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ABSTRACT

Calcium phosphates (CaP) based bioceramics play role in several biomedi-
cal applications. In this study,hydroxyapatite (Ca (PO,) ,(OH),) was syn-
thesized by sol-gel method. Calcium nitrate (Ca(NO,),.4H,0) and phospho-
ric acid (H,PO,) were used as calcium and phosphate precursors in methy!
alcohol solvent. Theinfluence of the aging time (12 h, 24 h, 10 days, 20 days
and 30 days) of the sol on the structure of the CaP powders was
investigated. The results of stability showed that it remained stable not
altering the final powder during one month. After remove the solvent by
heating at 100°C a white powder was obtained. The effect of calcination
temperatures on composition of the HA phase were characterized by FTIR,
XRD and SEM. These techniques confirmed the presence ofthe typical hy-
droxyapatite phase and CaO. The results ofhydroxyapatite synthesized by
sol-gel method showed a required stability to be applied on coating
ofdentistry and orthopedic implant using the sol prepared at the period of
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one month.

INTRODUCTION

Hydroxyapztite (Ca (PO,),(OH),, HA), isanatu-
raly minerd form of calcium apatite congtituting of bone
gructures. Micro and nanos zed synthetic ca cium phos-
phate compunds have been used in orthopaedic, den-
tal, and maxillofacid gpplicationsto trestment of bone-
related | osses diseases. The hydroxyapatite crystalites
in human bone, dentin, enamel and cementum aresmall
insizeand can be considered as nanostructured mate-
rial§12%, Nanosized-HA has been a soapplied toanti-
tumoraldrug ddlivery systems, osteomyelitistreatment
and suppressor agent of tumor cell proliferation5678,
Typica applications of medical grade hydroxyapatite
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are powders, dense bl ocks, macroporous blocks and
granules (~55-60% porogity), for implant coating, bone
grafting, augmentation, infilling and preformsthat the
surgeonwill shapeduring surgery!®.

In literature, several synthesis methods for hy-
droxyapatite have been described, including mechano-
chemical synthes's, combustion preparation and wet
chemigtry technique. Thesol—gel method is a wet chemi-
cd method that involvesfivemain stages: (1) sol prepa
raion, (2) gelation, (3) aging, (4) drying, and (5) dens-
ficationand crystdlization. Thisfina stageprovidesa
controlled porous structure, aresidual reactants re-
moved, and crystdlization of inorganic phasesafter low
temperatures*
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Therefore, sol-gel method hasreceivedincreasing
attention in recent yearsdueto itsversatility and excel -
lent control over physicochemica propertiesof obtained
materials. Some potential advantages should bere-
ported, such aslow pH vaue, simplicity, low cost of
the equipment, homogeneous composition and high
purity phase obtained. This method al so offersamo-
lecular mixing of the calciumand phosphoruswhichis
cgpableof improving the chemica homogeneity. More-
over, thehighresctivity of thesol—gel powders allows a
reduction of the processing temperature and of any
degradati on phenomenaduring sintering®9

Nowaday, therearefew recent reportsthat describe
the sol-gel method using as precursors Ca(NO,).4H,0
and H,PO %1%, |t should be emphasized the | atest
publications using these precursors are reported by
Sanoshet. al. (2009). Therefore, thereisagap to be
investigated using the sol-gel method to obtain powder
of calcium phosphatesof biologica interest.

It hasbeen established that, to produce HA coat-
ings, sol—gel solutions must be aged for a period of time
before deposition onto substrate materials and subse-
quent hydrolysisand heat treatment(4816171, Theaim
of thiswork wasto evauatetheinfluenceof agingtime
of the sol (formed by cal cium and phosphate precur-
sors) onthe synthesis of hydroxyapatite powders, in
order to beapplied forcoatings on titanium surfaceand
itsaloysfor dentistry and orthopedicimplants.

