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Abstract  

Carbon steel is one of the most common materials used in engineering and industrial applications. 

The low corrosion resistance of carbon steel in certain environments, such as in marine 

environments, is one of the major drawback related to its use. The rate of corrosion of steel in salt 

solution depends on the salt concentration as well as cathode to anode area ratio. In this work, an 

experimental investigation was performed to study the effect of cathode to anode area ratio on 

corrosion rate of carbon steel at different concentration sodium chloride (NaCl wt%) solution. 

Nine Carbon steel samples of known metallurgical composition were used to perform the 

experiments. All carbon steel samples connected with different area of cupper samples (0.5:1, 1:1, 

and 2:1). Each couple of steel-copper samples was individually immersed in three groups of 

plastic vessels filled different chloride concentration solutions (1%, 3% and 5 %) (NaCl wt%). 

Experimental results showed that a corrosion rate is affected significantly by changing the cathode 

to anode area ration, where the corrosion rate increases with increasing cathode to anode area 

ratio. In the addition, the corrosion rate increases with increasing salt concentration up to 3% then 

it decreases afterward. 
 

Key Words: Galvanic corrosion, carbon steel, cathode/anode area ratio, chloride concentration, 

corrosion rate  

 الملخص

 عند دلحديا من التآكل معدل على األنود مساحة الى الكاثود مساحة نسبة تأثير لدراسة تجريبية دراسة إجراء تم العمل هذا في

 ركيبهت معروف الصلب الكربون من عينات تسعة استخدام تم البحث من الهدف لتنفيذ .الصوديوم كلوريد لمحلول مختلفة تراكيز

 بحيث  ختلفةم وبمساحات انود كا نحاسية صفائح مع منفرد بشكل الكربوني الكربون من العينات جميع ربط تم حيث. الكيميائي

 األوعية من مجموعات ثالث في فردي بشكل وضعت العينات من زوج كل. عينات ثالث واحدة كل ،(1: 2 و ،1: 1 ،1: 0.5 )

 التآكل معدل أن التجريبية النتائج وأظهرت .(٪5 و ٪3 و ٪1) الصوديوم كلوريد من مختلفة  بتركيز محاليل بها البالستيكية

 مساحة الى ةنسب الكاثود مساحة زادت كلما التآكل معدل يزداد حيث األنود، مساحة إلى الكاثود  مساحة بتغيير كبير بشكل يتأثر

 .%3كلوريد الصوديوم ثم يتناقص بزيادة التركيز اكثر من  تركيز زيادة مع التآكل معدل يزداد ذلك، إلى وباإلضافة.  االنود

.التآكل الجلفاني، صلب كربوني، نسبة مسااحة الكاثود إلى االنود، تركيز الكلورايد، معدل التآكلكلمات مفتاحية:   
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1. Introduction 

Corrosion of metals is considered among the most serious engineering challenges facing large 

sectors of industrial plants and civil engineering construction projects affecting their economic 

and technical feasibility. It is defined as an electrochemical process that occurs in metals due to 

environmental conditions. Metal oxides are more stable than metals, therefore metals have a 

tendency to convert to metal oxide or other compounds (Fontana 1978). The electrochemical 

theory of corrosion relates corrosion to a network of short - circuited galvanic cells on the metal 

surface. Every corrosion cell, as shown if Figure 1, consists of four essential elements which are 

an anode, a cathode, an electrolyte and an electrical connection (Bradford 1993 and Scully1990).  

Anode is the electrode where galvanic reaction(s) generate electrons, therefore negative ions are 

discharged and positive ions are formed causing corrosion to the anode. Cathode, on the other 

hand, receives electrons so that positive ions are discharged and negative ions are formed and as 

a result the cathode is protected from corrosion. The electrolyte aqueous environment provides a 

path for ionic conduction between the anode and the cathode while the electrical connection 

allows the electrons to be transmitted through it. Among the factors affecting corrosion rate are 

the anode to cathode area ratio and the concentration of dissolved oxygen and dissolved salts in 

the aqueous environments (Herbert and Winston 2008). 

Oxygen solubility in water decreases continuously with increasing sodium chloride concentration, 

suggesting lower corrosion rates at the higher sodium chloride concentrations (Weirick 1982). 

Initially, corrosion rate increases apparently due to a change in the protective nature of the 

diffusion – barrier rust film that forms on corroding iron in distilled water having low 

conductivity. Since oxygen depolarization controls the rate throughout the sodium chloride 

concentration range, it is important to understand why the rate increases reaching maximum and 

then decreases. 

 

 

Figure 1.  corrosion cell  
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Anodic reaction is the oxidation of metal to it's ion. This can be written in the general form:   

. 

There are several different cathodic reactions that are frequently encountered in metallic 

corrosion. The most common are hydrogen evolution, oxygen reduction metal ion reduction and 

metal deposition. 

The rate of galvanic corrosion depends on the relative surface areas and the corrosion potentials 

of the anode and cathode as well as temperature (Cheng and Steward 2004).  

