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TRIBOLOGICAL PERFORMANCES OF YSZ 

AND AL2O3 COMPOSITE COATINGS 

DEPOSITED BY AIR PLASMA SPRAY 

PROCESS 
 

Abstract: Thermal barrier coatings (TBC) are widely 

used to provide thermal and oxidation resistances of 

hot section components used in diesel engines, gas 

turbines and aero engines. A typical TBC system 

includes a MCrAlY bond coat as oxidation resistant 
layer and yttria stabilized zirconia (YSZ) as thermal 

insulation layer. Alumina is also widely used in plasma 

spraying wear resistant coatings among the ceramic 

materials. In addition, YSZ can also be combined with 

Al2O3 to enhance the tribological properties. 

In this study, YSZ and Al2O3 hybrid composite thermal 

barrier coatings are produced on AISI 304 stainless 

steel coupons (25, 4 mm in diameter and 2 mm in 

thickness) by using air plasma spray process. The 

samples are sprayed in three different Al2O3 and YSZ 

combination rates. After the fabrication of coatings, 

tribological tests are applied using pin-on-disk 
tribometer and wear track surface is measured by 

microscope. As a result, increase in wear resistance 

with direct proportion to alumina rate is observed. 

Keywords: composite coating, plasma spray process, 

trybology performance 

 

 

1. INTRODUCTION  
 
Ceramic materials have high hardness 

and high resistance to thermal, corrosive 

conditions and wear resistance with 

relatively low densities offer many 

advantages over metallic and polymeric 

materials. 

Thermal spray coatings made out of 

oxide ceramics such as alumina, zirconia, 

titania, and silica have been used largely as 

surface coating materials to improve 

resistance to wear, erosion, cavitation, 
fretting and corrosion.  

Many years a lot of materials were 

applied for the development of TBCs. 

Firstly in 1950s industrial development of 

TBCs using enamel coating on military 

engine components. Ceramic layer with  

NiAl bond coat by the flame spray 

deposition method used first time in 1960s 
for applications in commercial aero 

engines.   

In the 1980s important progress in 

TBC materials was made. During this 

period, Yittria Stabilized Zirconia (YSZ) 

With6-8% yittria was identified as an 

exceptional ceramic top coat material. [1, 

2] Thermal barrier coatings (TBCs) with a 

two-layered structure consisting of an 

oxidation resistant metallic bond coat and 

a thermally insulating yttria stabilized 

zirconia (YSZ) top coat. [3] It is used to 
provide thermal insulation and oxidation 



 

736                                                     A. Avci, A.A. Eker 

resistance to metallic components from the 

diesel engines, gas turbines and aero 

engines. The oxidation behaviors of the 

bond coat, including both are M–Cr–Al–Y 

Alloy (such as Ni–Cr–Al–Y or Ni–

Co–Cr–Al–Y), which is deposited using 

plasma spray or EB–PVD, and Pt-modified 

aluminates, which are sprayed by Pt 

electroplating in combination with pack 
aluminization or CVD. [4] It also provides 

oxidative and corrosive protection to the 

substrate by forming a dense thermally 

grown oxide (TGO) layer of Al2O3 on its 

surface. The morphology of the TGO layer 

depends on the chemical composition of 

bond coating and the interface topography. 

[1] MCrAlY and Pt aluminide coating has 

a major impact on the life of the TBCs. 

Bond coat also helps to reduce the thermal 

expansion mismatch between the ceramic 

top coating and metallic materials. 
Aluminum oxide is one of the most used 

ceramic materials, largely due to its unique 

combination of physical and chemical 

properties. Alumina has high hardness, is 

inert to different corrosive media (even at 

high temperature), and has high 

compressive strength and wear 

resistance.Zirconia has been considered to 

be a good candidate coating material for 

high-temperature applications on account 

of its superior properties such as low 
thermal conductivity, high thermal 

expansion.Coefficient, high toughness, 

good chemical and dimensional stability, 

high melting point, high wear resistance, 

low density, high hardness, stiffness and 

refractoriness YSZ and Al2O3 have been 

combined to improve tribological 

performance.  
 

