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Abstract  

Self-healing polymer is a kind of functional polymer materials that can repair scratches, cracks and other mechanical damage, 
whose unique self-healing ability is of great significance for prolonging the life of materials. Eigen self-healing polymers have 
become the focus of current research due to their advantages of mild healing conditions and repeatable healing. In this paper, 
the preparation technology and properties of self-healing elastomers were reviewed, which provided guidance for the 
preparation of polymers with high repair efficiency and pointed out its future development trend. The self-healing polymer 
materials based on Diels-Alder reaction, metal bond, hydrogen bond, ionic bond, disulfide bond, etc., are mainly introduced, 
and their preparation process, healing mechanism and healing properties are reviewed. Although much progress has been 
made in self-healing elastomers based on different dynamic bonds, the development of materials with high repair efficiency 
remains a huge challenge. In this paper, various repair pathways of self-healing elastomers were reviewed, which provided 
guidance for the balance between repair and mechanical properties. The development of inherently self-healing polymers 
was also prospected. 
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1. Introduction 

Materials Science is one of the most fascinating and 

challenging areas of science, we have evolved from the era of 

discovering and using natural materials to the epoch of 

developing and using artificial materials that are more 

conducive to our production and life, one of which is self-

healing materials.[1-3] Self-healing material is a kind of material 

which can repair itself when the object is damaged, that can 

repair the damage caused by long-term mechanical use. Self-

healing materials have the advantages of predominant 

mechanical properties,[4-6] insulation, heat insulation and high 

molecular weight, which can be used to simulate the self-

healing phenomenon of organisms, namely, when micro-

cracks occur, the self-healing materials repair the cracks by the 

change of the chemical bond or the release and polymerization 

of the self-healing monomers stored in the materials, thus 

maintaining the integrity of the matrix structure. In the past, 

when some materials were damaged, they had to be discarded 

and replaced with new materials, resulting in waste. In 

addition, regular inspections and maintenance also require 

significant costs, but self-healing materials can effectively 

address this aspect. In consequence, compared with traditional 

materials, self-healing materials have excellent performance 

and a wider use of the environment. 

Although the idea of a self-healing material dates back to 

the mid-20th century, its first success came in 2001, when 

Wyett et al. experimented with microcapsules[7,8] embedded in 

the composite containing a healing agent, its cracking caused 

the healing agent to disperse, interact with the catalyst, and 

polymerize in the composite. This concept was then further 

developed to study the method of extending the fatigue life of 

the self-healing properties in the uniform system and to obtain 

up to 90% of the restored fracture toughness. Chen and his 

colleagues had developed an organic polymer material[9] that 

can be heated at temperatures above 120 degrees Celsius and 

then recoated, which has the advantage of not needing a 

catalyst. Whereas, all these methods are only suitable for 

preventing macro-cracks, that is, catastrophic failure, and  
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Fig. 1 The proportion of the output value of different fields of self-healing in 2018 (a), 2019 (b), and 2020 (c), respectively. (d) The 

self-healing efficiency of different repair systems reflected by DA. 

 

hardly any effect on distributed damage. 

Last several years, the importance of self-healing materials 

had been gradually recognized, and its mechanical 

properties,[10-13] energy absorption and conversion efficiency, 

and self-healing properties had yet to be further improved in 

scientific research and practical applications. For decades, 

scientists and engineers had invested heavily in developing 

self-healing materials to improve the safety, longevity, energy 

efficiency and environmental impact of man-made materials. 

Until now, the research on self-healing materials is still in full 

swing. 

Self-healing materials are widely used in military 

equipment, electronic products,[14-19] automobiles, airplanes,[20-

22] building materials,[23] biological materials,[24] medical 

materials[25-29] and biomimetic technology,[30,31] The proportion 

of application is also increasing with each passing year (Figs. 

1 a, b and c), for instance, self-healing materials can be used 

in dentistry in medical field. With its superior self-healing 

performance, the service life of materials can be prolonged 

and the integrity of body structure can be maintained. Self-

healing materials also play an important role in medical 

hydrogels,[32,33] some self-healing hydrogels can be used for the 

culture of neural stem cells precursor cells, and some self-

healing hydrogels have temperature and PH responses, it has 

great potential application value in biological science and 

biotechnology related fields. In the meantime, self-healing 

materials can also be used on smartphones and tablet screens 

in electronic products. Most importantly, they can improve the 

service life of mobile phones and tablets, reducing the waste 

of resources and fu4-3nds. Self-healing materials have 

tremendous potential applications for electronic skin,[34-36] 

energy storage devices, sensors,[37] conductive coatings and 

supercapacitors. Therefore, it is particularly significant to 

understand the classification and characteristics of self-

healing materials, repair systems (Fig. 1d) and characteristics 

of different self-healing materials. 

The development, types, application fields and 

characteristics of self-healing materials are reviewed in this 

paper. The dynamic reversible bond self-healing in eigen-type 

self-healing is mainly introduced, which key self-healing is 

subdivided. Self-healing materials based on reversible 

disulfide bond, hydrogen bond, metal coordination bond, ionic 

bond and Diels-Alder reaction are introduced, while the latest 

development and characteristics of miscellaneous self-healing 

materials are also introduced. According to the special 

properties of different self-healing materials, the future 

application of these materials is prospected. 

 

2. Classification and Properties 

2.1 Self-healing mechanism based on reversible disulfide 

bonds 

In research work, we classify the concept of self-healing, 

which is based on the use of disulfide bonds between rubber 

networks that can fully recover their mechanical properties at 

moderate temperatures, the key to which is the exchange of 

disulfide bonds.[38,39] 

Based on the characteristics of reversible repair and mild 

repair condition of disulfide bond, introducing reversible 

disulfide bonds with elastomers to prepare self-healing 

materials are widely used. Nevertheless, there are few studies 

on the self-healing properties of materials based on disulfide 

bond exchange reaction, especially on the self-healing kinetics 

of coatings under Ultra Violet (UV) light[40,41] and heating 

conditions. Recently, Zhao[42] introduced a disulfide bond 

between UV-Curable polyurethane acrylic resins, 

demonstrating that cracks in the cured resin material can be 

repaired to UV light. First and foremost, UV curable 

polyurethane acrylic resin (DSPUA) with disulfide bond was 
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Fig. 2 (a) The structural formula of DSPUA multifunctional 

material and the repair and synthesis process pf PU under 

ultraviolet light. (b) Self-healing ability of WPU composites with 

different proportions, reproduced with the permission form [46], 

Copyright 2019 American Chemical Society. 

