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Bioceramics based on biogenic hydroxyapatite and sodium-borosilicate glass modified
with 0; 0.5, 1.0, and 2.0 wt. % copper was prepared by two-stage sintering (1100 and
750°C). According to XRD results, it was established that the introduction of copper
influences the volume of the unit crystalline cell of hydroxyapatite after both the first and
second stages of sintering. After the latter, the formation of secondary phases (NaCaPOQ,,
Ca,S8i0,, Ca,(Si0,)0 and Na,SizO;) was found for both copper-free and copper-modified
composite materials. It was shown that the amount of copper does not affect the phase
composition of samples after the final (second) sintering. It was established that copper
addition decreases the total porosity of sintered samples (from 15.8 to 11.1 %) with
forming an opener porous structure as compared with copper-free bioceramics and makes
it possible to increase the compressive strength by 1.7 times.
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Bnuaus no6aBKM Mixi Ha CTPYKTYpPY Ta BJIACTHBOCTI CKJIOKepaMiKM HA OCHOBi 0GioreHHO-
ro riJpoKcHManaTUTy Ta HATPiHOOPOCHIIKATHOrO CKJIA NJas iHMKeHepil KicTKOBOI TKAHMHM.
0.€.Cuu, O.A.Kyda, M.Blemuda, HJ Ilinuyx, T.B.Tomunra, O.I.Buros, A.I1.€su4, A Xodapa,
B.JIoitkoscvruil

Biokepamiky Ha ocHoBi OioremHoro rigpokcuamarutTy Ta HaTpifibopocuaiKaTHOro ck.ia,
moaugirkosanoro 0; 0,5, 1,0 ra 2,0 mac. % wmixgi, orpuMaHo METOLOM ABOCTALIMHOIO CIiKAH-
Ha (1100 ra 750°C). 3a pesyabratamu PMPA BcTaHOBJEHO, MO0 BBEeJEHHS MifAi BIJAMBAE HA
06’eM ejeMeHTApPHOI KPUCTATIUHOI KOMIPKHM TiIPOKCHMATATUTY AK MNCJAA TepIIoro, Tax i
gpyroro cnikamgs. Ilicas apyroro cmnikamas yrTsopeHHa BsBropuHuUX ¢Qas (NaCaPO4,
Ca,S8i0,, Cas(Si0,)0 i Na,Siz0;) sadikcoBano Ak naa "umeTHx”, TaK 1 Ana MogudikoBaHMX
Miggo Kommosuiiilinux martepianis. Ilokasano, mio xigbkicTs Mini He BIimBae Ha asoBuin
CKJIAX 3pasKiB micasa ocrarouHoro (aIpyroro) ciikanusd. BeramoBjieHo, IO MOZABaHHS Mifmi
3MEHIIIYe 3arajJbHy IIOPUCTICTH creveHux 3paskis (8 15,8 mo 11,1 %), yrBopiooouu Ginbia
BiIKpUTO-IIOPUCTY CTPYKTYPY y HOPiBHAHHI 3 Oiokepamikoro, 110 He MicTuThb Mifxi, i moaeo-
Jsi€ migBuoiuTu MinHicTs Ha ctuck y 1,7 pasis.
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BrokepaMUKy Ha OCHOBe OMOIeHHOT0O I'MIPOKCHANATUTA WM HATPUNOOPOCUINKATHOTO CTEK-
aa, moaudunuposaunoro 0; 0,5, 1,0 ta 2,0 mac. % Meam, moaydYasd METOIOM ABYCTAZUITHO-
ro cuexkanusa (1100 rta 750°C). Ilo pesyapraram PPA ycTaHOBIEHO, UTO BBEIEHHE MeAU
BAHSAET HAa 00beM 3JIEMEHTAPHONM KPUCTAJNINUYECKON AYelKU TIUAPOKCHAIIATATA KaK IIocie
IepBOro, Tak W BTOpOro ciuexaHus. Ilocie mociiennero oGpasoBanue BTopuuHBIX (a3 (Na-
CaPO,, C328i04, Cay(Si0,)0 u Na,Si;0,) saduxcuporano kKax AJa "UMCTHIX , TAK U JJId
MOAMGMUIIMPOBAHHEIX MeILI0 KOMIIO3WI[MOHHLIX MaTepuaJgoB. IIoKasano, YTO KOJUYECTBO
Meau He BAWSAeT Ha (PasoBLINM cocTaB 00pasioB mocje (PUHAJLHOTO (BTOPOrO) CIEeKaHM’:A.
YeTanosiaeHo, uTo gobaBieHne MeAM YMEHBLINAaeT OOIYyI0 MOPHUCTOCTEL CIeUeHHELIX 00pasIos (c
15,8 mo 11,1 %), obpasys GoJiee OTKPBITO-TMIOPUCTYIO CTPYKTYPY MO CPaBHEHUIO ¢ GUOKepa-
MUKOM, KOTOpas He COAEP:KUT Melb, W M03BOJISIET MOBBLICUTL IIPOYHOCTL Ha ckarwe B 1,7 p.

