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PE®EPAT

Marictepchka nucepTalliss BUKOHaHa B 00cs3i 90 cTopiHOK, MICTHUTH 18
pHUCYHKIB, 9 Tabmuibs Ta 70 6161i0rpadiYHUX MOCHUIIAHb.

Meta po6oTH — HOCHTIKEHHS 3aKOHOMIPHOCTEH (POPMYBaHHSA CTPYKTYpH Ta
BJIACTUBOCTEH KaubliidocdaTHOi OloKepaMiKd 3 METOK iX MOJAJBIIOTO
MPAKTUYHOTO 3aCTOCYBAHHS Y MEIUYHIN OCTEOIIaCTHIL.

OO0’exT mochipKeHHs . KanbliidocdaTHa KepamMka Ha OCHOBI O010T€HHOTO
rizpokcuanatuty Cas(PO4)3(OH) Ta rigpooprodocdaTy Kaniblito (MOHETHTY)
CaHPO,; xanbmiiidhochaTHa kepamka Ha OCHOBI TipoopTodocdaTy KajbIlito
(monetury) CaHPQO,4 Ta HaHOIMCTIEpCHOTO A10KCUAY KpeMHito Si05.

[IpeameT pochipKeHHS: BIUIMB BHUXIJIHOTO CKJIAQMy Ha CTPYKTYpy Ta
BJIACTUBOCTI KaJbLiA(pocaTHOI KEpaMIKH.

Meronu  gocnipkeHHs:  peHTreHoda3zoBui  aHami3, JaudepeHIiiHMMA
TEPMOTPaBIMETPUYHUI aHali3, CKaHylo4Ya EJIEKTPOHHA MIKPOCKOIIiS, METOJUKa
IIPOBEICHHS KOMIT FOTEPHOTO aHali3y MIKPOCTPYKTYPH 3pa3KiB Ha aHali3aTopil
«SIAMS 600», MeToauKKN BU3HAYEHHS TYCTUHM, TIOPUCTOCTI, MIITHOCTI Ha CTHCK,
Jocian in Vitro.

JloCPKEHO CTPYKTYpY Ta BJIACTUBOCTI KajblliidochaTHOi KepaMiKu JBOX
TUIIIB B 3aJ€XKHOCTI BiJl BHUXIJHOTO CKJIaay KOMIOHEHTIB. [IpoBeneHo anami3
3B’SI3KY  CTPYKTypH OlokepaMikd 3 11 MEXaHIYHUMHM XapaKTEPUCTHUKAMHU.
JlocniKeHO PO3YMHHICTD 3pa3KiB KajblliddocdaTHoi KepaMiku B MOJEIBHHUX
cepenoBuiax ((pi3i0NOriYHOMY pPO3YMHI, IITYYHIM IJIa3Mi KPOBI Ta MOPCHKIiM
BOJ1), K1 IMITYIOTb CEPEIOBHILIE )KUBOT'O OPTaHI3My.

BcranoBneno, 1mo oTtpumana  kanblliidocharHa  OiokepaMika €
NEPCHEKTUBHOIO 715l 3aCTOCYBAaHHA B OPTOIIE/Ili, TPABMATOJIOr1T Ta CTOMATOJIOT1i Ta
MOKe OyJTM BUKOPHCTAaHA JJIs 3aMillleHHs 1e(PEeKTIB Iy04aToi KICTKOBOi TKAHWHU B
3aJIEKHOCTI BiJI BIKOBHX OCOOJIMBOCTEHW Ta HEOOXITHOT MIBUIKOCTI Pe30pOIri

MaTepianty B OpraHi3mi.



KitouoBi ciioBa (CoBOCTIONyUYEHHS): KAJIBLIIM®OCPATHA BIOKEPAMIKA,
CIIIKAHHA, CTPYKTVYPA, ®A30BUN CKIJIA/L, MIIIHICTB,
BIOPE3OPBLIA, IMIIJDIAHTAT.



ABSTRACT

Magister thesis consists of 90 pages, 18 figures, 9 tables and 70 references.

The aim of the work is study of regularities of formation structure and
properties of calcium phosphate bioceramics for further practical application in
medical osteoplastica.

The object of the study is calcium phosphate ceramics based on biogenic
hydroxyapatite Cas(PO4)3(OH) and dicalcium phosphate (monetite) CaHPOy;
calcium phosphate ceramics based on dicalcium phosphate (monetite) CaHPO, and
nanosized silica SiO..

Subject of study is influence of starting composition on structure and
properties of calcium phosphate ceramics.

