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This  paper  reports  on the  optimization  of  (Ti,Si,Al)Nx coatings  to improve  the  performance  of  coated
tools  in  dry  cutting  applications.  The  performance  and  the  wear  mechanisms  of  (Ti,Si,Al)Nx tungsten
carbide  coated  tools  were  investigated.  Tool  life  and  tool  failure  modes  were  thoroughly  examined  by
scanning  electron  microscopy  (SEM)  complemented  with  energy  dispersive  spectroscopy  (EDS) in order
to study  the  wear  mechanisms.  After  15  min  at high  cutting  speed  (200  m/min),  the  cutting  edges  of
almost  all  the  coatings  still  remained  in  good  conditions.  The  results  presented  on  this  paper  confirmed
elf hardening
utting tools
ear

xidation resistance
ubricious oxides

that  nc-(Ti1−xAlx)/a-SiNx nanocomposite  coatings  offer  a significant  potential  to operate  in extreme  envi-
ronments,  since  this  coating  outperformed  one  of  the  best  solutions  actually  available  in the  market  for
high  speed  turning.  An  improvement  on  the  tribological  behaviour  of  (Ti,Si,Al)Nx films  was  also  observed
with  thermal  annealing  before  the  turning  tests,  due  to  a self  hardening  effect  as  consequence  of  the
spinodal  segregation  of  the  (Ti,Al,Si)N  metastable  phase.  On  the  other  hand,  no  significative  increase  on
the  performance  of the  coated  tools  was  observed  with  depositing  an amorphous  Al2O3 interlayer.
. Introduction

The demand on the improvement of machining technology,
n terms of higher cutting speed, better quality of the machined
urface, lower consumption of lubricants and coolants, calls for
he development of new wear resistant coatings. While superhard
oatings show quite notable behaviour for the protection of cut-
ing tools, most tribological applications using coatings require
ither high toughness or low friction coefficient and low wear rate.
esigns for tough wear protective coatings are roughly divided into

hree categories: multilayers, functional gradients and nanocom-
osite [1–4]. Recently hard coatings have been still developed in
rder to increase the machining speed, the lifetime of the coated
ools and to improve the quality of the machined surface [5–10].
owever, there is still a large potential for improving the presently
anufactured high-performance coatings. Previous research work
ith (Ti,Si,Al)Nx system demonstrated that the deposited films

ould belong to either the class of nanocomposite or multilayer
aterials depending on the deposition rate is lower or higher

han 2 �m/h, respectively [11–13].  As discussed on [13], further
mprovements of the wear resistance of (Ti,Si,Al)Nx films could be

xpected by:

(i) Increasing Si content to values higher than 4 at.%.
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(ii) Using thermal annealing in vacuum before the turning tests in
order to relax the internal stresses.

The objective of the present work is to fulfil these two points and
to study the effect of an Al2O3 interlayer on the mechanical perfor-
mance of (Ti,Si,Al)Nx films. In fact, it seems that the wear resistance
results from a specific favourable combination of hardness and
toughness which is sometimes difficult to be achieved with a sin-
gle coating [14]. For example, a WC–TiC–TiN (outside layer) graded
coating for cutting tools was  reported by Fella et al. [15], which
showed considerable less wear than single layer hard coatings used
in the cutting of steels. Based on these ideas, an aluminium oxide
layer, which possesses a good thermal shock resistance and usually
adhesion strength to the substrate [16], was  deposited between the
substrate (WC-Co) and the (Ti,Si,Al)Nx coating. It was expected a
gradual build-up material hardness from the substrate (H ≈ 16 GPa)
[17], crossing the Al2O3 (H ≈ 11 GPa) [18] to the (Ti,Si,Al)Nx film
(H > 35 GPa and E > 350 GPa) [19]. Also the Al2O3 between the coat-
ing and the substrate should provide thermal protection to this
one and avoid the interdiffusion between the substrate and the
(Ti,Si,Al)Nx top-coat.

2. Experimental details
2.1. Deposition and characterization of the coatings

(Ti,Si,Al)Nx coatings were deposited on WC-Co cemented car-
bide cutting tools and on stainless steel by reactive magnetron

dx.doi.org/10.1016/j.wear.2011.08.018
http://www.sciencedirect.com/science/journal/00431648
http://www.elsevier.com/locate/wear
mailto:sandra.carvalho@fisica.uminho.pt
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Table  1
Some experimental parameters, composition and mechanical properties relative to the sputtered samples. The applied Bias voltage was −70 V.

