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Abstract Wet spray pyrolysis of fine, well-dispersed a
Si0, sol was used for the deposition of thin films of silicon
dioxide. The sol was obtained by hydrothermal precipita-
tion of silicon acid from a solution at pH = 10. The
morphology, roughness, phase composition, chemical
homogeneity and the mechanism of the films were inves-
tigated by SEM, EDS and IR spectroscopy. The obtained
results show a complete covering of the titanium substrate
with SiO, after 3 h of deposition. It was observed that the
film thickness increased from 3 to 19 pum, the roughness of
the film decreased from 12 to 3 pm, while the morphology
of the deposit changed considerably. A hydroxyapatite film
was prepared on the so-obtained SiO, thin film by spray
pyrolysis deposition and its morphology and phase com-
position were investigated.
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1 Introduction

Spray pyrolysis with ultrasound excitation is one of the
most promising methods for the deposition of thin films
with well-defined phase composition and chemical homo-
geneity. The principle advantage, beside its simplicity, is
that each single drop of aerosol is itself a separate system,
which posses all the characteristics of the system as a
whole—its chemistry and phase composition [1-10]. There
are numerous other methods for the deposition of thin
films, such as CVD methods assisted with different types of
plasmas (microwave, radio frequency, laser induced and
thermal plasma), reactive cathode vacuum arc deposition,
deposition stimulated by electron-beam evaporation, reac-
tive magnetron sputtering, electrophoretic deposition and
others [11-17]. In addition to the advantages which some
of these methods have regarding increased adhesion of the
deposited films and greater smoothness (CVD deposition),
spray pyrolysis counts to one of the most convenient
methods of deposition on substrates very diverse in shape
and form. The cost of the method is significantly lower and
the method is applicable for very diverse substrate/film
systems, while the films have excellent chemical and phase
homogeneity [1-10].

Spray pyrolysis with ultrasound excitation can be used
twofold, i.e., (i) as a deposition method by wetting the
substrate surface with aerosol droplets of defined size and
chemical composition and (ii) as a method for the pro-
duction of powders with well-defined size, shape and inner
sub-structure, which are then self-assembled on the sub-
strate surface by a slow deposition process [8, 18, 19].

In this study, the method of homogeneous wetting of a
titanium substrate with droplets of a SiO, sol with a well-
defined size distribution was employed, which proceeded
thermal treatment, leading to the solidification of the
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deposit into a thin film. The thickness, morphology and
roughness of the film were dependent primarily on the
deposition time. The mechanism of deposition changed as
it progressed.

Deposition of SiO, on titanium surface is of primary
importance for a better biocompatibility of titanium
implants in medicine such as dental implants and implants
in maxi facial and oral surgery. Very often this film is used
as an interlayer on a titanium substrate on which a calcium
hydroxyapatite coating comes, because the coefficient of
thermal expansion for SiO, is closer to that of titanium and,
therefore, the mechanical strain between calcium
hydroxyapatite and the substrate is improved and, in that
way, the functional property of the system as a whole.
Also, because of its own good compatibility with living
tissues, SiO, in contact with the flesh fluids allows
hydroxyapatite of biological origin to deposit on its own
surface [20-25].

One of probably the most important applications of
SiO, thin films is in medicine for coating metal implants
based on titanium alloys, which have excellent mechan-
ical properties and corrosion stability, but have
insufficient bio-compatibility. Therefore, the coating of
titanium implants with ceramics offers a bio-engineering
approach to solve this problem via the formation of
hydroxyapatite thin films or, in some cases, bio-apatite in
situ on the surface of SiO, films. Such apatite has
excellent osteo-conductivity, what makes them the
material of choice for osteo-integrative and functional
properties [20-28].

2 Experiments
2.1 Preparation of the precursor

The silicon dioxide sol was synthesized through the fol-
lowing successive processes: (i) hydrothermal leaching of
liquid glass; (ii) hydrothermal peptization of the silica acid
precipitate and adjustment of the concentration of the
obtained colloidal solution to 2 M by dilution with de-
ionized water.

