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In this work, the coupling effect of stress and stray curr@mtcorrosion ofX80 pipeline steel was
investigated in soikimulating solution by open cirdupotential (OCP) and corrosion potential test,
potentiodynamic polarization measurement and surface characterisation techniqgue. A mathematical
relationship betweenorrosion rateand yield strength, direct current (DC) stray current density was
obtained lhrough 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 itigolMoreover, the above laws become
increasingly obvious with DC stray current density form 0.5 to 3.5 mA/@omparing with the
stress, the effect of stray current aorrosion rate oX80 pipeline steel is more significant in elastic
deformation. Muton 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 ef attestray 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 increasinglhis 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 natgea industry, point to the use of pipes with larger
diameters and smaller wall thicknesses, operating under high pressjréARis known [68], X80
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pipeline steel is widely used in the transportation of oil and gas energy sources due to its hitfh streng
and excellent toughness.

In addition to hoop stress resulted from internal operating pressure, ground movement
generates significant longitudinal strains on theenvice higbkstrength steel pipelines-B1]. It has
been established [1P4]that an apled 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 pipeliftass, DC currents would trafer between
the soil and pipeline at the coating defects that could result in DC corrisiservice highstrength
steel pipeline corrosion is often subjected synergism of stress and stray current. Hpvesoes
studies[15-22] has been mostly foced 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 focustte @orrosion enhancemt 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 usEuke soil solution simulated a
alkaline soil in DagingCity. OCP, potential of stray curremduced corrosion, polarization curve of
X80 steel under tensile stre§tereinafter called 30 Wwere measured, the influence law of stress
stray curreninducedcorrosionpotential andcorrosion rate oiX80 pipelne steel was investigated
combining with corrosion morphology.

2. EXPERIMENTAL

Specimens used ithis study were cut from a sheetinfserviceX80 steel pipe wall, with a
chemical compositiofwt.%) shown in Table 1The mechanical properties at rooemiperature were
measured with tensile strength of 82@a, yield strength (hereinafter called¥d ) of 552 MP
uniform elongation ratio of 15%.

Table 1.Chemical composition of X80 pipeline steeft ©0).

Cr Ni Al Cu

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 emer
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-sswmililating 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 conditions3@%, 50%, 80%, 100%Y. The
minimum crosssectional area of the sample is 12 hfatcording to Fig. 1), and therefore we could
calculate the actual stress specimens suffered are OMPa, 165.6MPa, 276MPa, 441.6MPa, 552MP«
respectively. Area ofpecimen incontact with solution is 4.8cinstray current densityhéreinafter
calledfiD,0) specimen suffered are 0.5, 1.0, 1.5, 2.0, 2.5, 3, 3.5 nfAtespectively, hereby, we could
calculate the DC required for the experiment are 2.4, 4.8, 7.2, 9.6, 1218.8.4A, respectively.

There are many highktrength steel pipelines in Daging where importanpmiducing area in
China, meanwhile, this area is alkaline soil. lonic concentrations and related parameters in Daging soll
as shown in table 2, table 3 showagents for preparing solution.

Table 2.lonic concentrations and related parameters in Daqging soil.

pH Conductivity NOj3 Cr

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

Table 3.Simulatedsolution preparatiotable.

NacCl NaeSO4 MgSO; 7HO KNO3 NaHCG;

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

All 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 ImpedanceRBase anaier), 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, mechanicaags.
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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 Daging simulated solution.

Figure 3. The experimental platform for corrosion of X80 steel under coumifert of stress and
stray current in Daging simulated solution.

Before electrochemical measurement, rotating long bolt to generate tensile stress, DMM real
time displays values tension sensatained. 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 a
the counter electrode (CE) and a saturated calometadec{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 Daging
solution, it can be seen from the Fig. 4 that the OCP iseghifegatively 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 tha
the strain has a significant effect on the corrosion resistance of the X80 pipeline steel astdchiow

also influences corrosion resistance; Ren et al. [23] found that the dominated process at the beginnin
of elastic deformation is stress acceleratingasion 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., eleatteemical potential and corrosion scale; Rao €&l pointed out

that when stressed, free corrosion potential of LY12CZ aluminum alloy move negatively, the
movement extent depend on the stress. We find that stress negatively correlated with-thieewipen
potential in the elastic strain range frong.F5. Obviously, for the purposes of X80 pipeline stded,
influence law of stress oopen circuit potentiais similar with conclusions in paper [25]. From a
thermodynamic point of view, the value of the electrode potential is directly related torttosion
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. Theopen circuit potentialOCP)of X80 steelin Daging soil solutiorunder differentensile
stresdevels.
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Figure 5. The relation curve betweeaspen circuitpotential(OCP) and énsile stresef X80 sted in
Daging soilsolution
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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
OMPa (a), 165.6MPa (b), 276MPa (c), 441.6MPa (d), 552MPRag®)ectively.

e)

Figure 6. Potential of X80 steel under different DC stray current density when Ts are OMPa (a),
165.6MPa (b), 276MPa (c), 441.6MPa (d), 552MPa (e), respectively.

It is seen that the carsion 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



