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Abstract

This research was conducted to determine the effect of solution variations,
electrical current, thickness, weight, metal composition, and the characteristics of
the Fe-Ni alloy synthesized using the electrodeposition method. The instruments
used in this study were atomic absorption spectroscopy (AAS) to determine the
metal composition in the deposit, X-ray diffraction to determine the diffraction
patterns, and scanning electron microscopy (SEM) to observe morphology and
energy dispersive X-ray spectroscopy for elemental analysis. The SEM micrographs
obtained showed that morphology of the Fe-Ni alloy was in the form of refined
grains. The percentage of Fe in the deposit decreases with the increase in the used
current. The AAS data also showed that a high Ni composition in solution will affect
the atomic percent of each metal in the deposit. The formation of the alloy was
confirmed by diffraction peaks at 20 of 44°, 53°, and 76° that associated with
reflection planes of the face centered cubic structure of Fe-Ni with the crystallite
size range from 5 nm to 35 nm.
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1. Introduction

The magnetic alloy of Fe-Ni nanoparticles attracts
much attention due to various applications in electronic
devices [1][2][3][4]. The Fe-Ni nanoparticles can be
synthesized using chemical or electrochemical methods
known as electrodeposition. The electrodeposition
method is preferred between the two methods because
the synthesis process is more straightforward and requires
fewer reagents so that relatively less waste compared to
that of chemical synthesis [2].

The Fe-Ni alloy nanoparticles synthesized using the
electrodeposition method were obtained in the form of a
thin film with a thickness that could be adjusted through
time and the applied current. The Fe-Ni alloy nanoparticle
film thickness is directly proportional to the current
flowing and the deposition time. The properties of an alloy
particle are primarily determined by the phase, structure,
and composition of each element in the resulting alloy [5].
Indirectly, the magnetic properties of the Fe-Ni alloy are
also influenced by the electrodeposition parameters and
the characteristics of the substrate used. Based on a
previous [6], there is a causal correlation between current

and alloy composition on the crystal structure of the
resulting Fe-Ni alloy. When the Fe-Ni alloy has a higher Fe
composition, the crystal structure obtained tends to be
body-centered cubic (BCC). On the other hand, when the
Ni composition in the alloy is higher, the crystal structure
tends to face center cubic (FCC) [6].

The electrodeposition method can be carried out with
a constant current or constant potential during the process
[7]. The electrodeposition method using a constant current
during the process is preferred because it can produce a
more homogeneous thin film that is firmly attached to the
substrate than that prepared with a constant potential
during the process [8][9]. In this paper, the Fe-Ni alloys
were electrodeposited with various applied currents and
deposition times from different electrolyte compositions.
The effect of deposition conditions on deposit thickness,
chemical composition, and deposit structures are
reported.

2. Materials and Method

The synthesis of Fe-Ni alloy was carried out by
electrodeposition method using a three-electrode
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electrochemical cell with an external current source
originating from the eDAQ modular potentiostat and an
electrolyte solution in the form of a metal solution. The
metal solution used in this electrodeposition process
consists of two types of solutions with varying
concentrations of iron and nickel. The ratio of the
concentrations of iron and nickel in the first solution was
0.04 M and 0.06 M, while in the second solution, it was
0.01 M and 0.09 M. The two metal solutions used were
added with buffers and additives in the form of H3BOs3
(boric acid) 0.4 M and C7H4NNaOsS (sodium saccharin)
0.009 M.

The ITO (Indium Tin Oxide) substrate used for the Fe-Ni
alloy electrodeposition process is rectangular with a width
of 1 cm and a length of 2.5 cm. Before being used as a
substrate, ITO was first rinsed using ethanol and distilled
water. After rinsing, the ITO substrate was dried at room
temperature. Then the ITO substrate was weighed using an
analytical balance to determine the weight of the
substrate. The electrodeposition process was carried out
using three electrodes consisting of an Ag/AgCl reference
electrode, a Pt auxiliary electrode, and a working electrode
or ITO substrate. The three electrodes are mounted in a
series of electrochemical cells. A thin film of Fe-Ni alloy was
synthesized using the electrodeposition method with
variations in current and time. The currents applied during
deposition were 10 mA, 25 mA, and 50 mA. The deposition
times were varied to 1, 5, and 10 minutes. Then the Fe-Ni
alloy deposited on the ITO substrate was rinsed using
distilled water. The obtained samples were characterized
by Atomic Absorption Spectroscopy (AAS) to analyze the
composition percentage of Fe-Ni, Scanning Electron
Microscope (SEM) JSM-6510LA SEM JEOL, and Energy
Dispersive X-Ray Spectroscopy (EDX) JEOL type JED -2300
to see the micrograph and composition of the sample,
analyze the phase with X-Ray Diffractometer (XRD), and
modular potentiostat eDAQ.

