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Design of Novel Plasma
Sprayed Hydroxyapatite-Bond
Coat Bioceramic Systems
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Bond coats based on bioinert ceramic materials such as titania and zirconia were developed to increase
the adhesion strength of the coating system hydroxyapatite-bond coat to Ti-6Al-4V alloy surfaces used

for hip endoprostheses and dental root implants. The bond coats improved the adhesion strength, meas-
ured by a modified ASTM D 3167-76 peel test, by up to 100% and also the resorption resistance as deter-
mined by in vitro leaching in simulated protein-free body fluid for up to 28 days.

and also a porous template into which bone cells can grow (R
4). Thus, the anchoring of the implant to the surrounding living
tissue is improved since the bioactive hydroxyapatite elicits
specific biological response at the interface of the material b
control of its surface chemistry. The bioactive surface reac
with body fluid in a way that is compatible with the natural re-

. 2 . X air process of tissue. This results in the formation of a stron
rect skeletal defects and diseases is increasing worldwide. Larg sseoconductive bond between tissue and biomaterial. Indee

demands existfor hip and knge endoprqstheses, glental implant§his bond can be so strong that its strength under shear loadi
and bone replacement parts in the maxillar-mandibular area, thERef 5) overrides the bonding of the coating to the metallic im

ossmula{ cthaln El)'f t(?e Inner ea:handgcl)\éegcl)%r rtldtg?,r?nd |I|{éc|i:res lant, and consequently a gap develops into which acellular co
augmentation. foday, more than ' otal Nip and KNe€e&,, ive issue can invade with the associated risk of asept

arthroplasties are being performed annually in Europe and th - . ; :
United States (Ref 1). One of the many problems to be solved ielsgsesg ?éngr.ezgﬁtc;%réﬁelgtogfeﬁiI:)éomert bond coatis being deve

associated with the fact that a growing proportion of patients
will outlive the expected lifetime of their prostheses. Therefore, . o
required remediation operations that put severe physical and2-2 Function of Bioinert Bond Coats

mental stress on patients and a high financial burden on society The use of bond coats to increase the adhesion of ceral
are increasing. Since as many as 10% of all prosthetic failuresyear- and corrosion-resistant coatings as well as thermal barri
can be related to delamination of the bioactive coatings from thecoatings to a metallic substrate is well documented in the the
implant surface (Ref 2), an increase of the adhesive strength of,4 spraying literature (Ref 6). Hence, biocompatible bonc
such coatings is thought to improve their mechanical perfor- .y5ts may offer a means to further enhance the adhesion of

adhesion strength, bond coats, hydroxyapatite coatings
peel test, reprecipitation
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1. Introduction

The number of patients receiving biomedical implants to cor-

mance. droxyapatite (HAp) coatings to metallic substrates (Ref 7). Suc
a bond coat should also exhibit the following properties:
2. Substrate/Biomaterial Interface * The bond coat should prevent direct contact between tite
nium and HAp since this is thought to catalyze thermal de
composition of HAp (Ref 8, 9).
2.1 Function of Bioactive Ceramic Coatings « The bond coat should reduce or even completely preve

the release of metal ions from the Ti-6Al-4V substrate to

The present procedure to stabilize the tissue/implant inter- the surrounding living tissue. Such ion release has bee

face is through bioactive fixation with a thin plasma sprayed hy-
droxyapatite coating that appears to trigger bidirectional
gap-healing through the occurrence of two ossification fronts,
one growing from the surrounding bone toward the implant, the
other from the implant to surrounding bone (Ref 3). The hy-
droxyapatite provides a local source for calcium and phosphate
ions required for the mineralization of the surrounding tissue .
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found to cause massive hepatic degeneration in animal e
periments (Ref 10) as well as impaired development of hu
man osteoblasts in vitro tests (Ref 11) since the ions may
affect the transcription of RNA in cell nuclei and influence
the activity of enzymes by replacing calcium or magnesiu
ions at binding sites (Ref 12).