1. Introduction

Currently, various types of materials such
as polymers, metals and their alloys, ceram-
ics, bioglass, and various composites based on
them are used for bone tissue engineering. As
for bioceramics, hydroxyapatite (HA) is the
most widely used as a synthetic and biogenic
source due to its chemical affinity with bone
and excellent biocompatible properties. Bio-
glass, in its turn, provides the best mechani-
cal properties of bioceramics [1-6]. Such ele-
ments as silicon [7, 12], fluorine [13, 14],
strontium [7, 15, 16], iron [17, 18], silver
[19, 20], zinc [21, 22], copper [22, 24], etc.
are introduced into the structure of HA ce-
ramics to regulate bioactive properties, since
it is known that the biochemical processes
running in bone tissue are activated by trace
elements, the content of which in the body is
10°5-1073 %.

As known, the human body contains a
huge number of chemical elements. Most of
them are found, to one degree or another,
either in the bone tissue or in the blood.
The trace elements are vital because in the
absence or lack of them, the normal viabil-
ity of the organism is disturbed [25]. The
human body contains 0.072 g of copper. The
minimum copper dose to be taken daily is
0.5-6.0 mg. Copper plays an important role
in human life [26, 27]. A lack of copper
leads to destruction of blood vessels and
pathological growth of bones and defects in
connective tissues. However, excessive cop-
per leads to psyche violation and paralysis
of some organs (Wilson’s disease). A copper
dose over 250 mg becomes toxic.

The authors [24] have shown that the
introduction of copper in the form of 0.5—
3.0 wt. % CuO into the porous borosilicate
bioglass (mol. %) 6Na,0-8K,0-8MgO-
22Ca0-386K,0-8Mg0O-22Ca0-86B,05-18Si0,
—P,05 does not lead to toxicity, and when
implanted with a composite containing
3 wt. % CuO for a period of 8 weeks, sig-
nificantly improves both angiogenesis and
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bone regeneration compared to non-doped
composites.

In [22], Cu-modified mesoporous bioglass
was synthesized in the form of spheroidal
nanoparticles. The introduction of up to
2 mol. % Cu into the bioglass structure re-
sulted in a significant increase in the specific
surface area; the material was additionally
characterized by uniform mesopores, homoge-
neous distribution of copper, excellent bio-
logical properties, and the ability to stably
release copper ions into the biological buffer
solution. The antibacterial ability was rated
as very effective for all strains of bacteria
tested. The main role in the antibacterial ac-
tion was prescribed to the copper ions re-
leased from the particles of the mesoporous
copper bioglass, which exhibits a great poten-
tial as a multifunctional therapeutic agent
for the prevention of infectious diseases and
for stimulation of bone regeneration.

Thus, the introduction of copper into bio-
ceramics and bioglass provides the material
with antiseptic and bactericidal properties
which positively affect subsequent implantation
and stimulation of bone tissue regeneration.

The purpose of this work was to investi-
gate regularities of the formation of the
structure and properties of copper-modified
bioceramics based on biogenic hydroxyapa-
tite (BHA) and sodium-borosilicate glass.

2. Materials and Methods

The composition of the obtained and
studied glass ceramics may be presented as
a weight ratio of BHA and glass of 50/50.
The sodium borosilicate glass phase had the
following composition (wt. %): 26.1 NayO;
28.2 B,03 and 45.7 SiO,.

