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ABSTRACT

Doped hydroxyapatites with enhanced physical, chemical, mechanical and
physiological stabilities have received significant attention as bone substi-
tute materials, bonetissue engineering, orthopedics etc. Fe doped hydroxya-
patite bio-ceramic material hasbeen successfully synthesized from egg shell
for the first time by wet chemical precipitation method. (NH,),HPO, was
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used as the source of phosphate. Two different concentrations of doping
solution were chosen to synthesize the doped apatite and the developed
apatite was characterized by using FTIR, XRF, XRD and SEM techniques.
Observed data were in excellent agreement with the standard values for
hydroxyapatite which indicated that the change in concentration of doping
solution did not affect the characteristics of the doped apatite.
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INTRODUCTION

Hydroxyapatite (HA) being an analog materia to
bone and tooth mineral has been categorized as
biocompatibl e, bioactive and osteoconductive (bone
bonding ability with surrounding tissues)™¥. However,
wider applicationsof synthetic HA are somewhat re-
stricted dueto itsin-vivo solubility and inferior me-
chanica propertieswhichlimitsitsuseinload-bearing
application*¥, Thus, to get rid of these problems, at-
tempts have been initiated by theresearchersto syn-
thesizedoped HA. Sinceflexiblestructureof HA per-
mits suitabl e cationic and anionic substitutionsto en-
hance the mechanical and physiochemical stabilities,

doping treatment of HA has how becomeanimportant
areaof research%, Hence, now-a-daysresearchers
have put their best effort to develop modified synthetic
apatitesby the substitution or doping of chemical spe-
ciesfoundin natura bone. Suchmodification playsa
significant rolenot only to produce HA with better me-
chanicd and physiologica sabilitiesbut dsotoimprove
thesuitability of HA for restoration of hard tissuesuch
asboneand teeth9. Moreover, incorporation of such
Speciesisa so consdered to have enormous effectson
theminerdization, deminerdization and reminerdiza
tion processes occur in the cal cified tissues*Y. For in-
stance, fluoride-substituted hydroxyapatite has better
therma and chemicd stabilitiesthan hydroxyapatite*.


mailto:bcsir@yahoo.com

50 Doped hydroxyapatite from waste calcium source:Part 2- Fe doped apatite

MSAIJ, 7(1) 2011

Full Poper =

However, vertebrate bone and tooth mineralsis con-
Sdered to contain HA structurewith various substitu-
tion of Na*, K*, Fe*, Mg*, Sr*, CI', F, HPO,
iongt34],

Ironisoneof thetrace e ementsin boneand teeth™
anditisavitd dementinthecirculatory system, essen-
tia for thefunctioning of numerousproteinsin cellg4,
Thepresenceof ironinHA latticegrestly influencedits
solubility and crystalinity™®¥, Bio-competibleferromag-
netic ceramic materidsexhibit promising characteristic
for somebio-medica and therapeutic applicationssuch
ashyperthermiatreatment for cancer and tumor masses,
magnetic resonanceimaging and rel ease of drug™>19,
Hyperthermiatreatment usually involves an external
energy source, but the drawback of using such an ex-
ternal energy sourceisthat it isalso absorbed by the
normal tissuewhile passing through the body. So, to
overcomethislimitation gpplication of ferromagneticbio-
ceramicshasnow received significant attention. Such
bi 0-ceramics upon i mplementation, around the tumor
actsasthermo seedsand heat thetumor locally to 42°-
46°C by their hysteresis loss when place under an al-
ternating fiel d*>19. |t isto be noted that, normal cells
arenot affected at thistemperature. Thus, hydroxya-
patite doped with iron oxide can be used for thetreat-
ment of bone cancer by hyperthermiaand also can pro-
motethe boneformation™®. However, iron doped HA
is super paramagnatic and also provides better
biocompatibility than pure HAM,

Considering thediverseroleof ironinbiological
functions, inthis piece of work we have attempted to
synthesizeiron doped apatite by using waste egg shell
asthe primeraw materia of Casource. Thiswould,
undoubtedly be a cost-effective method and be also
beneficial for creating an effective waste management
technology. Moreover, such an effort will beablessing
mostly for those countriesin which bio-ceramicshave
presently beenimported.

