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Abstract

In recent years, self-healing coatings have been the subject of increasing interest. The ability of such
coatings to self-repair local damage caused by external factors is a major factor contributing to their attrac-
tiveness. Metals are extensively used in modern society in a range of applications from infrastructure to
aircraft to consumer products. The protection of metals, primarily from corrosion has been an active area
of materials science for many years. The aim of this review is the demonstration for recent progress achieved
in the development of carrier-based self-healing coatings for the protection of metals. This review mainly
covers the reports published after 2010. Two main types of carriers for corrosion inhibitors or healing agents-
polymer capsules and porous composite inorganic nanoparticles-are described.
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Fig. 1. Schematic illustration of carrier-based self-
healing coatings®.
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Table 1. Examples of self-healing strategies implemented for the development of corrosion protective coatings
without using corrosion inhibitors

Substrate Coating Carrier Healing agent Trigger | Ref.
Steel Epoxy Urea formaldehyde (UF) Polysiloxanes - 6
microcapsule
Steel Epoxy UF microcapsule Epoxy resin -
Steel Epoxy UF microcapsule Linseed oil (0))
. Heaxamethylene
Steel Polyurethane (PU) PU microcapsule diisocyanate (HDI) H20 9
. . Isophorone
Q235 steel Alkyd varnish UF microcapsule diisocyanate(IPDI) H20 10
n.a PU PU microcapsule Alkoxysilane H20 11
Ethylene maleic Perfluorooctyl
Steel Epoxy anhydride copolymer triethoxysilane 020 12
AA2024-T3 Epoxy UF microcapsule Silyl ester H20 13
Poydimethyl siloxane
Steel (PDMS) Nanofiber DMS - 15
Steel PU paint PU microcapsule PU paint - 16
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Fig. 3. Schematic illustration of self-healing anticorrosion
mechanism by perfluorooctyltriethoxysilane as a
healing agent™.
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Fig. 2. Corrosion evaluation of self-healing coatings(optical images after 24 h room temperature curing and 120h
immersion in 5% salt water)®: a) control sample, consisting of epoxy vinyl ester matrix and adhesion promoter,
and b) self-healing coating, consisting of matrix, adhesion promoter, microencapsulated catalyst, and phase-

separated PDMS healing agent.
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Table 2. Selected corrosion inhibitors used as carrier filling and their action mechanism®.

Inhibitor Substrate Action mechanism
Ce*' AA2024 Formation of Ce (OH);
Triethanollamine (TEA) Steel Formation of passive layer

2-Mercaptobenzothiazole (MBT)

Galvanized steel

Formation of barrier layer, CI trapping

8-Hydroxyquinoline (8-HQ) AA2024 Formation of complex with Al and of barrier layer
Benzotriazole (BTA) AA2024 Formation of complex with Cu and of barrier layer
CORROSION ATTACK Caco HEALING OF THE
- . & DEFECT
o7 g,
%
Ie

¢
3

pH4~®

Fig. 4. Schematic illustration of self-healing anticorrosion mechanism by CaCO; microbeads impregnated with
corrosion inhibitors: Release of inhibitors from CaCOs as a function of pH'®.
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Table 3. Examples of self-healing anticorrosion coatings using ion-exchange clays as corrosion inhibitor carriers

Substrate Coating Carrier Inhibitor Trigger Ref.
Steel Epoxy Mont-morillonite (MMT) clay Indole-3-butyric acid pH 20
Galvanized steel Sol-gel MMT clay Ce*' Na', Zn*"| 21
Zn plated steel Epoxy Layered double hydroxide (LDH) —Benzoate Cr 22
AA2024 Commercial paint LDH —Vanate & —Phosphate Cr 23
n.a Epoxy LDH -Nitrate Cr 24
AA2024 Water-based epoxy LDH MBT Cr 25
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Fig. 5. Schematic illustration of self-healing anticorrosion mechanism by layered double hydroxides (LDH) impregnated

with corrosion inhibitors®
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Table 4. Examples of self-healing anticorrosion coatings using mesoporous inorganic nanoparticles as corrosion

inhibitor carriers

Substrate Coating Carrier Inhibitor Trigger Ref.
AA2024 Sol-gel Mesoporous SiO, nanoparticle BTA pH 26
Steel Polyester primer Mesoporous SiO, nanoparticle BTA pH 27
AA2024 Water-based coating Mesoporous SiO, nanoparticle MBT pH, CI' 28
AA2024-T3 Epoxy Mesoporous TiO, nanoparticle 8-HQ pH 29
Galvanized steel Silane Mesoporous CeO, nanoparticle Ce* pH 30
n.d n.d Mesoporous O, nanoparticle MBT pH 31
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Table 5. Examples of self-healing anticorrosion coatings using other inorganic nanoparticles as corrosion inhibitor

carriers
Substrate Coating Carrier Inhibitor Trigger Ref.
Mg alloy ZK10 Epoxy Hollow cerium molybdate nanoparticle MBT pH 32
AA2024 Epoxy Halloysite tube 8-HQ pH 25
n.d Epoxy Halloysite tube BTA NH3 33
AA2024-T3 Epoxy CaCO; microbead Ce*' pH 12
AA2024 Sol-gel Hydroxyapatite microcapsule Ce*', 8-HQ pH 34
Galvanized steel Water-based Epoxy Cerium molybdate & LDH MBT pH, CI 35
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Fig. 6. Preparation of layer-by-layer (LBL) capsules

using a sacrificial template®.
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Table 6. Examples of self-healing anticorrosion coatings using organic micro (or nano) containers as corrosion

inhibitor carriers

Substrate Coating Carrier Inhibitor Trigger | Ref.
AA2024 Chitosan Chitosan Ce*' pH 36
Steel Water-based PU PU microcapsule Isorbide derivative n.d 38
AA5083 Water-based epoxy Polymer electrolytes nanocapsule (LBL) MBT pH 39
Steel Alkyd SiO2/PEI/PSS LBL Dodecylamine pH 40
Steel Epoxy Cellulose nanofiber Calcium nitrite Crack 41
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