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Epoxy resins are widely used as coating to protect metals in various applications. The properties such as
very good processability, excellent chemical resistance, good insulation against electricity, and strong
adhesion to non-homogeneous materials have caused epoxy materials to be widely considered in the coating

industries. Epoxy coatings are susceptible to damage such as microcracking. These types of damages cause
defects in the coating and reduce the appearance (beauty) and mechanical strength of the coating. Also, the
penetration of water, oxygen and corrosive agents to the surface of the metal is accelerated. As a result, the
local corrosion occurs in the metal. The repair process of polymer coatings is time-consuming, expensive,
and in many cases it is impossible to detect the damages and access them for repair. Therefore, it is very
important to find a solution to automatically repair the microcracks without any type of human intervention
and the replacement of new components. Therefore, this can be possible by designing self-healing
intelligent systems. The most common method of preparing self-healing coatings is microencapsulation of
healing agent in polymer or mineral shells and embedding the prepared microcapsules in the epoxy matrix.
The self-healing properties of the epoxy coatings can be investigated with electrical impedance
spectroscopy and salt spray tests. In this research, the studies on self-healing epoxy coatings have been

reviewed.
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Fig. 1 Approaches to self-healing include a) capsule-based, b) vascular,
and c) intrinsic methods [12].
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Fig. 2 Self-healing mechanism in anti-corrosion epoxy coatings [34].
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Fig. 6 SEM images of damaged regions before immersing in salt

solution: a) control sample, c) self-healing sample, images after 48 h

immersing in salt solution: b) control sample, and d) self-healing sample

[28].
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Fig. 4 a) Control sample of epoxy polyester coating, b) epoxy polyester

containing healing agent microcapsules, ¢) SEM image of control

sample, d) SEM image of self-healing coating, e) schematic of

electrochemical test, and f) current against of time for control and self-

healing samples [35].

S il by Sl Gidigy (o wald jul b S gl iy diges (W14 S
Oz, SEM a5 (5 ald aigai SEM 9.5 (7 oueyi Julse (sloJgmsS 9,500
by 2lr 5 bz Jloges (6 5 lowds iUl (g0)] Slod (o wdigdipen 3g5

[35] onigipen ogs iiign g alis (i sl

Fig. 5 a) Neat epoxy coating, b) self-healing epoxy coating containing
Tung oil microcapsules, after 10 days immersing in 3.5 wt% NaCl
solution [36].
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Fig. 9 Optical microscopy images, a) control epoxy coating, b) self-
healing epoxy coating containing 10 wt% PUF microcapsules filled with
epoxy [41].
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Fig. 10 Current against time for control and self-healing coatings [41].
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Fig. 7 Impedance changes of damaged region of epoxy coating
containing PUF microcapsules on steel in 3 wt% NaCl solution [39].
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Fig. 8 SEM images of damaged self-healing coating, a) after one day, b)

after 5 days [32].
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Fig. 11 Preparation of nanocarrier containing corrosion inhibitor using layered polyelectrolyte [31].
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Fig. 13 Permeability of epoxy coatings containing microcapsules and
different nanoparticles [42].
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Fig. 12 Suggested mechanism of performance of self-healing coating
containing nanocarriers filled with corrosion inhibitors in 3.5 wt% NaCl
solution [31].
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Fig. 15 SEM images of interfacial adhesion between surface of PMMA
microcapsule containing Linseed oil: a) before and b) after chemical
modification with HMDA [45].
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Fig. 16 Optical microscopy images of self-healing performance of neat epoxy
coatings (up) and self-healing epoxy coatings (down) after salt spray test after 30
days [46].
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7- Abbreviation:

Aluminum alloy (AA), Aminated-polydimethylsiloxane (PDMS-a),
Corrosion inhibitor (ClI), Carbon steel (CS), Electrochemical impedance
spectroscopy (EIS), Layer-by-layer deposition (LbL), Layered double
hydroxide (LDH), Mild steel (MS), Optical microscope (OM), Phenol-
formaldehyde (PF), Polyurethane (PU), Scanning electrochemical
microscope (SECM), Scanning electron microscope (SEM), Scanning
ion-selective electrode technique (SIET), Urea-formaldehyde (UF), X-
ray photoelectron spectroscopy (XPS), Si [OSn(n-CsHg);OOCCHs],
(TKAS), Dimethyldineodecanoate (DMDNT), Hexamethylene
diisocyanate (HDI), Hexamethylene diamine (HMDA), Poly(e-
caprolactone) (PCL), Polysulfone (PSF), tetraethylenepentamine
(TEPA), (3-glycidoxypropyl)trimethoxysilane (GPTMS), Perfluorooctyl
triethoxysilane (POT), ethanolamine (ETA), and diethanolamine (DEA),
GPTMS-modified silica (GMS), Ethyl phenylacetate (EPA),
ethylenediamine (EDA), Poly methacrylic acid (PMAA), Poly N-
isopropylacrylamide (PNIPAM), poly(ethylene glycol) methacrylate
(PPEGMA), Linseed oil (LO), Cobalt octoate (Co-octoate),
octadecylamine (ODA), mercaptobenzothiazole (MBT),
Ethylenediamine (EDA), Tung oil (TO), Triethylene tetramine (TETA),
Perfluorooctyl triethoxysilane (POTS), Superabsorbent Polymers (SAP),
methacryloxypropyl-terminated polydimethylsiloxane (MAT-PDMS).
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