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The application of metal materials with ceramic coatings is the effective way of alternative bearing surfaces
formation. The oxide ZrO,, nitride ZrN and oxynitride ZrON coatings were deposited by magnetron sputtering
method on stainless steel (AlSi 316) discs. The adhesion properties, hardness and elastic modulus were evaluated by
standard methods. The surface parameters were observed by scanning electron microscopy (SEM). The chemical
composition of the coatings was analyzed by energy dispersive X-ray (EDX) spectroscopy. Friction coefficients and
wear resistance were measured in the tribological tests. Results show that the mechanical parameters increased in
the case of oxynitride in comparison with oxide and nitride coatings.
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INTRODUCTION

Recently the main directions of friction pairs
tribological parameters improvement are the advancing
of existed sliding coupling characteristics (metal-metal,
metal-ceramic, ceramic-ceramic couples) and search for
alternative materials (metal, ceramic, coatings) [1-4]. It
is evident that the oxide and multilayer ceramic coatings
often exhibit relatively high friction coefficients as
sliding against many mating materials. Composite
coatings based on Al, Zr, Ti oxides demonstrate unique
properties [5-7]: high inductivity, density, bio- and
chemical inertness, which are very important for various
tribological applications. The ceramic ZrN, ZrO, and
oxynitride coatings are widely used as protective
coatings against diffusion and corrosion. The
enhancement of coating's mechanical properties such as
hardness parameters, effective Young's modulus, and
adhesion strength is very important for wear protection
properties and final tribological performance.

The aim of the present study was investigating the
effect of compositional, structural and morphological
properties of ZrN, ZrO, and oxynitride ZrON films on
mechanical and tribological characteristics of obtained
ceramic coatings for next tribological performance of
ceramic coatings on metal bearing devices.

1. MATERIALS AND METHODS

The stainless steel (AISi 316) discs with diameter
32 mm and thickness 3 mm were used as substrates. The
substrates were ultrasonically cleaned in acetone,
ethanol and deionised water in sequence and next were
dried in a dryer.

The ZrO,, ZrN and oxynitride ZrON coatings were
deposited by magnetron sputtering method in high
vacuum pumping system with the base pressure about
1-107% Pa.
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The magnetron discharge power was 4...5kW.
Inductive capacitive plasma source for oxygen
activation with RF power up to 1 kW was applied. The
main parameters of deposition process were the
following: Ar pressure P,=2.3-10"Pa, oxygen mass
flow rate @=35sccm, nitrogen mass flow rate
g=27 sccm, magnetron voltage Um=500...520 V,
magnetron current Im=7.0...7.6 A, total pressure
P=(2.8...3.0)-10" Pa, coating deposition rate
6..8 um/hour. The ion source (type Radical) was
applied for cleaning the surface of samples before
deposition.

There was the problem of target oxidation during the
deposition. Under the excessive oxygen flow conditions
the process shifts to the target passivation regime (lower
part of Volt-Ampere characteristics (VAC) curves
Fig. 1) The sputtering was carried out in the regimes far
from the target passivation areas for next oxide coatings
deposition with highly stoichiometric composition. Such
deposition conditions allowed also increasing the wear
resistance properties and avoiding the micro-arcs and
micro-drops formation. The optimum conditions were
realized for the upper part of VAC curves of magnetron
discharge in argon for zirconium target materials (see
Fig. 1). In the case of nitrogen gas using, such hysteresis
in the form of S-shaped curve similar to the oxygen case
was not observed. The optimum conditions were
realized for the upper part of curves of magnetron
discharge in argon for both oxygen and nitrogen gases.

The coatings thickness was measured by Calotest.
The adhesion properties, hardness and elastic modulus
were evaluated by standard methods with the use of the
Revetest (CSM Instrumets) and the Rockwell test with a
diamond type C Rockwell indenter [8]. To determine
the micro hardness the Fischerscope® HM2000 tester
was applied. The surface roughness parameters were
measured by profilometer Hommel Werke T8000.

