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PHYSICO-CHEMICAL INVESTIGATIONS IN RELATION WITH THE TRITIUM 
CIRCUIT IN FUSION REACTORS. 

3. Chabot, P. Courvoisier, 3. Mauvisseau, C. Sauzay 
(C.E.A. - I.R.D.I. - France) 

The tritium flow diagram within a fusion reactor may be splitted in a 
series of chemical engineering units. For them, the E.E.C. has launched 
a review program as well as experimental work. In this framework the CEA 
has carried out conceptual studies on fuel clean-up process, on gaseous 
waste treatment and on atmosphere detritiation systems. Moreover measu
rements with experimental loops are running to determine data necessary 
to assess unit dimensions ; among others : hydrogen permeation rate 
through Pd-Ag membranes and tritium oxidation catalyst performances. 
1. CONCEPTUAL STUOIES 
1.1.Fuel clean-up. Continuous cleaning of partially burnt fuel Is 
required to avoid extinction of the fusion reaction. Various processes 
developped by C.E.A. have been analysed and compared within requirements 
on tritium breeding and inventory as well as lsotopic adjustment through 
cryogenic distillation. A cleaning system is proposed (see figure 1) 
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Fig . 1 : The fue l pu r i f i ca t ion process 
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based on the continuous operation of a permeation system made of Pd-Ag 
membranes which separates a flow of pure hydrogen isotopes. 
1.2.Caseous wastes treatment. A two-fold goal is pursued : (i) to 
lower tritium content of wastes below a level compatible with environ
mental release ; (ii) to recycle tritium with the aim to ease tritium 
breeding. Compared with total tritium inventory, tritium content of 
wastes is -low, thus leading to put more weight on cleaning than on 
recycling. Processes based either on catalytic oxidation or on reduction 
by means of metallic beds can be used. Further studies are required 
on both processes. In the fJow diagram of figure 2 catalytic oxidation 
is used. It leads to tritiated water which has to be electrolysed 
in a specific unit. 

Fig. 2 : Gaseous waste processing by catalytic oxidation 

2. EXPERIMENTAL INVESTIGATIONS 
2.1.Parametric study of hydrogen permeation rate through Pd-Aq membranes 
Experimental. The PALLAS loop was set up to measure performances of 
Pd-23 weight % Ag tubular membrane and to study poisoning effects of 
gaseous impurities present in the burnt gas. The flow-sheet of the 
rig is shown on the figure 3. 
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Fig. 3 : Experimental apparatus for permeation measurements and poiso
ning study of Pd-Ag membranes. Conceptual flow-sheet. 

The processing loop mainly consists of : 
- a 10 litres stainless steel vessel which contains the gas mixture 

to be treated ; 
- a circulator ; 
- a preheater ; 
- a furnace allowing to keep the membrane of the permeation cell at 
constant temperature up to 500°C ; 

- a vacuum pump for permeated hydrogen extraction ; 
- a cooler bringing back the gas to room temperature before analysis. 
The flowrate in the loop is measured by means of volumetric flowmeters 
and can be adjustable up to 6 m'.h" . The Pd-Ag tubular membrane is 
10 cm long, 0.3 cm in external diameter and 0.025 cm thick ; the exter
nal surface is 9.k cm 1. It is sealed at one end and brazed to a 316 
L stainless steel tube at the other one. The analysis circuit, mainly 
constituted of a chromatograph fitted with a thermal conductivity 
detector, permits to control the level of impurities and to determine 
the permeation rate R by measuring the hydrogen concentration decrease. 

Results. The first experiments were carried out with He-10 * H. gas 
mixture without impurity (total initial pressure : 1 W kPa). SuTface 
pretreatments had to be adjusted in order to improve the performances 
of the newly delivered membrane. The surfaces (external and internal) 
are cleaned by heating at 450°C during one hour in presence of air 
and then activated at 450°C in He-10 % H- atmosphere. 
Measurements of hydrogen concentration in the loop were achieved as 
a function of time at several temperatures in the range 100-^50°C 
(see figure k). The values of R are plotted in an Arrhenius diagram 
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on figure 5. Log R is a linear function of 1/T but there is a slope 
change at about 300°C. Below this point the permeation rate decreases 
more rapidly with temperature. 

