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ABSTRACT: The objective of this work was to investigate the cause of
failed pipeline steel, in particular at its weld area which may due to the
preferential corrosion. The pipeline sample was supplied by an industry based
in Miri, Sarawak. The serious circumstances in the piping scheme led to high-
level corrosion of the inner surface, particularly in the weld region. Inside the
pipe system, natural gas flowed into the processing operation within the
platform. Several tests and experiments were elucidated to comprehend the
metallographic of the failure portion in order to explore the failure. Pipe
sample testing techniques such as visual inspection, optical microscope,
scanning electron microscope, and Vickers hardness testing were carried out
effectively. The characterization of the microstructure was carried out on the
sample taken from three main regions of the sample, which are the base metal,
the heat affected area and also the weld joint, in order to elaborate the
difference of the properties. The test outcome has shown that corrosion
occurred at the pipe, even though the pipe system used cathodic protection.
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1.0 INTRODUCTION

Corrosion failure of weldment area of pipeline occurred through
several facts such as the appropriate base metal, filler metal that has
been selected, industry codes and also standards. Additionally, welds
that have full weld penetration and correct shape and contour have
been placed [1]. All the requirements have been followed but in a
certain place and condition, the corrosion failures of weld still occur. It
is not unusual things where the wrought form of a metal or alloy is
resistant to corrosion in a particular environment, but the welded
counterpart is not [2-3]. Generally, farther welds can be done with the
addition of filler metal or perhaps can be produced autogenously or
without having any consumption of filler metal. There are, however,
some factors that may also affect the situation if the weld demonstrates
superior corrosion resistance to the unwelded base metal [4]. In fact,
there are moments when the weld responds erratically, indicating both
strength and susceptibility to corrosive attacks [5].

Welding failure can be split into two groups; those dismissed after
inspection and mechanical testing, and service errors that could occur
due to corrosion, wear, fracture, or possibly deformation. Causes for
rejection during inspection can be either noticeable on the welding
surface or underground signs that can be identified using non-
destructive test methods [6]. Service of the welds is same to that of some
other components; are relying on the operating environment as well as
the nature of the applied load [7]. It may also include errors such as
brittle cracking, ductile cracking overload failure, plastic collapse,
buckling fatigue, corrosion, stress-corrosion cracking, and hydrogen
cracking.

In the case of elevated temperatures, creep deformation and stress
rupture must be considered [8]. Typically, ductile fracture, plastic
collapse and buckling are preceded by plastic deformation which could
give some warning or indication before the final fracture [9]. In
contrast, the spread of brittle crack is preceded by negligible
deformation and can lead without warning to fast erratic crack
development and catastrophic failure. Break fracture of welded
systems is rare; however, it can be exaggerated, frequently resulting in
serious conditions [10].

As the corrosion failure of weldment stated above, a study and failure

analysis is conducted in order to find the cause of the failure of the
carbon steel pipeline which has been supplied by the industry.

64 eISSN: 2289-8107 Special Issue AdManTi 2019



Corrosion of Weld Area at Internal Surface of Pipeline Used in Oil and Gas Industry

2.0 METHODOLOGY

2.1 Data Collection and Visual Inspection

Data collection for the pipe sample was performed to ensure what type of
corrosion happened in the internal surface of the sample. The concepts
and explanations of the corrosion have been correlated with the data,
information and in-service history of the pipe. Visual inspection carried
out in order to evaluate detail surface damage and preparing the analysis
and investigation plan for sample of line 350-PG-2406-61490X of weld no
01, which shows root defect. The conditions of root part especially weld
circumference shows of Preferential Weld Corrosion. The internal surface
of the weld shows brown color. The working conditions for the pipeline
are tabulated in Table 1.

Table 1: The working conditions for the pipeline

IParameter [Features

IPiping Line No 350-PG-2406-61490X

Sample name HIP (Weld no 1)

Type 14” Low Pressure Discharge Line
Material 14" Schedule 80

(Operating Pressure (Bar g) b3

Years in service 7 to 8 years

Joint Type Single V

Optical microscope (OM) used to evaluate and identify microstructure
deference in each of weld. The metallographic observation of materials
represents the wide selection of features which can be assessed by OM. In
this examination, it is more focused on 3 areas at both (right side and left
side). It was heat affected zone (HAZ) end, parent metal and weld metal.

