RESEARCH PAPER

] Nanostruct 15(1): 134-149, Winter 2025

New Approach to in situ Chemical Vapor Deposition-Grown
Graphene reinforced Copper Matrix for Increasing Electrical
Conductivity and Mechanical Properties

Misagh Alaie Faradonbeh ', Alimorad Rashidi'*, Zohal Safaei Mahmoudabadi ', Fatemeh Dodangeh *

! Nanotechnology Research Center, Research Institute of Petroleum Industry, Tehran, Iran

2Department of Chemistry, Science and Research Branch, Islamic Azad University, Tehran, Iran

ARTICLE INFO

Article History:
Received 21 September 2024
Accepted 19 December 2024

Published 01 January 2025

Keywords:

Chemical Vapor Deposition
(CVD)

Copper-graphene
nanocomposites

Copper wire

Electrical Conductivity
Graphene

Mechanical Properties

ABSTRACT

The chemical compatibility and successful formation of morphology of
graphene sheet growth on the copper matrix were investigated with scanning
electron microscope (SEM) techniques, transmission electron microscopy
(TEM), EDS and mapping analysis tests, RAMAN spectroscopy, X-ray
diffraction (XRD). Also, the effects of individual process variables such as
0 to 900 cc/min methane gas flow rate, 0 to 45 minutes, and 1000 °C are
used in CVD method to grow the graphene on Cu substrate and as a result
of electrical conductivity and mechanical properties were evaluated for
different outcomes samples in this reasearch. The results revealed to the
optimum values for Cu powder/Gr nanocomposite samples were found at
300 cc/min methane flow rate during 45 minutes at 1000 °C, as well as 0.2
mm thickness of Cu wire in the same condition which led these samples
to high electrical conductivity, and high hardness rather than Cu pure. The
great instruction of graphene growth design and morphology is the cause
for increasing electron mobility in the Cu/graphene nanocomposites. As
a result, the electrical conductivity of the Cu/Gr nanocomposites is three
times higher than the counterpart without graphene growth. Also, the
outcomes of this research were found the highest amount of electrical
conductivity and hardness value of Cu/Gr nanocomposite are more
than other Cu/Gr composites. This study provides a new approach for
modification Cu substrate by growth graphene using CVD method in
order to high electrical conductivity and high mechanical properties.
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INTRODUCTION

The electrical conductivity in the metals
generally uses the metallic bonds and the free
electrons for the transportation of the electric
energy. With the development of electric power,
and electronics, copper conductor is required to be
light, strong, highly conductive and high current-
* Corresponding Author Email: Rashidiam@ripi.ir

carrying. One of the problems in electrical power
systems (transmission and distribution lines) is the
loss of energy and it will be around twenty percent
of total energy per year [1-4]. Although, the alloy
compounds are not free from some defects. One
of which is their low resistance to the aggressive
influence of environmental factors such as oxygen,
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temperature, and electromagnetic radiation. In
addition, the class of materials as the complexiron
oxides with outstanding electronic properties that
are favorable for practical application [5-17].

In this new century, copper (Cu) is one of
the important metals which is used in different
instruments such as integrated circuits,
electronic packages, and electric switches, due
to recognizable features such as high electrical
conductivity, fatigue resistance, workability, and
corrosion resistance. However, Cu has limited
mechanical properties. Different composites
of copper are analyzed by some researchers
[4-6] to help them to proud useful applications.
Matrix composites of the metal-reinforced
with new instruction include particles displays
composition of properties their main materials,
which is illustrated modify properties that are
compared with the main matrix. Different groups
of scientists discussed instruction of metal matrix
composite [7-23]. Producing new material with
high mechanical and electrical virtues need to
produce a microstructure in which displacement
movements are closed and dispersion of free
electrons is increased [24-28].

