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Abstract—We describe barothermal processing (hot isostatic pressing) of an Al—10 at % Si binary alloy for 3 h
at a temperature of 560°C and pressure of 100 MPa. The results demonstrate that this processing ensures a
high degree of homogenization of the as-prepared alloy, which is chemically and structurally inhomoge-
neous. The morphology of the silicon microparticles in the material suggests that heat treatment of the Al—
10 at % Si alloy at 560°C and a pressure of 100 MPa leads to a thermodynamically driven, essentially complete
silicon dissolution in the aluminum matrix and the formation of a metastable, supersaturated solid solution,
which subsequently decomposes during cooling. We analyze the associated porosity elimination process,
which makes it possible to obtain a material with 100% relative density. Barothermal processing of the Al—
10 at % Si alloy is shown to produce a bimodal size distribution of the silicon phase constituent: microparti-
cles 1.6 um in average size and nanoparticles 43 nm in average size. Barothermal processing is shown to
reduce the thermal expansion coefficient of the alloy, and the microhardness of the two-phase alloy is deter-
mined. Based on the present results, we conclude that barothermal processing is an effective tool for elimi-
nating microporosity from the Al—10 at % Si alloy, reaching a high degree of homogenization, and producing
a near-optimal microstructure, which surpasses results of conventional heat treatment of the material at

atmospheric and reduced pressures.
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INTRODUCTION

Aluminum alloys are widely used in modern tech-
nology to produce structural materials with low den-
sity, high corrosion resistance, and rather good
mechanical properties. Alloys based on the simple
eutectic binary system Al—Si constitute a considerable
fraction of the aluminum-based metallic materials.
Since a large amount of reliable experimental data
obtained in physicochemical studies was used to con-
struct the equilibrium phase diagram of this system
[1], it is considered canonical [2, 3]. The system is
attractive for barothermal experiments owing to its
simplicity. In particular, there is no chemical interac-
tion between the components of the alloy over the
entire composition range. Its phase diagram has a
rather wide range of solid solutions of silicon in alumi-
num (Al), with a solubility limit of 1.6 at % Si at the
eutectic temperature (577°C, 12.2 at % Si). In addi-
tion, the binary alloys of the Al—Si system have the
advantages of being easy to synthesize, having rela-
tively low phase transformation temperatures, being
composed of components with low saturated vapor
pressure, and being nonreactive with typical crucible
materials, which allows these alloys to be employed as
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model systems for gaining insight into barothermal
processing (BTP) mechanisms.

Cast aluminum alloys based on the basic binary
system Al—Si (silumins) constitute a large group of
materials whose compositions lie mainly in the alumi-
num-rich, hypoeutectic region, at silicon concentra-
tions 7 < Cg; < 12 at %, and several alloys with the
eutectic composition and hypereutectic silicon con-
centrations, 12 < Cg < 13 at %. To improve their
mechanical properties, cast silumins are heat-treated
with the aim of reducing the cooling-induced stress in
the cast alloys and improving the morphology of sili-
con inclusions, which contain a coarse needle-like
(Al) + Si eutectic [4], unfavorable for the mechanical
properties of the alloys.

Like many other alloys, cast alloys based on the
Al—Si system possess shrinkage porosity resulting
from changes in the specific volumes of the liquid and
solid phases during solidification. When silumins are
employed in highly loaded parts, porosity is elimi-
nated by hot isostatic pressing (HIP) [5, 6]. Heating a
material in order to reduce its yield strength, in com-
bination with uniform pressure, makes it possible to
considerably raise the density of the material, often to
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its theoretical density, thereby improving its mechani-
cal and engineering characteristics [6]. Note that HIP
is most effective when it is used to eliminate porosity
in both metallic [7] and ceramic [8] materials. This
technique relies, on the one hand, on a theoretical
basis that allows one to model HIP densification pro-
cesses [9—11] and, on the other, on experimental stud-
ies [12, 13] in this area of research. A number of studies
have been concentrated on the HIP processing of alu-
minum alloys for the fabrication of high-density mate-
rials [14, 15].

