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This study is to investigate the surface and structural characteristics of the pure and
irradiated novel PEO/NiO composite by subjecting the films to argon ions with different ion
beam fluencies. The structural characteristics were studied by the EDX and FTIR techniques,
while the surface was investigated by SEM technique. The FTIR showed a notable decrease
in the peak intensity for the bombarded composite, due to the functional groups with
hydrophilic characteristics and the occurrence of chain scission processes. The PEO/NiO
composite demonstrates a consistent structure without any nanoparticle clusters, as depicted
in the SEM image of PEO/NiO. Moreover, the electrical conductivity for the pure and the
irradiated samples were determined. Exposing the composite PEO/NiO to a fluence of
15x10'% ions.cm™, increasing the conductivity from 7.5x107® S/cm to 8.4x107 S/cm. By
increasing ion fluence from 5x10'® to 15x10'® ions.cm™. The contact angle is decreased
from 81.15° to 72.22° for water, while is decreased from 74.32° to 62.20° for diitodomethane.
Moreover, the surface wettability and the adhesion force were determined from the data of
the contact angle. The work of adhesion of water increases from 84.37 to 94.16 mJ/m? and
for dioodomethane from 64.52 to 74.49 mJ/m?, respectively, by increasing ion fluence from
5x10'6 to 15x10'® jons.cm. This suggests that, in comparison to a unirradiated surface, the
increase in W, is the result of surface cleanliness following radiationThe results of this study
show the opportunities for utilizing these irradiated materials in the fields of coating and
printing applications.
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1. Introduction

The polymer nanocomposites are combined novel properties of nanofillers properties and
polymers characteristics, leading to advancements in electronics, coatings, sensors, and other diverse
domains [1, 2]. The current research in this field has the potential to reveal further customized and
advanced uses for polymer nanocomposites in several industries [3, 4]. The higher electrical
conductivity leads to improved charge/discharge rates and overall performance [5, 6]. In addition,
polymer nanocomposites are employed in actuators designed for constructions that are responsive
and adaptive, that are widely used in the fields of electronics, telecommunications, and aerospace
[7].

Polyethylene oxide (PEO) exhibits numerous fundamental characteristics [8]. PEO is a
category of materials that possess distinctive qualities, capabilities, and applications in diverse
industries [9, 10]. PEO exhibits biocompatibility, rendering it appropriate for utilization in
biomedical applications, including controlled drug release systems, tissue engineering, and medical
devices. This characteristic is beneficial in the advancement of polymer electrolytes and medication
delivery systems [11]. Polymer electrolytes based on polyethylene oxide (PEO) are utilized in
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lithium-ion batteries and other electrochemical devices to significantly improve ionic conductivity
and overall performance [12].

Nickel oxide (NiO) is a type of oxide displays unique characteristics in terms of'its electrical
and optical properties. NiO is usefulness in many electronic devices, including transistors, sensors,
and solar cells. NiO exhibits intriguing optical characteristics, such as its capacity to absorb and emit
light within the visible spectrum [13]. This feature enables its use in optoelectronic devices and
smart windows. NiO is renowned for its catalytic prowess, especially in oxidation-reduction
reactions. It is utilized as a catalyst in chemical reactions and as an electrode material in
electrochemical cells. NiO serves as a catalyst in several chemical reactions, such as oxidation
processes utilized in chemical manufacturing and environmental cleanup [14]. NiO’s semiconductor
characteristics render it well-suited for utilization in solar cells and other photovoltaic devices [15].

Extensive research has been conducted to improve the structural and functional qualities of
composites via ion beam [16]. An innovative technique that has garnered attention is the utilization
of ion irradiation. The ion beams can be used to deliberately modify polymers at both the molecular
and surface levels, resulting in composite materials with distinct properties [17]. This novel method
provides a means to customize the characteristics of polymer composites for particular uses,
encompassing enhancements in mechanical strength, thermal stability, adhesion, and wettability
[18]. Ion beam irradiation at low energy levels causes the formation of chemical bonds between
polymer chains, resulting in enhanced mechanical strength and dimensional stability [19]. On the
other hand, chain scission can happen, which changes the size of the polymer molecules and affects
characteristics such as flexibility and viscosity [20].

