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Аннотация. Исследовано влияние свойств поверхности и приповерхностного слоя твердого сплава на физико-механические 

и трибологические характеристики arc-PVD-покрытий Mo–Ti–Ni–Si–Al–N, нанесенных на твердосплавные пластины ВК10 
и Т14К8. В обоих случаях покрытия характеризовались примерно одинаковым составом, многослойной архитектурой 
и нанозеренной структурой с размером кристаллитов 6–10 нм. При этом твердость, модуль упругости и относительная 
работа пластической деформации покрытий существенно отличались и составляли 27,6 ГПа, 647 ГПа, 38,2 % и 34,2 ГПа, 
481 ГПа, 46,2 % соответственно на подложках ВК10 и Т14К8. Одновременно минимальный износ и повышенная 
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Abstract. This article examines the impact of surface and near-surface layer properties of a hard alloy on the physico-mechanical 

and tribological properties of Mo–Ti–Ni–Si–Al–N CAPVD-coatings deposited on HG40 and HS123 cutting tools. In both cases, 
the coatings had similar composition, multilayer architecture, and nanograin structure, with crystallite sizes ranging from 6 to 10 nm. 
However, there were significant differences in the hardness, elasticity modulus, and relative work of plastic deformation between 
the coatings. Specifically, on HG40 substrates, the hardness, elasticity modulus, and relative work of plastic deformation were equal 
to 27.6 GPa, 647 GPa and 38.2 %, respectively, while on HS123 substrates, they were 34.2 GPa, 481 GPa and 46.2 %, respectively. 
Furthermore, coatings formed on HS123 hard alloy demonstrated superior wear resistance and stronger adhesion. This can be attributed 
to the presence of higher compressive macrostresses within the coating. The maximum value of this property, approximately 5.2 GPa, 
was achieved when deposed to HS123 hard alloy, whereas the coating applied to HG40 reached a maximum value of approximately 
3.2 GPa. Additionally, a more extensive diffusion zone between the substrate and coating components, along with associated structural 
phase heterogeneity, was observed at the coating-substrate interface when applied to HS123 substrate. 
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IntroductionIntroduction
The studies conducted in the field of functional nano-

structured surface coatings development have shown 
that multicomponent coating structures with different 
architectures based on nitrides exhibit superior opera-
tional performance compared to two and three compo-
nent systems. These coatings possess enhanced elastic 
properties, resulting in greater resistance to plastic 
deformation. The inclusion of additional components 
in mononitride coatings leads to a reduction in ave-
rage crystallite sizes and an increase in microdeforma-
tion, offering a potential approach to achieve coating 
materials that combine high hardness and resistance 
to destruction. Furthermore, these systems exhibit ele-
vated heat resistance and thermal stability [1–5]. 

The fabrication process of Mo–Ti–Ni–Si–Al–N 
ion plasma arc vacuum coatings on heat resistant alloy 
substrates, as well as their properties, are discussed in 
reference [6]. The coating exhibits a multilayer struc-
ture consisting of nanograins with a crystallite size 
ranging from approximately 6 to 10 nm. The hardness 
of the coating is approximately 48 GPa, and it demonst-
rates high ratios of hardness to the Young modulus: 
H/E = 0.12 and H 

3/E 2 = 0.61 GPa. These values indi-
cate that the material has increased resistance to both 
elastic and plastic deformations [7; 8]. The coating 
shows a cohesive pattern of destruction when sub-
jected to scribing, with partial substrate opening 
observed at an indenter load of approximately 70 N. 
Additionally, it is important to mention the tribological 
properties of the coating. 

The combination of the aforementioned properties 
suggests that these coatings hold great potential for use 
as surface hardening for cutting tool [9–11]. However, 
the influence of the tool substrate’s nature on the func-
tional properties of these coatings remains unsolved. 
Several studies in this field have shown that the perfor-
mance of substrate-coating composites is significantly 
affected by factors such as substrate composition, hard-

ness, surface roughness, and the coefficients of thermal 
expansion of both the coating and the substrate.

