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ABSTRACT 
Electrode-position is one of the most technologically 

feasible and economically superior techniques for 

producing metal matrix composites. DC(direct current) 

electro-deposition method is widely used for fabrication 

of metal matrix coatings as it is simpler and cheaper 

than others. Nickel is a corrosion resistant metal. 

Incorporation of alumina nano-particles in nickel 

composite coatings significantly improves hardness and 

corrosion as well as wears resistance. In this work, 

nickel-alumina (Ni-Al2O3) nano-composite coatings 

were successfully synthesized by DC electro-deposition 

technique from a watts bath on stainless steel-304L 

electrodes. The coatings were developed with 12gm/L 

and 6gm/L reinforcement concentrations in bath at five 

different current values of 0.270amp, 0.399amp, 

0.521amp, 0.114amp, 0.277amp with using watts bath in 

order to study the effect of Current density and particle 

concentration in bath on properties of the coatings 

developed. Reinforced   alumina particles of particle size 

20nm have been used. Studies have been carried out to 

assess the Wear behavior of stainless steel 304L without 

coating , stainless steel 304L with pure nickel coating 

and stainless steel 304L with Ni-Al2O3 coating. A 

comprehensive picture of wear under varying load 

conditions has been presented by conducting laboratory 

tests in pure sliding mode using a pin-on-disc machine. 

Improved wear resistance of composite coatings were 

observed compared to the unreinforced nickel coatings 

and steel without any coating. 

 

Index Terms- Alumina, coatings, Electrode position, 

nano-composite, nickel, sliding wear test, watts bath, wear 

rate.   

 

1. INTRODUCTION 

 
Electrode position is a low-temperature process to 

fabricate nanostructure materials, usually in a single step 

without secondary treatment. Numerous nanostructure 

metals, alloys, and metal matrix composite coatings have 

been successfully produced by electrode position*. Co-

electrode position of metal matrix composites (MMCs) 

having  dispersed micron and submicron size particles of 

oxides, carbides, borides, metals and some other organic and 

inorganic materials is a flexible and low cost method of 

composite coating. These composite films have proved 

enhanced mechanical, tribological, anti-corrosion and anti-

oxidation properties compared to the pure metal coatings. 

Considering the enormous applications of conventional  

 

Nickel electroplating in industry, nickel-base 

composite films have received considerable attention in 

order to improve the rather poor mechanical properties of 

the nickel layers. It has been shown that implantation of 

particles such as Al, Cr, SiC, Al2O3, SiO2, TiO2 and Cr2O3 

reinforces the electroplated nickel layer and improves the 

mechanical properties such as micro hardness and wear 

resistance by forming a composite structure. These 

toughened nickel composite coatings can be used as suitable 

protective films for industrial parts subjected to severe 

thermal and mechanical working conditions, such as turbine 

blades and slurry pump impellers**. Nickel composite 

coatings prove to be a good alternative for chromium 

coatings and finds application for coatings of engine 

cylinders, high pressure valves, and dies, in the production 

of musical instruments, drill fitting, car accessories, small 

aircraft, electro technical parts and micro devices. In the 

present paper, we report the effect of Current density and 

particle concentration of alumina on properties of the 

nanocomposite coatings. 

2. EXPERIMENTAL DETAILS 

 Watts Bath  

Two types of electroplating bath commonly used 

for electro deposition of nickel are Watt’s bath and 

sulphamate bath. Standard Watts solution consists of 

NiSO4.6H2O (Nickel sulphate hexahydrate), NiCl2.6H2O 

(Nickel chloride hexahydrate), and H3BO3 (Boric acid). 

Table.1 shows content of these chemicals for making of 1 L. 

of electroplating bath. 

Table 1: Overview of the composition of chemicals for 

Watt’s bath 

 

 
 

Boric acid is added to lots of nickel plating baths. Boric acid 

acts as buffer to control the pH in the cathode solution 

interface, also acts as catalyst which lowers the overvoltage 

for Ni deposition as well as considered as a homogeneous 

catalyst for Ni deposition in the Watts bath. 
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Experimental Set Up 

 

Fig. 1 Schematic diagram of the DC-electrode position system: 

1. Nickel plate, 2. Stainless steel rod, 3. DC power supply , 4. 

Hot plate stirrer, 5. Stirring bar, 6. Locating plate, 7. Beaker, 

and 8. Electrolyte. 

 

 

Fig.2 Actual Experimental setup for electro deposition process 

3. PROCESSING OF NICKEL COMPOSITE 

COATINGS  

 
The nickel coatings and nickel composite coating 

(Ni-Al2O3), prepared by electro deposition from Watt’s 

solution suspended with nano-particles. The nano-particles 

of Al2O3 used as reinforcement have 20nm size. Before 

electro deposition electrolyte was stirred for about 2 hours 

using mechanical stirrer. All the electro deposition 

experiments were carried out at room temperature. A 

stainless steel rod (30mm length and 6mm diameter) and 

pure nickel plate (with an area of 100 cm2) were used as 

cathode and anode respectively. DC electro deposition 

technique was used to fabricate the coatings and different 

parameters have been used. For comparison, pure nickel 

coatings were prepared in same electroplating bath without 

nano-particles under same electro deposition conditions. 

After electro deposition of 60 min., the coatings were 

washed and cleaned using de ionized water .Then with the 

help of Sliding wear test equipment we have obtained the 

sliding wear rate of the material. 