EXPERIMENTAL

The starting materialsused inthe synthesisand ex-
perimenta procedurewereanalytical grade reagents.
Thedetall processto obtainHA viasol-gel method was
shownin theflow chart (Figure 1). Ca(NO,),.4H.,0
dissolvedinmethyl d coholremainingunder ftirringand
H,PO, dissolvedinmethyl a coholremaining under stir-
ring but the second inice bath. The second solution
wasadded at first solutioninicebathremaining under
stirring. The concentrations of thereactantswere cho-
seninorder to obtain aCa/P molar ratio in sol ution of
1.67, corresponding tostoichiometricHA. ThepH value
of thefinal solution wascloseto 2. Thereaction was
submitted bellow:

10Ca(NO,), 4H,0
Calo(PO4)e(OH)2(aq) +20H NOB(aq) +38H
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Figurel: Schematicflow diagramfor obtained HA powder by
sol-gel method.

Thefina solutionwasmaintanedunder refrigera-
tion for 12 and 24 h, 10, 20 and 30 days in order to
investigate the effect of aging timeintheformation of
HA phase powder. After that, aged samplesweredried
inaheating plate at 100°C for 12houror until all the
solvent wasremoved. Sequentialy, the sampleswere
submitted to heat treatment at 700°Cfor 1h, using a
heating/cooling rate of 5°C/min.

The powderswere characterized by scanning el ec-
tron microscopy (SEM), X-ray diffraction (XRD) and
Diffuse-Reflectance Fourier-TransformMid-Infrared
Foectroscopy (DRIFT). Thescanning € ectron micros-
copy (SEM) was performed using aLLEO microscope,
model 440, coupledtoaSi (Li) energy dispersiveana
lyzer with Bewindow, model 760 and 133 eV spec-
troscopic resolution by dispersive energy — EDS. X-
ray diffraction (SiemensD5000 X-ray diffractometer)
was carried out using Cu Ka radiation (A=0.154 nm)
at 50 kV and 100 mA between 26 values of 4° - 60°
with astep size of 0.02°. Fourier transform infrared
spectroscopy (Nicolet Magna 550 spectrophotometer
withdiffusereiiectance DRIFT CollectorTM) was used
to andyze the phase and structure of the apatites coat-
ings, and the spectra were collected over the range
4000-500 cm™.
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RESULTSAND DISCUSSION

TheFigure2 correspondsto theresults of thermal
analysis(TGA-DSC) of thedried powder beforethe
heeting treetment. Thethermogravimetry (TG) showed
atotal weight loss of 45%. At temperatures below
200°C a weight loss of 15% was observed that associ-
ated to an endothermic event between an exothermic
region, can be attributed to the physically adsorved
water™, TG curve hasremarked aweight lossof 10%
inthetemperaturerangefrom410t0425°C. The event
can be attributed to condensation of HPO, alowing
theformation of pyrophosphate phase. TheDSC curve
showsapeak maximum temperatureat 550°C that can
be attributed to endothermic event of crystallization of
hydroxyapatite phase, associatingamainly weight loss
of 20%. At higher temperatures no more weight
losseg™ 161,

Figure 3showsthe XRD patternsof obtained pow-
dersfrom aged solutions of 12 and 24h, 10, 20 and 30
days, and calcined at 700°C. XRD patterns revealed
Ca,(PO,),(OH),(#:89-4405). A small amount of cal-
cium oxide (#: 37-1497) were observed as a second-
ary phase (20, 37.4 and 53.9). Therefore, further
completion of thesereactionswasfound to reduce CaO
content and Ca/P molar ratio of calcined samplesap-
proaches stoichiometric vaue 1.67 sincethe Ca(NQ,),
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Figure2: Thermal analyssof thepowder after dried at tem-

peratureof 100°C.

mol ecule hasa most been incorporated into the com-
plex. Thereaction of H,PO, with Ca(NO,),-4H,Ore-
aultsintheformationof agel, and with the progress of
the reaction aviscous liquid was obtained. It can be
speculated that Ca(NO,),-4H,0 probably resultsinthe

generation of akoxy-nitrate saltsthat participateina
polymerization reaction with the partialy hydrolyzed
phosphate precursors. The polymerization reaction,
thereby, resultsinthegd . Sinced| theca ciumnitrateis
not transformed into akoxy-nitrates, for thosegel ssub-
jecttolong and short-term aging, the presence of CaO
phaseresults primarily fromincompletereaction, leav-
ingaresdud nitrate. Sincethehydrolysisof phospho-
ric acidismuch dowerthan alkyl phosphate®, timeag-
ing, may not be helpful in hydrolysisand the P-O—Ca
linkageformation. Researchershaved so reported smi-
lar formation of CaO in sol—gel processing of HA
phasel'®19, According toChai and Ben-Nissan
(1999)12% phosphorus containing precursorshave high
potential for volatilization above 650°C!?U, hence
Ca(NO,), moleculesmay not get compl etely incorpo-
rated into thecomplex whichisevident by higher Ca/P
molar ratio at 700°C and above Sanosh et al.?@ inves-
tigated thatheating HA powder at 700°C and above
induced ahigh crystalineHA diffraction peakstogether
with minor CaO peaks, theformation of CaO phase,
whichwasattributed to phosphorousvolatilization.

