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FABRICATION OF CAST AA5056 ALLOY-BASED COMPOSITES
REINFORCED WITH BN, ZrO, AND Si N,

Cast aluminum matrix composites (MMCs) produced by stir casting are of considerable interest due
to their technological simplicity, relatively low cost, and the possibility of scalable manufacturing
of components with balanced mechanical and casting properties. For Al—Mg alloys, particularly
AA5056, the elevated magnesium content provides favorable conditions for improved wettability
of dispersed particles and enables the implementation of dispersion and structural strengthening
mechanisms. This study presents a comparative investigation of the influence of three types of
reinforcing phases — BN, ZrO,+BN, and Si,N, — on the formation of microstructure, porosity,
fluidity, and mechanical properties of cast AA5056-based composites produced under identical
stir-casting conditions. It is shown that the introduction of 2 wt. % dispersed particles into the melt
leads to significantly different effects, governed both by the barrier action of particles on dendrite
growth and by possible interfacial interactions. The most pronounced positive effect is observed
for boron nitride: significant grain refinement, a more uniform distribution of alloying elements
within the microvolume, and the formation of a more homogeneous structure are achieved. This
is accompanied by a simultaneous increase in ultimate tensile strength and ductility, indicating an
effective combination of strengthening mechanisms without brittle failure. The ZrO,+BN hybrid
system exhibits less pronounced structural changes, with partial retention of dendritic morphology
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and particle agglomeration, which limits the efficiency of structural modification. At the same time,
this composition demonstrates a compromise between strength, ductility, and fluidity, which is im-
portant for cast product manufacturing. The addition of Si;N, results in increased strength due to
grain refinement and possible local interfacial reactions; however, itis accompanied by a decrease
in ductility due to stress concentration and the probable formation of brittle interaction products,
such as interfacial nitride and silicide phases. As a result, the governing relationships between
structure formation and property evolution in cast AA5056-based MMCs depending on the nature
of the reinforcing phase have been established. They include grain-boundary strengthening and
reduced microsegregation for BN, structural heterogeneity for the hybrid system, and possible
interfacial reactions for Si,N,. The obtained results can be used for optimization of composition
and processing parameters to achieve the required balance between mechanical and casting
properties of the materials.

Keywords: AA5056 alloy; metal matrix composite; melt stiring; boron nitride; zirconia; silicon nitride;
microstructure; mechanical properties; fluidity; porosity.

INTRODUCTION
Cast aluminum matrix composites (MMCs) are most commonly produced by

stir casting and squeeze or squeeze-assisted casting. To increase the particle
incorporation efficiency, reduce agglomeration, and improve wetting of the reinforcing
phase, a number of studies additionally employ fluxes, powder preheating, ultrasonic
treatment, or combined stirring. Casting routes are technologically attractive because
they enable production of relatively large blanks at a moderate process cost [1, 2].

Particular attention in the literature has been paid to AA5056-type alloys, in which the
elevated magnesium content in the matrix creates prerequisites both for more efficient
wetting of some fillers and for the implementation of additional structural and disper-
sion-strengthening mechanisms. At the same time, published results for Al-Mg systems
strongly depend on the matrix composition, particle type and size, introduction method,
and solidification conditions. Therefore, direct transfer of conclusions from other systems
remains limited [3—5].

Boron nitride, especially hexagonal h-BN, is considered a promising filler due to its
low density, high thermal stability, and chemical inertness. In aluminum matrices, BN
may act as a barrier to dendrite growth and may localize in interdendritic or intergranular
regions, thus affecting the solidification pattern. At the same time, for the specific case
of cast AA5056, the efficiency of BN requires separate analysis, as the reactivity of the
Al-Mg melt and the actual particle wettability strongly depend on the temperature-time
schedule [2, 5-8].

Zirconium oxide (ZrQ,), as a reinforcing component, is characterized by high hardness,
thermal stability, and the potential to improve wear resistance and composite strength.
A number of studies on Al-Mg systems [2, 9-12] have shown that ZrO, can affect so-
lidification and the mechanical response of composites. However, the magnitude of this
effect strongly depends on powder dispersion, uniformity of distribution, and the degree
of interfacial interaction. For hybrid ZrO,+BN systems in an AA5056 matrix, the available
literature data remain limited.

