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ABSTRACT

This system is focusing on characterization and spectroscopic studies of
PVA and PV P blend and the blend filled with various mass fractions (2.5, 5
and 10%) of HAp because it has great potential for applications in the
medical purposes. The films have been prepared by solution casting tech-
nique. Thecharacteristic propertiesof thefilmswere examined by FT-IR, X-
ray, SEM, TGA and DSC techniquesfrom room temperatureto 300 °C. XRD
scans reveal ed the semicrystalline nature of the prepared films and demon-
strated that compl exation between the blend and the HAp. SEM and thermal
studies confirmed these results. Three main weight loss regions were ob-
served in TGA thermogramsthat reveal reduction in the thermal stability of
the prepared samplesas HAp content increases. Three main transition peaks
wereobserved in DSC withasingl eT, whichindicates agood miscibility of
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the films. So, the present work can be used in various bio-applications.
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INTRODUCTION

Poly(N-vinylpyrrolidone), PV Pisusedinwideva-
riety of gpplications. It is also interesting for biological
point of view, sinceit hasstructural featuresimilar to
those of proteinsand has great potential for applica-
tions in the medical domain. PVP is a bio- and
hemocompatabl e polymer with very low toxicity, sothat
materiascoated with thispolymer can be used asmedi-
cd devicesintended for implantinginthe human body2.

PVP/PVA interactionshave been described inmany
papers becauseof interesting propertiesof theresulting
blend, which combinesthe features of both polymerg?.

Cassu et a.® attributesthe good blending of PVPand
PVA to hydrogen bonding which may take place be-
tween the proton-accepting carbonyl moiety in
pyrrolidoneringsand the hydroxyl sidegroup of PVA.
Hydrogen bonding isalso responsiblefor solubility of
both PVPand PVA inwater. PVP/PVA blendismainly
applied in medicine asaskin dressing component and
electrochemica asmembranes™.

Inthe past 30 years, hydroxyapetite(HAp) implants
haveattracted much attention asan dternative substance
for autogenousfreebonegrafting. It isthemost promi-
nent bioactivemateria sinceit formsachemica bond-
ing to boneand iswidely used and investigated. The
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synthesi zed hydroxyapatite with bone-bonding prop-
ertiesiswidely used in hard tissuereplacement dueto
biocompatibility properties®8.

HAp hasattracted cons derabl e attention asabone
substitute because of its mechanical propertiesand
the similarity with the mineral constituents of human
boneand teeth®. Additionally, synthetic HAp hasaso
been extensive studied in the fields of drug storage/
rel ease and the reconstruction of damaged bone to
their biocompatible, Non-toxic, osteoconductive, and
non-inflammatory properties'®. Moreover, because
of the high stability and flexibility of the apatite struc-
ture, agreat number of substitutions, especially the
compositesresulting from the cationic substitution are
of potentid applicationinthefieldsof dental and bone
pathol ogies, bioceramics, luminescence, water purifi-
cation, and catalysig*Y.

HApisusedin compositeform (HAp-polymer) to
retain useful bioactive propertiesaswell asenhance-
ment in mechanical properties. However, inthe com-
positematerid ssynthes zed based uponasmplephysicd
mixturethereisneither amorphologica control nor there
isany chemical interaction at theorganic-inorganicin-
terface. The mechanical properties of the composite
systems preparedin thismanner areinadequatefor bone
replacement applicationg*?.

HAp/polymer blend have been developed as
bone cements, dental implants or bone substitute ma-
teria™3. In thiswork, wereport the synthesis of pure
HAp and HAp embedded in PV P/PVA blend to form
abioactive compositefor bio-applications. After that,
study the physical propertiesof the prepared compos-
itesfilmsusing FT-IR, X-ray, SEM, TGA and DSC.

