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Proposed is a concept for the obtaining of a hybrid organo-inorganic composite materiral 
of incorporative type with a binder based on sevilen and an inorganic filler based on 
na.noparlicles of Ca3(P04 )2 nanoparticles. The binder simultaneously contains two differ
ent phases: «· and P·modifications of Ca3(P0,)2 separated by a coherent boundary. It is 
shown that during the formation of the composite severol processes occur simultaneously. 
They ore: partial hydration of a-Ca3(P04 )i, partial hydrolysis of sevilen. as well as 
intermolecular structuring due lo the formation of chelate complexes. Studied is the effect 
of the composition. structure, the ratio of initia.1 components on the proper ties of t he 
composite. 

Keywords: hybrid organo·inorganic composite, coherent boundary. incorporotive t)•pe. 
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p33pa6oTaHa Kottu.enu.HR nony'feHHR ru6pu;woro oproHO·HeopraHH'fecKoro 1<0Mno3uuu· 
OHHoro MaTepHana 1rn1<opnopaT1tBHOro nmo co CB113YK>lUHM HO ocnoee cononm14cpo 3T11neHo 
c e1muna1.teTaTo:-.t " HeopraHH'feCKHM ttanonmtTeJJeM uo OCHO&c 11a110\faCTULt Ca3(P04 )2. 8 

CTpyKType KOTOpblX O,!lHOapeMeHHO npHCYTCTBYiOT ABe p8311ble cJ;toab! : a II fl·MOA114Jllt.:OUllll 

Ca3(P0,)2 c KorepeHTHOH rpaHHueA Me>t<Ay HHM1t. Onpe;"tenetto. 'ITO npu cJ>op;\rnpoanttnu 

KOMn03UTD O,llHOBpeMeHHO npoTeKOIOT '18CTH'fHble rUAPDTOUllft a-Ca3(PO.a)2, ru;ipOJ1113 
C3BA. ft T8K>Ke MC:.+<MOne1<yn11p11oe CTPYKTypupoaouue 3D C'ICT o6poaoootmn XC/U\TtlblX 
KOMnneKCOB. Hay'feHO 811.HffHHe COCTOBO, CTPYKTYPbl II COOTHOWCHllR KOMllOlleHTOD Ht\ ceoi1 -

CTBB KOMn03HTa. 

fi6pHJlHi opra11o·HCOp raHi'f t1i K0 Mfl03HUIHlll twaTcpianH i 11KOp11opiaT11u11oro Tll ll)' u u 

ocHOBi 4Joc<S>aTiB 1<an.,1.1,it0 11.1111 KiCTKoaoi· xip y p ri'i. C./1.Kpuol.1t.booa, 0 .J\ ·f .Pouo:ra . O.JO.:Ju 
KOoopomHull . M.r.3111~e11Ko, H .0.ByKomtllKO, 8.1.)KyKoa. 

p03po6ncno KOHuenuin orpHM0111111 ri6pn1t11oro oprn110-11coprn11l ,111oro KOM110:111nii111oro 

~aTepiony i111<opnopaT11ouoro Tnny 3 a'R*Y'H1M ua ocuoui cononiMcpn '!T11nc11» a 11111111.'lnUC"· 
TaToM j ucoproHi'fllHM 11onou11t0ua,1CM 110 ocuoui 11nHol.lncToK ttn oc1101ti Ca3(PO~h· u CTp)'t\ · 

TYPi RKUX o;t110tf&c110 npHcyTul ai.11po3y 1toi pi:mi $ o:rn: u I ll·MOA1Hl>1tKnn1rn Ca3(PO~>i J 

KorepcuTllOK> ~c>KCH> Mi* 1111MH. Bn311n'IOH i npou.ccu. uto npoTi KtUOTt. npu cl>0p!'l1)·um111i 

KOr>rn031fTy: qaCTKOoa riJlP81'RUiH u-Ca3(P0.)2• 'lllCT1<0u11ri ri1tponla C:'.>llA i Mi>t<MU/h ' t\}'n>IJJ· 

uc CTPYKTypyonuun 3n poxyuoK )fTUopc1111n xc.niiTllHX KOM11n0Kt:i11. fl111.111L0110 11111\1111 t 'hJUl,1)', 

cTpyKTypu i c nioei.auo11.1c1msr nuxi.1111ux KOMn011c1ni11 HI\ unncTnuocTi KOMllO.rnTn. 
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t ' 11•nll••11 nl 111•\\ w••ffl'lt otl1111 f11111 llu11nl 
mn l1•1111I• fotl l111•ol l1•l111• 1111d hlul11t( \ I" o lttpl 

