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Influence of microstructure parameters of [Al - FeCr] cast
composite material, obtained in the “volume” of foundry
mold using lost-foam casting process, on its mechanical
characteristics

The authors conducted an in-depth analysis of domestic and foreign literary data, as well as formulated and set the goal
of this scientific work. The inoculation of cast Al-based alloy of the AK12 DSTU 2839:1994 with dispersed intermetallic
FeCrin the “volume” of the casting mold (CM) during casting by using of Lost-foam casting (LFC-process) allowed to get
samples of zero-dimensional cast composite material (CCM) of the system [Al — FeCr]. Metallographic analysis (MGA)
showed that the parameters of the microstructure, such as the specific number of c-phase inclusions and its dispersion,
can vary not only along the height of the cast samples, but are also dependent on each other. Mechanical tests of the
obtained material showed that not only the height of the composite casting, but also the parameters of its microstructure
affect the temporary resistance to rupture, relative elongation and hardness on the Brinell scale. The application of MGA
and mechanical tests for the zero-dimensional CCM of the system [Al — FeCr] and, accordingly, for the control casting
showed experimentally what a decrease in the average dispersion of c-phase inclusions from 26.6 um to 57.1 um leads
to the fact that the temporary resistance to rupture and the relative elongation of the investigated composite decrease
from 135 MPa and 2.5 % to 60 MPa and 0.5 %, respectively. At the same time, the increase in the hardness of samples
of the zero-dimensional CCM system [Al — FeCr] from 6.923x10"" GPa to 7.885%10"" GPa on the Brinell scale is a conse-
quence of the fact that the average dispersion of c-phase inclusions in the structure of the studied composite decreases
from 26.6 um to 57.1 um. The results of the conducted research also made it possible to find out that the increase in the
specific number of c-phase inclusions from 63 mm2 to 263 mm is the reason for the increase in the temporary resist-
ance to rupture and the relative elongation of the zero-dimensional CCM of the system [Al — FeCr] from 60 MPa and
0.5 % up to 135 MPa and 2.5 %, respectively. However, the hardness of the composite casting, which was determined
according to the Brinell scale, and under the condition that the specific number of c-phase inclusions in the structure of
the zero-dimensional CCM of the system [Al - FeCr] is in the range given above, as a result decreases from 7.885%10°'
GPa to 6.923%x10" GPa.

Keywords: Al-matrix, FeCr, c-phase, reinforcement, dispersed-filled gasmodel, intermetallic reinforcing phase,
composite casting, composite strengthening, lost-foam casting (LFC-process), cast composite material of [Al —
FeCr] system, metallographic analysis, mechanical trials, mechanical properties, microstructure.
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ntroduction. The needs of modern industrial produc-

tion and the rapid dynamics of scientific and techni-

cal progress present the main prospects for the use

of composite materials (CM). Information on the use
of dispersion-reinforced alumino-matrix CM in domes-
tic and foreign developments, analysis of scientific and
technical and patent literature show that to date, certain
experience has been accumulated in the use of the CM
system “Al-alloys — refractory, heat-resistant, hard parts”
in tribotechnics. The development of alumino-matrix CM
is the very important for aviation and rocket engineering
(skinning, spars, panels, etc.). In space technology, these
materials are used for components of power structures
that heat up during operation. In the automotive industry,
it is used to lighten bodies, frames, bumpers, etc. In civil
construction, these are spans of bridges, elements of
prefabricated structures of high-rise buildings, etc. The
filler in the form of reinforcing elements in the bars of CM
volume is distributed uniformly or uniformly with a given
gradient in the entire cross-section of the Me-matrix. A
wide variety of components are chosen as the reinforc-
ing phase (RP): molybdenum, vanadium, aluminum ox-
ide, graphite, borides, carbides, nitrides, carbonitrides,
and the like. Wide prospects open up for non-metallic
oxygen-free refractory compounds such as carbides and
nitrides of boron and silicon, as well as solid refractory
oxides of aluminum, zirconium and other metals; sitals,
intermetallics, various chemical compounds and ceram-
ics [1]. The RP can be presented in the form of sheets or
fibers, in which case the CM is anisotropic (two- or one-
dimensional, respectively), or in the form of dispersed
particles, in which case it is isotropic (zero-dimensional).
Highly dispersed particles of the other component are
uniformly distributed in the Al-matrix, as a result of which
an isotropic structure is formed, which effectively resists
plastic deformation.

