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Effect of long-term natural aging on the microstructural characteristics of an extruded WE54 alloy
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The microstructure and the corresponding crystallographic texture of the as-extruded WE54 alloy after natural aging for 11 years at room temperature have been characterized by the Electron backscatter diffraction (EBSD) technique. Before natural aging, the as-extruded WE54 exhibited equiaxed microstructure with a strong splitting basal texture and the presence of Mg24Y5 and Mg41Nd5 second particles along the extrusion direction (ED). Unexpectedly, longterm aging led to the formation of elongated deformed grains along ED having {11-20}<11-10> and {0001}<10-10> orientations with a partial development of fine static recrystallized grains by continuous and discontinuous mechanisms. It is believed that the origin of such grain structure development is the residual stored strain during the extrusion processing and the strain field induced from the solute Nd and Y atoms diffusion through the long-term natural aging. Artificial aging at 400 °C for 60 min demonstrated that the elongated deformed grains disappeared and left behind a heterogeneous recrystallized microstructure with a weak basal texture.

Introduction

In the past decade, magnesium-containing rare-earth elements (Mg-RE) alloys have gained great attention in research and industrial applications for the beneficial effect of RE elements on improving the mechanical properties of Mg-based alloys like low-temperature strength and high-temperature creep resistance [START_REF] Jung | Role of RE in the deformation and recrystallization of Mg alloy and a new alloy design concept for Mg-RE alloys[END_REF][START_REF] Imandoust | A review on the effect of rare-earth elements on texture evolution during processing of magnesium alloys[END_REF][START_REF] Yang | Research advances in magnesium and magnesium alloys worldwide in[END_REF][START_REF] Xie | Towards developing Mg alloys with simultaneously improved strength and corrosion resistance via RE alloying[END_REF]. The improvement of mechanical properties is a direct consequence of activation enhancement of non-basal dislocation slip systems, grain refinement, and texture weakening of Mg-RE alloys [START_REF] Agnew | Application of texture simulation to understanding mechanical behavior of Mg and solid solution alloys containing Li or Y[END_REF][START_REF] Chino | Enhancement of tensile ductility and stretch formability of magnesium by addition of 0.2wt%(0.035at%)[END_REF][START_REF] Sandlöbes | Basal and non-basal dislocation slip in Mg-Y[END_REF]. The main responsible mechanisms for the microstructural and textural modifications observed in Mg-RE alloys are principally related to the RE solute drag and Zener pinning of second phases which are effective obstacles for the grain boundary mobility and dislocation glide [START_REF] Imandoust | A review on the effect of rare-earth elements on texture evolution during processing of magnesium alloys[END_REF][START_REF] Xie | Towards developing Mg alloys with simultaneously improved strength and corrosion resistance via RE alloying[END_REF]. Accordingly, the influence of thermomechanical processing and artificial aging on the microstructure especially the precipitation behaviour and mechanical properties are widely investigated in Mg-RE alloys to control their design with better properties [START_REF] Liu | High temperature deformations of Mg-Y-Nd alloys fabricated by different routes[END_REF][START_REF] Azzeddine | Texture and Microstructure of WE54 Alloy after Hot Rolling and Annealing[END_REF][START_REF] Azzeddine | On the texture and grain growth in hot-deformed and annealed WE54 alloy[END_REF][START_REF] Azzeddine | On some aspects of compressive properties and serrated flow in Mg-Y-Nd-Zr alloy[END_REF][START_REF] Tighiouaret | On the Precipitation Behavior at 250 and 300 °C of WE54 Supersaturated Solid Solution[END_REF][START_REF] Tighiouaret | Thermal Stability of an Mg-Nd Alloy Processed by High-Pressure Torsion[END_REF][START_REF] Bourezg | An investigation by EXAFS of local atomic structure in an Mg-Nd alloy after processing by high-pressure torsion and ageing[END_REF][START_REF] Zhao | Influence of extrusion conditions on microstructure and mechanical properties of Mg-2Gd-0.3Zr magnesium alloy[END_REF]. Nevertheless, only a few investigations can be found in the literature dealing with the impact of natural aging on the hardening behaviour of Mg-RE alloys [START_REF] Čížek | Natural aging of Mg-Gd and Mg-Tb alloys[END_REF][START_REF] Yang | Effect of natural ageing on microstructure and mechanical properties of Mg-10Gd-2Y-0.8Zr Alloy[END_REF][START_REF] Zheng | Segregation of rare earth atoms in Mg-Gd-Y-Zr alloy after a 6year natural ageing at room temperature: Atomic-scale direct imaging[END_REF][START_REF] Vlček | Early stages of precipitation in Mg-RE alloys studied by positron annihilation spectroscopy[END_REF][START_REF] Li | Natural ageing responses of duplex structured Mg-Li based alloys[END_REF][START_REF] Stulikova | Natural and artificial aging in Mg-Gd binary alloys[END_REF]. Age-hardening was noticed in binary Mg-15Gd and Mg-13Tb (wt.%) alloys during natural aging at room temperature for 1 month due to the clustering of solute atoms and vacancies [START_REF] Čížek | Natural aging of Mg-Gd and Mg-Tb alloys[END_REF]. Natural aging for 3 years leads to a reduction in the deformation structure and precipitation of the second phase in the as-extruded Mg-10Gd-2Y-0.8Zr (wt.%) alloy [START_REF] Yang | Effect of natural ageing on microstructure and mechanical properties of Mg-10Gd-2Y-0.8Zr Alloy[END_REF]. However, the evolution of grain structure and texture through natural aging is lacking since the investigations mentioned above were conducted at the atomic scale by using positron lifetime spectroscopy, high-angle annular dark field, or scanning transmission electron microscopy techniques [START_REF] Čížek | Natural aging of Mg-Gd and Mg-Tb alloys[END_REF][START_REF] Yang | Effect of natural ageing on microstructure and mechanical properties of Mg-10Gd-2Y-0.8Zr Alloy[END_REF][START_REF] Zheng | Segregation of rare earth atoms in Mg-Gd-Y-Zr alloy after a 6year natural ageing at room temperature: Atomic-scale direct imaging[END_REF][START_REF] Vlček | Early stages of precipitation in Mg-RE alloys studied by positron annihilation spectroscopy[END_REF][START_REF] Li | Natural ageing responses of duplex structured Mg-Li based alloys[END_REF]. For the first time, the present work presents the evolution of microstructure and texture of as-extruded WE54 (Mg-Y-Nd-Zr) alloy after long-term natural aging of 11 years using electron backscatter diffraction (EBSD) technique. In the past, the WE54 (Mg-4.9Y-4.2Nd-0.56Zr, wt.%) alloy was the subject of different investigations dealing with the effect of deformation processing and annealing treatments on the evolution of microstructure, texture, precipitation and mechanical properties [START_REF] Liu | High temperature deformations of Mg-Y-Nd alloys fabricated by different routes[END_REF][START_REF] Azzeddine | Texture and Microstructure of WE54 Alloy after Hot Rolling and Annealing[END_REF][START_REF] Azzeddine | On the texture and grain growth in hot-deformed and annealed WE54 alloy[END_REF][START_REF] Azzeddine | On some aspects of compressive properties and serrated flow in Mg-Y-Nd-Zr alloy[END_REF][START_REF] Tighiouaret | On the Precipitation Behavior at 250 and 300 °C of WE54 Supersaturated Solid Solution[END_REF].

