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Grain Refinement of High Strength Low Alloy TRIP-aided Ferrous Steels by Thermomechanical Processing in a+y Region

Koh-ichi SUGIMOTO, Akira HAYAKAWA, Tomohiko Hojo, Shun-ichi HASHIMOTO and Shushi IKEDA

Synopsis : The effects of thermomechanical processing in an a+7 region on microstructure and retained austenite characteristics were investigated to

enhance the workability limit of a newly developed high strength low alloy TRIP-aided ferrous steel. Ultra fine polygonal ferrite grains of 1

to 2 ym in diameter were formed inside prior martensite lath structure with interlath retained austenite plates or needles when the steels with
martensite single phase were subjected to 30-50% reduction at intercritical annealing temperatures between 760 and 800°C, followed by
austempering at 375-425°C for 100s. It was confirmed by EBSP analysis that some of the ultra fine polygonal ferrite grains possessed a

large difference in orientation from neighboring grains. Under the same conditions, volume fraction of retained austenite was significantly in-

creased with a small decrease in its carbon concentration, compared to the steel subjected to only heat treatment. The refining of polygonal

ferrite grain was principally caused by interlath austenite plates or needles suppressing the grain growth of polygonal ferrite recrystallized

just after intercritical reduction.

Key words : thermomechanical processing; high strength steel; TRIP-aided steel; microstructure; retained austenite; ultra fine grain; annealed martensite.
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Table 1. Chemical composition (mass%) of steel used.

C Si  Mn P S Al N o)
0.20 150 150 0015 00012 0041 0.0010 0.0027
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Fig. 1. Schematic diagram of thermomechanical process-
ing.
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Fig. 2. Variations in (a) initial volume fraction (fy0)> (b)
carbon concentration (Cy) and (c) total carbon
concentration (f,,XC,,) of retained austenite as a
function of infercritical annealing temperature
(Ty1y) in M steel, in which fand f,, represent vol-
ume fractions of second phase and fresh marten-
site, respectively. (R=50%, T,=400°C, ¢,=100s)
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Fig. 3. Variations in (a) initial volume fraction (fy0)> (B)
carbon concentration (C, v0) and (c) total "carbon
concentration (f,,XC,,) Of retained austenite as a
function of reduction fatio (R) in M steel, in which
f and f,, represent volume fractions of second
phase and fresh martensite, respectively. (T P
780°C, T,=400°C, t,=100 s)
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Fig. 4. Scanning electron micrographs of M steels intercriticaly annealed at (a) T,,,=760°C, (b) 780°C or (c) 820°C, followed by
reduction of R=50% and austempering under 7,=400°C for t,=100s.

R

R=50%

Fig. 5. Scanning and transmission electron micrographs of M steels worked at reduction ratio of (a), (d) R=0%, (b), (¢) R=30%
and (c), (f) R=50% at T,.,=780°C, followed by austempering at T,=400°C for £,=100s. “y;”, “0t," and “a,;” repre-
sent retained austenite, annealed martensite and polygonal ferrite, respectively.
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Fig. 6. Variations in (a) initial volume fraction (f,,), (b)
carbon concentration (Cy) and (c) total "carbon
concentration ( f, 70X Cyp) Of retained austenite with
austempermg temperature (T,)) in M and FP steels.

T,,,=780°C, R=50%, t,=100s (M steel) or
1000's (FP steel)).
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Fig. 7. Variations in (a) initial volume fraction (_ fro)s (b)

carbon concentration (C,,) and (c) total ‘carbon
concentration (f,qXC,) of retained austenite w1th
austempering tlme (tA{ in M and FP steels. (7.
780°C, R=50%, T,=400°C).
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Fig. 8. Image quality map and inverse pole figure map of bee of M and FP steels subjected to reduction ratio of R=50% at T, , =
780°C, followed by austempering at 7,=350°C, 400°C or 450°C for t,=100s (M steel) or 1000s (FP steel), in which

black region represents retained austenites or carbides.
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Fig. 9. Variation in volume fraction of retained austenite
with heating temperature in (2) M and (b) FP steels
subjected to worked under R=50% at T, =
780°C, followed by austempering at 7,=400°C for
t,=100s (M steel) or 1000 s (FP steel).
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Fig. 10. Illustration of microstructural change occurring in
M steel during intercritical annealing and just
after subsequent reduction.
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