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ABSTRACT 

This article presents the results of a study on the vibration-acoustic damping and mechanical properties of 
modified cast aluminum alloys of the Al-Si system (silumins), which are used as structural materials in the 
manufacture of machine parts and mechanisms for various purposes. Using an original setup developed by the 
authors, the vibroacoustic characteristics of the materials were determined, including frequency spectra, sound 
pressure levels, sound levels, and sound attenuation rates proportional to the loss coefficient of the material. 
Based on an analysis of the phase diagram of aluminum-silicon alloys and of the modification process, it was 
established that modifying cast Al-Si alloys (silumins) with antimony, barium, and strontium improves alloy 
quality and enhances their vibroacoustic characteristics. The results indicate that antimony-, barium-, and 
strontium-modified silumins are promising structural materials for reducing vibration-acoustic factors in 
machines and mechanisms operating under industrial noise and vibration-impact conditions. 

Keywords: cast aluminum alloy; modification; antimony; barium; strontium; vibroacoustic damping 
properties; sound pressure level; sound attenuation rate; loss coefficient. 

 

1 | INTRODUCTION 

Vibration-acoustic damping capacity is one of the most important characteristics of structural materials used to 

manufacture equipment that operates under conditions of mechanical vibration and noise. Consequently, the 

development of materials combining high damping capacity with high strength has become a pressing research 

topic [1–4]. 

Among materials that meet these requirements, when properly processed, are casting alloys of the Al-Si system 

(silumins), which are characterized by good processability, relatively high physical and mechanical properties, 

corrosion resistance, and vibration-acoustic damping properties, and which find application across a wide range of 

https://doi.org/


Tajikistan Journal of Sciences & Technology | Vol. 1, No. 1 (2026) | DOI: 10.****/TJST  
 

 

29 
 

industries. This combination of properties makes silumins promising structural materials for reducing vibration-

acoustic factors in the mechanisms and machines used in various branches of industry. 

In this study, these materials were selected to determine their vibration-acoustic damping properties for protection 

against industrial vibration-acoustic factors. Such factors arise from vibration-impact processes occurring during 

the collision of machine parts and mechanisms in the course of various manufacturing operations, including ore 

processing, the mechanical working of metals and alloys, metal forming, and the transportation of raw materials 

and blanks at various stages of processing. These operations are encountered in almost all industries that generate 

vibration and sound emissions exceeding permissible limits. The underlying premise of this work is that 

vibroacoustic factors in manufacturing processes originate as vibrations of components and mechanisms (primary 

sound emission), which subsequently transform into noise emissions that propagate through the surrounding 

environment. 

2 | MATERIALS AND RESEARCH METHODS 

The choice of cast Al-Si aluminum alloys (silumins) for this study was motivated by their use as structural vibration-

acoustic damping materials for reducing vibration-acoustic factors in industrial workplaces. 

The main characteristics of the alloys studied are presented in Table 1. 

Table 1. Chemical composition and mechanical properties of the studied alloys 

Si Mg Sb, Ba, Sr Al σu, MPa δ, % HB 

6 / 9 0.1 / 0.3 0.005Sb / 0.1Sb Bal. / – 218 / 216 7.0 / 5.6 79 / 77 

6 / 9 0.1 / 0.3 0.005Ba / 0.1Ba – / – 196 / 202 7.4 / 8.0 74 / 75 

6 / 9 0.1 / 0.3 0.005Sr / 0.1Sr – / – 206 / 212 13.0 / 12.0 56 / 58 

9 / 12 0.25 – / – – / – 160 / 170 3.2 / 2.4 56 / 49 

 

Samples for studying the vibration-acoustic damping and mechanical properties of the alloys were prepared after 

each alloy composition had been obtained separately in corundum crucibles at 720–740°C. The aluminum-

strontium and aluminum-barium master alloys, together with metallic antimony, were introduced into the melt 

after it had settled for 10–20 minutes and the slag had been removed from the surface of the oxide film. 

The macrocomponent content of the samples was monitored using atomic absorption, neutron activation, 

chemical spectral, and mass spectrometric analysis. 

To homogenize the structure, the alloys were annealed at temperatures of 400–450°C for 200–250 hours; 

microscopic and X-ray diffraction analysis were used to examine the alloy structure. 

The mechanical properties of the alloys were determined by standard methods on an Instron universal testing 

machine. 

