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ABSTRACT 
Zirconium oxide (ZrO2) coatings are the most evolving growing area of research, with new materials are being continually 

developed which often exhibit novel properties that are absent in the constituent materials. Zirconium oxide (ZrO2) coatings 

therefore offer enormous potential for new applications including: aerospace, automotive, electronics, biomedical implants, non – 

linear optics, mechanically reinforced lightweight materials, sensors, wires, batteries, bio ceramics, energy conversion and so on. 

Zirconium oxide (ZrO2) coatings are employed in order to improve the wear resistance, Micro hardness and Corrosion resistance 

of the materials. Electro deposition coating technique is being used for coating over the mild steel to improve its properties. 

Zirconium oxide (ZrO2) is the only material withstands high temperature Ni-ZrO2 coatings are prepared by using Watt’s solution 

through Electro-deposition process. Different weight percentages of ZrO2 powder along with different concentration of surfactant 

were used at present, for the determination of optimum condition of deposition, time of deposition, pH, particle amount and 

surfactant amount are taken as variables parameters of study, while keeping current density and temperature of the bath as 

constant values. 
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INTRODUCTION 
 

Surface engineering includes the total field of research and technical activities are used for designing, 
manufacturing, investigation and utilization of surface layers for properties better than the core. Surface 
engineering techniques can be used to develop a wide range of functional properties, including physical, 
chemical, electrical, electronic, magnetic, mechanical, wear – resistant and corrosion – resistant properties at the 
required substrate surfaces. Surface engineering techniques are being in used the automotive, aerospace, missile, 
power electronic, biomedical, textile, petroleum, petrochemical, chemical steel, cement, machine tools, and 
construction industries. Almost all types of materials include metals, ceramics, polymers, and composites can be 
coated on similar or dissimilar materials.  
 
1.2 Surface Degradation: 

Degradation of materials is defined as progressive loss of performance or property with time due to external 
and internal forces or influences. Surface degradation mainly occurred due to the interaction between surface 
and environment typically through chemical (oxidation, corrosion) and mechanical interaction (wear, fatigue, 
freezing etc.). This degradation ultimately entail huge loss or penalty on all engineering system, therefore some 
important causes of surface degradation should be understood before going to discuss the advanced techniques 
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to improve surface property. Wear and corrosion are two important causes for degradation. The scientific study 
of degradation of engineering materials can be summarized as the rate of decline of performance. 

 
2.1 Objective: 

In general, a composite is an engineered material made up of two or more materials. Composite materials 
are lighter, stronger and sometimes cheaper than non- composite materials. There is nothing especially “Nano” 
about the composites. Particle board used as a building material is a very good example of a composite, as is 
fibreglass. From the comments that I have made so far, it is very easy to see how nanotechnology gets in to the 
act. The extraordinary properties of carbon nanotubes, for example, make them obvious candidate for use in new 
materials for electronics, building materials, automotive, and aerospace applications. There are good reasons for 
deploying these carbon nanotubes in the form of composite .Among these reasons is the tendency for carbon 
nanotubes to clump up, which can make pure nanotubes fabrics inconsistent in density and hence weak in some 
areas. As a result of this phenomenon, sieves, for example, has created composites with nanotubes and 
polymers. Other reasons are the cost of bulk nanotubes, which would, at this point in time, make the cost of a 
pure nanotubes material too high for widespread use. 
 
3.1 Properties Of Nickel Composite Coatings: 

Mechanical properties of Ni-ZrO2 crystalline materials mainly depend on microstructure of material 
enables dislocation theory correlating with strength and ductility of these materials. Nickel composite coatings 
consist of nickel matrix containing dispersion of second phase particles, such as ZrO2, Si3N4, Sic, Cr2O3, WC, 
diamond, PTFE, graphite, or even liquid containing microcapsules to improve mechanical, tribological, and 
corrosion resistance properties of Ni-ZrO2. These second phase particles act as physical barrier to dislocation 
movement and grain boundary sliding resulting into significant improvement in mechanical properties of 
composite coatings.  

Materials. The near net shape manufacturing capability of the die casting process need to produce the 
component that can be immediately used in services and would not add costly punching processes such as 
machining, polishing, shot blasting, plating and ball burnishing.[9].  
 
4.  Properties Of Materials: 
4.1 Nickel: 

Nickel is a silvery – white metal with a slight golden tinge that takes a high polish. It is one of only four 
elements that are magnetic at or near room temperature. Nickel belongs to the transition metals and is hard and 
ductile. Nickel is one of the most common alloy because if refines the pearlite and graphite structure, improves 
toughness. 

