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Abstract 

 The evolution of damage induced as contact load is increased has been 

investigated on single- and multilayered coated cemented carbides by means of 

spherical indentation. The main objective of the study was to assess the effect of the 

intermediate wear-resistant carbonitride layer on the contact damage resistance of 

industrial milling (multilayered) inserts. This was approached by evaluating systems 

consisting of a single carbonitride layer of different chemical nature: novel Zr(C,N) and 

conventional Ti(C,N) chemical vapor deposition (CVD) coatings. Deformation and 

damage phenomena were characterized using a wide range of advanced techniques: 

confocal laser scanning microscopy, scanning electron microscopy, focused ion beam 

and X-ray synchrotron. Zr(C,N) coated systems are found to exhibit a higher 

mechanical integrity than Ti(C,N) counterparts. Main reasons behind are the relatively 

different thermal residual stresses generated during CVD cooling, as a result of the 

dissimilar coefficient of thermal expansion between the coating and the substrate, as 

well as the intrinsic cohesive strength of the studied coatings. Such different 

mechanical response was also discerned to affect the interaction between cracking 

and layer assemblage in multilayer coated specimens. It then supports the beneficial 

effect of using Zr(C,N) as the intermediate wear-resistant layer toward enhanced 

performance of industrial milling inserts. 

 

Keywords: Contact damage, Ti(C,N) Zr(C,N) CVD coatings, Residual stresses, X-ray 

synchrotron, WC-Co 
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1. Introduction 

WC-Co cemented carbides, also commonly referred to as hardmetals, are 

successful composite materials used in demanding applications like metal cutting and 

forming. For cutting applications, tool life and performance are significantly improved 

by using coatings as external protective layers, deposited by either chemical vapor 

(CVD) or physical vapor (PVD) deposition routes [1,2]. Wear resistant coatings are 

generally based on transition metal carbides, nitrides or carbonitrides, because of their 

hybrid ceramic and metal-like properties. This combination of characteristics has 

attracted considerable attention [3,4]; and thus, literature focused on development and 

application of these films is quite extensive (e.g. Refs. [1,5–7]). However, brittleness of 

these hard coatings is still an issue, and addressing this problem is a subject of high 

interest. In this regard, a recently developed Zr(C,N)/Al2O3 multilayer CVD coated 

milling insert has shown prolonged tool life in comparison to that exhibited by the well-

established Ti(C,N)/Al2O3 coated inserts [8]. Aiming to get an in-depth understanding 

of such distinct response, a testing campaign has been launched to assess the 

effective influence of the carbonitride (CN) layer on the thermo-mechanical behavior of 

the coated tool. It has included X-ray synchrotron measurement of residual stresses 

developed under thermal cycling [8] as well as micromechanical characterization of 

polycrystalline Ti(C,N) and Zr(C,N) coatings [9,10]. In this regard, although theoretical 

and experimental studies dealing with mechanical properties of zirconium-base 

coatings are quite limited compared to titanium-based counterparts, there is a 

consensus that Zr(C,N) is a promising material in highly demanding applications 

[4,11,12].  

The objective of the present study is to document and analyze the damage 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 
4 

 

scenario resulting from contact loading on wear-resistant CVD hard coatings deposited 

on a hardmetal substrate. Referred damage is introduced in a controlled manner by 

means of spherical indentation. In contrast to sharp-like indenters, the use of a blunt 

indenter permits the delivery of concentrated stresses over a small area of specimen 

surface, such that damage evolution with increasing applied load may be assessed. 

Such experimental approach has proven to be successful in the evaluation of contact 

damage phenomena in hard and brittle bulk materials, such as ceramics [13], 

cemented carbides [14] and even polycrystalline diamond [15], as well as in coating-

substrate systems, mainly PVD-coated hardmetals and tool steels [16–20]. Following 

this approach, spherical indentation experiments were conducted on specimens 

coated with CVD carbonitride layers of different chemical nature: Ti(C,N) and Zr(C,N). 