The cast aluminum alloys (Al-alloys) have become
widespread in almost all branches of the national econ-
omy, and in aviation and rocketry these alloys play an
extremely important role [2]. This was already mentioned
earlier. This became possible at a successful combina-
tion of high specific strength with good technological and
casting properties [3]. However, the low hardness and
wear resistance of Al-alloys limit their use in engineering
for the production of parts that work in friction nodes and
abrasive wear conditions [2-4].

Analysis of literary data and the purpose of the
work. To date, a number of technological methods and
techniques for improving Al-alloys are known [2-26], in
particular foundry ones [2-4, 6, 8-22, 24, 26], among
which their reinforcement (composite strengthening) oc-
cupies a central place [2, 4, 6, 8, 10, 12, 14-22, 24, 26].
The CCM, obtained on the basis of these alloys, have
an optimal microstructure, as well as high hardness and
wear resistance [2, 4, 6, 8, 10, 12, 14-22, 24]. However,
the dependence of the mechanical characteristics of
CCM, in particular zero-dimensional, which were ob-
tained in the “volume” of the CM according to the LFC-
process, on the parameters of its microstructure, has
not been studied to a sufficient extent. The service and
operational properties of zero-dimensional CCM system

[Al — RP] (reinforcing phase — RP) directly depend on
this, which will be discussed further.

However, traditional casting methods do not provide
composite castings with high dimensional accuracy and
minimal allowances for mechanical processing [4, 15,
17]. The most promising method for the production of Al-
matrix zero-dimensional CCM’s is the LFC-process [6],
since its main feature is the use of a gasifiable model
(GM), that is, a model that is not removed before filling
the CM with liquid metal, defines the main advantages
of this technological process in comparison with other
methods of casting. In addition, GM can be obtained in
the volume of the press-form (i. e. mold) (PF) from pre-
foamed granular modeling material. These circumstanc-
es made it possible to introduce dispersed additives into
the composition of GM, and thus to solve a two-fold task —
to carry out reinforcing inoculation of the matrix melt [8,
10, 12] in the “volume” of the CM and to carry out the
disposal of dust-like waste from the ferroalloy industry.
Implantation of the RP in the “body” of the GM in practice
is reduced to cold plating of the surface of the foamed
granules of the model material with dispersed ferroalloys
before they are blown or filled into the volume of the PF
[27].

In most cases, expanded polystyrene is used for the
manufacture of GM by the autoclave method. It is ob-
tained by two-stage foaming of polystyrene. The physi-
co-chemistry and technology of the process of industrial
production of polystyrene is described in detail by the
author in the paper [28].

The distribution of dispersed inclusions in the Me-ma-
trix does not change even with a significant increase in
temperature, since these inclusions, being separated by
the matrix itself; almost do not agglomerate due to diffu-
sion processes. In CM with a Me-matrix, the advantages
of structural materials on a metallic basis are combined
with the advantages of filler, most often a high-modulus
ceramic or intermetallic one. At the moment, dispersion-
strengthened CM are used in industry based on almost
all alloys of ferrous and non-ferrous metals widely used
in technology. An optimal Me-matrix makes it possible
to implement high characteristics of the original compo-
nents and to form a CM that corresponds to the specific
conditions of its operation. When choosing a Me-matrix,
it is necessary to take into account both the mechanical
and operational properties of CM, as well as the manu-
facturability of the production process of such a material.
In practice, the requirements for CM are reduced not on-
ly to ensuring the necessary mechanical properties, but
also its operational characteristics and reliability, which
is associated with high fracture toughness, should also
be remembered.

