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In-Pile Test of Tritium Release from Tritium Breeding Materials
{VOM-21H Experiment)

—- Tritium Release and Behavior from Lithium Oxide —

Toshimasa KURASAWA, Hidefumi TAKESHITA,
Hiroshi YOSHIDA' and Hitoshi WATANABE

Department of Fuels and Materials Research,
Tokail Research Establishment,
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 30, 1986)

Material development and blanket design c¢f lithium-based ceramics
such as lithium oxide, lithium aluminate, lithium silicate and lithium
zirconate have been performed in Japan, United State of America and
Europian Communities., Lithium oxide is a most attractive candidate
for tritium breeding materials because of its high lithium density, high
thermal conductivity and good tritium release performance.

This work has been done to clarify the characteristicsrof tritium
release and recovery from Liz;0 by means of in-situ tritium release
measuremennt. The effects of temperature and sweep gas compeosition on the
tritium release were investigated in this VOM-21H Experiment.

Good measurement of tritium release was achieved but there were
uncertainties in reproduciblity of data, The experimental results show
that the role of surface adsorption/desorption makes a significant
contribution to the tritium release and tritium inventocry. Also, it is
necessary to define the rate limiting process either diffusion or surface

adsorption/desorption.

Keywords: In-Pile Test, In-situ Tritium Release, Tritium Breeding
Materials. Lithium Oxide, Diffusion Inventry, Adsorption/

