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Fig. S1. SEM images, Cross-sectional SEM images, 3D morphologies, and water contact
angle of the samples: (aj-ay) Al (bi-by) (Ci3Hy;CO0O),Ca, and (ci-cy)
(C13H,7,C0O0),Ca@MXene coating.
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Fig. S2. XPS spectra of (C;3H,;CO0),Ca-TA@MXene coating: (a) Ca2p, (b) CI2p.
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Fig. S3. XPS spectra of (C,3H,;C00),Ca coating: (a) Cls, (b) Ols, (c) Ca2p, (d) Cl12p.
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Fig. S4. XPS spectra of (C,3H,,CO0),Ca@MXene coating: (a) Cls, (b) Ols, (c) Ca2p, (d)
Cl12p, (e) Ti2p.
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Fig. SS. TGA curve of (C3H,;C0O0),Ca-TA@MXene composite coating under nitrogen

atmosphere.
(a)¢f (b)e () [=a
e 70 §80000 o (C43HxC00),Ca
5l 2 60 A (C43H,;,CO0),Ca@MXene
NE 3 A v (Cy3HxC00),Ca-TA@MXene
5, g 50 £ 510000 | — Fitting
54T 2 40 :
c <}
Naf 5 30f £ 340000
o bO Al % 20 N
8,]0 (G H,L00)Ca £ 1l —
0 L

A (Cy4H,,C00),Ca@MXen

7 (Gy;HyCOOD),Ca-TAGM

— Fitting , . . . I I ok 1 ;!‘:;‘;:i;COO);CI-TA@MXene o | o . ¥,

2 4.0 1 2 3 a s 2 1 0 1 2 3 4 3 0 170000 340000 510000 680000
log (f, Hz) log (f, Hz) Zre (Q- em?)

O (EHC00ca P
B (€, HC00),Ca@MXene

Fig. S6. (a) Bode plots, (b) phase angle plots, and (¢) Nyquist plots of the various coatings in
3.5 wt.% NaCl solution.

Table S1. Electrochemical parameters obtained from the EIS plots of the different samples.

CPE;, CPEgy
R, Y,
Ry( Y R
Sampl L Q . LH 0 LH) RQ C(F ‘
ample ) Q s c N (H) S.em n (H) 1(€2) (F) Q)
) Z.Sn)
Z.Sn)
Al - 1.545 0.6 1.83x 0.8 2.639 3.381x 0.000207
alloy 0.01 698 x10© 944 / 105 83  x10% 10* 1 2268
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Fig. S7. Equivalent circuit models of different samples.
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Fig. S8. Potentiodynamic polarization curves of the various coatings in 3.5 wt.% NaCl

solution.
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Fig. S9. Equivalent circuit model of bare Al.
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Fig. S10. Equivalent circuit model of (C;3H,;CO0O),Ca.
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Fig. S11. Equivalent circuit model of (C;3H,7,COO),Ca@MXene.
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Fig. S12. Equivalent circuit model of (C;3H,7,CO0O),Ca-TA@MXene.

Table S2. Electrochemical parameters obtained from the EIS plots of Al alloy during the

immersion tests.

R CPE, CPE,
Sampl s( Rc( YI) YI) Rct
L(H LH) R(Q) C(F
e Q Q) @S.em n (H) (S.em™ n (H) 1) (F) Q)
) 2.sn) 2.sn)
3.02 0.8 0.6
471 1.092x 7.284 5.446%  1.932x10
1d 1x410 J e A o ‘ 847.6
6 8
17 0.8 0.7
L g 2357 183 U0 316x10 3611
2 105 x10°6 5 X104
10 4 2
48 0.8 0.6
sa 276 sx1 Va0 53 99 e 1007 7075 1497 106
105 x10°6 10
0* 4 3
g T4 912'2 1.06x1 (;'98 2.893%  1.224 (;38 3449 o 4207x10 3.076
N [ [ 5 X104
od  0.02 2.0 1.681x 08 1.59x1 1.129 05 7.22x 1051 0.000363 2.726
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Table S3. Electrochemical parameters obtained from the EIS plots of the (C;3H,;COO),Ca

coating during the immersion tests.

R CPE, CPEq

Sampl (( R( Y, Y, R(Q
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Table S4. Electrochemical parameters obtained from the EIS plots of the
(C13H,CO0),Ca@MXene coating during the immersion tests.

