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ABSTRACT – Nickel - quarry dust (Ni-QD) composite 

coatings using various quarry dust (QD) content were 

deposited on zincated aluminium alloy 6061 (AA6061) 

substrate by using an electrodeposition technique. The 

electrodeposition process was carried out for 1 hour at 

40 ºC under the current density of 3 A/dm2 in a modified 

nickel Watt’s bath containing 10, 20 and 30 g/l of quarry 

dust particle. The quarry dust particles were 

characterized using X-ray Fluorescence (XRF). The 

effects of quarry dust content on the hardness and wear 

properties of electrodeposited Ni-QD composite coating 

on AA6061 substrate were investigated. As the quarry 

dust content increases, the hardness and wear resistance 

also improved, due to the presence of high silica and 

alumina content in the quarry dust particles.  

 

1. INTRODUCTION 

Quarry industries in Malaysia plays an essential 

role in the development of the country. In year 2010, 

Malaysia produced 101,809 million tonnes of 

aggregates from 298 quarries [1]. One of the most 

controversial current discussions in quarry activities in 

Malaysia is the enviromental concern which currently 

affecting the natural aggregate production. According to 

Sridharan et al. (2006), about 20-25% of total 

production in each crusher unit is left out the quarry as 

waste material [2]. Therefore, efforts have been taken to 

control enviromental pollution arising due to disposal of 

these industrial wastes by converting them into 

utilizable raw materials for usable application.  

Numerous research works have been reported on 

nickel reinforced with expensive conventional ceramic 

particles such as SiC [3], Al2O3 [5], SiO2 [6], and TiO2 

[7]. However, the information regarding composite 

coating containing quarry dust as reinforcement in metal 

matrix composite has not been reported. Therefore, in 

this study, Ni-QD composite coatings will be deposited 

on AA6061 substrate through electrodeposition 

technique using various contents of quarry dust. The 

present work is aimed to characterize the quarry dust 

and to investigate the hardness and wear properties of 

the Ni-QD composite coating. 

 

2. METHODOLOGY 

The AA6061 substrates were grind using silicon 

carbide paper and mechanically polished with diamond 

paste. The substrates were firstly immersed in 10 wt. % 

of sodium hydroxide (NaOH) solution for 10 seconds 

and followed by immersed in 30 vol. % of nitric acid 

(HNO3) for 20 seconds. Prior to the deposition of Ni-

QD composite coatings, a double zincating process was 

conducted on the substrate at 45 seconds for the first 

zincating and at 15 seconds for the second zincating. 

Acidic etching for 15 seconds in HNO3 solution at room 

temperature was performed between consecutive 

zincating operations. 

The chemical composition and operating condition 

for electrodeposition of Ni-QD composite coating were 

summarized in Table 1. The schematic diagram of 

electrodeposition set-up is shown in Figure 1. The 

characterization of quarry dust was carried out using 

Scanning Electron Microscopy (SEM), Particle Size 

Analyzer (PSA) and X-Ray Fluorescence spectroscopy 

(XRF). The wear and hardness testing were performed 

using high frequency reciprocating rig (HFRR) machine 

and micro Vickers hardness tester respectively.  
                                                                                                                                                       

Table 1 Composition of modified nickel Watt’s bath and 

electrodeposition operating condition. 

 
 

 
Figure 1 Schematic diagrams of electrodeposition 

process. 

 

3. RESULTS AND DISCUSSION  

The elemental composition for quarry dust 

particles is found by XRF technique and shown in Table 

2. The size of quarry dust is less than 600 µm with 

irregular shape. 
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Table 2 Composition of quarry dust, as found by XRF. 

 
 

Figure 2(b) shows no significant changes in the 

surface morphology at the co-deposition of 10 g/l of QD, 

compared to pure nickel coating. However, as the QD 

content increased to 30 g/l, the coating surface became 

rougher, due to the agglomeration of colony like 

morphology which consists of smaller nickel grains 

compared to 10 g/l of QD. This finding is in agreement 

with work done by Panagopoulos et al. [7], who found 

that the fly ash particles trapped within the matrix of 

nickel can hinders the growth of nickel grains. The 

agglomeration of colonies like morphology has been 

reduced after the heat treatment at 200˚C. 

 

  

  
Figure 2 Surface morphology of (a) pure Ni (b) Ni-QD 

10g/l, (c) Ni-QD 30 g/l, (d) Ni-QD 30 g/l (200°C).  

   

Figure 3 clearly shows significant improvement in 

hardness of composite coatings compared to pure nickel 

coatings. The microhardness of composite systems 

increased with increase in composition of the quarry 

dust.  

 

 
Figure 3 Hardness values of Ni-QD composite coatings. 

 

Ni-QD 30 g/l composite coatings heat treated at 

200°C exhibited the narrowest wear width and 

shallowest plough lines compared to other coatings. 

These findings indicated that nickel co-deposited with 

30 g/l of QD and heat treated at 200°C has improved the 

wear resistance of bare AA6061, pure Ni, Ni-QD 10 g/l 

and Ni-QD 30 g/l (deposited at room temperature). The 

improvement in wear resistance of the composite 

coating is due to the phase transformation from Ni to 

Ni3P after the heat treatment process [10]. 

 

  

  

 
Figure 3 SEM image of wear scars (a) bare AA6061, (b) 

pure Ni (c) Ni-QD 10 g/l, (d) Ni-QD 30 g/l, (e) Ni-QD 

30 g/l (200°C). 

 

4. CONCLUSION 

Ni-QD 30 g/l with heat treatment at 200°C is 

successfully improved the hardness and wear resistance 

of bare AA6061, pure Ni, Ni-QD 10 g/l and Ni-QD 30 

g/l (deposited at room temperature). This is due to the 

presence of high silica and alumina content in the 

quarry dust particles co-deposited in the nickel matrix. 

Furthermore, it is also due to the phase transformation 

from Ni to Ni3P after the heat treatment process. 
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