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Irradiation Creep of Modified 316 and 15Cr-20Ni base
Austenitic S.S. Fuel Pins (MFA-1, 2) Irradiated in FEFTF

Akihiro UEHIRA*  Shigeharu UKAI*
Shunji MIZUTA* '

Abstract

Modified 316 and 15Cr-20Ni base austenitic Stainless Steels had been developed by Japan
Nuclear Cycle Development Institute as the candidate materials for Monju and Demonstration
fast breeder reactor. Previously, irradiation creep correlation of modified 316 and 15Cr-20Ni
had been evaluated using pressurized tubes irradiated in FFTE/MOTA. On the other hand, for
other austenitic S.S. developed abroad, it was reported that irradiation creep behavior of fuel pin
could not be sufficiently described using results of pressurized tube experiments.

In this study, irradiation creep properties of modified 316 and 15Cr-20Ni fuel pins (MFA-1,
2) irradiated in FFTF were evaluated. And irradiation deformation of MFA-1, 2 fuel pins were
estimated using the irradiation creep correlation based on MOTA data. The results are
sumnmarized as follows :

a. Irradiation creep compliance B, calculated from MFA-1, 2 data are 5.6~15.0x10"°
[(x10%n/m’, E>0.1MeV) ™' (MPa)™' ], which are larger than B, based on MOTA data of
2.2~6.4x10%, and are within the range of B, of other austenitic S.S. abroad.

b. Creep-swelling coupling coefficient D derived from MFA-1, 2 data tend to decrease with
increasing swelling rate. And the range of D based on MFA-1, 2 data include values
caleulated from MOTA data of 3.8~8.2x107*[(MPa) '] and for other austenitic S.S.
abroad. '

c. As the result that irradiation creep deformation of MFA-1, 2 fuel pins could be
appropriately estimated using the irradiation creep correlation derived from MOTA data, it
is considered that the creep correlation based on MOTA data can be appliéd to estimation of
fuel pin deformation.

*)  Nuclear Fuel Research Group, System Engineering Technology Division, O-arai Engineering Center
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L7z BT, MOTABEIREE 7 — & ICET B R/ E SN BE 7 ) — TEAFMA OB E
EVy~O@RABIC OB TRE %1707 BONELERIIKDEY TH S,

(DMEAL 2 ¥ IXB BIEI 7 ) — PEAEE A5 Y ¥ PEOMIRE 5l L 1SR
BHE7 ) —TEARICBVWTEREIND L) KAZ Y Y 7FEIEMTHI2O0NTE
7 - TEAEREMTLP, ALY FELRES T - TEXEOBIHRE
DRRRIRRICER S Rt o/, LoT, BAZ V- 7EHRIBIFBATY
Y THEEEREORHE (D] B—BETRL2VWTEEIEL LN,

(2) MFA-1,27 — 7 ICET BN L2 BE 7 ) — 7R% [B,] 135.6~15.0x107°
[(x10%n/m%, B>0.1MeV) ™' (MPa) ' | T V) . MOTAF - 26 E 507z [B DE
2.2~ 6.4x107° [(x10"n/m’, E>0.1MeV) ' (MPa) ' ICH R TR E W IZH 5 H5,
HOF ~2RF 54 bRIPOHFIZOVTRESN TV AECHE ICE+4E8T h
TWwWa,

B)YMFA-1,27— 97 H A1) Y FHEEREHORE D] 2ROLFER, A1)~
FEFEMYT 51200 T [D] IEDT A EASR HONZ, MFA-1, 27— 7 #63K
»iz [D] OEOCHEIZ, MOTAF— ¥ 5B 617 [D] DfE3.8~8.2x107°
[(MP2)™ 1% &, TBIMHEOFMEDCHER D EATVA,

() MOTAFT— #1i22WTh [D] DALY » FERFHEZFFM L 4R, MFA-L, 2
F—FIlE&ETL [D] OBEFERAKIL, ALY Y SEFEMTAI2o0T [D] i@
AT B EEAED & 1z, o
(S)MOTAT — ¥ ICET ERE SNIZBE 7 ) — TEAREF VCMFPA-L 288 K &
DBBF Y ) — TEREFMLUER. MOTAF— 7 IZETBE 7 ) — TEARKI
LB OB ) - TEREMABYICEFMTES L EX LMD,
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] 1 PNC316HDLER S [wi%)] & #dEtt
8 1@ C Si Mn P S Ni Cr Mo B N Ti Nb=+Ta
LEB 0.080 1.00 2.00 0.040 0.010 14.00 18.00 3.00 0.0060 0.0100 0.10 0.10
MEMER Bz 0.055 0.70 1.75 0.025 — 14.00 16.00 2.50 0.0040 — 0.10 0.10
TR 0.040 0.40 1.40 0.015 - 13.00 16.00 2.00 0.0020 — 0.05 0.05
BOMK 0.054 - 0.78 1.72 0.028 0.003 13.45 16.22 2,35 0.0039 0.0080 0.078 0.080
60MST 0.057 | 079 1.85 0.028 0.002 13.72 16.33 2.54 0.0038 0.0030 0.075 0.095
5OMS1 (RSB IAH) () 1 t o 1 1 1 1 1 1 t t t
FEEE B b AR TR [%]
ML =10407C 20+3
B0MK 1080°C X2min 8.0
B80MS1 1095°C X 1min 20.6
60MS1{{ES RN T4 1

