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The PVA-Fe,0;-nanocomposites’ films were made using the casting meth-
od with various weight percentages 0, 2, 4, 6 of nanoparticles. When
compared to pure PVA-Fe,O; film, Fourier transform-based infrared
(FTIR) spectroscopy spectra demonstrate a change in a peak location and,
moreover, changes in terms of shape and intensity that suggests decou-
pling between the corresponding vibrations of iron-oxide nanoparticles
(NPs). Images taken with optical microscopy reveal a distinct difference
between the samples without and with iron-oxide NPs. When concentra-
tion reaches 6% weight, the iron-oxide nanoparticles create a continuous
network inside the polymer. The dielectric characteristics of nanocompo-
sites demonstrate that, as Fe,0,-NPs’ concentrations rise, the dielectric
constant, dielectric loss, and alternating-current electrical conductivity of
PVA-Fe,O; nanocomposites are increased. Additionally, when the fre-
quency increases, the electrical conductivity of PVA-Fe,O; nanocompo-
sites increases, while their dielectric constant and dielectric loss fall.
Based on these findings, nanostructures formed of PVA doped with Fe,O,4
show themselves as promising materials for optoelectronic nanodevices
due to improvements in structural and A.C. electrical properties.

IIniekm HamOKOoMmosuTiB moiiBiHinmoBuit cnuprt (IIBC)-Fe,0; BUTrOTOBIAIN
MEeTOAOM JWTTA 3 Pi3HMM BaroBuM BMmicTom HamouactuHOK: 0, 2, 4, 6. VY
nopiBHAHHI 3 ymcroio miaiBkoio IIBC—Fe,0; criekTpu iHGpauyepBOHOI CIEKT-
pockormii Ha ocHoBI Pyp'e-mepeTBOPY AEMOHCTPYIOTH 3MIiHY PO3TAIIyBaHHS
OiKy Ta, KpiM TOro, smMiHm (opMu Ta iHTEHCHUBHOCTH, IO CBiJYUTH IIPO PO3-
YeILJIEHHA MiK BiANOBIZHMMM KOJMBAHHAMN HAHOYACTHHOK OKcumy Pepy-
My. 300pasKeHHs, OJep:KaHi 3a JOMOMOIOI0 ONTHUYHOI MiKpocKomii, mokKasy-
I0Th UYiTKY PLKHUIIO MisK 3paskamMu 6e3 i 3 HaHoOuacTMHKaMu okcugy Pe-
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pymy. Konmu koumenrpailisa carae 6% Baru, HaHOYACTHUHKU OoKcuay Pepymy
CTBOPIOIOTH 0e3MIepepBHY Mepe)Ky BcepenuHi monimepy. HienekTpuuni xapa-
KTEePpUCTUKU HAHOKOMIIO3UTIB MIPOAEMOHCTPYBAJIU, IMO 3i 30iJbIITeHHAM
KOHIeHTpalil HaHouacTHHOK Fe,0; 3pocTaioTs AieeKTpmuHA ITPOHUKHICTS,
IieJIeKTPUYHI BTpaTH ¥ eJeKTPOIPOBIAHICTH 3MIiHHOTO CTPYMY HAHOKOMIIO-
sutriB IIBC—Fe,O;. Kpim Toro, 3i 36inbarieHHAM 4acTOTH 30iJbIIYETHCA eJie-
KTpomnpoBigHicte HaHokomno3utiB IIBC-Fe,0;, a ixmi amiemexkTpmuyna mpo-
HUKHICTh 1 mieneKTpuuHi BTpatTw mnagamoTh. Buxogdum 3 IIuX BUCHOBKIB,
HaHOCTPYKTypHu, chopmoBani 3 IIBC, nerosanoro Fe,O;, € mepcueKTUBHUMU
MaTepisajaMy I OITOEJEKTPOHHUX HAHOIPUCTPOIB 3aBAAKU IIOJINIIEHHIO
CTPYKTYPHUX Ta €JEeKTPUUYHUX (IJIsI 3MiHHOTO CTPYMY) BJIACTHUBOCTEM.

