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Outline
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Cermets Combine the Best Properties 
of Ceramics (Shielding, Hardness) with 

Those of Metals (Strength, Ductility)
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Cermet Casks will be Adopted if 
Manufacturing Costs are Low

• Cermet performance can far exceed the 
performance of other cask materials

• Cermets incorporate the best properties of metals 
and ceramics

• Materials can be modified to meet requirements
− Physical protection (match armor)
− Maximum payload for a given weight or size constraint
− High thermal conductivity
− Nuclear properties

• Cermet casks may or may not contain DUO2
(Different ceramics for different requirements)
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Cermet Cask Manufacturing Options

• Two manufacturing options are being examined 
in the United States
− Forged Cermet Cylinder (FCC) process
− Cermet Extrusion Section (CES) process

• Both processes use powder metallurgy methods 
that enable variable composition cermets
− CES process discussed herein
− FCC process

• Potentially better economics at large manufacturing rates; 
but, higher manufacturing-equipment capital costs

• Greater R&D requirements

• A cement-casting process is being developed in 
Russia (paper at conference)
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Cermet Extruded Section (CES) 
Process
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Cermet Extrusion Section Cask

• Components of cask
− External steel shell
− Internal steel shell
− Cermet sections

• Cermet sections have a 
steel exterior and a cermet 
interior

• Considering 12 to 48 cermet 
sections per cask

Cermet

Cask
Outer layer
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Cermet Sections are Curved to 
Ensure Uniform Radiation Shielding
• Manufacturing process 

requires the cermet to be 
made in a can

• Steel-can shielding 
properties are different 
than those of the cermet

• Cermet sections must be 
curved to have the same 
shielding everywhere
− Equal thickness of steel 

and cermet through cask

• Smaller cermet extrusions 
(more sections per cask) 
imply cermet sections 
that are closer to 
rectangular in shape
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Cask Wall

Outer Steel 
Cask Wall
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Small Cermet
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CES Process Steps
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CES Step I:  Filling Extrusion Cans with 
Steel Powder and DUO2 Particulate
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Powder-Mixture Segregation Tests 
Determined the Thickness of 

Individual Steel-DUO2 Powder Layers
• Powder mixtures can 

separate on handling

• Tests define allowable 
thickness of powder 
before compression
− 7-cm cylinder of HfO2

mix and iron powder
− 2 hours on vibration 

table
− Limited segregation

• Tests define maximum 
layer of powder mixture 
before pre-compaction
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Compression Testing Defined the 
Required Consolidation Pressures

• Powder mix 
compressed to 
minimize high-
temperature 
consolidation

• Tests to determine 
optimum forces for 
compression
− Low pressure minimizes 

cost
− High pressure 

maximizes density
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CES Step 2:  Sealing Can
(Add Lid, Weld Lid to Extrusion Can, Heat, and Degas)
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CES Step 3:  Extrusion

• Operations
− Converts round can to 

the proper geometry
− Converts powder mixture 

to a strong cermet

• Multistep process
− Heat can
− Extrude
− Can require more than 

one extrusion step

• Technical advances 
enable extrusion of steel
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CES Step 3:  Extrusion
(Ram Pushes Heated Canned Powder Through a Die)
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CES Steps 4 and 5:
Machine Extrusions and Cask Assembly
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Cask Cost Estimates ($/Cask)
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Conclusions
• Cermet SNF casks have superior performance 

relative to other casks
• If low-cost manufacturing methods are developed, 

cermet casks will be used for spent nuclear fuel
− May contain DUO2 for higher SNF capacity per cask for 

given weight or size limitations
− Alternative cermets used to meet different requirements

• CES process appears practical
− Uses existing technology
− Relatively low capital cost investment
− Limited handling of DUO2

• Potentially competitive economics
− Primary uncertainty is in extrusion costs
− Extrusion test run with surrogates is required to reduce 

cost and performance uncertainties


