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Introduction

The interest in the study and development of routes to increase copper resistance has
received special attention from researchers in recent years.

Such as:

Severe plastic
deformation

Cold rolling

Composites

Figure: Evolution of the Vickers hardness and electrical conductivity
of the CuCrZr alloy after ECAP treatment [1].

Figure: Stress-strain curves of the CuCrZr alloy with different
treatment conditions [2].
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Introduction

Composites [3-5]
1 This method have been effective in improvement of copper mechanical properties, in-

terfering less significantly in its electrical conductivity.

2 Carbon-based materials: Due to low solubility between copper and carbon, the diffusion
of the carbonaceous material in the copper matrix is very low.

3 Utilization of Graphene.
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Introduction

Graphene and its derivatives [6-9]
1 Graphene is a planar carbon monolayer whose atoms are arranged in a two-dimensional

form (2D).

2 Is considered the most resistant material ever tested (tensile strength values of 130
GPa).

3 High values of electrical (σ = 106 Ω−1 cm−1) and thermal conductivity (5000 Wm1K1).

4 Graphene oxide (GO) is the main derivative of graphene and its structure contains many
oxygen-containing functional groups e.g. epoxy, hydroxyls, carbonyls and carboxyls
linked to the layer of carbon atoms.
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Copper-Graphene composites [10-12]
1 The manufacture of Cu-Gr composites has been studied through the use of several

manufacturing techniques and different attempts to determine processing parameters.

2 The biggest challenges in Cu-Gr manufacture: the obtaining of an optimized dispersion
of graphene in the matrix, favoring a good adhesion between the components and an
attempt to minimize the agglomeration of graphene between grain boundaries.

3 The analysis of powders is essential due to the need to understand the changes that
materials can undergo in their properties when performed different processes.
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Preparation of Cu/GO composite

The GO used in this study was produced by liquid-phase exfoliation (LPE), based on
the method of Hummers and Offeman (1958) [13] and modified by Rourke et al. (2011)
[14] and its final concentration was 4.55 mg/mL.

Pure copper powder (Cu) with a purity of 99.94% was used as matrix.

The preparation was followed as presented in flowchart bellow.

Figure: Flowchart of preparation Cu-Gr composite.
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Characterization

SEM

The morphologies of Copper and Cu/GO composite powders were observed by
scanning electron microscopy (SEM).

XRD

X-Ray Diffraction was performed with Co Kα radiation and operated at 40 kV and
40 mA.

Raman Spectra

Raman spectra was perfomed on GO in order to observe the bands D and G, the
wavelength of the laser used was 473 nm with a scanning range between 702 and
3343 cm−1, and an exposure time of 200s.
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Characterization

TGA

Thermogravimetric analysis was performed on GO and Cu/GO composites, and
the samples were analyzed up to 800 °C in a controlled atmosphere of nitrogen,
with a heating rate of 10 °C/min.

FTIR

Fourier transform infrared was performed on GO and Cu/GO composites and was
taken with number of scans 60 and 4 cm−1 resolution.
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Results and Discussion
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Powders and GO morphology and microstructural analysis

Powders and GO morphology and microstructural analysis

SEM

Figure: SEM (a,b) pure copper; (c,d) compos-
ite Cu/GO.

Figure (a) and (b) the SEM images
of the pure copper powder are pre-
sented.

In Figure (c) and (d) the images
of the copper-graphene composite
are presented.

It is possible to identify the GO
sheets adhered to the surface of
the copper particles and between
the particles, showing adhesion
between the copper and the GO.
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Powders and GO morphology and microstructural analysis

XRD

Figure: XRD of GO.

The identified peak refers to the plane
(002), indexed by the ICDD 03-065-6512
and is related to the HC structure of car-
bon. The diffraction peaks shown in the
diffractogram refer to the leaves that are
not arranged in the form of monolayers, as
monolayers do not show a diffraction peak.
Thus, there is an indication that the GO
used for this study is formed by several lay-
ers
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Powders and GO morphology and microstructural analysis

Powders and GO morphology and microstructural analysis

XRD

Figure: XRD of Pure copper and Cu/GO com-
posite.

