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ABSTRACT – The nickel- fly ash (Ni-FA) composite 

coatings were deposited on zincated aluminium alloy 

7075 substrate by using electrodeposition technique. 

The electrodeposition process was carried out for 1 hour 

at 40ºC under the current density of 5 A/dm2 in a 

modified nickel Watt’s bath containing various FA 

particles which are 0, 10, 50, 90 g/L.  The produced 

composite coatings were characterized and tested using 

scanning electron microscopy and wear test. As fly ash 

particles content increase, the colonies like morphology 

of the Ni-FA composite coating shows agglomeration. 

The co-deposited of FA particles also lead to significant 

increase in wear resistance. 

 

1. INTRODUCTION 

Aluminium alloy 7075 (AA7075) which have high 

strength-to-density ratio are widely used in marine, 

automotive and aerospace industry. However, according 

to Bocking and Reynolds [1] and Visser [2], it has low 

hardness and wears resistance, as well as susceptible to 

surface degradation when exposed to elevated 

temperatures. Therefore, nickel composite coating is 

introduced to AA7075 to improve its properties. Based 

on Nguyen et al. [3] and Boonyongmaneerat et al. [4], 

the composite coatings produced from the 

electrodeposition process have excellent surface 

properties, such as high hardness, high abrasion, high 

corrosion resistance and low friction coefficient. 

In this study, the fly ash (FA) particles are added to 

the Ni watts bath solution. Fly ash is residue derived 

from combustion of coal which widely available in 

worldwide and lead to waste management proposal [5]. 

The FA can be employed as inexpensive strengthening 

particles which can increase wear resistance and 

enhanced micro-hardness and have low density [6].  

Thus, very few studies have examined the 

influence of various compositions of FA particles on 

electrodeposited nickel coating on AA7075 substrate. 

The present work is aimed to investigate the 

morphology and wear properties of the Ni-FA composite 

coating on AA7075 substrate. 

 

2. METHODOLOGY 

The aluminium alloy 7075 (AA7075) substrate 

with dimension 40 mm x 30 mm x 3 mm were grind 

using silicon carbide papers of 180, 600, 800 and 1200 

grit. The substrates were first cleaned with ethanol and 

then followed by immersion in 10 wt. % of sodium 

hydroxide (NaOH) solution for 10 seconds and                                                                                 

immersion in 50 vol. % of nitric acid (HNO3) for 20 

seconds. The zincating process was carried out by 

dipping the pre- cleaned substrate vertically in a small 

glass beaker containing a zincating solution for 5 

minutes at room temperature.  

The chemical composition and operating condition 

for electrodeposition of Nickel-Fly ash (Ni-FA) 

composite coating on AA7075 substrate were 

summarized in Table 1.  The surface morphology of Ni-

FA composite coatings was examined by using SEM. 

The sliding wear properties of the Ni-FA composite 

coating were evaluated using pin-on-disk apparatus.  

 

Table 1 Composition of modified nickel Watt’s bath 

solution and its operating condition. 

Composition   Concentration (g/L) 

Nickel sulphate hexahydrate 

Nickel chloride 

Boric Acid 

Sodium citrate 

200 

20 

30 

30 

Operating condition Value 

Temperature (°C) 

Deposition time (min) 

Current density (A/dm2) 

Composition of FA (g/L) 

40 

60 

5 

0, 10, 50, 90 
 

3. RESULTS AND DISCUSSION 

Figure 1 shows the comparison of SEM images of 

pure nickel coating (Figure 1 (a)) between Ni-FA 

composite coatings at various fly ash compositions 

(Figure 1 (b-d)). The co-deposition of fly ash particles at 

10 g/l shows a rough surface morphology (Figure 1 (b)), 

compared to pure nickel coating (Figure1 (a)). As the fly 

ash composition increased from 10 g/l to 50 g/l the 

image shows the agglomeration of colonies like 

morphology. This is due to the hindering of nickel grain 

growth during the deposition process. This was 

confirmed by another researcher which found that the 

fly ash particles were trapped within the matrix of 
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nickel which hinders the growth of nickel grains [7]. 

When the composition of fly ash at 90 g/l, the images 

showed smoother surface although there has 

agglomeration. This is because the concentration of fly 

ash is too high thus the fly ashes particles has filled up 

the gap between the nickel grains during the deposition 

process.  

 

 
Figure 1 SEM micrographs on the effect of fly ash 

composition on the Ni-FA composite coating (a) 0 g/l 

(b) 10 g/l (c) 50 g/l (d) 90 g/l. 

 

Figure 2 shows the wear tracks analyzed by using 

SEM to identify the wear mechanism occurred on the 

Ni-FA composite coatings produced at different FA 

composition. It is observed that without FA rigorous 

damage has occurred because the metal ball was directly 

in contact with the substrate which can increase wear 

(Figure 2 (a)). This is most probably due to the low 

hardness value of the Ni-FA composite coating without 

FA. Introduction of FA particles into the nickel matrix 

has reduced the worn- out patches on the wear tracks 

(Figure 2 (b-d)). The worn patches consist of 

longitudinal furrows and small size grooves along the 

sliding direction of the steel ball [8]. Furthermore, the 

width of the wear tracks also decreases (Table 2), as the 

concentration of FA particles increases from 10 g to 90 

g in the nickel matrix. Besides, as concentration of FA 

particles increases in the nickel matrix, the surface 

coating that peel off from the substrate is reduced. 

 

4. CONCLUSION 

From the investigation, the influence of various 

compositions of FA particles in the Ni-FA composite 

coating has improved the properties of the coating. As 

composition of FA increased, the colonies like 

morphology tend to become agglomerate. Besides, the 

width of wear track is reducing as the composition of 

FA particles increased in the Ni matrix. 
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Figure 2 Surface morphology of wear track of the Ni-FA 

composite coatings, (a) without FA, (b) 10 g FA, (c) 50 

g FA and (d) 90 g FA particles. 

 

Table 2 Width of Ni-FA composite coating wear track. 

Composition of fly ash (g) Width of wear track (µm) 

0  611.67 

10  578.33 

50  466.67 

90  445.00 
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