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Ultrafine Grained Steels
Nobuhiro Tsun

Synopsis : Recent progress in grain refinement of steels was overviewed. After energetic research works since middle 1990’ including big national pro-

jects in Japan, ultrafine grained steels whose mean grain size is smaller than 1 gm have been realized. There are principally two ways to ob-

tain ultrafine grained structure in steels: the ultimate thermomechanical processing using various kinds of phase transformation in steels and

the intense straining using a kind of recovery and recrystallization phenomena. Large amount of plastic strain is the key factor in both case.

Microstructural characteristics and mechanical properties of the ultrafine grained steels were summarized. Future advance and prospect in the

ultrafine grained steels was discussed.

Key words: structural steel; grain size; thermomechanical treatment; severe plastic deformation; phase transformation; recovery; recrystallization; grain

boundary; mechanical properties; physical properties.
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Fig. 1. Hall-Petch relationship between yield stress and
mean grain size in various metallic materials,
which was summarized by Hansen.®
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Fig. 2. Schematic illsutarion showing the principle of ac-
cumulative roll-bonding (ARB) process.
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Fig. 3. TEM microstructures and corresponding SAD patterns of the typical ultra-fine grains in various kinds of ARB processed
materials. Observed from ND. The SAD patterns were taken by the use of an aperture 1.6 um in diameter. (a) 99% Al
(1100) ARB processed by 8 cycles (£=6.4) at 200°C. (b) Al-4.5%Mg (5083) ARB processed by 7 cycles (€=5.6) at
300°C. (c) Al-1.1%Mg—0.4%Si (6061) ARB processed by 6 cycles (¢=4.8) at R.T. (d) Al-4.4%7Zn-1.8%Mg (7N0O1) ARB
processed by 5 cycles (€=4.0) at 250°C and annealed at 200°C for 900 s, (e) IF steel ARB processed by 5 cycles (=4.0)
at 500°C and annealed at 500°C for 600s. () 0.13%C steel (SS400) ARB processed by 5 cycles (e=4.0) at R.T. and an-
nealed at 560°C for 1.8ks.
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2°0<15°

Fig. 4. Orientation imaging map of the ultrafine grained IF steel ARB processed by 5 cycles (equivalent strain of 4.0) at 500°C.
Observed from TD. (a) Image quality (IQ) map. (b) ND color map. (c) RD color map. (d) Boundary misorientation map.
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function of grain size (mean grain intercept
length), assuming that the thickness of the grain
boundary region is 1 nm.
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