They were followed by extensive and detailed optical and scanning electron 

microscopy inspection of damage scenario in top- and cross-section views, i.e. at both 

surface and subsurface levels. Finally, findings on single-layered specimens are 

invoked to rationalize and understand damage features observed on industrial milling 

inserts (effective multilayered samples) when subjected to a similar testing protocol. 
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2. Materials and methods 

2.1 Tested Samples 

 The study was focused on coating/substrate systems consisting of single 

carbonitride [Ti(C,N)-s and Zr(C,N)-s] layers deposited onto a fine-grained WC-

6wt%Co industrial grade used as substrate [2]. Films were deposited in a CVD hot wall 

reactor using metal chloride, acetonitrile and hydrogen reactant at temperatures 

between 885 and 930 °C (moderate temperature CVD process, MT-CVD). Differences 

between the two single-layer coated specimens studied are limited to the chemical 

nature of the carbonitride wear resistant layer, i.e. either Ti(C,N) or Zr(C,N). Schematic 

outlines of layer assemblage for the specimens investigated are given in Fig. 1, and 

corresponding thicknesses are listed in Table 1. Aiming to explore the practical 

relevance of this study, the investigation was extended to include testing of industrial 

milling cutting inserts. These specimens represent more complex multilayer       

[Ti(C,N)-m and Zr(C,N)-m] coating-substrate systems (details and corresponding layer 

assemblage outlines are also given in Table 1 and Fig. 1, respectively) in which an 

intermediate wear resistant carbonitride layer - similar to the ones tested here in single-

layer coated specimens - is known to play a key role on the effective performance of 

the cutting tool under service conditions [8]. In this regard, it should be noticed that the 

thickness of single-layer variants was aimed to be close to the total thickness of the 

multilayer ones, i.e. 5-6 microns. It guarantees that similar coating thickness / spherical 

indenter radius ratios are involved during contact load tests (to be described below). 

However, it also implies that analysis of induced damage under contact loading should 

be limited to direct comparison between specimens with same layer assemblage, 

either single- or multilayer. Main reasons behind this statement are that both effective 
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load-bearing and residual stress state within the carbonitride layer depend on its 

particular thickness, this being different in single- and multilayer assemblages which is 

about 5 and 3 microns, respectively. 

 

Fig. 1: Layer assemblage outline for the coating/substrate systems 

studied: a. Single-layer carbonitride [(C,N)-s] coated cemented 

carbide, including thin TiN interlayer (yellow) deposited on the 

substrate, prior to CN coating deposition. b. Multilayer [(C,N)-m] 

coated cemented carbide where in addition to referred TiN layer, a 

Ti(C,N,O) interlayer (dark blue) is deposited on the CN layer, prior to 

Al2O3 deposition. 
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Table 1: List of coated samples, and different corresponding layer assemblage, investigated. 

Sample 

reference 

TiN           

(0.3 µm) 

CN Layer / thickness 

(µm) 

Ti(C,N,O) 

(0.6 µm) 

α-Al2O3 

(3 µm) 

Ti(C,N)-m  Ti(C,N) / 3 µm   

Zr(C,N)-m  Zr(C,N) / 3 µm   

Ti(C,N)-s  Ti(C,N) / 5 µm   

Zr(C,N)-s  Zr(C,N) / 5 µm   

 

2.2 Testing procedure 

 Contact loading tests of coated systems were carried out by means of spherical 

indentation. They were conducted using a servo-hydraulic testing machine (Instron 

8500) and a hardmetal indenter with a curvature radius (rsph) of 1.25 mm. Monotonic 

loads were applied using a trapezoidal waveform. Contact was initiated by applying a 

low preload (10 N), followed by load increase with a rate of 10 N/s (ramp) until reaching 

the selected maximum level. After holding maximum applied load during 20 s, the 

indenter was quickly unloaded. Maximum applied load ranged from 600 to 2400 N. 

Mechanical tests were conducted on specimens exhibiting two different surface 

topography conditions. One corresponded to “as-deposited”, i.e. surface exhibiting 

topography and roughness directly resulting from the coating deposition process. The 

other one is referred to as “polished”, i.e. the surface was previously subjected to gentle 
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polishing with a 0.02 µm alumina suspension. This post-coating mechanical-like 

treatment was made attempting to enhance contact damage inspection by reducing 

the original roughness - of the “as-deposited” layer - that could hinder damage 

examination. 

 

2.3 Characterization techniques 

 Residual imprints were characterized, in terms of dimensions and induced 

damage, by means of confocal laser scanning microscopy - CLSM (Olympus 

OLS4100). In order to assess the contact area during indentation, a sputtered gold film 

(about few nm in thickness) was deposited on the coated specimens before contact 

load testing [17]. Damage and cracking features at the subsurface were observed on 

cross-sections prepared using a Helios Nanolab 600 dual beam focused ion beam 

(FIB) / scanning electron microscopy (SEM) unit. 

