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Transformation to Pearlite from Work-hardened Austenite
Minoru UMEMOTO, Hideyuki OHTSUKA, and Imao TAMURA
Synopsis :

The effects of austenite deformation conducted below the recrystallization temperature on the subse—
quent isothermal transformation to pearlite in an eutectoid steel (SKD 6, H11) were quantitatively studied.
The plastic deformation in the austenite condition led to marked acceleration of austenite-pearlite trans—
formation. This acceleration was found to be mostly caused by the increase in the nucleation rate but
not by the increase in the growth rate.

The increase in the nucleation rate per unit volume of specimen was attributed (1) to the increase in
the austenite grain area by the elongation of grains, (2) to the increase in the nucleation rate per se per unit
area of grain surface, and (3) to the formation of additional nucleation sites such as annealing twin bound-
aries, deformation bands, etc. In this study, the nucleation rate on the grain boundary surface was esti—
mated to be increased about 27 times larger by 309, rolling. The average pearlite fraction nucleated

within the grains was found to be 25% of the total transformed fraction.
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Table 1. Chemical composition of SKD 6 (wt%).

C Si  Mn P S Ni Cr Mo V Cu Fe

0.35 0.89 0.43 0.013 0.007 0.006 5.50 1.20 0.52 0.03 bal
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Fig. 1. TTT diagram of SKD6 for pearlite
fraction of 0.1, 0.5 and 0.9.
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Fig. 2. Patterns of heat treatments.
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(b) 30% rolled, 8min,
(f) 30% rolled, 30 min,

(a) not rolled, 8min,
(e) not rolled, 30 min,

(c¢) not rolled, 20 min,
(g) not rolled, 60 min,
Pictures were taken from the section (a) shown in Fig. 3.

(d) 30% rolled, 20 min,
(h) 30% rolled, 60 min.

Photo. 1. Optical micrographs showing the progress of transformation to pearlite at 715°C.
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Photo. 2. Optical micrograph taken from the
deformed specimen showing small pearlite nodules
nucleated on the austenite grain boundaries in the
early stage of transformation. Specimen was held
for 10 min at 715°C after 30% rolling. Pictures
were taken from the section (a) shown in Fig. 3.
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(a) nucleation at grain boundaries,
deformation bands,
Pictures were taken from the section (a) shown in Fig. 3.

(b) nucleation on annealing twin boundaries,
(d) nucleation inside the grains.

(c) nucleation on

Photo. 3. Optical micrographs showing the various types of nucleation sites observed in the

deformed specimen.
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Photo. 4. Optical micrographs showing that the
effect of rolling direction on the appearance of
pearlite nodules in the deformed specimens is
small. (a), and (b) and (c) correspond to the
sections (a), (b) and (c) shown in Fig. 3,
respectively.
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Rolling Direction

Fig. 3. The three sections of the rolled specimen
(a), (b) and (c) with respect to the rolling di-
rection.
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Fig. 4. Observed maximum radii of pearlite no-
dule as a function of holding time at 715°C.

O : non-deformed specimens, X : deformed
specimens.
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Table 2. The values of I, D, X and G used in
the calculation of I, 3, in both non-deformed and
deformed specimen.

not
rolled rolled

(min) 60 30
(#m) 68.0 71.0
(gm) 76.0  80.0
0.187 0.284
(#m-min~) 0.31 0.31
g.v (mm~2.min=3) 20.3 543

Transformed at 715°C for
Average linear intercept length
Nominal diameter

Fraction transformed

Growth rate

Nucleation rate
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