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 The current development of polyurethane self-healing materials has been evaluated and 
reviewed. Three main ways of self-healing – microcontainers, microvascular networks and 
reversible polymers - are described, and recent most prominent examples of self-healing 
materials applications presented. 
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1. Introduction     

      Polyurethanes (PUR) are probably the most versatile group of currently known plastics. They 
exhibit very wide range of density, hardness and stiffness, what allows to obtain various types of PUR 
stretchable fibers, stiff elastomers, flexible and rigid lightweight foams. PUR materials are extensively 
applied as coatings, adhesives, furniture, textile fibers, artificial leather, etc.1  
 
     Self-healing is process of healing invisible microcracks aimed at extending safety and working life 
of polymeric materials. The idea of self-healing appeared in 19802 and since then three main repairing 
solutions have been invented. First generation self-healing system has been based on microcapsules 
with liquid healing agent (endo-dicyclopentadiene) and solid phase Grubbs-type catalyst, both 
embedded in polymer matrix3. In this method repairing in the same area could not be repeated due to 
exhaustion of healing agent. This limitation was solved by application of intrinsic microvascular 
network instead of microcapsules4. The third self-healing solution - reversible polymers - also allows 
to mend cracks multiple times via thermal treatment5. 
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2. Microcontainers 

      Microcontainers, like microcapsules and hollow fibers, are small particles, which comprise healing 
agent. Practically the only type of microcontainers applied specially in PUR matrix are microcapsules 
and they are generally used in paints and coatings. In first studies gelatin and urea-formaldehyde were 
used as two different shell materials, but problem with their stability was observed due to interaction 
with paint solvents6.  

      Recent works offer effective self-healing systems with linseed oil as healing agent 7,8. Jadhav et al.7 
created microcapsules with shell made from phenol-formaldehyde resin and core containing drier and 
corrosion inhibitor along the mentioned above oil. They noticed that roughness or toughness of shell 
surface provides better compatibility with polymer matrix7. Tatiya et al. created polyurea microcapsules 
made from polyamidoamine dendrimer of zero generation. They focused on obtaining microcontainers, 
which show great thermal stability up to 380oC with high self-healing effectiveness8. Promising results 
of these two studies could be impulse for further research. 

 

 

Scheme 1. The possible ways of microcapsule damage, which lead to controlled release of healing 
agent and polymerization or unwanted diffusion and microcapsule collapse. 

     In contrast to the small number of articles, which describe usage of microcontainers especially in 
PUR matrix, there are a lot of works presenting PUR as shell material for capsules embedded in another 
polymer matrixes. Yang et al.9 proposed in 2008 self-healing system, where reactive isophorone 
diisocyanate (IPDI) is a catalyst-free healing agent. IPDI was successfully imprisoned in PUR shell via 
interfacial polymerization. Following studies yielded variations of the system, like double walled 
PUR/poly(urea-formaldehyde) microcapsules with improved mechanical strength and thermal stability 
(up to 180oC)10. Another solutions were poly(urea-urethane) nanoparticles synthesized by self-
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assembled neutralization emulsification11 and PUR microcapsules filled with water-borne PUR paint 
12. 

3. Microvascular 3D Networks 

      Microvascular network mimics cardiovascular system. Analogously to it, in this self-healing 
system, crack area could be repaired repeatedly by healing agent, which is transported via 
microvascular 3D network embedded in the polymer matrix4. According to review written by Wu et 
al.13 and latest reports, it can be concluded, that there is no papers describing usage of intrinsic 
microvascular 3D network concretely in PUR. However, there is probably no objections to use in PU 
microvascular networks, which are not assigned to specific polymer. Examples of possibly useful new 
systems are woven glass14 and reinforced with halloysite nanotubes15 microvascular networks, both 
presented by White and co-workers. 

4. Reversible Polymers 

      Reversible polymer is a polymeric material, which can heal itself multiple times under different 
types of radiation, originally heat. Healing mechanism involves energy from radiation to form bonds 
at the interface of the mended parts. This is possible due to the presence of reversible reactions, 
particularly the Diels-AIder reaction5. 

      Current studies provide reversible mending in PUR via different ways. Ghosh and Urban created 
PUR networks, which exhibit self-repairing ability upon exposure to ultraviolet light. In this network 
an oxetane-substituted chitosan precursor is incorporated into a two-component PUR. When 
mechanical damage occurs, two reactive ends create through opening each four-member oxetane rings. 
Exposure to UV light causes scission of chitosan chain, which crosslinks with the reactive oxetane 
ends, thus repairing the network16. Alternative photo-stimulated self-healing PUR contains dihydroxyl 
coumarin derivatives, which are able to undergo photocleavage and photodimerization under UV 
light17. 

      González-García et al. presented another type of reversible polymer – shape memory PUR 
(SMPUR). SMPUR is block co-polymer, which is constituted of PUR segments as hard domains and 
poly-(ε-caprolactone) (PCL) as the soft domains. Although SMPUR mends via thermal treatment, 
self-healing mechanism is not based on Diels-Alder reactions. Due to fact, that PUR has melting 
temperature at 173 oC and PCL only at 52 oC, increasing temperature between the melting points of the 
domains physical self-healing is observed. Self-healing is based on relaxation of PCL matrix and 
consequent capability of filling damaged area. PUR segments are meanwhile responsible for 
maintaining mechanical properties18. Further research focused on investigation of the self-healing 
properties showed that SMPUR with 12% of hard domains has the ability to self-repair19. 

 

      As one of the latest reversible polymers, Huang et al. reported thermoplastic PUR with few-layer 
graphene (FG-TPUR). Presence of graphene provides enhanced mechanical properties with the ability 
to multichannel and repeatable self-healing. High mechanical strength comes from good compatibility 
between graphene and polymeric materials. Moreover, graphene shows outstanding thermal and 
electrical conductivity with good microwave and infrared (IR) absorbing capacity. This allows to heal 
FG-TPUR by three different methods: via IR light, electromagnetic wave or electricity20. Concurrently, 
reversible polymers based on Diels-Alder reactions are still examined and provide new self-healing 
materials like polyether-maleimide-based PUR21. 
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Scheme 2. Self-healing mechanism utilizing [2+2] cycloaddition of coumarin fragments in PUR 
chains 

 

 

5. Conclusions  
 
      In summary, three types of self-healing have been described in relation to their presence of PUR. 
Data shows that most popular in PUR materials self-healing system are reversible polymers, in contrast 
to hollow fibers and microvascular networks, which are practically not used. Attractiveness of 
reversible polymers is probably resultant of their repeatability, relatively uncomplicated process of 
preparing and possible maintenance of mechanical properties. Although, the collected data analysis 
leads to a conclusion, that application of self-healing systems based on PUR is not very common. This 
is probably caused by PUR versatility, what in many cases makes preparation of self-healing PUR 
technically difficult and therefore unprofitable.  
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