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In-situ TEM Observation of Spheroidization Behavior of
Cementite in Medium Carbon Steels

Yutaka KANETSUKI, Keiichi YASUNAGA and Hirotaro MORI

Synopsis : ‘

The spheroidization treatment for medium carbon steels has been usually performed by annealing just
above A; temperature and slow cooling.

In this study, the spheroidization behavior of cementites in the steel was in-siiu observed by ultra-high
voltage electron microscopy, in order to investigate the effect of initial microstructure on the spheroidiza-
tion behavior. Two microstructures, i. e. fine ferrite-pearlite and bainite, were selected as the initial
microstructure for the treatment, and were prepared by thermo-mechanical treatments.

By continuous observation, following results were obtained. Re-austenitization occured at colony and
grain boundaries in ferrite-pearlite structure. In the case of bainite, it occured in the vicinity of small
cementite particle which distributed homogeneously in ferrite grain. Furthermore, substructures were
formed by re-arrangement of dislocations.

During cooling, coalescence of austenite grains occured. Based upon the observation of this behavior,
discussion was focused on the role of internal stress caused by eigen strain due to transformation.

Key words : medium carbon steel; intercritical annealing; spheroidization ; re-austenitization; high voltage

electron microscopy.
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Fig. 1. Schematic illustration of thermo-mechani-
cal treatment. (A) and (B) were applied for

formation of fine ferrite-pearlite and bainite
microstructure, respectively.

Table 1.
(mass% ).

Chemical compositions of steels used

C Si Mn P S Ni Cr Mo

SCM435 | 0.35 0.18 0.78 0.016 0.016 0.02 1.08 0.16
545C 0.45 0.21 0.71 0.020 0.013 — 0.12 —
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Fig. 2. Heat pattern applied for in-siiu observa-

tion of spheroidization behavior by ultra-high
voltage electron microscopy.
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Photo. 1. TEM micrographs of the ferrite-pearl-
ite microstructure (A) and the change caused by
water-quenching after heating up to 740°C (B).
The martensite located at boundaries indicates the
rapid re-austenitization.
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(A) and (D) show the initial and final microstructure

(B) and (C) were taken at 675°C and 730°C, respectively

An example of austenite grain is indicated by arrow
Photo. 2. TEM micrographs depicting successive stages of spheroidization in SCM435
steel with a ferrite-pearlitic microstructure.

(A) Room temperature (B) 650°C (C) 680°C (D) 720°C
Ferrite-pearlite and colony boundary are indicated by arrow A and B, respectively

Photo. 3. Continuous observation of the change in ferrite-pearlite microstructure dur-
ing annealing. New austenite grains were formed at grain and colony boundaries and
fragmentation of pearlitic cementite occurred in pearlite grains.
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Photo. 4. TEM micrographs showing the micro-
structural change upon slow cooling at a fixed
location. (A) and (B) were taken at 710°C and

690°C, respectively.
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(A) and (D) show the initial and final microstructure
(B) and (C) were taken at 700°C and 600°C, respectively
An example of austenite particle is indicated by arrow

Photo. 5.
steel with a bainitic microstructure.

Photo. 6. TEM micrograph showing the typical
example of spheroidized cementite particle (A) and
dislocation substructure (B) in the case of bainitic
initial microstructure.
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TEM micrographs showing successive stages of spheroidization in SCM435
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(A) Room temperature (B) 700°C (C) 730°C (D) 740°C
Photo. 7. Continuous observation of the change in bainite microstructure upon heating.
Spheroidization of cementite and the formation of dislocation substructure were
recognized.

(A) 740°C (B) and (C) 735°C (D) 720°C
Photo. 8. Continuous observation of the change in dislocation substructure during slow cooling stage.
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