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Transformation Behavior in Low Carbon 13% Chromium-3% Copper Stainless Steel

Takuya HARA, Ryuji UEMORI and Akihiro MIYASAKA

Synopsis : Martensitic transformation and y—« transformation behavior were investigated in low carbon 13% chromium stainless steels containing 2%

nickel or 3% copper. The main conclusions are as follows: ( 1 ) Hardness of 2% nickel added low carbon 13% chromium steel was indepen-

dent of cooling rate after hot working at large reduction. Structure of the steel was martensitic even after being subjected to such large reduc-

tion of 75%. This result suggests that ferritic transformation was hard to occur under an usual cooling rate because austenite phase was suffi-

ciently stablized by the addition of chromium and nickel. (2 ) Austenite to ferrite transformation occurred only for the low carbon 13%

chromium 3% copper steel without nickel even at the small cooling rate, such as 0.01K/s. This result was mainly attributed to the unstabiliza-

tion of austenite phase which caused by the precipitation of &-Cu. Furthermore; austenite of the steel becomes easy to transform to ferrite due

to heavy hot working. This phenomenon was seemed to be caused by the increase in the area of austenite grain boundary owing to recrystal-

lization. Thus, it was considered that the nucleation of &-Cu at the grain boundaries promoted ferrite formation.

Key words: 13% chromium martensitic stainless steel; hot rolling; transformation; ferrite phase; martensite phase; copper precipitate.
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Table 1. Chemical compositions of tested steels. (mass%)

C Cr Ni Cu N

2NI-A 0.031 12,13 1.94 0.003

2NI-B  0.050 12.06 1.92 0.004

3CU 0.053 1245 051 3.10 0.004
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Quenched without hot-working Cooled at 0.01K/s without
hot-working

2%Ni

3%Cu

Cooled at 0.01K/s after 50%
of hot-working

Cooled at 0.01K/s after 75%
of hot-working

50um

Fig. 1. Optical micrographs of 13% Cr steels cooled from 1273K with different cooling rate. Deformation by 50% and 75% was
performed. at 1273K for (e), (f) and (g), (h), respectively.
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Fig. 2. Effect of cooling rate from 1273K on hardness of
13% Cr steels.

O 0.05%C-3%Cu
O 0.03%C-2%Ni

400

=
g2 |
= 350 o o
=
> O
I [m) O ogo—¢
] K
1273
o .
2 300}
< £=50%
T

250 s ) \
100 10 A 01

1
Coolig rate, K/s

Fig. 3. Effect of cooling rate on hardness of 13% Cr steels
cooled after 50% deformation at 1273K.
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Fig. 4. Effect of cooling rate on hardness of 13% Cr steels

cooled after 75% deformation at 1273K.
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Fig. 7. Transmission electron micrograph of 13%Cr-
3%Cu steel quenched by He gas from 1273K.
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Transmission electron micro-
graphs of 13% Cr-3%Cu steel
kept at 973K, for (a); 1X10%s
and (b), (c); 2X10°s, followed by
the cooling at 90°C/s. The mi-
crostructure (b), (c) are corre-
spondent to the area of martensite
and ferrite in the identical sam-
ple, respectively.

Fig. 8.

Vertical full scale : 402 counts
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Fig. 9. Transmission electron micrographs of 13% Cr—
3%Cu steel.
(a) TEM image and EDX analysis for fine precipi-
tates.
(b) Lattice image of 13%Cr-3%Cu steel containing
ultra fine precipitates.
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i€ C-13%Cr—3%Cu Sl D A HEX% B

Fig. 10. FIM image of 13% Cr-3% Cu steel
cooled at 0.01 K/s from 1273K.
(a) Initial stage.
(b) After field evaporation for ultra fine

precipitates.
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Fig. 11. Ladder diagram of (a) matrix and (b) precipitate

in 13%Cr-3%Cu steel cooled at 0.01K/s from
1273K.
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Fig. 12. Thermodynamic calculation using THERMO-
CALC in 13% Cr—Cu steel.
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(a) y=>a transformation in the case that copper precipitates.

Pl
precipitate copper

b

@

(b) y—>a transformation in the case that copper precipitates.
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Fig. 13. Schematic diagram of (a) y—« transformation
and (b) copper concentration profile around grain
boundary in 13%Cr—Cu steel.
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