4 36.7 0.074

GAS8 38.3 0.056
e A BPIATIHA AN AR e Haslsle] dshe
535 Byel H7 B Aol 8 wited] a-Eul} 27)

al
¥ AA8 Btk AT 0,063 S/em@AaL o= 0.085 S/em?)
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£ Ssle] A5 s stk Figure 7). GA8 &S 71E U]
L—IPMCE} AR 215 1919} 318 WOl oLt AAS &2 L]
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2
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< Aok Sk 1 Tl e aERE el 23S B
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FHLE QAR 7ol whE B3kl 2R E AREE o 7kt
Sk 12y, G| 7k IPMCE il akel e <l
2} 3EFel] EAEHE vhe] g=ell 23l Mgt 17 A o9 o]F3}
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2—IPMCell B3l 3% e/des Bl o= Anker] Gz,
IPMC2] Wd=-S ]3] W o2 Fslearo] AMEH =,
o] Eale ARSI TASEAIS] el vls)] Al 53
wko] Frol ] MRz} a2 PAEe] e AFS 7
7o) 918 7th= Nguyen 59| ‘%3 & 7 (nucleating effect)’ %
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Figure 7. (a) Tip displacement; (b) blocking force of IPMCs
based on Nafion—alumina composite membranes with the filler
content of 8 wt% under an electric potential of DC 3 V.
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Figure 8. Platinum profiles of cross—cut IPMCs: (a) typical
Nafion—IPMC; (b) Nafion—alumina—IPMC containing 8 wt% of
o—alumina.
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