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Abstract 

The calcium phosphate-based biomaterials have been synthesized by microwave assisted co-

precipitation method. The calcium nitrate tetrahydrate and diammonium hydrogen phosphate have 

been used as calcium and phosphorus sources. The pH regulation has been performed by using two 

types of inorganic bases; sodium hydroxide and ammonium hydroxide during processing. The 

phase formation of the synthesized biomaterials with two different inorganic bases has been 

compared in this work. The synthetic samples have been characterized by using    X-ray 

diffractrometry (XRD), Fourier Transform-Infrared Spectroscopy (FTIR) and Scanning Electron 

Microscopy(SEM). These results show that crystallized monetite phase and biphasic calcium 

phosphate (20% of Apatite &80% of Beta tricalcium phosphate)have been obtained via sodium 

hydroxide assisted synthesis. Crystallized hydroxyapatite (HA) phase and biphasic calcium 

phosphate (23% of Apatite &97% of β-tricalcium phosphate) have been obtained via ammonium 

hydroxide assisted synthesis at calcination temperature of 900ºC. 
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Introduction 

Calcium Phosphate based biomaterials play a pivotal role as scaffolds for tissue 

regeneration and drugdelivery due to their chemical similarity to the inorganic phase of bone. 

Biomaterials are not only biocompatible but also non-toxic, immune agent, bioactive and 

osteoconductive. CaPfamily includes four main categories: Hydroxyapatite (HAP), calcium 

deficient Hydroxyapatite (CDHAP) (tetracalcium phosphate or octacalcium phosphate), biphasic 

calcium phosphate(BCP) and tricalcium phosphate (α or β-TCP).When precipitating CaP in basic 

aqueous solutions, three main different solid phases could be formed; either amorphous calcium 

phosphates, Octate calcium phosphates or HAP(Behzad and Gholam, 2015). 

These phases are different by increasing in their thermodynamic order and decreasing on 

the time scale. Although being similar chemically, their crystal structure, mechanical, physical 

and biological differ according to the processing parameters temperature, pH, partial pressure of 

water, aging time and the presence of impurities) (I Y.J.Zhu, F, 2014).  
 

Materials and Method 

Materials 

 In this study, calcium nitrate tetrahydrateand ammonium hydrogen phosphate were used 

as calcium and phosphorus sources. The pH regulation has been performed by using two types of 

inorganic bases; sodium hydroxide ands ammonium hydroxide during processing.Distilled water 

(H2O) was used as solvent. 
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Method 

 There are various methods of CaP synthesis such as precipitation technique, sol-gel 

approach, hydrothermal technique, multiple emulsion technique, biomimetic deposition 

technique, electrode position technique, etc. Each employs various process parameters. In this 

research, microwave-assisted precipitation method has been used to provide enhanced reaction 

rate and improved product field in chemical synthesis (E.Lerner, S. Sarig, 1991) 

Result and Discussion 

The synthetic samples have been characterized by X-ray diffractrometry (XRD), Fourier 

Transform-Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM). 

XRD Analysis of Calcium Phosphate Sample by Using Sodium Hydroxide before and after 

calcination 

The XRD pattern of Calcium Phosphate sample by using sodium hydroxide(inorganic 

base)has been shown in Figure 1. Figure 1 (a) showsthe XRD pattern of of synthetic Calcium 

Phosphate sample by using sodium hydroxide before calcination. The monetite(CaHPO4) 

hexagonal, space group of P63/m(ICDD-00-009-0432) has been observed as a major phase. The 

sharp intensity peak at 26.45°indicated that monetitephase could be attained by simple 

precipitation method at room temperature. 

 

Figure 1 XRD pattern of synthetic Calcium Phosphate sample by using sodium hydroxide (a) 

before calcination (b) after calcination at 900ºC 

Figure 1 (b) shows the XRD pattern of synthetic Calcium Phosphate sample by using 

sodium hydroxide at 900ºC. The formation of biphasics hydroxyapaitite (trigonal (H),R3c) with 

beta tricalcium phosphate with (hexagonal, P63/m) have been reported in (ICDD-00-009-0432). 

XRD Analysis of Calcium Phosphate Sample by Using Ammonium Hydroxide before and 

after calcination 

The XRD pattern of calcium phosphate sample by using Ammonium hydroxide(inorganic 

base) is hown in Figure 2. Figure 2 (a) shows the hydroxyapatite(hexagonal,P63/m) reported in 

(ICDD-00-009-0432). The sharp intensity peak at 2  value of 32.22° corresponding to (211) 

plane indicated that hydroxyapatite phase could be attained by simple precipitation method at 

room temperature. 

