
 

www.dergipark.gov.tr 
ISSN:2148-3736 

 
El-Cezerî Journal of Science and Engineering 

Vol: 10, No: 3, 2023 (439-451) 
DOI : 10.31202/ecjse.1209730 

 

ECJSE 
 

 

      How to cite this article: 

S. Djemmah, Y. Madi, D. Allou, A. Haddad, A. Ziouche, “Effect of Cr Concentration on the Morphology and Corrosion Resistance of Ni-Cr Coatings Prepared by the Electrodeposition Process on 

25CrMo4,” El-Cezerî Journal of Science and Engineering, Vol.10, No. 3, 2023 pp. 439-451. 

ORCID: a0000-0002-4149-6730; b0000-0002-7665-9288; c0000-0002-7917-3283; d0000-0002-9836-5352; e0000-0003-3589-1213 

Research Paper   
 

Effects of Cr Concentration on the Morphology and Corrosion Resistance of  

 Ni-Cr Coatings Prepared by the Electrodeposition Process on 25CrMo4 Steel 
 

Sarra DJEMMAH1,2,a*, Youcef MADI1,b, Djilali ALLOU2,c, Ahmed HADDAD2d, Aicha ZIOUCHE2,e 

 
aMaterials Technology Laboratory, LTM, USTHB, PB 32, Bab Ezzouar Algiers Algeria  

bScientific Research Center in Industrial Technologies, CRTI, PB 64, Cheraga, Algiers, Algeria. 

sdjemmah@usthb.dz    

 

 

Received: 24.11.2022   Accepted: 14.07.2023 

Abstract: In the current study, Ni-Cr coatings with a various Cr concentration of 0.1 wt.% Cr, 0.2 wt.% Cr, 0.3 

wt.% Cr and 0.4 wt.% Cr were performed on the 25CrMo4 low steel, using the electrodeposition process. The 

deposition of the Ni-Cr coatings was carried out at temperature of 30°C, direct current density of 2 A.dm-2 for 

40 min, and a bath containing a Cr2(SO4)3 as source of chromium ions, Cr+. However, the effects of the Cr 

concentration on the morphology and the quality of the film were investigated. SEM, EDS and XRD analysis 

were used to characterize the Ni-Cr coatings. The SEM morphology analysis exhibited that the Ni-Cr with 0.2% 

Cr showed the lowest network of cracks and porosity with uniform and compact structure. The corrosion resist-

ance of the Ni-Cr coatings has been investigated in 3.5 wt.% NaCl aqueous solution, using polarization curves 

and electrochemical impedance spectroscopy. According to the results, it was found that the variation of Cr 

con-tent in the Ni-Cr coating greatly affected the microstructure and the corrosion resistance of the coating. 

More-over, the coating developed with 0.2 wt.% of chromium (Cr) can give excellent results as to quality, 

morphology, and corrosion resistance in 3.5 wt.% NaCl environment. The results of polarization showed that 

0.2 wt.% Cr layer had the more important resistance with an Ecorr of 0.488 mV, Icorr of -418 µm.cm-2 and Rp of 

84 kΩ.cm-2. Therefore, EDX analysis confirmed that Chromium (Cr) oxides were formed, which contribute to 

its resistance. 
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1. Introduction 

 

Many studies were investigated to improve the properties of low steels and to enhance their surface 

characteristics by several techniques. Among these techniques, we can mention the electrodeposition 

process. Thus, this surface treatments allow to the surface treated to resist to the corrosion and wear. 

Current industries are interested in the chromium (Cr) and nickel (Ni) Coatings by the electrode-

position process.  However, the development of the electrodeposition gave not only a coating such as 

Chromium, Nickel and zinc deposits but also binary coatings like Chromium-Nickel (Cr-Ni) forming 

an alloy on the substrate surface [1,2]. 

 

Usually, the surface coated with only chromium (Cr), showed some defects such as microcracks and 

porosity [3,4]. Consequently, these defects can affect the microstructure of the coatings and its pro-

perties [5,6]. Therefore, studies by E O Cobo et al. revealed in salt solution the microcraks allowed 

the penetration of this solution until the substrate where, the coating did not resist and gave a similar 

electrochemical behavior as the uncoated substrate [1]. The electrodeposition of Cr alloys can 

improve the properties of the Chromium (Cr) Coating, using iron family metals such as Fe, Co and 

Ni [7-9]. In addition, the nickel is applied in the Cr-Ni to resist to acids and to hot oxidation [10]. 

Extensive research into the deposit of chromium (Cr) was carried out. For instance, Edigaryan et al. 

