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Abstract–Dielectric frequency spectroscopy of polymer materials were done in 

laboratory. The aim was to investigate the (i) differences in dielectric losses of the industrially 

manufactured silicone rubbers against laboratory manufactured silicone rubbers, (ii) 

differences in dielectric losses for the epoxy resin samples manufactured in laboratory, but 

with different curing time, and (iii) differences of dielectric losses between each single 

polymer to the losses of the series joined specimens of the two polymers. The measurements 

were done using the Insulation Diagnostics System in laboratory at ambient room conditions. 

It has been found out that for different frequency ranges, silicone rubber manufactured 

industrially differ with the laboratory manufactured specimens. The series joined specimens 

show higher influence of the silicone rubber in both curve shape, and values of losses at 

frequencies lower than 1 Hz. At frequencies lower than 1 Hz the joined specimen losses are 

higher than losses for epoxy resin and lower than those for silicone rubber. At frequencies 

higher than 1 Hz the losses of the joined samples are close but slightly lower to those of epoxy 

resin and higher than those of silicone rubbers. Lastly, the curves of the joined specimens 

have shapes which strongly resembles those of the silicone rubbers. 

 

Index Terms–polymers, insulation, dielectric, relaxation, losses  

 

I. INTRODUCTION 

Polymeric materials are gaining more usage worldwide in outdoor insulation systems; as a 

result, there are various researches which have been undertaken to investigate their properties 

(Boudefel & Gonon, 2006; Ehsani et al., 2007; Wang et al., 2000). These researches have made it 

possible to have state of the art polymer insulators, which have been proved to be effective in 

transmission lines. Within these researches, dielectric properties investigation has had its fair share 

(Tuncer, 2004, 2005), since these measurements can tell the molecular, ionic and electronic state 

of the dielectric which are vital for the effective performance of polymer insulator (Jonscher, 1999; 

Nguyen et al., 2004; Zong et al., 2005). These ongoing researches are vital since they are important 

in researches of diagnostic tools of outdoor polymeric insulators (Nixdorf & Busse, 2001; Thadei, 

2010), level of conduction of these dielectrics (Thadei & Kyaruzi, 2008; Tuncer & Gubanski, 

1999, 2000), their molecular structures (Serdyuk et al., 2002; Tuncer, 2004, 2005), detecting 

ageing effects (Kumara et al., 2022; Seifert et al., 1998) and mechanical failures of the central rod 

(Ogbonna et al., 2022). Epoxy resin is an important component for polymer insulators, in the 

formation of the polymer matrix (Uflyand et al., 2022). Polymer insulators are preferred because 
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The series joined specimens show similar shapes for all specimens as shown by curves in 

Figure 6 except for specimen E241PS. The curves of joined specimens are between those of epoxy 

resin specimen and silicone rubber specimen as shown in Figure 7. At frequencies lower than 1 

Hz the joined specimen losses are higher than losses for epoxy resin and lower than those for 

silicone rubber. At frequencies higher than 1 Hz the losses of the joined samples are close but 

slightly lower to those of epoxy resin and higher than those of silicone rubbers. Lastly, the curve 

of the joined specimens have curves which strongly resembles those of the silicone rubbers. 

AKNOWLEDGMENT 

Support of Sida/SAREC Capacity building project of the University of Dar es Salaam for 

funding the research. Also, Stanislaw Gubanski, Johan Andersson and the Division of High 

Voltage of Chalmers University of Technology for providing laboratory space and equipment to 

do the spectroscopy measurements.  

REFERENCES  

Blythe, T., & Bloor, D. (2005). Electrical Properties of Polymers (2nd ed.). University Press. 

Boudefel, A., & Gonon, P. (2006). Dielectric response of an epoxy resin when exposed to high 

temperatures. Journal of Materials Science: Materials in Electronics, 17(3), 205–210. 

https://doi.org/10.1007/s10854-006-6762-2 

Bright, C. (2013). Transparent conductive thin films. In Optical Thin Films and Coatings: From 

Materials to Applications (pp. 741–788). Elsevier Ltd. 

https://doi.org/10.1533/9780857097316.4.741 

Capaccioli, S., Butta, E., Corezzi, S., Lucchesi, M., & Rolla, P. A. (1998). Hopping charge 

transport in conducting polymers studied by dc conduction and dielectric response analysis 

