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Abstract: The production of nanoparticles as thin film coating performed with electrodeposition method is
easier and cheaper than other methods. Because, thin film production can be controlled with the change of
ingredients in the bath composition. In this study, cobalt (Co), nickel (Ni), and cobalt-nickel (CoNi) alloy thin
films were fabricated with electrodeposition method through the bath composition that consists of cobalt
sulphate (CoS04.7H,0), nickel sulphate (NiSO4.6H,0), nickel (II) chloride (NiCl, 6H>O) and boric acid
(H3BO:3). Crystal structure (XRD), morphological (SEM), elemental composition (ICP) and magnetic properties
(VSM) of the fabricated thin films were investigated. Chemical properties of coating bath (CV) were examined
as well. Magnetization measurements of the thin films were performed by applying magnetic fields between +
75000 Oe and -75000 Oe and then hysteresis loops were obtained. The Co, Ni, and CoNi films showed
ferromagnetic material properties. Coercivity (Hc), permanent magnetization (Mr), saturation magnetization
(Ms) values of these alloys were significantly affected by the amount of the Co, magneto crystal anisotropy and
grain size. It was understood that some materials having hard and soft magnetic properties can be fabricated by
controlling the bath composition.
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Elektrodepolama ile Uretilen Co, Ni ve CoNi Alasimh Ince Filmlerin
Yapisal ve Manyetik Ozelliklerinin Incelenmesi

Oz: Elektrodepolama yontemi ile nano parcaciklarm ince film kaplama olarak iiretimi diger yontemlere gore
daha kolay ve ucuz yapilmaktadir. Bunun nedeni, ince film iiretiminin banyo igerigindeki bilesenlerin ve tiretim
sartlarinin degisimi ile kontrol edilebilmesidir. Bu c¢alismada, elektrodepolama yodntemiyle, kobalt siilfat
(CoS04.7H>0), nikel siilfat (NiSO4.6H,0), nikel (II) kloriir (NiCl,.6H,0) ve borik asit (H3BOs) den olusan
banyo kompozisyonundan saf kobalt (Co), nikel (Ni) ve kobalt-nikel (CoNi) alagimli ince filmler {iretildi.
Uretilen ince filmlerin kristal yapis1 (XRD), morfolojisi (SEM), element bilesimi (ICP) ve manyetik &zellikleri
(VSM) incelendi. Kaplama banyosunun kimyasal ozellikleri de doniisiimlii voltametri (CV) yoOntemiyle
incelendi. Ince filmlerin manyetizasyon &lgiimleri + 75000 Oe ile -75000 Oe arasinda manyetik alan
uygulanarak yapildi ve histerezis déngiileri elde edildi. Uretilen Co, Ni ve CoNi filmleri ferromanyetik malzeme
ozellikleri gosterdi. Bu alasimlarin koversite (Hc), kalici miknatislanma (Mr) ve doyum miknatislanma (Ms)
degerleri; Co miktari, manyeto kristal anizotropi ve tane boyutundan &nemli Sl¢iide etkilendi. Yapilan
calismada, banyo bilesimi kontrol edilerek sert ve yumusak manyetik Ozelliklere sahip malzemelerin
tiretilebilecegi anlasildi.

Anahtar Kelimeler: elektrodepozisyon, histerezis dongiisii, kobalt-nikel alasimi, manyetizasyon, ince filmler
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1. Introduction

Cobalt-nickel (CoNi) alloys are high quality engineering materials having high strength, good wear
resistance, corrosion resistance, hardness, nuclear power systems, thermal conductivity,
electrocatalytic and magnetic properties [1-4]. It is known that CoNi alloys have excellent magnetic
properties and also, they are superior to pure metals [5]. Especially in recent years, in industrial
implementations, they are used in magnetic recording devices and microelectronic devices, in
addition, they are used for decorative purposes [6-7].

