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This paper presents the investigation into the possibility for application of production process for casting alu-
minum alloys under the influence of electromagnetic field. The presented results were obtained from micro-
structure examination of Al alloy 2024 ingots casted with or without electromagnetic field. The microstructure
characterization shows that under the influence of low-frequency (30-50 Hz) electromagnetic field it is possible
to obtain finer and more homogeneous microstructure with reduced porosity. In the end, it is obvious in which
way the operation parameters should be varied in order to get a good quality of ingots.
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Mikrostruktura i karakterizacija elektromagnetno lijevanih Al2024 legiranih ingota. U radu je pri-
kazana mogucnost primjene tehnoloskog postupka lijevanja aluminijskih legura pod djelovanjem elektroma-
gnetnog polja. Prikazani rezultati su mikrostrukturna analiza uzoraka aluminijske legure Al 2024 koji su
dobijeni kontinuiranim lijevanjem pod djelovanjem i bez djelovanja elektromagnetnog polja. Rezultati pokazu-
ju da se pod djelovanjem elektromagnetnog polja niskih frekvencija (30-50 Hz) dobija finija, po presjeku homo-
genija mikrostruktura sa reduciranom pojavom poroznosti. Na kraju, na temelju dobijenih rezultata moze se

zakljuciti koji bi radni parametri bili optimalni kako bi se dobili odlijevci zadovoljavajucée kakvoce.

Kljucne rijeci: Al legura, lijevanje, elektromagnetsko polje, mikrostruktura

INTRODUCTION

Electromagnetic casting (EMC) is the technology
developed as by combining the magnetic hydrodynam-
ics and casting technique [1, 2]. Electromagnetic forces,
arising from the interaction of Eddy currents induced in
the metal by inductor magnetic field, cause an increased
flow of the fluid, forced convection, more uniform tem-
perature field and weak gravitation influence thus chan-
ging the conditions of solidification. The advantage of
EMC reflects in obtaining a better quality of ingots com-
pared to conventional continuous casting process. [3].
Namely, the structure obtained is finer and more uni-
form through the cross section, with rsegregation of al-
loy element and porosity [4, 5].

Apart from that, due to the reduced contact pressure
(result of electromagnetic field effect) between the mould
and the metal, the quality of ingot surface is improved,
having no need for additional machine processing.

The investigations conducted in the world [5, 6, 7, 8]
were aimed to investigate the effect of electromagnetic,
magnetic and hydrodynamic phenomena on Al ingots,
but very little attention was given to the characterization
of microstructure and mechanical properties.
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This paper, as a part of wider investigations, should
contribute to better knowledge of the effect of electro-
magnetic field on the obtained microstructure (morphol-
ogy, size, volume fraction and distribution of phases)
and properties of Al alloys. The chosen alloy was EN
AW 2024 heat treatable, intended for forge with wide
industry use. It is characterized by a number of defects
that occur during the solidification process: porosity,
hot cracks, non-uniformal grain size and crystal segre-
gation.

Since the quality of final product is directly affected
by these defects it is necessary to prevent or reduce their
appearance by the choice of the appropriate process and
optimal parameters of casting.

To compare the results of electromagnetic casting,
the process of vertical continual casting without the
presence of low frequency electromagnetic field was se-
lected.

EXPERIMENTAL

The chemical composition of the used alloy EN AW
2024 (AICu4Mgl1Mn) is shown in Tablel.

The medium frequency induction furnace of 100 kg
capacity was used in the experiment. At the bottom of the
furnace there is a drainpipe with graphite crystallizer that
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Table 1. Chemical composition of alloy EN AW 2024 / %

Element |Si Fe Cu |Mn |Mg |Cr Zn |Ni

Content |0.09 |0.22 |4.10 |0.60 |1.28 |0.01 {0.02 [0.01

is intensively cooled with water. The low frequency mag-
netic field is placed around the crystallizer itself. The test-
ing samples were obtained by vertical continual casting
with pulse draw-out of ingots with diameter of 60 mm.
The temperature of casting was 710-720°C and average
casting speed was 1,5 mm/s. The operating parameters,
during the casting of ingots, were strictly controlled and
defined by various values of current (A), frequency (Hz)
and strength of electromagnetic field (A), as shown in
Table 2. The number of turns in the coil was N=40.

The sample 1 was casted without the presence of elec-
tromagnetic field to enable the observation of field effect
on microstructure with samples 2 and 3. The
microstructure characterization was carried out on as-cast
samples and on homogenized samples (480 °C, 12").

Table 2. Operating parameters upon casting of samples

Sample | Frequency Field Current Number of
mark /Hz strength /A /A turns /N
1 0 0 0 -
2 50 17600 440 40
3 30 8000 200 40

Figure 1. Microstructure of sample cross section (sample
1 (a), sample 2 (b), sample3 (c); Keller’s reagent;
100x)

The microstructure was examined on a cross section
of a sample after the usual metallographic preparation
and etching in Keller’s reagent (revealing morphology
of Al segregation-solid solution and inter metallic pha-
se) and anode oxidation with Barker’s reagent (reveal-
ing size and shape of the grain in presence of dendrite
segregation). For the quantitative microstructure analy-
sis the image analysis device Leica Q500MC was used.
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Dendrite arm spacing (DAS), interdendritic space
width (Lpyr), where intermetallic phases and eutecticum
were separated, as well as their volume fraction, were
acquired using linear method, through the measuring of
total length of the line segments belonging to each phase
and calculating the amount of intersects with phase
boundaries. These parameters describe the structure dis-
persivity, directly affect the mechanical properties of the
alloy, and they are the consequence of the solidification
conditions.

