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Abstract  
Tribological investigations had been carried out on the plasma 
coating (Al2O3+ ZrO2) below dry and moist abrasion stipulations 
according to ASTM G134. Commercial motor oil 20W40 was used 
as a lubricant. At a rotational speed of 200 rpm, all experiments 
were carried out with ordinary loads of 10, 15 and 20 Nm. Electron 
microscopy for scanning and AFM was used to study the layer 
sprayed with paint. The SEM and AFM evaluation outcomes 
confirmed that abrasive wear is normally decided by abrasive wear 
in dry abrasive conditions. The lubrication and moisture check 
confirmed a major reduction in wear from 10 to 15 N below regular 
loading, and a corrosion fee larger than 15 N was once discovered 
below regular loading. No impact of lubrication on wear used to 
discovered at high loading. No impact of lubrication on wear used to 
be discovered at high loads. It was also cited that the plasma 
coating manner improves wear resistance. The experimental 
statistics acquired in this study are tremendous engineering 
functions such as reducing equipment and internal combustion 
engines.  
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INTRODUCTION 

Over the previous three decades, many 
scientific and technical barriers to historically 
used ceramics have been removed. Various 
substances such as Y2O3, ZrO2, and Al2O3 are 
combined with distinctive stabilizers such as 
BeO, SiC, AlN, Si3N4, WC, etc., or MnO, CaO 
used in engineering networks [1, 2, 3, 4, 5]. 
Despite the nature of the ceramic material, it 
has been efficaciously used in the oil and fuel 
enterprise as nicely as for airspace 
components, variety of reducing tools, solid fuel 
cells, combustion engines, etc. Due to its 
uncommon negativity against oxidation, 
excessive put-on resistance and excessive 
thermal stability Compared to monolithic 
minerals. The pure porcelain cloth does not 
exhibit any promising effects due to its fragile 
homes and limited duration [1, 2, 3, 4, 5]. 
However, preceding studies have proven very 
few outcomes while mixing easy ceramics with 
metallic powder can be viewed as positive. This 
formula is referred to as cermet [5]. To achieve 

a high-quality benefit and due to the fact of the 
mechanical thermal advantages, researchers 
must locate a high-quality formulation that can 
be utilized at high temperatures (>a thousand 
°C).  

The ceramic cloth used to be chosen 
amongst scientists and engineers for the first 
time due to the fact of its extraordinary 
mechanical and thermal properties. These 
properties encompass chemical inactivity, 
excessive rigidity, corrosion resistance, and 
strangely sturdy covalent bonding, ensuring 
excessive structural integrity when used in one-
of-a-kind environments (high temperature, 
corrosion, and friction) between components. 
On the other hand, the limited thermal property 
hyperlinks the use of homogeneous materials 
compared to ceramics. Furthermore, it is found 
that the atomic bonding in ceramics is 
controlled by ionic bonds acknowledged as 
covalent (the presence of the two sorts 
contributes to mixing ceramics with mineral 
powder). However, when it comes to minerals, 
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solely the bond determines the power and 
efficiency of the substance. This work has 
resulted in a tremendous increase in ceramics 
use compared to standard materials [6].  

After reviewing the accelerated literature, 
it was located that the corrosion of the samples 
frequently depends on the microstructure of the 
coating and the porosity, hardness, thickness, 
and running conditions such as load and slip 
speed friction [7]. From previous studies, the 
method of ZrO2 coating 8 wt% of Y2O3, ZrO2 
coating 20wt% of Y2O3, and Al2O3 ZrO2 has a 
longer life than cast iron [8][9]. In general, it 
was determined that a cloth's wear resistance is 
always carefully associated with the defects of 
the coating and the hardness of the abrasive 
materials [9].  

A necessary problem is the grain size, 
which has a principal effect on its resistance to 
corrosion [10, 11, 12]. Besides, it was 
discovered that the composite materials had a 
high impact on the wear manner [13]. Aluminum 
crystalline polyurethane is usually corrosive and 
varies radically in accordance with the common 
grain size. As a result, the average wears price 
increases hastily with grain measurement 
[14][15]. Previous studies have proven that the 
granular material is less corrosive than coarse 
porcelain [15]. Wang [16] studied the corrosion 
residences of a nano-structure titanium alumina 
coating on a mild metal substrate (16 to 600 
nm). His learn showed that the worn surfaces of 
typical painting tactics produce grooves as 
nicely as plastic deformations and exceptional 
refractive processes.  

