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In this article, the primary silicon particles precipitated from Al-Si hypereutectic alloy during the solidification process are regarded as inclusions in the aluminum melt which need to be eliminated. The effect of alternating combined magnetic field (CMF) composed of downward travelling magnetic field (TMF) and alternating rotating magnetic field (RMF) on the removal of inclusions formed in the aluminum is investigated. The results indicated that the particles of inclusions had agglomerated into clusters obviously and migrated to the top of the melt to be removed under alternating CMF. In comparison, alternating CMF has a better removing effect than that of oriented CMF composed of oriented RMF and downward TMF. With the increasing of the current and the frequency for the alternating RMF included in the alternating CMF, the effect of elimination by alternating CMF is improved. The best removing effect condition for the alternating CMF is at the alternating time 10s.

Introduction

Due to their low density, high strength, high thermal conductivity and high electrical conductivity characteristics, aluminum alloys have been widely used in many fields, such as aerospace, marine engineering, automobile industry, and construction industry, etc. However, the presence of inclusions in aluminum alloys has significant harmful effects on their mechanical properties, which also lead to defects increase and corrosion resistance weaken [1,2]. Therefore there must be feasible and effective method to reduce the inclusions in aluminum alloys.

Traditional methods like gravity sedimentation, bubble method, flotation and filtration have low efficiency in removing little inclusions, particularly for those smaller than 20μm ones, and have difficulty to industrialize.

A practical way to remove small inclusions is to force groups of particles to aggregate with each other into large inclusions, which can be dislodged easily. Miki Yuji [3] discovered that there are many inclusions aggregation pairs in steel ingot treated by oriented rotating magnetic field (RMF), which enhanced the productivity of removing oxide inclusions. Lu Dehong [4] also found the phenomenon of primary silicon particles aggregating under RMF during the solidification of a hypereutectic Al-Si alloy. He Yanjie's researches [5,6] discovered that combined magnetic field (CMF) composed of downward travelling magnetic field (TMF) and RMF had a better removing effect than TMF or RMF individually. R. Alireza [7] found that primary silicon particles would aggregate in some degree, under electromagnetic vibration during the solidification of a hypereutectic Al-Si alloy. Han Yecong [8] further verified the effect of electromagnetic vibration on agglomeration of primary silicon particles, and investigated the effect of frequency and current on the influence of agglomeration scientifically.

In this study, primary silicon particles precipitating during the solidification of A390 aluminum alloy are regarded as inclusions. An alternating CMF of downward TMF and alternating RMF (magnetic field direction changes periodically) is introduced. The effect of such CMF to remove inclusions is investigated systematically.

Experimental

In this investigation, the commercial hypereutectic Al-Si alloy A390 is used, whose specific chemical composition is shown in table 1. The alloy rod sample with a diameter of 25mm is placed in a crucible with a diameter of 26mm, and is raised to the middle of electric oven by a servo motor. After the sample is heated to 720 °C to be completely melted and remained in this state for 20min, then the heating motor power is adjusted to cool the sample to 640°C at a constant cooling rate of 8°C/s. When the temperature is reduced to 640°C, the heat motor is turned off and the excitation source is switched on. Therefore, a magnetic field is imposed on the sample until the temperature reduced to 580°C. Then the magnetic field is turned off, the sample is pulled down and cooled to room temperature. After being milled and polished, the microstructures and macro distributions of the solidified samples are observed.

Tab.1 Chemical composition of hypereutectic Al-Si alloy (wt%

) Si Cu Fe Mg Zn Ti Al 18~2 0 <0.1 <0.1 <0.1 <0.1 <0.1 YY

Results

The distributions of primary silicon under different magnetic fields are shown in Fig. 1. In the case of sample without magnetic field (Fig. 1a), the primary silicon particles distribute uniformly in the sample basicly. By comparing Fig. 1b and Fig. 1c with Fig. 1d, one can finds that sample treated by alternating CMF has a larger area of silicon-particle-free region than those treated by TMF or RMF individually, which indicates that alternating CMF has a stronger inclusion removing effect. 

Discussion

The diagram of the CMF removal mechanism of primary silicon particles is shown in Fig.5 [6]. TMF downward can create an annular flow filed [9-12] in both paratropicplane and diatropicplane of the melt, shown as region I and region II. When an oriented CMF is applied, primary silicon particles in region II will migrate to region I, under a centrifugal force provided by oriented RMF, with a great migration velocity, collide and agglomerate with each other into larger particles in the center of melt. Meanwhile, large particles in region I will migrate to the upper of melt, under their buoyancy and flow filed produced by TMF. When an alternating CMF is applied, alternating RMF can not only drive particles migrating radially, but also promote particles to collide and agglomerate tangentially. Collision in tangential direction of melt, caused by alternating RMF, can increase the collision probability of particles; produce lager agglomerate clusters consisting of silicon particles, which migrate faster to the upper region of melt, under their buoyancy and flow filed produced by TMF. Thus, alternating CMF has a better cleaning efficiency than oriented CMF.

The velocity of silicon particle increases with the increasing of the frequency or current of alternating RMF [12],

which also enhances particle collision and agglomeration. Therefore, with the increase of the frequency or current of alternating RMF, the particles tend to agglomerate into clusters and migrate to the top of melt. So the removing efficiency of inclusions is increased. If the alternating time is too short, the primary silicon particles have not enough time to accelerate to an equilibrium velocity, which means the distance the particles can reach is short and the collision probability of particles is low. As if the alternating time is too long, longer than the required time for particle accelerating to equilibrium velocity, It has no effect to enhance collision probability. On the contrary, when the total time of magnetic field treatment is constant, alternating time increase will reduce the number of magnetic swerving, or in other word, reduce the number of particle motion direction swerving times. Consequently, the alternating time has an optimum value. In this study 10s is better than 5s or 15s.

Conclusions

Inclusion particles agglomerates into clusters and migrated to the top of the melt under alternating CMF. By comparison, alternating CMF has a better removing effect than oriented CMF. With the increase of the frequency or current the particles are more obviously to migrate and agglomerate into clusters and the removing effect of inclusions become much finer. There has optimum alternating time for alternating RMF, in this study 10s is better than 5s or 15s. It is proposed that alternating CMF provides a highly effective approach for metal purification.
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 1 Fig.1: The distributions of primary silicon under different magnetic fields Fig.2shows the distributions of samples under alternating CMF with different currents and frequencies. It can be found that the size of the silicon-particle-free region enlarged and the silicon particles tend to migrate to the top of the samples with the increase of current and frequency of alternating RMF.
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 2 Fig.2: The distributions of primary silicon under different currents and frequencies of alternating magnetic fields
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 434 Fig.4shows the macro distribution and micro distribution of primary silicon particles in samples under alternating RMF and oriented RMF. It is indicated that samples under alternating RMF has a lager silicon-particle-free area than the one under oriented RMF, while the fields have the same current and frequency, obtained from comparing Fig.4aand Fig.4c. However, as shown in Fig.4band Fig.4d, primary silicon particles distribute uniformly in the sample treated by oriented RMF, but those particles slightly tend to agglomerate into clusters in the sample treated by alternating RMF. Thus, alternating RMF has a better agglomeration effect than oriented RMF.
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 5 Fig.5: The diagram of the removal mechanism of combined magnetic field
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