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Fracture toughness of commercially pure polycrystal tungsten has been investigated by means of 
mechanical testing, fractographic analysis and numerical simulations. The material was produced in a 
powder metallurgical route followed by sintering and rolling which leads to an elongated grain 
structure along the rolling direction. Three types of notched samples were prepared from the as-rolled 
bar in orthogonal directions with one of the crack surfaces perpendicular to the rolling direction and 
the other two mutually orthogonal and parallel to the rolling direction. The samples were subjected to 
three-point-bending tests at different loading rates K in a wide range of temperatures from 120 to 
1200 K. The measured fracture toughness for the polycrystal was compared to that for single crystal. 
Both materials exhibit comparable fracture toughness when the temperature is around 300 K. 
However, since the fracture toughness of polycrystal is much less temperature dependent than that of 
single crystals, polycrystals are significantly tougher at low temperatures. Above 300 K, in contrast, 
the single crystal is distinctly tougher than the polycrystal and also exhibits a lower brittle-to-ductile 
transition temperature. This means that grain boundaries toughen the material below room temperature 
and in turn embrittle the material at elevated temperatures. Fractography observations reveal that, 
intergranular fracture occurs at all temperatures.  
We suggest that the opposite effect of toughening and embrittlement due to grain boundaries 
originates from the interaction between grain boundaries and dislocations which nucleate as isolated 
half loops immediately at the crack tip and pile up at the grain boundaries. At low temperatures the 
mobility of dislocations is low, and thus the plastic zone is limited even in the single crystal. The half 
dislocation loops remain isolated and do not provide sufficient shielding of the crack tip, such that the 
fracture toughness is low. However, for polycrystals the grain boundaries may act as dislocations 
sources along the crack front, such that a larger number of dislocations are produced. Futhermore, 
grain boundaries hinder the motion of dislocations and facilitate the loops to be coalesced as straight 
dislocation lines near the crack tip and thus result a better shielding effect. Hence, the higher fracture 
toughness of polycrystals at low temperatures results. At elevated temperatures the dislocation 
mobility becomes high and the plastic zone tends to be large. Thus the pile-ups of dislocations at grain 
boundaries limit the production of new dislocations and limits fracture toughness. These ideas are 
verified by performing dislocation dynamics simulations. The numerical analysis qualitatively agrees 
with the experimental findings.  

 

 


