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Diffusional Transformation Kinetics from Work-hardened Austenite

Minoru UMEMOTO, Hideyuki OHTSUKA, and Imao TAMURA

Synopsis:

The deformation of austenite below its recrystallization temperarure markedly accelerates the sub-
sequent diffusional transformation. This acceleration is mostly caused by the increase in the nucleation
rate. The increase in the nucleation rate per unit volume of specimen is 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 an-
nealing twin boundaries, deformation bands, etc. Considering these effects, a kinetic equation for the
deformed sepcimens was derived and from this equation, a method to estimate quantitatively the in-
dividual effect of the above three factors on the increase in the transformation rate was developed by
defining the acceleration multiplying factors. Furthermore, the effects of the amout of rolling reduc-
tion and austenite grain size on the individual effect of the three factors on the acceleration of trans-
formation were discussed based on the derived kinetic equation. Finally, as an application of the
developed method, the acceleration multiplying factors for the pearlite transformation in the hot-rolled

SKD 6 steel were calculated as functions of rolling reduction and austenite grain size.
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(b)
after rolling (ellipsoid)

before rolling (sphere)
Fig. 1. The shape change of an austenite grain by
the rolling with reduction p.
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Fig. 2. The ratio of austenite grain surface area
before rolling to that of after as a funcion of rolling
reduction p. :
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(a) (b) (c)

(a) the initial, non-deformed condition.
(b) a deformed condition in which the

grains are elongated only.

(c¢) a deformed condition in which grains
are elongated and the rate of nucleation on
grain boundary is increased.

(d) a deformed condition in which grains
are elongated, the rate of nucleation on gra-
in boundary is increased and deformation

Fig. 3. An early stage of pearlite transformations in 4 different

austenite conditions.
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Fig. 4. Schematic transformation curves. The curves
(a) to (d) correspond to the austenite condition (a)
to (d) in Fig. 3.
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Table 1. The values of I, D, X and G used in the
calculation of I} in both non-deformed and
deformed specimen.

not rolled 30% rolled
Transformed at (min) 60 30
715°C for
Average linear T (pm) 68. 0 71.0
intercept length
Nominal diameter D  (pm) 76.0 80.0
Fraction transformed X 0.187 0. 284
Growth rate G (pm+min™) 0.31 0. 31
Nucleation rate Ig.b. (mm=2-min) 203 543

min~! #RATE Z Lic X oTRD BRI, fos (2 87.2
min THot:. kic Fig. 3(b) KRINDA4— A5 F
1 MREEC 1T 5 502 ZRERSRT fos 12, (8)Riuc X=
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G=0.31 pm-min-1, Iz (p=0) = 20.3 x 10-¢ pm-2.
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EETETREMIFORBEDES
Z Tk SKD6 $leksit s, MTick 3 4~351 b
FRREDRR & 705 3 SORTF IS TE FRE O
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Fig. 6. Estimated variation of fg, S, fa.b., and F
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studied when p=0.3.
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