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AHOTAIIA

@ecenxko O.J. CKIOKpUCTANIYHI TOKPUTTA MO CIUIaBax TUTaHy IS
CTOMATOJIOTYHOI'O €HAONPOTE3yBaHHS HAa OCHOBI Kajblii(ochaTOCHIIIKaTHUX CTEKOJ.
— Kganidikamiiina HaykoBa poboTa Ha IIpaBax PyKOMHCY.

Jluceprattist Ha 3100YyTTS HAYKOBOIO CTYICHS KaHWAATa TEXHIYHMX HayK (IOKTOpa
¢inocodii) 3a coemiampHicTIO 05.17.11 «TexHomOris TYroIUIaBKUX HEMETATIYHUX
marepiami» (161 — Ximiuni TexHosorii Ta imkeHepis). — HartioHanbHUH TeXHIYHUI
YHIBEPCUTET «XapKiBCHKUH MOITEXHIYHUNA THCTUTYT», Xapkis, 2018.

HucepTtaniiiny po0OOTy NPUCBAYEHO PO3POOII CKIAAIB CKIOKPUCTATIYHUX
MOKPUTTIB IO CIJIaBaX TUTAaHY Ha OCHOBI Kalbli(ochaTocuaikaTHOT CKIOMATPHUII IS
CTOMATOJIOTIYHOTO €HJOMPOTE3YBAHHS Ta BUOOPY TEXHOJOTYHUX MapaMmeTpiB ix
oJIep KaHHS.

00’ ekm  00Cni0AHCEHHS: mpolecu  CTPYKTypo-  Ta  (pa3oyTBOpeHHS
CKJIOKPUCTAJIIYHUX TOKPUTTIB TO TUTaHy Ha OCHOBI Kaubllii(ochaToCHIiKaTHOL
CHUCTEMH, MEXaHI3M iX PO3YMHHOCTI y (I310JOTIYHUX PIAMHAX Ta TEXHOJIOTIYHI
napameTpu OACPMaHHS CKIOKPUCTATIYHUX MOKPUTTIB.

IIpeomem oocniosxcenns. kanbiiddocdaTocunikaTHi CKIOKPUCTATIYH1 TOKPUTTIB
IO CIUIaBaX TUTAHY JIJISi CTOMATOJIOTIYHOTO €HAO0MPOTE3yBAHHS.

Metoau nociigkeHHsi. BusHaueHHs pagiofOTIYHUX BJIACTHUBOCTEH MPHUPOAHOI
CUPOBUHHU, (DI3UKO-XIMIYHHUX Ta €KCIUTyaTaIlliHUX BIACTHBOCTEH MOJEIBHUX CTEKOJ Ta
cknokpuctamiyaux nokputtiB (CKII) 3aificHIOBaIn 3 BUKOPUCTAHHSAM CTaHIAPTHHX Ta
CreliaIbHUX METOJIUK, HABEJCHUX Y BIAMOBITHOMY PO3ALT, 3T1THO 3 BAMOTaMU J1FOUUX
HOPMATUBHHUX JIOKYMEHTIB [0 CHJIIKaTHUX BHPOOIB Ta BHUPOOIB MEIUYHOTO
TIPU3HAYCHHS.

JlocnipkeHHs 3/11HCHIOBAIM 3 BUKOPUCTAHHSAM OOJaJHaHHS Kadenpu TeXHOJOrii
KepaMmikui, BorHeTpuBiB, ckima Ta emanedd HTY «XIII», a Takox mnpuiamiB Ta
ycrarkyBanHsi [IAT «YkpH/IB im. A.C. Bepexnoro», I[HCTHUTYTy MOHOKpHCTaNiB
HAHY (m. XapkiB), maboparopii TOB «HanoMenTex» (M. KwuiB), miampuemcrsa

«EmoFrite» (m. Llenbe, CnoBenis). MikpoOioJOTiuHI JOCHIHKCHHS 3IIHCHIOBAIN B
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YH/I exonoriyaux mpoOnem Ta [HCTUTYTI mpoOiem KpioGionorii 1 KpiOMETUITMHU
HAHY (m. XapkiB).

