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Growth of metal micro and/or nanoparticles utilizing
arc-discharge immersed in liquid
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In this paper, we present results on the metal microcrystals and nanoparticles of Al, Cu and Al-Cu composite growth by arc-discharge with
the system immersed in distilled water, under different conditions and varying the current from 50 to 150 A with constant voltage (27 V).
These structures are characterized using X-ray diffraction, scanning electron microscopy, Raman spectroscopy and Uv-Vis spectroscopy
Our results demonstrate that metal micro and nanostructures can be prepared at low cost with high quality.
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1. Introduction nigques for copper oxides synthesis are: chemical vapor nu-
cleation [12], intense pulsed light [13], arc-discharge [14];
The study of oxides and metal nanoparticles with differ-f"‘”d foraluminum—copper.particles are: uItrasonic.sonochem—
ent sizes has been extremely active, during the last decad§try [15], CVD [16], spin-on [17], DC sputtering [18].
mainly due to the many interesting and different propertied*Mong other applications these structures have been used in
compared with the materials in bulk [1]. Aluminum oxide tUnnel junction devices [19-22], barrier pinholes [23], acute
is a material with technological importance because it has fXicological effects [24], to reduce friction and wear [25],
wide band gap~9.9 eV), chemical stability and interesting gl_uco_se sensor [26], transparent electronic [27], and other ap-
mechanical properties. Many structural changes in the aluplications. . . _ _
minum oxide have been reported, with the phasg3lbeing The aim of this work is to grow micro and nanoparti-
the most stable thermodynamically at room temperature angles of aluminum oxide (Al), copper oxide (Cu) and alu-
pressure [2]. Also copper oxides have been synthesized cr&linum/copper composite (Al/Cu) using the arc-discharge
ating copper oxides in two phases: £uand CuO, both are immersed in a distilled water system. This technique has
p-type semiconductors, they are synthesized by oxidation [3]20t been used for the synthesis of these types of micro and
Nanosystems of copper aluminates have fundamental impofanostructures, begldes we demonstrate the possibility to ob-
tance for different purposes due to their large superficial ared@in particles with high quality and at low cost.
Typically, the superficial area is related to small size parti-
cles that produces high mechanical resistance, hydrophobi
ity and low superficial acid value [4,5]. Reported results have ™

proved that the ultrafine particles and nanocrystals have higﬂrc-discharge systems use electrodes which are commercial
resistance to be worn away for different coefficients of fric- cylindrical bars or rods of aluminum and copper with 7.5 cm
tion [6]. length and 1 to 6 mm in diameter, respectively. The elec-
Recently, different groups have synthesized high qualitytrodes are cleaned with acetone, prior to be used; then they
micro and nano metallic oxides, using different techniquesare placed in front of each other at a distance of 1 mm. The
such as: DC oxygen plasma [7], plasma engineering [8]smaller electrode is fixed while the other can be displaced
soft-chemistry approaches [9], high energy pulsed plasma ailtack and forth. The system creates plasma at different current
[10], wire explosion process [11]. The most common tech-alues: 50, 75, 100 and 150 A; at constant voltage (27 V). To
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preserve the plasma a knob is used, in order to displace mafB:1. X Rays Diffraction
ually the “mobile” bar, and therefore conserve the distance _ '
between both bars. The technique uses a rectangular cog-1.1. Aluminum particles

tainer made up of pyrex, where the electrodes are submerg%d 1 sh h . £ x ¢ al
to a depth of 6 cm, in distilled water. The experiment lasts '9Ur® - SNOWS the representafive patiern of X-rays of alu-

at least 5 minutes. During the experiment, the nanoparticle[;‘f]inum nanoparticles, grown by an arc-discharge at 150 A.

can be found in three zones: a) at the bottom of the Containee'éhe_different peaks present in the diffractogram are attributed
due to the precipitation (zone 1), b) floating on the surface®@sically to two phasest-Al,O; peaks (denoted with *) are

(zone 2) and c) floating around the intermediate zone of théOr the big crystalline grains; and the other peaks are for the
container (zone 3) phaseY'- Al, O3 with the peaks denoted with (+), formed by
e . . . . the dehydration and the progressive desorption of hydroxyl
After collecting the metallic and bimetallic nanoparticles, X
oups from the nanoparticles surface. These phases can be

i r
from each of the three zones by means of a pipette they ar%bserved in the inset forf2measurements for the range be-

placed in three smaller containers. Then, each of these thr%e -
) . o ) Ween 60-70 degrees. Our results are similar to those reported
containers is exposed to a sonication process for 60 minutes.