Based on these considerations, the goal of this sci-
entific-research work was formulated and set. It consist-
ed of obtaining samples of the zero-dimensional CCM
of the [Al — RP] system, investigating its microstructure
and mechanical properties, and also finding out how and
to what extent do the mechanical characteristics of the
studied CCM depend on the average dispersion and the
specific amount of RP inclusions in the structure of the
composite casting.
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Table 1
Chemical composition [% (mass fraction)] of the control alloy
Alloying elements (Al — base)
Alloy type
Si Mg Cu Mn Ni Ti Fe Cr
AK12 DSTU 2839:1994 11.002 0.028 1.105 0.370 0.025 0.055 0.500 0.015
DSTU 2839:1994 is the State Standard of Ukraine 2839:1994
Since silumin of the eutectic composition of the AK12 im,-d,-

type has high casting and technological characteris- (d) =L ) (1)
tics [3], samples of the zero-dimensional CCM system 2m

[Al — RP] were obtained on the basis of this commercial-
ly available alloy with dimentionals, mm: length — 100,
width — 10, height — 300. As the RP of the experimental
composite, in this scientific work, a dispersed interme-
tallic FeCr, better known in the alloys of the binary sys-
tem “Iron — Chromium” as the o-phase, was used in the
amount of 10 % of the mass of the control casting. Thus,
in this scientific work, according to the classification [15],
we are talking about the zero-dimensional CCM of the
[Al — FeCr] system, hereinafter referred to as the CCM of
the [Al — FeCr] system.

Research methodology. In order to obtain sam-
ples of the CCM of the [Al — FeCr] system, which were
mentioned earlier, a cast Al-alloy of the AK12 type was
prepared. The test material, the chemical composition of
which (Table 1) is given below, was melted in a crucible
furnace of the “CAT-025-M12” model. The temperature of
the matrix melt is, K: at the outlet from the melting unit
—1053; during mold filling — 1023. Supply of liquid metal
into the “volume” of the CM was carried out from above
into the side wall of the CM to obtain casting. The supply
of liquid metal into the “volume” of the CM was carried
out from top side.

Dispersed intermetallic FeCr was obtained from cast
samples of a high-chromium Fe-based alloy. For this,
the bar material was pre-annealed in a laboratory muffle
furnace of model “CHO-2,5.5.2,5/13,6 11" for the forma-
tion and separation of the o-phase from a solid solution
of Cr in Fe and crushed by laboratory crusher of model
“BibpoTexHik WO-10 6411-00013” and sieved through
sieves. Characteristics of RP: annealing temperature —
1073 K, isothermal exposure time — 3600 s, dispersion —
20 ... 100 um, the shape of the particles is scaly, the une-
venness factoris 2 ... 5. The chemical composition of RP
(Table 2) of the composite casting is presented below.

It was possible to obtain a powder of the specified
dispersion by to sieve analysis. For this, a set of labo-
ratory sieves made of braided wire fabric, regulated by
DSTU EN 233-2:201_ (EN 233-2:1995, IDT), was used.
The average dispersion of c-phase particles was deter-
mined by the formula [29]:

where m. — the mass of the i-th fraction of the powdered
c-phase, kg; d - the arithmetic average of the dispersion
of the o-phase particles in the i-th fraction, x10-° m.

Depending on the size of the particles (dispersity), the
FeCr intermetallic powder, in our case, is, conditionally,
a mixture of powders of 2 incomplete groups [29]. Such
groups are fine powder (10 ... 40 ym) and medium-sized
powder (40 ... 250 ym).

The study of the influence of the height of composite
castings on mechanical characteristics was carried out
according to the original method developed by special-
ists of the Physico-technological Institute of Metals and
Alloys of the NAS of Ukraine [10, 22]. For this, the cast
bars (Table 3) were pre-marked and cut into templates.
From the templates, grindstones for MGA at dimension-
als — 25x10x50 mm and samples for mechanical tests
at dimensionals — 75x10x50 mm were made. The MGA
of the [Al — FeCr] CCM samples and their mechanical
tests were carried out according to standard methods
corresponding to [30, 31]. The method of determining
the microstructure parameters of composite castings is
also regulated by GOST 1778-70. Methodology for de-
termining temporary resistance to rupture and relative
elongation and hardness is corresponds of GOST 1497-
84, 9012-59, 25.503-97. The microstructure of the metal-
lographic sections was etched using a water solution of
a mixture of mineral (inorganic) acids with the following
chemical composition according to [29], % (mass frac-
tion): HF (hydrofluoric acid) — 1.0; HCI (hydrochloric acid)
—1.5; HNO, (nitric acid) — 2.5; H,O (distilled water) — 95.0.

