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 Welcome – Benvenuti in Frascati   

 Hello - Ciao bella 
 [no, I do not speak Italian but my mother-in-law is a paisan.] 

 Introduction 
- Agenda 

 Presentations on Li Safety and Awareness 

 by Nygren and by Dr. Eichi Wakai 
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US: R&D with Li free surfaces (open to vacuum) or with Pb-Li 
• PPPL  
- System for EAST/HT-7 by Zakharov*  
- Injection of liquid Li into CDX-U: stir Li in LTX with e-beam (Majeski*).   
- NSTX-U options for a Li surface replenished from a reservoir.   
- Circulating Li loop in lab using a clever EM pump [Jaworski* et al] 

• University of Illinois  
- System for EAST/HT-7 by Ruzic and Currelli* et al.   
- LIMITs* (EM + thermoelectric drive) 
- Wetting experiments; plasma shielding 

• UCLA Pb-Li loop 

Other notes 

We must consider liquid metal embrittlement or LME in Li systems and   
should investigate LME as an issue of potential high consequence.               
Pb-Li may not be as chemically active, but LME may still be a concern.   

Let us not create lithium paranoia.  Let us understand and clarify to others 
which safety hazards are specific to Li and which are more general,             
e.g., for dust, thin films, aerosols, etc. 

Our institutions have various rules and practices.  We can exchange 
information and help ourselves achieve a standard of “best practices.” 

We need to handle Li and Li alloys safely. 
R&D on Li PFCs and Pb-Li blankets is increasing.  
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Agenda 

 Introduction Richard Nygren 

Comments on Li Safety Richard Nygren, Eichi Wakai 

 Forum A: Li handling in labs Introduction/Nygren 
 Panel: Eichi Wakai JAEA-IFMIF-EVEDA 
  Leonid Zakharov PPPL 
  Ming-ju Ni CAS University Beijing 
  I. Lyublinski or A. Vertkov Efremov 
  Thomas Lin ARL Penn State University 

Forum B: Li in fusion experiments Introduction/Nygren 
 Panel: Giuseppi Mazzitelli ENEA Frascati 
  Masa Ono  PPPL 
  Jiansheng Hu and J.G. Li  IPP-CAS Hefei 
  Paco Tabares  CIEMAT  
  A. Vertkov or Lazarev Efremov 
  Tazhibayeva NTSC  Kazahkstan 

 Formation of a work group Nygren 
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RE Nygren, Sandia National Laboratories From “LIMITs Experience” poster at 2nd Int. Workshop on Lithium Applications, PPPL, Apr 2011 

We have experience with liquid Li. 
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Transfer Tank 

Furnace 

Pump 

Supply line 

Return line 
Filter 

Flowmeter 

 Vacuum Chamber 

2.5 cm Ball Valve 

10 cm Ball Valve 

2.5 cm 

Ball 

Valve 

LIMITS is a lithium loop in the Plasma Materials Test Facility at Sandia.   

The sketch below shows LIMITS configured to test a Li jet flowing 
across a vacuum chamber previously used with our small e-beam.   

LIMITS Layout for first use in 2003 

 lithium furnace (kettle) with 
rotary pump 

 heated piping 
 heated transfer casks 
  
 nozzle and flow collector 

(for the NSTX test) 

We use an 
argon glove box 
to transfer Li in 
an inert 
atmosphere.  

B 

Li flow 

Voltage leads 

above & below 

Official Use Only 
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Li Fire in Aug 2011 - Observations 

 Lab space - high heat flux testing 
- 60 kW & 1.2 MW e-beams, high-bay 
- water, He and Li cooled targets in vacuum 

 Flowing Li tests, 2002, 2005, 2011 
- LIMITs lithium loop with heating, rotary pump 
- test of He-Li heat exchanger, 1st time in EB1200 
- water & propylene glycol cooling of beam line, 

vessel and some internal components 

 Dynamic shock from Li fireball 

beam line 2 separated by 
break of weld at large flange 

face of Li 
preheater 

 Very high visibility (DOE Secretary) 
  Investigation, Corrective Actions, Office of Enforcement  

 No serious injury (but potential) 

 Problematic work documents 

 Material failure 
- 1018 steel (recommended in literature)  
- failed rapidly, low system pressure (~8 psi) 
- stress  liquid metal embrittlement* 

 Design failure 
- Low probability accident, high consequence 

- Many reasons this would not happen:  
• low pressure system 
• Li tends to self-plug 
• Li has relatively low thermal mass (ρCp) 
• Expectation: freeze (cold surfaces) 
• Improbable path for Li into beam line 

- Wrong safety basis (He overpressure) 

Lack of defense-in-depth (safety) 

*ICFRM16 paper - failure of Li                                  
preheater and some                               
implications 
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Evaluation of Li preheater 

Failure sequence (conclusions from evaluation) 

- During pre-test checkout prior to e-beam 
operation, differential gas pressure (LIMITS 
pump off) moved Li at ~400°C from LIMITS 
into the Li preheater which was at ~200°C 
which induced some thermal stress. 

