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Silicon-carbide (SiC) ceramics synthesized using forced infiltration and coated with
biocactive hydroxyapatite (HA), represents a great potential for replacement of traditional
titanium medical implants. In this paper the surface morphology, structural properties and
phase content of HA coatings deposited onto nano-porous bio-SiC ceramics with pore
orientation being parallel or perpendicular to the plain of subsequently deposited HA film
have been studied. The HA coatings produced at 5 s of deposition contained cracks, while
the uniform hydroxyapatite coating has been produced at 10 s of deposition. X-ray dif-
fraction analysis revealed that the HA coatings preserve crystal structure of the initial
hydroxyapatite powder during deposition. From the intensity ratio of Raman scattering
peaks, corresponding to crystalline (967 em™!) and amorphous (951 em™!) HA, the least
and most crystalline structures were found. The structural perfection of the HA coating
was higher for SiC substrates with parallel pore orientation (with respect to the plane of
HA growth), indicating that structural properties of SiC ceramics affect the morphological
and structural perfection of deposited HA coating.

Kapbug-kpemuuesas (SiC) xepaMuKa ¢ 0Cam/IeHHBIM OMOAKTUBHBEIM TTOKPLITHEM Ha OCHO-
Be ruapokcranatTuTta (IAIl) uMeeT moTeHIMAN O 3aMeHe TPAAWITMOHHBIX THUTAHOBBIX MeIU-
IMUHCKUX WMILIAHTOB. B paboTe MeTofaM1 PEeHTTEHOCTPYKTYPHOTO aHaams3a, KOMOMHAIMOH-
HOTO PacCeNBAHUA CBETA U ONTUUECKON MHUKPOCKOTUH MCCIeTOBAHBI MOPQOJIOTHA, CTPYKTYD-
HBle CBOMCTBA W (hAa30BLIM cocTaB MOKPHITHNM [AIl, ocamaeHHBIX HA HaHOTOpPHUCTYIO 6u0-SiC
KepaMUKy ¢ TapajlebHON MAN MePNeHANKYJIAPHON opueHTaIMeil TOP ra3o-AeTOHAITMOHHBIM
meTogoM. Ilocae 5 ceKyHI ocarKAeHUs Ha MOKPBITUU MPOABIAIUCH MUKPOTPEIUHEI 1 OTCJIO-
eHUs, B TO BpeMs KaK PABHOMepPHOEe MOKPLITHEe 00pasoBanoch BeaeacTBue 10 ceKyHA ocaskTe-
HUA. PeHTreHOCTPYKTYPHBIH aHaIM3 TOKPBHITHUA BBIABUJ COXPaHEHWE KPUCTAIINUECKON
CTPYKTYPHI MCXOIHOTO TIOPOINTKa. Pe3ynbTaTsl KOMOUHAIIMOHHOTO PACCEUBAHNSA CBeTa 0OHADY-
JKUIN yReJIUUeHNe OTHOIIEHUA ILIOMALYM KPUCTAIINIecKoTo muka (967 cM 1) oTHOocHTemBHO
amop(Hoit cocraBmaiomei (951 ev 1), [MamHOe OTHOIIEHUE OKA3AIOCH HAUBONBIIIM JIJIA IIO-
KpBITHM, ocaskAeHHEIX Ha SiC KepaMHKy ¢ HapaJieJbHON OpueHTanuel Iop, YKasblBasg HAa
TO, YTO CTPYKTypHble cBodicTBa SiC KepaMuKu BAUSAIOT Ha MOPQOJOrHI0 U CTPYKTYPHOE
COBEPIIIEHCTBO OCAKIeHHBIX mokpwitTuii I'ATL.
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1. Introduction

The necessity of replacement of damaged
bones as a result of accidents, bone senes-
cence etc. is significantly increasing nowa-
days. When the replacement of bones is
caused by bone senescence, traditional life-
time of artificial medical implants achieved
until now, seems to be long enough
(20 years). However, even in this case real
medical implants are far from the required
lifetime. Medical implants for bone replace-
ment are commonly made of titanium alloys
(Ti-6Al-4V) and coated with hydroxyapatite
(HA). It is not the bio-degradation of HA
that seems to decrease the required lifetime,
but the deposition process that has been
used to obtain HA coating. The detaching
of HA layers may result from the formation
of amorphous phase at the coating-tita-
nium boundary during deposition. This sig-
nificantly decreases the adhesion of the
coating to the substrate.The detachment of
the HA coating provokes a great decrease in
mechanical stability of the whole implant
and thus requires an immediate surgical in-
tervention.