Silicon nitride (Si,N,) is arigid and heat-resistant filler that has demonstrated the ability
toimprove hardness, wear resistance, and strength of aluminum composites in numerous
studies [2, 13]. At the same time, its influence in Al-Mg systems is ambiguous because, in
addition to the barrier effect of the particles, local interfacial reactions may occur, changing
the chemical state of the interface, the morphology of eutectic regions, and the fracture
behavior of the material [14—-16].

According to the literature [2—13], in cast MMCs based on AA5056-type alloys, the
main constituents usually remain the Al—Mg matrix and the introduced BN, ZrO,, or Si,N,
reinforcing particles. At the same time, under certain temperature-time conditions, thin
reaction layers or local secondary phases may form at the interface. Therefore, when
interpreting the microstructure, it is reasonable to distinguish between stable initial
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phases and probable reaction products, the formation of which depends on the specific
processing (Table 1).

Table 1

Stable phases and probable reaction products in cast AA5056-based
MMCs containing BN, ZrO, and Si,N, particles

Main stable
phase

Main stable phase

BN

ZrO

2

Si,N,

Predominantly stable
BN [17]

Predominantly stable
ZrO,; under certain
conditions partial
interaction with Al is
possible [11]

Si,N, is a relatively
stable phase, but local
interaction with liquid

Al is possible under

certain conditions

[20-22]

Probable reaction
products

A thin AIN layer under
local overheating or
prolonged contact [18]

AL O, at the interface;
under certain condi-
tions ZrAl, formation is
possible [10, 19]

A thin AIN layer; Si

release as a product

of local interaction
[20-22]

Low-probability
phases

Mg,N, under a signif-
icant Mg excess; Al
borides AlB, and AIB,,
at higher temperatures
[8, 18]

Mg-containing oxide
products under intense
Mg oxidation

A thin AIN layer; Si

release as a product

of local interaction
[20-22]

Comment on inter-
pretation

For BN, inert behavior
predominates; reac-
tions are expected only
locally.

The effect of ZrO,
strongly depends on
particle dispersion, dis-
tribution, and contact
conditions with the
melt

For Si,N,, interfacial
interaction is the
most probable, but it
requires direct phase
confirmation.

Despite numerous studies on Al-Si, Al-Cu, and Al-Mg systems in general, direct com-
parative studies specifically for cast AA5056 alloy reinforced with BN, ZrO,+BN, and Si;N,
under identical stir-casting conditions remain scarce. Therefore, the present study aims
to comparatively evaluate the influence of BN, ZrO,+BN, and Si,N, reinforcing particles
on the microstructure, porosity, fluidity, and mechanical properties of cast AA5056-based
composites, and to establish the regularities of structure formation and property evolution
depending on the nature of the reinforcing phase. The practical purpose of the study lies
in identifying the most suitable filler for cast products requiring improved mechanical and/
or casting characteristics.

MATERIALS AND METHODS

The study dealt with cast aluminum matrix composites based on the AA5056 alloy.
The following dispersed additives in the charge of 2 wt.% each were used as reinforcing
particles:

1) hexagonal boron nitride (BN) with an average particle size of about 5 um.

2) powdered zirconium oxide (ZrO,) with an average particle sizes up to 50 pm. In
addition, the composite contained 0.3 wt.% BN as an auxiliary component intended to
facilitate introduction of the powder mixture into the melt.

3) powdered silicon nitride (Si;N,) with an average particle sizes up to 100 um.

All additives amount was selected taking into account an estimated particles assimi-
lation by the matrix of about 85%.

A series of experiments was carried out to produce AA5056-based MMCs by stir
casting for the following compositions: AA5056+2%BN, AA5056+2%Zr0,+0.3%BN, and

66

ISSN 0235-5884. NMpouecu intts. 2026 Ne 2 (164) 64-77



Fabrication of cast AA5056 alloy-based composites reinforced with BN, ZRO, and SI;N,

AA5056+2%Si,N,. For a correct comparison, the cast AA5056 alloy without reinforcing
particles was used as the reference material.

The chemical composition of the AA5056 alloy used in this study is given in Table 2 [25].