2.4 Residual stress measurements 

 Residual stresses were measured by means of X-ray diffraction, using energy-

dispersive synchrotron diffraction. Measurement were performed at the Material 

Science Beamline EDDI (Energy Dispersive Diffraction) of the Helmholtz-Zentrum at 

the storage ring BESSY in Berlin, Germany [21]. The target was to measure and 

analyze the residual stresses in single-layered coatings. The sin2ψ method was used 

to determine residual stress values, on the basis of its numerical stability and 

insensitivity to experimental uncertainties. 
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3. Results and discussion 

3.1 Single-layer coated cemented carbides: Ti(C,N)-s and Zr(C,N)-s 

3.1.1 Contact damage 

 The induced damage was first evaluated directly at the surface, i.e. from a top-

view perspective using both CLSM and SEM. In general, as maximum applied load 

increases, irreversible deformation of the coated system is observed through 

circumferential cracks at the coating surface. They were already discerned at the 

smallest load level applied, i.e. 600 N, for both single-layer coated specimens (Fig. 2). 

These cracks are induced by the tensile radial stresses and strains which increase with 

distance from the impression center [22], and reach maximum values near the contact 

edge area with the indenter [22–24]. Furthermore, radial cracks outside the imprint 

were also observed as an additional damage characteristic.  However, different from 

the circular ones, these radial fissures emerge at quite different load levels, depending 

on the chemical nature of the carbonitride layer, i.e. 800 N for the Ti(C,N)-s specimen 

and barely at 2400 N for the Zr(C,N)-s one. They result from tangential tensions that 

develop at the periphery of the contact [25,26] at load levels higher than those usually 

required for promoting circumferential cracks. As imposed load increased, density and 

sharpness of cracks, particularly of the circumferential ones, were also higher (Fig. 2). 

Although clear circular-like cracks were revealed for both coatings, cracking path was 

more continuous for Zr(C,N)-s specimens than for Ti(C,N)-s ones, the latter exhibiting 

a rather disrupted aspect. This is illustrated in the closer view of induced damage 

shown in Fig. 3. 
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Fig. 2: Residual imprint and cracking damage evolution with increasing loads for Ti(C,N)-s and Zr(C,N)-s 

specimens. 
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Fig. 3 . Circumferential cracks induced after spherical indentation (with an applied load of 2200 N): 

a. choppy-like path (arrows), due to interaction with CVD cooling cracks network, in Ti(C,N)-s 

specimen. b. Continuous path, in absence of any CVD cooling cracks, in Zr(C,N)-s sample. 

 

 Within above framework, it may be stated that film cracking is governed by load 

transfer from the plastically deformed substrate into the coating, together with the 

effective fracture strength of the latter, i.e. that resulting from the compromising 

balance among intrinsic hardness (which is comparable between the two coatings 

[27]), residual stress state and mechanical integrity related to potential pre-existing 

cracking features. These two aspects will now be discussed. 

3.1.2 Cracking-network induced after CVD cooling 

 As it was referred above, contact loading tests were conducted on surfaces 

corresponding to both “as-deposited” and “polished” conditions. As expected, 

mechanical response was not different in both cases. However, the used testing 

protocol allowed us not only to visualize the damage induced after imposing load, but 

also to inspect surface condition of carbonitride layers before mechanical testing. 

Regarding the latter, it permitted to reveal a peculiar network of cracks homogeneously 

30 µm

b.

30 µm

a.
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spread over the entire surface for Ti(C,N)-s specimen (Fig. 4a). This clearly was not 

the case for polished surface of Zr(C,N)-s specimen (Fig. 4b), which points out the 

cracking as an intrinsic result of final cooling during CVD process that follows 

deposition of the corresponding coatings. 

 

Fig. 4 a. Cracking network induced during CVD cooling observed for Ti(C,N)-s specimen after 

polishing. b. Absence of cooling cracks network for Zr(C,N)-s sample. 

 

 Both carbonitride single layers deposited in this study exhibit a coefficient of 

thermal expansion (CTE) larger than that of the used hardmetal substrate (Table 2). 

As a consequence, coatings experience larger contractions than the substrate during 

cooling down after deposition. However, as a result of their corresponding dimensions, 

the layer has to follow the deformation of the substrate, resulting then on effective 

tensile loading of the coating [28]. Under high temperature deposition conditions 

(around 900°C), the generated tensile stresses may exceed the coating strength, 

which would result in generation of a cooling cracking network that relieve the stresses 

[28–30]. Absence of CVD cooling cracks on the surface of “polished” Zr(C,N)-s 

specimen should then be attributed to the lower CTE of the layer, as compared to the 

30 µm

a.

