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ABSTRACT

This study presents a comprehensive analysis of phase formation in Al-Fe—Si aluminum alloys with
the addition of ten industrially significant alloying elements (Mg, Cu, Ni, Mn, Cr, Zn, Ti, Zr, V, Be),
performed using thermodynamic modeling via the Thermo-Calc software package. Phase
formation was investigated and compared in a commercial alloy (Al98—Fel-Sil) and an
intermetallic alloy (AlI60—Fe33-Si7) under both individual and synergistic alloying conditions. The
thermal characteristics (liquidus, solidus, and a- and B-transformations) and phase constituents
were analyzed across a broad temperature range (0-1200 °C). It was found that the alloying
elements exert diverse effects on phase stability and alloy structure, with intermetallic systems
exhibiting greater thermal stability. Particular attention was given to the formation of the matrix
phase and the influence of synergistic alloying on phase equilibria and the potential emergence of
new stable compounds. The results provide a basis for targeted alloy design, including the use of
secondary aluminum, to develop materials with tailored properties for transportation and
mechanical engineering applications.
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Introduction

In this regard, the exploration of alternative

The modern development of the metal products
industry requires the creation of new materials with
enhanced performance characteristics, cost-
effective production, and compatibility with
advanced manufacturing technologies. In the
context of increasing demand for lightweight,
durable, and wear-resistant materials—particularly
in the aerospace and automotive sectors—
aluminum alloys remain among the most promising
candidates due to their low density, excellent
corrosion resistance, high electrical conductivity,
and adequate mechanical properties [[1], [2], [3],
(4], [51].

Significant improvements in mechanical and
operational properties are often achieved through
additional processing techniques aimed at critical
grain refinement [[6], [7], [8], [9], [10]]. However, to
meet the desired performance levels, costly alloying
additions—primarily rare-earth elements—are still
commonly used, which significantly increases the
overall production cost [[11], [12], [13], [14], [15]].

alloying strategies aimed at improving the
performance of aluminum alloys without relying on
scarce and expensive elements is of particular
relevance. A promising approach involves studying
the ternary Al-Fe-Si system, incorporating alloying
elements frequently present as impurities in
aluminum alloys, which could potentially be used for
the targeted modification of phase composition
[[16], [17], [18], [19], [20]].

Special attention is drawn to the potential
formation of the intermetallic AlgFe,Si phase, which
possesses a highly symmetric crystal structure. This
opens new pathways for developing intermetallic
aluminum-based composite materials with a unique
combination of strength and ductility [[21], [22],
[23], [24], [25]].

Despite growing global scientific interest in Al-
Fe-Si alloys [[26], [27], [28], [29], [30]], data on the
influence of impurity and secondary alloying
elements on their structure and properties remain
limited. Particularly important is the comparative
investigation of phase formation in conventionally
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alloyed commercial aluminum
intermetallic-based materials.

This study provides a detailed investigation into
phase formation mechanisms under various alloying
conditions and analyzes the features of phase
evolution depending on composition and thermal
treatment regimes.

Accordingly, the present research is aimed at
establishing a scientific basis for the alloying of
aluminum intermetallic composites, enabling the
design of materials with tailored properties without
the use of costly alloying components. The results
obtained are of interest for the development of
high-reliability products intended for operation
under harsh conditions and may serve as a
foundation for designing new structural materials
for transport and mechanical engineering
applications.

Objective of the study: To compare phase
formation and identify its key features in a
commercial aluminum alloy and an intermetallic Al-
Fe—Si alloy through thermodynamic modeling of the
phase composition, using the most commonly
encountered alloying elements in aluminum
systems.

grades and

Experimental part

Thermodynamic modeling was carried out using
the Thermo-Calc software package (version 2024a)
with the TCS Al-based Alloys (TCALS8.2) database.
Main modeling stages:

1. Definition of alloy compositions. At this stage,
two types of alloys were studied: the commercial
alloy Algs—Fe;—Si;, alloyed both stepwise and
synergistically with 10 impurity elements (Mg, Cu,
Ni, Mn, Cr, Zn, Ti, Zr, V, Be, Sc). The concentrations
of alloying elements varied from 0.003 to 5.4 wt.%,
introduced at the expense of aluminum content. In
the case of synergistic alloying, the aluminum
concentration was 81.77 wt.%. For comparison,
alloying of the intermetallic alloy Al60—Fe33-Si7
with the same elements as in the commercial alloy
was also studied. As a result of synergistic alloying,
the aluminum concentration decreased to 43.77
wt.% (Table 1).