 

prepared. Furthermore, the surface of Al2O3 nanoparticles 

(SMANP) was modified and functioned by hydrophobic 

fluoroalkyl, organosilane, vinyl and disulfide bonding 

compounds. Ultimately, the super-hydrophobic coating 

(SMANP@DSPUA) (Fig. 2a) was prepared by spin-coating 

SMANP solution to DSPEA substrate and UV curing was 

carried out. SMANP and DSPEA can be covalently bonded to 

form rough surfaces with strong micro/nano structures by 

disulfide exchange reaction and ultraviolet curing heated 

double bond cross-linking. Based on the disulfide exchange 

reaction, the granular layer and the nascent layer of DSPEA 

was reformed by covalent bonding with the self-healing 

process. The fractured surface of the fractured coating could 

be re-formed into a complete surface, allowing the material to 

repair itself, even if the wound was sharp. It had been shown 

that increasing temperature or disulfide bond content could 

improve the self-healing properties, while UV irradiation 

could significantly accelerate the self-healing process. 

Under UV irradiation, disulfide bonds can be dissolved and 

cracked, and sulfonyl radicals can be formed, which 

photochemical process can effectively generate and 

reconstitute sulfhydryl groups by controlling the UV 

conditions, thus accelerating the disulfide bond exchange 

reaction. Under 15 mw/cm2 UV irradiations, the 

SMANP@DSPUA coating was cut off, the fracture surface of 

the damaged coating was stored at 80 ℃, and under different 

UV irradiation time, the coating can self-heal to form a 

complete surface after 30 min of irradiation, which indicates 

that the double sulfur bond self-healing material can self-heal 

faster under UV condition. The results showed that high 

temperature or high disulfide bond content can significantly 

improve the self-healing properties. Most importantly, UV 

irradiation can greatly improve the self-healing rate of the 

coating, which is due to the generation and reorganization of 

sulfanilamide group, which provides a great possibility for the 

self-healing of the coating in sunlight. 

Furthermore, the self-healing mechanism of microcracks 

on waterborne polyurethane[43-45] (WPU) (Fig. 2b) with 

different disulfide bond contents had been studied in detail by 

Zhang.[46] The Gel Permeation Chromatography (GPC) was 

used to calculate the exchange reaction activation energy of 

disulfide bond between 20.42 kJ/mol. The healing rate of 

SHWPUs (Synthesis of Self-Healing Waterborne 

Polyurethane) was 100% within 15 min at 75 ℃. compared 

with traditional self-healing materials, SHWPUs had more 

complete healing effect and milder environment. 

 
Fig. 3 A 3D object made by DLP 3D printing of the photon-induced polymer PUA-N1 (a) ICCAS, (b) honeycomb structure made by 

3D printing (c) a cone, (d) a hollow cube, and (e) a pyramid. (F−h) Honeycomb structure self-healing experiment. The honeycomb 

structure was cut into two parts, which were cured at 80 ℃ for 12 h. After curing, the sample could be freely bent, that is, the material 

completed self-healing, reproduced with the permission from [49], Copyright 2019 American Chemical Society. 
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Disulfide bonds can also be combined with 3D 

printing,[47,48] Li[49] used DLP 3D Printing technology to 

prepare self-healing polyurethane elastomer. To begin with, a 

kind of polyurethane acrylate containing disulfide bond was 

synthesized, in addition, the photo initiator and acrylic acid 

were mixed by ethyl as reaction diluent to obtain the 

photopolymer resin. Light curing resin curing speed, 

advantageous processing performance, DLP 3D printing can 

be used to print the size of high precision objects. Compared 

with the traditional casting method, the advantages of 3D 

printing[50] are time-saving, environmental protection and the 

ability to produce objects with complex structures. After 

shearing, joint and healing test, the product sample could be 

stretched to larger deformation, the tensile strength and 

elongation in break of PUA-N1 were 3.39 ± 0.09 MPa and 

400.38 ± 14.26% respectively. At 80 ℃ for 12 h, the strength 

of the sample was 3.22 ± 0.40 MPa, and the healing efficiency 

was about 95%, the tensile strength after the second healing 

was 2.94 ± 0.36 MPa and the healing efficiency was about 

87%. After the third healing, the tensile strength reached 2.05 

± 0.34 MPa and the healing efficiency was about 60%. With 

the increase in the healing times, the tensile strength and the 

healing efficiency will decrease. The results showed that the 

tensile strength decreased from the increase in disulfide bond, 

on the contrary, the self-healing ability (Fig. 3) increased from 

the increase in disulfide bond. Therefore disulfide bonds as a 

relatively stable covalent bond have great potential for the 

research and application of ester elastomer materials. 

 

2.2 Self-healing mechanism based on hydrogen bonds 

Hydrogen atoms are bonded with electronegative atoms X (N, 

O, F) in the form of hydrogen bonds, as a kind of non-covalent 

interaction force, hydrogen bond is applied to the research, 

preparation and method innovation of self-healing materials 

because of its reversibility and directivity. Inspired by the 

remarkable capability of self-healing in natural systems, smart 

self-healing materials are being intensively researched to 

mimic natural systems to have the ability to partially or 

completely self-repair damages inflicted on them.[51] Self-

healing mechanisms are classified into extrinsic and 

intrinsic.[52] In recent years, it is widely used in the synthesis 

of elastomer self-healing materials and improvement of 

mechanical properties and self-healing capability of the self-

healing materials, the advantages of its rapid repair, high 

material sensitivity and wide application range are remarkable. 

The self-healing ability and mechanical properties of the 

self-healing materials can be significantly improved by 

introducing the hydrogen bond repair mechanism into the 

original self-healing materials. In self-healing, hydrogen 

bonds can take the form of single or multiple. Single hydrogen 

bond has high reversibility, high activity and fast bonding 

speed, but the interaction of single hydrogen bond is usually 

too weak to make the material stable enough, so the 

mechanical properties of self-healing materials cannot be 

improved. Multiple hydrogen bonds have the advantages of  

 
Fig. 4 (a) The chemical structure of PDMS-TDI polymers. (b) A 

quadruple hydrogen bond formed between PDMS-TDI. (c) 

Tensile curve with pressure and time of PDMS-TDI-AL-3, 

reproduced with the permission from [55], Copyright 2019 

American Chemical Society. 

 

the above hydrogen bonds, and can also give self-healing 

materials superior mechanical properties. The deformation of 

conventional elastomers is dependent on the cross-link density, 

and there is a trade-off between toughness and stretchability. 

Therefore, it is a challenge to solve the contradiction between 

toughness and stiffness.[53] For example, Shao[54] et al. also 

introduced metal ions (iron ions) to improve mechanical 

properties while using hydrogen bonds for self-healing. Wu[55] 

et al. used polydimethylsiloxane（PDMS）and 2,4-toluene 

diisocyanate (TDI) to form a PDMS-TDI oligomer as a 

binding motif to coordinate the cross-linking of other bonds. 