CoNi alloys can be fabricated by casting or coating methods. Thin film coatings are fabricated by
methods such as electrochemical deposition (electrodeposition) [8-10], sol-gel [11-12], chemical
vapor deposition [13], spray pyrolysis [14], physical vapor deposition [15], spin coating [16], dip
coating [17], sputtering [18], electroless coating [19-20]. The electrodeposition system is one of the
most popular methods for the production of magnetic films and alloys. It also has many advantages
in the production of nanoparticles that are thin film coatings. In this method, the thin film coating
process is much more favorable than the others due to some reasons: 1) production simplicity, 2)
variety of deposition materials, 3) low-temperature processing and 4) control of the bath composition.
In the electrodeposition process, the electrocatalytic property of the solution and the amount of energy
consumed varies depending on the production conditions and the materials in the bath composition
[21-23]. Fabrication of thin films by electrodeposition method is influenced by such factors as
solution concentration, pH value, current density, additives, deposition (cathode) potentials, solution
temperature, mixing of solution, continuous or pulsed current of the deposition [24-26].

Iron (Fe), Cobalt (Co), nickel (Ni) metals, and the compounds consisting of those such as CoNi, CoFe,
and NiFe alloys are the most important ferromagnetic materials [27]. According to the coercivity (Hc)
size, the ferromagnetic materials are grouped as hard magnetic or soft magnetic materials. If the He
value of magnetic materials is less than 12.6 Oe, it is classified as soft magnetic material, if not, then
hard magnetic material [28]. According to the Hc size, the ferromagnetic materials are grouped as
hard magnetic or soft magnetic materials [29].

Soft magnetic materials with low Hc and having high saturation magnetization (Ms) are desired to
develop devices such as magnetic read-write heads, relays, transformers, electromagnets and electric
motors [29]. On the other hand, for electrical machines that require power generation and permanent
magnetization (Mr), materials with hard magnetic properties are desired. Depending on the
implementations, both hard and soft magnetic materials show different characteristics [30-31].

It is possible to produce various CoNi alloys by electrodeposition technique by changing the Co*"
and Ni*" metal ion concentrations in the solution used in thin film production. The magnetic properties
of produced alloys such as Hec, Mr, and Ms value vary greatly depending on the Co and Ni
concentration in the deposited film content [32].

In recent years, especially in the electrodeposition of CoNi alloy materials; studies which focus on
producing thin films with the smaller grain size, the smaller He, with soft magnetic properties
material, by changing deposition conditions and additives in the bath have been researched. In this
study, Co, Ni, and CoNi alloy thin films were fabricated by electrodeposition. And the deposition
potential of thin films, concentration ratios, surface morphology, grain size, phase structure, and
magnetic properties were investigated.

2. Experimental Methods

In order for the substrates to be ready for production, it must be sufficiently clean, and its surface
must be smooth. To achieve this, the following steps were followed: 1) the aluminum substrates were
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first cleaned in pure water, 2) etched in sodium hydroxide (NaOH) solution, 3) the surface was
thoroughly dried and polished, and 4) it was again cleaned with pure water and thoroughly dried.

Experimental Methods

The Co, Ni and CoNi alloys were fabricated as a thin film on an aluminum substrate of 1.7x1.7 cm
by electrodeposition method. In order to eliminate the negative effects that can be caused by the
substrate in the analysis, thin film coatings were peeled off from the substrate.

In the thin film coating, the electrodeposition process was performed with a three-electrode
production system. In this system, a potentiostat was used to provide voltage and current control in
the deposition process; a platinum wire was used as a counter electrode; a saturated electrode (SCE)
was used as a reference electrode; aluminum substrate was used as the working electrode.

In order to determine the deposition current and potential of each of the Co, Ni, and CoNi alloy thin
films, cyclic voltammetry (CV) experiments were carried out at a scanning speed of 10 mV.s’!
between +0.5 V and -1.6 V. The pH of the solution was kept constant at 4.5 using sodium hydroxide
(NaOH) and hydrochloric acid (HCI) for all the films produced.

In order to achieve a homogeneous distribution, the prepared solutions were stirred 20 minutes prior
to the experiment and were continuously stirred at 400 rpm during the experiment. Thin film
production was carried out galvanically at 50 mA constant direct current (D.C) and 50 °C at a constant
temperature.