However, the control procedure for 
extracting nanostructured coatings used to be 
discovered to be related to the grain separation 
procedure [17]. Lee Van performed erosion 
studies on types of ZTA covered iron matrix 
compounds and observed a 30-volt compound. 
Percent of ZTA particles confirmed the great 
resistance during put on test [18]. Friction and 
put on analyzes have been carried out on the 
Fe-Ni alloy matrix (Fe70Ni30). Percent ZrO2 of 
particles had been detected and added 10 wt. 
ZrO2% elevated wear resistance and decreased 
plastic drift during put on [19]. Recently, a 
range of laboratory lookup studies on the 
formation of calcium-stable zircon and alumina 
ceramics (Al2O3 + ZrO2) have been studied and 
studied. Good outcomes were got in phrases of 
excessive anti-corrosion thickness from 200 to 
300 nm. The massive improvement in adhesive 
power used to be (49.33 MPa). For Al2O3, a 3% 
reduction in satisfactory porosity was once 
determined compared to about 10%. The 
lifestyles of the coating used to be elevated 

(312 cycles of heating and cooling inside 1/2 an 
hour of time) and the thickness used to be 
elevated to 300 nm after undergoing periodic 
thermal assessments [20][21].  

The process of utility and understanding 
of this above ceramic shape is still below 
investigation and requires, in addition, lookup 
and development. Due to the response of the 
composite ceramic material, a few researchers 
have sought choice configurations. Intensive 
lookup on Al2O3 + ZrO2 blended methods is 
underway. In this regard, a find out was once 
carried out to find out about the behavior of this 
paint in dry and moist conditions and beneath 
unique loading conditions. Different ranges of 
put on have been compared. Also, the first-rate 
(wear resistance) has been detailed for a 
specific load and can be applied to inside 
combustion engines or slicing machines. 

Due to the response of the composite 
ceramic material, a few researchers have 
sought choice configurations. Intensive lookup 
on Al2O3 + ZrO2 blended methods is underway. 
In this regard, a find out about was once carried 
out to find out about the behavior of this paint in 
dry and moist conditions and beneath unique 
loading conditions. Different ranges of put on 
have been compared. Also, the first-rate (wear 
resistance) has been detailed for a specific load 
and can be applied to inside combustion 
engines or slicing machines. 

 
METHOD 
Specimen preparation 

The sample was covered with a plasma 
coating. Eighteen samples (pigments produced 
on forged iron) have been organized and 
painted to study put on the rate. The 
approximate dimensions of each pattern have 
been made appropriate for the experimental 
test. The sample profile is proven in Figure 1.  

Material facts for plating applied to forged 
iron and working stipulations are given in Table 
1. The working conditions considered during the 
test are given in Table 2. 

The mean value of the coating thickness 
was set to 200 ± 32 μm. The coating 
thicknesses scheme is presented and 
discussed in Methodology. 

 
Coating Characterization 

A detailed examination was conducted of 
the structure of microscopic; particle size for all 
surfaces worn and sprayed using optical 
electron microscopy. The properties of the 
model are given in Table 3. 

 
 



p-ISSN: 1410-2331  e-ISSN: 2460-1217 

 

R. A. Al-Samarai & Haftirman., Tribological Properties Of Al2o3-Zro2 Composite Coating … 373 

 

 
Figure 1. AFM for plasma sprayed coated specimen 
(15×15 mm2) and micro-topography of the surfaces 
and roughness profiles of the wear tracks after test 

(a1) Ra= 1.18 ± 0.05 μm (a2) Ra= 7± 0.05 μm  
(a3) Ra=  8.20 ±  0.05 μm, at speed 3 mm/s 

 
SEM analysis  

Scanning Electron Microscopy (SEM, SU 
3500N, Hitachi) and were used to denote 
displacement morphology and coverage area. 
The average roughness along the center line Ra 
of the coatings used on the wafer is achieved at a 
distance of 1 μm. The defined structure of carbon 
atoms in the coatings is used for atomic pressure 
microscopy (AFM) (USA, ESCALAB 250Xi, 
Thermo Scienti - Fc XPS), which is used to 
analyze the states of coatings are given in 
Figure 2. 

