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Abstract

Currently, the methods of material coating by CVD (Chemical Vapour Deposition) and PVD (Physical Vapour
Deposition) are expanding considerably. These methods are used in engineering and other industries. There
is a large variability of the second coating. Their properties can be combined using several layers of different
materials. The coatings have excellent physical and chemical properties e.g. low friction, high hardness,
abrasion resistance, high temperature (normally 550 °C but 750 °C or more), corrosion and acid resistance.
For the use of materials with such coatings, the knowledge of their tribological properties is necessary.
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1. INTRODUCTION

Nowadays materials can be described by several different parameters, see Fig.1. The main parameters of
coated layers are adhesion and abrasion. The adhesion reflects the ability of thin coated layers to adhere on
the substrate parts. The abrasion describes the resistance of coated layers to outer objects. The aim of this
work is to compare these properties on three different layers using the Ball on Disc method.

2, MEASUREMENT

On the deposited layers were investigated properties of adhesion layer and abrasion resistance by means of
the BALL on the DISC method, where the coefficient of friction is evaluated. The principal of the method is
shown in the Fig. 2. Measurements were performed on a Bruker instrument that permits the measurement of
a BALL on DISC. Progress was observed on the slide length when friction ceramic balls SizO4 of surface
area coated. To evaluate the adhesion it is important to determine the energy necessary to breach bonds at
the interface layer-substrate. The force of 3N is applied perpendicularly by means of ball with diameter of 8
mm to investigate the layer. Damage to the layers, indicates the degree of adhesion of the layer [1].
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Fig.1 Symbols for material parameters [5]. Fig.2 The principal of the BALL on DISC method.
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Fig.3 Tribological test layers TiN method BALL on DISC dependence coefficient of friction on the track ball.
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Fig.4 Tribological test layers TiAICN 0,8 um method BALL on DISC dependence coefficient of friction
on the track ball.
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Fig. 5 Tribological test layer Au 0,1um method BALL on DISC dependence coefficient of friction on the
track ball.



'EY, . .
ME AL

2019

Jun 3™ - 5% 2015, Brno, Czech Republic, EU

3. DISCUSSION

L=136.15 ym

Fig. 6 layer TiN Fig. 7 layer TiAICN

Compare the three different layers TiN ,

TiN

Fig. 8 layer Au 0,1um

TiAICN, Au 0,17um metodou BALL on DISC

Layer Properties TiN. This TiN layer are very hard surfaces. For tribological test we see at the beginning of

the curve, we see a low coefficient of friction 0.1-0.15

TiAICN

Tribological testing shows friction coefficient 0.1-0.3 Directive trend shows a slight increase.

Au 0,1um

0,1um Au layer occurs quite early to remove the surface layer. For tribological test at the beginning of the
curve we see a low coefficient of friction of 0.1 at a distance slide way.

Tribological contact mechanisms

i) Chipping of fine cting ﬁen due
to surface fatigue induced cracking.

ii) Delamination of tribo film of compacted and
sintered fine coating fragments.

Fig. 9 Wear mechanisms observed in Region A [3].

The complete tribological process in a contact in
relative motion is very complex because it involves
simultaneously friction, wear and deformation
mechanisms at different scale levels and of different
types. To achieve a holistic understanding of the
complete ftribological process taking place and to
understand the interactions, it is useful to analyse
separately the tribological changes of four different
types: the macro- and micro-scale mechanical effects,
the chemical effects and the material transfer taking
place, as shown in Fig 9. In addition, there has recently
been an increasing interest in studying tribological
behaviour on a molecular level; i.e. hanomechanical
effects [2].
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Begion A (Fyum

(.15, loads below the fatigue limit)

Coating damage restricted to mild plastic deformation, minor
cracking and wear caused by chipping or delamination.

Coating properties of utmost importance.

Region Bl (.15 =

F e = 10.20)

Chipping and interfacial spalling at a high number of cycles
{N > 1000) controlled by high cvele fatigne.

