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Microstructure and texture evolution in multi-pass warm
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Abstract. Electron Backscatter Diffraction (EBSD) is employed to characterize the
microstructure and texture established during the process of warm rolled AZ31 magnesium
alloy sheets. The grain size was refined from 17.4 �m to 3.8 �m after 4 pass rolling. Texture
of as-rolled sheets was expressed by (0002) basal texture, and the texture intensity was
increased with the rolling pass increasing. The mechanical properties of as-rolled sheets
were greatly improved by warm rolling.

1. Introduction

Magnesium alloys have attracted significant interest due to their excellent specific properties and
low weight which make these materials potentially suitable for applications in automotive, aerospace
and electronic industries [1]. Unfortunately, Mg alloy sheets usually exhibit poor ductility at room
temperature which is a significant impediment to their acceptance in industrial applications [2]. It is
well known that grain refinement has a great influence on the improvement of mechanical properties
of AZ31 magnesium alloys [2–4]. It was reported [5] that mechanical properties of AZ31 magnesium
alloys were enhanced when the grain size was reduced from 9.8 �m to 1.4 �m. On the other hand, basal
texture is another important factor which can greatly influence the mechanical properties of magnesium
alloys. Agnew et al. [6, 7] indicated that the ductility of AZ31 and AZ80 magnesium alloys was greatly
enhanced due to texture modification during equal channel angular extrusion (ECAE). In this work, the
relationship between microstructure, texture and mechanical properties of AZ31 magnesium alloys by
multi-pass pass warm rolling were studied.

2. Experimental

The AZ31 magnesium alloy sheets used in this study were obtained by hot rolling. The chemical
composition of the material is Mg-2.85%Al-0.95%Zn (in mass percent). The dimensions of samples
prepared for investigation amount to 120 mm width × 4 mm thick × 100 mm length. Microstructure
characterization of the initial material is shown in Fig. 1, including the inverse pole figure (IPF) map,
misorientation angle distribution and {0002} pole figure. The average grain size of the initial sheet was
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Figure 1. Microstructural characteristics of initial AZ31 magnesium alloy sheet: (a) inverse pole figure map;
(b) misorientation angle map and (c) {0002} pole figure.

17.4 �m. Fewer {10–12} 〈−1011〉 tension twins were observed leading to a local peak at about 86◦ in
the misorientation angle map.

The as-rolled AZ31 magnesium alloy sheets were subjected to warm rolling at a given thickness
reduction of 40% per pass. And the sheet was rolled to 0.5 mm through 4 passes. Rolling mill of 220 mm
in diameter was used in this study. The temperature of the rollers was 523K and the temperature of the
sheet was at room temperature in each pass. The rolling was performed at a constant rotation speed of
5 m/min, and the as-rolled sheets were cooled in the air atmosphere.

Tensile specimens with a gauge length of 25 mm and width of 6 mm were machined out of the
samples along both RD and TD. Tensile tests were performed at room temperature using Instron 5569
testing machine at an initial strain rate of 10−3s−1. To check the repeatability of the results, three
experiments were conducted under each set of conditions.

The microstructure and texture of the sheets were identified using electron backscattered diffraction
(EBSD) performed on a scanning electron microscope (SEM, Quanta 200 FEG-SEM) equipped with an
EBSD detector and OIM 6.14 analysis system. Surface preparation of the samples consisted of grinding
with SiC emery papers of #200, #600, #800 and electrolytically polishing with solution of phosphoric
acid and ethanol with a 3:5 volume ratio. Because of the gradient in microstructure between the inner
and outer surfaces of the sheets, all measurements were restricted to the centres of the sections.

