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Technologies of casting and preparation of aluminum alloys
using magnetohydrodynamics tools

This article presents some developments of the Physico-technological Institute of Metals and Alloys of the National
Academy of Sciences of Ukraine related to the technologies of aluminum alloys, which have been successfully tested in
laboratory and production facilities.

Applied magnetohydrodynamics in metallurgy and foundry manufacturing has technological opportunities that are
either unattainable or difficult to implement when other physical principles are used. Progress in this area has been slow
due to the fact that large non-magnetic gaps are inevitable in metallurgical devices used in metallurgy and foundry.
However, due to the improvement of refractory and electro-technical materials, the use of magnetohydrodynamics in
metallurgical production of the world is constantly increasing. The following technological developments are described.

Casting under electromagnetic pressure according to the low-pressure casting scheme, in which the pressure of the
compressed gas is replaced by electromagnetic influence. As a result, there is no need to seal the crucible with liquid

metal and the accuracy of the preset filling mode of the mold is increased.
Casting under electromagnetic pressure with a dispersed gating and feeding system. With this casting method, a high
liquid metal utilization rate is achieved, which is unachievable in other casting methods, and the absence of shrinkage

defects is ensured.

Electromagnetic stirrer for pulsating effect on liquid metal, which is an alternative to the electromagnetic mixer of

traveling magnetic field.

Complex refining of aluminum alloys, including filtration of the melt through a ceramic foam filter and its simultaneous
purging with argon. Increased efficiency is achieved by application of electromagnetic factors.

Kmoyosi cnoBa: aluminum alloys, casting, electromagnetic pressure, electromagnetic stirrer, non-metallic inclusions,
refining, electromagnetic factors, ceramic foam filter, filtration.

ntroduction. Applied magnetohydrodynamics in

metallurgy and foundry has both proven and potential

technological capabilities that are either inaccessible

or difficult to implement when other physical principles
are used. For example, the creation of an artificial
pressure gradient in a liquid metal that is tens of times
higher than the gravitational pressure, non-contact
force on the liquid metal, levitation of the liquid metal,
wringing the melt from the walls of the mold, etc. [1]. The
objectives of the application of magnetohydrodynamics
in the field of foundry and metallurgy are to improve
existing processes and develop new ones. Progress in
this area has been slow, primarily due to the fact that
large non-magnetic gaps are inevitable in metallurgical
electromagnetic devices. At present, new lining
materials with high thermal insulation properties have
been developed and continue to be improved, so non-
magnetic gaps can be reduced and thereby increase the
efficiency of electromagnetic effects on the metal melt.
In addition, progress is facilitated by the development
of new electrical materials, primarily electrical steels
with increased magnetic properties, as well as the use

of modern element base in electrical equipment. An
important role is also played by the development of
computer programs that can be used to perform complex
calculations that allow the optimization of electromagnetic
devices and the practical use of theoretical research
carried out in recent decades.

The world's generally recognized achievements in
applied magnetohydrodynamics relating to aluminum
alloys primarily include electromagnetic mixers of
running magnetic field for reverberatory melting furnaces
and electromagnetic trays for casting the alloy prepared
in these furnaces [2]. Another well-known achievement is
the technology of semi-continuous casting of ingots with
a smooth surface, which is achieved by electromagnetic
wringing of the melt from the walls of the mold [3]. Also
noteworthy is the use of solenoid pumps for low controlled
electromagnetic pressure casting in the Coswoth Process
[4]. It is obvious that by now the potential possibilities of
using magnetohydrodynamics in foundry and metallurgy
are far from being exhausted. Further progress is due not
only to new ideas on the use of electromagnetic factors
in technology, but also to achievements in materials
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science, electrical engineering and theory.

Purpose of the work. The purpose of this work is
to present new technologies for casting, preparation and
refining of aluminum alloys developed at the Physico-
technological Institute of Metals and Alloys of the NAS
of Ukraine using a magnetodynamic installation [5] and
an electromagnetic stirrer for pulsating effect on a metal
melt [6, 7].

