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1- Introduction

Due to the rising demand for oil and natural gas, energy
companies have been compelled to explore these resources
in harsh and cold environments such as Arctic climate. In
this regard, High-strength low-alloy (HSLA) steels due to
their high strength, desirable toughness, and good
weldability are considered as the best options for use in
sour gas environments, such as natural gas pipeline. These
pipeline steels characterized by their low carbon bainitic
microstructures, consisting of bainitic ferrite phase and
martensite and/or austenite microconstituents (MA
islands). However, when these steels are exposed to
hydrogen atoms generated during the corrosion process,
they can undergo failure through mechanisms known as
hydrogen-induced cracking (HIC). The HIC susceptibility
in all pipeline steels is influenced by some factors such as
the types of presented phases, texture, distribution of
misorientation angles, and the nature of grain boundaries.
To the best of our knowledge, the majority of research has
concentrated on investigating the influence of hot and
warm rolling (various TMCP schedules) on microstructure
and texture evolution of an industrially-manufactured
pipeline steel. Therefore, the objective of our current study
is to examine the effects of cold rolling on the
microstructure and texture evolution of APl 5L X70
pipeline steel across two different surfaces.

2- Experimental

In this study, experiments were conducted on API 5L X70
pipeline steel with an initial thickness of one inch and the
chemical composition of table 1.

Table 1. Quantometer results. The chemical composition of
the “as-received” API 5L X70 steel

C 0.166
Si 0.435
Mn 1.676
P 0.009
S 0.005
Cr 0.094
Mo 0.309
Ni 0.270
Nb 0.040
Ti 0.012
V 0.005

The prepared samples were subjected to an 80% reduction
in thickness through cold rolling at room temperature.
Another set of samples was subjected to solution annealing
for texture-related calculations (texture parameters). These
samples were heated to 1200°C for one hour and then air-
cooled. Subsequently, laboratory equipment such as X-ray
diffraction (XRD) equipped with a goniometer, field
emission scanning electron microscope (FESEM), and
optical microscope were used to examine the
microstructural and texture changes of the samples in two
sections: the normal surface and the surface at a 45° angle.
These two sections were selected to demonstrate the angle
between two important crystallographic planes, (100) and
(110), as shown in figure 1 (a) to (c).
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Figure 1. Cutting directions. A) cut from the normal surface,
B) cut from twice-tilted cross section with 45° angles relative
to the normal surface, and C) the important
crystallographic planes of {001} and {011} are associated
with the dominant {100}<110> texture component when it is
present in the surface.

3- Result and discussion

FESEM and optical microscopy analyses revealed that the
initial sample had a fine-grained microstructure
comprising a ferritic matrix phase with a banded
morphology of secondary phases of upper bainite, along
with retained martensite/austenite islands. Additionally,
the initial microstructure predominantly consisted of
equiaxed grains, which transformed into a microstructure
with elongated grain morphology in the normal surface,
and especially in the 45° surface, after cold working.
Crystallographic texture changes analysis by X-ray
diffraction (XRD) indicated that the density of {100}
crystallographic planes decreased on the surface as a result
of the applied cold work, while the density of {110}
crystallographic  planes increased  simultaneously.
Moreover, the results demonstrated that {100}
crystallographic planes on the 45° section of the sample
replaced the {110} crystallographic planes (as shown in
figure 2).

Texture parameter calculations for the initial sample
showed that its normal surface had a predominant cube or
rotated cube texture components of {100} crystallographic
planes with a relatively high texture parameter. The 45°
section of the initial sample exhibited a strengthened Goss
or rotated Goss texture components of {110}
crystallographic planes, confirming the surface texture.
However, for the cold-worked sample, it was shown that,
contrary to the normal surface texture, the 45° section
exhibited a dominant cube texture component and a
weakened Goss texture component, while the amount of
Goss texture component weakening being significantly
greater than the amount of cube texture components
strengthening (as shown in table 2).

1-0-XRD 1-45-XRD C-0-XRD C-45-XRD

| (200)
211)

1-45

Cc-0

30 40 50 60 70 80 90
Position [°26]

Figure 2. Comparison of the X-ray diffraction results of the
initial and cold work samples in two surface cutting
sections.

Table 2. Texture parameters for each peak in each sample

Sample name Texture Parameter
T.P. {110} | T.P. {200} | T.P. {211}
1-0 0.468 1.879 0.653
I-45 1.921 0.821 1.164
Cc-0 1.167 0.980 0.852
C-45 0.346 1.464 1.190

4- Conclusions

The important results of this research could be summarized

as follows:

1) FESEM and optical microscope images showed that the
microstructure of the primary steel includes granular
ferrite, upper bainite and residual martensite/austenite
islands.

2) FESEM and optical microscope images also confirm the
formation of elongated grains in the 45° tilted surface
of the sample due to cold working.

3) The {100} crystallographic planes changed to {110}
crystallographic planes on the surface as a result of
cold work, and this phenomenon was observed in
reverse order in the 45° tilted surface sample.
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The Effect of Cold Rolling on the Microstructure and Texture Evolution of API SL X70 Steel in
Normal and 45°-Tilted Cross Sections

Seyed Hossein Hosseini Mortazavi, Mostafa Mirjalili, Mohammad Hadi Moayed, Gholamreza Ebrahimi, Ghasem Barati Darband

Abstract In the present study, a combination of analytical methods including X-ray diffraction spectroscopy, field emission scanning
electron microscopy (FESEM), and optical microscopy was employed to investigate the microstructural and crystallographic texture
changes in API 5L X70 pipeline steel following a severe cold-working process that resulted in an 80% thickness reduction in the
sample. All examinations were conducted on two distinct sections of the sample: the surface and a 45° inclined section relative to the
surface. These two sections were selected specifically to demonstrate the angle between two important crystallographic planes, (100)
and (110). FESEM and optical microscopy analyses indicated that the initial sample exhibited a fine-grained microstructure comprising
a ferritic matrix phase with upper bainite phases and residual martensite/austenite islands with a banded morphology interspersed
within. Additionally, the primary microstructure displayed predominantly equiaxed grains, which, upon exposure to severe
deformation, transformed into a structure characterized by elongated grains on both the normal surface and particularly the 45° inclined
section. X-ray diffraction analysis of the crystallographic orientation changes revealed that the density of {100} crystallographic planes
decreased on the surface due to the applied cold work, while the density of {110} crystallographic planes simultaneously increased.
Furthermore, the results confirmed that the {100} crystallographic planes on the sample from the 45° inclined section were replaced
by {110} crystallographic planes.

Keywords X70 steel, Cold rolling, Microstructure, Texture, Grain boundary.
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