Many studies have beeninvestigated to fabricate
carbon-based nanocomposites in order to improve
electrical conductivity and mechanical properties.
Chinnappan et. al. [29] studied the fabrication of
MWCNT/Cu nanofibers based on electrospinning
method as a result of the electrical conductivity is
rising 1.479 S cm™. Mu Cao et. al. [30] investigated
the Cu/Gr nanocomposite based on CVD method
as a result of the electrical conductivity is rising to
68.2x10° sm. Recently, Cu/Gr nanocomposites
have received considerable attention as alternative
volunteer in electrical device applications with high
electrical conductivity such as conductive wires
or tracks, lead frames, cables and pantographs
which explains its abundance in many applications
ranging from microelectronics, overhead power
transmission lines, active heat exchangers to
heat sinks [31-33]. Also, several experimental
investigations showed that graphene-reinforced
metal composites have higher strengths in
combination with lighter weights, compared
with conventional metals and composites
which are used for various applications such as
photocatalysts, energy storage, nanoelectronics,
batteries, and abrasion resistant materials [31,34-
36].

The allotrope of carbon is graphene (G) and
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it is a single layer or a few layers of covalently
bonded sp2 carbon atoms, hexagonally packed
in a structure like a honeycomb crystal [37-41].
Graphene has conductivity value 1.4 times more
than copper. So, that is expected the reinforcement
instruction of fabricating metal matrix composites
make high thermal conductivity. Although, some
practical properties such as the type of graphene
and some parameters in producing graphene have
some results to doubt the thermal conductivity of
graphene/metal matrix composites. Additionally,
the graphene layer which is grown on the copper
matrix can make high electrical conductivity
and electron mobility. Capability to decrease
transferring of displacement and connection
between graphene and copper materials to has
good bonding that is a result of density trend and
little moist conducting graphene and copper [42].
The best economical and practical way for the
growth of graphene on metal such as Ni [43], Pd
[44], Ru [45], Ir [46] , or Cu [47] is the CVD method.
More, in new researches, growing the single-layer
deposition of 2Dimensional (D) graphene on
copper on huge areas produces new materials
with high quality with different applications [47-
49].

The chemical vapor deposition (CVD) is a good
method for growing graphene on copper metal
and it can make the grain size of Cu substrate
and improve its thermal features [50]. Graphene
could enhance the conductive property of resin
in graphene/polymer composites [51]. However,
additional factors in producing graphene are
cussed of confusing analyzing of thermal
conductivity in this kind of composite and some
results of researches show the negative effect
of growing graphene on metal for thermal
conductivity [52-54].

Changing the electrical conductivity of copper
is one of the important issues in electrical power
systems nowadays [55,56]. Electrical wire and
cable were made of copper materials. These kinds
of wires and cables are used in transmission and
distribution lines in electrical power systems. The
CVD method is chosen to make a new synthesis
with a growing graphene layer on wire and copper
materials [57,58].

In this work, we report for the first time the
synthesis of Cu/Gr nanocomposite via CVD method
in order to improved electrical conductivity and
mechanical properties. Herein, the economical
and available strategy is considered to grow
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the graphene. The optimum condition reaction
such as methane flow rate, time, and thickness
of Cu substrate for graphene growth, electrical
conductivity and mechanical properties were
evaluated. We also proposed the graphene growth
mechanism on Cu substrate and explained the role
of methane gas in the CVD process. The results
are promising for future applications of Cu/Gr
composites for electronic devices, electronic wire,
cable network, electrical line, transmission line
and distribution lines in electrical power system.
In this research, Cu powder/Graphene (Gr)
nanocomposites with high electrical conductivity
(145x10% S.m™) and high mechanical properties
(72 shore d) was fabricated by CVD method (300
cc/min methane flow rate, 1000°C, 45 min).

MATERIALS AND METHODS
Chemicals and reagents

In this work, different materials and gases are
used. The copper wire (0.2, 0.3, 0.8 and 1.5 mm)
are used. Also, Copper powders (the purity of
copper powder: 99.90 %) is used in this research.
Methane gas with 99.99% purity and hydrogen gas
with 99.99% purity are used in this research.

