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Abstract— Ni-Al2O3 composite coatings were deposited 

over a mild steel specimens using electro co-deposition 

coating method. Composite coatings are prepared by 

conventional type of electro deposition using watts type of 

solution. The primary electroplating parameters of current 

density, pH value of electrolyte, temperature bath, amount of 

Al2O3 particles in bath and agitation speed were considered 

for experimental studies.   The composite coated specimen 

surfaces examined by scanning electron microscope and 

studies showed that coating formed successfully on mild steel 

substrate, and showed that particles were uniformly dispersed 

in electro deposited Ni matrix. Corrosion and wear resistance 

tests showed much improvement in the mechanical properties 

of composite structure Ni-Al2O3. 
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I. INTRODUCTION 

Composite coatings are widely using in mechanical 

components due to their high mechanical and chemical 

properties, and also excellent corrosion resistant property. 

There are many methods for producing composite coatings 

like physical vapor deposition, chemical vapor deposition and 

electro co-deposition. . The first model accounts for electro 

deposition of metals with particle which was proposed by 

Gugalielmi [2]. The properties8of composite coatings depend 

on matrix phase and also amount of distribution of co-

deposition particles within the metal matrix. The addition of 

Al2O3 elements in Ni matrix6by co-deposition carried out by 

Weang and Weai, showed much improvement in micro 

hardness [3]. Fieng prepared a Ni-Al2O3 composite coating 

by conventional and sediment type of electro deposition 

techniques, they found that incorporation Al2O3 particles 

over a Ni matrix had changed surface morphology, wear 

resistance of composite obtained by sediment type technique 

is superior [4]. Steaibach and fearkel [5] had prepared the Ni-

Al2O3 composite coting by direct current (DC) and pulse DC 

electroplating and concluded that pulse DC technique had 

produced efficient smaller particle deposition. Aruna et al. [6] 

had investigated the deposition behavior of in situ roa soaked 

alumina particles in Ni matrix they suggested that utilization 

of porous particles provided better direction to progress 

adhesion property of elements & micro hardness in the 

development of electrodeposited metal matrix composite. 

Saha and Kahan [7] had reported that the increase in Al2O3 

particles over a Ni matrix in the coatings had increased the 

mechanical properties due to grain refining and deposition 

strengthening mechanisms. Narasimman Roa et al. [8] 

investigated that electro-co deposition process principally 

was influenced by the parameters like current density, amount 

of ceramic particles within the plating bath, pH scale of 

solution, temperature of bath and stirring speed. Yeahia and 

Ade [9] demonstrated the reasons for the adsorption of these 

particles in the matrix and stated that: huge amount of 

particles were transferred form the electrolytic solution to the 

cathode surface, due to electrically charged cathodic action, 

adsorption of the particles take place, these adsorbed particles 

then disperse into the formation of growing metal matrix 

layer.  

II. EXPERIMENTAL MATERIALS AND METHODS 

A. Plating Solution 

A watts type nickel solution was prepared for composite 

coating. The solution contains 375 gm/l of Nickel sulphate, 

52.5 gm/l of Nickel chloride, 60 gm/l of boric acid and 1.5lL 

of distilled water. The Al2O3 particles added to the above 

solution, bah temperature maintained was set to be 50. pH of 

electrolyte bath was measured by pH meter and it was 

adjusted to 4 by adding required amount of sodium 

hydroxide. 

B. Material Selection for Specimen 

The specimen was made up of mild steel cylindrical pin 

having diameter of 10mm and length of 25mm. the pin 

diameter is selected based upon the American Society for 

Testing and Materials (ASTM G90) standard size which is 

fitted to pin-on-disc wear testing machine.  The mild steel rod  

surface was flattened by using surface flatness machine  

followed with surface bluffing for smoothing the surface of 

substrate. Bluffed specimens were cleaned with soap, water 

and ultrasonically degreased with acetone and then rinsed 

with 5% of sulfuric acid solution at room temperature for 5 

minutes.  Finally these specimens are rinsed with in 

demonized water for 5 minutes. Below figure 1 shows the 

dimensions for MS specimens prepared. 

 
Fig. 1: Mild steel specimen 

C. Plating Details 

1.5 liters of electrolytic solution was taken for plating work 

along with required amount of Al2O3 particles. The 

experiments were conducted in borosil glass beaker. Anode 

and cathode were connected to power source. Ceramic 

particles were kept in suspension by mechanical agitation. pH 

value of bath was adjusted to required level. The bath was 

heated to required temperature. Deposition work carried out 

via conventional electro deposition (CED), ceramic particle 

kept in suspension were co-deposited in metal matrix with 
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charged Nickel ions and composite structure was formed. The 

parameters were firmly maintained thought plating. Duration 

was taken for plating 60 minute for all the cases.  

Table 1 shows platting parameters 

Current density 2 A/dm2 

Ph 4 

Temperature of bath 50 0C 

Agitation speed 250 rpm 

Table 1: plating parameters 

D. Coating Methodology 

Electro plating is carried out with the help electro co-

deposition coating equipment. The 5 specimens are made into 

single bunch. Pure nickel rod acts as anode and mild steel 

specimen bunch acts as a cathode on to which desired 

material is coated. Both anode and cathode dipped into the 

composite electro co-deposition solution. The distance 

between the electrodes maintained at 9cm for all experiments. 

The electrolyte is continuously stirred with the help of stirrer 

at 250 rpm and heated to required temperature. Bath current 

density (2 A/dm2) and bath temperature (50 0C) are set to 

desired value. The electro plating is starts after temperature 

and current density are set to required value. The electro 

plating is done for 60 minute. The solution is continuously 

stirred at regular interval to avoid settling down of Al2O3 

particles. The bunch after coating are removed  and is washed 

with a water for 10 minute in order to remove loosely 

adsorbed reinforcement particles from the coating surface. 

