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1. Introduction
Aluminum matrix nanocomposites have been 

reported to offer superior mechanical properties 
[1, 2]. Powder metallurgy is the main processing 
route for fabricating this new generation of metal 
matrix composites (MMCs). In traditional powder 
metallurgy, the matrix alloy powder is mixed with 

nanometric ceramic reinforcements [3]. In novel 
methods such as mechanical milling [4] and in-
situ powder metallurgy (IPM) [5], the nanosized 
reinforcements are embedded within the metallic 
matrix powders. The IPM method was initially 
developed for processing of Al matrix composites 
reinforced with either micron-sized graphite 

One of the main challenges in processing of metal matrix nanocomposites through the powder metallurgy 
method is achieving a dense compact with minimum internal porosity. Pores act as stress risers and 
deteriorate the mechanical properties of nano-materials. In the present investigation, powder mixtures 
of commercially pure Al (CP-Al) and 5252 Al alloy reinforced with nanometric SiC particles (0-7 wt.%) were 
produced by in situ powder metallurgy (IPM) method. These powders were consolidated through cold 
compaction, sintering and hot extrusion processes and subjected to density measurements, microstructural 
studies and thermal analysis. Microstructural studies showed that SiC nanoparticles formed a continuous 
network around the CP-Al powders, restricting effective densification during the cold compaction stage. 
This network was also shown to prevent metal-to-metal contact during sintering, especially at higher 
SiC contents. Therefore, a remarkable decrease in the sintered relative density was observed with 
increasing SiC contents in the CP-Al/SiC compacts. However, in the 5252 Al/SiC composite powders, the SiC 
nanoparticles embedded within the alloy matrix during the IPM process. As a result, a more homogeneous 
SiC particle distribution was attained. This led to enhanced cold densification and improved sinterability 
compared with those of CP-Al/SiC powder mixture. Besides, the presence of Mg in the 5252 alloy matrix 
was effective in reducing the oxide film covering the Al particles. The differential scanning calorimetry 
(DSC) revealed the formation of liquid phase during the sintering of 5252 Al/SiC powder compacts. As 
a result, mass transfer promoted through the liquid phase sintering enhancing densification. However, 
improved densification was obtained after hot extrusion of the nano-SiC reinforced composites. Results 
showed that the pressure required for extrusion increased with increasing SiC content. This was attributed 
to the enhanced redundant work induced by SiC particles.
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[6] or alumina [7] particles. For the production 
of nanocomposite powder by IPM method, 
relatively coarse micrometric ceramic particles; 
as solid atomizing media; are usually added to 
the slurry containing nanosized reinforcements. 
An impeller stirs the mixture mechanically. The 
melt disintegration occurs by kinetic energy 
transferring from the stirrer to the molten 
metal via the solid media. The resultant liquid 
droplets are converted to metallic powders after 
solidification. The coarse ceramic particles are then 
sieved out from the mixture of metallic powder 
and nanosized reinforcements. This results in a 
uniform distribution of reinforcing particles within 
the matrix alloy [8]. However, full densification is 
required to ensure enhanced mechanical properties.

Cold compaction is usually the first step of 
consolidation in powder metallurgy, followed 
by sintering, hot extrusion, or other secondary 
operations. The primary purpose of compaction 
is to produce a green compact with sufficient 
strength to withstand further handling operations. 
The important processes involved in powder 
compaction include powder rearrangement, 
plastic deformation, and fragmentation (for brittle 
materials). While densification occurs mainly in 
the cold consolidation step, secondary processing 
treatments are inevitable to produce a fully dense 
material [9]. 