To prepare glass ceramic samples, BHA
obtained by calcination of cattle bones at
800°C was used, and sodium borosilicate
glass was introduced in the form of the
glass-forming components, namely silicon
oxide SiO,, sodium hydrocarbonate
NaHCO3;, and boric acid H3BO; (all the
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0% Cu 1% Cu

0.5% Cu 2%Cu

Fig. 1. Appearance of glass ceramics after
the first sintering (1100°C).

starting materials were analytically pure,
"Chemlaborractive”, Ukraine). Four mix-
tures were prepared, three of which were
added with 0.5; 1.0 and 2.0 wt. % of copper
powder. The resulting mixtures were stirred
and sintered in air at 1100°C for 1 h (first
sintering). The sintered materials shown in
Fig. 1, were crushed to a particle size of
<160 um, then cylindrical samples were
formed by dry single-side air pressing at a
pressure of 100 MPa, dried at 100°C for 2 h
and sintered in air at 750°C for 1 h (second
sintering). The used scheme for preparation of
samples is presented in Fig. 2, and the appear-
ance of bioceramic samples is shown in Fig. 8.
According to our previous investigations,
the two-stage sintering process makes it
possible to produce biocomposite samples
with needed shape, high enocugh compres-
sion strength and solubility in vitro re-
quired for their practical use in reconstruc-
tive surgery. Moreover, the primary (first)
sintering of a mixture of calcium phosphate
and glass-forming components at 1100°C
completely preventes foaming, volume
growth in the system and the conversion of
porosity from open to closed [28-31].

0% Cu 0.5 % Cu

(Si0, + NaHCO, + HBO, + BHA]

+ Cu

first sintering
(1100°C)

crashing and sieving

N4

= 4
= = mf
1 =
pressing drying second (final)
(100°C) sintering
(750°C)

Fig. 2. Technological scheme of preparation
of glass ceramic samples.

The phase composition of samples after
first and second sintering was studied using
X-ray diffraction analysis (XRD) with an
Ultima IV (Rigaku, Japan) instrument
equipped with a copper anode (wavelength
1.54 A) and IR spectroscopy with a Fourier
spectrometer FSM 1202 (InfraSpectr, Rus-

1% Cu

2% Cu

Fig. 3. Appearance of glass ceramic samples after the second sintering (750° C).
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sia) in the frequency range of 4000-
400 em™! using a KBr tablet technology.

The chemical composition was analyzed
by energy dispersive X-ray fluorescence ele-
mental analysis (Expert 8L Analyzer,
INAM, Ukraine).

The microstructure of the fracture of the
samples was examined by scanning electron
microscopy (SEM) with a microscope REM-
1061 (SELMI, Ukraine).

The powder ability to be formed and den-
sified under pressing and the effect of
modifying additives on the pressing process
was evaluated from the porosity values. The
sintering process was investigated taking
into account the volume shrinkage calcu-
lated from the sample geometric parameters
(before and after sintering) and the data of
mass loss during sintering.

Porosity was determined based on the
data on the apparent and skeleton density.
The first was calculated as a sample
mass/volume ratio; the latter was deter-
mined using a helium pycnometer AccuPyc
II 1340 (Micromeritics) at room tempera-
ture according to ISO 12154:2014.

The compressive strength was measured
using a Ceram test system machine
(Ukraine) at a loading speed of 1 mm/min.

3. Results and discussion

Fig. 4 shows the XRD results after first
sintering of bioceramics at 1100°C. The dif-
fraction pattern of the copper-free sample
evidences that there is no noticeable inter-
action between the glass and BHA. The
basic phase of the material is hexagonal HA
Cag(PO,4)3(0OH), (ICDD database, PDF file
09-0432), and the glass is X-ray-amorphous.
The pattern also demonstrates very weak
peaks of hexagonal o'-tricalcium phosphate
phases (TCPo/-CasPO,, PDF file 32-0176) and
y-calcium pyrophosphate (CPP) y-Ca,P,0-,
ICDD database, PDF file 23-0871) formed
during the high temperature sintering.

Addition of 0.5 % Cu as a modifying
additive significantly changes the phase
composition of the biomaterial during the
first sintering (Fig. 4). Part of the BHA,
obviously, becomes a basis for the formation
of TCP in the form of whitlockite Caz(PQy,),
(ICDD database, PDF file 03-0713), which
becomes a basic crystalline phase of the
biomaterial after first sintering. The main
peaks of whitlockite coincide with those of
the phase which is formed in a small
amount as a result of the HA/copper inter-
action, that is, Ca19CU1_36H2_24(PO4)14
(ICDD database, PDF file 89-4440); the
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v Vv Ca,(PO,),(OH)
b CaIQCU1,36H2 24(P04)14
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A Ca,(PO,),

®«-Ca,(PO,), 2% Cu

1st sintering
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™ CaSio,
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2 Theta,”

Fig. 4. XRD patterns of glass ceramics after
the first sintering (1100° C).

presence of this phase is confirmed by the
peak at 20 ~ 37.5 deg (2.389 A), which is
not a "reflection” of other crystalline sub-
stances of this atomic system. Moreover,
with the addition of 0.5 % Cu, the phases
of HA (Cag(PO4)3(OH)), CPP (y-Ca,P,07),
and TCP (Caz(PO,), (ICDD database, PDF
files 48-0488 and 09-0169) were identified.

