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Novel processing of hydroxyapatite-zirconia composites using
nano-sized particles
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Hydroxyapatite, HA, is employed in the repair of skele- ZrO, loading level that would be expected to improve
tal defects, because it closely resembles the mineratrength while limiting the decomposition of the HA.
phase in bone and is bioactive. However, its relatively Samples of pure HA were produced at a synthesis
poor strength has limited its use in major load-bearingemperature of 45C by a simple precipitation method
applications. Attempts have been made to improve th§2]. A dilute solution containing 78.72 g Analar (analyt-
strength of HA by the incorporation of a second ceramidcal reagent) grade diammonium hydrogen orthophos-
phase, such as Zg(phases (e.g. yttria-doped tetrago- phate (BDH supplies, Leicestershire, UK), made basic
nal zirconia polycrystals, Y-TZP), but the addition of a by the addition of 10 ml of Analar grade ammonium hy-
second phase can have inherent disadvantages. droxide (BDH supplies, Leicestershire, UK), was added
Sintering HA {Cao(POy)s(OH),} at high tempera- to adilute solution containing 26.41 g Analar grade cal-
tures can result in the formation of decomposition prod-cium nitrate (BDH supplies, Leicestershire, UK), also
ucts such as tri-calcium phosphate, TERg(POy),}  made basic by the addition of 25 ml of Analar grade
and tetracalcium phosphate, Te@Pay(P,Og)}[1, 2]. ammonium. Addition was by a dropping funnel, taking
TeCP can decompose further to TCP and calcium oxidene hour for completion, and the sample was then left
[CaO] at higher temperatures. These secondary phasésstand (24 h; 45C).
have, in certain instances, been reported to adversely After 24 h, the suspension had separated, and the
affect the biological response [3, 4]. clear aqueous layer was decanted, then the remaining
When a ZrQ phase, such as Y-TZP, is added to HA, slurry was washed with de-ionized water, re-stirred and
high temperatures of 1200-1400 are commonly re- leftto stand again. This procedure was undertaken three
quired to sinter these composites to high density, butimes, to remove any unwanted residue from the sam-
HA has been reported to be thermally unstable abovele. The suspension was then filtered and the filtercake
1300-1400C [5, 6]. It has commonly been observed was washed and filtered again until most of the water
that phase transformations/decompositions occur exdad been removed. This method precipitated 28 g of
tensively during sintering of these composites at temHA.
peratures even below 1200. For example, at 115@, The composites were produced by adding 1, 2, 3,4, 6
HA will react with the ZrGQ phase, with the formation and 10 wt% ¥%Os3-ZrO, sol (Tioxide Ltd, Billingham,
of cubic calcia-stabilized Zr& and subsequently cal- UK) to the HA during precipitation. The appropriate
cium zirconate (CaZrg) [7]. Increasing the sinter tem- weight of sol for a given wt% addition was diluted in
perature further increases the amountgefCP and 100 ml of distilled water, stirred and then added to the
CazZrGs. At a sinter temperature of 140Q, virtually  calcium nitrate solution, prior to the addition of the
no HA remains and some-TCP forms fromg-TCP. ammonium phosphate solution. The precipitation was
This phase decomposition means that the advantage tiien conducted as for the pure HA.
combining a low-strength bioactive ceramic (HA) with  The particle morphology of the precipitated mixture
a high-strength, bioinert ceramic (Y-TZP) is lost. This was studied by placing a drop of the HA/ZrBuspen-
problem of decomposition reactions between the HAsion onb a 3 mmdiameter copper grid, fitted with a
and the ZrQ phases during sintering have limited the carbon support film. Any excess solution was removed
applications of this composite, as the mechanical andising absorbent paper. The sample was then inserted
biological properties are compromised by the formationinto a Jeol TEM 2010. The TEM was evacuated and the
of undesirable secondary phases. filament saturated (accelerating voltage, 200 keV). The
In this study, a novel approach has been used tobjective aperture was inserted and corrections were
produce composites of HA with Ze#XY-TZP) addi- made for astigmatism.
tions between 0 and 10 wt % at a low sinter temper- The HA particles synthesized at 46 were elliptical
ature (750C), in order to limit the amount of reac- in nature, with particle lengths of approximately 50—
tion between the HA and ZrOThe aim was to find a 300 nm and widths of approximately 3 nm, Fig. 1. The
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TABLE | Level of phase transformation of HA as a result of 2rO
addition, for the HA/%O3-ZrO, sol, synthesized at 4%, sintered at

950°C
wit% sol 0 1 2 3 4 6 10
Percentage phase — 0 0 0 0 2 16
transformation as a result
of ZrO, addition.