The leached precursor was Na,O3SiO, (water glass)
with a silicate module (Si0,/Na,0) of 3.75 and viscosity of
2.2 Poaza. The leaching was conducted by slow peptization
(drop wise addition of 0.1 M HCI) with vigorous mixing of
the solution at a temperature of 80 °C. The total amount of
acid consumed for the leaching corresponded exactly to the
stoichiometry ratio required for complete neutralization of
the treated amount of water glass. The ratio of liquid to
solid (water:water glass) was 4:1 at the start of the leach-
ing. After addition of the amount of 0.1 M HCl required for
leaching, the mixture was transferred to an autoclave,
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where the leaching was continued for 5 h at a temperature
of 120 °C under a pressure of 3 bars.

The obtained precipitate was separated from the solution
by centrifugation at 10,000 revolutions/min. Then, de-
ionized water was added and the ratio of liquid: solid phase
was again adjusted to 4:1 and 0.1 M HCIl (20% of the
amount employed in the previously step) was added. The
mixture was returned to the autoclave for additional
leaching. At the end of the second stage of leaching, the
precipitate was separated by centrifugation, rinsed with hot
de-ionize water and decanted.

The 20 g of deposit precipitated from the previous
treatment were diluted with 200 mL de-ionized water, the
alkalinity of which had been adjusted to pH = 10 with
0.1 N NaOH. This mixture was then heated at 80°C and the
alkalinity of solution again adjusted to pH 10 with 0.1 N
NaOH accompanied under vigorous stirring. The mixture
was then transferred to an autoclave where peptization
occurred during 8 h at a temperature of 120 °C at a pres-
sure of 3 bars. At the end of the hydrothermal treatment,
the pH of the obtained sol was 9 and the concentration of
SiO, was 2 M. This sol was used as the precursor for the
subsequent deposition process.

Titanium plates of dimensions 10 x 15 x 1.5 mm, pro-
vided by TIKRUTAN RT-12, Deutsche GmbH were used
as substrates for the deposition. The substrates were pre-
pared by sanding with SiC 600 paper to remove the oxide
film and to achieve a uniform roughness of the deposition
surface. The next step was electrophoresis of a so-prepared
substrate in 5% H3;PO, solution at a voltage of 20 V for
10 min. The titanium specimens were then put inside a
quarts tube in a furnace.

An ultrasonic atomizer (Gapusol 9001, RBI), using a
transducer working at 1.7 MHz, was used to spray the SiO,
sol. The aerosol produced entered the quartz tube (Heraues
Rof 7/50) and at 1,000 °C was carried by air (0.07 L/s).
The air velocity was approximately 1.1 cm/s, with the
same average speed of aerosol drops. Films were deposited
for 0.5, 1.5, 3 and 6 h at 800 °C. One of the specimens,
after 6 h of deposition was kept in the quarts tube for
another 4 h at 800 °C.

Finally, a layer of HA was deposited on the surface of
the so-obtained thin SiO, film (deposited at 800 °C for 6 h
and annealed at the same temperature for a further 4 h), by
the following procedure.

An aqueous solution of stoichiometric amounts of Ca
and P (Ca/P = 1.67) at a concentration of 0.065 mol/dm’®
was used as the precursor for the synthesis of HA the film.
Concentrated nitric acid and urea (in equal molar ratio)
were added to solution under vigorous stirring in order to
dissolve the precipitate. The addition of thermo-hydroly-
sable urea was necessary in order to obtain the optimal pH
in the tabular furnace.
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The deposition of HA was made by wetting the surface
of the thin SiO; film by very small droplets of HA aerosol,
obtained using the same ultrasonic atomizer at a frequency
1.7 MHz as was used in the case of silica deposition, and
by heat treatment at 800 °C for 3 h. The carrier gas was air
at a flow rate of 0.07 L/s.

