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Experiments on Tritium Behavior in Beryllium (1)

— Fabrication of Capsules for Neutron Irradiation -

Hiroshi KAWAMURA, Etsuc ISHIZUKA, Mikio MATSUMOTO
Seiji INADA, Mineo KATO+, Katsuji SEZAKI
and Minoru SAITO

Department of JMIR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received May 18, 1989)

In JMTR, it was observed that the tritium concentration of the
primary coolant increases with the reactor operation at 50 MW. As one
cf the tritium generation sources, we paid attention to a neutron
reflector made of beryllium because the tritium generation rate in the
beryllium is bigger than other components in the reactor core. On the
other hand, the irradiation test of blanket materials (i.e. tritium
breeding materials and neutron multipling materials) are planned for
development of the fusion reactor in JMIR and the beryllium will be
also irradiated as a neutron multiplier with tritium breeding materi-
als. Therefore, as the irradiated specimens, we used a hot-pressed
beryllium disk fabricated by the same method as the neuntron reflector
or the neutron multiplier and conducted the irradiation tests in JMTR.
The purpose of these tests are to clarify the tritium behavior in the
hot-pressed beryllium.

In this paper, from a viewpoint of the fabrication of capsules for

neutron irradiation, the specifications of the irradiated specimens and

+ Department of Radioisotopes, Tokai Research Establishment
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capsules are summarized. Additionally, the results on the puncture

test of the contalner of the irradiation specimens are discribed.

Keywards: Hot-Pressed Beryllium, Neutron Irradiation, Tritium

Behavicr, JMITR, Capsule, Irradiation Condition
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Table 1 Results of chemical analysis of
beryllium specimen irradiated
in inner-capsule A and B

Chemical Component Analysis Value (%)
Be 9876
BeO 1.6 0
Al 0.0050
B 0.0002
Cd 0.00D01
Ca 0.016
C 0.072
Cr 00095
Co <0.0005
Cu <0.0005
Fe 0.0 6 2
Fb <0.0003
Li <00001
Mg 0.0o030
Mn 0.0100
Ni 00090
Mo <00001
Si <00100
Ag <0.0002
Cl <0.0060
N 00120




Table 2
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Results of chemical analysis of

beryllium specimen irradiated
in inner-capsule C

Chemical Component Analysis Value (%)
Be 9828
BeO 1.2 8
Al 00320

B 0.00009
Cd 0.0002
Ca 0.003 1.
c 0.0950
Cr 0.011
Co 0.00GT
Cu 0.0021
Fe 0.0610
Pb 00020
Li 0.o0oo3
Mg 0.0090
Mn 0.0100
Ni 0.020
Mo 0.00189
Si 0.0236
Ag 0.000 4
Cl 0.0030
N 0.,L038¢0
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Table 3 Conditions of Hot-Rolling

{a) Hot—Pressing Process

Temperature C) 1050~1100
Degree of Vacuum (torr) 1 x 1078
Pressing Period (h) 5 ~ 6

(b) Hot—Rolling Process

Temperature (C) 900
Preheating Period (min) 30
Rolling Period (min) 60
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Table 4 Detaied dimension and weight of beryllium
specimen irradiated in inner-capsule A and B

Sample Weight (g) Dimension (mm) Capsule
Number Diameter Thickness Name

1 021298 100 14

2 021269 100 14

3 020894 100 14 A

4 020685 100 14

5 020683 100 14

6 020654 1004 14241

7 020718 1005 14141

8 021085 1005 14545 B

9 020550 1005 14140

10 021268 1005 14646




JAERI—-M 89—073

Table 5 Detaied dimension and weight of beryllium
specimen irradiated in inner-capsule C

Samele ) Dimension (mm) Capsule
Weight (g)
Number Diameter Thickness Name
1 020352 100 1415
2 020895 100 1444
3 020540 101 1415
4 021272 101 1463
C-1
5 020780 101 1449
6 020638 101 1428
7 0206589 101 1431
8 020472 101 ' 1426
9 020801 101 1443
10 020592 101 1426
11 020914 10.1 1458
12 020568 101 1428
c-2
13 020213 101 1405
14 020689 10.1 1442
15 020893 100 1454
16 020534 100 1422