Magnetodynamic unit. The magnetodynamic unit
is a mixer-doser. It performs the functions of storing
molten metal at a given temperature and casting it into
casting molds and other metal receivers. Since the unit
combines the functions of an electromagnetic pump and
an induction channel furnace, it is possible to melt metal
in it after filling the channel and sump with liquid metal.
However, it is not designed to function as a melting
furnace in a production environment, due to the fact
that its optimal operating power is only 20-30 kW. At
the same time, the melting function can be used when
alloying components are introduced into the melt, i. e. in
the case of the preparation of special high-quality alloys
in the amount of up to 600 kg. In production conditions,
this is also acceptable, but only in critical situations. A
number of modifications of units with a useful capacity of
160 to 600 kg of aluminum alloy have been developed.
In addition to heating the metal and its electromagnetic
casting, the unit is able to provide a variety of options for
forced convection of the melt in the volume of the liquid
metal bath. This factor is very effective in the process
of preparation, refining and modification of the resulting
aluminum alloy.

Casting under low electromagnetic pressure.
Electromagnetic forces have been used not only for the
traditional dosing of melt by open jet into molds, but also
in the technological scheme of low-pressure casting
[8]. On the basis of magnetodynamic installations, two
variants of electromagnetic pressure casting (EMPC)
have been developed and successfully introduced
into production. In the technological scheme of the
first variant (Fig. 1), a magnetodynamic unit MDN-
6A is used, the feed pipe of which is connected to the
cavity of the casting mold. The main difference from
the traditional low-pressure casting method is that
instead of the pressure of the compressible gas medium
(working body of the process), the pressure created by
the electromagnetic force (electromagnetic pressure) is
used. As a result, the following advantages are achieved:
there is no need to seal the crucible with liquid metal to
create pressure; porous refractory materials can be used
for the manufacture of metal pipelines instead of cast
iron, since there are no problems associated with gas
seepage through the pores; for melt heating, pressure
creation and process control, one type of energy is used
— electrical; iron is not added to the melt because it is
possible not to use iron-containing parts in contact with
the melt; the accuracy of the preset filling mode of the
molds is increased, since the electrical processes are
practically inertia-free compared to pneumatic ones. The
described device is inferior in developed pressure to gas
pressure — 0.25 MPa versus 0.6 MPa, butitis technically
possible to create an electromagnetic pressure that

exceeds the applied gas pressure. At the same time, it
should be noted that the limit of the applied gas pressure
is due to safety requirements, while there are no such
restrictions for electromagnetic pressure. The described
technology was introduced into production to produce
castings of parts for the diesel engine of an infantry
fighting vehicle at a diesel-building plant in the city of
Tokmak, Zaporizhzhia region.
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m Diagram of the electromagnetic pressure casting unit:
1 — mold cavity; 2 — metal wire; 3 — throttling constriction at
the inlet to the metal pipeline; 4 — crucible; 5 — inductors; 6
— induction channel; 7 — electromagnet; 8 — electromagnetic
pressure generation zone

The development of the EMPC method was the
casting process, which rationally combines the principles
of casting under low electromagnetic pressure and the
dispersion of the gating and feeding system [9-12].

The pouring device is a two-chamber unit of a
new type, created on the basis of elements of two
magnetodynamic installations (Fig. 2). Mold 1 is installed
on the gating plate 3, which has gating channels 4 with
a diameter of 5-10 mm, located in the zones, the supply
of melt to which provides the most rational filling and
feeding of the casting. The plate 3 is located on the
gating chamber 5 and the melt 8 is always in contact
with it. Electromagnetic pressure is generated in the
working area 6 and delivers the melt 8 from the metal
receiver 7 to the pouring chamber 5 and then through the
gating holes 4 to the mold cavity 1. After the casting has
solidified, the electromagnetic pressure is reduced to a
value at which the melt is set at the level of the sprues 4
in the plate 3. The mold is lifted along with the casting,
which is removed from it by pushers.

