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ABSTRACT 

This article is devoted to the study of the initial phase of obtaining alloy 1420, namely, obtaining a 

primary material with the desired chemical composition.  The effect of alloying magnesium, 

zirconium and lithium on the strength properties of the material.  In the work, the following 

materials were used to obtain a cast aluminum alloy of the Al-Mg-Zr-Li system: aluminum of 

technical purity A0 or A5, magnesium Mg95, lithium LE-1, zirconium E100, aluminum-zirconium 

ligature AlZr5, aluminum-lithium ligature AlLi10. Two methods were used to introduce zirconium 

into the liquid Al-Mg alloy: the introduction of pure zirconium and the introduction of zirconium 

in the form of a ligature. Two methods were used to introduce lithium into the Al-Mg-Zr liquid 

alloy: the introduction of lithium in the form of a ligature and the introduction of pure lithium.  

Cast alloys of the Al-Mg-Zr-Li system with the following characteristics were obtained: chemical 

composition: Al-92.245%, Mg-5.00%, Zr-0.105%, Li-2.21%, Si-0.238%, impurities-0.202%. 

Mechanical properties: Brinell hardness 85 HB, microhardness 139 MPa, compressive strength 

149.6 MPa, elastic modulus 12 GPa, compressive yield strength 175.2 MPa and plastic deformation 

modulus 0.83 GPa. 
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Introduction 

Among aluminum alloys, the alloys of the Al-Li 

system are characterized by high strength 

characteristics, high corrosion resistance, and are 

easily amenable to any type of welding.  It is known 

that welded aluminum structures give a significant 

weight advantage compared to riveted structures. 

For example, welded aluminum structures reduce 

the weight of aircraft, up to 15-25%. Earlier, in [1] 

were considered alloys of the Al-Li system, their 

types, properties, and applications. The simplest 

alloy 1420, as well as the possibilities of its 

production at Kazakhstani plants are considered in 

more detail.  This alloy, belonging to the high-level 

category,  has  the  following chemical composition:  

1.9-2.3% Li; 5-6% Mg; 0.09-0.15% Zr; 0.1-0.3% Si, res. 

Al.  

This article is devoted to the study of the initial 

phase of obtaining alloy 1420, namely, obtaining a 

primary material with the desired chemical 

composition. To begin with, let's consider the effect 

of alloying magnesium, zirconium and lithium on the 

strength properties of the material.  

Magnesium helps to increase the strength of 

aluminum alloys due to the formation of a solid 

solution of Al-Mg, as well as by deformation 

hardening by riveting or cold hardening (Figure 1,2) 

[[2],[3]].  As can be seen in Figure 1 and 2, 

magnesium significantly affects the strength of 

aluminum. With a magnesium content of 5% (wt.) 

the yield strength of aluminum increases from 25 
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MPa to 160MPa. With a magnesium content of 2.5% 

(wt.) the ultimate strength increases from 180 MPa 

to 320 MPa with cold rolling up to 80%.  

In Al-Mg alloys containing up to 6% Mg, an 

Al3Mg2 intermetallic compound is formed with a 

solid solution of magnesium in aluminum. An 

increase in the magnesium content by 1% increases 

the ultimate strength of the alloy by ≈ 30 MPa, and 

the yield strength by ≈ 20 MPa. At the same time, 

the relative elongation decreases slightly and is 

within the range of 30-35% [[4], [5]]. In addition, an 

increase in the magnesium content of more than 6% 

leads to a deterioration in the corrosion resistance 

of the alloy. At a temperature of 300 °C, 6.7% Mg is 

dissolved in the alloy. Magnesium, which has not 

dissolved, is in the structure and forms Al3Mg2, 

Mg5Al8 compounds in solid solution. This does not 

add additional strength, but reduces the plastic 

properties of the alloy. To improve the plastic 

properties of the alloy, the percentage of silicon and 

iron in it is reduced, and zirconium and titanium are 

added [[6], [7]].  