This research aims to investigate the influence of two 
different types of hard alloys substrates on the proper-
ties of the hardening coating and the resulting substrate-
coating composite. By examining the obtained results, 
we can determine the role of the substrate in shaping 
the functional properties of the coating and identify its 
most promising application.

ExperimentalExperimental
Coatings were applied to the surface of hard alloy 

substrates, specifically HG40 and HS123 hard alloy 
grades, which are commonly used for semifinal and 
rough milling [15; 16]. The coatings were fabricated 
using the arc-PVD method, which involves ion plasma 
vacuum arc spraying. The equipment used for this 
process included three evaporated cathodes (made 
of molybdenum, Al–Si alloy with 20 at. % and Ti–Ni 
alloy with 50 at. %). Toroidal electromagnetic separa-
tors were employed to prevent the deposition of sprayed 
material into the coating structure. To ensure uniform 
deposition, a kinematic rotating mechanism of the plan-
etary type was used, rotating the substrates at a rate 
of 1 rpm with respect to the evaporated cathodes. 

The coatings were deposited in a nitrogen atmo-
sphere at РN2

 ~ 3∙10–1 Pa. The electric arc current 
supplied to the evaporate cathodes was 120 A, while 
a negative bias voltage (Uс ) –120 V was applied 
to the substrates. Prior to the coating deposition, 
the processed items’ surfaces were subjected to pre-
liminary gas abrasive processing using a mixture 
of air and corundum abrasive particles with a particle 
size distribution of 20–30 μm. This process resulted 
in a surface roughness of Ra ~ 0.1 μm. The thickness 
of the obtained coatings was 4 ± 0.1 μm.

The morphology of the coating was analyzed using 
JSM-7600F and JSM-6700F scanning electron micro-
scopes (JEOL, Japan). The transversal cross-sec-

адгезионная прочность также были свойственны покрытиям, сформированным на твердом сплаве Т14К8. Обнаруженный 
эффект объясняется с позиции повышенных значений сжимающих макронапряжений, возникающих в покрытии. Значения 
данной характеристики для исследованного покрытия имели максимальное значение ~5,2 ГПа при нанесении на твердый 
сплав Т14К8 против ~3,2 ГПа для покрытия, нанесенного на ВК10. При этом наиболее протяженная диффузионная зона 
между компонентами подложки и покрытия и связанная с ней структурно-фазовая неоднородность формируются на границе 
покрытие–подложка при нанесении на подложку Т14К8.  

Ключевые слова: покрытия, arc-PVD, макронапряжения, твердость, граница подложка–покрытие
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tion structure of the Mo–Ti–Ni–Si–Al–N coatings 
was examined using a JEM-1400 transmission elec-
tron microscope, utilizing bright and dark field imaging, 
microdiffraction, and phase composition estimation. 

X-ray photoelectron spectroscopy (XPS) was used 
to determine the bond energies of the elements pre sent 
in the coating material, along with the simultaneous 
determination of their concentrations and the plotting 
of concentration profiles. This analysis was carried out 
using a Versa ProbeII device (ULVAC-PHI, Japan). 
Layer-by-layer analysis was conducted by spray-
ing the coating surface with an argon ion beam with 
an energy of 2 keV and a 2×2 mm2 grid, corresponding 
to an etching rate of 13 nm/min for SiO2 . The diameter 
of the analyzed region was 100 μm, and photoemis-
sion was excited using monochromatic AlKα radia-
tion with a power of 25 W. High-resolution photoelec-
tron spectra were obtained with an analyzer transmis-
sion energy of 11.75 eV and a data acquisition density 
of 0.1 eV/step. 

The diffusion zone at the interface between the coa-
ting and substrate was analyzed using elect ron Auger 
spectroscopy with a PHI-680 instrument (Physical 
Electronics, USA). Layer-by-layer ion et ching of the 
material was performed using argon ions with ener-
gies of 1 and 2 keV at rates of approximately 5 and 
20 nm/min, respectively, within a 1×1 mm grid and 
an incident angle of 60°. 

