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Hydrogen interaction with metals is well known to have severe detrimental effects on their mechanical 

properties. The use of modern high-strength steels, which are attractive to improve fuel economy by 

reducing weight as well as candidates for H storage cylinders and other components, is currently being 

severely limited by the fact that the presence of H can cause embrittlement of the material. In addition to 

steel, several other metals and alloys used in the nuclear industry, like Ti and Zr, are susceptible to H 

degradation through hydride formation and subsequent cracking. 

Microstructure-specific H mapping has been recognized as the most important challenge on the pathway 

towards a better understanding of the nature of H embrittlement in metallic alloys [1,2] as well as the 

development of H storage solutions based on metal hydrides [3]. Unfortunately, the characterization of 

H interactions with metals is an extremely challenging task and neutron-based techniques are of 

exceptional importance in this matter because – contrary to X-rays and electrons – thermal and cold 

neutrons interact strongly with the H nuclei [4], while the neutron beam is only weakly attenuated by the 

relevant metallic materials. Therefore, hydrogen distributions can be measured and quantified even in 

3D by tomographic methods [5]. 

Here we present several neutron imaging investigations of embrittlement and cracking in Fe and Zr 

based metal alloys and optimization studies of hydrogen storage systems containing metal hydrides as an 

active substance. The advantages and the limitations of the experimental methods as well as the attempts 

for hydrogen quantification will be discussed in detail. 

References: 

[1] A. Griesche et al., Acta Materialia 78 (2014), 14-22. 

[2] M. Grosse et al., International Journal of Materials Research 111.1, (2020), 40-46. 

[3] F. Heubner et al., Journal of Power Sources 397 (2018), 262-270. 

[4] J. Banhart (Ed.). Advanced tomographic methods in materials research and engineering Vol. 66 

(2008). 

[5] N. Kardjilov et al., Materials Today 21 (2018), 652-672  

https://doi.org/10.1017/S1431927622006638 Published online by Cambridge University Press

http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1431927622006638&domain=pdf
https://doi.org/10.1017/S1431927622006638