At the same time, there has been much less work on
phenomena related to BTP-induced changes in the
morphology of structural constituents of alloys. It is
worth noting that many metallic materials are sub-
jected to high pressures in a temperature range near
temperatures of conventional heat treatment. In the
case of an appropriate choice of the temperature range
and cooling rate, conventional solid-state heat treat-
ment of materials improves the chemical homogeneity
of alloys and ensures advantageous changes in the
morphology of the structural constituents of the alloy
by diffusion mechanisms. Similar results would be
expected in the case of BTP, but in the literature con-
cerned with HIP such studies, for example, for mate-
rials that are used in turbine blades (high-temperature
nickel and titanium alloys) and for aluminum alloys,
in particular, for the AlI—10Si binary silumin (here and
in what follows, alloy compositions are expressed as an
atomic percent), are deficient. Since the microstruc-
ture of metallic materials plays a key role in determin-
ing their properties, microstructure formation in
metallic materials at high pressures and temperatures
requires detailed investigation with the use of various
physicochemical characterization techniques.

In connection with this, the purpose of this work
was to assess the effect of barothermal processing on
microstructure formation in Al—10Si silumin and find
correlation relationships with some mechanical prop-
erties of the alloy.

EXPERIMENTAL

Al—10Si alloy samples for this investigation were
synthesized using PA-1 aluminum powder (>99% Al)
with a particle size under 100 um and Kr00 silicon
powder (>99% Si) with a similar particle size compo-
sition. Ingots were prepared by vacuum suction using
a Kiristall-702 inductively heated system in flowing
argon. The powders were melted and the melt was
heated to 700°C in a quartz crucible. After complete
silicon dissolution in the aluminum, a quartz tube
3.6 mm in inner diameter was immersed vertically in
the melt. After the pressure in the tube was sharply
reduced relative to that in the melt, the liquid metal
filled the tube to a height of =100 mm. Under these
conditions, the melt was then cooled at a rate on the
order of tens of degrees Celsius, with supercooling.
These synthesis conditions resulted in multinuclei

crystallization and the formation of samples with a
microcrystalline structure and a rather uniform distri-
bution of the structural components of the alloy: alu-
minum and silicon.

BTP was carried out in an HIRP 20-70-200-2000
apparatus (ABRA, Switzerland) in an argon atmo-
sphere using a system of graphite heaters. After the
samples were placed in the working chamber, the pres-
sure was raised to =53 MPa and then the temperature
was raised at a constant rate of 10°C/min to an iso-
baric—isothermal holding temperature. At this tem-
perature, the pressure reached 100 &+ 2 MPa. This tem-
perature was maintained with an accuracy of *£1°C
throughout the holding time. After the barothermal
processing cycle, the samples were cooled to 300°C at
a rate of 7°C/min and then to room temperature at a
higher rate.

Samples for characterization, 3.6 mm in diameter
and =10 mm in length, were cut with a diamond saw
blade on a Discotom cut-off machine (Struers, Ger-
many). Polished sections for microstructural analysis
were prepared using diamond pastes, electrolytic pol-
ishing, and chemical etching in a selective etchant.
Microstructures were examined first on an MeF3
optical microscope (Austria) equipped with a digital
imaging accessory. Higher resolution images were
obtained by scanning electron microscopy (SEM) on
a TESCAN VEGA SBU II instrument (Czechia).
Images were typically obtained in backscatter mode at
an accelerating voltage of 20 kV, as well as in character-
istic SiK, X-rays. X-ray diffraction measurements
were made on a Shimadzu XRD-6000 diffractometer
(Japan) with CuK, radiation (A = 1.5406 A). Vickers
microhardness tests were performed on a PMT-3
microhardness tester (OAO LOMO, Russia) by a stan-
dard procedure. Quantitative information about the
microstructural constituents of the alloy was obtained
by processing and analyzing images with AdobePho-
toshop CS6 and Imagel, respectively. Histograms and
curves were constructed with Origin 5.0 software.