EXPERIMENTAL

Materials

The chemicals FeCl,, NH,OH, HNO, (NH,),-
HPO, usedinthisstudy were99.99% pureandar grade,
obtained either from E. Merck or BDH. All the solu-
tionswere prepared using doubledistilled water.
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Synthesisof Fedoped HA

Prior to the synthesis of Fe doped apatite, theegg
shellswere cleaned, powdered and characterized as
described in our previous approach™. [ron doped HA
wassynthesized by followingtheearlier generdized wet
chemical preci pitation method™®. However, briefly reg-
uisteamount of egg shell powder wasdissolvedin conc.
HNO, and the pH of the solution was changedto 10.0
with agueousammonia. At thisstagefirst doping solu-
tion (0.1 M and 0.05M FeCl,) was mixed with theegg
shell solutionthenammonica (NH,),HPO, (pH ~10.0)
was added drop wise. The gel atinous preci pitates of
doped HA waskept for overnight and the precipitate
was then filtered, washed and dried at 110°C to re-
move any trace of water. After ovendrying calcinations
wasfollowed at 900°C. Thecdcined samplewasthen
crushed to fine powder which was then subjected to
characterization. To comparetheresults, pureHA (Cal
P=1.67) wasa so synthesized by following the above
experimenta procedure.

Characterization

Synthesized Fe doped HA wasfirst analyzed to
ensure the presence of Caand P. Atomic absorption
(AAS) and UV spectrophotometric methodswereused
to andyzethese d ementsrespectively. The presence of
functional groupswere determined by Fourier trans-
forminfrared spectroscopy (FT-IR, Modd no. FT-IR-
8900, SHIMADZU). Experimental spectrawereob-
tained by using KBr diskswith a1:100 “samples-to-
KBr” ratio and the samples were scanned in the wave
number range of 4000 cn*-00 c with an average of
30 scans. Theresolution of the spectrometer was4 cmr
1. Phase purity of the prepared samples wasinvesti-
gated by using PANalytical (X’Pert PRO XRD PW
3040). Theintensity datawere collected in 0.02° steps
following thescanning rangeof 20 =20°-0° using CuK o
(A =1.54178°A) radiation. Theobserved phaseswere
compared and confirmed using standard JCPDSfiles
asdescribedinthefollowing section.

RESULTS
Figure 1 showsthetypica FTIR spectrum of oven

dried (110°C) iron substituted apatite, synthesized by
using 0.1M doping whilefigure 2 presentsthe corre-

Au Tudian Yourual



MSAIJ, 7(1) 2011

Samina Ahmed et al. 51

@ me  omm om0 wm omw we  en

HA

(0.1m)
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sponding FTIR of calcined (900°C) Fe doped apatite.
Therecorded XRD patterns of the Fe-doped synthe-
sized apatite (at 110°C and 900°C) are depicted in
figure 3 and 4 respectively. SEM micrograph of the
calcined (at 900°C) doped apatites (synthesized by
using 0.1 M and 0.05 M doping solution) areshownin
figure5and6.

Figure3: Xrd spectraof ovendried Fe

DISCUSSION

Characterization of Fedoped HA
Chemical analysis

Theprdiminary characteristicandysisi.e. thepres-
enceof Feionin thesubstituted hydroxyapatiteswas
confirmed by X RF analysiswhich a so provided the
CalPratio as 1.66-1.67. Thisvalueiswithin the ac-
ceptablelimit asfoundin pureHA.