Graphene growth
Atmospheric pressure (AP) annealing and CVD
graphene growth

The atmospheric pressure CVD graphene
growth procedure is described as follows:

In brief, substrates (copper wire or copper
powder) were annealed under 200 cc/min flow
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Temperature Controller

" High Temperature Growth
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of hydrogen gas at 1000 °C. After the annealing
step, methane gas is introduced to the reactor at
a different rate of gas flow with different times
and variable ramps (cc/min) to grow a continuous
graphene film. Finally, the product is obtained
after the furnace is gradually cooled down (Fig. 1).

Thermal annealing has been widely employed
as one of the experimental control knobs for
a number of condensed matter systems, and
graphene is no exception. Thermal annealing
has been extensively used for graphene on
various substrates in order to remove any
possible contamination and thus improve sample
cleanliness [59,60].

Characterization

A scanning electron microscope (SEM), all
pictures were taken with MIRA Il microscope
device that is a product of TESCAN Company,
this instrument is using an accelerating voltage
of 15 kV. A high-resolution transmission electron
microscope (HRTEM) was carried out on an FEl
Titan 300 microscope with an accelerating voltage
of 120 kV. TEM device is manufactured by the
Netherland and the model of this device is: CM120
and the maximum voltage of this device is 100
kV. The X-ray diffraction (XRD) patterns (Siemens,
model D5000) using an X-ray diffractometer were
determined with Cu Ka radiation (A=0.154 nm, 40
kV, 100 mA). Raman instrument that is working
with a micro-Raman spectrometer, manufacture
by the Teksan company (device’s model: TakRam
N1-541), with an exciting wavelength of 532
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Fig. 1. Schematic reactor setup for CVD method for synthesis of Cu /Gr nanocomposite
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nm. In addition, HIOKI 3522 LCR HiTESTER is the
advanced device to measure resistance. Also, the
flexural strength of the Cu/Gr nanocomposites
was performed with cuboid testing samples based
on ASTM B528-12 standard with 30 mm length, 8
mm width and 6 mm thickness, respectively [61].

RESULTS AND DISCUSSION
Characterization of Cu powder/Gr and Cu wire/Gr
nanocomposite

Fig. 2a show the Raman spectrum of Cu powder,
and graphene grown on a Cu powder. As it seen
a typical Raman spectrum of graphene has three
major features: (i) the D band at ~ 1338.164 cm™
related to only a small amount of defects on the
graphene surface (ii) the 2D-band at ~2919.574
cm? corresponded to the double resonance
Raman scattering process, and (iii) the G-band
at ~1600cm™® that comes out of the in-plane
vibrations of sp?-hybridized carbon atoms near the
I point [62,63], and when it compares with the

