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Ion implantation has been shown to improve adhesion strength of AICrSiN coatings due to a synergic
enhancement on fracture toughness and load bearing capability of the substrate that can potentially increase the
in-service efficiency of coated cutting tools. In this work, AICrSiN coatings deposited by PVD on WC-Co sub-
strates implanted with Ti, Cr and N ion species have been processed. The mechanical properties and adhesion
have been characterized by contact techniques and the residual stress of the coatings and substrates have been

evaluated using FIB-DIC technique and Vickers indentation tests, respectively. An improvement of adhesion
strength is obtained for treated substrates, especially for those implanted with titanium and chromium ions. This
improvement is attributed to the introduction of residual stresses in the substrate, which increases its fracture
toughness and enhances its load bearing capability.

1. Introduction

The process of cutting metals, which includes a broad range of
methods for shaping metals such as milling, turning, drilling and
particularly high speed cutting, generates large mechanical forces and
high temperatures at the contact point between the cutting tool and the
workpiece material [1]. Cemented carbides, also referred as hardmetals,
are materials increasingly used because of their high hardness, wear-
resistance and fracture strength, with also a good fracture toughness,
prolonging the service life and reliability for machining operations. To
enhance their performance, cutting tools are often protected by coatings
designed to increase hardness, wear resistance and corrosion resistance
[2-6]. Metal nitride coatings, such as CrAlSiN and other combinations
[71, had attracted increasing interest due to their improved properties
including exceeding hardness, resistance against high-temperature
oxidation, low friction, and outstanding thermal stability.

Although hardness, and thus wear resistance, is an important prop-
erty for coatings in cutting tools, good adhesion and toughness are
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capital under impact conditions to avoid premature failure of the tool.
However, super-hard ceramic coatings are usually related to low frac-
ture toughness and lower adhesion to the substrate. In particular, some
results have shown that AlCrN-based coatings exhibit weak adhesion
during scratch and impact tests [8-10]. Different methods have been
developed to obtain coatings with enhanced hardness and toughness and
improved adhesion strength, from the creation of a gradient structure
[11], satisfying the requirements of the coating throughout the coating
thickness, to a multilayer structure [12], including crack deflection
mechanisms [13,14].

Other methods that focus on the substrate-coating cohesion can be an
alternative approach to improve adhesion without changing mechanical
and thermal properties, introducing compressive residual stresses to the
coating and substrate. Some ways to introduce residual stress are, for
instance, with different bias voltages via sputtering [15,16], by phase
change [17] or by ion implantation [18].

High-dose ion implantation has been used to introduce surface re-
sidual stresses, modifying the surface chemical and mechanical
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properties of materials, as observed by Halitim et al. [18]. The effect that
the ion implantation of the substrate with different types of ions has on
the coating adhesive properties has been a focus of interest, with a
significant improvement in the mechanical properties and adhesion of
the coatings [19-23].

Ion implantation proves to be effective in improving the adhesion of
hard coatings. However, related studies concerning the influence of ion
implantation on the adhesion strength of protective hard coatings are
quite limited for hardmetal substrates. In this paper, the adhesion of
AICrSiN coatings to WC-Co substrates with Ti, Cr, and N implantation
using Plasma Immersion Ion Implantation (PIII) has been compared by
means of scratch and Mercedes tests, as well as by the subsequent FIB-
SEM inspection of the formed scratch cracks. Results have been corre-
lated with fracture toughness of the substrate and residual stress of the
coating.

2. Materials and methods
2.1. Materials

A WC-Co hardmetal, with 0.9 + 0.4 pm of grain size and 10% of
cobalt content, coated with an AICrSiN PVD layer was selected for this
study. Four different substrates were studied in this work: reference
substrate without ion implantation, and three substrates with nitrogen,
titanium and chromium implantation. AICrSiN coating was subse-
quently deposited on these samples, as it is schematically depicted in
Fig. 1. Prior to deposition and implantation, substrates were mirror
polished.

Ti, Cr and N were implanted in hardmetal samples by means of
Plasma Immersion Ion Implantation (PIII) technique. Ti and Cr cathodes
(99.9% purity) were evaporated using a pulsed filtered cathodic arc
source synchronized with a high voltage bias power supply (PFCA-450,
Plasma Technology Limited). For N implantation, Ny gas flow of 20 sccm
was introduced into the vacuum chamber through an End-Hall ion
source while biasing the substrates to a high negative voltage. In all the
processes, the vacuum chamber was preheated for desorption of any
possible contaminant and evacuated to a pressure below 5-10~° Pa. The
initial temperature was around 50 °C and treatment time was 60 min.
The main ion implantation parameters are summarized in Table 1.
Taking into account that sample holder area was 20 cm?, incident ion
dose was estimated to be 1.1-10*® ions/cm? for titanium and chromium,
and 2.5-10'8 jons/cm? for nitrogen.

