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a b s t r a c t

The influence of V content on the morphology, structure, hardness (H) and reduced

Young's modulus (E), adhesion, and oxidation resistance of TiAlSiN coatings is investi-

gated. The coatings were produced by DC reactive magnetron sputtering, with increasing V

contents from 0, 4.8 and 11.0 at.%. All coatings exhibit a fcc type structure. The coating with

4.8 at.% of V shows the highest values of H and E, whereas the values are similar for the

reference coating and the coating with 11.0 at.% of V. The coatings adhere well to the

substrates and show a dense and compact columnar growth extending from the adhesive

interlayer to the top surface of the coatings. The dynamic thermal gravimetric oxidation

curves reveal that V additions decreases the onset point of oxidation significantly and

degrades the oxidation resistance of the coatings. A dual oxide layer is formed on the top

surface of the reference coating: an outer porous TieAleO rich layer with plate-like fea-

tures on the top, which classified to TiO2 (rutile and anatase) and Al2O3 phases, and an

inner TieSieO rich layer with Al depletion that identified as mixture of amorphous SieO

and TieSieO protective oxides. The diffusion of V to the top surface governs the oxida-

tion process of the V-containing coatings, i.e. increasing V concentration leads to disrupt

the formation of the protective continuous oxide layers easily.

© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

As reported in the literature, Magn�eli oxide phases (transition

metal binary oxides) [1] have been widely used in the protec-

tive coatings for high-speed cutting and dry machining pro-

cesses in the last century. These phases are oxides of

transition metals such as Ti, V, W, or Mo named after the

Swedish scientist Arne Magn�eli who investigated their struc-

ture for the first time in literature [1,2]. The easy low crystal-

lographic shear planes with reduced binding strength of these

oxides make them perfect candidates for solid lubricant

agents in the dry machining. Therefore, the lubricious nature

of these oxides decreases the friction and enhances the wear

performance during machining at high temperatures, attrib-

uting to the defect structure associated with the formation of

sub-stoichiometric compound, and eliminating the environ-

mental harmful lubrication [3e6].

In particular, the formation of lowmelting point lubricious

Magn�eli VnO3n�1 phases in V- alloyed coating systems have

been intensively reported in literature due to their interesting

tribological properties in the temperature range 500e700 �C
(e.g. the monolayered nanostructure of AlCrSiVN [7], AlCrVN

[8], TiAlVSiCN [9], TiAlVN [10], VN [3], CrVN [11], VSiN [12]

VCNeAg [13], TiSiVN [14e17]) or multilayered coating systems

as TiN/VN [18] TiSiN/VN [19], TiSiN/CrVN [20], CrAlSiN/TiVN

[21], TiAlVN/TiAlSiN [22], and TiAlN/VN [23e25]). Vanadium

incorporation into transition metals nitrides causes the rapid

oxidation of the coating at elevated temperatures, and enables

the formation of the lubricious oxides, resulting in a decrease

in the COF and a better wear resistance [2]. This will improve

the tribological performance of the coating under dry

machining conditions at high temperatures [26]. However,

vanadium degrades the oxidation resistance of V-alloyed ni-

trides coatings and allows the fast release of the oxide lubri-

cious phase. Therefore, the control of this fast release is still

needed to provide the long-term lubrication and to meet the

high-speed cutting and dry machining processes at high

temperatures conditions [2,6,15,20]. In our previous studies

[4,16,17], we investigated the role of a-SiNx in controlling the
Table 1 e Deposition parameters and main properties of the co

Sample

The number of V rods in the Ti target

The power density of TiAlSiV target (W/cm2)

The power density of Cr target (W/cm2) for interlayer

Rotation speed (rotation/min)

Deposition time of the main coating

Hardness (GPa)

Young's modulus (GPa)

Elastic strain to failure (H/E)

Surface roughness (nm)

Grain size (nm)

Chemical composition of coatings (at.%) N

Al

Si

Ar

Ti

V

(TiþAlþSiþV)/N
fast release of the lubricious phase together with the

enhancement of the oxidation resistance of magnetron sput-

tered TiSiVN coatings. We reported that a-SiNx could provide

better barriers against the fast release of vanadium oxides

lubricant phase, and it improves the oxidation resistance

compared with the TiVN coatings.

