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Abstract. Recently, fog-haze weather has become very frequent, and have a great impact on human 
life and production, especially for power transmission lines. In this paper, silicone rubber samples 
were contaminated in simulated winter fog-haze chamber for certain time. It was found that winter 
fog-haze environment would have a negative impact on the transfer of hydrophobicity. Combined 
with results of NSDD and ESDD test and hydrophobic classification, it was confirmed that 
pollution degree and low temperature were the main factors for the hydrophobicity and hydrophobic 
transfer.   

Introduction 
In the recent, silicone rubber materials were widely used in electric power transmission line, 

because of its good hydrophobicity and the transfer of the hydrophobicity, which is associated with 
the chemical construction of polysiloxane. The Si-O chain was surrounded by the CH3 groups, 
which make the interface energy very low, and surface is very hydrophobic. Even though the 
surface is contaminated, the low molecular weight matter and chain segment migrated out of the 
silicone rubber could transfer onto the dirt, that make the dirt own hydrophobicity as well. This is 
what the essence of the transfer of hydrophobicity[1-2]. 

However, long-term outdoor service could suffer aging impact from various environmental 
factors[3-6], such as ultraviolet radiation, rain wash, pollution accumulating and so on, which will 
weaken the hydrophobicity, insulating properties, mechanical strength distinctly. Xu etal[7] found 
that the hydrophobicity recovery speed would decline with the decline of the ambient temperature. 
The increase in humidity lead to more transfer time, the transfer of small molecular was suppressed 
by air moisture. There are others reports[8-10], which found whether pollution accumulating would 
made an impact on the hydrophobicity depended on the pollution nature. The effect of NSDD was 
apparently higher than ESDD. 

In conclusion, pollution accumulating, high moisture, and low temperature would all hindered 
the play of transfer of hydrophobicity. While the winter hazes weather happened to cover all three 
factors simultaneously. So, fog-haze would make a significant effect on the safety of electric power 
transmission lines, and further research on this aspect would be of great scientific application value. 

In this paper a series of tests were designed to uncover the influence rule of winter fog-haze, and 
to confirm the key factors and boundary conditions. 

Experimental Preparation  
Fog-haze environment was simulated by generating the main components of haze, which were 

then inlet into the chamber, mixed by diffusion. The final haze environment parameters were listed 
as follows( Table 1).   
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Table1 haze environment parameters 
parameters value 

Particle concentration 1800μg/m3 

The mist conductivity 1500μs/cm 

Relative humidity 75%~85% 

Temperature 5~10℃ 

2mm thick samples made of silicone rubber were prepared, then fully dried, and cuted into 
saveral square plates with 5cm side length for following test. 

Results and Discussion 
Place the plates in the fog chamber for a certain time(5days, 10days and 20days) to stain, and 

take out and record the surface morphology at different stage of contamination(Fig.1). 

 

（a）Accumulated dirt before      （b）5 days of contamination 

 

（c）10 days of contamination           （d）20 days of contamination 
Fig.1. Surface morphology at different stage of contamination 

Effect of winter fog-haze on transfer of hydrophobicity. 
The samples were stayed enough long time for migration of low molecular weigh matter and 

segament chain. Using water spray classification to test surface hydrophobicity, the result was 
shown in the figure 2. 

   
(a)clean samples 

 
(b)5 days of contamination 
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(c)10 days of contamination 

 

(d)20 days of contamination 
Fig.2. hydrophobicity test of different fouling degree of samples 

It’s observed that fouling under fog-haze environment could made bad effect on the 
hydrophobicity, before contamination, the hydrophobicity is very good, and could be classified as 
HC1, however, the classification was drop to HC4 only after fouling five days, and HC5-HC6 after 
fouling eight days, and below the HC6 after 20 days. As seen above, accumulation fouling under 
haze would reduce the hydrophobicity, and hinder the migration to paly. This is related to the fog 
nature and fouling time length, the longer fouling time was, the greater the influence on the 
hydrophobicity was. 

However, contact angle of polluted samples didn’t decrease, they were all improved inversely 
(table2). For example, contact angle of contaminated 5 and 10 day’s samples can reach 130°, that of 
20 days have a little decline to 125.4°. Compared with clean samples, they were all enhanced.   

