sty

wteire

3

B A b y 29 .é:z, ‘GZ M
SR i@l ‘?, 5“??#

ﬁ?? /zJ ,@%§ 

3328 B X M &5l (1%5) %13%
ST JRORS I FH SR At oD TR B L D BT 5
JISIEZ* - BEREE A . FRI S SRS - A [ e
Embfittlement of Reactor Structural St‘eelé by Neutron Irradiation.
Masayuki KAWASAKY, Tudato FUpIMURA, Chozaburo NAKAZAKI and Hiroshi NAMATAME
Synopsis : |

The embrittlement of steels by neutron irradiation is one of the most important problems in the con-

" struction and operation of reactors.
irradiation test of structural steels.

An in—pile test rig was constructed by the authors in JRR-2 for the

~ In the present report, the authors describe the test rig, expenmental conditions available with the rig in
- a vertical experimental tube of JRR-2, and the results of the irradiation tests, including the post—irradiation -
V—notch Charpy tests on the A 302 B steel, its welded portion and an aluminium killed steel.
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Fig. 1. Location of éxperimental tubes in JRR-2.

. Table 1. Irradiation periormance in JRR-2
experimental “tubes.

Experimental tube VT-1 VT-2

Thermal neutron flux

. 12 | g 12
(n/cm2. sec. MW) 8T7X10% 1476 X10

Fast neutron flux (1MeV <)

(n/eme, sec. MW) 2°2% 1012 | 1°6x 1010
Fast neutron dose for |
reactor cycle ( { week- 5*OX10%® |4-7x 106
130hr) at 5MW operation
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Fig. 2. Distribution of fast neutron flux in

JRR-2.VT-1.
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Photo. 1. Specimens holder for irradiation test.
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Photo. 2. Irradiation test rig in JRR-2-VT-1..
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. Fig. 5.  Results of post-irradiation V-Charpy test
on A302B parent plate.

Photo. 3. Remote handling Charpy tester (left) and

specimens cooling bath (right).
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Table 2. Chem1ca1 composition, heat treatment and mechanical properties of A302B steel
(a) Chemical composmon (in wt.25)

¢ | s “Mn P S | Gu Ni e | Mo | Al | Fe
0°18 0°21 128 0°009 0°006 I 0‘09 003 004 0°55 0°024 | Re.
Plate thickness: 100mm '

Heat tratment:

(b) Mechamcal propertles ‘

Quenched: and tempered in accordance with the spec1ﬁcatlon

Table2 i RRATRABRIT PR L 22 AS02B ili‘ﬂ@?ﬁﬁm b
)3257\3@ X U&%}EE’*J{&’E BT, EoRBRERICEE LB

ZEvE Table 3 /RS X5 MWSHERFC X5 VEEET
BIXOSHBEEMEHR Lm0 THhS. 25 DOEE

Lfﬁ?ﬁﬂgmaﬁ,m%ﬂﬁ%?%abﬁf,%m

) Tensile properties C}iiggegiﬁiﬁozl‘@)
Location Yield point |Ultimate strength| Elongation [Reduction of Tr 15 O Trs
] (kg/mm?) (kg/mm?) (%) area (%) -
kLi)ng. t/2 506 67°3 . 295 72°0 —92 —24
e t /4 495 634 2947 72°8 —92 ] —54
- t/2 498 640 282 66°9 —88 5
_Trans. t/4 - ‘ 494 63°3 . 296 67°9 —80 —55 ..
Table 3. Welding performance of test pla'te.l
Typc of joint 70
O .
O
© unit : mm
Step Passage Process . Filler and flux | Welding condition Preheating
” ' Lo 400A, 27V
No. 1 I~6 . Submerged Y-DM: 4:0§ 50cm /min
‘ arc welding YF—IS 800A, 36V . 150°C
No. 2 7~42 .
, 25cm/min
~ Table 4. Shift of transition temperatures of A 302 B FERER B 5 B Liz. 2B o EF LR
: stee} by irradiation. 100mm @ 1/4 OFRS X DEREL 2.
“Neutron dose [PO1-IP transition [ 50 shear fracture  Fuik, B v CEERBROBRE, T
n/gn]f4 vor mw Tl Tm T a1 VT, fREREE L CHERETRRA & 6 X 10%n/om 1@
€ r 30 s . P
, ' 2T Fig. 512, 5 EOBHEERROERZE LDT
0 -2 _ =51 - Fig. 6 WY, F7oRkdffihmEREBIRE Y Table 4
1°4%10% —79 -7 | —62 | —11 ‘
1°7X 1016 —74 | —2 | —83 -2
1*1Xx108 —49 23 —42 9
34X 1018 —46 26 —34 17 N
metal) & X O8IE A —

—1C X b HEJLE, BERT
TEYOBEBENEAL ONTIROMN 2 IFER &N
U»THEH# (base metal) & X ATRHIL 2.

