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Abstract 

Recently the coating is being major field of interest due to their excellent surface properties. The present work deals 

with the configuration of Ni/Al2O3 composite coating by electro deposition. Here, investigation on the mechanical properties 

such as Micro hardness and thickness of coating is carried on. The influence of the coating parameters on the mechanical 

properties are studying with design of experiments. Control composite design is chosen for optimization of current, temperature 

and particle loading parameters. The structure of the coating was determined by X-Ray Diffraction (XRD) methodand the 

hardness of the coating was measured by Vickersmicro hardness test rig. The coating thickness are measured by cutting the 

specimen laterally and find the thickness by Scanning Electron Microscopy has given the near to accurate value. 

Keywords:Ni/Al2O3, Electro deposition, Micro hardness, Coating thickness. 

1. Introduction 

Coating is a process of covering the surface of an object which is generally referred as a substrate.In any engineering 

component, the surface is one of the very important part. The most of the components are fails from the surface defects such as 

wear, corrosion and fatigue. The main aim of the coating is applied to the surface for improving the surface properties. There are 

so many methods are to applied to produce coatings, they are Electroplating, Plasma Thermal Spray, Physical Vapour 

Deposition methods etc. At present work, electroplating coating process is selected because it is an effective method to prepare 

the composite coating through the co deposition of metallic, non-metallic with improves the metal properties such as hardness, 

corrosion resistance and the wear resistance[1-2]. 

Composite deposits to exist of solid particles incorporated ina metallic matrix. Co deposits are made in order to gain the 

properties not only of the matrix but also of included particles. These particles can be hard oxides or carbide particles such as 

Al2O3, Sic, TiO2, SiO2or diamond, a solid lubricant such as graphite or MoS2.The significance of co deposition of nano particles 

seems to be the co deposition of a sufficient number of particles and to clearing the agglomeration of particles temporarily in the 

plating solutions [3-4].The composite coating properties are having dependent upon the degree of particle incorporation in the 

deposit.A variety of composites have been studied using oxides, carbides, nitrides etc and the most of them are studied by using 
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oxides (Ni-Al2O3) due to its potential technological applications.The coating properties are not depend only for the concentration 

size, nature, morphology of the particles but also P
H
, temperature, stirring rate, current density and the bath solution. 

The main goal is to obtain the hard Ni-Al2O3nano composite coating with high resistance to corrosion, high strength 

and very thick coating.Ni-Al coatings are finding their applications in automotive, aerospace, nuclear, computer, and electronics 

and printing industries [5]. 

2. Experimental Procedure 

The pure nickel, metallic alloy Ni-Al and composite Ni-Al-Al2O3 coatings were investigated. The coatings were 

prepared on the aluminium 6061 base material of the chemical composition of 0.633% Si, 0.192% Fe, 0.239% Cu, 0.044% Mn, 

0.898% Mg, 0.078% Cr, 0.005% Zn, 0.014% Ti, 0.003% B, 0.003% Bi, 0.000% Pb, 0.003% Sn, 0.001% V, and 0.001% Zr. The 

specimens were cut of the aluminium to dimensions of 10mm diameter and 30mm length [6]. 

       Nickel coating was prepared by using a electrolyte/ Watts type bath containing 250g/l Nickel Sulphate (NiSO4, 6H2O), 35g/l 

Nickel Chloride (NiCl2. 6H2O) and 40 g/l Boric acid (H3BO3) for 1litre of demineralised water. A nickel plate of 99.99% purity 

was used as a anode and Aluminium 6061 material was used as a cathode (substrate). Once the specimen was selected, then the 

specimen was prepared as per our process requirement. Initially the aluminium specimens were mechanically polished by emery 

papers of 400, 600, 800, and 1000 grits and then clean the specimen surface by polishing alumina powder solution on the walvet 

cloth to obtain a mirror polished surface. After preparing the surface, we have to obtain a buffer layer by making zncanting 

process. In the zincating process basically remove alkalises by using Acetone and NaOH solutions. The specimens were dipped 

for 45 seconds and then rinsed with DM water for 3-4 seconds, after alkali cleaning zincating process will get starts. In the 

zincate bath solution containing the 10-20 g/l of Ferric Chloride (FeCl3) and Zinc Oxide (ZnO), dipped the specimens in 

zincating solution for 45 seconds then rinsed with DM water, then washing with 20% of NaOH to remove oil, grease and acid 

contents and then rinsed with DM water then finally dipped the specimen in zincating solution-II because of adhesion purpose 

and then dry with atmospheric air. Apply the masking tape on the specimen but surface will get free from the masking tape [7]. 