Sintering is a widespread densification process 
in traditional powder metallurgy. It is carried out 
by heating the green compact up to a temperature 
below the main constituent’s melting point, leading 
to the bonding of adjacent particles in the powder 
mass. The driving force of sintering is the reduction 
of surface energy. From a geometrical point of view, 
sintering is usually divided into three stages. First 
bonds or necks growth occurs in the initial stage 
of sintering. In the intermediate stage, neighboring 
sinter necks grow sufficiently large to overlap 
each other. The final stage of sintering includes 
pore rounding and results in high densities [10]. 
For the cold-pressed aluminum powders at 300 
to 400 MPa, the sintered density of about 95 to 
97 percent of theoretical value can be obtained 
[11]. However, the addition of ceramic particles 
into metallic powders hinders densification of 

the powder compact in cold compacted [12] and 
sintered [13] states. This reduced densification is 
more evident for nanocomposites as compared 
with microcomposites [14]. On the other hand, the 
addition of magnesium to aluminum and sintering 
in the presence of a liquid phase is reported to 
enhance the sinterability of powder-processed 
aluminum products [15].

In the hot extrusion processing method, hot 
compaction and hot mechanical working are 
combined to produce a fully dense product. The 
extrusion process offers the ability to form wrought 
structures from powders without the need for 
sintering. This is particularly useful in the case 
of aluminum alloys in which sintering is difficult 
due to the presence of an oxide film on the powder 
particle surfaces. In addition, extrusion improves 
the distribution of reinforcements in the aluminum 
matrix [16]. To achieve complete densification by 
extrusion, extrusion ratios of more than 9:1 have 
been recommended [11]. 

In the present investigation, the effect of Mg 
and SiC addition on densification of aluminum 
powders in different consolidation stages involved 
in PM, i.e. cold compaction, sintering, and hot 
extrusion are studied.

2. Experimental 
The IPM method was employed for the 

fabrication of two different types of powder 
mixtures. The chemical compositions of the 
commercially pure Al (CP-Al) and 5252 Al 
alloy, used as the matrix materials in the present 
study, are given in Table 1. Different contents (0-
7wt.%) of SiC particles (60 nm) were used as the 
reinforcing phase. Detailed information about 
IPM processing of powder mixtures containing 
SiC particles is reported elsewhere [17]. A Cilas 
1064 laser particle size analyzer was utilized for 
measuring the average particle size. To determine 
the solidus and liquidus points of the matrix 
alloys, the powder samples were also analyzed by 
differential scanning calorimetry (DSC) using a 
Liuscis HDSC L62H1550 calorimeter. The DSC 
analysis was carried out in an argon atmosphere 
with a heating rate of 15°C/min. Then, powder 
mixtures were uniaxially cold pressed at 600 MPa in 

Table 1- Chemical composition (wt.%) of the matrix powders
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a cylindrical steel die. The green compacts were then 
consolidated by sintering or hot extrusion. Sintering 
was performed in a tubular furnace at 620°C under 
an argon atmosphere for 90 min at a heating rate of 
15°C/min. Hot extrusion was carried out at a ram 
speed of 36 mm/min on Al-2.5Mg (5252) based 
compacts at 500°C. The extrusion ratio was 11:1 and 
the colloidal graphite powder in acetone was applied 
as lubricant to the internal surface of the die before 
heating up to extrusion temperature. The densities 
of green compacts as well as sintered or extruded 
samples were measured using Archimedes’ method. 
The morphology and microstructure of powders and 
sintered compacts were examined by a CamScan 
MV2300 scanning electron microscope (SEM).

3. Results and discussion
3.1. Characteristics of powders

Fig. 1 shows the effect of SiC weight percentage 
on the mass median diameter (D50) of produced 
powders. The increased SiC content resulted in the 
production of finer powders in both CP-Al and 5252 
Al-based powder mixtures. Generally, the size of 
powders produced by the IPM method is affected by 
processing parameters and chemical composition of 
the melt [18]. The reduced particle size with increased 
SiC content can be attributed to the considerable 
increase in the surface of solid particles (i.e. by 
increased SiC addition) involved in the IPM process. 
In addition, an increase in the Mg content of the 
matrix alloy from 0 in CP-Al to 2.5 wt.% in 5252 Al 
alloy resulted in a reduction in D50 values, indicating 
that finer powders were produced, regardless of the 
SiC content of powders. The noticeable effect of Mg 
on the atomization efficiency of Al melt is the main 
reason for production of finer powders. This, in turn, 
changes the morphology of powders containing 
different Mg contents. Principally, the morphology 
of powders produced via the IPM method is 
only influenced by their size [8]. Large powders 
are spherical and small powders are irregular in 
shape. The main mechanisms affecting the size and 
morphology of generated powder particles were 
explained in the literature [8, 17].

