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Engineering data of neutron irradiation performance are needed to design a fusion blanket.
Of the engineering data, tritium release characteristic is one of the most important data. Therefore,
tritium release experiments of the tritium breeding materials were carried out to evaluate the effects
of various parameters, i.e. sweep-gas flow rate, irradiation temperature, hydrogen content in
sweep gas and so on, on tritium release. Lithium titanate (Li,Ti0,) is a candidate tritium breeding
material for the blanket design of International Thermonuclear Experimental Reactor (ITER). As
for the shape of the breeder material, a small spherical form is preferred to enhance tritium release
from the breeder and to reduce the induced thermal stress in the breeder. Li,TiO; pebbles with a
diameter of 1mm and a total weight of ~134g have been fabricated, and a pebble-pac assembly of
the Li,TiO, pebbles was irradiated in the Japan Materials Testing Reactor (JMTR), for 3 cycles
(about 75 days). The tritum generated in breeder, and released from the breeder was swept
downstream by the sweep gas for on-line analysis of tritium content. The total concentration and
gaseous concentration of triium released from the Li,TiO, pebbles were measured, and
HT/(HT+HTO) ratio was evaluated. The sweep-gas flow rate was changed from 10 to
1,000cm’/min, and hydrogen concentration in the sweep gas was changed from 100 to 10,000
ppm. The irradiation temperature of the outer region of the pebble-pac assembly was held below
450°C.

The results showed that tritium release from the Li,TiO, pebbles was started between 100
and 140°C and that the amount of released tritium increased with increasing the irradiation
temperature. The sweep-gas flow rate did not have an effect on tritium release from the Li,TiO;
pebble bed in the steady state. On the other hand, the hydrogen content in the sweep gas had an
effect on the tritium release from the Li,TiO; pebble bed.

Keywords: ITER, Fusion Blanket, Tritium Release Experiments, Lithium Titanate (Li,TiO;)
Pebbles, IMTR
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1. Introduction

Engineering data of neutron irradiation performance are needed to design the fusion
blanket. However, knowledge about the performance of solid lithium-based ceramics as
tritium breeding materials for fusion reactors is limited at present. Tritium is bred in the
blanket surrounding the reactor, and is collected, and injected into the plasma chamber as fuel.

In the development of trittum breeding blankets for fusion reactors, lithium-containing
ceramics such as Li,O, Li,TiO,, Li,ZrO;, LiAlO, and LiSiO, were recently recognized as
promising tritium breeding materials [1-2]. Particularly, Li,TiO; has attracted the attention of
many researchers from a point of easy tritium release at low temperature and chemical
stability [3-5]. Application of small lithium-based ceramic pebble was proposed in the fusion
blanket design in order to reduce thermal stress and so on [6-9].

Li,TiO; pebbles with a diameter of Imm and a total weight of ~134g were fabrncated,
and a pebble-pac assembly of t'he Li,TiO, pebbles was irradiated in the Japan Materials Testing
Reactor (JMTR), for 3 cycles (about 75 days). The trittum generated in ceramic, and released
from the ceramic was swept downstream by the sweep gas for on-line analysis of tritium
content. The total concentration and gaseous concentration of tritium released from the
Li,TiO, pebbles were measured, and HT/(HT+HTO) ratio was evaluated. The sweep-gas flow
rate was changed from 10 to 1,000cm’/min, and hydrogen content in the sweep gas was
changed from 100 to 10,000ppm. The irradiation temperature of the outer region of the
Li,TiO, pebbles was held below 450°C.

In-situ tritium release experiments of Li,TiO; pebble bed were carried out to evaluate
the effects of various parameters, i.e. sweep-gas flow rate, irradiation temperature, hydrogen
content in sweep gas, etc., on tritium release. Some papers and reports were published so far

on analyzed results of these in-situ experiments [10-13].
2. Task Description

In-situ tritium release data at low temperature from lithium titanate are important for
the design of the ITER breeding blanket. An in-situ tritium release test is being carried out
under steady neutron irradiation in the Japan Materials Testing Reactor (JMTR). The JMTR
irradiation facility for in-situ irradiation test is shown in Fig.2-1. Main parameters of the

experiment are the following:
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1) Irradiation Conditions

- Reactor

- Irradiation position

- Irradiation time

- JMTR cycle

- Neutron flux
- Thermal neutron (E<0.683eV)
- Fast neutron (E>1.0MeV)

- Tritium generation rate

- Breeder region irradiation temperature
- Average volumetric heating rate
- Sweep gas

- Gas flow rate

- Hydrogen content in sweep gas

- Moisture content in sweep gas

2) Irradiation Capsule
- Design
- Breeder material
- Breeder material region
- Weight of breeder material
- Packing fraction of breeder material
- Main structure material
- Breeder material
- Shape
- Density
- °Li enrichment
- Average grain size
- Instrumentation

- Multi-paired thermocouple*

:JMTR

:K-2

: 3 cycles in IMTR
: ~25 days

1 ~2x10" n/m*/s
: ~8x10" n/m?s

: ~ 7.4x10" Bg/day

(~2 Ci/day)

: 250 - 400°C

i ~5MW/m’

: Pure He or He+H,

: (10 - 1,000)x10°® m*/min

(10 - 1,000 em®/min)

: 100 - 10,000 ppm
: < 10 ppm

: See Fig.2-2

: L1,TiO,

: $20x260 mm
:~134 ¢

1 ~62%

: SS316

: Pebble (~¢1mm)
: 80.1 ZT.D.
: Natural

:~3 um

- 11

(Three vertically hot junction per one multi-paired thermocouple)

- Five self-powered neutron detectors with Rh-emitter (Rh-SPND)
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*By instrumenting one multi-paired thermocouple, it is able to measure irradiation

temperatures at three places of the tritium breeder zone, vertically.

3. Preparation of Li,TiO, Pebbles

3.1 Fabrication Procedures

Li,TiO, has attracted the attention of many researchers from a point of easy tritium
release at low temperature and chemical stability. The application of small Li,TiO; pebble was
proposed in ITER breeding blanket design in order to reduce thermal stress and so on. The
rotating granulation method is advantageous for fabricating small Li,TiO; pebbles.

Fabrication of Li,TiO; pebbles was carried out by the rotating granulation method and
characteristics of Li,TiO; pebbles were examined.

The fabrication flow of Li,TiO, pebbles for the rotating-granulation/sintering method is
shown in Fig.3-1. This procedure includes a fabncation process of Li,TiO; powder, a
granulation process to grow the nuclei to pebbles of the desired diameter, and a calcination and

a sintering processes.

