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ABSTRACT

Hydroxyapatite and its substituted forms are now finding potential applica-
tionsasbone substitute materials. Particul arly doped apatites with enhanced
physical, chemical, mechanical and physiological stabilities have received
significant attention. Following wet chemical precipitation approach Na
doped hydroxyapatite bio-ceramic material has been successfully synthe-
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sized from egg shell for thefirst time. (NH,) ,HPO, was used asthe source of
phosphate. Two different concentrations of doping solution were used to
synthesize the doped apatite and the developed apatite was characterized
by FTIR, XRF, XRD and SEM techniques. The analyses results were in

excellent agreement with the standard values.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Hydroxyapatite (HA), Ca,(PO4),(OH), akind of
bi compeati bl e cal cium phosphate bio-ceramic, hasnow
received significant attention to theresearchersasit
mimicsvarious propertiesof natural bone apatite!®.
Thisapatiteduetoitsosteoconductivity haswiddy been
used asapotentia bioactivemateria for repairing bone
or periodontal defects, bonereplacement, augmenta-
tion of diseased boneor alveolar periodontd ridge, ear,
eyeimplants, coating onfemoral stemsor acetabular
cups, and bone substitution>287, Vertebrate bone and
tooth mineralscontain HA with varioussubstitution, such
asNa', K*, Mg*, Sr*, Cl', F, HPO, etc.39. Substi-
tution with different ions causestremendouseffectson
physical, chemical, mechanical and physiologica sta

bilitiesof HAY, Thus, considerableeffortshavere-
cently been conducted in devel oping substituted syn-
thetic gpatitesinvolving the chemica speciesfoundin
natural bonewhich could perform better bioactivity,
osteoconductivity and biocompatibility!2,
Sodiumisone of theimportant trace elements of
human dental enamel and bone. Thisisan essentid de-
ment in biological apatitefor itspotential rolein cell
adhes on, bonemetabolism and resorption processes*2.
Moreover, Sodium acts asan essential nutrient with
important functionsinregulating extracel lular fluid vol-
ume and the active transport of moleculesacrosscell
membrane™®. A certain portion of thiselementisthe
prerequisitefor better nerveand musclefunctioning. To
regulatefluidsand blood pressure, and to keep muscles
and nervesrunning smoothly, adultsarerequired totake
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Figurel: Flow diagram of synthesisof doped HA

1,500 mg Naper day. Inthisregard, the sodium doped
apatitewould obviously act asareservoir and carrier
of sodium with better responsein termsof the biologi-
ca behavior andimplantation. Considering theimpor-
tance of doped hydroxyapatites, we have attempted to
synthesize Na', Zn*? and Fe** doped hydroxyapatite
through asimple cost-effective procedure. Henceto
the best of our knowledgefor thefirst timewe have
synthes zed doped hydroxyapetiteus ng waste egg shell
astheprimeraw material of Ca-source. Eggshell isa
waste material after the usage of egg and most of this
wasteisthrown away or disposed inlandfillswithout
any regard to theenvironment. In recent year's, research-
ershavemadetheir best effortsto utilizethis“wasteto
wealth”” and some notable applications of egg shell are:
(i) synthesis of bone substitute, bio-ceramic materi-
ag**1517: (ii) low-cost adsorbent for wastewater treat-
ment{*&29: (iii) low-cost solid catdyst for bio-diesd pro-
duction® etc. Egg shell weighs~11% of thetota mass
(ca. 60qg) of egg and depending onfeeding itschemical
composition can bevaried asfollows: (94-97)% cal-
cium carbonate and rest of the % contains magnesium
carbonate, cal cium phosphate and organic matterel,
Utilization of egg shell to synthesize HA will benefit the
mankind intwo ways. firstly, thiswould ableusto pro-
duce cost-effective bio-ceramic with better properties
for therapeutic gpplication and biologica responseand
secondly, such raw materid selection, would undoubt-
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edly create an effective materia -recycling pathway for
waste management. However, inthis paper wearede-
scribing only the synthesisand characterization of Na-
doped HA.

EXPERIMENTAL

Materials

99.99% pure anadlar grade chemicals NaNO,,
NH,OH, HNO, (NH,),HPO, were obtained either
from E. Merck or BDH and used in thisstudy. All the
solutionswere prepared using doubledistilled water.

Synthesisof Nadoped HA

Raw egg shellswerefirst washed thoroughly with
water and the inner membranes wereremoved. The
shdlswerethen boiled in agueous medium for 30 min-
utes. After drying at 110°C all the egg shells were
crushed to fine powder.

