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Abstract 
 
CO2 corrosion has been the most prevalent form of corrosion and is considered as a complex problem in oil and gas production industries. 
The CO2 in presence of water causes sweet corrosion that is responsible for failure of pipeline during transportation of Oil and Gas. This 
work studies the corrosion behaviour of carbon steel specimens in CO2 environment at different temperatures but at constant pressure. 

The effect of CO2 on Carbon Steel specimens (X65, A106) were studied in simulated solution of 3 wt.% NaCl. The specimens were im-
mersed into the CO2 containing solution for 48 hours and corrosion behaviour was investigated by using electrochemical test like Linear 
Polarization Resistance and Tafel plot. The results indicate that the temperature has an important effect of corrosion rate of carbon Steel 
in CO2 environment. Corrosion rate of 1.5-2 mm/yr was reported for both steels at lower temperature while at higher temperature the 
difference can be observed due to difference in protective nature of steels. Similar Corrosion rate around 1.5 -2 mm/yr was observed at 
25°C for both A106 and X65 while at 50°C and 75°C the corrosion rate varies significantly 1.5-3 mm/yr and 3.5-6 mm/yr. 
 
Keywords: Carbon Steel; CO2 Corrosion; Linear Polarization Resistance. 

 

1. Introduction 

Oil and gas well mostly carries some water and different amount 
of gases and acid of which most notably are either carbon dioxide 
or in some cases is hydrogen sulphide. The presence of these af-
fect the service life and integrity of carbon steel [1, 2]. Among 

these, carbon dioxide corrosion commonly known as sweet corro-
sion has been an area of interest for many researchers who had 
widely studied this phenomenon since the 70’s regarding the cor-
rosion resistance of the carbon steel. The degradation of steel due 
to carbon dioxide corrosion is an important problem with major 
implications for oil and gas industries [3]. The production of oil 
and gas and consumption of their products had grown significantly 
over the past years, this in turn had amplified the use of carbon 

steel pipelines for the transportation of these product over larger 
distance. To quench the thirst of growing demand of energy, the 
necessity of finding new methods for discovering oil & gas has 
pushed operational activities to more rough environment that offer 
harsher operating conditions. All these factors imposed great chal-
lenges to the economics and subsequent operations wherein proper 
material selection and equipment integrity are becoming vital. 
Similar grades of carbon steel obtained through different pro-
cessing techniques had been observed with varying corrosive be-

haviour when encounter with CO2 corrosion. Due to its low cost 
and economic feasibility, carbon steel is widely used as a con-
struction material in transportation of oil and gas over larger dis-
tance[4-7]. However, this being said the susceptibility of carbon 
steel to CO2 corrosion cannot be denied and a number of authors 
have studied various aspects of carbon steel in parallel to the de-
velopment of carbon steel application[6-10]. 

Thus far a number of studies indicated the effect of alloying ele-
ments including chromium that has the most profound effect on 
the corrosion resistance of carbon steel in CO2 environment along 
with this some other micro addition of alloying elements like Mn, 

Si, V as well as processing route of which microstructure of steel 
is dependent upon[1, 2, 4, 7, 11]. However, it still need further 
investigation to analyse the optimum composition of these alloy-
ing elements. Their study search for how these factors influence 
corrosion by using Electrochemical corrosion techniques under 
CO2 environment and using this opportunity to better understand 
corrosion resistance of these alloy. This work seeks to understand 
better how the carbon steels behaves in simulated CO2 environ-

ment and their corrosion resistance were determined by the elec-
trochemical test including Linear polarization resistance and Tafel 
polarization at different temperatures. 

2. Materials and Methods 

2.1. Materials 

Steels samples of X65 and A106 were used for the investigation of 
corrosion rate at CO2 pressure of 1 bar at different temperatures. 
The composition of the carbon steel specimens is shown in fol-
lowing Table-1: 
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Table 1: Chemical composition carbon steel specimens 

Steel(s) C Cr Mn Si Nb V Ti P S Ni 

 (Wt.%) 

X65 

0
.1

6
 

- 

1
.7

0
 

0
.4

5
 

0
.0

5
 

0
.0

9
 

0
.0

6
0
 

0
.0

2
5
 

0
.0

1
5
 

- 

A106 

0
.2

0
 

0
.1

1
 

0
.8

5
 

0
.2

0
 

- 

0
.0

0
5
 

0
.0

3
0
 

0
.0

1
2
 

0
.0

0
7
 

0
.1

0
 

2.2 Sample Preparation 

All samples were cut in 10mm ×10mm × 3mm and connected with 
Copper wire via soldering then embedded with phenolic molding 

powder with a working surface of 1 cm2 left. All samples were 
subsequently grind with 60 to 600 grit size emery papers, and then 
washed with distilled water, rinsed in acetone to remove any resi-
due on the surface of the samples. 

2.3 Solution Preparation 

The electrochemical tests were carried out on METROHM AU-
TOLAB Potentiostat/galvanostat. Test solution for each experi-

ment i.e. brine was prepared by dissolving sodium chloride (non-
iodized NaCl) with DI water to make 3 wt.% solution. CO2 gas 
was purged in the electrolyte for at least 1 hours prior to the test 
for removal of oxygen. All electrochemical test reading was done 
by using three electrode glass cell as shown in Fig. 1 with an 
Ag/AgCl as the reference electrode, the steel samples as the work-
ing electrode, and stainless steel as the counter electrode. The LPR 
measurement were taken at ±10 mV around the open circuit poten-

tial (OCP) by using Potentiodynamic scan rate at 0.16 mV/s and 
reading was obtained after every hour for 48 hours. For Tafel po-
larization anodic and cathodic sweep was conducted towards the 
end of 48 hours of test at ±250 mV around the corrosion potential 
at a scan rate of 0.16 mV/s. The CO2 was purged throughout the 
experiment. The pH of the solution was ~3.7 at the start of the 
experiments. The test was done at three different temperatures i.e. 
25°C, 50°C and 75°C. 

