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ABSTRACT 

 

Composite containing fillers with at least one dimension less than 100 nm and typically 

less than 30 nm are called nanodielectrics, which have potential to improve the electrical 

performance. Micro size fillers introduction normally reduces the breakdown strength of the 

composites and this is due to the orientations of the fillers, which leads to reduced breakdown 

strength of the material. Compared to conventional composites, nanocomposites have smaller 

fillers which help to improve the breakdown strength. Nanoparticles can disrupt the continuity 

of the path provided to the charge carriers and decrease the possibility of overlapping of the 

local conductive regions and it is leading to an improvement in the breakdown strength. In 

particular, this shows that nanofiller alignment can improve the electric field breakdown 

strength and recoverable energy density. At the same time, filler alignment can reduce the 

leakage current, in these dielectric nanostructured composites. The presence of these fillers can 

improve the dielectric properties and electrical conductivity. This research analyses the 

performance of nanoclay filler in nanodielectrics through simulation using Finite Element 

Method Magnetics (FEMM). This is to further understand the relationship between 

nanodielectric and the nanoclay platelets. The analysis shows that the filler shape and 

orientations will result in increased electric field intensity. This is to define the effects of filler 

on the electric field of nanodielectrics. 
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ABSTRAK 

 

Komposit yang mengandungi pengisi dengan sekurang-kurangnya satu dimensi kurang 

daripada 100 nm dan biasanya kurang daripada 30 nm dipanggil nanodielektrik dan berpotensi 

untuk meningkatkan prestasi kekuatan elektrik. Pengenalan pengisi saiz mikro biasanya 

mengurangkan kekuatan pecah tebat komposit dan ini disebabkan oleh orientasi pengisi, yang 

membawa kepada pengurangan kekuatan pecah tebat bahan. Berbanding dengan komposit 

konvensional, nanokomposit mempunyai pengisi yang lebih kecil dan ia meningkatkan 

kekuatan pecah tebat. Pengisi nano boleh mengganggu kesinambungan laluan yang disediakan 

kepada pembawa cas dan mengurangkan kemungkinan pertindihan kawasan konduktif 

tempatan dan ia membawa kepada peningkatan dalam kekuatan pecah tebat. Khususnya, ini 

menunjukkan bahawa penjajaran nanofiller boleh meningkatkan kekuatan pecah tebat elektrik 

dan ketumpatan tenaga boleh pulih. Pada masa yang sama, penjajaran pengisi boleh 

mengurangkan arus kebocoran, dalam komposit berstruktur nano dielektrik ini. Kehadiran 

pengisi ini boleh meningkatkan sifat dielektrik dan kekonduksian elektrik. Penyelidikan ini 

menganalisis prestasi pengisi tanah liat nano dalam nanodielektrik melalui simulasi dengan 

menggunakan Kaedah Elemen Terhingga Magnetik (FEMM). Ini untuk memahami lebih lanjut 

hubungan antara nanodielektrik dan pengisi tanah liat nano. Analisis menunjukkan bahawa 

bentuk pengisi dan orientasi akan menghasilkan peningkatan intensiti medan elektrik. Ini 

adalah untuk menentukan kesan pengisi pada medan elektrik nanodielektrik. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background  

Nanodielectrics are composed of multicomponent dielectrics that have nanostructures, 

which cause the change of some of their dielectric properties. [1]. These studies have rapidly 

developed since the landmark 1994 publication of Lewis [2]. Recently, the advances in 

characterization and preparation techniques for nanocomposites have played a significant role 

in making nanodielectrics more widely available especially in the field of electrical insulation. 

Developing a nanometric-sized filler particle will result in a dramatic increase in the interface 

zone generated by two dissimilar materials of nanoparticles and polymer matrix. Various 

studies have demonstrated that the presence of the interface influences the macroscopic 

behaviour of composites [3]. By modifying the microstructure and filler distribution in the 

polymer matrix, nanotechnology enables to modifying the dielectric properties of composites. 

It is thought that nanodielectrics could be applied to many different dielectric properties, 

including partial discharge, space charge, high energy density storage and high thermal 

conductivity [4-8]. 

Nanodielectrics have immense potential to improve the performance of applications 

ranging from high-voltage electrical transmission components to small-scale electronics to 

sensors and more. They are part of the larger field of composites consisting of a matrix or 

polymer and a filler. Fillers are added in a polymer to enhance its electrical and mechanical 

characteristics. However the addition of microfillers to the polymer matrix results in improved 

thermal and mechanical properties with a little degradation in electrical breakdown strength. 

