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BOCCTaHABIIMBATh I[E€pPBOHAYaNbHbIE (OpPMy, OJIacCTHUHbIE ¥ COpPOLIMOHHBIE CBOHCTBA U
BOJIOTIOTJIONIAOIIYIO CITOCOOHOCTH 10 10 MHUKIIOB.

Ha ocHOBaHHU yCTaHOBJICHHBIX 3aKOHOMEPHOCTEH MOJIydyeHbl THOPUIHBIE Tee00pa3yonue
MHOTO()YHKITMOHAJIbHBIE MAaTEPUAJIBI C YAYUIIEHHBIMHU SKCIUTYaTallMOHHBIMA CBOMCTBAMH, KOTOPBIC
Mor yT HUCITIOJIB30BATHCA B Ka4yeCTBC TaMIIOHA>XHBIX BOAOU3OJIAIIMOHHBIX paCTBOPOB 58
KOMITO3UIITMOHHBIX MaTepI/IaJ'IOB JJI 3alIITUTHBIX HOKpBITI/Iﬁ.

COJIbBOTEPMAJIbHBII CUHTE3 HAHOPA3ZMEPHBIX YACTHII JIMOKCHJIA
TUTAHA, JOIIMPOBAHHBIX OKCUJAMMU PEJAKO3EMEJIbHBIX DJIEMEHTOB
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Jlnokcun TUTaHa 3aHUMaeT 0co00e MECTO B PsAAY HCIHOJIB3YeMbIX (POTOKATAIM3aTOPOB
Omarogaps  BBICOKOMY  OKHCIHUTEIHHOMY  MOTCHIMANy,  XHMHYECKOWM  CTAOMIIBHOCTH,
OMOCOBMECTUMOCTH M OTHOCUTENIbHO HU3KOU IleHe. B HacTosiiee Bpemsi pa3paboTke pa3iUyHBbIX
METOJIOB CHHTE3a HaHOKpHCcTaindeckoro Ti0,, MO3BOJSIONINX KOHTPOIUPOBATH pa3mMep U Gopmy
YacTHll, CTENEHb KPUCTAIUIMYHOCTH, KPUCTAIIMUYECKYI0 MOAU(PHUKAIIUIO, CBOMCTBA OBEPXHOCTH U
JAIOIIMX BO3MOKHOCTH JIONMUPOBAHUS PA3NMUYHBIMU COCIUHEHUSIMH MEPEXOJHBIX METAUIOB U
PEAKO3EMEIIBHBIX 3JIEMEHTOB YIEJIETCS MTOBBIIIEHHOE BHUMAHUE.

B Hamei#i pabore combpBOTEpMaiIbHBIM METOJIOM M3 QJIKOKCHIOB METAIZIOB B pacTBOpax
0€3BOJIHBIX OPraHWYECKUX KHUCJIOT B aBTOKJIaBe mpu Temmeparypax 250-350 °C cuHTe3upoBaH psija
00pa3IoB AMOKCHIA TUTaHA, MOMHPOBAHHOTO OKCHJIAMHU PEIKO3EMENIbHBIX 3JIEMEHTOB (€BPOIHS,
3pOwusi, UTTEpOUs, HEOTUMA).

Metogamu  peHTreHo(a3oBOro aHaiu3a, KOMIUIEKCHOTO TEPMHYECKOTO  aHalu3a,
aeKTpoHHON MuKpodoTorpaduu, MK-ciekTpockonuu u mopoMeTpuu UCCIEAOBAHBI UX CTPYKTypa
u Mopdosorus. YCTaHOBJICHO, YTO B 3aBUCHMOCTH OT CTPOEHHUS HCXOJHOTO COCJUHEHUS,
TEMIIEPATypbl U TMPOJIOJDKUTEIIBHOCTH CHHTE3a, MOTYT OBITh IOJY4YeHbl Kak amMopdHbIe, TaKk U
KPUCTAIMYECKUE TMOPOIIKH OKCHUAOB C Pa3UYHON, KOHTPOIHpyeMou, QopMoil dYacTwil.
HccnenoBanbl JIIOMUHECIIEHTHBIE U (POTOKATATUTUYECKHUE CBOMCTBA CHHTE3MPOBAHBIX MOPOLIKOB.
Ha npumepe GpOTOXMMHYECKOTO Pa30oKeHHUs] KpacUTENeil METHIEHOBOTO TOJIyOOT0 U METHUIIOBOTO
OpaH)XEBOI'0 TMOKa3aHO, 4YTO (OTOKATATUTUYECKAs AKTUBHOCTh CHHTE3HMPOBAHHBIX 0Opa3loB
JUOKCUJAa TUTaHA, JOMUPOBAHHOTO OKCHUJAMU PEAKO3EMENbHBIX 3JIEMEHTOB, HE YCTYIaeT
AKTUBHOCTH MPOJAXKHOTO HAHOPA3MEPHOIO IMOPOILIKA JAUOKCHAA TUTAHA WM J1aK€ MPEBOCXOJUT
ero.

PaboTa BrImosHEHA B paMKax ['ocytapCcTBEHHOTO 3a/1aHHUS.

THE STABILITY OF SOLS ON THE BASIS OF TETRAETHOXYSILANE AND
PHOSPHORIC ACID
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At the present, a large number of studies is devoted to obtaining the metal-phosphate
materials [1-3]. It is connected with necessary to create reliable orthopedic implants with ability to
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osseointegration, prevention of bacterial adhesion, etc. The greatest successes in this direction have
been achieved due to use of calcium-phosphate coatings that has allowed to improve
biocompatibility and osteointegration properties of the implants due to their developed surface.
According to the literature data [4, 5] to form calcium-phosphate coatings one uses the sol-gel
method and solutions based on 96% ethanol, tetraethoxysilane, phosphoric acid and calcium
chloride, as the original precursors. Because of low solubility of the formed compounds of calcium
with the phosphoric acid these solutions are unstable in time.

