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bstract

he paper reports the first attempt at employing the innovative high-velocity suspension flame spraying (HVSFS) technique in order to deposit
ioactive glass coatings. Fine (micrometric) glass particles having a composition similar to that of the A–W (apatite–wollastonite) bioactive
lass–ceramic as proposed by Kokubo were dispersed into a 50% water + 50% isopropanol solvent mixture and the resulting suspension (containing
0 wt.% glass powder) was thermally sprayed onto Ti plates using a modified high velocity oxy-fuel torch.

Each torch pass produces a dense coating layer, featuring strong cohesion between lamellae thanks to viscous flow sintering along the interlamellar

oundary. However, some porosity exists between different layers deposited during successive torch passes.

In vitro bioactivity tests indicate that the coatings interact remarkably with the simulated body fluid (SBF), developing a thick silica-rich layer
ontaining hydroxyapatite crystals.

2009 Elsevier Ltd. All rights reserved.
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. Introduction

SiO2–CaO–P2O5-based bioactive glasses and glass–
eramics are attractive materials for biomedical applica-
ions, because of the excellent levels of bioactivity which
an be achieved by formulating and selecting appropriate
ompositions.1,2

Bioactive glasses (and glass–ceramics) can indeed elicit com-
lex, multi-stage interactions with living body fluids and living
issues, whereby the surface of the component undergoes chem-
cal and structural alterations which subsequently favour the
rowth of bone tissues. The glassy network of these materi-
ls, which contains a weak network former (P2O5) and a certain
mount of network modifiers, can be partly dissolved by body
uids, thus releasing Ca2+ and P5+ ions, as well as Si-(OH)

roups. Si-(OH) groups subsequently polymerise on the surface
f the bioglass–based component and originate a film, whose
hickness is typically some tens of micrometers. On the surface
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f this film, a thin layer of hydroxyl–carbonyl–apatite nucleates
nd grows, because the fluid becomes locally supersaturated
ith Ca2+ and P5+ ions. This layer promotes the adhesion of

tem cells, which develop into new bone tissue bonded to the
urface of the glass; indeed, the layer has a chemical and struc-
ural affinity to bone tissues.1,2 Moreover, it has been suggested
hat the release of Si ions into the solution can stimulate intracel-
ular reactions which further assist the preferential development
nd bonding of bone tissues to the surface of the bioactive glass.3

ioactive glasses can therefore act as osteoproductive materials,
.e. they could stimulate bone tissue formation at the intracellular
evel, not only at the extracellular level.1

Due to these favourable characteristics, bioactive glasses
nd glass–ceramics are already being applied in the biomedical
eld for the production of sintered bulk components for bone
eplacement.1,2,4 In vivo laboratory experiments as well as clin-
cal evidence indicate that sintered bulk bioactive glasses and
lass–ceramics achieve stronger bonds to bone than sintered

ulk hydroxyapatite, whose interaction mechanisms with the
uman body are very different than those described above.1,2,4,5

However, sintered glass and glass–ceramic components
similarly to sintered hydroxyapatite components) cannot be

mailto:valeria@unimore.it
dx.doi.org/10.1016/j.jeurceramsoc.2009.01.032
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mployed as bone replacement in load-bearing applications,
ecause of their limited mechanical strength and intrinsic brittle-
ess: they are being mainly adopted in oral surgery, ear surgery
nd iliac crest restoration.1,2,6

Load-bearing orthopaedic prostheses, like hip replacements,
re normally made of metallic materials, typically Ti and its
lloys, tanks to their mechanical strength, relatively low den-
ity and bio-inertness, i.e. they do not cause toxic reactions by
he human body. In order to promote osteointegration, these
rostheses are coated with hydroxyapatite.1,2,6–8 These coat-
ngs, which are industrially applied by the plasma spraying
echnique, are now generally preferred over the use of PMMA-
ased bone cement, as they can provide better long-term stability
nd do not cause adverse responses by the body.1,2,9 However,
lasma-sprayed hydroxyapatite coatings are also associated with
ome disadvantages. For instance, during the plasma-spraying
rocess, hydroxyapatite (which displays incongruent melting)
ecomposes into various calcium phosphate phases, includ-
ng tricalcium-phosphate (TCP) and tetracalcium-phosphate
TTCP), and even to CaO in some cases, and tends to produce
morphous phases upon splat quenching. In order to prevent
xcessive decomposition of the original material, spray condi-
ions must be accurately tailored and carefully monitored, and
certain amount of unmelted material must be preserved,10–12

eading to porous coatings having lower average mechanical
trength and lower Weibull modulus. Moreover, as the degree of
rystallinity of a hydroxyapatite coating controls its bioactivity
nd bioresorption, in some cases a degree of crystallinity can be
equired and can only be obtained by performing a post-process
eat treatment.12–16 Such heat treatment increases the process
ost and time and, most importantly, it can affect the structure
nd mechanical properties of the titanium alloy and/or it can
ause some geometrical distortions.

