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Dissolution of Spheroidal Graphite on Rapid Heating

Katsunori INOUE *, Etsuji OHMURA ** and Yasunari OKU

Abstract

%k k

The heat-affected-zone microstructure, its microhardness and the redistribution of the carbon concentration of the
ductile cast iron irradiated by a CO; laser are described, and the process of dissolution of the spheroidal graphite and the
structural changes in the vicinity of it on rapid heating is discussed. The partial melting phenomenon around the sphe-
roidal graphite and the reabsorption of carbon atoms in the graphite, which have already diffused into the matrix, are ex-

plained qualitatively.
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1. Introduction

Ductile cast iron is much in demand industrially, since
its cost is lower than steel and it has more considerable
toughness than any other cast iron. In recent years, the
practical application of laser hardening for ductile cast
iron has been advanced, as CO, laser is used to harden
the groove faces of piston rings of diesel engines”, for ex-
ample. While ductile cast iron is heated rapidly, the
spheroidal graphite is dissolved and carbon atoms diffuse
into the ambient matrix and make the vicinity of graphite
high-carbon-concentrated Above
point, the partial melting phenomenon occurs at the high-
carbon-concentrated region around the spheroidal graph-
ite, which does not occur in the carbon steel>>. There-

region. the eutectic

fore, it is very important for the laser hardening of ductile
cast iron to optimize the laser irradiating conditions con-
sidering the characteristic changes of structure and the
distribution of the carbon concentration of ductile cast
iron with laser irradiation. In this study, the heat-affected-
'zo'ne microstructure, its microhardness and the distribu-
tion of the carbon concentration are examined ex-
perimentally, and the process of the dissolution of sphe-
roidal graphite and the structural changes in the vicinity
of the graphite on rapid heating by laser irradiation is dis-
cussed.

2. Experimental Procedures

A’ continuous wave CO, laser by developed GTE

SYLVANIA CO. was used for rapid heating of ductile
cast iron. The maximum power capacity was SkW. An in-
tegration mirror and a Zn-Se lense were used to generate
a square laser beam of uniform energy distribution®. The
work material was ductile cast iron, FCD60, which was
equivalent to ASTM 80-55-06. The chemical composition
of the material used and the microstructure of the base
material are shown in Table 1 and Fig. 1, respectively.
The workpiece was 125mm long, 50mm wide, and 17mm
thick. The top surface was coated with carbon in order to
enhance the surface absorptivity.

After the laser irradiation, the workpiece was sec-
tioned transverse to the direction of travel, polished, and
etched with 5 pct Nital. The microstructure of the heat-
affected zone was examined by a metallographic micro-
scope, and especially the microstructure of the solidified
area was also examined by a scanning electron micro-
scope. The microhardness distribution of the heat-affected
zone was measured by a Vickers hardness tester. Fur-
thermore, the distribution of the carbon concentration
was also measured by an electron probe microanalysis.

3. Results

The typical microstructure around the spheroidal graph-

Table 1 Chemical composition of material used.

C Si Mn P S Ni cr
ooz| — | —

FCD 60| 345 .} 225 | 0.6 0.06
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ite after the laser irradiation and the results obtained
through hardness test are shown in Fig. 2. There is the
dendrite region around the spheroidal graphite, which is
enclosed by martensite like a ring (see Fig. 2 (a)). The
dendrite region is wider at the upper side of the spheroi-
dal graphite, which corresponds to the side of the top sur-
face treated by CO, laser, than at the lower side, because
the temperature rises higher at the upper side of the

100pm
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Fig. 1 Microstructure of base material.
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graphite than at the lower side of it, therfore, the carbon
atoms diffused more into the upper matrix from the
spheroidal graphite than the lower one. The environment
of the martensite like a ring is ferrite matrix, which is en-
veloped by martensite which is prior-pearlite. Figure 2(b)
shows the more largely solidified region where the melting
zone were combined during the two neighboring spheroi-
dal graphites were dissolving. The width of martensite re-
gion like a ring of these two figures are almost constant
independent of the size of the dendrite region, which is
from 5 to 6.5 micrometer. The hardness of dendrite re-
gion is from Hv800 to Hv1000 in Fig. 2(a), which is high-
er than that of martensite region. In Fig. 2(b), the hard-
ness of dendrite region is from Hv500 to Hv900, which is
lower than that of Fig. 2(a). Let the hardness required for
the wear resistence be above Hv500, it is concluded that
the dendrite region as shown in Fig. 2(b) is also fully
effective.