Density (% Theoretical)
a

Figure 1 TEM micrograph of HA-ZrQ composite, synthesized at 46
(4+/—3°C). The marker indicates 200 nm.

ZrO, sol particles were spherical in morphology and
approximately 50 nm in diameter. ‘
Following filtration, the residue was transferred into _ _ . , .
. . Figure 2 Sintered density of the HA/Zr® composites sintered at
cotton wool for drying. This cotton wool was 25 cm gg.
thick in order to approximate to an infinite layer of
insulating still gas. The residue was dried slowly in The sintered samples all had densities greater than
air and the samples were weighed every day until con85% of theoretical density, with the HA control being
stantweights were obtained. The dried composites werthe least dense, Fig. 2. This suggests that using reagents
then removed from the cotton wool. This method haswith small particle sizes coupled with a low sintering
been used previously to produce HA and carbonatetemperature will result in the production of relatively
substituted HA ceramics with high densities at low dense sintered bodies.
sintering temperatures [8]. Sintering was undertaken Samples of the composites and the pure HA con-
in a Carbolite STF 1600C furnace in an air atmo- trol were analyzed using a Siemens D5000 goniometer,
sphere. Sintering commenced at room temperature, atwith a 710 X-ray generator (CuKradiation at 40 mA,
ramp rate of 2C min~1, dwelling at 400C (240 min- 40 kV). Scans were performed betweeh\&lues of
utes), then ramping again at 26 min~! to 950°C  5° and 110, with a step size of 0.02 The peaks from
(800 min), before furnace cooling to room temperaturethe scans were matched with the ASTM standards for
The density of each sintered disc was determined b¥HA, TCP and ZrQ phases and extraneous peaks were
Archimedes’ principle. The discs were first weighed inidentified using ASTM and JCPDS standards. The ratio
air and then their buoyancy in water was determinedof the phases that were present in the as-sintered com-
Sample density was then calculated by the formula: posites could be determined by employing the simple
height law [9]. Thea andc lattice parameters of the

. sample weight HA crystal structure in the pure HA and the composites
Sample density= sample buoyanc \évr((a)rﬁgsetermined by Rietveld analysis of the diffraction
. . . I .
x density of test liquid The phases evident in the XRD traces were identi-
_ _ fied and are shown in Table | as a percentage of phase
The percentage density was calculated using: transformation relative to the HA with no zirconia ad-

dition. The ZrQ additions up to 6 wt% did not af-
sample density fect the phase composition of HA, and only additions

HA fully sintered densit) 00 of 6 and 10 wt% Zr@ resulted in an increase in the
amount of3-TCP formed. However, calculations using
for the HA control and the simple height law may only be accurate to 10% [9].

% Density= (

% Density= ( sample density )

{HA fully sintered densityx wt% HA} + {ZrO, fully sintered densityk wt% ZrO,}

for the composites where: There was no variation in tha and ¢ axes of the
: samples with increasing amounts of Zt@uggesting
Density of water=0.998 Mg n12 (at 20 C) ; e " )
Densiy o full sintered HA-3156 Mgm 2§ EL 0k B8 T B meonas con-
. . _ 3 . -
Density of fully sintered Zr@=>5.7 Mg nm sistently measured as 0.9418 nm anglas measured
The density data were collected from only one sampleas 0.6878 nm, within a range #f0.0001 nm, Table II.
per composition, due to the long drying times required Agreeing with the literature [5, 10], the presence of
to produce each composite. ZrO, did affect the TCP content, although this was only
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TABLE I‘I Lattice parameters of the HAROs-ZrO; sol, synthesized  cal Materials is gratefully acknowledged. The authors
at45°C, sintered at 950C would like to thank Dr Hare Krishna Varma for his
Wi% sol 0 1 2 3 4 6 10 contribution towards this study.

a(nm) 0.9148 0.9419 0.9149 0.9418 0.9418 0.9417 0.9419
c(hm) 0.6879 0.6878 0.6878 0.6879 0.6877 0.6878 O.6879References
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