Po3pobneno cximamu Ta BH3HAYEHO ONTHMAJIbHI TEXHOJOTIUHI TapameTpu
OJIEpKaHHS 010aKTUBHUX CKJIOKPUCTAIITYHUX MOKPUTTIB Ha OCHOBI
KanbLiipocHaToCHITIKaTHUX CTEKOJ, 10 3a0e3neuyloTh (OpMYBaHHS OpPIEHTOBAHOI
TOHKOJMCTIEPCHOT 00’ €MHO-3aKpUCTATI30BaHOT CTPYKTYpH B YMOBaX KOPOTKOYACHOT
HU3BKOTEMIIEPATYPHOI TEPMIYHOI OOpOOKHM 3a paxyHOK HaIpaBJi€HOi KpHcTami3alii 3a
MexaH13MOM (pa30BOTO PO3MOALTY.

Bnepue:

— EKCIIEpUMEHTAIbHO BCTAHOBJIEHO OCOOJIMBOCTI (DOPMYBaHHSI CTPYKTYpH Ta
¢$a30BOrO CKJIAAy CKJIOKPHCTAIIYHUX MarepiaiiB Ta MOKpUTTIB B cucteMi R,O—RO-
CaF—-R,053—P,05—S Oy, siki MoATal0Th B: YTBOPEHHI Y pO3IUIaBi B CHOOTAKCHYHHX TPYIT
[PO,)* ta [OH]: dazoBoMy po3momizi CKIOMATPHII MPH OXOTOMKCHHI PO3ILIABY 3
YTBOPEHHSIM BTOPMHHOTO pO3MIAPYBaHHS 3a CIIHOJAJIbHUM MEXaHI3MOM, IO
MPU3BOJIUTH JI0 POCTY HYKJIEATOPIB Ta MOSBU KpUCTATIB (ocdaTiB KalbIlil0 y KUIBKOCTI
~ 15 06. %; dopMyBaHHI 3MIIIHEHOI TOHKOAMUCIIEPCHOI 00’ €MHO 3aKpHCTaIi30BaHO1
OpIEHTOBAHOI CTPYKTYpH TOKPHUTTSA, B ymoBax koportkorpuBaioi (1,0 + 1,5 xB)
HusbkoTemneparypuoi (780 °C) TepmiuHOi 0OpoOKH, 3 BMICTOM KpHCTamiuHuX (Has3
rigpokcuanaruty (37 00. %) ta ¢ropamartuty (3 00. %), mo 3abesmneuye aaresiiHy
MIIHICTh Ha 3cyB >15 MIla ta mikpotBepaicTh 3a Bikkepcom H > 6,64 I'I1a;

— BCTAHOBJICHO, II[0 AaNaTUTOMOMIOHWI Iap Ha TMOBEPXHI Ppe30pOIiiHuX
KalbIiH(pOoCPaTOCHINIKATHUX — CKIOKPUCTATIYHUX TOKPUTTIB  (OPMYETHCS  LUISIXOM
pO3UMHEHHST Matepiany Ta BuwiyropyBaums iomie Ca” = 0,126 mac. %, Na' =
0,456 mac. % ta P> = 0,162 mac. % npu pH cepenosuma 7,3. Lle cripisie IpucKOPEHOMY
(dbopMyBaHHS 1Iapy CUIIIKArento Ta cepoinitiB aMopPHoro docdaTy KajabLilo pO3MIpOM
~ 50 HM 1 YTBOPEHHIO TIOIIAPOBOI CTPYKTYpPH, XapaKTEPHOI ISl HECTEXIOMETPUUHOTO
['AIl (u["AIT) 3i croiBBigHomenussm Ca . P = 1,64 HeoOximHoro mas KpHCTasi3arfii
araTUTOBOTO IIApPy Ha MOBEPXHI IN VIVO y ckopodeHuit TepmiH (= 1 micsiis);

— BCTAHOBJICHO, III0 MEXAaHIYHI BJIACTHBOCTI OTPUMAHUX CKJIOKPHUCTAIIYHUX

NOKPUTTIB MO  TUTAaHy 3a  LUIKEPHOI  TEXHOJIOTI€I0  HAHECEHHS  JUIs
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cyrimpromtinapraanx (H = 6,64 TTla, Kic = 2,8 MITa-M™?) Ta enekTpohopeTHIHO0
TexHosoriero s reuaToBux (H = 6,72 I'Tla, K;c = 3,0 MHa-MUZ) IMILIAHTATIB, IO
J03BOJISIE X BUKOPUCTOBYBAaTH TIPU TPUBAIMX IUKIIYHUX HABAHTAXKEHHSIX Ha
KoMro3uT. IIpu 1boMy HEOOXiAHOK YMOBOIO [JIsi ajire3ii KICTKOBUX KIITHH 3
MOBEPXHEI0 € 3HAYEHHsS MapaMeTpy ii mopcTkocTi Ry = 2,86 + 3,52 MKkM Ta BUIBHOI
eneprii 52,4 + 62, 1m/Tx/M°.

