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Annomauyun. B pabome 0Obl10 u3yueno GAUAHUE HANPSNCEHUS MUKPOOY208020 OKCUOUPOBAHUSL HA PUUKO-
Xumuueckue napamempol Kaibyuil Gochamuvix ROKPbIMUL HA NOBEPXHOCMU HUZKOMOOYIbHO20 chaasa Ti-
4Quac.%ND. ol evlsignensv aunelinble 3A6UCUMOCIL POCMA NAPAMEMPA UepPOX08amocmu U YMeHbUleHUs.
NnoBepXHOCMHOU  SHepeuu om  Hanpadxcenus. Kanoyuil pocpamuvie noxkpeimus nokazanu  8blCOKVIO
2UOPOPUIBLHOCHL, YMO 0OYCI0GNEHO HUSKUMU 3HAYEHUAMU KOHMAKMHLIX YeI08 U GbICOKOU CB0O0OHOU
nosepxHocmuou suepeueil. Boisenren ouanaszon nanpsiicenuii 200 — 2508, obecneuusarowuii ghopmuposanue
NOKpLIMULL ¢  ONMUMATIbHLIMU — Xapakmepucmukamu. wepoxosamocmvio 2,5 —3.,5 mxm u  c80600H01

nosepxrocmuot snepaueti 15-85mH/m.

Important requirements for metallic biomaterials #re absence of toxicity of alloying elementshie alloy
composition and low elasticity modulus comparablé¢he human bone module. Attractive in part thedased
biomechanical compatibility are titanium-niobiuntogk, close in properties to the bone propertiespiievent
postoperative complications associated with rejectdf the active metal it is advisable to form aaic
phosphate (CaP) coatings with bioactive and bioctible properties. The micro arc method is an éffec
technique to obtain such coatings. At this work itifeuence of oxidation voltage and duration on theface
morphology, topography and wettability of CaP cogdi on low-modulus Ti-40mas.%Nb alloy is investighat

Ti-40mas.%Nb alloy was chosen to prepare samplbjgots. The sample size was 10x10x1 %mim order
to form the coatings on the titanium surface trehtelogical complex MicroArc-3.0 was developed. TP
coatings were deposited in electrolyte agueoustisalwf phosphoric acid with hydroxyapatite andcaain
carbonate powders in anode regime [1]. The coatimge deposited with pulse mode under the following

parameters: pulse time of 108; pulse frequency of 50 Hz; deposition time vafiesn 5 to 15 min; electrical
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voltage varies from 150 to 350 V. The surface molpgy was examined by Scanning Electron Microscope
(SEM, Jeol JSM-7001F SEM). The surface roughness defined with Hommel-Etamic T1000 stylus
profilometer by the paramet®a Wettability tests were carried out with Easy Diggniometer (Kruss) with
drop shape analysis software DSAL. To measuret#tie sontact angles of liquids on the solid suefétcwas
used sessile drop method. In tests we used twadsdiistilled water as polar and glycerol as a elisye one.

Then we calculated the free surface energy of dlatiregs in accordance with following Owens-Wendiatopn:

20, (cosf+1) = /olo] +.olo” )
whered is the contact angle valug, 02,0 ,0f are dispersive and polar components of the sudaeegy of

the liquids and solids phaseg, is the free surface energy of the test liquids.

Fig. 1 shows the SEM images of CaP coatings degzbsih Ti-40mas.%Nb alloy surface under different
oxidation voltage applied. The main componentstefcsure are spherolytes with pores. The “islarafsiorous
structure start to form at voltage of 150 V. Itremponds to the initial stage of spherolytes foromatT he further
increase in the oxidation voltage to 300 V leada &iructural element growth and roughness incrirase 2.5
to 6 um (Fig. 1, 3). However, after 300 V spherolyteststhto die. The destruction of spherolytes is euted
with current density growth and transformation e tmicro arc discharges in arc ones. Thereforspherolyte

and pore sizes depend on the value of micro-plaistharges in electrolyte.

<
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Fig.1. SEM images dfaP coatings deposited under different oxidation vgéts, V:200 @), 250 b), 300 €)

The wettability tests of the CaP coatings showeat the increase of the oxidation voltage and pi®ces
duration leads to linear decrease of contact avajlges with water from 25 to 8° and with glycenarh 50 to
15°, which indicates a high hydrophilicity (Fig.. ZJhe free surface energy of the coatings consibtsvo
components: the dispersive and polar, with a prédance of polar. It indicates the presence of gtrpalar
chemical bonds (OH-groups, oxides and phosphafds)lhe increase in voltage leads to a decreagmlair
component and increase of dispersive componentausecrough surface topography of coatings triggers

nonpolar Van-der Waals forces. However, polar bdmep dominating (Table 1).
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Fig.2. Plots of contact angles of CaP coatings wititer (a) and (b) against the oxidation voltagevarious
time: (1) — 5 min, (2) — 10 min, (3) — 15 min
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Table 1
Free surface energy @faP coatings deposited under different oxidation vgdts for various time
5 min 10 min 15 min
U,V ot o3, G, ot oy, o, of, o3, o,
mN/m mN/m mN/m mN/m mN/m mN/m mN/m mN/m mN/m
200 85.3+0.2| 0.8+0.0f 86.1+0.27 84.1+0.6 0.9+0.1 88.0| 70.7+0.4| 5.5+0.2| 76.2+0.6
250 77.5+0.7| 3.0+0.2| 80.6+x0.9 73.3x0.7 4.9+0.2 ¥8.2| 69.2+0.7| 6.3+0.2| 75.5%1.p
300 73.4+0.7| 4.9+0.2| 78.3x1.0 65.9+0.9 8.7+0.3 F¥#.B| 64.8+0.3| 9.6+0.1| 74.4+0.b
350 62.9+0.3| 11.4+0.1 74.3t04 60.7+0.9 13.3+D.6 .0¥#.5| 59.6+0.9| 13.840.4 73.4+1/3

With voltage and process duration increase the dteface energy linear decreases. Decrease otitfecs

energy in the coatings depends on surface roughgresgh. The attractive forces of the moleculesdeghe

material which accumulate energy on the surfadeataa result of the rough relief. There is a dentaughness

value of 4um above that the water wetting is absolute, itegponds to the critical surface energy of the ngati

equal to the water surface tension of 73 mN/m (Fjd.able 1).

15 200

Fig. 3. 3DPlot of CaP coating roughness agai

the oxidation voltage and process duration

15 200

Fig. 4. 3D-Plot of free surface energy of CaP cogs

against the oxidation voltage and duration

In conclusion it was shown that the increase ofrnarc oxidation voltage and process duration léadke

linear growth of roughness and free surface enef@yaP coatings and the linear decrease of théngpedntact

angles with liquids. The optimal micro arc oxidatiparameters (the electrical voltage of 200-2504d Hre

process duration of 5-10 min) allow to form the CaPatings with specific characteristics and high

hydrophilicity, which promote cell adhesion, prelifition and differentiation on the coating surfeide
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