[11], they investigated the effect of current density and concentration of the electrolyte (containing 

chromium trivalent sulfate Cr2(SO4)3) components on the composition of the deposit alloys. It has 
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been reported that Cr content decreased as the current density increased, increasing concentration of 

Ni ions in the electrolyte. Besides, Survilienne et al. [12], they have deposited Ni-Cr from a bath 

containing oxalate and chromium trivalent sulfate Cr2(SO4)3. They have examined the Ni-Cr surface 

using XPS to identify the chemical composition of the coatings. He et al. [13], they have reported that 

the addition of various concentrations of Ni to the Cr baths, revealed different results caused by the 

Ni ions. However, The Ni ions in too low concentration of Ni play the part of a catalytic on the 

deposition of Cr, where high concentrations of Ni allow the depositing of the Ni ions, more than Cr 

ions. In the other hand, the chromium ions (III) show usually, a complex nature of chemistry in 

aqueous solution which prevents its deposition on the surface of the Ni-Cr coating [14,15]. To ensure 

the quality of the Ni-Cr film electroplated, it is important to choose a suitable solution, current density, 

and parameters for the Ni-Cr deposition process [15,16]. 

 

In the other hand, the most crucial factor that may affect and reduce the efficiency and performances 

of the Ni-Cr electroplated is the corrosion. To avoid corrosion from occurring on the surface of the 

materials and without destroying the Ni-Cr layer, an appropriate study of the bath parameters must 

be applied for the Ni-Cr electrodeposition process. However, it was demonstrated in study by 

Sheibani et al. [17,18], that the electrodeposited Ni-Cr coatings at various Chromium (Cr) concent-

rations of 20.7 Cr, 39.8 % Cr and 50 % Cr revealed a different corrosion resistance where the coating 

with 38.9 Cr content showed the high resistance corrosion. They related this behavior to the formation 

of an equilibrium Cr phase structure and a dense network of microcracks. 

 

Several research have been investigated on the Ni-Cr coatings by the electrodeposition process, but 

limited studies on the variation of the chromium (Cr) concentration in the solution of Ni-Cr coating 

and its effect on the morphology and the corrosion resistance. Hence, the intent of this study is to 

investigate the effect of the chromium (Cr) concentration on the Ni-Cr electroplated layer from a bath 

containing chromium trivalent sulfate (Cr2(SO4)3) as source of Cr ions. As a result, this study 

examines the effect of the Chromium (Cr) concentration on the morphology and quality of the Ni-Cr 

electroplated surface. As part of this study, the Ni-Cr layers electroplated on the 25CrMo4 substrates 

were investigated for corrosion resistance and stability in 3.5 wt.% NaCl environment to demonstrate 

the performance and the resistance of these coatings. Further, to optimize their parame-ters for 

industrial applications in a natural environment. The results of this study can be used to explain the 

relationship between the chromium (Cr) content, morphology, and corrosion resistance of Ni-Cr 

coatings. 
 

2. Experimental Methods 

 

The low steel 25CrMo4 substrate was used in this study with 10 x 20 x 5 mm3 dimensions. All the 

substrates were grounded with SiC abrasive paper until 1000 grit size, then they were cleaned 

ultrasonically for 10 min in 99 vol. % acetone solution. After being cleaned in acetone, they were 

cleaned by distilled water and dried. Afterwards, begin the electrodeposition process by immersion 

the 25CrMo4 surface in a bath containing nickel chloride (NiCl2. 6H2O), nickel sulfate (NiSO4. 

6H2O), boric acid (H3BO3), tri-sodium citrate (Na3C6H5O7. H2O) and chromium trivalent sulfate 

(Cr2(SO4)3). Therefore, the electrodeposition was carried out with a various Chrome (Cr) 

concentration, using Cr2(SO4)3 as a main source of chromium ions. Chromium (Cr) concentrations 

were varied by 0.1 wt.% Cr, 0.2 wt.% Cr, 0.3 wt.% Cr and 0.4 wt.% Cr, whereas all the other elements 

concentrations remained the same. Furthermore, a Ni-Cr layer was electrodeposited on the surface at 

2 A.dm-2 direct current density and 30 ± 1 ◦C temperature, maintaining the bath at pH of 4. 

 

The pH value and the Temperature have been used in accordance with research in the literature. On 

the other hand, the value of the current density and the potential were set using the cyclic voltammetry 

(CV). In order to determine the solution potential values, the 25CrMo4 substrate was immersed in 

the appropriate electrolyte and scanned over the Potential range of -1 V to -1 V and scan rate of 0.05 
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V.S-1, by using a Potensiostat type Parstat 3000A-DX where a current density (A) has been taken into 

account when measuring the Potential E (V). 

 

Table 1 represents the composition and the molarity of the Ni-Cr solution with the various Cr 

concentrations. The surface morphology and the elemental distribution of the Ni-Cr layer were 

characterized by scanning electron microscope (Gemini SEM 300), using the EDS system under an 

acceleration voltage of 20 kV. In other hand, the composition of the phases formed was identified by 

x-ray diffraction (XDR), using Cu−kα and 2 theta. Electrochemical corrosion tests were performed 

on all coatings at various Cr concentrations, where the potensiodynamic polarization was carried out 

in an aerated 3.5 wt.% NaCl aqueous solution at 25°C and at a scan rate of 1 mV/s. In addition, an 

Ag/AgCl electrode was used as a reference electrode to maintain a stable potential during 

electrochemical measurements. After polarization in 3.5 wt.% NaCl, the surface composition of the 

coatings was analyzed by performing EDX measurements in order to provide a detailed understanding 

of the elemental distribution resulting from the corrosion process. 

