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Abstract: The effect of various impurities and micro-alloying additions (B, N, C, 
0, AI, Si, S and P) on the intrinsic resistance of the ~3 (111) grain boundary in 
tungsten has been investigated using the molecular dynamics simulation. The 
atomic interactions have been accounted for through the use of Finnis-Sinclair 
interatomic potentials. The fracture resistance of the grain boundary has been 
characterized by computing, in each case, the ideal work of grain boundary 
separation, the mode I stress intensity factor and the Eshelby's F, conservation 
integral at the onset of crack propagation. The results obtained suggest that pure 
tungsten is relatively resistant to grain boundary decohesion and that this 
resistance is further enhanced by the presence of B, C and N. Elements such as 
0, AI and Si however, have a relatively minor effect on the cohesion strength of 
the ~3 (111) grain boundary. In sharp contrast, S and P greatly reduce this 
strength making tungsten quite brittle. These findings have been correlated with 
the effect of the impurity atoms on material evolution at the crack tip. © 1997 
Elsevier Science Ltd. All rights reserved 

INTRODUCTION 

Tungsten-base alloys, due to their high density 
and strength, are widely used in army systems, 
especially for anti-armor applications. However, 
technically pure tungsten is extremely brittle 
and its ductile-.brittle transition temperature 
(DBTT) is typically as high as 300°C. To over­
come the problems associated with the limited 
toughness of tungsten, the so-called tungsten 
heavy alloys (THAs) have been developed'. 
Manufactured by liquid phase sintering, these 
alloys are actually metal-matrix composites 
consisting of hard tungsten particles embedded 
in a relatively mild Ni-Fe matrix. Although the 
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density of THAs is only slightly lower than that 
of pure tungsten, the alloys' anti-armor per­
formance is quite inferior relative to that of 
depleted uranium, a competing anti-armor 
material. This difference is related to the fact 
that, while a depleted uranium penetrator 
develops adiabatic shear bands upon impact 
which give rise to a 'self-sharpening' effece, the 
THA penetrators 'mushroom', which leads to 
an increase in the penetrator diameter and, in 
turn, to a reduction in the depth of penetration. 
Owing to the well-known environmental prob­
lems associated with using depleted uranium, 
significant resources are currently being 
directed towards developing THAs with 
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