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Abstract

Low temperature wet-chemical method was employed for the synthesis of different grades of hydroxyapatite (HAp) nanoparticles. The
elongated nanorods (ENRs) exhibited more crystallinity, higher specific surface area at room temperature but decomposed at low temperature
compared to spherical nanopowders (SNPs). Choice of starting precursors and pH of reaction media were the key factors in the formation of these
particles. Distinct sintering characteristics and microstructure were noticed because of the difference in thermal stability, pore curing and grain

growth.
© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Synthetic hydroxyapatite (HAp) nanopowder is an impera-
tive source for filler, protein delivery media and scaffolds due to
its excellent biocompatibility and bioactivity with the
resemblance to the inorganic constituent of bone [1-3].
Nanocrystalline HAp is snugly arranged within collagen
fibrils, where collagen, HAp and water supports make bone
flexible, rigid and source of interstitial space for nutrients,
respectively [4]. The anisotropic mechanical stress distribution
with respect to direction has been observed due to the
complicated histology of bone. Furthermore, morphology and
dimension of intriguing hydroxyapatite nanocrystals have
significant effect on mechanical properties, surface chemistry
and bioactivity. Therefore, selective morphology of nanometer
HAp has an important role in tissue engineering [5]. Extensive
synthesis technique of HAp spherical nanopowders and their
biomedical application have already been well established. In
recent years, the studies on HAp elongated nanorods have also
received research attention because of high efficiency as deliver
media and scaffolds [6]. Most synthetic apatites are developed
via high temperature processes resulting in a well-crystallized
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structure, which has low bioresorption in contrast to natural
apatite. Dalconi et al. depicted that the X-ray diffraction
patterns of foetal bone samples are broader than those of adult
bone, since younger bones are smaller and/or have more
defective crystal structures than adult bones [7]. Hence,
understanding on crystallization of synthetic apatite with
respect to morphology is an important issue for biomedical use.
In this context, different shapes of particles were synthesized
and studied for their basic morphological differences in room
temperature, crystallinity, thermal stability and sintering
behavior for a specific application such as scaffolds.

2. Experimental
2.1. Synthesis of HAp nanopowders and nanorods

Spherical nanopowders (SNPs) was synthesized by co-
precipitation  method through Ca(NOj),-4H,O and
(NH4),HPO,4 precursors. Both of the salt solutions were
separately prepared by maintaining Ca:P molar ratio 1.67. The
(NH,4),HPOy, solution was slowly added to the Ca(NO3),-4H,0
solution and pH was increased to ~10 with the addition of
NH,OH until entire HAp particles precipitated. The powder
was aged for 1 h, washed and dried in oven. In another end,
elongated nanorods (ENRs) was synthesized by similar co-
precipitation technique through (CH3COQ),Ca and KH,PO, as

0272-8842/$36.00 © 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

doi:10.1016/j.ceramint.2011.03.077


http://dx.doi.org/10.1016/j.ceramint.2011.03.077
mailto:dsarkar@nitrkl.ac.in
http://dx.doi.org/10.1016/j.ceramint.2011.03.077

2928 S.K. Swain, D. Sarkar/Ceramics International 37 (2011) 2927-2930

Intensity
é%&\
| |

20

m HAp
e p-TCP
Q «-TCP

G
&

Intensity

Fig. 1. X-ray diffraction pattern of as-dried and calcined HAp spherical nanopowders (A) and elongated nanorods (B).

starting precursors. Aqueous solutions of (CH3COO),Ca and
KH,PO, were prepared with identical molar ratio of calcium
and phosphorous atoms in spherical particles. Two solutions
were then slowly dropped together within a glass beaker
through vigorous stirring. The precipitated HAp was aged for
1 h, washed and oven dried. The basic differences within two
processes were the starting precursors and reaction medium,
where sphere particles were developed in basic (pH ~10)
medium, and rods in weak acidic (pH ~4) condition.

2.2. Characterization of nanoparticles

Phase analysis of Hap nanopowders was studied using the
room temperature powder X-ray diffraction (Philips PAN
Analytical, Netherlands) with Cu Ko radiation. Samples were
scanned in a step scan mode. The presence of functional groups
was analyzed by FTIR method (PERKIN ELMER RXI,
SPECTRUM, USA) in the scanning range of 4000-400 cm .
Calcium to phosphate ratio for both of the HAp particles was
estimated by chemical analysis. Calcium (Ca) was estimated by
complexometric titration with EDTA, whereas phosphorus (P)
was estimated by gravimetric method using ammonium
molybdate [8]. Specific surface area of powders was taken at
nitrogen adsorbate using BET (Quantachrome Autosorb, USA)
and particle size was calculated as previous report [9]. Powder
morphology and sintered microstructure at different tempera-
tures were elucidated using scanning electron microscope
(JEOL JSM 6480LV). The linear shrinkage of green compacts
was determined by dilatometer (NETZSH 402, Germany) at a
heating rate of 10 °C/min in air. For these measurements, the
bar shaped samples of 6 mm x 5 mm X 15 mm were heated up
to 1250 °C. Finally, the powders were uniaxially compacted,
separately sintered at different temperature profiles for 2 h
holding at peak temperature and their microstructure was
observed.