 

Table 1. Bath Composition of the Ni-Cr coating at various Cr concentrations. 

 

 

 

  

 

 

3. Results and Discussion 

 

3.1.  Comparison of Surface Morphology  

 

Figure 2 shows the SEM images for the Ni-Cr at various Cr concentrations. As observed, all the Ni-

Cr coatings revealed a dark grey morphology; except the Ni-Cr 0.2 wt.% Cr coating (Figure 2c), is 

darker in color. As a result, coatings with Cr concentrations of 0.1 wt.% Cr and 0.3 wt.% Cr presented 

a uniform and slightly lighter morphology, and almost the same grain size distribution (wide grains), 

what is the opposite with the 0.4 wt.% Cr coating, which represents an irregular morphology (Figure 

2g), and it is due to the nucleation mechanism. However, a severe network of cracks on these Coatings 

was observed. Hence, the cracks damaged the layer by breaking the continuous structure of the layer 

deposited and formed voids (Figure 2e and f), which deteriorates the layer. The Cracked morphology 

can be related to the low dissolved of Ni2+ ions, which promotes the deposition of the Cr ions [19]. 

In the other hand, it can be caused by the internal stress of the coating developed on the surface [4,20]. 

Comparing these results with those obtained in 0.2 wt.% Cr concentration (Figure 2c), it was found 

that the coatings present a regular, slightly darker morphology and a narrow grain size. Thus, it was 

seen that the Ni-Cr coatings with 0.2 wt.% Cr, revealed an extremely low cracked zone and it is quite 

evident that the coating with 0.2M chromium content does not reveal any porosity, precipitation, or 

segregation on the film.  

 

Component  Concentration (M) 

       Bath 1       Bath 2      Bath 3     Bath 4  

Cr2(SO4)3  0.1 0.2 0.3 0.4 

NiCl2 .6 H2O  0.1 0.1 0.1 0.1 

NiSO4 .6 H2O  0.4 0.4 0.4 0.4 

H3BO3  0.3 0.3 0.3 0.3 

Na3C6HO7 · H2O  0.1 0.1 0.1 0.1 
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The significantly low cracked zone can be explained by the process of the electrodeposition where 

the gas does not generate a high internal stress in the Ni-Cr coating [6,17,20]. As well as for 

decomposition Cr hydride during the Ni-Cr electroplating process [21]. 

 

The thicknesses of the Ni-Cr coatings were measured with the optical microscopy by taking 3 

measurements for each coating and were confirmed with a contact-profilometer by using a diamond 

stylus which it moves vertically and laterally in contact with the surface’s coating to measure the 

thickness. However, a thickness that varies between 40 and 50 nm has been observed and calculated 

for the coatings with the different concentrations. 

 

3.2.   Comparison of XRD Results 

 

Figure 1 represents the XRD Pattern of the electrodeposited Ni-Cr coatings. Well also, a result of 

XRD pattern of Ni coating has been added to the superposition to understand and identify the phases. 

The results showed various diffraction peaks at 2 θ = 44.83, 52.07, 65.095, 76.62, 82.421, 98.96 and 

116.24, which the peaks having miller indices (111), (110), (200), (220) (211), (311), (310). The XRD 

analysis indicates that the coatings at various Cr concentrations contained a few phases, where a 

single fcc Nickel phases was observed. Furthermore, Ni phase has a crystalline structure [22-24], 

which has been demonstrated by Ohgai et al. [25], as well as Demir et al. [26]. The micro-hardness, 

wear and corrosion resistance of the Ni-Cr layer can also be improved by this crystalline structure 

[27]. 

 

All diffractograms present an intense X-ray peak around 2θ of 44.83° is assigned to (110), indicating 

that the coatings were successfully obtained with all Cr concentrations used hence correspond to Cr 

and Ni. Thus, extra peaks were also observed and were indexed to fcc Ni and bcc Cr, indicating an 

amorphous structure of the coatings and the existence of a chromium-in-nickel solid solution. When 

compared to the pure Ni coating, the diffraction peak (200) decreases in intensity, while the peak 

(111) increases. Peak intensities increase as Cr concentrations increase and Ni decreases intensity for 

all the Ni-Cr Coatings. As compared to other, the Ni-Cr coating with 0.2 wt.% chromium 

concentration showed a significant decrease in peak intensities due to its compact structure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The superposition of XRD Patterns of: a) 25CrMo4 Substrate, b) Ni Pure, c) 0.1 wt.% Cr, 

d) 0.2 wt.% Cr, e) 0.3 wt.% Cr, f) 0.4 wt.% Cr. 
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Figure 2. Surface Morphology of electrodeposited Ni-Cr at various Cr concentrations a-b) 0.1 

wt.% Cr; c-d) 0.2 wt.% Cr; e-f) 0.3 wt.% Cr; g-h) 0.4 wt.% Cr. 
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3.3.   Electrochemical Corrosions Analysis  

 

The Figure 3 illustrates the electrochemical behavior of Cr-Ni coatings in 3.5 % NaCl aqueuse solu-

tion, at room temperature, a scan range from -1 to 0.1 V and a scan rate of 1mV/s. It appears that all 

curves at the interface (Figure 3A) of the potentials studied showed the same appearance. Although, 

it is readily apparent that the anodic current densities increase, and it has a tendency to stabilize. 