Described casting method has all the advantages of
low electromagnetic pressure casting and additionally
optimizes the filling and feeding processes of castings.
Due to this, when obtaining a certain range of castings, for
example, castings such as frame, ring, lid, glass, a level
of quality of cast products and a liquid metal utilization
rate are achieved, which are unachievable in traditional
low-pressure casting technology. The technology was
successfully implemented at the Minsk Bearing Plant in
relation to the casting of cages with a diameter of 200
to 500 mm for large-sized spherical bearings (Fig. 3).
Other castings were also successfully produced in small
batches.
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m Diagram of the electromagnetic pressure casting
process using a dispersed gating and feeding system: 1 —
casting mold; 2 — foundry handicap cavity; 3 — gating slab; 4
— gating channels; 5 — pouring chamber; 6 — electromagnetic
pressure generation zone; 7 — metal receiver; 8 — liquid
aluminum alloy; 9 — electromagnetic systems

m Cast separator blanks for bearings

Electromagnetic stirrer for pulsating action
on liquid metal. Another direction of the Physico-
technological Institute of Metals and Alloys of the NAS of
Ukraine in the field of magnetohydrodynamics is related
to the development of a new type of electromagnetic
stirrer (EMS) that creates a pulsating action on liquid
metal [6, 7].

The work was carried out despite the fact that
electromagnetic stirrers of the traveling magnetic field
have been successfully used for more than 20 years for
the melting and preparation of aluminum alloys. However,
despite their undeniable advantages, they have limited
application due to their high cost. Prices for the device
are about 150 thousand dollars or more. In connection
with this circumstance, the task was set to create a
lateral EMS on reverberatory furnaces that is not inferior
in efficiency to the known ones, but has a 3-4 times
lower cost. To date, an experimental sample mounted
on a crucible containing 300 kg of liquid aluminum alloy
has been developed and tested. EMS is supposed to be
used in reverberatory furnaces according to the scheme
(Fig. 4).

The frequency of the magnetic field pulsations is
equal to twice the frequency of the supply voltage, i.e.
100 Hz, since the positive and negative parts of the

sinusoidally varying voltage create force pulses of the
same magnitude and direction in the liquid metal (Fig.
5). EMS has a repulsive effect on the melt, resulting
in a horizontal flooded jet. According to conducted
measurements, the melt velocity in the flow core is about
1 m/s, the length of the flow core is 1.2 m, and a range
of at least 2 m.
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m Scheme of the effect of EMS on the melt in a
reverberatory furnace: 1 — reverberatory furnace body; 2 —
heating elements; 3 — EMS; 4 — liquid aluminum alloy; 5 —
horizontal jet below the melt level created by a stirrer
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Refining of liquid aluminum alloys under the
influence of MHD factors. In a magnetodynamic unit, it
is easy to implement a variety of melt circulation options
and create MHD-influences on the elements that provide
degassing and removal of non-metallic inclusions. In this
case, to the tuyere through which argon and ceramic
foam filter are blown. These capabilities have been used
to improve the efficiency and economy of the molten
metal refining process.

It is known [13, 14] that one of the most commonly
used methods of removing hydrogen from a liquid
aluminum alloy in industry is its purging with argon. To
do this, a rotating rotor is used to disperse the argon
bubbles and distribute them over the volume of the
liquid metal bath. Using this technology, it is possible to
obtain bubbles with a diameter of about 5 mm. Argon
consumption is 20 dm3/min for a melt mass of 500 kg or
0.8 dm3/kg for the entire process of degassing this mass
within 20 minutes. The disadvantage of this technology
is that it fails to increase the degree of dispersion of
bubbles, and the surface of the bath is highly turbulized,
as a result of which the oxidation of the metal increases.
In addition, since refining is carried out in a furnace and
not in a doser, when pouring metal into a ladle before
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pouring it into molds, a certain increase in the content of
hydrogen and oxide inclusions occurs.

