Electrochemical synthesis of Ni/Fe nanotubes
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One of the modern aspects of development of nanotechnologies are the methods and mechanisms of synthesis of nanostructures. The most efficient method is the method of template synthesis in which the porous materials are used as template. This method allows the synthesis of nanoscale objects of different shapes and sizes, which may be precisely controlled. Track membranes are used as a template matrix. Geometry of the channels is checked at the stage of their preparation: irradiation with heavy ions allows to control the density of the pores; chemical etching of latent tracks regulates diameters of the pores.

In this project Ni/Fe arrays were obtained by chemical deposition. Optimal conditions of electrochemical deposition, phase composition and structure of Ni/Fe nanotubes were investigated.

Electrolyte solutions: NiSO4×7H2O (200 g/L), FeSO4×7H2O (15 g/L), NiCl2×6H2O (5 g/L), H3BO3 (25 g/L), С6Н8О6 (3 g/L) [1]. Deposition was carried out at a potential difference of 1.5 V for 350 seconds. Chrono-amperogram based analysis of electrochemical deposition of nanostructures allows one to precisely control the length and shape of obtained nanotubes. The size of the diameter of obtained nanostructures is 390-400 nm, which are hollow nanotubes with the diameter of walls of about 80 nm and height of 10-12 microns. The analysis of the energy-dispersive spectrum revealed that in the case of Ni/Fe electrolyte atomic ration is 86,45/13,55 (%Ni/Fe). 

X-ray diffractometry was used to study obtained samples in order to clarify the phase composition of the Ni/Fe. As a result, it was found that the sample is single-phased and has face-centered cubic structure with a lattice parameter а = 3,5340±0,0008 Å. The lattice parameter of nickel is slightly larger than the standard value of the parameter (а(Ni)=3,523 Å). The change in lattice parameter of FCC may be due to the fact that this phase is a solid solution of iron in nickel.

In this work, the arrays of Ni/Fe nanotubes were obtained by the method of electrochemical deposition. Polymer polyethylene terephthalate membranes with diameters of 390-400 nm were used as a template matrix. Optimal conditions of the electrochemical deposition were selected, resulting in ordered arrays of Ni/Fe nanotubes. With help of X-ray spectroscopy it was found that the phase composition of the system corresponds to the phase of the solid solution of iron in nickel. Under the given conditions of the electrochemical deposition the samples were obtained with random direction of magnetic field vectors of magnetic domains. 
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