2. System creation in Thermo-Calc. The
modeling process was implemented using the
Graphical Mode (TCG) module. A system project was
created for the multiphase Al-Fe-Si—X system,
where the alloying elements and their mass
fractions were added. For individual alloying, one
alloying element was added to the base system at a
time; for synergistic alloying, all elements were
added simultaneously. For comparison, diagrams for

the base system without additives were also
constructed.

Table 1 - Alloying conditions

- . Synergistic alloying,
Individual alloying, wt% W%
Cu4.2
Mg4.2
Mn0.9
Cr0.21 Cu4.2 Mg4.2 Mn0.9
Zn5.4 Cr0.21 Zn5.4 Ni0.84
Ni0.84 Ti0.12 V0.09 Zr0.27
Ti0.12 Be0.003
V0.09
2r0.27
Be0.003

3. Setting modeling parameters. All calculations
were performed under the following conditions:
Calculation type: Equilibrium Calculation;
Temperature range: from 1200 °C to 0 °C;
Temperature step: 50 °C;

Pressure: 1 atm (standard).

4. Calculation and construction of polythermal
sections. After running Thermo-Calc, the equilibrium
phase composition at each temperature step was
calculated. Polythermal sections were built using the
Plot Renderer module. The X-axis represents the
volume fraction of the phase, and the Y-axis
represents temperature (°C). The graph displays
curves of the forming phases with a legend.

5. Interpretation of the obtained diagrams.
Phases were identified, and phase transformation
temperatures were evaluated. At temperatures
above the liquidus, the system is completely liquid.
Cooling leads to the sequential precipitation of
phases: for the commercial alloy, FCC_A1 is the first
to form, followed by 6 and others; for the
intermetallic alloy, the primary phase is 8 or
Al;CusNi, followed by AlFeSi, Laves, and others.

The final phase composition at room
temperature  determines the  performance
properties.

6. Hardness testing of the alloyed intermetallic
alloys was carried out using a Wilson VH1150 Vickers
hardness tester. The chemical composition of the
investigated alloys was determined using an
Olympus Vanta Element S X-ray fluorescence (XRF)
analyzer.

Results and Discussion

The obtained results on the influence of
alloying/impurity elements on the phase
composition and, consequently, on the resulting
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properties indicate that the characteristics of phase
transformations are highly sensitive to the
aluminum content in the alloy.

When transitioning to an intermetallic state, the

activity of individual elements and the
thermodynamic conditions for phase formation
change. Not all elements present in industrial alloys
are capable of dissolving in the base phase
constituents. The introduced elements form
compounds with one (or several) of the base alloy
components, thereby shifting the phase equilibrium
and promoting the binding or, conversely, the
precipitation of other elements.
The effect of individual alloying on the phase
transformation temperatures of aluminum alloys is
presented in Table 2, which shows the calculated
temperatures of the liquidus (T;), solidus (Tg), and
the start (T,) and end (T,,4) of a- and B-phase
transformations for both commercial (com)
aluminum alloys and intermetallic (int) systems
modified by the addition of various alloying
elements (Cu, Mg, Mn, Cr, Ni, Zn, Ti, V, Zr, Be). The
temperatures are given in degrees Celsius (°C).

Analysis of the data makes it possible to trace
both the general effect of alloying on the
thermodynamic behavior of the system and the
specific influence of individual elements.

In commercial alloys (T{°™), a predominant
decrease in the liquidus temperature is observed
compared to the base alloy without alloying
(650 °C). The most significant reductions are noted
with the addition of Mg (630 °C), Zn (641 °C), and Mn
(630 °C), indicating their strong ability to lower the
melting onset temperature. Conversely, Be
increases T{°™ to 740 °C—the highest value among
all elements—which may be attributed to the
formation of high-melting-point compounds
between Be and aluminum.

