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INVESTIGATION OF THE FABRICATION OF BN-REINFORCED PURE
ALUMINUM COMPOSITES BY CASTING PROCESSES

Purpose. The main objective of this research was to evaluate the feasibility of producing aluminum matrix compo-
sites (AMC) based on pure aluminum reinforced with boron nitride using casting technologies, in particular the stir
casting method. This approach was chosen due to its technological simplicity, relatively low cost, and potential scalability
for industrial applications.

Research methods. To analyze the distribution and morphology of the reinforcing particles, microstructural metal-
lographic analysis using optical microscopy was applied. The chemical composition of the composites was determined
by X-ray fluorescence analysis and spark optical emission spectrometry. These methods provided reliable data on the
content and incorporation of boron nitride particles into the aluminum matrix, as well as the influence of additional
alloying elements (Ni, Sn, Zr) on the composite structure.

Results. Experimental AMC samples containing 1-3 wt.% BN were produced by stir casting, including variants with
fluxes and alloying elements under different melting conditions. The composite structures contained BN particles evenly
distributed in the matrix; however, their actual content was only 7-15 % of the amount initially introduced in the charge.
It was found that the efficiency of BN incorporation strongly depends on the melt composition (amount of reinforcing
particles, presence of fluxes and microalloying elements) and on the melting parameters (superheating temperature, stir-
ring time). The porosity of the obtained composites was also studied: the addition of BN significantly increased porosity,
whereas the presence of Sn reduced it due to eutectic formation.

Scientific novelty. New data were obtained on the feasibility of producing AMCs based on pure aluminum with BN
reinforcement by stir casting with the use of fluxes and microalloying additives, which improve BN incorporation.

Practical value. The results complement existing knowledge on AMC fabrication and explain the lack of studies
using pure aluminum as the matrix. The findings may also be applied to optimize casting technologies for manufacturing
aluminum matrix composites.

Key words: aluminum matrix composites, stir casting, aluminum, boron nitride, microstructure.

However, the implementation of this method in case
of pure aluminum (Al > 99.7 %) encounters a number of

Introduction
Aluminum matrix composites (AMCs) based on pure

aluminum are attracting increasing interest in materials sci-
ence due to their unique combination of properties: low
density, high electrical conductivity, and corrosion re-
sistance, complemented by the strength, wear resistance,
and thermal stability of the reinforcing phases. Despite the
widespread use of powder metallurgy technologies in
AMC production, one of the most economically feasible
and technologically simple methods for obtaining such
composites is stir casting, which ensures low cost and suit-
ability for mass production [1].

significant challenges, the main one being the insufficient
wettability of ceramic, carbon, and other particles by the
metallic matrix. The low interfacial energy between the re-
inforcement particles (e.g., SiC, Al,Os, TiB2, graphene)
and the aluminum melt hinders their uniform distribution
within the matrix and leads to aggregation, pore formation,
or defective bonding at the phase interface [2, 3]. As a re-
sult, the obtained composite may exhibit a non-uniform mi-
crostructure, reduced mechanical strength, and lower wear
resistance.
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The main factors influencing the incorporation and
distribution of reinforcing particles include wettability,
particle shape and size, rheological properties of the melt,
stirring rate, density of the reinforcing material, tempera-
ture regime, and others [4-7].

To ensure better wettability of reinforcing particles in
the metallic matrix and their uniform distribution in the
melt volume, fluxes and modifying additives are widely
used. These components alter the surface energy of the sys-
tem, contributing to the reduction of interfacial tension and
minimizing the probability of particle agglomeration.
Fluxes play an important role in improving wettability by
promoting effective wetting of the particle surface with the
melt and removing oxide films that hinder the formation of
a strong matrix-particle interface. In the production of alu-
minum matrix composites (AMCs), chloride-fluoride
fluxes have proven their efficiency, as they actively clean
the melt surface from aluminum oxides, thereby facilitat-
ing the incorporation of reinforcing particles into the melt
and ensuring their uniform inclusion in the matrix [8].

