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The present paper examines the influence of an applied magnetic field B (AMF B) on the physical and chemical properties of electrodeposited Cobalt (Co) and Nickel (Ni) nanowires into anodic aluminum oxide (AAO) membranes. The deposition potential and the effect of the AMF B on the mass transport rate of Ni and Co ions to the bottom of the pores were examined using cyclic voltammetry (CV) and current density-time curves. X-ray diffraction (XRD) studies show that the AMF B promotes the growth of Co and Ni into the membrane pores. The AMF B effect on the morphology and chemical composition of the electrodeposited nanowires were studied by scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDXS), respectively. Co nanowires exhibit a high coercive field H , shape anisotropy, and squareness ratio than those corresponding to Ni nanowires.

Introduction

The fabrication of ferromagnetic materials with nanometric scale and the study of their physical and chemical properties have recently attracted a great technological and scientific interest. Currently, Co and Ni nanowires have garnered considerable attention due to their potential applications including, for example, the energy storage systems [1,2], magnetic and optical media [START_REF] Samardak | High-density nickel nanowire arrays for data storage applications[END_REF][START_REF] Chu | Fabrication of integrated arrays of ultrahigh density magnetic nanowires on glass by anodization and electrodeposition[END_REF], sensors [5-8], spintronics [9,10] and heterogeneous catalysis [START_REF] Zhang | Rapid synthesis of cobalt nitride nanowires: highly efficient and low-cost catalysts for oxygen evolution[END_REF][START_REF] Yan | Nickel nanowires as effective catalysts for urea electro-oxidation[END_REF]. In the magnetic applications, the anisotropy of Co and Ni nanowires has improved performances compared to the bulk material. The shape anisotropy of nanowires can become dominant when they have weak magnetocrystalline anisotropy. This sparked interest to develop a protocol for the synthesis of ferromagnetic nanowires with controlled size because the magnetic properties are strongly depending on the particle size, shape and orientation.

Membrane technology is known as a promising technique for making nanowires with significant anisotropy [START_REF] Labchir | Magnetic field effect on electrodeposition of CoFe2O4 nanowires[END_REF]. Several works [START_REF] Cavallotti | Microelectrodeposition of cobalt and cobalt alloys for magnetic layers[END_REF][START_REF] Labchir | Magnetoelectrodeposition of granular Co-Cu nanowire arrays[END_REF] have confirmed that the growth of nanomaterials in a nanoporous membrane improves the magnetic behavior compared to that of a bulk material or a thin film. The electrochemical growth configured as an alternative, economically affordable, environmental and competitive method to synthesize Co and Ni nanowires. In this technique, we can control the growth nature of the nanomaterials and the nanowires length by acting on the electrodeposition time that responds to the choice of the deposition potential [START_REF] Labchir | Tailoring the optical bandgap of pulse electrodeposited CoFe2O4 thin films[END_REF].

Moreover, many works have been devoted to studying the physical and chemical properties of the ferromagnetic nanowires by the magneto-hydrodynamic effect (MHD), generated by the presence of the AMF B during the electrochemical deposition [START_REF] Koza | Electrocrystallisation of CoFe alloys under the influence of external homogeneous magnetic fields-Properties of deposited thin films[END_REF][START_REF] Georgescu | Magnetic field effects on surface morphology and magnetic properties of Co-Ni-P films prepared by electrodeposition[END_REF]. However, many properties of ferromagnetic nanowires synthetized by this technique of electrodeposition still have not been studied completely and this has motivated researchers in magnetism of nanomaterials to focus on this area. Therefore, the main objective of our study is to examine the effect of a perpendicular AMF B to the working electrode on the electrochemical deposition of Co and Ni nanowires and more particularly on their magnetic properties such as anisotropy, coercivity and magnetization.

However

The present work was performed to exploit X-ray diffraction (XRD), scanning electron microscopy (SEM) and SQUID analysis in order to reveal how the electrochemical growth of Co and Ni nanowires into AAO membranes depends on the AMF B.