Discussion of the results of the experiment. It has
been experimentally determined that the effectiveness of
the composite strengthening of cast Al-alloys with dis-
persed intermetallic FeCr (in particular for the AK12 type)
is primarily determined by the microstructure of the CCM
system [Al — FeCr], which can be obtained on the basis
of these alloys (this alloy). The criteria for evaluation or
main parameters of the microstructure of a composite
casting are, first of all, the average dispersion and the
specific number of inclusions of intermetallic RP. First of

Table 2
Chemical composition [% (mass fraction)] of the reinforcing phase before reinforcement
Alloying elements and impurities (Fe — base)
Material
Al Cu Mn Ni Ti Cr Mo w
Intermetallic FeCr 0.363 0.147 1.105 0.359 0.297 39.951 0.447 0.930
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Table 3
Microstructure of the CCM system [Al — FeCr] and its mechanical properties
Index Microstructure parameters Index Mechanical characteristics
template D, pm n, mm? template c,, MPa 85 % HB, x10-' GPa
1-b 27.5 195 1-A 120 2.0 7.110
2-b 26.6 263 2-A 135 2.5 6.923
3-b 35.5 184 3-A 110 1.7 7.277
4-b 50.9 074 4-A 075 1.0 7.679
5-b 57.1 063 5-A 060 0.5 7.885
6-b 45.4 068 6-A 090 1.3 7.522
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all, the physico-mechanical [10, 14, 22] and special, in
particular, tribotechnical [12, 14, 18] properties of the ob-
tained composite depend on these indicators. This was
already mentioned earlier.

The above conclusions were reached on the basis
of analysis after determining the mechanical characteris-
tics [10, 14, 22] and parameters of the microstructure [2,
8, 16, 18, 20, 22, 24] of the CCM samples of the [Al —
FCr] system, which were carried out in height for com-
posite castings. In order to refute or confirm the hypoth-
esis put forward for discussion, it is necessary to conduct
a series of additional studies. This will make it possible to
find out how and to what extent the average dispersion,
the specific number of inclusions of intermetallic RP af-
fect the temporary resistance to rupture of the material
and the relative elongation and hardness of the CCM of
the [Al — FeCr] system. In the future, in order to predict
the dependence of the mechanical characteristics of the
obtained material on the parameters of its microstruc-
ture, it is advisable to derive empirical equations through
mathematical processing of experimental data, which
will allow to analytically describing the functional relation-
ship of independent factors with certain qualitative and
quantitative indicators.

The results of the experimental data (Table 3) showed
that the average dispersion and the specific number of
inclusions of intermetallic RP not only change along the
height of the composite casting, but are also directly func-
tionally dependent. To reveal its nature, we resorted to a
graphical interpretation of the results of the conducted
experiment (Fig. 1). The analysis showed that the graph-
ic dependence has a power-law character. For example,
an increase in the specific number of FeCr intermetallic
inclusions from 63 mm2 to 263 mm2 is the reason for
an increase in the average dispersion from 53.1 uym to
26.6 pym. Such a phenomenon is a consequence of ther-
mo-physical processes occurring in the process of crys-
tallization during and, accordingly, after filling the volume
of the mold. The processes that take place in the system
“Al-melt — GM — DI — CM” (that is, which we are talking
about) are described in detail by the authors of the re-
search paper [2]. Mathematical processing of the results
of the conducted research made it possible to derive an
empirical equation (R? = 0.9096), which analytically de-
scribes the influence of the specific number of inclusions
of intermetallic RP on its average dispersion in the struc-
ture of the CCM system [Al — FeCr]:
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D =394.7 no%, ()

where R? — approximation reliability value; D — average
dispersity of intermetallic RP, um; n — specific number of
FeCr intermetallic inclusions, mm-=2.

