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Abstract:

In this study, the surface of the epoxy/Al composite is treated using a dielectric
barrier discharge (DBD) plasma in the presence of air. The epoxy composite was
prepared by mixing 0.1g and 0.3 g aluminum powder with epoxy resin and its hardener
in a ratio of 3:1. The surface epoxy/Al composite as a dielectric barrier layer (DB) is
studied at an applied frequency of 8 kHz and at three exposure times 0, 2, and 4 min.
The UV degradation process has been studied using UV-Visible spectroscopy, for
these polymers. The absorbance intensity in the UV region (200-320 nm) was high.
The absorbance level decreased after 2 minutes and increased after 4 min exposure
time. Before exposure to plasma, the epoxy/Al composite at 0.1 g Al had an optical
band gap of 3.72eV, while it was 3.6 and 3.42 eV after 2, and 4 min exposure time,
respectively. For the composite with 0.3 g Al, the optical band gap was 3.6 eV before
exposure which decreased to 3.2 and 2.78 eV after exposure to plasma for 2 and 4
min, respectively. This was due to the increase in conductivity for epoxy/Al composite
with 0.3 g Al. Also, after treatment, physical changes happened on their surfaces as
well as chemical changes which have been test using AFM technique. Three spectra
are characterized by the appearance of halos extending in 20 range from 16° to 45° for
the XRD spectra of the untreated and treated Epoxy/Al composite samples at several
exposed time (0, 2, and 4 min).

Keywords: Dielectric Barrier Discharge, surface Treatment, Optical Properties,
XRD, AFM.
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1. Introduction

Epoxy resins are thermosetting resins that cure via a range of curing agents. Their qualities
are determined by the exact mix of epoxy resins and curing chemicals or physicals utilized.
Epoxy resins are widely employed in a variety of industrial fields, including fiber-reinforced
materials, general-purpose adhesives, high-performance coatings, and encapsulating materials,
due to their strong mechanical qualities, good heat and chemical resistance, and high
adhesiveness to numerous substrates [1].

Surface modification is often required for epoxy polymer to enhance its functionality.

Surface treatment using cold plasma is often used because it is a simple process that does not
require the use of an initiator or a solvent, it produces less pollution, takes less time, requires
less equipment, is simple to operate, has high efficiency, and is extremely safe [2].
A wide variety of cold atmospheric plasma sources have been designed and developed [3]. In
addition to the Dielectric Barrier Discharge (DBD) plasma sources, there are several
publications on corona discharges [4], RF plasma [5], Arc plasma [6], micro hollow cathode
systems [7], various plasma jets [8], etc.

The DBD plasma and plasma jets are very promising for polymer surface modification as
they can operate effectively in air without compromising the treatment uniformity [9]. The
dielectric barrier discharge DBD is one of the most common discharges that operate at
atmospheric pressure. Two metal electrodes are utilized in this sort of electrical discharge, one
or both of which are covered with a dielectric substance such as AlO3 or quartz and Epoxy. The
dielectric layer is present to limit the high current generated by the applied voltage, which might
otherwise ignite a discharge [10].

In this work, the surface modification of epoxy resin and epoxy/Al composite using DBD
discharges in dry air and for two frequencies 8 and 9 kHz was studied. Aiming to assess the
thermal effect of the plasmas on the treated surfaces, an in-depth optical properties analysis was
initially performed to determine the energy gap. Also, the XRD technique was used to test the
treated surfaces. Finally, the AFM technique was utilized to record the effect of the different
plasma treatments on the epoxy surface morphology.

2. Experimental Setup

The set up of the DBD system is shown in Figure 1. AC power supply was used to produce
a high voltage of 20 kV peak to peak at a frequency of 1-50 kHz. In this study a frequency of 8
kHz was used. This AC high voltage was applied to the upper electrode and the lower electrode
was grounded. An epoxy mixed with aluminum(of 28 g epoxy resin and hardener of 0.1g and
0.3 g aluminum at density 8.9 g/cm®was used as a dielectric material between the electrodes.
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The distance between each electrode and the dielectric barrier was 2 mm. The electrode gap
was filled with air at atmospheric pressure.

