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Research Progress of Ionic Electroactive Polymer Actuators
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(State Key Lab of Metastable Materials Science and Technology s and School of Materials Science and
Engineering » Yanshan University s Qinhuangdao 066000, China)

Abstract: In recent years, the important application prospect of soft actuator materials in wearable devices, med-
ical and health devices, and soft robots etc. has received much academic and industrial attention. The electroac-
tive polymer (EAP) which is a soft actuator material can change its shape or size by applying an electric field.
The EAP materials can be divided into electronic and ionic EAP based on electromechanical mechanism. In con-
trast with electric EAPs, the ionic electroactive polymer (IEAP) based-actuators have significant advantages for
applications in medical machines and wearable devices due to their low driving voltage. In recent years, the
shortcomings of traditional IEAP-based actuators such as slow actuation rate, low durability in the atmosphere
and low actuation strain and stress are significantly improved by developed electrode materials and ionic liquid
based polymer gel electrolyte materials. In this review, we comprehensively summarized the progress of IEAP-
based actuators including ionic polymer metal composite (IPMC) actuators, conductive polymer actuators,
Bucky gel actuators and ionic gel actuators etc. In addition, we also reviewed the electromechanical coupling
mechanisms and the application progresses of IEAP-based actuators, and discussed the challenges and future de-
velopment trends of IEAP-based actuators.
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Figure 1 (a) Structure of IEAP actuator,

(b) TEAP actuator bending under electric field
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Figure 2 (a) The actuation mechanism of IPMC actuator and (b) structure of Nafion containing a sodium counterion

(Reprinted with permission from Ref. [17]; Copyright 2018 WILEY-VCH Verlag GmbH &. Co. KGaA, Weinheim)
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3 TR A B AL A g8k FL7T (2020 TOP Publishing Ltd. Printed in the UK BRALF )
Figure 3 The mico-pores and nano-pores produced by copper foam. (Reprinted with permission from Ref. [20];

Copyright (2020) 10OP Publishing Ltd. Printed in the UK)
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Figure 4 (a) Three-dimensional carbon nanostructure/copper nanowire (3DC Cu-NW) (Reprinted with permission from

Ref. [27]; Copyright 2020 Multidisciplinary Digital Publishing Institute) ; (b) Formation of sulfonic SiO, nanocolloid

doped perfluorosulfonic acid film (Reprinted with permission from Ref. [26]; Copyright 2019 The Royal Society of Chemistry)
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Figure 5 (a) The tailored Nafion membrane for forming
crenellation, (b) hot press process to form the crenellated
structure (Reprinted with permission from Ref. [37];
Copyright 2019 IOP Publishing Ltd. Printed in the UK)
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(a) Schematic diagram of different coarsening route planning; (b) Actuator preparation; (¢) SEM image of the

surface electrode of IPMCs (Reprinted with permission from Ref. [38]; Copyright 2020 Informa UK Limited,

trading as Taylor & Francis Group)

M2 TSGR IPMC RS0 #5110 5 . B 72
5 A Y PR BE L R AR T B RN I £ X TPMC
MR Sk RE A B, 763 TR AWM
PERE T T8 S B A WK P L AR RN R S L R B T
IPMC Fe e i o7 338 35 R 00K s 7 A 45 7 B 1) o 22
PUZE ., 7 AR A R e T, B K5 R s 4 R Y
F T AR5 6 0 o BE AR H A Y 98 55 RN R OK R
SRt FH 7 i R v R 5 T E AR R R Y 4R

15 > RE 4 e N R R AR A T vk R ek T,
BRI R B 2 4 R G W I L AR 38 4 ] A
IR RN R ST T £ = PR e A% . 7E DL JS Y IPMC
X s py T NSRS B L Esg R
# i A PR AR R | R TR T R TR AR
HARH IPMC 3Rsh#% . ik IPMC 3K 3 2% (1438 4
MREDEAT TIEY8 . Ik 1,



