
PR îr* ' o c<o (o 

COMMISSARIAT A L'ENERGIE ATOMIQUE 

CENTRE D'ETUDES NUCLEAIRES DE SACLAY CEA-CONF __ 906I 
Service de Documentation 

F91191 GIF SUR YVETTE CEDEX 

L5 

TRITIUM EXTRACTION MECHANISMS FROM LITHI'IM ALUMINATES DURING IN 

PILE IRRADIATION EXPERIMENTS 

Briec, M. CEA CEN Grenoble, 38(France). IRDI 

Roth, E. CEA CEN Saclay, 91-Gif-sur-Yvette (France). IRDI, Dept. 
de Physico-Chimie 

Communication présentée à : Workshop on tr i t ium modelling 

Chalk River (Canada) 
23-24 Apr 1987 



I 
« 

i 

i 

TRITIUM EXTRACTION MECHANISMS FROM LITHIUM ALUMINATES 

DURING IN PILE IRRADIATION EXPERIMENTS 

* ** 
M. BRIEC and E. ROTH 

* CEA - IRDI - DESICP/DDTP/SGC 
CEN. Grenoble, BP 85 - 38041 Grenoble Cedex, France 

** CEA - IRDI - DESICP 
CEN. Saclay - 91191 Gi f - sur -Yvet te , France 

A B S T R A C T 

The experiments that we are reporting here were carried out by one of us 

(M. BRIEC) at Grenoble within the frame of the Fusion Technology Program of the 

European Economic Conmunity. 

The principal aim was to determine ranges of parameters governing tritium 

release from y lithium aluminates within which acceptable rates for their contem

plated usage as tritium breeder material in a fusion reactor blanket could be obtai

ned. In the first place values of every quantity involved should be known as well as 

possible. Reproducible results should be a critérium of validity of the selected 

parameters. 

It is shown from a description of a series of experiments that processes limi

ting tritium release rates are not the same in different temperature ranges. 

By varying the conçosition of purge gases used for tritium extraction, the 

level of irradiation fluxes, and by studying sôjnultaneously samples of different 

textures ,results were obtained and an assignèrent of the respective role of defect 

formation, texture, surface effect is attempted to interpret them. 



SCOPE OF THE INVESTIGATION 

The CHOUCA rig described elsewhere (1) enables simultaneous irradiation of 
five samples of 10 mm in diameter, two in quartz capsules three in stainless steel 
ones. The nature of the capsule walls in the T.TTA 1 experiment reflected on the 
nature of the collected tritiated species (2) and this point seemed to require fur
ther investigation. Three textures were investigated, from the largest grain size 
esqpected to allow sufficiently fast tritium release, to the smallest that could be 
fabricated with a porosity not exceeding 43%. 

Tritium release was followed continously, independantly from the five samples. 
Zinc reduction furnaces were inserted on the individual gas lines outside the reac
tor.Molecular sieve beds, at room temperature, that could be by passed .enabled when 
in line to trap water and to measure tritium under gas form. 

Parameters that could be investigated were : 
- the temperature of the samples, 
- the flux to which they were exposed. This was achieved by changing the posi

tion of the rig in the reactor, whitout interrupting the experiments, 
- the value of the purge gas flow, and the composition of the purge gas. We 

tried pure helium, helium with .1% H. added, helium with .1% Co added. As is well 
known the shape of curves showing the response of tritium concentration in the gas 
phase to changes in the values of the parameters of extraction enables to calculate 
tritium inventories in the swept samples. 

It is possible to check those calculations in some cases by measuring inven
tories,after irradiation,by total extraction of tritium. 

EXPERIMENTAL CONDITIONS (in summary) 

Full details will be given in a separate report. Table I gives the characte
ristics of the samples. 



TABLE I 

SAMPLE CHARACTERISTICS 

Sample 
identifi
cation 

Nature of 
uhe capsule 

diameter 
in mm 

height 
in ran 

porosity pore radius 
in ym 

grain size 
in urn 

TFI stainless (SS) 9,89 29,93 0,4244 0,055 0,23 

TPQ quartz (Q) 9,91 30,00 0,4121 II H 

FI SS 9,95 30,00 0,2056 0,043 0,49 

FQ Q 9,95 30,00 0,2086 II n 

GI SS 9,91 

• 

30,09 0,2695 0,43 3,50 

I 

The investigated temperature range was 400°C to 600°C. The average thermal 
neutron flux was 1.5 10 neutrons/on2/s, leading to an average formation rate of 

12 -7 
7.10 tritium atoms/cm3/s building up 3.5 10 Ci per sec par cm3, or as an ave
rage 68 mCi per day per sample. 

