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Due to the growing demand for advanced and new materials in many engineering applications, 

increasing research efforts have been directed toward surface engineering techniques aimed at 

imparting enhanced and tailored surface properties that differ from those of the bulk substrate [1-5]. 

Electroplating, which is an electrochemical deposition process, produces dense, uniform, and adherent 

metallic or alloy coatings on substrates through the application of electric current [6-10]. These 

coatings are widely used for decorative and protective purposes to enhance surface performance [11-

15]. Over the past five decades, Ni electroplating technology has seen significant development, 

enabling the efficient production of a wide range of industrial coatings for engineering applications 

[16-20].Ni coatings are known to improve fundamental physical and mechanical properties, including 

corrosion resistance, wear resistance, thermal stability, and chemical durability [21-25]. In many 

applications, these coatings provide a glossy and aesthetically appealing finish while simultaneously 

enhancing resistance to chemical attacks and other environmental degradation mechanisms. Ni-Cu 

coatings are widely used to enhance the durability and corrosion resistance of industrial components 

[26-30]. In multi-layer Ni-Cu systems, Ni acts as a protective underlayer for pipes, valves, pumps, and 

mechanical parts exposed to harsh environments, while Cu is often used as an intermediate layer to 

improve adhesion and provide additional corrosion protection [31-35]. These multi-layered coatings 

are particularly effective in oil and gas, marine, and chemical processing applications, where resistance 

to carbon dioxide, hydrogen sulfide, and saline conditions is critical [36-40]. Preparation for the ELP 

process involves thoroughly cleaning the surface intended for plating from organic materials such as: 

grease and oils, which can be removed using conventional solvents or by cleaning with alkaline 

substances or inorganic chemicals like oxides [41-45]. ELP offers many benefits due to its simplicity 

and ease of control, as well as being environmentally friendly and involving low material 

consumption, making it economically feasible in addition to providing surface protection [46-50]. The 

ELP mechanism involves three stages [51-55]. The first stage is the discharge of metal ions to form 

adsorbed atoms, which move toward the cathode under the influence of the applied voltage through 

convection and diffusion [56-60]. The second stage includes the transfer of electrons on the cathode 

surface to enter the diffusion and adsorption layer on the cathode surface [61]. The third stage, known 

as the incorporation stage, involves transferring these adsorbed atoms to the growth sites on the 

cathode to build the metallic lattice layer and controlling all of these variables can improve the coating 

process [62, 63]. The effect of plating process variables such as: current density, plating time, and 

composition of the electrolyte solution, and it observed that the best Ni deposition occurred at 0.5 V 

for 15 min in a bath, with a concentration of 4.18 mol/dm³, which improved the quality of the Ni ELP 

on low carbon steel [64]. The results indicated that optimizing these variables significantly enhances 

the thickness and surface uniformity while improving the mechanical properties, which in turn boosts 

corrosion resistance [13]. The process of electroplating copper onto low carbon steel using alkaline 

solutions [14] composed of citrates found that citric acid baths with a concentration of 0.1 mol/dm³ of 

copper sulfate CuSO4, and 0.5 mol/dm³, and with a pH ranging between 9 - 11, are optimal for 

obtaining a coherent and uniform copper layer, focusing on the composition of the solution and 

deposition conditions to achieve homogeneous and coherent layers. The experiment showed that 

citrate-based solutions produce a stable copper deposition while improving the shape and quality of the 

coating surface and thereby reducing hydrogen evolution compared to conventional acidic solutions 

[14]. Many researchers have been focusing on protecting low carbon steel, with conventional or 

nanocoating methods [15]; Kadhim et al. [16] have investigated the impact of zinc oxides 

nanoparticles (ZnONP) via pulse laser deposit PLD on pipeline steel Type A106 Grade B, the results 

show a good enhancement in corrosion protection for this pipeline steel. Abbas, et al studying the 
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effect of ZnONP coated on steel type 37 grade 2 (ST37-2) using PLD, this type of steel using in Oil 

storage applications the implanted PLD technique offer a good corrosion protection [17]. Low carbon 

steel coated, with Ni is studied by Salih et al.  Through stresses tests, weight loss measurements due to 

corrosion, and microstructure examination to evaluate performance in corrosive environments. Five 

sets of standard low carbon steel samples are prepared for fatigue tests, and then mechanical grinding 

is performed on all 45 samples. After that, ELP with Ni is carried out on 18 samples, and mechanical 

polishing is performed on the remaining 27 samples. The enhanced nickel coating resulted in an 

increase in fatigue life by about 30–50%, a reduction in corrosion rate by about 40%, and an 

improvement in surface hardness compared to the uncoated substrate [18]. Abdulhussein et al. [19] 

have fabricated a nano silica thin film SiO2 using sand as sources plated on carbon steel type A285 

grade C in order to reducing corrosion attacks this type of steel used on in petroleum storage tanks.in 

this work the properties of Ni-Cu multilayer ELP on a St. A106 - B substrate is studied. 
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