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ABSTRACT

In this research paper an analysis concerning the evolution of crystallographic texture during hot rolling pro-
cessing of low carbon steel is presented. The study was performed on a steel sheet with an initial thickness of
1.9 mm used in the process of cold rolling. In order to assess the differences between tensile and compressive
deformation, a 90° cold bending was carried out in this specimen. Texture evolution analysis greatly helps to
assess the effect of some mechanical properties, particularly formability. The material was annealed under
different conditions of time and temperature using an inert atmosphere. The chemical composition was de-
termined by optical emission spectrometry. The study of crystallographic texture present in this steel was
performed using the electron backscatter diffraction (EBSD) technique by means of OIM (Orientation Imag-
ing Microscopy) mapping, inverse pole figures and orientation distribution functions (ODFs). Electron dif-
fraction Backscattered (EBSD) is a technique that allows to detect and analyze information crystallographic
on the surface of a sample which is observed by scanning electron microscope (SEM). An analysis of the
effect of processing parameters and differences between tensile and compressive deformation on the micro-
structure and crystallographic texture changes in these materials is presented. The results are discussed in
terms of both the resulting anisotropy after the annealing treatment and the primary fibers founded by this
technique.
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1. INTRODUCTION

There is particular interest in the production of ultrathin (approximately 200 micrometers) steel sheets for
specific applications in food packaging. Important parameters such as the deformation percentage and an-
nealing characteristics must be carefully controlled in order to obtain a quality product with the required
specifications. Interstitial free steels (IF) are recognized because of their excellent mechanical properties on
deep drawing processes [1].

The evolution of the microstructure and final texture during the annealing process occurs because of
recrystallization, which is considered as the formation of new grains from a deformed structure. Recrystalli-
zation starts at high-angle grain boundaries (10-15° over) while the grain growth is driven by the stored ener-
gy results from forming. There is an important effect of manufacturing parameters of low carbon steels in the
final texture, obtaining optimum anisotropy in ultrathin sheets used in the molding. During annealing, new
nuclei in the grain boundaries are formed; a viable nucleus is one that is surrounded by a high angle grain
boundary able to migrate through the deformed microstructure thus causing their growth [2].

During the deformation process, the dislocations are concentrated in areas of lower energy such as
grains forming low angle subgrain, hence the microstructural changes occurred during annealing is related to
the decrease in stored energy caused by the turnover mechanisms and the annihilation of defects in crystals
[3-4].

By increasing the temperature new grains are generated, causing a decrease in the free energy and
consequently a progressive increase in grain size [5-6].
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A fine-tuned combination between cold deformation process and annealing makes it possible to ob-
tain the ideal microstructure and thus the required mechanical properties [7-9].

Previous studies reported that depending on each material a minimum deformation is required to initi-
ate recrystallization (1-5%) [10-11].

An important feature which allows reasonable prediction of mechanical properties of materials is the
finished product crystallographic texture. A common technique for texture quantitative analysis is EBSD
(Electron Backscatter Diffraction) [12-13-14]. Texture is determined on the Euler space which is represented
by a three dimensional view in the context of Bunge ¢, = 45° at this point is possible to appreciate the most
important textures components in angles ¢, ® and ¢, [15 -16-17]. The final texture of a material depends on
the crystallographic preferred orientation of each grain after recrystallization.

The capacity and the degree of deformation of a sheet steel is the formability, this property must be
strictly controlled during severe deformation to avoid the appearance of cracks without affecting the loss of
strength of the material. The degree of formality of a sheet of steel depends on the texture you get at the end
of the manufacturing process. Understanding the texture helps to relate the mechanical properties including
single crystal. It is noteworthy that the art backscattered electron diffraction EBSD (electron backscattering
difraction) allow the energy stored grain and grain crystallographic orientation.