Figure 3 shows the microstructure of the typical dend-
rite region observed by a scanning electron microscope.
The dendritic structure toward the outer direction from
the spheroidal graphite can be recognized clearly. The
structure like bamboo leaves can be also recognized at the
boundary between solidified region and martensite region,
whose carbon concentration can be estimated to be fairly

(b)

Fig. 2 Typical microstructure around spheridal graphite after laser irradiation and distribution of micro Vickers

hardness.

(a) Laser power=1.75KW, beam size=4.5mmX4.5mm and traveling velocity=25mm/s.
(b) Laser power=1.75KW, beam size=4.5mmX4.5mm and traveling velocity =20mm/s.
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high. There is a white ring around the spheroidal graph-
ite, whose width is about 1.5 micrometer. The morpholo-
gy of this structure is unknown at present.

The microstructure and the hardness in the vicinity of
the dissolved spheroidal graphite are much associated with
the carbon concentration, as above mentioned. Figure 4
shows the distribution of the carbon concentration of the
identical microstructure shown in Fig. 2(a) measured by

10pm ;

Fig. 3 SEM-microstructure around spheroidal graphite (Laser
power = 1.75KW, Beam size = 4.5mm X 4.5mm and
traveling velocity=20mm/s).
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an electron probe microanalysis. The A1-Al” and B1-B1’
lines in the photomicrograph show the places measured by
the line-analysis. The former- and the latter-lines are
prarell and vertical to the top surface treated by CO, las-
er, respectively. The charts in this figure show the output
results of X-ray intensity of C Ka line. The value of the
carbon concentration was determined as follows: Some re-
ferences of carbon steel with from 0.08 to 0.76%C were
examined in advance by the line-analysis under the same
operational conditions as the present experiment. A cal-
ibrating line between the X-ray intensity and the carbon
concentration was obtained, and the line was extrapolated
for the higher carbon concentration.

The maximum value of carbon concentration in the
dendrite region corrsponds to from 4.2 to 4.5%C. There
is comparatively lower-carbon-concentrated region around
the spheroidal graphite, where the carbon concentration is
estimated to be from 2.9 to 3.4 percent. This region cor-
responds to a white area like a ring shown in Fig. 3. The
gradient of the carbon concentration in the dendrite re-
gion is steeper than that in the martensite area. The car-
bon atoms diffused more extensively at the upper side of
spheroidal graphite than at the lower side, as mentioned
above.

Fig. 4 Carbon distribution measured by EPMA (Laser power=1.75KW, Beam size=4.5mm X4.5mm

and traveling velocity=25mm/s).
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4. Discussion

The relation between the experimental results and the
temperature history is discussed in this section. We post-
ulate that the equilibrium state diagram of Fe-graphite
system, Fig. 5, can be applié;d, ignoring the dependence
of heating rate of both A; and eutectic points. When the
temperature reaches 7T,, which correspond"s to the A,
point, the spherical graphite starts to dissolve and the car-
bon atoms start to diffuse into the ferr,itie matrix. After
the carbon concentration exceeds the PG-line, the ferrite
matrix is transformed to austenite. As the temperature
rises, the maximum carbon concéntfation in austenite in-
creases along the SE-line. At the Ty temperature, the car-
bon concentration of the austenite around the spheroidal
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Fig. 5 Equilibrium state diagram of Fe-graphite system.
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graphite is from Cp; to Cy. When the temperature reachs
G-point, all matrices become austenite, and the carbon
concentration is less than C, at the T, temperature. When -
the temperature reaches' Ty, which corresponds to the
eutectic point, the maximum carbon concentration in aus-
tenite increases from Cg to Cgq, momentarily, then the
austenite bordering the spheroidal graphite begins to melt
partially, because the boundary between the graphite and
the austenite has the eutectic composition. At the T,
temperature, the carbon concentration in the partially
melted region is from Cg; to Ces.

If rapid self-quenching starts from this state, the dend-
rite is generated in the partially melted region and the aus-
tenite is transformed to martensite. Since the maximum
carbon concentration in austenite decrease along CD-line,
the carbon already diffused from the graphite is absorbed
in the graphite again. This is the reason of that the com-
paratively lower-carbon-cocentrated region around the
spherical graphite was recognized in the measuring of the
carbon concentration.
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