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The present work demonstrates the possibility to produce medicine-aimed ceramics on
the basis of biogenic hydroxyapatite with structural-mechanical properties required for
replacement of the bone tissue defects using techniques of microwave sintering at 800-
1100°C. It has been established that porosity of the bioceramics obtained in the tempera-
ture range of 800-1000°C (5 min exposure to the maximal temperature) equals about
40 %, whereas at 1100°C it decreases down to 87 % . Compression strength increases with
increasing the temperature from 25 to 38 MPa.

Iloxazana BO3MOMKHOCTL IOJYUEHUA KEPAMHKNM MeJWI[MHCKOTO HasHaueHMHs HAa OCHOBe
OMOIreHHOI'0 T'HAPOKCHAIIATATA METOIXOM MUKPOBOJAHOBOro cuexanus npu 800-1100°C ¢ go-
CTATOYHBIMHU CTPYKTYPHO-MEXaHHYECKHUMHU CBOMCTBAMM [IJs 3aMelleHus medeKToB KOCTHON
TKAHU. ¥ CTAHOBJEHO, YTO IIOPUCTOCTb OHMOKEPAMHUKU, IIOJYUYEHHON B HMHTEPBaJie TeMIIEPaTyp
800-1000°C (BBIgepsKKa MPU MaKCUMaJbLHOU Temieparype 5 mMuH.), cocraBaser ~40 %, a
npu 1100°C — ywmenburaerca xo 37 % . I[Ipounocts Ha cikatume BospactaeT oT 25 no 38 MIla
C IIOBBIIIEHMEM TeMIIepaTypbl U OJM3Ka K IIPOYHOCTU I'y0UaTON KOCTH UeJOBEKAa.

Biiime TeMumepaTypd MIiKpPOXBHJIBOBOTO CHIKAHHA HA CTPYKTYPHO-MEXaHIYHI BiacTu-
BOCTi Oiokepamikum Ha ocHOBiI Gioremnoro rigpokcuamatuty. [.5.Toecmonoz, O.€.Cuu,
B.B.Cropoxod.

TToxasana MOKJINBICTL OTPUMAHHSA KepaMiKi MeIMUYHOI'O NMPU3HAUYEHHS Ha OCHOBi Giorem-
HOI'0 TI'iPOKCHAIIATHTY METOAOM MiKpoxBuiboBoro cuikaumusa npu 800-1100°C 3 mocraruHimn
CTPYKTYPHO-MEXaHIUHNMHN BJACTUBOCTAMH [Jis 3aMmilieHHsa nedeKTiB KicTKOBOI TKaHWHM.
Beranosneno, mio mopucericTh Giokepamikm, oTpmuMmaHoi B iHTepBasi Temmeparyp 800—1000°C
(BUTpUMEKA IIpYM MaKCHMAaJbHIN TemmepaTrypi 5 xB.), cramoButs ~40 %, a mpu 1100°C — smen-
myerbed 10 37 % . Minmicrs Ha cTtuck spocrae Big 25 mo 38 MIla 3 migBuileHHAM TeMIIepa-
Typu i € 0JausbKO0 10 MimHocTi rybuaToi KicTRU JOIMHHI.

1. Introduction
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efficient, and thus such traumas often

Problems associated with treatment of
traumas of different origin, including re-
placement of bone tissue defects, become
more and more urgent in the whole world as
well as in Ukraine. Injured patients require
a long-time treatment, which is not always
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cause their primary disablement. Therefore
development of novel implant materials
alongside with improvement of the available
ones is one the primary tasks for the up to
date material science.

Among a wide variety of materials used
in practical medicine for bone defect re-
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placement such as metals, ceramics, poly-
mers and composites, bioactive materials on
the basis of hydroxyapatite (HA) are the
most promising and popular. HA is a mate-
rial with the closest to natural bone compo-
sition and so it is the most acceptable for
implants manufacture [1, 2]. There are two
main types of HA: i) synthetic HA obtained
by techniques of solid state synthesis, depo-
sition, or sol-gel procedure et al. [3] and ii)
biogenic HA (BHA), which is traditionally
obtained from bones of cattle [4-6]. Thanks
to the same chemical composition and struc-
ture (as those of the natural bone) combined
with the low cost, production of the latter
is promising. In addition, there has been
reported that BHA better promote processes
of bone tissue regeneration [4, 7].

Articles from HA-based ceramics are fab-
ricated by traditional methods of powder
metallurgy such as hot pressing, doubling
of polymer matrix structure, freeze casting
and spark plasma sintering [8, 9].

Usage of microwave sintering as an effi-
cient technique for fabrication of medicine-
aimed articles with high strength and re-
quired porosity is one of the most promising
methods. However, by now there has not yet
been enough information on peculiarities of
sintering and formation of the BHA based
bioceramics via microwave sintering.

WD=16.3mm

20.00kV_ x500

Hence the aim of the present work was
to investigate the peculiarities of microwave
sintering of BHA, in particular the effect of
temperature on the structure and properties
of the BHA ceramics.

2. Malerials and procedures

As a starting material, BHA of the trade
mark "Osteopatyt Keramichnyi” with parti-
cles size to 160 pm was chosen. Cylinder-
shaped samples were made by double-action
compacting under pressure of 200 MPa fol-
lowed by sintering in a high temperature
microwave muffle oven (1.5 kW; 2.45 GHz)
at temperatures 800, 900, 1000 and 1100°C
with 5 min exposure to the maximal sinter-
ing temperature.