An increase in the modifying additive
content to 1 % leads to more significant
changes in the biomaterial phase composi-
tion after the first sintering (Fig. 4). A
characteristic feature of these changes is
the further degradation of BHA, synthesis
of a larger relative amount of TCP, and the
appearance of monetite CaHPO, (ICDD data-
base, PDF file 71-1759). Another peculiar-
ity of the phase composition is the forma-
tion of phases that are products of interac-
tion of glass components with BHA, such as
Na,CaSiO, (ICDD database, PDF file 35-

Functional materials, 27, 3, 2020
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Table 1. Volume of crystal unit cell for HA
in glass ceramics.

Stage Volume of crystal unit cell (V), A3
f
sintering 0% Cu |0.5% Cu|1.0% Cu|2.0% Cu
First | 529.42 | 533.70 550.40 524.14
Second | 529.44 | 529.64 530.46 526.21

0123), Na,CaP,0, (ICDD database, PDF file
48-0557), and wollastonite CaSiO; (ICDD
database, PDF file 72-2284). It should be
noted that the peak at 20 ~ 37.5 deg
(2.389 A), was not detected in the diffrac-
tion pattern; this fact may indicate the ab-
sence of CaygCuq 3gH524(PO4)q4. It can be
assumed that this phase is intermediate
during the conversion of BHA into copper-
replaced TCP. Although replacement of cal-
cium atoms with copper is not directly fixed
by the XRD analysis, its presence is con-
firmed by the shift of the main peaks to-
wards larger angles. The activity of BHA
and its transformation into TCP may also
result in forming an altered hexagonal lat-
tice of HA. It can therefore be assumed
that, in addition to the hexagonal HA
(ICDD database, PDF file 09-0432), another
hexagonal HA with smaller lattice parame-
ters (ICDD database, PDF file 24-0033) is
formed in the material as well.

After the introduction of 2 % copper
into the biomaterial, HA again becomes,
like in the copper-free material, the main
phase (Fig. 4). The analysis of the ratio be-
tween the main phases (HA and TCP) in
composite materials based on BHA and so-
dium borosilicate glass after the introduc-
tion of a modifying additive (copper) in the
amount of 0, 0.5, 1.0 and 2.0 % revealed
nonlinear changes in the phase composition
after the first sintering. An increase in the
copper content from 0 to 1.0 % leads to a
gradual increase in the relative amount of
TCP, but after addition of 2.0 % Cu, the
main phase of the composite becomes HA,
like in copper-free ceramics studied.

In addition to the above mentioned
changes, a common feature of the crystal-
line structure of composite materials based
on BHA and sodium borosilicate glass in the
copper content range of 0—-2.0 % after the
first sintering (1100°C) is the change in the
HA crystalline lattice parameters, which
corresponds to the change in the unit cell
volume (V) given in Table 1. The unit cell
volume of HA in a copper-free composite is
529.42 A3. The addition of 0.5 % Cu contrib-
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2nd sintering Vv Ca,PO,),(OH) +Ca,SiO,
0p-Ca,(PO,), @ NaCaPO,
eCapP,0, &Na,Sio,
%Ca,(Si0,)0

1% Cu

0.5% Cu

20, deg

Fig. 5. XRD patterns of glass ceramics after
the second sintering (750° C).

utes to formation of HA with V=
533.70 A3, and 1.0 % Cu causes the further
growth of V to 550.40 A3. A decrease in the
unit cell volume is observed in the composite
material containing 2.0 % Cu (V=
524.14 A3). It is known that during sintering,
calcium atoms may be replaced with copper
atoms. On the basis of the data given, one can
conclude that this change becomes noticeable
only at copper content of 2.0 %.

