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As depicted in Fig. S1(a2), the impedance modulus value (|Z|) of the WEP coating
at a frequency of 0.01 Hz after 20 days of immersion decreased to 1.67 x 10* Q-cm?.
This decline suggests that the corrosive medium gradually penetrated the coating's
scratches during immersion time, leading to a reduction in the impedance modulus of
the WEP coating. Consequently, the WEP coating was unable to provide adequate

corrosion protection. Based on Fig. S1(b2), the WEP/M-M coating showed the highest



|Z| value of 1.34 x 10° Q-cm? after immersion for 15 days. The corrosion inhibitor of
the M-M-doped coating is released more slowly in the 3.5 wt.% NaCl solution with pH
= 7. The decrease in |Z|o.011. after 15 days may be due to the depletion of MBI. It was
proved that in neutral solution, the MBI from the M-M was not completely released. In
the case of M-M@P coating, as shown in Fig. S1(c2), after immersion in |Zo.01nz for 10
days However, the impedance value of the WEP/M-M@P coating rebounded on the
15th day, indicating that the penetration of the NaCl solution destroyed the integrity of
the coating. Subsequently, the corrosion inhibitor was released from the M-M@P
nanocontainer and adsorbed on the surface of the steel substrate, preventing the
electrolyte from contacting the steel substrate again. This self-healing effect, based on
the on-demand release of MBI from the nanocontainers to provide durable protection
on the scratched area, was not observed for the other studied coatings. Fig. 8(a) shows
the |Z]o.011z after immersion for 20 days. It can be seen that the corrosion resistance and

self-healing properties of the M-M@P coating are higher than the other coatings.
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Fig. S1. Nyquist and Bode plots of carbon steel electrodes coated with different
coatings immersed in the 3.5 wt.% NaCl solution at pH = 7 for different times: (a1),
(a2), and (a3) WEP, (b1), (b2), and (b3) WEP/ M-M, and (c1), (c2), and (c3) WEP/ M-

M@P.

Fig. S2 illustrates the EIS results for various scratched coating samples submerged
in a 3.5 wt.% NaCl solution at pH 4 over a period of 20 days. As depicted in Fig. S2(ai-
a3), the impedance arc radius of the uncoated sample significantly diminishes with time.
Additionally, the magnitude of the impedance, |Z|, decreases from 6.86 x 10* Q-cm? on
the first day to 1.54 x 10* Q-cm? by the 20th day. When the |Z|o.o11 is plotted against
time, a decreasing trend of |Z| can be observed (Fig. 8(b)), indicating that the blank

coating has no self-healing ability. The electrochemical parameters derived from fitting



the equivalent circuit model are detailed in Table S2. These parameters provide deeper
insights into the corrosion characteristics of the metal substrate in the scratched regions.
It can be seen from Table S2 that the value of the charge transfer resistance R.: decreases
with the increase of time. The R represents the corrosion reaction rate in the metal
interface area. The smaller the R, value, the faster the corrosion reaction rate. Therefore,
the blank coating with scratches is severely corroded after a while, and the coating has
failed. The radius of the capacitance loop of WEP/M-M coating gradually decreases by
prolonging the immersion time. This result indicates that the corrosion inhibitor may
be depleted due to its direct release. In addition, the MBI membrane cannot prevent
corrosion for a long time, and it can only delay the corrosion process. Therefore, the |Z|
value decreases with time. This trend can be seen from the |Z|o.o1nz in Fig. 8(b). This
result indicates that the WEP/M-M coating quickly releases the MBI corrosion inhibitor
on the carbon steel surface, and the formed passive film plays a shielding role against
the corrosion reaction. After immersion, the corrosion factors erode the MBI protective
film. Therefore, the |Z| value decreases slightly and gradually reaches a stable value as
shown in Nyquist plots (Fig. S2(c1)). The impedance arc radius of the EIS test on the
first day is smaller due to the scratches in the coating, and the exposed carbon steel
substrate undergoes anodic dissolution when exposed to the corrosive solution.
However, the impedance arc radius increases after 7 days of immersion as the
immersion time increases. This occurrence is attributed to the development of a
protective MBI film in the scratched regions, facilitated by the release of the corrosion

inhibitor from M-M@P. Figure S2(c2) reveals that on the 7th day, the impedance of the



WEP/M-M@P coating increased, signifying that the coating exhibits effective anti-

corrosion and self-healing capabilities.
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Fig. S2. Nyquist and Bode plots of carbon steel electrodes coated with different

coatings immersed in the 3.5 wt.% NaCl solution at pH = 4 after different times: (ai),

(a2), and (a3) WEP, (b1), (b2), and (b3) WEP/M-M, and (c1), (c2), and (c3) WEP/M-

M@P

Table S1 Electrochemical parameters of scratch coatings in 3.5 wt.% NaCl solution (pH

=7 )
Sam tim RS RP CPEP np RL CPEL nr, Rct CPEd nqp
ples e ( x10* x10° x10° X x10*  x10°°
d Q (Qc (S Qc 10* Q-c (S
< m?) stc m?) (S m?) s




m m?) sM-c cm?)

2) m—Z)
1 - 315 615 076 312 526 032 3.2 138 095
3 - 224 848 078 040 0.5 058 205 154 099
WEP 7 . 067 220 088 262 035 064 044 109 0.6]
15 - 166 1001 079 108 024 057 064 149 057
20 - 069 277 077 036 009 064 101 863 0.66
1 - 443 110 099 302 003 077 313 167 042
wEp 3 - 638 656 085 350 008 066 397 511 053
M- 7 . 872 742 1 392 004 098 516 596 0.62
M 15 - 515 465 075 106 025 080 128 163 0.76
20 - 1080 163 075 408 046 075 104 133 033
1 - 18 075 1 669 006 062 954 270 098
WEP 3 - 234 356 041 350 003 080 484 283 08I
M- 7 . 991 689 051 21.1 005 0.68 262 371 0.89
M@
p 15 - 767 114 082 579 004 055 694 209 074
20 - 58 179 097 674 005 038 994 17.19 0.6l

Table S2 Electrochemical parameters of scratch coatings in 3.5 wt.% NaCl solution (pH

= 4)

Sam tim Rs Rp CPEP l’lp RL CPEL np Rct CPEd Ndi

ples e ( x10* x107 x10*  x107* x10*  x10°°
@ Q (©Qc (S Q¢ (S Q¢ (S
¢ md) s™c m?) s™c m?) s
m m) m2) cm?)
%)
1 - 054 090 070 491 032 043 6.98 36.70 0.77
3 - 162 213 054 324 013 096 466 0.021 0.62

WEP 7 . 393 18 087 238 0008 087 376 2334 035
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