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� 1  FG0����@��� 

Fig.1  Schematic diagram of the experimental principle for 

stirring liquid aluminum 

Cu-P alloy 

Stirrer 

Molten aluminum 

Graphite crucible 

Holding furnace 
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Fig.2  Solidification microstructures of Al-15%Si alloy with different stirring treatment parameters: (a) no stirring; (b) 75 r/min,8 min;  

(c) 75 r/min, 20 min; (d) 75 r/min, 32 min; (e) 224 r/min, 8 min; (f) 224 r/min, 20 min; (g) 224 r/min, 32 min 
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Fig.3  Solidification microstructures of Al-18%Si alloy with different stirring treatment parameters: (a) no stirring; (b) 75 r/min, 

8 min; (c) 75 r/min, 20 min; (d) 75 r/min, 32 min; (e) 224 r/min, 8 min; (f) 224 r/min, 20 min; (g) 224 r/min, 32 min 
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Fig.4  Solidification microstructures of Al-20%Si alloy with different stirring treatment parameters: (a) no stirring; (b) 75 r/min, 

8 min; (c) 75 r/min, 20 min; (d) 75 r/min, 32 min; (e) 224 r/min, 8 min; (f) 224 r/min, 20 min; (g) 224 r/min, 32 min 
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Table 1  Measurement results of primary silicon (µm) 

Stirring time/min 

Alloy Temperature/¦ Stirring speed/r·min
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22

 

23

10
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21
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12
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 - 
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11
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 - - 

Al-20%Si 
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224 

107

22

64

 

79

20
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26

8

17

 - 

33

9

18

 - - 

Note: When stirring temperature is 800 �, the ingot casting of Φ40 mm�100 mm is poured 
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Fig.5  Change law of primary Si size 
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Fig.6  Best refining effect of primary silicon 
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Fig.7  Size range of primary silicon 
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Fig.8  Schematic diagram of forming AlP in Al-Si alloy melt: (a) Cu

3

P phases leak on the surface of Cu-P alloy particles; (b) Cu

3

P phases 

dissolve; (c) formation of AlP phases; (d) growth of AlP phases 
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Fig.9  OM images of the in-situ AlP with different Si contents: (a) Al-15%Si, (b) Al-18%Si, and (c) Al-20%Si (v=75 r/min, t=32 min) 

 

��������	
���� AlP����

� P��� AlP������ AlP������	


� !"#$�%� P��� AlP�&'#()�#

*+,-./� AlP�0123#4� 

��������

1) Cu-P��01567�8����%	
9:

;<=>?@A0123�BC8DA=.E 85%�

FDG;<�H��;<("#�I8JK#A�0

123#4� 

2) %	
;<�L1�.E���� AlP�;

<	
MN AlP OPC��QRS,./� AlP��

�� P��� AlP������ AlP������	


� !"#$�%� P��� AlP�&'#()�

#*+,-./� AlP� 

3) 	
��8�T=U2VW� P��� AlP�

���X;<YZ[\��8JK#A�0123#4� 

4) Cu-P ��01]^_;<	
`abcde

fBC α [�gK�;<YZ�h��ij�67d

eklmn���opq� α k
�rstu./B

C8�vwde� 

 

����    References  

[1] Joseph S, Tewari A, Kumar S. Metallurgical and Materials 

Transactions A[J], 2013, 44(5): 2358 

[2] Zuo M, Liu X F. J Inorg Organomet Polym[J], 2012, 22(1): 64 

[3] Wang Q L, Geng H R, Zuo M et al. Materials Science and 

Technology[J], 2013, 29(10): 1233 

[4] Wang A Q, Zhang L J, Xie J P et al. Journal of Rare Earths[J], 

2013, 31(5): 522 

[5] Ding W W, Xia T D, Zhao W J et al. Materials[J], 2014, 7(2): 

1188 

[6] Ludwig T H, Schaffer P L, Arnberg L. Metallurgical and 

Materials Transactions A[J], 2013, 44(13): 5796 

[7] Robles-Hernandez F C, Sokolowski J H. Advanced Engineer 

Materials[J], 2010, 7(11): 1037  

[8] Ludwig T H, Schonhovd D E, Schaffer P L et al. Journal of 

Alloys and Compounds[J], 2014, 586(15): 180 

[9] Lee T H, Ko H J, Jeong T S et al. Current Nanoscience[J], 

2014, 10(1): 146 

[10] Xu C L, Wang H Y, Yang Y F et al. Materials Science and 

Engineering A[J] , 2007, 452-453(15): 341 

[11] Sun Y J, Wang Q L, Geng H R. J Mater Sci[J], 2012, 47(5): 

