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Abstract: In this paper, the anticipated challenges and future applications of self-healing composite
materials are outlined. The progress made, from the classical literature to the most recent approaches,
is summarized as follows: general history of current self-healing engineering materials, self-healing
of structural composite materials, and self-healing under extreme conditions. Finally, the next stage
of research on self-healing composites is discussed.
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1. Introduction

In nature, self-healing is an autonomous and a fascinating phenomenon that can be observed in
most living organisms. Wounds such as scratched skin or fractured bones are easily healed through
the activity of the vascular system [1]. The survival of animals and plants depends on their expansion
owing to their restorative capacity. Such bio-inspired recovery of engineering materials, namely,
"self-healing" following external damage, has been studied for the past 30 years [2,3]. When blood
is released from scratched skin, healing substances are released, solidify, and aggregate along the
ruptured area. Nature-inspired self-healing features have been explored in biomimetic designs and
healing strategies. Structural damage is repaired through the systematic transportation of the healed
material and the polymerization-based curing process of the damaged area. The first generation of
self-healing studies were performed using microcapsules [4]. The capsule was certainly viable and did
not require external energy to begin the healing process. However, the layer with the capsule was thick
owing to the bulky microcapsules. Moreover, in the view of repeatable healing, these capsules were
used only once. Therefore, new approaches for small healing substances and multiple healing abilities
were required.

As observed in mammals or plants, the vascular network enables rapid and continuous
transportation of healing substances to the damaged area. This effective microvascular system
is composed of a network structure and perfectly covers the entire body/surface. For the Gen.
II self-healing research, the main mechanism of such self-healing, the vascular capillary network, which
carries the healing substance, was studied [5–7].

Although numerous self-healing materials have been developed, it remains unclear whether
the methods proposed for fabricating these materials are economically feasible and scalable to the
industrial level. For example, capsule-based self-healing methods exhibit several disadvantages, such
as low uniformity of the dispersed capsules and complicated fabrication processes [8]. To overcome
these drawbacks, several fiber-based self-healing approaches have been introduced in recent years,
one of which, solution blowing, has already been scaled up. Nevertheless, the range of materials that
can be used as a shell for encasing the core materials in these core-shell nanofibers is severely limited.
Capsule-based methods allow for the use of a wider range of materials within their limitations.
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Moreover, hybrid methods, including both capsule-based and fiber-based approaches, require
further development to maximize their advantages. For example, self-healing composites consisting
of fast-healing capsules, and small-sized self-healing core-shell nanofibers can be used to repair
damage in a wide range of cracks, such as those that are several nanometers in size (owing to the
nanofibers). Moreover, thanks to capsules that are hundreds of nanometers wide, such a hybrid
approach will not exhibit the limitations associated with slow healing in terms of low uniformity owing
to the capsule use and the presence of nanofibers. Finally, the addition of corrosion inhibitors or the
use of pH and redox polymers can further improve the self-healing performance [9]. Applications
including the interfacial strengthening of composite laminates for the aviation and automotive
industries remain significant as a means of protection against impact damage and fatigue cracking.
Therefore, a nano-textured self-healing interleaved structure aimed at interfacial enhancement is
required. Furthermore, the development of innovative technologies, such as the proliferation of soft
robots and actuators, as well as products based thereon, requires innovative flexible self-healing
composites that can withstand multiple operation cycles without fatigue crack growth.

2. Self-Healing of Structural Composite Materials

Fiber-reinforced composites (FRCs) have received increasing attention owing to the demand for
lightweight construction and high strength in construction and structural materials [10]. In particular,
as high-performance composite materials consisting of glass fiber, aramid fiber and carbon fiber have
been applied to large structures such as aircraft, the price competitiveness has increased, and their
use has rapidly expanded over the past decade. The global composites market, which was valued
at $90 billion in 2019, is expected to grow to $113.6 billion by 2024 with the replacement of many
commonly used products, including sporting goods, cars, and protective gear [11]. However, items
that are vulnerable to impact damage or repeated mechanical and thermal loading remain a major
challenge. In particular, large structures that are exposed to constant vibration and shock for lengthy
periods may be at risk of fatal failures from small cracks or defects. In 1996 and 1989, large accidents
were reportedly caused by cracks in the aircraft fuselage [12] and nuclear power plant walls [13],
respectively. Structural health assessments and maintenance costs are expected to reach $5.5 billion by
2025 to prevent major casualties or economic losses [14]. A lack of technical expertise and complications
associated with the installation of structural health monitoring systems for large structures are factors
hampering market growth. Structural health monitoring technology deals with the implementation of
systems and techniques that include inspection, monitoring, and other processes for damage detection
in structures. For this purpose, various studies have been conducted to provide self-healing functions
to structural composites.