Another difference between CP-Al and 5252 Al-
based powders was detected using metallographic 
investigations. Figs. 2a and b, illustrate the 

Fig. 2- SEM micrographs from the cross-section of CP-Al/5wt.% SiC (a) and 5252 
Al/5wt.% SiC (b) powders and schematic illustration of them, respectively (c) and (d).

Fig. 1- Effect of nanosized SiC particles addition on the size of 
produced powders.
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microstructure of CP-Al and 5252 Al-based 
powders, respectively, both containing 5 wt.% SiC 
particles. While CP-Al powders contain no SiC 
particles, 5252 Al powders are reinforced by SiC 
nanoparticles. Our previous study [18], focusing 
on incorporating SiC within the aluminum matrix, 
showed that at least 1 wt.% Mg in Al was required 
to embed SiC nanoparticles into the matrix alloy. 
These results were attributed to the effect of Mg as an 
enhancive wetting agent for SiC particles. In the case 
of 5252 Al-based powders, as depicted schematically 
in Fig. 2d, each powder is a composite powder 
containing nanosized reinforcements. However, the 
processing of CP-Al/nano-SiC powders via the IPM 
method resulted in generating a mixture of free SiC 
nanoparticles or their agglomerates accompanied 
with monolithic CP-Al powders. In this series of 
powders, as observed schematically in Fig. 2c, 
SiC nanoparticles are distributed between CP-Al 
powders representing a conventional mixture of 
metallic powders with nanometric reinforcements. 

The DSC curves of Al and 5252 Al alloy are 
shown in Fig. 3. For both matrix materials, the 
DSC traces showed an endothermic peak. The first 
deviation from the baseline determines the onset 
temperatures for melting. For the commercially pure 
Al, the onset is sharp and the DSC curve is almost 
linear after the onset. The peak temperature on the 
DSC plot indicated the liquidus temperature of the 

matrix alloy. The results of DSC analysis together 
with solidus and liquidus temperatures of Al matrix 
alloys reported in the literature are summarized 
in Table 2. The onset temperatures for melting of 
both matrix materials are lower than their reported 
thermodynamic quantities, i.e. solidus point. Indeed, 
during heating, the matrix alloys began to partially 
melt below the equilibrium solidus point. This onset 
temperature of partial melting is usually called 
the incipient melting point. The incipient melting 
normally occurs because of the microsegregation of 
solute elements at grain boundaries or interdendritic 
regions [19]. In fact, the lower onset temperatures 
of melting obtained for the matrix alloys compared 
with the reported solidus values (Table 2) can be 
attributed to the existence of composition gradients 
within individual phases in the alloy microstructure 
due to the non-equilibrium solidification.

3.2. Cold compaction and sintering
Fig. 4 shows that both green and sintered 

density of powder samples decreased with 
increasing SiC content. The decrease in green 
density of all specimens with increased SiC 
content (Fig. 4a) can be attributed to the decreased 
particle rearrangement which is the first step of 
densification in cold compaction of powders [8]. 
This is a consequence of an increased percentage of 
irregularly shaped particles due to the generation of 
finer powders leading to increased friction between 
adjacent powder particles. In addition, in the 
presence of a non-deformable ceramic phase, i.e. SiC 
particles, the soft metallic powders must undergo 
additional deformation to achieve a given amount 
of densification. This results in the reduction of 
compressibility with increased SiC percentage. In 
fact, at a constant compacting pressure, the plastic 
deformation, i.e. second stage of densification, is 
retarded by the addition of nanosized SiC particles. 