13 RUTLEF - 25T B WL 1 3R A W TR 2 i O O 7 © 27 -

B 7 Pt4kfilfy SEM BN (2014 Springer NPG RUALYF )
Figure 7 SEM images of Pt nanothorn assemblies (Reprinted with permission from Ref. [41];
Copyright 2014 Springer NPG)
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Table 1 Performance of various IPMC actuators
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16.7%
Nafion 0.95 1.11x10° " 14.8 23 [24]
45 wt%
Nafion nanofiber 2.04 mmol/g 0.998 52.92 — — [19]
Porous Nafion membrane — 7.2x10 ¢ - 17.63 0.666% He et al. "
PVDF — 1.54%10° 14.2% 18.56 — Guo et al.
SPSU 2.1040. 17 8.1X10 2  49.5+4.5 wt% — — Tang et al. ")
SPS 2.23 6.9%x10 ? 113 wt¥% 27.048 44 mm Luqman et al. "
SPEEK/PVDF 2.113 9.9%x10 3 28.13% 0. 6762 — Jeon et al. ™
Coarsening Nafion — — — 15. 46 54. 89 mm Yang et al. %
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Figure 10 SEM image of the cross-sections of the
actuators. (Reprinted with permission from Ref. [43];

Copyright 2016 I0OP Publishing Ltd. Printed in the UK)
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(a) FCBC-PPy-IL electrolyte material preparation process, (b) the driving mechanism of the actuator

(Reprinted with permission from Ref. [61]; Copyright 2020 Wiley-VCH GmbH)
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Table 2 Performance of various conductive polymer actuators
5 HL R WK B a2 5% (S/em) fL % (mm) i 77 (mN) EEPEN
PU+ PPy 8.31x10 ° 15.45 - Kang et al. ©")
PEO+NBR IPN 1.1X10°° 1.4 7.3 Nicolas et al. """
PEO-+PB CIPN 1.6x10 ° L9 - Vidal ez at. ©%
CNF+CB+ PPy 2.49X10°° 21.93 - Jo et al. B
GO+ PEDOT:PSS — 8.5 — Xiang et al. ")
FCBC-PPy-IL 3.52%10° 6.9 - Wang et al. "
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Figure 12 Bucky-gel-based bimorph actuator fabricated
through layer-by-layer casting. (a) Schematic structure
of the actuator strip composed of a polymer-supported
ionic-liquid electrolyte layer sandwiched by Bucky-gel
electrode layers, and experimental setup for cantilever
oscillation. (b) Molecular structures of BMIBF4 and
PVDF(HEFP). (Reprinted with permission from Ref. [5];
Copyright 2005 Wiley-VCH Verlag GmbH &. Co.
KGaA, Weinheim)
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Figure 13  Different electrode material structures.
(Reprinted with permission from Ref. [69];
Copyright 2012 WILEY-VCH Verlag GmbH &. Co.
KGaA., Weinheim)
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Figure 14 Frequency dependent (a) displacement, and (b) charge (Reprinted with permission from Ref. [69];
Copyright 2012 WILEY-VCH Verlag GmbH &. Co. KGaA, Weinheim)
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Figure 15 Bending actuation displacements curves for actuators actuated under a 2 V square wave voltage

stimulation of (a) 0.1 Hz, (b) 1 Hz, and (¢) 10 Hz""". (Reprinted with permission from Ref. [697;
Copyright 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim AL )
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Figure 16 Assembly and structural characterization of the SWNTs-based actuators. (a) Schematic diagram of the

assembly and bimorph configuration of an actuator; (b) Typical SEM cross-sectional image of a bimorph configured

actuator. Inset: the enlarged image of a selected zone of the boundary. (Reprinted with permission from Ref. [73];

Copyright 2011 American Chemical Society. )
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Table 3 Performance of various Bucky-gel actuators

P, % J5T / R AR A R L3R (S/em) P (%) 22 22 Sk
PANI/PPy +CNT 32 2.0 — Sugino et al. "
PANI/CB+CNT 15 2.1 0.196 F/cm® Sugino et al. -
Graphene +CNT — 1. 09 20. 41 F/cm’® Monobe et al. "™
MWCNT-COOH+ RuO, 39 0.8 — Terasawa et al. "
CNFs +SWCNTs 5 0.17~0.8 30 F/g Terasawa et al. '™
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Figure 17 Schematic illustrations of the different ion migration behavior for PSS-PMB-PSS (a) and PVdF (HFP)
(b) integrated with [ HMIm [ TFSI]. (Reprinted with permission from Ref. [81];

Copyright 2014 American Chemical Society)
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Figure 18 Application of ionic electroactive polymer-based actuators. (a) Bionic cuttlefish robot (Reprinted with
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