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Effect of NbC on Heterogeneous Nucleation and Grain Refinement of
HRB500 Reinforcement during Solidification
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Abstract: Based on the two-dimensional mismatch theory, the relative nucleation phases y-Fe and a-Fe on NbC were
calculated. The precipitation strengthening, fine grain strengthening, cooling control effect, microstructure and
mechanical properties of microalloyed steel containing niobium were studied by means of scanning electron microscope
(SEM) , transmission electron microscope (TEM) , optical microscope (OM) , dynamic thermal simulation
transformation instrument and mechanical properties test. The results show that the effect of a-Fe and NbC
heterogeneous nucleation is better, but the effect of y-Fe and NbC heterogeneous nucleation is not ideal; in the
continuous cooling process, the critical temperature of pearlite transformation is 1.5 °C/s, and the critical temperature
of bainite transformation is 5.0 “C/s; the Nb containing HRB500 can effectively refine the grain size and improve the
mechanical properties of microalloyed steel through appropriate controlled cooling process.
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Table 1 Chemical composition of test steels

w/%
Test steel C Si Mn P S N \Y% Nb Fe
17 0. 240 0.610 1.430 0.029 0.003 0.007 0.072 0 97.609
27 0.250 0. 600 1. 440 0.027 0.013 0. 008 0.061 0.023 97.601
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Fig.1 Process diagram of continuous cooling
transformation of 27 test steel
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Fig.2 Dimension of standardized steel bar sample for

tensile test (size:mm)
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Fig. 3 Parallel time lattice mismatch degree diagram of (100)NbC vs(100) y-Fe ,(100) «-Fe
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Table 2 Lattice mismatch calculation results of NbC and y-Fe

Matching interface (100)NbC//(100)yFe

(110)NbC//(110)y-Fe

(111)NbC//(111)y-Fe

(hkI)NbC [011] [010] [011]
(hkl)y-Fe [010] [011] [001]
dyye/nm 0.3195 0.4519 0.3195
d,./nm 0.3681 0.5206 0.368 1
a/(°) 0
o/% 13. 20

0.3195 0.5535 0.736 2
0.5206 0.9017 0.736 2

[110] [112] [001] [110] [211] [101]

[110] [112] [001] [110] [211] [101]

0.3195 0.5535 0.319 5

0.5206 0.9017 0.5206
0 0

38.62 38.62
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Table 3 Lattice mismatch calculation results of NbC and a-Fe

Matching interface (100)NbC//(100)aFe

(110)NbC//(110)aFe (111)NbC//(111D)aFe

(hkI)NbC [011] [010] [011]
(hkl)oFe [010] [011] [001]
dyy/nm 0.3195 0.4519 0.3195
d,./nm 0.2863 0.4049 0.2863
a/(°) 0
6/ % 11.59

[110] [112] [001] [110] [211] [101]

[110] [112] [001] [110] [211] [101]

0.3195 0.5535 0.7362 0.3195 0.5535 0.3195

0.4049 0.9918 0.8098 0.4049 0.9918 0.4049
0 0

36.50 28.78
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Fig.4 CCT curves of 2 test steel
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Fig. 5 Micro morphology of 2 test steel at different cooling rates
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Fig. 7 Ferrite grain size of test steels
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Table 4 Mechanical properties of test steels

Test steel /,/MPa f,/MPa 1, A/%
1" 500 650 1.30 25.0
2" 550 720 1.31 24.3

.(311)
.(062)

(b) Electron diffraction patterns

Note: f,—Yield strength; f—Tensile strength; A—Elongation
after fracture.
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Fig.8 Tensile stress-strain curves of test steels

Fe

Nb

N | B

0 5 10 15 20
Energy/keV

(c) EDS

B9 2rE b i ¥ 1 TEM . SADP (EDS 4}t
Fig.9 TEM, SADP and EDS analysis of 27 test steel precipitate
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