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ABSTRACT 

After preselection of the preparation procedures, following 
short irradiations, y LiAlÛ2 samples submitted to 2.10^9 fast 
neutrons cm"2 and 1.5 10^0 thermal neutrons cm" 2 fluences experienced 
no apparent damage. 

Post-irradiation tritium extraction from samples irradiated 
to 2.10̂ -' neutrons/cm^ in quartz ampoules produced mostly tritiated 
water. 

When in-pile experiments are performed the sample container 
material influences greatly the measured ratio of tritium gas to tritiated 
water - Stainless stael capsules yield more T2 gas than quartz capsules 
probably because of a reduction process. Difficulties in interpretation 
arise from adsorption of tritiated water on the measuring lines. 

Both experiments showed that much faster extraction rates 
are obtained from small grain size samples than from large ones at the 
same open p'orosity. If diffusion in the grains controls the extraction 
rates, apparent D values vary from 10"*-° to 1.5 10"" cm̂ s"*- in the 
temperature range explored. Around 500°C small grain samples reached 
equilibrium tritium concentration of a few mCi in 4 hours. Such values 
are suitable for a blanket concept. 
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RESUME 

Après une présélection des procédés de fabrication par des irradiations 
19 

courtes, on a irradié des échantillons à des fluences de 2.10 neutrons ra-
20 

pides, et 1,5 10 neutrons thermiques sans cause de dommages apparents. 

L'extraction du tritium après irradiation d'échantillons irradiés en 
17 -2 

ampoule de quartz à une fluence de 2.10 n/cm a produit essentiellement de 

1'eau tritiée. 

Au cours des expériences en pile, le matériau de la capsule contenant 

l'échantillon a beaucoup d'influence sur le rapport mesuré de la quantité de 

gaz tritié à la quantité d'eau tritiée. 

Les capsules en acier inoxydable produisent plus de gaz tritium que les 

capsules de quartz, probablement à cause d'un processus de réduction. L'adsor

ption d'eau sur les lignes conduisant a l'appareillage de mesure rend l'inter

prétation des résultats difficiles. 

Mais, les deux types d'expériences ont montré qu'une vitesse d'extrac

tion bien plus rapide était obtenue à partir d'échantillons à faible diamètre 

de grains que de ceux à gros grains, pour la même porosité ouverte. Si la 

diffusion dans les grains gouverne la vitesse d'extraction, les coefficients D 

apparents varient entre 10" et 1,5 10" cm2/s dans le domaine de tempé

rature étudié. 

Autour de 500°C, les échantillons de faible diamètre de grains atteignent 

un équilibre de concentration de quelques m Ci en quatre heures. De telles 

valeurs conviendraient pour un concept de couverture. 
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COMMISSARIAT A L'ENERGIE ATOMIQUE - IRDI 

* DESICP, CEN/SACLAT - 91191 GIF/S/YVETTE, FRANCE 

** DMECN, CEN/GRENOBLE - BP 85 1,38041 GRENOBLE CEDEX, FRANCE 

*** DERPE, CEN/GRENOBLE - BP 85 2,38041 GRENOBLE CEDEX, FRANCE 

DESICP/DDTP, CEN/GRENOBLE - BP 85 X,38041 GRENOBLE CEDEX, FRANCE 

Reasons of the choice of \/LiA102 and purpose of the experiments by CEA 

V'LiAl02, associated with Beryllium as neutron multiplier, 

is a good tritium breeding material [1] and, according to the 

literature, it behaves comparatively better than other lithiated 

ceramics under radiation. It has a high melting point and does 

not react rapidly with water. 

Previous experiments lead to expect the possibility 

of high tritium extraction rates at temperatures around 500°C, 

and therefore low tritium inventory in a reactor blanket [2]. 

CEA's experience on the elaboration and industrial 

production of well characterised porous alumina ceramics for gaseous 

diffusion barriers induced us to focus our study of blanket 

materials, within the EEC program, on ^LiAlÛ2. We could rapidly 

prepare, and test, samples to specifications in a desired range. 

According to preliminary calculations, they were to meet requirements 

of a blanket element for a European N.E.T. specially those of tritium 

extraction and inventory. 