Cathodic arc evaporation was used to deposit the 2 pm AICrSiN
coating. The process was carried out using the industrial equipment
PLATIT p80 units, in a vacuum chamber with an argon atmosphere at
0.8-2 Pa and a negative bias voltage of —65 V. Incorporating the LARC
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technology, which is a turnable magnetic field, and using pure Cr at
99.9% and Al + 12%at.Si as material source, a 2 pm single layered
nanocomposite AICrSiN coating is deposited. The technology is
explained in more detail by A. Mosquera et al. in [24].

2.2. Microstructural and mechanical characterization

A SEM equipped with FIB (Carl Zeiss Neon40 Crossbeam) operated at
30 kV was used to obtain images and cross sections of the samples.

X-ray photoelectron spectroscopic (PS) measurements on the sub-
strates were performed in a PHI VersaProbe II from Physical Electronics.
The source of x-rays was Al (1486.6 eV) monochromatic at 24.9 W, with
a beam diameter of 100 pm. The samples were sputtered with 1.0 kV Ar™
monoatomic, 1 presputter cycle, 61 sputter cycles, AlternatingZalar
sputter mode, with sample rotation and a sputter rate of 3.1 nm/min in
SiOa.

Vickers indentation test was performed to measure hardness (HV)
and fracture toughness of the substrates, the latter obtained by Vickers
indentation crack length method proposed by Niihara et al. [25,26]. Six
indentations were made for each sample at 30 kgf. The generated cracks
were measured by optical microscopy.

Residual stress of the substrate was also estimated using Vickers
indentation crack length and fracture toughness obtained value,
assuming the relation in Eq. (1), where the fracture toughness of the
stress free surface (Kj.) is the combination of the fracture toughness of
the surface with residual stresses (K}qc) and the stress intensity factor due
to these stresses (KF):

K. = K +KF (€]
Green and Maloney [27] found that for a surface stress to a depth

d from the surface, the value KF is given by:

Kf =o.vc'? (2)

where c is the crack length, o, the compressive stress in the surface and Y
depends on c/d. De Portu and Conoci [28] found that for ¢>>>d the
function Y approaches the limit 0.73. Assuming an ion implantation
depth around 100-200 nm, Y approaches this limit and substituting (2)
in (1) the stress in the surface can be expressed as:

K — K2
% T 07312 3

Glow discharge optical emission spectroscopy (GDOES) was used to
obtain the chemical composition of the films. The GDOES analyses were
performed using a Jovin-Yvon JY 1000 RF optical spectrometer equip-
ped with more than 40 channels and an optical monochromator.

Roughness of the coated samples was measured using the confocal
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Fig. 1. Schematic representation of the samples of study. From left to right: WC-Co, WC-Co + N, WC-Co + Ti, WC-Co + Cr, AICrSiN, N/AICrSiN, Ti/AICrSiN and

Cr/AICrSiN.
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Table 1
Ion implantation process parameters.
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Element Argon Flow (sccm) Pressure (Pa) Frequency (Hz) Pulse Width (ps) Bias Voltage (kV) Bias Current (mA) Final Temperature (°C)
Ti/Cr 2.5 3.01072 8 600 25 40 280
Ny - 2.8107! 200 40 25 45 265

microscope Olympus LEXT OLS 3100. Average roughness (R,) and
average maximum height of the profile (R;) were calculated for each
coating. For each sample the analysis was carried out in four different
areas of around 100-100pm?>

Hardness and elastic modulus of the coating were analysed by means
of nanoindentation using a MTS Nanoindenter XP. A matrix of 5 x 5
indentations, with 50 pm of spacing and a maximum penetration depth
of 2000 nm was performed in each coated sample. For the tests, a Ber-
kovich indenter tip calibrated on fused silica reference sample at same
conditions was used. Oliver and Pharr method [29] was applied.
Hardness and Young's modulus of the coating were deconvoluted from
the substrate, measuring the hardness at 10% of the penetration depth,
and extrapolating the values of Young's modulus [30].