3.2 Fabrication of Li,TiO, Powder
Li,CO, and TiO, powders, which are starting material, were prepared with purities of
99.99% and 99.98%, respectively. Results of chemical analysis of Li,CO; and TiO, powders
are shown in Table 3-1. The Li,CO, powder was manufactured by HONJO-SOREX CO. LTD.
Main impurities of Li,CO; powder were as follows: Na, 1; Ca, 1; Cr, 47.2; Fe, 1; K, 1, (in wt.
ppm). The TiO, powder was manufactured by FUJI TITANIUM CO. LTD. The Li,TiO,
powder was prepared by a solid-solid reaction. The reaction for the production of Li,TiO;

powder is shown in Eq.(1).

900°C

Li,COz + TiO, Li,TiOy + CO, ¢t (1)

Mixed powder of Li,CO; and TiO, was pulverized and reacted in air at 900°C for 8 h in
a Pt crucible. After the reaction, the produced Li,TiO; powder was pulverized, and impurities
in the Li,TiO; powder and crystal structure of this powder were measured by X-ray
diffractometry (XRD).
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3.3 Granulation Process

This is a process of preparing nuclei of pebbles by mixing the Li,TiO, powder and a
binder. Polyvinyl butyral (#800) and ethyl alcohol were used as binders, based on industrial
experience. The Li,TiO; powder was put in the container of a rotating-granulation apparatus,
and then the binder mixed polyvinyl butyral, toluene and ethyl alcohol added in rotating the
blade. The granulated pebbles, i.e. green pebbles, were sieved by the classifier. The size of
green pebbles was in the range of ¢0.85-1.18mm. The green pebbles were dried in air at about
110°C for 1h.

3.4 Calcination and Sintering Processes
In the calcination process, the binder was removed from the green pebbles. The green
pebbles were calcinated in air at 550°C for 3h. Weight of green pebbles before/after calcination
was measured and weight loss by calcination was about 10%.
In the sintering process, the density of Li,TiO, pebbles was improved by annealing at
high temperature, and then sintering tests were conducted in air under various temperatures.
Density of the sintered Li,TiO, pebbles was measured by mercury porosimetry, and

dependence of the sintered density on the sintering temperature was examined.

3.5 Characterization of Li,TiO, Pebbles

Li,CO; and TiO, powders were pulverized and reacted in air at 900°C for 8 h in a Pt
crucible. After the reaction, impurities in the Li,TiO, powder and crystal structure of this
powder were measured by X-ray diffractometry (XRD). Impurity levels of the Li,TiO; powder
were measured by an atomic emission spectrometry with inductively coupled plasma (ICP-
AES) and the results are shown in Table 3-2. Silicon (Si), iron (Fe), Sodium (Na) and
chromium (Cr) were the highest impurities detected in the Li,TiO, powder. The X-ray
diffraction pattern of Li,TiO, powder is shown in Fig.3-2, and Li,TiO; was the main
component detected.

Sintering tests were conducted in air in a sintering temperature range from 1200 to
1300°C for 0.5-1.0 h. In the preliminary fabrication test, Li,TiO, pebble density was 78.2, 82.9
and 87.2%T.D. at sintering temperatures of 1200, 1260 and 1300°C for 0.5 h, respectively.
From the results of sintering tests, the sintering condition was decided as 1260°Cx0.5 h in air.

Characteristics of Li,TiO, pebbles fabricated in the above condition are tabulated in
Table 3-3. The main features are discussed below.

Photographs of Li,TiO, pebbles fabricated by rotating granulation method are shown in
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Fig.3-3. Distribution of diameter of the Li,TiO; pebbles is shown in Fig.3-4. Average diameter
of the Li,TiO; pebbles was about 1.0 mm. Sphericity of Li,TiO; pebbles was measured by a
photographic analysis method, and the degree of sphericity, which is defined as the maximum
diameter divided by minimum diameters, was as high as 1.05 to 1.2. SEM photographs of
cross sections of Li,TiO; pebbles are shown in Fig.3-5. The grain size was measured using the
photograph of the cross section of Li,TiO; pebbles. Distribution of grain size of Li,TiO,
pebbles is shown in Fig.3-6. The average grain size of Li,TiO, pebbles was about 3um. Result
of pore size distribution of Li,TiO, pebbles measured by a mercury porosimetry is shown in
Fig.3-7. The pore size of Li,TiO; pebbles was less than 3um. The density was 80.1%T.D. at a
mercury intrusion pore size 210um.

Impurity levels of the Li,TiO, pebbles were measured by ICP-AES analysis and the
results are shown in Table 3-2. Silicon (Si), iron (Fe), sodium (Na) and chromium (Cr) were
the highest impurities detected in L1,T10; pebbles fabncated by this' method.

To evaluate the strength of Li,TiO; pebbles fabricated by this method, the crushing
strength was measured by a compression strength test. Crushing load ranged from 22 to 30N.

The X-ray diffraction pattern of Li,TiO; pebbles is shown in Fig.3-8. The XRD analysis
of Li,TiO; pebbles was undertaken after packing the pebbles in a polyethylene sheet. Li,TiO,
was the main component detected, and the crystalline structure of the Li,TiO; pebbles was not

changed by the sintering.
4. In-Situ Irradiation Tests

4.1 Fabrication of Irradiation Capsule

The vertical cross-section of irradiation capsule which was used in the irradiation test is
shown in Fig.4-1. This outer diameter of capsule is 65 mm which is the maximum available
size in the JMTR. In the capsule, thermocouples and self-powered neutron detectors (SPNDs),
mentioned below, to measure the temperature and thermal neutron flux, and electrical heaters
to control the irradiation temperature of the tritium breeding maternial are installed. The vertical
cross-section and photograph of an inner capsule in the capsule are shown in Fig.4-2 and
Fig.4-3, respectively. The inner capsule is made of SS316L, and the dimensions of Li,TiO,
pebble container and inner container are 23mm°°x20mm™x260mm"“  and
48mm°°x43mm™x455mm", respectively. Beryllium (Be) pebbles are loaded in the inner
capsule as a thermal transfer medium. Detail specifications of the Li,TiO, pebble region and

