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H I G H L I G H T S   A B S T R A C T  
• Brass samples were coated by Epoxy/ 

tungsten trioxide nanoparticles.  
• Potentiodynamic polarization corrosion test 

was used to study the corrosion behavior of 
the coated samples. 

• The epoxy nanocomposite coating improved 
the protection performance against 
corrosion. 

 Metal corrosion is one of the most critical challenges in industrial processes. In 
this research, nanocomposite coating was synthesized by blending tungsten 
trioxide (WO3) nanoparticles with Epoxy resin and applied on brass samples to 
evaluate the performance of corrosion protection under stressed environments. A 
dip-coating method was adopted to coat the brass sample's surface. Coated and 
uncoated brass samples have been subjected to corrosion tests to study the 
corrosion behavior when exposed to corrosive media. Obtained results indicated 
that the brass coated samples with mixed epoxy\tungsten trioxide (WO3) 
exhibited reasonable corrosion resistance because of the ceramic protective 
barrier on the surface of the metal. Therefore, the proposed methodology could 
be considered as a promising surface coating that promotes corrosion resistance 
under stressed industrial conditions. 
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1. Introduction 
Corrosion is the process that involves the degradation of metals when they are exposed to a stressed natural or industrial 

environment. The anode is the corroding metal in the fluid, and the metal ions are released into the solution after the anodic 
oxidation reaction. Corrosion process is only possible if the cathodic reaction like dissolved oxygen reduction is consumed the 
electrons generated by this reaction. A path with electrically conductive must be present allowing the electrons to be able to 
pass between two locations between these locations [1]. Corrosion of metals is problematic causing significant economic losses 
worldwide. Economic losses due to the corrosion of metals could exceed USD 100 billion annually, and that may exceed the 
sum of economic losses of natural disasters like wildfires, river floods, and sea typhoons [2]. Additionally, corrosion of metals 
in industrial activities may lead to unprecedented accidents because of the failure of structural materials [3].  

Copper alloys are highly corrosion resistant in a lot of aqueous and atmospheric environments. Brass is the most common 
copper alloy, and it is susceptible to dezincification, dealloying, and impingement attacks. Copper–Zinc alloys that include zinc 
more than 15% are susceptible to this type of corrosion. When Zinc is removed a weak and porous layer of copper and copper 
oxide is results [4].   

Heavy ions of metals are released then diffused into the soil, water, and crops making serious pollution to the environment 
[5, 6]. Therefore, it is vital to decrease the dangers of corrosion of metals. There are a few different ways to prevent the 
corrosion of metals in various engineering fields. In the meantime, the main ways for the protection of metals involve alloying 
treatment [7,8], adding corrosion inhibitors [9], electroplating spraying [10,11], methods of electrochemical protection [12] and 
non-metallic coatings [13–15] etc. 

A general method for metal protection from corrosion is to apply coatings or protective films, and they also enable the 
required properties of the metal to be coated by the chemical modification of these coatings for example optical appearance, 
mechanical strength, bioactivity, and so on [16]. The coating is considered as a barrier to reduce or prevent direct contact 
between the surface of the metal and the corrosive media [17]. Shen et al. are prepared a uniform coating of TiO2 nanoparticles 
on steel by the sol-gel method. The electrochemical techniques demonstrated that the coatings exhibit excellent anti-corrosion 
performances [18]. Also, L. Fedrizzi et al. studied the barrier properties of electrophoretic coating (Epoxy resin) and 
polyurethane coating with metallic pigments. Optical microscopy was used to evaluate the capacity of these coatings to cover 
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the surface of the substrate. Also, the electrochemical behavior of coated substrates is studied by electrochemical impedance 
spectroscopy in a 3.5% sodium chloride solution [19]. A similar explanation was presented by HaeRi Jeon et al. They prepared 
coating consisting of Epoxy and multi-walled carbon nanotubes. The impact of the multiwalled carbon nanotubes on corrosion 
resistance was examined. Coated steel surfaces show high protection against corrosion [20]. Xavier [21] analyzed the impact of 
introducing antimony oxide nanoparticles in epoxy coatings by scanning electrochemical microscopy in 3.5% sodium chloride. 
(3 mercaptopropyl) trimethoxysilane was added for nanoparticles modification to better disperse the nanoparticles and enable 
chemical interactions between nanoparticles and epoxy resin. the antimony oxide-grafted epoxy coating had better anti-
corrosion properties.The aim of this study is to development of an epoxy coating using tungsten trioxide nanoparticles as the 
additive material and to evaluate the barrier properties of the coating on brass samples and to study the corrosion behavior 
when it is exposed to seawater. 

