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Abstract - Hydroxyapatite(HAp) is effectively used as strength and osteo inductive potential. Collagen is
bone substitutes and tissue Engineering because it closely biocompatible, biodegradable and osteo inductive, acting as
resembles bone apatite and exhibits good biocompatibility and an excellent delivery system for bone morphogenetic
bioactivity. Hydroxyapatite and gelatin roteins. %!
doppedwithmagnesium chloride powder was synthesized P
throggh wet chemlce}l methoq. The obtained powder were Gelatin is a natural biopolymer obtained as a
physu:al_ly_ characterized using Powder X-ray analygls, hvdrolvsi duct of coll hich i fib tei
Transmission Electron Microscope(TEM) and Fourier ydrolysis proauc .0 co aggn, W I.C IS a " rous protein
Transform Infrared Spectroscopy (FT-IR) to reveals its phase found abundantly in the animal kingdom in the form of
content, morphology and types of bond present within it. hides, skins, bones and connective tissues. Gelation is one
Thermal analysis (TG-DTA) was carried out to investigate the of the natural polymer used as support material for gene
thermal stability of the powder. The crystallite size, lattice delivery, cell culture and more recently tissue engineering.
parameters, specific surface area ,  volume density, Gelatin —based systems have the ability to control release
microstrain and dislocation density also measured by using of bioactive agents such as drug, protein and dual growth
XRD data. factors.The natural water soluble biopolymer has to its

. credit a large number of applications in pharmaceuticals,
Keywords: HAp, XRD,FT-IR, TEM,TG-DTA. medicine, food, and other allied filed.®'nHAp / Gel

INTRODUCTION composite have been developed into a good candidate
material for hard tissue repairs because of their similar

Tissue Engineering presents an alternative composition to the hard tissue good biocompatibility and
approach for the healing of diseased, damaged and high osteoconductive activity. Very recently they have
traumatised bone tissue.™™. The biomedical composite have been also used as a drug delivery system for the treatment
been investigated or are currently under investigation as of bone infection and defects”. Magnesium is a
replacement materials for diseased or damaged tissues in fundamental element and prevents possible risk factors for
the human body. Polymer matrix composites, metal matrix osteoporosis in humans.® Magnesium chloride is a natural
composites and ceramic matrix composites have all been mineral. The various hydrates of Magnesium chloride such
made for possible human tissue replacement. However, as MgCl,(H,0),are typical ionic halides and are highly
polymer matrix composites are the most widely studied soluble in water.
composite materials for tissue substitution due to a number
of reasons: resemblance in composition and structure to the EXPERIMENTAL DESIGN
natural tissue, good bio compatibility, relative ease of .
manufacture, etc.,. There are a number O[E]natural polymers Materials
Composed. of mincrals and proeins. The. minerals ar The raw materlals required to start the processing
mostly apatites such as Hydroxyapat.ite fluorapatite, and of the co mposﬂg were: Calcium hydroxide Ca(OH), and
carbonateapatite.®! It’s stoichmetry is répresented b)’/ the Ammonium _ dihydrogen - phosphate ~ (NH,),PO,were
formula Calo(.Po4)60H2 It is comprised of calcium and obtained from Merk' (India). Gelat_lnPowder was purchased
phosphorus _ present in' the ratio Calp of 167 from Spectrum(!ndla). Magnesium Ch]o_nde purchased

. . . L from Loba (India) Ethanol and double distilled water was
Hydroxyapatite has attracted much interest as biomaterials

; . L Lo e e used as the solvent.
for use in prosthetic application due to its similarity in
crystallography and chemical compositio_n to tha't _ .of Synthesis of nanoHAp
human hard tissue."JHAp has excellent biocompatibility
with hard tissues and high osteo conductivity and Nano HAp was synthesized by following a
bioactivity despite its low degradation rate, mechanical modified wet chemical method. At room temperature, 5.56
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g of calcium hydroxide was first dissolved in a 100 ml
volume of an ethanol-water mixture (50:50%,v/v) and
stirred for 3h. A solution of 6.7 g (NH,)H,PO, was
dissolved in 100 volume of water and then added to the
CaOH, solution over a period of 24 hours. The amount of
reagents in the solution was calculated to obtain a Ca/P
molar ratio value equals 1.67, Corresponding to a
Stoichiometric HAp. The pH of the slurry was measured
digitally during the precipitation reaction, reaching a final
value of pH 11.

