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Abstract: Trace amount of Sr (0.05 wt.%) was added into the hypoeutectic Al-Si (3—12 wt.% Si) alloys to modify their
microstructure and improve thermal conductivity. The results showed that the thermal conductivity of hypoeutectic
Al-Si alloys was improved by Sr modification, and the increment and increasing rate of the thermal conductivity
gradually increased with Si content increasing. The improvement of thermal conductivity was primarily related to the
morphology variation of eutectic Si phases. In Sr-modified Al—Si alloys, the morphology of eutectic Si phases was a
mixed morphology of fiber structure and fine flaky structure, and the proportion of the fine flaky eutectic Si phases
gradually decreased with Si content increasing. Under the Si content reaching 9 wt.%, the proportion of fine flaky
eutectic Si phases was nearly negligible in Sr-modified alloys. Correspondingly, the increment and increasing rate of
thermal conductivity of Sr-modified alloys reached the maximum and tended to be stable.
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1 Introduction

Nowadays, some novel industries of 5G
communication and new energy vehicles are
being rapidly developed. The heat dissipation
performance of materials that are applied in the
sealed cavity housing of radio remote unit (RRU) of
5G communication base station and the battery
pack cooling module of the new energy vehicle has
received wide attention in the above mentioned
emerging industries. The die-casting process of Al
alloys is the most common technology to
manufacture these components. Therefore, the
research on die-casting Al alloys with high thermal
conductivity has an important engineering
significance and application value [1,2].

Al-Si alloys are the most commonly used
die-casting Al alloys. However, the electrical
conductivity of Al alloys would decrease with the

addition of Si [3]. The reduction percentage of
electrical conductivity of Al for Si in the state of
solid solution was 11.6 times that of Si in the state
of non-solid solution [4]. The equilibrium solid
solubility of Si in Al matrix is only 0.05 wt.% at
room temperature. Hence, the amount of Si in the
state of non-solid solution is more than that of Si in
the state of solid solution when the Si content is far
more than 0.05 wt.% in Al alloys. As a result, the
effect of Si in the state of non-solid solution
on the electrical conductivity is also significantly
important in most commercial Al-Si alloys.
According to Weizmann—Frantz law [5,6], the
electrical conductivity of alloys is normally
proportional to the thermal conductivity. Therefore,
the effect of Si on the electrical conductivity of Al
alloys will be as same as that on the thermal
conductivity of Al alloys.

In hypoeutectic Al-Si alloys, most of non-
solid solution Si exists in the form of eutectic Si
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phases. In order to improve the strengthening effect
of eutectic Si phases, researchers have studied
many modified processes [7-9]. At present, the Sr
modification process is widely used to treat the
Al-Si alloys because Sr can efficiently transform
the eutectic Si phases from coarse flaky structure to
fine fiber structure, and improve the mechanical
properties of Al-Si alloys [10—12]. In addition,
some also found that Sr
modification process can also improve the thermal
conductivity of hypoeutectic Al-Si alloys, and
believed that the transformation of eutectic Si
morphology is the main reason for the improvement
of thermal conductivity [13,14]. However, the
mechanism of eutectic Si morphology affecting
thermal conductivity has not been studied in depth.

Some researchers adopted the Maxwell
model [15] to delve into the thermal conductivity of
unmodified Al-Si alloys and compared the
theoretical values. Besides, it was reported that the
model can help qualitatively determine the varying
trend of the thermal conductivity [5,6,16].
However, rare studies have been conducted to
analyze the thermal conductivity of Sr-modified
Al-Si alloys with Maxwell model. Some
researchers reported that the morphology of the
eutectic Si phases showed a direct association with
the thermal conductivity of Sr-modified Al-Si
alloys [17,18]. However, in the Maxwell model the
effect of the second phase morphology on the
thermal conductivity was not considered. For this
reason, other methods should be adopted to analyze
the variation law of the thermal conductivity of
Al-Si alloys modified by Sr.