In the current work, the effect of V addition on the morp-

hology, structure, hardness (H) and reduced Young's modulus

(E), adhesion, and oxidation resistance of TiAlSiN coatings

deposited byD.C. reactivemagnetronsputtering is investigated.
2. Experimental

TiAlSiVN coatingswith different V contentswere deposited by

DC reactive magnetron sputtering in a chamber containing

two cathodes positioned perpendicularly to each other. Ti and

Cr high-purity (99.9%) targets (150 � 150 � 8 mm) were used in

the depositions. The Ti target has 20 holes of 10 mm in

diameter, distributed uniformly in the target erosion zone,

was filled with 6 Si and 7 Al pellets, being the remaining holes

were filled with 0, 3, and 6 V-pellets to produce the reference

coating (C0) TiAlSiN, TiAlSiVN (C1) with 4.8 at% V, and TiAl-

SiVN (C2) with 11.0 at% V coatings, respectively. Three types of

substrates were used in the depositions: i) FeCrAlY alloy

(12 � 8 � 1 mm), to assess the coating's hardness, reduced

Young's modulus, structure, morphology, thickness and

chemical composition, ii) Al2O3 (10� 8� 0.5mm) for oxidation

resistance tests, and iii) M2 stainless steel substrates were

used for the scratch tests.

The substrates were ultrasonic cleaned in acetone and in

alcohol for 15 and 10 min, respectively. Then, they were

mounted on the substrate holder placed at the centre of the

deposition chamber. The chamberwas vacuumed down to the

base pressure of 3� 10�4 Pa and the substrateswere etched for

40min in Ar atmosphere (pulsed bias of�230 V and frequency

of 250 kHz). At the same time, the two targets were shuttered

and cleaned/sputtered for 20min. An interlayer and a gradient

layer were deposited to improve the adhesion of the coatings.

The interlayer was grown by applying a power density of
ating.

C0 C1 C2

0 3 6

6.7 6.7 6.7

5.3 5.3 5.3

20 20 20

1h:30 min 1h:30 min 1h:30 min

30 ± 2 32 ± 2 30 ± 2

290 ± 9 306 ± 7 290 ± 13

0.10 0.10 0.10

19.3 10.8 43.1

26.8 32.8 36.2

46.8 46.5 44.8

13.3 12.1 10.5

10.1 8.9 9.1

0.7 0.5 0.6

29.1 27.2 24.0

0 4.8 11.0

1.12 1.14 1.22
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5.3 W/cm2 to the Cr target, adjusting the deposition pressure

at the value of 0.3 Pa and the pulsed bias voltage of �80 V

applied on the substrates for 5 min. Whereas, the gradient

layer was deposited by applying a power density of 6.7 W/cm2

to the Ti target, progressively decreasing the power applied to

the Cr target until switching off, and increasing of the N flow

progressively each minute form 0 up to 45 sccm for 5 min,

adjusting the final deposition pressure to 0.5 Pa. Then, the

final films were immediately deposited after the gradient

layer. The deposition time of the main coatings was fixed to

1 h and 30 min for all coatings. A summary of the deposition

conditions and some of the properties of the coatings is pro-

vided in Table 1.

Cross-section and surface morphologies as well as the

thickness of the coatings were analysed by scanning electron

microscopy (SEM). The chemical compositionwas assessed by

energy dispersive x-ray spectroscopy (EDS).

The states of the chemical bonds of the as-deposited and

oxidized coatings were evaluated using X-Ray Photoelectron

Spectroscopy (XPS). The analysis was carried out with a

monochromatic Al Ka X-ray source (1486.7 eV), operating at

15 kV (90 W), in FAT (Fixed Analyzer Transmission) mode,

with a pass energy of 40 eV for the region ROI and 80 eV for the
Fig. 1 e XPS core-level spectra of Ti 2p3/2, Si 2p, V 2p3/2, Al 2p, an

the background correction.
survey. Prior the analysis, an erosion cleaning of the surface

was performed for 45 min to avoid the surface contamination

of the samples. The effect of the electric charge was corrected

using the carbon peak (285.0 eV) as reference. The peaks of

spectra were fitted using GaussianeLorentzian peak shape

and shirley type of the background subtraction.

The structure of the films was studied by x-ray diffraction

(XRD) using Co Ka radiation (1.789010 �A) equipment, acquired

in conventional mode for as deposited coatings and in grazing

mode for oxidized ones in 2q range of 15�e80�.
The hardness (H) and the reduced Young's modulus (E) of

the coatings were measured by nano-indentation using a Ber-

kovich diamond indenter. The indentation depth was <10% of

the films thickness, to eliminate the substrate contribution.