 

2. EXPERİMENTAL  

 
AISI stainless steel 304 based metallic 

disc shape samples with diameter of 25, 4 

mm and thickness of 2 mm, were used as  

Substrate. YSZ and Al2O3 powders 
supplied by Sulzer Metco. Three kind of 

commercial powders were selected; Metco 

Amdry 962 (Ni-22Cr-10Al -1Y) powders 

used as bond coats and 65wt.% Metco 

204NS  YSZ+35 wt.% 105NS Al2O3, 

50wt.% Metco 204NS  YSZ+50 wt. % 

105NS Al2O3,65wt.%105NS Al2O3wt+35 

wt.% Metco 204NS  YSZ  as TBC. In 
order to obtain particle composite , the 

mixture of 65wt.% YSZ and 35wt.% 

Al2O3,50wt.%YSZ+50 wt. % Al2O3 and 

65wt.% Al2O3wt+35 wt.% YSZ powders 

were milled with a rotation speed of 150 

rpm for 3h.The coatings were sprayed by 

HVOF coating method and with spray 

torch. The plasma forming gas was 

mixture of Ar and He (90-15 L min-1) and 

arc current intensities 500A was used to 

produce the coatings.Table1 shows 

operating parameters of coatings. 
Depositions of HVOF parameters are 

listed in Table 1.No cooling systems were 

used. Before the deposition, the substrates 

were grit blasted using, after that cleaned 

using with alcohol.  

 

Table 1 - Deposition parameter for 

HVOF 

Parameter   NiCrAlY    YSZ+Al2O3 

 

Current (A)  500   500 

Primary gas,  90   90 

Ar (l/min) 

Secondary gas, 15   15 

H2 (l/min) 

Powder feed rate 50   40 

(G/min) 

Spray distance  100   75 

(Mm) 

Table rotation 50   50 

Speed (cycle/min) 

 
For tribological efficiency surface 

conditions one of the vital factors to be 

remarkable. Corresponding to an average 

roughness should be (Ra) about 0.8 µm.  

http://tureng.com/search/efficiency
http://tureng.com/search/remarkable
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Figure 1 - Pictures of the surfaces 

roughness profiles of the samples. 

 

a)  
 

b)   
 

c)   
 

d)   

Figure 2 - Wear tracks surface of 

Al2O3 and YSZ composite coatings. 

65%YSZwt+35%wtAl2O3 10N 

50%YSZwt+50%wtAl2O3 10N 

50%YSZwt+50%wtAl2O3 5N 
 

65% Al2O3wt+35%wtYSZ 5N 
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The surface roughness was measured 

with diamond stylus surface roughness 

tester machine with a tip radius 5 µm (6 

randomly located measured) (Make; 

Timesurf, China; Model Tr220). Table 4 

indicates the values of roughness and the 

pictures of the surfaces roughness profiles 
of the samples. Various roughness 

parameters were obtained.  

Wear test applied using a pin-on-disc 

tribometer (Make; TRIBO TECHNIC; 

France.) with a pin-on-disc configuration 

under sliding conditions. The sliding 

length was 1000m for all samples and 

normal loads of 5 and 10N were applied 

with a linear speed of 150 mm/s. Sintered 

Al2O3 material ball 6000 µm in diameter 

was used. Over testing, friction coefficient 

was monitored as a function of time. All 
tests were made at a room temperature 

(24±2 ºC) and the relative humidity of 

45±10% r.H.  

Table 3 - Pin-on-disc test parameters of 

coatings. 

 

Prior to wear test all samples were cleaned 

with alcohol and weighed. After wear test 
the samples were weighed to find the wear 

rate.

 

Table 4 - Surface parameters of tribological test samples. 

 

 

 

3. RESULT AND DISCUSSING 
 

Figure 1 indicates roughness pictures of 

the coatings. Surface parameters are listed 

in Table 4. Coating roughness was up to 2 

µm. Therefore prior to wear test the 

surfaces were polished in order to obtain 

close Ra values for each samples.Using 

same sliding speed and length different 
radii lead to various wear rate. Tribological 

test were applied on all samples. Due to 

revolution per minute decreased in 5 mm 

radius, wear rate of all six samples was 

very high. 