the Be pebble region is shown in Table 4-1.
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In this inner capsule, two kinds of instruments, i.e. thermocouples (T/Cs) and SPNDs
are used. Arrangements of the multi-paired thermocouples and SPNDs at A, B and C sections
are shown in Fig.4-4. The vertical positions of the A, B and C sections in Fig.4-4 are 65, 130
and 195mm from the vertical top end of Li,TiO, pebble region, respectively. At the A section,
there are 11 T/Cs and one SPND; at the B section 11 T/Cs and 3 SPNDs; at the C section 11
T/Cs and one SPND. Conceptual structure of the thermocouple and the SPND is shown in
Fig.4-5 and Fig.4-6, respectively. As for the thermocouples, the multi-paired thermocouples
with three hot junctions were used. It is because a lot of thermocouples are necessary from a
viewpoint of exact measurement on irradiation temperature distribution, while the numbers of
instrument cables through the upper plug of inner capsule are limited due to the difficulty in
nicro-brazing. The outer diameter of multi-paired thermocouple is 1.8mm, and three small
thermocouples are bundled in one multi-paired thermocouple. The outer diameter of the small
thermocouple is 0.5mm. The vertical positions of hot junctions of each small thermocouple are
65, 130 and 195mm from the vertical top end of the Li,TiO, pebble region. For example, the
irradiation temperature distribution of Li,TiO, pebble region at B section can be measured by
the use of #13-#17. The thermocouples of #14, #15 and #16 are instrumented in a steady
packing region. The emitter of SPND is Rh, and the outer diameter of the collector and the
cable are 2 and 1.5 mm, respectively. In addition, control of the irradiation temperature in the
Li,TiO, pebble region was conducted by a micro-heater instrumented at the outside of the
container of Be pebbles. The capacity of heater was maximum 2kW. This capsule was
irradiated at the irradiation hole K-2 in JMTR. The core configuration of JMTR is shown in
Fig.4-7. This irradiation hole is located at the outside of y-ray shielding plate made of Zr. This
hole is the most convenient for conducting an irradiation test of tritium breeder a-heated by
°Li(n, a) reaction, by minimizing the effect of y-heating of structural materials like stainless
steel. The y-heating rate of K-2 hole is 0.25W/g. By nuclear calculation with SRAC or MCNP
codes, a-heat and y-heat are shown as follows.

(1) Result by SRAC code

a-heat : 0.31 kW (mean), 0.41 kW (max.)
y-heat : 8.9 kW

(2) Result by MCNP code

a-heat : 0.31 kW (mean), 0.41 kW (max.)
y-heat : 8.9 kW

The result of thermal calculation with GENGTC code is shown in Fig.4-8. The
centerline temperature of Li,TiO, pebble region is about 310°C without heater at JMTR 50
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MW operation.

4.2 Irradiation Facility for In-situ Irradiation Test
The system mainly consists of four subsystems: a sweep gas supply subsystem, a
tritium measuring subsystem, a tritium recovery subsystem and a clean-up subsystem of a
" glove box. The block diagram of these subsystems is shown in Fig.4-9, and the main design
conditions are listed in Table 4-2. The schematic flow diagram of the sweep gas system is
shown in Fig.4-10.

The results of design study shows that the sweep gas system was sufficient to support
the in-pile functional test. It was possible to change broadly the sweep-gas flow rate, hydrogen
addition and other parameters by controlling the sweep gas supply subsystem. In the tritium
measuring subsystem, accurate measurement can be done without being concerned about the
increase of background by installing two ceramic electrolytic cells in series. In the tritium
recovery subsystem, the amount of exhaust tritium will be smaller than 1x10'°Bg/y. If an
accident such as piping rupture occurs, the exposure will be minimized by the clean up
subsystem.

a) Sweep Gas Supply Subsystem

The sweep gas supply subsystem is for providing the sweep gas to the blanket mock-up.
The sweep-gas flow rate can be changed from 10 to 1,000cm®/min. Hydrogen, oxygen and
moisture can be added in the sweep gas here. The hydrogen content in the sweep gas can be
changed from 10 to 10,000ppm, the oxygen content from 10 to 1,000ppm and the moisture
concentration from 10 to 1,000ppm by mass flow controller.

b) Tritium Measuring Subsystem

In this subsystem, the total tritium concentration, the tritium concentration of gaseous
species and the water species/gaseous species ratio of tritium released from the capsule can be
measured on-line. The sweep gas introduced into this subsystem from the blanket mock-up is
divided into two lines. One is a line for measuring the elapsed change of the total tritium
concentration. In this line, the tritium in the sweep gas is transformed into tritium gaseous
species by a ceramic electrolytic cell, and the tritium concentration is measured by an
ionization chamber. Two ceramic electrolytic cells are installed into this line so that the water
species is perfectly transformed to the gaseous species, and the increase of background by the
adsorption of tritiated water species on the ionization chamber is prevented.

The other is a line to measure the elapsed change of tritium gaseous species. After

tritiated water species in the sweep gas is removed by a molecular sieve bed, tritium gaseous
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species is also measured by another ionization chamber. The size of the molecular sieve bed
has been determined carefully so that the time lag between above two lines dose not occur.
The water species/gaseous species ratio of released tritium can be obtained from the
measurement results of the two ionization chambers.
¢) Tritium Recovery Subsystem

In the tritium recovery subsystem, the tritium in the sweep gas is transformed into
water species by an oxidation bed with Pd-catalyst and is recovered by a molecular sieve bed.
The reason why the molecular sieve bed was used to recover the tritium is that it is easier to
store it without apprehension of tritium permeation. One molecular sieve bed has a sufficient
ability of recovering 3.7x10"°Bq, which corresponds to JMTR operation period for one year.
Two sets of the oxidation bed and the molecular sieve bed are installed in series, because the
tritium exhaust from the stack is restricted to 1x10'°Bq/y.

d) Clean-Up Subsystem of Glove Box

The trittum measuring subsystem and the tritium recovery subsystem are set up in a
glove box. The total leak rate from the valves and the connections between pipes and
apparatljses 1s suppressed less than 5x107Pa-m?/s so that the internal exposure is suppressed
less than 1mSv/week. However, the clean-up subsystem of the glove box is set up to prepare
for the worst. The maximum tritium release rate from the blanket mock-up is defined to be
1.8x10"Bq/d as mentioned above. When tritium of 1.8x10"Bgq, corresponding to released
amount in one day, is assumed to spread out in the glove box for an instant, this subsystem has
ability of reducing the tritium concentration in the glove box to 7.0x10"'Bg/cm® which is
determined by Law Concerning Prevention from Radiation Hazards due to Radio-Isotopes,

etc.
4.3 Results of Irradiation Test in the JMTR 121st Cycle

4.3.1 Outline of the First Irradiation Test
Li,TiO; pebbles with a diameter of Imm and a total weight of about 134g were
fabricated and packed in the irradiation capsule. The tritium was generated in Li,TiO; by
neutron irradiation and released from Li,TiO,. The generated tritium was swept by the sweep
gas. And total tritium concentration (HT+HTO) and gaseous tritium concentration (HT) were
measured separately, and HT/(HT+HTO) ratio was evaluated. The first irradiation test of
Li,TiO, with JIMTR was conducted from Jan. 19th to Feb. 13th, 1998 at the SOMW full power.

