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ABSTRACT 

Significant discrepancies between results of 
authors comparing tritium extraction rates from 
different lithiated ceramics are found in the 
literature. Recent results obtained at CE.A., 
principally on lithium aluminates, show that, 
for a given ceramic, parameters other than tex-
tural fgrain size, porosity, e t c . ) may play a 
predominant role. Enhancements of extraction 
rates have been induced by adding MgO to the 
solid or H2 and CO to the sweep gas, but other 
factors, probably related to the surface condi
tion of samples, may produce even greater 
effects. Results of investigations of the in
fluence of exposure to air at given partial 
pressures of water vapor or of CÛ2 show that 
strict preirradiation procedures must be adop
ted for preparation, storage and handling of 
ceramic tritium breeders. 

I. COMPARISON OF PUBLISHED RESULTS 

Our previous experiments were carried out 
to investigate the influence of sample grain 
size on extraction rates from LiAIO2> and the 
oxidation state of the trltiated species evol
ved. Apparent diffusion coefficients have been 
derived from our, as from other authors kinetic 
measurements (1) (2). However results of theo
retical calculations fit pur experimental data 
better when phase transfer is assumed to be the 
rate limiting step of tritium extraction,rather 
than bulk diffusion (3), identical samples were 
irradiated in quartz and In stainless steel 
capsules and, by comparison of the amount of 
trltiated water in the sweep gas, it was shown 
that an inert gas would extract most of the tri
tium as water, though a fraction would always 
be in the reduced form. An addition of hydrogen 
to the sweep gas considerably increases both 
extraction rates and reduced form proportion, 
but does not eliminate water completely contra
ry to observations in TRIO (4). Relative amounts 
Of both forms are not very reproducible, andean 
not be calculated. However to extract tritium 
from a fusion reactor blanket one should add 
hydrogen, or deuterium to the sweep gas in order 

to obtain more complete extraction, i.e. smaller 
inventories. Reduction in permeation losses will 
also result from the swamping effect due to this 
addition, in spite of the increase in the pro
portion of T2 in the reduced form. 

T. KURASAWA et al. (5) studied extraction 
from L12O a n d Y LÎA102- Release rates from alu-
minate, with He + .1% D2 as purge gas, fit a pu
rely diffusional equation in this case. 

When temperature dropped to 557°C from802°C 
extraction fell apparently to zero and did not 
start to rise againeven after 20 hours. 

Tritium extraction from.lithium oxide, in 
the explored range, exhibits unusually small 
response to temperature variations, and under tho
se conditions calculated tritium inventories are 
negligible i.e. extraction is total. 

By comparison : 
a) Studying aluminate samples of grain size 

similar to that of KURASAWA, 8 pm instead of 
10 un, H. KWAST et al. (6) report that, even at 
460 6C, steady state is obtained within about one 
day when sweeping the sample with He+.1% H2 and 
that observed release rates correspond to pro
duction rates. 

b) Lithium oxide during KWAST's irradiations 
released only 51% of the tritium production at 
440°C even after 25 days. At 600°C however both 
release and production rates were equal. 

Among behaviours difficult to interpret one 
may also quote those observed by WERLE et al. on 
metasilicates ir. the LISA 01 experiment, while 
results on orthosilicates and aluminate were con
sistent with hitherto accepted interpretations 
(7). 

II. RESULTS OF NEW INVESTIGATIONS 

A. Textural parameters and oxidation state 
of the released tritium 

During the LILA 03 in pile experiment 
carried out in summer 1986 at Grenoble, samples 
of three different grain sizes, irradiated both 



in quartz and stainless steel capsules were stu
died, and the effect of doping the sweep gas with 
CO was explored. 

Grains were chosen of .41 um diameter, for 
comparison with the LILA Ot and the LISA 01 
trials, of .23 \m as the smallest that could be 

frepared preserving good mechanical properties 
the porosity in this case is 40Ï instead of the 

usual 23 to 252) and of 3.5 urn which was the lar
gest size that we believed t.6 be ?b1e to reach 
steady state within ten day in the temperature 
range explored. 

