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Characterization of Plasma-Sprayed
Hydroxyapatite/TiO , Composite Coatings
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To enhance the bonding between hydroxyapatite (HA) coating and titanium alloy substrate, HA/TiO
composite coatings have been fabricateda plasma spraying. Bonding strength evaluation, simulated body
fluid tests, and cell culturein vitro were carried out to characterize the composite coatings. The results
obtained showed that the addition of TiQ to HA coating improved the bonding strength of the coating
significantly. After being immersed in simulated body fluid (SBF) for a period, the surfaces of HA/TIO
composite coatings were completely covered by carbonate-containing apatite, which indicated that the
coatings possess good bioactivity. Tha vitro cell culture indicated good cytocompatibility for HA/TIO,
composite coatings.

. SEM). The bonding strengths of HA/Ti@oatings were mea-
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ey words tg:, ITni%S reng, cef cutire plasma spray sured by the ASTM C-633 method. The bioactivity of coatings

was evaluated by examining carbonate-containing apatite for-
mation on the coating surfaces in simulated body fluid (SBF).
1. Introduction Osteoblast cultures were examined to assess the cytocompati-
bility of the composite coatings.

One major application of hydroxyapatite (HA) is to serve as
a cover material for titanium or other metals used in implanits. .
In these cases, the biocompatibility of implants is assured by2- Experimental Procedure
HA, while the mechanical aspects are provided by the metal.
Many methods, such as sol-§&metal-organic CV¥! pulsed

laser depositiofi] and thermal sprai§f, are available for fabri- Commercially available HA and TiQowders, with typical
cation of HA coatings. Among them, the plasma spray techniquesizes of 45 to 16@im and 15 to 4@m, respectively, were used.
has become the most popular method to deposit HA coatingsThe HA and TiQ powders with two compositions, 80 wt.%
Plasma-sprayed HA coatings on the surface of titanium alloy HA/20 wt.% TiO, (“H8TO2") and 40 wt.% HA/60 wt.% TiQ
implants have found wide application. (“H4TO6"), were mixed in a ball mill for 5 h. Two geometrics
However, the long-term stability of the plasma-sprayed HA of Ti-6A1-4V substrates were used: one irIID x 2 mm plate
coating is still questionable. Despite the strong bonding betweenform for surface characterization, SBF tests, and cell culture
the HA coating and bone structure, it has been recognized thatests; and the other one in cylindrical form (&25.4 mm) for bond-
the mechanical stability of the interface between the coating anding strength evaluation according to ASTM C-633. An atmos-
metal substrate could be a problem either during surgical operapheric plasma spray system (Sulzer Metco, Switzerland) was

tion or after implantation for a period of tirf#€l To solve this  applied to fabricate HA/TiQcomposite coatings under suitable
problem, several attempts have been n&dé@One of these ap-  spray parameters.

proaches is to form a composite coating with a mechanically
strong, biocompatible but bioinert metal or ceramic and the 2 2 Bonding Strength and Thermal Expansion Co-
bioactive, but mechanically fragile H:4! efficient Evaluation

For HA-based composite coatings, two problems should be
taken into account prior to evaluating the tissue response to the The bonding strength evaluation of the coatings was per-
coatingin vivo.First, fabrication of the composite coating should formed in accordance with the ASTM C-633 standard. The value
improve the bonding condition between the coating and sub-obtained represented an average of five test data. For compari-
strate significantly. Second, additives in the coating must not sig-son purposes, the bonding strength of HA coatings fabrivited
nificantly reduce the biocompatibility and bioactivity of the
material.

In this paper, the preparation of HA/Ti€bmposite coatings ~ Table 1 lon concentrations of SBF in comparison with
by plasma spraying is described. Microstructures of fabricatedhuman blood plasma
specimens were examined by scanning electron microscopy

2.1 Specimen Preparation

Concentration, mM
Na* K* Ca* Mg* HCO; ClI- HPO# SO

X.B. ZhengandC.X. Ding, Shanghai Institute of Ceramics, Shanghai, SBF 142 5 25 15 42 1485 1 0.5
200050 China. Contact e-mail: xbzheng@sh163a.sta.net.cn. Blood plasma 142 5 25 15 27 103 1 0.5
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I(:dI?Tl KMqr;t)hoI?gie(i )and element distribution of HA/Ti€@mposite coatingga) H8TO2 coating(b) H4TO6 coating(c) CaK, picture for (b), and
i K, picture for
[ 2.3 SBF Test
s 25 T | . | —
% I After being ultrasonically washed in acetone and rinsed in
= 2} deionized water, specimens were soaked in the SBF solutio
"g | T The SBF solution, of ionic concentration shown in Table 1, was
£ 45l % buffered at pH of 7.4 using trimethanol aminomethane-HCI. Du-
% I T plicate samples were immersed in SBF for |, 7, and 14 days §
210l [ 36.5°C without stirring.
[=
5 I
s 5
m L
0 2.4 Cell Culture

HA HSTO2 H4TO6 Osteoblasts were isolateth sequential collagenase diges-
tions of neonatal rat calvaria and cultured in Dulbecco’s Modi-
fied Eagle Medium, supplemented with 10% fetal bovine seru
in a 37°C, humidified, 5%C@95% air environment. Prior to

atmospheric p|asma Spraying under appropriate spray paramece” culture experimen@sl, all §amp|es were degreased, ultraso
ters was also examined. The linear thermal expansion coefficiencally cleaned, and sterilized in a steam autoclave &Cl{0 30