Experimental

Synthesis of nanowires

AAO membranes (Whatman Anodisc) having 60 µm in thickness, uniform pore density of 10 9 pore/cm 2 with an average pore diameter of 100 nm (Fig. 1), were used for nanowires growth. The electrochemical reduction of Co and Ni ions was carried out into AAO membrane pores using a standard potentiostat system (PGZ 301 & voltamaster 4) of threeelectrodes. To facilitate the electrodeposition, one back side of the porous membrane was coated with 3 µm of copper (Cu) by rf sputtering technique, which acted as working electrode. Ag/AgCl and platinum sheet were used in all growth experiments as reference and counter electrodes, respectively. Two different aqueous solutions containing 2.5 g of nickel sulfate hexahydrate (NiSO4•6H2O, 99.9 %, Sigma Aldrich), 2.5 g of nickel chloride hexahydrate (NiCl2•6H2O, 99.9 %, Sigma Aldrich) and 2.5 g of cobalt sulfate hexahydrate (CoSO4•6H2O, 99.9 %, Sigma Aldrich), 2.5 g of cobalt chloride hexahydrate (CoCl2•6H2O, 99.9 %, Sigma Aldrich) were used to reduces electrochemically Ni and Co ions, respectively. 

Results and Discussion

Electrochemical investigations

The CV curves are recorded in order to study the AMF B effect on the specific contribution of different species (Ni, Co) in the aqueous solutions. As shown in the CV curves, the AMF B increases slightly the resulting current density according to the same explanation reported for Ni growth. From the cathodic zone, the reduction and nucleation of the Ni start at -0.85 V and can reach -1.1 V, above this potential, a fast increase of the resulting current density produced from the strong evolution of hydrogen at the electrodeposition of Ni is observed. Note also that the oxidation peak in the anodic part is more pronounced. This is due to the oxidation of the deposited Ni film.

The CV results obtained for Ni and Co confirm that the AMF B is an important parameter that must be taken into account for the deposition experiments. As an interesting result from these electrochemical studies, the suitable potential to electrochemically deposit Ni and Co nanowires is -1.1 V. The choice of this potential is justified by the fact that the hydrogen bubbles are not appearing on the AAO membrane surface. On the other hand, the other applied potentials showed a very important quantity of hydrogen bubbles which presents undesirable parasites for a successful deposit. where is the molar susceptibility of ions and is the permeability of free space (4 10 . ! " ).

As reported elsewhere [25,26], the limiting current increases with the magnetic field during the reduction and the diffusion of Ni and Co ions according to the law # $ "/& , which confirms the showed enhancement of the current density in our work.

Microstructural, morphological and composition analysis

Diffraction studies were carried out in order to investigate the effect of the AMF B on the crystalline structure of Ni and Co nanowires. To approximately evaluate the grain size of Ni and Co deposits from their higher intense reflections (111) and (100), respectively, we have used the Scherrer formula [31]:

' 0.9K δ +,-cos 1 2
where 2 is the wavelength of X-ray beam, δ +,-is the corrected FWHM of the XRD peak (optimized by FullProf software), and The morphology of the Co and Ni nanowire arrays was investigated by SEM analysis as displayed in Fig. 7. 

Magnetic properties

The effect of the external AMF B on the magnetic properties during the electrodeposition of Co and Ni nanowire arrays is investigated by the hysteresis loops measurements. During the measurements, the external magnetic field was applied perpendicular and parallel to the nanowires electrodeposited with and without presence of an AMF B.

Fig. 9 presents the room-temperature hysteresis loops of Ni and Co nanowires electrodeposited without (Fig. 9a-c) and with (Fig. 9b-d) an AMF B. Table 1 displays the variation of the squareness ratio (SQ) and the coercive field H versus applied magnetic field.

Table 1 (Here)

The presence of an AMF B shows significant influence on the magnetic properties of Co and Ni nanowire arrays (table 1). Indeed, the AMF B enhances the SQ and H in both directions Moreover, from the hysteresis cycles we can qualitatively deduce the magnetic anisotropy field Ha. Its value is determined by the convergence point of the two hysteresis cycles in both scan directions. The measurements reveal a value of 12 kOe for Co nanowires, this value is slightly higher than the magnetic shape anisotropy (9 kOe). The high measured value for Ha can be explained by the textures along the long axis of the nanowires, which can be guessed from X-ray diffraction. Indeed, the anisotropy field of the nickel wires (12 kOe) exceeds the magnetic shape anisotropy (3 kOe) [START_REF] Samardak | Variation of magnetic anisotropy and temperaturedependent FORC probing of compositionally tuned Co-Ni alloy nanowires[END_REF][START_REF] Samardak | Conversion of magnetic anisotropy in electrodeposited Co-Ni alloy nanowires[END_REF]. This is explained by a possible magnetocrystalline anisotropy induced by the presence of the magnetic field via the orientation of a magnetic moment density in a defined direction. This orientation compensates the dipolar interactions and makes the nanowires behave like a partially hard material. The measurement process starts with the cooling of the sample to a temperature of (5 K) without any applied magnetic field, after which the M(T) curve is recorded by slow heating of the sample up to 300 K in the presence of a magnetic field of 10 kOe, applied parallel to the wire. This study allowed us to perform at low temperature a comparison between the inversion process generated by the field and that of thermal demagnetization. The M(T) curves show a shifting of the magnetization from a maximum value to another lower value with a magnetization change order of about 1.2 at a temperature of 30 K during the first stage of heating for Co (Fig. 10a) and Ni (Fig. 10b) nanowires electrodeposited with and without presence of AMF B. The crystals are ferromagnetic at low temperature and at room temperature (300 K) as observed in hysteresis cycles. Indeed, it is possible that the dipolar interaction between adjacent nanowires is responsible for such a magnetization switching observed in parallel field measurements. In addition, the shape anisotropy can affect the magnetization switching in terms of reduced grain size for the magnetically prepared samples [START_REF] Maaz | Effect of crystallographic texture on magnetic characteristics of cobalt nanowires[END_REF]. Finally, the M(T) curves nature observed in our work describe such a cooperative switching phenomenon, thus confirming the dominance of the higher shape anisotropy inside the magneto-electrodeposited Ni and Co nanowires.

