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Introduction

Severe plastic deformation, especially equal-channel angular pressing (ECAP) processing has been shown to be effective in improving simultaneously strength, ductility, and corrosion resistance of Mg-based alloys [START_REF] Ma | Improving both strength and ductility of a Mg alloy through a large number of ECAP passes[END_REF][START_REF] Gopi | Electrochemical Behaviour of ECAP-Processed AM Series Magnesium Alloy[END_REF][START_REF] Bryła | Microstructure and mechanical characterisation of ECAP-ed ZE41A alloy[END_REF][START_REF] Prithivirajan | Analysing the combined effect of crystallographic orientation and grain refinement on mechanical properties and corrosion behaviour of ECAPed ZE41 Mg alloy[END_REF][START_REF] Sankuru | Effect of processing route on microstructure, mechanical and dry sliding wear behavior of commercially pure magnesium processed by ECAP with back pressure[END_REF]. Such improvement is attributed principally to grain refinement and texture modification [START_REF] Sankuru | Effect of processing route on microstructure, mechanical and dry sliding wear behavior of commercially pure magnesium processed by ECAP with back pressure[END_REF][START_REF] Li | Microstructure evolution and mechanical properties of Mg-Gd-Y-Zn-Zr alloy during equal channel angular pressing[END_REF][START_REF] Minárik | Effect of different c/a ratio on the microstructure and mechanical properties in magnesium alloys processed by ECAP[END_REF][START_REF] Sabat | Ductility enhancement in Mg-0.2%Ce alloys[END_REF][START_REF] Beyerlein | Texture evolution in equal-channel angular extrusion[END_REF][START_REF] Azzeddine | Texture evolution in high-pressure torsion processing[END_REF]. Due to the limited active slip systems in Mg-based alloys, grain refinement is obtained by dynamic recrystallization (DRX). Several DRX mechanisms have been evidenced in Mg-based alloys depending on the deformation processing conditions and alloying elements [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF][START_REF] Minárik | The effect of Zr on dynamic recrystallization during ECAP processing of Mg-Y-RE alloys[END_REF][START_REF] Liu | Effect of Multi-Pass Equal Channel Angular Pressing on the Microstructure and Mechanical Properties of a Heterogeneous Mg88Y8Zn4 Alloy[END_REF][START_REF] Guerza-Soualah | The deformation and recrystallization behaviour of an Mg-Dy alloy processed by plane strain compression[END_REF][START_REF] Guerza-Soualah | Microstructural and textural investigation of an Mg-Dy alloy after hot plane strain compression[END_REF]. For example, twin-induced dynamic recrystallization (TDRX) and particle stimulated nucleation (PSN) are the mechanisms responsible for the occurrence of DRX at low strain and then transited to sub-grain development (SD) and grain boundary bulging dynamic recrystallization (GBBDRX) with increasing strain in ECAP processed Mg-0.3Ce (wt.%) alloy [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF]. Subsequently, each mechanism has a direct consequence on texture development [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF]. In addition, increasing deformation temperatures completely change the microstructure and texture due to the occurrence of grain growth [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF].

Besides, several investigations demonstrated that the homogeneity of the microstructure of Mgbased alloys during ECAP processing is imposed by the initial grain size [START_REF] Figueiredo | Grain refinement and mechanical behavior of a magnesium alloy processed by ECAP[END_REF][START_REF] Fatemi | Review on ultrafined/nanostructured magnesium alloys produced through severe plastic deformation: microstructures[END_REF]. Based on the model proposed by Figueiredo and Langdon, there is an initial grain size criterion dc, in which the deformation microstructure is homogenously distributed [START_REF] Figueiredo | Grain refinement and mechanical behavior of a magnesium alloy processed by ECAP[END_REF]. However, up to now, this initial grain size criterion is not quantified since many parameters must be taken into account such as ECAP processing temperature and second particles distribution.