As growth occurs, preferential grain textures known as fibers are formed. The texture of steel is gen-
erally defined by a complete y fiber and partial o fiber. A y fiber corresponds to fiber orientations of the
grains constituting the steel for which {111} planes of ferrite crystal lattice of match the rolling plane [18- 19-
20- 21-22]. During the lamination process and subsequent annealing recrystallization occurs which is reflect-
ed by a change in the texture through the emergence of y and o fiber. The texture of a material in which the
{111} planes are parallel to the normal direction (denoted as {111}//ND), is referred as a vy fiber texture. In
steels, this kind of texture displays high formability in deep stamping processes. When the grains are oriented
with their {110} planes parallel to the normal direction ({110}//ND), the material is considered to display an
a fiber texture. Steels displaying a strong o fiber texture are not favorably oriented for severe deformation
processes [4-25]. The driving force of recrystallization is a function of the dislocation density high rate of
deformation can result a high dislocation density [26].

Recrystallization is a phenomenon that despite being been studied for many years, is not yet fully clari-
fied, in particular the crystallographic texture resulting from the recrystallization which requires additional
studies to understand the factors that lead to the formation of certain crystallographic fibers. This is of partic-
ular importance in ultrathin steel sheets such as the ones analyzed in this paper.

2. MATERIALS AND METHODS

The steel used in this study is a low carbon ferritic steel. The chemical characterization was determined by
spark optical emission spectrometry. The chemical composition is detailed in Table 1.

Table 1: Chemical composition of the steel sheet used in the experiment (mass %).

C Si Mn P S Cr Mo Ni Al Cu Ti \Y
0.04 0.008 0.154 0.29 0.015 0.022 0.003 0024 0.020 0.032 0.001 0.003

The study was conducted using sheets of 1.9 mm thick and 1 cm long, cold bent at 90°. This hot rolled
sheet is used as the starting material for subsequent cold roll processing in order to obtain ultrathin sheets.
The metallographic preparation began with grounding in fine granulometry SiC sandpaper of 2400, using
water as lubricant. The polishing was performed with Microcloth cloths using diamond paste 0.3 um and 0.1
pm. The final polishing was carried out with suspension of colloidal silica with a particle size of 0.4 um and
polishing time of 35 minutes. Samples were attacked with Nital 3% for 15 seconds, and then subjected to a
cleaning process in an ultrasound cleaner. The annealing heat treatment was conducted under a nitrogen at-
mosphere at temperature of 670 °C with a heating rate of 10 °C/ min, with soaking times of 900 and 1800
seconds. The characterization was performed on a microscope SEM, using the backscattered electrons tech-
nique. TSL EBSD technique OIM® (Orientation Imaging Microscopy) was used to determine the evolution
of texture and microstructure in each microscopic area of the sample. The ODF’s representing Euler angles
Bunge formalism were calculated coring the OIM software. Sample symmetry was set as orthotropic and
calculation method used Harmonic series expansion, with a rank of 16 Gaussian smoothing 5°.
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3. RESULTS AND DISCUSION

The recrystallization process of steel during annealing heat treatment has been presented by two models: (a)
oriented and (b) selective growth nucleation, increasing component density in {111}<112> [20]. Subjected to
the tensile and compression achieved ultrathin film strengthened in {110} planes and {111} of a bce typical
material.