The bond coat should reduce the thermal gradient at t
substrate/coating interface induced by the rapid quenc
ing of the molten particle splats that leads to depositio
of amorphous calcium phosphate (ACP) with a concur
rent decrease in resorption resistance (Ref 7) and hence
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reducedn vivo performance, that is, longevity of the im- mance (Ref 20). It should be emphasized that the shear strength
plants. performance of the bone/implant interface is notoriously weak

«  The bond coat should prevent a steep gradient in the coeffi-2nd is typically less than 40% of that of cortical bone (Ref 21).
cients of thermal expansion (CTEs) between substrate and Previous studies by Lamy et al. (Ref 22) investigated the fea-
coating that will otherwise induce large residual tensile Sibility of applying calcium silicate-based bond coats to enhance
stresses leading to cracking and delamination of the coat-the adhesion strength and resorption resistance of the bio-
ings. ceramic top coat. These bond coats ought to be biocompatible

«  The bond coat should cushion damage of the coating initi- since calcium silicate-glasses were found to bond easily to liv-
ated by cyclic micromotions of the implant during move- ing bone forming an apatite surface layer when exposed to simu-

ment of the patient in the initial phase of osseointegration lated body fluid (Ref 23). In addition, histological investigations
(Ref 13). provide evidence that silicon may be allied to the initiation of

mineralization of preosseous tissue in periosteal or endochon-
There is evidence that even without a bond coat acting as a sinkjra| ossification (Ref 24). A dicalcium silicate bond coat yielded
for metal ionS, HAp itself eﬁeCtiVer absorbs titanium ions re- an as_sprayed adhesion Strength of 32 MPa that on immersion in
leased from Ti-6Al-4V implants (Ref 14), or chromium and Hank’s Balanced Salt Solution (HBSS) at 37 °C for 7 days de-
nickel ions released from stainless steel implants (Ref 15). Ac-creased to 21 MPa (Ref 7). This large decrease may be due to a
cording to a study by Ribeiro et al. (Ref 16), calcium atoms in hydrolysis reaction of th@-dicalcium silicate formed during
HAp were partially replaced by titanium atoms from a saline plasma spraying from thedicalcium silicate present in the in-
physiological solution of 0.9% NacCl to which titanium ions ijtjal spray powder. It is conjectured, however, that during longer
were added to simulate the release of Ti from Ti-6Al-4V. Fourier exposure to the phosphate-bearing HBSS the Ca{@ltased
transform infrared (FTIR) and FT-Raman (FTRS) investiga- during hydrolysis of-dicalcium silicate will eventually lead to
tions suggested the formation of a titanium-substituted hy- formation of very fine crystalline secondary HAp or other cal-

droxylapatite (CgpnTi2l(POs)e(OH)2]. cium phosphates (refer to Fig. 6) at the interface, thus strength-
ening the microstructure.
2.3 Previous Work on Bond Coats It is furthermore conceivable that during plasma spraying

HAp and dicalcium silicate react by forming calcium silico-

Yang et al. (Ref 17) investigated the system of CoCr alloy phosphates such as silicoglaserite and/or silicocarnotite. Pre-
substrate/CoCr alloy bond coat/HAp. The microtextured |iminary laser-Raman spectroscopic results point to the
(beaded) bond coat of 1@@n thickness was applied by plasma occurrence of such phases even though it is very difficult to dis-
spraying to ensure good adhesion between the substrate and thfhguish between dicalcium silicate and calcium silicophos-
50pm thick HAp top coat. It was found that the HAp coating in  phates because of the similarity of their Raman spectra. At the
conjunction with a porous sinter-beaded CoCr bond coat (Refinterface between the bond coat and the titanium substrate cal-
18) or a substrate with macrotextured grooves (Ref 19) gave sigtjum titanium silicate could be formed, thus establishing a
nificantly enhanced bone apposition and adhesive strength. Inchemical bond and substantially enhancing the adhesive
particular, the adhesive shear strength of the HAp coating in-strength of the “tandem” dicalcium silicate-HAp. In addition,
creased to about 10 MPa as opposed to 1 to 2 MPa found for theaicium silicate bond coats have, for ceramics, exceptionally
bone/coating interface of macrotextured CoCr alloy substrate|arge CTEs ranging from 10 to KL 8K (Ref 25). Since the
samples coated only with CoCr alloy beads. This is in contrast toCTE of titanium is only 8.5 109K, there is a good match and
the opinion widely held among surgeons that a strong bond tothe residual stresses (Ref 26) will be minimized. In fact, there is
the bone can be established without an HAp layer. It is alsoeyen the chance of introducing a compressive stress component
thought that a plasma sprayed spongy titanium layer will be at the interface between the substrate and the calcium silicate

preferable over hydroxyapatite even though there is concernpond coat, thereby supporting good adhesion.
that spraying of a titanium coating on top of a Ti-6Al-4V implant

may cause a dramatic decrease in high-cycle fatigue perfor-

3. Materials and Experiments
Table1 Plasma spray conditions

Parameter Spray set K Spray setH 3.1 Plasma Spraying

Plasma power, kW 42 26 .

