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Table 1 Chemical compositions of nine samples wg/%
R C Si Ni Mn P S Mg, REy;
1 391 2.01 1.20 0.21 0.034 0.027 0.053 0.036
2" 3.86 2.07 1.52 0.19 0.034 0.028 0.054 0.036
3 3.80 2.03 1.78 0.18 0.032 0.022 0.055 0.038
4 3.84 2.20 1.19 0.20 0.036 0.022 0.048 0.029
5" 3.87 2.22 1.45 0.22 0.035 0.025 0.046 0.027
6 3.82 2.20 1.77 0.19 0.034 0.023 0.047 0.032
7" 3.93 2.45 1.18 0.17 0.028 0.021 0.047 0.034
8 3.92 2.48 1.50 0.17 0.030 0.023 0.056 0.043
9" 3.84 2.46 1.74 0.17 0.028 0.021 0.058 0.039
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(a) 1"Si2.01%Nil.20%

100pm

(d) 4%Si2.20%Nil.19%

(b) 2Si2.07%Nil.52%

(e) 5°Si2.22%Nil.45%

(¢) 3"Si2.03%Nil.78%

100pm

(f) 6" Si2.20%Nil.77%

(g) 7"Si2.45%Nil.18%

(h) 8"Si2.48%Nil.50%

100pm

(i) 9"Si2.46%Nil.74%

El SBHRESEER

Fig. 1 Microstructures of as-cast samples

R2 HHARPHAEENSHRESE

Table 2 Proportions of pearlite and cementite in as-cast microstructures of nine samples 1%
TiH i 2 3 4 5 6 7' 8’ 9’
Bt st 45 55 65 25 35 50 8 20 35

B 3 4 10

1~2 2 0 0 0
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900~960 °C o 720~760 C
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& 36h NI <S0Th g 600°C Hi 412578}
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E2 ASEUHMEBEXTZ E3 REASHERXTIZ
Fig. 2 Two-stage annealing process of graphitizing Fig. 3 Low temperature graphitization annealing process
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(a) 17 Si2.01%Nil.20% (b) 2" Si2.07%Nil.52% (¢) 3% Si2.03%Nil.78%

100pm

(d) 4" Si2.20%Nil.19% (e) 5Si2.22%Nil.45% (f) 6" Si2.20%Nil.77%

100pm

(g) 7" Si2.45%Nil.18% (h) 8" Si2.48%Nil.50% (i) 9" Si2.46%Nil.74%
E4 HEMBEEIRAESIEEN

Fig. 4 Microstructures of samples after heat-treatment
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Table 3 Proportions of pearlite and cementite in heat-treated microstructures of nine samples 1%
WiH 1" 2! 3" 4 5" 6" 7" 8" 9"
Tt 3 5 10 <1 1 2 o I G
B Jo T g 7 ¥ J g 7o T

(b) Ni

[E5 SEMBEEDITER
Fig. 5 Results of surface scanning with SEM energy spectrum analysis
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Fig. 6 Effect of combined addition of nickle and silicon on room-temperature mechanical properties of low-temperature high-ductility ductile iron
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Fig. 7 Tensile fracture morphologies
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Fig. 8 Effects of combined addition of Ni and Si on low-temperature impact energy
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Fig. 9 Fracture morphologies of low temperature impact samples
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Effect of Combined Addition of Nickle and Silicon on Microstructure and
Mechanical Properties of Low-Temperature High-Ductility Ductile Iron

WANG Wen-hui, SUN Yu-fu, XIAO Zhi-yun
(Material Science and Engineering College, Zhengzhou University, Zhengzhou 450002, Henan, China)

Abstract:

Low-temperature ductile iron were alloyed with 1.2%-1.8% Ni and 2.0%-2.5%Si, and then treated through
two-stage graphitization annealing or low temperature graphitization annealing process. The results show
that the microstructure of ductile iron after heat treatment is composed of ferrite, spherical graphite and small
amount of pearlite; when the content of Si is 2.01% and the content of Ni is 1.2%, the low temperature impact
energy A,, is the highest, reaching 16.3 J at =20 °C and 13.6 J at —40 “°C , respectively, and its tensile strength
is greater than 400 MPa, elongation is up to 23%, which implies that low temperature ductile iron with high
tensile strength and high toughness in a condition that ensures its low temperature impact energy can be
obtained when the content of Ni is not more than 1.5% and that of Si is between 1.9% and 2.3%.

Key words:
low-temperature high-ductility ductile iron; combined addition of nickel and silicon; low-temperature impact
toughness; wind power castings
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