2.1.1 Characterization of films

Scanning electron microscopy, SEM (JOEL 5300), equip-
ped with a semi-automatic image analyzer (Videoplan,
Kantron) was used for analyzing the morphology and
homogeneity of the substrate thin films. The chemical
homogeneity of the films (linear scan of Si and Ti) was
analyzed on two samples. The treated elements were Si and
Ti. EDS analysis was made using a Si (Bi) X-ray detector
and QX 200 (Oxford Instruments, UK) connected with a
scanning electron microscopy and computer multi-channel
analyzer. X-rays from 0.5-20 keV with 10 eV per each
channel were analyzed in the performed measurements.
Semi-quantitative analysis resulted in the average ratio for
both examined elements (Si and Ti) at different positions
on the silica thin films. The software package ZAF (Link
Company), giving good results for elements with atomic
number larger than 10, was used for the estimation of the
measured intensities.

The roughness and film thickness were analyzed using
an ALFA STEP 500 Surface Profiler. The tip of the needle
of Surface Profiler is sensitive to characteristic changes in
the surface morphology. The jump of the needle between
an uncovered part of the substrate (zero point) and the
coated surface defines the film thickness.

The phase composition of the coatings was determined
by X-ray diffractometry, XRD, (Philips PW 1050), using
Cu-Ko,_, Ni-filtered radiation. The patterns were registered
in the 20 ranges 9°-67° with a scanning step size of 0.02°.

Infrared spectroscopy, IR, (Perkin Elmer 983G) per-
formed on powdered film in KBr pellets in the wave
number range from 400 to 4,000 cm™' was also used for
phase analysis.

3 Results and discussion
3.1 Mechanisms of film formation

The SiO2 film formed after 0.5 h of deposition at 800 °C,
shown in Fig. la, reveals uneven parts of the deposited
film, which epitaxially grew on the substrate surface.
Clusters of deposited particles accumulated at the peaks of
the protruding parts of the substrate, while the valley on the
substrate remained uncovered. Some fully spherical

particles 0.3—1 um in diameter developed (Fig. 1a). Along
the edging surface of the hills, segregated particles are
interlinked by the growth of bridges. This mechanism led
to the preferential growth of particles that interlink and
make ‘congregations’. In some areas, the concentration of
the congregated forms was uniform. As a result, different
spheroid and polyhedral structures were formed by the
spilling over of the larger sol droplets on the protruding
hills of the substrate. On these spots, deformation probably
occurred and some parts of the droplets remained mono-
lithic—mutually tightly bound; sub-droplets are visible.
The surface of the film surface was very uneven and its
roughness was near to the roughness of the substrate.

Si0; film after 1.5 h of deposition at 800 °C, shown in
Fig. 1b, reveals the manner in which droplets of SiO,
propagated into a vale of the substrate, depicting distribu-
tion of deposited material on the substrate hills (Fig. 1b).
The fine aggregates of particles and sub-particles on the
substrate surface, formed during the solidification of the sol
droplets, are composed of a great number of sub-particles
below 50 nm in size. These sub-particles, formed from
droplets by precipitation and subsequent solidification, are
organized as grape-like configurations allocated at some
places and are partially knotted forming elongated poly-
hedral structures. Inside of the vales of the substrate, the
sub-particles are intertwined forming needles, which orig-
inated from the surplus of the liquid phase flowing down
the hills at the surrounding protrusions on the substrate.
The partial depletion on SiO, sol occurring at the location
of the vales of the substrate is conducive to the flowing of
the liquid phase over a larger surface area, which, in turn,
favors the formation of elongated dendrites oriented toward
the bottom center of the vales. The film surface is notice-
ably uneven with pronounced roughness comparable with
the roughness of the substrate.