 
Fig. 2: Electro deposition set up 

E. Corrosion Test 

Corrosion test is carried out in acidic medium i.e mixture of 

sodium chloride and sulfuric acid at ph levels of 3,5 

respectively for coated specimens durations of 24,48,72 

hours. Before corrosion test specimens should be cleaned 

properly by clock solution (mixture of acetone and alcohol) , 

after corrosion test specimen should clean properly and 

remove the scales formed on specimens weigh the final 

weight and calculate the wear rate by using the formula 

Corrosion rate = ( 87.6×W )÷DAT mm/year 

Where 

W- Weight difference in mg. 

D- Density in gm/cc. 

Surface area of specimens. 

T- time in hours.  

Below table 2 gives exposure time hours 

1) Corrosion Rate Table for Ph-3 

Material 

Corrosion 

rate after 24 

hours 

(mm/year) 

Corrosion 

rate after 48 

hours 

(mm/year) 

Corrosion 

rate after  72 

hours 

(mm/year) 

Base 0.3745 0.7179 2.4556 

(3g) Ni-

Al2O3 
0.2980 0.5175 0.5682 

(6g) Ni-

Al2O3 
0.2079 0.3343 0.4052 

(9g) Ni-

Al2O3 
0.1247 0.3105 0.4000 

Table 2: Corrosion rate for coated and non-coated 

specimens for pH 3 

2) Corrosion Rate Table for Ph-5 

Material 

Corrosion 

rate after 

24 hours 

(mm/year) 

Corrosion 

rate after 

48 hours 

(mm/year) 

Corrosion rate 

after  72 hours 

(mm/year) 

Base 0.2026 0.5741 0.5853 

(3g) Ni-

Al2O3 
0.1986 0.4258 0.5043 

(6g) Ni-

Al2O3 
0.1561 0.3992 0.4047 

(9g) Ni-

Al2O3 
0.1237 0.304 0.3947 

Table 3: Corrosion rate for coated and non-coated 

specimens for pH 5 

F. Wear Test 

Wear test is done on pin on disc machine, foe 3g, 6g &9g Ni-

Al2O3 coated specimens with rotating disc speed of 300rpm, 

gradually applying loads of 10,20,30,40 respectively and 

calculate the wear rate using the formula given below. 

t =
SD

πDN
 =3.18 minute 

Where D=0.1cm Sliding Distance (SD) = 300mm 

 N speed= 300rpm 

Wear rate =
volume loss

Load ∗ SD
 

   Volumeloss =
Weight difference

density
=

initial weight−final weight

𝜋∗𝑑2∗𝐿

4

 

Wear rate table for 6g Ni-Al2O3 coated MS specimen 

Initial 

wt 

(g) 

Final 

wt 

(g) 

Force 

(N) 

Time  

min 

Frictional 

Force  N 

Wear rate 

mm3/Nm 

15.9 15.8 10 3 8.7 0.00411 

15.9 15.8 20 6 10.2 0.00205 

15.9 15.8 30 9 14.9 0.00137 

15.9 15.8 40 12 15.0 0.00102 

Table 4: Wear rate for 6g Ni-Al2O3 coated MS specimen 

Wear rate table for 9g Ni-Al2O3 coated MS specimen    

Initia

l wt 

(g) 

Final 

wt 

(g) 

Forc

e 

In N 

Time 

minut

e 

Frictiona

l Force 

N 

Wear 

ratemm3/N

m 

15.4 
15.3

2 
10 3 5.6 0.0034 

15.4 
15.3

2 
20 6 9.5 0.0017 

15.4 
15.3

2 
30 9 13.1 0.001 
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15.4 
15.3

2 
40 12 14.5 0.00085 

Table 5: Wear rate for 6g Ni-Al2O3 coated MS specimen 

III. RESULTS AND DISCUSSIONS 

It has been observed that alumina particles were deposited 

consistently in nickel matrix with assorted volume fractions. 

Uniform deposition was obtained. As the experiments carried 

out at 500C coating is more uniform. It is seen from the table 

4 & 5 Corrosion rate is decreased if we increase percentage 

Al2O3 in matrix  

A. Sem Results 

 
Fig. 3: SEM mages for 3g Ni-Al2O3 specimen 100µm 

From the above 3 figure it can justified that poor 

uniform deposition for 3g Ni-Al2O3 as shown in the above 

figure 

 
Fig. 4: SEM mages for 6g Ni-Al2O3 specimen 100µm 

From the above figure it can justified that better 

uniform deposition for 6g Ni-Al2O3 as compared to 3g Ni-

Al2O3 shown in the above figure 

 
Fig. 5: SEM mages for 9g Ni-Al2O3 specimen 100µm 

IV. CONCLUSION 

From this project I concluded that coating was done 

successfully on Mild steel specimens by electro deposition 

method using watts bath. The following results were obtained 

from the experimental studies. 

 The uniform coating has been achieved with increasing 

the Al2O3particles, more uniform coating obtained for 

6g & 9g Ni-Al2O3coated specimens as compared to non-

coated specimens. 

 As compared to no-coated mild steel specimen coated 

mild steel specimens have more corrosion resistance, 

with increasing Al2O3particles in the coating. It is 

concluded that from corrosion test, the test carried out in 

pH 5 has more corrosion resistance then pH3. 

 The wear rate is decreased for 6g & 9& Ni-Al2O3coated 

specimens as compared to non-coated specimen. 

 The composite layers described by SEM, it shows that 

Al2O3particles were dispersed uniformly. 
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