Textural specifications - Irradiation devices and conditions 

The mechanism of tritium release by y LiAlÛ2 is not well 

understood. 

.../... 
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Diffusion and surface phenomena may both be involved. Uncertainties 
on diffusion coefficients of tritium gas make it necessary to 
investigate a wide range of grain sizes (0.3̂ t<to 30yU). And studying 
samples having specific area-, from .2 to 6 m^g"! helps in 
ascertaining the role of adsorption of tritiated water. 

Our first aim was to prepare samples with as narrow 
a grain size and pore size distribution as possible in order to 
identify the respective influence of each parameter. 

Because of known examples of the influence of elaboration 
techniques on the behaviour of solids under irradiation it was 
decided to study several preparations of )f LiAlC>2, to try and 
discriminate between them by short irradiations before submitting 
the better samples to large fluences. 

Finally tritium extraction kinetics would be studied 
in two stages. First short time exposure of small samples followed 
by out of pile extraction would provide a fast evaluation of relative 
release rates. Secondly, in pile experiments would enable to obtain 
equilibrium values of T concentrations in the sweep gas, and 
inventories in the solid under representative conditions. Special 
attention is given in those experiments to the influence of the 
nature of the capsule material and to the content of the sweep 
gas in H?, O2 or H2O. 

In all our tests we have used lithium of normal isotopic 
composition (7.5 % &Li). 

Preselection of preparation procedures and first irradiations 

After submitting 19 differently prepared samples to 
20 minutes irradiation in Melusine (Grenoble) at 2.6 1 0 ^ 
thermal neutrons crn̂ S'̂  and 3.10*- fast neutrons cm-S~l, differences 
appeared in mechanical properties and aspect, leading to a selection 
of preparation methods. When using the better ones, samples exposed 
in Osiris to fluences of 2.10^ fast neutrons cm"2 and 1.5 10^0 
thermal neutrons cm"2 showed no apparent damage, and swellings 
less than .17» for samples of .3/* grains and 27% open porosity, 
or .8% with 13,4* grains and 22% open porosity [3]. 

.../... 
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Characteristics of / LiAlO? samples 

The V phase structure of all samples was checked by 
X ray diffraction 

I For out-of-pile tritium release experiments after short 
irradiations 

Two batches of samples have been studied. 
Both consisted of spheres of 3mm in diameter 

density was respectively 73% theoretical density(T.D.) and 78% T.D., 
mean grain diameter 28 /Â and .38^ ,raean pore radius 3.4/4 and 
.035̂ *4 .specific surface area .3m2g~l and 5 to 6m^g"^ 

II For long term in pile tritium experiment - LiLaOl 

Samples were prepared in cylinders 30mm in height 10mm 
in diameter, impurities analysed by activation analysis were less 
than 15ppm in Na, less than 2ppm in La. 

They were outgassed in situ, in their capsules, by 
sweeping with Helium for more than two days at temperatures above 
600°C. No measurable amount of H2O was present in the sweep gas 
at the end of the process. 

Preirradiation measurements are made of Young's modulus, 
ultimate compressive strength, thermal diffusivity, thermal 
conductivity. 
Two textures were prepared with the following characteristics : 

specific surface area LiLaOl A 5.8m2g"l LiLaOl B 0.2m2g"l 
mean pore radius " .035/-» " 1.55/* 
mean grain diameter " .38 jtA " 13 /* 
density " 77% T.D. " 78% T.D. 

fig.l shows pore size distribution curves and fig.2 a microstructure 
picture of sample A. 

.../... 
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Irradiation devices and conditions 

Out of pile tritium release experiments 
Samples sealed in quartz ampoules were irradiated in 

the Osiris reactor (CEN/SACLAY) using conventional devices, designed 
for radioélément production, under the following conditions : 
- Thermal neutrons flux 2 x 10^n cm~2S"l 
- Fast neutrons flux 2 x 10 1 3n cm"2S"^ 
- Exposure time (about) 15 minutes 
The tritium activity of samples is 100 to 200yUCi. 

