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Effect of plasma irradiation on the electrical characteristics of
the PMMA-PS/AL,O3; nanocomposites

F. M. Nayef ", B. H. Rabee
Department of Physics, College of Education for Pure Sciences, University of
Babylon, Iraq

A nanocomposite consisting of (PMMA/PS) polymeric blend was prepared with the
nanomaterials (Al,O;) by the casting method. The structural and dielectric characteristic
were studied. The optical microscope photos demonstrated high homogeneousness and
fine dispersal of Al,O; NPs inside the blend polymer films, as well as the formation of
charge transfer complex. The FTIR indicate to a physical interference between the
polymer matrix and nanoparticles. SEM images showed agglomeration of small and close
packed group of elliptical particles on the surface of the polymeric matrix as a result of
adding different number of Al,O; NPs. The insulator constant and the insulator loss of the
(PMMA-PS/AL,05) nanocomposites reduce with the rise in frequency, while the A.C
electrical conductivity increases with increase of the frequency. The insulator constant,
insulator loss and A.C electrical conductivity of (PMMA-PS/AlL,03) nanocomposites rises
with raising of Al,O; nanoparticles concentrations. The dielectric constant, dielectric loss
and A.C electrical conductivity after irradiation have high values compared before
irradiation which attributed to the plasma interact with the molecular of these
nanocomposites. As a results of their improved electrical conductivity after irradiation,
polymeric nanocomposites have been proposed for use in electronic devices, sensors, and
batteries.
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1. Introduction

Polymer nanocomposites have garnered a lot of interest in the scientific and industrial
communities over the past 20 years not only because they combine a number of fascinating
qualities like small weightiness, cost effectiveness, and affluence of combination, but also since
they have multi-faceted, multi-functional abilities that are appropriate for a variety of requests [1].
Polymer or copolymer nanocomposites have nanoparticles dispersed throughout the polymer
matrix. From a fundamental and technological standpoint, it is anticipated that the distinctive
properties of polymers and nanoparticles combined in special, well-designed composites will
provide materials of significant interest [2]. Similarly, nanoparticles have a significant effect on
the matrix due to their high surface-to-bulk ratio, resulting in some special assets that aren't created
at one of the pure materials. The effect of nanoparticles on the properties of a polymer matrix has
to be further studied in order to improve predictions of the final features of the composite [3].
Recently, composites of polymer and ceramic filler have drawn attention because of their
appealing electronic and electrical properties [4]. Poly (methyl methacrylate, or PMMA) is
distinguished by its ease of synthesis, electrical act, high transparency, small index of refractive,
inflexibility, good mechanical assets, and favorable thermal parameters. It has a lot of appeal and
benefits in a wide range of modern applications because of these characteristics [5]. Amorphous
polymer with large side groups is polystyrene (PS). general objectives at room temperature,
polystyrene is rigid, hard, and transparent. It is also a thermoplastic substance that resembles glass
and can soften and deform when heated. It is soluble in cyclohexane, chlorinated hydrocarbons,
and aromatic hydrocarbon solvents [6,7]. Many people are using aluminum oxide (Al,O;) because
of its strong dielectric strength, remarkable stability, resistance to harsh conditions, and high
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transparency down to 250 nm [8]. Because of their diverse requests, such as antibacterial and
biomedical requests, the photo-physical characteristic of these dyes in various solid matrices, such
as polymers, have sparked important interest [9]. Plasma reactively alters the physicochemical
characteristics of material surfaces through interaction. It is simpler for various sorts of reactions
to add or remove particles to or from the surface thanks to plasma treatment [10] It stands out as a
capable strategy to change the cellulose's physicochemical characteristic. In terms of price, time,
and energy, it is vastly superior than the aforementioned pretreatment techniques [11]. In addition,
different wet-chemical pretreatments, plasma action propositions a greener and more
environmentally responsible method of dissolving cellulose because it produces no chemical
waste, albeit the technology's scalability presents a problem in its application to industrial
processes [12]. This paper aims to study effect of gold plasma irradiation on the dielectric
characteristics of the PMMA/PS/Al,O; nanocomposites