Melting was carried out in a

Table 2 |55 ratory resistance furnace using

Chemical composition of the AA5056 alloy an alundum crucible. To increase

the incorporation of the reinforcing

Element Al Mg Mn Cr particles, the melt was mechanically

stirred with a titanium impeller (Fig. 1a)

content, wt.% | 950 | ~5.0 | <0.12 | <0.12 at a speed of 10 s7'. The stirring time

was 60 s. After particle introduction,

the melt was held and poured into metal molds to obtain samples for metallographic,

mechanical, and casting tests.

Fig. 1. Elements of the MMC fabrication technology: a — titanium impeller;
b — mold with an experimental aluminum matrix composite sample;
¢ — mold for fluidity determination

To improve wetting and incorporation of the reinforcing particles, a fluoride flux was
introduced into the melt [26]. The flux was a mixture of KCI, NaCl, and NaF used in a small
amount. Application of the flux promoted cleaning of the melt surface and reduced the
probability of oxide film formation that hinders introduction of powder particles.

Metallographic specimens were prepared from the experimental samples and, after
etching with Keller’s reagent [27], were examined by optical metallography in order to
assess the composite microstructure. In addition, selected regions were analyzed by
scanning electron microscopy and local energy-dispersive spectroscopy (EDS), which
made it possible to evaluate elemental distribution between the matrix, interdendritic
regions, and local inclusions.

Mechanical properties were studied using an Instron 8802 universal servo-hydraulic
testing machine capable of tensile, compression, and bending tests. In the present work,
tensile test results are reported, from which the yield strength, ultimate tensile strength,
elongation, and reduction in area were determined.

The fluidity of the studied alloys and composites was determined using a standard steel
spiral fluidity mold (Fig. 1¢). The mold had a spiral cavity of constant cross-section, and
fluidity was evaluated from the length of the channel filled with metal. This approach makes
it possible to compare the ability of melts to fill the mold under identical casting conditions.

The density of the composites was calculated theoretically and determined experi-
mentally in order to estimate sample porosity. Experimental density was established by
hydrostatic weighing based on the mass of the sample in air and in water [28]. The theo-
retical density was calculated from the equation (1):

P =DPal Pal + Pr Or (1

where p,,, p,, and p,. are the theoretical density of the MMC, the density of aluminum,
and the density of the reinforcing particles, respectively, kg/m?;

¢, and @, are the mass fractions of aluminum and the reinforcing particles, respec-
tively, %.
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For the studied samples, porosity was determined according to equation (2):

%porosity = Preor = Pexp 2
> (2)
teor

where Pexp is the experimental density of the MMC, kg/m3.

RESULTS AND DISCUSSION

Microstructural characterization

The microstructure of the initial AA5056 alloy (Fig. 2), produced by permanent-mold
casting at a melt temperature of 750 °C, is characterized by a dendritic morphology typ-
ical of Al—Mg alloys, with moderately pronounced liquation between the dendrite arms.

Fig. 2. Microstructure and EDS mapping of the initial AA5056 alloy

The grain size varies within 25—-100 um; larger grains prevail in the central regions of
the sample, whereas finer crystals are observed in the near-surface zone because of a
higher cooling rate near the mold wall.

Local chemical analysis shows that the magnesium content is lower inside the grains and
noticeably higher in the interdendritic regions, which is consistent with segregation during
solidification. The presence of trace Fe-containing regions is most reasonably attributed
to local intermetallic inclusions rather than to the average composition of the matrix.

The microstructure of the AA5056-composite containing 2 wt.% boron nitride (Fig. 3)
is characterized by pronounced grain refinement compared with the initial cast alloy.
Introduction of BN intensifies heterogeneous nucleation and/or limits free dendrite growth,
which leads to a finer and more uniform structure.

BN particles are distributed relatively uniformly in the matrix and are localized predomi-
nantly along grain boundaries and in interdendritic regions, where they restrict coalescence
of dendrite arms. The high thermal stability and chemical inertness of BN favor retention
of the particles during solidification and reduce the probability of intensive interfacial
interaction under the applied processing conditions.

