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katato 6onbiHwa 346,5 MIMa, 150°C Temnepatypaga — 370 MMMa, an 180°C Temnepatypaga 516 MIMa kepceTTi. Anokcus WanbIpbiHbIH
XKOFapbl TemnepaTyparnbl KaTak, OHbIH JXOfFapbl CyWbIKTbIFbIHAA MOpnapAblH illiHe KipyiMeH XoHe KeMIpTeKTi pOBWHI GeTiHiH >XaKcbl
agresusinayblMeH TyciHZipyre 6onaabl fen TyciHAaipire 6onaapl

TywniHai ce3pep: fapbill annapatTapbl, KeMipnnacTuk, TyTikweni Ginekwe, opay, opay KOHAbIPFbIChI, POBUHI, 3MOKCUA, LIalbIpbl,
BepikTik

PE3IOME

YrnennactukoBble TpybyaTble ctepxHu (YTC) LUMPOKO MCNONb3YKTCA B CUMOBbIX KOHCTPYKUMSAX OECnUMOTHbIX neTaTenibHbIX U
KOCMUYECKMX annapaTtoB. BbICOKOMPOYHbIN MaTepuan Mo3BOMSsiET CyLECTBEHHO obneryatb mMaccy KOHCTpykuuid. B pabote npoBegeHo
uccriegoBaHne mMetoga nomnydyeHuss YTC MeTogoM «MOKPOM» HaMOTKWM YrNMepOOHOro POBUHra, NPOMUTAHHOTO SMOKCUMOHOW CMOMOMN.
MccneqoBaHo BRMsIHME Ha NMPOYHOCTb Ha pacTskeHue/cxkatve YTC TOMNWUHLI POBUHIA, CKOPOCTU WM YCUIUSI HAMOTKU POBMHIA, yrna
HaMOTKM poBUHra. MakcumarnbHas npovHocTb Y TC nonyveHa npu TonwmHe poBuHra 24K 1 napametpax HaCTPOMKN HAMOTOYHOTO CTaHKa:
CKOPOCTM NPOTSHKKN pOBMHIa 18 Mm/c, ycunusi npotsixkm 18,6H, yrna nepekpectHoit HamoTtku 55°. MonyyeHo BrvsiHue 06paboTku «CbIpbIX»
HaMOTOK B BakyyMHOM MelLLIKe Npu aTMocdepHoM AaBneHnn. BakyymHasi o6paboTtka no3BonsieT CHU3UTb NOPUCTOCTb U3LENNS U MOBLICUTL
ero npoyHocTb. [poyHocTb YTC Ha pacTsikeHue/cxxaTne ¢ UCrMosib30BaHWEM 3MOKCUAHOW CMOMbl C OTBEPAMTENEM, TBEPAESIOLLMX NpK
KOMHaTHOW Temnepatype, coctaBuna 346,5 MIMa, npu Temnepatype 150 °C — 370 MIMa, npu temnepatype 180 °C — 516 MIMa. CaenaHo
npeanosioXkeHne, YTo NPerMyLLECTBA ropsiyero TBEpAESHNS 3MOKCUAHOW MaTpuLbl, 06YCNOBMNEHbI €€ BbICOKOW TEKYHECTbH0, NO3BONSOLLEN
NPOHMKATb BO BCE MOPbI 1 XOPOLLO CMa4nBaTb MOBEPXHOCTb YITIEPOAHOTO POBUHIA.