The inferior densification of the conventional 
mixture of metal and ceramic particles, i.e. 
Al-based powder mixture, is attributed to 
the formation of a continuous network of 
hard SiC particles. This network supports a 
portion of the applied pressure and reduces the 

Table 2- Characteristic temperatures (°C) of matrix alloys obtained from DSC analysis
Table 2- Characteristic temperatures (°C) of matrix alloys obtained from DSC analysis 

Fig. 3- DSC curves for commercially pure Al and 5252 Al alloy.
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transmitted load to the soft plastic particles. 
Fig. 4b shows that while the sintered density 

of both Al and 5252 Al-based samples decreased 
with increasing SiC content, this reduction is more 
prominent for the former. This decreased sintered 
density is mainly due to the reduced relative 
density of green compacts containing higher weight 
percentages of SiC nanoparticles (Fig. 4a). Low 
values of green density result in reduced contact 
points between powder particles and, consequently 
deterirate the sintering process. A lower green 
density indicates the increased surface of porosities 
within compacts, and consequently imposes a greater 
driving force for sintering. Therefore, it is anticipated 
that the compacts with lower relative green density 
exhibit higher density variations during sintering. 

In addition, Fig. 4b shows that the sintered density 
of 5252 Al matrix samples at a given SiC content is 
higher than that of its CP-Al-based counterpart. This 
is partially due to superior green densities of 5252 
Al-based compacts at any SiC content. However, 
while the green density of the monolithic 5252 Al 
compact was almost equal to that of Al, the sintered 
density of the former is higher. This suggests that 
another parameter, apart from the green density, 
affects the densification of the sintered compacts. 
To exclude the effect of green density on sintered 
density values, the densification parameter was used 
as follows [21]:

-

-
s g

th g

ρ ρ
ψ

ρ ρ
=  (1)

where ρs, ρg, and ρth are sintered, green, and 
theoretical density values, respectively. The 

densification parameter is a measure of sinterability 
of powder compacts. A positive densification 
parameter indicates shrinkage of the compact 
during sintering, while a negative value represents 
expansion. The variations of densification 
parameter with SiC content in CP-Al and 5252 
Al-based compacts are presented in Fig.5. The 
densification parameter for monolithic CP-Al and 
CP-Al/SiC compacts were negative, indicating that 
their density was reduced by sintering. In fact, 
a growth in compact dimensions, i.e. swelling, 
occurred during sintering. In CP-Al/SiC compacts, 
the sintering temperature (620°C) was far below 
the melting point of the matrix (i.e. 634°C from 
Table 2), and thereby no liquid phase has been 
formed during sintering. Therefore, swelling may 
be attributed to the expansion of trapped gases in 
closed pores. 

Fig. 4- Green density (a) and sintered density (b) of samples versus nanosized SiC contents.

Fig. 5- Densification parameter versus SiC content of samples.
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The oxide film (Al2O3) covering the surface 
of aluminum powders acts as a severe barrier 
for solid-state sintering [22]. This oxide layer 
reduces the diffusion rate and prevents metal-to-
metal contact, which is essential for subsequent 
mass transfer. In fact, the problem caused by the 
oxide coating is to such an extent that solid-state 
sintering is considered as an impractical method for 
densification of pure Al [23]. A typical micrograph 
from a cross-section of monolithic CP-Al compact 
after sintering is shown in Fig. 6a. The existence 
of primary boundaries of powder particles in 
most areas signifies that even necking (the initial 
stage of sintering) has not been occurred. The 
formidable oxide film has retarded the diffusion 
process and therefore hindered different stages of 
solid-state sintering. Consequently, sintering was 
not completed and resulted in a compact with a 
reduced density. 

