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Abstract 
This study presents the research results on the co-deposition of nickel and cobalt from an 
alkaline electrolyte containing glycine. For this purpose, cyclic and linear polarization curves 
of co-deposition were obtained at various cobalt concentrations, different potential sweep 
rates, and electrolyte temperatures. It was established that the co-deposition process occurs 
anomalously, with the cobalt content in the deposited films exceeding that of nickel. The 
deposits obtained under optimal conditions contained 37.25 % Ni and 51.43 % Co. The study 
of the effect of the potential sweep rate on the co-deposition process of nickel and cobalt 
revealed a linear relationship between the current peak value and the square root of the 
potential sweep rate. This indicates that the initial stage of Ni-Co co-deposition is controlled 
by the diffusion of the metal ions to the cathode surface. When recording polarization curves 
on a rotating disk electrode at different rotation speeds, the relationship between the 
current peak value and the square root of the electrode rotation speed was also linear at 
relatively low rotation speeds. However, at higher rotation speeds, the process was 
controlled by electrochemical polarization. The co-deposition of Ni with Co was confirmed 
through X-ray diffraction, scanning electron microscopy and energy-dispersive X-ray 
spectroscopy analyses. The investigation of the catalytic activity of Ni-Co deposits in a 
neutral medium (0.5 M Na₂SO₄) demonstrated that the amorphous thin films, not subjected 
to annealing, exhibited the best electrocatalytic properties for the hydrogen evolution 
reaction. The Tafel slope was determined to be 118 mV dec-1. 
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Introduction 

Green hydrogen, produced through water electrolysis using renewable energy sources, is 

considered one of the ideal energy carriers and sustainable industrial raw materials [1]. Researchers 
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are actively searching for low-cost, highly active, and stable electrocatalysts for the hydrogen 

evolution reaction (HER) and oxygen evolution reaction (OER) [2]. To this end, many materials have 

been studied, such as oxides [3], nitrides [4,5], sulphides [6], and phosphides [7]. Catalysts based on 

Ni, Co, Mo, and Fe, particularly their oxides and hydroxides, are promising for use as electrocatalysts 

in water electrolysis due to their abundance. The work [8] pays special attention to water 

electrolysis using solar energy, including the development of photovoltaic (PV) electrolyser systems 

for water. Cobalt is known to form solid solutions with nickel across the entire composition range, 

enabling the synthesis and utilization of their properties over a broad spectrum [9]. 

Electrodeposition methods are frequently used to obtain surface coatings due to their simplicity and 

low cost. Nickel, nickel alloy, and various composite derivative coatings play a crucial role in the 

aerospace and automotive industries due to their excellent corrosion resistance and mechanical 

properties [10,11]. Compared to conventional Ni-based coatings, nickel-cobalt alloys offer an 

exceptionally wide range of applications, including magnetic and electrocatalytic materials, as well 

as anticorrosive and wear-resistant coatings [12,13]. The histomorphology and various properties 

of nickel-cobalt alloys with different compositions vary significantly, and any change in preparation 

parameters, such as the composition of the galvanic solution, pH, or current density, can alter the 

final composition ratio in the coating [14]. In works [15,16], the electrodeposition of nickel with 

molybdenum from a Watts alkaline electrolyte was investigated. The resulting Ni-Mo alloys 

exhibited high catalytic activity in neutral solutions. 

In work [17], the influence of Co content on the electrochemical deposition mechanism of Ni-Co 

thin films was studied using cyclic voltammetry, chronoamperometry, and electrochemical 

impedance spectroscopy. The Ni-Co alloy exhibited a more pronounced (111) orientation compared 

to pure nickel and demonstrated superior corrosion resistance. In work [18], the authors used a new 

ionic liquid-1-(4-fluorobenzyl)-3-(4-phenoxybutil) imidazolium bromide [FPIM]Br-as an additive in 

the electrodeposition of cobalt and nickel from acidic sulphate baths and Watts baths. It was found 

that the electrodeposition of Co²⁺ and Ni²⁺ ions in the presence of [FPIM]Br leads to the formation 

of finer-grained deposits with increased current efficiency, hardness, and corrosion resistance. 

