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Use of sodium salt electrolysis in the process of continuous modification
of eutectic EN AC-AlSi12 alloy
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Abstract. This paper presents test results concerning the selection of sodium salt for the technology of continuous
modification of the EN AC-AlSi12 alloy, which is based on electrolysis of sodium salts, occurring directly in a crucible
with liquid alloy. Sodium ions formed as a result of the sodium salt dissociation and the electrolysis are ‘transferred’
through walls of the retort made of solid electrolyte. Upon contact with the liquid alloy, which functions as a cathode,
sodium ions are transformed into the atomic state, modifying the alloy. As a measure of the alloy modification
extent, the obtained increase of the tensile strength R m and change of metallographic structure are used, confirming
obtained modification effect of the investigated alloy.
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Introduction

Silumins belong to the most common group of casting alloys.
A broad application field of such alloys in various industries
results from good casting and utility properties. These alloys
are characterized by low density, relatively low melting temperature, good thermal and electric conductivity (good castability, low shrinkage) as well as good machinability and considerable corrosion resistance. In the case of such alloys,
their structure and, more precisely, their size, shape and way
of distribution of hard and brittle crystals of β (Si) silicon in
the plastic groundmass of the solid solution α (Al), have an
effect on their mechanical properties.
For improving (modifying) the structure of these alloys,
i.e., for achieving fragmentation of the structure, technological treatments are used, which involve these alloys being
introduced with a small quantities of various metallic elements, known as modifiers, e.g., Na, Sb, Sr, P, Ti1–7 and rare
earth elements.8,9
Modification of the alloy is aimed at improving its mechanical properties, such as elongation and impact strength.
Historically, sodium belongs to the oldest, the most commonly used within the industry, and the most effective modifiers for hypoeutectic and peritectic alloys.1,2,10,11 Such
modifier is introduced into metal bath in a metallic form, or
in the form of chemical compounds containing sodium.
Sodium inhibits nucleation of silicon crystals, which
results in the occurrence of superfusion of eutectic crystallization, and transformation of an irregular lamellar eutectic mixture α + β into eutectic mixture having a fibrous
structure, which is connected with a considerable reduction
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of interfacial distance and distinct change of eutectic silicon
crystals. However, regardless of the form in which the modifier is introduced to the metal bath, its action is relatively
short, mainly due to evaporation from the metal bath, which
from a technological point of view, constitutes its significant
disadvantage.12
Introduction of continuous modification with sodium,
which occurs directly in metal bath, with the use of continuous electrolysis of sodium compounds (salts), could be a
solution to the problem connected with limited time of action
of this modifier. For performing such process, it is necessary
to use a solid electrolyte that conducts sodium ions (ionic
conductance) and simultaneously maintains a solid state of
aggregation at melting temperature and superheating temperature of the alloy. Such ceramic materials consist of sodium
beta-alumina obtained with the use of the electro-ferritic
method, which contains 90–95% of phase β and about 0.5%
Na2 AlO2 stabilized with lithium, magnesium or zirconium,
assuring conductance of sodium ions13,14 that arise as a result
of dissociation and electrolysis, which in contact with liquid
alloy, pass into atomic state, modifying the alloy. Products
manufactured based on the beta-alumina are durable, semicrystallic ceramic materials, in which movable ions are Na+ ,
K+ , Ag+ , Cu+ , Li+ , Pb2+ , Sr2+ and Ba2+ .15,16 The main area
of their implementation is cells of heavy duty batteries based
on the solid electrolyte17–21 and sensors of sodium.22–24
2.

Materials and methods

The basis for the continuous modification process developed
by Białobrzeski25 is the usage of sodium salt located in a
retort manufactured from solid electrolyte, which, as a result
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of the applied d.c. voltage, undergoes dissociation followed
by electrolysis.
As the material of anode (source of sodium ions) during
the course of the testing, use is made of the salts comprising
the following chemical compounds:
(1) salt A – NaNO3 , Na2 CO3 ;
(2) salt B – NaNO3 , NaCl, Na2 CO3 .
Liquid sodium salt (anode) positioned in the stop-ended
retort, produced from the beta-alumina stabilized with zirconium (B2 type, with length of 220 mm, internal diameter of 30 mm and wall thickness of 1–2 mm), produced
by British Company Ionotec Ltd., was connected with electric current generator via electrode. According to suggestions
of this Company, the stop-ended tubes (retorts) from ‘betaalumina’ stabilized with zirconium (contents of about 6%
ZrO2 ), conducting sodium ions, seem to be more suitable
to operation in liquid aluminum alloys. In such case zirconium increases resistance of the ceramics for thermal shocks,
which are unavoidable in conditions of planned experiment.
It should be noticed that zirconium reduces conductivity of
this ceramics only to a slight extent.
Specification of the retort used in course of the investigations is presented in table 1.
Investigated alloy was melted in ceramic crucible in electric resistance furnace.
Melted EN AC-AlSi12 alloy was initially refined with use
of Rafal 1 at a quantity of 0.4% mass of charge, and in the
successive step, after removal of slag from the metal level;
the liquid alloy was connected to the electric current generator with graphite electrode. The scheme of the test stand is
presented in figure 1.
To initiate the heat-up of the retort, and also to restrict possibility of its damage during immersion in the liquid alloy,
prior to commencing the electrolysis process, the ceramic
Table 1.