JAERI—M 89—-073

Table 6 Results of chemical analysis of
pure aluminium foil for wrapping
beryllium specimen

Chemical Component | Analysis Value (%)
Al §9.993
Fe 0.00 1
Si 0.00 1
Cu 0.0OO0S

Table 7 Irradiation conditions of beryllium

Capsule Name Cap -1 Cap — 2 Cap — 3
Irradiation Hole " H-7-2 G-5 H-9-2
Irradiation Cycle No. 75 73~75 77
Numbers of Inner Capsule 1 1 2
Inner Capsule Name A B C-1i c-2
Numbers of Beryllium 5 5 8 8
Thermal Neutron Fluence?! 4.63! 1343 51
Fast Neutron Fluence? 4749 249 3.3
( 329 )
( Remarks) 85M-12]| 85M=-31] 85M-15]
1) See Fig,3

2) Dimension . % 102°n /cd
32) Calculated values
4) Measured value
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Beryllium Metal

Vacuum Melting

Beryllium Ingot

Milling

Beryllium Powder

Vacuum Hot—Pressing

f

Hot-Pressing Block

Cutting

Primary Plate

Hot—Rolling, Surface Grinding

¥

Products

Fig. 1 Fabrication process from beryllium metal to Hot-Pressed
beryllium
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Fig. 10 Detailed dimension of capsule
name Cap-1 and name Cap-3
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Fig.

11

1 1 ! !
0.2 04 0.6 0.8 1.0 .2

Radial Distance from Radial Center of Capsule (cm)

on capsule name Cap-1 and name Cap-3

Results of thermal calculation by GENGTC code
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: Beryllium
. Aluminium
1 5US 304
[—1: Helium
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0.525
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1. 150
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Fig. 12 Detailed dimension of capsule
name Cap-2

85M-31J

geryllium
FEE - Aluminium -
773+ SUS 304

[_1: Helium

L
0 0.2 0.4

) 1 1 1 i
0.6 0.8 1.0 1.2 1.4 1.6

Radial Distance from Radial Center of Capsule (cm)

Fig. 13 Results of thermal calculation by GENGIC code
on capsule name Cap-2
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Fig. 14 Outline of puncture testing flow
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Table A.,1 Surface area, volume and weight of beryllium reflectors

Surface Area (cnf) Volume (cm®) Weight (g)

H- typed Flame .33 x10° .31 x10° 241 x10°
Element 458 x10° 261x10° 480 x10°
$ 40 mm LO7%10° 109 %107 201x10%

Plug ¢ 36 mm 778x10°% B73 x10°% .1.61X103
% 30 mm 5.39x107 7.26x10°% 1.34x10°
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Fig. A.3 East wall of beryllium H-typed flame

(b) E2~E6: 2nd to 6th Stage (Each stage is the same construction.)

