CORROSION SCIENCE AND TECHNOLOGY, Vol.17, No.3(2018), pp.109~115

[Research Paper]

PISSN: 1598-6462 / eISSN: 2288-6524
DOI: https://doi.org/10.14773/cst.2018.17.3.109

Evaluation of Grooving Corrosion and Electrochemical Properties of H,S
Containing Oil/Gas Transportation Pipes Manufactured by Electric Resistance
Welding

Maksudur Rahman', Siva Prasad Murugan', Changwook Ji’, Yong Jin Cho’,
Joo-Yong Cheon’, and Yeong-Do Park"”
'Department of Advanced Materials Engineering, Dong-Eui University, Busan, 47340, Korea
2ddvanced Forming Process R&D Group, KITECH, Ulsan, 44413, Korea

Ship Infrared Signature Research Center, Department of Naval Architecture and Ocean Engineering, Dong-Eui University,
Busan, 47340, Korea

(Received April 09, 2018; Revised May 16, 2018; Accepted June 15, 2018)

Electrical Resistance Welding (ERW) on a longitudinal seam-welded pipe has been extensively used in
oil and gas pipelines. It is well known that the weld zone commonly suffers from grooving corrosion in
ERW pipes. In this paper, the grooving corrosion performances of API X65 grade non-sour service (steel-A)
and API X70 grade sour gas resistant (steel-B) steel electrical resistance welding pipelines were evaluated.
The microstructure of the bondline is composed of coarse polygonal ferrite grains and several elongated
pearlites. The elongated pattern is mainly concentrated in the center of the welded area. The grooving corrosion
test and electrochemical polarization test were conducted to study the corrosion behavior of the given materials.
A V-shaped corrosion groove was found at the center of the fusion zone in both the steel-A and steel-B
ERW pipes, as the corrosion rate of the bondlines is higher than that of the base metal. Furthermore, the
higher volume fraction of pearlite at the bondline was responsible for the higher corrosion rate at the bondline

of both types of steel.
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1. Introduction

Electrical Resistance Welding (ERW) is a controlled
high precision welding process in which seam welding
of steel pipes are formed by High Frequency Induction
Heating (HFI) process. ERW longitudinal seam-welded
pipe has been used in many applications including oil and
gas pipelines, heat exchangers, water pipelines, and con-
struction (e.g., scaffolding). Weld zone and base metal
have electrochemical potential differences that causes cor-
rosion problems ERW pipes [1]. Grooving corrosion, in
which the weld suffers V-shaped selective corrosion, will
occur in the fusion zone. This grooving corrosion is crit-
ical since it shortens the life of ERW steel pipes not only
due to penetration that leads to leaks but also because
the defect that tends to be formed during grooving corro-
sion is similar to a long, sharp notch which can act as
the initiation site for fatigue and environmentally assisted
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cracking [2]. The resistance of ERW pipes to grooving
corrosion can be improved by adding some alloying ele-
ments such as Cu, Ca, Ni, Nb, Ti to the steel. In order
to control the grooving corrosion of ERW steel pipes, the
relationship between grooving corrosion, chemical com-
position, and steel microstructure needs to be better
understood. In the present study, a constant potential po-
larization approach is used to investigate the performances
of grooving corrosion of X65 grade Non-Sour Service and
X70 grade Sour gas resistant steel pipelines and compar-
isons are made between them.

2. Experimental Methods

Two different kinds of steel pipes, namely steel-A and
steel-B were used for this investigation. The chemical
composition of the materials is provided in the Table 1.
Fig. 1 shows the Schematic diagram of the ERW process
[3]. After the pipe was shaped from the sheet, it was weld-
ed by ERW technology. The welding conditions of ERW
pipes are given in the Table 2. Annealing was done just
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Table 1 Chemical composition of the materials
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C Si Mn P S Ti A% Nb Cr Ni
Steel-A 0.06 0.23 1.46 0.009 0.001 - - - - -
Steel-B 0.02 0.26 1.3 0 0 - 0.04 0.05 0.19 0.08

Table 2 Welding conditions of ERW pipes

Materials Thickness Welding speed Welding power Welding power per thickness
Steel-A 9.2 mm 15.0 m/min 185 kW 20.12 kW/mm
Steel-B 12.0 mm 11.5 m/min 297kW 24.75 kW/mm

after the ERW welding at 900 °C.