In the thin film baths, Merck brand high purity materials were used. Bath compositions were prepared
by using cobalt sulfate (CoSO04.7H20), nickel sulfate (NiSO4.6H>O), nickel (II) chloride
(NiCl2.6H20) and boric acid (H3BO3) chemical materials are given in Table 1.

Table 1. Co, Ni, and CoNi alloy thin film bath composition and production data
Electrolyte composition (Mol.It!)

Thin Films

C0S04.7H20 NiSO4.6H>0 NiCL.6H.0 H3BO3
Co100 0.07 0 0 0.25
Co70Niso 0.07 0.08 0.18 0.25
Coe6Nizs 0.07 0.10 0.20 0.25
Niioo 0 0.10 0.20 0.25

The production was performed using 50 mL solutions in four different baths. In the experiments, the
amount of boric acid (H;BOs) was kept constant at 0.25 Mol.Lt!. As seen in Table 1, Co19o and Niioo
thin film baths were prepared for %100 pure cobalt and %100 pure nickel production. Co70Ni3o alloy
thin film bath was prepared from the electrolyte composition Co** (%24.8) and Ni** (%75.2).
CoesNiss alloy thin film bath was prepared from the electrolyte composition Co** (% 22.2) and Ni**
(%77.8). When the CogsNiss bath content is compared with the Co7oNizo alloy thin film production
bath, it is seen that the amount of Co** metal ions increased (24.8%) and the amount of Ni** (%75.2)
metal ions decreased.

The crystallographic structure of thin films was analyzed using a Rigaku trademark X-ray
diffractometer (XRD) device. XRD measurements were performed at 30 mA, 40 kV, between 5° and
90° at a scanning rate of 3.0251 degrees/min. Surface morphological properties of the deposited films
were analyzed by Scanning Electron Microscope (SEM, JEOL JSM-5500LV, Japan). In order to
determine the amount of Ni and Co concentration in the thin films, Inductive Coupled Plasma (ICP)
experiments were performed. The magnetic properties of the thin films were measured with Vibrating
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Sample Magnetometer (VSM). VSM measurements were performed at a constant temperature of 300
K and in the range of -75 to +75 kOe. Magnetization (emu/gr) was measured by magnetic field change
and the hysteresis curve was obtained using magnetization (emu/gr) values.

3. Results and Discussion

The electrochemical characterization of Co, Ni, and CoNi alloy thin film baths was performed with
cyclic voltammetry experiments on aluminum substrates (2.89 cm?) at a scanning speed of
10 mV.s™'. The effects of Ni, Co, and CoNi ions on the hydrogen evolution reaction (HER) in bath
composition were studied by cyclic voltammetry (CV). The current-voltage (I-V) graph of the Coioo
thin film given in Figure 1 was obtained from the bath consisting of 0.07 Mol.Lt"! CoSO4.7H,0 and
0.25 Mol.Lt! H3BO3. The cyclic voltammetry (CV) experiments were performed between 0.6 V and
-1.6 V polarization values. As shown in the graph in Figure 1, no deposition was formed on the
substrate until -0.81 V and the anodic current remained constant until this value. However, over this
value, it was seen that the discharge started with a rapid increase in the cathodic direction and the
deposition started with the bubbles accompanied by the hydrogen gas outlet. When the negative
polarization was -1.6 V, it was seen that the current value reached -0.032 A, with the start of the
reverse direction scanning, the dissolution was started with the positive current in -0.63 V. Due to the
difference between deposition and dissolution potentials, a crossover between anodic and cathodic
currents occurs [33]. This crossover indicates the formation of nucleation on the electrode [34].
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Figure 2. Nijoo thin film production bath
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0.25 Mol.Lt"! H3;BO;3 (pH = 4.5, scanning rate = Mol.Lt" NiCL.6H>0 and 0.25 Mol.Lt" H;BO;

10 mV.s™) (pH = 4.5, scanning rate = 10 mV.s™)

Figure 2 shows the graphic (I-V) of the CV experiment performed in the bath composition for the
production of the Nijoo thin film. As shown in the graph, when a positive voltage of 0.6 V was applied,
the current started to flow in the anodic direction, the deposition began when the applied voltage
reached -0.77 V in a negative direction. When the voltage applied in the negative direction, the current
at -1.6 V voltage reached the maximum value of -0.109 A. When the voltage was applied to the
positive direction from the negative direction, it was seen that the film started to dissolve by flowing
in the positive direction at -0.63 V.