The use of hexagonal boron nitride (BN) as the pri-
mary reinforcing phase in aluminum-based composites is
attracting increasing attention due to its unique combina-
tion of structural and functional efficiency [1, 9, 10]. BN
has a low density (2200 kg/m?®), a layered hexagonal crystal
structure similar to graphite, which provides a low coeffi-
cient of friction and high thermal stability (~1000 °C). In
the context of stir casting, these properties make BN a
promising alternative to traditional ceramic fillers (SiC,
Al>O3), especially for systems operating under intensive
friction or thermal loading [11].

Despite these advantages, the use of BN for AMC
fabrication by stir casting is associated with several tech-
nological challenges, the most critical being the poor wet-
tability of BN surfaces by molten aluminum, which arises
from its chemical inertness and energetically stable surface
structure.

Existing studies on the use of BN in AMC fabrication
by casting technologies have demonstrated significant im-
provements in the mechanical and tribological properties
of the composites. However, aluminum alloys such as
AA3003 [12] and AAT7075 [13] have been used as matrix
materials. Investigations of similar AMCs based on pure
aluminum may allow a better evaluation of the influence of
individual melting conditions on the reinforcement effi-
ciency of boron nitride.

Purpose

The aim of this study is to produce aluminum matrix
composites based on pure aluminum with boron nitride by
melt stirring followed by casting, and to evaluate the incor-
poration of reinforcing particles into the matrix as well as
the factors affecting this process.

Materials and methods

The material of study was aluminum matrix compo-
sites based on high-purity aluminum grade A95

(>99.7 % Al, analogous to AA1350). Hexagonal boron ni-
tride with an average particle size of ~5 pm was used as the
reinforcing phase. The BN content in the charge ranged
from 1 to 3 wt.% under different conditions of AMC fabri-
cation (Table 1).

Melting was carried out in a laboratory resistance fur-
nace using an alumina crucible. To improve particle incor-
poration, the melt was mechanically stirred with a titanium
impeller (Fig. 1a) at a rate of 10 s, Stirring time prior to
casting varied depending on the experiment. Reinforcing
particles were preheated to 200 °C. The casting tempera-
ture was 750-850 °C. The melt was poured into thick-
walled steel molds to produce cylindrical samples with di-
ameters of 10 and 15 mm. Cooling occurred under normal
air conditions directly in the mold (Fig. 1b).

Figure 1. Features of the technology for producing AMCs:
a — titanium stirrer; b — mold with an experimental aluminum
matrix composite sample

Some experimental melts included fluoride fluxes [8],
as indicated in Table 1. The flux consisted of a mixture of
KCI, NaCl, and NaF in an amount equivalent to the mass
of BN particles.

Table 1 — Chemical composition of experimental
samples

Element content in the charge, wt.%
AMC Al BN Sn Ni Zr
97,7 2,3t - - R
98,2 1,8 - - -
Al-BN 97,7 | 23 - - -
97,0 3,0 - - -
99,0 0,5 0,5 - -
Al-(Sn+BN) 98.0 10 10 i i
97,2 1,8 - 1,0 -
Al-(Ni+BN) 9,7 | 23 - 1,0 -
96,0 3,0 - 1,0 -
. 97,5 15 - 0,5 0,5
Al-(Ni+Zr+BN) 970 20 ) 05 05

Note. 1. In this AMC no flux was used.

Additional melts were conducted with the addition of
tin (Sn) to improve BN incorporation (Table 1). According
to the Al-Sn phase diagram, under normal conditions, Sn
may exist in solid solution in small amounts [14]. Sn can
act as a surface energy modifier, thereby enhancing BN
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wettability by molten aluminum [15]. Tin also improves
plasticity and wear resistance of the composite [16], and in
synergy with BN, this may yield improved performance.
The drawback of Sn is reduced thermal stability [14, 17].
At the microstructural level, Sn may localize at grain
boundaries or BN-matrix interfaces, forming interlayers
that affect grain growth, hinder BN coalescence, and re-
duce agglomeration [18].