The analysis of the results of the experiment (see
Table 3) made it possible to find out that there is a func-
tional relationship between the parameters of the micro-
structure for composite castings and their mechanical
properties. Graphical interpretation of the array of ex-
perimental data (Fig. 2, 3) showed that this relationship
is of polygonal character. In particular [Fig. 2 (a, b)], a
decrease in the average dispersion of the o-phase in-
clusions from 26.6 uym to 57.1 ym leads to the fact that
the temporary breaking strength and relative elongation
of the investigated composite decrease from 135 MPa
and 2.5 % to 60 MPa and 0.5 %, respectively. Along
with this [see Fig. 2 (c)], the increase in the hardness
of the samples of the zero-dimensional CCM system [Al
— FeCir] from 6,923x10" GPa to 7,885%x10" GPa on the
Brinell scale is a consequence of the fact that the av-
erage dispersion of o-phase inclusions in the structure
of the investigated composite decreases from 26.6 um
to 57.1 uym. The results of the conducted research [see
Fig. 3 (a, b)] also made it possible to find out that the
increase in the specific number of c-phase inclusions
from 63 mm2 to 263 mm2 is the reason for the increase
in the temporary resistance to rupture and the relative
elongation of the zero-dimensional CCM of the system
[Al — FeCr] from 60 MPa and 0.5 % to 135 MPa and
2.5 %, respectively. However [see Fig. 3 (c)], the hard-
ness of the composite casting, which was determined
according to the Brinell scale, and provided that the
specific number of o-phase inclusions in the structure of
the zero-dimensional CCM of the system [Al — FeCr] is
in the range given above, as a result, it decreases from
7,885%10" GPa to 6,923x10" GPa.

At the same time, the examination of fracture of sam-
ples of the studied material after rupture showed that
macrograins of CCM system [Al — FeCr] and control
Al-alloy AK12 type (DSTU 2839:1994) differ from each
other in size and color. In the 1-st case, the studied ma-
terial has a silvery-white coarse-grained macrostruc-
ture, and in the 2-nd — ash-gray fine-grained. Therefore,
a preliminary conclusion is suggested that the color and
granularity of the fracture of the examined casting from
the CCM system [Al — FeCr] is determined by the inter-
metallic RP, which also has a silver-white color, and in
this case, most likely, the fracture of the studied mate-
rial has a brittle intercrystalline nature [32], which can-
not be said about the control cast sample. In addition,
this assumption is also confirmed by the fact that the
temporary resistance to rupture and the relative elon-
gation of the CCM system [Al — FeCr] are lower, and
the hardness is higher than that of the basic Al-alloy of
AK12 type (DSTU 2839:1994). However, for the final
confirmation of this assumption, it is necessary that the
condition of brittle fracture be fulfilled, under which the
destructive stress would be no less than that proposed
by the authors [32]:

o, =AY 3)

ock\/lil

where o, — crack initiation stress, MPa; n — shear modu-
lus, MJ/m?; y — effective crack surface energy, MJ/m?;
o — fraction of dislocation energy, MJ/m; k — proportional-
ity factor (k = const), m®5; | — length of the sliding strip, m.

Mathematical processing of the research results was
reduced to polynomial approximation of the ratios of
physical quantities given in tabular form (see Table 3)
and made it possible to obtain empirical dependences
(R? = 0.9787, 0.967, 0.9824, respectively) of the me-
chanical characteristics of the studied material on the
average dispersion of intermetallic FeCr particles, dis-
tributed in the volume of the composite casting:

GIN-Feol = _1.2.10%D "+ 1.437-10D " -

—7.6636-D + 254.11 (4)
§N-Fecl = 104D " +1.42102D " -
—6.262:10"-D + 11.044 ’ (5)
HByy rooy = 3.0-105D° =3.7:10°D " +
+1.801-10"-D + 4.2925 ’ (6)

as well as the specific number of intermetallic RP in-
clusions o-phases in its structure (R*> = 0.9016, R? =
= 0.8778, R? = 0.907, respectively):

GIN-FeCl = 3.0-10-5° — 1.47-102:n% +
+2.6356:n — 45.278

(7)
§,A~FeCl = 3.0-10:n% + 7.0-10%n + 4.289-10°", (8)

HB[AI—FeCr] =-4.01107-n*+2.0-10*n? -
-3.4-102-n + 9.2426

(9)

where c/*'~Fe¢1 — temporary resistance to rupture for the
CCM system [Al — FeCr], MPa; 5" ~Fe¢1 — relative elon-
gation of the CCM system [Al - FeCr], %; HB,, ., — the
hardness of the CCM system [Al — FeCr] according to the
Brinell scale, kgf/mm?.

