Effect of Aluminum Oxide Nanoparticles on the Electrical
and Thermal Conductivity and Thermal Stability of a Novel
Polyurethane

Milo§ Kovachd, Stefan Hardon ?, Jozef Kudel&ik,>©, Marian Janek® 9, and
Katarzyna Grzybowska? ®

DDepartment of Physics, Faculty of Electrical Engineering and Information Technology, University of Zilina,
Univerzitnd 12, 010 26 Zilina, Slovak Republic
2Department of Physics, Faculty of Science and Technology, University of Silesia in Katowice, 75 Pulku Piechoty
1A, 41-500 Chorzdw, Poland

3 Corresponding author: milos.kovac@feit.uniza.sk
b stefan.hardon@uniza.sk
9 kudelcik@uniza.sk,
9 janek@fyzika.uniza.sk
¢ katarzyna.grzybowska@us.edu.pl

Abstract. This study investigates the influence of aluminum oxide (Al203) nanoparticles on the thermal and electrical
properties of a novel two-component polyurethane system (2C PUR) intended for electrical insulation applications.
Nanocomposites containing 0.5, 1.0, 2.0, and 2.5 wt.% Al2Os relative to the polyurethane matrix were prepared using a
direct dispersion method. Thermal conductivity and bulk electrical conductivity were evaluated to determine the effect of
filler incorporation on the functional behavior of the material. The results revealed a clear dependence of both properties
on Al2Os content. Thermal conductivity increased monotonically with filler concentration, reaching the highest value at
2.5 wt.% Al20s, which indicates enhanced heat transport due to thermally conductive particles and improved phonon
transfer pathways. In contrast, bulk electrical conductivity showed an overall decreasing trend, confirming improved
insulating performance. Thermogravimetric analysis of the composite containing 2 wt.% Al203 showed that significant
degradation began at approximately 220 °C, with the maximum degradation rate at 295 °C and about 50% mass loss at 400
°C. These findings demonstrate the potential of Al2Os doped polyurethane nanocomposites for advanced electrical
insulation requiring improved thermal management and low electrical conductivity.



