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Abstract: In high voltage systems, it is important to have good insulation systems in order to transfer power over a long 
distance. The use of polymer nanocomposites could make differences in insulation system. However, the presence of water in 
nanocomposites could negatively affect the performance of nanocomposites as it is found that nanocomposites can absorb 
more water than unfilled polymers. This study investigated the AC breakdown strength of polypropylene (PP) as polymers 
blends with 1 wt%, 2 wt% and 5 wt% of barium titanate (BaTiO3) nanofiller and analyzed the effect of water absorption on 
breakdown strength of polypropylene added with different amount of barium titanate nanofiller. All the samples of 
nanocomposites were then subjected to water absorption process for certain periods which are 0 days, 10 days, and 20 days to 
evaluate how much water can be absorbed by the samples and its effect on breakdown strength of nanocomposites. While AC 
breakdown test was conducted according to standard of American Society for Testing ance Material (ASTM) D149 to correlate 
the effect of water absorption with the breakdown strength of nanocomposites containing barium titanate..  
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1. INTRODUCTION 
In order to form new insulation systems that can cope with 
different stresses, it is crucial to augment the properties of 
insulating materials used in cables [1]. It is very critical in 
order to establish high voltage equipment with safety and 
stable operations. One of the important property in High 
Voltage insulation is breakdown strength and any 
improvement thereof can lead to significant advantages 
such as decrease of size and reduction of cost. Polymers’ 
characteristics such as high protection to resist dielectric 
charge, thermal conductivity, chemical cavities and tree 
growth, accord them an advantage as insulation materials 
[2]. In electrical applications, many type of polymers such 
as polypropylene, polyethylene, polystyrene, poly (vinyl 
chloride) and synthetic rubber can be used as insulation 
[2]. 

Recently, nanocomposites become amusing topics due 
the particular characteristics this materials can show. 
Nanocomposites can be defined as combination of 
polymers and nanofillers that contain at least one 
dimension less than 100 nm in size. Desired dielectric 
properties can be accomplished by combining polymers 
and nanofillers [2]. The accomplishment of 
nanocomposites in relation to partial discharge (PD) and 
AC breakdown test is exceptional but the present of 
nanofillers could lead to the formation of agglomeration of 
the fillers which may abolish the true effectiveness of the 
composites [3].  

However, the presence of water will affect the 
performance of nanocomposites in a negative way as 
underground high voltage insulation are mostly expose to 

water[4]. The effect of water on the breakdown strength of 
polymer blend with different weight percentage of 
nanofillers was therefore investigated through this project. 
The polypropylene was used as polymer and barium 
titanate (BaTiO3) was used as a nanofillers. The water 
absorption process was carried out on the samples and the 
samples went AC breakdown test. 

2. LITERATURE REVIEW  
Poplypropylene (PP) is a polymer that possesses excellent 
electrical insulation properties and heat resistance and can 
be obtained at low price but it is rigid and strong. Other than 
that, PP also can undergo simple manufacturing process 
without cross-linking process [5]. The recyclable criteria of 
PP also help it to be one of the promising polymer that can 
replace conventional polymers. Through the power line 
relay protection restrictions [5], limitation of maximum 
temperature for the cable short circuit or under fault 
conditions is 160 °C. PP can maintain its mechanical 
strength and the cable can be avoid from thermal 
deformation damage below this temperature. PP insulated 
cables should have higher current carrying capacity since 
its blend crystallization temperature is about 160 °C and 
long-term operating temperature can be set at 120 °C. 

While barium titanate (BaTiO3) nanofiller has been 
studied under numerous scientific and industrial application 
such as in transducers, dielectric capacitors and tunable 
phase shifter. BaTiO3 is one of the nanofillers that contain 
high dielectric breakdown strength [6]. Other than that, this 
materials have high permittivity which mean it has high 
ability to store electrical energy in an electrical field. 
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BaTiO3 also had been used to enhance dielectric 
permittivity of polymers as it is nanofillers with high 
dielectric permittivity [7]. Also, BaTiO3 widely being used 
due to its low dielectric loss and high dielectric constant. 

