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WATER DETRITIATION:  
BETTER CATALYSTS FOR LIQUID PHASE CATALYTIC EXCHANGE 
 

 
Background 
Fusion reactors are our hope for a clean nuclear energy. But as they shall handle huge amounts of tritium, 
1.5E19 Bq GWth

-1 a-1 or about 50 000 times more tritium than light water fission reactors, they need 
detritiation. Most tritium losses can be trapped as or can easily be transformed into tritiated water. Water 
detritiation is preferably based on the multiplication of the large equilibrium isotope effect during the 
exchange reaction of tritium between hydrogen gas and liquid water in a counter current trickle bed reactor. 
Such LPCE (Liquid Phase Catalytic Exchange) requires an efficient hydrophobic catalyst. SCK•CEN 
invented and developed such a catalyst in the past. In combination with an appropriate wettable packing, 
different batches of this catalyst performed very well during years of extensive testing, allowing us to develop 
the ELEX process for water detritiation at inland reprocessing plants. 
 
Objectives 
• To reproduce and possibly improve the SCK•CEN catalyst for tritium exchange between hydrogen and 

liquid water; 
• To demonstrate the high overall exchange rate and thus high detritiation factors that can be realized with 

it in a small and simple LPCE column under typical but conservative operating conditions. 
 
Principal results 

F

 
Schematic overview of the installation for testing LPCE catalysts: the hydrogen flow-rate is tritiated in the bubble bed 
reactor, which is filled with an excess tritiated water and catalyst. We measure the rate of detritiation in the trickle bed 

reactor, which contains the to-be-tested catalyst. 
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Compared to the already good performing SCK•CEN reference catalyst (5R18), the catalyst with 70 % (w/w) PTFE 

(5R18*) performed somewhat worse. Doubling the amount of platinum from 1 % (w/w) to 2 % (w/w) (10R18), resulted in 
an increase of catalyst performance of only 20%. The best result was obtained with a type of catalyst based on a 
different support material (MO1254, MO1255), performing about a factor two better than the reference. (Working 

conditions: 40°C, gas flow rate: 10 mol/(m².s), liquid flow rate: 3 mol/(m².s), activity of to be detritiated hydrogen around 
75 kBq/mol.) 

 
In collaboration with Johnson Matthey and E-vision we reproduced the SCK•CEN catalyst. It is prepared by 
depositing platinum on an activated charcoal support before mixing it with PTFE (polytetrafluorethylene) as a 
hydrophobic material. With a view to test this reproduced and different new types of catalysts for LPCE, the 
SCK•CEN tritium laboratory was improved by installing a bench scale set-up with a 2 cm diameter 50 cm 
long counter-current trickle bed LPCE column, equipped with the necessary control and measuring systems 
for studying the catalytic exchange rate of tritium between hydrogen and liquid water. In combination with the 
catalyst an appropriate wettable stainless steel packing is used. The reproduced SCK•CEN catalyst, has 
been tested at SCK•CEN, D. Mendeleev University in Moscow and at the Tritium Laboratory of the 
Forschungszentrum Karlsruhe. Similar results found in the different institutes, confirmed the historical 
performances of the SCK•CEN catalyst, our maintained ability to prepare it and the good performance of the 
test installation. During following tests, different types were investigated to determine the influence of the 
amount of platinum, PTFE, different types of support material and particle size of the Pt/C catalyst. To 
compare the different catalysts, experiments were done at a constant set of working conditions, at two 
temperatures, 40°C and 60°C, and in a trickle bed LPCE column with a homogeneous catalyst/packing 
(etched stainless steel spirals) mixture in a ratio ½. The overall exchange rate constant of all types of catalyst 
which were tested was high. For one type of catalyst it was even roughly two times better than for the 
reference type. 
 
Future developments 
By extrapolation, these new results would allow us to obtain, at 40°C and under analogous conditions as 
before, a decontamination factor of 10 000 with a column of about 3 meters long. Such performances would 
make this catalyst an excellent candidate for application at JET or ITER, and SCK•CEN is willing to 
commercialise this catalyst. But extrapolation of results obtained in a column of 0.5 m should be confirmed 
experimentally. We have started to demonstrate together with the National Institute of Cryogenics and 
Isotope Technologies in Romania that our (improved) catalysts are physically stable and that they allow high, 
constant and reproducible overall tritium exchange rates between hydrogen and liquid water for a longer 
period of time in a longer column. 
 
Main contact person 
Johan Braet, johan.braet@sckcen.be
 
Main reference 
A. Bruggeman, J. Braet, S. Vanderbiesen, “Water Detritiation: Better Catalysts for Liquid Phase Catalytic 
Exchange”, Fusion Science & Technology, American Nuclear Society, to be published. 
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