During the second sintering (750°C) of
samples, further changes occur in their phase
composition (Fig. 5). As demonstrated, after
the second sintering of copper-free HA, V is
529.44 A3. When 0.5 % Cu is added, HA is
formed with V = 529.64 A3, that is, the vol-
ume slightly increases. Addition of 1.0 %
Cu causes further growth of V to
530.46 A3. However at 2.0 % Cu, a de-
crease in the wunit cell volume (V=
526.21 A3) is observed, as after the first
sintering. By comparing the materials with
the same copper content after the first and
the second stages of sintering, one can see

517



O.Sych et al. / Effect of copper addition on the ...

1st sintering
PO¥
SiO 3

2% Cu

1% Cu

0,5% Cu

0% Cu
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1800 1600 1400 1200 1000 800 600 400
v, cm-1

Fig. 6. IR spectra of glass ceramics after the
first sintering (1100° C).

that at copper contents of 0.5 and 1.0 %,
the HA unit cell volume decreases, whereas
at 2.0 % Cu it somewhat increases. This
fact indicates that the interaction of BHA
with copper is noticeable only after the first
(high temperature) sintering with the cop-
per content of 2.0 %. During the second
sintering, the interaction of BHA with so-
dium-borosilicate glass for both copper-free
and copper-modified composite materials
has a significant effect on the phase compo-
sition of the material, which leads to the
formation of the following phases: NaCaPO,
(ICDD database, PDF file 76-1456); Ca,SiO,
(ICDD database, PDF file 83-0302);
Caz(Si04)0 (ICDD database, PDF file 84-
0594), and Na,Si;O0; (ICDD database, PDF
file 38-0019) (Fig. 5). In the presence of cop-
per, regardless of its amount, the phase com-
position of the samples after the second sin-
tering changes insignificantly, as evidenced
by the identical XRD patterns of the compos-
ite materials (Fig. 5).

The results of IR spectroscopy for bio-
ceramics after first and second sintering are
presented in Fig. 6 and 7, respectively.
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2nd sintering
2% Cu

1% Cu

0,5% Cu

0% Cu
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Fig. 7. IR spectra of glass ceramic s after the
second sintering (750° C).

They show broad and diffused absorption
bands and the presence of fluctuations of
the main PO43‘ and SiO44‘groups in the
copper-free composite sample based on BHA
and sodium-borosilicate glass after the first
sintering, which is consistent with our pre-
vious studies [11]. After the first sintering
of a material with 0.5 % Cu, the IR spectra
change. In particular, the intensity of all
characteristic absorption bands increases
and additional bands appear in the fre-
quency range of 650-800 cm™l (Fig. 6).
These changes indicate that there is an in-
teraction in the system that changes the
phase composition. The addition of 0.5 %
Cu leads to Ca deficiency in the structure
of BHA, and the -calecium-deficient HA
transforms into TCP, the amount of which
increases in comparison with the copper-
free composite. This change is manifested in
an increase in the intensity of the absorp-
tion band at 962 cm™l. The Av ~ 15 cm™1
shift of the TCP specific absorption band at
1134 em™! towards short waves with an in-
creasing copper content indicates the forma-
tion of Cu-replaced TCP. The absorption
band at 750 cm™! characterizes the P-O-P

Functional materials, 27, 3, 2020
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Table 2. Properties of glass ceramic samples

Properties of glass ceramic samples Amount of Cu, wt. %
0 0.5 1.0 2.0
Porosity of green bodies, +0.5 % 31.8 31.4 31.2 30.8
Volume shrinkage, £0.05 % 12.3 23.0 22.3 21.7
Mass loss, £0.01 % 0.43 0.25 0.17 0.17
Skeleton density, +0.01 g/cm? 2.41 2.56 2.55 2.56
Porosity, 0.5 % total 15.8 11.1 11.7 11.9
open 6.2 6.5 5.7 7.9
Compression strength, £ 5 MPa 120 178 213 184

vibrations for structural formations of P,0O
and indicates the presence of CPP. The ab-
sorption bands at ~ 777 and 1050 cm™!
characterize the formation of wollastonite
structures, while the weak band at -~
487 cm™1 can be attributed to the charac-
teristic Cu-replaced HA. These conclusions
were confirmed by the XRD analysis.

After the second sintering, the shape of
IR spectrum does not markedly change; this
is due to the fact that the regions of the
characteristic absorption bands overlap.
Weak absorption bands at 526 em ! and
566 cm~! may characterize the presence of
calcium and sodium-silicates of different
composition (Fig. 7).

