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Abstract. This article explores of the effect of the composition of the protective flux on the melting
process of aluminum alloys and their mechanical properties. Experimental studies have been carried out
with various flux compositions in order to optimize the melting process and improve the quality of the
alloys obtained. The results showed that the change in the composition of the flux has a significant effect
on the structure of the alloy and its mechanical characteristics. Optimization of the flux composition can
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lead to improved strength, corrosion resistance and other important properties of the alloy. The results
obtained can be used in the metallurgical industry to optimize the melting process of aluminum alloys
and improve the quality of products.

Keywords: aluminum alloys, melting process, composition of the flux, conducting of the flux, alloys
structure, mechanical properties.
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AHHoTanus. B cratbe npuBeneHBI pe3yIbTAThl HCCIECAOBAHUH 110 ONPEACICHIIO BIMSHUS COCTaBa
3aIIUTHOTO (pyIfoca Ha MPOIECC MIAaBKM AJIFOMUHHUEBBIX CIIABOB M UX MEXaHUYECKHUE CBOICTBA.
C menpro ONTUMH3AINH IPOLECcCa TUIABKH 1 OBBIIIEHHUS Ka4eCTBA MOJydaeMbIX CIJIABOB IPOBEICHBI
9KCTIEPUMEHTAJIBHBIC HCCIIEI0BAHNS C PA3IMIHBIMHU COCTaBaMu (IIFOCOB. Pe3ynbTarsl okas3aim, 9To
M3MEHEHHE cocTaBa ()IIoca OKa3bIBaCT CYIIECTBEHHOE BIMSHUE HAa CTPYKTYPY CIUIaBa M €70 MEXaHHUECKHE
cBoiicTBa. OnTHMM3aNUs cocTaBa (PIrOCa MOKET IIPUBECTH K yITYUIICHHIO TPOYHOCTH, KOPPO3HOHHOM
CTOMKOCTH 1 IPYyTHX BaXXHBIX CBOMCTB CIIiIaBa. [lomydeHHbIe pe3ybTaThl MOTYT OBITH HCIIOTb30BAHBI
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B MeTaJIJIprI/I‘ICCKOﬁ TIPOMBINIJIEHHOCTH AJI OITUMU3AalUH IIPOLECCa IMJIaBKU aJIIOMUHUEBBIX CITIJIABOB
1 MOBBIIIEHU A KaY€CTBA NMPOAYKITUH.
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Introduction

Melting of aluminum alloys is an important process in the metallurgical industry. One of the key
aspects of this process is the use of a protective flux, which prevents the oxidation of the molten metal
and ensures its purity. In this paper, we investigate the effect of the flux composition on the melting
process and the properties of the obtained alloys.

Currently, there is a need to find and develop new methods and flux compositions that could optimize
the melting process and improve the properties of the resulting alloys. This is important to increase
production efficiency, reduce costs and improve the quality of the final product.

In this paper, we will focus on studying the influence of the composition of the protective flux on
the melting process of aluminum alloys and the mechanical properties of the resulting materials. We
will perform experimental studies with various flux compositions to determine their effectiveness and
potential for improving the melting process and alloy quality. The results obtained will have important
practical application in the metallurgical industry and can become the basis for the development of new
technologies and methods for the production of aluminum products.

Resource saving in the melting of aluminum alloys is of particular importance in view of the
peculiarities of heat exchange processes in which alloys are saturated with gas and non-metallic inclusions.
In this regard, research is being conducted worldwide to optimize the melting processes of aluminum
alloys and improve existing melting process technologies [1-3]. The protective flux plays a major role
in the melting of aluminum alloys, where it reacts actively with the alloy, and at the same time protects
the alloy from the environment [1-3]. All over the world, research is actively underway to develop new
compositions of protective fluxes that prevent aluminum oxidation with oxygen and saturation of the
melt with gas inclusions [4—6].

As is known, in order to remove undesirable impurities from aluminum alloys, various types
of fluxes are used, such as solid and gaseous [17]. To extract gas inclusion from an aluminum alloy,
fluxes based on a mixture of KCI-NaCl [18] are used, which form a low-temperature eutectic (665 °C).
Another commonly used component of the flux is NaF, which forms a triple eutectic with KCI and
NaCl with a melting point of 607 °C. At the same time, the melting point of technically pure aluminum
is about 655—660 °C. Coating fluxes for aluminum melt are in great demand in production area. The
usual coating flux contains about 47.5 % NaCl, 47.5 % KCl and 5 % fluoride salt. The low melting point
increases the fluidity of the flux. Other coating fluxes are based on a mixture of MgCl,-KCl, which
forms a low-melting eutectic at 424 °C, or on carnallite (MgCl,xKCl), which melts at 485 °C. These
coating fluxes have high fluidity and can form a thin layer on the surface of the melt. However, MgCl,
is quite expensive, so it is mainly used in sodium-free fluxes for aluminum alloys with a magnesium
content of more than 2 % [19-21].
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To explore the formation of aluminum oxides and the diffusion of gases into the melt, it is
necessary to understand the interaction of aluminum and moisture in the furnace atmosphere. Since the
combustion products of natural gas have water vapor in their composition, this reaction is inevitable in
all gas furnaces [8—10]. Atmospheric moisture reacts with molten aluminum, followed by the formation
of an oxide film and atomic hydrogen between aluminum atoms. As a result, the oxides not only remain
on the surface, but also some of them enter the melt [22-24].