Figure 1 - The effect of magnesium on strength 

of aluminum alloy 

The influence of lithium on the properties of Al-

Mg and Al-Mg-Si alloys is given in [[8], [9], [10]]. The 

authors found that in the process of artificial aging, 

the dispersion-hardening phases of Al3Li, Al2MgLi 

and Mg2Si are formed in the alloy. The fine phases of 

Al3Li are isolated by reducing the solubility of lithium 

in the solid state when added to the Al-Mg alloy. The 

Al2MgLi phase is formed at a high magnesium 

content >4%. The main hardening in Al-Mg and Al-

Mg-Si alloys occurs precisely due to the Al3Li and 

Al2MgLi phases. Also, the Al2MgLi phase improves 

the corrosion resistance of the alloy itself.  

Figure 2 - The effect of deformation on strength of 

aluminum alloy 

The authors Shamas ud Din, Hasan Bin Awais 

[[11], [12]] investigated the effect of lithium on the 

properties of Al-Mg-Si alloys. The research results 

showed (Figure 3, 4) that when lithium is introduced 

up to 3%, the strength limit of Al-Mg-Si alloys 

increases from 60 MPa to 350 MPa and when lithium 

is introduced up to 2%, the microhardness increases 

from 50 HV in the cast state to 90 HV in the aged 

state. 

Figure 3 - The effect of lithium on the microhardness of 

Al-Mg-Si alloys 

It is known [1] that the addition of 1% lithium 

reduces the density of the alloy by 3% and increases 

the modulus of elasticity by 6%. For example, Figures 

5 and 6 show the effects of lithium, magnesium, and 

zirconium content on Young's modulus and 

aluminum density. With an increase in the lithium 

content to 1%, the density of aluminum decreases 

from 2690 mg/cm3 to 2600 mg/cm3 and the Young's 

modulus increases from 66-67 GPa to 70-71 GPa 

[[13],[14]]. With a lithium content of up to 1.8%, the 

aluminum alloy has a low resistance to stress 

corrosion, and at 1.9% the alloy becomes resistant 

to corrosion cracking. With a lithium content of 1.9-
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2.0%, the tensile strength and yield strength 

increases, but the plastic properties decrease. A 

further increase in the lithium content from 2.1 to 

2.3% contributes to an increase in looseness and the 

appearance of cracks [[15], [16]]. As can be seen, 

lithium is the most effective alloying element, which 

significantly increases the Young's modulus and 

reduces the density of aluminum.  

Figure 4 - The effect of lithium on the strength of 

Al-Mg-Si alloys 

Zirconium forms with aluminum and lithium a 

composite intermetallic Al3Zr–Al3Li, which improves 

the ductility of the alloy. In aluminum alloys, the 

Al3Zr phase is used as a grain shredder, which 

improves the impact strength [[17], 18], [19], [20]].  

Figure 5 - Effect of alloying elements on Young's 

modulus  

Thus, in this paper, the methods of alloying 

lithium, magnesium and zirconium into aluminum 

are considered. Difficulties in this work are 

associated with the processes of introducing 

zirconium and especially lithium into the liquid-alloy. 

Information on the technology of obtaining alloy 

1420 is not disclosed in open literature sources, 

since this alloy with a strength of σB ≥ 415 MPa falls 

under the export control regime of goods and 

technologies for missile, dual-use and nuclear 

purposes.  

Figure 6 - Effect of alloying elements on aluminum 

density 

The experimental part 

To obtain the aluminum alloy of the Al-Mg-Zr-Li 

system, melting and casting were carried out in a 

vacuum induction furnace UIPV-0.001 (JSC "IMiO", 

Almaty). The unit is equipped with various 

mechanisms and devices that load metal into the 

crucible, electromagnetic mixing, casting into molds, 

measuring the liquid-alloy temperature and 

pressure in the chamber. The maximum heating 

temperature of the furnace reaches 2000 0 C, the 

residual pressure is 100 Pa. The entire process of 

melting, aging, alloying, casting and cooling takes 

place in a vacuum or in an argon atmosphere. 
To determine the chemical composition and 

study the microstructure of samples, samples with a 

diameter of 40 mm and a height of 15 mm were cut 

from cast bars. The samples were cut at the Brilliant 

221 unit. The cut samples were ground and polished 

on a Rubin 500 - Sahpir 320e machine using sanding 

papers and polishing suspensions from 15 microns 

to 1 microns. To identify the structure, the surface of 

the samples was etched with 10% nitric acid solution 

and 30% hydrofluoric acid solution. The 

microstructure of the polished and etched samples 

was studied using a Zeiss Axiovert 200 Mat optical 

microscope. The chemical composition was studied 

using an X-ray fluorescence semi-quantitative 

spectrometer Axios 1kW PANalytical (JSC "IMiO"), an 

atomic emission spectrometer Optima 8300 DV (JSC 
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"IMiO") and an electron probe chemical analyzer 