After both sintering processes, weak
broad bands are observed in the frequency
range of 1472-1400 cm~ 1. They can be at-
tributed to carbonate ion vibrations, and to
valent B—O-B vibrations. XRD analysis did
not reveal any carbonates or boron-contain-
ing structures. Thus, we can assume that
their amount is negligible and refers to the
remains of the initial components. Chemical
analysis confirmed the amount of the modi-
fying copper additive. Table 2 lists the re-
sults of determining the green body and bio-
ceramic samples porosity depending on the
copper content in the powder composition.
As can be seen, the presence of copper does
not significantly reduce the porosity.
Herein the higher the copper content, the
lower the porosity. After the second sinter-
ing, samples undergo a volume shrinkage
and mass change. The introduction of cop-
per into bioceramics increases the shrinkage
of the samples, but reduces their mass loss.
It also affects the sample skeleton density
and porosity, reducing them. The copper
content does not affect the density and total
porosity. Despite the decrease in the total
porosity, the introduction of copper in-
creases the percentage of open porosity in
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the samples, making the structure of poros-
ity mostly open.

Fig. 8 demonstrates the structure of
samples of copper-free and copper-modified
bioceramics based on BHA; one can see that
the glass-ceramic contains crystalline blocks
(white areas), amorphous glass matrix (grey
areas), and pores (black areas). The mor-
phology is a porous structure with a pore
size of 2—100 um for bioceramics both with-
out copper and with 0.5, 1.0 and 2.0 % Cu.
The surface and bulk of the composites con-
tain numerous interconnected (open) and
closed macro- and micro-pores. The sizes of
the crystalline blocks present in the porous
glass matrix are in the range of 2-20 um
and do not depend on the presence and
amount of the modifying additive. The only
small difference between the copper-free
and modified glass ceramics is the shape of
crystalline phase blocks. In the copper-con-
taining glass ceramics the block shape is
generally round, while in the copper-free
bioceramics, the blocks are both round and
rectangular. This is confirmed by the XRD
results, which showed certain changes in
the phase composition of the crystalline
component of glass ceramics after the intro-
duction of copper. In general, the above
micro-photos make it evident that the intro-
duction of the modifying additive practi-
cally does not affect the structure of com-
posite materials, which, in accordance with
the results of XRD and IR spectroscopy,
can be represented as a porous glass matrix
with inclusions of HA and other phases.

Fig. 9 shows compression load diagrams for
bioceramic samples depending on the copper
content. All of the materials are characterized
by the fragile type of destruction. The intro-
duction of copper does not reduce the temporal
resistance of samples during fracture, but at
copper contents of 0.5 and 1.0 wt. %, the sam-
ples resist the destruction for a longer time as
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Fig. 8. SEM results for glass ceramics

compared with copper-free samples. The de-
pendence of the compression strength on the
copper content is presented in Table 3. The
introduction of copper enhances the mechanical
properties of samples from 120 to 213 MPa
(1.7 times), herein an increase in the copper
content affects the strength nonlinearly.

4. Conclusions

Bioceramic samples based on biogenic hy-
droxyapatite and sodium-borosilicate glass
(weight ratio of 50/50) were prepared by
two-stage sintering (1100 and 750°C) and
additionally modified with 0; 0.5, 1.0, and
2.0 wt. % copper.

The introduction of the modifying addi-
tive was established to result in decreasing
the total porosity of sintered samples (from
15.8 to 11.1 %) with forming an opener
porous structure as compared with copper-
free bioceramics.
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Fig. 9. Loading diagrams for glass ceramic
samples

It was shown that introduction of copper
influences the volume of a unit crystalline
cell of hydroxyapatite (as the main crystal-
line phase of bioceramics) after both the
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first and second sintering. After the latter,
the formation of secondary phases such as
NaCaPOQ,, Ca,Si0,, Ca3(Si0,)0 and
Na,SizO; was observed for both copper-free
and copper-modified composites. The
amount of the modifying additive does not
affect the phase composition of samples
after the final (second) sintering.

It was established that introduction of
the modifying additive into the composition
of bioceramics practically does not affect
the structure of composite materials (which
can be represented as a porous glass matrix
with inclusions of hydroxyapatite), but
makes it possible to increase the compres-
sive strength by 1.7 times.

The paper contains the results of studies
conducted by Grant for monthly visits of
Ukrainian scientists to Poland according to
the Protocol to the Agreement on Scientific
Cooperation between the National Academy
of Sciences of Ukraine and Polish Academy
of Sciences.
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