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Influence of Cooling Rate and Sn Addition on Microstructure Formation
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This study investigated the influence of cooling rate and Sn addition on the microstructure formation of as-cast GCD700
spheroidal graphite cast irons. Changes in cooling rate manifested as step cast thickness differences. Optical
microstructures of as-cast GCD700 alloys revealed a-ferrite and pearlite and dispersed graphite nodules. In all examined
thicknesses without Sn, the a-ferrite, rather than the pearlite, surrounding graphite nodules appeared to dominate
microstructures, and the graphite looked well rounded, whereas microstructure containing 0.09% Sn had a significantly
expanded pearlite area. Image analysis showed numbers of graphite nodules increased only on decreasing cast thickness.
However, the phase fractions of ferrite and pearlite were not dependent on thickness. For samples containing Sn, pearlite
fractions significantly increased with Sn content. Thermodynamic calculations and scanning electron microscopy-based
microstructural analysis confirmed that the Sn contents examined had no significant effect on phase formation, Sn
segregation, or the relationships between ferrite and Fe3C orientations in pearlite.
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NOMENCLATURE 1. ME

SEM = Scanning Electron Microscopy TSN F=HLE gAY v|E] HEet dAg 59 7]
EDS = Energy Dispersive X-ray Spectroscopy A EAo] L23l7 LA ukal okt EXE O] A
BSE = Back Scattered Electron S 7|3 4= Qo] AER}, Aul Wl AR/ A] HE So] =q 3
fBSDj flectron Bell.ckscatter Diffraction Az BHElo] S} whatA] ol ds] 2e s M7
3 7 dmage Qually of HAsiE ske o I} Brs] FAH T Ueh1-8]. T
IPF = Inverse Pole Figure ~ .

a Ferrite FEAFAES 71AE S92 S fsiAe 71AERA 2 Ao
Y = Austenite 7} Q=T B3] 43R4t I ol HepolE By ZU1E
0 = FeC Slaf ejolE %A U4l Mn, Cu, Sn 52 AAF Hrishd
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Fig. 1 (a) Geometry and (b) Actual images with pouring cup and
riser (lower image) of step casting mold used in this study
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Fig. 2 Measured cooling curves depending on the thickness of step
casting mold. The cooling rates of 75, 50, and 25 mm are
-6.82, -7.13, and -16.75 degree/min., respectively.
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Fig. 3 Optical microstructures of as-cast GCD700 alloy with (a) 25
mm and (b) 75 mm in thickness
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Fig. 4 Image analysis results. (a) Counts of graphite nodules and (b)
Phase fractions of ferrite and pearlite depending on thickness
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Fig. 5 Optical microstructures of as-cast (a) GCD700 and (b)
GCD700-0.09 mass%Sn alloys in 75 mm
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Fig. 7 Result of Brinell Hardness tests for GCD700 alloys
depending on Sn content in 75 mm thickness
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Table 1 Compositions shown in Scheil-Gulliver cooling of
GCD700-0.09 mass%Sn alloy calculated by FactSage 8.2
and analyzed by SEM-EDS for areas indicated in Fig. 9

Composition [mass%|

Phase/Area
C Si Sn others
Primary austenite* 1.53 2.60 0.038 Bal.
Secondary austenite* 1.65 2.08 0.098 Bal.
¥ - 3.03 - Bal.
2%%* - 3.46 - Bal.
3** - 3.17 - Bal.

*Calculated, **Analyzed
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