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Abstract

The tritium release curves from the lower density region (71-86% TD) sintered pellets which were irradiated by
thermal neutrons up to the fluences of 4 x 10, 2 x 10!, 2 x 10> and 2 x 10> n/m? have one peak around 570, 590, 610
and 620 K, respectively. It means that no dependence on porosity is observed for these densities and fluences. This
suggests that the tritium generated by thermal neutron irradiation is trapped in the irradiation defects introduced by
irradiation of the bulk. The curves from the intermediate density region (87-89% TD) pellets which were irradiated up
to same fluences as the lower also have one peak around 620, 640, 660 and 680 K, respectively. This means that
the peaks tend to shift to higher temperatures by thermal neutron fluence, much the same as the 71-86% TD pellets. The
curves from the higher density region (90-92.5% TD) pellets irradiated up to 4 x 10*° n/m? have plural peaks. The
curves from the pellets irradiated up to 2 x 10?!, 2 x 10?2 and 2 x 10?3 n/m? also have the same number of peaks, and a

dependence of the temperatures of the peaks on the fluences is not observed.

© 2002 Elsevier Science B.V. All rights reserved.

1. Introduction

Li,O is one of the principal candidates for tritium
breeding materials in the fusion reactor system. In the
solid breeding materials, various kinds of irradiation
defects are produced by exposing to high energy radia-
tions during the fusion reactor operations. These irra-
diation defects are considered to affect the tritium release
behavior from and the tritium inventory in the solid
breeding materials. Many researchers have investigated
the production and reduction behavior of the point de-
fects in Li,O such as F* center and Li colloid, and effects
of the defects on tritium release behavior from Li,O
by using methods of ESR, optical absorption and so on
[1-15].
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In the previous study, the tritium release behavior
from Li,O single crystal was investigated to estimate the
tritium diffusion coefficient in the bulk [16]. The irradi-
ation effects of fast neutrons on the diffusion coefficient
were also investigated by using the FFTF and it was
clarified that the fast neutron irradiation degrades the
coefficient below the temperature of 1060 K [17]. In
addition, the tritium release behavior from Li,O sintered
pellets of various densities (71-98.5% TD) was investi-
gated by constant heating rate tests. It was clarified that
there is a porosity dependence of the tritium release rate
in the density range over 87% TD, while no dependence
is observed in the density range under 86% TD, and that
the tritium release process consists of three different
stages [18]. From the investigation of the helium release
behavior from sintered and single-crystal Li,O, it was
clarified that the temperature of the peak in the helium
release curves in the constant heating rate tests shifts to
higher temperature with increase with the neutron flu-
ence [19,20]. These results suggest that the effects of ir-
radiation defects are considered to affect the tritium and
helium behavior in Li,O significantly.
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In the present study, the neutron fluence depen-
dence on the tritium release behavior from sintered Li,O
with various bulk density (71-92.5%) was investigated.
Various fluences of thermal neutron irradiation (4 X
1022 x 10* n/m?) were performed to investigate the
effects of irradiation defects on the tritium release be-
havior.

2. Experimental

Small pieces of sintered Li,O (2 x 2 x 2 mm?) with
various bulk densities (71-92.5% TD) which were cut
from the pellets (12 mm ¢ x 10 mm L) were used as
specimens. The preparation method and characteriza-
tion of the pellets were reported elsewhere [21]. The
starting material is 99% pure Li,O powder by CERAC
Co. The powder was heated at 970 K for 4 h in vacuum
to decompose Li,CO; and LiOH. After the heat treat-
ment, the powder was pressed under pressure of 9.8 x
107-4.9 x 10% Pa without binder and sintered in vacuum
for 2-4 h in the temperature range of 1370-1570 K. In
the density range over 86% TD, the closed porosity in
the pellets rapidly increases with increase of the density
and reaches maximum at 90% TD The grain size of the
sintered pellets is from about 9.5 um at 71% TD to
about 35 pm at 92.5% TD.

