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Abstract : Hydrogel, a soft material composed of polymers with a three-dimensional network structure, has
been widely used in fields such as environmental engineering and biomedicine due to its excellent flexibility,
elasticity, high water absorption, biocompatibility, and similarity to biological tissues. Conductive
hydrogels also have excellent electrical conductivity compared to traditional hydrogels, which makes them
show great potential in emerging fields such as remote health monitoring, human motion detection,
electronic skin, human-machine interface and soft robotics. Therefore, in recent years, efforts have been
made to develop conductive hydrogels with a variety of properties and explore their applications in various
fields. Currently, conductive hydrogels could be classified into electronically conductive hydrogels and
ionically conductive hydrogels according to the transmission medium. Usually, conductive hydrogels can be
prepared by doping conductive materials into the hydrogel matrix. However, with the continuous deepening
of the research on hydrogels, the performance requirements of conductive hydrogels have been increasing,

especially the anti-swelling properties of hydrogels. Unwanted swelling in the liquid-phase environment
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leads to a decrease in the hydrogel’ s mechanical properties, electrical conductivity, and is accompanied

by a distortion of the sensing signal. Therefore, there is an urgent need to prepare conductive hydrogels

with both good electrical conductivity and swelling resistance. In this review, firstly, the preparation

methods of different types of conductive hydrogels are discussed. Secondly, several strategies for

constructing swelling-resistant conductive hydrogels are discussed, including supramolecular hydrogels,

dual-network hydrogels, and so on. Finally, the main application areas of anti-swelling conductive

hydrogels are presented.

Key words: conductive hydrogel; anti-swelling; flexible sensor; implantable electronic device
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Fig.3 Strategies for the preparation of metal-based and MXene-based conductive hydrogels
(a)design, synthesis, and interactions of PB-Ag/ TA@CNC hydrogels'*”’; (b)schematic representation of the PV A-LMPs hydrogels*!;
(¢)schematic illustration of the preparation process of the PAAm/SA/MXene hydrogels 1915 (d)schematic diagram of preparing highly
elastic and conductive hydrogel by one-step mixing m-MXene and monomer*"; (¢)schematic illustration of the fabrication

for PMAg and P(AAm-co-SBMA )-PMAg hydrogels™”
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Fig.4 Strategies for the preparation of ionic conducting hydrogels  (a)schematic illustration of the preparation process of CS/P(AA-co-SS)/NaCl
hydrogels'®’; (b)schematic fabrication of PVA-N hydrogels'®'; (¢)schematic illustration of the preparation of P(AA-APA)-Fe*™ hydrogels'®*';

(d)schematic illustration of the PPXZ hydrogel preparation'®”!; (e)synthetic mechanism of LAPHs
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Fig.5 Strategies for the preparation of supramolecular anti-swelling conductive hydrogels

(a)fabrication illustration of the Ion-C-P(AA-co-AAm) hydrogel, and pictures of 14 days immersion in different solutions

11275 (b)schematic preparation

and properties of PAAm-ALG-PPy supramolecular hydrogels'™; (¢)scheme showing preparation process of the FC y-PGA/PVA/PEDOT : PSS/ TA

composite conductive hydrogels 7' ; (d)schematic illustration of fabrication of the tough, anti-swelling, and conductive P(AA-co-LMA)¢rap

supramolecular hydrogel for underwater sensors'®’
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Fig.6  Strategies for the preparation of anti-swelling conductive hydrogels with dual network structures,

multiple crosslinked structures and special structures
(a)preparation process, formation mechanism ,and performance display of SPT hydrogels'®"; (b)schematic of the preparation of dual
network dynamically crosslinked hydrogels and their anti-swelling properties'®; (¢)schematic synthesis process and forming mechanism
of PVA/CS-TC hydrogels™¥; (d)structure and formation mechanism of PVA/PA-Fe hydrogels'™’; (e )preparation process of WCH,

macroscopic changes after 24 h of dissolution at room temperature and SEM images ™"
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Fig.7 Application of anti-swelling conductive hydrogels for underwater motion detection and underwater communication

(a)anti-swelling properties of HP(AAm/AA)-CS-Fe®" hydrogel, relative resistance changes in various parts of the human body, and relative

resistance changes in underwater stretching'*

I (b)compositional dependence of the volumetric solubilization ratio of anti-swelling polyampholyte

conductive hydrogels, photographs of the hydrogel before and after 30 days of immersion in water, and underwater sensing performance™*;

(¢)synthesis mechanism of supramolecular hydrogels and underwater motion detection*!; (d)SF/TA@PPy as an underwater wearable strain

sensor attached to the human body surface for motion monitoring and underwater communication'™; (e )real-time detection for monitoring

human motions as gel sensors underwater, and application of gel sensor in intelligent alarm control system

[101]
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Fig.8 Anti-swelling conductive hydrogels for human health monitoring and ocean environment surveys

(a)wearable device based on ant-swelling gel for recording ECG signals''?!; (b)photos of ECG signals detected by ionogel electrode during

human movement underwater, and long-term stability of ECG signal detected by commercial gel electrodes and ionogel electrode in the aquatic

environment''**; (¢)electromyographic signals generated by different by the different pounds finger trainer in the underwater environment"'*/;

(d)demonstration of the MIS sensor for real-time detection of water waves, and relative resistance changes of the MIS sensor toward water

waves with different frequencies''®
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Fig.9 Anti-swelling conductive hydrogels for implantable electronic devices

(a)potential application of PCPP-SD&.S hydrogel as intelligent artificial tendon'**!; (b)anti-swelling properties of poly (Cu-NIPAAm) hydrogels and
their capability of recording epicardial ECG for long-term implantable applications!'™; (¢)anti-swelling properties of SG hydrogels and their application
in neuromodulation of the peripheral nervous system"”’; (d)anti-swelling properties of PAA-GT-HBPC hydrogels with immediate wet

adhesion and anti-swelling behavior and their application in gastric perforation repair' !’}
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