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a b s t r a c t

SiCp/2024Al composites were fabricated through the powder metallurgy (PM) technique. The mixing pro-
cess was modified by using a high ball to charge ratio (BCR), which resulted in improved homogeneity of
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the SiCp distribution, as well as enhanced tensile strengths of the as-pressed composites. A small particle
size ratio of aluminum to SiCp (PSR) and extrusion also improved the uniformity of the SiCp distribution.
The improvements by the three approaches were quantitatively analyzed using a critical volume fraction
model. The model demonstrates that a small PSR and a large deformation ratio of aluminum particles
were two essential factors of improving the homogeneity of the SiCp. A homogeneity analysis using the

thod
owder metallurgy
einforcement distribution

Dirichlet Tessellation me

. Introduction

SiC particulate (SiCp) reinforced Al matrix composites are pow-
rful candidates in the automobile and aerospace industries [1–5].
ontrol of the SiCp distribution in the Al matrix is an important
echnique, since clustering degrades the tensile properties of the
omposites [6–15]. In powder metallurgy (PM) SiCp/Al compos-
tes, SiCp agglomeration or necklace structure might be produced
n the case of a large volume fraction of SiCp or a large parti-
le size ratio (PSR) of Al to SiCp [13–17]. Enhancing the mixing
rocess [18–21], properly selection of the PSR [13–17] and per-
orming a post-fabrication deformation such as extrusion [22] are
he most common methods of improving the homogeneity dis-
ribution. However, the principles which are responsible for the
mprovement have not been well understood.

In order to guide the fabrication and secondary processing of
he composites, it is necessary to build a criterion for evaluating
he homogeneity of the reinforcement distribution. Some critical
olume fraction models of reinforcement [14,16] have been built
o describe the influences of the PSR and the volume fraction (Vf) on
he homogeneity of the reinforcement distribution. If the volume
raction of the reinforcement exceeded the critical volume frac-

ion, a non-homogeneous distribution of the reinforcement would
ppear. Bhanu Prasad et al. [16] set up a clustering probability
ap of the reinforcement for the as-pressed or as-sintered com-

osites in view of geometrical location. Slipenyuk et al. [14] set up
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921-5093/$ – see front matter. Crown Copyright © 2010 Published by Elsevier B.V. All ri
oi:10.1016/j.msea.2010.05.006
provided an additional explanation for the model.
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a critical volume fraction model based on the as-extruded SiCp/Al
composites. However, the above models could only be suited for
one process, either the hot-press process or the extrusion process.
Furthermore, the critical volume fraction on the deformation of Al
powders during mixing process was seldom discussed. Therefore,
a critical volume fraction model considering the deformation of Al
powder and PSR during different processes is highly desirable.

In this article, the effects of modified mixing processes with a
high ball to charge ratio, extrusion and PSR, respectively on the
homogeneity of SiCp distribution were investigated. A critical vol-
ume fraction model was proposed to quantitatively evaluate the
homogeneity of the distribution. Furthermore, the reinforcement
distribution associated with the PSR, mixing process and extrusion
were also analyzed by the Dirichlet Tessellation method [12,23].

2. Experimental procedure

2.1. Materials and mixing process

The as-received 2024Al and �-SiC powders were spherical and
polygonal shaped, respectively. 2024Al had a nominal composition
of Al–4.5%Cu–1.5%Mg (wt.%). In order to investigate the effects of
the ball to charge ratio (BCR), extrusion and the PSR on the homo-
geneity of SiCp and mechanical properties of the composites, three
groups of samples were fabricated (Table 1).
In the first group of samples, the composite powders were mixed
for 12 h. For comparison, the powders mixed for 1, 4 and 8 h were
also withdrawn. For convenience, the powders or the composites
under BCR of 1:1 and 10:1 were labeled as BCR1 and BCR10, respec-
tively. In the second group of samples, the experiment aimed at

ghts reserved.
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Table 1
Materials and process parameters used in mixing.

Experiment DSiC (�m)a DAl (�m)a SiC vol.% Ball to charge ratio (BCR) Mixing time (h)

Group 1 3.5 13 15 1:1 12
15, 20 10:1
5, 1
15
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Group 2 7 29
Group 3 3.5 3, 5, 7, 13, 29

a DSiC and DAl are diameters of SiC and Al powders, respectively.

nvestigating the effect of extrusion on the critical volume frac-
ion and homogeneity of the SiCp distribution in the composites. In
rder to investigate the PSR effect on the distribution of the SiCp,
n the third group of samples, 15 vol.% SiCp/2024Al powders were
repared by fixing the size of the SiCp and changing the size of the Al
owders. For all samples, the SiC powders were dried in a furnace
t 423 K for 5 h and then mixed with the Al powders in a bi-axis
otary mixer with a rotation speed of 50 rpm. No process control
gent was added.

