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MaterialsMaterials
ll Austenitic stainless steel 316 is the best Austenitic stainless steel 316 is the best 

understood one with a large database of understood one with a large database of 
neutron irradiation.neutron irradiation.

ll There are another types with different There are another types with different 
kinds of modification, which includes kinds of modification, which includes 
JPCA (Japanese primary candidate alloy) JPCA (Japanese primary candidate alloy) 
and 316F.and 316F.

ll JPCA is developed to reduce a swelling JPCA is developed to reduce a swelling 
under neutron irradiation. under neutron irradiation. 
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Chemical compositionsChemical compositions

0.0110.011.002.002<.003<.0030.040.040.0400.040<.01<.01<.001<.0010.230.232.342.3413.9513.9516.7916.79BalBal316316FF

0.030.03.004.0040.0260.0260.500.500.0580.058.004.0040.0280.0280.220.221.541.542.292.2915.8715.8714.1414.14BalBalJPCAJPCA

0.0670.0670.390.390.0240.0241.811.812.52.512.212.217.4517.45BalBalEc316LNEc316LN

0.0020.0020.0730.073.0007.00070.020.020.350.350.0190.019.0009.00090.070.070.0770.0771.751.752.312.3112.2412.2417.1717.17BalBal316316LL

TaTaNNSSPPSiSiCCBBCuCuCoCoTiTiMnMnMoMoNiNiCrCrFeFeSteelSteel
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Manufacturing processManufacturing process
ll SA JPCASA JPCA

>> Vacuum induction melting, 2tons. Vacuum induction melting, 2tons. 
>> Vacuum arc reVacuum arc re--melting, 1.5tons. melting, 1.5tons. 
>> Cutting. Cutting. 
>> Soaking, 1250Soaking, 1250ooC, 16hs.C, 16hs.
>> Forging, 1200Forging, 1200ooC. C. 
>> Hot rolling. Hot rolling. 
>> Cutting. Cutting. 
>> Intermediate annealing, 1150Intermediate annealing, 1150ooC/1h/WQ. C/1h/WQ. 
>> Straightening. Straightening. 
>> Cutting 15t x 300W x  500L.Cutting 15t x 300W x  500L.
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SINQ Target Irradiation Program STIPSINQ Target Irradiation Program STIP
ll STIPSTIP--1 was carried out from July 1998 to 1 was carried out from July 1998 to 

December 1999 in SINQ. More 1500 December 1999 in SINQ. More 1500 
samples were irradiated to a maximum dose samples were irradiated to a maximum dose 
of 12.5 of 12.5 dpa dpa and He concentration of 900 and He concentration of 900 
appmappm..
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Specimen package Specimen package 
and temperatureand temperature



KIKUCHI, N-TAC 10/2002 at JAERI
7

International collaborationInternational collaboration
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Post Irradiation Experiment at Post Irradiation Experiment at 
JAERIJAERI
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ll MaterialsMaterials
>> JPCAJPCA--SASA, , 316F316F--SASA, 316F, 316F--CWCW

ll Incident proton energyIncident proton energy：：580MeV580MeV、、

ll Specimen temperatureSpecimen temperature：：8080?? 400400ooCC
ll dpadpa(proton+spallation neutron)(proton+spallation neutron)：：3.53.5?? 11.811.8 dpadpa
ll Calculated gas productionCalculated gas production：：He:70appm/He:70appm/dpadpa、、

H:500appm/H:500appm/dpadpa
ll Tensile testTensile test

>> At RT and 250At RT and 250ooC in airC in air
>> Pulling speed: 0.2mm/min Pulling speed: 0.2mm/min 
>> Strain measured by image analysesStrain measured by image analyses

ll FractographyFractography
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Pulling TesterPulling Tester
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Image analyses of specimen at 250Image analyses of specimen at 250ooCC
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SS curves of JPCASS curves of JPCA--SA  at RT & 250SA  at RT & 250ooCC

0

20 0

40 0

60 0

80 0

10 00

0 1 0 2 0 3 0 4 0 5 0

JPCA-SA/RT

S
tr
es
s,
M
Pa

St ra in, %

F13, Unirr.
F5, 140-160℃, 5.7dpa
F11, 210-240℃, 9.1dpa

F9, 260-310℃, 10.1dpa
F8, 320-380℃, 11.8dpa

計測ウインドウをオーバー

0

20 0

40 0

60 0

80 0

10 00

0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0

JPCA-SA/250℃

S
tr
es
s,
 M
Pa

St ra in,  %

AS24, Unirr.