[IpakTruHe 3HAYCHHS OTPUMAaHUX PE3YJIbTATIB I TEXHOJOTIT KOMITO3HMITIHHMX
MaTepialliB MOJIATae B pO3poOIll CKIAIiB HOBUX HETOKCUIHHUX, 010aKTUBHHUX, 3MIITHCHUX
CKJIOKPUCTAJIIYHUX TMOKPUTTIB MO THUTaHy Ha OCHOBI KaiblliidochaToCHTIKaTHUX
CTEKOJI ISl ICHTATHHOTO €HAOMPOTE3YBaHHS 31 CKOPOUCHUMHU TEPMiHAMH 3POIITYBaHHS.

JIJisi IpakTUYHOTO OTpUMaHHS 0e3/e(EeKTHUX CKIOKPUCTAIIYHUX MOKPHUTTIB 3
BHCOKOIO MILHICTIO 3Y€IUIEHHS B CHUCTEMI METal-CKJIOKPUCTAIIYHE TOKPUTTS
BIJIMTpAI[bOBaHI ONTHUMAaJbHI TEXHOJIOTIYHI TapamMeTpu HAHECEHHS TIOKPUTTIB. Ha
CYUUTHHOIIMTIHAPUYHI IMIJIAHTATH — 3a INUIIKEPHOK TEXHOJOTIEI0 Ta HAa TBUHTOBI
IMIJTAHTATH 32 eJEKTPOHOPETUIHOIO TEXHOJIOTIELO.

CorrianpHO-eKOHOMIYHUN €(EeKT BiJ BIPOBAKEHHS PO3POOJICHUX O010aKTHBHHX
MOKPUTTIB MOJSATAE Y MiIBUIIEHHI COIIAJIbHUX HOPM Ta 3HWKEHH1 BUTPAT Ha JIIKyBaHHS
3a paxyHOK OJHOYACHOI'O CKOPOYEHHS TMepioay peadumiTalii MamieHTiB 0 OJIHOTO
MICSIIIO Ta MiABUINEHHS TEPMiHY €KCIUTyaTarlii BUpoOy.

Mikpob6ionoriyni  BunpoOyBaHHA B I[HcTUTyTI mpoGinem  kpioOGiosorii i
kpiomeauiiuan HAHY Ta VYkpaincekoro HJII exosoriunux mpoOiem (M. XapkiB),
MOKa3ajau, 10 PO3POOJICHI CKIOKPUCTAIIYHI MOKPUTTS HE BHUSABJISIIOTH TOKCUYHOI i,
XapaKTEPU3YIOThCS OCTCOKOHAYKTHBHUMH BJIACTUBOCTSIMH i MOKYTh OyTH BUKOPHUCTaHI
K 610CYMICHI IMIUTAHTATH JJISI KICTKOBOTO €HJIOMPOTE3yBaHHS .

Pe3ynbpraTu nucepraiiitHoi poOOTH BIPOBAKEH1 B HAaBYAJIbHUI Tpouec Kapeapu
TEXHOJIOT1i KepaMiku, BOTHeTpuBiB, ckia Ta emaned HTY «XIII» mpu migrotosi
CHEITaTICTIB 1 MaricTpiB 3a cremnianbHICcTI0 161 «XiMiuHI TEXHOJIOTII Ta IHXKEHEepis».

VY BcTymi OOIPYHTOBAHO AaKTyallbHICTh MPOOJIEMH, MOKA3aHO 3B’SI30K poOOTH 3

HAYKOBUMHM TPOTpaMaMH, IJIaHAMH 1 TeMamu, c(hOpMyJIbOBAaHO METY 1 3a/adi, 00’ €KT,
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peIMET Ta METOJM JAOCITIKEHHS, BU3HAYEHO HAYKOBY HOBU3HY Ta MPAKTHYHE 3HAYCHHS
po0OTH, OXapaKTEPU30BAaHO OCOOMCTHI BHECOK 3/100yBaua Ta anmpooaiiito poooTH.