Experimental procedure

The initial WE54 alloy with dimensions of 100 (ED) × 60 (TD) × 14 (ND) mm 3 was generously provided by Chinese collaborators in an as-extruded condition [START_REF] Liu | High temperature deformations of Mg-Y-Nd alloys fabricated by different routes[END_REF]. Here, ED, TD and ND mean extrusion direction, transverse direction and normal direction, respectively. Accordingly, the alloy was prepared in an electric resistance furnace and followed by a hot extrusion at 400 °C with an extrusion ratio of 8:1 [START_REF] Liu | High temperature deformations of Mg-Y-Nd alloys fabricated by different routes[END_REF]. Rectangular samples with dimension of 14 (ED) ×10 (TD) ×6 (ND) mm 3 were machined from the block and exposed to normal indoor atmosphere in M'sila, Algeria, for 11 years. During each year, the temperature in M'sila city varies usually from 40 °C (in summer) to 1 °C (in winter).

Optical microscopy observations were performed on ED-TD plane of the natural-aged sample after mechanical grinding and electropolishing with 5:3 of ethanol and phosphoric acid for 30 min and then etching for 3 s in a 5% HNO3, 15% CH3CO2H, 60% C2H5OH, and 20% H2O.

The distribution and the composition of second phases particles were characterized by scanning electron microscopy (SEM, FEG-SEM ZEISS Gemini) equipped with energy dispersive spectrometry (EDS) system in backscattering (BSE) mode operated at 15 kV. At least three SEM photos were used to calculate their mean size and volume fraction by ImageJ software.

An EBSD area of 800 × 800 μm 2 with a step size of 0.5 μm was measured from the naturalaged sample (in the ED-TD plane) using a FEG-SEM SUPRA 55 VP field emission gun scanning electron microscope operating at 20 kV. The EBSD data were examined using the TSL Orientation Imaging Microscopy (OIM™) software. The kernel average misorientation (KAM) method was applied to determine the distribution of local distortions in the grains [START_REF] Azzeddine | An investigation of the stored energy and thermal stability in a Cu-Ni-Si alloy processed by high-pressure torsion[END_REF].

For that, the local misorientation was calculated from the mean misorientation angle between the point and its 3 th neighbor and excluding misorientations greater than 15°. In addition, the grain orientation spread (GOS) approach was used to separate the recrystallized grains from the deformed ones [START_REF] Cho | Determination of a mean orientation in electron backscatter diffraction measurements[END_REF]. GOS is known as the average deviation between the orientation of each point in the grain and the average orientation of the grain [START_REF] Cho | Determination of a mean orientation in electron backscatter diffraction measurements[END_REF]. Usually, the recrystallized grains (strain free grains) are identified as grains with GOS < 1° [START_REF] Cho | Determination of a mean orientation in electron backscatter diffraction measurements[END_REF].

MTEX software was used to analyze the crystallographic texture by calculating the orientation distribution function (ODF) using the harmonic method (L = 22), and a gaussian function with a half-width of 5° [START_REF] Hielscher | A novel pole figure inversion method: specification of the MTEX algorithm[END_REF].

Results and discussion

Figure 1 shows the optical micrograph and SEM photo with EDS analysis of the as-extruded and natural-aged WE54 samples, respectively. It is important to note that the as-extruded sample exhibits a homogeneous microstructure formed of equiaxed grains with an average grain size of 10 µm and the presence of dispersed second particles in the form of large bands along ED. The volume fraction of second phase particles estimated from the SEM photos of the asextruded sample (Figure 1b) was found around 9 % and their mean size was 1.5 µm. The EDS analysis in different points [START_REF] Jung | Role of RE in the deformation and recrystallization of Mg alloy and a new alloy design concept for Mg-RE alloys[END_REF][START_REF] Imandoust | A review on the effect of rare-earth elements on texture evolution during processing of magnesium alloys[END_REF][START_REF] Yang | Research advances in magnesium and magnesium alloys worldwide in[END_REF] shown in Figure 1b indicates that the second particles contain the Nd and Y elements (points 2 and 3) and could belong to the metastable (Mg12NdY) and/or equilibrium (Mg14Nd2Y) precipitate phases. The Mg matrix (point 1) contains 4.7% of Y element and 3.5% of Nd element which is similar to the composition of commercial WE54 alloy (Mg-4.7-5.5Y-2-4Nd-0.4Zr, wt.%). The presence of different second particles in the asextruded sample indicates that the precipitation occurred during the extrusion condition and cooling.

