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Abstract: With the increasing emphasis on environmental protection and green chemistry, traditional adhesives
are gradually being phased out of the market. Ionic gel adhesives, as a new type of bonding material, have become
the focus of researchers' attention. This article reviews the preparation methods of ionic gel adhesives, categorizing
them mainly based on the ways in which polymers and ionic liquids form ionic gels, including direct mixing, solvent
exchange, and in-situ polymerization. Furthermore, the article summarizes the adhesive properties of ionic gel
adhesives, noting that the maximum bonding strength can reach 7.2 MPa on different substrates, along with their
ionic conductivity, mechanical properties (with tensile strength up to 14.3 MPa and elongation at break reaching
5 000%), biocompatibility, self-healing ability (rapid healing within 10 min at room temperature), and transparency.
Additionally, it highlights the structural design of multifunctional adhesives based on self-healing, biocompatibi-
lity, self-adhesion, temperature sensitivity, and conductivity, as well as their roles in applications such as solid-state

electrolytes, flexible electronics, biomedicine, smart wearable devices, and optical devices. This provides a
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reference for the development and application of more diversified properties of ionic gel adhesives.
Keywords: ionic gel; adhesive; ionic liquid; biocompatibility; self-healing ability; self adhesiveness; tempera-

ture sensitivity; conductivity
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DAEMA—2-(dimethylamino)ethyl methacrylate; DAEM—Di(acryloyloxyethyl) methacrylate; BMImIbu— 1-methyl-3-butylimidazolium ibuprofenate;
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Fig.1 (a)Direct mixing method"; (b) Solvent exchange method"; (c) In-situ polymerization method"
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Fig.2 (a) Ionic gel adhesion to different substrates'®; (b) Photographs of a flexible battery illuminating an LED light under bending and cutting

(3],

conditions™; (c) Photographs of notched ionomer gels at strains of 500%, 2 000%, and 3 000% show insensitivity to crack propagation (High toughness

materials can slow or stop crack propagation)?; (d) Ionogel self-healing process?; () Transmission spectra of polyacrylic acid/ionic liquid/

hydroxypropyl (PIH) ionogels at 350-800 nm!""}; (f) Photographs of ionogels instantaneously sealing a porcine lung fissure in vitro”
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ZPIL—Zwitterionic poly(ionic liquid); PVIm—Polyvinylimidazole; DEE—Diethyl ether; IPA—Isopropanol; EAc—Ethyl acetate; PE—Petroleum ether;
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Fig.3 (a) Schematic of the adhesion procedure using ZPIL-R4 (0.1 g ZPIL/0.04 mL H,0); (b) Cohesive energy density and interfacial adhesion strength of

ZPIL and PVIm; ((c), (f)) Adhesion strength of ZPIL after 2 weeks and 4 months immersion in organic solvent; (d) Comparison of adhesives in terms of

their resistance to organic solvents from 4 aspects; (e) Equilibrium state of the most stable ZPIL-DCM, ZPIL-IPA and ZPIL-DMSO conformations

at equilibrium as a function of radial distribution!
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Fig.4 (a) Snapshots of adhesive adhesion regions under UV irradiation; ((b), (e)) FTIR spectra of carbonyl groups of different adhesives; (c) Average

intermolecular hydrogen bond lengths at the adhesive-glass interface (solid) and between molecules (hollow); (d) Comparison of the adhesion properties

of adhesive with ionic liquids (IL), poly ionic liquids (PIL) and polyurea-based adhesives on glass'"!
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Fig.5 (a) Monotonic tensile stress-strain curves of ionogels with different citric acid/L-(-)-carnitine (CAC) contents; (b) Fully refocused solid-
state 'H NMR free induction decay (FID) of ionogels with different CAC contents and pure CAC; (c) Photographs of barbed ionogels at strains of
500%, 2 000%, and 3 000%; (d) Conformational state of the ionogels on the surface of the substrate at different moments of time  for a given force;