The repair of carbon fiber-reinforced polymer (CFRP) composites was first reported by Kessler
et al. in 2003 [15]. In his study, “Self-healing structural composite materials”, microcapsules were
loaded with healing materials to prevent delamination fracture of CFRP composites. The healing agent,
dicyclopentadiene-encapsulated microcapsule (d = 166 µm) was mixed with an epoxy resin by 20 wt %.
The healing agent was released from the broken capsules into the crack plane of the double cantilever
beam. The inter-laminar fracture toughness of the specimen was recovered to 40% and 80% at room
temperature and 80 ◦C, respectively. Another approach for recovery from delamination damage
was studied using a thermoplastic polymer matrix [16]. The thermally responsive polyurethane that
incorporated the Diels–Alder (DA) reaction achieved repeated healing of the delamination inside
a carbon fiber composite with 85% and 75% healing efficiency during the first and second cycles,
respectively. The damaged specimen was hot-pressed under 100 psi (the same as the fabrication
pressure) and heated at 135 ◦C for 2 h, 90 ◦C for 2 h, and 70 ◦C for 2 h in series. Despite the low
mechanical strength of the matrix material and the unavoidable use of the hot press and additional
heating, the first intrinsic healing of CFRP matrix materials was successfully demonstrated. D’Elia
et al. [17] investigated a brick-and-mortar structure using glass and poly(borosiloxane). The stiff
block and supramolecular polymer provided mechanical strength and a repeatable healing function
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to the material, thereby achieving the design of a structural composite model with thermoplastic
characteristics but high strength. The successful healing that enabled the structure to fully recover its
original strength in ~MPa repeatedly was demonstrated under room temperature conditions.

Thus far, the self-healing function has been provided by polymers in the matrix material in
composites [18,19]. However, in reality, reinforcing fibers are responsible for the majority of the
strength in composites. The recovery of these key elements, such as reconnection of cut carbon fibers,
is impossible at this point. However, repair of the matrix material without considering the reinforcing
fibers only addresses a small part of the problem. Efforts must be made to face and proactively focus
on these fundamental and inevitable problems.

3. Self-Healing Under Extreme Conditions

Although the majority of plants and animals live in suitable habitats, special creatures exist that
adapt and live in extreme environments, for example, under the deep sea, deserts, tundra or polar
regions. To broaden the range of human activities and enhance survivability, these methods of nature
should be studied.

3.1. Heat Generation

Most plants and animals need to maintain an appropriate temperature range to facilitate enzyme
activity and metabolism in the body [20]. This is also applicable to the healing systems of composite
materials. In particular, polymer materials under curing conditions that are significantly affected by the
temperature range require the exothermic function to ensure healing efficiency in a low-temperature
environment. In general, most polymeric materials used as healing agents can only achieve successful
curing within a narrow temperature window. When the moisture or pH effect is not taken into account,
the reactivity of polymers is significantly reduced in a low-temperature environment [21–23].

Wang et al. [24] embedded an additional heating layer in a glass fiber-reinforced polymer
composite to maintain the temperature of the healing system at an ultra-low temperature (−60 ◦C).
The inter-laminar adhesion of plies was recovered by successfully releasing the healing agent with
internal heating. Although the method of using the heating layer is simple, it is highly advantageous
because it can operate in a low-temperature environment while using the existing polymer material.
Most of the intrinsic healing systems thermally reversible bonding or thermoplastic epoxies are
efficiently re-mended at elevated temperature [25]. For this reason, local heating is effective in
increasing the recovering rate of shape memory polymers or supramolecular polymers [26].

