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Abstract 

Two methods of weight loss and polarization were studied, where the corrosion of buried underground pipes in clay 

soil and its effect on the thickness of the clay layer as well as introducing gases such as nitrogen, air and carbon 

dioxide to the soil were studied.  The rate of corrosion of pipeline steel in soil with 6% CO2/N2 The thickness layer 

of soil affects the speed of corrosion, with a 4 mm layer soil thick representing the greatest rate.The soil layer's 

contradictory blocking and moisture-retaining capabilities impede steel corrosion. Because more water is trapped in 

shallow soil layers such as 4 and 6 mm, corrosion rises. The inhibitory effect of layer of soil on corrosive species 

diffusion becomes more prominent when layer of soil thickness is raised to 12 mm and 14 mm. As a result, the 

steel's corrosion rate is lowered. Steel degrades quickly in soil layers holding 6% CO2/N2. Weight-loss experiments 

and potentiodynamic polarization measurements show a relationship between corrosion rate and soil layer thickness. 

According to weight-loss studies, steel corrosion rates in soil with varying thicknesses and gassing conditions are 

generally less than 0.046 mm/y. 

Keywords: soil, thickness, layer, clay, weight loss, polarization,pipeline. 

1.  Introduction 

The corrosion process leads to great losses to 

the economy and is a major reason that leads to the 

disruption and collapse of many industrial and vital 

facilities such as concrete structures, bridges, 

pipelines, etc. External corrosion has been recognized 

as one of the major processes producing oil/gas 

transmission pipeline failures in soil, with potentially 

negative consequences for the environment and 

people. A minimal depth of earth cover is commonly 

used to protect underground pipelines from external 

damage as well as the hazard to persons and 

neighboring property [1-16]. When a coating fails, 

the current used for cathodic protection is unable to 

reach the steel  as a result corrosion occurs. The 

difficulty of pipeline corrosion is due to the specific 

features of the soil, in additoin the contact of various 

environmental elements for example microbial 

activity ,humidity, temperature, ventilation, 

porosity,and pH [17-26]. The exterior corrosion of 

pipes is significantly influenced by the kind and 

characteristics of the soil in which they are buried. As 

the pipes are buried, The chemical composition of the 

soil changes throughout time. Lower altitudes erode 

rapidly in disturbed soils like tidal wetlands and clays 

as a result of soil shrinkage, As a result of large 

changes in aeration and salt buildup, this leads in 

higher electrical conductivity. [27-35]. Soils with 

alkaline pH levels may be more prone to corrosion. if 

the pH of the soil is in the 6–8 range. Corrosion 

products would linger at the steel surface in soils, 

protecting the steel from additional corrosion. 

Corrosion products, most often iron oxides, would 

alter the pipeline steel's potential. As a result, while 

applying cathodic protection for corrosion 

prevention, keep this in mind to avoid overprotection. 

Clay soils have a low rate of oxygen transport toward 

the steel surface, which has a substantial impact on 

corrosion because oxygen acts in aerobic soils as a 

cathodic depolarizer [36-43]. 
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 Ehsan A. Abdulameer et.al. 
____________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. SI:13 (2022) 

948 

2. Experimental work 

2.1 Specimens and soil 

Steel sheets with dimensions of 12 mm x 10 

mm x 3 mm were used as testing specimens and  

compositions of chemicals   are  0.25 % C, 1.36 % 

Mn, 0.39 % Si, 0.014 % P, 0.029 % S, 0.12 % V, 

0.05 % Nb, 0.08 % Ti, and Fe residual (as weight 

percent). 

The soil utilized in this study was taken from 

the burying depth of a pipeline in Kut city. As a 

result, the soil was given the term clay soil. The soil-

extracted solution included (in weight %): 0.0077 % 

NaCl, 0.066 % NaHCO3, 0.0755 % Na2SO4, 0.0012% 

NaNO3, 0.8653 % CaSO4.2H2O, 0.0611 % K2SO4, 

0.3346 % MgSO4.7H2O, and H2O balance.[5-10] 

 

2.2 Weight loss method 

Weight-loss tests and electrochemical 

measurements were carried out in accordance with 

ASTM G102 to assess the uniform corrosion rate. 