Residual stress was measured using Digital Image Correlation (DIC)
method based on Focus Ion Beam (FIB) milled double slot features
[31-35]. In this method, DIC was applied comparing two images: before
and after the milling of the selected geometry with FIB. Applied
magnification resulted in a pixel size of around 15 nm. Images were
taken with samples tilted 54° with tilt correction, and 5 kV of acceler-
ation voltage.

Double slot geometry was used to measure residual stress [36]. Since
the thickness of the coating was around 2 pm, the distance between the
two slots (d) was chosen to be between 1 and 2 pm. Two slots were
milled with 10 pm length (L) and 1 pm width (w) using a current of 500
PA. The depth (h) of the milled slots was equal to the coating thickness
(1), since from this point the relaxation strain obtained was maximum
and independent from the depth [32].

VIC-2D-software for digital image correlation was used to obtain the
real strain field for x-direction in the area between milled slots. An
average strain among the area between the slots was calculated, and
regions that deviated significantly from the mean were considered as ion
beam affected areas and were discarded. This average strain in x-di-
rection was defined as Ael, and residual stress (oy.s) was measured using
Eq. (4) [34,36].

E
op = —Ael ——
R w1 —p?

@

Where E is the Young's modulus of the coating, and v is the Poisson's
ratio. The initial and final states from which this equation is obtained are
represented in Fig. 2.

For the scratch test, ASTM C1624-05 [37] standard was followed for
the determination of test parameters and identification of damage fea-
tures. An incremental load of 1 to 100 N was applied at a 100 N/min in a
distance of 5 mm with a Rockwell C tip (conical diamond indenter with

Initial State (0)

o, I .

an included angle of 120° and a spherical tip radius of 200 pm). Two
critical loads were defined and identified for each coating: L.; as the
critical load where arc tensile cracks appear and L, as the load at which
first chipping and substrate exposure is observed. Critical loads were
identified using optical microscope. SEM and FIB were used for further
evaluation of the failures.

To complement adhesion evaluation and comparison of the different
samples, a Mercedes adhesion test was performed [38]. For that, A
Rockwell-C indenter was pressed into the surface of the coating with
196 N, 294 N, 392 N and 490 N loads during 10 s. Indents were analysed
using optical microscopy to determine and compare the amount of
delamination area at different loads between different samples.

3. Results
3.1. Substrate characterization prior to coating deposition

SEM images in Fig. 3 show the surface of the substrate before and
after the ion implantation process. After titanium and chromium im-
plantation, etching of the surface is observed in WC grains, while after
nitrogen implantation, no significant morphological changes are
appreciated. XPS analysis shows that in the Ti, Cr and N implanted
samples the maximum profile concentration is 4.5% at. Ti, 1.8% at. Cr
and 17% at. N, respectively. The XPS profiles are presented in Fig. 4. The
nitrogen concentration is higher, so the substrate implanted with ni-
trogen has more implanted ions than the substrates implanted with Cr
and Ti. This is consistent with Fig. 3, where it is evident that the N-
implanted sample has no sputtering on the surface, unlike the Cr- and Ti-
implanted samples.

Apparent fracture toughness and hardness of the substrates are
presented in Table 2. At the applied load, the indentation penetration
depth is uniform for all substrates, the average depth 26.7 + 0.1 pm, as
well as the hardness, which is similar for all the substrates, as presented.
Apparent fracture toughness of the sample treated with nitrogen is
similar to the reference, while higher values are obtained for samples
with Ti and Cr implantation. Also looking at the crack lengths for Cr and
Ti implanted samples, the generated cracks are smaller than in the
reference substrate, indicating the presence of compressive stresses for
these implanted samples [39]. Vickers indentation cracks are presented
in Fig. 5. Calculated residual stress of the substrates using Eq. (3) is
consistent with the measured crack lengths, indicating the presence of
significant compressive stresses for Ti- and Cr- implanted substrates.

Final State (1)

Exx

Fig. 2. Illustration representing the initial and final state, before and after the milling of the two slots using FIB. In the initial state an equibiaxial residual stress state

is assumed and in the final state, after the milling, a stress relaxation occurs.
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Fig. 3. SEM images of WC-Co substrate before (a) and after ion implantation of: (b) nitrogen, (c) titanium and (d) chromium.
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Fig. 4. XPS results of the profiles of the elements implanted on the substrates.
Atom concentration as a function of depth (d) in nm, taking into account the
sputter rate of 3.1 nm/min obtained on a SiO, standard sample.