The aim of the present study was to determine the influence of additives of calcium chloride
on the stability of the sols on the basis of ethanol, tetraethoxysilane (TEOS) and phosphoric acid.

The colloidal solution has been prepared in 96 % ethanol, dissolving tetraethoxysilane
C = 0.3 mol/l, phosphoric acid C = 0.3 mol/l and crystalline hydrate of calcium chloride in it. A
molar ratio in the Ca/P solution is 1. Particle size has been determined with the photon correlation
spectrometer UNICOR — SP in the homodyne detection mode. The charge of the colloidal particle
has been determined with the electrophoresis method.

The composition of the precipitate from the solution and the composition of dried solution
has been determined with the method of X-ray phase analysis (XRP) with the Rigaku Miniflex 600
diffractometer using radiation of Cug, in the range of 2°-90° (20) with the step of 0.02° and
shooting speed of 2 deg/min.

Solubility of CaHPO, in ethanol has been determined by the following technique: the
sample has been dissolved in 96 % ethanol at room temperature; held for 14 days, after that
precipitate has been filtered; mother solution has been dried and dissolved in water; content of Ca**
ions in aqueous solution has been determined by titration with Trilon B. IR spectra of the solution
have been recorded with the Agilent Cary 630 FTIR spectrometer in the frequency range of 400-
4000 cm™.

In the first day of solution preparation the interaction between components has occurred
with formation of a colloidal solution. According to photon correlation spectroscopy (PCS) after
holding solution during two hours at room temperature radius of particles in it is from 0.3 nm to 19
nm (Table 1). After a four-hour holding solution, small particles have become larger, and their size
has reached 19-25 nm. During the day the particles have been visualized and their settling has been
observed. After settling of the solid phase stock solution contains the particles with size from 5 to
23 nm.

Table 1. Data of PCS method for sol with composition of T9OC-CaCl,-2H,0-H3PO..

Time of holding sol after its Time of signal . .
° . Radius of particles, nm
preparation, h collection (t,), S

198 19
250 5

2 335 08
396 0,3
21 19
169 25

4
211 23
237 22

According to the XRP results settled dispersed phase was calcium phosphate. The results of
solubility of calcium phosphate in ethanol at room temperature (0.009 mol/l, IgKs, = 4.1)
determined by us indicate that mother solution must contain both phosphate (hydrophosphate) ions,
and calcium ions.

These data are confirmed by the data of IR spectroscopy of mother solution. IR spectrum
contains oscillations of phosphorus—oxygen bonds: P=0 (1371, 1261, 1263 cm™), PO, (1030, 1041,
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529 cm™), P-O-P (877 cm1), as well as oscillation of Ca—O bond (423 cm™), which present also
in the IR spectrum of calcium hydrophosphate. In addition, the spectrum of stock solution contains
oscillations of following bonds: H-O-H (3265, 1625 cm™), Si—-O-H (3265 cm™), —CH,, —CHj
(2866, 2968 cm ™), Si—O-Si (877, 758 cm™).

Thus, after holding colloidal solution during one day, calcium hydrophosphate precipitates,
and mother solution contains, in addition to TEOS, alcohol, and water, products of interaction of
calcium salt with phosphoric acid. According to the PCS data, the mother solution is characterized
by the presence of colloidal particles with size of 298—334 nm. On the ninth day after holding
solution their radius was 198—289 nm, and on the 18th day — 162—-184 nm.

It has been revealed by the electrophoresis method that colloidal particles of the mother
solution have positive charge. Assumed composition of the colloidal particles is:
{[mCaHPO4] -nCa®*xSi(OC,Hs)s0H* 1" ™*2(n-x)CI™. The stability of sol is maintained during 6
months and then it transforms in gel.

According to XRP data dried mother solution at a temperature of 60° is mixture of two
crystalline substances: CaClH,PO4,-H,O and SiO,. Calcium chloride dihydrophosphate is
crystallized in monoclinic crystal system with lattice parameters: a = 5.76 A, b = 17.13 A, ¢ =
6.41 A. Silica is crystallized in cubic crystal structure with lattice parameters: a=b = ¢ = 12.17 A.
Presence of compound CaCIH,PO, in dried mother solution instead of CaHPO, is explained by
increase of acidity after drying, that shifts dissociation equilibrium of dihydrophosphate ion in the
direction of formation of HoPO,", which forms with Ca*'salt CaCIH,PO,.Thus, to form the more
stable sol on the basis of C,HsOH-CaCl,~TEOS-H3PO,, content of calcium chloride should not
exceed a concentration of 0.009 mol/l, which does not exceed Kg, of CaHPOL.
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Jl71s neKTpocTaTHYecKoi CTaOUIN3allid MarHUTHBIX HAHOYACTHI] BaKHOE 3HAYCHHE UMEET
BBICOKOE 3HAUEHHUE J3€Ta-MOTEHUHANIA U1 NPEeAOTBPAIICHUS arperaivv U OCaKICHUS YacCTHII.
NHukancynupoBaHre HAHOYACTUL MArHeTHUTa B PAa3JIMYHBIE ITOJMUAIEKTPOJMUTHBIE 3aLUTHbIE
000JI0YKH TIO3BOJISIET PETYIUPOBATH MOBEPXHOCTHBIA IMOTEHIMAA. B 3TON cBsi3M mpencraBisieT
WHTEPEC HCIIOJIb30BaHKUE TMOJIMANCKTPOIUTOB PA3IUYHOW MPHUPOABI A  (PYHKIMOHATU3AINUN
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