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Effects of Additions of Magnesium and Aluminum on the Graphite
Morphology and Mechanical Properties of 3.6wt.%C-2.5wt.%Si Cast Iron
Poured into Shell Stack Mold
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Abstract

The effects of addition of magnesium only and the simultaneous addition of magnesium and aluminum on the graphite mor-
phology of the cast iron with the composition of 3.6wt.% and 2.5wt.%Si poured into shell stack mold were investigated. The nod-
ularity and mechanical properties of the specimen with smaller cross-section were higher than those with langer one, when copper
was not added. When the magnesium only was added, the nodularity was decreased with decreased residual magnesium content and
the C. V, graphite was obtained with the magnesium content in the range of 0.010~0.015wt.%. When the magnesium and aluminum
were added together, the nodularity was decreased with decreased residual magnesium and increased aluminum contents. When cop-
per was added, the volume fraction of pearlite in the matrix, strength and hardness were higher and elongation was lower for spec-
imen with smaller cross-section. The volume fraction of pearlite, strength and hardness were increased and the elongation was
decreased with increased copper content for the specimen with C, V, graphite.
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Fig. 1. Metal mold, (a), to produce plate for shell stack mold, (b), and test casting obtained after shake out, (c).
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Table 1. Chemical analyses of charging materials, nodularizer and inoculant.

(Wt.%)
material C Si Mn P S Mg RE. Ca Al Ba Cu remark
p‘g('l‘)“’“ 435 0.78 0.09 0045  0.008 . . . . - -

p‘g(ﬁ;"“ 4.75 0.62 038 0024  0.021 . . . . - -
steel 003 0016 022 0015  0.009 . . . . - -
scrap

Fe-75%Si 003 7531 - 0.020  0.003 . . . 1.32 - -

Mg-Fe-Si - 46.44 - - - 5.12 2.14 1.91 0.58
Fe-Mn 6.72 0.50 7555 0005 035 . . . . - -

Ba-Fe-Si - 72.44 - - - - - 1.40 1.12 1.32
Al shot - - - - - - - - 99.60 - -
metallic

o - - - - - - - - - - 99.90
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Fig. 2. Dimensions of tensile test specimens.
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Table 2. Variations of the nodularity and mechanical properties of the casted specimen with the diameter of 17.5 mm with the addition of

magnesium element only.

. . Mechanical properties
Aim content of Nodularity
residual Mg (%) Y. S.(MPa) T. S.(MPa) %Elng. Hardness Remark
(BHN)

0.000 15.0" 240 320 - 152
0.0025 20.0" 255 335 - 154
0.0050 35.0 263 360 22 159
0.010 38.0 300 402 2.5 164
0.015 39.0 310 400 2.0 165
0.020 45.0 330 415 3.8 165
0.030 83.6 350 430 42 172
0.040 87.6 360 470 4.0 177

*Flake graphite
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Table 3. Variations of the nodularity and mechanical properties of the casted specimen with the diameter of 9.5 mm with the addition of

magnesium only

Mechanical properties

Aim content of Nodularity Remark
residual Mg (%) Y. S.(MPa) T. S.(MPa) %Elng, Hardness
(BHN)
0.000 10.0" 260 340 - 163
0.0025 15.0° 270 353 - 152
0.005 35.0 283 370 3.6 174
0.010 40.0 310 423 4.8 187
0.015 40.0 330 432 44 192
0.020 60.0 340 440 5.0 208
0.030 90.0 400 450 4.2 218
0.040 92.0 360 470 4.5 229
*Flake graphite
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(b) the diameter of 9.5 mm

Fig. 4. Variations of nodularity of the as-cast specimen with the
simultaneous addition of magnesium and aluminum.
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Table 4. Variations of the nodularity and mechanical properties of the casted specimen with the diameter of 17.5 mm with the simultaneous

additions of magnesium and aluminum

Aim content . Mechanical properties
Nodularity Hardeness Remark
%Mg %Al (%) Y. S.(MPa) T. S.(MPa) %Elng. (BHN)
0.10 432 320 410 43 153
0.01 0.20 41.0 300 390 4.5 157
030" 39.0 280 350 4.1 165
0.40 35.0 275 330 33 168
0.10 83.0 400 450 35 158
0.00 0.20* 72.0 350 428 44 164
0.30 37.0 346 425 5.6 167
0.40 36.0 332 407 6.1 170
0.10 83.5 350 480 10.2 167
0.03 0.20 77.0 331 473 8.6 180
0.30 53.0 321 465 7.1 166
0.40 55.0 310 447 6.7 177
0.10 932 370 481 11.5 173
0.04 0.20 85.3 350 475 9.3 165
0.30 79.6 331 462 12.5 157
0.40 73.0 310 444 7.5 170

Table 5. Variations of the nodularity and mechanical properties of the casted specimen with the diameter of 9.5 mm with the simultaneous

additions of magnesium and aluminum

Aim content . Mechanical properties
Nodularity
%Mg %Al (%) Y.S.(MPa) T.5.(MPa) %Elng. Hardeness Remark
(BHN)

0.10 453 350 426 6.6 160

001 0.20* 432 375 420 6.3 167
0.30 39.5 400 440 73 168
0.40 352 340 410 42 170
0.10 80.0 461 547 123 158

0.02 0.20* 75.0 444 514 10.5 170
0.30 40.0 426 47. 52 165
0.40 33.0 393 469 45 170
0.10 83.0 530 550 15.5 155

0.03 0.20 75.0 479 531 13.5 170
0.30 50.0 441 501 10.2 185
0.40 453 430 475 9.1 165
0.10 85.6 510 550 16.6 185

0.04 0.20 80.0 473 535 14.6 175
0.30 70.0 448 526 9.1 170
0.40 55.0 430 494 93 179
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Table 6. Variations of the matrix structure and mechanical properties of the casted specimen after simultaneous additions of magnesium and
aluminum with the diameter and the amount of copper added

Specimen Microstructure Mechanical properties
’z ‘fmcfl"(‘xf,/f)‘)t (nsl'r‘rzlg)) Nodularity \;‘;‘az/l"l t‘;f Y.S(MPa) T.S.(MPa)  %Elng. H?E‘I’{‘;\%SS Remark
020 17.5 37.0 10.2 284 351 10.4 165
9.5 39.0 12.3 303 375 9.3 167
0.40 17.5 39.0 15.4 323 405 8.4 173
9.5 40.0 20.5 340 413 6.2 177
0.60 17.5 40.0 70.5 384 453 42 177
9.5 40.0 70.7 395 460 3.2 183
0.80 17.5 40.0 73.5 413 483 33 181
9.5 40.0 82.5 420 494 23 187

e ' Py
.\

T

N ;

1 £ 1

() 0.60wt%

Fig. 5. Variation of the matrix structure of the C. V. graphite specimen with the diameter of 17.5 mm with the addition of copper.
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Fig. 6. Variation of the matrix structure of the C. V. graphite specimen with the diameter of 9.5 mm with the addition of copper.
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