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Research on oxidation resistance of tritium barrier tubes
in a fusion reactor heat exchanger
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In a fusion reactor, tritium is used as fusion fuel.

Control of tritium diffusion and leakage due to

diffusion is therefore necessary to prevent contamination of the coolant in the second loop and leakage to

environment.

has small tubes with oxidizer and carrier gas for the tritium recovery.

We proposed a tritium barrier with double tubes for the heat exchanger.

The double tube
In this experiment, we focused on

oxidation of tritium barrier tubes and investigated the growth of the oxidation on the inner surfaces of the

tubes.

1. Introduction

In laser fusion reactor, tritium, a radioactive
material, is used as fusion fuel. So there is a risk
that tritium melt in the thermal cycle is saturated
and passes through the furnace. To solve this
problem,  some coating methods have been
researched. [1] We proposed a tritium barrier with
double tubes for the heat exchanger. The double
tube has small tubes filled with oxidizer and a
carrier gas for the tritium recovery. By setting
these tubes in a heat exchanger, tritium permeation
flux is supposed to reduce to 10™*-fond by ANSYS
analysis. In addition, this method can be used in
combination with other permeation methods such as
ZrO or Er,0O3 coating. The concept of the double
tubes, however, has some matters such as oxidation
of the inner surface of the small tube. It is
assumed that oxidation of the inner surface
somehow influences hydrogen permeation. In this
experiment, we simulated a tritium barrier tube in a
heat exchanger by using light hydrogen instead of
tritium and focused on oxidation resistance of the
tube. (SS 316 stainless tube)
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Fig.1 Tritium barrier tube

2. Experimental apparatus
We made the experimental apparatus as shown in
Fig.2. Hydrogen is filled in the outer chamber and,
an oxygen/argon mixed gas flows through the inner
tube.
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Fig.2 Experimental apparatus

The rate of Oxygen in the mixed gas is 20%,
which is the same as that in the air. Then we
observed the inner surface of the sample with a
digital microscope and SEM and measured mass
percentage of oxygen by fluorescent X-ray analysis.
For comparison, the experiment without hydrogen
(vacuum) was performed as well.

We experienced at various heating duration time;
1 hour, 3 hours, 5 hours and 10 hours.

The amount of hydrogen is passing through
stainless steel is given by the following equation.

J =4 %x1073(/Poyr — y/Pin) (1)

J: hydrogen permeation (ml)
P: hydrogen pressure of the outer chamber and
the inner tube (atm)



In this experiment, the amount of hydrogen is
assumed 62 ml (standard pressure) per hour.

3. Digital microscope and SEM images
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With digital microscope, we could find
difference of degree of oxidation process between
hydrogen-filled and vacuumed at even 1 hour of
duration time. The inner surface of the tube with
hydrogen atmosphere was darker and it seemed
more oxidized, both of them, however, ware enable
to measure oxygen by fluorescent X-ray analysis
because of extremely small amount.

By SEM observation, clear difference of the
surface figure appeared after 5 hour-heating. This
result shows that hydrogen permeation strongly

influences oxidation of the surface. The oxidation
particles in hydrogen atmosphere looked  bigger
and more coarse-grained, but they disappeared at
10-hour-heating and the surface was similar to
vacuumed one.

4. Rate of oxygen in hydrogen atmosphere

The amount of oxygen on the inner surface was
measured with fluorescent X-ray analysis, but only
long-heating-time  samples were measurable;
5-hour-duration in hydrogen atmosphere and both
of 10 hours. The other unmeasurable samples, the
concentration of oxygen on them were supposed to
be less than 2 %. The longer heating time, the
higher rate of oxygen was measured. It was
assumed that the 5-hour-duration sample of
hydrogen atmosphere had more oxygen than
vacuumed one because it was measurable. It was
not clear whether it is come from the difference of

degree of oxygen or reduction by hydrogen.

But, from the amount of oxygen in Figure.5,
10-hour-heating sample of vacuum was more
oxidized. At this duration time, the inner surface
of both was similar while there was clear difference
at 5-hour-duration.
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Fig.5 amount of oxygen

It 1s also clear from Figure.5 that oxidation
was suppressed in hydrogen atmosphere
compared 5 hours with 10 hours.

5. Conclusion

We experimentaly simulated a tritium barrier
tube in a heat exchanger and investigated the
growth of the oxidation on the inner surfaces of the
tube. From Fig.5, it was cleared that the inner
surface of the long-time-heating sample in
hydrogen atmosphere was less oxidized than that
heated in vacuum while the opposite result came
out in short-heating experiment. In long heating
time, oxidation seemed to be suppressed because of
reduction by hydrogen. In short heating time,
however, it is not cleared why the samples in
hydrogen atmosphere had more oxide than vacuum
ones.

It is necessary to measure the amount of
permeation hydrogen at each heating time and the
surface composition change of the tube.
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