In PDMS-TDI oligomer, the tetra hydrogen bond with C=O 

and N-H was formed, which increased the tetra hydrogen bond 

in polymer network except the metal bonds with stronger bond 

energy (Figs. 4a, b). The tetra-hydrogen bond is a weak 

dynamic bond in the polymer network, which can dissipate the 

strain energy and endow the polymer with high tensile 

property and excellent notch insensitivity. In addition, the 

combination of tetra-hydrogen bond and metal coordination 

bond, which can form a strong molecular network, makes up 

for the defects of the raw materials, such as the slow repair 

speed and the deformability, to give the elastomer a 

remarkable ability to repair itself (Fig. 4c). The properties of 

self-healing materials have been changed obviously after the 

introduction to tetrahydrogen bond. The self-healing 

elastomer can bear 2.6 MPa high tensile stress, 14.7 MJ·m-3 

high toughness, 1700% stress-deformation and 90% self-

healing. Due to its preeminent toughness, deformability and 

electrical signal conduction ability, this kind of self-healing 

material with advantageous self-healing performance will be  
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Fig. 5 (a) Structure diagram and molecular chain diagram of the 

self-healing material. (b) Self-healing condition before 

improvement. (c) Self-healing condition after improvement, 

reproduced with the permission from [58], Copyright 2018 

American Chemical Society. 

 

used in the fields of electronic skin and intelligent sensor. Soft 

materials with the ability to deform easily and reversibly hold 

great promised for applications in broad fields, from wearable 

electronics and soft robotics to medical devices, automotive 

engineering, and aerospace exploration.[56] 

For instance, Zhang[57] et al. used the dynamic cross-

linking of hydrogen bonds as the repair mechanism of self-

healing materials, Schäfer[58] et al. were also successful in 

improving the healing properties of self-healing materials by 

using hydrogen bonds formed into molecular structures. In the 

experiment, not only the hydrogen bond was introduced into 

the molecule, but also the hydrogen bond was used in the 

molecular network, which could form the hydrogen bond 

between the macromolecules better, and then improved the 

self-healing ability of the self-healing material. In the 

experiment, the polymers were synthesized by the use of 3-

Acetylaminopropanol, 3-Acetamidopropyl Methacrylate and 

2-(4-Butylureido) ethyl Methacrylate, let the amide group or 

urea group of the three substances as the controlled free radical 

polymer (CRP), the polymers of these three substances were 

then subjected to a DA reaction with butyl methacrylate, 

maleimide, and furan via a CRP, so that the finished product 

had the function of forming hydrogen bonds in the molecular 

chain. In the external molecular network, Tetra Ethyl silicate 

and Tetra Methyl Ammonium Pentahydrate were made into 

SiO2 octa anion, which was transferred to the Si-H terminated 

cube through conversion, after alkylation of 

dimethylchlorosilane with Hydrosilylation with ω-

bromoalkenes, NaN3 was added to further convert the 

dimethylchlorosilane into azide-containing cubes, the catalyst 

was then reduced to an amine and a highly reactive cube was 

obtained. Ultimately, the cube was transformed into a 

spherical silicate with hydrogen bond by propyl isocyanate to 

form an external molecular network with hydrogen bond. Two 

self-healing mechanisms, DA reaction and hydrogen bond, 

were used to improve the self-healing ability and mechanical 

properties of the material. Differential scanning calorimetry 

(DSC) measurements showed a high peak area between  

120 ℃ and 200 ℃, indicating a significant increase in the 

number of chains formed into polymers between 120 ℃ and 

200 ℃, it was proved that there are numerous hydrogen bonds 

between the molecular chain network, and the hydrogen bonds 

had favorable self-healing properties. The optical microscope 

images showed that when the cutting depth was 1 mm and the 

length was at least 5 mm, when the temperature was 120 ℃, 

the material could heal completely in 30 min, and when the 

temperature was 70 ℃, the material could heal completely in 

20 h, the material could heal itself completely (Fig. 5). 

Hydrogen bonding can not only improve the mechanical 

properties and repair methods of the original self-healing 

materials, but also be used as the main repair mechanism of 

the new self-healing elastomer materials. A new type of self-

healing silicone rubber (HBSR) was synthesized by the 

reaction of α,ω-aminopropyl-terminated poly-

(dimethylsiloxane) (A-PDMS) and ethylene carbonate (EC) 

by Liu[59] et al., which in contrast to the PDMS and Isocyanate 

reaction. Hydrogen bonds were formed by the connection with 

C=O on the ethyl carbonate with N-H on the amino groups of 

α, ω-aminopropyl polydimethylsiloxane, and the ring-opening 

of ethyl carbonate was connected with the two ends of α, ω-

aminopropyl polydimethylsiloxane to form hydroxyl groups, 

to provide the basis for further hydrogen bond formation. 

Through the observation of the molecular network structure, 

we found that hydrogen bonds constituted the self-healing 

polymer molecular network. These included single hydrogen 

bonds between hydrogen atoms and hydrogen atoms, and 

hydrogen bonds between C=O and N-H and hydroxyl groups 

in polymers. The multiple forms of hydrogen bonds in 

polymer networks to provide stable molecular networks and 

high-efficient and rapid self-healing properties for self-healing 

materials. On account of the A-PDMS in the raw material had 

many amino groups, the amino groups could form numerous 

hydrogen bonds in the molecular chain of the self-healing 

elastomer, so the cross-linking density of the hydrogen bonds 

in the material was increased, and the material had better 

mechanical tensile properties, the tensile strength of the self-

healing material was tested, and the pressure could be up to 

0.52 MPa. In addition, due to the thermal reversibility of the 

hydrogen bond, the hydrogen bond of the cross-linked silicone 

rubber could repair itself under the heating condition. The 

specimens were put into the oven at 80 ℃ for 24 h of 500 g 

pressures, and the healing efficiency was 88.5%, which proved 

that HBSR had benign cycle healing ability. Polymers that 

repair themselves after mechanical damage can significantly 

improve their durability and safety[60] (Fig. 6). Besides, when 

Hydrogen bond is used as self-healing mechanism by  
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Fig. 6 (a) Molecular structure and self-healing condition of HBSR. (b) HBSR under stress test. (c) Tensile property curve of HBSR, 

reproduced with the permission from [59], Copyright 2019 American Chemical Society. 

 

Chen[61] et al, it can also improve the repairing ability of self-

healing materials, which type of silicone rubber may be used 

in soft robots, wearable electronics and scalable circuit 

structures. 