The CV experiment (I-V) graphs given in Figure 3 were obtained from the Co10o, Ni1oo, Co70Nizo and
CoeeNiss thin film baths in Table 1. When the graphs are examined, the deposited potentials vary
between -0.77 and -0.81 V, with the potential applied in the positive direction, the anodic current flow
occurs between -0.63 and -0.58 V and the dissolution started in the deposited films. The deposition
potential of pure Co®" ions were highest (-0.81 V) compared to the others. In CoNi alloy baths, when
the Co?" metal ion content decreased, the dissolution potential decreased (-0.58 V) and the current in
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the cathodic direction increased [35]. The indicator of deposition is the hydrogen gas outlet and the
accompanying small bubbles. With the increased current in the cathodic direction, hydrogen gas
output and accompanying bubbles were observed to increase and CoNi began to deposit on the
substrate as a discharge [36]. Depending on the bath composition and the potential value applied, it
was seen that the deposition current intensity changed as shown in the graph in Figure 3.
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Figure 3. CV experiment (I-V) graphs for the production of Co10o, Niioo, Co70Ni30 and CoesNiszs thin
films

Current (A)

The amount of metal ion concentration in the thin films fabricated was determined by ICP analysis
and the results are given in Table 2. Coioo thin film was fabricated only from the solution containing
Co?" metal ions. In the same way, Niigo thin film was produced only from the solution containing
Ni?" metal ions. As shown in Table 2, the amount of Co?" ion in the CossNis4 film bath was 22.2%,
Ni?* metal ion 77.8%, while the Co in the deposited thin film was determined to be 65.6%, Ni 34.4%.
Similarly, the amount of Co*" ion in the Co7oNiso film bath was 24.8% and Ni** metal ion 75.2%;
while the Co in the deposited thin film was determined to be 70.37% and Ni 29.63%. As can be seen
from the values given in Table 2, the percentage ratios of Co?" and Ni*" ions in the electrolyte bath
composition and the percentage ratios of Co-Ni materials in the deposited Co7oNizo and CossNi3s
films are different from each other. We think that this difference in the deposition of CoNi alloys is
due to the anomalous deposition behavior of Co and Ni during deposition. The anomalous deposition
is the preferential deposition of cobalt Co?" metal ions, which are less noble than Ni** metal ions, on
the cathode surface [37-38]. The functional properties of the electrodeposited NiCo alloys are
strongly dependent on their bath composition and deposition parameters. To understand the cause of
anomalous deposition, it is important to understand the effects of deposition parameters on bath
composition and deposition. It has been reported in the literature that anomalous deposition occurs in
the electrodeposition of iron metals (cobalt, nickel and iron) and zinc with iron metals [39-42].

In anomalous deposition, it is reported that higher Co content is always deposited on the film
compared to the ratio of Co?" metal ions and Ni*" metal ions in the bath content. In the co-deposition
of Ni-Co as an alloy film, the electrodeposition of Co is controlled by diffusion, while the
electrodeposition of Ni is controlled by activation. Increasing the cathodic current density causes an
increase in the cathodic overpotential, accompanied by increased activation of the electrode reaction.
The cathodic current, which increases in the negative direction under the overpotential, causes an
increase in the Ni content deposited in the film. Thus, an increase in current density causes a decrease
in the Co content of the deposited material [43].