(e) Ionogel self-healing process'”
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Fig. 6 (a) Representative histology of stained; (b) Photographs of ionogels used as skin electrodes for electrocardiograms; (c) Photographs of ionogels

momentarily sealing a porcine lung fissure in vitro; (d) Photographs of two ionogel adhesives benignly raising and lowering

aliving porcine heart during a simulated cardiac transplant™
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EP—Epoxy; SS—Stainless steel; PA—Polyamide; POM —Polyformaldehyde; PMMA —Polymethylmethacrylate; DE-A2—A sample with partially
disentangled molecular chains; A1 —Ethanolamine; A3—Triethanolamine; APS—Ammonium persulfate
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Fig.7 (a) Schematic of the adhesion process in organic solvents; (b) Adhesion strengths on various substrates at room temperature; (c) Adhesion

strengths of A2 and other reference samples obtained through different processes; (d) Adhesion strength of A2 obtained under different spontaneous

polymerization conditions; (e) Continuous cycle adhesion tests; (f) Adhesion strengths of A2 and other reference samples obtained with different
hydroxylamine molecules; (g) Radial distribution functions of (DEA)OH---O(Al,03) and (SO;)OH---Al(Al,O3) derived from molecular dynamics
simulations; (h) Proposed interface interactions between the A2 unit and Al,O, substrate; (i) Attenuated total reflectance (ATR)-FTIR spectra of A2

composites containing different Al,O; contents'
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Underwater adhesion

BOx was prepared by the photoinitiated free-radical copolymerization of butyl acrylate (BA), octadecyl acrylate (OA), and ethylene glycol dimethacrylate
(EGDMA), where x represents the mass percentage of OA in the total mass of BA and OA; PP—Polypropylene; EA50—Ethyl acrylate with 50wt%
in the monomer mixture
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Fig.8 (a) Adhesive strength of BO20 for different substrates in air and underwater; (b) Adhesive strength of BO20 for different substrates in air and

underwater; (c) Cyclic adhesive strength of BO20 for PMMA underwater; (d) Peeling adhesive strength of BO20 for different substrates in air and
underwater; (e) Adhesion strength of BO20 for PMMA after storing in water for 48 h; (f) Adhesion strength of BO20 for PMMA in different solutions;

(g) Schematic diagram of 90° peeling test for adhesion; (h) Digital picture of BO20-EA50 by 90° peeling from glass;

(i) Digital picture of BO20 for sealing broken hole underwater®’
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Fig.9 Polymer content ((a), (b)) and IL ratio ((d), (e)) on mechanical properties of PNIPAM ionogels; (c) Effects of IL ratio on the adhesion strength of

PNIPAM ionogels; (g) Effect of IL ratio on the lower critical solution temperature (LCST) of PNIPAM ionogels; Images (f) and

quantitative analysis ((h), (i)) of temperature-managed adhesion to PNIPAM ionogels®*”
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Fig. 10 (a) Supramolecular interaction mechanism; (b) Adhesion of ionic gels on glass at different temperatures (-20 to 85°C); (c) Continuous cycle

adhesion test of ionic gel (IL content of 45wt%) on glass substrate; (d) Comparison of adhesion strength of prepared ionic gel with

reported representative gel; (¢) Adhesion of ionogel after 24 h immersion in various organic solutions'?
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Fig. 11 (a) Pictures of three molecular solids at room temperature as well as their heating conditions; (b) Inversion states of the three molecular solids
after heating at 55°C; (c) Temperature-dependent rheological analysis of P2; (d) Comparison of adhesion strength of P2 and other reported low molecular-
weight supramolecular adhesives; (e) Adhesion-separation cycling tests of P2 on various substrates; (f) Temperature-dependent adhesion strengths of P2
on various substrates; (g) Cycling tests of P2 on Al,O5 ceramic between room temperature and in liquid nitroge;

(h) Time-dependent low-field "H NMR results for P2/**
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