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The technology of synthesis of multilayer coatings on the basis of alumina oxide and structures, like tricalcium
phosphate and hydroxylapatite, was suggested by Reactive lon-Beam Synthesis (RIBS) method in a same vacuum cycle. The
substance of the method consists in a physical sputtering of target of compound composition on the specimens with its
simultaneous bombardment by intensive ion beams of chemically active gases. The concurrent using of pulsed ion-plasma
technology offer the ability to beneficially modify a wide array of surface properties at low temperature; to increase adhesion,
density, deposition rate and quality of oxide coatings, to deposit complex multilayer dielectric coatings with ultra disperse
structure. The analysis of results obtained in the work, allows to make a conclusion about the advantages of combining of
pulsed ion-plasma technology with RIBS method using for the purpose of strong attachment of metal prosthesis in bone tissue
and the activation of osseogenesis and osseointegration processes.
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1. INTRODUCTION

At present the metal artificial prosthesis with coatings
deposited by various physical and chemical methods are
widely used in medical practice. The most perspective are
coatings with bioactive properties having the tendency to
a gradual diffusion in organism and replacement by bone
tissue. However series of significant deficiencies, in
particular, weak strength properties of coatings, high
porosity, boosted diffusion of substrate metal ions, may
lead to undesirable clinical consequences. The principal
problems, which limit wide application of coatings in
medicine, are weak strength coating properties and
insufficient adhesion between a film and a metal
substrate. Other important problem is the structure of
deposited bioactive coatings. The basic distinctive feature
of hydroxyapatite crystal of human bone is its ultra
disperse structure with more than 25% of atoms at the
crystal surface. These atoms are especially suitable for a
chemical exchange and bone ingrowth activation
processes. The application of multilayer coatings
combining the protective functions through the stop-layer
formation (preventing a diffusion of substrate metal ions
in organism, electrochemical processes etc.) and
activation functions - through the deposition of bioactive
calcium-phosphate layer which dissolves and is
substituted by bone tissue - is of great interest.

2. MATERIALS AND METHODS

The modern technologies of functional coatings
deposition on products of microelectronics, mechanical
engineering, tool industry, offer a wide spectrum of
methods of influence on a surface, including chemical,
electrochemical, gas-phase, thermal, plasma-chemical,
ion-plasma ones, etc. Each of methods has certain
advantages and disadvantages. The choice of optimal
technological modes assumes realization of complex
investigations of the basic characteristics of the substrate
material and coating (structure, surface morphology,
stoichiometric and impure composition, thermal
expansion coefficients, mechanical properties, etc.).

The technologies of oxygen passivation of titanium
surface by thermal or electrochemical ways and obtaining
of rather thick (about 100 micron) film TiO,. have
received the greatest distribution [1]. Such methods allow
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to obtain hard and anticorrosive oxide coatings, which can
be easily and cost-effectively fabricated. However these
coatings by long use in organism have a number of
restrictions: insufficiently dense connection implant with
bone, formation of a fibrous tissue in the zone of contact,
biochemical changes in structure of a saliva and blood as
a result of electrochemical reactions, excess concentration
titanium in lungs and lymphatic glands of patients.

Many techniques have been investigated for
deposition of ceramic bioactive coatings onto metallic
surfaces, including flame, plasma and HVOF spraying,
ion beam sputtering, chemical vapor deposition, dip
coating, electrophoresis and electrochemical deposition.
For application of such coatings made of calcium-
phosphate ceramics (hydroxyapatite (HA)) the most
popular in modern medical practice is the Plasma Spray
method [2]. The basic advantage of this method is its high
productivity. The basic disadvantages are: low adhesion
and strength characteristics, problems with the control of
stoichiometric composition, phase and structural
properties of received films.

One of the modern plasma methods of HA coatings
deposition is the method of Magnetron Sputtering. The
films received in this case have higher density and
uniformity. In comparison with the Plasma Spray method,
there is the opportunity of improvement of adhesive
characteristics and coatings structural properties. Further
advancing of the method allows to combine sputtering of
a target with simultaneous activation of a sample surface
before deposition (methods Reactive Ion-Beam Synthesis
(RIBS) [3] and Ion-Beam Assisted Deposition (IBAD)
[4]. These methods improve coating properties and make
process of deposition more controllable

During the recent years the technology of synthesis of
ductile, dense ceramic coatings with good adhesion based
on alumina oxide and zirconium oxide was developed.
Such materials are widely used in the world medical
practice. Oxide coatings allow to protect the organism
from the substrate metal corrosion, to avoid the
electrochemical reactions on the metal surface and
inflammatory processes in the surrounding tissues.

The further improvement of the technology and
equipment are the deposition on implants the double
protective bioactive films based on alumina (Al,Os) and
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calcium-phosphate (Cas(PO,),) ceramics and also
hydroxylapatite (Caio(PO4)s(OH;)) which are able to
improve biochemical and biomechanical properties of
implants and so, to achieve their reliable fixation in bones
and the stimulation of osseogenesis and osseointegration
mechanisms.