This flux could be increased by a factor 1.5. The nominal gas flew in each 
line is two liters per hour and can be changed by a factor of two (increased or 
decreased). Pressure inside the capsules is 1.5 to 1.7 10 Pa. At the nominal flow 
rate the tritium partial pressure is a little under .09 Pa. 

EXPERIMENTS 

From previous I.TTA I and LISA I experiments ( 3 ) ( 4 ) it was deemed advisa
ble to establish first equilibrium at the highest temperature and under helium 
additionned with .1% H2, as equilibrium was reached most surely and rapidly under 
these conditions. Then response to temperature would be investigated first, one 
of the aims being to find the lowest practical temperature for tritium release the 
sill of the so called température window for sarples studied under the prevailing 
conditions. 

This sill is arbitrarily said by us to be reached when the inventory in a 
sample grows over the amount of tritium produced during one day in this sample. 

One should strive to separate effects governed by conditions at surfaces 
swept by the purge gases from those governed by conditions in the bulk of the sam
ple. 
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îhis can be attempted by changing the flow rate and the nature of the purge 
gases and by varying the level of the neutron flux. 

RESULTS UNDER HELIUM WITH .1% H2 

At 600°C a result was obtained from the start. The tritium content in the purge 
line of sample GI reached equilibrium much faster than tritium content in the purge 
lines of the other samples (fig. 1,2) .The reverse was expected as GI has the largest 
grain size of our samples, and it was assumed that inventories were governed princi
pally by generation and bulk diffusion or solid-gas interface desorption rates. 
During the LILA I experiment longer equilibrium time for larger grain sizes were 
obtained at 490°C and under pure helium. It could be seen during the present set of 
measurements that, contrary to T.TIA I observations under pure helium, evolution of 
tritium from quartz and stainless steei capsules was always strictly parallel. Also 
tritiated water was never detected when turning the zinc furnace off or by-passing 
the molecular sieve bed, but the efficiency of those devices was found later ques
tionable. 

EFFECTS OF TEMPERATURE CHANGES 

Lowering the temperature from 600°C to 550°C produced the expected temporary 
decrease of tritium release from sample GI followed by recovery. This corresponds 
to an increase of inventory by a factor six. On the contrary the inventory of the 
very fine grain samples, TFI and TFQ, and fine grain ones, F1 and FQ, increased by 
factors of only 1.21 to 1.32 according to the curves that shov; that tritium contents 
of the purge gases dropped only slightly with temperature (fig. (3) and (4). 

The behaviour of those TF and F samples reminds of that reported for Li-0 by 
KURAZAWA and al ( 5 ), but had not been observed before on aluminates. 

When lowering the temperature further the tritium release from all samples 
returned to the familiar sharp drop, but after the last step from 500 to 410°C is made 
the GI sample does not return to equilibrium at an appreciable rate and the other 
samples do so very slowly fig. (5) (6) (7) (8). 

However the latter recover equilibrium when the temperature is raised again 
to 430°C. Whereas the GI sample heated from 410 to 420°C and from 420°C to 430°C 
undergoes two vary small increases in tritium delivery, that immediately slow down 
again. 



When raising the temperature further to 480°C with two intermediate steps 
at 470 and 475°C, F and T.F., samples released sizeable quantities of tritium at 
each temperature change, and returned to the activity that had been obtained before 
u-e i_emperature was raised. GI exhibits at every rise a rise in tritium activity but 
no release, except a very small one at the first large temperature change from 430CC 
to 470°C. It had thus never reached equilibrium fig. (9) (10). 