Nickel additions exert a fundamentally different ef-
fect. Ni exhibits high solubility in liquid Al and strong re-
activity, forming intermetallic phases, improving interfa-
cial adhesion, generating eutectics, and enhancing thermal
stability. At the casting temperature (750-800 °C), Ni ac-
tively interacts with Al, forming AlsNi, which may distrib-
ute at grain boundaries or around BN particles [19, 20]. The
formation of reaction interlayers such as Ni-BN or Al-Ni-
BN at the matrix-particle interface can further improve ad-
hesion. Corresponding data on the chemical composition
of AI-Ni-BN composites are given in Table 1.

The addition of zirconium to Al-Ni-BN systems fur-
ther modifies the microstructure. During solidification, sta-
ble AlsZr intermetallics form, refining grains and strength-
ening the matrix. Due to Zr’s high affinity for nitrogen and
boron, interfacial reactions may produce ZrN or ZrB,, en-
hancing BN-matrix bonding [21]. The composition of Al-
(Ni+Zr+BN) composites is shown in Table 1.

Metallographic specimens were prepared from the
samples and etched with Keller’s reagent (aqueous solution
of HNOs3, HCI, and HF) [22] for microstructural analysis
under an optical microscope. Chemical composition was
analyzed using an Expert 3L X-ray fluorescence spectrom-
eter. The BN content was determined using a SPECTRO-
MAXXx spark optical emission spectrometer.

Composite density was both theoretically calculated
and experimentally measured to evaluate porosity. Experi-
mental density was determined by mass measurement in air
and water according to ASTM C135-2003 [23]. Theoreti-
cal density was calculated by the rule of mixtures (Eq. 1).

1)

where p.p, P, Px are the theoretical densities of the AMC,
aluminum, and reinforcing particles, respectively, kg/m?;
®ar, O, are the mass fractions of aluminum and rein-
forcing particles, respectively, %.
For the investigated samples, porosity was deter-
mined according to equation (2):

Ptn = ParPar t PxPx »

%porosity = p‘hp_ﬂ , 2
th

where p,,,, is the experimental density of the AMC, kg/m?.
Results

Metallographic analysis revealed that the macrostruc-
tures contained only minor inclusions of BN particles,
which became visible only after prolonged etching. In sam-
ples with 2.3 wt.% BN produced without flux, optical mi-
croscopy did not reveal BN inclusions.

Figure 2 presents a comparison of the microstructures
of composites with 2.3 wt.% BN produced without and
with flux. Chemical analysis likewise did not detect rein-
forcing BN particles in the sample cast without flux. In the
other sample, the BN content was only 0.15 wt.%. This in-
dicates poor wettability of boron nitride by aluminum,
causing BN to agglomerate and float on the melt surface.

For AMC samples with BN and flux, a series of melt-
ing runs was conducted to establish the dependence of par-
ticle incorporation on the duration of mechanical stirring
and on the melt temperature prior to pouring (Fig. 3). The
obtained data indicate that the stirring duration may range
from 30 to 90 s, as this parameter had only a minor effect
on the BN content measured by chemical analysis. All
melts were mechanically stirred not only before pouring
but also during melting; otherwise, BN would float and be
absent from the composite. The effect of melt superheating
can be assessed more precisely: the optimal pouring tem-
perature is 800-820 °C, above which the BN content
changes negligibly. For subsequent runs, the following pa-
rameters were used: mechanical stirring for 60 s at a pour-
ing temperature of ~ 800 °C.