EXPERIMENTAL

Preparation of purehydroxyapatite

0.1M (whereM isthemolarity) of calcium nitrate
(Ca(NO,),).4H.,0O solution was prepared by double
digtilled water and stirred it on amagnetic stirrer about
6h at temperature 85°C to ensurethat thecalciumions
(ca?*) have been composed and then 0.06M of ammo-
nium dihydrogen phosphate (NH,H,PO,) solutionwas
added drop by drop to the solution with stirring about
6h at the sametemperature with adding somedrops of
ammoniasolution to adjust pH between 11 and 12. A
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milky white col oration was observed which ensurethe
formation of hydroxyapatite. All mixturewas|eaved at
room temperature about 24h to precipitate HAp and
then separatethe preci pitated amounts using center fu-
sonwithwashingit fivetimesby thedistilled water to
removeany tracesor impuritiesreactionand putitin
thedrier for 5hr at 80°C to remove the moister.

Prepar ation of HAp/(PVP+PVA) composites

Poly(vinyl pyrroldone), PV P, was obtained from
SISCO Research Laboratory Ltd. (Mumbai, India) in
theform of awhite powder. Poly (vinyl acohal), PVP
was obtai ned from E-Merck (Germany) intheform of
crystalswithM = 14000.

Equa amount of PV Pand PVA (50:50) by weight
percent were added to double distilled water (30%)
with stirring the solution at 80 °C to compl ete di ssolu-
tion until asuitableviscous solutionisformed and then
leave the solution for 3h at the room temperature to
avoid theformation of bubbles, after that the calcium
nitrate solution was s owly added. Thecacium nitrate-
blend solution was stirred slowly for 6h at the same
temperature and then the proper amounts (Ca/P molar
ratio of 5:3) of ammonium dihydrogen phosphate sol u-
tion were added drop by drop to the mixture. A milky
white coloration was observed when adjusting the
pH~11-12 to ensuretheformation of theHAp inside
the polymer blend. Thedifferent concentrations(2.5, 5
and 10 wt%) of HAp were prepared inside the poly-
mer blend. The prepared sampleswerekept in ades-
iccator until used.

M easur ements

FT-IR absorption spectrawere carried out using
the single beam Fourier transform-infrared spectrom-
eter (FT-1IR-430, JASCO, Japan). FT-IR spectra of
the samples were obtained in the spectral range of
4000-400 cm™. X—Ray diffraction scans were obtained
using DIANO corporation-USA equipped using Cu-
Ko radiation (A=1.540 A, the tube operated at 30 kV,
the Bragg angle (20) in therange of 5-60°. Scanning
electron micrograph of the studied sampleswas per-
formed using SEM (JEOL-JSM 6100), operating volt-
ageat 30KV accelerating voltage. Electron dispersion
X-ray (EDX) unit coupled with ascanning e ectron mi-
croscopewasused to provideasemi-quantitative andy-
ssof thechemica composition of hydroxyapatiteinthe
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HA p/polymer blend films. TGA was used to charac-
terize the decomposition and thermal stability of pre-
pared samples. The mass of the samplesisrecorded
whiletemperatureisincrease at constant rate. Differ-
entid scanning caorimetry of the prepared sampleswere
carried out using (DSC-50, Shimadzu, Japan) with
measuring temperature rangefrom room temperature
500°C and the heating ratewas 10°C/min.

RESULTSAND DISCUSSION

FT-IR analysis

Figure 1 a-c shows FT-IR absorption spectra of
the pure PV P, pure PVA and PVA/PV P (50:50 wt%)
polymer blend doped with 2,5, 5 and 10 wt.% of HAp
recorded at room temperaturein theregion 4000400
cmt. Thespectraexhibit bandscharacteristic of stretch-
ing and bending vibrationsof thefilms.
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Figurela: FT-IR spectrum of pure PVP.
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Figurelb: FT-IR spectrum of purePVA.
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Figurelc: FT-IR spectrum of PVP/PVA blend doped with O,
2.5,5and 10wt.% of HAp.

From the spectra, for pure PVP, very small ab-
sorption band at about 1539 cm? is assigned to the
characteristic vibration of C=N (pyridinering)4. The
absorption band at 962 cm* isassigned to the out-of -
planerings C-H bending!™.

