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Effect of Prior Deformation on Grain Refining Process of Martensitic

Shear Reversion in Metastable Austenitic Stainless Steel

Kouki ToMIMURA, Yuuji KAWAUCHI, Setsuo TAKAKI and Youichi TOKUNAGA

Synopsis :

Effect of prior deformation on the martensite shear reversion mechanism of the lath martensite to
austenite and the grain refining of the reversed austenite has been investigated in a metastable
austenitic 14.25%Cr-10.94%Ni steel in terms of the microstructures. The steel used transforms to
almost fully lath martensitic structure through 60% cold rolling at room temperature. Further cold
rolling above 60% results in an additional deformation to the lath martensite. Martensite lath structures
are significantly damaged on and around the slip bands and dislocation cells are formed in the damaged
areas. The volume fraction of damaged areas increases with increasing deformation rate.

The lath martensite reverts to austenite abruptly with a martensitic shear between 800 K and 900 K,
independing on prior deformation. The reversed austenite in the undamaged areas receives the micro-
structural characteristics of martensite after the reversion. Lath austenitic structure, which is
constructed by austenitic laths and blocks, are formed in the undamaged areas and the traces of slip bands
exist in the damaged areas of reversed austenite as a line of dislocation cells. In the undamaged areas,
the lath austenitic structure recovers very slowly. Dislocation forms cell structure in the austenitic
blocks and the cell structure changes to subgrains. In the damaged areas, recovery of the reversed
austenite proceeds very fast and fine recrystallized austenite grains are formed along the traces of slip
bands in a short time annealing. In order to obtain uniform fine austenite grains, a lot of slip bands
should previously be introduced by heavy cold rolling in the lath martensitic structure.

Key words : austenitic stainless steel; deformation induced martensite; martensitic shear reversion;

microstructure ; dislocation ; slip band ; recovery ; recrystallization ; grain refining.
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Table 1. Chemical composition and Ni equivalent
of steel used (mass% ).

Steel Cr Ni C N P S Ni

14Cr-11Ni | 14.25 10.94 0.004 0.003 0.009 0.003 | 15.9

Nig, = Ni+0.35Cr
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Fig. 1. Changes in martensite content and 0.2%
proof stress of 14Cr-11Ni steel with cold rolling.
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(a) Bright field transmission electron micrograph

(b) Schematic drawing of slip bards in (a)

(¢) Selected area electron diffraction pattern taken from the circle in (a)

Photo. 1.

induced into lath martensitic structure.
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TEM microstructure of 60% cold rolled 14Cr-11Ni steel, showing slip bands
Electron beam //[111];...

Photo. 2. TEM microstructure of 90% cold rolled
14Cr-11Ni steel, showing the microstructural

change in lath martensite by the intrusion of slip
bands.
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Fig. 2. Relation between martensite content and

annealing temperature in previously cold rolled
14Cr-11Ni steel.
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(a) 60% cold rolled : Showing deforamtion induced martensite
(b) 923 K-10s annealed : Showing reversed austenite

Photo. 3. Optical microstructures of the same
area of 14Cr-11Ni steel before and after reversion
treatment.
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Fig. 3. Effect of pre-cold working on 0.2% proof

stress of the austenite reserved from lath
martensite in 14Cr-11Ni steel.
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) (a) Austenite laths (b) Austenite blocks
Photo. 4. TEM microstructures of
reversed from deformation induced lath martensite
in 14Cr-11Ni steel annealed at 923K for 10s
after 60% cold rolling.
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(a) 10 ks annealed : Showing recovered austenite blocks
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Photo. 5. TEM microstructures of reversed
austenite blocks in 14Cr-11Ni steel annealed at
923 K after 80% cold rolling.
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(a) 10ks annealed : Showing recoverd austenite blocks
(b) 100 ks annealed : Showing block boundaries retained within
a recrystallized austenite

Photo. 6. TEM microstructures of reversed
austenite blocks in 14Cr-11Ni steel annealed at
923 K after 90% cold rolling.
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\ trace of slip band

Photo. 7. TEM microstructure of traces of slip
bands in reversed austenite in 14Cr-11Ni steel
annealed at 923 K for 10 s after 60% cold rolling.
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1 : Dislocation cell 2 : Subgrain 3 : Recrystallized grain

~ Photo. 8. TEM microstructural change of traces

of slip bands in reversed austenite in 14Cr-11Ni
steel annealed at 923K for 10s after 80% cold
rolling.
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Lath martensite — Reversed austenite — Recovery and recrystallization
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slip bands

Type I : Undamaged block
Fig. 4.

traces of slip bands
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Typell : Damaged block
Schematic illustration of the martensitic shear reversion from lath martensite to austenite
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Typelll : Slip band

and the subsequent refining process of the reversed austenite.
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Photo. 9. TEM microstructure of fine recrystal-
lized grains formed from the reversed austenite in
14Cr-11Ni steel annealed at 923K for 10s after
96% cold rolling.
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