Recent researches demonstrated that DRX is usually restricted in rare-earth-containing Mg (Mg-RE) alloys which results in texture weakening due to solute segregations and/or particle pinning mechanisms that directly affect the grain boundary mobility and dislocation motion [START_REF] Guerza-Soualah | The deformation and recrystallization behaviour of an Mg-Dy alloy processed by plane strain compression[END_REF][START_REF] Hadorn | Effects of Solute and Second-Phase Particles on the Texture of Nd-Containing Mg 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]. Subsequently, the static recrystallization and grain growth behaviours in Mg-RE alloys during annealing treatments will be different than in conventional Mg-based alloys [START_REF] Hantzsche | Effect of rare earth additions on microstructure and texture development of magnesium alloy sheets[END_REF][START_REF] Imandoust | Unraveling Recrystallization Mechanisms Governing Texture Development from Rare-Earth Element Additions to Magnesium[END_REF].

Several investigations can be found on the thermal stability of ECAP processed Mg-based alloys (like pure Mg and AZ31 alloy) mostly after isochronal annealing treatments [START_REF] Fan | Effect of heat treatment on internal friction in ECAP processed commercial pure Mg[END_REF][START_REF] Biswas | Thermal Response on the Microstructure and Texture of ECAP and Cold-Rolled Pure Magnesium[END_REF][START_REF] Victoria-Hernández | Strain-induced selective grain growth in AZ31 Mg alloy sheet deformed by equal channel angular pressing[END_REF][START_REF] Lei | Effect of annealing on the texture and mechanical properties of pure Mg by ECAP at room temperature[END_REF][START_REF] Naik | Effect of Annealing and Aging Treatment on Pitting Corrosion Resistance of Fine-Grained Mg-8%Al-0.5%Zn Alloy[END_REF][START_REF] Lei | Microstructural Stability and Mechanical Behavior of Pure Mg After One-Pass Equal Channel Angular Pressing Plus Intersection Annealing[END_REF].

Nevertheless, only limited studies have explored the static recrystallization and grain growth behaviours of ECAP processed Mg-RE alloys [START_REF] Wei | Effects of ECAP and Annealing Treatment on the Microstructure and Mechanical Properties of Mg-1Y (wt. %)[END_REF][START_REF] Yu | The Effect of Annealing on the Microstructure and Properties of Ultralow-Temperature Rolled Mg-2Y-0.6Nd-0[END_REF].

In this frame, the aims of the present study are the characterization of static recrystallization and grain growth microstructure and texture of Mg-0.3Ce (wt.%) alloy after ECAP for N = 1, 2, and 4 passes at 300 °C using route Bc and followed by isothermal annealing at 450 °C for 5, 30, 60, and 180 min. The results are discussed based on the effect of strain level, DRX mechanisms, second particles, and initial state.

Experimental procedure

Cylindrical samples of Mg-0.3Ce alloy were processed by ECAP at 300 °C via route Bc for N = 1 (1 ECAP), 2 (2 ECAP), and 4 (4 ECAP) passes. ECAP processing was conducted using a die having a channel angle of Φ = 90° and an outer arc of curvature of Ψ = 37°. Details on the evolution of deformation microstructure and texture can be found in a previous study [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF]. The deformed samples underwent an annealing treatment in a radiation furnace at 450 °C for 5, 30, 60, and 180 min.

Electron backscatter diffraction (EBSD) areas of 400 × 400 μm 2 with a step size of 0.4 μm near the centre of the TD-ND plane (normal to the extrusion direction (ED)) of the samples were measured using a FEG-SEM SUPRA 55 VP field emission gun scanning electron microscope operating at 20 kV, where TD and ND mean the transversal and normal directions, respectively.

The EBSD data were analyzed using the TSL Orientation Imaging Microscopy (OIM™) software. A clean-up procedure consisting of a grain tolerance angle of 5°, a minimum grain size set at 5 pixels, and excluding all datum points with a confidence index CI > 0.05 was used to analyze the EBSD data.

The evolution of recrystallization fraction was calculated by using the grain orientation spread (GOS) approach implemented in OIM software [START_REF] Cho | Determination of a mean orientation in electron backscatter diffraction measurements[END_REF]. In Mg-based alloys, the recrystallized grains are considered having GOS values ≤ 2° [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF][START_REF] Guerza-Soualah | Microstructural and textural investigation of an Mg-Dy alloy after hot plane strain compression[END_REF].

