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Fracture Properties of Mo-Ni-Cu Austempered Ductile Iron Cast in
Permanent Mold with Austempering Temperature and Time

Young-Sang Yi, In-Chan Kang

Abstract
Various test specimens were prepared by austempering low alloyed Mo-Ni-Cu ductile iron blocks of
high graphite nodule count at 270, 320 or 370C for 0.5, 1, 3 or Shrs. Tensile test, CVN impact test
and plane-strain fracture toughness test(compact tension specimen of 50mm W) were done for each
heat treatment condition at room temperature, X-ray diffractometer and optical microscope were used

to investigate the change of microstructure and relationships between microstructure and test results,

The highest retained austenite volume percent at each austempering temperature was corresponded

to the highest mechanical property.

The highest elongation value of 17%, U.T.S. value of 1,600 MPa or Kic value of 90MPay m

were reached at each optimum condition.

The best heat treatment condition for fracture toughness were 3hrs’ holding time
combined with the austempering temperature of 270 and 320°C, and 1lhr’s of 370C.
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Table 1. Chemical composition of ductile cast iron,

Elements C S1 Mn P S N1 Cu Mo Mg
Wt. % 3.58 2.60 0.26 0.041 0.014 0.58 0.58 0.18 0.032
Table 2. Phase analysis of matrix for as cast.
Phase Ferrite(%) | Pearlite(%) | Graphite(%) No. of graphite nodule( $# /mm?)
Volume % 73.3 15.3 11.4 584
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Photo 1. Optical micrographs for various austempering conditions,
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Table 3. Mechanical properties, retained austenite volume and fracture toughness of austempered

ductile 1ron,

Austempering | Austempering | Yield Tensile | EL, |Hardness| CVN | Retained | Fracture
temperature time strength | strength energy| austenite [toughness
(c) (hr) (MPa) | (MPa) | (%) | (BHN) | (J) [|volume(%) |(MPa ym)

0.5 1028 1535 3.6 378 5.0 16.4 59.8

270 1 1162 1561 4.4 406 5.1 18.5 63.1

3 1223 1591 6.5 421 5.2 22.4 65.8

9 1231 1612 4.9 491 5.0 20.3 62.7

0.5 971 1318 12.0 359 6.0 21.9 77.7

190 1 1058 1360 12.6 378 7.7 22.8 78.6

3 1015 1344 9.7 371 7.2 27.7 86.9

9 988 1328 | 7.2 348 7.0 23.4 81.9

0.5 728 1086 15.3 320 10.4 24.6 85.9

370 1 815 1106 17.0 330 11.3 29.7 90.4

3 798 1071 14.0 308 10.8 28.2 88.9

9 789 1054 9.1 282 10.4 24.8 86.5
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Fig. 2. The relation between austempering time
and fracture toughness.
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Photo 2. SEM (scanning electron micrographs) of fractured CT specimen of austempered ductile
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