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Directional solidification of metallic alloys under pulsed transverse electromagnetic force
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Studies of solidification of metallic alloys are usually aimed to understand the formation of solidified microstructure depending on various solidification parameters. Melt flow is one of the factors which change heat and mass transfer conditions, thus it has influence on homogeneity and microstructure of the solidified sample. This work analyses directional solidification of metallic alloys under static transverse magnetic field and simultaneous electric current pulses through the sample. Different type of current pulses is used to create alternating Lorentz force in direction perpendicular to growth direction thus time varying forced convection along the solidification front is created. Changes in microstructure and component distribution of Pb-Sn alloys under such interaction are observed and described in this work.

Introduction

Solidification of metallic alloys under electromagnetic influence has been widely studied recently. Previous experimental results demonstrate that applied magnetic fields may have different influence on solidified metal microstructure and component distribution within the ingot [1][2][3][4]. It is well known that an alternating magnetic field refines grain structure and increases composition homogeneity [5]. Static magnetic field is used to damp unwanted melt convection and to influence grain structure by means of thermoelectromagnetic convection around dendrites. Static transverse magnetic field during directional solidification creates crucible scale macrosegregation [6]. Static magnetic field and imposed DC current combination allows us to achieve segregation which is similar than segregation caused by TEMC, but in this case it is easier to control the segregation pattern and magnitude by changing the current value and direction [7].

The aim of this work is to verify if time varying transverse electromagnetic force can cause macrosegregation of binary metallic alloy and to investigate its impact on grain structure of directionally solidified alloy under this electromagnetic interaction. Growth velocity is chosen to be sufficiently high to avoid profound macrosegregation by thermoelectric effect as demonstrated by the previous works [2] and also so that growth circumstances are closer to real solidification conditions. Typical grain size of Sn-10%wt.Pb alloy directionally solidified at 50 µm/s velocity is about 100-200 μm [8] so we chose current pulse length to be sufficiently long so that solidified length during one pulse is larger than grain size.

Experiment

Experimental setup consists of temperature gradient furnace with resistive heater and a water cooled sample holder. Alloy is prepared from high purity tin and lead and poured into alumina tube. This sample is then directionally solidified in temperature gradient furnace at a constant pulling velocity of 50 µm/s. Solidified samples are then examined by optical microscopy to visualize grain structure and component distribution in the sample. DC magnetic field is provided by permanent NdFeB magnet system, while pulsed electric current is provided by programmable current source. Experimental setup and permanent magnet system are depicted in Fig. 1. Permanent magnet system creates 0.5 T static transverse magnetic field. 

Results and discussion

Electromagnetic interaction created by magnetic field and pulsed electric current refines grain structure and prevents radial segregation of the alloy. By varying force pulse magnitude and frequency it is possible to achieve different modifications of material structure. Microstructure and macrosegregation of different alloys are analysed by optical microscopy and x-ray fluorescence spectroscopy. Horizontal cross section of the directionally solidified 5 mm diameter Sn-10%wt.Pb alloy is shown in Fig. 2. Fig. 2 (a) shows the cross section of solidified alloy under 0.5 T transverse magnetic field, it can be seen that segregation is visible perpendicular to magnetic field direction as a consequences of thermoelectromagnetic force and electromagnetic damping. Fig. 2(b) shows the solidified sample under 0.5 T magnetic field and applied electric current along the sample axis. It can be seen that grain size is reduced while macrosegregation across the diameter perpendicular to magnetic field direction can still be observed. In Fig. 2(c) sample solidified under different current regime is given and similar conclusions can be made. Pulsed electromagnetic interaction is interesting because it can be more effectively used for lower conductivity materials because integral Joule heat is significantly smaller. Pulsed interaction is also one of the perspective methods which is considered for dielectric particle dispersion in metals.
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 1 Fig 1. a) Sketch of the experimental setup; b) permanent magnet system (view from the top)
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 23 Fig 2. Cross section of directionally solidified 5 mm diameter Sn-10%wt.Pb samples: a) under 0.5 T static field; b) under 0.5 T static field and J1 current regime; c) under 0.5 T static field and J2 current regime
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