3. EXPERIMENTAL DETAILS

This study represents the technology of two-layer
bioactive-bioinert coatings synthesis on the basis of
alumina oxide and structures, like tricalcium phosphate
and hydroxylapatite (Fig. 1), suggested by Reactive lon-
Beam Synthesis (RIBS) method in a same vacuum cycle
[5]. The substance of the method consists in a physical
sputtering of target of compound stoichiometrical
composition on the specimens with its simultaneous
bombardment by intensive ion beams of chemically active
gases. To realize the method the vacuum system (Fig. 2)
with two sources of intensive ion beams based on RF
inductively coupled discharge (ICD) was used; the high
energy ion source (E; ~2-5 KeV) for the sputtering of the
target of compound composition and the pulsed source of
low energy ions (Ei ~ 50-300 eV) of chemically active
gases for the substrate surface clearing and activation
before deposition [6-8], which allowed to correct the
stoichiometry and structure of condensed films. The
concurrent using of pulsed ion-plasma technology offer
the ability to beneficially modify a wide array of surface
properties at low temperature, to increase adhesion,
density, deposition rate and quality of oxide coatings, to
deposit complex multilayer dielectric coatings with ultra
disperse structure.

to pump

Fig. 1. Working scheme of installation for Reactive lon-
beam Synthesis Method

1,9 — RF power

2 — high energy ion source of intensive ion beams,
based on RF inductively coupled discharge (ICD)

3,8 — matching network system

4 — chamber

5 — rotative target system

6 — pulsed source of low energy ion of chemically
active gases

7 —DC power

10 — substrate-holder rotative system

Samples from Ti, stainless steel by a diameter of
30 mm and thickness of 10 mm were exposed to
pretreatment ultrasonically clearing in alcohol and
washing by water. The process of a vacuum work cycle
consists of three stages: ionic clearing and preparations of
a surface; formation of the underlayer of alumina oxide;
synthesis of hydroxyapatite coatings.

The deposition rate of alumina oxide depending on
various conditions was 300-2500 A/min. For calcium -
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phosphate layer formation. Al target was exchanged on
the compound composition target containing 70 %
hydroxyapatite and 30 % tricalcium phosphate. The
thickness of alumina oxide coatings is varied in the range
3-5 um and hydroxyapatite layers 1-3 um depending on
deposition conditions. In the further amorphous calcium -
phosphate layer was exposed to heat treatment at
temperature  600° C [9] during several hours and
subsequent immersion in a water solution up to it
recrystallization in a dense and homogeneous
hydroxyapatite layer.

4. RESULTS AND DISCUSSION

The analysis of structure and composition of the layer
were carried out by the methods of a X-ray diffraction
(XRD), SEM (scanning electron microscopy). The
crystal structure of coating layer was investigated by
XDR. The coatings show the amorphous structure before
the annealing. After heat treatment at temperature 600°C
amorphous structure is transformed to crystalline. The
crystalline phase started to become visible (Fig. 3) with
peaks corresponding to the (200), (002), (102), (210),
(211), (300), (202) and (310) reflections within the angle
interval 20<2[1<40 (degrees). Annealing process led to
crystalline phase formation and is very effective in
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Fig. 2. XDR analysis of coatings crystalline phase

coating transforming. SEM observations indicated that the
surface of coating layer was homogeneous and dense.
There were no cracks in coatings before and after
annealing process. The surface morphology was the same
in the both case.

A clear interface boundary between the coating and
substrate wasn't recognized. The adhesive strength of
coatings was measured by a scratch test method. The
adhesion upper critical loads in the case of alumina oxide
coating and hydroxyapatite with alumina oxide coatings
were 8 and 10 N and increases with layer thickness. The
corrosion tests show corrosion resistance of deposited
coatings in 3.5%NaCl solution. The uncoated Ti
specimens gave the lowest corrosion potential and the
highest corrosion current. The highest corrosion potential
possessed alumina oxide coating. The investigations have
shown that in aggressive environment chemically
stabilized intermediate dense layer acts as natural barrier
against corrosion of metal-basis ions and prevents



electrochemical reactions in human body and thus avoids
deleterious effects [10].

5. CONCLUSIONS

The technology of synthesis of multilayer coatings on
the basis of alumina oxide and structures, like tricalcium
phosphate and hydroxylapatite, was suggested by
Reactive Ion-Beam Synthesis (RIBS) method in a same
vacuum cycle. The substance of the method consists in a
physical sputtering of target of compound composition on
the specimens with its simultaneous bombardment by
intensive ion beams of chemically active gases. The
concurrent using of pulsed ion-plasma technology offer
the ability to beneficially modify a wide array of surface
properties at low temperature; to increase adhesion,
density, deposition rate and quality of oxide coatings, to
deposit complex multilayer dielectric coatings with ultra
disperse structure. The analysis of results obtained in the
work, allows to make a conclusion about the advantages
of combining of pulsed ion-plasma technology with RIBS
method using for the purpose of strong attachment of
metal prosthesis in bone tissue and the activation of
osseogenesis and osseointegration processes.
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HAHECEHHSI KICTKOIIOAIEHUX IMTOKPUTTIB 3 BAKOPUCTAHHSIM CYYACHOI
IOHO-IIA3MOBOI TEXHOJIOT'Ti