Joule heating of conductive film was studied by Lee et al. [23]. An electroplated Cu nanofiber
web, which was electrically conductive and transparent, was facilitated as a thin film heater alongside
a bromobutyl rubber (BIIR) layer. The temperature of the Cu fiber film was increased to 150 ◦C at
3.6 V and 0.7 A, which was sufficient to mend the cracks and protect the steel substrate from corrosion
repeatedly. In another publication from the same group, a carbon nanotube-embedded Polydimethyl
siloxane (PDMS) or BIIR layer (the healing agent) was used as a soft film heater [21,27]. The heater
aided in accelerating the release and polymerization of the PDMS, thereby reducing the healing process
from 24 h to only 10 min. Effective healing has also been demonstrated under ice water bath (~1 ◦C) or
salt water (4 wt %) conditions in simulations of marine structures exposed to the Arctic Ocean. These
findings have practical significance, as typical polymer types of healing agents have a higher chance of
survival in harsh environments simply with the aid of a thin film heater. This extends the efficiency
and lifetime of self-healing applications in mechanical/chemical damage repair.

3.2. New Materials and Approaches

In terms of reversibility, the majority of healing substances are classified as thermoplastic.
A mendable thermoset polymer with a glass transition temperature (Tg) of 270 ◦C and decomposition
temperature (Td) of 365 ◦C was synthesized by Zhang et al. [28]. The isocyanurate-oxazolidone polymer
incorporated with mechano-responsive isocyanurate rings recovers its broken bonding by means of
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thermal annealing. This novel mending chemistry is promising because such structures are thermoset
but mendable. Most of the intrinsic healing materials are thermoplastic including the DA reaction
mechanism. These materials exhibit excellent healing performance in terms of repeatability and high
efficiency but also suffer from the critical deficiency of low mechanical strength compared to engineering
plastics. This has been identified as the main factor limiting the self-healing applications of structural
composite materials. Thermal stability at high temperatures is as important as low-temperature
cleavage for self-healing polymers and composites. Heo et al. [29] reported that a self-healing polymer
based on the DA reaction and its composite achieved a 94% and 69% healing efficiency, respectively,
while the polymer was stable at 240 ◦C. Effective thermal stability with mechanical strength that is
comparable to other engineering polymers and structural composites will be beneficial for the future
of self-healing composite materials.

In 2014, White et al. [30] demonstrated the restoration of not only a partial or moderate level of
damage but also a permanent large volume of damage. A serious loss of material in the form of a
punctured hole (diameter = 35 mm) was restored with thermoplastic gels supplied by the vascular
delivery system. This result resembles the amazing restoration that regenerates the body of sea
cucumbers or lizards. This level of damage and recovery indicates a self-healing function that will be
required in the next generation. An improved approach based on smart ideas and the development of
healing agents with superior physical properties will accelerate such developments.

3.3. Field Repair

The military standards or military specifications were originally proposed as an evaluation
standard for military products, but in recent years, these have also been used to provide a high level of
durability and reliability in general products. These standards have been recognized as a performance
index for operation under tough conditions, in which a field test is a mandatory requirement. Where
no extensive facilities or specialized equipment are available, and without using hazardous materials,
a certain level of performance should be achieved. Because the application of fiber-reinforced polymer
composite materials is continually expanding in the army service area, including aviation (drones,
helicopters), armor (vehicles and personal gear), ground vehicles, and tactical structures, repairability
should be ensured as much as superior performance [31].

For this reason, the out-of-autoclave process is a recent trend at the forefront of composite
manufacturing technology [32]. Moreover, the solution process or non-vacuum process is a promising
approach that can be applied by means of simple and inexpensive techniques. Such methods are highly
beneficial as the healing materials can be prepared in the form of solution, which is easy to handle
and can be applied to any irregular surface shape or can be used to patch a damaged site. It would
be advantageous for intrinsic healing materials, such as supramolecular polymers or rubbers, to be
applied directly to the substrate to provide a protective film in real time. For example, ships and
offshore constructions are constantly exposed to a corrosive marine environment consisting of salt
water, rain, UV rays, and aquatic lives. To ensure human safety, the infrastructures and vehicles have
to be maintained for protection against these unfavorable conditions. A BIIR (dissolved in hexane)
solution was successfully coated on a corrosive steel substrate by means of casting, air spraying and
brush-painting [27]. The self-healing film could mend cracks and protect the substrate against 4 wt %
saltwater in 2 h. This is one promising means of providing field repair to structural materials.

