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Effects of Mold Variable and Main Alloying Element on the Mechanical
Properties of Ductile Cast Iron Poured into Shell Sack Mold
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Gi-Yeob Kim**** and Hae-Wook Kwon*****:t
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Abstract

The effects of mold variable and main alloying element on the mechanical properties of ductile cast iron poured into shell stack
mold were investigated. The strength and hardness of with the smaller cross-section of the diameter of 6.25mm were higher than
those of 12.50mm. On the other hand, the elongation of the former was lower than that of the latter. The strength and hardness of
the specimens obtained from the center layer in the 5-story stack mold were the lowest and those for other specimens were
increased with increased distance from the center. The elongation of those were the highest of al. The strength and hardness of the
specimens obtained from the center layer were decreased the elongation was increased with the increased number of layers. The
strength and hardness were increased and the elongation was decreased roughly with the increased amounts of reaidual magnesium
and carbon content added, respectively. The strength and hardness were increased and the elongation was decreased roughly with
the increased amounts of silicon content added to 2.45wt% and rather decreased with that to 2.85wt%. The effect of silicon content
showed the opposite tendency to those of residual magnesium and carbon content.

Key words: Ductlie cast iron, Mechanical properties, Shell stack mold, Alloying element, Cast iron
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Fig. 1. Dieto produce shell plate for stack mold, (a), upper planes of bottom, (b), and top plates, (c), and test casting obtained after shake

out, (d).

Table 1. Chemical compositions of charging materials, nodularizer, inoculant and additives. (Wt%)
Materias C S Mn P S Mg Re Ca Al Ba Cu Mo Sn
Figiron 456 1.49 0.18 0.12 0.02 - - - - - - - -
Steel scrap 0.03 0.02 022 0.08 0.01 - - - - - - - -
Fe-75%S 0.07 76.3 - 0.03 0.01 - - - 127 - - - -

1%BaFe-S - 72.4 - - - - - - - 1.02 - - -
5%Mg-Fe-S - 46.4 - - - 512 - - - - - - -
2.3 AE H= 232 % 9 ¥F

23199 27 9 F A IF 559 4 23 Fx A A YF AlF A ke F
A A% 72 A FxEe] AH 4 vjAE 9w o Zwst Aush by we Aoz vyt uehd she

2709 & 9IRS IFL AFSAT. 2T L AF F 6 3 F2Ee JAF 42 2 Az vAe 3 S

d AE =Y A 7+ T KS B 0801 435 %+ A% FFE AT ol flste] 39 7 3o 4 AT 9
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3 W AEY 9% AWl 7B Ake AR e F
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&t 2 QA PAe T3 A4l rklas = 3 9491
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Table 2. Chemical analyses of specimens.
Element(wi%)
Element -
C S Mn P S Mg Al Cu Sn Fe
000 375 264 0310 0337 0012 000l 0037 - - Bal.
001 376 265 0310 0332 0012 0009 0032 - - Bal.
002 374 266 0312 0332 0012 0018 0031 - - Bal.
Mg 003 375 265 0312 0332 0013 0029 0031 ; - Bal.
004 375 264 0310 0331 0014 0039 0032 ; - Bal.
005 375 265 0312 0331 0012 0049 0031 - - Bal.
006 375 265 0312 0331 001 0059 0031 - - Bal.
355 354 264 031l 033 0012 0040 0037 - - Bal.
c 375 374 264 031 0331 0012 0040 0035 ; - Bal.
395 395 265 0311 0332 0012 0040 0035 - - Bal.
245 374 244 0310 0332 0011 0039 0036 - - Bal.
s 265 374 264 031 0331 0012 0040 0035 ; - Bal.
285 374 284 0310 0335 0012 0040 0035 ; - Bal.
3sory 376 265 0300 0260 0020 0040 0050 - - Bal.
Shf'n'oﬁf‘:k Ssory 375 263 0200 0310 0030 0040 0070 - - Bal.
7gory 375 266 0310 0340 0030 0040 0070 ; - Bal.
o REE 717} 375 B 265m%T YR S AR o} —
)4 SRS 0.00~0.06Wt% SIS 001wt HAOE So— ——
WEA7 2 e PSR Fash 1R g He s :
S 7}7} 265 2 00M%OE AHEA BT Bra FPL o AP e
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sgleh. e T Bkl 2R vladlg s 717 375 2 i
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Fig. 2. Tensletest specimen.
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Fig. 4. Variations of cooling curves with the section size and
position of specimens poured into 5-story shell stack mold.
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Table 3. Effects of position, the number of stories and section size
on the microstructure of ductile cast iron poured into shell
stack mold.