The microstructure of the natural-aged sample shown in Figures 1d and1e It is apparent that the diffusion of Nd in Mg is faster than Y element. Indeed, it has been reported that heavy RE elements like Y and Gd have lower diffusivity in Mg than light RE elements such as Nd and Ce [START_REF] Das | Thermodynamic modeling and diffusion kinetic experiments of binary Mg-Gd and Mg-Y systems[END_REF][START_REF] Paliwal | Diffusion of Nd in hcp Mg and interdiffusion coefficients in Mg-Nd system[END_REF]. The main apparent difference is the increase of grain size (~18 µm) and the development of new kind of bands along ED as shown in the blue frame in Figure 2d.

The magnification of blue frame demonstrated that one of these bands contains inside fine grain (named zone 1) and the second kind of band (named zone 2) does not contain grains. Figures 1c and1f show the texture of the as-extruded and natural-aged WE54 samples in term of {0002} recalculated pole figure, respectively. The as-extruded sample exhibited a strong basal texture (7.1 mrd, multiple random of distribution) with a split from ND towards TD. The split of the basal plane is caused by the activation of the <c + a> pyramidal slip system [START_REF] Agnew | Application of texture simulation to understanding mechanical behavior of Mg and solid solution alloys containing Li or Y[END_REF]. The as-extruded texture of the present WE54 alloy is slightly different from that reported for conventional Mg based alloys and this was attributed to the effect of RE elements [START_REF] Stanford | Micro-alloying Mg with Y, Ce, Gd and La for texture modification-A comparative study[END_REF][START_REF] Liu | The effect of Y, Ce and Gd on texture, recrystallization and mechanical property of Mg-Zn alloys[END_REF][START_REF] Wang | Review: Achieving enhanced plasticity of magnesium alloys below recrystallization temperature through various texture control methods[END_REF]. The texture of naturalaged sample is obviously weaker (2.5 mrd) and shows the formation of a new texture component identified as the {11-20}<10-10>, (φ1 = 30°,  = 90°, φ2 = 90°) component [START_REF] Wang | Texture analysis in hexagonal materials[END_REF] as shown by the arrows in Figure 1f. As can be observed, the green and red grains have their <10-10>//ED. Hence, the red grains exhibit the {0001}<10-10> component with a deviation of 20° from its ideal position, whereas the green grains display the {11-20}<10-10> texture component with a deviation of 15° as demonstrated in the IQ map shown in Figure 2c and the corresponding {0002} pole figures.

Both components belong to the prismatic orientation (ED // <10-10>) which is often reported in as-extruded Mg-based alloys [START_REF] Zhao | Influence of extrusion conditions on microstructure and mechanical properties of Mg-2Gd-0.3Zr magnesium alloy[END_REF][START_REF] Kim | High-strain-rate superplasticity of fine-grained Mg-6Zn-0.5Zr alloy subjected to low-temperature indirect extrusion[END_REF][START_REF] Tang | Polycrystal plasticity simulation of extrusion of a magnesium alloy round bar: Effect of strain path non-uniformity[END_REF][START_REF] Tang | Formation mechanism and evolution of surface coarse grains on a ZK60 Mg profile extruded by a porthole die[END_REF]. The volume fraction of these elongated grains is around 5 %. The zoom of black and blue frames (see Figure 2a) shown in Figures 3a and3c presents interesting microstructural features characteristics. First, the elongated grains are deformed as evidenced from the GOS maps (Figures 3b and3d). As can be seen from the magnification of red rectangle shown in Figure 3a and presented in Figure 3e, fine recrystallized grains (blue color in the GOS map) with mean grain size of about 4.2 µm are located at the grain boundaries of the red elongated grain which correspond to the zone 1 shown in Figure 1d. The green elongated grains in Figure 3a did not show any formation of grains which correspond to zone 2 already shown in the optical micrograph (Figure 1d). However, some fine recrystallized grains can be observed at the grain boundaries of the green elongated grain as shown in Figures 3c andd.