(S. Ducharme & J. W. Stasiak, Eds.; pp. 162–173). https://doi.org/10.1117/12.328156 

Choudhary, M., Shafiq, M., Kiitam, I., Hussain, A., Palu, I., & Taklaja, P. (2022). A Review of 

Aging Models for Electrical Insulation in Power Cables. Energies, 15(9), 3408. 

https://doi.org/10.3390/en15093408 

Dakin, T. W. (2006). Conduction and polarization mechanisms and trends in dielectric. IEEE 

Electrical Insulation Magazine, 22(5), 11–28. https://doi.org/10.1109/MEI.2006.1705854 

Ehsani, M., Bakhshandeh, G. R., Morshedian, J., Borsi, H., Gockenbach, E., & Shayegani, A. A. 

(2007). The dielectric behavior of outdoor high-voltage polymeric insulation due to 

environmental aging. European Transactions on Electrical Power, 17(1), 47–59. 

https://doi.org/10.1002/etep.119 

Francis, U. U., & Philip, A. N. (2022). Degradation of epoxy reinforced Banana fibers and eggshell 

particles hybrid composite high-voltage insulators via accelerated UV aging processes. 

Chemical Data Collections, 38, 100842. https://doi.org/10.1016/j.cdc.2022.100842 

GE Energy Services. (2007). GE Energy Services Programma Products. 

Instruments LLC, K. (2019). Instruction Manual Model 8009 Resistivity Test Fixture. 

Jia, B., Zhou, J., Chen, Y., Lv, Z., Guo, H., Zhang, Z., Zhu, Z., Yu, H., Wang, Y., & Wu, K. 

(2022). Local charge transport at different interfaces in epoxy composites. Nanotechnology, 

33(34), 345709. https://doi.org/10.1088/1361-6528/ac705f 

Jonscher, A. K. (1999). Dielectric relaxation in solids. Journal of Physics D: Applied Physics, 

32(14), R57–R70. https://doi.org/10.1088/0022-3727/32/14/201 

Kumara, S., Pourrahimi, A. M., Soroudi, A., Xu, X., Hammarström, T., Serdyuk, Y., & Müller, C. 

(2022). Invariant electrical conductivity upon thermal ageing of a crosslinked copolymer 



7th International Conference in Mechanical and Industrial Engineering (MIE’2022), 20th – 21st October 2022, Dar es 

Salaam, Tanzania  

13 

 

blend for high voltage insulation. Materials Advances, 3(11), 4718–4723. 

https://doi.org/10.1039/d2ma00153e 

Li, C., Chen, G., Qiu, X., Lou, Q., & Gao, X. (2021). A direct proof for Maxwell–Wagner effect 

of heterogeneous interface. AIP Advances, 11(6), 065227. https://doi.org/10.1063/5.0040947 

Li, C., Shahsavarian, T., Baferani, M. A., & Cao, Y. (2021). Tailoring insulation surface 

conductivity for surface partial discharge mitigation. Applied Physics Letters, 119(3). 

https://doi.org/10.1063/5.0050456 

Nguyen, D. H., Sylvestre, A., Gonon, P., & Rowe, S. (2004). Dielectric properties analysis of 

silicone rubber. Proceedings of the 2004 IEEE International Conference on Solid Dielectrics, 

2004. ICSD 2004., 103-106 Vol.1. https://doi.org/10.1109/ICSD.2004.1350300 

Nixdorf, K., & Busse, G. (2001). The dielectric properties of glass-fibre-reinforced epoxy resin 

during polymerisation. Composites Science and Technology, 61(6), 889–894. 

https://doi.org/10.1016/S0266-3538(00)00174-3 

Ogbonna, V. E., Popoola, A. P. I., Popoola, O. M., & Adeosun, S. O. (2022). A review on 

corrosion, mechanical, and electrical properties of glass fiber-reinforced epoxy composites 

for high-voltage insulator core rod applications: challenges and recommendations. Polymer 

Bulletin, 79(9), 6857–6884. https://doi.org/10.1007/s00289-021-03846-z 

Riande, Evaristo., & Díaz-Calleja, Ricardo. (2004). Electrical properties of polymers. Marcel 

Dekker. 