EFFECT OF CHANGES IN FLUX LEVEL - fig. (11) (12) 

At 480CC a flux increase by a factor 1.47 was produced. Again T.F. and F. 
samples behave as predicted showing an increase in tritium activity by the expected 
factor. Again also GI behaved differently: an apparently steady release was reached, 
but at a much xower level than expected. When the initial flux was reestablished the 
release rates of all samples came back to their previous values. However this decrea
se was accompanied by an important release of accumulated tritium for all except the 
GI sample. The temperature was then raised to 550°C. All samples then released a 
substantial part of their inventory. But GI released much more tritium and much 
slower than the others. 

The ratio of the maximum concentration during release to the equilibrium con
centration was much larger than the ratio of equilibrium to minimum concentration 
when cooling down. 

REPEATABILITY OF THE EXPERIMENTS 

At the beginning of a second cycle of irradiation the first experiment was 
repeated : cooling from 600°C to 550°C under- He + 0.1 % H2. Though quantitatively 
a little different the results were in good general agreement : very little effect 
on inventories, small temporary decrease of the release rates for F and TF samples 
(20 % ) , large decrease for GI (240%). 

Then initial conditions were reestablished at 600°C. The small amount of 
tritium accumulated was promptly released by all samples (including this time GI) 
with again a larger amplitude of variation,(46 % for TF, 31 % for F, 300 % for GI) 
on heating than an cooling. The above discrepancies invalidate the assumption that 
in both cases the ratios could represent correctly the ratios of diffusion coef
ficients ,or of interface resistance,to release. 
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EFFECTS OF CHANGES IN THE NATURE OF THE PURGE GAS 

Switching frcm He + 0.1 % H2 + 0.1 % CO as purge gas has on all samples 
an effect comparable to that of a drop of temperature fig. (13) 0 4 ) . 

The observed correlative increases in inventory are quite significantly 
larger for the very fine grain samples than for the fine grain ones and much more 
than for GI. 

During this experiment some tritium is under water form and gets adsorbed 
on the lines, which was not observed during the experiments under He + 0.1% H2. 
Replacing He + 0.1% CO by pure helium is followed by an inventory increase in 
samples F and TF, not in sample GI. 

EFFECT OF A CHANGE IN TEMPERATURE UNDER PURE HELIUM 

Lowering T from 600°C to 550°C and 500°C induces inventory increases in all 
samples and also an apparent decrease in equilibrium activity, probably due 
to the formation of water adsorbed on the lines. Changes in measured activity are 
much slower for GI than for the other samples. Under pure helium the lowest acce
ptable temperature of extraction would be higher than under helium with .1% hydro
gen. 

EFFECTS OF FLUX VARIATIONS UNDER PURE HELIUM 

The experiment carried with an H2 addition to helium has been repeated under 
pure He fig. (15) (16). 

Contrary to what was observed during this previous experiment the level of 
release from of all samples including GI raised by the expected 1.4 factor. However 
the inventory in the latter increased negligibly with comparison to the others, 
proving that under pure helium also tritium inventory is lower for large grains at 
600°C. An interesting observation is that, except again for GI a temporary decrease 
in release rates was observed at first. It is probably due to the fact that the 
point where the temperature of samples that is regulated is the center temperature. 

When the flux and therefore the heat production within the sample is increased the 
outer temperature must consequently go down. The calculated vrlue of this surface 
cooling was 7.5°C. Coming back to the standard flux produced the reverse pheno- • 
mena for all samples : short release of tritium and inventory build up except for 
GI. Equilibrium rates established themselves at the anticipated values. 



EFFECTS OF CHANGES IN THE PURGE GAS FLOW PATE 

Experiments have been made under helium + 0.1% H2 on TF and F samples and 
under pure helium on all samples. During the first experiment the flow was doubled 
at 500°C. Concentrations in the gas lines were halved in about 90 minutes. The delay 
was due to a decrease of inventory that was restored at the same rate when the flow 
of purge gas was reestablished to its nominal value- This inventory 'rhange is small 
compared to the total inventory fig. (17). 

Under pure helium the experiment was carried out at 550 °C with comparable 
results for all samples, except that sample GI reacts much more rapidly and there
fore neither retains nor releases any sizeable amount of tritium in the process. 
In this case also observed variations are small compared with total inventories 
fig. (18) (19). 

DISCUSSION 

Results of the L H A III experiment can be explained neither by assuming that 
release rates are governed by a pure diffusional model, nor by a pure interface 
resistance model nor by the sole combination of both. In either case larger grain 
sizes would lead to larger inventories and slower response times to variations of 
extraction conditions. Though this is what is observed at the lower temperatures, 
above 550°C the trend is in the reverse direction. 

