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Electrochemical Study on Grooving Corrosion in the Weld
Metal of ERW Carbon Steel Pipe
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Optical observation of microstructure and electrochemical analysis of ERW car-
bon steel pipe containing spherical calcium sulfide as sulfide inclusion in artificial
sea water(3.5wt.% NaCl solution) have been conducted. Open circuit potential(O.
C.P) of the cross section of the base metal measured at steady state condition was
about -760mV SCE which is concurrent to that of the weld metal, while the O.C.P
of the surface of base metal was -720mV SEC which is more noble than that of
the cross section of the base metal. The direction of metal flow line in HAZ of
ERW pipe shifted normal to the inner(or outer) surface of pipe by plastic defor-
mation during welding. Thus, the metal flow line in HAZ was exposed to the cor-
rosion environment by cutting the weld bead of ERW pipe. Therefore, the O.C.P
of the base metal surface was 40mV more noble than that of the weld metal and
HAZ of ERW pipe. Corrosion potential of base metal obtained by half cycle pola-
rization in artificial sea water was 30 to 80mV higher than that of weld metal of
ERW pipe. Accelerated corrosion test by constant current density of 10 to 25mA/
cm’ developed groove at weld metal of ERW pipe and the measured grooving fac-
tor was about [.5.

Keywords : grooving corrosion, ERW steel pipe, corrosion potential, open circuil poten-
tial, polarization in sea water, grooving factor.
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Tabie 1. Chemical composition of ERW pipe(wt.% )

Elements

. C S P Si | Mn | Ca | Al
Pipe

New pipe [0.0400/0.0062|0.0067/0.0287| 0.260 {0.0027|0.0330

Table 2. Chemical composition of corroded ERW
pipe{wt. % )

Hlements) o g | p s | MalCal Al
Pipe

Corroded

pipe 0.0500(0.0140(0.0150(0.0190/0.3600(0.0000/0.0307
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Fig. 1. Method of Specimen Preparation for the
Study of Electrochemical Analysis.
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Fig. 2. Optical microstructures of ERW carbon
steel pipe.
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(B)

Fig. 3. Optical microstructures of ERW carbon
steel pipe : (A)base metal, (B)weld metal.
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Fig. 4. Distribution of non-metallic inclusions in
the parent metal of ERW pipe.
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Fig. 5. EDS peak from sulfide inclusion in the base
metal of ERW pipe.
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Fig. 6. EDS peak from sulfide inclusion in the base
metal of ERW pipe.
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Fig. 7. Cross sectional view of ERW pipe showing
thin fusion line of the weld, etched in picral and
nital.
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Inner surface

QOuter surface
Fig. 8. Optical micrograph of metal flow rising at
both outer and inner surfaces in the weld of ERW
pipe, etched in picral.

Fig. 9. Segregation of second phase at the weld
of ERW pipe: (A)inner side of ERW pipe, (B)
outer side of ERW pipe.
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Fig. 10. EDS profile from the segregation at the
weld.
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Fig. 11. Electrode potential of base and weld
metal of ERW pipe in deaerated 3.5wt.% NaCi so-
lution, at ambient temperature.
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Fig. 12. Cyclic polarization diagram for the base
metal of ERW pipe in deaerated 3.5wt.% NaCl solu-
tion.
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Fig. 13. Cyclic polarization diagram for the base and
weld metal of ERW pipe in deaerated 3.5wt.% NaCl
solution.
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Table 3. Grooving factor{a) for ERW pipe pola-
rized at various current densities in 3.5wt.% NaCl

i = M solution
o, P &
: v, ¥ 1. 7 H
u LWWW 8718 VR
Y m—— . oy . ) 3
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e . 60 22 4752 1.25 0.96 2.24 0.29 1.30
oy 50 24 4320 1.13 0.84 2.36 0.29 1.34
35 33 4160 1.12 0.82 2.38 0.30 1.36
) ) 25 45 3750 1.06 0.75 2.45 0.31 1.41
. . 20 72 5184 1.51 1.05 2.17 0.46 1.44
Fig. 14. Grooves formed in weld and HAZ of ERW
9 r nw 15 9 5184 157 1.04 2,16 053 1.51

carbon steel pipe by anodic polarization at con-
stant current densities at ambient temperature in
35wt. % NaCl solution : (A)15mA /ecm?, (B)20
mA/cm?  (C)25mA/cm?, (D) 35mA/cm?, (E)
50mA/cm?, (F) 60mA/cm?.
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Table 4. Grooving factor(a) for ERW pipe pola-
rized at various current densities in 3.5wt.% NaCl
solution *

a5 d AHEd

Jd—H ]

current

FRAL £3%

(hr) (C/em?) ' d e

density

(mA/cm?)
1 112 5645 1.65 1.21 1.99 0.44 1.36
15 2 96 5184 1.51 1.04 2.18 0.49 1.45
3 96 5184 1.57 1.04 2.16 0.53 1.51
4 96 5184 1.52 1.01 2.19 0.51 1.50
1 72 5184 1.49 1.04 2.16 0.45 1.43
20 2 72 5184 1.51 1.05 2.17 0.46 1.44
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Fig. 15. Schematic illustration of potentiostatic po-
larization of ERW pipe specimen in aqueous solu-
tion for the accellerated corrosion test.
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Fig. 16. EDS peak from second phase inclusion in
the corroded ERW pipe.
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Fig. 17. EPMA profile from the second phase in
corroded steel pipe.
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Fig. 19. V-type grooves formed in weld and HAZ
of corroded ERW pipe.
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Fig. 21. Schematic explanation on differential aer-
ation corrosion of mild steel by mixed potential
theory : (A)uncoupled (B)coupled.
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AEg : Ealvanic potential between base and weld metal
AE, : Pitting potential in the groove
AE. : Crevice potential under the groove
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Fig. 22. Schematic illustration of mixed potential
theory for galvanic, pitting and crevice corrosion.
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