However, this stability indicates the formation of a corrosion layer, and corrosion products on the 

surface of the Ni-Cr coatings. As the Cr content in the Ni-Cr coating increases, the corrosion potential 

(Ecorr) increases as well, and towards more negative values. In addition to that, the corrosion potential 

(Ecorr) increases with increasing of Cr content except for 0.2 wt.% Cr coating. The results are shown 

in Table 2. 

 

Table 2. Corrosion potential (Ecorr), corrosion current density (Icorr), and the polarization resistance 

(Rp) measured in 3.5 wt-.% electrolytes. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 3. (A) potentiodynamic polarization curves obtained for various coatings in 3, 5 wt.% NaCl 

solution. (B) impedance curves of the Ni-Cr coatings. 

      
Through the superposition of the curves (Figure 3a) and in agreement with the data represented in 

Table 3, it is evident that the coating with 0.3 wt.% Cr shows the most vulnerable structure at 3,5% 

NaCl environment (Polarization resistance Rp of 32 KΩ.cm-2. It is due to the progressive 

accumulation of corrosion products; hence chlorine anions leak out of the pores and aggressively 

attack the Ni-Cr coating. Then it can reach the substrate's surface. On the other hand, the most 

adequate one corresponds to the energy of 0.2 wt.% Cr coating with a Polarization resistance (Rp) 

value of 84 KΩ.cm-2. 

 

 

 0.1 %Cr 0.2 %Cr 0.3 %Cr 0.4 %Cr 

Icorr (μA.cm-2 ) -399 -417 -386 -410 

Ecorr (mV) 0.872 0.488 0.938 0.544 

Corrosion rate (mm/yr) 0.94 0.483 1.011 0.585 
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Figure 4. Electrochemical impedance spectroscopy data of the Ni-Cr coatings: (a) corrosion rate, 

(b) corrosion current density, (c) open circuit potential (OCP). 

 
Electrochemical impedance spectroscopy of the coatings with a various Cr concentration in 3.5% 

NaCl solution is shown in Figure 3b. The frequency range used is between 100 kHz and 0.01 Hz, 

using peak-to-peak signal amplitude of 10 mV. The results revealed the same chemical process for 

all coatings with different Cr content, forming a loop and namely the active dissolution of the metal 

hence the diameter of this loop is proportional to the transfer resistance of the coating in the 3.5 wt.% 

NaCl solution. 

 

Table 3. Electrochemical impedance spectroscopy measurements. 

 

 

 

 

 

 

 

The corrosion current density (Icorr), the corrosion rate and open circuit potential (OCP) were 

evaluated and represented. The results are shown in Figure 4. Among the comparison of the results 

(Figure 4), it appears that the corrosion resistance increase for the coating with 0.2 wt.% Cr. Whereas 

the coating with 0.3 wt.% shows the low resistance in the 3.5% NaCl , probably it is related to the 

presence of stress relief on the layer deposited and the hydrogen in the Cr content which leads to 

achieve a high corrosion current density and then a low corrosion resistance in the 3.5 wt.% NaCl 

aqueous solution [17], confirmed that the 0.3 wt.% Cr coating was unable to provide an excellent 

protection to the substrate in this corrosive environment.  

 

Figures 5 and 6 show the Scanning electron microscope (SEM) micrographs and the elemental 

analysis (EDX) of the Ni-Cr coatings after the corrosion tests in 3.5% NaCl environment. It is 

observed that the 0.1 wt.% Cr and 0.3 wt.% Cr concentrations revealed a severe layer degradation 

and intergranular attack, forming path corrosion, cracks, and fracture (Figure 5A-(a), 5A-(b) and 6A). 

The 0.1 wt.% Cr content showed a pull-of the Ni-Cr layer which exposes the 25CrMo4 surface to 

corrosion, and then accelerates the loss of the material (Figure 5A) and this is most probably due to 

Energie (%)  0.1 %Cr 0.2 %Cr 0.3 %Cr 0.4 %Cr 

Rs (Ω) 2.62 5.41 2.11 2.62 

Rp ( KΩ.cm-2 ) 34 84 32 81 

C (µF) 1.50 1.02 1.58 1.53 
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the cracks exist in the coatings before the corrosion tests and for the heterogonous microstructure of 

the coating [21]. 