The analysis of the crystallographic texture from EBSD measurements was performed using MTEX software 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] Bachmann | Texture Analysis with MTEX -Free and Open Source Software Toolbox[END_REF].

The microhardness of the samples was measured by a Vickers microhardness tester (SHIMADZU type HMV-2 tester) with a load of 100 g (Hv0.1) and a dwell time of 10 s.

Results

Figure 1 shows the evolution of the microstructure as a function of the annealing time of ECAPprocessed Mg-0.3Ce alloy. The black lines indicate the grain boundaries with high angle misorientation (HAGBs >15°). The evolution of the fraction of recrystallization and recrystallized grain size as a function of the annealing time of all samples are shown in Figure 2. The fraction of DRX during ECAP processing is also plotted in Figure 2a. The deformation microstructures of the samples were reported earlier in which the 1 and 2 ECAP samples exhibit a heterogeneous microstructure formed by large deformed grains and a very small amount of dynamically recrystallized grains [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF]. On the contrary, the microstructure of the sample after 4 ECAP passes was more homogeneous and formed of equiaxed grains due to the occurrence of a significant amount of DRX [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF]. The microstructures of 1 and 2 ECAP samples are still heterogeneous after annealing for 5 min as shown in Fig. 1. The microstructure of 1 ECAP sample changes with increasing annealing time but is still very heterogeneous and formed by a mixture of large and small recrystallized grains with a mean grain size of 49.0 µm. A high fraction of twins mainly extension twins 86° <112 ̅ 0> can be noticed. The microstructure of 1 ECAP sample is still not completely recrystallized (85%) even after a long annealing time (180 min) in comparison with the 91% recrystallized volume fraction for 2 and 4 ECAP samples. In contrast, a homogeneous microstructure is gradually formed in 2 ECAP sample with increasing annealing time. The mean recrystallized grain size increases from 2. 3a-c). Apparently, the different grain boundary fractions (Figures 3d-f) do not change with annealing time for all samples, except, the decrease of LAGBs after annealing for 30 min in 1 and 2 ECAP samples. However, the fraction of LAGBs and extension twin were higher in 1 ECAP sample compared with 2 and Figure 4 shows the recalculated pole figures {0002} of ECAP-processed and annealed Mg-0.3Ce alloy. The main ideal ECAP shear texture components for HCP metals are also shown in the pole figures and their descriptions in Euler angles are summarized in Table 1 [START_REF] Beyerlein | Texture evolution in equal-channel angular extrusion[END_REF]. The texture of 1 ECAP sample behaves similarly to the microstructure evolution. The texture of 1 ECAP sample oscillates between C1-fiber, B-fiber, and P-fiber with increasing annealing time. A new orientation named S (80°, 90°, 0°) is formed starting from 60 min of annealing. This S texture component was formed in the same alloy during ECAP processing for 4 passes at 350 °C [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF].

Figure 4 shows that a B-fiber is formed in 2 ECAP sample during annealing between 5 and 30 min and gradually changes to P-fiber after 60 min of annealing and then to C1-fiber after 180 min. The texture of 4 ECAP sample was characterized by retained C1-fiber and this texture is stable through the entire annealing duration. Y-fiber (345°, 90°, 0-60°) C1-fiber (45°, 30°, 0-60°) C2-fiber (225°, 30°, 0-60°)

Figure 5 presents the Vickers microhardness evolution as a function of the annealing time of ECAP-processed and annealed Mg-0.3Ce alloy. The Hv values of as-cast and the deformed states of 1, 2, and 4 ECAP samples were added to the plot [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF].

The microhardness of the as-cast Mg-0.3Ce alloy increases considerably after ECAP processing mainly due to the grain refinement as known by the Hall-Petch relationship [START_REF] Figueiredo | Deformation mechanisms in ultrafine-grained metals with an emphasis on the Hall-Petch relationship and strain rate sensitivity[END_REF]. However, besides the grain size, it was reported that the residual stress could be also an important factor in increasing the microhardness of severely deformed alloys [START_REF] Zhang | The tribological behavior of a surfacenanocrystallized magnesium alloy AZ31 sheet after ultrasonic shot peening treatment[END_REF][START_REF] Moon | Effects of residual stress on the mechanical properties of copper processed using ultrasonicnanocrystalline surface modification[END_REF].