SiO; film after 3 h of deposition at 800 °C exhibited a
more uniform surface morphology. Spherical and spheroid
forms of dispersed sub-parts of the aerosol droplets are
shown in Fig. 1c. The uncovered parts of the substrates—
partially dark patches—are not completely intertwined
through the mechanism of secondary nucleation, which is
mainly responsible for the filling of the deepest parts of the
vales. The size of the monolithic parts of the deposit is
around | pm and they are paired into structures of
approximately 2 pm in size, which corresponds to the size
of a precipitated aerosol droplet. The smallest fragments in
such a unit configuration are of 30-50 nm in size. Thus, at
this stage of deposition, sub-structural elements of the film
are present. The aerosol droplet, which has the lowest
density in its core part, undergoes uneven deformation
during the process of flowing over the substrate, which in
turn causes a specific morphology of these fragments of
deposit, which in form resemble pits made by etching.
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Fig. 1 Typical SEM
appearance of SiO, films
obtained at 800 °C after
different deposition time; 0.5 h
(a), 1.5h (b), 3h (c), 6 h (d),
and 6 h + 4 h annealing (e)

The SiO, film formed after 6 h of deposition at 800 °C
has the morphology of elongated grains formed by polyg-
onization of intertwined smaller oval grains (Fig. 1d). The
grains are mainly of cubic or parallelepiped shape, where
the latter was achieved by connecting cubic-form grains.
The poligonization and connecting proceeded by a sinter-
ing process during the long residence time of the substrate/
film system in the furnace. The film texture is a mixture of
these two dominant grain shapes of 1 pm and 2 um in size.

The SiO; film formed after 6 h of deposition and 4 h of
annealing at 800 °C shown in Fig. le reveals a fully
homogeneous film over the whole substrate. In this case,
the former grains dominantly of spheroid shape gradually
transformed into a net of polyhedral grains of approxi-
mately same size (the grain size is mainly determined by
the size of the aerosol drops).

After a sufficiently long holding time at the furnace
temperature (6 h of deposition and 4 h of annealing), it is
apparent that the SiO, grains had grown considerably. The
growth was achieved by the “coagulation” of smaller
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grains by creating small-angled polyhedral grains/sub-
grains with different aspect ratios. Most frequently, the
grains are more or less elongated and were made by the
sintering of fragments of already-formed grains alongside
one of the plane of the existing polyhedral form—a road-
shaped grain (Fig. 1d).

The topography of the film surface is caused by the
original non-homogeneity of the density of the film, which
was caused by the unevenness of the substrate roughness.
Also, as the sintering process was in the final stage, it is
probably that the obtained density of the film was greater
and the average radius of the grains increased as the result
of sintering during the annealing process.

3.2 Thickness and roughness
The thickness, average and maximal roughness of films on

titanium substrate obtained after different deposition (and
annealing) times are given in Table 1.
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Table 1 The thickness and Sample Deposition time, h

Film thickness, pm  Average roughness, um  Max roughness, pm

roughness of thin SiO, films
deposited at 800 °C for various

e 1 0.5
deposition times
2 1.5
3 3
4 6
5 6 + 4%

3 12 20
8 12
19
15

4*-Annealing time at 800 °C

After 1.5 h of deposition, the SiO, film had almost
completely covered the surface of the substrate. After 3 h,
the film had gained its essential thickness, the substrate was
fully covered and the average and maximum roughness
were considerably lower than those for the film deposited
for only 1.5 h, and they were 8 and 12 pm, respectively.
After 6 h of deposition, the film thickness had increased to
19 pm, while the average roughness was reduced to 3 pm,
while the maximum roughness was 5 pm.

Additional annealing (for 4 h at 800 °C) of the sample
deposited during 6 h increased the roughness of the film
(5 pm average roughness and 8 um maximum roughness)
and decreased the film thickness to 15 pum. The observed
changes in roughness and thickness were produced through
densification achieved by sintering, whereby the densities
of different films fragments deposited on parts of the tita-
nium substrate with different roughness.

