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ABSTRACT 

Electrodeposition technique was used to build Nickel Tungsten composite coatings at varying temperatures in this 

sample. The effects of temperature on the Ni-W composite coatings' composition, crystal structure, grain size, micro 

hardness, and surface morphology were analyzed in depth. With increasing temperature, grain size shrank, while 

micro strain and residual stress increased. At high temperatures, the composite coating's hardness reached its 

maximum. When the bath temperature was elevated, the tungsten content improved. On the surface, Ni-W films 

were bright and evenly coated. Ni-W film deposits were also nanoscale, with an average crystalline dimension of 75 

nanometers. At 90°C, Ni-W had a micro hardness of 249 VHN. 
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1. INTRODUCTION 
 

NiW electrodeposits are a good substitute for traditional Ni electrodeposits because of their higher resilience, 

efficiency, and wear resistance [1-4,7]. These enhanced properties result from tungsten  position in microstructure 

refinement, which reduces the need for organic grain refiners. Since electromagnetically actuated MEMS are more 

robust for high force and large actuation gap applications, soft magnetic materials are needed for MEMS devices 

such as micro actuators, sensors, micromotors, and frictionless micro gears. Owing to their use in magnetic storage 

media, magnetic sensors, and other uses, ferromagnetic films and alloys have special properties relative to non-

magnetic films and alloys [6-9]. Because of their low coercivity and strong saturation magnetization, Ni–Fe, Ni–W, 

and Co–Fe alloys have been widely used. Since the magnetic properties of Ni–W alloys are primarily influenced by 

their crystal structure, a thorough investigation of this engineering substance is essential for its application areas [10-

16]. In recent years, scientists have conducted several experiments on the effects of various deposition parameters 

on magnetic properties of Ni–W films. Nickel and its alloys have various benefits, including high wear and 

corrosion resistance [17-20]. As a result, nickel deposition is necessary in the industry to enhance wear and 

corrosion resistance as well as magnetic properties. Electrochemical methods, such as electrodeposition and 
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electroless deposition, are well-suited to meet the demands of high yield and low cost. The effects of various 

temperatures on the properties of Ni-W alloy thin films was investigated in this analysis. The preparation and 

characterization of electroplated Ni-W thin films are described in this article. 

 

2. EXPERIMENTAL PART 

 

Temperatures of 30, 50, 70, and 90 o C were used to prepare electroplated Ni-W alloy films. The deposition process 

took 15 minutes to complete. Copper and stainless steel substrates with dimensions of 1.5 cm x 7.5 cm were used as 

cathode and anode in this study [21-22]. Electrolytic solution containing sodium tungstate (15 g/l), nickel sulphate 

(30 g/l), ammonium sulphate (40 g/l), and citric acid (10 g/l) was used to make Ni-W thin films. (22-23). By 

combining ammonia solution, the pH of the solution was set to 6.0, and the electroplating procedure was carried out 

at a current density of 2 mA/cm2. After 15 minutes, the copper or cathode was gently removed from the bath and 

dried for a few minutes [23-24]. Scanning Electron Microscope was used to describe the surface nature of Ni-W 

films. Energy-dispersive X-ray spectroscopy was used to analyze the mineral composition of film deposits, and X-

ray diffraction was used to examine the crystal structure of deposits[25]. Vickers Hardness Test was used to assess 

the micro hardness of the films. 

 

3. RESULTS AND DISCUSSION 
 

3.1 COMPOSITION OF Ni-W FILMS 
 

The EDAX results indicate that the films made at higher temperatures contain maximum of tungsten. High 

temperature yields the highest tungsten content of 24.71 wt   percent. The EDAX results indicate that Ni material 

reduces as temperature rises. Ni-W thin films with low temperatures have a cumulative Ni content of 72.21 wt 

percent. If the temperature rises, the weight percentage of tungsten increases. The effect of the ammonia solution on 

the film is neglected since it is only used to fix the pH value of the bath solution. 