Sodium doped HA was synthesi zed by following a
generalized wet chemicd precipitation method. A reg-
uisteamount of egg shell powder wasdissolvedin conc.
HNO, and 50 mL of distilled water wasadded to this
acidic egg shell solution and filtered to get clear solu-
tion. Fina volumewas made up to 100 mL with dis-
tilled water maintaining the pH of thesolution at ~10.0
with agueousammonia Thedoping solution (NaNO,)
was mixed with theegg shdll solution prior to theaddi-
tion of phosphate precursor solution. (NH,),HPO, in
ammonia (pH~10.0) wasadded drop wiseto thisso-
lution with continuousstirring condition. Yellowish ge-
latinous precipitates of doped HA wasformed which
wasdtirred for overnight in the mother solutionfor rip-
ening. The precipitate was then filtered through a
Buchner funnel and thoroughly washed with plenty of
digtilled water. At thisstage, thefiltered precipitatewas
dried at 110°C toremove any trace of water. Thesyn-
thesized samplewasthen calcined at 900°C maintain-
ing afixed cacinaiontimeof 30 minutes. After cacina
tionthe samplewas crushed to achievefine powder. In
order to investigate the concentration effect, NaNO,
of 0.1M and 0.05 M wasused in synthesisof Nadoped
HA and Ca/P molar ratio wasmaintained 1.66-1.694.
A purestoichiometric HA (Ca/lP=1.67) wasal so pre-
pared following theabove experimenta procedureand
was calcined at 900°C to compare the results. A flow
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diagram of synthesisprocedureisgiveninFigure 1.
Characterization

The egg shell powder was characterized through
FTIR, XRD and SEM analysiswhich confirmed the
presence of CaCQO, and the percentage of CaCO, was
determined by XRF.

Synthesized Nadoped HA wasfirst analyzed to
examinethe presence of Caand P. Atomic absorption
(AAS) and UV spectrophotometric methodswerefol-
lowed to detect these elementsrespectively. Fourier
transform infrared spectroscopy (FT-IR, Modd no. FT-
IR 8900, SHIMADZU) wasused to identify thefunc-
tional groups. Experimental spectrawere obtained by
using KBr diskswith a1:100 “samples-to-KBr” ratio
and the sampleswere scanned inthewave number range
of 4000 cm*-400 cm with an average of 30 scans.
Theresolution of the spectrometer was4 cmr. Phase
analysis of the prepared samples was performed by
using PANalytical (X’Pert PRO XRD PW 3040). The
intensity datawere collected in 0.02° stepsfollowing
the scanning range of 20=20°-80° using CuKa
(A=1.54178°A) radiation. The observed phaseswere
compared and confirmed using standard JCPDSfiles
asdescribed inthefollowing section.

RESULTS

Therecorded FTIR and XRD spectraof theegg
shell powder areshowninfigures2 and 3 respectively
while the morphology of the egg shellsareshownin
Figure4 and 5 asobserved by SEM.

Typica FTIR spectraof asrecelved (ovendried at
110°C) and calcined (at 900°C) sodium substituted
gpatites, synthesized by usng 0.1M dopingsolutionare
presentin Figure6 and 7. The XRD spectracaptured
in caseof the 0.1 M Na-doped synthesized apatite (at
110°C and 900°C) are depicted in Figure 8 and 9 re-
gpectively. SEM micrograph of thecacined (at 900°C)
doped apatites (synthesized by using 0.1 M and 0.05
M doping solution) areshownin Figure10 and 11.

DISCUSSION

Characterization of egg shell
Theamount of CaCO, present in theraw egg shell

Woateriolsy Science  mmm——

IS~ 95%, whichiswithin the acceptablelimit asfound
previoudyi?.

TheFTIR spectrum (Figure 2) of egg shell powder
showed the presence of same characteristic bands as
thoseobservedin naturd cacité?. Theobserved bands
at 1419 cm?, 873 cm?, 711 cm wereattributed to the
asymmetric stretching and bending vibration mode of
carbonate (CO,*) group respectively?d. A broad ad-
sorption band around 3431.36 cmt was dueto stretch-
ing vibration of structural water molecules?® and the
band situated at 2561.5 cmt is attributed to organic
meatter.

