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Stainless steel (SS), titanium (Ti) and its alloys are the most widely used for clinical applications. The surface
modification of metals with ceramic coatings by means of modern plasma methods is perspective way to reduce
corrosion, to achieve better biocompatibility and to improve the performance of medical devices. The comparative
analysis of the TiN, ZrO,, Al,O; and multilayer nitride/oxide coatings adhesion properties, hardness, elastic modulus,
thickness, and corrosion resistance parameters at 05 N NaCl and SBF solution was made.

PACS: 87.80.Rb

1. INTRODUCTION

The ceramic coatings play an important role in the
surface modification of tools and instruments for various
industrial sectors. However, many of such applications
require the high stability in an aggressive and corrosive
environment. Corrosion is one of the major processes that
cause problems when metals and alloys are used as implants
in the body [1]. Corrosion of implants in the aqueous
medium of body fluids takes place via electrochemical
reactions [2] and it is necessary to understand the
electrochemical principles that are most relevant to the
corrosion processes. The body fluid environment may well
decrease the fatigue strength of the metal implant and
enhance the release of iron, chromium, nickel, titanium ions
and these ions are found to be powerful allergens and
carcinogens [3]. The presence of titanium in the surrounding
tissues of these implants in the form of titanium compounds
and subsequent failure of implants due to fatigue, stress
corrosion cracking and poor wear resistance have been
reported [4,5]. Release of metal ions into the tissues adjacent
to the implants results in accumulation of harmful products
at tissue and internal organs of animals [6]. This may also be
detrimental to the bone attachment and further bone growth
on the implant surface.

2. MATERIALS AND METHODS

At present study the comparative analysis of
parameters for various coating types such as TiN,
deposited by means Arc-PVD technology, oxide ZrO,
coatings deposited by EB-PVD technology and Al,O;
films deposited by magnetron sputtering (MS) method
and also multilayer TiN/ZrO,, TiN/Al,O; on the stainless
steel (1IH18N9) and titanium-based material (Ti4AI6V)
has been made. The main parameters of the process of
TiN (Arc-PVD) coatings deposition were described in our
previous study [6]. The AlLO; (MS) and multilayer
coating deposition was performed in high vacuum
pumping system with the base pressure about 10 mBar.
The main details of the magnetron and ion source in the
sputtering chamber were demonstrated at [7]. The
coatings adhesion properties, hardness and elastic

modulus, thickness were evaluated by standard methods.
The corrosion examinations of anodic polarization by
potentiodynamic method at the potential range
-1.0V...4+2.0V  with scanning rate I1mv/s, Tafel
-0.050V...+0.050V and Stern — -0.020V...+0.020V range
curves and also impedance method for frequency range
100 kHz...10 MHz at 0.5 N NaCl and SBF(NaCl-8,035,
NaHCO05-0,355, KCl1-0,225, K,HPO, 3H,0-0,231, MgCl,
6H,0-0,311, CaCl,-0,292, Na,S04-0,072 at pH=7.4 and
temperature 37°C) solutions were made by Potentiostat
PARSTAT 2263 (AMETEK, USA). The samples were
immersed in the electrolyte and the potential was
monitored as a function of time until the potential reached
a stable value. Corrosion in the form of anodic dissolution
occurs at solution like uniform removal process for
substrates and corrosive electrolyte pore penetration
process for ceramic coatings.

Electrochemical Impedance Spectroscopy (EIS) is a
powerful analysis technique, which can provide a lot of
information on the corrosion reactions, the mass transport
and electrical charge transfer characteristics of coated
materials in various solutions. The impedance spectrum
reflects  dielectric  behaviour, oxidation-reduction
reactions and mass migration which are determined by the
electrical and chemical properties of the corrosion
medium and the electrode materials. Over a frequency
bandwidth of interest the impedance was presented in
various ways by both the Nyquist and Bode plots. EIS
spectra describe the electrical charge transfer kinetics and
details of physical and electrochemical corrosion
characteristics of substrate/coating interface. EIS
measurements were obtained in 0.5 N NaCl and SBF
solution. Platinum wire and Ag/AgCl were used as
counter and reference electrodes, respectively between the
frequency ranges 100 kHz...10 MHz at constant 5 mV
amplitude and 250 mV initial potential for all
measurements. The impedance parameters |Z|,
polarisation resistance Rp and capacitance C were
calculated from Nyquist and Bode plots. The surface
topography before and after corrosion test was
investigated by SEM (HITACHI, Japan) and AFM
(Quesant Instrument Corporation, USA).

156

PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2009. Ne 1.

Series: Plasma Physics (15), p. 156-158.



3. RESULTS AND DISCUSSION

The coatings adhesion properties, hardness and
elastic modulus are presented at the Table.

The mechanical properties of coatings deposited on
SS(1H18N9) and Ti alloy (Ti4AlI6V)

Coatings Mechanical properties
type (average results 10 tests)
Hardness, | Hardness,| Young |Adhesion,
Hv H[Mpa] | Modul. [N]
[Gpa]

SS/TiN 2051.6 | 22138.8 | 411.6 80.4
SS/ZrO, 429.5 4634.5 96.7 38.3
SS/ Al,O; 752.0 8115.2 209.4 40.1
SS/TIN/ALO; 797.36 | 8604.4 216.5 86.7
Ti/TiN 1935.2 | 20893.2 | 340.8 29.3
Ti/ZrO, 136.5 14724 49.3 13.4
Ti/ AL,O; 953.6 8289.9 172.0 27 .1
Ti/TiN/ALO;|  970.1 8523.2 177.7 39,9

The best mechanical parameters were obtained in the
case of nitride coatings both at SS and Ti substrates and
also for multilayer nitride/oxide coatings.

