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The present study aims to prepare the PVP/Si3N4/Al2O3 nanostructures to 
use them in different electrical and electronics fields. The dielectric prop-
erties of PVP/Si3N4/Al2O3 nanostructures are tested. The experimental 
results illustrate that the dielectric constant () and dielectric loss () of 
PVP/Si3N4/Al2O3 nanostructures decrease, while the electrical conductivi-
ty (A.C.) is rising with a rise in the frequency. The dielectric parameters 
(dielectric constant, dielectric loss, and electrical conductivity) are rising 
with a rise in the concentration. Finally, the results show that the 
PVP/Si3N4/Al2O3 nanostructures can be appropriate in various electronics 
fields. 

Це дослідження спрямовано на підготовку наноструктур полівінілпіро-
лідон/Si3N4/Al2O3 для використання їх у різних галузях електротехніки 
й електроніки. Вивчено діелектричні властивості наноструктур поліві-
нілпіролідон/Si3N4/Al2O3. Результати експерименту показують, що діе-
лектрична проникність () і діелектричні втрати () наноструктур по-
лівінілпіролідон/Si3N4/Al2O3 зменшуються, тоді як електропровідність 
(A.C.) зростає зі збільшенням частоти. Діелектричні параметри (діелек-
трична проникність, діелектричні втрати й електропровідність) зроста-
ють зі збільшенням концентрації. Нарешті, результати показують, що 
наноструктури полівінілпіролідон/Si3N4/Al2O3 можуть бути доречними 
в різних областях електроніки. 
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1. INTRODUCTION 

Polymeric materials are generally insulating or nonconductive ma-
terials in nature and normally used in electric and electronic appli-
cations as insulators, but likely to accumulate the electronic dis-
charge. 
 The composites are the wonder materials, which are an essential 
part of today’s materials due to the advantages such as low weight, 
corrosion resistance, high fatigue strength, and faster assembly. 
They are extensively used as materials in making aircraft struc-
tures, electronic packaging to medical equipment, and space vehicle 
to home building. The composites offer unusual combinations of 
materials properties such as weight, strength, stiffness, permeabil-
ity, electrical, biodegradability and optical properties that is diffi-
cult to attain separately by individual components [1]. 
 As the demand for electronics and capacitor devices increases, 
high dielectric materials have attracted increasing attention. 
 Polymer materials own advantages of ease of processing, flexibil-
ity, and good mechanical properties but the dielectric properties are 
usually less than satisfactory. Therefore, the preparation of high 
dielectric composites by introducing high dielectric fillers has be-
come a research hotspot [2]. Polyvinylpyrrolidone (PVP) has a high 
polar group, low toxicity, biodegradable and amorphous nature with 
good film properties. It has two interactive sites N atom and C=O 
group. It acts as a protecting agent with other surfaces of inorganic 
compounds [3]. 
 Silicon nitride (Si3N4) is a highly stable covalent compound with 
great application value in many fields due to good corrosion re-
sistance and excellent resistance to temperature change. It may be 
an effective filler to improve the performance of polymer materials 
[4]. Alumina particles act as barriers to dislocations, and the in-
crease of its content increases hardness, compressive strength and 
Young’s modulus, however, decreases ductility [5]. 
 The nanocomposites have huge applications in different fields 
like antibacterial [6–11], energy storage [12–14], optical fields [15–
24], radiation shielding and bioenvironmental [25–30], electronics 
and optoelectronics [31–45] sensors [46, 47]. 
 This work deals with preparation of PVP/Si3N4/Al2O3 nanostruc-
tures and investigating the A.C. electrical properties to use in vari-
ous electronics applications. 
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2. MATERIALS AND METHODS 

The materials were used in present work are PVP as matrix with 
Si3N4/Al2O3 nanoparticles (NPs) as additive. The PVP/Si3N4/Al2O3 
nanostructures were prepared using casting method with concentra-
tions (C112.5 gm/L, C225 gm/L, and C350 gm/L) and constant 
ratio of Si3N4/Al2O3 NPs (6%) with concentration of 50% Al2O3 and 
50% Si3N4. The dielectric properties of PVP/Si3N4/Al2O3 nanostruc-
tures were tested at frequency range (100 Hz–5 MHz) by LCR me-
ter (HIOKI 3532-50 LCR HI TESTER). 
 The dielectric constant () was calculated by [48]: 