Simultaneous irradiation in quartz and stain
less steel capsules similar to that which had 
been carried out in LILA 01 when sweeping with 
pure He was repeated in order to compare previous 
results with those obtained when adding H2 to He. 
But the possibility was added to heat the tubes 
connecting the capsules and the counting equip
ment in order to minimize adsorption of water on 
the gas lines. 

Replacing H£ in He by an equal amount of CO, 
as suggested by D. OLANDER, was made to find out 
to what extent the increase in extraction rates 
produced by H_ additions was due to a swamping 
effect or to a reduction process. The question 
arises because, in TRIO and LISA 01 experiments, 
oxygen additions to the purge gas totally quench 
tritium extraction from lithium aluminate and 
silicates for as long as could be observed. 

In parallel with the LILA 03 trial, out of 
pile extractions following established procedu
res (8), were performed on a sample of larger 
grain (5 urn) and low porosity (5X), a 4 mm sin
gle crystal, and the effect of CO was studied. 

In the latter experiments proportions and 
rates of tritium released at different tempera
tures and specially at room temperature, are 
compared. Apparent diffusion coefficients and 
nature of extracted species are deduced from the 
shape of the release curve and the time at which 
the maximum counting rates are observed. 

B. Results of comparisons of different tex
tures 

In LILA 03 tests at the lower temperature, 
400°C to 450°C, release rates, vary in the rever
se order of grain sizes. But at 600°C a steady 
state was reached faster by the 3.5 um grain 
sample. Moreover at this temperature release 
from the very small grain samples was comparati
vely insensitive to temperature variations, re
calling the Li ?0 behaviour in KURASAWA's experi
ments (fig. 1): 

In out of pile runs also with a sweep gas con
taining . U H-, the 5 pm grain size sample relea
sed a large proportion of tritium at room tempe
rature. The absolute rate of extraction from the 
single crystal was slow due to its size, but the 
intrinsic rate given by the value of the apparent 
diffusion coefficient of tritium was orders of 
magnitude larger than in polycrystalline samples: 
10-9 cn^s" 1 versus 10-14 to 10-15 cm2s-1. at 
650°C. 

C. Comparison of in pile runs in quartz and 
stainless steel capsules 

When H» is added to He curves of extraction 
from samples irradiated in both kinds of capsule 
are very parallel. 

D. Effect of CO additions to He 

In out-of-pile and in pile experiments CO 
doped sweep gases are of greater efficiency than 
pure gases, hut much lower than H, doped ones at 
the same .1% concentration. For out of pile ex
periments the comparison at 650°C is given by . 
fig. 2. ,., 
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Fig . 1 Tr i t ium release from small grain size 
samples in -p i l e LILA 03 experiment. 
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Fig. 2 Effect of a CO addit ion on the out-of-
p i l e release of t r i t i um. 



In pile at 600°C inventories are listed in 
table I. 

Table 1 
Nsweep gas 

Gra inX . 
size N ^ 

Pure He He+.1% CO He+.1% H 2 

.23 uni 
3.5 urn 

60 mCi 
9 mCi 

40 mCi 
9 roCi 

2 mCi 
.5 mCi 

E. Modification of the solid phase composi
tion 

MgO additions have been reported to increa
se tritium diffusion coefficients in pure alumi
na by orders of magnitude. 

In an out of pile experiment a sample of 
LiAlO- of 5 um grain size and 22% porosity, 
doped with IX MgO showed an increase in room 
temperature release at a level never observed 
before by us (9), but which has now to be com
pared with enhancements obtained later on sam
ples of comparable grain size but prepared at 
different temperatures and having a S% porosity 
only. 
III. DISCUSSION 

In pile release rates of tritium from 
Y LiA10 2 are always faster for smaller grains, at the fower temperature. The reversal of the 
relative order of extraction rates observed, 
during LILA 03, between coarse and fine grain 
samples when changing the temperature from 600°C 

. to 400°C proves that at least two separate phe
nomena of different activation energies have to 

v be considered in the interpretation of results. 
A. Bulk diffusion 
Many authors calculate apparent diffusion 

coefficients of comparable value and similar ac
tivation energies (2) (4) (7). Bulk diffusion 
must therefore be taken in consideration as a 
major factor. But though an experiment like the 
addition of MgO would be consistent with the hy
pothesis that bulk diffusion is made easier by 
the multiplication of lattice defects caused by 
thi; Mg insertion, the experiment on a single 
crystal would have to be explained on a diffe
rent basis. 

