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ABSTRACT

As ultra-sonication is a mostly used method to disperse the particles into the
polymer matrix, the aim of this study is to point out the effect of epoxy’s exposure to
ultra-sounds over the electrical properties, especially the electrical conductivity. As
the epoxy resins are insulators, the method is based on the determination of
electrical conductivity via the measurement of electrical insulation resistance. The
polymer solution was exposed for 45 minutes to ultra-sounds produced by one, two,
three and four generators at different values of ultra-sounds frequency.
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1. Introduction

The rapid spread of polymeric materials to new
markets requires not only innovation in technological
processes but equally the up-grade of the existing
polymer processing technologies that allow them to
expand into new areas of social life [1]. In recent
years, considerable efforts have been made to
improve the quality and reliability of thermosetting
polymer materials [2, 3]. Thermosetting materials
obtaining methods have the following advantages:
easy processing in the initial stage because the resin
systems are in the liquid phase, fibers or particles
thermoset moistening is very easy, so that gaps,
porosity and dry areas in composites are avoided, and
affordable price of the required processing systems
[4]. Epoxy resins have high mechanical strength,
resistance to solvents, to heat, to moisture and show a
very high internal cohesive force [5-7]. Strengthened,
they have a good dimensional stability and
outstanding electrical characteristics [8, 9]. The
determination of electrical resistivity is recommended
as a control measure for temperature processing and
to establish the compliance with the specifications of
particular  strength where needed. Improved
mechanical properties of conducting polymers
increase their potential commercial applications. One
of the immediate applications of conducting polymers
is electrostatic and electromagnetic protection [10].
Although the search for new polymers with improved
properties continues to attract great research interest,
the economic drivers in the polymer industry demand
the continual improvement of existing materials. This

has led to a large effort aimed at modifying the
existing polymers [11]. The number of papers
describing electrical and other properties of nano-
composites is increasing rapidly. The main results are
summarized in recently published reviews [12-14].
The propagation of ultra-sonic waves in polymers
depends on their viscoelastic behavior and density,
resulting in polymers significantly affected by phase
transitions occurring when changing temperature and
pressure or during chemical reactions [15, 16]. Ultra-
sound treatment is a way to improve the polymer
material qualities, in particular during components
matching phase of a composite and the formation of
its structure, i.e. while the mixture is passing to its gel
phase [17]. Under the action of ultra-sound, there is a
change in homogenization, viscosity, relaxation time,
and strengthening [18]. During formation, thermo-
setting polymer resins undergo changes in their
physical characteristics from a viscous liquid to a gel
and finally to a hardened solid [19]. Therefore, in the
present paper we intend to analyse the electrical
conductivity of polymer materials exposed to ultra-
sounds during the gelling phase.

2. Experimental

Four air-generators were used as ultra-sounds
sources. The use of this type of generators had
required a difficult work to identify their possible
frequencies by maneuvering parts 4, 5, 7 and 8 in Fig.
1, together with fine variations of air pressure. In the
end, four frequency values were found common for
all the generators, namely 24 kHz, 26 kHz, 30k Hz
and 42 kHz.
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Fig. 1. Ultra-sound source: 1 - nozzle; 2, 3 - cross sleeves, 4 - rod; 5 - resonator; 6 - screw nut; 7 -
locknut; 8 - cover; 9, 11 - washers; 10 - gasket; 12 - nozzle

It was possible to set the configuration (Fig. 2)  the generators, the energy of the exposure is a
which allows for samples exposure to the ultra-  multiple of the energy of one generator. The pre-
sounds generated by one, two, three or four air  polymer solution was poured into cylindrical molds
generators. In fact, using the same frequency for all  and exposed for 45 minutes to ultra-sounds.

Fig. 2. Configuration of ultra-sound sources: 1 - air compressor; 2 - supply hose; 3 - test sample; 4 -
ultra-sound source; 5 - pressure gauge

Noise measurements were performed according  ultra-sound air generator (Fig. 3) [20]. Generators

to Standard noise emission SR EN ISO 3744/2009.  calibration was performed using an UltraMic 200k
The molds were placed at 1 m distance from each  model microphone with Sea Wave software (Fig. 4).
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Fig. 3. Acoustic measurements: a - scheme, b - picture, 1 - pressure gauge, 2 - experimental ultra-
sound generator, 3 - microphone
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Fig. 4. a - Ultramic 200 k microphone, b - ultra-sound generator calibration at 24 kHz

Due to the energy carried by ultra-sounds, it is  polymer electric conductivity. As any polymer is an
possible to appear some changes in the polymer  electric insulator, the electric conductivity was
structure. These changes could be observable in the  evaluated via electric insulation resistance
final properties of the polymer. This study is oriented =~ measurement using an insulation analyzer (Terra
towards the identification of some changes in  Ohm Meter) (Fig. 5).

Fig. 5. Electric insulation resistance measurements
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3. Results

The electrical conductivity of the analyzed
samples was evaluated on the basis of the well-known
formula:

o=p" (M)

where: p is the electrical resistivity derived from the
measured electric insulation resistance R as:

p=RSI" )
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where: S is a cross-section area of the sample and 1 is
its length.

The electrical conductivity of epoxy resin is
plotted as a function of the generators number (as the
frequency is the same for all the generators which
means that the electrical conductivity is plotted as a
function of ultra-sonic energy) and at different values
of frequency (cs-control sample, 1G - ultra-sonicated
epoxy resin with one generator, 2G - ultra-sonicated
epoxy resin with two generators, 3G - ultra-sonicated
epoxy resin with three generators and 4G - ultra-
sonicated epoxy resin with four generators).
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Fig. 6. Electrical conductivity of 24 kHz ultra-sonicated epoxy
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Fig. 7. Electrical conductivity of 26 kHz ultra-sonicated epoxy
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Fig. 8. Electrical conductivity of 30 kHz ultra-sonicated epoxy
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Fig. 9. Electrical conductivity of 42 kHz ultra-sonicated epoxy

The results, as it can easily be noticed in the four
graphs above (Fig. 6-9), show that practically the
electrical conductivity of the polymer depends neither
on the frequency of ultra-sounds nor on the total
energy of ultra-sounds. That means that from the
electrical point of view, the ultra-sound exposure of
epoxy resin does not change its electrical properties.
From the electrical properties point of view, the use
of ultra-sounds to disperse fillers into the polymer
matrix is an advantageous method since the ultra-
sound exposure does not change the basic electric
properties of the polymer. Small variations of the
evaluated parameter could be associated with gaseous
intrusions or small changes of polymer induced by
the environmental conditions (temperature, humidity,
atmospheric pressure) that are, at this moment,
uncontrollable.

4. Conclusions

The paper presents the electrical properties of
ultra-sonicated EPIPHEN epoxy resin cylindrical
samples treated by different numbers of ultra-sonic
air-jet generators for 45 minutes at different
frequencies. Based on the above presented results, the
use of air-jet generators treatment during epoxy resin
curing was implemented. This investigation was
focused on the possibility to eliminate the physical
contact between the ultra-sonic device and the resin.
This study has to be followed by others regarding the
mechanical  properties  (tensile, = compression,
bending), tribological properties and thermal
properties to completely characterize the effect of
ultra-sound exposure of epoxy resin as intended
matrix for some reinforced or filled composites. Since
the modifications induced by ultra-sonic exposure on
the electrical properties of polymer are negligible, the
presented method can be used in a double way — first
to disperse the particles of a potential filler or
additive, and second to avoid the gaseous intrusions
determined by the chemical reactions developed
during the forming process.
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