T EAETHAR, ¢ 3, BEBTFRERE ¢ 22
CEZFZRIOTHEUVIZERIY, 560

NV b

CHHEELTHEARETFSHE L bEHEwR X hRD
1z.
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-
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32 x 108
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Fig. 7.. Results of post-irradiated V-Charpy test
on A302B weld metal.
Dose (n/cm?)
) . |9y (Measured) [$¢ (Caiculated) | gun No.
-— 23.x40" 38 x10"® 4
—— |Base metel 7737109 62 x108 5
—— |Weld metar 1.9 x 1079 32 x/0® -
-~ | Hoat offe o 20 x 107 33 x 107
Experimental location : JRR~2, VT —1
Irrediated temperature : 60°C
A .
too Unirradioted - 7 4
R GDr; s / / " ’
~ . / 1,
N /'/ / = - . ',/
:; éof- Trs ! /
~ . EJ
& b 7 VT -
5 7| a1 =28%¢ L~ aT=2rC| /
‘2 0l S = V| _AF=5r¢
& 20 /:’_A/—// //
° —Eo—/ 60 |40 26 0 20 20 0 80
47 19 27 228 53
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%
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~
13
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H
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X 10 )
% Tr; —- -
! GI/ 1 L. A —-—zrsex
L _" i [ P 7 i
w80t &% /Y, o o 0 =% 8
Testing femperasure (C)
-Fig. 8. Result of post-irradiation V-Charpy test
‘ on A302B welds. .

“Table 5. Shift of transition'temperat}lres of A302B
steel welds by irradiation.

'(2) Base metal in welded plate

30ft-1b transition | 509, shear fracture
l\]:}lc?:gn dose ; °C transition, °C
(IMeV<) | Tr30 | 4T | Trs AT
0 —45 7 ‘
3°8%x 1018 —15 30 28 21
6°2X1018 15 60 21 14

(b)) Weld metal

30ft-1b transition,| 509 shear fracture
le}ig?gn dose °C - ’ transition, °C
(IMeV<): | Tr 30 | 4T Trs 4T
0 0 : 2
3+2X 1018 55 55 53 51
(c) Heat affected zone
- [30ft-Ib transition | 5024 shear fracture
Ng?gxg? dose °C transition, °C
(IMeV<) | Trso | 4T | Trs | 4T
0 —80 —47
3°3% 1018 —45 35 —19 28

LB LD D, BDLARBRKA TN ThOEREDEVE
X 5bDh, FREIZRBRF OMBHIEHEDOENITID
HobhidboThs. 20k IL CHEIEEBERE
Bk X OFo FREIZF £10°C OBETHELHLIITD
2RI,

2) Fig. 6. WRL 7c#EPETRAE 114X 10%n/cm?®
DORFHC X > TEBEEIMRER~11°C BTLER
BESNT. COBBIBRTS 7 v T F RTHER
(YND#) TELRBERCHEINZDIOTHSHR, T
OREEREBRRIEBNCHIETOHRELDS. 5%, 5
T3y o AEORREERL, TR, ERE%E
B L 72 HUE s B7s .

3) W ORHRSKOWE CHBRENS LD LR
Bt oV ¥~ LN EEBBROT BR/RPHE ShTvd
ﬁ%%%@ﬁ%ﬁ%fﬁ%@@ﬁﬁiﬁ%%mﬁ%éh
T,

4) BREOLRICE bR BEBEEBRED LA
Vi, W ORERBER L EE—H L L ERMELN
iz. . .
A302B SHOEELORFERRED S b, BEMOR
T 3°2x 108 n/cm? BHL7ERE%E Fig. 7 1T, &
EAMOBSERRERL £ LT Fig. 8 Wiy, K
DI MR R Table 5 TRT
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Table 6. Chemical composition, heat treatment and ﬁg%bﬂ:ﬁﬁﬁﬁa) A302B fi¥k X OV OREREEE L R

mechanical properties of Alkilled steel (YND).

(a) Chemical cbmposition (in wt.2%)

¢ | si | Mo [P | s |cu | Fe

0°09 | 0°22 1°20° | 0°015| 0°013| 0°05 | Re.

