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ABSTRACT 
Titania or Titanium di-oxide (TiO2) and blend with 10% SiC coatings were produced by High Velocity oxy Fuel (HVOF) spraying on 
commercially pure titanium substrate. The Titania coating has been considered for wear resistance, corrosion resistance and 
environmental barrier coating. The Titania is a suitable candidate for titanium to protect from wear and corrosion in oxygen 
reduced environments due to its coefficient thermal expansion match with titanium substrate. The microhardness value of these 
coatings was measured by Vickers microhardness tester. The coating porosity, cross sectional morphology and eroded surface 
morphologies was observed in Optical Micrograph (OM) and Scanning Electron Micrograph (SEM). The X-Ray Diffraction analysis 
was made to observe the phase composition of these coatings. The solid particle erosion test was conducted as per ASTM G76 
standard. The possible wear mechanisms of the titanium, coatings were discussed. 
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INTRODUCTION 

 

Titanium and Titanium alloys posses several excellent properties including corrosion resistance, very high 

strength to weight ratio, low density and ability to maintain their properties at extremely high temperatures. 

These attractive properties of Titanium and its alloys makes them suitable for wide applications ranging from 

aerospace, chemical, petrochemical, marine and offshore. On the other hand, titanium alloys are limited its 

applications because of its poor tribological properties and subject to erosion while handling fluids and slurries 

in marine and chemical processing environment [1] and Valley, 2013. Many surface treatments (like low-dose-

rate implantation, ion beam deposition, plasma nitration and carburization) have been used to modify the 

tribological properties of titanium and titanium alloys [2-3]. Among those techniques thermal sprayed ceramic 

coatings alumina, chromia, zirconia and Titania offers higher wear, erosion and corrosion resistance. Thermal 

sprayed Titania (TiO2) has very good corrosion resistance, biocompatible and also TiO2 gives moderate wear 

resistance while it employed in hard surfaces (sliding wear) and abrasive grains due to its high hardness, density, 

and adhesion strength. It was reported that microstructure and bond strength of the thermal sprayed Titania 

coating on titanium components is superior to other ceramic coatings due to its better Coefficient of thermal 

expansion (CTE) match with titanium substrate [4] studied about dry abrasive and slurry erosive wear behavior 

of plasma sprayed nano structured titania on titanium substrate, he suggested that addition of titania with second 



10                   R. Sathiyamoorthy et al., 2017/Advances in Natural and Applied Sciences. 11(8) June 2017, Pages: 9-14 

 

phase ultrafine particle selected from the group consist of zirconia, tantalum oxide, boron carbide, Silicon 

Carbide(SiC), titanium carbide can improve the wear resistance. In this investigation first attempt has been made 

to develop Titania (TiO2) with 10%SiC by High Velocity Oxy-Fuel (HVOF) and its erosive wear behavior has 

been studied in Air-Jet Erosion testing apparatus.  

 

Objectives: 

The of this study is to develop SiC reinforced Titania coating on Titanium substrate by High velocity Oxy 

Fuel Spraying (HVOF) and evaluate its erosive wear behaviour. 

 

MATERIALS AND METHODS 
 

The fused and crushed TiO2 and SiC powders with size ranging between 10-30µm was used. The powder 

was prepared by mechanically mixing TiO2 with 10% volume of SiC by high energy ball milling machine using 

a jar with tungsten carbide balls. Ball milling was carried out for one hour with ball to weight ratio 1:1, filling 

25% of jar volume at the speed of 150 rpm. The Titanium substrate (25x25x3 mm thickness) was grit blasted by 

using corundum grits of size 320- 500µm and subsequently cleaned using acetone in an ultrasonic bath and 

dried. The HVOF spraying was carried out using equipment supplied by M/S Metallizing Equipment Co. Pvt. 

