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ABSTRACT: Hydroxyapatite (Ca10 (PO4)6 (OH)2 is the most suitable biocompatible material for bone and tooth replacement, 
the HAp powder was  synthesized using  biological waste of Mussel-shell as calcium source and using di-ammonium hydrogen 
phosphate (NH4)2HPO4 as phosphate source. The grained powder of mussel shell was dissolved in diluted Nitric acid (HNO3) 
and   di-ammonium  hydrogen phosphate was slowly added to the mixture while retaining the pH at 10 with ammonium 
hydroxide (NH4OH), followed by microwave irradiation for 30 min. After the residue calcined at 900° C for 2h, then the HAp 
soaked in simulated body fluid (SBF) at 37°C for several period of time like 7, 14 and 30 days respectively. After the specif ic 
period of soaking; the remainder was collected, washed and dried at hot air oven. The processed powder was described by 
numerous investigative techniques.  
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1. INTRODUCTION 
Hydroxyapatite (Ca10 (PO4)6 (OH)2) is one of the most  
important bio-material which has been commonly used for 
exchanging the injured portion of the human body, 
primarily for bones and tooth etc [1,2]. Exactly in current 
times, it has been proved that the usages of calcium 
phosphates in biomedical field is an wonderful tool which 
is importance plentiful uses on biomaterial division as 
dentistry, bone substitution, bone renovation provisions 
and drug relief systems [3].  
The produced Ag/Zn co-doped nano HAp initiates to have 
greater bio-activity and bio-compatibility to the expected 
calcium phosphate for suitable applications in the field of 
medicine [4, 5]. The technique linked with microwave-
irradiation is one of the best processes to synthesize nano 
size HAp, which covers shorter reaction time and lesser-
energy utilization etc.  In the previous period, it has been 
creating much evidence which covenant the fabrication of 
nano sized HAp over microwave-irradiation. However, this 
route involves being novel, tolerable to recover the 
biological destroy and regulated over the pollution [6]. 
In addition, agreeing to Kokubo and Takadama’s new 
results, a bioactivity of HAp could be proved by soaking in 
simulated body fluid for allowing to access apatite growth. 
Expected by the above effort, we tried and established the 
bio activity and biocompatibility of as synthesized HAp to 
be predictable to bone joining species and to form in-vivo 
apatite events. The formation can be imitate in a simulated 
body fluid with ion concentrations almost identical to that 
human blood plasma. The prepared powder sample, a few 
grams were immersed in 50 ml of SBF at 37°C for various 
timings and check their bioactivity [7].   

2. MATERIAL AND METHODS 
2.1 Synthesis of HAp 
The skeletons of mussel shells were collected and washed 

with tap water, followed by distilled water to get rid of 
surplus deposits and wastes. They were dried in direct sun 
light  for 24h  and creased by pestle and mortar [8,9], 200 
size net used to sieve then acquire fine powder [10].The   
mussel-shell powder was dissolved in dilute Nitric acid and 
the mixture was added to a solution of di-ammonium 
hydrogen phosphate. ZnCl3 and AgNO3 each 0.1gm were 
added to the solution prepared until that time and the pH 
was maintain at 10 using ammonium hydroxide. The mixed 
solution was stirred for 1hr and quickly shifted to a 
domestic microwave oven (LG, India) and irradiated at 
800W energy of frequency retaining 2.45 GHZ for 30 min 
frequently. After the irradiation, the deposit was washed 
with de-ionized water three times and then dried in a 
vacuum air oven at 60° C for 12hr [11]. 

2.3. Synthesis of Simulated Body Fluid (SBF) 
SBF is well-known as a metastable buffer solution 
containing calcium and phosphate ions previously 
supersaturated with respect to the apatite. The Ion 
Concentration of SBF   and human blood plasma value as 
depicted in Table 1. The SBF is prepared as follows, and 
even a small, undesired difference in both of the 
preparation steps and storage temperature may drastically 
affect the phase purity and high temperature stability of the 
prepared HAp powder, as well as the preparation of 
kinetics of the precipitation process. Merck-grade NaCl 
(99.5%), NaHCO3 (99.5%), KCl (99.0%), Na2HPO42H2O 
(99.5%), MgCl26H2O (99.0%), CaCl22H2O (99.0%), Na2SO4  

