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Abstract—Graphene-based, molybdenum oxide-based and 

composite coating were prepared by one-step electro-deposition 

without using aggressive solutions. The coatings were 

characterised by Scanning Electron Microscope (SEM). The 

corrosion resistance of the three coatings were evaluated by 

immersion test (ASTM G31-72), salt spray test (ASTM B117-16) 

and potentiodynamicpolarisation, in 5% NaCl and 2% H2SO4 

respectively. All of the results indicated that reduced graphene 

oxide – molybdenum oxide (rGO/MoO) composite coating 

exhibits the highest corrosion resistance in both saline and acidic 

environment. This could be ascribed to the synergistic effect of 

both graphene and molybdenum oxide with the combination of 

high mechanical strength and superior chemical resistance. 

I. INTRODUCTION 

Corrosion can be defined as the deterioration of material 

which chemically reacts with its surroundings. The 

chemical reaction takes place in corrosion processes is the 

reduction and oxidation reaction, which also known as 

redox reaction [1]. It is estimated that the costs for metallic 

materials corrosion is 4% of the gross domestic product of 

the developed countries [2]. It would be even higher if 

protection over corrosion were not applied. It is estimated 

that with the implantation of corrosion protection system, 

the potential losses related to corrosion could be reduced 

by a factor of around 30%. Hence, there are several 

methods applied to prevent or reduce the reaction of 

corrosion [3]. 

Graphene is a good candidate for protective layer because 

of is chemically inertness and thermodynamically stability 

below 400˚C [4]. Besides, graphene has the excellent 

property for the outdoor structure application with the 

combination of high mechanical strength, good electrical 

properties, hydrophobic and heat resistance. However, the 

reduction of Graphene Oxide (GO) to reduced Graphene 

Oxide (rGO) usually involves many kinds of harmful acids. 

These acids have brought a lot of bad impacts to the 

environment. From the standpoint of sustainability, green 

synthesis method can help reduce the severity of 

environmental issues. Hence, electrodeposition method 

without any use of harmful chemicals was suggested [5]. To 

enhance the corrosion resistance, graphene-molybdenum 

oxide composite (Gr/Mo) was introduced. 
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II. MATERIALS AND METHODS 

The corrosion coupons were chemically treated and then 

washed gently with distilled water. The steel strip was then 

connected to the negative terminal which acts as cathode, 

whereas graphite electrode acts as anode. Then, 3” height of 

the steel strip was fully immersed into the electrolyte. 

During the electroplating process, the solution was 

constantly stirred to ensure the elements can be dispersed 

evenly in the electrolyte. In this project, three different 

coating durations which are 10, 20, and 30 minutes were 

chosen and three different voltages - 1, 2 and 3 V were 

applied during electrodeposition process.  

The surface morphology and microstructure of the 

specimens were observed under Scanning Electron 

Microscope (SEM). Immersion test (ASTM G31-72) was 

conducted for 10 days to evaluate the corrosion performance 

of the coated material under a simulated acid rain 

environment, which is 2% sulphuric acid. Salt spray test 

(ASTM B117-16) is simulating sea breeze phenomena by 

using salt mist (5% sodium chloride solution) and take 

advantage of oxygen concentration cell corrosion. The 

specimens were visually inspected for the forms of 

corrosion and the location of deposition for 10 days. The 

cabinet was preconditioned to the operating temperature of 

35°C and fogging the salt solution at the specified rate of 1-

2 ml/hour. 

III. RESULTS AND DISCUSSION 

The SEM image for the base metal and each type of 

coating material were shown in Figure 1. Figure 1(a) shows 

the base metal while Figure 1 (b) and (c) represent graphene 

and molybdenum oxide coating, respectively. Figure 1(d) 

demonstrates the co-existence of Gr and Mo on the 

composite coating which proves that the Gr/Mo composite 

coating was successfully deposited on the base steel.  
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Figure1. (a) SEM image of base steel. (b) SEM image of 

Gr-coated sample, (inset) Gr coating as abstractedfrom a 

journal, by Atta et. al.,2015. (c) SEM image for Mo- 

coated sample, (inset) molybdenum coating 

abstarctedfrom.a journal, by Dauletbay, A, 2016. (d) 

SEM image for Gr/Mo composite coating. 

 

Figure 2 shows the observation of various type specimens 

at different exposure duration under 2% H2SO4 solution.It is 

observed in Figure 2 (a) that uncoated specimen 

encountered the severest corrosion while Gr/Mo composite 

coated specimen shows the least corrosion. Figure 2 (b) 

summarises the corrosion rate of base metal and the three 

coating materials with different coating parameters. 

Comparing to molybdenum coating, graphene coating shows 

a better corrosion resistance performance. This may be due 

to the arrangement hexagonal pattern which enhances the 

chemical stability of graphene, enabling it to resist chemical 

attack under ambient conditions [6]. Gr/ Mo composite 

coatings able to reduce the corrosion rate of base metal by at 

least 53%. 

Figure 3 (a) shows the aesthetic appearance of specimens 

while Figure 3(b) demonstrates the corrosion rate at 

different exposure during under saline (NaCl) environment. 

By observing the aesthetic appearance of the corrosion 

coupon in Day 10, the ranking of corrosion severity for the 

specimen is base metal, with the most serious corrosion 

damage, followed by graphene coated specimen and 

molybdenum coated specimen. Gr/Mo composite coating 

demonstrates the best anti-corrosion performance in Salt 

Spray test which is consistent with the results of immersion 

test. This phenomena can be ascribed to the synergetic effect 

of graphene and molybdenum. The excellent adhesion of 

molybdenum coating decreases the degree of permeability 

for external substance to diffuse through the coating while 

graphene coating can act as physical barrier to the 

aggressive ions.  

In contrast to the result obtained in immersion test, anti-

corrosion efficiency for molybdenum coating is 10% higher 

(in average) as compared to graphene coating. According to 

Shreir (1976), corrosion rate of pure molybdenum under 3% 

NaCl atmosphere is 0.01 mm/yr. This indicates that 

molybdenum has excellent resistance to saline environment. 

Oxide film, specifically MoO3, has great resistance to 

chlorine environment, therefore, slows down the 

electrochemical reaction [7].This phenomena can be 

ascribed to high oxygen-containing functional groups of 

molybdenum coating, which would limit the rate of electron 

transfer [8]. 

 

 
Figure 2: (a) Observation of various type specimens at 

different exposure time under 2% H2SO4 solution, (b) 

Graph of Corrosion Rate against Coating Parameter, 

using immersion test in 2% H2SO4 Solution. 

 

 
Figure 3: (a) Observation of various type specimens at 

different exposure time under 5% NaCl fog environment 

(salt spray), (b) Graph of Corrosion Rate against 

Coating Parameter, Salt Spray Test under 5% NaCl Fog 

Environment (salt spray). 
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IV. CONCLUSION 

Graphene- molybdenum oxide composite coating was 

successfully prepared by one-step electro-deposition without 

using aggressive solutions. Both immersion test and Salt 

Spray test demonstrate that the composite coating exhibits 

the highest corrosion resistance as compared to graphene 

coating and molybdenum oxide coating.  
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