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The conversion of tritium at very low activity level using catalytic oxidation followed by
water trapping is studied in the loop BEATRICE in order to measure kinetic parameters required
for the design of the NET tritium clean-up system. Two precious-metal catalysts (Pd/alumina
and Pt/alumina) are very efficient in removing tritium from contaminated gas mixtures down
to a few MPC level at low temperatures, without need of isotopic swamping. However at room
temperature, the trapping of tritium species on the catalyst surface gives rise to a progressive
deactivation with time. Best regeneration conditions have to be determined in order to demons-
trate industrial feasibility of operating at low temperatures.

1. INTRODUCTION
Tritium extraction from the atmosphere of

glove-boxes containing tritium handling facili-
ties is mandatory to minimize environmental
tritium releases. Oxidation of tritium on
precious-metal catalysts followed by water
adsorption on molecular sieves is the most
widely used method with the drawback of requi-
ring hydrogen swamping, the necessity to
regenerate molecular sieve beds and the multi-
plication of the amount of water formed in
the system. Moreover though existing facilities
are very effective in achieving the detritia-
tion of atmospheres containing up to several
curies of tritium per cubic metre using tradi-
tional catalysts, their efficiency at tritium
concentrations as low as 10" ppm (89 MBq.m" )
has not been reported and is questionable.
Furthermore these catalysts are usually opera-
ted at 15O-2OO°C.

A catalyst efficient at room temperature,
without preheating and postcooling the gas
stream would greatly simplify the system
and improve the economic aspect of the process.
In addition cold trapping of tritiated water
instead of adsorption on molecular sieve
beds could decrease the amount of solid wastes

and make easier the tritium recovery of the
formed water.

Within the European Fusion Technology
Programme an experimental work on atmosphere
detritiation systems is under way at CEN-SACLAY
in order to determine the kinetic parameters
required for the design of the NET tritium
clean-up system. A two-fold goal /s pursued
(i) to select tritium conversion catalysts
able to achieve the oxidation down to MPC
level without hydrogen swamping (ii) to deter-
mine the ability to operate at low temperature,
and even at room temperature if possible.

Z. EXPERIMENTAL

2.1. Apparatus

Experiments are carried out in the loop BEA-

TRICE. It includes (fig. 1) a processing loop

in which the gas to be purified is circulated,

a feed-gas line with a tritium injecting

device, an analysis circuit and a vacuum line.

The loop is tocated in a glove-box continuously

ventilated by direct connection to a stack.

The processing loop mainly consists of :

- a 250 litres stainless steel tank supplied

with the tritiated test-gas mixture,

- a catalytic reactor which can ue provided



with variable catalyst charges (0.003 to 1
litre) and operated at temperatures up to
3000C ; the catalyst temperature is measured
by means of a thermocouple located inside
the catalytic bed,

FIGURE 1
BEATRICE LOOP - Conceptual flow sheet

- a liquid-nitrogen cold trap especially
designed for trapping water at very low
partial pressure,

- a pump the flowrate of which is adjustable
up to 10 n^.h"1,

- devices allowing heating or cooling of
the gas before and after the catalytic
reactor and the cold trap.

The analysis circuit is mainly constituted
of two ionization chambers (10 litres volume)
one of which is used as a reference. The
analysis line is connected to the processing
loop between the tank and the catalytic reactor.

2.2. Procedure
Dry nitrogen carrier gas containing up

to 4000 ppm oxygen is introduced into the
tank by means of the gas feed line. Invested
tritium is supplied in special ampoules contai-
ning about 2.6xlO 7Bq (70OuCi). The ampoule

js broken in the injecting device and tritium
is swept-along into the loop by the carrier
gas. Tritium is converted at the catalyst
surface and tritiated water is removed in
the cold trap the temperature of which is
about -175/-1800C. The tritium concentration
change in the loop is continuously measured
and recorded. In such recirculation experiments,
with the assumption of a pseudo-homogeneous
first-order reaction, the tritium concentration

in the loop, at time t, is expressed by the
1 2 •following equations '

C = exp. (- f

f = 1- exp. (- k g£)

(D

(2)

-3
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Where :
C and CQ are tritium concentrations, pCi.cm*
at t and t = 0 time, s,
0 flowrate, K s ,

V loop volume, V catalyst volume, I,
k pseudo-homogeneous rate coefficient, s"
f fractional conversion.

2.3. Catalyst physical properties
The two catalysts investigated were previous-

ly selected from hydrogen experiments carried
out on several available commercial catalysts
at Hg concentrations up to 100 ppm. These
precious-metal catalysts are respectively
made of palladium or platinum dispersed on
a high-surface-area alumina substrate in
pelletized form (2-4 mm diameter). Their most
important physical properties are reported in
table I.
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Catalyst physical properties
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3. RESULTS ANO DISCUSSION

3.1 Room temperature experiments

Initially tests were carried out at room

temperature by varying the residence time

from 0.1 to 0.010 s (corresponding space

velocities of 35000 to 350000 h~*). Prior to

each experiment the catalysts were outgassed

under vacuum at 3000C. Typical data from

comparative runs for two residence times

with both catalysts are shown in fig. 2. After

a linear part suggesting a first-order reaction

the curves tritium concentration logarithm

versus time become concave in agreement with

already published results1"2" for higher

Time

FIGURE 2
Comparison of tritium catalytic oxidation with
Pt/alumina and Pd/alumina catalysts for two
different residence times, at room temperature.

tritium level experiments. The two catalysts

appear to be very efficient. With a residence

time of 0.1 s, the tritium level decreases

to a concentration corresponding to about a

few MPC value in less than one hour. Noticeably

shortening the residence time leads to similar

levels of residual tritium but obviously increa-

ses the duration of the tritium separation.

