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ABSTRACT: The heat treatment effect on different carbon content of carbon steel has been investigated. Five samples 

with different carbon content (0.08,0.15,0.2,0.3,0.4%) were considered to establish corrosion characteristics. The 

corrosive media consists of 50 gm salt for each 100mL water and was prepared and analyzed chemically and 

physically. To perform the corrosion test, the samples were immersed in the corrosive media for 30 min. Then the 

corrosion effect was investigated by exploring the results of the corrosion effect using Mlab200 potentiostate based 

on tafel principals of polarization. It was seen that as the carbon content was increased, the corrosion durability of the 

carbon steel was decreased. Similar replications of the samples were exposed to annealing heat treatment by heating 

to 850℃ for 17min and then let to be cooled in an isolated furnace. The test results have shown degrading of samples 

corrosion resistance after the heat treatment. Corroded samples exhibited increasing in the surface area roughness 

indicating corrosion defects. 
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INTRODUCTION 

Steel and its alloys play a crucial rule in industries. Considering its properties such as , tensile strength, hardness, and 

impact resistance compared with cost , one can easily describe the desire of using it[1,2]. For instance, carbon steel 

has been spreadilly used in various applications[3]. However, the wildly usage of carbon steel, many researchers have 

been trying to enhance its mechanical properties though. One method of enhancing mechanical properties of carbon 

steel is heat treatment[4]. By metal heating and cooling at certain rates, the mechanical properties can be enhanced, 

the microstructure of the metal is slightly affected though [5]. Considering the serious damage and capital cost lost 

caused by corrosion effect, many researchers have been investigating carbon steel corrosion resistance under various 

heat treatment conditions [6-9].   For example, pitting corrosion which growths at high rates when temperature is 

increased causing weakening the surface oxide film. This is claimed to the higher number of limited defects and the 

tendency to increase the oxide film for incorporating ions at higher temperatures. Knowing that oxide-reduction 

reaction involved in the process always the same, the PH inside pitting is smaller than outside   [10–12]. During 

annealing process, carbon steel is heated to 825℃ to reach the austenitization region and then slowly cooled causing 

microstructure transformation [13]. This emphasizes the fact that variation of chemical composition and condition 

treatment can vary alloy properties[14].Thus, annealing  increases metal brittleness which enables the metal cold 

workability to be easier [15- 17]  . Although the annealing heat treatment can lead soften and stress free steel which 

enhances the mechanical properties, the resulted coarse grains of pearlite and excess of cementite and ferrite causes 

degrading in corrosion resistance [18-20]. The heat treatment itself combined with the corrosive media may differ in 

the corrosion resistance of carbon steel[21].Thus, balancing Steel-Ferrite and Perlite cannot be excluded considering 

corrosion rate especially the second phase heated alloy because it promotes a negative effect of corrosion resistance 

corresponding to different free energy phases[22]. Moreover, increasing the carbon content in carbon steel  can 

produce higher ultimate strength, tensile stress, surface hardness, and cold workability; however, corrosion resistance 

is degrading [23-26].  

Thus, performing annealing process on carbon steel with different carbon content can result in an indication of how 

the microstructure of the metal be affected. Micro analysis examination of the microstructure of the metals represents 

qualitative relation between the material structure and its properties. Hence, this study is dedicated to investigating  
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annealing effect on corrosion resistance of carbon steel alloys at different carbon content. This study can reveal the 

relation between enhancing carbon steel mechanical properties as opposed to corrosion durability. By the means of 

the proposed study, a clear insight of the relation between these materials crucial properties can be more clarified.   

Five samples of carbon steel with (0.08%,0.15%,0.2%,0.3%, and 0.4%) carbon content are exposed to corrosive 

media. The samples are then investigated for both corrosions current and potentials as well as surface roughness. Then, 

after applying annealing heat treatment to similar replications of the samples, they are tested for corrosion resistance 

also. Both cases were discussed separately before for the effect of annealing on the corrosion rate by means 

microstructure grain size in [27-29]. Also, results of degrading the corrosion resistance as the carbon content is 

increased in [30].  

MATERIAL AND METHODS  

The carbon steel samples of different carbon content (0.08%,0.15%,0.2%,0.3%, and 0.4%) were cut in dimensions of 

length, width, and thickness (78*12*2) mm respectively. Table (1) shows the chemical composition of the carbon 

steel. The corrosive media consists of 50 gm salt for each 100mL of water prepared and analyzed for the chemical and 

physical characteristics as shown in Table (2). To perform the corrosion test, the samples surfaces were grinded and 

polished, then cleaned with acetone to remove any oil or particles from the surfaces. Then, distillated water was used 

for final cleaning assurance. These samples were immersed in the corrosion media for 30 min. Then, replication 

samples were heated to 850c for 17 min to reach the austenite temperature of the dual phase microstructure. Then, 

they were slowly cooled in the isolated furnace, annealing. The same process of exposing the samples to the corrosive 

media was performed. 

 To investigate the corrosion effect on the carbon steel samples considered, a polarization method was employed using 

MLAB 200, potentiostate shown in Figure (1), for the measurement of both corrosion potential and current. This 

device has the superiority of measuring corrosion variables based on tafel principles of polarization. Moreover, the 

high sensitivity of the device helps saving the time needed for immersing the samples.  

Table 1. Carbon Steel Samples Chemical Compositions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)%(Chemical Composition  

C Ni Mo P S Si Cr Mn Fe No. 