Raman spectrum of the copper without the layer
of graphene, this proves that the appearance of
G-band and 2D-band demonstrated the successful
growth of graphene on the copper powder during
of CVD procedure. Furthermore, the first-order
boundary belongs to the D-band of graphene.
Also, it is presented lowing defect-induced area
boundary phonons and can be disregarded from
the spectra. As result, offering that the incorrect
arrangementand defects of interdomain expansion
were small and unimportant. In addition, Raman
test in Fig. 2c shows graphene growth in Cu wire
sample and these results described the signal of
graphene related to these peaks; D (1348.837 cm
1), G (1605.132 cm™), and 2D band (2938.33cm).
Also, as reported in the articles [36,64], the raman
quality of graphene formed in nanocomposites
is weaker than that of pure graphene. Because
the intensity of the 2D-band in nanocomposite
is somewhat lower than the intensity in pure
graphene, which indicates the growth of graphene
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Fig. 2. (a) Raman spectra of Cu powder/Gr nanocomposite, (b) XRD patterns of Cu powder/Gr nanocomposite, (c) Raman spectra of
Cu wire/Gr nanocomposite, and (d) XRD patterns of Cu wire/Gr nanocomposite
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in the nanocomposite substrate. For more prove,
The XRD pattens is taken from pure Cu, Cu powder/
Gr, and Cu wire/Gr nanocomposite are shown
in Fig. 2b, and 2d. In the X-ray diffraction model
includes the graphene nanosheets composite,
only Cu and graphene phases are detected in
this samples. In XRD pattern one extra peak
has appeared at 25° and this peak is related to
formation of layers of graphene in instruction of
nanocomposites. This peak shows the growth of
graphene on Cu substrate. According to Fig. 2d.,
in XRD of Cu pure and nanocomposites according
to ICDD card (85-1326), at 26 = 43, 50.15 and
73.9 which correspond to (111), (200), (220), are
regarding to copper metal. Also, in Fig. 3d., at 20 =
43.2, 50.3, 74.15, which according to (111), (200),
(220) and graphene peak at 26 = 25° which related
to Cu wire/Gr nanocomposite. Thus, the patterns
indicate that layers of graphene are grown on Cu
substrates during CVD procedure.

The morphology of Cu/Gr nanocomposite
in Fig. 3 shows similar sheet morphology for

D1 = 28.86 MW,

D2=63.74 nm

D2 = 146.57 nm

nanoparticles and accretion can be seen in these
samples. The magnification micrograph are
illustrated the morphology of graphene growth
on the Cu surface. As it shown the morphology
and size of graphene sheets were changed with
the flow and time of methane gas which pass
on copper powder in furnace. FESEM images
show our sample Fig. 3a-c with the graphene
growth procedure that include variable time of
flow of methane gas 15, 30 and 45 minutes and
constant flow of methane gas (CH, = 300 cc/
min) has been investigated in this part of article.
Furthermore, this clear in Fig. 3c, morphology of
graphene formation has the best instruction and
the diameter of particles in this sample is from
100 nm to 140 nm. Additionally, there are other
samples in Fig. 3d-f with different flow of methane
gas 150, 450 and 900 cc/min with the same time
of methane gas flow 45 minutes and the best
morphology of graphene instruction has seen in
Fig. 3e. Graphene formation in the best samples
are more particle overlap and more adhesion and

D1=141.04 nm

D1 =132.59 nm

Fig. 3. Nanocomposite Cu/Gr; (a) CH, = 300 cc/min, 15 minutes passing flow of CH, gas on copper powder; (b) CH, =300 cc/min,

30 minutes passing flow of methane gas on copper powder; (c) CH, = 300 cc/min, 45 minutes passing flow of CH, gas on copper

powder; (d) CH, = 150 cc/min, 45 minutes passing flow of CH, gas on copper; (e) CH, = 450 cc/min, 45 minutes passing flow of
CH, gas on copper powder; (f) CH, = 900 cc/min, 45 minutes passing flow of CH, gas on copper powder
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bonding between boundaries of graphene sheet
particles, which are compared with other FESEM
sample images. Therefore, conducting frame in
nanosphere graphene particles are more useful for
electron transferring and electrical conductivity.
Additionally, the formation of graphene on the
Cu powder in this nanocomposite is more regular
and with less porosity which is compared with
other sample and as a result of helpful to make
high electrical conductivity with low resistance
[65]. Thus, the effects of individual process
variables such methane gas flow rate, time, and
temperature are used in CVD method to grow the
graphene on Cu substrate in order to controllable
and rational process [66,67].

The SEM-EDX mapping of Cu powder/Gr
nanocomposite is showed in the Fig. 4. From these
images, the presence of carbon, oxygen, and Cu in
this nanocomposite can be seen. Another ability
of X-ray mapping in EDX technique is indicating
the pictures with unique colors which presented
different elements and theirs dispersion. The
maps of expanding of some elements such as C,
O, and Cu are displayed exclusively and similarity
with the main image as illustrated in the Fig.
4. The map of elements survey shows that the

most active elements like Cu and C were regularly
distributed throughout the nanocomposite.