The linear thermal expansion of the samples was
measured on a DIL 402 C dilatometer equipped with a
vacuum furnace (Netzsch, Germany). Using simple cal-
culations, the temperature dependences of the relative
length change were converted into temperature depen-
dences of the thermal expansion coefficient (TEC).

RESULTS AND DISCUSSION

The microstructure of the as-prepared alloy
(Fig. 1a) consisted of primary aluminum dendrites,
with first- and second-order axes up to 10—40 um in
length, and an (Al) + Si eutectic, where the silicon had
the form of small rounded precipitates with character-
istic dimensions on the order of several microns,
which formed an essentially continuous silicon skele-
ton in the interdendrite spaces of the primary alumi-
num crystals.
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The synthesized as-prepared alloy had consider-
able porosity, localized in the a-matrix, whereas the
eutectic silicon particles were free of such structural
defects. By analyzing optical microscopy images with
the use of appropriate software, we obtained a histo-
gram of the pore size distribution (Fig. 1b) and quan-
titative data on the porosity of the as-prepared mate-
rial. In particular, the pore volume fraction in the (Al)
solid solution was 7.0 vol % as determined proceeding
from quantitative metallography concepts [16], the
pore number density was 8.3 x 10! cm™3, the average
center-to-center pore distance was 2.2 um, the average
pore diameter was 0.68 um, and the average pore vol-
ume was 1.6 x 10713 cm3. The reason for the increased
porosity of the as-prepared material was that the alloy
was synthesized from powders. Since the aluminum
and silicon particles had surface oxide films, this led to
pore formation. An analytical relation between the
number of pores and their diameter has the form

NDes =5.2x10'e7%

pores

0 . .
where N ;. is the number of pores in the as-prepared

material and d (um) is the pore diameter.

The BTP temperature was chosen using differential
barothermal analysis (DBA) data for the Al—10Si alloy
[17]. According to previous DBA data, heating the Al—
10Si alloy to a temperature near 553°C at a uniform
argon pressure p = 100 MPa led to solid-state silicon
dissolution, and subsequent cooling led to silicon pre-
cipitation as a result of the decomposition of the
supersaturated (Al) solid solution. Some of the resul-
tant silicon particles were submicron-sized [17]. Based
on those results, small ingots 3.6 mm in diameter and
10 mm in length were subjected to BTP for 3 h at an
isobaric—isothermal holding temperature of 560 *
1°C, which was =7°C above the solid-state transfor-
mation temperature according to DBA data.

SEM examination showed that the alloy underwent
significant changes (Fig. 2a). First, the as-prepared,
porous alloy acquired a complete density, as was
expected. Microstructural defects in the form of pores
in the (Al) solid solution were detected at none of the
magnifications used in optical microscopy or SEM (in
the latter instance, backscattered electron images were
obtained at magnifications of up to 60000x). This
result is sufficiently obvious because the applied uni-
form pressure of 100 MPa considerably exceeds the
yield strength of the alloy containing 0.72 wt % silicon:
=10 MPa at a temperature of 500°C, as determined
from uniaxial compression results obtained in the
temperature range 30—500°C [22]. When extrapolat-
ing the data obtained by Schumacher et al. [22] to the
higher temperatures used in our BTP cycles, it is rea-
sonable to expect a decrease in the yield strength of the
Al—10Si alloy at 560°C to a few megapascals. The
applied uniform pressure of 100 MPa is then many
times higher than the yield strength of the alloy and
plays a key role in determining active plastic deforma-
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Fig. 1. (a) Microstructure of the as-prepared Al—10Si alloy
(optical microscopy, magnification of 1000X), consisting
of primary aluminum dendrites (light areas), an (Al) + Si
eutectic, and pores in the primary aluminum crystals;
(b) histogram of the pore size distribution in the aluminum

matrix of the as-prepared alloy.

