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Abstract: Three types of Al/Al-27%Si laminated composites, each containing 22% Si, were fabricated via hot pressing
and hot rolling. The microstructures, mechanical properties and thermo-physical properties of these composites were
investigated. The results demonstrated that the three laminated composites exhibited similar microstructural features,
characterized by well-bonded interfaces between the Al layer and the Al-27%Si alloy layer. The tensile and flexural
strengths of the composites were significantly higher than those of both Al-22%Si and Al-27%Si alloys. These
strengths increased gradually with decreasing the layer thickness, reaching peak values of 222.5 and 407.4 MPa,
respectively. Crack deflection was observed in the cross-sections of the bending fracture surfaces, which contributed to
the enhanced strength and toughness. In terms of thermo-physical properties, the thermal conductivity of the composites
was lower than that of Al-22%Si and Al-27%Si alloys. The minimum reductions in thermal conductivity were 6.8%
and 0.9% for the T3 laminated composite, respectively. Additionally, the coefficient of thermal expansion of the
composites was improved, exhibiting varying temperature-dependent behaviors.
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thermo-physical property

to ensure reliable service performance [3-5].
Aluminum (Al) possesses several advantages,
including high thermal conductivity, low density,
and cost-effectiveness. However, it also has
limitations such as relatively low strength, high

1 Introduction

With the ongoing advancement of electronic
devices towards integration, miniaturization, and

high efficiency, electronic packaging materials, as
an essential component of these devices, have
garnered significant attention from scholars [1,2].
In response to complex operating environments and
increasingly stringent packaging performance
requirements, electronic packaging materials must
possess not only an appropriate coefficient of
thermal expansion (CTE) and high thermal
conductivity, but also excellent mechanical properties

CTE, and poor compatibility with packaged devices.
By incorporating silicon (Si) as a reinforcement
into the Al matrix, one can develop high-silicon
aluminum alloys or Al/Si composites for electronic
packaging applications. These alloys exhibit
high thermal conductivity, low CTE, and low
density [6—8]. In the 1990s, OSPREY Metal Co.,
Ltd. in the UK utilized spray deposition and
hot isostatic pressing (HIP) to produce high-silicon
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aluminum alloys with Si content ranging from 22%
to 90%. These alloys, known as controllable
expansion (CE) alloys, exhibited superior
machining, surface coating, and laser welding
performance compared to Al/SiC, and W/Cu
composites [5]. The CTE of high-silicon aluminum
alloys decreases as the Si content increases, leading
to better compatibility with semiconductor chips
like Si and GaSe. However, as the size of Si phase
in the microstructure increases, it forms a network
structure that enhances brittleness and reduces
service reliability [9].

Laminated composites represent an advanced
class of materials that integrate two or more distinct
materials with varying properties into a layered
architecture.  These  composites exhibit a
“complementary effect”, which not only mitigates
the limitations of individual materials but also
preserves and enhances their inherent advantages,
thereby elevating the overall performance of the
constituent materials [10—12]. Historical examples
of laminated composites abound in ancient
weaponry, including the undulating swords of
medieval Europe, the renowned Damascus swords,
Tang dynasty swords, and Japanese katana. Notably,
the Shield of Achilles, dating back to 800 BC,
exemplifies this technology with its intricate
five-layer structure: bronze/tin/gold/tin/bronze. This
sophisticated design rendered the shield virtually
impenetrable even to the sharpest spears [13,14].
These findings indicate that the laminated
composites have a long history of invention and
application, and possess significant research value.
In recent years, numerous studies have focused on
fabricating composite materials through laminated
composite technology to enhance their mechanical
and thermophysical properties. GUO et al [15]
fabricated a thick graphite/Sn laminated composite
via welding technology, demonstrating a thermal
flux twice that of the conventional metals such as
Cu and Al, along with enhanced mechanical
properties, thereby providing a solution for heat
dissipation in integrated circuits. WANG et al [16]
developed a Cu/CF(carbon fiber)/Cu sandwich
structure, which was found to effectively enhance
the in-plane thermal conductivity (TC) of CF/metal
composites, showing promising applications in
electronic packaging requiring highly directional
heat transfer.