Applying Normal Load 

Normal load is applied by placing dead weights 

over loading pin; a set of weight of 1 to 2.5kg can be applied 

for the purpose. Here we applying load from 1000gms, 

1500gms, 2000gms and 2500gms for different specimens of 

pure stainless steel, pure nickel coated and Ni-Al2O3 coated. 

After completing the experiment on different samples, we 

calculate the weight loss of different Specimens at different 

loading condition by a weighing machine. 

4. RESULTS AND DISCUSSION 

Dry Sliding Wear Behavior: 

 

Sliding wear behavior of different sample of pure 

stainless steel without any coating, pure nickel coated 

stainless steel and Ni-Al2O3 coated stainless steel at varying 

current was studied with different applied loads. There result 

and discussion are given in the following subsections; 

 

Dry Sliding Wear Behavior At Varying Load: 

 
Fig .3 Weight losses against load applied 

 

In the fig.3 the curve was plot between the weight loss and 

the load applied. The results show that the weight loss of 

stainless steel specimen without any coating is maximum, 

then the weight loss of pure nickel coated steel comes after 

that and the weight loss of Ni-Al2O3 coated stainless steel is 

minimum with the increase of applied load. Amongst Ni-

Al2O3 coated stainless steel coatings we have taken five 

coated specimens, Three with 12gm/L reinforcement and 

two with 6gm/L reinforcement with varying current 

parameters. It is shown from fig.3 that with the increase in 

current and increase in volume percent of particle 

reinforcement the wear loss of the coated specimens 

decreases.              

 

Effect of reinforcement concentration on wear resistance 

 

The relative wear behavior of all the coatings is in 

agreement with the general understanding that the harder 

coatings are more wear resistant. The pure nickel coatings 

showed severe weight loss compared to all the Ni-Al2O3 

coatings. Furthermore, the wear resistance of the composite 
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coatings improved with increasing content of Al2O3 nano-

particles in the electrolytic bath. It is evident that the Ni–

Al2O3 composite coatings exhibited better wear resistance 

than pure Ni coating when sliding against the steel ball, 

which can be attributed to the hard nature of reinforcements 

and the strengthening effect with incorporation of Al2O3 

particles. The reinforced particles will reduce the direct 

contact between metal matrix and steel disc during the 

sliding test which reduced the adhesive wear between the 

two pure metal counter bodies. The improvement in micro 

hardness as well as wear resistance of composite coatings 

mainly depends on reinforced second phase particles in the 

nickel matrix which act as a physical barrier to nickel grain 

growth and plastic deformation of nickel matrix under 

loading promotes grain refining and dispersive 

strengthening effect to improve micro hardness as well as 

wear resistance of composite coatings . These effects 

become stronger with increasing Al2O3 content, thus micro 

hardness and wear resistance of composite coatings 

increases with increasing Al2O3 content in the coatings.  

 

Effect of Current density on wear resistance 

Current density plays an important role in 

controlling the deposition rate which will in turn affect the 

concentration of incorporated particles in the coatings. It 

also influences the thickness of the composite films, such 

that as the current density increases the thickness of the 

coatings increases. Particles reinforcement in the composite 

coatings varies with current density*. At first, incorporation 

increases sharply at the beginning with increase in current 

density till it reaches maximum value followed by sharp 

decrease. During wear tests of composite coatings wear is 

mainly determined by distribution and properties of 

reinforced particles. Uniform distribution of reinforced 

Particles in the composite coatings improves hardness due to 

dispersion hardening effect. Thus, with the slight increase in 

current densities co-deposition of reinforcement particles 

increases this in turn increases the micro hardness and thus 

the wear resistance of the coatings. 

Fig.4 shows the curve between the wear rate and 

applied load. As we can see from the figure the wear rate 

increasing with the increase of applied load for all the 

specimens. But the wear rate of Ni-Al2O3 coated specimens 

is least as compared to other specimens. This is due to the 

nano particles of alumina which are present in the composite 

coatings. 

 

 
Fig. 4 Wear rate against load applied 

 

 
Fig. 5 Volumetric wear rate against load 

 

 

Fig.5 shows the curve between the volumetric wear rate and 

applied load. The volumetric wear rate is increased as 

increasing the applied load. As we can see from the figure 

VWR of the Ni-Al2O3 coated specimens have least values as 

compared to other specimens. 
 

 
Fig. 6 Specific Wear Rate against load. 

 

Fig .6 shows curve between the specific wear rates in terms 

of VWR and the applied load. In this figure the SWR of all 

the specimens increases with increase of applied load  and 

SWR  of specimen without coating is more than the coated 

specimens 

.   

5. CONCLUSIONS 

 
The reinforcement content of Al2O3 in the composite 

coatings increased with increasing content of nanoparticle 

loading in the electrolyte bath.  The wear resistance of the 

Ni-Al2O3 composite coatings increased with increasing 

content of reinforced nanoparticles in the coatings (and also 

the content of nanoparticle loading in the electrolyte bath) 
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due to enhanced dispersion strengthening effects. With the 

increase in current and increase in volume percent of 

particle reinforcement the wear loss of the coated specimens 

decreases. The pin-on-disc wear testing data indicated that 

the reinforcement of Al2O3 significantly improved wear 

resistance of the composite coating compared to pure nickel 

coatings. And wear resistance of Ni-Al2O3 coated steel 

specimens is maximum as compared to pure nickel coated 

and without coated pure stainless steel specimens.  The 

reinforced particles will reduce the direct contact between 

metal matrix and steel disc during the sliding test which 

reduced the adhesive wear between the two pure metal 

counter bodies. 
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