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Alloy Designing of High Strength Bainite Steels for Hot Forging

Hiromasa TAKADA

Synopsis : Effects of alloying elements on microstructure and mechanical properties in conventional microalloyed bainite forging steels were examined.

Regression equations of carbon equivalent C,, and B, temperature for reheated and continuously cooled bainite steel were obtained. Coeffi-

cients of C,

4. €quation and B, equation were well correlated. When steels were strengthened to the same extent by alloying elements, mi-

crostructures became fine especially by alloying of Cr, Mn, and Mo. Tempering at 473K improved the impact value. It is assumed that tem-

pering at 473K promoted precipitation of supersaturated carbon in bainitic ferrite. Tempering at 573K decreased retained austenite and im-

proved the 0.2% proof stress.

Key words: alloying element; bainite; B, equation; carbon equivalent for tensile strength; forgings; medium carbon steel.
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Table 1. Chemical composition of base steel (mass%).

C Si Mn S Cr \ Al Ti N

0.24 03 1.9 0.05 045 0.135 0.03 0.001 0.012

Table 2. Chemical composition of steels (mass%).

C Si Mn S Cr v Al Ti N
0.11- 0.31- 0.50- 0.20- 0.05- 0-
0.05 0.03 0.012
04 1.26 2.52 1.96 0.25 0.017
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* FHABE (k) ZHEHRIIZEE (Muroran R&D Lab., Nippon Steel Corp., 12 Nakamachi Muroran 050-8550)



Table 3. Chemical composition of 1.0mass% Cr steel

(mass%).

C Si Mn S Cr A Pb Ca N
0.24 0.51 1.78 0.06 1 0.135 0.112 0.0013 | 0.0112
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Fig. 1. Relation between carbon equivalent and tensile

strength for bainite steels.
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Fig. 2. Effect of tempering temperature on the vanadium’s

coefficient of carbon equivalent.
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Fig. 3. Effect of tempering temperature on the molybde-
num’s coefficient of carbon equivalent.
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Fig. 4. Relation between the coefficient of C,, and the co-
efficient of B, temperature for various alloying ele-

ments.
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Fig. 6. Microstructural change of 1.0 mass% Cr steel with tempering temperature.
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Fig. 7. Change in amount of retained austenite with tem-
pering temperature for 1.0 mass% Cr steels.
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Fig. 8. Change in tensile strength and 0.2% proof stress

with tempering temperature for 1.0 mass% Cr steel.
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Fig. 9. Decrease in retained austenite with tensile strain
for 1.0 mass% Cr steel.
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Table 4. Tensile Properties of 1.0 mass% Cr steel.
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Fig. 10. Effect of tempering on the impact value of
1.0mass% Cr steel.
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