Argon/hydrogen, L/min 40:12 50:4 Hydroxyapatite/bond coat systems were plasma sprayed
Torch speed, m/min 30 30 onto Ti-6Al-4V coupons of dimension 50 by 20 by 2 frend
Carrier gas flow, Limin 3 6 foils of dimension 120 by 16 by 0.1 nimsing atmospheric
Powder feed rate, g/min 18.5-23 24

plasma spray equipment (F4 plasmatron, Plasmatechnik AG,

Stand-off distance, mm 100 100 Wohlen, Switzerland) (Ref 27-29). Grit blasting of the coupons

Table 2 Composition of HBSS in 1 L deionized water

HBSS composition, mg
NaCl CaCl, KCl MgCl, Na,HPO, KH PO, MgSO,

Quantity in 1L 8,000 140 400 100 60 60 100
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was performed using silicon carbide (grain size range 0.7 to 1.0“trailing edge” technique in which the sample is abraded only i
mm) at an air pressure of 500 kPa and a distance of 50 mm fromhe direction perpendicular to the edge of interest (Ref 31). Th
the target. Grit blasting of the foils was done using alumina grit procedure is recommended for grinding of layered materials ¢
(0.6 to 0.8 mm) at an air pressure of 250 kPa and a distance of 5Qery dissimilar hardnesses and abrasion rates such as the suc
mm. sion of titanium, ceramic bond coat, hydroxyapatite top coat

Bond coats of 10 to 1im thickness consisted of (1) titania  and epoxy resin. Polishing was performed on nylon cloth usin

(grain size range 5 to 22m, AMDRY 6500, Sulzer Metco, 6 pm diamond paste, followed by a slurry of alumina on short
Deutschland, GmbH, Hattersheim, Germany) and (2) a me-npapped cloth.

chanically mixed powder of 73 mol% titania and 27 mol% zir-
conia (grain size range 0.18 to R, type 9303, Carl Roth
GmbH, Karlsruhe, Germany), corresponding to the eutectic
composition (spray parameter set K, Table 1). Subsequently,

HAp coatings (150 to 18Am thick) were applied on top of oAl . . |
the bond coats using the H set of spray parameters (Table 1), The Ti-6Al-4V foils were attached to copper blocks acting a:

a heat sink using a 1-to-2 mixture of a silicone sealant (Do
Corning 732, Dow Corning Corp., Midland, MI) and copper
3.2 Sample Leaching powder grain size range <44n, ALCAN 154 (Alcan Chemi-
. - . cals, Brockville, ON). The adhesive was cured at ambient te
Five millimeter slices cut parallel to the shorter edge of the

as-sprayed coupons were cleaned in acetone and methanol arpderature for 12 h. After plasma spraying, the Ti-6Al-4V foils

immersed for 7, 14, and 28 days in 50 mL of protein-free HBSS \évecr:( f'?g:iéo(gitslfgillén:g%rz ElzteH(lszg t,;};rloesbgcze?)lévz)tgucts
at 37+ 0.5 °C to study thén vitro resorption resistance of the poxy Y P i

various coatings systems. The ratio of the surface area of th%egter Corpt)l., t?]eabrOOK’leH) and the tcc()jpper t?_loc||<:_rer20\_/e
coating to the volume of the leaching solution was2. ffihe ubsequently the assem Iy was mounrt]e_ on a jig (Fig. 1) in &
composition of HBSS is shown in Table 2 (Ref 30). INSTRON 4200 universal testing machine (Instron Corpora

tion, Canton, MA). The end of the foil was clamped to the uppe
) o grip of the machine and pulled away from the coating at a co
3.3 Sample Preparation for SEM Investigations stant rate of 2.5 mm/min. Various deadweights were attached

