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INFLUENCE OF THE TITANIA CONTENT
ON THE MICROSTRUCTURE AND PROPERTIES
OF PLASMA SPRAYED ALUMINA-TITANIA COATINGS

The composite alumina-titania coatings have been widely used in industry fields to protect metallic components from wear, corrosion and

thereby prolonging their service time. This paper presents an analysis of the microstructure and mechanical properties of A1,0 :TiO, composite

coatings, plasma sprayed on steel substrates from feedstocks containing various concentrations of the TiO, powder. The coatings revealed

lamellar microstructure, formed by the rapid solidification of molten droplets of the powder on previously deposited splats. The main phase

identified in the coatings was y-Al,0, phase, the others were TiO, and a-Al,0, as well as amorphous phase. The results indicated significant

improvement of hardness, Young's modulus and fracture resistance of coatings with an increase in TiO, from 3 wt. % to 13 wt. %. The friction

coefficient was found to be the same for both coatings.

Keywords: AL,O - TiO, coating, plasma spraying, hardness, fracture resistance

1. Introduction

The very good combination of mechanical and thermal
properties of oxide-based coatings makes them a desirable coating
working in harsh conditions that involve mechanical and corrosive
factors. Nowadays, the most common methods for a ceramic
coating deposition are an atmospheric plasma spraying (APS)
[1] and the high-velocity oxygen fuel (HVOF) thermal spraying
[2]. The APS sprayed ceramic coatings are widely applied
to structural materials and various machine parts in order to
improve wear, oxidation and corrosion resistance [3]. The effect
of spraying on fatigue properties of structural materials in the
ultra-high-cycle regime was also examined; only a weak influence
was observed [4]. Among the alumina-based coatings, particularly
those containing TiO, are of interest since they possess enhanced
toughness and wear resistance compared to Al,O, coatings [5].
They are conventionally used hard coatings for their resistance
to chemical and abrasive wear characteristics. Plasma sprayed
AlLO,TiO, coatings have been widely used as wear, corrosion
and thermal resistant coatings in machinery, textile, printing, and
aerospace industries [6], [7]. Addition of various amounts of
TiO, to AL O, feedstock can change their mechanical properties.
Titania in alumina is intended to lower the melting temperature
of the mixture due to the lower melting temperature of titania
compared to the melting temperature of alumina, which in turn
facilitates the melting process of alumina-titania powders [8]. In
addition, the fracture toughness is an important phenomenon
affecting tribological properties and this is allowed by the TiO,
additive to improve the wear resistance [9]. The wear of ceramic
coatings is sensitive to their mechanical properties and therefore
they should be characterized in details.
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This study aims to identify the effects of TiO, addition to
ALO, powder on the mechanical behavior of plasma-sprayed
Al,O,TiO, coatings.

2. Experimental

The coatings were plasma sprayed on steel substrates using
the Plancer PN-120 system equipped with the Thermal Miller
1264 powder feeder. The feedstock powders were commercially
available powder mixtures Al,0,:TiO, wt. % ratio = 87:13 and 973
(Amdry 6228, FST C-336.31, respectively). The microstructures
of obtained alumina-titania coatings were characterized using
the scanning electron microscope FEI E-SEM XL30 and X-ray
diffraction diffractometer (D8 Discover, Bruker with CoKa
radiation). Indentation tests were performed at the 100 mN
maximum load, the 200 mN/min loading rate and unloading rate
with the use of the CSEM-MCT equipment. On each coating,
at least 7 indentations were made, and for further analysis, the
average values were taken. The scratch tests were carried out on
the MCT equipment using a Rockwell C diamond with a radius
of 200 um. The scratch distance was 5mm. The maximum load
value P_.. was 30 N. Changes in the load value were linear, and
the range over the entire scratch distance was from 0.01 N to 30
N. The rate of the indenter movement was 5 mm/min. The test
and analysis were carried out in accordance with the PN-EN
1071-3 standard.

3. Results and discussion

The ALO3TiO, and Al,O-13TiO, coating feedstocks
consisted of particles of a-Al,O, (rhombohedral, a = 4.76 A,

*Faculty of Mechatronics and Mechanical Engineering, Kielce University of Technology, Poland

3Faculty of Mechanical Engineering, University of Zilina, Slovakia
E-mail: a.goral@imim.pl

VOLUME 20

COMMUNICATIONS 3/2018



16

A. GORAL et al.

a 1000 @
900; a: a-Al,0;
800/ T: Tio,
700
. o a a
2 600 a
e a
g
£ 500 \1,0,-13Ti0, a
3
© 400, T T -3 |
30 e J i b Q J
| “
200
ALO,-3Ti0, a
1004 @ a Tb
[