Structure of the samples was examined
by means of raster electron microscopy
using a REM-1061 (VAT "SELMI", Ukraine)
microscope. Special program SIAMS Photo-
lab (TOV "SIAMS", Russia) for analysis of
images and modeling of the structures was
applied to characterize the grains and pores
sizes distributions. Phase composition was
determined using a XRD difractometer Ul-
tima IV (Rigaku, Japan). Chemical composi-
tion was examined by energy-dispersive X-ray
fluorescent element analysis employing an
analyzer Expert 3L (InAM, Ukraine). Com-
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Fig. 1. Microstructure of BHA samples obtained via microwave sintering at different temperatures

(°C): (a) 800, (b) 900, (c) 1000, (d) 1100.
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Fig. 2. Grains and pores size distribution in BHA samples obtained via microwave sintering at
different temperatures (°C): (a) 800, (b) 900, (c) 1000, (d) 1100.

pression strength was determined with the
aid of a test apparatus of the Ceram test

system.
Besides, we measured porosity, volume

shrinkage and sintering-caused mass loss
by the traditional techniques.
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To evaluate biological activity of the
materials obtained, special experiments in
vitro were conducted, in particular on de-
termination of the sample solubility in the
physiological solution (0.9 % NaCl water so-
lution) using techniques for determination
of the mass loss during exposure of the
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Fig. 3. XRD patterns from BHA samples ob-
tained via microwave sintering at different
temperatures (°C): (a) 800, (b) 900, (c) 1000,
(d) 1100.

samples to the action of model media for
some period of time (2 days in our case) at
36-37°C [10].

3. Results and discussion

Fig. 1 demonstrates the structure of the
BHA samples fabricated at different sinter-
ing temperatures. As can be seen, with in-
creasing the sintering temperature the
structure of material becomes more uniform
with uniform pore distribution; herein the
minimal and average grain sizes increase
from 0.1 to 0.2 um and from 0.45 to
0.8 um, respectively (Fig. 2). The minimal
pore size also increases from 0.04 to 0.2 um
with increasing the temperature from 800
to 1100°C. However, the average pore size
does not depend on temperature and is
equal to about 0.5 um. The increase in the
pores and grains sizes may be related to the
processes of surface and volume diffusion
leading to grains and pores aggregation at
the expense of the smaller ones, which is
more thermodinamically preferable. More-
over, it was established that predominant
quantity of the grains and pores falls into
diapason of 0.2-0.8 um independently of
the sintering temperature.

The XRD analysis revealed that with
temperature increasing the phase composi-
tion of the samples remains the same and
the material is composed of the HA phase
(Cag(PO4)30H, Card # 9-432) only (Fig. 3),
which agrees well with the literature data
on thermal stability of BHA up to 1350°C
[11-13].
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Fig. 4. The temperature effect on change in
the lattice parameters of BHA samples under
microwave sintering.

The chemical analysis confirmed stability
of the sample composition as well: at all
sintering temperatures the phase of
stoichiometric HA remains. Besides, there is
a small amount of Cu (0.010£0.001 mass. %),
Zn (0.020+0.001 mass. %), and Fe (0.1-
0.3 mass. %) resulted from contamination
during milling of the starting powder.

Fig. 4 represents changes in the volume
shrinkage and mass loss under the sintering
depending on temperature for the BHA
samples. As can be seen, with increasing
temperature the mass loss increases from
0.9 to 2.2 % and the volume shrinkage in-
creases from 0.1 to 7.5 %. This can be at-
tributed to intensification of diffusion proc-
esses under the sintering temperature rise,
which provides densification and strength-
ening of the material.

In the temperature range of 800-1000°C,
porosity of the samples practically does not
depend on temperature and is equal to
40.0+0.5 %, but with the further tempera-
ture rise to 1100°C it decreases by 37 %
correlating with the change in volume
shrinkage. Herein the open porosity is over
95 % of the total porosity, which is one of
the necessary demands for porous implants
because the open porosity determines proc-
esses of penetration of biological fluids and
accelerates regeneration of the bone tissue.

Compression strength of the obtained ce-
ramics increases from 25 to 38 MPa with
increasing temperature. These values are
close to the human spongy bone strength
[14]. For comparison, traditional sintering
at 1000°C (pressure of compaction —
350 MPa) yields HA ceramics on the basis
of enamel and dentin characterized by com-
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pression strength of 27 and 10 MPa, respec-
tively [13].

The investigation of the BHA ceramics
solubility in the physiological solution es-
tablished that practically it does not depend
on the sintering temperature and is equal to
0.17-0.19 mass. % a day.

4. Conclusions

The work has demonstrated the possibil-
ity to fabricate medicine-aimed ceramics on
the basis of BHA using microwave sintering
in the temperature range of 800-1100°C
with 5 min exposure to the maximal tem-
perature. This method was shown to provide
fabrication of the samples characterized by
homogeneous fine-grained structure and
uniform pores size distribution, porosity to
40 % and compression strength up to
38 MPa (which is close to the strength of
the natural bones). Therefore the obtained
material can be promising for replacement
of the human bone tissue defects.
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