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Abstract – This study demonstrates the influence of 

addition of nano carbon on the corrosion resistance of 

an epoxy coating. Homogeneous epoxy coatings con-

taining of different values of nano carbon were suc-

cessfully applied on steel substrates by room tempera-

ture curing of fully mixed epoxy coatings. The elec-

trochemical monitoring of the coated steel over 60 

days of immersion in 3 wt.% NaCl solution suggested 

the useful role of nanoparticles in appreciably improv-

ing the corrosion resistance of the coated steel and the 

used nanoparticle show good results. 

 

1. Introduction 

Epoxy coating has been widely used as a material to 

protect of the strengthening in material structures, 

because of its excellent chemical resistance, good 

electrical insulating properties, and strong ability to 

heterogeneous materials [1–3]. Epoxy coatings gener-

ally decrease the corrosion of a metallic substrate sub-

ject to an electrolyte, because they act as a physical 

barrier layer to control the entrance of harmful spe-

cies. Second, they can serve as a reservoir for corro-

sion inhibitors to aid the steel surface in resisting at-

tack by aggressive species such as chloride anions. 

Epoxy coating shows poor resistance to the beginning 

and spread of cracks [4]. Such processes initiate local-

ized defects in the coating and damage their appear-

ance and mechanical strength. The defects can also act 

as ways accelerating the entrance of water, oxygen 

and destructive species onto the metallic substrate. In 

recent year, with the improvement and the develop-

ment of using the particles at nanometer scale, good 

progresses have been made in this area. In fact, the 

barrier performance of epoxy coatings can be en-

hanced by the incorporation of a second phase. Inor-

ganic filler nanoparticles can be dispersed within the 

epoxy resin matrix. The incorporation of nanoparti-

cles into epoxy resins offers environmentally benign 

solutions to enhancing the integrity and strength of 

coatings, since the fine particles dispersed in coatings 

can fill cavities and crack deflection. In addition, 

epoxy coatings containing nanoparticles offer signifi-

cant barrier properties for corrosion protection and 

reduce the trend for the coating to blister or delami-

nate. 

This work studies the influence of nano carbon, on the 

anticorrosion behaviour of epoxy coatings. It is ex-

pected to shed more light on the fundamental mecha-

nisms through which nanoparticles interact with the 

epoxy matrix and thus provide guidance for the design 

of high-performance epoxy coatings used for corro-

sion protection of steel. 

 

2. Materials and Methods 

The epoxy resin and its hardener used in this research 

were obtained from Shell Inc. (France). The weight 

ratio of the epoxy resin to the hardener was 2:1. Nano 

carbon with a mean diameter of 50 nm and faceted 

morphology were purchased from Nafza Nano Prod-

uct Co. (Iran). The steel coupons purchased from 

Metal Samples; Sodium chloride (NaCl) and acetone 

were purchased from Merck. The three-electrode elec-

trochemical cell used to conduct EIS measurements 

consisted of the epoxy zinc-coated carbon steel as the 

working electrode (exposed area: 13.9 cm2), a satu-

rated calomel reference electrode, and a carbon coun-

ter electrode in 0.5 N NaCl solution. The impedance 

modulus and capacitance of the epoxy zinc coated 

carbon steel were calculated and the impedance values 

were obtained by applying a sine wave of 50 mV am-

plitude in the frequency range 100 kHz to 100 mHz. 

 

3. Results and Discussion 

The corrosion protection of steel coated with epoxy 

zinc, with or without the addition of nano carbon, was 

examined by EIS tests. From results of EIS analysis in 

the figure 1, it is evident that epoxy coatings with 

0.1% nano carbon shows the best results after 1 day 

and demonstrates higher corrosion protectiveness, 

which is supported by their higher adhesion strength. 

From the figure 2, after 1 week, the blank sample 

without the addition of nano carbon has the lower 

resistance and demonstrates higher corrosion protec-

tiveness. 
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Fig.1. Bode plots for epoxy containing conventional () blank 

sample (▲) 0.005% nano carbon (♦) 0. 1% nano carbon; immersed 

in 5% NaCl solution after 1 day. 

 

 

 

 

 

 

 

 

Fig.2. Bode plots for epoxy containing in () blank sample (▲) 

0.005% nano carbon (♦) 0.1% nano carbon; immersed in 5% NaCl 

solution after 1 week. 

4. Conclusions 

The conclusions which can be drawn from the results 

of this study are as follows: Increased contents of 

nano carbon resulted in higher conductivity, associat-

ed with the cathodic protection of carbon steel. The 

addition of nano carbon increased the adhesion 

strength of epoxy coatings, with this effect becoming 

more apparent. Also, the observed decrease in the 

impedance modulus in the low-frequency region could 

be correlated with the corrosion occurrence on the 

epoxy zinc-coated carbon steel with nano carbon. 

Smaller amounts of corrosion products were formed 

in epoxy coatings containing nanocarbon, a phenome-

non attributed to increased conductivity and high ad-

hesion strength of the epoxy coating, which corre-

sponded well with the corrosion resistance. It is evi-

dent that epoxy coatings with 0.1% nano carbon 

shows the best results after 1 day and demonstrates 

higher corrosion protectiveness. After 1 week, the 

blank sample without the addition of nano carbon has 

the lower resistance and demonstrates higher corro-

sion protectiveness. 
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