Joel Superprobe 733 (Institute of Geological 

Sciences named after K. I. Satpayev). To study the 

mechanical properties, compression tests were 

carried out on Shimadzu AG testing machine (JSC 

"IMiO"), Brinell hardness on the HBV-30A hardness 

tester (JSC "IMiO") and microhardness on the PMT-

3 microhardometer (JSC "National Center for Space 

Research and Technology"). For compression tests, 

cylindrical samples were manufactured according to 

GOST 25.503-97 with dimensions of 40/60 mm. To 

determine the Brinell hardness, samples were made 

according to GOST 9012-59 with the extrusion of a 2 

mm ball of hardened steel up to 10 prints with a load 

of 5 kgf. To determine the microhardness, the 

samples were made according to GOST 9450-76 with 

the extrusion of a diamond pyramid up to 30 prints 

with a load of 10 g. The phase composition of the 

samples was determined using an X-ray 

diffractometer DRON-3. Polished samples in the 

form of square plates with dimensions of 10/10/1 

mm were prepared for the study.  

In the work, the following materials were used 

to obtain a cast aluminum alloy of Al-Mg-Zr-Li 

system: aluminum of technical purity A0 or A5, 

magnesium Mg95, lithium LE-1, zirconium E100, 

aluminum-zirconium ligature AlZr5, aluminum-

lithium ligature AlLi10. The composition of the 

charge materials from which the cast alloys of the Al-

Mg-Zr and Al-Mg-Zr-Li systems were smelted is 

shown in Table 1. 

Two methods were used to introduce zirconium 

into the Al-Mg liquid-alloy: the introduction of pure 

zirconium (series No. 1) and the introduction of 

zirconium in the form of a ligature (series No. 2). Two 

methods were used to introduce lithium into the Al-

Mg-Zr liquid-alloy: the introduction of lithium in the 

form of a ligature (series No. 3) and the introduction 

of pure lithium (series No. 4). All series of 

experiments are given below: 

Experiment Series No. 1. Aluminum A0, 

magnesium Mg95 and zirconium E100 were used to 

produce the Al-Mg-Zr liquid-alloy. Aluminum and 

zirconium charge was simultaneously introduced 

into the crucible. Since the melting point of 

zirconium is higher than the melting point of 

aluminum, melting was carried out in a vacuum of 

100 Pa at a temperature of 800 0 C, then kept for 5 

minutes and cooled to 700 0 C, after which argon was 

injected to prevent magnesium evaporation and 

magnesium was injected. After that, the melt was 

kept for 5, 10, 20 minutes and cast into a graphite 

mold. Cooled in the chamber. 

Experiment Series No. 2. Aluminum A5, 

magnesium, and zirconium ligature AlZr5 were used 

to produce the Al-Mg-Zr liquid-alloy. Aluminum and 

zirconium ligature were simultaneously loaded into 

the crucible, melted in a vacuum of 100 Pa at a 

temperature of 800 0C. At this temperature, they 

were kept for 5 minutes, after which the liquid-alloy 

was cooled to 700 0C, then argon was injected and a 

magnesium charge materials were introduced. After 

that, the liquid-alloy was kept for 5, 10, 20 minutes 

at a temperature of 700 0C. Then the liquid-alloy was 

poured into graphite molds and cooled in the 

chamber. 

Experiment Series No. 3. Aluminum A5, 

magnesium Mg95, zirconium ligature AlZr5, lithium 

ligature AlLi10 were used to produce the Al-Mg-Zr-Li 

liquid-alloy. Aluminum, lithium ligature and 

zirconium ligature were melted at a temperature of 

700 0C in an argon medium, then a magnesium 

suspension was introduced and kept for 5, 10 or 20 

minutes at the same temperature. After that, the 

finished liquid-alloy was poured into a graphite mold 

and cooled inside the chamber.  