The vibration-acoustic damping properties of the Al-Si alloys were studied using the TTU-2 setup developed by 

the authors [5]. This method characterizes the vibration-acoustic damping properties of the alloys by exciting 

sound vibrations in the samples through impact of a ball on a plate, since the vibrations and sound generated by a 

single pulse are attenuated as a result of internal and external energy losses in the sample material [6]. This 

procedure makes it possible to determine not only the sound emission of the metals and alloys, characterized by 

sound pressure levels and sound levels, but also the sound attenuation rate and the loss coefficient describing the 

dissipation of sound-vibration energy in the material. 
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3 | RESULTS OF THE STUDY AND DISCUSSION 

The vibration-acoustic damping and mechanical properties of the studied alloys in the initial state are presented in 

Table 2. 

Table 2. Vibroacoustic damping and mechanical properties of the studied alloys 

Alloy 
No. 

Si Mg Sb, Ba, Sr Al Sound level, dBA Sound attenuation 

rate d3, dB/ms σu, MPa δ, % HB 

1 6 0.1 0.005Sb Bal. 84 3.85 218 7.0 79 

2 9 0.3 0.1Sb – 87 3.46 226 5.6 77 

3 6 0.1 0.005Ba – 81 3.88 196 7.4 74 

4 9 0.3 0.1Ba – 80 4.21 202 8.0 75 

5 6 0.1 0.005Sr – 84 3.76 206 13.0 56 

6 9 0.3 0.1Sr – 82 4.18 212 12.0 58 

7 9 0.25 – – 95 2.18 160 3.2 56 

8 12 0.25 – – 93 2.42 170 2.4 49 

 

The results presented in Table 2 for the vibration-acoustic damping and mechanical properties of the 

multicomponent cast aluminum alloys of the Al-Si-(Sb, Ba, Sr) system show that these alloys are superior in these 

parameters to the well-known AK9 and AK12 alloys. 

To analyze the results obtained, consider the phase diagram of the aluminum-silicon alloys shown in Fig. 1 [7, 8]. 

 

Fig. 1. Phase diagram of aluminum-silicon alloys [7] 

As follows from Fig. 1, a characteristic feature of aluminum-silicon alloys is the variable solubility of silicon in 

aluminum near the eutectic temperature. A change in this solubility produces a supersaturated solid solution of 

silicon in aluminum, which upon subsequent cooling decomposes with the release of dispersed silicon particles; 

this renders these alloys thermally non-hardenable and results in low strength properties [7]. 

To increase the strength, ductility, and vibration-acoustic damping characteristics of Al-Si alloys, it is necessary to 

refine the eutectic silicon crystals. This can be achieved by increasing the cooling rate during melt crystallization 

and by introducing small additions (hundredths of a percent) of alkali and alkaline-earth metals — sodium, lithium, 

barium, and strontium — which also contribute to an increase in the vibration-acoustic damping properties of 
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these alloys [8]. In addition, various methods of physical action on the melt, such as vibration and ultrasound, are 

used in practice for these purposes [9–11]. 

In practice, modification with small additions of sodium, barium, and strontium is widely used to improve the 

structure of Al-Si alloys [12, 13]. 

For example, when 0.01% Na is added to Al-Si alloys as a 2/3 NaF + 1/3 NaCl salt mixture, the eutectic silicon 

crystals are refined and the eutectic point shifts toward higher silicon concentrations, resulting in the formation of 

the chemical compound AlSiNa and of the ternary eutectic α-Al+Si+AlSiNa in the alloy structure. 

Modification with strontium exerts an approximately similar effect on the structure and properties of aluminum-

silicon alloys, as noted by the authors of [12]. Compared with sodium, strontium is considered an environmentally 

cleaner modifier, since it is introduced into the melt as an Al-Sr master alloy (ligature), whereas sodium is 

introduced via its fluoride or chloride salts, which release toxic gases (F, Cl) that are harmful to the environment.  

Antimony and barium are also used as modifiers for aluminum-silicon alloys [12–16]. Antimony is introduced for 

refining and modifying the eutectic silicon in cast aluminum alloys at 0.05–0.2 wt.%, given that the solubility of 

antimony in solid aluminum is very low (<0.01%); at higher antimony contents in hypereutectic cast aluminum-

silicon alloys, antimony prevents the formation of primary silicon precipitates. 