 
 Table 4.1: Nickel Properties  

                General Properties 
Name, symbol  Zirconium Oxide, ZrO2 
Element category  Transition metal 
Standard atomic weight 58.6934(2)g.mol-1 
                 Physical properties 
Melting point 1728k 
Boiling point 0.31 
Atomic radius 4 
Young`s modulus 638Mpa 
Shear modulus 700Mpa 
                Mechanical properties 
Bulk modulus 180Gpa 
Poission ratio 0.31 
Micro hardness 4 
Vickers hardness 638Mpa 
Brinell hardness 700Mpa 

 
4.2 Zirconium Oxide (ZrO2): 

Zirconium oxide (ZrO2) is the only material withstands high temperature, Zirconium oxide nanoparticles 
(ZrO2) are available in the form of Nano dots, Nano fluids and Nano crystals having a white surface area. They 
are often doped with yttrium oxide, calcium or magnesia. Zirconium is a Block D, Period 5 element and oxygen 
is a Block P, Period 2 element. Zirconium oxide is also known as zirconia, zirconium, zircosol and zirconic 
anhydride. 

 
5. Coating Surface Morphology:  
Experimental Details: 
5.1 Electro Deposition Coating: 
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Electro Deposition Coating is also a process of applying a layer to the substrate surface. Coating material is 
different from the substrate material and it permits achieving special surface properties of the part without 
changing its bulk properties.  

Coating May Improve the Following Surface Properties  
� Hardness  
� Corrosion and oxidation resistance  
� Anti – friction properties (wear resistance, low coefficient of friction)  
� Cosmetic appearance  

 
5.2. Coating Techniques: 

There are several methods used for surface modification of materials. The following techniques are few of 
them used for applying coatings on metals:  
 
Electroplating: 

- electroplating is a process of coating, deposition on a cathode part immersed in to an electrolyte solution, 
where the anode is made of the depositing material, which is dissolved in to the solution in form of the metal 
ions, travelling through the solution and depositing on the cathode surface. 
 
Electro less plating: 

the process of deposition of metal ions from electrolyte solution on to the substrate, when no electric current 
is involved and the plating is a result of chemical reactions occurring on the surface on the substrate.  
 
Conversion coating: 

the process, in which the coating is formed as a result of chemical or electrochemical reaction on the 
substrate. These are non – metallic coating obtained on metal surface in the form of compounds of the substrate 
metals 
 
Hot dipping: 

immersing the part in to a molten metal, followed by removal of the substrate from the metal bath, which 
results in formation of the metal coating substrate surface.  
 
Physical vapour deposition (PVD): 

the process involving vaporization of the coating material in vacuum, transportation of the vapour to the 
substrate and condensation of the vapour on the substrate surface.  
 
Chemical vapour deposition (CVD): 

the process, in which the coating is formed on the hot substrate surface placed in an atmosphere of a 
mixture of gases, as a result of chemical reaction or decomposition of the gases on the substrate material.  
 
Thermal spraying: 

deposition of the atomized at high temperature metal, delivered to the substrate surface in a high velocity 
gas stream.  
 
5.3. Electro Deposition Process: 

Electro deposition process is a conventional technique, but it is used vastly due to its certain advantages 
over other as it is low cost, low energy requirement, capability to handle complex geometry, simple scale – up 
with easily maintain equipment, good chemical stability, easily maintained equipment and after all very 
important potential of it is every large number of pure metals, alloys, composites, ceramics, which can be 
electrodeposited with grain size less than 100nm. The coating materials over the large area of applications as 
coatings of engine cylinders, high pressure valves, musical instruments, car accessories, small air craft, 
microelectronics, aerospace , medical devices, marine agriculture and nuclear fields 
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Fig. 5.1: Nickel Electro deposition 
 
1. Nickel plate, 2.Mild steel plate, 3. Power supply,4.Hotplate stirrer, 5. Stirring bar,  
6. Locating plate, 7. Beakerand 8. Electrolyte            
 

 
 

 
Fig. 5.2: Electro deposition Timing 



53                          A. Mahendran et al., 2016/ Advances in Natural and Applied Sciences. 10(9) Special 2016, Pages: 49-53 

 

 
Fig. 6.2: SEM Image 

 
6.1 Calculation: 

This investigation on Nano composite Nickel-Zirconium oxide coatings by electro deposition has resulted 
the following, 

Under the experimental conditions used in these investigations, the application of electro deposition 
improves the micro hardness and wear properties of the Ni-ZrO2composite coatings significantly.Micro  

hardness  of  the  Ni-ZrO2   coated  mild  steel  is  212  micron  also compared  to  the  nickel  coated  mild  
steel  is  164.3  micron.The reinforcement content of Ni-ZrO2  in the composite coating is increased by 
increasing content of Nano particle loading in the electrolyte bath. 

Except the coatings deposited from electrolyte bath with Nano particle content, the Ni-ZrO2 composite 
coatings showed relatively random/weak crystallographic texture compared to pure nickel coatings. For similar 
electro deposition condition, the Ni-ZrO2 composite coatings are compared to pure nickel coatings due to more 
random/weak crystallographic texture in composite coatings. 
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