The hardness (H) and elasticity modulus (E) 
of the Mo–Ti–Ni–Si–Al–N coatings applied to HG40 
(WC–10Co) and HS123 (WC–14TiC–8Co) substrates 
were determined using continuous indentation in 
the load range of 5 to 100 mN, following the Oliver–
Pharr method [17]. The relative work of plastic defor-
mation was estimated based on the obtained loading-
unloading curves, which was then used to estimate 
fracture toughness. The measurements were conducted 
with the indenter penetration depth not exceeding 10 % 
of the coating thickness to ensure that the material did 
not influence the determined parameters, in accordance 
with requirements of ISO/CD 14577.

The coefficient of friction and wear resistance 
parameters of the coatings were investigated using 
an automatic Tribometer friction machine (CSM 
Instruments, Switzerland). Tribological tests were 
conducted in a pin-on-disk configuration at ambient 
temperature in an air environment, using an Al2O3 
counterbody. The normal contact load on the counter-
body was 5 N, the friction velocity was set at approxi-
mately 10 cm/s, and the friction path length was 100 m. 
The wear intensity of the samples was determined 
through optical profilometry using a WYKO NT 1100 
device («Veeco», USA).

The adhesion/cohesion strength in the coa ting–sub-
strate system was estimated by performing scratching 
tests using a Revetest scratch tester (CSM Instruments, 
Switzerland). A series of scratches was applied 
to the coating surface using a diamond indenter 
with gradually increasing load up to 90 N. During 
this procedure, contact parameters such as acoustic 
emission (AE) from the contact area, force of fric-
tion between the indenter and sample surface (Ff ) and 
the coefficient of friction (μ) were recorded. The criti-
cal loads, Lc1 and Lc3 , were determined, correspon-
ding to the occurrence of the first scratch and the point 
at which the indenter made contact with the material, 
respectively. Additionally, the pattern of material 
destruction along the scratch was observed using opti-
cal microscopy.

The macrostresses in the coating, resulting from 
the difference in thermal expansion between the coa-
ting and substrate, as well as the different specific 
volume of phases, can be calculated using the Stoney 
equation. This equation is based on the curvature radius 
of the coating-substrate composite, which becomes 
curved due to these macrostresses. When the thickness 
of the coating is significantly smaller than the thick-
ness of the substrate, the Stoney equation can be used 
to calculate the macrostresses caused by this difference 
in thermal expansion [18–21]:

            (1)

where Es represents the Young modulus of the sub-
strate, GPa; vs is the Poisson ratio of the substrate; 
R and R0 are the curvature radii of the substrate before 
the application of the coating and after the deposi-
tion of the substrate-coating composite, respectively, m. 
The thicknesses of the substrate and coating are denoted 
by ts and tf  , respectively, and they were determined 
by analyzing micro images of transversal fractures 
using a JSM-6700F scanning electron microscope.

To calculate the curvature radii of the blades before 
and after the deposition of the coating (R and R0 ), profilo-
grams of the sample surface were obtained using an opti-
cal profilometer. The following equation was used:

               (2)

where L represents the end-to-end length of the sample 
upon bending, m; b is the bending parameter.

Results and discussionResults and discussion
The surface morphology of the coatings obtained 

was characterized by a cellular structure, as depicted in 

Powder Metallurgy аnd Functional Coatings. 2023;17(3):55–66 
Sergevnin V.S., Blinkov I.V., etc. Effect of HG40 and HS123 hard alloy tool substrates ...



58

Figure 1. This structure was formed due to the replica-
tion of the relief of the substrate surface by the coa-
ting after undergoing preliminary gas abrasive treat-
ment. The parameters of surface roughness (Rа ) 
for all the coatings obtained were measured to be 
0.10 ± 0.005 μm, indicating sufficiently uniform 
morphology.

The application of Arc-PVD Mo–Ti–Ni–Si–Al–N 
coatings on the utilized substrates resulted in coatings 
with a multilayer architecture, exhibiting a nanograin 
structure and crystallite sizes ranging from 6 to 10 nm 
(Figure 2).

