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Effect of the Electromagnetic Compound Field on Microstructure and properties of continuously cast Al-20wt%Sn alloy
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Cylindrical ingots of Al-20wt%Sn bearing alloy were prepared by continuous casting under superimposing electromagnetic compound field (the static magnetic field and the alternating electric field were simultaneously imposed in the melt), of which the current intensity ranges from 0 to 2.2 × 10 4 A/m 2 and the magnetic flux density of the static magnetic field is 0.09 T. The microstructures and mechanical properties of the ingots were investigated. The results indicated that the grain size decreased with the increase of the current intensity. At the same time, both microhardness and tensile strength of the ingots increased. However, when the current intensity exceeded 1.8 × 10 4 A/m 2 , the grain size tended to be larger. At the same time, both micro-hardness and tensile strength of the ingots decreased. Based on the theory of electromagnetic vibration, a possible mechanism was suggested out.

Introduction

Aluminum-tin alloy has been widely used in automobile industry with excellent properties as one kind of bearing alloy. Traditional preparation methods of aluminum-tin alloy existed kinds of problems such as gravity segregation and coarse grain et al, which could be solved by electromagnetic vibration method. Electromagnetic vibration was firstly studied by Vives and Radjai [1][2][3][4] by simultaneously imposing of a static magnetic field and an alternating current which is perpendicular to each other into the solidification of aluminum alloys. The result showed that the microstructure was refined efficiently. Then, Mizutani [5] studied the effect of the intensity and the frequency on microstructural refinement of aluminum alloys. The results showed that there existed optimal value of both the intensity and the frequency, and refinement of primary α-dendrite particles was likely to be caused by the collapse of dendrite arms due to microexplosion and stirring of the melt. In this paper, the molten Al-20wt%Sn alloy was imposed simultaneously by a static magnetic field and an alternating current which is perpendicular to each other. The effect of operating parameters on the refining structure of Al-20wt%Sn alloy has been investigated experimentally. The equipment in this paper includes electrode, dummy bar, alternating current power et al. The size of the mold is 200mm in height, and the radius is 40mm. The average magnetic flux density remains 0.09 Tesla and the current intensity can be adjusted from 0 to 2.2 × 10 4 A/m 2 . The continuous casting sets were illustrated in figure 1.

The material used in this experiment was aluminum-20wt%tin alloy. It was heated to 730 ℃ by a heater and held for 20 minutes to make the molten metal more homogeneous. Turned on the switch of the cooling water and let it flow at a setting rate. Then poured the molten metal into the mold, and turned on the switch of the electromagnet and the alternating current power when liquid level was higher than the bottom of electrode. Adjust the value to let dummy bar go down at a setting velocity to ensure the steady of the liquid level of the molten metal. After the solidification, split the sample along the direction of cross section and polished it to observe the microstructure. Besides, the hardness and the tensile strength of the sample were also measured.

Results and discussion

Figure 2 shows the change in microstructure of cross section for the sample of various AC intensities at 0.09T static magnetic field. Obviously, the grain size decreased with the increase of the AC intensity, which is mainly attributed to the effect of the electromagnetic vibrations. However, when the current intensity exceeded 1.8 × 10 4 A/m 2 , the grain size tended to be larger. 

F = J  B (1 
) Solidification temperature of aluminum-20wt%tin alloy ranged from 228 ℃ to 630 ℃, which cost long time to finish solidification and resulted in large dendritic crystals. Formula (1) indicated that the intensity of electromagnetic vibration was enhanced with the increase of the current intensity, so the temperature gradient in molten metal tended to be gentler. As a result, more nucleation particles appeared in the molten metal and the final microstructure of the alloy was refined gradually. Meanwhile, molten metal in the mold obtained more Joule heat with the increase of the current intensity depended on the formula (2) below. Much more nucleation particles would be melted into the molten metal, so the final microstructure of the alloy tended to be larger when the current intensity increased to higher value.

Q = I 2 R t (2) 
Conclusions 1) Simultaneous imposition of a static magnetic field and an alternating current which is perpendicular to each other could refine the microstructure of aluminum-20wt%tin alloy.

2) With the same magnetic flux density, the degree of grain refinement of the aluminum-20wt%tin alloy rose to a certain value with the increase of the current intensity and then decreased. The hardness and the tensile strength also showed the similar change.

3) When the current intensity was 1.8 × 10 4 A/m 2 and the magnetic flux density was 0.09 Tesla, grain refinement reached to a greatest degree which resulted in a peak value in the change of the hardness and the tensile strength, which was probably due to the combined action of change of Lorenz force and the temperature field. If controlling the current intensity and the magnetic flux density well, we could obtain refined microstructure with high mechanical properties.

  Experimental details (a) Envisage map (b) look down map Fig. 1: Sketch of experimental device of continuous casting in electromagnetic field 1-Electrode, 2-Inner lining, 3-Outer lining, 4-Molten metal, 5-Solidified metal, 6-Cooling water in, 7-Dummy bar, 8-Cooling water out, 9-alternating current power, 10-Electromagnet
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 223 Fig. 2: The effects of various current intensity on microstructure in the cross section of Al-20wt%Sn at 0.09T Figure 3 shows the change of the hardness of the aluminum-20wt%tin alloy sample. The hardness rose from 36.03 to 40.6 HV when the current intensity increased from 0 to 1.8 × 10 4 A/m 2 , and decreased to 39.57 HV when the current intensity reached 2.2 × 10 4 A/m 2 . Similarly, though remaining steady from 0 to 1.4 × 10 4 A/m 2 , the tensile strength reached to a highest value of 131.51 MPa when the current intensity increased to 1.8 × 10 4 A/m 2 and then decreased, which was shown in figure 4.
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 34 Fig. 3: Hardness change of Al-20wt%Sn at 0.09T
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