KntoueBble cnoBa: kocMuyeckue annaparbl, yrmennacTuk, prﬁanbIVI CTepXXeHb, HAMOTKa, HAMOTOUHbIV CTAHOK, POBUHT, 3MOKCUAHAst
cMona, NpPoYHOCTb
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OBTAINING CALCIUM-PHOSPHATE COATINGS ON TITANIUM SUBSTRATE UNDER CONDITIONS
OF MICRO-ARC OXIDATION

Abstract: The results of experiments on microarc oxidation of a substrate of titanium grade VT 1-0 under conditions of anodic treatment
in phosphoric acid electrolytes containing calcium ions at a pH of 1 to 7 and a current voltage of 150 to 250 V are presented. The
coatings were investigated by scanning electron microscopy, X-ray phase analysis and optical microscopy. The structure, phase and
chemical composition formed as a result of micro-arc treatment of coatings is described. As a result of the studies, optimal regimes and
parameters for obtaining calcium-phosphate coatings were established and determined. Processing with the modes found allows one
to obtain coatings consisting of a mixture of phases Ca0.5(Ti2P3012), CaTi4(PO4)6, Ca(PO3)2 and Ca2P207, which, according to the
literature, are biocompatible compounds. The results of the SEM surface of the obtained coatings showed the presence of three structural
components: sponge aggregates in the form of honeycombs, large bubbles having one or more shells, dense lenticular plates. The atomic
ratio in the calcium-phosphate coatings varied in the range 0.30-0.62. It is shown that by varying the pH solutions and the magnitude of
the stress of the microarc machining process, it is possible to significantly affect the structure, phase composition and thickness of the
coatings produced. Promising from the point of view of obtaining biocompatible coatings is microplasma anodic treatment of titanium in
phosphate acid electrolytes at pH ~ 3 — 1. A conclusion was made about the prospects of processing endoprostheses from titanium alloys
by this method, to improve their coalescence with bone tissue.

Keywords: biocompatible materials, implant, crystallization, microarc oxidation, bioresorption, calcium-phosphate coatings

Introduction. Titanium (Ti) and its alloys are
widely used as materials for the manufacture of sur-
gical implants because of their excellent mechanical
properties, high resistance to corrosion, low specific
gravity and good biocompatibility [1, 2]. However,
since the surface of titanium does not contribute to

ostiointegration, special biocompatible coatings are
used to ensure adhesion to bone tissue [3]. Calci-
um-phosphate coatings (CF) provide both biological
activity and osseointegration. Among them, hydroxy-
apatite of calcium (GA) (Ca (PO,)(OH),) attracts
the greatest attention for clinical use due to its close
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chemical composition and crystallographic structure
with bone tissue. o~TCP (Ca,(PO,),) has a high ab-
sorption rate in living media [4] and [5]. Such metal
structures with a calcium-phosphate coating not only
protect against the corrosive effects of the biomed en-
vironment, but also stimulate the processes of bone
tissue regeneration. To date, there are various ways
to form calcium-phosphate coatings on the surface of
metals [6,7].

The microarc oxidation (MAO) method is used
to produce calcium-phosphate layers. The formation
of coatings in the microarc discharge is due to the
occurrence of high-temperature chemical reactions, as
a result of which local microplasma discharges occur
on the surface of the samples under the influence of an
external high-voltage source in the region of which the
coating is synthesized in the electrolyte. This method
is a simple and effective way to produce ceramic
layers on metal substrates, such as Ti, Al, Mg, and
Zr [8]. The MAO method makes it possible to obtain
coatings that have high wear resistance, hardness,
chemical and corrosion resistance in corrosive
environments, including biological ones [9-11].

The process of formation of the structure of CF
coatings on the surface of the TiO, layer is associated
with several factors, such as the concentration of
Ca?* + ions [12], the pH value and the electrolyte
temperature [13]. The resulting coatings are
characterized by porosity, which is favorable for the
ingrowth of bone tissue in them and the formation of
a stronger implant-bone connection [14].