The specimens are sealed up in quartz ampoules with
He gas (4 x 10° Pa) after heated at 970 K for 4 h in
vacuum. The irradiation specimens were not affected by
the moisture in the atmosphere because they were sealed
up in the quartz ampoules with He. In addition, He gas
has an excellent thermal conductivity. Irradiation was
performed in the cooled water (about 320 K) in the re-
actor. The ampoules directly contact with the cooled
water. Therefore, the estimated temperature in the quartz
ampoules is below about 340 K. The specimens were
irradiated up to 4 x 10%, 2 x 10?!, 2 x 10?*> and 2 x 10%
n/m? with thermal neutrons in JRR-2 (flux level 4 x 10'7
n/m? s) and JRR-4 (flux level 3 x 107 n/m? s). In the
thermal neutron fluence region of this experiment, the
total Li burn-up is considered to be proportional to
the thermal neutron fluence. The calculated total Li
burn-up is 0.0003% and 0.15% for the thermal neutron
fluence of 4 x 10% and 2 x 10> n/m?, respectively.

After irradiation, the tritium release from the samples
was measured with a proportional counter in a flow (180
cm?/min) of ammonia sweep gas (NH;) at atmospheric
pressure during a constant heating rate of 2 K/min. By
using ammonia sweep gas, HTO adsorption on the Li,O
surface and production of LiOT were prevented, and
HTO adsorption on the inner wall of the piping and the
counter is also prevented to reduce the background level
of tritium. In the measuring system, the counter was
kept at about 400 K to suppress the contamination of
the counter due to adsorption of tritium [16].

3. Results and discussion
3.1. Neutron fluence dependence

3.1.1. Lower density region (71-86% TD)

Fig. 1 shows the tritium release rate from sintered
Li,O with 71-81% and 86% TD in the constant heating
rate (2 K/min) tests. It is shown that the temperature of
the tritium release peak shifts to higher temperatures
with increase of the neutron fluence (Li burn-up), that is,
570 K for 4 x 10?° n/m?, 590 K for 2 x 10*! n/m?, 610 K
for 2 x 10 n/m? and 620 K for 2 x 10** n/m? in the
lower density region (71-86% TD). This means the tri-
tium release behavior depends on the neutron fluence
significantly and suggests that tritium trapping in irra-
diation-induced defects plays an important role in the
tritium release behavior.

3.1.2. Intermediate density region (87-89% TD)

Fig. 2 shows the tritium release rate from sintered
Li,O with 87%, 88% and 89% TD in the constant
heating rate (2 K/min) tests. It is shown that the tem-
perature of the tritium release peak shifts to higher
temperatures with the increase of neutron fluence, that
is, 620 K for 4 x 10 n/m?, 640 K for 2 x 10*! n/m?,

20 T T
71%T.D. o P A 4x1020 nm?
I Ay T o 2lam? -
f .rh VO 2x10%2 pm?
10 # J '-‘l "| X O 2x1023 n/m2 1
P b
i .,-"-“ kY !
. - f‘ ’..‘ ﬁ -
% A F N
E 0 D L ""'-'-'L-
] ’ '
o 81%T.D.
2 - -
E »-1: ; ; \
o 10| .‘; W k -, B
. gy oy
& A £ /\ ot N
= A~ TP N TR
g r L A5 NNR . 7
5 < g T
Z 9 £ \.—ﬁ Q-I
£ 20
86%T.D. A 4x1020 n/m?
- A" & 2x102! nm?
Iy, O 2x1022 n/m?
10 - [l i
i AR, O 2a0% om?
LT AN
B VY Ry \ , -
di i SR N
4 %
0
400 600 800

TEMPERATURE,K

Fig. 1. Fluence dependence for tritium release rate from sin-
tered Li,O pellets of 71-86% TD during a temperature ramp
of 2 K/min.
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Fig. 2. Fluence dependence for tritium release rate from sin-
tered Li;O pellets of 87-89% TD during a temperature ramp of
2 K/min.