2. Materials and method

Poly methyl methacrylate (PMMA)/ Polystyrene (PS) doped with aluminum oxide
nanoparticle (Al,O; NPs) has been prepared by casting method. The blend film
(70%PMMA/30%PS) was prepared by dissolving of 1 gm in chloroform (30 ml). The fabricated
of nanocomposites by adding of the Al,O; NPs to solution (PMMA/PS) with content 2, 4, 6 and 8
wt. % and then casting on glass betri dish. After prepared this nanocomposite, the gold plasma
irradiated (Ar gas). The structural characteristics of (PMMA-PS/Al,03) nanocomposites examined
by the "Fourier Transformation Infrared Spectroscopy (FTIR) with range wavenumber (500-4000)
cm’, scanning electron microscopic (SEM) using a Hitachi SU6600 variable and Optical
microscope (OM) provided by Olympus (Top View, type Nikon-73346). The dielectric
characteristics were studied at range (f=100 Hz to 5 x10° Hz) by LCR meter type" (HIOKI 3532-
50 LCR HI TESTER)". The insulator constant, ¢ is given by [13]:

¢=Cyd/ e A (1)

wherever, C, is capacitance of substance, thickness (d in cm), A= (in cm’). Insulator loss, & is
planned by [14]:

g'=6D )
wherever, D: dispersal factor. The A.C electrical conductivity is determined by [15]:

oac=2nf €D e, )

3. Result and discussion

The optical microscope images of the pure (PMMA/PS) composite and variant content of
aluminum oxide nanoparticle (Al,O; NPs) and exposed to the argon plasma gas are shown in fig.
(1). At low concentrations of Al,O; NPs, it can be noted that the formation of small pits on the
surface of the nanocomposites as a result of exposure to Argon plasma gas, and when we reach a
concentration of 8 wt.% Al,O3; NPs, it notes that these pits increase due to the rise in the interface
of the plasma with the surface of the sample.
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Fig. (1). Photomicrographs (x10) for (PMMA/PS/Al,03) nanocomposites: (a)for pure (b) for 2wt.% AL, O;
NPs, (c) for 4wt.% Al,O3 NPs, (d) for 6wt.% Al,O3; NPs and (e) for 8wt.% Al,O3; NPs.

FTIR spectra of (PMMA/PS/Al,03) nanocomposites are shown in fig. (2) at wavenumber
range (500-4000) cm™. FTIR studies of nanocomposites show the interactions in nanocomposites.
FTIR spectra of (PMMA/PS) polymer are reveals absorption band at 2984.45 cm™ corresponding
to the CH; bending vibration and the band 1723.34 cm™ owing to the C=0 stretching vibration.
Band at 1435.14 cm™ corresponding to the CHj stretching vibration. The absorption band at
1143.71 cm™ attribute to the symmetric stretching vibration of C-O. The bands 984.77 cm’,
697.33  cm™ and 749.08 cm™' matching to the C—C bending and stretching vibration respectively
[16]. After adding Al,O; nanoparticles to the polymers (PMMA/PS) as shown in image (from B to
E) from fig. (2) leads to the displacement of some of the bonds and not emergence of new peaks
therefore, there is no interaction between Al,O; nanoparticle and the PMMA/PS polymer matrix.
these results agree with the researchers [17,18].
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Fig. (2). FTIR spectra of (PMMA/PS/Al,03) nanocomposites: (a)for pure (b) for 2wt.% Al,O; NPs, (c) for
4wt.% Al,O3; NPs, (d) for 6wt.% Al,O; NPs and (e) for 8wt.% Al,O; NPs

Scanning electron microscopy (SEM) was tested to study the compatibility between
various components of the polymer and nanomaterials. The surface morphology for samples of
PMMA-PS/AIL,O; nanocomposites was examined using an SEM, as shown in Fig. (3), with a scale
of 200 nm and exposed to the argon plasma gas. From Fig. (2), it can be noted that the formation
of craters results from surface exposure to the argon plasma gas, and when we reach a
concentration of 8 wt.% Al,O; NPs, the formation of grooves [19]. Treatments using reactive
gases like argon are known to produce this effect. These processes involve the chemical interaction
of energetic plasma particles with the sample species, which removes them and creates volatile
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byproducts including water vapor, carbon monoxide, and carbon dioxide that are subsequently
pumped out of the reactor. Moreover, polar groups, which, if not removed from the system, may
persist in the discharge and be reincorporated into the sample, may be created when the removed
species recombine. This result agrees with [20].