T$™ also decreases with the addition of most
elements. The most pronounced decrease in solidus
temperature is observed with Mg (546 °C) and Zn
(596 °C), indicating a widening of the solidification
interval and a potential deterioration in casting
properties. Higher T$®™ values are found with Cr
(626 °C) and Ni (615 °C).

For intermetallic alloys (T{*), the liquidus
temperature remains virtually unchanged (1070 °C)
with most alloying elements, except for Zn, where it
increases to 1100 °C, suggesting the formation of
stable intermetallic compounds with higher melting
points. In intermetallic systems (Ti™), the range of
values is broader — from 399 °C with Zn to 680 °C
with Cr. Thus, intermetallic systems alloyed with Cr
exhibit the most thermally stable solid state, while
Zn drastically reduces the end temperature of

solidification, which may indicate the presence of
low-temperature eutectics.

Given the particular interest in the a-phase in
the intermetallic alloy, the effect of alloying on its
formation and transformation into the low-
temperature B-phase was also analyzed.

The onset temperature of a-phase formation in
commercial alloys (T5™a) varies within the range of
600-629 °C. A significant reduction is observed with
Mg (600 °C), reflecting its impact on lowering the
thermal stability of the a-phase. The addition of Mn,
Cr, and Ni suppresses a-phase formation in this
temperature region. T&a in intermetallic alloys
demonstrates higher values — from 650 °C (Zn) to
769 °C (baseline and some alloying compositions).
This indicates the thermal stability of the a-phase in
the intermetallic matrix and the weak influence of
most alloying elements, except Zn and Mg, which
noticeably lower the a-transformation onset
temperature.

The a-phase transformation end temperature
(T¢o% @) ranges from 572 °C (with Mg) to 629 °C
(without alloying), indicating a narrowing of the a-
phase stability interval with alloying. Meanwhile, in
intermetallic alloys, the lower boundary of a-phase
stability remains almost unchanged for all additions
— around 446-450 °C, except for Zn (462 °C). This
may suggest the thermodynamic stability of the a-
phase in intermetallic systems regardless of
composition.

The onset temperature of B-phase
transformation in commercial alloys (T$¢™B) shows
a broader variation — from 550 °C (Ni) to 612 °C
(unalloyed), reflecting the differing thermodynamic
activity of alloying elements, with Ni significantly
reducing B-phase stability. TZ#B remains nearly
identical across all systems, at 446462 °C,
indicating low sensitivity of this phase to the type of
alloying in intermetallic compositions.

Thus, individual alloying reveals that the
addition of alloying elements exerts diverse effects
on phase transformation temperatures. Mg and Zn
exhibit the strongest lowering effect on liquidus and
solidus temperatures, while Be and Cr contribute to
their increase. Intermetallic systems overall
demonstrate greater phase stability compared to
commercial alloys, particularly with respect to the a-
and B-phases. Zn emerges as the most sensitive
element affecting the thermal characteristics of
both the liquidus/solidus and the phase
transformations, especially in intermetallic
compounds. Certain elements (e.g., Ni and Mg) can
significantly narrow the phase stability temperature
intervals, which must be taken into account in the
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design of heat-resistant and castable aluminum
alloys.

Multicomponent  system  modeling was
subsequently performed to assess the mutual
influence of the considered elements. Although the
simultaneous presence of all alloying elements in an
alloy is unlikely, the investigation of such a system is
crucial for a deeper understanding of the synergistic
alloying effect, particularly in identifying the
potential formation of new phases resulting from
interactions among impurity/alloying elements
within an aluminum or intermetallic matrix.

At the same time, similar individual alloying
effects in commercial and intermetallic alloys result
in different base phases under synergistic alloying
conditions. In the commercial alloy, the matrix is
primarily a solid solution of aluminum, whereas in
the intermetallic alloy, the B-phase serves as the
main matrix.

Analysis of polythermal sections enables
conclusions to be drawn about the nature of phase
transformations, crystallization features, phase
composition and stability from the liquid state down
to 0°C, as well as predictions of the service
properties of the resulting materials.