(99.5%), (CH2OH)3CNH2 (99.5%) and HCl  were used in the 
preparation of SBF for this study as tabulated in Table 2.  
Add 750 ml of deionized water in to a 1000ml of beaker 
(polyethylene beaker). Stir the water and maintain its 
temperature at 37oC with magnetic stirrer. Add each 
chemical given in the Table 2, into water until Na2SO4, one 
by one in the order given in the Table 2, after each reagent 
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was totally dissolved. 
Add (CH2OH)3CNH2  little by little with less than about 1g 
,in order to avoid local increase in pH of the solution. Place 
the electrode of the pH  meter in the solution measure its 
pH  value while the temperature at 37oC. If we add 1M-HCl 
solution with pipette to adjust the pH 7.40.Then add adjust 
the total  volume of  the solution to 1000 ml and store  the 
solution at 5-10oC in the  refrigerator [12].  

Table.1 Ion Concentration (mM) of SBF and Human 
Blood Plasma. 

 Ion 
Simulated Body 

Fluid 
Blood 

plasma 
Na+ 142.0 142.0 
K+ 5.0 5.0 

Mg2+ 1.5 1.5 
Ca2+ 2.5 2.5 
Cl- 148.8 103.0 

HCO3- 4.2 27.0 
HPO42- 1.0 1.0 
SO42- 0.5 0.5 

 
 

Table.2 The following - chemicals were used in the 
preparation of SBF solution with   deionized water 

Order Reagent 
Amount 

(in gm per liter). 
1 NaCl 7.996 
2 NaHCO3 0.350 
3 KCl 0.224 
4 Na2HPO42H2O 0.228 
5 MgCl26H2O 0.305 
6 1M-HCl 40 ml 

(About 90% of  HCl to be added) 
7 CaCl22H2O 0.278 
8 Na2SO4 0.071 
9 (CH2OH)3CNH2 6.057 

 
2.2 Characterization 
The XRD study of nano sized hydroxyapatite was observed 
by X-ray powder diffraction technique using Cu-kα 
radiation and the powder morphology was perceived by 

FE- SEM (JEOL JSM 6701-F USA) incorporated with EDAX 
(INCA, oxford instrument, UK) and FE-TEM (JEOL 2100 F 
JAPAN) techniques. The FTIR spectroscopy (RXI Perkin 
Elmer) was used to recognize the functional groups of 
hydroxyapatite. The XPS study carried out (Multilab 2000, 
Thermoscientific, UK) for elemental and molecular 
indication of the samples. 

3. RESULTS AND DISCUSSION 
3.1 Phase Analysis 
The XRD diffraction patterns of HAp powder calcined at 
900° C and immersed in SBF in several times were shown 
in Fig 1. The result shows that all the detected major peaks 
designate the presence of nanosized HAp in all the samples 
[13]. The observed peaks at 27.8° , 31.7°, 32.1°, 32.6°,   and 
38.1° (111) happens associated to the planes (002), (211), 
(112), (300) and (111) correspondingly. The (211) plane 
denotes the high crystallinity and confirms the formation of 
HAp. Evidently, these outcomes were good in agreement 
with standard JCPDS Card No.09-0432.  

D = k λ / β Cos θ. Where β = FWHM × 
π/180,K=0.94,λ=1.5406 Å 
The crystallite size was deliberate using Debye- Scherer 
formula for HAp powders, which reveals that the unique 
crystallite size of HAp before immersed in SBF was 19.72 
nm, 22.84 nm for HAp immersed after 7 days, 30.87 nm and 
40.06 nm for 14 and 30 days of immersion in SBF. Hence 
the improved crystallite sizes of the HAps are depicted in 
the Table 3 [14]. 

3.2 Chemical composition 
The FT-IR spectrum of Silver and zinc doped calcined HAp 
before and after immersion of SBF solution as shown in 
Fig.2. The distinguishing peaks corresponding to stretching 
vibration of PO43- ions at around 1091.07cm-1 -1041.39 cm-1 

and the peaks at 572.00 cm-1 - 602.26 cm-1 are assigned to 
the distortion of PO43- ions [15]. The presents of OH- 
stretching band around 3573.20 cm-1 and the weaker peak 
at 632.31cm-1 prove the presence of HAp[16]. The 
perceived doublet peaks around 602.26 cm-1 – 572.00 cm-1 
are recognized the creation of apatite. These peaks are due 
to bending mode of P-O bonds in phosphate group [17-19]. 

