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cannot be achieved by pure materials. The composites of
Metal–ceramic have a high degree of importance because they
could contain different components with different properties.
The incorporation of ceramics with ductile metals
significantly improve the ceramic fracture toughness [1];
while composites of metal-matrix that strengthened by
ceramic reinforcements show increasing of specific modulus
of elasticity and strength also increase resistance of wear in
comparison with pure metal [1]. The metal matrix composites
(MMCs) have been used extensively in structural applications,
manufacturing of automotive and in aerospace has augment
during the past 20 years as a result of the availability of cheap
reinforcements and economically suitable processing
techniques which lead to reproducible characteristics [2]. The
areas of interconnections (interfaces) between the metal and
ceramic phase are a significant part of metal matrix
composite. The interconnection between two different phases
has been produced by physical, chemical reactions and
interfacial frictional and thermal stresses as a result of the
difference in the coefficients of thermal expansion of the
metal and ceramic. During the fabrication of a composite the
effect of interfaces governs the transfer mechanism of
mechanical, electrical and thermal characteristics is very
significant [3]. To produce a perfect composite, the major
necessity for microstructure is homogeneity of distribution
and small size of reinforcement (oxide particles) are dispersed
in the copper matrix [3]. The methods of melting and casting
are not able to get a good and uniform distribution. Powder
metallurgy technique is a suitable way to fabricate this kind of
composites. The consolidation route without melting is
possible by the processes of thermal induction of mass
transport [4]. The consolidation process of the mixture powder
is done when the interfacial interconnection along with the
homogenous and uniform distribution and other aspects will
enhance the mechanical characteristics [5]. To obtain the final
product, copper and alumina powders should be sintered via
conventional method in vacuum atmosphere to prevent the
creation of oxidations and new phase of the materials [6]. A
significant effect of the metal strengthening is homogeneity of
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During the production of the composites, the homogeneity of
the oxide particles distribution in the matrix is one of the most
effective reasons that affect on the composite properties. The
copper has been reinforced with different volume fractions
and they are (10, 15, and 20) vol.% of micro and nano
alumina. The composites have been fabricated by powder
metallurgy technique which involves mixing, compaction and
sintering. Mixing done through two steps, first by mortar and
second by roller mixer for 6 hours then compacted with 700
MPa of pressure. After compaction process, the specimens
would be sintered at 1000°C. The Microstructure and
elemental analysis of sintered specimens done by using
Scanning Electron Microscope (SEM) and Energy Dispersive
X-ray (EDX) respectively, also the compressive strength has
been determined. From the obtained results, The increasing of
reinforcement volume fraction will increase the degree of
agglomerations and decrease the bonding areas of matrix, for
this reason composite contain 10vol.% Al2O3 has lower
agglomerations than composite of 15vol.% and 20vol.%
Al2O3, this phenomena observed in nano and micro
composites. The Scanning electron microscope shows nano
composites have higher degree of clusters and agglomerations
than micro composites. The compressive strength of the
composite will increase with increasing of the reinforcement
volume fraction in both cases but the excessive amount of
alumina will deteriorate the compressive strength of the
composite and the best result achieved when the percentage of
the reinforcement 10vol.% of micro alumina.
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INTRODUCTION
The manufacturing of composite materials is a reasonable
method to produce materials with specific characteristics that
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reinforcement distribution and using of small amount of
ceramic in the matrix metal as possible [5]. The compressive
strength behavior of pure copper and composites with two
phases of additives (Micro and Nano) with different volume
fractions under strain rate of 5*10-3 m/m*min is very
important to characterize the peak load, deformed shape and
absorption of energy. The flow stress and the behavior of the
flow curves is significantly influenced by strain rate and
temperature [7]. The purpose of this research is to investigate
the effect of two phases of alumina with different volume
fractions on the micro structure characteristics and
compressive strength of the Cu-Al2O3 composite. The
Scanning Electron Microscopy (SEM) test shows the CuAl2O3 compatibility as well as the topography aspects of the
copper at elevated temperature also the Energy Dispersive Xray Spectroscopy (EDX) test shows the elemental distribution
or chemical characterization in the specimens and
compression test to analyze the mechanical behavior of the
different composites against the applied load and to determine
which composite with specific volume fraction has higher
compressive strength.