In this work, the hypoeutectic Al-Si alloys
were selected as the model materials. The effect of
Sr modification process on the morphology of
eutectic Si phases in hypoeutectic Al-Si alloys with
different Si contents was analyzed in depth. By
establishing the free electrons scattering model at
the Al/Si interface, the mechanism of thermal
conductivity change was deeply studied.

researchers have

2 Experimental

The commercially pure Al (99.8 wt.% Al,
0.095 wt.% Fe, 0.035 wt.% Si, 0.02 wt.% Zn, etc.)
and Al-20Si master alloy were used as raw
materials to prepare Al-Si binary alloys with

different Si contents (0, 3, 5, 7, 9, and 12 wt.%).
The raw materials were placed in graphite clay
crucible and then melted in an electric resistance
furnace (SG2—5—10). The melting temperature was
set to be 750 °C. After melting, the melt was
modified by Al-10Sr master alloy, and the addition
amount of Sr was 0.05 wt.%. Subsequently, the melt
was poured into a steel mold preheated at 200 °C to
obtain a casting with a thickness of 4 mm. The
castings air-cooled after pouring and all alloys were
subjected to the identical solidification and cooling
conditions.

The as-cast samples were processed into
cylinders (d12.7 mm x 3 mm) and then employed
to determine the thermal diffusivity (a) with the
laser flash method (NDTZSCH DSC 204F1) at
room temperature [19]. The sample density was
determined with Archimedes method (GF300-D).
Besides, the specific capacity was measured with a
differential scanning calorimeter (Netzsch DSC). At
last, the thermal conductivity (1) of each alloy was
calculated by the formula: A=apc, [20].

In order to characterize the three-dimensional
morphology of eutectic Si phases, the samples were
deep-etched with 10% hydrochloric acid alcohol for
about 20 min, and then the surface of the samples
was washed with absolute alcohol. Lastly, the
eutectic Si phases were characterized by SEM—SEI
(ZEISS Merlin).

3 Results

3.1 Thermal conductivity

The density (p), thermal diffusivity (a),
specific heat capacity (c,) and thermal conductivity
(A4) of each alloy were listed in Table 1. Since
commercially pure Al contains impurities, the
thermal conductivity of commercially pure Al
(230.6 W/(m-K)) is lower than that of high purity
Al (237 W/(m'K)). When AIl-Si alloys were
modified by Sr, the thermal conductivity (1)
increased. The increment (A4, AA=AngAunmds Amd 1S
the thermal conductivity of Sr-modified alloy, Aynma
is the thermal conductivity of unmodified alloy) and
increasing rate (A4/Aumg) of thermal conductivity
were calculated, as listed in Table 1.

Figure 1 showed the effect of Si content
on the thermal conductivity of unmodified and
Sr-modified Al-Si alloys. Figure 1(a) indicated that
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Table 1 Thermal conductivities and related properties of Al and its alloys
p/ al c,/ Al AA/ (AA Aynma)/
Alloy (g-cm® 2, -1 ol el R | I 0
g-cm ) (mm™s ) J-g " K) (Wm K') (Wm K %0
Pure Al 2.709 95.967 0.887 230.6
Al-0.05Sr 2.701 94.921 0.889 2279 -2.7 -1.2
Al-3Si 2.662 83.083 0.781 172.8
Al-3Si—0.05Sr 2.628 82.592 0.848 184.1 11.2 6.5
Al-5Si 2.629 79.797 0.765 160.5
Al-5Si—0.05Sr 2.659 78.011 0.844 175.1 14.6 9.1
Al-7Si 2.674 69.392 0.747 138.6
Al-7Si—0.05Sr 2.659 75.720 0.842 169.6 30.4 21.9
Al-9Si 2.678 68.361 0.720 131.8
Al-9Si-0.05Sr 2.687 72.934 0.842 165.0 33.2 25.2
Al-12Si 2.624 69.045 0.709 128.4
Al-12Si-0.05Sr 2.691 72.620 0.829 161.2 32.8 25.5
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Fig. 1 Effect of Si content on thermal conductivity of Sr-modified and unmodified Al-Si alloys (a), and improvement of

thermal conductivity induced by Sr modification (b)

the thermal conductivity of unmodified AI-Si
alloys gradually decreased by the addition of Si.
The decline rate of thermal conductivity of
Sr-modified AI-Si alloys was lower than that of
unmodified AI-Si alloys. With the Si content
increasing, the difference in thermal conductivity
between unmodified and Sr-modified Al-Si alloys
gradually increased.

