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Paper History biocompatibility,  bioactivity and  osteoconduction

. characteristics. The most widely used calcium phosphate-
Received: 10-October-2015 based bioceramics in bone replacement is hydroxyapatite

HA also has excellent
biocompatibility  with  hard tissues and high
osteoconductivity and bioactivity despite its low
degradation rate, mechanical strength and osteoconductive
ABSTRACT potential [2]. Porous HA exhibits strong bonding to the
bone because the porosity and bioactivity allows the in-
The objecti\{e of this work i_s to investi_gate the influence_of growth of bone tissue to achieve full integration with the
hydroxyapatite (HA) on physical properties of porous alumina iying pones. Thus porous HA have been applied in many
bodies fabricated through protein foaming-consolidation method. applications such as for cell loading, drug releasing agents,

Hydrothermal derived HA powder was used as bioactive ceramic. . .
Alumina and HA powders were mixed with yolk, starch and chromatography analysis and most extensively, for hard

darvan 821 A at an adjusted mass ratio to make slurry. HA-to- tissue scaffolds [3]. _ _
alumina mass ratio was in the range of 0.0 to 0.8 wiw. The Porous HA has low mechanical properties, therefore

slurries were cast into cylindrical shaped molds and then dried for normally porous HA implants cannot be heavy loaded and
foaming and consolidation process. Subsequently, the driedare used to fill only small bone defects. This is due to
bodies were burned at 600°C for 1 h, followed by sintering at |arger pores, strength of the implant decreases significantly
temperatures of 1,300°C for 2 h. The porous alumina-HA 4] The porous HA are usually very brittle and prone to
composites with pore size in the range of 50-500 um and 501,16 upon sudden impact, particularly during the

densities of 2.7 — 2.9 g cirwere obtained. Porosity of bodies . L .
decreased from 35.9 to 31.7% when HA-to-alumina mass ratio heallng stage. Therefore, it is desirable to develop scaffold

increased from 0.0 to 0.8 w/w. Compressive strength of sintered implant materials with both reliable mechanical properties
body was 0.8 MPa at 35.9% porosity and 2.9 MPa at 31.7% and porous structures, similar or superior to natural bones
porosity. Intensity of tricalcium phosphate (TCP) phase in bodies [5]. To improve the mechanical strength while maintaining
increased with HA loadings. the bioactivity of the scaffold, porous alumina-HA have

been shown to have higher strength than the HA porous

implant and exhibited a similar bioactivity and
KEY WORDS: Alumina, Hydroxypatite, Porosity, Protein osteoconductivity property to the HA porous implant [4].
Foaming-Consolidation, Ceramic. In this report, we report the effect of hydroxyapatite
loading on the physical and mechanical properties of
porous alumina prepared through protein foaming-
consolidation method.
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1.0INTRDODUCTION

Calcium phosphate ceramics have received much attention
as potential bone graft substitute because of their
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The slurries were prepared by dispersing 10 g alangSigma-
Aldrich, USA) and hydrothermal derived HA powderghn3 g

starch (wheat particles) and 24 g yolk (freshlylated from

chicken egg ) as well as dispersant (R.T. VandeibA) in a

beaker glass. HA loading added into the slurry ®a2, 4, 6 and
8 g. The slurries were then mechanically stirrethwate of 150
rpm for 3 h at room temperature. Then the slurwese cast in
cylindrical shape mould which has 10.75 mm in disnend

15.10 mm in height. Subsequently, the slurries veired in an

air oven (Memmerts, 100-800 model) with temperafi8@°C for

1 hour. In order to easy mould removal, castorw@k used as
lubricant. The dried samples then were burned ifuraace

(Protherm, PLF 160/5 model) at a rate of 10°C/nprntau 600°C
for 1 h for removal of the creating agent and tlarmrate of

2°C/min up to 1300°C for 2 h.

Electronic densitometer (Alfa Mirage, MD300S modeiis
used to measure the density of sintered samples tfidoretical
density of fully densified alumina, 3.98 g ¢nand HA, 3.14 g
cm® was used as reference to calculate the total \@lfraction
of porosity. The crystallinity of samples was arag by XRD
(Shimadzu Diffractometer, XRD-6000
macrostructures of bodies were examined using SHEEDL,
5600 model). The mechanical strength of the spetn(iypically

15 mm height and 10 mm diameter) was measured using

universal testing machine (Lloyd, LR10K plus modddy
diametrical compression at a loading rate of 2.5 mim’. Five

specimens were used to determine the average maximu

compressive strength.

3.0RESULTSAND DISCUSSION

The result of measurements for shrinkage, relatieesity and
porosity of porous alumina-HA composite after eigt at
1300°C is described in Table 1.