The top surface morphology of the spray 

samples are observed by microscope. Big 

and dark regions on top surface are showed 

as Al2O3. Wear tracks (seen in Fig.2) are 

analyzed. As it is seen the pictures 

(Figure2 a, b, c, d) that with big load (10N) 

wear track is larger than another (5N) and 

when Al2O3 rate increase the porosity 

increase.There is no direct relative 
between tribological behavior and 

Coatings 
Radii 

(mm) 

Load 

(N) 

Friction 

coefficient 

65%YSZwt+ 

35%wt Al2O3 

(SI) 

5 
5 0,200 

10 0,416 

50%YSZwt+ 

50%wtAl2O3  

(SII) 

7 

5 0,346 

10 0,298 

65% Al2O3 

wt+ 

35%YSZwt 

(SIII) 

9 

5 0,491 

10 0,281 

 65%YSZwt+ 

35%wtAl2O3   

(SI) 

50%YSZwt+ 

50%wtAl2O3  (SII) 

65%Al2O3wt+ 

35%wtYSZ ( (SIII) 

5N 10N 5N 10N 5N 10N 

Ra (µm)    0,315 0,466 3,25 0,415 0,45 0,196 

Rsk -5,204 -7,08 -3,6 -4,473 -3,132 -4,576 

Rz (µm) 3,604 4,3263 3,328 3,547 4,399 2,266 

Rsm (µm) 0,0305 0,04 0,028 0,045 0,042 0,0261 

Rp (µm) 0,463 0,594 4,9 0,6 0,73 0,335 

Rv (µm) 3,126 3,738 2,836 3,075 3,668 1,929 

Rq 0,512 0,697 0,5 0,673 0,75 0,323 
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roughness parameter. But, as it is seen 

Figure 4 (a) if compare Roughness and 

Friction coefficient, Ra increase Friction 

coefficient correspondingly increase.  

 

a)

 
 

b) 

 
Figure 4 - Comparing of surface 

roughness values Ra and Friction 

Coefficient (a)10N (b)5N dry condidation. 

 

Although SIII Ra values are lower, ıt 

has high Friction coefficient because of 

Al2O3. 

Increasing of Al2O3 leads to raise 
friction coefficient rates.Increasing of the 

applying loads lead to raise friction 

coefficient as well.  

With raise of roughness, while Rask 

values are decreasing on the contrary 

surface parametes as Ra, Rq, Rz are 

increasing (Figure 5 a and b). It is difficult 

correlate conclusions between sliding 

speed and friction coefficient but it has 

understood the results that increasing of 
sliding speed cause to decrease. 

 

a)

 
b) 

 

 
Figure 5 - Surface roughness parameters 

Ra,Rq,Rsk,Rz (a)10N (b)5N load. 

 

When comparimg surface parameters 
and firction coefficient, it can be noticed 

which Rz parameter indicates some 

similarities. 

When parameter Rsk is getting more 

negative friction shows to decrease in the 

lower load (5N). But Rsk shows on the 

contrary properties in higher load (10N) 
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4. CONCLUSIONS 

 
In this study three types of composite 

coatings were prepared by HVOF method. 

Pin-on-disc tests with Al2O3 ball were 

applied to explain effect of surface 

roughness and YSZ+ Al2O3 rates on 

friction coefficient. The tests were applied 

constant sliding speed and varying radii 

and loads. General conclusions; 

 For SI 

(65%YSZwt+35%wtAl2O3) even 

if friction coefficient is lower 

when roughness high. 

 Increase the radii in same sliding 

speed while friction coefficient 

and wear rate is getting lower. 

 Increase the load number leads to 

increase. 

 Although increase the load 

number wears tracks don’t raise 
always because of different type 

of structural.  

 Increase theAl2O3 rate lead to be 

formed disorders on the coating 

surface and these disorders 

obstruct the ball to contact with 

surface efficiently. 
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