Experiment Series No. 4. Aluminum A5, 

magnesium Mg95, lithium LE-1 and zirconium 

ligature AlZr5 were used to produce the Al-Mg-Zr-Li 

liquid-alloy. Aluminum, lithium and zirconium 

ligature were melted at a temperature of 700 0C in 

an argon medium and a magnesium charge 

materials were added, then kept for 5, 10 or 20 

minutes at a temperature of 700 0C in an argon 

atmosphere. After that, the finished liquid-alloy was 

poured into a graphite mold and cooled inside the 

chamber. 

Results of the experiment series No. 1-4 

The chemical composition of the obtained cast 

samples of Al-Mg-Zr-Li with different sequences of 

magnesium, lithium, AlZr5 and AlLi10 ligatures is 

shown in Table 2. 

As can be seen from Table 2, the samples 

obtained in Series No. 1 contain a significant silicon 

content of 0.269-0.346% and other impurities of 

0.735-0.78%. The use of A0 grade aluminum with a 

high impurity content does not give the desired 

result in terms of purity of the chemical 

composition, the total impurity content of which 

reaches up to 1.14%. The impurity content of more 
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Table 1 - Elemental composition of the charge materials in a series of experiments 

Samples of  
charge materials 
of a series of 
experiments 

Elemental composition of the charge materials, % by weight. 

Al Mg Zr AlZr5 
(Zr-5%) 

Li AlLi10 
(Li-10%) 

1 93.58 6.3 0.12 - - - 

2 91.3 6.3 - 2.4 - - 

3 91.38 5.3 - 2.4 2.2 - 

4 70.3 5.3 - 2.4 - 22 

Table 2 - Chemical composition of Al-Mg-Zr and Al-Mg-Zr-Li samples 

Experiment 
series 

Exposure time, 
min. 

Elemental composition, % 

Al Mg Zr Li Si Impurities 

No.1. Al +Zr+ Mg 5 91.828 6.238 0.122 - 0.346 0.735 

10 92.76 6.034 0.124 - 0.344 0.76 

20 92.687 5.987 0.123 - 0.269 0.78 

No.2. Al +AlZr5 + Mg 5 93.044 6.138 0.107 - 0.203 0.24 

10 93.285 6.023 0.102 - 0.212 0.24 

20 93.372 5.733 0.105 - 0.201 0.22 

No.3. Al-Mg+ AlZr5 + 
AlLi10  

5 92.545 4.74 0.112 2.2 0.231 0.178 

10 92.577 4.69 0.108 2.16 0.232 0.207 

20 92.656 4.63 0.094 2.18 0.241 0.162 

No.4. Al-Mg + AlZr5 + 
Li  

5 92.245 5.00 0.105 2.21 0.238 0.202 

10 92.443 4.87 0.101 2.1 0.235 0.210 

20 92.588 4.73 0.098 2.14 0.250 0.183 

than 1% negatively affects the mechanical 

properties of the alloy. Therefore, in the subsequent 

series of experiments, a cleaner grade A5 aluminum 

was  used.  In  the  whole  series  of  experiments,  a 

decrease in the magnesium content is observed with 

an increase in the exposure time from 5 to 20 

minutes. The zirconium content in series No. 1, 2 and 

4 is kept in the range of 0.098-0.124%, which 

corresponds to the specified amount of suspension 

for alloying. In series No. 3, the magnesium content 

of the samples sharply decreases from the specified 

5.3% to 4.63-4.74%, zirconium from 0.12% to 0.094-

0.112%. The decrease in magnesium in all series of 

experiments is explained by the fact that magnesium 

is an active element and over 560 0C interacts with 

oxygen, which remains after pumping in a vacuum 

chamber and is present in the composition of the 

injected argon. The chemical composition of the 

alloy obtained in the experiment series No. 4 with an 

exposure time of 5 minutes is optimal, since the 

chemical composition is close to the specified 

content of the charge materials components and 

contains fewer impurities.   

The microstructures of the Al-Mg-Zr and Al-Mg-
Zr-Li samples obtained with a Zeiss Axiovert 200 Mat 
optical microscope are shown in Figures 7 and 8. 