(") BOMST(ESRM TN . RICSRMIAICY > FT SR ML ZAEHEI£T> TV 248, RARMIENME E-oTW3 (BEEDHARL)



]2 - 15Cr-20NEADILFER 5 [wh%] & BHESRMF

W & C Si_ | Mn P S Ni Cr © Mo B N Ti . Nb
BOAK2 0.057 | 172 0.026 0.005 10.66 14.89 2,55 0.0044 0.002 0.28 0.09(*1).
B0AS 0.064 1.91 0.028 0.002 19.73 15.05 2.56 0.0031 0.002 0.25 0.11(*1)

o & ER{EIE AEINTEE [%]

B0AK2 1125°C X 2min 18.0
S0AS 1080°C X 1min

(1) Nb+TaDRHBERHL T3,

£20-0002 00¥6N.L ONI
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#F 3 PNC316tid L U 15Cr-20NitHOMOTAT — & &3 <
FR7 U —-—TE#R

E=En'¢f'6 _|_ D'EQ‘G' _|_ K't1'g‘0'2'4
R ERTR XY TR Bo - JHEFER

BioU—TEARDFEE <PNC3163E - 15Cr-20Niff& >
[(ERRX] B,=6.36X107°

D =8.2X107°
[/3]  B,=3.98X107°

D =5.5X107"
[TER=X] B,=~2.17X107°

D =3.8X107°

FAE T U~ TELHRORE
[73Hh] K =2.20X107%exp(-23900/T)  <PNC316#8 : 55MKHDIEE >
K=1.11X10"%exp(-24300/T)  <15Cr-20Niffl : 60AK2HDIEE >
K =1.02X10"*exp(-21800/T)  <15Cr-20Ni#f] : 60ASERDIZA>

(1) IFRET7 ) - TEAZEENL, HEBTHRELEN 570, &Y [K] HEERIICEES TV,
() FE (K] &, 732F) LTFERAVEFEEEINTWEY, SEOFHETIE / I FILXOARNS =8,
EFRER I RaH,

e [NPRYT ) - TEXHE BHEH][—]

B, : B E&KFEOFRIE[(x10*® n/m*,E>0.1MeV) ™' + (MPa) ']
¢, : PMETREE [x10*° n/m?, E>0.1MeV]

o . 571 FBEIS] IMPa]

D:AIY > JHERRBEORE[(MPa)™

e, I AIVLTERE[-] |

K : &7 1) —TREBEORE [(hn) ™"« (MPa)™*)

T : B&EE K] '
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T4 MFA-12F—2h5KH B 7Y — THRE [B.] EMOTAF —% & & A OFMEE & Ot

£a £ >No HAE DR B, B, (*1)
[x107° (x10%n/m?, E>0.1MaV)"*- (MPa}"] [x107* (dpa)’- (MPa)']
MFA-1 186019 6OMK 5.6 1.1
186023 6OMK 11.5 2.3
186091 | 6OMS1{EARMN T 6.3 1.3
186101 | 6OMSTUEARIMNIH) 14.1 2.8
186102 BOMST 11.6 2.3
186104 6OMSH 10.4 2.1
MFA2 187017 B60AS 8.5 1.7
187041 B60AS 14.3 2.9
187074 60AS 9.0 1.8
187104 60AK2 13.1 2.6
187164 60AK2 15.0 3.0
MOTAF — % OFFME(*2) 2.17 ~6.36 0.55~1.5
e F — 271 FEOFEE3) - 0.25~10

(1) MFA1,25 =& p 53k8 £ [By] K2V TH. 1[x10®n/m?, E>0.1MeV]=5 [dpa]ic THRH L .

(*2) PNC-316,15Cr-20Ni$§ OMOTAF — 2 12 &5 { FRM@{E Y
(*3) 20%CW316, CW316Ti, CW15-15TIHDERMHE 7 *- 1
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186061 180062 186063 186004 166065 186060 185067 186088 185009
18atnz 186184 184185 184168 124167 188163 184183 186170 138110
186070 186072 188073 'muou 186075 158076 186077 185078 185079 188080
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186081 186082 186083 1BSOB4 1BG0BS 186001 186002 . 186003 186004 186005 186006 185007 @
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