2104 

[12] Sun J, Zhang X B, Zhang Y J et al. J Mater Sci[J], 2015, 

50(3): 1237 

[13] Haga T, Tnui H, Watari H et al. Journal of Materials 

Processing Technology[J], 2007, 191(1-3): 238 

[14] Lee E S. The International Journal of Advanced 

Manufacturing Technology[J], 2000, 16(10): 700 

[15] Kapranos P, Kirkwood D H, Atkinson H V et al. Journal of 

Materials Processing Technology[J], 2003, 135(2-3): 271 

[16] Luo A A, Sachdev A K, Powell B R. China Foundry[J], 2010, 

7(4): 463 

[17] Vijeesh V, Narayan P K. Trans Indian Inst Met[J], 2014, 67 

(1): 1 

[18] Guo J, Liu Y, Fan P X et al. Journal of Alloys and 

Compounds[J], 2010, 495(1): 45 

[19] Zuo M, Zhao D G, Teng X Y et al. Materials and Design[J], 

2013, 47(9): 857 

[20] Li D K, Zuo M, Zhang Q et al. Journal of Alloys and 

Compounds[J], 2010, 502(2): 304 

[21] Qiao H, Zhu X Z, Gao T et al. Journal of Materials Science 

& Technology[J], 2015, 31(4): 391 

[22] Qiao H, Gao T, Zhu X Z et al. Journal of Alloys and 

Compounds[J], 2015, 622: 662 

a 

b 

c 

50 µm 



�1014�                                         ,-	./01�2                                            � 483 

[23] Pozdniakov A V, Glavatskikh M V, Makhov S V et al. 

Materials Letters[J], 2014, 128(10): 325 

[24] Bao G J, Li D K, Nie J F et al. Journal of Alloys and 

Compounds [J], 2012, 528: 45�

[25] Ludwig T H, Schaffer P L, Arnberg L. Metallurgical and 

Materials Transactions A[J], 2013, 44(13): 5796 

[26] Nogita K, McDonald S D, Tsujimoto K et al. Journal of 

Electron Microscopy [J], 2004, 53(4): 361 

[27] Zuo M, Liu X, Sun Q Q et al. Journal of Materials 

Processing Technology[J], 2009, 209(15-16): 5504 

[28] Chen S Y, Wu Y, Chang G W et al. High Temp Mater Proc[J], 

2016, 35(8): 827 

 

Influences of Melt Stirring Treatment on Modification Effect of Hypereutectic Al-Si 

Alloys Modified by Cu-P Alloy 

 

Chen Shuying, Ma Shengnan, Yue Xudong, Li Qingchun, Chang Guowei 

(Liaoning University of Technology, Jinzhou 121001, China) 

 

Abstract: The primary silicon is still rough in hypereutectic Al-Si alloys with P modification. Aimed at this issue, Al-15%Si, Al-18%Si 

and Al-20%Si alloys were modified by the Cu-9%P alloy, and then the melts were stirred. The influences of the stirring parameters on the 

modification effect were studied. The mechanism that the melt stirring can improve the modification effect was analyzed. The results show 

that the melt stirring can obviously enhance the modification effect of hypereutectic Al-Si alloys modified by the Cu-P alloy, and the 

primary silicon can be refined up to 85%. Within the optimum stirring time, the stronger the stirring is and the higher the silicon content is, 

the better the modification effect is. The melt stirring forces the AlP in the P-rich region to stop growing. The faster the velocity of the melt 

flow is, the stronger the scour to AlP in P-rich region is, and the easier it is to obtain fine AlP. The melt stirring can also increase the 

quantity of the primary α in the microstructure. The typical eutectic structure basically disappears if the stirring parameters are suitable and 

the microstructure of the tiny primary silicon evenly distributed in the continuous α matrix is obtained. 

Key words: hypereutectic Al-Si alloy; P modification; melt stirring; primary Si; AlP 
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