Preparation of electrolyte is an important part of
the microarc method. Since, the concentration and
composition of electrolytes affect the morphological
characteristics,  porosity, thickness, corrosion
resistance and biocompatibility of the MAO coating.
Wang et al. [15] made the first report on the synthesis
of titanium oxide layers under the action of MAO in
simple electrolytes containing NaOH and Na,SiO,.
K. Venkateswarlu et al. [16] investigated the effect of
fluorine-containing electrolytes on the characteristics
and electrochemical behavior of coatings obtained by
microarc oxidation on commercially pure titanium.
The authors of Ref. [17] proposed a method for
the formation of calcium-phosphate biocoatings
on titanium and its alloys, consisting of conducting
MAQO in electrolytes based on a 15-20% solution of
orthophosphoric acid supplemented with HA and
calcium carbonate.

Meanwhile, many aspects of the process of
formation of such coatings have not yet been clarified.
Particularly problematic is the formation of calcium-
phosphate coatings in composition close to GA.
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Therefore, the search for and the production of new
calcium phosphate materials, close to the mineral
composition of bone tissue, remain significant and
relevant.

The purpose of this workis to study the chemical and
phase composition, morphology and microstructure,
calcium phosphate coatings formed on titanium VT1-0
under microarc machining in phosphate electrolytes
at various pH values and current voltage at the
electrodes.

Experimental part. Objects and methods of
investigation. To perform this work, a micro-arc
installation was assembled, in which an ultrasonic
bath of stainless steel with a power of 150 W was used
as an electrolysis bath. Installation of MAO allows
an anodic treatment of titanium at constant current
on various electrolytes. As a source of current, a
standard voltage regulator of the RNO-250-10 type
was used, powered from the secondary winding of the
transformer and connected to a power diode bridge,
this allowed the voltage in the bath to vary from 0 to
250 V.

The scheme for implementing the microarc
oxidation method for the formation of calcium-
phosphate coatings on titanium is shown in Figure 1.

Surface | Electrolyte -

preparation 1 preparation =1 MAO
Quality = Washing and
control | drying

Figure 1 - Scheme of the microarc oxidation experiment

As a substrate for calcium-phosphate coatings,
titanium plates of grade VT1-0 with the chemical
composition Ti — 99.7, Fe — 0.25, Si— 0.1, 0 - 0.2 %
by weight, dimensions 25x40x5 mm were used.
Before oxidation, the samples were machined. The
preparation of the surface of titanium for coating
included cutting, deburring, grinding, polishing
with diamond paste. Then they were degreased with
hexane and washed in distilled water, after which the
samples were dried at room temperature.

Seven series of experiments on the MAO of
the surface of titanium samples were performed at
different pH values of the electrolyte. Suspension of
the phosphate electrolyte was prepared from a mixture
of orthophosphoric acid with a concentration of
7.5 % (0.8 mol/dm®) and a different amount of CaO,
adjusting the pH solution to 1, 2, 3, 4, 5, 6, 7 units.
The acidity of the electrolyte was measured with a pH
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meter of pH-150. The electrolyte was poured into an
ultrasonic bath, where the solution was further stirred
by an electric stirrer.

When coatings were applied to a bath containing
an electrolyte, titanium samples anchored on the
“suspension” were immersed. MAO was carried out
in the anode mode at potentials of direct current on a
sample of 150, 175, 200, 225, 250 V, the duration of
exposure was 5 minutes. As aresult, local microplasma
discharges appeared on the surface of the samples, in
the region of which the coating was synthesized. The
temperature of the electrolyte in all the experiments
was maintained at 20 °C.

Samples of titanium plates after MAO were
studied by X-ray phase analysis (XRD), scanning
electron microscopy (SEM), and optical microscopy.

The study of surface morphology and microanalysis was
carried out on a microprobe analyzer JXA-8230 (JEOL)
with an accelerating voltage of 20 kV and an electron beam
current of up to 7 nA at various magnifications.

Micrographs of the surface of coatings were
obtained with the help of an optical microscope
“Neophot 32” with magnifications x250, x500, x1000
and a camera Canon 40D combined with it.

