Polym. Korea, Vol. 46, No. 4, pp. 491-496 (2022)
https://doi.org/10.7317/pk.2022.46.4.491

ol2d 1EXt

E[Tfelr 25T
.

SAEH AL o 2|4 4 3)etE

=71

High Performance Ionic Polymer-Metal Composite Actuators Based
on Nanopatterned Nafion by Thermal Imprinting Lithography

Dong-Heon Han®, Jaewon Choi**, Seung-Ju Oh, Jae-Uk Yoon, In-Sun Woo, Jinah Kim, and Jin Woo Bae'

Multifunctional Organic Polymer Laboratory, Future Convergence Engineering, School of Energy,
Materials and Chemical Engineering, Korea University of Technology and Education, Cheonan 31253, Korea
*Department of Carbon Convergence Engineering, Jeonju University, Jeonju 55069, Korea

(Received March 28, 2022; Revised May 15, 2022; Accepted May 18, 2022)

EE: dFoolHEH o] IEA-F4 BF-E(ionic polymer metal composite, IPMC)2 7HH & FA|, w2 35
£5 8|5 e Agelxe] E 7AIA MFEA SR QleiA H B A7t o] FoA AL Ut 53] o] 2w gkt
H S Afole] AW WAS ST EA IPMCE] 5 54& /HAAZE & Sinh & delde I8 vy
ZYUE 2789 (thermal imprint lithography, TIL)H 22 Nafion o] 3} ¥HHe) U758 TYUNL, o2

IPMCel #8319tk TILY O] Al7ke] Z7kte] met vherl5e] dolrt Z7tehe 218 SRlskn, ol Fas)
EEYoR WP AFS olewant Erd FAsk] IPMCE ALEL, AR Lher 0] EUE [PMCE
TEWSS) PEEE @ TEo] BE /5T, olejd 54 olewgut A Alole] Wold AmelN A
7184t BAdo] $4a17) wRolgin).

Abstract: Tonic polymer-metal composite (IPMC) has attracted attention as one of actuators due to their light weight, fast
response rate, and large deformation at low voltage. Especially, the operating properties of IPMC can be improved by
increasing interfacial area between an ion exchange membrane and electrodes. In this study, IPMC was fabricated using
nanorod-imprinted Nafion ion exchange membrane through thermal imprint lithography (TIL). It was confirmed that the
length of nanorods onto the membrane gradually increased with increasing the time of thermal imprinting. Then, the
IPMCs were fabricated by electroless plating method where the Pt electrode was coated onto the nanorod-imprinted
membrane. As a result, nanorod-imprinted IPMCs showed outstanding displacement, response rate, and driving force
rather than IPMC with untreated ion exchange membrane. It is because the nanorod-imprinted IPMCs have outstanding
electroactive charging characteristics with the electrolyte at the interface.

Keywords: ionic polymer-metal composite, thermal imprint lithography, nanorod-imprinted membrane.
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Figure 1. A schematic representation of a typical IPMC.
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Figure 2. Schematic illustration for the fabrication of the IPMC
with the Nafion membrane nanorod-imprinted by TIL.
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Figure 3. Apparatus to measure the displacement and driving force
of IPMC.
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Figure 4. FE-SEM surface images of the Nafion membrane ther-
mally imprinted by AAO for different time: (a) 1 h; (b) 2 h; (c) 4
h; (d) 8 h, respectively.
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Figure 5. FE-SEM surface images of the IPMCs electroless-plated
with thermally imprinted Nafion membranes for different time (a) 1
h; (b) 2 h; (c) 4 h; (d) 8 h, respectively.
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Figure 6. Time-displacement curves of IPMCs recorded for 50 s
under AC 1 V and 0.1 Hz. IPMCs were prepared with Nafion mem-
brane and thermally nanorod-imprinted Nafion membrane for dif-
ferent time: 0, 1, 2, 4, 8 h, respectively.
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Figure 7. Maximum time-displacements of IPMCs recorded under
an applied alternative current (AC) of 1 V at a frequency of 0.1 Hz
and maximum blocked force of IPMCs under an applied direct cur-
rent (DC) of 1 V.
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Figure 8. CV curves of IPMCs prepared with Nafion membrane
and thermally nanorod-imprinted Nafion membrane for different
time: 0, 1, 2, 4, 8 h, respectively.
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