This fact already observed with palladium might be related to a modifi
cation of the constitutional diagram of the hydrogen-palladium system 
in this range of temperature [1]. From the application viewpoint, 
the precise determination of the slope change temperature is essential 
to be able to optimize the process temperature. To avoid parasitic 
hydrogen diffusion through steel tube it is desirable to operate at 
low temperature but the membrane performance decrease may be too high 
below the slope change. Therefore further experiments are planned 
to precise this point with the Pd-Ag tubular membrane utilised. The 
figure 5 shows also that the value of R measured above 300°C with 
PALLAS loop are situated between the results of ACKERMAN [2] and those 
of YOSHIDA [3]. 
The study of poisoning effect due to the presence of impurities has 
been undertaken by considering He-10 % H-- 10 % CO mixtures. First 
results show a slight poisoning effect of CO at 300°C. Between W O 
and *f50°C, a noticeable part of H. reacts with CO in contact of Pd 
surface (catalytic effect) and gives rise to CH. formation. This pheno
menon may be a concern about tritium recovery seeing that carbon-bonded 
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hydrogen cannot be extracted by permeation from gas mixture. Other 
tests are foreseen to determine the extent of reactions which can 
occur above 300°C between CO, H-, CH. , C0_. 

2.2.Catalyst study for the decontamination of atmosphères containing 
traces of tritium.. 

Catalytic oxidation of tritium to water, followed by drying on molecular 
sieves seems an effective and commonly used method for capturing tritium 
from leaks or wastes which might otherwise reach the environment. 
The tritium handling facilities such as those of LOS ALAMOS TSTA or 
of SANDIA Lab. achieve the decontamination of atmospheres containing 
several curies of tritium per cubic meter ur'ng traditional precious 
metal supported catalysts. However the efficiency of such, catalysts 
at tritium concentrations as low as 1.10." vpm (2.4 10" iiCi.cm" 
- 89 Bq.cm" ) is unknown and even questionable. Furthermore these 
catalysts are fully operating at 150-200°C but it would be energy 
saving if the catalyst could be enough efficient at ambient temperature. 
Finally cold trapping of tritiated water instead of adsorption on 
molecular sieves could permit to decrease the amount of solid wastes. 

Previous results about performances of atmosphere clean-up system 
were obtained by SHERWOOD et al. [*v]. But these authors used molecular 
sieves and the air to be treated contained H ?0 vapour which makes 
easier the tritiated water trapping. The tritium removal equipment 
studied by YAMAGUCHI et al. [5] works also with molecular sieves, 
and the cir-ulating gas contains H_up to 1 % (isotopic dilution). 

The BEATRICE loop (figure 6) was designed, constructed and assembled 
to study and improve catalyst-cold-trap systems, working in very severe 

Fig. 6 : General view of BEATRICE loop. 



-3 conditions : tritium concentration in the., range about 100 to 1 Bq.cm , 
high space velocity (5000 to 120000 h" ), temperature near ambient. 

The first purpose of the experimental work is to measure catalytic 
oxidation kinetic data for scaling up the NET catalytic reactor. Other 
objectives are (i) to avoid isotopic swamping used in the actual tritium 
removal systems (which makes more difficult the subsequent tritium 
recovery), (ii) to improve catalysts by active phase and support modi
fications. 
Experinental loop and procedure. The flow-sheet vf BEATRICE loop is 
shown in figure 7. The processing loop mainly consists of : 
- a 250 litres capacity stainless steel tank ; 
- a catalytic reactor (3 cm in diameter and 50 cm long which can be 
provided with variable catalyst charges and operates up to 300°C ; 

- a liquid nitrogen cold trap specially designed for very low water 
vapour partial pressure ; 

- a dry and tight pump compatible with tritium, the flow-rate of which 
is adjustable up to 10 m'.h" ; 