The synthesis of polymeric materials that simultaneously 

possessed multiple excellent mechanical properties and high-

efficient self-healability at room temperature is always a huge 

challenge.[62] As a kind of adjustable bioelastomer, the self-

healing material prepared by hydrogen bonding mechanism 

has benign self-healing properties and can be easily processed, 

bio-functionalized and subjected to mechanical dynamic 

changes, so it can be used in electronic skin. Shin[63] et al. used 

the hydrogen bond binding ability to make hydrogel electronic 

skin a seamless interface with strong adhesion during repair. 

Chen[64] et al. created PSED-U bioelastomers by using new 

dynamic cross-linking hydrogen bonds, the work used a new 

synthetic method to produce a modified version of 

poly(glycerolsebacate) (PGS)-poly (sebacoyl diglyceride) 

(PSeD) between diglycidyl sebacate and sebacic acid by acid-

induced ring-opening polymerization of epoxy groups. PSeD 

has higher tensile strength (1.83 MPa) and higher maximum 

elongation at break (409%), the self-complementary 2-ureido-

4[1H]-pyrimidinones (UPy) can form a quadruple hydrogen 

bond, synthesis of a new self-healing elastomer PSeD-U with 

PSeD and UPy. By forming a new dynamic elastomer network, 

PSeD-U, hydrogen bonds were used to link polymer chains 

together. Due to the molecular chains of PSeD-U Elastomer 

cross-linked with each other, this will give PSeD-U 

thermoplastic and self-healing ability. The experimental 

results showed that PSeD-U could be completely self-healing 

within 30 min at 60 ℃, the tensile test showed that the 

maximum pressure that PSeD-U could bear was (3.89 ± 0.65) 

MPa. (Fig. 7). Furthermore, the backbone of PSeD-U had 2-

urea-4[1h]-pyrimidinone, so it had splendid degradation and 

biocompatibility. The hydrogen bonds between the UPY 

MOTIF will connect the polymer chains of PSeD-U to form 

an elastic 3D network,making PSeD-U as easy to process as 

Thermoplastic and self-healing.  

 

Fig. 7 (a) Structure diagram of PSeD-U.(b) Self-healing condition of PSeD-U, reproduced with the permission from [61], Copyright 

2019 American Chemical Society. 
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Table 1. Self-repairing materials using hydrogen bond 

mechanism. 

Repair method Healing 

effciency 

Condition Ref 

tetrahydrogen 90% 2.6 MPa 

1700% stress-

deformation 

[55] 

Hydrogen bonds  

molecular chains  

100% 30 min at 120 ℃ [58] 

Single hydrogen 

bond  

hydrogen bond 

88.5% at 80 ℃ 

for 24 h  

[59] 

tetrahydrogen 

bond 

100% 30 min at 60 ℃ 

Bearing (3.89 ± 

0.65) MPa 

[64] 

In summary, hydrogen bonds are widely used in the 

preparation mechanism of self-healing materials due to their 

thermal reversibility, easy formation, and high activity, which 

can also be used as auxiliary bonds to optimize the repair 

ability and mechanical properties of original self-healing 

materials (Table 1). The bottleneck problems for their practical 

applications are long healing time, inferior mechanical 

strength, and aging sensitivity.[65] Currently, a variety of 

elastomers with a self-healing capacity and reprocessability 

have been developed by dynamic chemistry to extend the 

service life, increase the reliability of polymeric materials, and 

reduce the waste.[66] Self-healing elastomers made by applying 

the hydrogen bond mechanism have the characteristics of fast 

healing speed and excellent mechanical properties, and are 

widely used in mechanical, electronic and biological fields 

such as new sensors, electronic skins, and robotic intelligent 

arms. 

 

2.3 Self-healing mechanism based on metal bond 

Coordination Bond, also called coordination covalent bond, is  

a special kind of covalent bond, is formed when the pairs of 

electrons shared among a covalent bond are supplied by one 

atom alone and the empty orbitals are provided by the other. 

When a coordination bond is formed, it is no different from a 

common covalent bond, except that the two electrons shared 

between the bonding atoms do not come from one atom, but 

from the other, and the metal coordination bond is the ligand 

and metal atoms or ions formed by the coordination bond.[67] 

Metal Coordination Bond also has the characteristics of 

covalent bond: directivity and saturation,[68] at the same time, 

metal coordination bond has certain conductivity[69] to make it 

more widely used. In recent years, it has been widely used in 

the field of self-healing to improve the performance of self-

healing materials, so that the materials have better self-healing 

performance,[70-72] preeminent electrical conductivity.[73] The 

properties and repair methods of self-healing materials can be 

improved by introducing metal coordination bonds and 

combining them with other materials.[74,75] 

Jing Yang[76] et al. Transformed the material into 

luminescent self-healing material, because of the dynamic 

properties of the coordination bond between Ln-L, the tensile 

properties and self-healing properties of the material are 

greatly improved. The material can be stretched to 21 times its 

initial length of a loading rate of 100 mm Min without 

cracking, and can lift 2250 without cracking, 6,400 times its 

own weight, these excellent properties make the material’s 

range of optical and mechanical applications significantly 

improved. At the same time, Novina Malviya[77] and others had 

found that lanthanide ions (Ln3+) could be used as self-healing 

materials, and metal coordination bonds were formed between 

lanthanide ions (Ln3+) and the complexes, which make the 

self-healing materials have unique properties such as 

luminescence. We had studied the luminescent properties of 

the material for the following reasons: The unique luminescent 

properties of lanthanide ions (Ln3+), the high coordination 

number of Ln3+, and the dynamic properties of Ln3+ Ligands.  

 
Fig. 8 Schematic diagram of transparent conductor, Zn-BPy-PDMS self-healing polymer. The schematic structure is the interface 

binding between the self-healing Zn-bpy −PDMS polymer and the Zn-Bpy−PDMS/AgNWs conductor, reproduced with the 

permission from [78], Copyright 2019 American Chemical Society.
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Guo Ye[78] and others used the dynamic Ag-N bond to 

enhance the conductivity of the material under the action of 

Zn2+ Ions, and increased the application range of the material. 

In the preparation process of self-healing materials, a 

transparent and stretchable conductor was made, in which a 

dynamic metal coordination bonds Ag-N bond were formed 

into the elastic substrates of the conductor, which was used to 

increase the stability of the substrates. The self-healing 

elastomer with AgNW (Ag nanowire) half embedded in 

PDMS was modified by Bpy Ligand and further cross-linked 

by Zn2+ Ions (Fig. 8). Although the energy of the dynamic Ag-

N bonds formed into AgNW and Bpy was very small, it was 

enough to make AgNW adapt to deformation and make the 

material hard. The AgNWs were embedded into the Zn-Bpy-

PDMS polymer, and a dynamic Ag-N bond was introduced 

into the AgNWs and the Zn-Bpy-PDMS Polymer. It is found 

that the AgNWs diffusion is promoted by the dynamic Ag-N 

bond, the resistance of the AgNWs is stabilized under tension, 

and the AGNWS delamination is prevented by the AgNWs 

adhesion. The morphology and changes of AgNW on Zn-Bpy-

PDMS and pure PDMS after stretching were studied, it was 

found that Ag-n bond enhanced the wettability of AgNWs on 

the surface. 