Figure 7 – Microstructures of the Al-Mg-Zr alloys 
(magnification x200). Series No. 1. 

Figure 8 – Microstructures of the Al-Mg-Zr alloys 
(magnification x200). Series No. 2. 
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As can be seen in Figure 7, the samples of Al-Mg-

Zr series No. 1 consists of Al, a solid solution of Mg 

in Al and an intermetallic Al3Mg2. The alloy also 

contains a large number of clusters of primary 

crystals in the form of needle plates. The separation 

of primary Al3Zr crystals from the liquid-alloy in the 

studied temperature range of 700-800 °C is most 

likely due to the heterogeneity of the liquid-alloy, 

which is confirmed by the uneven separation of 

particles in the form of clusters whose sizes reached 

more than 100 microns (Figure 7). Thus, in the 

course of research, it was found that as parameters 

for melting and casting bars from the alloys of the Al-

Mg-Zr system, it is advisable to use zirconium 

ligature instead of metal pieces of zirconium, since 

zirconium in this case dissolves in the aluminum 

liquid-alloy and separation of smaller primary 

crystals of Al3Zr ≤ 100 microns occurs (Figure 8). 

Introduction of zirconium ligature into the 

aluminum liquid-alloy is an optimal choice when 

melting the alloy, because the zirconium ligature is 

evenly and faster distributed over the entire volume 

of the liquid-alloy compared to metallic zirconium, 

as evidenced by the analysis of the micrograph of 

the Al-Mg-Zr alloy from series No. 2. In this regard, 

in subsequent experiments of series No. 3 and No. 4, 

a zirconium ligature was used to introduce zirconium 

into the liquid-alloy. 

The following phases are present in the 

microstructure of the Al-Mg-Zr-Li alloys of series No. 

3 and No. 4: Al, Mg solid solution in Al, Al3Mg2, Al3Zr. 

As can be seen in Figure 9, the Al-Mg-Zr-Li alloy has 

a dendritic structure with many different inclusions. 

As it turned out, these inclusions appeared when the 

AlLi10 ligature was added.  

Figure 9 – Microstructures of the Al-Mg-Zr-Li alloys 

(magnification x200). Series No. 3 

As is already known, lithium is coated with an oxide 

film at room temperature. The introduction of such 

a ligature into the aluminum liquid-alloy leads to the 

appearance of many oxide films. These captives 

complicate the merging into the mold and fall into 

the cast bar. Lithium could also react with hydrogen 

(present in argon) at 500-700 0C, with iron and 

silicon (present in aluminum) at 600-700 0C and with 

carbon (graphite cast). When composing the charge 

materials, it is recommended to exclude the use of 

AlLi10 ligatures.  

As can be seen in Figure 10, in the structure of 
the Al-Mg-Zr-Li alloy of series No. 4 there are also Al 
phases, Mg solid solution in Al, Al3Mg2, Al3Zr. The 
multitude of phases makes it difficult to visually 
identify each phase, including the lithium phases 
that are present in the alloy. 

Figure 10 – Microstructures of the Al-Mg-Zr-Li alloys 
(magnification x200). Series No. 4 

To determine the phases with lithium, an 
additional X-ray diffractometric analysis was 
performed on a DRON-3 diffractometer. The results 
of the phase analysis are shown in Figure 11.  

Figure 11 – Diffractogram of the presence of phases of 
aluminum with lithium  

Peak d=2.03281 corresponds to 100% aluminum 
content, peak d=2.34890 has an atomic content of 
53.3% aluminum and 46.7% lithium. This atomic 
ratio corresponds to the AlLi phase. The peak 
d=1.43908 has an atomic content of 19.5% 
aluminum and 80.5% lithium. This atomic ratio 
corresponds to the phase Al4Li9. 