The outline of experimental conditions for the first irradiation test is shown in Fig.4-11.
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Specially, the first irradiation test was focused on the evaluation of low temperature irradiation
behavior of Li,TiO,. Therefore, the center temperature of Li,TiO; pebble region was 280°C
basically without using the heater, and was increased to 350°C by using a heater installed in
the irradiation capsule. And the flow rate of sweep gas was constant at 200cm’/min basically
and changed up to 500cm*/min partly. And the hydrogen concentration in sweep gas was also
constant at 1,000ppm basically and changed up to 10,000ppm partly. Additionally, it seems
that the test module for ITER irradiation test does not have a heating device for preheating the
tritium breeder region in test module before neutron irradiation in ITER. Therefore, the tritium
breeding region in the irradiation capsule for this JMTR irradiation test was not heated befofe
the JMTR operation. However, during capsule fabrication, moisture in the irradiation capsule
was carefully controlled. From these points, the effects of moisture concentration at the
capsule outlet on the tritium release behavior in the Li,TiO; pebble region were investigated in
this irradiation test. Outline of main experiments of the first irradiation test is shown in Fig.4-
12. A series of measurements revealed the effects of hydrogen content in sweep gas, sweep-gas

flow rate, irradiation temperature and other conditions on tritium release from Li,TiO; pebble
bed.

4.3.2 Temperature Distribution

The axial temperature distribution in the inner capsule at SOMW is shown in Fig.4-13.
The temperature was measured by the multi-paired thermocouples with three hot junctions.
The axial temperature distribution was approximately uniform over the Li,TiO; pebble region
(270mm). The radial temperature distribution in the inner capsule at SOMW is shown in Fig.4-
14. When the heater was off, the temperatures over the upper, middle and lower sides were not
uniform. However, by heating with the two heaters, temperatures among all sides became
radially uniform. In the case of using the heater, the center temperature of Li,TiO, pebble
region was about 340°C, and the edge temperature of Li,TiO, container was about 220°C. The
three dimensional temperature distributions calculated by TRAMP code both at heater-off and
at heater-on are shown in Fig.4-15 and Fig.4-16, respectively. The calculation clearly shows

the volumetric temperature distribution.

4.3.3 Tritium Release at Reactor Power-up

Figure 4-17 shows the release rate of total trittum (HT+HTO) and gaseous tritium (HT),
the ratio of HT/(HT+HTO), the moisture concentration at the capsule outlet and the center

temperature measured by thermocouple #15 under reactor power-up. The sweep gas flow rate
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and the hydrogen content in sweep gas were 200cm’/min and 1,000ppmH,, respectively. When
the reactor power became 10MW, the center temperature of thermocouple #15 became 100°C.
And the tritium release from Li,TiO; pebbles started at 10MW. Then, the release rate of total
tritium increased with increasing the irradiation temperature of Li,TiO, pebble region. When
the reactor power became 30MW, the center temperature measured by thermocouple #15 was
194°C and the moisture concentration of capsule outlet was 40ppm. At this time, the ratio of
HT/(HT+HTO) was only 7%. When the reactor power became SO0MW, the ratio of
HT/(HT+HTO) increased to 30%. The ratio of HT/(HT+HTO) increased with decreasing the
moisture concentration. Finally, on Jan. 23rd, the ratio of HT/(HT+HTO) became about 92%

at a moisture concentration of about 2ppm.

4.3.4 Effect of Hydrogen Content on Tritium Release

Two kinds of experiments were conducted in order to evaluate the effect of hydrogen
content in the sweep gas on tritium release from Li,TiO;. One experiment is for evaluating
tritium release behavior when the hydrogen content increased from 1,000 to 10,000ppm. The
other is for evaluating the behavior when the hydrogen content decreased from 10,000 to
1,000ppm. Experimental results in the case of increasing the hydrogen content are shown in
Fig.4-18. When the hydrogen content was changed from 1,000 to 10,000ppm, tritium release
rate increased. After about 5h from the time of changing the hydrogen content, the tritium
release rate increased by about twice than that when the hydrogen content was 1,000ppm, and
became constant. The experimental results in the case of decreasing the hydrogen content are
shown in Fig.4-19. When the hydrogen content was changed from 10,000 to 1,000ppm, tritium
release rate decreased. After about 10h from the time of changing the hydrogen content, the
tritium release rate decreased to about 75% of that before changing the hydrogen content, and

became constant.

4.3.5 Effect of Sweep-gas Flow Rate on Tritium Release
The experiment was conducted twice in order to evaluate the effect of sweep-gas flow
rate on tritium release from Li,TiO;. The first experiment is for evaluating tritium release
behavior when the sweep-gas flow rate changed from 200 to 500cm’min and from 500 to
200cm*/min. The second is for re-evaluating the behavior when the flow rate increased from
200 to 500cm’/min. Results of the first experiment are shown in Fig.4-20. When the flow rate
was changed from 200 to 500cm’/min, the tritium release rate increased in a moment by about

twice of that before changing the flow rate. However, after about 5h from the time of changing
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the flow rate, the tritium release rate returned to that before changing the flow rate. And then,
after keeping the condition of about 30 h at 500cm®/min continuously, the sweep-gas flow rate
was changed from 500 to 200cm’/min. The tritium release rate decreased in a moment by
about one half of that before changing the flow rate. However, after about 5h from the time of
changing the flow rate, tritium release rate returned to that before changing the flow rate.
Results of the second experiment are shown in Fig.4-21. When the sweep-gas flow rate
was changed from 200 to 500cm®min, tritium release rate increased in a moment by about
twice of that before changing the flow rate. However, after about 20h from the time of
changing the flow rate, tritium release rate retuned to that before changing the flow rate. It
seems that the reason why the period necessary to return to tritium release rate before
changing the flow rate became longer, is the increase of the tritium inventory in Li,TiO; for the
second experiment compared with that for the first experiment by these low temperature

- 1rradiation.

4.3.6 Effect of Irradiation Temperature on Tritium Release

This experiment was conducted for evaluating the effect of irradiation temperature on
tritium release from Li,TiO;. The sweep-gas flow rate was 500cm*/min, and the hydrogen
content in the sweep gas was 1,000ppm. Experimental results are shown in Fig.4-22 for case
that the center temperature in the Li,TiO; pebble region measured by thermocouple #15 was
changed step-wise from 280 to 350°C. When the center temperatures were about 280 and
350°C, the temperatures at the outside edge (container) of the Li,TiO, pebble region were
about 160 and 220°C, respectively. The tritium release rate increased to about 20 times than
that before changing the temperature. The ratio of HT/(HT+HTO) decreased from 92 to 87%.
It seems that the reason is increase in release of HTO adsorbed at Li,TiO; surface by the

temperature increase.