tion of the pores, subsequent closure of their walls, and
diffusion joining of the surfaces brought into contact.
In analyzing the diffusion joining process, we pro-
ceeded from the temperature dependence obtained by
Fujikawa et al. [18] for the self-diffusion coefficient of
aluminum atoms under ordinary conditions and
assumed that, at the pressure of 100 MPa used in this
study, only a slight pressure-induced decrease in alu-
minum self-diffusion coefficient is possible, by anal-
ogy with previous results on the influence of pressure
on diffusion coefficients in high-temperature nickel
alloys (DMPa ~ () 9 pO-IMPa) [5()]:

Dyyu = 5.07x107 exp(—143 £/RT), (1)
mol

where Dyja (m?/s) is the aluminum self-diffusion
coefficient, R (J/(mol K)) is the gas constant, and
T (K) is the absolute temperature.
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Fig. 2. (a) Microstructure of the Al—10Si alloy (SEM) pro-
duced by BTP of the Al—10Si alloy at 100 MPa and 560°C
for 3 h (magnification of 2000x%); (b) histogram of the size
distribution of silicon microparticles in the Al—10Si alloy
after BTP.

Using Eq. (1), we evaluated the diffusion distance
of aluminum atoms at a temperature of 833 K and a
BTP time T = 10 800 s from the Einstein equation:

/ i?/}Al = (Di?;AlT) 1/2: 2)

where lif; A1 (cm) is the diffusion distance of aluminum

atoms, Di?/} s (cm?/s) is the aluminum self-diffusion

coefficient at 833 K, and 7 (s) is the diffusion time.
Under these conditions, the self-diffusion distance of
aluminum atoms reaches 76 um (Fig. 3, curve I).
Therefore, the pore walls brought into contact by a
plastic deformation mechanism in the aluminum
matrix completely consolidate, which determines the
complete density of the alloy as a result of BTP.

BTP converted the eutectic character of the silicon
inclusions into a microstructure with separately
arranged silicon particles. Note that the silicon parti-
cles are almost evenly distributed throughout the sam-
ple, including the dendrite axes of the primary alumi-
num crystals. It follows from this experimental finding
that, at the isobaric—isothermal holding temperature,
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Fig. 3. Temperature dependences of (/) the self-diffusion
distance for Al atoms and (2) the diffusion distance for Si
atoms over a period of 3 h.

active silicon dissolution in the aluminum took place,
leading to a high degree of homogenization of the
alloy. In our opinion, this circumstance is due to the
thermodynamically driven silicon dissolution in the
aluminum under applied uniform pressure, which
leads to a reduction in the lattice parameter of the alu-
minum-based solid solution [1] and to a reduction in
its specific volume. Note that, in the case of nonequi-
librium crystallization, the reduction in the lattice
parameter of the aluminum may reach 5% (to a, =
4.030 A) and the dissolved silicon concentration may
exceed 10 at % [1]. An increase in silicon solubility in
aluminum (up to 15 at %) at high pressures was also
reported by Mii et al. [19]. Thus, as a result of baro-
thermal processing of the Al—10Si alloy, an increased
amount of silicon can dissolve in the aluminum
matrix, exceeding the equilibrium value 1.38 at % in
the phase diagram of the Al—Si system [1—3]. It can-
not be ruled out that the entire silicon phase compo-
nent of the alloy under investigation dissolves. This
model is supported by the morphology of the silicon
particles (Fig. 4). According to SEM data, all of the
silicon microparticles have similar polyhedral mor-
phologies, which are inherent in crystal growth at a
considerable supersaturation with respect to equilib-
rium conditions. It follows from the SEM image in
Fig. 4 that the silicon microcrystals were formed as a
result of complete dissolution of the starting silicon
particles upon the thermodynamically driven forma-
tion of a supersaturated (Al) solid solution during
holding at 100 MPa and 560°C and its decomposition
during subsequent cooling.