 Cp/C0, (1) 

where Cp is the capacitance of matter and C0 is the vacuum capaci-
tance. 
 Dielectric loss () was found by [48]: 

 D, (2) 

where D is the dispersion factor. 
 The A.C. electrical conductivity was given [49]: 

 A.C.2πfD. (3) 

3. RESULTS AND DISCUSSION 

Figures 1–4 show the variation of dielectric constant () and dielec-
tric loss () with frequency and concentration, respectively. The 
figures show that  and  have large values at low frequencies. The 
interfacial effects present in the majority of the film and the elec-
trode effects might both be responsible for the high values of  and 
. It can be observed that for all frequency ranges, the values of  
and  for PVP/Si3N4/Al2O3 nanostructures rise with increasing 
concentration. The increase of  and  values can be related to 
raise in the number charges carriers [50–63]. 
 The behaviour of A.C. electrical conductivity for the 
PVP/Si3N4/Al2O3 nanostructures with frequency and concentration 
are shown in Figs. 5 and 6, respectively. From these figures, the 
conductivity increases with rising of the concentration. The low-
frequency region exhibits dispersion due to spatial charging or inter 
polarization. 
 In addition, the decrease of conductivity at lower frequency was 
due to decrease number of mobile ions resulting from charged cu-
mulative at polymer interfaces. The improvement of electrical con-
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ductivity with concentration was because of the raising the number 
of dopants, where the Si3N4/Al2O3NPs molecules begin to bridge the 
gaps between two localized states and lower potential barriers sepa-
rating them; therefore, the transfer of charge carriers is easy be-
tween them, according to the percolation theory; hence, the conduc-
tivity increases as a results of increase the number of charges carri-
ers. 
 Moreover, this improvement is assigned to the higher conductivity 

of the added Si3N4/Al2O3 NPs and increased charge mobility due to the 

increased amorphous degree within the doped samples [64–69]. 

 

Fig. 1. Variation of dielectric constant for the PVP/Si3N4/Al2O3 nanostruc-
tures with frequency. 

 

Fig. 2. Dielectric loss variation for the PVP/Si3N4/Al2O3 nanostructures 
with frequency. 
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4. CONCLUSIONS 

This work involved fabrication of PVP/Si3N4/Al2O3 nanostructures to 
use in various electrical and electronics applications. The dielectric 
properties of PVP/Si3N4/Al2O3 nanostructures were examined. The re-
sults showed that the dielectric constant and dielectric loss of 
PVP/Si3N4/Al2O3 nanostructures decreased while the electrical conduc-
tivity was rise with a rise in the frequency. The dielectric parameters 
(dielectric constant, dielectric loss and electrical conductivity) were 

 

Fig. 3. Behaviour of dielectric constant for the PVP/Si3N4/Al2O3 
nanostructures with concentration. 

 

Fig. 4. Dielectric loss performance for the PVP/Si3N4/Al2O3 nanostructures 
with concentration. 
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raised with a rise in the concentration. The obtained results showed 
that the PVP/Si3N4/Al2O3 nanostructures could be suitable in many 
electronics applications. 

REFERENCES 

1. E. Nivrtirao, Int. J. of Adv. Res. in Sci. and Eng., 6, Iss. 1: 724 (2017). 

 

Fig. 5. Variation of A.C. electrical conductivity for the PVP/Si3N4/Al2O3 
nanostructures with frequency. 

 

Fig. 6. Behaviour of A.C. electrical conductivity for the PVP/Si3N4/Al2O3 
nanostructures with concentration. 