The sonication helps to better disperse and select the parflrJ [28-31].
cles. Thereafter, some drops from each container are placed1 s o icl
on a silicon substrate and then are taken for morphologice?l" 2. Copper particles

and structural analysis. Particles of copper have been grown under similar condi-

tions to those of aluminum particles. In the diffractogram
. . (Fig. 1) the particles exhibit crystalline peaks, with basically
3. Results and Discussion two phases present. CuO denoted with (0) and@with

. . . . ?(), these results are similar to those reported in [32-36].
In order to investigate the properties and characteristics o

the particles, from the three zones, different techniques hav,
been used. A scanning electron microscope (Quanta 20
3D, FEI) has been used to explore the morphology, comathough it was difficult to identify the phases in the Al-Cu/O
bined with EDS, for elemental chemical analysis. An X-Ray composite, due to the tendency to the amorphous state, ac-
Diffractometer (Bruker) has been used to determine the CYSsording to the low intensity values in thé Measurements,

tallinity of the material and, a Raman Spectrometer (Lab Rapqyever we have been able to detect the crystalline phase,
man Il Dillor) for the structural properties. Finally, a UV-Vis panveen 60 and 70 degrees (see inset in Fig. 1).

spectrophotometer (Cary 50 Conc, Varian) has been used (0 g6 results demonstrate that the arc-discharge system
determine the optical absorption of the particles. Once thesg , good alternative technique for the growth of metal and

analyses are performed, one is able to select the best particlggn, o ajic oxide particles of different sizes in crystalline and
from the best zone. amorphous phase at low cost and high quality.

.1.3. Bimetallic particles of aluminum/copper

* a-ALO, 3.2. Scanning Electron Microscopy (SEM)

+7-ALO,

il 3.2.1. Microcrystals and nanoparticles of oxide copper

During the sample preparation, one can observe particles in
three zones of the experiment: a) Precipitated at the bottom
of the container, b) suspended particles in the solution, and
c) on the surface of the liquid. Samples from those three
areas were taken and examined with the SEM. The micro-
graphs shown in Fig. 2 depict the morphology of the copper
oxide particles which precipitate at the bottom of the con-
tainer (zone 1). Here we can observe the spherical structures
these particles have, characteristic of the grown patrticles by
the arc-discharge technique [14]. The diameters are in the
e T o A T ot b L range of 50-15Q:m and most of them have “defects” on the
surface or they are “punctured” or both (Fig. 2a). On the sur-
26 face of those spheres there are micrometig-@ ym) crys-

FIGURE 1. Typical pattern of X-ray diffraction of nanoparticles: @IS and nanometric<40-900 nm) particles of oxide copper

a) aluminum Oxide’ b) copper oxide and C) Composite A|_Cu/()7 W|th different arChitectureS (F|g 2b) The elemental Chem'
prepared by arc-discharge using 150 A (zone 2), in these diffracical analysis, performed by EDS, indicates a composition of
tograms are shown different phases of these materials. 15.90% of oxygen and 84.10% of copper, this result confirms

Intensity {a.u)

Intensity (a.u.)
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Spectrum 37

FIGURE 2. a) Micrograph of oxide copper spheres whose diameter
is in the range of 50-150m, with microcrystals on the surface and

b) amplification of micro and microcrystals oxide copper on the
surface. These spheres and crystals are precipitated in the botton
of container (zone 1).

that the crystals and nanoparticles oxides of copper are fa-
vored by the environment, rich in oxygen. Dispersing the
suspended particles (zone 2 was chosen before zone 3 by th
amount of particles obtained) by sonication, one can observe
clearly nanoparticles of copper oxide (see Fig. 3a), the ele-
mental chemical analysis, made by EDS, indicates a compo-
sition of 49.85% of oxygen and 50.15% of copper. These
results have been obtained in experiments where we have
varied the current in a range within 50-150 A. The figures
were obtained from particles grown at 150 A. Preparation of
these microcrystals using the arc-discharge technique, to oul
knowledge, has not been studied before.