RESULTS AND DISCUSSION

The characteristic appearance of microstructure of
cross section of samples casted under different condi-
tions is shown in Figure 1. It is obvious that Al segrega-
tion from the solid solution resulted in celluar/dendritic
morphology. Upon that, the structure of samples with-
out the electromagnetic field effect, Figure 1 (a) is more
dendritic compared to the samples 2 and 3, where the
cells are more distinctive. The finest and the most ho-
mogenous is the cross sectional structure of the sample 3
(f=30 Hz). This is also confirmed by the results of mea-
surements of DAS and width of interdendritic space,
Live, Table 3. The volume fraction of inter metallic
phase is increasing from sample 1 to 3.

Table 3. Statistical values of the measurement of
structural parameters (as-cast samples)

Parameter
DAS /um Liv /uem Vv
Sample ivFr /
. . %
min | max | av min | max | av
1 8,2 |283,6| 46,1 0,8 [12,63| 3,6 | 6,55
2 0,81 [212,6| 39,5 | 0,41 | 14,29 3,28 | 8,08
3 0,81 [166,9| 30,7 | 0,40 | 25,3 | 3,15 9,4

The decrease of microstructural parameters DAS
and Ly, observed in sample 1 to 3, was confirmedly the
analysis of cumulative distribution curves, Figure 2.

However, the effect of electromagnetic field on pa-
rameter DAS is greater compared to Lyyg.

The regions of extracted inter metallic phase, in the
form of eutecticum or individually, become finer by the
introduction of electromagnetic field and by decreasing
of frequency (from 50 Hz in sample 2 to 30 Hz in sample
3). It is also found that porosity of interdendritic type
and the grain size are significantly reduced from sample
1 to the sample 3.

The characteristic microstructure appearance at
cross section of homogenized samples is shown in Fig-
ure 3. In general, it can be said for all three samples (1H,
2H and 3H) that there are no distinct zones without pre-
cipitate. The primary phases dissolution with uniform
precipitation of secondary precipitate was occurred.

The finest and the most homogenous is the cross sec-
tional structure of the sample 3H. This is confirmed by
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Table 4. Statistical values of the measurement of
structural parameters (homogenized sam-

Figure 2. Cumulative distribution curves of parameters
DAS (a) and LIMF (b) depending on operating
parameters of electromagnetic field (as-cast
samples)

Figure 3. Microstructure of sample cross section sample
1H (a), sample 2H (b), sample 3H (c);( Keller's re-
agent; 200x)

the results of measurements of DAS and width of
interdendritic space Ly, table 4., and in analysis of cumu-
lative distribution curves Figure 4.
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ples
rameter
5 | DAS /um Live /um Vv v
ample
2 /%
min max av min max av
1H 8.61 22;3'4 65.37 | 0.17 | 14.19 | 3.07 4.85
2H 9.93 17;1'1 51.28 | 0.17 | 11.72 | 2.81 5.36
3H 12.58 16;;‘8 40.81 0.17 | 12.21 | 2.57 7.05
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Figure 4. Cumulative distribution curves of parameters
DAS (a) and LIMF (b) (homogenized samples)

With the homogenized samples, as well as as-cast
samples, the greater effect of electromagnetic field on
parameter DAS compared to Lz was observed. The in-
crease of microstructural parameter DAS and the de-
crease of Ly, compared to the as-cast samples was
occured after the homogenization annealing. However,
the extent of these changes is not so great. This fact indi-
cates that in the case of electromagnetic field applica-
tion, the basically microstructural parameters, should be
achieved during the casting process. In this way, it can
be possible to create the conditions for homogenization
annealing elimination.

CONCLUSION

Microstructure investigation results of alloy EN AW
2024 ingots obtained with and without the presence of
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electromagnetic field explicitly show its effect on the
characteristics of the obtained microstructure. Besides
the field presence, the electromagnetic field frequency
effect was also investigated. With both, as-cast and ho-
mogenized samples, the field effect on DAS and grain
size is stronger compared to its effect on interdendritic
space width. However, intermetallic phases present be-
tween these dendrite branches, become finer with the in-
crease of field intensity and the decrease of frequency.

These are our first results concerning the electro-
magnetic field influence on casting results of Al 2024 al-
loy, but they are interesting because they indicate the
positive influence of electromagnetic field on casting
quality. There are only few reported results concerning
this topic, but companies with experience of electro-
magnetic field application with other materials showed
their great interest in this. For reproducible results and
more precise conclusions, our further investigations will
encompass more samples obtained with operating pa-
rameters varying.

Nevertheless, obtained results indicate that some
steps in current technological process can be avoided.
Further experiments should be carried out in order to
find the optimal conditions for the production of ingots
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with the required quality, having in mind here exposed
conclusions that the lower frequency and higher field in-
tensity ensure the finer microstructure. Knowing the
microstructure-mechanical properties correlation, fur-
ther investigations will also include mechanical testing
to achieve optimal properties of this alloy
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