• 1d 1111•hl1•u1 1"11·M1•11I 1111\• l1l11lo.cl1•11I 111nf1•1 I 
• .i .. "'"'' ' IH •• 11rfr1 " II \ 1111 lt' I v .. r 11111lf"t ln l,. , h1 
• hi.llllf.t llllll•Hhtll ••llNl1111nl 1111r" I 1 I\ I (01 m u 

t-:••t \' 11f ••'1 l1•11111 l l1•11ln t ttV• l .. 111 

1111\\' t'\' 1•1, " "fut' IHl lll••IHll .. 1•11111p11•l11t1uil v1• 
ll1v1•Pt l lf.1.nll1tt1tt l1n\•1• 11111 11•N11 ltr1l 111 t lo• 01 1 

tnl11l11..r 11 ( l 111111\•nllv1• 11111t1•1 l11ln 1111•0111 fur 
lhnl lt\11 .. . 1111111• f1·nw111r11t" 1111tl r11u11u o f 

111 1.:1• 1' n\•Ul1•,. 111 tunJur Mk1•l1•l1111 lumr" 

l ' 1'llt•1•ll1111 "' Nl l111'111111I .11,. .. ,. 1 ~ ... 111 111( 
11•11•111 Mk 1•l1•l1111 P•UtN 1r1111lr••N 11111 ""' ' u f 

r0 111•1•l11 I 1111111•1 lnlR I n 1•11t· t1t·11lu1 . fllll111t 11( 
1 '"\' 11 It•" 111 111nju1 ltull•'" IN re1nlhf'fl hy 
1111•1t.llH 11( 1•nl1'111111 p li11Hp lt11t.• l' t' lllHlll" 10. 71 

l• ur h11 p r11\'1•1t11•11 t 11( llw JUopt•r f lt•N o( 

1111111• 1•1•1111•11114 f•'.K. llu•lr 11uw l11111lc•ul 
Hl1'1•11..: l h) lh1•r1• n n 1 uppllt•il 1llrf11n111L mltll 
I l\'1•,1 , 11 111•h 1114 1•li llt1l411 u , n1·.cu11l1• n 11tl l11or 

nu11'1• fllu•r1t, 1111•lnl11 or p nwtl11rt4 11r 11pulll1• 
4'Hlll lh•1-t l ll1111 pi HI) Tiu• lullt•r .:ru11p 111 
d11il1•" rl1111r· l111• n1u11lt1• Curn(P04)tr'1· rl11u 
r· l111• 1•orl101111l1• u pnll li1 Cu 10F7(P0

4
.COJ)o, 

o•hlurnpnt lt•• Cn 10(P04)0Cl7 111111 hydroxyl 
111111tllo• C11,o(PO;)o(OllJ, f 171 "" t'llllt't•rttH 
llu• 1•u111 p ll11111·11 u( llw 1•h f1111l1•11l 1•01111•0Hll1011 
11( 1111 l tio1·u1111h• flllPr wllh Llw OIUt o( '1011t1 

I l:4t1111•, t h 1• 1110141 Prftwllvo 114 1111wwryHlnllltw 

Cn1o(P04)o(OH)2 l""""""ln11 l1l111t ltloco111· 
pn l llilllt y ll1nl provlcl.-•H u-notl hl111llnK h1•· 
twi•1•J1 lh1• 111nl11r lnl urnl llvlnu hmrnH. l 11 L1·u· 

1h11•t l1111 "' C111o(PO,)o(OH)2 ht •11111nLlll1tH or 
I :! , f1 :.Cl 11111~.,. 'X, I 11 l-o I hn co111pmi1I Lion or t.lw 
r111 .. ,· .... 1 ... ,. It :< tn••t·hnnlc·nl HLl'<!lll(Lh 11 Of. 
llow1•v1•r, tl11• WnrklllK clrnnwl.t1rlHtl CH o r 
w1•ll kuowu l1tm" t'1•11u•r1L~ d u n oL Hllow lo 
"'°''' l l11'11t rur flxnt.1011 o f honu frOJ(llUlltlH niuJ 
fllllt1J{ ••f •·uvllh·~ 111 bo111.• llHtHltl. 

