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An Application of the System Free Energy Theory to the Ferrite/Pearlite
Transformation in Hypo-eutectoid Steel

Yoshiaki Topa and Toru MIYAZAKI

Synopsis : The kinetics of pearlite transformation in Fe—0.5mass%C steel has theoretically been investigated based on the system free energy theory

proposed by us, by which the kinetics of phase transformation for each phase can be estimated according to its energy priority. The inter-

lameliar spacing of pearlite is precisely predicted by the energy analysis, and the calculated time-temperature—transformation diagrams con-

sist with the experimental ones. It is obvious that the system free energy theory is also effective for analyzing the lamellar structure produced

by, e.g., the pearlite transformation in steel.

Key words : Fe-0.5mass%C; pearlite transformation; interlamellar spacing; TTT-diagram; energy analysis.
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Fig. 1. Transmission electron micrograghs of Fe—0.5-
mass%C alloy transformed at 873K.
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Fig. 2. Experimental changes of the interlamellar spacing
with the transformation temperature. The solid cir-
cles show the results of present study of Fe-
0.5mass%C alloy and the open marks show the re-
sults of the other Fe—C alloys by R. F. Mehl et al.®),
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Fig. 3. Optical micrograghs of Fe—0.5mass%C alloy transformed at 923K for (a)16s, (b)32s, (¢)64 s.
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Fig. 4. The present experimental TTT diagram of Fe—

0.5mass%C alloy. (y+ ) is observed at triangles,

(y+o+pearlite) at circles and (o+pearlite) at

squares. The dashed curve shows the c-curve of the

pearlite transformation start and the close one
~ shows that of the pearlite transformation finish.
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Fig. 5. A schematic drawing of the free energy changing

with phase decomposition and microstructural de-
velopment. The dashed curve is the chemical free
energy of the solid solution, £, the interfacial en-
ergy and E,, the elastic strain energy.
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Table 1. The numerical values used for the calculation.

Interfacial energy density
¥(J/m?) 1.4-0.66x107°T 'V
Atomic weights of Fe and C
M (g/mol) 5512
Mc(g/mol) 129
Density of a phase and 6 phase
2. (kg/m?) 7.9x10° 19
p, (kg/m?) 7.7x10° 19
Frepuency factor of grain boundary
diffusion.
Dy(m?/s) : 2.5X10%
Activation energy of grain boundary
diffusion.
O(kJ/mol) 1.2x10%
Width of the interphase boundary
§(nm) 0.50
800
E
> 600 |
o
&
e 400}
[~}
o
=
@ 200
E
<
[
0 1 i
850 900 950 1000
Temperature, 77K
Fig. 6. The solid curve show the change of the interlamel-

lar spacing with the transformation temperature
calculated by the system free energy theory, and
the dashed curve show one calculated by Zener’s
theory”. The solid circles are the present experi-
mental results.
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Fig. 7. The calculated and experimental TTT diagram of

Fe—0.5mass%C alloy. The bold dashed curve shows
the calculated c-curve of the pearlite transforma-
tion start and the bold close one shows that of the
pearlite transformation finish. The plain ones show
the experimental c-curves.
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