As bioactive glasses and glass–ceramics in bulk form have
isplayed better bioactivity than hydroxyapatite, they can poten-
ially be a suitable replacement for hydroxyapatite also as a
oating on metallic prostheses.1,2,17–21 Compared to hydrox-
apatite, a bioactive glass does not undergo phase alteration
r compositional alteration during thermal spraying; indeed,
revious experiments have shown that plasma-sprayed glasses
including both bioactive glasses 19 and glasses for other appli-
ations 22) retain their glassy structure and do not change their
hemical composition.

Thermal spraying appears again as the most viable technique
or the deposition of bioactive glass coatings on metallic pros-
heses: compared to other technologies (like sol–gel processing,
aser processing, dip-coating, electrophoretic deposition), ther-

al spraying is fast, flexible, and does not necessarily require
igh-temperature post-process heat treatments.18 Moreover,
ompared to techniques like the pulsed laser deposition, it
nables the production of relatively thick coatings: it has been
hown that, if a bioactive glass coating is too thin, the dissolution
nd polymerisation reactions described previously can involve

he whole coating thickness, thus compromising its adhesion to
he substrate.23

This paper reports the first attempt of depositing bioactive
lass coatings using an innovative thermal spraying technique,

a
a

a
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amely the high-velocity suspension flame spraying (HVSFS)
echnique.24,25 It was seen as a fundamental so far that ther-

al spraying requires powder materials with congruent melting
ehaviour to match and to control the spray deposition process.
morphous and non-crystalline materials were hardly used in

upersonic flame and plasma spraying because of the princi-
al problems of heat transfer and phase stability during the
olid-liquid-solid transition in thermal spray deposition.

In the novel HVSFS process,24,25 a gas-fuelled high velocity
xygen-fuel (HVOF) torch has been modified in order to enable
he direct axial injection of liquid suspensions instead of dry
owders. Thus, the adoption of very fine (micrometric) parti-
les, whose flowability in dry form is too poor for conventional
hermal spraying processes, becomes possible. Fine particles are
asy to melt and result in very thin splats; accordingly, coatings
ossess very low porosity and high strength.26,27 The HVSFS
echnique has already been proven to be able to deposit very
ense glass coatings, having superior mechanical properties to
hose of atmospheric plasma sprayed (APS) ones,28 so that it
an certainly be a viable technique to deposit improved bioactive
lass coatings as well.

The glass composition which was selected for this first test
as the one developed by Kokubo et al. 5,29,30 and gener-

lly known as A–W. This composition potentially enables a
arge flexibility in the tailoring of the structural and microstruc-
ural characteristics of the coating. Indeed, this composition can
orm a glass–ceramic containing apatite and wollastonite when
reated at a suitable temperature: both the parent glass and the
patite–wollastonite glass–ceramic are bioactive.5,29,30 There-
ore, the as-deposited coating can be expected to have a purely
lassy structure, and is expected to be bioactive. By perform-
ng an optional post-process heat treatment, the coating could
e turned into a glass ceramic and its functional characteris-
ics modified. Thus, a bioactive coating can be obtained with no

andatory need for post-deposition heat treatments. If techni-
al and economical considerations on the specific applications
ndicate the heat treatment is affordable, it can be optionally
erformed in order to modify the coating’s behaviour.

. Materials and methods

.1. Powder production and characterisation

A glass having a composition similar to the A–W glass
eported by Kokubo et al. 5,29,30 (Table 1) was produced using
ndustrially available raw materials of SiO2, MgCO3, CaCO3,
a3(PO4)2 and CaF2. A frit was obtained by melting the batch

n a platinum crucible using an electric furnace at 1550 ◦C for
h, and by casting it into water. The frit was dry milled in a fast
lanetary moving mill, using Al2O3 balls (20 mm and 10 mm
iameter), and then sieved below 45 �m. A suspension consist-
ng of 20% sieved glass powder and 80% water + isopropanol

ixture (50 wt.% H2O, 50 wt.% isopropanol) was prepared by

ttrition-milling with 6 mm diameter ZrO2 balls for 7 h. The
verage powder size could therefore be further reduced.

