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Structure and Morphology of Electrodeposited Nickel
Nanowires at an Electrode Distance of 20mm
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Abstract—The objective of this work is to study the effect of two
key factors - external magnetic field and applied current density
during template-based electrodeposition of nickel nanowires using an
electrode distance of 20 mm. Morphology, length, crystallite size and
crystallographic characterization of the grown nickel nanowires at an
electrode distance of 20mm are presented. For this electrode distance
of 20 mm, these two key electrodeposition factors when coupled was
found to reduce crystallite size with a higher growth length and
preferred orientation of Ni crystals. These observed changes can be
inferred to be due to coupled interaction forces induced by the
intensity of applied electric field (current density) and external
magnetic field known as magnetohydrodynamic (MHD) effect during
the electrodeposition process.
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I. INTRODUCTION

AGNETIC 1 dimensional nanostructures are interesting
not only from their fundamental properties perspective
but also for the range of applications that include high-density
magnetic storage, sensors, planer microwave circuit and
medicine. Nickel (Ni) is among four elements which has
excellent ferromagnetic properties, along with good corrosion
stability. Several methods and processing conditions have
been developed to synthesize 1-D nanostructures of various
sizes, morphology and composition that have resulted in
exciting and fundamentally different configurations [1], [2].
1-D magnetic nanostructures can be produced by a number
of techniques indulging vapor-liquid-solid growth [3], focused
ion beam [4], sol-gel [5], nanolithography [6], molecular beam
epitaxy [7] and electrodeposition [8]. Metal electrodeposition
into channels of porous materials (such as anodic alumina
membranes, track-etched polymer membranes, nanochannel
glass, block copolymer and mesoporous silica) is one of the
common and elegant methods to produce one-dimensional
nanostructures [8]-[10].
In an electrodeposition process, crystallization of
electrodeposited metal is influenced not only by the
composition and concentration of the electrolyte but also by
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the processing conditions such as current density, temperature,
electrolyte pH and agitation [11]. Another factor in the process
is also electrode distance and ensuring the repeatable, correct
electrode distance. The effect of current density on the
structure and quality of the electrodeposit is particularly
significant as it principally changes the cathodic potential [12].
Application of an external magnetic field during
electrodeposition can induce currents in a conductive fluid
which in turn can create forces acting on the fluid. The
primary influence of an external magnetic field is due to the
Lorentz force that acts on the moving electrolyte ions. As
suggested by [13] and later verified by [14], this force induces
a convective flow of the electrolyte near the template surface.
This effect known as the magnetohydrodynamic (MHD) effect
in electrodeposition process [15], [16] causes a decrease in the
thickness of the diffusion layer, increase in the mass-transport
of active species (ions) [17]-[19]. Structural and morphology
changes due to independent [14], [20] and coupled effects [22]
at a larger electrode distance have been studied. Present paper
reports our recent data based on an electrode distance of 20
mm while employing two electric field (current density)
conditions, with and without an external magnetic field. The
morphology, growth length, crystallographic orientation, and
crystallite size of Ni nanowires embedded inside the
nanochannels of anodic alumina oxide (AAO) membrane at an
electrode distance of 20mm are presented.

II. EXPERIMENTAL DETAILS

A. Nickel Nanowire Synthesis

In our present work, 1-D Nickel nanowire arrays were
prepared by electrodeposition of Ni ions into the pores of
Anopore® alumina oxide (AAO) template with an average
pore diameter of 200 nm (Whatman, Germany). Further
details of the electrodeposition method followed are presented
in [22]. Prior to the electrochemical deposition, a special
holder was fabricated using 3D printing technology so as to
enable precise control of the distance and alignment of
electrode, template and magnetic field direction for the present
20 mm electrode distance. Fig. 1 (a) shows the image of the
holder fabricated with a span distance of 20mm (electrode
distance) used in the present study. This holder was placed in
the electrochemical bath for electrodeposition as shown in Fig.
1 (b). Nanowire synthesis was performed either with or
without magnetic field. For nanowire synthesis with magnetic
field, known magnetic field intensity was placed close to the
template and electrode (with magnetic field parallel to
nanowire growth). All parameters such as the solution pH,
agitation conditions, temperature, external magnetic field,
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solution additives and deposition time, etc., were maintained
to be consistent during the electrodeposition process except
for the external magnetic field and current density for this
electrode distance of 20 mm. Table I lists the two values of the
current density and magnetic field used in the present work.
All synthesis was done for 1 hour at a temperature of 35°C.
After the electrodeposition process, the templates were
cleaned with deionized water prior to dissolution in Sodium
Hydroxide (NaOH) solution to obtain freestanding Nickel
nanowires. Subsequently, NaOH solution was replaced with
methanol solution.