2. Experimental Work 
2.1  Materials 

2.1.1  Brass alloy (B-111) sample 
Copper alloys are defined as metal alloys that have the copper element as the primary constituent. the most well-known tr 

Epoxy resin. Epoxy resin (made by Sikadure-52 and complies with ASTM C881-78 Type I, Grade 1 Class B+C) was used as 
the basic material for the preparation of the coating solution. It has many advantages such as high mechanical and adhesive 
strength, low viscosity, solvent-free, useable at low temperature, hard but not brittle, shrinkage-free hardening, and suitable in 
both dray and damp conditions. Epoxy resin is in the liquid state, so a hardener is added to it, where we notice after a certain 
period the epoxy turns into a viscous state and then solidifies. The hardener for epoxy is added in proportion 2:1 then it is 
subject to mixing. 

2.1.2 Tungsten Trioxide                                                                                                                                     
Nano Tungsten Trioxide (WO3) (made by HONGWU NEW MATERIAL) with a purity of 99.9%, APS of 50 nm, and 

yellow color were used as an ingredient of the coating solution to strengthen the properties of the epoxy resin. 

2.2 Preparation of samples 
Brass tubes were cut into small samples of 2 x 2 cm in dimensions. These samples are pressed using a hydraulic press to 

obtain a flat surface, then abrade the samples using silicon carbide papers to ensure the adhesion of the coating to the surface. 
Then clean these samples with distilled water and acetone to get rid of dirt, dust, and grease to achieve good adhesion of the 
coating to the surface of the sample. 

2.3 Preparation of Epoxy coating 
The epoxy coating solution was prepared by adding the hardener to the epoxy at a ratio of 1: 2 and subjected to continuous 

mixing for ten minutes by a magnetic stirrer (LabTech) until homogeneity is achieved between them. 

2.4 Preparation of nanocomposite coating 
The coating solution was prepared by mixing specific proportions of nanostructured tungsten trioxide (1% wt, 2% wt, and 

3% wt) separately with epoxy resin by magnetic stirrer (LabTech) for three continuous hours, then this solution was subjected 
to an ultrasound device for thirty minutes to ensure the dispersion of the nanoparticles in epoxy resin. After that, a hardener is 
added to this solution and mixed with a magnetic mixer for ten minutes, then it is ready to be used in coating the samples. 

2.5 Coating process 
The process that is used in this work to coat the brass sample is the dip-coating method. Dip coating is one of the simplest 

and most effective techniques where it can be made in uniform films. The dip-coating method involves the Immersion of the 
brass sample in the coating solution at a constant speed then this sample remains in the coating solution to be fully coated. 
After that, the sample is withdrawn at a constant speed too. Finally, the coated sample was left at room temperature for 24 
hours for drying. An additional kind of copper alloy is brass. Brass is a copper-zinc alloy with variable proportions of these 
elements to obtain different mechanical, chemical, and electrical properties. Brass may contain minor amounts of other 
elements as shown in Table 1. 

Table 1: The chemical composition of the brass alloy (B-111) using the examination of X-ray fluorescence 

Cu ZN Pb P Sn Mn Ti Fe 
73.32 25.08 0.0084 0.0017 0.001 0.006 0.0042 0.09 
Sb Mg Al Si Cd V Zr Ni 
0.001 0.032 0.057 0.0026 0.003 0.0021 0.02 0.097 
Nb Mo W Cr Co As Ag S 
0.0021 0.175 0.021 0.0579 0.045 0.0005 0.0011 0.002 

3. Results and Discussion 
3.1 Measurement of corrosion rate 

There are a variety of methods used for corrosion tests. Some methods have acquired specific recognition. The 
potentiodynamic polarization corrosion test is one of these methods where this type of corrosion test is broadly used. So in this 
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work, the potentiodynamic test was used to study the characteristics of corrosion behavior of coated and uncoated brass 
samples when they were exposed to corrosive media. The corrosion experiments were carried out by methods of 
electrochemical polarization tests done with a solution of 3.5% of sodium chloride at room temperature for a certain period. 

In this test, the test electrode is exposed to a wide variety of potentials, which causes a dominating oxidation or reduction 
process on the surface of the metal (depending on the polarization direction) and, as a result, an appropriate current to be 
created. The polarization curve is obtained by plotting the potential as a function of current density (I) (or log I) for each 
measured point. the value of the corrosion voltage and corrosion current is determined. The intersection point of both the 
tangents of the anode curve and the cathode curve, which represents the point of equilibrium for the potential, represents the 
corrosion current value. The x-coordinate indicates the logarithmic values of the corrosion current density, and the y-
coordinate indicates the corrosion potential). The polarization curve can be used to calculate the corrosion rate and corrosion 
potential of the metal sample. The benefit of this method is evident in the ability to detect localized corrosion, the ease and 
speed with which the corrosion rate may be determined, the effectiveness of corrosion protection, and so on. 