[9]. Meanwhile the addition of nanofillers into polymer results in the improvement of both 

electrical and mechanical properties at the same time [10–12]. Nanocomposite dielectric is a 

composite having nanofillers with dimensions of less than 100 nm and typically less than 30 

nm [13]. 
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There has been an increasing interest in the use of nano-sized and type of nano filler as 

additives to polymers because of its superior performance in dielectric strength. It is known 

that an electric field in nanocomposites may be affected by the amount of the nanoparticles. It 

is well known that nanocomposites with smaller and oriented filler have better dielectric 

strength [14]. However, few manufacturers can disperse nanoparticles with small diameter. 

Furthermore, nanocomposites filled with smaller sized fillers may show worse characteristics 

in aspects other than electrical properties, such as viscosity and thermal shrinkage. Therefore, 

there is a need for nanocomposites with reasonable amount of well dispersed nano-particles.  

1.2 Problem Statement 

Composites containing fillers with at least one dimension less than 100 nm and typically 

less than 30 nm are called nanodielectrics. The material has potential to improve the electric 

field performance. Micro size fillers introduction normally reduce the breakdown strength of 

the composites and this is due to the orientations of the fillers, which leads to reduce breakdown 

strength of the material. Compared to conventional composites, nanocomposites have smaller 

fillers and it improves the breakdown strength. Nanoparticles can disrupt the continuity of the 

path provided to the charge carriers and decrease the possibility of overlapping of the local 

conductive regions and it is leading to an improvement in the breakdown strength. To date, 

many researches were done to study on the effect of nanofillers nature, size and concentration. 

However, very little is reported on the effect of fillers shape and their orientations on the 

electric field of nanodielectrics.  

1.3       Objectives 

Following are the objectives of this research: 

i. To investigate the electric field relationship between nanodielectric and the 

nanoclays platelets.    

ii. To characterize the effect of various fillers and orientation in electric field intensity.  

iii. To analyze effects of nanoparticle permittivity and the orientations on electric field 

in nanodielectrics.  
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1.4 Research Scope 

This research studies the effects of filler orientations on electric field based on 

nanodielectric model.  The orientations of nanoclays were analysed and the relationship 

between electric field of nanodielectrics was investigated. The simulation using Finite Element 

Method Magnetics (FEMM) was carried out.  

1.5 Expected Contributions 

This research contributes the following matters: 

i. This research analyzes nanofiller orientation to estimate the electric field under 

nanodielectrics.  

ii. This research leads to understanding on the effect of filler orientations and shape in 

electric field of nanodielectrics.  

 

 

 

 

 

 

 

 

 

 

 

 



 

44 
 

REFERENCES 

[1]  Frechette MF, Trudeau M, Alamdari HD, Boily S. Introductory remarks on 

nanodielectrics. In: 2001 Annual Report Conference on Electrical Insulation and 

Dielectric Phenomena (Cat No01CH37225). IEEE; 2002. 

[2]  Lewis TJ. Nanometric dielectrics. IEEE Trans Dielectr Electr Insul. 1994;1(5):812–25. 

Available from: http://dx.doi.org/10.1109/94.326653 

[3] Shen Y, Lin YH, Nan C-W. Interfacial effect on dielectric properties of polymer 

nanocomposites filled with core/shell-structured particles. Adv Funct Mater. 

2007;17(14):2405–10. Available from: http://dx.doi.org/10.1002/adfm.200700200  

[4]  Arakane T, Motchizuki T, Adachi N, Miyake H, Tanaka Y, Kim YJ, et al. Space charge 

accumulation properties in XLPE with Carbon nano-filler. In: 2012 IEEE International 

Conference on Condition Monitoring and Diagnosis. IEEE; 2012. 

[5] Dang Z-M, Yuan J-K, Zha J-W, Zhou T, Li S-T, Hu G-H. Fundamentals, processes and 

applications of high-permittivity polymer–matrix composites. Prog Mater Sci. 

2012;57(4):660–723. Available from: http://dx.doi.org/10.1016/j.pmatsci.2011.08.001 

[6] Chen Q, Shen Y, Zhang S, Zhang QM. Polymer-based dielectrics with high energy 

storage density. Annu Rev Mater Res. 2015;45(1):433–58. Available from: 

http://dx.doi.org/10.1146/annurev-matsci-070214-021017 

[7] Izzati WA, Arief YZ, Adzis Z, Shafanizam M. Partial discharge characteristics of 

polymer nanocomposite materials in electrical insulation: a review of sample 

preparation techniques, analysis methods, potential applications, and future trends. 