It is interesting to note that these fine grains have necklace-like structure similar to the resultant microstructure of discontinuous static recrystallization, i.e., serration, bulging and migration of high-angle boundaries of the deformed grain [START_REF] Yang | Annealing of a magnesium alloy AZ31 after interrupted cold deformation[END_REF]. The fine grains formed along the grain boundaries of the red elongated grain have basal and also different orientations as is evident by the corresponding {0002} pole figure (Figure 3e) which explains the texture weakening of the natural-aged sample.

Figures 3f and3g show the IQ map overlapped with grain boundary types: high angle grain boundaries (HAGBs, θ> 15°) in blue line colour, low angle grain boundaries (HAGBs, 5° < θ < 15°) in green line colour, and sub-grain boundaries ((HAGBs, 2° < θ < 5°) in red line colour and KAM map of the magnification of the red rectangle, respectively. As can be seen, the interior of the red elongated grain contains sub-grain boundaries which correspond to the occurrence of continuous static recrystallization [START_REF] Yang | Annealing of a magnesium alloy AZ31 after interrupted cold deformation[END_REF]. The sub-grain boundaries are formed by the dislocation rearrangement as is evident from the high density of geometrically necessary dislocation (GNDs) in the KAM map (region with green colour). Some LAGBs can be observed mainly concentrated in the sub-grain boundaries resulting from the accumulation of dislocations. The KAM map shows that GNDs density is higher where the LAGBs exist. In fact, some sub-grains start to form near the grain boundary of the red elongated grain as indicated by the arrow in Figure 3g. Moreover, it is obvious from Figures 3c andd that the second particles have great influence on the grain structure. First, Figures 3a andb are evidence for the occurrence of a particle stimulated nucleation (PSN) mechanism [START_REF] Humphreys | Chapter 9 -Recrystallization of Two-Phase Alloys[END_REF] inside the red elongated grain in which fine grains with completely different orientations than the basal component are formed around the second phase particles. Second, the dashed white lines shown in Figure 3d indicate the presence of relatively large grains having the size of the distance between the two second phase bands (around 18 µm). Meanwhile, the blue arrows indicated in Figure 3c show that the fine recrystallized grains cannot grow across the second particle band due to their Zener pinning effect on the grain boundaries which inhibited grain growth.

In order to further analyse the evolution of these elongated deformed grains, the natural-aged sample was subjected to artificial aging at 400 °C for 10 and 60 min and their microstructural and textural evolutions are presented in Figure 4, respectively. The fraction of elongated grains decreases to 2.4 % after annealing for 10 min and disappeared after 60 min of annealing. Most of the remaining elongated grain have the {11-20}<10-10> orientation (green grains) as indicated by the white arrows in Figure 4a. Consequently, it can be concluded that the fine recrystallized grains are preferably formed along the red elongated grains (with {0001}<10-10> orientation). Nevertheless, the {11-20}<10-10> component disappeared with increasing annealing time as is evident from the {0002} recalculated pole figures shown in Figures 4c and4d.

Figure 4e displays the microstructure around the green elongated grain after annealing for 10 min (black frame shown in Figure 4a). The microstructure remains obviously heterogeneous mostly formed of large and fine grains due to the effect of second phase particle bands. The distribution of fine grains in bands through the alignment of the particles is clearly visible. In addition to the occurrence of discontinuous static recrystallization in the green elongated grain, continuous static recrystallization is evident by the IPF, KAM and grain boundary type maps of the blue frame magnification (see Figure 4e) shown in Figures 4f-h. The corresponding {0002} pole figure of this region indicates that the new grains formed around the green elongated grain have a different orientation centred around the basal orientation. Also, the split of the basal pole disappears with annealing time leading to the formation of a weak typical basal texture. In the literature, it was observed that the weak texture developed in the early stage of static recrystallization is progressively replaced by a strong basal texture due to the preferential grain growth of the basal oriented grains (high mobility of 30° <0001> grain boundaries) [START_REF] Zeng | Texture evolution during static recrystallization of cold-rolled magnesium alloys[END_REF].

