Composite Metal Membranes for Efficient Fusion Fuel Cycles
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Opportunities & Challenges

Fusion Fuel Cycle

* Membranes critical throughout

* Desired: High flux, infinite selectivity

* Materials: Thermal & chemical stability
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Metal Foil Pumps

* Enables direct internal recycling (DIR) reducing T inventory
®* Energetic hydrogen superpermeable

* Metal foil pumps (MFP) with asymmetric coatings

* Hydrogen diodes: One way flow
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Tritium Extraction from Breeder Blankets

* Molten Metals, Salts (PbLi, FLiBe)
* High temperature (400 — 800 2C), corrosive
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Exhaust Processing

* Removal of He, trace carbon, oxygen
* Improved efficiency over conventional CAPER process
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Composite Metal Membranes

Tritium Permeable Metal Membranes
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Palladium and Related Alloys

* Electroless plating: Large area, flexible geometries
®* Ceramic or ceramic-coated SS supports
* Relatively expensive: 3 — 10 microns
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Composite BCC Metal Membranes - ™ ~

* Orders of magnitude cheaper ’“ .
* Carbide catalysts (~20 nm) on metal foils : 25 .
* Higher permeability than Pd! £ iocos | o8 . B g P:
* High temperature stable ( T> 750 2C) s =, .
* Used for isotope enrichment T topy Lo SREmR
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Reactor Construction & Model

Hydrogen Permeation: J,, =k (PHW - P, mub)

t ¢ ¢+ * ¢+ ¢ ¢+ o(pu)
o DR =Fvir—FW.J
A Porous Region: 2D Reaction Diffusion 07 c’i m= i
¥ IFi v,
In_  Channel: 1D Plug Flow Out
) - g
A V(D.VC.) =v.kC,,,
z Symmetry: J =0 L 3

®* Reduced catalysts loadings (10X), operating temperature >200 eC..
* Significantly enhance recovery of hydrogen
* Validated reactor model for design, scale-up
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Systems Examined

®* Steam Methane Reforming (SMR):
CH, + 2H,0 - 4H, + CO,

* Water Gas Shift (WGS):
CO + H,0 - H, + CO,

* Ammonia Reforming: L .
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H, Product Flowrate (L(STP)/min)
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