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Abstract 

 
Traditional outdoor insulators are made of glass and porcelain. However, although such insulators have been used for many 
decades, they present some drawbacks. Glass and porcelain insulators seem to be more prone to surface discharges and 
flashover when they age and water droplets are more likely to spread on their surface, causing thus dry zones and 
consequently conditions for surface discharging and flashover. Room Temperature Vulcanized (RTV) coatings spayed on 

the aforementioned traditional insulators seem to remedy such problems because such coatings increase the hydrophobicity. 
In this paper, a short review on RTV coatings is given together with some thoughts and comments regarding the so-called 
early stage of aging. 
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1. Introduction 

 
Glass and porcelain insulators have been traditionally used for 

many decades [1]. However, these insulators present some 
serious drawbacks regarding their behavior w.r.t. pollution, 

surface discharging and flashover [2]. Silicone rubber (SiR), 
being a polymeric material, presents good hydrophobic 

properties and as such it has been used both as a full insulator 
as well as a coating on the traditional outdoor insulators. 

Although SiR insulators present certain advantages compared 
with glass and porcelain insulators (e.g., lesser weight, 

resistance to vandalism, hydrophobicity, reduced dimensions, 
limited right of way passage), they also have – being 

polymeric materials - some problems, such as gradual 
deterioration due to tracking and erosion of the weathersheds 

and exposure and therefore sensitivity to discharges [3 - 5].  

 Alternatively, Room Temperature Vulcanized (RTV) SiR 
coatings have been sprayed on the surface of either glass or 

porcelain insulators, improving thus their electrical behavior 
[3]. RTV SiR coatings are known to possess excellent surface 

resistance to chemicals, corona discharge, thermal 
degradation and ultraviolet radiation [6]. The use of RTV SiR 

coatings to glass or porcelain insulators can possibly 
eliminate the need for the frequent maintenance, thereby 

decreasing the maintenance costs. Hence, RTV SiR coatings 
are well established as a maintenance product possessing high 

withstand capability especially in case of harsh environments 
like seacoast environment and industrial environment, 

because of their effectiveness in preventing outages caused by 
the contamination of the insulator surface due to these harsh 

environments [7]. Also, IEEE has developed a standard for 

the application, maintenance and evaluation of RTV SiR 

coatings [8]. Silicone rubber imparts its hydrophobic property 
to the surface of glass or porcelain insulators rendering them 

more surface discharge resistant and, consequently, less prone 
to suffer flashover. As was reported before, “[as the SiR 

coating imparts its hydrophobicity to the surface of 
glass/porcelain insulators]” the formation of continuous water 

layers and the occurrence of leakage currents on the surface 
of insulators is prohibited, resulting in an increase of their 

flashover voltage” [9].   
 In the context of the present paper, no effort will be made 

to encompass the whole problematic of the SiR insulators [10-
12]. The present concise review will only tackle questions and 

problems relevant only to SiR coatings of glass/porcelain 
insulators. Some comments regarding the recovery of 

hydrophobicity of the SiR coatings will be made. Moreover, 

some thoughts on the so-called early stage of aging will be 
offered.  

 
 

2. Recovery of Hydrophobicity  
 

RTV coatings are no different from the SiR insulators 
regarding the mechanism of recovery of hydrophobicity. 

Relatively recently, some researchers have studied the 
hydrophobicity transfer of RTV coatings based on 

modification of absorption and cohesion theory and have 
indicated that the hydrophobicity transfer of RTV coatings is 

dependent on factors such as temperature, degree of cross 
linking, silicone rubber ingredients, content of the soluble salt 

and type of contamination [13]. In wet conditions, surface 
discharges cause dry band arcing and heat and – probably – 

bond scission. Lower molecular weight (LMW) 
polydimethylsiloxane (PDMS) oligomers tend to be formed 

as a result of the heat. Smaller molecules are formed 
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concomitant with crosslinking of the remaining body of the 
polymer at the surface. Such oligomers, under certain 

conditions, may diffuse to the surface of the coating as erosion 
occurs [14]. As was noted, possible chemical alterations due 

to heat from dry band arcing are, 1) instantaneous chemical 
dissociation of the surface at very high temperatures, and 2) 

slow dissociation through chemical reactions due to 
conduction of heat into the coating (scission and interchange 

of bonding or of chains, hydrolysis of siloxane bonds and 
hydrocarbon groups, oxidation of hydrocarbon groups and 

crosslinking of siloxane bond, pyrolysis) [3, 15, 16].  
 A great advantage of RTV coatings is that they can be 

applied to already existing insulators, i.e. there is no need for 
replacement of insulators already in service. RTV coatings 

can be applied after adequate cleaning of the already existing 

insulators. Such coatings can offer a long-term solution [17, 
18]. This, however, does not imply that RTV coatings do not 

have their own limitations. They can deteriorate in the 
presence of discharges.  

