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Pitting corrosion is one of the most destructive forms of localized metal
degradation and poses a serious threat to aerospace structures in chloride-
containing environments. Conventional epoxy coatings exhibit limited protection
due to their permeability and lack of active corrosion-inhibition mechanisms. In
this study, an epoxy coating modified with a hybrid nanocomposite of reduced
graphene oxide (rGO) and a zeolitic metal-organic framework (ZIF-8) was
developed to enhance resistance against pitting corrosion and improve self-
healing performance. Epoxy—nanocomposite films containing 0.5 wt.% of rGO,
ZIF-8, and rGO-ZIF-8 were prepared and applied onto steel substrates. Structural
and microstructural characterization was carried out using FT-IR and FE-SEM
analyses. The anticorrosion performance of the coatings was evaluated under
scratched and intact conditions using electrochemical impedance spectroscopy
(EIS), salt spray testing up to 45 days, cathodic disbondment, and pull-off
adhesion tests. The results demonstrated that the rGO-ZIF-8/EPC coating
exhibited the highest electrochemical resistance, lowest electrolyte permeability,
and superior protective stability compared to other coatings. In scratched samples,
this coating showed a sustained increase in total resistance during EIS
measurements, while salt spray tests revealed that corrosion after 45 days was
mainly confined to the scratched area. Furthermore, improved adhesion strength
and a uniform microstructure were confirmed by FE-SEM observations. The
enhanced performance is attributed to the synergistic effect of the physical barrier
provided by rGO sheets and the controlled release of Zn?* ions and imidazolate
ligands from ZIF-8. Overall, the rGO-ZIF-8 reinforced epoxy coating offers an
active, stable, and self-healing protective system for mitigating pitting corrosion
in aerospace applications.
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