For tl11·•·· '"'""'"""· Lllf' II"" o r hybrlcl or
f.:"11110 h1ortto11lr t'Olll llO~lt.o 111nlorlnlH HN'lllH lo 

h•• 111otcl 1n-0111l:d11g. Org1111o· lt1orf.('n11lc cniu -
11osll1•1< or lttcorporo Llv" LyJ>n UC'lonl( Lo n 
IH'W (•)mt!'l o( futllOllUlt~r(ol~ (ortnocf IJy lflCOr• 

purnl Io n 11r h1or1:11nlc rlllurR In Lo or1:11nlc 
11111lrl<'<•• f IRf. 

TI"' "" '' o r cnlcl 11111 11h11s11hnlt' l11nr1:11nlc 
rlll"r" luo•c·cl nn Ca3(P0)4 111111 Ca10(P0,)6F2 
wlll 11111kl' It po••ll>lo Lo rnlHo lho strott l(Lh or 
1111• 11111Lcorlnl 11 1111 ILs sL11blllLy In c homlcnlly 
lll(jp'c' MSIVI' llll'llllllll o r llvlnl( o rl(olllMntff. 
Tlt<'r <'n l , Litt• ronLcnl or rl11orlno must noL be 
lcll(h, Min•·•· Lltl:< 111ny lend Lo t111f1rcdlcl11blo 
M'l'lou• •·on•••<1 111•nccs (such "" rluo rosls). In 
lht• c·npnc lLy or poly1111•r blnclor fo r Lho hy· 
hr lcl p-0ly1111•r 11111 l<'l'lnls 111onnL for pln•Ly of 
,J.,frc·ls 111 osll'o11rllculn r ~yt1lc•111, lhoru wn:it 

,,,,,,,,,, "'"''"" '""'"""'' 
t 110" "'' nllt \ l n111• v l11 y l 1111• l 11f,. ••111•1l y 1111q 

( e ... vl h •11 t Ill 1111• f111111 ,,( " I 11l1lll 11•t l •11111••tttt,, 

i ll n p n1 t1l1111 11 l"'"'•" fllWll fthd1 11dl11 nl•1ll l•r 

1111111• I l l'lfl llt•, t 1•nl • ln111•t1 1.. plt vnl••u l uud 

11lu•1til1•rd uu:u1 ''""IV•• 11u•1 ll11 1111d 1 ,.,. lt11 n l1111 

ltllt•d l1y 1111111 11" uf n1111111l l1ly pttt• ·•~•·• ll ll fl. 11• 

111• ll ut1" wl fli f1111 L111lpnllu11uf111•1•L11h• "-'""I"' 
Hlnhlll111tlt 111 11f 111p1rn1 11,. 1ll ,..111•1 nl11 11 11f 

.... vl lu11 111 1 ••nll'lt•d llltl llf.( n i •ollolrl , ' ' µ, p11lv 
v l11 v l nlt·ulu1 I /\11 ""tuhll1t l1"'I 111 J IUJ, u I"'' 
lnlll(•••I ,.. ,, .. ,..,.,,, 11( .. 1wt. o l1 ylu ld 111ul 1•r' lul 

Ill (JlhY•luluAth' I tw ll111• ur l h1• lt l1 1l•1µ,l1•11I 1111• 

11111111 uf tlu• o r &eoriln111 11f wnr111 ltl111uf1·1I uu l 
111111• 111ny v. lvr J ' " " h1 11111 llnl l1 ),.l1 uly"I" tt f 
l'lf' Vll••fl ( qlJ q W1•tl fty IJ11• fw utnll•rll to( tl1•• 1,.r 

1rnry ••ll1vli•u•• vl11yl 1w1+l11l t1 vlu y l 11l•·11 l111I 1•11 
Jt11ly 1111•1 lh111 ltt l1 ytl1olynh1 o f ll11• 1wt•l11lt1 

ur1111pu 111 tuiv llttll , tlu1re1 111 1• for1t11•1I 1111111 
llo1111l hytl ruxyl a( fffll l ltl whh · l1 l11l1•rm•I Willi 

1•1111'111111 hyd 1oxyl 11J111ll l 11 l•111H wlt.11 11111. 
tt 1•11111111t for11111 Llo 11 11( 11li"l1111• 1·11111p1111111l11 

·1'l1u 111111 or 11111 l " '"""lll work wutt l.•1 ,.,.., 
11 l11 hyltrlfl l)l'f{llllU lllOl'l{Ulll1• l'IJlll fHJHll.t• flllllt• 
rlnlH Of lllt't11'pt11'ttl1V11 typtt IJnH1•tf t ill t•11l..J11111 
11lu 1Hp lwl11" ln 1111 llH1•1I 111 lmw• Klll'V.••ry 