According to local analysis, the magnesium content in different microregions remains
close to that expected for the AA5056 alloy, but the elemental distribution becomes more
uniform than in the initial cast condition. This structural state is consistent with the simul-
taneously increased strength and ductility of the composite.
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Fig. 3. Microstructure of the AA5056+2%BN composite

The strengthening effect observed for the BN-containing composite can be primarily
attributed to grain refinement of the a-Al matrix, which enhances strength according to the
Hall-Petch relationship. The introduced BN particles promote heterogeneous nucleation
and restrict dendrite growth, resulting in a finer grain structure. The direct contribution of
the particles to strengthening via classical dispersion mechanisms is expected to be lim-
ited due to their relatively large size (~5 um) and spacing. Therefore, the dominant factor
controlling the increase in strength is the refined grain structure rather than the intrinsic
reinforcing effect of the particles. Additional contributions may arise from a more uniform
distribution of alloying elements and the absence of large particle agglomerates or brittle
interfacial products, which together promote a more homogeneous stress distribution
during deformation.

The AA5056 composite with hybrid reinforcement of 0.3 wt.% BN and 2 wt.% ZrO,
exhibits microstructural changes that are less pronounced than in the case of BN alone.
The a-Al grain size remains relatively large, and the dendritic morphology is retained to
a greater extent.

ZrO, particles, characterized by high thermodynamic stability, are mostly preserved
in their initial state and are distributed non-uniformly in the matrix; local agglomerates
are observed in some regions. Such a distribution reduces the efficiency of structural
modification and diminishes the barrier effect on dendrite growth.

The dendritic morphology in the composite remains sufficiently pronounced, and
the interdendritic regions are characterized by segregation of Mg-enriched phases. The
absence of substantial grain refinement and deeper structural redistribution is consistent
with a less pronounced strengthening effect compared with the BN-containing material.

Local EDS analysis of selected regions indicates a difference in magnesium content
between grains and interdendritic zones. Elevated local Fe contents in individual points
should be attributed not to the matrix as a whole, but to analysis of local inclusions or
intermetallic particles.

Addition of 2 wt.% silicon nitride results in a more noticeable microstructural modification
compared with the hybrid composite (Fig. 5). The a-Al grain size decreases to 15-60 um,
and the dendritic morphology becomes less pronounced.
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. Xr‘?

Fig. 4. Microstructure of the AA5056+2%Zr0,+0.3%BN composite

Probable reasons for this effect are:

1) the partial ability of Si,N, to serve as a substrate for heterogeneous nucleation;

2) the structural barrier effect of dispersed particles on dendrite growth;

3) possible local interfacial reactions that additionally alter the state of the solidifying
melt in the vicinity of the particles.

These factors act simultaneously; therefore, the observed effect should not be reduced
to a single mechanism. To conclusively confirm the role of interfacial reactions in this
system, direct phase analysis would be appropriate.

Thermodynamically probable interaction of liquid Al with Si,N, may be accompanied by
formation of thin AIN interfacial layers and release of Si. The released silicon may potentially
react with magnesium to form Mg,Si. However, within the present study these phases are

20,m | B Moo
BSE. 7.1300x HV: al -

Fig. 5. Microstructure of the AA5056+2%Si,;N, composite
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The composite microstructure is distinguished by higher uniformity, reduced
segregation of eutectic regions, and a relatively homogeneous distribution of Si;N, in
the matrix. Such structural rearrangement is consistent with an increase in strength
accompanied by some loss of ductility.

Local chemical analysis indicates a difference between the composition of the grains
and that of the interdendritic zones. Elevated Fe values at individual points, as in the hybrid
composite, should be interpreted as the result of analyzing local Fe-containing particles.

The cast AA5056 alloy in the initial condition is characterized by a set of mechanical
parameters typical of an Al—Mg casting material not reinforced with dispersed particles:
a moderate yield strength, a relatively low ultimate tensile strength, and limited ductility.

Analysis of Table 3 and Fig. 6 shows that reinforcement of the AA5056 alloy with BN,
ZrO,+BN, and Si;N, increases strength in all cases, whereas the change in ductility differs
substantially. The best balance of properties is achieved for the BN-containing composite.
The increase inyield strength and ultimate tensile strength in this case is accompanied by a
marked increase in elongation, indicating efficient structural refinement without excessive
embrittlement of the matrix.