The tested of pipes were cut from different manufactur-
ing positions which are shown in Fig. 2. All pieces had
dimensions of 9.2 — 12 mm thick depending on the thick-
ness of the pipes, 15 mm long, and 10 mm wide. The
weld was parallel to the direction of the specimen’s width,
located in the center of the specimen's width, and was
across the specimen's thickness. The curved sides were
machined smooth and were then ground with 100 — 1000
grit emery paper prior to testing. The final specimen thick-
ness was measured with an accuracy of £ 0.001 mm for
calculating the corrosion depth. The inner surfaces of the
ERW pipes were taken as the test surfaces and other surfa-
ces are sealed. Then the specimens were exerted at
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Fig. 1 Schematic diagram of the ERW process [16].
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20mA/cm” current and polarized for 20 hours in a 3.5
wt% NaCl aqueous solution at room temperature to accel-
erate the grooving corrosion. Illustration of electrodes sys-
tem used in grooving corrosion test is shown in Fig. 3.
The specimen of the ERW pipe was used as an anode.
The corroded specimen was cross-sectioned through the
weld or the corrosion groove and the cut surface was
ground with 100 — 1000 grit emery paper. After testing,
any corrosion products were removed and parameters of
grooving corrosion were measured by following Zongyue
Bi et al. [3] according to Fig. 4. The grooving corrosion
sensitivity coefficient, a, is defined as

h’2
o = h_1 (1)
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Fig. 3 Illustration of electrodes system used in grooving comosion
test (bondline remains at the center of the exposed area).
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Fig. 4 Illustration of determining sensitivity coefficient of grooving
corrosion.
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Fig. 5 Corrosion groove, grooving factor(G.F.-a) and bond-line
width (B.W.) of steel-A and steel-B.

Where h, and h; are the depths from origin surface to
corrosion groove base and corrosion depth of base metal
respectively. h; is equal to the difference between the orig-
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Table 3 Electrochemical properties of ERW pipes from potentiody-

namic polarization test

Ecorr (V) Icorr (A)
Base metal -0.368 6.74E-6

Steel-A
Bondline -0.496 9.80E-6
Base metal -0.21413 1.65E-5

Steel-B
Bondline -0.40243 1.27E-5

inal specimen's thickness and the corroded specimen’s
thickness. Each test of the grooving corrosion sensitivity
was repeated three times.

The electrochemical polarization tests of the base metal
and the welding zone were done in 3.5 wt% NaCl solution
at room temperature using the Versastat 3. A scanning
rate was 3 mV/s with the reference electrode (solid) of
Ag/AgCI/KCl (0.197 wvolts) during polarization curve
measurement. Prior to testing, the exposed surface was
ground with 100 — 1000 grit emery paper. Microstructures
of the ERW steel pipes were examined by Optical
microscope. Analysis of microstructures of base metal and
bonding were carried out three times and then the average
values of the ferrite grain size and amount of pearlite are
noted down.

3. Results and discussion

Fig. 5 shows V-shaped corrosion grooves located at the
center of the fusion zone in steel-A and steel-B ERW
pipes. It indicates that the corrosion rate at the bondline
is higher than that of the base metal. The grooving factor
(o) and the band width (B.W) of the specimens are also
shown in the Fig. 5. It specifies that the average grooving
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Fig. 6 Polarization diagram showing comparison between base metal and bond-line (a) Steel-A and (b) Steel-B.
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factor of steel-A is higher than that of steel-B pipe.
Therefore, it can be said that steel-A pipe has high groov-
ing corrosion sensitivity than steel-B. The electrochemical
polarization potentials of the ERW pipe specimens im-
mersed in 3.5 wt% NaCl were measured with respect to
the reference electrode of Ag, AgCI/KCI. The potentials
vs. current density plot in Fig. 6 shows that the current
density decreases with increasing polarization potential,
but after a certain potential, which is called the corrosion
potential with respect to the reference electrode, the cur-
rent density starts to increase. A comparison of corrosion
behaviour of the bondline and the base metal can be ob-
tained from Fig. 6 and Table 3. The corrosion potential
and the corrosion current of the base metal and the bond-
line are different. In other words, the polarization curve

of the bondline is located below of the base metal. It in-
dicates that there is an electrochemical kinetic difference
between the bondline and the base metal of ERW steel
pipes in corrosive environment. This kinetic difference in
addition to galvanic coupling that develops due to differ-
ences in the corrosion potentials would accelerate selective
corrosion in ERW pipes [2]. The potential in the bondline
was consistently more negative and the high current den-
sity in the bonding than the base metal. As a result, the
weld zone becomes more active than the base metal,
which leads to the severe corrosion at the weld bondline
as the welding zone experiences higher corrosion rates
than the base metal. Furthermore, the difference in current
density of the base metal and the bondline of steel-B is
lower than in steel-A. So, it can infer that the bondline

Base metal

Steel-A

Steel-B

Fig. 8 Detailed microstructure of bondline in Steel-A.
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Fig. 10 SEM-EDS analysis at the bondline: (a) Steel-A; (b) Steel-B.

of steel-A exhibits faster corrosion rate than the bondline
of steel-B.

