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Abstract: Metal corrosion is a serious problem in the industrial field, and traditional anti-corrosion
coatings are prone to cracking during service owing to mechanical stress or environmental erosion, leading
to a decline in protective performance and difficulties in repair. Self-healing anti-corrosion coatings
have become a key research focus in the field of corrosion protection owing to their intelligent repair
characteristics, which autonomously restore anti-corrosion functions without frequent manual intervention.
This paper systematically reviews the research progress of self-healing anti-corrosion coatings, focusing
on the analysis of the repair mechanism, preparation methods, and performance characteristics of the
two major systems, namely, externally assisted and intrinsically assisted coatings. With the help of
microcapsules or nanocontainers loaded with restorative agents or corrosion inhibitors, when the coating
is damaged, the restorative agents are released to fill the cracks, or the corrosion inhibitors react with
the substrate to form a protective film, which improves the anticorrosion performance and realizes self-
healing. Intrinsic coatings rely on the dynamic chemical bonding and shape memory effect of the coating
itself and can repair damage through the reversible reorganization of these chemical bonds or molecular
chain movement without external additives.
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Figure 1 (a) Qualitative methods for the evaluation of self-healing ability in polymeric coatings; (b) Quantitative methods for
the evaluation of self-healing performance and healing efficiency (HE) in polymeric coatings (Reprinted with permission from
Ref. [24]; Copyright (2024) Elsevier); (c¢) SVET maps for the sample with blank coating ( I ) and for the coating loaded with
combination of nanocontainers (LDH-BTA + bentomte-Ce3+) (II') obtained after 2, 12 and 24 h of immersion in 0.05 mol/L
NaCl; (Reprinted with permission from Ref. [32]; Copyright (2014) Elsevier);(d) Nyquist plots recorded on Q235 carbon steel
immersed in 0.1 mol/L HCI with or without ZIF nanoparticles. Scatter points represent measured impedance values Z and solid
lines represent modeled impedance values Z' received by fitting the EIS data; (e) Impedance modulus curves of the control epoxy
coating, ZIF-doped epoxy coating, and ZIF/benzotriazole composite coating. |Z| denotes the absolute impedance value and f
represents the test frequency (Reprinted with permission from Ref. [34]; Copyright (2019) Elsevier)
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Figure 2 (a) Synthesis diagram of epoxy microcapsules; (b) Diagram of synthesis mechanism of epoxy-containing microcapsule

(Reprinted with permission from Ref. [40]; Copyright (2024) Elsevier)
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Figure 3 (a) Structure, micromorphology and electrochemical performance characterization of the self-healing epoxy coating;

(b) Anti-corrosion mechanisms of epoxy coating on metal substrate with CeO, and 8HQS (Reprinted with permission from Ref. [41];

Copyright (2024) Elsevier)

R AR T2 hJa, RIR XA 0 B R I &
JE 3 R A S PRI S 1 R o
3.1.3 R

K F AN A i o B A A i VB s SRR
e, R T B Bk R, MR EEIN T
BUREAE F T W BB 401 3 5 2 Sl i, R0 90 Y
PRI IRt 2= 52 P AR AR E HE L
N, A GO B A i — B G R B A RN,
LI RRAZ BRI TR AWM 25 50 o IX P A T I 288 A
AN TR Z R L, B E T iR)Z K EFL
hERETIRE. W L M S A T JRR AT v (LO) 1
il (TO) 2

Li%% M) 4 P B2 9 145 um (I LO@P-EC

o, Hal i SIEF T2, EIRAL 23 24 4k
F (P-EC) #ifh 3 LO 115 (B 5a).  [FJIN, BERR
S BRI 51N B LO [ 45060 78 45 33 4 v 1
8% (SEM) A& HL A5 6 21 41 Y6 1% (FTIR) 3IE 52
MRy 2 R 2 R o, SR B T B S [ 1 5
AR T R HIBAMERE 2128 b SR B,
Tl J B 110 3% WL 3% £ B 1) . 2 3R T T DU T 3
P-EC/E N2 RS B4, 7E3.5 wt% NaCl i
IR 15 K e, B S 0 I GR AR 1R R
T WL 5% 2], FLAR 5 0 9 J6E s R e gt — 2B E st [
IS 3 A 094 J2 45 5 1 SEM B W 8¢, 3iE sz AL
A RUFH 12 S8R (E 5b).

Liu & "5 H 5 5 & 10 732, #1146 LA TO



7 EERE. HBEVERE 1155

(@
PLLS iy
i‘
IPDI + BA m

(b)

1
I i ’ GA + Water

. O/W emulsion

Isocyanate Prepolymer
+ BA + L-75

Self-healing

1I

Nz—‘ 0 $PEA 2000
v 3 g P _dgl I

- amp - oy
;‘ Isocyanate prepolymer

PU Shell
Isocyanate
Prepolymer
GA

] 7 Suction
% Emulsification | + BDO ‘ filtration | Drying
! =3 “

Microcapsule

Interfacial polymerization

‘ H20 + OCNWWW —> MWW NH: + CO2 I

H O H
1

|
l'wwv NH2 + OCNWWW —> apW N— C— NVWWW*

4 (a) AR TR0 A 2 (b) (T )/ 1 1) 45 s 2 PR« (10 ) S5 A0 i TSR PO i I B2 1 19 46 ST L3R P ) (2022

MDPIR AL AT

Figure 4 (a) Schematic diagram of synthesis of isocyanate prepolymer; (b) ( I ) Preparation path diagram of microcapsules;

