
Advances in Environmental Biology, 8(8) 2014, Pages: 2723-2726 

 

AENSI Journals 

Advances in Environmental Biology 
 

 
Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Corresponding Author: Saidatulakmar Shamsuddin, Universiti Teknologi Mara, Department of Physics, Faculty of  

           Applied Sciences, 02600 Arau, Perlis, Malaysia.   

Effect of Verifying Sintering Temperature of Ti-Nb-Sn with Hydroxyapatite 
Composites on Density and Porosity via Powder Metallurgy 
 
1Wan Nurul Syaza Wan Nawai, 1Norhanida Awang Kasani, 2Razif Nordin, 3Zainal Arifin Ahmad,  
4Saidatulakmar Shamsuddin   

 
1
Universiti Teknologi Mara, Department of Physics, Faculty of Applied Sciences, 40450 Shah Alam, Selangor, Malaysia.   

2Universiti Teknologi Mara, Department of Chemistry, Faculty of Applied Science, 02600 Arau, Malaysia 
3Universiti Sains Malaysia, School of Materials and Mineral Resources Engineering, 14300 Nibong Tebal, Pulau Pinang, Malaysia.  
4Universiti Teknologi Mara, Department of Physics, Faculty of Applied Sciences, 02600 Arau, Perlis, Malaysia.   

 
A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received  28 February   2014 

Received in revised form 25 May 2014 
Accepted 6 June 2014 

Available online 20 June 2014 

 

Keywords: 

Ti compositesBiomaterial 

PorosityHA Powder Metallurgy  

 Background: Fabrication of Ti-35Nb-2.5Sn-15HA composites was performed on 

elemental metal powders by blend the powder mixture for 10 min and then sintered 

with difference temperature in vacuum furnace. The samples were then subjected to the 
following test: densification, microstructure by using SEM and X-ray diffraction 

analysis. Objective: The aim of this study is to investigate the effect of verifying 

sintering temperature: 900°C, 1000°C, 1100°C, 1200°C and 1300°C of Ti-35Nb-2.5Sn-
15HA composites with regards to densification, porosity and microstructure.  Results: 

Result indicated that the density is slightly increase from 25.53% to 25.65% meanwhile 

the value for porosity is slightly decrease from 74.47% to 74.40% with the increasing of 
sintering temperature. Conclusion: The higher densification is achieved at 1000°C 

sintering temperature with 26.65% of relative density and with lower porosity of 

73.75%. 
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INTRODUCTION 

 

 Titanium and its alloys especially Ti-6Al-4V are widely used in implantology due to their high 

biocompatibility and easy biointegration [7,16,5]. However, Ti-6Al-4V alloys require surface modification 

before appliance in the human body due to vanadium that is be known to be a toxic element though these alloys 

have been registered as a standard alloys for biomedical applications [12]. Alloying elements like tin (Sn) and 

niobium (Nb) are biocompatible metals and have complete solubility in the α and β phases or just in β phases of 

titanium respectively [11]. Hydroxyapatite (HA, Ca10(PO4)6(OH)2), is a preferred biomaterial application due to 

its favorable osteoconductive properties with comparable crystal structure as the apatite in the human skeletal 

system and thus suitable for bone substitution [10,8,4]. The main advantage of porous materials is their ability to 

provide biological anchorage for the surrounding bony tissue via the ingrowth of mineralized tissue into the pore 

space and allow body fluids to be transported through the interconnected pores [3]. Powder metallurgy (PM) 

processing methods have contributed to the improvement of surgical implants specifically preferred in the 

orthopaedics and dentistry where a reliable implant-bone connection and high load bearing capacity are required 

[9]. Sintering process is regarded as an important procedure in PM technology for consolidating for desired 

composition under controlled conditions of temperature and time [2]. Aiming this material for biomedical 

applications, this study focused on the effect of verifying sintering temperature with regards to densification, 

porosity and microstructures of porous sintered titanium composites samples. 