R CPE, CPEgy
Sampl s( Rc( YO YO Rct(Q
L(H LH) R(Q) C(F
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Table S5. Electrochemical parameters obtained from the EIS plots of the (C;3H,,CO0),Ca-

TA@MXene coating during the immersion tests.
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Fig. S13. Potentiodynamic polarization curves of (a) Al, (b) (C3H,;CO0O),Ca, (c)
(C13H,CO0),Ca@MXene, and (d) (C3H,7,CO0),Ca-TA@MXene coating versus immersion

time.
Table S6. Comparison of various coatings in a simulated marine environment.
Corrosi Self-
healing Preparation Thickne
Sample on ] . Reference
. efficienc time (h) ss (um)
solution
y (%)
Polyvinyl alcohol 3.5wt%
2 24 110+ Ref. S1
(PVA)MXene@Fe;0, NaCl %0 ! 048 [Ref. S1]
Polyurethane- 1-(3-((N-n-
butyl)aminecarboxamido)propy  3.5wt%
1 Ref. S2
1)-3-hexadecyl imidazolidin NacCl o717 60 > [Ref. 52]
bromide (PU-M16)
Polyaniline-benzotriazole 3.5wt%
1 + Ref.
(BTA) NaCl 96 5 50+£5 [Ref. S3]
Polyvinyl butyral @ gallic acid  3.5wt%
. 1 120+ Ref. S4
Jepoxy (PVB@GA/EP) NaCl 0863 3 0£5  [Ref. S4]
Polyvinyl alcohol/ chitosan@  3.5wt%
31 2 120+ Ref.
linseed oil/8-hydroxyquinone NacCl 90.3 8 0% [Ref. S5
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(PVA/CS@LO/8-HQ)
2-mecapobenzothiazole-loaded

halloysite nanotube@ 3.5wt%
52 Ref. S6
Polycaprolactone/epoxy NaCl 92 36 [Re |
(HNTs-MBT@PCL/EP)
Polydopamine@ o
benzotriazole/epoxy 313:(‘51% 80.05 105 50+£5 [Ref. S7]
(PDA@BTA/EP)
Benzotriazole @ linseed 3.5wt%
oil /epoxy (BTA@LO/EP) NaCl o8 172 400 [Ref. 58]
- i 0
8-hydroxyquinone@ 3.5wt% 23.56 75 7545 [Ref. 9]

polyaniline (8-HQ@PANI) NaCl
Epoxy/2- benzotriazole / 0
halloysite clay 3:5W% 90 168 80+10  [Ref. S10]

nanotubes (EP/2-BTA/HNTSs) NaCl
3.5wt% This

This work NaCl 99.53 1.77 21.59 work

(C43H,,C00),Ca (C;5Hy,CO0),Ca@MXene (C,;HCOO),Ca-TA@MXene

31d

Fig. S14. EDS mappings of various samples versus different immersion time (0d, 7d, 17 d,
and 31 d) (31-34) Al, (bl-b4) (C13H27COO)2C3, (C1-C4) (C13H27COO)2C21@MX€H€, and (dl-d4)
(C13H,7,C0O0),Ca-TA@MXene coating.
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Fig. S15. XPS spectra of (C13H,7C0O0),Ca coating after immersion in 3.5wt% NaCl solution:
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Fig. S16. XPS spectra of (C,3H,7,CO0),Ca@MXene coating after immersion in 3.5wt% NaCl
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solution: (a) Survey spectrum, (b) Cls, (c) Ols, (d) Ca2p, (e) C12p, (f) Ca2p.
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Fig. S17. XPS spectra of (C;3H,7,CO0),Ca-TA@MXene Ca2p after immersion in 3.5wt.%

NacCl solution.
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Fig. S18. (a) Nyquist plots, (b) Bode impedance plots, (c¢) Bode phase plots of the artificially
scratched Al after immersion in 3.5wt% NaCl solution, the (d) |Z|oo1uz, (€) Re, and (f) R¢; of
artiﬁcially scratched Al, (C13H27COO)2C3, (C]3H27COO)2C&@MX€HC, and (C13H27COO)2C3-

TA@MXene samples versus different immersion time.
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Fig. S19. Equivalent circuit model of the scratched Al alloy versus the immersion time..
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Fig. S20. Equivalent circuit model of the scratched (C3H,;C0O0),Ca coating versus the
immersion time.



Fig. S21. Equivalent circuit model of the scratched (C,3H,;COQO),Ca@MXene coating versus

the immersion time.
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Fig. S22. Equivalent circuit model of the scratched (C;3H,;CO0),Ca-TA@MXene coating

versus the immersion time.



Table S7. Electrochemical parameters obtained from the EIS plots of the scratched Al alloy

versus the immersion time.