Scientific World Journal. 2014;2014:735070. Available from: 

http://dx.doi.org/10.1155/2014/735070 

[8] Jiang Y, Liu Y, Min P, Sui G. BN@PPS core-shell structure particles and their 3D 

segregated architecture composites with high thermal conductivities. Compos Sci 

Technol. 2017;144:63–9. Available from: 

https://www.sciencedirect.com/science/article/pii/S0266353816315548 

[9] Tsekmes IA, Morshuis PHF, Smit JJ, Kochetov R. Enhancing the thermal and electrical 

performance of epoxy microcomposites with the addition of nanofillers. IEEE Electr 

Insul Mag. 2015;31(3):32–42. Available from: 

https://ieeexplore.ieee.org/document/7089120 



 

45 
 

[10]  Cao Y, Irwin PC, Younsi K. The future of nanodielectrics in the electrical power 

industry. IEEE Trans Dielectr Electr Insul. 2004;11(5):797–807. Available from: 

https://ieeexplore.ieee.org/document/1349785 

[11]  Singha S, Thomas M. Dielectric properties of epoxy nanocomposites. IEEE Trans 

Dielectr Electr Insul. 2008;15(1):12–23. Available from: http://dx.doi.org/10.1109/t-

dei.2008.4446732 

[12]  Wang Y, Wang C, Xiao K. Investigation of the electrical properties of XLPE/SiC 

nanocomposites. Polym Test. 2016;50:145–51. Available from: 

http://dx.doi.org/10.1016/j.polymertesting.2016.01.007 [13]  Lewis TJ. 

Interfaces: nanometric dielectrics. J Phys D Appl Phys. 2005 [cited 2022 Jul 

21];38(2):202–12. Available from: 

https://inis.iaea.org/search/search.aspx?orig_q=RN:36037117 

[14]  Andritsch T, Kochetov R, Gebrekiros YT, Morshuis PHF, Smit JJ. Short term DC 

breakdown strength in epoxy based BN nano- and microcomposites. In: 2010 10th 

IEEE International Conference on Solid Dielectrics. IEEE; 2010. 

[15]  Manias E, Touny A, Wu L, Strawhecker K, Lu B, Chung TC. 

Polypropylene/montmorillonite nanocomposites. Review of the synthetic routes and 

materials properties. Chem Mater. 2001;13(10):3516–23. Available from: 

https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.550.3001&rep=rep1&type

=pdf  

[16]  Sinha Ray S, Okamoto M. Polymer/layered silicate nanocomposites: a review from 

preparation to processing. Prog Polym Sci. 2003;28(11):1539–641. Available from: 

https://www.sciencedirect.com/science/article/pii/S0079670003000790 

[17]  Utracki LA, Sepehr M, Boccaleri E. Synthetic, layered nanoparticles for polymeric 

nanocomposites (PNCs). Polym Adv Technol. 2007;18(1):1–37. Available from: 

http://dx.doi.org/10.1002/pat.852 

[18]  Khan I, Saeed K, Khan I. Nanoparticles: Properties, applications and toxicities. Arab J 

Chem. 2019;12(7):908–31. Available from: 

http://dx.doi.org/10.1016/j.arabjc.2017.05.011 

[19]  Tiwari JN, Tiwari RN, Kim KS. Zero-dimensional, one-dimensional, two-dimensional 

and three-dimensional nanostructured materials for advanced electrochemical energy 

devices. Prog Mater Sci. 2012;57(4):724–803. Available from: 

http://dx.doi.org/10.1016/j.pmatsci.2011.08.003 



 

46 
 

[20]  Choudalakis G, Gotsis AD. Permeability of polymer/clay nanocomposites: A review. 

