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ABSTRACT

Synthesis of hydroxyapatite(HAp), Ca10(PO4)s(OH),, using cockle shell (Anadara granosa) as a source of calcium
has been carried out using a hydrothermal method through three routes, namely: direct synthesis of powdered
shells; synthesis through the process of thermal decomposition powdered shells and synthesis through the formation
of Precipitated Calcium Carbonate (PCC) of the shells. HAp synthesized result has been analyzed using X-ray
Diffraction (XRD), scanning electron microscopy (SEM) and Fourier Transform Infrared Spectroscopy (FTIR). The
analysis result of the synthesis product has been obtained that HAp ceramic synthesis through the formation of PCC
gives the best results, which isin the synthesis conditions 16 hours at a temperature of 140°C.
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INTRODUCTION

Indonesia is a country which is rich in naturalowses, both from natural materials or in the fasfmnatural
products[1]. Resource of calcium could be foundrfreatural materials such as egg shells, coralisshenes, and
fish scale or from the natural formations suchim&s$tone [1-7]. Among the abundant natural resoakeglability
is a waste of shells, such as cockle shell (FigCbgkle shell Anadara granosa), is soft animals (Mollusca) of the
class Bivalvia. The main composition of cockle héb95%) in the form of CaC{}8,9]. Calcium from the shells
could be processed into products that are moreiefti in the industry or the medical field, suchRagcipitated
Calcium Carbonate (PCC) and hydroxyapatite (HAp)(R

Fig. 1. The cockle shells
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PCC is a compound of calcium carbonate (CgC®hich could be processed from raw material litoes [1,7,8]
through a series of chemical reactions. PCC exoaspared with Ground Calcium Carbonate (GCC) isenpure
in particle, homogeneous and uniform with microlsgaarticle size. PCC is currently widely usedndustry as an
additive for pharmaceuticals, food, paper, plastik, [8]. Jamarun [1, 2], using the PCC, which iada of by
limestone as raw material in the synthesis of caab® apatite. A high level of purity and small paet size and
uniform, the PCC advantage to be transformed ip#die compounds [7-13].

In this study, waste shells would be used as acsooir calcium in the manufacture of PCC. In thetrstage, the
PCC of shells are used as a raw material syntluédiydroxyapatite. Hydroxyapatite compound is knovery

widely used in the field of biomedical for fillend coating on bone and dental implants [4-6]. Beeaf the porous
structure, and has chemical and thermal resistdnylrpxyapatite has also been very widely used eatalyst or
adsorbent [14-16].

HAp powders can be synthesized from natural sounceshemicals through various synthesis techniqusisg a
range of different reactants. Some processing tquks include precipitation, hydrothermal, hydradysnechano-
chemical, sol-gel process, etc. [5, 7]. In thisesrsh, the Hap is prepared hydrothermally throtmgbet routes of
synthesis, namely: the direct synthesis of powdhedls synthesis of CaO shells [17] and the syrnshes PCC
shells, which are made through a modified carbonatiethod [1,2]. The hydrothermal method is a tepies that
is popularly used, because its simplicity and e¥-lmst. The resulting commonly well crystallizeddachemically
homogeneous [21].

Morphology, particle size, and the purity of theuking HAp powder, affect the properties of HAhish would be
applied in the fields of orthopedics, dental makingterials, as well as a catalyst or adsorbenteHdly, through a
hydrothermal process for PCC made from waste psecwhells, would be produced HApwhich have a smaaot
uniform size, so it could be used in the biomediieddl as a bone filler and coating for excellestemconductivity.

EXPERIMENTAL SECTION

The materials were the cockle shells, which watectdd from Tembilahan, Indera Giri Hulu, Riau;dimonium
hydrogen phosphate ((NHHPQ,), Merck); 2M HNQ solution; ammonium hydroxide (NBH) 65% (Merck);
CO, gas and aquadest. The cockle shells samples wasbedd and cleaned, and then sun dried for two days
followed by oven dried at 12Q for two hours. Dry and clean cockle shells wérentcrushed and grounded with
pulvurizer into the cockle shells powder form.

