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Effects of the Prior Deformation on-Dispersion of Carbide Precipitates
during Isothermal Transformation in 12%Cr—0.1%C Steel

Koji TAKANO, Toshihiro TsUCHIYAMA and Setsuo TAKAKI

Synopsis : Effect of prior deformation on the microstructure formed through isothermal transformation was investigated for the purpose of controlling

the dispersion of carbide particles in 12%Cr—0.1%C steel. Prior deformation promoted isothermal transformation and softening of the steels.

In particular, the isothermal transformation above the nose temperature of TTT diagram (1000 K) was found to be very effective for shorten-

ing the treating time and obtaining a soft material which has equiaxed ferritic structure with homogeneously dispersed carbide particles.

However, the behavior of microstructural evolution significantly depends on the prior austenite grain size as well as transformation tempera-

ture. In the case of transformation of coarse-grained austenite (>>40 um), cellular eutectoid structure is formed along austenite grain bound-

aries and this results in the hardening of the material. It was also confirmed that the carbon is enriched into the untransformed austenite dur-

ing isothermal transformation especially in the coarse-grained materials, and this leads to the formation of the cellular eutectoid structure. In

this paper, two ways were proposed for suppressing the formation of cellular eutectoid structure and obtaining homogeneous carbide disper-

sion : One is the refining of austenite grains by the deformation at recrystallization temperature (1213 K) and the other is the promotion of in-

tragranular nucleation of ferrite by the deformation at unrecrystallization temperature (1133 K).

Key words : martensitic stainless steel; deformaiton; isothemal transformaiton; austenite; ferrite; chromium carbide; eutectoid transformation.
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Fig. 1. Experimental methods. (a) Illustration of testing apparatus. (b) Treatment route.
* Extensometer made of quartz, High frequency induction heater, Tension (Speed: 20 mm/s), Predeformation 0, 90% (re-

duction in area) at 1133, 1213K.
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Table 1. Chemical composition of the steel used (mass%).

Mn Cr N

0.11 0.4 0.35 11.8 0.01

T
12%Cr-0.1%C steel

400 N

Without deformation 7
300

200

Vickers hardness;Hv
4

i With prior deformation
100 | by 90% at 1213K g

- Solution treatment;1213K-0.18ks|
Isothermal aging at 1048K
1 1

0 .
10 102 102

time, /s

104 10°

Fig. 2. Changes in hardness at room temperature as a
function of isothermal holding time at 1048K. tg
Transformation finish time.

* With prior deformation by 90% at 1213K, With-
out deformation, Solution treatment; 1213K-0.18
ks, Isothermal aging at 1048K.
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Fig. 3. Time-temperature-transformation diagrams of

12%Cr—0.1%C steel with or without prior defor-
mation by 90% at 1213K. The curves show the fin-
ishing time for y— o+ Carbide transformation. The
numbers in figure are hardness at room temperature
after the transformation.

* Deformed by 90% at 1213K (open marks), With-
out prior deformation (solid marks).
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of 12%Cr-0.1%C
isothermally transformed at 1048K-10.8ks (a),
948K 3.6 ks(b) without prior deformation after the
solution treatment of 1213K-0.18ks.

* (a) (b) 144 Hv 146 Hv 147Hv 150Hv 160 Hv 178
Hv 180 Hv 200 Hv.

Fig. 4. Optical micrographs steel
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Fig. 5. Microstructural change in 12%Cr—0.1%C steel during isothermal transformation. 0.6ks (a), 1.8ks (b), 3.6 ks (c), 10.8ks
(d) at 1048K without prior deformation after the solution treatment of 1373K-0.6 ks.
*(a) 0.6ks (b) 1.8ks (c) 3.6 ks (d) 10.8 ks Carbide o @ Carbide Eutectoid.
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Fig. 8. Changes in carbon content of untransformed
austenite with different initial o sizes as a function
of holding time at 1048 K.
* 12%Cr—0.1%C steel, Initial y size; 120 um, Ini-
tial y size; 40 ym

Fig. 6. Microstructural change in 12%Cr—0.1%C steel dur-
ing isothermal transformation. 0.18ks (a), 0.6ks
(b), 10.6 ks (c) at 1048 K without prior deformation
after the solution treatment of 1213K-0.18ks.
*(a) 0.18ks (b) 0.6 ks (c) 10.6 ks Carbide o .
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0.05 ] Fig. 9. Microstructural change in 12%Cr—0.1%C steel dur-
ing isothermal transformation. 0.18ks (a) and 3.6
ks (b) at 1048K with prior deformation at 1213K
by 90% after the solution treatment 1373K-0.6 ks.
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Fig. 10. Microstructural change in 12%Cr-0.1%C steel
during isothermal transformation. 0.18 ks (a) and
3.6ks (b) at 1048K with prior deformation at
1133K by 90% after the solution treatment of
1373K-0.6 ks.

*(a) 0.18 ks (b) 3.6 ks, Deformed y c.
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(a)Coarse—grained ¥ | ______ . v boundary
——: a boundary

@ : Carbide

Eutectoid
structure

(b)Fine—grained ¥ ( recrystallized )

Fig. 11. Schematic illustrations showing the microstruc-

ture formed after isothermal transformation (y—
a+carbide) in 12%Cr-0.1%C steels with differ-
ent initial austenitic structures; (a) Coarse-grained
¥, (b) fine-grained y (or recrystallized), (c) de-
formed y.
* Coarse-grained ¥, ¥ grain boundary, a grain
boundary, Carbide, Eutectoid structure, (b) Fine-
grained Y (Recrystallized), (c) Deformed ¥ (unre-
crystallized).
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