3. Results and discussion

3.1 Microstructure

The microstructure of the as-rolled sheets obtained by EBSD in the RD-TD plane with the normal
direction corresponding to the crystal reference system of each pass are shown in Fig. 2(a)–(d). The
grain size distribution and variation of the average grain size at each pass are shown in Fig. 2(e)
and (f), respectively. The initial AZ31 magnesium alloy sheet has coarse grains ranging from 2 �m
to 36 �m. After a single pass rolling, the grains were greatly refined with an average grain size changed
from 17.4 �m to 5 �m. A proportion of new recrystallization grains appeared along the deformed
grain boundaries. The average grain size was reduced to 3.5 �m after 2 passes of rolling, and the
microstructure was mainly consisted of recrystallization grains. The further rolling passes caused a slight
increase of the average grain size to 3.8 �m, finally, homogenous and equiaxed grains were obtained.

3.2 Texture evolution

The {0002} pole figures of each pass obtained from the EBSD data in the RD-TD plane are shown in
Fig. 3. The as-rolled sheets of each pass posses a strong basal texture and the orientation distribution
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Figure 2. IPF map of the as-rolled AZ31 magnesium alloy sheets at each pass, (a)–(d) for 1–4 pass, (e) grain size
distribution before and after warm rolling and (f) average grain size of each pass.
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Figure 3. {0002} pole figures of AZ31 as-rolled sheets of each pass, (a)–(d) for 1–4 pass.

around the normal direction is wider in RD than in TD. Researchers have found that a combination
of basal 〈a〉 slip and tensile twinning was responsible for the strong basal texture in as-rolled AZ31
sheets [8]. Furthermore, it has been proved that pyramidal 〈c+a〉 slip is responsible for the basal pole
splitting towards RD [9]. The texture intensity was increased with the increase of rolling passes as a
whole, and the basal texture intensity of 2rd passes was the lowest.
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Figure 4. Room-temperature stress-strain curves for AZ31 Mg alloy sheets rolled in different rolling passes.
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Figure 5. Variation of the strengths and elongations of as-rolled AZ31 Mg alloy sheets in different rolling passes
(a) yield strength and ultimate tensile strength and (b) elongation.

3.3 Mechanical properties

The room-temperature stress-strain curves of the as-rolled AZ31 Mg alloy sheets along RD and TD
are presented in Fig. 4. Figure 5 shows the variations of yield strength, ultimate tensile strength and
elongation of as-rolled AZ31 Mg alloy sheets in different rolling passes. The strength along TD was
better than that along RD. The anisotropic behaviour of the as-rolled AZ31 magnesium alloy sheets is
mainly the result of texture. Kaiser et al. [10] studied the relationship between anisotropic properties
of AZ31 magnesium alloy sheets and indicated that the distribution of the {0002} basal plane has a
significant influence on the anisotropy of the sheet.

The grains were greatly refined due to the warm rolling and the grain size was reduced from
17.4 �m to 3.8 �m (Fig. 2). At the same time, the as-rolled sheets exhibited strong basal texture. The
yield strength of the as-rolled sheets was increased with the rolling pass increased indicated that grain
refinement and texture strengthening are both beneficial for the enhancement of strengthen.

From Fig. 5(b), the elongation of the as-rolled sheets reached a maximum value of 23% along RD
after 2 passes rolling with a weaker texture and refined grain size. Guo et al. [11] studied the effects of
texture on mechanical properties via conventional hot rolling (CFR) and differential speed rolling (DSR)
and concluded that texture may have more significant effect on the ductility of AZ31 alloy than grain
size at room temperature. Wang et al. [12] analyzed the mechanical properties of ZK60 magnesium
alloy by hot rolling, and the results suggested the enhancement of strength was most attributed to both
grain refinement and basal texture hardening. In contrast, the effect of grain refinement on the ductility
is also beneficial, but the concentration of basal texture goes against ductility improvement. Hence, the
improvement of elongation was ascribed to grain refinement and weak texture and the effect of texture
has more obvious influence on the elongation of AZ31 magnesium alloys.
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4. Conclusions

The grains are greatly refined in the process of warm rolling. The yield strength of as-rolled sheets
is enhanced due to both grain refinement strength and texture strength. On the other hand, the grain
refinement also has a positive influence on the strengthen elongation, but the enhancement of texture
intensity goes against the elongation improvement.
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