Complex Use of Mineral Resources. 2023; 327(4):32-40  ISSN-L 2616-6445, ISSN 2224-5243 

38

Table 3 – Mechanical properties of Al-Mg-Zr and Al-Mg-Zr-Li alloy 

No. 1 2 3 4 

Alloy Al +Zr 

+ Mg 

Al +AlZr5 + 

Mg 

Al-Mg + 

AlZr5 + 

AlLi10 

Al-Mg + 

AlZr5 + Li 

Brinell hardness , HB 80.0 82.14 69.1 85.0 

Microhardness, MPa 148 154 97.2 139 

Compression elastic limit σ0.05, MPa 69.8 138.7 99.5 149.6 

Modulus of elasticity, E1, GPa 3.5 10.5 9.5 12 

Modulus of plastic deformation, E2, GPa 1.1 1.2 0.9 0.83 

Yield strength at compression σ0.2, MPa 77.22 164.5 119 175.2 

Deformation at 500 MPa, % 31 20 32.6 20 

Compression, hardness and microhardness 

tests were carried out to study the mechanical 

properties of the samples. The results of the 

mechanical properties of alloys of the Al-Mg-Zr and 

Al-Mg-Zr-Li systems are shown in Table 3. 

As can be seen from Table 3, Al-Mg-Zr alloys of 

series No. 2, compared with alloys of series No. 1, 

show an increase in all characteristics: Brinell 

hardness from 80 to 82.14 HB, microhardness from 

148 to 154 MPa, compressive strength from 69.8 to 

138.7 MPa, modulus of elasticity from 3.5 to 10.5 

GPa, modulus of plastic deformation from 1.1 to 1.2 

GPa, yield strength under compression from 77.22 

to 164.5 MPa. Such indicators are achieved due to 

the uniform distribution of zirconium in the liquid-

alloy by introducing zirconium ligature instead of 

metallic zirconium. 

Al-Mg-Zr-Li alloys of series No. 4 compared with 

alloys of series No. 3 showed an increase in Brinell 

hardness from 69.1 to 85 HB, microhardness from 

97.2 to 139 MPa, compressive strength from 99.5 to 

149.6 MPa, elastic modulus from 9.5 to 12 GPa, 

compressive yield strength from 119 up to 175.2 

MPa and with a slight decrease in plastic 

deformation modulus from 0.9 to 0.83 GPa. As noted 

earlier, the introduction of the AlLi10 ligature 

negatively affects the mechanical properties of the 

Al-Mg-Zr-Li alloy. It is advisable to use lithium in its 

pure form. 

Conclusions 

Cast alloys of the Al-Mg-Zr-Li system with the 

following characteristics were obtained:  

- chemical composition: Al-92.245%, Mg-5.00%, 

Zr-0.105%, Li-2.21%, Si-0.238%, impurities-0.202%  

- mechanical properties: Brinell hardness 85 HB, 

microhardness 139 MPa, compressive strength 

149.6 MPa, elastic modulus 12 GPa, compressive 

yield strength 175.2 MPa and plastic deformation 

modulus 0.83 GPa. 

- production technology: melting aluminum, 

lithium and AlZr5 ligatures at a temperature of 700 
0C in an argon medium, then adding a magnesium 

sample to the liquid-alloy and holding for 5 minutes 

at a temperature of 700 0C in an argon atmosphere. 

Draining the finished liquid-alloy into the graphite 

cast and cooling inside the chamber. 
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ТҮЙІНДЕМЕ 

Al-Mg-Zr-li жүйесінің келесі сипаттамалары бар құйма қорытпалары алынды: химиялық 

құрамы: Al-92,245%, Mg-5,00%, Zr-0,105%, Li-2,21%, Si-0,238%, қоспалар-0,202%. 

Механикалық қасиеттері: 85 HB Бринелл қаттылығы, 139 МПа микроқаттылығы, 149,6 МПа 

қысу серпімділік шегі, 12 ГПа серпімділік модулі, 175,2 МПа қысу кезінде аққыштық шегі 

және 0,83 гПа пластикалық деформация модулі. Алу технологиясы: аргонның ортасында 

7000с  температурада алюминий, литий және AlZr5 лигатурасын балқыту, содан кейін 

балқымаға магнийдің нақты мөлшерін қосу және аргон атмосферасында 7000с 

температурада 5 минут ұстау. Дайын балқыманы графит құймасына ағызып, камера ішінде 

салқындату. Al-Mg-Zr-Li жүйесінің алюминий қорытпасын алу үшін балқыту және құю УИПВ-