However when successive runs are performed

with the same catalyst without outgassing bet-

ween each run, a progressive decrease in

the fractional conversion is observed. Simulta-

neously the residual concentration increases

and the deviation of the curve from linearity

appears earlier. Complementary experiments have

pointed out the following facts :

- the phenomenon is not correlated to an

eventual tritiated methane formation in the

loop nor to any limitation in tritium acti-

vity measurement which coul.j be due to the

detection limit, or to a contamination of

the ionization chamber (as it was observed

by other workers2'3"4"),

- the initial performance of the catalyst can

be restored by vacuum outgassing at tempera-

tures higher than 2400C for several hours,

- only very small amounts of tritiated water are

collected in the cold trap while nearly all

the tritium activity (about 95 %) remains

trapped on the catalyst.

Consequently, the tritium and/or tritiated

water trapped at the catalyst surface when

operating at room temperature would explain

both the catalytic activity decrease with

time and the progressive raising in the resi-

dual concentration.

3.2 Investigation at higher temperatures

Tests were performed in the temperature

range of 20 to 250°C in order to find out

the threshold for water desorption during

the catalytic oxidation process itself.

Because of the very high catalyst efficiency



expected at higher temperatures, the catalyst
volume was significantly reduced in order to
lower the residence time of the gas. Conse-
quently the conversion rate per pass of gas
which corresponds to tha slope of the linear
part of the experimental curves was limited
to make measurements possible. Prior to each
experiment the catalysts were outgassed under
vacuum by raising the temperature by steps
up to 3000C. At the end of each run the tritium
activity was measured in the catalyst and
in the cold trap using a liquid-scintillation
counter. Representative experimental curves
and corresponding analytical results are
presented on figures 3, 4 and 5 for the two
catalysts. From fig. 3 it appears that in both
cases the major part (80-95 %) of the tritium
remains on the catalyst at temperatures up to
about 7O-8O°C and that a significant amount of
tritium is still trapped at higher temperatures.
Concerning the temperature effect, the two cata-
lysts behave similarly. The tritium decreases
to a concentration corresponding to about a
few MPC level for temperatures ranging from
200C to 150°C and to the MPC level from 24O0C
to 250°C.
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FIGURE 4
Tritium catalytic oxidation with Pt/alumina
catalyst at low and intermediate temperatures.

Typical curves concerning experimental
runs carried out with the platinum catalyst
at low and intermediate temperatures up to
150"C and at temperatures higher than 2000C
are respectively shown on fig. 4 and 5. The
fractional conversion, f, determined from
these curves and identical experiments with
the palladium catalyst are summarized in
table II.

FIGURE 3
Tritium activity distribution between the
catalyst and the cold trap at the end of
tests carried out at different temperatures
for both Pd and Pt catalysts

4. CONCLUSION

8oth palladium and platinium catalysts
are very effective in removing tritium from
contaminated gaz mixtures down to a few MPC



TABLE II
Fractional conversion, f, for different tempe-
ratures and residence times for both Pt and
Pd catalysts

catalyst

Pt/
alumina

fil
alumina

tempera-
ture, °C

21
78

150
205
240

25
75
196
250

catalyst
volume,1

9 loi
9 loi
9 loi

3.85 10i
3.85 10"J

9 loi
9 loi

3.85 10i
3.85 10"J

flowrate
l.s"1

0.64
0.63
0.62
0.403
0.36

0.64
0.64
0.34
0.356

residence
time, S.

0.00140
0.0142
0.0145
0.0095
0.0106

0.0140
0.0140
0.0113
0.0108

fractional
conversion

0.18
0.61
0.68
0.80
0.84

0.07
0.49
0.65
0.89

10

3 4
Timt, hour

FIGURE 5
Tritium catalytic oxidation with Pt/alumina
catalyst at 205 and 2400C.

level at low temperatures and a short residence
time without need of hydrogen swamping. However
a progressive deactivation with time may
occur caused by tritium species trapped on

the catalyst surface. This tritium trapping
and the corresponding catalyst deactivation
may be a concern either for tritium inventory
and for process efficiency and cost. Room-tem-
perature operation implies periodic regenera-
tion of the catalyst. The best regeneration
conditions depending on temperature, catalyst
volume and time have to be determined in
order to justify the choice of this way.
However in a nuclear plant like NET it may
be very useful for safety considerations
to be able to start an emergency clean-up
system without need of keeping the catalyst
continuously hot. In this way, the catalytic
bed would be heated up progressively in order
to desorb the trapped species and to restore
the required performances.
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