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Cemented carbides coated with CVD multilayers are commonly used in metal cutting turning and milling
operations. For many applications, a micro-blasting finishing procedure based on an impact treatment of the
surfaces is carried out in order to smooth the coated surface and reduce sharp cutting edges. In this work,
micro-blasting with corundum in aqueous solution at pressures between 0.05 and 0.3 MPa was applied to
CVD TiN/Ti(C,N)/κ-Al2O3 multilayer coatings deposited onto cemented carbides in order to investigate its
influence on the micro-topography, microstructure and residual stresses. The results showed that the micro-
blasting reduces the surface roughness and affects the coating thickness. TEM investigations revealed no
significant changes on the microstructure of the κ-Al2O3 top layer. Synchrotron X-ray investigations showed
that the residual stress state of the as-deposited κ-Al2O3 top layer is not affected by the micro-blasting
treatment under the conditions investigated.

© 2009 Elsevier B.V. All rights reserved.
1. Introduction

Coated cemented carbides are commonly used in the metal cutting
industry for machining of iron-base alloys. In order to increase the tool
life of cutting inserts, cemented carbides are coated with wear
resistant coatings by chemical vapour deposition (CVD) or physical
vapour deposition (PVD).

Al2O3 is considered an ideal coating layer in high-speedmetal cutting
due to its high chemical stability, high hardness and favourable thermal
properties at the high temperatures reached during metal cutting [1–3].
Due to the mixed ionic and covalent bonding, the material is highly
insulating [4,5], thus being usually applied as a top layer to act as a
thermal and diffusion barrier. The CVD technique is commonly employed
since it is the only deposition method that allows the economical large-
scale production of high-quality alumina coatings [6]. In addition to the
stable α-Al2O3, alumina can be obtained in two other metastable
modifications by CVD, namely κ-Al2O3 and γ-Al2O3 [7,8]. A typical
multilayer combination is that of Ti(C,N) to provide wear resistance,
followed by an Al2O3 top layer, which enhances the thermal resistance of
the tool. Due to adhesion problems between the Ti(C,N) and the Al2O3

coating, the use of an intermediate layer made of Ti(C,N,O) is proposed
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[9,10]. These intermediate layers of Ti-based compounds favour the
nucleation of κ-Al2O3 [11,12]. More recently, a novel method for
producing an adequate bonding of the Al2O3 top layer onto the Ti(C,N)
by the formation of a nano-transition needle-like phase arrangement has
proved to be advantageous [13]. This method also leads to the formation
of κ-Al2O3.

Micro-blasting is a finishing procedure based on an impact
treatment of the surfaces. Generally, this procedure is applied to
coatings to clean, smooth the surface and reduce sharp cutting edges
[14–16]. This process involves the use of high pressure and abrasive
powders. Besides, there is still the possibility of achieving an attractive
side effect, namely, the introduction of beneficial compressive residual
stresses.

Previous works showed that micro-blasting of ground and
polished hard metal substrates can increase the cutting performance
of coated tools mainly due to film adhesion enhancement [17–20].
Moreover, it has been recently shown that micro-blasting treatment of
PVD coatings deposited on hardmetal substrates improves its residual
stress with regard to fatigue strength and cutting performance of the
coated tool [21]. In [22,23] it is reported that compressive residual
stresses were induced on PVD/CVD multilayers by micro-blasting
with pressures between 0.2 and 0.6 MPa. Holzschuh reports in [24] a
method to introduce compressive stresses in CVD multilayers by
removing the TiN top layer of a Ti(C,N)/Al2O3/TiN multilayer coating
by micro-blasting, however, without any mention of the blasting
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conditions employed. In [22–24] improvements of tool life of micro-
blasted Al2O3 coated cutting inserts in metal cutting are presented.
The reason for the increment of the tool life is reported to be related to
the introduction of compressive residual stresses on the Al2O3 top
layer. Although not mentioned in their publications, it is to be
understood from the results presented that the authors worked with
α-Al2O3 coatings.

Nevertheless, in spite of the many publications, no systematic
study on the influence of micro-blasting pressure on Al2O3 coating is
found in the literature.

