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Research Progress of Gel Polymer Electrolyte in
Printed Supercapacitors

WANG Gui-lin, WEN Tao"

(School of Emergent Soft Matter, Guangdong Provincial Key Laboratory of Functional and Intelligent
Hybrid Materials and Devices, South China University of Technology, Guangzhou 510640)

Abstract: Printed supercapacitors (PSC) have attracted increasing attention in flexible electronics and
emerging energy storage systems owing to their scalability and compatibility with flexible integration.
As a key functional layer, the gel polymer electrolyte (GPE) plays a decisive role in determining the
performance and stability of PSC. This review systematically summarizes the recent research progress on
GPE in PSC, with a particular focus on their classification based on polymer systems, solvent systems,
and fabrication methods. The influence of the GPE on the ion transport behavior, electrode/electrolyte
interfacial characteristics, and electrochemical performance of PSC was comprehensively analyzed.
On this basis, the advantages and limitations of different GPE systems in terms of printability, cycling
stability and mechanical reliability are further discussed. Current studies indicate that achieving a balance
among high ionic conductivity, mechanical integrity and printing compatibility remains challenging,
while interfacial resistance control, environmental adaptability and manufacturing consistency continue
to limit the performance improvement and practical application of PSC. Future research should focus on
material structural design, mechanistic understanding, and synergistic optimization of printing processes,
aiming to develop multifunctional and environmentally friendly GPE systems to promote PSC toward high
performance, flexibility, and system-level integration. This review provides experimental references and
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research insights for the rational design of GPE and their application in printed energy storage devices.
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FIELTT B (o) 1 wi%Bst IR ) 26 IR 35U1R/P VA DNKBEIR (1) s 7Bk U1 1P B (D) /K BB IR AE 2 I R 4610 sJ5 v BBl i
(1) &5 5 (A BR I s hr A (IV) (2018 American Chemical Society SR ])

Figure 1 Tensile and self-healing tests of PVA-based hydrogels and photographs of the self-healing process. (a) Tensile stress—
strain curves of original PVA hydrogel and agarose/PVA DN hydrogel with different contents of agarose (0.5 wt%, 1.0 wt%,
and 1.5 wt%), and the curves of healed PVA hydrogel and agarose/PVA DN hydrogel; (b) Original stress and healed stress
histogram of PVA hydrogel and agarose/PVA DN hydrogel with different contents of agarose (0.5 wt%, 1.0 wt%, and 1.5 wt%);
(c) Strip-shaped agarose/PVA DN hydrogel with 1 wt% of agarose (I); the hydrogel is cut into two pieces (II); the hydrogel can
heal automatically after contacting for 10 s at room temperature (III); and the healed hydrogel is stretched (IV) (Reprinted with
permission from Ref. [23]; Copyright (2018) American Chemical Society)
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Figure 2 Schematic illustration of the application of
PEO composites with nanoscale metal oxide clusters under
extreme environments (Reprinted with permission from Ref.
[29]; Copyright (2021) American Chemical Society)
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3 PVDF-HFPIL Wb BRI (11 % T 232 (2018 American Chemical Society fizEL4 AT
Figure 3 Process flow diagram for the preparation of PVDF-HFP copolymer-based gel electrolyte (Reprinted with permission

from Ref. [35]; Copyright (2018) American Chemical Society)
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Figure 4 Synthesis of PAA-based hydrogel electrolyte and fabrication of integrated supercapacitors (Reprinted with permission

from Ref. [38]; Copyright (2018) The Royal Society of Chemistry)
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Table 1 Statistical analysis of GPE performance based on different solvents
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Figure 5 (a) Schematic diagram of the microstructure of polymer electrolyte and vanadium oxide nanowires; (b) Comparison

of cycling performance between aqueous electrolyte and aqueous GPE (Reprinted with permission from Ref. [58]; Copyright

(2012) American Chemical Society)
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Figure 6 Relationship between the electrical conductivity and temperature of the organic system GPE containing different

concentrations of proton donor groups: (a) Comparison of H;PO, and DPhHPO,; (b) Different concentrations of DPhHPO,

(Reprinted with permission from Ref. [62]; Copyright (2015) Elsevier)
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7 QERE K ()T ACHAISEMEE ; (c) EMIBF,
JF:GPERHE A% (2021 Elsevier AL 1)

Figure 7 (a) Schematic diagram of the device; (b) SEM
image of the AC electrode-based; (c) Photograph of the
EMIBF s-based GPE (Reprinted with permission from Ref.
[64]; Copyright (2021) Elsevier)
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Figure 8 The evolution of the gel film prepared by the solution casting method as the salt concentration changes (Reprinted

with permission from Ref. [73]; Copyright (2022) American Chemical Society)
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Figure 9 Schematic diagram of the preparation of GPE by phase inversion method (Reprinted with permission from Ref. [75];

Copyright (2023) Elsevier)
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Figure 10 Schematic diagram of the preparation of GPE film by ultraviolet light curing method (Reprinted with permission

from Ref. [78]; Copyright (2023) Elsevier)
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Figure 11 Schematic diagram of the preparation of nanofiber membranes by electrospinning (Reprinted with permission from

Ref. [83]; Copyright (2020) Elsevier)
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Figure 12 Schematic diagram of fabricating printed
supercapacitors by full silk screen printing on different
substrates (Reprinted with permission from Ref. [98];
Copyright (2017) Elsevier)
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Figure 13 Comparison of the traditional laminated sandwich structure and the different performance of the structure based on

GPE under bending and folding conditions. (a) Stress distribution model of a device under bending deformation; (b) Schematic

illustration of the multilayered structure device under various bending deformations of one end fixed bending (i) and two-end

fixed bending (ii); (c) Schematic illustration of the traditional three-layer structural device with inelastic electrode substrate

upon bending deformation; (d) Schematic illustration of the traditional three-layer structure under repeated bending deformation
(Reprinted with permission from Ref. [100]; Copyright (2021) John Wiley and Sons)
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Figure 14 Schematic diagram comparing the integration of three-dimensional and two-dimensional structure printed

supercapacitors with printed electronic devices. (a) Illustration of the interdigital MSCs from different fabrication methods and

low-integration problems in applications; (b) Illustration of the MSCs with the 3D framework from the hybrid fabrication method

and high-integration advantages (Reprinted with permission from Ref. [107]; Copyright (2021) AIP Publishing)
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