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The Effect of Alloying Elements and Cooling Rate on the
Eutectoid Transformation of Ductile Cast Iron

Sung-Kon Yu*

Abstract

In the stable eutectoid transformation of austenite in ductile cast iron, ferrite forms around the

graphite spheroid. As carbon diffuses through the ferrite ring, the graphite spheroid must eularge

and the ferrite ring must deform plastically to accomodate this growth. A model has been proposed

to clarify this mechanism.

The alloying effects of molybdenum, nickel and copper were studied in a series of heats cast into

a range of casting section sizes. Regression analysis was used to illustrate the effects of alloying

and cooling rate on the microstructure of ductile cast iron.
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Table 1. Composition of Charge Materials
Charge Chemical composition
materials | C %Si %Mn Other
Sorel 435 0.18 0.009 0.025% P

0.015% S
Steel 0.20 0.10 0.40
Ferro-Mn | 6.79 057 75.18
Ferro-Mo 0.03 63.76% Mo
77% FeSi 77 0.95% Ca
5% MgFeSi 46.24 6.06% Mg
Cu 100% Cu
Ni 100% Ni
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Heat Series 1 Mo(%) Ni(%) Cu(%)
0.0 0.0 0.0
0.1 0.0 0.0
0.2 0.0 0.0
0.4 0.0 0.0
0.6 0.0 0.0
Heat Series 2 0.2 0.0 0.0
0.2 1.0 0.0
0.2 0.0 1.0
Heat Series 3 0.0 0.5 0.5
0.0 0.5 1.0
0.0 1.0 0.5
0.0 1.0 1.0
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Table 2. Chemical Composition of Heats Poured

(Wt. %)
Heat Chemical Composition
No. C Si Mn Mo Cu Ni Mg
1 377 257 43 .00 .02 .06 .063
2 360 265 46 .10 .10 .06 0.049
3 363 253 45 .19 02 .06 .056
4 366 269 49 36 .02 .06 .054
5 371 258 52 60 .02 .06 .050
6 372 260 48 .19 .02 100  .057
7 366 275 .50 18 1.00 .06 .055
8 352 255 47 .18 49 50 .047
9 351 252 44 .19 99 .52  .058
10 367 263 47 .20 b3 103 .057
11 350 266 42 .18 94 .96  .050
12 370 257 .46 .35 43 .50 .049
13 364 252 46 36 95 50 .049
14 358 256 46 .36 49 .98  .059
15 356 262 46 .36 .98 1.00 .054
16 366 259 46 .00 45 49 071
17 359 261 .48 00 .96 49 052
18 365 260 45 .00 42 .94  .065
19 356 247 47 00 95 97 .0b5
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Table 3. Percentage distribution of constituents in the As-Cast matrix

Section Size(mm-D)

Section Size(mm-D)

Section Size(mm-D)

Sample 13 25 38 51 64
| No. P F BM| P F BM P F BM| P F BM| P F BM
1 725 275 00| 547 453 0.0 | 455 545 0.0 | 347 653 00 | 268 732 00
2* | 8.1 189 00| 501 499 00 | 435 565 0.0 | 321 679 00 | 318 682 00
3* | 791 199 00| 61.8 382 0.0 | 586 414 0.0 | 442 558 0.0 | 40.0 60.0 0.0
4* | 803 187 00| 675 325 0.0 | 577 423 0.0 | 422 578 00 | 450 550 00
5 765 103 132| 746 254 0.0 | 635 365 0.0 | 561 439 0.0 | 470 530 0.0
6 825 175 00| 700 300 00 | 622 378 00 | 51.1 489 0.0 | 57.0 430 0.0
7 11000 00 00[1000 0.0 0.0 |1000 00 00 [1000 0.0 00 [1000 0.0 0.0
8 928 72 00| 924 76 00| 90 50 00| 942 58 00 | 927 173 00
9 1000 00 00[1000 00 00| 956 00 00 |1000 00 00 |100.0 00 00
10 779 3.0 191| 924 76 00! 956 44 0.0 | 9.7 43 00 | 943 57 00
11 0.0 00 1000[1000 00 00 {1000 00 0.0 }1000 0.0 0.0 |100.0 0.0 00
12 384 16 61.1| 92 98 00| 927 73 00 | 914 86 00 | 9.0 100 00
13 127 05 85701000 00 00 /1000 0.0 00 11000 00 00 [1000 00 00
14 103 00 89.7| 945 55 00| 949 51 00 | 96 34 00 | 97 33 00
15 00 0.0 1000| 8.7 06 127 [1000 0.0 0.0 |1000 00 00 |[100.0 00 0.0
16 913 87 00| 926 74 00| 950 50 00 | 95 45 00 | 955 45 0.0
17 11000 00 00]1000 00 0.0 |1000 00 0.0 [1000 0.0 00 |100.0 00 0.0
18 925 75 00| 935 65 00| 957 43 00 | 931 69 00 | 957 43 00
19 (1000 00 00]1000 00 00 {1000 00 00 [1000 0.0 00 [1000 00 0.0

P : Pearlite, F : Ferrite, BM : Bainite-Martensite
* . 1.0% eutectic carbide in the 13mm D. bar

Table 4. Summary of sample No. 1

Section Ferrite Ring
Nodules/mm? Nodule size(at X 100, mm) Thickness(not over
Size(mm, Dia) | lapped) (mm)
13 400 2 1.5x107?
25 200 4 2.0x 1072
38 100 4 3.0x107°
ol 80 3 3.5x107?
64 75 8 4.0x 1072
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Fig. 1 Sketch illustrating the formation of ferrite around the graphite
spheroid during austenite decomposition.
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Fig. 2 Carbon concentration profile in graphite
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Table 5. Data calculated from Eq.(4) illustrating
spheroid diameter with the development

the relative change in graphite
of ferrite during austenite decomposition

Original Graphite | Graphite Diameter | Diameter of Thickness of Ratio of Ferrite
Spheroid Diameter After Ferrite Ring Ferrite Ring Ring to Spheroid
Transformation Diameter
1.000 1.000 1.000 .000 000
1.000 1.017 1.500 242 237
1.000 1.049 2.000 A76 454
1.000 1.162 3.000 919 791
1.000 1.334 4.000 1.333 999
1.000 1.548 5.000 1.726 1.115
1.000 2.836 10.000 3.582 1.263
1.000 5.601 20.000 7.200 1.285
B yog, CrTite TInG during sl stete AR, B Age AHse 214 ¥Y ¥ 2
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Fig. 3 Increase in the graphite spheroid diameter
during the development of ferrite, based
upon Equation 4).
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Al =7] , ,
217 (mm, Dia) Regression Equation
13 % Ferrite =21.9-14.3(% Mo)-4.3
(%Ni)-17.3(%Cu) (5)
25 % Ferrite =39.3-14.1( % Mo0)-9.8
(%Ni)-325(%Cu) (6)
38 % Ferrite=45.1-10.2( % Mo)-13.0
(#Ni1)-385(%Cu) (7)
51 % Ferrite =55.9-11.7(% Mo)-16.1
(%N1)-48.2(%Cu) (8)
64 % Ferrite=59.1-9.7( % Mo)-19.2

(BNi)-50.0(%Cu) (9)
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