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ABSTRACT

Tritium release from lithium aluminate, although previously
investigated by both in-reactor and ex-reactor experiments,
remains poorly understood. Agreement between experiments is
lacking, and the mechanisms responsible for tritium release from
lithium aluminate are under debate. In an effort to improve our
understanding of the mechanisms of tritium release from lithium
ceramics, we have investigated tritium release from pure lithium
aluminate and lithium aluminate doped with impurities. The
results of these experiments on large grain size material
indicate that after anneals at low temperature, a large fraction
of the tritium present before the anneal remains 1n the sample.
We have modeled this behavior based on first-order release from
three types of sites. At the lowest temperature, the release is
dominated by one site, while the tritium in the other sites is
retained in the solid. Adding magnesium dopant to the ceramic
appears to alter the distribution of tritium between the sites.
This addition decreases the fraction of tritium released at
777°C, while increasing the fractions released at 538 and 950°C.

INTRODUCTION

Tritium release from lithium aluminate is of interest due to the
potential use of the aluminate as a tritium breeding material in
a fusion device. Several previous experiments have investigated
tritium release from lithium aluminate; however, there is little
agreement among the data.*'2'3 In addition, the rate-
controlling mechanism is still under debate. It is believed to
be diffusion by some and desorption by others.*«5



In an attempt to increase our understanding of tritium release
from lithium aluminate, we performed several post-irradiation
annealing experiments on pure lithium aluminate and lithium
aluminate doped with Mg. In this paper we analyze the tritium
release based on first-order release from three types of sites.

Experimental

Pure single crystals and single crystals doped with Mg were
prepared using the Czochralski method. The details of the
preparations have been reported previously.6 Sintered pellets
of pure and doped aluminate were prepared by Rasneur et al.^
The samples were irradiated at a flux of 0.4 x 10 1 4 n/cm2-s for
10 hours in the OSIRIS reactor. This produced approximately
500 mCi of tritium per single crystal sample. The annealing
apparatus and procedure are identical to those reported in
reference 6. Two types of tritium release experiments were
performed. The first type of experiment was a series of
isothermal anneals performed on the same sample. The furnace
was preheated to temperature Tl, and the sample moved into the
heated portion of the apparatus. The tritium release was
determined by a proportional counter and recorded as a function
of time until a fixed time had elapsed or the release approached
the baseline value. The temperature was then raised to a new
temperature T2, and the tritium release was observed as a
function of time. In some cases the temperature was increased
again to a third temperature after a specified time. The second
type of experiment was a constant-rate heating or temperature
programmed desorption experiment. In this experiment the sample
was placed in a furnace under flowing purge gas (Ar + H2). The
temperature was then raised to give a linear temperature versus
time profile, while the tritium released was detected downstream
by a proportional counter.

Results and Discussion

Successive thermal anneais were performed on spherical single
crystals of LiAlOg with radii of 1 mm. A typical example is
illustrated in Figure 1. The anneals are at 538, 777, and
950°C. The rapid initial release at 538°C followed by a return
to what appears to be the baseline suggests that the majority of
tritium has been released. However, when the temperature is
increased to 777°C, a large tritium release peak is observed.
Thus, the tritium released at 538°C is only a small fraction of
the total tritium in the sample. This type of release is
inconsistent with either a diffusion-controlled release
mechanism or a simple desorption mechanism with one activation
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Fig. 1. Typical Observed Tritium Release
Successive Anneals at 538, 777 and 950°C

energy. The fraction of the total tritium released was analyzed
as a function of time to determine the effective diffusion
coefficient at the initial anneal temperature using equation I.8

1 - E -
n=l

exp(-D — - 1 )
(1)

with D = diffusivity
a = grain radius
J = fraction of tritium released

The effective diffusion coefficient was found to vary by up to
an order of magnitude over the time of an anneal at a single
temperature, indicating that the tritium release was not
diffusion controlled. Similar analyses of the fraction released
at the anneal temperature indicated effective first-order
desorption rate constants which are fairly constant over the
time of the anneal. However, the values at the same temperature



differ depending on the history of the anneal. These results
suggest that tritium is released from several types of sites in
the bulk or on the surface, with each type having a different
activation energy.