The distinctive feature of this study Is In the utilization of a low-energy source as friendly
technique to stimulate the surface characteristics of the produced films. In addition, this low-energy
ion source operates without generating heat. In this study the EDX, FTIR and SEM were used to
analyze the structural and morphological of the irradiated films. Furthermore, the electrical
characteristics will be conducted. The results indicated that the irradiated PEO/NiO showed
enhancements in its structure, wettability and electrical conductivity to apply in various electronic
devices.

2. Experimental work

The polyethylene oxide powder (PEO) with a molecular weight of 99,800 was obtained
from Sigma Aldrich Company. The nickel (II) oxide nanoparticles with a size of 45 nm (99.7%
purity) were acquired also from the same company. The PEO/NiO film was made using the solution
casting process, as previously described [21, 22], by adding 0.6 gm of the PEO and rapidly stirring
for 6 hours at a temperature of 60 °C. Next, 0.03 g of the nickel oxide (NiO) nanopowder was
dissolved in 8 ml of tetrahydrofuran (THF), and the mixture was subjected to sonication and stirring
for a duration of 4 hours. Ultimately, the combined mixture is exposed to the air for a duration of 3
days to allow for drying. Each film was divided into 1cm x lcm. Then the films were bombarded
using varying fluences of the Ar ion (5%10'¢, 10x10'¢, and 15x10'® ions.cm™). The ion source, as
depicted in Figure 1, consists of extraction electrodes and ionization medium, as described in a prior
study [23]. The ion source operating conditions are pressure of 2.3x10* mbar and an energy of 4
keV.

The FTIR absorbance (Shimadzu FTIR-340) was used to analyze the pure and treated
samples by FT-IR. The composition of the composite is determined through investigation utilizing
(EDX, JEOL, Japan). The conductivity is determined using an LCR meter in frequency of 50 Hz to
1 MHz. The contact angles were determined to estimate the work of adhesion and the surface free
energies.
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Fig. 1. Schematic figure of broad beam source.

3. Results and discussion

Figure 2a investigate the SRIM/TRIM simulations [24] of 4 keV argon bombarded with
PEO/NIO films at a depth range of 21.7 nm. When ion beam collided the atoms, enough energy is
released to allow the recoiled atoms to separate from the network and interact with one other. It is
shown in Figure 2b, the ions are much less affected by the argon beam for phonons than the recoiled
atoms. Figure 2¢ also shows the cases of argon ion collisions with target vacancies that damaged the
target.

Figure 3a displays the chemical composition of the PEO/NiO composite using EDX spectra.
By analyzing the distinct peaks in the EDX spectrum, the composition of carbon, argon, and nickel
is respectively determined as 60%, 38%, and 2%. The generated composite did not contain any
additional impurities. The PEO/NiO composite demonstrates a consistent structure without any
nanoparticle clusters, as depicted in the scanning electron microscopy (SEM) image of PEO/NiO in
Figure 3b. The EDX study provides of a significant integration between PEO and NiO [25].

The FTIR analysis were measured for pure and irradiated films as shown in Figure 4. It can
be observed that the absorbance of the PEO/NiO film displays the typical peaks of the PEO and NiO.
In which, the absorbance peaks at 2869.81, 1461.9 cm™ are ascribed to the C-H group and CH,
scissoring in PEO polymer, respectively [26]. Moreover, the wagging CH, and C-O-C mode of PEO
matrix was also revealed at 1340 and 1145.3 cm’, respectively [27]. The CH, symmetric twisting
of the PEO was also appeared at wavenumber 1276.75 and 1238.18 c¢cm™ [28]. The two bands
adjacent ones at 950.81 and 838.95 ¢cm! recorded the rocking CH, bonds of the PEO. In this
spectrum, appearing large peak at 1093.5 cm™ is for C-O—C triple band which confirms that the
PEO was formed in the nanocomposite film as semicrystalline phase [29]. In addition to that, this
spectrum also shows a broad band with low intensity at 3452.25 cm™ which is explained to the OH
vibrations of both PEO and NiO.