According to the diagram (Fig. 6), the purge and
filtration processes are carried out simultaneously in
the magnetodynamic unit. An electromagnetic force
is generated in the work area, which can be given any
direction depending on the task at hand. In this case,
on the left mouth of the channel there is a special lance
for blowing the melt with argon 9, on the right there is a
ceramic foam filter 6, and on the central mouth there is
a feed pipe 4. The electromagnetic systems of the unit
7 and 8 are switched to a mode that ensures circulation
in the direction indicated by the arrows. The liquid
metal enters through the right mouth into the w-shaped
channel through the filter and exits through the left
mouth, on which the lance is located, which gives the
flow a horizontal direction [15-17]. The argon bubbles
are distributed by the flow throughout the volume of
the bath. Obviously, the smaller the bubbles, the larger
their total surface area, and, accordingly, the higher
the efficiency of hydrogen removal. To assess the role
of electromagnetic factors in the dispersion of bubbles,
the blowdown results were compared with the unit's
electromagnetic systems switched off and on. In the first
case, bubbles with a diameter of up to 50 mm floated,
despite the fact that the blowing was carried out through
a porous material with pore sizes of 0.01-0.15 mm. The
distribution of bubbles by size was determined according
to a specially developed method. Studies have shown the
following distribution: 5-2 mm — 10 %; 2-1 mm — 30 %;
less than 1 mm — 60 %. In addition, the horizontal flow
velocity was measured using a pitot tube. Experiments
have shown that the most rational speed of the bottom
flow is 0.2-0.3 m/s.
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m Diagram of the process of refining aluminum alloys
in a magnetodynamic unit before casting into casting molds:
1 — crucible; 2 — w-shaped channel; 3 — electromagnetic
pressure generation zone; 4 — feed pipe; 5 — tuyere; 6 —
ceramic foam filter; 7 — inductors; 8 — electromagnet; 9 —
liquid aluminum alloy

In industrial technologies for the removal of non-
metallic inclusions by filtration, the melt passes through
the filter only once. The peculiarity of the developed
process is that the melt, after passing through the filter,
is mixed with the melt in the crucible and then filtered
again. With a capacity of 250 kg, about 3000 kg of melt
passes through the filter in 20 minutes. To analyze the
effectiveness of this filtration method, the following
formula was derived:

(O = kgexpl— 1)

where t is the time, minutes; k, is the initial
concentration of non-metallic inclusions, pieces/kg;
k(t) is the concentration of non-metallic inclusions at
time t, pieces/kg; Q is the melt flow rate through the filter,
kg/min; M is the mass of the melt to be refined, kg.

The derivation of the formula was carried out under
the assumption that the number of particles retained per
unit time, the throughput of the filter and the specified
melt flow through the filter during filtration are constant.
The calculation using the formula showed that 250
kg of melt in 20 minutes is purified from non-metallic
inclusions by 96 %, which corresponds to the duration
of melt blowing with argon, adopted in production. At the
end of the purging, it is necessary to soak the melt for 20
minutes to remove very small bubbles that are formed
by any blowing method and float very slowly according
to Stokes' formula. At the same time, the filter is not
removed and the melt continues to circulate through it,
so the actual filtration process lasts 40 minutes.

Samples were cast from refined and modified metal,
which were then examined in the laboratory of the
Antonov aircraft plant [18]. The table shows the average
values of tensile strength and elongation of factory and
experimental samples. A 16% increase in strength and
3.5times in elongation compared to the metal obtained by
factory technology (table) is a consequence of effective
refining under the influence of electromagnetic factors.
An important role is also in the increase in efficiency
of the modification by creating forced convection that
encompasses the entire melt bath.

Tabnuys 2
Comparison of mechanical properties of factory and
experimental samples

Facility where the samples| Strength, Relative
were obtained oB, MPa extension,
S %
State Enterprise "Antonov" 218.4 4.0
PTIMA NAS of Ukraine 244.8 13.9
Conclusions
1. The replacement of gas pressure with

electromagnetic pressure in low-pressure casting
provides benefits related to improved casting quality and
metal savings, especially in a process that combines
casting under electromagnetic pressure with the principle
of dispersion of the sprue system. This conclusion is
confirmed by the implementation of developments at
industrial enterprise.

2. Laboratory studies that an

have shown
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electromagnetic stirrer with pulsating action on liquid
metal can become a competitive alternative to a stirrer
with a traveling magnetic field.

