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Two types of nano-microcomposite coatings Ti-Si-N/WC-Co-Cr and Ti-Si-N/(Cr,C,),(NiCr),; of
160 to 320 jm thickness were manufactured using two deposition technologies: cumulative-detonation
and vacuum-arc deposition in HF discharge. The combined coatings restored worn areas of tools and
demonstrated high corrosion and wear resistance, increased hardness, elastic modulus, and plasticity
index. The composition of top coating changed from Ti = 60 at.%, N = 30 at.%, and Si = 5 at.% to
N =20 at.% and Ti — the rest. The first series of coatings indicated the following phases: (Ti, Si)N
and TiN for thin coating and WC, W C for thick one.

The second series indicated (Cr,Ni,), pure Cr, and little amount of Ti ;O . (in transition region) for
thick coating and (Ti, Si)N, TiN for thin one.

For the first series, grain sizes reached 25nm, hardness was 38 GPa., elastic modulus £ = (370 + 32)
GPa, and plasticity index H/E = 0,11 — 0,12 For the second series, grain sizes were 15 nm, hardness
essentially exceeded 42 GPa + 4 GPa, elastic modulus £ = (425 + 38) GPa, and plasticity index
H/E = 0,12 — 0,13. Corrosion resistance in salt solution and acidic media increased and cylinder-
surface friction wear decreased.

Keywords: nanocomposite,cumulative-detonation, vacuum-arc deposition, corrosion resistance,
elastic modulus

OtpumaHO ABa BUAW KOMOiHOBaHHX HaHOKOMITO3UTHUX MOKPHUTTIB (Ti-N-Si/WC-Co-Cr; TI-N-Si/
(Cr,C,Ni),-(NiCr),,) ToBmmnow 160 € 320 MKM 3 BUKOPMCTaHHSM JBOX TEXHOJIOTIH OCA/UKEHHS:
KyMYJIATHBHO-IETOHALIIHHIM 3 IOAANIBIINM OCAJHKEHHSIM 3a JOIIOMOTI' 00 BAKy yMHO-IyTOBOTO JKEpesa
y BY pospsizi. ITo sa€ MOXIMBICTS, 33 I0MOMOT010 KOMOIHOBAHOTO IIOKPHTTS, BiTHOBIIOBATH PO3MIp
3HOLICHUX JIISHOK BUPOOIB i3 3aXMCTOM iX Bijf KOPO3ii, 3HOCY, IIPX 1IbOMY 30LIBIINTH TBEPIICTE,
Monym, Npy>KHOCTI, 1HJeKC M1acTuaHocTi. Ckian BEPXHBOTO MOKPHTTS 3MiHIOBJIN BIIL Ti = 60%,
N =30%, Si = 10% g0 Si = 5%; N = 20%, Ti = 75%. Y nepuiii cepii moxputTiB BusiBieHi asu (Ti, Si)
1 TiN B TonkoMy BepxHbOMY MOKpUTTi i WC 1 W,C B TOBCTOMY HUKHBOMY IOKDHTTI.
VY npyri#t cepii, y BepxHboMy MokpuTTi Oyiu orpuMmai (Ti, Si) N i TiN, a B HIKHBOMY TOKPHTTI
Cr,Ni,, ynctuit Cr; meBenuka Kinbkicts Ti ;O . B mepexisHiii 06macTi MiXk TOHKMM i TOBCTHM
MOKPHUTTSIM.
Po3mip 3epeH B NEPLIOMY BapiaHTi TOHKOTO TIOKPHUTTS CKJIAZaB 25 HM, NIPH TBep,Z[OCTl 351Tla, aB
JIPyTOMYy BapiaHTi p03M1p 3epeH KpHUCTaNiTiB ckianaB 15 HM mpu TBeppocti H =42 + 3,6 I'Tla.
Iokasano, 10 Kopo3iiiHa CTIAKICTh B COTBOBOMY PO3YHMHI | KHCIIOTHOMY CEpEIOBHUILAX 361m>u1y€T1>c;{
TIPU 3MEHIICHH] 3HOCY B Pe3yIbTaTi TepTs HHIIHIPA 110 OBEPXHi KOMOIHOBAHOTO IOKPHTTSL.
KirouoBi ci10Ba: HAHOKOMITO3UTHI TTOKPHTTS, KyMYJIATHBHA JICTOHAIIISI, BAKY yMHO-yTOBE OCaJ-
JKSHHSI, MOZLYJIb MIPY>KHOCTI, 1HIEKC TNIACTUYHOCTI, KOPO3iiHa CTIHKICTh.