Also, In EDS analysis, sharp peak of carbon is
appeared and this is regarding to formation of
surface of graphene on copper powder in CVD
process.

Electrical wires need to change to new one
because of cost, weight, ability for transferring
electrical energy or heat transferring or wire
strength. FESEM images show our sample a and
b in Fig. 5 include two different wire 0.2 mm and
0.3 mm with graphene growing on it during CVD
procedure with flow of methane gas 300 cc/min
and time 45 minutes. As it shown in Fig. 5 graphene
is grown on copper wire with good formation and,
the best morphology of graphene instruction has
been seen in these figures with the high density of
graphene particles growth with maximum overlap
at the boundaries of particles that has excellent
effect to change the electrical conductivity.

EDS/MAPPING analysis are shown in Fig. 6
for Cu wire/Gr nanocomposite .The sharp peak
of carbon is appeared and this is regarding to
formation of surface of graphene on copper
wire and also, uniform dispersion carbon in the
nanocomposite is revealed .

Fig. 4. SEM/EDX mapping with scale bar 10um from Cu powder/Gr sample, C, O and CU elements image.
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TEM  images from Cu  powder/Gr
nanocomposites is shown in Fig. 7a. It can be
observed that the heavier element is copper
pure which is darker and another element is
graphene that is lighter and brighter. All of these
TEM images show copper metal and graphene
compose together and these images prove this
issue correctly and completely.

Also, in TEM images that graphene is composed
and growth on copper wire (Fig. 7b). The big and
thin layers of graphene with prevalent corrugated
organization (effect of the overlapping graphene
margin) are investigated. As received the results
of TEM images, similar spread of graphene in
Cu particle surface. Additionally, it is shown in
these images changing density and it is caused
to have variable value of electrical conductivity in
different samples. More, these images prove that
graphene has sheet morphology with excellent
crystallinity on copper surface. These TEM images

G

=
~)
a

d

in Fig. 7b show the composed between the shell/
nanoparticles, the lighter parts include graphene
and interior/pores, the darker parts include
copper metal. Also, results indicate that the
graphene layers are well dispersed in the Cu /Gr
nanocomposites.

Electrical conductivity and Hardness of the Cu /Gr
nanocomposites

The value of electrical resistivity is measured by
HIOKI 3522 LCR HIiTESTER which is the japanese
advanced device to evaluate resistance and
this resistance meter has the ability to measure
resistivity up to three decimals. Electrical
conductivity is the inverse of electrical resistivity
in this research and this means that increasing
of electrical resistance causes of decreasing of
electrical conductivity. Additionally, pure copper
powder (%98 product of Germany) is used in
this research and the electrical conductivity of

Fig. 5. Nanocomposite Cu wire/Gr, CH, = 300 cc/min and 45 minutes passing flow of CH, gas on copper wire; (a) Wire 0.2 mm; (b)
Wire 0.3mm
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pure copper is 58x10° sm™. Therefore, changing
of electrical resistivity in composite of copper
powder with growing layer of graphene and copper
wire with growing layer of graphene in different
samples, can change the value of electrical
conductivity which has the inverse relationship
comparing with changing of electrical resistivity.

The device of resistance meter exists at the
research institute of petroleum industry, Tehran,
Iran. Finally, if electrical resistivity is decreasing in
this research, then the electrical conductivity is
increasing in this research with the same inverse
rising and reducing rate compared with electrical
resistivity.