Tu m ·lil11v11 1111" 111111 , IL wnu 111·1·t•H1m r y lo 
11nlvn llw (11ll11wl11..c proltl••111"· 

'1'11 tl1•volop II t'Olll't•pl ror Urn , ,11L11 l11 l1111, 
O( H h yfirft l org1111u l11orK1111 k c~OmJmHll• • 11111 
Lurlnl o r l11uoq u1r11l1Vt1 LYfl" hn,. .. tl Oii ll.11 llHU 
o r Co3(P04)i nc111111111rllcleH wlLh Liu• Hlr11 c: 
LUrtl Hl11111 IL1t1WOllHly f'Olllnl11t11u l.Wtl 11fff1· r 

0 11 t. 1~l 111t111H : " 11 tul I'· 111nd I (l ('u Llu1ut 11f 
Co3(PO.d2 Ht1p11r11 t.ml hy 11 1·ul11\ r1111 l lio111ul 
ury . 

- 'l'o ttludy Lim l11rliu111c" nf Liu• c·ti111poHI 

Liou Of l Jio l11Jl111I COltl J>OIUJlllH HtUJ lfll' ('Ull 
clltlonH or l h ul r tl1t! r111 n l lrttnl111t•11L 0 11 Lht• 
(urmnl10 11 o( frnK111 011l11 r y Hlrucl11re• o r Liu• 
nnnooryHlnll lnH lnori:nnlc flllt·r nm l Liit' 
romplox of It." physl1·11 I, 1111·ch1111lcul, loc l1nu 
loKlcol n1ul hlo l0 Jtl1!11I c l111 r11clor lsllcs. T o UH11 
lho obLnlnud dn Lll for Lho cluvolopmonl or 11 
Hl11q1llrlNI tochno lo11lcnl • c ho1110 for Lhc Ryu 
LhoHls of hlocornmlc 11111Lorlnls Lo bo np11llecl 
In Lhu un11nc lLy of rlllcrH for ori:n no-lnor
l(nnlc blocompo•ILc>s or lncor11ornllvo LYf"" 

- To lnvo•Lli:nLo Lho 11rocc•sc" of forinn · 
Lion nncl /11 ulvo porforttonnco o r Lhc polyntt•r 
composlt.o wllh Lltn bl11drr bnscd on thu c·o 
polymor o r 0Lhylo110 vinyl ncotolc 1111tl nnno 
cllsporsc lnorl(ctnlc filler on Liil' boso or cnl
clu111 phosplrnto, londl111: lo HLnblllznLlon o r 
ILs RLrcni:Lh pro porLle•. S uc h procrHsc•s In 
elude pnrLlnl hytlr11Llo11 o r U·Ca3(P04h. pnr 
Llnl hyclrolyal• or aovllcn wlLh sub,.cq1w11t 
for11111 Llon o f Liou lornnry ulhylcnt•-vlnyl coc:c 
lnlu-vlnyl ctlcohol co11oly111cr ni1 wc•ll "" In 

1''1111t: t1011u l 11111t1•rlt1I$, ~~ • .'l , 20 t 8 
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Tnbl" l Compo•ilion or the hybrid orgnno-inorgnnic composite mntcrinl 

Compositr I 
Component 

Ethylcno-vinyl ncctntc 
copolymer with 76000-

Polyvinyl nlcohol (norgnnic Chlorophylliptc \Vntcr 

12&000 molcculnr mnss 
with 6- 14 mos.s. filler 

nnd 28- 32 mnss % 
"Yo conlenl of 
occtole groups I 

content or vinvl acelnlc ---
I 22.00 2.0 
2 26.00. 3.0 5&.00 
3 30.00 4.0 
4 20.00 1.5 
5 32.00 4.> 
6 - 3.0 
1 - 3.0 
8 - 3.0 
9 - 3.0 
10 26.00 -
II 26.00 -
12 26.00 3.0 
13 26,00 3.0 
14 26.00 3.0 
15 26.00 3.0 

16 26.00 a.o 
17 - -
18 - -

termolecular str ucturing due to the forma
tion of chelate complexes. 

- To study the influence of the ratio of 
ingredients in the composite material. the 
structure of the filler, the properties of the 
binder and the temperature foctor on the 
rote of the processes resulting in stabiliza· 
t ion of the strength propert ies of the com· 
posite ond the degree of their completeness. 

- To study the Influence of the ratio of 
organic ond inorganic components in the or
gnno-inorgonic composite material. on the 
complex or its physico-mechanicol and 
technological propert ies and behaviour in 
the living organism medium. 

