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Abstract

Hydroxyapatite granules have been prepared by the pyrolysis of an amorphous polymeric precursor compound containing calcium—
phosphate—nitrate—citrate species. The precursor phase on heating at around 550uf% into crystalline phase. The thermogravimet-
rical analysis (TGA/DTA) study revealed that the decomposition and crystallization is completed belo@. &Qirier transform infrared
spectroscopy (FTIR) studies conducted on the precursor phase heated at various temperatures showed that the carbonate substitution occurre
in the phosphate moieties at lower temperatures of heating. The X-ray diffractometry (XRD) revealed that the hydroxyapatite formation is
highly uniform with respect to apatite phase. The scanning electron microscopy (SEM) showed that the product is highly porous.
© 2004 Elsevier Ltd and Techna S.r.l. All rights reserved.
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1. Introduction having peculiar morphological and sintering characteristics.
A polymeric precursor route has been reported earlier for
Synthetic calcium hydoxyapatite (GAPO4)s(OH)2) the preparation of calcium phosphate ceramics derived from
HAP is a well-known bioceramic material used in medical calcium nitrate and ethyl phosphdig. Now we report on
field as bone substitute material. This is mainly due to its a preparation method for calcium hydroxyapatite by citrate
excellent biocompatibility and bone bonding ability and combustion synthesis and the low temperature decomposed
due to its structural and compositional similarity to that of precursor shows carbonate substitution at the phosphate
the mineral phase of hard tissue in human beidgs]. It sites. The product derived by this technique consists of large
is used in the form of porous granules, sintered and porousnumber of pores originated as a result of the evolution of
blocks, powders for different surgical applications. A num- gases produced during the decomposition of the amorphous
ber of papers have been published on the preparation andrecursor material.
processing of apatite bioceramics during the last decade.
These are mainly produced by the precipitation method
by adding phosphate solution into a calcium salt solution, 2. Experimental
under specific pH and temperature. Generally, the precipi-
tation method is a time consuming route as the precipitates 10.5 g of citric acid (AR, Emerck) was dissolved in 20 ml
are usually kept in the mother liquor overnight in order to of distilled water in a 500 ml beaker. To the above solu-
attain the desired Ca/P ratio to the final HAP precipifdie tion, 5.92 g of calcium nitrate tetra hydrate (LR, Ranbaxy)
Citrate based polymer precursor route is a well-known pro- and 1.73g of ammonium dihydrogen orthophosphate was
cessing technique for the rapid preparation of a variety of added and stirred till all the components were completely
oxidic ceramicg5,6]. Here, an amorphous citrate precursor dissolved. The solution was then heated over a hot plate till
containing cations and anions are heated to get compoundshe contents turned into a homogenous paste which on con-
tinued heating turned in to a charred black mass. The mate-
* Corresponding author. Tek:91-471-340801; fax:-91-471-341814,  fial was then heated at temperatures of 450, 550, 650, 900,
E-mail address: varma@sctimst.ac.in (H.K. Varma). and 1150C for 1 h in a muffle furnace.
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Fig. 1. TGA/DTA scan of citrate precursor heated upto 1200
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Fig. 2. FTIR spectra of: (a) citrate precursor, and the same heated at: (BT 48 550°C, (d) 650°C, (e) 900°C, and (f) 1150C, respectively.
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The thermogravimetric analysis of the charred gel was seen in the TGA, the total weight loss is about 15%.
performed in Universal V1.12E TGA/DTA machine of TA The decomposition was completed at around “@G&nd
Instruments, USA. The Fourier transform infrared spec- above that temperature, there was no weight loss. The DTA
troscopy (FTIR) spectra was recorded using Nicole and shows oxidation exotherm of the citrate—calcium—phosphate
the X-ray diffractometry (XRD) spectra were recorded in amorphous gel followed by broad endotherm in the range
Siemens D 5005 X-ray diffractometer using Cu Kadia- 400-600°C during which crystallization of a hydroxyap-
tion. The Surface morphology of the precursor as well as atite phase has taken place.
the heat treated sample were observed in a Hitachi S2400 Fig. 2 shows the FTIR spectra of the precursor and the
scanning electron microscope. same heated at various temperatures up to 1C50rhe

spectra show the characteristic peaks of absorbed water, hy-

droxyl, phosphate, and carbonate species. The broad peaks
3. Results at around 300-3800cm are due to absorbed water. The