As seen in the values given in Table 2, when the amount of Co in the Co-Ni bath decreases from
24.8% to 22.2%, the amount of Ni increases from 75.2% to 77.8%. Meanwhile, the cathodic current
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value passing in the negative direction increases from 0.180 A to 0.198 A, as seen in the CV graph in
Figure 3, and it is seen that the amount of Ni deposited in the film increases (Table 2) [39,44].

Table 2. Co and Ni matter amount ratios in thin film and electrolyte contents

A Electrolyte Composition Film Composition
Thin Films % Cyo ’ %Ni % Co ) %Ni
Co1o0 100 0 100 0
Co7oNi3zo 24.80 75.20 70.37 29.63
Coe6Niz4 22.20 77.80 65.60 34.40
Ni1oo 0 100 0 100

By varying the concentration of Co?" and Ni*" metal ion in the electrolyte, it is possible to fabricate
CoNi alloys of a wide range of compounds by electrodeposition. The components forming the alloys
compared to the single metal type may exhibit more interesting structural, electronic, and magnetic
properties due to their interaction with each other [5]. The magnetic properties of CoNi alloy thin
films can show hard magnetic and soft magnetic material behavior depending on the Co and Ni
concentration ratio. Therefore, Ms, Hc and Mr values may vary according to film content [45].

The crystal structures of the electrodeposited thin films were analyzed by XRD experiments and the
measurement results were given on graphs in Figure 4. In the analysis, Coioo, Niioo, Co70Ni3o,
CoseNiss films were found to have a crystal structure, Nijoo film XRD peaks were strong and others
were weaker (Co70Nizo, CoesNizs and Coioo). The crystal structure of the Nijgo thin film was
determined on the surface centered cubic (FCC) and B phase preferentially orientation (111) (200)
and (220) plane. XRD analyses were determined by comparison with ICDD (01-070-0989) data [46].
The lattice constant of the Nijoo thin film obtained from the XRD data was found to be a = 3.518764
A. Coigo thin film was found in the volume-centered cubic (HCP) structure, in the o phase and in the
most dominant peak orientation (002) plane. The lattice constants a (A) = 2.506107 A, b (A) =
2.506107 A, ¢ (A) 4.068314 A were found to be compared to the data of (ICDD, 01-071-4239) [47-

49].
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Figure 4. Graph of XRD analysis results of thin films (Co100, Co70Ni30, CoesNi3s, Niioo)
Considering CoNi binary alloy phase diagrams, it is reported that when the Ni content is less than

25%, the phase structure is HCP and when it is greater than 25%, the structure is FCC [50]. As can
be seen from the ICP results given in Table 2, it was found that the amount of Ni in CoNi alloys was
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greater than 25%. In Figure 4, XRD graphs of Co70Nizo and CossNiz4 alloy films were given. The
crystal orientation of the alloys was determined to be dominant peaks (111), the FCC structure, 3
phase (ICDD, 01-074-5694) and the results were consistent with the literature [51-52].

Table 3. Co, Ni and CoNi alloys XRD analysis results

Thin 2-0 dA Intensity FWHM Lattice (Z\) Grainsize
Films  (deg.) (ang.) (cps) a b c (nm)
Co100 4450 2.0342 392 0.210 2.506107 2.506107 4.068314 42.3

Co7oNizo 4448 2.0350 192 0.330 3.524968 3.524968 3.524968 27.3
CoeeNiz4 4450 2.0345 238 0.310 3.523863 3.523863 3.523863 29.2
Niioo 5195 1.7586 2676 0.213 3.518764 3.518764 3.518764 43.3

The grain size of the CoNi1 alloys was calculated with the Debye-Scherer formula given in equation
1. The grain size was found using the FWHM value of the greatest intensity of the peak given in
Table 3 [53].

