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Abstract

Effects of alloying elements on the mechanical properties of 3.60wt%C - 2.50wt%Si ductile cast iron with annealing and nor-
malizing were investigated. Yield and tensile strengths were increased from 278 and 415 MPa to 316 and 440 MPa respectively as
manganese content was increased upto 0.45wt% while elongation was decreased from 24.2 to 5.0%. The formers were increased
and the latter was decreased with the increased amount of copper, molybdenum or nickel added. Meanwhile the tensile strength of
annealed specimen was increased with the amount of alloying elements added, it was decreased by annealing. It was increased
greatly by normalizing and the amount of alloying elements added except molybdenum.
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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
pigiron(1) 427 0.09 0.008 0.026 0.011 - - - - - - - -
pigiron(Il)  4.41 1.17 0.064 0.035 0.011 - - - - - - - -
steel scrap 003 0016 022 0015 0.009 - - - - - - - -
Fe-75%Si  0.033 7531 - 0.020 0.003 - - - 1.32 - - - -
Mg-Fe-Si - 46.44 - - - 5.12 2.14 1.91 0.58 - - - -
Ba-Fe-Si - 72.44 - - - - - 1.40 1.12 1.32 - - -
Fe-Mn 672 050 7555 0.005 035 - - - - - - - -
metlie ... ... w0 - -
Fe-Mo 0.04 081 - 0.04  0.08 - - - - - 0.40  60.65 -
metallic - - - - - - - - - - - - 99.90
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Table 2. Chemical analyses of specimen.
(wt%)
amount elements
specimen added A . remark
(Wt%) Si Mn P S Mg Cu Mo Ni
000 371 2.46 0.03 0.03 0.006 0.04 0009 0001  0.005
efflfg(’f 025  3.58 2.59 0.24 0.03 0.007 0.04 0009 0001  0.005
045  3.63 273 044 0.04 0.007 0.05 0010 0004  0.006
020  3.56 2.55 025 0.03 0.006 0.04 0.20 0.001  0.006
effectof 050  3.52 2.51 0.24 0.03 0.005 0.04 0.50 0.001 0011
Cui" 080  3.60 2.60 025 0.03 0.005 0.04 0.77 0.002  0.004
120 361 2.65 0.25 0.03 0.005 0.04 1.16 0.001  0.004
effectof 030 3.74 2.60 0.24 0.03 0.005 0.04 0.011 025 0.008
Mo 050  3.63 2.58 0.24 0.03 0.005 0.04 0.012 045 0.006
040  3.62 2.55 0.26 0.03 0.005 0.04 0070  0.002 038
effectof 080  3.60 253 025 0.03 0.006 0.05 0.010  0.002 0.76
Ni’ 120 369 2.54 0.25 0.03 0.005 0.04 0012 0.002 121
160 3.69 2.55 0.28 0.03 0.005 0.04 0012 0.002 1.57

The aim contents of C and Si were 3.60 and 2.50wt% respectively.
* The aim content of Mn was 0.25wt%.

@D



-162 -

3.60wt%C-2.50wt%Si THEQAFALY £F 9 284 71AA Ao vlAs §F 420 93 - WEF - AR - NS

B} B4 1 A= Table 204 Hoje wpel 7},
B3 o] 3.60wt%] B TS 3.52-3.72wt% WS
o ATk 22 EF o] 250w%e] F4 ke
2.73wt%St 2ol A¥ 93} WHE Hold Aew gyl 3
U R 2.46~2.60w% H9) Wl ATk AF wladg
FFS 0.04~0.05w1% 9 RoZ VeI

B7E S 025 D 045wt%E HIAZ] AL W) 3
°] Z}7Zt 024 2 044wt%E YEFGTE 0.20, 0.50, 0.80
1.20wt%= WA o) ke 24zt 0.20, 0.50, 0.77 2
1.16wWt%=Z Ve 030 2 0.50wt%2 ©sir)z] Eajuw
TFL 025 L 045wt%E 2zt vEbsith 223 040~
1.60wt% B X 040wt% 7HA o2 WAzl UA ke
0.38, 0.76, 1.21 ¥ 1.57wt%2 ztz} Uehgtt). gaii rE
Al siet 248 A9 o3t WY el e 7AEA
F29 7144 44, nA 27 283 97 w4 n)x)
= 5 929 9% AY 2498 2Nl Yo udz B
A7b gle Aoz AQHY T