Bioactive medical coatings traditionally
made of HA (Ca;g(PO4)6(OH)y) are now
widely used in reconstructive surgery and
orthopedics for replacement of damaged
bone tissue. HA possesses high bio-compati-
bility with human body, forms direct chemi-
cal bonds with bone tissue and can be
gradually replaced by newly-formed living
bone. Crystallinity of the coating, crystal-
line phase composition, adhesion of HA
coating to the substrate affect the life time
of the medical implant. Structural proper-
ties of HA coatings depend mainly on
method used for HA powder deposition.

There are only a few methods to be used
for deposition of HA onto titanium-based
medical implants: plasma spraying [1],
high-velocity oxy-fuel deposition [2] and
pulsed laser deposition [3]. However, only
the first one is the most profitable and is
thus frequently used for deposition. Despite
of this, HA coatings deposited by plasma
spraying do not have sufficient adhesion to
titanium implant. Moreover, this method is
not able to obtain thick enough HA coating
for long-term performance. In plasma
spraying, a flux of fused HA particles, hav-
ing temperature above 1500 °C, strikes a
much colder (about 800 °C) metal substrate.
The rapid cooling (quenching) causes an es-
sential disorder of crystal structure of HA
and formation of amorphous HA phase at
the coating-substrate interface. On the one
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hand, this phenomenon improves the me-
chanical properties of the coatings, espe-
cially its adhesion [4, 5]. On the other hand,
fast resorption of the amorphous phase was
observed in-vivo and in-vitro [6]. To reduce
the mechanical stress, thickness of the coat-
ing should be below 50 um. However, coat-
ings of such thickness get dissolved much
faster than the required lifetime. The simi-
lar phenomena are inherent to all high-tem-
perature deposition methods. Besides, the
majority of deposition methods have a num-
ber of other significant disadvantages: in-
sufficient adhesion, high porosity, imper-
fection of crystal structure, disorder of
chemical and phase structure of coatings as
well as their small thickness due to the low
productivity of the process.

In order to obtain high-quality bioactive
HA-based medical implants, the deposition
techniques should provide HA powder and
substrate with low heating during deposi-
tion, high adhesion, low porosity of the
coating and the lowest contamination level,
preservation of chemical and phase composi-
tion of HA, high productivity of the process
and reasonable thickness of the coating.
Such conditions could be realized when the
adhesion of the coating is provided by high
kinetic energy of the HA particles bombard-
ing the substrate, as it occurs under gas
detonation deposition. Powder acceleration
and its further deposition onto substrate
are achieved using the energy of gaseous
mixtures explosion. As it was recently
shown [7], bio-SiC ceramics produced by
forced infiltration can be coated with HA by
gas-detonation deposition. However, despite
of increased process temperature, the depo-
sition process may cause significant changes
in crystal structure and phase composition
of the initial HA powder.

Bio-SiC ceramics seems to have a great
potential to be used as a material for
biomedical implant engineering when com-
bining its mechanical properties and porous
structure with biocactivity of HA coatings.
The SiC ceramics can be synthesized by
Chemical Vapor Infiltration (CVI), Liquid
Silicon Infiltration (LSI) and Spark Plasma
Sintering techniques (SPS) [8-10]. The
Forced infiltration with liquid silicon of
carbon matrices derived from different
hardwood precursors is able to produce SiC
porous ceramics that seems to reproduce the
porous structure of bone [11]. The porosity
of SiC ceramics ranging from 4 up to 100 um
can be controlled by the parameters of the
technological process. Furthermore, the ad-
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vantages of bio-SiC ceramics make it prom-
ising for engineering of light, robust and
cheap medical implants.

In this paper, bio-SiC porous ceramics
synthesized from different wood precursors
with pore orientation being parallel or per-
pendicular to the plain of the subsequently
deposited HA-film was coated with HA by
gas-detonation deposition. The effect of
pore orientation on surface morphology of
HA coating as well as the effect of gas-deto-
nation process on the structural properties
and phase content of HA coating were stud-
ied and discussed.