TABLE I
DEPOSITION PROCESS PARAMETERS DURING SYNTHESIS
Parameter Value Units
Magnetic Field 0 and 5758 Gauss
Current Density 3and 7 mA.cm™

Fabricated Holder |
with span size
20mm

(a)

Electrodeposition

Hot Plate and
Magnetic Stirrer

Source Meter

(b)

Fig. 1 (a) 3D Printed Sample Holder, (b) Electrodeposition Set-up for
Ni Nanowire Synthesis

B. Energy Dispersive Spectroscopy (EDS) and Scanning
Electron Microscopy (SEM)

The free standing Ni nanowires in methanol solution were

dispersed on a Silicon substrate for elemental analysis with
EDS performed at beam source of 15 kV. The same samples
were analyzed for structure, morphology, including growth
length and nanowire diameter in an SEM (Auriga, Carl Zeiss),
using abeam source of 5 kV and 20 pm aperture size.

C. X-Ray Diffraction (XRD)

Free standing Ni nanowires in methanol solution were
dispersed on a microscopic glass slide and later transferred
into XRD capillary tube for diffraction experiments. X-ray
diffraction were performed using a Gemini XRD (Keysight
Technologies) with a monochromatized Cu Ka (A = 0.154 nm)
radiation source operated at 40 kV and 40 mA in a powder
diffraction arrangement.

III. RESULTS AND DISCUSSION

A. EDS and SEM

The synthesized nanowires with an electrode distance of 20
mm for the two current densities studied, with and without the
magnetic field were found to have an average diameter of
245+36 nm.

The elemental composition of the Ni nanowires deposited in
the AAO template at different synthesis conditions obtained
using EDS analysis indicated a composition of 98.27+0.4% of
Ni and 1.73+0.4% of oxygen. The small amount of oxygen
observed is primarily due to absorption from the air on the
surface of the nanowires.

Figs. 2 and 3 shows the SEM image of surface morphology
of the grown Ni nanowires at two current densities and
magnetic fields studied. Fig. 2 shows the SEM image of
surface morphology of Ni nanowires electrodeposited at
current density of 3 mA.cm™ and magnetic field of 0 G and
5758 G respectively. Fig. 3 shows the SEM images of surface
morphology of Ni nanowire electrodeposited at 7 mA.cm™ and
magnetic field of 0 G and 5758 G respectively. SEM images
indicate that the surface texture and roughness to be drastically
reduced as the magnetic field strength is increased. These
correlate  well with findings observed by [21] on
electrodeposited Ni thin films with applied magnetic field and
in our previous work findings with an electrode distance larger
than 20mm [22].

Next, the growth length of Ni nanowires at all synthesis
conditions was measured to determine the influence of
coupled magnetic field and current density on the growth rate
of nanowires.

Fig. 4 presents the measured wire length distribution for the
different process condition parameters. The growth rate is
found to be significantly higher when the current density is
increased. The growth rate is also found to show an increase
with the magnetic field for the same current density.

