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The Effect of Temperature and pH on FeCoNi Film Electrodeposition
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This paper reports the effect of temperature and electrolyte pH on the
electrodeposition of FeCoNi film. The FeCoNi electrodeposition was carried out
from sulfate solution using the potentiostatic technique. The higher temperature
increased deposition rate, thickness of the deposit, and size of the FeCoNi
crystallites. The obtained FeCoNi films were characterized by X-ray diffractometer
(XRD) and energy dispersive X-Ray (EDX). XRD analysis confirmed typical diffraction

Dol patterns of awaruite phase. EDX evaluation indicated that the relative weight
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24.6% to 18.6%.

increases in pH from 2.5 to 4, the composition of wt% Fe deposited increased from
39.2% to 47.9%, while wt% Co and wt% Ni decreased from 36.2% to 33.5 % and
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1. Introduction

Nickel, cobalt, iron and their alloys are typical magnetic
materials applicable in several fields, such as soft-magnetic
and giant-magneto-resistive materials [1]. This is because
the ternary FeCoNi alloy has high magnetic saturation and
low coercivity, so it can be applied to several magnetic
devices such as magnetoresistive sensors, microwave
absorbers, and magnetic recording head [2][5]. The
magnetic properties of FeCoNi alloys can be improved by
making an alloy layer at the nanoparticle scale [6].

Synthesis methods have been introduced to prepare
FeCoNi alloys, including physical vapor deposition [7],
sputtering, chemical reduction [8], and electrodeposition
[2]. However, the use of electrodeposition to synthesize
soft magnetic FeCoNi alloys in the form of films or deposits
can be considered reliable and versatile, because the
method has proven applicable on a large scale. Hence,
electrodeposition has become one of the most potential
choices for metal and/or alloy fabrication, as it is easy and
cost-effective method to fabricate nanostructures of
various materials including metal with tailored
composition, thickness, and morphology by simply
adjusting the electrochemical parameters such as,

deposition time, electrolyte pH, current density, and
electrolyte composition [2][4][9].

Based on previous research several parameter controls
have been studied. The NiCo coating synthesized using the
electrodeposition method with a pH from 2.0 to 5.4
resulted in a decrease in the roughness level of the layer
from 266.96 nm to 92.93 nm [10], as well as an increase in
the pH of the electrolyte from 1.5 to 11.5 resulting in a
gradual increase in crystalline size from 8 nm to >100nm.
Then controlling another parameter, namely the
deposition temperature from 20°C to 60°C resulted in an
increase in crystalline size from 5 nm to 91 nm [11]. In this
study, the effects of temperatures and electrolyte pH on
chemical composition and deposition rate of electro-
deposition of FeCoNi films were investigated. The
influence of the deposition parameters on crystallite size
of the FeCoNi alloy were also discussed.

2. Materials and Method

FeCoNi-based films were electrodeposited on ITO
substrates. The FeCoNi films were prepared at room
temperature from sulfate electrolyte system containing
0.025 M CoS04.7H20, 0.025 M FeS04.7H20, 0.15 M
NiSO4.6H20, and 0.4 M H3BOas. The electrodeposition was
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carried out under various electrodeposition temperature
and pH using EDAQ potentiostat of EA163 type in the
potentiostatic mode. The solution pH was varied from 2.5
to 4.0 by adding different amount of sodium hydroxide and
the deposition temperature was varied from 10°C to 70°C.

The films were analyzed using PANalytical EMPYREAN
X-ray Diffractometer (XRD). The chemical composition of
the films was determined by the Energy Dispersive X-ray
(EDX).

3. Results and Discussions

3.1 Elemental Analysis
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Figure 1. EDX spectrum of FeCoNi

Based on the EDX data of the FeCoNi film shown in
Figure 1, the FeCoNi alloy was successfully deposited on
the ITO substrate by the electrodeposition method. This is
indicated by the appearance of peaks of Fe, Co, and Ni. The
peaks In, Sn, and O are associated with the ITO substrate.
Table 1 shows that the composition of Fe, Co, and Ni atoms
in the deposit are affected by the pH of the electrolyte
solution. At a temperature of 10°C with an increase in pH
from 2.5 to 4 the composition of Fe wt.% deposited
increased from 39.2% to 47.9% while Co and Ni wt.%
decreased from 36.2% to 33.5 % and 24.6% to 18.6%. This
result is similar to the previous study, where pH resulted in
anincrease in Fe content and a decrease in Co, Ni wt. % [1]
[2]. This is because the lower pH (pH 2.5) promotes the
dissolution of the deposited metal, suppresses the
formation, and absorption of metal hydroxyls, so that the
deposited Ni content is high [3]. When the pH is higher (pH
4), Fe? is easily hydrolyzed which will suppress the
diffusion of Ni** due to the absorption of iron hydroxide in
the electrolyte [2]. Ni wt. % was deposited less than Co and
Fe wt. %. In addition, Fe and Co were deposited first from
Ni metal, so that the Ni content was less in the deposit
caused by hydrogen evolution due to side reactions of the
cathode metal which increased the concentration of
hydroxyl ions in the electrolyte solution as shown in
Equation 1-4 [1][4].