The weight loss of the steel coupons was measured 

10 days after burying in moist soil. The dirt on the 

specimen surface was washed with distilled water 

after testing. The corrosion products were removed 

using a pickling solution. After being washed with 

distilled water, The coupons were cleaned and dried 

in acetone and 100 % ethanol. An electronic balance 

was used to determine the weight of the coupon.The 

corrosion rate was calculated using the following 

equation [10-25]. 

Corrosion rate (C.R) = 8.76 *∆W/ D*A*T 

Where; W is denote to mass loss  , K is denote to 

constant, D is denote to density ,T is denote to time 

exposure , A is denote to area. 

 

3. Results and discussion 

3.1 Weight loss method 

Figure 1 depicts the estimated steel rates of 

corrosion after 10 days of burial in 6 % wet nitrogen 

having soils of various thicknesses and a 4 mm 

thickness soil cover based on the weight loss studies. 

It is important to note that rate of corrosion obtained 

the long-term electrochemical characteristics of 

pipeline steel in the field may not even be accurately 

reflected after 10 days of soil testing. The steel 

corrosion rate increases as thickness layer of soil 

rises from 4 mm to 6 mm. The greatest corrosion rate 

in the 6 mm thick soil was 0.046 mm/y, as shown in 

Figure 2. The rate of corrosion reduces as the 

thickness layer of soil rises. In this study, the lowest 

rate of corrosion of 0.01 mm/y was discovered in a 

14 mm thick soil layer, as shown in table 1. [22-36] 

 

Fig. 1: Relation between corrosion rate and thickness 

by weight loss tests of 6 % CO2 /N2 

 

Fig. 2: Relation between corrosion rate and gases by 

weight loss tests of 4 mm thick soil 

Table 1: represents values of thickness with corrosion 

rate 

thickness Corrosion rate (mm/y) 

4 mm soil 0.022 

6 mm soil 0.046 

12 mm soil 0.014 

14 mm soil 0.010 

4 mm soil + N2 0.010 

4 mm soil + air 0.035 

4 mm soil + 6% CO2/N2 0.025 

 

Steel corrosion under the soil is influenced by 

the gassing process, which involves diffusing the gas 

via layer of soil and gaining access to surface of  a 

steel. The rate of corrosion in a layer of  soil with a 

constant thickness of 4 mm is also affected by the 

introduction of a gas. The blocking impact on gas 

diffusion increases as thickness layer of soil rises. In 

order to identify the role of gassing condition on steel 
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corrosion, a thin soil layer (i.e., 4 mm) was utilized in 

this investigation. Steel corrosion was found to be 

extremely slow in existence of N2, at a value of 

0.01mm/y (Figure 2). The rate of corrosion rises to 

0.035 mm/y when air is accessible. Steel corrosion 

occurs at a rate of 0.025 mm/y in the presence of 6% 

CO2/N2, demonstrating that oxygen corrosion in the 

layer of soil is more severe than corrosion caused by 

6% CO2. The results of the weight loss studies 

demonstrate that thickness layer of soil influences the 

rate of corrosion for steel, with the highest possible 

rate occurring at a layer of soil thickness of 6 mm. 

Furthermore, at a constant thickness of soil of 4 mm, 

Steel corrosion occurs more quickly in aerobic soil 

than in soil having 6% CO2.Figure 2 shows that a 

maximum corrosion rate is seen at a thickness of soil 

of 6 mm, which is consistent with the earlier study on 

the function of thickness layer of soil in corrosion of 

steel.The weight-loss experiment also revealed that, 

as shown in Figure 1, steel corrosion rates in moist 

soil with lengthy conditions of gassing and various 

thicknesses normally do not surpass 0.046 mm/y [5-

19]. 