Fig. 5 also shows that the sinterability of CP-
Al-based compacts decreased significantly with 
increasing SiC content. The SEM micrograph of 
the cross-section of the sintered Al/5wt.% SiC 
compact as shown in Fig. 6b, reveal intact primary 
boundaries of powder particles in all points. The 
boundaries between individual powders seem to 
be broader and more significant, as compared with 
the compact free from SiC particles (Fig. 6a). This 
microstructure virtually represents an unsintered 
product. As noted earlier, in the conventional 
mixture of CP-Al and SiC powders, nanosized 
SiC particles form a percolating network between 
aluminum powders preventing metal to metal 
contact (Fig. 2c). As a result, the available path 
for diffusion is significantly restricted, and the 
sinterability decreases. The extent of this network 

increases with the increased SiC content of the 
powder compact, resulting in a reduction in the 
densification parameter (Fig. 5). Similarly, Dabhade 
et al. [24] reported the reduced densification of 
Ti powder compact with the addition of TiN 
nanoparticles. On the other hand, the increased 
content of SiC particles resulted in the production 
of finer powders (Fig. 1). This, in turn, increased 
the overall percentage of irregularly shaped 
powders within the mixture [8, 17]. Finer powders 
have a greater pore/solid interfacial area producing 
a greater driving force for sintering. In addition, the 
available paths for diffusion increase with decreased 
particle size, inducing enhanced surface diffusion. 
Moreover, the greater interparticle contact area 
also intensifies volume diffusion. In addition, the 
increased irregularity of particle shape enhances 
the internal surface area and promotes sintering. 
However, the results show that the effect of addition 
of SiC nanoparticles on the reduction of sintered 
density arising from the formation of particle 
networks dominates its positive effects resulting 
from the particle size reduction.

According to the sinterability diagram (Fig. 
5), unlike Al-based compacts which expanded by 
sintering, the densification parameter of samples 
containing 2.5wt.%Mg (5252 Al-based samples) 
was positive, indicating shrinkage of the compacts. 
This implies a change in the sintering mechanisms. 
The presence of a liquid phase at temperatures 
higher than 580°C during heating of 5252 Al 
compact was clearly confirmed by the results of DSC 
analysis (Table 2). For the 5252 Al-based compacts, 
sintering at 620°C is of supersolidus liquid phase 
sintering type. The improved sinterability of 
aluminum powders with the addition of 2.5wt.% 

Fig. 6- 

Fig. 6- SEM image from the cross-section of sintered CP-Al (a) and CP-Al/5wt.%SiC (b) compacts.
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Fig. 6- 

Mg can therefore be attributed to the sintering 
events occurred in the presence of the liquid phase. 
It is generally agreed that the successful sintering 
of aluminum powders can only be achieved by 
formation of a liquid phase, breaking up the oxide 
film on aluminum powders [25]. Schaffer et al. 
[22] reported that an essential requirement for 
effective liquid phase sintering is a wetting liquid. 
Molten aluminum does not wet aluminum oxide 
at temperatures around the melting point of the 
aluminum. The wetting angle between Al and Al2O3, 
even at 900 °C is more than 90°, and the wetting is 
not anticipated. However, magnesium is a reactive 
element and the free energy of its oxide formation 
is more negative than that of aluminum oxide. 
Therefore, magnesium can react with aluminum 
oxide and reduce it. Lumley et al. [26] developed 
the above discussion and proposed the following 
reaction:

2 3 2 43 4   3 2Mg Al O MgAl O Al+ ←→ +  (2)

The formation of MgAl2O4 is accompanied by 
a volume change and creation of shear stresses 
resulting in disruption of the oxide film. As a result, 
diffusion, wetting, and sintering occur. 