Laminated structures are advantageous for

enhancing the strength and toughness of high-
silicon aluminum alloys. During the fracture
process of laminated composites under applied load,
the layered architecture effectively inhibits crack
propagation along the interfaces between layers
upon reaching these interfaces. This inhibition
prevents cracks from continuing in their original
direction and mitigates fracture failure due to
stress  concentration. Moreover, incorporating
intermediate layers with superior toughness can
induce crack bifurcation and propagation within
these layers, thereby significantly improving the
overall toughness of the composite [17,18].
Moreover, during the preparation of laminated
composites through processes such as hot pressing
and hot rolling, dislocation accumulation and grain
refinement occur, which significantly enhances
the toughness [19]. In the Al/Al-Si laminated
composites, the interfaces between layers
effectively inhibit Si phase aggregation, thereby
preventing or reducing the formation of a network
structure, which in turn reduces the brittleness.
Additionally, the interfaces between different Al-Si
alloy layers impede crack propagation along the
original path during fracture, contributing to a
toughening effect. Furthermore, hot rolling of the
laminated composite not only improves the intimate
bonding between layers but also enhances the
interfacial bonding strength. By controlling the
deformation reduction, it is possible to achieve
laminated composites with superior mechanical
properties [20].

In this work, a laminated structure was
obtained by alternately stacking Al-27%Si alloy
sheets and Al foils, followed by hot pressing and
hot rolling. The deformation reduction was
controlled to regulate the layer thicknesses. The
microstructures of the Al/Al-27%Si laminated
composites were characterized, and their
mechanical and thermo-physical properties were
analyzed. Comparisons with the Al-22%Si alloy
and the Al-27%Si alloy were conducted to
investigate the effects of the laminated structure on
mechanical properties, thermo-physical behavior,
and fracture mechanisms.

2 Experimental

Al-27%Si  and Al-22%Si alloys (all
compositions are in mass fraction) were prepared
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via nitrogen gas atomization and subsequently
consolidated through hot pressing, as described in
our previous study [21]. The Al-27% Si alloy was
subjected to multi-pass hot rolling at 500 °C with a
reduction of 6%—12% per pass and a holding time
of 1h to produce a 0.22 mm thick alloy sheet.
These sheets and Al foils were subjected to surface
cleaning. Subsequently, as shown in Fig. 1, they
were alternately stacked with the alloy sheets
positioned as the outermost layers. The stacks were
configured to contain 19, 37, or 75 layers,
respectively, and were subsequently hot pressed to
form the laminated composites. These composites
were further processed by multi-pass hot rolling to
achieve a final thickness of 1.5mm. The
corresponding number of layers, thicknesses, and
deformation reductions are summarized in Table 1.
Hot pressing was conducted at 550 °C for 1 h, while
hot rolling was performed at 500 °C with a holding
time of 1 h, achieving a deformation rate of 6%—-12%
per pass.

H A1-27%Si

Al

Fig. 1 Schematic diagram of Al/Al-27%Si laminated
composite structure

The Si contents in the laminated composites
were measured using Inductively Coupled Plasma
Optical Emission Spectrometry (ICP-OES), and the
results are summarized in Table 1. Microstructures
of the hot-rolled Al/Al-27%Si laminated
composites were observed using an optical
microscope (LEICA DM4M). Samples were etched
with Keller’s reagent at room temperature for
10-20 s, followed by ultrasonic cleaning in alcohol.
The microstructure, phase composition, and
fracture morphology of the Al/A1-27%Si laminated
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composites were analyzed in more details using a

Quanta-200 environmental scanning electron
microscope (SEM) equipped with energy-dispersive
spectroscopy (EDS).