However, the texture evolution after artificial aging remains weak due to the effect of RE elements (Nd and Y) on changing the grain boundary mobility through the solute drag and Zener pinning [START_REF] Imandoust | A review on the effect of rare-earth elements on texture evolution during processing of magnesium alloys[END_REF]. Finally, the microstructure of the sample annealed for 60 min exhibits a typical extrusion microstructure formed principally of large recrystallized grains and bands of fine recrystallized grains distributed along ED. This grain structure is very similar to the initial as-extruded WE54 sample (Figure 1a) with an exception of larger mean grain size of 19.5 µm.

From the above observations, the artificial aging of the natural-aged WE54 alloy demonstrated that the elongated grains formed during natural aging are indeed deformed and gradually transformed to recrystallized grains by static recrystallization phenomena.

It should be noted that the development of coarse elongated grains along ED is frequently reported in Mg-based alloys after extrusion processing [START_REF] Zhao | Influence of extrusion conditions on microstructure and mechanical properties of Mg-2Gd-0.3Zr magnesium alloy[END_REF][START_REF] Kim | High-strain-rate superplasticity of fine-grained Mg-6Zn-0.5Zr alloy subjected to low-temperature indirect extrusion[END_REF][START_REF] Tang | Polycrystal plasticity simulation of extrusion of a magnesium alloy round bar: Effect of strain path non-uniformity[END_REF][START_REF] Tang | Formation mechanism and evolution of surface coarse grains on a ZK60 Mg profile extruded by a porthole die[END_REF]. These elongated grains are deformed and often have a ED//<10-10> prismatic orientation [START_REF] Zhao | Influence of extrusion conditions on microstructure and mechanical properties of Mg-2Gd-0.3Zr magnesium alloy[END_REF][START_REF] Kim | High-strain-rate superplasticity of fine-grained Mg-6Zn-0.5Zr alloy subjected to low-temperature indirect extrusion[END_REF][START_REF] Tang | Polycrystal plasticity simulation of extrusion of a magnesium alloy round bar: Effect of strain path non-uniformity[END_REF][START_REF] Tang | Formation mechanism and evolution of surface coarse grains on a ZK60 Mg profile extruded by a porthole die[END_REF] which is very similar to the microstructure obtained after natural aging. The development of such grain structure is attributed to the increasing strain which causes the alignment of material flow with respect to the deformation direction and the limited dynamic recrystallization during extrusion processing [START_REF] Zhao | Influence of extrusion conditions on microstructure and mechanical properties of Mg-2Gd-0.3Zr magnesium alloy[END_REF][START_REF] Tang | Polycrystal plasticity simulation of extrusion of a magnesium alloy round bar: Effect of strain path non-uniformity[END_REF]. It was reported that the origin of formation of prismatic orientation is the high activation of the prismatic slip system [START_REF] Imandoust | Unraveling Recrystallization Mechanisms Governing Texture Development from Rare-Earth Element Additions to Magnesium[END_REF]. The volume fraction of the elongated unrecrystallized grains depends strongly on the extrusion conditions such as deformation temperature and extrusion ratio [START_REF] Zhao | Influence of extrusion conditions on microstructure and mechanical properties of Mg-2Gd-0.3Zr magnesium alloy[END_REF][START_REF] Tang | Polycrystal plasticity simulation of extrusion of a magnesium alloy round bar: Effect of strain path non-uniformity[END_REF].