4. Experimental 

In the present s t udy t here were used 
high-purity Ca(OH)i. CaF2 ond H3PO, ns 
well os synthesized Ca3(PO,)i ond 
Ca10(P04)6F2 nonopowders. Ca3(PO~}i w~s 
obt ained using H3P04 ond Ca(OH)i in solid 
phase by thrice-repeated burning of the 
tableted mixtures with two-hour ageing ot 
J t 50-l 250°C and intermediate grinding 
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59.00 0.005 The rest 

0.006 The rest 

51.00 0.007 The rest 

62.00 0.004 The resL 

57.00 0.008 The rest 

&5.00 0.006 The rest 

55.00 0.006 The rest 

&&.00 0.006 The res t 

>&.00 0.006 The rest 

1>5.00 0.006. The rest 

55.00 0.006 The rest 

55.00 0.006 The rest 

- 0.006 The rest 

- 0.006 The rest 

- 0.006 The rest 

- 0.006 The rest 

55.00 0.006 The rest 

55.00 0.006 The rest 

during multi-step rise of the temperature at 
o rote of 120-150"C/hr . Fluorine opotite 
Ca10(P04 }6F2 wos synthesized from CaF2 
ond Ca3(P04 )2 preliminarily obtained in 
solid phose by burning ot I 200- l 250°C wi t h 
three-hour ogeing ond subsequent grinding. 

The somples were sintered using o high
temperoture chnmber furnace contnining nir 
with Si-C heaters. os well os on electr ic 
furnace with krypton resist-once nnd quort z. 
capsule o t the bottom. The temperature wns 
controlled by Pt-Rh thermocouples. 

The phose composition of the moterinls 
wos controlled by the method of X-roy 
phose onolysis on o set up of Drone-3 type. 
The minerologicnl composition of the inor
ganic filler nnd the morphologi• of the com
posite mnterlnl par ticles were determined 
by meons of n Corl Zeiss scnnning electron 
microscope by the method of two-stnge cel
lulose-corbon nnd extroctlon rcpllcos. Oif· 
fercnt polymori>hlc modificntlons or 
Ca3(P0 4)i. no111rly. a - 1rnd P-modificntions. 
seporotcd by o coherent boundnry were de
termined in the nnnoporticle s tructure in 
situ microscopicnlly. from distinctions tu 

3 



S .PJ\rlvll<va ' 'al./ Hybrid argano Inorganic ... 

b ) 

•• 
Fig I SE~I nucrostructure micrograms or : a) nanocrystalline powder bnsed on Ca3(P04) 2• • 50000; 
bl nonouyst.alhno powder Ca3(P04)t'Ca10(P04)8F2 • • 32000. 

the Interference color of the crystals taking 
into nccount the known optical constants of 
the minerals (20). For this purpose there 
wos used the method of high-temperature 
microscop)'. ns well differential thermal and 
X-rny phnse nnalyses. 

Pro1ecti11g of the inorgonlc filler compo
s1t1ons wos realized by means of simplex
lattice plnnning (the Shefte method). 

The composite materials were prepared 
by s tandnrd laboratory methods. The ingre
dients were mixed under normal conditions 
during • 50- 60 sec to obtain a homogeneous 
mnterial without structure inhomogeneities. 
According to the existing prnctice, the ma
terials were produced in real-life surgeries; 
then the mixture was placed into a mold 
nnd s ubjected to the reaction of structuring 
during 30 minutes. The strength properties 
or the mnterial (breaking bending llnd com
pression s tress), as well as its adhesion and 
deformation (deflection ongle) charac
teristics were determined by standard labo
raton· methods using n multipurpose tear
ing ~achine of "DynstanC type . 

5. Results &: discussion 

The performed study shows that the opti
mum r11tio for the components of the solid
phase synthesis of Ca10(P04 )6F2 is to be de
termined taking into account vol11tllity of 
the phosphorus compounds used in the co.
po.city of precursors. This is due to the fact 
that the said property gives rise to certain 
compliCAtions in the process of solid-phase 
synthesis of calcium phosphates (21). The 
established optimum ratio of the compo
nents is presented in Tobie l. The results of 
X-ray phose onalysis testify th11t the prod
ucts of Ca3(P04 )2 ond Ca1o(P04 )5F2 synthe-

sis ore high-purity nanocrystalline materi
als. Fig. I presents electron m icroscopic 
photographs of the microstructurc of 
nanocrystalline Ca3(P04)i (o) ond 
Ca3(P04 )2'Ca10(P04 )6F2 (b) powders. 