Table 3
Mechanical properties of the obtained MMCs
Experimental data for AA5056-based MMCs
Cast AA5056
Parameter —
alloy [25] Initial o o o o
2% BN | 2% ZrO,+0.3% BN | 2% Si,N
alloy 2 34
Yieldstrengtho,,, | g 19 94.1 104.9 93.1 108.2
MPa
Ultimate tensile
strength o, MPa 130-160 142.8 186.5 165.4 150.5
Elongation 8, % 2.5-4.0 2.83 5.85 4.72 211
Reductioninarea | 5, ¢ 457 7.80 6.47 4.49
v, %
Elastic modulus E, | 55 75 68.7 714 70.2 72.1
GPa

The observed mechanical response can be explained in terms of the microstructural
constituents of the composites. In the initial AA5056 alloy, the mechanical behavior is
governed by the a-Al matrix with pronounced dendritic morphology and microsegregation
of Mg in interdendritic regions, which promotes strain localization and limits ductility.

In the BN-reinforced composite, the microstructure is characterized by a refined a-Al
grain structure, a more uniform distribution of magnesium, and the presence of chemically
inert BN particles without formation of significant brittle interfacial phases. The dominant
contribution to strengthening arises from grain refinement of the a-Al phase, while the
improved ductility is associated with reduced microsegregation and the absence of brittle
constituents that could act as crack initiation sites.

Thus, the favorable combination of strength and ductility is primarily controlled by the
modified state of the a-Al matrix rather than by the formation of new strengthening phases.

The hybrid ZrO,+BN composite demonstrates an intermediate response: strength
increases while ductility remains at an acceptable level. This behavior can be attributed
to the presence of relatively stable ZrO, particles, which contribute to strengthening,
combined with their non-uniform distribution and local agglomeration. Such agglomerates
act as local stress concentrators, limiting ductility improvement, while the absence of
significant brittle interfacial phases prevents its severe degradation.

The Si,N,-containing composite exhibits a different response: the strengthening effect
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Fig. 6. Stress-strain curves of the experimental samples

is accompanied by a decrease in elongation. This behavior can be associated with the
presence of rigid Si,N, particles and possible interfacial reaction products, such as thin AIN
layers and locally formed Si-containing phases (e.g., Mg,Si). These structural constituents
can promote stress concentration and act as preferential sites for crack initiation, leading
to reduced ductility despite the increase in strength.

Casting properties

The casting properties of AA5056-based MMCs are an important criterion of suitability
for real component manufacture, because they determine mold-filling completeness, the
uniformity of reinforcing particle distribution, and the tendency to form casting defects.

Based on the chemical composition data, as well as the mass and volume of the
experimental samples, porosity values were calculated (Table 4). The comparison shows
thatintroduction of all particle types slightly increases porosity relative to the cast AA5056
alloy without reinforcement.

Table 4
Porosity of the experimental MMCs
MMC sample AAS5056 (cast) +2% BN +2% Zr0,+0.3% BN +2% Si,N,
Pog’ffltdyz(;{;ﬂf;ml 1.5% 2.2% 1.9% 2.3%
Porosty spral mold 17% 2.5% 2.1% 2.5%

Fluidity in the spiral mold is one of the key casting characteristics of the studied
materials. For the experimental samples (Fig. 7), the test results are givenin Table 5. It was
found that the introduction of reinforcing particles substantially reduces fluidity compared
with the initial alloy. The decrease is least pronounced for the ZrO,+BN hybrid composition,
whereas the greatest losses are observed for the BN- and Si,N,-containing materials.

The obtained porosity values for the cast AA5056 alloy are consistent with literature data
for related Al-Mg systems [29]. The observed differences in porosity and fluidity between the
studied composites are mainly governed by changes in melt rheology, particle dispersion
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Table 5
Fluidity of MMCs in the spiral mold

MMC sample | AA5056 (cast) +2% BN | +2% Zr0,+0.3% BN | +2% Si,N,

428.6 mm 232.0 mm 301.3 mm 209.2 mm
— (-46%) (-30%) (-51%)

Fluidity

state, and wettability. The addition of reinforcing particles increases the effective viscosity
of the AI-Mg melt, which reduces fluidity and promotes gas entrapment during stirring and
solidification. The BN-containing composite shows a moderate decrease in fluidity due to
the platelet morphology of BN and its limited wettability, which can locally hinder melt flow.
The ZrO,+BN system exhibits a less pronounced deterioration of casting properties, which
is attributed to a more favorable particle distribution and partial improvement of dispersion
stability. In contrast, the Si,N,-containing composite demonstrates the strongest reduction
in fluidity and the highest porosity, which can be associated with the nanoscale nature of
particles, their tendency to agglomerate, and increased resistance to melt flow.