The main non-metallic inclusions in aluminum alloys are gas and oxides. Where oxygen will react
with aluminum and create film on the surface of the alloy and gasses will diffuse to the alloy which in

further provide the porosity of the product [25].

Experimental part

The main non-metallic inclusions in aluminum alloys are aluminum oxide Al,O; and hydrogen H,.
The gas impurities present in the metal negatively affect the physical and mechanical characteristics of
aluminum and its alloys. To obtain a high-quality structure of aluminum alloys, it is necessary to protect
the melt from the effects of the furnace atmosphere. To determine the effect of the integrity of the oxide
film on the melt surface, as well as the composition of the protective flux on the diffusion of non-metallic
inclusions into the melt, 4 flux compositions with different carbon content were used. The composition
of the flux was developed taking into depend on the furnace atmosphere, which has an excessive content
of hydrogen and oxygen. Tablel and table 2 show the composition of fluxes used in research work in the
melting of aluminum alloys under the conditions of the joint venture Uzavtoinzi llc. Table 1 provides a
comparative analysis of the use of flux for melting aluminum alloys in various gas furnaces.

Free carbon located in the melting zone can restore aluminum and take away oxygen from
it. To determine the effect of the free carbon content, carbon of various amounts was introduced
into the composition of the flux. Table 2 shows the composition of the developed flux using free

carbon.

Table 1. Resultative analysis of the use of flux for melting aluminum alloys in various gas furnaces

The components of the flux in weight percentages

The purpose of the flux
NaCl | KC1 C MgCl, | CaCl, | NaF | BaCl,

As a protective layer for remelting aluminum alloys in

gas furnaces 50 30 10 10 - - _

As a protective layer for remelting aluminum alloys in

50 20 20 - 10 - -
gas furnaces
As a protective layer for remelting aluminum alloys in 40 20 25 B B 15 B
gas furnaces
As a protective layer for remelting aluminum alloys in 30 30 30 3 3 3 10

gas furnaces

As a protective layer for remelting aluminum alloys in

gas furnaces 20 45 35 - - _ _

As a protective layer for remelting aluminum alloys in

gas furnaces 40 40 10 - - 10 _

As a protective layer for remelting aluminum alloys in

gas furnaces 40 - 20 10 30 - _
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Table 2. A composition of the developed flux using free carbon

The components of the flux in weight percentages
The purpose of the flux
NaCl | KCI | CaF, | MgCl, | CaCl, | NaF C
As a protective layer for remelting aluminum alloys in 50 20 20 B B B 10
gas furnaces
As a protective layer for remelting aluminum alloys in 40 20 20 B B _ 20
gas furnaces
As a protective layer for remelting aluminum alloys in 40 20 5 B B 5 30
gas furnaces
As a protective layer for remelting aluminum alloys in 50 30 10 3 7 B 10
gas furnaces
As a protective layer for remelting aluminum alloys in 50 25 5 B B B 20
gas furnaces
As a protective layer for remelting aluminum alloys in 40 10 10 B 3 10 30
gas furnaces
As a protective layer for remelting aluminum alloys in 40 B 20 10 10 B 20
gas furnaces
Heat of melting
Specific heat of melting, cal/g 123.5 | 74.1 - 70 542 | 278 -
Melting point, °C 804.3 | 790 | 1330 | 712 772 | 962 | 2800
Density, g/sm? 2.163 | 189 | 3.18 | 232 | 2152 | - 2.33

Table 3. Resultative analysis of the use of flux for melting aluminum alloys in various gas furnaces

The components of the flux in

The purpose of the flux weight percentages
NaCl% | KCL% C%
As a protective layer for remelting aluminum alloys in gas furnaces 50 40 10
As a protective layer for remelting aluminum alloys in gas furnaces 50 30 20
As a protective layer for remelting aluminum alloys in gas furnaces 50 20 30
As a protective layer for remelting aluminum alloys in gas furnaces 30 30 40
As a protective layer for remelting aluminum alloys in gas furnaces 20 30 50
As a protective layer for remelting aluminum alloys in gas furnaces 20 20 60
As a protective layer for remelting aluminum alloys in gas furnaces 30 - 70

Table 3 provides a comparative analysis of the use of flux for melting aluminum alloys in various

gas furnaces.

