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ALUMINUM ALLOY MODIFIERS

B naniii cTaTTi npoBeieHo aHAJI3 BUILIABKH a/l0MiHieBoro cmuiay AKSM, BcraHoBeHi
NPUYHHHU NIePeBAaKHOI0 3aCTOCYBaHHS OaraTodyHKIioHAJIbLHOro MoaudikaTopa ajaMiHieBHX
CILUIABIB B NOPIiBHSAHHI 3 miIaBjaeHuMHu Moaudikaropamu. Posrasinyro Buan moaudikaropis
AJis1 ajoMiHieBuX cmiiaBiB. Takoxk BU3Ha4YeHO BIJIMB MoAUGQiKyBaHHS HA MiABUIIIEHHS PiBHA
XapaKTePUCTHK IIACTHYHOCTI agwoMiHieBoro cmiaaBy AKSM. JloBeneHo 3a 10momMororo
0arato)yHKIiOHATbHUX MOAH(IKATOpPiB MOXKHA OoTpMMATH anwMiHieBuii cmiiaB AKSM 3
NiIBUIIEHHAM PiBHS IJIACTHYHOCTI.

KaouoBi caoBa: anrominiceuti  cniag  AKSM, moougixysanns, ximiynutl  ckaao,
XapakxmepucmuKu naacmudHOCmi.

B nadHO#l craThe MNpOBEAECH AHAJU3 BbILIABKH KOJIECHON cragum wmapku R7,
YCTAHOBJIEHbI TPHUYUHBI HEAOJErHPOBAHUS KOJECHOM CTAJIM 3JTOH MapKH, a TaKiKe
paccMOTpeHo BJIMsIHME MOAM(UIUPOBAHMS HA CTAOWIM3AIUI0 XHMHUYECKOr0 COCTaBa H
NMOBbIILIEHHE YPOBHS MeXaHMYECKHMX CBOWCTB KoJecHOW cragum mapku R7. Jlokazano npwu
noMomu Ko3GpuUIUEeHTOB KOppeasiiui Pa3uYHbIX BHI0B, 4YTO BBeJleHHE B pacIuiaB
MHOTO(YHKIIHOHAJIBLHBIX MOAM(PUKATOPOB  CHOCOOCTBYET [10JIETMPOBAHMIO  paciliaBa,
CTA0WIN3AallUM XMMHYECKOr0 COCTABA M MNOBBIIIEHUI0 YPOBHS MeXaHMYECKHX CBOMCTB
KOJIeCHO# cTau mapku R7.

KuroueBble cioBa: xozecnas cmanv R7, moouguyuposanue, kod¢hguyuenm xoppenayuu,
XUMUYECKUU COCMAB, MEXAHUYECKUE CEOUCMEA.

This article dial with analysis of the R7 wheel steel smelting has been carried out, the
reasons for the non-alloying of the wheel steel of this brand have been determined, and the
influence of the modification on the stabilization of the chemical composition and the increase
in the mechanical properties of the R7 wheel steel has been considered. It has been proved
with the help of correlation coefficients of various types that the introduction of
multifunctional modifiers into the melt promotes alloying of the melt, stabilization of the
chemical composition and an increase in the level of mechanical characteristics of the R7
wheel steel.

Key words: wheel steel R7, modification, coefficient of correlation, chemical composition,
mechanical characteristics.

Introduction. Aluminum is one of the main structural materials used in
various industries - aerospace, shipbuilding, metallurgy, mechanical engineering, oil
refining, construction, chemical, food, light, etc. This is due to the combination of its
distinctive characteristics such as high specific strength for a very low specific mass
(2700 kg / m3), the ability to deoxidize and refine steel due to its high affinity for
oxygen, hydrogen, and nitrogen. This alloy has high technological properties - mold
filling during casting, weldability, ability to deform not only at high and medium, but
even at room temperatures, which is associated with a face-centered cubic aluminum
lattice.
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Also, the structural strength of aluminum alloys substantially depends on the
presence of iron and silicon impurities, which in alloys form brittle FeAl3, o phases
(o, Al, Fe, Si), B (Al, Fe, Si) and other lamellar or needle forms insoluble in solid
solutions. and reduce ductility, fracture toughness, resistance to crack development
and corrosion resistance; manganese doping eliminates the influence of harmful
Impurities due to the formation of a new phase crystallizes in a compact form [1-3].

All this causes practical interest among researchers in the field of aluminum
alloys, which makes this research topic relevant.