0.91
- B cos6 (1)

where D is the grain size, B FWHM value, A X-ray wavelength and 6 value is the X-ray diffraction
angle. The analysis results in Table 3 showed that the grain sizes of Co and Ni films were 42.3 nm
and 43.3 nm respectively, but the grain sizes decreased when they formed the binary metal alloy
(Co70Ni3z0, CoesNiz4) (27.3 nm, 29.2 nm). The reason is why Co and Ni substances have better
properties than a single metal when formed a binary alloy [5]. The amount of cobalt-nickel material
in the CoNi alloy, the deposited current and the additives affect the grain size and the grain size is
particularly effective on He [54-55]. Figure 5 shows SEM images taken to examine the morphological
characteristics of thin films produced. The morphological characteristics of the film surfaces differed
according to the amount of material and the grain size of the film content, crystallization occurred
and was consistent with the XRD results.

MKU EMU

Bl e e C
588 1oum 8883 MKU EMU

Brm B8B83 MKU EMU

Figure 5. SEM images of Co, Ni and CoNi thin films; (a) Coioo, (b) Co70Ni3o alloy, (¢) CossNiz4
alloy, (d) Niioo
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To examine the magnetic properties, VSM analysis measurements were performed at a constant room
temperature of 300 K. The magnetization (emu/gr) values of the fabricated Coioo, Niioo, Co70Nis3o,
CoeeNiss films were measured by changing the magnetic field strength between -75000 Oe to 75000
Oe, and the hysteresis loops given in Figure 6 and Figure 7 were obtained. The Ms was found in the
hysteresis loops given in Figure 6 Hc which are the inverse force in the opposite direction and Mr
values were found from the curves given in Figure 8 and the results were given in Table 4. The
magnetic measurement results showed that Co, Ni, and CoNi alloy thin films exhibited ferromagnetic
behavior and were hard magnetic materials [56].
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Figure 7. Magnetization curves (hysteresis
loops) measured against magnetic field applied
between +900 and -900 Oe

Figure 6. Magnetization curves measured
against magnetic field applied to thin films
between +75000 and -75000 Oe

Table 4. Hysteresis loops analysis results

A Hc Mr Ms
Thin Films (Oe)  (emu/gr) (emu/gr)
Co1no 93.0 38.80 152.276
ConNiso 206.0 41.08 132.541
CoesNiss 139.0 35.46 122,287
Ni1o0 13.8 5.17 55.027

The magnetization of any material is related to the number of magnetic moments it has under an
external magnetic field. The number of magnetic moments per unit volume gives the magnitude of
magnetization. When the magnetic field value is increased in the (+) or (-) direction in ferromagnetic
materials, the magnetic moments are aligned in the magnetic field direction and after a certain value,
the magnetization value is not changed. This value is called Ms [29,57]. In the literature, the saturation
magnetization values of pure Co and Ni materials are given as 0.48 10° A.m™ for Ni and 1.40 10°
A.m™! for Co (at 300 K). Co has a larger magnetic dipole moment than a Ni [29]. In Figure 6, the
value of Ms that occurred on thin films was measured at 55.02 emu/gr on the lowest Nijoo film of the
highest Coioo (152.27 emu/gr) against the change of the applied magnetic field strength. When CoNi
formed a binary alloy, the Co content in the film was 70.37% while the Ms value was 132.54 emu/gr
and when the Co content was 65.60% the value of Ms was measured as 122.28 emu/gr. Increasing
the amount of Co in the CoNi alloy film content causes an increase in the total magnetic moment.
Accordingly, the Ms value increases with the increase in the amount of Co. Likewise, it can be said
that the Ms value decreases with the increase of the Ni amount [28]. These results show that the Ms
value on the films increases or decreases proportionally with the amount of Co [58-59].

When the external magnetic field effect is zero, the magnetization value remaining on the material is
called Mr (remanence or residual magnetization). Permanent magnetization; It changes with
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polarization, which occurs depending on the pole force of magnetization acting on the material, and
the shape of the material [29]. Mr values were found from the hysteresis loops given in Figure 8 and
given in Table 4. When CoNi formed a binary alloy, Ms was better than Coioo (38.80 emu/gr) and
Niioo (5.17 emu/gr). These results showed that as the amount of Co decreased, the value of Mr
decreased [60-61].
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Figure 8. Magnetization curves (hysteresis loops) measured against magnetic field applied between
+250 and -250 Oe