Table 2
Hardness, apparent fracture toughness, length of the Palmqvist cracks (c) and
residual stress of the substrates.

WC-Co WC-Co + N WGC-Co + Ti WC-Co + Cr
Hardness [GPa] 15.5 + 0.1 15.6 + 0.1 15.7 +£ 0.2 15.7 + 0.2
Kic [MPa-m'/?] 12.7 £ 0.1 12.5+ 0.9 15.4 + 1.4 17.1+ 2.4
¢ [pm] 87.5+0.5  90.3+135  60.8+10.9 50.2 + 13.3
. [MPa] - 20 + 122 —472 + 236 —846 + 452

3.2. Coating characterization

Fig. 6 shows the atomic composition as a function of depth for the
reference non implanted coated sample. The approximate chemical
composition of the coating is Crg goAlo.30Si0.04N, where the (Cr + Al +
Si)/N ratio is 1.3. Also, an adhesion metallic Cr layer, consequence of the

deposition technology, could be observed since the chromium content is
higher at the coating-substrate interface.

Elastic modulus and hardness as a function of penetration depth were
obtained using nanoindentation test for coated samples. Values reach a
plateau for penetration depths from 800 nm, where curves tend to the
substrate values. Hardness and elastic modulus of the coated samples
were similar for implanted and reference samples, around 30 GPa and
400 GPa, respectively.

All coated samples presented a similar surface morphology typical of
arc deposition PVD, but measured average roughness values, presented
in Table 3, show that higher average roughness is obtained for ion-
implanted-substrate samples.

Cross-sectional SEM images of the four samples were carried out.
Thickness of the coatings was found to be around 2 pm and typical
column structure was discerned (Fig. 7).

3.3. FIB-DIC residual stress measurement

FIB-DIC technique was carried out for all samples. Fig. 8 shows a SEM
image after the milling of double slot geometry for Cr/AlCrSiN sample,
and x-direction strain field (Ey) calculated by DIC. Poisson's ratio and
elastic modulus were assumed 0.25 and 400 GPa, respectively, used to
calculate the average residual stress using Eq. (4).

Results of strain and residual stresses in x-direction using FIB-DIC
technique for the coated samples are presented in Table 4. Similar
values of compressive residual stress were obtained for all the coatings.
The same technique was applied to measure residual stress of the
reference substrate, with no ion implantation. No deformation was
detected, therefore residual stress was zero, as expected.

3.4. Adhesion

In Fig. 9 the scratch track of each sample is presented with the cor-
responding location of critical loads (L;) for the first appearance of
specific failures related to scratch resistance and adhesion of coatings.
L¢3, when first arc tensile cracks appear, is associated with cohesive
failure of the coating, and it is not largely affected by the ion implan-
tation of the substrate. L.; was found similar for all the coatings, around
50 N. The main difference between the coatings is with the L.y, when
first chipping or spallation occurs and the substrate is exposed,



L. Ortiz-Membrado et al.

International Journal of Refractory Metals and Hard Materials 113 (2023) 106187

Fig. 5. SEM images showing cracks emanated from Vickers indentations of: (a) WC-Co reference substrate and (b) nitrogen, (c) titanium and (d) chromium implanted
samples. Ti- and Cr implanted samples present smaller cracks than the reference, indicating the presence of compressive stresses.

WC-Co

Atomic %

Depth (microns)

Fig. 6. Linescan of the chemical composiition of AICrSiN coating carried out
using GD-OES technique.

Table 3
Average roughness (Ra) and maximum peak height(Rz) of the coatings.
Ref. AICrSiN Ti/AlCrSiN Cr/AlCrSiN N/AICrSiN
Ra (pm) 0.057 + 0.010 0.082 + 0.010 0.082 + 0.003 0.097 + 0.008
R, (pm) 3.0+ 0.3 3.0+ 0.3 5.5+ 0.4 5.1+ 0.6

indicating adhesive failure. It can be clearly observed that ion-implanted
samples show better adhesive strength, while the reference coating
presents a large area of spallation and the defect appears at lower loads.
For the reference, coating spallation with substrate exposure starts at 70
N, while for implanted samples it appears between 80 and 85 N. Ana-
lysing the spallation area with SEM images in Fig. 10, for both reference
and nitrogen implanted sample, more substrate exposure is observed,
which corresponds to whiter areas, while in titanium and chromium
implanted samples less coating area is lifted exposing the substrate,
indicating a better adhesive strength.