The testswerecarriedoutwithanapplied loadof 15mN.A total

of 16 measurements for each sample were performed.

The scratch tests were performed using scratch tester

apparatus equipped by increasing the force from 5 to 70 N

linearly, with a scratch speed of 10mm/min and loading speed

of 100 N/min. Then, the scratch tracks were demonstrated in

an optical microscope and the critical load values were iden-

tified according to the standard critical loads evaluation [27],

as follows: i) Lc1dfirst coating cracking, ii) Lc2dfirst coating
d N 1s of as deposited coatings. The green curve represents

https://doi.org/10.1016/j.jmrt.2022.08.009
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Fig. 2 e Cross-section and surface morphology of C0 (a and b), C1 (c and d), and C2 (e and f).
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chipping and iii) Lc3dmore than half of the substrate

exposure.

The effect of the V alloying on the onset point of oxidation

and the oxidation resistance was studied by thermogravi-

metric analysis (TGA). The onset point of oxidation of each

film was determined by heating the films from room tem-

perature up to 1200 �C with a constant temperature ramp of

20 �C/min, using 50 ml/min of 99.99% purity air. The oxidation

weight gain wasmeasured at a regular 2 s intervals in amicro-

balance with an accuracy of 0.01 mg. Based on the dynamic

oxidation curves, isothermal oxidation tests were performed

in air atmosphere at 950 �C for 2 h for the reference coating,

and at 700 �C for 30 min for the vanadium congaing coatings.
Fig. 3 e XRD diffraction patterns of the as deposited

coatings obtained in the conventional mode.
3. Results and discussion

3.1. Chemical composition and elemental bonding

The chemical composition of the coatings is presented in

Table 1. As expected, the incorporation of 3 and 6 V rods to the

Ti target leads to an increase of V concentration in the coat-

ings from 4.8 at.% to 11.0 at.%, whereas the Ti concentration is

decreased in the coatings. The progressive increase of the

metallic-to-N element ratio (Ti þAlþ SiþV)/N suggests that

sub-stoichiometric coatings are being produced, with N con-

centration in the range of 44.8e46.8 at.% in the coatings. The

decrease in Ti and Al content with increasing vanadium

incorporation into the coatings suggests the presence of Al
and V as solid solution in the TiN crystal lattice by the sub-

stitution of the Ti atoms as reported by several authors

[22,28,29].

https://doi.org/10.1016/j.jmrt.2022.08.009
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Fig. 4 e Optical microscope images of the scratch tests carried out for C0, C1, and C2 films deposited onto M2 stainless steel

substrates, in the load range of 5e70 N.
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The XPS core-level spectra of Ti 2p3/2, Si 2p, V 2p3/2, Al 2p,

andN 1s of as deposited coatings are shown in Fig. 1. Despite of

theerosioncleaningof samples’ surfacesprior theXPSanalysis

to avoid the surface contamination, a 12e16 at.% of O is

detected in all spectra, which emphasizes the existence of O in

the coatings. This is due to the base pressure of the chamber,

but it can be eliminated by achieving better vacuum in the

chamber.

The Ti 2p3/2 core level is shown in Fig. 1a, three peak con-

tributions centred at the binding energies of 453.9 eV, 455.0 eV

and 456.4 eV are corresponded to the metallic TieTi, Ti-(Al)N,

TieOeN, respectively [30,31]. It is very clear that the sub-

stoichiometry of the coatings directly influences the formed

chemical bonds between elements. That is the shortage of N

in the chamber leads to the formation of the metallic TieTi,

SieSi and VeV bonds. The existence of Ti-(Al)N bonds in the

case of reference coating and Ti-(Al,V)N bonds in the V-con-

taining coatings support the existence of Al and V as solid

solution in the TiN crystal lattice by the substitution of the Ti

atoms as discussed earlier.

The fitted Si 2p core level of the coatings is shown in Fig. 1b.

It can be deconvoluted into two peaks. The peaks centred at

energies of 100.8 eV, 101.7 eV are associated to the SiTi(Al)e

Si2N2, and metallic SiNx bonds, respectively [33,34].

The V 2p3/2 core level spectra of V-containing coatings (C1,

and C2) are presented in Fig. 1c. Three peaks cantered at

512.4 eV, 513.1 eV, and 514.9 eV are the metallic VeV, VeN,

and VOx, respectively [15]. The later VOx reveals the forma-

tion of vanadium oxides with insufficient amount of oxygen.