Fig. 7 shows the comparison of microstructure of the
base metal, HAZ and the bondline of the two ERW pipes.
A detailed microstructure of the bondline of the two pipes
are provided in Fig. 8 and Fig. 9. The microstructure of
bondline is composed of coarse polygonal ferrite grains
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and few elongated pearlites. The elongated pattern is
mainly concentrated in the center of the bond area.
Moreover, a higher volume of the elongated structure is
observed in steel-A than in steel-B. Detailed SEM-EDS
analysis as shown in Fig. 10 reveals that the elongated
pearlite is associated with the oxides and sulfides of
Mn-Si. These structures are formed during the welding
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Table 4 Measurement of avg. ferrite grain size and pearlite volume fraction

Steel-A Steel-B
Base Metal Bondline Base Metal Bondline
Avg. Ferrite grain size 120 pm 84 pm 53 pum 115 pm
Pearlite volume fraction 49 % 6.6 % 0.8 % 2.2 %
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Fig. 11 Iron — Iron carbide phase diagram.

operation as a result of high temperature reaction of Mn-Si
with S and O, and a subsequent expulsion on the forging
action. Iron-iron carbide phase diagram, in Fig. 11, is used
to explain the microstructural features of the investigated
steels. From phase diagram, it is evident that steel-B con-
sists of less pearlite volume fraction compared to steel-A.
Comparison between steel-A and steel-B in terms of fer-
rite grain size and the pearlite volume fraction is shown
in Table 4. The lower pearlite volume fraction is propor-
tionate to the lower carbon content in steel-B, whereas
the grain size is most likely obtained by control of the
welding parameters and the heat treatment process, noting
the absence of grain refining elements. The grains of the
base metal steel-B are finer than that of steel-A. Also,
elongated pearlite is observed in the bondlines of both
the steels. Selective and localized corrosion tests and mi-
crostructural observations show that the grooving corro-
sion existed in the ERW pipes and appeared only in the
welding zone. Generally, the localized and general corro-
sion rates vary slightly between different carbon steels,
but the microstructure has some effect on the corrosion
[4]. Carbon content determines the microstructure of steel,
including the base metal and the weldment, according to
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the Fe-Fe;C phase diagram in Fig. 11. The welding pa-
rameters and the heat treatment process can modify the
microstructure. Steel-A has higher carbon content than
steel-B. Again, from the welding parameters in Table 2,
steel-A has lower heat input during welding than steel-B.
Therefore, it can be the reason of smaller ferrite grains
and more pearlite is present at the weld zone of steel-A
compared to steel-B. The steel with coarser ferrite micro-
structure performed better in terms of the average corro-
sion [5] and the ferrite microstructure showed the lowest
corrosion rate [6]. In the steel with ferritic—pearlitic micro-
structure, with pearlite consisting of ferrite and cementite,
the cementite acts as a cathode in an electrolyte while
the ferrite phase corrodes preferentially [7,8]. The welded
pipes had higher risk of localized corrosion due to ex-
istence of pearlites in the welding zone. In order to reveal
the process of the grooving corrosion, the current density,
including the base metal and the bondline, was recorded
at the polarization test. As there is a significant change
in current densities between the base metal and the bond-
line, the corrosion rate is faster at the bondline due to
higher current density. In steel-A pipe the difference in
current densities is more prominent than the steel-B.

CORROSION SCIENCE AND TECHNOLOGY Vol 17, No.3, 2018
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Also, the corrosion potential at the bondline is often
lower than the base metal due to the existence of pearlite.
It may be deducted from these results that the grooving
corrosion occurs due the presence of more pearlite at the
weld zone. Generally, in mild and low alloy steels, small
amount of Cr, Ni, Cu and Ca influenced the corrosion
behavior and the corrosion rate tended to decrease as the
result of alloying [9,10]. Therefore, the alloying elements
should improve the resistance of steels to corrosion. For
ERW pipes, there is a difference of alloying element be-
tween the base metal of steel-A and steel-B. Presence of
V, Nb, Cr and Ni the base metal of SR70 makes it more
corrosion resistant than the base metal of NS65 [11].
Therefore, steel-B pipe has less sensitivity of the grooving
corrosion than steel-A.

4. Conclusion

Investigation was done on the grooving corrosion per-
formance of X65 grade Non-Sour Service (steel-A) and
X70 grade Sour gas resistant (steel-B) steel pipelines and
the following conclusions were drawn. V-shaped corro-
sion groove was formed at the center of the fusion zone
in both steel-A and steel-B ERW pipes, as the corrosion
rate of the bondlines is higher than that of the base metal.

CORROSION SCIENCE AND TECHNOLOGY Vol.17, No.3, 2018

Higher volume fraction of pearlite in the bondline was
responsible for the higher corrosion rate at the bondline
of both the steels.
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