Table 1: The Effect of Slurry Composition on They§lbal Properties

model).  The

HA-to- Shrinkage | Density | Porosity | Compressive

alumina mass (vol.%) (g/cnt) (%) Strength
ratio (w/w) (MPa)

0.C 58.¢ 2.5 35.¢ 0.77

0.2 61.C 2.64 33.¢ 1.3C

0.4 66.7 2.65 33.1 1.96

0.6 67.6 2.66 32.9 2.23

0.8 70.5 2.71 31.7 2.93

When the HA-to-alumina mass ratio increased frodnt6.0.8
wiw, the shrinkage increased from 63.5 to 78.4%ol.The
melting point of HA is 1650°C and at approximat2B50°C, HA
starts to decompose into highly degradablECP [6]. When the
composite was sintered at 1300°C, the TCP partitiesed and
resulted in smaller pore sizes and denser wallsusThhe
shrinkage and density increased. The densityntéd sample
was found in the range of 2.55 to 2.71 gcrithe shrinkage
occurred as the yolk and starch particles were vedhothus the
shrinkage became intensive with the increasing esig
temperature.

The porosity decreased from 32.7 to 27.6% wherHheo-
alumina mass ratio increased from 0.0 to 0.8 w/lhe

compressive strength of porous materials is styoaffected by
the strength of the materials wall (struts) and dbdace defects
of the strut. Porosity is also considered to havsigmificant

impact on compressive strength. The compressivengttn

remarkably increased from 0.8 to 2.9 MPa with tleerdasing
porosity from 35.9 to 31.7% as shown in Figure gsiBes the
nanostructures HA powder can improve the sintatgldue to

higher surface energy and improves mechanical ptiepg7].

The porosity decreased from 32.7 to 27.6% wherHtheo-
alumina mass ratio increased from 0.0 to 0.8 w/lhe
compressive strength of porous materials is styoaffected by
the strength of the materials wall (struts) and gdhdface defects
of the strut. Porosity is also considered to havsigmificant
impact on compressive strength. The compressivengttn
remarkably increased from 0.8 to 2.9 MPa with tleerdasing
porosity from 35.9 to 31.7%. Besides the nanostrest HA
powder can improve the sinterability due to highatface energy
and improves mechanical properties [7].
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Figure 1: XRD patterns of sample containing HA-toraina ratio
of (@) 0, (b) 0.4 and (c) 0.8 wiw

Figure 1 shows the result of XRD peaks of porousnata-
HA composites prepared using slurry containing léAatumina
mass ratio of 0.0, 0.4 and 0.8 w/w. Sample withany HA
loading shown that the alumina peak obtained a#7a),
35.2798, 25.7011 and 37.9037&ith intensity of 1051, 917, 544
and 361 cps respectively. As HA loading increase aj, the
strongest peak of alumina was obtained at 25.6888679,
37.8879 and 43.462at intensity of 255, 549, 194 and 550 cps
respectively. The highest TCP peak was occurréd 8969 2 at
intensity of 169 cps. While HA peak was marked 28333 D at
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small intensity of 36 cps. As HA loading increage8ag, the
strongest peak of alumina was obtained at 25.735613117,
37.9273 and 43.5083 At intensity of 203, 397, 129 and 355 cps
respectively. The highest TCP peak was occurréd 4407 2 at
intensity of 261 cps. While HA peak was marked 20339 2 at
small intensity of 42 cps.

At sintering temperature above 1360HA becomes unstable
and forms decomposed phases suchaaBCP and p-TCP,
tetracalcium phosphate and calcium oxide [8]. Itvil known
that the solubility of TCP is much higher than thaft HA.
Moreover there is a small difference among theettpatterns
observed and no additional phase was identifieds Tridicates
that the sintering process does not change the asitign of the
porous composite. When HA-to-alumina mass ratioreiased
from 0.2 to 0.8 w/w, the peaks of HA and TCP becanmre
crystalline but in a small amount of intensity deeHA as the
minor composition in this porous composite.

X5@ Se8wm 0800, 88 28 SEI

X50-500.m 88B0 32 28 SEI

Figure 2: SEM image of bodies with HA-to-aluminassaatio of
(a) 0.0 and (b) 0.8 w/iw

The SEM micrograph of sintered porous alumina-Hgies
are shown in Figure 2. The bodies have pore sizhaémange of
50 - 500 um and completely interconnected. The pore sizes
decreased when HA-to-alumina mass ratio incredseslgrovide
a good density and strength of the porous bodye fdre size of
pure alumina body (sample 1) was largest thus ¢ove in
density and low mechanical properties. As the H#ltamina
mass ratio increased from 0.0 (sample 1) to 0.8 (sample 5),
the pores become less interconnected with moreedams thicker
pore wall and it is important factors that imprahie mechanical
properties of the porous sample [9].

4.0 CONCLUSION

The effect of HA loading on the physical propert@sprotein
foaming-consolidation porous alumina has reporfdsk physical
properties of the porous sample can be controleachénipulating
the HA-to-alumina mass ratio in the initial slurfjhe shrinkage
and density of bodies increased from 58.8 to 7013 and 2.55
to 2.71 g crit, respectively when the HA-to-alumina mass ratio
from 0.0 to 0.8 w/w. The compressive strength atlediby this
method was 0.8 MPa - 2.9 MPa with porosity betw8br® —
31.7% and also have open, interconnected poroustste with
pore size of 95-30@m. XRD results shows that the cystallinity
of TCP phase increased with the increasing HA logdi
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