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Effects of nickel element on microstructure and mechanical properties of ADI
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Abstract

In this study, both the materials consisting of unalloyed DI and 4wt% Ni-alloyed DI were
performed austempered treatment. They were austenitized at 900°C for 1.5 hrs before quenched in
asalt bath of 300°C and 360°C for 2 hrs, respectively, and finally air-cooled to room temperature.
And then, microstructure observation, retained austenite measurement, hardness, tensile and impact
tests were al carried out for understanding the effect of nickel addition on microstructure and
mechanical properties of ADI. The results are showed as the follows: (1) Ni-alloyed ADI has the
more retained austenite content than unalloyed DI; (2) 4% nickel addition can reduce the effect of
austempering temperature on retained austenite content of ADI; (3) Ni-alloyed ADI austempered
300°C for 2 hrs has the highest tensile strength about 1377 MPa, while its elongation and impact
toughness are nearly not changed as compared to unalloyed DI.
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Fig.1. Dimension of the Y-block castings in this experiment.

(unit: mm).
100
30 32 > ¢ 30 N
i — \ * g ]
o ]
- > V—
? E RG/' —>| gl

v

10

(b)

Fig.2. Dimensions of mechanical testing specimens: (a) tensile

test and (b) impact test (unit: mm)
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Table 1 Chemical composition of the experimental irons.

Material C Si Mn P S Mg Ni Fe
A 356 | 283| 022 | 0.039 | 0.008 | 0042 | --- | Bal.
B 357 |263| 024 | 0037 | 0.008 | 0.042 | 4.0 | Bal.
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Fig.3 Schematic diagram of the heat treatments.
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Fig.4 Microstructure of the as-cast (a) material A and (b) material
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Table 2 Constituent amounts in the microstructure of the ductile irons.

Material | Nodularity | Nodulecount | Ferrite | Pearlite | Graphite
(%) (No./mm?) (%) (%) (%)
A 90 100 60 24 16
B 82 96 15 73 12
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Fig.5 EPMA line-scan pattern of the irons with Ni addition.

Fig.7 Comparison of constituent content in the

oo microstructure of the materials.
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Fig.6 Comparison of nodular graphite of the irons. (@)

nodularity and (b) nodule count.
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Fig.9 Microstructure of ADI treated at 360°C -2hrs: (a) material A

and (b) material B.
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Table 3 Retained austenite and mechanical properties of the resulting ironsin this experiment.

Material | Austempering | Retained | Carbon | Brinell Tensile | Elongation I mpact
condition austenite inyr hardness | strength (%) toughness
vr(VOL%) | (%) (HB) (MPa) )
As-cast -—-- - 161 499 18.2 73
A 300°C-2hrs 153 1.98 345 1193 23 57
360°C-2hrs 275 1.95 328 1113 5.6 91
As-cast 232 1027 34 13
B 300°C-2hrs 22.0 1.76 328 1377 38 53
360°C-2hrs 254 1.69 299 1011 4.9 89




40

(a) —o— Material A
354 —=— Material B

30+

:

20+

3.0
(b) —0O— Material A
25 —=&— Material B

2.0 - % %

— 3

154

154 £}
1.0
10

0.5+

Retained austenite (Vol%)

0.0

T T T T T T T T T
290 300 310 320 330 340 350 360 370 380

Carbon content in rerained austenite (%)

T T T T T T T T T
290 300 310 320 330 340 350 360 370 380

Austempering temperature (°C) Austempering temperature (°C)

Fig.10 Effect of austempering temperature on the ADI’s (a) retained austenite content and (b) carbon content in retained austenite.
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Fig.11 Comparison of the mechanical properties among the resulting materias: (a) hardness, (b) tensile strength, (c) elongation and
(d) impact toughness.



Fig.12 SEM fractographs of various ADIs: () material A 300°C -2hrs, (b) material A 360°C-2hrs, (c) materiad B 300°C -2hrs and (d)

material B 360°C -2hrs
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