The Ni-Co alloy was deposited from a choline chloride-ethylene glycol solution [19]. The voltam-

metry results showed that the reduction peak appeared in the range of -0.6 V to -1.13 V vs. SCE, 

corresponding to the co-deposition of Ni-Co. The electrodeposition of the Ni-Co alloy from choline 

chloride-ethylene glycol was an irreversible process controlled by the diffusion of the deposited 

ions. Chronoamperometry revealed that the electrodeposition of Ni-Co onto a glassy carbon 

electrode occurred via a mechanism of instantaneous nucleation and three-dimensional growth, 

and the microstructure and Co content in the Ni-Co alloy could be easily controlled by varying the 

deposition potential. The authors [20] investigated the process of pulse electrodeposition of Ni-Co 

alloys, with the primary goal being the control of thickness and the formation of compact layers with 

good adhesion to the substrate surface. The electrodeposition of Ni-Co alloys was carried out at a 

temperature of 35 °C from an electrolyte containing chlorides of the deposited metals. The 

electrolyte also included H₃BO₃, NH₄Cl, and Na₃C₆H₅O₇ as a complexing agent, with C₁₂H₂₅OSO₃Na as 

a wetting agent. Copper disks with an area of 0.5 cm² were used as substrates, and a platinum sheet 

was used as the counter electrode. It was found that both the pulse duration and the peak current 

density influenced the structure and composition of the alloy. In work [21], a method was proposed 

for producing catalysts for the HER and OER reactions from Ni hydroxide with the dual metal Co, Fe 

on Ni foam, using NaH₂PO₄ and NaH₂PO₂ as additives. The electrode demonstrated high activity and 

stability for both HER and OER reactions. The authors of work [22] synthesized nano-sized nickel-
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cobalt (Ni-Co) alloys by electrodeposition from a choline chloride-urea ionic liquid. By controlling 

the deposition potential, the authors not only effectively varied the cobalt content, microstructure, 

and crystal size of the Ni-Co alloy but also influenced the preferred orientation of the alloy in the 

(220) crystalline plane. Additionally, the Ni-Co alloy exhibited excellent corrosion resistance. Co-

deposition of nickel and cobalt can be conducted from various electrolytes: sulphate, chloride, 

chloride-sulphate, or sulfamate solutions, with or without additives. Additives such as saccharin, 

sodium lauryl sulphate, boric acid, and ammonium sulphate are used to maintain the electrolyte pH 

at the required level [23]. In work [24], during the co-deposition of Ni with Zn, the addition of glycine 

did not alter the mechanism of the electrodeposition process, but it increased the current efficiency 

by approximately 6 %, presumably due to the reduction of the hydrogen evolution reaction 

contribution to the overall cathodic process rate. The addition of glycine improved the surface 

morphology of the synthesized coatings by reducing roughness, promoting a denser packing of the 

growing phase nuclei, and increasing the alloy's nickel content by an average of 4 at.%. 

It is well known that cobalt and nickel form a series of stable solid solutions, and as the cobalt 

content increases in thin films, the magnetic properties, heat resistance, and hardness of the alloys 

improve. The objective of this study is to investigate the co-deposition of Ni-Co thin films from an 

alkaline electrolyte containing glycine, which exhibits both magnetic and electrocatalytic properties 

in the water-splitting reaction. In addition to the main components of the alloy, glycine was 

introduced into the electrolyte as a chelating additive, and ammonia was used to adjust the pH of 

the electrolyte to the desired value. 

Experimental 

The electrolyte was prepared by dissolving 0.8 M glycine in bi-distilled water, followed by the 

addition of the calculated amounts of NiSO₄·6H₂O, NiCl₂·6H₂O and CoCl₂·6H₂O. The pH of the 

electrolyte was adjusted to 9.5 by adding NH₄OH. Cyclic and linear polarization curves were 

recorded using the IVIUMSTAT Electrochemical Interface potentiostat, which allowed the 

determination of the potential range at which the co-deposition of nickel with cobalt occurs. Polari-

zation measurements were conducted in a three-electrode electrochemical cell, with platinum 

(2 cm²) as the working electrode, platinum (4 cm²) as the auxiliary electrode, and a silver/silver 

chloride electrode with a saturated KCl solution as the reference electrode. All potential values 

presented in the article are referenced relative to this electrode. Polarization curves were also 

recorded using a rotating disk platinum electrode with a diameter of 0.5 cm and an area of 0.2 cm2. 

The electrode rotation speed varied within the range of 900 to 3600 rpm. 