At the same time, the conductor also has preeminent 

conductivity and transparency, and excellent self-healing 

performance and low resistance increase. 

Lian Han[79] et al. used the combination and synergy of 

weak hydrogen bonds and iron coordination bond to enhance 

the mechanical strength and adhesion of the material, which 

can be used in health detection, intelligent flexible skin 

sensors and wearable electronic devices.  

PVA hydrogels are highly elastic, self-healing, adjustable 

electrical conductivity and strong adhesion to flexible sensor 

systems; however, they exhibit weak tensile stress due to weak 

hydrogen bonds. Conductive polymer shells are uniformly 

coated into CNC or CNF surfaces to form a strong, self-

healing network with PVA (Fig. 9a). Further chelation of 

hydrogen bonds with electrically conductive CNC or CNF 

metal ions can further enhance the conductivity and 

mechanical properties of the composite materials (Fig. 9b), as 

well as the mechanical strength and self-healing properties of 

the nano-composite films. At the same time, the system 

containing Fe3+ Ions can chelate with the polymer, and further 

improve the mechanical properties and electrical sensitivity 

(Fig. 9c). This method can stabilize the mechanical strength of 

the material and enhance the conductivity of PVA/BA 

hydrogel. 

The tensile strength of PVA nanocomposite film is shown 

as follows (Fig. 10), the tensile strength of pure PVA is only 

32.7 MPa, while that of CNC/PVA and CNF/PVA is increased 

to 73.2 MPa and 78.4 MPa respectively. Similarly, CNF 

APS/PVA and CNF FE/PVA showed the highest tensile 

strength of 119.5 MPa and 168.0 MPa respectively, compared 

with PVA and CNF APS/PVA, the strength of CNF FE/PVA 

nanocomposites increased by 409% and 40% respectively. 

The results show that they have better mechanical strength and 

flexibility, after repeated cyclic tensile tests, the nano-

composite film has splendid durability. Through the 

comparison of circuit experiments, we can know that the 

material has better electrical conductivity after the addition of 

erric, after self-healing, the material still maintains benign 

electrical conductivity. 

 
Fig. 9 Synthesis process of PVA nanocomposite film. (a) Synthesis of DIGITALLY controlled CNF−PPy nanocomposites 

(b) Illustration of CNF−PPy nanocomposites (C) PVA production process with PPy and structure of PVA nanocomposite 

film, reproduced with the permission from [79], Copyright 2019 American Chemical Society. 
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Fig. 10 Performance Test of PVA nanocomposite films (A) Tensile strength of PVA, CNC/PVA, CNF/PVA, CNCAPS/PVA, 

CNCFe/PVA, CNFAPS/PVA, and CNFFe/PVA. (b) Fracture elongation length of PVA, CNC/PVA, CNF/PVA, CNCAPS/PVA, 

CNCFe/PVA, CNFAPS/PVA, and CNFFe/PVA. (c) Changes in tensile strength of CNCFe/PVA and CNFFe/PVA after self-healing. 

(d) Changes in electrical conductivity of CNCFe/PVA CNCAPS/PVA, CNFFe/PVA and CNFAPS/PVA after self-healing, reproduced 

with the permission from [79], Copyright 2019 American Chemical Society. 

 

2. 4 Self-healing mechanism based on Diels Alder reaction 

bonds 

Nowadays, rubbers have been widely used in various fields, 

including transport vehicles, sports equipment, building 

materials.[80] In research work, we also investigated the use of 

Diels−Alder reaction bonds[81,82] in the rubber network, a key 

element of the self-healing concept being the reversible 

cycloaddition of organic molecules conjugated dienes to 

substituted alkenes. Chain diffusion, especially based on the 

mobility of functional groups, is an essential index to evaluate 

the self-healing ability of Diels-Alder reaction self-healing 

materials.[83] The nanocomposite material researched by 

Aishwarya V. Menon[84] has microwave healing ability, 

reduced graphene oxide/Fe3O4 (reduced graphene oxide/Fe3O4 

FA) and PU (PU-FA), which are mainly furan-bonded, are 

covalently cross-linked with BMI (bismaleimide) via DA 

reaction. This material is not only a kind of self-healing 

material, but also an excellent electromagnetic interference 

shielding material due to its microwave absorption 

characteristics. This self-healing ability is triggered by the 

material absorbing heat generated in the microwave, which is 

emitted on the material in the form of heat. In order to prove 

the self-healing ability of these nanocomposites, the samples 

were pressed for thin films. Moreover, a slit was made in the 

film and it was exposed to a 900-watt home microwave for 10 

min to allow it to heal, After 10 min the sample was removed 

from the microwave oven and observed under the microscope，

the incision was completely healed. Wound healing is due to 

the reconstitution of the furan and maleimide groups to form 

Da adducts. Da bonds are much weaker than other types of 

covalent bonds and may break due to stretching or scratching 

of these bonds, when a wound is heated by microwave, these 

bonds are fused and recombined to respond to the heat 

generated by microwave absorption of the atoms in the sample. 

Some of the most elegant routes to achieve intrinsic 

healing in polymeric materials are Diels–Alder and retro-

Diels–Alder-based reactions.[85] In addition, Da reaction is also 

considered to be an efficient self-healing cross-linking 

strategy for the synthesis of solid self-healing hydrogels,[86] 

and is widely used in tissue engineering. Shao[87] designed a 

new self-healing hydrogel with cellulose nanocrystals (CNCs) 

as the reinforcing phase and chemical crosslinking agent 

through the reversible DA reaction and the furan/maleimide 

pair. Among these, the furan–maleimide DA adduct is the most 

prominently studied dynamic covalent bond.[88] The self-

healing nanocomposite hydrogels were prepared by reversible 

DA reaction (Fig. 11) to polyfunctional cross-linking furan 

modified CNCs and polymer based polyethylene glycol with 

maleimide end groups. The results indicated that the 

mechanical properties and self-healing properties of furan can 

be modified by adjusting the degree of substitution of furan 

functional group and the molar ratio of furan to maleimide. 

What counts were the suspension of such nanoparticles in a 

cross-linked networks to facilitate the incorporation of 

polymer matrix in the preparation of hydrogels and enhances 

the understanding of the relationship between macro- 
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functional and micro-structural properties, these results may 

be useful for the design of reusable and renewable polymer 

hydrogels. 

