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ABSTRACT 

In the present work, the influences of four different normal load values (5, 10, 15, 20 N) on the 

microstructure, wear resistance of the plasma sprayed Yttria Stabilized Zirconia (YSZ) coating on stainless steel 

substrate were investigated. The coating was characterized by scanning electron microscopy (SEM) and wear 

resistance. Plasma sprayed YSZ coating obtained at the lowest Normal load exhibited improved wear resistance 

compared to the other three normal loads which is attributed to the dense nature of the load. 
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INTRODUCTION  

Wear problems are still of great relevance in a wide range of industrial applications and products as they 

result in the degradation and eventual failure of components and systems both in the processing and manufacturing 

industries and in the service life of many components. Various technologies have been used to deposit the 

appropriate surface protection that can resist the degradations. Among these, thermal spraying, especially plasma 

spraying, is often considered as a potential alternative to traditional coating techniques (such as hard chrome 

electroplating) for the production of wear resistant coatings. As far as anticorrosion and antiwear applications are 

concerned, the most frequently used coating materials are oxide ceramic coatings (F. Rastegar, 1997).  

ZrO2 is typically used as the top ceramic coating material of TBCs because of its low thermal conductivity 

and excellent chemical stability (Dongsheng, 2014) low density and high hardness, stiffness, strength and 

refractoriness, zirconia-based ceramics have been regarded as potential candidate materials for Tribological 

applications. Plasma sprayed yttria stabilized zirconia coatings have been used in engines and gas turbines as 

thermal barrier coatings. The coatings sprayed onto cylinder liners could enhance the thermal efficiency of internal 

combustion engines and meanwhile increase the service life of piston ring/cylinder liner pairs (J. F. Li, 2014). 

Yttria Stabilized Zirconia (ZrO2 + 8% Y2O3) are found to better wear performance than when sliding against a 

metallic substrate (N. Krishnamurthy, 2012). Although a number of researchers have investigated factors 

influencing the wear behaviour of plasma sprayed Yttria Stabilized Zirconia (YSZ) coating. Spraying conditions, 

such as critical plasma spray parameter and distance between spraying gun and substrate (S. T. Aruna, 2014).  The 

goal of the current study was to investigate the effect of normal load on the microstructure, wear behaviour of the 

plasma sprayed Yttria Stabilized Zirconia coating.  

Experimental Work 

          The substrate material used in this study was AISI 304 austenitic stainless steel. The specimens of 150 mm 

length and width 75 mm used for plasma spraying were cut form austenitic stainless steel cleaning, sand blasting in 

order to prepare the surface for coating. The chemical compositions for the Bondcoat: Ni 77 wt%, Cr 18 wt% and 

Ceramic coat: ZrO2 92 wt%, Y2O3 8 wt%. Plasma spraying was performed on a METCO 3MB plasma – spraying 

machine made in India. NiCr composite powder was firstly plasma – sprayed on the surface of the specimens of 

form a thickness on 50 µm intermediate bond coatings in order to alleviate thermal mismatch between ceramic 

coatings and metallic substrate. The Yttria stabilized zirconia (8YSZ) powder was sprayed as top coatings onto the 

surface of intermediate bond coatings, respectively. The thickness of ceramic coating was 50 µm. The detailed 

spraying parameters are listed in Table 1 

In order to evaluate the wear resistance of plasma – sprayed ceramic coating, a disc is cut from the 8YSZ 

coated samples of diameter 55mm and thickness 6mm. A diamond coated stainless steel pin with surface hardness 

greater than the ceramic surface is taken. The pin is placed in the lever such that its surface touches the disc 

specimen. The other end of the lever are given with 5, 10. 15 and 20 N load using pulley. The disc is set to rotate at 

a speed of 200 rpm for 30 minutes. After 30 minutes, the disc is taken and checked for volume losses. The 

coefficient of friction is recorded with respect to time on the surface of the disc during wear application             
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Table 1: Plasma spray parameters used for bondcoat and 8 wt% Yttria Stabilized Zirconia 

Plasma spray parameters Bond Coat 8YSZ  

Primary gas, flow rate (LPM), Ar  45 80-90 

Secondary gas, flow rate (LPM), H2 6 15-18 

Powder carrier gas, flow rate (LPM), N2 37-39 37-39 

Powder feed rate (g) 30-35 40-45 

Current (A) 500 518 

Voltage (V) 60 32 

Spray distance (mm) 120 75-100 

Coating thickness (µm) 50 50 

          . The coating sample and wear test samples were examined by Scanning Electron Microscopy (SEM) is an 

efficient tool to study the surface texture of materials. Here the surface of the sample is irradiated with the beam of 

electrons. Since, electrons have shorter wavelengths compared to photons; the resolution obtained in SEM is very 

high compared to that in optical microscope. In addition to the above two factors, it has an advantage of greater 

magnifying power and hence SEM has become a very powerful technique to explore the free surfaces of the 

materials.  