Eur Polym J. 2009;45(4):967–84. Available from: 

https://www.sciencedirect.com/science/article/pii/S0014305709000214 

[21]  Huo C, Yan Z, Song X, Zeng H. 2D materials via liquid exfoliation: a review on 

fabrication and applications. Sci Bull (Beijing). 2015 [cited 2022 Jul 21];60(23):1994–

2008. Available from: https://www.infona.pl/resource/bwmeta1.element.springer-doi-

10_1007-S11434-015-0936-3 

[22]  Wu H, Drzal LT. Graphene nanoplatelet paper as a light-weight composite with 

excellent electrical and thermal conductivity and good gas barrier properties. Carbon N 

Y. 2012 [cited 2022 Jul 21];50(3):1135–45. Available from: 

https://www.infona.pl/resource/bwmeta1.element.elsevier-a570ccea-5f28-39ab-9d73-

b990f7b990ff 

[23]  Sue H-J, Gam KT, Bestaoui N, Spurr N, Clearfield A. Epoxy nanocomposites based on 

the synthetic α-zirconium phosphate layer structure. Chem Mater. 2004;16(2):242–9. 

Available from: http://dx.doi.org/10.1021/cm030441s  

[24]  Zhi C, Bando Y, Tang C, Kuwahara H, Golberg D. Large-scale fabrication of boron 

nitride nanosheets and their utilization in polymeric composites with improved thermal 

and mechanical properties. Adv Mater. 2009;21(28):2889–93. Available from: 

http://dx.doi.org/10.1002/adma.200900323 

[25]  Rodenas T, Luz I, Prieto G, Seoane B, Miro H, Corma A, et al. Metal-organic 

framework nanosheets in polymer composite materials for gas separation. Nat Mater. 

2015 [cited 2022 Jul 21];14(1):48–55. Available from: 

https://pubmed.ncbi.nlm.nih.gov/25362353/ 

[26]  Akpan EI, Shen X, Wetzel B, Friedrich K. Design and synthesis of polymer 

nanocomposites. In: Polymer Composites with Functionalized Nanoparticles. Elsevier; 

2019. p. 47–83. 

[27] Zhao G, Huang X, Tang Z, Huang Q, Niu F, Wang X. Polymer-based nanocomposites 

for heavy metal ions removal from aqueous solution: a review. Polym Chem. 2018 

[cited 2022 Jul 21];9(26):3562–82. Available from: 

https://www.semanticscholar.org/paper/88fb0484e216863d7bb97f16803a66dcf35365

39 

[28] Zhang Y, Wu B, Xu H, Liu H, Wang M, He Y, et al. Nanomaterials-enabled water and 

wastewater treatment. NanoImpact. 2016;3–4:22–39. Available from: 

https://www.sciencedirect.com/science/article/pii/S2452074816300738 



 

47 
 

[29]  Müller K, Bugnicourt E, Latorre M, Jorda M, Echegoyen Sanz Y, Lagaron JM, et al. 

Review on the processing and properties of polymer nanocomposites and nanocoatings 

and their applications in the packaging, automotive and solar energy fields. 

Nanomaterials (Basel). 2017 [cited 2022 Jul 21];7(4):74. Available from: 

http://dx.doi.org/10.3390/nano7040074 

[30] Bitinis N, Hernandez M, Verdejo R, Kenny JM, Lopez-Manchado MA. Recent 

advances in clay/polymer nanocomposites. Adv Mater. 2011;23(44):5229–36. 

Available from: http://dx.doi.org/10.1002/adma.201101948 

[31] Slanina Z. The Science and Technology of Carbon Nanotubes K. Tanaka, T. Yamabe, 

K. Fukui, Eds.: Elsevier Science, Amsterdam, 1999. Fuller sci technol. 2000;8(6):639–

40. Available from: http://dx.doi.org/10.1080/10641220009351440 

[32] Torres T. Carbon nanotubes and related structures. Synthesis, characterization, 

functionalization, and applications. Edited by dirk M. guldi and Nazario Martín. Angew 

Chem Int Ed Engl. 2011;50(7):1473–4. Available from: 

http://dx.doi.org/10.1002/anie.201006930 

[33] Liu L, Grunlan JC. Clay assisted dispersion of carbon nanotubes in conductive epoxy 

nanocomposites. Adv Funct Mater. 2007;17(14):2343–8. Available from: 

http://dx.doi.org/10.1002/adfm.200600785 

[34]  Monemian S, Jafari SH, Khonakdar HA, Goodarzi V, Reuter U, Pötschke P. MWNT-

filled PC/ABS blends: Correlation of morphology with rheological and electrical 

response. J Appl Polym Sci. 2013;130(2):739–48. Available from: 

http://dx.doi.org/10.1002/app.39211 

[35]  Balandin AA, Ghosh S, Bao W, Calizo I, Teweldebrhan D, Miao F, et al. Superior 

thermal conductivity of single-layer graphene. Nano Lett. 2008;8(3):902–7. Available 

from: http://dx.doi.org/10.1021/nl0731872 

[36] Li Z, Du B, Han C, Xu H. Trap modulated charge carrier transport in 

Polyethylene/graphene nanocomposites. Sci Rep. 2017 [cited 2022 Jul 21];7(1):4015. 

