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Self-healing polymers
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Overcoming destruction and degradation of polymeric materials
not only represents a basic human desire, but also a significant contri-
bution towards life-cycle improvement and safety-improvement of
materials. With the advent of self-healing (SH) materials not only a
new vision of material science had been accomplished, but also the
exploitation of highly sophisticated chemical and physical principles
had entered the field of commodity polymers [1].

The current issue in “Polymer” [2—20] provides insight into the
new developments of SH-polymers and materials, written by an in-
ternational panel of experts in the field focused on chemical and
physical concepts for self-healing polymers. Thus a large number
of different research- and development-fields of polymer- and ma-
terials science have been rejuvenated, as the design of self-healing
polymers requires a multidisciplinary approach: e.g. network dy-
namics [2,3,7,15] and nanoparticle systems [12] have been studied
to allow sufficient fast crosslinking and thus crack-repair after
mechanochemical damage with an optimization of chemical and
physical principles [15].

The optimization of reversible supramolecular [21] (hydrogen-
bonding [3,7], metal-ligand [8], pi/pi-stacking [10], ionomeric [11]
or biomimetic [6]) and thermally reversible covalent bonding systems
[13,18] as a responsive concept towards stress have been realized and
form the basis for a stress-dependent reactivity; catalytic systems [ 14]
have been investigated in terms of catalyst stability under the true
conditions that self-healing materials require [14,16]. Chemically
weak bonds can now be used to tune the conditions under which
SH is taking place, including all stimuli-driven systems [8,11].

Thus most of all the time-scale required to restore the initial ma-
terials properties [2], the required temperature at which SH takes
place together with the initial materials properties can be adjusted,
enabling the realization of eg. dual healing systems [7,17] and even
self-healing nanocomposites [7,18,19]. This in turn has allowed to
generate a multitude of polymers with SH properties, among
them rubbers- and thermoplasts [4,5,7], thermosets [9,14], coatings
[13,20], thermal- [13] and light- [20] driven repair-systems, all
exploiting different principles regenerating even better properties
of the polymer matrix.

We do hope that this special issue provides an entry for many
new readers, together with a stimulating excitement for the already
specialized and “expert”-reader, inducing new technological inter-
est and motivation for further materials development.

References

[1] W.H. Binder (Ed.), Self-healing Polymers. From Principles to Applications,
Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, 2013, p. 425.

[2] R.K.Bose, N. Hohlbein, S.J. Garcia, A.M. Schmidet, S. van der Zwaag, Relationship
between the network dynamics, supramolecular relaxation time and healing ki-
netics of cobalt poly(butyl acrylate) ionomers, Polymer 69 (2015) 228—232.

http://dx.doi.org/10.1016/j.polymer.2015.06.037
0032-3861/© 2015 Elsevier Ltd. All rights reserved.

[3] X. Callies, C. Fonteneau, C. Véchambre, S. Pensec, J.M. Chenal, L. Chazeau,
L. Bouteiller, G. Ducouret, C. Creton, Linear rheology of bis-urea functionalized
supramolecular poly(butylacrylate)s: part [ — weak stickers, Polymer 69
(2015) 233—240.

[4] A.-D.N. Celestine, N.R. Sottos, S.R. White, Autonomic healing of PMMA via

microencapsulated solvent, Polymer 69 (2015) 241—248.

Y. Chen, Z. Guan, Self-healing thermoplastic elastomer brush copolymers hav-

ing a glassy polymethylmethacrylate backbone and rubbery polyacrylate-

amide brushes, Polymer 69 (2015) 249—-254.

[6] E.Degtyar, B.Mlynarczyk, P. Fratzl, M.J. Harrington, Recombinant engineering of
reversible cross-links into a resilient biopolymer, Polymer 69 (2015) 255—263.

[7] D.Dohler, H. Peterlik, W.H. Binder, A dual crosslinked self-healing system: su-

pramolecular and covalent network formation of four-arm star polymers,

Polymer 69 (2015) 264—273.

M. Enke, S. Bode, ]. Vitz, F.H. Schacher, M]J. Harrington, M.D. Hager,

U.S. Schubert, Self-healing response in supramolecular polymers based on

reversible zinc—histidine interactions, Polymer 69 (2015) 274—282.

D.T. Everitt, R. Luterbacher, T.S. Coope, R.S. Trask, D.F. Wass, [.P. Bond, Optimi-

sation of epoxy blends for use in extrinsic self-healing fibre-reinforced com-

posites, Polymer 69 (2015) 283—292.