The 

Discussion

Effect of ECAP processing on static recrystallization and grain growth

The results of the microstructure and microtexture evolution shown in the present study demonstrated that the homogeneity of the ECAP-processed Mg-0.3Ce alloy during annealing process strongly depends on the number of ECAP passes, i.e., accumulated strain. As consequence, several parameters can influence the resulted microstructure and texture such as the initial grain size, the distribution of second particles and the DRX fraction. The equivalent strain, εeq is expressed as a function of number of ECAP passes, N, as following [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF][START_REF] Iwahashi | Principle of equal-channel angular pressing for the processing of ultra-fine grained materials[END_REF]:

𝜀 𝑒𝑞 = 0.98𝑁 (1) 
The homogeneity of the microstructure and the stabilization of the texture throughout the annealing time increase with increasing number of ECAP passes (equivalent strain). The distribution of second particles affects also the primary recrystallization process of the ECAP samples. Figure 7 displays the scanning electron microscope (SEM) micrography with energy-dispersive X-ray spectroscopy (EDS) analyses (points 1 and 2) of 1, 2 and, 4 ECAP samples after ECAP processing and annealing for 30 min, respectively. It must be noted that the as-cast sample contains two types of second particles: small particles in the form of line present inside the grains and along the grain boundaries identified as Mg12Ce phase and individual particles having a globular morphology and containing 9 % (% wt.) of Ce element [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF].

On one hand, the SEM images (Figure 7) show that the grain boundaries in the deformed and annealed 1 ECAP sample still contain Mg12Ce second particles which restricted their migrations and retarded the formation of dynamic and static recrystallized grains as well. Obviously, the new grain boundaries of static recrystallized grains of the annealed 1 ECAP sample, as indicated by arrow, are free from these second particles. In contrast, the microstructures of deformed and annealed 2 and 4 ECAP samples indicate that their grain boundaries were free from these Mg12Ce second particles due to their dissolution during ECAP processing resulting in less pinning effect and allowing the occurrence of DRX. The zoom of the yellow box shown in the SEM image of annealed 1 ECAP sample evidences the existence of a precipitate free zone (PFZ) which was already developed during ECAP processing [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF]. In addition, it can be observed the presence of ultra-fine precipitates homogenously distributed throughout the grains. Unfortunately, the identification of the composition of these precipitates was not possible. However, based on the precipitation sequence reported for Mg-Ce solid solution known as [START_REF] Saito | TEM study of real precipitation behavior of an Mg-0.5at%Ce agehardened alloy[END_REF]: Mg supersaturated solution → GP-zone → β1 (Mg3Ce) → β (Mg12Ce), then, these precipitates could be Mg3Ce and/or Mg12Ce phases. It was reported earlier that the solute depletion and the dissolution of the Guinier-Preston (GP) zone are the main mechanisms responsable for the formation of PFZ in the present alloy [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF].

On another hand, the microstructures of all deformed samples show the presence of the same globular particles (point 2) and it is evidenced from the EDS analysis that the concentration of Ce element slightly increases compared to those found in the as-cast state (13 vs. 9 %). These particles are stable through the annealing for 30 min and seems not affecting the static recrystallization since these particles are present inside the SR grains. It has been reported that Mg12Ce second particles were the main reason for the deformation retained texture during isochronal annealing at 250 and 450 °C for 60 min of severe deformed (εeq = 1.6) Mg-1Ce (wt.%) alloy [START_REF] Basu | Shear band-related recrystallization and grain growth in two rolled magnesium-rare earth alloys[END_REF]. However, the present Mg-0.3Ce alloy exhibits completely different texture evolution during the isothermal annealing treatment. The mechanisms responsible of microstructure and texture evolution in Mg-RE alloys are not completely elucidated but it is established that they are strongly affected by the concentration of RE elements and their limited solubility in Mg matrix [START_REF] Imandoust | A review on the effect of rare-earth elements on texture evolution during processing of magnesium alloys[END_REF][START_REF] Stanford | Micro-alloying Mg with Y, Ce, Gd and La for texture modification-A comparative study[END_REF].