E ol

32. 7[AM MEx 7IX] =of| 0|kl &g elao| st

321 W 9

WA F Y] Z1AR A 1A 2 nx)e b
A7te] 4L N¥sed 2 AFE Table 3, Fig. 3
49 Hole vle} k. w7k Hrlake] 045wt%7H) SV
o ma} 3.60wt%C - 2.50wt%Si 23] TATHAZHe) FPJu
=9t 1 A== 278904 316 223 4159014 440 MPa
2 77} SURIRY. ax Had AR 147904 16002
F7hetR o AXNES 2920014 183%= ZHAadch.

ol¢} AL 1Y) sl Z4 AR uA x2S HAs)
SNem I ZI= Table 3 2 Fig. 5914 Hole ule} 2o},
TREEE 96% o1l 1 mm?F PAAEAY Fx YAz
807 olFoE AT FAEAFH 24 AU T8 3

}
)

r\l

N

600

—— T8,
—a— .5,
500
E W
400
=
£ ;o —
=)
[ wd
& 2004
®
100
0 : , . . .
0 0.10 020 030 040 050

amount of Mn added, wt%

Fig. 3. Variation of strength of as-cast specimen with the amount of
manganese added.

180
—e— BHN
=~ BEIng.
& 1604
o /’/.
c
5
S a0 a0
° L
g 2
120 o ]
1] r20 i
L =
F10
0 0.10 0.20 0.30 0.40 0.50

manganese content, wt%

Fig. 4. Variations of hardness and elongation with the amount of
manganese added.

2 A7kl 045w F7Ke) wet 7R 24 & e
o= 3 BEo] 5994 189%2 Z7ISITE W7k B}

Table 3. Results of mechanical testing and microstructural analysis of as-cast specimen.

amount mechanical properties microstructure
Spectinen ?i?ozg YS.(MPa) TS(MPa)  %Elong BHN n"d(f,‘/lo"‘)r ity n"‘z}ﬂfgg“m Ypearlite K
0.60 278 415 29.2 147 97.2 1004 59
effectofMn  0.25 309 435 24.2 150 97.0 91.5 12.6
045 316 440 18.3 160 974 1074 18.9
0.20 327 500 22.0 178 97.2 84.1 36.9
effect of Cu" 0.50 478 702 12.5 215 974 825 78.6
0.80 567 786 7.9 246 96.2 829 89.9
1.20 646 822 5.0 250 99.2 65.1 94.6
effect of Mo® 0.30 320 457 244 157 99.0 922 135
) 0.50 331 461 23.7 155 96.8 88.9 83
0.40 368 477 233 163 95.9 72.6 15.1
~ 080 350 473 214 163 96.9 879 17.7
effect of Ni
1.20 435 490 21.7 169 95.7 91.9 17.0
1.60 436 568 16.7 183 94.8 87.3 31.0

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. 14. Microstructures of the specimen containing 0.80% Ni with different heat-treatments.

Table 4. Mechanical properties and matrix structures of annealed and normalized specimens.

amount annealed normalized
specimen added =y g T g T . YS. TS, o o temark
(Wt%) (MPa) (MPa) %Elng BHN  %pearlite (MP2) (MPa) %Elng BHN  %pearlite
0.00 256 403 29.6 119 3.6 557 690 6.5 210 56.0
eﬂﬁ;"f 025 271 415 30.1 128 44 719 786 55 215 65.7
0.45 300 421 14.1 136 48 854 910 39 273 98.4
0.20 277 414 29.7 126 3.9 667 776 6.8 225 65.9
effectof 0.50 301 429 272 131 5.7 770 839 7.0 255 81.6
Cu* 0.80 362 504 19.4 159 59.0 885 906 58 274 93.9
1.20 606 686 7.6 194 39.4 878 975 48 299 93.8
effectof 030 293 415 25.6 129 52 706 773 8.0 231 19.7
Mo* 050 281 426 23.6 129 9.5 735 784 6.9 217 29.7
0.40 321 435 26.5 151 49 791 847 8.8 248 19.9
effectof 0.80 306 433 22.5 137 5.3 841 882 7.6 241 22.6
Ni* 1.20 347 444 258 156 5.1 1047 1047 5.6 279 97.0
1.60 381 460 24.8 159 4.1 970 1071 47 272 96.7

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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