The regions belonging to vales of the substrate which
were ‘bridged’ through a secondary nucleation process had
significantly lower density than other parts of the coating.
Therefore, during annealing, the process of diffusion along
the grain boundaries resulted in low-density regions being
filled, causing visible changes in the surface morphology of
the coating, i.e., increased roughness and decreased
thickness.

3.3 Homogeneity of film composition

The results of the EMPA analysis for Si and Ti in the
deposited films are presented in Table 2.

Films deposited for a short time (0.5 and 1.5 h) showed
the presence of significant amounts of Ti, the source of
which was the titanium substrate. In the case of samples
deposited for only 0.5 h, Ti is the principle constituent
because the deposited silicon dioxide was very unevenly
spread and very thin. Therefore, it is likely that, together
with Ti atoms from the bare—uncovered—titanium sub-
strate, Ti atoms beneath the very thin films also contribute
to the total collected signals from the scanned films
surfaces.

Depending on the area scanned, the concentration of
silicon varied from 14.7 to 30.2 wt%, while the concen-
tration of Ti fluctuated from 69.8 to 85.3 wt%. These
results show that during this stage of deposition, the

Table 2 EPMA analysis for Si and Ti in deposited SiO, thin films

Sample Deposition Location Chemical somposition, mass%

time, h
Ti Si
1 0.5 1 81.2 18.8
2 78.1 21.9
3 74.3 25.7
4 69.8 30.2
5 73.4 26.6
6 85.3 14.7
2 1.5 1 17.2 82.8
2 18.1 81.9
3 21.3 78.7
4 13.9 86.1
5 14.5 85.5
6 22.9 77.1
7 16.1 83.9

process of secondary nucleation of SiO, had not yet started
and that the process of the formation of isolated islands of
film was the dominant process of the film integration.

In the samples that had undergone 1.5 h of deposition,
the Ti concentration were 13.9 to 22.9 wt% and the Si
concentration varied from 77.1 to 86.1 wt%, which implies
the SiO, film mainly covered the surface. However, this
result also shows that the process of secondary nucleation
in bridging the vales of the titanium substrate was not yet
completed.

After 3 h of deposition, there were no more signals of Ti
in the film, meaning that the substrate was fully covered by
a SiO, film. Secondary nucleation and the process of the
‘filling-up’ of the vales of the substrate surface were
completed so that further deposition proceeds evenly on the
whole deposition surface.

3.4 Phase analysis of the SiO, film

3.4.1 X-ray diffraction

X-ray diffraction diagram in Fig. 2 shows that regardless of
the deposition time and the additional annealing process (of

4 h duration) the phase of the deposited film remained
amorphous SiO,.
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Fig. 2 XRD diffraction of SiO, film deposited at 800 °C (b)
3.4.2 Infra red spectroscopy
The IR spectra of specimens of SiO2 film pealed off from (a
all the deposited samples are very similar. The character- L LA B B e

istic transmittance bands from SiO, deposited for 0.5 h
correspond to the following wave numbers: 3,394 cm™';
1,573 cmfl; 1,369 cmfl; 1,034 cmfl; 746 cmﬁl; and
414 cm™ (Fig. 3a—e.). These energies correspond to the
characteristic vibrations of different molecular groups
belonging to the silicon dioxide system [29-32].

The band at 3,394 cm™ corresponds to the stretching
vibration mode of silanol groups (Si-OH) and adsorbed
water. The band at 1,573 cm™! relates to the bending
vibration of the OH group of molecular water. This band is
slightly shifted from the value of 1,628 cm™" reported in
the literature as the ideal.

The band at 1,034 cm™! corresponds to the transversal
asymmetric vibrations of Si-O-Si. The shifting of this value
towards lower value of wave number indicates the move-
ment of O atom alongside the line parallel to the Si-Si
axes. In turn, this causes a distortion in the surrounding Si—
O bonds, bringing about a so-called asymmetric transversal
oscillation causing the cationic shifting.

