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Abstract—Hydroxyapatite is the main inorganic component of bones 
and teeth. It has been extensively used as an implant material for 
bone substitute owing to its excellent biocompatible properties. 
Hydroxyapatite is used as a coating in medical implants as it is 
biocompatible. Hydroxyapatite based composite materials shows 
significant properties in the field of biomedical applications. In our 
present work, Hydroxyapatite was synthesized via wet chemical 
precipitation reaction. The reactants of the reaction were 
orthophosphoric acid and calcium oxide powder. Then we prepared 
four types of Hydroxyapatite based composites with 7.5 wt % each of 
Zinc oxide (ZnO), Titanium dioxide (TiO2), Ferric oxide (Fe2O3) and 
Ceria (Ce2O) via conventional sintering. These composite materials 
were taken in the form of powder. These powders were further 
pressed as cylindrical pellets of 10 mm diameter and 3 mm thickness 
in a hydraulic press. The density of these composite materials was 
measured by Archimedes principle using DI water and compared 
with the theoretical density. Subsequently, the porosity of each 
composite material is calculated. X-ray diffraction (XRD) analysis 
was carried out to identify different phases. X-ray diffraction (XRD) 
confirms the phase stability. The hardness of the composite materials 
was evaluated using Vickers’ hardness tester. It was observed that 
hardness of composite material increased with the addition of Fe2O3, 
ZnO, and CeO2. While the value of hardness of composite material 
decreased with the addition of TiO2. However, the maximum value of 
hardness increased with the addition of Fe2O3.  
 
Keywords: Hydroxyapatite, biocompatible, osteoinductive, 
osteoconductive, bio ceramic. 

1. INTRODUCTION 

In orthopedics, hydroxyapatite is used as a coating on bone 
implants due to its excellent biocompatibility. Hydroxyapatite 
has calcium phosphate elements which are the same as present 
in the inorganic parts of the bone. This is the main reason that 
hydroxyapatite is most used in orthopedic applications. 
Among the main areas of application, Hap is used as filling 
material for bone. Another factor to consider is the 
phenomenon called osteoconductivity, which occurs in 
materials which promotes the formation of new tissue. It is 
known that these materials should have high porosity (the 
order of hundreds of microns) to allow the development of 
bone within and across them.  

The development of new ceramics today must take into 
account to improve the mechanical properties for a better 
performance of the implants and also control the level of 
interaction between the material and surrounding tissue. 

Hydroxyapatite becomes one of the most important 
bioceramic materials for artificial bone owing to its excellent 
biocompatibility and surface active properties with living 
tissues. An ideal bone implant should be osteoinductive, 
reasonable and easy to shape and possessing adequate 
mechanical properties. 

Hydroxyapatite based composite materials for biomedical 
applications has gained lot of attention because of the high 
flexibility of apatite structure. 

Hydroxyapatite was synthesized via wet chemical 
precipitation reaction. The reactants of the reaction were 
orthophosphoric acid and calcium oxide powder. 

The media was deionized water and ammoniated water was 
added to maintain the pH of the solution. The prepared 
hydroxyapatite was calcined and then characterized. 

The various hydroxyapatite based composite materials were 
taken into account for study and analysis. The parameter 
which we considered is hardness. We desire the hardness in 
our composite material so that it can easily resist to 
deformation when subjected to under load. We observed the 
various results of the addition ZnO, TiO2 Fe2O3CeO2  in HA 
i.e. Hydroxyapatite. The related study and analysis are carried 
out and their results are reported. 

2. MATERIALS AND METHODS 

To prepare the composites, powders were added to HAp in the 
proportions of 7.5 wt % powder. Hap + 7.5 wt% ZnO, Hap + 
7.5 wt% TiO2, Hap + 7.5 wt% Fe2O3, Hap + 7.5 wt% Ce2O. 
For making 1 pellet, we take 

 

1.5gm Hap + 0.1125gm ZnO 
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The density of these composite materials was measured by 
Archimedes principle using DI water and compared with the 
theoretical density. Subsequently, the porosity of each 
composite material is calculated.  

Theoretical density was measured and after that the porosity of 
each sample is calculated.  

The values which we got from our experiment are shown here 
in the tabular form.  

In this particular experiment the value of the porosity is 
maximum in HA/CeO2. However, the minimum value of 
porosity is in HA/ZnO. 

“Table 1: Density and Porosity of Samples” 

Sample Archimedes’ Theoretical Porosity 
Hap 3.02 g/cc 3.14 g/cc 3.82% 

Hap/TiO2 3.02 g/cc 3.20 g/cc 5.63% 
Hap/Fe2O3 3.15 g/cc 3.23 g/cc 2.48% 
Hap/ZnO 3.19 g/cc 3.24 g/cc 1.54% 
Hap/CeO2 3.04 g/cc 3.27 g/cc 7.03% 

 
Let, Archimedes Density = ρa 

Theoretical Density = ρt 

Then, Porosity = (1- (ρa / ρt)) * 100 

3.3 Hardness 

Hardness testing was done by Vickers hardness tester. 

Vickers Hardness Test 

Parameter – 

Load Selection - 200gm Desired Load 

 

“Figure 3 : Vickers Hardness Tester” 

Following table shows the result of the each sample undergone 
through testing. 

“Table 2: Hardness Values of Samples” 

Sample  Hardness(GPa) 
Hap 2.9 

Hap/TiO2 1.9 
Hap/Fe2O3 7.4 
Hap/ZnO 3.8 
Hap/CeO2 3.8 

4. CONCLUSION 

The density measurement of the given samples revealed the 
value of porosity in each sample. X-ray diffraction (XRD) 
confirms the phase stability. It was observed that hardness of 
composite material increased with the addition of Fe2O3, ZnO, 
and CeO2. While the value of hardness of composite material 
decreased with the addition of TiO2. However, the maximum 
value of hardness increased with the addition of Fe2O3.  
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