Interesting to note that 2 and 4 ECAP samples have almost similar grain size and microhardness value especially at the grain growth stage (annealing for 180 min). It can be speculated that there is a strain threshold (a critical shear strain) where beyond this value the evolution of recrystallized microstructure is similar. In the present case, this critical strain is εeq = 1.96 (2 ECAP). Nevertheless, this suggestion is not relevant for the texture evolution. As can be seen in Figure 4, the textures of 2 and 4 ECAP samples have completely different behaviour during isothermal annealing. The texture of 4 ECAP sample was retained all over the recrystallization and grain growth stages. While the texture of 2 ECAP sample completely changes from recrystallization to grain growth stage. This difference is related to the fraction of DRX during the ECAP processing. As shown in Figure 2a the DRX fraction for 2 and 4 ECAP samples was ~ 15 and ~55%, respectively. It is well known that the texture is retained during annealing if the DRX occurred during deformation processing [START_REF] Bhattacharyya | Texture enhancement during grain growth of magnesium alloy AZ31B[END_REF][START_REF] Al-Samman | Dynamic recrystallization during high temperature deformation of magnesium[END_REF][START_REF] Azzeddine | On the texture and grain growth in hot-deformed and annealed WE54 alloy[END_REF]. In this case and based on the oriented nucleation theory, the formation and the growth of new grains during subsequent annealing will have the same orientations of the parent grains [START_REF] Doherty | Nucleation and growth kinetics of different recrystallization texture components[END_REF]. If no DRX exists, the recrystallization texture is usually different from the deformation one [START_REF] Tighiouaret | On the evolution of microstructure, texture and corrosion behavior of a hot-rolled and annealed AZ31 alloy[END_REF][START_REF] Su | Texture Weakening and Grain Refinement by High Speed Rolling and Annealing of an AZ31 Magnesium Alloy[END_REF][START_REF] Tighiouaret | Thermal Stability of an Mg-Nd Alloy Processed by High-Pressure Torsion[END_REF] and this is explained by the oriented growth theory [START_REF] Doherty | Nucleation and growth kinetics of different recrystallization texture components[END_REF]. In this theory, the stability of an orientation will depend on the grain boundary mobility, thus some grains with specific orientations will preferably growth at the expense of other orientations [START_REF] Doherty | Nucleation and growth kinetics of different recrystallization texture components[END_REF].

The Kernel Average Misorientation (KAM) approach was used to estimate the stored energy resulting from the Geometrically Necessary Dislocations (GND) dislocations [START_REF] Betanda | Measurement of stored energy in Fe-48%Ni alloys strongly cold-rolled using three approaches: Neutron diffraction, Dillamore and KAM approaches[END_REF]. Figure 8 presents the KAM maps of the 1, 2, and 4 ECAP samples annealed for 5 min. The stored energy of the 4 ECAP sample is lower due to the occurrence of significant DRX during ECAP processing. The stored energy is practically similar for 1 and 2 ECAP samples, hence it is expected that both samples present the same static recrystallization behaviour. However, the recrystallization behaviour is completely different between both samples. In order to track the nature of the stored energy in both samples, Figure 9 presents the IPF, KAM, IQ highlighted by grain boundaries distribution and extension twin maps of selected zones of 1 and 2 ECAP samples annealed for 5 min. The fraction of very low grain boundaries VLAGBs (1°< θ <5°), LAGBs (5°< θ <15°), HAGBs (15°< θ) and extension twin are summarized in Table 2. The stored energy in the 1 ECAP sample seems to be generated from the high fraction of extension twin (Table 2). Indeed, it was demonstrated previously that the extension twins were not a preferred site of DRX during ECAP processing [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF] nor during static recrystallization since the evolution of the microstructure as a function of annealing time indicates that the twins only grow. Several reports confirm this behaviour of extension twins during annealing in deformed Mg-based alloys [START_REF] Levinson | Influence of deformation twinning on static annealing of AZ31 Mg alloy[END_REF][START_REF] Zhao | Quasi-in-situ observations of low-angle grain boundaries, twins and texture evolution during continuous annealing in a cold-rolled Mg-Zn-Gd alloy[END_REF]. An example of different twin forms can be seen in the selected zone of 1 ECAP sample annealed for 180 min as shown in Figure 10. Several twins can be found inside the same grain in the form of steps as indicated by the CD distance (Figure 10d). Another type of form is the growth and coalescence of extension twins as indicated by arrows in Figure 10a. These types of twins seem to start at grain boundaries and continuous to grow until consuming the parent grain as observed in grains G1 and G2 (Figures 10a and10b) due to the high stored energy resulted from the dislocation/twin interaction. The migration and growth of extension twins is the main reason for the texture modification of 1 ECAP sample during annealing. In fact, it has been demonstrated by quasi-in-situ EBSD observations that the effect of extension twin on texture modification is more important than the orientation of nuclei [START_REF] Zhao | Quasi-in-situ observations of low-angle grain boundaries, twins and texture evolution during continuous annealing in a cold-rolled Mg-Zn-Gd alloy[END_REF].