4. Concluding Remarks

In addition to the cracks on aircraft fuselage and nuclear power plant walls mentioned above,
numerous structures require protection as human activities expand to such areas as submarine tunnels
and spacecraft. As the space age accelerates, it is expected that individuals will actually travel through
space and explore unknown worlds. For example, as events such as a micro-meteor impacting
personal spacesuits at 50 km/s [33] or piles of stones hitting undersea tunnels for years no longer
exist only in the imagination, the performance and circumstances of self-healing in the future should



Polymers 2020, 12, 379 5 of 6

be considered under more severe conditions. Very fortunately, for the past 30 years, materials and
successful approaches have been found that enlarge self-healing applications. Hopefully, the core
principles will be understood soon, and the fundamental solutions will be revealed.

Funding: This research received no external funding.

Acknowledgments: We appreciate the funding support from the Korea Institute of Science and Technology (KIST)
Institutional Program.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Williams, K.A.; Dreyer, D.R.; Bielawski, C.W. The Underlying Chemistry of Self-Healing Materials. MRS Bull.
2008, 33, 759–765. [CrossRef]

2. Dry, C. Passive Tuneable Fibers and Matrices. Int. J. Mod. Phys. B 1992, 6, 2763–2771. [CrossRef]
3. Dry, C. Procedures developed for self-repair of polymer matrix composite materials. Compos. Struct. 1996,

35, 263–269.
4. White, S.R.; Sottos, N.R.; Geubelle, P.H.; Moore, J.S.; Kessler, M.R.; Sriram, S.R.; Brown, E.N.; Viswanathan, S.

Autonomic healing of polymer composites. Nature 2001, 409, 794–797. [CrossRef] [PubMed]
5. Toohey, K.S.; Sottos, N.R.; Lewis, J.A.; Moore, J.S.; White, S.R. Self-healing materials with microvascular

networks. Nat. Mater. 2007, 6, 581–585. [CrossRef]
6. Hansen, C.J.; Wu, W.; Toohey, K.S.; Sottos, N.R.; White, S.R.; Lewis, J.A. Self-healing materials with

interpenetrating microvascular networks. Adv. Mater. 2009, 21, 4143–4147. [CrossRef]
7. Lee, M.W.; Sett, S.; An, S.; Yoon, S.S.; Yarin, A.L. Self-Healing Nanotextured Vascular-like Materials: Mode I

Crack Propagation. ACS Appl. Mater. Interfaces 2017, 9, 27223–27231. [CrossRef]
8. Lee, M.W.; An, S.; Lee, C.; Liou, M.; Yarin, A.L.; Yoon, S.S. Self-healing transparent core-shell nanofiber

coatings for anti-corrosive protection. J. Mater. Chem. A 2014, 2, 7045–7053. [CrossRef]
9. An, S.; Lee, M.W.; Yarin, A.L.; Yoon, S.S. A review on corrosion-protective extrinsic self-healing: Comparison

of microcapsule-based systems and those based on core-shell vascular networks. Chem. Eng. J. 2018, 344,
206–220. [CrossRef]

10. Lee, M.W.; An, S.; Lee, C.; Liou, M.; Yarin, A.L.; Yoon, S.S. Hybrid self-healing matrix using core−shell
nanofibers and capsuleless microdroplets. ACS Appl. Mater. Interfaces 2014, 6, 10461–10468. [CrossRef]

11. Narayanan, L.; Joshi, A.P. Composites Market-Global forecast to 2024. MarketsAndMarkets. Available online: https:
//www.marketsandmarkets.com/Market-Reports/composite-market-200051282.html?gclid=Cj0KCQiApt_
xBRDxARIsAAMUMu9m95ut_BemGaQ2zannCEpuClH3m8LeJozaaKrKgRRtSoeN8vWM0gYaAjuUEALw_
wcB (accessed on 21 January 2020).

12. Goldsmith, S. Southwest Airlines Flight 2294 Lands in West Virginia with Football-Sized Hole in Fuselage.
Available online: https://www.nydailynews.com/news/world/southwest-airlines-flight-2294-lands-west-
virginia-football-sized-hole-fuselage-article-1.397715 (accessed on 21 January 2020).

13. EPRI. Probabilistic Seismic Hazard Evaluations at Nuclear Plant Sites in the Central and Eastern United States:
Resolution of the Charleston Earthquake Issue; Electric Power Research Institute: Palo Alto, CA, USA, 1989.