- devices allowing to heat or cool the gas before and after the cata
lytic reactor and to reheat it at ambient temperature after the 
cold trap ; , 
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- a vacuum system to pump out all the components of the loop. 
The analysis circuit is equipped with two 10 litres ionisation chambers 
one of which being used as a reference. The analysis line is connected 
to the process loop between the tank and the catalytic reactor. The 
loop is located in a glove-box, continuously ventilated by direct 
connection to a stack in order to avoid workers and laboratory atmos
phere contamination. 
Before tritium experiments tightness tests have been done with an 
helium mass spectrometer. The total leak rate for the whole process 

-8 -3 -1 -9 -3 -1 loop is 10 atm.cm .s (10 Pa.m .s ) at ambient temperature. 
All internal surfaces were outgassed by stages up to 120°C and the 
catalyst itself has been outgassed at 220°C. 
The experimental procedure is the following one : nitrogen containing 
10 vpm oxygen is introduced in the tank by means of the feeding gas 
line. Tritium is supplied in special ampoules containing about 700 (iCi 
(2.6 10 Bq) in a volume of 30 cm'. The ampoule is broken and tritium is 
injected in the loop by flushing with the carrier gas. Tritium is 
oxidized at the catalyst surface and tritiated water is fixed in the 
cold trap. The tritium concentration change in the loop is conti
nuously measured by the ionisation chamber and recorded. In such recir
culation experiments, the tritium concentration in the loop, at time t, 
is expressed by the following equation : 

(1) C = Co exp ( - f | t ) where (2) f = 1 - exp ( - K ̂  ) 

with : C tritium concentration at t ; Co tritium concentration at t = 0 ; 
Q flow-rate : V loop volume : Vc catalyst volume ; f fractional 
conversion factor ; K rate coefficient depending on the catalyst 
characteristics. 

Results. The first BEATRICE experiments have been made with a cataiyst 
A (palladium on alumina pellets) selected after preliminary laboratory 
tests carried out by dynamic method with hydrogen (,£100 vpm). Physico-
chemical properties of catalysts have been determined by traditional 
methods. The characteristics of the catalyst A are the following : 
Amount of active phase Pd 0.^1 wt * 
BET surface area 103 m*.g" . 
Pore volume per pellet mass 323 mm'.gT 
Dispersed metal surface area 1.8 m'.g 

Important informations were gained from the first test. During the 
first stage of the experiment the catalyst bed and the cold trap were 
by-passed and the current Intensity of ionisation chamber remained 
constant ; this result shows that no appreciable disappearance of tri
tium by permeation through tubes of the loop or by adsorption on inter
nal surfaces occurs over several hours (eventual loss of tritium Is 
below the ionisation chamber sensibility in the activity limits of 
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Interest : 5.10" |tCi.cm" (2Bq.cnf ). During the second stage the 
gas was allowed to flow through the cold trap, the catalytic bed being 
still by-passed. In this case also no tritium concentration variation 
was detected ; it means that the tritium amount eventually bound in 
water molecules formed in the gas at the begining of the run is below 
the sensibility limit. With the catalyst. A (70 cm') two kinetic determi
nations have been achieved at 8.* m'.h" (space velocity of 120.000h" ) 
the catalyst temperature being respectively of 70 and 17°C. The results 
are illustrated in figure 8 where the tritium concentration decrease 
in the loop is plotted as a function of elapsed time. The values of rate 
coefficient K, caLculated from these results by means of equation (1) 
and (2) are 10 s at 70°C and *.7 s at 17°C The catalyst was not 
outgassed between the two experiments. 
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Fig. 8 : Tritium catalytic oxidation with Pd-Al?0, catalyst 
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Concluding remarks. The BEATRICE loop experiments permit to measure 
the activity of catalysts in realistic operating conditions and to check 
up cold trap performance in a water vapour pressure range not accessible 
by conventional methods (estimated P„ Q ^ 1 0 " kPa). The first tests 

show that the purification of very low tritium contamined gas is pos
sible by oxidation catalytic bed at ambient temperature followed by 
liquid nitrogen cold trap without isotopic swamping. This study will 
be pursued by comparing and eventually improving catalysts and cold 
trap in order to obtain data for the design of cost-effective large 
scale clean-up systems. 
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