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Fig. 1 Mechanisms, enhancement strategies, and applications of hydrogel-based electromagnetic interference shielding materials
(Reprinted with permission from Refs. [32, 52]; Copyright (2025) Wiley-VCH).
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Fig. 2 Electromagnetic shielding mechanisms of hydrogel materials.
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Fig. 3 (a) Schematic illustration for the synthesis of P(AM-co-AA) hydrogel; (b) SE; of P(AM-co-AA) hydrogels with
different monomer ratios; (c, d) Electrical conductivity and SE; of P(AM-co-AA) hydrogel (the weight ratio of AM to AA
monomer is 2:1) at different resting time; (e) Electrical conductivity of P(AM-co-AA) hydrogels with different monomer ratios
(Reprinted with permission from Ref. [89]; Copyright 2024 Wiley-VCH). (f) Microstructural formation process of SGs-CNTs/
CCS/PAM hydrogel; (g) Electromagnetic shielding mechanism of hydrogel; (h) Hydrogel shielding parameters across X. Ku.
K-bands: SEg, SRy, SE; with R, 4, T coefficients; (i) SE; of hydrogel with different thickness (Reprinted with permission from

Ref. [32]; Copyright (2025) Wiley-VCH).
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Fig. 4 (a) Effect of H,SO, and MXene treatments on the microstructure of PEDOT: PSS/PVA hydrogel; (b) Schematic
illustration for the electromagnetic shielding mechanism of MSPPH hydrogel; (¢) SEz, SR,, SE; and R, 4, T coefficients of
MSPPH hydrogel in the X-band; (d) SEg, SR, SEr and R, 4, T coefficients of MSPPH hydrogel in the X, Ku, and K-bands;
(e) SEg, SRy, SEr and R, 4, T coefficients of MSPPH after stretching-releasing cycles at different strains; (f) SEz, SR,, SEr
and R, A4, T coefficients of MSPPH hydrogel before and after self-healing (Reprinted with permission from Ref. [46]; Copyright

(2024) American Chemical Society).
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Fig. 5 (a) Schematic of internal structures in APCML, OPCML and HPCML,; (b) Electromagnetic shielding mechanism of
PCML gel with asymmetric gradient structure; (c) SE; of PCML gel in the X-band; (d) R, 4, T coefficients of PCML gel; (e)
SEg, SR,, SErof APCML, OPCML, HPCML gels (Reprinted with permission from Ref. [50]; Copyright (2024) Wiley-VCH).
(f) Schematic illustration of the synthesis of M organo-hydrogel; (g) Schematic illustration of the microcapacitor network

model and relevant EMI shielding mechanism; (h) Average SE; and 4 values of M organo-hydrogels with different MXene

concentrations in the Ku band; (i) Conductivity and average SE; values (Ku band) of M hydrogel and M organo-hydrogels.
(Reprinted with permission from Ref. [51]; Copyright (2024) Wiley-VCH).
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Table 1 Comparative performance of electromagnetic shielding hydrogel materials.

L 5 ARG

Sample Conductivity =~ EMI SE Thickness SSE Ref

(S'm™) (dB) (mm) (dB'mm™)
P(AM-co-AA) hydrogel 0.48 27.00 2.50 10.80 [89]
LM/TO-CNF/PVA hydrogel 25.69 33.14 3.00 11.05 [92]
PAA/CS@ACC hydrogel 22.79 90.63 9.71 9.33 [93]
SGs/CNTs/PAM/CCS hydrogel 0.26 4231 4.50 9.40 [32]
MXene and H,SO,-treated PEDOT: PSS/PVA hydrogel 0.75 41.00 4.50 9.11 [46]
PVA/PAA/PEGDMA/PEDOT:PSS hydrogel 1.24 20.58 1.00 20.58 [48]
PVA/Gly/MXene hydrogel 0.22 42.34 2.00 21.17 [49]
PVA/CNF/LM/MXene (A) hydrogel - 71.10 3.00 23.7 [50]
PVA/CNF/LM/MXene (H) hydrogel - 86.9 3.00 28.97 [50]
PVA/CNF/LM/MXene (O) hydrogel - 76.80 3.00 25.60 [50]
PVA/PNTs/CNF hydrogel 44.35 63.60 2.00 31.80 [47]
PAM/PM/MXene organo-hydrogel 600.00 39.30 1.50 26.20 [51]
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Fig. 6 (a, b) Electromagnetic shielding effectiveness tests against electromagnetic radiation sources from power and electronic

devices in practical scenarios (Reprinted with permission from Ref. [95]; Copyright (2024) Wiley-VCH). (c) Demonstration of

reversible on/off-switchable shielding functionality using mobile devices (Reprinted with permission from Ref. [32]; Copyright
(2025) Wiley-VCH). (d) Interference effects of hydrogel on GPS tracker signals (Reprinted with permission from Ref. [52];

Copyright (2025) Wiley-VCH).
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Fig. 7 (a) Scheme for the fabrication of PMCP hydrogel; (b) Optical photographs and cross-sectional SEM images of PMCP
hydrogel at different temperatures; (c, d) Tunable shielding efficiency of PMCP-2 hydrogel with varied thicknesses at different
temperatures; (e¢) Schematic of the temperature-dominated electromagnetic shielding mechanism of PMCP hydrogel
(Reprinted with permission from Ref. [52]; Copyright (2025) Wiley-VCH).
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Review

Research Progress on Hydrogel-based Flexible Electromagnetic
Shielding Materials

Yu-qi Wang!, Xiao-hua Chang?, Jian-wen Chen?, De-xiang Yu?, Rui Chen?, Gui-yan Zhao'", Yu-tian Zhu?"
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(?College of Material, Chemistry and Chemical Engineering, Key Laboratory of Organosilicon Chemistry
and Material Technology, Ministry of Education, Key Laboratory of Organosilicon Material Technology,
Hangzhou Normal University, Hangzhou 311121)

Abstract With the acceleration of the miniaturization of electronic devices and the increasingly severe problem
of electromagnetic pollution, it is crucial to develop electromagnetic shielding materials that possess both
efficient shielding performance and good flexibility. Traditional metal-based shielding materials have limitations,
such as heavy weight and poor flexibility. In contrast, hydrogels exhibit unique potential owing to their intrinsic
flexibility, biocompatibility, and designability, thereby offering innovative paradigms for next-generation flexible
electromagnetic shielding materials. This review first introduces the electromagnetic shielding mechanism of
hydrogels and discusses the key factors affecting their shielding performance, including water molecules, porous
structures, and types of conductive fillers. Second, it systematically explores the main methods for improving the
electromagnetic shielding performance of hydrogels, including the use of different types of inorganic conductive
fillers, the introduction of intrinsically conductive polymers, and rational structural design, and compares and
analyzes the performance advantages and optimization strategies of various methods. Subsequently, it summarizes
the practical applications of hydrogel-based electromagnetic shielding materials in flexible electronics and the
research progress of stimulus-responsive intelligent shielding hydrogels. Finally, it looks forward to the current
challenges and future development directions of hydrogel-based shielding materials.
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