Table 2 Test result of contact angle and hydrophobicity classification 
 sample θ1 θ2 θ3 θ4 θ5 θav HC 

Clean 
sample 

sample1 116 114.3 112.7 109.2 109.9 112.4 HC1 
Sample2 110.1 111.4 112.3 115.1 113.5 112.5 HC1 
Sample3 112.9 113 110.2 114.3 103.9 110.9 HC1 
average  111.9 HC1 

5days 

sample1 137.5 139.3 143.0 140.4 137.2 139.5 HC3-4 
Sample2 132.1 130.4 130.6 121.8 129.7 128.9 HC4 
Sample3 123.6 124.6 130.3 129.4 127.0 127.0 HC4 
average  131.8 HC4 

10days 

sample1 119.4 124.8 126.7 126.8 132.5 126.0 HC5 
Sample2 137.5 136.4 135.9 140.3 140.5 138.1 HC5-HC6 
Sample3 130.1 130.4 138.7 135.6 135.1 134.0 HC5-HC6 
average  132.7 HC5-HC6 

20days 

sample1 123.0 119.6 120.4 110.4 120.3 118.7 Below HC6 
Sample2 137.3 139.1 131.8 129.9 134.2 134.5 Below HC6 
Sample3 125.4 120.1 124.4 122.5 122.1 122.9 HC6 
average  125.4 Below HC6 

Two methods of testing hydrophobicity seem inconsistent in result. According to the 
hydrophobicity classification, hydrophobic property was getting worse with the degree of 
accumulating pollution increased, but, from the point of contact angle test, contact angle was 
creasing, which mean water repellency is improved. This contradiction may be related to its micro 
structure of surface. It can be seen from the figure 3, for samples of 5days and 10 days 
contamination, dirt particles scattered with a certain distance to build a great rough surface, but for 
those of 20days, pollution particles heap together to form a dense layer, this surface roughness was 
smaller than the former. So the contact angle of former was larger than the latter. However, when 
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such microstructures are subjected to external force, such as rain, they would be destroyed, so the 
result obtained by water pray classification was different from that by static contact angle test. The 
former is more closer to actual condition. 

 
(a) 5days               (b) 10days              (c) 20days 

Fig.3 SEM result of contaminated samples 
We cleaned the surface of the dirt samples and tested the hydrophobicity by classification in the 

following experiments. It’s found that the water repellency recovered to HC1-HC2. This showed 
that contamination was definitely an important factor. 

 
(a) 5 days              (b) 10 days             (c) 20 days 

Fig.4 Hydrophobicity classification of samples after cleaning 

Influence factors. 
(a)NSDD and ESDD 
Equivalent salt deposit density (ESDD) and nonsoluble deposit density(NSDD) were adopted to 

represent the degree of filth. According to the test result (Fig.5), ESDD was higher than NSDD for 
five days’ contamination, NSDD and ESDD were all rising in time, but growth speed of NSDD was 
faster than ESDD, and after ten days accumulating dirt, NSDD was finally greater than ESDD, and 
then continue above ESDD.  

Combined with filth degree and hydrophobic result, when contaminated more than 10 days, and 
ESDD reached 0.13mg/cm2, and NSDD reached 0.16 mg/cm2, hydrophobicity were greatly 
weakened. These could be considered as one of the impact parameters and boundary conditions. 

 
Fig.5. Equivalent salt deposit density(ESDD) and nonsoluble deposit density(NSDD) test of fouling 

samples  
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(b) Temperature 
After the polluted samples were heated on the 80℃ hot stage for eight hours, the hydrophobicity 

was greatly improved (Fig.6). For samples of ten days contamination, the hydrophobicity could rise 
from HC5 to HC3-HC4, for samples of twenty days contamination, the surface emerged certain dry 
area, and didn’t be wetted completely as before. Thus it can be seen that, temperature rising could 
accelerate the molecular activity, low molecular weight material and chain segment would become 
active, and could move up to dirt on surface more easily, this course made the surface more 
hydrophobic. On the contrary, when temperature fall down to a certain degree, migration could 
become very hard, this is unfavorable to restore hydrophobic surface after accumulated dirt to a 
certain extent.  

 
(a) Ten days of contamination(before heating)   (b) Ten days of contamination(after heating) 

 
(c)Twenty days of contamination(before heating)   (d) Twenty days of contamination(after 

heating) 
Fig.6. Effect of temperature on the transfer of hydrophobicity 

Conclusion 
Silicone rubber samples were placed under simulated winter fog-haze chamber to accumulating 

pollution, It’s found that, the longer contamination time was, the worse the transfer of 
hydrophobicity was. The reason was related to the pollution degree and surrounding temperature. 
When NSDD and ESDD reach a certain degree, for example ESDD was 0.13mg/cm2, NSDD was 
0.16mg/cm2 in this paper, hydrophobicity and transfer of hydrophobicity would become very poor. 
Low temperature is another one that could hinder the hydrophobic transfer of molecular or chain 
segment on to the dirty surface. 
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