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Among these, the electrolytic method is more ideal due to the
simplicity of the process, low energy consumption, high efficiency,
easy control, and low environmental pollution. In this research, the
role of electrode material and protective concentration in the
electrochemical synthesis of copper nanoparticles was investigated.
Methods: constant current density and temperature equal to 0.04
A/cm? and 50 C° and the distance between cathode and anode 2.5
cm were considered as research constants. Research variables
included copper, gold, steel and rubidium cathode electrodes as well
as CTAB protective concentration
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Introduction

Metal nanoparticles and semiconductor
have attracted a lot of attention in recent
decades due to their physical and chemical
properties that depend on their shape and
size. In general, the atomic properties of a
substance are significantly different from
the bulk state of that substance. Due to the
quantum effect, the properties of
nanoparticles are determined by the particle
size and surface morphology .

Metals form a large group of catalysts and
because the surface area is an important
factor in catalysis, metal nanoparticles with
a very large ratio of surface area to volume
have been widely investigated. Among them,
copper and its alloys in nanometer sizes
have been used in catalysis more than usual.
Controlling the size, shape and surface
properties of nanoparticles is important and
necessary to investigate copper-based
catalysis. Copper nanoparticles are also
considered as a substitute for gold, silver
and platinum nanoparticles in many other
applications such as thermal conductivity
and microelectronics. For example, in the
microassembly of conductive devices such
as electrodes, conductive lines and
connections, jet printing technology. Ink has
been used as a replacement for the old
lithography. In addition, gold and silver are
usually used in the printing of conductive
elements in electronic devices.

Copper nanoparticles with excellent
catalytic activities can be added to natural
and electrochemical sensors. They can also
be used as anti-wear and corrosion coatings,
catalysts and multi-layer ceramic capacitors.
Therefore, taking into account the high price
of these metals, copper as a conductive
material is a suitable choice for these
applications.

Materials and Methods

After the studies, rubidium, copper, gold and
steel electrodes were used as cathode and
copper electrode as anode. Electrolyte
solution in this research, HNO3 and copper
nitrate were used as electrolyte and CTAB
was used as a protector in the electrolyte.
Current density, time, temperature and
voltage were obtained after checking and
testing.

A rectifier made by hera LABORASYSTEM
company, model SAP2410, with a voltage
range of 0-v30 and a current range of 0-10A
(including DC direct current, AC alternating
current, and PC pulsed direct current) was
used to create the desired currents. A
scanning electron microscope equipped
with an energy dispersive spectrometer
(EDS) elemental detector was used to
observe the structure of the prepared
powders. GNR-MPD 3000 x-ray diffraction
machine was used for the phase analysis of
the produced copper powder and also to
determine the obtained particle size.
Results and Discussion

The material of the cathode has a significant
effect on the purity of the product. The ratio
of the intensity of the main peak of Cu to the
intensity of the main peak of Cu20 of the
samples and the ratio of the intensity of the
main peak of Cu to the intensity of the main
peak of CuBr are shown. It can be seen that
in samples with steel and rubidium
cathodes, in addition to copper metal, Cu20
and CuBr are also formed; While in samples
with gold and copper cathodes, only Cu20
was created in addition to copper metal. The
results show that the best effect and
efficiency in the synthesis of copper
nanoparticles is related to the sample with
copper cathode and then gold cathode; And
steel and Rb cathodes had the worst results.
The copper cathode performed better than
gold, so that it has the highest purity of
copper metal and the lowest impurity.

CTAB values can affect the copper particle
size. What is certain is that in the sample
without CTAB (sample A), the particle size is
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141.23 and in the samples containing CTAB,
they are less than 100 nm. These results
emphasize that CTAB surfactants have
effectively prevented the growth of copper
nanoparticles. Therefore, the increase of
copper nanoparticles at 6 g/L compared to
the concentration of 4 g/L. may be due to the
high concentration of CTAB.

Conclusion
The results showed that copper
nanoparticles were formed in all the
samples, and the copper and gold cathodes
caused smaller crystals than the steel and
rubidium cathodes. XRD analysis showed
that in addition to copper metal, Cu20 and
CuBr are also formed in samples with steel
and rubidium cathodes; While in samples
with gold and copper cathodes, only Cu20
was created in addition to copper metal. SEM
results showed that the gold cathode led to
the formation of spherical and non-cubic
particles; and the copper cathode caused the
formation of cubic particles.

XRD analysis showed that by increasing the
amount of CTAB, the purity of the product,
i.e. copper metal, also increases. So that the
best result was obtained in (g/liter) 6 CTAB.
CTAB surfactants have effectively prevented
the growth of copper nanoparticles. The
crystallinity index of samples containing
CTAB is more than one and it indicates that
the copper metal is polycrystalline.
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