Results and discussion

The analysis of the results showed that a change in the composition of the protective flux leads to

changes in the structure of the obtained alloys. For example, the use of fluxes with a high carbohydrate

content helps to reduce the amount of oxides in the melt, which has a positive effect on the quality of

the alloy. It has also been found that optimizing the composition of the flux can improve the mechanical

properties of alloys, such as strength and corrosion resistance.
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To determine the consequence of the flux on the quality of the resulting melt, laboratory studies
were carried out. Experimental melting of aluminum to determine the effect of melting modes on the
quality of the alloy was carried out in the laboratory conditions of the enterprise (Table 4).

Table 5 shows changes in the content of gas inclusions in the melt depending on the temperature of
overheating of the melt in the refining flux. The results of studies to determine the optimal temperature
of overheating of aluminum melt under a protective layer of flux.

At the same time, the composition of the flux is of primary importance, since at high temperatures

the chemical elements of the flux can lose their basic properties. Graphic shows a graph of changes in

Table 4. The developed fluxes for melting aluminum alloys

The components of the flux in weight percentages
The purpose of the flux
NaCl | KCl C | MgCl, | CaCl,| NaF | CaF,

For remelting process of the waste 50 30 20 - - - -
For remelting process of the waste 50 20 20 - 10 - -
For remelting process of the waste 40 20 8 - 2 30 -
For remelting process of the waste 50 30 10 - - - 10
For remelting process of the waste 50 45 15 - - - -
For remelting process of the waste 40 40 18 - - 10 -
For remelting process of the waste 40 - 20 10 30 - -

Table 5. The changes in the melt from temperature of overheating of the melt and refining flux

Heating temperature The amount of oxide inclusions The amount of hydrogen
of the melt, °C in the melt,% in the melt, sm*/100g
600-650 2-3 0.60—0.62
700-750 2-3 0.56-0.58
800850 1-3 0.52-0.54
900-950 1-3 0.50-0.54
1400-1500 1-2 0.34-0.36
19002000 0.6-0.7 0.14-0.18

the content of gas inclusions in the melt depending on the temperature of overheating of the melt in the
refining flux (Fig. 1).

Fig. 2 and 3 show the structures of the resulting alloy after melting in an electroslag furnace with
and without the use of a protective layer of refining flux.

The results of our study are an important contribution to understanding the effect of the protective
flux composition on the melting process of aluminum alloys and their mechanical properties. In the
course of the work, it was found that a change in the composition of the flux has a significant effect
on the structure of the alloy and its properties, which corresponds to the results of previous studies in

this area.
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Fig. 3. The structure of the resulting alloy is obtained after using a protective layer of refining flux.
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However, it should be noted that there are a number of factors that can affect the effectiveness of
the use of optimized flux formulations in industrial conditions. One of these factors is the interaction
of the flux with other components of the production process, such as equipment and additives. Further
research can be directed to studying these relationships in order to develop more complete and accurate
models of the melting process of aluminum alloys.

Despite the above data, these results are of practical importance for the metallurgical industry,
as they offer new approaches to optimizing the melting process of aluminum alloys and improving
the quality of the materials obtained. This can lead to lower costs and increase the competitiveness of

enterprises engaged in the production of aluminum products.

Conclusion

The results of the study confirm that the composition of the protective flux plays a key role in
the melting of aluminum alloys. The optimized composition of the flux contributes to the effective
removal of oxides from the melt and prevents their formation, which affects the quality of the resulting
alloys. The change in the composition of the flux affects not only the structure of the alloy, but also its
mechanical properties. Optimization of the flux composition can lead to improved strength, corrosion
resistance and other important characteristics of the alloy:

— the composition of the flux for melting aluminum alloys has been developed, which reduces gas
inclusions by 6—8 %;

— a temperature regime for the introduction of flux into the aluminum melt has been developed,
which provides accelerated removal of hydrogen from the aluminum melt by 10—12 %;

— the technology of conduction flux for melting aluminum alloys has been developed, which
ensures an increase in the efficiency of using flux in melting aluminum alloys.

The results obtained in this research can be used in the metallurgical industry to optimize the
melting process of aluminum alloys and improve the quality of manufactured products. In the process of
applying optimized flux formulations, it is necessary to ensure their standardization and quality control.

This will help to maintain the stability of the production process and ensure high quality of products.
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