Tool Ti (at. %) Si (at. %) Al (at.%) N (at. %) O (at. %) Rate (�m/h) H (GPa) Ha (GPa) E (GPa) Ea (GPa) Lc (N) Interlayer

CP1 29.2 5.5 9.3 51 5 0.8 9 ± 2 8 ± 1 338 ± 80 332 ± 33 19 TiAlSi (0.35 �m) + Al2O3 (0.8 �m)
CP2 28.4  5.6 9 53 4 1.9 14 ± 6 14 ± 3 285 ± 48 264 ± 34 20 TiAlSi (0.35 �m) + Al2O3 (0.8 �m)
CP3 21  7 11 56 5 1.7 19 ± 5 21 ± 4 360 ± 17 298 ± 36 25 TiAlSi (0.35 �m)
P3b 41 4 7 48 – 1.6 29 ± 4 – 349 ± 78 – – TiAl (0.35 �m)
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detected in all coatings, which is related with the base pressure. It
should be point out that Si contents higher than 4 at. % were reached
as desired and discussed on [13]. XRD experiments showed that in
all coatings the f.c.c structure with (1 1 1) texture (see e.g., Fig. 1a),
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a After annealing at 800 ◦C.
b See elsewhere [13].

puttering, in an Ar/N2 atmosphere, using a custom made equip-
ent. The system is composed of 4 unbalanced magnetrons

athodes vertically opposite, where a Ti0.5Al0.5 target and a pure
i target incrusted with some Si pieces, and a pure Al target were
laced leaving the fourth place as a decoy magnetron without a
arget. In order to change the composition of the samples, the cur-
ent density applied to the (TiAl(Si) and Ti(Si)) magnetrons was
aried in the range 10–15 mA  cm−2. An external heating resistance
ositioned at 80 mm  from the substrate holder was  used to heat
he samples (300 ◦C), although the environmental temperature is

ore dependent on the deposition rate. Before the coatings depo-
ition (with thicknesses ranging 2–4 �m),  a TiAlSi adhesion layer
as deposited in all samples and, in tools 1 and 2, also an Al2O3

nterlayer (see Table 1). It should be pointed out that for each run,
 plane SS and several WC-Co triangular tools (ISO TMNG 16 04 08-
M)  were coated simultaneously. Some were tested as deposited
ithout annealing in the lathe. Others, before turning tests, were

ubjected to a thermal cycle, in vacuum, consisting of a heating
ycle of 1.5 h up to the annealing temperature (800 ◦C), 1 h hold at
his temperature, followed by a slow cooling down to room tem-
erature.

The atomic composition of the deposited samples was mea-
ured by electron probe microanalysis (EPMA) using a Cameca SX
0 apparatus. An average number of five “ball cratering” (BC) exper-

ments were performed in each sample in order to determine its
hickness. X-ray diffraction (XRD) experiments were performed,
sing a Cuk� radiation, in order to study the coating’s structure. The
dhesion/cohesion of the coatings was evaluated by scratch-testing
echnique, using a Revetest apparatus from CSM Instruments. The
oad was increased linearly from 0 to 50 N (Rockwell C 200 �m
adius indenter tip, loading speed of 100 N/min, and scratch speed
f 10 mm/min). The critical load (Lc) values corresponding to the
ifferent failure mechanisms (adhesive/cohesive) were measured
y analyzing the failures events in the scratch track, by optical
icroscopy.
The hardness was evaluated by depth-sensing indentation,

sing a Fisherscope H100 equipment at maximum load of 40 mN.
orrection of the geometrical defects in the tip of the indenter, ther-
al  drift of the equipment and uncertainty of the initial contact
as considered [20–22] It should be point out that all these previ-

us measurements were carried out on the coatings deposited on
he WC-Co cemented carbide cutting tools, exception the residual
tress measurements which were studied in the samples deposited
t the same time as the coated tools, on stainless steel (AISI 316). So,
he residual stresses, �r, were obtained by the deflection method
rom the Stoney’s equation [23], using substrate curvature radii,
oth before and after coating deposition [24]. In fact, these stress
esults cannot be analysed as absolute values but only in compar-
tive behaviour between the samples.