In the initial cast condition, the AA5056 alloy is characterized by a weakly pronounced
dendritic structure based on the a-Al solid solution, with interdendritic regions enriched
in Mg due to microsegregation, and a grain size of 25-100 um.

R

. AAS5056 p
V) AA5056+(2%BN)

2%ZrO+0.3%BN)

74
Fig. 7. Samples for determining fluidity in the spiral mold
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The introduction of 2 wt.% BN leads to refinement of the o.-Al matrix, while BN particles
remain as a thermally stable and chemically inert reinforcing phase located predominantly
along grain boundaries and interdendritic regions. The observed improvementin strength
and ductility is primarily governed by refinement of the a.-Al phase and reduced microseg-
regation of Mg in interdendritic regions, rather than the formation of new strengthening
phases. The more uniform microstructure promotes more homogeneous plastic defor-
mation and delays strain localization during tensile loading.

The hybrid AA5056+2%Zr0,+0.3%BN composite demonstrates a moderate microstruc-
tural modification, where the dendritic morphology of the a-Al matrix is largely retained
compared with the BN-reinforced material. This behavior is associated with the less effec-
tive grain refinement of the a-Al phase and the non-uniform distribution of ZrO, particles,
partially mitigated by the presence of BN, which improves particle dispersion stability.

At the same time, this composite exhibits a balanced combination of strength and
fluidity, which can be attributed to a compromise between partial structural refinement of
the a-Al matrix and the absence of extensive interfacial reactions or brittle phase formation.

From a comparative perspective, BN is the most effective reinforcement for improving
mechanical properties due to pronounced refinement of the o-Al matrix and reduced
microsegregation. The ZrO,+BN hybrid system provides a balanced but less efficient
structural modification due to particle heterogeneity, whereas the Si,N,-containing
composite is primarily governed by strengthening of the a.-Al matrix and possible interfacial
interactions, which may simultaneously reduce ductility due to stress concentration effects.
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' Dis3nKo-TexXHONOrYHNIA IHCTUTYT MeTaniB Ta cnnaeis HAH Ykpainn (Kuis, YkpaiHa)
2HauioHanbHUI TEXHIYHUA yHiBepcuTeT YKpaiHu «KniBCbkuii MONITEXHIYHUIA IHCTUTYT
im. I. Cikopcbkoro» (Kuie, Ykpaina)

BUITOTOBJIEHHA JIMTUX KOMMO3UTIB HA OCHOBI CIJ1IABY AA5056,
APMOBAHUX BN, ZrO, i Si,N,

MertaneBi komno3uuiviHi marepiaan 3 aaoMiHieBoo martpuueto (MKM), oTpumani meTtogamm
JINTTS 3 MepPeMIlLlyBaHHSIM, CTaHOBJISITb 3HAYHUV IHTEPEC 3aBAsIKW MNOEAHAHHIO TEXHOJIOMYHOT
rPOCTOTH, BIIHOCHO HU3bKOi BaPTOCTI T& MOXJIMBOCTI MacLuTaboBaHOro BUpOOHMLTBA BUPOOBIB 3i
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Fabrication of cast AA5056 alloy-based composites reinforced with BN, ZRO, and SI;N,

