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1- Introduction

Considering the extraordinary mechanical properties of
carbon nanotubes and its lubrication ability, a number of
research works have been carried out to investigate the
relative properties of copper composites with carbon
material reinforcement. Guiderdoni and his colleagues
have studied the hardness, friction and wear of copper
nanocomposites with reinforcement. Investigated carbon
nanotube with double wall. It has been observed that the
hardness of nanocomposites is 50% higher than pure
copper. A lower friction coefficient at a lower wear rate
was obtained for nanocomposites by 4 and 20 times,
respectively, compared to pure copper. The carbon
materials formed during the tests were mixed with
mechanical layers, which reduced the wear rate and
friction coefficient. Lin and his colleagues investigated the
wear properties of copper composites with carbon
nanotube reinforcement by conducting wear tests.
Composites with 10%-15% weight percentage of carbon
nanotubes can reduce wear rate and friction coefficient.
After adding carbon nanotube to the composite, the
amount of plastic deformation decreased during the wear
test. This research investigated the wear behavior of Cu-
Zn/CNT  nanocomposites and the  copper-zinc
nanocomposite was made by powder metallurgy and
forging process. Wear test based on pin on disc method
based on G99 standard, friction and wear parameters under
different loads and also different sliding speed have been
studied and discussed. The reason for using Cu-5Zn alloy
is that this alloy is known as gilded brass (with 5% zinc).
Gilding rice is the most used in the gold and jewelry
industry for making golden coatings. The malleability of
this brass is like copper, but its strength is greater; At the
same time, it has poor machinability. Very little research
has been done on gilding rice. The aim of this research is
to improve the mechanical and wear properties of this
series of copper alloys using carbon nanotubes.

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 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 electron microscope images of carbon
nanotubes before coating and after annealing with nickel.
As shown in Figure 1-A, the carbon nanotubes are in
cluster form, and in order to break the clusters, they were
subjected to ultrasonic waves for 30 minutes in ethanol
solution. Ultrasonic waves disperse the carbon nanoplates
inside the ethanol.

Figure 1-b shows the SEM image of carbon nanotubes
coated with nickel by electrolysis method, in which nickel
is coated on the outer walls of carbon nanotubes. The main
purpose of creating a nickel coating on carbon nanotubes
is to improve the connection between carbon nanotubes
and the copper-zinc alloy base. Effective charge transfer
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from metal substrate to carbon nanotubes creates strong
nanocomposite and improves mechanical properties.

Fig. 1 Scanning electron irﬁages of (a) as received and (b)
nickel coated carbon nanotubes.

Figure 2 shows the coefficient of friction of copper-zinc
alloy and its nanocomposites at a sliding speed of 0.3 m/s.
In this test, by increasing the sliding speed, the sliding
distance of 5940 meters and the load of 5 Newtons were
kept constant for all wear tests. It was observed that with
the increase of the sliding speed, the friction coefficient
increased for all materials, including copper-zinc alloy and
nanocomposites. The coefficient of friction for the
nanocomposite with 0.75% by weight of uncoated and
coated carbon nanotubes increased from 0.15 to 0.25 and
from 0.21 to 0.32, respectively, when the sliding speed
changed from 0.3 m/s to 0.9 m/s.
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Fig 2 Coefficient of friction of uncoated and nickel
coatedCNTbased copper nanocomposites at sliding speed of
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Figure 3 shows the effect of uncoated and nickel-coated carbon
nanotubes on the wear rate of copper-zinc nanocomposites.
Figure 4 shows the wear rate of nanocomposites coated with
carbon nanotubes. In variable loads of 5 newtons and 25 newtons,
the sliding speed and distance were kept constant with values of
0.3 m/s and 5940 m, respectively. The estimated wear rate for
copper-zinc base alloy was 65*10-5 mm3/m3. While for the
nanocomposite with 0.75% by weight of uncoated carbon
nanotubes, it was equal to 19*10-5 mm3/m for a load of 5
Newtons. When the load increases from 5 N to 25 N, the wear
rate for copper-zinc base alloy is 85*10-5 mm3/m and for
nanocomposites with 0.75% by weight of carbon nanotubes
without nickel coating, it is 28*10-5 mm3 /m was obtained.
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Fig 3 Wear rate of uncoatedCNT/Cu nanocomposites at
fixed sliding speed of 0.3 m s—1.

4- Conclusion

[1 Copper-zinc nanocomposites reinforced with carbon
nanotubes coated with nickel and without nickel
coating were successfully prepared using the primary
process of powder metallurgy and pressing was used
as a secondary process.

[ By increasing the content of carbon nanotubes, the
coefficient of friction of copper-zinc nanocomposites
reinforced with carbon nanotubes coated with nickel
and without nickel coating decreased.

[ The decrease in the friction coefficient of copper
nanocomposites compared to copper-zinc base alloy
is related to the lubrication effect of carbon
nanotubes.

[ The amount of wear for both nanocomposites
reinforced with nickel coating and without coating
decreased with the increase of carbon nanotubes. The
low wear rate of these nanocomposites is related to
the high hardness and the limitation of wax flow by
carbon nanotubes.

[ With increasing load from 5 newtons to 25 newtons
and wear speed from 0.3 m/s to 0.9 m/s, the wear rate
of copper-zinc nanocomposites reinforced with
carbon nanotubes with nickel coating and without
coating has increased.

[] Factors such as adhesion, flaking and oxidative wear
are effective in examining the wear levels of copper-
zinc base alloy and its nanocomposites.
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Investigating the Wear Behavior of Nanocomposite Based on Cu-5Zn
Alloy Reinforced with Carbon Nanotubes

Mohammad Alipour

Abstract In the present work we report the development of carbon nanotube reinforced copper-zinc alloy
nanocomposites. The carbon nanotubes were used in both uncoated and nickel coated conditions to reinforce copper
matrix. The nanocomposites with different carbon nanotubes (0.25 to 1.0) weight percentage were developed using a
combination of ultrasonication, ball milling and sintering processes. The developed nanocomposites were subjected to
microstructural characterization using scanning and transmission electron microscopes to observe the dispersion of
carbon nanotubes. The effect of carbon nanotubes on friction and wear properties of copper nanocomposites were studied
using pin on disc testing rig as per ASTM G99 standard. The coefficient of friction of both 1 wt% uncoated and nickel
coated carbon nanotubes reinforced nanocomposites was found when compared to copper-zinc alloy. Similarly the wear
rate of nanocomposites were found to decrease with the incoporation of carbon nanotubes. The low coefficient of friction
and wear rate were attributed to uniform dispersion of carbon nanotubes and formation of carbonaceous layer on the
surface of nanocomposites during dry sliding wear.

Key Words Carbon Nanotubes, Copper, Friction and wear, Nanocomposites.
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