The columnar height in Fig. 1(b) indicated
the increment of the thermal conductivity of
Sr-modified Al-Si alloys, and the curve showed the
trend of the increasing rate of thermal conductivity
(A Aunma) of Sr-modified Al-Si alloys. Figure 1(b)
showed that the thermal conductivity of
hypoeutectic Al-Si alloys was improved by Sr
modification process. In general, the increment and

the increasing rate of thermal conductivity were
improved with the Si content increasing, and were
stabilized at Si content of 9 wt.%. When the Si
content was 3 wt.%, the increment and increasing
rate of the thermal conductivity were the lowest,
only 11.2 W/(m-K) and 6.5%, respectively. When
the Si content was 9 wt.%, the increment and
increasing rate of the thermal conductivity were
33.5 W/(m-K) and 25.2%, respectively, and tended
to be stable as Si content further increased.

3.2 Microstructure

The microstructure of hypoeutectic Al-Si
alloys is composed of primary a(Al) and (a(Al)+Si)
eutectic structure. Figure 2 showed the OM images
of Sr-modified Al-Si alloys. From Fig. 2 it can be
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Fig. 2 OM images of a(Al) dendritic morphologies in Sr-modified Al-Si alloys: (a) Al-3Si; (b) Al-5Si; (c¢) Al=7Si;

(d) Al-9Si; (e) Al-12Si

seen that with the Si content increasing, the
proportion of eutectic structure increased, as well as
the dendrite gap. The dendrite gap in each alloy was
measured and summarized in Fig.3. At the Si
contents of 3 wt.% and 5 wt.%, the average dendrite
gaps were 2.3 and 3.7 um, respectively. At the Si
content more than 5 wt.%, the dendrite gap
increased significantly, and the primary dendrite
gap was much larger than secondary dendrite
gap. To achieve a clearer comparison, only
the secondary dendrite gaps were counted in
Figs. 2(c—e). The statistics suggested that when the
Si contents were 7 wt.%, 9 wt.% and 12 wt.%, the
average secondary dendrite gaps reached 7.9, 8.9
and 8.8 pm, respectively, as shown in Fig. 3. This

Mean dendrite gap/um
N 3 oo

[\ w E>N (9)]
T

2 4 6 8 10 12
Si content/wt.%

Fig. 3 Statistical results of dendrite gap in Sr-modified
Al-Si alloys
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indicated that when the Si content was 9 wt.%, the
secondary dendrite gap reached a stable value.

The eutectic Si phase morphology was
characterized by SEM. The observation results
showed that the morphology and size of eutectic Si
phases were nearly the same in all unmodified
Al-Si alloys. Therefore, only the SEM image of
Al-7Si alloy was presented in Fig. 4. Figure 4(a)
showed that the eutectic Si phases were coarse
flaky structure in unmodified Al-7Si alloy, and
the maximum size of the coarse flaky eutectic Si
phases was 20—30 um. Figures 4(b)—(f) showed the
morphologies of eutectic Si phases in Al—xSi (x=3,
5, 7, 9 and 12) alloys modified by 0.05 wt.% Sr.
Compared with Fig. 4(a), the morphologies of
eutectic Si phases changed significantly in
Figs. 4(b)—(f). Most of the eutectic Si phases were
transformed into fibrous structure with a diameter

of 0.2—0.3 um, and the end of fibrous eutectic Si
phases was approximately hemispherical. Most of
adjacent fibrous eutectic Si phases were parallel to
each other. In addition, a small amount of eutectic
Si phases were fine flaky structure, and the
maximum length of the fine flaky eutectic Si phases
was between 2 and 5 um. The proportion of fine
flaky eutectic Si phases was different with the Si
content increasing.