Desorption Phenomencn

+ Department of Thermonuchear Fusion Research, Naka Fuslon Research

Establishment.
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Table I List of Run Recored
R
Cycle un Date Temp (C) Sweep Remarks
No. No. Gas
1 R-1-STR| 6.4, 10:00
4 up He
~ 15:00
k=1-7 " 650°C H
e
~6./15, 16:30
2 R—-2—-STR| 625, 10:00
. UP He
~ 15:00 ;
r ;
R-2-1 | ~7/2, 18138 . 480T He
(scram) ;
R-2-2 4. 14322 N ‘tead
7.4, 00T He Not steady state
~7,/6,16:30
3 5M 315C
R-3-STR! 7.716, 10:04 | 8M 470T He
~ 15:00 | 10M 550°C
”
R-3-1 580C |
L ~7,/27, 16130 te
4 i 5M 390°C
R-4-STR| 1071, 10:00' 8M 480°C He
|
~ 15:00 ! 10M 590°C
" CEC down, RX operate
R-4—1 773°C H
10712, 16:30 ¢ No Data this cycle
5 , 5M 834%C
|
R-5-8STR: 1022, 10:00 | 8M 910°C He
} ~ 15:00 [10M 967
” Not steady state
R-5-1 ~10/24, 9:08 839°TC He
(scram)
1027, 10:00
R-5— H
2 ~ 16:02] F ¢
r4
R-5-3 852°C H
~10,27, 1800 ¢
~
R-5-14 776C H
~10/31, 9:48 ¢
rZ
-5 20
R=575 g m 16010 7 He
1031, 16:1 G
R-5-6 31, 3 658 He ap gos (Ne)
~ 7 17:05
1031, 17:25 562 G +
R-5_7 : 0 He ap gos (Ne +He?
~1171, 10:05 ~590°C
L1071, 10:25 Gap gos (He)
R—-5-8 475°C H
~1L72, 9150 “
1172, 10:15 G
R-5-9 _ 660°C He ap gos (Ne)
~ 15:30
1172, 15:30 o
R-5-10 | 850°C He
~ 16:30 |
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Cycle Ru S
Y * Date Temp (C) Weep Remarks
Na. Na Gas
6 11712, 10:001 5M 404°C | He +
R-6—STR |~ ~# 15:00| 8M 491°C [ 1000vppm D,
1M 550°C
11712, 16:08
R-6-1 575°C "
~11716, 15:00
11716, 15145
R—-65-2 ~11,719, 14:14 490°C #
(scram
1 :
R—6 -3 11,719, 14:30 | Heater .
1120, 9:404{ on 337C
7
R-6—4 185°C #
~11720,17:15
r/
R—6—5 4357C #”
~11.721, 10:01
1121, 10:28
R—-6-6 ’ C "
~ # 17:508 480
11721, 18 :00 393
R-6—7 H
~11,22,10:20| ~377C ©
r
R—6—-8 430%C #
~1122,13:38 .
. System Retain
R-6-9 C 4 1t1
~ #  17:03 496 4 Tritiom Measurment
After Reactor Shut
R-6—-10 7 419 #” D
~11/23,12:48| ~408%C own.
F/4 _|..
R-6—11 408 D He
~11/24, 9:26 ~396°C | 1000vppm Dy
’r
R-6-12 442°C #
~11.724, 13:30
r
tR—6—-13 ’ 496°C #”
~11725, 12 :40
R—6- 14 7 484C H
~12,27, 9:50 €
R-6-15 " 40T
- - 7
. ~1227, 15:55 1
7 12773, 10:00
R—-T-STR |~ # ,15:00| 8M 592°C | He +
1M 626°C | 1000vppm Dy
R-7—1 ” 642
- 4 C &
~12/7, 14 .45
T—2 ” 725°C
R—T— 5 "
~12/78,11:05
1278, 11:10
R-7-3 ' i 4907 ”
~12/9,16:10
R-T—4 ” 560°C
_ 7 — 7
~1210, 10:10
R-7-5 " 625C
— —_ ! 7
~19/10, 14:48 i
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Cycle Run . Sweep
Date Temp. (C) Remarks
No. No. Gas
7 " H +
R-7-6 670°C | -
~1210, 17:10 1000vppm Dy
17 110
R-7—17 /10, 17 721°C “
~ # 17.55b
7-8 i 7
R—7~- 573°C ”
~12-11, 11:10
R-7-9 493°C ”
~12-11, 1726
R-7 "
~7-10 573 ”
! ~1212, 13:00
7 ‘
R—T7T—11 720°C ”
~1212, 16301
¥/
R—-7-12 526°C ”
i ~12,13, 13:30;
{1213, 14 :00
R-7—13 ' 728°C #
~12,13, 15:230
12713, 15:30
R-7—14 13, 3 807C "
~12,-13, 17:30
"
R-7—15 a¢1c "
~12,13,19:30
. ¥/
R-7—16 728°C ”
~12,14, 10140
L ~1214, 16130
R-7—-117 /14 876°C #”
Shut down
12 :
R-7T—-18 /14, 16:30 50 He
1,718, 11:00; 1M 315%C
18:45| 5M 485°C
R-7-19
8M 6007C
1I0M 677°C
3 1,21, 10:00) 1M
: 15: 70°C -+
' RoB -STR 5:00) 5M 370 |He
&M 560°C | 1lvppm Dy
| 10M 6507C
121, 16:00
R—-8-—-1 ’ 665C #
~21,23, 8:50 ' CC Sampli
1,793, 13:32 I He+ ampling
R-8-2 719C |
~1,24,10:00 1000 vppm D ”
R78_3 ” 900 F7 rZzs
~1,724,14:201 ~B8T79%C |
”
R—-8—-4 666°C #”
~1,24,17:2b 66
R-8-5 482°C #
~1.,25, 10155
i 7 |
R-8-6 i 560°C | v
~1.,725, 15100 °
e
iR—8-7 660°7C "
~1./25,16:16 6
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Cycle
ye Run Date Temp. (C) Sweep Remarks
No. No. Gas
8 ” He+
R-8-8 702°C
~ 125,17 100 1000vppm I,
Reg—g 1/2, 17500 | 505 ,
~1.26,10:32 ~H25%C
s
R—-8—-10 ‘ 663°C p
~1.%6,13:35
R-8-1 i
=8-11 5277C "
i ~1.,726,15:10
R-8-12 ” |
[ R-8- 661°C v
~1.26 16:36:
R—8-13 ” 525 ”
i~1,27,14:28 —+hH75%C
R 8 1 g
~8-14 670°C "
~1,27, 15:20