2.1.PCC formation of shells

The cockle shells powder (0,105mm) was calcinatethé furnace around 5 hours at 900°C. The calcousdtle
shells was then converted into the PCC by carbomatiethod with the addition of nitric acid solutifiiNO5).PCC
producing through carbonation method was carrieda@lowing the procedure Jamariral [1,2]. These processes
could be represented by the following reaction2,Ja,11]:

Calemation 20al0; 4+ Heat — 20ald + 200,

Hydmtion (slaking) - Ca0 4+ 2HNO;, — CalNO,), + H,0
Ca(NO;), + 2NH,0H —* Ca(0H), + 2NH,NO,

Precipitation Cal(OH)y, +C0, — (al0; + H,0

2.2 Synthesis of Hydroxyapatite by Hydrothermal Mehod

Hydroxyapatite producing through hydrothermal peses was carried out following the procedure Hiead [17].
There were three routes of synthesis. Direct swishgerformed by varying the reaction time (16, 20, 28, 32
hours) at a temperature of £80 A total of 5 grams of powder shells that haverbeefined (0.105 mm) was added
into 15 ml of saturated (NhLbHPOQuwith the mole ratio of Ca/P = 1.67. A small amowfthigh concentrated
NH4,OH was added to adjust the pH into 10-11. Hydrattareactions were performed in sealed vesselsggla
the oven. Once the reaction is complete, the sginbe solids were washed with distilled water unéltral, then
dried in an oven. Samples of pure dry and readhetoharacterized. Reactions that occur on thisrisutl7,18]

10CaC03 + 6 (NH4)2HPO4 + 2H2 - Cal0(P04)6(0H)2 + 6(NH4)2C03 + 4H2CO03

The second route was done by using CaO of shedl® fwder was obtained from the calcination prosbsdls
for 5 hours at a temperature of 930 A total of 5g of CaO shells added into 15 misafurated (Ni@,HPQ, the
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mole ratio of Ca/P=1.67. Synthesis was done byingrihe reaction time (16-32 hours) at a tempeeattirl 86C,
follow the first route. Reactions that occur orstioute [17]

10Ca0 + 6(NH4)2HPO4 + 4H20 - Cal0(P04)6(0H)2 + 12NH40H

Synthesis of HAp of PCC shells is the novelty a§ tlesearch. Synthesis procedure follow these soodore, 59
PCC of shells added to 15 ml of a saturated saluwfaNH,),HPO, the mole ratio of Ca/P = 1.67. Synthesis is done

by varying the reaction time (16-32 hours) at aperature of 18%C. The reaction that occurs in the third
route:[17,18]

10CaC03 + 6 (NH4)2HPO4 + 2H20 — Cal0(P04)6(0H)2 + 6(NH4)2C03 + 4H2C03

The best route of synthesis HAp based on the aisalys XRD, would be continued by varying the reati
temperature at 140, 160 and 180°C.Furthermore, sifphesized tested toxic nature of the growthastobacillus
cereus bacteria in Nutrient Agar media. First of all sdespwere sterilized by autoclaving at 2201 atm pressure

for 20 minutes. Then the sample HAp (0.1g) weregqudainto Nutrient Agar culture media. Observatiogse made
every 24 hours for 3 days|[6].

2.3 PCC and Hap Characterization

The mineralogy of the PCC and HAp were charactdrimgng X-ray diffraction (X'Pert Powder DY 3688jthwCu
radiation K. The surface morphology was probed using scanelegtron microscopy (SEM) linked to energy
dispersive X-ray micro analysis (EDX) (JEOL JED @QROThe Fourier Transform Infrared Spectroscopy-(RT
Perkin Elmer Spectrometer Frontier) was used tdyaisathe bonding structure in the samples.

