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Abstract: lonic polymer-metal composites are attracting attention as a material for next-generation actuators due to their
advantages of large bending displacement at low voltages, but they show limitations in driving performance due to the
low mechanical properties of ion exchange membranes. In order to overcome these limitations, modified poly(ether ether
ketone) (PEEK), an engineering plastic with excellent mechanical properties, is introduced as an ion exchange membrane.
The actuators with improved driving performance and lifetime were fabricated by introducing modified sulfonated-PEEK

membrane.

Keywords: ionic polymer-metal composite, poly(ether ether ketone), ion exchange membrane, modification, hydrogen
bonds.

M B o3t 5 Ao HAE FESH] S5 o) wIEhs
et 7IAA B4 7= XY od Eek~g e E giA|
o] 24 7 B-A}-F2 5314 (fonic polymer-metal composites, St} et AF7F A E T o™ hrHel o2

= 7
aL sulfonated poly(ether ether ketone)(SPEEK)®] $)

9] %33} (degree of sulfonation)”} FOFA|H U]+
o] o] Z7h51] o] AEEIL HEHA, 5

2o AFo ol mpte] P
238 4539 Fe ol Fold Yrh?
VAR o] Fohel o eFo] &

1=

Mﬁ_@

o2 olgel 53, a2 <1 g% del o Mg xd GPOR Slof sl APl LA} WA
ofs FEAR AFATE PMCE 2 AYIHE F olel@ BAS sh@shs PHoR YA ey, o Ze
ol 2 Yol BROE Sl IF 28, AT A slaA £° 5 BTl AL, o F, AL
o EA) AAE FES W Jrk ae} /1B =gske WS vk 2 EEe) wolth, B4 2

WL =Sish o) 25

ERHAL Sl FIEAE,

=]

"To whom correspondence should be addressed.
taugi@ssu.ac.kr, ORCI
jyjho@snu.ac.kr, ORC]
©2021 The Polymer Society of Korea. All rights reserved.

ro. k=& (water contents)ol| A= &

AA F 78t

0000-0002-3776-3461 nz3le] o] £AlEE BA|7} ulE 2

0000-0003-4692-6362

470

1T}, SPEEK

Sexol] o1 3

oI AL A A
o]7]9] ol FHadr] wiEel] ol M=
= EA7} Stk Ed o) A4 B4do] A

PEREE R
ole Agen} Sk Aol o8 B Jhus welshd ot



70 Poly(ether ether ketone)S ©]&-

o] X|ggAde] PEEEME Fadel fAIEE Aol A
1—4_'14

o|F npEe g A A%RS 53f 71w® SPEEK(crosslinked
SPEEK, ¢SPK) ©] w3Hhs Al zste] IPMCol =9 3H3
o} AlzE oSPK #He B8 Az}, 2|4 P9 gl
B0 gRE RAo7 FolEo] SPKE IPMCY oL w3k
2o 2] Aot SRIF E Z0F AEATE 2y 7S
9] Nafion 7]8F] IPMC2} 2], ¢SPKE ©]&-3F IPMC= +
5 A¥o] wiid uj Fo] = wF AFo] HauA
5 A% F43 AsE BT} o) S sidstual wiE ¢
S o] W Az ol Foste] $H% ol WF
PAE EAAZ] o] weuke Axete, s =g 2
oA W Qrtele] A e FIAI7IE WS A
t}. o]ZA AxH o] wduk 248 Ao
o] & Wl Mg YRS FARAIRD o] w8HH(Pt-crosslinked
SPEEK, PcSPK)S Az sttt Al Z¥ PcSPKE ©] &3
IPMC= 7159] Nafion 7]8Fe] IPMCHU} 4381 7|44 &
A3 FFE FF des B, o]F v E PeSPK ©|
2 w3ke] IPMC A ZA2 =9 7Fe/3S RIS

4

Al2ef. PEEK(450P, Victrex), sulfuric acid(H,SO,, ™74,
97%), N,N-dimethyl acetamide(DMAc, Aldrich, 99%), 4,4~
diaminopheny! ether(Aldrich), tetraamine platinum(II) chloride
hydrate(Pt(NH;),Cl,'xH,O, Alfa Aesar, 99.999%), sodium
borohydride(NaBH,, Aldrich, >98%), lithium chloride(LiCl,
Aldrich, >98%), dimethyl sulfoxide(DMSO-D;, Aldrich).