Electrical conductivity = (1/Electrical resistance)

Electrical resistivity and conductivity formula:
Resistivity:

A
‘D:RZ (1)

R: Electrical Resistance
A: Cross section area
L: Length

Conductivity:
1
o == (2)
p
L
) (3)
1 L @)
= — X —
°TR*a

All of the samples are different in the process
of graphene growth and structure of graphene
which is composed on the surface of copper. But
the length and the area of samples are same for all
of them which are compared together. As a result,
in electrical conductivity formula (L/A) is the
constant value for all samples that are compared
together and it has no effect on our analysis in this
research. Therefore, the following formula is used
in this research for our analysis:

g =

_ (5)
R

Fig. 6. SEM/EDX mapping with scale bar 10um from Cu wire/Gr sample, C, O and Cu elements image.
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The hardness value is measured by the hardness
measuring device, this device measures the
impact of the needle hitting the sample vertically
and the measuring of this device is very sensitive,
the device is available at the research institute of
petroleum industry, Tehran, Iran.

Fig. 8 were caried out to evaluate electrical
conductivity and hardness of Cu powder/Gr
nanocomposites. As it is illustrated in Fig. 8a,
formation of graphene layers have different
hardness and electrical conductivity value when
the variable ranges of flow of methane gas

-~ 2

I Hardnes:

B EC

Fig. 7. (a) TEM images of Cu powder /Gr nanocomposite, and (b) TEM images of Cu wire/Gr nanocomposite

are used during graphene growth procedure.
Electrical conductivity is increasing when the
flow of methane gas is increased to 300 cc/min
during 45 minutes, it is cause of the formation of
graphene growth layers rising with increasing flow
of methane gas. However, electrical conductivity
rate is decreased when the flow of methane gas
is increased more than 300 cc/min. Thus, the
increasing flow rate of methane gas is the reason
for decreasing residence time and as result,
graphene growth is reduced and this leads to
decreasing the electrical conductivity.

s

(b)

Fig. 8. Electrical conductivity and hardness of Cu/Gr nanocomposite (a) with various flow CH, at 45 minutes (b) with various time at
300cc/min
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The synthesized nanocomposites have different
structure and formation of graphene growing and
best one is the sample with the flow of methane
gas in range of 300 cc/min during 45 minutes
because of complete formation excellent structure
of graphene growth in the nanocomposite which
lead to more electron transferring as a result of
the best conductivity when it compared with other
nanocomposites with different growing graphene.
In fact, there is direct relationship between
formation and instruction of graphene growth
and electrical conductivity, it is because of higher
density of graphene particles and more overlap

of graphene particles and more contact of sheet
graphene at their boundaries [68]. In addition, it is
clear that the best hardness results of synthesized
nanocomposite are created in the 300 cc/min
flow of methane gas. The best hardness amount
is created because of maximum formation of
graphene layers and influence of those layers on
Cu substrate and also it is increasing the hardness
feature in nanocomposite.

Growing graphene on our Cu substrate is helpful
to rise the hardening feature. One reason is the
density of nanocomposites and overlapping edges
of sheet graphene which is composed with Cu.

Table 1. Test results of flexural strength of 28 days Cu powder/Gr nanocomposites, other impurity for sample RGO-900 is 0.60.

NO Name Condition Flexural Strength (MPa)
1 Cu - 128.80
5 Cu/Gr nanocomposites 150 cc/min methane floworate, 45 minutes, and 128.86
1000 °C
3 Cu/Gr nanocomposites 300 cc/min methane floworate, 45 minutes, and 12983
1000 °C
4 Cu/Gr nanocomposites 450 cc/min methane floworate, 45 minutes, and 129.75
1000 °C
Table 2. Electrical conductivity and hardness for different types of Cu wire/Gr nanocomposite.
Time Electrical Hardness
Material Flow (cc/min) . Thickness (mm) conductivity (s/m),
minutes Shore d
(x10°)
Cu wire - - 0.2 23.02 26.5
Cu wire-1/Gr composite 300 30 0.2 68.83 27.6
Cu wire-2/Gr composite 300 45 0.2 99.07 27.67
Cu wire - - 0.3 24.53 26.2
Cu wire-3/Gr composite 300 30 0.3 49.06 27.5
Cu wire-4/Gr composite 300 45 0.3 57.45 27.58
Cu wire - - 0.8 28 25.8
Cu wire-5/Gr composite 300 30 0.8 42 27
Cu wire6/Gr composite 300 45 0.8 46.72 27.4
Cu wire - - 1.5 33.75 25.5
Cu wire-7/Gr composite 300 30 1.5 34.02 26.2
Cu wire-8/Gr composite 300 45 15 38.32 26.8
J Nanostruct 15(1): 134-149, Winter 2025 143
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Additionally, the distribution of sheet graphene in
Cu/Gr nanocomposites is found homogeneous in
this research rather than the disordered particles.
Reposition of displacement at the interfaces after
composing, that is caused by the obstruction
effect of graphene in nanocomposites, and leads
to an increase in the strength, and hardness .

