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Abstract The mechanical properties and precipitation behavior of boron in the TMCP treated 0.07%C-0.014%Ti-0.
015%Nb-0.005%B steel (Steel A) and 0.03%C-0.06% Ta-0.002%B steel (Steel B) were investigated. Compared with
those of Ti-Nb-B steel, the Ta-B steel showed higher tensile strength with much lower impact absorption energy.
The higher strength of the Ta-B steel might be because the precipitation hardening effect of Ta in the Ta-B steel.
Hardening effect of Ta was stronger than that of Ti and Nb in the Ti- Nb-B steel. Fracture tended to occur in a
transgranular fracture mode in the Ta-B steel, while in an intergranular fracture mode in the Ti- Nb-B steel. On the
other hand impact absorption energy of Ti- Nb- B steel is higher than that of Ta-B steel. Boron segregated along grain
boundaries in equilibrium or non-equilibrium leading to the precipitation of meta-stable borides with a continuous
film shape since continuous cooling was chosen in the TMCP. The crystal structure of the precipitate seemed to de-
pend upon the cooling rate in the TMCP. The structure of the precipitate was amorphous in the Ti-Nb-B steel with a
high boron concentration. On the other hand, borides were not found in the Ta- B steel, which implies that precipitation
of boron strongly depends upon the concentration of boron in the steel.
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Table 1. Chemical compositions of the tested steels (wt%)
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C Si Mn Cr Ni Mo Cu Ti Ta Nb B
Steel
A 0.070 0.110 0.028 0.003 0.001 0.002 0.001 0.014 0.000 0.015 0.005
Steel
B 0.030 0.010 0.120 0.010 0.010 0.002 0.000 0.005 0.060 0.000 0.002
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Fig. 1. Cross-sectional optical micrographs of (a) Steel A and
(b) Steel B
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Fig. 2. SEM fractographs of Impact-tested steels : (a) Steel A

and (b) Steel B.
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Table 2. Mechanical properties of the steels

YS UTS Hardness | Absorbed
(MPa) {MPa) (HV) energy(])
Stzel 4233 4745 176 39.68
Stéel 51994 | 596.72 240 19.67
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Fig. 3. DT A analysis results of (a) Steel A and (b) Steel B.
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Fig. 4. TEM micrographs of Steel A : (a) the morphology of the
precipitates and (b) diffraction pattern.
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Fig. 5. TEM micrographs of Steel A : {a) the morphology, (b)
diffraction pattern, and (c) indexing of diffraction.

Fig. 6. TEM micrographs of Steel B : (a) the morphology of a
precipitate and (b) ring pattern.
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Fig. 7. TEM micrographs of Steel B : (a) the morphology of the
precipitates and (b) EDX results.

Fig. 8. An optical micrograph of the quenched Steel A (900°C—
RT).
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Fig. 9. (a) SEM and (b) AES spectra of Steel A.
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Fig. 10. (a) SEM and (b) AES spectra of Steel B.
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