Interesting observation can be noticed in Figures 10b andc (black box) where grain with

LAGBs is inside another grain. Both grains have the same orientation as can be recognized in the IPF map (Figure 10a). The development of grains in form of isolated grains is a characteristic of abnormal grain growth [START_REF] Victoria-Hernández | Strain-induced selective grain growth in AZ31 Mg alloy sheet deformed by equal channel angular pressing[END_REF]49]. Obviously, the stored energy in the 2 ECAP sample is not originated from the extension twins since a very low fraction was detected (0.5%) (Table 2). In contrast, the 2 ECAP sample contain a significant fraction of LAGBs (15.1%) compared to 1 ECAP sample (5.0%). The presence of LAGBs indicates the dominance of the recovery process [START_REF] Fatemi | Characterization of continuous dynamic recrystallization in WE43 magnesium alloy[END_REF]. The results demonstrated that the presence of LAGBs ensures a homogeneous evolution of the microstructure with further annealing time.

The present results demonstrated the existence of a direct connection between stored energy and the stability of texture. The texture was unstable for 1 and 2 ECAP samples (having high stored energy) and retained for 4 ECAP sample (having low stored energy). This is in good agreement with the assumption that the possibility of recrystallization nuclei with a variety of orientations may increase with increasing the stored energy [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]. Usually, the development of B-fiber during ECAP processing of Mg-based alloys causes the deterioration of the yield strength and poor ductility [START_REF] Ying Ma | Microstructure, Texture Evolution, and Mechanical Properties of ECAP-Processed ZAT522 Magnesium Alloy[END_REF][START_REF] Janeček | Texture and microstructure evolution in ultrafine-grained AZ31 processed by EX-ECAP[END_REF]. Therefore, the modification of texture during annealing processing could be beneficial for improving the mechanical properties of Mg-0.3Ce alloy.

4.2.Effect of DRX fraction on the static recrystallization mechanisms

The amount of DRX during ECAP processing affects largely the evolution of microstructure and texture mechanisms responsible for the static recrystallization and grain growth. For 1 ECAP sample where the DRX was absent two main static recrystallization mechanisms were detected after annealing for 30 min as shown in Figure 11. The first mechanism was the subgrain development (SD) as shown in zones 1 and 2, respectively. The recrystallized grain (G1) is formed due to the accumulation of dislocations inside the grain and gradually transformed to LAGBs and then HAGBs with increasing annealing time [START_REF] Xie | Transition of dynamic recrystallization mechanisms of as-cast AZ31 Mg alloys during hot compression[END_REF]. The second mechanism was the particle simulated nucleation (PSN) as depicted in zones 2 and 3. The presence of large particles, as shown in Figure 7, prevents the dislocation motion which led to their accumulation around these particles, gradually transformed to LAGBs and eventually to new grains with HAGBs [START_REF] Humphreys | Chapter 9 -Recrystallization of Two-Phase Alloys[END_REF]. The PSN mechanism was an important mechanism besides the twin-induced dynamic recrystallization (TDRX) for the development of grains during ECAP processing at low strain (1 ECAP at 300 °C) [START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF]. The SD and PSN mechanisms are considered as continuous recrystallization process [START_REF] Xie | Transition of dynamic recrystallization mechanisms of as-cast AZ31 Mg alloys during hot compression[END_REF]. The corresponding {0002} pole figures show that the orientations of recrystallized grains of both mechanisms were different from the deformed parent grains.