In addition, a nanocomposite is a combination between 
polymers and nanofillers to attain the desired dielectric 
properties [8]. The use of polymer nanocomposites is 
preferred as it can enhance dielectric breakdown strength. 
Due to the characteristic of nanofillers that have very high 
surface area-to-volume, the interfacial area of 
nanocomposites are greater than microcomposites. Other 
than that, such a small amount of nanofillers can be used 
for polymer nanocomposites which is less than 10% wt. 
The density of the intrinsic polymetric remain the same 
even though there are small amount of nanofillers added. 

When epoxy nanocomposites were exposed to the 
surrounding that contained water, it absorbed significantly 
more water than unfilled polymer. Apparently, this was due 
to the present of nanoparticle-matrix interface, which could 
be preferred location for the aggregation of water molecules 
[9]. The presence of water molecules in nanocomposites 
might affect the electrical performance of nanocomposites 
in negative ways. Generally, polypropylene does not absorb 
water and the electrical properties of polypropylene also not 
change when expose to the water due to the hydrophobic 
nature of polymer which prevent water absorption. The 
choice of nanofillers can also effect the water level uptake 
as the nanofillers with hydrophilic properties will let the 
nanocomposites to absorb water.  

The effect of water absorption was investigated by 
calculating the percentage of mass that increase after 
nanocomposites was immersed in water. The calculation 
was done by following the equation (1), 

 %𝑀𝑎𝑠𝑠 = &'(&)
&)

×	100%        (1) 

where, Mw is weight measured after nanocomposites 
immersed in water and Md is weight measured before 
nanocomposites immersed in water. 

Weibull analysis was used to analyze the data that 
collected from AC breakdown test. This distribution is a 
suitable tool to determine the breakdown strength due to the 
simple and useful graphical plot of failure data and had the 
ability to provide accurate failure analysis. From equation 
(2), breakdown strength were calculated. There two-
parameters consisted in this distribution are α as the scale 
parameter and β as the shape parameter. 

                                  𝑃 𝐸 = 1 − 𝑒 2
3

4
   (2) 

 
                
where,  

(𝐸) is the cumulative probability of failure at 𝐸 
𝐸 is the experimental breakdown strength 
α is the scale parameter 
β is the shape parameter 

 

 

 

3. METHODOLOGY 

The flowchart in Figure 1 shows the overview of the 
process for the experiment.  

 

 

 

 

 

 

  
 

 

 

 

 

Figure 1. Flowchart of the overall experiment 

The nanocomposite samples of BaTiO3 was pressed 
into thin film by using a hydraulic hot press machine as 
shown in Figure 2. Before pressing the samples into thin 
films, the samples were weighted approximately 0.5 gram 
by using Sartorius Analytical Balance Model BSA224S-
CW as shown in Figure 3. The temperature of the hydraulic 
hot press was set to 180 °C and the samples were placed 
between a pair of metal plate. The metal plate was used to 
mold the samples into circular shape thin film. Melinex 
paper was used to avoid any dust or unknown particles 
attached to the samples while the process took place. The 
melting and pressing process took place simultaneously at 
a pressing force of 2.5 ton for three min. Three samples 
were prepared for each type.  

 

 
Figure 2. Hydraulic hot press machine 

 

Melt and press to thin film using 
hydraulic hot press 

AC breakdown test 

Weibull distribution analysis 
 

Water absorption process 

End 
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Figure 3. Sartorius Analytical Balance Model  

BSA224S-CW 

After the samples were pressed into thin film, they 
underwent water absorption process. The weighed of the 
samples was taken before and after immersed in distilled 
water. Few period of times were used for water absorption 
process i.e. 0 days and 20 days. The samples that underwent 
0 days of immersion in water would act as a reference.  
Filter paper was used to dried the samples after immersing 
in water, and the samples were weighed before undergoimg 
AC breakdown process.  

By referring to the guideline provided in ASTM D149 
standard, AC breakdown process will be carried out right 
after the samples were weighed after being immersed in 
water. Melinex paper was used for testing the condition of 
the transformer oil and the ball bearing either in good 
condition or otherwise before testing the samples. The 
sample was divided into several parts and was measured the 
thickness by using digital micrometer. 10 points was 
marked on the thin films of each sample for the AC 
breakdown test.  

