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Graphical Abstract 

Herein, a novel healable polyurethane elastomer was developed using a double-network (DN) 

structure system. In the DN system, a loosely cross-linked chemical network was obtained via a 

photo-curable acrylic double bond, acting as a robust molecular framework and maintaining the 

elasticity of the polymer. Simultaneously, the physical cross-linked network produced by quadruple 

H-bonds of ureidopyrimidinone (UPy) units can not only achieve rapid reformation after fracture but 

also dissipate strain energy as a weak dynamic bond, endowing the elastomer with excellent self-

healing ability and high stretchability. 
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Highlights   

•  A self-healable and recyclable silicone elastomer realized by UV/thermos-curing. 

•  Self-healing and recycling abilities derived from reversible ionic crosslinks. 

•  The silicone elastomer was transparent and hydrolysis-resistant. 

•  The silicone elastomer could be 3D printed into self-healable soft devices. 

 

 
 

 

Abstract 

Elastomer materials integrated with high mechanical strength and excellent self-healing ability can 

be used as substrates in electronic skins, soft robots, and electrical devices. However, simultaneously 

enhancing the mechanical and self-healing properties of elastomers is still a great challenge because 

the self-healing ability of polymer materials is usually antagonistic to its mechanical strength. Herein, 

the two kinds of novel self-healable elastomers was developed using different crosslinking 

mechanisms, such as the double-network (DN) structure system and the thiol-ene UV-curing 

between thiol and vinyl functionalized polysiloxanes, and thermos-curing between carboxyl and 

amido functionalized polysiloxanes. We have successively fabricated a self-healable waterborne 

polyurethane composite conductor and a transparent and hydrolysis resistant silicone elastomer. In 

the DN system, a loosely cross-linked chemical network was obtained via a photo-curable acrylic 

double bond, acting as a robust molecular framework and maintaining the elasticity of the polymer. 

Simultaneously, the physical cross-linked network produced by quadruple H-bonds of 

ureidopyrimidinone (UPy) units can not only achieve rapid reformation after fracture but also 

dissipate strain energy as a weak dynamic bond, endowing the elastomer with excellent self-healing 

ability and high stretch ability. Owing to the accurate design, the synthesized elastomer exhibits 
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excellent properties, including high tensile stress (13.71 MPa), high stretch ability (B500%), 

exceptional resilience and self-healing ability (90%). The robust healable elastomer enables the easy 

fabrication of composite conductors, which the prominent performance suggests as a great potential 

of the healable flexible sensor in next-generation wearable stretchable electronic devices, soft robots, 

and strain sensors. Various intrinsic self-healing silicone elastomers have been developed by 

incorporating different dynamic noncovalent or covalent bonds into elastomeric crosslinked 

networks. However, these silicone elastomers are either non-transparent or non-resistant to 

hydrolysis. In this study, a transparent and hydrolysis resistant silicone elastomer with self-healing 

ability, reprocess ability and 3D printability is facilely prepared the elastomer show an excellent 

healing efficiency of 97%, and the healing processes are repeatable for many times. Moreover, these 

elastomers can be repeatedly reprocessed with a recovery of 90% of virgin mechanical strengths, and 

the reprocessed elastomers can still repair damages with efficiency over 90%. These self-healing and 

reprocessing behaviours mainly derive from the rearrangement of crosslinked networks via 

reversible breakage and reformation of ionic bonds. Importantly, the silicone elastomers are 

transparent with a transmittance of over 90% in visible light and hydrolysis-resistant to hydro-

thermal treatment. Besides, the silicone elastomers can be fabricated into various self-healable 

architectures via 3D printing. Therefore, a feasible approach is provided to impart reversible ionic 

association induced self-healing and reprocessing to 3D printable silicone elastomers. 
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