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Effect of Large-strain Warm Deformation Prior to Austenitization on ¥ Grain Size in 0.3%C—9%Ni Steel

Tomoyuki YOKOTA, Tetsuo SHIRAGA, Kaoru SATO and Masakazu NIIKURA

Synopsis : ¥ grain size refinement is one of the most important factors for microstructural control in heat treatment. Cold or warm deformation prior to

austenitization is known to have a beneficial effect on 7y grain size reduction, and in this paper, the effect of large-strain deformation at a tem-

perature range just below Acl transformation temperature on ¥ grain size after austenitization was studied using 0.3%C—-9%N.i steel. Cylin-

drical specimens were deformed up to 70% in a single pass by compression using laboratory deformation simulator. Increase in reduction
ratio up to 50% continuously refined y grain size down to 2 um after subsequent reheating to austenitization temperature: 700°C. Drastic
change in a—Y transformation behavior was found for the reduction above 70%. Spontaneous reverse transformation was induced by such a

large strain deformation even without subsequent reheating. It was revealed by TEM observation that y grain size of the specimen was re-
markably refined down to around 0.5 um. Adiabatic heating due to deformation likely contributes to such a spontaneous transformation.
Transformation mechanism for the spontaneous transformation was discussed.
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Table 1. Chemical composition of steel used (mass %).

[C [ si [Mn [ P [ S [SaAl] N [ Ni | Ti | B |
{030 [ 025 | 085 | 0.007 | 0.008 | 0.026 | 00027 | 9.17 [ 0.02 | 0.0016 |
700°C
for 10s

£ =10/s
£ =0,15,50,70%

550C
for Smin

Fig. 1. Thermomechanical treatment pattern (heating rate
and cooling rate are all 30°C/s).
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Fig. 2. Microstructure of as deformed (top of the figure) and subsequently reheated specimens (bottom of the figure).
(@), (e): 0% (b), (D): 15% (c), (): 50% (d), (h): 70%
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Fig. 3. Effect of reduction ratio on reversed ¥ grain size

after reheat treatment. Fig. 5. Thin foil TEM images of as 50% deformed speci-
men.
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Fig. 4. Effect of reduction ratio on hardness of as de-
formed and reheated specimens.

Fig. 6. In-lens SEM image (secondary electron image) of
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Fig. 7. Thin foil TEM images of as 70% deformed speci-
men.
(a) Bright field image (b) Dark field image
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Fig. 8. Effect of reduction ratio on retained y fraction of as

deformed and reheated specimens.
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Fig. 9. Schematic illustration of spontaneous reverse trans-
formation in 0.3%C-9%Ni steel.
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