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Abstract — Polymer nanocomposite has attracted many researchers’ recently in which the materials were applied as insulation 
material since 21st century. Polymer nanocomposite was given more attention because of the material properties that can be 
drastically improved by adding a few percent of nano-sized filler. SiO2 and TiO2 these filler are listed as the main nanofiller 
commonly used in electrical engineering due to the increase of effective activation energy. Natural Rubber (NR) is used because it 
develops several interphases with Linear Low-Density Polyethylene (LLDPE) matrix. This paper primarily concern the outcome of 
the most effective performance of breakdown voltage between SiO2 and TiO2 nanofiller as solid insulation and the best percentage 
among 1 wt%, 3 wt%, 5 wt%, and 7 wt%. LLDPE-NR with the ratio composition of 80:20 was selected as the base polymer and 
has been conduct by using High Voltage Direct Current (HVDC) testing. 
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I. INTRODUCTION 

Dielectric is a weak electrical conductor but effectively 
accommodate the electrostatic field. Most significant 
properties of the dielectric is its ability to accommodate the 
electric field while dissipating minimal energy in the form of 
heat .The lower dielectric loss, the insulating material will be 
more effective. The ability of Polymeric Nanocomposite as 
an insulating material, intensify the material performance 
properties of electrical and mechanical. In this context, nano-
dielectrics has emerged as new area in high voltage 
engineering which aims at development of a new class of 
insulation materials with improved mechanical and electrical 
properties which could have substantial commercial 
implications [1]. This experimental study is to investigate the 
breakdown voltage of linear low-density polyethylene- 
(LLDPE-) natural rubber (NR) compound filled with 
different amount of SiO2 and TiO2 nanofiller by using the 
High Voltage Direct Current (HVDC) measurement 
technique. 

According to the [2] the compounds of 80% LLDPE and 
20% NR with the ratio composition of 80:20 are selected as 
the base polymer because it seems to be the base compound 
based on the least damage and the lowest normalized 
degradation index during the mixing process. The additional 
nanoscale filler to the polymer based matrix are just in a 
small quantity, typically less than 10 wt% as a 
compatibilizer. Polyethylene or epoxy resin are widely used 
as insulators in industrial applications as the base material of 
many recent studies, while SiO2, Al2O3, MgO, TiO2 or layer 
silicates (LS) and nano clay (MMT) function as typical 
nanofillers [3,4]. All nanocomposite show significantly 

enhanced thermal stability compare to virgin LLDPE due to 
the increment of the effective activation energy during 
degradation process. 

The impulse circuit commonly consists of two individual 
components which are charging component causing the wave 
front and discharging component causing the wave tail 
shape. High Voltage Direct Current (HVDC) voltage is used 
to be generating by HVDC generator first before being 
stored in the charging capacitor (Cs). HVDC generator is 
commonly from the Half Period Rectifier. 

II. POLYMER NANOCOMPOSITES 

Polymer nanocomposites are defined as composites in 
which small amounts of nanometer sized fillers are 
homogenously dispersed in polymers by several weight 
percentages (wt%). As defined, the fillers added to the 
matrix are very small in quantity, normally less than 10 wt%. 
Unlike conventional composites, or known as the polymer 
microcomposites, the amount of microfillers is so much that 
it can reach up to 50 wt% of the total materials weight [5]. 

To create a better understanding on polymer 
nanocomposite, Tanaka et al. [5] had formally compare it to 
the polymer microcomposites in two different parameter 
which is the size of the fillers and the specific surface area of 
the composite. Nanocomposites are in the range of 
nanometers in size where should be less than 100 nm, 
different with three orders of magnitude in length as 
compared to microcomposites. This would mean a difference 
of approximately nine orders in their number density. 
Therefore, a nanocomposite creates a smaller distance 
between neighbouring fillers and have high specific surface 
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area of fillers which is about three orders larger compared to 
microcomposites. 

The idea of using polymer nanodielectrics inelectrical 
insulation was inspired by Lewis [6] in 1994 when he 
published a paper entitled “Nanometric Dielectrics”. 

III. SAMPLE PREPARATION 

LLDPE was used as the base matrix of the sample for the 
material preparation .The LLDPE was mixed with natural 
rubber (NR) grade SMR CV along with the nanofiller.  The 
compounds of 80% LLDPE and 20% NR with the ratio 
composition of 80:20 are selected as the base polymer 
because it seems to be the base compound based on the least 
damage and the lowest normalized degradation index during 
the mixing process compare to other thermoplastic-NR 
mixes. Further comparison among the PE materials, LLDPE 
is most compatible to NR where the rubber particle is 
dispersed in the continuous phase of thermoplastic 
components [3]. The additional nanoscale filler to the 
polymer based matrix are just in a small quantity in which, 
the nanofiller used were silicon oxide SiO2 and titanium 
oxide TiO2 [7,8]. 

