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The microstructure and texture of a Ni-14W (wt.%) alloy processed by groove pressing (GP) at 450°C to 4 cycles were characterized using Electron BackScatter Diffraction. In addition, the stored energy was estimated using the kernel average misorientation (KAM) approach. The microstructure undergoes a slight grain refinement with increasing GP cycles. The stored energy increases with the GP cycle number due to the increase of the dislocation density that saturates up 4 GP cycles. The texture was characterized by the domination of the Cube {001}<100> component and the remnant of some deformation texture components.

Introduction

Recently, Nickel and its alloys have increasingly attracted scientific investigations due to their potential applications as coated conductor substrates for photovoltaic purposes [START_REF] Bhattacharjee | Effect of processing variables on cube texture formation in powder metallurgically prepared Ni and Ni-W alloy tapes for use as substrates for coated conductor applications[END_REF]. In particular and for technical applications, Ni-W alloy is the most material used as highly Cube textured {001}<100> coated superconductor substrates as shown in the Rolling Assisted Biaxially Textured Substrates (RABITS TM ) technique [START_REF] Borisov | Composite Textured Substrate Tape for Second-Generation High-Temperature Superconductors with Low Magnetic Susceptibility[END_REF]. Indeed, the easy forming of Cube {001}<100> texture after heavy deformation and subsequent annealing is a great advantage for coating [START_REF] Zhao | Development of cube textured Ni-5at.% W alloy substrates for coated conductor application using a melting process[END_REF]. The domination of Cube {001}<100> texture in the substrate materials ensures that the grain boundary network consists of low angle grain boundaries (LAGB) which is absolutely necessary to achieve high critical current density [START_REF] Zhao | Development of cube textured Ni-5at.% W alloy substrates for coated conductor application using a melting process[END_REF]. The amount of Cubeoriented grains depends strongly on the prior thermo-mechanical processing. Therefore, conventional processing techniques such as rolling but also Severe Plastic Deformation (SPD) processing like Accumulative Roll Bonding (ARB) were experimented in order to investigate their effect on the texture development [43]. For example, the texture after ARB processing of Ni-14W (wt.%) alloy was characterized by the typical rolling components (Copper, S and Brass), which showed a tendency toward stabilization after 4 ARB cycles [START_REF] Boudekhani-Abbas | Microstructure, Texture and Mechanical Properties of Ni-W alloy after Accumulative Roll Bonding[END_REF]. Today, Groove Pressing (GP) technique is known as the suitable SPD technique for fabricating sheet materials having very interesting combination of mechanical and physical properties [START_REF] Gupta | Constrained groove pressing for sheet metal processing[END_REF]. In the GP process, the sheet is subjected to repetitive shear deformation under plane strain deformation conditions by alternately pressing between asymmetrically grooved and flat dies [START_REF] Gupta | Constrained groove pressing for sheet metal processing[END_REF]. Previously, the deformation microstructure, texture and mechanical properties of a Ni-14W (wt.%) alloy were investigated after GP at 450°C to 4 cycles using Electron BackScatter Diffraction (EBSD) and microhardness measurements [START_REF] Koriche | On the groove pressing of Ni-W Alloy: microstructure, texture and mechanical properties evolution[END_REF]. The results showed that the effect of GP processing on the improvement of plastic anisotropy and mechanical properties depended strongly on the initial state of the alloy before the processing [START_REF] Koriche | On the groove pressing of Ni-W Alloy: microstructure, texture and mechanical properties evolution[END_REF]. However, some important properties such as the stored energy and the evolution of Grain Boundary Character Distribution (GBCD) of Ni-14W alloy after GP processing have not been investigated, yet. Therfore, the evolutions of the microstructural parameter such as dislocation density, stored energy and type of grain boundaries of the GP processed Ni-14W alloy are investigated in the present study.