 

Corrosion products were mostly shaped as lepidocrocite grey and brighter in color, either evenly 

distributed across the surface as seen in Figures 6B (a, b). Therefore, some forms were shaped as 

goethite as seen in Figure 5A-(a). The different morphologies observed after the corrosion tests are 

caused by the different behavior of the surface towards the corrosive environment. 

 

The EDX spectrum shown in Figures 5 and 6 represent the distribution of the elements on the surface 

of the Ni-Cr after polarization in 3.5 wt.% NaCl solution. Energy dispersive X-ray spectroscopy 

(EDX) was conducted in duplicate (two different areas: spot 1 and spot 2) on each coating to analyze 

the elements after corrosion and identify the distribution of the formed oxides. 

 

 

Figure 5. SEM morphologies (a-b) and EDX compositional analysis (c-d) of Ni-Cr coatings after 

polarization in 3.5 wt% NaCl solution: (A) Ni-0.1 wt.% Cr; Ni-0.2 wt.% Cr. 

 

 

(A) 

(B) 



 S. Djemmah, Y. Madi, D.  Allou, A. Haddad, A. Ziouche  ECJSE 2023 (3) 439-451 

 

447 

The entire EDX spectrums revealed the presence of Oxygen (O), chromium (Cr), nickel (Ni) and iron 

(Fe). However, the 0.3 wt.% Cr (Figure 6A-(c, d)) surface indicates a higher iron (Fe) content of 

about 53.60 wt.% and 65.11 wt.%, while the deposit with 0.2 wt.% Cr showed only negligible traces 

of iron (Fe) (Figure 5B-(c, d)).  

  

 

 
Figure 6. SEM morphologies (a-b) and EDX compositional analysis (c-d) of Ni-Cr coatings after 

polarization in 3.5 wt% NaCl solution: (A) Ni-0.3 wt.% Cr; Ni-0.4 wt.% Cr. 

 

Furthermore, the observations suggest that the oxides formed on the surface coatings with 0.1 wt.% 

Cr and 0.3 wt.% Cr were iron oxides, nickel oxides and Chromium oxides as important oxygen 

content was identified. The oxygen (O) reacts with the alloy matrix and formed iron oxide layers. 

Moreover, the SEM images (Figure 5A and Figure 6A) were confirmed the presence of cracking and 

material removal of the deposit, indicating that iron (Fe) may be immigrated from the substrate and 

interacted with oxygen (O) to result in iron oxide formation, which eventually led to degradation and 

spallation of the surface. Iron (Fe) oxide is considered as a non-protective oxide [28], and represented 

a chromium (Cr) depleted areas [29]. In accordance with the impedance and potentiodynamic 

polarization curves (Figure 4), this coating of 0.3 % Cr showed the greatest corrosion potential. 

(A) 

(B) 
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Chromium and nickel oxides formed, and it was confirmed by the chromium (Cr) and nickel (Ni) 

peaks identified by EDX analysis, where their formation was limited by iron oxide nucleation and 

growth, which excluded them. 

 

On the other hand, it is found that the 0.4 wt.% Cr coating exhibited similar trends to those of 0.1 

wt.% Cr and 0.3 wt.% Cr coating with a lower iron (Fe) content. It has been revealed that the 

formation of iron oxide is reduced in this surface, due to the presence of signification chromium peaks 

(Figure 6B) of about 20.11 wt.% and 28.01 wt.% , respectively. Moreover, Nickel oxide (NiO, 

NiCr3O4) is formed, where nickel has a better corrosion resistance to iron oxide (Fe2O3) [30]. Thus, 

it is well known that chromium enhances corrosion resistance through the formation of the chromium 

oxide (Cr2O3) [21]. 

 

The results of EDX analysis revealed the presence of both nickel (Ni) and chromium (Cr) content 

with important peaks of Chromium (Cr) (Figure 5B-(c, d)). The passive film formed on the surface 

of the 0.2 wt.% Cr was primarily composed of Chromium oxides and hydroxides, as opposed to nickel 

oxides and hydroxide and it is consistent with the previous results conducted by Zhang et al. [31]. 

According to Mahesh et al. [32] and HJ Zhang et al. [33], the Cr oxides such as Cr2O3 and oxides of 

Nickel like NiO and NiCr3O4 can be considered as protective and benefited oxides. 

 

Further, the presence of the chromium (Cr) with an important content after polarization can play a 

crucial role in the formation and stabilization of the passive film (Cr2O3), leading to enhanced 

corrosion resistance in 0.2 wt.% Cr surface and reducing the rate of corrosion [21,34], where nickel 

(Ni) can attribute in the thickness of the surface oxide layer [35]. On the other hand, the good 

resistance of the 0.2 wt.% Cr coating to 3.5 wt.% NaCl may be explained by the excellent adhesion 

of the Ni-Cr layer towards the surface electroplated [33]. Corrosion is well known to be related to 

adherence [36]. 

