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 Titanium based alloys have proven it’s suitability as an implants material in bone 

surgery over many years in the field of medical.  However, all metallic biomaterials Ti 

alloy have poor biological activity. In order to overcome these problems of Ti alloy, HA 
(Ca10 (PO4)6(OH)2 ) is one of the most attractive bioceramic materials for human hard 

tissue implants was applied.  In this work, Ti-35Nb-2.5Sn/xHA (HA, x= 5, 10, 15, 20, 

25 wt %) were fabricated by powder metallurgy.  The green samples were sintered at 
900°C for 2 hours.  Result indicated that the density was slightly decreased from 26.34 

% to 26.08 % meanwhile the value of microhardness decreased from 195.77HV to 

125.13 HV with the addition of HA weight percentage. The addition of HA particulate 
up to 15 wt % increases the matrix resistance to deformation, consequently resulting in 

improvement of microhardness of composite. 
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INTRODUCTION 

 

 The uses of bioceramics have been revolutionizing the biomedical in development of implants for humans. 

Many implants materials made of ceramics have been used for the past three decades. Investigation has been 

done towards the potential use of ceramics/ceramic composites in order to improve the biocompatibility and 

mechanical strength of implant materials [7]. One of bioceramic that commonly been used in biomedical field is 

hydroxyapaptite (HA).  

 HA has the chemical formula of Ca10(PO4)6(OH)2,  with the Ca/P ratio being 1.67 and possesses a 

hexagonal structure. This phase is the the most stable among various calcium phosphates and stable in body 

fluid even in dry or moist air up to 1200°C and does not decompose [7]. HA has been widely used as a bone 

substitute in restorative dental and orthopedic implants, due to its chemical and crystallographic structure similar 

to bone mineral [4]. However, at present HA cannot be used for load bearing applications, because of its poor 

properties compared to natural bone [1]. To overcome this problem, the HA was mix with Ti alloys.  

 Titanium and its alloys were widely used as dental and orthopedic implant materials due to their excellent 

corrosion resistance, biocompactability, high degree of strengh- to- weight ratio, as well as the combination of 

high strength and low Young’s modulus [5]. In order to mix Ha with Ti alloy, the powder metallurgy technique 

was used due to the ability to fabricate the composites with a large fraction of reinforcement [6]. Moreover, the 

Powder Metallurgy(P/M) method offered the lower cost compared to the conventional process. In addition, the 

used of PM in the biomedical area gave the great benefit to the production of prosthesis near to the final format 

(near net shape), dense or with controlled porosity [3].  

 In the present study, the addition of HA weight percentage into Ti-Sn-Nb was investigated. The effect of 

the HA on the Ti- 2.5Sn - 35Nb-HA composites was analysed based on microstructure and mechanical 

properties. 

 

Methodology: 

 Elemental metal powders of Ti (≤100 nm), Sn ( ≤100 nm), Nb ( ≤100 nm) and HA( ≤200 nm) were 

weighed  according to composition Ti-2.5Sn-35Nb-xHA. The composites samples were prepared based on 5, 
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10, 15, 20, 25 wt % of HA. The samples were prepared by mixing the initial powders in plastic jar at 200 rpm 

using roll mill for 10 min. The mixed powder was poured into a 15mm diameter die and uniaxially pressed at 

pressure of 111 MPa. The disc were sintered in vacuum furnace at temperature 900°C for 2 hours.  

 The density of the sintered samples was determined by Archimedes method according to ASTM B311-93. 

In this technique, density was determined by measuring the difference between a specimen’s weight in air and 

when it is suspended in distilled water at room temperature. The bulk density was calculated using the following 

formula 

 

 
 

 where Wa = mass of test specimen in air, g; Wb = apparent mass of test specimen, g; Wc =  saturated mass 

of test specimen, g.  The microstructures of sintered composites were observed by scanning electron microscope 

(SEM) with an electron dispersive spectroscopy (EDS). The SEM samples were prepared using conventional 

technique of grinding and mechanical polishing. The Vickers microhardness data discussed in this study were 

obtained using Leco Microhardness Tester machine. The value was directly determined by size of indentation 

measured at five point on the surface of the sintered composites and the average value adopted as the Vickers 

microharness of the composites. 

 

RESULTS AND DISCUSSION 

 

 Relative density trends of the composites are shown in fig 1. The addition of 5- 15 wt % HA increases the 

relative density from 26.34 % to 26.73 %. However, an increase HA content from 20 to 25 wt % resulted in 

decrease of relative density from 26.64 % to 26.08 %. This might be due to the reduced compressibility of the 

powder. Higher amount of HA particles reduced the green sendity of the presintered compact due to a reduction 

in flow (plasticity) during compaction. Thus, its  leads the composites to become more porosities (Shamsuddin, 

et al., 2010).  

 

 
 

Fig. 1: HA content dependence of relative density of the Ti - Sn – Nb- HA  composites. 

 

 Fig. 2  shows the SEM micrograph of Ti-2.5Sn-35Nb-HA composites. The distribution of the HA particle 

in the Ti-Sn-Nb-HA is noticeably uniform. A uniform distribution of ceramic becomes impracticable when the 

content of ceramic is higher due to the inadequate ratio of surface areas between matrix alloy particles and 

ceramic particles as shown in fig 2 (d) and (e). Fig 2 (e) shows that the agglomeration of ceramic is higher due 

to the bridge formation of  some ceramic between  matrix particles, and clustering of reinforcement starts to 

form in the composites [6].  
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Fig. 2: Microstructure of Ti – 2.5Sn – 35Nb /HA composites with  (a) 5wt %,  (b) 10wt%,  (c) 15wt%,  (d) 20wt  

% and  (e) 25wt % HA addition. 

 

 

 
 

Fig. 3: HA content dependence of  Vickers hardness. 

 

 Fig 3 indicates the effect of HA addition content into the composite. The result shows that the addition of 5-

15% of HA was increased the hardness of composite from 195.77 HV to 308.07 HV. This is because HA act as 
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barrier for dislocation flow in Ti alloy and this agreed with Khairel [2]. However, the hardness of composite was 

reduced when 20-25% of HA was added as presented in fig 3 from 207.93 HV to 125.13 HV. The decrease in 

composites hardness was due to the agglomeration of HA content in the composite which leading to the 

formation of more porosity [6].  

 

Conclusion: 

 The composites of Ti- Sn – Nb – HA were successfully fabricated using the powder metallurgy method. A 

relatively uniform distribution of the HA throughout the matrix was revealed by SEM. The HA particle limits 

plastic deformation; thus, the addition of HA particulate up to 15 wt % increases the matrix resistance to 

deformation, consequently resulting in improvement of microhardness of composite. 
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