The silicon microcrystals are rather evenly distrib-
uted over the aluminum matrix, without predominant
localization in interdendrite spaces of the primary alu-
minum crystals, in contrast to what is characteristic of
the as-prepared alloy. To interpret this finding, we took
into account the temperature dependence of the equilib-
rium diffusion coefficient of silicon in aluminum under

INORGANIC MATERIALS  Vol. 52
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ordinary conditions [18], assuming that a uniform pres-
sure of 100 MPa reduces it only slightly [20]:

Dgyp =3.95x107 exp ~140 ﬁ/RT

where Dg;/; (m?/s) is the diffusion coefficient of sili-
con in aluminum, R (J/(mol K)) is the gas constant,
and T (K) is the absolute temperature.

Using relation (3) and the Einstein equation, we
find that the diffusion distance during the isobaric—
isothermal holding time (t = 10800 s) at 833 K is
15,3/1, = (DS]/AIT) 12 where 15813/11 (cm) is the diffusion

. . 833
distance of silicon atoms in aluminum, Dg; /Al (cm?/s)

is the diffusion coefficient of silicon in aluminum at
833 K, and t (s) is the diffusion time. Under these
conditions, the diffusion distance of silicon atoms
reaches 80 um (Fig. 3, curve 2). Therefore, the silicon
atoms can be sufficiently evenly distributed over the
alloy, including the dendrite axis. This model agrees
well with the present SEM data (Fig. 2a).

It is seen from the histogram of the size distribution
of the silicon microparticles in Fig. 2b that it is well fit-
ted by the exponential relation

NE° =1.2x10% ", (4)
where Ng '™ is the number of silicon microparticles
and d,, (um) is the equivalent diameter of a silicon

microparticle.

The average equivalent diameter of the silicon par-
ticles was determined to be 1.6 = 0.3 um. Their volume
fraction evaluated from the total area occupied by the sil-
icon phase [16] was 7.7 & 1.5 vol %. The surface and vol-
ume microparticle concentrations were 3.9 % 10° cm™2
and 7.7 X 10° cm™3, respectively. At this surface parti-
cle concentration, the average center-to-center dis-
tance between the particles was 5.1 um. Note that the
overall content of silicon microparticles in the alloy, as
determined by quantitative microstructural analysis, is
lower than the nominal silicon content (10 at %). For
comparison, we present quantitative data on the micro-
structure of the commercially available silumin AK7pch
after standard heat treatment [21], in which the phase
constituents at a surface density of 4.9 x 10° cm~2 had an
average size of 5.6 um and an average center-to-center
distance of 15.6 um. These parameters differ markedly
from the quantitative characteristics of the silicon phase
constituent in the Al—10Si alloy under investigation.

To obtain a more detailed information about the
particle size of the silicon phase constituent, we used
SEM at higher magnifications, up to 60 000x (Fig. 5).
It is seen from the image in Fig. 5 that the aluminum
matrix contains a considerable concentration of much
finer silicon particles, =50—60 nm in diameter. To fur-
ther ascertain this circumstance, a Si K, X-ray map
was obtained (Fig. 6). Using further data processing,
we obtained an inverted-contrast image for analysis
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Fig. 4. SEM image of silicon microparticles in the alumi-
num matrix of the Al—10Si alloy after BTP (10800%).

(Fig. 6b). Note that the light areas in the normal-con-
trast Si K, X-ray map corresponded to silicon particles
located both in the plane of the polished section and
some distance from its surface, because, in the nano-
meter range of particle sizes, characteristic X-rays
could be generated as well by particles located in the
bulk of the sample near its surface. Because of this, we
found and analyzed only the brightest reflections in
the image, which corresponded to the particles in the
plane of the polished section. It is seen in Fig. 6b that
the silicon nanoparticles are distributed nonuniformly
over the aluminum matrix. Next, we obtained quantita-
tive information about the region of the image with the
maximum particle concentration (the area is delineated
in Fig. 6b). A histogram of the particle size distribution
for this region is displayed in Fig. 6¢. The size distribu-
tion is well fitted by the exponential relation

Nsniano — 6.5)(1056_0'14(1“', (5)

where Ng;"™ is the number of silicon nanoparticles and
d., (nm) is the equivalent diameter of a nanoparticle.