Coating/interface properties of utmost importance

Regrion B2 (0.20 = F

o < 10.25)

Chipping and interfacial spalling at a high number of cycles
(200 < N < 1000) controlled by high crcle farigue.

Coatingfinterface properties of utmost importance.

Region C (0.25

Froem = (L60)

Chipping and interfacial spalling at a relatively low number aof ¢ vicles

(10 < N =

200) controlled by fow cyele fatigue.

Interface properties of utmost importance.
Region D ( Fropem = 0.60)

Chipping and interfacial spalling due to elastic recovery caused by
pronounced plastic deformation of the cemented carbide substrate.
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Fig.10 Schematic ilustrations summarizing the observed coating damage mechanisms during the circular

testing using the ball-on-disc tribometer [4].

Two-dimensional graph
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Fig. 11 Layer TiN (2D) profilometer parameters:
load 6 mg, radius edge 2 pym.
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Fig. 12 Layer TiAICN (2D) profilometer parameters:

load 6 mg, radius edge 2 pym.
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Track ceramic ball SisO4 after tribological
friction tests was examined under the optical
microscope Zeiss AXIO Imager. By
tribological processes by BALL on DISC
friction balls in exploring the surface leads to
chipping of layers and their subsequent
adhering to the balls. These particles layer
on the bead and usually do not last long as
they are peeled away from the ball surface.
There is a abrupt change in the value of the
coefficient of friction, which is recorded on
the chart. There is a re-bonding and
separation layer on the ball, the friction
coefficient increases vice versa. In this way
is explained phenomenon inequalities chart
created in 2D and in 3D.

The profile Fig.12 is apparent roughness
resulting attrition ball Si3Oa. TiN is the lowest
value on the y-axis is -0.25um. The upper
edge is 0.10um. (Mean value), the difference
is thus approximately 0.35 pgm.
In Fig.13 the profile layer TiAICN the lowest
point of the profile is the value on the y axis -
0.9 micron on the top edge is 0.0 to 0.1 pm,
the difference value is 0.8 to 0.9 pym.
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Three dimensional graphs:
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Fig. 13 Nr.1 layer TiN (3D) profilemeter parameters: load 6mg,radius edge 2 ym
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Fig. 14 Nr.2 layer TiAICN (3D) profilometer parameters: load 6mg, radius edge 2 ym

0.188
0.150

0.100

0.050
0.000

-0.050

0.80 mm -0.100
-0.150

-0.178

Fig. 15 Nr.3 layer Au 0,1um (3D) profilometer parameters: load 8mg, radius edge 2 ym

CONCLUSION

In the presented work, adhesion properties of three different coated layers were compared. The best
adhesion was evaluated in the sample Nr.3 of Au-layer with thickness of 0.1 ym (see the Fig 15). The
surface of this layer was measured by the tip with radius of 2 ym and with a load of 8 mg. In the Figure 15,
the negative depth values of more than -0.1 um at the outer edge of the rounded shape-like plate sample
correspond with a lower amount of sputtered gold particles deposited at this area. In the Figure 15, the
groove marked with black lines indicates the path of the testing ball during the tribological test. The course of
this profile has not changed over the sample area and there is no significant deviation of the depth during
abrasion (tests). This is caused by the high ductility of gold particles, and the resulting friction improves the
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surface properties. The 2D graph was not be used as it does not enable the required distinguishing of the
track profile from other curves. The second best adhesion was evaluated in the sample Nr.1 of TiN layer,
where the difference of the ball track from the other surface area is approximately 0.2 um (see the figure 13).
The third evaluated sample, the Nr.2 with TiAICN layer, shows a significant difference between the upper
and lower surface. The profile path is not entirely semi-circular. During the tests the surface on the ball is
modified in such a way, that it corresponds to a negative imprint of the tribological ball track (groove) on the
sample surface.

Tribological properties of adhesion, abrasion and friction coefficient are important parameters for appropriate
material selection for intended use in various industries, e.g. applications in medicine, food industry,
engineering industry, etc.
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