Formulation of the problem. Determination of alloying and modification
methods for aluminum alloy AK5M, as well as the effect of modifiers on the
mechanical characteristics of this alloy.

Method of solution and analysis of the results. Melts of aluminum alloys are
alloyed mainly with silicon, copper, manganese, magnesium, zinc, zirconium, and
also lithium, beryllium, zinc, titanium, germanium, selenium, scandium, strontium.
Depending on the set and concentration of alloying elements, aluminum alloys have
different properties and applications. According to the manufacturing technology,
aluminum alloys are classified into cast and wrought. High heat of melting and heat
capacity contribute to slow cooling from the liquid state, this leads to the formation of
a coarse-grained structure, but at the same time makes it possible to improve the
properties of castings from aluminum and its alloys by modifying, refining and other
technological operations.

For aluminum alloys, modifiers of the first kind are used; they delay the growth
of grains formed due to the adsorption of surface-active compounds on the faces of
the crystals that grow and of the second, providing accelerated crystallization on the
ready-made embryos. They can be refractory particles (carbides, nitrides, oxides), the
crystal lattice of which is well combined with the aluminum crystal lattice. In the
manufacture of ingots and shaped castings from aluminum alloys, it is often used
modifiers of the second kind. According to the concentration required to achieve the
effect of modification, the elements can be divided into two groups. The first group
includes such modifiers; the modifying actions of Ti, Nb, Zr, B, Mo, W are given in
descending order. The required number is tenths and hundredths of a percent. The
second group includes Mg, Cu, Zn, Fe, Ni, Cr, Mn, Si; these additives need to be
introduced in a small amount.

Modifiers of the first kind for aluminum alloys can be surface-active elements
with a low melting point and a weak interatomic bond in the solid and liquid states:
Li, Na, Ca, Sr, Pb, Be, Zn, Ge, Sn, Se, Sc.

Modifiers of the second kind, primarily titanium, boron, rare-earth metals,
zirconium, which form crystallization centers in the form of intermetallic compounds
(TIAI3, ZrAl3, BAI3, etc.), carbides, nitrides, oxides were used to grind grain of both
casting and deformable alloys.

Of great importance is the modification in the production of shaped castings,
when the parameters of the cast structure is a factor determining the quality of the
metal. In the manufacture of deformed products with an increase in the degree of
deformation, its influence weakens, although it persists on highly deformed metal
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(thin sheets, strips). Modification in this case improves manufacturability,
dramatically reduces cracking, increases the level and stability of mechanical
properties, reduces their anisotropy.

Significant changes in the structure, mechanical and technological properties
during the modification, the complex nature of phenomena and processes cause
considerable practical interest [4-8].

Therefore, specialists of the department of production technology developed a
modifier for processing molten aluminum alloys. An experimental model and an
experimental-industrial batch of titanium-based modifiers were manufactured (Fig.
1). Its specific weight is 1.7 times greater than that of aluminum and its alloys. The
modifier has a strong effect of grinding the primary grains 12 times and has the
ability to increase the ductility of high-strength aluminum alloys. Thus, the relative
elongation of the AK5M alloy increased by ~ 17% when modifying with a new
modifier. The modifier received a decision of October 23, 2008 on issuing a patent
for an invention on application No. a in 2007 00849. This modifier at Hydrosila
(Kirovograd) processed 0.5 tons of high-strength aluminum alloy AK5M (Fig. 2).
Casting turned tight without defects. The metal structure was characterized by a very
fine grain and a low content of harmful impurities, due to which the ductility of
casting increased 1.7 times, which is important for high-strength products.

Fig. 1. Appearance modifier for aluminum alloy AK5M

Fig. 2. Appearance of industrial casting from aluminum alloy AK5M, modified
(with the letter “M”) and control serial (with the letter “K”):
a - outer side; b - the inner side

Complex modifiers used in the form of nanopowders. As a result of processing
with such modifiers, the hardness, strength and ductility of the AK5M aluminum
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alloy treated by them turned out to be significantly higher than the characteristics of
alloys treated with fused modifiers. This direction is promising, but little studied.

Conclusions. This article dial with describes the modifiers of the first and
second kind, used for aluminum alloy AK5M. It is established that these modifiers
are more preferable than modifiers manufactured in a fused manner. In the modified
metal using special modifiers, the relative elongation increases by about 17%. This
indicates the promise of using special modifiers for the treatment of molten
aluminum alloys.
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