Synthesis of nHAp / Gelatin / Magnesium chloride
composite

Gelatin was dissolved in double distilled water
and then nHAp powder continuously rotated  using
Maganetic stirrer. Now was added a little amount of
Magnesium Chloride .Finally, The sample was dried using
by microwave ovenafter the sample was powderd using
morter vessel.

FTIR

The FTIR spectra of nHAp/Gel/MgCl, composite
are shown in Fig(1). The FTIR Spectrum was investigated
and carried out using PERKIN ELEMER Spectrometer in
the range of 400 Cm™ to 4000 Cm™. The function group
associated with hydroxyapatite were identified by FTIR
(Fourier Transform Infra red)spectroscopy. The composite
spectrum are similar to the spectra of real bone!®. The
sepcrtrum clearly indicate the peaks at 602.91 Cm’
11032.74Cm™ corresponding to Po,> ion. The peak
observed at 3269.69 Cm™ " corresponds to the stretching
mode of (-OH) group, which characterizes the presence
of hydrated calcium phosphate such as (HAp). The peak
1452.64Cm™ corresponds to the stretching vibration of
Cos” ions. C-O stretching was observed at 1660.14Cm™ .
N-H Stretching is observed at 1547.18Cm™.
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Figl: FTIR spectrum for nHAp/Gel/Mgcl,,
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XRD

X-Ray diffraction studies of the powdered sample were
carried out for phase identification using X-ray
diffractometerRigaku with monochromatic CuKa radiation
(A=1.5405A°) and scan range of 26=10° to 90°.XRD data
was matched with 1ICD no 09-0432. The diffraction peaks
are 20 =25.74, 31.748, 32.815 these peaks are assigned to
the Miller’s indices reflection planes are (0 0 2),(2 1 1),(3
0 0) indicates that the amorphous phase hydroxyapatite.
This XRD spectrum (Fig:2) indicates most of the high
intensity peaks positioned between 26 = 25°-34°. We
observed from the peak broadening, that the synthesized
HAp crystallite size present in Nano scale level. The d-
space values of 2.812 , 2.72 and the other d-spacing value
match with the hexagonal system with primitive lattice.

Line width(FWHM), 26 , Miller indices value and
Crystallite size are shown in the table 1. Fraction
Crystallinity, Specific surface area , Micro Strain and
dislocation density are shown in the table 2.

The Crystallite size were determined using Scherrer’s
equation.

D= KA
"~ B Cos6

Where, D is the crystallite size, K is the Shape constant
(0.9), A is the X-ray wavelength,8 in the diffraction angle
in degrees and P (in radians) is the half width full
maximum.

The crystal lattice parameters a and c, were
calculated using the formula.

1 4 +k*+hk) I?

d? 3 a? + c?

Where, d is obtained from the formula d=n)\/ 2 Sing.™
The lattice parameter values are a = 9.4241 and ¢ =
6.900.

The degree of crystallinity (X.) corresponding to
peaks determined using the relation.

X=(K/By’
Where, K is a constant with a value of 0.24 for HAp.

Specific surface area of the HAp determined by
the formula !