- The 1018 steel cover plate 6-mm thick cracked rapidly 
(seconds) due to stress-induced liquid metal embrittlement.   

- Li at ~8-12 psia streamed into the EB1200 chamber and 
reached the alumina insulator in beam 2. 

- Molten Li attacked the alumina (exothermic).  Holes or cracks 
released water and propylene glycol that cause further 
exothermic reaction, produced hydrogen and the fire. 

Evidence 
- Radiography showed numerous cracks. 
- SEM examination showed brittle fracture patterns                

with strong directional features for crack propagation. 

Preheater in EB1200 
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But the Li fire happened. 

What were some contributing factors? 

What did we learn? 
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• We anticipate component failures ..  test targets to failure.   

• mindset .. leak .. dribble of lithium .. freeze on colder components, .. 
or plug itself .. rise in the pressure in the chamber .. shut down  

• Surprise .. lithium squeezed through thin cracks ..                  
streams reached the vessel wall .. up the beam line of one e-beams  

• We .. considered many ..failure modes .. but ..not ..rapid failure of the 
preheater due to LME (liquid meal embrittlement) nor ..              
formation of strong lithium jets from very fine cracks                        
and the combination of these as even remotely likely possibilities.   

• Our preparation included a literature search (next slide) 

• History now demonstrates these were indeed possible and          
with an impact of high consequence.   

• Although no one was injured .. .. potential for serious injury 

Comments on Lithium Safety Awareness 
From ICFRM 16 paper: Nygren et al, Failure of a Lithium-filled Target and Some Implications for Fusion Components 
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Literature on Lithium Containment 

Initially we had expected  
(a) stresses in the lithium preheater to be quite low, and  
(b) that mild steels were the appropriate containment material.   

Many published studies.. corrosion or dissolution of mild or ferritic steels 
.. literature on liquid metal embrittlement (LME) ..many examples, ..  

conclusions and recommendations .. [NOT] uniform nor clear.   

Below are several excerpts.   

(early paper) “In general, only low-carbon steel….is desirable materials of 
construction for molten lithium”   

 many like that above, but some with notes of caution 

(more recent) “Ferritic steels… Lithium: the compatibility .. good enough. 
The susceptibility to LME will be very high”  

LME of ferritic steels and of pure Fe (Armco iron) can be extreme, large 
reductions in ductility can occur 

from studies of long term exposure of mild steels to liquid Li, a 
spheroidization heat treatment that converts pearlite to carbides will 
reduce corrosion through the dissolution of pearlite   

Comments on Lithium Safety Awareness 
From ICFRM 16 paper: Nygren et al, Failure of a Lithium-filled Target and Some Implications for Fusion Components 
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Defense in Depth: Safety is a Design Requirement 
 Lithium Safety Awareness Briefing 

 Engineering Management Plan 

Engineered Safety Approach (lab start or restart)   

safety basis, analysis, engineering, mitigation, design reviews 

- Define Lab Manager and PI responsibilities (people/roles) 

- Define “Unacceptable Consequences” definition (Des. Req.) 

- Develop Engineered Safety Matrix (analysis tool, Des. Reviews) 

- Others … 

• Define failure modes 

• Define analysis requirements 

• Define controls (engr. & admin.) 

• Others … 

• …   

• Confirm subsystem performance 

• Design Reviews 

important 

detail 

Who - Primary  
• Manager & Lab Manager  - clear roles & requirements 
• Lab staff – detailed knowledge of specific subsystems 
• Analytical support – e.g., model of stress on vessels 

Who – Secondary 
• New “eyes” who know about similar systems 
• SME’s on safety and operations 

How 
• Evaluate potential failure modes with attention to:  

- aggregated hazards 
- modes that trigger multiple failures 
- high impact events 

• Evaluate consequences 
• Develop mitigation 
• More … 

Comments on Lithium Safety Awareness 
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Lab at O-arai site  

Japan Atomic 

Energy Agency 

Thank you - Our next speaker is Dr. Wakai 
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previous presentation 

System for EAST/HT-7 by Zakharov*  
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• China has a national research project on liquid lithium walls.  

• Safety is one of the key issues.  

• Several key investigators are attendign ISLA2013 

Dr. Xuewu CAO, Shanghai Jiaotong Univ 

Dr. Jiansheng HU, ASIPP 

Dr. Fujun GOU, Sichuan Univ 

, Mingjiu 

Dear Richard, 

  

Thank you for sending me invitation letter.  