This is the influence of the main parameters of micro-
structure on the mechanical properties of the composite
casting can be explained as follows. As the average dis-
persion of intermetallic RP particles decreases, their to-
tal area in the field of the metallographic slide increases,
and the total area of the Al-matrix, accordingly, decreas-
es. This, of course, leads to the fact that the hardness
of the samples from the CCM system [Al — FeCr], deter-
mined according to the Brinell scale, increases some-
what as a result. In particularly, the particles of interme-
tallic FeCr is the as stress concentrators. In other words,
they “cut” and separate the Al-matrix. The lower their av-
erage dispersion, the stronger the effect will be. There-
fore, the relative elongation, and especially the tempo-
rary resistance to rupture of composite castings, will be
significantly reduced. An increase in the specific number
of inclusions of intermetallic RP is possible under the
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condition of a constant concentration of them in the vol-
ume of the studied cast sample. There is a relationship
between the average dispersion and the specific number
of FeCr intermetallic particles, which is clearly shown in
fig. 1. It is described using the empirical equation (2).
The slope of the line of functional dependence indicates
favorable conditions for the appearance of areas with an
increased area of the Al-matrix in the field of the metal-
lographic slide. An increase in the area of the areas, as
a final result, leads to a certain decrease in the hardness
of the CCM system [Al — FeCr] according to the Brinell
scale. At the same time, as the specific number of inclu-
sions of intermetallic RP (which has increased disper-
sion) increases, the Al-matrix of the composite casting
is strengthened due to the inhibition of the movement of
dislocations of highly dispersed FeCr-based inclusions.
These circumstances are the root cause that contributes
to the increase in relative elongation, and first of all, the
temporary resistance to rupture of the samples for CCM
system [Al — FeCr].

Conclusions

With the use of MGA and as a result of mechanical
testing of castings from cast Al-alloy AK12 type (DSTU
2839:1994), reinforced with the help of dispersed-filled
GM with FeCr intermetalide, it was experimentally prov-
en that:

a) there is a functional relationship between the spe-
cific number of inclusions of intermetallic RP in the CCM

<
I/'& JIITEPATYPA

structure of the [Al — FeCr] system and its average dis-
persion, and this relationship is of a power-law nature; for
example, an increase in the specific number of c-phase
inclusions from 63 mm2to 263 mm2 leads to an increase
in its average dispersion from 53.1 um to 26.6 um;

b) as the average dispersion of FeCr intermetallic
particles in the volume of composite castings decreases
from 26.6 ym to 57.1 ym, their Brinell hardness increas-
es from 6.923x10' GPa to 7.885x10' GPa, and the rela-
tive elongation and temporary rupture resistance, on the
other hand, decrease from 2.5 % and 135 MPa to 0.5 %
and 60 MPa, respectively;

¢) an increase in the specific number of inclusions
of intermetallic RP in the structure of cast blanks from
63 mm2to 263 mm leads to a decrease in the hardness
of the CCM [Al — FeCr], determined according to the Bri-
nell scale, from 7.885x10" GPa to 6.923x10"' GPa, as
well as an increase in its relative elongation and an in-
crease in temporary rupture resistance from 0.5 % and
60 MPa to 2.5 % and 135 MPa, respectively;

d) the temporary breaking strength and relative elon-
gation of the composite casting, on average [10], are
16.7 MPa and 1.7 % less than the similar properties of
the cast Al-alloy AK12 type (DSTU 2839:1994), respec-
tively, while the hardness according to the Brinell scale
of the CCM system [Al — FeCr] exceeds the same char-
acteristic of the cast sample from the control alloy by
1.329%10" GPa.
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'®i3uko-mexHonoaiyHul iHcmumym memarnie ma cnnaeie HAH YkpaiHu
(Kuis, Ykpaita)

ZlHecmumym npobnem mamepianosHascmea im. I.M. ®paHuesuya HAH
YkpaiHu (Kuie, YkpaiHa)

Bnnue napameTpiB MiKpOCTPYKTYpPM IMTOr0 KOMNO3MLIIMHOroO MaTepiany cuctemu
[Al - FeCr], oTpumaHOro y «nopoxHuHi» nusapHoi hopmu 3a JIFM-npouecom, Ha noro
MeXaHi4Hi XapaKTepuCTUKM