—39~40—



JAERI-M B8—-073

B Al 617670708
579,000t
540,410
453, a0
38600025 m {18)
e 347.4%0028 i a5 a5 .
FLES 308.8T 0025 M m_ a5° v
AF 3ET 231 60015 > = (12) |
\ 1485 154 4008 DEHIBIRE Y4 DHWIRE Y
12438 115,810628 81-¢ 6.35% )i &
/ ; 326 772505 (386 T MIRC 1 fIR D
22|22 386 [ 386 386 |6 38.6 86 386 E
= e . LB6 : 38 ! 385 366,372 40 4 35
ZON 5 18 (B 296 | 755 18 2661266 18, 266(266 18 265/766 s 5266, 18 966|268 18 266]266 18 26266, 18, 266266, 16 20 |29 % 13 308, 19
~ S 20|20 e
m o ¥ C2 'y E ﬁ rm |_ H_ -
ok gt o o 4] o kb1 b Sk 7
32 2 o T i -4 % -9 | - & R S %! L i
u wmtm? LI T _YA %Mﬁ AN MY %/ o N PR p 4 _ / o
H I E R AN 4 \NZKs ASZR AN RN R AN R SRS IRV, S B Y
R ki v +s t T e e ST ATE T T e e 4T e T e T T g _ ] ‘
z e ¥ 85.5 2| : m N 1} B [T o 7.
[ L 18 d450) SEEAREN il 3
ol BogasTdT 1ay gpdies 146 | & S m
" = 3 :
163.5 Hgmam - O FEMERE V)
264.2 12
3414
4185 ' 12 ct c2
4958 T o 5
5730 12 [Lo.625]K] E|
45{.2 il 12
1274 7 e w6
701 .H.,» 424 ] mc‘.m
8206202 - =
984.1 ¢z &
(A 0.05 ] s =
£ 3 A BRURA
(7005 H] WL 3HEY) 620 K10 FE 1T
C2Z Ci
TH \_\
T 7
i
2 L -
Sk -
e m I _ l_ WWNE
B | Py W m ==
1 I 1R @199l e - || © | | f
o i = ! oy i ; . e,
RSN A% | | 0N 0 5 0 O L
(&K} E/?Ei.&w.aﬁEz___«.”.
\. i
R (948.1) B L5+ #RECO5ImHY 2 3 by
& . 802.6 L BT RPN R 04 b A,
y 3 A325N M3 2B ZA L0052,
4, 8265/ FIRIE R Z =44 5 0.015 m bl F 2ty
. 5 $635 7/ HEE &li=4 47 0.28mBlH b X,
2 B HI A BT Y SIS ER o B A
TS/ AE s (ol HF4a b,
8. # UM JISBO209 24 b 2,
™
&
L
77.2%10 =772 79.7

969.1

Fig. A.3

IMTR~Y U nflitr (ET)

Fast wall of beryllium H-typed flame

{c) E7 :

7th Stage

—41~42-



JAERI—M 89—073

128
__
g17.5t402
10 5790007 N
540.4 £002% —
463, 210025
38601002
\\— %% mA.w.A&o.cmm
' 308310028 B1-$6.35 4 1) 0 & H il
23360025 78-M10P-S FE+17
1544008 148.5
HFE3WL 115.80028 1248
Eifi 5% 04-15 s L 4 . 372 ), e 20
== e 21386 386 o386 86 366 386 | 188 22 | 22/ 5
2,308 3 B, 20020 )8 2661266 18 266(266 18 2661266 18 256266 1B 266]: 266, 18 20 mm,m__.m_ \T.m, iy
._ g 20} 20 \ paf
i o]
L A r ewrcdl B
. ¢ L &le o2 AN @ L
\J\ w %\ o EhEE 1§k
: H O30 R2p: SECH:
wy Q o
2 e T o7 T ¢ €¢ zmT &
~r N =
& c2 .A T \%,’ K nm
3 R 3 mm:;u 7 I
e~ Ed — d 3
. ¢ s . |t
- " 858 %
1098 145.0
13495002 fifpg 45407
_ (163.5)
12 3414 -
e 41856
e 4858
e 5730
e 650.2
25l 12 127.4
205 791 1E00zs ——
820.6E7
04
984.1 EQ.SNE
1 6.013{K]
A
IR ClLimD
>|ﬁ|_
g2 } i . e ooy cz
Lﬂ |
.
e
1 i
P
[ |
1
| -
c » [ . H
, o
785 K C 1R - 34ES Y 620 vl Ry 30 >nurt_
e
€ B
w| ™
S
+ + + 4+ o+ +| + +4 + + + o+ +
+ + + + -+ +
ﬁ\7++++++\7 k. +\7.w\7+\7+\7%\7 ;
AR AT T A oy
+ + +T+ 1o+ + + + T+ + + + 4+ Py +
" g™ T r— St
ZEXNE . Lisgse
_ 347.4E00%
I

579.010025

Fig. A.4 West wall of beryllium H-typed flane
(a) Wl : lst Stage

TR

EamER

R RE Y1)

)

c? Yo er

15 25

c1{ct

[LT0.028TK— _

or) cz c?