In addition at low temperatures, under 450°C,equilibrium release rates become 
increasingly difficult to obtain when the size of grains of the samples become lar
ger. 

Qualitatively the following interpretations are proposed : 
- at low temperatures defects are formed and trap tritium almost irreversibly. 

Above the temperature at which such defects are annealed diffusion and/or surface 
resistance start to control the release rates. 

When the temperature is increased further, surface processes become rate 
limiting. 

These assumptions are consistent with the much more drastic drop in release at 
low temperatures with large grains because not only tritium but defects would migrate 
much slower to grain surfaces at which the former may be released and the latter 
may dissappear. 
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At the higher temperatures surface diffusion is easier with, larger grain . 
size material. Also smaller specific surfaces lead to a much lower surface inven
tory by adsorption of tritium. Adsorption itself obeys different thermodynamic or 
kinetic laws whether it involves water or hydrogen molecules. This could explain 
the role of the composition of the purge gas : hydrogen in addition to a swarmping 
effect imposes reducing conditions, CC produces only the second effect. 

In calculations not presented here one of us (MB) has evaluated what are 
the parts of inventories due to diffusion, surface resistance, and surface adsor
ption. Calculations provide a picture that supports the above qualitative description. 

More work has to be done before one will be able to predict even semi-
quantitatively the behaviour of samples from their characterisation : work on cha
racterization itself work en the production of very horcgenous samples in texture 
structure and surface conditions. 

To summarize problems for further investigations let us recall that to 
achieve textural homogeneity is imperative to understand tritium release as if only 
one grain in one hundred has ten times the diameter of the others 90% of the tri
tium is produced in this one grain. 

Structures may be important too as indicated by the comparatively faster 
release rates from single crystals (6). The effect of additives such as Mg to the 
solids (7) may also be due to lattice induced distorsions. 

Surface conditions are not uniquely related to grain sizes and have been 
shown to be modified by the action water vapor for instance (8). Differences 
observed in release kinetics between samples reputed similar may therefore be due 
either to differences in characteristics not recorded or to small amounts of impu
rities, to handling procedures, etc... Finally some results suggest that successive 
irradiations may induce observable differences in tritium release kinetics, that 
may perhaps be tied to formation or destruction of defects. In Saclay further work 
is underway specially to develop means of characterising sample surfaces before 
and after irradiation, to investigate further the role of the composition of the 
purge gas and to study additions of "foreign" elements in the solids. 
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Figure captions 

ie number of the figures are written on the back of the figures 

Fig. 1 to 8 : The content of the figures is already written on them. 

Fig. 9 : Release of tritium when heating samples TFI and TFQ under helium 
+ 0.1 % H2 from 430°C to 480CC over two intermediate steps at 470°C 
and 475°C. Time is ir days. 

Fig. 10 : Release of tritium from sample GI simultaneous to that of TFI and TFQ 
(cf. fig. 9). 

Fig. 11 : Effect of an increase of flux by a factor 1.5 at 480°C on tritium 
release from samples TFI and TFQ under He + 0.1 % H2. 

Fig. 12 : Effect of an increase of flux by a factor of 1.5 on tritium release 
from sample GI under He + 0.1 % H2. 

Fig. 13 : Effect on tritium release from samples TFQ and TFI of switching from 
He + 0.1 % He to He + 0.1 %C0as purge gas. 
The peak at 12.30 is due to water released from the lines when hea
ting them. Time is in days. 

Fig. 14 : Same experiment as in fig. 13. Results from sample GI. 

Fig. 15 : Effect of a flux increase by a factor of 1.5 on tritium release from 
samples TFI and TFQ under pure helium. 

Fig. 16 : Same experiment as in fig. 15. Results on sample GI. 

Fig. 17 : Effect of an increase of the purge gas flow He + 0.1 % H2 by a factor 
of 2 on tritium release rates from samples TFQ and TFI at 500°C. Time 
is in hours. 

Fig. 18 : Same experiment as on fig.17 but under pure He at 550°C. 

Fig. 19 : Same experiment as on fig.18. Results on sample GI. 
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