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Abstract : Ion exchange metal composite IPMC) has toughness equivalent to the range of human’s
muscle, transformation—actuation force by relatively low voltage and the fast response time. Thus, as a
new method for preparing thicker IPMC, the solution casting method to make the films of various
thicknesses out of liquid nafion was attempted in this study. To reduce the surface resistance of
electrode, the first plated electrode prepared by Oguro method was replated with Au and Ir using ion
beam assisted deposition(IBAD). The microstructures of electrode surfaces before and after IBAD
plating were investigated using SEM. The change of water and ion—conductivity in IPMC were
measured under applied voltage. The displacement and driving force of IPMCs with various thicknesses
were measured to evaluate the driving properties.

Keywords : nafion, IPMC (ion exchange metal composites), artificial muscle, IBAD (ion beam assisted
deposition), electro—mechanical.

N = metal composite, [PMC) & Y& T HetelM e & M3y} e

) ST 2 7R R 2A], 0]E o]&slo] QFS g TEA dy—

77182 132} (electro active polymer, EAP) & #<¢8 1% H Uiﬂ E] . i ]o ];g;jo 1 ° g &:[L Loyﬂ
N of o] M9HS QIS 3 e o] o namic sensor ¥ AFAA] T2 TheFsh HolelA] A87sAS

A5=ZA ol S 7FeFA At AATE HES Ao 7] 93 ATEo0] A3 o]q_l—li% E3] IPMC 34} 5=

7= BAE Adrk o]52 3 }231'710—1%%(51\/[1%)0]‘/} 7187 A v ve R 'L_Eﬁ °

Sl (EAC) ol V3 T 2% HH welth M| A % W2~ (micro—electro—mechanical system, MEMS) 3730 & 4

o ] o A B Y37} 7Fsslar 7heAdo] & AntE e B 7pEsAlo]

b= A7 o] el o] &4 1 EA—FZ B34 (fonic polymer

§ Ack
() I =0 73l THAT oF zJoke. o]
#To whom correspondence should be addressed. IPMC“] TS u1]7]— e s A= ? ‘—Oﬂ THE \—7]'
E—mail: gccha@iris.korec.re.kr SPA A FA] F3HE = o]l -4 FEAE 2 gl okolEo]

471



472 A5 3k -

oy
N
~

P SO ol SFNE AT W el
= FFo] wMslel AAHoR A7k AR ek st
wep Ao wige] ol Rk 4 A1gk 4] el
A IPIC vl Efakis 6] 714alvk lofijel, ol 714
o gl I8 At el 2 T Aol sl 75
BISlel FEES dal7l aolow g
WA F2 ARgSRs PMCE 7] 71 elshe saeil o)
5128 AHgsH, T2 180 pumr 2 Wsls) whe 39 S
@ S QA PEEo] ] wiEel S8 5 9l WSt
ol s Slete] ofe) IPMCE AFalol 754 ol
AR v Qlor, o] Z1ee BEA 714t RAHe 39
2ew 3] uize] Sk ok neb 7)) PMCS] v
Fejo] BAES ddshn TS Folv] 18 PHow 9y )
28 olgstel AL PMCE Alshe 7t 3hds] olol
gloxt, ofe] Pt Fust Alxr|%e] ewn Eek U

m oo

—Hmoj&tni

_AL\

2 AT = T84 PP TS EE o] AXARE &
A Sl AR IPMCE] APHE AlEs }'910”51 "Hiol
o7 1, 23} T3] T2l 4;

st 14} FAE A= gAY Y] 15‘*’ ‘5\}1—7] HOM
|2 ¥ 252 (ilon beam assisted deposition, IBAD) & ©]&
sto] S olglES 12k A=md el Ayt 22 mad

gl

BRI e
o

o

=

liquid nafion (90 ~95%) +
DMF (5~10%)

=

heating (60 ~100 )

4

cast nafion

=

H.0

=)

water tank

nafion film dismount

vacuum chamber

A SEMOZ nA| %25 &%
5131 o, Y| 2o O]%XJEJ_, J=rsler W3l ul LE EA
& ZARBICE 3k O jEle g olgale] ekt AL i
2.8 Az WS wolsiolon, AlRe w0 Azd IPMC
o] Tl whE W9lgl s o] ks ARSI

4 g

A2t R HE. o] 2w} A|zmo]] ARE-3E Wk Wi 2-2- DuPontAt
°] DE-1020< AR3ISiTh Alzst o] wghke] 47154 Al
As7] g8l 10% #FelEa(DAEJUNG, Co)E AMEsl%lom,
ol ZwEhRl W] 2-o] HHSE A7) flste] BEsRlE
([Pt(NH3)4Cls], Aldrich Co.)& ARE3ISITE SHlAlZ= 77188
oA 15 A= o]FoXl SIRHES BT AR 7FssA|YE HaHE o
2 Flo] At S438lHE (NaBHy, Duksan, Co.) & AM-3ISIT
22F A=994dS $13 IBAD S EPlC 2= (5% 99.999%,
3~6 mm pieces, Super Conductor Materials, Inc.) 2} ©|2]&

<% 99.95%, 3~6 mm pieces, Super Conductor Materials,
Inc.)& AHESISITE

AL LHTI2S 0|85t CISSH SH2| ol2welat HIZE. A Y
& =7 Fekgo] E3E &l 10~12% A= =of 7]
of| Figure 13} o] o] 717 20& WghA[A 7haA] vk 43
< Fal AlEo] ARk AT HOoR TR a2 ARSIk

g 4

o Mg rfo

liquid nafion
mixture

4."

-.::]
vacuum drying
liquid nafion

mixture

glass mold /

solution casting

pressing

1

cast nafion

Y

T g

hot—pressing (140 ~160 C)

Figure 1. Scheme of the preparation of thick ion—exchange membrane using the liquid nafion solution.
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Figure 2. Maximum displacements of IPMC prepared at the
different temperatures of ion—exchange reactions.
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Figure 3. Thermal analysis of nafion using the DSC.
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Figure 4. Scheme of apparatus for measuring displacement
and driving force of IPMC.
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Figure 5. Microstructure of surfaces and cross sections of IPMC by the SEM. (a)—1: platinum—surface, (a)—2: platinum—cross
section, (b)—1: gold—surface, (b) —2: gold —cross section, (¢)—1: iridium—surface, and (c) —2: iridium—cross section.
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Figure 6. Surface resistances of IPMC measured at various
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Figure 7. Results of bulk resistance measurement in IPMC.
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Figure 8. Displacements of IPMCs with different surface
electrode during driving times of (a) 14000 ms, and (b) 60000
ms. Metals deposited as second layer were indicated in the
figure.
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Figure 9. Changes of water content of IPMC after actuation
for different driving times which were marked on the curves.
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with different thicknesses.
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