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Effect of Austenite Grain Size on the Hardenability of Eutectoid Steel

Minoru UMEMOTO, Nozomi KOMATSUBARA, and Imao TAMURA

Synopsis:

As a first step to obtain a theoretical prediction of hardenability based upon the theories of phase
transformation, the effect of austenite grain size on the hardenability of eutectoid steel is examined.

The effect of austenite grain size on the isothermal pearlite transformation curves were first measured.

The obtained results were analysed according to the Cahn’s theory and the volume fraction of pear-

lite can be expressed as X=1—exp<—1.3l><10‘5>< ) This result indicates that the pearlite

14
d1.16
transformation in the steel in present study procceeds by nucleation and growth and dominant nuclea-
tion site is grain edge. Step quenching experiments indicates that additivity rule is almost holds.

Using these experimental data, the effect of austenite grain size on the ideal critical diameter was

calculated as D; oc d0-22, The relation between the ideal critical diameter and the diameter of the
bar having any amount of martensite at the center is also calculated.
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Fig. 1. Heat treatments. (a) to study the effect
of austenite grain size on pearlite trans—
formation, (b) to study the rule of addi-
tivity by step quenching.
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Fig. 2. TTT diagram of DAC steel showing the
time at which pearlite is first detected
by optical microscope.
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Fig. 3. Effect of the austenitizing temperature
on the austenite grain size.
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Fig. 4. Isothermal reaction curves for specimens
austenitized at four different temperatu-
res.
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Table 2. Summary of the rate laws for different
nucleation mechanisms and for different
nucleation sites.
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Fig. 5. log lnT_l—X— as a function of log ¢. Slope

indicates the time dependence of the iso-
thermal reaction.
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Table 3 The dependences of £, on d for three
different nucleation sites when the iso-
thermal reaction proceeds by nucleation

and growth.
. Nucleation d
Site rate dependence tx
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Edge Ne=1I,L Locd-2 tyoad?/s
Corner N.=I.C Cocd-3 tyoads/4
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Fig. 6. log tx— 71}—10g In —ITIA as a function of log

d. Slope indicstes the dependence of tx ond.
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Fig. 7. Qalculated isothermal reaction curves for
four different austenite grain sizes.
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Photo. 1. Optical micrographs showing the progress of transformation at 715°C.
(a) 50 min, (b) 80 min, (C) 150 min.

Photo. 2. Optical micrographs showing the progress of transformation at 670°C.
(a) 150 min, (b) 300 min, (c) 600 min.
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Fig. 9. Heat treatments of step quenching.
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(a) consume incubation period at 715°C
and then transform at 670°C, (b) con-
sume incubation period at 670°C and
then transform at 715°C.
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Fig. 11. Heat treatments of step quenching. Re-
action temperature is changed after a cer-
tain amount of transformation is complet-
ed. (a) from ‘715 to 670°C, (b) from
670 to 715°C.
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Fig. 12. Comparison of isothermal reaction curve
with regular transformation (dashed line)
and that of step quenched (solid line).
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Table 4. Calculated values of k.
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760 39 5.944x10-7
745 23 4.914x10-s
720 18 1.310x 10-8
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670 42 4.419x10-7
640 115 7.863x10-2
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Fig. 13. Calculated TTT diagram by equation (3)
and (4). Grain diameter d=70.6pm.
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Fig. 14. Flow chart for the calculation of ideal
critical diameter Dj.
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