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Abstract- The applications of titanium (Ti) based alloys are widely used as orthopedic implants owing to their excellent 
combination of mechanical properties, corrosion resistance and outstanding biocompatibility. In the present study, Ti-based 
biomaterial (TiNbZr) with different porosity was fabricated by powder metallurgy. The porosity of fabricated samples is 
close to natural bone; also the compression strengthsof the samples are higher than that of natural bone. Adding Nb and Zr 
elements in to Tiare strong β-phase stabilizers in Ti-based alloys, and thus contribute significantly to a decrease of the elastic 
modulus of the alloys. The reduced elastic module doesn’tcause wear of bone. SEM-EDX and XRD analyzed show that α 
and β phases are seen in the microstructure of TiNbZr alloys. Porosity decreases with increasing sintering temperature and 
compressive strength increases with decreasing porosity. Also,α phase convert to β phase with increasing sintering 
temperature, and so the structure consists mainly β phase. 
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I. INTRODUCTION 
 
Ti-based alloys arewidely used in the biomedical 
field owingto their good biocompatibility. Different 
metals like vanadium, nickel, chromium,and 
aluminum were added via different processing routes 
and some Ti-based alloys were introduced, e.g., Ti–
6Al–4V. However, it was observed that vanadium 
and aluminum are probably toxicand can 
causemutagenic cytology in addition to triggering 
allergic reactions. Other constituents, the Ni ions 
released from Ni-Tialloys cause allergic reactions 
potentially[1,2].Recently, β-type Ti alloys attracted 
considerable interest owing to their low Young's 
modulus, which can prevent stress shielding effects. 
Many β-stable elements, such as Nb, Mo, and Ta, 
have been utilized as main alloying elements to 
obtain a single β phase in Ti alloys. Zr, usually 
considered as a neutral element and belonging to the 
same group of Ti, is often added for optimizing the 
phase transformation characteristics and improving 
the mechanical properties. As the main disadvantage 
of β-type Ti alloys is their lowstrength, second-phase 
precipitation is often used an effective method to 
improve the strength[1-4]. Recently, porous Ti-based 
alloys containing Nb and Zr at different percent were 
fabricated [4-6]. The aim of this study is to fabricate 
porous Ti-10Nb-Zr alloy, which is different from in 
the literature, investigate the effect of sintering 
temperature on the microstructure, and compressive 
strength. Also, to comparative these properties with 
an ideal implant material.  

 
II. EXPERIMENTAL PROCEDURE 
 
To fabricate the porous TiNbZr alloy, elemental 
metal powders of Ti (purity >99.5%, particle size 
<45μm), Nb (purity >99.8%, particle size <45 μm) 

and Zr (purity >99.9%, particle size <45 μm) were 
used with a nominal composition of Ti–10Nb–10Zr 
(atomic percent %). The powders were blended in a 
rotating container for 10 hours. The blended TiNbZr 
powder was mixed by adding 30 wt.% ammonium 
bicarbonate (NH4HCO3), which was used as the 
space-holder material. The mixture of Ti, Nb, Zr 
powder and NH4HCO3 was cold pressed into green 
compacts in a 20 ton hydraulic press and the green 
compacts were sintered in aargon atmosphere in two 
steps. The first step was carried out at 180 ºC for 2 h 
to burn out the space-holder particles. In the second 
step the compacts were heated up to 1200 and 1400 
ºCand held for 2 h. So, porous TiNbZr alloys were 
fabricated. The general porosity of the specimens 
produced was determined by the formulae ɛ = (1- 
d/d0),where d and d0 are the density of the porous 
alloy and its corresponding theoretical density, 
respectively. 
 
The density of the porous alloy was determined from 
its weight and dimensional measurements. The 
general pores inside the porous alloys consist of two 
parts, interconnected pores (open pores) and closed 
pores. The surface of sample was etched by a mixture 
of 10% HF, 5% HNO3 in water.  
 
The microstructure was examined with a scanning 
electron microscope (SEM) (LEO Evo-40VP) 
equipped with energy dispersive X-ray spectrometer 
(EDS) (Rontec). The phase constituents were 
characterized on an X-ray diffractometer XRD 
(Rigako Rad-B D-Max 2000 XRD) using CuKa 
radiation with 1.54046 A.To investigate the 
compressive strength of the specimens,uniaxial 
compression test was carried out at a constant rate of 
0.1 mm/min in an Instron testing machine (Instron-
8503 type). 
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III. RESULTS AND DISCUSSION 
 