To determine the elemental composition of films and their electrocatalytic properties, Ni-Co thin 

films were obtained in the galvanostatic mode in a two-electrode cell on nickel substrates with an 

area of 2 cm² at current densities of 10-25 mA cm-² for 12-15 hours, at room temperature. A 

platinum foil with a surface area of 4 cm² was used as the anode. Before deposition, the nickel 

substrates were subjected to electrochemical polishing, followed by degreasing with alcohol and 

acetone. The deposited films were amorphous and subjected to annealing in air at 573 K for 1 hour, 

and then at 723 K for 1 hour. Some samples were also annealed in an argon atmosphere for 1 hour 

at 673 K. The surface morphology and elemental composition of the films were examined using a 

scanning electron microscope (SEM) model “Oxford Instruments,” and the elemental composition 

was determined by EDX. Structural analysis was carried out using a Rigaku X-ray diffractometer 

model “Miniflex-500” with CuKα radiation (λ = 0.154 nm). The electrocatalytic properties of the films 
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were investigated by recording polarization curves in a neutral 0.5 M Na₂SO₄ solution, followed by 

determining the Tafel slope of the curves. 

Results and discussion 

Before the studies on the co-deposition of cobalt with nickel, investigations were conducted on the 

deposition of individual alloy components from an alkaline-glycine electrolyte. It was found that the 

reduction of cobalt ions from the ammonia-glycine electrolyte occurs in two steps, at potentials of -

0.45 V and, subsequently, at -0.65 V, where cobalt begins to co-deposit simultaneously with hydrogen 

evolution [25]. The oxidation of cobalt also occurs in two steps, at potentials of -0.75 V and -0.25 V, 

and the process is reversible. 

Nickel electrodeposition, however, occurs in one step, beginning at a potential of -0.65 V, and 

continuing with simultaneous hydrogen evolution [26]. The oxidation of nickel occurs within a potential 

range of -0.65 V to -0.75 V, making the process also reversible. Glycine (H₂N-CH₂-COOH) is typically 

considered a dipolar ion, with its structure being either protonated or deprotonated depending on the 

pH of the solution [27], and the equilibrium between these forms is described by Equation (1) 

H2N-CH2-COO- 
+

-

H

OH

⎯⎯→⎯⎯   +H3N-CH2-COO- 
+

-

H

OH

⎯⎯→⎯⎯     +H3N-CH2- COOH (1) 

Depending on the concentration of glycine, nickel, and the pH of the electrolyte, nickel in solution 

exists in various complexes. At pH 9, Ni²⁺ is predominantly found in the form of the [NiGly₃] complex, 

which exhibits high stability [28]. Conversely, cobalt forms coordination complexes with glycine in 

solution, which are formed as the pH increases [29,30]. Therefore, from a purely thermodynamic 

standpoint, glycine is expected to stabilize Co²⁺ in solution by negatively shifting the Co²⁺/Co potential. 

Figure 1 shows the cyclic polarization curve of the co-deposition of nickel with cobalt from an 

ammonia-alkaline electrolyte containing glycine. 

 
Figure 1. Cyclic polarization curve of the co-deposition of nickel with cobalt in the potential range of 1.3  

to -1.3 V. Electrolyte composition: 0.1 M NiSO₄·6H₂O + 0.1 M NiCl₂·6H₂O + 0.1 M CoCl₂·6H₂O +  

+ 0.8 M C₂H₅NO₂, pH adjusted to 9.5 by adding NH₄OH,  = 15 mV s-1, T = 298 K 

From the figure, it can be seen that when the curve is recorded down to a potential of -1.3 V, 

only one peak appears on the cathodic curve, corresponding to the co-deposition of nickel with 

cobalt occurring simultaneously with hydrogen evolution. On the anodic component of the cyclic 

polarization curve, two peaks are visible at potentials of -0.4 and +0.3 V. The first corresponds to 

the oxidation of the pure cobalt phase, while the second corresponds to the dissolution of the Ni-

Co film. The co-deposition of these two metals and hydrogen evolution do not allow for a complete 

representation of the cathodic portion of this process. To investigate the initial stage of co-
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deposition, linear polarization curves were recorded down to a potential of -0.7 V. From Figure 1, 

based on the positioning of the peaks of the cathodic and anodic processes, it can be concluded that 

the co-deposition of Ni with Co is an irreversible process. 