In this work, we applied micro-blasting to CVD multilayer TiN/Ti
(C,N)/κ-Al2O3 coatings. The micro-blasting pressure range varies
between 0.05 and 0.3 MPa. We aim at investigating systematically the
influence of the blasting pressure on the micro-topography and the
possibility of inducing compressive residual stresses on the κ-Al2O3

top layer.
The microstructure and residual stress state of the κ-Al2O3 top

layer were investigated for the as-deposited and micro-blasted
conditions by scanning electron microscopy, transmission electron
microscopy, synchrotron as well as laboratory source X-ray diffraction
and roughness measurements.

2. Experimental

2.1. Substrate and coatings

The coatings were deposited onto cemented carbide substrates
(90 wt.% WC–10 wt.% Co) with a size of 14 mm×14 mm×5 mm,
produced by state-of-the-art powder metallurgy sintering techniques.
A TiN/Ti(C,N)/κ-Al2O3 multilayer was applied on the hard metal
substrate by CVD in a standard hot-wall CVD reactor working at
1015 °C and 15 kPa. The TiN and Ti(C,N) layers were deposited from
the gas mixture TiCl4–CH4–N2–H2. The Al2O3 layer was deposited on
top of the Ti(C,N) layer from the gas mixture AlCl3–ClH2–CO2. Due to
the deposition conditions employed, κ-Al2O3 was produced as a top
coating layer.

2.2. Micro-blasting

After deposition, the coatings were subjected to a micro-blasting
treatment performed using an injector-type system in a commercial
industrial blasting furnace. Standard industrial parameters were
employed. The grit blasting material used was 320-mesh (average
diameter within ~50 µm) corundum shots in aqueous solution. The
micro-blasting treatment was carried out for 30 s to ensure full
coverage of the surfaces. The pressure was varied within the range
from 0.05 MPa to 0.3 MPa in steps of 0.05 MPa.

2.3. Microscopy

Scanningelectronmicroscopy (SEM)wasperformedonnon-polished
surfaces and fractured cross-sections. Specimens for transmission
electron microscopy (TEM) analyses were prepared by using a gallium
source JEOL JEM-9320 focused ion beam (FIB) systemoperating at 30 kV.
A JEOL 2200F TEM/STEM operating at 200 kV and equippedwith an EDX
system was used for studying the microstructure of coatings in the as-
deposited and micro-blasted state.

2.4. Roughness

The surface roughness (Ra and Rz) of as-deposited and micro-
blasted coatings was determined from atomic force microscopy
pictures. Four areas were measured in order to determine an average
value. The measurements were carried out in a Nano-scratch tester
equipped with an atomic force microscope (CSM Instruments).
2.5. Phase and residual stress analyses

In order to assess the phase constitution within the as-deposited
and micro-blasted coatings, X-ray diffraction (XRD) diffractograms
were obtained using synchrotron radiation at the experimental
station G3 at DORIS III at HASYLAB at DESY, Hamburg. The radiation
energy was 6.9 keV (λCo=1.7904 Å

´). The beam size was set as
4 mm×1 mm.

The residual stresses within the κ-Al2O3 coatings were determined
on a laboratory four-circle diffractometer operating with Co–Ka

radiation and parallel-beam geometry using the sin2ψ method [25].
Owing to the weak macroscopic texture of the κ-Al2O3 coating,
unrestricted lattice spacing measurements could be performed for 24
sample directions defined by the inclination angle ψ between 0° and
89.8° at the azimuths φ=0° and 180°. Considering the stress state in
the coatings to be biaxial and of rotational symmetry, the fundamental
relationship of X-ray stress analysis can be solved to provide the
depth-dependence of the in-plane residual stresses σ// [26]:

σ = = τeffð Þ = eψ τeffð Þ
1
2 s2 � sin2 ψ + 2s1
� � ð1Þ

where ɛψ is the measured lattice strain, σ// is the in-plane residual
stress, τeff is the information depth, and 1/2s2 and s1 are the phase-
specific diffraction elastic constants (DEC).

The concept of effective information depth τeff is usually applied in
diffraction studies of thin films to define the depth from which the
diffraction information comes, since the penetration depth τ of the
radiation into a certain material may be much larger than the film
thickness. According to its definition τeff can be tuned within the film
thickness by changing the ψ-angle [27]:
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where τ is the average penetration depth for an infinitely thick
sample, which is a function of the ψ-tilt, and D is the thickness of
the κ-Al2O3 layer. In this approach the maximum achievable
information depth approaches the limit of half layer thickness (D/2)
as the ratio D/τ in Eq. (2) decreases towards zero.