RESULTS AND DISCUSSION
Microstructure and Chemical analysis
The Microstructure has been examined by (SEM)
microscope; the images of the surface figures (1, 2, 3, 4, 5, 6
and 7) illustrate the construction of pure copper and the
composites in both phases (micro and nano). For pure Cu in
figure (1) shows a high degree of the cohesion between
copper particles and almost few number of pores are present
in the metal. There are no boundaries of grains or twin bands
could be seen in the Cu and composites that sintered at
1000°C, this caused by grain growth then grain coarsening
(the grain coarsening resulted from the motion of surface in
sintering by diffusion of the surface [13]) this will produce
grain coalescence and disappearing of the grain boundaries at
elevated temperature (1000˚C) which significantly affects on
the mechanical properties. In figures (2, 3 and 4), it's clear
that the alumina (black regions) has a good distribution in all
volume fractions as a result of appropriate mixing process.
Sometimes the difference in densities between the Cu and
Al2O3 leads to the creation of agglomerations at high volume
fractions of the additive (Al2O3), that’s mean the increase-in
the amount of-alumina, the agglomerations will increase and
bonding areas of metal matrix (grey regions) decrease [14].
The magnified figures give an indication that an adhesion
happened between copper matrix and alumina particles. In
figure (2) for 10 vol. % micro alumina,-particles are seenindividually-separated and uniformly distributed in the
sample and large bonding area of metal matrix and
representing-the agglomeration of micro alumina. In figure
(3) for 15 vol. % micro alumina, the number of alumina
particles increased also the agglomerations, which leading to
reduce the bonding areas of metal matrix. Generally alumina
particles in different volume fractions have a uniform
distribution in all specimens, but in case of 20 vol. % of
alumina have higher degree of alumina clusters and
agglomerations. For the figures (5, 6 and 7) that are related to
nano composites, the figures illustrate that the metal matrix
looks like islands surrounded by the continuous agglomerated
nano alumina particles, as the areas of bonding of the metal
matrix are little and weak, this happened because the nano
alumina particles have a very small sizes which made the
number of alumina particles very large and this leading to the
formation of clusters and porosities. From figure (5) SEM
result of 10 vol.% nano alumina composite illustrates large
islands of metal matrix with weak interconnections between
them, but in figure (6) SEM result of 15 vol.% nano alumina
composite shows smaller islands of metal with lesser
interconnections compared to 10 vol.% nano alumina
composite. In figure (7) the 20 vol.% nano alumina composite
has smallest islands and very little bonding areas. Generally,
nano alumina particles have a good distribution and the
interconnections between metal matrix particles are weak as
well as between the matrix and alumina particles because of
the difference in thermal expansion coefficient [15], these

EXPERIMENTAL WORK
The copper (BDH Chemicals Ltd. Poole England, purity ~
98.54 %, particle size > 46.868 μm, mesh -325) and alumina
(sky spring, particles of micro size > 30 μm, mesh -400 and
sky spring for nano size and its average size ~ 20 nm)
powders has been mixed first using a mortar for 60 min [8] to
ensure avoid and reducing of agglomerations, second by using
roller mixer for 6 hours [9] with 75 rpm speed to ensure a
homogeneous mixture. Copper with 10, 15, 20 vol. % of
Al2O3 (micro and nano) powders have been compacted into
specimens with a cylindrical shape with length to diameter
(L/D) ratio equal to 0.8 (diameter = 10 mm and length =
8mm) according to ASTM E9-89a standard [10]. The
compaction process done by using an axial hydraulic press
(Carver, Inc.) and applied pressure of (700) MPa with 2 min
of holding time in order to achieve high density of green
sample and without bad effects [11]. The green samples were
conventionally sintered at 1000°C in a tubular furnace in
vacuum atmosphere with holding time of 60 min [8] at
1000°C. The densities of sintered samples were examined
according to ASTM standard C20 [12]. The compression test
has been done with strain rate of 5*10-3 m/m*min according
to ASTM E9-89a [10] and it was performed by using of
compression testing machine (Laryee Technology Co., Ltd.)
with capacity load of 100 KN. The microstructures of the
specimens were characterized by SEM (FEI, INSPECT S 50)
and chemical characterization of the specimens was analyzed
by EDX test which has been done by using (Bruker, X Flash
6/10) system.
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results for all composites. Agglomerations are clearer in nano
composite than micro composite and are increasing with the
increase of volume fraction of the reinforcement. The
agglomerations in nano have been created due to the tendency
of nano particles to agglomerate, this phenomena happened
due to the higher specific surface of nano alumina in

comparison with the micro copper matrix [8]. Obviously, the
increase in the specific surface of the contacted particles will
lead to a greater inter-particle friction which is consequently
will cause a reduction in the particles distribution
homogeneity [14].

