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This paper extensively explores and analyzes the latest research trends in lonic Polymer-Metal Composites (IPMC)
sensors. IPMC sensors are known for their flexibility, lightness, and high responsiveness. They show great promise across
different fields. They can respond sensitively to various stimuli such as mechanical deformation, humidity, and pressure,
making them ideal for bio-responsive detection, health monitoring, and energy harvesting. This paper introduces actuation
and sensing mechanisms of IPMCs, discusses their manufacturing processes, and explores how these processes can
influence the responsiveness and stability of sensors. Moreover, through case studies of IPMC-based research that can
perform self-sensing functions, it presents possibilities brought by the integration of sensors and actuators. This paper
emphasizes the potential for research and development of IPMC sensors to expand into various industrial fields and
explores ways to continuously improve the accuracy and reliability of sensors. IPMC-based sensors are expected to play a
significant role in advancing medical devices and wearable technologies, thereby facilitating innovation in the field.

Manuscript received: February 3, 2025 / Revised: March 31, 2025 / Accepted: April 2, 2025

1. M2 RAELS B2l o] of2le 242 AAEE 497t got,
o)Fu Aol 83w 2gzto] WolHrk TA7L Agick

A= W, 4, 2, 912 5 o 279 HIlE A}, [2-4]. o]=|gt ZAIE si2st7] Al FaAstar 7 A
=93 ATE 7IA7L A 5 e AR ¥skehe AAE S 283t AA7E dasizleon, O siges I IPMC
ougit). AIAME E3) 5 ATELS Ao 22X, 1A o= (Tonic Polymer-Metal Composites)2fi= AOLE 427} F&E4E
A FARPE 7Hs5HA skl Al2"le] aaAdit HEAdE = i Qe
ol | 7]ofgtth. Lozt AlA = AlAEe] = S-S QlAs) IPMC= F4, A4, B2 538 59 545 Ad &
I olef] g ¢ YEF o FEE AFH ALE T = o AntE AR, oFu QA Agst7]ol Attt Bt
& A& Ak, ARsAl, Az, 2 BUE Y 5 TRt AF £ b QJrh5-7]. £3] IPMCE= 2] 37 o] wslo ule} 7]
R Hopoll WA Rz Aeluzleka ekl) 4 A5 PN BAo] 9lol, o) HIAR W] gt

22 ax) Al o4 Z1&RA ARE(oDe] 75 chek 977} Sel R 9k etk IPMC A 3,
o] Zhlhs] P u|= 7he-H], A= o]eF T ToT oA & oo, 5= 59 5 82 ¥isle] wet Medo] =B, o
T E7HEARE 848 B2E A Qi 53], AutE O R Q1A o YA 2t 7)<, vzt A, A AlS A, 25 Ale] F o
fapsto] ARgARe] 7Y % £ ZYHIT = = AlA e A gk AlA"lo] A83F 4= 9li= Aol Stk Porfiri= o A] =2}
1=

o] frEHA T At TS wEA FjEa ok 7)E Ao -8 7Fsg IPMC AllAof Bt AF-E st oH (8]

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.025.012&domain=https://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

368 / May 2025

&
oé“ 'T' 1, & 66
% . Bending Humidity L= ’\2
O =N change
§ ®
o
< g S
; 0y 2 :
Tactile sensing 5 iy «
E % 3
ﬁ.:ﬁ. e AN B
< Fs R !
IPMC Sensors  Alcohol
sensing

Pressure change

Pressure sensin®

Fig. 1 Schematic illustration for IPMC sensor technologies based
on sensing mechanisms [14-20] (Adapted from Ref. 14 on
the basis of OA, and from Refs. 15-20 with permission)
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Fig. 2 Mechanism of IPMC sensor [14] (Adapted from Ref. 14 on
the basis of OA)
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Fig. 3 (a) Voltage signal response of IPMC sensors based on their
size [14] and (b) Dynamic and sensing characteristics of
IPMC samples [23] (Adapted from Ref. 14 on the basis of
OA, and from Ref. 23, with permission)
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Fig. 4 IPMC motion sensor system based on a different principle
from conventional methods [15] (Adapted from Ref. 15 with
permission)
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Fig. 5 (a) Voltage response of samples according to various
preparation processes [35], (b) Measuring platform for
capacitance and resistance, (¢) Measuring platform for ionic
electrical response [16], (d) Signal characteristics of alcohol
detection using IPMC [34], and (e) Respiratory response
curve at different times after drinking [17] (Adapted from
Ref. 34 on the basis of OA, and from Refs. 16,17,35 with
permission)
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Fig. 7 (a) A standard shock pressure tube setup [19,20], (b) The
schematic structure of compression mode sensor (Side view:
top and top view: bottom) [19,20], (c) Shear mode sensor
[20], (d) Calibration curves of three IPMC compression
mode sensors and linear fitting equations [19], and (e) Three
shear mode IPMC sensors [20]. (Adapted from Refs. 19, 20
with permission)
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Table 1 Summary of materials and fabrication techniques employed
in IPMC sensors.

Type of

Materials Fabrication technique  Ref.
sensors
Batch preparation using [11]
a fluid-bed-like reactor
Nafion w. Au elec. Electroless plating  [12,46]
Electroplating [23]
Mechanical Graphene mesh Sequential drying of
deformation incorporated Nafion w. Nafion, Dip coating of [13]
PEDOT: PSS elec. PEDOT: PSS
Nafion w. Au-Pd elec. Sequential .electroless- 26]
electroplating process
Nafion w. Pt elec. Electroless plating  [47-49]
Nafion w. Au-Ptelec.  Electroless plating [50]
Nafion w. Pd elec. Imp regnatlop-reductlon [16,17]
plating
LDH doped Nafion w. .
Pt elec. Electroless plating [32]
» Nafion w. Ti/Au elec. Sputtering [33]
Humidity -
Nafion w. AgNW elec. Spray coating [35]
Nafion w. Au-AgNW Integrated spray coating
. [34]
elec. and electrodeposition
Nafion w. Au elec. lmpregnatlop-reductlon [18]
plating
Sequential mixture
Nafion w. Au-Ru elec.  painting and melt ~ [19,20]
pressing
Pressure

Sequential electroless-

Nafion w. Au-Pd elec. .
electroplating process

[19]

Nafion w. Pt elec. Electroless plating [51]

(Adapted from Refs. 12,13,26,35,46,50,51 on the basis of OA, and
from Refs. 11,16,17,18,19,20,23,32,33,34,48,49 with permission)
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—— Deep breathing
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Fig. 8 (a) Photograph and illustration of how the throat sensor is
attached to the throat, and (b) Output voltages from the
IPMC sensor for normal breathing and deep breathing [46]
(Adapted from 46 on the basis of OA)
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Fig. 9 (a) Comparison of IPMC sensor preparation processes of
conventional electroless plating and a kind of fluid-bed-like
reactor [11]. And microscopic changes in the surface of the
films during reduction, (b) Design of smart glove system, (c)
Photograph of sensors integrated on glove finger tips to
diagnose pulse, (d) An enlarged view of double-sensing
arrays and how it perceive the International Braille, and (e)
Smart glove control robot hand to grasp the egg and the tool
plier (Adapted from Ref. 11 with permission)
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Fig. 10 (a) Actuation and sensing mechanism of self-sensing
actuator using embedded graphene mesh electrode [13], (b)
Plot of acquired signals and components of sensing signal,
and (c) Real and estimated displacement signals obtained by
static model for self-sensing actuator stimulated by 0.4 V
AC voltage (Adapted from Ref. 13 on the basis of OA)
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