36as1aHCOBaHNUMM MexaHIYHUMU Ta INBapHUMM Xxapaktepuctukamu. [ns cnnasis cuctemm Al-Mg,
30kpema AA5056, nigBuLLEeHWY BMICT MarHit0 CTBOPIOE CrpUSIT/INBI YMOBUW /151 3MOYYBaHHS ANC-
rnepcHNX 4aCTUHOK Ta peasisaLii MexaHi3aMiB AMCrnepCiiHoro i CTPYKTYPHOIro 3MilJHEHHS. Y poboTi
MpoBeAeHO NOPIBHANLHE AOCAXEHHS BIIMBY TPbOX TUMIB apmyBasbHux ¢pas — BN, ZrO,+BN
1a Si;N, — Ha ¢opmyBaHHs MIKPOCTPYKTYPU, MOPUCTICTb, TEKYYICTb i MexaHiyHi B1acTUBOCTI
JINTUX KOMIMO3UTIiB Ha OCHOBI AA5056, OTprMaHux 3a O4HAKOBUX YMOB JINTTS 3 NEPEMILLYBAHHSIM.
lNoka3aHo, Lo BBeaeHHs 2 mac. % [NCrepCHNX 4aCTUHOK y po3rnias npu3BoanTb 40 CYTTEBO
PIi3HUX eeKTiB, 3yMOB/IEHUX sIK 6ap’epHOI0 A€o YaCTUHOK Ha PICT AEHAPUTIB, TakK i MOX/INBAMU
MixgasHumm B3aemogaisamun. HaribinbLu BUpaxeHui no3nTuBHWYA e bekT BCTaHOBJIEHO AJ1s1 HITpuay
6opy: criocTepiraeTbcsi iCTOTHE NOAPIOHEHHS 3epHa, BUPIBHIOBAHHSI PO304isy 1eryBasibHuX
eJIEMEHTIB Yy Mikpoob’eMi Ta popmyBaHHSI BinibLL O4HOPIAHOI CTPYKTYypwW. Lle cyrnpoBoaXyeTbCS
04HOYaCHUM MiABULLEHHSM MEXIi MILUHOCTI Npu po3Tary 1a rnaacTu4YHOCTI, WO CBIAYNTL PO
epeKTUBHE NOEAHAHHSI MEXAHI3MIB 3MILIHEHHS] 6e3 KPUXKOIro pyriHyBaHHs. Ans riopuaHoi cuctemm
ZrO,+BN xapakTepHi MeHLL BUpaxeHi CTPYKTYPHI 3MiHV 3i 36epexeHHsIM AeHAPUTHOI mopgoorii
Ta YaCcTKOBOIO aryioMepaLiero 4acTUHOK, L0 0OMexXye epeKkTUBHICTb MoangikyBaHHS. BogHodyac
TaKka KoMno3uuiss AEMOHCTPYE KOMIMPOMIC MK MILHICTIO, NIaCTUYHICTIO Ta TEKYYICTIO, BaX/IMBO
U151 BUTOTOBJIEHHSI INTUX BUPOOIB. lonasaHHs Si,N, 3abearne4ye nigsuLeHHs MiLlHOCTI 38 PaxyHOK
noapibHeHHs1 3epHa Ta MOX/INBUX JIOKAJIbHUX MiX@asHux peakuii, ogHak CyrnpoBOAXYETbCS
BHUXXEHHSIM M/1aCTUYHOCTI BHAC/1iOK KOHLEHTPAaLii HarnpyXeHb Ta iIMOBIPHOMO YTBOPEHHS KPUXKUX
rPOAYKTIB B3aEMOAIi, TaKUX IK IHTEPEVICHI HITPUAHI Ta KpeMHIeBI pa3n. Y pesynbTati BCTaHOB/IEHO
3aKOHOMIPHOCTI pOpMyBaHHS CTPYKTYpu Ta Bnactusocten intnx MKM Ha ocHoBi AA5056 3a1exHOo
Big npmpoan apmyBasbHOI ¢pasdn. BoHn nonsraioTb y nepeBaxaHHi MiXK3epeHHOro 3MiLlHEHHS
Ta 3HWXEHHI Mikpocerperadii g4ns BN, cTpyKTypHIi HeoaHOPIAHOCTI 451 ribpuaHoi cnctemu 1a
MOXJINBUX MiXpasHux peakuiax ans Si,N,. OTpumaHi pesysbtati MOXyTb 6yTv BUKOPUCTaHI A5
onTumisauii cknagy | TexXHOJIoridHNX napameTpiB 3 METOK AOCSrHeHHs] HeobXiagHOro 6anaHcy Mix
MexaHIHHUMU Ta JINBAaPHUMM XapakTePUCTKaMmn marepiasis.

KmioyoBsi cnoBa: criias AA5056; metanomatpuydHi KOMo3nTu; NEPEMILLYBaHHS PO3raBy; HITPULA
6opy; Aiokcua UMPKOHIIO; HITPUA KPEMHID; MIKPOCTPRYKTYPAa, MEXaHI4Hi B1aCTUBOCTI; PiOKOM/INHHICTb;
MOPUCTICTb.
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