S = 6x10% d*p

Where p is the crystallite size and d is the theoretical
density of HAp = (3.16 g/cm®)

The volume (v) of the hexagonal unitcell of each HAp
formulation was calculated using the following relation. !
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V =2.589 a’c
V= 375.68

The micro strain (g) is calculated using the relation

(g) - B C4059
The volume of dislocation density () is calculated using
the relation .Y . &)=1/
D2
20 FWHM (hkl Crystal

size (nm)

25.794 0.274 002 5.191
31.748 0.825 211 1.7467
32.815 0.384 300 3.7629

Table 1: FWHM, 2 6, Miller induces value and Crystallize
Size for nHAp/Gel/Mgcl,,

Specific | Micro Dislocation Fraction of
surface strain density crystallinity
area

365.91 0.0667 | 0.0371 0.6719
1087.04 | 0.1983 | 0.3277 0.0246
504.59 0.0920 | 0.0706 0.2441

Table 2: Fraction Crystallinity, Specific surface area
Micro Strain and dislocation density for nHAp/Gel/Mgcl;.
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Fig 2: XRD spectru for nHAP / Gel / Mgcl.
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TEM

Transmission Electron Microscope (TEM) is a
technique which is used to find the morphology and the
particle size of the sample. Surface morphology is very
important to investigate nanostructure or nano particles.
The morphology of the sample was investigated by TEM.
Fig. (3) (4) (5) represented a typical TEM image of the
HAp/Gel/Mgcl,powder at different magnification. From
the TEM image it could be seen the agglomeration of rod
like type nano composite. The morphological structures of
the samples observed in this study were very similar to
those of the mineral phase present in bone and teeth. It may
create a bioactive bone between the material and tooth
structure, such as enamel and dentine, and provides better
mechanical properties due to its high-surface area to
volume ratio, superior chemical homogeneity and micro
structural uniformity morphology . The TEM image also
confirm that the particle sizes varies from 20-100nm. The
inorganic phase was further identified as HAp/Gel/Mgcl,
from the SAED [selected area electron diffraction] pattern
of the sample fig.6. The diffraction rings reflect the
crystallinity of sample SAED results of good agreement
with the lattie structure and exhibits excellent crystallinity,
however there is obvious diffraction pattern for HAp which
indicaes that its main composition is aamorphous
phase.polycrystalline rings for the (002), (211) plane of
hydroxyapatite are in good agreement with XRD analysis

Fig (3).TEM image for 50nm.
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Thermal analysis

Thermal characterization is important to know
material reactivity under specific temperature. The thermo
gravimetric analysis (TGA) and Differential thermal
analysis (DTA) (Fig:7) were carried out for a sample of
weight6.379mg. The sample were heated starting from
room temperature (29°C) and going upto 900°c, at heating
rate 30°C/min, on an aluminum support under a dynamic
nitrogen atmosphere (N2). There was an initial loss of
mass of the order of 5.4% between room temperature and
180°C. second loss occurred between 180°C to
280°C,equivalent to 3.9 %. The third loss between 280°c to
420°c, equivalent to 14.6 %. The maximum loss between
420°c to 700°c, equivalent to 15.8%.Beyond 700°c to
900°c no significant weightloss was observed. Almost
stable cure was noticed within this temperature range,
which indicates thermal stability of HAp/Gel/Mgcl,
powder. The DTA curves shows first endothermic peak at
380°c the melting point of the sample. The
secondendothermic peak at 475°c in the DTA curve
indicates the decomposition of the sample.
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Fig 7: TG/DTA for nHAP / Gel / Mgcl,,
CONCLUSION

nHAp/Gel/Mgcl, composite have been successfully
synthesized using the modified wet chemical method. FTIR
result conforms functional groups. The formation
nanoparticles was confirmed by XRD analysis and XRD
indicated the phase purity and crystallinity of powder
sample. The size and morphology of the powder were
characterized using TEM. SAED pattern are in good
agreement with XRD. The crystallite size, lattice
parameters, specific surface area , volume density,
microstrain and dislocation density also measured by using
XRD data. The nanosizednHAp/Gel/Mgcl, powder
produced can be highly useful as a bone replacement
material. The future application of nHAp/Gel/Mgcl, in the
Fig: (6) SAED pattern human biomedical was expected. Further studies is needed
to carried out in order to proof its safety and efficacy in the
human body.
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