.2. In service behaviour: turning tests
A Cincinnati Milacron Hawk-150 numerically controlled lathe
as used to perform the machining experiments. These turning

ests were performed in different machining conditions, using steel
as working material. The selected steel was an usual commercial
alloy steel (30-CrNiMo8 – W nr. 1.6580 by DIN EN 100083-1),
with a hardness value of 3.8 GPa. The tests were performed for
each sample three times on different edges and with new tools
for v = 200 m/min  and fn = 0.1 mm/rev, in dry turning conditions. In
fact, by eliminating the coolant the amount of heat generated at
the cutting zone increases, creating the potential for the premature
tool wear. Consequently, severe conditions of machining were bet-
ter simulated in this way. Meanwhile, the environmentally friendly
recycling and disposal of the coolants represents 15–30% of the total
machining cost [25]. The following conventional tool wear param-
eters were measured by Scanning Electron Microscopy (SEM): VB
– maximum flank wear, KM – distance between the tool edge and
the crater centre (rake face). After the turning tests, the dominant
wear mechanisms were revealed by morphological observation and
chemical modification analysis was  also performed in the SEM,
which was equipped with an Energy Dispersive X-ray Spectrometry
(EDS). The commercial cutting tool (using for comparison) was pro-
duced by CVD; the coating comprised a 8.8 �m Ti(C,N) base layer,
a 4.3 �m intermediate Al2O3 layer and a 1.6 �m top TiN layer, with
22 GPa as hardness.

3. Results

3.1. Chemical and structural analysis

A summary of the coatings properties under investigation in
this work is presented in Table 1. The differences in the compo-
sition of the various samples, as well as in the deposition rate
are related with the current density applied to both magnetron
cathodes (TiAl(Si)) and Ti(Si)). Approximately 5 at.% of oxygen was
6462604442403836
 Angle 2θ(º)

Fig. 1. (a) XRD pattern of CP3 film as-deposited. (b) XRD pattern of CP3 film after
been annealed in vacuum at 800 ◦C.
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imilar to TiN, was developed, as discussed in several previous
orks [19,26,27].

XRD scans (see Fig. 1b) from CP3 coating annealed at 800 ◦C,
how the development of new small broad peaks (2 0 0) and (2 2 0),
hich can be assigned to crystalline fcc–(Ti,Al)N. The broad peaks

hows that those grains have a small size, and result from spinodal
egregation of the (Ti,Al,Si)N metastable phase with the thermal
nnealing [28]. This is supported by the hardness increase, as it
ill be shown in the next section. Thus, this also demonstrates

hat a metastable phase was formed in the as-deposited sam-
les, due to the low deposition temperature. More detailed studies
nd further characterization of nc-(Al1−xTix)N/a-Si3N4 nanocom-
osite coatings after at high-temperatures decomposition is well
iscussed by Veprek et al. on [29,30]

.2. Mechanical properties

The hardness (H) and Young’s modulus (E) of the samples before
nd after thermal annealing are presented in Table 1. No signifi-
ant changes on the hardness values are observed after annealing
t 800 ◦C, except a small increase in the hardness values of the CP3
oating, which can be related with self hardening effects [31–34].

This behaviour suggests that the increase of the hardness upon
nnealing is associated with a partial stabilization of the nanostruc-
ure nc-Ti1−xAlx/a-SiNx, which occurs due to a transformation by
pinodal segregation.

It is possible to observe that all the samples present values much
ower than the typical values reported for (Ti,Si,Al)Nx coatings [13].
his behaviour should be firstly related with the low deposition
emperature [33] and with the O amount present in the films. In
act, Veprěk et al. [35] noticed that the hardness in nc-TiN/a-SiNx

anocomposites is strongly degraded at oxygen impurity concen-
rations higher than 0.1 at.%.

The film-to-substrate adhesion is extremely critical to achieve
onger wear life or durability, especially on the surfaces of tribo-

aterials [36]. The values for the critical adhesion loads, Lc,
orresponding to the first adhesive failures are shown in Table 1.
or all coatings, the critical load for the first adhesive failure varied
etween 19 and 25N. The values obtained for samples CP1 and CP2
re close to 20 N, whereas for sample CP3 is around 25 N. In the
ase of the deposition with an interlayer, the adhesion between
he interlayer and the coatings is also a very important parameter.
sing an optical microscope is very difficult to identify if the failure
ccurs at the substrate/interlayer or interlayer/ coating interfaces.
owever the idea for introducing an interlayer was to improve the
dhesion and it was found that the critical load obtained for TiSiAl
ayer on substrate was higher than 50 N. Hence, for the (Ti,Si,Al)Nx

oatings the observed failure should occur mainly in the inter-
ayer/coating interface. The better behaviour of the sample CP3 in
omparison to the others seems to be only attributed to the inexis-
ence of the Al2O3 interlayer. The coating deposited without Al2O3
ayer has higher critical load because in this coating the variation
etween the substrate and the film is less abrupt, as it is when an
l2O3 layer is added.