The additional natural rubber in this experiment also 
provided a good path for future research in expanding the 
development of insulation instead of using only the polymer 
base with nanofiller. Makmud [9] conducted an experiment 
on LLDPE nanocomposite blended with natural rubber 
toward the PD performance, characteristics, and tensile 
properties. Table 1 shows the compound formulation and 
designation. 

TABLE I.  COMPOUND FORMULATION AND DESIGNATION 

Test 
sample 

LLDPE 
(%) 

Constituent 
composition 
(%) Natural 

Rubber 
(SMR CV 

60) 

Nanofiller 
(%) 

Designation 

LLDPE + 
natural 

rubber + 
SiO2 

80 20 1 S1 

80 20 3 S3 

80 20 5 S5 

80 20 7 S7 

LLDPE + 
natural 

rubber + 
TiO2 

80 20 1 T1 

80 20 3 T2 

80 20 5 T3 

80 20 7 T4 

 

IV. BREAKDOWN VOLTAGE IN SILICON OXIDE (SIO2) 

Each test sample had undergone 6 times of breakdown 
voltage testing. Table 2 shows the experimental result of 
breakdown voltage of each sample. The data of linear low-
density polyethylene- (LLDPE-) natural rubber (NR) 
compound filled with different amount of SiO2 weightage 
percentage in range 1 wt%, 3 wt%, 5 wt% and 7 wt% was 
recorded by using High Voltage Direct Current (HVDC) 
measurement technique. 

TABLE II.  COMPOUND FORMULATION AND DESIGNATION 

Number of 
Breakdown 

Voltage 

1 wt% 
(kV) 

3 wt% 
(kV) 

5 wt% 
(kV) 

7 wt% 
(kV) 

1 56.15 57.1 57.28 57.28 

2 58.12 57.2 57.17 57.17 

3 57.19 57.63 58.23 58.23 

4 58.19 57.29 57.79 57.79 

5 57.40 57.90 57.28 57.28 

6 57.13 57.96 57.74 57.74 

 
The graph shows in Figure 1 is the comparison of 

breakdown voltage between four samples of different 
percentage of Silicon Oxide (SiO2) by using MATLAB. 
Each sample was tested by applying High Voltage Direct 
Current up to six times by replacing the paper but 
maintaining sample. All four different weight percentages 
shows an increment up to the first three initial data except for 
S1 that start to decrease after the second data. The graph 
observes that S3, S5 and S7 declined steadily at the forth 
data and went up until the last data of breakdown voltages. 
By contrast, S1 increase at the fourth data and fell at the 
similar rate until the sixth data. Overall, the range of 
breakdown voltage on SiO2 nanofiller is within 56.15 kV and 
58.93 kV. 

 

 
Figure 1.  Comparison of breakdown voltage for sample LLDPE-NR/ SiO2 

at different amount of nanofiller 

V. BREAKDOWN VOLTAGE IN TITANIUM OXIDE (TIO2) 

Table 3 shows the data of linear low-density 
polyethylene- (LLDPE-) natural rubber (NR) compound 
filled with different amount of TiO2 weightage percentage in 
range 1 wt%, 3 wt%, 5 wt% and 7 wt% was recorded by 
using High Voltage Direct Current (HVDC) measurement 
technique. 

TABLE III.  BREAKDOWN VOLTAGE OF TITANIUM OXIDE (TIO2) 

Number of 
Breakdown 

Voltage 

1 wt%  
(kV) 

3 wt% (kV) 
5 wt% 
(kV) 

7 wt% 
(kV) 

1 55.16 56.12 56.00 56.40 

2 52.13 55.14 53.14 56.62 

3 55.13 56.14 56.80 56.49 
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4 54.50 55.03 56.03 55.90 

5 54.24 56.33 56.50 56.48 

6 56.14 56.13 55.21 56.30 

 
Figure 2 shows the comparison of the breakdown voltage 

between four samples of different percentage in Titanium 
Oxide (TiO2) by using MATLAB. Each sample was tested 
by applying High Voltage Direct Current up to six times by 
replacing the paper but maintaining sample. 

 

 
Figure 2.  Comparison of breakdown voltage for sample LLDPE-NR/ 

TiO2 at different amount of nanofiller 

VI. AVERAGE VALUE OF BREAKDOWN VOLTAGE 

Figure 3 shows the relationship of the breakdown voltage 
to the weight percentage of nanofiller (wt%) for the entire 
sample after the effect of breakdown test. The graph shows 
the upward trend of the average value on LLDPE-NR with 
added amount of SiO2 and TiO2 nanofiller  in the range of  1 
wt%, 3 wt%, 5 wt%, and 7 wt%. Sample with TiO2 showed 
drastic increment in breakdown voltage when weight 
percentage was added to the LLDPE-NR meanwhile the 
SiO2 nanofiller were gradually increased at the similar rate. 
There is a sharp increase between 1 wt% to 3 wt% and a 
rapid rise to a peak of 56.67 kV at 7 wt% in sample TiO2 
nanofiller. The data trend in SiO2 sample does shows an 
increment but the pattern rose slightly over the weight 
percentage of nanofiller. 