R-8-1 g C
-8-15 5607T “
~1,727,16:10
8-16 4
R—-8- 6707 #”
(~1,28 11:15 ;
8 F/a
R—-8-17 570°C 4
~1,728, 12:25
R-8-18 " c
-G 487" ”
~1,728, 16:25
R-8 g
tR—8-19 666°C 4
~1./28, 13115
R—8—2 " 7
—8-20 E07°C ”
~1,29, 16:30
R-8-21 v ! 668 . 1,30, 10:12 Sampling
~1,730, 14:40 ~671°C
F2
R—8—22 572%C “
~1.,30, 16120
R-8-23 ” 7°C
—R 521°% "
~1,730, 18:00
2 V4 02
R—8-24 5 DC L4
~1,31, 9:28
R-8—25 ” 82
—_—0 4 °C ra
~1,31, 14:55
R—8B-25 7 2T
i 50 * ”
~1,31, 17:40
FZa
R-8-27 525%C #”
~1,31,10:25
r/4 7
R—8-28 670 #
~2,1,13:40 ~676°C
"
R-8-29 7227C #”
~2/1,14:20
R-8-30 | "
R - 5°C 14
~2./1,14:42 675
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Cycl R S
yele u Date Temp. (C) weep Remarks
Ne Na Gas
8 ”
o | Tie T
R-8—31 |~2.1,16:30 523C | 5
. Vv 111
Shut down ! ppm
f2,1,17:10
R—-8-32 | ’ 478°C "
2/3,14:18
— 1=
R—-8-33 81 . #”
2/4,16:40| ~495C
. #”
R-8-34 ; 5437 y 30
; 2.5, 9:00: =
9 2.,11,10:00 | 5M 357%C |
o | HeT
R-9 -STR 8M 534°C 5
' 1
| ~211,15:00 [10M 681°C | o0 7
| 2,11, 15: _ He +
R-g-y | 2/11.15:00 668°C | ©
P ~-2.12, 11010 100¥vppm D,
# He -+
R—G—2 g 668C
~2.12,15:06 1 1000vppm Dy
R-G -3 i  gesc | 7
~2./12,18:00 100vppm D,
9 4 s F/4
R—9— 534°C "
~2.13,14:28 ?
| v
R-9-5 888 "
~2.713,16: 40
9 i 9
R-9-6 794C ”
~2,13,18:20 )
'R-9-7 ” | 5657 :
iR—9— 1 C #” '
i ~2,/14,11: 25 !
¢-8 " | 84
R—6— 4 N Vi
| ~2.714,17:50
R—-9-9 | ” 670C |
) — | . ! 7
| ~2,15, 2:50
R-0-10 | ” 720C
g1 : N i
i~2,71512:20
R-9-11 ” 665
—( - C ”
~2,15,18: 45 J
/4
R—0-12 483%C "
~2,/16,14:45 :
R—-0-13 ’ 1°C
—Q — 661° Vi
~2/16,17:30
R—9-14 ” 571°C
—0 — i #
~2/16,18:30 !
R-9—15 " | 524
g — i C #
~2,17,13: 21
¥/
R~G—16 564C p
' ~2,17, 17120 ’
R 1 7
-9—17 657°C ,,
~2 /17,1830
R-9-18 ” 521°C
—_ 7~
~2,718,12:35
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Cvcle Run Sw
Y Date Temp . {TT) eep Remarks
No. No. Gas
9 " He +
R-9—19 657°C | -
~2.18,17:55 100vppm D,
218, 17:.586 He +
R—9-20 18, 657°C |-
~ # 19:40 1000vppm Dy
f78 H +
R-¢-21 656°C | -
~2.19, 11:45 100vppm Dy
”
R-9-22 8T72C K
. ~2.19, 13:30
2 /4
R—-9-23 ” M Xed
~2.19, 14:57 ©
F He +
R—-9-24 #
~2/19, 16:16 1000vppm D,
s
R—-8—-25 6507C H
~2,90, 17:30 ¢
R 2 ¥4
~9-26b 575%C ”
~2/721, 17:25
Sampl ing
r/
R—0-—-27 490°C "
~2./722, 9.45
9--28 ’ e
R—9~2 54°C 4
~2.92 14:47
2,92, 1630 ]
R—9—-29 574°C "
shut down
2,93 18105 |He+
R—-6-30 46°C
~2/,25 8:52 100vppm Dy
R-9-31 ! s | Het
~2,26 9:20 1000vppm Dy
10 34,10:15 5M Flow rate
He + .
R-10—-STR 8M 1000 D 38 0en’ ~min
vppm
~ 7  17:35/1M b L
” i
R-10-1 591%C "
10 ~3./4, 19:50
: r SC
R—10-2 743% #
~3.5, 8:20
O I
~10-3 690°C "
R i ~3,5, 10:23
” O
FR-10-4 601°C ”
10 ~3,/5, 12:50
g 875C
R-10-5 5°C | ”
~3,5,15:35 ;
R-10— !
-] f &
~3/5, 17130 438+27C
£’ ‘
R-10—7 438°C | ”
~3.76, 10:31 {
R—10—8 " 481°C;
_— —_— I/
! ~3.76, 15:32
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Cycl R S
yere H Date Temp. (C) weep Remarks
No. No. Gas
10 # .. |He-+ Flow rate charge
R—10-9 584°C
~3,6,18:05 1000vppm Ds 426er /min
R-10—-10 8/°6, 18:07 A87°C "
~3./7,12:00
3.7, 12:10
R-10-11 L 590°C "
~3,/7, 14155
37,1510 )
R—10-12 690°C ”
‘ S |~3.7, 18:1¢C |
” i
R-10-13 3.8, 17:40 46248"0‘ ”
b —Sampling 38 9:20~17:00
R—10—-14 | 671C "
~3./8, 1840
r
R-10—15 442°C "
~3/9, §:10
v ’
R-10-16 484+4°C #
~3./9,13:10 =
/4
R-10-17 6550 "
: ~3,79, 15145
i r/a
R-10-18 657°C H
~3.711, 17:30 © « Sampling
o~ H +
R-10-19 | _ 655C | ©
~3.11, 20:06 - i000vppm Dy
” ‘He+
R—10—20 658C
~3,12, 10:30 10bvppm O
R-10-21 ” g57°0 | LC7
- | ~3,712, 18:18 1000vppm O
”
R—10-22 445°C “
~3.713, 18128 4
r/4
R—-10—23 ' 447C H
~3,14, 8150 ¢
R-10--24 7 457°C det
~3,14, 10:53: 1000vppm Os
i I
R-10-25 659C “
~3,14, 15.45
"
R-10-26 576°C "
~3./14, 18:20
»” He +
R-10-27 653C | '
~3,/15, 16130 1000 vppm D,
I/
R-10-28 41°C o
~3,20, 14:45 ;
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TEMPERATURE CONTROLLING