.2. Fabrication of composite

The as-mixed powders were cold pressed in a die, degassed and
hen hot-pressed in vacuum under a pressure of 80 MPa. The as-
ressed composites in the first group were solutionized at 768 K
or 1 h, water quenched and then naturally aged for 96 h. The as-
ressed billets in the second and third groups were hot extruded

nto rods at 723 K at an extrusion ratio of 9:1. The extruded rods
ere heat treated with the same procedure as the samples in the
rst group.

.3. Microstructure and mechanical properties

Morphologies of the as-mixed powders were observed by scan
lectron microscopy (SEM, SSX-550). The SiCp distribution in the
s-mixed powders, the as-pressed and as-extruded composites
ere observed by optical microscopy (OM, Axiovert 200 MAT). Den-

ity of each of the composites was measured using the Archimedean
rinciple. Room temperature tensile tests were performed at a
train rate of 0.001 s−1 on an AG-100kNG tester. Tensile specimens
ith a gauge diameter of 5 mm and gauge length of 20 mm were
achined from the heat treated samples.

. Results
.1. Microstructure of SiCp/2024Al composite powders

The morphology of the composite powders mixed for 12 h with
ifferent BCRs in the first group of samples are shown in Fig. 1.
or the BCR1 powders, the Al particles remained spheroidal and

Fig. 1. SEM images of composite powders (group 1) mi
0, 15, 20 1:1 8
1:1 8

the SiCp were freely distributed at the periphery of the Al particles.
However, for the BCR10 powders, the composite powders displayed
an irregular morphology, indicating that they underwent severe
deformation during mixing.

Fig. 2 shows the evolution of the morphology of the BCR10 com-
posite powders mixed for 1, 4, 8 and 12 h. For the 1 h sample, the
Al particles remained in spheroidal shape, and the SiCp were found
mainly among the spheroidal Al particles. After being mixed for 4
and 8 h, the Al particles were transformed from spheroidal shape to
flaky shape. In addition, many SiC particles were enclosed between
the flaky particles when they were aggregated into lamellar struc-
tures through cold welding (Fig. 2(b) and (c)). The width of a single
flake in the lamellar particles, measured using the linear intercept
method, was about 3–5 �m. When mixed for 12 h, almost all of the
SiC particles were enclosed into the lamellar particles. The pow-
ders turned nearly equiaxial, implying that a balance between cold
welding and fracture was built. The evolution of the morphology
indicates that the low energy mixing using high BCR behaved a
similar process as the high energy ball mill [18–21].

3.2. Microstructure of SiCp/2024Al composites

Fig. 3 shows the optical micrographs of the as-pressed 15 vol.%
and 20 vol.% SiCp/2024Al composites in the first group of samples.
The SiCp in the BCR1 composite with concentration of 15 vol.%
showed obvious necklace structure. Similar observations were
found in previous studies [15–16]. For the BCR10 composite with
concentration of 15 vol.%, a streamline-like distribution of SiCp was
observed and the SiCp were more homogeneous (Fig. 3(b)). It indi-
cates that a large BCR could improve the uniformity of the SiC
distribution. However clusters appeared in the 20 vol.% SiCp/2024Al
even with a high BCR of 10:1 (Fig. 3(c)).

Fig. 4 shows the microstructure of the second group of com-
posites. Similar to the observations of the BCR1 samples in the
first group, the SiCp were found at the periphery of the Al parti-

cles in the as-pressed composites. For the composites with volume
fractions of 5 and 10 vol.%, the SiCp were relatively homogeneous
(Fig. 4(a) and (b)). However, clusters appeared at higher volume
fractions of 15 and 20 vol.%, due to the inadequate specific surface
area of the Al particles (Fig. 4(c) and (d)). Compared with that in

xed at ball to charge ratio of (a) 1:1 and (b) 10:1.
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Fig. 2. Optical micrographs of composite (group 1) powders mixed at 10:1 ball to charge ratio for (a) 1 h, (b) 4 h (c) 8 h, and (d) 12 h. Dashed line in (c) referred to interfaces
and streamline direction of SiC distribution in cold-welded lamellar structure.