On the other hand, for pure PVA, the wide ab-
sorption band at about 3385 cmt isattributed to O-H
stretching vibration of hydroxyl group. Theband cor-
responding to CH,, asymmetric stretching vibration oc-
cursat about 2939 cm™. Theband at about 1281 cm'?
correspondsto C-O stretching of acetyl groups present
on the PVA backbone. Where appearing of C=0
sretchingisdueto semicrystalinenatureof theblends.
Thevibrational band at about 1647 cnmr? corresponds
to C-O symmetric bending of PVA and PV P67,

It can be seen clearly from FT-IR spectra for
HAP/polymer blend composite at different composi-
tionsof HAPfillersthat thesmall characteristic band
of HAPat 925 cm isfor PO,; it wasdueto the P-O
stretching™.

It can be seen that the intensities of some charac-
terigticvibrationd bandsfor thoseHAP/blend composite
aredecreased; it indicatesthat the amorphousregions
inthecompositespolymer filmsare augmented.

X-ray diffraction

To obtain someinformation about thestructural and
crystdlineof theprepared samplesunder investigetions,
X-ray diffraction scanswerestudies. Figure 2 represents
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the X-ray diffraction of pure PVA/PV P (50/50) blend
and blendwith 2.5, 5 and 10 wt.% of HAp. Thefigure
showssmall peskswith someripplesandreaivey sharp
pesk centered a 20 ~ 20° reveal the semicrystalline na-
tureof theblend containscrystalineand amorphousstruc-
ture. Thispesk correspondsto (110) reflection, which
areconssent withthevauesinthestandard card (JCPDS
fileNo. 41-1049). Small peak at 20 ~ 10° is observed
for pure PVP, as reported in referencd®?9, |t can be
seenthat, the peak intensity at 20 ~ 20°decreased and
the band width increased withincreas ng the concentra-
tionsof HAp. Thisisbecause theinteraction between
HAp and blend lead to adecreasein theintermolecular
interaction betweenthe polymer chains. Theseresultsin-
dicatethat thecompos tes become moreamorphous.

%HAP/(PVP/PVA)

Intenisity (a. u.)

10 I 20 I 30 I 40 I 50 I 60
26 (degree)
Figure2: X-ray diffraction scansof pure PVP/PVA blend
filmsfilled with 2.5, 5.0 and 10wt% of HAp

Also may bethereisasignificant motion of poly-
mer blend chainsin the amorphousregion or may be
thereare some defectsexisting at aninterface between
thepolymer chainandthe HApfiller.

For 5 and 10 wt.% of HAp, it isrevealsthat the
crystallinity isincreased and the sharp peaks appears
at 16.88°,22.52°,27.71°,30.68° and 41.55° are cor-
responding to (101), (111), (210), (300) and (400),
respectively,?. These peaks may indicate that the ba-
sic apatite phaseis decomposed into different crystal -
line phases, these phases may be classified to a-
Ca,(PO,),, B-Ca,(PO,),, Ca,(PO,), and CaP,0,
whichidentifiedamongtheorigind apatite®.
Scanning electr on microscope

Toinvestigatefully the effect of HAp content, the

prepared filmswere studied by scanning el ectron mi-
croscope. Figure 3a-d shows SEM micrographsof pure
blend and HAp/(PV P+PVA) compositefilmswith dif-
ferent concentrationsof HAp. Itisobserved that most
the prepared samplesaretrand ucent and homogeneous.
For pure blend; image (a) shows a uniform surface
morphology revealing arather smooth surface. After
addingasmall concentration of cal cium phosphate (2.5
wt% image (b)) an aggregation of the cal cium phos-
phate particlesor chunksthat arerandomly distributed
onthetop surfaceisobserved. Thisindicatesthat the
ca cium phosphate particlesfillerswerecompletdy dis-
persed-wel | withinthe polymeric matrix.

Figure3a: Morphology of purePVP and PVP polymer blend.
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Figure3b: Micrographsof PVP/PVA blend doped with 2.5
wt.% of HAp at 10000X.
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Figure3c: Micrographsof PVP/PVA blend doped with 5wt.%
of HAp at 10000X.

Figure3d : Micrographsof PVP/PVA blend doped with 10
wt.% of HAp at 10000X.