To visualize the deformation and fracture mechanisms, cross-
sectional SEM images were taken at the same load, 80 N, for all sam-
ples (Fig. 11). It can be observed that in the reference coating and the N-
implanted sample the crack goes through the coating and fractures the
carbides as well. However, for Cr- and Ti- implanted samples there is no
apparent fracture in the carbides.

Observing the images of the spallation area it can be seen that at 80 N
in reference coating and the nitrogen implanted sample the substrate
exposure area is very extended and carbides are clearly exposed, while,
at 90 N, in the Ti and Cr samples some coating still remains attached to
the carbides. In all images of scratch test failures of titanium implanted
sample, less carbides are exposed, therefore titanium provides the
coating with better adhesion.

Finally, Mercedes test was performed for all samples at different
loads. Optical images of the indentations are presented in Fig. 12. At
147 N no delamination can be observed for any of the coatings. At 196 N
first delamination occurs for reference, nitrogen and titanium implanted
samples, with the titanium-implanted one showing lower delamination
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Fig. 8. SEM image after double slot milling, with DIC strain field obtained for Cr/AICrSiN.

Table 4

Residual stresses calculated using FIB-DIC technique.
Sample Ref. AICrSiN N/AICrSiN Ti/AlCrSiN Cr/AlCrSiN
AExx (x107%) 14+6 14 +9 13+£2 16 £ 6
Residual Stress (GPa) ~ —5.9 + 2.5 -58+38 -57+06 —6.6+27

area. At this load, the chromium-implanted sample shows no delami-
nation. At higher loads the non-implanted sample has the larger
delamination area, while titanium and chromium samples present less
delamination area, which is consistent with the scratch test results.
Substrate exposure area was measured with an image processing pro-
gram. At 196 N the substrate exposure is 4.2-10%, 1.1-10° and 0.2-10°

pmz for AICrSiN, N/AICrSiN and Ti/AlCrSiN, respectively, and for Cr/
AICrSiN there is no substrate exposure.

4. Discussion

The surface morphology caused by sputtering or etching observed in
Cr and Ti implanted samples is related to the atomic mass of the atoms
(Ti: 47,9 g/mol, Cr: 52 g/mol, N: 14 g/mol). The rate of sputtering de-
pends on the incident ion mass and energy and the substrate material. In
this case, it is evident that the differential factor is the mass of the
incident ion: for Ti and Cr, it is much higher than that of N, causing more
sputtering and modifying the surface of the substrate. As it can be seen in
Fig. 3, the sample with titanium implantation presents grains with more
sputtering than others. As it is well known, WC has a hexagonal structure
and the orientation of the grains may affect the sputtering rate.

Hardness and modulus of the coatings as obtained by
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Fig. 9. Optic microscope images of scratch test on each sample, indicating critical loads for samples: (a) Reference AICrSiN, (b) N/AICrSiN, (c) Ti/AlCrSiN and (d)
Cr/AICrSiN. It can be observed that Lc2 (spallation of the coating) is higher for coatings with implantation in the substrate.

Fig. 10. SEM images of scratch test in: (a) Reference AICrSiN, (b) N/AICrSiN, (c) Ti/AlCrSiN and (d) Cr/AICrSiN. Higher amount of spallation and more substrate
exposition (with whiter contrast) is observed for reference and nitrogen implanted samples.

nanoindentation tests were similar to the literature [40] and no signif-
icant difference between implanted and non-implanted samples is
observed, implying that ion implantation of the substrate does not affect
the elastoplastic response of the coating, as expected.

Ion implantation improves the measured apparent fracture tough-
ness of the substrate, due to the introduction of compressive residual
stresses, which hinders crack propagation and results in shorter cracks
produced by Vickers indentation, as reported by Halitim et al. [18]. This
would provide higher toughness of the substrate and may increase local
load bearing capacity of the substrate. A higher value of residual stresses
is present in the substrates with Ti and Cr implantation.

Calculated residual stresses for the coatings are consistent with the
literature, with values ranging between 5 and 6 GPa. In this respect,
Korsunsky et al. [33] obtained a residual stress of —6.16 + 0.53 GPa
using ring-core geometry for a TiN coating on WC-Co substrate, and
Sebastiani et al. [34] calculated a value of —5.51 + 0.33 GPa with
double slot geometry for a CrN coating on steel substrate. The residual
stresses obtained are slightly higher, but are in the same range and

negative, indicating that the coating exhibits compressive residual
stress.