Table 1: EDAX analysis of thin films 

S. No Temperature 

(˚C) 

Ni 

Wt% 

W 

Wt% 

1. 30 
72.21 27.79 

2 
50 65.03 34.97 

3 
70 60.42 39.58 

4 
90 52.18 47.82 
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Figure 1. Variation of nickel and tungsten content with different electrolytic bath temperature 

 

 

3.2 MORPHOLOGICAL STUDY OF Ni-W FILMS 

Scanning Electron Microscope (SEM) images were used to examine the surface structure of Ni-W thin films at 

temperatures of 30, 50, 70, and 90 oC, as seen in Fig 2. On the top, the thin films are bright and uniformly coated. 

They claim to be crack-free. 

 

 

(a)                                                                                                   (b) 
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Figure 2.Ni-W films –SEM images at  

(a) 30˚C (b) 50˚C (c) 70˚C (d) 90˚C 

3.3 STRUCTURAL ANALYSIS OF Ni-W FILMS 

XRD processing is used to determine the crystal structure of the electrodeposited Ni-W alloy thin films. Figure 3 

shows the X-ray diffraction patterns of Ni-W films obtained at various temperatures. The appearance of sharp peaks 

in the XRD pattern indicates crystalline existence of the films. XRD is used to measure the crystalline dimension of 

the deposits using Scherrer's algorithm. 

         D=0.954λ/βcosθ 

 Where θ is the Bragg's angle , λ is  the X-ray wavelength, and is the entire range of the diffraction peak at half 

maximal intensity centered at 2 θ. The XRD patterns of Ni-W films show the presence of the FCC pattern, which 

has diffraction peaks of (111), (200), and (220). The findings show that the Ni-W deposits' crystalline sizes are 

obtained by a nanoscale electro deposition technique, with an average crystallite size of about 75 nm.  
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                       Figure.3  Ni-W films-XRD patterns at (a) 300C (b) 500C (c) 700C (d) 900C 

The crystal size of Ni-W alloy films is tabulated and shown in table 2. When temperature is increased, the crystalline 

size of thin films is decreased due to onset orientation of crystals during electrodeposition. 

 

Table.2: Structural characteristics of Ni-W alloy thin films 

 

S.No Bath 

Temperature 

(˚C) 

2θ 

(deg) 

d 

(A0) 

Particle Size(D) 

(nm) 

1 30 43.47 1.6012 95.67 

2 50 44.93 1.4914 75.04 

3 70 43.05 1.3814 70.42 

4 90 42.93 1.3017 59.53 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Variation of crystal size with different electrolytic bath temperature 
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3.4 MECHANICAL PROPERTIESOF Ni-W FILMS 
 

Vickers hardness tester was used to measure the micro hardness of the deposits. Thin films prepared at temperatures 

of 30, 50, 70, and 90 o C have hardness values of 124,156,182, and 249 VHN, respectively. As a result of the lower 

tension associated with thin films, micro hardness increases as the electrolytic bath temperature rises. Figure 5 

illustrates how hardness changes as bath temperature rises. 

 

 

 

 

 

 

 

 

 

Figure 5. Variation of micro hardness with different electrolytic bath temperature 

 

4. CONCLUSION  
 

Ni-W alloy thin films have been successfully synthesized using electrodeposition at varying temperatures.  Crack-

free, bright, and uniform nano crystalline films are obtained at various temperatures. Electrodeposited Ni-W thin 

films have a dominant composition of FCC. The deposits have crystalline sizes in the nanometer range. When the 

temperature rises, so does the hardness. The particle size values fall from 95.67 nm to 59.53 nm as the temperature 

rises from 30 to 90 degrees Celsius. This occurs as a result of Ni-nanocrystalline W's composition and low film 

stress. This article outlines the optimum electroplated bath operating conditions. Ni-W thin films can be used in a 

number of electronic instruments, such as high-density storage media, magnetic writing heads, high-performance 

transformer cores  and MEMS. 
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