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1- Introduction

Metal composites are among the most important types of
advanced materials that are more than 50 years old. These
types of composites are used in many industries such as
military, transportation, aircraft manufacturing and power
transmission lines. Among the metal-based composites are
copper-based composites, which are widely used in
various industries such as aerospace and automobile
industries due to their advantages such as low density, high
specific strength, excellent wear resistance, and suitable
fatigue and corrosion resistance.

Adding ceramic strengthening agents to copper alloys
increases their mechanical and wear properties. The main
reinforcing particles that are added to copper alloy powder
alloys are carbides, borides, oxides and nitrides. Silicon
carbide with high melting temperature, low density, high
strength, high hardness, excellent thermal shock
resistance, low thermal expansion, high thermal
conductivity and high elastic modulus is considered a
suitable reinforcement for high temperature applications.
In a study, Tu et al. prepared Cu/CNTs composites in
which the percentage of carbon nanotubes was in the range
of 0-16% by powder metallurgy method. Kimetal et al.
synthesized Cu/CNTs composites by spark plasma
sintering followed by cold rolling process. In this process,
copper powders are produced by the dry spray process.
Copper powder and carbon nanotubes were mixed in ball
mills with high energy and compressed using plasma
sintering system (sps). In this research, microstructure and
mechanical properties of Cu-5Zn alloy nanocomposite
reinforced with carbon nanotubes will be investigated.
Regarding the corrosion and wear behavior of copper-
based nanocomposites, a lot of research has been done,
which shows that by adding different nanoparticles, the
corrosion and wear properties of the base are improved.

2- Experimental

In this research, multi-walled carbon nanotubes produced
by Yoas Nano Company have been used. Cu-5Zn alloy
powder with a density of about 8.9 grams per cubic
centimeter and a particle size of about 2-10 micrometers

with a purity greater than 99.5%. First, carbon nanotubes
were dispersed in 500 ml of ethanol. Ultrasonic waves
were used for homogeneous distribution of carbon
nanotubes. After adding Cu-5Zn alloy powder into the
ethanol solution containing carbon nanotubes, it was
stirred for 30 minutes and then the application of ultrasonic
waves was stopped and the nanocomposite powder
solution was dried at 50 degrees Celsius in an oven. Cu-
5Zn alloy powder and carbon nanotubes with different
weight percentages (0.25, 0.5, 0.75 and 1) were combined
using ultrasonic waves and ball milling. Then, the mixture
of copper and carbon nanotubes was pressed and subjected
to the sintering process. Hydraulic pressure was chosen to
press to pressure of 35 tons. The powders were pressed in
a mold (diameter 30 mm, length 60 mm) and using a
pressure of 400 MPa for 5 minutes. In order to prevent
friction during the pressing process between the punch and
the mold, stearic acid was used as a lubricating agent.
Pressing was done for Cu-5Zn alloy powder samples and
all nanocomposites with different percentage of carbon
nanotubes at a pressure of 400 MPa and for 5 minutes.
When the pressing of the samples was finished, the parts
were pressed and the nanocomposites were fused through
a process. Sintering was done in an electric furnace that
included an alumina tube in a controlled argon atmosphere.
The selected sintering temperature of the samples was
done at 850 degrees Celsius for 120 minutes.

3- Results and Discussion
Figure 1 shows the SEM image of carbon nanotubes in the
form of clusters.
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Figure 1 SEM image of carbon nanotubes.

The hardness of any material is directly related to its

microstructure. In nanocomposites, the type of reinforcing

phase, dispersion, particle size and shape are very

important. The placement of carbon nanotubes in the

copper-zinc field has improved the hardness and by

increasing the weight fraction of carbon nanotubes up to
0.75% in the prepared nanocomposites, it has caused a
linear increase in hardness and micro hardness with
increasing the amount of carbon nanotubes. It has
decreased from 0.75% to 1% (Figure 2). The effect of
adding carbon nanotubes on the tensile strength of
nanocomposites samples is shown in Figure 3.

124
. 118

0.75 1

120 115

105 S
100 91 B
60
40
20
0 0 0
0.5

0 0.25

Microhardness (HY)
o]
1

CNT weight fraction

Figure 2 Microhardness of nanocomposites reinforced with
carbon nanotubes based on Cu-5Zn.
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Figure 3- Tensile strength of copper-zinc based
nanocomposite with carbon nanotubes reinforcing phase.

One of the ways to better understand the mechanisms
governing the strengthening of nanocomposites is to
examine the fracture surface of nanocomposite samples. In
Figure 4 and Figure 5, the fracture surface of copper-zinc
base alloy and 0.75% CNTs-Cu-5Zn nanocomposite are
shown, respectively.

Figure 4- SEM image of fracture surface of copper-zinc base
alloy after tensile test.

Figure 5- SEM image of the fracture surface of 0.75%
CNTs-Cu-5Zn nanocomposite after tensile test.

4- Conclusion

1- Nanocomposite samples with Cu-5Zn alloy base and
carbon nanotube reinforcement were prepared using
powder metallurgy method which includes the use
of ultrasonic waves, ball milling and hot forging
process.

2- The amount of porosity in nanocomposites is
minimized after the forging stage, and structural
studies by SEM showed the uniform dispersion of
carbon nanotubes in the field.

3- Based on the obtained results, the nanocomposites
prepared with the reinforcement of carbon
nanotubes have a suitable density and are close to
the theoretical density.

4- The microhardness of nanocomposites increases
linearly with the increase of carbon nanotubes up to
0.75%, and the increase in hardness of the
nanocomposite with carbon nanotube reinforcing
phase is 36.26% higher than that of copper-zinc
base alloy.

5- The tensile strength of copper nanocomposites by
increasing the amount of carbon nanotubes
reinforcement up to 0.75% is 289 MPa, which is a
significant increase compared to the copper-zinc base
alloy with a strength of 165 MPa.
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Investigating the Microstructure and Mechanical Properties of Cu-5Zn Alloy Nanocomposite
Reinforced with Carbon Nanotubes

Mohammad Alipour

Abstract After the discovery of carbon nanotubes, observations showed that carbon nanotubes have multi-purpose
properties and can be used as a reinforcing material for metal nanocomposites. In this research, multi-walled carbon
nanotubes have been used as nanocomposite reinforcement with Cu-5Zn alloy base. Carbon nanotubes were added to the
nanocomposite in percentages of 0.25-1. Ultrasonic waves were used for good dispersion of carbon nanotubes in the field.
Pressing and sintering processes were used to make nanocomposite samples. The microstructure was studied using a
scanning electron microscope. The effect of carbon nanotubes on mechanical properties such as microhardness and tensile
strength of nanocomposite was investigated. The results showed that the mechanical properties are improved by adding
carbon nanotubes. The proposed mechanism for increasing the strength in nanocomposites reinforced with carbon
nanotubes is the bridging mechanism. The microhardness of nanocomposites increases linearly with the increase of carbon
nanotubes up to 0.75%, and the increase in hardness of nanocomposite with carbon nanotube reinforcing phase is 36%
more than copper-zinc base alloy. The tensile strength of copper nanocomposites is 289 MPa by increasing the amount
of carbon nanotube reinforcement, which is a significant increase compared to the base copper-zinc alloy with a strength
of 165 MPa.

Keywords Carbon Nanotubes, Copper, Powder Metallurgy, Mechanical Properties, Nanocomposites.
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