Figures (1 – 5) show the polarization curves of the coated and uncoated brass samples. Where it can be noted that the 
uncoated brass sample has the highest corrosion rate compared to the other coated brass samples, and where both the corrosion 
rate and the corrosion current have the highest values, but the corrosion potential has the lowest value. Also, it can be noted 
that the values of the corrosion rate and the corrosion current start to decrease gradually beginning with the brass sample 
coated with neat epoxy, where there is a considerable drop in both the corrosion rate and the corrosion current, as well as an 
increase in the value of the corrosion potential. When varying amounts of WO3 nanoparticles were added to the epoxy resin, 
both the corrosion rates and corrosion current dropped dramatically, while the corrosion potential began to increase to levels 
much beyond those of the uncoated brass sample. This is due to adding the nanoparticles to the epoxy resin that leads to 
reducing the number of micro-defects that may present in the coating layer which would accelerate corrosion. As a result of the 
nanoparticles, the structure of the coating layer was changed, became more uniform and cohesive, and limiting flaws that 
increase the corrosion rate, as evidenced by the drop in corrosion current and rise in corrosion potential. With the increase in 
the weight ratio of the nanoparticles, the material seeks to approach the behavior of noble metals. Also, it can be noted from 
these results the corrosion rates values decrease as the weight ratio of WO3 nanoparticles added to the epoxy resin increases as 
shown in Table 2. So, the presence of WO3 nanoparticles is very necessary to act as a strong barrier against corrosion products. 
The current density of corrosion current Icorr is used to calculate the corrosion rate from the Faraday equation: 

 Corrosion rate (mm/year) = K. EW. Icorr /p  (1) 

K = 3272 mm / Amp.cm.year, EW: Equivalent weight of corroding species (gm), Icorr: The current corrosion density of the 
samples in Amp / cm2. (It can be obtained from Table 2), p: The density of the metal in (gm/cm3) , 

 Equation values for the brass metal used: 
EW: Equivalent weight of brass = 31.91 gm, p: The density of brass = 8.75 gm/cm3, For example: The uncoated brass 

sample: Corrosion rate = (3272 * 31.91 * 690.2 x 10-6) / 8.75     = 8.23 mm / year 

Table 2: The values of corrosion rates and corrosion currents of the coated and uncoated brass samples 

Sample No. Coating materials Ecorr (mV) Icorr (Amp/cm2) Corrosion Rates (mm/y) 
1 Without coating -1186.6 mv 690.21 µA/cm² 8.23 mm/yaer 
2 Epoxy -383.5 mv 3.06 µA/cm² 3.6 × 10ˉ² mm/yaer 
3  Epoxy + 1% wt of WO₃ -218.2 mv 167.83 nA/cm² 2 × 10ˉ³ mm/year 
4 Epoxy + 2% wt of WO₃    -241.2 mv 47.2 nA/cm² 5.6 × 10ˉ⁴ mm/year 
5 Epoxy + 3% wt of  WO₃ 152 mv 41.28 nA/cm² 4.92 × 10ˉ⁴mm/year 

 
Figure 1: The polarization curve of the uncoated 
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Figure 2: The polarization curve of the brass sample coated with the neat epoxy 

 
Figure 3: The polarization curve of the brass sample coated with epoxy and 1% 

                                                wt of WO3 nanoparticles 

 
Figure 4: The polarization curve of the brass sample coated with epoxy and 2% 

                                                wt of WO3 nanoparticles 

 
Figure 5: The polarization curve of the brass sample coated with epoxy and 3% 

                                                wt of WO3 nanoparticles 
4. Conclusions 

The consequence of mixing WO3 nanoparticles with Epoxy resin was evaluated by electrochemical polarization tests. The 
presence of WO3 nanoparticles enhances the capacity of Epoxy to prevent the entering of corrosion products into the epoxy 
matrix. So, the samples coated with Epoxy and WO3 nanoparticles exhibit higher corrosion resistance than that of the sample 
coated with Epoxy only. The epoxy nanocomposite coating improved the protection performance against corrosion and the 
corrosion resistance increases when the weight ratio of WO3 nanoparticles increases. 
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