The lattice strains were measured for the {135} diffraction line of
κ-Al2O3. This reflection was chosen based on a compromise between
the ease for separating this line from neighboring ones, its intensity
and the highest possible 2θ-angle. The DEC were estimated using the
mechanical values of Young's modulus E=361.7 GPa and Poisson's
ratio ν=0.24 for κ-Al2O3 at room temperature available in [5].

The integral breadth of the selected reflectionwas also determined
as a function of the micro-blasting conditions. This quantity is related
to the density of crystalline defects (dislocations, stacking faults) and
small size of crystallites (i.e. domains over which diffraction is
coherent) [28]. The integral breadth for each condition represents an
average on the results obtained at different ψ-angles by fitting the
{135} diffraction lines using pseudo-Voigt functions.

3. Results

3.1. Microstructure of the as-deposited coatings

The as-deposited layer system is shown in Fig. 1. The CVD TiN/
TiCN/κ-Al2O3 layers show good adhesion to the cemented carbides,
hence no pores, brittle phase formation nor spallation between the
substrate and the coating are observed. The layer thickness is
homogeneous across the coating, the thickness of the TiN is of about
0.2 µm, for the intermediate Ti(C,N) layers is about 3 µm and the
thickness of the κ-Al2O3 is about 4 µm±0.05.



Fig. 2. SEM image (BSE mode) of κ-Al2O3 surface topography (top view) after coating.
Isolated large Al2O3 grains (with average size of 5 µm) form in a random distribution
throughout the surface. Crack initiation seems to be associated with these large grains
(see arrows around the large Al2O3 grain).

Table 1
Values of Ra, Rz and thickness for the κ-Al2O3 top layer as a function of micro-blasting
pressure.

Micro-blasting pressure
[MPa]

Ra roughness
[µm]

Rz roughness
[µm]

Thickness
[µm]

0 0.110±0.008 0.690±0.04 4.20±0.05
0.05 0.096±0.005 0.540±0.04 4.20±0.05
0.1 0.079±0.006 0.480±0.04 4.00±0.05
0.15 0.038±0.004 0.190±0.03 3.40±0.05
0.2 0.045±0.003 0.250±0.03 3.00±0.05
0.25 0.074±0.004 0.440±0.03 2.50±0.05
0.3 0.084±0.004 0.540±0.04 2.50±0.05

Fig. 1. SEM images of (a) fracture cross-section of the coated cemented carbide, (b) top
view of the surface topography of as-deposited CVD κ-Al2O3 coating and (c) higher
magnification (top view) of the surface topography showing hexagonal-shaped grains.
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The alumina layer is composed of columnar grains that grow
directly from the nucleation surface (here, the intermediate Ti(C,N)
layer). The length of the columnar grains is mostly equivalent to the
thickness of the alumina layer. A change in the morphology towards
the surface can be observed, with the formation of hexagonal-shaped
grains (Fig. 1b and c). Some cracks (mainly transgranular) can also be
observed. They are typical cracks as a consequence of the different
thermal expansion coefficients between the substrate and the coating
and cannot really be avoided in commercial CVD cutting inserts.
Several isolated large grains with average diameter larger than 5 µm
formed as a single crystal or a polycrystalline structure in a random
distribution throughout the surface (Fig. 2). Their number increases
towards the edge of the inserts. Crack initiation seems to be associated
with these outgrowths. The average surface roughness Ra measured
was 0.110±0.008 (Table 1).

The penetration depth of the X-rays in alumina is about 18 µm.
Hence, we have full penetration of the radiation into the coating system.
The X-ray diffraction (XRD) patterns for the as-deposited sample are
shown in Fig. 3. The contribution of the substrate is also registered,
indicated by the peaks associated with WC reflections. The XRD
measurements also reveal that the intermediate layer is composed of Ti
(C0.3N0.7). The intensity ratio between peaks shows no marked texture
in the layers. Although the observation of the κ-→α-Al2O3 phase
transformation already during the deposition process is generally
reported in literature [29], there is no evidence for the occurrence of
such transformation, since the XRD diffractograms only revealed
reflections associated with κ-Al2O3. This indicates that the superficial
cracks observed in the as-deposited coatings arise upon cooling due to
the differences in thermal coefficient between the coating and the
substrate, and not originating from volume contraction that occurs in
phase transformation.