Fig. (3). SEM of (PMMA/PS/Al,03) nanocomposites: (a) for pure (b) for 2wt.% Al,O3 NPs, (c) for 4wt.%
AlL,O; NPs, (d) for 6wt.% Al,O3; NPs and (e) for 8wt.% Al,O3; NPs

Equation (1) was calculated the dielectric constant (¢). The dependence of insulator
constant of (PMMA/PS/AIL,O3) nanocomposites with frequency before and after irradiation plasma
are shown in Figs. (4 and 5). It is obvious that the dielectric constant decreases as the electric field
frequency rises. This could be as a result of the samples' dipoles' propensity to align themselves
with the directions of the applied electrical fields and with respect to total polarization, space
charge polarization is decreasing. Space charge polarization is the most significant form of
polarization at low frequencies, and as frequency rises, it becomes fewer significant, while the ¢
increasing with increasing concentration of Al,O; NPs are shown in Figs. (6 and 7). Both an
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increase in the charge carriers of the (PMMA-PS/Al,O;) nanocomposites and interfacial
polarization within the nanocomposites in the applied field's alternating electric field might be
used to explain these characteristics [21]. Also, it notes that the dielectric constant has high value
after irradiation compare before irradiation which, may be due to interaction plasma with
molecules which give more energy that effect on the dielectric constant of this nanocomposites.
This result agrees with researcher [22].
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Fig. (4). The dielectric constant with the frequency of (PMMA/PS/Al,03) nanocomposites before irradiation
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Fig. (7). The dielectric constant with AlI,O; NPs concentration of (PMMA/PS/Al,0;) nanocomposites after
irradiation plasma

The dielectric loss (¢”) was calculated from eq. (2). The dependence of dielectric loss on
electric field frequency of (PMMA-PS/AlL,O;) before and after irradiation plasma are shown in
Figs. (8 and 9). The ¢” increased with increasing frequency. This is due to a decline in the
contribution of space charge polarization. With rise content of Al,O; NPs, the ¢” of (PMMA-
PS/Al,0;) nanocomposites rises before and after irradiation plasma are explain in Figs. (10 and
11), which ascribed to the rise of the number of charge carriers. At small contented of NPs, it
creates as a cluster and at high contented reach to 8%, its formation a network inside the
nanocomposites [23]. Also, it can be noted that the dielectric loss has value larger after irradiation
plasma compared before irradiation plasma, which attributed to that the plasma give energy to this
molecule that effect to the dielectric loss of this nanocomposites. This result is deal with scientists
[24].
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irradiation plasma

The A.C conductivity was calculated from relation (3). The dependence of A.C electrical
conductivity on electric field frequency for (PMMA-PS/Al,O;) nanocomposites before and after
irradiation plasma are shown in Figs. (12 and 13). The A.C conductivity dramatically rises with
raising electric field frequency for all samples. This results from both the hopping motion of
charge carriers and space charge polarization, which takes place at low frequencies [25]. Also, the
Figs demonstrate how the conductivity rises with a rise in the weight percentage of Al,O; NPs in
the plasma before and after irradiation (14 and 15). Because of the regular arrangement of charge
carriers in the polymer matrix and the action of the space charge, this phenomenon is caused. Also,
it should be noted that the A.C conductivity increased after plasma irradiation compared to before
plasma irradiation, indicating that the plasma had an impact on the conductivity of these
nanocomposites. This is consistent with the researcher's conclusions [26].
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4. Conclusion

The summarized as followed: The successful of casting method to prepare the
(PMMA/PS/ Al,O;) nanocomposites. The optical microscope photos demonstrated high
homogeneousness and fine dispersal of Al,O; NPs inside the blend polymer films, as well as the
formation of charge transfer complex. FTIR exhibited that when combined, the polymer and the
nanoparticles exist in a physical superposition. SEM images showed agglomeration of small and
close packed group of elliptical particles on the surface of the polymeric matrix as a result of
adding different number of Al,O; NPs.

