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Experimental investigation on charcoal adsorption for 

cryogenic pump application 

Background: Fusion reactors are generating energy by nuclear fusion between deuterium and tritium. Within the European Fusion Programme, KIT has taken the lead to design a 

three-stage cryogenic pump in order to evacuate the high gas throughputs from the plasma exhaust and to provide a separation function of hydrogen isotopes from the remaining 

gases. Such a pump features a first stage at 80 K (thermal radiation shield and condensation stage for impurities), and two stages coated with activated carbon; at 12 K – 22 K for 

hydrogenic species adsorption and at 5 K for helium (a product of the fusion reaction) adsorption. Since literature on cryogenic pumping is scarce and inconsistent, a dedicated 

experiment was conducted in the TIMO-2 facility at KIT. The performances of  an experimental cryopump have been tested for various gases (H2, D2, He, Ne, and gas mixtures), 

gas flows and sorbent temperatures, with the final goal to develop a data base of sticking coefficients and to find the optimum intermediate hydrogen pumping stage temperature. 

Design criteria for the experimental cryopump: 

 High specific pumping speed → Replicate fusion relevant conditions 

 Capture coefficient  being a strong function of the sticking coefficient 

→ Simplify derivation of the sticking coefficient 

 Pumping surface (cryopanel) at temperature between 6 K and 22 K 

 Reversible cryopanel orientation (configurations 1 and 2)               

→ Study the influence of the pumped gas temperature 

Discussion on the results: 

 Coverage effects are much stronger with H2 and He 

 Higher temperature of the pumped gas is significantly decreasing the pump performance, particularly at cryopanel temperature of 7 K → Open geometry 

designs with high molecular transmission probability from the pump inlet to the pumping surface have some limitations 

 Fast decrease of the pumping speed (factor ~3) between 8 K and 12 K and then slow decrease between 12 K and 22 K → A hydrogen pumping stage at 

~20 K could  be more efficient than at 12 K in term of pumping performance over cryogenic cost 

 The pumping speed of D2 and H2 is exponentially decreasing with the quantity of He into the mixtures → The burn fraction of the fusion gas is a primary 

importance input parameter for the design of the three-stage cryopump 

Future work: 

 Support Monte Carlo 

simulations → Estimation 

of the sticking coefficients 

by direct comparison with 

the experimental results 

 Vacuum design of a 

prototype three-stage 

cryopump based on the 

sticking coefficient data 

base and the qualitative 

statements learned from 

the present experiment 
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Configuration 1 

Simplified sketches of the experimental cryopump 
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CAD view of the cryopump inside the vacuum vessel 
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Tests with D2, H2 and Ne at cryopanel temperature between 7 K and 22 K Tests with He at cryopanel temperature of about 7 K 

Tests with D2-He and H2-He gas mixtures 

at cryopanel temperature of about 7 K 