Earlier investigations of the transforma
tions of one polymorphic modification of 
Ca3(P04)i into another modification (22, 
23) confirmed the presence of two structure 
tronsitions: ll-Ca3(P04 }i -+ tt-Ca3(P04)i 11nd 
tt-Ca3(P04)i -+ tt'Ca3(P04 )2. As found in the 
present study, the transformation ll
Ca3(P04)2 - • tt-Ca3(P04)2 is not as fas t ns 
the one reporU<! in (23). This transition is 
slow. The OTA curves show the effect in 
ll80-1200°C temperature interval. However. 
final formation of a·Ca3(P04)i structure talces 
pince at considerobly higher temperatures. and 
is completed only at l380- 1400"C. The trans
formation a·Ca3(P04)i-+ tt' -Ca3(P04 )i is fast 
and occurs at n temperature of - 1430°C. 
This permits to obtain Ca3(P04 Ji nonoporti
cles Of 0 fragmentary Structure which S I · 

multaneously contains two different phases : 
tt - ond ll-modlficotions of Ca3(P04)i sepn· 
rated by a coher ent boundary. Zr02 
nonoporticles with similar properties inves. 
ligated by Acodemlcian V .A.Shevchenko 
were called .. centaurs.. {18). Ca3(P04Ji 
nonoparticles ore the crystnls which interior 
is composed of non-hydrated ll-modificotion 
of Ca3(P04 )2, whereas the outer port is its 
hydrated a-form. 

The high-temperoture a-Ca3(P04 )i modi
fication differs from the ll-modificotion b)• 
the foct thot it ls of apatite nature. There· 
tore, i ts formul11 should be written os 
Ca9D(P04 )5D2. where 0 is voc11ncy. 
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H H H H H H H H 
I I I I I I I I 

(-C-C-):.-1-C-C-).-(-C-C-C-C-]r 
I I I I I I I I 
HH HO HOH HO 

H H 

I 
o-c 

I 
H.;C 

H H 

\ .. I 
Ca 

I \. 
H 0 H OH 

I I I I I I I I 
(-C-C-]tj-C-C-]..-{-C-C-C-C-]r 

I I I I I I I I 
HH HO HOH HO 

I 
O•C 

I 
H;C 

Fie 2. Intermolecular structuring of the hy· 
brid orgAno-inorconic composite materiel or 
mcorporllll\'t type due to tht formation of 
chelate compltxtt resulting in essential rise 
of the resistance or the composite to the •C· 
tion of biological medium of the orcanism. 

When the organic and inorganic compo· 
nents nre being mixed in the process of 
preparation of the composite material, there 
occurs partial hydrolysis of Ca90 (PO, )f;O 2 
in aqueous medium. Thereat. the substance 
transforms into a crystalline hydroxyl apa
tite of non-stoichiometric composition with 
channels half.filled with water: 

CagO(PO,i.02 + HiO-+ (1) 

-+ Cag0 (POJ5(HPOJ(OH)0 

Hereinafter, being durably incorporated 
tnW ~he physiological medium which con
tains, besides OH-. Ca2• ions. non
stoichiometric hydroxyl apatite 
Ca90 (P0,)5(HPO,)(OH) absorbs them and 
transforms into crystalline hydroxyl apatite 
of stoichiometric composition: 

Cag0(P04)5(HPO,)(OH)O + Ca2' +OH- .... (2) 

-.cat(i(P04'6(0H)2. 

Thus. the formation of hydroxyl apatite 
Crom Ca3(P04)i is presented by the scheme: 

CagO (P04)50 2 + HiO -+ (3) 

-+ Ca,iO (P04)5(HP04)(0H)0 + C<i• + OH- -+ 

... ca,o(PO,)~OH)i 

or 
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Ca90tP04 li;0 2 • Ca<OHl2 .... (~l 

.... Ca,o(PO,lo(OH)2 

At intraosseous use (in the cnpncit)" of 
inorganic filler for n composite mnlerinl of 
incorporntive type). n Crngmentnr)' struc
ture of nn inorganic filler is being formed 
in o humid medmm of n li\·ing organism. 
Thereat, in the process of hydrnlton there 
appear the outer hydroxyl apntite lny~r of 
the stoichiometric composition nnd the tnte· 
rlor lnyer of the non-stoichiomet ric compo
sition. Introduction of such nn inorgnn1c 
filler into aqueous solution of the polrmer 
mater ial makes it possible to obtain n Crnme 
of three-dimensionnl structure with high 
mechanical strength due to formation of hy
droxyl apatite of the non.stoichiometric 
Ca90 (P04)5(HP04)0HO . and then of the 
stoichiometric structure. Thus. the spllhe
sis or cnlcium phosphate materinls by the 
method of solid-phase sintering nt tempern· 
tures of 1000-1300°C with subsequent 
treatment by the cernmic technologi• nl
lowed to obtnin nnnocrystnlline powders 
with controlled micro- nnd mncro·structure 
(porosity). 