The density of the AlI/AlI-27%Si laminated
composites was determined using the Archimedes
displacement method. Room temperature tensile
tests were performed on the laminated composites
using an Instron 565 mechanical testing machine.
The specimens were prepared with the dimensions
illustrated in Fig. 2. The strain rate during these
tests was set at 0.2 mm/min. Microhardness
measurements were conducted using an HV-1000Z
micro-Vickers hardness tester. The specimen
surfaces were first polished with sandpaper and
subsequently finished with diamond grinding paste
to achieve a smooth surface. For each specimen,
five measurements were taken and averaged. Room
temperature three-point bending tests were
conducted on the laminated composites using an
MTS 858 electronic universal material testing
machine. The test samples had dimensions of
12 mm x 4.5 mm x 1.5 mm, with a span length of
6 mm and a loading speed of 0.05 mm/min.

The CTE of the laminated composites was
measured using a NETZSCH DIL 402 C
dilatometer. The sample dimensions were 4 mm X
4 mm x 1.5 mm, and the testing temperature ranged
from 30 to 400°C. Thermal diffusivity was
determined using a NETZSCH LFA 467 laser flash
apparatus with samples in dimensions of 20 mm X
20 mm x 1.5 mm. Prior to testing, the sample
surfaces were polished to a mirror finish using
metallographic sandpaper. The thermal conductivity

was then calculated wusing the following
formula [22]:

Cp=OAIC), A1 TPsiCp si (D
A=apc, (2)

where ¢, is the specific heat capacity, pai and ¢s;are
the volume fractions of Al and Si respectively,

Table 1 Number of layers, thicknesses and deformation amounts of three kinds of Al/A1-27%Si laminated composites

. Thickness Thickness  Thickness Thickness of Sicontent  Deformation
Laminated ) Number of | ) )
. before hot after hot of Al Al-27%Si alloy in composite/  reduction/
composite . . layers
rolling/mm  rolling/mm layer/mm layer/mm wt.% %

T1 2.5 1.5 0.03 0.132 19 22.22 40.0

T2 5.0 1.5 0.015 0.066 37 22.18 70.0

T3 10.0 1.5 0.0075 0.033 75 22.12 85.0
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Fig. 2 Dimensions of tensile specimen (unit: mm)
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cpal and cpsi are the specific heat capacities of Al
and Si respectively, 4 is the thermal conductivity, o
is the thermal diffusivity, and p is the density. All
tests were conducted three times under identical
conditions, and the average of the test results was
calculated to ensure the accuracy and reliability of
the experiment. The tensile strength, flexural
strength, thermal conductivity and thermal
expansion coefficient are the average values of
three test results.

3 Results and discussion

3.1 Microstructural characteristics

Figure 3 illustrates the microstructure of the
0.22 mm thick Al-27%Si alloy sheet and three
types of Al/Al-27%Si laminated composites. In the
Al-27%Si alloy, only a-Al and pS-Si phases are
present, with the Si phase appearing in a granular
form characterized by fine size and uniform
distribution, as depicted in Fig. 3(a). Similarly, in

all three types of Al/Al-27%Si laminated
composites, only a-Al and f-Si phases are observed,
and there is no significant difference in the size,
morphology, or distribution of the Si particles. In
the T1 laminated composite, a distinct and nearly
straight interface between the Al layer and the
Al-27%Si alloy layer is evident, as shown in
Fig. 3(b). As the layer thickness decreases due to
increased hot rolling reduction, the interlayer
interface becomes increasingly indistinct and
irregular, and the Al layer exhibits uneven thickness,
as illustrated in Fig. 3(d).

Figures 4 and 5 present the EDS mapping and
line scan results of the Al/Al-27%Si laminated
composites. It is evident that the Si element
predominantly resides in the Al-27%Si layer, with
only a sparse distribution of Si particles in the Al
layer, particularly in the T3 laminated composite.
This phenomenon can be attributed to the
significantly higher hardness of the Si phase
compared to that of the Al phase, leading to some Si
particles being embedded into the Al layer under
compressive stress during hot rolling. The line scan
results indicate excellent interfacial bonding
between the Al layer and the Al-27%Si alloy layer.
The thicknesses of the Al layers in the three
laminated composites are approximately 29.73,
12.94, and 7.11 um, respectively, closely matching
the theoretical values. Additionally, no significant
defects such as pores or micro-cracks are observed
at the interlayer interface.