FTIR analysis

The observed characteristic broad peaks (Figure
1) representing the phosphate (PO,*) group for the
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Figured: Xrd spectraof calcined Fe

oven dried samples supported theformation of gpétite
but in poor crystalline and amorphous nature. Addi-
tionally peaksfor adsorbed water were al so appeared
inthiscase Thisill-defined crysdlinebehavior wasdra
matically changed towd| crystdlineform dueto sinter-
ing at 900°C. The corresponding band positions rep-
resentingthe PO,* group wereevident asdistinct, sharp
peaksasexpected (Figure 2). Particularly, thesignifi-
cant gap between the band positions of PO,* group at
563.1 cmrt and 602.7 cnt suggested the formation of
well crystalline apatitic phase’®. Thisresult wasthen
subsequently confirmed from the XRD datawhich has
been summarized in the next section. The presence of
smdll peak for C-O vibration bondsof carbonate group
at 1423 cm* in Figure 2 provided theinformation that
thissampl e contai ned carbonateion and the presence
of the carbonate ions promoted the incorporation of
cationinthedoped apatite*¥. Thevisualized band po-
stionsand their corresponding assignmentsfor 0.1 M

and 0.05 M Fedoped apatitesaretabulated in TABLE
1. Clearly the characteristic band positions observed
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Figure5: Sem micrograph of calcined Fe .. HA
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for both of the synthesi zed samplesarein good agree-
ment with that of pure HA™819, This observation sup-
ported theformation of theexpected cation substituted
HA withinthe present experimenta protocol.

XRD analysis

The broad peaks of the XRD spectrum (Figure 3)
of theovendried (at 110°C) Fe doped apatite shows a
combination of the poorly crystalline and amorphous
phase which supports the observed FTIR data. The
reason of thisnatureisthetemperatureeffect. Itiswell
edtablished that thedegreeof crystalinity increaseswith
theincrease of sintering temperatureresulting severa
distinct pegks. Thusthislow crystdlinity and amorphous
nature have been significantly changed to well-defined
crystallineHA phase after heating thesampleat 900°C
(Figure4). Clearly anumber of prominent peaksfor
gpatite phasewereinthe X RD diffraction pattern. How-
ever, the observed intensity and d-spacing valuesfor
both the samples (synthesi zed by using 0.1M and 0.05
M doping solution) arein excellent agreement with the
JCPDS standard datafor HA™ asshownin TABLE
2. A brilliant matching of the strong diffraction pesksat
20 positions~31.78° (2 1 1) together with other two
peaksat ~32.26° (1 1 2) and ~32.95° (3 0 0) ensured
theformation of well crystalized doped gpatiteat 900°C.
Thisobservation confirmed theformation of Fesubsti-
tuted apatite of hexagond structureand gtrictly proved
that avariety of substitutions of both cationic and an-
ionicisposs blein hydroxyapetite structurewithout any
ggnificant modification of itshexagona systemasmen-
tionedinthe previousinvestigationY.

Thecrysdlitesize, crystalinity and cdll volumeof
both of the calcined (at 900°C) doped samples were
cal culated as described previously*®. The calcul ated

HA

(0.05m)

valuesweretabulated in TABLE 3. Thelattice param-
etersand cell volumevalues of the0.05 M Fe-doped
apatite did not significantly changed ascompared to
thosevauesof pure HA but in caseof 0.1 M doped
apatite, lattice parameters and cell volumevauesare
lower that observed in case of pure HA*8, However
for both caseslower vauesof crystdlitesizeand crys-
tallinity were observed as substitution reduces signifi-
cantly thecrystalitesizeaswell ascrystalinity!”. Pos-
sbly, thechangesin cell volumefor thelater casewould
be dueto the substitution of morecation (since0.1 M
Fedoping solution wasused inthiscase).

