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ABSTRACT

Microstructure and mechanical properties of Fe-Si-Mn-P high strength steel sheet have been inves-
tigated by controlling the cooling rate. Bainite and ferrite were obtatined by annealing in the ferrite
pluse austenite region, and ferrite and austenite were obtatined after annealing in the fully austenite
region. Ferrite and pearlite were obtained when the cooling rate was controlled from the annealing
temperature above 760°C and bainite showed with increasing cooling rate, however below 760°C fer-
rite and bainite were obtained. Tensile strengths and hardness nearly unchanged with increasing cool-
ing rate after control the cooling rate from the temperature above 760°C, while tensile strengths in-
creased and elongation decreased with increasing cooling rate when the cooling rate was controlled
from the tempeature below 760°C. Without regard to annealing temperature, tensile strength increased
and elongation decreased with increasing cooling rate. Tensile strengths and elongation values heat
treated in the ferrite plus austenite region were higher than those in the fully austenite region. Re-
tained austenite and strength-elongation balance showed the maximum value at 780°C and decreased
with increasing annealing temperature. Strength-elongation balance value was controlled by the re-
tained austenite.
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Table 1. Chemical composition of the specimen.

(wt.%)

C Mn Si P Fe

0.237 1.98 1.45 0.098 bal
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Photo. 1 Optical micrographs obtained after cooling by rate of 50°C /min from various annealing temperature.

a) 760C b) 850°C

c) 950°C
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Photo. 2 Optical micrographs obtained by changing the cooling rate between 950°C and 760°C followed by
fixed cooling rate of 30°C/min.

a) 10°C/min b) 30°C/min
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Photo. 3. Optical micrographs obtained by changing cooling rate belew 760°C after cooling with fixed rate of
30°C/min between 950°C and 760°C.

a) 10C/min b) 30°C/min ¢) 50°C/min

Photo. 4. Optical micrographs obtained by cooling rate of 10~100°C/min after annealing at 950°C

a) 10°C/min b) 30°C/min ¢) 100°C/min
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Photo. 5. Optical micrographs obtained by cooling rate of 10~100°C/min after annealing at 760°C

a) 10°C/min b) 30°C/min
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Fig. 3. Effect of cooling rate on the tensile proper-
ties of Fe-Si-Mn-P steel after annealing at
three temperatures.
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Fig. 4. Effect of annealing temperature on the ten-
sile progerties of Fe-Si-Mn-P steel ob-
tained by cooling rate of 50°C/min after an-
nealing at various temperature.
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Fig. 5. T.SxEL and retained austenite as a function
of annealing temperature obtained by cool-
ing rate of 50°C/min.
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