AUGMENTED DIELECTRIC PROPERTIES OF PVP/Si3N4/Al2O3 NANOSTRUCTURES 163 

2. Q. Wang, J. Che, W. Wu, Z. Hu, X. Liu, T. Ren, Y. Chen, and J. Zhang, Poly-

mers, 15, No. 3: 590 (2023); https://doi.org/10.3390/polym15030590 

3. M. F. H. Abd El-Kader, Mohamed T. Elabbasy, A. A. Adeboye, and 

A. A. Menazea, Polymer Bulletin, 79: 9779 (2022); 
https://doi.org/10.1007/s00289-021-03975-5 

4. X. Wang and Y. Hu, Polymers & Polymer Composites, 25, Iss. 1: 35 (2017). 

5. W. S. Barakat, O. Elkady, A. Abu-Oqail, H. M. Yehya, and A. EL-Nikhaily, 
Journal of Petroleum and Mining Engineering, 22: 1 (2020); 
doi:10.21608/jpme.2020.19110.1017 

6. O. B. Fadil and A. Hashim, Nanosistemi, Nanomateriali, Nanotehnologii, 20, 
Iss. 4: 1029 (2022); https://doi.org/10.15407/nnn.20.04.1029 

7. W. O. Obaid and A. Hashim, Nanosistemi, Nanomateriali, Nanotehnologii, 20, 
Iss. 4: 1009 (2022); https://doi.org/10.15407/nnn.20.04.1009 

8. M. H. Meteab, A. Hashim, and B. H. Rabee, Nanosistemi, Nanomateriali, Nan-

otehnologii, 21, Iss. 1: 199 (2023); https://doi.org/10.15407/nnn.21.01.199 

9. A. Hashim, I. R. Agool, and K. J. Kadhim, Journal of Bionanoscience, 12, No. 
5: 608 (2018); doi:10.1166/jbns.2018.1580 

10. A. Hazim, A. Hashim, and H. M. Abduljalil, International Journal of Emerging 

Trends in Engineering Research, 7, No. 8: 68 (2019); 
https://doi.org/10.30534/ijeter/2019/01782019 

11. A. Hazim, H. M. Abduljalil, and A. Hashim, International Journal of Emerging 

Trends in Engineering Research, 7, No. 8: 104 (2019); 
https://doi.org/10.30534/ijeter/2019/04782019 

12. A. Hadi, A. Hashim, and D. Hassan, Bulletin of Electrical Engineering and In-

formatics, 9, No. 1: 83 (2020); doi:10.11591/eei.v9i1.1323 

13. H. Ahmed and A. Hashim, Nanosistemi, Nanomateriali, Nanotehnologii, 20, 
Iss. 4: 951 (2022); https://doi.org/10.15407/nnn.20.04.951 

14. A. S. Shareef, F. Lafta R., A. Hadi and A. Hashim, International Journal of 

Scientific & Technology Research, 8, Iss. 11: 1041 (2019). 

15. H. Ahmed and A. Hashim, Silicon, 15: 2339 (2023); 
https://doi.org/10.1007/s12633-022-02173-w 

16. H. B. Hassan, H. M. Abduljalil, and A. Hashim, Nanosistemi, Nanomateriali, 
Nanotehnologii, 20, Iss. 4: 941 (2022); 
https://doi.org/10.15407/nnn.20.04.941 

17. H. A. Jawad and A. Hashim, Nanosistemi, Nanomateriali, Nanotehnologii, 20, 
No. 4: 963 (2022); https://doi.org/10.15407/nnn.20.04.963 

