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Abstract

Cutting with TiAIN or CrAIN tip PVD-coated tungsten carbide-based inserts manufactured by powder metal-
lurgy, we found no significant difference in the wear behavior of inserts regardless of whether the insert was
used in wet or dry conditions. We determined the adhesion properties of the coating layers with a scratch
test and by Daimler-Benz test. On the tungsten-based carbide cutting tool, the thinner TiAIN coating showed
slightly better adhesion than the thicker CrAIN coating.
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was 0.175 mm, and depth of cut (a) was 1 mm. We
found that the wear of the two CNMG 120408 in-
serts with the two different coatings (nanocrystal-

1. Introduction

Cutting tools can be classified into different
groups based on their material, geometrical

shape, purpose and conditions of use. Based on
their field of use, there are turning, drilling, mill-
ing and other tools. A tool has to fulfil the follow-
ing requirements: high-quality cutting, precision,
long life, productivity, and economical use. The
tool can only fulfil these requirements if it has
the necessary qualities. Of these, material prop-
erties are of paramount importance. An impor-
tant cause of the failure of tools is wear due to
abrasive and dynamic loads. Cutting tools are of-
ten surface treated [1-5], or coated [6-9], so that
they are more resistant to wear. The properties of
coatings depend on their structure, orientation,
coefficient of friction but also on how much heat
treatment the metal has received [10-11].

2. Previous research

According to literature sources, on tungsten-car-
bide tools, TiAIN suffers less wear than CrAIN
coating [10], while on hot-forming tool steels,
CrAlIN coatings exhibit better adhesion resistance
than TiAIN coatings [11]. We performed cutting
on cast state GX2CrNiMoCuN25-6-3-3 quality su-
per duplex steel in industrial conditions for 5
minutes. Cutting speed (v,) was 70 m/min, feed (f)

lite TiAIN and nanocrystallite CrAIN coating) was
not considerably different regardless of whether
cutting was performed in dry or lubricated condi-
tions (Figure 1) Wear was present in both cases.

Figure 1. Wear of coated cutting inserts. Built-up edge
a) TiAIN coating + dry cutting; b) TiAIN coat-
ing + lubricated cutting; c) CrAIN coating +
dry cutting; d) coating + lubricated cutting
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Figure 1 a) shows that after five minutes of dry
cutting intact coating can only be found outside
the “zone” of the depth of cut on the insert with
the TiAIN coating. When lubricated cutting was
performed, a built-up edge did not form on the
rake surface up to the chip breaking groove on the
TiAlN-coated insert, but the coating disappeared
from the chip breaking groove and its immediate
vicinity due to abrasive wear (Figure 1 b). Simi-
larly to dry cutting, lubricated cutting also caused
edge breakoff along the main cutting edge.

On the CrAIN-coated tool there were no shavings
or built-up edge in the chip breaking zone of the
rake surface, but the continuous wear of the chips
completely wore off the coating (Figure 1 c). Dur-
ing lubricated cutting, there was no edge breakoff
on the CrAlN-coated tool, but many built-up edges
of the duplex steel can be seen along the edge. On
this tool, the built-up edge from the duplex steel
can be found on the rake surface, over a long dis-
tance, even in the chip breaking zone (Figure 1
d).

The test results were somewhat surprising be-
cause according to the distributor, the coefficient
of friction of CrAlIN is lower (0.4) than that of the
TiAIN coating (0.6); the hardness of the TiAIN
coating is 3200 HV, while that of the CrAIN coat-
ing is 3300 HV.

To find out why the coated inserts behaved as
they did, we examined the actual thickness of the
coating and its adhesion with various methods.

3. Materials and methods

The CNMG120408 inserts were manufactured
by powder metallurgy. They were coated in con-
ventional industrial conditions. Since not only
the coating but the inserts are very hard too, the
measurement of layer thickness with metallo-
graphic methods is very complicated; a coating is
likely to break off, even when cut with a diamond
disk. The hardness of the material makes conven-
tional metallographic sanding complicated too,
therefore we measured layer thickness with the
Calo test [12-14] using a 30 mm diameter Al,O,
abrasion ball. The test is based on the wear be-
tween two surfaces based on abrasion. In the
test, a @30 mm ball was coated with a suspension
containing abrasive particles. The ball was then
rotated through friction drive and pushed against
the surface to be tested.

For the adhesion test, we used scratch test with
MST? equipment, [15], and Daimler-Benz test
[16].

4. Results

During the Calo test, the abrasion ball with
the abrasive suspension creates a crater,
with the shape of a spherical cap (Figure 2).
The wear mark is measured under a microscope
and the layer thicknesses are calculated [14].

Layer thickness (T) is calculated as follows:

r=2Y &)

= T AR

Notation can be found in Figure 2.

On the coated inserts, the thickness of the differ-
ent coatings is different. (Figure 3).

X Y

Figure 2. Notation for calculating layer thickness.

360.58um

Figure 3. Images of measuring the thickness of coat-
ing layers on CNMG120408 inserts
a) TiAIN coating b) CrAlIN coating.
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After the Calo test, we measured the circles
around the spherical caps with an optical micro-
scope and calculated the layer thicknesses. The
thickness of the TiAIN layer was 6.2-7.4 ym on av-
erage, while the CrAIN layer just exceeded 3 um
(3.3 um on average).

The results of the scratch tests performed with
the MST3device are shown in Figure 4.

During the scratch test of the inserts, the flaking
of the CrAIN layer has already started at a force
of 4.03 N, while the TiAIN coating did not exhib-
it characteristic chipping at a fine scale low load
even at the maximum load of 30N that can be
applied by the device. However, acoustic signals
were detected even at very small loads.
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Figure 4. The results of the scratch test
a) the optical representation of scratches on
the CNMG 120408 coated inserts
b) TiAIN coating, max load 10N
¢) TiAIN coating, max load 300N
d) CrAlN coating, max load 10N

For the Daimler-Benz test, a Rockwell hardness
tester with a diamond cone indenter and a load of
1470 N was used.

Daimler-Benz test was evaluated using an opti-
cal microscope as can be seen at Figures 5. The
imprints were classified from HF1 to HF6 con-
forming to VDI 3198 [16]. The adhesion of the
CrAIN layer (produced by PVD) on the CNMG
120408 inserts shows rather poor adhesion (H5/
H6 based on the series of images), while the TiAIN
layers have somewhat better adhesion, they re-
ceive a classification of H3/H4 based on the Daim-
ler-Benz test, as Figure 5 indicates.

5.Conclusions

The adhesion tests explain the relatively fast
wear of the coating during cutting both in dry
and lubricated conditions. The tests show that the
relatively thick TiAIN coating produces accept-
able adhesion on the CNMG120408 inserts, which
are produced by powder metallurgy and have a
relatively rough surface. On the other hand, the
CrAIN coating breaks up as a result of even a
small force and is classified as rather bad by the
Daimler-Benz test.
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Figure 5. The results of the Daimler-Benz tests at
CNMG 120408 coated inserts
a) TiAIN coating on insert 1
b) TiAlN coating on insert 2
¢) CrAlN coating on insert 1
d) CrAlN coating on insert 2
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