[ 50 pm |

1

a b
Figure 2. Microstructure of Al-2.3 wt.% BN samples:
a — without flux; b — with flux
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Figure 3. Dependence of BN content in AMCs on melting pa-
rameters at 2.3 wt.% BN in the charge

To assess the effect of the amount of BN reinforcing
particles, several experimental melts were carried out with
a BN mass fraction in the charge from 1.5 to 4 wt.%. The
results of chemical analysis (Fig. 4a) indicate inefficient
reinforcement with BN above 2.5 wt.%, which is explained
by the poor wettability of BN by pure aluminum and more
pronounced reverse sedimentation.
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Tin additions to BN-containing composites improve
the wettability of the reinforcing particles and increase
their retained amount in the samples (Fig. 4b). However,
the incorporated amount is only about 10 % of the BN mass
charged. Moreover, increasing the joint content of Sn and
BN to 1 wt.% worsens particle incorporation. The micro-
structure of the Sn-containing composite exhibits eutectic
regions and dark BN inclusions within a fine-grained alu-
minum matrix (Fig. 5a).

A
gg_‘o,ls-—

0,104+ a X

L

BN content (wt

0,054

A

V

0 05 10 1,5 20 25 30
BN amount in the charge (wt.%)

Figure 4. Dependence of BN content in AMCs on its amount in
the charge for composites: a — Al-BN; b — Al-(x%Sn+x%BN)

As expected, samples containing nickel showed bet-
ter BN incorporation. The microstructure of the alloy with
2.3 wt.% BN and 1 wt.% Ni indicates the presence of in-
termetallic phases (Fig. 5b). According to chemical analy-
sis, the sample contains reinforcing BN particles up to
0.3 wt.%.

Replacing half of the nickel in the charge with zirco-
nium led to an even larger amount of intermetallic phases.
The microstructures (Figs. 5¢, 5d) show dark inclusions up
to 20 um that may be clusters of AlsNi, AlsZr intermetallics
and boron nitride.

c d
Figure 5. Microstructures of AMC samples (wt.%):
a— Al-(0,55n+0,5BN); b — Al-(1,0Ni+2,3BN);
¢, d — Al-(0,5Ni+0,5Zr+1,5BN)

Composites with nickel (including those with zirco-
nium) exhibit better BN incorporation (Fig. 6). At the same
time, the dependence of BN incorporation on its amount in
the charge is similar to that in AMCs without Ni and Zr
(Fig. 4a).
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Figure 6. Dependence of BN content in AMCs on its amount
in the charge for composites: a — Al-(1%Ni+BN);
b — Al-(0,5%Ni+0,5%Zr+BN)

A summary of BN incorporation in the obtained com-
posites is presented in Fig. 7. After measuring the sample
masses and performing the corresponding calculations, the
porosity of each composite was determined. The porosity
of the aluminum matrix composites is shown graphically
in Fig. 7.

ol A
= 43
£ 30 o — . X T==
E L&
E 20 4 12
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2104+ X — — — 4!

Al a b ¢ d

Figure 7. Assimilation of BN and porosity in Al-matrix compo-
sites: a — Al-2,3%BN; b — Al-(0,5%Sn+0,5%BN);
¢ - Al-(1%Ni+2,3%BN); d — Al-(0,5%Ni+0,5%Zr+1,5%BN)

The porosity values of the AMCs were significantly
higher than for pure aluminum, due to poor wettability and
gas removal during melting. The formation of intermetal-
lics in Ni- and Zr-containing composites hinders gas evo-
lution from the melt; therefore, effective melt degassing
should be employed for such AMCs. The presence of Sn
reduces the concentration of gas voids and improves parti-
cle-matrix bonding, which favorably affects the porosity of
these composites.

Conclusions

In this study, the feasibility of producing aluminum
matrix composites (AMCs) based on pure aluminum with
the addition of boron nitride by melt stirring and the use of
agents to improve its incorporation was investigated. Tin,
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nickel, and zirconium were also introduced into the com-
posites. Based on the obtained results, the following con-
clusions were drawn:

- The wettability of BN by aluminum in the absence
of magnesium or other metals capable of significantly re-
ducing the melt surface tension is very poor. Sn improves
wettability due to eutectic formation in the melt, while Ni
and Zr enhance it through the formation of intermetallics
and the strong affinity of Ni for BN. At best, during stir
casting, about 19% of the charged BN was incorporated.

