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ABSTRACT

A multi-spark discharge generator was used for the synthesis of TiO, nanoparticles. The
nanoparticles were obtained in the form of fractal-like agglomerates with an average size of 30-60
nm consisting of primary spherical nanoparticles with a diameter of about 7-8 nm according to
TEM measurements. We found that changing the operating parameters of the generator - energy
of the capacitor (2 to18 J), repetition frequency of discharge (0.5 to 4 Hz) and velocity of airflow
(1.4 to 5.4 m/s) changed only the size of the agglomerates while the size of the primary nanoparticles

stayed the same.
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INTRODUCTION

The synthesis of nanoparticles by spark
discharge is a new and promising method for
obtaining small nanoparticles of high chemical
purity' with the size less than 10 nm?2. The synthesis
of nanoparticles by this method is a result of
processes of evaporation and condensation of the
vapor of the electrode material>*. The method is
simple and allows the synthesis of new phases and
compounds® using only electrical energy, gas and
electrode material®. This method does not require
solvents, surfactants and precursors®’. The
synthesis of nanopatrticles by spark discharge has

been used successfully to produce nanoparticles
of metals?® and metal oxides®®, carbon™ and
semiconductor materials'. In recent years,
nanoparticles obtained by spark discharge are
being actively studied for their application as
materials for hydrogen storage'-'2, catalytic surface
activation''4, testing of filters'® and toxicological
studies'®'®. However, despite the progress achieved
in the study of the obtained nanopatrticles properties
by spark discharge, there is still not enough data
about the characteristics of the resulting
nanoparticles and the influence of the synthesis
parameters on their size. Therefore, the first goal of
this study was the characterization of nanoparticles
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obtained in the process of electrical erosion of
titanium electrodes in air. The second goal of this
study is to investigate the influence of synthesis
parameters - energy of the capacitor, the repetition
frequency of discharge and the velocity of airflow
on the dimensional characteristics of the resulting
nanoparticles in a multi-spark discharge generator.

EXPERIMENTAL

Material and methods

For the experiments we used a multi-spark
discharge generator of aerosol nanoparticles'” in
the mode with varied operating parameters: energy
of the capacitor (W), repetition frequency of
discharges (f) and air flow velocity (v) in ranges of
2-18 J, 0.5-4.0 Hz and 1.4-5.4 m/s, respectively. Its
schematic diagram is shown in Fig. 1. The source
electrodes were metal cylinders with a nominal
diameter of 10 mm made of Ti (Fig. 1). Pulse energy
release in the discharge gaps in the near-electrode
zones led to the erosion of the electrode material
with the subsequent formation of nanoparticles as
a result of process of evaporation and
condensation?. The electrode gaps were purged with
a purified stream of dry air (Fig. 1).

Sampling of the aerosol for the
nanoparticles characterization was carried out using
tubes connected to the aerosol spectrometer and
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the electrostatic sampler for collection of
nanoparticles (Fig. 1). Measurements of size of the
nanoparticles in the aerosol flow in real-time was
performed by the aerosol spectrometer SMPS 3936
(TSI Inc.). Characterization of the collected
nanoparticles was performed using transmission
electron microscope (TEM) JEM-2100 (JEOL Ltd.),
lattice parameters and structure of the particles were
studied by the selected area electron diffraction
(SAED). Elemental analysis of the particles was
carried out using energy-dispersive X-ray
spectroscopy (EDX).

RESULT AND DISCUSSION

Fig. 2 shows a TEM-image of the
nanoparticles synthesized in the process of
electrical erosion of titanium electrodes in air at the
capacitor energy W of 2 J, the repetition frequency
of discharges fof 0.5 Hz and the airflow velocity v of
5.4 m/s in the multi-spark discharge generator. It
was found that the nanoparticles were fractal-like
agglomerates with an average size dag of 30-60 nm,
consisting of spherical primary particles with an
average diameter d, of 7-8 nm. The particle size
distribution of the primary particles (Fig. 3a) and the
agglomerates (Fig. 3b) is well described by functions
of log-normal distribution, which is typical for the
methods of evaporation and condensation’.
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Fig. 1: A schematic diagram of the multi-spark discharge generator for aerosol nanoparticles synthesis
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Fig. 2: TEM and SAED (inset) images of the
nanoparticles synthesized in the process of
electrical erosion of titanium electrodes in air
at the following operating parameters:
W=2 J, f=0.5 Hz and v=5.4 m/s
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Fig. 3: The particles size distribution for primary

particles (a) and agglomerates (b), calculated

from the TEM results. Nanoparticles synthesized

by electrical erosion of titanium electrodes in air
at W=2 J, =0.5 Hz and v=5.4 m/s
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The elemental analysis of the
nanoparticles revealed presence of two
characteristic peaks responsible for the elements
Tiand O in the composition (Fig. 4), indicating that
the nanoparticles are in fact titanium oxide, which
is justified as their synthesis occurred in an oxygen-
containing air atmosphere.

