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Research progress of polyvinyl alcohol-based physical crosslinked
gels featuring high mechanical properties

JIANG Yujia, TANG Ning,HU Jun®

(Beijing Advanced Innovation Center for Soft Matter Science and Engineering,

Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: With the emergence and rapid advancement of cutting-edge sciences like artificial intelligence and
brain-computer interface, significant progress has been achieved in the development of flexible gel
materials. Due to the good biocompatibility, adaptability to multifunctional components, and cost-
effectiveness, polyvinyl alcohol (PVA) is widely used as an ideal skeleton for the construction of gel
materials. According to the reports on PVA-based gels in the past years, in this paper, we provide a
comprehensive overview of design methods, especially the mechanical reinforcement strategies, to
construct physical crosslinked networks of PVA, including freeze-thawing, salt-outing, annealing, and
solvent exchange. Furthermore, we summarize the current challenges in high-performance PV A-based gel
materials, and propose insights into future developments and potential applications.
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Fig.1 Schematic diagram of polymer network construction methods of PVA-based physical crosslinked gels
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Table 1  Effect of freezing-thawing conditions on mechanical

[13]

properties of PVA hydrogels

Freezing Thawing Thawing Concentration of Molecular
temperature temperature rate PVA solution weight of PVA
— — — + +

Note: “ -+ 7 indicates a positive correlation, meaning mechanical

properties improve as indices increase. Conversely, “— 7 signifies a nega-

tive correlation, where properties worsen with increasing indices
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Fig.3 Schematic diagram of fabrication of PVA hydrogel by salting-out assisted directional freezing method >
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Fig.4 Schematic diagram of the fabrication of PVA hydrogel by wet annealing method"*"!
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Fig.9 The development process of PVA-based physical crosslinked gels featuring high mechanical performance
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Table 2 Statistics of the mechanical properties of PV A-based physical cross-linked gel materials

» Tensile Tensile Young’s Toughness /

Composition Structure/method ) B
stress/MPa  strain/%  modulus/MPa (MJ-m™*)

PVA-Na,SO, hydrogel *" Freezing-assisted salting-out 15 2100 2.5 150
HA-PVA hydrogels'* Freezing-assisted salting-out 23.5 2900 210
PVA organo-hydrogel *"/ Freeze-casting assisted solution substitution 6.5 1710 1.7 58.9
PCNA anisotropic hydrogel %’ Freeze-casting, metal complexation, and salting-out  25.9 556 422.6 90.9
PVA-Ca*" hydrogel ™ Freeze-thaw, annealing, and salting-out 8.40 380 2.75 14.16
BC-PVA hydrogel"*” Freeze-thaw and annealing 50.5 503.9
Sal-exogel ) Solvent exchange and salting-out 25.2 1200 52.3 120.7
SEWA,;-12030 hydrogel " Solvent-exchange-assisted wet annealing 11.19 1879 2.75 51.66
exogel-18 hydrogel ™’ Solvent exchange 3.13 900 0.45
nf-PVA-10 hydrogel-*! Solvent exchange 2.7 700 0.6 1.3
DES-PVA,, eutectogel *!” Solvent exchange 20.2 550 16.1 62.7
A-SE-PV A, eutectogel **) Freeze-thaw, annealing, and solvent exchange 31.8 25.6 76.0
(PVA/PAA-AS) hydrogel *! Double network 8.15 650 3.6 30
PV A/alginate hydrogel ®"’ Double network 12.9 161 13.2
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