- For stir casting, the addition of fluxes or modifiers
is essential, as is melt stirring for at least 60 s before pour-
ing and superheating the melt to 800-830 °C.

- The presence of BN leads to a sharp increase in
composite porosity. The lowest porosity was observed in
samples containing Sn, whereas the presence of Ni and Zr
intermetallics further increased porosity.

- Increasing the BN content in the charge to 3 wt.%
or higher did not improve, and in some cases even reduced,
the BN content in the composite. This was caused by se-
vere particle agglomeration and flotation to the melt sur-
face during melting. The optimal BN content was
1-2.5 wt.% depending on the alloying elements present.
However, with the addition of magnesium or other modifi-
ers, larger amounts of BN can be effectively incorporated
due to the significantly improved wettability of BN by alu-
minum.
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Mema pooomu. OcrosHoio Memoio 00CHiONHCeHHsL OYI0 OYIHUMU MONCTUBICINE 0OEPHCAHHSL ATIOMOMAMPULHUX KOM-
nosumis (AMK) na ocnogi uucmozo amominilo 3 apmyeanHsIm HIMpuoom 60py 3a 00NOMO2010 TUSAPHUX MEXHONO02IH, 30-
Kpema memooy aummsi 3 nepemiutysanuam. Taxuil nioxio ob6pano 3a80aKu 1020 MeXHOA02IYHIl NPOCMOmI, 8IOHOCHO HU-
3bKill 6APMOCMI Ma NOMEHYIUHIU MACUMAb08aHOCMI 00 NPOMUCTOBUX YMOS.

Memoodu oocnioxcenna. /[na ananizy po3noodiny ma mMopgonozii apmyroyux 4acmuHoK 3aCmoco8aHo MiKpOCMpPYK-
MYPHULL Memanocpagiunull ananiz 3a 00NoMo2010 ONMUYHOI MIKpOcKonii. XimiuHuil CKIa0 KOMNO3UMI6 8USHAYUANU Me-
mooamu peHmeeHoPIyopecyeHmHo20 ananisy ma ickposoi onmuyHno-emiciunoi cnekmpomempii. Lle dozgonuno ompu-
Mamu 00CMOBIpHI 0aHi w000 8MICHY MA 3AC80EHHA YACMUHOK HIMPUOy OOPY 8 ANOMIHIEGI MAMPUYI, d MAKOXHC OYIHUMU
81118 000amKosux ae2youux eremenmie (Ni, Sn, Zr) Ha cmpyKmypy KOMRo3umy.

Ompumani pezynoemamu. Excnepumenmanvui spasku AMK 3 emicmom 1-3 % (mac.) BN 6yau ompumani memooom
JUMMA 3 NepemMiuly8aHHAM, ¥ MOMY YUCTI I3 3ACMOCY8AHHAM (DIIOCIG [ Ne2ylouux eleMeHmia 3a Pi3HUX yMo8 niasku. Y
CMPYKMypax KOMRo3umie susieiieno yacmunku BN, pieHomipHo posnodineni 6 mampuyi, npome ix GakmuyHuil emicm
cmanosue nuuie 7-15% 6i0 kinbkocmi, enecenol y wuxmy. Bemanoenerno, wo egpexmusnicms 3acéoenns BN cymmeso
3a1exHcUmMsb 8I0 CKAAY PO3NIAGY (6MICHY APMYIOUUX YACMUHOK, HASIBHOCMI (IIOCI8 | MIKpOIe2ylouUx eleMenmis), a ma-
KOJIC 810 MEXHONOSIMHUX NAPAMEMPIE NIASKU (MmeMnepamypa nepeapiey, mpusaiicmos nepemiutyeans). Jociiodxceno no-
pucmicmes OMPUMAHUX KOMRO3UMIS: ésedenisi BN 3nauno it 30invuye, mooi sik Has6HICMb SN 3HUICYE NOPUCMICTb 3a-
80AKU YMEOPEHHIO e8MEKMUKU.