4.3.7 Effect of Moisture Concentration of Capsule Outlet on Tritium Release
This experiment was conducted for evaluating the effect of moisture concentration at
the capsule outlet on tritium release from Li,TiO,. The sweep-gas flow rate was 200cm*/min,
and the moisture concentration in the sweep gas was about 1,000ppm. The center temperature
in the Li,TiO; pebble region measured by thermocouple #15 was about 275°C, when the
reactor power reached just SOMW. This temperature was increasing gradually by a little
increase of neutron flux and became 280°C on Feb. 10th. Additionally, the moisture

concentration of capsule outlet was about 100ppm, when the reactor power reached just
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SOMW. However, the moisture concentration became lower than approximately Sppm on Feb.
10. The experimental results are shown in Fig.4-23. The ratio of HT/(HT+HTO) was about
30% for 100ppm moisture. And the ratio of HT/(HT+HTO) increased with decreasing the
moisture concentration at the capsule outlet, and became about 92% on Feb. 10. It seems that
the reason of increase in the ratio of HT/(HT+HTO) is the decrease of H,O adsorbed at the

Li,TiO; surface.

4.3.8 Tritium Release at Reactor Shutdown
The data were obtained at a reactor shutdown. This experiment is for evaluating the
effect of neutron flux on tritium release from Li,TiO;. The sweep-gas flow rate was
200cm’/min, and the hydrogen content in the sweep gas was 1,000ppm. The heater was turned
off before 60 min of the reactor shutdown. Therefore, the center temperature measured by
thermocouple #15 changed from about 350 to 300°C. The experimental results are shown in
Fig.4-24. The ratio of HT/(HT+HTO) increased with decreasing the neutron flux and

irradiation temperature.

4.3.9 Memory Effect of Tritium in Sweep Gas Line
A memory effect of tritium in the sweep gas line after the capsule outlet was observed.
Tritium concentrations in the sweep line measured after 3 days from a reactor shutdown are
shown in Fig.4-25. The sweep-gas flow rate was 500cm’/min, and the hydrogen content in the
sweep gas was 1,000ppm. It was found that a little amount of tritium was adsorbed on the
inner surface of pipe of sweep gas line. And after 3h from the starting time of flowing the

sweep gas, gaseous tritium concentration became the background level.

4.4 Results of Irradiation Test in the JMTR 122nd Cycle

4.4.1 Outline of the Second Irradiation Test
The second irradiation test of Li,TiO; with JMTR was carried out from March 2 to 29,
1998 at the SOMW full power. The JMTR 122nd cycle was operated with a middle shut down
and a reactor scram due to loss of commercial electric power. A reactor scram by the loss of
commercial electric power will simulate the ITER pulse operation because the reactor power
was quickly decreased. Outline of experimental conditions is shown in Fig.4-26. The second
irradiation test was focused on the evaluation of the irradiation temperature. Flow rate of

sweep gas was constant at 200cm’/min, and the hydrogen concentration in the sweep gas was
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constant at 1,000ppm. Main experiments of the second irradiation test are shown in Fig.4-27.
Unfortunately, the total tritium at the JMTR 122nd cycle could not be measured except at the
start-up because of a trouble of the total tritium measurement line. The results concerning the
effects of irradiation temperature and reactor shout down were obtained. These are described

below in turn.

4.4.2 Tritium Release at Reactor Power-up

Figure 4-28 shows the release rate of gaseous tritium (HT), the moisture concentration
at the capsule outlet and the center temperature measured by thermocouple #15 under reactor
power-up. Released trittum was almost gaseous tritium because the moisture concentration at
the reactor power-up was low level (~1ppm). Tritium release started from 10MW (the center
temperature of thermocouple #15 was about 100°C), and the release rate of total tritium’
increased with increasing the irradiation temperature of the Li,TiO, pebble region. When the
reactor power became 30MW, the center temperature measured by thermocouple #15 was
194°C, and the moisture concentration of capsule outlet was about 0.5ppm. At this time, the
ratio of HT/(HT+HTO) was about 87%. Furthermore, when the reactor power became SOMW,
the ratio of HT/(HT+HTO) increased to 92%. The results of the JMTR 121st and 122nd cycles
showed that the moisture concentration affected tritium release from Li,TiO; pebbles. On the
other hand, when the center temperature was 350°C and the moisture concentration of capsule
outlet was about 0.5ppm, the ratio of HT/(HT+HTO) decreased from 92 to 86%. It seems that
the desorption of moisture adsorbed at the Li,TiO; surface increases with increasing the -

irradiation temperature.

4.4.3 Effect of Irradiation Temperature on Tritium Release

Effects of irradiation temperature on tritium release are shown in Figs.4-28, 4-29 and 4-
30. The sweep gas flow rate and the hydrogen content in sweep gas were 200cm®/min and
1,000ppmH,, respectively. Release rate of total tritium increased with increasing the
irradiation temperature, and the moisture concentration increased at above 350°C. Tritium
release rate increased to about 50 times by the temperature change from 280 to 350°C (see
Fig.4-29), and to five times by the temperature change from 350 to 415°C (see Fig.4-30). On
the other hand, moisture concentration at the capsule outlet increased with increasing the
center temperature measured by thermocouple #15. It seems that the desorption of moisture
adsorbed at the Li,TiO; surface increases with increasing the irradiation temperature, as

mentioned in 4.4.2.
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4.4.4 Tritium Release at Reactor Shutdown
Tritium release at a reactor shutdown and a scram are shown in Figs.4-31 and 4-32,
respectively. Decreasing behavior of tritium release at the reactor shutdown was similar to that

at the reactor shutdown of the JMTR 121st cycle.

4.5 Results of Irradiation Test in the JMTR 123rd Cycle

4.5.1 Outline of the Third Irradiation Test

The third irradiation test of Li,TiO; with JMTR was conducted from April 16 to May 11,
1998 at the SOMW full power. Outline of experimental conditions is shown in Fig.4-33. The
third irradiation test was focused on evaluation of high temperature irradiation behavior of
Li,TiO;. The center temperature of the Li,TiO, pebble region was set at 442°C (this
temperature corresponds to the maximum power of the heater). The flow rate of sweep gas
was constant at 200cm®/min mostly and changed to 500 and 950cm®/min partly. And the
hydrogen content in the sweep gas was also constant at 1,000ppm mostly and changed to 100
and 10,000ppm partly. Main experiments of the third irradiation test are shown in Fig.4-34.
Unfortunately, the total tritium in initial data at the JMTR 123rd cycle could not be measured
because of trouble of the total tritium measurement line. Radial temperature distribution in the
inner capsule at SOMW is shown in Fig.4-35. The center temperature of the Li,TiO; pebble
region was about 442°C, and the edge temperature of the Li,TiO, container was about 280°C.
The three-dimensional temperature distributions calculated by TRAMP code both for heater-
on and for heater-off are shown in Figs.4-36 and 4-37, respectively. The effects of the sweep-
gas flow rate and the hydrogen content in the sweep gas on tritium release from Li,TiO; were

obtained. These are described below in turn.