Available from: https://www.nature.com/articles/s41598-017-04196-5. 

[37]  Chu K, Li W-S, Dong H-F, Tang F-L. Modeling the thermal conductivity of graphene 

nanoplatelets reinforced composites. EPL. 2012;100(3):36001. Available from: 

http://dx.doi.org/10.1209/0295-5075/100/36001 



 

48 
 

[38]  Gao L, Zhou X, Ding Y. Effective thermal and electrical conductivity of carbon 

nanotube composites. Chem Phys Lett. 2007;434(4–6):297–300. Available from: 

https://www.sciencedirect.com/science/article/pii/S0009261406018446 

[39]  Unnikrishnan VU, Banerjee D, Reddy JN. Atomistic-mesoscale interfacial resistance 

based thermal analysis of carbon nanotube systems. Int J Therm Sci. 

2008;47(12):1602–9. Available from: 

https://www.sciencedirect.com/science/article/pii/S1290072907002323 

[40]  Tang B, Hu G, Gao H, Hai L. Application of graphene as filler to improve thermal 

transport property of epoxy resin for thermal interface materials. Int J Heat Mass Transf 

. 2015;85:420–9. Available from: 

http://dx.doi.org/10.1016/j.ijheatmasstransfer.2015.01.141 

[41] Dass K, Chauhan SR, Gaur B. Study on the effects of nanoparticulates of SiC, Al2O3, 

and ZnO on the mechanical and tribological performance of epoxy-based 

nanocomposites. Part Sci Technol. 2017;35(5):589–606. Available from: 

http://dx.doi.org/10.1080/02726351.2016.1184730 

[42] Botlhoko OJ, Letwaba L, Bandyopadhyay J, Ray SS. UV‐protection, tribology, and 

mechanical properties of ZnO‐containing polyamide composites. J Appl Polym Sci. 

2020;137(9):48418. Available from: http://dx.doi.org/10.1002/app.48418 

[43] Wu J, Huang X, Berglund K, Lu X, Feng X, Larsson R, et al. CuO nanosheets produced 

in graphene oxide solution: An excellent anti-wear additive for self-lubricating polymer 

composites. Compos Sci Technol. 2018;162:86–92. Available from: 

http://dx.doi.org/10.1016/j.compscitech.2018.04.020 

[44] Serenko OA, Muzafarov AM. Polymer composites with surface modified SiO2 

nanoparticles: Structures, properties, and promising applications. Polym Sci Ser C. 

2016 [cited 2022 Jul 21];1(58):93–101. Available from: 

https://www.infona.pl/resource/bwmeta1.element.springer-doi-10_1134-

S1811238216010112 

[45] Safdar A, Amin S. Modelling the effect of nanofiller’s shape and alignment on the 

dielectric strength and permittivity of polyethylene nanocomposite insulation. Mater 

Res Express. 2020;7(12):125011. Available from: http://dx.doi.org/10.1088/2053-

1591/abd1c7 

[46]  Zazoum B, David E, Ngo AD. Simulation and modeling of polyethylene/clay 

nanocomposite for dielectric application. Trans electr electron mater. 2014 [cited 2022 



 

49 
 

Jul 21];15(4):175–81. Available from: 

https://koreascience.kr/article/JAKO201424753521847.page 

[47] Zaïri F, Gloaguen JM, Naït-Abdelaziz M, Mesbah A, Lefebvre JM. Study of the effect 

of size and clay structural parameters on the yield and post-yield response of 

polymer/clay nanocomposites via a multiscale micromechanical modelling. Acta 

Mater. 2011;59(10):3851–63. Available from: 

https://www.sciencedirect.com/science/article/pii/S135964541100156X 

[48] LeBaron P. Polymer-layered silicate nanocomposites: an overview. Appl Clay Sci. 