[omydeHo nmBa BMIa KOMOMHHUPOBAHHBIX HAHOKOMIO3UTHBIX MOKPBITHH (Ti-N-Si/WC-Co-Cr; Ti-N-Si/
(Cr,C Ni), ~(NiCr),) Tomumsoi 160 + 320 MKM C MCIONB30BAHUEM JIByX TEXHOJIOTHH OCAKIIECHH:
KyMYJIITUBHO-ICTOHALIMOHHBIM C MOCIEAYIOLUIMM OCaXACHUEM C IOMOLIbIO BaKyyMHO-AYT'OBOI'O
ucroynrka B BY paspsize. Uto maét BO3MOXHOCTD, IPU MOMOIIHM, KOMOMHUPOBAHHOTO MOKPHITUS
BOCCT@HABJIMBATh Pa3Mep U3HOIICHHBIX yYaCTKOB 3JEINH € 3alIUTON UX OT KOPPO3UH, U3HOCA, [IPU STOM
YBEJIUUYHUTH TBEPHOCTD, MOLLYJIb YIIPYTOCTH, MHAEKC IIIaCTUYHOCTH. COCTaB BEPXHETO MOKPHITHS M3MEHSIIN
ot Ti = 60%, N =30%, Si = 10% mo Si = 5%; N = 20%, Ti = 75%. B nepBoii cepru oKpbITHi1 00HAPYKEHBI
dasw1 (Ti; Si) u TiN B ToHKOM BepxHeM MOKpbITid 1 WC 1 W,C B TOJICTOM HKHEM MOKPBITHH.

Bo BrOpoii cepun, B BepxHeM MOKpbITUX ObutH noy4deHsl (Ti, Si)N u TiN, a B HIDKHEM MOKPBITHN
Cr,Ni,, anctsiii Cr; ne6onbiuoe komuuectso Ti ;O B IEPEX0HO# 001aCTH MEK/TY TOHKUM U TOJICTHIM
MOKPBITHEM.

Pasmep, 3epeH B IepBOM BapuaHTE TOHKOTO MOKPHITHS, COCTABISUT 25 HM, Tipu TBEpAocTH 35 ['Tla, a Bo
BTOPOM BapHaHTE pa3Mep 3EPeH KPUCTAUIUTOB cOCTaBisul 15 HM npu tBEpHoctu H=42 + 3,6 I'Tla.
IToka3aHo, 4TO KOPPO3UOHHAS CTOMKOCTH B COJIEBOM PACTBOPE 1 KUCJIOTHOM Cpefjax YBeIMUUBAETCS IIPU
YMEHBIICHUH U3HOCA B PE3yJIbTaTe TPEHHS LMIMHAPA 110 TIOBEPXHOCTH KOMOMHHUPOBAHHOTO TTOKPBITHSL.
KiroueBble ci10Ba: HAHOKOMIIO3UTHBIE TOKPBITHS KyMYJIATUBHAS E€TOHALUS, BAKYyMHO-IYTOBOE
OcakIeHHe, MOIY/b YIPYTOCTH, HHIACKC TUNIACTHYHOCTH, KOPPO3HOHHASI CTOMKOCTb.
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INTRODUCTION

Nanocomposite materials as a class of nanoma-
terials is characterized by a heterogeneous struc-
ture, which was formed by practically non-inter-
acting phases with grain dimensions 5 to 35 nm
[1—3]. As arule, components of such structures
are amorphous matrix and inclusions of nano-
crystalline phases. These amorphous components
agree in the best way with nanocrystalline surfa-
ces providing good adhesion and essentially in-
creasing hardness. Small grain dimensions of the
second phase in combination with good strength
of intergrain boundaries provide high mechanical
properties of such composition materials.

Today, nanomaterials are divided into three
classes according to their hardness values: hard
nanocomposites of = 20 to 40 GPa hardness,
superhard of 40 to 80 GPa, and ultrahard of
> 80 GPa [3 — 4]. In addition to protecting fun-
ctions, chemical and machine building industries
need restoration of initial tool dimensions for
those tools, which already are functioning in in-
dustry. For these purposes, tools are coated with
thick coatings, the physical and mechanical pro-
perties of which are higher than those of a basic
material. Usually, alloys (powders) Ni-Cr-Mo
[5], hard alloys WC-Co-Cr [6, 8] and Cr,C-Ni,
and oxide ceramics AL, O,, AL,O,-Cr,O, [5, 7] are
used for such coatings.