4. Conclusions 

Ni-Cr coating can be obtained from a bath containing 0. 1 wt.%, 0.2 wt.%, 0.3 wt.% or 0.4 wt.% of 

Chromium (Cr) concentration using a Cr2(SO4)3 as a source of Cr ions, with the aid of either H3BO3, 

NiSO4, Na3C6HO7 and NiCl2. Moreover, the coating with 0.2 wt.% Cr can give best results in terms 

of quality, adhesion, and corrosion resistance. Thus, a very low level of cracks and porosity were 

observed for this Ni-Cr layer with SEM analysis. An increase of Cr contents in the Ni-Cr layer 

deposited tends to lower Ni content of the coating, causing the deposition of Cr ions hence, the 

apparition of the cracks from the release of hydrogen during the electrodeposition. 

 

The XRD confirmed the amorphous morphology and showed the presence of the Ni and Cr single 

phase peaks for all the coatings. Therefore, it has been shown that Changes in Cr concentration 

resulted in changes in the preferential intensity of the peak of the matrix. 

 

Throughout the results, it was found that chromium (Cr) content variation affected Ni-Cr layer 

morphology and quality during the deposition process. Moreover, the corrosion resistance in NaCl 

environment can also be affected by Cr content, where it has been shown by the SEM images that the 

0.3 wt.% coating had cracked and significant corrosion. In addition, EDX analysis confirmed the 

presence of oxides, where the coating with 0.3 w.t% Cr revealed a non-protective oxide of iron, 

whereas coating with 0.2% Cr content revealed protective oxides rich in Cr-Ni. In the coatings of 0,1 

wt.% Cr and 0,4 wt.% Cr, iron oxide and chromium oxide were detected, but not in amounts greater 

than 0.3 wt.% Cr coating. However, 0.3 wt.% Cr is unable to tolerate the corrosion in 3.5 wt-.% NaCl 
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and this is in opposition to the coatings with 0.2 wt.% Cr. Thus, it is particularly important to control 

the Cr content in the Ni-Cr to get excellent results in term of morphology and corrosion resistance. 

 

Acknowledgments 

 

This work was supported by the Corrosion, Protection and Durability of Materials Division, Research 

center in Industrial Technologies (CRTI), Algiers, Algeria. 

  

Authors’ Contributions 

 

This paper presents research that was conceptualized by SD. The methodology was suggested by SD, 

DA, YM, AH, and ZA. The manuscript was prepared by SD, YM, DA, AH.  The results were 

interpreted by SD, YM, DA, AH, and ZA. All the authors read and approved the final manuscript.  

 

Competing Interests 

 

The authors declare that they have no competing interests. 

 

References 

 

[1]. M. S. Marwah, V. Srinivas, A. K. Pandey, S. R. Kumar, K. Biswas, and J. Maity, 

“Morphological Changes During Annealing of Electrodeposited Ni-Cr Coating on Steel and 

Their Effect on Corrosion in 3% of NaCl Solution,” Journal of Iron and Steel Research, vol. 

18, no. 3, pp. 72-78, 2011. 

[2]. M. Aliofkhazraei, F. C. Walsh, G. Zangari, H. Koçkar, M. Alper, C. Rizal, L. Magagnin, V. 

Protsenko, R. Arunachalam, and A. Rezvanian, “Development of Electrodeposited Multilayer 

Coatings: A Review of Fabrication, Microstructure, Properties and Applications,” Applied 

Surface Science Advances, vol. 6, pp. 100141, 2021. 

[3]. S. Wang, C. Ma, and F. C. Walsh, “Alternative Tribological Coatings to Electrodeposited Hard 

Chromium: A Critical Review,” Transactions of the IMF, vol. 98, no. 4, pp. 173-185, 2020.  

[4]. A. Almotairi, A. Warkentin, and F. Zoheir, “Mechanical Damage of Hard Chromium Coatings 

on 416 Stainless Steel,” Engineering Failure Analysis, vol. 66, pp. 130-140, 2016.  

[5]. H. Adelkhani, and M. R. Arshadi, “Properties of Fe–Ni–Cr Alloy Coatings by Using Direct and 

Pulse Current Electrodeposition,” Journal of Alloys and Compounds, vol. 476, pp. 234-237, 

2009.  

[6]. J. Jiang, X. Ma, and B. Wang, “Positive or Negative Role of Preoxidation in the Crack Arresting 

of Cr Coating for Accident Tolerant Fuel Cladding,” Corrosion Science, vol. 193, pp. 109870, 

2021.  

[7]. Y. I. Choi, T. Eguchi, T. Asao, K. Kuroda, and M. Okido, “Mechanism for the Formation of 

Black Cr-Co Electrodeposits from Cr3+ Solution Containing Oxalic Acid,” Journal of the 

Electrochemical Society, vol. 161, no. 14, pp. 713-718, 2014.  

[8]. R. Giovanardi, and G. Orlando, “Chromium Electrodeposition From Cr (III) Aqueous 

Solutions,” Surface and Coatings Technology, vol. 205, no. 15, pp. 3947-3955, 2011.  