18. H. Ahmed and A. Hashim, Silicon, 14: 6637 (2022); 
https://doi.org/10.1007/s12633-021-01449-x 

19. H. Ahmed and A. Hashim, Silicon, 13: 4331(2020); 
https://doi.org/10.1007/s12633-020-00723-8 

20. H. Ahmed and A. Hashim, Transactions on Electrical and Electronic Materi-

als, 22: 335 (2021); https://doi.org/10.1007/s42341-020-00244-6 

21. N. AH. Al-Aaraji, A. Hashim, A. Hadi, and H. M. Abduljalil, Silicon, 14: 10037 

(2022); https://doi.org/10.1007/s12633-022-01730-7 

22. H. Ahmed and A. Hashim, Opt. Quant. Electron., 55: 1 (2023); 
https://doi.org/10.1007/s11082-022-04273-8 

23. W. O. Obaid and A. Hashim, Silicon, 14: 11199 (2022); 
https://doi.org/10.1007/s12633-022-01854-w 

24. O. B. Fadil and A. Hashim, Silicon, 14: 9845 (2022); 

https://doi.org/10.3390/polym15030590
https://doi.org/10.1007/s00289-021-03975-5
doi:10.21608/jpme.2020.19110.1017
https://doi.org/10.15407/nnn.20.04.1029
https://doi.org/10.15407/nnn.20.04.1009
https://doi.org/10.15407/nnn.21.01.199
doi:10.1166/jbns.2018.1580
https://doi.org/10.30534/ijeter/2019/01782019
https://doi.org/10.30534/ijeter/2019/04782019
doi:10.11591/eei.v9i1.1323
https://doi.org/10.15407/nnn.20.04.951
https://doi.org/10.1007/s12633-022-02173-w
https://doi.org/10.15407/nnn.20.04.941
https://doi.org/10.15407/nnn.20.04.963
https://doi.org/10.1007/s12633-021-01449-x
https://doi.org/10.1007/s12633-020-00723-8
https://doi.org/10.1007/s42341-020-00244-6
https://doi.org/10.1007/s12633-022-01730-7
https://doi.org/10.1007/s11082-022-04273-8
https://doi.org/10.1007/s12633-022-01854-w


164 Ahmed HASHIM and Aseel HADI 

https://doi.org/10.1007/s12633-022-01728-1 

25. B. Abbas and A. Hashim, International Journal of Emerging Trends in Engi-

neering Research, 7, No. 8: 131 (2019); 
https://doi.org/10.30534/ijeter/2019/06782019 

26. K. H. H. Al-Attiyah, A. Hashim, and S. F. Obaid, Journal of Bionanoscience, 
12: 200 (2018); doi:10.1166/jbns.2018.1526 

27. H. A. J. Hussien, A. Hadi, and A. Hashim, Nanosistemi, Nanomateriali, Nano-

tehnologii, 20, No. 4: 1001 (2022); https://doi.org/10.15407/nnn.20.04.1001 

28. A. Hashim and N. Hamid, Journal of Bionanoscience, 12, No. 6: 788 (2018); 
doi:10.1166/jbns.2018.1591 

29. A. Hashim and Z. S. Hamad, Journal of Bionanoscience, 12, No. 4: 488 (2018); 

doi:10.1166/jbns.2018.1551 

30. A. Hashim and Z. S. Hamad, Journal of Bionanoscience, 12, No. 4: 504 (2018); 
doi:10.1166/jbns.2018.1561 

31. A. Hazim, A. Hashim, and H. M. Abduljalil, Nanosistemi, Nanomateriali, Nan-

otehnologii, 18, No. 4: 983 (2020); https://doi.org/10.15407/nnn.18.04.983 

32. A. Hashim and Z. S. Hamad, Nanosistemi, Nanomateriali, Nanotehnologii, 18, 
No. 4: 969 (2020); https://doi.org/10.15407/nnn.18.04.969 

33. A. Hazim, A. Hashim, and H. M. Abduljalil, Egypt. J. Chem., 64, No. 1: 359 

(2021); doi:10.21608/EJCHEM.2019.18513.2144 

 ;H. Ahmed and A. Hashim, Journal of Molecular Modeling, 26: 1 (2020)‏ .34
doi:10.1007/s00894-020-04479-1 

35. H. Ahmed and A. Hashim, Silicon, 14: 4907 (2022); 
https://doi.org/10.1007/s12633-021-01258-2 

36. H. Ahmed and A. Hashim, Opt. Quant. Electron., 55: 280 (2023); 
https://doi.org/10.1007/s11082-022-04528-4 

37. G. Ahmed and A. Hashim, Silicon, 15: 3977 (2023); 
https://doi.org/10.1007/s12633-023-02322-9 

38. M. H. Meteab, A. Hashim, and B. H. Rabee, Opt. Quant. Electron., 55: 187 

(2023); https://doi.org/10.1007/s11082-022-04447-4 

39. B. Mohammed, H. Ahmed, and A. Hashim, Nanosistemi, Nanomateriali, 
Nanotehnologii, 21, Iss. 1: 113 (2023); 
https://doi.org/10.15407/nnn.21.01.133 

