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1. Introduction. Electromagnetic levitation (EML) patented by Muck in 1923 [1] is one of the oldest, however a very useful containerless techniques for measuring thermo-physical properties of high-temperature metallic melts [2-4] and also for observations 
of characteristics of undercooled melts and rapid solidification processes [5-7]. Deep melt undercoolings are possible to achieve avoiding the crucible-induced heterogeneous nucleation. In this paper, ELM was used to study nucleation temperatures and solidification behavior of samples from hypoeutectic tool steel of ledeburite type K 190 with the chemical composition of 2,3%C-12,5%Cr-4%V-1,1%Mo [wt. %]. Measured temperatures were compared with the numerical results obtained using developed simulation model of a sample heating and cooling in the conditions of EML.
2. Experimental. ELM experiments were performed in the Leibniz Institute for Solid State and Materials Research (IFW) in Dresden. Number of 11 samples with diameters from 6  8 mm were prepared and treated during 59 experiments. The samples were heating and melting using conical and positioning induction coils (Fig. 1) with the frequency of 250 kHz in the 99% vacuum and then rapidly cooled by pure He (99,999 %) or on the Cu, Sn-Cu or Pb-Cu substrates. The sample temperatures were measured by pyrometers. Cooling conditions and achieved undercoolings bellow the equilibrium liquid temperature of 1321 °C in the performed experiments are summarized in Table 1.

In order to characterize the microstructure features, quality, quantity and locations of phases, light microscopy, X-ray diffraction analysis, scanning and transmission electron microscopy were exploited. The quasi-equilibrium solidification of K 190 steel starts by austenite cell or dendrites development and it is finished by two eutectic reactions during which carbides of MC and M7C3 create [8, 9]. In levitated rapidly solidified samples, morphologically modified solidification microstructures were observed [9]. 
Table 1  Cooling conditions and results of ELM experiments with samples from K 190 steel

	Sample
	Cooling conditions
	Achieved undercooling [°C]
	Maximal undercooling [°C]

	LV-1257
	Pb-Cu substrate /88 °C
	50, 90, 250, 195
	250

	LV-1260
	Cu substrate / 173 °C
	70, 65, 55, 210
	210

	LV-1261
	He / 8 °C
	95, 270, 265
	270

	LV-1262
	Cu substrate / 33 °C
	255, 240
	255

	LV-1264
	Cu substrate / 113 °C
	165
	165

	LV-1266
	Sn-Cu substrate /23°C 
	205, 220, 225, 215, 245, 235, 235, 230, 240, 250, 260, 255, 230, 225, 230, 260, 250
	260

	LV-1267
	He / 138 °C
	245, 170, 90, 185, 175, 135,
	245

	LV-1268
	Sn-Cu substrate /28 °C
	245,
	245

	LV-1269
	He / 53 °C
	288, 285, 270, 235, 255, 225, 270, 255, 220
	288

	LV-1270
	He / 58 °C
	135, 140, 215,
	215

	LV-1271
	Cu substrate / 143 °C
	225, 255, 250, 225, 240, 245, 290, 280, 280
	290


3. Numerical simulation. Numerical simulation of samples heating and cooling was performed based on the developed simulation model by the program code ANSYS 9.0. The problem was solved as quasi-axisymmetric using geometrical model and the generated finite element mesh in Fig. 2. The temperature dependent electric, magnetic and thermal properties were taken into account. The radiation and combine convection and radiation boundary conditions were applied during heating phase and gas cooling phase, respectively. Joule heat generated in a levitation sample due to the induction heating was computed in the electro-magnetic analysis. Connection between harmonic electro-magnetic and transient thermal analyses was carried out using the sequential coupling method [10, 11]. Nucleation temperature was calculated based on the classical theory of homogeneous nucleation applying the developed user subroutine implemented to ANSYS.
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4. Conclusions. The following enhancement of the simulation model will contain numerical analysis of the phase of rapid solidification including the modeling of phase formation with temperature dependent interphase velocities and recalescence effects. The results will be used for the development of semi-quantitative thermophysical model of the microstructure development in the particles of rapidly solidified powder of hypoeutectic K°190 steel during gas atomization.
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Fig. 2  Geometrical (A) and axisymmetric (B) finite element models used for numerical simulation 





Fig. 1  Induction coils used for EML experiments