Figure 4(b) illustrated that a certain amount of
fine flaky eutectic Si phases (indicated by arrows)
were adjacent and approximately parallel to each
other in Sr-modified Al-3Si alloy. Likewise, there
were also a certain amount of fine flaky eutectic Si
phases in Sr-modified Al-5Si alloy. The eutectic Si
phases indicated by arrows were fine flaky structure
and almost parallel to each other, as presented
in Fig. 4(c). On both sides of fine flaky Si phases,

Fig. 4 SEM images of eutectic Si phases in unmodified Al-7Si alloy (a) and Sr-modified Al—xSi alloys (x=3, 5, 7, 9 and
12): (b) AlI-3Si; (c) Al-5Si; (d) Al-7Si; (e) Al1-9Si; (f) Al-12Si
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approximately dendrite-like holes were left when
the dendrites were fully etched. This indicated that
most flaky eutectic Si phases were precipitated
between the dendrites with a small gap.

When the Si content increased to 7 wt.%
(Fig. 4(d)), the eutectic Si phases were mainly
fibrous structure, and the proportion of fine flaky
eutectic Si phases was obviously smaller than that
of Sr-modified Al-3Si and AI-5Si alloys.
Moreover, Fig. 4(d) showed that the flaky eutectic
Si phases (indicated by arrows) were far away from
each other, and were not parallel to each other.
There were considerable fibrous eutectic Si phases
between flaky eutectic Si phases.

Figures 4(e) and (f) showed that it was difficult
to observe fine flaky eutectic Si phases, and the
eutectic Si phases were almost fibrous when Si
contents were 9 wt.% and 12 wt.%, respectively.

In this study, the proportion of fine flaky
eutectic Si phases was used for judging the effect
of Sr modification process. There were still a
certain amount of fine flaky Si phases in
Sr-modified alloys when Si content was low, and
thereby the effect of Sr modification process was
weak. With the Si content increasing, the proportion
of fine flaky Si phases gradually decreased, and
thereby the effect of Sr modification process
gradually increased. When the Si contents were
9 wt.% and 12 wt.%, respectively, it was difficult to
observe fine flaky eutectic Si phases, and thereby Sr
indicated an excellent modification effect.

4 Discussion

The electrical resistivity of Si phase is 11
orders of magnitude higher than that of pure Al at
room temperature, and thereby the free electrons
were very hard to pass through the eutectic
Si phases. Therefore, the decrease of thermal
conductivity should be related to the precipitation
of high resistance eutectic Si phases that would
hinder electrons transport in alloys. In addition, it
suggested from experiment results that the
increment and increasing rate of thermal
conductivity of Sr-modified alloys were improved
with the Si content increasing. The proportion of
fine flaky Si phases in alloys with low Si content
(<5 wt.%) was higher than that of high Si content
(>7 wt.%). Thus, the improvement of thermal

conductivity of Sr-modified alloys should be
closely associated with the morphological variation
of eutectic Si phases.

4.1 Effect of solidification on morphology of Si
phases

For the hypoeutectic Al-Si binary alloy, the
solidification is divided into two stages: L—
a(Al) and L—a(Al+Si, respectively. The a(Al)
dendrites are precipitated in the former stage. The
eutectic structure is precipitated in the later stage,
and the morphology of eutectic Si phases is coarse
flake. Sr modification process could change the
morphology of eutectic Si phases [10—12].
Moreover, some studies [21,22] found that the
fibrous eutectic Si branches originate from the trunk
at the same angle (70.5°) in Sr-modified AI-Si
alloys, so the mentioned adjacent fibrous eutectic Si
branches are parallel to each other. However, in this
study it was found that although most of eutectic Si
phases were transformed into fibrous structure by
Sr modification process, there were a certain
amount of fine flaky Si phases between a(Al)
dendrites. The proportion of fine flaky eutectic Si
phases decreased with the Si content increasing.

The primary a(Al) solidification reaction was
prior to a(AD+Si eutectic reaction. During the
eutectic reaction, the melt would solidify between
o(Al) dendrites. Therefore, the dendrite gap and the
solute distribution between the dendrites would
affect a(Al)+Si eutectic reaction, especially the
morphology of eutectic Si phases.

