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Abstract 
Gamma titanium aluminide (gamma-TiAl) is a titanium alloy which contains no vanadium and appears to have potential 
for biomedical applications such as joint prostheses. The tribomechanical properties of Ti-48Al-2Cr-2Nb (at. %) (gamma- 
TiAl) subjected to oxidation in air at 500°C and 800°C were determined by standard wear tests using a hardened stainless 
steel (SS) pin in a linearly reciprocating mode under both dry and lubricated (Ringer’s solution) media. Similar properties 
for CP-Ti and Ti-6Al-4V were measured for comparison.  The lowest mean mass loss was obtained for oxidized 
gamma-TiAl alloy indicating excellent wear resistance. The dominant wear mechanism on all the Ti alloy samples was 
abrasion.  The oxidation temperature had a minimal effect on the wear of gamma-TiAl but was significant for the other two 
alloys. 
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1 Introduction 
A number of studies have considered the wear behavior of joint arthroplasties and prostheses and are in general agreement 
that the debris resulting from implant wear is one of the primary reasons for aseptic loosening in implants [1-4]. A number of 
causes, including improper initial fixation and peri-implant tissue osteolysis resulting from wear debris, have been 
attributed to the phenomenon of implant loosening [5]. Titanium-based materials which have become popular as orthopedic 
implants have been well characterized and there has been a sizable increase in their use worldwide for medical purposes [6].  
Titanium’s low modulus of elasticity  (110 GPa), which is much lower than stainless steel or cobalt-based alloys used as 
implants and relatively much more similar to that of cortical bone [7] is expected to lead to less stress shielding in the 
peri-implants in bone.  Even though titanium-based alloys are now common biocompatible materials for implants because 
they also possess outstanding mechanical properties, micro-motion between the implant and bone tissue resulting in the 
generation of wear debris followed by implant loosening in total hip arthroplasty of these titanium based alloys even in 
early applications has been recognized [8-10]. Rapid osseointegration is hence required to catalog the surgery after 
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implantation as a clinical success [11, 12]. The biological fixation between the implant and the bone also depends on the 
implant’s surface chemistry and topography [13-16]. A titanium-based alloy which is being currently studied for possible 
implant application is Ti-48Al-2Nb-2Cr (at. %) [17-19]. Oxidation of this alloy (henceforth also referred to as gamma-TiAl) 
at 500°C and 800°C has shown contrasting behavior in terms of cytotoxicity of the oxidized surfaces [20]. A number of 
other studies have characterized wear behavior of both gamma titanium aluminides and their oxidized surfaces [21-23] albeit 
under rotating pin-on-disk configurations, although it is obvious that reciprocatory motion is more representative of the 
actual micro-motion at the bone-implant interface. Hence the principal aim of this study is to understand the wear behavior 
and tribological properties of gamma-TiAl for reciprocatory sliding wear both in the unoxidized and oxidized conditions 
(at 500°C and 800°C) and under both dry and lubricated conditions, keeping in mind primarily implant applications. An 
earlier study characterized wear behavior for the above material using a novel bone pin made from a bovine femur [24], 
where the wear was completely concentrated on the bone. In this study, a harder SS pin is used to produce wear in the 
oxide layer generated on gamma-TiAl. For comparison, Ti-6Al-4V and CP (commercially pure) Ti are also tested. 

2 Experiments 
The as-received Ti-48Al-2Nb-2Cr (at. %) (gamma-TiAl), Ti-6Al-4V and CP Ti alloys were obtained in the form of 25 mm 
rods from which 1 mm thick disks were extracted using electric-discharge machining (EDM). The samples were ground up 
to 600 grit finish using emery paper. For each alloy type, two disks were oxidized in air at 500°C and two other disks at 
800°C for one hour in a rapid heating furnace and cooled to room temperature before wear testing. The tests were 
performed on the oxide on either side of the disks in both dry and lubricated environments using a tribometer in linear 
reciprocating mode resulting in four tests for each experimental condition. Unoxidized disks were tested under the same 
conditions for comparison. Separately, wet tests were also carried out for oxidized and unoxidized disks in Ringer’s 
solution.  A total of 24 disks, two each of gamma-TiAl, Ti-6Al-4V and CP-Ti oxidized at 500ºC and two each of the same 
materials oxidized at 800ºC under dry conditions and the same set repeated under wet or lubricated conditions were used 
during the experiments. The oxidizing temperatures were selected based on earlier work that aluminum oxide is 
preferentially formed on gamma-TiAl at 500°C for short oxidation times while a mixed oxide consisting of predominantly 
titanium oxide is formed at 800°C [25]. 

Wet and dry tests using 440 C stainless steel (SS) pins (3.175 mm diameter balls with a hardness of 58 HRC min.) were 
carried out for thirty minutes under an externally applied force of 3N perpendicular to the flat surface of the disks. The 
sliding velocity was set to 900 mm/min at 5 Hz with 5 mm tangential sliding amplitude. All lubricated tests were 
performed by submerging the disks in fresh lactated Ringer’s solution at ambient temperature (25°C ± 5°C). The Ringer’s 
solution consisted of 600 mg NaCl, 310 mg C3H5NaO3, 30 mg KCl, and 20 mg CaCl2 per 100 mL with a pH of 
approximately 7.4. The disks were completely immersed in Ringer’s solution for the lubricated tests.  Non-lubricated tests 
were carried out at room temperature (25°C ± 5°C) and relative humidity of 67% ± 2%. The weight of each sample and SS 
pin was measured before and after each test using a five-digit analytical balance with a reliability of 0.01 mg. A Carl-Zeiss 
Gemini 1530 SEM and a Nikon Eclipse model 80i optical microscope were used to capture images of the surface 
topography and wear tracks. SEM images were obtained using secondary electron imaging from 6 KeV to 25 KeV 
whereas the EDS data was captured using back-scattered electron mode at 15 KeV. The dominant wear mechanisms were 
determined by analyzing these images. With the EDS analysis, an approximate elemental composition of the oxide layer 
formed on gamma-TiAl was obtained.   

3 Results and discussions 
Surface images of the oxidized gamma-TiAl samples are depicted in Figure 1.  The surface topography is nodular for the 
oxide formed at 800ºC compared to the relatively smooth oxide layer at 500°C. As expected, the oxide layer on 
gamma-TiAl at 500°C appears to be a mixed titanium aluminum oxide rich in aluminum oxide based on EDS 
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2) Abrasion was the dominant wear mechanism under all conditions that were studied.  

3) The effect of oxidation temperature on the mass loss was significant for Ti-6Al-4V and CP-Ti but almost 
negligible for gamma-TiAl under both dry and lubricated environments. 
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