Fig. 1d shows the core level spectra of Al 2p with two peaks

centred at 73.9 eV and 74.7 eV, which corresponds to AlN and

AleO, respectively [9,31,32].

Finally, the N 1s core level spectra of the samples shown in

Fig. 1e. (not fitted) reveals several peaks attributed to metals

nitrides and oxynitrides [30,31].
3.2. Cross-section and surface morphology

The cross-section and surface morphologies of the coatings

structureare shown inFig. 2. TheTiAlSiN referencecoating (C0)

shows a dense and compact columnar growth extending from

the adhesive layer to the top surface of the film (Fig. 2a). The

morphology of the top surface of this columnar growth dis-

plays small features corresponds to the end of the columns,

without any visible avoid (spaces) between neighbouring col-

umns (Fig. 2b). The Coating with 4.8 at.% V concentration (C1)

exhibits amore compact coating than the reference one due to

the increasing of the number of nucleation sites promoted by

the V addition (see Fig. 2c and d). This explains the decrease of

the deposition rate of C1. However, increasing the V concen-

tration to 11.0 at.% (C2) leads to a decrease in the size of the

columns irregular features, and consequently, the roughness

as shown in Fig. 2d and f. The deposition rates of C0, C1, and C2

are 18.9, 17.8, and 20 nm/min, respectively. Producing more

compact and dense coating in the case of C1 can explain the

decrease of its deposition rate, whereas the increase of the

depositionrateofC2 isdue to thehighercontentofV,whichhas

higher sputtering yield than Ti [35].

3.3. Structure

The XRD patterns of the as-deposited TiAlSi(V)N coatings are

presented in Fig. 3. The referenceC0 coating exhibits an intense

diffraction peak located at 2q of ~43.2� in between the TiN (111)

(ICCD cardNo. 87e0633) andAlN (111) (ICCDcardNo. 25e1495).

This structure couldbe identifiedas thecubicB1NaCl structure

with (111)preferentialorientation.However, thepositionof the

diffraction peak in-between the TiN and AlN reference cards

suggests the presence of Al in solid solution in the TiN crystal

lattice as reported in several studies [28,29,36].WithVaddition,

no significant changes or broadening are observed in the

https://doi.org/10.1016/j.jmrt.2022.08.009
https://doi.org/10.1016/j.jmrt.2022.08.009


Fig. 5 e a) Thermogravimetric oxidation rate of C0, C1 and

C2 performed at a constant linear temperature ramp from

RT to 1200 �C at a rate of 20 �C/min, and b) the isothermal

TG curves of coatings exposed at chosen temperatures and

times as indicated in the legend of the image.
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spectra of the main diffraction peaks. Moreover, the main

convolution of theVN (ICCDcardNo. 35e0768) peaks locates in

betweenTiNandAlNpeaks. This also suggests that the smaller

sizesofAl andVatomsare incorporated into theTiN latticeand

forms Ti(Al,V)N solid solution [9,35]. SieN crystalline phase is

absent in the XRD diffraction peaks due to the amorphous

character as reported in the literature [31,32,37] or due to the

formation of SiTix as discussed earlier in XPS analysis. For

example, Houska et al. [38] reported that the maximum Si

content able to be incorporated onto the TiN lattice is around

4at.%,whilst Patscheider et al. [37] reported thatTiSiNcoatings

with Si contents (>10 at.%) exhibit low crystallinity with very

broad diffraction peaks. Therefore, the SieN phase with the Si

content range of 8.9e10.1 at% in our coatings is amorphous or

quasi-amorphous.

3.4. Mechanical properties

3.4.1. Hardness (H) and reduced Young's modulus (E) of as-
deposited coatings
H and E values of the coatings are presented in Table 1. The

coating with 4.8 at% of V content C1 shows the highest values

of H and E as 32 GPa and 306 GPa, respectively. As shown in

Table 1, C1 exhibits the lowest value of surface roughness

(10.8 nm), which shows the benefit of a denser and finer

columnar structure of the coating on the improvement of the

mechanical properties such as H and E [35]. In addition, the

hardening of coatings is mostly results from the nitride lattice

distortion, that improves the resistance to plastic deformation

(solid solution hardening) as reported in different coating

systems that contain vanadium (TiAlVN [10] and TieSieVeN

[4]). Residual stresses should not be a factor of hardness dif-

ferentiation between the coatings because all coatings have

approximately the same level of compressive residual stresses

(2e3 GPa).