2. Experimental

2.1 Synthesis of bio-SiC ceramics

Biomorphic nano-porous SiC ceramics
was synthesized using forced infiltration
with liquid silicon of carbon matrices de-
rived from different hardwood precursors
(Cherry tree (Prunus avium), Hornbeam
(Carpinus) and Sapelli (Entandrophragma
cylindricum)). This process involves several
steps in preparation of SiC ceramics: im-
pregnation of carbon matrices by silicon and
synthesis of SiC ceramics (Fig. 1a) [12].
Briefly, at the first stage the carbon tem-
plates from indicated above wood specimens
are prepared. The wood specimens were pre-
viously dried at 90°C for 15 h. The technol-
ogy of wood pyrolysis in a flow of inert
argon or nitrogen gas at 900°C is utilized
for these purposes. The second stage is
forced infiltration of the carbon matrices.
The goal of this stage is an evaporation of
silicon excess. This stage was fulfilled in
vacuum, slowly increasing the temperature
at a rate of 10-20°C/min up to T,,,, =
1600-1900°C. The duration of the second
stage was 2 h. Finally, if required, the ex-
cess carbon is burn out from the final prod-
ucts in the furnace in oxygen atmosphere at
900°C for 2 h. Synthesized in this way SiC
ceramics samples were used as substrates
for HA powder deposition.

2.2. HA powder preparation

HA powder was synthesized by precipita-
tion from a solution of calcium nitrate and
ammonium hydrogen phosphate accordingly
to the following chemical reaction:

CaNO; + 6(NH,),H(PO,) + 8(NH,)OH = (1)

The precipitation was carried out at
room temperature and pH = 12 when stir-

Functional materials, 20, 2, 2013

| Wood precursor l

Pyrolysis

Drying

90°C, 15 h 1

I|II|I|2|H|{|:\‘!HH}“i‘;mlm'l‘.mnn|n|1|

2 Q " i & 12 %
b)

Parallel HA coating

Carbonization
900°C,5h,N,

Specimen formation ] SiC
ceramics

Impregnation by silicon
SiC synthesis
1600-1900°C, 2 h

Perpendicular Pores

i , orientation

a) c)

/ I Final specimen treatment I

Fig. 1. Synthesis of porous SiC ceramics (a),
samples of SiC ceramics with deposited HA
coatings (b) and orientation of pores in SiC
ceramics with respect to deposited HA coat-
ing (c).

ring gently. The precipitate was left for
1 day in the parent solution. The solution
was periodically stirred, boiled for 1 h,
cooled, precipitated, filtered, added to dis-
tilled water and again precipitated. After
five-fold repetition, the precipitate was
washed with hot distilled water. Afterward,
the obtained powder was dried at 120°C and
annealed in air at 1000°C for 1 h. Then the
precipitate was transformed into the uni-
form conglomerate, which had a porosity of
30 % and strength of 5-7 MPa. Prelimi-
nary X-ray analysis revealed pure crystal-
line HA with surface area 1 m2/g (meas-
ured by Brunauer-Emmett-Teller method),
that corresponds to the initial size of pow-
der particles (2 um). The other phases (tetra
calcium phosphate, amorphous calcium
phosphate etc.) were absent. Accordingly to
the previous studies [13], the powder with
63—-75 um fractions has to be used for gas
detonation deposition. Such powder was pre-
pared by grinding with further sieving by
use of appropriate sieves.

2.3. Deposition of HA powder

Gas-detonation deposition equipment
(PERUN-S, Patents [14—16]) was used to de-
posit HA powder onto SiC ceramic sub-
strates. The process parameters (distance
between detonation gun and SiC substrate,
powder feeding rate etc.) have been pre-
viously optimized as described earlier [17]
and then used to control the deposition
process. Prior to deposition, HA powder
(fraction 63—-75 um) was annealed during
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Table 1. Parameters of the samples studied