Scanning electron microscope (SEM) was used with the scale of 3-um and
10-pum, high magnification of 1000 X in order to detect changes in micro
scale [11]. By SEM, the type of failures can be identified closely and
specifically. For this examination, SEM only focused at weld area (hot
pass) and HAZ, in order to find any failure in term of weld discontinuities
such as pitting, crack, slag or porosity.

Vickers hardness test was carried out to observe material ability to resist
plastic deformation [12]. Besides that, it also meant to identify the
hardness distribution value at the sample where hardness can be related
to the microstructure properties that occur after metallographic
examination. The load duration was set in 15 seconds and the sample was
placed under the test load of 0.1 N. Then under the magnification of 50 x
objective lens, the reading of the diamond shape at the material is taken.
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2.2 Sample Preparation

The area of the sample which is of interest needs to be sectioned from the
pipe. Any single sample need to be mounted to control and facilitate
handling. The specimen was cut from the pipe samples. The
characterization of the microstructure was carried out from three primary
areas of the weld in order to compare helpful characteristics.

Mounting facilitates controlling and handling of the specimen. For this
sample mounting preparation, the technique used was cold mounting.
The polyvinyl chloride (PVC) pipe with inner diameter of 60 mm and 12.5
mm height was use as a mold. 200 g of polyester and %2 spoon of methyl
ethyl ketone peroxide (MEKP) was poured in the mold. Then the sample
was set at room temperature and left for 24 hours.

Grinding was carried out with a sequence of grit paper starting from 240,
400, 600, 800 and finally 1200 grits before the microstructural analysis.
Grinding speed required was around 150 to 200 rpm, where this speed
will give good contact between the sample and abrasive paper. The time
required for the grinding process is only about 2 to 3 minutes for each type
abrasive paper.

The samples were polished by fine polishing cloth. Fine polishing
process is conducted using the cloth covering on top of impregnated
wheel. Polishing can remove scratches or residual defects when cutting
metal. For this sample, the speed grinding speed required is around
200-250 rpm. By using alumina solution, time required for polishing
process is around 5 minutes.

Etching was performed to reveal the microstructure of the corrosion
product at grain boundaries [13]. Etching also includes any sort of
process utilized to reveal the microstructure of the sample. The sample
was immersed in an etchant solution. The etching process was done to
the sample with the usage of Nital 3%, 5 ml Nitric acid plus 100 ml
ethanol.

3.0 RESULTS AND DISCUSSION

3.1 Visual Inspection

For inner surface, thin preferential severe corrosion was observed at all
length of weld with 8.9 to 12.0 mm depth. Thin preferential corrosion
was observed at both HAZ area, with the 0.8 to 0.9 mm depth, along
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the line of flow. It is located at 15 mm to 20 mm width, at both upper
stream side and downstream side. At downstream side, thin layer
corrosion is scattered was observed, which is 75 mm from the weld,
with the depth of 0.3 to 0.8 mm, along the line of flow. Schematic
illustration in Figure 1 shows the inner side of the pipe.

Preferential corrosion thinning at root pass

8.9-12.0mm depth.
0.8-1.0mm depth. 0.5-0.§mm .de[.Jth
A y o slot-like thinning
=== slot-like thinning .

along the line of flow

60mm away from weld

0.5-1.0mm depth
slot-like thinning
along the line of flow
15mm away from weld

Unevenness corrosion:
0.1-0.2mm depth.
B

along the line of flow

20mm away from weld %=

Unevenness corrosion:

0.1-0.2mm depth. B —
~

Flow line

Figure 1: The internal surface condition of the pipeline

3.2 Microstructural Analysis Using Optical Microscope

Grain-refining region is produced when austenite grains decomposed
into the ferrite and pearlite grain distribution during cooling owing to
restricted diffusion moment [14]. Pearlite is an eutectoid mixture
containing 0.80% carbon and is formed at 727 © C when cooled very
slowly [15]. It is a very fine plate like or lamellar mixture of ferrite and
cementite. Partial grain-refining region prior pearlite colonies turn into
austenite and expand upon heating moderately to previous ferrite, then
decompose into highly fine pearlite and ferrite grains during cooling.
Pearlite is a mixture of alternate strips of ferrite and cementite in a
single grain as in Figure 2.

