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Effects of Continuous Annealing Parameters on Microstructures
in a Cold-Rolled High Strength Steel

Woo Chang Jeong'
School of Mechanical and Automotive Engineering, Catholic University of Daegu, Gyeongsan 712-702, Korea

Abstract The effect of the annealing parameters on microstructures were examined in a cold-rolled high
strength steel containing 0.1% C, 0.5% Si, 1.5% Mn, and 0.04% Nb. It was impossible to avoid martensite in the
microstructure even though the continuous annealing parameters were controlled. This indicates that the alloying
elements such as silicon and manganese contributing to manganese equivalent (Mn,,) should be reduced to pro-
duce the ferrite-pearlite microstructure for the solid solution and precipitation hardened steel. It was found that a
decrease in the rapid cooling temperature to 520°C was effective to change the microstructure from ferrite-mar-
tensite to ferrite-pearlite-martensite. Typical dual-phase properties exhibiting a low yield ratio and a continuous
yielding behavior were obtained when the rapid cooling temperature was in the range of 680°C to 600°C. The crit-
ical volume fraction of martensite for the typical properties of dual-phase steel was about 11 percent.
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Key words: Cold-rolled sheet steel, High strength steel, Dual- phase steel, Precipitation hardened steel, Solid-
solution hardened steel, Ferrite-martensite structure
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Table 1. Chemical compositions of steel (wt.%)
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Fig. 1. Schematic representation of the annealing cycles.
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Fig. 2. Effect of annealing temperature on mechanical
properties of a continuously annealed steel sheet. Rapid
cooling temperature : 680°C.
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Fig. 3. Optical micrographs showing the effect of annealing temperature on the microstructure. (a) and (b) 760°C, (c)
and (d) 800°C, (e) and (f) 840°C, (g) and (h) 880°C, and (i) and (j) 920°C. Rapid cooling temperature : 680°C.
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Table 2. Critical cooling rate for the typical properties of dual-phase steel and calculated Mn equivalent

Calculated Mn,, Critical Cooling Rate (CR),

Reference No. Mn,, (wt.%) (WE.%) q C/sec)
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Fig. 4. Optical micrographs showing the effect of annealing temperature on the microstructure. (a) and (b) 760°C, (c)
and (d) 800°C, (e) and () 840°C, (g) and (h) 880°C, and (i) and (j) 920°C. Rapid cooling temperature : 600°C.
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Fig. 5. Optical micrographs showing the effect of annealing temperature on the microstructure. (a) and (b) 760°C, (c)
and (d) 800°C, (e) and (f) 840°C, (g) and (h) 880°C, and (i) and (j) 920°C. Rapid cooling temperature : 520°C.
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Fig. 6. Dependence of martensite volume fraction on
annealing temperature and rapid cooling temperature.
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