 
 

3. RTV Coating Composition and Thickness 
 

RTV (Room Temperature Vulcanizing) process is involved in 
the conversion of polymer or rubber into a long-lasting 

material. RTV SiR coating is a liquid polymer layer that 
vulcanize inside a flexible rubber layer when exposed to 

moisture [19]. As was noted, RTV coatings consist of a 
polydimethylsiloxane (PDMS) polymer, a reinforcing filler, 

PDMS fluid, alumina trihydrate (ATH) filler, colorant 
pigment, a crosslinking agent, condensation catalyst and an 

adhesion promoter [19]. Of these components, ATH filler is 
an inorganic filler helping to reduce tracking and to increase 

erosion resistance, thereby providing the long-term ability in 
limiting the leakage current and preventing flashover [20]. 

The thickness of such coatings must not exceed 1 mm and it 
was reported that the optimum thickness is between 0.3 and 

0.5 mm. Thicker coatings increase the thermal resistance and, 
consequently, render more difficult the conduction of heat 

away from the insulator [19]. As was noted elsewhere, 
excessive thickness does not necessarily imply good 

adherence to the ceramic surface, while not enough coating 
may result in areas left uncoated [21]. In [21] was also noted 

that the two basic requirements for a satisfactory performance 

of RTV coatings is the lasting hydrophobicity and the 
resistance to erosion and to surface discharges as well as the 

coating process itself. 
 RTV coatings act more effectively in polluted conditions 

than in clean and dry conditions. As was noted, material 
composition and dielectric strength are the two vital factors 

determining the performance of an RTV coating [22]. As was 
reported before [19], the optimum RTV coating thickness lies 

between 0.3 and 0.5 mm since a coating of 0.339 mm 
thickness gives low roughness parameters whereas a coating 

of 0.533 mm thickness gives the minimum erosion [23]. In 
yet another study, the authors suggested an optimum 

thickness of 0.2 mm and they attributed it to the thermal 
characteristics of the material. They also pointed out that with 

such coatings the problem is not so much tracking but 
material erosion [24].  

 It is expected that the quantity of LMW fluid depends on 
coating thickness, i.e. its quantity is greater in thicker coatings 

than in thinner coatings. It is also expected that a thicker 
coating can maintain its hydrophobicity for a longer period of 

time than a thinner coating. However, as was pointed out in 
[19], a thicker coating may develop more intense discharges 

for the same applied electric stress than a thinner coating. 
Therefore, as was reported in earlier research, an optimum 

thickness may exist, which may be beneficial for a longer time 
[25]. As was noted above [19], ATH filler is one of the 

constituents of RTV coating. It was reported that smaller 
ATH particle fillers imply a longer expected lifetime of RTV 

coating because they give a better heat conduction and a 
smoother coating surface. It was reported that the optimum 

ATH particle filler is at 4.5 μm [26]. (It should be noted here 
that ATH filler has some limitations, namely that it breaks 

down at 2200 C in an irreversible dehydration whereas silica 
coatings also breakdown and loose mass but at 4000 C and 

beyond. Moreover, silica filler is not sensitive to moisture 
uptake and forms chemical bonds with the host matrix thereby 

improving strength, reducing porosity and further improving 

adhesion to substrates [27]). The optimum RTV coating 
thickness was found to be at 0.38 mm, agreeing this respect 

with later research [19, 23]. It was remarked, however, that 
the lifetime of RTV coating depends on various factors, such 

as LMW content, rate of diffusion to the surface of LMW 
fluid, thermal conductivity, surface roughness, type of 

substrate, ATH particle size, amount of ATH, electric stress 
level, coating thickness and pollution conditions [26]. 

Thicknesses of RTV coatings between 0.3 mm and 0.6 mm 
were also reported in [28] and between 0.3 mm and 0.5 mm 

in [29, 30].  
 

