Building High Temperature Liquid Lithium Systems: Lessons for Liquid Metal Engineering
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1. Oxford Sigma’s interest in liquid metal engineering: Qualifying materials for in-service use in liquid metal environments

ASME Section lll Appendix FBB-B — Guidelines and Qualification EU ?\/I|EMO|:NCLI7 I?ZBMS:)ctor, Mitigation & Monitoring Strategies
artelli et al.

ASME Section Il Appendix FBB-B addresses the environmental degradation

of fusion reactor components exposed to molten metals such as Li and Pb-L.i. High-purity material

This appendix aims to outline key degradation mechanisms—including Dissolution Erosion & Y a%g Iﬁlttrraatri)c?ﬁ %ﬁgrsﬁs ' selection and

corrosion, erosion, and liquid metal embrittlement—alongside the effects of key (Li,Na),O Corrosion coatings

chemical impurities including N, O, and C.

Appendix FBB-B will present recommended mitigation and monitoring \ st 4 Sampling techniques

strategies, such as impurity control, material selection, and in-situ sensing. to K _ o ® N-SItU SENSOrs an ||| (ICP-AES, ammonia
) . . . . ey Degradation Liquid Metal Phase mass spectrometry - .y

describe standardised testing methodologies used to evaluate material Impurities _ Embrittlement [ Transformation titration)

performance under relevant operating conditions, including: Mechanisms (LME)

~

This framework supports the qualification of fusion components and
informs design, inspection, and life extension programs.
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2. Corrosion research for mechanistic understanding | 3. Concept and engineering design of systems 4. Experimental de-risking activities
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leading efforts to develop fundamental
understanding of materials degradation in 0 Corrosion screening tests to demonstrate the
liquid metals in collaboration with the e 0.02 expected structural integrity of key parts over
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. . . . operation of the loops, such as safe the safety case for operation : .
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AL . 0.14 =TS degC
i —” : e 013 Iijg Standardised methods for comparable testing across facilities.
001 | 1gev 02 0.12
144
B R TR e __zjl o Collaborative approach to safety case development for safe
o = R .00 1 and reliable operation of systems across the industry.
Data collated from: 0.08 S i:g
Knacke et al., 1991 :
Muroga & Pint, 2010 0o Iij‘j Targeted development of understanding to address key
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Pipe-in-pipe heat exchanger modelling Analysis of heating effect due to fire of the necessary allowances in structural design.
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