A.B. 3uxoea, C.B. /[yoin, K.I. ITonoaciii

TexHonorisl HAaHECEHHS OaraToIAPOBHX MOKPHUTTIB Ha OCHOBI OKCHITY aJIFOMIHIIO Ta CTPYKTYp, THITy TpHKanbLiidocdar ta
TIIPOKCHIIATIATHT 3alPOIIOHOBAHA METOIOM PEaKTHBHOTO i0HHO-TIIa3MoBoro cuaTe3y (PIIIC) B €muHOMY BaKyyMHOMY ITHKIII.
CyTHiCcT MeTOZy ToJsirae y (isM4HOMY PO3IMJIEHHI MIILIEHI CKJIaJHOrO CTEXIOMETPUYHOTO CKJIaay Ha MiAKIaJeHKy 3 il
OZIHOYaCHMM OOMOapTyBaHHSIM IHTEHCHBHUMH 10HHUMH ITy4KaMH XIMIYHO aKTHBHUX Ta3iB. CyMiCHE BUKOPHCTaHHS IMITyIbCHOT
IOHHO-TIIA3MOBOT  TEXHOJIOTIi JIO3BOJISIE YCIIIIHO 3MIHIOBATH B IMPOKOMY Miaria3OHi IMOBEPXHEBI BIACTHBOCTI OTPUMAHHX
TOKPHTTIB: MIJBUIIKTH Are3if0, IUIbHICTh, NIBHUIKICTh HAHECCHHS Ta SKICTh OKCHIHHX IOKPUTTIB, a TaKOX OTPHUMATH
OaraToIapoBi [IieNeKTPIYHI TIOKPUTTS 3 YIIBTPAFICIIEPCHOIO CTPYKTYPO0. AHaJI3 OTPUMAaHUX Pe3yJIbTaTiB JO3BOJIIE 3pOOHTH
BHCHOBOK BiIHOCHO 3HAYHHMX ITEpEBar CYMICHOTO BHKOPHCTAHHS IMITyJIbCHOI i0HHO-TDIA3MOBOI TexHomorii Ta Metoxy PIIIC 3
METOIO 3a0e3MeueHHs HaIIifHOI (pikcallii MeTaJeBoro mpoTe3y y KiCTKOBiM TKaHWHI Ta aKTHBALlil MPOIIECIB OCTEOCHHTE3Y Ta
OCTEOIHTerparii.

HAHECEHME KOCTENOJAOBHbIX MOKPBITHUI C HCIIOJIb30BAHUEM COBPEMEHHOM
HMOHHO-IJIASMEHHOM TEXHOJIOT' MU
A.B. 3vikosa, C.B. /lyoun, K.U. Ilonoxcuii
TexHOMOTMsT HAaHECEHNT MHOTOCTIOWHBIX TIOKPHITHH Ha OCHOBE OKCHIA AIOMUHUS M CTPYKTYp, THIA TpHKaJblmidochar 1
TH/IPOKCHJIATIATUT TIpeyIaraeTcsi METOJIOM PEaKTUBHOTO MOHHO-ITy4ukoBoro cunresa (PUIIC) B enuHOM BakyyMHOM IIMIKIIE.
CyIHOCTh METOA COCTOUT B (DM3MYECKOM PACIIbUICHNH MHUILIEHN CIIOKHOTO CTEXHOMETPHYECKOTO COCTaBa Ha 00pasel] ¢ €ro
OZIHOBPEMEHHOH OOMOApIMPOBKOM HWHTEHCUBHBIMM HOHHBIMM IyYKaMH XHMHYECKH aKTHBHBIX  Tra3oB. CoBMecTHOe
MIPUMEHEHUE UMITYJIbCHOM MOHHO-IUIa3MEHHOM TEXHOJIOTUM IO3BOJISIET YCHENIHO BapbUpOBaTh B IIMPOKOM  IUANa3oHe
TIOBEPXHOCTHBIC CBOMCTBA TIOMyYaeMbIX MOKPBITHIA: TTOBBIIATH AATE3HIO, IUIOTHOCTh, CKOPOCTH HAHECEHHS W Ka4ecTBO
OKCHIIHBIX TOKPBITHH, a Takke HAHOCHTh MHOTOCIOWHBIC IHAJIEKTPHYECKHE IMOKPBITHS C YIBTPAAWCIEPCHONH CTPYKTYPOML.
AHanm3 pe3ynbTaToOB, TONMYYEHHBIX B palboTe, MO3BOIACT CHENATh BBIBOJ O TPEHMYIIECTBAX KOMOWHHPOBAaHHOTO
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WCTIONB30BAHMST MMITYJIECHOM HMOHHO-TDIa3MeHHOH TexHonormn u Meromga PUIIC mms obecriedeHnst Hame)KHOW (QHKCAIAN
METAUTMYECKOTr0 MpoTe3a B KOCTHOW TKAHU Y aKTUBALIMK MPOLIECCOB OCTEOCHHTE3a U OCTEOUHTET LUK,
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