The Hc is the magnetic field strength applied to zero the Mr value on the material in the opposite
direction. The Hc values of magnetic materials are greatly influenced by grain size and magneto
crystal anisotropy. The reduction of the grain size in the magnetic material results in a decrease in the
magnitude of the magnetic field force that has to be applied, which leads to a decrease in Hc values.
Materials with a Hc value less than 12.6 Oe are called soft magnetic materials, and materials with a
Hc value greater than 12.6 Oe are called hard magnetic materials [29, 50]. In the graph in Figure 9,
the grain size and the change of Hc value were given graphically depending on the amount of Co in
the CoNi alloy film. In the graph in Figure 9, the grain size and Hc value change were given
graphically depending on the amount of Co in CoNi alloy film. As shown in the graph, the Hc value
of Coi0o was found to be 93 Oe and Nijgo 13.8 Oe, but when CoNi binary alloy (Co70Nizo, CossNizs)
formed, the Hc value increased to 206 Oe. The major change in the Hc value can be explained by the
change in the crystal and phase structures of thin films. In the XRD analysis, for the Coioo, it was
found the structure was in the HCP and the phase was o phase, for the Ni, it was found the structure
was in the FCC and the phase was P phase. and in the FCC structure and § phase when the CoNi
binary alloy was formed. This change in crystal and phase structures leads to a great change in the
grain size and magneto crystal anisotropy [62].
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Figure 9. The change in grainsize and Hc according to the amount of Co in the film content

The Hc values of all the thin films fabricated showed that they were hard magnetic materials. In these
materials, the Hc of the Niigo thin film showed property close to the soft material (13.8 Oe). The
change in CoNi alloy Hc value depends on the amount of Co in the film. Since Co?* ions in the film
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have larger magneto-crystal anisotropy and magnetic moment than Ni?* ions, the Hc value increases
when the Co amount increases [62-63]. The amount of Co in the content of alloy thin film and the
grain size varies depending on the composition of the bath, deposition current, pH, temperature, and
additives. By controlling these variables in the bath composition, it is possible to produce smaller
grain size CoNi alloy materials [64]. Thus, the desired materials with hard magnetic and soft magnetic
material properties can be fabricated.

This study indicated that the properties of the thin films can be controlled by the electrodeposition
parameters. The results of the analysis of the Co, Ni, and CoNi alloy thin films fabricated are
compatible with the literature and we believe that they will contribute to future studies.

4. Conclusions

Co, Ni, and CoNi alloy thin films were fabricated by electrodeposition method and their structural
and magnetic properties were investigated.

The catalytic properties of the CoNi alloy thin films bath composition were better than Coioo and
Niioo thin films and the deposition overpotential was lower. As seen in the CV experiments, the
change in the I-V value affects the hydrogen evolution reaction and the energy consumed during
deposition.

As a result of XRD analysis, the crystal structure of Co was found in the HCP and a phase, Ni was in
FCC structure and P phase, and CoNi alloys were in FCC structure and 3 phase. The grain size was
largely influenced by crystal phase structure and the ratio of Co-Ni matter in the thin film content,
and varied between 27.3 nm and 43.3 nm, and the grain size was smaller in alloys compared to Co
and Ni single metals.

For the determination of magnetic properties, VSM analysis was performed and the magnetic moment
(emu/gr) values were measured in the face of the magnetic field strength between -75000 Oe, and
+75000 Oe and hysteresis loops were obtained.

The Hc values of Coioo, Niioo , and CoNi alloy thin films were found between 13.8 - 206 Oe, Ms
ranged between 55.02-152.27 emu/gr and Mr ranged from 5.17-41.08 emu/gr. All of the thin films
fabricated have been confirmed by the hysteresis loops, where they exhibit the behavior of hard
magnetic and ferromagnetic materials.

It was seen that Co and Ni concentration ratio, grain size and magneto crystal anisotropy in the alloy
film can be controlled by the bath composition and the desired hard magnetic and soft magnetic
materials can be fabricated.
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