 
3. RTV Coatings and Contact Angle 

 
Silicone rubber presents in general a contact angle that 

exceeds 900. This has been noted quite early [3]. Given 
silicone rubber’s hydrophobicity, such a large contact angle 

prevents somehow the spreading of water droplets on the 
insulating surface and thus renders more difficult arcing and 

flashover [3, 31, 32]. The contact angle of an RTV coating is 
inexorably linked to its recovery of hydrophobicity. The 

recovery in turn is dependent on the LMW fluid that is 
available in the coating. Soxhlet extraction provides a good 

method to determine the amount of LMW fluid left in a 
sample of RTV coating. It was shown that after several years 

of service and after an initial decrease of LMW fluid, there 
was an asymptotic trend showing a stabilization of the LMW 

fluid in the coating. Even under severe pollution, LMW fluid 

was present in the coating which means that such an 
asymptotic trend may be a reasonable criterion for the 

longevity of a coating [33]. The contact angle is influence by 
the chemical constitution of the RTV coating, and it was 

found that addition of silica in the composition improves the 
contact angle and the performance of RTV coating [34].  

 The contact angle results after salt-fog test have reflected 
a recovery of hydrophobicity on the RTV coated surface after 

aging [35]. The authors of [35] have mentioned that the time 
lapse taken for hydrophobicity recovery was around 5 hours. 

The reorientation of hydrophobic methyl groups towards the 
surface is reported as the main reason for the recovery of 

hydrophobicity.  
  Thermal cycling may have an effect on contact angle and 

especially on the transfer ability of LMW fluid to the surface 
of an RTV coating. According to [36], during thermal cycling 

treatment, more channels for transfer of LMW fluid may be 
formed and they may facilitate the evaporation and diffusion 

of LMW fluid leading to a competitive mechanism of the 
easier transfer of LMW fluid and the reduction of LMW fluid 

in the bulk. When the treatment time is short, the easier 
transfer for LMW silicone fluid dominates the transfer 
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process because there are enough available LMW 
components. With the increase of the treatment time, the 

reduction of LMW silicone fluid is dominant. Consequently, 
- because of all these - there will be an effect on contact angle. 

Agreeing with [36], the researchers of [37] pointed out that a 
higher ambient temperature favors the transfer of 

hydrophobicity and the transfer of LMW fluid from bulk to 
pollutants greatly increases – and thus the contact angle - 

when the temperature rises from 500C to 550C.  
 Investigating superhydrophobic coating surfaces, some 

researchers found that by increasing the coating thickness the 
water droplet repellency decreases. They attributed this to the 

increasing smoothness of the surface by increasing thickness, 
which in turn renders easier the spreading of water droplets 

[38]. One, however, tends to believe that there may be some 

antagonistic factors between increasing thickness and – 
because of it– larger quantities of LMW fluid available in the 

bulk of the coating [39]. The question of contact angle is 
intimately related to hydrophobicity recovery. If one 

considers the RTV coating as a “reservoir” of LMW fluid, 
what will be the pollution conditions which will render 

hydrophobicity very difficult or even impossible (and 
consequently with a smaller contact angle)? Is there a 

‘fatigue’ process which will eventually make the RTV coating 
surface less hydrophobic? [40] Such questions are pertinent 

in view of earlier work [41, 42], where there were suggestions 
that such a ‘fatigue’ process may actually exist.  

 

 

4. RTV Coatings and Leakage Currents 
 

Leakage currents are closely linked to the formation of dry 
zones, surface deterioration as well as to the process of the 

final flashover [2, 43]. It is true that final flashover must be 
expected when there is a maximum leakage current [44]. 

Leakage current values depend on the variations of ambient 
conditions and the pollution accumulated [45]. Increasing 

levels of leakage current can be measured as the pollution 
accumulation increases over the insulators [45].  

 The leakage current development is suppressed on RTV 
coated insulating surfaces compared to uncoated surfaces due 

to reorientation of hydrophobic methyl groups towards the 
surface [15]. This suppression of leakage current 

development is strongly influenced by the environmental 

conditions. The coated surfaces in various environments will 
reorientate according to their local micro-environment for 

minimizing the interfacial-free energy with the surrounding 
water [46]. Leakage current propagation results in dry band 

arcing and tends to accelerate the aging of coatings [15]. 
During dry band arcing, thermal energy penetrates into the 

bulk of the coating and break the side and main chains of the 
PDMS molecule. The broken side chains result in low 

molecular weight silicones or the short PDMS molecules 
which tend to diffuse towards the surface. Even after the RTV 

SiR coating completely loses its hydrophobicity, it recovers 
after a short time period and suppress the development of 

leakage current. This is because of the reorientation of the 
hydrophobic methyl group towards the surface and the 

diffusion of low molecular weight PDMS from the bulk to the 
surface [47]. Hence, RTV SiR coatings with their ability to 

suppress leakage current, help in inhibiting the occurrence of 
flashover phenomenon [48].  