[lepmmii po3mia MPUCBSIYEHO aHANI3y NUTaHb, SKI BU3HAYAIOTH PO3B’ sI3aHHSA
npoOJieMU CTBOPEHHS CKJIOKPUCTAIIYHUX IOKPUTTIB IO TUTAHY CTOMATOJIOTIYHOIO
npu3HaueHHsA. AHami3 1HpopMarliiiHoi 0a3u, 100 NEPCHEKTUBHUX HAIPSMKIB
po3po0OK  IHHOBAIIMHUX  JICHTAJbHMM  IMIIIAHTATIB, JO3BOJWB  BCTAHOBHTH
€(EeKTUBHICTh BUKOPUCTAHHS THUTAHOBUX IMIUIAHTATIB CYLIIBHOLMIIHAPUYHOT Ta
TBUHTOBOI ()OPM 1 BUMOTH /IO HUX.

Y npyromy po3aiiai OOIpYHTOBAaHO BHOIp HampsMKIB, 3aJad 1 METOAMKHU
JIOCJIIIDKEHb TIpolieciB (hOpMyBaHHS Ta BIACTUBOCTEN PO3POOJEHUX MOACIBHUX CTEKOI
Ta CKJIOKPUCTAJIIYHUX TIOKPUTTIB Ha iX OCHOBI. HaBeneHa xapakTepucTika CUpOBUHHUX
MarepialiB Ta copmysiboBaHa poOoya TrinoTesa.

Tpertiif po3ain npucBIYEHU OOTPYHTYBaHHIO BHOOpPY 0a30BOi cHCTeMH, BUOODY
KpUTEpIiB Ta CHHTE3Y CKJIaJiB MOJEIbHUX CTEKOJ; BCTAHOBJIICHHIO MEXaHI3My
CTPYKTYpO- Ta ()a30yTBOPEHHsI B MOJICTILHUX CTEKJIaX Ta 0COOMMBOCTEN (pOopMyBaHHS Ha
iX OCHOBI 0e3/1e()eKTHUX CKIIOKPUCTAJIIYHUX MOKPHUTTIB MO CIUIaBaX TUTaHy B yMOBax
HU3BKOTEMIIEPATYPHOT KOPOTKOTPHUBAIOI TEPMIYHOI OOpOOKHM Yy B3a€MO3B SI3KY 31X
(b13MKO-XIMIYHUMHU Ta €KCIUTyaTal[iiHUMU BJIACTUBOCTSMH.

Y derBeproMy pO3AUTT HABENCHO pPe3yabTaTH PO3pOOKH  O10aKTHMBHHUX
CKJIOKPUCTAIIYHUX MMOKPHUTTIB MO CIIJIaBaX TUTAHY ISl I€HTAIBHOTO €HIOMPOTE3yBaHHS
Ha OCHOB1 OOpaHMX MOJEIBHUX CTEKOJ.

VY i’ sToMy po3/i1i HaBEJEHO TEXHOJIOTIIO OJepKaHHS po3p00IeHUX 010aKTUBHUX
CKII no Twrany i JCHTAJIbLHOTO €HAONPOTE3yBaHHS 3a IUIIKEPHOK Ta
enektpodopernuHoro TexHonorisiMu. HaBeneni pe3ynbTaté  OaKTEpUIIMTHUX —Ta
MIKPOOIOJIOTIYHUX JIOCHIJKEeHb. [IOpIBHAHHS TEXHOJOTIYHUX Ta EKCIUTyaTalliHUX
BIIacTHBOCTEH po3pobieHux ta Bigomux CKII mo3Bomia BCTaHOBUTH MEPCIIEKTUBHICTD
iX BUKOPHUCTAHHS y 3B’ 513Ky 31 CKOPOUYEHHSM TEPMIHY HOTO 3pOIIYBaHHS 3 KICTKOBOIO
TKaHUHOI (= 1 Mmicsis), y MOpPiBHAHHI 3 BiIOMUMH KepaMidHuMu (= 6 MicsiiB) Ta