Two types of sample were prepared, surface and cross-secine other end of the foil, and the load and the crosshead displac

tional samples. For surface samples, 5 mm wide slices were ch'em digitally recorded.. The stress-stre.\in curve a_nd the peeli
parallel to the shorter edge of the coated coupons with a low-10rc€ Were plotted against the deadweight following the proce
speed saw, cleaned, affixed with copper tape to the scannin%jures of Sexsmith and Troczynski (Ref 32) and Kurzweg et a
electron microscope (SEM) sample holder, and coated with a Ref 27, 28); i
thin carbon layer before mounting in the Hitachi S2700 SEM.  The modified ASTM D 3167-76 peel test causes a crack t
For cross-sectional samples, the 5 by 20 mm slices were cuPropagate precisely along the coating/foil interface in a stabl
again in half (to 5 by 10 mm), and the two pieces glued togetherand controllable manner since the sample geometry forces t
coating-to-coating with epoxy resin loaded with nickel powder crack tip to move along the interface (Ref 33) where it encou
(+20-100um) to maintain good edge retention during the sub- ters the local least energy path. Hence, it alleviates one of t
sequent grinding and polishing cycles. The sample sandwichproblems associated with tensile pull tests such as ASTM C 6
was embedded in thermoplastic acrylic resin (Lucite) and the or EN:582.93 where the uncontrolled mode of coating/substrat
surface ground with silicon carbide paper (600 grit) using the separation causes uncertainties concerning the value of the se
rated coating area to choose for calculation of the failure stre

POMBINSY 1984

3.4 Peel Adhesion Testing

To Load Cell While the tensile pull test measures this failure stress, express
as the ratio of applied force to coating area (dimension?)N/m

I . the peel test measures the energy required to separate the coa
Fail and the foil along a line (dimension: N/m). The total forfeg (

normalized to the width of the foi\ is the sum of several con-
Py Rollers tributions including the actual peel ford8)( the deadweight
1 (D), the frictional forcef(), and the plastic work required to bend

'—‘——©) 2 the foil per increment of peeled coatingdy(dx). Hence the re-

corded forcéd- can be represented by:

Substrate

F=G+D+f+(U/dX (Eq1)
Crosshead

| Since the frictional forckcan be described iy p [F, whereu
is the coefficient of rolling friction, and the plastic work of bend-
ing is a function of the applied force and also proportional to th
Deadweight width of the foil,w, Eq 1 can be rewritten as:

Fig. 1 Peel adhesion test loading jig with deadweight attached Fl-p=G+D+aw (Eq2)

Journal of Thermal Spray Technology Volume 8(4) December1 %29
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wherea is the plastic work expended per unit width per unit 4.2 Adhesion Strength of Coatings
length that can be determined from the stress-strain curve of the

uncoated titanium alloy foil. Figures 3(a) and (b) show the total force plotted against the
deadweight from which lines the peel strengths of a HAp coat-
ing without a bond coat (Fig. 3a) and a HAp/titania bond coat

4. Results and Discussion system (Fig. 3b) were calculated to be 21.9 and 42.1 N/m, re-
spectively. All quantities were related to the width of the fail,
4.1 Plasma Sprayed Coatings A significance test (t-test) was done based on the comparison of

Cross sections of the plasma sprayed coatings were prepareﬁ]e mtersect,on with the negatixeaxes. The calculated’|
alues are higher than the tabulatgglvalues forv degrees of

as described above and investigated by SEM. Figure 2 shows .
largely continuous interface of the titania bond coat (center) to _reedom and a level of confidenae= 0.05 (Table 3), thus re-

both the Ti-6Al-4V alloy implant material (left) and the hy- jecting the null hypothesis that the true means of the peel
droxyapatite coating (right) suggesting improved mechanical Strengths of the different systems are equal. _ _
performance of the system. To confirm these findings, conventional tensile adhesion

Similar results were obtained for systems with a mixed ti- tests (EN:582.93) were performed on Ti-6Al-4V cylinders (25
tania-zirconia bond coat. The porosity of 5 to 10% of the hy- mm diameter, 55 mm length) coated with HAp without a bond
droxyapatite top layer appears to be sufficient to allow unimpededcoat as well as a HAp/titania bond coat system. The cylinders
growth of bone cells into the layer to facilitate bone apposition. ~ were grit blasted and plasma sprayed under identical conditions
as the foils and the coupons. The adhesive used was HTK Ul-
trabond 100 (HTK Hamburg GmbH, Germany) with a maxi-
mum adhesion strength of 100 MPa. The average valge (
3) of the adhesion strength (failure stress) of HAp on Ti-6Al-
4V was found to be 3% 3 MPa, that of HAp + Ti@ bond
coat 45+ 3 MPa. Separation occurred always at the interface
of HAp with the alloy substrate and the Li®ond coat, re-
spectively.