Constant rate heating experiments were performed on the samples
to investigate the hypothesis that tritium is released from
several types of sites in lithium aluminate. The results of one
such experiment performed on a single crystal sample of Mg-doped
UAIO2 are given in Figure 2. Results for pure single crystal
samples are shown in Figures 3 and 4. In these figures, the
presence of several overlapping peaks supports the hypothesis
that the tritium is released from several types of sites with
different activation energies.
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Fig. 2. Constant Rate Heating Experiment
Mg Doped Sample, Heating Rate l°C/min
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Fig. 3. Constant Rate Heating Experiment
Pure Sample, Heating Rate 0.5°C/min
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Fig. 4. Constant Rate Heating Experiment
Pure Sample, Heating Rate 2°C/min
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Activation energies for desorption or other first-order
processes were obtained from constant-rate heating experiments
performed at two heating rates using the following equation9;

Ea/RT = ln(Tm2//0 - ln(Ea/AR) (2)

here p = heating rate
Ea = activation energy
T = sample temperature
A = pre-exponential
Tm = temperature at which peak

maximum appears
R = gas constant

Constant-rate heating experiments were performed with pure
single crystals at rates of 2 and 0.5°C/min up to 950°C. For
the pure single crystals, peak maxima of the tritium release
curves or shoulders in the large peak which may be maxima of
smaller peaks appear at approximately 666 and 780°C for a
heating rate of 2°C/mint while the main peak maximum has not
been reached at the maximum temperature of the experiment
(950°C). At a heating rate of 0.5°C/min, these peaks appear at
602 and 706°C, and the main maximum appears at 904°C. These
data yield activation energies of 132.6 KJ/mol (31.7 kcal/mol)
and 143.5 kj/mol (34.3 kcal/mol) for the two lower temperature
peaks. These values are in good agreement with activation
energies determined for the desorption of water from UAIO2 by
Fischer.10 Analysis of constant-rate heating experiments for
Mg-doped single crystals at heating rates of 1.0 and 0.5°C/min
yielded activation energies of 150 and 181 kJ/mol (36.3 and
43.2 kcal/mol), respectively. The activation energy for the
last peak could not be determined for either the pure or doped
material, because the maximum of the peak was not reached before
the maximum temperature of the experiment at the higher heating
rates. Overall, these results suggest that tritium release
occurs from three types of sites (designated A, B, and C).

To further test our hypothesis, the tritium release curves from
the isothermal anneal experiments were modeled as combinations
of several first-order processes. The tritium release at each
temperature was fit to a linear combination of two first-order
release processes. The rate constants, H, were calculated from
the individual anneals and then used to calculate activation
energies and pre-exponential terms, where H = Ae~"/RT# These
terms plus a term describing the distribution of tritium between
the three types of sites were then used to calculate the release
for an experiment with three successive anneals of 538, 777, and
950°C. The fit to the experimental data was optimized by



varying the distribution term and making small adjustments in
the rate constants. The results are shown in Figures 5 and 6
for pure and Mg-doped single crystals, respectively. The best
fits were obtained with the following rate constants (calculated
as desorption rate constants): H/\= 0.039 el"63 KJ/mol/RT) Cm/sec
for the low temperature or type A sites,
HB=16.25 el-133 kJ/mol/RT) cm/sec for the type B sites in the
pure material, HB= 32.5 eC-133 kJ/mol/RT) cm/sec for the type B
sites in the doped material, Hc= 7.0 e(" 1 4 2 kJ/mol/RT) Cm/sec
for the type C sites in the pure material, and Hr,=
164 e ( "181 kJ/mol/RT) cm/sec for the type C sites in the doped
material. The same distribution term, pre-exponential term, and
activation energies were then employed to model the results from
other experiments with successive anneals of 777 and 950°C. The
results are illustrated in Figures 7 and 8.
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Fig. 5. Calculated and Observed Tritium Release
Successive Anneals at 538, 777 and 950°C
Pure Sample
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Fig. 6. Calculated and Observed Tritium Release
Successive Anneals at 538, 777 and 950°C
Mg Doped Sample
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Fig. 7. Calculated and Observed Tritium Release
Successive Anneals at 777 and 950°C
Pure Sample
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Fig. 8. Calculated and Observed Tritium Release
Successive Anneals at 777 and 950°C
Magnesium Doped Sample

The activation energy of 63 kJ/mol is in good agreement with the
lowest activation energy obtained by Fischer for desorption of
HgO from LiAlOg, while the values of 133 and 142 kJ/mo1 agree
with energies he obtained for desorption from a higher energy
site. 1 0." The values of 133, 142, and 181 kJ/mol agree with
those obtained from the constant rate heating experiments.
Attempts to fit the release from samples annealed only at 950°C
with these same parameters failed. The anneal curves for 950°C
were better fit by a single, first-order rate constant. This may
be due to tritium being released during the time that the sample
is heating up to 950°C and to a redistribution of the tritium
between the different sites at the higher temperature.