Figure 2a presents the cyclic polarization curve of the co-deposition of nickel with cobalt from an 

alkaline glycine electrolyte on a platinum electrode, recorded down to a potential of -0.8 V. 

 a) b) 

 
 Potential, V Potential, V 

Figure 2. a) Cyclic polarization curve of Ni-Co co-deposition from an alkaline glycine electrolyte on a 

platinum electrode: Electrolyte composition: 0.1 M NiSO4·6H2O + 0.1 M NiCl2‧6H2O + 0.1 M CoCl2·6H2O +  

+ 0.8 M C2H5NO2, pH adjusted to 9.5 by adding NH₄OH,,  = 15 mV s-1, T = 298 K. b) Cyclic background curve 
of 0.8 M C2H5NO2, pH adjusted to 9.5 by adding NH₄OH 

The polarization curve shows a single wave at potential values between -0.35 and -0.4 V. This wave 

corresponds to the initial stage of the co-deposition of nickel with cobalt. When polarization curves of 

co-deposition are recorded down to a potential of -1.3 V (Figure 1), this wave disappears, and it 

becomes difficult to capture the moment when deposition begins, as co-deposition occurs 

simultaneously with hydrogen evolution. Furthermore, the simultaneous reduction of both metals 

along with hydrogen leads to a change in the pH in the near-electrode space and the formation of 

hydroxides of the deposited metals, with co-deposition occurring then from their hydroxides. Figure 

2b presents the cyclic polarization curve of the background electrolyte. The presence of glycine in the 

electrolyte prevents the formation of Ni(OH)x formation but does not affect Co(OH)x formation. The 

authors [31] attribute this to the complexation constants () during the formation of complexes of 

both metals with amino acids (Ni > Co). When using glycine, regardless of the electrolyte pH and 

glycine concentration, the amount of Co in the deposited layer is usually significantly higher than that 

of the noble metal, in this case, nickel. This phenomenon during the co-deposition of two metals is 

referred to as "anomalous co-deposition" and was introduced by Brenner [32]. The anomalous co-

deposition of thin Co-Ni alloy layers is explained by the formation of cobalt hydroxide on the cathode 

surface, which simultaneously accelerates the deposition of cobalt and reduces the deposition rate of 

nickel [33,34]. At pH values from 2 to 5, the reduction of Co is facilitated due to Co(OH)2 formation at 

the electrode/electrolyte interface. This is due to the competitive adsorption of hydroxides on the 

electrode surface, which helps to reduce the content of the less noble metal. In alkaline media, the 

concentration of Co(OH)2 at the electrode/electrolyte interface decreases while Ni(OH)2 increases, 

promoting the reduction of Ni in the coating [11]. In the anodic component of the polarization curve 

for co-deposition, at potentials from -0.85 to -0.5 V, the thin Ni-Co film dissolves, and at -0.2 V, cobalt 

oxidation as a separate phase takes place. 

Figure 3 shows the linear polarization curve of the co-deposition of nickel with cobalt as a 

function of cobalt concentration in the electrolyte. 
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 a) b) 

  
 Potential, V C / mol 

Figure 3. a) Linear voltammogram of the co-deposition of nickel with cobalt as a function of cobalt 
concentration in the electrolyte. Electrolyte composition: 0.1 M NiSO4·6H2O + 0.1 M NiCl2·6H2O + 0.8 M 

C2H5NO2, pH adjusted to 9.5 by adding NH₄OH,  = 15 mV s-1, T = 298 K. CoCl2·6H2O concentration:  
1: 0.06 M; 2: 0.08 M; 3: 0.1 M and 4: 0.12 M; b) dependence of the current peak on the cobalt concentration 

in the electrolyte 

It is evident from the curves in Figure 3 that with increasing cobalt concentration in the 

electrolyte, the height of the wave at a potential of -0.4 V, corresponding to cobalt deposition, 

increases, which most likely leads to the formation of a larger amount of cobalt hydroxide in the 

near-electrode space. The height of the co-deposition peak at a potential of -0.7 V also increases 

but to a lesser extent than the cobalt reduction wave. The dependence of the co-deposition wave 

height on the cobalt concentration in the electrolyte is shown in Figure 3b; it is linear, which is typical 

for processes controlled by the diffusion of deposited ions. 

When studying the effect of nickel concentration on the co-deposition process and the 

composition of the deposited films, the nickel concentration was varied from 0.8 to 1.2 M. It was 

found that the concentration of nickel in the electrolyte has little effect on both the co-deposition 

process and the composition of the deposited film. The cobalt content in the deposits always 

exceeded the nickel content, which is consistent with other studies on the co-deposition of nickel 

with cobalt [35,36]. 