The quantitative characteristics of the nanoscale
structural constituent of the alloy were as follows: vol-
ume fraction, 2 vol %; average particle diameter,
43 nm; surface concentration, 1.4 x 10° cm~2; center-
to-center distance, 277 nm; volume concentratlon,
5.2 x 1083 cm3. It should be emphasized that the sur-
face and volume concentrations were determined in
the region with the maximum nanoparticle concentra-
tion; that is, these characteristics vary from region to
region in the alloy between zero and the above values.
The overall content of Si nanoparticles will then be lower
than the experimentally obtained 2 vol % (=1 vol %).
The present results showing that the Al—10Si alloy
contains nanoparticles correlate with findings
reported by Schumacher et al. [22], who also demon-
strated, using atom probe tomography, the formation
of silicon nanoparticles in two hypoeutectic alloys of
the Al—Si system in a solid solution region with silicon



Fig. 5. Silicon nanoparticles formed in the aluminum
matrix as a result of the decomposition of a supersaturated
(Al) solid solution during BTP of the AI—10Si alloy
(60000x).

contents below 0.72 at % in a study of silicon precipi-
tation after annealing above the solvus temperature in
the alloys at slow cooling rates (down to 0.001 K/s)
under ordinary conditions.
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The X-ray diffraction pattern of the AI—10Si alloy
after BTP was found to contain only reflections from
aluminum and silicon (Fig. 7a). The silicon content of
the alloy was evaluated using the relation

Csi= 151(111)/[151(111) + Ll % 100, (6)

where Iy, and I are the intensities of the (111)
reflections from silicon and aluminum, respectively.

Using this relation and the X-ray diffraction pat-
tern in Fig. 7a, the overall silicon content of the Al—
10Si alloy was determined to be 11.0 £ 2 at %, which
corresponds to the intended silicon content. Further,
based on SEM results we assumed that the silicon
(111) peak was a combination of reflections from sili-
con microparticles and nanoparticles and that the
microparticles determined primarily the intensity of
the (111) peak, whereas the observed broadening of the
pedestal of the peak was mainly due to the presence of
silicon nanoparticles with a lower degree of structural
order (Fig. 6b). The decomposition of the silicon (111)
peak showed that the total composite peak could be ade-
quately decomposed into two components differing in
intensity and full width at half maximum (Fig. 7b). From
these data, we found that the intensity of the small

Fig. 6. Electron-microscopic examination results: (a) SEM (backscattered electron) image of the Al—10Si alloy (the outlined area
was used to obtain a Si K, X-ray map); (b) inverted-contrast Si K, X-ray map (the outlined area was used to determine quantita-
tive characteristics of the silicon nanoparticles); (c) semiquantitative histogram of the size distribution of the silicon nanoparticles

obtained by analyzing the Si K, X-ray map of the Al—-10Si alloy.

INORGANIC MATERIALS  Vol. 52 No.7 2016
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Fig. 7. X-ray diffraction characterization results: (a) X-ray
diffraction pattern of the Al—10Si alloy after BTP; (b)
decomposition of the Si(111) peak into (/) the component
arising from silicon microparticles and (2) the component
arising from silicon nanoparticles; (3) peak obtained as the
sum of peaks 7 and 2; (4) observed Si(111) peak.

