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Hard machining and high speed cutting are challenging machining processes demanded for high productivity
for several decades. Hard coatings are mostly used for protection of the tool materials from severe tribological
conditions in which excessive cutting temperatures and forces take place during these processes. Oxidation re-
sistance is an important property of the hard coatings in hard machining operations due to high temperatures
up to 1000 ◦C at the cutting edge. Improvement of oxidation resistance provides longer tool life at dry cutting
conditions. TiAlN-based coatings are known to have high oxidation resistance. In this paper, nanolayer AlTiN/
TiN coating was deposited on cemented carbide substrates by industrial magnetron sputtering system. The need
to understand the e�ect of nanolayered structure on the oxidation behavior of protective coatings in machining
industry in terms of high temperature oxidation tests is the motivation of this investigation. The deposited coating
was annealed at 1000 ◦C with di�erent durations. Before and after the oxidation tests, the composition, structure
and phases of the coating were determined by scanning electron microscopy in combination with energy-dispersive
X-ray spectroscopy and X-ray di�raction, respectively. It was found that nanolayered structure improves oxidation
resistance, and thereby, it provides longer tool life.
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1. Introduction

Superior properties such as high hardness and oxida-
tion resistance are highly demanded from hard coatings
deposited on cutting tools used in developing applications
such as hard machining. The coatings are subjected to
high temperatures reaching to 800 ◦C during cutting, and
this necessitates the coating to be resistant to oxidation.
TiAlN coating is well known to be resistant to oxidation
and wear due to the growing Al2O3 layer on the coating
at high application temperatures under dry conditions,
and, therefore, it is widely investigated and used with
cutting tools [1�4]. Using AlTiN coating with high Al
concentration, superior oxidation resistance can be ob-
tained. Nanolayer (nl) AlTiN/TiN hard coating which
is obtained by sequential deposition of AlTiN and TiN
layers has been studied by researchers and found to have
high adhesion to substrate and provide longer tool life
[5�7]. Therefore, nl-AlTiN/TiN hard coatings are good
candidates for machining of hardened steels (> 55 HRc),
titanium and nickel based alloys. On the other hand, the
information on the e�ect of nanolayered design on the
oxidation resistance of coatings is limited. Therefore, in
this study, nl-AlTiN/TiN coatings was deposited on car-
bide cutting tools, and the e�ect of nanolayered structure
on the oxidation resistance of AlTiN and TiN coating was
investigated.
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2. Experimental

Carbide milling inserts, produced by SECO Tools,
were used as substrate for deposition of the nl-AlTiN/
TiN coating. Industrial magnetron sputtering system
CC800/9 sinOx ML (CemeCon) was used for deposition
of the nl-AlTiN/TiN coatings onto the inserts. The de-
position system has four unbalanced magnetron sources
placed on the corners of rectangle. Three segmental TiAl
targets and one Ti target were used for deposition of the
nl-AlTiN/TiN coating. The samples were moved in a
threefold rotation to obtain structures in nanoscale and
also to ensure a constant �lm thickness distribution at
the substrates. Prior to deposition the samples were
ultrasonically cleaned and ion-etched in the deposition
system. Magnetron sputtered commercial TiN/TiAlN
coated tools were used for comparison in oxidation stud-
ies. They are known to be suitable for high speed ma-
chining on hardened steel. The layer structures of all the
coatings are shown in Fig. 1.

Fig. 1. Layer structure of the coatings: (a) nl-AlTiN/
TiN, (b) commercial TiN/TiAlN coating.
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Thickness measurements of all the coatings were car-
ried out using a ball-cratering technique (Calotest), and
it was measured as ≈ 3.2 µm for the nl-AlTiN/TiN and
≈ 2.0 µm for the commercial TiN/TiAlN coating. The
modulation period of the nl-AlTiN/TiN coating varies
due to 3-fold rotation of the substrate during deposition
of the coating as reported by [8]. In the commercial in-
serts coated with TiN/TiAlN the top TiN layer is added
only for coloring and easier identi�cation of wear.
The microhardness of the coatings on D2 substrates

was measured with Fisherscope H100C nanoindenter us-
ing Vickers indenter at room temperature. The calcula-
tion of hardness was performed according to Oliver and
Pharr analysis [9]. Microhardness measurements were
made at maximum load of 50 mN. The hardness of the nl-
-AlTiN/TiN coating was measured as 2996±150 HV [5].
Oxidation tests of coated carbide tools were carried out

in an air furnace at 1000 ◦C for 1 and 2 h. In the oxi-
dation tests, the coated tools were put into the furnace,
the temperature was increased from room temperature to
1000 ◦C, and the samples were kept at the testing tem-
perature for 1 or 2 h, taking into account the application
conditions of the cutting tools. After annealing dura-
tions, the heater was switched o� and the tools cooled
down to room temperature inside the furnace. After the
tests, structure and chemical compounds of the coating
were analyzed by scanning electron microscopy (SEM)
and X-ray di�raction (XRD).

