
DESCRIPTION FOR THE GENERAL PUBLIC 

Lightweight metallic materials such as titanium alloys are increasingly used in various applications, 

including vehicles, wind turbines, sports equipment, aircraft and biomedical devices 1. Continuous research to 

improve the properties of these materials aims to improve living standards and play a key role in shaping 

environmental sustainability. They help reduce the overall carbon footprint by reducing the weight of means 

of transport and, consequently, fuel consumption 2.  In addition, the development of Additive Manufacturing  

(AM) technologies (aka 3D printing) has opened up innovative possibilities for designing and processing Ti 

alloys into objects that were often difficult or even impossible to achieve using traditional production methods3. 

The freedom of shapes offered by AM enables the creation of complex geometries and tailored material 

properties, systematically increasing the group of recipients of Ti alloys. Metastable β-Ti alloys are of 

increasing interest to the aerospace and biomedical industries due to their high tensile strength and ductility, 

high corrosion resistance, low density, low modulus of elasticity and good biocompatibility. Metastable β-Ti 

alloys exhibiting Twinning Induced Plasticity (TWIP) and Transformation Induced Plasticity (TWIP) generally 

have excellent ductility, but usually at the cost of relatively low yield strength, which limits their widespread 

use 4. On the other hand, research conducted on conventionally produced castings has shown the possibility of 

improving the yield strength by 30-50% 5. Furthermore, preliminary research conducted by the Applicant has 

shown that it is possible to strengthen single-phase (α) and two-phase (α+β) Ti alloys by oxygen addition 

during the Laser Beam Powder Bed Fusion (PBF-LB) process 6–8. However, precise oxygen in situ alloying 

during the PBF-LB process, resulting in specific oxygen content in the material after production, has not yet 

been implemented. The project aims to investigate the possibility of using oxygen as an interstitial element to 

regulate the stability of the β phase in order to significantly increase both the strength and ductility of 

TWIP/TRIP β-Ti alloys (including Ti-Mo and Ti-Nb). Microdosing of selected TWIN/TRIP alloys with oxygen 

will be carried out on a PBF-LB device, which allows for control of the oxygen content during the process. 

The project plans to produce selected alloys by casting them in an arc furnace, using ultrasonic atomization to 

produce powders, selecting PBF-LB process parameters using machine learning approaches, and 

characterization of the produced materials. As part of the characterization of the produced objects, analyses 

will be conducted for oxygen content, phase composition, and defects presence (i.e., cracks and porosity). 

Additionally, microstructure observations will be performed through microscopic methods, including 

SEM/TEM/EBSD, while hardness measurements and static tensile tests will evaluate mechanical strength. The 

knowledge gained from these analyses will enhance the application potential of TWIP and TRIP alloys 

manufactured using the PBF-LB process in industries such as medicine, aviation and aerospace, automotive 

and defence. The primary objective of this project is to investigate how to modify the mechanical properties 

of selected metastable alloys, specifically β-Ti Ti-12Mo-xO and Ti-32Nb-xO, focusing on yield strength, 

tensile strength, ductility, and hardness. Advancements in processing lightweight and strong titanium alloys 

are essential for promoting sustainable development. 
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