(b), T2 (c) and T3 (d)
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Fig. 5 EDS line scan results of A/A1-27%Si laminated composites: (a) T1; (b) T2; (¢) T3

The theoretical and measured densities of the
Al/A1-27%Si laminated composites are presented
in Table 2. The densities of the three laminated
composites show minimal variation, with the
relative densities reaching 99.2%, 99.5%, and
99.8% respectively. These high density levels
suggest that the microstructures are highly compact,
providing a solid foundation for their superior
mechanical and thermo-physical properties [23].

3.2 Mechanical properties

The average microhardness of the Al-22%Si
alloy, and the AI-27%Si alloy layer in Al/Al-
27%Si laminated composites is listed in Table 3. It

Table 2 Measured density, theoretical density and
relative density of Al/Al-27%Si laminated composites

Laminated Expenrpental Theer Relat'lve

composite density/ density/ density/
P (grem™) (grem) %
T1 2.5878 2.6087 99.2
T2 2.5965 2.6095 99.5
T3 2.6057 2.6099 99.8

can be seen that the hardness of Al-27%Si alloy
layer significantly exceeds that of the Al-22%Si
alloy. This difference can be attributed to the higher
Si content and the increased residual stress induced
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by hot rolling. However, the hardness of Al-27%Si
alloy layer is slightly lower than that of Al-27%Si
alloy. And as the thickness of Al-27%Si alloy layer
decreases, its hardness gradually decreases. During
hot rolling, the alloy undergoes plastic deformation,
leading to a more homogeneous internal stress
distribution, which reduces the residual stress
within the composite material and consequently
lowers the hardness of Al-27%Si alloy layer [24].

Table 3 Average hardness, room temperature tensile and
flexural properties of Al-22%Si alloy, Al-27%Si alloy
and Al/A1-27%Si laminated composites

Vickers  Tensile Eloneation/ Flexural

Material hardness strength/ %/ strength/
(HV) MPa ’ MPa
Al-22%Si  76.2 147.2 3.36 188.3
Al-27%Si  90.1 195.6 2.65 205.0
T1 89.1 215.4 2.73 368.0
T2 84.6 218.9 3.80 382.9
T3 80.5 222.5 3.88 407.4

Figure 6 illustrates the tensile stress—strain
curves of the Al-22%Si alloy and the Al/Al-27%Si
laminated composites. Table 3 summarizes the
average tensile strength, elongation, and flexural
strength for these materials. The tensile and flexural
strength of the Al/Al-27%Si laminated composites
are significantly higher than that of the Al-22%Si
alloy and Al-27%Si alloy. Additionally, the
elongation of the T2 and T3 laminated composites
shows a slight improvement. With the decrease in
the layer thickness, both tensile strength and
elongation of the laminated composites exhibit a
gradual increase. Specifically, the T3 laminated
composite achieves peak values of 222.5 MPa in
tensile strength and 3.88% in elongation. Moreover,
the flexural strength of the T3 laminated composite
reaches the highest value of 407.4 MPa. Compared
with Al-22%Si and Al-27%Si alloy, the tensile
strength and flexural strength of T3 composites are
increased by 51.2%, 13.7% and 116.4%, 98.7%,
respectively. Given that the elongation of the
laminated composites is comparable to that of the
Al-22%Si alloy and Al—27%Si alloy, while their
tensile and flexural strength are significantly
enhanced, it can be concluded that the toughness of
the laminated composites surpasses that of the
Al-22%Si alloy and Al-27%Si alloy.
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Fig. 6 Tensile stress—strain curves of Al—22%SIi,
Al-27%Si1 Al/AI-27%Si
composites at room temperature