[9]. S. Mahdavi, and S. R. Allahkaram, “Composition, Characteristics and Tribological Behavior 

of Cr, Co–Cr and Co–Cr/Tio2 Nano-composite Coatings Electrodeposited from Trivalent 

Chromium Based Baths,” Journal of Alloys and Compounds, vol. 635, pp. 150-157, 2015.  

[10]. V. Medeliene, and E. Matulionis, “Morphology and Corrosion Properties of Electroplated Ni–

Cr Alloy Coatings in Salt Solutions,” Protection of metals, vol. 38, pp. 238-242, 2002. 

[11]. A. A. Edigaryan, G. E. Goryunov, E. N. Lubnin, and Y. M. Polukarov, “Distribution of 

Components of Binary Nickel-Chromium Alloys Electrodeposited from Sulfate-Oxalate 

Solutions,” Russian Journal of Electrochemistry, vol. 40, pp. 1266-1271, 2004. 

https://www.crti.dz/division.php?div=6
https://www.crti.dz/division.php?div=6


ECJSE2023 (3) 439-451 Effects of Cr Concentration on the Morphology...  

  

450 

[12]. S. Surviliene, A. Cesuniene, V. Jasulaitiene, and I. Jureviciute, “The Use of XPS for Study of 

the Surface Layers of CrNi Alloys Electrodeposited from the Cr (III) + Ni (II) bath,”  Applied 

surface science, vol. 258, no. 24, pp. 9902-9906, 2012. 

[13]. X. Z. He, X. L. Zhou, and X. W. Zhang, “Effect of Ni2+ on Chromium Electrodeposition in Cr 

(III) Plating Bath,” Advanced Materials Research, vol. 150, pp. 1555-1559, 2011.  

[14]. F. Wang, and T. Watanabe, “Preparation and Characterization of the Electrodeposited Fe–Cr 

Alloy Film,” Materials Science and Engineering: A, vol. 349, no. 1-2, pp. 183-190, 2003.  

[15]. B. Li, A. Lin, and F. Gan, “Preparation and Characterization of Cr–P Coatings by 

Electrodeposition from Trivalent Chromium Electrolytes Using Malonic Acid as Complex,” 

Surface and Coatings Technology, vol. 201, no. 6, pp. 2578-2586, 2006.  

[16]. V. Eyupoglu, and R. A. Kumbasar, “Extraction of Ni (II) from Spent Cr–Ni Electroplating Bath 

Solutions Using LIX 63 and 2 BDA as Carriers by Emulsion Liquid Membrane Technique,” 

Journal of Industrial and Engineering Chemistry, vol. 21, pp. 303-310, 2015.  

[17]. A. S. Aghdam, S. R. Allahkaram, and S. Mahdavi, “Corrosion and Tribological Behavior of 

Ni–Cr Alloy Coatings Electrodeposited on Low Carbon Steel in Cr (III)–Ni (II) Bath,” Surface 

and Coatings Technology, vol. 281, pp. 144-149, 2015. 

[18]. L. Xu, Z. Gong, J. Tang, Q. He, N. He, and J. Du, “Ni-Cr Alloy Electrodepositing Technology 

on Fe Substrate and Coating Performance,” Journal of Central South University of Technology, 

vol. 14, no. 2, pp. 181-185, 2007. 

[19]. C. N. Tharamani, F. S. Hoor, N. S. Begum, and S. M. Mayanna, “Electrodeposition and Chara-

cterization of Ni–Cr Alloy Coating,” Journal of the Electrochemical Society, vol. 153, no. 3, 

pp. C164, 2006.  

[20]. E. Aidaoui, H. Bentemam, O. Belahssen, and T. E. H. Guettaf, “Morphological Structu-ral, 

Microhardness and Electrochemical Characterizations of Electrodeposited Cr and Ni-W 

Coatings,” Acta Metallurgica Slovaca, vol. 24, no. 3, pp. 234-240, 2018.  

[21]. H. N. Firouzi, F. Nasirpouri, and E. Moslehifard, “Pulse Electrodeposition and Corrosion 

Properties of Nanocrystalline Nickel-Chromium Alloy Coatings on Copper Substrate,” Journal 

of Alloys and Compounds, vol. 822, pp. 153712, 2020. 

[22]. S. Shen, H. Li, C. Wang, Y. Liang, N. Feng, N. Zhang, and L. Yang, “Mechanical and Properties 

and Strengthening Mechanism of Ni/Al Nanolaminates: Role of Dislocation Strengthening and 

Constraint in Soft Layers,” Materials & Design, vol. 226, pp.111632, 2023. 

[23]. R. Özdemir, and C. A. Korkmaz, “Investigation of Structural and Magnetic Properties of Co, 

Ni and CoNi Alloy Thin Films by Fabricated with Electrodeposition,” El-Cezerî Journal of 

Science and Engineering, vol. 9, no. 3, pp. 1122-1135, 2022. 

[24]. P. Sivasakthi, S. Premlatha, G. R. Bapu, and M. Chandrasekaran, “Pulse Electrode-posited Ni-

CeO2GD Doped Nanocomposite on Copper Foam As an Electrocatalysts for Hydrogen 

Evolution Reaction,” International Journal of Hydrogen Energy, vol. 42, no. 8, pp. 4741-4750, 

2017.   