retort filled with the salt was placed for a few minutes directly
over the metal level of the alloy overheated to a temperature
of 680–700◦ C (figure 2).
After immersing the retort filled with sodium in liquid
alloy (figure 3) and when molten state was reached, the
d.c. circuit was closed, stabilizing the current intensity at a
constant level of 10 A for salt A and 5 A for salt B.
Reduction of current intensity in case of salt B resulted
from more rapid course of the electrolysis and fast depletion of the salt in the retort. Active surface area of the retort
amounting to 163.8 cm2 was maintained at constant level
though its immersing in the alloy to the depth of 160 mm
(adjusted after each extraction of the alloy from the crucible).
Voltage supply was accomplished with use of stabilized d.c.
transistor-type power supply of 300 W.

Specification of the retort.

Property
Phase content, % beta′′
Porosity, %
Maximum pore size, µm
Maximum grain size, µm
Bending strength, MPa
Strength Weibull factor
Fracture toughness, MPa m1/2
Property ionic conductivity (Ω cm)−1
25◦ C
200◦ C
300◦ C
400◦ C
Thermal expansion coefficient (×10−6 )
0–500◦ C
500–1000◦ C

Figure 1.

Scheme of the test stand.

Figure 2.

Initial heat-up of the retort over metal level of the alloy.

90–95
1–2
5
20
250–300
8–13
2–3

0.002
0.092
0.24
0.38

7.2
8.6
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Figure 3. View of the test stand during the course of the
electrolysis.

Figure 4. Mould to production of castings of the test pieces.

Current intensity for unit surface area amounted to
61 mA cm−2 for salt A and 30.5 mA cm−2 for salt B. Total time
of the modification process amounted to 240 min for salt A
and 160 min for salt B was directly connected with quantity of the salt decreasing together with elapsing time and
quantity of the alloy in the crucible.
Casting of the test pieces at a quantity of three test pieces
for each set were poured every 30 min in the case of salt A
and every 10 min for salt B. The alloy was taken directly
from the crucible and poured into metallic mould (figure 4)
heated to temperature 220–250◦ C, destined to production of
standardized specimens to strength tests.
The tensile strength Rm was determined after performing
the static tensile test on the ZD-20 tester according to the EN
10002-1:2001 standard.
3.

Results and discussion

Among the modifiers, the Na, Sr and Sb12,26,27 have found
their practical application for hypo- and near eutectic silumins as a modifiers of long-lasting action having effect
of change of morphology of Si, and Ti and B having
effect on the morphology of Al dendrites, while in case of
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Figure 5. Change of the Rm of the investigated alloy during the
course of continuous electrolysis of salt A.