3. Results and Discussion

The metal alloy between iron and nickel or Fe-Ni has a
characteristic grey color and has been successfully
synthesized on a clear or transparent Indium Tin Oxide
(ITO) substrate. Based on Figure 1, it can be seen that along
with the increase in the current, there was an increase in
the thickness of the Fe-Ni alloy electrodeposition on the
ITO substrate for 5 minutes. In the previous research, a
similar experiment with time variations of 1, 5, and 10
minutes resulted in different weights of Fe-Ni alloys. This
happens because the electrodeposition time is one of the
parameters that affect the properties and characteristics
of the resulting Fe-Ni alloy [11].
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Figure 1. The curve of the relationship between the electrical
current and the thickness of the Fe-Ni Alloy produced through the
electrodeposition, solution 1 (black) solution 2 (red)
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Figure 2. The curve of the relationship between time and weight
of Fe-Ni alloy produced through the electrodeposition process
with currents of 10 mA, 25 mA, and 50 mA for 1, 5, and 10
minutes (S: solution)

Figure 2 shows the relationship between the effect of
time variations on the weight of the Fe-Ni deposits. The
weight of the Fe-Ni alloy raises as the time deposition
increases. The increase in weight due to the discharge time
of the metal cations in the second layer becomes shorter
as the deposition time increases [11].

SEM micrographs in Figure 3 show that the morphology
of the Fe-Ni alloy obtained from electrodeposition using a
current of 10 mA is granular. This is by the results of
previous work which also produced Fe-Ni alloy
nanoparticles with granular morphology [12]. It can be
seen that the Fe-Ni alloy particles are evenly dispersed on
the substrate. This uniform dispersion causes the Fe-Ni
alloy to have a reasonably high homogeneity. The figure
also shows that the resulting Fe-Ni alloy particles have a
relatively uniform size range between 100nm to 200nm.
The micrograph obtained by transverse observation shows
two parts with different colors, namely the black and grey
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sections. The black part in the image is an ITO micrograph,
while the grey part is a Fe-Ni alloy particle micrograph [13].
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Figure 3. The morphology of the Fe-Ni alloy particles on the ITO
substrate vertically
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Figure 4. EDX spectrum of Fe-Ni alloy on ITO substrate

The EDX spectrum of the synthesized Fe-Ni alloy with a
current of 10 mA for 1 minute is shown in Figure 4. The
spectrum shows peaks of Fe and Ni that confirmed the
formation of the Fe-Ni deposit on the ITO substrate with
the atomic percentages are 77.63% (Fe) and 22.37% (Ni).
Other peaks, such as Sn, In, and O, are obtained from the
ITO substrate [14][15]. The percentage of Fe atoms is
greater than the percent of Ni atoms. The atomic percent
can change when the parameters of the current and the
electrodeposition time used also change. This is due to the
influence of chemical potential in the system on
differences in the nanoparticle growth process [16].

Table 1. The concentration of Fe and Ni in solutions 1 and 2

Solution 1 Solution 2
Fe (ppm) Ni(ppm)  Fe (ppm) Ni (ppm)
111.21 157.72 2780.2 23657.4

The ppm comparison between Fe and Ni in the two
solutions of the AAS measurement is given in the following

Table 1. The ratio of the concentration of Fe and Ni metal
jons in solution 1 is 2:3, while in solution 2, it is 1:9. The
variation of the metals ion composition was carried out to
observe the effect of the ratio of Fe and Ni concentrations
in solution on the percentage of Fe and Ni atoms in the
resulting deposit. The concentrations (ppm) of Fe and Ni
metals in Fe-Ni alloys obtained by measurement using AAS
were used to determine the percent of iron (Fe) and nickel
(Ni) atoms in each deposit (Figure 5).
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Figure 5. Comparison of Fe and Ni percentages in deposits at
different applied currents (solution 1)
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Figure 6. Comparison of Fe and Ni percentages in deposits at
different applied currents (solution 2)

Electrodeposited Fe-Ni alloys using a current of 10 mA
for 1 minute with solution 1 showed a higher Fe
percentage than the currents of 25 mA and 50 mA. This is
by the principle of electrodeposition of Fe group alloys,
namely, increasing the current or temperature will
increase the percent or amount of nobler metal in the
deposit [12]. Another factor in Fe, which comes from the
metal ion FeSOa, will burn when it is deposited using a high
current [17]. Therefore, the highest percentage of Fe in the
Fe-Ni alloy was obtained from the electrodeposition
deposit with the lowest current. Meanwhile, the highest
percentage of Ni in the Fe-Ni alloy was obtained from a
deposit with the highest current of 50 mA.