 
Figure 2. AFM of cross section of topcoat 

thickness 
 

Wear Analysis 
ASTM G132 [22] has been adopted in all 

abrasive put on tests. In abrasive wear, a 60 
micro grinding disc is set up on the put-on 
machine. During the Tribology test, the loss of 
coatings (shortening of the pinnacle layer of the 
coating) was once bought from the data-
readout system immediately linked to the 
laptop, as depicted in Figure 3(a). 

Data was once used by using the 
application as properly as the formula (see 
below) to decide the sum of quantity loss over 
the designated sample. 

 
Table 1. Composition and Parameters 

Materials Primary gas 
(Argon) Pressure  

(Bar) 

Secondary gas 
(Hydrogen) Pressure  

(Bar) 

Carrier gas 
Argon Flow 

(lpm) 

Current 
(Amps) 

Voltage  
(Volts) 

Spray 
distance 

Al2O3 3,7 3,45 35 00 65 65-76 

 
Table 2. Operating parameters 

Operating parameter 

Normal load  10,15 and 20 N  
Disk speed  200 rpm  
Track diameter  60 mm  
Abrasive grain size  60 μm  
Type of lubricant (commercial)  20W40 Engine Oil  

 
Table 3 Scanning microscope specification  

SEM Specification 

Make Hitachi 
Model SU 3500N 
Detector SE and BSE 
Resolution 7nm SE image at 3 kv,  

10 nm BSE image at 5 kv 
Voltage Variable (up to 30kv) 
Magnification 300000 X 

 
All exams were performed at three exceptional 
regular loads, 10, 15, and 20 N. Loads were 
selected for (mainly experimental fixing 
restrictions) and for checking paint at loads. 
Under dry and moist wear conditions, three 
exams had been performed under each load 

and the put-on charge was once determined. A 
syringe was once used to alter the lubrication 
failure (motor oil) on the rotating disc shown in 
Figure 3(b).  

The formula used to calculate specific 
wear rate: 

Cross-sectional area = (Sides2) in (mm2) (1) 
Volume loss = (Cross-sectional area ×  

    Average height loss) in (mm3) 
(2) 

Average height loss measurement was taken 
from the data generated by the software 

Sliding Distance = [Sliding Velocity (m/s) 

    × Time(s)] in (m) 
(3) 

Sliding Velocity = [(2×Pi×N×r)/ (60×1000)] 

In (m/s), where N= Rotational Speed of a     

disk in (rpm), r = Track radius in (mm) 

(4) 

Wear rate = (Volume loss/ Sliding Distance) in 

(mm3/m) 
(5) 

Specific wear rate (SWR.) = (Wear     

rate/Normal Load) in (mm3/mN) (6) 
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Figure 3. (a) Schematic of the tribological setup 

(a) Dry, condition (b) Wet condition 
 

RESULT AND DISCUSSION 
Coating Characterization 

A contrast of analyzes of SEM and after 
coating showed how to spray hardened 
surfaces, suspended particles, as properly as 
topical particles related to materials, and the 
spraying coating, as shown in Figure 4(a). The 
microfarad of the cap was measured and 
discovered to be 668.9 HV. Subsequent wear 
analysis confirmed a surface with partial open 
spaces as properly, see Figure 4(b). Partially 
open holes and cavities with lubricants are 
useful in the evaluation of cutting-edge wear. It 
was observed that the lubricant and medium 
layer of tribofilm were obvious and had a clear 
effect on the corrosion mechanism that befell at 
some point of the test. In the moist state, a 
cover was once found floating on a tribofilm and 
mounted between surfaces. It was located that 
there used to be a decrease pressure effect on 
the wear route at some point of low hundreds 
(10-15 N).  

 
 

 
Figure 4. Schematic of topcoat status  

(a) As-sprayed (b) Post wear 
 

The coating cloth's integrity is additionally 
validated by growing the dimensions and width 
of abrasion from 172 to 181 μm beneath the dry 
wear-out mechanism, with abrasion 
prerequisites below moisture, between 10-15N 
ordinary load with a size measured in varies 
66.9 -81 mldi as shown in Figure 5. Figure 6 are 
proven with the aid of SEM micrograms in dry 
and moist conditions. In coatings, the usual 
particle measurement diminished from 1.81 μm 
to 8.20 ،μm, on the other hand, all through the 
dry erosion phase (~1.69 - ~2.36 μm), the 
particle size diminished significantly, see Figure 
4(a) and Figure 4(b), respectively. A 
comparable range of wet particle size (~ 1.43-
2.70 μm) used to be located in wet scraping 
conditions. See Figure 4(c). Direct effect on the 
ratio of the charge of corrosion was discovered 
due to the decline in the exact dimension of the 
particles, additionally, it discovered that the 
erosion of aluminum acknowledged bated 

Data Acquisition 

System 

(a) 

Dry abrasive wear 

Specimen 

Drop wise 

Lubrication. 