Figure 1: Cu-0vol.% alumina

Figure 2: Cu-10vol.% micro alumina

Figure 3: Cu-15vol.% micro alumina
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Figure 4: Cu-20vol.% micro alumina

Figure 5: Cu-10vol.% nano alumina

Figure 6: Cu-15% nano alumina

Figure 7: Cu-20vol.% nano alumina

The distribution of the additive is one of the most important
effects of composite materials improvement, so the
composites must have a homogeneous or uniform distribution
of ceramic in the metal matrix in order to improve physical
and mechanical properties, The analysis of distribution of
elements or chemical characterization of the sample was
performed by the composition scanning Energy-Dispersive Xray Spectroscopy (EDXS). In figure (8) EDXS of pure copper
indicates copper element only, so there is no creation of
oxidations or new phases existed in the sintered pure copper
sample.
But in figure (9) for the composite of 10vol.% micro alumina,
the EDXS images scan show the major spectrums of Copper
(Cu), Aluminum (Al) and Oxygen (O) elements at all
locations. The spectrums of Al and O express the existence of
Aluminum oxide. A new phase of CuAlO2 is also called
Spinel may be also created by interaction of these elements
(Cu, Al, O) on the interfaces between the copper matrix and
reinforcement Al2O3 particles [1].

Figure 8: EDXS of pure copper.
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makes the composite weaker. The mismatch of coefficient of
thermal expansion and thermal conductivity between the
copper matrix (401 k - W/(m.K)) and reinforcement alumina
particle (30 k - W/(m.K)) leading to the localized increase in
temperature in a small range. Local rising of the temperature
has no influence on Al2O3 particles, while it can make the
copper softening locally, some areas have been melted. Due to
increasing of reinforcement amount the flow stress will
decrease [15]. The composite which strengthened by microAl2O3 particles tends to fail by particle fracture which causes a
decreasing of strain hardening exponent [17].

1000
Compressive Strength (MPa)

Figure 9: EDXS of Cu-10% Micro Alumina.

Compression test
The compression test-has been done to study the compressive
strength behavior-of the composite to the applied loads. The
strong cohesion-among matrix particles and matrixreinforcement will delay the initiation of cracks- in the
specimens during pressing process and deformation especially
at the beginning. The samples were placed between the two
jaws and compressed until 50% reduction of length but some
specimens have been failed before that.
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At the beginning of the test, the bearing of composites for the
applied load is greater than the pure copper. The increasing of
the strength is as a result of the influence of Al2O3 particles
which are making as obstacles to prevent the motion of
dislocations in the metal matrix by the strengthening
mechanism [17]. When the reinforcement increase up to
10vol.%, the distances between two Al2O3 particles will
decrease, so a greater load would be required to achieve the
motion of dislocation, The increasing of the compressive
strength can be explained by the reinforcement which
generated by the existence of stronger and harder particles
(Al2O3) which distributed in the matrix (Cu (117 GPa) and
reinforced by Al2O3 particle (300 GPa)), [14]. The transfer of
the load from metal matrix to ceramic reinforcement [18] as
well as the particle refinement might have an effect on the
enhancement of the compressive strength [16]. Figure (10),
shows that the compressive strength for Cu-Al2O3 microcomposites increases as the Al2O3 content of 10 vol. %
followed by decreasing in values of compressive strength, as a
result of increasing of Al2O3 volume fraction over 10vol.% ,
the alumina agglomerations will increase too, so the bonding
areas of the metal matrix will reduce. The interconnection
between particles of the agglomerations is weak, so when part
of the load is transferred from the matrix to the
agglomerations, the bonds between agglomeration particles
will destroy and the load returns to the matrix, so this will
produce crack propagation or stress concentration which

Figure 10: Compression test for composites with micro
alumina reinforcement.

Figure (11) shows the deterioration of compressive strength of
nano composites for all volume fractions (10, 15 and 20)
vol.% compared to pure copper. The reason of compressive
strength reduction is the creation of agglomerations which
prevent the continuity of the matrix phase as illustrated in
figures (5, 6 and 7) , and the interconnection between the
agglomeration particles is weak, hence, decrease their ability
to resist the applied compressive load also the agglomeration
produces an increasing of damage density therefore destroy
early [18]. Also because the difference in thermal conductivity
which works on reducing of the cohesion between the matrix
and the reinforcement as well as between the particles of the
matrix themselves [17]. The increasing of reinforcement
amount, the nano-composites tend to fail by coalescence,
growth and void nucleation in the parts of matrix close to
Al2O3 nano-particles [15]. The mentioned mechanisms of
failure will reduce the strain hardening exponent [17]. The
agglomerations will produce weak regions in the samples, and
then will cause an initiation and growth of cracks under the
applied load. So, the volume fraction of nano particles must
be lesser than 10vol. % to increase the resistance to the
compressive load.
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K = strengthening coefficient
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Compressive strength (MPa)

D = grain size of material
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Obviously, smaller grain size will cause more obstacles
against the motion of dislocations and hence the composite
strength will increase.