Figure 1 presents the polythermal sections for
two alloys with different base element
compositions: the commercial alloy Alsg—Fe;=Sii and
the intermetallic alloy Alg—Fess—Si;, each
synergistically alloyed with ten of the most common
impurity elements. The X-axis shows the volume
fraction of all phases, while the Y-axis represents
temperature (°C). Each colored curve corresponds to
the phase fraction of one of the stable or metastable
phases in the system, depending on the
temperature. This allows for tracing the sequence of
phase transformations upon cooling and quantifying
the phase distribution.

The polythermal sections demonstrate
fundamental differences in phase formation
mechanisms  depending on the chemical

composition: from matrix a-Al systems to structures
saturated with intermetallic phases.

For the Algg—n—Fe;—Sii—nX; alloy, the initial
melting point (liquidus) is ~660 °C—above which
only the liquid phase exists. Upon temperature
reduction, the first phase to crystallize is FCC_A1, a
solid solution of alloying elements in aluminum with
an FCC lattice. The volume fraction of solid
aluminum remains in the range of =70-80% upon
further cooling down to room temperature. Thus,
the aluminum matrix is retained as the primary
phase, while intermetallics play a secondary role.

Below ~600°C, a wide range of secondary
phases emerges. The alloy exhibits the presence of

AlisFes (8), ALisSizM4 (where M = Mn, Cr, Ti),
ALsFe;Siy, and ALisMgsTiz, primarily forming below
600 °C. Additionally, phases such as AL;CusNi,
AL,Cu_C16, ALZr_D023, FEB_B27 (ZrSi), T_PHASE
(Al;MgsZns), S_PHASE (Al,CuMg), and Laves phases
(C14_LAVES) are detected, indicating complex
alloying, enrichment of the structure with various
intermetallic inclusions, and complex multiphase
eutectic crystallization. These phases form in small
volume fractions and within narrow temperature
intervals.

Of particular note is the formation of a cubic aC
phase involving manganese and chromium atoms—
an effect not observed in alloys individually alloyed
with Mn or Cr. Overall, the phase structure indicates
heterogeneity, but the high volume fraction of
ductile aluminum matrix is preserved. This ensures
good workability and impact toughness, although
local strengthening and embrittlement may occur in
areas with concentrated intermetallics.

For the Algo-ni—Fe33—Si7—nX; alloy, an intermetallic
composition is considered, characterized by a
significantly lower aluminum content (60 wt.%) and
elevated Fe and Si content. The liquidus
temperature of the intermetallic alloy s
substantially higher, reaching ~1100 °C,
corresponding to the presence of a large fraction of
high-melting phases.

The first crystallizing phase is ALisFes (a binary
intermetallic compound), which constitutes a major
part of the solid phase between 1000 and 700 °C. In
contrast to the commercial alloy, the FCC phase is
virtually absent, indicating replacement of the
aluminum matrix with rigid intermetallic formations.

At ~400-800 °C, the dominant phases are
Al;CusNi, FeSi_B20, BCC_B2, the B-phase, and a
family of AlFeSi_T phases (13, 17, Ts, To). These phases
result from Fe-Si interactions within the aluminum
matrix and play a key role in forming the
intermetallic framework. The presence of FeSi_B20
further confirms the Fe-rich nature of the structure.
The B-phase occupies up to 70% of the volume in the
400-700 °C range, indicating high material hardness
and brittleness.

Below 400 °C, numerous minor-volume phases
appear, including Laves phases (C14, C15, C36),
ALisFess, ALsMngSi;, and other complex structures.
Of note is the presence of rigid Laves-type
intermetallics, pointing to stabilizing elements
within the structure. The AlisFess, phase differs
from the B6-phase by a higher content of dissolved
elements, including silicon, and partial substitution
of Fe atoms.
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Table 2 - Effect of alloying on phase transformation temperatures

Volume fraction of all phases
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Figure 1 - Polythermal cutting of aluminum alloys with synergistic alloying
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This system is dominated by intermetallic
compounds across the entire temperature range,
with almost complete absence of a-Al (FCC) and a
wide stability range of the B8-phase. This indicates
high stiffness and thermal stability but low plasticity.
Such a structure is suitable for heat-resistant and
wear-resistant materials but not for wrought
(deformable) alloys.

