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Abstract. This study was mainly oriented on the evolution of the crystallographic texture as a function of the deformation resulting from the industrial wire drawing process. This, in fact, will make it possible to establish a relationship between the microstructure and the crystallographic texture in the medium-carbon steel wires obtained by industrial wire drawing process and used in the manufacture of spring mattresses in order to minimize the loss of material and to satisfy the users of this product. During this study, a medium-carbon steel wires was characterized by two analytical techniques. The scanning electron microscopy (SEM) to monitor the microstructure evolution and the electron backscatter diffraction (EBSD) for the crystallographic texture analysis. The EBSD results are processed with OIM (Orientation Imaging Microscopy) analysis software.

Carbon steels remain the most used materials in drawing industries because of their excellent priceperformance ratio. They offer a wide range of usage properties deriving from their numerous microstructure and texture variants. The microstructural behavior of these steels present themselves as a powerful solution to adapt them to the many implementation processes and the various service requests. This explains the huge amount of research being done on the microstructure of carbon steels in general [START_REF] Nebbar | Microstructural evolutions and mechanical properties of drawn medium carbon steel wire[END_REF][START_REF] Djimaoui | Study of Microstructural and Mechanical Behavior of Mild Steel Wires Cold Drawn at TREFISOUD[END_REF][START_REF] Zhou | Effect of reserved texture on mechanical properties of cold drawn pearlitic steel wire[END_REF][START_REF] Zhang | Hierarchical structures in cold-drawn pearlitic steel wire[END_REF]. The progressive anisotropy of the crystallographic texture or of the elongation of the grains (morphological texture) induced in the material by wire drawing as a consequence of significant changes at the microstructural level. Thus, although it is clear that this deformation process improves the microstructural modifications can produce an anisotropic microstructure [START_REF] Toribio | Structural integrity of progressively cold-drawn pearlitic steels: From Raffaello Sanzio to Vincent van Gogh[END_REF]. Embury and Fisher [START_REF] Embury | The structure and properties of drawn pearlite[END_REF] and Li et al [START_REF] Li | Evolution of strength and microstructure during annealing of heavily cold-drawn 6.3 GPa hypereutectoid pearlitic steel wire[END_REF] studied the evolution of the microstructure and crystallographic texture of a pearlitic steel wires during wire drawing process and described the development of the fibrous structure (morphological texture) and a crystallographic texture of fiber <110>//WDD (where WDD is the wire drawing direction parallel to the wire axis (WA)). In this work, wire drawing of D45-2 medium-carbon steel wires for producing springs, were studied in longitudinal section to follow the evolutions of the microstructure, crystallographic texture and mechanical properties (Hardness (HV), Tensile strength (Rm), Elongation (A%) and torsion number) to have the correlation between microstructural and mechanical properties of D45-2 medium-carbon steel wires.

Introduction Material

The present study was carried out on medium carbon steel wires provided by TREFISOUD JSC., Algeria. Chemical composition and mechanical properties of wire rod are presented in Table 1. D45-2 steel is an non alloyed steel with 0.45 % (average) carbon content and is intended for the wire drawing process for special applications (Fig. 1) [START_REF]DIN 17140-1 Grade D[END_REF]. Sampling is carried out in such a way that structural deformation due to heating during cutting should be avoided. The preferred length is 15 mm. The wires diameter and deformation rates (Ɛ) are shown in the Figure 2. For observation of the microstructure by SE microscopy, all the samples were subjected to mechanical polishing performed different granulometry of SiC papers (P100 to P4000) with oil-based diamond. After the mechanical polishing, the samples were chemically etched with Nital 3% to reveal microstructure. For the crystallographic texture characterization, the samples were subjected to mechanical polishing on SiC paper followed by 3 μm and 1 μm diamond polishing and then electro-polishing to remove the mechanical polishing effect. When by focusing an electron beam on a grain which one wishes to know the crystallographic orientation, the electrons backscattered in Bragg incidence with the reflecting crystallographic planes will diffract according to two diffraction cones for each reflecting plane (Fig. 3). The intersection of the diffraction cones with a detector screen forms hyperbolas resembling lines. The set of lines constitutes the Kikuchi diagram. 

OIM Analysis

Characterization Techniques

The evolution of the microstructure and the crystallographic texture in D45-2 medium-carbon steel wires were characterized by scanning electron microscopy FEI quanta 250, electron backscatterdiffraction (TSL EDAX) in the scanning electron microscopy Zeiss 940. The data was processed by OIMTM software.

Results and Discussion

SEM characterization

Figure 4 presents a SEM micrograph of the D45-2 wire rod. We can notice that the microstructure is composed of two phases (ferrite (F) and pearlite (P)) observed in the figure 4-B. Each perlite colony (PC) has its own lamellar direction. The cementite lamellae are presented by the light color and the ferrite by the dark color. Two morphologies of perlite can be observed, one with straight lamellae (SPL) predominant and the other with curled lamellae (CPL) (Fig. 4-A). The overall microstructure is homogeneous without any sign of plastic deformation and the equiaxed form of the grains with a random crystallographic texture and orientations of the cementite lamellae. In the same way, we present on figure 5, the SEM images relating to two different deformation rates by drawing (57.27% and 74.5%) of steel D45-2. We can notice three types of cementite lamellaeare clearly identifiable: aligned with the WDD folded and sheared at 57.27% deformation rate and aligned with the DD direction at 74.5%. The microstructure has become fibrous and the grains are strongly elongated in the direction of wire drawing DD. 