The peaks referring to the FCC structure
of copper and no other peak was indexed,
ensuring that the copper powder did not
have oxidation or other elements. Based
on this result, it appears that there was
no oxidation of copper in the mixture pro-
duced, or the present oxidation resulted in
a very small amount of oxide, being insuf-
ficient to generate a peak above the noise
of the diffractogram. In addition, no diffrac-
tion peak was observed for the GO, this
is due to the concentration used to manu-
facture the composite being so low that it
does not generate a diffraction peak.
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Spectroscopy

Raman Analysis

Figure: Raman spectra of GO used.

The Raman Spectra of GO shows peaks
referring to bands D (1353 cm−1) and G
(1587 cm−1). The ratio of the intensities of
bands D and G used in this study was ap-
proximately 1.0. In addition to the bands D
and G, it was possible to observe the pres-
ence of the peaks referring to the bands
2D (2808 cm−1) and 2D’ (2949 cm−1).
These bands appear with less intensity in
relation to the D and G bands and are re-
lated to the stacking of a number of car-
bon layers of the graphene structure [15].
Thus, the presence of these bands shows
that the oxide analyzed is formed by stack-
ing layers and not just monolayers, which
can be confirmed by the XRD analysis.
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Spectroscopy

Fourier Transform Infrared Spectroscopy (FTIR)

Figure: FTIR spectra of GO.

The analysis of the spectrum allows us to
initially observe the occurrence of a broad-
band between 3000 to 3700 cm−1, which
is related to the existence of water ad-
sorbed between the leaves and a peak at
3347 cm−1, which can be attributed the
OH stretching range. At 1626 cm−1 a
peak corresponding to the stretching vi-
brations of C=O is identified; followed by a
third peak at 1158 cm−1, referring to vibra-
tions of C-O-C epoxy groups; 1036 cm−1,
vibrations of C-OH bonds and finally a last
peak at 873 cm−1, due to the stretching
vibrations of epoxy groups [16-18].
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Spectroscopy

Fourier Transform Infrared Spectroscopy (FTIR)

Figure: FTIR spectra of Cu/GO composite.

For composite Cu/GO some characteristic
peaks can be observed relative to the GO,
such as the existence of a band present in
approximately 3500 cm−1, related to the
O-H elongation vibration. The absorption
bands observed at 2954 cm−1 can corre-
spond to symmetric vibration of C-H bond
[19]. At 1060 cm−1, a band related to
C-O elongation (epoxy/ether) is noted. A
peak appeared at 596 cm−1, which is at-
tributed to observation of hydroxyl defor-
mation modes [20-23].
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Thermogravimetric Analysis (TGA)

Thermogravimetric Analysis

Figure: TGA of (a) Cu/GO composite and (b)
GO.

For the composite (a) it is notice that there
is no change in mass as there was no
gain its possible to deduce that there was
no oxidation and the fact that there is no
loss of weight is due to the low amount of
graphene in the composite, being formed
mainly of copper [24].

For GO (b) it is observe a loss of mass
below 100 °C, of 30%, associated with
the elimination of adsorbed water and gas
molecules. The range between 100-200
°C shows an abrupt loss of 34% in mass
and between 200-300 °C of 13%, which
are related to the elimination of functional
groups. In the region of 300-600 °C the
material remains stable, showing a small
loss of mass, followed by a last loss in 600-
800 °C, related to the removal of functional
groups even more stable [16,17].
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Conclusions

Based on the results obtained by SEM and XRD, it is suggested that uniform mix-
tures of GO between the copper particles were obtained so that there were no large
agglomerates.

The mixing method through the mechanical stirring of the powder in aqueous dis-
persion was efficient to obtain the composite powder with good homogeneity and
no oxidation.

The GO used was formed by several layers, which was confirmed by the presence
of 2D bands in Raman spectra.
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