KOMITO3UIIHHUMH (= 3 MICSIIIi) TOKPUTTSIMHU.
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Taxum 4YMHOM, BUPIIIEHO HAYKOBO-MIPAKTHUHY 3a]ady, COpPSIMOBaHY Ha PO3pOOKY
010aKTUBHUX KalbI[1H(ochHaTOCUITIKATHUX CKJIOKPUCTATIYHUX MOKPUTTIB MO CILIaBax
TUTaHy [IJI1 CTOMATOJIOTIYHOTO EHJOMPOTE3yBaHHS 31 CKOPOUYEHWMH TEpMiHAMU
3pOIIYBaHHS.

KitouoBi cioBa: TEXHONOTIS CKJIOKPUCTAIIYHUX MOKPUTTIB, CUTaJIi30BaHA
CTpYyKTypa, TOKPUTTS TIO THUTaHy, CTPYKTYpOYTBOPEHHS,  CTOMATOJIOTIYHE

€HJIOTPOTE3yBaHHS .
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ANNOTATION

Fesenko O.l. Glass-ceramic coatings for titanium aloys for dental
endoprotezirovaniya based on calciumphosphatesilicate glasses. — Qudifying scientific
work. On the manuscript.

The dissertation on completion of a scientific degree of the candidate of engineering
stience on a specidty 05.17.11 «Technology of refractory nonmetallic materids»
(161 — Chemicad technologies and engineering). — National Technical Universty "Kharkiv
Polytechnic Institute”, Kharkiv, 2018.

The dissertation is devoted to the development of glass-ceramic coatings on titanium
dloys based on calcium phosphate slicate glass matrix for dental endoprosthetics and the
choice of technological parametersfor their obtaining.

The object of research — processes of Sructure and phase formation of ceramic
titanium ceramic coatings based on calcium phosphate slicate system, mechanism of thelr
solubility in physiological fluids, and technologica parameters for obtaining glass-ceramic
coatings.

The subject of research — cacium phosphate slicate glass- ceramic coatings on
titanium aloys for dental endoprosthetics.

Research methods. Determination of radiological properties of natura raw materids,
physicochemical and operationa properties of modd glasses and glass-ceramic coatings
(GCC) was carried out using standard and specia methods indicated in the relevant section,
in accordance with the requirements of the current normative documents for silicate products
and medicd products.

The researches were carried out using the equipment of the Chair of technology
of ceramics, refractories, glass and enamels of NTU "KhPI", as well as devices and
equipment of PJISC "UkrSRIR them. A.S. Berezhnoy ", the Institute of Monocrystals of
the National Academy of Sciences of Ukraine (Kharkiv), the laboratories of
NanoMedTech LLC (Kiev), EmoFrite (Tselje, Slovenia). Microbiological investigations

were carried out at the Institute of Problems of Cryobiology and Cryomedicine of the
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National Academy of Sciences of Ukraine (Kharkiv) at the Institute of Environmental
Problems of Environmental Problems.

Composition have been developed and optimal technological parameters for
obtaining bioactive glass-ceramic coatings on the basis of calcium phosphate silicate
glass, providing formation of an oriented fine-volume crystalline structure under
conditions of short-term low temperature thermal treatment due to directional
crystallization by the mechanism of phase distribution has been determined.

For thefirst time:

— peculiarities of the formation of the structure and phase composition of glass
crystalline materials and coatings in the system R,0-RO-CaF,—R,0:-P,0s—SO,,
which are: formation in the melt in the sibotaxy groups [ PO,]> and [OH]'; the phase
distribution of the glass matrix when the melt is cooled with the formation of secondary
bundle along the spinodal mechanism, which leads to the growth of nucleators and the
appearance of crystals of calcium phosphate in the amount of =~ 15 vol. %; the
formation of a strengthened finely divided volume crystallized oriented coating
structure, in conditions of short-term (1,0 + 1,5 min) low temperature (780 °C) thermal
treatment, with the content of the crystalline phases of hydroxyapatite (37 vol. %) and
fluorapatite (3 vol. % ), which provides a shear adhesion > 15 MPa and a Vickers
HV > 6.64 GPa microhardness has been experimentally established;

