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IRRADIATED STEELS IN PB-BI EUTECTICUM 
 

 
Background 
At present the interests to liquid metals (LM) arise from research activities towards Accelerator Driven 
Systems (ADS) MYRRHA, new generation fast breeder reactors and fusion reactor development. In general 
liquid metals are selected because of their good nuclear, heat conducting, and thermal-hydraulic properties. 
For MYRRHA lead bismuth eutectic (LBE) is selected as coolant and spallation neutron source. However, 
besides the advantages LBE offers for MYRRHA ADS concept, the corrosion issues may cause difficulties in 
its use. Two phenomena are of practical interest: general corrosion including uniform penetration and 
dissolution, preferential dissolution of alloying elements, and localised attack consisting of inter granular 
penetration and when stress is present liquid metal embrittlement (LME). 
 
Objectives 
Our main objectives are to evaluate and study the general and localised liquid metal corrosion aspects on 
two primary selected materials for ADS MYRRHA (namely T91 and A316L) and other materials for advanced 
nuclear applications as EM10, HT9, F82H, EUROFER97, and ODS EUROFER97. In addition we are 
investigating the synergetic effects of liquid lead bismuth eutectic and neutron irradiation on the mechanical 
properties of these materials. 
 
Principal results 
 

   
Stable oxide, transition, and dissolution corrosion modes on T91 materials exposed to liquid LBE at 

temperatures >500ºC. 
 
 

  
Fracture surface of neutron irradiated A316L and T91 steels tested in liquid LBE. 
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Tensile curves of neutron irradiated and unirradiated A316L and T91 tested in LBE. 
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Comparison between three ferritic martensitic 
steels tested in liquid LBE before and after neutron 
irradiation to 2.5 and 4.36 dpa. 
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Studying the general corrosion effects on 
A316L and T91 materials under poor oxygen 
conditions in the temperature region 400-
600°C we found temperature and time 
dependent corrosion process. Above 500°C 
we found three distinguishable corrosion 
modes: stable oxide film mode, transition 
corrosion mode, and final dissolution 
corrosion mode. On the next page, typical 
micrographs on the cross section of T91 
materials from these corrosion modes are 
shown. At these temperatures, T91 material 
had a better corrosion resistance than A316L 
due to long lasting oxide formations on its 
surface. Below 500°C, both materials were 
mildly attacked but A316L has better 
corrosion resistance. 
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We investigated the effect of LBE on the 
mechanical properties by slow strain rate 
(SSR) tests at 200 and 250°C. These tests 
aimed to investigate whether these materials 
are prone to LME and to serve as a base for 
comparison of the effect of neutron irradiation 
and liquid LBE. For this sake, we built liquid 
metal embrittlement test station 1 (LIMETS1) 
allowing tests in LBE and control and 
variation of the dissolved oxygen 
concentration. We did not find any of the 
materials to be susceptible to LME by LBE at 
200 and 250°C. However, the resulting post 
irradiation embrittlement and hardening could 
affect the sensitivity to LME as harder 
materials are generally more susceptible to 
LME. This expectation was not confirmed 
during the post irradiation SSR tests in liquid 
lead bismuth eutectic after neutron irradiation 
up to 4.36 dpa.  
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Future developments Future developments 
We are executing a profound test matrix to validate the selection of A316L and T91 as structural materials. In 
parallel, we are investigating the effect of temperature, oxygen concentration, chromium content, strain rate, 
and other parameters which may influence the susceptibility of LME. Irradiation experiment of materials in 
liquid lead bismuth eutectic is under preparation. We are building second experimental set-up LIMETS2 
designed for mechanical tests on irradiated materials. It will be installed in a hot-cell of our laboratory LHMA 
and will allow testing in liquid lead lithium and lead bismuth eutectics.  
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