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High Temperature Mechanical Properties of Fully Dense Powder Metallurgy
Oxide Dispersion Strengthened SUS304
Tatsuro Isomoto and Tadanori Kida

Synopsis: PM (Powder Metallurgy) SUS304 stainless steels with an addition of yttrium consolidated by hot extrusion process
were investigated in terms of tensile properties and creep rupture properties at elevated temperatures. Yttria
particles formed on and in powders were dispersed with size of 0.05 to 1 xm in the extruded materials when
yttrium was contained in the melt before atomizing. This material showed superior tensile strength and ductility to
PM and IM (Ingot Metallurgy) counterparts without yttrium addition even above 800°C. The creep rupture lives
were significantly prolonged by the dispersion of yttria through suppression of dislocation movement while PM
SUS304 without yttrium addition indicated inferior rupture lives to IM SUS304. It was found that the rupture lives of
PM with yttrium addition were comparable to cast and wrought Alloy X by an expression with plotting to a Larson-
Miller parameter. It is concluded that SUS304 with yttrium addition is a kind of ODS alloy produced by atomizing
without mechanical alloying.
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Fig.1. Specimen preparation.
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Fig.2. SEM observation for surface appearance and back scattered
electron images for a cross section view of SUS304
powders used for PM1 and PM2.

Table 1. Chemical compositions of PM and IM SUS304 stainless steels.

(mass%, O, N:ppm)

C Si Mn P S Ni Cr Al N 0 Y
PM1 0.04 0.01 0.01 0.024 0.001 9.91 18.08 tr. 640 183 -
PM2 0.05 tr? 0.01 0.029 0.001 9.94 18.04 0.005 637 155 0.41
IM1 0.042 tr. tr. 0.025 0.001 9.93 18.04 tr. 166 179 -
1 M2 0.042 tr. 0.01 0.030 0.001 9.98 18.36 0.002 43 43 0.60
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Fig.4. TEM photographs showing oxides and EDS analytical results
on SUS304 PM and IM materials.

a) PM1 (without Y)
¢) IM1(withoutY)

b) PM2(with Y)
d) IM2(with Y)

Fig.3. Microstructures of SUS304 PM and IM materials after solution treatment.
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Fig.5. TEM photographs showing oxides formed at powder
interfaces and EDS analytical results on PM SUS304
sintered specimens.
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Fig.6. Results of high temperature tensile tests of SUS304 PM and
IM materials.
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Fig.7. Microstructures of fractured portions of SUS304 PM and
IM materials after high temperature tensile tests at 950°C.
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Fig.8. Results of creep rupture tests of SUS304 PM and IM

materials at 950°C.
100 P e e e
APM1 without Y
5 - + OPM2 with Y
w = IM SUS304
y m M
100 = : M Allt?yx
= Lo | s
o 0} Q:’. .
2 %
[} H
L , -
%.
10 p— 4 . .
; e -
=
1 i A A A A A 1 A B
16 18 20 22 24 26 28 30 32 X10

LMP=T (20+logt,)

Fig.9. Larson—Miller plots showing a comparison of PM and IM
SUS304 with IM Alloy X.
t.:time to rupture

Fig.10. Microstructures of the fractured portions of SUS304 PM
and IM specimens after creep rupture tests at 950°C.
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d) M2 (withY) 6=15MPa, t=189h
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Fig.11. TEM photographs showing dislocation substructures of SUS304 PM specimens crept at 950°C.
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