Ltd., Jodhpur, India, which utilizes the supersonic jet generated by the combustion of liquid petroleum gas 

(LPG) and oxygen mixture. LPG fuel gas is cheap and readily available as compared to other fuels used for 

HVOF spraying. The optimized [5] spraying parameters employed during HVOF deposition are listed in Table-

1. All the process parameters, including the spray distance were kept constant throughout the coating process. 
 

Table 1: HVOF spray parameters 

Parameters Values 

Oxygen flow rate (lpm) 262 

Fuel flow rate (lpm) 700 

Powder feed rate (gpm) 33 

Spray distance (mm) 220 

Air flow rate (lpm) 700 

 
Table 2: Parameters involved in erosive ear test 

Parameters  Values  

Erodent material Al2O3 

Erodent particle size (µm) 50 
Particle velocity (m/s)  60 

Flux rate (g/min) 3 

 
Impingement angle  60° 

 

Test time (min) 5 

 

 

2 Coating characterization and erosive wear testing: 

2.1 coating characteristics:  

The average thickness of the coatings measured was 200-250 µm and the cross sectional morphology has 

been observed in optical micrograph. Standard metallographic procedure was adopted to polish the cross section 

of the coatings. The porosity of the coatings was analysed as per ASTM B276 standard on the polished cross-

section of the coating, using optical microscope (OM) (Make: Meiji; Japan, Model: MIL-7100) equipped with 

image analysing system. The microhardness measurement was made using a Vickers Microhardness tester 

(Make: Shimadzu; Japan. Model: HMV-2T). A load of 300 g and a dwell time of 15 s were used to evaluate the 

hardness. A phase composition of as sprayed coating was characterized by X-ray diffraction(XRD) analysis 

using Cu Kα radiation at a moderate scanning speed of 1° per minute between 2θ=20-80°. Optical microscope 

(OM) was used to investigate the microstructural characterization of uncoated titanium surface and coated 

titanium surfaces.  

 

2.3 Erosive wear test:  

The solid particle erosion tests were performed on air jet erosion test rig as per ASTM G76. The testing 

parameters involved in this study are shown in Table 2. In this rig Al2O3 particle size 50 µm was used as 

erodent, the SEM micrograph of alumina erodent is shown in fig-3. The studies were performed for uncoated as 

well as-coated specimens for the purpose of comparison. The erosion test conditions utilized in the present study 

are listed in Table 2. A standard test procedure was employed for each erosion test. The samples were cleaned in 

acetone, dried, weighed to an accuracy of 0.1mg using an electronic balance, eroded in the test rig for 120 s and 

then weighed again to determine weight loss.  
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RESULTS AND DISCUSSION 

 

3.1 Microstructure, hardness and porosity of the coating: 

The fig-1(a) shows the SEM morphology of fused and crushed TiO2 feedstock. It exhibits angular, blocky 

morphology of dense solid particles and absence of nanostructural characteristics, which confirms the 

conventional character of feedstock. Fig-1(b) shows the submicron size SiC which consist narrow particle 

distribution. Fig-2 shows the Optical Micrograph images of coating cross section by HVOF, all the coating 

exhibits the uniform microstructure such as absence of lamellar structure even distribution of pores and no 

significant micro crack. The coating shows porosity level in between 1-2%. It is thought that high impact 

velocity of the sprayed particle is one of the main factors producing low porosity, highly dense and 

homogeneous coating. This result is well agreed with previous studies on HVOF sprayed TiO2 coating [6]. The 

Vickers micro hardens numbers (300g at 15 s) for the titanium surface measured at the top surface of the 

titanium is 207 HV0.3. The values measured at cross section of TiO2 and TiO2+10%SiC coated surfaces are 876 

and 958 HV0.3 respectively. The addition of SiC into the TiO2 coating matrix increases the coating hardness and 

decreases the coating porosity. The SiC feedstock employed in this study has narrow particle size, high specific 

surface area and high chemical activity leads to agglomeration with melted Titania particles which give strong 

cohesion between the splats and subsequently decreasing porosity, so the increasing microhardness was 

observed [6]. 