Fig. 4 shows a STEM micrograph of the as-deposited coating. The
darkest areas at the bottom correspond to the cemented carbide
substrate (WC grains are seen in black). The TiN layer with a thickness
of 0.5 µm lies adjacent to the substrate. Onto the TiN layer, the Ti(C,N)
layer shows a changing grain morphology (Fig. 4), making it appear as
two distinct structures. The first sub-layer consists of columnar grains
with awidth of about 0.1 µm. The following sub-layer has significantly
smaller grains with a needle-like morphology and appears randomly
oriented. The uppermost layer consists of κ-Al2O3 (in lighter contrast)
and shows grains grown along the CVD deposition direction
perpendicular to the substrate. The columnar microstructure is typical



Fig. 3. X-ray diffractogram of the as-deposited κ-Al2O3/Ti(C,N) coatings taken at ψ=0°
with synchrotron radiation energy of 6.9 keV (λCo=1.7904 Å

´). The arrow indicates the
position of the κ-Al2O3 (135) reflection used for the residual stress evaluation.
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for coatings deposited at low gas pressures and low temperatures
compared to the melting point temperature [30].

Besides the STEMmode, conventional Bragg diffraction contrast TEM
was applied to investigate the evidence of defectswithin the κ-Al2O3 top
layer. A TEMmicrograph in bright field (BF)mode is shown in Fig. 5a. No
dislocations but a high concentration of planar defects (twin-related
faults)were observed (Fig. 5a). All obtained electron diffraction patterns
Fig. 4. (a) STEM micrograph showing the cross-section microstructure of the as-
deposited coating. (b) Higher magnification of the top κ-Al2O3 layer.

Fig. 5. TEMmicrograph in bright field (BF) mode showing planar defects within the as-
deposited κ-Al2O3 layer. (b) Selected area diffraction pattern (SADP) corresponding to
κ-Al2O3.
(e.g. Fig. 5b) only reveal the presence of the κ-Al2O3 phase. No evidence
of phase transformation was obtained. The two possible variations of
alumina (i.e. themetastable κ-Al2O3 and the stable polymorphα-Al2O3)
have strikingly different symmetry, which could have been easily
distinguished if the latter were present. EDX analysis reveals almost no
chemical intermixing, which suggests good separation of the layers.

3.2. Microstructure of micro-blasted coatings

Micrographs of surface morphology and fracture cross-section of
the samples micro-blasted at pressures in the range 0.05–0.15MPa are
presented in Fig. 6. Lower micro-blasting pressures, i.e. 0.05 and
0.1 MPa cause no significant changes in grain morphology, although a
decrease in the average roughness is measured. At blasting pressures
as low as 0.05 MPa few isolated areas already appear deformed. As
from 0.15 MPa, significant loss of coating material begins to occur and
the number of cracks increases. Crack propagation typically occurs in a
transgranularmode, but seems to be confined to the near-surface zone
of the upper coating.

Micro-blasting at 0.2 MPa causes a flattening of the grains and
flaking of the coating as a consequence of the strong abrasive effect
due to micro-blasting (Fig. 7). Higher micro-blasting pressures (0.25
and 0.3 MPa) lead to strong changes in the surface micro-topography



Fig. 6. SEM micrographs showing the changes on the κ-Al2O3 thickness (fracture cross-sections) and surface topography (top view images) as a function of micro-blasting pressure:
(a) and (b) at 0.05 MPa; (c) and (d) at 0.1 MPa; (e) and (f) at 0.15 MPa.
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and an increase in the number and length of the cracks. The
microstructure of the Ti(C,N) intermediate layer does not seem
affected by the impact of the alumina shots.

STEM micrographs of the cross-section microstructure of coatings
micro-blasted at 0.1 MPa and 0.3 MPa are shown in Fig. 8. By
comparing the microstructure of the micro-blasted samples at
different conditions, the only difference corresponds to the significant
reduced thickness of the alumina layer micro-blasted at 0.3 MPa. The
influence of micro-blasting pressure on the thickness of the κ-Al2O3

layer is shown in Table 1. On the other hand, the results clearly show
that the micro-blasting does not affect the adherence of the layer.
Moreover, the Ti(C,N) is not affected by the mechanical treatment, the
reduction in layer thickness being confined to the top alumina layer.
The TEMmicrograph in BF mode (Fig. 8c) shows the typical planar
defects also observed within the alumina layer of the micro-blasted
coatings (here we only show the example of the samplemicro-blasted
at 0.3 MPa). The concentration of the twin-related faults observed in
samples in all conditions seems to be identical, which directly
suggests that the micro-blasting process has no influence on the
defect density observed in the top κ-Al2O3 layers. Besides, not a single
dislocation was observed in the analyzed micro-blasted top κ-Al2O3

layers.
Micro-blasting leads to a decrease in the roughness of the alumina

coating, showing a minimum at blasting pressures between 0.15 and
0.2 MPa (Table 1). Increasing the blasting pressure above 0.2 MPa
increases the roughness due to deterioration of the coating layer. This