This explains the instability and the modification of the texture of the 1 ECAP sample as a function of annealing time (Figure 4). In the case of 2 ECAP sample where a limited DRX (15%) was developed during ECAP, the static recrystallization seems to start in shear bands during annealing for 5 min as evidenced in Figure 12. The recrystallized grains in the shear band developed a C1-fiber in addition to the Bfiber compared to strong B-fiber in the deformed grains. It is well known that the nucleation in the shear bands led to the formation of grains with a various orientation [START_REF] Basu | Shear band-related recrystallization and grain growth in two rolled magnesium-rare earth alloys[END_REF][START_REF] Singh | Influence of simultaneous alloying with Ca and Sc on the high temperature deformation mechanism, texture, and recrystallization behavior of Mg-Ca-Sc alloys[END_REF]. A close inspection of the microstructure of 2 ECAP sample after annealing for 60 min (Figure 1) shows that some shearing traces can still be observed. The evolution of texture of 2 ECAP sample after This is confirmed by the decrease of LAGBs in 1 and 2 ECAP samples between annealing for 5 and 30 min and the formation of new grains as shown in Figure 1. Despite the high static recrystallization fraction, the LAGBs fraction was stable during the remaining annealing treatment. Similar fractions have been reported in rolled Mg-2Y-0.6Nd-0.6Zr alloy [START_REF] Yu | The Effect of Annealing on the Microstructure and Properties of Ultralow-Temperature Rolled Mg-2Y-0.6Nd-0[END_REF]. In this case, the evolution of LAGBs does not follow the traditional mechanism by dislocation recovery, rearrangement and finally transformation to HAGBs [START_REF] Humphreys | Chapter 7 -Recrystallization of Single-Phase Alloys[END_REF]. It was demonstrated by quasi-in-situ EBSD measurements that the pre-existing LAGBs can hardly migrate during annealing and even new LAGBs can formed between two neighbour grains with similar orientation [START_REF] Zhao | Quasi-in-situ observations of low-angle grain boundaries, twins and texture evolution during continuous annealing in a cold-rolled Mg-Zn-Gd alloy[END_REF]. In addition, the presence of very fine second phase particles can prevent the transformation of dislocations to LAGBs and then to HAGBs.

Conclusion

• The recrystallization and grain growth behaviour of Mg-0.3Ce alloy were investigated after ECAP processing at 300 °C for N = 1, 2 and 4 passes (via route Bc) followed by isothermal annealing treatment at 450 °C for 5, 30, 60 and 180 min.

• The recrystallization and grain growth microstructure and texture homogeneity strongly related to the strain level, second phase particle distribution and fraction of DRX.

• Continuous static recrystallization mechanisms were evidenced in low strained sample.

• Beyond a strain threshold εeq = 1.96 (2 ECAP) the evolution of microstructural parameters such as grain size and microhardness in the grain growth stage were the same.

  8 µm after 5 min to 19.4 µm after 180 min. Fine grains with an average value of 3.2 µm were formed in 4 ECAP sample after annealing for 5 min. The microstructure of 4 ECAP sample remains homogeneous with increasing annealing time and the recrystallized grain size increases to 18.6 µm up annealing for 180 min. The formation of extension twins is restricted in 2 and 4 ECAP samples due to the grain size effect.

Figure 1 :

 1 Figure 1: Inverse pole figure maps in extrusion direction (ED-IPF) of ECAP-processed and annealed Mg-0.3Ce alloy.

Figure 2 :

 2 Figure 2: Evolution of (a) fraction of recrystallization and (b) recrystallized grain size as a function of annealing time of 1, 2, and 4 ECAP samples.

Figure 3 :

 3 Figure 3: Distribution of misorientation angle and LAGBs, extension twins and HAGBs fraction evolution as a function of annealing time of ECAP-processed Mg-0.3Ce alloy: (a, d) 1 ECAP, (b, e) 2 ECAP and (c, f) 4 ECAP samples.