 

   
 

Fig. 1: SEM Morphology of Feed stock (a) TiO2 (b) SiC 

 

 
 

Fig. 2: coating cross section (a) TiO2 coating (b) TiO2 + 10%SiC 

 

3.2 Crystallographic phases:  

Fig. 3(a) shows the XRD pattern of the Titania coating contained rutile as a major phase and anatase minor 

phase. The crystalline phases of SiC were evidenced from the XRD pattern shown in fig-3(b), the intensity of 

SiC peak increases while increasing percentage of SiC. It also evidenced that there is TiC and SiO2 second 
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phase exist in the XRD pattern, we could understand that there is chemical reaction takes place during thermal 

spraying. It may be due to inherent nature of SiC which undergoes decomposition at high temperature during 

HVOF spraying [7]. 

 

3.3 Erosive wear behavior and wear mechanism: 

Fig 4 shows the SEM morphology of alumina erodent which has angular morphology. Fig 5 shows the 

erosion rate of the titanium substrate and Titania coatings, the erosion rate decreased while adding SiC into the 

TiO2 coating matrix. Fig 6(a-c) shows the SEM morphology of the eroded surfaces of titanium TiO2 and TiO2 

+10%SiC coatings. The fig 6a shows the eroded surface of Titanium, at the impact location, the particle loses it 

kinetic energy to the target material in the form of heat energy and energy for deformation of the surface. Very 

high level of shear strain may be produced in the material at the impact location. When shear strain exceeds the 

elastic strain limits, the particle penetrates the surface of material and plough along the surfaces removing 

materials. The mechanism of wear in titanium surface is deformation, plastic grooving and brittle failure [8].  

 

 
Fig. 3: XRD pattern of (a) TiO2 Coating (b) TiO2+10% SiC 

 

 
 

Fig. 4: SEM Morphology of Al2O3 erodent 

 

Fig 6b shows the SEM morphology of TiO2 coating, it reveals severe plastic shear deformation produced by 

the sliding action of erodent particles. Titania has improved wear resistance compared to titanium surface.  

Surface has evidenced the presence of rubbing, extrusion, ploughing and cutting action of erodent particles. 

There is also evident of brittle cracking, which will leads to fragmentation of material. The major wear 

mechanism of Titania coating was plastic deformation of TiO2 lamellae and splat ejection of splats. The ejection 

of splats is caused by grain lamellar microcracking and plastic deformation followed by smearing of the 

deformed material [9-10]. 

Fig 6c shows the SEM morphology of TiO2 10% SiC, it reveals the plastic deformation and brittle material 

removal. The presence of SiC in the Titania coating matrix improves the intersplat cohesion and reduces the 
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coating porosity which impedes the splat fragmentation and splat removal. This addition SiC improves the yield 

strength of the individual and coating material, which gives reduced wear rate [11-12]. 

 
Fig. 5: Erosion rate 

    

      
 

 
 

Fig. 6: SEM morphology of eroded surface of (a) Titanium (b) TiO2 Coating (c) TiO2 + SiC Coating 
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Conclusion: 

(1) In present investigation the Titania and SiC reinforced Titania coating was developed by High Velocity 

Oxy Fuel spraying on commercially pure titanium substrate. 

(2) Addition of SiC in the coating matrix improves the coating hardness and decreases the porosity level of 

the coating which gives higher integrity to the coating. 

(3) Erosive wear resistance of titanium substrate is very low compared to coated titanium. Addition of 10% 

SiC   improves the erosion wear resistance. The high hardness and low porosity is the main reason for improved 

wear resistance of coating 

(4) The major wear mechanism of the titanium is plastic deformation and plastic grooving. The wear 

mechanism involved in the TiO2 coating is plastic shearing and splat pull-out. In case of TiO2+10%SiC is plastic 

deformation. 
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