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1. Introduction 

 

This article focuses on the properties of tantalum (Ta) 

and its alloys, which are considered refractory metals 

with unique properties for high-temperature and nuclear 

applications [1][2]. These materials exhibit high 

ductility, corrosion resistance, and the ability to form 

highly stable anodic films on their surface [1] [3] [4]. 

Additionally, they have a high neutron yield under 

spallation conditions, making them promising materials 

for use as target cladding or in a spallation neutron 

source target. The article examines the impact of 

radiation and local strains on Ta and tantalum alloys 

and aims to understand the effect on their structural 

integrity. Molecular dynamics (MD) simulations were 

used to investigate the behavior of cascades and the 

production of defects in Ta, W, and their alloys, 

providing insights into their dynamic characteristics. 

This research aims to further explore the collision 

cascade interactions and strain effects on pure Ta and 

tantalum alloys under irradiated conditions, as relatively 

little research has been conducted in this area. 

 

2.Simulation methods 

 

This study used Molecular Dynamics simulations with 

the LAMMPS code [5] integrated with the Materials-

Square Platform [6]. The  EAM potential chosen to 

model the behavior of pure Ta and Ta-W alloys under 

irradiation [7]. The simulations were performed at 30 K 

and 0 K, and multiple runs were carried out for each 

displacement direction to minimize the effects of 

thermal vibration and time correlations on the results as 

per described in previous work [8]. Various random 

distributions of Ta and W atoms were created to 

simulate the alloy structures, and each system was 

subjected to six incremental hydrostatic strain values 

ranging from -1.6% to 1.4%. The results were analyzed 

to determine the formation of defects, including self-

interstitial atoms (SIAs) and vacancies. The dislocation 

loops were analyzed using the OVITO code[9]. The 

study provides specific modeling parameters and 

simulation duration used in the work. 

 

 

3. Results and discussion 

3.1  The Effect of Local Deformation on the 

Survived Frenkel Pairs in Ta-W Alloy 

 

This study investigated how local deformation affects 

the creation and survival of Frenkel pairs (FPs) in Ta-W 

alloy under irradiation. The results show that both PKA 

energy and strain type have a significant impact on the 

number of FPs produced. Tensile strain generates more 

FPs than compressive strain, and the number of FPs 

increases with higher PKA energy in both strained and 

unstrained systems (Fig.1). 
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Fig. 1 illustrates the number of Frankel pairs (FPs) 

produced during collision cascades with a primary 

knock-on atom energy of 30 keV for both pure (a)Ta 

and (b)Ta-W alloy systems under varying levels of 

strain resulting in volume changes ranging from -4.2% 
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to 4.8%. Each data point represents the average of 

sixteen unique samples, including four different 

displacment directions and four distinct vibration 

timings. The X in red color denoted to the struacure 

failure occurred at this strain level.  

The study also found that the alloyed structure exhibited 

better structural stability and fewer defects under larger 

strain compared to pure Ta. This is likely due to the 

addition of W, which creates lattice strain and restricts 

the movement and accumulation of defects like 

vacancies and interstitials. W's higher melting point also 

makes it an interstitials and vacancies sink, preventing 

the formation of defects. We also found that 20% W 

addition led to increase into the threshold displacement 

energy (TDE) by 15 eV as compared to the pure Ta as 

per our previous work [10] which is 60.5 eV for pure Ta 

and 76 eV for Ta-20W. 

 

3.2. Strain effects on clusters and dislocation 

loops 

3.2.1 Cluster analysis 

In addition to studying the effect of PKA energy and 

strain on Frenkel pairs, this study also investigated the 

cluster size distribution and the fraction of point defects 

in clusters at the end of the cascade in Ta and Ta-W 

alloys. The results showed that the number of formed 

clusters increased with increasing PKA energy, and the 

existence of small interstitial clusters (SIA) in pure Ta 

was roughly twice that observed in the alloyed 

structures. It was also found that clusters consisting of 

small numbers of vacancies and SIA atoms were 

prevalent in both pure and alloyed systems (Fig.2). 

 

Furthermore, the study found that the fraction of 

interstitial clusters among the total number of formed 

clusters in alloy systems was higher by ~0.3 than the 

fraction of vacancy clusters, which was consistent with 

findings reported in previous studies for other alloy 

systems for the W-Re  [11] and Fe-Cr [12,13] alloys.  

While vacancy clusters can form in larger volumes 

compared to interstitial clusters, they occur less 

frequently in such larger sizes. The formation energy of 

vacancies is lower than that of SIAs, which facilitates 

the formation of vacancy clusters more easily than SIA 

clusters. 

 

Moreover, the rate of increase in the number of 

interstitial clusters was faster in pure Ta than in alloyed 

structures when subjected to strain. Additionally, both 

pure and alloyed structures exhibited a higher number 

of clusters under tensile strain compared to non-strain 

or compressed strain conditions, with the alloyed 

structure showing fewer cluster counts in the latter case. 

These findings suggest that the addition of W to Ta can 

restrict the movement and accumulation of defects, 

leading to fewer and smaller clusters when the material 

is irradiated.  
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Fig. 2. (a) The average number of formed clusters (from 

2~6 SIA’s sizes) for various strain levels and 30 keV of 

PKA energies. The reported number of clusters were 

averaged over 4 different displacement directions as the 

standard deviation is shown. (a) and (b) for SIA 

clusters. At 1.6% the structure was deformed thus no 

applicable data to be shown of that strain range fir the 

Pure Ta.  

 
3.2.2 Interstitial Dislocation loop formation 

We found that under tensile strain, certain regions had 

significantly increased defect formation and clustering. 

Using the DXA algorithm, we were able to investigate 

the mechanisms of defect formation and found that only 

½<111> interstitial dislocation loops (IDLs) were 

observed at a PKA level of 30 keV. Lower PKA values 
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did not result in IDL observation in either pure or 

alloyed structures. The frequency of IDLs was higher in 

the pure structure, and their length was longer than 

those observed in the alloyed structure (Fig.3). The 

alloyed structure only showed IDLs when subjected to 

tensile strains of 1.0% and 1.6%, while the pure 

structure exhibited IDLs even at a lower strain of 0.4%. 

At 1.6% tensile strain, the pure structure showed 

complete deformation, while the alloyed structure 

remained stable. 
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Fig. 3 displays different stages of FP evolution and the 

formation of IDLs at various displacement directions. 

These simulation events were conducted using a 30 keV 

PKA and a 1.6% level of strain, and the snapshots were 

taken within a time span of 30 picoseconds. The red-

colored atoms indicate vacancies, blue atoms represent 

Self-Interstitial Atoms (SIA), while the green loops 

signify ½<111> IDLs. 

 

Conclusion  

 
In this study, we used molecular dynamic simulations to 

investigate the effects of strain on the primary defects 

and interstitial dislocation loops (IDLs) in pure Ta and 

Ta-20W alloy systems. Our results show that increasing 

tensile strain leads to more Frenkel pairs and self-

interstitial atom clusters, while compression reduces 

them. Pure Ta has larger and longer IDLs than the 

alloyed Ta, which has smaller and shorter IDLs. 

Additionally, strain reduces the barrier for IDL 

formation, causing material degradation. These findings 

have implications for radiation-resistant materials and 

can help inform decisions about structural materials in 

critical infrastructure. 
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