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Process Review of Nitrogen Control and Prediction during
Steelmaking
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Abstract: Improving steel cleanliness is a core strategy for steel enterprises to enhance product competitiveness and ex-
pand into high-end markets. Nitrogen is often regarded as a harmful element in steel, as excessively high levels can signifi-
cantly deteriorate the plasticity, toughness, and durability of steel. Therefore, achieving low nitrogen control in molten
steel is a key method for enhancing cleanliness. This review systematically outlines the thermodynamic and kinetic prin-
ciples of nitrogen control during the steelmaking process and provides an in-depth analysis of key process factors affecting
nitrogen content in steel, including: 1) The "blocking effect" of surface-active elements (O, S) on gas-liquid interface re-
actions and their critical content thresholds (e. g., denitrification nearly stagnates when w [0] > 0.04% or w[S] >
0.06%) ; 2) The denitrification effect of carbon-oxygen (CO) bubbles and how to prolong their effective denitrification du-
ration through process optimization (e. g. , adding foaming agents) ; 3) The chemical nitrogen absorption mechanism of
slags with high nitrogen capacity and the regulation of nitrogen solubility by slag system components (e. g. , CaO/Al>0; ra-
tio, CaF, content) ; 4) The thermodynamic advantages of low nitrogen partial pressure during vacuum treatment and the ki-
netic synergy with argon stirring; 5) The unique nitrogen pickup issue caused by arc ionization in electric arc furnaces and
corresponding mitigation strategies. Based on this, the article summarizes industrial practices in low nitrogen control tech-
nology represented by ShanSteel, Shougang, and TISCO. Furthermore, this review critically examines nitrogen content
prediction models that have emerged in recent years (such as Nam’s dynamic converter model and Wei's time-dependent
thermodynamic model for AOD) , highlighting through comparative analysis the existing limitations of these models in
terms of universality, real-time capability, and adaptability to extreme operating conditions. Finally, the outlook points
out that future low nitrogen steel production should focus on arc process optimization and global intelligent control, with
particular emphasis on the promising new green metallurgical pathway of synergistic carbon and nitrogen removal through
the formation of carbonitrides under the "dual-carbon" strategic background.
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Table 2 First—order and second—order interaction coefficients between different alloying elements and nitrogen
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