Haykoea nosuzna. Odepoicano H06i 0ani o000 MONCITUBOCI BUNAABKU ATIOMOMAMPUUHUX KOMIOZUMIE HA OCHOBL
YUCMO20 ATIOMIHIIO 3 HIMPUOOM OOPY MEXHONOZICIO NEPeMIULYB8aAHHs PO3NILABY 3 BUKOPUCIIAHHAM (II0CY ma MIKpoae2y-
10UUX 000aB80K, SKI NIOBUULYIOMb 3ACBOEHHS HIMPUAY OOPY.

Ilpakmuuna yinnicmo. Pe3ynomamu pobomu 00N0GHIOIOMb HASAGHI GI0OMOCMI NPO GUNIABKY ANIOMOMAMPULHUX

© Richard Likhatskyi, Mykhailo VVoron, Anatolii Narivskyi, Viacheslav Tverdokhvalov, Yevhen Matviiets, 2025
DOI 10.15588/1607-6885-2025-3-3

25


https://doi.org/10.1088/2053-1591/ac8cd2
https://doi.org/10.3390/met13071174
https://doi.org/10.1361/15477030420232
https://doi.org/10.1016/j.jallcom.2025.179630
https://doi.org/10.1007/s13632-012-0033-9

p-ISSN 1607-6885 Hoei martepiany i TEXHOJIOTIi B MeTanyprii Ta MammHoOyyBanHi. 2024/4
e-ISSN 2786-7358 New materials and technologies in metallurgy and mechanical engineering. 2024/4

KOMNO3UmMi6 ma NOsCHIOIOMb 8I0CYMHICMb OOCTIONCEHb caMme 3 YUCMUM amominiem K mampuyero. Taxooc ompumani
0aui ModHCcyms Oymu GUKOPUCIAHT O ONMUMI3AYTT TUBAPHUX MEXHON02Il 6ULOMOBIEHHA MAKUX KOMRO3UMIE.
Knrouosi cnosa: antomomampuyni Komnosumu, 1umms 3 nepemiuty8aHHAM, ANOMIHIL, HIMpuo 6opy, cmpyKkmypd.

Cnucok qaiteparypu

1. Ujah C. O. Trends in aluminium matrix composite
development / C. O. Ujah, D. V. V. Kallon // Crystals. —
2022. -Vol. 12, No. 10. - 1357 p. DOI:
https://doi.org/10.3390/cryst12101357

2. Casting of particle reinforced metal matrix compo-
site by liquid state fabrication method: a review /
A. Bhowmik [et al.] // Results in engineering. — 2024. —
Vol. 24. - 103152 p. DOI:
https://doi.org/10.1016/j.rineng.2024.103152

3. Study of the influence of nanoparticle reinforce-
ment on the mechanical and tribological performance of
aluminum matrix composites: a review / V. Singhal [et al.]
/I Lubricants. — 2025. — Vol. 13, No. 2. — 93 p. DOL:
https://doi.org/10.3390/Iubricants13020093

4. AnroMoMaTpUyHi KOMIIO3UTH Ha OCHOBI JIMBapHUX
aNIOMIHIEBUX CIIaBiB 3 OKCcUiaMu Ta kapoOinamu / P. @. Jli-
xaupkuit [Ta in.] // Tlpouecu nutrs. — 2025. — T. 159/ — Ne
1. - C. 48-64. DOI:
https://doi.org/10.15407/plit2025.01.048

5. Mechanical performance of particulate-reinforced
Al metal-matrix composites (MMCs) and Al metal-matrix
nano-composites (MMNCs) / C.-S. Kim [et al.] // Journal
of materials science. —2017. — Vol. 52, No. 23. - P. 13319-
13349. DOI: https://doi.org/10.1007/s10853-017-1378-x

6. Fabrication and microstructure examination of
Al-SiC MMC:s via stir casting technique / S. Sathiyaraj [et
al.] /I International journal of innovative technology and
exploring engineering. — 2019. — Vol. 9, No. 254. - P. 461-
464. DOI: https://doi.org/10.35940/ijitee.b1213.1292s419