strong stretching mode;’s, peak at 3572 cmt is attributed

The citrate—calcium—phosphate solution on heating turnedto hydroxyl group[8] which is present in samples heated
into a uniform gel which later charred into a black powdery at 900 and 1150C as prominent peak. The major absorp-
precursor mass with evolution of large amount of gases ontion peaks in all the figures are of phosphate at around
continued heating. The yellow fumes appearing during the 1050 and 565 cm'. The v4 phosphate absorption around
charring stage indicated the decomposition of nitrate from 660-520 is present as a broad peak in sample heated up to
the gel. Most of the nitrate species from the calcium nitrate 650°C and on further heating the peaks got resolved to three
turned into oxides along with citrate ions leaving a non hy- at 570, 601, and 632cm. The v3 phosphate absorption
groscopic, amorphous precursor material. When the char-band, the most prominent peak of the phosphate in apatite
ring was not allowed to complete, the resultant product was appears as a broad band for samples heated up t6350
a hygroscopic one due to incomplete decomposition of ni- Here also it has been split in to peaks at 960, 1049, and
trate species. 1091 cnt?. In addition to the above peaks, tb& carbon-

Fig. 1shows the thermogravimetrical analysis (TGA/DTA) ate absorption peaks appeared around 1400-1608 am
chart of the citrate precursor heated up to 1200 As all samples except the one heated at 1X5(9]. The v2
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Fig. 3. XRD patterns of: (a) citrate precursor, and the same heated at: (BC4%€) 550°C, (d) 650°C, (e) 900°C, and (f) 1150C, respectively.
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vibrational mode absorption of carbonate at 870 ¢iis also droxyapatite peaks (JCPDF 9-432) without any secondary
present. phases. No calcium carbonate peak is present.

Fig. 3shows the XRD patterns of precursor and the heat  The morphological features of the precursor as well as
treated samples. The precursor as well as the sample heatethe heated samples are given in the scanning electron mi-
up to 550°C are amorphous while the samples heated abovecroscopy (SEM) pictures dfig. 4a—e The precursor as well
650°C are of calcium hydroxyl apatite. The amorphous to as the heat treated samples were in the form of porous gran-
crystalline transformation occurs in between 550 and’€50  ules.Fig. 4ashows the surface morphology of the precursor
The sample heated above 6%D show characteristic hy- ~compounds. The surface of the gel is highly uniform and

(c) (d)

Fig. 4. Surface morphology of granules of: (a) citrate precursor, and the same heated at:°(®) @3®50°C, (d) 650°C, (e) 900°C, and (f) 1150C,
respectively.
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polymeric. In order to observe the morphological changes asspecies at elevated temperatures. Hence it is believed that
a function of heat treatment, the granules heated at differentthe carbonate is substituted predominantly at phosphate
temperature were also observed under SE. 4b—eshows sites rather than hydroxyl sit¢8] in the present hydroxyl
the surface texture of the samples heated at 4501250 apatite compound.
When the heat treatment temperature reachesG5thore The XRD patterns clearly shows the amorphous to crys-
porosity is generated due to the decomposition and crys-talline hydroxyaptite transformation at the temperature
tallization of matrix even though most of the porosities are around 550-650C without the formation of major sec-
generated during the initial decomposition of the citrate pre- ondary phases. The combustion synthesis through polymer
cursor gel.Fig. 4e shows the morphology of the sample precursor pyrolysis is generally used for the preparation of
heated at 1150C. Sintered grains of @m size are visible.  oxides. The scanning electron microstructure of the heated
gels showed the porous nature of the apatite and the submi-
cron grain structure due to the fact that only in the 1160
4, Discussion compound, the microstructure show thera grains while
in all the other sample, grain structure could not be resolved
The preparation of hydroxyl apatite bioceramics through due to the smaller crystallite size.
different chemical methods other than precipitation route has
been published with a view to reduce the preparation time.
The precipitated calcium phosphates are kept in the mothers. conclusions
liquor overnight to increase the Ca/P ratio to close to 1.67.

The present work is a simple precursor combustion method An amorphous po|ymeric precursor Compound contain-
to generate hydroxyapatite in short time. The thermogravi- ing calcium—phosphate—nitrate—citrate species has been syn-
metric analysis shows that the decomposition of the nitratesthesized. The precursor phase on heating at around®50
and citrates was over during the charring stage of the Cit- converted to calcium apatite. The product is highly porous
rate gel. The charred gel is an amorphous calcium phosphaten nature and further work is in progress to estimate the na-
which undergoes crystallization around 550-660 ture of porosity and to develop porous granules for infra
Carbonate substitution of calcium hydroxyapatite has pony defect filling application. The low temperature sintered
been extensively studied and FTIR has been used to dis-granules show the carbonate substitution, which is expected
tinguish between substituted and pure hydroxyapatite by to increase the bioactivity. Further work is needed to under-

comparing the carbonate and phosphate bd8fisin the  stand the status of carbonate species in the hydroxyapatite
carbonated derivativepy3 band of phosphate at around |gttice.

1050cnt! appear as a single intense band whereas in

hydroxyapatite it appears as three distinct bands at 1100,

1(_)85, and 1050 crrt. In the present set of spectr_a_given in Acknowledgements
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