
While anodization showed only little effect on the mechanical properties,

there was a significant increase in hardness observed for the thermally

oxidized Zude and ZTi samples (>400°C for several hours). Same

observation was made in structural analysis. ZAl samples showed no

detectable change by any treatment.

Structural analysis of ZTi and Zude samples showed a clear change in the

phase composition of the coating layer. A general oxidation of non-

stoichiometric phases and reduction of high temperature phases was

observed in thermally treated samples, see fig. 5. It is assumed to be

responsible for the increase in hardness by rutile formation. Anodization

showed no impact.

Tribological behavior was investigated by ball on disc experiments and

scratch tests with continuously increasing normal load up to 60 N. SEM

analysis of top views and ionmilled cross sections revealed typical load-

dependent failure types, see fig. 6.

In scratch testing, thermally oxidized samples were slightly more prone to

small defects but were in general more resistant to failure when looking at

higher forces. Furthermore, it could be shown that acoustic emission is a

promising candidate to detect the formation of defects during scratch testing.

The improved defect resistance of thermally oxidized samples is probably a

consequence of the increased hardness.

The samples were produced by a plasma spraying process and underwent

various post treatments to investigate the effect of these treatments on the

various specific phases. All samples were polished to an Ra value <0.05µm

and then the post treatments (anodization, see fig. 3, and thermal oxidation)

were applied. The effect of the treatment could even be seen by eye for the

thermally oxidized samples, see fig. 4.

Advanced Plasma Spray method with a novel multi-component

Al2O3/TiO2 powder mixture as starting material is used which is applied

on bearing surfaces. The powder is injected in a plasma flame, where the

particles melt. On the flight to the titanium surface, the droplets start to cool

down before they impact the substrate with high kinetic energy. There they

immediately solidify under high cooling rates forming the multi-component

surface coating.

This thermal quenching is the reason for the formation of not fully

ceramized, non-stoichiometric, partially electrically conductive, oxygen-

deficient, crystalline phases (aluminum titanate Al2TiO5 and Al6Ti2O13)
[2]

and also for the appearance of pores and micro-cracks. It is expected that

these specific phases have a significant impact to the hardness and the

wear properties of the surface. We want to identify under what conditions

these phases form and whether they can be subsequently transformed

or eliminated.
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SAMPLE PREPARATION

Fig. 3: left: Anodization current for different coating types.

High-resolution Synchrotron X-ray micro-computed tomographic SRµCT

measurement were performed on plasma sprayed coating samples of 135 x

135 x 325 µm3. An alumina-titania mixture (Zude) as well as pure Alumina

(ZAl) and titania (ZTi) were investigated and their preliminary porosity

values were determined.

The observed pore volumes range from 1 µm3 to 4000 µm3 with the most

dominant pore size (volume) around 10~50 µm3. No porosity gradient was

observed in the coating direction but porosity occurred in clusters. It was

observed that the porosity is affected by thermal oxidation treatment,

reducing total porosity, especially the smaller pores. For ZAl and ZTi, the

total number of pores decreased clearly after annealing, but not in the case

for Zude. The exact mechanism involved still has to be identified.
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Fig. 1: Left: High resolution reconstructed SRµCT images showing highlighted pores in a 135 x 135 x 325 µm3

coating sample. Right: pore size distribution of different samples and treatments.
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Fig. 5: XRD comparison of Zude samples show the presence and transformation of primarily Ti-containing non stoichiometric phases 

by the thermal treatments. They react to rutile which is assumed to increase the hardness of the treated samples.

Fig. 4: Visual change of Ø40 mm samples after 

the post treatments.

Fig. 6: Damages obserfed in progressive scratch testing of coated Ti samples. The oxidized samples showed quickly small 

defects but were in general more resistant to bigger defects than untreated sampels

Fig. 2: High resolution reconstructed SRµCT images showing the porosity distribution of the Zude sample (total at

the very left) and sorted by shrinking pore size towards the right. A change in concentration can be observed


