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Fig. 1. A review of PVA-based conductive hydrogels: Preparation, properties and application in human detection.
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Fig. 2. Schematic diagrams of several physical cross-linking methods: (a) Freeze-thaw cyclel'?; (b) hydrogen bond-induced crosslink-

ing!"¥; (c) salting out[')

; (d) filler-phase cross-linking!'¥; (e) host-guest interaction!"”; (f) multicomponent synergistic cross-linking/’l.

100807-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 10 (2026) 100807

SEUNINFN R R 3 | R | B AR S TR
JHE S S D0 (B 2(D)). R AR B — U
J&F S EAER, (B8 S S R ES & nT i
ARG E I = 4R 2K 54 ; TRl SV R A S A AT
Febk, e R | pH B S BB LR,
A AW S A, SRR T KSR H B B
M o7 1 SRR T
2.1.3  HATEE

R A I W i i AR B (BRBRAN L A7
BN K ATERBER PVA 0 Tk G2, fefd
oy HE A BB KAV R 5 U SR A 2 258 L — 4

2% (I8 2(c)), Ik BA TR DU il & . T2

JEAERRR 0 325 P03, (E2UER AT R A Do 246 it HE 4
55, HAR M LR T I BERZ I A WA AL, IR 5
e g fd Ak P el S A T T IR P LA PR A 116171

2.1.4 HAudpIP L ER

B L2 Tk Sh, FAh R R4 B IR S
BT R AR, W RS A5 A s
JCHREIVER], A 200 R T K BER A PR RE 1 A5 1
st (K 2(d)—(f)): — 2B FERE G s 52k,
FIAH BB S0 2H 7, 0 5 TR ELAE D
L, BFEARS PVA o4l i U | ot s
JIE SRS, 45500 20 73 DR ] 2K R
R SVERE 1Y, TR R B AU SR,
XF PVA SEJEAT D REME S AT AE G, 3T & 1K
A, AR AT 5 AP 73 ) A S )
e > T HE LB, A AR E MY B 4%, LAk
BERE Sy o7 SR ERE 1) =R 2 ou U RISk,

7E PVA AR5 AZIedl 4y, IR A B4
FH P E MG 5 35007, 3 B 25 AL m-m HERR B K
A DMEER, sRAk A FREMZE A ), $RTHKEER
o 4% B 5ok 35 R I e 1 201,

DA JUFR R UL PR AR % ) S AL P R A
ST AT LR 1.

2.2 WEXBEK

2SR PVA K EEIR =M 2% 11
TR, HAO FHE R 1P R E (3L 6
ol BC 7 B S BR S R I SRR A TS
PRASHE, A 1 PVA KB )2 38 %
SRS EVE R ITERE SR B,
A ) R 2 A REAT ARG SR BAT )32 B i
S AR SR YA 5 P S TR LR Y 22 52, 1k
SN TV PPN SR 53 T 175 N
&R B T BRI | R RS IR | AR A SR | S
(5373
2.2.1 EEERIK

RIS PV A JKEE ] £ iy 2Ly 1L
FACIRPEA, HE LR AIL] Ay 3 k) 737 o g i
(—CHO) 5 PVA B& Wtk 1ok % (—OH) 4%
SRAZHE VR A A T, T RS S AR, E T
TR = AR 4% (1] 3(a)). I AT RN A
UL SCHRSOR i L B LR B W R AR
e VB S IV 2 AT SR ) SHER P 4 0L P  K
JEEEs . FESEBRR I, T 8 (GTA)  URETE )
(CDS) #B2 5 HIRI RS 2122,

R 1 LRI R

Table 1.  Comparison of several physical cross-linking methods.
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Table 2. Comparison of several chemistry cross-linking methods.
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Fig. 4. Examples of optimizing the mechanical properties of PVA hydrogels: (a) Preparation and mechanical testing of PVA/TCNF
dual-network hydrogell; (b) structure and mechanical testing of PVA-PHEMA dual-network hydrogel®!; (c) the crosslinking

mechanism and mechanical testing of N-OHG hydrogels*2.
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Fig. 5. Examples of conductivity optimization of PVA hydrogel: (a) Pectin/PVA/TA/CaCl,/NaCl hydrogel and its conductivityl®’;
(b) low temperature conductivity of SAEP hydrogel®.
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Fig. 6. Several self-healing PVA-based hydrogels and their mechanisms:

hydrogel®7;
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Fig. 7. Example of optimization of freeze resistance performance of PVA hydrogel: (a), (b) PVA-CNF-AI** hydrogel and its freeze
resistance test [1; (c), (d) PVA/SNFs/CN hydrogel and its freeze resistance test!2.
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momtorlng[J2 (b) PDCATL composite organic hydrogel for joint activity monitoring®; (¢) M-PVA hydrogel for joint activity mon-

itoringl>¥
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; (d) PVA/P(AA-co-AM)/PDA@CNTs hydrogel for joint activity monitoringl®.
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Fig. 10. PVA-based conductive hydrogel for human muscle activity monitoring: (a) Facial muscle activity monitoring and expres-

sion recognition®; (b) multi-site muscle activity monitoring®”; (c) facial activity monitoring!™l.
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Fig. 11. PVA-based conductive hydrogel for monitoring human pulse, swallowing and breathing: (a) Wrist pulse monitoring/6?;

(b) multi-site pulse wave monitoring/®¥); (c) pulse and swallowing monitoring/®; (d) breathing monitoring/®.
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SPECIAL TOPIC—Flexible electronics and smart wearables

Research progress on performance optimization and biometric
monitoring applications of polyvinyl alcohol-based
conductive hydrogel”
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Abstract

With the development of intelligent medical technology and wearable sensing technology, polyvinyl alcohol
(PVA)-based conductive hydrogels have emerged as the core functional materials for human physiological sign
monitoring due to their excellent flexibility, ionic conductivity, and biocompatibility. This article systematically
reviewed the research progress of crosslinking preparation technology, core performance optimization strategy
and physical sign monitoring application of the material. The mechanism, characteristics and application
scenarios of physical and chemical cross-linking preparation systems were analyzed, and the key value of
physical-chemical cross-linking collaborative application to improve the stability of material network structure
was clarified. At the same time, the multi-dimensional optimization strategies for mechanics, electrical
conductivity, self-healing and anti-freezing performance are sorted out, and the mechanism of action of double
network construction, dynamic bond regulation, ion and solvent system optimization is clarified.

Relying on the physical characteristics of ion conduction to realize reversible conversion of force-electrical
signals, the material can accurately capture large movements such as joint flexion and extension, muscle
contraction, and subtle physiological signals such as pulse, swallowing, and breathing. It can also be extended to
multiple physical sign monitoring scenarios such as voiceprint recognition to meet a variety of practical
application requirements. In the modeling study, we have systematically summarized the core physical models
and multiphysics modeling frameworks for ionic and nanocomposite hydrogels, clarifying the quantitative

formulations and underlying physical mechanisms of each model.

Keywords: flexible sensor, polyvinyl alcohol-based conductive hydrogel, ion-piezoelectric, physical sign

monitoring
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