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Abstract

The structural material of the future Fast Breeder Reactors (FBRS) must be improved
to achieve some requirements for improvement of safety and economical
competitiveness.  To prepare the desired data for the structural material development
for the future FBRs, some mechanical and chemical tests, i.e. high temperature tensile
tests and sodium corrosion tests, of the high-purity Fe-Cr aloys were conducted under

the FBR conditions.  Asaresult, following conclusions are obtained ;

i) By eliminating the trace elements, high Cr content iron based aloys can be
produced. It was clarified that such alloys have good tensile properties and
creep strength enough for practical use at elevated temperature.

ii) Through the manufacturing of a full size structure using the high purity
Fe-50%Cr aloy, it was confirmed that the alloy has good manufacturability

enough for practical use.
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Table2.1 Chemica composition of the high-purity Fe-50%Cr and Fe-50%Cr-8%W
alloys  (Crand W in mass%, othersin mass ppm)
W-bee Hhy Al L. liry
Cr L8] 1 ]
b L] 1] Lt}
{ 12.1 1 En ] 1]
M 13 ik | ]
u 19 11 ME 15
[ = L =
= 4 Mo k] ]
Mn -4 Ii Gy 1 %
1] 14 ] E In il
I | 14 n L]
Hi 3.7 I
Table2.2 Chemical composition of the high-purity Fe-30Cr/35Cr aloys  (S,0 and
N in mass ppm, others in mass%)
C Si Mn P S Ni Cr
Fe-30Cr 0.002 <0.001 | <0.001 | <0.001 <2 <0.001 30.13
Fe-35Cr 0.002 0.002 <0.001 | <0.001 <2 <0.001 35.33
Fe-30Cr-5W 0.003 0.002 <0.001 | <0.001 3 <0.001 30.15
Fe-35Cr-5W 0.002 0.001 <0.001 | <0.001 3 <0.001 34.81
Fe W Mo Cu Al @) N
bal. - <0.001 0.001 0.069 12 13
bal. - <0.001 0.001 0.077 17 <10
bal. 4.95 <0.001 0.001 0.082 15 10
bal. 494 <0.001 0.001 0.084 12 <10
Table2.3 Resultsof tensiletests for Fe-30Cr/35Cr aloys
0.2%
[ ] [ MPa] [ MPa] [ ] [ ]
20 704 734 15.6 82.1
Fe-30Cr
550 401 454 174 79.2
2 2 4 27. .
Fe.35Cr 0 328 96 3 84.6
550 396 447 19.9 79.3
2 1 15. 70.
Fe-30Cr-5W 0 846 910 53 0.0
550 602 652 15.0 74.1
Fe-35Cr-5W 20 465 634 26.8 875
550 469 545 22.6 83.8
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Fig.22 Optica microstructures of the high-purity Fe-50%Cr and Fe-50%Cr-8%W
aloys fractured at 500
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Fig.24 Microstructures of the fracture part of the high-purity Fe-60%Cr alloy at
1300

Fig.25 Microstructures of the fracture part of the high-purity Fe-60%Cr-4%W alloy
at 1300
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Fe-60%Cr alloys in the temperature range between RT and 800
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Fig.2.7  Microstructures of the high-purity (a) Fe-60%Cr-4%W and (b) Fe-60%Cr
aloys fractured at 800
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3.3
Fe Cr 30%
Fe Cr 60%
W Mo
Fe-Cr

Table 3.1  Creep test conditions for the high-purity Fe-60%Cr alloys

Temperature Stress
Material T c
() (MPa)
650 100.0
Fe-60Cr (a)
700 60.0
650 100.0
Fe-60Cr (b)
700 60.0
650 100.0
Fe-60Cr-1Re (a)
700 60.0
650 100.0
Fe-60Cr-1Re (b)
700 60.0

(a) Produced by using the cold crucible furnace

(b) Produced by using a melting pot made of ceramics

14—
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Fig.3.1  Relationship between nominal stress and creep rupture time of the high-

purity Fe-30/35/50%Cr alloys and Mod.9Cr-1Mo steel
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Fig.3.2  Relationship between nominal stress and creep rupture time of the high-

purity Fe-60Cr alloys and Mod.9Cr-1Mo steel
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Fig.4.2 Fig.4.3
Fig.44 Fig.4.5

Fe-Cr
Na,O,-NaOH Na,O-NaOH

Table 4.2 X
Na,O>-NaOH
NaOH Na,O-NaOH

Ni NasFeO4 NaOH

17—



JNC TN9400 2003-034

Table4.1 Corrosion test conditions
BBRERF 1 2 3 4
mEHEs RUNSO7T RUKS10 RUM0E RUMSDS
BREEIS A5 NaOH:30wth  NaOH: 30wt MNaOH: 70wt%  MaOH: 70wt
MayOy: T0wWt%  Na,O,: TO0wth Ma, 0 J0wt% MNag O I0wth
RECC) 756 736 701 701
BETBCC) 703-7T1 696-759 B96-705 697-702
EHEEEEM (k) 0.267(16min) 0.267(16min) 0.501(30rmin) 0.499(30min)
TER Ar(99.9995%) Ar(99,9995%) Ar(99,9995%) Ar(999995%)
MBS A-Fel, 2 Fe-50Cr1, 2 A-Fed, 4 Fe-50Cr3, 4
M=Fal_ 2 Fe=50Cr-BW1, 2 M-Fa3, 4 Fe—-50Cr-aW3, 4
—-Fel, g C=Fal, 4
*)
1) A-Fe
2) M-Fe
3) C-Fe
4) Fe-50Cr  Fe-50Cr
5) Fe-50Cr-8W Fe-50Cr-8W
Table4.2 Resultsof X-ray analysis of the deposit on the specimen surface
(T3 171 e .
. T e I it IR
Ha MO | MmD | Mapls
| . :-E:;:- Hatih, m,ﬂl‘f;. bla it - Hy 1
e I I I v = =
Far-N0HC7] by D
MsOH, Fa-B0Crd - A= —§
RUMEID | - = - ™ "m,"::.’ oGO0 |MAOH, MaOH-H0, FigAlyiy 4,0 ROTS
- BT |
[E =Ty - EAM - DM -5
BRFH |
A-Fad K, WaFal, PalH
FE. &l ad
RuUMsE | - = L vy bfel H. HoFa0, HaGH
(F g 1/ O0H C-Fed K. WD, RasFedy
ke =
SWaEN FaliH
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Fig.4.1 Experimental apparatusfor corrosion test
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Fig.4.2  Specimens made of the high-purity Fe-50%Cr alloys before the corrosion test

(& Exposedto Na,O-NaOH

(b) Exposed to Na,O,-NaOH

Fig.4.3  Specimens made of the high-purity Fe-50%Cr alloys after the corrosion test
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Fig.4.4  Corrosion rate of the high-purity Fe-50%Cr alloys exposed to Na,O,-NaOH
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5. Fe-Cr 4
Fe-50%Cr

Fig51  Ni

Fig.5.1 Full-sized engine blade model made of the high-purity Fe-50%Cr alloy for a
helicopter
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