
In metallurgy, one of the industrial issues is to be able to control the structure as well as the defects formed 
during the solidification step, since they induce the working properties of the solidified material. The usual 
microstructure is dendritic and can be either columnar (preferred growth direction), or equiaxed (solid grains 
without preferential direction), or together with both regime at the Columnar to Equiaxed Transition (CET), or 
in a mixed regime between columnar and equiaxed.

The phenomena at the origin of equiaxed dendrites imply a multitude of complex mechanisms (heteroge-
neous nucleation and fragmentation, kinetics of growth…). The equiaxed dendrites can be obtained by two 
known mechanisms, the first one based on heterogeneous nucleation is controlled by introducing refining 
particles during the solidification [1, 2], and for the second one equiaxed grains are issued from the columnar 
structure by fragmentation or other mechanisms [3, 4]. In both cases, the convection plays a very significant 
role in the origin and transport of the nuclei and equiaxed grains.

Forced convection in the bulk liquid can be generated by mechanical [5] or electromagnetic stirring [6, 7, 8, 9, 14, 15, 

17]. The benefit of electromagnetic stirring has been discussed in the literature during the last decades. Early 
investigations have shown a decrease of the grain size with increasing strength of forced convection [8, 10].

Moreover, the bulk liquid flow can promote the transition from a columnar to an equiaxed dendrite growth 
(CET) [8, 11, 16] and macrosegregation can be reduced [12, 13, 15, 17]. The fluid flow also increases the heat transfer 
rate and decreases the temperature gradients in the bulk liquid ahead of the solidification front. The role of 
the flow in the melt during solidification is complex and the physical mechanisms behind the flow field effects 
on the structure and segregation on both macro-and microscale are not fully understood until now. In numer-
ous cases, it is difficult to obtain relationships between solidification or microstructure parameters and the 
fluid velocity because detailed information about the flow field especially in the vicinity of the solidification 
front is not available. A better understanding of the physical mechanisms involved in CET is strongly required 
to be able to find an optimized flow structure and finally a configuration of the external magnetic field result-
ing in favourable properties of the casting ingots.

Different kinds of time-dependent magnetic fields such as rotating, travelling, permanent and pulsating field 
can be used to produce a wide variety of flow fields in the melt which may influence the nucleation and 
growth process during the solidification.

I will present the different electromagnetic techniques used in materials science and understand how the 
convection in the liquid phase influence the final properties of the materials.
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