Fig. 7a displays the SEM micrograph from the 
cross-section of the sintered 5252 Al compact. As 
observed, the boundaries between particles have 
been eliminated due to the neck formation. Pores 
are closed, indicating that the complete sintering 
process, i.e. up to the final stage, has been occurred. 
As discussed earlier, this can be attributed to the 
ability of magnesium to improve the wetting 
between molten aluminum and alumina and 
its high tendency to absorb oxygen leading to 

reduction of the oxide coating covering aluminum 
powders. Therefore, direct metal-to-metal contact 
occurs due to the elimination of the oxide coating. 
Accordingly, liquid phase sintering contributes 
in the sintering process. During heating, when 
the sintering temperature exceeds the eutectic 
temperature, i. e. 449°C [27], the liquid eutectic 
forms which leads to swelling of the compact [28]. 
DSC analysis (Table 2) showed that the incipient 
melting point of the used 5252 Al powders was 
580°C. Afterward, with sintering at 620°C, the 
eutectic liquid diffuses into the pores and fills them, 
resulting in shrinkage of the compact. The results 
show that the produced shrinkage compensates for 
swelling arising from the formation of eutectic liquid 
or the expansion of entrapped gases. Therefore, the 
sintered density of all the 5252 Al-based compacts 
are higher than those of their green counterparts, 
and their corresponding densification parameters 
are positive (Figs. 4 and 5).

The SEM micrograph from the cross-section of 
the sintered 5252 Al/5wt.% SiC compact (Fig. 7b) 
confirms that the individual composite powders 
are bonded together, indicating that the sintering 
has been successful as compared with the compact 
containing no magnesium (Al/5wt.%SiC compacts 
shown in Fig. 6b). However, it includes higher 
porosity in comparison with monolithic 5252 Al 
compact (Fig. 7a). Consistent with microstructural 
results, the sinterability diagram (Fig. 5) shows 
that the densification parameter decreased with 
increased SiC content. However, in this case, the 
detrimental effect of SiC addition on sintered 
density is alleviated compared with CP-Al-based 
samples. This is mainly because most nanosized SiC 
particles are embedded within 5252 Al powders, 

Fig. 7- SEM image from the cross-section of sintered 5252 Al (a) and 5252 Al/5wt.% SiC (b) compacts.
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preventing the formation of a continuous network 
of ceramic particles between metallic powders 
(Figs. 2 b and d). Li et al. [29] reported that the 
amount of extra liquid phase needed for successful 
supersolidus liquid phase sintering of metal matrix 
composites increased with increased clustering 
of reinforcement particulates. Accordingly, with 
increased SiC content accompanied with more 
clustering, the reduced densification of 5252 
Al compacts sintered at a constant temperature 
(and consequently constant liquid phase) is 
anticipated. On the other hand, the decreased 
particle size and increased irregularity arose from 
the addition of SiC particles, promote sintering. 
In addition, hard reinforcements are reported 
to induce a stress field in the aluminum matrix 
which might enhance diffusion during sintering 
resulting in increased densification [28]. However, 
our results showed that those mechanisms that 
reduced sinterability predominated over those that 
enhanced densification. Similar results on reduced 
densification of aluminum powders due to the 
addition of alumina nanoparticles are reported by 
Razavi-Tousi et al. [14]. Asgharzadeh and Simchi 
[30] also reported that the addition of more than 
9 vol.% micrometric SiC particles into Al 6061 
powders resulted in reduced densification during 
sintering. 

3.3. Hot extrusion
The increased extrusion pressure with SiC 

content for 5252 Al compacts is shown in Fig. 8. The 
extrusion pressure is affected by the work needed 
for homogeneous deformation, friction work, and 
redundant deformation [31]. Theoretically, the 
pressure P needed to extrude a compact through a 
die is expressed as [11]:

lnP a b R= +  (3)

where the term a refers to redundant work (non-
uniform deformation) and b relates to homogeneous 
work at the extrusion ratio of R. Sheppard et al. 
[32] reported that the redundant work in powder 
extrusion includes continuous breaking and 
rewelding of particles during deformation. They 
showed that for the powder compact, the redundant 
work is the major proportion of the total energy 
required for deformation and contributes to the 
construction of a coherent material, eliminating 
the need for any sintering operation.   