0.08 0.75 0.015 0.04 0.03 1.0 0.14 0.61 Bal. 1 

0.15 0.35 0.005 0.06 0.03 1.2 0.017 0.85 Bal. 2 

0.2 0.26 0.007 0.05 0.05 1.5 0.072 0.78 Bal. 3 

0.3 0.01 0.006 0.015 0.038 1.23 0.35 0.81 Bal. 4 

0.39 0.07 0.003 0.008 0.036 0.92 0.76 1.42 Bal. 5 
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Table 2. Chemical and Physical Properties of the Corrosive Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Potentiostate used to measure corrosion current and potentials 

 

RESULTS AND DISCUSSIONS 

 Figure (2) illustrates both potentials and currents of different carbon faction samples. It is noticed from the figure that 

annealing process has established more corrosion effect than unheated samples. This is obvious from increasing the 

corrosion current and decreasing in the corrosion potentials of the corroded samples. It is also noticed that the 

degrading effect of corrosion resistance as the potentials were decreased and the currents were increased with the 

increase of the carbon content. 

 

 

Corrosion media properties   

2477 Total hardness(mg/l) 

371 Calcium hardness(mg/l) 

2325 Cl- 

470 Mg+2 

151 Ca+2 

4954 TDS(mg/l) 

9923  Conductivity (µS/cm) 

101 Resistivity(Ω.cm) 

8.38 PH 

0.0 Total dissolved oxygen 
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(a)0.08% Carbon 

 

(b)0.15 % Carbon 

 

(c)0.2% Carbon 

 

(d)0.3% Carbon 

 

(e)0.4 % Carbon 

 

 

Figure 2. Potentials and Current for both Before and After Heat Treatment with Different Carbon Content 

Applying the means of tafel principles by the potentiostate device, corrosion current and potentials as well as cathode 

(𝛽𝑐) and anode (𝛽𝑎) potentials are listed in table (3). From the table it can be revealed that the increasing carbon 

content and annealing heat treatment to the samples cause corrosion resistance to be decreased. 

To inspect the micro surface structure of the both heated and unheated samples, the atomic force microscope (AFM) 

was used. This microscope works based on nanotechnology and has the ability to reveal the nanoscale of surfaces 

overcoming the microscope by 1000 times. Figure (3) gives an indication of surface roughness of each sample and the 

effect of annealing. Thus, it can be seen that corrosion has left remarkable defects on the metal surface roughness as 

it was increased with carbon content increasing as well as exposing to heat treatment; as shown in Table (4).  

Table 3. Corrosion Current and Potential Before and After Heat Treatment at Different Carbon Content 

After Heat Treatment Before Heat Treatment 

βa 

(mV/Dec) 

-βc 

(mV/Dec) 

Ecor.(-

mV) 

Icor. 

)2(A/cm 

βa 

(mV/Dec) 

-βc 

(mV/Dec) 

Ecor.(-

mV) 

Icor. 

)2A/cm 
C% 

75.9 79.7 424.7 0.918 56.6 45.3 348.3 0.362  0.08 

99.9 83.1 395.1 3.6  146.8 112.5 409.8 1.34  0.15 

46.3 43 581.6 4.86  56.3 71.3 554.4 3.81  0.2 

51.6 36.7 704.4 5.66  51.5 85.4 714.4 4.3  0.3 

79.1 152.9 653.7 6.01  51.3 163.3 646.4 4.9  0.4  
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(A) 

                     

(B) 

                      

Figure 3. Surface roughness of carbon steel samples (0.08,0.15,0.2,0.30,0.4%) from left-to right 

(A) Before Annealing (B) After Annealing 

Table 4. Surface Roughness After exposing samples to Corrosive Media 

 

 

 

 

 

 

 

The results are claimed to that as the carbon content is increased, the perlite component, consists of ferrite(cathode) 

and cementite(anode), is increased. Perlite is considered as a corrosive cell because the potentials difference between 

its components leads to corrosion motivation resulted from cells movements[5].Moreover, during carbon steel heat 

treatments, there is energy added and stored in the microstructure of the metal. Since metals tend to loss this energy 

to reach a more stable state with energy level close to the original raw state, this lost energy works as corrosion motive 

force. Moreover, when a metal is heated and then isolate cooled, its microstructure is changed.  The non-crystal 

materials are deposited between the unite cells structures called grains, forming unstable energy state. Both chemical 

and physical differences between these deposits and the crystals with the help of atoms movements proposes a high 

corrosion effect. This can cause surface defects and thus corrosion initiation origin as discussed in [31-33]. From 

which, it is obvious that the surface roughness inspection of corroded samples has been noticed to increase by 

increasing the carbon content as well as exposing metal to annealing heat treatment. 

CONCLUSION 

Annealing heat treatment of different carbon content of carbon steel apposing to corrosion charastertics has been 

considered. Carbon steel samples with different carbon content were tested by exposing to corrosive media. The results 

showed that as the carbon percentages were increased, less corrosion durability was exhibited by the steel due to the 

excessive of perlite corrosive cells. Moreover, exposing the carbon steel samples to annealing heat treatment was 

noticed to result in more corrosion effect than the unheated samples. The non-crystal deposited grains were noticed to 

cause surface defects leading to more corrosive action and surface area roughness. 

A feasible idea will be to consider high carbon steel with normalizing heat treatment considering corrosion test. Also, 

other metal such as Aluminum, Copper…etc, can be tested before and after annealing process for the corrosion effects. 
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Surface Area 

After 

Heating 

(𝑚𝑚2) 

Surface Area 

Before 

Heating(𝑚𝑚2) 

%C 

130.36 105.64 0.08 

153.0 135.86 0.15 

234.97 177.0 0.2 

320.02 223.9 0.3 

380.0 284.62 0.4 
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