500
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Figures (12, 13, 14 and 15) show the results of stress-strain
curve of pure copper and Cu-Al2O3 micro-composites.
Generally, the behaviors of stress-strain curves are similar to
each other with a few differences. At the beginning the
material resists the applied load without deformation then the
material deformed up to 8% of strain with little resistance to
the applied load after that the resistance will increase with the
deformation continuity. The length of all samples reduced to
50% without failure. The ductile behavior of stress-strain
curve of micro composite resulted from grain coarsening and
disappearing of grain boundaries.
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Figure 11: Compression test for composites with nano
alumina reinforcement.
It is clear the compressive strength in micro phase is higher
than of the nano composite at the three different ranges of
additives (10, 15 and 20vol.%), so the compressive strength
influenced by grain size and distances between the particles of
reinforcement (according to equation 1). as the particle size of
the reinforcement decreases; the distance between the
particles will reduce.
λ = 4*(1-f)* r/3f

(1)

Where (assuming the particles as spherical):
λ= distance between the particles of the additive
f = volume fraction of the particles
r = radius of particles

Figure 12: Stress – Strain Curve of Pure Copper.

From equation (1) that distances between grains are directly
proportional to the radius of alumina grains. The reduction in
distance between reinforcement particles will obtain more
obstacles against the growth of grain boundaries and motion
of dislocations for small volume fractions of nano alumina but
in case of high percentages (10, 15 and 20) vol.% the effect is
reversed and they will produce agglomerations will cause the
discontinuity and separation of the metal matrix and make the
nano composite weaker.
The relation between particle size and flow stress has been
illustrated by A Hall-petch equation (2) from certain plastic
deformation up to the ductile fracture. According to Hallpetch equation it's clear that as the size of grains and
agglomerations get bigger, the flow stresses will decrease and
will cause a reduction compressive strength of the composite
material and vice versa. According to equation of strength of
material (2), the strength is inversely proportional to the
grains or particle size of the material, observed in the
following formula [17]:
ɕ º = ɕ i + KD-1/2

(2)

Figure 13: Stress – Strain Curve of Cu-10% Alumina Micro
Size.

Where: ɕ º = flow stress
ɕ i = stress opposing the motion of dislocation
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Figure 16: Stress – Strain Curve of Cu-10% Alumina Nano
Size.

Figure 14: Stress – Strain Curve of Cu-15% Alumina Micro
Size.

Figure 17: Stress – Strain Curve of Cu-15% Alumina Nano
Size.

Figure 15: Stress – Strain Curve of Cu-20% Alumina Micro
Size.

Figures (16, 17 and 18) illustrate the results of stress-strain
curve of Cu- Al2O3 nano-composites. At the beginning Nanocomposites show resistance to the applied load higher than
micro-composite without strain followed by strain stage with
little resistance up to 10% of sample length in composites of
10vol.% and 15vol.% nano alumina, and 15% of sample
length in case of 20vol.% nano alumina. After this part the
stress and strain of composites will increase till failure. The
composites of 10 vol.%, 15vol.% and 20vol.% nano alumina
will fail at 45%, 35% and 32% of strain respectively. The
cause of the changes in stress-strain behavior is the difference
of the strength between copper (117 GPa) and alumina (300
GPa).

Figure 18: Stress – Strain Curve of Cu-20% Alumina Nano
Size.
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pp. 215–218.

CONCLUSIONS
Based on experimental results presented in this research, the
conclusions are:
-

-

Elevated sintering temperature (1000˚C) minimize the
porosities but will cause the grain coarsening, grain
coalescence and disappearing of dislocations, twin bans
and grain boundaries which affect on the mechanical
properties.
Increasing of reinforcement volume fraction will increase
degree of agglomerations and decrease the bonding areas
of matrix, so composite of 10% Al2O3 has lower
agglomerations than composite of 20% Al2O3 for both
nano and micro composites.

-

The nano composites have higher degree of clusters and
agglomerations than micro composites.

-

The increasing of alumina volume fraction in the
composite will increase the compressive strength of the
composite but the excessive amount of alumina will
deteriorate the compressive strength of the composite.

-

The volume fractions (10, 15, 20) vol.% of alumina nano
particles reinforcement considered as an excessive
amounts which will reduce the compressive strength of
the materials.

-

The volume fraction of the reinforcement affect on grain
size and the distances between particles, so it will affect
on the flow stress then the compressive strength.
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