During the growth of primary a(Al), solute
elements were continuously discharged at front
of solid/liquid (S/L) interface. This would lead to
solute enrichment at the front of S/L interface and
form a diffusion field, resulting in constitutional
undercooling (AT,) [23—25]. From the onset of
eutectic reaction, the diffusion field near the S/L
interface of a(Al) dendrites would have a
continuous effect on eutectic reaction [26—28].
When the solute diffusion fields between two
adjacent a(Al) dendrites overlapped each other, the
solute concentration gradient would decrease, and
AT, would in turn decrease. In the eutectic reaction,
some eutectic Si phases nucleated on or near the
primary a(Al) surface [26—28]. When AT, was
reduced to a critical undercooling (AT.;), the
eutectic Si phases that nucleated on or near the
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primary a(Al) surface and grew in the overlapping
area of the diffusion field would grow in the form
of fine flake [29].

Figure 3 showed that the average dendrite gap
gradually increased with the Si content increasing.
Therefore, in Sr-modified alloys, the overlapping
area of the inter-dendrite diffusion field would
decrease with the Si content increasing, and the area
of the critical undercooling (AT.;) required for the
precipitation of flaky eutectic Si phases would in
turn decrease. As a result, the precipitation
probability for fine flaky eutectic Si phases became
smaller, especially for those adjacent and parallel to
each other.

4.2 Effect of Si phase morphology on thermal
conductivity

According to Matthiessen’s rule, the resistivity

can be expressed as [30,31]
P=prtpr (1)
PR=PgbTPatPssTPp (2)
where p is the electrical resistivity of metallic
materials; pr is the basic resistivity, and only related
to temperature; pr is the residual resistivity, which
was related to the microstructure and was the sum
of four resistivity; p,, denotes the resistivity
induced by the grain boundary; pq represents
electron scattering by dislocations; ps and p, are the
resistivity components due to the solute atoms and
precipitates phase, respectively. Only when the
grain size close to the average free path of free
electrons will the effect of py, on the resistivity be
obvious [32]. The average free path of free
electrons is in the order of nanometer [33], and the
size of Al grains is in the order of micrometer or
millimeter. Therefore, the effect of p,, on the
resistivity is negligible. The effect of pg on the
resistivity is slight at room temperature [30,34]. The
cooling conditions were the same for all alloys, and
thereby the solid solubility of Si in Al matrix was
almost the same for unmodified and Sr-modified
Al-Si alloys. Therefore, the improvement of
thermal conductivity of Sr-modified alloys was
mainly related to p,,.

Some researchers [30,35,36] found that the
interface between matrix and secondary phase can
scatter free electrons and shorten the average free
path of electrons. The cross-section dimensions of
secondary phase significantly affect the resistivity

(p) of alloys, and the resistivity increases with P/S
increasing, where P and S refer to the perimeter and
the cross-section area of the second phase,
respectively. From the mentioned finding, the
influence law of secondary phase morphology on
the electrical conductivity and thermal conductivity
can be inferred.

TIMPLE et al [37-39] characterized the
overall 3D morphologies of the eutectic Si phases
in unmodified and Sr-modified Al-Si alloys by
means of FIB-EsB tomography. They found that the
overall 3D morphology of unmodified eutectic Si
phases was flaky structure, and the overall 3D
morphology of Sr-modified eutectic Si phases was a
mixed morphology of fibrous structure and flaky
structure. This is consistent with the results of this
study, as shown in Fig. 3. Therefore, the cross-
section of flaky Si phases is rectangular with a large
aspect ratio, and the radial cross-section of fibrous
Si phases is approximately circular.

From the mentioned analysis, it can be
speculated that at the identical Si content, the
thermal conductivity of Sr-modified Al-Si alloys is
higher than that of unmodified Al-Si alloys since
the P/S ratio of the circular cross-section is higher
than that of rectangle cross-section. It can be further
speculated that the increment and increasing rate of
thermal conductivity should be improved with the
decreasing proportion of flaky eutectic Si phases.
These speculations were confirmed by experiment
results of this study. But, the mechanism of
interface to scatter free electrons is worthy of a
deep analysis.

