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Abstract : Flexible pressure and strain sensors have attracted increasing attention with the rapid development
of medical and electronic interconnection. Ionic conductive hydrogels demonstrate more potential for
flexible electronics sensors because of their excellent physicochemical properties such as biomimetic
structures, suitable mechanical properties, and excellent biocompatibility. The classification, preparation
methods, characteristics of ionic conductive hydrogels, and their applications in flexible pressure and strain
sensors were reviewed. First, the sensing modes of ionic conductive hydrogels in pressure and strain
sensors were introduced. Then, according to the different conductive principles, they were divided into
three categories: metal ion hydrogels, ionic liquid hydrogels, and polyelectrolyte hydrogels. Their
applications and research progress in pressure and strain sensors were systematically introduced from
synthesis methods, performance characteristics, and improvement methods. Their potential application
prospects and development trends were analyzed. The current challenges were summarized and prospects
were made. It was believed that ionic conductive hydrogels still have great exploration space and
application potential in intelligent flexible sensing.
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Fig. 1 Different sensing modes of ionic conductive gel as pressure and strain sensor
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Table 1 Comparison of four sensing modes
External
Sensing mode poweror Signal change Source of signal change Sensitivity Application
not
Resistive mode Yes Generally nonlinear Change of the shape Low Large strain

Capacitive mode  Yes Linear
Piezoelectric mode No

TENG mode No Generally nonlinear Triboelectric effect

Electrode area and gel dielectric layer thickness High

Generally nonlinear Piezoelectric effect of materials added to gels ~ Same to resistive mode

Pressure, small strain
Pressure

Lower than resistive mode Pressure, dynamic stimulus
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Table 2 Properties of ionic conductive hydrogels for flexible pressure and strain sensors

Sensing Components of Conductive Conductivity/ Strain range/ Temperature Trans- Sensitivity Self-  Biocompa- Ref
mode polymer network  material (S'm™) % working parent healing tibility
range/°C
Resistive ~ PAM/PEO LiCl 8 880 Yes [51]
Resistive gel/P(AM-co- LiCl, FeCl, 7.2 1150 2.5GF [52]
DA)/C16
Resistive PVA/PVP [EMIm][DCA] 1.97 820 —40-80 Yes 1.8 GF Yes [21]
Resistive ~ SBMA/HEA LiCl 14.6 325 —40 [53]
Resistive ~ PAA-APP"/ AlCI, 1.85 1075 Yes 7.1GF Yes Yes [54]
OSA-AG
TENG PACMO LiTFSI 600 Yes Yes [55]
Capacitive  Gel/PAM Clay 1.1 1000 0.11kPa ' Yes Yes [56]
Resistive ~ P(MEO2MA - Laponite XLS 0.03 1390 —20-45 Yes 2.23GF Yes Yes [57]
co-OEGMA)
Resistive  Alginate/gel Ca™" 1.5 300 —80 4.1GF Yes [62]
Resistive  Carrageenan/PAM  KCl 400 —18-25 Yes 6 GF Yes [30]
Resistive ~ PBA [BMIM |TFSI 700 —30-100 Yes [63]
Resistive ~ TA/SA/PAM Na-+ 2100 9 GF Yes [69]
Resistive ~ PUU [EMIm][DCA]  2.25 1500 Yes  4.64GF  Yes [70]
Resistive ~ PVA/SA/TA Na’ 2.69 916 Yes 15.98 GF  Yes [23]
Capacitive P(AA-co-AM) Fe'! 2173 3.28kPa ' Yes [74]
Capacitive PAA-Pe Fe'" 1214 0.65kPa ' Yes [75]
Capacitive PDMS/SDBS Fe'™ AIPT 65 4.2kPa”'  Yes [76]
Resistive ~ PVA/PAA Fe’™ 550 —25 1.61 GF Yes [77]
Capacitive 0.24 kPa™! [77]
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