hypereutectic silumins to the modifiers belong P, Bi and Ti.
Sodium is introduced into metal bath in metallic form or in
form of chemical compounds containing sodium. Its effect
consists mainly on the inhibition of nuclei of silicon crystals and transformation of irregular lamellar eutectic α + β
into fibrous eutectic.11,12,28,29 In case of the modification
consisting in adding sodium into the metal bath, transformation of sodium—in result of exchange reaction—from
chemical compound AlP to Na3 P was dealt. The compound
Na3 P, not being a nucleus of crystallization, affects on overcooling of the bath and crystallization of the eutectic, leading to the generation of fine-grained structure of the alloy.30
Sodium can be introduced into metal bath in metallic form
(vacuum melted metallic sodium NAVAC produced by Foseco Company31 or salt mixture comprising (NaF—sodium
fluoride, e.g., COVERAL produced by Foseco Company).
Quantity of sodium necessary to the modification depends on
the degree of contamination with phosphorus and contents
of silicon.2,11 Additive in the range from a few to 100 ppm
of the Sr, Na, Ca, Ba or Eu enables modification of the
morphology of eutectic silicon, from thick lamellar precipitations to fine fibrous ones, what have beneficial effect both
on strength and plasticity.32,33 Effect of the modification can
be obtained, however, as early as with contents of 0.001% of
metallic sodium and 0.005% of sodium salt relative to mass
of the alloy,30 while they are added in order to obtain contents of sodium in the alloy from 0.005 to 0.015%. Optimal
strength parameters can be obtained even at small contents of
sodium salt (60% NaF, 40% NaCl) amounted to 0.05–0.06%
mass of the charge.34
Figure 5 presents a change of the tensile strength Rm
during the course of continuous modification of the alloy
with the use of salt A (the test piece marked with symbol
‘S’ denotes material in its initial state after performed the
treatment of refinement).
There exists a distinct difference between the obtained
tensile strength Rm of the refined alloy (test piece ‘S’—
figure 5) and the modified alloy with the use of electrolysis of salt A. After 15 min, since the beginning of the alloy
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modification, it has been noticed an increase of the tensile strength Rm (250 MPa). Lacking further increase of
the strength Rm and/or its slight fluctuations result from
changing extend of modification of the alloy, which depends
directly on quantity of introduced sodium and simultaneous
collection of the alloy from the crucible to production of
specimens to the strength tests.
The current intensity during the process was maintained at
a constant level of 5 A for 150 min, while the total time of
the modification process amounted to 240 min.
After 150 min since the beginning of the electrolysis it has
been observed a slight drop of the mechanical properties, as
a result of loss of the salt in the retort resulting reduction of
active surface of the retort, and hence, limitation of quantity
of sodium introduced to the metal bath.
Figure 6 presents changes of the tensile strength Rm of the
investigated alloy during the course of electrolysis of salt B.
In case of salt B, as early as after 10 min after beginning the electrolysis, it obtained an increase of the tensile
strength Rm as compared with the refined alloy (test piece
‘S’—figure 5). The maximal value of the tensile strength

Rm (239 MPa) was obtained after 20 min. Unfortunately, in
the case of salt B, there occurred the necessity of refilling
the salt in the retort after 20 min of the electrolysis. The
modification process was performed for a successive 30 min
only, due to a rapidly consumed salt and instability of the
process.
After complete process of the electrolysis, the retort was
taken from the metal bath. Lack of cracks and damages on
its surface suggests a possibility of its reuse. Positive results
have been obtained.
The process of modification of near-eutectic silumin
results in a change of its structure (refinement of the eutectic silicon).2,35 To confirm a possible change of the structure,
photographs of microstructure of the refined alloy (initial
alloy) and the alloy after 20 and 160 min after commencing
electrolysis of salt A has been taken.
Figure 7 depicts photographs of metallographic structures
of the investigated alloy before commencing the electrolysis
of sodium salt.
The structure of the initial alloy prior to beginning the
electrolysis can be characterized by distinct precipitations of

Figure 6. Change of the Rm investigated alloy during the course
of electrolysis of salt B.

Figure 7. Metallographic structure of the EN AC-44200 alloy
after refinement (initial alloy).

Figure 8. Microstructure of the EN AC-AlSi12 alloy: (a) after
10 min of the electrolysis and (b) after 160 min of the electrolysis.
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the β phase in the form of lamellar silicon, which is present
in non-modified alloys.2,5,12
Figure 8 presents a structure of the alloy after 10 min
(figure 8a) and after 160 min of the performed process of the
electrolysis (figure 8b).
The microstructure of the test piece poured after 10 min
(figure 8a) is characterized by partially modified silicon in
the eutectic mixture α + β, which is the result of the commenced process of the modification. Dendritic precipitations
of the phase α (Al) and the modified eutectic mixture α + β
with fibrous form of eutectic silicon11,36 which is characteristic for the alloy after modification,12,37,38 are presented in
figure 8b.
4.

Conclusion

Confirmation of possibilities of implementation of sodium
salt electrolysis in the process of continuous modification of
silumins was the main objective of the presented work. The
tensile strength Rm obtained in the course of the experiment
as well as microstructure analysis unequivocally points at
the conductance of sodium ions due to the solid electrolyte
under physical–chemical conditions present during the modification of near-eutectic EN AC-AlSi12 alloy in laboratory
conditions. The ternary salt ‘A’ with uncomplicated chemical composition has fulfilled requirements concerning the
time of its acting and the effect of such acting in the form
of the increased tensile strength Rm . Further investigations
aimed at optimization of electrolysis process parameters and
selection of composition of the salts as an aspect of the process stabilization to obtain the required mechanical properties can constitute a starting point to implementation of the
continuous modification of the sodium salt performed on an
industrial scale.
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