The chemical composition of the sieved glass powder was
ssessed by inductively coupled plasma-optical emission spec-
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Table 1
Nominal and actual composition of the glass frit employed in this work (in weight %).

SiO2 P2O5 CaO CaF2 Al2O3 MgO

Nominal composition of Kokubo5 34 16.2 44.7 0.5 – 4.6
Actual composition 33.30 13.30 48.20 0.03 1.90 1.92
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(5 mm × 4 mm × 3 mm), which were cut from the coated plates
and soaked in simulated body fluid (SBF), according to the pro-
cedure described in Ref. [31]. The soaking tests were carried out
in plastic containers immersed in a thermostatic bath at 37 ◦C.

Table 2
HVSFS deposition parameters.

Propane flux (Sl/min) 40
Oxygen flux (Sl/min) 350
Spray distance (mm) 140
Fig. 1. Layout o

rometry (ICP-OES, Liberty-Varian 500, Varian Inc, Palo Alto,
A, USA). The particle size distribution of the powder was
easured by the laser diffraction technique both after sieving,

rior to attrition milling (Mastersizer 2000, Malvern Instruments
td., Worcestershire, UK), and after attrition milling (Getz-
ann GmbH). The thermal behaviour of the glass powder was

haracterised by means of differential thermal analysis (DTA,
SC-404, Netzsch GmbH, Selb, Germany) in the 20–1100 ◦C

ange (heating rate: 10 ◦C/min), in order to assess the glass
ransition and crystallisation temperatures (Tg, Tc). The density
f the glass was measured by He picnometry (AccuPyc 1330,
icromeritics s.r.l., Peschiera Borromeo (MI), Italy). Sintering

ests on pressed powders were carried out with a hot stage micro-
cope (Misura HSM ODHT, Expert System Solutions, Modena,
taly) to find the sintering temperature of the frit. The thermal
xpansion coefficient of the glass was measured by mechani-
al dilatometry (DIL 404, Netzsch) on (15 mm × 5 mm × 5 mm)
lass bars, which were machined from bulk glass samples, pro-
uced by casting the molten glass into a carbon mould and
ubsequently annealed at 760 ◦C for 1 h.

.2. Coating deposition and characterisation

The attrition-milled suspension was sprayed onto
50 mm × 50 mm × 3 mm) Ti plates by the HVSFS
rocess.24,25,27–28 As shown in Fig. 1, the suspension,
tored in a vessel and mechanically stirred along the whole
rocess duration, is fed to the torch (a G-Gun torch, GTV
mbH, Luckenbach, Germany) using a suitable feeding system,

apable of providing a uniform and controlled suspension flow
ate. In the HVOF torch, the powder injector is replaced by

conical suspension injector, coaxial with the combustion

hamber and ending with a 0.3 mm diameter orifice. A specially
esigned 22-mm long conical combustion chamber with a
35-mm long expansion nozzle was fitted to the torch. The
pray parameters, chosen after some preliminary tests aimed to

T
P
N
C

VSFS system.

chieve good deposition efficiency, are listed in Table 2. The
i plates were cleaned with isopropanol and grit-blasted using
00 �m alumina grits at 5 bar pressure, immediately before
praying.

The polished cross-sections of the coatings (mounted in resin,
round with 800, 1000, 2000 mesh SiC papers and polished
ith 3 �m and 0.5 �m poly-crystalline diamond suspension) and

heir fractured sections (obtained by cryogenic fracture in liquid
2) were observed by scanning electron microscopy (ESEM
uanta-200, FEI, Eindhoven, The Netherlands) coupled with

nergy dispersion X-ray spectrometry (EDS, INCA 350, Oxford
nstruments, Abingdon, UK). X-ray diffraction (X’Pert Pro,
ANAlytical, Eindhoven, The Netherlands) was performed on
he coatings’ surfaces in the [15◦, 70◦] 2θ range, at a scan speed
f 2◦/min, (0.02◦ increment), using Cu K� radiation at 40 kV
nd 40 mA.Vickers microhardness (Wilson Wolpert MVD402
icrohardness tester) was measured on polished cross-sections

25 g load, 15 indentations for each sample).