Key words: nanocomposites, structural properties, electrical properties,
electronic applications.

Karouori ciioBa: HaHOKOMHIO3UTU, CTPYKTYPHI BJIACTUBOCTI, €JEKTPUYHI
BJIACTHUBOCTi, €JIeKTPOHHI 3aCTOCYBaHHA.

(Received 11 August, 2023; in revised form, 13 August, 2023)

1. INTRODUCTION

Investigation of polyvinyl alcohol (PVA) nanomaterials with iron ox-
ide as well as of dispersing polymers with inorganic nanoparticles
(NPs) has recently increased interest to improve various functional
qualities; this includes electrical, magnetic, optical, thermal, and me-
chanical skills [1, 2]. Under preparation conditions, the composites’
characteristics were impacted. Numerous studies have demonstrated
the complexity of the creation and characterization of polymer compo-
sites, as well as the relationships between their processing, structural,
morphological, and functional features [3, 4]. Due to its easy pro-
cessing, high transmittance, and ease of solubilization in water, PVA
is useful for a variety of polymer engineering technology, pharmaceu-
tical, and biological applications [5, 6]. Because iron oxide nanoparti-
cles are easily made in aqueous medium and are water soluble, the
preparation is non-toxic. PVA has good qualities including thermal
stability and chemical resistance, which have been thoroughly demon-
strated by several investigations [7]. Iron-oxide nanoparticles have
been discovered and become effective magnetic, magnetooptical, and
electromagnetism platforms for medicinal applications [8, 9].
Researchers were interested in PVA/iron oxide polymer nano-
composites because of their improved properties and inexpensive
production costs, making them the most attractive candidate among
the competition after distributing Fe,O; nanoparticles of PVA band
gap [10—13]. The experimental findings that are currently accessible
significantly improve our comprehension of their underlying ideas,
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ensuring that this class of materials can be used in a wide range of
applications. The optical characteristics of PVA nanocomposites,
however, are receiving less attention despite recent advancements
and developments [14, 15].

The optical properties can be used to provide detailed information
because they are crucial and closely related to several other quali-
ties. The quantity of iron oxide nanoparticles and the processes
used to prepare the materials can have an impact on a number of
significant Iron oxide nanocomposites without PVA optical charac-
teristics, including band gap, reflection index, dielectric value, and
optical absorption. For instance, varied magnetic properties for the
same substance [16, 17]. Additionally, distinct magnetic, thermal,
and electrical properties were discovered as a result of the disper-
sion particle concentration shift [18]. This result also reveals that
the optical characteristics may be greatly affected by the effect of
iron oxide concentration. Thus, it should come as no surprise that
this topic is now undergoing extensive research and is still nascent.
Therefore, the prospective application these nanocomposites can be
controlled successfully by evaluating various synthesizing processes
and analysing the connection between the qualities and the ap-
proach [19, 20]. In this study, nanocomposite films of PVA-Fe,0,4
have not been thoroughly studied, and their properties have been
investigated to improve their performance in various applications.

2. EXPERIMENTAL PART

The PVA-Fe,O; blend with various Fe,O; nanoparticle concentra-
tions was used to create the nanocomposites. PVA was dissolved in
40 ml of distilled water at temperature 70°C, using a magnetic stir-
rer, to achieve more homogeneous solution. Fe,O; nanoparticles
were added with concentrations of 0, 2, 4, 6 wt.% by using casting
method. An optical microscope of the Olympus type Nikon-73346
with a magnification of x10 and a tiny photographic camera was
used to test the materials at various concentrations. FTIR spectra
have been investigated by FTIR. The range of wave numbers 500—
4000 cm' (Bruker, of Vertex-70 is of German origin. kind). Dielec-
tric properties comprising dielectric constant, dielectric loss, and
conductivity of an alternating current for the nanocomposites were
tested employing the LCR-meter type (HIOKI 3532-50 LCR HI
TESTER) for a range of frequencies between 100 Hz and 5 MHz.
The dielectric constant (¢') is given by [21] as follows:

g = Cp/C(), (1)

where C, is capacitance and C, is a vacuum capacitance.
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The dielectric loss (¢") is given by the following equation [22]:
' =¢D, (2)

where D is the displacement.
A.C. electrical conductivity is determined by [23] as follows:

Oa.c. = OE'gy, 3

where o is angular frequency.

