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Modelling of NbC Precipitation Kinetics in Hot Deformed Austenite on
Nb Bearing Low Carbon Steels

Satoshi AKAMATSU, Yoshikazu MATSUMURA, Takehide SENUMA,
Hiroshi YADA and Shinji ISHIKAWA

Synopsis :

In order to predict microstructure and mechanical properties in hot rolled HSLA steels, a precipitation
model of NbC in austenite was developed. The effects of Nb content, prior austenite grain size and condi-
tion of deformation on the precipitation kinetics were quantitatively determined by extraction replica.

The modelling was basically constructed with the classical nucleation and growth theory, and the pre-
cipitation fraction was estimated from the supersaturation of Nb in solution. As effects of deformation on
precipitation, a strain energy term was added to the driving force of nucleation. The increase in nucleation
sites and the enhancement of diffusibity of Nb were expressed as functions of the dislocation density.

The experimental results concerning the accelaration of precipitation due to strain and the interaction be-
tween recrystallization and precipitation were quantitatively explained by the present model.

Key words : modelling ; precipitation ; kinetics ; nucleation ; growth ; hot deformation ; Nb bearing steel ; high

strength low alloy steel.
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Fig. 2. Effect of the austenite grain size on the
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Fig. 3. Time-Temperature-Precipitation diagram
of NbC in undeformed austenite. The numbers in
the figure mean the fraction precipitated, f.
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Fig. 4. Effect of the strain on the particle size in
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Fig. 5. Effect of the strain rate on the precipita-
tion in the B2 steel.
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Photo. 2. Extraction replicas showing precipitates in deformed austenite
held at the deformation temperature for 1 000 s.
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Fig. 6. Effect of the deformation on the precipita-
tion kinetics in T-T-P diagrams.
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Fig. 7. The factors considered at each stage of
the experimental procedure.
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Fig. 9. Evolution of mean diameter of NbC parti-
cles, dypc, and Nb in solution, xy, on T-T-P dia-
gram calculated for undeformed 0.05C-0.027Nb
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Fig. 10. Calculation results of precipitation ki-

netics of NbC in deformed austenite compared with

experimental results. Conditions used for the

calculation ; 0.05C-0.041Nb steel, strain rate : 10
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Fig. 11. Effect of strain on precipitation kinetics
calculated. Conditions used for the calculation are
same as Fig. 10.
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