The magnesium doping was found to have a small effect on the
tritium release. For the magnesium-doped samples, a slightly
larger fraction of the total tritium was released at 5J8°C and
950°C than that for the pure materials, while less tritium was
released at 777°C than was observed in the pure samples (see
Table I and Figures 5 and 6). This
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Table I. Comparison of Fraction of Tritium Released
at Various Temperatures for Pure or Mg Doped UAIO2

Fraction

Pure

.035

.920

.045

Released

Doped

.085

.635

.280

Temperature

oc

538
777
950

indicates that the magnesium doping changes the distribution of
the tritium between the three types of sites, decreasing the
amount at type B sites while increasing the amounts at type A
and C sites. In addition, the doping increased the tritium
release rate at 777°C. The increase appears as an increase in
the pre-exponential term for the release from site B (16.25 to
32.5). Doping also decreases the release rate at 950°C and
increases the activation energy for release from type C sites
(142 to 181 kJ/mol). The increased activation energy Is seen in
the constant-rate heating experiments and the Isothermal
anneals.

CONCLUSIONS

Tritium release from lithium aluminate 1s a complex process.
The release was not diffusion controlled under the conditions
investigated. The data are consistent with first-order release
occurring from three sites. At low temperatures (538°C and
below), release 1s dominated by release from type A sites, while
release from the type B and C sites is very low. At these
temperatures the tritium in the type C sites is effectively
retained in the solid. At higher temperatures tritium release
from the type B and C sites dominates. Doping the material can
Influence the distribution of tritium between the three types of
sites and can change the activation energy or pre-exponential
term for the rate constant for release from a particular site.

ACKNOWLEDGMENTS

The authors would like to thank Dr. C. E. Johnson (ANL) and Dr.
N. Roux (CEA) for making this collaboration possible. Thanks
are due to Dr. S. W. Tam and Dr. A. Fischer (ANL) and Dr. M.
Briec and Dr. B. Rasneur (CEA) for many helpful discussions.



REFERENCES:

1. R. 6. Clemmer, P. A. Finn, B. Misra, M. C. Billone, A. K.
Fischer, S. W. Tarn, C. E. Johnson, and A. E. Scandora, "The
TRIO experiment," J. Nucl. Mater. 133/134 (1985) 171.

2. F. Botter, D. Cherquitte, and N. Roux, "Out-of-pile tritium
release from various lithium materials," Symp. on Fusion
Technology (1986) p. 1537-1544.

3. C. E. Johnson, G. W. Hollenberg, N. Roux, and H. Watanabe,
"Current experimental activities for solid breeder
development," Fusion Engineering and Design 8 (1989) 145.

4. H. Kudo, "Interaction of 0T~ with Li+ daring tritium
diffusion in lithium-containing oxide crystals irradiated
with neutrons," Radiochimica Acta 50 (1990) 71-74.

5. M. Briec, F. Botter, J. J. Abassin, R. Benoit, P.
Chenebault, M. Mason, B. Rasneur, P. Sciers, H. Werle, and
E. Roth, "In and out-of-pile tritium extraction from
samples of lithium aluminate," J. Nucl. Hater. 141-143
(1986) 357-363.

6. F. Botter, J. Mougin, B. Rasneur, S. Tistchenko, and J.
. Kopasz, "Mechanism of tritium release from lithium ceramics

irradiated with neutrons," to be published in the
Proceedings of the 16th Symposium on Fusion Technology,
Sept. 1990.

7. B. Rasneur, M, Bonceur, A. M. Lejus, and R. Collongues,
"Doping of porous lithium aluminate for a fusion reactor
blanket," to be published in the Proceedings of the 16th
Symposium on Fusion Technology, Sept. 1990.

8. P. C. Bertone, "The kinetics that govern the release of
tritium from neutron-irradiated lithium oxide," J. Nucl.
Mater. 151 (1988) 281-292.

9. F. M. Lord, J. S. Kittelberger, "On the determination of
activation energies in thermal desorption experiments,"
Surface Science 43 (1974) 173-182.

E Or-;LY



10. A. K. Fischer, "Processes for desorption from LiA102
treated with H2 as studied by temperature programmed
desorption," Proceedings of the 9th Topical Meeting on
Technology of Fusion Energy, Oak Brook, IL, 1990, to be
published in Fusion Technology.

11. A. K. Fischer, to be published.

FUBLISHER'SiUSE ONLY


