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Strengthening of Metastable 16-10 Austenitic Stainless
Steel by Ultra Grain Refining

Setsuo TAKAKL, Seiji TANIMOTO, Kouki TOMIMURA and Youichi TOKUNAGA

Synopsis :

The behavior of reversion from deformation induced martensite to austenite and the mechanical prop-
erties of specimens containing reversed austenite were investigated using a 15.6%Cr-9.8%Ni steel by means
of transmission electron microscopy, magnetic analysis and tensile testing. Martensite content of specimens
was controlled by cold rolling, and salt bath was used for reversion treatment. The results are as follows :

(1) In case of 0.6 ks isochronic annealing, martensite content of specimens decreases abruptly in the
temperature range from 800 K to 900 K as the result of reversion to austenite and the temperature range
where reversion occurs is not affected by the cold working before annealing.

(2) The 0.2% proof stress of specimens containing work hardened austenite and reversed austenite is
dependent on the volume fraction and the strength of each phase.

(3) Additional cold rolling of deformation induced martensite is very effective for grain refining of re-
versed austenite formed by the following 873 K-0.6 ks annealing, resulting in increase of 0.2% proof stress.
A specimen, for example, with 93% cold rolling prior to the reversion treatment has an ultra fine austenitic
structure with the mean grain size of 0.5 um giving a high 0.2% proof stress of about 0.7 GPa.

Key words : austenitic stainless steel ; deformation induced transformation ; lath martensite ; reversion ;
ultra fine grain structure ; 0.2% proof stress ; Hall-Petch equation.
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Table 1. Chemical composition of steels used

(mass % ).

Steels Cr Ni Others

16-10 15.59 9.82 C <0.005
N <0.005

19-13 18.82 13.10 Si <0.1
Mn <0.1
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Fig. 1. Relation between reduction by cold rolling
and deformation induced martensite content.

Photo. 1. Transmission electron micrograph of a
15.6%Cr-9.8%Ni stainless steel with 16% cold
rolling. Showing lath martensite induced by cold
rolling.
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Fig. 2. Changes in martensite content as a func-
tion of annealing temperature. Martensite content
was previously controlled by cold rolling in several
reduction.
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Photo. 2. Transmission electron
15,6 12 389 50 micrographs of a 15.6%Cr-9.8%Ni
418 7 stainless steel annealed at 873 K for
93 3695 2 0.6 ks after cold rolling in several
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Photo. 3. Transmission electron micrograph of a
15.6%Cr-9.8%Ni stainless steel annealed at 873 K
for 0.6 ks after 90% cold rollings. Arrows show
subgrain boundaries.
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Fig. 3. Effect of cold rolling prior to 873 K-
0.6 ks annealing on grain size of austenite reversed
from martensite.
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Fig. 5. Changes in ultimate tensile strength (s ,),
0.2% proof stress (s,) and elongation as a function
of reduction by cold rolling prior to 873 K-0.6 ks
annealing.
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Fig. 6. Change in 0.2% proof stress as a function
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Fig. 7. Comparison of the experimental result and
calculated result for 0.2% proof stress in the
reduction range (0~50%) of the figure 5.
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0.2% proof stress. This result was obtained from
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