 

3.2 Potentiodynamic polarization measurements 

Figure 4 depicts the steel electrode's curves of 

potentiodynamic polarization after ten days of test of 

samles in 6 % CO2/N2 having multiple layers of 

moist clay, under various gassing conditions, as well 

as in a 4 mm thick soil layer.The cathodic and anodic 

processes are observed to be regulates activation in 

the 6 % CO2 containing soil with various 

thicknesses. At individual potentials, layers of soil 

thick (12  and 14) mm are linked with lower cathodic 

and anodic current density. Although the anodic 

branch covers the 4 mm thick layer of soil, In the 6 

mm thick soil layer, the cathodic current density is 

maximum. Under various gassing conditions, both 

the anodic and cathodic processes are triggered and 

controlled in the polarization curves observed in the 4 

mm thick layer of  soil. In the presence of N2 and air, 

the anodic and cathodic current densities are the 

smallest and greatest, respectively. The measured 

data is used to match the electrochemical corrosion 

parameters, and the results are displayed in Table 2, 

where E represents corrosion potential and icorr 

represents corrosion current density. In existence of 6 

% CO2/N2, the greatest and value of 2.21 μA /cm2 

was obtained in a 6 mm thick soil layer. The 

corrosion current density drops as thickness of soil 

layer increases. In existence of air, the greatest icorr 

value of 3.23 μA /cm2 is found when different gases 

are enclosed in a 4 mm thick soil layer [10-19]. The 

icorr decreases to 2.21 μA /cm2 when 6 % CO2/N2 is 

present, which is greater than the icorr of 2.01 μA 

/cm2 observed in existence of N2. Figure 3 depicts the 

steel's active dissolving state at various potentials, 

This lends credence to the argument that the scale of 

iron carbonate formed at littel temperatures is 

insufficiently defensive to qualify the steel as 

passivated. Furthermore, for certain cathodic 

potentials, the soil layer thickness of 14 mm results in 

the lowest cathodic current density, Because of the 

soil blocking effect, the number of species engaged in 

the cathodic reaction decreases. The layer of soil with 

a thick 6 mm has the largest cathodic current density, 

This is due to increased CO2 being dissolved in water 

in the soil, whereas the soil layer's blocking action is 

negligible. As a result, for the integrity of the pipeline 

where constant corrosion is not a danger on it. In the 

presence of air, the typical diffusion current that 

serves as a limiter is not visible in the observed 

cathodic polarization curve in Figure 3. It's most 

likely because of 4 mm thin layer of soil, where 

diffusion-controlled cathodic response behavior isn't 

as relevant. However, for specified cathodic 

potentials, the soil layer exposed to air has the largest 

cathodic current density. As a result, when a soil has 

a low concentration of CO2, such as the 6% CO2 

used in this study, CO2-accelerated corrosion is less 

severe than oxygen-accelerated corrosion [26-36]. It 

is noticed from table 2 and Figures 3 and 4 that the 

cathodic  and anodic polarization have a role of the 

anodic and cathodic curves, where the oxidation 

occurs for the buried pipes, and the corrosion currents 

and potential were obtained for the different layers of 

thickness, and there is a great match for the methods 

of polarization and weight loss , and the accept with 

previous studies[19-28]. 

 

 

Fig. 3: Relation between the potential and the current density with 

several thickness 
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Fig. 4: Relation between the potential and the current 

density with several gases 

Table 2: represents values of thickness with corrosion 

potential and corrosion current density 

thickness E corr , 

V 

i corr,  

μA/cm2 

4 mm soil −0.766 2.25 

6 mm soil −0.794 2.96 

12 mm soil −0.771 2.16 

14 mm soil -0.760 2.05 

4 mm soil +  N2 -0.783 2.01 

4 mm soil +  air -0.780 3.23 

4 mm soil + 6% CO2/N2 -0.770 2.21 

 

4. Conclusions 

The thickness layer of soil determines the rate 

of corrosion steel for pipelines in soil having 6% 

(CO2/N2), with the greatest corrosion rate recorded 

at 4 mm thickness layer of soil. This is owing to the 

conflicting blocking and moisture-retaining powers 

of the layer soil on corrosion of steel. As more water 

is held in the soil, corrosion accelerates in thin layers 

of soil for example 4 and 6 mm. The inhibitory 

impact of the layer of soil on species that are 

corrosive diffusion gets more prominent when the 

thickness layer of soil is raised to 12 mm and 14 mm. 

As a result, the steel's corrosion rate is lowered. Steel 

dissolves quickly in soil layers holding 6% CO2/N2. 

Weight-loss experiments and potentiodynamic 

polarization measurements show a relationship 

between corrosion rate and soil layer thickness. 

According to weight-loss studies, steel corrosion 

rates in soil through varying gassing conditions and 

thicknesses are generally less than 0.046 mm/y. 
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