SEM analysis

Asthecrygdlinity of gpatitesstrictly dependsonthe
sintering temperature and as aconsegquenceit has al-
ready been shown that synthes zed gpatiteusudly forms
inwell crystalineshapeonly after snteringat 900°C, so
themorphol ogy and micro ructurd featuresof thecrys-
taline Fesubgtituted gpatitessynthes zed at thistempera:
turewerefurther examined by capturingtheir SEM mi-
crographs. Therecorded SEM pictures(Figure5and 6)
for cdcined (at 900°C) apatites appeared with having a
combination of different regular but agglomerated shapes,
such ashexagond, sphericd, etc.

Figure6: Sem micrograph of calcined Fe

CONCLUSON

Fe substituted or doped hydroxyapatite has been
successtully synthesized fromegg shell for thefirsttime,
which could be apotential and cost-effective bio-ce-
ramic materia for bone substitution in surgery, ortho-
pedicsand dentistry fields. The synthesized doped apa-
tites were characterized by XRF, FTIR, XRD and
SEM techniques and resembl ed the characteristics of
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TABLE 1: FTIR band positionsand corresponding assign-
mentsof calcined pureand Fecation doped apatites

Observed band positions (cm™) Corresponding

PureHA  FepoHA FegyHA assignments
570.9 561.2 565.1 PO,* bending (v,)
601.7 602.3 603.7 PO, bending (1)
962.4 961.3 9624 PO, stretching(1y)
1039.6 10162 101456 PO, bending (vs)

--------- 14193 142347 COZ% group (vs)
1650.0 16332 16394 H,Oadsorbed(v,)
350000 323152 34313 Structural OH

TABLE 2: Reativeintensity and d- spacing (hexagonal unit
cell) for calcined purehaand Fedoped HA

Fe oy HA Fe o5 HA Pure HA
d-_ _relati\_/e d-_ _relati\_/e d-_ _relati\_/e

spacing _intensity  spacing  intensity  spacing intensity
4.0710 8.62 4.0787 9.28 4.0748 6.38
3.8682 6.93 3.864 9.36 3.8999 4.45
34332 52.03 3.4353 38.68 3.4395 38.68
3.1835 12.35 3.1649 12.33 3.1673 8.36
3.0824 1231 3.0827 7.25 3.0861 14.60
2.8068 100 2.8119 100.00 2.8152 100.00
2.7735 61.11 2.774 52.90 27744 59.40
2.7180 59.53 2.7148 62.30 2.7183 55.42
2.6279 13.03 2.6298 20.99 2.6296 23.44
2.5238 27.23 2.5257 6.93 25271 5.30
2.2589 7.88 2.2604 22.47 2.2619 19.31
2.1450 2411 2.1480 8.60. 2.1482 5.28
2.0587 6.71 2.0594 5.27 2.0610 5.54
1.9417 5.10 1.9427 26.62 1.9443 28.19
1.8879 28.63 1.8891 13.43 1.8914 14.58
1.8414 15.17 1.8344 17.07 1.8413 32.19
1.8044 27.79 1.8042 15.39 1.8060 15.67
1.7789 17.08 1.7778 11.76 1.7806 11.83
1.7534 12.84 1.7538 12.50 1.7538 12.30

TABLE 3: Crysallographicinfor mation of calcined Fesub-
gtituted apatites

Parameters Calcined Calcined Calcined
Feposmw) HA ~ Fegawy HA HA
L attice parameter a=b 9.42 9.40 9.42
c 6.87 6.85 6.88
Crystallinity, X, 4.37 354 5.03
Crystal size (°A) 525.39 467.09 752.37
Volume 1578.30 1567.70 1580.60

pure HA. The changein concentration of doping so-
lution did not affect the formation of desired doped
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apatite. However, incorporation of such cationin hy-
droxyapatite structurewill play avital roleto enhance
the bioactivity and physiochemical propertiesof the
apatite. On the other hand utilization of egg shell will
open up an effective trail for waste management
through material re-cycling approach which will ulti-
mately beasignificant step towardsagreen and clean
environment.
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