Sample | Material Wood precursor Pore Fraction of HA| Deposition time, s
orientation powder, um
1 SiC Cherry tree (Prunus avium) parallel 63-75 5/10
2 ceramics Cherry tree (Prunus avium) | perpendicular
3 Hornbeam (Carpinus) parallel
4 Sapelli (Entandrophragma | perpendicular
cylindricum)
5 Sapelli (Entandrophragma parallel
cylindricum)

30 min at 180°C. After annealing, HA pow-
der was transported to the special feeders
and used for deposition. Gas-detonation
deposition process is cyelic (up to 9 cy-
cles/s) and uses high-kinetic energy of ex-
plosive gases (oxygen — propan/butan) in
order to transport loaded HA powder to the
substrate at high velocities (up to
1200 m/s). Briefly, the deposition includes
several steps: feeding of explosive mixture
into the barrel, feeding of HA powder, end
of mixture feeding and expulsion with neu-
tral gas, explosion of mixture and exhaus-
tion of detonation products, expulsion of
the barrel with neutral gas [see also 17].
The process cyclicity was adjusted to 6 cy-
cles/s and remained constant. In order to
investigate the effect of deposition process
on the structure of resulted HA coating,
two experimental sets with 5 samples in
each were obtained after 5 and 10 s of depo-
sition respectively (Fig. 1b). HA powder
deposition has been performed onto SiC ce-
ramics with parallel or perpendicular pore
orientation with respect to the plain of the
HA-film (except for the sample 3 — Horn-
beam (Carpinus) — only sample with paral-
lel orientation has been studied) (Fig. 1b, c,
Table 1).

2.4. Structural and phase
content characterization

Surface morphology of the coating was
observed under optical microscope (Shi-
madzu, Japan) using 100x and 500x magni-
fication. X-ray diffraction analysis (XRD)
was used to study the crystal structure of
the initial powder and the HA coatings onto
SiC ceramics derived from different wood
precursors with parallel or perpendicular
pore orientation. X-ray spectra were col-
lected using high-resolution PANalytical
X’Pert Pro MRD diffractometer (The Neth-
erlands) with standard coplanar sketch and
sliding geometry tool kits. The phase com-
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position and crystal structure perfection
were studied by Raman spectroscopy (RS).
Raman spectra of the initial HA powder and
deposited coatings were collected at room
temperature using DFS-24 double mono-
chromator and photon counting system for
the registration. The continuous radiation
with power of ~50 mW and wavelength of
532 nm of the diode-pumped solid-state
laser or 514.5 nm of an argon ion laser
were used for an excitation.

The results of RS and X-ray diffraction
for HA coatings obtained after 5 s of depo-
sition did not contain any sufficient infor-
mation to explain the effect of deposition
process on the structure of the HA coatings
and thus are not shown in section results
and discussion.

3. Results and discussion

3.1. Optical microscopy

Images of SiC ceramics with HA coating
have been collected using 100x and 500x
magnification. Fig. 2 represents the surface
morphology of HA coating obtained after 5
and 10 s of deposition for both perpendicu-
lar and parallel pore orientation. As can be
seen from Fig. 2, the HA coating obtained
after 5 s of deposition has irregular struc-
ture containing areas with thinner layer of
the HA coating (Fig. 2, 1B—5B). These areas
might be situated on the surface irregulari-
ties of initial SiC ceramics. Moreover, some
cavities with different depth are observed
in the sample with perpendicular pore orien-
tation. They are especially decorated after
5 s of deposition of thing HA coating
(Fig. 2, 2B, 4B). However, when the HA
coating was obtained after 10 s of deposi-
tion (Fig. 2, 1C-5C), these cavities were al-
most absent and the uniform coating was
formed. The irregular morphology of HA
coating for some samples obtained after 5 s
of deposition may be due to the insufficient
or excessive powder feeding rate during
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Fig. 2. Morphology of HA coatings on SiC ceramics with different pore orientation. A — Non-

coated SiC ceramics (magnification 100x); B — HA coating (deposition time: 5 s; magnification:
100x); C — HA coating (deposition time: 10 s; magnification: 500x).

deposition. In time of deposition the first
layers of HA coatings were possibly formed
under an interaction of high-speed flow of
HA particles extremely heated to 1000°C by
the products of detonation with more colder
SiC substrate. This interaction might cause
flaking of the coating from substrate. From
the other hand, the flaking could be ob-
served owing to the formation of transition
amorphous layer between SiC substrate and
HA coating. This assumption may be fur-
ther approved by RS and XRD analysis. For
the next layers of HA it was easier to be

Functional materials, 20, 2, 2013

deposited onto preliminary obtained HA
coatings. The coatings obtained after 10 s
of deposition did not contain any irregulari-
ties in its structure and were uniform over
the surface.

