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Effect of Nb Contents on Size of Ferrite Grains

in Ultra-low Carbon Steel for Cans
Bl #i/T NAKAGAWA Yusuke g (FFE
ZH M TADA Masaki

/NS Fidh KOJIMA Katsumi

JFE 2 F—v 2 F— WIS 1 7 32— MAPRIIZEES F(THT
JFE 2 F—v 2 F— VWISEAT  TEARITSEE ATHRSE E(ﬁ%)
JFE 2 F— v 2R F— VHI%EHT i« 7 23— MRS SE

E5

BOGHED 7 4 v aS 22— MM, TR e S TEO8S o, MRk > S8E 72 85 L T
%, RSO EIN LA®RE LT Nb iIBERERSHG NG D5, ) LI 3L TR Y L TilmE:
DAETH B, AWIZETIE, HERD Nb RIS 0 8 72 2 MRk 2 ik A Tc, 2 OFSER, kit v SiHaRE o
BninNs 226855 CE NbEZRH LT,

Abstract:

Soft-tempered and fine-grained steel is preferred for film-laminated steel sheets for drawn cans in view of surface
deterioration resistance and high formability. Although Nb-added ultra-low carbon steel is used for forming application
of cans, the problem of surface deterioration resistance still remains after drawing and ironing. In this study, the

further grain refinement of conventional Nb-added ultra-low carbon steel has been attempted. As a result, carbon and

niobium contents having an excellent balance of grain size and steel plate strength has been found.
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Table 1 Chemical compositions of steel used in experiment
(mass%)

Chemistry (mass%o)
Steel Nb/C
C Mn Al N Nb
Steel A-1 | 0.0019 | 0.13 | 0.054 | 0.0029 | 0.018 1.2
Steel A-2 | 0.0020 | 0.13 | 0.053 | 0.0027 | 0.039 | 2.5
Steel A-3 | 0.0016 | 0.14 | 0.048 | 0.0029 | 0.097 | 7.8
Steel B-1 | 0.0064 | 0.13 | 0.061 | 0.0022 | 0.020 | 0.4
Steel B-2 | 0.0065 | 0.13 | 0.051 | 0.0023 | 0.057 1.1
Steel B-3 | 0.0062 | 0.13 | 0.053 | 0.0021 | 0.097 | 2.0
Steel C-1 | 0.0066 | 0.60 | 0.050 | 0.0023 | 0.020 | 0.4
Steel C-2 | 0.0063 | 0.60 | 0.050 | 0.0029 | 0.058 1.2

Steel C-3 | 0.0063 | 0.61 | 0.051 | 0.0025 | 0.102 2.1
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Photo 1 Cross-section microstructures of hot rolled sheets
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Fig.1 Relationship between Nb addition and grain size of hot
rolled sheet
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Fig. 2 Relationship between Nb addition and amount of Nb
precipitate of hot rolled sheet
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Fig. 3 Relationship between Nb addition and grain size and

HR30T of annealed sheet
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Fig.4 Relationship between Nb addition and amount of Nb
precipitate of hot rolled sheet
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Photo 2 Cross-section microstructures of annealed sheets
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Photo 3 TEM image of Nb precipitates of annealed sheet
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Table 3 Ratio of NbC volume fraction to size in annealed sheet

NbC | r

Steel (ppm) | (nm) f fir
Total Nb | Steel C-1| 155 | 6.9 |1.60x10 *|2.32x10"°
precipitate | Sgeel C-2| 533 | 9.3 [5.51x10 *|5.92x10°°
Increment of |Steel C-1| 122 | 6.9 [1.26x10 *|1.83x10°

Nb precipitate | Stee] C-2| 53 | 9.3 |5.47%x10°|5.89% 10 °

K2 EAREIENR & BEIAROELS Nb 25 KU Nb HriiE  (ppm)
Table 2 Amount of solute Nb and Nb precipitate in hot rolled sheet and annealed sheet (ppm)

Steel Total C | Total N | Total Nb HOt_ rélled sheet An1.1e.aled sheet Incremep tof Nb'precipitate
Nb precipitate | Sol.Nb | Nb precipitate | Sol.Nb in annealing

Steel A-1 19 29 180 95 85 168 12 73
Steel A-2 20 27 390 282 108 301 89 19
Steel B-1 64 22 190 65 125 166 24 101
Steel B-2 65 23 570 474 96 523 47 49
Steel C-1 66 23 200 33 167 155 45 122
Steel C-2 63 29 580 480 100 533 47 53
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