The surface morphology and topography were
observed by optical microscopy and electron scanning
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Fig. 1. Volt-ampere characteristics of magnetron
discharge in argon with oxygen. The pressure Ar was
P, =610 Pa, oxygen flow: 1 — q=0 sccm;

2, 3 — =35 sccm for zirconium target material

microscope JSM 5500 LV. The chemical composition
of the coatings was analyzed by energy dispersive X-ray
(EDX) spectroscopy (Oxford Link ISIS 300). For wear
rate and friction coefficient in air measurements the
ball-on-disc tests were carried out on a T-10 Tester.

The load and sliding speeds were chosen to extract
as much as possible information about the coating
before its destruction. The tribological tests were made.
Total distance was 1500 m, load 5 N, velocity 0.2 m/s,
track radius 10 mm, rotational speed 191 rpm. Alumina
ceramic balls of 8 mm in diameter were used.

The data were collected continuously by computer
acquisition system. The measurements for selected track
were done.

2. RESULT AND DISCUSSION

The surface topography and morphology of ZrO,,
ZrN and oxynitride ZrON were investigated by SEM
(Fig. 2). The surfaces of oxide ZrO,, ZrN and oxynitride
ZrON coatings had smooth relief with uniform cross-
section structure. The coating's thickness and roughness
parameters are presented in Table 1.

The structure and composition of oxide, nitride and
oxynitride magnetron  sputtering coatings  were
investigated by energy dispersive X-ray (EDX)
spectroscopy method. The EDX spectra were observed.
They confirmed the stoichiometric composition of
obtained coatings (Fig. 3).

The mechanical properties of the coatings are the
hardness H and effective Young's modulus E*.

Table 1. Characteristics of of ZrO,, ZrN and oxynitride
ZrON coatings

Material/Coating Roughness parameters
type Ra Rz Thickness

[pm] | [pm] [nm]

(AlSi 316) / ZrO, | 0.145 | 0.849 1.0

(AlSi 316) / ZrN 0.088 | 0.566 0.6

(AlISi 316) / ZrON | 0.129 | 0.807 0.8

Mechanical behavior of the films is characterized by
the ratio H/E*[9-11]. The ratio is proportional to the
fracture toughness of the film and to the resistance of
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the material to plastic deformation. It means that the
films with enhanced resistance to cracking and plastic
deformation should have lower values of effective
Young's modulus. There is the correlation between the
mechanical properties and coating structure. The
formation of oxynitride coatings improves the
mechanical properties of coated materials.

The hardness parameters increase in comparison
with oxide films and elastic parameters rise in
comparison with nitride coatings. The mechanical
parameters of ZrO,, ZrN and oxynitride ZrON deposited
on the stainless steel samples (AISi 316) substrates are
presented in the Table 2.

Spectrum 1
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Fig. 2. The SEM micrographs of ZrO, (a)
and oxynitride ZrON (b)
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Fig. 3. The EDS spectra of ZrO,(a) and oxynitride ZrON
(b)
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Table 2. Mechanical characteristics of oxide, nitride
and oxynitride coatings deposited on the stainless steel
(AISi 316) substrates

Material/ Mechanical parameters

Coating type (average results of 10 tests)
Hardness | Young | H/E* | Adhesion
Hy [GPa] | Modulus [N]

[GPa]

AlSi 316 / 14.5 133.7 0.11 [17.1

210,

AlSi 316 / 17.6 1194 0.15 |12.7

ZrN

(AISi 316)/ |15.7 132.8 0.12 [19.6

ZrON

Friction coefficient was in the range from 0.1 for
oxynitride coatings to 0.15 for pure nitride films. Under
the conditions of the experiment, the correlation was
found between the nitrogen content in the oxynitride
coatings and their behaviour in friction.

The wear resistance properties of obtained coatings
are very important for bearing applications [12-14]. The
abrasive wear was in the range from 0.8-10" mm*/Nm
for nitride films to 1.2:20*mm*Nm in the case of
oxynitride coatings. The contact loading in the joints
conditions is approximately 10 MPa and average value
of volume wear up to 10° mm*Nm [15]. Therefore, the
best tribological characteristics for biomedical
applications demonstrate oxide and oxynitride films
with lower values of friction coefficient and abrasive
wear in comparison with nitride coatings.