In such a way, a combination two layers, for
example a thick layer of WC-Co-Cr hard alloy
of 100 pm, which was formed using cumulative
or detonation deposition, and Ti-Si-N thin upper
layer (units of a micron) with enhanced physical-
mechanical characteristics, which was formed by
subsequent condensation, was able to provide
higher protecting functions and restore worn
surface regions.

The aim of this work was manufacturing of
Ti-Si-N-, Ti-Si-N/WC-Co-Cr- and Ti-Si-N/
(Cr,C).,-(Ni-Cr),— based coatings and inves-
tigation of their physical and mechanical
properties.

EXPERIMENTAL DETAILS

Polished samples of St. 45 (0.45%C, Fe the rest)
of 4 mm and 20 mm diameter were coated using
vacuum-arc source with high-frequency dischar-
ge. Ti alloyed sintered cathode containing 5 to
10 wt.% of Si was deposited using the Bulat
3T-device functioning under 500~ Pa vacuum

and 100 A cathode current. The sputtering was
carried out using two regimes: the standard vacu-
um-arc method, and HF-regime. A bias potential
was applied to the substrate from a HF generator,
which produced impulses of convergent oscil-
lations with < 1 MHz frequency, every impulse
duration being 60 s, their repetition frequency
—about 10 kHz. Due to HF diode effect the value
of negative auto bias potential occurring in the
substrate amounted to 2 to 3 kV at the beginning
of impulse (after start of a discharger operation).
Coatings of 2 to 3.5 um thickness were deposited
to steel substrates of 20 and 30 mm diameter,
and 3 to 5 mm thickness without additional sub-
strate heating. A molecular nitrogen was emp-
loyed as a reactive gas The first series of rounded
steel 3 (0.3 wt.%C) samples of 20 mm diameter
and 4 to Smm thickness was deposited using
cumulative-detonation device CDS-1 of the fol-
lowing parameters: 65 mm distance to a nozzle
cut, 14 mm/s displacement velocity, 5 runs, 12Hz
pulse repetition frequency (for WC-Co-Cr). After
the deposition, the 160 to 320jm thick coating
was melted by a plasma jet (without powder)
using eroding W electrode. A melted layer
thickness was 45 to 60 pm. Then, Ti-Si-N thin
coating of about 3 pum was deposited over the
thick one using the same device Bulat 3T (the
method was described above).

For the second series of samples, powder
mixture (Cr,C)),.~(NiCr),, was used, with pow-
der size of 37.8 um. The distance to a nozzle
was 70 mm, displacement velocity — 4 mm/sec,
4 passed, pulse repetition frequency was 12Hz,
capacity was C = 200 pPF, and capacity battery
was 3.2 kV.

For Bulat 3T, conditions for thin coating de-
position remained the same.

For element analysis, we applied the follo-
wing methods: Rutherford back-scattering of
*He" of 1.76MeV energy (RBS), scanning elect-
ron microscopy (SEM) with EDS (REMMA -
103M, Selmi, Ukraine), X-ray diffraction
(DRON-3 and Advantage 8, USA).

Hardness and elastic modulus were measured
using nanoindentation device Nanoindenter II,
MTS System Corporation, Oak Ridge TN (USA)
with Berkovich pyramid. Elastic modulus was
determined using “load-unload” curves, accor-
ding to Oliver-Pharr method [14]. Scanning tun-
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“neling microscope (STM) of Inm resolution was
used to study the thin layer surface morphology.

RESULTS AND DISCUSSIONS
The cumulative-detonation device functioned
under conditions of detonation burning of com-
bustion gaseous mixtures. The device (fig. 1) was
constructed of the following sites.

Fig. 1. The cumulative-detonation device.

A-system of pipelines was used to feed com-
ponents of combustion gaseous mixtures. Basic
difference between cumulative-detonation and
detonation devices is that the former realized
summary energies of detonation combustion pro-
ducts from several specially designed chambers.
Cumulative energy allows high-velocity gas flow
with several shock waves providing efficient in-
teraction with powder material. In this way, ener-
gy of combustion mixtures is rationally used. The
rate and temperature of combustion products
depend only on combustion conditions in eve-
ry chamber. Nozzles function not less than

1000 hours. High burning frequency of 15 to
30 Hz is able to provide quasicontinuous coating
deposition.

