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Pearlite Transformation in High Carbon Steels Deformed in Metastable Austenite Region

Yoshihivo Darron, Kenji Amara and Taiji Nisaizawa

Synopsis : The effect of deformation in the metastable austenite region on the subsequent transformation in high carbon steels

(0.70~1.09%C) at 948~848K has been investigated.

The size of pearlite colonies is reduced 14 to 7um in diameter depending upon the degree of deformation from 0 to
60% in the reduction of height of a cylindrical specimen. The deformation induces also the formation of proeutectoid
phases{a@ or ) in off-eutectoid steels, and the proeutectoid @ was detected in, for instance, 0.92 mass%C steel
transformed at 898K. This result reveals that the eutectoid composition at 898K is higher than 0.92 mass%C.
The eutectoid point below A, temperature has been calculated from the balance equation, f«* AG* =1, AG’, where
AG®, AG? are the driving force for & and 6 per mole, and fe, fo are the mole fractions of @ and 8 in-the pearlite. The
results of the calculation are in good agreement with the experimental data, exhibiting the eutectoid composition at
lower temperature is fairly higher than that of the equilibrium diagram (0.8mass%C).
Key words : high carbon steel ; thermo-mechanical treatment ; metastable austenite ; phase transformation ; pearlite ; proeutectoid

; Gibbs energy ; driving force ; eutectoid point.
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Table 1. Chemical composition of steels (mass%) .

Steel C S i Mn P S Cr | Al N
A 0.70 | 0.26 | 0.46 | 0.010 | 0.009 | 0.21 | 0.014 | 0.0025
B 0.81 } 0.25 | 0.45 | 0.012 | 0.012 | 0.21 | 0.018 | 0.0028
C 0.92 | 0.25 | 0.45 | 0.012 | 0.011 | 0.21 | 0.014 | 0.0025
D 1.03 | 0.25 | 0.44 | 0.011 | 0.011 | 0.21 | 0.016 | 0.0029
E 1.09 | 0.25 | 0.45 | 0.012 | 0.011 | 0.21 | 0.015 | 0.0022
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Fig. 1. Schematic diagrams of thermo-mechanical treatment ; (a)changing the reduction ratio,and (b) changing

transformation temperature.
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Fig. 2. Effect of deformation in metastable aus-
tenite region on pearlite colony size.
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Fig. 3. SEM micrographs of steel B(0.81%C) deformed
at 948K and transformed at 923K. Arrows
indicate proeutectoid ferrites.
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Fig. 4. SEM micrographs of steel A, B, C,D and E
deformed 60% at 948K and transformed at
898K. Arrows indicate proeutectoid ferrites.
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(a)Transformed at 948K
{b)Transformed at 923K
(c)Transformed at 898K
(d) Transformed at 873K
(e)Transformed at 848K

Fig. 5. SEM micrographs of steel C(0.92%C) defor-
med 60% at 948K and transformed at 948

~848K. Arrows indicate proeutectoid
cementite in (a), and proeutectoid ferrites
in (b) ~ (e).
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Fig. 6. Effect of carbon content and transformation
temperature on microstructure in high car-
bon steels; « : ferrite, 6 : cementite, P : pearlite.
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Fig. 7. SEM micrographs of steel C(0.92%C)
deformed 60% at 948K, transformed 5 sec-
onds at 898K and quenched. Arrows indicate
proeutectoid ferrites.
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phases in pearlite formation.
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Fig. 11. Promotion of Pearlite formation and pro-
eutectoid separation due to the increase of
nuclei by ten times, estimated from equa-
tions (7) and (8).
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