Methods: X-ray analysis, differential thermogravimetric analysis, scanning
electron microscopy, methods of computer analysis of the samples microstructure
using analyzer “SIAMS 600, methodology for determining the density, porosity,
compressive strength, experiments in vitro.

Structure and properties of calcium phosphate ceramics two types depending
on the starting composition have been investigated. The correlation of structure
and mechanical properties of bioceramics was analyzed. Dissolution of samples of
calcium phosphate ceramics was researched in model liquids (isotonic saline, SBF,
seawater) that that mimic medium a living organism.

It was established that prepared calcium phosphate ceramics is perspective
for filling trabecular bone cavities in orthopedics, traumatology and stomatology

depending on age features and necessary resorption rate of material.

Key words (phrases): CALCIUM PHOSPHATE BIOCERAMICS,
SINTERING, STRUCTURE, PHASE COMPOSITION, STRENGTH,
BIORESORPTION, IMPLANT.



BUCHOBKU

1. Ha ocHOBI mpoBeZeHOT0 OIJISALY JITEpPATypy MOKAa3aHO MEPCIEKTUBHICTh
KasbliiochaTHux  MarepiaiB Il OTPUMaHHS  KEpaMikKM  MEIUYHOTO
PU3HAYCHHS Ta BU3HAYEHO 00’ €KTH JOCIIHKEHHS.

2. OTpuMaHO OPUCTY KaJbllifihocaTHy OioKepamMiKy IBOX THUIIIB:

- Ha OCHOBI OIOI€HHOT'O TiIPOKCHANATUTy Ta TiapoopTodocdary KalbIlio
(MOHETHTY) TIpW CHIBBIAHOIICHHI BUXIAHMX MaTepiamiB 25:75, 50:50 Ta
75:25 mac. %;

- Ha OCHOBI TifpoopTodocdary Kaibliro (MOHETUTY) Ta HAHOJAUCIIEPCHOTO
JTIOKCHUY KPEMHIIO IpH CHIBBIIHOUIEHH! BHXIIHUX MartepianiB 95:5, 90:10 rta
85:15 mac. %.

3. Ha ocHOBI OCHIKEHHSI CTPYKTYPH Ta BJIACTUBOCTEN KanblliidocdaTHOol
Ol0KepaMiKyd Ha OCHOBI OI0T€HHOTO TiIPOKCHANIATUTy Ta MOHETHUTY BCTAHOBIICHO,
1I10:

- MpU CIIKaHHI CyMilied OIOreHHOro TiIPOKCHANaTUTy Ta MOHETUTY 3
BMICTOM MOHETUTY Y KUIBKOCTI ToHax 25 wmac. % BiZOyBa€ThCsl 4YaCTKOBE
pO3KJIaJaHHsl G10r€HHOTo TAPOKCHANATUTY 1]l BILIMBOM (Da30BUX MEPETBOPEHD Ta
TBEpAO(a3HUX peakiii, Kl BIIOYBAIOThCA 32 pAXyHOK MOHETUTY, Ta (HOPMYBAHHIO
nomdocdarHoi  Olokepamiku, MO MICTUTHh ¢a3u TiAPOKCHANaTUTY, [3-
Tpukaneuiiocdary ta P-mipodocdaTy Kanblis y pI3HOMY CIIBBIJHOIICHHI B
3QJI)KHOCTI BiJl BUXIJTHOTO CKJIaay;

- 30ULIbIIEHHS  BMICTY  OIOT€HHOTO  TIAPOKCHANATUTy y  CKJIAfIl
KaJbLiipocpaTHOI OlOKEpaMIKU HNPUBOJIUTH 10 (POPMYBaHHS CTPYKTYpH 3 OUIbLI
BY3bKHM PO3MOJI1JIOM 3€PEH Ta MOP 33 PO3MIPOM;

- TMOPUCTICTh KaiblikpochaTHoi OlOKEepaMiKh HE 3alekUTh BiJ CKIamy
BUX1THOT cyMmimni Ta ctaHoBUTHh 40-42 %, 1m0 MOB’S3aHO 3 MPOTIKAHHAM TaKHUX
KOHKYPYIOUHX MPOIIECIB SIK (Pa30Bi MepeTBOPEHHS Ta ycaaka. Jjis BC1X OTpUMaHUX

MartepianiB J0Jis BIAKPUTOI MOpPUCTOCTI ckianae moHaa 0,97, € MO3UTUBHOIO



XapaKTePUCTHUKOIO JJi OloMaTepialiB 3 TOUKU 30py LUPKYISALIl PIAMH B OpraHi3mi
Ta IPOPOCTAHHS KICTKOBOI TKAaHWHM;