1999;15(1–2):11–29. Available from: 

https://www.sciencedirect.com/science/article/pii/S0169131799000174 

[49] Lau KY, Piah MAM, Ching KY. Correlating the breakdown strength with electric field 

analysis for polyethylene/silica nanocomposites. J Electrostat. 2017;86:1–11. Available 

from: https://www.sciencedirect.com/science/article/pii/S0304388616301346 

[50] Li T, Zhou W, Li B, Li Y, Cao D, Zhou J, et al. Enhanced dielectric and thermal 

properties of Zn/PVDF composites by tailoring core@double-shell structured Zn 

particles. Compos Part A Appl Sci Manuf. 2022;157(106947):106947. Available from: 

https://www.sciencedirect.com/science/article/pii/S1359835X22001397  

[51] Asokan AN, Preetha P, Sunitha K. Statistical analysis of electric field distribution in 

insulating nanodielectrics. IEEE Trans Dielectr Electr Insul. 2020;27(2):549–57. 

Available from: https://ieeexplore.ieee.org/abstract/document/9047101 

[52]  Hashim Z, Lau KY, Tan CW, Ching KY. Simulation of nanodielectrics: nanoparticle 

and interphase effects on electric field distributions. IET nanodielectrics. 2020 [cited 

2022 Jul 21];3(1):1–9. Available from: 

https://centaur.reading.ac.uk/102085/8/IET%20Nanodielectrics%20-%202020%20-

%20Hashim%20-

%20Simulation%20of%20nanodielectrics%20%20nanoparticle%20and%20interphase

%20effects%20on%20electric%20field.pdf. 

[53]  Kühn, M. and Kliem, H. (2008) “Monte Carlo simulations of ferroelectric properties 

for PVDF and BaTiO3,” Ferroelectrics, 370(1), pp. 207–218. doi: 

10.1080/00150190802381696. 

 

[54] Wang Z, Keith Nelson J, Hillborg H, Zhao S, Schadler LS. Dielectric constant and 

breakdown strength of polymer composites with high aspect ratio fillers studied by 



 

50 
 

finite element models. Compos Sci Technol. 2013 [cited 2022 Jul 21];76:29–36. 

Available from: 

https://www.semanticscholar.org/paper/dedbc3b8b4822340e9182207d4cf3c1838101d

e5 

[55]  Daily CS, Sun W, Kessler MR, Tan X, Bowler N. Modeling the interphase of a 

polymer-based nanodielectric. IEEE Trans Dielectr Electr Insul. 2014;21(2):488–96. 

Available from: https://ieeexplore.ieee.org/document/6783039 

 

[56]  Lau KY, Vaughan AS, Chen G, Hosier IL, Holt AF. Absorption current behaviour of 

polyethylene/silica nanocomposites. J Phys Conf Ser. 2013;472:012003. Available 

from: http://dx.doi.org/10.1088/1742-6596/472/1/012003 

[57] Kavitha D, Sindhu TK, Nambiar TNP. Impact of permittivity and concentration of filler 

nanoparticles on dielectric properties of polymer nanocomposites. IET Sci Meas 

Technol. 2017;11(2):179–85. Available from: http://dx.doi.org/10.1049/iet-

smt.2016.0226 

[58]  Cai Z, Wang X, Luo B, Hong W, Wu L, Li L. Dielectric response and breakdown 

behavior of polymer-ceramic nanocomposites: The effect of nanoparticle distribution. 

Compos Sci Technol. 2017;145:105–13. Available from: 

http://dx.doi.org/10.1016/j.compscitech.2017.03.039 

[59]  D. Meeker, “Finite element method magnetics (FEMM) version 4.2,” FEMM User’s 

Manual, 2010. 

[60]  Lau, K. Y. et al. (2014) “Modeling of polymer nanocomposites: Permittivity vs. 

electric field intensity,” in 2014 IEEE International Conference on Power and Energy 

(PECon). IEEE, pp. 140–145. 

[61]  Wang, Y., Wang, C. and Xiao, K. (2016) “Investigation of the electrical properties of 

XLPE/SiC nanocomposites,” Polymer testing, 50, pp. 145–151. doi: 

10.1016/j.polymertesting.2016.01.007. 

[62] Lau KY, Muhamad NA, Bashir N, Arief YZ, Piah MAM, Vaughan AS, et al. Modeling 

of polymer nanocomposites: Permittivity vs. electric field intensity. In: 2014 IEEE 

International Conference on Power and Energy (PECon). IEEE; 2014. p. 140–5. 

[63] Song Y, Shen Y, Liu H, Lin Y, Li M, Nan C-W. Improving the dielectric constants and 

breakdown strength of polymer composites: effects of the shape of the BaTiO3 



 

51 
 

nanoinclusions, surface modification and polymer matrix. J Mater Chem. 2012 [cited 

2022 Jul 21];22(32):16491.  