3.4.2. Adhesion critical loads
Fig. 4 shows the adhesion scratch micrographs for C0, C1, and

C2 coatings. All coatings show a good adhesion to the sub-

strates. The reference coating (C0) displays the highest values

of the adhesion critical load values of 27 N and 67 N of e Lc1

and - Lc2, respectively. These critical loads are decreased with

V addition, i.e. C1 with V content of 4.77 at.% shows the to the

lowest values of Lc1 (18 N) and Lc2 (26 N) whereas the values

are increased to Lc1 (22 N) and - Lc2 (32 N) for C2 with the

highest V content for C1 with V content of 4.77 at.%. None of

the three coatings shows Lc3 failure until the end of the test,

revealing the good adhesin to the substrates.

3.5. Oxidation resistance

The thermogravimetric oxidation curves of the three coatings

performed at a constant linear temperature ramp from room

temperature to 1200 �C, and their isothermal TG curves

exposed at chosen temperatures and times are displayed in

Fig. 5. The onset point of oxidation temperature of reference

coating is around ~940 �C, whilst for the V containing coatings

it decreases significantly down to a temperature of approxi-

mately 720 �C and 640 �C for C1 and C2, respectively, and it

strongly depends on the V concentration in the coatings. This
corroborates our previous work where the addition of V to the

nanocomposite TiSiN films affects the starting points of

oxidation [4]. However, these points are lower than the ones of

the current work.

The reference C0 coating starts to oxidize at ~940 �C. After
this temperature, themass gain increases exponentially in the

temperature range of 940 �C - 1200 �C up to the final weight

gain of 0.15 mg/cm2. This low oxidation weight gain corrobo-

rates well the cross-section and surface morphology of the

coating as shown in Fig. 6a and b, where an oxidized zone of

the coating can be distinguished from the non-oxidized zone.

Despite the final temperature the TGA test is very high

(1200 �C), only 52% of the total thickness of the coating is

oxidized. It exhibits a typical parabolic oxidation weight gain

as a function of time indicating the formation of protective Si

and Al-rich oxide layer (Fig. 5b). Contrary, the oxides mass

gain of V containing coatings C1 and C2 is much higher and

have a linear oxidation rate range of the curve due to the

formation of a non-protective oxides VeO [4]. In fact, the

weight oxidation gain curves evolution of these two coatings

https://doi.org/10.1016/j.jmrt.2022.08.009
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Fig. 6 e Cross-section morphology of C0, C1, and C2 coatings after continuous oxidation up to 1200 �C with corresponding

oxygen and N elemental maps and surface morphologies.
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revealsmuch higher values than the reference coating, i.e., an

85% of the total thickness of C1 is oxidized after the test (Fig. 6c

and d), whereas the coating with the highest V (C2) is totally

oxidized (Fig. 6e and f). Moreover, their isothermal curves

tested at 700 �C shows two stages of oxidation mass gain: at

the first step, the weight gain increases rapidly (almost linear

increase) up to approximately 0.12 mg/cm2, and then changes

to a parabolic law. The isothermal annealing of C2 shows

significant increase of themass gain and follows the parabolic

evolution (Fig. 5b).

The cross-section and surface morphology of the isot-her-

mal oxidation tests at 950 �C for 2 h for the reference coating

(C0) and at 700 �C for 30min for C1 and C2 are shown in Fig. 7. In

agreement with the dynamic oxidation tests, the reference

coating C0 reveals the best oxidation resistance and shows a

thinnest dual oxides layer: an outer porous TieAleO rich layer

with plate like crystals on the top and, underneath, an inner
TieSieO rich layer with Al depletion, as suggested by the

elemental distribution maps shown in Fig. 8. The top layer of

the plate like crystals have been classified by XRD (Fig. 9)

together with edsmapping to the twomain oxide phases: TiO2

(rutile ICCD card Nº. 01-76-0649 and anatase ICCD card Nº. 01-

071-1166) phases on the top surface, and Al2O3 (ICCD card Nº.

00-002-1373) phase underneath. The same types of these ox-

ides were reported for the reference coating presented in our

previous work [39]. The only difference between the two

coatings is that the one presented in this work shows distin-

guishable TiO2 (top) and Al2O3 (underneath) layers while, the

one presented in the previous work shows a mixture of these

phases. The inner TieSieO is also identified based on the

elementalmapdistributions as amixture of SieOandTieSieO

oxide phases. However, these phases could not be detected by

the XRD due to their amorphous structure [20,40]. During the

oxidation process, Ti and Al diffuse outwards and react with O

https://doi.org/10.1016/j.jmrt.2022.08.009
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Fig. 7 e Cross-section and surface morphology of C0 coating after oxidation at 950 �C for 2 h, and C1 & C2 coatings after

oxidation at 700 �C for 30 min.