The (PMMA/PS/AL,O;) nanocomposites' dielectric constant and dielectric loss increase
with frequency, although the electrical conductivity for alternating current (A.C.) increases with
frequency. PMMA/PS/ Al,O; nanocomposites' dielectric constant, dielectric loss, and AC
electrical conductivity all rise when Al,O; nanoparticle concentrations rise. The insulator constant,
insulator loss and A.C electrical conductivity after irradiation have high values compared before
irradiation which attributed to the plasma interact with the molecular of these nanocomposites.

Acknowledgments

Acknowledgment to University of Babylon.

References

[1] Alsaad, A. M., Al-Bataineh, Q. M., Ahmad, A. A., Jum’h, 1., Alaqtash, N., & Bani-Salameh,
A. A. (2020), Materials Research Express, 6(12), 126446; https://doi.org/10.1088/2053-
1591/ab68a0.

[2] ] H. Gu, H. Zhang, J. Lin, Q. Shao, D. P. Young, L. Sun, et al., Polymer, vol. 143, pp. 324-330,
2018; https://doi.org/10.1016/j.polymer.2018.04.008.

[3] Mohammed, M. K., Abbas, M. H., Hashim, A., Rabee, R. H., Habeeb, M. A., & Hamid, N.
(2022), Journal of Composite and Advanced Materials, 32(4), 205-209;
https://doi.org/10.18280/rcma.320406

[4] Mohammed, M. K., Al-Dahash, G., & Al-Nafiey, A., Journal of Physics: Conference

Series (Vol. 1591, No. 1, p. 012012). IOP Publishing; https://doi.org/10.1088/1742-
6596/1591/1/012012.

[5] Abdullah, N. A., & malk, F. H. (2021), Journal of Natural and Applied Sciences, 25(1), 189—
196; https://doi.org/10.47372/uajnas.2021.n1.al6.

[6] Habeeb, M., Hashim, A., & Hayder, N. (2019), Egyptian Journal of Chemistry, 62(Special
Issue (Part 2) Innovation in Chemistry), 697-708;
https://doi.org/10.21608/ejchem.2019.12439.1774.

[7] Meteab, M.H., Hashim, A. & Rabee, B.H., Opt Quant Electron 55, 187 (2023);
https://doi.org/10.1007/s11082-022-04447-4.

[8] Shamala, K. S., Murthy, L. C. S., & Rao, K. N. (2004); Materials Science and Engineering:
B, 106(3), 269-274; https://doi.org/10.1016/j.mseb.2003.09.036.

[9] Papancea A., Patachia S. (2015), Environmental Engineering and Management Journal, 14(2):
361-371; https://doi.org/10.30638/EEMJ.2015.037.

[10] Cabrales, L.; Abidi, N., Appl. Surf. Sci. 2012, 258, 4636-4641;
https://doi.org/10.1016/j.apsusc.2011.12.130.

[11] Rumi, S.S., Liyanage, S. & Abidi, N., Cellulose 28, 2021-2038 (2021);
https://doi.org/10.1007/s10570-020-03661-1.

[12] Cao, Y.; Hua, H.; Yang, P.; Chen, M.; Chen, W.; Wang, S.; Zhou, X., Carbohydr. Polym.
2020, 233, 115632; https://doi.org/10.1016/j.carbpol.2019.115632.