3. RESULTS AND DISCUSSION

In order to study interactions between atoms or ions in nanocompo-
sites of PVA-Fe,0;, changes in the vibrational modes of these in-
teractions can include the nanocomposites. The transmittance spec-
tra of FTIR for PVA-Fe,O; nanocomposites are shown in Fig. 1, a,
b, ¢, and d, reported in the range of 600-4500 cm™ at standard
room temperature. It is obvious from the infrared spectra that vari-
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Fig. 1. FTIR spectra for PVA-Fe,0; with nanocomposites: (a) PVA; (b) 2
wt.% Fe,O5 NPs; (¢) 4 wt.% Fe,O; NPs; (d) 6 wt.% Fe,O; NPs.
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ations in the ratio of Fe,0; nanoparticles result in some discernible
the spectrum of PVA changes. It causes certain new zones of ab-
sorption to form as well as small adjustments to the intensities of
some existing bands. Similar to flaws caused via means of charge-
transfer interaction in the space between the dopant species and a
polymer chain, the new absorption bands may be connected. The
PVA films’ FTIR spectra showed broad and powerful frequencies at
3750 cm !, which is attributable to the O—H groups of hydroxyl vi-
brating during the stretch, and at 2921 cm™, which is attributed to
the O—H vibration breaking of the hydroxyl molecules, which is at-
tributed to the C—H shaking and stretching. The C=0, C=C elongat-
ing modes are thought to be responsible for peaks at 1558 cm™ and
1457 cm™. FTIR spectra show decrease in the transmittance with
increasing ratio of nanoparticles [24, 25].

Figure 2 shows images of films made of PVA—Fe,O; nanocompo-
sites, which were captured at x10 magnification for samples with
different concentrations. This figure manifests clear differences be-
tween image a and images (b, ¢, d). When the concentration of iron-

Fig. 2. Photomicrographs (x10) for nanocomposites of PVA-Fe,0;: (a)
PVA; (b) 2 wt.% Fe,O; NPs; (¢) 4 wt.% Fe,O; NPs; (d) 6 wt.% Fe,O; NPs.
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oxide nanoparticles reaches 6 wt.%, the nanoparticles form a con-
tinuous network inside the polymer. Charge carriers are allowed to
move along certain channels in this network, which reduces the re-
sistance of the polymeric material (PVA) [26, 27].

Figure 3 depicts the dielectric constant with frequency for PVA-
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Fig. 3. Variation of the dielectric constant with frequency for PVA—-Fe,O,4
nanocomposites.
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Fig. 4. Change of the dielectric constant for PVA-Fe,O; nanocomposites
with iron-oxide content at 100 Hz.
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Fig. 5. The dielectric loss as a function of frequency for PVA—-Fe,O; nano-
composites.

Fe,O; nanocomposites. The figure demonstrates that, as frequency
increases, the dielectric constant falls that is due to a reduction in
space charge polarization [28—30]. Additionally, as shown in Fig. 4,
we can see that the dielectric constant rises as the concentration of
iron-oxide nanoparticles raises that is because of an increase in the
charge carried by the nanoparticles [31-34].

Figure 5 depicts the influence of frequency on the dielectric loss of
PVA-Fe,0; nanocomposites at various iron-oxide-nanoparticles’ con-
centrations (see Fig. 6 too). Because there are fewer dipoles in nano-
composites, the dielectric loss lowers as frequency rises [35—38].