It isrevealsthat there is more than one form of
HAp such as plates, needles and bundleswhich are
also observed with spherical form (5wt.% imagec).
Theseresultsrevea that the polymer and the calcium
phosphate are compatible and HAp is then formed
whichwill beconfirmed further withthe EDX analysis.
Thesurface of imaged, 10 wt.%, iscomposed of rela-
tively regular crystal and the crystalshave strong ten-

dency to aggregate.
EDX analysis
Another e ementa composition anaysishasbeen
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usedwhichisEnergy Dispersve X -ray anaysis(EDX),
fromwhichwecan get quditativeand quantitativeandy-
sisabout the specimen, i.ewe can know each € ement
inthesampleand itsconcentration. Inthe present work
asshowninFigure4, cacium and phosphate had been
detected in the sampleswhere the concentration of the
calciumismorethan the phosphate asthe peak of the
caciumismuch higher than the phosphate onewithra
tio Ca/Pis 1.65 which confirm the formation of hy-
droxyapatite were the Ca/P ratio in human boneis
1.671, Thusthe EDX anadlysisworksasanintegrated
feature of SEM and for the present work, it isaconfir-
mation for thecomposition of hydroxy apdtite.

Ca K,

Intensity
e
=l

1.0 2.0 3.0 40 5.0 6.0 7.0
Energy (Kev)

Figure4: EDX analyssfor HAp/polymer blend composteof
concentration 10wt% of HAp

Thermogravimetricanalysis

Thethermogravimetric analytical measurements
(TGA) of theHA p/polymer compositewithvariousHAp
compositionswith congtant hegting rate (10 °C/min) are
recordedin Figure5. TGA curvesinthefigurerevea
threemainweight lossregions. Theexplanation of these
regionsasfollows: @) The change of massinthefirst
region at temperature 50-100 °C could be attributed to
thepartia remova of physicdly and chemicaly adsorbed
water and possibly lattice water. thetotal weight loss
corresponding to this stage was about 3.77 wt.%, b)
The second trangition region (main region) from 280-
435°C is due to the degradation temperature of the poly-
mer blend?! with weight loss about 70 to 80 wt%; and
c) Thethird stageat 440 °C is due to the cleavage back-
bone of polymer blend or so-called carbonation and
thetotal weight losswas about 95-97 wt.%.
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Figure6: Ploting-log[_ T2 ] againgt 1000/T (K %) for

each sample.

Otherwise, the degradation peaks of the polymer
HAp/blend compositesamplesarel essintenseand shift
towards higher temperaturesin the temperature range
of 100 °C < T < 440 °C and also, we see that, pure
polymer blend showslarger weight lossinthistempera:
turerangewithimprove of thermal stability duetothe
additiveeffect of theHAPfiller and the chemicd reac-
tionsbetween theblend and HAp.

Deter mination of activation ener gy

Theactivation energy for thetherma decomposi-
tionfor TGA measurmentsof thepresent samples, which
dependson theresidua mass, can becaculated using
integra equation of Coats and Redferni!:

1-(1-a)" R 2RT 1 E

| =log——[1- -
ooz =100y == S Ry

where T istheabsolutetemperature, Eistheactivation
energy inJmol, Ristheuniversa gasconstant (8.3136
Jmol K), nisthe order of reaction and aisthefrac-
tional weight lossat that parti cular temperature calcu-
lated as:

W; —W,
Wi — W,

wherew, istheinitiad weight, w, istheweight at given
temperatureand w, isthefina weight of thesample.
For n=1, EQ.2 reducesto:

—log(1-a) R 2RT 1 E

—log—p1-2RT,_
17 17100 e e Sa Rt

log[

log(1

By ploting- |og[_T—2_a)] againgt 1000/T for eech

sample, we obtain straight lineas showninfigure6.
Thevaueof activation energy (E) wasca culated from
thedopeof theplot as:
E =2303Rxdope

Thevauesof calculated activation energiesof the
samplesare decreased from 64.25 t0 30.21 KJmole
withincreas ng thehydroxyapatite content whichindi-
catesthat the HApisintensivly affectsthe polymer.