660 K for 2 x 10?2 n/m? and 680 K for 2 x 10 n/m?.
From the comparison between Figs. 1 and 2, it is found
that the temperature of the peaks in the intermediate
density region (87-89% TD) is 50 K higher than that in
the lower range (71-86% TD) for the same neutron
fluence and similar specimens (Fig. 3). This result sug-
gests that the rate determining step in the intermediate
region is different from that in the lower range.

In the lower density region (71-86% TD), the open
and closed porosity show 25% and 3.5% for 71% TD,
and 11% and 3% for 86% TD, respectively, that is, the
ratio of the closed to the open porosity is between 0.14
and 0.27. This large open to the closed porosity ratio is
considered to be the small contribution of intercon-
nected pores to the tritium release, and the cause of the
constant temperature of the peak in this density region
for same neutron fluence. In the intermediate density
region (87-89% TD), the ratio of closed to open porosity
is between 0.57 and 1.8. The difference of the tempera-
ture of the peaks between the lower and intermediate
density region is considered to be caused by the change
of the ratio of closed to open porosity. This suggests that
the rate determining step of the tritium release in the
intermediate density region is considered as the advec-
tion through the open pores via adsorption and de-
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Fig. 3. Fluence and porosity dependence for tritium release
peak temperature from sintered Li,O pellets of 71-89% TD
during a temperature ramp of 2 K/min.

sorption on the inner wall of the pores, or the diffusion
in the gas phase in the interconnected pores [18].

A similar dependence on the neutron fluence was also
observed in the helium release behavior. For helium
release from sintered Li,O, it is observed that the tem-
perature of the peaks in the helium release curves shifts
to higher temperatures (about 900-1100 K) with in-
crease of neutron fluence [19]. For helium release from
Li,O single crystals, the temperature of the peaks in the
helium release curves also shifts to higher temperatures
(about 1200-1500 K) with increase of neutron fluence
[20]. These results suggest that there are some helium
bubbles and hole-helium aggregation defects which are
able to exist at these high temperatures, and they be-
come the trapping sites of helium produced in bulk Li,O
by neutron irradiation.

3.1.3. Higher density region (90.5-92.5% TD)

Fig. 4 shows the tritium release rate from sintered
Li,O with 90.5% and 92.5% TD in the constant heating
rate (2 K/min) tests. It is shown that the temperature of
the tritium release peak is independent on the neutron
fluence. There are two peaks around 650 and 750 K in
the tritium release curves from 90.5% TD specimens,
and three peaks around 650, 800 and 1000 K in the
curves from 92.5% TD specimens. This result suggests
that the main tritium release mechanism in this density
region is the release of the tritium trapped in the closed
pore because the closed porosity is too high in this re-
gion.

3.2. Irradiation defects recovery and tritium release

Fig. 5 shows the recovery behavior of F' centers
produced in sintered Li,O by oxygen ion irradiation and
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Fig. 4. Fluence dependence for tritium release rate from sin-
tered Li,O pellets of 90.5% TD and 92.5% TD forduring a
temperature ramp of 2 K/min.
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Fig. 5. Fluence dependence for the recovery of F* center pro-
duced in sintered Li,O irradiated with oxygen ion and thermal
neutron observed by ESR and the amount of retained tritium in
81% TD sintered Li,O.

neutron irradiation up to 4 x 102, 2 x 10*' and 2 x 10%
n/m? observed by the ESR method. As shown in this
figure, the recovery behavior of F* center depends on
the neutron fluence, that is, the recovery temperatures
are about 420-520 K for 4 x 10% n/m?, 460-620 K for
2 x 10?! n/m? and 470-650 K for 2 x 10% n/m? [3,4]. The
recovery temperature for the oxygen ion irradiation is
about 520-670 K which is higher than that for the
neutron irradiation [7]. The similar result of the recovery
temperature of F* centers in sintered Li,O is also ob-
served by the optical absorption method by Uchida et al.
[1]. The irradiation temperature and neutron flux level in
the ESR and opitical adsorption experiments were sim-
ilar to this experiment. The concentration of the irradi-
ation defects increases with the increase of the neutron
fluence, it suggest that recovery temperature of the de-
fects and the peaks in the tritium release curve do not
depend on neutron flux.

