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Derivation of a Kinetics Model for Solute Carbon during Rapid-cooling

in Continuous Annealing Process for Low-carbon, Cold-rolled Sheet Steels

Kazuo Kovama, Yukio KURODA, Hiroshi KATOH and Michihiko NAGUMO

Synopsis :

Continuous annealing process for low—carbon, cold-rolled sheet steels generally consists of annealing,
rapid—cooling and over-aging. The rapid—-cooling plays a role of increasing the degree of supersaturation
of solute carbon to accelerate the carbide precipitation during the following over—aging, which brings anti-
aging property on the products. Therefore, it is elementally necessary to formulate the behaviour of so-
lute carbon during the rapid—cooling in order to investigate the carbide precipitation kinetics in the whole

continuous annealing process.

In this paper, a simple differential equation has been derived for this purpose by an assumption that
ferrite grain boundary is an unique site for carbide precipitation.
Numerically calculated results are compared with experiments in which solute carbon of variously heat—

treated materials is measured by the internal friction method.

In the region of slower cooling rate and

smaller grain, the calculated results well explain the experimental results involving the effect of grain size.
In the opposite region, however, the experimental data on solute carbon are much less than the calculated.
This can be understood the generation of carbon complex during the measurement of internal friction from

the additional experiments.

So, it is concluded that the kinetics model is effective to evaluate solute carbon just after the rapid—

cooling.
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Fig. 1. Schematic view of the grain boundary
precipitation.
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Fig. 2. Numerical result of the variation of the
solute carbon content during rapid cooling from

700°C,
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Fig. 3. Comparison of the solubility of cementite

between the current experiment and the publi-
shed data.
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Fig. 4. Effect of the parameter n2/42-R, on the
solute carbon after rapid cooling from various
temperatures.
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Table 1. Chemical composition and rolling condi-
tions of experimental material.

(Wt%)

C Mn P S Al N

0. 015 0.15 0. 004 0. 003 0. 036 0.0014

Hot rolling : Finishing temp. =910C,
Coiling temp. =700°C
Cold rolling: 4.0 mm—0,8 mm (80% reduction)
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Pre-heat treatment (to vary grain size)

750°c 1h 10h
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40 °C/h

~
Air cooling

Solution and quench treatment

700°C, 10min

Varying from 1 to 2000 °C/s
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Fig. 5. Procedures for the investigation of the
effects of cooling rate and grain size on the so-
lute carbon content.
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Photo. 2. Carbide morphology, precipitated at ferrite grain boundaries after cooling. 'I'he
cooling rates are a) 1°C/s, b) 5°C/s, c¢) 30°C/s, d) 100°C/s, and e) about 2000°C/s.

Materials are pre-annealed at 750°C for 10h.
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Fig. 6. Comparison of the solute carbon content

between the experimental results and the numer-
ically calculated values.
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Fig. 7. Variations of the tensile properties with
cooling rate and grain size.
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cooling rate at temperatures of 25°C and liquid
nitrogen.
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