As shown in Fig. 7, the polymer-matrix electrical conductivity
increases with an increase in weight percentage of iron-oxide nano-
particles. This is a result of an increase in the quantity of electrons
in nanocomposites [39, 40]. A.C. electrical conductivity of PVA-
Fe,O; nanocomposites is increasing with frequency too (Fig. 8). Due
to electronic polarization and transporters of charges, which move
by hopping, the conductivity of alternating current (A.C.) increases
as frequency rises [41-43]. According to Fig. 8, a rise in iron-oxide
nanoparticles’ concentration leads to an increase in electrical con-
ductivity of nanocomposites, which is attributable to an increase in
charge carries [44, 45].

4. CONCLUSIONS

1. The FTIR spectrum shows a difference in peak position and in-
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The A.C. electric conductivity of PVA-Fe,0; nanocomposites vary-

ing with frequency.

tensity of PVA—Fe,0; nanostructures. This suggests the disassocia-
tion between the vibrations in the polymer and the iron-oxide nano-
particles.

2. From optical-microscopy images, the iron-oxide nanoparticles
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Fig. 8. A.C. electrical conductivity of PVA-Fe,0; nanocomposites versus
iron-oxide nanoparticles at 100 Hz.

form
wt. 0/0

a continuous network within the polymer (at concentration 6

).

3. As the frequency rises, the dielectric constant and dielectric loss
decrease, while A.C. electrical conductivity increases for all PVA-
Fe,O; nanocomposites.

4. The dielectric constant, dielectric loss and electrical conductivity
are increasing with increasing of Fe,O; nanoparticles.

REFERENCES

T. A. Taha, Polym. Bull., 76, No. 2: 903 (2019);
https://doi.org/10.1007/s00289-018-2417-8

A. H . Hadi and M. A. Habeeb, Journal of Mechanical Engineering Research
and Developments, 44, No. 3: 265 (2021); https://jmerd.net/03-2021-265-
274

R. Bouzerara, S. Achour, N. Tabet, and S. Zerkout, Int. J. Nanoparticles, 4,
No. 1: 10 (2011); doi:10.1504/IJNP.2011.038247

M. A. Habeeb and Z. S. Jaber, East European Journal of Physics, 4: 176
(2022); doi:10.26565/2312-4334-2022-4-18

M. A. Habeeb, European Journal of Scientific Research, 57, No. 3: 478
(2011).

Q. M. Jebur, A. Hashim, and M. A. Habeeb, Egyptian Journal of Chemistry,
63: 719 (2020); https://dx.doi.org/10.21608/ejchem.2019.14847.1900

G. S. Kim and S. H. Hyun, J. Mater. Sci., 38: 1961 (2003);
https://doi.org/10.1023/A:1023560601911

S. M. Mahdi and M. A. Habeeb, Optical and Quantum Electronics, 54,

Iss. 12: 854 (2022); https://doi.org/10.1007/s11082-022-04267-6


https://doi.org/10.1007/s00289-018-2417-8
https://jmerd.net/03-2021-265-274
https://jmerd.net/03-2021-265-274
http://dx.doi.org/10.1504/IJNP.2011.038247
doi:10.26565/2312-4334-2022-4-18
https://dx.doi.org/10.21608/ejchem.2019.14847.1900
https://doi.org/10.1023/A:1023560601911
https://doi.org/10.1007/s11082-022-04267-6

684

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Zainab Sabri JABER and Majeed Ali HABEEB

N. Hayder, M. A. Habeeb, and A. Hashim, Egyptian Journal of Chemistry,
63: 577 (2020); doi:10.21608/ejchem.2019.14646.1887

D. Dibbern-Brunelli, T. D. Z. Atvars, I. Joekes, and V. C. Barbosa, J. Appl.
Polym. Sci., 69, No. 4: 645 (1998); doi:10.1002/(SICI)1097-
4628(19980725)69:4<645::AID-APP3>3.0.CO;2-J

M. A. Habeeb, A. Hashim, and N. Hayder, Egyptian Journal of Chemistry,
63: 709 (2020); https://dx.doi.org/10.21608/ejchem.2019.13333.1832

A. Hashim, M. A. Habeeb, and Q. M. Jebur, Egyptian Journal of Chemistry,
63: 735 (2020); https://dx.doi.org/10.21608/ejchem.2019.14849.1901