B. Surface phenomena as rate determining 
steps 

In the preparation of lithium aluminates in 
order to obtain desired grain sizes and porosi
ties starting materials, lithium carbonate and 
alumina, may be mixed in slightly non stoichio
metric proportions. In the case of a lithium 
deficit, solids that may contain a few percent 
of spinel form, LiAlgOg, have been obtained. 
Such composition variations accompanying textu-
ral ones should not be forgotten because they 
show that one cannot explain observations by 

considering isolated parameters. 
One should examine first whether surface con

ditions are sufficiently reproducible for all 
samples to allow comparisons. 

Three factors at least can modify surface 
reaction rates : Impurities even at trace levels 
incorporated or sorbed on surfaces, modifications 
of surface area produced by reaction with water 
vapor or C0 2, CO type effects. 

C. Differences in structure between surface 
and interior of the solid 

Such differences may be brought about by fa
brication procedures, or by slow reactions with 
water vapor or CO- in air before irradiation.Such 
processes have been studied by B. RASNEUR (10). 
In order to eliminate adsorbed water, and even
tually carbonate, samples are annealed before 
Irradiation, either out of pile, in pile, or both. 
This procedure, though destroying hydrates that 
had been formed, will not completely restore the 
layers of aluminate that had been affected to 
their initial Y crystalline form, as annealing 
takes place below 900°C. 

D. Reaction with water vapor. 
Whatever the mechanism, water vapor can affect 

the surface area as illustrated by fig. 3. 

ANNEALING TEMPERATURE 
1 r — - • • • » ' - t > ' — T — - » — 

R.T 100 200 300 400500 'C 

Fig. 3 Nitrogen fixed at liquid nitrogen tempe
rature at 0.3 atro. pressure on a circa 
20 g sample degassed one hour at the tem
perature given in abscissa. Curve (1) 
relates to the sampie prior, curve (2) 
to the sample after a 40 day exposure to 
air at 80% relative humidity at room tem
perature (R.T.). 



The increase in surface area accessible to 
!<2 is striking under those extreme conditions. 

Supporting the hypothesis that stoichiometry 
and modifications of surface conditions brought 
about by reaction with water can be predominant 
at certain temperatures to control tritium relea
se rates from aluminate, the reverse example of 
the spinel may be given because it is known that 
spinel resists attack even by acid solutions. 
Samples of different grain sizes have been stu
died in out-of-pile extractions. They were all 
stoichiometric and extraction rates always fol
lowed the trend suggested by grain size varia
tions. 

Finally a CO- effect may be important under 
certain conditions, and other ceramics such as 
silicates are subject to comparable attacks in 
moist air, as recent investigations have shown 
(10). 
IV. CONCLUSION 

Tritium extraction from lithiated ceramics 
depends on their nature and on their textural 
characteristics. Recent experiments on lithium 
aluminate have shown increased extraction rates 
in the case of MgO doped materials and in cases 
too, that cannot be explained by our present 
knowledge of rate determining factors. 

As addition of CO to the sweep gas used in 
extraction accelerates extraction, though less 
than H,, it is believed that surface conditions 
of grains may be an important rate controlling 
factor. Exposure tests of lithium aluminate sam
ples to humid air show that during storage and 
handling before irradiation an evolution of sur
face conditions may take place. 

Samples prepared handled and stored with our 
current practice have undergone little or no evo
lution before or during irradiation (U), but in 
order to identify phenomena enabling to obtain 
higher tritium extraction rates it is necessary : 

. to define more precisely fabrication steps 
that may affect not only texture, but stoichio
metry, impurity level or localisation, water 
action. 

. to stipulate stricter environmental condi
tions for storage and handling of ceramics from 
fabrication up to post-irradiation examination. 

. to study new procedures to condition and 
characterize the surface of samples. 

If higher extraction rates can thus be con
sistently obtained, as good mechanical properties 
and behaviour under radiation are unlikely to be 
modified, they would make aluminates still 
better candidate breeder materials. 
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