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Optimal Chemical Composition in Fe-Cr-Ni Alloys for Ultra Grain

Refining by Reversion of Deformation Induced Martensite

Setsuo TAKAKI, Seiji TANIMOTO, Kouki TOMIMURA and Youichi TOKUNAGA

Synopsis :

A thermo-mechanical treatment using reversion from deformation induced martensite to austenite was
suggessted to obtain ultra fine grain structure in metastable austenitic stainless steels. And, in order to
determine steel composition suitable for the thermo-mechanical treatment, influence of Cr and Ni content
on deformation induced transformation from metastable austenite to martensite and successive reversion to
austenite was investigated for low carbon Fe-Cr-Ni ternary alloys by means of magnetic analysis. The
results are as follows :

(1) An amount of martensite induced by 90% cold rolling can be estimated by the Ni equivalent of (Ni+
0.35Cr), where Ni and Cr represent mass% of these elements in the alloy. In case the Ni equivalent of (Ni+
0.35Cr) is smaller than 16.0%, austenite almost transforms to martensite by 90% cold rolling. An amount of
austenite retained in specimens is less than 10 vol%.

(2) In case the Cr equivalent of (Cr—1.2Ni) is smaller than 4.0%, martensite induced by 90% cold rolling
almost reverses to austenite by 873 K-0.6 ks annealing. An amount of martensite retained in specimens is
less than 10 vol%.

(3) On alloys whose Ni equivalent of (Ni+ 0.65Cr) is larger than 19.7%, Ms temperature of reversed
austenite is below the room temperature, if specimens are annealed 0.6 ks at 873 K after 90% cold rolling.

For the Fe-Cr-Ni ternary alloys which satisfy the three conditions of (1)-(3) for composition, therefore,
we can obtain almost single structure of reversed austenite by the above thermo-mechanical treatment.

Key words : austenitic stainless steel ; Ni equivalent ; Cr equivalent ; deformation induced transformation ;
reversion ; martensitic transformation temperature ; thermo-mechanical treatment.
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Table 1. Chemical composition of steels used
(mass %).
Steels Cr Ni
X 14-12 13.89 12.03
% 15-10 15.18 9.97
X 16- 8 16.11 7.66
* 16- 9 16.06 8.75
X 16-10 15.59 9.82
% 17-10 17.49 9.94
15.78 10.04
13.93 10.92
15.07 11.95
15.08 11.02
16.37 11.04
18.43 10.08
12.75 12.01
15.19 9.09
14.28 10.10
11.88 12.87
13.00 10.79
11.39 11.35
12.52 11.59
13.38 11.51
15.91 9.50
15.38 10.36
15.53 11.29
17.38 10.88
Others C<0.005 N<0.005
Si<0.1 Mn<0.1

% : Mainly used steels
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Fig. 1. Thermo-mechanical treatment to obtain
ultra fine grain structure in metastable austenitic
stainless steels.
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Fig. 2. Relation between reduction by cold rolling
and deformation induced martensite content in
14-12 and 16-10 steels.
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Fig. 3. Effect of Ni and Cr content on the amount
of martensite induced by 90% cold rolling in Cr-Ni
stainless steels.
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Fig. 4. Relation between Ni equivalent (Ni +
0.35Cr) and the amount of martensite induced by
90% cold rolling in Cr-Ni stainless steels.
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Fig. 5. Changes in martensite content as a func-
tion of annealing temperature in 15-10, 16-10 and
17-10 steels with 90% cold rolling.
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Fig. 6. Changes in martensite content as a func-
tion of annealing temperature in 16-8, 16-9 and

16-10 steels with 90% cold rolling.
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Fig. 7. Changes in alternating induction voltage
during air cooling from the selected annealing
temperatures. Induction voltage difference from
back ground ; V, corresponds to martensite content
in a specimen.
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Fig. 8. Analysis in martensite content for a 16-8
steel in the figure 6. Showing the difference in re-
version behavior between a 16-10 and a 16-8 steel.
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Fig. 9. Effect of Ni and Cr content on the amount
of martensite in specimens annealed at 873 K for
0.6 ks after 90% cold rolling in Cr-Ni stainless
steels.
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Fig. 10. Effect of Ni and Cr content on the struc-
ture of specimens annealed at 873 K for 0.6 ks
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