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Effect of process parameters on Si segregation in an aluminum alloy during squeeze

casting
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ABSTRACT The effects of pouring temperature squeeze pressure squeeze speed and cooling type on Si segregation in 6066 alloy
were studied in indirect squeeze casting. Taking the difference between the silicon content of the hot spot zone after solidification and
the initial silicon content of the alloy as the segregation degree the Si segregation was analyzed according to orthogonal design which
considers two levels four factors and partial first-class interactions. The results show that pouring temperature squeeze pressure
squeeze speed and cooling type all have effect on the Si segregation but pouring temperature is the most significant factor. With the
increase of pouring temperature the segregation degree of Si decreases. Squeeze pressure and squeeze speed have less influence on the
Si segregation than pouring temperature but their influence trends are opposite. The influence degree of mold cooling is similar to that
of the partial first class interaction of squeeze pressure and speed. The Si segregation in a copper sleeve ( high cooling speed) is lighter
than that in a steel sleeve ( low cooling speed) . Negative Si segregation was found in the hot spot zone of indirect squeeze cast work—
pieces.
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Table 1 Chemical composition of the alloy %
1 Si Fe Cu Mn Mg Cr Zn Al
( 2) 0.6 0.35 0.3 0.15 0.9 0.1 0.1
2 6
7
4
6066 1.
cle 0.2%) . 18(27) N
20 MPa 50 MPa 35 mmes”'
50 mmes '

( ) 680°C 730 C.
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Fig.4 Position of detection
2
Table 2 Factors and levels
A B /I C D
/MPa (mmes™") /C
1 20 35 680
2 50 50 730
Si
Si
Si
W, Si
w; 1=12 3.
2
v Si
Si w’
(1) ’
w .

0 =W, —w, (1)
3
Si
Si
Si w’
Si
@y
3 s ( )
Table 3  Detection results of Si content %
[oN W w, w3 w0’
1 0.813 0.647 0.647 0.560 -0.195
2 0.787 0.759 0.819 0.847 0.021
3 0.763  0.997 1.030  0.985 0.241
4 0.877 0.658 0.670 0.608 -0.232
5 0.837 0.543 0.503 0.565 -0.300
6 0. 891 0.764 0.845 0.754 -0.103
7 0.871 0.841 0.784 0.753 -0.078
8 0.848 0.615 0.534 0.557 -0.279
3 4
4 H;
(
D) : (
A) ( B)
; ( )
( A x B)
5~ 8
5 Si
Si
Si
Si
Si . 6
20 MPa 50 MPa Si
Si ;
Si Si
7 35mmes™" 50 mm*
s Si
Si
Si 8
Si
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Table 4  Analysis of experimental results of the orthogonal table
/%
A B AxB C AxC D BxC 2y @, w; Y o
1 1 1 1 1 1 1 1 0. 647 0. 647 0. 560 1.854
2 1 1 1 2 2 2 2 0.759 0.819 0.847 2.452
3 1 2 2 1 1 2 2 0.997 1.030 0.985 3.012
4 1 2 2 2 2 1 1 0. 658 0. 670 0. 608 1.936
5 2 1 2 1 2 1 2 0.543 0. 503 0. 565 1.611
6 2 1 2 2 1 2 1 0. 764 0.845 0.754 2.363
7 2 2 1 1 2 2 1 0.841 0. 784 0.753 2.378
8 2 2 1 2 1 1 2 0.615 0.534 0.557 1.706
L, 9.254 8.280 8.390 8. 855 8.935 7.107 8.531
I 8.058 9.032 8.922 8.457 8.377  10.205 8.781
k; 4 4 4 4 4 4 4
L,/3k 0.771 0. 690 0. 699 0.738 0. 745 0.592 0.711
1L, /3k; 0. 672 0.753 0. 744 0. 705 0. 698 0.850 0.732
H; 1. 196 0.752 0.532 0.398 0.558 3.098 0.250
D>A>B>AxC>AxB>C>BxC
A1B2C1D2
O e B Y, o, j=12 7, 0,— j “2” Y, o,
k— j . j - 1Bk— 1 CA8k—
“2” TH— J
Si
Si
Si Si
6 Si
Fig.6 Effect of squeeze pressure on the Si content
5 Si

Fig.5 Effect of pouring temperature on the Si content
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Fig.7 Effect of squeeze speed on the Si content
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Fig.8 Effect of cooling type on the Si content
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Fig.9  Microstructures of different positions: ( a) hot spot zone;

(b) edge
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Fig.10 Formation process of segregation: ( a) beginning filling; (b) filling; (¢) solidifying and feeding
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