.3. In vitro testing

The in vitro study was performed using samples of
raverse speed (mm/s) 400
ass distance (mm) 2
umber of cycles 5
ooling Compressed air jets
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he samples were placed in vertical position inside the contain-
rs (according to the procedure described in Ref. [31]). Soaking
imes were 1, 2 and 5 weeks; for each test duration, two samples
ere tested. Prior to immersion, the samples were weighed with
0.1 mg accuracy.
After the extraction, the samples were rinsed in double-

istilled water and dried at room temperature. The pH of the test
olution was measured by a pH-meter (MicroPH 2001, Crison
nstruments SA, Barcelona, Spain) after each soaking interval,
t a temperature of about 33 ◦C; its chemical composition was
ssessed by ICP-OES.

The surface and polished cross-sections of the soaked
amples were observed by environmental scanning electron
icroscopy (ESEM) coupled with energy dispersive spectrom-

try (EDS). X-ray diffraction was performed on the coatings’
urfaces after soaking in SBF, in the same conditions listed
bove.

. Results and discussion

.1. Characterisation of powders and bulk glasses
The actual chemical composition of the milled and sieved
lass frit is listed in Table 1: due to the use of industrial raw
aterials, the real composition is slightly different from the

ominal one and, in particular, a small amount of Al2O3 is

9
b
a
c

Fig. 3. Particle size distribution of the glass powders: (A) af
Fig. 2. Differential thermal analysis of the glass powder.

resent. The MgO and P2O5 percentages are somewhat lower
han the nominal composition. The glass has a density of
2.9172 ± 0.0003) g/cm3. DTA indicates that the glass transi-
ion temperature Tg is around 720 ◦C (Fig. 2); moreover, two
efinite exothermal crystallization peaks appear at 891 ◦C and

42 ◦C. Following previous literature reports, the first peak can
e assumed to correspond to the formation of mixed oxy-apatite
nd fluoroapatite crystalline phases, whereas the second one
orresponds to the formation of �-wollastonite.30 The sinter-

ter ball milling and sieving; (B) after attrition milling.
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ig. 4. XRD patterns of AW coating after soaking in SBF: 0, 1, 2 and 5 weeks.
egend: Q = quartz (JCPDS 88-2487), A = hydroxyapatite (JCPDS 73-1731).

ng temperature is about 850 ◦C and the softening temperature
s about 1140 ◦C, as determined from the hot-stage microscope
easurements.
The linear thermal expansion coefficient (50 ◦C < T < 400 ◦C)

f the glass is 10.08 × 10−6 ◦C−1, not too far from the ther-
al expansion coefficient of Ti, which is reported to be

.70 × 10−6 ◦C−1 in the 50 ◦C < T < 540 ◦C range.32

After ball milling and sieving, the glass powder has an aver-
ge particle size of about 20 �m (Fig. 3A); the subsequent
ttrition milling stage is very effective in reducing the average
article size down to about 3 �m (Fig. 3B). This particle size is
erfectly suited to the HVSFS technique and can be expected
o result in small, thin lamellae, suitable to reduce porosity and
ore size of the sprayed coating.

.2. Microstructure of the coatings

XRD patterns confirm that the as-deposited coating is com-
letely glassy (Fig. 4). On the polished cross-sections of this
oating (which is about 100 �m thick), lamellae boundaries are
ardly perceivable (Fig. 5). Individual, flattened lamellae are
ifficult to discern even on fracture surface views (Fig. 6A):

nly at few locations can they be identified (Fig. 6B, see circle).
his means that brittle fractures do not propagate preferentially
long these boundaries. Where such lamellae are recognizable,
heir diameter seems to be always ≤5 �m: as the typical splat

fi
w
s
s

Fig. 5. SEM cross-sections of as-sprayed AW coating: (A) general vi
eramic Society 29 (2009) 2249–2257 2253

attening ratio in suspension thermal spraying is about 2,33 the
amellae were originated by fully molten glass droplets whose
ize never exceeds 3 �m. This value is comparable to the average
quivalent diameter of individual attrition-milled glass particles
Fig. 3B), thus suggesting that most of those particles melted
eparately inside the gas jet. It is likely that only the finest
nes (those smaller than 1 �m) were agglomerated and melted
ogether. Consistently, previous numerical simulations indicated
hat the strong turbulence inside an HVOF gas jet would disrupt
liquid drop into droplets of a few microns diameter.34 Such

roplets can only contain one or very few attrition-milled glass
articles.

