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Effect of Boron Addition on Strain Aging Properties of Ferritic Steels

Taichi ABE and Hidehiro ONODERA

Synopsis : Effect of B addition on strain aging properties of ferritic steels was examined by Fe—B—C alloys by strain aging tests together with computer

simulations. By the addition of B, the strain aging curve of the Fe—C alloy shifted to the longer aging time and the increase in the yield stress,

Ao, decreased at any aging time under the present conditions. The activation energy for the strain aging of the Fe-C alloy was similar to

those previously reported and the activation energy for bulk diffusion of C in a-Fe. By the addition of B, the activation energy became larger

than that of the Fe—C alloy. It suggests that B addition makes C diffusion slower. From the analysis by Yoshinaga’s model, it is found that the

maximum concentration of C directly below the extra half planes decreases and the formation of the C atmosphere is delayed with decreasing

C concentration. These tendencies are the same as those obtained in the strain aging tests. Thus, it is concluded that the amount of interstitial

solute atoms C and N is decreased by B addition. Thermodynamic calculations with Thermo-Calc showed that the C solubility was not af-

fected by the B addition, and that the N solubility was decreased due to the precipitation of BN. From these results, it is concluded that the

effect of B addition on the strain aging characteristics in ferritic steels is explained by the reduction of C diffusion rate and the reduction of

the total amount of solute elements, C and N.
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Table 1. Chemical composition of specimens, at%.

B C N
co | 0.008-0.023  0.004
Bl 0011  0.022:0.026  0.002
B2 0.021 00150026  0.002
B3 0.083  0.009-0.026  0.004

C0-hl 0.007 0.004
[0/ By 3 I— 0.008 0.003

Al<0.008, Mn<0.0003, Si<0.003, 0<0.010
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Table 2. Ao, of alloys aged at 297K, 333K, 373K and
398K.
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Fig. 1. Strain aging curves of specimens aged at (a) 398K, (b) 373K, (c) 333K, and (d) 298K.
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Fig. 2. Effect of B addition on the activation energy for the
strain aging.
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Table 3. Solubility of B, C, and N in a-Fe and mole frac-
tion of equilibrium phases at 1123K calculated by
Thermo-Calc.

Solubility in a-Fe at 1123K, at.% Mole fraction of equilibrium phases
B C N BN Fe,B
co | - 0.023 0.004 0 0
B1 0.009 0.026 9x107 4x10°5 0
B2 0.010 0.026 8x107 4x107° 26x10°°
B3 0.010 0.026 8x107 8x10°° 210x10-5
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Fig. 3. Effect of the diffusion coefficient of C, D, on the
concentration of C directly below the extra half
plane in Fe—100atppmC alloys aged at 373K calcu-
lated by Yoshinaga’s model.
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Fig. 4. (a) The strain aging curves of Fe—C alloys aged at
373K and (b) the concentration of C directly below
the extra half plane calculated by Yoshinaga’s
model.
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