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Abstract

In this work, we investigate the role of crystallographic texture on the onset of abnormal grain growth
(AGG) in AA5182 alloy. TMP included 65% cold-rolling reduction and isothermal annealing at 480°C at
various times. The microstructure characterization by optical microscopy in polarized light revealed that
AGG starts after holding for 5 min at 480°C. Further investigation of the sample with incipient abnormal
grains was conducted by an SEM equipped with an EBSD detector. The incipient abnormal grains appear
to have an orientation of minor texture components, i.e. different cube variants, most likely due to the
enhanced grain boundary mobility. However, texture fails to explain the difference in the propensity toward
AGG in the region close to the sheet surface and its center, which is likely caused by the non-uniform
distribution of the intermetallic particles.

Keywords: Abnormal grain growth, Microtexture, AA5182 alloy

1. INTRODUCTION

Recrystallization and grain growth have been subjected to extensive research for over a half of
century due to the enormous influence of grain microstructure on the properties of metal materials
[1]. However, some fundamental aspects of grain growth, like conditions for the appearance of
abnormal grain growth (AGG), are not well understood. Except for a few cases, AGG is
undesirable as severely deteriorates mechanical properties of the alloy [1].

The studies of AGG in particle-containing Al-Mg-Mn alloys show that its occurrence depends on
the annealing temperature and crystallographic texture of the alloy [2,3]. A high volume fraction
of dispersoids can suppress AGG. Hence, the AGG frequently occurs at annealing temperatures
close to the solvus when the grain boundary pinning dispersoids coarsen and dissolve [2,3].
However, there are reports of AGG taking place in heavily deformed alloys at annealing
temperatures well below solvus [4]. The texture has a major role in low-alloyed Al-alloys with
insignificant dispersoid fraction [5,6]. The initiation of AGG is attributed to the size advantage of
grains of certain texture components.

In previous work, we reported on observations of AGG in the range of Al-Mg alloys [4,7].
Annealing of the cold-rolled sheets at temperatures >400°C led to AGG and the formation of a
microstructure consisting of two bands of abnormal grains enclosing fine-grained material in the
center of the cold-rolled sheet. An increase in the content of particle-forming elements, such as
Mn and Fe, in the alloy drives the onset of AGG toward higher temperatures [7]. On the other
hand, an increase in the cold work lowers the onset temperature [4]. This study aims to examine
the role of crystallographic texture in the initiation of abnormal grain growth in AA5182 aluminum
alloy.
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2. EXPERIMENTAL

The material under study was industrially processed - DC cast and hot rolled AA5182 alloy
provided by Impol Seval Aluminium Rolling Mill company. The as-received hot band underwent
further processing in the laboratory that included cold-rolling with 64% reduction followed by
annealing at 480°C for various times (t = 0-180 min). The chemical composition of the alloy is
given in Table 1.

Table 1 — Chemical composition of the studied alloy (wt%)
Mg Mn Si Fe Ti Cu Zn Cr Zn Other

4.04 |0.371|0.0732 | 0.186 | 0.0019 | 0.011 | 0.0397 | 0.011 | 0.0223 | 0.0082

The microstructure of the alloy, in cold-rolled state and after annealing, was studied by optical
microscopy. Longitudinal sections of the cold-rolled sheet, i.e. RD-ND orientation, were
mechanically polished and electrolytically etched in Barker’s reagent to reveal grain
microstructure. The crystallographic texture was characterized in SEM JEOL JSM-6610LV
coupled to an EBSD detector Symmetry S3 at the U. of Belgrade, Faculty of Mining and Geology,
Depart. for Mineralogy, Crystallography, Petrology and Geochemistry. EBSD data were processed
with AZtecCrystal 2.2. From the EBSD data samples orientation distribution functions (ODF)
were computed assuming orthotropic symmetry of the cold-rolled sheet, i.e., plane strain.
Mechanical polishing was followed by electro-polishing of the specimens for EBSD
characterization. Areas, ~750x500 um?, were scanned with step size 1.5-2 pm.