The phase composition analysis of the obtained
samples was carried out with a diffractometer D8
Advance (BRUKER) with o.- Curadiation (A= 1.54 A);
U = 40 kV, I = 40 mA; The shooting speed was
0.1-1 deg/min; Angular interval 20 4-90° with
scanning step 0.01°. X-ray photography was carried
out with Bragg-Brentano focusing. For the phase
analysis, the PDF 2 database was used.

Table 1 - Percentage fractions of phases of calcium-phosphate coatings obtained in electrolytes from pH 1 to pH 7

200 Amorphous subs. | Amorphous subs. Amorphous subs. Amorphous subs. Amorphous subs.
225 62.7 20.9 - — 16.5
250 62.5 - 19.8 17.8 -

200 52.8 16.7 - 13.4 171
225 64.5 - - 16.7 18.8
250 54.2 - 8.8 7.7 5.7

200 81.4 14.7 — — 3.9
225 63 27.7 - 9.3 -
250 72.4 - 27.6 —

200

<0.1

96.5

225

<0.1

96.5

250

<0.1

96.5

200 <0.1 95.8 1.2 3
225 <0.1 95.9 21 2
250 <0.1 96.5 1.4 2.1

200 - 6.4 76.2 17.4
225 15.9 5.7 57.2 21.2
250 11.5 55 67.5 15.4

3
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Results and discussion. As a result of X-ray phase
analysis, it was found that the formation of calcium
phosphate coatings in phosphoric acid electrolytes
occurs in a narrow pH-electrolyte interval at voltages
greater than 175 V.

Table 1 shows data on the phase composition
of coatings obtained on the surface of titanium in
phosphoric acid electrolytes with a pH from 1 to 7
at different strains of the microarc oxidation process.
As follows from the data obtained under these con-
ditions, a large spectrum of titanium, calcium, and
titanium oxide phosphates can be formed: TiP,O.,
CaTi,(PO,),, Ca, (Ti,P,O), CaPO, Ca(PO,),

27277

n Titanium Phosphate - TiP207
[J Monetite, syn - CaPO3(OH)

n Calcium Titanium Phosphate - CaTi4(PO4)6
u Calcium Phosphate - Ca2P207

CaHPO,, Ca(H,PO,),, Ti O, Ti,O, Ti,O, Ti. The main
phase that forms coatings with MAO in the range pH
1-3 and voltages from 200 to 250 V is titanium phos-
phate TiP,O,. Its maximum content is found in the
coating formed in the electrolyte with pH 3.

In coatings obtained under these conditions,
similar phases of calcium-phosphate compounds are
identified. At 200-225 V, calcium pyrophosphate
Ca,P 0O, and calcium-titanum phosphate CaTi,(PO,),
are formed. At 250 V instead of the phase CaTi, (PO,),
compound Ca, (Ti,P,O,)) is formed.

Analysis of the X-ray diffraction patterns (Figure
2) of coatings obtained with MAO in the pH range 1-3
shows the presence of an amor-
phous component in the structure,
as evidenced by the halo. Process-
ing at voltages above 225 V leads
to the formation of well-crystal-
lized films.

In the case of using electrolytes
with pH 4 and 5, titanium oxides
in the form of Ti O, Ti,O, Ti,O
and an insignificant amount of
Ca(H,PO,), are predominantly
formed. At pH 6, at a stress of 200,

n Calcium Phosphate - Ca2P207
D Titanium Phosphate - TiP207
n Monetite, syn - CaPO3(OH)

Intensity

225,250V, the layer formed on the
titanium surface mainly contains
calcium-phosphate Ca(PO,), (up
to 21 %) and titanium pyrophos-
phate TiP,O, (up to 16 %), small
amounts (up to 6.4 % ) of titanium
oxide Ti,O,. The main reflections
on the X-ray patterns give Ti,
which is caused by the reflection
of X-rays from the crystal lattice
of the substrate itself. Therefore,

N Calcium Phosphate - Ca2P207
D Monetite, syn - CaHPO4

n Titanium Phosphate - TiP207
0 Titanium - Ti

Voltage, V: 200, 225, 250; pH 2

Figure 2 - X-ray diffraction patterns of coatings obtained as a result

of MAO of titanium in phosphoric acid electrolyte
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n Calcium Titanium Oxide Phosphat - Ca0.5(Ti2P3012)

the actual phase composition of
coatings is represented to a great-
er degree by calcium-phosphate
compounds and titanium oxides.