EBSD Characterization

First of all, we can see on the poles figure of drawn wires (Fig. 6) the presence of the fiber texture <110> parallel to the direction A1 (drawing direction) [START_REF] Zidani | Deformation textures in wire drawn perlitic steel[END_REF], this fiber texture is developed during deformation by industrial wire drawing and reinforced with the maximum intensities of 15.378 for ε = 57.27 % and 14.603 for ε = 74.5 %. In Figure 7 (ODF), only a development of the <110> // WDD fiber texture appears at ε = 57.27 %. This fiber is in the majority and reinforced at ε = 74.5 %. 

<110> // WDD <110> // WDD

The Vickers hardness of D45-2 medium-carbon steel increases with the deformation rate by wire drawing and reach a value of 310 for Ɛ = 57.27% and 417 for Ɛ = 74.5%. This hardening is due to the generation of additional dislocations in the steel structure and the refining of inter-lamellar spacing during [START_REF] Raji | Mechanical properties of cold-drawn low carbon steel for nail manufacture: experimental observation[END_REF][START_REF] Robert | Influence of torsion deformation on microstructure of cold -drawn pearlitic steel wire[END_REF].

Figure 8 shows the effect of deformation rate by wire drawing on the tensile strength, elongation (Fig. 8-a) and number of twists before failure-t/f (Fig8-b) as a function of deformation rate of D45-2 medium-carbon steel wires. 

Conclusion

Scanning electron microscopy allowed us to analyze the grains morphology. During wire drawing, the cementite lamellae orient towards the wire drawing direction and the microstructure with a morphological texture parallel t o the wire axis. Two different forms of cementite lamellae are observed: folded (FCL) and aligned cementite lamellae (CLA). EBSD analysis has shown us the evolution of the crystallographic texture as a function of the deformation rate. The development of a fiber texture <ll0> comes from the drawing effect.

Mechanical tests applied to D45-2 steel wires show that increasing of hardness and tensile strength with decreasing of elongation as a function of the deformation rate. These changes due to grain refinement and the accumulation of crystal defects and increased dislocation density caused by wire drawing. The number of twists before failure -t/f increases then decreases. This decrease due to the loss of ductility of wire at at Ɛ = 74.5%. The tensile strength of drawn wires achieved 1171.05 MPa and 2033.09 MPa for 57.27 % and 74.5 % deformation rates, respectively. The number of twists before failure-t/f increases then decreases at Ɛ = 74.5%. This decrease due to the loss of ductility caused by wire drawing at this deformation rate [START_REF] Zelin | Microstructure evolution in pearlitic steels during wire drawing[END_REF].

Mechanical Properties

Fig. 1 .

 1 Fig. 1. Standardized designation of D45-2 steel [8].

Fig. 2 .

 2 Fig. 2. Studied samples of D45-2 medium-carbon steel wires.

Fig. 3 .

 3 Fig.3. Basic principle of EBSD[START_REF] Nebbar | Etude de l'évolution microstructurale, texturale et de comportement mécanique des fils en acier mi-dur tréfilés industriellement[END_REF] 

Fig. 4 .

 4 Fig.4. SEM micrograph of the longitudinal section of D45-2 steel wire rod (Ø 5.5 mm) A) SEM micrograph, B) Illustration of the compounds (processed by ImageJ)

Fig. 5 .

 5 Fig. 5. SEM micrographs of the longitudinal section of the drawn steel wire D45-2 drawn. a) ε = 57.27% and b) ε = 74.5%.

Fig. 6 .

 6 Fig. 6. Poles figure {110} of D45-2 steel wires.

Fig. 7 .

 7 Fig.7. Orientation distribution functions (ODF) of D45-2 steel wires.

Fig. 8 .

 8 Fig. 8. Mechanical properties of D45-2 medium-carbon steel wires. a) Tensile strength and Elongation, b) Number of twist before failure.

Figures 8

 8 Figures 8 (a) show that tensile strength increases with the deformation rate while elongation decreases significantly. Before drawing, the wire rod has a tensile strength of around 785.83 MPa. The tensile strength of drawn wires achieved 1171.05 MPa and 2033.09 MPa for 57.27 % and 74.5 % deformation rates, respectively. The number of twists before failure-t/f increases then decreases at Ɛ = 74.5%. This decrease due to the loss of ductility caused by wire drawing at this deformation rate

Table 1 .

 1 Chemical composition (wt %) and mechanical properties of D45-2 medium-carbon steel wire rod (Ø5.5 mm).

			Chemical composition			
	C	Mn	Si	P	S	Cr	Ni	Cu
	0.465	0.653	0.152	0.009 0.013 0.069 0.039	0.054
			Mechanical properties			
		HV		Rm (MPa)		Elongation A%
		205		785.83			22.5	
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