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Liquid metal reactors 
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Melting point: 327.5 °C 

Boiling point: 1,744 °C 

Reaction with water: Low 

Reaction with air: Low 

Density: 11.3 g/cm3 

Melting point: 97.8 °C 

Boiling point: 883 °C 

Reaction with water: High 

Reaction with air: High 

Density: 0.97 g/cm3 



Benefits 
• Operational experience 

 

• Suitable materials for first-of-a-kind 

 

• Very high margin to boiling (walk-way safety) 

 

• Vessel operates at atmospheric pressure (far 
less chance of LOCA) and can be very 
compact 

 

• Pb is very inert although corrosion/erosion 
remains a challenge – especially on pump 
materials. Na is inert with most structural 
materials 

 

• Capability to accommodate both open and 
closed fuel cycle 

 

 

3 



Drawbacks 

• Opaque 
 

• Corrosion rates very dependent on 
impurity content 
 

• Freezing of coolant an issue 
 

• Pb-fast reactors are very heavy 
 

• Na is very reactive with 
water/air/concrete. 
 
 
 
 

Most issues surmountable with innovation. 
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AMR Phase 1 Concepts 
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Phase 1 of the AMR competition awarded 8 organisations contracts to 

produce a feasibility study: 

1. Advanced Reactor Concepts LLC – Sodium-Fast Reactor 

2. DBD Limited – High Temperature Gas Reactor 

3. Blykalla Reaktorer Stockholm AB (LeadCold) – Lead-Fast Reactor 

4. Moltex Energy Limited – Molten Salt Reactor 

5. Tokamak Energy Ltd – Fusion Reactor 

6. U-Battery Developments Ltd – High Temperature Gas Reactor 

7. Ultra Safe Nuclear Corporation – High Temperature Gas Reactor 

8. Westinghouse Electric Company UK – Lead-Fast Reactor 

 They aim to maximise the amount of off-site factory fabrication and can target: 

• generating low cost electricity 

• increased flexibility in delivering electricity to the grid 

• increased functionality, such as the provision of heat output for domestic or 

industrial purposes, or facilitating the production of hydrogen 

• alternative applications that may generate additional revenue or economic growth 
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GIF SFR activities in the UK Sodium-cooled Fast Reactor Research 

2018 UK re-joined Generation IV International Forum 

• Sodium-cooled Fast Reactor (SFR) 

• Very High Temperature Gas-cooled Reactor (VHTR) 

• Expert and Policy Groups, Working Groups, and Task 
Forces 

UK GIF Membership for SFR 

• Members selected by BEIS 

• . 

. 

 

 

SFR Projects in GIF 
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What does the Westinghouse LFR 
enable? 
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The high temperatures (up to 650 °C) enables a 
range of co-generation technologies to be used to 
enable load shifting 

 

Levelised cost of electricity on par with other low 
carbon technologies aids the Net Zero 2050 aim 

 

Fast reactor fuel can be produced in the UK at 
Springfields (with necessary increases in 
enrichment) and supply a global fleet of fast 
reactors 

 

Potential to close the fuel cycle 

 

Efficient fuel utilization 

 

 

 



Impact on Fusion 
Energy 

UK is pursuing small tokamaks for fusion 
applications and still supports ITER. 

 
• Neutron exposure for most plasma facing 

components similar to those of fast-
reactors. 

• Pb a leading option for cooling and 
breeding options within a tokamak fusion 
reactor. 

• The fast-reactor/fusion reactor ecosystem 
could support each other’s fuel cycles and 
grid balance. 
 

• Shared materials and standards 
• Shared testing facilities (e.g. test reactor 

or neutron sources). 
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Materials and Fuel Development for 
Lead Fast Reactors 
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Corrosion of structural materials in Pb sensitive to oxygen content 

A number of developers are 

considering alumina 

forming steels to improve 

corrosion/erosion 

behaviour.  

 

Alternative refractory 

materials may enable 

higher operation 

temperatures opening up 

development potential for 

co-generation. 



Materials Testing in Liquid Metals at 
Bangor University 
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• Testing in stagnant Pb at very low volumes using 

differential scanning colorimetry (DSC)  

• High control over oxygen content in Pb. Mass 

spectroscopy used to assess off gases 

• Temperatures up to 1500 °C 

*ENEA setup. The 

Bangor University 

Lead Loop Erosion 

Testing (BULLET) 

facility is currently 

being designed 

with SRS. 

Delivery 2021 

• Testing in stagnant and flowing (>4m/s) Pb. 

• High control over oxygen content in Pb.  

• Temperatures up to 600 °C 



Advanced fuels for LFR/SFR 
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The first generation of nuclear fuels will be based on UO2 

enriched ~15-20 wt.% 235U. 

 

Novel fuels are being considered in parallel to the Accident 

Tolerant Fuel (ATF) efforts including those being considered 

within the NNL Advanced Fuel Cycle Programme (AFCP). 

 

High density fuels including UN, UC, UB2 and U-alloy are 

being considered to increase the 235U content in the fuel. 

 

These also come with higher thermal conductivities that aid 

fuel performance. 

 

Composite fuels are being considered that can be used in 

both fast-reactors and conventional thermal reactors (e.g. 

kernel-based fuels). 

Bangor collaboration with 

Westinghouse and KTH 

Bangor collaboration with NNL 



Summary 
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• The UK is currently bringing academia, industry and national 

laboratories together to develop both lead and sodium cooled fast 

reactor technology 

 

• The major benefits are clear and driving innovation to address the 

current drawbacks in opacity, reactivity and operational constraints 

 

• Metal fast reactors draw upon a thriving scientific and engineering 

community abroad and will upskill the UK’s ambitions (GenIV and 

through other programmes such as AMR Phase 2) 

 

• Benefits for the UK grid (co-generation) and potentially for fusion 

energy development 

 

• Physical hardware being stationed within the UK that will upskill our 

scientists and engineers and provide future development 

 



Some questions 
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Given the potential 2030s roll-out of some metal cooled fast reactors – 

is there still room for SMRs? 

 

Is the UK in the driving seat when it comes to fast-reactor fuel 

manufacture and should we support this by example if so? 

 

Should we use fast reactors if we don’t close the fuel cycle? 

 

Who is going to operate a LFR/SFR in the UK? 

 

Given the interest in Li/Na/Pb within nuclear circles, should we think 

about a programme of work (e.g. EPSRC)? 


