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Effect of Cathodic Protection Conditions on the Stress
Corrosion Cracking of Line Pipe Steels
Komei KaSAHARA and Haruhiko ADACHI
Synopsis :

Stress corrosion cracking (SCC) of buried line pipe steel was studied from practical aspects of view

including cathodic protection conditions.

The results obtained are summarized as follows :

1) The most probable occurrence of SCC on buried steel pipelines was thought to be limited to the
sites of cathodic disbonding accompanied by corrosion rusts.

2) Cathodic protection current of not less than 1 mA/cm? could cause cathodic disbonding of pro-
tective coating on a steel pipe, and could form a sufficient concentration of alkali to produce carbonate-

bicarbonate SCC.

3) The more predominant environment to produce SCC on a buried line pipe steel was thought
not a caustic alkali solution but a carbonate-bicarbonate solution because of a high partial pressure of

CO, in the soil.

4) Those pipelines which were cathodically protected at the polarization potential between —1 000
and —1350mV vs. Cu-CuSO, and at the cathodic current density of less than 1 mA/cm? were thought

free from SCC.
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Table 1. Chemical composition and mechanical properties of line pipe steel tested.
Thickness Chemical composition (%) 0.2% proof Ultimate Elongation Hardness
Spec. Grade stress tensile stre-
(mm) C Si Mn P S Nb (MPa) ngth(MPa) (%) (HV)
X 60
API 5LX controlled 13.5 0.14 0.36 1.19 0.028 0.014 0.021 432 566 29.9 176
rolled
M.,
P
4 ‘
X 1 .
3] 8
Silicon rubber packin: PVC pipe

tine_pipe steel rod

Fig. 1. Schematic representation of the analog
probe simulating a coating holiday on a steel pipe.
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Fig. 2. Schematic of the SCC test cell.
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Fig. 3. Schematic of the cathodic disbonding
cell.
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Fig. 4, Schematic of crevice cell?).
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Fig. 5. Relationship among cathodic current den-
sity, polarization potential, and OH- ion concen-
tration formed in a coating holiday after 6 months
of burial in the soil.
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Fig. 6. Relationship between CO, partial pressure
and NaOH concentration in the formation of SCC
environments of Na,CO;+ NaHCO,.
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Fig. 7. Effect of current density on the potential
of bare X60CR line pipe steel.
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Fig. 8. Effect of current density on the potential
of rusted X60CR line pipe steel.
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Fig. 9. Effect of current density on the potential
of mill-scaled X60CR line pipe steel.
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Photo. 1. Coating disbonding observed after 6
months cathodic charging at lmA/cm?. P, C,
and A stand for an extruded high density polyeth-
ylene lining, coal-tar enamel coating with vinylon
cloth, and asphalt coating with vinylon cloth,
respectively.
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Fig. 10. Potential change of bare X60CR line
pipe steel along a 0.1lmm thick crevice with the
holiday potential maintained at — 1050 mV vs.
Cu-CuSO,.
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Fig. 11. Potential change of rusted as well as
mill scaled X60CR line pipe steel along a 0.1mm
thick crevice with the holiday potential of — 1 050
mV vs. Cu-CuSO,.
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