Brittle fracture of austenitic and martensitic steels induced by mercury at room temperature.
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Liquid Metal Embrittlement (LME) is the transition from a ductile to a brittle rupture that requires intimate contact between the solid and the liquid metal as well as plastic deformation
Liquid Metal Embrittlement of steels by mercury (Hg) at room temperature is a technologically important subject [1, 2]. It is also of fundamental interest but little data exists on premature failure of 316L and T91 steels induced by liquid metals.
Crack growth dynamical testing at room temperature using CCT (Crack Center Tension) specimens has been carried out at different deformation rates. It has been found that 316L and T91 steels are susceptible to LME by mercury. The fractography reveal that in presence of mercury at slow deformation rates, 316L and T91 steels fail in a transgranular way, mostly by slip band decohesion. At high deformation rates, there is a ductility recovery, which is confirmed by a Crack Tip Opening Displacement (CTOD) analysis. The operating mechanism of this environmental fracture is not yet clarified. 
In order to improve the understanding of the modification in fracture behavior at low deformation rate, interrupted mechanical tests in air and in mercury have been performed with the aim to nucleate a crack in Compact Tension (CT) specimens. The crack tip zone is analyzed by Electron BackScattered Diffraction (EBSD). By using this novel technique in LME study, a comparison at the mesoscopic scale between the plastic deformation behavior in air and in mercury is being investigated and preliminary results show clear indications of the plastic deformation localization induced by mercury. This analysis confirms that cracking in mercury starts at earlier stages of plastic deformation than in air. Finally, a finite element analysis of plastic deformation in presence of mercury will be presented.
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