 

 
Fig. 11 (a) DA reaction process of CNC and CNF molecules 

under microscope. (b) DA polymerization and DA reversible 

reactions of composite materials. Reproduced with the 

permission from [87], Copyright 2017 American Chemical 

Society. 

Stress tests were performed on hydrogels of different 

proportions, which showed that the tensile strength and 

ultimate durability of the gels enhanced with increasing 

substitution degree of furyl or decaying mole ratio of furyl to 

maleimidel. The improvement in mechanical properties is due 

to the increase of the covalent DA cross-linking point, which 

helps the gel to bear the stress and improve the failure 

elongation. At room temperature, the uniaxial tensile test was 

carried out on the 100 mm long and 5 mm diameter rod 

specimens, and the uniaxial tensile test was carried out at the 

speed of 60 mm/min. The unconfined compression test of 

cylindrical specimens (30 mm high, 20 mm diameter) was 

performed at a speed of 10 mm/mins, to carry out stress 

relaxation, the specimen was stretched to 200% (Fig. 12) at the 

crosshead speed of 60 mm/min. Afterwards, keeping the strain 

constant, the time-varying stress relaxation was recorded. The 

self-recovery properties were investigated by typical tensile 

test (60 mm/min) and compression test (10 mm/min), through 

the tensile test data we can also find DS1 1:1 ratio of self-

healing ability of the strongest, the typical compressive stress-

strain curve of the hydrogel is shown in the figure. Similar to 

the tensile test, the compressive strength of CNC-PEG 

hydrogels increased with the increase of the degree of 

substitution of furan and the decrease of the molar ratio of 

furan to maleimide, which is owing to the increase of stiffness 

is related to the increase of covalent interaction density of DA 

bond (Fig. 13e). Through the unconfined compression test of 

DS1 1:1 hydrogel, which has excellent mechanical properties, 

strain up to 90%, no fracture or collapse, DA reaction gave the 

superior thermodynamic property and acid resistance to the 

hydrogel.[89] therefore, it is feasible to realize the self-healing 

of hydrogel by thermal reversible DA reaction. 

 
Fig. 12 The mechanical property measurement equipment for the self-healing hydrogel of the product (a), and the mechanical 

properties measured by uniaxial tensile test (b), unconfined compression test (c), and stress relaxation test (d) respectively, reproduced 

with the permission form [87], Copyright 2017 American Chemical Society. 
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Fig. 13 (a) The molecular structure formula of 4FS and DPBM 

and the reaction process of DA; (b)(c)(d)(e): In order to repair the 

surface cracks of the material film, the morphological change is 

the reaction state corresponding to self-healing, reproduced with 

the permission from [87], Copyright 2011 American Chemical 

Society. 

 

Most of the polymers based on reversible covalent bonds 

are difficult to be remolded at mild condition while the 

polymers based on noncovalent interaction are usually not 

stable enough under the conditions of heating or solvents. In 

order to solve these problems, it is necessary to develop the 

polymers with the ability of being easily recycled and thermo 

or solvent stable.[90] The DA reaction can also be applied to the 

repair mechanism of thermoplastic,[91] the healing of which can 

be achieved by heating the material and enhancing the 

polymer diffusion across the interface of the molecular chain. 

Intrinsic self-healing of polymer mostly operates through 

reversible inter- and/or intra-molecular interactions and allows 

healing of the same place in the material for multiple times.[92] 

When the material is cooled, the structural integrity of the 

polymer can be restored, and when the DA reaction is used, 

the molecular chains in the material are heated to form DA 

cross-linked bonds on the contact surface, and the mechanical 

properties of the self-healing material after repair are 

increased. Weziman[93] et al. synthesized tetramic acid by 

reacting pentaerythritol with succinic anhydride and coupling 

it with furfuryl alcohol, and replaced the hydrogen on the 

succinic anhydride with four furan groups to form polymer 

4FS. What’s more, the 1,10-(methylenedil-4,1-phenylene) 

bismaleimide (DPBM) was used to react with 4FS, and the 

maleimide group in DPBM reacted with the furan group in 

4FS to form a novel self-healing material (Fig. 13). In the 

experiment, the apparent peak was observed at 79 ℃ due to 

the large number of chemical bonds formed by the DA 

polymerization on the contact surface of the material at 79℃, 

as measured by the differential scanning calorimetry, this 

maximizes the peak value, indicating that at 79 ℃ the self-

healing material can be rebonded by the use of the DA reaction 

to form significant chemical bonds with the cracks at the self-

healing material. It can be observed by optical microscope that 

when the polymer is made into a polymer film, the surface 

crack at the film can be obviously healed and the mechanical 

toughness of the self-healing film can be restored after heating 

for 2 h of 120 ℃, it also shows that self-healing materials can 

achieve benign self-healing ability through DA reaction. 

At the same time, the self-healing materials, which use DA 

reaction as self-healing mechanism, have been applied in the 

field of bionic skin (Table 2). Human skin is a unique 

functional material that perfectly covers body parts having 

various complicated shapes, spontaneously heals mechanical 

damage, and senses a touch.[94] Zheng[95] et al. used a polymer 

with a polyimide structure, DFTPA-PI-MA (2-(4-((4-(bis(3-

(furan-2-ylmethoxy)-2-hydroxypropyl)amino)phenyl)(p-tolyl) 

amino)phenyl)-5-((2-methyl-1,3-dioxoisoindolin-5-yl)oxy) 

isoindoline-1,3-dione-1,1'-(methylenebis(4,1-phenylene))bis 

(1H-pyrrole-2,5-dione)), to create a self-contained mechanical 

film that can be used as a biomimetic chameleon skin (Fig. 14). 

DFTPN(5-((1,3-dioxo-2-(4-(phenyl(p-tolyl)amino)phenyl) 

isoindolin-5-yl)oxy)-2-methylisoindoline-1,3-dione) was 

obtained by the reaction to N, N-bis (4-nitrophenyl) benzene-

1 4-diamine with furfuryl glycidyl ether (FGE), that was then 

reduced and polymerized with 4,4’-oxo-phthalic anhydride 

(ODPA) to obtain DFTPA-PI, which was then crosslinked with 

1,10-(methylene di-4,1-phenyl) maleimide via DA.     

 
Fig. 14 (a) A biosimulation model of copolymer DFTPA-PI-MA 

on chameleon as an example.(b) Molecular monomer structure of 

DFTPA-PI and MA.(c) Structural changes of molecular chain 

before and after self-healing, reproduced with the permission 

from [93], Copyright 2018 American Chemical Society. 

