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The Effect of Transformation Latent Heat on the Progress of
Phase Transformation during Continuous Cooling of Steel

Hideyuki OHTSUKA, Minoru UMEMOTO and Imao TAMURA

Synopsis:

A study was undertaken to make clear the effect of latent heat evolution on the cooling transformation
behaviour of steel. A method to estimate the influence of transformation latent heat on a cooling curve was
developed on the basis of the cooling transformation kinetics. The present method was justified by
comparing the cooling curve measured in steel SKS5 (an eutectoid steel containing Ni and Cr) with that
estimated. The effect of latent heat evolution on the critical cooling rate was investigated. It was found
that the effect of latent heat evolution was much larger on the lower critical cooling rate than on the upper
critical cooling rate. Two types of continuous cooling transformation (CCT) diagrams were calculated;
one with the cooling curves influenced by the latent heat evolution, and other with those controlled not to
be influenced (i.e, controlled to be equal to those of transformation free). It was found that the C curves of
the former CCT diagrams were located at higher temperature than the corresponding C curves of the latter,
and this trend was stronger for the C curve of larger fraction transformed.
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Table 1. Chemical composition of SKS5 (wt%,).

C Si Mn P

s Ni Cr Mo Cu

SKS § 0. 80 0.26 0.32 0.004

0.007 1.05 0.37 0.014 0.01
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Fig. 1. Patterns of heat treatments, (a)
to study the isothermal transformation,
(b) to study the continuous cooling trans-
v formation, (c) to study the effect of
11
s cling gs cooling latent heat on the continuous cooling
@ ®) © transformation.
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Fig. 2. Diagrams to explain the relationship be-
tween the isothermal and continuous cooling trans-

formation.
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Fig. 3. The TTT diagram of SKS5 steel?.
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Fig. 4. Comparison of the calculated (solid line)
and observed (open circles) cooling transformation
behavior of pearlite in SKS5 steel?.
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Fig. 5. Cooling curves of SKS5 steel (with trans-
formation) and other alloy (without transforma-
tion) under the same cooling condition.
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Fig. 6. Schematic cooling curves with latent heat
(solid line) and with no latent heat evolved (dot-
dash curve).
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Fig. 7. Comparison of cooling curves. --—-calcu-
lated with transformation taken into account,

observed in SKS5 steel, —-— observed for
specimen without transformation.
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Fig. 8. Calculated fraction transformed and the
rate of transformation for SKS5 steel together
with the calculated cooling curve with latent heat
evolution taken into acount.
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Fig. 9. Variation of transformed fraction as a function of cooling rate for latent heat 4H=0, 10, 20,
and 30 (cal/g) for an imaginary material of the same transformation kinetics with SKS5 steel.
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Fig. 10. The upper (ay) and lower (a;) critical
cooling rate as a function of latent heats for an
imaginary material of the same transformation
kinetics with SKS5 steel.
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Fig. 11. Comparison of two calculated CCT
diagrams. The solid C curves are those with the
influence of latent heat evolution, and the dot-
dash C curves are those without the influence of
latent heat evolution.
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L (T K(T)w . }n:l
X=1 exp[ {fT ,:_F dT
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