The electron diffraction patterns of the coatings 
(Figure 3) reveal distinctive lines of electron diffrac-
tion. These lines can be attributed to both the TiN and 
Mo2N phase due to the observed decrease in intraplane 
distances. This indicates the presence and consistent 
nature of the texture in the coatings formed on the two 
substrates, where the predominant crystallographic 
orien tation of structural constituents aligns in the (100) 
direction, which corresponds to the direction of coa-
ting growth.

The elemental composition of the coatings was 
investigated using X-ray photoelectron spectroscopy 
(XPS), which provided data on the binding energy 
of the elements, enabling the determination of their 
phase composition. Table 1 presents the concentra-
tions of elements in the coating at different depths after 
et ching for 10 and 20 min. The experimental findings 
revealed the presence of regions within the coating struc-
ture enriched with various components. The periodical 
distribution of elements in the coatings was attributed 
to the rotation of substrates at a predetermined velo-
city relative to evaporated cathodes of specific com-
position. The laminar architecture of the coatings, as 
observed in Figure 2 using transmission electron spect-

roscopy (TEM), was further confirmed by concentra-
tion profiles obtained during the layer-by-layer etching 
of the surface with argon ions (Figure 4).

Fig. 1. SEM image of morphology  
of Mo–Ti–Ni–Si–Al–N coating 

Рис. 1. СЭМ-микрофотография морфологии  
покрытия Mo–Ti–Ni–Si–Al–N

Fig. 2. TEM images of structure of Mo–Ti–Ni–Si–Al–N coatings 
on carbide alloy substrates HG40 (a, c) and HS123 (b) 

Рис. 2. ПЭМ-изображения структуры покрытий  
Mo–Ti–Ni–Si–Al–N на твердосплавных основах  

ВК10 (а, c) и Т14К8 (b)

Известия вузов. Порошковая металлургия и функциональные покрытия. 2023;17(3):55–66 
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It is important to consider that XPS signal accu-
mulation occurs from a region with a depth of seve-
ral nanometers. As a result, the concentration pro-
files of coating elements obtained during the etching 
of the coating surface with argon ions may exhibit 
smoothed boundaries between individual layers [22]. 
This introduces some inconsistency in our understand-
ing of the structure of the coatings, as observed through 
TEM data, which show well-defined layer boundaries, 
and XPS data, which exhibit smoothly varying concent-
ration profiles of elements within the layers. 

The coatings applied on two different substrates 
consisted of Mo2N, AlN, Si3N4 , TiN and Ni. This is 
supported by the analysis of energy spectra of photo-
electrons from Мо 3d, Al 2p, Si 2p, Ti 2p and Ni 2р, 
which exhibit bond energies of 228.2 (3d5/2), 74.0, 
102.2, 455.0 (Ti 2p3/2) and 853.1 (2p3/2) eV respec-
tively [23–26].

Table 2 provides an overview of the hardness (H), 
elasticity modulus (E) and relative work of plastic defor-
mation (Wp ) for the coatings on different substrates.

The coatings that were obtained and had similar ele-
mental and phase compositions when applied to diffe-
rent hard alloy substrates exhibited notable differences 
in terms of hardness. These differences were observed 

while adhering to the “ten percent” rule during hard-
ness measurements [27]. However, despite the similar 
average coefficients of friction of approximately 0.6 
observed during tribological tests (Figure 5), the wear 
of the coatings manifested in various manners.

