g% & $B Vol 82 (1996) No |

e EBHEtEDITHEIEER 9 Cr- 7 Mo#liD
ERFHEICRITINIOTZE

W (e - gl AT

Effect of Ni Content on High Temperature Properties of 9Cr-7TMo Steel
Strengthened by Precipitation of Intermetallics

Hiroyuki Ucuma and Masayuki Funwara

Synopsis :

Since ferritic steels strengthened by intermetallic precipitates exhibited excellent creep strength compared with any

other commercial steels, they are promising core materials for advanced fast breeder reactors. It is, however, worried

that their ductile-brittle transition temperature (DBTT) increases markedly during service.

Therefore, in order to

improve the room temperature ductility of 9Cr-7Mo steels after aging with keeping high creep strength, influence of

Ni addition on them were investigated.

The tensile properties of the specimens aged for 100h at 823K and 923K were markedly improved by Ni addition. And
creep rupture strength at 923K was also improved with increasing amount of Ni addition. The a to y transformation
was partially observed in the specimens containing more than 6mass%Ni after creep testing. The formation of
austenite would be effective to improve the long term creep strength, but it increases void swelling. The optimum Ni
content in 9Cr-7Mo steel was approximately 3mass% for application of the fast breeder reactor core materials,
considering the DBTT and the resistance to swelling.
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Table 1. Chemical compositions of the tested 9Cr
-Mo and 9Cr-7TMo-Ni steels (mass%).

Steel C Si Mn P S Ni G Mo N
9Cr-6Mo 0.010 <0.005 0.001 0.002 0001 — 893 6.05 0.005
9Cr-8Mo 0.009 <0.005 0.001 0.003 0.001 — 890 7.98 0.003
9Cr-10Mo 0.010 <0.005 0.001 0002 0001 — 889 10.02 0.002
9Cr-6Mo 0.011 <0.005 0.001 00015 00009 — 880 710 0.002

9Cr-7TMo-3Ni | 0.011 <0.005 0.001 0.0013 0.0009 2.99 8.87- 7.08 0.003
9Cr-7Mo-6Ni | 0.010 <0.005 0.001 0.0013 0.0009 6.07 892 7.05 0.002
9Cr-TMo-9Ni | 0.011 <0.005 0.001 0.0014 0.0009 9.03 8.86 7.04 0.002

0% Ni ( F100%) 3% Ni (F50% +M50%)

Fig. 1. Optical microstructures of the specimens as
heat-treated.
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Fig. 2. Creep rupture strength of 9Cr-6~10mass-
» %Mo steels at 923K.

Table 2. Tensile properties of 9Cr-Mo-Ni steels
at room temperature.

Steel Lond1t10n T.S.(MPa) 0.2%P.S.(MPa) El.(%) R.A.(%)

9Cr- 61\/[0 1273K waQ. 534 384 46 89
923K, 3000h 608 426 8 15
9Cr-8Mo 1273K, W.Q. 585 420 41 85
923K, 3000h 749 533 1 2
9Cr-10Mo 1323K, W.Q. 627 476 41 82
923K, 3000h 700 618 0 1
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Fig. 3. Effect of Ni content on tensile strength at R.
T. in 9Cr-7Mo steel as heat-treated and
aged for 100h at 823 and 923K.
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Fig. 4. Effect of Ni content on ductilities at R. T. in
9Cr-7Mo steel as heat-treated and aged for
100h at 823 and 923K.
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Fig. 5. Effect of Ni content on creep rupture
strength of 9Cr-7Mo steel at 923K.
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Fig. 6. TEM micrographs of 9Cr-7Mo-Ni steels as
heat-treated.

a) Omass%Ni, water-quenched from 1273K.
b) 3mass% Ni, water-quenched from 1323K.
¢) 9mass% Ni, water-quenched from 1248K.

Fig. 7. TEM micrographs of 9Cr-7Mo-Ni steels
crept at 923K.
a) Omass%Ni, at 147MPa after 1300h.
b) 3mass%Ni, at 147MPa after 1700h.
c) 9mass%Ni, at 196MPa after 600h.
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Fig. 8. TEM micrographs of 9Cr-7Mo-6Ni steel as
heat-treated and crept at 923K.
a) As heat-treated.
b) at 196MPa after 700h.
c) at 147MPa after 4000h.

Fig. 9. SEM micrographs of 9Cr-7Mo-Ni steels cr-
ept at 923K.
a) Omass%Ni, at 147MPa after 1300h.
b) 3mass% Ni, at 147MPa after 1700h.
c) bmass%Ni, at 196MPa after 700h.
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Fig. 10. Relationship between hardness and time to
rupture.
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Table 3. An equilibrium phase analysis of 9Cr-
7TMo-Ni steels at 923K ;calculated by
“Thermo-Calc.””.

Steel Ferrite content Austenite Laves phase
(mol%) content(mol%) content(mol%)
9Cr-7Mo-0Ni 90.6 0 9.4
9Cr-7Mo-3Ni 90.7 0 9.3
9Cr-7TMo-6Ni 46.2 44 4 9.4
9Cr-7Mo-9Ni 1.0 89.5 9.5
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