Experimental procedure

A commercial Ni-14W (wt.%) alloy was kindly provided by APERAM Alloys Imphy society, France in the form of recrystallized strips of 1 mm in thickness. Rectangular strips with dimension of 35 mm × 20 mm were pressed between asymmetrically grooved dies, with a groove angle of 45° and width of 4 mm [START_REF] Koriche | On the groove pressing of Ni-W Alloy: microstructure, texture and mechanical properties evolution[END_REF] and then subsequently between flat dies. Before each press stage, the strips were preheated at 450°C for 5 minutes. A total of 4 GP cycles was successfully obtained. More details on the sample preparation and the GP processing history were given earlier [START_REF] Koriche | On the groove pressing of Ni-W Alloy: microstructure, texture and mechanical properties evolution[END_REF]. EBSD measurements were performed in the Longitudinal Direction (LD) -Normal Direction (ND) plane of the samples using a Scanning Electron Microscope FEG-SEM SUPRA 55 VP operating at 20 kV. The EBSD data acquisition and analysis were undertaken using TSL Orientation Imaging Microscopy, OIM TM software. The scanned areas were 100×100 μm 2 with a step size of 0.1 μm. The grain size was determined using a grain tolerance angle of 5° and the minimum grain size was chosen as 2 pixels. The quantitative texture analysis was carried out by calculating the Orientation Distribution Function (ODF) using MTex software [START_REF] Bachmann | Texture Analysis with MTEX -Free and Open Source Software Toolbox[END_REF]. The dislocation density was estimated using KAM approach. Usually, KAM is used to quantify the average misorientation between a given point and its nearest neighbors where KAM reflects the dislocation density, ρ on individual measurement points [START_REF] Ateba Betanda | Measurement of stored energy in Fe-48%Ni alloys strongly cold-rolled using three approaches: Neutron diffraction, Dillamore and KAM approaches[END_REF]. Then, the stored energy was calculated from the dislocation density using the following equation [START_REF] Ateba Betanda | Measurement of stored energy in Fe-48%Ni alloys strongly cold-rolled using three approaches: Neutron diffraction, Dillamore and KAM approaches[END_REF]:

E KAM = ½μb 2 = αμb KAM /2 nd (1)
where θ KAM is the mean misorientation angle between the point and its 3 rd neighbors here (n = 3) excluding misorientation greater than 5°, α is a parameter which depends on the grain boundary type with value of 3. b = 0.24 nm is the Burgers vector, d is the EBSD step size and μ = 89.5 GPa is the shear modulus for Ni.

Results and discussion

Fig. 1 presents the evolution of the Image Quality (IQ) maps of Ni-14W alloy after 1, 2, 3 and 4 GP cycles, respectively. The grain boundaries are devised into two families: Low-Angle Grain Boundaries (LAGBs) when misorientation between the neighboring grains is 2° ≤ θ ≤ 15°, and High-Angle Grain Boundaries (HAGBs) when the misorientation angle is θ >15°. The grain boundary types are superposed with IQ maps in Fig. 1 (red, green and blue lines represent LAGBs (2°-5°), LAGBs (5°-15°) and HAGBs (> 15°), respectively). Moreover, the fraction of the different grain boundaries is summarized in Table 1. Fig. 1a and Table 1 show that after 1 cycle the sample contains about 83% of HAGBs and relatively high fraction of twins (43 %). Increasing the number of GP cycles leads to an increase of LAGBs especially those with misorientation in the range 2-5°. This increase of LAGBs and especially of very LAGBs is attributed to the accumulation of dislocations and the formation of sub-grains. Furthermore, the twin fraction decreases with increasing GP cycles to reach a fraction of 20 % after 4 GP cycles. It is well known that the twinning could occur only under high strain rate and low-temperature deformation conditions [START_REF] Liao | Deformation twinning in nanocrystalline copper at room temperature and low strain rate[END_REF]. Moreover, small grain size prevents the occurrence of twinning [START_REF] Liao | Deformation twinning in nanocrystalline copper at room temperature and low strain rate[END_REF]. It was reported earlier that the grain size of Ni-W alloy slightly decreases from 6.5 μm (initial state) to 4.5 μm after 4 GP cycles [START_REF] Koriche | On the groove pressing of Ni-W Alloy: microstructure, texture and mechanical properties evolution[END_REF]. The small decrease of the grain size is expected since the deformation processing was performed at high temperature (450 °C). Fig. 2 shows the KAM maps of the Ni-14W alloy after GP processing up to 4 cycles. The estimation of the dislocation density and the corresponding stored energy from the KAM approach are summarized in Table 2.