To increase potential of a technological sys-
tem, generator allowing one to reach up to
100 kW impulse of high-frequency (HF) dis-
charge was constructed on the basis of pulsed
generator with impact contouring. It allowed one
to obtain a single pulse of high power under low
impedance load, in other words, to operate in a
‘shot circuiting* mode.

An advantage of such generators is that their
operation weakly depended on changes of loa-
ding impedance, which was principally important
for functioning under pulsed mode under pulsed
loading. To hold up HF discharge, one needed

“high voltage, which would increase absorption
of HF power in discharge. Therefore, in opera-
tions with high voltage and high capacity (high
current), a special discharge unit would serve as
a special commutator.

Discharge started at aluminum coils, then it
displaced to copper electrodes havm g good heat
conductivity. The discharge unit had special holes
for air cooling of plates. Application of such con-
struction provided high voltages and current and
generator opetation stability. Spark resistance of
discharge units was calculated using perfect
Tamppler formula [13]

- R=2510%1/, H
where ¢ — Is capacity value, which was dischar-
ged with f discharge frequency.

Fig. 2a shows a scheme for tested genera-
tor with /= 300 kHz, p = —10 Ohm, C' =7 .-
L=5pG, U=10KkV, Ly = 30js, stored capa-
citor epergy was £ = 2,5, pulsed power
P/m,= 8.3 kW. The calculation-demonstrated that
under periodical discharge 1 .= 1.5 us,

ulse . 1.6 MW, repetition frequency
/= 3.0 kHz, =~ 330 ps, an average power

P =17.5kW, discharge current /= 10" A.

i

10 load

Fig. 2a. Ascheme ofan impact HF generator, which switched.
plasma-producing antennae, operated in two modes: 1) -
with an open input (ohmic circuit — zerp distance between
antenna and ground) and 2) with a closed input — the
antenna was separated from the ground by a capacity.

Charged plasma particles in electric HF field

of the antennae E reached the following velocity:

V- ek , : 2

mw :

where ¢ — is a particle charge, m — is particle
mass, w — is cyclic generator frequency.

Then, particle range in a field £ and under w
frequency will be '

Ty = ()
mw :
Selecting £ and f'such that an electron range *

amounted several centimeter (cn), ion remaining

practically non-mobile, the antenna HF voltage
started to be detected by a plasma.

Under closed input mode, the antenna was

negatively charged, and under open input mode,
electrons left the zone of antenna.
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Without external magnetic field this zone is:
N C
2 I0* i, ° )

where ¢ — is light velocity; n —is plasma density.

Under action of positive potential ions gained
energy for directed motion and bombarded the
antenna (under closed input mode) or an internal
surface of vacuum chamber and its inside
content. This bombardment cleaned the antenna
surface, chamber, and tools inside. lon energy
may be controlled by drawing a fraction of
charges aside of the antennae by switching higher
resistance.

In this case, material sputtering occurred.
Maximum voltage amplitude at the beginning
of HF impulse was determined by energy value
of concrete ions under action of this electric field
and by corresponding sputtering efficiency of
coated material. The technological device [7, 14]
was constructed on the basis of vacuum chamber
(7). Grounded metallic walls of vacuum chamber
served simultaneously like an anode of vacuum-
arc discharge system. Negative potential from
an arc-discharge feeding source was applied to a
cathode (4), which was fabricated from a material
desired for further coating synthesis. A working
gas was fed through a gas line (5) using a leak
system (1). For additional chemical activation,
molecular gases were fed to the vacuum chamber.
They passed through a cylindrical quartz
discharge chamber (11), in which a generator (12)
produced periodically repeated spark discharges.
Tools were arranged on a movable table (8). HF
voltage was applied to a substrate (8) through
the matching device (9) from the HF generator.

In such a way, working with decreasing
voltage (fig. 2b) during every impulse, one can
join two main technological operations of coating
deposition (clearing and deposition), which
earlier were performed separately using devices
for vacuum-arc deposition. This allowed one to
choose better conditions for coating deposition
and saved time. Depositing Al,O, and TiN
coatings, it was demonstrated that changing HF
voltage potential applied to substrate, one could
affect coating phase composition [14, 15].

Fig. 3 presents an image of nano-microcom-
posite surface for combined Ti-Si-N/WC-Co-Cr
coating.