3. Results and discussion

Fig. 1A shows the XRD pattern of spherical HAp
nanopowder after calcination at different thermal conditions.

The pattern of as-dried powder exhibits broad peak of
hydroxyapatite phase, which was gradually crystallized at
elevated temperatures. High crystalline hexagonal structure:
a=b=9.4240, ¢=6.8790 (JCPDS, 74-0565) of HAp was
developed at optimum 850 °C and stable up to 1250 °C. Fig. 1B
shows that HAp nanorods are more crystalline at initial
condition compared to spherical particles. Beyond 700 °C the
HAp nanorods were destabilized and substantially decomposed
to B-TCP with other tricalcium phosphate phases. Moreover,
the hydroxyapatite phase was decomposed to 90% (3-TCP at
1000 °C, but 56% o-TCP, 30% B-TCP and 12% HAp was
estimated at 1250 °C. Fig. 2 shows the FTIR spectrum for HAp
spherical nanopowders and nanorods. The absorption bands
were detected at wave numbers 3436, 1434, 1039, 603, and
554 cm ™' for SNPs, whereas 3420, 1031, 603 and 554 cm ™ for
ENRs. The bands at wave number 1031 and 554 cm™' were
associated with the characteristics of PO, group, but bands at
3420 and 603 cm ™' represent the characteristic stretching and
bending modes for OH™ group, respectively. The absorption
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Fig. 2. FTIR spectrum of as-dried HAp spherical nanopowders and elongated
nanorods.
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Fig. 3. SEM micrograph of as-dried HAp spherical nanopowders (A) and elongated nanorods (B).

band at 1434 cm ™' described the C—O stretching vibration of
CO;2 ions in the spherical HAp nanopowders, which was
different from HAp rods [10]. The stretching mode of OH™ in
ENRs is broader than SNPs due to the difference in absorbance of
moisture during synthesis. Hence, precipitated spherical powders
were more carbonated but rods were more prone to the formation
of hydroxides. The Ca:P ratio for as-synthesized SNPs and ENRs
was calculated as 1.66 and 1.64, respectively. Spherical powders
with high Ca/P molar ratio exhibit more thermal stability
compared to elongated rods. BET surface area of SNPs and
ENRs was estimated as 23.27 m*/g and 45.33 m?/g, respectively.
Fig. 3A demonstrates that the spherical powders are ~60 nm as
average particle diameter consisting of soft agglomeration.
Fig. 3B shows that the HAp nanorods are 50 nm in diameter and
average aspect ratio ~20. The dimension of rod morphology
could be controlled by varying the Ca:P ratio, concentration of
(CH3CO0O0),Ca and pH of the reaction media [11].

Fig. 4 represents the dilatometric study of both powder and
rod after consolidation of green specimens. The dilatometric
study of spherical powder shows that the shrinkage started at

750 °C and extended up to 1100 °C, which is attributed to the
pore curing, grain growth and solid state sintering of
nanoparticles. Nanorod followed two step shrinkage, at first,
shrinkage was started in the range at 800-950 °C due to the
phase decomposition of HAp to 3-TCP and later was associated
with o-TCP to B-TCP conversation within 950-1180 °C [12].
The conversion of B-TCP to a-TCP was in the temperature
range of 1000-1100 °C and dependent on the shape and size of
hydroxyapatite particles [13]. Meanwhile abrupt shrinkage in a
narrow temperature difference was observed for HAp nanorods
because of grain dissolution and abrupt growth of these
particles. Fig. 5 illustrates the sintered microstructure at
different temperatures. Low temperature intermediate sintering
of spherical powder exhibits more porous structure compared to
rods, moreover, the rod shaped morphology gradually
disappeared and aspect ratio reduced with increasing tempera-
ture. However, at the final stage of sintering condition the rod
was less dense with wide range of grain size distribution; this is
due to several stages of conversion and decomposition of HAp
phase.
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Fig. 4. Linear shrinkage behavior for the green compacts fabricated from HAp nanopowders and nanorods.
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Fig. 5. SEM image of HAp sintered plate: (a) SNPs at 1000 °C, (b) SNPs at 1250 °C, (c) ENRs at 1000 °C and (d) ENRs at 1250 °C.

4. Conclusion

Starting pH is an important parameter to optimize the
morphology of hydroxyapatite nanoparticles. The spherical
powder has tendency to form carbonated HAp phase.
Elongated nanoparticles are thermally less stable, gradually
lose their aspect ratio with increasing temperature and
develops abnormal grain size distribution when compared to
spherical nanopowders.
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