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Kinetic analysis of decarburized microstructure in non-oriented electrical steel
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ABSTRACT Decarburization of non-oriented electrical steel in the two—-phase region is a known method to acquire a columnar ferrite
structure which may effectively ameliorate the microstructure homogeneity of materials. In this paper the growth process of columnar
grains was analyzed from the kinetics point of view. The results show that the columnar structure formation involves two stages: nuclea—
tion and directed growth. Directed growth is a sort of interface migration process caused by both reaction-diffusion and recrystallization
growth and fits a parabolic law. The growth rate and the annealing temperature do not show a monotonic functional relationship but
the growth rate reaches a maximal value when the temperature is 900 °C. At last we get the size constraint condition of columnar nu—
clei on the basis of the derived growth rate formula which may present some significance for guiding the design of relevant decarburiza—
tion parameters in industrial production.
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. . . Table 1 Chemical composition of the experimental steel %
Fe c Si Mn Al N S
0.02% 0.071 1.45 0.57 0.014 0.0028 0.0017
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900 C

. (a) t=4min;(b) t=12min

Fig.2 Optical microstructure of the steel decarburized at 900 °C under rapid heating condition: (a) ¢=4min; (b) ¢=12min
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900 C

. (a) t=9min;(b) t=20min

Fig.3 Optical microstructure of the steel decarburized at 900 °C under slow heating condition: (a) ¢ =9 min; (b) ¢=20min
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Fig.4 Relationship between the square of the axial length of colum—

nar grains and decarburization time
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Fig.5 Equilibrium mass fraction of carbon in ferrite
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Fig. 6 Water-quenched microstructure of the intermediate decarburization process ( a) and schematic illustration of the columnar-grain growth process
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Fig.7 Distribution profiles of carbon concentration at the interface between ferrite and austenite ( a) and schematicillustration of the columnar-grain

thickening process ( b)
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Fig.8 Microstructure of the steel decarburized at 930 C for 20 min

under rapid heating condition
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