RESULTS AND DISCUSSION  

Microstructure of the coating 

Figure 1 shows the SEM surface images of the plasma sprayed Yttria Stabilized Zirconia coating. The 

cross section of the surface of the plasma sprayed yttria stabilized zirconia thermal barrier coating revealed three 

separate layers namely stainless steel substrate material, bond coat layer and yttria stabilized zirconia layer. The 

bond coat and yttria stabilized zirconia layers have a thickness of 50 μm each (Fig. 1a). Some splats and unmelted 

powders were observed along with porous regions between the splats (Fig. 1b). Some splats appeared like a custard 

containing well fused particles (Fig. 1C). Some splats and pores are seen in the surface forming a rough surface 

(Fig 1d).  

Wear Test Results 

Effect of Load on Wear rate  

Load or contact stress is the most obvious and easily monitored parameter that can affect wear. The 

magnitude of the normal load or the contact stress is important since it increases both the area of contact and the 

depth below the surface at which the maximum shear stress occurs as well as elastic or plastic deformation state. 

The variation of wear with time is shown in Figure 2. 

Wear rates are calculated based on volume loss per unit of applied load as well as sliding distance. The 

variation of wear rate with load is shown in Figure 3. It is observed that the wear rate increases with an increase in 

load for all coating systems examined in this investigation clearly suggesting that the depth of indentation is a 

linear function of the applied load. At higher loads, the top coat of the sample is found to be removed with rapidity 

thus causing the bond coat to get exposed to abrasive disk. Once the bond coat starts experiencing the wear, greater 

amount of work hardening takes place and this effect increases with the increase of applied load. At higher loads, 

work hardening effect shadows the effect of three-body abrasion and converts it into an adhesive wear. It is also 

found that the factors such as adhesion, work hardening, and densification apart from the abrasive process influence 

the friction behaviour in steady state region. The coefficient of friction (COF) was ~ 0.65 – 0.7 for coating all the 

four different loads. The wear rate followed the order: 5 N load ˂ 10 N load ˂ 15 N load ˂ 20 N Load ˂ Stainless 

steel substrate. The wear rate for the 5 N load was very low which also indicate better wear resistance of the 

coating. 
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Fig. 1 – SEM images of plasma sprayed Yttria Stabilized Zirconia coating (a) Layers in cross section (b) 

Surface in cross section (c) Layers in top section (d) Surface in top section 

 

  

 Fig 2 – Variation of wear with time for different 

loads 

Fig 3 – Variation of wear rate with load 

 

    

Fig 4 – SEM micrographs of wear test surfaces under (a) 5N (b) 10N (c) 15N (d) 20 N 

Effect of Load on Microstructure  

The microscopic observation of wear tested surfaces of coating as shown in Fig 4. (Figures 4a, 4b, 4c and 

4d) indicates that the wear of top coat which is mainly a ceramic layer takes place by ploughing mechanism. The 

lips created by the ploughing can be clearly identified in loads 10N and 15 N and also wear tracks can be clearly 

identified in load 20 N. This wear mechanism is also referred to as exfoliation mechanism of wear (N. 

Krishnamurthy, 2012). According to this mechanism, friction would result in the initiation of crack between two 

splats of the same lamella. During cyclic loading, the crack is found to have been propagating along the splat 

boundary, leading to its final exfoliation from the worn surface. The stress field developed during sliding also led to 

the initiation of cracks perpendicular to the coating/substrate interface and they are found to propagate through the 

thickness of the coating. In case of Atmospheric Plasma Sprayed ZrO2-8 wt% Y2O3 coating, the weak interfaces 

between the successive lamellae appear to have been failed, leading to the delamination of the coating which is 

extended from the axis of loading. This degradation mechanism appears to be contributing to the rapid wear of the 

ceramic coating and hence an increase in the wear. 

The changes in microstructure are significant in case of wear resistance of plasma-sprayed coatings. It is 

found that the phase transformation has an important effect on the wear process. There is a preferential growth in 

the changes due to the process of powders and additives. This preferential growth certainly affects the wear 

behaviour of coating to some degree. It is safe to say that different microstructures of coating make different 

contributions to the wear resistance. Phase analysis of YSZ coating show that an incomplete transformation of 
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partially stabilized zirconia into fully stabilized zirconia has occurred during plasma spraying process. The 

presence of fully stabilized zirconia in coatings can resist the wear loss. 

CONCLUSIONS  

From this study is evident that normal load influences the microstructure, wear behaviour of the plasma 

sprayed Yttria Stabilized Zirconia coating.  

 The wear resistance of Yttria Stabilized Zirconia coating decreased with increasing load. The coating at lower 

load showed that was plastically deformed bond coat particles. The YSZ coating at the lowest load, showed 

lower wear rate compared to the other three loads 

 The Yttria Stabilized Zirconia coating microstructure showed splats with porosity between the splats. A porous 

microstructure which is necessary for high temperature applications for reduction of thermal stress occurring 

due to expansion of the layer at high temperature.  

 The porous microstructure gives a reduced thermal conductivity at high temperatures giving high temperature 

protection to the substrate.  
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