Fig. 3. Electron diffraction patterns of Mo–Ti–Ni–Si–Al–N coating on HG40 (a) and HS123 (b) 

Рис. 3. Электронограммы покрытия Mo–Ti–Ni–Si–Al–N на подложках ВК10 (а) и Т14К8 (b)

Table 1. Composition of Mo–Ti–Ni–Si–Al–N coatings on carbide alloy substrates HG40 and HS123  
after surface etching with argon ions during XPS (at the depth of ~130 and 260 nm)

Таблица 1. Состав покрытий Mo–Ti–Ni–Si–Al–N, сформированных на твердосплавных подложках  
ВК10 и Т14К8 после травления поверхности ионами аргона в процессе РФЭС (на глубине ~130 и 260 нм)

Etching 
duration, min

Concentration of elements, at. %
O N Ti Mo Ni Al Si

10 3.5 ± 0.1 45.0 ± 0.1 14.4 ± 0.1 30.0 ± 0.1 5.6 ± 0.1 1.5 ± 0.1 –
20 – 41.3 ± 0.1 8.3 ± 0.1 26.4 ± 0.1 4.7 ± 0.1 14.6 ± 0.1 4.7 ± 0.1

Fig. 4. Distribution of chemical elements  
in Mo–Ti–Ni–Si–Al–N coatings on carbide substrates during 

argon ion etching (nitrogen excluded) 

Рис. 4. Распределение химических элементов  
в покрытии Mo–Ti–Ni–Si–Al–N на твердосплавных 

подложках в процессе травления ионами аргона  
(без учета азота)
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Based on the wear track profiles shown in Figure 6, 
it can be observed that the Mo–Ti–Ni–Si–Al–N 
coating on HS123 substrates experienced minimal 
wear, with the track depth comparable to the rough-
ness of initial coating surface. On the other hand, 
the coatings on HG40 substrates exhibited wear 
of approximately 2.622·10–5 mm3/(N·m). These results 
can likely be attributed to the differing hardness of the  
Mo–Ti–Ni–Si–Al–N coating on the different subst  - 
rates.

It is important to note that the nature of the substrate 
also plays a significant role in the adhesion between 
the coating and the substrate.

Fig. 5. Friction coefficient as a function of friction path for Mo–Ti–Ni–Si–Al–N coating  
on HG40 (a) and HS123 (b) at a load of 5 N on Al2O3 counterbody 

Рис. 5. Зависимость коэффициента трения от пути трения для покрытия Mo–Ti–Ni–Si–Al–N  
на подложках ВК10 (а), Т14К8 (b) при нагрузке 5 Н на контртело из Al2O3

Fig. 6. Profilograms of wear tracks of Mo–Ti–Ni–Si–Al–N 
coating on HG40 (a) and HS123 (b) substrates 

Рис. 6. Профилограммы дорожек износа покрытия  
Mo–Ti–Ni–Si–Al–N на подложках ВК10 (а) и Т14К8 (b)

Table 2. Physicomechanical properties of the considered 
samples of Mo–Ti–Ni–Si–Al–N coatings  

HG40 and HS123 substrates
Таблица 2. Физико-механические характеристики  

исследуемых образцов покрытий Mo–Ti–Ni–Si–Al–N  
и подложек ВК10 и Т14К8

Substrate E, GPa H, GPa Wp , %

Samples with coating
HG40 647 ± 25 27.6 ± 1.1 38.2 ± 1.5
HS123 481 ± 19 34.2 ± 1.3 46.2 ± 1.8

Samples without coating
HG40 574 ± 22 12.9 ± 0.5 –
HS123 520 ± 20 17.4 ± 0.7 –

Figure 7 depicts the variations in three recording 
parameters (AE, Ff and µ) in relation to the of scratch 
length and increasing load on the indenter during 
the measurement of the scratching process on the coat-
ings applied to HG40 and HS123 substrates. The coat-
ings in both series undergo destruction in multiple 
stages as a result of the diamond indenter. As the load 
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increases, the indenter progressively penetrates 
into the coating, eliminating surface irregularities and 
intermittently contacting the surface. During this stage, 
the signal amplitude of acoustic emission exhibits 
an increase, while the intensity remains relatively con-
stant, albeit at a negligible level. 