(1I') Mechanism diagram of the self-healing of isocyanate prepolymer microcapsules (Reprinted with permission from Ref. [42];

Copyright (2022) MDPI)
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Figure 5 (a) (I ) SEM image of UF microcapsules; (1) Size distribution of the microcapsules; (III) Schematic of core-shell

structure; (IV) SEM image of the shell thickness of microcapsules. (b) ( I ) Schematic diagram of the self-healing effect after
scratching; (1) SEM image of the scratched neat epoxy coating; (III) SEM image of the scratched self-healing coating after

healing (Reprinted with permission from Ref. [43]; Copyright (2021) Elsevier)
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Figure 6 Schematic diagram of the coating preparation and repair process (Reprinted with permission from Ref. [44]; Copyright

(2024) Elsevier)
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Figure 7 (a) Schematic illustration of the functionalization of mesoporous silica (MS) nanocontainers, Fe(IIl) adsorption, and

sodium molybdate corrosion inhibitor (MSInh) loading process (Reprinted with permission from Ref. [45]; Copyright (2019)

Elsevier); (b) Schematic illustration of self-healing mechanisms of EP+BTA@MOF-5 coating on copper (Reprinted with

permission from Ref. [46]; Copyright (2022) Elsevier)
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Figure 8 Corrosion resistance mechanism of WPA/ZnPA@ZIF-8 composite coatings (Reprinted with permission from Ref. [48];

Copyright (2022) Elsevier)
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Figure 9 (a) Synthetic routes of linear polyurethane (PUAn-0) bearing anthracene-based chromophore in side chains and

bismaleimide (BMI)-crosslinked PUAn-DA-x; (b) Schematic illustration of self-healing mechanism for PUAn-DA-x(Reprinted

i

with permission from Ref. [64]; Copyright (2018) Elsevier)
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Figure 10 (a) Schematic diagram of self-healing material mechanism based on cyano dithioester and cyclopentadiene; (Reprinted
with permission from Ref. [65]; Copyright (2014) Wiley-VCH); (b) ( I ) Chemical structures of the compounds used in building
up the self-healing anticorrosion coating materials; (II) Diels-Alder reaction between furan and maleimide groups; (Reprinted

with permission from Ref. [67]; Copyright (2017) Elsevier)
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Figure 11 (a) The scheme for the fabrication of GD230; (b) Self-healing mechanism schematic model of the modified coating
system (Reprinted with permission from Ref. [76]; Copyright (2024) ABMM)
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Figure 12 Molecular mechanism of the thermally induced
shapememory effect in SMPs (Reprinted with permission
from Ref. [86]; Copyright (2007) Elsevier)
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B 13 F RS AR BRI = 4E T 3R K, RAFAA2024-T3 58 A 4 3 THU A A5 T 4R 1042 5 UMk T 5 1 L 0 2% 88 728 1 10 4«
(2)E T0.05 mol/LA AL BV MR IR 12K, (b)Y A 4280 CIn#1 R, FFIR I 6 Rl i B MUK S 1x51, R [ R 58 2 44
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Figure 13 3D-maps of SVET depicting the current density evolution of a damaged SMPU-film on AA2024-T3 aluminum alloy
after: (a) 2-Day immersion in 0.05 mol/L NaCl, (b) heating the sample at 80 °C for 1 day, followed by 6-day immersion (Scan
maps consist of 51x51 points. Defect size: width of approximately 75 pm, length of approximately 1 mm); (c) 2-Day immersion
in 0.05 mol/L NaCl; (d) heating the sample at 40 °C for 1 day, followed by a 6-day immersion (Scan maps consisting of 51x51

points. Defect size: width of approximately 80 um, length of approximately 0.85 mm) (Reprinted with permission from Ref. [85];
Copyright (2024) Elsevier)
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Table 1 Comparison of extrinsically and intrinsically self-healing coatings
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Figure 14 (a) Schematic diagram of the two-step foaming-pressing strategy based on dynamic covalent chemistry: ( [ ) The
agglomerated micron-sized h-BN are mixed with the PU prepolymer and dispersed by the in-situ generated bubbles during the
foaming process, resulting in the immobilization of the dispersed h-BN within the porous polymer; afterward, the porous PU/h-BN
composite is hot-pressed and the dynamic reactions of implanted dynamic covalent bonds during this stage allow the network
structure to rearrange, generating densified composites with homogeneously dispersed fillers; ( II ) The n-x stacking interactions
between PU matrix and h-BN can play a more prominent role under a solvent-free and mild-temperature conditions; (III) The
implanted phenol-urethane bonds and imine bonds undergo exchange reactions to enable network rearrangement.(Reprinted with
permission from Ref. [82]; Copyright (2025) Elsevier). (b) Preparation process of PMx/WPU coatings. (¢) ( I ) Flashing rust
process of WPU dispersion; (1I') Schematic diagram of anti-flashing rust mechanisms of PMx/WPU; (III) Schematic diagram of
MBT coordination and adsorption on the tinplate (Reprinted with permission from Ref. [103]; Copyright (2024) Elsevier)
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Figure 15 (a) Schematic of PS@LP preparation via solvent evaporation-induced phase separation method; (b) Schematic
diagram of the dual self-healing mechanism of PS@LP/PSR based on the synergistic effect of dynamic disulfide bonds and PS@
LP microcapsules (Reprinted with permission from Ref. [104]; Copyright (2025) Elsevier); (¢) Synthesis scheme of urea-SI
( I)and AUrea-SI (1) (Reprinted with permission from Ref. [105]; Copyright (2026) Elsevier)
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