4.5.2 Tritium Release at Reactor Power-up

Figure 4-38 shows that the release rate of gaseous tritium (HT), the moisture
concentration of capsule outlet and the center temperature measured by thermocouple #15
during the reactor power-up. Tritium release started from 10MW (the center temperature of
thermocouple #15 was about 100°C). Then, the release rate of total tritium increased with
increasing the irradiation temperature of the Li,TiO, pebble region. The moisture
concentration at the capsule outlet was low level (~5ppm) during the operation in the JMTR
123rd cycle.
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4.5.3 Effect of Sweep-gas Flow Rate on Tritium Release
The effect of sweep-gas flow rate on tritium release was examined by changing the
flow rate from 200 to 500cm*/min and from 200 to 950cm®/min. The results are shown in
Figs.4-39 and 4-40, respectively. Tritium release rate was basically similar to that for the low
temperature irradiation (see 4.3.5). In the transient, the increase of tritium release rate
depended on the increase of sweep-gas flow rate (the tritium release rate became about twice
for the change from 200 to 500cm®min, and about five times for the change from 200 to

950cm’®/min). However, the tritium release rate did not change in the steady state.

4.5.4 Effect of Hydrogen Content on Tritium Release
The effect of hydrogen content on tritium release was examined by changing the
content from 1,000 to 100ppm. The result is shown in Fig.4-41. The tritium release rate
became about half by the change from 1,000 to 100ppm. From the former results (see 4.3.4,
tritium release rate became about twice by the change from 1,000 to 10,000ppm), it seems that

the tritium release rate depends on the hydrogen content in the sweep gas.

4.5.5 Tritium Release at Reactor Shutdown

The data were obtained at a reactor shutdown. This experiment is for evaluating the
effect of neutron flux on tritium release from Li,TiO,. The sweep-gas flow rate was
200cm*/min, and the hydrogen content in the sweep gas was 1,000ppm. The heater was turned
off before 60min of reactor shutdown. Therefore, the center temperature measured by
thermocouple #15 changed from about 445 to 300°C. The experimental results are shown in
Fig.4-42. The ratio of HT/(HT+HTO) increased with decreasing the neutron flux and
irradiation temperature and the decreasing behavior of tritium release at the reactor shutdown

was similar to that at the reactor shutdown of the 121st and 122nd cycles.
5. Discussion

Vented capsule tests permit continuous on-line monitoring of the tritium release from
the ceramic breeders during the irradiation, by passing the sweep gas around or through the
ceramic and into an analysis train. Summary of irradiation tests so far by other researchers is
shown in Table 5-1 [14-21]. These tests allow one to measure important fundamental
parameters (diffusion, desorption, and trittum residence time) so that the behavior of other

blanket assemblies can be inferred.
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The sweep gas flowing through the test material collects the tritium released from the
lithium ceramic and passed through a tritium analysis system to determine the tritium release
rate and the chemical form of the tritium. For a chosen material with specific characteristics,
the ceramic temperature and the sweep gas composition can be varied to determine their effect
on the release rate and form of tritium recovered. Other variables include flow rate and
neutron flux.

CRITIC-IIT (Canada) [16], BEATRIX-II, Phase-II (US/Japan/Canada) [22] and
EXOTIC-8 (Netherlands/EU) [18] were performed as recent in-situ irradiation tests.
Comparison of results of in-situ irradiation tests is shown in Table 5-2. CRITIC-III The
experiment was very similar to CRITIC-II and lithium titanate (Li,TiO;) pebbles were used as
the ceramic breeder. The data of CRITIC-III experiment have not been published.

BEATRIX-II experimental program was an International Energy Agency sponsored
collaborative effort between Japan, Canada and the United States to evaluate the performance
of ceramic solid breeder materials in a fast-neutron environment at high burnup levels. The
results of the BEATRIX-II, Phase-II irradiation experiment provided an extensive database on
the in-situ tritium release characteristics of Li,O and Li,ZrO;. Ratio of recovered/generated
tritium and average temperature for the temperature change canister in Phase-IIB is shown in
Fig.5-1. In this test, increasing the amount of hydrogen in sweep gas resulted in a transient
tritium recovery peak indicative of a decrease in tritium inventory in the specimen. And
recovered tritium during sweep gas composition changes is shown in Fig.5-2. Decreasing
hydrogen concentration from the reference sweep gas (0.1%H,) resulted in an increase in the
tritium inventory.

An obvious question is whether increasing the hydrogen concentration above 0.1%H,
would result in a lower tritium inventory in the specimen. Compared to peaks recovered
during transitions from helium and 0.01 to 0.1%H,, the peaks for the transition from 0.1%H,
to 1.0%H, are small. The recovery rate in 1.0%H, appears larger than the steady-state recovery
rate in 0.1%H,. This larger recovery rate in 1.0%H, more likely results from the uncertainty of
the ion-chamber correction factor used for 1.0%H,. In the JMTR irradiation tests, transients
were followed by positive tritium recovery peaks for hydrogen concentration increases and
negative recovery peaks for hydrogen concentration decreases. Obtained data will be tried to
estimate the effect of hydrogen concentration on tritium inventory in the Li,TiO; pebbles.
Typical trititum recovery peaks for a temperature change series of 640-530-640°C in reference
sweep gas of 0.1%H, is shown in Fig.5-3. Temperature transients in Phase-II were followed by

positive tritium recovery peaks for temperature increases and negative recovery peaks for
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temperature decreases. In the JMTR irradiation tests, tritium release rate increased rate with
increasing the temperature of Li,TiO; pebble region. Inner temperature and sweep-gas
moisture for first 550h in Phase-IIA is shown in Fig.5-4. A large peaks in the sweep gas
moisture flowing out of the temperature-change canister at 110h suggests that the sintering
could have occurred concurrently with the decomposition of residual LiOH. On the other
hand, moisture concentration peak with Li,ZrO; pebble bed was maximum 2,000ppm at 600°C.
In the JMTR irradiation tests, the sweep-gas flow rate was 200cm>min and the moisture
concentration peaks was about 1,000ppm.

On the other hand, the EXOTIC-8 experiments are performed in the High Flux Reactor
(HFR) and provide an extensive data base on the in-situ tritium release characteristics of
Li,TiO; pebbles (¢0.7-0.85mm) and pellets. During the irradiations a number of temperature
transients were performed and the tritium residence times were determined from the tritium
release history measured during temperature transients. Additionally, isothermal annealing
tests for the irradiated Li,TiO; pebbles at temperatures in the range 250-400°C were carried out
before the EXOTIC-8 experiments and the peak of tritium release was located at about 335°C
at 1°C/min [23].