F12, 140-170℃, 5.7dpa
F7, 210-250℃, 7.9dpa

F10, 276-325℃, 10.1dpa



KIKUCHI, N-TAC 10/2002 at JAERI
12

0 5 10 15 20 25

JPCA-SA/RT

S
tr
es
s,
 M
P
a

strain,%

F5, 140-160℃, 5.7dpa
F11, 210-240℃, 9.1dpa

F9, 260-310℃, 10.1dpa
F8, 320-380℃, 11.8dpa

0

20 0

40 0

60 0

80 0

10 00

0

20 0

40 0

60 0

80 0

10 00

0 5 10 1 5 20 25 30

JPCA-SA/250℃

S
tr
e
ss
, M
Pa

St ra in,  %

F12, 140-170℃, 5.7dpa
F7, 210-250℃, 7.9dpa

F10, 276-325℃, 10.1dpa

True strain True strain -- true stress curves of true stress curves of 
JPCAJPCA--SASA



KIKUCHI, N-TAC 10/2002 at JAERI
13

JPCA-SA,F10,250oC,276-325oC,10.1dpa

100 µm

100μm

100μm

JPCA-SA, F9, RT, 260-310℃, 10.1dpa 

Ductile Fracture Surface at maxDuctile Fracture Surface at max dpadpa tested tested 
at RT & 250at RT & 250ooC C 

9 dpa/316L,LANSCE
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SS curves of 316FSS curves of 316F--SASA
316F-SA/RT
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　　DpaDpa--YS plots in spallation and fission YS plots in spallation and fission 
atat TirrTirr..≦≦250250℃℃
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Comparison of irradiation property of JPCA and 316F Comparison of irradiation property of JPCA and 316F 
in SINQ with 316L/304L in LANCE(S.in SINQ with 316L/304L in LANCE(S. MaloyMaloy) at  ) at  

TTirrirr<250<250ooCC

0

10

20

30

40

50

0 5 10 15 20

Proton, STN/dpa

SA-JPCA/RT
SA-JPCA/250
SA-316F/RT
SA-316F/250
LANSCE/304L/316L/25C
LANSCE/304L/316L/50-80C
LANSCE/304L/316L/164C

St
ra

in
-t

o-
ne

ck
in

g,
 %

dpa



KIKUCHI, N-TAC 10/2002 at JAERI
17

Comparison of STN in spallation with those Comparison of STN in spallation with those 
in fission atin fission at TirrTirr<250<250ooC.C.

ReRe--plotting our data on LANCE plots plotting our data on LANCE plots 

0

1 0

2 0

3 0

4 0

5 0

0 5 1 0 1 5 2

Neutron, STN/dpa

S
tr
a
in
-t
o
-n
ec
ki
n
g
, 
%

d p a

Fission/25C
Fission/50-80C
Fission/164C

0

10

20

30

40

50

0 5 10 15 20

Proton, STN/dpa

SA-JPCA/RT
SA-JPCA/250
SA-316F/RT
SA-316F/250
LANSCE/304L/316L/25C
LANSCE/304L/316L/50-80C
LANSCE/304L/316L/164C

St
ra

in
-t

o-
ne

ck
in

g,
 %

dpa



KIKUCHI, N-TAC 10/2002 at JAERI
18

SummarySummary
ll Irradiation results of JPCA in spallation Irradiation results of JPCA in spallation 

could be understood by a trend in neutron could be understood by a trend in neutron 
radiation.radiation.

ll An increase of YS as well as a decrease of An increase of YS as well as a decrease of 
STN due to radiation damage in spallation is STN due to radiation damage in spallation is 
slightly larger than those in fission.slightly larger than those in fission.

ll We never experienced fully lost of STN We never experienced fully lost of STN 
around 4dpa in JPCA, as reported for around 4dpa in JPCA, as reported for 
316L/304L in LANSCE. 316L/304L in LANSCE. 

ll Fatigue test is under way in Hot Cell.Fatigue test is under way in Hot Cell.