RESULTS AND DISCUSSION

Formation of Precipitated Calcium Carbonate (PC@} wone with carbonation method modified by addiitigc
acid on calcium oxide dissolution process. PCC tatyswere analyzed by X-ray diffraction, the resultere
compared with the X-ray pattern of original sh¢igy. 2a) and standard Cag@&s shown in Figure 2(a-d).
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Fig.2. XRD diffractograms of product: (a) CaCO; of raw cockle shells, (b) Aragonite, CaC@standard(ICDD 01-075-9987) (c) PCC of
cockle shells (d) Calcite, CaC@standard (ICDD 01-076-2713)

X-ray diffraction pattern of the PCC cockle shélig.2c) were compared with data JCPDS Calcite (08-2713)
(Fig.2d). That's found three peaks with high inigngorresponding to the X-ray pattern of a staddealcium
carbonate (calcite) that was at an an@le=29.36; 39.37; 48.46. X-ray diffraction patterfinttee PCC was different
from the original shells. CaGGQhells have the kind of aragonite crystals, wthilePCC of shells is calcite type.

SEM images for analysis of PCC morphology is shomwirigure 3 (magnification a. x100 and b. x500).CPC
particles produced had the square form and unifre (crystallite size 0.6 - 1.0 um). PCC was ubed as a base
material for the manufacture of hydrothermally lpdrapatite (the third route).
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Fig. 3. SEM image of cockle shells’ PCC, (magnifit@n a. x100 and b. x500)

The results of X-ray diffraction analysis on alteth synthesis routes at 280temperature variation synthesis time
(16 to 32 hours), the synthesis of Hap was obtatheslgh PCC gives the best results. Product sgighrough
the first route was still dominant in the form oh@O; (aragonite) with a bit of HAp. Results sintering &
temperature of 80C, obtained intensity higher HAp phase while ardigophase was converted to tricalciumbis
(phosphate) (GAPOy),, TCP). Hienet al [17] reported the first synthesis through the i HAp in very small
amounts, even when the reaction time reached 12&him this study, HAp has been obtained in ateha@ynthesis
time (20 hours). This was possible, because thicfeasize of the shells were smooth enough (0rh@9, while the
coral Hienet al [17] sufficiently large particle size (about 5x5rEm), so that the penetration (WEHPO, easier
happen to CaCgxshells.

Synthesized through the second route (CaO), wasdféiAp phase mixed with other calcium phosphatespba
such as TCP, DCP or Cagénd Ca(OHy Hieret.al [17] reported the synthesis of HAp best conditidrtoral at a
temperature of 18C with a reaction time of 36 hours. In this stud@p has been produced in a reaction time of 20
hours, however still mixed with Ca(OH)Synthesis of HAp through the PCC gives the bestits, which was
found only one kind of calcium phosphate phaseHAe and a little calcite of raw materials, the atéen time of

16 hours. This could be happened due to the PCiitlparused were very pure and very fine sizehabvthe shorter
reaction time (16 hours) has generated HAp. Theltesf XRD analysis of synthesis of HAp througlfetient
pathways at 18T for 20 hours, is shown in Figure 4 (a-e).
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Fig. 4. XRD diffractograms for the products of synhesis using three routes at 18C for 20h(a) direct synthesis (b) CaO cockle shells
before sintering (c) CaO cockle shells, after sinting (d) through formation PCC(e) standard of Hydroxyapatite (ICDD-PDF 00-024-
0033)