peak was on the order of 3.3% of that of the main peak,
which corresponded to =0.33 at % silicon nanoparticles
in the alloy. This correlates with the insignificant heat
effects of the solid-state dissolution and precipitation of
silicon nanoparticles in the alloy [17] and also with the
backscattered electron images and Si K, X-ray maps
obtained in this study. It follows from the decomposi-
tion parameters of the silicon (111) peak that, after
BTP, the lattice parameter of the Si microparticles

decreases to ag ™ = 5.420 + 0.003 A, whereas the lat-
tice parameter of the Si nanoparticles increases to

nano

agi™ =5.443 £ 0.003 A in comparison with reference
data: ag; = 5.431 A. This dual behavior of the crystal
lattices of the silicon micro- and nanoparticles can be
accounted in terms of the compressive mechanical
stress exerted by the aluminum matrix on the eutectic
silicon crystals and also in terms of partial disordering
of the crystal lattice of the nanoparticles upon precip-
itation from the (Al) solid solution. BTP reduces the
lattice parameter of the aluminum matrix to 4.043 £
0.003 X (reference value a,; = 4.049 A), which corre-
sponds to =3.8 at % silicon in aluminum in the case of
Vol. 52 2016
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Fig. 8. TEC as a function of temperature for (/) the as-pre-
pared Al—10Si alloy and (2) the alloy after BTP.

nonequilibrium crystallization of alloys in the Al—Si
system [1].

According to thermal expansion measurements
(Fig. 8), the average TEC of the as-prepared alloy
(curve 1) in the temperature range 70—150°C,

(XZ)(HSO = 22.05 x 10~ K~!, only slightly exceeds the
average TEC of the heat-treated Al—10Si alloy in the

temperature range 20—100°C (ocis_ 1 =211 x 106 K-
[23]. The overestimated average TEC of the as-pre-
pared alloy in comparison with data in the literature
can be accounted for in terms of the porosity of the as-
prepared alloy, in which gas-filled pores contribute to
the overall increase in the length of the sample on
heating on account of the increase in the internal pres-
sure in the pores, which gives rise to additional
mechanical stress in the alloy, thereby increasing its
volume. A barothermal processing cycle shifts the
temperature dependence of the TEC to lower values,
and the average TEC in the temperature range 70—

150°C decreases to a value OLQOT_LSO =19.5 x 1076 K,
which is lower than that reported by Hidnert and
Krider [23] (21.1 x 10-¢ K~'). The relative decrease in
TEC is 11.6% and is determined, first, by the elimina-
tion of microporosity and an additional factor that
increases thermal expansion and, second, by partial
disordering of the crystal lattice of nanostructured sil-
icon phase constituent of the alloy, which also leads to
a decrease in the TEC of the alloy.

The microhardness of the alloy after BTP was
determined through indentation into the two-phase
material. An indent =800 um? in area encompassed on
the order of 30 silicon microparticles and up to 1 x 10*
nanoparticles. The presence of silicon micro- and
nanoparticles in the alloy increased the measured
microhardness to 276.6 = 11.1 MPa in comparison
with pure aluminum (180—190 MPa).
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CONCLUSIONS

Active diffusion processes in the Al—10Si binary alloy
at atemperature of 560°C and pressure of 100 M Pa make
it possible to homogenize the as-prepared alloy, which is
chemically and structurally inhomogeneous.

The morphology of the silicon microparticles in
the Al—10Si alloy suggests that, at 560°C and a pres-
sure of 100 MPa, all of the silicon dissolves in the alu-
minum matrix to form a supersaturated solid solution,
which subsequently decomposes during cooling.

An applied uniform pressure of 100 MPa is many
times higher than the yield strength of the alloy at
560°C and plays a key role in determining active plas-
tic deformation of pores, closure of their walls, and
subsequent diffusion joining of the surfaces brought
into contact, enabling one to produce a material with
100% relative density.

BTP of the Al—10Si alloy produces a bimodal size
distribution of the silicon phase constituent: micro-
particles 1.6 um in average size and nanoparticles
43 nm in average size. The size distributions of the
micro- and nanoparticles are well represented by
exponential functions.

BTP is an effective tool for eliminating micropo-
rosity in the Al—10Si alloy, reaching a high degree of
homogenization, and producing a near-optimal
microstructure, which surpasses results of conven-
tional heat treatment of the material at atmospheric
and reduced pressures.
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