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Effect of Rare Earth Elements on the Microstructures of
Thin-Wall Ductile Iron Castings

Ji-Young Kim, Jun-Oh Choi, Sung-Taek Park, Yun-Sung Han and Chang-Ock Choi

Abstract

The effect of rare earth elements (R.E)(from 0.0 to 0.04%) on the microstructure formation and mechanical properties of
thin-wall ductile iron castings were investigated. Tensile strength and hardness were decreased with an addition of up t0 0.03%
rare-earth elements. After addition of more than 0.03%, those were increased. Graphite nodule sizes were the finest, nodule
count was the highst regardless of thickness and volume fraction of ferrite was the largest when that was 0.02%. However, the
nodule count was decreased with increasing R.E. Futhermore. nodule size increased with increasing thickness and the volume
fraction of ferrite decreased as that was increased. Nodularity was increased regardless of the thickness as that was increased. The

castings of minium thickness up to 3 mm was possible without the formation of chill.
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Table 1. Chemical Composition of the Fe-Si-Mg Alloy(%)
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Fig. 1. Schematic showing of the step-bars.
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g Chemical Comp. Mg Ca RE Si Al Fe
C-6K 6.30 1.60 - 44.5 <1.0 bal

C-5K 4.30 1.50 1.46 44.0 <1.0 bal.

C-5 5.07 1.80 1.80 44.0 <1.0 bal.

C-8 8.14 3.26 2.60 44.0 <1.0 bal.

Table 2. Chemical Composition of Specimens

Chemical Composition (wt%)
Heat No.
C Si Mn P S Mg RE CE
1002 3.46 2.56 0.23 0.017 0.015 0.044 0.00 4.32
1022 3.52 2.41 0.23 0.016 0.015 0.045 0.02 4.33
1033 3.52 2.41 0.26 0.019 0.019 0.043 0.03 4.32
1041 3.49 2.48 0.26 0.018 0.014 0.045 0.04 4.32

(26)
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Fig. 2. Effect of RE-addition on the tensile and yield strength
of ductile iron.
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Fig. 3. Effect of RE-addition on the elongation of ductile iron.
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Fig. 4. Optical microstructures of the tensile test specimen of
with RE-additions.
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Fig. 5. Effect of RE-addition on the hardness of ductile iron.
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Fig. 6. Optical microstructures of the 2 mm thick specimens of
with RE-additions.
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Fig. 7. Optical microstructures of the 3 mm thick specimens of
with RE additions.
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Fig. 8. Optical microstructures of the 4mm thick specimen of
with RE additions.



#2349 A43Z (2003. 8)

- 191 -

0.00wt% RE

0.03wt% RE

Fig. 9. Optical microstructures of the 6mm thick specimens of
with RE additions.
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Fig. 10. Optical microstructures of the 8mm thick specimens
of with RE additions.
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Fig. 11. Relationship between the hardness and the amount of
RE contents in ductile Iron.
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Fig. 12. Change of hardness with thickness of ductile Iron.
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Fig. 13. Change of an amount of ferrite with RE-addition in
various specimens.
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Fig. 14. Relationship between the nodule count and RE contents
in ductile Iron.
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Fig. 15. Relationship between the nodule count and thickness
of specimen of RE contents in ductile iron.
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Fig. 16. Relationship between the spheroidization ratio and RE
contents in ductile iron.
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Fig. 17. Relationship between the diameter of nodule and RE
contents in ductile iron.
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Fig. 18. Relationship between the diameter of nodule and
thickness of specimen of RE contents in ductile iron.
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