In the scratch tests it can be clearly observed how ion implantation of
the substrate improves the scratch resistance and therefore the adhesion
of the coatings, since the L., referring to the adhesion strength of the
substrate-coating, is higher for the implanted samples. Although the
scratch resistance is improved with ion implantation of any of the three
studied ions, the Cr and Ti implanted samples show a better response
since it can be observed how the coating is not lifted as significantly and
considerably less substrate area is exposed, compared to the N-implan-
ted sample and the reference.

Mercedes test results are consistent with scratch test results, where
the sample without ion implantation exhibits a larger delamination area,
while Ti and Cr samples present a lower delamination area. For Cr/
AICrSiN and Ti/AlCrSiN samples the coating remains attached to the
substrate, while in Ref/AICrSiN and N/AICrSiN the substrate is exposed,
which indicates a better adhesion strength for Ti and Cr implanted
samples.



L. Ortiz-Membrado et al.

International Journal of Refractory Metals and Hard Materials 113 (2023) 106187

Fig. 11. Cross-sectional SEM images of spallation zones at 80 N and substrate exposure of: (a) Reference AICrSiN, (b) N/AICrSiN, (c) Ti/AlCrSiN and (d) Cr/AlCrSiN.
In the left are presented the cross sections milled with FIB and in the right surface images. Notice that the samples implanted with Ti and Cr present a fracture near
the interface with the coating. The sample implanted with N, as well as the reference presents fracture of the carbides.

The apparent fracture toughness and compressive residual stress of
the substrates increase with ion implantation, reaching higher values for
Ti and Cr implanted substrates, which may increase the local load
bearing capacity of the substrate. This increase prevents the fracture of
the cemented carbide grains of the substrate, as is observed in the cross-
sectional images in Fig. 11, where a slightly more fractured substrate
appears at the same load (80 N) for reference and N implanted coated
samples, while in Ti and Cr implanted coated samples, those that exhibit
the best adhesion strength, the substrate remains almost intact. While
the indentation method may be inaccurate for measuring residual stress
produced by ion implantation, other effects may not be discarded. In
particular, ion implantation can change the chemistry of the carbides, or
diffusion of the implanted ions can occur during coating deposition.

Furthermore, the texture produced by the ion implantation on the
substrate surface for the Ti and Cr implanted samples, as shown in Fig. 3,

produces a mechanical interlocking between the substrate and the
coating, which can be seen in the cross section images in Fig. 7. This
mechanical interlocking may be contributing to the improved adhesion
for the Ti and Cr implanted samples.

Compressive residual stress introduced into the substrate, promoting
a combination of increased indentation fracture toughness and local
load bearing capacity of the substrate, together with the mechanical
interlocking due to the roughness of the substrate; result in an
improvement on the adhesion behaviour of the coated samples. Fig. 13
summarizes the findings in a more visible and graphical manner by
connecting the substrate's fracture toughness to the exposed substrate
area at 196 N in Mercedes test. The higher substrate toughness and
lower substrate exposure area at 196 N in Mercedes test are obtained for
Ti/AlCrSiN and Cr/AlCrSiN, the samples that show better adhesion.
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294N

Fig. 12. Optical microscope Rockwell C indentations at different loads in reference AICrSiN, N/AICrSiN, Ti/AlCrSiN and Cr/AICrSiN.
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Fig. 13. Representation of measured apparent fracture toughness of the sub-
strate and substrate exposure area at 196 N in the Mercedes test for each
sample. Lower substrate exposure area and higher fracture toughness of the
substrate are obtained for Ti/AlCrSiN and Cr/AlCrSiN.

5. Conclusions

Nitrogen, titanium and chromium implantation was performed suc-
cessfully in WC-Co substrates. AICrSiN coating was deposited on the
treated samples.

Ion implantation of the substrate does not seem to modify the me-
chanical properties of the subsequently deposited coating, nor does
affect the residual stress of the coating. All coated samples show the
same mechanical properties and residual stresses regardless of ion
implantation.

Ion implantation introduces compressive residual stress to the sub-
strate, and therefore the fracture toughness is enhanced.

In the adhesion tests, the results are consistent with each other: it is
concluded that Ti and Cr implantation of the substrate improves adhe-
sion of the coatings. This improvement can be related with an apparent
increase in fracture toughness of the substrate due to the residual
stresses, and the improvement of the local load bearing capacity of the
substrate as well as an increase in surface roughness, which produce a
mechanical interlocking.
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