Rodríguez-Serna, J. M., & Albarracín-Sánchez, R. (2021). A Study on the Life Estimation and 

Cavity Surface Degradation Due to Partial Discharges in Spherical Cavities within Solid 

Polymeric Dielectrics Using a Simulation Based Approach. Polymers, 13(3), 324. 

https://doi.org/10.3390/polym13030324 

Rodriguez-Serna, J. M., & Albarracin-Sanchez, R. (2021). Simulation of Polymeric Insulators 

Ageing Induced by the Impact Energy of Electrons During Partial Discharge Activity. 2021 

IEEE Texas Power and Energy Conference (TPEC), 1–6. 

https://doi.org/10.1109/TPEC51183.2021.9384986 

Seanor, D. A. (1982). Electrical properties of polymers. Academic Press. 

Seifert, J. M., Stietzel, U., & Karner, H. C. (1998). The ageing of composite insulating materials-

new possibilities to detect and to classify ageing phenomena with dielectric diagnostic tools. 

Conference Record of the 1998 IEEE International Symposium on Electrical Insulation (Cat. 

No.98CH36239), 373–377. https://doi.org/10.1109/ELINSL.1998.694812 

Serdyuk, Yu. V., Podoltsev, A. D., & Gubanski, S. M. (2002). Dielectric properties of 3D 

composite structures: Simulations versus experiments. Annual Report Conference on 

Electrical Insulation and Dielectric Phenomena, 142–145. 

https://doi.org/10.1109/CEIDP.2002.1048756 

Thadei, A. (2010). Non-ceramic insulators in Coastal Tropical climates-The case study of 

Tanzania field performance of polymeric insulators and dielectric characteristics of silicone 

rubber and epoxy resin formulations [Masters]. University of Dar es Salaam. 

Thadei, A., & Kyaruzi, A. (2008, November). Surface resistivity of silicone rubber formulations 

tested in room ambient conditions: The case of silicone rubber with and without filler 

materials. International Conference on Research and Development. 

Tuncer, E. (2004). On micro-structural effects in dielectric mixtures. 

Tuncer, E. (2005). Structure–property relationship in dielectric mixtures: application of the 

spectral density theory. Journal of Physics D: Applied Physics, 38(2), 223–234. 

https://doi.org/10.1088/0022-3727/38/2/006 



7th International Conference in Mechanical and Industrial Engineering (MIE’2022), 20th – 21st October 2022, Dar es 

Salaam, Tanzania  

14 

 

Tuncer, E., & Gubanski, S. M. (1999). Filler concentration effects on losses in silicone based 

polymeric composites. 1999 Annual Report Conference on Electrical Insulation and 

Dielectric Phenomena (Cat. No.99CH36319), 687–690. 

https://doi.org/10.1109/CEIDP.1999.807898 

Tuncer, E., & Gubanski, S. M. (2000). Electrical properties of filled silicone rubber. Journal of 

Physics: Condensed Matter, 12(8), 1873–1897. https://doi.org/10.1088/0953-8984/12/8/330 

Uflyand, I. Е., Irzhak, T. F., & Irzhak, V. I. (2022). Formation of fiber composites with an epoxy 

matrix: state-of-the-art and future development. Materials and Manufacturing Processes, 

37(7), 723–747. https://doi.org/10.1080/10426914.2021.2016820 

Wang, D., Zhang, G., Zhang, Y., & Chen, S. (2000). Effect of reaction-induced phase separation 

on dielectric properties of epoxy resin modified with rubber. Proceedings of the 6th 

International Conference on Properties and Applications of Dielectric Materials (Cat. 

No.00CH36347), 926–929. https://doi.org/10.1109/ICPADM.2000.876382 

Xu, X., Karlsson, M., Gaska, K., Gubanski, S. M., Hillborg, H., & Gedde, U. W. (2017). Robust 

measurements of electric conductivity in polyethylene based materials: measurement setup, 

data processing and impact of sample preparation. Proceedings of the Nordic Insulation 

Symposium. https://doi.org/10.5324/nordis.v0i25.2370 

Zong, L., Kempel, L. C., & Hawley, M. C. (2005). Dielectric studies of three epoxy resin systems 

during microwave cure. Polymer, 46(8), 2638–2645. 

https://doi.org/10.1016/J.POLYMER.2005.01.083 

  