Fig. 8 e Cross-section and corresponding elemental maps distribution of C0 coating after oxidation at 950 �C for 2 h, and C1 &

C2 coatings after oxidation at 700 �C for 30 min.

Fig. 9 e XRD diffraction patterns acquired in grazing

incidence mode for C0 coating after oxidation at 950 �C for

2 h, andC1&C2 coatings after oxidation at 700 �C for 30min.
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to form TiO2 and Al2O3 phases, whilst O diffuses inwards and

forms the TieSieO rich layer below the top layer. After the

formationof theseoxidesonthe top, thecoatingbecomesmore

protected from any farther in-depth oxidation due to the pro-

tective Al2O3, TieSieO, and SieO protective oxides that works

as a good barrier against any inward O diffusion.

V addition degrades the oxidation resistance of the coat-

ings, and a higher thickness of oxide scale is formed (Fig. 7 b

and c), which leads to a different morphology of oxides.

Indeed, the oxide scale thickness is increased with increasing

the V- concentration in the coatings. Despite the existence of

TieSieO and TieAleO layers in V-alloyed coatings as similar

order of the reference coating, two main differences could be

notice in the oxide scale: i) in the case of the coating with low

V concentration (C1), TieAleO layer shows a mixture TiO2,

Al2O3, V2O3 and VO2 phases as confirmed from elemental eds

mapping (Fig. 8) and XRD (Fig. 9), confirming the dominant out

diffusion of V to the surface, which leads to changes on the

surface morphology. These changes are associated with the

melting of V2O5, that originates a smoother surface and de-

creases the size of plate like features compared with the

reference coating (C0) as shown in Fig. 7. However, two

different zones of surface morphology could be distinguished

in the case of higher V concentration in the coating (C2), i.e., a

https://doi.org/10.1016/j.jmrt.2022.08.009
https://doi.org/10.1016/j.jmrt.2022.08.009
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continues VeO layer zone, and the zone of TiO2, Al2O3, V2O3

and VO2 oxides mixture with V richer oxides. This is corre-

sponding to the needle-like structure shown in Fig. 7c. ii) no

anatase TiO2 phase were detected in the oxidized V-contain-

ing coating due to the lower annealing temperature, that is the

possibility of formation of this oxide phase is very low at

annealing temperature lower than 900 �C [41].
4. Conclusions

In this work, the influence of V addition on the morphology,

structure, hardness (H) and reduced Young's modulus (E),

adhesion, and oxidation resistance of TiAlSiN coatings is

investigated. The coatings were produced by DC reactive

magnetron sputtering, with increasing V contents from 0, 4.8,

and 11.0 at.%. All coatings exhibit a fcc type structure.

However, the position of the diffraction peak in-between the

TiN and AlN reference cards suggests the presence of Al in

solid solution in the TiN crystal lattice. No significant

changes or broadening are observed in the spectrum of the

main diffraction with V addition. However, the main convo-

lution of the VN peaks locates in between TiN and AlN peaks,

suggesting the smaller sizes of Al and V atoms are incorpo-

rated into the TiN lattice and forms Ti(Al,V)N solid solution.

The coating with 4.8 at.% V content shows the highest H and

E values, whereas the values decrease with the highest V

concentration and shows a similar value of the reference

coating. All coatings adhere well to the substrates and exhibit

a dense and compact columnar growth extending from the

adhesive layer to the top surface of the coatings. The dy-

namic thermal gravimetric oxidation curves reveal that V

additions decreases the onset point of oxidation significantly

and degrades the oxidation resistance of the coatings. A dual

oxide layer is formed on the top surface of the reference

coating: an outer porous TieAleO rich layer with plate like

features on the top, which classified to TiO2 (rutile and

anatase) and Al2O3 phase, and an inner TieSieO rich layer

with Al depletion that identified as mixture of amorphous

SieO and TieSieO protective oxides. The diffusion kinetics of

V governs the oxidation behaviour of V containing coatings,

i.e. the higher the V concentration is, the easier the disrup-

tion of the formation of the protective continuous oxide

layers.
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