S. M. Mahdi and M. A. Habeeb, Physics and Chemistry of Solid State, 23,
No. 4: 785 (2022); doi:10.15330/pcss.23.4.785-792

N. H. El Fewaty, A. El Sayed, and R. Hafez, Polymer Science Series A, 58:
1004 (2016); https://doi.org/10.1134/S0965545X16060055

M. A. Habeeb and W. S. Mahdi, International Journal of Emerging Trends
in Engineering Research, 7, No. 9: 247 (2019);
doi:10.30534/ijeter/2019/06792019

M. A. Habeeb and R. S. Abdul Hamza, Journal of Bionanoscience, 12,

No. 3: 328 (2018); https://doi.org/10.1166/jbns.2018.1535

S. Nambiar and J. T. Yeow, ACS Applied Materials & Interfaces, 4, No. 11:
5717 (2012); doi:10.1021/am300783d

M. A. Habeeb, A. Hashim, and N. Hayder, Egyptian Journal of Chemistry,
63: 697 (2020); https://dx.doi.org/10.21608/ejchem.2019.12439.1774

M. A. Habeeb and W. K. Kadhim, Journal of Engineering and Applied Sci-
ences, 9, No. 4: 109 (2014); doi:10.36478/jeasci.2014.109.113

M. Hdidar, S. Chouikhi, A. Fattoum, M. Arous, and A. Kallel, Journal of
Alloys and Compounds, 750: 375 (2018);
https://doi.org/10.1016/j.jallcom.2018.03.272

M. A. Habeeb, Journal of Engineering and Applied Sciences, 9, No. 4: 102
(2014); doi:10.36478/jeasci.2014.102.108

H. J. Park, A. Badakhsh, I. T. Im, M.-S. Kim, and C. W. Park, Applied
Thermal Engineering, 107: 907 (2016);
doi:10.1016/j.applthermaleng.2016.07.053

S. M. Mahdi and M. A. Habeeb , Digest Journal of Nanomaterials and Bio-
structures, 17, No. 3: 941(2022);
https://doi.org/10.15251/DJNB.2022.173.941

G. A. Eid, A. Kany, M. El-Toony, 1. Bashter, and F. Gaber, Arab. J. Nucl.
Sci. Appl., 46, No. 2: 226 (2013).

A. H. Hadi and M. A. Habeeb, Journal of Physics: Conference Series, 1973:
No. 1: 012063 (2021); do0i:10.1088/1742-6596/1973/1/012063

Q. M. Jebur, A. Hashim, and M. A. Habeeb, Egyptian Journal of Chemistry,
63, No. 2: 611 (2020);
https://dx.doi.org/10.21608/ejchem.2019.10197.1669

G. Aras, E. L. Orhan, I. F. Sel¢uk, S. B. Ocak and M. Ertugrul, Procedia-
Social and Behavioral Sciences, 95: 1740 (2015).

M. A. Habeeb and A. H. Mohammed, Optical and Quantum Electronics, 55,
Iss. 9: 791 (2023); https://doi.org/10.1007/s11082-023-05061-8

