
  

Int. J. Electrochem. Sci., 9 (2014) 4574 - 4588 

 

International  Journal of  

ELECTROCHEMICAL  
SCIENCE  

www.electrochemsci.org 

 

 

Corrosion Behavior of X80 Pipeline Steel under Coupling Effect 

of Stress and Stray Current 
 

Xinhua Wang, Xinghua Tang
*
, Liwei Wang, Cui Wang, Zhenzhen Guo 

College of Mechanical Engineering and Applied Electronics Technology, Beijing University of 

Technology, Beijing, 100124, China. 
*
E-mail: txh-1110-163-com@163.com 

 

Received: 25 March 2014  /  Accepted: 4 May 2014  /  Published: 19 May 2014 

 

 

In this work, the coupling effect of stress and stray current on corrosion of X80 pipeline steel was 

investigated in soil-simulating solution by open circuit potential (OCP) and corrosion potential test, 

potentiodynamic polarization measurement and surface characterisation technique. A mathematical 

relationship between corrosion rate and yield strength, direct current (DC) stray current density was 

obtained through multiple linear regression. The results indicate that, the corrosion potential of X80 

pipeline steel with and without superimposed DC stray current all shift negatively, and the corrosion 

rate increases with the enhancement of tensile stress in solution. Moreover, the above laws become 

increasingly obvious with DC stray current density form 0.5 to 3.5 mA/cm
2
. Comparing with the 

stress, the effect of stray current on corrosion rate of X80 pipeline steel is more significant in elastic 

deformation. Mutation in corrosion potential and corrosion rate appeared when the strain reaches 

plastic deformation. This study provides important recommendations for pipeline safety design and 

operation, where the corrosion enhancement due to the coupling effect of stress and stray current 

should be considered.  
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1. INTRODUCTION  

With the fast development of industry and urbanization process, the global demand for oil and 

gas is rapidly increasing. This increase in demand means that a greater supply of resources is required 

over long distances that typically exist between the reservoirs and demand centres [1, 2]. The global 

trends for this sector of the petroleum and natural gas industry, point to the use of pipes with larger 

diameters and smaller wall thicknesses, operating under high pressure [3-5]. As is known [6-8], X80 
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pipeline steel is widely used in the transportation of oil and gas energy sources due to its high strength 

and excellent toughness. 

In addition to hoop stress resulted from internal operating pressure, ground movement 

generates significant longitudinal strains on the in-service high-strength steel pipelines [9-11]. It has 

been established [12-14]
 
that an applied stress/strain enhance corrosion of steel remarkably. Moreover, 

railway, urban rail DC traction power supply systems and ultra high voltage direct current (UHVDC) 

power transmission systems are often parallell to pipelines. Thus, DC currents would transfer between 

the soil and pipeline at the coating defects that could result in DC corrosion. In-service high-strength 

steel pipeline corrosion is often subjected synergism of stress and stray current. Howerve, previous 

studies [15-22] has been mostly focused on corrosion that stress, stray current or other single factor 

induced, little information available in literature about corrosion behavior of pipeline steel under 

coupling effect of stress and stray current. This paper focuses on the corrosion enhancement due to the 

coupling effect of stress and stray current, and provides important recommendations for pipeline safety 

design and operation. 

In this work, X80 pipeline steel produced in China was used. The soil solution simulated a 

alkaline soil in Daqing City. OCP, potential of stray current-induced corrosion, polarization curve of 

X80 steel under tensile stress (hereinafter called ñTSò) were measured, the influence law of stress on 

stray current-induced corrosion potential and corrosion rate of X80 pipeline steel was investigated 

combining with corrosion morphology. 

 

 

 

2. EXPERIMENTAL  

Specimens used in this study were cut from a sheet of in-service X80 steel pipe wall, with a 

chemical composition (wt.%) shown in Table 1. The mechanical properties at room temperature were 

measured with tensile strength of 620 MPa, yield strength (hereinafter called ñYSò) of 552 MPa and 

uniform elongation ratio of 15%. 

 

Table 1. Chemical composition of X80 pipeline steel (wt.%). 

 

C Mn P S Si Nb V Ti Cr Ni Al  Cu Mo 

0.06 1.89 0.007 0.002 0.26 0.06 0.005 0.01 0.025 0.23 0.042 0.13 0.27 

 

The shape and size of specimen was shown in Fig.1. The sample surface was ground by emery 

paper from 150 to 2000 grit, and then rinsed with deionized water and degreased in acetone. The 

working surface of the sample was exposed to the soil-simulating solution; the other parts were 

covered by silicone rubber.  
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Figure 1. Schematic of X80 steel specimen for electrochemical measurement. 