It was expected that the natural aging will cause age-hardening/age-softening or even grain growth but it seemed implausible that the natural-aged WE54 alloy will develop a typical extrusion deformation microstructure since no deformation was applied. Moreover, the extrusion sate of WE54 alloy exhibited already an equiaxed microstructure as demonstrated in Figure 1a. The exact origin of the development of elongated deformed grains during the natural ageing of the as-extruded WE54 alloy was not known in the present study. Nevertheless, it can be speculated that the amount of residual strain energy stored during extrusion processing in the form of microstructure defects, such as vacancies, dislocations and cell structures, is a plausible reason. In addition, the change in the Mg matrix and the second phases concentration shown in Figure 1e indicated that the diffusion of solute Nd and Y atoms through the 11 years can bring an additional strain field in the microstructure. It appears that the released strain field has a form of shape memory effect to form elongated grains along the ED similar to the elongated un-recrystallized grains developed during extrusion processing. However, further investigations are now required to explore the factors influencing the development of the deformation microstructure during the natural aging of the as-extruded WE54 alloy.

Conclusion

The effect of natural aging at room temperature on the microstructure and texture of the asextruded WE54 alloy was characterized using EBSD and the main conclusions can be summarized as follows:

 The as-extruded microstructure is composed of equiaxed grains with a strong splitting basal texture and second particles bands along ED.

 Long-term natural aging for 11 years leads to the formation of elongated deformed grains along ED with partial development of fine static recrystallized grains by continuous and discontinuous manner.

 The concentration of Y and especially Nd elements is significantly reduced in the Mgmatrix. The composition of second phase is also modified but their distribution remains in bands along ED.

 The origin of the formation of elongated deformed grains along ED could be the residual strain energy stored during the extrusion processing and strain field induced by the diffusion of solute Nd and Y atoms through the natural aging.

 Artificial aging at 400 °C for 60 min demonstrated that the elongated deformed grains vanished and left behind a heterogeneous microstructure with a weak basal texture.

  presents some differences from the as-extruded WE54 sample. Concerning the particles, they form a typical streamline shape along ED but their fraction is slightly lower at ~ 7.5% and their mean size increases to 4.5 µm. The EDS analysis shown in Figure2eindicates that the Mg matrix (point 4) contains only 2.6% of Y and no Nd element. In addition, the second particle (point 5) shows different Y and Nd concentrations than point 2 or point 3 indicating the dissolution of the precipitate phases. The change of Mg matrix and second phases is due to the diffusion of solute elements (Y and Nd) during the long-term natural aging (11-years).
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 1 Figure 1: Optical micrograph, SEM photo with EDS analysis and {0002} recalculated pole figure of (a, b, c) as-extruded, and (d, e, f) natural-aged WE54 alloy, respectively.

Figures

  Figures 2a shows a large inverse pole figure (ND-IPF) map coupled with Image Quality (IQ) of the natural-aged WE54 sample. The black zones parallel to the ED present the alignment of the second particles. As evidence, the microstructure of the natural-aged sample shows the presence of several elongated bands along the ED (~168 µm) with a single orientation mostly having red and green colours (see the white arrows). The red grains represent <0001> // ND oriented grains and the green grains should represent <11-20>//ND oriented grains. In order to

Figure 2 :

 2 Figure 2: (a) ND-IPF, (b) ED-IPF maps coupled with IQ of natural-aged WE54 sample, (c) IQ map and the corresponding {0002} pole figure showing the red elongated grain with {0001}<10-10> texture component and the green elongated grains with {11-20}<10-10>.

Figure 3 :

 3 Figure 3: (a, b) and (c, d) ND-IPF and GOS maps of the magnification of the black and blue frames indicated in Figure 2a, respectively. (e, f, g) ND-IPF map with the corresponding {0002} pole figure, IQ map overlapped with grain boundary types and KAM map of the magnification of the red frame indicated in Figure 3a, respectively.

Figure 4 :

 4 Figure 4: (a, c) and (b, d) ND-IPF map and {0002} recalculated pole figure of natural-aged WE54 sample after artificial aging at 400 °C for 10 min and 60 min, respectively. (e) ND-IPF map of the magnification of the black frame indicated in Figure 3a. (f, g, h, i) IPF, KAM and grain boundary type maps and corresponding {0002} pole figure of the zoom of the region in the blue rectangle indicated in Figure 3e.
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