Thus, it can be concluded that the adhesion strengths of
the bioceramic coating systems in the presence of bond coats
consisting of either zirconia/titania or titania are significantly

Table 3 Calculated peel strengths

Peel Calculated,  Tabulated,
System strength, N/m 19 tug
HAp 21.9
Fig. 2 SEM photomicrograph of a cross section of a titania bond  HAp/zrO, + TiO, 31.8 2.15 2.06
coat/hydroxyapatite top coat system (Ti-6Al-4V). Left: substrate, light  Hap/TiO, 421 2.67 2.07
gray; center: titania bond coat, medium gray; right: hydroxyapatite,
dark gray
900 900
800 800
[ ]
_ 700 700
= —
z 800 § 600
g 500 .'g 500
% 400 g 400
g 8
2 300 E 300
200 200
G/w = 21.88 N/m G/w = 42.06 Nim
100
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&/ ' + + ' y . Pe . . . , .
W L T T T t 1
4100 0 100 200 300 400 500 Glw

4100 0 100 200 300 400 500
Weight/Width [N/m]
@ (b)

Weight/Width (N/m]

Fig. 3(a) Plot of the total force versus the deadweight to determine Fig. 3(b) Plot of the total force versus the deadweight to determine
the peel adhesion strength of a HAp coating without a bond coat. All the peel adhesion strength of a HAp/3ipating system. All quanti-
quantities were related to the width of the fail, ties were related to the width of the fail,
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increased compared to HAp coatings without a bond coat, plasmd 0 8K for zirconia/titania and 7.8 1079K for titania, respec-
sprayed and tested under identical conditions. The reason for thisively) and the HAp top coat (1410 %K, Ref 34). Hence there
may be that the bond coats act as natural extensions of the very thiare very little if any stresses due to thermal mismatch present
oxide layer that naturally covers a titanium metal surface. the metal substrate/bond coat interface, and weak compressi
On the other hand, since the metal/bioceramic interface is de-stresses at the bond coat/HAp top coat interface. Both facts s
signed to facilitate unimpeded transmission of load from the im- gest favorable conditions for well-adhering coating systems no
plant to the surrounding bone, and since shear-inducedwithstanding the fact that additional residual stresses will bg
micromotions during the early healing phase may lead to disrup-present, caused by strong particle shrinkage (Ref 35) due to t
tion of the otherwise tightly adhering passive oxide layer, a thick high CTE of HAp.
titania bond coat may act to prevent coating delamination by act- Whether a chemical reaction zone exists between titania a
ing as a buffer against undue release of titanium ions that can inHAp, consisting for example of a very thin calcium titanate
duce a cytotoxic response, as well as a sound anchoringperovskite, Ref 36) or calcium dititanate layer (Ref 8), or a tita
substrate for hydroxyapatite. There is a good match between th@ium-substituted hydroxyapatite as suggested by Ribeiro et &
CTE of the titanium alloy (8.5 10‘6/K), the bond coat (8.2 (Ref 16) is still a matter of conjecture to date.

POMBINSY 199

™ o
= F -
I B em
Fig. 4(a) Surface of HAp coating with a bond coat consisting of a eu- Fig. 5(a) Surface of a HAp coating with a titania bond coat leached
tectic mixture of zirconia and titania leached in HBSS for 28 days in HBSS for 28 days

()

Fig. 4(b) Cross section of the sample shown in Fig. 4(a) showing

from left to right the Ti-6Al-4V substrate (light, extreme left), the Fig. 5(b) Cross section of a HAp/Tigsystem leached in HBSS for
TiO2/ZrOy bond coat, the HAp layer (light gray, center), its leached 28 days. From left to right: Ti strip (light gray) used to aid in sample
outer portion (dark gray), the epoxy layer (black, right) and a titanium preparation, epoxy resin (black), HAp (medium gray, center)p TiO
strip used to aid in sample preparation (white, extreme right) bond coat (light gray), and Ti-6Al-4V substrate (gray, right)
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4.3 Microstructure of Leached Coatings compromise the general cohesiveness of the plasma sprayed
layer. There is no discernible “cauliflower” microstructure that