In accordance to the lack of clearly recognizable lamellae, no
ongitudinally elongated interlamellar pores can be detected in
EM micrographs (Fig. 5A, B), too. The most recurring porosity
eatures are small, rounded pores (Fig. 5A, B), which are gen-
rally believed to be caused by gas entrapment within molten
aterial.35 However, a careful inspection of SEM micrographs

ndicates that these rounded pores tend to concentrate mainly
long the boundaries between two successive torch passes;
ndeed, the five layers produced by the 5 torch cycles (Table 2)
an be recognized by following the arrangement of the globu-
ar pores, as indicated by dashed lines in Fig. 5A. Inside each
ayer, by contrast, there are fewer rounded pores (Fig. 5A, B),
ut some transverse microcracks exist (Fig. 5B). Fractured sec-
ion views confirm that, above and below each of these layers of
trongly coherent lamellae, rounded pores appear (Fig. 6A–C).
t worth noting that these pores are mainly due to the presence
f non-flattened, hollow spherical particles: part of the pores is
ue to the spherical cavities inside these particles, whereas part
s due to imperfect overlapping between these non-flattened par-
icles (Fig. 6B, C: see arrows). Non-flattened particles are also
learly perceivable on the surface of the HVSFS glass coatings
Fig. 6D): an analogous surface morphology has already been
eported for other HVSFS-deposited glass coatings.28

These rounded particles have a diameter ranging from ≤1 �m
o a few microns; therefore, the previous observations on the
ack of a significant agglomeration between the individual
ttrition-milled glass particles during thermal-spraying are con-

rmed. Similarly to the flattened lamellae, the rounded particles
ere originated by individual micron-sized particles; only those

maller than 1 �m could possibly have agglomerated during
praying.

ew (400×), highlighting the 5 torch passes; (B) detail (1000×).
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ig. 6. Fractured sections of HVSFS-deposited AW coatings. (A) General view;
D) view near the coating’s surface.

The mechanism which probably governs the build-up of glass
oatings during HVSFS deposition has been proposed in Ref.
28]. The HVSFS gas jet rapidly heats the very small glass par-
icles well above the glass transition temperature. Due to the
ow inertia and low thermal capacity of small, micrometric par-
icles, their in-flight velocity and temperature histories tend to
eproduce the velocity and temperature profiles of the gas jet,36

ifferently from larger particles which are capable of retaining
heir velocity and temperature along a certain flight distance.36,37

ccordingly, the spray distance, which is typically about or
bove 200 mm in conventional gas-fuelled HVOF spraying, was
educed to 140 mm in this case; therefore, many particles still
ossess high velocity and high temperature (above Tg) when they
each the substrate. The glass particles impacting on the substrate
t T > Tg can spread by viscous flow, so they flatten extensively.
oreover, when two or more particles having T > Tg reach the

ubstrate almost at the same time, viscous flow sintering can
ccur along their boundary, thus explaining the excellent inter-
amellar cohesive strength inside each HVSFS-deposited layer.

hen a layer consisting of strongly bonded sintered lamellae
ools down below Tg, because of the compressed air jet cool-
ng as well as because of natural convection, tensile stresses
re developed, causing the formation of transverse microcracks
nside the layer (Fig. 5B).

The smaller particles and/or the particles which may tend to
scape from the centreline of the gas jet, however, might become
low and cold before reaching the substrate. A particle whose

emperature is around or below Tg might be prevented from flat-
ening properly upon impact, as its viscosity is already quite
arge. If the particle had entrained some gas as it attained the
ighest in-flight temperatures, a gas bubble can be entrapped

a
a
b
a

) details (circle: flattened lamella; arrows: rounded particles with central pore);

n the particle itself. The improper flattening of cold particles
nd the entrainment of gas bubbles inside them can explain the
orosity features noted both on polished and on fractured sec-
ions. As these particles are not only colder, but also slower than
he other particles, they will reach the substrate a few instants
fter the faster and well-melted particles, thus forming a thin
efective film on top of each layer deposited by a single torch
ycle. This mechanism would explain why most of the rounded
ores concentrate along the boundaries between adjacent lay-
rs. At the end of the last cycle, these rounded particles remain
learly visible on the top surface of the coating.

The Vickers microhardness of the coating is
2.42 ± 0.29) GPa.