Fig. 7. SEM micrographs showing the changes on the κ-Al2O3 thickness (fracture cross-sections) and surface topography (top view images) as a function of micro-blasting pressure:
(a) and (b) at 0.2 MPa; (c) and (d) at 0.25 MPa; (e) and (f) at 0.3 MPa.
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is related to the extensive loss of the top layer material that occurs
with increasing pressures. The removal of top coating material causes
an increase in the line intensity of the WC reflections, since more
contribution from the substrate is being registered (Fig. 9). No
changes in the intensity ratio between peaks with increasing micro-
blasting pressures are observed.

3.3. Residual stress analyses

The sin2ψ curves of the κ-Al2O3 layers in the as-deposited andmicro-
blasted (at 0.1 and 0.3 MPa) conditions are presented in Fig. 10. The
obtained d–sin2ψ distributions are shown to be linear with positive
slopes up to sin2ψ~0.92 in all conditions, indicating the presence of
average residual stresses of tensile nature within the κ-Al2O3 layer,
which still predominate in the micro-blasted state. On top of the
coatings (at large ψ angles, thus, at small penetration depths), however,
the dψ

hkl–sin2ψ distributions tend to curve downwards, suggesting the
presence of near-surface gradients of the in-plane residual stresses in
the as-deposited as well as in the micro-blasted conditions. ψ-splitting
in the dψ

hkl–sin2ψ plots does not occur, indicating the absence of shear
stress components in all cases investigated.

The in-plane residual stresses averaged over the entire κ-Al2O3

layer are 355±41 MPa, 349±45 MPa, and 392±39 MPa in the as-
deposited, 0.1 and 0.3 MPa conditions, respectively (Table 2). Based on
the sin2ψ distributions (Fig. 10), the in-depth distribution of the
residual stresses in the κ-Al2O3 coatings was determined using Eq. (1).
The stress-depth profiles for the as-deposited and micro-blasted
coatings are similar as presented in Fig. 11. In the as-deposited state,



Fig. 8. STEMmicrographs showing the cross-sectionmicrostructure of coatings micro-blasted at (a) 0.1 MPa and (b) 0.3 MPa. (c) TEMmicrograph (BF) showing planar defects within
the alumina layer of the coating micro-blasted at 0.3 MPa.
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the residual stress in the ‘bulk’ of the layer was found to be σ//

(τ≈1.5 µm)=699 MPa, whereas the obtained value at the outer
surface decreases down to σ//(τ≈0)=−32 MPa. This indicates that
Fig. 9. X-ray diffractograms of micro-blasted coatings as a function of micro-blasting
pressure showing no change in the intensity ratio between peaks with increasing
micro-blasting pressures.
the stresses become gradually less tensile towards the free surface,
eventually turning into low compression at the surface. A similar
behaviour is observed for the specimen micro-blasted at 0.1 MPa: the
tensile residual stress within the coating is slightly lower σ//

(τ≈1.5 µm)=603 MPa, whereas at the surface low compressive
residual stresses σ//(τ≈0)=−42 MPa are also obtained. For the
specimen micro-blasted at 0.3 MPa, the stress values are σ//

(τ≈1.5 µm)=546 MPa and σ//(τ≈0)=153 MPa within the coating
and close to the surface, respectively (Table 2).

The analysis of the average integral breadth of the {135} diffraction
line of κ-Al2O3 suggests that the density of lattice imperfections does
not significantly increase with increasingmicro-blasting pressures. This
information corroborates the TEM investigations, which reveal low
dislocation densities, even with increasing micro-blasting pressures.

4. Discussion

4.1. Effect of micro-blasting on microstructure and roughness

Our results indicate that the micro-blasting procedure only affects
the κ-Al2O3 top coating layer. SEM and TEM images show that there
are no disturbances in the integrity of the intermediate Ti(C,N) layer.