alloys and laminated

The tensile fracture surfaces of the Al-22%Si
alloy and the Al/Al-27%Si laminated composites
are depicted in Fig. 7. In the Al-22%Si alloy, the
relatively flat regions correspond to Si particles,
which exhibit characteristic brittle fracture features;
the surrounding dimples represent the Al matrix,
indicating ductile fracture behavior. In the
laminated composites, the Al-27%Si alloy layer
displays a significant number of dimples alongside
relatively flat regions, similar to the Al-22%Si
alloy, suggesting ductile fracture of the Al matrix
and brittle fracture of the Si particles. However, the
size of the dimples is notably reduced, indicating a
finer microstructure in the Al-27%Si alloy layer.
The interfaces between the Al and Si phases in both
the Al-22%Si alloy and the Al-27%Si alloy layer
exhibit strong bonding, with no evidence of
interfacial delamination or Si particle detachment.
Additionally, the interface between the Al layer and
the Al-27%Si alloy layer in the laminated
composites shows excellent bonding, with no signs
of interlayer delamination. These observations
suggest that during tensile testing of the
Al/Al-27%Si  laminated composites,
propagate directly through the individual layers
rather than along the interlayer interface.

With the decrease in layer thickness, the size
of dimples in the Al/Al-27%Si laminated composites
slightly decreases. During tensile deformation,
cracks initiate in the less ductile Al-27%Si alloy
layer. As these cracks propagate, their tips deflect,
which effectively inhibits crack propagation. Upon
reaching the more ductile Al layer, crack propagation

cracks
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Fig. 7 Tensile fracture surfaces of A1-22%Si alloy and Al/Al-27%Si laminated composites: (a, b) Al-22%Si; (c, d) T1;

(e, ) T2; (g, h) T3

is further impeded due to the superior toughness of
the Al layer. The reduction in layer thickness leads
to an increase in the number of Al layers, thereby
enhancing the overall resistance to crack
propagation and resulting in improved elongation.
Moreover, during hot rolling, the alloy undergoes

significant plastic deformation, leading to a finer
and more homogeneous microstructure with an
increased density of grain boundaries. This
microstructural refinement enhances both the
deformation resistance and the strength of the
laminated composites [17].
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The crack morphology of the three-point
bending specimen of Al/Al-27%Si laminated
composites is shown in Fig. 8. It is observed that
during the bending test, the crack initiates in the
outermost Al-27%Si alloy layer and deflects within
this layer. Upon reaching the interface between
layers, the crack does not propagate between layers
but instead penetrates into the Al layer, where it
deflects again. This observation further confirms
the strong bonding strength between the Al layer
and the Al-27%Si alloy layer in the laminated
composites. The deflection of the crack during
propagation increases the fracture surface area and
the energy required for crack propagation, thereby
effectively inhibiting fracture. Due to the superior
toughness of the Al layer, when the crack enters this
layer, its propagation is impeded, leading to
increased elongation and enhanced strength.
Consequently, as the layer thickness decreases and
the number of Al layers increases, the toughening
effect becomes more pronounced. In contrast, the
bending cracks in Al-22%Si alloy specimens
exhibit a nearly linear path.

Fig. 8 Cross-sectional morphologies of bending specimens
of Al/AI-27%Si laminated composites: (a) T1; (b) T2;
(c) T3

3.3 Thermo-physical properties

The reinforcement in metal matrix composites
is typically non-metallic. Factors influencing
their thermal conductivity include the thermal
conductivities of individual components, the
volume fraction, size, shape, and distribution of the
reinforcement, as well as the porosity and
impurities [25,26]. The thermal conductivity of
electronic packaging materials is a critical
performance parameter. Higher thermal conductivity
enhances the material’s ability to dissipate heat
from electronic components, thereby providing
better protection.

The theoretical thermal conductivity can be
calculated using the Maxwell model according to
the following formula [27]:

A A
20| S =1|+-"+2
A=A

3

C m 1 /11) /11) 2 ( )
-—— |+

where A. represents the theoretical thermal

conductivity of the composite, An is the thermal
conductivity of the matrix, A, is the thermal
conductivity of the reinforcement, and ¢, is the
volume fraction of the reinforcement. The thermal
conductivities of Al-22%Si alloy, Al-27%Si alloy
and Al/Al-27%Si laminated composites were
calculated by measuring their thermal diffusion
coefficients.