When all investigated alloying elements are
simultaneously introduced into the intermetallic
alloy, the aluminum concentration decreases to
43.77 at.%, which is significantly lower than that in
the commercial alloy (81.77 at.%). This reduction in
the aluminum base has a critical impact on the phase
composition: in none of the systems is the formation
of the a-phase observed.

Moreover, in the intermetallic alloy, even the
cubic a-modifications stabilized by Cr and Mn
additions are absent. No formation of the low-
temperature B-phase is observed either. In the
commercial alloy, the B-phase originates from the
cubic a-phase as a product of phase transformation,
but the transition temperature is anomalously low—
around 200 °C—confirming its metastable nature.
The total volume fraction of all secondary phases is
approximately 25%.

Upon the addition of magnesium under complex
alloying conditions, the formation of Laves-type
intermetallic phases is observed. In the commercial
alloy, the hexagonal phase MgZn, appears. In the
intermetallic system, two different modifications are
formed: cubic MgCu, and hexagonal MgNi,,
indicating magnesium’s active participation in the
formation of highly stable structures.

Despite the overall reduction in aluminum
content, no significant increase in mutual interaction
between the alloying elements is observed in the
intermetallic alloy. In the commercial variant, nearly
all compounds form with aluminum, with the
exception of Laves phases. In contrast, the
intermetallic alloy shows a tendency toward the
formation of intermetallics between the alloying
elements and iron.

In the commercial alloy, the synergistic effect is
particularly evident in the formation of ternary
intermetallic compounds involving impurity atoms.
Notable phases include Al,MgsZns;, Al,CuMg, and
AligMgs(Cr, Mn, Ti),, reflecting complex interactions
between the base and alloying components.

Under conditions of limited aluminum
availability in the intermetallic system, new phases
form, such as Al;Cu4Ni, along with compounds based
on the Al-Fe-Si system. This indicates a shift in
chemical equilibrium toward more complex

intermetallic compounds involving copper, iron, and
nickel.

It is important to emphasize the high chemical
reactivity of Cu, Mg, and Ni, which promotes the
formation of stable binary and ternary phases.
However, it is the available aluminum content that
ultimately determines the final phase composition
and the direction of interactions. The total fraction
of all phases, excluding the main matrix composed
of 8 and 8’-modifications, reaches 30%.

In  the intermetallic alloy, the earliest
crystallizing phase is Al;,CusNi, followed by the
formation of the 6-phase upon undercooling by
approximately 40 °C. In the temperature range of
500-600 °C, the B-phase content exceeds 70%. At
around 510 °C, coexistence of the B8-phase with
impurities in the structure is observed, indicating the
formation of its substitutional modifications. As a
result, at room temperature, the material consists
predominantly (=70%) of the 8-phase with a variable
elemental composition. The solidus temperature is
485 °C for the commercial alloy and 533 °C for the
intermetallic alloy.

Interestingly, many elements that typically tend
to form silicides lose the ability to independently
form such phases under complex alloying conditions
and remain in dissolved form. Exceptions include:
Cr-silicide (observed only in the intermetallic
system), as well as silicides of Mg and Zr. Beryllium
appears as a separate phase, along with copper
intermetallics and a Fe—Zn compound.

Key differences between the commercial and
intermetallic alloys based on analysis of polythermal
sections:

The commercial alloy retains the FCC_A1l-type
aluminum matrix, ensuring high ductility and good
processability. Intermetallic phases are secondary
and do not dominate the overall structure.

In the intermetallic alloy, a-Al is absent, and the
matrix is formed by AL;sFes and ALFeSi (1)
intermetallics, which crystallize directly from the
melt. This imparts increased hardness and heat
resistance, but reduces formability.

The commercial alloy exhibits a more complex
phase structure with numerous local phases,
including compounds of Cu, V, Zr, and other
elements, while the intermetallic alloy's structure is
simplified, focused on forming a highly stable
framework.

The onset temperature of crystallization for the
intermetallic alloy (~850 °C) is significantly higher
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than that of the commercial alloy (~650 °C),
indicating direct formation of the intermetallic 6-
phase from the melt.

The presence of Laves phases in the
intermetallic system enhances resistance to thermal
and chemical exposure, but also increases
brittleness.