(b) 

(a) 

Microcracks 

Microvoids 

Particles 

contributed in a3 

body abrasion. 
Flatten grains. 

(b) 
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crystals, as well as the fee, varies appreciably 
depending on the common particle 
measurement and accuracy. Increased wear 
fee rapidly with growing grain size [23].  

Through preceding research showed that 
the porcelain with a granular measurement with 
a low corrosion fee compared with the corrosion 
of coarse granular ceramics [24][25]. It resulted 
in reducing the dimension of a grain of Al2O3 
from 20 to 4 micrometers to extend five-fold 
when transferring from the average corrosion 
phase, which is the stage of very speedy 
corrosion characterized by way of erosion of 
plastic deformation [26]. Through this work 
additionally, there is assistance for the above 
points. The smaller the grain size, the extra 
correct the ensuing defects, and therefore 
requires a high degree of external pressure, 
which leads to the cracking and pulling of the 
grain. Small grains are greater shock resistant 
[27][28].  

From the SEM 4 (ac) and 5 (b), it was 
discovered that excellent and porous gaps 
could contribute to the formation of tribofilm and 
significantly decrease put on between the 
mating components between the contact 
surfaces. 
 
Wear Analysis 

Comparative evaluation of the moist and 
dry case, underneath regular low load, from 10 
to 15 N (case of wet), mild scarring, and the 
effect of erosion is important. It was measured 
by means of the common corrosion fee at this 
being pregnant and chooses between 0.026 -
0.051 × 10-6 mm3 / m. However, the observed 
fee is slightly higher in the dry corrosion test, 
any of 0.047 to 0.107 × 10-6 mm 3 / m. It was 
also discovered that the common corrosion fee 
at excessive load (20N) dry and moist 
conditions are in Table 4 and Table 5 will 
increase significantly at least under 10N, 
located lubrication layer in contact with the 
surface. Still, no longer in loads when loading 
20 N, close effects can be considered on the 
SEM micrograph as shown in Figure 5. 

Where the measured values have been 
received for SEM micrographs, in wet and 
abrasive, take a look at conditions, it is 
determined that there are essential effects 
between 10-15 Nm loading. 
 
 
 
 

 
 

 
 

 
Figure 5. Topcoat particle size (a) As-sprayed, 

(b) Dry-Post wear and (c) Wet- post wear 
  

Agglomerated particle.  

(b) 

(c) 

Dark black region 

contained with 

(a) 
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Figure 6. SEM of wear track in: 

(a) dry condition (b) Wet condition 
 

It was once located that the deformed 
areas (high pressure) had been underneath the 
take a look at of lubricants, thus forming a 
membrane at some point of the response 
forces, which reduces the load as well as the 
wear by way of 10-15 N. A similar scenario 
used to be discovered on the SN micrograph at 
ordinary load 20 N, see Figure 7 (c). Show in 
Figure 8. In Table 6, the results contrast is 
presented. Under the conditions of the 
lubrication and moist look at conditions, at 20N 
load, a decrease in the impact of put on and 
was found due to the impact of the tripoflam 
layer.  

The reason and resultant particles to 
come out and soften the pattern (three 
corrosives to the body). The wear except 
lubrication used to be additionally reviewed and 
in contrast as proven in Figure 8. The put-on 
rate for everyday hundreds from 10 to 15N was 
once determined. On the other hand, in dry 
abrasive mode, the wear charge steadily 
increased. In each case, the wear charge used 
to be continuously declining. 

 
 

 
 

 
Figure 7. SEM of load: (a) 10N (b) 15N and   

(c) 20N shows dry wear and worn condition of 
the top layer under normal load 

 

(a) 

Wear track 

Dislodgment of 

the particles.  

Wear track filled 

with lubricants. 