< >
SW%iE)GAS ; l MIXED GAS
o SWEEP GAS TUBE
(OUTFLOW)
il MIXED GAS TUBE
] (DISCHARGE)
f//‘
o
{4y
| |
i
[ (] I ! 1 spACER (A1050)
] ] i H
/,L,/T i i i .,‘/
SR EEATER | ' | spACER(ZR07)
HEATER I l | I |
Lo ,,}—'"‘
""--1 * W ,J"‘
HEATER —T[! {1 LT L
SPACER I — — I _H ~} FL%ENCE ?ONITOR
| L-L0D
SPAD < AU S
M b T
SAMPLE . — ‘f*w\\\\ 0)
|~
CONTAINER —T[] ,//h—w T : sampLE(L1?
(316SS) L g
spacer || | [[T[T——— THERMCCOUPLE
(PT) [ ‘ 1
H. | ; S OUEEiogagTAINER
A U { Ji
SWEEP GAS N — TS~ MIXED GAS TUBE
TUBE - (LOADING)
(INFLOW)

N\ /

Fig. 1 Schematic Structure of VOM-21H Trradiation capsule
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Appendix  Drawing of Recorded Tritium Releasc

Curves and Moisture Release Curves
for Cycle 5~Cycle 10 (VOM—21H)
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