The corrosion tests of anodic polarization by
potentiodynamic method at the potential range
-1.0V...+2.0V with scanning rate Imv/s were presented
in Fig.1 for SS, SS/TiN,SS/ZrO, SS/ Al,O; (at NaCl,
Fig.1a, and SBF, Fig.1b, solutions) and Fig.2 for Ti,
Ti/TiN, Ti/ZrO,, Ti/Al,O; (at NaCl — Fig.2a and SBF-
Fig. 2b solutions) coatings by Tafel -0.050V...+0.050V
and Stern — -0.020V...+0.020V range curves.
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Fig.1. The anodic polarization curves for coatings at:
a) 0.5 N NaCl and b) SBF solutions;
SS-1, SSITiN-2, SS/ZrO, -3 and SS/Al,03-4
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Fig.2. The anodic polarization curves for coatings at
a) 0.5 N NaCl and b) SBF solutions;
Ti-1, Ti/TiN-2, Ti/ZrO2-3 and Ti/Al203-4

The impedance spectra of all the samples were
recorded before and after polarization conditions, to
evaluate the performance of the coatings under
equilibrium conditions and after the onset of the corrosion
process respectively. The Nequist plot of impedance was
obtained from real (Z.= RS+RE/(1+m2Rp2Cd2)) and
imaginary (Zi,= me2Cd /(lJroazRp C4%)) impedance at
different frequencies to determine charge-transfer kinetics
(Rs is electrolyte solution resistance, R, is polarization
resistance and Cy is capacitance at interface). Fig. 3a and
3b show the Nyquist plots for SS, SS/ Al,O; and in for Ti,
Ti/Al,O; coatings at SBF solution. The data show that
coating deposition had improved charge-transfer kinetic
performance in counter electrode-electrolyte interfaces.
The surface with ceramic oxide coatings has strong
capacitive response due to their electrically inert
properties and high dielectric constants. The surface
topography before and after corrosion tests was
investigated by SEM and AFM methods. The Fig. 4 (SS,
SS/TiN, SS/TiN/ALOs, at 0.5 N NaCl SEM) data further
confirmed the main results of polarization curves and EIS
measurements.
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Nyaquist (Den] Nyauist (De| for oxide coatings deposited by both methods. The best
800000 corrosion resistance characteristics at NaCl and SBF
solutions demonstrate the multilayer coatings TiN/ZrO,,
TiN/Al,O; both on stainless steel and titanium substrates.
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KOPPO3MOHHBIE CBOMICTBA MHOI'OCJIOMHBIX MOKPBITHU,
HAHOCHUMBbBIX HA HEPJKABEIOIIYIO CTAJIb U TUHTAHOBBIE CILIABBI

A. 3vikosa, B. Cagonos, J. Walkowich, R. Rogowska, C. Axoeun

e

HepykaBeromasi cTaimb ¥ THTaHOBBIE CIDIABBI IMIMPOKO NPUMEHSIOTCA B COBpeMEHHOH MemunmHe. [loBepxXHOCTHAS
MoJu(UKaIMg METAUIOB IMMyTeM HAHECEHUS! KEPaMHUYECKHX IOKPBITHI COBPEMEHHBIMH I[UIA3MEHHBIMH METOJAMU
SIBIIICTCSI TIEPCIIEKTUBHBIM ~HANpaBICHHEM [UISI YMCHBIICHHS KOPPO3HWH, MOBBIMIEHHS OHOCOBMECTUMOCTH H
3 (PEKTUBHOCTH NPUMEHEHUS MEIULIMHCKUX u3lenuil. [IpoBejeH CpaBHHUTENBHBIA aHAU3 CIEAYIONMX CBOMCTB
IUIGHOK: aJre3uu, TBEPIOCTH, YNPYIHMX MOAYJEH, KOPPO3HOHHBIX XapaKTEPUCTHK Ppa3IMYHBIX MHOTOCIOMHBIX
HUTPUIAHBIX U OKCUAHBIX HOKprTPIﬁ.

KOPO3IHI BIACTUBOCTI BATATOIIIAPOBUX ITOKPUTTIB,
1O HAHECEHI HA HEPKABIIOUY CTAJIb TA TUTAHOBI CILVIABA

I'. 3uxoea, B. Caghonos, J. Walkowich, R. Rogowska, C. fIkosin

HepkaBitoua cramp Ta THUTAaHOBI CIUIaBH INMHPOKO BHUKOPHCTOBYIOTBCS B CydacHid MmeamnuHi. [loBepxHeBa
Monubikarlis MeTaliB NUIIXOM HAaHECEHHS KepaMiuHMX TIOKPHUTTIB CyYaCHHMH IDIa3MOBHMH METOAaMH 3
MEPCIICKTUBHAM HAMpPsIMKOM 3 METOI0 3MEHIICHHS KOpO3ii Ta TIOKpameHHs OioCyMiCHOCTI Ta e(eKTHBHOCTI
3aCTOCYBaHHS MEOWYHUX MpWiIafgiB. BukoHaHO NOpIBHAIBHMI aHaNi3 HAaCTYNHUX BJIACTUBOCTEH IUIIBOK: anresii,
TBEPAOCTI, IPYKHUX MOJYJIIB, KOPO3IHHHUX BJIACTHBOCTEH Pi3HUX 0AraToIIapOBUX OKCHIHUX Ta HITPUIHUX MOKPHUTTIB.
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