Fig. 5 also shows the amount of retained tritium in
81% TD sintered Li,O in the constant rate heating tests
for the neutron fluence of 4 x 10 and 2 x 10? n/m?. As
shown in this figure, the temperature of tritium release
for 2 x 10 n/m? is higher than that for 4 x 10%° n/m?.
The temperature of tritium release is higher by approx-
imately 60-90 K than that of F* center recovery for the
same neutron fluence. As reported in the previous paper
[11], the apparent activation energy of tritium release
from 81% TD sintered Li,O is found to be 129 kJ/mol,
which is almost equal to that of F* center recovery, 135
kJ/mol, reported by Noda et al. [3]. These results suggest
that the tritium release behavior from 81% TD sintered
Li,O is significantly effected by F* center recovery be-
havior.

F* centers produced by neutron irradiation are con-
sidered to aggregate and produce F-aggregate centers by
increase of the neutron fluence. F-aggregate centers are
extinguished by the move of adjacent interstitial oxygen
atoms and produce Li colloidal metal by increase of the
annealing temperature. Colloidal Li metal is also pro-
duced by electron or gamma irradiation. It is considered
that colloidal Li metal interacts with tritium and traps it
by producing Li-T bonds [14]. However, the tempera-
ture of colloidal Li metal recovery is around 720-900 K
[15] which is much higher than that of tritium release. It
is not depicted that the tritium trapping by colloidal Li
metal is the rate determining step of tritium release from
81% TD sintered Li,O.

Colloidal Li metal was also observed by the ESR
method in single-crystal Li,O irradiated by fast neutron
in the FFTF up to the fluence of 3.9 x 10?° n/m? [9].
From the tritium release experiment using the FFTF
specimen, it is found that the tritium diffusion coefficient
degrades below the temperature of 1060 K, compared
with the results from the experiment using the JRR-4
specimen [17]. This result suggests that there are some
aggregations of irradiation defects such as dislocation
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loops which are able to exist even at 1060 K in the FFTF
specimen. However, because the temperature of the re-
covery of the such defects is much higher than that of
tritium release, these kind of defects is not considered to
affect the tritium release behavior from 81% TD sintered
pellets irradiated in JRR-4.

4. Conclusion

The tritium release behavior from Li,O sintered pel-
lets with various densities (71-92.5% TD) is investigated
by the constant heating rate tests. It is clarified that there
is a porosity dependence of the tritium release rate in the
density range over 87% TD, while no dependence is ob-
served in the density range under 86% TD, and there is a
neutron fluence dependence of the tritium release rate in
the density range under 89% TD, while no dependence is
observed in the density range over 90.5% TD. From these
results, it is considered that the rate determining step of
the tritium release changes with the density change, de-
scribed as follows: (1) lower density region (71-86% TD):
the detrapping of tritium trapped in the point defects due
to the recovery of the defects; (2) intermediate density
region (87-89% TD): the migration through the inter-
connected pores via adsorption and desorption on the
inner wall of the interconnected pores, and the diffusion
in the gas phase in the interconnected pores; (3) higher
density region (90.5-92.5% TD): the detrapping of tri-
tium trapped in the closed pores.

It is clarified that the tritium release process from
sintered pellets consists of many elemental mechanisms
and is significantly affected by porosity and neutron
fluence. The production and reduction of irradiation
defects under high energy radiation such as neutrons are
considered to play an important role in the assessment
of stability and tritium release characteristics of solid
breeding materials.
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