Corrosion rate can be expressed in a variety of ways such as percent weight loss, milligrams per 

square centimeter per day, and grams per square inch per hour, These do not express corrosion 

resistance in terms of penetration. Mils penetration per year (mpy) is the most common way to 

express corrosion rate ,where 1Mil = 10-3 in , this expression is readily calculated from the weight 

loss of the metal sample during the corrosion test by the formula given below : 

 

𝑚𝑝𝑦 =  
534 × 𝑊

𝐷 × 𝐴 × 𝑇
 

              

Where: 

W = weight loss, mg . 

D = density of sample, g/cc . 

A = area of sample, in2 

T = exposure time, hr . 

 

This paper aims at exploring the effect of cathode to anode area ratio on corrosion rate of carbon 

steel when connected to copper cathodes at different concentrations of sodium chloride solution. 

 

2. Experimental setup 

The experimental work involves the estimation of the rate of corrosion for nine samples of carbon 

steel  when connected to copper cathodes of different areas ( anode to cathode area ratio: 0.5:1, 

1:1, and 2:1) and immersed in sodium chloride solutions of different concentrations (1% and 3% 

and 5%). The solutions are prepared using sodium chloride with purity of 99.9% in distilled water. 

M→M
+n

+ne
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Humidity is removed from the salt using an oven with 60˚ C for 40 minutes, then using desiccators 

for 30 minutes as shown in Figure 2. The carbon steel samples were weighted, Figure 3, and each  

sample was connected with its corresponding copper plate by an insulated copper wire. Each 

couple was immersed in sodium chloride with the specified concentration as shown in Figure 4. 

After thirty days of continuous daily monitoring of all samples, all samples were removed and 

cleaned, Figure 5. The samples were then reweighed and then corrosion rate was calculated. 

 

 

        

         (a)                                                           (b) 

                 Figure 2. (a) Oven used to dry NaCL and (b) desiccator to remove humidity 

 

 

 

Figure 3. Sample is weighed before and after the experiment 
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Figure 4. A sample in the first day 

           

Figure 5 The samples after 30 days and before cleaning 

 

3. Results and discussion 

Table 4.1 gives a summary of weight measured and corrosion rate calculated for the nine samples 

before and after thirty days duration.  

 

Table 4.1 Results of The samples 

No. of 

Sample 
Chloride 

concentration % 
cathode/anode 

area % 

weight 

before in 

(gr) 

weight 

after in 

(gr) 

weight 

loss  
(gr) 

mpy after 

thirty(30) days 

1 

1% 

0.5:1 78.8669 78.7619 0.105 0.321125016 

2 1:1 80.2141 80.0251 0.189 0.578025029 

3 2:1 82.8752 82.6192 0.256 0.782933372 

4 

3% 

0.5:1 81.3394 81.0714 0.268 0.819633374 

5 1:1 87.1132 86.7942 0.319 0.975608382 

6 2:1 81.1701 80.7461 0.424 1.296733397 

7 

5% 

0.5:1 80.2943 80.0443 0.25 0.764583371 

8 1:1 72.5615 72.2735 0.288 0.880800044 

9 2:1 82.4871 82.1281 0.359 1.097941721 
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Figure 6 and Figure 7 show the variation of the corrosion rate of carbon steel plate samples at 

different sodium chloride concentrating and different cathode to anode area ratio after 30 days. It 

can be noted that, the corrosion rate increases with increasing at cathode to anode area ratio. In 

addition, the corrosion rate increases by increasing sodium chloride concentration up to 3 % then 

it decreases. It can be seen that the highest corrosion rate occurred at highest cathode to anode 

area ratio (2:1) and concentration of sodium chloride solution of 3%. The increased corrosion rate 

with increasing cathode to anode area ratios can be explained in the light Faradays Law. Although 

changing the cathode to anode area ratio does not change the current flowing between the cathode 

and the anode, it does indeed change the current density which in turn affect the rate of corrosion. 

Decreasing the anode area increases the current density in the anode and increases the corrosion 

rate. Therefore it is unfavorable to have high cathode to anode area ratio. Figure 8 shows the 

combined effect of both concentration and area ratio. 

 

 

 

Figure 6 Dependence of corrosion rate on chloride concentration 
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Figure 7 Effect of area ratio on corrosion rate 

 

 

 

 

Figure 8. The relation between corrosion rate, cathode to anode area ratio and chloride 

concentration 

4.  Conclusion 

The experimental results obtained in this project lead to the conclusion that corrosion rate 

increases with increasing cathode to anode area ratio and with increasing salt concentration. For 

this work, the maximum corrosion rate was 1.297  mpy at cathode to anode area ratio of 2:1 and 

sodium chloride concentration of 3% while the minimum rate of corrosion was 0.326 mpy at 

cathode to anode area ratio of 0.5:1 and chloride concentration of 1%. Both galvanic and pitting 

corrosion were noticed in the experiment. It is advisable to keep small cathode to anode area ratio 

to minimize galvanic corrosion. 
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