     During electroplating process, the P
H
 value was adjusted in the range of 3-4 and important process parameters such as 

temperature in the range of 30°c to 50°c, current density in the range of 1 to 2 A/dm2 is apply the current by using pulse 

polarised DC power supply and the particle loading in the range of 0 to 6gms. 

The structure of the coating was determined by X-Ray Diffraction (XRD) method.The hardness of the nano composite 

coating was measured by using Vickersmicro hardness test rig at an applied load of 25gms for 15 seconds. Five trails were 

conducted on each sample and results were averaged. 

3. Results and Discussion 

3.1 Microstructure 

The X-Ray Diffraction method of Ni-Al2O3 composite coating is a suitable technique to find the presence of the Al2O3 

Nano particles in the matrix, the structure of the coatings were determined by XRD method and by using of mini flex 600 

instruments. 

Fig1 shows a XRD spectra of the electro deposited Ni-Al and Ni-Al/ Al2O3 Nano composite coating. The electro 

deposition of Ni-Al alloy coating is composed with a electrolyte bath solution and it gives a confirmation of the XRD patterns. 

The diffraction peak of the Aluminium is highest and nickel is the next, the Al2O3 particle distribution is maximum across the 

coated surfaces because of the highest rate of nucleation [8-10].   
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Fig1. Microstructure of Ni- Al2O3 composite coating 

3.2. Effect of coating parameters on coating thickness 

The effect of coating parameters on coating thickness of the composite coatings is studied and the results are obtained 

by using coating thickness meter. In this study the coating thickness is varied from 45 to 128μm. The coating thickness is 

maximum at 40
o
C temperature, 1.5A/dm

2
 current density and 0g/l particle loading and the coating thickness is minimum at the 

46
o
C temperature, 1.8A/dm

2 
current density and 1.2g/l particle loading. Observing the both maximum and minimum coating 

thickness values, the Nano composite particles are highly influence on the coating thickness. 

 

Fig2. Normal probability plot 

Fig2 shows a normal probability plot to coating thickness with respect to percent and residence of the micro-hardness 

value. The X-axis indicates Residuals and Y-axis indicates the percent of coating thickness value.Normal probability plot is a 
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method of diagram displaying a data and to find the experimental distribution based on visually examined data. The above graph 

impressions of the residuals are scattered randomly. The impressions are fall exactly on the line it indicates got better results.  

3.3Effect of coating parameters on micro hardness 

Effect of coating parameters on the micro hardness of the composite coating is studied and the results were obtained by 

using Vickers micro hardness tester. Electro deposition of Nano composite hardness values depends on some of the factors such 

as watt bath solution, operating parameters etc. the micro hardness of the nickel coated aluminium substrate varied from 263 to 

422HV. In a general observation, the alkaline bath solution produces the higher hardness value of the pure nickel film from the 

sulfamate electrolyte bath are 250 to 360HV and from the alkaline bath 350 to 450HV, depends upon the different operating 

parameters. 

The maximum micro hardness value is 422HV for the operating parameters at 45
o
Ctemperature, 1.5A/dm

2
 current 

density and 3g/l particle loading and the minimum micro hardness value is 263HV for the operating parameters at 40
o
C 

temperature, 1.2A/dm
2 
current density and the 4.8g/l particle loading. As we observing both the maximum and minimum micro 

hardness values, the micro hardness value is decreased with increasing the current density.The Ni-Al2O3 composite coating 

hardness values are higher than that of the pure Ni coating and these values are increases with increasing the Al2O3 particles. 

There are 3 main reasons are to be increasing the hardness value i.e. grain refining, particle strengthening and the dispersion 

strengthening. 

 

 

Fig3.  Normal probability plot 

Fig3 shows a normal probability plot to hardness with respect to percent and residence of the micro-hardness value. The 

X-axis indicates Residuals and Y-axis indicates the percent of micro-hardness value.Normal probability plot is a method of 

diagram displaying a data and to find the experimental distribution based on visually examined data. The above graph 

impressions of the residuals are scattered randomly. The impressions are fall exactly on the line it indicates got better results. 
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4. Conclusions 

Finally concluded that based on the experimental results some of the points are listed below 

 The VHN of aluminium with the reinforcement of Nano composite coating is found to be more effective compared to 

Ni coating. 

 VHN is a more influencing at 46
o
C temperature, 1.2A/dm

2
 current density and 4.8g/l particle loading. 

 The coating thickness is decreased with increasing of Nano particles in an electrolyte bath solution. 

 Pure nickel coating thickness is more than that of the reinforcement particle thickness. 

 Coating thickness is more influencing at 50
o
C temperature, 1.5A/dm

2
 current density and 3g/l particle loading. 
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