30 µm

b.
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one of Ti(C,N)-s sample. Therefore, CTE mismatch (with respect to the substrate) is 

lower in the former, and consequently the generated tensile stresses are reduced. 

Attention must then be drawn to the fact that Zr(C,N) exhibits the lowest CTE among 

all the carbonitrides of group IV [4]. 

 An estimated value of the thermal stresses generated in the coating may be 

obtained according to [31]:  

    𝜎 = (𝐸𝑐 1 − 𝜈𝑐⁄ ) ∗ (𝛼𝑐 − 𝛼𝑠) ∗ 𝛥𝑇            (1) 

where Ec, νc and αc are Young’s modulus, Poisson's ratio and CTE of the coating, 

respectively; αs is CTE of the substrate and ΔT is the difference between room and 

deposition temperatures. Inserting the corresponding parameters (Table 2) within 

equation (1), thermal stress values of 1025 MPa and 1877 MPa are obtained for 

Zr(C,N)-s and Ti(C,N)-s specimens, respectively. Residual stresses measured by 

synchrotron analysis revealed notably lower mean values for Zr(C,N)-s  sample (560 

± 40 MPa) and more noticeably for Ti(C,N)-s one (465 ± 30 MPa), for which the 

measured value is about 4 times lower than the estimated one.  A plausible explanation 

is that stresses are relaxed after extensive cracking and formation of cooling cracks 

network for Ti(C,N)-s sample. Accordingly, for Zr(C,N)-s specimens, stress relaxation 

without extensive cracking would not be expected, considering that stresses are 

retained as long as the fracture strength is not reached [32]. Then, lower measured 

tensile stresses could be attributed to relaxation through non-elastic or plastic 

deformation [30]. However, this assumption should be ruled out since relaxation of 

around 400 MPa through namely plastic deformation appears to be unrealistic. The 

remaining presumption is the existence of compressive intrinsic residual stresses, 

which developed during deposition of the coating and prior to cooling down. For CVD 
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thin films, possible origins of such stresses are defect incorporation into the films during 

evaporation, formation of non-equilibrium structures, grain boundary relaxation, etc. 

[30,33]. Following above ideas, the existence of prior intrinsic stresses cannot be 

discarded even for Ti(C,N)-s specimen. Nevertheless, a theoretical evaluation of these 

stresses is rather complex [33], and is out of the scope of this study. 

 Tensile residual stresses and cracking network resulting from CVD cooling are 

then aspects that may be invoked for understanding previous findings. On one hand, 

existence of tensile residual stresses should be responsible, at least partly, for the 

relatively low levels of applied load required for inducing circumferential cracking in 

both coated specimens. The fact that Zr(C,N)-s specimens do not show a higher 

cracking resistance than Ti(C,N)-s ones, as it could be expected from the relatively 

different calculated residual tensile stresses developed during deposition in both 

cases, may be rationalized by stress relief effects resulting from cracks emerging after 

CVD cooling stage in the latter. On the other hand, the referred CVD cooling cracking 

network must be directly associated with the quite early radial cracking exhibited by 

the Ti(C,N)-coated specimens. In this regard, it clearly affects cracking scenario 

resulting from both radial and circumferential stresses induced during contact load 

tests. Within this context, it may be postulated that bumpy crack path shown in Fig. 3a 

for Ti(C,N)-s specimen is indeed a consequence of the referred interaction. It reflects 

crack emergence from the existing CVD crack network (where cracks become thicker) 

and extension through effective fragmented units of the flawed layer, yielding even a 

visual impression of crack deflection phenomenon. As this combined action cannot 

exist in Zr(C,N)-s specimens, mainly because the absence of cracking event after CVD 

cooling stage, contact-induced fissures are discerned to follow a continuous path for 

these coated samples (Fig. 3b). 
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Table 2: Mechanical and average thermal properties of CN coatings. * Stoichiometry is subjected to slight 

variations. For more information, please refer to a recent work by the authors [10]. * *Sandvik Coromant 

database. 