3. Results and discussion

Energy-dispersive X-ray spectroscopy (EDS) analy-
sis shows that the nl-AlTiN/TiN contains 24.82% Al,
20.85% Ti and 54.34% N in atomic scale. Chemical
composition of the commercial TiN/TiAlN is 27.21% Al,
18.73% Ti and 54.06% N. SEM fracture cross-sections
of the coatings are given in Fig. 2. The nl-AlTiN/TiN
coating has a �ne-grained dense structure, while the com-
mercial TiN/TiAlN presents columnar structure. It is
seen that the surface topography of the nl-AlTiN/TiN
coatings is smoother than that of commercial TiN/TiAlN
coating.

Fig. 2. SEM fracture cross-sectional images of as-
-deposited coatings.

X-ray di�raction patterns of the coatings after anneal-
ing at 1000 ◦C for 1 and 2 h are shown in Fig. 3. In
XRD pattern of as-deposited nl-AlTiN/TiN coating, only

c-TiAlN and WC phases were found. After annealing
process, both coatings gave similar peaks and phases,
and there is no change in the phases with increasing ox-
idation time. A decrease in the intensity of the peaks
of the nl-AlTiN/TiN coating is seen after oxidation for
2 h. The di�raction peaks of cemented carbide are also
observed due to the small thickness of the coatings.

Fig. 3. XRD patterns of the coatings after annealing
at 1000 ◦C for 1 and 2 h.

SEM fracture cross-sectional images of the coatings af-
ter oxidation at 1000 ◦C for 1 h are shown in Fig. 4. As
seen from the images, structure of the commercial TiN/
TiAlN coated tool changed more than that of the nl-
-AlTiN/TiN coated tool which is attributable to nanolay-
ered structure of the AlTiN/TiN which retards the out-
ward di�usion of Al and Ti and inward di�usion of O
at 1000 ◦C [6]. It is observed that WC�Co tool also ox-
idized. According to EDS analysis, Co in the oxidized
carbide layer disappeared after oxidation for 2 h. The
thickness of the oxidized carbide layer in the nl-AlTiN/
TiN coated tool is lower than that of commercial TiN/
TiAlN coated one. This shows that the nl-AlTiN/TiN
acts as thermal barrier and decreases the further oxida-
tion.

Fig. 4. SEM fracture cross-sectional images of the
coatings after oxidation at 1000 ◦C for 1 h.

The cutting performance of the nl-AlTiN/TiN coating
was investigated by Çal�³kan et al. in face milling of AISI
O2 cold work tool steel with hardness of ≈ 58 HRc [5].
The cutting parameters used were the cutting speed of
150 m/min, the feed rate of 0.2 mm/tooth and the depth
of cut of 0.5 mm. The lifetime of the nl-AlTiN/TiN
coated and commercial TiN/TiAlN coated cemented car-
bide cutting tools is compared in Fig. 5. The nl-AlTiN/
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TiN coated tool exhibited 77% higher lifetime than com-
mercial TiN/TiAlN coated tool due to its higher oxida-
tion resistance, adhesion, toughness, and wear resistance.
Similar �ndings were obtained by Chen et al. [6]. They
achieved higher lifetime with cutting tools coated with
TiAlN/TiN nano-multilayer coated tool both in turning
of stainless steel and milling of 42CrMo steel when com-
pared to single layer TiAlN coated tools.

Fig. 5. Lifetime of the coatings in milling of AISI O2
hardened steel [5].

4. Conclusions

In this study, nanolayer AlTiN/TiN coating was de-
posited on carbide cutting tools, and the e�ect of
nanolayered structure on the oxidation resistance of
AlTiN and TiN coating was investigated at 1000 ◦C.
Commercial TiN/TiAlN coated tools were used to make
comparison in oxidation tests. It was found that after
annealing process, both coating gave similar peaks and
phases, and there is no change in the phases with in-
creasing oxidation time. The structure of the commer-
cial TiN/TiAlN coated tool changed more than that of
the nl-AlTiN/TiN coated tool which is attributable to

nanolayered structure of the AlTiN/TiN which retards
the outward di�usion of Al and Ti and inward di�usion
of O at the test temperature. It is observed that WC�Co
tool also was oxidized. The thickness of the oxidized car-
bide layer in the nl-AlTiN/TiN coated tool is lower than
that of commercial TiN/TiAlN coated one. This shows
that the nl-AlTiN/TiN acts as thermal barrier and de-
creases the further oxidation.
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