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properties over existing biomaterials because of their ability to promote intimate
bone growth and rapid fixation. In this respect hydroxyapatite (HA) has been
recognised as a bioactive material having the potential for development as a bone
substitute.

Biological compatibility of HA is strongly dependent on its crystallinity and
phase content. Preventing decomposition of HA into more resorbable phases such
as tricalcium phosphate (TCP), tetracalcium phosphate (TTCP) is therefore crucial
in controlling the physiological stability of HA. A need thus exists to control the
physiological stabili(ty of HA for this purpose.

HA is a very brittle ceramic with fracture toughness that is lower than
1MPam™? which prevents its use in loaded situations. As such its present
application is limited to _non-load bearing maxillo-facial implants and dental fillers.
Therefore, a need exists to improve the mechanical properties. (mainly fracture

toughness) of HA.



2 SUMVARY An aspect of the present inventionis to
provide a method of producing nano-conposite powder
weongiostosng essential |y of hydroxyapatite(HA) BETSG2003/000179
zirconium oxide (2Zr02) conprising the steps of
reacting orthophosphoric acid with cal cium hydroxide
to forma HA suspension, adding Zr02 suspension to the
HA suspension to forma conposite feedstock, and
subj ecting the conposite feedstock to Radi o Frequency
(RF) Plasna Spraying to fordmthe nano-conposite
powder. Quantity of the zirconi um oxide suspension
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BRIEF DESCRIPTION OF DRAWINGS
These and other features, objects and advantages of embodiments of the
invention will be better understood and readily apparent to one of ordinary skill in
the art from the following written description, in conjunction with drawings, in which:
Figure 1 shows the variation of particle size of nano-composite powders as
a function of quantity of zirconium oxide added.
Figure 2a shows a SEM micrograph of the general morphology of nano HA
powder without ZrO, particles.
Figure 2b shows a SEM micrograph of the morphology of nano-composite
ZrOo/HA powder (40% ZrO./HA) with embedded spherical ZrO; particles.
Figure 2c shows a SEM micrograph of the morphology of nano-composite
ZrOo/HA powder (40% ZrO,/HA) with embedded irregular shaped ZrO;
particles.
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DETAILED DESCRIPTION

An embodiment of the invention is to provide a composition and method of
manufacturing nano-composite hydroxyapatite (HA) powders which exhibits
enhanced physiological stability and improved mechanical properties. In order to
achieve this, zirconium oxide (ZrO,) is added to the hydroxyapatite to form nano-
composite ZrO,/HA powders.

Calcium Hydroxyapatite, commonly known as Hydroxyapatite (HA), is
produced in-house using wet chemical approach by reacting orthophosphoric acid
(HsPQ4) with calcium hydroxide (Ca(OH)2). This results in a formation of calcium
hydroxyapatite suspended in water. The HA suspension is stirred for two hours
and left to settle overnight. Thickening of gelatinous HA precipitéte in water is
achieved by centrifugation. Monoclinic ZrO, suspension (of particle size < 100 nm)
is then added to the HA suspension to produce a composite feedstock. Samples
of composite feedstock with varying quantities of ZrO, suspension and HA
suspension in the following quantities, 10/90, 20/80, 30/70 and 40/60 wt% ZrO,/HA

are produced.
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suspension is then fed axially into an induction
pl asma by a special atom sation probe. Atom sation
paraneters (suspension flowrate, gas flowrate and
angl e of atom sation) were %dj usted for optinmmflow
as shown in Table 1. Table Par ameters used for
at om si ng the suspension feedstock. Atom sation
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estigation 'asma’ sprayi ng was carried out on a
35- kW Tekna Plasma Systemlinc., with RF plasma torch
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Paraneters used tor RF plasma spraying RF plasim
pararreters M‘msmgsgaﬁ(almﬂbomer (kW 124-§ Chanber
pr esshre

central gas ‘Af"fgéﬁvot a‘ioé“'ﬁéf%wzb“ A? éﬁga'ltqb gas fl ow

rat e[ (SyRMYyspension flow rate (g/min)

Solid content of suspension(wt%) 13

The same parameters were maintained throughout the investigation.
Plasma spraying was carried out on a 35-kW, Tekna Plasma System Inc., with RF
plasma torch (PL-35) operating at 3 MHz. Argon is used for both the plasma
forming gas and atomisation gas. Spraying parameters are summarised in Table
2.

