
Abstract 
Nanocomposites of polyethylene and metal oxide nanoparticles have shown to be a feasible approach 

to the next generation of insulation in high voltage direct current cables. In order to reach an operation 

voltage of 1 MV new insulation materials with reduced conductivity, increased breakdown strength and 

controlled space charge accumulation as compared to modern polyethylene, is needed. The 

nanocomposites with metal oxide nanoparticles have shown the potential to possess these properties. 

In this work polyethylene MgO nanocomposites for electrical insulation has been produced and 

characterized both from an electrical and material perspective. The MgO nanoparticles were 

synthesized by water-based precipitation and calcination into polycrystalline nanoparticles with a large 

specific surface area (167 m2 g–1). The MgO nanoparticles were surface modified in n-heptane with 

octyl(triethoxy)silane and octadecyl(trimethoxy)silane to render a hydrophobic coating. Melt 

processing by extrusion resulted in evenly dispersed MgO nanoparticles in low-density polyethylene 

(LDPE) for the surface modified MgO as compared to the unmodified. All systems showed a reduction 

in conductivity by up to two orders of magnitude at low loading levels (1–3 wt.%), but where the 

surface modified systems were able to retain reduced conductivity even at loading levels of 9 wt.%. A 

maximum interaction radius to influence the conductivity of the MgO nanoparticles was theoretically 

determined to ca. 800 nm. The interaction radius was in turn experimentally observed around Al2O3 

nanoparticles embedded in LDPE using Intermodulation electrostatic force microscopy (ImEFM), a 

recently developed AFM mode to measure surface potential. By applying a voltage on the AFM-tip 

charge injection and extraction around the Al2O3 nanoparticles was observed, visualizing the existence 

of additional localized energy states on, and around, the nanoparticles. Ptychography 

(nanotomopgraphy) was used to reveal nanometre sized features of electrical trees formed under DC-

conditions, a degradation phenomena that can be anticipated to cause problems at elevated operation 

voltages (1 MV). The three dimensional (3D) visualization of the electrical trees showed that electrical 

trees grows by the formation of pre-step voids. The pre-step voids are formed in front of the 

propagating channels to facilitate further growth, much in analogy to mechanical crack propagation 

(Griffith concept). An electromechanical effect, exhibiting a stress orthogonal to the electrical field, 

was attributed as possible mechanism for the formation of the voids. 

 