Strong deformation of the coatings appears as a flattening effect on
the near-surface zone, mainly at pressures higher than 0.1 MPa. This



Fig. 10. The sin2ψ distributions of the κ-Al2O3 (135) reflection for φ=0° of the coatings
(a) as-deposited, (b) micro-blasted at 0.1 MPa and (c) micro-blasted at 0.3 MPa. Fig. 11. Depth profile of the in-plane residual stresses obtained from the evaluation of

the sin2ψ distributions shown in Fig. 11 for the coatings (a) as-deposited, (b) micro-
blasted at 0.1 MPa and (c) micro-blasted at 0.3 MPa.
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flattening is produced on the one hand by the overlapping of the
several localized deformations caused by the impact of the alumina
shots on the surface. On the other hand, the impacts also remove
material from the alumina coating, which also results in a smoothing
of the protruding irregularities on the surface (Table 1). The lower
roughness in the contact zone of the coating decreases themechanical
contact between asperities of the tribological pair tool-workpiece.
This leads to a lower friction coefficient and thus, a contribution for
extended tool life of the inserts.
Table 2
Values of internal stresses in the κ-Al2O3 top layer as a function of micro-blasting
pressure.

Micro-blasting
pressure
[MPa]

Average in-plane
residual stresses
[MPa]

Stress value near the
outer surface of κ-Al2O3

[MPa]

Stress value in the
“bulk” of κ-Al2O3

[MPa]

0 355±41 σ//(τ≈0)=−32 σ//(τ≈1.5 µm)=699
0.1 349±45 σ//(τ≈0)=−42 σ//(τ≈1.5 µm)=603
0.3 392±39 σ//(τ≈0)=153 σ//(τ≈1.5 µm)=546
4.2. Origin of stresses and defects

4.2.1. Stress development upon CVD deposition
CVD coatings are known to evolve relevant thermal mismatch

residual stresses upon cooling from the high deposition temperatures
[31]. The strain and stress state in the layers change due to thermal
strain introduced by differences in the coefficients of thermal
expansion between the individual layers and the substrate. The
maximum thermal stresses induced by cooling (without taking stress
relieving processes into account) can be estimated by using the
Dietzel equation [32]:

σc = Ec αc − αsð ÞΔTf g= 1− vcð Þ + 1− vsð Þ= Es½ �dc = dsf g ð3Þ

where α is the linear coefficient of thermal expansion, ν is the
Poisson ratio, E is the Young's modulus, d is the thickness, c stands for
coating and s for substrate. The thermal expansion coefficient (TEC)
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of κ-Al2O3 and Ti(C,N) usually lies within 8.0–9.0×10−6 K−1 [33],
whereas in the case of WC–Co cemented carbides it is in the range
within 4.0–7.0×10−6 K−1 depending on the composition [34].
Hence, tensile stresses will necessarily develop in the κ-Al2O3 coating
since ακ-Al2O3Nαs. Our results clearly show that average tensile
stresses develop within the κ-Al2O3 layer, indicating that thermal
strains represent the major source of residual stresses in the present
case. The low compressive stress values towards the surface could be
attributed to the relaxation of the tensile residual stresses existent in
the ‘bulk’ of the layer, since the interaction between the substrate and
the coatings tends to decrease when approaching the free surface.
Besides, the crack propagation, which seems to be confined to the
zone closest to the surface, might also play a role in the relaxation
mechanism.

4.2.2. Stresses and defects induced by micro-blasting
The residual stresses are generally classified into three types:

macro-stresses, micro-stresses, and root mean square (r.m.s.) stresses
[25]. Macro-stresses often develop during sample manufacturing,
extending homogeneously over macroscopic distances, i.e. several
grains. In contrast, micro-stresses arise over microscopic volumes,
typically grain sizes, due to the mismatches in thermal and
mechanical properties of the individual phases or grain orientations.
Both cause diffraction line shifts since they are related to average
lattice strains of grains with specific orientations. As discussed in the
Section 4.2.1, they are of thermal origin in the present case, and are not
affected by the applied micro-blasting treatment.

The third type of stresses (r.m.s. stresses), which is inhomogeneous
within subgrains or crystallites due to the presence of lattice
imperfections and vary on the atomic scale, does not induce line shifts
but only diffraction line broadening, since any disturbance in the
regularity of the crystal lattice is reflected in lattice parameter
fluctuations. Typical causes for diffraction line broadening are therefore
lattice distortions that arise from crystal defects (e.g. dislocations and
planar faults), changes in the diffraction coherence length (domain
size) and domain-size distribution [28].