Plate thickness: 20mm.
Heat treatment: Quénechd and tempered in -
' accordance with the specification

(b) Mechanical properties

Yield : Ultimate . | El "

strength _strength . or(xg/a;aon area

(kg/mm?) | (kg/mm?) ° RC))]
40 5Q 18 13°8

Table 7. Shift of transition temperature of Al
killed steel (YND) by irradiation.

‘Neutron dgse 30ft-1b transition | 50% shear fracture
n/cm? - ‘ °C transition, °C
(IMeV<) | Tr3o0 | 4T | Trs 4T

0 —78 - . —70
1°4%1015 —92 | —14 | —75 —5
1+7X 1018 —95 —17 —80 —10
1*1x10t8" —55 .| 2§ —44 . 26

- A302B SAOEERO
DL,

1) BELHEOR %#l<&#ottb,%%%®ﬁ
o MEEHM X 0 BIF TR, EERORBHEERE T
"ﬁ,%Hitmﬁﬁ*ib%ﬁﬁmﬁéﬁmﬁmtﬁm
WhHL B L2k,

2) BHEESAE Q%5 L BBHESESRICE T
BT 5 L bR SR
42 ZIHNFEEM YNDHE) ([CDVT
Table 6 ICHRABRBICHE L 7270V TV FEEEN (Y
ND§H) L3RG 3 & CHIRIHE & R Y. R
IR S\ CHREM: O BIF S IE TH 5. i ko
TR RHE 105, 10, 108 n/cm? BRERH LA
REAEE R £ 2T Fig. 9 IORT. EioRkdi i
f@iﬁ%fg?mf# 1 Table 7 R . . ‘

IR ORBOBREEEETILROT L RS,

1) ERBHEC X O CEBEESMRRRICBTT5E
©4RVX A302B BT H XV D, PRCEEIN.
OBERBHE 1'5~1"9X 10 n/em? DIF 5 25, 174X
10 n/em? RO L & L VEZFCH b TV5. 20
Z X3 A302B EETHD.

2) BVEHEC X0 CEBRESHRAICHBAT S

%%ﬁ%@%%%%%?ékm

Reduction of

S |58 xi02t1i%|L7x10'% 2 40%]  50°C

7z.
4-3 BADWEBRODOEOLE

Fig. 10 135 ORKNREBRIC X 5 ER—IIEERIERE
D ERICOWT ORI RICEE L ORKRBR OB RE
Mmzxizdb0ThH5. %%5@E%ﬁ%@#%ﬁwﬂ@m
%ﬁ%ﬁ%&mm;w~ﬁ%Tbrwé

5. ¢ ¥ U

A& BEIC BT LHEF (JRR-2) i X584

@lFE?F%%H%;OFF%@E*%? BATERERSE
BChD. ;
AFIFEIE JRR-2 2R Y] 5 MW CEESNTHS
L x ORBERT b 55, WA 40 £ 1 FUBIER T
10MW D& IBIRIA DI OT, EPHTFR DD
Sh, 1~3X10¥n/cm? (>1MeV) OIS EDOHABRIER
BEBEBONWELTFETHS. EHICEAMOEEHRITE
ke IET MY ORI TRBESNE DT, 5
ELICREOE 7~ 2 PELNETHSS .

Dose (n/cm) Irradiated |Experimental
& (Measured) |94(Caicuiated) |Temperature |location
1.8 x10™t22%(14x10%+43%| Unkown _ |URR—2VT-4
JRR-2VT—9
i WRR-2VT-1

N[~

T8 |66 x101%427%|1.1x 1036 %|  70°C
100

r
' I3 / Un/rradmfed
. J
g £ AT=-/0°c
sol e AT~-5°c
A B
T~

Y
s0l ’ I {aT=26 °c
- £ »I
E /\/\
20t &Y
PR ]
[s) N / - ;

@
Q
T
[geS
<&

Shear fracture (%)
3
[

N
’*%

-20

Absorption energy ( kgm/cm?2)-

~120  —100  -80  -60 -40 . -20
Tasting tempa rature (°C)

Results of post-irradiation Charpy test on

Al killed steel. (YND) parent plate

Fig. 9.
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FHRS IOE v - 7 REHEOEAL
OB SR L 72V

AR ERLHMOBHTIRS
BLOWRICSML TH D, RIS ARSEE, 2
BASEA)ERLIR S X CRORAE LR B REE O
HECEHOBLR L2V . 72 seRsbEHE AR ik

AKX VRSN THS.
| x w
1) AISI SR (1958) No. 69

. Neutron . dose (>IMeV).n/cm?)
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