)

1
N

HF HF

Fig. 2b. A scheme of a technological system for coating
synthesis operating on the basis of a vacuum-arc discharge:
1 is a device for gas-feeding; 2 — sources for arc-discharge
feeding; 3 — measuring probe; 4 —a cathode; 5 — a gas li-
ne for gas-feeding; 6 — a double movable probe; 7 — a
vacuum chamber; 8 — a substrate; 9 —a device to match a
HF-generator; 10 — the HF-generator; 11 — a quartz tube
for dissociation of working gas molecules; 12 — power
source.

20LMEY xS0k
Fig. 3. Images of surface regions for nano-microcompo-
site combined coating Ti-Si-N/(Cr,C,).-(NiCr),..

Fig. 4a presents RBS data for the thick
WC-Co-Cr coating without Ti-Si-N thin one.
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Fig. 4a. Energy spectra of Rutherford ion backscattering
(RBS) for thick coating WC-Co-Cr.

A thin coating was formed using vacuum-arc
source and followed the coating surface relief
formed by plasma-detonation. Its average rough-
ness varies from 14 to 22 pm (after melting and
coating deposition using vacuum-arc source).
An image of X-ray energy dispersion spectrum
is presented below. It indicates the following ele-
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32775

ment concentrations in the thin coating: N [17.0
to 7.52 vol.%; Si 0 0.7vol.%; Ti O 76.70 to
81 vol.%. For the thick coating we found
Fe [J0.7 vol.%, and traces of Ni and Cr.

Results for combined coating are presented
below, fig.4b.
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Fig. 4b. Energy spectra of Rutherford ion backscattering
(RBS) for top thin coating Ti-Si-N/WC-Co-Cer.

Element distribution, which was calculated
according to a standard program [5], indicated
N =30 at.%; Si=5to 6 at.%; Ti= 63 to 64 at.%.
Spectrum of thick coating did not allow us to
evaluate element concentration due to high sur-
face roughness of the coating formed by plas-
ma-detonation method.

X-ray analysis of a combined nanocomposite
coating is shown in fig. 5.

It indicates the following phases: (Ti, Si)N;
TiN — for thin coating, and WC; W, C — for thick
one.

Special samples were prepared for hardness
measurements. Their surfaces were grinded and
then polished. After grinding, thickness of WC-
Co-Cr thick coating decreased to 80 — 90 pm.
Thin Ti-Si-N film of about 3 pim was condensed

Q =

-

Q
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TiN
“W2C
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TiN, (Ti, Si)N
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Fig. 5. Diffraction patterns fragments obtained for sur-
face region of nano-microcomposite combined coating
Ti-Si-N/WC-Co-Cr/steel substrate.

to the grinded surface. As a result, we found that
hardness of different regions essentially varied
within 29 + 4GPa to 32 + 6GPa. Probably, it is
related to non-uniformity of plasma-detonation
coating surface, which hardness varied up 11.5
to 17.3 GPa. These hardness values remained
after condensation of Ti-Si-N thin coating Elastic
modulus also features non-ordinary behavior.

Hardness of the thin coating, which was
deposited to a polished steel St.45( 0.45%C)
surface had maximum value of 48GPa, and its
average value H  was 45 GPa. Variation of
hardness values was lower than that found in a
combined coating.

Fig. 6 shows dependences of loading-
unloading for various indentation depths.

18 —————
| Ti-si-N #3

20 40 60 80 100 120 140 160
Displacement, nm
Fig. 6. Loading-unloading curves for Ti-Si-N/WC-Co-Cr

coating under various Berkovich indentation depths.

These dependences and calculations, which
were performed according to Oliver-Pharr
technique [14], indicated that hardness of Ti-Si-
N coatings deposited to thick (Cr,C,), ~(NiCr),,
was 37.0 + 4.0 GPa under £ = 483 GPa.

Fig. 7 shows fragments of diffraction patterns
for nano-microcomposite combined coating
Ti-Si-N/(Cr,C,)..-(Ni-Cr),..

W, Tl

; i 1 :
— o marn) THEENETN
g N S W

Fig. 7. Diffraction patterns for combined nano-micro-
composite coating Ti-Si-N/(Cr,C,)..-(NiCr),.
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Table 1
Calculation results for coating parameters and structures
Ne Angle Area Intensity | Half-width | Interplanar % max Phase hkl
1 | 28437 | 8511 37 0,4512 3,6416 100,00 Ti,0,, (1)82
2 | 30,648 3,083 13 0,4518 3,3845 36,84 Ti,0. . 0122130
3| 42,771 | 10,885 20 1,0490 2,4530 65,79 | Ti-Si-N+TiN H%
4 | 49332 1,9890 34,21 Cr,Ni 321
13,862 13 , 2,1413 ) Ti—3Si—IiI 200
TiN 200
5 | 49,993 | 17.418 15 2,2322 2,1168 34,47 . 1223
Ti,0,, 110
6 50,533 6,528 12 1,0335 2,0956 44,74 Cr,Ni, 330
Cr,Ni, 202
7| 52,134 | 2,782 15 0,3553 2,0355 39,47 ér 110
111
8 | 72,500 1,8950 47,37 Tl 0 3130
18,056 18 ) 1,5127 ) Ti—gsi—lf\l 270
9 73,040 11,106 13 1,5950 1,5030 52,63 TiN 220