The practical significance of the obtained results
lies in their potential to predict the performance
characteristics of real-world alloys. Moreover, the
findings of this study may serve as a fundamental
basis for selecting alloying strategies in the design of
new aluminum-based alloys, including intermetallic
systems, particularly in the context of synergistic
alloying.

The temperature-dependent phase formation
behavior under the influence of alloying elements
enables control over the thermal stability of alloy
properties and facilitates the development of
optimized heat treatment regimes aimed at
achieving target microstructures and performance
characteristics.

To validate the obtained results, hardness tests
were conducted on both commercial and alloyed
intermetallic aluminum systems. For instance, in the
intermetallic alloy with the nominal composition
AlFes3.59Sis.18Mn1.574Nig.19 (Wt.%), the microhardness
of the intermetallic phases reached 756 HV1. In
contrast, the alloy with the composition
AlFez9.5Si372Mng.1sNioo2CUoo2  (Wt.%) exhibited a
significantly lower microhardness of 450 HV1 for its
intermetallic phases.

This difference in microhardness is primarily
attributed to the presence of manganese, which
promotes the coagulation of intermetallic phases
and is capable of dissolving into the binary
intermetallic 6-phase through partial substitution of
iron atoms, thereby stabilizing the 8,-phase.

Meanwhile, in the commercial alloy, the
microstructure is dominated by a FCC aluminum
solid solution with a typical microhardness in the
range of 130-135 HV1.

Conclusions

Using thermodynamic modeling methods, phase
diagrams were obtained for aluminum alloys
containing 1 wt.% Fe and 1 wt.% Si, as well as for the
intermetallic Al-Fe-Si system alloyed with 10
industrially significant elements. The influence
trends of each alloying addition on thermal
characteristics and phase formation mechanisms
were established.

It was found that increasing the volume fraction
of the a-phase is not achievable through the
addition of any of the investigated elements,
regardless of their nature or concentration. The
primary effect of alloying additions is manifested
through the shift of phase transformation
temperatures and the formation of alternative
stable phases.

It was demonstrated that copper, nickel, and
magnesium tend to form stable binary and ternary
compounds. Their combined addition leads to the
formation of Laves-type phases. In the intermetallic
alloy, an increase in the amount of 6-phase was
observed in each case, including modifications of its
stoichiometry due to partial dissolution of
impurities.

The obtained data enable targeted alloying
strategies aimed at optimizing alloy properties,
including the use of secondary (recycled) aluminum.
These results hold practical value for the
development of new composite materials and for
interpreting the microstructure of industrial
aluminum alloys.
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TYAIHAEME

ymbicta Thermo-Calc 6afgapnamanbik  NakeTiH KoONAaHy apKblabl TePMOAWHAMMKANbIK
MoZeNibZley apKblbl  Ky3ere acblpbliaTblH, OH ©HEepPKacinTiK MaHbI3bl 6ap neripneywi
anemeHTTepAiH, (Mg, Cu, Ni, Mn, Cr, Zn, Ti, Zr, V, Be) KocbinfaH Al—-Fe—Si sKyieciHiH, antomuHui
KopbiTnanapbiHaafbl dasanapaplH, Ty3inyiHiH, KaH-KaKTbl Tangaybl 6epinreH. Xeke XaHe
CUHEPTUANBIK NerMpAeHreH KOMMepLMAAbIK KopbiTnaaafbl (AI98—Fel-Sil) kaHe MHTepMeTanabiK
KopbiTnagasbl (Al60—Fe33-Si7) dasaHbiH Ty3inyi 3epTTenin, canbicTbipblnagpl. KopbitnanapablH,
TemnepaTtypanbik cMnaTTamanapbiH (CyMbIKTBIK, convayc, - KoHe
B-Typneraipynep) xkaHe dpasanblk Kypamaactapapl CanbiCTbipy KEH TEMNEPATYPaNbIK AUana3oHaa
(0-1200°C) yprisineai. Neripneywi anemeHTTep KopbiTnanapabiH, ¢asanbik TyPaKTblablfbiHA
JKOHE KypblibiMblHa Ken 6afbITTbl acep eTeTiHi aHbIKTanAbl, UHTEPMETANAbIK, Kyhenep Kofapbl
TEPMUANBIK  TYPAKTbINbIKTbI  KepceTeai. Herisri  ¢asaHblH,  Ty3inyiHe, COHbIMEH KaTap
CUHepreTUKanblk nernpneyaiH dasanbik Tene-TeHAikke acepi MeH KaHa TypaKTbl KOCbINbICTapablH,
Ty3iny MYMKiHAiriHE epeKLue Kerin 6eniHeai. ANbiHFaH HITUMXKENEP KOAIKTIK KaHE MaLUMHA »Kacay
yWwiH 6enrineHreH Kacuettepi 6ap MmaTepuangapdpl Kacay YWiH KalTanama antomMuHUAAI
KONAQHYZbl KOCa anfaH4a, afloMUMHWIA KOPbITMAnapbiHbIH, feripneHyiH MakcatTbl 6akpliayfa
MYMKIHAiK 6epeai.

