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Segregation Behavior of Impurity Elements in Large Wheel Hub by Reverse

Squeeze Casting
Xing Shuming', Wang Yongsheng®. Liu Xin*, Hou Jinglu®
(1.School of Mechanical and Electronic Control Engineering, Beijing Jiaotong University;
2.Hot Processing Branch, Beijing North Vehicle Group Co., Ltd.; 3.Tianjin Jinhuitong Bicycle Co., Ltd.)
Abstract: The segregation of impurity elements is known as an important factor leading to abnormal failure of
large-scale key structural parts. The segregation degree, segregation position and segregation type of impurity el-
ements such as P, Ca, Zn, Pb, Cu, Fe, Zr and Mn were analyzed for A356.2 aluminum alloy wheel hub by re-
verse squeeze casting. The results reveal that the rheological behavior of squeeze casting has an important influ-
ence on the segregation of impurity elements. Three kinds of interesting segregation are presented as follows: the
“channel segregation” along the rheological feeding channel, the "zero rheological segregation" in the non-deform-

ation zone, and the "specific gravity segregation” of calcium and copper. The degree of segregation of these impu-
rity elements can be divided into four grades according to the segregation ratio from low to high. Zinc, plumbum
and phosphorus belong to serious segregation elements with the segregation ratio higher than 0.3, which reaches
grade 4, while calcium belongs to the heavy segregation element with the segregation ratio of 0.2~0.3, which is
grade 3. Meanwhile, the impurity elements such as iron, copper, manganese, zirconium are all light segregation
elements with the segregation ratio of 0.1~0.2, which is grade 1 or grade 2. The segregation position of impurity
elements is controlled by solidification sequence, rheological state and spatial position. The central position (zero
rheological zone) under punch or indenter and local hot spot positions of reverse filling are the accumulation area

of £,<1 impurity elements. On the contrary, the farthest position of reverse filling is poor in impurity elements.
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Tab.1 Impurity element content at different positions %

o wp/ X103
Fe Cu Zn Mn Zr Pb Ca P

1 0.16 3.8 8.0 3.1 1.56 2.2 2.6 1.00
2 0.15 3.2 7.0 3.0 1.56 2.0 2.5 1.28
3 0.16 3.4 7.0 3.1 1.56 2.0 2.7 1.08
4 0.15 3.1 6.0 2.8 1.72 1.9 3.5 1.21
5 0.17 3.5 8.0 3.1 1.56 2.1 2.8 0.99
6 0.18 3.6 7.0 3.1 1.59 2.2 2.8  0.89
7 0.17 3.4 8.0 3.1 1.78 2.7 3.6 1.05
8 0.15 3.1 5.5 2.7 1.61 1.6 3.7 0.77

C v max 0.18 3.8 8.0 3.1 1.78 2.7 3.7 1.28

Cw min 0.15 3.1 5.5 2.7 1.56 1.9 2.5 0.77

SFEHME C 0.16 3.4 7.1 3.0 1.62 2.1 3.0 1.03
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Tab.2 Segregation degree of impurity element at

the different positions %
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Tab.3 Segregation grades of impurity elements

JLE Fe Cu Zn Mn Zr Pb Ca P

ZmwATE ¢ 012 0.20  0.28 0.03 0 0.10 0.11 0.27
T miraEg 2 3 3 1 1 2 2 2
YT ¢n 0.18  0.15  0.49  0.13  0.13  0.51  0.28 0.30
YRS 2 2 4 2 2 4 3 4
S 2 4 2 2 4 3 4

wp/X1073

TLE Fe Cu Zn Mn Zr Pb Ca P

BIRRAREZE  0.03 0.70 2.50 0.40 0.22 0.80 1.20 0.51
BAEWTE ¢ 0.19 014 0.3¢ 0.16 0.10 0.30 0.24 0.50
R KRE2  0.02 070 2.00 0.10 0  0.20 0.30 0.29
ZEmAT ¢ 0.12 0.20 0.28 0.03 0  0.10 0.11 0.27
MR 0.03  0.50 3.50 0.40 0.22 1.10 0.90 0.28
MNEwMr ¢ 0.18  0.15  0.49 0.13  0.13 0.51 0.28 0.30
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Tab.4 Longitudinal segregation position (No. 5~8)

of impurity elements
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Tab.5 Radial segregation position (No. 1,2,3,5) of
impurity element
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Tab.6 Equilibrium distribution coefficient of impurity elements

Fe Cu Zn Mn Zr Pb Ca P
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Fig.3 Schematic diagram of reverse squeezing casting process
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