3.2. X-ray diffraction

X-ray diffraction patterns of the synthe-
sized HA are shown in Fig. 3. All data were
collected over 20 of 25° to 70° range with a
step of 2°. Comparison of the peaks pre-
sented in the initial HA powder with the
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Fig. 3. XRD patterns of the initial HA pow-
der (black line) and the stoichiometric hy-
droxyapatite according to JCPDS 00-009-
0432 (gray vertical lines).

diffraction standards (Fig. 3, gray vertical
lines) revealed an absence of other phases.
Fig. 4 represents XRD patterns of the
obtained HA coatings onto SiC ceramics
with different pore orientation for samples
1-5 (Fig. 4, 2-1-2-5) numbered accordingly
to Table 1. Pattern for the initial HA pow-
der (Fig. 4, 1) is also shown. Intensive peak
at 20 = 44.5° corresponds to the sample
holder made of Fe. As can be seen from Fig.
4, distinct peaks for SiC (20 = 35.6°, 41.4°)
are observed. This indicates very thing
layer and inhomogeneity of the deposited
HA coating. However, analysis of the pat-
terns found that the intensity of these
peaks varies between the samples due to the
difference in thickness for each deposited
HA coating. It should be noted that HA
peaks are broadened as compared to the in-
itial HA powder indicating some disordering
in the structure of the coating. This could
be explained by the influence of increased
process temperature. Meanwhile, sample 5
has less intensive SiC peaks as compared to
other samples and thus thicker HA coating.
The results of XRD are in a good correla-
tion with the optical microscopy, where
sample 5 showed the improved surface mor-
phology (Fig. 2, 5C). Some unknown peak
was observed at 20 = 47.4°. Interestingly,
that it has higher intensity compared to
more intensive HA peaks at the region 206 =
31°—34.4° and appeared more intensive for
sample 4. The reason of an appearance of
this peak is, however, unclear. Search
through X-ray spectra database found that
the appearance of this peak could be attrib-
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Fig. 4. XRD patterns of the initial HA pow-
der (1) and HA coatings on SiC ceramics with
different pore orientation (2-1-2-5).

uted to the presence of Si (220). Taking into
account that the broadening of peaks at the
HA region for sample 5 is the lowest, the
correlation between structure perfection of
the substrate and structure perfection of
the coating takes place. The Miller indices
(hkl) for HA (space group P63/m), SiC and
Si are inscribed over the diffraction lines of
samples 2-5 (Fig. 4).

3.3. Raman scattering

Raman spectroscopy is traditionally used
to determine inter-atomic bonds, structural
defects and impurities, etec. Calcium phos-
phates can be completely characterized by
vibration spectroscopic properties of PO43‘-
group. This molecular formation provides
Raman spectra with four dominant vibra-
tions of P-O bonds (v; =960 cm™l,
Vo = 485 em™1, vg = 1050 cm™1, v, = 590 cm™1).
The structural properties and phase compo-
sition have been studied in terms of com-
paring the results for the initial powder and
obtained coatings. The most intensive band
(vy = 960 em 1) was chosen for analysis,
since this band has been previously observed
for both single-crystal and poly-crystalline
thin film of HA samples [18—20]. The inten-
sity, frequency and line-width of this band
were used to analyze the influence of depo-
sition process on the properties of the HA
coatings obtained onto SiC ceramics. The
Raman peaks for the samples with the coat-
ing obtained after 5 s of deposition was not
strong enough for analyzing (Fig. 5a, in-
sert). Therefore, the analysis of Raman
scattering was based on the spectra meas-
ured for the coatings obtained as a result of
10 s deposition.

Functional materials, 20, 2, 2013
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Fig. 5. Raman spectra of the initial HA powder (a) and HA coating obtained as a result of 10 s
deposition (b—c). Insert to (a) shows week signal for HA coating after 5 s of deposition. A
representative fit with two components corresponding to the crystalline (CP) and amorphous (AP)

phases is shown in (c).

