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The purpose of the work is to present the results of investigations into the structure and properties of sintered
carbides with deposited wear resistant coatings after a tribological test carried out with the method of combined
examination of abrasion wear resistance and edge fracture resistance.
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INTRODUCTION
Abrasion wear resistance and fracture resistance are
the main parameters characterising the materials used
for tool cutting edges. The importance of such properties is a consequence of the two dominant damage
mechanisms leading to the loss of tool edges’ operating
fitness, namely their abrasion wear and fracture in contact with the material processed in technological operations. The requirements imposed on the materials used
for cutting tools have been growing due to the development of industry. Numerous works are carried out to
improve functional properties of sintered tool materials,
especially in the field of surface engineering and modelling [1-5]. In parallel, it becomes necessary to improve research methods of a multi-criteria evaluation of
abrasion wear and fracture as the fundamental factors of
tool wear [6-9].

MATERIAL AND METHOD
The tests were performed on specimens of sintered
carbides of H10 and S30 grade covered and not covered
with the layers of wear resistant coatings of the TiCN +
Al2O3 + TiN and TiCN + TiN type. The coatings were
produced in chemical vapour deposition method processes. The abrasion wear resistance tests of the substrate material and of the materials with coatings deposited were carried out on a laboratory station for testing
tribological properties of structural and tool materials
and granulated materials and such properties are manifested during interaction in a friction node with specific
structural characteristics. The test consists of the controlled combined activity of hard loose mineral both, as
an abradant and as a multi-point source of load on the
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specimen of the examined sintered carbides near their
edge. The characteristics of the abradants used for the
tests and test parameters are presented in Table 1. The
tests results were used for assessing abrasion wear resistance of the selected specimens of sintered carbides
with multilayer coatings deposited and not deposited
onto them. The entire activity of a grainy abradant took
place in a cylindrical chamber where the normal stress
σn was controlled by the external load Fn. The torque T
on a drive shaft was used for overcoming the shear resistance of the abradant and the friction resistance on
the contact area of the specimen edge and abradant. The
test method, enabling to examine at the same time brittle cracking and abrasion, allows to simulate stress conditions and advancement speed between the drill and
rock. Another advantage of the test friction node is that
the crushed abradant can escape from the abrasion area
through a gap between a specimen holder and a cylindrical chamber wall, as is the case in real drilling or
crushing conditions. A detailed description of the progress of the test procedure is presented in [10]. The observations of surface topography of the specimens were
made in a scanning electron microscope, Zeiss SUPRA
35, with the accelerating voltage of 15 - 20 kV and the
maximum magnification of 50 000 x. Chemical composition microanalysis tests were carried out using the energy dispersive scattered X - ray radiation spectroscope
Table 1. Specification of the apparatus and experimental
details
No Parameters

Edge abrasion tribotester

1

Normal load /N

500

1 000

15 000

2 000

2

Normal stress /MPa

1,3

2,5

3,8

5,1

3

Drive shaft speed /rpm

30

4

Test duration /number of rev.

100

5

Mean sliding distance /m

6

Abradant - Quartz sand SiO2

33,8 12
600 – 1 200 m

419
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a)

b)

Figure 1 a) Topography of H10 sintered carbide surface with
the TiCN + Al2O3 + TiN coating deposited after the
performed tribological test, character of edge wear;
b) details from Fi. a); c) character of edge wear
together with the linear diagram of intensity of
backscatter X - ray radiation for the energy value
corresponding to particular chemical elements.

c)
fitted with the SUPRA 35 microscope. The adhesion of
coatings to the substrate material was appraised with a
scratch test applied commonly for coatings produced in
chemical vapour deposition method processes. The
tests were performed using a Revetest device by Anton
Paar.

RESULTS AND DISCUSSION
A strong qualitative relationship was identified between the results of the scratch test made and the results
of a tribological test of the combined examination of
abrasion wear resistance and edge fracture resistance.
The TiCN + Al2O3 + TiN coating, deposited onto an
H10 sintered carbide substrate, exhibits the highest durability in both cases, whilst the TiCN + TiN coating
deposited onto an S30 sintered carbide substrate shows
the smallest resistance. The TiCN + Al2O3 + TiN coating
shows higher durability than the TiCN + TiN coating
despite smaller microhardness, which can be linked to
the character of microhardness measurement and the
substantial total thickness of the TiCN + Al2O3 + TiN
coating. Microhardness measurement for this coating
was limited to the Al2O3 + TiN layer without considering the hardness of the TiCN layer adhering to the substrate. The observations of the indenter track after a
scratch test, performed with a scanning electron microscope, for TiCN + Al2O3 + TiN deposited onto the H10
420

sintered carbide substrate, are indicating the nature of
abrasion wear where individual layers are worn off,
without delamination and significant chippings within a
significant range of pressing force. This signifies that
particular layers are adhering very well and also signifies good adhesion to the substrate. The topography observations of the H10 sintered carbide surface with the
TiCN + Al2O3 + TiN coating deposited after the performed tribological test also indicate the abrasive character of wear and provoke similar conclusions. The linear diagrams of chemical composition, performed using
energy dispersive scattered X-ray radiation spectroscopy, allow to confirm that gradual wear takes place in the
case of the TiCN + Al2O3 + TiN coating deposited onto
the H10 sintered carbide substrate, where the top Al2O3
layer is wearing off with the TiCN layer being maintained, which signifies that the coating is adhering very
well to the substrate material.

CONCLUSIONS
It was found that specimens during the test with the
method of combined examination of abrasion wear resistance and edge fracture resistance are becoming worn
by being abraded and with the coating being delaminated on the edges. The existence of local chippings,
likely to be microchippings of the substrate material,
was also found. The degree and character of wear of
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a)

c)
particular specimens is responding qualitatively to the
results of comparative tests performed with the scratch
test method. The tests carried out and the correlations
found show that the employed method of combined examination of abrasion wear resistance and edge fracture
resistance is applicable to the tests of adhesion and durability of coatings deposited onto sintered tool materials, including sintered carbides.
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