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Control of Nitrogen in Ultra-Low Carbon Enamel Steel and
Its Effect on Inclusions

Sui Yafei,Zhang Liqin,Zhou Junjun and Liu Peng
(Technology Center,Hunan Valin Lianyuan Iron and Steel Co. ,Lid. ,Loudi 417000)

Abstract The law of increasing nitrogen by RH withdrawing pump and the effect of nitrogen content on inclusions in
ultra-low carbon enamel steel are studied. The results show that the time of increasing nitrogen by RH withdrawing pump <
25 min, the relationship between the time of withdrawing pump and the nitrogen content in steel is basically in accordance
with a quadratic formula y = —0.226 x* +9.429 x +31.21. The inclusions in enamel steel are mainly the second phase
precipitates containing Ti and a small amount of Al,O, particles. The main composition of small inclusions is TixS, and that
of large inclusions is TiN. The nitrogen content of conventional enamel steel is 0. 003 8% , and the nitrogen content of two
nitrogen increased enamel steel is 0. 010 8% and 0.012 7% . The total inclusions in the corresponding steel are 355. 61,
545. 74 and 558. 77 pm’/mm’ respectively. The number of inclusions in each size range in conventional enamel steel is the
least. Considering hydrogen storage property and RH nitrogen increasing time of enamel steel , the nitrogen content in steel

is suitably controlled around 0. 01% .
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Fig.1 Smelting process of ultra-low carbon enamel steel
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Table 1 Tundish liquid steel composition of ultra-low car-
bon enamel steel / %

C Si Mn P S Alt Ti N
0.0025 0.015 0.20 0.015 0.03 0,04 0.10 0.004
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Table 2 Different RH refining modes and their key opera-
tions
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Fig.2 Variation of nitrogen content in steel with increasing ni-
trogen RH refining mode
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Fig.3 Relation between RH increasing nitrogen time and niiro-
gen content in steel
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Table 3 Composition of molten steel in tundish of different
enamel steels /%

i C Si Mn P S Alt Ti N

1* 0.026 0.0037 0.17 0.011 0.030 0.039 0.11 0.0038
2% 0.0025 0.0081 0.18 0.010 0.030 0.045 0.11 0.0108
3% 0.0023 0.0072 0.17 0.010 0.034 0.037 0.11 0.0127
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Fig.4 Morphology of typical inclusions in enamel steel
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Table 4 Atomic percentage of elements in typical inclu-
sions in ename! steel / %

R/E EE N 0 Al S Ti Fe
. 1 - 20.67 3.28 36.22 32.35 5.66
2 - 64.74 34.78 - - 0.48
1 - 51.25 47.31 - - 1.43
b 2 23.67 - 1.75 6.85 64.53 3.20
3 - 50.44 43.15 - 4,95 1.44
1 - - - 46.16 46.92 6.77
c 2 18.33 - - 27.60 46.94 7.04
3 58.92 - - - 40.14 0.93
d 1 - - - 26.92 24.19 48.90
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Fig. 5 Composition distribution of second phase precipitates
containing titanium in steel
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Fig.6 Distribution of numbers of various size inclusions in en-
amel steel with different nitrogen content
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Fig. 7 Nitrogen content and total inclusions of each heat
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