MAO in an electrolyte with
a pH 7 throughout the current
voltage range, according to X-ray
phase analysis, did not lead to any
crystalline phases, although at
200-225 V thick layers of milky
color are visually observed on the
surface of the samples.

The results of optical and
raster electron microscopy of
coatings formed with MAO on the
surface of titanium in phosphoric
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Figure 3 - SEM image of CF coatings obtained in phosphoric acid electrolytes

acid electrolytes at pH 1-3 under different conditions
show that they have a common nature. The structure
analysis makes it possible to distinguish three
structural components: sponge aggregates having thin
walls in the honeycomb form with an open fine-pored
structure; Large single transparent bubbles for the
transmitted light, having one or more shells; Dense
lenticular plates (Figure 3).

At low oxidation voltages of 150-175 V, in the
indicated pH range 1-3, the coatings are predominantly
of type I and have small aggregates with a non-
continuous loose structure. At 150 V, the coating is
formed in the form of islands, and at 175 V a uniform
layer is formed, the thickness of the cell walls is at
the level of 0.3-1 um. An increase in the voltage of
MDO to 200 V leads to the appearance of large up

to 150 um chaotically located bubbles with a wall
thickness of 1.5 um or more, while in electrolytes
with pH 2 the main structural component is platelet
discharge, and at pH 1 and 3 - honeycomb (Figure 3),
The sizes of which increase with an increase in the
voltage of MAO. Microstructural analysis showed
that at a pH of electrolyte corresponding to 7 in the
voltage range 200-225 V, a layer is formed on the
surface of titanium, characterized by high density and
not significant porosity. The maximum uniformity,
thickness and adhesion it has at 225 V (Figure 4). At
the same time, according to the microprobe analysis,
these films contain mainly oxygen atoms ~ 66 atom%
and titanium ~ 33 atom%

Coatings formed with MAO on the surface of
titanium in phosphoric acid electrolytes with a pH of

37



Complex Use of Mineral Resources. No. 2. 2017.

) 4
100pm JEOL
25.0kV SEI NOR

7/11/2016
WD 10.9mm 18:02:51

Voltage, V: a - 200; b - 225

Figure 4 - Microstructure of the coating obtained by microarc oxidation of titanium in phosphoric acid electrolyte with pH 7

4-6 in the voltage range from 150 to 250 V and at pH
7 in the range 150-175 and 250 V have a very small
thickness, as can be judged from the color ripples on
the surface titanium after treatment.

As follows from the data on the elemental compo-
sition of the coatings obtained in electrolytes with pH 1
and 2 at 250 V shown in Figure 5, they have a different
ratio of Ca and P. It should be noted that the concentra-
tions of Ca and P and the ratio of Ca to P in the coat-
ings were increased with a change in the pH value of the
phosphate electrolyte (Figure 5, pH 2). The atomic ratio
of Ca/P coatings ranges from 0.30-0.62.

Analysis of literature data indicates that the
compound Ca (Ti,P,0,,) and Ca,P,O, are biocom-
patible. One way to increase the bioresorbability
of phosphate materials is to create highly disperse
structures that circulate biological fluids. The chem-
ical composition of the coating, in turn, determines
the degree of biodegradation of the coating. As re-
sorbable phases, calcium-phosphates with a lower