No of Position Speumen Nodularity Nodule Vol.%
Sories from  diameter. (%) count Pearlite
bottom  (mm) (#Hmm?)
1s 6.25 95.9 245 47.3

12.50 92.7 227 45.6
6.25 94.0 227 45.8

3 2nd
12.50 87.6 188 40.3
ard 6.25 94.0 263 48.7
12.50 92.5 250 46.5
14 6.25 93.9 189 40.1
12.50 89.5 192 39.7
ond 6.25 94.6 160 35.2
12.50 87.6 156 354
6.25 89.8 156 347

5 3rd
12.50 90.6 130 32.3
ath 6.25 89.0 198 421
12.50 93.3 183 38.7
Sth 6.25 86.1 265 48.9
12.50 90.5 242 47.0
1s 6.25 95.3 185 39.0
12.50 92.9 185 374
6.25 93.6 133 319

2nd
12.50 914 136 321
ard 6.25 9.5 126 26.9
12.50 92.8 128 26.9
6.25 91.0 137 275

7 4th
12.50 92.9 132 27.8
Sth 6.25 92.9 165 354
12.50 92.7 160 354
oth 6.25 92.0 186 1.1
12.50 90.8 186 40.3
6.25 91.6 261 494

7th

12.50 88.5 202 434
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Table 4. Effects of section size and alloying element on the microstructure of ductile cast iron poured into shell stack mold.

Element Specimen diameter.  Nodularity ~ Nodule count Vol.% Vol .% Vol.% Carbon
(mm) (%) (#mm?) Pearlite Ferrite Graphite equivalent
6.25 514 153 21.2 78.8 -
0.01 4.63
12.50 50.7 143 223 777 -
6.25 754 164 24.9 75.1 -
0.02 4.64
1250 74.1 152 235 76.5 -
6.25 80.7 169 291 709 -
0.03 4.62
M 12.50 79.9 161 274 726 -
g 6.25 90.3 162 31.6 68.4 -
0.04 4.63
1250 92.3 151 295 705 -
6.25 91.5 175 321 67.9 -
0.05 4.63
12.50 915 153 323 67.7 -
6.25 924 189 341 65.9 -
0.06 4.63
1250 92.9 161 321 67.9 -
6.25 88.9 161 269 731 5.18
355 4.42
12.50 89.7 126 18.9 8L1 9.44
6.25 90.3 162 31.6 68.4 4.83
C 375 4.62
1250 92.3 151 27.3 727 6.84
6.25 91.2 183 37.8 62.2 391
3.95 4.83
12.50 92.6 141 294 70.6 412
6.25 89.9 183 331 66.9 -
245 4.56
12.50 89.1 175 299 70.1 -
, 6.25 90.3 162 316 68.4 -
S 2.65 4.62
12.50 92.3 151 27.3 727 -
6.25 89.5 180 26.6 734 -
2.85 4.69
12.50 90.6 176 226 774 -
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Fig. 7. Effects of the section size and amount of carbon content on the mechanica properties of the specimen obtained from the center layer of
5-story shell stack mold.
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Fig. 8. Effects of the section size and silicon content on the mechanical properties of the specimen obtained from the center layer of 5-story

shell stack mold.
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