[13] Ossama E. Gouda, Sohair F. Mahmoud, Ahmed A. El-Gendy, Ahmed S. Haiba, Telkomnika,
Vol.12, No.4, (2014); https://doi.org/10.12928 TELKOMNIKA.v12i4.115.



https://doi.org/10.1016/j.polymer.2018.04.008
https://doi.org/10.18280/rcma.320406
https://doi.org/10.21608/ejchem.2019.12439.1774
https://doi.org/10.1016/j.mseb.2003.09.036
https://doi.org/10.30638/EEMJ.2015.037
https://doi.org/10.1016/j.apsusc.2011.12.130
https://doi.org/10.1007/s10570-020-03661-1
https://doi.org/10.1016/j.carbpol.2019.115632
https://doi.org/10.12928/TELKOMNIKA.v12i4.115

680

[14] Meteab, M.H., Hashim, A. & Rabee, B.H., Silicon 15, 251-261 (2023);
https://doi.org/10.1007/s12633-022-02020-y.

[15] Meteab, M. H., Hashim, A., & Rabee, B. H. (2022), Silicon, 15, 1609—-1620 (2023).;
https://doi.org/10.1007/s12633-022-02114-7.

[16] Paydayesh, A., Azar, A. A., & Arani, A. J. (2015), Ciéncia e Natura, 37, 15-22;
https://doi.org/10.5902/2179460X20823

[17] T. S. Praveenkumar, J. S. Ashwajeet and R. Ramanna, Journal of Polymers, Vol.2015, (2015);
http://dx.doi.org/10.1155/2015/893148

[18] M. Rezvanpour, M. Hasanzadeh, D. Azizi, A. Rezvanpour and M. Alizadeh, Mater. Chem.
Phys., Vol. 215, pp. 299-304, (2018); https://doi.org/10.1016/j.matchemphys.2018.05.044

[19] Mohaimeed, A.A., Rabee, B.H., Opt Quant Electron 55, 254 (2023);
https://doi.org/10.1007/s11082-022-04523-9.

[20] H. Shivashankar, Kevin Amith Mathias, Pavankumar R. Sondar, M. H. Shrishail, and S. M.
Kulkarni, J Mater Sci: Mater Electron, Vol.32, (2021); https://doi.org/10.1007/s10854-021-07242-
1.

[21] K. Praveenkumar, T. Sankarappa, J. S. Ashwajeet, and R. Ramanna, Journal of Polymers,
Vol.2015, Article ID 893148; http://dx.doi.org/10.1155/2015/893148.

[22] Camargo, J. S. G. D., Menezes, A. J. D., Cruz, N. C. D., Rangel, E. C., & Delgado-Silva, A.
D. O. (2018), Materials Research, 20, 842-850; https://doi.org/10.1590/1980-5373-MR-2016-
1111.

[23] S. Jul, M. Chenl, H. Zhang and Z. Zhang, Journal of express Polymer Letters Vol.8, No.9,
PP. 682-691, (2014); https://doi.org/10.3144/expresspolymlett.2014.71.

[24] G.Chakraborty, K. Gupta, D. Rana and A. Kumar Meikap, Advances in Natural Sciences,
Vol. Vol.4, PP. 1-4, (2014); https://doi.org/10.1088/2043-6262/4/2/025005.

[25] S. Jul, M. Chenl, H. Zhang and Z. Zhang, Journal of express Polymer Letters Vol.8, No.9,
PP. 682-691, (2014); https://doi.org/10.3144/expresspolymlett.2014.71.

[26] Majeed Habeeb, Ahmed Hashim, Noor Hayder, Egypt.J.Chem. Vol. 62, Special Issue (Part
2), pp.709- 717 (2019); https://doi.org/10.21608/ejchem.2019.13333.1832.



https://doi.org/10.1007/s12633-022-02020-y
https://doi.org/10.1007/s12633-022-02114-7
https://doi.org/10.5902/2179460X20823
http://dx.doi.org/10.1155/2015/893148
https://doi.org/10.1016/j.matchemphys.2018.05.044
https://doi.org/10.1007/s11082-022-04523-9
https://doi.org/10.1007/s10854-021-07242-1
https://doi.org/10.1007/s10854-021-07242-1
http://dx.doi.org/10.1155/2015/893148
https://doi.org/10.3144/expresspolymlett.2014.71
https://doi.org/10.3144/expresspolymlett.2014.71
https://dx.doi.org/10.21608/ejchem.2019.13333.1832

