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ABSTRACT 
Introduction  
Biomaterials are designed to act with biological systems by evaluating, treating or 

replacing some tissue, organ or body function. Since the hip supports 9 to 12 times a person's 
weight, hip prostheses need to be made mainly of metallic materials.  

Currently, the most used metallic material for orthopedic applications is titanium with the 
respective alloys given which provide better properties. Titanium alloys are classified into 
alpha, alpha-beta and beta alloys which depend on the predominant alpha and beta phases in 
the microstructure at room temperature [1]. Nonetheless, the alloy Ti6Al4V presents certain 
difficulties since aluminum can cause, in high concentrations, dementia or problems to the 
central nervous system in addition to vanadium which is a toxic element and can produce 
adverse effects on tissues [2].  

Purpose 
A study of two samples with different percentage composition, T1 (73 Ti, 20 Mo, 7 Zr, 0 

Si percentage) and T2 (72 Ti, 20 Mo, 7 Zr, 1 Si percentage), produced by a Vacuum Arc 
Remelting (VAR) method, is developed to evaluate the potential biomedical applications of 
these alloys focusing on hip replacement. 

Experimental 
As a previous step to electrochemical and metallographic tests, several processes should be 

performed, such as to embed into an epoxy resin cylinder the samples for cutting and their 
subsequent polishing in two stages: polishing with SiC abrasive papers of progressive grain 
size from 280 to 1200 grit and final polishing with 0.1 micrometer alpha alumina suspension.  

 However, the metallographic test is carried out for two different types of grit emery paper, 
P800 and P1200. In both tests, the samples must have a mirror finish polished. Once the 
samples are prepared, images are taken by utilizing the metallographic microscope, 10 and 20 
times amplification of the actual size of a part of the samples. Then, these samples are 
submerged from 15 to 35 seconds, in a dissolution of a reactive agent called Kroll (water, 
hydrofluoric acid, nitric acid) and they are observed again through the microscope.  
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On the other hand, electrochemical test consists in inserting a specimen into an 
electrochemical cell together with Saturated Calomel Electrode (SCE) as reference and Pt 
electrode as counter electrode, Corrosion potential (Ecorr) was determined and 
Electrochemical Impedance Spectroscopy (EIS) was applied [3]. 

Results 
In the metallographic test, the images taken before the corrosive agent attack show some 

porosity and scratches on the samples surface. Nevertheless, two different phases of the 
structure of the compositional variants under study can be observed after chemical etching. 
Moreover, in the corrosion tests, the samples are immersed in Ringer Grifols solution which 
simulates the physiological fluid of the human body. All the electrochemical tests are 
processed by the Ec Lab program to accomplish the values and the graphics. In the linear 
polarization test, potential E versus time graphics are obtained to determine the tendency to 
passivation or corrosion of each sample. Besides, the EIS method is performed on each 
specimen at different potentials to obtain the Bode Impedance graphics.  

Conclusions 
The two samples show a positive behavior in contact with physiological fluids, therefore, 

their possible use in various medical devices should continue to be studied. T2 sample, which 
has a lower percentage of titanium and silicon, show a greater ease of stabilization, although 
the two samples tend to passivation. However, in the EIS method, using Bode-impedance 
graphics, the higher the impedance value result, the higher its corrosion resistance. Sample T1 
has higher corrosion resistance because its impedance value is upper than T2, its process 
occurs in one stage and the impedance phases of the different values given during the EIS are 
similar. The metallographic study confirms the two-phase amorphous structure of the samples 
for different polishing finishes. In view of the data collected and the conclusions presented, it 
is not possible to establish a clear relationship between the degree of concentrations of 
titanium and silicon in the alloys and the behavior against electrochemical corrosion. 

Keywords— Biomaterial; Bode Impedance; Corrosion Potential; Linear Polarization; 
Electrochemical Impedance Spectroscopy; Metallographic Test. 

REFERENCES 

1. de Lera, D. D. (2013). Biomateriales: el titanio en odontología. Cuadernos del Tomás, 
(5), 233-258. 

2. Dalmau Borrás, A. (2013). Caracterización y estudio del comportamiento 
electroquímico de aleaciones biomédicas de titanio. 

3. Ríos, M. L., Perdomo, P. S., Voiculescu, I., Geanta, V., Crăciun, V., Boerasu, I., & 
Rosca, J. M. (2020). Effects of nickel content on the microstructure, microhardness 
and corrosion behavior of high-entropy AlCoCrFeNix alloys. Scientific Reports, 
10(1), 1-11. 