0,001 вакуумдық индукциялық пеште ("ИМиО" АҚ, Алматы) жүргізілді. Бұл мақала 1420 

қорытпасын алудың бастапқы кезеңін зерттеуге, атап айтқанда қажетті химиялық құрамы 

бар бастапқы материалды алуға және магний, цирконий және литий легірлеушілерінің 

материалдың беріктік қасиеттеріне әсеріне арналған. 
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АННОТАЦИЯ  

Получены литые сплавы системы Al-Mg-Zr-Li со следующими характеристиками:  химический 

состав: Al-92,245%, Mg-5,00%, Zr-0,105%, Li-2,21%, Si-0,238%, примеси-0,202%. Механические 

свойства: твердость по Бринеллю 85 HB, микротвердость 139 МПа, предел упругости при 

сжатии 149,6 МПа, модуль упругости 12 ГПа, предел текучести при сжатии 175,2 МПа и 

модуль пластической деформации 0,83 ГПа. Технология получения: плавка алюминия, лития 

и AlZr5 лигатуры при температуре 7000С в среде аргона, затем добавление навески магния в 

расплав и выдержка в течении 5 минут при температуре 7000С в атмосфере аргона. Слив 

готового расплава в графитовую изложницу и охлаждение внутри камеры. Для получения 

алюминиевого сплава системы Al-Mg-Zr-Li плавка и литье проводились в вакуумной 

индукционной печи УИПВ-0,001 (АО «ИМиО», Алматы). Настоящая статья посвящена 

исследованию начальной фазы получения сплава 1420, а именно получению первичного 

материала с нужным химическим составом, влиянию легирующих магния, циркония и лития 

на прочностные свойства материала.  

Ключевые слова: алюминий, алюминий-литиевые сплавы, Al-Mg-Zr-Li, плавка, литье, 

лигатура 



Complex Use of Mineral Resources. 2023; 327(4):32-40  ISSN-L 2616-6445, ISSN 2224-5243 

40 

Аблакатов Ильяс Кабылашимулы 
Младший научный сотрудник, АО «Национальный центр космических исследовании и 

технологии», Алматы, Казахстан. Email: termostators@gmail.com 

Исмаилов Марат Базаралиевич 

Доктор технических наук, профессор, директор департамента космического 

материаловедения и приборостроения, АО «Национальный центр космических 

исследовании и технологии», Алматы, Казахстан. Email: m.ismailov@gmail.com 

Мустафа Лаура Молдакеримовна 
Заведующий лабораторией АО "Национальный центр космических исследований и 

технологий", Алматы, Казахстан. Email: Mustafa_laura@mail.ru 

Санин Анатолий Федорович 
Доктор технических наук, профессор. Профессор кафедры. Днепровский национальный 

университет имени Олеся Гончара, Днепр, Украина. Email: afedsa60@gmail.com 

References 

[1] Ablakatov IK, Baiserikov BM, Ismailov MB, Nurgozhin MR. Aluminum-lithium alloys: types, properties, application, and 

production technologies. Overview. Complex Use of Mineral Resources. 2022; 323(4):5-14. ISSN-L 2616-6445, ISSN 2224-

5243. https://doi.org/10.31643/2022/6445.34 

[2] Uprochnenie alyuminiya: 3 mekhanizma [Aluminum hardening: 3 mechanisms]. Electron resource. URL:  https://aluminium-

guide.com/uprochnenie-alyuminiya/ (accessed 10 October 2022). 

[3] Parker BA, Lim JH. Microstructure development during the deformation of aluminium-magnesium alloys. Journal of 

materials processing technology. 1996; 60:563-566. http://dx.doi.org/10.1016/0924-0136(96)02387-4 

[4] Alyuminievye splavy [Aluminum alloys].  Electron resource. URL: https://ru.wikipedia.org/wiki/Алюминиевые_сплавы. 

(accessed 10 October 2022). 

[5] Duan Y, Qian J, Xiao D. Effect of Sc and Er additions on superplastic ductilities in Al-Mg-Mn-Zr alloy. Journal of central south 

university. 2016; 26(6):1283-1292. http://dx.doi.org/10.1007/s11771-016-3178-x 

[6] Litejnye alyuminievye splavy [Foundry aluminum alloys]. (Electron resource). URL: https://promexcut.ru/litejnyie-

alyuminievyie-splavyi (accessed 10 October 2022). 

