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Abstract

In the present paper, the effect of La2O3 nanoparticle was studied on the physical and
electrochemical properties of Cu/Cu-C contacts. The nanocomposite materials were prepared
using different La2O3 contents (1.0–2.0 wt.%) processed by the spark plasma sintering method.
The microstructural observations, density, hardness, electrical resistance measurements, and
electrochemical behavior characterization were conducted. The results showed that the hard-
ness, electrical resistance, and corrosion resistance of composites increase with the addition of
La2O3 nanoparticle.

K e y w o r d s: rare metal oxide, spark plasma sintering, Cu/Cu-C, contact materials, elec-
trochemical behavior

1. Introduction

Nowadays, copper alloys produced by Spark Plas-
ma Sintering (SPS) are widely used in tribological en-
gineering, like contact wires, bearing, and bushing [1–
3]. SPS has some peculiar advantages of quick heating
rates, short holding time, and high relative density in a
short time. It can also realize the sintering behavior of
nano-sized particles without substantial grain growth
[4]. Graphite is soft and has low strength. So many re-
searches try to improve the properties of Cu-graphite
composites [2, 5, 6]. It has been reported that the sin-
terability of the composite can be improved by an ac-
tivated sintering process by adding into small amounts
of active elements. Due to its particular outer cell elec-
tron structure, the application of rare earth is exposed
to many research fields such as optics, tribology [7,
8], etc. Rare earth oxides are considered to be the
ideal sintering addictive because of their high melting
points, chemical stability, excellent mechanical, ther-
mal, optical, and electrical properties [9, 10]. La2O3
has a unique electronic structure because that was suc-
cessfully added into the metal to improve the tough-
ness, strength, and tribological properties [11]. Zhang
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et al. showed that by adding extra La2O3, the compos-
ite possessed better wear resistance [12]. Zhao et al.
reported that in the presence of La2O3, the corrosion
resistance was decreased, and the corrosion current
density was increased in the laser clad ferrite-based
alloy coatings [13].
In this paper, we make the Cu-C-La2O3 compos-

ite by SPS method. Our composites include different
amounts of La2O3-Cu-C. In this research, we have
done lots of tests, like SEM, corrosion, and microhard-
ness tests to compare the difference of various compos-
ites.

2. Experimental

The copper powder particle (D50 = 63 µm) with
the purity of 99.95%, flake-like graphite particle
(D50 = 94 µm), and La2O3 nanoparticles (< 100 nm)
were used as precursor materials to prepare the
nanocomposites. Figure 1 shows the morphology of
used materials. The desired composition, according
to Table 1, was first prepared by soft ball milling of
blended materials for 2.5 h, and then consolidated us-
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Fig. 1. Primary used materials: (a) Cu powder, (b)
graphite powder, and (c) La2O3 nanoparticles.

ing the KP spark plasma sintering system. The sam-
ples were prepared under 30MPa pressure at 950◦C
for 15 min. The Lantania nanoparticles and graphite
contents considered as variables. Then, the samples
were cut and prepared for microstructural observation
using optical and scanning electron microscopy from
the cross-section. The distribution of several phases

Table 1. The investigated samples’ specifications

Composition (wt.%)
Sample

Cu C La2O3

Cu 100 – –
CuC 60 40 –
CuCL1 60 39.0 1.0
CuCL2 60 38.0 2.0

in microstructure was examined by Energy Dispersive
Spectroscopy (EDS). Also, the density of compacts
was measured using the Archimedes method, accord-
ing to ASTM B962. The hardness (Brinell, (30gf load
for 10 s)) and electrical resistance measurements were
conducted on the specimens.
The electrochemical methods were carried out uti-

lizing Ivium vertex. The corrosion behavior of the
specimens was investigated in a 3.5% NaCl solution
using EIS and electrochemical polarization. Corrosion
tests were performed in a three-electrode cell closed
to air under stagnant conditions. A calomel electrode
was used as a reference electrode, along with plat-
inum as a counter electrode. The samples were im-
mersed in the test solution for 1500 s to reach the bal-
anced state Eocp. The EIS measurements were imme-
diately performed under measured Eocp, start-up fre-
quency range from 100 kHz to 10 mHz, and amplitude
of 10 mV (peak to peak). Potentiodynamic polariza-
tion curves were obtained with a scan rate of 1 mV s−1

in the potential range of –250mV relative to the Eocp
up to 1 V.

3. Results and discussion

3.1. Microstructure, hardness, and electrical
resistance

Figure 2 illustrates the optical micrographs of in-
vestigated samples. The grain boundary structure,
porosity level, and morphology and distribution of
graphite in the Cu matrix can be seen. Also, Figs. 3
and 4 show the scanning electron micrographs and el-
emental maps for CuC and CuCL1 specimens.
As can be seen, the distribution of composite com-

ponents in microstructure is homogeneous. Also, the
properties of investigated samples are given in Table 2.
The relative density values of all samples are higher
than 98%. The hardness decreases from pure copper
to copper-graphite samples. This can be due to the
presence of a phase with lower hardness.
Nevertheless, the addition of La2O3 to composite

composition leads to a rise in hardness values, which
demonstrates the distributed strengthening effect of
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Fig. 2.Optical micrographs of specimens: (a) pure Cu, (b) Cu-C, (c) Cu-C-1.0 La2O3, and (d) Cu-C-2.0 La2O3.