When a material is cold deformed there is a direct dependence between the crystallographic orienta-
tion of the microstructure and the stored energy during deformation. A recrystallized grain is considered one
which has a substructure inside and grain boundaries have a large misorientation which can vary between 15°
and 20° with respect to neighboring grains. This large misorientation between adjacent grains allows bounda-
ries to have great mobility in growth [4]. Figure 1(a) shows the EBSD OIM maps of a sheet after 90° bend-
ing. It is possible to observe the grains deformed in tensile and compressive areas, whereas in the central area
the grains remain equiaxed. Figure 1(b) show the evolution of texture of section the ODF’s of ®,=0°-360 ° of
the bent speciment without any heat treatment
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Figure 1: Figure 1(a) OIM maps of the bent speciment without any heat treatment, showing the differences between the
tensile, compressive and central (undeformed) areas, (b) show the evolution of texture of section the ODF’s of ®,=0°-
360 ° of the bent speciment without any heat treatment. Anex components in 2= 45° section of ODF representing main
orientation.
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Figure 2 (a) represents the steel before thermal annealing treatment. Grains deformed in the top and
bottom due to the compression and tensile were observed, while in the center equiaxed grains that were not
affected by the applied external forces can be identified. After 900 seconds of 670°C heat treatment, the de-
formed grains begin the process of recovery and recrystallization (Figure. (2b)). in figure 2 (c) it is easy to
detect the grain growth.
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Figure 2: OIM maps in the analyzed steel specimen (a) without TT; (b) 900 s; (c) 1800 s.

Figure 3 shows the evolution of the textures of the specimen subjected to the aforementioned bending
before and after annealing for 900 s and 1800 s, using orientation density function plots components in 2=
45° section of ODF representing main orientation.

After deformation, the specimen presents a preferential y fiber texture, figure 3(a), After 900 s of an-
nealing, there is an significant increase in y fiber with {111} typical of a steel which has undergone defor-
mation pronounced in its microstructure tensile (Figure 3 (b)). After 1800 s of heat treatment, there are no
important changes in texture, as seen in figure 3(c).
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Figure 3: Anex components in ¢2= 45° section of ODF representing main orientation. (a) without heat treatment; (b)
900 s; (c) 1800 s.

Figure 4 shows the evolution of the figure and the inverse pole figure of each of samples in Figure 4
(a) shows that the sample without heat treatment does not exhibit a preferred orientation pole. In contrast, the
samples subjected to different heat treatments have a preferential orientation {111}, especially the sample
under thermal treatment 1800 seconds (Figure 4 (c)).
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Figure 4: Pole and inverse pole figures (a) without heat treatment; (b) 900 s; (c) 1800 s.

In order to distinguish the differences between the tensile and compressive areas after annealing, local
ODFs, pole figures and misorientation histograms were calculated in the tensile, compressive and central
areas. Considering the 2 different stress states after bending between the external and internal bending areas
(tension and compression), it was expected to detect changes in the crystallographic texture of these areas.
Figure 5 shows texture evolution after annealing in the tensile, compressive and central area.

The ODF figures show an increase in the (111) [01 1]//ND after annealing in the tensile area after an-
nealing. In contrast, the center area does not show important changes in texture after annealing. This is also
reflected in figure 6, where pole figures for the 3 areas and annealing times are presented. It can be seen that
the central area has no significant changes in texture, confirming that this area experienced no deformation.
In contrast, there are interesting changes in the compressive area. In both figure 5 and 6, it is possible to de-
tect an increase in texture. In this particular area, there is a large increase in y fiber, which is more significant
than the one found in the tensile region.
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Figure 5: ODF's (a) without heat treatment (b) 900 s; (c) 1800 s.
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Figure 6: Pole and inversed pole figures (a) without heat treatment (b) 900 s; (c) 1800 s.

These findings were further analyzed through the use of misorientation histograms shown in figure 7.
After deformation, the compressive area shows an important fraction of 0° misorientation between grains.
After annealing, this fraction is significantly reduced, while the fraction of misorientation above 30° degrees
is significantly increased. In contrast, the misorientation fractions for both the tensile and center area show no
important changes.
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Figure 7: Misorientation histograms obtained from the samples (a) without heat treatment; (b) after 900 s; (c) after
1800 s.

4. CONCLUSIONS

EBSD is a very useful experimental tool for characterizing crystallographic textures. The results show that
there are important differences in annealing textures between tensile and compression regions for this kind of
steel. In particular the compressive area displays a more defined y fiber than the tensile area, which is more
suited for deep stamping processes. By analyzing the ODFs and misorientation histograms it is possible to
further understand these differences to obtain the required mechanical properties for subsequent processes.
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