Furthermore, the synthesis of HAp through formafR®C varied temperature at 140, 160 and’@&0r 16 hours.
The best results were obtained in the synthesipéeature 148 for 16 hours. Figure 5(a-d) was the result of XRD
analysis of HAp of PCC at various temperatures Iférhours. X-Ray diffraction pattern of apatite campds
synthesized gave very similar results to the stahd&D pattern hydroxyapatite (5d, JCPDS 01-0748978hat’s
found some peaks with high intensity correspondmghe X-ray pattern of hydroxyapatite standard thaat D
angles: 25.87; 31.73; and32.86. Based on thoseyzmwl it could be concluded that the synthesisltresu
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hydroxyapatite at 140°C during 16 h is the bestlpob, own hexagonal crystal system and crystaliiee 36-50
nm. The mean grain size of the crystallites ofHi#eparticles (D) was calculated using the Schesrequation
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Fig. 5. XRD diffractograms of the hydroxyapatite syithesis from PCC at varied temperatur for 16 h(a) £180°C (b) 160C (c) 140C (d)
standard

The analysis of FTIR spectroscopy of the compowgytishesized at various temperatures and reactios it could

be seen the specific spectrum of patterns for thedesorption of hydroxyapatite (Fig. 6). Meanwhilethe FTIR
spectrum is found the P-O stretching asymmetriomudion that come from P® on from 1150 to 1000 ch the
which was known as the characteristics of band$ijdroxyapatite and, a medium intensity band auab60 cnt
due to the symmetric stretching vibration were obs#. The bending vibration of ROwas observed by bands
located at 560-620 cfrAdsorption bands at 3642 and 631 toorresponding to OH group and HPGat 2163 crit
[3,17,21,25]. Adsorption of free J band is very weak. In addition, some contentlse aeen carbonate (GO
peak around 1400 chy the which was an indication of the presenceanbanate or calcium carbonate apatite. This
might have originated through the absorption oboardioxide from the atmosphere [19].
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Fig. 6.FTIR spectrum hydroxyapatite of cockle she#* PCC at 140C for 16 h

Figure7 showed the results of SEM analysis of spatmpounds synthesized at a temperature ofClédth a
reaction time of 16 hours of PCC shells (magnifaata. x100, b. X500, ¢. x1000 and d. x1500). FthenSEM
images, visible synthesized HAp had the shape &edof the particle that is almost uniform. Contefelements
present in the hydroxyapatite could be confirmexnfithe EDX data. The Ca/P molar ratio of the hyglapatite
that was synthesized from PCC cockle shell was abd8. The measured Ca/P ratio for this produacesider was
higher than the stoichiometric ratio (1.67) expddia a pure HA phase. According to the EDX exiseonf data
that shows small amounts of aluminum from phaseitedCaCQ), the source of matter is much more reasonable.

802



Novesar Jamarunet al J. Chem. Pharm. Res,, 2015, 7(5):798-804

Fig. 7. SEM image of hydroxyapatite compound of cdde shells’ PCC

Cytotoxicity evaluation of Hap againkéactobacillus cereus bacterial growth in Nutrient Agar media, was observ
after incubation for 24, 48 and 72hours. Obserwatishowed that HAp (0.1%) did not interfere andadc to the
growth ofL.cereus bacteria. Fig. 8 shows HAp particles incubated48rand 72 hours along with NA media. It
confirms that there is no toxic effect of the sysized HAp materials were made from cockle shedisteu

X 3 o o A
Spread NA ¥ 5 s 3 Spread NA+ HA
control media | N media

A

Spread NA control media Sy Sread NA + HA media

Fig. 8. Cytotoxicity evaluation of HAp againstLactobacillus cereus bacterial
CONCLUSION

Synthesis of hydroxyapatite of waste shells hydyotially, using three routes of synthesis, providihg most
excellent HAp results through the establishmentipiated Calcium Carbonate (PCC). Shorter readiime and
lower temperature, an advantage of PCC formatidhwzy in this study. The best conditions of synithes HAp
were obtained at a temperature of AA@vith 16 hours reaction time; produce nano-sizgdrdxyapatite crystals
(36nm) with Hexagonal crystal structure. HAp wagaiied from cockle shells X-ray diffraction pattsrand
characterization FTIR compared with Hap standard wery appropriate. The synthesized HAp materiadsew
made from cockle shells waste there is no toxiecff
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