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Precipitation Behavior of Inclusions in 253MA Steel with
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Abstract; A coupled thermodynamic model of inclusion precipitation and solute elements
microsegregation during solidification of 253MA steel was established on the base of the reaction
equilibrium principle of multiphase and polycomponent, and the redistribution theory of solute
elements in the interface of liquid and solid during solidification. The accuracy of this model was
validated through the commercial test and scanning electron microscope ( SEM) analysis of
inclusions formed in the samples. Under the rated condition, the inclusions in 253MA steel are
mainly Ce,0O,, Ce,0,S, Ce,S,, CeS, CeN, SiO, and MnS. And the precipitation principles of
these inclusions are obtained by this model. When oxygen content in 253MA steel is higher
0.006% , Ce,O, can precipitate if the ratio [% O] / [% S] is greater than 1. When oxygen
content is lower than 0. 006% , Ce,O, can precipitate if the ratio is greater than 2. When the
oxygen content is lower than 0. 004 6% , Ce,S, precipitates and CeN disappears if [% O] +[% S]
>0.009; CeS exists in steel when [% O]/[% S] <1 and transfers to Ce,S, with the increase of
the sulfur content. When the oxygen content is higher than 0. 004 6% , CeN can precipitate if
2[% O] +[% S] <0.014.
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Fig. 1 The flow chart of this model
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Table 1 The Chinese standard compositions of 253MA
steel( mass fraction) %

C Si Mn S P

0.05~0.1 1.4~2 <0.8 <0.03 <0.04
N Ni Cr Ce
0.14 ~0.2 10 ~12 20 ~22 0.03 ~0.08
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Fig. 2 The SEM images and energy spectrum analysis

of inclusions in 253 MA steel
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Fig. 3 The inclusions in 253 MA steel calculated by this
model
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Fig. 4 Effect of steel cleanliness on Ce,0,,Ce,0,S,Ce,S,

(a)—Ce,0;,; (b)—Ce,0,S; (c)—Ce,S,.
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