3.2.2. Nanoparticles of oxide aluminum FIGURE 3. Micrographs of metal nanoparticles grown by arc-

) . . . discharge: a) aluminum oxide with basic chemical analysis us-
Results obtained of the aluminum oxide are different fromj,g Epx (0:96%, Al:4%), b) for copper oxide, chemical analysis

those of copper oxide particles, these are in part due to thgy:91.4%, Cu:8.6%) and c) aluminum-copper bimetallic nanopar-
fact that spheres have smaller diameters nevertheless sphetses, chemical analysis (0:49.22%, Al:40.28%, Cu:10.50%).
were embedded in the surface where there are only particleEhese nanoparticles are suspended in the solution (zone 2).
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of aluminum oxide but no nanocrystals (zone 1). Using this4.3. Aluminum/copper oxide particles
technique to explore copper metallic particles (see Fig. 3b)
we have detected particles with similar size whose compositn the Raman spectra of the bimetallic oxide particles shown

tion is 66.14% of oxygen and 33.86% of aluminum. in figure 4c, we observe a broad hand centeredl&5 cnr!
(58-208 cnr!), which can be related to AlIO and CuO com-
3.2.3. Bimetallic Particles of Aluminum and Copper posites. Note the presence of the peak at 121 'cmhich

_ _ ) _is attributed to CuO as mentioned above; also there is an-
We have also prepared bimetallic aluminum/copper particlegner peak at 299 cnt, which was not present in the copper
with this technique (see Fig. 3a), results show the cluster forSpectra and attributed to CuO. In this spectrum, there is and
mation. Using chemical analysis (EDS) we have determined qqitional peak located at 955 ¢y this peak is attributed

that these particles contain 49.22% of oxygen, 40.28% of alugy sj.OH related to the substrate, as mentioned above.
minum and 10.50% of copper. This analysis has been also

) . The above discussion shows that the signatures of these
performed for particles in zone 2.

metal and bimetallic particles are mainly located below
1000 cnt!, as mentioned in various previous reports.
4. Raman spectroscopy

4.1. Aluminum oxide particles 4.4. Uv-Vis spectroscopy

Figure 4 shows Raman SpeCtra of the oxide nanopartidEthe Optica| transmittance/absorbance Spectm 300-

a) aluminum, b) copper and c) aluminum/copper. The alugoo nm) of the oxide particles: a) aluminum, b) copper and
minum oxide particles (see Fig. 4a) show two principal peaks) aluminum/copper prepared by the arc-discharge system are
at 111 and 222 cm' which correspond to AlO; and at 461 represented in Fig. 5. This figure shows representative trans-
and 737 cm'! for a-Al,0;, these results are consistent with mittances for particles grown at 150 A, we find transmittance
those reported in [8, 28], where the shift and width of thepetween 30 and 50 for Al particles, between 50 and 75 for Cu
Raman peaks are attributed to grain size. Peaks located ghrticles and between 30 and 80 for Al/Cu particles. From
~ 300, 500 and 950 cmt, correspond to the substrate, asthese results it is seen that bimetallic particles have a higher
reported in [39, 40]. transmittance and aluminum particles have the lowest.

The optical band gap values obtained from the absorp-
tion coefficient for aluminum particles varies from 2.67 to
.45 eV, for copper particles varies from 3.39 to 3.94 eV and
or bimetallic particles varies from 2.82 to 3.95 eV. The pos-
sible origin of the optical band gap increase is the decrease in
particle size, as mentioned in [44-45].

4.2. Copper oxide particles

In the Raman spectra of copper oxide particles depicted i
Fig. 4b there are peaks at 75 and 121 ¢mwhich corre-
spond to CuO and another peak at 275 ¢rfor Cu,O, these
results are similar to those reported in [41-43].

4 111 Si 737~ 3
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FIGURE 4. Raman spectra of oxide nanoparticles: a) aluminum, FIGURE 5. Uv-Vis transmittance spectra of oxide nanoparticles:
b) copper and c) composite aluminum/copper, created utilizing thea) aluminum, b) copper and c¢) aluminum/copper composite, pre-
arc-discharge method immersed in distilled water (zone 2), in thesepared using the arc-discharge immersed in distilled water (zone 2).
spectra different phases can be seen of the material, this strengthefhese spectra show that the transmittance for bimetallic nanoparti-
the previous results. cles is the largest and that also results in a greater band gap.
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It has been demonstrated that the electric discharge technique
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are no previous reports of some results presented in this pa-

per, which increases the relevance of our findings.

immersed in distilled water is a potential technique for thepcknowledgments
growth of different metallic and bimetallic materials, with

different sizes as processes are controlled.
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