 RTV coatings have a beneficial effect on leakage currents 
since they reduce their values significantly. A comparison 

between a 150 kV porcelain insulator and a 150 kV with RTV 
coating porcelain insulator reveals that the latter has leakage 

currents values about 10-15 times smaller than the former [49, 
50]. It is noted, however, in [49, 50] that RTV coatings in 

demanding coastal conditions have a useful lifetime of at least 
5 years. Investigating the effect of RTV coatings, other 

researchers reported that RTV coated insulators withstood 
much higher levels of contamination when compared with 

porcelain. Moreover, the recorded flashover voltage – with 
RTV coating - was about 20 kV higher for the 230 kV class 

insulators as well as for the 69 kV class insulators at different 
operating voltages and for the range of ESDD (Equivalent 

Salt deposit Density) levels of 0.1 mg/cm2 up to 0.7 mg/cm2 
[51]. Yet, other researchers reached more or less the same 

conclusions, namely that coated insulators offer smaller 
leakage currents for a range of voltages and consequently 

higher flashover voltages than non-coated insulators [52]. In 

[52], it was also reported that the leakage current depends on 
the insulator surface condition and that the leakage current 

waveforms were strongly distorted from the sinus wave due 
to the presence of harmonic components especially 5th and 7th 

components as results of the non-linear behavior of the 
insulator. As was noted before, the distorted leakage current 

waveform is also due to the presence of discharges on the 
insulator surface and especially during dry band arcing [53]. 

In conjunction to [53], it has been much earlier reported that 
with salt and mineral deposits which are formed during dry 

band arcing in a salt-fog environment, the development of 
leakage current is not only dependent on the temporary loss 

of hydrophobicity but also on the extent of the deposited 
layer, i.e. on the surface condition [54]. Reference [55] 

suggests a somehow more cautious approach regarding RTV 
coated insulators for 200 kV DC lines. However, their study, 

although it suggests a rising of leakage current with time, it 
does not discourage from the use of RTV coating for HVDC 

lines. In agreement with previous studies, [56] reported that 
the energy loss in RTV coated insulators is about 59-66% to 

that of porcelain insulators (as energy loss is the energy 
dissipated during a certain period of time and is given as the 

integral of the voltage applied across the insulator in kV and 
the time varying leakage current flowing on the insulator 

surface in mA). This advantage was attributed to the 
suppression of leakage current on the RTV coated insulator. 

Moreover, in [56] is pointed out that even when the 
hydrophobicity of the RTV coated insulator is temporarily 

lost, it does not permit complete wetting of the surface and 

therefore the flow of leakage current is less as compared to a 
completely hydrophilic porcelain insulator.  

 In a further extension of their previous work, some 
researchers investigated post-pin-RTV silicone rubber coated 

insulator and non-coated ceramic insulator for kaolin-salt 
polluted under clean fog at applied voltages of 10 kV, 40 kV 

and 60 kV in laboratory conditions [57]. They observed that 
the leakage current waveform was symmetrical at both 

polarities and that the coated insulator was far superior to the 
non-coated insulator regarding the recorded leakage currents. 

Similar observations have been made in [58], where it was 
also reported that the leakage current behavior depends on the 

season during which measurements are performed, in other 
words on precipitation and condensation. It was also 

remarked that the performance of the RTV silicone rubber 
coated insulators was remarkably superior to the 

corresponding performance of the non-coated insulators, 
although neither washing nor any other maintenance 

procedure has been performed to the coated insulators since 
the coatings application. In yet another study by the same 

research group it was noted that the coating ability to suppress 
the surface activity – and the leakage current activity – is 
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strongly correlated to the hydrophobicity recovery process 
[59]. In an earlier study, both the limitations of the ATH filler 

as well as the beneficial effects of the RTV coatings were 
shown [60]. In that, reference [60] is in agreement with [26]. 

The authors of [60] showed that the reduction of leakage 
current does not depend on filler level in the range of 0 to 50% 

wt, whereas with 60% wt RTV coatings failures were 
observed because of poor coating preparation. All in all, 

however, insulators with RTV silicone rubber coatings 
indicated a better performance than uncoated insulators 

regarding the leakage currents. 
 

 

5. RTV Silicone Rubber Coatings: How Long Can 

Hydrophobicity Endure? 

 
In [59], it is mentioned that the optimum thickness of RTV 

silicone rubber coating is 0.38 mm. In other studies, the 
thickness varies between 0.3 mm and 0.5 mm [19, 23]. No 

matter the slight variations between the different researchers, 
the truth is that the thickness is limited to some tenths of one 

mm. The question which may well be asked is for how long – 
given the limited thickness – an RTV coating may generate 

hydrophobicity, i.e. for how long the LMW fluid can be 
diffused onto the surface in order to encapsulate foreign 

pollutants. Studies carried out on the loss and recovery of 
hydrophobicity point out that hydrophobicity may be 

temporarily lost during outdoor service but the lost 
hydrophobicity can be restored after a certain period of time. 

