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Influence of Nitrogen Content on Hot-Ductility
of Nb and B-added Ultra Low-Carbon Steel for Welded Cans
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Abstract:

The influence of nitrogen (N) content on the hot-ductility of combined niobium (Nb) and boron (B) added ultra low-
carbon steel was investigated with use of the related commercial steel materials. Nb and B added ultra low-carbon
steel in which nitrogen was 0.0048 mass% showed the bottom of ductility around 950°C , which was slightly higher
than the Ars transformation temperature. Reducing N content less than 0.0032 mass% improved the hot-ductility
around the temperature of 950°C .

Both grain boundary ductile fracture and intragranular brittle fracture were observed in the fractured surface of
the tested specimen. MnS, BN and AIN precipitates were observed at the grain boundaries, and the Nb (C, N)
precipitates were observed in the ferrite matrix.

These results suggest that the hot-ductility of combined Nb and B added ultra low-carbon steel is deteriorated by
both the grain boundary ductile fracture dominated by the MnS, BN, AIN precipitates and the transgranular brittle
fracture by the Nb (C, N) precipitates.
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Table 1 Chemical composition of steels used (mass%)

C
0.0016
0.0022
0.0010

Mn
0.31
0.28
0.37

S
0.014
0.013
0.013

sol Al
0.047
0.048
0.044

Nb
0.027
0.026
0.001

B
0.0012
0.0011
0.0013

N
0.0048
0.0032
0.0027
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Fig.1 Schematic diagram of thermo-mechanical testing
condition
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Fig.2 Effect of nitrogen content on the hot-ductility

3 1 OBED SEM & (950°C)
Fig.3 SEM image of fracture surface of Steel 1 (950°C)
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Fig. 4 SEM image of ductile intergranular fracture surface of
Steel 1
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Fig. 5 SEM image and EDX spectrum of precipitates observed
in fracture surface of Steel 1 (Deformation temp.: 950°C)
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Fig. 6 SEM image of fracture surface of Steel 3 (Deformation
temp.: 950°C)
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Fig. 7 SEM image and the EDX spectrum of the precipitates
observed in fracture surface of Steel 3 (Deformation
temp.: 950°C)
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Fig. 8 TEM image and EDX spectrum of precipitates observed
by extraction replica in the Steel 1 (Deformation temp.:
950°C)
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Fig.9 Normalized Nb-K edge XAFS spectra obtained from
(a) NbC reagent,(b) the sample in which 0.012 mass% of
0.027 mass% in Nb content was precipitated as NbC,(c)
the sample in which 0.002 mass% of 0.026 mass% in Nb
content was precipitated as NbC, and (d) the sample
with total Nb in solution
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Fig. 10 Effect of the deformation temperature on the fraction
of B precipitated as BN in the Steel 1, 2 and 3
determined by chemical analyses
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Fig. 11 Effect of the deformation temperature on the fraction
of Al on the fraction of Al precipitated as AlIN in the
Steel 1, 2 and 3 determined by chemical analyses
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Fig. 13 Schematic diagram showing the mechanism dominating
the hot-ductility of Nb and B-added extra low-carbon
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