H=1
200,0_002IMAP 1] p
Elements ms% mol%  Sigma Line
c* 0.32 0.56 039 K
o 5940 7663 063 K
0 P 1979 1319 019 K
150.0 Ca 9.52 4.90 032 K
- Ti 1097 473 043 K
2 Total ~ 100.00 100.00
b =
51000 CalP=0.48
b= Ca :
§ ‘ Ti
U l
50.0—-T o a
cl o T T‘ Ti
00—
000 100 200 300 400 500 600 700 800 900 1000

eV

Ca/P ratio (Ca/P = 1.67) compared with hydroxy-
apatite (HA) should be considered. Such phases are
calcium pyrophosphates (Ca,P,0., Ca/P=1) [18].
Thus, promising from the point of view of obtain-
ing biocompatible coatings, is microplasma anodic
treatment of titanium in phosphate electrolytes at pH
~ 3 and 1, the resulting coatings have a developed sur-
face that will serve to improve their adhesion to bone
tissue. A positive feature of this processing method
is the high speed of film formation and, accordingly,
low energy intensity and cost of the process, it is pos-
sible to form films on complex surfaces.
Conclusions. A comparative study of the effect of
the voltage of microarc oxidation and pH of a phos-
phate electrolyte containing calcium ions on the mor-
phology, microstructure, phase and elemental compo-
sition of coatings formed on the surface of titanium
is performed. Optimum regimes and parameters of
obtaining calcium-phosphate coatings are revealed.
Treatment with the regimes found allows one to ob-

H=2
1200 001[MAP 1] P
Elements ms% mol% Sigma Line
(o} 56.99 74.85 069 K
100.0 P 21.40 14.52 020 K
Ca 1345 7.05 034 K
& Ti 8.16 3.58 046 K
1-—,- 80.0 Total 100.00 100.00
w
& 60.0
£ Ca/R=0.62
o
O 400 Ti
P
T
da ‘
20,041 ‘ l T| ;
0.0

000 100 200 300 400 500 6.00

keV

700 800 900 1000

Figure 5 - Micro-X-ray spectral analysis of coatings formed at 250 V, pH 1 and 2
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tain coatings consisting of a mixture of the phases
Ca (Ti,P,0,), CaTi (PO,),, Ca(PO,), and CaP,O.,
which, according to the literature, are biocompatible
compounds. The resulting coatings have a developed
surface, which will serve to improve their adhesion to
bone tissue
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TYWIHOEME

Kanbumi noHaapbl 6ap docdopribl KbiLKbIT anekTponuTTe pH Menwepi 14eH 7re fewiHri xaHe Tok kepHeyi 150 aeH 250B wamacbiH-

Aa mapkacel BT 1-0 TuTaHAbl TeCeHIlWTi aHOATLIK eHAeY LuapackbiHAa MUKPOAOFarblK OKCUATEY TaxipubenepiHiH HaTwxenepi KenTipin-
reH. XXabbiHabinap POA, POM xaHe onTukanblk MUKpOCKonust agicTepiMeH 3epTtenai. Mukpogoranblk okcuaTeyaiH HaTwkeciHae navaa
6onfaH xabblHAbINapAblH, KypbinbiMbl, dasanblk XeHe XMMUSANbIK Kypambl cunattangbl. XKacanfaH 3epTreynepgid HaTuxeciHae onTu-
Manabl pexvmaep xsHe Kanbuui-ocdaTtThl xabblHabInapab! any napameTprepi OpHaThINabl XaHe avikbiHaanabl. Mukpogoranbik eHaey
npouecciHaeri epiTiHAiHIH pH MenLiepiH XaHe TOK KepHeYiH TypneHAipy apkbinbl anblHaTbiH XxabblHAbINapAbIH KypbinbiMbiHA, da3anbik
KypaMmblHa aHe OHbIH KanblHAbIFbIHA eAayip acepiH Turidyi MyMkiHAik 6ap. BepinreH agic GoiblHLWa TUTaHAbI KOpblTNanapaaH xacanfaH
aHponpoTesaepai eHaeyaiH cyekneH BiTy KacueTiH XeTinaipy MaHbI3abinbifbl aikbiHAANAbI.