The structural analysis established that
synthesized nanoparticles had a crystalline
structure with a tetragonal structure in the phase of
anatase, which is typical for TiO, in the nanoscale
size dimension'®. The inset to Fig. 2 shows the SAED
with three intensive spot rings, which correspond
to the largest characteristic interplanar spacings
d,,, for the anatase phase and equal to 0.352, 0.237
and 0.188 nm for crystal planes (101), (004) and
(200), respectively, and many weak rings.

The dependence of the average size of
the agglomerates dag and primary particles dpr on
the operating parameters of the generator - energy
of the capacitor W, the repetition frequency of
discharges f and the airflow velocity v in the
corresponding ranges: 2-18 J, 0.5-4 Hz and 1.4 to
5.4 m/s is presented in Fig. 5. The average size of
primary particles of the dpr is obtained from the TEM
measurements and the average size of the
agglomerates dag is determined by the aerosol
spectrometer.

Fig. 5 shows that the size of the primary
nanoparticles d is almost independent of the
operating parameters of the generator within the
TEM measurement uncertainty. This can be
explained by the constancy of the cooling rate of
the vapors due to the stability of relaxation of electro-
discharge plasma?. Since the cooling rate of the
vapors does not change, the primary particles are
synthesized with a constant average size. On the
contrary, the size of the agglomerates dag varies
greatly depending on the operating parameters of
the generator. For example, by increasing the airflow
velocity vfrom 1.4 to 5.4 m/s the average size of the
agglomerates dag was reduced almost 2 times - from
56 to 32 nm. Similar changes in the average size of
agglomerates dag were observed with variation in
W and f (Fig. 5). The dependence of the average
size of the agglomerates d,, from the operating
parameters of the generator may relate to the
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process of agglomeration of aerosol nanoparticles
due to the change of the nanoparticles concentration.
Increase of the capacitor energy W increases the
pulse energy in the discharge gaps, leading to an
increase in the amount of product of the electrodes
erosion. As a result, the concentration of the
synthesized particles increases, which leads to the
particle agglomeration, and consequently increases
the average size of the agglomerates dag. Fig. 5
shows that with the increasing capacitor energy W
from 2 to 18 J the average size of the agglomerates
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d,, increases from 32 to 48 nm. Additional
confirmation of the aerosol particles agglomeration
can be seen from the dependence of the average
size of the agglomerates dag on the repetition
frequency of discharges f (Fig. 5). Increasing the
repetition frequency of discharges ffrom 0.5t0 4 Hz
the average size of the agglomerates dag increases
from 32 to 41 nm.This result indicates intensification
of the particles agglomeration because the increase
in frequency also increases the amount of
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Fig. 4: EDX image of the synthesized nanoparticles as a
result, the electric erosion of titanium electrodes in air
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Fig. 5. Dependence of the average size of the
primary particles d and the agglomerates
dag on the operational parameters of the multi-
spark discharge generation - the capacitor
energy W, the repetition frequency of
discharges fand the airflow velocity v

evaporated electrode material. The particles
agglomeration during the synthesis by spark
discharge can be reduced by the increase of the
airflow, leading to the decrease in the aerosol
particles concentration. Fig. 5 shows that with
increasing airflow velocity v the average size of
agglomerates is reduced. This fact should be
considered in experiments for synthesis of weakly
agglomerated nanoparticles, which are usually
required in applications in electronics and ceramic
and composite materials.

CONCLUSIONS

The nanoparticles of TiO, were synthesized
by a multi-spark discharge generator. The
nanoparticles were in the form of fractal-like
agglomerates with an average size of 30-60 nm
composed of primary spherical nanoparticles with
a diameter of about 7-8 nm.
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We found that the size of primary
nanoparticles remained almost constant, when
changing the operating parameters of the generator
- the capacitor energy (2-18 J), the repetition
frequency of discharges (0.5 to 4 Hz) and the airflow
velocity v (1.4 to 5.4 m/s). On the other hand, the
size of the agglomerates depended significantly
on the operating parameters of the generator.
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Decrease of the capacitor energy and the
repetition frequency of discharges, and increase of
the airflow velocity leads to the synthesis of smaller
agglomerates.
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