PEEKS| &&38}. PEEKE =E38lslo] SPEEKE A1%513]
o}’ T vig ZEk3ol 97% FAF 100 mLE 932 20 rpm
© 2 wukshHA PEEK 450P 390 5 g8 HH3] Hol&r)
PEEK7} 83l =H E3=2] A2 e weghola] 2 Z4A 0
2 A} wighth PEEK7F €8] 52 ths 25°Coll4] 800
rpm e Z 18A]7F FF wnkete] <323t w5 A skqit
g &, AES 2°Co] SRl Axds] FojH sk 3
Aol A7k AAEE FHRTE A8 ¥ AAF] Hol 9
= RS 3] AlATE F, 60 °C FE QB 2447 &
QF Axste] S A|7S SPEEKE AUt A7 g
4% (proton nuclear magnetic resonance, 'H NMR: Bruker,
NMR-500 Hz)& ©]-&-3le] &E3} vhgo] A& AP A=
] SRISHAT. 42 X3k dimethyl sulfoxideol] A3t
SPEEKE =<1 & 433t}

ol2 mElet ME. #UT T e Azsplel 4
4o F=ZH(solution casting)>Z o] WIS A 23515
t}.'>1® DMAc Suliol] vl2] #|Z23F SPEEKS 5 wt% 2 9+
3] =590 v, 7RIS WAL 25 °CollA] 3A17E F}F awt

3l o] & T RALFERTE A A% 471

stttk 7taA| 2 thololRl 7| S E§3E 4,4 -diaminophenyl
etherg ©]-&3tth" Wol 7kwA|¢] 42 SPEEK®| A&
el 4wttt Wik & 7em X529 FED HA &
< RO, 80°CAA 12717 &7F vl E AXRAIA FA7E
300 pm<! ¢SPK ]2 WS A 23T o] wghue]
s Wskel fejxlo]R5(T,) Wk F3l 7hat A=
Y= A=A It T8-S 1x1x0.03 em® #4<] ¢+
3] AxH AlHe] At 30°C S/l B2 Al de
< Hlwste] ALkt 527141547 (dynamic mechanical
analysis, DMA: Mettler Toledo, DMA/SDTA 86le)S ©|&
ated 25°Cellx] 220 °C7HA] S23A feEldolees 54
st W YAE =Y o] wehehe 919 Fdg =
7oA W JAE SPEEKS] A& thH] 10 wi%ehs 57}
Z 9y g FxYoz Az AlxE T g 9
217} vpetel] 7hfekol B4bE Adeoln FA= 150 pmelth
Azd 28] we W JAF 7R B vEE
o] EA wixIA1Z] %, Carver AF2] model M pressZ 180 °C,
30000 psi Z71olA F=ztste] 7|71 280 pmSl PeSPK ©]
£ w3 AT FARAAFA T (scanning electron
microscopy, SEM: Jeol, ML-7000F)>.2 F= A5o] 24
o] FelE #EIGTh Az o] W] o] HEE=
AC electrochemical impedence spectroscopy(Zhaner electric,
Iméex, 4-point probe)Z A &7He =4 sle] Al4kelsitt.

IPMC M=, #dal] =d¥E& o]gafo] o] wshete] ¢
Z moj| W o] PAE IPMCS A=At 3 mg/mL
F59] tetraamine platinum chloride hydrate $~8<4 & o]
2 WSS 24A7F FQF "HAHFo] B Wi o2&
[Pt(NH;),]*" o] 222 watel th3, HAIQ 5 wi% sodium
borohydride =818 5A|7F &<t 308 7HHo 2 s5mlY ¢
o} A WlF o] FAPHE IPMCE AZ3IATh A=)
g S 4371A] WHESte] 7 dAIebt) ek A=59
4% (metal contents)S =743t} A ZE IPMC ¥H
18-S source measurement unit(Keithley, model 2400, 4-
point probe)Z 743, A=2] IS FapdAE w7
W (transmission electron microscopy, TEM: Jeol, JEM-F200)
o2 AT