M. H. Dwech, M. A. Habeeb, and A. H. Mohammed, Ukr. J. Phys., 67,

No. 10: 757 (2022); https://doi.org/10.15407 /ujpe67.10.757

C. U. Devi, A. K. Sharma, and V. Rao, Materials Letters, 56, No. 3: 167


http://dx.doi.org/10.21608/ejchem.2019.14646.1887
http://dx.doi.org/10.1002/(SICI)1097-4628(19980725)69:4%3c645::AID-APP3%3e3.0.CO;2-J
http://dx.doi.org/10.1002/(SICI)1097-4628(19980725)69:4%3c645::AID-APP3%3e3.0.CO;2-J
https://dx.doi.org/10.21608/ejchem.2019.13333.1832
https://dx.doi.org/10.21608/ejchem.2019.14849.1901
doi:10.15330/pcss.23.4.785-792
https://doi.org/10.1134/S0965545X16060055
http://dx.doi.org/10.30534/ijeter/2019/06792019
https://doi.org/10.1166/jbns.2018.1535
https://doi.org/10.1021/am300783d
https://dx.doi.org/10.21608/ejchem.2019.12439.1774
doi:10.36478/jeasci.2014.109.113
https://doi.org/10.1016/j.jallcom.2018.03.272
doi:10.36478/jeasci.2014.102.108
https://doi.org/10.1016/j.applthermaleng.2016.07.053
https://doi.org/10.15251/DJNB.2022.173.941
doi:10.1088/1742-6596/1973/1/012063
https://dx.doi.org/10.21608/ejchem.2019.10197.1669
https://doi.org/10.1007/s11082-023-05061-8
https://doi.org/10.15407/ujpe67.10.757

STRUCTURALAND A.C. ELECTRICAL PROPERTIES OF PVA /Fe, 0, NANOCOMPOSITES 685

(2002).

31. M. Martin, N. Prasad, M. M. Siva Lingam, D. Sastikumar, and
B. Karthikeyan, Journal of Material Science: Material in Electronics, 29:
365 (2018).

32. M. A. Habeeb and W. H. Rahdi, Optical and Quantum Electronics, 55,
Iss. 4: 334 (2023); https://doi.org/10.1007/s11082-023-04639-6

33. W. Yingkang, Y. Yang, and R. Ruicheng, Chin. J. Polym. Sci., 3: 289
(2009); https://doi.org/10.1002/pola.23288

34. R. Dalven and R. Gill, J. Appl. Phys., 38, No. 2: 753 (1967);
do0i:10.1063/1.1709406

35. V. M. Mohan, P. B. Bhargav, V. Raja, A. K. Sharma, and N. Rao, Soft Ma-
ter., 5, No. 1: 33 (2007); https://doi.org/10.1080/15394450701405291

36. R. N. Bhagat and V. S. Sangawar, Int. J. Sci. Res. (IJSR), 6: 361 (2017).

37. R. S. Abdul Hamza and M. A. Habeeb, Optical and Quantum Electronics,
55, Iss. 8: 705 (2023); https://doi.org/10.1007/s11082-023-04995-3

38. A. Goswami, A. K. Bajpai, and B. K. Sinha, Polym. Bull., 75, No. 2: 781
(2018).

39. S. M. Mahdi and M. A. Habeeb, AIMS Materials Science, 10, No. 2: 288
(2023); d0i:10.3934/matersci.2023015

40. 0. E. Gouda, S. F. Mahmoud, A. A. El-Gendy, and A. S. Haiba, Indonesian
Journal of Electrical Engineering, 12, No. 12: 7987 (2014).

41. M. A. Habeeb and R. S. A. Hamza, Indonesian Journal of Electrical Engi-
neering and Informatics, 6, No. 4: 428 (2018); doi:10.11591/ijeei.v6i1.511

42. Z. S. Jaber, M. A. Habeeb, and W. H. Radi, East European Journal of Phys-
ics, 2: 228 (2023); doi:10.26565/2312-4334-2023-2-25

43. Z. Guo, J. Nanoparticle Res., 12: 2415 (2010).

44. A. A. Mohammed and M. A. Habeeb, East European Journal of Physics, 2:
157 (2023); do0i:10.26565/2312-4334-2023-2-15

45, N. K. Al-Sharifi and M. A. Habeeb, East European Journal of Physics, 2:
341 (2023); doi:10.26565/2312-4334-2023-2-40


https://doi.org/10.1007/s11082-023-04639-6
https://doi.org/10.1002/pola.23288
doi:10.1063/1.1709406
https://doi.org/10.1080/15394450701405291
https://doi.org/10.1007/s11082-023-04995-3
doi:10.3934/matersci.2023015
http://dx.doi.org/10.11591/ijeei.v6i1.511
doi:10.26565/2312-4334-2023-2-25
doi:10.26565/2312-4334-2023-2-15
doi:10.26565/2312-4334-2023-2-40