Component E modulus 

(GPa) 

Poisson's 

ratio 

CTE            

(10-6 K-1) 

Deposition 

temperature (°C) 

Ti(C0.5*,N0.5*) 463 [27] 0.193 [27] 9.2 [34] 885 

Zr(C0.5*,N0.5*) 405 [27] 0.177 [27] 7.7 [34] 930 

Substrate** 626 0.22 5.4 - 

 

3.1.3 Cracking mechanisms 

 Contact damage was also assessed at the subsurface level by means of cross-

section inspection. It was done on FIB-milled trenches perpendicular to circular cracks. 

Through-thickness cracks, nucleating at the surface and propagating down into the 

substrate, are evidenced in both cases (Fig. 5 a,b). However, crack path appears to 

be dissimilar: intergranular for Ti(C,N)-s specimens and transgranular for Zr(C,N)-s 

ones. This experimental fact is further supported by detailed in-plane SEM images of 

circumferential cracks taken on the surface of “as deposited” samples (Fig. 5 c,d). They 

have permitted to evidence that cracks propagate almost exclusively along the grain 

boundaries in the case of Ti(C,N)-s samples, whereas they mainly follow transgranular 

paths in Zr(C,N)-s ones. These results are in a complete agreement with findings 

previously reported by the authors regarding uniaxial compression response of 

micropillars milled out of same coatings studied here. There, it was evidenced that 

Ti(C,N) micropillars also fail exclusively along the grain boundaries, opposite to the 

more transgranular failure discerned for the Zr(C,N) ones [9]. This behavior was 
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correlated to segregation of chlorine along the grain boundaries for the former, which 

is detrimental for the cohesive strength along the grain boundaries [10]. As a summary, 

the higher resistance exhibited by the Zr(C,N)-s samples may be rationalized on the 

basis of higher strain energy dissipation for inducing irreversible deformation and/or 

damage, as compared to the Ti(C,N)-s one. For the latter, the intrinsic low cohesive 

strength at the grain boundaries together with the residual stress state (induced during 

CVD cooling) results in an extensive intergranular cracking network that affected the 

structural integrity of the Ti(C,N)-s coated system. 

 

Fig. 5: a./b. Cross sections at circumferential cracks (located at the edge of residual imprints) induced 

by spherical indentation under an applied load of 2200N for Ti(C,N)-s and Zr(C,N)-s samples, 

respectively. c./d. In plane SEM images of referred circumferential cracks for Ti(C,N)-s and Zr(C,N)-s 

specimens, respectively. 
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3.2 Multilayer coated cemented carbide: Ti(C,N)-m and Zr(C,N)-m 

3.2.1 Contact damage 

 Multilayer coated specimens (corresponding to industrial milling inserts) were 

also subjected to contact loading, following testing and characterization protocols 

similar to the ones described above for single-layer coated systems. In general, related 

findings to those described for Ti(C,N)-s and Zr(C,N)-s samples were evidenced. On 

the one hand, as applied load was increased, circular cracks nucleated and developed 

at the edges of residual impressions. However, radial cracks were not discerned, at 

least up to highest applied load used in this study, i.e. 2400 N. On the other hand, 

relatively different crack paths, depending on the chemical nature of the - now - 

intermediate carbonitride layer involved, were discerned: nearly continuous and rather 

disrupted for Zr(C,N)-m and Ti(C,N)-m samples, respectively (Fig. 6). Regarding this 

result, cross sections for each system were performed to check whether the observed 

damage in Fig. 6 was resolved at the same depth level. Alumina thickness after 

polishing was found to be comparable, which pointed out that qualitative differences in 

cracking paths correspond to almost similar depth level (down from the surface). Thus, 

these differences may be directly ascribed to the distinct intermediate carbonitride 

layer, since it is the only difference existing between layer assemblages of multilayered 

specimens studied [Ti(C,N)-m and Zr(C,N)-m]. 
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Fig. 6 Comparison of induced damage at the edges of residual imprints, revealed after polishing, for a. 

Ti(C,N)-m and b. Zr(C,N)-m. Applied load was 2400 N in both cases. Imprints were gently polished (after 

performing the test) to remove surface roughness hindering damage features. Observed surface 

corresponds to top Al2O3 layer. 

 

 Inspection of FIB-milled cross-sections perpendicular to circular cracks 

permitted to have more insight. As shown in Fig. 7, several through-thickness cracks 

are evidenced. They are connected with some of the multiple small fissures discerned 

at the outer alumina layer. These cracks are observed to run down, following a straight 

path, until reaching the substrate. Density of microcracks is clearly higher in the 

alumina top layer than in the intermediate carbonitride ones. 

