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Research Article
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Special Issue on Abnormal Graphitization in Spheroidal Graphite Cast Iron and Its Preventive Methods

Nucleation and Growth Behaviour of Chunky Graphite
in Heavy Section Casting

Haruki Itofuji* and Ayumi Masutani ¥

The nucleation and growth behaviour of chunky graphite in heavy section ductile cast irons were stud-
ied. The microstructure in quenched samples during solidification was observed using optical microscopy
and EPMA. Only spheroidal graphite was observed as the initial form of graphite at the early stage of the
solidification. When the growth of the graphite nodules stopped during solidification, chunky graphite
began to nucleate at the interfacial sites around the solidification front of the austenite and grow at the
thin liquid channel in austenite. During this growth, the advancing end came into contact with the resid-
ual liquid iron through the thin liquid channel. Spheroidal graphite is not directly related to the nuclea-
tion and growth of chunky graphite. In this study, the Site Theory was used as one explanation of the
nucleation and growth mechanism.

Keywords : ductile cast irons, heavy section, chunky graphite, nucleation, growth, theory
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Fig. 1 Microstructure of chunky graphite layer at Fig. 2 SEM photo of chunky graphite cell extracted
thermal center of 230 mm wall thickness (2 vol.% from micro specimen??. Optical microstructure of
nital etch) 2V, specimen is shown in Fig. 1.
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@ Thermocouple (Pt-PtRh)

(2) silica tube
(3) steel id

@ Ceramic wool (Hi-Al203)

@ Steel frame
@ Alumina tube

@ Graphite base

=> To recorder
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(7) Thermocouple (Pt-PtRh) O &
Graphite lid 7 F
@ SiC heaters @ O %T:
Liquid iron To controller T~
@ Graphite crusible reigfder s.%

| L]

Fig. 3 [Experimental SiC furnace for simulative solidification (effective inside dimension=150 X 150 X 180

mm).

A: Tap
(Liquid treatment)

B : Sampling & alloying

~ A =Induction furpace
A~B=Ladle
B~ C=Spoon—Crucible

G~ =Crlcible in SJC furnace

Temperature, K

™~

Rrimary

reaction

Eutectic reaction

-0.6 0.0 0.6 12 1.8

Time ,

2.4 3.0 3.6 4.2 4.8 54

% 10%s

Fig. 4 Time and temperature schedule for liquid iron to form chunky graphite structure.
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Table 1 Temperature change of each liquid iron from tapping to quenching (Temp., K).

Graphite crucible
Initial Eutectic reaction
Induction after Primary Recalescence
Sample | fumace Ladle sampling reaction Min. Max. AT Quenching
1 1734 1679 1545 1450 - - 1438
2 1730 1669 1529 1443 1430 - - 1431
3 1721 1665 1503 1453 1423 1427 4 1426
4 1741 1678 1533 1462 1423 1427 4 1426
4] 1823 1789 1583 1456 1427 1431 4 As cast
&I Lre. BREgsOFHNOEERLS 1E, 345C, 2.80 o2 B
Si, 0.20Mn, <{0.050P, <(0.015S, 0.020~0.040Ce,
0.050 mass%T-Mg ZHEE L. ¥ 1523 <
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ORIREL LT, HHGHIGMEEEL LB bs 2T 5" 17 ] ]
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S S BHERIS £ COBMME, B, HWEEETo \s
SDHFEVEAICRHLEWT L0858 -1, T OFEE 1223 —
0.0 3.6 712 10.8 14.4
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XS 5 12 TiT - 7o,

3. EEER
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Fig. 5 Cooling curve of iron with chunky graphite
and quenching points of liquid irons during solidifi-
cation.
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Table 2 Chemical composition near thermocouple at middle layer of each quenched sample.

Sample C Si Mn

Chemical composition (Mass%)

S Ca Ce Mg CE

1 3.42 2.94 0.30 0.046 0.005 0.0037 0.047 0.035 4.40

3.42 2.88 0.15 0.048 0.005 0.0021 0.037 0.029 4.38

3.29 2.91 0.14 0.046 0.006 0.0012 0.022 0.035 4.26

3.30 2.78 0.22 0.036 0.009 0.0004 0.031 0.042 4.23

g W N

3.31 2.79 0.19 0.042 0.014 0.0053 0.020 0.026 4.24

CE=C+1/3Si

Table 2 Continued.

Sample | Cu Ni Cr Mo Ti Sn

Pb  As Bi Sb  Zn V. Nb

1 0.02 0.02 0.10 0.08 0.005 0.002 0.020 0.000 0.000 0.000 0.001 0.002 0.001 0.001

0.02 0.02 0.07 0.00 0.006 0.002 0.018 0.000 0.000 0.000 0.001 0.002 0.001 0.001

0.02 0.02 0.06 0.00 0.006 0.002 0.022 0.000 0.000 0.000 0.001 0.003 0.001 0.001

0.02 0.03 0.09 0.04 0.005 0.004 0.018 0.000 0.000 0.000 0.001 0.001 0.001 0.001

g w N

0.06 0.03 0.09 0.00 0.005 0.003 0.020 0.000 0.000 0.000 0.001 0.025 0.001 0.001

Bum

Fig. 6 Microstructure of sample quenched at point 1
in Fig. 5 (5 vol.%nital etch).
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Fig. 7 Microstructure of sample quenched at point 2
in Fig. 5 (5 vol.% nital etch).
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Fig. 8 Microstructures of sample quenched at point
3 in Fig. 5 (5 vol.% nital etch).
A : chunky graphite and B : spherular graphite
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Fig. 9 Microstructures of sample quenched at point
4 in Fig. 5 (5 vol.% nital etch).

Fig. 10 Growth end of chunky graphite contacted
with residual liquid iron through liquid channel (5
vol.% nital etch). Sample was quenched at point 4 in
Fig. 5.
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(b)
Fig. 12 Typical inclusions contacting with initial
form of chunky graphite around growth front of
austenite dendrite in specimen No. 3 (no etch) ; (a)
optical photo and (b) SEM photo [inclusions at left-
upper corner in photo (a)].

Fig. 11 Microstructure of sample solidified and
cooled in SiC furnace (no etch).

582 CNT 2K FS: A 153 CNT 8K FS: A
5100 EY 20 EV-/CHAN 4986 EY 28 EV/CHAN

Fig. 13 Results of EDS analysis
on inclusions shown in Fig. 12;
(a) type A inclusion and (b) type
B inclusion.
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Fig. 14 Nucleation of chunky graphite at austenite-type A inclusion interface among austenite dendrite arms
in sample No. 3 (5 vol.% nital etch) ; (a) low magnification under general light, (b) high magnification of (a),
(¢) the same magnification as (b) under polar light and (d) SEM of center nodule with inclusion in (¢).

: ‘ Fig. 15 Nucleation of chunky graphite at austenite-

5 : FLAY : .. type B inclusion interface around austenite dendrite

¥ Sulai s e e : * - ' in sample No. 3; (a) general light (5vol.% nital
5 e © . etch), (b) general light (no etch) and (¢) polar light

& " . . (no etch). Theses are all the same area.
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Fig. 16 Schematic illustration of graphite formation
in liquid iron treated with spheroidizer.
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