Introduction of the filler based on cal· 
cium phosphate favors partial stitching of 
the spirit fragmen ts of the ternary copoly· 
mer followed by formation of inter molecular 
chelate compound. As a result. rigidity of 
the composite and its resistnnce to the ac
tion of aqueous media, including biological 
ones. essentially rises. Shown in Fig. 2 is 
the scheme of intermolecular structuring of 
the hybrid orano-lnorgnnic composite mote· 
rinl of incorporntive type due to the formn
tion of chelate complexes. The processes 
which take place during the obtaining of 
such materials have n phys1co-chemicnl 
character. Their heating power is insignifi
cant in comparison with that of the exother
mnl processes which occur nt structuring of 
well-known bone cements. Therefore. the 
tempernture in the "composite mnterinl 
bone tissue" contact 'Zone must not be 
higher than 20-22°C. 

Thus. during the formation and sub
sequent exploitat ion of the hybrid orgnno
inorgnnlc composite wi th sevilen bnsed 
binder nnd the inorgnnic filler bnsed on 
finely dispersed calcium phosphate. there 
ore observed several processes which tnke 
pince simultaneously ftl different rntes . 
Such processes lead to stobilizntion of the 
strength properties of the material nnd in· 
elude portinl hydrntion of the filler. 1111.r 

,i 
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O.gano-tn0tg11'11C~11e~leriail 
ol lll'l(;orporalr;t1ype 

Fig. 3. SchemO\ic structure of the orgnno-inorgnnic hybrid nanOCXJmposil< mal<rinl or incorporotivt l)"pe. 

Table 2. Physlco·mechnnical properties or hybrid organo.inorganic composite material based on 
sevilen nnd polyvinyl alcohol with nanodisperse calcium phosphate filler 

I No . of composi-
Parameter tion Recording 

Adhesive I Tempera lure at 1 Breaking :.\ Dreoking to Tobie I 

\ 

Angle ??? . deg 
strength o.t .. bone tissue . compt"css1\'C' mess. Mnding: stress. 

\ steady shear, composite" ~1P~ MPo 
MPo boundorv, •c 
7.2 20 70 45 9 .0 

I 

2 

\ 
7.S 

\ 

20 72 50 8 .0 
3 9 .3 20 73 38 9 .0 
4 6 .5 20 75 42 9.0 
5 I 6.8 20 10 35 9.0 
6 6.3 20 72 30 10.0 
7 6 .5 

I 
20 10 38 8.0 

8 6 .0 20 70 35 7.8 
9 6.0 I 20 75 34 9 .0 
10 5 .8 20 10 37 9.0 
II 6 .3 20 71 33 10.0 
12 5.0 20 68 40 8 .0 
13 i:>.4 20 70 35 7.9 
14 i:>.4 20 65 35 8.2 
15 5.S 20 70 40 8.5 
16 5.o 20 68 42 8.7 
17 6 .0 20 73 39 8.0 

18 I 6.3 20 71 37 8.1 

of ccrt.tlin factors on lhc tlh)1S1Co·mtch1u1iC':Rl f II · mpl~ charactenn the rnrluen~ 
The o .owmg e xa id or ano·inorcanic composite material: 6, 7: the molecular llll\SS or 
properttes of the hybr i 8 9 lh eonlcnl of vinyl occ\4\c in t11c composition mnltnl'I , 
tth~•lenc-vinyl acetate copolymtr~ou. \ n :Otyvinyl alcohol : l2. \3: Cal{PO,h to rluorinc n~nhtr 
tO. 11_: \he c_onlcnl ~f o.~la.tel:: th~conlc!nl of vinyl acclnlc tn the composite ttlRlcnnl: 1 ~: th,~ 
ro:Uo rn the rnorcomc f1~ 't~ polyvinyl alcohol: 12, 16: Ca)(PO,)z to fluorine Apttllte rntto rn th~ 
cont ent of acetate group h l of vinyl acct.ale II\ lhe com1)0Sl\c molen al. 
rnorgonlc f\lter: 17. 18: l e con te n 