In Fig. 8b, the effect of time of methane gas
pass is investigated over the electrical conductivity
and hardness and it can be seen the best time
for establishing of growing graphene layers is
45 minutes. At this time graphene layers are
completely grown on Cu powder. When time
is passing until 45 minutes, the methane gas is
decomposed and graphene is formed, however
when the time is passed after 45 minutes, there is
no effect in graphene layers formation.

Also, flexuralstrengthofofCu/Grnanocomposites
before and after growing graphene is tested for 28
days and all the results are tabulated as shown
in (Table 1). The effect of growing graphene
on the flexural strength of nanocomposites can
be observed. As the results demonstrate that
the graphene particles fill the porosity and space
between the Cu particles with high adhesion and
make this composite stronger to resist tearing in
curvature and high flexural.

As it presented in the (Table 2) the value of
electrical conductivity of wires with different
diameters include the graphene layer is decreased
when the amount of wire diameters is increased.
Furthermore, the hardness value is decreased
when wire diameter is increased. The value of
hardness in all those wires are changed and they

Table 3. Comparison of electrical conductivity and hardness value over different composite.

Electrical Conductivit Hard
Materials Method ectrical ~onductivity ardness References
(S/m) Shored
Cu (solid copper) - 58x10° 60 69
Cu/Gr. Friction .stlr 56.49324x105 23 7
composite processing
Mixing Method 57.1x10° 17
C”cg:qwg;rté Gr Ultrasound, 55.3x106 215 3
P cvD 56.2x10 225
Cu/Gr composite CVD 68.2x10°6 - 7
. Graphene 7
Printed copper patterns . 0.0156+0.0048 -
coatings
Cu powder/Gr cvD 145x10° 2 In this work
composite
Cu wire/Gr cvD 99.07x10° 27.67 In this work
composite
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are more than hardness value of copper wires when
the graphene is growing on them. The reason for
decreasing the amount of electrical conductivity in
bigger diametre wires is low amount of graphene
growth on those wires and decreasing growing of
graphene on those wires. Thus, the best sample
is Cu wire2/Gr nanocomposite with size 0.2
mm diameter which has best conductivity and
hardness.

In order to investigate the electrical conductivity
and hardness value of the recently progressive
composites, based on Cu [71-74] are compared, as
demonstrated in (Table 2) [75-77]. Based on the
increasing electrical conductivity, hardness value,
reaction temperature, and reaction time the
developed Cu powder/Gr nanocomposites, and Cu
wire-2/Gr nanocomposite might be elected as one
of the most competitive nanocomposites among
the Cu-based nanocomposites. Individually, CVD
method is excellent for formation of graphene on
Cu substrate because of using this method to grow
the graphene on the substrate with carbone gas
source and this process is using dispersion carbon
source and breaking the carbon source (methane)
on Cu metal surface [69,70].]Additionally, different
setting and process to growth graphene on Cu
surface such as flow of carbon source gas, time of
passing the gas on the surface and temperature
of furnace during this process, produce graphene
with different structures on Cu surface and all
FESEM and TM figures show these difference
in structure with different compressions and
adhesions of graphene particles which are
mentioned in previouse paragraphs in this