Differential scanningcalorimetry

DSC measurements have been carried out to get
someinformation about transition temperaturesof the
prepared samplesandit isone of the most convenient
methodsto determine miscibility and thermal proper-
tiesof polymer blend!?,

The DSC thermogramsobtained for pure polymer
blend and the blend with different concentrationsof HAp
aredepictsinFigure 7. All sampleswere heated from
room temperature to 380 °C with aheating rate of 10
°C/minunder nitrogen atmosphere. Fromthisfigure, the
observed thermd transitionscan beassgned asfollows:
Thebroad exothermic pesk (T, ) at about ~48t0100C
for dl samplescould bedueto asmal amount of mois-
turepresentinthemunlessitiscarefully vacuum dried.

72

—— pure blend
1——2.5HAp
——5.0 HAp
7091 ——10 HAp

2.

-Log[-Log(1-a)/T7]

6.8

6.6

8.4 4

1.56 1.58 1.;50 1‘;52 1.64 1.66
1000/T (K™
Figure7: DSC ther mographsof (PVP+PVA) asahost mate-
rial with 2.5, 5and 10wt%. of HAp.

Theglasstransitiontemperature (T ) of pure PVA
is about 84 °C and 130 °C for pure PVP2"%, Pure
PVA/PVPblend curveshowsasmall singletransition
at about 98 °C attributedto T . relaxation processre-
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sulting from micro-Brownian motion of themainchan
backbone?, Ingenera, DSC curveof amisciblepoly-
mer blend system showsasingl eT or melting peak,
because the component polymer moleculeswould in-
teract with each other™. Thisinteraction would affect
the crystallization and glasstransition temperature of
theblend. The presenceof thissingl eT, indicatesmis-
cibility of theblend. Thismiscibility should be promoted
by hydrogen bonding formation between hydroxyl
groupsof PVA and carbonyl groupsof PVP.

The exothermic peak centered at about 166 °C
was attributed to a-relaxation associated with the
crystalineregiong®!. Theposition of o-rel axation tem-
perature (Ta) wasslightly shifted toward lower tem-
perature and itsintensity decreased with increasing
the mixed filler content. The changeintheposition of
To might mainly have been dueto the effect of HAp
ontheorientation of crystals, crystallinity and micro-
structure of the samples®?. Itisobserved that it was
disappeared at 10 wt%.

Sharp endothermic peaks observed at about 256
°Cisassignedto melting temperature (T, ) andthat at
about 342 °C isassigned to decomposition tempera-
ture(T,). Thedoubleendothermic peaks (for 2.5 and
5 wt.%) at about 330 °C may be assigned to second
decomposition temperature (T ). Itisclear that, the
melting temperaturedecreased with theincreaseof HAp
content. Thisdecreaseof T_ (from 256 °Ct0223°C)
suggestsalargeinfluence of theinterca ation treatment
of thepolymer blend matrices.

The position of T shiftstoward lower tempera-
turesfrom 342 °C to 307 °C indicating theformation
of anintermolecular interaction between the polymer
blend and mixed HAp. Thisconfirmsthe results ob-
tained by X-ray, FT-IR and SEM studies.

CONCLUSIONS

» PVA/PVPpolymer blend pureand filled with dif-
ferent massfractions of HAp have been prepared
using solution casting technique. For XRD, itisre-
vealsthat thecrystdlinity isincreased. Somesharp
peaksindicate that the basic apatite phaseis de-
composed into different crystalline phases, these
phases may be classified to a-Ca,(PO,),, B-
Ca,(PO,),, Ca,(PO,), and Ca,P,O, which identi-
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fiedamongtheorigina apatite.

» SEM for blend showsahomogenoussmooth struc-
ture but for blend/HAp reved sthat thereismore
than oneform of HAp such asplatesand needles.
EDX anaysisconfirmstheformationfor thecom-
position of hydroxy gpatite.

» TGA thermographsreveal that the degradation
temperature of polymer was shifted to lower tem-
peratures and thethermal stability isreduced due
to the chemical reactions between the polymer
and HAp. DSC study confirmed miscibility of the
blend dueto the presence of single glasstransi-
tion temperature. The magnitude of thermal deg-
radation temperature suggested that addition of
HAp totheblend filmsdecreasesthethermal sta-
bility; therefore, HAp molecul es greetly affected
the polymer structure.

» Hence, PVA/PVPpolymer blend filled withHAp
looks desirable and promising for fabrication of
variousbio-applications.
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