70 80
2 Theta, degrees

Figure 1 X-ray diffraction patterns of the AL,O :3TiO, and Al,0 -13TiO,
powders
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Figure 2 X-ray diffraction patterns of plasma sprayed alumina - titania
coatings

Figure 4 Microstructure of the Al,0 - 13TiO, coating a) cross section, b) surface

¢ =12.99 A) and TiO, (tetragonal, a = 4.59 A, ¢ = 2.96 A) phases
identified using the X-ray diffraction method, Figure 1. The
powders had irregular shapes and sizes in the range of 10-100 um.
The plasma sprayed coatings revealed the above mention phases
but they were constituted mainly of y-AlL,O, (cubic, a = 7.98 A),
Figure 2. The y-Al,O, phase is produced during the spray process
from the a-AL,O, present in the feedstock powder due to the high
flattening cooling rate (between 10° and 10® K/s). Because of
a higher cooling rate y-AL,O, nucleates in preference to a-Al,O,

phase [1], [10]. Additionally, the slightly raised background on
the coating diffractograms in Figure 2 indicated a presence of an
amorphous phase in their microstructures. That was confirmed by
the TEM analysis presented in our previous paper [11].

During the plasma spraying the coatings were constituted
as a result of an impaction and rapid solidification of the high-
temperature and high-speed feedstock on the substrate or on the
previously deposited layers. Such particles flattened and solidified
rapidly at the surface of the part to be covered, forming a stacking
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Table 1 Hardness (HV and H) and Young's modulus measured for A120;3TiO, and Al,0 - 13TiO, coatings under load of 100 mN

E
Coating HV H/E
[GPa] [GPa]
AL -3TiO, 683 =99 72+ 1.0 102 £ 15 0.07
ALO13TiO, 980 £ 186 103+ 1.9 124+ 14 0.08
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Figure 6 Properties measured for Al,0;3TiO, and Al,0 +13TiO, coatings during the scraich tests a) friction force and normal force,
b) penetration depth, c) acoustic emission

of lamellas. The layered microstructure of the Al,O-3TiO, and
AlLO,13TiO, coatings constituted by the fully melted in the
plasma flame initial powders, was composed of the Al,O, matrix
with areas composed of TiO,. The strips with white contrast,
visible on the coating cross sections in Figure 3 and Figure 4,
correspond to TiO, phase. The phase appearing in grey contrast
was mainly y-Al,O,, although the a-Al,O, phase was also present
as was indicated in Figure 2. The a-Al,O, phase was formed in
the areas of coatings where the particles cooled more slowly. The
detailed analysis of chemical and phase composition changes of

the coatings was reported by Goral et al [11] and Zorawski et al
[12]. The coatings showed a porosity content due to the voids left
by the staking process and it was slightly lower for Al,O-3TiO,
coatings. Pores appear black in Figure 3 and Figure 4.

The indentation tests showed that the AL,O,-13TiO, coatings
revealed for 43% higher microhardness than coatings containing
less amount of TiO, in the feedstock. Those coatings were also
characterized by 21% higher Young's modulus. Moreover, the
ratio between the microhardness (H) and the elastic modulus
(E) was calculated, because, according to Leyland et al. [13], the
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most durable coatings can be obtained if H/E has a high value, i.e.
sufficiently high hardness, but with a low elastic modulus. Results
presented in Table 1 show that the slightly better wear resistance
should be exhibited by the Al,0-13TiO, coating.

To obtain the critical loads that are related to adhesion
properties of coatings, the scratch tests were performed. The
failure events were examined by an optical microscope. Only
the cohesive cracks, resulting from over-strength of the coating,
were observed as a result of the high tensile stresses behind the
indenter, Figure 5.

The load at which such cracks occurred (L, - the first critical
load) was 12 N and 16 N for AL,O-3TiO, and Al,013TiO,
coatings, respectively. A fracture resistance was determined as
the value of normal force when the first fracture occurs. This
event was followed by a fluctuation in both force and penetration
depth visible in Figure 6a-b. The corresponding acoustic emission
(AE) was also measured during the test and presented in Figure

6¢. An increase of the load to 23 N results in a significant peeling
of the coating. Since no adhesion fracture was observed up to
the maximum force of 30 N, it was not possible to determine the
second critical load (L,) parameter. This was also caused by the
high thickness of the coatings. The friction coefficient determined
in this test was the same for both coatings and it was equal 0.21.

4. Conclusions

The plasma sprayed Al,O,-3TiO, and Al,0-13TiO, coatings
revealed layered structure with the titania strips uniformly
distributed in the alumina matrix. The Al,O-13TiO, coatings
were characterized by enhanced mechanical properties, such as
hardness, Young’s modulus and fracture resistance with respect
to the ALO-3TiO, coatings. The friction coefficient determined
in the scratch test was the same for both coatings.
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