[10] L.R. Hart, N.A. Nguyen, J.L. Harries, M.E. Mackay, H.M. Colquhoun, W. Hayes,
Perylene as an electron-rich moiety in healable, complementary m—m stacked,
supramolecular polymer systems, Polymer 69 (2015) 293—300.

[11] N. Hohlbein, A. Shaaban, A.M. Schmidt, Remote-controlled activation of self-
healing behavior in magneto-responsive ionomeric composites, Polymer 69
(2015) 301—-309.

[12] B.V.S.lyer, V.V.Yashin, A.C. Balazs, Harnessing biomimetic catch bonds to create
mechanically robust nanoparticle networks, Polymer 69 (2015) 310—320.

[13] J. Kotteritzsch, M.D. Hager, U.S. Schubert, Tuning the self-healing behavior of
one-component intrinsic polymers, Polymer 69 (2015) 321—-329.

[14] A. Mariconda, P. Longo, A. Agovino, L. Guadagno, A. Sorrentino, M. Raimondo,
Synthesis of ruthenium catalysts functionalized graphene oxide for self-
healing applications, Polymer 69 (2015) 330—342.

[15] P. Michael, D. Dohler, W.H. Binder, Improving autonomous self healing via
combined chemical/physical principles, Polymer 69 (2015) 216—227.

[16] B.O. Oztiirk, S.K. Sehitoglu, Applications of ruthenium indenylidene catalysts
on ROMP-based self-healing epoxy systems, Polymer 69 (2015) 343—348.

[17] N.B. Pramanik, G.B. Nando, N.K. Singha, Self-healing polymeric gel via RAFT
polymerization and Diels—Alder click chemistry, Polymer 69 (2015) 349—356.

[18] S. Schaéfer, G. Kickelbick, Self-healing polymer nanocomposites based on Diels-
Alder-reactions with silica nanoparticles: the role of the polymer matrix, Poly-
mer 69 (2015) 357—368.

[19] V.K. Thakur, M.R. Kessler, Self-healing polymer nanocomposite materials: a
review, Polymer 69 (2015) 369—383.

[20] Y. Zhang, C. Rocco, F. Karasu, L.GJ. van der Ven, RA.T.M. van Benthem,
X. Allonas, C. Croutxé-Barghorn, A.C.C. Esteves, G. de With, UV-cured self-
replenishing hydrophobic polymer films, Polymer 69 (2015) 384—393.

[21] F. Herbst, D. Dohler, P. Michael, W.H. Binder, Self-healing polymers via supra-
molecular forces, Macromol. Rapid Commun. 34 (2013) 203—220.

(5

8

[9

Wolfgang H. Binder

Martin-Luther-University Halle-Wittenberg, Macromolecular
Chemistry, Institute of Chemistry, Division of Technical and
Macromolecular Chemistry, Faculty of Natural Science Il (Chemistry,
Physics and Mathematics), von-Danckelmann-Platz 4, 06120 Halle,
Germany

E-mail address: wolfgang.binder@chemie.uni-halle.de.


http://refhub.elsevier.com/S0032-3861(15)00503-0/sref1
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref1
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref1
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref2
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref2
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref2
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref2
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref3
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref3
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref3
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref3
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref3
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref3
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref3
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref4
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref4
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref4
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref5
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref5
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref5
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref5
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref6
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref6
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref6
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref7
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref7
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref7
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref7
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref7
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref8
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref8
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref8
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref8
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref8
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref9
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref9
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref9
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref9
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref10
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref10
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref10
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref10
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref10
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref11
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref11
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref11
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref11
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref12
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref12
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref12
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref13
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref13
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref13
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref13
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref14
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref14
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref14
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref14
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref15
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref15
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref15
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref15
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref16
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref16
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref16
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref16
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref16
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref16
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref16
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref17
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref17
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref17
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref17
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref18
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref18
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref18
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref18
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref18
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref19
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref19
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref19
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref20
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref20
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref20
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref20
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref20
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref21
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref21
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref21
http://refhub.elsevier.com/S0032-3861(15)00503-0/sref21
mailto:wolfgang.binder@chemie.uni-halle.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.polymer.2015.06.037&domain=pdf
www.sciencedirect.com/science/journal/00323861
http://www.elsevier.com/locate/polymer
http://dx.doi.org/10.1016/j.polymer.2015.06.037
http://dx.doi.org/10.1016/j.polymer.2015.06.037

	Self-healing polymers
	References