Table 2. The density, hardness and electrical resistance of investigated samples

Density
Sample Average grain size Hardness HV Electrical resistivity

Theoretical Relative (µm) (Ωm)
(g cm−3) (%)

Cu 8.96 99.01 50 ± 2 44.67 0.0127
CuC 4.06 98.21 66 ± 3 23.45 0.0306
CuCL1 4.11 98.32 56 ± 2 30.89 0.0479
CuCL2 4.16 98.64 44 ± 2 44.75 0.0673

nanoparticles in the composite. Also, the investiga-
tion of microstructure and grain structure shows that
the grain size decreases with the addition of reinforce-
ment nanoparticles due to their hindering effects of
grain growth. As can be seen in Table 2, an increase
in n-La2O3 content from 1.0 to 2.0 wt.% leads to a de-
crease in grain size by about 30 % (from 54 to 38 µm).
The investigation of electrical resistance of the

samples revealed a rise in their values for composite
samples. The addition of graphite and n-La2O3 to the
composite composition leads to an increase in electri-
cal resistance because of (1) higher electrical resistiv-
ity of graphite/La2O3 (100 Ωm) than of pure copper
[6], (2) the formation of discontinuity, and decrease of
conduction path in samples.

3.2. Electrochemical measurement

Figure 5 shows the Nyquist diagrams of the sam-
ples in the NaCl solution. According to Fig. 5, the
impedance response of copper-base samples is charac-
terized by one depressing semi-circle at the high fre-
quency (HF) and follows a straight line at low fre-
quency (LF) [14]. It can be seen that the diameter
of the Nyquist diagram of those C and La2O3 con-
taining alloys is higher than pure copper, suggesting
better corrosion behavior [15].
The EIS data were simulated with the electri-

cal equivalent circuit model from previous studies
(Fig. 7). In this equivalent circuit,Rs is the solution re-
sistant, Rct is the charge transfer-resistant, CPE rep-
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Fig. 3. Scanning electron microscopy and its related elemental map analysis for CuC specimen.

Table 3. Electrochemical impedance parameters for Cu-based samples in NaCl

Sample
Rs CPE

n
Rct W

(Ω cm2) (mS sn cm−2) (Ω cm2) (mS5 cm−2)

Cu 6.4 5.1 0.86 214.9 2.2
CuC 10.9 3.3 0.85 336.3 11.6
CuCL1 8.8 2.6 0.73 571.5 12.5
CuCL2 11.3 2.2 0.76 640.9 14.2

Table 4. Polarization data of Cu/C-xL samples in 3.5 % NaCl solution

Sample
Icorr Ecorr βa βc

(µA cm−2) (mV) (mV dec−1) (mV dec−1)

Cu 14.5 –175 42 129
CuC 8.01 –202 40 113
CuCL1 5.32 –257 34 93
CuCL2 3.96 –271 32 91

resents constant phase element, andW is the Warburg
diffusion impedance. The electrochemical parameters
are calculated by ZSimpWin software and presented
in Table 3. According to Table 3, it is found that the

Cu/C-xLa2O3 alloy has lower capacitance and higher
corrosion resistance than pure copper.
For a more detailed evaluation of the behavior of

Cu/C composite, the polarization measurement was
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Fig. 4. Scanning electron microscopy and its related elemental map analysis for CuCL1 specimen.

carried out after EIS. The polarization diagrams and
polarization data of pure copper and CuC composites
are illustrated in Fig. 6 and Table 4, respectively. The
polarization diagrams of all samples in the NaCl solu-
tion show the typical copper-based materials behav-
ior [16]. Corrosion current density represented lower
value for CuCL2 (3.96 µA cm−2) than other samples
attesting excellent corrosion resistance. The corrosion

current density for pure copper and Cu/C is 14.5
and 8.01 µmy−1, respectively. It has been previously
reported that the corrosion resistance of laser clad
ferrite-based alloy coatings could be increased signif-
icantly by the addition of La2O3 [13]. Similar results
were reported by a previous study that assessed the
effect of the oxide phase on the corrosion behavior of
metallic composite [4, 17–19].
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Fig. 5. Nyquist plots of Cu/C-xLa2O3 samples in 3.5 %
NaCl solution.

Fig. 6. Potentiodynamic polarization curves for different
samples in NaCl solution.

4. Conclusions

The effect of the addition of a different amount of
La2O3 nanoparticles on the physical and electrochem-
ical properties of Cu/C composites was investigated,
and the following results were drawn:
– The microstructure revealed the homogeneous

distribution of components in the composite. Also, the
grain size decreases with the addition of nanoparticles.
– The electrical resistance and the hardness in-

crease as the n-La2O3 are added to the composite
composition.
– The electrochemical measurements show that the

corrosion resistance of CuCl2 exhibits the highest cor-
rosion resistance among the tested composites, and
the corrosion current density of CuC composites de-
creases with increasing of La2O3.
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