For microstructure of weld metal at upstream right side, pro-eutectoid
ferrite forms along the austenite grain ferrite border when the weld
metal is cooled in the austenite phase — ferrite transformation. In
addition, polygon ferrite was also observed in the austenite grains in
the form of coarse ferrite islands. Its presence reduces weld metal's
toughness. With the increase in weld metal's carbon and chromium
content, its amount decreases. Its quantity rises as heat input rises
during welding and reduces as the weld metal's carbon and chromium
content rises (Figure 3).
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Partial grain — refining region

Grain refining region O

Figure 3: Microstructure of weld upstream (right side)

3.3 Observation Using Scanning Electron Microscope

The examination was conducted on scale of 10-um with magnification
of 1000 X, pitting have been observed at 2 points at HAZ area (Figure 4
(@)). The diameter of pitting A is 5.62 um and porosity B is 15.48 um,
respectively. Pitting was confirmed by EDX result where only Fe
element exists at the peak of the graph as shown in Figure 4 (b).
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Spectrum 4
Fe
A SN A A S A i
Full Scale 91 cts Cursor: 0.000 keV|
(b)
Figure 4: (a) SEM image and (b) EDX result of pipeline sample
at HAZ upstream

3.4 Vickers Hardness Testing

Figure 5 shows the hardness distribution of Vickers hardness testing.
This pipe has served in severe condition where natural gas consist the
most corrosive elements like carbon dioxide (CO:) and hydrogen
sulfide (H2S), flowing inside the pipe system [16]. Additionally, the
parent metal sustained the localized corrosion which related to the
service temperature, conductivity of the corrosive element as well as
thickness of the corrosive film in contact with metal has influence the
parent metal properties to become erratic manner. Other factors that
influence the changing of hardness distribution at parent metal is
temperature ranging from ambient from welding to melting point.
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Metallurgical transformations also happen during the process of
preheat, fusion welding and effects due to multipass welding.
Microstructure can significantly alter the intrinsic corrosion rate and as
well as modified structure during cooling process induce to less
efficiency of material properties.
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Figure 5: Hardness distribution of samples at different areas

At HAZ, ferrite supplied the welds with excellent mechanical
characteristics such as tensile strength due to the greater resistance to
crack propagation of its microstructure with fine size. A microstructure
of acicular ferrite that was growing at inclusion was also observed. This
has given the hardness of HAZ is very high compared with base and
weld metal. But there was a decreasing value at HAZ (left side). This is
due to the existence of polygonal ferrite which it presence reduces the
strength of the weld metal. Factor that contribute to the amount of this
microstructure increase, when increasing the heat input during
welding, and due to high carbon and chromium contain supply by
welding electrode in manufacturing.

Based on the metallography examination by using OM, the
microstructure in the weld area was polygon ferrite. The presence of
this microstructure reduces the toughness, same as in HAZ
microstructure at location downstream (left side). The amount of
microstructure increases due to the increase in heat input during
welding. It also reduces with the rise in weld metal's carbon and
chromium content, which is usually added by welding electrode. The
microstructures in this weld metal are grain boundary ferrite and
coarse grain structure or grain coarsening region. High heat input and

low cooling rate lead in a region of grain coarsening, resulting in low
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hardness, lower tensile strength, yield strength and ductile welding
[17]. This has proved that the existence of polygon ferrite and grain
coarsening region microstructure in this shielded metal arc welding
(SMAW), result to low hardness value during this Vickers hardness
testing [18]. And this is suggested to be caused by high heat input and
low cooling rate.

4.0 CONCLUSION

As a conclusion, the primary or root cause of the failure at weldment
in carbon steel pipe was comprehended. The preference for weld
corrosion was the primary root cause of this failure analysis of the weld
region in the inner layer of the carbon steel pipeline. Through visual
inspection and metallographic observations, theoretically the weld
metal was anodic to HAZ and parent metal, then metal loss take place
in weld metal. The result from OM revealed all the type and behaviors
on microstructure which can influence the cause of the failure.
Examination through SEM have revealed the discontinuity in weld
metal and Vickers Hardness Testing shows the mechanical properties
of each regions, at once all the findings can be related to the failure
mechanism of the part.
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