The other peaks of the NiO were also given at 2229 and 1639.41 cm™! for the stretching C =
C of alkyne molecules and the OH group [30]. The spectrum of the irradiated spectra by different
fluence of Ar ion beam show that the spectra are seeming repetitive with minor variations in the
position, breadth and intensity of bands. For example, the peak at 950.81 cm™ was shifted to 951.71
and 952.34 cm’! after irradiation by 10x10'¢ and 15x10'®, respectively. Further, peaks at 1093.5,
1238.1, 1276.8, 1346.2, 2869.8, 3452.3 cm™! were also shifted after the ion irradiation. Meanwhile,
the intensity of peaks at 950.8, 1093.5 and 1461.9 cm™! were decreased and broaden after irradiation,
which are due to the reduction in the semicrystalline nature of polymer. These changes in intensity
and position peaks upon irradiation confirm changes of the nanocomposite [31]. These results record
that the disorder in the irradiated films and thus the amorphous content was increased, which support
improving the electrical properties of the irradiate films.
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Fig. 3. (a) EDX spectra and (b) SEM image, of the fabricated of PEO/NiO composite.
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Fig. 4. FTIR of the pure and treated composites.

The contact angle of untreated and irradiated PEO/NiO with different fluencies is illustrated
in Figure 5. Table 1 illustrate the angle reduces as the ion bombardment increases. The creation of
functional groups for the irradiated samples, leading to a reduction in the angle value [32]. By
enhancing fluence from 5x10'¢ to 15x10'¢ ions/cm?, the angle of water is decreased from 81.15° to
72.22°, while is decreased from 74.32° to 62.20° for diiodomethane. This reduction is achieved by
increasing the irradiation fluence from 5x10'® ions/cm? to 15x10'® ions/cm?, as indicated in Table 1.
The angle of all treated samples is reduced compared to pure films, suggesting that the properties
become more hydrophilic after irradiation.
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Fig. 5. The contact angle of pure and treated PEO/NiO films.

The next equation is to estimate the adhesion work W,, which corresponds to the energies
of interaction between molecules across the interface, using surface energy liquid (y;) and the angle
() [33].

W, = v,(1 + cos6) (1)
Fig. 6 illustrates the work of adhesion W, as a consequence of argon beam. Table 1 show

that the W, for water liquids increases from 84.37 to 94.16 mJ/m? and for dioodomethane from 64.52
to 74.49 mJ/m?, respectively, when irradiation goes up from 5x10'¢ ions/cm? to 15x10'¢ ions/cm?.



1660

This suggests that, in comparison to a unirradiated surface, the increase in I, is the result of surface
cleanliness following radiation[34].
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Fig. 6. The W, of pure and irradiated PEO/NiO films.

Table 1. The 6 and W, for pristine and irradiated PEO/NiO.

Contact angle Work of adhesion
Water Diiodomethane | Water | Diiodomethane
PEO/NiO 88.30 81.40 74.23 58.39
5x10'¢ ions/cm? 80.15 74.32 84.37 64.52
10x10'° jons/cm? | 76.62 68.24 88.83 69.63
15x10'° jons/cm? | 72.22 62.20 94.16 74.49

The surface energy of PEO/NiO is calculated by [35].