Fig. 3. Microstructure of various composites in group 1: (a) 1:1 BCR, 15 vol.% SiC; (b) 10:1 BCR, 15 vol.% SiC; (c) 10:1 BCR, 20 vol.% SiC.
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Fig. 4. Microstructure of as-pressed SiCp/2024Al composites (group 2) with SiC volume fraction of (a) 5%, (b) 10%, (c) 15%, and (d) 20%.

Fig. 5. Microstructure of as-extruded SiCp/2024Al composites (group 2) with particle volume fraction of (a) 5%, (b) 10%, (c) 15%, and (d) 20%. The extrusion direction is
horizontal.
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as the SiC volume fraction was increased from 5 to 20 vol.%, whereas
the UTS decreased when the SiCp volume fraction reached up to
20 vol.%. However, a previous study [5] reported that both YS and
UTS increased when SiC volume fraction was increased up to 25%.

Table 2
ig. 6. Microstructure of as-extruded 15 vol.% SiCp/2024Al composites (group 3) wi

he as-pressed composite, the distribution of the SiCp in the as-
xtruded composite exhibited significant improvement (Fig. 5). The
iCp were distributed along the extruding direction and the neck-
ace distribution of the SiCp disappeared. Obvious SiC clusters only

ere found in the 20 vol.% SiCp/2024Al composite. By comparison,
bvious clusters appeared in the as-pressed 15 vol.% SiCp/2024Al
omposite (Fig. 4), which implies that extrusion could increase the
ritical volume fraction.

SiC distributions of the as-extruded composites in the third
roup of samples are shown in Fig. 6. A larger PSR led to a more
on-homogeneous SiC distribution. Particle free bands (PFBs) were
he main characteristics at large PSRs, which means that the SiCp

ere densely distributed parallel to the extruding direction at large
SRs, resulting in a non-homogeneous distribution of the SiCp.

.3. Mechanical properties of SiCp/2024Al composite
The mechanical properties of the 15 vol.% SiCp/2024Al compos-
te under two different BCRs are given in Table 2. High BCR increased
oth yield strength (YS) and ultimate tensile strength (UTS), due to a
ore homogeneous distribution. However, the elongation showed
s of (a) 0.86, (b) 1.43, (c) 2, (d) 3.7, and (e) 8.0. The extrusion direction was vertical.

no improvement, due to weak interfacial bonding between Al–Al
powders in the as-pressed composites. Furthermore, the improve-
ment in UTS was larger than that in YS, which demonstrates that
UTS was more sensitive to the distribution of SiCp than YS.

Fig. 7 shows the mechanical properties and densities of the sam-
ples in group 2. The addition of SiCp led to a linear increase of
the composites density as long as the SiCp were uniformly dis-
tributed in the matrix. However, the density of the composite with
20 vol.% reinforcements deviated from the Rule of Mixtures (ROM)
(Fig. 7(a)), which also demonstrates the clustering. The YS increased
Tensile properties of composites (group 1) under different ball to charge ratio.

BCR YS (MPa) UTS (MPa) Elongation (%)

1:1 379 ± 1 439 ± 2 0.8
10:1 385 ± 1 461 ± 5 0.8
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4.1. Lamellar distribution in as-pressed composite
Fig. 7. Variation of (a) density and (b) tensile properties w

he reason was attributed to the formation of clusters in the present
omposites. On one hand, voids might exist in clusters, which
ct as microcrack sources. On the other hand, reinforcement clus-
ers induced stress concentration and accelerated the propagation
f cracks [13–14]. Elongation decreased as the SiC content was
ncreased, which resulted from higher triaxial stress state caused
y the increase of clusters and the reduction of the interparticle
istance.

Fig. 8 shows the effect of the PSR on the mechanical proper-
ies of 15 vol.% SiCp/2024Al in the third group. A clear increasing
rend in the tensile strength and significantly improved ductility as
he PSR was decreased could be observed. This was attributed to a

ore homogeneous distribution of SiCp [13,14,16]. Prasad [15] cor-
elated the UTS of the as-pressed composite with the PSR by using

n equation y = a − b ln x. In this article, the mechanical properties
f the as-extruded composites and the PSR ratio data are fitted into
imilar curves, as shown in Fig. 8. The tensile property data can be
pproximately fitted into straight lines with logarithm of PSR.

Fig. 8. Effect of PSRs on tensile properties of 15
C volume fraction for SiCp/2024Al composites in group 2.