KinTTik cespep: buoyinecimai matepnangap, UMnnaHTTap, MMKpoZoFanblk OKCUATEY, KanbLnin-ocdaTTblk xabblHabINap, rmapok-
cuanaTur.

PE3IOME

[MpuBegeHbl pesynbraThl 3KCNEPUMEHTOB MO MUKPOAYrOBOMY OKCUAMPOBAHMIO MOAMNOXKN U3 TuTaHa Mapkn BT 1-0 B ycnoBusix aHoa-
HoW 06paboTkM B hOCHOPHOKUCIIBIX SNEKTPONUTaX, COAepKaLLmX NOHbI Kanbuwmst, npn pH ot 1 8o 7 n HanpsbkeHun Toka ot 150 go 250 B.
[MoKpbITUSA nccnegoBaHbl METOAAMY PACTPOBOM AMEKTPOHHOM MUKPOCKOMMUEN, PEHTIEHO(a30BOro aHanmnsaa u onTUYeCKor MUKPOCKOMUEN.
OnucaHa cTpykTypa, ha3oBbIfi U XUMUYECKUIA COCTaB 00pasytoLLmXcs B pe3yrnbrate MUKPOAYroBo 06paboTku nokpeiTvin. B pesynsrate
NpOoBeAEeHHbIX NCCNeaoBaHNI YyCTaHOBEHbI U OnpeaeneHbl ONTUMasbHbIE PEXVMbl U MapaMeTpbl NONyYeHUs KanbLumnii-dhocdaTHbIX no-
KpbiTnit. OBpaboTka Npu HaldeHHbIX PexuMax No3BossAeT nosyvarb NOKPLITUA, cocToAwme s cmecun das Ca, (Ti,P,0,,), CaTi,(PO,),,
Ca(PO,), n Ca,P,0,, koTopble, COrnacHo NUTepaTypHbIM AaHHbLIM, ABNAIOTCA 6IOCOBMECTUMBbIMM coeanHeHnamMn. Pesynbtatel POM no-
BEPXHOCTU MoryvaeMbIX MOKPbITUIN NOKa3anu Hanu4ne Tpex CTPYKTYPHbIX COCTaBRSIOWMX: rybyaTble arperatbl B (hOpMe COT, KpyMHble ny-
3bIpU, UMeKLLMEe 0gHY uUnn 6onee obonoyek, NNOTHbIE MACTUHBI NMH3006pa3HON opMbl. ATOMHOE COOTHOLLEHME B KanbLuii-pocdaT-
HbIX MOKPbITUAX BapbupoBanack B uHtepsane 0,30-0,62. MokasaHo, 4TO Bapbupys pH-pacTBOPOB U BENUYUHY HaMpPshKeHWs npolecca
MWKPOAYroBoi 06paboTkn BO3MOXHO CYLLIECTBEHHO BO3AENCTBOBATbL Ha CTPYKTYPY, hasoBbIf COCTaB M TOMNLLMHY NOMy4YaeMblX NOKPbLITUIA.
[NepcnekTMBHOM C TOYKM 3pPeHUst MonyyYeHns GMOCOBMECTUMBIX MOKPbLITUIA, ABNAETCA MUKpOnnasmMeHHas aHogHasi obpaboTtka TutaHa B
ocdopHokUCTbIX anekTponuTax npu pH ~ 3 - 1. CaenaHo 3aknoveHne 0 NepcrnekTMBHOCTM 06paboTku 3HOONPOTE30B U3 TUTAHOBbLIX
CNNaBoB 3TMM METOLAOM A5 YNyULIEeHUst UX CPaLLMBaHWUSA C KOCTHOW TKaHbIO.

KntoueBble cnoBa: 61MoCOBMECTMMbIE MaTepuarbl, UMMNAHTaT, KpUcTannsaunsi, MMKPOLYroBoe OKcuavpoBaHue, buopesopbuus,
Kanbum-ocaTHble NOKPbITUSA
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