Thediffraction patternsof theegg shell (Figure 3)
areinexcedlent agreement with the JCPD filesfor rhom-
bohedrd cacite(File#5-0586) asobserved by Rivera
et. al."%, The characteristic peak detected at 20 posi-
tion 29.485° (1 0 4) plane confirmed the mineral phase
of egg shell ascalcite and no other crystalline phase
was observed. Using the Bragg reflectionsat (104)
and (1 1 0) planes, the lattice parameters were mea-
suredasa=b=4.988°A and c=16.99°A, which are
very closetothosevaluescdculated from JCPDS (File
# 5-0586) reference data (a = b = 4.983 °A and ¢
=17.01°A).

Themicrostructurd information of theinner part of
theegg shdl isvisudizedin Figure4, which showsthe
presenceof fibre-likemorphology having smilar pore
sze. Ontheother hand themagnified SEM picture(Fig-
ure5) of theegg shell powder visudizestheinterface
between the smooth and granular regionswhere the
aggregated smaller fractionsaretied together by their
organic components.

Characterization of Nadoped HA
Chemical analysis

Theprdiminary characteristicandysisi.e. thepres-
enceof Na'ioninthesubstituted hydroxyapatiteswas
confirmed by X RF analysiswhich also provided the

CalPratio as 1.67. Thisvalue matched with the Ca/P
ratio of pureHA.

FTIR analysis

The observed characteristic peaks (Figure 6) rep-
resenting the phosphate (PO,*) group for theoven dried
samplesare appeared in broad fashionindicating poor
crystalline and amorphousnature. Additionally peaks
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TABLE 1: FTIR band positionsand corresponding assign-
mentsof calcined pureand Na cation doped apatites

Observed band positions (cm™)
PureHA  Nagew)HA NagivyHA

Corresponding
assignments

570.9 561.2 565.1  PO,> bending (v4)

601.7 602.3 603.7 PO,> bending (v4)

962.4 961.3 9624 PO, stretching(1y)
1039.6 1016.2 101841 PO, bending (vs)
--------- 1419.3 142347  CO5Z group (vs)
1650.0 16332 1639.4  H,Oadsorbed(v,)
3500.00 323152 3431.3  Structural OH

for adsorbed water werealso visibleinthiscase. How-
ever, sintering (at 900°C) of this sample significantly
transformed thisamorphousnatureto well crystalline
form. The corresponding band positions representing
the PO,* group were evident asdistinct, sharp peaks
asexpected (Figure 7). Particularly, thenoticegblelarge
separation between the band positions of PO,* group
at 565.1 and 603.7 cm* suggested the formation of
crystallized apatitic phase?4. Thisobservation further
satisfied by the XRD resultsasdescribedinthefollow-
ing section. Infigure 7 the presence of small peak for
C-Ovibration bondsof carbonate group at 1423 cm'!
suggested that thissample contained carbonateion and
theincorporation of cation isfavored dueto the pres-
ence of the carbonateiond*¥. The observed band po-
stionsand their respective assgnmentsfor 0.1 M and
0.05M Nadoped apatitesare compared with theband
positions of pure HA and summarized in TABLE 1.
Clearly thegood matching of theband positionsshowed
that the synthesized Na-doped apatite resemblesthe
nature of pureHA.. Thisobservation ensured thefor-
mation of thedesired cation substituted HA within the
present experimenta protocol.

XRD analysis

The XRD spectrum (Figure 8) of theoven dried (at
110°C) doped apatite appeared with broad peaks
showingthepoorly crystdline phasetogether withamor-
phous phase supporting the observed FTIR data. This
behaviour can be attributed to thetemperature effect.
Itiswell established that theincreasein sintering tem-
peratureincreasesthecrystallinity degreeresulting sev-
erd digtinct pegks. Thislow crystdlinity and amorphous
nature have been dramati cally changed to well-defined
crystdlineHA phasedueto thethermal treatment!®! at

TABLE 2: Relativeintensity and d- spacing (hexagonal unit
cell) for calcined pureHA and Nadoped HA