7. Microstructure, mechanical properties and fracture
behavior of 6061 aluminium alloy-based nanocomposite
castings fabricated by ultrasonic processing / S. Jia [et al.]
/I International journal of cast metals research. — 2016. —
Vol. 29, No. 5. — P. 286-289. DOI:
https://doi.org/10.1080/13640461.2016.1181232

8. Kataria M. Characterization of aluminium metal
matrix composite fabricated by gas injection bottom pour-
ing vacuum multi-stir casting process / M. Kataria,
S. K. Mangal // Metallic materials. — 2018. — Vol. 56,
No. 4. - P. 231-243. DOI:
https://doi.org/10.4149/km_2018 4 231

9. Garapati P. K. Effect of TiC and BN nanoparticles
on mechanical and microstructural characteristics of
Al7085 hybrid nanocomposites / P. K. Garapati,
L. Dumpala, Y. S. R. Rao // Composites theory and prac-
tice. — 2024. - Vol. 24, No. 1. - P. 57-64. DOI:
https://doi.org/10.62753/ctp.2024.08.1.1

10. Singh H. Enhancing aluminum matrix composites
with hexagonal boron nitride (h-BN) particulates / H.
Singh, K. Singh, S. Vardhan // Journal of computers. —
2023. - Vol. 2, No. 5. - P. 22-30. DOI:
https://doi.org/10.57159/gadl.jcmm.2.5.23089

11. Sintering applications / ed. by B. Ertug. — [S. L.]:

InTech, 2013. DOI: https://doi.org/10.5772/56064

12. Zitoun E. Microstructure-property relationship of
AA3003/boron nitride particle-reinforced metal matrix
composites cast by bottom-up pouring / E. Zitoun,
C. Reddy // Materials and manufacturing processes: 6th na-
tional conference. — [S. 1], 2008. — P. 115-119.

13. Reddy B. S. Potential assessment of Al 7075/BN
composites for lightweight applications / B. S. Reddy,
K. Chidambaram, J. Kandasamy // Proceedings of interna-
tional conference on recent trends in mechanical and mate-
rials engineering: ICRTMME 2019, Chennai, India. —
[S. 1], 2020. DOI: https://doi.org/10.1063/5.0025069

14. Hot-cracking mechanism in Al-Sn alloys from a
viewpoint of measured residual stress distributions /
Y. Saito [et al.] // Materials transactions. — 2018. — Vol. 59,
No. 6. — P. 908-916. DOI:
https://doi.org/10.2320/matertrans.m2018011

15. Ge-Al and Sn-Al alloys capillary properties in
contact with aluminum nitride / N. Taranets [et al.] // Acta
materialia. — 2002. — Vol. 50, 0. 20. — P. 5147-5154. DOI:
https://doi.org/10.1016/s1359-6454(02)00383-x

16. The effect of tin on microstructure and properties
of the Al-10 wt.% Si alloy / J. Kozana [et al.] // Materials.
—2022. - Vol. 15, -No. 18. - 6350 p. DOI:
https://doi.org/10.3390/mal15186350

17. Khatibi K. The characterization of eutectic Al-Si
casting alloy with addition of tin: Theses (PhD) / Khatibi
Kayvan. — Famagusta: Cyprus, 2019. — 77 p.

18. The role of Sn on microstructure, wear and corro-
sion properties of Al-5Zn-2.5Mg-1.6Cu-xSn alloy / M.
Sadawy [et al.] // Materials research express. — 2022. DOI:
https://doi.org/10.1088/2053-1591/ac8cd?2

19. Callegari B. The influence of alloying elements
on the microstructure and properties of Al-Si-based casting
alloys: a review / B. Callegari, T. N. Lima, R. S. Coelho //
Metals. — 2023. — Vol. 13, No. 7. - 1174 p. DOI:
https://doi.org/10.3390/met13071174