 

Fig.1 XRD- Analysis of Ag/Zn doped HAp powders before immersion (0 day), after soaked in SBF 7 days, 14 days and 
30 days 
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Table.3 Calculation of crystallite size of Ag/Zn doped Nano sized HAp 
S.No. Sample Crystallite Size (nm) 

1 Ag/ Zn doped HAp Before Immersed in SBF 19.72 
2 Ag/ Zn doped HAp Immersed after 7 days 22.84 
3 Ag/ Zn doped HAp Immersed after 14 days 30.87 
4 Ag/ Zn doped HAp Immersed after 30 days 40.06 

 

 
Fig. 2 FT-IR Spectrum of Ag/Zn doped HAp powders before and after soaked in SBF. (a)  0 day (b) 7 days  

(c).14 days  (d).30 days 

 

 

Fig. 3 FE-SEM images of Ag/Zn doped HAp powders before and after soaked in SBF, (a)  0 day (b) 7 days (c) 14 days (d) 
30 days 

 
Fig.4 EDAX Analysis of Ag /Zn doped HAp 
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3.4 TEM Analysis 
The results of TEM analysis of Ag/Zn doped HAp powder is 
reported in Fig.5. The shape and size of the synthesized 
powder particles appear to be small grains shaped 
morphology having rod-like shape of crystals structure. 
This outcome was more optimistic with the grain size 
calculated by Debye- Scherer formula [24].  
 

3.4 X-ray Photoelectron Spectroscopy (XPS) 
analysis 

The XPS presentation offers the possibility of 
single, among various categories of chemical bonds of outer 
atoms on the basis of the chemical shifts and adapts in 
shape of the XPS peaks. The investigation of  spectra 0 to 
1200 eV and the high resolution spectra of the O1s, Ca 2p, P 
2p , Ag 3d and Zn 3d were found in the above Fig (6). The 
surface investigation of Ag and Zn doped HAp achieved by 

XPS are illustrated in the Fig 7(a-e). The recorded spectra 
consistent to different elements (Ca, P, O, Zn, and Ag) are 
conversed. The relative combination of most important 
elements and XPS shifts (O 1s, Ca 2p, P 2p, Ag 3d, and Zn3d) 
for Zn and Ag doped HAp. The Ca 2p spectrum reveals a 
doublet with Ca 2p3/2 binding energy of 349.8 eV and Ca 
2p1/2 with binding energy 353eV. The P 2p spectrum 
reveals that a single P 2p3/2   peak at the binding energy 
located at 135.9 eV. The Ag 3d spectrum reveals that a 
doublet with Ag 3d3/2 and 3d5/2 with     binding energy of   
370.9 eV and 376.5 eV. The Zn 3d spectrum reveals a 
doublet with Zn 3d 1/2 binding energy of 1023.8 eV and Zn 
3d3/2 with binding energy 1048.0 eV. The binding energy of 
O1s is 533.3 in the above figure. O 1s, Ca 2p, P 2p is confirm 
the formation of apatite. In addition to present Ag 3d and 
Zn 3d is confirm the formation of silver and zinc doped 
nano hydroxyapatite [25-27].  

 

 

 

 

Fig.5 FE- TEM images of HAp powders: 
 

 

 
 

Fig.6 XPS survey image of Ag /Zn  doped Hydroxyapatite. 
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Fig.7 (a-e)XPS Spectra of Ag/Zn doped Hydroxyapatite 

 

4. CONCLUSIONS 
The Silver and Zinc doped Hydroxyapatite was synthesized 
using mussel shell. The low-cost method was used to 
prepare the HAp be given in this paper. All the 
experimental investigations are confirming the formation 
of Silver and Zinc (Ag/Zn) doped hydroxyapatite. The 
prepared HAp powder from mussel shell immersed in SBF 
might be more useful for treatment of bone defects and 
having bio- active and biocompatibility, The HAp also 
effective as a bone replacement material to promote bone 
formation. 
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