R CPE,/CPEp CPE,
Sampl s( Rc( YO YO Rct(ﬂ
L(H LH R,(Q C,(F
e Q 0 (Sem (H) S.em (H) 1€) 1(F) )
) Z.Sn) Z.Sn)
344 216 0.0003 05 0.002 09 2.466 6.419x 1.072x10
12h T e 82 1286 7 ST T o p 8527
6 6
48h 828 918 5.182x (())(2); / 1.071 | / 1.935x  1.684x10 4204
5 .6 103 5 x107 104 10
0.9 0.7
120  0.16 509 5.972x 9.404 1.79x10-
W19 4 100 B gs B 7.872 s 7964
3 6
0.7 0.9
192 7.52 145 0.0001 2.658 5.663x
h 6 ) 956 289 2325 <105 222 30.04 10% 0.008431 5052

Table S8. Electrochemical parameters obtained from the EIS plots of the scratched

(C43H,7,C0O0),Ca coating versus the immersion time.

R CPE; CPEy,
Sampl s( Rc( YO YO Rct((2
L(H LH R,(Q Cy(F
e Q 0 (Sem n (H) S.em 0 (H) 1) 1(F) )
) Z.Sn) Z.Sn)
3.8 0.3 0.8
141. 3.978x% 1.425 1.066 2.496x10 1.412
12h 22x 23 / 38 8100
8 104 10 5 x10 6 x10% 6 x10%
1.6 0.5 0.7
48h 0.01 29x 1.078x 26 / 1108 04 / 501.6  0.003098 6516
10 x10©
10% 5 4
0.4 0.8
120 931 1.01x1 5.985 9.401x  2.957x10
h 0.01 g 0 99 226 X109 33 1377 10% 9 5589
8 1
192 742 2.0 2.226x% 1.23x 1.004
' ' . : . 40.2 .0014 )
h 9 (ﬁ)j 10°5 0.8 / 107 0.8 / 640 0.00143 <104

Table S9. Electrochemical parameters obtained from the EIS plots of the scratched
(C13H,7,CO0),Ca@MXene coating versus the immersion time.

Sampl R R CPE, L(H) CPEq LM R(@Q CF) RQ
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s( Y() Y()

e Q Q) S.ecm n (S.em~ n )
) Z.Sn) Z.Sn)

6.6 0.4 0.4

12h 10 43x 1.261x 20 / 8.309 67 / / / 3.855

107 x1077 x104
104 4 9
1.9 0.6
0.69 0.0001 04 2.041 2.054

48h 35 97x 161 / <106 13 104 / / 4050
104 2
3.1

120 46.2 5.532x% 9.759 4.845x10 1.145
42 . . 137.

h g X 105 0.8 / <107 0.8 / 37.9 s <104
10*
2.0 0.7

192 51.0 77% 2.814x% 15 7.159x 4791 0.8 0.295 1479 0.000220 1.793

h 9 10 10- 7 1019 x107 67 2 ’ 4 x104

Table S10. Electrochemical parameters obtained from the EIS plots of the scratched
(C13H,7,C0O0),Ca-TA@MXene coating versus the immersion time.

R CPE; CPEy
Sampl s( Rc( YO YO Rct(ﬂ
LH LH R,;(Q CF
e Q Q) Sem n (H) (S.em™ n H) 1) () )
) Z.Sn) Z.Sn)
7.3 0.5 04
2h 100 04x D% g, 3003 / / 5112
107 %103 x10%
104 4 5
393 1.2 0.6 0.5
a8h 5x10 26x 10 36 4 OO 2O 000 0.004631 6248
10 x10 x10
4 104 1 8
2.8 0.5 0.6
120 8.16 2.671x 4.109 3.825 1.259
T s TR 00 T o8 TR 2975 0002202
104 3 1
192 10 612i 1.223x% %2 4.982x 2.224 %? 274 6 2.53x1  2.258x10 1.953
h 106 10° %107 ) 04 -5 x10°

103 6 5
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Fig. S23. Polarization curves of the scratched Al, (C,3H,;C0O0),Ca, (C,3H,;C0O0),Ca
@MXene, (C3H,;C00),Ca-TA@MXene samples after immersion tests for 8 days.
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Fig. S24. Optical images, SEM images, EDS mappings, and atomic percentages of the
scratched samples before and after immersion test for 192 h in 3.5 wt.% NaCl solution: (a;-a4)
before and (b;-bs) after immersion tests for Al alloy, and (c;-c4) before and (d;-d,) after
immersion test for (C;3H,7;COO),Ca coating.
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