Based on evidences provided by both TEM and XRD investigations,
we conclude that the κ-Al2O3 top layer does not undergo plastic
deformation duringmicro-blasting. In particular, TEM imaging indicates
practically the absence of dislocations, even at amicro-blasting pressure
as high as 0.3 MPa, which promotes extensive loss of the κ-Al2O3 layer
and strong changes in layer micro-topography. Planar defects in the
form of twin-related faults are the only type of crystalline defects
observed and already predominate in the as-deposited state, the
density of which is not affected by the micro-blasting process.

The crystal structure of the metastable κ-Al2O3 is well established.
It has an orthorhombic crystal structure (space group Pna21) with
lattice parameters a=4.844 Å, b=8.330 Å, c=8.955 Å formed from
a pseudo-closed-packed stacking ABAC of oxygen atoms with Al in
octahedral and tetrahedral environments in a 3:1 ratio [35,36].
Supposedly, due to the rather complex crystalline structure, distortion
of the lattice occurs differently according to the crystallographic
direction leading to twinning as the predominant deformation
mechanism in κ-Al2O3 phase in contrast to α-Al2O3, in which
dislocation is the type of recurrent defects observed.

5. Conclusions

Micro-blasting at pressures ranging from 0.05 up to 0.3 MPa was
applied to CVD κ-Al2O3/Ti(C,N)/TiN multilayer coatings in order to
investigate the potentiality of this procedure to control the surface
micro-topography and modify the residual stress state of the coating.
Our investigations reveal that:

1. The κ-Al2O3 growth occurs in columnar direction, perpendicular to
the substrate. No κ→α phase transformation of the Al2O3 is
induced by micro-blasting according to both synchrotron X-ray
diffraction and TEM studies.

2. The effects of the micro-blasting treatment on the TiN/Ti(C,N)/
κ-Al2O3 multilayer under the conditions investigated are con-
fined to the κ-Al2O3 top layer, as revealed by the TEM and STEM
investigations.

3. Increasing the micro-blasting pressure leads to the formation and
propagation of cracks. SEM and TEM investigations show that crack
propagation is confined to the zone closest to the surface.

4. Increasing micro-blasting pressure leads to a reduction in roughness
from Ra: 0.110±0.008/Rz: 0.690±0.04 in the as-deposited coatings
up to Ra: 0.038±0.004/Rz: 0.190±0.03 in coatings micro-blasted at
0.15MPa,which ismainlyassociatedwith the loss of coatingmaterial.
Blasting pressures above 0.2 MPa lead to coating degradation.

5. TEM investigations showed high density of planar defects in the
κ-Al2O3 in the form of twin-related faults (Figs. 5 and 8). TEM and
XRD investigations reveal that the κ-Al2O3 top layer does not
undergo plastic deformation during micro-blasting.

6. The residual stresses are of tensile nature and thermally induced and
are not affected by the appliedmicro-blasting treatment. The average
stress values over the κ-Al2O3 layer are 355±41MPa, 349±45MPa,
and 392±39 MPa in the as-deposited, 0.1 MPa and 0.3 MPa
conditions. These tensile stresses ease towards the free surface.

It can be in general concluded that, under the conditions
investigated, the more remarkable effect of the micro-blasting treat-
ment on the κ-Al2O3 top layer was a reduction of the surface roughness
for blasting pressures up to 0.15 MPa and a strong coating degradation
for blasting pressures above 0.2 MPa. Neither the morphology nor the
residual stress state of the κ-Al2O3 top layer was affected by the micro-
blasting. This is a main difference in the response to the treatment
compared with the reported values forα-Al2O3 [22,24,26], pointing out
that the generation of compressive internal stresses by micro-blasting
depends strongly on the crystalline structure of the Al2O3 phase. This
observation may be supported by previous investigations indicating a
higher degree of plasticity of α-Al2O3 [37] compared to κ-Al2O3. On the
other hand, the different physical characteristics of the metastable CVD
κ-Al2O3 compared to the CVD α-Al2O3, such as a smaller grain size, a
lower pore density and an epitaxial growth, may also have an influence
on the internal stress conditions after micro-blasting treatment [35].
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