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Effect of Aging Condition on Toughness of Containing Nb and Mo Ferritic Stainless Steels

Takeo Tomita, Manabu Oku

Synopsis :

The effect of aging on toughness of ferritic stainless steels containing Nb and Mo was investigated to study an appropriate heat treat-
ment for mass production. The main results obtained were as follows ;
(1) Toughness of these steels decreased with increasing aging time, however, exhibited nearly minimum for long aging time range.
(2) It was confirmed that precipitates in the aged specimens were Laves phase (Fe,Nb), MgX and MX carbonitride. These precipitates
reduced the charpy impact value as the initiation of the brittle fracture.
(3) It is clear that precipitations and grain growth results in lowering toghness of these steels. With these results, it was suggested that

a high-frequency heating, which had capability of rapid cooling rate, gave the tubes of these steels good toghness and ductility.
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Table 1 Chemical compositions (mass%)
Steel C Si Mn Cr Mo Nb N
NSSHR-1 001 | 09 11 14.0 045 | 001
NSSEM-3 001 | 03 1.0 183 | 205 | 065 | 001
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1 Effect of aging time on charpy impact value at 0C of
NSSHR-1.
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.2 Effect of aging time on Vickers hardness of NSSHR-1.
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Fig. 3 Scanning electron micrographs of precipitates at cross section of
NSSHR-1 annealed and aged.
(a) as annealed
(c) aged at 700C for 1000h

(b) aged at 600°C for 1000h
(d) aged at 900C for 1000h
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Fig.4 Optical Microstructures of NSSEM-3 welded pipe and annealed at 980, 1040 and 1090C

for 0.5h.
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Fig. 6 Optical microstructures of NSSEM-3 welded pipe and after annealing at various conditions.

(a) welded pipe
(b) Furnace heated at 1020C
(c) Induction heated at 1100C
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Table 2 Mechanical properties of NSSEM-3 pipes (¢ 38.1mm %
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Tensile test Flattening
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. 0, 7
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stress  |Strength %) DBTT (C)
(MPa) | (MPa) ’
welded - 580 610 40 0
pipe
furnace | o0 400 550 45 -50
heated
induction o
1100C 410 530 50 =75
heated
(plate) (1100C) 345 520 32 -
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Fig. 7 Effect of aging time on amount of precipitates of NSSHR-1.
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Fig. 8 Effect of amount of precipitates on charpy impact value of
NSSHR-1.
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Fig.9 Change in the amount of various precipitates of NSSHR-1
after aging at 600C.
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Fig.10 Change in the ratio of precipitates to matrix for each ele-
ments of NSSHR-1 after aging at 600C.
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Fig.11 Optical microstructure and SEM image of NSSEM-3 tensile tested at —60C after aging at 1000C for 05h.

(a) cross section
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Fig.12 TEM images of NSSEM-3 fractured at —196C after
heating at 1000C for 0.5h.
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(b) fractured surface
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Fig.13 Direction of crack propargation of NSSEM-3 tensile test-
ed at —60C after aging at 1000°C for 0.5h.
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