CONCLUSIONS

The results demonstrate the improvement of
tribological characteristics of metal surfaces coated by
ceramic coatings. The hardness parameters, toughness
and wear resistance were increased in the case of
oxynitride coatings. Friction coefficient had minimal
values in the case of oxynitride coatings in comparison
with nitride films. The formation of innovative bearing
surfaces by ceramic coating deposition on metal
substrates (stainless steel AISi 316) allows combining
the advantages of ceramic and metal materials for
further advanced biomedical and micro bearing
applications.
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MEXAHWYECKHUE U TPUBOJIOTTYECKHUE XAPAKTEPUCTUKN KEPAMUYECKNX MOKPBITUM
HA OCHOBE IMPKOHUSA AJIs1 MUKPOCKOJIb)KEHUSA

b. Bapxonuuckuii, A. I'unesuu, O. Jlynuyxka, A. Poxosuu, A. 3vikosa, B. Cagponos, C. Axosun

Hcronp30BaHHEe METAJUIMYECKUX MAaTEpHANIOB C KEPAMHYECKMMH HOKPBITHAMH SBISAETCS S((PEKTHBHBIM
croco6oM (GopMHUpOBaHMs aNbTEPHATUBHBIX OBEPXHOCTEN CKONbKeHHUs. [TokphiTust okcunoB ZrO,, Hurpunos ZrN
u okcuHUTpuAOoB ZrON Gbuth HaHeceHbl Ha crtajbHbie aucku (AISi 316) MeTomOM MarHETPOHHOTO HAIMBUICHHUS.
Anresus, TBEpJAOCTb M YIPYrue MOJYNW IIOKPBITHA W3MEPSUINCh CTaHJapTHBIMHM MeTojaMmH. I[lapamerpsl
MIOBEPXHOCTH OLICHUBAJINCh METOJIOM CKaHUPYIOUIEH 3JIEKTPOHHOW MHUKPOCKONHMH. XUMHYECKUI COCTaB MOKPHITUI
AHAIM3UPOBAJICS METOJIOM DHEPreTHYECKH AUCIIEPCHON criekTpockonuu. Ko duuueHT TpeHns: 1 N3HOC OLIeHUBAIIH
B TpUOOJIOTHYECKUX TECTaX. Pe3ynbTaThl JEMOHCTPHPYIOT, YTO MEXaHMYECKHE IapaMeTpbl BO3PACTAIOT B Cllydae
OKCHHHUTPUAHBIX ITOKPBITUH 10 CPAaBHEHUIO C HATPUAAMH U OKCHIAMH.

MEXAHIYHI TA TPUBOJIOI'TYHI BJIACTHBOCTI KEPAMIYHHUX ITIOKPUTTIB HA OCHOBI
HOUPKOHIIO AJIs1 MIKPOKOB3AHHSA

b. Bapxonincekuii, A. I'inesuu, O. JIyniyvka, A. Poxoeuu, A. 3uxoea, B. Cagonos, C. Akogin

BukopucraHHs MeTaneBHX MaTepialiB i3 KepaMiYHHUMHU TOKPUTTAMH € e(pEeKTHBHHM 3aco00oM (opMyBaHHS
IBTEPHATHBHUX IOBEPXOHb KOB3aHHA. [lokputrsi okcuniB ZrO,, nHitpuaiB ZrN Tta okcuHitpuaiB ZrON Oymnu
HaHeceHi Ha cranesi gaucku (AISi 316) MeTomOM MarHeTpOHHOTO PO3MKIIOBAHHS. AJre3is, TBEPAICTh Ta MPYKHI
MOJyJli TOKPUTTIB BHUMIPIOBAJIHCh CTaHJAPTHUMH MeTojaMu. [lapameTpu MOBEpXHi OLIHIOBAJIKCH METOAOM
CKaHYI04Oi eJIEKTPOHHOI MiKpocKorii. XiMiYHIHA CKJIa] IMOKPHUTTIB Oylo MpoaHaIi30BaHO METOJOM CHEPTeTHIHO
muctiepcHoi  criektpockomii. KoedimieHT TepTs Ta 3HOC OIHIOBANM B TPUOONOTIYHHUX TecTax. PesymbraTth
NPOAEMOHCTPYBAJH, IO MEXaHIYHI HapaMeTpH 3pOCTAalOTh Yy BHUNAIKY OKCHHITPHIHUX MOKPUTTIB IHOPIBHSHO 3
HITpUIaMHU Ta OKCHJIAMH.
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