ABTOpPamMu npoBefeHo MnboKui aHani3d BITYN3HSIHUX Ta 3apyOiKHUX JITeparypHux daHux, a TakoxX CQOpMYy/ib0BaHO i
oCTaBAEHO HUMU METY LiiEi HayKoBO-A0CmiaHOi po6oTtu (HAP). LLnsxom iHOKymoBaHHS inBapHoro Al-crninaBy mapku AK12
ACTY 2839:1994 aucnepcHum iHTepmeTaninom FeCr y “nopoxHuHi” nveapHoi ¢opmu (J1d) npu nutti 3@ moaensimu, LU0
rasngikytoTbcs, (3a JIFM-npouecom) ogepxasu 3pasku Hy/1ibMipHOro INTOro KOMno3uuiviHoro marepiany (JIKM) cuctemu [Al
— FeCr]. 3a nonomoroto metasiorpagiyHoro aHanisy (MIA) 6ysio noBeneHo, Lo napameTpuy MiKpOCTPYKTYPU (MMTOMA KiJlbKiCTb
BKJTIOYEHb G-ba3u Ta ii ANCrnepcHIcTb) 3anexarb OAuH Bif O4HOro. Pe3ynbtatn MexaHidHux BunpobyBaHb AOCLXYBaHOMo
marepiasy nokasaau, L0 Ha MexXaHidHi XapakTepucTuky (TUMHYacoBuUy Onip PO3PUBY, BiAHOCHE BUAOBXEHHS | TBEpAICTb 3a
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Lwkasnor bpiHenns) BnnavBawTe HE JINLLE BUCOTA KOMIO3UTHOIO BUIMBKA, Lo OyJ/10 AOBEAEeHO paHille, a vi napameTpu Horo
MIKPOCTPYKTYpW. 13 3acTtocyBaHHsM MIA Ta B pe3ynbTati MexaHidHux BunpobyBaHb 3paskiB HysbMipHoro JIKM cuctemu [Al
— FeCr] 6yn0 ekcriepyMeHTailbHO 0BEAEHO, L0 3HUXEHHS CepeaHbOoi ANCNEePCHOCTI BKIIOYEeHb c-pasun Bia 26,6 MKM 40
57,1 MKM nipu3BOANTL 4O TOro, WO TUMYaCOBUV Orip PO3PUBY K BIAHOCHE BUAOBXEHHS AOCJIAXYyBaHOIro KOMIIO3UTY
3MmeHLyoTbes Big 135 MIA i 2,5 % ao 60 MIA i 0,5 %, BigrnoBigHO. Pa3om i3 uuM, nigBuLLieHHs TBePAOCTi 3pa3kiB
HynbmipHoro JIKM cuctemu [Al — FeCr] Big 6,923%10° [Tla go 7,885% 10" [Tla 3a wwkasnoto bpiHesnsns € HacaigkoMm Toro, Lo
cepenHsi ANCNePCHICTb BKJIIOYEHb G-(asu B CTRYKTYPI AOCIAXYBAHOIrO KOMMO3UTY 3HUXYETLCS Bif 26,6 MKM 40 57,1 MKM.
Pesynbtatv npoBeaeHvx 4OC/iAXeHb JO3BOJININ TAKOX 3’CyBary, Lo 30i1bLLEHHS] MUTOMOI Ki/lbKOCTi BK/TIOYEHb G-pasu Bif
63 MM2 g0 263 MM € NPUYNHOIO 3POCTaHHSI TUMYaCcOBOIro Onopy PO3PUBY Ta BiIHOCHOIO BUAOBXEHHS HyJibMipHoro JIKM
cuctemu [Al — FeCr] Big 60 Mla ta 0,5 % no 135 Mrla ta 2,5 %, BignosiaHo. poTe, TBEpAICTb KOMMIO3UTHOIO BUINBKA, SIKa
6ys1a BU3Ha4YeHa 3a LKasow bpiHenns, i 3a ymoBu, O NMUTOMA KiJIbKICTb BKJIIOYEHb G-¢a3un B CTPYKTYPI HysibMipHoro JIKM
cuctemu [Al — FeCr] 3HaxoanTbCs y Aiana3oHi, HaBeAeHOMY BULLE, B PE3Y/bTaTi 3HUXYeTbCs Bif 7,885% 107" Tla go 6,923x% 10
"IMa.
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