Table 4 summarizes the theoretical and
measured thermal conductivities of Al-22%Si alloy,
Al-27%Si alloy and Al/Al-27%Si laminated
composites. The measured thermal conductivities of
all three AI/Al-27%Si laminated composites are
consistently lower than their respective theoretical
values. This discrepancy can be attributed to grain
refinement during hot rolling, which increases
the number of grain boundaries and dislocation
density [24,28]. These microstructural evolutions
impede atomic displacement within the grains,
thereby reducing thermal conductivity. Additionally,
the interlayer interfaces act as barriers to heat
transfer, further diminishing the thermal conductivity
of the laminated composites [29]. Consequently, as
the layer thickness decreases, the interlayer interfaces
become less distinct (as illustrated in Fig. 3), leading
to an increase in thermal conductivity. Among the
three laminated composites, the T3 composite
exhibits the highest thermal conductivity of
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166.5 W/(m-K), which is still 6.8% and 0.9% lower
than that of the Al1-22%Si and Al-27%S:i alloy.

Table 4 Theoretical and measured thermal conductivities
of Al-22%Si alloy, Al-27%Si alloy and Al/Al-27%Si
laminated composites

Theory thermal ~ Experimental thermal

Material conductivity/ conductivity/

(W-m™-K ™) (W-m™-K )
Al-22%Si 2153 178.6
Al-27%Si 202.7 168.0
T1 212.1 149.3
T2 212.3 153.1
T3 212.4 166.5

The high-silicon aluminum alloy and Al/AI-Si
laminated composites consist of an aluminum
matrix reinforced with Si phase particles. The
addition of Si enhances the strength of the alloy
while reducing its density. Since the thermal
conductivity of Si (148 W/(m-K)) is lower than that
of Al (237 W/(m-K)), the thermal conductivity of
the alloy decreases as the Si content increases. In
the laminated composites, the introduction of Al
layers with superior thermal conductivity improves
the overall thermal performance. Additionally, the
thickness of the layers significantly influences the
thermal conductivity; thinner layers may experience
more complex interfacial structures during hot
rolling, which can affect the thermal conduction
differently.

The relationship between the CTE and
temperature for Al-22%Si alloy and Al/AI-27%Si
laminated composites is illustrated in Fig. 9. It is

20—/

—=— Al-22%Si
—— Al-27%Si

—a— T1

—
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0 l(l)O 2(I)O 3(I)0 4(I)O
Temperature/°C
Fig. 9 Relationship between CTE and temperature for
Al-22%Si alloy, Al-27%Si alloy and Al/AI-27%Si

laminated composites

seen that the CTE of the three laminated composites
increases sharply from room temperature to 100 °C,
followed by a gradual increase with a relatively flat
trend from 100 to 300 °C, and then exhibits a slight
decrease between 300 and 400 °C. This thermal
expansion behavior markedly differs from that of
the Al-22%Si alloy and Al-27%Si alloy, which
shows a nearly linear increase. Furthermore, as the
layer thickness decreases, the CTE of the laminated
composites also slightly decreases. These findings
indicate that the laminated structure effectively
reduces the CTE below temperatures 100 °C.
During the fabrication of laminated composites,
residual stress arises at the interface boundary
due to the differing CTE between the adjacent
layers [30]. During hot rolling, the alloys
experience plastic deformation, which balances the
stress state at the interface and consequently
reduces the residual stress. As the deformation
reduction increases, the intensity of plastic
deformation escalates, leading to a more significant
reduction in residual stress. During thermal
expansion, the residual stress within the composite
is gradually released. Given that the T3 laminated
composite undergoes the largest deformation, it
exhibits the lowest residual stress. In the laminated
composites, the Si phase within the Al-27%Si layer
is segregated by the Al matrix. As the number of
layers increases and the thickness of each layer
decreases, the distribution of the Si phase becomes
increasingly homogeneous. In the laminated
composites, the Si phase in the Al-27%Si layer is
separated by the Al layer. As the number of layers
increases and the layer thickness decreases, the Si
phase distribution becomes more homogeneous.
However, the CTE of the Al matrix is significantly
higher than that of the Si phase. During thermal
expansion, the composite primarily expands due to
the deformation of the Al matrix. With a more
homogeneous distribution of Si, its restraining
effect on the expansion of the Al matrix intensifies.
Consequently, the CTE of the laminated composites
decreases with decreasing layer thickness. When
the temperature is relatively high (>400 °C), the
CTE of the laminated composites decreases. This
can be attributed to the following reasons. (1) The
gradual increase in the solid solubility of Si in the
Al matrix leads to a reduction in the lattice constant
of Al. Since the macroscopic length change rate of
the material equals the lattice constant change rate,
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this negatively impacts the thermal expansion
behavior [31]. (2) During the expansion process, the
tensile stress within the material gradually decreases
and eventually transforms into compressive stress,
thereby suppressing material expansion. (3) At the
interface bonding regions, the constraining effect
of the Si phase on the expansion of Al matrix
strengthens, resulting in inhibited thermal
expansion of the Al layers.