6. Conclusions

In-situ irradiation tests with capsule packed Li,TiO, pebbles were started using
JMTR, and tritium release properties were evaluated at the reactor power-up. Particular
implications of the results are:

1) When the reactor power was SOMW (thermal power), temperature at the center of the
Li,TiO, pebble region was about 267°C and temperature at the edge of the Li,TiO, pebble
region was between 215 and 263°C. These temperatures were almost constant at the full
reactor power of SOMW for each JMTR cycle.

2) Tritium release from Li,TiO; pebbles occurred between 100 and 140°C. Release rate of
total tritium increased with increasing the temperature at the center of the Li,TiO, pebble
region. When the reactor power reached SOMW, release rate of the total and the gaseous
tritium was about 1.7x10° and 1.1x10°Bg/min, respectively.

3) When the reactor power reached 50 MW in the first irradiation test, the ratio of
HT/(HT+HTO) was about 30%. The ratio increased with decreased the moisture
concentration. The amount of HT increased to >92% of the total tritium. It seems that the

moisture concentration also influenced the release rate of both the total and the gaseous
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tritium.

4) In the effect of hydrogen content on tritium release, transients were followed by positive
tritium recovery peaks for hydrogen content increases and by negative recovery peaks for
hydrogen content decreases.

5) In the effect of irradiation temperature on tritium release, the tritium release rate increased
with increasing the temperature of the Li,TiO, pebble region.

6) In the effect of sweep-gas flow réte on tritium release, transients were followed by positive
tritium recovery peaks for sweep-gas flow rate increases and by negative recovery peaks

for sweep-gas flow rate decreases.
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Table 3-1 Chemical analysis of Li,TiO; and TiO, powders.
Li,CO, Powder TiO, Powder
Purity 99.99 % 99.98 %
Moisture Content 0.01 % 0.049 %
Impurity Element (in ppm) (in ppm)
Al ND ND
Si 1.0 ND
Fe 1.0 7.0
Ca 1.0 -
Na 1.0 -
K 1.0 -
Mg ‘ ND -
Cr 47.2 14.0
Pb 0.2 ND
Cu <0.5 ND

ND : not detected.

Table 3-2 Impurity contents of Li,TiO, powder and Li,TiO, pebbles.

(in ppm)
Element Li,TiO, Powder Li,TiO, Pebbles

Al 49.2 ND

Si 11.5 61.5

Fe ND 75.3

Co 83.4 ND

Ca 20.8 41.4

Na ND 50.0

K 6.6 ND

B ND ND
Mg 472 ND

Cr ND 452

Zr ND ND

Ni ND ND
Mo ND ND

Cu ND ND

C - 20

U ND ND

Li 12.1wt% 13.0wt%

Ti 40.8wt% 45.2wt%

ND : not detected.
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Table 3-3 Characterization of Li,TiO, pebbles.

Properties Measuring Methods Measuring Values
Density Liquid Immersion Method (Hg) 80.1 %T.D.
Sphericity Photographic Analysis 1.11 (av.)
Pebble Diameter Sieve Classification 085 - 1.18 mm
Grain Size SEM Observation 3 pm (av.)
Crystal Structure XD Analysis XD Pattern
_ Content

Impurity Content ICP Analysis

(see Table 3-2)
Collapse Load Autograph 22~30 N

Table 4-1  Detail specifications of Li,TiO, pebble region and Be pebble region in the mockup.

Li,TiO; pebble region Be pebble region
Packing fraction 62.0% 61.2%
Loaded weight 133.54 g 28895 ¢
Length of packing region 261.1mm 261.9 mm




JAERI-Tech 2005-013

Table 4-2 Main design conditions.

Items

Design condition

Operation method

Once through

Bulk sweep gas

Helium

Hydrogen content

10 - 10,000 ppm

Oxygen content

10 - 1,000 ppm

Moisture concentration

10 - 1,000 ppm

Flow rate of sweep gas

1x10° - 1x10° m*/min

Oxidation method

Pd-catalyst

Reducing method

Ceramic electrolytic cell

Total leak rate

5x 107 Pa-m’s

Exhaustion of tritium

<1x 10" Bqy
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...................

CRITIC I-1ll
(Canada)

MOZART
(France/US/

BEATRIX-II
(US/Canada/
Japan)

Li2ZrO3 (-3)
Li20 (-), |
Li2ZrO3 (-H?,
Li2TiO3 (-1Hl)

LiAIO2
Li2ZrO3
Li2O

.....................

Table 5-1 Summary of irradiation tests.
-[r)gsstignation Materials Particulars
TRIO LiAIO2 42g of 9mm annular pellets, He and He-0.1%H2
(U.S)) sweep gas, temperature step change tests over
range 400-700°C, 1.48 TBq of tritium collected.
LISA-1, -2 Li2SiO3 Material comparison, He-0.1%H2 sweep gas,
(Germany) | LisSiO4 temperature step change tests over range 350-
Li2O 650°C.
VOM Li2O Material comparison, VOM-22H had 5mm
(Japan) LiAlIO2 (-22), | spheres with 10um grain size, temperature range
from 300-900°C, sweep gas composition, varied
LiAIO2 from He to He-1%D2. In VOM-23, fine-grained
LiaSiO4 (-23) | (0.40um) LiAIO2, and 14um grain size LisSiO4
were compared, He-1%D2 sweep gas,
temperature step change tests over range 500-
800°C. Similar release results obtained for the
O g 1 mg. ......................................................
LILA 1-3 LiAIO2 Effect of different textures-grain size and density,
(France) temperature step change tests over range 400-
600°C, sweep gas composition tested-He,
......................................... He-0.1%COand He-0.1%H2.
EXOTIC1-8 | Li2SiOs Material comparison-different density, grain size,
(Netherlands/ | LIAIO2 (-1), 5Li content, single temperature step-change
UK/Belgium) Li2SiO3 tests over range from 400 to 600°C, He-0.1%Hz2
Li2O (-2), sweep gas, vary irradiation time.
Li2SiO3
Li2Si20s
LiaSiOa4

Long-term irradiation, ~100g pellets or 1.2mm
pebbles, temperature step-change tests over
range from 390 to 650°C higher (850 to 1050°C),
vary sweep gas composition from He to He-1%

Material comparison, investigate performance at
low temperature, temperature step-change tests,
pure He and He-0.1%H2 sweep gas.

Material comparison, 10~30g pellet or pebbies,
SLi content : 95at% or 85at%, temperature step-
change tests over range from 440 to 1100°C
(Li2ZrOg3), pure He and He-1%H2 sweep gas,
PIE (compatibility of lithium ceramics and

beryllium under irradiation)
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“1 1. Capsule control system
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5. Tritium recovery system
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Fig.2-1  JMTR irradiation facility for in-situ irradiation test.
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Fig.2-2  Structure of irradiation capsule.



