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ABSTRACT 
Background: With a glimpse of the industry and trade sectors and even in everyday life, we will learn 
that metals, especially iron and steel are used in many parts of efficient tools. Objective: In this study, we 

conduct a survey, especially in oil and gas pipelines because the corrosion of these metals causes extreme damages for oil 

and gas companies Alpha Alumina Nanoparticles were added to epoxy paint with a mass fraction of 1, 2 and 
3% and produced paints are coated on small pieces of steel. Results: Measured results of electrochemical 
impedance spectroscopy test of steel coated with paint in brine solution of 3% and also Salt Spray test 
showed that firstly, adding Alumina nanoparticles increased the resistance of steel plate against 
corrosion and secondly, paints containing 2% of nanoparticles leaded to the most resistance to 
corrosion. Conclusion: By performing different tests, we concluded that samples containing 
nanoparticles are significantly superior to the control sample and show a higher resistance to the 
corrosion. Concerning the amount of nanoparticles, samples containing 2% by weight of Alumina 
nanoparticles show the greatest possible resistance to corrosion 
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INTRODUCTION 

 

Corrosion in a phenomenon that is more frequent in the new era with the increasing use of metals, 

particularly iron and steel (for multiple reasons such as cheaper costs than other metals). With a glimpse of the 

industry and trade sectors and even in everyday life, we will learn that metals, especially iron and steel are used 

in many parts of efficient tools. In this study, we conduct a survey, especially in oil and gas pipelines cause the 

corrosion of these metals causes extreme damages for oil and gas companies [1]. Iron is easily corroded or in 

general term, it is rusted in moist environments because of its more negative electrochemical potential than other 

metals. To prevent this from happening, there exist different solutions such as galvanizing, anodic and cathodic 

protection, use of coatings etc. [2]. In the present study, we decided to enhance epoxy coating with Alumina 

nanoparticles to increase steel resistance against corrosion [3]. Different studies have been done recently in this 

area to improve coatings with nanoparticles. In similar cases, nanoparticles of Zn&SiO2 [4], ZnO [5] and Fe2O3 

[6], were used in the same epoxy coating 

 

MATERIALS AND METHODS 

 

In this research, we used resin epoxy with hardener (with commercial code of CPR100, product of Pars 

Negar Company of Isfahan) with epoxy to hardener weight ratio of 4:1. We also used Alpha Alumina 

nanoparticles with an average diameter of 80 nm (product of US research nanometrials, Inc) as a factor 
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increasing corrosion resistance. The metal is carbon steel (steel used in construction of tin plated steel sheet, 

product of Mobarakeh steel company), saltwater solution of 3%, acetone and other materials are used in this 

study. 

 

 

Preparation of coating and sample: 

After cutting steel to 4*5 cm pieces, we removed rust from them with hydrochloric acid and then we 

degreased them with dishwashing liquid. We combined a certain amount of epoxy paint with an equal weight 

amount of diluted acetone and in various experiments, Alpha Alumina nanoparticles were added to the solution 

with weight ratio of 1, 2 and 3% (proportion of acetone-epoxy mixture solution to alpha-alumina nanoparticles). 

By using rapid stirring for 10 minutes and ultrasound probes for 15 minutes, the mixture was homogeneous [7]. 

In the following, hardener was also added with equal weight to acetone and the solution was again 

homogeneous. Then by using electric heaters, acetone was evaporated at 70 °C. Finally by using film applicator, 

the resulting mixture was coated on steel specimens and samples were stored in room temperature for 7 days so 

that the coating reaches the necessary chemical resistance for being ready to be tested. 

 

Electrochemical and salt spray tests: 

In these experiments, the three-electrode system was used. Coated steel sample were used as electrode and 

graphite rode and Ag/AgCl electrode were used respectively as the auxiliary and reference electrodes. Thickness 

of coating was 45 micrometers and the trial corrosive environment was saltwater solution of 3%. We used 

Electrochemical Impedance Spectroscopy (EIS) and Linear Sweep Voltammetry (LSV) and also salt spray test 

to measure the corrosion resistance of coatings. After all samples were subjected to saltwater solution of 3% 

during 22 hours, LSV and EIS tests were taken from them by using potentiostat device, model autolab. EIS test 

was done in the open circuit voltage and frequency range of 10 mHz to 10 kHz and LSV test was done in 

potential range of –1 to 1 with voltage scan rate of 0.1mV/s. Corrosion potential and polarization resistance are 

obtained from LSV test and the corrosion rate is obtained from the formula of Icorr=B/Rp 

 

RESULTS AND DISCUSSION 

 

The results of EIS test; results of this test is shown in Figure 1. 