4 Conclusions

(1) By employing hot pressing and hot rolling
techniques, Al/Al-27%Si laminated composites
with excellent interlayer bonding between Al layer
and Al—27%3i alloy layer were fabricated. However,
despite their differences in layer thickness, the
microstructures of these three laminated composites
share some similarities. As the layer thickness
decreases, the interlayer interface becomes less
distinct, the uniformity of Al layer thickness
decreases, and a small number of Si particles begin
to infiltrate the Al layer.

(2) The tensile and flexural strengths of the
three laminated composites are significantly higher
than those of Al-22%Si and Al-27%Si alloys, and
increase further as the layer thickness decreases.
The maximum values reach 222.5 and 407.4 MPa,
representing increases of 51.2%, 13.7% and 116.4%,
98.7%, respectively. Fracture
reveals distinct crack deflection phenomena, which
contribute to the enhanced strength and toughness
of the composites.

(3) Compared to the Al-22%Si alloy and
Al-27%Si alloy, the thermal conductivity of the
three laminated composites has decreased, with a
minimum reduction of 6.8% and 0.9%. Increasing
the deformation reduction and decreasing the layer
thickness can improve the thermal conductivity.
The thermal expansion behavior of the laminated
composites differs from that of the alloy. The CTE
of the composites is significantly lower than that of
the Al-22%Si alloy, and approaches that of
Al-27%Si alloy in the 100—400 °C range, and it
exhibits a rapid increase from room temperature to
100 °C and slightly decreases at 400 °C.
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AVAI-27%Si BIREAM RN EMLBLE . HEMHIRMRE

FH4, REFW, B, H B, B, TAW, B A, KA

N

1. RS MERSES TR, Kb 410083;
2. WK mERGMAMRRIE S EARERE ALK E, K 410083;
3. IR AR RS (SRR SR, KV 410128

7 OE: RARERAELE] & =5 AVAI-27%S1 EAIRE A MBS &8RN 22%, FiEs80, »F ot g
L. JIETERE A IR RE . S5 RRI =M EEMELEA AU EMAL, AlES Al-27%Si G422 (8 5
G RIF. ZFEAEMEHNPRREMPIE BES R E ST Al-22%Si 1 Al-27%Si G4, FHEJE BRI mZ T
WK, B Rs 222.5 1 407.4 MPa; 25 iR 10 1 AR T b AT DOWLEE S B B M SUmE IS, X EIRE A
FRIEEEIEIR T EEFH K. 5 Al-22%Si &4 Al-27%Si &4, =fMERE MRS RE T TR,
Horh T3 BARE SR PR, LSBT Al-22%Si M Al-27%Si 4473 MR T 6.8%M 0.9%. H&
MR PZ K RBOAS BGE, IRRIL A F IR AR AT
KR BTEEME: BIREE: mEREE: IR A ErEaE
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