Raman spectra of the HA coatings and
the initial HA powder are presented in Fig.
5. As it was supposed, the strong band at
967 cm1 that corresponds to the crystalline
phase of the initial HA powder (Fig. 5a) was
observed. This figure also shows the fitting
of experimental spectra with Lorentz pro-
files peaked approximately at v; = 967 cm™1
and vy =~ 952 em~l. No high-frequency band
was determined. However, it was observed
for plasma sprayed HA coating on titanium
substrates [21]. Despite of this, considerable
broadening of the main wvibration band

(vq = 967 eml, Av=138.5-15.5 em!) as
compared to the initial HA powder (Av =
7.7 em 1) and an appearance of additional
low-frequency profile were determined. This
broadening might result from the crystal
phase disordering or high concentration of
impurities in the coating. The low-frequency
component (v, = 952 cm™1) can be related to
amorphous phase of the HA coating, as it has
been also suggested in [22, 23]. Although, the
presence of other phases of calcium phos-
phate, such as di-, tri-, tetra-calcium phos-

phates (CaHPO4 (Ca/P =1), Cas(PO4)2

Table 2. Results of Lorentz peak fitting of RS spectra of the HA coating and initial powder and
structural perfection calculated accordingly to the equation (2).

Parameters of | HA 1 2 3 4 5
the Raman peakipowder| op | ap | cp | AP | CP | AP | CP | AP | CP | AP
Area 7.70 | 20.62 | 13.32 | 18.46 | 16.58 | 20.82 | 11.16 | 19.06 | 7.32 | 22.04 | 7.25
Frequency, cm 1/966.82|967.31|951.64|966.74|951.82(967.,31/951.66|967.22|951.92|967.35|952.37
Width, em™! 4.83 | 15.5656 | 18.60 | 14.49 | 20.78 | 15.50 | 17.88 | 13.48 | 14.70 | 15.35 | 14.43
Structural 1.55 1.11 1.87 2.60 3.04
perfection
Functional materials, 20, 2, 2013 169
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(Ca/P = 1.5) and Cay(PO,),0 (Ca/P = 2) re-
spectively) might also cause an appearance
of the low-frequency band. According to
[28], the contribution of the latter com-
pound to the low-frequency spectrum com-
ponent cannot be excluded. On the other
hand, the presence of di-calcium phosphate
is not likely, because for this compound the
vibration frequency v; of P-O bonds should
be higher by 20 cm-1 as compared to
stoichiometric HA [24].

In order to study the effect of the type
of initial wood specimen and pore orienta-
tion on structure of the HA coating, the
intensity, peak area and line-width have
been analyzed. Table 2 represents the re-
sults of Lorentz fitting as well as analysis
of the peak parameters for the samples
numbered in correspondence with Fig. 1b
and Table 1. Here, CP and AP are the val-
ues for the crystalline and "amorphous”
bands, respectively. According to these re-
sults, frequency and width of these peaks
did not vary significantly indicating an ab-
sence of oxyapatite, observed at
v =970 cm~1 for HA powder deposited onto
titanium substrate (see also [18]). The
structural perfection of the HA coating was
estimated as the ratio of peak area for CP
and AP bands as follows:

Structural perfection= CP/AP. (2)

The highest ratio of structural perfection
(3,04) was observed for the sample, derived
from Sapelli (Entandrophragma cylin-
dricum) wood specimen with parallel pore
orientation. The lowest ones were found for
the samples with perpendicular pore orien-
tation, i.e. 1,11 and 2,60 for the samples,
synthesized from Cherry tree (Prunus
avium) and Sapelli (Entandrophragma cylin-
dricum), respectively. Thus, the structural
properties of the HA coatings strongly de-
pend on the structure and pore orientation
of SiC ceramics as well as on wood-type,
being used for the sample preparation.

Another parameter is the width of
Raman peak. It can be used as a measure of
structural quality of the coatings: the
larger width corresponds to less perfect
structure. As can be seen from Table 1,
variation of the Raman peak width between
the samples does not correspond to vari-
ation of the degree of perfection determined
from the intensity ratio of AP and CP com-
ponents. Probably, the Raman peak width is
affected predominantly by the imperfections
inside the crystalline HA layer. At the same
time, the intensity of the AP Raman peak is
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mainly due to the amorphous layer adjacent
to the crystalline HA layer itself.