The band at 746 cm™ corresponds to the rocking
deformation in the Si—~O-Si chains created by the coupling
of the transversal symmetric vibration of O atom alongside
the bisection of Si—O-Si angles, with the simultaneous
movement of Si cations (3a—e).

The band at 414 cm™ arises from the transversal optic
rocking mode of Si—O-Si, created by the stretching
vibrations of O atom regarding the position of the Si atom
in Si—O-Si chain [29-32].

In case of SiO, deposited by spray pyrolysis during
1.5 h, the band corresponding to the stretching vibration of
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Fig. 3 IR spectra of SiO, thin films after deposition for (a) 0.5 h, (b)
1.5h, (¢) 3h, (d) 6 hand (e) 6 h + 4 hyyneqting

silanol groups has the minimum for the value of the wave
number of 3,382 cm™' (Fig. 3b).

The band at 1,573 cm™! is shifted at the value of
1,583 cm™'. For Si0, deposited during 3 h, a small shift to
the value at 409 cm™' was recorded for the band which
corresponds to wave number of 414 cm™' (Fig. 3c).

After 3 h and 6 h of deposition, and 6 h of deposition
with subsequent annealing during the 4 h, all above
recorded bands are shifted by approximately 200 cm™" in
the direction of smaller wave numbers (Fig. 3d). The band
at 3,394 cm™ for SiO, deposited during 0.5 and 1.5 h was
shifted to 3,188 cm™" after at 3 h, 3,178 cm™" after 6 h and
to 3,183 cm™" after 6 h of deposition and 4 h of annealing.
The band at 1,034 cm™! was shifted to 829 cm™! after 3 h,
840 cm™' after 6 h and 834 cm™ after 6 h of deposition
and 4 h of annealing. The band at 746 cm™' was shifted
541 cm™' after 3 h and to 542 cm™' for SiO, deposited
after 6 h with and without subsequent annealing for 4 h.
The band at 414 cm™ shifts to 214 cm™ after 3 h and to
211 cm™ after 6 h of deposition both with and without
annealing for 4 h (Fig. 3e).

It is apparent that significant shifting of the IR bands in
the deposited SiO, occurred between the samples deposited
for 1.5 and 3 h. During this deposition period (from 1.5 to
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3 h) intensive movement of the atoms occurred, leading to
their consolidation inside the silicon dioxide tetrahedral
structure. The straightforward consequence of the occurred
rearrangement of the atoms in the deposited SiO, is the
shifting of all characteristic vibrations toward smaller wave
numbers (larger energies), while the shapes of all these
bands remains almost unchanged, which in turn implies
that only the shifting of the characteristic vibrations
towards the higher energies is encountered.

3.5 HA thin films on the surface of SiO, films
3.5.1 Morphology and thickness of the HA films

After 3 h of deposition HA, the surface of the SiO, thin
film (thin SiO, film obtained after 6 h deposition and 4 h of
annealing at 800 °C) was completely covered with calcium
hydroxyapatite, as can be seen from Fig. 4. The particles of
calcium hydroxyapatite were mostly of submicron
dimensions (0.5-1 pm). The particles have different mor-
phologies, polygonal, rounded and needle-shaped. The
majority are needle-shaped joined together forming
“flowers” like structures with diameters smaller than
0.1 pm. The measured average thickness of the so-obtained
HA film determined using the surface profiler method was
around 3 pm. The particles agglomerated into large blocks
of the previous formed layers of the thin film during spray
pyrolysis. In Fig. 4, they are shown preferently as grey
spots and the flower or petal-like structures belong to the
newly formed layers (with a smaller film density inside
them) are shown as white spots.

Fig. 4 Microstructure of a hydroxyapatite thin film after deposition
on a SiO, film for 3 h

3.5.2 Phase composition of HA thin films

Phase analysis of the thin HA films was performed by XRD
spectroscopy. The XRD patterns in Fig. 5 show all the
characteristics peaks for calcium hydroxyapatite, corre-
sponding to literature data (JCPDS No.9-432).