Figure 4 shows the linear polarization curves of the co-deposition of nickel and cobalt at different 

potential sweep rates. 

 a) b) 

       
 Potential, V 1/2 / V1/2 s-1/2 

Figure 4. a) Linear polarization curve of co-deposition of nickel with cobalt from an ammonia-chloride elec-
trolyte at different potential sweep rates. Electrolyte composition: 0.1 M NiSO4·6H2O + 0.1 M NiCl2·6H2O +  

+0.1 M CoCl2·6H2O + 0.8 M C2H5NO2, pH adjusted to 9.5 by adding NH₄OH, T = 298 K. Sweep rates: 1: 5; 2: 10; 
3: 15; 4: 20; 5: 30; 6: 40 and 7: 50 mV s-1. b) Dependence of peak current on the square root of sweep rate 
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It can be observed from Figure 4 that as the potential sweep rate increases, the height of the co-

deposition wave increases. Based on the data obtained from Figure 4a, the dependence of the peak 

current ip on the square root of the sweep rate (1/2) was constructed, as shown in Figure 4b. The 

dependence of the limiting current on the potential square root of sweep during the initial stage of co-

deposition follows a linear pattern, characteristic of processes controlled by diffusion kinetics. 

Figure 5 shows linear polarization curves of co-deposition of nickel with cobalt at different 

deposition temperatures. Increasing the electrolyte temperature accelerates the co-deposition 

process, facilitating the reduction of the deposited metals, which leads to a slight shift of the co-

deposition potential towards more positive values. 

 

Figure 5. Linear polarization curves of co-deposition of nickel with cobalt at different deposition tempe-
ratures. Electrolyte composition: 0.1 M NiSO₄·6H₂O + 0.1 M NiCl₂·6H₂O + 0.1 M CoCl₂·6H₂O + 0.8 M C₂H₅NO₂, 

pH adjusted to 9.5 by adding NH₄OH,  = 15 mV s-1, Temperature: 1: 298; 2: 308; 3: 313 and 4: 318 K 

Studies on the deposition of Ni-Co thin films were also conducted using a rotating disk electrode. 

The electrode rotation speed varied from 900 to 3600 rpm. The obtained data are presented in 

Figure 6a. The speed of rotation of the electrode significantly affects the rate of co-deposition of 

nickel with cobalt, while the wave corresponding to the reduction of cobalt disappears, and the 

height of the co-deposition wave increases. Apparently, this is due to an increase in the concen-

tration of nickel ions in the near-electrode space during forced convection of the electrolyte. The 

dependence of the half-wave current height on the square root of the rotation speed (ω), plotted 

based on the data from Figure 6a, exhibits a linear character, which is characteristic of processes 

governed by diffusion-controlled kinetics (Figure 6b). 

a) b) 

 
 

                            30     40       50       60  
Potential, V ω1/2 / rpm1/2 

Figure 6. a) Linear polarization curves of the co-deposition of nickel with cobalt on a rotating platinum electrode. 
Electrolyte composition: 0.1 M NiSO4·6H2O + 0.1 M NiCl2·6H2O + 0.1 M CoCl2·6H2O + 0.8 M C2H5NO2, pH adjusted to 9.5 

by adding NH₄OH, T = 298 K,  = 0.015 V s-1, 1 - 900; 2 - 1600; 3 - 2500; 4 – 3600 rpm; b) - dependence of ip on the 
square root of the electrode rotation speed 
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           ω1/2 / rpm1/2 

Figure 7. Dependence of the current density on the square root of the rotation speed of the disk electrode, 
at potentials: 1: -0.45; 2: -0.50; 3: -0.55; 4: -0.60 and 5: -0.65 V 

When extrapolating this line, it is evident that it intersects the vertical axis at zero. 

Furthermore, based on the data from Figure 6a, the dependence of the current density on the 

square root of the electrode rotation speed was constructed at various potentials (Figure 7). Figure 7 

shows that at the onset of the co-deposition process, at a potential of -0.45 V, the limiting stage is the 

diffusion of depositing ions to the cathode surface (line 1 intersects the ordinate axis at zero). Subse-

quently, at higher potentials, the lines intersect the ordinate axis above zero, indicating that at poten-

tials after -0.45 V, the Ni-Co co-deposition process is controlled by electrochemical polarization [37]. 