Table 2 Parameters used for RF plasma spraying
RF plasma parameters Settings
Plate power (kW) 12.5
Chamber pressure (kPa) 53.2
Probe position (cm) 3.5
Ar central gas flow rate (slpm) 20
Ar sheath gas flow rate (slpm) 50

The average particle size variation of the as-sprayed nano-composite

ZrOy/HA powders with increasing ZrO, in the feedstock is shown in Figure 1.
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The morphology seen in Figure 2b is predominant in the composite powders
of the present invention (~70%) as compared to that in Figure 2c. The morphology
of the medium sized composite powders is similar to that of the nano-composite
powders except for the size difference. The large particle sized powders showed
similar amount of secondary nano ‘alloyed’ particles. One clear feature of the
composite powders, regardless of size is the high level of dispersion of the
secondary particles, seemingly well spaced out. This indicates that a similar sort of
dispersion could have been present in the feedstock due to the surface chemistry
of the ZrO, and HA particles in suspension.

The final morphology of the powders is also due to the thermal history of the
particles in the plasma. In the plasma, the liquid in the atomised droplets
containing HA and ZrO, would have first undergone flash evaporation. Following

this the somewhat consolidated particle would have melted and spherodised to
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Conventl onally sintered powders 874 [8] 0.770.12 [8]
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Powder type Young’s Fracture Hardness
Modulus (GPa) Toughness
(MPam'?)

Conventionally
sintered powders 87+4 [8] 0.77+0.12 [8] 508+40HV [9]
(at 1100°C) *
RFSPS ultra-fine
Powders 10319 1.1740.11 5.7+0.3GPa
(HA+CaPQy)
"~ RFSPS ultra-fine
powders 13026 1,6040.21 5.5£0.5GPa
(HA+CaPO4+Zr0y)
Medium
(HA+CAP+ZrOy,) 10644 1.41+0.11 5.240.2GPa

* Values are for conventionally sintered powders by other researchers.



(HA+CaPO4) RFSPS ultra-fine powders 1306 1.600. 21

5.50. 5GPa (HA+CaPO4+Zr Q2) Medi um (HA+CAP+Zr02) 1064
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after 20wt% ZrO, in the feedstock. DSC also showed a small amount of
amorphous calcium phosphate in the as-sprayed powders. The experiment
confirmed that nano-composite powders of HA/ZrO, with controlled composition
can be produced using the RF suspension plasma spraying technique. The nano-
ZrO, present in the powders was partially stabilised in-situ, in the presence of CaO
from HA, during the plasma spraying process.

The mechanical properties of the compacts sintered from the HA/ZrO, nano-
composite powders were substantially higher those without considering the low
volume loading of ZrO, in the powders. As such it is possible that even further
additions of ZrO; in the powders during suspension plasma spraying will give rise
to higher volume loading with subsequent increases in the mechanical properties

of sintered compacts.
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Wgnt?@hposi te feedstock; subjecting the conposite

f %iﬁrﬁ%@kcdmurﬁaéﬂspeﬁemrth& HRB s rassom to fBpmag icomposite

formthe nano-conposite powder. 2. The net hod _

adeedstosls to claim 1, wherein the quantity of

T PSR s EREBaLBEL RORERId Prdhiehty (RFY Pashha
C CBpprialy gt :forrf @h & Granbecomhpo gite powlterxy apat i t e;

10- 40wt % zi r coni um oxi de; and traces of cal cium
phosphat e.

The method according to claim 1, wherein the quantity of zirconium oxide

suspension added is in the range of 10 to 40 weight %.

A nano-composite powder comprising:
60-90wt% calcium hydroxyapatite;
10-40wt% zirconium oxide; and

traces of calcium phosphate.