3. The use of electromagnetic forces in the complex

refining of aluminum alloys by argon purge and filtration
is an effective and promising direction. This conclusion
is confirmed by the results of joint research with SE
«Antonovy.
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®@i3uko-mexHonoziyHul iHemumym memarie ma cnnasie HAH YkpaiHu
(Kuis, YkpaiHa)

TexHonorii NUTTA Ta NPUroTyBaHHA anioMiHIEBUX CNnaBiB 3a 4ONOMOrok 3aco0iB MarHiTHOI
rigpoAMHamiku

Y crarTi npeactasneHo Aesiki po3pobku Pi3nKo-TEXHOJIOMYHOro IHCTUTYTY MeTasiB Ta criasiB HauioHanbHoI akagemii
Hayk YkpaiHu, noB's3aHi 3 TEXHOIOrIIMY antoMIHIEBMUX CriaBiB, sIKi yCriLLHO MPOLLIN BUNPOBYBaHHS B 1abopaTopHUX Ta
BUPOOHUYMX YMOBaX.

lMpuknagHa marHiTHa rigpoavHamika B MeTtasnyprii Ta JMBapHOMY BUPOOHULTBI Mae TEeXHOJIOriYHi rnoTeHuiaav, ski abo
HenocskHi, abo Baxko peasi3yioTbCsl NPy BUKOPUCTaHHI iHLLNX Gi3ndHUX npuHUmMniB. porpec y uivi ranysi 6yB rnoBiibHUM Yy
3B'93Ky 3 TUM, LLO B METaJIypriliHUX MPUCTPOSIX, LLO BUKOPUCTOBYIOTLCS B METaNyprii Ta 1nBapHOMY BUPOOHULTBI, HEMUHYYI
BeJ/IKi HemarHiTHi 3a3opy. OgHak y 3B'3Ky 3 YA0CKOHaIEHHSIM BOrHETPUBKMX | €/1eKTPOTEXHIYHUX MaTepiasliB BUKOPUCTAHHS
MarHiTHOI rigpoanHamikv B METayprifiHoMy BUPOGHULTBI CBITY MNOCTIViHO 3pocTae. OnncaHi HaCTyrHi TEXHOIOIYHI PO3POOKN.

EnektpomarHiTHe nTTs rig TUICKOM 3@ CXEeMOIO JINTTS i HU3bKUM TUCKOM, NPy SIKivi TMCK CTUCHEHOIr0 ra3y 3aMIiHIOETLCS
€eJIeEKTPOMArHIiTHOIO fieto. B pe3ynbTati Bignagae HeoOXigHICTb repMeTu3adii TUIiis piakvuM MeTasioM, i MiABULLYETLCS TOYHICTb
38aHOro PexviMy 3arOBHEHHSI GoOpmMu.

EnekTpomarHiTHe nnTTS i TUCKOM 3 PO30CEPEAXEHOK JIMBHUKOBO-XUBJIOYOI cucTemoro. pu Takomy criocobi 1nTTs
J10CAraeTbCsi BUCOKUE KOEQILIIEHT BUKOPUCTAHHSI PiIKOro MeTasy, L0 HELOCSXHO Mpu iHLIMX criocobax nTTs, | 3abe3nedye
BIACYTHICTb yCano4YHUX 4epeKTiB.

EnektpomarHiTHui nepemillysad A5 nysibCyrY0ro BriiMBy Ha pPiakui MeTasl, Sk € aibTEPHAaTUBOK €/1EKTPOMArHiTHOMY
nepemityBayqy MarHiTHOro roJisi, 1o OK1Tb.

KomninekcHe pagiHyBaHHS atoMIHIEBUX CrIaBIB, L0 BKAYAE PibTPYBaHHS PO3risiaBy Yepes riHokepamiyHui Qinetp i
vioro npoayBaHHs1 aproHom. lliagBuiueHn koe@iuieHT kopucHOoI aii (KK/) aocsiraetbCcsi 3aCTOCYBaHHSIM €/1€KTPOMAarHiTHUX
¢akTopis.

KnrovoBi cnoBa

AJIOMIHIEBI CcriaBu, JINTTS, €JIeKTPOMArHiTHUM TUCK, €EeKTPOMAarHiTHUM nepemillyBad,
HemMeTasieBi BKJIOYEHHS, paiHyBaHHS, €J1eKTPOMarHiTHi ¢aktopu, rniHokepamidHui QiibTp,
QinbTPYBaHHA.
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