5 g 3L

$% & $B Vol 84 (1998) No.5

SU0TAT IR AEL7OEXIZEDSUSII6LEAD
=,REEREERAEMEL

gai - 2Ot

gji*z

e e

Room Temperature Recrystallization and Ultra Fine Grain Refinement of an SUS316L Stainless Steel
by High Strain Powder Metallurgy Process

Kei Amvevama, Makoto Hiromitsu and Nobuyuki Imal

Synopsis : The high strain powder metallurgy (HS-PM) process, which is a novel and the most efficient non-equilibrium powder
metallurgy process, is applied to an SUS 316L austenitic stainless steel. The HS-PM process is a powder metallurgy
process combining mechanical milling, heat treatment and sintering processes, and enables one to produce an ultra-fine
grain structure. In the case of the SUS 316L stainless steel. room temperature recrystallization and recovery of an
austenite phase take place because of the increased high angle grain boundary area and the existence of excess
vacancies, which are stored during the milling process. Very fine ferrite grains are formed in the early stage of the
milling and an ultra fine (a + y) microduplex structure is formed at the end. In the case of higher energy milling, almost
fully ferritic nanograin structure with an average grain size of approximately 20nm is formed. The ultra fine (a+y)
microduplex structure in the HS-PM processed powder accelerates precipitation of ¢ phase in the sintering process.
The sintered compacts with a very fine (y + ¢) microduplex structure show an extremely high strength, i.e., more than
three times higher 0.294 proof stress than the annealed parent material, without any severe depression in the elongation.
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Table 1. Chemical composition (mass%)
CJ] s |[M | P ]S | N o | M| o

&

0.008 | 0.51 | 0.95 [0.018 |0.006 | 12.56 | 16.49 | 2.61 | 32 | pa.
(ppm)
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Fig. 1. SEM micrographs of cross section of the
PREP powder mechanically milled for (a) 0s
and (b) 3.6ks.

Fig. 2. TEM micrographs and selected area diffrac-
tion patterns (SADPs) of (a) a 720ks MM
powder and (b) a 98% cold rolled parent
material.
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Fig. 3. TEM micrograph and SADP of a 1440ks
MM powder.
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Fig. 4. Change in Vickers hardness of MM powder

with milling time. The hardness of 98% cold
rolled parent material is also shown.
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Fig. 5. TEM micrograph of a 1440ks MM powder
annealed at 333K (60°C) for 5 min. Mis-
orientation angles between adjacent grains
are tabulated underneath.
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Fig. 6. TEM micrograph and SADP from the parti-
cle A in a 1440ks MM powder annealed at
333K for 5 min.
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Fig. 7. XRD patterns of (a) 720ks, (b) 1440ks and
(c) 720ks MM powders. The powder to ball
ratio in (a) and (b) was 1: 1.8, and that in
(c) was 1: 12.

Fig. 8. TEM micrograph of a 720ks MM powder.
The powder to ball ratio was 1: 12.
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Fig. 9. Grain size of the 720ks MM powder and the
989 cold rolled parent material after anneal-
ing at various temperatures for 3.6ks.

Fig. 10. TEM micrograph and SADP from the parti-
cle A in a 720ks MM powder annealed at
973K for 3.6ks.

Table 2. EDS analysis of ¥ and ¢ phases shown in
Fig.10. (mass%)

Cr Ni Mn Si Mo Fe
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Fig. 11. TEM micrograph and SADP from the grain
boundary phase A in a 1440ks MM powder
annealed at 873K for 0s.

Table 3. EDS analysis of A and B phases shown in
Fig.11.(mass%)

Cr Ni Mn si Mo Fe
A 23.5 6.0 0.7 0.5 2.6 bal.
B 16.4 13.3 0.7 0.4 2.6 bal.
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Fig. 12. TEM micrograph of a HIP compact sinter-
ed at 1073K for 7.2ks under 490MPa.

Fig. 13. A slant view of the fracture surface of a
HIP compact tensile tested at R.T.

Table 4. Mechanical properties.

0.2% Proof uTs Elongation Hv

Stress (MPa) (MPa) (%) (9.8N)
HIP Compact 750.7 904.2 358 306
SUS 316L Bulk 2274 508.7 88.7 141
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