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Abstract

Effects of alloying elements on the mechanical properties of hardened and austempered 3.60wt%C - 2.50wt%C ductile cast iron
were investigated. Strength and hardness were increased and ductility was decreased as the amount of alloying element increased.
The increasing effect of copper addition on the strength was the most pronounced. The strength and hardness were greatly increased
and ductility was decreased by hardening. The effect of alloying element on the mechanical properties of the hardened ductile cast
iron was not so pronounced due to the high contents of C and Si. The strength and hardness of austempered ductile cast iron were
greatly increased, meanwhile the difference of strength from that of hardened one was not so big. The ductility of the former was
higher than that of the latter. The strength and ductility of austempered ductile cast iron with 0.25%Mn were the maximum of all
Mn added ones. The maximum strength of that was obtained with the addition of 0.80wt%Cu or 2.00wt%Ni along with this amount

of Mn added.
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Table 1. Chemical analyses of charging materials, nodulariser, inoculant and additives for alloying element. (Wt%)
materials C Si Mn P S Mg RE Ca Al Ba Cu Mo Ni  remark
pigironI) 427  0.09 0.008 0.026 0.011 - - - - - - - -
pigiron(Il)  4.41 1.17 0.064 0.035 0.011 - - - - - - - -

steel 0.03 0016 022 0.015 0.009 - - - - - - - -
scrap
Fe-75%Si  0.033  75.31 - 0.020  0.003 - - - 1.32 - - - -
Mg-Fe-Si - 46.44 - - - 512 2.14 1.91 0.58 - - - -
Ba-Fe-Si - 72.44 - - - - - 1.40 1.12 1.32 - - -
Fe-Mn 6.72 0.50 75.55 0.005 035 - - - - - - - -
metallic Cu - - - - - - - - - - 99.90 - -
Fe-Mo 0.04  0.81 - 0.04  0.08 - - - - - 040  60.65 -
metallic - - - - - - - - - - - - 99.90
Ni
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Fig. 2. Tensile test specimen.
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Table 2. Chemical analyses of the specimens. (Wt%)

] elements
specimen - - remark
C Si Mn P S Mg Cu Mo Ni
0.00 3.71 2.46 0.03 0.03 0.006 0.04 0.009 0.001 0.005
effm"f 025 3.58 2.59 0.24 0.03 0.007 0.04 0.009 0.001 0.005
0.45 3.63 273 0.44 0.04 0.007 0.05 0.010 0.004 0.006
0.20 3.56 255 0.25 0.03 0.006 0.04 0.20 0.001 0.006
0.50 3.52 2.51 0.24 0.03 0.005 0.04 0.50 0.001 0.011
eﬁgiﬁ"f 0.80 3.60 2.60 025 0.03 0.005 0.04 0.77 0.002 0.004
1.20 3.61 2.65 0.25 0.03 0.005 0.04 1.16 0.001 0.004
1.60 3.61 2.56 0.25 0.03 0.005 0.04 1.56 0.001 0.010
effectof  0.30 3.74 2.60 0.24 0.03 0.005 0.04 0.011 0.25 0.008
Mo’ 0.50 3.63 258 0.24 0.03 0.005 0.04 0.012 0.45 0.006
0.40 3.62 2.55 0.26 0.03 0.005 0.04 0.070 0.002 0.38
0.80 3.60 2.53 0.25 0.03 0.006 0.05 0.010 0.002 0.76
effectof  1.20 3.69 2.54 0.25 0.03 0.005 0.04 0.012 0.002 121
Ni* 1.60 3.69 2.55 0.28 0.03 0.005 0.04 0.012 0.002 1.57
2.00 3.63 2.64 0.27 0.03 0.005 0.04 0.012 0.001 1.96
2.40 3.60 258 0.25 0.03 0.004 0.05 0.008 0.002 236
0.80wWt%Cu- 3.59 2.53 0.23 0.03 0.004 0.04 0.80 0.29 0.005
0.30wt%Mo
0.30wWt%Mo- 3.61 255 0.30 0.03 0.007 0.04 0.01 0.33 1.97
2.00wt%Ni
2.00%Ni- 3.63 259 0.25 0.03 0.010 0.04 0.80 0.015 1.98
0.80%Cu
0.80Wt%C- 3.69 2.56 0.25 0.03 0.009 0.04 0.81 0.27 1.96
0.30Wt%Mo-
2.00wt%Ni