The IR spectrum in Fig. 6 shows all the characteristic
bands for hydroxyapatite [10, 24, 25]. The asymmetrical
stretching (v3) and bending (v4) modes of PO?( ions were
detected at around 1,092 and 1,042, and 603 and 569 cm_l,
respectively. The symmetrical stretching modes (v, and v,)
of PO4” ions were found at around 957 and 473 cm™'. The
liberation and stretching mode of OH™ ions were detected
at around 630 cm'and 1,626 cm™!, respectively. The
stretching vibrations ascribed to CO%‘ at around 1,442,
1,406 and 875 cm™" are also present. This indicates that

100

Intensity, a.u.

20 30 40 50 60

Fig. 5 X-ray diffraction pattern of hydroxyapatite thin film on
surface of SiO, film

10000
8000 —

6000 —

Transmittance, a.u

4000 —

2000 —

1049

0 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

Fig. 6 IR spectra of a hydroxyapatite thin film on the surface of a
SiO; film

@ Springer



1878

J Mater Sci: Mater Med (2008) 19:1871-1879

carbonate groups are incorporated into the apatite structure.
The band registered at 630 cm™' belongs to the liberation
mode of the OH™ vibration.

3.5.3 Possible mechanisms of formation of calcium
hydroxyapatite on a SiO, coating

Texture and chemical activity of deposited SiO, film is
critically dependent on its nano-structural design condu-
cive for an increased surface activity, which is important
for the formation bonds of appropriate strength between the
thin SiO, film and the hydroxyapatite deposited on its
surface.

The mechanism of formation of calcium hydroxyapatite
on the surface of a SiO, film, most probably, goes through
the formation of a hydrate layer of SiO,_,OH, on the sur-
face of SiO, film in the first stage of the growth of the
hydroxyapatite on the film. On such a surface layer,
deposition of Ca** and PO3™ ions proceeds by one of two
possible mechanisms: (i) calcium and phosphate ions of the
HA sol in contact with SiO,_OH, should more readily
precipitate forming hydroxyapatite or/and (ii) the surface
of Si0,_,OH, may attract Ca®* ions and combine phos-
phate ions in SiO,_OH,HPO, by covalent bonding and
forming apatite in a similar way [8, 23, 26-28].

4 Conclusion

This paper presents a method for the deposition of thin
Si0, film by ultrasound wet spray pyrolysis of a silica sol.
The precursor solution for the sol is a very narrow size
distribution of SiO, particles obtained by hydrothermal
precipitation of silicon acid.

The mechanism of the deposition of the films, the
change of their morphology and the chemical homogeneity
of deposits are considered for different times of deposition.
Particular attention was given to the thickness and rough-
ness of the films. It was shown that the entire surface had
been covered with a film of thickness sufficient to preclude
any secondary excitation of the titanium substrate (no
signal from titanium was detected) after 3 h of deposition
at 800 °C.

After 6 h of deposition, the roughness of the deposited
film had considerably decreased to a value of 5 pm, while
the thickness of the film was of maximal value of 19 pm.
After an additional 4 h of annealing of this film, the
thickness of the film decreased down to 15 pm while the
average roughness increased to 8§ pum. It was estimated that
this sufficiently long deposition time in addition to 4 h of
annealing causes a considerable grain coarsening, attained
by association of smaller grains into larger ones, wherein
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the polyhedral structure with different length/diameter
ratios are generated.

Sometimes these grains have a plate-like shape while
other times they exhibit a preferential one-directional
growth and have a road-like shape. The outlined mor-
phology of the film is conducive for the deposition of
hydroxyapatite due to the high concentration of defects
within its fine roughness and the innate fine nano-structure
of the film.

The thin HA film deposited on the surface of the thin
SiO, film was completely continuous with a prevailing
needle-shaped morphology. Its phase composition corre-
sponded to hydroxyapatite and had a thickness of
approximately 3 pum.
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