.3. Cutting performance

.3.1. Wear evaluation: flank and rake wear
The cutting performance of the coated tools during turning

lloy steel was evaluated considering the average of the max-
mum flank (VB) and the rake (KM) wears (see Table 2). For
omparison purposes, Table 2 presents also the wear parameters

or the best (Ti,Si,Al)Nx coated tool – P3, tested previously in the
ame conditions [13], and for a commercial multilayer coating
TiCN/Al2O3/TiN) deposited by CVD, that is widespread used in the

arket, which will be treated as the reference for this work.
4– 275 (2012) 68– 74

For the same machining time (15 min) in the same cutting con-
ditions, it was  observed that:

(i) CP1 tool showed a premature failure due to the very high values
of flank and rake wears. Several factors could explain this bad
behaviour: first the presence of the Al2O3 layer; second the low
thickness value (<2 �m)  and the oxygen content on the film.
Another possible reason should be related with the high resid-
ual stress values, observed for this sample (−3.0 ± 0.47 GPa),
since this sample was deposited with low deposition rate and
consequently low deposition temperature. The CP3 and CP2
samples showed only −1 ± 0.09 GPa for compressive residual
stresses. It is however worth to notice that these stress val-
ues should be seen only a variation tendency, since different
substrates were used for their evaluation.

ii) The flank (VB) and rake (KM) are values that are significantly
lower for the CP3 tool, when compared with the wear parame-
ters presented by the commercial insert and by the other tools.

iii) The rake wear (KM) values of the commercial and CP2 tools
are comparable. Anyway, the flank wear (VB) is significantly
higher for the CP2 tool. This difference in the performance of
the tools should be related with the chip behaviour. In the tests
with the commercial tool, the chips from the machining process
were in the form of small fragments (as also observed with CP3
tool), while for the CP2 tool the chip wound around the tool,
which contributed for the heating of the tool tip. The extreme
heating of the cutting edge, may  enhance thermal cracks and
consequently originate premature failures in the tool surface,
as is well discussed on [37]. This chip behaviour is sometimes
related with the cutting edge roundness. The effective radius of
the cutting edge tip consists of the radius of the WC-Co insert
plus the coating, which follows the curvature of the substrate
during the deposition process. And in fact the CP2 thickness
(4.2 �m)  is slightly higher than the CP3 (3.7 �m).

iv) Slightly superior wear behaviour of the annealed coated inserts
compared with the not annealed ones was  visible, also due to
the self hardening effects, which occurs due to spinodal decom-
position of (Ti,Al,Si)Nx.

(v) Concerning the tool life, the most noticeable fact is that
for similar turning conditions the CP3 tool showed a
promising behaviour, comparing with the commercial
tool.

3.3.2. Wear mechanisms
Before the turning tests, a detailed study of the chemical com-

position variation throughout the edge was performed by EDS  on
several points of the tool. Fig. 2 presents the EDS results for points
located 0.05 mm (Fig. 2a), 0.4 mm (Fig. 2b) and 1 mm  (Fig. 2c) from
the top of the edge. The evolution of chemical composition obtained
from the EDS of Fig. 2a–c is represented in Fig. 2d. The analysis of
these figures shows that there is no significant gradient on the com-
position (for as-deposited samples, before cutting tests) from the
top edge down to 0.4 mm,  and only a small variation can be visible
for the highest distances (>1.0 mm).  Thus, if any variation on the
composition is detected in the 0.4 mm range, it should be related
with the turning tests and with the tool behaviour when tested at
elevated temperatures.

The micrographs in Figs. 3–6 illustrate the changes in rake and
flank wear patterns of the tools after machining during 15 min at
v = 200 m/min. In all the worn zones of the tested tools, iron con-
tamination coming from the workpiece was detected (EDS A in all

figures). On the worn surface of CP2 tool (not annealed) (Fig. 3),
only minor traces of wear along the rake face (inset B) and signif-
icant surface damage in the flank face (inset C) are observed. Also,
the zone A shows a “brushing-off” of debris. The SEM micrograph
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Table  2
Tool wear data after turning 15 min  with v = 200 m/min and fn = 0.1 mm/rev.