B. X-Ray Diffraction Analysis (XRD)

XRD analysis based on powder diffraction method as
presented in Figs. 5 and 6 shows the presence of multiple
XRD peaks, which suggests that the grown Ni nanowires are
polycrystalline in nature.
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Fig. 2 SEM surface texture images grown at current density 3
mA.cm? and external magnetic field of, (a) 0G and (b) 5758G

Fig. 5 shows that significant differences in the
superimposed XRD spectra obtained for Ni electrodeposition
at an electrode distance of 20 mm, current density of 3
mA.cm? at different magnetic fields — 0 G (solid line) and
5758G (dashed line). In the absence of magnetic field during
synthesis, a strong peak of (1 1 1) Ni plane with other lower
peaks of (20 0),(220),(311)and (22 2) Ni was observed.
With external magnetic field, the (1 1 1) Ni peaks are
significantly different and (2 0 0) Ni peaks change slightly,
while others remain unchanged. In the presence of magnetic
field during processing at this 20 mm electrode distance, Ni
crystals is found to preferentially orient at (1 1 1) plane since
the (1 1 1) plane is the easy magnetization plane for Ni
magnetic structures.

Fig. 6 presents the superimposed XRD spectra obtained at a
higher current density of 7 mA.cm™ and at different external
magnetic fields — 0 G (solid line) and 5756 G (dashed line). In
the absence of external magnetic field, a strong peak of (1 1 1)
Ni plane with other lower peaks of (20 0), (22 0), (31 1) and

(2 2 2) was observed. On application of magnetic field, the
peaks were found not to show a significant change. This
suggests the higher current density strength in this case (7 mA
cm™) has a stronger influence on the orientation, with little
effect from the presence of magnetic field.

(b)

Fig. 3 SEM surface texture images grown at current density 7
mA.cm” and external magnetic field of, (a) 0G and (b) 5758G

Braggs formulation and Scherrer equation were used to
quantitatively determine the crystallite sizes. Fig. 7 shows the
average crystallite sizes obtained. The results clearly show a
reduction in crystallite size with the presence of external
magnetic field for both current densities studied for an
electrode distance of 20 mm.

370



International Journal of Earth, Energy and Environmental Sciences

ISSN: 2517-942X
Vol:9, No:4, 2015

26

24 4

Length (um)

ImA_0G 3mA_5758G TmA_0G

TmA_S758G
Deposition Parameter

Fig. 4 Ni nanowire grown length at different proses condition (error
bars: standard deviation, n=10)
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Fig. 5 X-ray diffraction spectra of the Ni nanowires deposited in
alumina membranes at current density of 3 mA.cm, and magnetic
fields of 0G (solid line) and 5758G (dashed line)
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Fig. 6 X-ray diffraction spectra of the Ni nanowires deposited in
alumina membranes at current density of 3 mA.cm, and magnetic
fields of 0G (solid line) and 5758G (dashed line)

This reduction in crystal size with the presence of magnetic
field at both the current densities studied for an electrode
distance of 20 mm could be due to enhanced nucleation of

active species during the electrodeposition process caused by
the coupled effect of increased current density and applied
magnetic field. The application of magnetic field enhances the
convective flow and its ionic mass transport near the template
during electrodeposition process, which also affects the
deposition rate and reduces the diffusion controlling process.
The diffusion processes tends to control grain growth, and a
different model of grain growth as seen with the change in
crystal size can be expected when a magnetic field is imposed
during electrodeposition [23].
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Fig. 7 Crystal size of deposited Ni nanowires at different process
condition (error bars: standard deviation, n=5)

IV. CoNcCLUSION

Present paper reported the morphological, growth length,
crystallographic properties and crystallite size of the Ni
nanowires obtained during electrodeposition process at an
electrode distance of 20mm studied using two electric field
conditions with and without the presence of a magnetic field
conditions. The presence of magnetic field at both current
densities influenced the surface texture roughness, crystal
orientation; overall growth length and crystallite size of the
electrodeposited Ni nanowires. Surface texture of the
nanowires was found to improve with the application of the
magnetic field. Present study indicates that crystallographic
orientation differences to be more predominant at lower
current density compared to that at a higher current density
when added magnetic field is employed. The crystal sizes
were observed to reduce by nearly 11% due to application of
magnetic field. Overall, the growth length was found to
improve with an increase in the current density and magnetic
field during processing for the electrode distance of 20 mm.
All the changes seen could be due to coupled interaction
forces induced by intensity of applied electric field (current
density) and magnetic field known as magnetohydrodynamic
(MHD) effect during the electrodeposition process.
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