(a) (b) 
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Figure 2   XRD pattern of synthetic Calcium Phosphate sample by using  ammonium hydroxide 

(a) before calcination (b) after calcination at 900ºC 
 

XRD Analysis of Calcium Phosphate Sample by Using ammonium hydroxide after 

calcination 

The XRD pattern of calcium phosphate sample at 900ºC is shown in Figure 2 (b), the 

formation of biphasics; hydroxyapaitite (trigonal, R3c) with betatricalcium phosphate 

(hexagonal, P63/m) reported in ICDD-00-009-0432 (Baradaran S, 2013). 
 

Crystallite Size 

The crystallite size can be estimated using the Scherer's equation: 

  D = 
    

     
 

where, B = full width at the half maximum  (radian) 

 is the wavelength (Å),  is diffraction angle 

Table 1  Results of nano-sized Calcium Phosphate powders from(XRD) 

Inorganic bases Condition Crystallite size (nm) 

NaOH 
before calcination 33.24 

after calcination 41.98 

NH4OH 
before calcination 17.18 

after calcination 36.09 

 

Reference Intensity Ratio (RIR) Value and Weight Percentage 

Reference Intensity Ratio (RIR) value and weight percentage of constituent of the sample 

has been calculated by using following formula(I Y.J. Zhu, F.) 

  RIRHAP = I HA / (IHAP + I β-TCP) 

  RIRβ-TCP = I β-TCP / (Iβ-TCP + IHAP)  

  Weight % = (RIR ×100)% 

where, I HAP = maximum intensity of HAP phase 

  I β-TCP= = maximum intensity of β-TCP phase 

(a) (b) 
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Comparison of RIR Value and Weight % of Calcium Phosphate by Using Sodium 

Hydroxide and Ammonium Hydroxide  after Calcination at 900ºC 

Table 2 Comparison of RIR Value and Weight % of Calcium Phosphate by using sodium 

hydroxide and ammonium hydroxide after calcination 

Inorganic 

bases 
Phase 2 (deg) Plane 

Relative 

Intensity 

RIR 

value 
Weight(%) 

NaOH 
β-TCP 31.50 (0210) 149 0.80 80 

HAP 33.00 (112) 38.30 0.20 20 

NH4OH 
β-TCP 27.87 (214) 168 0.97 97 

HAP 34.50 (202) 38.30 0.03 3.0 

 

FT-IR analysis  

FT-IR Analysis of Calcium Phosphate by using sodium hydroxide before and after 

calcination 

The functional groups generally observed in the FT-IR spectra of calcium phosphate 

based materials are PO4
3-

, OH
-
, CO3

2-
, P2O7 and HPO4

2-
 groups in the range around 4000–            

400 cm
-1

.  

Figure 3 shows FTIR spectrum of Calcium Phosphate by using sodium hydroxide (before 

calcination).  The characteristic bands of phosphate groups have been appeared around 560–      

613 cm
-1

 and 1100–1000cm
-1

. There are sharp and well-separated peaks at 431.1 cm
-1

,          

560.97 cm
-1

, 601.49 cm
-1

 and 1026 cm
-1

 have been all attributed to the PO4
3-

group of monetite. 

The peak 3571 cm
-1

 has been attribute to OH- group and 861.80 cm
-1

 has been attribute to CO3
2-.

 

Figure 4 shows FTIR spectrum of Calcium Phosphate by using sodium hydroxide  (after 

calcination). The sharp and well-separated peaks at 542.61 cm
-1

, 589.85cm
-1

, 945.25 cm
-1

,      

971.61 cm
-1 

and 1023.63 cm
-1 

have been assigned to biphasics (β-TCP and HAP)groups. These 

results are in good agreement with the X-ray diffraction analysis. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3   FT-IR spectrum of CaP sampleby using sodium hydroxide(before calcination) 

 

3571cm-1 
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Figure 4  FT-IR spectrum of CaP sample by using sodium hydroxide (after calcination at 900ºC) 
 

Table 3 The FT-IR transmission bands of CaP sample using sodium hydroxide before and 

after calcination 

Calcination 

condition 

Transmission Bands(cm
-1

) of Chemical groups 

PO4
3-

 OH- CO3
2-

 

1  

symmetric     

  (P-O) 

stretching 

2            

(O-P-O) 

bending 

3 

asymmetric 

(P-O) 

stretching 

4  

(P-O) 

bending 

Stretching 

 

before 

calcination 
` 431.10 1026.30 

560.97 

691.40 
3571.00 

861.80 

900ºC 

493.83 

542.61 

589.85 

945.25 

971.61 

451.45 

1018.63 

1005.44 

1118.63 

1209.80 

- 

- 

604.19 

 

- 

 

- 

 

 

FT-IR Analysis of Calcium Phosphate by using ammonium hydroxide before and after 

calcination 

Figure 5 shows FT-IR spectrum of Calcium Phosphate by using ammonium hydroxide 

(before calcination). There are sharp and well-separated peaks at 560.94 cm
-1

, 601.01 cm
-1

, 

962.45 cm
-1

 and 1025.23 cm
-1

 have been all attributed to the hydroxyapatite group. 