In-pile tritium extraction experiment 
An irradiation rig of the Chouca type, modified as LiLa, 

(fig,3) was used in the Siloe reactor (CEN/GRENOBLE) under the 
following conditions : 
- Mean thermal neutrons flux 4 xl0*2n cnT^S"! 
- Fast neutrons flux (>lMeV) 1.9 x 10 1 2n cm" 2S" 1 

- Exposure time, two 4 weeks cycles 

Quartz and stainless steel (S.S.) capsules were used for comparison 
under irradiations conditions given in table I. 

.../... 
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Table I - Irradiation conditions of y LLAIO2 in the LiLaOl experiment 

Type LiLA 01-A LiLA 01-A LiLA 01-B LiLA 01-B 
Sample name QPG IPG QGG IGG 

Capsule Quartz S.S. Quartz S.S. 

Reaction rate on 6Li 
(reactions cm~->s~^) 9.5xl012 7.4xl012 6.2xl012 4.91xl012 

Bred tritium 
(Ci day - 1) 0.09f 0.073 0.061 0.048 

Dissipated power Wctn"-': 
from Neutrons 7.3 5.6 4.7 3.7 
from y 1.35 1.35 1.35 1.35 

. . . / . . . 
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LiLaOl instrumentation and experimental conditions 

. Temperature measurement : 
- for the stainless steel capsules : one thermocouple in the 
center, one on the surface of sample 
- for the quartz capsules : one thermocouple in the center of 
the sample 

. Control of rig temperature : by gap gas 

. Dosimetry : by collectrons and flux integration 

. Temperature range : 370°C - 600°C 

. Sweeping gas : He and He + H2 dried by passing through a molecular 
sieve trap at liquid nitrogen temperature 

. Sweeping gas flow rate : 1.68 lh"l under 1.5 lO^Pa 

. Tritium partial pressure about 0.1 Pa 

Tritium measurements 

Out of pile tritium release [4j 

Samples were out-gassed before irradiation at 650°C 
or 850°C for 17 hours then sealed in quartz ampoules under 3000 Pa 
of helium gas. 

In the apparatus a special device enables to break the 
ampoule, and to drop the yLiA102 spheres in a furnace. Tritiated 
species are extracted from the sample by heating and sweeping with 
a carrier gas (Ar). A proportional counter, on line, measures either 
the total tritium released under whatever form after reduction 
of the water on an Uranium bed at 800°C, or only the tritium gas, 
after trapping tritiated water at -80°C before the reduction bed. 

A measurement of tritium eventually present in the ampoule 
before heating the sample can be made. Tritium is released either 
under isothermal conditions, or at a linear heating rate. The 
proportional counter ESI Nuclear, detector type 504 operates with 
a mixture of Argon plus 5% to 10% carbon dioxide added before the 
counter. Total flowrate is 0.5 ernes'*. 

.../... 
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In pile tritium extraction experiment 

The measuring system is designed to measure separately 
tritiated water and total tritium. 

Each sample is swept by Helium through an individual 
line. Helium flows first through an ionisation chamber measuring, 
on line, its total tritium content. It enters in series in two 
water bubbling traps where T2O is retained and later discontinuously 
sampled and counted by scintillation. 

Tritium gas is evaluated by difference. Absence of 
radioactivity other than that of tritium is checked, on line, by 
gamma spectrometry. 

Pressures, flow rates, temperatures on each line are 
recorded. 

The system is enclosed in a glove box and all sensitive 
measuring equipment is shielded with lead. 

A tritium clean up system processes the Helium flows 
before release to the stack. 

Discussion and results 

Out of pile tri cixm release 
The major species measured after heating the samples 

is tritiated water. However because tritium concentration in the 
sweep gas is about ippb it \s not yet possible to ascertain whether 
this water was extracted as such from the aluminate or if tritium 
gas was driven into residual water, present in spite of careful 
drying, by isotopic exchange taking place in the furnace, or if 
tritium combines with traces of oxygen also in the ppb range. 

However in several experiments a first release of a 
tritiated species corresponding approximately to 17, of the total 
could not be trapped and was assigned to tritium under gas form. 