A significant drop in amplitude (AE) occurs at loads 
of approximately 11.7 and 15.6 N (Lc1 ) on the indenter 
for both HG40 and HS123 coatings, as shown in 
Figure 7. This drop indicates the initiation of the first 
cracks in the coating. Visual examination of the scratch 
bottom (Figure 8) confirms the presence of cracks 
and detachment of coating fragments. Partial wear 
of the coatings on HG40 and HS123 substrates occurs 
at loads (Lc3 ) on the indenter of approximately 53.7 and 
62.5 N, respectively. Simultaneously, the slope angle 
of the force Ff curve (1) and the coefficient of fric-
tion μ (2) change as a function of the applied load (refer 
to Fig. 7). These changes are attributed to the penetra-
tion of the indenter into the substrate, which has a lower 
hardness compared to the coating material.

The hardness, wear, and adhesion of coatings with 
the same composition, thickness, and structural proper-

ties were found to be influenced by the nature of the sub-
strate onto which they were deposited. To investigate 
this phenomenon, macrostressed states in the formed 
coating-substrate composites were analyzed. 

In this analysis, sufficiently thin substrates were 
fabricated from the considered hard alloys, with 
average thicknesses of approximately 425.12 μm 
and 449.67 μm, respectively. Mo–Ti–Ni–Si–Al–N 
coa tings of the aforementioned compositions, with 
thicknesses ranging from 4.11 to 4.21 μm, were then 
applied onto these substrates. The curvature radii were 
measured before and after the deposition of the coa-
tings. By employing Equation (1) and utilizing pub-
lished data on the Poisson ratios of the hard alloy 
substrates, as well as experimentally obtained elas-
ticity moduli of the substrates (as shown in Table 3), 
the macrostresses (σ) in the coatings were calculated. 
The results of these calculations are summarized in 
Table 3. As evident from the presented results, the coat-
ings formed on HS123 substrates exhibited the high-
est values of σ, indicating the presence of high lev-
els of compressive macrostresses. These compressive 
macrostresses can account for the elevated hardness 
of the coatings on these substrates, which, in turn, influ-

Fig. 7. Friction force (Ff ) (1), coefficient of friction (µ) (2), acoustic emission (AE) (3) during scratch test  
of Mo–Ti–Ni–Si–Al–N coatings on HG40 (a) and HS123 (b) substrates 

Рис. 7. Зависимости силы трения (Ff  ) (1), коэффициента трения (µ) (2), акустической эмиссии (АЕ) (3)  
при скретч-тесте покрытий Mo–Ti–Ni–Si–Al–N на подложках ВК10 (а) и Т14К8 (b)
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Table 3. Macrostresses calculated by the Stoney method achieved  
in Mo–Ti–Ni–Si–Al–N-coating–substrate composite

Таблица 3. Результаты расчета методом Стони макронапряжений, реализующихся  
в композите «Mo–Ti–Ni–Si–Al–N-покрытие–подложка»

Substrate σcalc , GPa R, m R0 , m ts , 10–6 m tf  , 10–6 m νs Es , GPa
HG40 –2.9 3.55 1.69 449.67 4.21 0.22 574
HS123 –5.2 4.75 1.08 420.52 4.15 0.21 520
Notations: σcalc – calculated macrostresses; R – substrate curvature radius before application 

of coating; R0 – curvature radius of coating–substrate composite; ts – substrate thickness; tf – coating 
thickness; νs – Poisson ratio of substrate; Es – substrate elasticity modulus.

ences their wear resistance [28; 29]. The significant 
role of compressive macrostresses in relation to coat-
ing hardness is further supported by the experimental 
findings of other researchers [30–35].

The higher adhesion strength observed for  
Mo–Ti–Ni–Si–Al–N coatings on HS123 substrates, 
compared to HG40 substrates, can be attributed 
to the relatively higher macrostresses achieved 
in the former case. These macrostresses can have 
a significant impact on the nucleation and propaga-
tion of cracks during scribing in the relatively brittle 
coating material (Lc1 ) as well as on the subsequent 
fragmentation of its continuous layer and the opening 
of the substrate (Lc2 ) [36; 37].