2.3 Corrosion Testing 

The electrochemical tests were carried out on METROHM AU-
TOLAB Potentiostat/galvanostat. Test solution for each experi-
ment i.e. brine was prepared by dissolving sodium chloride (non-
iodized NaCl) with DI water to make 3 wt.% solution. CO2 gas 
was purged in the electrolyte for at least 1 hours prior to the test 
for removal of oxygen. All electrochemical test reading was done 
by using three electrode glass cell as shown in Fig. 1 with an 

Ag/AgCl as the reference electrode, the steel samples as the work-
ing electrode, and stainless steel as the counter electrode. The LPR 
measurement were taken at ±10 mV around the open circuit poten-
tial (OCP) by using Potentiodynamic scan rate at 0.16 mV/s and 
reading was obtained after every hour for 48 hours. For Tafel po-
larization anodic and cathodic sweep was conducted towards the 
end of 48 hours of test at ±250 mV around the corrosion potential 
at a scan rate of 0.16 mV/s. The CO2 was purged throughout the 

experiment. The pH of the solution was ~3.7 at the start of the 
experiments. The test was done at three different temperatures i.e. 
25°C, 50°C and 75°C. 

 
Fig 1: Schematic of 3-cell electrode glass cell 

3. Result and Discussion 

The linear polarization resistance and Tafel polarization plots are 
shown in Fig. 2, Fig. 3 and Fig. 4 at 25°C, 50°C and 75°C, respec-

tively. The sweep range for Tafel plots were –250 to +250 mV vs. 
open circuit potential (Eoc) and the sweep rate of 0.167 mV/s. The 
Potentiodynamic curve indicate that the Ecorr of A106 was rela-
tively more positive than of X65 steel as shown in Table 2. 

Table 2: Ecorr of A106 & X65 Steel 

Carbon Steel Specimen 25°C 50°C 75°C 

Ecorr of X65 -580mV -645mV -670mV 

Ecorr of A106 -640mV -655mV -680mV 

The cathodic curve of X65 and A106 steels show little variations 
as shown in Fig. 2 and Fig. 3 while the anodic current density 
depends on the steel grades and its composition. 

Fig. 2: Polarization plot of X65 steel at 25°C, 50°C and 75°C 
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Fig 3: Tafel polarization plot of A106 steel at 25°C, 50°C and 75°C 

These results are consistent with data obtained from LPR test. 
Linear polarization resistance test was conducted by polarizing the 

both steel specimen to 10 mV at a sweep rate of 0.167 mV/s. 

The corrosion rate was calculated by using the following Equation 
1: 

yrA.R

mm11.302
 =CR

p
                                                                       (1) 

Where; 
Rp = polarization resistance of in Ω.cm2. 
A = area of the sample in cm2. 

The corrosion rate of X65 and A106 steel under CO2 environment 

have been illustrated in fig. 4 and 5. The samples were tested for 
48 hours, an acceleration in corrosion rate can be seen as the tem-
perature increases, this phenomenon can be linked to the less for-
mation of ferrous carbonate layer as well as the rate of corrosion 
increase with the immersion time for carbon steel[12]. The lower 

corrosion rate reported for A106 steel at higher temperature can be 
credited to the presence of protective layer on the surface of steels 
predominantly in A106 as shown in fig. 6. There was difference of 
the corrosion rate of both steels at the end of the experiment as 
shown in fig. 8. SEM results in fig. 6 shows localized growth of 
ferrous carbonate crystals in localized region of both the samples 
at 75°C but A106 steel sample seems to have grown more densely 
by complete formation of crystal as compared to X65 steel [1]. 

The growth of ferrous carbonate crystal had a thin flake morphol-
ogy that confirm that it growth rate was anisotropic. A variable 
corrosion rate can be observed for A106 and X65 steel due to the 
localized ferrous carbonate film that formed at higher tempera-
tures [13-14]. SEM result in Fig. 7 at 50°C shows porous sponge 
films that may be Fe3C/FeCO3 [1] which is non adherent layer on 
the surface that is weaker as compared to FeCO3 layer. 

 
Fig 4: Linear polarization plot of A106 steel at 25°C, 50°C and 75°C 

 
Fig 5: Linear polarization plot of X65 steel at 25°C, 50°C and 75°C 

 
(a) 

 
(b) 

Fig 6: SEM image of X65 steel (a) and A106 steel (b) after 48 hours of 

Immersion at T= 75°C, P= 1 atm., pH= 3.8 and 3 wt.% NaCl. 
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(a)

 

(b) 

Fig 7: SEM image of X65 steel (a) and A106 steel (b) after 48 hours of 

Immersion at T=50°C, P= 1 atm., pH= 3.8 and 3 wt.% NaCl. 

Fig. 8: Average Corrosion Rate of X65 Steel and A106 Steel at 25°C, 

50°C and 75° 

4. Conclusion  

It can be concluded that both type of carbon steels used in this 
study showed similar corrosion rates (1.7 mm/yr.) at 25°C in CO2 
environment, but at higher temperature i.e. 50° and 75°C the cor-
rosion rate varies significantly, and it is attributed to the different 
nature of protective layer formed on both steels. A106 steels 
showed a superior corrosion resistance as compared to X65 steel 
under the same mentioned condition due to the presence of alloy-
ing elements and its ability to form ferrous carbonate layer at 75°C 

on its surface as shown from SEM results. 
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