20. Okamoto H. Al-Ni (Aluminum-Nickel) / H. Oka-
moto // Journal of phase equilibria & diffusion. — 2004. —
Vol. 25, No. 4. - 394 p. DOI:
https://doi.org/10.1361/15477030420232

21. Remarkable enhancement of strength and thermal
stability of an additively manufactured Al-Mn-Sc-Zr alloy
by Fe addition / D. Li [et al.] // Journal of alloys and com-
pounds. — 2025. — 179630 p. DOI:
https://doi.org/10.1016/j.jallcom.2025.179630

22. Mohammadtaheri M. A new metallographic tech-
nique for revealing grain boundaries in aluminum alloys /
M. Mohammadtaheri // Metallography, microstructure,
and analysis. — 2012. — Vol. 1, No. 5. — P. 224-226. DOI:
https://doi.org/10.1007/s13632-012-0033-9

23. Analysis of mechanical behaviour of natural filler
and fiber based composite materials / R. Kishore [et al.] //
International journal of recent technology and engineering.
—2019.-Vol. 8, No. 1S2. - P. 117-121.

© Richard Likhatskyi, Mykhailo VVoron, Anatolii Narivskyi, Viacheslav Tverdokhvalov, Yevhen Matviiets, 2025

DOI 10.15588/1607-6885-2025-3-3


https://doi.org/10.3390/cryst12101357
https://doi.org/10.1016/j.rineng.2024.103152
https://doi.org/10.3390/lubricants13020093
https://doi.org/10.15407/plit2025.01.048
https://doi.org/10.1007/s10853-017-1378-x
https://doi.org/10.35940/ijitee.b1213.1292s419
https://doi.org/10.1080/13640461.2016.1181232
https://doi.org/10.4149/km_2018_4_231
https://doi.org/10.62753/ctp.2024.08.1.1
https://doi.org/10.57159/gadl.jcmm.2.5.23089
https://doi.org/10.5772/56064
https://doi.org/10.1063/5.0025069
https://doi.org/10.2320/matertrans.m2018011
https://doi.org/10.1016/s1359-6454(02)00383-x
https://doi.org/10.3390/ma15186350
https://doi.org/10.1088/2053-1591/ac8cd2
https://doi.org/10.3390/met13071174
https://doi.org/10.1361/15477030420232
https://doi.org/10.1016/j.jallcom.2025.179630
https://doi.org/10.1007/s13632-012-0033-9

	ЗМІСТ
	СТРУКТУРОУТВОРЕННЯ.

	ТЕХНОЛОГІЇ ОТРИМАННЯ ТА ОБРОБКИ КОНСТРУКЦІЙНИХ МАТЕРІАЛІВ
	МОДЕЛЮВАННЯ ПРОЦЕСІВ В МЕТАЛУРГІЇ ТА МАШИНОБУДУВАННІ
	CONTENTS
	STRUCTURE FORMATION. RESISTANCE TO DESTRUCTION AND PHYSICAL-MECHANICAL PROPERTIES

	Ivan Likhatskyi
	TECHNOLOGIES OF OBTAINING AND PROCESSING OF CONSTRUCTION MATERIALS
	Serhii Tanchenko, Mykhaylo Frolov, Vasyl Solokha, Viktoriia Shtankevych
	Richard Likhatskyi, Mykhailo Voron, Anatolii Narivskyi, Viacheslav Tverdokhvalov, Yevhen Matviiets
	Gulnara Pukhalska, Sergey Subbotin, Serhii Leoshchenko, Dmytro Bezkhlibnyi
	Yurii Omelchenko, Serhii Ulanov
	Artem Sokolskyi, Nataliia Shyrokobokova, Volodymyr Pleskach, Oleksandr Petrashov
	MODELING OF PROCESSES IN METALLURGY AND MECHANICAL ENGINEERING
	Senior Lecturer, National University Zaporizhzhia polytechnic, Zaporizhzhia, Ukraine, e-mail: 04rauchen11@gmail.com, ORCID: 0000-0003-4880-2216