  

In my group, three persons, Ms. Lili Tong(lltong@sjtu.edu.cn), Mr. Ximing 

You(youximing1989@163.com) and I will attend the special session on Li 

Safety. 

  

Best regards, 

  

Xuewu CAO 

 

October 10, 2013: 

  

Session III. Special Liquid Lithium Session: 

[9:00 – 10:20] [Chair: F.L. Tabarès] 

  

    9:00 – 9:30 Y. Hirooka: Hydrogen 

Recycling over liquid lithium under steady state 

plasma bombardment 

  

  9:30 – 09:50  A. B. Martin-Rojo: 

Studies of  H retention and LiH formation in 

laboratory experiments 

  

09:50 – 10:10 X. Cao: H2 plasma 

interacting with lithium 

 

mailto:lltong@sjtu.edu.cn
mailto:youximing1989@163.com
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• China has a national research project on liquid lithium walls.  

• Safety is one of the key issues.  

• Several key investigators are attending ISLA2013 
Dr. Mingjiu NI  
Dr. Xuewu CAO, Shanghai Jiaotong Univ 
  with: Ms. Lili Tong and Mr. Ximing You 
Dr. Jiansheng HU, ASIPP 
Dr. Fujun GOU, Sichuan Univ 

 

October 10, 2013: 

  

Session III. Special Liquid Lithium Session:   

... 

09:50 – 10:10 X. Cao: H2 plasma 

interacting with lithium 
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The Applied Research Laboratory 
is a US facility on the campus of 

Penn State University 

ARL has a lithium loading 
facility in which liquid lithium 
flows vertically down from a 
delivery tank into a propulsion 
tank that is then sealed.  
 
The facility is open to the 
atmosphere.  A continuously 
flowing inert cover gas shrouds 
the area around the liquid Li.  
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Lithium Safety Awareness: 
Some Issues for Lithium Handling 

Basic 1: Very reactive liquid metal; exothermic reaction with water; reacts 
with C & N; attacks many materials, e.g., dissolves Cu gaskets 

Basic 2: Handle in clean vacuum or inert environment, etc. 

Basic 3: Pump Li in heated systems with heated piping; plugging arises 
from contamination and cold spots (flanges = thermal mass) 

Basic 4: We clean Li from parts by immersion in a water tank outdoors.  
This produces H2 (flammable). Vapor can be strong irritant. 
Disposal cost (hazardous waste water, pH of 14) may be high. 

 Cleaning in-situ is also possible slowly with water or isopropanol 
and appropriate PPE.   

 Vinegar, another cleaning agent (used at PPPL) reacts to give 
non-caustic solution. 
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Lithium Safety: Lab Setting 

What system? 

• Vac vessel, pump, room … 

Who can run it?   

• Students 

• Technologists 

• Minimum number of staff 

• Unmanned at night? 

What is the safety basis? 

• Unacceptable consequences: serious injury, 
damage level for equipment, .. 

• Responsibilities  

• Design evaluations and review, checkout, 
confirmation of safety basis 

• Provisions for safe unmanned shutdown in 
case of accident 

• Compliance:  National Fire Protection 
Agency regulations recently changed, 
NFPA 484 Standards for Combustible Metals 

• Events that trigger multiple failures 

• Emergency Response  

• … 

• … 

What’s in walls and overhead? 

Room with 
circulating 
Li system 

(separate?) 
control room 

Starting Point (consider requirements/implications):   

Design a lab with Li flowing for days rather than just minutes. 

Lithium is implicit with fusion technology. 
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Graze mille Jiansheng Hu for these questions: 

What effects does Li have on human health, such 
as nerves?  What are measures for protection? 

What should the person do in the cases below? 
• Li contacts skin. 
• Li in vapor or powder is inhaled (lungs)? 

How do we minimize circumstances that lead to 
fires or explosions from Li reactions?  
• if there are water leak during lithium 

experiments? 
How to avoid lithium flow out the tank or tubes 
due to erosion if lithium is overflowed to seals? 

How to avoid lithium oxidation or other reactions, 
such as with N2, CO, during handling? 

How to avoid pollution or damage of lithium on 
other instruments, such as pumps and gauges? 

Which kind material is better for fire extinguisher if 
fire happened?  

 

(thanks) 
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We have tested flowing Li on a test bench and HT-7, 
and also performed Li coating on EAST.  

Lithium systems in ASIPP:  

• Lithium ovens 

• Lithium powder/pellet 
injection system 

• flowing lithium test bench 

lithium dropper 

Flowing test bench 
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Conceptual design - Li lab, 
TechnoFusión project  
      González-del Moral, García-Sanz,  

 Casal, Abánades  
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