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Increase in Graphite Nodule Count and Refinement of Austenite Dendrites in Spheroidal Graphite Cast Iron with Addition of Zr Containing Inoculant
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The effect of a zirconium inoculant on the microstructure of spheroidal graphite cast iron

was investigated. It was found that the addition of the zirconium inoculant generated a high

graphite nodule density and refined the austenite dendritic structure. Electron backscatter

diffraction was used to determine the mechanism of nodule formation in water-quenched

¢ ATeEHtai samples. It was determined that the high nodule count was not due to nucleation of graphite
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but to refinement of the austenite dendritic structure. Direct and precise measurement of the
austenite grain size was only possible when a quenching temperature of 1,150°C or higher
was used. This is because the solubility of carbon in austenite increases with quenching

*x RFREAAZ
Waseda University temperature, bringing the martensite formation point below room temperature.
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Table 1 Chemical composition of 25 mm Y-Block sample
(mass%)
C Si Mn P S Cu Mg Zr

3.54 2.33 0.49 | 0.016 | 0.009 0.4 0.04 0.08
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Table 2 Chemical composition of quenching shell cup in ladle
(mass%)
C Si Mn S Cr Cu Mg Zr (ppm)

3.62 | 256 | 0.41 | 0.005 | 0.063 | 0.08 | 0.031 8
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Fig.1 Temperature measurement results for shell cup and sampling time
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Fig.2 (a) TEM image, (b) EDX results for Zr-containing graphite at
sample position indicated by asterisk
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Fig.4 Diagram of graphite core
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Fig.6 Optical micrograph of Zr around graphite
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Fig.7 Microstructure of quenched sample:
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Fig.8 IPFimages of y phase by EBSD:
(a) condition @ without inoculant, (b) condition @ with Zr-inoculant, (c) condition @ without inoculant, (d) condition ® with Zr-inoculant
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Fig.9 Si mapping by EPMA of condition @ : Fig.10 IPF image of a phase by EBSD of condition ® :
(a) without inoculant, (b) with Zr-inoculant (a) without inoculant, (b) with Zr-inoculant
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Table 5 Chemical composition of y -phase at 1,150, 1,100 and 900 ‘C
5. ;%iﬂ%ﬁ;o)ﬁggtzrﬁﬁ; 5%$ for sample calculated by thermodynamic calculation software
Temperature C Si Mn

K1 0%MHE@0D1,150°C TAE L 73k % v T, 1,150 1.59% 255% 0.40%

EBSD T y*ﬁ%ﬁ*ﬁ@ﬁ:ﬁ%ﬁ-% z &T, ﬂﬂﬁ%@é%@%@lﬁ 1,100C 1.42% 2.56% 0.41%
N . - L : 900C 0.83% 2.57% 0.41%
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2B 1 OGO EE5E T % O KA TIE EBSD O 600
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re, b A IRl il & h, AT ¥4 ZREL 00.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
TWb, LT VYA MR, LT v3 A F2HER C content (mass%)
Il (Ms £ @ Martensite start) TIRE X NS, KTl 12 FeC 8e0 Ms &I RIETT CBOEE
KE9ILTF Uy 4 FEREIX, Ms mAEREMD EIcxs &~ Fig. 12 Influence of C content on Ms point of Fe-C

F4 MsACRETILZRAOE?
Table 4 Influence of chemical components on Ms point

Element C Mn Cr Ni Mo W Co Al
Influence of 1 percent element on Ms point ('C) -361 -39 -20 -17 -5 -5 10 30
Influence of 1 percent element on y amount (%) 50 20 11 10 9 8 -3 -4
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