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In the present work, effect of high energy ball milling (HEBM) of starting precursors of Hydroxyapatite/ HA system on the processing temperature, 
morphological, mechanical and electrical properties are highlighted. Calcination and sintering of HA system were carried out in microwave 
furnace. XRD study confirmed the evolution of HA phase and EDX analysis confirmed Ca/P ratio ~1.65. Average grain size of HA samples, 
synthesized by using microwave assisted HEBM technique was found to be ~ 54 nm to 75 nm. Enhanced dielectric and mechanical properties were 
obtained in HA samples. 
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 For biomedical applications like bone, teeth replacement 
etc., densed ceramics HA system has been widely used. 

 Good bio compatibility, bioactivity, dielectric and 
mechanical properties of HA system makes it useful as a 
promising implant material. 

 Microwave processing plays a vital role for maintaining 
nano-grains and compactness in the ceramic due to 
volumetric, uniform and high heating rate. 

 Nanoparticles of ceramics can be obtained  by HEBM 
with high rotation speed. 

INTRODUCTION 

Figure 2. FESEM images of HA pellets sintered at 
temperatures at (i) 950℃ and (ii) 1000℃. 

Figure 3. EDS spectra of (i)HA950  and (ii) HA 1000  

Figure 4. force versus extension graph 
showing breaking force 

Figure 5. Variation of dielectric constant with 
frequency at room temperature. 

Figure 6. Dielectric behavior with respect to 
temperature at frequency 10KHz. 

 From FESEM the average grain size was found to 
be 54.17 nm for HA 1000. Increase in grain size 
with the rise of sintering temperature was 
occurred which in turn higher the density having 
better mechanical properties.  
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 HA 950 950 24.97  2.58 54.17  1175 11.25 391.66 

HA1000 1000 29.67  2.61 75.86  1214 11.51 404.66 

ABSTRACT 

 RESULT AND DISCUSSION 

 Figure 1. XRD pattern of (i) calcined HA and (ii)sintered HA 

 XRD pattern shows evolution of HA phase with no secondary 
phase. Optimized calcination and sintering temperature was 
700℃ and 1000℃ respectively. 

 Presence of aluminium content confirmed from EDS spectra. 
 In temperature dependent dielectric curve, at ~ 50℃  maximum value of εr  was found to be 

~18 for HA 1000 samples. 

Starting Precursors (CaCO3 ,(NH4)H2PO4) 

High energy ball milling (600rpm, 10 hours) 

Zirconia balls  Ethanol 

Dried and grinded 

HA raw powder 

Calcination 

XRD 

 Binder addition, pelletization, sintering 

FESEM Mechanical study Dielectric study 

EXPERIMENTAL METHOD 

Figure 2. FESEM images of HA samples sintered at 
(i) 950oC and (ii) 1000oC. 

Figure 3. EDS spectra of HA samples sintered at (i) 
950oC and (ii) 1000oC. 

Figure 4. Force versus extension graph 
showing breaking force. 

Figure 5. Variation of dielectric constant with 
frequency at room temperature. 

Figure 6. Dielectric behavior with respect to 
temperature at 10kHz frequency. 

 From FESEM the average grain size was found to 
be ~ 75nm for HA 1000. 

 With the increase of sintering temperature,  
mechanical properties increases. 

 Sintering temperature of HA sample was 
optimized at 1000oC for 30 minutes. 

 

 Microwave assisted high energy ball milling synthesis process was found to be an 
effective method to produce dense  nano HA samples.  

 Hardness of HA 1000 sample was found to be ~1175 Mpa, which was useful for load 
bearing applications. 

 Grain size was maintained in nano size order (54 nm to 75 nm) which shows the 
usefulness of selected processing technique. 

 RESULTS AND DISCUSSION 

 Figure 1. XRD pattern of (i) calcined HA and (ii)sintered HA 

 At 700oC calcination temperature for 15 minutes, XRD pattern 
represents single phase (confirmed by using JCPDS card no. 76-
0694) with crystallite size ~22.13nm, calculated by using Debye 
Scherrer formula. 

CONCLUSIONS 
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