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Abstract 

 

The aim of this work was to study the effect of bath temperature on the 

coating thickness, hardness and tensile properties of nano structure Ni-WC 

composite coating on MS substrate. The morphological and fractured surface 

was studied using scanning electron microscope. The coating thickness was 

checked using Elektro Physik thickness gauge. The hardness and tensile 

testing was done using Reichert microhardness tester under 1000 g load and 

Universal testing machine respectively. The morphology outcome reveals that 

the nano structured composite coating became coarser when the bath 

temperature increased. The wt. % of reinforcement in the coating deposition 

initially increased with increased bath temperature (45 to 55 C),  but then it 

decreased (55 to 65 C). The adherence, cracking resistance and 

microhardness of the composite coating showed maximum at 55 C. The 

existence of WC in the nano structured composite coating improves 

mechanical strength of the coatings. 
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Introduction: 
 

Electroplating is a plating process that adopts electrical current to lower cat ions of a 

desired material from a solution and coat a conductive object with a composite layer 

of the material, such as a metal. Electroplating is primarily used for depositing a layer 

of material to present a desired property (e. g., abrasion and wear resistance, corrosion 

protection, lubricity, aesthetic qualities, etc.) to a surface that otherwise missing of 

that property. Another application uses electroplating to build up thickness on 
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undersized parts. Some authors worked out on the Nickel based composite coating 

have combination of mechanical properties [1]. In general, the composite coatings 

reinforced with hard oxide or carbide particles such as Al2O3, TiO2, SiO2, SiC and 

WC or even diamond that improve wear resistance and reduce wear friction [2-4]. 

Non-metallic inclusions such as WC and SiC incorporated in the metal can change its 

electron structure and the crystal lattice, which will result in change of physical and 

mechanical properties of the electro-deposits [5-6]. Several researchers have reported 

on Electro-co-deposition of ceramic (WC / SiC) and metallic (carbon black / CNT) 

reinforcements separately for wear and corrosion properties. However less research is 

carried out on the effect of bath temperature on microhardness, thickness and surface 

morphology Ni-WC nano composites. The objective of this paper is to study the effect 

of process parameter on bath temperature for Ni-WC nano composite coating on MS 

substrate by electro-co-deposition and characterized by using Microhardness, Tensile 

strength, XRD and SEM. 

 

Experimental Procedure: 
 

The average size of WC, 200 to 300 nm is used as a reinforced particle. The MS plate 

(3cm x 6cm x 2mm) is used as the substrate (cathode) and nickel as anode in the 

electro-co-deposition composite coating. One side of the substrate is coated and all 

other sides are masked and the area of the deposition is 18 cm2. In the experiment, the 

electrolyte contained NiSO4 6H2O (250 g/l), NiCl2 6H2O (35 g/l) and H3BO3     (40 

g/l). The pH of the solution is 4, the current density is varied by 2, 3 and 4 A/dm2, 

bath temperature 45, 55 and 65ºC, Stirring rate is 250 rpm and plating time is 1hour. 

The blend (electrolyte and reinforcement) was sonicated in an ultrasonic bath such 

that all the reinforcement particles were sufficiently wetted and remained suspended 

uniformly in the electrolyte. After sonication, the suspension was transferred to an 

electrolyzer and diluted to the required concentration. The pH value was corrected by 

means of sodium-hydroxide solution. The plating solution was agitated during 

electro-co-deposition with a magnetic stirrer for 1 hour. The motive force of turbulent 

fluid flow directed the reinforced particles to the cathode surface and hinders them 

from sedimentation in the bulk of electrode. Before each experiment, the MS plates 

with dimension of 6 cm x 3 cm were polished by buffing machine, then rinsed in 

distilled water and activated in 5% sulfuric acid at room temperature and finally with 

acetone. The distance between the cathode and anode was maintained at constant 

distance of 9 cm for all experiments. Electro-co-deposition was carried out on vertical 

electrodes and the plating at specified temperature at laminar flow condition during 

electro-co-deposition using a magnetic stirrer. The plating time was 60 min in all 

cases. 
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To remove loosely adsorbed reinforcement particles from the surface, the deposits 

were cleaned in distilled water after electrolysis. The thickness of the produced 

coatings was measured using Elektro Physik thickness gauge. Micro-structural and 

morphological characterizations of the deposits involved scanning electron 

microscopy. The preferred crystalline orientation of the Ni-WC was examined by 

applying X-ray diffraction (XRD) technique using JEOL JDX-8030 X-ray 

diffractometer System. The morphology of the surface coatings was observed with a 

SEM. 