 

 
 

Fig. 1: EIS graph of coated samples of 1, 2 and 3 wt% after 22 hours of immersion in saltwater. 

 

For numerical analysis of the Figure above, graphs must be complied with an equivalent circuit, Figure 2 

shows this equivalents circuit. In this circuit, R0 is the symbol of solution’s resistance. R1 and C1 are 

respectively the resistance and capacitance of coating. R2 and C2 are respectively charge transfer resistance and 

the double layer capacity. Results are shown in Figure 3. 
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Fig. 2: Equivalent circuit 

 
Fig. 3: Corrosion resistance of 1, 2 and 3 wt% samples compared with control 

 

As we see in the graph, resistance of coatings containing nanoparticles is much more than the resistance of 

control sample and also the sample of 2% showed the highest resistance. 

 

Results of LSV test: 

Three important parameters of “corrosion potential”, “corrosion current” and “polarization resistance” were 

obtained from LSV test. 

 

Polarization resistance: 

This parameter is defined as the electron transfer resistance between the coating and the electrolyte and is 

obtained by reverse slope of LSV graph [8]. Figure 4, shows comparison between polarization resistance of 

samples of 1, 2 and 3% and the control sample. This test also shows that samples with nanoparticles are much 

more resistant to corrosion than the control sample and as EIS Figure reveals, the amount of 2% by weight 

showed the most resistance. In some ways, this test confirms the results of EIS test. 

 

 
 

Fig. 4: Comparison between polarization resistances of samples containing nanoparticles with control after 22 

hours immersion in saltwater (3%) 

 

Corrosion current: 

This parameter indicates the amount of transferred electrons between coating and steel samples. It also 

shows the corrosion rate of steel. Corrosion current can be obtained by the formula Icorr=B/Rp and B=25mV 
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shows steel corrosion. Figure 5 shows the comparison between corrosion current of samples containing 

nanoparticles with control sample. 

 
 

Fig. 5: Comparison between corrosion current of samples containing nanoparticles with control after 22 hours 

immersion in saltwater (3%) 

 

It is evident in the graph that corrosion current has significantly decreased, it means that the amount of 

transferred electrons between coating and steel has greatly reduced so the corrosion occurred less with 

nanoparticles. 

 

Corrosion potential: 

This parameter shows metal tendency to oxidation (corrosion), when the metal corrosion potential is more 

negative, its tendency to oxidation (corrosion) is higher and vice versa. In this article, we searched solutions to 

make more positive the steel substrate corrosion potential or reduce its tendency for being corroded. Figure 6 

shows the comparison between the corrosion potential of samples with different percentages of nanoparticles 

and control sample. 

 

 
Fig. 6: Comparison the corrosion potential of nanoparticle sample after 22 hours of immersion in salt water (3 

wt%) 

 

It is also clear form this graph that the corrosion potential is more positive, in other words, tendency to 

corrosion in sample with nanoparticles is less than control sample. Also as it can be seen, the sample with 2% of 

nanoparticles has the least tendency to corrosion. 

 

Salt spray test results: 

This test that lasted 125 hours had the following results (Table 1). Data of the table shows the time from the 

beginning of test till the time when the first point of rust and corrosion was seen on the metal. 

 
Table 1: Results of salt spray test 
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Control 4h 4h 4h 

Alpha-alumina 20h There was no corrosion spot after 125 hours 50h 

As it can be seen, samples containing 1% and 3% of nanoparticles are rusted after a longer time comparing 

with control sample. And the sample with 2% of nanoparticles is still resistant after 125 hours and there is no 

trace of rust and corrosion on it. 

 

Conclusion: 

We diffused Alpha Alumina nanoparticles on epoxy coating with success in performing electrochemical 

and saltwater spray tests after the deposition of coating on the steel substrate. By performing different tests, we 

concluded that samples containing nanoparticles are significantly superior to the control sample and show a 

higher resistance to the corrosion. Concerning the amount of nanoparticles, samples containing 2% by weight of 

Alumina nanoparticles show the greatest possible resistance to corrosion. 
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