The thin film was placed between the two electrodes 
with ball bearing at the end of them and immersed in the 
transformer oil. This set up was shown in Figure 4. By using 
the transformer oil, surface flashover can be avoided as a 
precaution. The voltage was injected periodically by 
increasing it 1kV every 20 seconds until breakdown 
occurred. The equipment in Figure 5 was used to measure 
breakdown voltage which is HVAC/DC Test Set Meter. 
The test was repeated until reach to 10 points and all the 
data will be recorded for analysis. From equation (3), 
breakdown field strength can be calculated 
 

𝐵𝑟𝑒𝑎𝑘𝑑𝑜𝑤𝑛	𝑓𝑖𝑒𝑙𝑑	𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ = 	 	BC
	DD

 (3) 
 
where,  

kV is breakdown voltage 
𝑚𝑚 is thickness of the sample 

 

 

 
Figure 4. Electrode was immersed in transformer oil 

 
Figure 5. HVAC/DC Test Set Meter 

Lastly, Weibull distribution analysis was used to 
analyze the data that had been recorded during AC 
breakdown test. There are two parameters There two-
parameter that consisted in this distribution are α as the 
scale parameter which is the breakdown strength at 63.2% 
failure probability and β as the shape parameter. This 
analysis consists reasonable accurate failure analysis and 
failure forecast with extremely small samples. 

4. RESULT AND ANALYSIS 

4.1 Water Absorption Process 

Table 1. Percentage increase of mass for 1% wt, 2% wt 
and 5% wt of BaTiO3. 

Samples 
Initial weight 

(g) 
(0 days) 

Final weight 
(g) 

(20 days) 

Weight 
difference 

percentage W 
(%) 

1% wt BaTiO3 0.5066 0.5101 0.35 

2% wt BaTiO3 0.5127 0.5146 0.19 

5% wt BaTiO3 0.5072 0.5089 0.17 
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Figure 6. Percentage of water absorbed for 1% wt, 2% wt 

and 5% wt of BaTiO3. 

 Figure 6 and Table 1 shows water absorption 
characteristic for, nanocomposites with 1 wt%, 2 wt% and 
5 wt% BaTiO3. Generally, after immersing in distilled 
water for 20 days the percentage of water uptake for 1 wt% 
of BaTiO3 is 0.35%, percentage of water uptake for 2 wt% 
of BaTiO3 is 0.19% and percentage of water uptake for 5 
wt% of BaTiO3 is 0.17%. 

4.2 AC Breakdown Strength Analysis 
For the breakdown strength of the nanocomposites, two 
methods were used to analyze the data which were use by 
average calculation and also Weibull distribution analysis. 
From Table 2, the average of dielectric strength for dry and 
wet condition were tabulated and from Figure 7 the chart 
represent the average of breakdown strength for both dry 
and wet conditions. While Table 3 was tabulated according 
to the Weibull distribution analysis and the Figure 8 
represented Weibull plot distribution of samples for dry 
condition and Fig 9 represented Weibull plot distribution of 
samples for wet condition.  
 The results of breakdown strength for dry condition that 
had been obtained in Table 3 will be used as reference.  

Table 2. Average of breakdown strength for dry and wet 
condition. 

Samples 
Average Breakdown Strength (kV/mm) 

Dry condition  
(0 days) 

Wet condition  
(20 days) 

PP + 1 wt% 
BaTiO3 68 46 

PP + 2 wt% 
BaTiO3 65 50 

PP + 5 wt% 
BaTiO3 62 41 

 
 

 
Figure 7. Average of breakdown strength for dry and wet 

condition. 

