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A Study of Correlativity between IASCC Susceptibility and Magnetic Property of Stainless Steel
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Authors previously reported leakage magnetic flux density measured by flux gate (FG) sensor seems to
depend on irradiation assisted stress corrosion cracking (IASCC) susceptibility of neutron irradiated
austenitic stainless steels. This study aimed to evaluate possibility to develop diagnostic method to detect
symptom of IASCC by more practical methods such as Eddy current method and AC magnetization method.
Magnetic properties of neutron irradiated specimens and mockup specimens were studied and dependence
on IASCC susceptibility was revealed. Microstructure observation using transmission electron microscope
(TEM) was conducted to study magnetic phase formation by radiation induced segregation (RIS). It was
shown that measurement of magnetic signal changed by magnetic phase formation along grain boundaries
caused by RIS would be a mechanism of the diagnostic method to detect symptom of IASCC.
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Table 1

Chemical compositions (mass%)

ID Cc Si Mn P S Cr Ni Mo Ti Al N Fe
HP304 0.003 0.01 1.36 0.001 0.0014 18.17 12.27 - 0.01 0.16 | 0.0014 | Bal.
HP316 0.004 0.02 1.40 <0.001 0.001 17.21 13.50 2.50 0.01 0.10 | 0.0020 | Bal.
HP304/C | 0.098 0.03 1.39 0.001 0.0020 18.30 12.50 - <0.01 0.11 | 0.0016 | Bal.
HP304/Si | 0.003 0.69 1.36 0.001 0.0014 18.01 12.24 - <0.01 0.10 | 0.0014 | Bal.
HP304/P | 0.006 0.03 1.40 0.017 0.0011 18.60 12.56 - 0.01 0.11 | 0.0016 | Bal.
HP304/S | 0.002 0.03 1.41 0.001 0.0318 18.32 12.47 - 0.01 0.07 | 0.0012 | Bal.
SUS316L | 0.008 0.51 0.95 0.018 0.006 16.49 12.58 2.16 0.032 | Bal.
SUS304 0.04 0.54 0.77 0.021 0.002 18.4 9.0 0.10 0.01 <0.01 0.04 | Bal.

RIS04 0.034 3.02 1.02 - - 10.3 30.0 - 0.003 | Bal.
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Fig.1 The specimen for SSRT test (1) [3-6].
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Fig.2 The specimen for SSRT test (2) [9,10].
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Fig.3 The sensor probe for Eddy current method and AC
magnetization method.

Table 2 SSRT test condition

Temperature 561 K
Dissolved oxygen 8 ppm
Conductivity 0.1 uS/cm
Flow rate 3.0 x 10 m*/h
Strain rate 3.6 x 107 /s




AT L ARSI D SSRT B A4T - 7-0 L 1FIF
[f U4 T 5 [3-6], SSRT #RERIZ - ThEMT L7=3R
B v OB T TR 2% % A A AN A - AR (SEM) 12 L » T
1T, SCC IS ME A KRR I =R DR 21T > 72,
SUS304 7> B AERL L 7= BN B AL IR ATBUEAS A #4 0> MM 81
TR BR N 2 KA CTHERE LT t2I2, =ik, KEH
THEM L7, BIEOBRORBAFKEE DT L=
Ui & OFEEEIE 10~20nm FLE & L7z,

F 72 RIS04 OFIFEALBNLERRS D TEM #2213 200kV D
NN TIT > 72,

3. HBRRUEE
3.1 MEE#HD IASCC B & MK EDHEEE
PEEFIE

Fig. 4 |2 HP304 ZD €T LA — AT F A M %
AT UV AGERM O AR CTEAS L 72 R ik
EIC K25 3 @Ml RER R L, ZE TOME
THE LI TASCC A MEDFHEFE R LT r » b
L7=2T 7 %59 [3-6], SOk, BEHREEDOZ
{LIZBEHD &3, TASCC D ERITHIG L TE 3 &
TP ERE N ER4 5, IEOMBIBEAE ST,

F7-. Fig. 5 (2[R UMK OMRMEIIEC X D08
H_ECOFMBREREERT, 22T, 2 E TOMF%E
(ZFUNT TASCC B2 MEAY 0 & 72 5 72 HP316 @ 1dpa FiS
MERREL U CHIEETT-72[3], Z ONARFE ETo

-22.8 T T T
® HP304
& HP316 & 5doa
m —231 W HP304/C .
3, A HP304/Si
o v HP304/P 5dpa
W -23.2H{ @ HP304/S bdpa 1dpa &
2 ¢
° 5dpa
>
g 234 a _
c ®1dpa
o
€ -23.6 .
£ @ldpa 1dpa
2 -238f L B .
.1dpa
_24 | | | |

0 20 40 60 80 100
IASCC Susceptibility [%]
Correlation between IASCC susceptibility and 3rd
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stainless steels [3-6].
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Fig.5 Probe voltage distribution on phase plane obtained
by Eddy current measurement on neutron irradiated
high purity stainless steels.
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Fig.8 Probe voltage distribution on phase plane obtained
by Eddy current measurement on neutron irradiated
type316L stainless steels.
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(b)

Fig.13 (a) MFM image on a type304 stainless steel with
mock RIS. (GB: grain boundary). (b) lllustration to
show GB on the same area of MFM image.
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Fig.15 Bright field TEM image on a thermally sensitized
RIS04 specimen.
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