Figures 4 and 5 show SEM micrographs of surfaces and crossn the system HAp/Zr@+ TiO, was attributed to precipitation
sections, respectively, of the coating systems HAp§zr@iO, of calcium phosphate from the leaching solution. Hence, the for-
(Fig. 4) and HAp/TiQ (Fig. 5) leached in HBSS for 28 days. mation of ACP produced by quenching of the molten HAp par-
Figure 4a shows the HAp surface with a characteristic micro- ticles was suppressed owing to differing heat transfer conditions
structure akin to a “cauliflower” pattern suggesting precipita- into the metallic substrate induced by the bond coat acting as a
tion of calcium phosphate/hydroxyapatite from the leaching thermal barrier. The differing heat transfer conditions are pre-
solution. This finding is equivalent to the precipitation of poorly sumably not related to differences in the thermal conductivities
crystallized “bonelike” apatite reported by Weng et al. (Ref 37) since they are comparable for both types of bond ag#200
as the product of treatment of HAp coatings in a protein-free °C) = 0.73%8 (TiO,) + 0.238 (ZrOy) =6.5 W/mIK and
simulated body fluid. Similar results were obtained by LeGeros A(TiO,,200 °C) = 7 W/niK, but may be due to differences in
et al. (Ref 38) during study of the dissolution behavior of pow- the porosity of the bond coats. Spherical particles attached to the
dered calcium phosphate materials in acidic potassium acetatgurface of the leached HAp, shown in Fig. 5(a), consist of highly
buffer (pH = 5), fetal bovine serum, and in contact with cultured crystalline hydroxyapatite as confirmed by XRD measurements.
human bone cells in Eagle’s medium. In this study, microcrys-  Figure 5(b) shows the cross section of a leached sample with
tals consisting of carbonate apatite were observed that were intia titania bond coat. The bond coat (medium gray, right) appears
mately associated with a noncollageneous organic matrix. to adhere tightly to the Ti-6Al-4V substrate (light gray, far right)

In the case of plasma sprayed calcium phosphates, prefereras well as to the hydroxyapatite top coat (dark gray, center). The
tial dissolution of amorphous calcium phosphate (ACP), gener-HAp layer shows a pronounced lamellar structure as well as
ated by rapid quenching of molten HAp particles impinging at cracks that are considered the result of mechanical load during
the titanium alloy surface, provides the supersaturation requiredsample preparation, thatis, cutting, grinding, and polishing. The
for heterogeneous nucleation of hydroxyapatite. outermost portion of the HAp coating displays a leached layer of

The leaching process can be followed by observing the about 15um thickness with a Ca/P ratio of 1.27 as opposed to the
change in the Ca/P ratio at the interface hydroxyapatite/solutionbulk phase with a Ca/P ratio of 1.40. As expected, the bond coats
(Fig. 4b). An approximately 2@m wide leached layer appears are highly stable against leaching. Indeed, the amounts of both
as a dark gray zone with a Ca/P ratio of 1.28 as compared to atitanium and zirconium measured by inductively coupled
averaged ratio of 1.47 measured by electron-dispersive x-rayplasma mass spectroscopy in the HBSS after immersion for 28
(EDX) for the lighter unaltered bulk HAp phase. days remained below the detection limit of 5 ng/L.

There is also a suggestion that calcium phosphate initially
reprecipitates in well-developed crystals at the surface of the .
plasma sprayed HAp coating as shown in Fig. 6. The composi-5. Conclusions
tion of these crystals is as follows: 19 at.% Ca, 15 at.% P, and 66 ) . . .
at.% O. This composition resembles that of octacalcium phos- Atmospheric plasma spraying of bioinert ceramic bond coats
phate CgHo(POy)s BH,O (20.0 at.% Ca, 15.0 at.% P, 60.0 at.% of Z|rcon|a/t|tap|a (eutectic composrglon) and titania increases
0, 5.0 at.% H) that is known to transform easilyitro into hy- the pee! adhesion strength of the coating systems by 50 an_d 100%,
droxyapatite by taking up additional CaO (Ref 39). respectively, when compared to hydroxyapatite coatings without a

Figure 5(a) shows the leached HAp surface of a sample withpond coat sprayed and tested under identical cor_1ditipns..
a titania bond coat. Compared to Fig. 4(a), the surface appears 1he coating systems perform well to leaching in simulated

much smoother with moderate cracking that does not seem tdProtein-free body fluid (HBSS) for up to 28 days. Thin (26
layers formed during leaching of hydroxyapatite show depletion

of calcium. Owing to the reduced heat transfer conditions at the
bond coat/HAp top coat interface, formation of ACP was pre-
sumably suppressed, and hence leaching was reduced in sys-
tems with bond coats compared to those consisting of
hydroxyapatite only. This latter contention has still to be con-
firmed by additional experimental studies.
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