IPMCe| & Ms. #lolA W91/l =4 =] (laser displace-
ment/force measurement system)S °©]-&-3lo] 15 AT S =
ATt AxE IPMCO] W ol d3) BF 789
S o83l FF oo E X3 T F A2
th 4 4x0.5%0.03 cm® A1HE] 1 cm A-S A7) A
fr Zo](free lengthyS 3 cmZ A ste] LASH= H3)
S 345t 5 WS ERIEITE g Al A R

BN ro Ho

N ol
1
=
=y
offt
E
1o
e
N
< d
o T
3
N
o
=y
offl
L)
rlo
w)
@]
N
< |

delM S48k

Polym. Korea, Vol. 45, No. 3, 2021



472 9] - Z=A)

21 3 EE

PEEK2| &&3}. Figure 191 PEEK®} SPEEK®] Tk -
%9} SPEEK®] 'H NMR &4 ZA#E Yepfilet. <Z3} vt
S 2 AAA WgEE %] 3HuE-3-© 2 electron withdrawing
group?! ZHE 7ol S1H3E Fd 7)ol M= o] ojF 7]
o] Gl oE|2715 7RE 7] Ao g
dojupAl =of Figure 1(b)e} 22 #+25 7HAA €t &
Zo] dHZ7E 7R HE717t &5 45 'H NMR
o] 9= 919 97} vl vt Figure 1(c)eh 2ol 7}
7} o2 Aol A YeRA ®}, Figure 1(a)ell VERE 2
¥ PEEKE 725 7HA7] Wil &E3k=]A] esskrhd
Hee}t Hert 59§ f1x]0lx veluel gt} o] g3l PEEK
9] &3E3} Whgo] HdH o7 FPHASS Bl 5= Qi)

7tmE SPEEK O|2 m&hat, SPEEKS} 7H& o] 24 &
A= FAREY oA TR 279 29 RS B4
of 7B 7] wiizell, AWk aEApe] Hlal] o] v
A3 70l wE B4 Hslks Algh 2o = A Utk Figure
20 UERA 7k SPEEK(cSPK)2] A=) 7o) 4 4
o2 Qe xgde] Wi o719 7t Ak =W §
&0 1A Fok 4 wi%e] 7HAlS ¥l A3 ¢SPK

ao] 30 °Col| A1 9] S-S 30~35 wi%E, ol TtAlE ¢
2] 92 SPEEK 1] 3H& 300~320 wi%oll 1)l 23]

—~

7+A3k gholw, Nafion 2He] 4821 25~30 wi%ell =5 gt
e VERNSITE W o279 479 A= <ls)] ¢SPK 2
9] o]& Ax% 9A] 0.010 S/emE SPEEK 2H] 0.017 S/cm
o vlaf tha A4 A BRI = Stk ZAIE 2 wie
Y A %3 SPK T A9 60~70 wt%o] =& e
Hoj 71717 £749] 3do] nSE Ao=E 7|t eH, 7t

@ LoD OO

(b) :0 7 Hdo. i ._
_ H:\<e -

Il

O-H Hb' Ha' Ha Hb -ﬂ

C . Hd
© Ha' He ™o, H'

il

I-l 8‘2 l!-'(:lﬂ ?e - 7‘6 i ?‘A 7'2 ?’0 Blﬂ 0’8 BIA ;'2‘ : ﬁ‘() Ppm
Figure 1. Structures of (a) PEEK; (b) SPEEK; (c) 'H NMR spectra
of SPEEK.
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Figure 2. Structures of (a) crosslinker; (b) crosslinked SPEEK.
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Figure 3. DMA data of (a) SPEEK; (b) crosslinked SPEEK.
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Figure 4. Changes in metal contents of IPMCs via electrode plating
cycles; IPMC using crosslinked SPEEK (¢SPK-IPMC) and IPMC
using Pt-introduced cSPK (PcSPK-IPMC).
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Figure 5. Changes in (a) generated force; (b) surface resistance via
repeated actuation; (c) electrode damage after actuation.
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Figure 6. Cross-sectional TEM images of electrode of IPMCs: (a)
c¢SPK-IPMC; (b) PcSPK-IPMC.
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Figure 7. Cross-sectional SEM images of before (a); after (b) heat-
pressing of two PcSPK membranes.
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Figure 8. Bending displacement of (a) cSPK-IPMC; (b) PcSPK-
IPMC under 4 V, 0.1 Hz.
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