40. A. Hashim, Opt. Quant. Electron., 53: 1 (2021); 
https://doi.org/10.1007/s11082-021-03100-w 

41. H. Ahmed and A. Hashim, Trans. Electr. Electron. Mater., 23: 237 (2022); 
https://doi.org/10.1007/s42341-021-00340-1 

42. H. Ahmed and A. Hashim, Silicon, 14: 7025 (2021); 
https://doi.org/10.1007/s12633-021-01465-x 

43. A. Hazim, A. Hashim, and H. M. Abduljalil, Trans. Electr. Electron. Mater., 21: 
48 (2019); https://doi.org/10.1007/s42341-019-00148-0 

44. A.F. Kadhim, and A. Hashim, Opt Quant Electron., 55: 432 (2023); 
https://doi.org/10.1007/s11082-023-04699-8 

45. A. Hashim, Nanosistemi, Nanomateriali, Nanotehnologii, 19, Iss. 3: 647 

(2021); https://doi.org/10.15407/nnn.19.03.647 

46. H. Ahmed and A. Hashim, International Journal of Scientific & Technology 

Research, 8, Iss. 11: 1014 (2019). 

47. B. Mohammed, H. Ahmed, and A. Hashim, Nanosistemi, Nanomateriali, Nano-

tehnologii, 20, No. 1: 187 (2022); https://doi.org/10.15407/nnn.20.01.187 

https://doi.org/10.1007/s12633-022-01728-1
https://doi.org/10.30534/ijeter/2019/06782019
doi:10.1166/jbns.2018.1526
https://doi.org/10.15407/nnn.20.04.1001
doi:10.1166/jbns.2018.1591
doi:10.1166/jbns.2018.1551
doi:10.1166/jbns.2018.1561
https://doi.org/10.15407/nnn.18.04.983
https://doi.org/10.15407/nnn.18.04.969
doi:10.21608/EJCHEM.2019.18513.2144
doi:10.1007/s00894-020-04479-1
https://doi.org/10.1007/s12633-021-01258-2
https://doi.org/10.1007/s11082-022-04528-4
https://doi.org/10.1007/s12633-023-02322-9
https://doi.org/10.1007/s11082-022-04447-4
https://doi.org/10.15407/nnn.21.01.133
https://doi.org/10.1007/s11082-021-03100-w
https://doi.org/10.1007/s42341-021-00340-1
https://doi.org/10.1007/s12633-021-01465-x
https://doi.org/10.1007/s42341-019-00148-0
https://doi.org/10.15407/nnn.19.03.647
https://doi.org/10.15407/nnn.20.01.187


AUGMENTED DIELECTRIC PROPERTIES OF PVP/Si3N4/Al2O3 NANOSTRUCTURES 165 

48. S. Uddin, N. Akhtar, S. Bibi, A. Zaman, A. Ali, K. Althubeiti, H. Alrobei, and 

M. Mushtaq, Materials, 14: 1 (2021); https://doi.org/10.3390/ma14185430 

49. Faiza, Z. Malik, A. Khattak, A. A. Alahmadi, and S. U. Butt, Materials, 15, 
No. 15: 5154 (2022); https://doi.org/10.3390/ma15155154 

50. A. Hashim, M. H. Abbas, N. AH. Al-Aaraji, and A. Hadi, Silicon, 15: 1283 

(2023); https://doi.org/10.1007/s12633-022-02104-9 

51. M. H. Meteab, A. Hashim, and B. H. Rabee, Silicon, 15: 1609 (2023); 
https://doi.org/10.1007/s12633-022-02114-7 

52. N. Al-Huda Al-Aaraji, A. Hashim, A. Hadi, and H. M. Abduljalil, Silicon, 14: 
4699 (2022); https://doi.org/10.1007/s12633-021-01265-3 

53. M. H. Meteab, A. Hashim, and B. H. Rabee, Silicon, 15: 251 (2023); 
https://doi.org/10.1007/s12633-022-02020-y 

54. A. Hashim, A. Hadi, and M. H. Abbas, Opt. Quant. Electron., 55: 642 (2023); 
https://doi.org/10.1007/s11082-023-04929-z 

55. Z. S. Hamad and A. Hashim, Nanosistemi, Nanomateriali, Nanotehnologii, 20, 
Iss. 1: 159 (2022); https://doi.org/10.15407/nnn.20.01.159 