 

Methodology: 

 Elemental metal powders of Ti (100 nm, spherical), Nb (100 nm, spherical), Sn (100 nm, spherical) and HA 

(200 nm, spherical) were weighed according to the determined stoichiometric composition of Ti-35Nb-2.5Sn-

15HA (wt.%) alloy with 2 wt% of stearic acid. The composites were consolidated via powder metallurgy route 

by blend the powder mixture at a rotating speed of 200 rpm for 10 minutes in a plastic container and uni-axially 

press at a pressure of 111.00 MPa, in cylindrical 15 mm die. The prepared green compacts were sintered in 
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vacuum furnace at temperatures of 900°C, 1000°C, 1100°C, 1200°C and 1300°C for 2 hours with heating rate of 

10°C/min. The density of the sintered samples was determined by Archimedes method. The density of the 

composites was determined by using the Archimedes principle according to ASTM B311-93. The bulk density 

and percentage of apparent porosity were calculated using the following formula: 
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 Where Wa= mass of test specimen in air, Wb = apparent mass of test specimen, Wc = saturated mass of test 

specimen [13]. The phase analysis of the sintered composites was investigated by X-ray diffraction (XRD) with 

Cu Kα radiation. The microstructures of sintered composites were observed by scanning electron microscope 

(SEM) with an electron dispersive spectroscopy (EDS). 

 

RESULTS AND DISCUSSION 

 

 Figure 1 shows the XRD phase analysis of the Ti-Nb-Sn-HA composites fabricated at varying sintering 

temperature. From the XRD analysis, it can be seen that Sn and Nb peaks of NbO and β–Ti4Nb are completely 

disappear starting at 1100°C. The peak of Sn disappeared thereby confirmed that Sn has been soluble in Ti and 

Nb to form solid solution meanwhile Nb have been dissolved in Ti lattice from 1100°C to form solid solution 

[14]. Some new phases are formed in the sintered specimens at high temperature such as CaTiO3 and TiO 

indicates that HA would react with Ti during sintering process [18].  

 

 
 

Fig. 1:  XRD diffractogram patterns of composite sintered at different temperatures  (a) 900°C, (b) 1000°C, (c) 

1100°C, (d) 1200°C, (e) 1300°C. 

 

 The percentage of relative density and total porosity at different sintering temperature are plotted in Fig. 2. 

The percentage of total porosity increases while the percentage of relative density decreases with increasing of 

sintering temperature from 900°C until 1300°C. The changes in porosity was correlated with the density; the 

density decrease with increasing of porosity [19,1]. To further illustrate in declining of densification with 

increasing in sintering temperature, Weinand reveals that the high oxygen concentration and porosity produced 

during sintering is the main correlated factor for declining the densification with increasing of sintering 

temperature [15]. Even though the sintering process were done under vacuum furnace, the HA 

(Ca10(PO4)6(OH)2) elements itself contains oxygen that will give effect to the density of the composites. The 

presence of oxygen elements can be illustrated by the formation of TiO, NbO and CaTiO3 in figure 1. 

 The pore morphology and distribution in porous Ti-Nb-Sn-HA composites sintered at 900°C, 1000°C, 

1100°C, 1200°C and 1300°C are shown in Fig 4. All the sintered composites have irregularly shaped pores 

(macropores and micropores) and a uniform pore distribution throughout the whole samples. When the sintering 

temperature increases from 1200°C to 1300°C, the pore characteristics change from small to large open and 

interconnected pores with the embrittlement and crack initiation sites with pore walls made up large particles 

with corrugated and thicker pore wall while composites sintered at 900°C to 1100°C revealed pores formation 

with thinner and smooth pore walls with small interconnected pores and closed isolated pores. The presence of 

the micropores and rough macropores surface can be seen through the sintered samples which is essential 

porous to achieve osteoinduction. The micropores in the macropores surface greatly enlarged the area available 

for protein adsorption, also potentially providing a suitable microenvironment for cell differentiation and bone 
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matrix deposition [6] meanwhile the interconnected porosity of implant materials is important for bone tissue in 

growth because it allows body fluid communication and nutrient transport [17]. 

 
 

Fig. 3: The relative density of sintered Ti-35Nb-2.5Sn-15HA with varying sintering temperature. 

 

 
 

Fig. 4:  Scanning electron micrographs of porous cross section Ti-35Nb-2.5Sn-15HA composites sintered at 

different temperature of (a) 900°C, (b) 1000°C, (c) 1100°C, (d) 1200°C. (e) 1300°C. 

 

Conclusion: 

 The effect of verifying sintering temperature of Ti-35Nb-2.5Sn-15HA on densification and porosity was 

investigated with density is slightly increase from 25.53% to 25.60% while porosity value is slightly decline 

from 74.47% to 74.40%. The higher densification is achieved at 1000°C sintering temperature with 26.25% of 

relative density and with lower porosity of 73.75%. It was found that the density is affected by oxygen 

concentration in elements show very slight variations with sintering temperatures plays an important role in 

determining the densifications of Ti-35Nb-2.5Sn-15HA composites.  
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