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Thermoelectric Magnetic Effect and Its Effect on the
Solidification Structure under Static Magnetic Fields

LI Xi, REN Zhongming
(School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China)

Abstract: The thermo-electric currents are due to the Seebeck effect when temperature gradients exist in the material.
Interaction between thermo-electric currents and static magnetic fields generate significant thermoelectric magnetic forces
during directional solidification under magnetic fields. Those forces may produce various phenomena like pumping, stirring
in liquid metals as well as solid motions, stresses in the solid metal. Those effects may be encountered especially during
the solidification of metallic materials because of the existence of significant temperature gradients. In liquid metals the
static magnetic field enhances thermoelectric magnetic convection at moderate intensity but also damps thermoelectric mag-
netic convection when it is strong enough. Moreover, it was found that the thermoelectric magnetic effect owns muti-scales
effect, the smaller the length scales are (for example when primary or secondary dendrite arm spacings are considered) ,
the higher the magnetic field strength is needed to damp the thermoelectric magnetic convection. So far, many solidifica-
tion experiments on various types of alloys were carried out. The experiments showed that thermoelectric magnetic convec-
tion occured both in the liquid bulk and in the deep mushy zone. Thermoelectric magnetic convection may strongly influ-
ence the micro-macrosegregation patterns, the solidification structures and grain boundary structure of the mushy zone. The
flow pattern and the segregations accordingly may be controlled by changing the orientation of the applied magnetic field,
i. e. axial or transverse. Furthermore, the thermoelectric magnetic forces on the solid promote the appearance of direct
columnar-to-equiaxed transitions thanks to the possible enhanced fragmentation of the dendrites. Such mechanisms are re-
cently partly observed by X-ray in situ observations, where dendrite fracture as well as detachment of grains along with hor-
izontal motions were observed. This further confirms that the thermoelectric magnetic effects significantly influence the so-
lidification structure during directional solidification under the magnetic field.
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Fig. 1~ Sketch of the electrical current distribution and the corre-
sponding thermoelectric magnetic forces in an axisymmet-
ric geometry at a protruding liquid-solid interface(a) and

around a dendrite(b)
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Fig. 2 Sketch showing the velocity evolution of the ther-
moelectric magnetic convection as a function of

the magnetic field intensity
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Table 1 The maximal values of thermoelectric magnetic convec-

tion on various scales during directional solidification of

Al-Cu alloys and the magnetic field intensity correspond-

ing to the maximal values of thermoelectric magnetic

convection
A=2000 pm A=\ =200 um A=)\, =1 pm
Bo./T 0.158 0. 34 25"
U,y /mm + s~ ! 80 40 0.5*
Hartmann number, Ha  12.6 2.71 1.0
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Fig. 3 Sketch views of thermoelectric magnetic force(a) and computed
thermoelectric magnetic force(b) applied on the cell/ dendrite

under a magnetic field parallel to the solidification direction
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Fig. 4  Schematic illustration of the convections at the macro-interface
and the tip of cell/dendrite (a) and microstructure near the
liquid-solid interface in directionally solidified Al-4. 5% Cu
alloy under a 0. 3 T axial magnetic field(b)
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Fig. 5 Schematic illustration of the solute richness and the formation of the eutectic zone on one side of the sample(a) and

solidification structure near the liquid - solid interface in directionally solidified Al-7% Si alloys under a 0. 3 T trans-

verse magnetic field(b)
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Fig. 6 Transverse microstructure in the mushy zone in direction-
ally solidified Al-0.85% Cu alloys under a magnetic
field: (a) 0 Tand (b) 0.3 T
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Fig. 7 View obtained by means of X-ray imaging during direc-

tional solidification of Al4% Cu alloys under a 0.1 T

transverse magnetic field
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Fig. 8 Columnar-to-equiaxed transition ( CET) in directionally solidified Ph-80% Sn and Cu-95% Zn alloys under a magnetic field:
(a) Pb-80% Sn alloys, 0 T; (b) Pb-80% Sn alloys, 10 T; (¢) Cu-95% Zn alloys, O T, and (d) Cu-95% Zn alloys, 10 T
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Fig. 9  The formation of twinning microstructure induced by ther-

moelectric magnetic force in directionally solidified Al-Cu
alloy: (a) distribution of the thermoelectric current on
the tiled dendrite, (b) distribution of the thermoelectric
magnetic force on the tiled dendrite, microstructure ( c)
and corresponding EBSD image (d) in directionally so-
lidified Al4. 5% Cu alloy under a 10 T magnetic field
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