A longer electrodeposition time causes an increase in
the percentage of Fe in the deposit from solution 1. This is
because the electrodeposition process in Fe-Ni alloys
includes anomalous co-deposition, where nickel metal (Ni)
which is nobler than iron (Fe), is deposited less in the
deposit. [6]. During the electrodeposition process, iron
hydroxide ions are formed on the surface of the substrate,
thus inhibiting the nickel reduction process on the
substrate. The reaction mechanism that occurs is as shown
in Equation 1-8 [5].

2H0+2e ¢> Hx+20H (1)
Ni2* + OH" <> NiOH* (2)
NiOH* = (NiOH)* ads (3)
(NiOH)* ags + 2 & <> Ni + OH (4)
2H0+2e- <> Hy +2 OH (5)
Fe?* + OH- ¢> FeOH* (6)
FeOH* - (FeOH)* aas (7)
(FEOH)* ads + 2 @ > Fe + OH" (8)
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Figure 7. Diffraction Pattern of Fe-Ni alloy with current strength
of 10, 25, 50 ma for 5 minutes on ITO substrate (solution 1)

The diffraction patterns of the Fe-Ni alloys
electrodeposited using solution 1 with varying current
show peaks at 26 44° and 53° at Figure 7, indicating a FCC
of the structure formed over the substrate. From the XRD
pattern analysis, the lattice parameter (a) of the two peaks
is about 0.35 nm. The 28 peak around 53° indicates the
presence of an FCC crystal structure with a (200) plane. The
highest intensity of the peak with the crystal structure of
FCC (200) belongs to the Fe-Ni alloy synthesized with the
applied current of 50 mA with an average particle size of
7.25 nm. This is because, at a current of 50 mA, there is a
change in the resulting Fe-Ni alloy crystal structure [12].
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Figure 8. Diffraction pattern of Fe-Ni alloy with a current of 10,
25, and 50 mA for 5 minutes on ITO substrate (solution 2)

The diffraction patterns of the Fe-Ni alloy deposited
using solution 2 with a variety of currents for 5 minutes are
shown in Figure 8. The difference in the diffraction pattern
between the Fe-Ni alloys from solution 1 and solution 2 is
a 26 peak in the 76° region, indicated by the deposit at a
current of 50 mA. The lattice parameter (a) of the three
peaks is also about 0.35 nm. This indicates that the peaks
at 20 at around 44° and 53° also indicate the crystal
structure of FCC (111) and FCC (200), which are the main
peaks of the crystal structure of Fe-Ni alloys with a higher
percent Ni [18]. The highest intensity of the peak with the
crystal structure of FCC (200) is also shown by the Fe-Ni
alloy with a current of 50 mA with an average particle size
of 9.54 nm.

The 20 peak at 76° indicates the presence of a crystal
structure of FCC (220) which is a change in orientation from
the crystal structure of FCC (111). The main factors that
cause the change in the crystal structure orientation are
the increase in current and the high percentage of Niin the
deposit [12]. Therefore, the peak at 26 around 76° was only
found in the diffraction pattern of the Fe-Ni alloy with a
current of 50 mA and in solution 2, which had a very high
percentage of Ni atoms.

The observation of the effect of current on the
crystallite size conducted previously [10] showed that the
crystallite size decreased with the increase in the current.
The size of the Fe-Ni alloy crystallites from solution 2 did
not have a significant difference. This is due to the effect
of the percentage of Fe on the crystallite size, where an
increase in the percentage of Fe in the deposit reduce the
crystallite size [19]. The effect of current and percentage

of Fe on the crystallite size of Fe-Ni alloy is seen in solution
1. At a current of 10 mA, the crystallite size obtained at 26
around 44° is relatively low (16.32 nm) because it has a
very high Fe content, while at 20 around 53°, Fe content is
lower so that the crystallite size increases [20]. At the same
20, the crystallite size with a current of 25 mA increased
(22.27 nm) because the percentage of Fe in the Fe-Ni alloy
was reduced. The crystallite size of the Fe-Ni alloy with a
current of 50 mA decreased again due to an increase in the
current and the percentage of Fe in the deposit.

4, Conclusions

In summary, the increase in electrodeposition current
of Fe-Ni alloys increase the deposits thickness and Fe
composition in the deposits. The ratio of Fe and Ni metal
concentrations in solution 1 is only 2:3. In comparison, the
effect of the ratio of the concentration of metals in
solution on the composition of metals in the deposit is
shown by the AAS data in solution 2, where the ratio of Fe
and Ni is 1:9. An increase in the concentration of Ni in the
solution led to an increase in the percent Ni. From the XRD
analysis, it can be concluded that the FCC structures of Fe-
Ni deposits were obtained from different electro-
deposition currents and electrolyte compositions.
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