Figure 6 shows FT-IR spectrum of Calcium Phosphate by using ammonium hydroxide 

(after calcination). The sharp and well-separated peaks at 493.83 cm
-1

, 542.65 cm
-1

, 603.98 cm
-1

, 

970.56cm
-1

 and 1015.68 cm
-1 

have been assigned to biphasic (hydroapatite and β- TCP) group. 

These results are in good agreement with the X-ray diffraction analysis (M. Sadat-Shojai, M.T, 2013). 
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Figure 5 FT-IR spectra of CaP sample by using Ammonium hydroxide (before calcination) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 FT-IR spectra of CaP sample by using Ammonium hydroxide (after calcination at 
900ºC) 

 

 

 
 

3571cm-1 
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Table 4 The FT-IR transmission bands of CaP sample by using ammonium hydroxide 

before and after calcination 

Calcination 

condition 

Transmission Bands(cm
-1

) of Chemical groups 

PO4
3-

 OH- CO3
2-

 

1  

symmetric     

  (P-O) 

stretching 

2            

(O-P-O) 

bending 

3 

asymmetric 

(P-O) 

stretching 

4  

(P-O) 

bending 

Stretching 

 

before 

calcination 
962.45 472.6 1025.23 

560.94 

601.13 

1338.55 

3571.00 

868.05 

900ºC 

493.83 

542.62 

589.42 

944.38 

970.56 

436.81 

1015.98 

1099.50 

1115.64 

1210.2 

- 

- 

603.98 

723.7 

- 

 

- 

 

 

Scanning Electron Microscopy (SEM) Analysis 

(SEM) Analysis of Calcium Phosphate powdersby using sodium hydroxide and 

Ammonium hydroxide before and after calcination 

Figure (7) shows SEM micrographs of the CaP powders by using sodium hydroxide 

before and after calcination. Figure 7(a) shows the monetite microparticles which were highly 

agglomerated. Figure 7(b) shows biphasics microsturcutre has been found. The grain size for the 

samples (after heating) have been estimated by using image J software and it is found to be              

1.20 µm (E. Lerner, S. Sarig) . 

 

 

 

 

 

 

 

Figure7 SEM micrographs of CaP powders by using sodium hydroxide: (a) before calcination 

(b) after calcination at 900ºC. 
 

Figure (8) shows SEM micrographs of the CaP powders by using ammonium hydroxide 

before and after calcination. Figure 8 (a) shows the formation and agglomeration of small 

irregular particles in the sample. Figure 8(b) shows homogenous microstructure and 

interconnected micropores. The grain size for the sample after calcination have been estimated by 

using image J software and it is found to be 0.56 µm. 

(a) (b) 
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Figure 8 SEM images of CaP powders by using Ammonium hydroxide: (a) before calcination 

(b) after calcination at 900ºC. 

Conclusions 

The synthesis of calcium phosphate biomaterials powder via microwave-assisted 

precipitation method has been reported. Two types of inorganic bases; Sodium hydroxide and 

Ammonium hydroxide have been used for the pH regulation. The XRD analysis proved that the 

well crystallized monetite phase was formed with sodium hydroxide where as hydroxyapatite 

phases with Ammonium hydroxide before calcination. The formation of biphasics 

(hydroxyapapite & beta-tricalcium Phosphate) after calcination has been identified by XRD and 

FTIR analyses. The biphasic biomaterials with different phases involving different RIR values 

could be obtained by assisting different types of inorganic base.  Note worthily, Observation on 

morphology proved that the formation of agglomeration of small particles(before calcination)and 

microstructures (after calcination)have been obtained by using sodium hydroxide. The formation 

of irregular particles(before calcination), homogenous microstructure and interconnected 

micropores could be obtained by using ammonium hydroxide in this research. In this study, when 

comparison of sodium hydroxide and ammonium hydroxide, smaller crystalline size, more 

percentage weight of TCP groups and homogeneous microstucture have been obtained via 

ammonium hydroxide.  
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NaOH (4g)+ DI water (50 mL) 

 

Mixed solution was stirred at room temperature for 10 min with 700 rpm 
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for 10 minutes with 100 rpm 

 

 

Stirred at room temperature 
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Mixed Ca+P solution 

 

 

Drop wise 

PH was maintained at 9 by addition of 7mLNaOH solution 

 

 

Transferred to microwave oven at a temperature 150 W for 15 minutes  

 

 

Filtered 

 

 

Washing with DI water for two times 

 

 

Dried at oven 105ºC for 3 hours 

 

 

clacined at 900 ºC 

 

 

CaP sample 

 

 


