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1- Introduction

Wear in tribological systems causes problems such as
fracture, dimensional inaccuracy, and surface degradation.
Thermal spraying is one of the most effective methods to
enhance wear resistance by depositing suitable materials
onto metallic substrates. These coatings are also used for
oxidation and corrosion protection, and can be produced
from metals, alloys, ceramics, cermet materials, polymers,
and composites. Ceramic thermal spray coatings,
particularly alumina (Al,O3), are widely applied due to
their high hardness, chemical stability, wear resistance,
and excellent dielectric properties. They are used in
components such as bearings, valves, pump seals, engine
parts, nozzles, and railway equipment operating under
severe conditions. A major challenge is stabilizing the
desirable a-Al,O5 phase. Additives such as TiO,, Cr,03,
ZrO,, and Y,0; are commonly used for this purpose.
Yttria, a rare-earth oxide, improves microstructure,
reduces porosity, increases thermal conductivity and
adhesion strength, and enhances a-phase content. Its
distribution at grain boundaries hinders grain movement,
reducing wear and material loss. This study examines the
influence of yttria addition on the microstructure,
adhesion, hardness, and wear properties of plasma-sprayed
alumina coatings.

2- Experimental Study

Carbon steel (St37) substrates were prepared for
microstructural, adhesion, and wear tests in cylindrical
forms of various dimensions. Surfaces were grit-blasted
with alumina (mesh 24, 4 bar) and cleaned with acetone
and compressed air before coating. Micron-sized alumina
(Metco 105NS) and yttria (Metco 6035A) powders (Fig. 1)
were deposited by atmospheric plasma spraying (APS)
using identical parameters (Table 1) for pure Al,O3 (m-A)
and Al,05-20%Y,0; (m-AY) coatings. Characterization
included SEM/EDS, XRD, Vickers microhardness, ASTM
C633 adhesion testing, and ASTM G99 pin-on-disk wear
testsat 2, 10, and 20 N against a tungsten carbide pin. Wear
resistance was evaluated by weight loss and SEM

examination of wear tracks.

Figure 1- SEM image of the thermal spray powder:
(@) Al,03, and (b) Y,0O3 powder.

Table 1: Parameters of plasma spraying.

Al203 and
Spray parameters Al203-

20%Y 203
Current (A) 600
Primary gas, Ar (SLPM¥*) 45
Secondary gas, Hz (SLPM) 12
Carrier gas, Ar (SLPM) 3
Powder feed rate (g/min) 25
Spray distance (mm) 100

*Standard Liter Per Minute

3-Result and discussion

The elemental distribution maps of Y, Al, and O for
plasma-sprayed Al,03;-20%Y ,03 coatings in Fig. 2 show
a well-formed particle composite structure, with a uniform
distribution of 80% Al,O; and 20% Y,0;. Due to its
higher atomic mass, yttria appears as brighter phases
evenly dispersed within the darker alumina matrix, with
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good interfacial bonding and no visible cracks or
delamination. Backscattered electron imaging and EDS
analysis reveal, besides bright yttria and dark alumina
phases, an additional light-gray phase containing oxygen,

aluminum, and yttrium.

Figure 2. Cross-sectional SEM micrograph of the Al;O3—
209%Y ;03 coating, accompanied by the corresponding
elemental distribution maps.

The results showed that the pure alumina coating
exhibited higher hardness (by approximately 110 HV)
compared to the composite coating (Fig. 3). This was
attributed to the inherently higher hardness of a-Al,O;
grains and the absence of a softer secondary phase.
However, the Al,0;-20%Y,0; composite displayed a
significantly higher adhesion strength, exceeding that of
pure alumina by about 4.6 MPa (Fig. 4). This improvement
was linked to enhanced splat cohesion and inter-lamellar
bonding promoted by chemical interactions between
alumina and yttria during plasma spraying.
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Figure 3. Micro-hardness of the alumina (m-A) and
composite (m-AY) coatings.

Although the addition of yttria led to a slight decrease
in hardness, the composite coating demonstrated superior
wear resistance. This was explained by its higher fracture
toughness and a more homogeneous, refined
microstructure, which reduced crack propagation and
material removal during sliding contact.

5 4743
42,42 +
-
£ !
40 -
=
<
%
B 30
g
=
o 2
S
G
]
5 10
<
0 T T
m-A m-AY

Figure 4. Adhesion strength of alumina (m-A) and
composite (m-AY) coatings.

Across all test loads, weight loss data (Fig. 5) confirmed
that the composite coating maintained better wear
resistance than the pure alumina coating. The performance
advantage was most notable at higher loads, where
toughness and microstructural integrity became more
critical than absolute hardness.
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Figure 5. Column chart showing the weight loss of m-A
and m-AY coatings after a 1000 m sliding distance under
loads of 2, 10, and 20 N.

Overall, the study concluded that incorporating yttria
into alumina coatings modifies the microstructural and
mechanical balance in a way that enhances adhesion
strength and wear resistance despite a modest reduction in
hardness. These findings indicate that Al,03-Y,0;
composite coatings, produced via APS, offer a promising
route for improving the durability of tribological
components  operating under high-load, abrasive
environments.

4- Conclusion

1. Short particle flight time, non-equilibrium conditions,
and thermal gradients in the plasma jet prevented yttria
particles from fully dissolving in the alumina lattice,
limiting solid solution formation.

2. Due to yttria’s higher melting point and identical spray
parameters for both coatings, more semi-molten and
unmelted particles appeared in the composite.

3. Composite coating (m-AY)) hardness was 110 HV lower
than pure alumina (m-A) due to combined phase and
microstructural effects.

4. Adding 20% yttria slightly improved adhesion strength
through better splat bonding from chemical
interactions.

5. Yttria addition enhanced wear resistance at all loads; at
10-20 N, plastic deformation was the dominant wear
mechanism.
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Evaluation of the Wear Resistance of Al.O3; and Al.O3-Y,03; Composite Coatings Deposited by
Atmospheric Plasma Spraying

Hossein Aghajani Saeid Taghiramezani Zia Valefi Masud Mirjani

Abstract In this study, microni alumina and Al,O3-20%Y,03 composite coatings were applied by atmospheric plasma
spraying. The aim of this work was to investigate the effect of adding a secondary phase of yttria on the microstructure,
hardness and adhesion strength of alumina coatings. The coatings were evaluated using scanning electron microscopy,
X-ray diffraction, microhardness testing and adhesion strength testing. Also, in order to investigate the wear behavior
of the coatings, pin-on-disk wear test was used with forces of 2, 10 and 20 N. The results showed that the hardness of
the alumina coating was 110 Vickers higher than its composite with yttrium oxide, while the adhesion strength of the
Al>,03-20%Y,03 composite coating was 4.6 MPa higher than that of the pure alumina coating, and the reason for this is
the better adhesion of the splats due to the chemical bonding of yttria and alumina in the composite coatings. Also, in
the composite coating, although it had a lower hardness than the single-component alumina coating, its higher
toughness and better microstructure had a dominant effect and led to improved wear resistance performance against
tungsten carbide abrasive. In addition, the weight loss data also showed that the composite coating had a better
performance in wear resistance at all test forces.

Keywords Alumina, Yttria secondary phase, Atmospheric Plasma Spraying, Wear resistance, Micro-hardness,
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