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Spheroidal Graphite Formation Process considered from
Voids in Chilled Samples of Magnesium Treated Irons

Haruki Itofuji* and Hajime Yamada**

Chilled samples of base iron and magnesium-treated iron were surveyed using optical microscope, SEM and
computer aided microanalyzer. Numerous voids, 0.5 to 1lum in size, were observed in magnesium—-containing chilled
samples. Graphite spheroids at an early stage of growth, about 3 to 5um in size, and inclusions were also observed.
Voids were not found in the base iron samples but inclusions were observed. Magnesium enrichment was detected
at the voids, graphite and inclusions of magnesium-treated samples. It is thought that the voids represent traces
of magnesium gas bubbles formed in the melt. Some graphite spheroids consisted of a thin graphite layer at their
surface and a hollow core, a morphology that supports nucleation on the void walls followed by growth towards

the center.
graphite by supplying nucleation and growth sites.

It is concluded that gas bubbles formed by free magnesium contribute to the formation of spheroidal
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Table 1 Conditions of CMA analysis of magnesium.'

Items X-axis I Y-axis
Accelerating voltage (KV ) 15
Probe current (nA ) 300
Beam diameater ( um ) 0.27 0.26
Analisis region/Beam ( um) 1.27 X 1.00 1.26 X 1.00
Scanning ( um) 0.27 0.26
Points 450
Magnification X 700
Dwelling time ( m-sec. ) 50
Method WDS ( Stage )
Standard specimen Pure Mg
Spectrum crystal TAP

Surface preparation Diamond polish ( No etching )

Table 2 Chemical composition of chilled samples; T -
Mg and F - Mg mean total magnesium and free magne-
sium, respectively. Content in mass %

sample C Si Mn P S T-Mg | F-Mg

Base iron 3.52 1.43 0.14 | 0.031 | 0.019 | 0.0000 | 0.0000
Mg-treated iron|] 3.49 | 2.41 0.16 | 0.031 | 0.014 | 0.0500 | 0.0425
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(a) Sphere graphites of 3 to 5um and black spots below
1um were observed under no etching condition.
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(b) Sphere graphites without austenite shell were observed
under 2vol.% nital etching after CMA analysis.
Fig.2 Optical microstructures of magnesium-containing
chilled sample. The same area was observed under the

different etching conditions.
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Fig. 3 SEM photomicrograph of CMA analysis area in
magnesium-containing chilled sample (no etching). This
was taken after CMA analysis.
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Fig. 4 Some types of voids observed in magnesium-con-
taining chilled sample. (FE-SEM, tilting angle=30deg.); (a)
voids between directional ledeburite structures (refer to
location A in Fig. 2(a), (b) voids nearby sphere graphite (re-
fer to location B in Fig. 2(a) and (c) void between austenite
dendrites (refer to location C in Fig. 2(a).
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Fig. 5 Mg-Si-Al-N system inclusion observed in magne- Fig. 6 Mg-ba-S-O system inclusion observed in magne-

sium-containing chilled sample (tilting angle=30deg.). sium-containing chilled sample (tilting angle=30deg.).
Spectnum: UBSI71 Range:10 keV
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(b) Result of EDS analysis at inclusion in Fig.7a. The inclusion was Al-Ca-Si-O system.

{ 'Inc}lu_lsien“ y wy
3 Yo T - A e R Fig. 7 Comparison of chilled samples between base
. St 9E 1 & 2 v gek 38" (6T iron and magnesium-containing iron.

() FESEM photomicrograph of Magnesium-containing chilled sample.
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Fig. 8 Results of CMA analysis on the microstructures
shown in Fig. 2 and SEM photomicrograph shown in
Fig. 3.
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(a) Initial stage ( graphite chips on the wall of void )
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(b) Middle stage ( the ceter of the void is still vacant ).

15m
(¢) Final stage ( void is filled with graphite chips ).
Fig. 9 Growth process of sphere graphite observed
in magnesium-containing chilled sample (FE-SEM
photomicrographs).
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Fig. 10 FE-SEM photomicrograph of sphere graphite with in-
clusion. This sphere graphite was observed at a different area

from that analyzed by CMA in the same chilled sample.
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Table 3 Estimated diameter of magnesium gas bubble
at various temperatures in liquid irons treated with
magnesium spheroidizing agent.

Temmperuture|Vapor Pressure| Bubbles diameter at liquid height H, u«m
K MPa H=10%m [ H=10"m [ H=1m H=5m
1473 0.213 49 51 * *
1573 0.420 17 17 21 *
1623 0.571 12 12 13 40
1673 0.763 8 8 9 16
1723 1.002 6 6 7 10
1773 1.296 5 5 5 6
1873 2.081 3 3 3 3

1.Calculation example of Mg vapor pressure P, (MPa) at 1,723K ;
Log Py, = 4.958 - ( 1229 x 10*)/T
=4958 - (1229 x 104)/1.8K
=4.958 - (1229 x 10*)/1.8 x 1,723

=4.958 - 3.963
=0.995
Pug = 9.89atm
latm = 0.1013MPa .".P,, = 9.89 x 0.1013 = 1.002MPa
Where
T = Rankin = 1.8 x Abusols P e K
2 Calcul example of di #m) of Mg vapor bubble at liquid hight H of 10 %m at 1,723K ;

Py,=Pa+ pgH+4y/D=D= 4y /(Py,-Pa- pgH)
=4x1.35x 107/ [(1.002 - 0.1013 - 6.664x10™* ) ]

=54x10" / 0.900
=60x 10 °mm
=6um
Where
Y =1.35N/m = 1.35 x 10°N/mm
Py, = 1.002MPa .

Pa = latm = 0.1013MPa

0 =68x10°kg/m’

g = 9.8m/s’

H =1em=10"m

pgH =68 x 10°%g/m’ x 9.8m/s” x 10°m
= 6.664 x 10°N/m’
=6.664 x 10 ‘N/mm’
=6.664 x 10*MPa
3.Note

IN/m = IN/10°mm = 1 x 10"°N/mm
K;-mu’s2 =N

IN/m?= IN/10°mm? = 1 x 10"°N/mm?
IN/mm’ = IMPa
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Fig. 11 Formation mechanism of magnesium gas bubble in liquid iron”
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Fig. 12 Nucleation and growth mechanism of graphite
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