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Figure S1: EDS analysis of a) unmodified CeO2 nanoparticles b) modified CeO2/DDA c) 
CeO2/NMTU 
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Nyquist plot 

The Nyquist plots, which is measured at open circuit potential, for blank epoxy, epoxy/CeO2, 

epoxy/CeO2/DDA and epoxy/CeO2/NMTU coatings in 3.5 wt % NaCl are presented in Figure 

S2. All curves appear in a semicircular in the analyzed frequency range of 100 KHz to 0.01 Hz. 

However, the epoxy/CeO2/DDA and epoxy/CeO2/NMTU coatings curves after 72h immersion 

time were a semicircle with a straight line at lower frequencies, which may be indicative of 

electrolyte penetration within the coating. It is known that the smaller the Nyquist semicircle 

diameter, the smaller the charge transfer resistance through the metal/electrolyte solution 

interface, and consequently, the higher the corrosion rate is. It can be observed that the diameter 

of semicircle decreases with time as the charge transfer resistance (Rct) value decreases for the 

blank epoxy coating. The Rct value for blank epoxy decreased from 1.6 MΩ.cm2 to 29 KΩ.cm2 

due to corrosion activity. The electrochemical behavior for epoxy/CeO2 is similar to the blank 

epoxy where the value of Rct decreased from 600 KΩ.cm2 to 200 KΩ.cm2 due to the absence of 

the inhibitor. The diameter of the Nyquist plot for epoxy/CeO2/DDA coating shows an increase 

in Rct value with time due to better corrosion inhibition. The increase in Rct value is due to the 

release of DDA from the CeO2 nanoparticles that helps to develop the protective layer on the 

steel substrate. Furthermore, it is observed that the Rct value of the epoxy/CeO2/DDA coating 

increased from ~2 MΩ.cm2 after 24 h to 160 MΩ.cm2 after 96 h immersion in the electrolyte. 

This is due to the efficient corrosion inhibition of the inhibitor. For epoxy/CeO2/NMTU coatings, 

the initially Rct value slightly decreased from 2 MΩ.cm2 to 500 KΩ.cm2 after 48 h of immersion. 

Then, once the protective layer developed on the steel substrate due to the release of NMTU 

from CeO2, the Rct values increased reaching to 10 MΩ.cm2 after 120 h of immersion. The 

Nyquist plots of the different coatings are in consistent with the corresponding bode plots.  



 

 

Figure S2: Nyquist plots of a) blank epoxy, b) epoxy/CeO2, c) epoxy/CeO2/DDA and d) 
epoxy/CeO2/NMTU coatings.  