It showed that addition of SiO2 did not give obvious 
change in breakdown voltage hence more stable. However, 
sample of SiO2 with 7 wt% yielded the consistent maximum 
of breakdown voltage. It showed drastic increment in 
breakdown voltage when weight percentage was added to 
LLDPE-NR at more than 5 wt%. LLDPE-NR/TiO2 shows 
the same trend with LLDPE-NR/SiO2 when TiO2 nanofiller 
were added at more than 5 wt%. Upon evaluating the data, 
this report reveals that there is a correlative trend between 
both nanofiller that they yielded the maximum breakdown 
voltage by adding 7 wt% of nanofiller to the LLDPE-NR. 

 

 
Figure 3.  Comparison of the average value of breakdown voltage in 

LLDPE-NR/ SiO2 and LLDPE-NR/ TiO2 at different amount of nanofiller  

VII. ANALYSIS OF SURFACE DEGRADATION 

Degradation of the insulation is almost exclusively the 
result of heat from the sparks, and this heat either carbonizes 
if tracking is to occur, or volatilizes if erosion is to occur. 
Carbonization results in a permanent extension of the 
electrodes and usually takes the form of a dendritic growth.  

With the aid of microscope, the carbon track is finally 
been traced in certain amount of area including the effect of 
erosion in which could not be detected by naked eye. Carbon 
track is a process that takes place the surface of insulator due 
to the surface tracking phenomena. The possibility of carbon 
track to occur is when there is the presence of carbon in most 
polymers. 

During the breakdown test, arcing phenomena was 
observed among each samples.  Result showed that the 
resistance to high voltage arcing and resistance to tracking 
and erosion at very low filler contents demonstrated much 
improvement. The sample with carbon tracks is significant 
increase in surface tracking by changing the types and 
weight percentage of the nanofiller. The carbon track 
development obviously define that the surface of the test 
specimen is clearly damaged. The more severe the arcing 
phenomena were, the more severe the carbon tracks 
development could be clearly seen. 

Figure 4 shows the image of sample S in normal 
condition under microscope view while Figure 5 shows the 
analysis of the erosion of sample in group S. Carbon track 
could be clearly seen on 1 wt % but there is no erossion on 
the surface. By adding 3 wt% of SiO2 nanofiller to the 
composite, the development of carbon track is slightly 
increased where tiny erosion detected in a small surface area. 
When SiO2 nanofiller content was increased to 5 wt% (S5), 
carbon track development increased, accompanied with 
deeper erosion compare to the previous test sample. It 
showed that the test sample containing 7 wt% of SiO2 
nanofiller (A7) is obviously the major carbon track 
progression. 
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Figure 4.  Microscope image of sample S in normal condition 

      

(a)                                                   (b) 

      

(c)                                                    (d) 

Figure 5.  Microscope image for group S after breakdown test. (a) Sample 
S1, (b) Sample S3, (c) Sample S5 and (d) Sample S7 

Figure 6 shows the image of sample T in normal 
condition under the microscope view. For LLDPE-NR/TiO2 
samples, it can be seen that there is only a few carbon track 
has been traced in T1 with a shallow erosion. Same goes to 
the physical surface on T3 by adding 3 wt% of TiO2 
nanofiller to the base composite LLDPE-NR, final 
observation shows that there was very little carbon track 
identified. With the addition of 5 wt% of TiO2 nanofiller, 
carbon track development was increase with deeper erosion 
compared with the test sample containing 1 wt% and 3 wt% 
of TiO2 nanofiller. It showed that the major carbon track 
progression was obvious for the test sample containing 7% 
of TiO2 nanofiller as shown in Figure 7. 

 

 
Figure 6.  Microscope image of sample T in normal condition 

      

(a)                                                            (b) 

      
(c)                                                              (d) 

Figure 7.  Microscope image for groupT after breakdown test. (a) Sample 
T1, (b) Sample T3, (c) Sample T5 and (d) Sample T7 

VIII. CONCLUSIONS 

The purpose of this experiment is to optimize the most 
effective performance between LLDPE-NR with SiO2 and 
TiO2 nanofiller as solid insulation and the best percentage 
among them. Based on the experiment and sample S7 show 
the highest breakdown voltage compared to other samples. 
It was found that LLDPE-NR/SiO2 at 7 wt% (sample S7) 
had become the best sample among the examined in group S 
and T in terms of highest breakdown voltage percentage. 
The hydrophobicity of TiO2 nanofiller contribute to low 
value of breakdown strength. The performance of 
breakdown strength also depends on the hydrophilicity and 
hydrophobicity properties of nanofiller. This statement is 
supported by some of the samples which had high carbon 
track formation that did not correlate with 
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