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Abstract: A solid polymer electrolyte (SPE) with both high ionic conductivity and dimensional stability is essential for
air-operating conducting polymer (CP) actuators. In this study, SPE composite was developed by infiltrating polyethylene
oxide (PEO), which has high ionic conductivity, into the porous structure of poly(vinylidene fluoride-co-hexafluoropro-
pylene) (PVDF-HFP) film, which offers excellent dimensional stability and high porosity. Based on this composite elec-
trolyte, an air-operating polypyrrole (PPY) actuator was successfully fabricated.

Keywords: solid polymer electrolyte, conducting polymer actuator, poly(vinylidene fluoride-co-hexafluoropropylene),

polyethylene oxide, polypyrrole.

rO
%

R 2842 7PHA
tefet 3-8 Hoplla] de] &85
#-2}H(conducting polymer, CP):= @2
g2 wldE 25 53] =% (doping) Al &l T3=
=S T < Qo] 3 B ARIARTEH 2 F
W7 QI ot Ml Al Ak S WS- FellA
A YRR o] B vl Ex1e] Yol A, oel
mE 3 WslE 7Rl 3F 7S Y 7 Uk

CP 71WF -5 (actuator)= £ 759, 92 25 1,
A A ¢ AHE AY vl oMt A FofellA {7

¥ i
O ox
™ORK

rlu

d
f]{e3

1
[¢)

"To whom correspondence should be addressed.
taugi@ssu.ac.kr, ORC 0000-0002-3776-3461
jyjho@snu.ac.kr, ORC 0000-0003-4692-6362

©2025 The Polymer Society of Korea. All rights reserved.

518

g AT A2 FERE Q1oL o dd] AESlol= g
A7E BRI L 38 91 F shvke 3 A Haldel
LR Qg 3] FolA 9 e ZE Attt ol & #E
sl7] 913k Bl Hafe] sido] ghits] R E]aL 9lom,
A AEAF A5 E (solid polymer electrolyte, SPEYS L 5
et gijte = 7k

SPE= Yitsog guf 3k o] W} dry-typed} gelled-
typeS 2 FFET} Dry-type &7 §lo] A7EAF Al&e] i
A -5 (segmental motion)S F3l o] AEAS EH s,
YA 0 2 oA 9] o] 2HEET} W2 FHAE 7HIn
Hhd | o)l E ¥33l gelled-type A0 T2 o]2H%
TE 7Y 7IAIA /8ol At A7) s Al Sl S

AR} F8E 14 Jwg FA o

— h
3 SPE 7] WA olth? It o] F S4S 4EH

M


https://orcid.org/0000-0003-4692-6362
https://orcid.org/0000-0003-4692-6362
https://orcid.org/0000-0003-4692-6362
https://orcid.org/0000-0003-4692-6362
https://orcid.org/0000-0002-3776-3461
https://orcid.org/0000-0002-3776-3461
https://orcid.org/0000-0002-3776-3461
https://orcid.org/0000-0002-3776-3461

FelodRl SAlIEETe 2R B of

A AFS Hol @Y IEARS 2= FAY s oY
t}. o]k A s1AE Flal, Elmere] Aollde 975 7]
AR B 7 B A RS 2 o]k EAS
A ¥l 2% (comb-like) Z2] poly(ethylene oxide)(PEOYS
FAF % 3 T A Z (semi-interpenetrating polymer network,
semi-IPN) el 2 A3t SPES A|Stst v} Qo). spA| Tt o]
23k FRoM e =gdoR 93 e A% &AL PEO
AbEe] AR S AFRIeEHA, AAHoR o] 2%
Eo] Agts frdate A7 dAY sk

2 AFolM e ol SHstaLA), Hold 71A1A kg &
7]5-85 7F poly(vinylidene fluoride-co-hexafluoropropylene)
(PVDF-HFP)Z AAAZ AMg3}aL, 2 71% Yo =& o]
2AEEE Ad 8l B¢ 72| PEOE IFAIA e +
25 P 5T Feie] SPES AT o] T T
LA 7R S FHasstete] ZF 4 ARl AL 54
=gdo® Izt  9Jon, AA}HoR £ ol
E& 7AA WS SAlel SRE ¢ ) HEH e
sild SPE = st¥ell F2]¥]E(polypyrrole, PPy) T 3}
U Bl FAFeEN CP 7N FEAlE s
AFoMe AL FE 371 F 2 P88 W9
oo WO R, 5 nlo] ut]E ol x 2] 3-8 714
R ie=

Ht o

j

-

tlo oX rlr Lo

4

Alek 2l X . PVDF-HFP(Aldrich, USA, M, 200000), Ethyl
alcohol(Th 74, Korea, 95%), Acetone(t”, Korea, EP), methoxy
poly(ethylene glycol) methacrylate(PEGM, Aldrich, USA,
M,, 300), poly(ethylene glycol) dimethacrylate(PEGDM, USA,
Aldrich, M, 875), a,a-azobisisobutyronitrile(AIBN, Aldrich,
USA), pyrrole(Aldrich, USA), lithium perchlorate(LiClO,,
Aldrich, USA, 95%), ferric chloride(FeCl;, Aldrich, USA),
propylene carbonate(PC, Aldrich, USA).
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Figure 1. Schematic illustration of the fabrication process of the solid
polymer electrolyte (SPE) composite.
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Figure 2. Schematic illustration of the fabrication process of the
polypyrrole (PPy) actuator.
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AIsIA ). olw] A SPE WollAl PVDF-HFPS] $Hake 5,
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Table 1. Structures and Properties of PVDF-HFP and PVDF

PVDF-HFP PVDF
Structure A(CHEGFZ){GFZTF} —(CHchz)—
n CFan 4
Young’s Modulus (MPa) 65.0 120.4
Porosity (%) 80 70
Pore size (um) 2~5 2~5
Thickness (um) 100 100

(a) PVDF-HFP

5 IEEE

Figure 3. SEM images of (a) PVDF-HFP porous membrane; (b)
HFP20 composite; (c) HFP25 composite; (d) PPy actuator.
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Figure 4. FTIR spectra to confirm the progress of PEO polymer-
ization: (a) oligomer mixture before polymerization; (b) polymer-
ized product; (¢) polymerized product within the PVDF-HFP.
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7haA| 9] $FE 20 wi%= 37g38kal, PEOSE PVDF-HFP 7+
FHE Ao RN FZH 9] 5 S S5t si8l
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HFP15, HFP202- = 3131t} Figure 30l A|A]E SEM -4
A3}, HFPE 20 wt% ©l3} 3718k AlA (bpelx= 715°] PEO=
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Figure 5. Ionic conductivity and bending stiffness of each sample
with varying PVDF-HFP contents.

Figure 5901 ZF AJH 9] o] 2w 2 #3] 714 Wsl=
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A F2E S AT 2 A, AT s A= AW
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Figure 6. Displacement of each actuator under dry conditions in air
at a frequency of 0.1 Hz and an applied voltage range of 1-10 V.
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Figure 7. Displacement of the HFP10 actuator after swelling in PC,
compared to the dry condition.
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Figure 8. Time dependent displacement of the HFP10 actuator
under dry condition.
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