[25]. T. Ohgai, Y. Tanaka, and T. Fujimaru, “Soft magnetic Properties of Ni–Cr and Co–Cr Alloy 

Thin Films Electrodeposited From Aqueous Solutions Containing Trivalent Chromium Ions 

and Glycine,” Journal of Applied Electrochemistry, vol. 42, no. 10, pp. 893-899, 2012. 

[26]. M. Demir, E. Kanca, and I. H. Karahan, “Characterization of Electrodeposited Ni-Cr/h-BN 

Composite Coatings,” Journal of Alloys and Compounds, vol. 844, pp. 155511, 2020. 

[27]. M. Masoudi, M. Hashim, H. M. Kamari, and M. S. Salit, “Fabrication and Characterization of 

Ni–SiC–Cr Nanocomposite Coatings,” Applied Nanoscience, vol. 3, pp. 357-362, 2013. 

[28]. S. S. Chatha, H. S. Sidhu, and B. S. Sidhu, “The Effects of Post-Treatment on the Hot Corrosion 

Behavior of the HVOF-Sprayed Cr3C2–NiCr Coating,” Surface and Coating Technology, vol. 

206, no. 19-20, pp. 4212-4224, 2012. 

[29]. R. Jafari, and E. Sadeghi, “High-Temperature corrosion Performance of HVAF-Sprayed NiCr, 

NiAl, and NiCrAly Coatings with Alkali Sulfate/Chloride Exposed to Ambient Air,” Corrosion 

Science, vol. 160, pp. 108066, 2019. 

https://www.researchgate.net/scientific-contributions/A-Cesuniene-82383992?_sg%5B0%5D=SUMvTmFAKmHF_ejKwmrbg37JfUzM4lDxnLVI-n6DT_vkj9ohtWBudmQy9Gpy6lJt4Q0ExGw.xNxWn-X_gjrjTnZzETnDiJicH2mnutXyqKSgnT7pcucJbXPMewUbDkydL2jHyoW6WDhAxXVqZx-iRelS7fKrxQ&_sg%5B1%5D=KTDAdm-nzlT3611SnGXX3M4tnMQZt1j6Q6E1CMV1ZC1j9CbqGb6GL71SleujBLX6V2BRBTQ.FKR3068o9OoTCDUphMAeqlYZQYIPQPAH2aVCxtGzIAF6MQvzQSNGis7-Qh4B6iOXlJtHagHd78b5QEXLEQqsMg


 S. Djemmah, Y. Madi, D.  Allou, A. Haddad, A. Ziouche  ECJSE 2023 (3) 439-451 

 

451 

[30]. S. Akin, and E. Akmam, “Investigation of the Potential of Economical Fe-Ni Alloys Produced 

by Ball Milling as Counter Electrode in Dye-Sensitized Solar Cells,” El-Cezerî Journal of 

Science and Engineering, vol. 9, no. 1, pp. 24-34, 2022. 

[31]. Y. Zhang, M. Li, and X. Peng, “Corrosion Behavior of Ni-Cr Behavior of Ni-Cr Alloys in 3.5% 

NaCl Solution,” Journal of Shenyang University of Technology, vol. 31, pp. 512-515, 2009. 

[32]. R. A. Mahesh, R. Jayaganthan, and S. Prakash, “A study on Hot Corrosion Behavior of Ni-5Al 

Coatings on Ni-and Fe-Based Superalloys in an Aggressive Environment at 900°C,” Journal of 

Alloys and Compounds, vol. 460, no. 1-2, pp. 220-231, 2008. 

[33]. H. J. Zhang, and J. Sun, “Oxidation and Hot Corrosion of Electrodeposited Ni–7Cr–4Al Nano-

Composite,” Transactions of Nonferrous Metals Society of China, vol. 25, no. 1, pp. 191–198, 

2015. 

[34]. K. M. Doleker, and A. C. Karaoglanli, “Influence of Cyclic and Isothermal Hot Corrosion on a 

Nickel Based Superalloy,” El-Cezerî Journal of Science and Engineering, vol. 7, no. 2, pp. 763-

772, 2020. 

[35]. J. Qui, W. Q. Yu, F. Q. Zhang, R. J. Smales, Y. L. Zhang, and C. Lui, “Corrosion Behaviour 

and Surface Analysis of Co-Cr and Two Ni-Cr Dental Alloys Before and After Simulated 

Porcelain Firing,” European Journal of Oral Science, vol. 119, no. 1, pp. 93-101, 2011.  

[36]. O. T. Uygunoğlu, İ. Güneş,  A. G. Çelik, and  E. Çınar, “Microstructural Characterization and 

Corrosion-Resistance of Borided Rebar,” El-Cezerî Journal of Science and Engineering, vol. 

8, no. 3, pp. 1135-1148, 2021.  

 
 

 