2H,0 +2e” € Hy + 20H (1)
M2* + OH" € MOH* (2)
MOH* € (MOH)"* ads (3)
(MOH)* ags + 26" €2 M + OH" (4)

Table 1. Chemical compositions of the FeCoNi films

. T(0)
PH %Wt —5 25 50 70
o Fe A79%  339%  205%  161%
. Co 335%  340%  369%  28.1%
Ni  18.6%  32.1%  33.7%  55.8%
o Fe 392%  342%  245%  17.7%
Pe Co 362%  362%  37.0%  316%
Ni  24.6%  29.5%  385%  50.7%

3.2 Mass and Deposition Rate Analysis
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Figure 2. a) Deposition mass of FeCoNi b) Deposition rate of
FeCoNi

Based on the data shown in Figure 2, the increase of
temperature and pH of the electrolyte solution resulting in
an increase in the rate of deposition of FeCoNi thin films.
This is because at high temperatures it can reduce the
viscosity of the electrolyte solution which encourages the
diffusion motion of metal ions in the electrolyte solution to
be faster. This promotes an increase in the concentration
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of metal ions in the cathode diffusion layer which favors a
decrease in cathode polarization [5]. Then the metal
electrolyte solution with a low pH supports metal
dissolution, suppresses the formation and absorption of
metal hydroxyl. This is due to at a low pH the concentration
of free hydrogen ions is high and hydrogen evolution is
low. Meanwhile, the metal electrolyte solution with a high
pH supports the formation and absorption of metal
hydroxyl and suppresses the redissolving of the newly
deposited metal [3] which causes the deposition rate at pH
4 to be greater than the deposition rate at pH 2.5.
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Figure 3. Thickness of FeCoNi

Figure 3 shows that the increase in temperature makes
the thickness of the FeCoNi film also increases. The
thickness of the Thin Film FeCoNi deposited at a
temperature of 10°Cis 260 nm, with a flat surface, silver in
color, and slightly shiny. While the thickness of the FeCoNi
film at a temperature of 70°C is 600 nm where the deposit
has a flat, thick, shiny surface, and a few small holes on the
deposit surface. Lower temperatures cause grain growth
to be less favourable because the diffusion of metal ions
deposited in the electrolyte solution moves slowly, so that
the surface of the substrate is only covered by small
particles [6].

3.3 Phase and Crystallite Size Analysis

Based on the resulting diffractogram on XRD analysis
(Figure 4), the diffraction peaks of the awaruite (FeCoN:i)
phase at 20 = 44.4°, 51.66 °, 75.81°, 92.02°, and 97.39°
with a plane (111), (002), (022), (113), (222) which comply
with JCPDS 96-900-0090. It is estimated that the crystal
structure formed on the synthesized FeCoNi thin film
forms the FCC crystal structure. This was confirmed by
refinement using the Rietvield method. which obtained
lattice parametersa =b =c =3.576 dan a = § =y = 902.
The crystallite size of FeCoNi film was determined using
the Rietvield method based on fitting the diffraction curve

of the experimental sample with the theoretical
diffraction curve obtained from the results of calculations
and also calculated using the Scherrer equation [13] [14]
[15]. The Scherer equation used to calculate the crystallite
size is shown in equation 5, where D is the crystallite size

(nm), k is the Scherer constant (k= 0.94), A is the
wavelength (nm), [ is the widening of the diffraction line

measured at half its maximum intensity (FWHM in
radians), and is the peak angle (°) [6].
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Figure 4. Diffraction pattern of FeCoNi a) pH 2.5 b) pH 4

Figure 5 shows that the FeCoNi crystallite size is in
harmony with the analysis of the crystallite size of the
FeCoNi alloy thin film. These results are the same as those
in previous studies [16]. Then Figure 6 shows that the
increase in temperature and pH wused in the
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electrodeposition process resulted in an increase in the
size of the crystallites.
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Figure 6. Crystallite size of FeCoNi

This is because the increase in temperature causes
the viscosity of the electrolyte solution to decrease which
causes an increase in the rate of ion diffusion. The increase
in the metal ion diffusion rate causes the supply of ions
towards the cathode to increase, which supports a

decrease in the cathodic overpotential. The high
deposition temperature can also make the adsorption rate
of saccharin molecules added to the electrolyte solution
decrease [11] [12]. The increase in crystallite size along
with increasing pH caused at high pH (pH 4) can encourage
the formation and absorption of newly deposited metal
hydroxyl. The process that occurs at pH 4 is preceded by an
anomaly deposition, which results in a lower Ni metal
content due to the absorption of iron hydroxide in the
electrolyte [4].

4. Conclusions

The effect of temperature and pH on the characteristics
of FeCoNi electrodepositions such as deposition mass,
deposition rate, thickness, crystal size and alloy
composition has been investigated. By controlling the
temperature and pH, FeCoNi alloy nanoparticles with
excellent characteristics can be prepared. Higher
temperatures and pH of electrolyte solutions can increase
the deposition mass, deposition rate, thickness, and
crystallite size of a FeCoNi thin film. The higher the pH of
the electrolyte solution can increase the amount of Fe and
a decrease in the amount of Co, Ni in the precipitate.
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