3. RESULTS AND DISCUSSION

The grain microstructure of the cold-rolled sheet is characterized by elongated, strip-like grains
whose thickness and length vary across the cross-section (Figure 1a). Close to the surface, thin
grains form within a 600-800 pum thick band. Further toward the center, there is a gradual increase
in the grain’s thickness and length. Such grain microstructure could be traced to the grain
microstructure and size distribution within the hot-band.

center

Figure 1 - The grain microstructure of the alloy: (a) cold-rolled state; (b) upon reaching 480°C; (c)
annealing for 5 min at 480°C; (d) annealing for 180 min at 480°C.

Recrystallization throughout the cold-rolled sheet occurred during heating up to the annealing
temperature (Figure 1b). While there is a gradient in grain size across the sheet thickness, there is
no evidence of the presence of enlarged grains that would indicate the onset of the abnormal grain
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growth. Annealing for 5 min did not significantly change a mean grain size of = 9.9 um in the
band-region close to the sheet surface. However, enlarged grains (Figure 1c) appeared in the
region up to 700 um from the sheet surface. Longer anneal led to the formation of the bands of
abnormal grains. The thickness of the abnormal grains band increased with annealing time, but the
strip of fine-grained material in the sheet center was preserved even after annealing for 180 min
(Figure 1d). In contrast to excessive grain growth in the outer parts of the sheet, the mean grain
size in the plate center increased more slowly from 14.5 to 17.7 pum. Annealing at higher
temperatures resulted in AGG throughout the plate, with abnormal grains originating also in the
center part of the sheet [4].

To evaluate the effect of crystallographic texture and preferential orientation of the grains on AGG,
microtexture analysis was conducted in the regions close to the surface and the center of the sheet.
The characteristic ODFs of the grains with normal size distribution are shown in Figures 2a and b.
The texture is weak, with maximums of 3.99x and 3.18x random in the region close to the surface
and center, respectively. Although the microstructure shows the morphology of recrystallized
grains, the fraction of the cube texture component, which is typical for the recrystallization texture
of Al-Mg alloys [1], is at or below the random level. ODF-s show the presence of the B-fiber
indicating retained rolling texture. The B-fiber is displaced from the ideal position, and ODF of
the central region (Figure 2b) characterizes a larger deviation of Cu and R/S components and weak
brass component. While the recrystallization mechanism is unknown, it is likely to adopt a similar
path to one proposed for the transformation of S grains into R component [8].
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Figure 2 - ODF of the grains having normal size distribution: (a) region close to the sheet surface; (b)
region corresponding to the sheet center. Sample was hold for 5 min at 480°C.

A few grains exhibit propensity toward AGG; out of over 5000 grains analyzed, only seven had a
size more than 3x mean grain size. Among them, one had a Brass orientation, while others adopted
some cube variants: cube (1), cube ND (1), cube RD (1), and rotation cube (3). Analysis of the
grain size distribution did not show any size advantage of these components; actually, their mean
grain size was slightly below average. Regardless of the difference in formation mechanism among
cube texture variants, the first three being recrystallization and rotation cube shear component,
their common feature is low volume fraction. Low volume fraction results in lower
interconnectivity of grains with the same texture component. While =50% of grains in the
dominant texture component, R/S orientation, form clusters of 3 or more grains, less than 15% of
grains in one of the cube orientations form groups of 3, if any (Figure 3). Due to the similar
orientation of clustered grains, their grain boundaries tend to have limited mobility. Inversely, the
grains surrounded by different texture components might have enhanced mobility [9].
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Figure 3 - Distribution of grains of specific texture components: (a) cube; (b) (R/S)’.

However, texture cannot be the sole factor in the AGG initiation. The fact that the surface and
central region of the cold-rolled sheet have different propensity toward AGG but are similar in
ODF-s points out the other factors. The most likely factor is non-uniform particle distribution, but
somewhat larger grain size and broader grain size distribution should not be ruled out.

4. CONCLUSION

The grain morphology of the studied AA5182 alloy indicates the recrystallized microstructure at
the onset of abnormal grain growth. However, microtexture analysis shows the absence of the
recrystallization texture components and the presence of retained rolling texture; the B-fiber
components are displaced from the ideal position. Incipient abnormal grains have an orientation
of the different cube variants that are minor texture components and are likely to have higher grain
boundary mobility. Due to similarity of ODF from different regions, the crystallographic texture
fails to explain the higher propensity toward AGG in the region close to the surface.
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