 

Results and Discussion: 
 

The Fig. 1(a-c) shows the variation in the coating thickness of the Ni-WC nano 

composite coating with the different current density and bath temperature at different 

WC content & constant pH of 4. By experimental observation, it showed that the 

deposit is thicker at the centre of the plate than at the corners for all type of the coated 

specimens. But an almost consistent deposit thickness was obtained for deposition 

with 3 A/dm2 current density, bath temperature of 55 C and loading of 4 g/l. 

 

Fig. 1: Effect of WC loading and 

current density on Coating 

Thickness for Ni-WC coatings of 

Bath Temperature of a) 45ºC,       

b) 55ºC & c) 65ºC 
 

a) b) 

c) 
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A typical cross sectional view of a Ni-WC nano compositing coating samples is 

presented in Fig. 2 (500 and 200 µm magnification). The coating represents 

homogeneous distribution of the Ni-WC nano composite coating that leads to more 

stronger mechanical property. 

 

Fig. 3 shows the SEM morphologies of Ni-WC nano composite coated specimens. 

The Ni-WC nano composite coating is characterized by particulate-like structure, 

which indicates that the co-deposited WC nano-particulates are much uniformly 

distributed in the Ni matrix of the composite coating{Fig 3 a) & b)}. In addition, 

many nodular agglomerated grains are seen on the composite coating surface at higher 

loading and bath temperature {Fig 3 c)}. It is supposed that the co-deposited WC 

b) 

Fig. 3: SEM (500µm) typical 

morphology of Ni-WC 

composite coatings of Bath 

Temperature of     a) 45ºC,          

b) 55ºC & c) 65ºC   

 

a) 

c) 

Fig. 2: Cross-section of SEM micrographs of a Ni-WC coated on 

MS samples after cutting and polishing (a) 500µm & (b) 200µm 

SUBSTRATE 

COATING 

b) 

SUBSTRATE 

COATING 

a) 
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particulate has a uniform distribution and agglomeration, which to some extent may 

contribute to increasing the hardness of the Ni-WC nano composite coatings. 

 

The Fig. 4 shows that the microhardness of nano composite coating is larger than that 

of Ni coatings. At the beginning, the hardness increases with increasing bath 

temperature then attained peak at 55ºC and decreases with increasing bath 

temperature. Microhardness of Ni–WC matrix was observed to be 1244. 42 Kg/mm2 

VH at 55ºC bath temperature. 

The Fig. 5 X-ray diffraction pattern revealed the presence of WC in the Ni-Composite 

crystalline matrix during electro-co-deposition. The pure Ni peaks are obtained at        

2θ = 45°, 52°, 76° and 90°. The maximum intensity peak was obtained for (111) 

plane. [7] 

 

Fig.4: Microhardness of Ni-WC composite 

coating on MS plate at 45, 55 & 65 ºC Bath 

Temperature  
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Fig. 5: XRD pattern of Ni-WC composite coating at 55ºC 
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The Fig. 6 shows that the Tensile strength of nano composite coating is larger than 

that of Ni coatings. Initially the tensile strength increases with increasing bath 

temperature then attained peak at 55ºC and decreases with increasing bath 

temperature. Tensile strength of Ni–WC matrix was observed to be 800 plus MPa at 

55ºC bath temperature. 

 

  
 

 
 

 

 

 

 

 

 

 

 

 

 
 
 

 
 

Conclusion: 
 

 The surface of the Ni-WC nano composite coatings becomes coarser as the 

electro-co-deposition bath temperature increases. 

 WC contents in the nano composite coating increases with the depositing bath 

temperature until value at the bath temperature of 55 ºC, then the WC content 

decreases as the bath temperature increases. 

 The increased Mechanical properties are observed in these Ni-WC nano 

composite coatings at the bath temperature of 55ºc. 
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