It is expected that the KAM value continuously increases with increasing strain but in the present processed alloy the average KAM value initially increases after 2 GP cycles and then tends to saturate until 4 GP cycles. Moreover, the KAM maps show clearly that the grains were not uniformly deformed taking into account the color coded. Indeed, it was demonstrated that the activation and accumulation of dislocations depend strongly on the orientation of the grains [START_REF] Azzeddine | On the stored energy evolution after accumulative roll-bonding of Invar alloy[END_REF]. The analysis shows that the S {231}<346> and Copper {112}<111> components develop significantly higher stored energies than the Brass {110}<112> and Cube {001}<100> components in Fe-36Ni (wt.%) alloy processed by ARB up to 6 cycles [START_REF] Azzeddine | On the stored energy evolution after accumulative roll-bonding of Invar alloy[END_REF]. Consequently, the dislocation density increases from 7.55 10 14 m -2 after 1 GP cycle to 1.51 10 14 m -2 after 2 GP cycles and then saturates up 4 GP cycles. Similar trends can be obviously noticed for the evolution of the stored energy (as shown in Table 2). 3. Furthermore, the evolution of the fraction of these texture components as function of GP cycle number is shown in Fig. 4. The initial texture, not presented here, was characterized by the domination of the Cube component and the presence of the S {231}<346> and the Copper {112}<111> components with a very weak intensity [START_REF] Koriche | On the groove pressing of Ni-W Alloy: microstructure, texture and mechanical properties evolution[END_REF]. The texture after GP processing is very similar to the initial one (Fig. 3). Nevertheless, the Cube component acuity diminishes when the GP cycle number increases. Indeed, the fraction of the Cube components decreases from about 9% for 1 GP cycle to about 5.5% for 4 GP cycles (Fig. 4). Moreover, the S component fraction decreases rapidly after 2 GP cycles and the Brass and Copper component ones remain quite stable. It is clearly seen that the fraction of Brass component is higher than the Copper one which should be an indication of the formation of a Brass-type texture rather than a Copper-type texture [START_REF] Koriche | On the groove pressing of Ni-W Alloy: microstructure, texture and mechanical properties evolution[END_REF] due to the relatively low stacking fault energy of the studied alloy. Actually, it was reported that the variation of the deformation texture during GP processing of pure Ni sheets depended strongly on the design of groove dies [START_REF] Wang | Influences of die structure on constrained groove pressing of commercially pure Ni sheets[END_REF]. A new texture component is developed in Ni sheets when using groove dies with a width of 3 mm and an angle of 45°. Contrastingly, the Ni sheet exhibits the same texture when using groove dies with a width of 2 mm and an angle of 37 or 45° [START_REF] Kumar | Mechanical behaviour and microstructural evolution of constrained groove pressed nickel sheets[END_REF]. Based on these observations, it can be speculated that the no change in the texture in the present Ni-W alloy could be attributed to the use of groove dies with a width of 4 mm and an angle of 45° [START_REF] Koriche | On the groove pressing of Ni-W Alloy: microstructure, texture and mechanical properties evolution[END_REF].

Conclusion

The microstructural parameters and the texture of the Ni-14W alloy processed by GP up 4 cycles were investigated using EBSD measurements. The following conclusions can be drawn:  The microstructure undergoes a slight grain refinement with increasing GP cycles.  The stored energy increases until 2 GP cycles due to the accumulation of the dislocation density and then a steady state appears up 4 GP cycles.  The texture is characterized by the domination of the Cube {001}<100> component and the presence of remnant typical deformation components (Brass, Copper and S).
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 1 Fig. 1. IQ maps of the Ni-14W alloy after GP to: (a) 1 GP cycle, (b) 2 GP cycles, (c) 3 GP cycles and (d) 4 GP cycles. LAGBs (2°-5°), LAGBs (5°-15°) and HAGBs (> 15°) are colored in red, green and blue, respectively)

Fig. 2 .

 2 Fig. 2. KAM maps of the Ni-14W alloy after GP to 1, 2, 3 and 4 GP cycles, respectively.

Fig. 3 .

 3 Fig. 3. presents the evolution of deformation texture in terms of recalculated {111} pole figure of the Ni-14W alloy after GP up to 4 cycles. The main ideal texture component positions of FCC alloys are also presented and their description is given in Table3. Furthermore, the evolution of the fraction of these texture components as function of GP cycle number is shown in Fig.4.
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 3 Fig. 3. Recalculated {111} pole figure of the Ni-14W alloy after GP to: (a) 1 GP cycle, (b) 2 GP cycles, (c) 3 GP cycles and (d) 4 GP cycles.

Fig. 4 .

 4 Fig. 4. Evolution of the texture component fraction as function of the GP cycle number for Ni-14W alloy.

Table 1 .

 1 Fraction of LAGBs and HAGBs in the microstructures of the processed Ni-14W alloy.

	Number of	2-5°	5-15°	15-65°
	GP cycles			
	1	14.0	2.9	83.1
	2	34.3	5.2	60.5
	3	30.8	3.7	65.5
	4	41.8	5.1	53.2

Table 2 .

 2 Average KAM value, dislocation density, and stored energy in the Ni-14W after GP up 4 cycles.

	Number of	KAM(°)	 (× 10 14 m -2 )	EKAM (J/mol)
	GP cycles			
	1	1.04	07.5	13.6
	2	1.51	10.9	19.8
	3	1.53	11.1	20.0

Table 3 .

 3 Main ideal texture components of FCC alloys.

	Component	{hkl}<uvw>		Euler Angles	
			φ1		φ2
	Brass	{110}<112>	35°	45°	0°
	Cube	{001}<100>	0°	0°	0°
	Copper	{112}<111>	90°	35°	45°
	S	{231}<346>	59°	37°	63°

1.54 11.2 20.2
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