These diffraction patterns and calculations
of coating structure parameters are presented in
tabl. 1.

In the coating, basic phases are Cr,Ni, for the
bottom thick coating and (Ti, Si)N and TiN for
the thin top coating. Diffraction patterns were
taken under cobalt emission. Additionally, we
found phases of pure Cr and low concentration
of titanium oxide (Ti,O ) at interphase boundary
between thin-thick coatings. Peaks of Ti-Si-N
and TiN coincided because of low Si content.
(Ti, Si)N is solid solution based on TiN (Si
penetration). The phases are well distinguished
at 72 to 73° angles.

Fig. 8 shows regions of thick bottom (Cr,C), -
(NiCr),, coating and intensity distribution of

X-ray emission for basic elements.

Hampla: &
! Beg 1 |1 o i

LT BrESEE R B Pacaxk. ENE . DEN
Fig. 8a. Regions of transversal cross-section for combined
coatings (lines of element analysis are indicated) from
SEM and EDS analyses.

In this coating, content of basic elements is
the following: nickel and chromium — 36 wt.%
and 64 wt.%, respectively. Also, we found car-
bon, oxygen, and silicon.[17, 18] Transversal
cross-sections did not allow us to distinguish thin
upper coating due to its low thickness. We found
regions for pure nickel and chromium. Nickel
matrix (a white region) indicated high amount
of chromium inclusions with various grain
dimensions: small grains of < 1 pm, average —
of 4 to 5 pm, and big — of 15 to 20 pm.
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Fig. 8b. Element distribution over depth of combined coa-
ting Ti-Si-N/(Cr,C,)..-(NiCr),, for the regions indicated
in fig.8a.

The white region is reach in Ni (to 90at.%).
A grey region is reach in Cr (to 92at.%). In these
experiments. The inset of fig. 8 shows higher
resolution element composition distribution in
Ti-Si-N/(Cr,C,),,-(NiCr),, nano-microcomposite
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coating. In a thin nano-composite layer, one can
see high Ti concentration, presence of Si, and
high enough nitrogen content exceeding 6.7
wt.%.

Fig. 9 shows results of wear resistance tests,
which were performed according to a scheme
“cylinder-plane”.

s,

Fig. 9. Histograms of dependences of wear rates for samp-
les, which were fubricated according to scheme cylin-
der-plane.

These results demonstrated the lowest friction
wear for Ti-Si-N/(Cr,C,).-(NiCr),, system and
the highest friction wear for substrate.

Adhesion between thin Ti-Si-N coating and
thick (Cr,C,)),.-(NiCr),; one was 1.75 times
higher than between Ti-Si-N and WC-Co-Cr. In
addition, adhesion between thick (Cr,C)).,.-
(NiCr),, coating and steel (substrate) was 7.2
times higher and more than 12.5 times higher
than between thick WC-Co-Cr coating and steel
(substrate). Maximum adhesion value of about
292N/m was found in the case of Ti-Si-N ’!
(Cr,C,)),~(NiCr),.

CONCLUSION

Thick (> 100 jm) nanocomposite coatings of Ti-
Si-N/WC-Co-Cr and Ti-Si-N/(Cr,C,),(NiCr),,
compositions were formed and investigated.

In the first series of samples, thin coatings
contained (Ti, Si)N and TiN phases. Grain di-
mensions were about 25 nm. Hardness reached
38 GPa.

In the second series of samples, in thin coating
grain dimensions were smaller — about 15 nm.
Hardness reached 42 to 44 GPa. Phase compo-
sition was the same — (Ti, Si)N and TiN. Si and
N concentrations changed from 10 at.% to 5 at.%
for Si and from 30 at.% to 20 at.% for N.

Wear resistance increased essentially, which
was demonstrated by cylinder-to-sample surface
friction. Corrosion resistance and other mecha-
nical characteristics also increased.
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