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Zirconium nitride (ZrN) ceramic with cubic structure has high wear, fatigue and
corrosion resistance properties and is widely used as hard, refractory and bioinert
coating in industry and medicine. ZrN is considered as biocompatible coating for
various implants and coatings for surgical instruments. Coated implants allow to
significantly reduce the occurrence of infiltrates in the human body, avoiding allergic
and toxic reactions that may occur. Corrosion processes due to contact with the
physiological environment should be avoided or minimized in orthopedic implants.
The body fluid environment may decrease the fatigue strength of the metal implant
and enhance the extraction of iron, chromium, nickel, titanium ions, which are
powerful allergenic and carcinogenic. From this point of view TiN and ZrN PVD
coatings are interesting due to their high corrosion resistant properties in various solutions.

ZrN coatings were synthesized using vacuum-arc method with RF discharge in
Bulat-6 type device. Bias potential was applied to the substrate from RF generator,
which produced impulses of oscillations at 5 MHz frequency. Chemically pure
zirconium (99.999) was used as a cathode material. Nitrogen 99.999% purity was
used as an active gas. Before deposition, the substrates were cleaned in an ultrasonic
bath for 10 min. The surface cleaning in RF discharge was carried out in argon
plasma for substrate degreasing and removing impurities during 15 min
(Upias = 1000 V, P(Ar) = 6 x 10 Pa). The Zr buffer layer of 20 nm thickness was
deposited before the nitride coatings to improve coating adhesion. It was used
lac= 110 A, URFpias = -200 V, base pressure P = 5x10™ Pa and deposition time 25 min.

The surface topography was studied using JEOL JSM-6390LV scanning
electron microscope, the microstructure and phase composition were investigated by
methods of transmission electron microscopy using EMV-100L electron microscope.
Energy-dispersive spectrometer SPRUT-K (AO Ukrrentgen, Ukraine) was used for
X-ray fluorescent analysis. X-ray diffraction (XRD) analysis were performed using
DRON-3M device, The XRD line scans were performed in 0-20 scanning mode
where the incident angle 0 and diffracted angle 28 are scanned simultaneously. ZrN
films have also been analyzed for their corrosion properties in 0.9 % NaCl
quasiphisiological solution.

A typical XRD pattern of ZrN coating obtained in RF regime is presented in
Fig.1. All angels of diffraction peaks with (111), (222), and (220) main reflections
were indexed as ZrN phase with a crystal structure of B1 NaCl cubic lattice type
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(according to JCPDS 35-0753, a = 0.4577 nm lattice constant).The high intensity of
the ZrN (111) Bragg peak, indicates that the ZrN grains grow with the [111] preferred
orientation perpendicular to the growth plane.
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Fig.1 - XRD spectra of ZrN coating.

The width of XRD peaks indicated finecrystalline structure with the average
grain size of 15-20 nm. It was reported that the high-frequency technique leads to
smaller average crystallite size in comparison with the standard PVD mode due to
higher density of nuclei’s of crystal during its formation. The microdeformation of
crystallites was also smaller at using of the RF method. All electron-diffraction lines
were indexed as ZrN phase with bcc lattice having stoichiometric composition. No
additional phases have been revealed. The average grain size was 0.02 um. The size
of macroparticles does not exceed 4 um. In accordance with energy-dispersive X-ray
analysis the integral chemical composition was: Zr — 34.50 at %, N — 38.86 at %, O —
12.93 at%, C — 13.22 at %. The presence of small quantity of oxygen and carbon is
due to residual gas incorporated in the chamber walls and contamination during
sample handling in open atmosphere before the composition analysis.

Because of medical application of nitride coatings, the electrode potentials of the
magnet in the initial state and after deposition of ZrN film were measured in 0.9 %
NaCl quasiphisiological solution. The test shows that the application of nitride
coating leads to substantial displacement of the electrode potential of magnet into a
positive range of values, that is like to deposition of titanium oxide. This indicates an
increase of substrate resistance against electrochemical corrosion. Thus, nitride
coatings can be effectively used on the endoosseous implants suface and, taking into
account good mechanical characteristics, as coatings for medical surgical instruments.

Zirconium nitride coatings have been synthesized using ion-plasma vacuum-arc
deposition technique in combination with high-frequency discharge (RF) on magnet
surface at 150°C. It was revealed that nanostructured ZrN single-phase coatings of
cubic modification with finecristallline grains of 20 nm size were formed. The
deposition of ZrN coating leads to passivation of metal substrate surface which is
manifested in the displacement of electrode potential to the positive range of values.
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