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Effect of Steel Composition on Ultra Grain Refinement by Heavy Deformation during Accelerated Cooling

Yoshitaka ADACHI, Toshiro ToOMIDA and Shigeharu HINOTANI

Synopsis :

Recently challenge of further grain refinement has been made, which aims to refine the ferrite grain size down to | um. It has been reported

independently by two differing research groups'? that a heavy deformation after accelerated cooling can successfully produce ultra fine

grains as small as 1 gm in diameter for relatively low cost steels. The aim of present study is to reveal how chemical composition of steels af-

fects the grain refinement by such thermomechanical process. Compression experiments are carried out at various temperatures (down to

530°C) and at various cooling rates (up to SOK/s) before deformation. The interplay between chemical composition of steels and deformation

condition on microstructures is discussed with focussing on CCT diagrams. The process window required for ferrite grain refinement down

to 1 um must satisfy the following conditions; (1) steels with relatively low quench-hardenability, (2) accelerated cooling before deformation,

(3) deformation at deeply supercooled austenite region, (4) heavy deformation.

Key words : grain size: grain refinement; heavy deformation; supercooling; thermomechanical treatment; phase transformation; ferrite.
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Table 1. Chemical composition of used steels (mass%).

Steel C Si Mn P S Cr Al Nb
base steel 0.20 0.01 0.83 | <0.001 { <0.001 0.002
Si steel 0.20 1.99 0.85 | <0.001 { <0.001 <0.001
M steel 0.22 0.01 1.94 | <0.001 | <0.001 0.002
Si+Mn steel | 0.19 1.87 1.94 | <0.001 | <0.001 0.003
Cr steel 0.20 0.02 0.83 | 0.002 | <0.001 | 2.00 |<0.001
Nb steel 0.21 0.01 0.82 | 0.001 | <0.001 0.002 | 0.031
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Fig. 1. Relationship between CCT diagram and microstructures formed from deformed austenite.
(a) base steel (0.2C-0.83Mn), (b) Si steel, (¢) Mn steel, (d) Si+Mn steel, (e) Cr steel, (d) Nb steel
Major phase formed from 70% deformed austenite, O: equiaxed ferrite, []; bainite or martensite, A; elongated mi-

crostructure.
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Fig. 2. A change of ferrite grain size as a function of de-
formation temperature. Ferrite grain size in Nb
steel is smaller than in the base steel at any defor-
mation temperatures.
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Fig. 3. Macrostructure of prequench-hot rolled base steel. Longitudinal section.
(a) longitudinal section corresponding to (a) in (b), (b) transverse section, (c) longitudinal section corresponding to (c) in (b)
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Fig. 4. Close-up views of microstructures in prequench-hot rolled base steel. Longitudinal section.
Portion; (a)—(c) 1/4w, (d)«(f) 1/2w, (a)(d) surface, (b)(e) 1/4h, (c)(f) 1/2h. W and h means width and height, respective-
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Fig. 6. Process window required for strain assisted low
temperature transformation to ferrite.
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