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Summary: The advantages of electromagnetic casting process (EMC) comparing to the conventional continuous casting process of Al alloys are presented here. Besides the better ingot surface obtained as the result of the reduced metal-mould contact pressure, the uniform fine-grained microstructure, and hence the mechanical properties of the alloy can be achieved. Following the correlation microstructure-mechanical properties, the preferred mechanical properties can be assured by the adequate microstructural properties obtaining. The microstructural properties quantification is the object of this investigation. Finally, as the consequence of improved as-cast microstructure, the casting defects are avoided, the material and energy savings are achieved.
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1. INTRODUCTION 
The adequate combination of the main operating parameters of the electromagnetic casting process (EMC), such as frequency and strength of electromagnetic field, ensures the efficient elimination of the casting defects such as: surface imperfections, grain boundary segregation, non-uniform grain size and porosity of as cast ingots. 

In this paper the special attention was paid to the effect of electromagnetic field on the quantitative microstructural parameters: morphology, size, volume fraction and distribution of phases. Knowing the microstructure-mechanical properties correlation, it is possible to obtain preferred ingot properties by controlling the main operating parameters and at the same time to avoid needs for additional operations, such as machining and prolonged homogenization. This research is aimed to obtain better quality of ingots at the beginning of the production process through the proper combination of the main operating parameters. In this way, the great savings in energy and time can be achieved.
2. EXPERIMENTAL
The EN AW 7075 is heat treatable high strength wrought alloy with application in military industry, but it is characterized by a number of defects that occur during the solidification process: porosity, hot cracks, non-uniformal grain size and crystal segregation. The chemical composition of the used ENAW 7075 alloy is presented in Table 1.
Table 1. Chemical composition of the alloy EN AW 7075
	Element
	Zn
	Mg
	Cu
	Mn
	Cr
	Fe

	Content 
%
	5.51
	2.29
	1.45
	0.13
	0.19
	0.14


The experimental equipment consists of medium frequency induction furnace with 100 kg capacity. There is a drainpipe, at the bottom of the furnace, with graphite crystallizer that is intensively cooled with water. The low frequency magnetic field is placed around the crystallizer itself. The testing samples were taken out of ingots with a diameter of 80 mm, obtained by vertical continual casting. The casting temperature was in the range of 710-720°C and the average casting speed was 1,5 mm/s. The frequency of electromagnetic field was 30 Hz, because both, our previous experience shows that this is the optimal frequency [1], and literature data indicate the same [2-8]. The current intensity was 200 A.

The microstructure was examined by optical microscopy using the image analysis device Leica Q500MC. Samples were metallographically prepared and etched in Keller’s reagent (revealing morphology of Al segregation-solid solution and inter-metallic phases). The content of key alloying elements, Zn and Mg, was determined by chemical analysis of the samples taken from the cross section of both ingots, obtained with and without the electromagnetic field influence.

3  RESULTS AND DISCUSSION
The samples of series 1 were obtained from the ingot casted without the presence of electromagnetic field. Samples of series 2, were obtained from the ingot casted in the presence of electromagnetic field with the frequency of 30 Hz. Their comparison enabled the evaluation of the field effect on the microstructure.
The characteristic microstructure appearance with cellular/dendritic morphology is the result of Al segregation from the solid solution during the solidification process. The morphology of the samples casted without the electromagnetic field effect is more dendritic, in comparison with distinctive cells obtained with the electromagnetic field influence. The interdendritic type of porosity is reduced in samples of series 2, obtained with electromagnetic field presence.
The microstructure was quantified by measurement of microstructural parameters: dendrite arm spacing (DAS), interdendritic space width (LIMP) where intermetallic phases and eutecticum were separated, as well as their volume fraction, VVIMP. They were acquired using linear method These parameters describe the structure dispersity and they are the result of the solidification conditions and are presented in Table 2.
Table 2 Measured microstructural parameters

	Parameter

Sample
	DAS (µm)
	LIMP (µm)
	VVIMP

	
	min
	max
	average
	min
	max
	average
	VVIMP (%)

	1
	7.86
	268.4
	45.8
	0.76
	12.10
	3.40
	5.80

	2
	0.79
	172.5
	31.8
	0.38
	26.40
	2.90
	9.10


The decrease of both parameters, DAS and LIMP , from sample 1, obtained without the electromagnetic field effect, towards the sample 2, casted with the electromagnetic filed presence, can be observed. It is evident that the decrease is a consequence of the electromagnetic field effect. 

3. CONCLUSION 

The investigations results of alloy EN AW 7075 ingots obtained with and without the influence of electromagnetic field, undoubtedly show its positive effect on the microstructure and mechanical characteristics. It is proven that the application of low frequency electromagnetic field (of 30Hz) has the positive effects. Comparing the samples casted with and without the electromagnetic field influence, the grain size decreases, as it can be registered through the finer microstructure. Namely, sample 2 which is obtained by electromagnetic casting with a frequency of 30 Hz, has finer and more homogenous microstructure than sample 1, which is obtained without electromagnetic field influence. This was confirmed by measuring the quantitative microstructural parameters DAS and LIMP. The sample 2, obtained by electromagnetic casting, has lower values of dendrite arm spacing and lower interdendritic space width than sample 1.
Better ingot quality contributes surface machining elimination, and uniform and finer microstructure gives the possibility to shorten the heat treating time, thus the material and energy savings are achieved.
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