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PREFACE 

Metallic biomaterials have garnered significant attention as prosthetics in repairing damaged 

hard tissues, such as dental roots, knee and hip joints, etc. Nevertheless, Young’s modulus 

values of the commonly used conventional metallic implant materials, including 316L 

stainless steel, Co-Cr-Mo alloy, commercially pure titanium (cp-Ti), and Ti alloys exceed 

that of human bone. This discrepancy can lead to stress shielding, which may result in 

various complications like bone cell death, implant loosening, or even implant failure. 

Additionally, concerns regarding the cytotoxicity of elements, such as Al and V, further 

hinder its widespread acceptance. These toxic elements can impede bone growth and are 

associated with severe health issues like peripheral neuropathy and Alzheimer’s disease. 

Therefore, exploring novel categories of Ti-alloys is essential to mitigate the adverse effects 

associated with existing Ti-based alloys. There are many existing proven bio-materials, such 

as Cr, Fe, Ta, Co, Mo, Hf, Nb, and Zr, that can be incorporated to replace V and Al. These 

materials offer potential pathways to develop safer and more effective metallic biomaterials 

for medical applications. 

Recently, there has been a noticeable increase in interest in high entropy alloys (HEAs) as a 

promising solution to overcome the limitations inherent in conventional alloys. The concept 

of HEAs was initially introduced by Yeh and Cantor et al. in 2004. Over the past few years, 

extensive research efforts have been dedicated to a deeper understanding of the fundamental 

factors governing solid solution formation in HEAs systems. The distinctive characteristics 

exhibited by HEAs, such as high entropy mixing, lattice distortion, hysteresis diffusion, and 

cocktail effect, contribute to improved mechanical properties, superior wear, corrosion 

resistance, and adequate thermal stability. 



Page | xxxii  
 

Based on these research findings, it is being proposed here a novel class of HEAs, i.e., Ti-

Co0.35-Cr0.35-Nb-Zr, Ti-Nb-Ta-Cr-Co0.2, and Ti-Nb-Ta-Fe0.35-Co0.35 (at. %). This formulation 

can produce HEAs with better mechanical properties and improved biocompatibility at a 

lower cost. After reviewing the existing literature, it has been found that this particular 

combination of HEAs has yet to be explored as a potential implant material. 

Thus, the present work aims to synthesize nanocrystalline Ti-Co0.35-Cr0.35-Nb-Zr, Ti-Nb-Ta-

Cr-Co0.2, and Ti-Nb-Ta-Fe0.35-Co0.35 (at. %) HEAs using ball milling followed by spark 

plasma/muffle furnace sintering. The phase, microstructure, and thermal stability of the 

milled powder and sintered sample were analyzed using X-ray diffraction, electron 

microscopy, and differential scanning calorimetry. Additionally, the mechanical and physical 

properties of the consolidated sample, including density, porosity, Young’s modulus, 

hardness, and compressive strength, were also examined. Cell culture analysis was carried 

out to assess the biocompatibility of the sintered sample using human osteosarcoma (MG-63) 

cells. 

The findings reveal that the newly developed HEAs have lower elastic modulus, higher 

compressive strength and hardness than those of conventional implant materials. The lower 

elastic modulus can further mitigate the effect of stress shielding. The HEAs show excellent 

corrosion and wear resistance in simulated body fluid. Cytocompatibility assessment of the 

developed HEAs shows non-toxic towards MG-63 cells. Consequently, the newly developed 

HEAs hold the potential to be explored as future implant materials. 