 

In order to study the self-healing behavior and process of 

the copolymer DFTPA-PI-MA, the self-healing process of the 

copolymer film was recorded at 110 ℃, and the self-healing 

process of the self-healing material was also recorded by 

electron moving microscope. According to the experiment, the 

scratch of the copolymer was 20 μm, and it started to heal in 

30 s, and healed in 1 minute, while it took 3 min for the deeper 

part of the scratch to heal completely. There was no significant 

difference in the area of scratch after healing. The copolymer 
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Fig. 15 (a) The change of self-healing phenomena of copolymer DFTPA-PI-MA over time, (b) Test curve of tensile properties of 

copolymer DFTPA-PI-MA, reproduced  with the permission from [93], Copyright 2018 American Chemical Society. 

 

Table 2. Self-repairing materials using DA reaction mechanism 

Repair methods of self-healing material Properties of self-healing material Ref 

 

Graphene oxide/Fe3O4 FA and PU (Pu-FA) 

Fast DA recombination response [84] 

Modifying CNCs with furan and polyethylene 

glycol with maleimide terminal group 

Strong healing ability [87] 

The maleimide group in (DPBM) reacts with 

furan group in 4FS 

High healing integrity [93] 

The furan group in DFTPA-PI will react with the 

MAleimide group in MA 

Good mechanical ability and deformability 

 

[95] 

DFTPA-PI-MA was then split into two halves and was 

immobilized at 60 ℃ for 6 h to produce DA reaction and fully 

repaired. After the repair of the material will be tensile test, 

through the tensile strength experiment to test the mechanical 

properties of self-healing materials after repair, the tensile 

strength of the copolymer DFTPA-PI-MA film is 90.7, 88.6 

and 86.2% of that of the raw material (Fig. 15), according to 

the stress–strain curve, which shows that the copolymer 

DFTPA-PI-MA film has splendid mechanical properties and 

deformability. As a chameleon biomimetic material, the 

copolymer DFTPA-PI-MA also has preeminent color-

changing ability. Flexible ITO (Indium Tin Oxides) (based on 

PET) and polymer electrolytes (composed of propylene 

carbonate, PMMA, PEO and LiClO4) are combined with the 

copolymer DFTPA-PI-MA, which can be flexibly changed by 

voltage. When the voltage was increased from 0 V to 1.2 V, 

the copolymer changed from yellow to olive green, the 

coloring time was about 5 s, and the bleaching time of the 

original color was about 20 s, the copolymer DFTPA-PI-MA 

was proved to be an excellent biomimetic material for 

chameleon skin. 

 

2.5 Self-healing mechanism based on ionic bonds 

Ionic bonds[96,97] are formed after two or more atoms or 

chemical groups lose or gain electrons and become ions, 

scilicet, positive and negative ions between the electrostatic 

gravity formed by the chemical bond. The ionic bond not only 

has strong force, but also has the characteristics of non-

saturation and non-direction, in contrast, ionic bonds are 

nearly as strong as covalent bonds, but stronger than hydrogen 

bonds. 

Ionic bonding is a common method of the design and 

preparation of self-healing materials,[98] such as in the design 

of self-healing hydrogels,[99-101] the self-healing ability of 

hydrogels can be obtained by the interaction of iron ions with 

reversible ions of Gelatin and iron ions with reversible ions of 

polypyrrole.[102,103] A gelatin-based hydrogel grafted on 

polypyrrole, which had conductivity, self-healing and 

injectable properties, was proposed by Wang.[104] By grafting 

methacrylic anhydrite onto gelatin, they produced double-

bond-functional gelatin (GelMA), the common conductive 

polymer polypyrrole was then grafted onto gelatin (PPy-

GelMA) by double bond reaction (Figs. 16a and b). Ultimately, 

polypyrrole grafted gelatin was mixed with Ferric to form a 

hydrogel (PPy-GelMA-Fe) (Fig. 16c). 

Results from Wang et al. showed that the hydrogels had 

preeminent conductivity due to the addition of polypyrrole and 

ferric, the self-healing ability of hydrogels was on account of 

the reversible interaction of iron ions with gelatin and 

polypyrrole. It was found that the self-healing ability of the 

hydrogel made it have splendid injectable properties. 

Wang[104] compared the self-healing ability of three 

hydrogel materials with different component contents, used 

both visuals and qualitative methods to test the hydrogel’s 
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Fig. 16 (a) photos of PPy-GelMA and Gelma and Ferric to form PPy-GelMA hydrogel. (b) schematic diagram of the microstructure 

of the HYDROGEL network. (c) Schematic diagram of the synthetic route of MA and PPy-GelMA. Reproduced with the permission 

from [104], Copyright 2020 American Chemical Society. 

 

ability to heal itself, such as cutting and healing of PPy-

GelMA3-Fe. The results showed that PPy-GelMA3-Fe was 

able to self-heal in 30 min at 37 ℃, and the compressive 

strength of the hydrogel can be restored to 70% after 30 min 

of self-healing, which indicated its self-healing ability. It was 

also found that PPy-GelMA3-Fe, which was cut and then self-

healed, healed faster than the others, and that PPy-GelMA3-

Fe exhibited higher compressive strength than PPY-

GELMA2-FE and PPy-GelMA3-Fe (Fig. 17). This is because 

higher levels of PPY provide more sites for iron to form ionic 

bonds, leading to faster self-healing. Compared with PPy-

GelMA2-Fe and PPy-GelMA1-Fe, PPy-GelMA3-Fe has 

higher content of PPY. 

In addition to being used in self-healing hydrogels,[105] 

ionic bonds are also often used in other fields, for instance self-

healing electrolytes for lithium batteries. Owing to the use of 

traditional wearable electronic equipment,[106,107] it is inevitable 

to be subjected to external stress for example, stretching,

 
Fig. 17 (a) Swelling ratios (b) water content of the hydrogels in the equilibrium state in PBS at 37 °C and (c) Schematic diagram of 

the synthetic route of MA and PPy-GelMA. (d)Cutting and self-healing of PPy-GelMA3-Fe and (e) Compression-rebonding hydrogel 

stress curve (f) (f1) Photo of PPy-GelMA3-Fe hydrogel (f2) Inject PPy- GelMA3-Fe hydrogel into the flower-shaped mold, (f3) 

30min after self-healing of PPy-GelMA3-Fe hydrogel at 37℃, reproduced with the permission from [104], Copyright 2020 American 

Chemical Society. 
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Fig. 18 (a) Schematic diagram of self-healing electrolyte synthesis. (b) An illustration of the mechanism of ionic bond reconstitution 

during electrolyte self-healing, reproduced with the permission from [109], Copyright 2020 Elsevier. 
 

twisting and bending, which will produce micro- cracks and 

fracture, which will lead to equipment damage, waste and loss. 

