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1. Electrochemical measurement results

The total impedance of the EEC (equivalent electrical circuit) for data fitting in Figures
9e and 13e is expressed as Equation. S1:

Ziotal = Rs +

Qcoat (jw)%*eoat + R N 1 (S1)
pore 1 adl + ;
le(]w) Rct + ZWS

2. Breakpoint frequency analysis

For all the EIS measurements, only the lower breakpoint frequencies (fi) were availa-
ble, and these values are plotted for the coatings prepared from both formulae C1-04%-
PC and C2-08%-PC in Figure Slc. In line with the R, values, the coatings with larger par-
ticles at their optimal dosage exhibited a better barrier effect, as indicated by the lower fi
values over time. The breakpoint frequency analysis indicated abrupt changes in the coat-
ing behavior on Days 7 (C1-04%-PC) and 3 (C2-08%-PC), which were close to the findings
of Days 9 and 4 in the Nyquist plots and subsequent EIS fitting. These changes confirmed
the inception of localized steel corrosion, after which These changes confirmed the initia-
tion of localized corrosion of the steel, after which the diffusion of soluble corrosion prod-
ucts became important, as indicated by the need for a Warburg element in the EIS equiv-
alent circuit.
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Figure S1. Fitted values of (a) Rpore, (b) Ceoat, and (c) lower breakpoint frequencies determined on
coatings prepared from the formulae C1-04%-PC and C2-08%-PC.

3. Corrosion products and corrosion reactions

X-ray diffraction (XRD) and Raman spectroscopy were used to identify the corrosion
products and reactions in the coatings. The characteristic peaks for individual species
were labeled on the diffraction patterns and spectra in Figure S2a—d.
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Figure S2. (a,b) XRD patterns and (c,d) Raman spectra of the coatings prepared from the formulae
PC-Control and C1-04%-PC.

Akageneite (3-FeOOH), lepidocrocite (y-FeOOH), magnetite (FesOs), and maghemite
(v-Fe203) were detected as corrosion products, with the presence of Cl™ facilitating the
formation of akageneite [74].

The corrosion reaction of the steel substrate under the coating films was determined
to involve the oxidation of Fe to Fe(OH):, followed by the oxidation of Fe(OH): through
multiple routes (Equation S2. 9, Figure S3), with the coatings functioning as barrier layers.



The presence of nanoclay particles in the coatings did not affect the corrosion reaction or
the species formed [74].
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Figure S3. Corrosion reactions of the steel substrate under the coating films.

This study has employed long-term electrochemical (in an electrolyte) and salt spray
(in atmosphere) testing approaches and found slightly contradicting results because of the
nanoclay swelling, which in some cases had a self-healing effect, required water from the
electrolyte. This finding might imply that the self-healing effect of nanoclay-containing
coatings might depend on the humidity and environmental conditions during service life.
Future studies should investigate the effects of these factors.



