
NPRE 470 H2 and Fuel Cells

Fuel combustion vs. nuclear heated

Reforming
• CH4 + H2O → CO + 3 H2

Endothermic 
Water gas shift
• CO + H2O → CO2 + H2

Exothermic
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Large H reforming systems
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Large H reforming systems: close-
up
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Real world examples
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Pressure swing adsorption PSA
Basic principles: 

Adsorption 
difference of 
H2 and CO2 
due to the 
difference in 
the Van Der
Waals force,
mass. 
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Pressure swing adsorption PSA
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PSA Column
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PSA Valve Stacks
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The layered PSA column
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PSA vs TSA (temperature swing)



NPRE 470 H2 and Fuel Cells

PSA steps
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The PSA adsorbents 

The lines are called isotherms 
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The PSA Advantages

Simple mechanism 
Mature components from CE 

Downside:  batch type operations 

How about separation with membranes? 
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Membrane H separators

Hydrogen 
selective 

Carbon dioxide 
selective

Metal alloy based (Pd..) 
Ceramics (gamma-Alumina..)
Polymeric (Polyimide..)

Carbon dioxide selective
(Rubbery type membranes, 
poly(ethylene glycol),
Poly(1-trimethylsilyl-1-propyne), PTMSP; 
Poly(1-methyl-1-pentyne),PMP;
Poly(tert-butylacetylene), PTBA)
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Membrane H separators
In general, tube like 
structure to better withstand 
the pressure. 
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Membrane Reactor
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Membrane Reactor

Principle of operation
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Membrane Reactor

• Limitations 
A surface limited process 

Maybe when combined with a plasma 
process it’s more efficient? 