Voltage Probe

Alaminum electrode

Power supply
20kV S0kHz

Alaminum electrode

Figure 1: Experimental set-up

The electrodes were made of aliminium of 75mm length, 25mm width, and 3mm thick. The
plasma was generated between the higher electrode and the dielectric and the lower electrode
and the dielectric. The experiments were done at room temperature, under atmospheric
pressure. The epoxy composite was prepared by mixing 0.1g and 0.3 g aluminum powder with
epoxy resin and its hardener in a ratio of 3:1. Figure 2 shows the epoxy composite samples
before and after exposure to plasma.

Figure 3 shows the surface plasma of DBD plasma photographed in air under atmospheric
pressure.

Figure 2: The epoxy composite samples before and after exposure to plasma.
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Figure 3 : Surface DBD plasma under atmospheric pressure

3. Results and Discussion
3.1 Optical Properties

The effect of exposure time on the optical and structural properties of epoxy/Al composites
for the mixing ratio 28 g epoxy with 0.1 and 0.3 g aluminum powder was studied in this work.
The UV degradation process was studied using UV-Visible spectroscopy for epoxy/Al
composite before and after treatment. The absorbance intensity in the UV region (200-320 nm)
was high due to the presence of numerous aromatic groups in the epoxy/Al composite structure.
Figures 4 and 5 illustrate this.
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Figure 4: Absorbance spectrum of epoxy/Al composite with 0.1 g aluminum powder after 0,
2, and 4 min exposure time.
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Figure 5: Absorbance spectrum of epoxy/Al composite with 0.3 g aluminum powder after 0,
2, and 4 min exposure time.

When the epoxy/Al composite was exposed to plasma for the first 0 minutes, the UV
intensity was extremely high. The absorbance level was lowered after 2 minutes exposure
because the aromatic groups derogated or had undergone rearrangements. Due to the production
of carboxylic acids, the absorbance intensity increased after 4 minutes exposure compared to 2
minutes. This result agrees with that of Nikafshar et al.[11].

The optical band gaps were evaluated from (ohv)? versus hv plots (Figures 6 and 7). The
allowed direct transition energies were determined by extrapolating the linear portion of the
curves.
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Figure 6: Energy gap of epoxy/Al composite at 0.1 g Al and for different exposure times.

Before exposure to plasma, the epoxy/Al composite at 0.1 g Al had an optical band gap of
3.72eV, while it was 3.6 and 3.42 eV after 2, and 4 min exposure time, respectively. For the

2871



Abd and Abbas Iragi Journal of Science, 2023, Vol. 64, No. 6, pp: 2867- 2876

composite with 0.3 g Al, the optical band gap was 3.6 eV before exposure which decreased to
3.2 and 2.78 eV after exposure to plasma for 2 and 4 min, respectively. This was due to the
increase in conductivity for epoxy/Al composite with 0.3 g Al. This result agrees with that of
Alzubi et al. [12].
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Figure 7: Energy gap of epoxy/Al composite at 0.3 g Al and for different exposure times

The decrease in the energy gap after the exposure was due to the change in homogeneity of
the localized levels and their density, which increased with increasing the concentration of Al
in the epoxy, i.e. increasing the charge carriers. The refractive indices of pure standard epoxy
resins range from 1.50 to 1.56 [13]. The refractive index is an average attribute of integral
materials that is controlled mostly by molecular weight, density, and the molecular structure's
inherent molar refractivity. Figures 8 and 9 shows the effect of aluminum content on the
refractive index. It is seen that the refractive index decreases with increasing the content of

aluminum.
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Figure 8: Refractive Index (n) of epoxy/Al composite at 0.3 g Al and for different exposure
times.
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The refractive index values ranged from 0.7 to 2.5 for epoxy/Al composite with 0.1 g Al and
from 0.5 to 2.4 for epoxy/Al composite with 0.3 g Al. the treatment by plasma decreased the
refractive index for both cases ( 0.1 and 0.3 g content of aluminum) [14].
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Figure 9: Refractive Index (n) of epoxy/Al composite at 0.3 g Al and for different exposure
times