To study the properties of Ni-Co thin films, they were deposited on nickel substrates using the gal-

vanostatic method. Electrolysis was carried out from an electrolyte containing 0.1 M NiSO4·6H2O +  

+ 0.1 M NiCl2·6H2O + 0.1 M CoCl2·6H2O + 0.8 M C₂H₅NO₂, pH adjusted to 9.5 by adding NH₄OH, with a 

current density of ik = 10 to 25 mA cm-2, at room temperature, and an electrolysis time of 5 to 15 

hours. The thickness of the films depended on the electrolysis time and ranged from 2 to 5 µm. Since 

the deposited films were amorphous, they were annealed in an Ar atmosphere and in air to perform 

X-ray phase analysis. The deposited films contained 37.25 % Ni, 51.43 % Co and 11.32 % O₂. 

Figure 8 shows the X-ray diffraction pattern of an Ni-Co film obtained by galvanostatic deposition 

on a nickel substrate after annealing in air. The X-ray diffraction pattern reveals two compounds-

cobalt oxide (CoO) and NiCo₂O₄, while the lines corresponding to pure nickel are attributed to the 

substrate material. 

Since the deposited films were amorphous, they were annealed in an Ar atmosphere and air for 

X-ray phase analysis. The presence of oxygen compounds of nickel and cobalt in the film composition 

was confirmed by SEM and EDX analyses, as shown in Figures 9 and 10. The oxygen compounds 

appeared in the X-ray diffraction pattern as a result of the interaction of the Co phase with oxygen 

from the air (CoO) and the Ni-Co phase (NiCo2O4). The formation of oxygen compounds in the films 

contributes to an increase in their electrocatalytic activity [38]. Figure 10 shows the morphology of 

the Ni-Co thin film. The obtained NiCo2O4 thin films were dark gray, finely crystalline, and had a 

spinel structure. The analysis data confirmed the composition of the Ni-Co film obtained from the 

X-ray diffraction pattern of the precipitate, which included Ni (a), Co (b), and O (c), and Figure 10a 

shows the microstructure of the Ni-Co film. 
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Figure 8. X-ray diffraction pattern of the Ni-Co thin film 

 
Energy, keV 

Figure 9. Elemental composition of the Ni-Co film 

 
Figure 10. SEM images of thin Ni-Co film (d) and the elements included in its composition: a: Ni, b: Co and c: O 
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All three samples, both unannealed and annealed under different conditions, were investigated 

for electrocatalytic activity in a neutral medium during the hydrogen evolution reaction (HER). The 

neutral medium was chosen for the preliminary studies because it is not aggressive, and neutral 

electrolytes allow the use of bifunctional catalysts, simplifying electrochemical systems and 

significantly reducing costs. In addition, seawater can be used directly as a neutral electrolyte [39]. 

Figure 11 shows the electrocatalytic activity curves for the HER reaction of all three samples. 

 
Figure 11. Cathodic polarization curves for HER reaction at thin Ni-Co films: 1: films annealed in an argon 

atmosphere; 2: films annealed in air and 3: films not annealed 

Based on the data in Figure 11, Tafel curves were constructed in the coordinates log I vs. V, and 

the catalytic activity of the electrodes was determined from their slope (tg α). 

It was found that the best catalytic activity was exhibited by the unannealed amorphous samples, 

with a Tafel slope of 118 mV dec-1, followed by the samples annealed in air, with a slope of 

175 mV dec-1, while the samples annealed in an argon atmosphere exhibited the lowest activity, 

with a Tafel slope of 210 mV dec-1. 

Conclusions 

The study established the optimal composition of the alkaline electrolyte, into which glycine was 

introduced as a chelating component for the co-deposition of nickel with cobalt. It was found that 

the process of co-deposition of nickel with cobalt is irreversible and is controlled by the diffusion of 

the depositing ions in the initial stage; however, as the process progresses, it becomes controlled 

by electrochemical polarization. This was confirmed by recording polarization curves at various 

cobalt concentrations in the electrolyte and rotation speeds of the disk electrode. The process itself 

exhibits an anomalous nature, as, contrary to expectations, the cobalt content in the deposits 

exceeds that of nickel. 

The thin Ni-Co films deposited under optimal conditions contained 37.25 % Ni, 51.43 % Co and 

11.32 % O2. An increase in the concentration of cobalt in the electrolyte accelerates the co-

deposition process and increases its content in the deposits, while the concentration of nickel has 

little effect on the co-deposition process. The composition of the deposited films was found to 

depend on the concentration of cobalt in the electrolyte, temperature, and current density. 

Electrocatalytic activity studies of the hydrogen evolution reaction showed that the best 

electrocatalytic properties were exhibited by the amorphous Ni-Co thin films with a Tafel slope of 

118 eV dec-1. 
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