[7] Gancarz T, Jourdan J. Physicochemical properties of Al, Al-Mg and Al-Mg-Zn alloys. Journal of molecular liquids. 2018; 

249:470-476. http://dx.doi.org/10.1016/j.molliq.2017.11.061 

[8] Huaguan L, Yubing H, Yiwei X. Reinforcement effects of aluminum – lithium alloy on the mechanical properties of novel 

fiber metal laminate. Composites Part B. 2015; 82:72-77. http://dx.doi.org/10.1016/j.compositesb.2015.08.013 

[9] Thomas D, Alireza V, Justin L. Aluminium Lithium Alloys. Fundamentals of Aluminium Metallurgy. 2018; 387-438. 

https://doi.org/10.1016/B978-0-08-102063-0.00011-4 

[10] Trudonoshin AI. Izuchenie struktury litejnyh splavov sistemy Al-Mg-Si, legirovannyh litiem [Study of the structure of lithium–

doped cast alloys of the Al–Mg-Si system.]. Physics of metals and metallology, 2020; 7:771-778. 

https://doi.org/10.31857/S0015323020070116 (in Russ.) 

[11] Shamas D, Hasan BA. Effect of Li addition on microstrusture and mechanical properties of Al-Mg-Si alloy. Int. J. Mater. Res. 

2014; 105:770-777. ISSN 1862-5282. https://doi.org/10.3139/146.111089 

[12] Mortsell EA, Marioara CD. The effects and behaviour of Li and Cu alloying agents in lean Al-Mg-Si alloys. 2017; 699:235-

242. https://doi.org/10.1016/j.jallcom.2016.12.273 

[13] Ali AA, Yong X, Xunzhong G, Shi HZh, Yan M, Dayong Ch. Strengthening mechanisms, deformation behavior, and anisotropic 

mechanical properties of Al-Li alloys: A review. Journal of Advanced Research. 2018; 10:49-67. 

https://doi.org/10.1016/j.jare.2017.12.004 

[14] Yang X, Xiong B. Effect of Li content on ageing precipitation behavior of Al-Mg-Si alloy. Cailiao gongcheng-journal of 

materials engineering. 2021; 49(6):100-108. https://doi.org/ 10.11868/j.issn.1001-4381.2020.000794 

[15]  Litij [Lithium]. (Electron resource). URL:  https://ru.wikipedia.org/wiki/Литий (accessed 10 October 2022). 

[16] Trudonoshyn O. Studying the Structure of Al-Mg-Si Casting Alloys Doped by Lithium. Physics of metals and metallography. 

2020; 121(7):701-707. https://doi.org/10.1134/S0031918X2007011X 

[17]  Augustyn-PJ, Adrian H, Rzadkosz S, Choroszyński M. Structure and Mechanical Properties  of Al-Li Alloys as Cast. Archives 

of Foundry Engineering. 2013; 13(2):5-10. ISSN (1897-3310). https://doi.org/10.2478/afe-2013-0027 

[18] Zhang Y, Gao H, Kuai Y.  Effects of Y additions on the precipitation and recrystallization of Al-Zr alloys. Materials 

characterization. 2013; 86:1-8. https://doi.org/10.1016/j.matchar.2013.09.004 

[19] Zhang X, Liu W. Effect of processing parameters on quench sensitivity of an AA7050 sheet. Materials science and 

engineering a-structural materials properties microstructure and processing. 2011; 528:795-802. 

https://doi.org/10.1016/j.msea.2010.07.033 

[20] Jia Zh, Couzinie JPh. Precipitation behaviour of Al3Zr precipitate in Al-Cu-Zr and Al-Cu-Zr-Ti-V alloys. Transactions of 

nonferrous metals society of china. 2012; 22:1860-1865. https://doi.org/10.1016/S1003-6326(11)61398-8

http://dx.doi.org/10.1016/j.compositesb.2015.08.013
https://doi.org/10.1016/B978-0-08-102063-0.00011-4
https://doi.org/10.3139/146.111089
https://doi.org/10.1016/j.jare.2017.12.004