(CTE) of the H4TO6 coating was measured in a thermal ana-Min. Each of these samples was placed inside one well of a 2
lyzer (Netzsch 402ES-3, Germany). well culture plate. The osteoblasts were seeded onto the sampl

Fig. 2 Bonding strength of HA coating and HA/Tj@omposite
coatings

Journal of Thermal Spray Technology Volume 9(4) December-2e801



at a density of 5¢< 10* cells/well. One milliliter of growth At harvest, the culture media were removed and the samples

8 medium was also cautiously added to each well. The growthrinsed three times with 0.1M phosphate-buffered saline (PBS)
% medium was changed every 2 days. The cells were then incuand fixed with 2% glutaric dialdehyde for 45 min. After fixation,
< bated for 1, 4, and 7 days at ®7 in air with 5%CQ added. the samples were rinsed with PBS sequentially dehydrated in an
@ ethanol-water series of 30, 50, 70, an 6 ethanol, each step
o hanol i f 30, 50, 70, and 95% ethanol h
N 20 taking 10 to 20 min, followed by 1 h in 100% ethanol, and were
8 - 18 F finally critical point dried with C@ The dried specimens were
Q 8 6 then submitted to surface characterization.

= X

& 14 F 2.5 Surface Characterization

(]

3 o 12 F The microstructures of the coatings before and after the SBF

8 T test were observed by SEM. The resultants generated on the

2 9 ) coating surfaces in SBF were characterized by x-ray photoelec-

§ ~ 8 . tron spectroscopy (XPS). Osteoblasts cultured on the coating

o 6 F surface were also observed by SEM.

s

£ 4 F . .

E ) 3. Results and Discussion

= X

0 3.1 Surface Morphologies

100 200 300 400 500 600 700 800

Temperature ('C) Morphologies and element distribution of HA/Li@mpos-

ite coatings are shown in Fig. 1. The H8TO2 and H4TO6 coat-
Fig. 3 Linear CTEs of H4TO6 coating ings are characterized by a rough surface and some pores, which

Fig. 4 Morphologies of H4TOG6 coating after immersion in SBH:1 day,(b) higher magnification for (aj¢) 7 days, andd) 14 days
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Fig. 5 Cross section of H4TO6 coating after immersion in SBJ1 day,(b) 7 days, andc) 14 days. “AL” indicates the apatite layer

1.3 The relatively poor adhesion of the HA coating mainly arises
Carbon from the mismatch of CTEs between the Ti alloy substrate ang
12 contamination HA coating!**! The Iinear CTE of HA is about 1% 108 K+,
- 1.1} while that of the Ti-6Al-4V alloy substrate is only 838
iy 10¢ KL In the process of plasma spraying, the residual stres
w L1OF is manifested at the coating/substrate interface, which weakl
E 0.9 / ened the bonding strength between the coating and the su
) 2T strate. As shown in Fig. 3, the CTE of the H4TOG6 coating
o 08} / decreases significantly due to the addition of ;Ji@hich is
m//CO 2- about 7 to % 10® K2, very close to the CTE of the substrate.
0.7 - / “\\3 Therefore, the residual stress was reduced during plasma spra
0.6 === < . > - ing and, thus, the bonding strength of the coating was improved
-292 -288 -284 -280 -276

3.3 SBF Test

Electron binding energy / eV The SEM examination results of the H4TO6 composite coat

Fig. 6 XPS Cls spectrum of H4TO6 coating after immersion in SBF ing after immersion in SBF for 1, 7, and 14 days are presente
for 14 days in Fig.4. Figure 4(a) shows that the coating surface is covered b
a loose and thin, newly formed layer consisting of small gran

ules after 1 day’s immersion in SBF. This dunelike layer is char

acterized by microcracks, similar to cracks forming naturally on

are considered to be beneficial to bonding with surrounding tis-a dry mud deposit. At higher magnification of the layer in Fig.
suesin vivo. 4(b), very small crystallites can be observed. With the continued
Calcium and TK, x-ray maps of Fig. 1(b) shown in Fig. 1(c) immersion in SBF, the layer became denser and the granules
and (d), respectively, indicate that these elements are well disthe layer gradually grew, as shown in Fig. 4(c) and (d). Figure §
tributed in the coating. Thus, the HA and Tithases are dis-  shows the cross sections of the H4TO6 coating after immersio

tributed evenly in the coating. in SBF. This layer grows in thickness with the increase of im-
mersion time. After 14 days immersion, the thickness of the

3.2 Bonding Strength layer reached 1m (Fig. 5c). _
The XPS analysis of the elements present on the coating su
The bonding strengths of the HA coating and HALGOM- face after 14 days’ immersion in SBF shows that the formeg

posite coatings are shown in Fig. 2 and indicate the lowest bond{ayer is comprised of O, Ca, P, and C. The XPS C1s spectru
ing strength of 12.9 MPa for the HA coating. However, when shown in Fig. 6 indicates that the C1s spectrum is comprised d
TiO, was added, the bonding strength of the coating was im-two peaks: one at 284.6 eV and another at 287.8 eV, corre
proved significantly. The bonding strength increased with an in- sponding to carbon contamination and the carbonate grou
crease in TiQcontent to 24.8 MPa for the H4TO6 coating. CO2 1181 The SEM pictures and XPS results reveal that the laye
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Fig. 7 Morphologies of osteoblasts cultured on the H4TO6 coat@)d: day,(b) 1 day,(c) 4 days(d) 4 days, andd) 7days.
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formed on the composite coating is carbonate-containing ap-Acknowledgment
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