14. Structural Health Monitoring Market Insight & Future Assessment for the Period 2018–2025. Available
online: https://www.marketwatch.com/press-release/structural-health-monitoring-market-insight-future-
assessment-for-the-period-2018-2025-2019-10-22 (accessed on 21 January 2020).

15. Kessler, M.R.; Sottos, N.R.; White, S.R. Self-healing structural composite materials. Compos. Part A 2003, 34,
743–753. [CrossRef]

16. Heo, Y.; Sodano, H.A. Thermally responsive self-healing composites with continuous carbon fiber
reinforcement. Compos. Sci. Technol. 2015, 118, 244–250. [CrossRef]

17. D’Elia, E.; Eslava, S.; Miranda, M.; Georgiou, T.K.; Saiz, E. Autonomous self-healing structural composites
with bio-inspired design. Sci. Rep. 2016, 6, 25059. [CrossRef] [PubMed]

18. Cordier, P.; Tournilhac, F.; Soulie-Ziakovic, C.; Leibler, L. Self-healing and thermoreversible rubber from
supramolecular assembly. Nature 2008, 451, 977–980. [CrossRef]

19. Sordo, F.; Mougnier, S.-J.; Loureiro, N.; Tournilhac, F.; Michaud, V. Design of self-healing supramolecular
rubbers with a tunable number of chemical cross-links. Macromolecules 2015, 48, 4394–4402. [CrossRef]

http://dx.doi.org/10.1557/mrs2008.162
http://dx.doi.org/10.1142/S0217979292001419
http://dx.doi.org/10.1038/35057232
http://www.ncbi.nlm.nih.gov/pubmed/11236987
http://dx.doi.org/10.1038/nmat1934
http://dx.doi.org/10.1002/adma.200900588
http://dx.doi.org/10.1021/acsami.7b06864
http://dx.doi.org/10.1039/c4ta00623b
http://dx.doi.org/10.1016/j.cej.2018.03.040
http://dx.doi.org/10.1021/am5020293
https://www.marketsandmarkets.com/Market-Reports/composite-market-200051282.html?gclid=Cj0KCQiApt_xBRDxARIsAAMUMu9m95ut_BemGaQ2zannCEpuClH3m8LeJozaaKrKgRRtSoeN8vWM0gYaAjuUEALw_wcB
https://www.marketsandmarkets.com/Market-Reports/composite-market-200051282.html?gclid=Cj0KCQiApt_xBRDxARIsAAMUMu9m95ut_BemGaQ2zannCEpuClH3m8LeJozaaKrKgRRtSoeN8vWM0gYaAjuUEALw_wcB
https://www.marketsandmarkets.com/Market-Reports/composite-market-200051282.html?gclid=Cj0KCQiApt_xBRDxARIsAAMUMu9m95ut_BemGaQ2zannCEpuClH3m8LeJozaaKrKgRRtSoeN8vWM0gYaAjuUEALw_wcB
https://www.marketsandmarkets.com/Market-Reports/composite-market-200051282.html?gclid=Cj0KCQiApt_xBRDxARIsAAMUMu9m95ut_BemGaQ2zannCEpuClH3m8LeJozaaKrKgRRtSoeN8vWM0gYaAjuUEALw_wcB
https://www.nydailynews.com/news/world/southwest-airlines-flight-2294-lands-west-virginia-football-sized-hole-fuselage-article-1.397715
https://www.nydailynews.com/news/world/southwest-airlines-flight-2294-lands-west-virginia-football-sized-hole-fuselage-article-1.397715
https://www.marketwatch.com/press-release/structural-health-monitoring-market-insight-future-assessment-for-the-period-2018-2025-2019-10-22
https://www.marketwatch.com/press-release/structural-health-monitoring-market-insight-future-assessment-for-the-period-2018-2025-2019-10-22
http://dx.doi.org/10.1016/S1359-835X(03)00138-6
http://dx.doi.org/10.1016/j.compscitech.2015.08.015
http://dx.doi.org/10.1038/srep25059
http://www.ncbi.nlm.nih.gov/pubmed/27146382
http://dx.doi.org/10.1038/nature06669
http://dx.doi.org/10.1021/acs.macromol.5b00747


Polymers 2020, 12, 379 6 of 6

20. Geiser, F. Metabolic Rate and Body Temperature Reduction During Hibernation and Daily Torpor. Annu. Rev.
Physiol. 2004, 66, 239–274. [CrossRef]