The aim contents of C and Si were 3.60 and 2.50wt% respectively.
* The aim content of Mn was 0.25wt%.
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Table 3. Results of the measurement of mechanical properties and observation of microstructure of as-cast specimen.
mechanical properties microstructure
specimen Y. S. T.S. %Elng. BHN nodularity nodlue Ypearlite remark
(MPa) (MPa) (%) count
(/mm>)
effect 0.00 278 415 29.2 147 97.2 100.4 5.9
of 0.25 309 435 24.2 150 97.0 91.5 12.6
Mn 0.45 316 440 18.3 160 97.4 107.4 18.9
0.20 327 500 22.0 178 97.2 84.1 36.9
effect 0.50 478 702 12.5 215 97.4 82.5 78.6
of 0.80 567 786 7.9 246 96.2 82.9 89.9
Cu’ 1.20 646 822 5.0 250 99.2 65.1 94.6
1.60 504 647 8.3 248 98.3 66.0 97.5
effect 0.30 320 457 24.4 157 99.0 922 13.5
of 0.50 331 461 23.7 155 96.8 88.9 8.3
0.40 368 477 233 163 95.9 72.6 15.1
0.80 350 473 214 163 96.9 87.9 17.7
effect 1.20 435 490 21.7 169 95.7 91.9 17.0
I?Iif* 1.60 436 568 16.7 183 94.8 87.3 31.0
2.00 431 550 16.8 198 96.3 79.1 34.1
2.40 497 612 13.2 204 98.6 68.0 349
The aim contents of C and Si were 3.60 and 2.50wt% respectively.
* The aim content of Mn was 0.25wt%.
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(b) hardened

(c) austempered

Fig. 3. Variation of the microstructure of the specimen containing 0.8%Ni with heat - treatment.

Table 4. Mechanical properties of quenched and tempered and austempered specimens.

quenched and tempered austempered
specimen remark
P &Pi') (g/hi) %Elng.  BHN (1\\/{1'1%) (E/ﬁi) %Elng.  BHN
effect 0.00 949 1018 32 313 974 1042 12.7 273
of 0.25 946 996 3.8 300 1010 1070 15.0 270
Mn 0.45 952 1020 2.8 307 999 1027 12.0 270
0.20 948 1026 4.7 300 972 1052 13.1 273
effect 0.50 9438 1019 4.7 317 992 1050 13.7 290
of 0.80 946 992 4.1 320 998 1083 15.7 290
Cu’ 1.20 950 1060 3.8 323 957 1084 16.4 283
1.60 854 927 1.5 301 923 963 5.8 281
effect 0.30 982 1060 5.1 317 1001 1046 8.4 279
N(I)(t;* 0.50 947 1022 5.7 324 982 992 7.6 268
0.40 949 1028 43 288 953 1049 12.3 273
0.80 952 1060 34 352 874 1007 124 267
Gﬂ?t 1.20 950 1091 3.9 308 965 1072 12.3 265
Iil)i* 1.60 954 1085 2.7 307 965 1043 153 251
2.00 953 1085 42 302 894 1076 16.7 252
2.40 955 1078 2.6 316 957 1026 12.1 267

The aim contents of C and Si were 3.60 and 2.50wt% respectively.
* The aim content of Mn was 0.25wt%.
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Fig. 4. Variations of strength of specimen with heat - treatment and
the amount of Mn added.
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Fig. 5. Variations of strength of specimen with heat - treatment and
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Fig. 7. Variations of strength of specimen with heat - treatment and

the amount of Ni added.
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Table 5. Mechanical and matrix structure of the as-cast specimen and the former of the heat treated specimens containing simultaneously added

elements.
. Y. S. T.S. o o .
specimen (MPa) (MPa) %Elng. BHN Yopearlite remark
0.80%Cu-
0.30%Mo 455 702 49 238 88.2
0.30%Mo-
2 00%Ni 483 522 79 187 259
as-cast 0.80%Cu-
2 00%Ni 567 870 4.5 267 94.9
0.80%Cu-
0.30%Mo- 646 892 5.7 282 91.4
2.00%Ni
0.80%Cu-
0.30%Mo 834 1097 1.8 335 -
0.30%Mo-
2 00%Ni 885 1018 1.3 324 -
QT 0.80%Cu-
2 00%Ni 889 952 1.5 326 -
0.80%Cu-
0.30%Mo- 833 1064 2.5 306 -
2.00%Ni
0.80%Cu-
0.30%Mo 663 943 4.7 276 -
0.30%Mo-
2 00%Ni 674 1049 7.2 293 -
austempering 0.80%Cu-
2 00%Ni 703 976 5.7 290 -
0.80%Cu-
0.30%Mo 704 1050 7.5 284 -
2.00%Ni
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Fig. 10. Effect of simultaneous addition of alloying elements on the
strength of the specimen.
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Fig. 11. Variations of the volume percentage of retained austenite in
the matrix of the austempered specimen with simultaneous
addition of alloying elements.
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