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Analysis of Rate Equation for Spherodization
of Cold Rolled Lamellar Pearlite Structure
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ABSTRACT

The spheroidization of cold rolled lamellar pearlite in annealing at the temperatures bwtween 600 and
700C has been studied by quantitative micrography. It was foud that the spheroidization proceeded as two
stageh. The first stage was the stage of relieving the stored energy by cold work, the second was the stage
of reducing the interface energy between ferrite and cementite. The spheroidization rate combining the
spheroidization rate of each stages is described by the following equation :

d(1/S)/dt = ks D/(]/s){O'V/(l/si + kg exp(—'bt)}

Where, S is the total area of the interface between ferrite and cementite per unit volume, D is the

diffusion coefficient, o is the boundary energy, V is the volume fraction of the cementite, and k;, k, b
are constants.
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Table 1. Composition of the Specimens.

Specimen wt% C wt % Cr
Fe-C 0.86 —
Fe-C-Cr 0.85 0.30
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Photo 1. Microstructure of cold rolled pearlite
{X3,500) .
«a) Fe-C, (b) Fe-C-Cr
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Total Interface Area ,S / mm”

Photo 2. Changes in microstructure of cold
roled Fe-C pearlite during anneal
ing at 600°C (X3, 500)
(a) 0.5hr, (b) 1hr, ({c) 3hr,
(d)6hr, (e) 10hr.
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Photo 3. Changes in microstructure of cold
rolled Fe-C-Cr pearlite during
annealing at 600°C (X3, 500) .
(a) 0.5hr, (b) 3hr, (c) 10hr,
(d) 60hr, (e) 100hr.
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Fig.3. ReAlation between (1/s)® and t in cold
rolled Fe-C pearlite.
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Fig.4. Realation between (1/S)® and t in cold
rolled Fe-C-Cr.
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Fig.5. Realation between (1/S)? and t in cold
rolled Fe-C pearlite.
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Fig.6. Realation between (1/S)? and t in cold
rolled Fe-C-Cr pearlite.
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Fig.7. Arrhenius plot of release constant (b’)

A, @ FF9 olF ¢ A% ZAZeYAE A
#Y QY A, Yoz EuEo] e Aite A
9] of oz FAslojAm vk, e o]F B

el ojshe slete]E ol g Fe el A71d4t
g3 € 700~750Cl A+ 251.4(K]/mol), 9
glo]EZ Crdaty] #H& 775~16987Coll 4l 238.8(K]/
mol)olch, &3 2 dFdA <L QY P& mu, Fe

-Co A% 1200K)/mol), Fe-C-Cre A%
140(KJ/mol) .2, A7) S35 oF 1/20] dlgte s
Acz ol WAz Hgd Aoz Azdc o4
2e e AEe A3k Azkel HE stage LoAAL 3
JEFY ol3E £AHoz e FAUAE sl
JE fo] FAHE 98 FEAoL fo Adsel
£ AAE s Azge, wetd o A5 4
Auzle sfutade (3)Aeg FHso, AT s

7 FAzAY TA3 A& AgH oz shobs
7] 935ted Fe-CA 9 Fe-C-CrA 329 Heole =
AL AR FAY dHeg A =g WYgkadd b A

2 Agsled d43 A3 9§ AFE A5l

D 73" #4249 T8 AL, 27 #YL
TARAE, F7 AL AABAE Jed

) FAY 27)HA4E g o8 25 2ddy
e e 8 Fol, 2z Fr FAHL AAu
A S AaAslee do] FEHLL sof AYHc)

3 FAE deE A% o4 F osAE dEder
BHY 4+ de S48 =33 28, oy 2e 4

£+ A%
d(1/S8)/dt = k; - D/s5{6V/ s + ke - exp(—=bt) }

-
2 o 19894E GEARAG odFule] ola) o
Folz Aoz, olo] A=}

ed

.a..

6. AnZH

1. J.D. Livingston and J . W. Cahn; Acta.



8/713d F424 9 T4 459 H4

Metall., 22 (1974) 495.

. G. Krauss : Principles of Heat Treatment of
Steel, ASM, Metals Park, (1980) 110,

. E.A. Chojnowski and W.J.M. Tegart: Met,
Sci. J., 2 (1968) 14.

. S. Chattopadhyay and C.M. Sellars : Metallo-
graphy, 10 (1977) 89.

. C.S. Smith and L. Guttman: Trans. AIME,
197 (1953) 81.

. E.E. Underwood : Quantitative Stereolgy, Addis-
on-Wesley Publ.Co., (1970) 31.

10.
11.
12.

. 1.G. Gyrne : Recovery,

. J.E. Hilliard : Quantitative Micrscope. ed by R.

T. De Hoff and F.N. Phines, McGrow-Hill
Book Co., N.Y.(1968).

. K. Ishida, M. Ohkubo, M.Y. Wey and T.

Nishigawa : J. Japan Inst. Metals 52 (4),
(1988) 388.

Recrystallization and
Grain Growth, (1965) 46.

ARE eSS A, 27 (1), (1989) 83.
HRIE  BAEREGEH, 3 (1964) 466.
Bolgt: @ e 68 (1982) 1489,