Na o HA Na (05 HA PureHA
d- relative d- relative d- relative

spacing intensity spacing intensity spacing intensity
4.0786 15.94 4.0790 11.32 4.0748 6.38
3.8751 15.42 3.888 7.31 3.8999 4.45
3.4384 62.06 3.4362 57.16 3.4395 38.68
3.1692 11.25 3.1659 11.57 3.1673 8.36
3.0776 15.70 3.0794 18.76 3.0861 14.60
28117 100.00 2.8097 100.00 2.8152  100.00
2.7750 50.64 2.7735 53.18 27744 59.40
2.7161 66.92 2.7153 61.50 2.7183 55.42
2.6280 24.93 2.6267 25.97 2.6296 23.44
25135 12.20 2.5108 7.98 2.5271 5.30
2.2614 26.13 2.2616 23.74 2.2619 19.31
2.1461 8.83 2.1474 7.97 2.1482 5.28
2.0617 29.03 2.0605 24.43 2.0610 5.54
1.9423 25.30 1.9431 14.44 1.9443 28.19
1.8888 32.90 1.8893 33.77 1.8914 14.58
1.8395 20.40 1.8400 17.52 1.8413 32.19
1.8054 12.39 1.8039 1151 1.8060 15.67
1.7792 11.04 1.7780 13.37 1.7806 11.83
1.7538 27.85 1.752 11.94 1.7538 12.30

900°C (Figure 9). The observed intensity and d-spac-
ing valuesarein excellent agreement with the JCPDS
standard data(ref. code: 09-0432) for HA asshownin
TABLE 2. Particularly the strong diffraction peaks
matched with the characteristics pesksfor pure HA (at
900°C) at 20 positions~31.78° (2 1 1) together with
other two peaksat ~32.26° (1 1 2) and ~32.95° (3 0
0) having similar intensities. Thisobservation ensured
theformation of Nasubstituted gpetiteof hexagond struc-
tureand drictly proved that the HA structurewelcomes
avaiety of subgtitutionsof both cationicand anionicwith-
out any Sgnificant modificationinitshexagond sysemas
mentioned inthepreviousinvestigation™,
Thecrystalitesizeof Nadoped (0.1 M and 0.05
M) cacined (at 900°C) apatites was calculated using
Scherrer’s relationship,
D =79.5/A cosf (@)
where, D = crystal size, A= FWHM in degree. The
Braggreflectionsat (211), (112) and (300) planeswere
consderedtocdculaethecrysdliteszewhilethecrys
tallinity and cell volumewere cal cul ated from thefol -
lowing equations 2 and 3 respectively. Thevauesare
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HA at 900°C

(0.1M)

Figure10: SEM micrograph of Na

TABLE 3: Crystallographicinfor mation of clacined pureand
substituted apatites

Parameters Calcined Calcined Calcined
Nayo.osm)HA NawimHA HA
L attice parameter a=b 9.39 9.38 9.42
[ 6.85 6.85 6.88
Crystallinity, X¢ 354 354 5.03
Crystal size (°A) 471.35 505.81 752.37
Volume 1563.70 1560.02 1580.60
summarizedinTABLE 3.
K\
Crysdlinity, X, = (X) @)
where, A=FWHM of the(002) reflectionandk_= 0.24
Cell volumeV=2.589a% 3

Clearly, thelatticeparameters, crystdlitesize, crys
talinity and cell volumeof theNa-doped apatiteswere
lower than that of pureHA, assubstitution reducessig-
nificantly thecrystallite sizeaswell as crystalinity!.
Changesin cdll volume could be explained dueto the
effect of smaller cation sizeof Nathanthat of Ca. In-
corporated of thissmaller cation into the apatite struc-
tureresulted in shrinkage of volumé®.,

SEM analysis

Sincetheformation of crystaline apatitesgrictly de-
pendson thegntering temperature and asaconsegquence
it hasa ready been evident that synthesized gpatiteispro-
ducedinwel cryddlineformonly after snteringat 900°C,
so themorphol ogy and micro structural festuresof the
crystalline Nasubstituted apatitesformed at thistem-
peraturewerefurther investigated by capturingtheir SEM
micrographs. Therecorded SEM pictures(Figure10and
11) for cdcined (at 900°C) apatites visualized a combi-
nation of different regular shapes, such ashexagonal,
sphericd, etc. whichwere agglomerated.
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Figure1l: SEM micrograph of Na o, HA L 900°C

CONCLUSION

Using theegg shell asthe prime source of Ca, so-
dium (Na) substituted or doped hydroxyapatitehasbeen
synthesized, which could beapotentia and cost-effec-
tive bio-ceramic materia for bone substitutionin sur-
gery, orthopedicsand dentistry fields. The synthesized
doped gpatiteswere characterized by XRF, FTIR, XRD
and SEM techniques. The changein concentration of
doping solution did not affect theformation of desired
doped apatite. However, incorporation of such cation
in hydroxyapatite structure is supposed toimprovethe
bioactivity and physiochemical propertiesof the apa-
tite. Ontheother hand utilization of egg shell will bean
effective pathway for waste management through ma-
teria re-cycling approach.
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