4. Conclusions

Herein, we indicate the possibility to use
HA coated SiC ceramics produced by gas-
detonation deposition as promising ceramic
material for medical implant engineering.
Our investigation of surface morphology of
the coating has proved that using gas-deto-
nation deposition the uniform and crystal-
line HA coatings onto bio-SiC porous ceram-
ics can be produced after as few as 10 s of
deposition that is not possible to perform by
other traditionally used deposition tech-
niques. X-ray diffraction analysis and
Raman scattering studies revealed depend-
ence between morphology and structure
properties of the coatings and SiC ceramics.
Raman scattering also revealed an appear-
ance of the new band related to nucleation
of the "amorphous” phase (952 cm™1). It
was shown that SiC ceramics with parallel
pore orientation is preferred for perfect HA
coating. The results of these studies may be
attractive for designing of HA-based SiC ce-
ramics for engineering of novel, lightweight
and mechanically stable medical implants.
Further studies on deeper understanding of
mechanical properties of HA coatings ob-
tained on biomorphic nano-porous SiC ce-
ramics using gas-detonation deposition, as
well as eytotoxicity and in-vivo performance
of such implants are planning.
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Bio-SiC kepamika 3 ripokcmanmaTUTOBMM MOKPUTTIM,
OCaAKeHUM Tra30-IeTOHAI[IHHUM METOTOM:
aJbTEepHATHBA THTAHOBMM MEIWYHHM iMILIaHTAM

M.I.Knawi, B.I1.Temuenrxo, O.I1.I'puwkos,
B.A./ly6ox, B.Il. Knadvrko, A.B.Kyuyx, B.M./[xazan,
B.O.Oxumuwyx, B.C.Kucenvos

Kapbig-kpemuiesa (SiC) xepamika 3 ocaJxeHnM Oi0aKTUBHUM TOKPUTTAM HA OCHOBL
rizporkcuanatuty (I"AII) mae noTeHmian 3 3aMiHM TPAAUIIHHWX TUTAHOBUX MEAMUHUX
iMmranTie. B poboTi MeTogaMm PEeHTTeHOCTPYKTYPHOTO aHanisy, KoMbiHaiifinoro posciroBaH-
HS CBiTJIa Ta ONTWYHOI MiKpockomnii pocaimkeno mMopdosoriio, CTPyKTYpPHI BJIacTMBOCTI Ta
azoruti ckaax moxpurrie TAII, ocamxenux Ha HaHomopuery 6i0-SiC kepamiky 8 mapajennb-
HOI0 ab0 TMEePNEeHAUKYJIAPHOIO OpieHTAIliel0 mop raso-AeToHAIifHUM MertomoM. Ilicma 5 ce-
KYHJ OCaJ:KeHHA Ha MHOKPUTTI cIocTepiranmcs MiKpoTpimuHU Ta BiAlIapoByBaHHA, B TOH
yac K PiBHOMipHe MOKPUTTSA YTBOPUJIOCS BHACTILOK ocamKeHHA mporaroM 10 cexynx. Penr-
TeHOCTPYKTYPHMIT aHaTi3 TOKPUTTA BUSABUB 30eperKeHHS KPUCTANIYHOI CTPYKTYPM BUXiTHOTO
TIOPOTIKY. 3a pPesyJabTATaMM KOMOiHaIifiHOro poscitoBaHHA cBiTJia cmocTepiraiocs 36iMbITeHHS
BigHOmenHna miomi kpueramiumoro miry (967 em 1) Bigmocmo amopdmoro (951 em1). Mame
BigHOmIeHHEs Gyn0 HAUGLABIIMM AJA HOKPHUTTA, ocamxkeHoro Ha SiC Kepamiky 3 mapaaeinbHOIO
opieHTanicIo MOP, BKasyoum, 0 CTPYKTYPHL BaactusocTi SiC Kepamikm BIIMBaOTE HA MOPQO-
JIOTi 0 TAa CTPYKTYPHY AOCKOHAJICTE ocamkeHux moxkputris TATL.
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