$32%%
A—A MO

Fd S
1 R F RSB CO5 MR Y 2 i,
28R FHEN ST 204 P AN,
3 6325 N BRA S/ EZIL005mbUN 2o,
4. 26/ VFEA2E=A4 7 0.015mm LIR b & sty
5 9635/ AT 2RS4 FL28mElAF A
6 HEENTEES R A LHIREMRE EY 2 0,
T BB (1) Y424,
8 FURR/FISB0209 24+ X0,

IMTR =Yy LG (W)

—43~44—



JAER[—M 89—073

128
vavi vy
10
£17.610025
m\wm,ou_r.:.:m.m
Bl 540.4F005
\ Hﬂ i o dpagEwen
i qpg.0 L0025 7
! 347.4700% - =)
30850075 81-¢6.35% 10 & T8 EREEC LRI D (8 2 0
- o o [¥7)
231 510023 \ 3 % i m
ETHE 154.4%59% 1485 ' |
HIFE 3W2~3WE 1158100 1248 i
(38.6) | 77.2%000 826 SEA
3. 40 312 386 |36, L.aes | o 386 | 386 386 | 386 | e 061 386, 2212 3 BIHIEUUL %)
308113 18 20} 20 18 266265 18 266|266 18, 266;266 18 265,266 |8 266|266 18 266|266 18 266{266, 18, 2661265 18 29.6)296 18 \hm _% - BRI RE )
’ 20 [ 20 7 S
fox] | Y wm ¥
! ! ; "
-~ N ] ¢ P e RSN 4 i O Aw %% A_v.s% mw\ o438 2
= AR = ERCRE
& obANT 4 T4 T TN AL War Y- e W AR B - MET a1
= 4+ e ¢+ & 4 & 4 ¢4 ¢'e T egiele ale 4 =l
oy N — —" P Eay - . Fasatay N
& ﬂ cz .A g% m m_mé‘c, rm 2-§ 267085 (\q_?l
= sy K ! Hiw b , i Fry [.ﬂ o _ e
i - b oy 3 445" [1375% gsa Llaga g oAl I A T
(=3
i lia 1098 1450 185 2 ;> _‘H I
12 LT 134.05%00%8 g9 45507 = INEAN I o
12 k 264.2 {163.5) z ﬁ - - A f -
T B - .
3414 i
4186 P [/ —
1958 B .
el 5740 OFHEREYY
e 6502
—aib et e 7274
wwmm.. 791.1£00%5
L g2p.pto2 6325701
984.] 0.012fC
h Fc.c_wx ce c4 ca
B
St 5 —5
3B Y 20HTTE® By (7 | $42
: [0S T
A= ZiEaE
Cc2 M_ o (o3
F dn-lT.H cz” 7 c?
F
. ) ezl
N | 2 A A WU
] b — e
! i &
' | -
' |
I |
! t
ﬁ : :
ce mm cz f1
A = —{K] .
- 3B 20HTHE? (E430 K o
g | 0] .05 ] S SRR C 0.5 FlY /9
[G] = | EFF £ IR A AT 204 F A,
Mw L $325 R 2N A EA L0056 I E R,
-
P W > V¥ Pt VN
:_T

_
m
w
4, ¢ 26 A/THE S SE-RAF0015m LN F 2 e
N - _r R 5 B35/ MBI A EE%A F028a BNk R,
+ + t+ t+ + + + + + + B HAIN B BETE b o H MR EY R
H M+ \__f/ T H N N N H. + + ! TS Mo Tha ) # A T
] : = . : yis
N NN AEANE S CAN VAN ANV <5 ANV C L

T e S

&

+ |+ +

+H 4

1 _m.muuc,cmm

347 410028

579,000

TMT R~ Yo7 tflitr (WZ~WHh)

Fig. A.4 West wall of beryilium H-typed flame )
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