While temperature, strain rate, and deformation 

were constant during the extrusion of all the 
5252 Al compacts with different SiC contents, 
redundant work was inconstant. The enhanced 
extrusion pressure with SiC content (Fig. 8) can be 
mainly attributed to the increased redundant work 
involved in the extrusion process. As discussed 
earlier, the size and morphology of individual 
Al powders generated during the IPM process 
respectively decrease and become more irregular 
with increased SiC particles, both promote the 
increased total surface area of the powders. 
Therefore, welding-breaking-rewelding cycles 
during extrusion of the compacts intensify with 
increased SiC content, resulting in an increased 
redundant work. The increased hardness of 5252 
Al powders with increased incorporated SiC 
nanoparticles may be another reason for increasing 
extrusion pressure with SiC content. Fogagnolo et 
al. [33] showed that the effect of surface area on 
extrusion pressure was more significant than that 
of the hardness of powders. They also found no 
relation between green density and the pressure 
required for extrusion of AA6061/AlN composite 
powders prepared by mechanical alloying. 

Figure 9a shows the relative density of extruded 
5252 Al samples containing different amounts 
of SiC particles. The maximum value (99.6%) 
was attained for the non-reinforced monolithic 
5252 Al alloy. The relative density of composite 
samples reduced slightly with increased SiC 
content reaching the value of 98.9% for the sample 
containing 7 wt.% SiC. Balog et al. [34] reported 
similar values for relative density of Al/Al2O3 
nanocomposites fabricated by an extrusion ratio 

Fig. 8- Extrusion pressure versus SiC content for 5252 Al 
compacts.
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of R=11:1. Fig. 9b compares the changes in relative 
density of green samples gained by sintering 
and extrusion operations. In both consolidation 
methods, the percentage of increased relative 
density enhanced with increased SiC content. This 
is attributed to the lower green density of powder 
compacts containing higher SiC contents (Fig. 3a). 
However, a considerable increase in relative density 
was attained by hot extrusion as compared with 
sintering. In addition, the differences between the 
values of extruded and sintered samples increased 
with SiC content, indicating that extrusion is a 
powerful method for consolidation of composite 
powder compacts. This is mainly due to the severe 
shear strains involved in the extrusion contributing 
in enhanced joining of different powder particles at 
high temperatures.

4. Conclusions
The densification of powder mixtures containing 

aluminum and nanosized SiC particles was found 
to be influenced by the type of distribution of 
SiC particles within powder mass. The enhanced 
densification was achieved when SiC particles were 
embedded within 5252 Al matrix alloy powders 
containing about 2.5wt.% Mg. A continuous 
percolating network of SiC particles around the 
CP-Al powders, restricted effective densification 
by supporting a substantial portion of the applied 
pressure in cold compaction. It also prevented 
metal-to-metal contact, which was necessary for 
successful sintering. The improved sinterability of 
5252 Al/SiC compacts as compared with that of 

Fig. 9- Effect of SiC contents in 5252 Al samples on (a) relative density of extruded samples and (b) percentage 
of increase in relative density of sintered and extruded samples as compared with their green counterparts. 

CP-Al/SiC ones is also attributed to the effect of 
magnesium on enhansing liquid phase sintering of 
aluminum powders.

In all the consolidation steps i.e. cold compaction, 
sintering and hot extrusion, the increased SiC 
content deteriorated the densification of both 
5252Al powders with embedded SiC particles and 
CP-Al powders with free SiC particles. However, 
this effect was minimal in the hot extrusion process. 
The increased extrusion pressure with increased 
SiC content attributed to the enhanced redundant 
work required for welding, breaking and rewelding 
of powder particles.

At the processing conditions employed in the 
present study, hot extrusion of 5252 Al/SiC green 
composite samples with different SiC loadings 
resulted in significantly more densified samples as 
compared with their sintered counterparts.
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