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Effects of cerium and calcium treatment on the
inclusions in NM450 steel
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Abstract: The effects of Ca treatment and Ce treatment on the steel inclusions during the steelmaking
process of Ce-contented NM450 steel were studied. The evolution process of inclusions in steel was
analyzed by Scanning electron microscope-energy dispersive spectrometer ( SEM-EDS ) equipped with
AZtecFeatureautomaticinclusionanalysismoduleand Factsagethermodynamiccalculation. After0.001 5%
Ce treatment, the main inclusions in the molten steel are modified from xCaO-yAlO; into complex in-
clusions such as low melting point xCaO-yAl,0;zCe,0;, CeAlO;+xCa0-yAl,0;, CeAlO;+xCaO-
yALO;+CaS and low melting point xCaO-yAl,0;-zCe,0; +CaS. About 53% of the inclusions in the steel
were removed after Ce treatment for 20 minutes. [Ce] diffuses into xCaO-yAl,O; to form low melting
point xCaO-yAl,0;-zCe,0; inclusions in the molten steel. xCaO - yAl,O, in the molten steel reacts with
[Ce] to produce CeAlO,, which in turn generates CeAlO;+xCaO - yAl,O; inclusions. After the second-
ary Ca treatment, the Ce inclusion species did not change. Although some of the inclusions were con-
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verted into liquid inclusions, the overall number of inclusions increased, and CaS became the dominant

inclusion. It indicates that there is a problem of excessive calcium treatment in the current Ce treatment

combined with double Ca refining treatment processes.

Key words: non-metallic inclusions, Ce treatment, Ca treatment, NM450 steel, inclusion modification
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Fig. 1 Schematic diagram of Ce-Ca treatment and steel liquid sampling timing
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Table 1 Chemical composition of wear-resistant steel %
C Si Mn P Cr Mo Nb Al Ti
0.194 0.255 1.242 0.009 8 0.782 8 0.2825 0.0189 0.050 7 0.0142
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Fig. 2 Statistical diagram of the proportion, number dens-
ity and average size of inclusions in steels
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Fig.3 Morphology and EDS elemental maps of typical inclusions in steels before Ce treatment
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Fig. 4 Morphologies and EDS elemental maps of typical inclusions in steels after Ce treatment
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Fig.5 Morphologies and EDS elemental maps of typical inclusions in steels after secondary Ca treatment
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