(b) 

(a) 

(b) 

(c) 

Localized ploughing and 

rolling of particles 

Severe dislocation of 

particles 

Wear track  
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Figure 8. SEM of wet- post wear status of the 

topcoat at: (a) 10N (b) 15N and  
(c) 20N normal load 

 
The motive of the make bigger in the 

slope is directly associated with the increase in 
wear rate. At the same time, the decomposing 
particles might also be due to the continuous 
formation, which stays in the layer of the 
mixture. While reading friction and wear, it was 
once found that at a regular 10N load, a better 
average could be predicted with and lubrication. 
The cause of several resistances to wear at the 
start a layer between the corroded surface of 
disc and pin and that continuation of the 
process leading to the surface hardness which 
leads to decrease wear. 

 
 

Table 4. Average wear rate calculation under dry condition 
Load in 

(N) 
Avg. wear rate with lubricant 

mm3/m×10-6 
Avg. wear rate without lubricant 

mm3/m×10-6 

10 0.022 0.048 
15 0.102 0.052 
20 0.254 0.230 

 
 

Table 5. Average wear rate calculation under wet condition 
Load in 

(N) 
Wear rate test 1 

(mm3/m×10-6) 
Wear rate test 2 

(mm3/m×10-6) 
Wear rate test 3 

(mm3/m×10-6) 
Avg. wear rate with lubricant  

(mm3/m×10-6) 

10 0.0177 0.0272 0.033 0.024 
15 0.1003 0.077 0.146 0.104 
20 0.231 0.272 0.305 0.261 

 
Table 6. Average wears rate calculation with and without lubricant at normal load of 10, 15 & 20 N 

Load in  
(N) 

Wear rate test 1 
(mm3/m×10-6) 

Wear rate test 2 
(mm3/m×10-6) 

Wear rate test 3 
(mm3/m×10-6) 

Avg. wear rate without lubricant 
(mm3/m×10-6) 

10 0.052 0.054 0.031 0.043 
15 0.036 0.031 0.081 0.051 
20 0.291 0.264 0.135 0.232 

 
 

(a) 

(b) 

(c) 

Traces of 

lubricant 

identified as 

dark black 

color 

Particles 

contributed in 3 

body abrasion 

Lubricant gets 

eliminated at 20N 

and exhibiting 

prominent tracks 
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Figure 9. Comparative analysis of average wear rate with and without lubricant at the normal load of 

10, 15, & 20 N 
 

 
Figure 10. AFM showing micro indentation at the top coating of the wear tracks after test (a) Ra= 

1.18 ± 0.05 μm (b) Ra= 7± 0.05 μm (c) Ra= 8.20 ± 0.05 μm, at 20 N 
 

Figure 9 comparative analysis of the 
average wear rate with and without lubrication at 
normal loads of 10, 15 and 20 N. With lubricating 
oil, it can be regarded as a vital factor in 
changing wear rate under 15N load and under 
the lubricating oil, it gradually decreased to 
0.051. X 10-6 mm 3/m. 

Figure 10, AFM shows a microprotrusion at 
the top coating under load (10, 15 and 20) N. The 
effect of extreme concentrations of these two 
elements could not be investigated. The similarity 
of some coatings also allowed us to see if there 
were internal differences in performance between 
similar coatings, which may explain to some 
extent the mixed results reported in the literature. 
This coating is associated with the roughness 

and, as a result, higher with additional surface 
roughness resulting in large bubbles. It is a large 
porosity substrate, superporous coatings are 
obtained. Comparing coatings made on a 
traditional sample, you can see that coatings 
applied to low porosity specimens are smoother. 
This truth can be determined by the 
microstructure of the substrate [29][30]. 
 
CONCLUSION 

The conclusions related to verifying the dry 
and wet abrasive residences of the contemporary 
surface layer Al2O3 ZrO2 are as follows. First, this 
coating is of ordinary wear behavior from 10 to 
15N, and it is virtually determined at high loads. 
From SEM microscope and under lubricating, the 
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wear rate was much less than 0.051 x 10-6 mm3 / 
m. Then, lubricating oil can be regarded as a vital 
factor in changing wear rate under 15N load. In 
the dry state, the wear used to be 0.107 x 10-6 
mm3 / m, and under the lubricating oil, it gradually 
decreased to 0.051. X 10-6 mm 3/m. Lubrication 
at 20N was used to decrease the wear rate. 
(Heavy signs and symptoms of wear). Finally, the 
wear decreases from 0.1732 X 10-6 mm 3/m to 
0.0665 X 10-6 mm 3/m by roughness low. 
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