56. A. Hashim and Z. S. Hamad, Nanosistemi, Nanomateriali, Nanotehnologii, 20, 
Iss. 1: 165 (2022); https://doi.org/10.15407/nnn.20.01.165 

57. A. Hashim and A. Jassim, Nanosistemi, Nanomateriali, Nanotehnologii, 20, 
Iss. 1: 177 (2022); https://doi.org/10.15407/nnn.20.01.177 

58. A. Hashim and Z. S. Hamad, Nanosistemi, Nanomateriali, Nanotehnologii, 20, 
Iss. 2: 507 (2022); https://doi.org/10.15407/nnn.20.02.507 

59. B. Mohammed, H. Ahmed, and A. Hashim, Journal of Physics: Conference Se-

ries, 1879: 1 (2021); doi:10.1088/1742-6596/1879/3/032110 

60. D. Hassan and A. H. Ah-Yasari, Bulletin of Electrical Engineering and Infor-

matics, 8, Iss. 1: 52 (2019); doi:10.11591/eei.v8i1.1019 

61. D. Hassan and A. Hashim, Bulletin of Electrical Engineering and Informatics, 
7, Iss. 4: 547 (2018); doi:10.11591/eei.v7i4.969 

62. A. Hashim, M. H. Abbas, N. AH. Al-Aaraji, and A. Hadi, J. Inorg. Organomet. 
Polym., 33: 1 (2023); https://doi.org/10.1007/s10904-022-02485-9 

63. E. Salim and A. E. Tarabiah, Journal of Inorganic and Organometallic Poly-

mers and Materials, 33: 1638 (2023); https://doi.org/10.1007/s10904-023-

02591-2 

64. A.F. Kadhim and A. Hashim, Silicon, 33: 1638 (2023); 
https://doi.org/10.1007/s12633-023-02381-y 

65. H. A. Jawad and A. Hashim, Nanosistemi, Nanomateriali, Nanotehnologii, 21, 
No. 1: 133 (2023); https://doi.org/10.15407/nnn.21.01.133 

66. A. Hashim, A. Hadi, and M. H. Abbas, Silicon, 15: 6431 (2023); 
https://doi.org/10.1007/s12633-023-02529-w 

67. H. A. J. Hussien and A. Hashim, J. Inorg. Organomet. Polym., 33: 2331 (2023); 
https://doi.org/10.1007/s10904-023-02688-8 

68. A. Hashim, A. Hadi, N.A. H. Al-Aaraji, and F. L. Rashid, Silicon, 15: 5725 

(2023); https://doi.org/10.1007/s12633-023-02471-x 

69. M. A. Sebak, T. F. Qahtan, G. M. Asnag, and E. M. Abdallah, Journal of Inor-

ganic and Organometallic Polymers and Materials, 32: 4715 (2022); 
https://doi.org/10.1007/s10904-022-02440-8 

https://doi.org/10.3390/ma14185430
https://doi.org/10.3390/ma15155154
https://doi.org/10.1007/s12633-022-02104-9
https://doi.org/10.1007/s12633-022-02114-7
https://doi.org/10.1007/s12633-021-01265-3
https://doi.org/10.1007/s12633-022-02020-y
https://doi.org/10.1007/s11082-023-04929-z
https://doi.org/10.15407/nnn.20.01.159
https://doi.org/10.15407/nnn.20.01.165
https://doi.org/10.15407/nnn.20.01.177
https://doi.org/10.15407/nnn.20.02.507
doi:10.1088/1742-6596/1879/3/032110
doi:10.11591/eei.v8i1.1019
doi:10.11591/eei.v7i4.969
https://doi.org/10.1007/s10904-022-02485-9
https://doi.org/10.1007/s10904-023-02591-2
https://doi.org/10.1007/s10904-023-02591-2
https://doi.org/10.1007/s12633-023-02381-y
https://doi.org/10.15407/nnn.21.01.133
https://doi.org/10.1007/s12633-023-02529-w
https://doi.org/10.1007/s10904-023-02688-8
https://doi.org/10.1007/s12633-023-02471-x
https://doi.org/10.1007/s10904-022-02440-8