0.2 mm

a. Ti(C,N)-m

0.2 mm

b. Zr(C,N)-m
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Fig. 7 Cross sections at circumferential cracks (located at the edge of residual imprints) induced by 

spherical indentation under an applied load of 2200N (as-deposited samples): a. Ti(C,N)-m and b. 

Zr(C,N)-m. Numerical designation in micrographs corresponds to different layers, as follows: 1 - α-

Al2O3; 2 - Ti(C,N,O); 3a - Ti(C,N); 3b - Zr(C,N); 4 -TiN; 5 - WC-Co substrate. 

 

3.2.2 Structural integrity of multilayer assemblage 

 A comparison between cracking scenario for single-layer and multilayer coated 

specimens is not simple. The presence of the external alpha-alumina (α-Al2O3) layer 

implies several effects. Among them, it should be highlighted that alpha-alumina 

exhibits higher hardness and brittleness than both CN coatings. It is noticed in Fig. 7, 

where multiple fine cracks are induced within the alumina as a result of spherical 

indentation. Furthermore, alumina top layer also presents CVD-related cracks 

nucleated during cooling from deposition temperature. Density and magnitude of this 

pre-existing cracking scenario would be directly dependent on effective tensile residual 

stresses induced within coatings as a result of the dissimilar CTE between the 

substrate and the deposited multilayers. From this viewpoint, cross-section inspection 

of non-tested “as-deposited” specimens (Fig. 8) indicates that it might be less 

developed for coated specimens involving an intermediate Zr(C,N) layer. This 

statement is based on the observation that cracks nucleated at the alumina surface 
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film either do not develop into the intermediate Zr(C,N) layer or get blunted when 

crossing it. This is clearly not the case for Ti(C,N)-m sample. Hence, relative 

differences between CTEs of intermediate CN layers and the substrate, which is lower 

for Zr(C,N), may significantly reduce tensile stresses that drive cracks to propagate 

down throughout the multilayer assemblage. As a consequence, mechanical integrity 

gets preserved for coatings including Zr(C,N) as intermediate layer. This experimental 

fact could then be recalled for explaining, at least partly, the different performance 

evaluated for industrial milling inserts as a function of the chemical nature of the used 

intermediate carbonitride layer. 

 

 

Fig. 8 FIB cross section displaying propagation (or not) of pre-existing cracks at the Al2O3 top layer 

(induced during cooling after CVD) into intermediate CN ones for a. Ti(C,N)-m and b. Zr(C,N)-m 

specimens. The referred cracks appear to be stopped at the intermediate layer for Zr(C,N)-m 

specimen. Dashed arrow shows direction of propagation. 

 

5. Conclusions 

 Damage induced by spherical indentation on single- and multilayered coated 

2 µm
a. 2 µm

b.
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cemented carbides has been studied. The more complex multilayer systems included 

an intermediate wear resistant carbonitride layer, similar to the ones tested here in 

single-layer coated specimens. The main variable under consideration is the chemical 

nature of the referred CN layer: Ti(C,N) or Zr(C,N). Film cracking under contact loading 

is governed by load transfer from the plastically deformed substrate into the coating, 

together with the effective fracture strength of the latter. Within this study, contact 

damage is assessed to depend upon the compromising balance between surface 

integrity (resulting from CVD process) and residual stress state, both of them linked to 

relative differences in CTE between coating and substrate. In this regard, in contrast 

to Zr(C,N)-s, Ti(C,N)-s is observed to develop a peculiar cooling cracks network 

fragmenting the carbonitride layer into small islands, hence damaging its structural 

integrity. Additionally, despite the different length scale, these contact damage tests 

are in a complete agreement with previous micromechanical tests in terms of crack 

propagation path which is intergranular for Ti(C,N)-s and mainly transgranular for 

Zr(C,N)-s. Such higher mechanical integrity together with higher cohesive strength at 

the grain boundaries may be recalled for rationalizing the enhanced performance 

reported for industrial milling cutting inserts containing an intermediate Zr(C,N) layer. 
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Highlights: 

 

 Zr(C,N) coated systems are found to exhibit a higher mechanical integrity than 

Ti(C,N). 

 Higher residual stresses are relaxed through extensive cracking for Ti(C,N). 

 Crack propagation path is intergranular for Ti(C,N) and mainly transgranular for 

Zr(C,N). 

 Latter result is in agreement with previous experiments performed at the micro-

scale. 
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