- BBEJCHHS MOHETHUTY JI0 CKJaay KajbliidochaTHOI KepaMiKd CTBOPIOE
edeKT 3MIIHEHHS, B 1,5 p. MiABUIYIOYH MIIHICTh KEpaMiKi, 3a paXyHOK (ha30BUX
MepeTBOPEHb B MaTepialli Ta BUHUKHEHHs €(heKTy 3B’ sI3yBaHHS 3epeH. MIIHICTh Ha
CTUCK (pyHHYIOY€E HAIPY>KEHHS G,) noiiocdarHoi kepamiku ckiagae 32-55 Mlla
Ta 3poctae 31 30uTbmeHHsIM BMicTy BI'A, Ta € 6IU3bKOI0 10 MIMHOCTI Ty04acToi
KICTKH JIFOJIMHH;

- IBHUAKICTb PO3YMHEHHS OTPUMaHOI KaubiiidocdaTHOI KepaMiKu €
HEBHCOKOI0, TOMY MaTepiall MOXYThb OYTH TEPCHEKTUBHUMH Y BUIAIKY
3aIIOBHEHHS TYOYaTHX JUISHOK KICTKOBOI TKAHMHHM B OPTOMEIil Ta TPaBMAaTOJIOTIT
MpU HEOOX1THOCTI HEBUCOKOI MIBUAKOCTI PE30POILii.

4. Ha ocHOBI1 JIOCHIIPKEHHS CTPYKTYPH Ta BIIaCTUBOCTEN KanbllilidochaTHoi
OlokepaMmiki Ha OCHOBI rifgpooprodocdaTy Kaublito (MOHETHTY) Ta
HAHOJMCIIEPCHOTO IIOKCHUIY KPEMHII0 BCTAHOBJICHO, II10:

- I0JJaBaHHS HAHOJIMCIIEPCKOTO IOKCHIY KPEMHIIO Y KUIBKOCTI 5-15 mac. %
0 MOHETUTY TIpHU CIKaHHI MPU3BOAUTH 10 (a30BUX TNEPETBOPEHb Ta
TBepJ0(a3HUX PEakKiliif, B Pe3ysibTaTi SKUX YTBOPIOEThCS OaratodasHa Kepamika,
mo  wmictuth  B-mipodocdar  kambiito, BOJIACTOHIT Ta  JOMINIKA -
TpukanbsUiidocdary;

- JIOJaBaHHS MJIOKCUAY KPEMHII0 JO0 MOHETUTY Y KuibkocTi 10 15 %
NpUTHIYY€E nepekpucranizamito B-mipodocdary kanbiito B B-Tpukaibuiidocdar,
110 BinOyBaeThes MpH crikanHi npu temiepaTtypl 500 °C y mopiBHSAHHI 3 YUCTHM
MOHETHUTOM;

- 30UIBIIEHHS KUIBKOCT1 AIOKCUAY KPEMHIIO Y BUXITHOMY CKJIaJl PUBOJUTH
10 GhopMyBaHHS OUTBIII PIBHOMIPHOI MOPOBOi CTPYKTYypHU Ta B 4 pa3ud 3MEHIIY€
MIHIMQJIBHAIA PO3MIp TIOp B KepaMilli Py 3araibHii mopuctocTi 43,5-46,8%);

- 301JIBIIIEHHS] BMICTY JIIOKCUIY KPEMHIIO Y BUXITHOMY CKJIaJll IPUBOAUTH JI0

3pocTaHHsi MiHOCTI Big 16 g0 24 MIla 3a paxyHOk (a30BUX MEPETBOPEHH Ta



peaxiiiif, 1O BiIOYBAIOTHCA TPHU CITKaHHI, 110 CTBOPIOE JOMATKOBHM e(exT
3B’3yBaHHS 3€pEH Ta 3MII[HEHHs MaTepiaiy;

- OJlep>KaHl MaTeplajl € PO3YMHHUMH B yCiX BUKOPHCTAHUX MOJEIBHUX
pianHax (i3oToHiuHMIA (izionoriunuit po3uud, SBF, Mopcbka Bona) Bxke B mepiii
JIB1 100M TiepeOyBaHHA Y HUX.