.3. In vitro test and characterisation

A SiO2-rich layer of about 10 �m is observed by SEM on
he surface of the AW coating after soaking in SBF for 1 week
Fig. 7A, EDS microanalysis in Fig. 8). This layer is partly crys-
alline, as XRD patterns reveal the presence of quartz peaks
JCPDS 88-2487: Fig. 4, label Q) after the first week of immer-
ion in SBF. The thickness of the SiO2-rich layer increases
ignificantly with the soaking time, reaching about 30 �m and
0 �m of thickness after 2 and 5 weeks, respectively (Fig. 7B,
). After 1 week, a uniform apatite layer on top of the silica-rich

ayer is not observed. By contrast, after 2 weeks of soaking, some
right areas can be observed inside the SiO2-rich layer (Fig. 7B),

nd many more appear after 5 weeks of soaking (Fig. 7C). They
re apatite-rich regions; indeed, EDS spectra reveal that these
right areas are rich in Ca and P (Fig. 8): the Ca/P ratio is
bout 1.76 and 1.45 after 2 and 5 weeks of soaking, respectively.
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Fig. 7. SEM cross-sections of AW coating after soak

he Ca/P ratio of a crystalline hydroxyapatite should be about
.67, from ISO 13779-3. If the semi-quantitative nature of the

DS technique is taken into account, it can therefore be inferred

hat these bright area are, most likely, apatite-based areas. Con-
istently, X-ray diffraction peaks related to the hydroxyapatite
hase (JCPDS 073-1731: Fig. 4, label A) start being notice-

ig. 8. EDS spectra of the SiO2-rich layer and of the bright areas seen after 2
nd 5 weeks of SBF soaking.
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SBF for 1 week (A), 2 weeks (B) and 5 weeks (C).

ble after the second week. After the fifth week of soaking the
ntensity of the hydroxyapatite and of the quartz peaks increases.

Transverse and longitudinal cracks are also formed in the
oating. They may be a consequence of the chemical alteration
f the coating during the interaction with the SBF solution, but
ome could also be an artefact due to the metallographic cutting
nd polishing procedures.

These deep microstructural and structural alterations of the
oating are coupled to some change in the pH of the solution
Fig. 9). The glassy network is indeed chemically attacked by
he SBF, as anticipated in the Introduction: ions (especially Ca2+

ons) are rapidly leached out of the network, as confirmed by
he chemical analysis of the test solution after 1 week (Fig. 10).
onsequently, the whole glassy network is altered and Si is also

eleased to the SBF solution (Fig. 10).
These observations are consistent with the interactions mech-

nisms between SBF and bioactive glasses, proposed in the
ertinent literature:1–4 Si–(OH) groups are released from the
lass as a consequence of the network dissolution and subse-
uently precipitate and polymerise on the surface of the glass

tself, thus forming the silica-rich film observed in SEM micro-
raphs.

The leaching of Ca2+ ions also leads to supersaturation of the
uid in the vicinity of the bioactive glass coating: this is the most
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Fig. 9. Evolution of the pH of the SBF solution as a function of the soaking time
of the AW coating.
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ig. 10. Concentrations of Si, Ca, Mg and P (mM) in the SB solution as a
unction of the soaking time of the AW coating.

robable cause of the precipitation of hydroxyapatite 29 during
he second week of soaking, as noted from SEM micrographs
nd XRD patterns. Accordingly, after the initial increase, the Ca
oncentration decreases from the first to the second week, and
ontinues to decrease until the fifth week (Fig. 10).

The increase in P concentration during the first week is much
ower than that of Ca, and, at the end of the test, the concentration
f P in the solution is lower than the initial concentration in
he SBF (Fig. 10). It has indeed been suggested that P for the
ormation of hydroxyapatite mostly comes from the solution
tself, rather than from the dissolution of the glassy network 29.

. Conclusions

The HVSFS technique was employed in order to deposit
–W bioactive glass coatings onto titanium plates. The tech-
ique seems capable of providing good quality coatings, having
imited porosity and showing excellent interlamellar cohesion
ithin each layer. However, further improvements in the coat-

ngs’ quality could be obtained by optimizing the deposition
arameters in order to minimize the amount of cold, slow parti-
les, which generate interlayer defects.

The deposited layers display a remarkable activity in simu-
ated body fluid, with the formation of a silica-rich layer and

f hydroxyapatite crystals. However, unlike common bioactive
lasses,1–3 hydroxyapatite does not appear as a thin film on top
f the silica-rich layer, but rather as regions dispersed inside
ach layer.

1

eramic Society 29 (2009) 2249–2257

Moreover, as the HVSFS technique appears to be suitable for
he deposition of good-quality bioactive glass coatings, other
ompositions having different interaction mechanisms with sim-
lated body fluids can certainly be selected.
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