Conclusion

Oriented The present results can be qualified the magneto-electrodeposition as a general mechanism that offers the possibility of growing and controlling the magnetic proprieties of onedimensional structures. Thus, the highly textured Ni and Co nanowires prepared here are promising candidates for recording, coaxial multifunctional nanostructures and other multifunctional devices. 

  , in the electrolytic deposition, the disordered active surface induced a thermodynamic potential thus provides a microstructural transformation of growth on the substrate in relation with the magnetization [19]. Indeed, Ganesh et al. [20] reported on their work the AMF B effect on Ni electrodeposition from nickel sulfate and nickel chloride bath. They have revealed that the increase of the microroughness of Ni deposit decreases the overpotential during the electrochemical reduction of Ni. Moreover, the crystallites deposited electrochemically under AMF B are very fine unlike those deposited in the absence of an AMF B. In their work, Bund et al. [21] have deposited Ni films from nickel sulfate medium with an AMF B up to 0.7 T. They reported that under a constant and homogenous AMF B, uniform and compact deposits were obtained with smaller Ni grains. Within this context, Zieliński et al [22] investigated the effects of constant magnetic field of 1.2 T on the electrochemical growth of cobalt alloys at constant potential from sulfate bath. They observed that the Co alloys deposited with AMF B exhibit a dense and smoother surface, reduced fractures, and smaller Co grains.

3 g

 3 of boric acid (H3BO3, 99 %, Sigma Aldrich) was added to each solution as a precursor to stabilize the pH close to 3.4 at the electrode-solution interface. The species used in the electrodeposition experiments were of analytical grade. As displayed in Fig. 2, the electrochemical deposition of Co and Ni nanowires was performed with presence of an homogenous AMF B perpendicular to the nanoporous membranes up to 0.5 T, which generated by a commercial NdFeB permanent magnet. The applied potential in all electrodeposition experiments was kept in all experiments at -1 V. High data reproducibility is observed for all growth and characterization experiments of Co and Ni nanowires.
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 122 Fig. 1 (Here)

Fig. 3

 3 presents the CV curves for a solution containing Co ions at room temperature. The voltammograms show that at constant potential, the oxidation current density of Co is less important for B = 0 T. Moreover, when the AMF B was imposed during the electrochemical scanning, we observed that the peak of the oxidation current density of the deposit at pH 3.4 appeared more important and shifted from -0.3 to -0.23 V. This is related to the increase of the current density of deposit dissolution due to the thickness reduction of the double charging layer, which is explained by the effect of the Lorentz force generated by the AMF B on the motion of Ni ions into the solution [23]. In addition, the results clearly indicate the low enhancement in Co reduction current density and a plateau of Co reduction potentials that starts from -0.9 up to -1.1 V. The presence of a cathodic peak at -0.7 V is assigned to the electrochemical reduction potential of H + /H2.