Table 3 Weibull Distribution analysis for dry and wet 
condition 

Samples 
Average Breakdown Strength (kV/mm)(β) 

Dry condition  
(0 days) 

Wet condition  
(20 days) 

PP + 1 wt% 
BaTiO3 72 ± 7 ( 8) 50 ± 8 (5) 

PP + 2 wt% 
BaTiO3 70 ± 7 (7) 54 ± 6 (7) 

PP + 5 wt% 
BaTiO3 67 ± 7 (7) 44 ± 5 (6) 

 
 
 

 
Figure 8. Weibull plot distribution of samples for dry 

condition 
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Figure 9. Weibull plot distribution of samples for wet 

condition 

 Figure 7 and Table 2 show average breakdown strength 
of 1 wt%, 2 wt% and 5 wt% BaTiO3 with and without water 
absorption process. The breakdown strength of 1 wt% of 
BaTiO3 for dry condition is 68 kV/mm which is the highest 
average breakdown strength followed by 2 wt% of BaTiO3 
at 65 kV/mm and the lowest is 5 wt% of BaTiO3 at 62 
kV/mm. While in Weibull analysis, it showed slightly 
different result for dry condition. Based on Table 3 and 
Figure 8 The breakdown strength of 1 wt% of BaTiO3 for 
dry condition is 72 kV/mm which is the highest average 
breakdown strength followed by 2 wt% of BaTiO3 at 70 
kV/mm and the lowest is 5 wt% of BaTiO3 at 67 kV/mm. 
 After undergoing water absorption process for 20 days, 
based on Figure 7 and Table 2 they show the highest 
breakdown strength is 2 wt% of BaTiO3 at 50 kV/mm 
followed by 1 wt% of BaTiO3 at 46 kV/mm and the lowest 
is 5 wt% of BaTiO3 at 41 kV/mm. From the Figure 9 and 
Table 3, the Weibull distribution of breakdown strength 
show the highest breakdown strength is 2 wt% of BaTiO3 
at 54 kV/mm followed by 1 wt% of BaTiO3 at 50 kV/mm 
and the lowest is 5 wt% of BaTiO3 at 44 kV/mm. 
 The results obtained from average breakdown strength 
and from Weibull distribution of breakdown strength for 
both condition can be compared. As the results from 
Weibull distribution of breakdown strength was obtained 
more accurately than average breakdown strength because 
Weibull distribution analysis could be able to provide 
accurate failure analysis and also Weibull distribution 
analysis is one of the suitable tool to determine the 
breakdown strength due to the simple and useful graphical 
plot of failure[10]. 
 From Table 1, the nanocomposites show that after 
immersing in water for 20 days, the nanocomposites started 
to absorb more water. This is because the capabilities of 
polymers to absorb water is a result of hydroxyl group that 
existed on the surface of the composites[11]. Also presence 
of water in nanocomposites could affect the performance of 
breakdown strength of nanocomposites. This can be 
referred from Table 3 where the result of AC breakdown 

strength of BaTiO3 for wet condition, the breakdown 
strength decrease to 50 kV/mm from 72 kV/mm for 1 wt% 
of BaTiO3. For 2 wt% of BaTiO3 also followed the same 
pattern where the breakdown strength decrease from 70 
kV/mm to 54 kV/mm. Lastly, the breakdown strength value 
of 5 wt% of BaTiO3 also decreasing from 67 kV/mm to 44 
kV/mm. Detrimental effect could happen in insulation and 
dielectric materials due to the presence of water so it is 
crucial to keep the minum level of water in the 
materials[12]  
 When the amount of nanofillers was added to polymers 
was increased to 2 wt% and 5 wt% and before undergoing 
water absorption process the breakdown strength 
performance of the nanocomposites started to reduce. The 
reason behind the reducing performance could be due to the 
agglomeration factor of nanofillers. As the level of 
nanofillers increase, agglomeration could happen due 
overlapping of interfacial regions. Hence, less interphase 
volume is available within the nanocomposites 
polymers[12].  

5. CONCLUSION 

In conclusion, due to less agglomeration factor in the 
nanofillers, 1wt% of BaTiO3 shows the highest breakdown 
strength for dry condition. After immersing in water for 20 
days, 1 wt%, 2 wt% and 5 wt% of BaTiO3 shows 
decrement in the breakdown strength due to the presence 
water of water. The presence of water negatively affected 
the polymer nanocomposites due to the addition 
nanofillers. However, 2 wt% of BaTiO3 after undergoing 
water absorption process for 20  days shows an optimal 
dielectric properties because it had the highest breakdown 
strength in wet condition compared to others. 
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