article. Additionally, Tauc method illustrates the
effect of optical spectra and band gap of energy
for different methods to analyze our samples in
this research such as XRD, Raman, FESEM, TEM
and SEM/EDX. UV-vis spectroscopy can measure
optical spectra for several methods such as
absorbance (A), transmission (T), reflectance (R)
belong to the nature of material, nanomaterial
and substrate. Tauc parameter which gives insight
for the disorder in the film can demonstrate the
Irregularities in the charts and graphs and justify
the different colors in the photos by the value of
light which is absorbed by material with different
thicknesses [78-81].

Thus, the electrical conductivity and hardness
are 145x10°sm™ and 72 shore d for Cu powder/
Gr composite sample in this work and 99.07x10°
sm*and 27.67 shore d for Cu wire/Gr composite
sample in this work respectively (Table 3).

CVD Mechanism for Growing graphene
Decomposition of methane source by CVD is
the most popular method to produce large-area,
high quality monolayer graphene on copper as
the catalyst substrate [57,82,83]. Carbon atoms
will nucleate and laterally expanded around
the nucleus to form graphene areas with the
decomposition of methane catalyzed by the
copper at high temperature. The growing graphene
process will be completed when the Cu substrate
is fully covered by the graphene layer, which is
related to the “self-limited surface deposition”
growth mechanism [84,85]. On the other hand,
decomposition of methane gas based on this

Adsorption

Decomposition

Nucleation and Growth

.' .\
-
ce v

‘ 3 ¢
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Fig. 9. Schematic of CVD graphene grown on Cu substrate
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balance reaction CH, & C.+2H carbon is grown on
the Cu substrate [86,87]. Additionally, carbon with
limit condensation on the copper substrate can
be spread during the large area to some stabilized
energetically region, result in hexagonal graphene
zone is formed as Cu/Gr nanocomposites (Fig.
9). As discussed in this research, the flow rate of
methane gas and passing the time of methane gas
on Cu substrate as the setting of graphene growing
in CVD procedure can change the formation,
instruction, and volume of graphene is composed
with Cu. Furthermore, adjusting the time and flow
rate of methane gas are the cause of increasing
the boundary and density of graphene sheet
nanocomposites [88].

CONCLUSION

In summary, this work is presented growing
graphene on Cu matrix to make copper powder/G
and Cu wire/Gr composites with high electrical
conductivity and improved hardness properties.
For instance, the best one during different samples
of Cupowder which iscomposed with the graphene
through the adjusting CVD procedure system with
passing flow of methane gas at 45 minutes on Cu
substrate and with 300 cc/min flow of methane
gas inside the furnace at 1000 °C has high electrical
conductivity amount 145x10® sm™ and hardness
value 72 shore d when are compared with Cu pure
electrical conductivity and hardness features that
are 58x10° sm™ and 60 shore d . Furthermore, the
best sample of Cu wire/Gr composite is related
to Cu wire 0.2 mm with synthesis setting of
methane gas passing time 45 minutes and flow of
300 cc/min with excellent electrical conductivity
99.07x10° sm™ and hardening feature 27.67 shore
d. The morphology, instruction of graphene sheet,
formation of composed graphene nanoparticles
on Cu substrate, increasing the boundary between
graphene grains, good compaction and adhesion of
graphene particles formed on the copper surface
and filling the empty space and gap between
copper nanoparticles with graphene sheet and
also using the CVD method as the best method for
producing graphene with the maximum volume
and amount of graphene on the large surface and
area with various flow and time of carbon source
gas are the reasons of changing the electrical
conductivity and hardness properties to the high
amounts. These results and outcomes of graphene
growth procedure and formation of graphene
sheet which is composed on Cu surface in this

146

research are analyzed and proved with different
exams and tests that are described completely in
previous paragraphs.
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