Figure 1 shows the morphologies of the porous 
TiNbZralloys with porosities ranging from 55.44% 
and 42.44% for the samples sintered at 1200 ºC and 
1400 ºC, respectively. Also, some pores and two 
different phases are seen in the microstructures.The 
pore characteristics and porosity ratios specimens 
produced are suitable for hard tissue implants because 
the ideal implant material should have the porosity in 
the range of 30–90%, and the optimal pore size for 
bone tissue ingress is 100–500 mm[2,4].  EDS 
quantitative analysis result of atomic compositionwas 
Ti-8.78 at.%Zr-3.76 at.%Nb for the dark grey pointed 
out as small Objects1 inFig. 1-a(sintered at 1200 ºC 
for 2 h), corresponding to α-phase. The similar 
composition (Ti-8.51 at.%Zr-3.31 at.%Nb) was 
determined for thefallen dark 
greyObjects2,formations like needle-shaped. It is 
possible α-phase. The atomic composition of elliptic 
area showed as light grey Objects3in Fig. 1-awas Ti-
10.02 at.%Zr -7.69 at.%Nb, which is β-phase matrix. 
The phases were determined by the combination of 
XRD and EDX analyzes. Similar images were 
showed by different researches [4-6]. 
Fig. 1-bshows the microstructures of sinteredat 1400 
ºC for 2 h. where the microstructure is predominantly 
β-phase as desired. The result of the atomic 
composition from the EDS quantitative analysis in 
Fig. 1-b was Ti–9.27 at.%Zr -7.94 at.%Nb for the 
light grey area (Objects1, elliptic), 
possiblycorresponding to β-phase matrix. The similar 
composition (Ti-10.85 at.%Zr -12.55at.%Nb) was 
determined for the light grey Objects2, which is the 
same phase. The EDS quantitative analyses results of 
atomic composition showed Objects3 like needle-
shapedwas Ti–8.28 at.%Zr-4.80at.%Nb, which is 
corresponding to α-phase. The 
XRDpatternsofthesinteredporousTi-Nb-Zralloyare 
presented in Fig. 2. It is seen that the major and minor 
phases are bcc β phase and hexagonal α phase, 
respectively.Asshownin Fig. 1b, afterincreasing 
sintering temperature, the microstructure is almost 
fullymadeof β phase, and α phase isdepressedwith 
increasingsintering temperature. Similar phases were 
determined for Ti–35Nb–15Zr alloy by [4-7].  

 

 
Figure 1.SEM micrographs and EDX regions of the porous Ti-

Nb-Zr alloy sintered at 1200 ºC (a) and 1400 ºC (b). 
 

 
Figure2. XRD patternsofporousTi-10Zr-10Nb 

alloysamples:(a)Porous Ti sample sintered at 1400 ºC; (b) the 
sample sintered at 1200 ºC;(c) the sample sintered at 1400 ºC. 

 
The compressivestress–strain curvesoftheporous Ti–
10Nb–10Zr alloysampleswithdifferent porosity are 
depictedshownin Fig. 3. There are 
threedistinctstages:anear-linearelasticdeformation 
stage 
inwhichtheporewallsmaydeformelastically;aplasticyie
ldstageuptoapeakstressin which 
thewallsmaydeformplastically; andadensification 
andfracturestageinwhichthewalls may collapse. If 
thematerialisinlowporosity,theslidingcanbeblocked, 
and 
thenthestructureplasticdeformationbecomesdifficult.T
he ultimatecompressivestrengthsof the porous 
samples are 270 MPa and 124 MPa for the samples 
with 42.44% porosity and 55.44% porosity, 
respectively. It is seen that compressive strength 
decrease with increasing porosity, also elastic 
modulus decreases with increasing porosity. The 
compressive strength of a compact human bone 
canreach 170–193 MPa when the test direction is 
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parallel to bone axis and 133 MPa when the test 
direction is normal to bone axis[2,4]. 

 
Fig. 3 – Compressivestress–strain (r–ε) curvesoftheporous Ti-

Zr-Nb alloysampleswith porosity: (a) 55.44% porosity; (b) 
42.44% porosity. 

 
CONCLUSIONS 
 
Porous Ti–10Nb–10Zr alloy was fabricated by 
conventional powder metallurgy. Porosity, 
microstructure and compressive strength were 
investigated. Porosity decreases with increasing 
sintering temperature, as expected. Also compressive 
strength increases with decreasing porosity as 
expected, too.β phase (bcc structure) and α 
phase(hexagonal structure) are seen in the 
microstructure of the samples. α phase convert to β 
phase with increasing sintering temperature, and so 
the structure consist mainly β phase. The properties 
such as; porosity, ultimate compressive strength and 

β phase structure of the sample sintered at 1400 ºC 
are suitable as an implant material.    
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