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Characterization of Hardenability and Mechanical Properties of
B-Bearing Microalloyed Steels for Cold Forging

H. G Park, N. G. Nam and H. G. Choi

Abstract

Four microalloyed steels containing B were investigated in terms of hardenability, mechanical properties and
microstructure depending upon the cooling rates in order to develop the steel grade for the cold forged fasners. The
alloy with the largest DI value among 4 alloys, which contains 0.12 % C, 1.54 % Mn , 0.65 % Cr, 0.11 %V, 0.040 %Ti
and 0.0033 % B, showed the larest shift to the right hand side in the TTT diagram, implying the wide allowable cooling
rate range subsequent to hot rolling in long bar processing. Mechanical tests indicated that yield strength are dependent
upon the DI value in water quenched specimens but other properties showed almost the same values. In the same grade of
steel, the increase in cooling rates causes the decrease in elongation but the increase in strength, reduction of area and
Charpy impact values. Microstructural examination in steel grade with the larest DI values revealed martensitic
structure in the water quenched state, a mixture of martensite and bainite in the oil quenched, and ferrite + pearlite in the
air cooled and the forced air cooled but the latter showed finer microstructure

Key Words : Microalloyed Steels, Hardenability, Bainitie, TTT Diagram, Cold Forging, Boron Steels,
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Table 1 Chemical composition of 4 microalloyed steels

(wt %)
i C Mn | Cr Al \% Ti B DI(mm
T )
1 0.11 1.5 03 0.02 0.11 0.03 0.003 233
3 5 1 4 2
2 0.1 1.8 0.3 0.02 0.11 0.03 0.003 31.7
2 5 5 3 8 3
3 0.1 1.5 0.6 0.02 0.11 0.04 0.003 35.1
2 4 5 3 ] 3
4 0.1 1.5 0.3 0.02 0.1 0.03 0.003 27.6
2 6 5 1 5 9 5
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Fig. 1 Manufacturing process of microalloyed steels
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Fig. 3 TTT diagram of 4 alloys
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Table 2 Mechanical properties of 4 microalloyed
steels for a variety of cooling rates

g | B4 TS |Y S |EL ROA | ¥4
W3 ) #
=449 xg/mn? | kg/mm? | % % J
1 34 57 35 35 57
34 67 36 28 61 43
frd 119 86 16 65 125
T4 128 91 18 63 108
2 4 78 38 19 31
7 86 55 21 57 45
i 122 88 16 59 106
=3 130 101 17 60 96
3 49 67 40 26 42
K 76 56 24 60 52
s 123 86 18 64 112
13 130 108 16 65 115
4 ) 59 35 37 65
34 81 50 22 60 40
3 122 87 17 64 116
i) 129 97 17 66 121
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