Though both eutectic Si phase and a(Al) phase
dissolved a small amount of solute, their
thermo-physical properties were close to those of
pure Si and Al respectively. The linear expansion
coefficients of pure Al and Si were significantly
different, as listed in Table 2 [4,40]. As revealed
from the data in Table 2, in the temperature range
of 400—800 K, the ratio of linear expansion
coefficients of Al and Si was 7.3—8.1. Thus, as
impacted by the difference in shrinkage between the
a(Al) phase and the eutectic Si phase in the cooling
process, thermal strains would be generated at Al/Si
interface. It is noteworthy that the thermal strains
on the a(Al) phase side would lead to the formation
of lattice distortion layers. The lattice distortion
layer would have a significant effect on the length
of electron mean free paths.
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Table 2 Linear expansion coefficients of pure Al and Si
at different temperatures [4,40]

T/K  aAlY10°K™"  aSi)/10°K™"  a(Al)/a(Si)
400 24.9 3.253 7.7
500 26.5 3.614 7.3
600 28.2 3.842 7.3
700 30.4 4.016 7.6
800 335 4.151 8.1

The lattice structure of Al phase (FCC crystal
structure) is different from that of Si (diamond
crystal structure), and the lattice constant of Al
(0.45 A) is also quite different from the of Si
(0.54 A), and the former is 20% smaller than the
latter. So, it is difficult to form a coherent interface.
Therefore, a large number of crystal defects (e.g.
vacancy and dislocation) would be generated in the
lattice distortion layer of a(Al) phase.

In accordance with Bloch theorem [41], free
electron mobility is maximized in a perfect atomic
lattice. Any strains, imperfections, or bulk defects
in the material act as free electron scattering
centers, which reduce their mean free paths and
hence the conductivity [18]. Accordingly, the lattice
distortion layer will scatter free electrons. The
scattering effect is related to the transport path
length of free electrons in lattice distortion layers,
and the scattering effect increases with the
increment of electrons transport path length.

At room temperature, the resistivity of Si is 11
orders of magnitude greater than that of Al, and
thereby Si phases could be regarded as an insulator.
Therefore, free electrons would be reflected by
eutectic Si phases after passing through the lattice
distortion layer. The transport path length (L) (L=L;
+L,, where L; is the length of incident path, and L, is
the length of reflection path) of free electrons in
lattice distortion layer is related to many factors,
among which the interface shape is the most
important factor. Figure 5 presented the schematic
diagram that free electrons transport at plane and
circular interfaces, and the blue area indicated the
lattice distortion layer in a(Al) phase.

Since the cooling conditions of all alloys were
identical, the thickness of the lattice distortion layer
of unmodified and Sr-modified alloys could be
regarded as the same. When the free electron
incident angle (i) and the lattice distortion layer

thickness (d) were the same, the length of incident
path L; of free electron at planar interface would be
longer than that at circular interface. The difference
in the two incident paths was AL; (shown in
Fig. 5(b)). Similarly, the length of reflection path L,
of free electron at plane interface would also be
longer than that at the circular interface, and the
difference in two reflection path was AL,. Therefore,
the difference in transport path length at the two
different interfaces was expressed as AL
(AL=AL#+AL,). It could be inferred that the fibrous
eutectic Si phases could effectively reduce transport
path length of free electrons in lattice distortion
layers.

In this study, at the interface of unit area, the
average difference in transport path length at the
two different interfaces for all of the electrons was
defined as average AL. Since the incident angle i of
free electrons was random in all alloys, the average
AL was only related to the radius (R) of fibrous
eutectic Si phases. As discussed in Section 3.2, the
diameter of fibrous eutectic Si phases in all
Sr-modified Al-Si alloys was similar, so the fibrous
eutectic Si phases exerted the same effect on
decreasing the average AL in all Sr-modified alloys.

In addition, fibrous eutectic Si phases could
also decrease the probability of free electron
scattering. Under the same electron incidence angle
i and incidence cross-section area (DxW, D and W
are the length and width of the cross-section,
respectively), the probability of free electrons
scattering on flaky eutectic Si phases is greater than
that of fibrous eutectic Si phases, since there are
lots of gaps between fibrous Si branches, as shown
in Figs. 6(a) and (b). Additionally, the probability of
free electrons scattering between adjacent two
parallel flaky eutectic Si phases was greater than
that between two adjacent parallel fibrous
eutectic Si branches, as shown in Figs. 6(c) and (d).
From the above analysis, it could be seen that flaky
eutectic Si phases could decrease the probability of
free electron scattering. WENG et al [42] also
believed that the fibrous Si phases could effectively
reduce the probability of electron scattering after
studying the thermal conductivity of Sr-modified
Al-Si alloys.