5. Ha ocHOBI NIpoBeAEHMX JOCII)KEHb MOKHAa 3pOOMTH BHCHOBOK IIPO
NEPCIIEKTUBHICTh 3aCTOCYBAHHS OTpUMaHOi KanbliidochaTHoi Oiokepamiku 000X
TUIMIB JJIs 3aMillieHHs Je]ekTiB ryodaroi KICTKOBOi TKAaHMHM B OPTOIEIIi,
TpaBMATOJOrIi Ta CTOMATOJOTIi B 3aJIe)KHOCTI BiJ BIKOBUX OCOOIMBOCTEH Ta
HEOOX1THOI IIBUIKOCTI pe30pOlIii MaTepialy B OpraHi3Mi.

6. OrtpuMmaHi MaTepiadd MepelaHo JUisl MOAAJBIIMX  JIOCHIKEHb
€(EeKTUBHOCTI KJIOHYBAHHSI CTOBOYPOBHUX CTPOMAJIbHHMX KIIITHH KICTKOBOI'O MO3KY
JIIOJTMHU B MIPUCYTHOCTI 3pa3KiB OTpUMaHOi O10kepaMiku B [HCTUTYT TpaBMAaToIOTI1

ta oproneaii HAMH VYkpainu.



CONCLUSIONS

1. Based of the review of literature it was shown the perspective of calcium
phosphate materials for production of ceramics for medical application and defined
objects of research.

2. Two types of porous calcium phosphate bioceramics have been prepared:

- based on biogenic hydroxyapatite and dicalcium phosphate (monetite) with
correlation of starting materials 25: 75, 50: 50 and 75:25 wt. %;

- based on dicalcium phosphate (monetite) and nanosized silica with
correlation of starting materials 95: 5, 90: 10 and 85:15 wt. %.

3. According to the investigation of structure and properties of calcium
phosphate bioceramics based on biogenic hydroxyapatite and monetite it was
established that:

- during sintering of mixtures of biogenic hydroxyapatite and monetite with
content of monetite in amount more than 25 wt. % the partial decomposition of
biogenic hydroxyapatite take place due to the phase transformations and solid-
phase reactions that is due to monetite and formation of polyphosphate
bioceramics that contains the phases of hydroxyapatite, B-tricalcium phosphate and
B-calcium pyrophosphate in different correlation depending on the starting
composition;

- increasing of biogenic hydroxyapatite content in composition of calcium
phosphate bioceramics leads to formiation of structure with more narrow grains
and pore size distribution;

- porosity of calcium phosphate bioceramics does not depend on
composition of starting mixture and is equal to 40-42 %, that it is related to such
competitive processes as phase transformations and densification. The open
porosity for all prepared materials is more than 0.97 of the total porosity that is a
positive feature for biomaterials in terms of the circulation of body fluids and bone

tissue ingrown;



- addition of monetite to calcium phosphate ceramics creates the effect of
strengthening and 1.5 times increased the strength of ceramics due to the phase
transformation in materials and occurrence the effect of grains bonding. The
compressive strength (fracture load o,) of polyphosphate ceramics is 32-55 MPa
and increase with increasing of BHA content, and is near to strength of human
bone;

- dissolution rate of prepared calcium phosphate ceramics is not high, that is
why materials can be perspective in case of filling trabecular bone cavities in
orthopedics and traumatology at low rates necessary resorption.

4. According to the investigation of structure and properties of calcium
phosphate bioceramics based on dicalcium phosphate (monetite) and nanodised
silica it was established that:

- addition of silica to monetite in an amount of 5-15 wt. % leads to phase
transformations and solid-phase reactions during sintering in which polyphase
ceramics obtained containing [B-calcium pyrophosphate, wollastonite and [3-
tricalcium phosphate admixtures;

- addition of silica to monetite in an amount more than 15 wt. % represses
recrystallization of - calcium pyrophosphate to B-tricalciumphosphate that takes
place during sintering at 500 °C in comparison to pure monetite;

- increasing of silica content in starting composition leads to formation of
more homogeneous porosity structure and 4 times decrease minimal pore size low
with total porosity of 43.5-46.8%;

- increasing of silica content in starting composition leads to increasing of
compressive strength from 16 to 24 MPa due to phase transformations and
reactions that take place during sintering that creates the additional effect of grains
bonding and strengthening of material;

- prepared materials are soluble in all used model liquids (isotonic saline,
SBF, seawater) during first 24 hours.

5. According to the research can be concluded that prepared calcium

phosphate ceramics both types is perspective for filling trabecular bone cavities in



orthopedics, traumatology and stomatology depending on age features and
necessary resorption rate of material.

6. Prepared materials were transferred to Institute of Traumatology and
Orthopedics of NAMS of Ukraine for further research of the efficiency of cloning

stem stromal bone marrow cells of human in the presence of prepared bioceramics.