3.2 AFM Analysis

AFM technique was used to investigate the change in morphology of the epoxy/Al
composite surface. When treating epoxy/Al composite samples with plasma, physical changes
happened on their surfaces in addition to chemical changes due to heating of the epoxy/Al
surface by the high voltage and frequency applied. Figure 10 depicts the three-dimensional
morphology of epoxy/Al composite surfaces before and after plasma treatments with 0, 2 and
4 min exposure times. Before treatment, the surface was smooth and flat
There are certain conspicuous sections on the surface after plasma treatment, and the quantity
and uniformity of the prominent parts increased as the treatment duration was increased.
Surface roughness changed as a result of this, due to etching by plasma through filamentary
streamers which work to hit the surface of the epoxy, which led to its scratching. The RMS
roughness of the untreated epoxy/Al composite was 2.595 nm, while the values after 2 and 4
minutes of plasma treatment were 3.848 nm and 15.08 nm, respectively.

These results are in agreement with those of Borcia et al. [15] and Esena et al. [16]. The
change in the nanoparticles average size and their distribution is shown in Figure 10 for the
different exposure times.

The surface morphology details of the epoxy/Al composite which were determined by means

of the AFM method with different exposure times are listed in Table 1. This detail represents
average roughness and root mean square variation for the exposure times.
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Figure 10: AFM images of the epoxy/Al composite and surfaces size values distribution before
and after plasma treatment for several exposure times. (S1 Untreated, S2 2 min treated, S3 4
min treated).

Table 1: The AFM data images of Epoxy/Al for different exposure time.

Exposure Time Root mean square (nm) Average
Roughness (nm
0 2.595 2.071
2 3.848 3.083

3.3 XRD Analysis

XRD analysis, according to several sources, can help in observing NPs dispersion and the
amount to which they exfoliate/intercalate inside the epoxy resin matrix [17]. Figure 11 shows
the XRD spectra of the untreated and treated epoxy/Al composite samples for the different
exposure times (2, and 4 min). Because of the little addition of aluminum in the epoxy
compound 0.3 g, only pure epoxy diffraction peaks appeared, and aluminum peaks did not
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appear. There are wide peaks in pure epoxy resins. Each pattern demonstrated broad diffraction
from 10-80° alongside a couple of maxima close to 26 ranging from 16° to 45°as the cured
epoxy network scattered and its amorphous nature was revealed. This result agrees with that of
Mustafa et al.[18].

Through Figure 11, it was noted that combustion occurred on the surface of the model
(epoxy) because of the high voltages and high frequency, the temperature of the epoxy
compound increased dramatically, which led to its combustion and the formation of carbon
atoms on its surface, so this increase is the result of carbon atoms, as it is the result of
combustion and not crystallization. Also, epoxy is difficult to crystallize because it is originally
a large heterogeneous molecule and contains asymmetric rings, as well as peaks at 20 = 16° of
the hydroxyl group.
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Figure 11: XRD spectra of the untreated and treated Epoxy/Al compositeat several expose
time.

4. Conclusions

The dielectric barrier discharge (DBD) system was successfully designed and constructed
using dielectric barrier epoxy/Al composite.

The intensity of absorption in the UV region was reduced as a result of plasma treatment.
Due to the increased conductivity of the epoxy/Al compound as a result of the surface treatment,
the optical bandgap decreased. This means that the epoxy compound approached the conduction
range. Upon curing, physical as well as chemical changes occurred on the surface of the
epoxy/Al composite which were tested with AFM. Due to the carbon and hydroxide compounds
resulting from the combustion of the compound, three spectra were distinguished and
characterized by the appearance of extended halos in the 2° range from 16° to 45° for the XRD
S
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