4. Modeling and discussion

As mentioned before, there was a critical volume fraction of
reinforcement in the PM processed particle reinforced composites,
above which the reinforcement cluster would appear. Further, for
a constant volume fraction of the reinforcement, we hypothesized
that a large critical volume fraction led to a more homogeneous
distribution of the reinforcement. In order to determine this critical
volume fraction, we supposed that all Al particles were separated
from each other by continuous distribution of reinforcements. For
the mixing and extrusion processes, the critical volume fractions
were determined respectively.
According to the evolution history of powder morphology, a
simplified model is built to explain the powder evolution by using
high BCR, as shown in Fig. 9.

vol.% SiCp/2024Al composites (group 3).



5588 Z.Y. Liu et al. / Materials Science and Eng

Fig. 9. Schematic of powder evolution during mixing using high ball to charge
ratio. Small circles represent SiC particles while large circles represent aluminum
particles, the rod represents the deformed aluminum particles after mixing.
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racy. And then it is applied to our situation (Fig. 11). The Vcritical
Fig. 10. Schematic of basic lamellar model with large ball to charge ratio.

Prior to the calculation, a series of simplifications are made:

(a) Volume change or fracture of the Al particles do not happen.
Deformation and cold welding dominate the morphology evo-
lution process. Once the cold welding happens, the width of the
flaky Al particles in the lamellar structure will not change.

b) After mixing, the shape of Al particle changes from spheroid to
regular round disc.

In the lamellar structure, the SiCp were fixed between the flaky
luminum particles during the cold welding process and the lamel-
ar particles were randomly oriented in the mixture. So the critical
olume fraction of SiCp in the lamellar structure is considered equal
o that in the composite.

The geometric model is shown in Fig. 10. According to the
ssumption of constant volume of the aluminum particle, we can
btain:

4
3

�
(

D0

2

)3
= 1

4
�D2h (1)

here D0 is the diameter of the Al particles, D and h are the diameter
nd height of the disc shaped Al particles after mixing, respectively.
is defined as the ratio of diameter to height of the disc shaped Al
articles, namely:

= D

h
(2)

In the lamellar structure, a basic lamellar unit, as shown by a
ontinuous thin line in Fig. 10, is chosen for calculation. The volume

f one Al particle is:

Al = h�D2

4
(3)
ineering A 527 (2010) 5582–5591

And the volume of reinforcements per Al particle is:

VSiC = (d0 + h)�(D+d0)2

4
− h�D2

4
(4)

where d0 is the size of the SiCp.
So the critical volume fraction of the reinforcement is:

Vcritical = �
VSiC

VAl + VSiC
= �

(d0 + h)�(D + d0)2/4 − h�D2/4

(d0 + h)�(D + d0)2/4

= �

(
1 − 0.667(D0/d0)3

(1 + 0.874S−2/3D0/d0)(1 + 0.874S1/3D0/d0)2

)

(5)

where �(� < 1) is the maximum filling rate of the SiCp in the
homogenous composites and is considered to be constant; D0/d0
is the PSR of Al to SiCp.

If the SiCp fractured during mixing, the mean size of the SiCp

after mixing d0 should replace d0. Substituting a fracture ratio
� = d0/d0 into Eq. (5) changes it to:

Vcritical = �

(
1 − 0.667(�D0/d0)3

(1 + 0.874S−2/3�D0/d0)(1 + 0.874S1/3�D0/d0)2

)

(6)

Eq. (6) indicates that the critical volume fraction is only depen-
dent on S and PSR if the SiCp fracture is ignored.Calculated by Eq.
(6),

∂(Vcritical)
∂(S)

> 0 (S > 1);
∂(Vcritical)

∂(PSR)
< 0 (7)

According to Eq. (7), if S were large enough or PSR small enough,
the critical volume fraction of reinforcement would obtain a large
value. It means that a good SiCp distribution would be obtained.

In the first group of samples, the PSR was equal to 4. At the lower
BCR of 1:1, the shape of the Al particle was almost unchanged, thus
the S was considered as 1. The Vcritical was considered to be 0.15
(Fig. 6), substituting these value to Eq. (6) yielded � = 0.27.

For a BCR of 10:1, the width of the flaky Al particles (h) in the
lamellar particles was about 5 �m. The value of S was calculated to
be 4 while the value of h was input into Eqs. (1) and (2). Substituting
the value of PSR and S into Eq. (6) yielded Vcritical = 17%. Namely, if
the volume fraction of SiCp was larger than 17 vol.%, clusters would
appear. The 20 vol.% SiCp/2024Al under BCR10 showed obvious
clusters (Fig. 3(c)), which was in agreement with the criteria that
if the volume fraction was larger than Vcritical, non-homogeneous
distribution would be produced.