Results for tools without annealing Results for tools with annealing at 800 ◦C Tool life (min)

KM (�m) VB (�m) SEM micrographs KM (�m) VB (�m) SEM micrographs

CP1 Tool breakage Tool breakage – – – – –
CP2 180 575 Fig. 2 180 308 Fig. 3 –

o
i
s
t
t

F

CP3 80 30 Fig. 4
P3 192  47 – 

Commercial 157 50 – 

f the crater wear of CP2 cutting tool with annealing is illustrated
n Fig. 4. Significant surface damage in the form of adhered and

cratch appearance can be seen on the rake face. This suggests that
he primary wear mechanisms are abrasive and adhesive wear. For
his sample, a pronounced crater was formed and, in some areas of

ig. 2. EDS analysis for three different points on the tool edge. (a) D = 0.05 mm,  (b) D = 0.4
70 22 Fig. 5 45
– – – 33
– – – 42

the tool, complete wear throughout the coating until the substrate
was  also observed (EDS B in Fig. 4).
SEM micrographs of the crater wear track of CP3 tool not
annealed (Fig. 5) and after annealing at 800 ◦C (Fig. 6) show no
significant wear.

 mm,  (c) D = 1 mm,  and (d) chemical composition on several points of the tool.
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Fig. 3. Crater wear of the CP2 tool after machining 15 min  at Vc = 200 m/min. The
EDS  (A) analysis on the worn region indicates adhesion of the work material (Fe)
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Fig. 5. SEM image of tool CP3 after cutting 15 min  at Vc = 200 m/min, showing mainly
the  flank face wear. The EDS (A) analysis on the worn region indicates adhesion or
welding of the work material onto the rake face of the tool. EDS (B and C) analysis
indicates that the coating has not yet been removed on the flank. EDS (B) denounces
the formation of an oxide layer (Al2O3). (b) Relative chemical composition of zone
nto the rake face of the tool. Inset (B): amplification of the rake face wear, showing
umerous scratches. Inset (C): SEM image of the flank face wear, showing coating
elamination.

. Discussion

It is recognised that hardness is not necessarily the prime
equirement for wear resistance, and it is known that commer-
ial coating solutions using soft materials, such as self-lubricant
oatings, MoS2 or WS2 can be an excellent alternative for wear pro-
ection [38–40].  In this work the hardness values were lower than
xpected, however the aforementioned cutting tests proved that
he (Ti,Si,Al)Nx coating (CP3 sample) outperformed one of the best
olutions actually available in the market for high speed turning.

The first important point to be taken into account is the possi-
le self hardening process occurring during the turning tests. This
tructural transformation resulted not only in a hardness increase
ut, more important in a significant decrease on the Young’s mod-
lus. It was already recognised by several authors that the ratio
etween H and E, the so-called “plasticity index”, is widely quoted
s a valuable measure in determining the limit of the elastic
ehaviour in the surface contact, which is clearly an important

arameter to avoid wear [38].

The second parameter is related to the fact that the CP3 coating,
hen tested at elevated temperatures, can effectively retard the

brasive and oxidation wear owing to the formation of a resistant

ig. 4. Rake wear of the CP2 tool (annealed) after machining 15 min  at
c = 200 m/min. The EDS (A) analysis on the worn region and inset B (amplifica-
ion  of the rake face wear) indicates adhesion of the work material (Fe) onto the
ake face of the tool. EDS (B) analysis indicates that the coating has been removed.
DS (C) analysis indicates that the coating has not been completely removed.
b  and zone c from (a), for Ti and Al elements. The relative composition between Al
and  Ti indicate an enrichment of Al at coating surface.

oxide layer, which is supported by a hard coating. EDS results
showed that, in some zones of the worn coated samples, oxygen
is detected (EDS B in Fig. 5 and EDS on zone A in Fig. 6). When EDS
B is compared with EDS C in Fig. 5 (see in more detail Fig. 5b), or
when the relative chemical composition of zone B is compared with
Zone C in Fig. 6 (see Fig. 6b), it shows an Al enrichment at the tool
surface on the worn zone. The presence of oxygen (not always easy
to detect by EDS) and the Al enrichment, suggests the formation of
an Al2O3 layer, which should lead to a better oxidation resistance.
This behaviour was  already reported by Vaz et al. [41], on (Ti,Al)N
system, where films growing with a (1 1 1) texture developed at
high temperatures in air an oxide layered Al2O3–TiO2 structure.
According to these authors, this oxide layer protects the underly-
ing nitride from further oxidation. This oxide layer also shows that
the nanostructure is only partially stabilized, but also contributes
for the improvement of the in-service behaviour of CP3 film. The
role of Si in improving the oxidation resistance by the formation of
the nanocomposite structure it is difficult to quantify, due to lim-
itations mentioned in Section 3, but certainly had influence in the
best performance of CP3 tool. In fact, in a previous work [13], it
was  observed a better cutting performance of the (Ti,Si,Al)Nx coat-

