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pH-responsive self-healing composite coatings based on 
modified nanocontainer for corrosion protection of steel. 
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Corrosion inhibition behavior

Table 2. The obtained fitted electrochemical values of the EIS data for the different coated specimens 

immersed in 3.5 wt.% NaCl for different immersion times at room temperature.

Figure 5: a, b) Bode and c, d) the corresponding phase angle plots for the scratched blank 

and epoxy/CeO2 coatings, respectively, after different immersion times in 3.5 wt% NaCl at 

room temperature

Figure 7:  Equivalent circuits used to fit the impedance data for different epoxy coatings at 

different immersion times in 3.5 wt.% NaCl solution at room temperature.

Results and Discussion

Morphological and structural analysis 

\

Figure 1: a), b) and c) TEM images of unmodified CeO2 nanoconatiners and modified CeO2/DDA as well as 

CeO2/NMTU, and their respective EDS analysis. 

Figure 2: FTIR spectra of (a) as-received inhibitors (NMTU and DDA), (b) unmodified and modified CeO2, 

and (c) nanocomposite smart coatings.

Figure 3: TGA curves of (a) as-received inhibitors (NMTU and DDA), (b) unmodified CeO2 and modified 

CeO2, and (c) Nanocomposite smart coating.

Figure 4: SEM images of the scratched reinforced CeO2/DDA (left) and CeO/NMTU (right) epoxy coating 

at different time intervals (0, 24 and 72 h).

Summary
• FTIR analysis confirmed the successfully loading of the inhibitors in CeO2 nanoparticles.

• TGA measurements clarified the loading amount of inhibitors by weight loss measurements. 

• SEM analysis investigated the release of the inhibitors and formation of the protective layer at the scratched area.

• Exceptional protection efficiency reaching 99.8 and 95.7% for the modified epoxy coating with DDA and NMTU, respectively.
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Figure 6: a and b) Bode and c and d) the corresponding phase angle plots for the scratched 

reinforced epoxy/CeO2/DDA and epoxy/CeO2/NMTU coatings, respectively, after different 

immersion times in 3.5 wt% NaCl at room temperature.