I 
I 
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111ole~11lnr s tructuring due to formnllon o r 
da~lntc Mn1p1< .. xcs, ns well os porllnl Jay. 
•lro lys1s or srvilen followed by the formn -
11011 or the ternnry ethylene-vlnylncet.ote· 
vluyl nlcohol copolymer. The rntc ond com
plrtcuess or ench or these processes depend 
0 11 the rntio of ingrcdieuts in the composite 
111ntcrinl, \lw structure of the fill e r , the 
propcrtlc~ of the binder. the temperature 
nnd other foctors. However. os o rule, com
plc tr ~tnbillzntiou of the strength ond work· 
lnl{ chnrnc terislics occurs only since 16-
20 dnys. The scheme of the orgono-inor
i;:n11ic composite mnleriol o f incorporotive 
type is shown in Fig. 3. 

There wns studied the Influence of the 
composltiou. mocroslruclure. thermal treol· 
ment couditions for the powders. on the 
physico-111echn11icnl ond biomedicnl proper· 
lies of the obtained hybrid orgnno-lnorgonic 
composites. The composition ond t he 
physico-mechnnicol properties of the mote· 
riDI nre p resented in Tobles I ond 2, respec· 
lively . As seen from Tobie 2, the moximum 
ndhesive strength with respect to bone lis· 
s ue nl s tendy sheor nnd high level of the 
s trength properties is chnrocterislic of the 
mnterinl of composition No. 2 . The optimum 
content of Ca10(P04)6F2 in the inorgnnic 
filler is deter mined, nnd it is shown thot its 
Introduction rnises the strength ond stobll· 
ity of the composite in the medium of o 
living orgonism. In this connection the mo. 
tcriol is obviously be effective for glueing 
together bone fragments. There hos been es· 
t imnted the influence of the rotio of ingre
dients nnd their composition on the behov· 
ior of the molerinl in uiuo (in worm-blooded 
nnlmol orgnnlsm ot intrnosteol opplicotion). 
The invesligoted moteriols hove been found 
to be promising for filling cavities in bone 
tissue. The microstructure of the orgono-in· 
organic composite moteriol based on 
Ca3(P04 )i ond sevile~ ofter 28-doy. testing 
in uwo is presented 111 Fig. 4 . As 1s seen, 
domoge in the microst ructure is obsenl. 

6. Conclusions 

Developed is the concept for the obtoin· 
ing of the hybrid orgono-inorgonic compos· 
ile moteriol of incorporotive type bosed on 
the use of Ca3(P04 )2 nonoporticles in the 
cnpocity of inorgonic filler. which structure 
simultnneously contains two d ifferent 
phnses: O.· ond P-modificotions of Ca3(P04)i 
seporoted by o coherent boundory .. . 

There is established the poss1b11liy to 
synthesize Ca3(P04)2 nonocrystols which in· 
terior is composed of non-hydrated P·modi· 
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FiK. 4 . Micros lruc lure or lhe orgtwo 1nor 
genie compos1tc Ulftleriol or incorpornl ive 
lypc booed on CaJ(P04)1 and srvilcn •in« 
28 doys of testing In ul uo, • 70000. 

ficolion of Ca3(P0.)2, wherens the outer 
port is its hydrated «-form . Thereot. bo th 
ports ore separated by n coherent boundary. 
It is s hown thnt the Introduction of this 
inorganic fi ller into oqueous solution of the 
polymer moteriol ollows to obtoin o strong 
frome of three-dimensional str ucture with 
high mechonicol strength due to formation 
of hydroxyl opot ile of the non-stoichiomet 
r ic ond then of the stoichiometric structure. 

Developed is o simplified technologlcol 
scheme for the synthesis of bioceromic mo· 
terinls to be used in the copocity of fillers 
for orgono-inorgonic biocomposites of incor· 
porotive type. 

There is studied the influence of the rotio 
of ingredients in the composite moteriol, the 
structure of the filler, the properties of the 
binder ond the temperature. on the rote of 
the processes lending to stobilizotion of the 
strength properties of the composite ond the 
degree of their completeness. 

The processes which occur during the 
formation ond exploitation of the polymer 
composite in uluo, ore investigated. 

The performed study is n bosis for the 
creotion of technologicol foundotions for 
the oblninlng of 0 new generolion of rune· 
tionol moteriols for biomedicol purposes . 
nomely, hybrid orgono·inorgnnic composites 
of incorporotive type possessing n specific 
three-dimensionnl structure nnd predeter· 
mined properties. 
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