In brief, fibrous eutectic Si phases could
shorten the transport path length of free electrons in
lattice distortion layer, and reduce the probability of
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()
Al grain

Lattice distortion K
layer in Al matrix

(b)

~Lattice distortion
layer in Al matrix

Al grain

Fig. 5 Path of electron scattering at a(Al)/Si interface with different shapes: (a) Planar interface; (b) Circular interface

Fig. 6 Scattering of free electrons on different eutectic Si phases: (a) Single flaky eutectic Si phase; (b) Single fibrous
eutectic Si phase; (c) Adjacent two parallel flaky eutectic Si phases; (d) Adjacent two parallel fibrous eutectic Si

branches

free electrons scattering at the interface. Thus, the
improvement of thermal conductivity for
Sr-modified alloys was primarily related to the
morphology variation of eutectic Si phases.

Under the same Si content, the density of
eutectic Si phase in unmodified and Sr-modified
alloys was almost the same. With the Si content
increasing in Sr-modified alloys, the proportion of
flaky eutectic Si phases decreased, especially the

proportion of flaky Si phases parallel to each other
decreased significantly. On the contrast, the
proportion of fibrous Si phases gradually increased.
Therefore, compared with unmodified Al-Si alloys,
the increment and increasing rate of the thermal
conductivity of Sr-modified alloys were improved
with the Si content increasing. When the Si content
was 9 wt.%, it was difficult to observe the flaky
eutectic Si phases, and thereby the increment and
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increasing rate were 33.5 W/(m-'K) and 25.2%,
respectively, and tended to be stable as Si content
further increased.

5 Conclusions

(1) The thermal conductivity of hypoeutectic
Al-Si alloys was improved by Sr modification
process. The increment and increasing rate of
thermal conductivity were gradually increased with
the Si content increasing, and tended to be stable as
Si content was 9 wt.%.

(2) In Sr-modified hypoeutectic Al-Si alloys,
the eutectic Si phase was a mixture of fibrous
structure and fine flaky structure, and the
proportion of the fine flaky eutectic Si phases
gradually decreased with the Si content increasing.
When the Si content reached 9 wt.%, the proportion
of fine flaky eutectic Si phases was nearly
negligible.

(3) The precipitation of fine flaky eutectic Si
phases was related to the narrow dendrites gap in
Sr-modified alloys. With the Si content increasing,
the average secondary dendrite gap gradually
increased. When the Si content was 9 wt.%, the
average secondary dendrite gap tended to be stable.

(4) The transformation of eutectic Si phase
morphology from flake to fiber was beneficial to
improving the thermal conductivity. The fibrous
eutectic Si phases could shorten the transport path
length of free electrons in lattice distortion layer,
and reduce the probability of free electron
scattering on interface.
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N AN\

Sr BRI H & Al-Si 6 & ERMBLMSHARHBE
R4, £18, B OB, £ F
R TR MERNES TR, 17 510640

. WM A-Si(3%—12%Si, HiESH)E & IR Sr(0.05%, B4 i &4 1 B A 25w
HSHRRE. MRS REYN, XA St &R TZAERTILE AI-Si 41N SRR, H#E Si 80N, §
R BUIGIN0E AR I B K. SRR RS I Si AHMESR A K. 1E St BT AL-Si A4
S ST MITESUNEF4EIR AT O RIB S S . BEE ST S EMBn, 40ARIL 5 Si I LLBIZHR /N . 24 Si
EREILD] 9%(FESFON, St ZBFA SRR ST MR ELEI T LALZIS AR, MR, Sr B A &SRR
fU3 g BE AN N RIA B R K, ST RE.

KHEIR: WALE A-Si &4 Sr AW LA SIS SMARE: AVSIAE

(Edited by Wei-ping CHEN)