The observed differences in macrostresses between 
the considered coatings on HG40 and HS123 hard 
alloy substrates, despite their relatively equal coef-
ficients of linear thermal expansion (5.8·10–6 and 
6.0·10–6 K–1 respectively), оwhich determine the ther-
mal component of macrostresses, may be associated 

with the structural phase (concentration) heteroge neity 
of the coating material, including the transitional zone 
between the coating and substrate. Auger spectro-
metry was employed to analyze the regions adjacent 
to the coating-substrate interface for the two substrates.

Figure 9 illustrates the concertation profiles 
of the distribution of elements, which are components 
of both the substrate and the coating, in boundary 
regions. From the presented results, it can be inferred 
that the size of the diffusion region is maximized 
at the Mo–Ti–Ni–Si–Al–N coating–HS123 alloy com-
posite, with a size of approximately 1.55 μm, compared 
to its size of approximately 0.82 μm for the HG40 
substrate. 

The larger size of the diffusion zone in the Mo–
Ti–Ni–Si–Al–N coating on HS123 substrate is 
the reason behind the higher macrostresses detected, 
primarily due to its concentration constituents. This 
is further supported by the longer length of the tran-
sient zone at the interface between the growing coat-

Fig. 8. Images of a scratch fragment formed during the scratch test of Mo–Ti–Ni–Si–Al–N nanostructured coatings  
on HG40 (a) and HS123 (b) substrates upon increasing load on indenter 

Рис. 8. Изображения участка царапины, формирующейся в процессе скретч-теста наноструктурных покрытий  
Mo–Ti–Ni–Si–Al–N на подложках ВК10 (а) и Т14К8 (b) при увеличивающейся нагрузке на индентор
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ing and the HS123 substrate. This longer length can be 
attributed to a local increase in the temperature of this 
region during the formation of the coating, which is 
caused by the lower heat conductivity of the HS123 
substrate compared to the HG40 substrate [38; 39]. 
The lower heat conductivity of the HS123 substrate, in 
comparison that of the HG40 material, approximately 
67 W/(m·K), results in insufficient heat removal from 
the zone of heat release during coating formation. 
This heat release is caused by the absorption of latent 
heat released during ion braking, condensation of vapor 
atoms, and heat transfer by radiation from the vapor-
izer. As a result, the heat is not effectively dissipated, 
leading to a localized increase in temperature in 
the transient zone. 

ConclusionsConclusions
The Mo–Ti–Ni–Si–Al–N hardening coating, char-

acterized by a multilayer architecture with a nanograin 
structure and crystallite sizes of 6–10 nm, was depo-
sited onto HG40 and HS123 hard alloy substrates 
using ion plasma vacuum arc deposition. The resul ting 
nano-indentation measurements indicated a hardness 
of 27.6 GPa and an elasticity modulus of 647 GPa 
for HG40, accompanied by a relative work of plastic 
deformation of 38.2 %. Likewise, for HS123, the coa-
ting demonstrated a hardness of 34.2 GPa, an elasti-
city modulus of 481 GPa, and a relative work of plastic 
deformation of 46.2 %. 

The coatings obtained, with roughly equivalent ele-
mental and phase compositions, when applied to diverse 
hard alloy substrates and meeting the “ten percent” rule 
in nano-indentation, exhibited distinct physicochemical 
properties. Specifically, the Mo–Ti–Ni–Si–Al–N coating 
on the HS123 hard alloy substrate displayed the high-
est hardness and the lowest wear, along with superior 
adhesion strength. This phenomenon can be attributed 
to the achievement of maximum compressive mac-
rostresses within the coating (approximately 5.2 GPa) 
in this particular case, surpassing the coatings with 
similar compositions on HG40 substrates (approximately 
2.9 GPa). The observed variation in physicochemical 
properties, despite the relatively small difference in coef-
ficients of linear thermal expansion between the hard 
alloy substrates, can be attributed to the presence of a 
diffusion zone of greater length at the interface between 
the substrate and coating. This diffusion zone, along with 
accompanying structural phase heterogeneities, influ-
ences the magnitude of concentration macrostresses 
that contribute to the hardening of the coating. 
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