Figure 4 :Table 1 .

 41 Figure 4: Texture evolution of ECAP-processed and annealed Mg-0.3Ce alloy.

  Hv value of 1 ECAP sample was stable around 41 Hv when annealing for 5 to 60 min and then decreases slightly to 38.6±1 Hv after 180 min. While the microhardness of 2 and 4 ECAP samples decreases rapidly with increasing annealing time to reach both a similar value of 41.5±1.2 Hv at 180 min of annealing. The decrease of the microhardness is a consequence of the occurrence of recrystallization and grain growth phenomena. However, the Hv values of all samples are still higher than the as-cast value (37 Hv).

Figure 5 :

 5 Figure 5: Vickers microhardness evolution as a function of annealing time of ECAP-processed and annealed Mg-0.3Ce alloy.

Figure 6

 6 Figure6presents a bigger zone (1120 x 880 µm 2 ) with 0.5 µm of step size of 1 ECAP sample annealed for 180 min in which the microstructure is still heterogeneous even after a long annealing time. The low strain results in a low fraction of DRX and a significant volume fraction of unrefined coarse grains. As known, the grain boundaries are favoured nucleation sites, hence the number of available nucleation sites is very low for 1 ECAP sample. In addition, a very low fraction of grain boundaries was already present in the as-cast alloy (before ECAP processing) since the microstructure of the as-cast alloy was characterized by very coarse grains (~ 1 mm)[START_REF] Sadi | Characterization of microstructure and texture of binary Mg-Ce alloy processed by equal channel angular pressing[END_REF]. These conditions result in a decrease in the nucleation rate and consequently delay the static recrystallization and cause the heterogeneity of the microstructure as shown in Figures1 and 2. The 2 and 4 ECAP samples were completely recrystallized after annealing for 30 min while the recrystallization of 1 ECAP sample was retarded to 60 min with only 85 % of recrystallized grains.

Figure 6 :

 6 Figure 6: (a) ED-IPF map, (b) {0002} recalculated pole figure and (c) grain size distribution of 1 ECAP sample annealed for 180 min.

Figure 7 :

 7 Figure 7: SEM micrography with EDS analyses (points 1 and 2) of 1, 2 and 4 ECAP samples after ECAP processing and annealing for 30 min, respectively.

Figure 8 :

 8 Figure 8: KAM maps and their corresponding misorientation of: (a) 1 ECAP, (b) 2 ECAP and (c) 4 ECAP samples annealed for 5 min.

Figure 9 :

 9 Figure 9: (a, b) ED-IPF, (c, d) KAM, (e, f) IQ highlighted by grain boundaries distribution and (g, h) extension twin maps of selected zones of 1 and 2 ECAP samples annealed for 5 min, respectively.

Figure 10 :

 10 Figure 10: Selected zone of 1 ECAP sample annealed for 180 min showing different forms of twin. (a) ED-IPF, (b) IQ highlighted with extension twin, (c) IQ highlighted with VLAGBs, LAGBs and HAGBs maps and (d) Misorientation profiles of AB and BC distances indicated in ED-IPF map.

Figure 11 :

 11 Figure 11: (a) IPF-map and (b) IQ map highlighted with VLAGBs, LAGBs, and HAGBs of specific zone on 1 ECAP sample annealed for 30 min. Different static recrystallization mechanism observed in this sample: Zone 1: SD mechanism, Zone 2: SD and PSN mechanisms and Zone 3: PSN mechanism.

Figure 12 :

 12 Figure 12: (a) Deformed and (b) recrystallized grains and their corresponding {0002} recalculated pole figure of the 2 ECAP sample annealed for 5 min.

Table 2 .

 2 Fraction of VLAGBs, LAGBs, HAGBs and extension twin in annealed 1 and 2 ECAP samples for 5 min.

	Sample	1°-5°	5°-15°	15°-180°	Extension twin
		(%)	(%)	(%)	(%)
	1 ECAP	70.5	5.0	24.5	18.8
	2 ECAP	59.6	15.1	25.3	0.5
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