ings comparing with (Ti,Al)N and it was  also previously shown that
Ti0.27Al0.53Si0.2N coating exhibited a better oxidation resistance at
900 ◦C than Ti0.35Al0.65N coating. [41,42].
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Fig. 6. (a) Rake wear of the CP3 annealed tool after machining 15 min  at
Vc = 200 m/min. The EDS analysis on the zone A indicates adhesion or welding of
the work material onto the rake face of the tool. (b) Relative chemical composi-
t
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[

[

[13] S. Carvalho, E. Ribeiro, L. Rebouta, C. Tavares, J.P. Mendonç a, A. Caetano
ion of zone b and zone c from (a), for Ti and Al elements. The relative composition
etween Al and Ti indicate an enrichment of Al at coating surface.

Also, Veprek et al. [25] and Tanaka et al. [43] developed AlTiSiN
oatings, which, showed an improved cutting performance, when
ompared to standard TiAlN and AlTiN coatings.

Besides the oxidation protector character of the oxide layers that
an be formed during the turning tests, it should be also considered
ther beneficial aspects of the oxides concerning the tribological
ehaviour. Some papers were published where extremely low fric-
ion and/or low wear rates were attributed to some special oxide
hases [44,45]. The self-formation of lubricious oxides on hard sub-
trates lowered slightly the friction and/or considerably the wear.
a  et al. reported that due to the formation of a SiOx layer, the

riction coefficient of ternary Ti–Si–N coating was  reduced from
bout 0.75 at room temperature to about 0.55 at 550 ◦C [46]. These
esults can also suggest that a mixed layer consisting of Al2O3 and
iO2 could be responsible for low friction and low wear rate and,
onsequently, to the better cutting performance achieved for CP3
oating tool. Further tribological studies regarding the formation of
hese lubricious oxides should be performed on these samples, in
rder to quantify the apparent decrease on the friction coefficient
r/and on the wear rate demonstrated by the CP3 tool, and clarify
his point.

The results obtained with the Al2O3 interlayer did not reveal

ny improvement on the mechanical performance of (Ti,Si,Al)Nx

anocomposite films, probably due to a decrease of the adhesion,
ither between the layer or to the substrate. Such a fact can be
4– 275 (2012) 68– 74 73

confirmed by the coating delaminating observed by SEM on the
flank wear of CP2 tool (insert C in Fig. 3). Besides, the Al2O3
deposited is amorphous with a featureless morphology, which is
typical of fragile materials, giving rise to bad cutting properties.

5. Conclusions

In this study it was  confirmed that nc-TiAlN/a-SiNx nanocom-
posite coatings offer significant potential for operate in extreme
environments, since one of the (Ti,Si,Al)Nx coating outperformed
one of the best solutions actually available in the market for high
speed turning. An age hardening processes during the turning tests,
concomitantly with a decrease of the Young’s modulus, gives rise to
much higher H/E ratios which should be in the basis of the decrease
in the wear rate. Furthermore, it was suggested that the formation
of an Al2O3 layer improving the oxidation resistance and conse-
quently the wear resistance. Furthermore, the possibility of the
formation of lubricious oxides at the contact zone during wear
can have a positive effect on tribological behaviour. The thermal
annealing of the coated tools in vacuum before the turning tests
must had induced a self hardening effect of coated tool, not com-
promising the coating-substrate adhesion, since for 200 m/min  as
cutting speed the wear parameters (the flank (VB) and rake (KM)
wear values), after 15 min  of turning test, decreased with thermal
annealing.

Although the sample that presented the highest Si at.% showed
the best in-service, the role of the Si at.% is not completely clarified
but seems that the tribological behaviour should be correlated with
the Al + Si/Ti ratio, and not only with the Si content! Nevertheless,
the results obtained with Al2O3 an interlayer did not reveals an
improvement on the mechanical performance of nanocomposite
films.
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