No tritiated water remains in the sample after it has 
been heated, as proved by negative isotopic exchange tests with 
ordinary water. 

.../... 
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Extraction curves such as those in fig.4 show : 
a) a time lag between the start of the heating of the sample and 

the appearance of tritium 
b) an approximately exponential decay of the tritium peak. 

If a simple diffusion model is used to interpret this 
decay it leads to values of the diffusion coefficient D close 
to 10" 1 6cm 2S" 1 . 

In pile Tritium extractions - LiLaOl experiment 

Six runs were made in April and May 1984 at different 
temperatures. 

Readings of the central temperatures in the samples 
are given in table II, outer temperatures are lower by 15 to 20°C. 

.../... 
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Table II - Central temperatures, in °C, of samples in LiLaOl experiment 

SAMPLE IPG IQG IGG QGG 
Run 1 489 477 473 464 

2 425 418 382 375 
3 504 484 459 442 
4 520 500 479 460 
5 550 529 513 494 
6 600 579 558 538 

. . . / . . . 
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Tritium entering in the ionisation chambers during the 
runs was tritium gas. However a difference was always observed 
between extraction from quartz and stainless steel capsules, always 
larger than that accountable for by the small difference in 
temperature of the samples - Fig.5 - shows parallel evolution of 
IGG and QGG during the end of run 5 and the start of run 6. 

Also, subject to confirmation of the neutron flux meters 
readings and recalibration of the chambers, the total amount of 
tritium extracted never reached its theoretical value. This value 
should be equal to production when equilibrium is obtained. As 
shown in fig.6 relative to sample IPG in run 1 this takes a few 
hours for small grain size samples. Both observations can be 
explained if it is water that is released by the samples. 

Tritiated water, largely adsorbed on the 60 meters line 
between the capsule and the measuring equipment was indeed recovered 
by post-irradiation heating of the LiLa rig. 

The larger amount of tritium gas recovered from the 
stainless steel capsules would be due to reduction of water by 
the steel. 

However, though we could carry out very long heating 
of the samples and of the capsules, and prolonged flushing of the 
lines in and out of the capsules with dry Helium, lines could not 
be heated. Part of the discrepancies observed may therefore still 
be due to tritium gas exchanging isotopically with residual 
quantities of water still adsorbed or them. Further runs are planned 
under modified conditions to clear remaining uncertainties in 
interpretation. 

Nevertheless these experiments show clearly the importance 
of the choice of the capsule material,a factor that has not been 
mentionned to our knowledge in previous discussions of experiments 
such as Trio [5] . 

From the curves shown one can also conclude that small 
grain size samples reach equilibrium in a few hours, tritium having 
residence times well below the one day nominal goal for blanket 
design. The large samples never reached equilibrium. 

.../... 
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This is compatible with a diffusion controlled extraction 
rate. Apparent diffusion coefficients can be calculated of about 
2.4 10" 1 5cm 2S _ 1 at 600°C and 1.2 lO" 1 6cm 2S - 1 at 430°C leading to 
an apparent activation energy of 87.6 Kj mole"*-. 

Those apparent D might not disagree with previously 
reported ones, if the diffusing species was not the same, or if 
other factors limit the release of tritium. 

From the curves the tritium inventory of the samples 
can be evaluated. Small grain samples retain only a few millicuries 
of tritium which would make them suitable material for a blanket. 
Large grain samples may retain more than 350 mCi which is excessive. 

These values were corroborated by out-of-core, post-
irradiation extractions. 

Conclusions 

Out of pile and in pile experiments converge to designate 
small grain size samples as the most promising. 

Their larger specific area has apparently no detrimental 
effect. 
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FIGURE CAPTIONS 

fig.l - Pore size distribution of LiLa 01 samples 

fig.2 - Microstructure of sample A 

fig.3 - Modified Chouca rig for LiLa experiments 

fig.4 - Out of pile extraction curves from two different grain 
size samples 

fig.5 - Difference in tritium concentrations in the sweep gas 
for samples IGG and QGG at end of run 5 and start of 
run 6 

fig.fS - Tritium extraction cf sample IPG during run 1 
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