The modifying effect of strontium and antimony can be examined via the aluminum corner of the ternary Al-Si-

Sr phase diagram shown in Fig. 2 [12]. 

 

Fig. 2. Aluminum corner of the Al-Si-Sr ternary alloy system [12] 

As can be seen from Fig. 2, in the aluminum corner two eutectic equilibrium lines form at tm = 568°C: E1-α-

Al+SrAl4+SrAl2Si2 and E2-α-Al+Si+SrAl2Si2. The line connecting the eutectic point E2 with aluminum (the E2-

Al line) is considered the “normal modification” line. Al-Si-Sr ternary alloys located above the E2-Al line are 

considered over-modified, and those below this line are considered under-modified. 

The influence of strontium and barium on the structure and properties of aluminum-silicon alloys, owing to the 

similarity of their physical and chemical properties, has been examined in [13, 14–16]. 

In the present study, antimony was also used as a modifier for aluminum-silicon alloys, since it significantly refines 

the grains of the α-Al+Si binary eutectic compared with barium and strontium. Crystallization of Al-Si-Sb alloys, 

corresponding to grain refinement of the aluminum-based eutectic angle, is facilitated by supercooling of the melt. 

Following the introduction of antimony, the ternary eutectic E2 = α-Al+Sb+AlSnSb4 — i.e., a soft phase — forms 

in Al-Si (Sb, Ba, Sr) alloys located on the Al-E2 line (Fig. 2). This apparently enhances the vibration-acoustic 

damping properties of the studied alloys. 

The acoustic characteristics of the studied alloys are presented in Fig. 3. 
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Fig. 3. Sound emission of the studied alloys 

As shown in Fig. 3, all alloys modified with antimony, barium, and strontium exhibit lower sound emission than 

the unmodified alloys, with the lowest sound emission observed at a frequency of 1000 Hz. The modified alloys 

also demonstrated relatively high mechanical properties (Table 3). As Table 3 shows, both the vibration-acoustic 

damping properties (sound attenuation rate and loss coefficient) and the mechanical properties of the modified 

alloys are significantly higher than those of the unmodified alloys. 

Table 3. Vibroacoustic damping and mechanical properties of the studied alloys 

Alloy No. σu, MPa δ, % HB 
Sound attenuation rate d3, 

dB/ms 
Loss coefficient, δ 

1 218 14.0 62 3.06 0.30 

2 234 7.0 79 3.84 0.44 

3 215 7.2 59 2.36 0.24 

4 196 6.5 54 2.85 0.31 

5 202 8.0 75 4.22 0.52 

6 206 13.0 56 3.78 0.48 

7 212 12.0 58 2.19 0.24 

8 192 5.2 48 2.17 0.16 

 

Analysis of the data presented in Fig. 3 and Table 3 shows that the sound emission of the studied Al-Si alloys 

modified with strontium, barium, and antimony differs markedly from that of the unmodified alloys. A 

characteristic feature of the studied alloys is that they exhibit an identical minimum sound emission at a frequency 

of 1000 Hz. 

It should be noted that various theories and hypotheses exist to explain the mechanism by which modification of 

aluminum-silicon alloys affects the refinement of the alloy structure [19–22], and thereby the influence of 

modification with antimony, barium, and strontium on the vibroacoustic damping properties of the studied alloys. 

It therefore appears that it is specifically the refinement of the aluminum-silicon alloy structure through 

modification with antimony, strontium, and barium that governs the vibroacoustic characteristics of the alloys. 

Accordingly, when studying the vibration-acoustic damping properties of modified cast Al-Si aluminum alloys, it 

is necessary to take into account the full range of these theoretical considerations together with the structural 

changes that affect the vibroacoustic characteristics of silumins. 

 



Tajikistan Journal of Sciences & Technology | Vol. 1, No. 1 (2026) | DOI: 10.****/TJST  
 

 

33 
 

4 | CONCLUSION 

Analysis of the phase diagram of the Al-Si system and of the characteristic changes in the properties of the studied 

alloys — that is, the improvement of the alloy structure through the introduction of small additions of modifying 

elements and their effect on the vibration-acoustic damping and mechanical properties of the alloys — shows that 

a more in-depth analysis is required of how variations in the content of modifying additives and different 

processing methods affect the vibroacoustic characteristics of alloys used in equipment operating under vibration-

impact conditions. 
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