7 (A+cos@) /—7d . ’_;/p y
K} s d
Vi

2./7f

@)

where, the interfacial parameters is ys for solid vapor, g for solid-liquid, and y, for liquid-vapor. The

surface free energy of pure and irradiated PEO/NiO is displayed in Figure 7. Table 2 shows that free
energy (ys') increases from 29.76 to 38.14 mJ/m? by raising the radiation from 5x10' to 15x10'¢
ions/cm?. The polar surface energy (ys") increases from 9.27 to 10.83 mJ/m?, while (%) increases
from 20.49 to 38.14 mJ/m?. The polar and/or hydrophilic forming groups are responsible for the
improvement in the polar and dispersive surface energy [36].

Table 2. The 3P, %°, and y! for pure and treated PEO/NiO.

Polar y (mJ/m?) | Dispersive y,4(mJ/m?) total v, (mJ/m?)
PEO/NiO 6.80 16.78 23.59
5x10'° jons/cm? 9.27 20.49 29.76
10x10' 9.81 23.86 33.67
ions/cm?
15%10' 10.83 27.30 38.14
ions/cm?
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As a result, compared to the un-irradiated films, the irradiated films have greater
hydrophilicity and wettability [37]. These findings demonstrate that the PEO/NiO surface
wettability is improved for the treated PEO/NiO due to the enhanced of polarity by irradiation. The
changes of morphology, polarity, and structural induced by ion beam treatments are responsible for
this enhancement in the surface wettability of the irradiated samples [38].
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Fig. 7. Polar, dispersive and total surface energy for pristine and treated PEO/NiO samples.

The o, conductivity is given by [39].
Ogc = 2mfeye’ A3)

The frequency-dependent variation of o, for pure and treated PEOQ/NiO is plotted in figure
8. By increasing the frequency, the conductivity g,. is noticeably increases [40]. For the un-
irradiated PEO/NiO film, electrical conductivity at frequency 50 Hz rose from 7.5x107® to 2.1x107,
2.9x107 and 8.4x1077 S/cm after irradiation respectively with 5x10'¢, 10x10'¢ and 15x10'¢ions/cm?.
An rise in conductivity as a consequence of radiation is most likely caused by developments in the
ability to move of the carriers of charges, which are in charged hopping and electronic polarization
[41].
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Fig. 8. The o, of the pure and irradiated PEO/NiO.
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On the other hand, at shorter frequencies, this relationship describes the fluctuation in
dielectric loss is given by[42].
e =A™ 4

The plots of In (¢'") with In ® is shown in Figure 9. The power m value is given from the
slopes of these lines as in figure 9. Moreover, the height barrier energy (Wwm) needed to move were
calculated by [43].

—4kpT
m

Wi = %)

The average value of Wy, declined from 4.9 eV pure sample to 3.5, 3.2, and 2.2 eV for
5x10'%, 10x10'6, and 15x10'®ions.cm, respectively. This fall in Wy, values can be attributed to the
formation of flaws in the bombarded films. The polarization changed by these defects, which are the
result of homopolar connections of the bands of valence and conduction [43].
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Fig. 9. Ln &' with frequency for pristine and irradiated PEO/NiO.

4. Conclusions

In this study, the PEO/NiO samples were synthesize by the solution casting method. The
PEO/NiO samples were characterized by using FTIR, SEM, and EDX techniques. The techniques
proved the successful preparations of the composites. Then the ion source was used to radiate the
flexible PEO/NiO sheets with differ ion fluencies. Then the contact angle was determined for all
samples, which shows, it is less for all bombarded sheets than for un-irradiated films. The adhesion
work and surface energy have been computed from the data of the contact angle. The surface energy
increases from 29.76 to 38.14 mJ/m? by raising the radiation from 5x10'°to 15x10'¢ ions/cm?. The
polar energy increases from 9.27 to 10.83 mJ/m?, while the dispersive increases from 20.49 to 38.14
mJ/m”. Moreover, the electrical conductivity for PEO/NiO in the frequency range of 50 Hz to 5 MHz
were recorded. The results demonstrate that the exposure to ion beam irradiation modified the
surface morphology, chemical structure, electrical conductivity, and surface wettability of the
bombarded films to be more convenient in energy applications.
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