21. Kim, H.; Yarin, A.L.; Lee, M.W. Ultra-fast bull’s eye-like self-healing using CNT heater. Polymer 2019, 180,
121710. [CrossRef]

22. Holten-Andersen, N.; Harrington, M.J.; Birkedal, H.; Lee, B.P.; Messersmith, P.B.; Lee, K.Y.C.; Waite, J.H.
pH-induced metal-ligand cross-links inspired by mussel yield self-healing polymer networks with
near-covalent elastic moduli. Proc. Natl. Acad. Sci. USA 2011, 108, 2651–2655. [CrossRef]

23. Lee, M.W.; Jo, H.S.; Yoon, S.S.; Yarin, A.L. Thermally driven self-healing using copper nanofiber heater.
Appl. Phys. Lett. 2017, 111, 011902. [CrossRef]

24. Wang, Y.; Pham, D.T.; Zhang, Z.; Li, J.; Ji, C.; Liu, Y.; Leng, J. Sustainable self-healing at ultra-low temperatures
in structural composites incorporating hollow vessels and heating elements. R. Soc. Open Sci. 2016, 3, 160488.
[CrossRef]

25. Chen, X.; Dam, M.A.; Ono, K.; Mal, A.; Shen, H.; Nutt, S.R.; Sheran, K.; Wudl, F. A Thermally Re-mendable
Cross-Linked Polymeric Material. Science 2002, 295, 1698–1702. [CrossRef] [PubMed]

26. Champagne, J.; Pang, S.-S.; Li, G. Effect of confinement level and local heating on healing efficiency of
self-healing particulate composites. Compos. B 2016, 97, 344–352. [CrossRef]

27. Kim, H.; Yarin, A.L.; Lee, M.W. Self-healing corrosion protection film for marine environment. Compos. B
2020, 182, 107598. [CrossRef]

28. Zhang, L.; Jule, F.; Sodano, H.A. High service temperature, self-mendable thermosets networked by
isocyanurate rings. Polymer 2017, 114, 249–256. [CrossRef]

29. Heo, Y.; Malakooti, M.H.; Sodano, H.A. Self-healing polymers and composites for extreme environments.
J. Mater. Chem. A 2016, 4, 17403. [CrossRef]

30. White, S.R.; Moore, J.S.; Sottos, N.R.; Krull, B.P.; Cruz, W.A.S.; Gergely, R.C.R. Restoration of Large Damage
Volumes in Polymers. Science 2014, 344, 620–623. [CrossRef]

31. Sennett, M.S. Field Repair of Composite Materials in Army Service. Army Res. Dev. Acquis. 1989, 6–9.
Available online: https://apps.dtic.mil/dtic/tr/fulltext/u2/a210732.pdf (accessed on 21 January 2020).

32. Centea, T.; Grunenfelder, L.K.; Nutt, S.R. A review of out-of-autoclave prepregs–Material properties,
processphenomena, and manufacturing considerations. Composites A 2015, 70, 132–154. [CrossRef]

33. Banshiwal, J.K.; Tripathi, D.N. Self-Healing Polymer Composites for Structural Application. Funct. Mater.
2019. [CrossRef]

© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1146/annurev.physiol.66.032102.115105
http://dx.doi.org/10.1016/j.polymer.2019.121710
http://dx.doi.org/10.1073/pnas.1015862108
http://dx.doi.org/10.1063/1.4990962
http://dx.doi.org/10.1098/rsos.160488
http://dx.doi.org/10.1126/science.1065879
http://www.ncbi.nlm.nih.gov/pubmed/11872836
http://dx.doi.org/10.1016/j.compositesb.2016.05.002
http://dx.doi.org/10.1016/j.compositesb.2019.107598
http://dx.doi.org/10.1016/j.polymer.2017.03.008
http://dx.doi.org/10.1039/C6TA06213J
http://dx.doi.org/10.1126/science.1251135
https://apps.dtic.mil/dtic/tr/fulltext/u2/a210732.pdf
http://dx.doi.org/10.1016/j.compositesa.2014.09.029
http://dx.doi.org/10.5772/intechopen.82420
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Self-Healing of Structural Composite Materials 
	Self-Healing Under Extreme Conditions 
	Heat Generation 
	New Materials and Approaches 
	Field Repair 

	Concluding Remarks 
	References