Fig. 3 (Figure 4

 34 Fig. 3 (Here) Figure 4 presents the evolution of the current density deposition of Ni as a function of potential in the AAO membranes.
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Fig. 5

 5 Fig. 5 shows the variation of the deposition current density of Ni and Co ions into AAO membrane pores as a function of time with and without presence of AMF B (0.5 T) at constant applied potential of -1.1 V vs Ag/AgCl.
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Fig. 8

 8 Fig. 8 illustrates the elementary composition of the grown Co and Ni nanowires.
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 8 Fig. 8 (Here) As shown in the spectra, the purities of Co and Ni nanowires are greatly confirmed by EDXS analysis, which indicates no presence of other impurities in the synthetized nanowires. The peaks corresponding to Al and O arise from the used AAO membranes for nanowires
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  parallel and perpendicular) of Co and Ni nanowires (NWs). This effect of the AMF B is more pronounced for Co nanowires, where SQ and H are enhanced from 0.43, 1430 Oe to 0.51, 2700 Oe, respectively. The X-ray spectra of electrodeposited Co and Ni samples reveal that the AMF B changes the crystalline micro-structure by increasing the intensities of the reflections peaks. Several researchers [36, 37, 38, 39] reported that the presence of the AMF B during the electrochemical growth can alter the growth of Co nanowires and also promotes the c-axis alignment of Co nanowires to follow its direction, which can affect the magnetic properties. Moreover, during the electrochemical growth, the AMF B affect locally the growth mechanisms by the size reduction of Ni and Co grains as revealed in our work and also the modification of the location of the magnetic atoms in each crystal structure. These mentioned factors can be considered as responsible for a local creation of the mono-domains from crystallites. Therefore, the increase of SQ and H could be explained by a possible dominance and enhancement of the shape anisotropy of Ni and Co crystals within the pores of the AAO membranes.

Fig. 10

 10 Fig. 10 displays the measurements of the variation of moments dynamic as a function of temperature for Co and Ni nanowires.
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  Co and Ni nanowire arrays have been successfully prepared by electrodeposition method under AMF B control into AAO membranes. The mobility of ions assisted electrochemical growth responsible for nanowire formation was enhanced with the presence of AMF B for both Co and Ni nanowires. XRD analysis emphasized the growth of Co and Ni nanowires. Scherrer calculations revealed a decreasing in the grain size for Co and Ni nanowires. EDXS investigations have reported an enhancement on the average atomic ratio resulting from the magnetohydronamic effect during the growth of Co and Ni nanowires. A high squareness ratio (SQ), coercitive field H and magnetization values are reached in the parallel direction for the magneto-electrodeposited nanowires, which indicates the modification of the shape anisotropy and the dipolar interaction into Co and Ni nanowires.
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Fig. 2

 2 Fig. 2 Experimental setup used for the electrochemical growth of Co and Ni nanowires.

Fig. 3

 3 Fig. 3 Cyclic voltammetry for an aqueous solution of 2 g CoSO4 + 2 g CoCl2. Sweep rate: 20 mV/s.

Fig. 4

 4 Fig. 4 Cyclic voltammetry for an aqueous solution of 2 g NiSO4 + 2 g NiCl2. Sweep rate: 20 mV/s.

Fig. 5

 5 Fig. 5 Current density-time transients recorded with and without AMF B during Ni and Co nanowires growth.

Fig. 6

 6 Fig. 6 XRD patterns of electrochemically grown nanowires in AAO templates. (a) Ni nanowires, (b) Co nanowires.

Fig. 7

 7 Fig. 7 SEM images of deposited Co and Ni nanowires with (a, c) and without (b, d) presence of an AMF B.

Fig. 8

 8 Fig. 8 EDXS spectra for Ni (a) and Co (b) nanowires embedded in AAO membranes.

Fig. 9

 9 Fig. 9 Measured hysteresis loops of Ni (a, b) and Co (c, d) nanowires at room temperature.

Fig. 10 M

 10 Fig. 10 M (T) curves for Co (a) and Ni (b) nanowires electrodeposited with and without an AMF B (Bapp).
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  1 is the Bragg's angle. It should be noted that the grain size has been qualitatively approached with an approximate error of ± 0.15. The repeated calculations have shown that the AMF B decreases the grain size from 35.12, 30.04 nm to 29.52, 26.68 nm for Co and Ni, respectively. Our results are in good agreement with those

reported previously [32-35].

Table captions Table 1 .

 captions1 Magnetic parameters of deposited Co and Ni nanowires.

Table 1 .

 1 Magnetic parameters of deposited Co and Ni nanowires.

				6 7 Oe	H 6 ∕∕ Oe	SQ 7	SQ ∕∕
	Ni	;	0	726	1630	0.066	0.38
	Nanowires	;	0.5	1503	2303	0.13	0.48
	Co	;	0	1300	1430	0.01	0.43
	Nanowires	;	0.5	2650	2700	0.18	0.51
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