— that the apatite-like layer on the surface of resorptive calcium phosphatosilicate
glass-crystalline coatings is formed by dissolving the material and leaching Ca® ions
= 0.126 mass. %, Na" = 0.456 mass. % and P>* = 0.162 mass. % at a pH of 7.3. This
contributes to the accelerated formation of alayer of silicagel and amorphous phosphate
calcium phosphate in the size of ~ 50 nm and the formation of a layered structure
characteristic of non-stoichiometric GAP (nGAP) with the ratio Ca : P = 1.64 necessary
for the crystallization of apatite layer on the surface in vivo in the short term (= 1 month);

— that the mechanical properties of the received titanium glass-ceramic coatings
according to the filtration application technology for solid-cylindrica (H = 6.64 GPa,
Kic = 2,8 MPa - m"®) and electrophoretic technology for screw (H = 6.72 GPa,
Kic = 3,0 MPa - m*?) implants, which allows them to be used at long cyclic loads on the
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composite has been established. In this case, the necessary condition for the adhesion of
bone cells to the surface is the vaue of the parameter of its roughness
R, = 2.86 + 3.52 um and the free energy of 52.4 + 62.1 mJm°.

The practical value of the results obtained for composite materials technology is
to develop new non-toxic, bioactive, reinforced glass-ceramic titanium-based coatings
based on calcium phosphate silicate glass for dental endoprosthetics with shortened
merging times.

For the practica reception of defect-free ceramic coatings with high bond
strength in the metal-glass-ceramic coating system, optimal technological parameters of
the application of coatings have been worked out: on solid cylindrical implants - on a
dlippery technology and on screw implants by electrophoretic technology.

The socio-economic effect of introducing developed bioactive coatings is to
increase social standards and reduce the cost of treatment by reducing the rehabilitation
of patients by one month and increasing the life of the product.

Microbiological tests a the Institute of Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences and Ukrainian Research Institute of
Environmental Problems (Kharkiv) showed that the glass-ceramic coatings devel oped
do not exhibit toxic effects, are characterized by osteoconductive properties and can be
used as biocompatible implants for bone endoprosthetics.

The results of the dissertation work are introduced into the educational process of
the department of technology of ceramics, refractories, glass and enamels of NTU
"KhPI" in the preparation of specialists and masters in the specialty 161 "Chemical
technologies and engineering”.

The introduction substantiates the relevance of the problem, shows the connection
of work with scientific programs, plans and themes, formulates the purpose and tasks,
object, subject and methods of research, determines the scientific novelty and practical
value of the work, characterizes the persona contribution of the applicant and
approbation of the work.

The first section is devoted to the analysis of issues that determine the solution of

the problem of creating glass-ceramic coatings for titanium dental purposes. An analysis
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of the information base on promising directions of development of innovative dental
implants allowed to establish the efficiency of the use of titanium implants of solid
cylindrical and screw forms and requirements to them.

In the second section the choice of directions, problems and methods of
researches of formation processes and properties of developed model glasses and glass-
ceramic coatings on their basis is substantiated. The characteristic of raw materials is
given and the working hypothesis is formulated.

The third section is devoted to substantiation of the choice of the base system,
selection of criteria and synthesis of the warehouses of the model glass, the
establishment of the mechanism of structure and phase formation in the model glasses
and the peculiarities of the formation of defect-free glass-ceramic coatings on the basis
of their basis on titanium alloys under conditions of low-temperature short-term thermal
treatment in relation to their physical, chemical and operational properties.

The fourth section presents the results of the development of bioactive glass-
ceramic coatings on titanium alloys for dental endoprosthetics based on selected model
glasses.

The fifth section presents the technology for the development of titanium
bioactive GCC for dental endoprosthetics, based on dip and electrophoretic
technologies. The results of bactericidal and microbiological studies are presented. The
comparison of technological and operational properties of the developed and known
GCC has made it possible to establish the promising use of them in connection with the
shortening of its time of joining with bone tissue, in comparison with known ceramic
and composite coatings.

Thus, the scientific and practical task aimed at the development of bioactive
calcium phosphate silicate glass-ceramic coatings on titanium alloys for dental
endoprosthetics with shortened terms of adhesion has been solved.

Keywords. glass-ceramic coating technology, sitallized structure, titanium coating,

structure formation, dental endoprosthetics.
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