Intensity (counts)

JAERI-Tech 2005-013

Li2TiOs powder
Binder

Y

Calcination

eainsy 4 Y ’

@ Sintering

Fig.3-1  Fabrication flow of Li,TiO, pebbles for the rotating-granulation/sintering method.
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Fig.3-2  X-ray diffraction patterns of Li,TiO, powder.



JAERI-Tech 2005-013

a) Visual photogaraph

h) SEM photogaraph

Fig.3-3  Photographs of Li, 10O, pebbles.
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Number of pebbles
[$3}
i
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Pebble diameter (mm)

Fig.3-4  Distribution on diameter of Li,TiO, pebbles fabricated by rotating granulation method.
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a) Pebble No.1 b) Pebble No.2

c) Pebble No.3 d) Pebble No.4

Fig.3-5  SEM photographs of cross sections of Li,TiO, pebbles.
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Fig.3-6  Distribution of grain size of Li,TiO, pebbles.
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Distribution of pore size of Li,TiO, pebbles measured by mercury porosimetory.
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X-ray diffraction patterns of Li,TiO, pebbles.

Fig.3-8

29




JAERI-Tech 2005-013

‘/ Protection tube

Valve
A
Multi-paired Spring
thermocoupie  [E~al]
! Spacer
‘
‘/AI Sweep gas outlet line
= Spring
'§, i Li2TiO3 pebble container
8 : s Reactor
T §§ ] PR Thermal Core 4
sl U PR transfer medium
. e ' -
) /it 4
g 1 4 Self powered
i V, neutron detector
= f/ [
[4 A
X Outer container
Inner container
‘\ Sweep gas inlet line
8% N 1 ~~ Spacer

Fig.4-1

Multi-paired
thermogouple
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Vertical cross section of irradiation capsule.
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o Self powered
§ @ neutron detector
Li2TiO3 pebble container
Be pebbles Sweep gas inlet line
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transfer Eedium) J
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Fig.4-2

Vertical cross section of inner capsule.

30 —



JAERT-Tech 2005-013

Sweep gas outlet line Slit for electrical heater Sweep gas inlet line

Lower side

: 1 P cm
. |
Cables for Instrumentation
Fig.4-3  Photograph of inner capsule.
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Core direction
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e ) Pt B < [ - Li2TiOa pebble region
| Y- b O ) ] [C—1: Thermal transfer medium
Y N B Section *) Self Powered Neutron Detector
o]

Fig.4-4 Arrangement of thermocouples (T/Cs) and self-powered neutron detectors (SPNDs).
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Specification of Multi-paired Thermocouple
65 65
> ltems Material Remark
Sheath t heath 0.D. : 60.
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i eeve 4
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Detail of Multi-paired Plug SS304

Fig.4-5  Conceptual structure and specification of multi-paired thermocouple (T/Cs).
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Fig.4-6  Conceptual structure and specification of self-powered neutron detectors (SPNDs).
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Fig.4-7  Irradiation hole for irradiation capsule.

1000 F~——T"—r 1T T T
Conditions [
Nuclear calculation code : ANISN 800 b ]
Thermal calculation code : GENGTC 5 Heater output : 150W/cm
Packing fraction of pebble < ool Hea{e,' output : 100W/em 1
Li2TiO3 . : 62%P.F. 3 / Heater output : 50WIcmI
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6Li enrichment : 7.5at% e m
Candidate irradiation hole : K-2 200+ n 4
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Fig.4-8  Result of nuclear and thermal calculation of irradiation capsule.
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Fig.4-9  Block diagram of the sweep gas system.
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Fig.4-11
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Outline of experimental conditions on the first irradiation test.
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: Tritium release at reactor power-up
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: Effect of hydrogen content on tritium release (1)

(Hydrogen content : 1 —10000ppm)
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: Effect of sweep gas flow rate on tritium release (1)
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: Tritium release at reactor shutdown
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Fig.4-12 Result of the first irradiation test in the 121st cycle.
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Fig.4-13

Axial temperature distribution in the 121st cycle.
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Fig.4-14

Radial temperature distribution in the 121st cycle.




JAERI-Tech 2005-013

Li2TiO3 pebble region

Thermal
L~ transfer
. medium
side (Be pebble)

Heater

Upper side

Lower side

Horizontal Distribution

Vertical Distribution
Fig4-15  Result of 3-dimensional temperature distributions calculated by TRAMP.
(the 121st cy, SOMW, Heater-OFF).
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Fig.4-37  Result of 3-dimensional temperature distributions calculated by TRAMP.

(the 123rd cy, SOMW, Heater-ON).
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: Release rate of total tritium (HT+HTO)

: Release rate of gaseous tritium (HT)
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: Moisture concentration of capsule outlet
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Fig.4-17 Tritium release at the reactor power-up in the 121st cycle.
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Temperature ("C)

Temperature (°C)

JAERI-Tech 2005-013

= : Upper side (A section)
500 T T T T T " | ~O-: Middle side (B section)
[ (JMTR 50MW, Heater OFF) i Lower side (C section)
400 ] Heater OFF
Temperature Volume rate
300 100~150°C 0%
150~200°C 23%
o00l 1 200~250°C 34%
. ] 250~300°C 43%
100 ] 300~350°C 0%
barna ] 350~400°C 0%
otk 400~450°C 0%
5O [T e
4001 ] Heater ON
- ] Temperature Volume rate
300l 100~150°C 0%
) 1 150~200°C 0%
sool ] 200~250°C 0%
250~300°C 0%
100 o : T 300~350°C 1%
e S 350~400°C 13%
ob , , , ] 400~450°C 86%

20 10 0 10 20
Distance from the center of Li2TiO3 pebble region (mm)
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Fig.4-38 Tritium release at the reactor power-up (the 123rd cycle).
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Fig.4-39  Result of sweep-gas flow rate change test in the 123rd cycle (1).
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Fig.4-40 Result of sweep-gas flow rate change test in the 123rd cycle (2).
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{% 3.6%10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10%° =4.1868 J (EEEAK )
- 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 10°* 3.08747 261272x 10" {-#HE | PS (AET)
7 1055.06 107.586 2.93072 x 10~ 252.042 1 778.172 6.58515 x 10*! - 75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10”7 0.323890 | 1.28506 x 10°? 1 8.46233x 10'® — 735.499 W
1.60218 x 107"} 1.63377 x 10" 2| 4.45050 x 10726| 3.82743 x 107%° | 151857 x 10°¢*| 1.18171 x 10" 1
014 Bq Ci luﬁ% Gy rad g{; C/kg R g Sv rem
i 1 270270 x 10°*! ® 1 100 @ 1 3876 4 1 100
il & & ®
3.7 x 10% 1 0.01 1 2.58 x 107* 1 0.01 1

(864 12 f1 26 HHH)




Low Temperature Tritium Release Experiment from Lithium Titanete Breeder Material
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