 

The sample was tested under different stress conditions (0%, 30%, 50%, 80%, 100%YS). The 

minimum cross-sectional area of the sample is 12 mm
2 
(according to Fig. 1), and therefore we could 

calculate the actual stress specimens suffered are 0MPa, 165.6MPa, 276MPa, 441.6MPa, 552MPa, 

respectively. Area of specimen in contact with solution is 4.8cm
2
, stray current density (hereinafter 

called ñDIò) specimen suffered are 0.5, 1.0, 1.5, 2.0, 2.5, 3, 3.5 mA/cm
2
, respectively, hereby, we could 

calculate the DC required for the experiment are 2.4, 4.8, 7.2, 9.6, 12, 14.4, 16.8 mA, respectively. 

There are many high-strength steel pipelines in Daqing where important oil-producing area in 

China, meanwhile, this area is alkaline soil. Ionic concentrations and related parameters in Daqing soil 

as shown in table 2, table 3 shows reagents for preparing solution. 

 

Table 2. Ionic concentrations and related parameters in Daqing soil. 

 

pH Conductivity NO3
-
 Cl

-
 SO4

2-
 HCO3

-
 Ca

2+
 Mg

2+
 K

+
 Na

+
 

9.19 0.20 mS/cm 0.084g 0.042g 0.138g 0.263g 0.092g 0.023g 0.003g 0.052g 

 

Table 3. Simulated solution preparation table. 

 

CaCl2 NaCl Na2SO4 MgSO4 Ŀ7H2O KNO3 NaHCO3 

0.084g 0g 0.109g 0.062g 0.086g 1.727g 

 

Al l corrosion tests were carried out using the experimental platform (shown in Fig. 2). The 

experimental platform was mainly composed of the PC, Solartron electrochemical measurement 

system (1287 electrochemical interface and 1260A Impedance/Gain-Phase analyzer), excitation power, 

voltage amplifier, digital multimeter (DMM), stress loading system. Experimental platform physical 

graph as shown in Fig. 3. Among them, the stress loading system included excitation power, the DC 

signal isolators, DMM, mechanical parts.  
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Figure 2. Schematic diagram of the experimental platform for corrosion of X80 steel under coupling 

effect of stress and stray current in Daqing simulated solution. 

 

 
 

Figure 3. The experimental platform for corrosion of X80 steel under coupling effect of stress and 

stray current in Daqing simulated solution. 

 

Before electrochemical measurement, rotating long bolt to generate tensile stress, DMM real-

time displays values tension sensor obtained. Stop rotating long bolt until the desired stress. 

Electrochemical measurements were performed using the Solartron electrochemical system on a three-

electrode cell, where the steel electrode was used as the working electrode (WE), a platinum sheet as 

the counter electrode (CE) and a saturated calomel electrode (SCE) as the reference electrode (RE). 

 

 

 

3. RESULTS 

3.1. The OCP under different stress conditions 

Fig. 4 presents the OCP of X80 pipeline steel under different stress conditions in Daqing 

solution, it can be seen from the Fig. 4 that the OCP is shifted negatively gradually as stress increase. 
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According to the results in Fig. 4, the OCP of X80 steel under different stress conditions is processed 

to obtain the relationships curve of OCP with stress changes in Fig. 5. Wang et al. [22] suggested that 

the strain has a significant effect on the corrosion resistance of the X80 pipeline steel and low-strain 

also influences corrosion resistance; Ren et al. [23] found that the dominated process at the beginning 

of elastic deformation is stress accelerating corrosion of low carbon steel in 3.5 wt% NaCl solution; Xu 

et al. [24] reported that the effect of elastic stress/strain on corrosion of X100 steel is through its role in 

two aspects of the steel, i.e., electro-chemical potential and corrosion scale; Rao et al. [25] pointed out 

that when stressed, free corrosion potentia1 of LY12CZ aluminum alloy move negatively, the 

movement extent depend on the stress. We find that stress negatively correlated with the open-circuit 

potential in the elastic strain range from Fig. 5. Obviously, for the purposes of X80 pipeline steel, the 

influence law of stress on open circuit potential is similar with conclusions in paper [22-25]. From a 

thermodynamic point of view, the value of the electrode potential is directly related to the corrosion 

tendency of materials. The higher the electrode potential is, the less the corrosion tendency [22]. The 

corrosion resistance of X80 steel decrease as the stress increase. 
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Figure 4. The open circuit potential (OCP) of X80 steel in Daqing soil solution under different tensile 

stress levels.   
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Figure 5. The relation curve between open circuit potential (OCP) and tensile stress of X80 steel in 

Daqing soil solution. 
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3.2. Potential changes under different DC stray current density and stress 

Fig. 6 shows the potential of X80 steel under different DC stray current density when Ts are 

0MPa (a), 165.6MPa (b), 276MPa (c), 441.6MPa (d), 552MPa (e), respectively. 

 

 
      a)                                                                         b) 

 
    c)                                                                         d) 

 
e) 

 

Figure 6. Potential of X80 steel under different DC stray current density when Ts are 0MPa (a), 

165.6MPa (b), 276MPa (c), 441.6MPa (d), 552MPa (e), respectively. 

 

It is seen that the corrosion potential of X80 pipeline steel shows a rising trend as stray current 

density increases. Extract from Fig. 6 that the potential value of X80 pipeline steel under different 