4.2. Rod distribution in as-extruded composite

Slipenyuk et al. [14] used a model to calculate the Vcritical of the
reinforcement during composite extrusion, and it assumed that the
morphology of the aluminum particle was cubic morphology and
changed to square bar after extrusion. However, that actual was
that the morphology of aluminum particle was spherical. Consid-
ering the differences between assumption and reality, the model
was modified by considering that the aluminum powder changed
from actual spherical shape to round bar shape for higher accu-
calculation is conducted based on the following simplifications:

(a) The SiCp and Al in the as-pressed composite are packed in the
same way as that in the as-mixed composite powders. The
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ig. 11. Schematic of rod model in as-extruded composite. The rods denote
eformed aluminum particles after extruding.

shape of the Al particle changes into a regular rod after extru-
sion.

b) The volume of the Al particle does not change during extrusion.

According to invariable volume of the aluminum particles, we
an get:

4
3

�
(

D0

2

)3
= 1

4
�D1

2L (8)

here D1 and L are the diameter and length of the Al powder rod
fter extrusion, respectively.

The ratio of extrusion � is equal to the square of equivalent
ection area ratio:

=
(

0.874D0

D1

)2
(9)

In the rod model, a simple cyclic unit marked by a continuous
hin line is chosen for calculation (Fig. 11). The volume of one Al
article is:

Al = �D1
2L

(10)

4

And the volume of reinforcements per Al particle is:

SiC = �(D1 + d0)2(L + d0)
4

− �D2
1L

4
(11)

able 3
valuation of reinforcement distribution by extruding or milling in some reported compo

Composition PSR � Sa Vf (vol.%

2124Al + SiC 28.4 16 – 10
7xxxAl + SiC 3.4 21 – 20

1.43 21 – 20
6061Al + SiC 20 30 – 17.5
Al + Al2O3 560 36 – 1

4
Al + VC 25 – 36 5
6061Al + Si3N4 3.84 – 14 5

a The value of S was not from direct results of the references. We first got the value of w
from invariant volume of aluminum particles.
b Good: homogeneous; Fairly: uniform but some local inhomogeneous; Poor: severely
ineering A 527 (2010) 5582–5591 5589

So the critical volume fraction of reinforcement is:

Vcritical = �
�(D1 + d0)2(L + d0)/4 − �D1

2L/4

�(D1 + d0)2(L + d0)/4
(12)

If the SiCp fractured during mixing, the mean size of the SiCp

after mixing d0
• should replace d0. By introducing � = d0/d0

•, we
could get:

Vcritical = �

(
1 − 0.667(�D0/d0)3

(0.874�−1/2�D0/d0 + 1)2(0.874��D0/d0 + 1)

)

(13)

Calculated by Eq. (13),

∂(Vcritical)
∂(�)

> 0(� > 1);
∂(Vcritical)

∂(PSR)
< 0 (14)

From Eq. (14), extrusion or high extrusion ratio can increase the
Vcritical of the composite, which is in accord with a previous report
[16] and the results as shown in Figs. 4 and 5.

The as-pressed composites in the second group exhibited pro-
nounced clustering when the SiCp volume fraction was higher than
15 vol.% (Fig. 4), suggesting that the Vcritical was about 0.15. Substi-
tuting the Vcritical into Eq. (11), � was calculated to be 0.27, which
was consistent with the value calculated from the lamellar model.
After the extrusion which had an extrusion ratio of 9 as shown in
Fig. 5, obvious clusters did not appear until the volume fraction
of SiCp was increased to 20 vol.%. The Vcritical was calculated to be
19 vol.% by Eq. (13), which was close to 20 vol.%. It indicates that
the model was in good agreement with the experimental results.

It should be mentioned that the Slipenyuk model was expressed
by the following equation [14]:

Vcritical = 0.18

(
1 − (D0/d0)3

(�−1/2D0/d0 + 1)2(�D0/d0 + 1)

)
(15)

By using the Slipenyuk model, the Vcritical of the as-extruded
composites in the second group of composites was calculated to
be 12 vol.%. Clearly, the Vcritical value was significantly underesti-
mated compared to that estimated from Fig. 5 (Vcritical ∼ 20 vol.%)
and calculated by Eq. (13) (∼19 vol.%). In view of the Vcritical calcula-
tion results, our modified model was more suitable for evaluating
the distribution homogenization of reinforcement in the particle
reinforced composites.