TyiiiH ce30ep: Al-Fe-Si, ThermoCalc 6afaapnamanbik KamTamachi3 eTy, MHTEpMeTanabik dasanap,
daszanblK Tene-TeHAiK, CUHEPrUAbIK Nervpney.
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AHHOTALMUA

B paboTe npeacTaBneH KOMMAEKCHbIM aHanu3 ¢a3o006pa3oBaHMs B aNlOMUMHMEBBLIX Craasax
cuctembl Al-Fe-Si ¢ fobaBneHnem AecATU MPOMbILLIEHHO 3HAYMMbIX JIETUPYIOWNX 31EMEHTOB
(Mg, Cu, Ni, Mn, Cr, Zn, Ti, Zr, V, Be), npoBeAEHHbI1 METOAOM TEepPMOAUHAMMUYECKOrO
MOZE/IMPOBaHNA C UCNOAb30BaHWEM NpPorpammHoro Komnnekca Thermo-Calc. UccnegoBaHo u
conoctasneHo  ¢asoobpasoBaHne B Kommepdeckom cnnase  (Al98-Fel-Sil) wu B
UHTEpMeTanangHom cnnase (Al60-Fe33-Si7) npu WHAMBMAYaNbHOM W CUHEPreTUYECKOM
nervposaHuu. MposeseHo cpaBHeHME TemnepaTypHbIX XapaKTePUCTUK (NMKBUAYCa, connayca, o-
1 B-npeBpalLeHnit) 1 $GasoBbIX COCTABAAIOLWMX CMIABOB B LUIMPOKOM TEMNEPATYPHOM AManasoHe
(0-1200 °C). YcTaHOB/MEHO, YTO J/IErMpylOLME 3/IEMEHTbl OKasblBalOT Pa3HOHanpaBAEHHOe
BAUAHWE Ha a3oByl0 CTabUNBHOCTb WM CTPYKTYpY CMNAaBOB, MPUYEM UHTEPMETaNIMYecKue
cUcTeMbl AeMOHCTpUpYIOT 6onee BbICOKYH TepmocTabunbHocTb. Ocoboe BHUMaHWe yaeneHo
dopmunpoBaHmMio dpasbl OCHOBbBI, @ TaKKe BAUAHUIO CUHEPreTUYecKoro nerpoBaHmsa Ha ¢pasosoe
paBHOBECME W BO3MOMHOCTb OOpPa3oBaHWA HOBbIX YCTOWYMBBLIX COeAMHEHWW. [lonyyeHHble
pe3ynbTaThl MO3BONAIOT Lie/eHanpasneHHOo yNpasaaTb 1erMpoBaHMeM aNtoMUHUEBbIX CMIABOB, B
TOM YMUCE C UCNOIb30BaHWEM BTOPUYHOIO allOMUHWA, O1A CO34aHUA MaTePUanos C 3a4aHHbIMU
CBOWCTBaMM ANA TPAHCMOPTHONO M MAaLLUMHOCTPOUTENIbHOTO NPUMEHEHUS.

Knroueasbie cnosa: Al-Fe-Si, nporpammHoe obecnedyerune ThermoCalc, uHTepmeTannuaHole dassl,
ba3oBoe paBHOBECKE, CUHEPreTUYECKOE IeTMpoBaHue.
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