Accordingto XRD anaysis, HA crystallinewas
synthetized at 700°Cfor all aging times[*%1". Thereby,
it was observed ahigh stability of aged samplefor 30
days.
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Figure3: XRD analysisof thepowder safter heat treatment
for different agingtimes.

10 days

20 days

Figure4 showstheandyssof FTIR, conductingto
identify thefunctional groups of HA phasein agree-
ment withthe XRD results. Thesharp band at 3644cnr
Tappeared dueto the stretching vibration mode of the
lattice OH-ions. The band at 635 cmisattributedto
O-H deformation mode. Theprincipd vibrationad modes
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Figure4: FTIR of thepowder safter heat treatment for differ-
ent aging times.

of PO,* tetrahedron were assigned at 1040, 960, 601
and 565 cnr*723, The band at 960 cm? referred to
symmetric stretching mode of P-O bonds v, , the dou-
bly degenerate O-P-O bending modes v, at 565 cm?,
thetriply degenerateasymmetric P-O , a 1040 cmr'as
well asthetriply degenerate O-P-O bending mode v,
at 601 cmri*"%, Therefore, FTIR analysisshowed all
typical absorption bandsof HA phasecalcined at 700
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°C for all aging times. The broad band at 3430 cm'™
and 1646 cm'! are associated to vibration of hydrogen
bonded OH of adsorbed water*1"21, Additionally, a
weak band at ~3640 cmtin the spectra of the pow-
derscacinated at 700 °C can be assigned to the stretch-
ing vibrations of OH groups contained Ca(OH),, re-
aultingto HA decomposition giving free CaO followed
by itsreaction with water.

Hgure5showsthe micrographiesof HA phase pow-
derscalcined at 700°C for different aging times. The
aged samplesfor longer aging timetendto be highly
agglomerated dueto primary drying of gd formation. It
was al so observed an increasing of the cross-linked
gructure. Thenudl eation and growth of HA phasewith
temperature can be described by nucl eation-aggrega-
tion-agglomeration growth mechanism theory explained
by Randolph and Larson (1986)? and Rodriguez et
al. (1998)1%, Figure 6. According to mechanism, HA
particlesynthesisinvolvesfollowing steps: (8) nuclegtion
and growthtoform HA crystdlites, (b) aggregation of
elementd crystalsby molecular attractionsg? of differ-

Figure5: Sem micrographiesof thehapowder scalcined at 700°¢ for different aging times: (a) 12 h and (b) 30 days.

ent micrometric/colloida scaleforceswhich cause sur-
facefreeenergy minimization, (c) further crysta growth,
at acongtant res dua supersaturation, acting ascement-
ing agent inside the aggregatesto form agglomerate.
Theincressein particles zewithtemperaturetakesplace
by aggregation of these agglomerated particlestoform
secondary particle. Feng et a. (2005) explain that re-
sulting cross-linked structure of the molecules should
increase during aging. However the synthesismecha
nism of theHA powdersobtained by sol-gel methods
isnotwell known™.

CONCLUSIONS

Theresultsof HA phase powders synthesized by
the sol-gel method, using the alternative precursors
(Ca(NO,),and H,PO,), showed a good stability for
agingtimeof 30 days. The crystdlinity and Ca/Pratio
of theresulting particleswerefound to be dependent
on the calcination temperature. When Ca/Pratio ex-
ceeded 1.75, formation of CaO phasewas observed,
whichwaséttributed to phosphorousvolailizetion. The
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method of synthesisshowed that theHA , with varying
inthe period of one month, can be effectiveusingthis
simpletechnique. It should be advantageousfor appli-
cation of sol-gel method in cal cium phosphates coat-
ingsontitanium surfaceand itsalloysfor dentistry and
orthopedicimplants.
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