By introducing S = D1/L (ratio of diameter to length in the extrud-
ing rod model) into Eq. (13), Eq. (13) can be reformed to Eq. (16)
which takes the same form as Eq. (6) in the lamellar model.
Vcritical=�

(
1 − 0.667(�D0/d0)3

(1 + 0.874S−2/3�D0/d0)(1 + 0.874S1/3�D0/d0)2

)

(16)

sites.

) Vcritical (vol.%) Actual distributionb Source

7 Poor [24]
23 Fair [25]
26 Good
12 Poor [26]

0.5 Fairly [27]
Poor

9 Good [28]
5 Good [20]

idth of flaky particles in lamellar structure in SEM or OM graphs, then we calculated

inhomogeneous.
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ig. 12. Schematic of three ideal structures: (a) necklace structure with large PSR,
mall circles stand for SiC, hexagon in (a), (b) and rectangle in (c) adhered by small c
enerated by Dirichlet Tessellation method.

Eq. (16) indicates that the SiC distribution is closely related to
he PSR and S during mixing or extrusion. Small PSR or large defor-

ation of the Al particles contributes to a large Vcritical and results
n a uniform distribution of reinforcement.

The reinforcement distributions in a number of Al matrix com-
osites, reported by other researchers, were also evaluated using
q. (16). The results are shown in Table 3. For most composites,
f the volume fraction of the SiCp was smaller than the Vcritical, a
air or good distribution was observed, otherwise a poor distribu-
ion occurred. These results provide strong supports for the above

odel.

.3. Ideal model statistic analysis by Dirichlet Tessellation

Previous discussions were based on the hypothesis that a large
ritical volume fraction resulted in a more uniform distribution of
he reinforcement. In order to investigate the relationship between
ritical volume fraction and uniformity of reinforcement distribu-
ion, three ideal common distribution modes are created (Fig. 12).
he first mode is the necklace distribution with a large PSR, the sec-
nd is the necklace distribution with a small PSR and the third is the
treamline-like distribution corresponding to the as-pressed com-
osites fabricated by modified mixing processes or the as-extruded
omposites.

All of the subjects are restricted to a 2D space, the fraction and
ize of reinforcements are same, and the areas of the aluminum par-
icles in Fig. 12(a) and (c) are equal. In the first mode, the aluminum
articles are set a size of D0. In the second mode, the aluminum
articles are set a size of D0/2. In the third mode, the aluminum
articles are set an aspect ratio of 4:1. Numbers of SiCp in a cyclic

nit for all the modes are 5. The dirichlet tessellations [12,23] are
eshed in the simplest cyclic unit.
A large COV(A) value, which is the ratio of standard deviation

o the mean area of the tessellations, indicates non-homogeneous
endencies [12], and vice versa.
cklace structure with small PSR, (c) lamellar structure of Al with a size ratio of 4:1.
refer to aluminum. The bold lines crossing Al matrix and containing SiC are meshes

For the necklace distribution with a large PSR shown in Fig. 12(a),
COV(A) = 0.49;
For the necklace distribution with a small PSR shown in Fig. 12(b),
COV(A) = 0.267;
For the streamline-like distribution shown in Fig. 12(c),
COV(A) = 0.237.

From the simple analysis, a small PSR, a modified mixing pro-
cess or an extrusion corresponding to larger Vcritical resulted in
a more homogeneous distribution of reinforcement, which is in
agreement with the hypothesis that a large critical volume fraction
of reinforcement could result in homogeneous distribution of rein-
forcement. In summary, the critical volume fraction model could
reflect the influence of the distribution mode on the uniformity of
reinforcement distribution, which could also be well explained by
the analysis on basis of the Dirichlet Tessellation method.

5. Conclusion

From the results of the present investigation, it can be concluded
that the SiC necklace structure could be eliminated and the rein-
forcement particle distribution could be improved by increasing
the BCR, decreasing the PSR, or performing extrusion.

A homogeneous SiC distribution could improve the tensile prop-
erties of the composites and the UTS was more sensitive to clusters
than the YS.

A critical volume fraction model, which considered the deforma-
tion of the aluminum powders and the fracture of the SiCp during
mixing or extrusion, was built to quantitatively evaluate the homo-
geneity of the SiCp distribution. Large deformation of aluminum
powders or a small PSR could enlarge the value of critical volume
fraction of reinforcement, which then led to a more homogenous
distribution of SiCp.
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