Therefore, the flexible solid-state lithium battery[108] of self-

healing electrolyte becomes a new breakthrough to solve this 

problem. Nevertheless, self-healing electrolytes used in 

lithium batteries have not been widely used due to their low 

ionic conductivity and limited self-healing ability. 

In the latest research, Tian[109] et al. designed a novel ionic 

polymer ionic liquid (PILs), poly (4-vinylpyridine) 

(propyltrimethylammonium) (PVT) as a self-healing 

electrolyte backbone. In the electrolyte, the gaps between the 

PVT segments were filled and a composite electrolyte was 

formed with 1-ethyl-3-methylimidazolium bis (trifluoro-

methanesulfonyl) imide (EMIMTFSI), ionic liquid (IL) and 

lithium salt[110] (LiTFSI) form composite electrolytes (Fig. 

18a). The sea-island system that interweaves Li+ channels and 

improves the ionic conductivity of the electrolyte ions were 

formed by a polymer backbone with ionic liquids. Eventually, 

the composite electrolyte exhibits high self-healing 

performance, outstanding flexibility and excellent ionic 

conductivity (Fig. 18b). 

Based on this design, it is known that the increased ionic 

density contributed by the amphoteric polymer chain is vital 

for the enhancement of the interaction between a large number 

of cations and anions present in the polymer chain segment 

and ionic liquid phase. 

Tian[109] then experimented with a certain amount of 

EMIMTFSI ionic liquid (molecular structure as shown in b) 

and LiTFSI salt. PVT-acetone solutions can be prepared by 

dissolving PVT polymers, Litfsi salts and EMIMTFSI ionic 

liquids in acetone, which was deposited on poly (ethylene 

terephthalate) (PET). The PVT-acetone sith nitrogen to 

remove tolution was washed whe acetone solvent, and then the 

PVTEMIMTFSI composite electrolyte membrane with self-

healing function was formed. In the experiment, Tian et al. 

used samples of PVT- EMIMTFSI with three different ionic 

liquid contents. The results showed that the electrochemical 

stability of PVT- EMIMTFSI electrolyte decreased with the 

increase of ionic liquid content. From the experimental results, 

we can know that the PVT- EMIMTFSI composite electrolyte 

membrane can bend easily and does not break in any way, and 

has advantageous flexibility and high mechanical strength. 

When the PVTEMIMTFSI composite electrolyte membrane 

was cut into two halves directly, the broken composite 

electrolyte membrane can be restored to its original state 

without obvious cracks after several minutes of re-contact. 
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This is due to in the PVT- EMIMTFSI electrolyte system there 

are abundant cation and anion interaction ion bond, so the 

broken solid polymer can be reconstructed by electrostatic 

force after being reconnected, and the reconstructed ionic 

bond can recombine the separated polymers, thus, the PVT- 

EMIMTFSI electrolyte has a self-healing function. 

In the external cross-linking self-healing materials,[111] it is 

a common method to introduce microcapsules into the self-

healing materials to realize material repair. Vinita V. Shinde 

embedded microcapsules containing dicyclopentadiene 

(DCPD) monomer into the 3D-printed photocurable materials, 

and confirmed by X-ray nanoCT imaging that the 

microcapsules were basically evenly distributed in the 3D-

printed photocurable materials. The self-healing mechanism is 

to restore the mechanical properties and local structural 

integrity of the surrounding polymer matrix by releasing 

monomer (DCPD) at the fracture and then conducting 

catalytic polymerization at room temperature when the 

material cracks appear. This self-healing mechanism in 3D 

printed composite structures can repair microcracks in the 

material and maintain the integrity of the material matrix to 

prevent or delay the mechanical failure of SLA 3D printed 

materials. The SENB test showed that the self-healing 

efficiency could reach 73% within 72 h. 

 

3. Conclusions 

Over the years, with the continuous advancement in the field 

of science and technology, along with the widening of the field 

of intrinsic self-healing materials[112-117], more and more novel 

healing systems have emerged, for instance, the realization of 

rupture and regeneration based on double or multiple 

hydrogen bonds. Self-healing systems, reversible reactions 

based on the thermal effect of disulfide bonds to achieve self-

healing systems, and systems that perform chemical reactions 

based on the energy provided by ultraviolet light to achieve 

self-healing[118-121], etc. These new healing systems not only 

have high healed efficiency, but also give polymer materials. 

Some new properties of the material further widen the 

application field of the material, nevertheless, there are still 

some problems with self-healing materials.[122-124]  

1. The raw material cost of the self-healing material is 

exorbitant, and the synthesis step and the reaction conditions 

request are relatively high.  

2. At present, the repair condition of self-healing material is 

too harsh, generally it needs to be heated to a certain 

temperature or under the condition of electromagnetic 

radiation to realize the self-healing function, the self-healing 

function under the condition of normal temperature is 

irrealizable.  

3. The repair speed of self-healing materials should be further 

improved. Currently, the repair time of self-healing materials 

usually takes several hours, it is unlikely to happen in the near 

future with the desire for rapid self-healing. In order to meet 

the need for the practical application, the repair speed should 

be improved in the study of self-healing material mechanism. 

4. The self-healing performance and other physical properties 

of self-healing materials will weaken with the increase of 

using time and repairing times. In order to prolong the using 

time of self-healing materials and keep the physical properties 

of self-healing materials, we should continue to study and 

improve the mechanism and properties of self-healing 

materials.  

5. The physical properties of self-healing materials, such as 

transparency, flexibility and conductivity, are not perfect, most 

of them are still limited to theoretical research field, and can 

not be widely applied in daily life.  

6. The use of self-healing materials have yet to be conceived 

and developed, and needs to be popularized to the general 

public. In the course of follow-up research, researchers still 

need to focus on solving the problems mentioned above, in 

particular, the research should focus on the preparation of 

materials with superior mechanical properties, fast healing 

rate and high healing efficiency by selecting cheap monomers, 

simple synthesis steps and mild reaction conditions, so that it 

can be widely used in practice. Future self-healing materials 

will also be used in a wide range of fields, including military 

equipment, electronics,[125] medical equipment, automobiles, 

aircraft[126] and building materials,[127] which have bright 

prospects for use on smartphone and tablet screens, The great 

significance of which are that it can greatly avoid the waste of 

resources and funds. At present, once the mobile phone screen 

is broken, users have to throw it away, which is bound to cause 

waste, and the application of self-healing materials on the 

screen will effectively solve this problem. It can be predicted 

that with the continuous progress of polymer materials design 

and preparation technology, self-healing materials[128-131] will 

also play a key role in the broader field. 
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