Polluted RTV coating surfaces may recover hydrophobicity 
after some longer period than clean RTV surfaces. 

Hydrophobicity is temporarily lost because of some chemical 
reaction [61]. 

 However, a question remains as to – depending on 
pollution and other factors – when a coating may recover its 

hydrophobicity. As mentioned, RTV coatings depend on a 
number of factors [19]. Nevertheless, it is reasonable to 

assume that a thicker coating (i.e., with more available LMW 
fluid) will also be subjected to more severe discharges than a 

thinner coating for the same applied electric stress [9]. In 
other words, there is a number of antagonizing factors at work 

regarding the LMW fluid which will eventually come onto the 
surface of a coating. On a laboratory level, the content of the 

LMW fluid decreased with increasing duration of the test in 

an energized salt-fog chamber, something that may be 
attributed to the creation of dry zones and dry band arcing, 

which are more likely to form for longer test times [62]. On 
the other hand, the content of LMW fluid increased with 

increasing recovery time in air after the test in the energized 
salt-fog chamber, possibly because of the diffusion of silicone 

fluid from the bulk of the coating to its surface during 
recovery time [63]. The aforementioned diffusion of LMW 

fluid is usually formulated according to the following 
equation: 

 
Mt / M0 = 4(Dt/πl2 )1/2    (1) 

 
where,  

 
Mt is the change in mass after time t, M0 is the initial mass, t 

is the time, D is the diffusion coefficient and l the RTV 
coating sample thickness [4]. In [9], it was pointed out that 

Eq. (1) assumes that the diffusion coefficient D is constant 
suggesting thus that if the weight loss is plotted a a function 

of t1/2 the graph will be a straight line 9as all other parameters 
in Eq. (1) are constant). This, however, is not always correct 

since a number of parameters come into play. Eq. (1) is based 
on Fick’s law but the latter is not necessarily applicable 

because the LMW fluid diffusion is a complex phenomenon 
[9]. An alternative to Eq. (1) was developed and presented in 

[9]. However, the equations developed in [9] – both as two-
dimensional as well as three-dimensional expressions – are 

rather complicated. 
 To return to the initial question “how long can 

hydrophobicity endure?” in a RTV silicone rubber coating, 
we think the answer is not an easy one. It depends, among 

others, on coating thickness, on the quality of adhesion of the 
coating on the ceramic surface, on pollution conditions, on the 

service electric stresses, on possible mechanical/thermal 
effects and on the chemical and morphological structure of 

the coating [64]. This is certainly a question in need of an 

answer since RTV coatings find applications in more and 
more demanding conditions [65].  

 

 

6. Some Further Comments and Proposals for Future 

Research 

 
Some work on indoor insulation regarding the ‘early stage of 

aging’ was reported in various publications [66-69]. The 
‘early stage of aging’ may give ample warning as to the state 

of an insulation and is characterized by some elementary 
chemical deterioration and the set-in of micro-discharges. 

Detection of the ‘early stage of aging’ is of importance for the 
monitoring of insulation systems. Such observations were not 

only confined to indoor insulation but also to outdoor 
insulation, as some earlier research has shown [70, 71]. It 

would be interesting if part of the work being done would 
concentrate also on some ‘early aging phenomena’ regarding 

the RTV coatings. This would probably help in the direction 
of longevity of such coatings as well as to better understand 

the workings of hydrophobicity recovery.  
 In the context of the present concise review, no reference 

was made to the influence of corona discharges on 
hydrophobicity and its possibility of recovery. The beneficial 

effects as well as relevant questions concerning the RTV 
silicone rubber coatings should also be thoroughly 

investigated regarding corona discharges since it was reported 
that the application of RTV silicone rubber coatings reduce 

the electric field stress on the cap and the pin regions of the 

insulator [72]. Furthermore, an analysis of RTV silicone 
rubber coating surface deterioration, contact angle variation 

and diffusion of LMW fluid onto the surface under different 
voltage profiles should be done in view of earlier work [73].  

 Considerable work has been done on porcelain, glass and 
composite SiR insulators in tropical areas. The influence, 

among others, of algae was studied. It has been pointed out 
that although porcelain and glass insulators show increased 

levels of leakage currents and diminishing flashover voltages 
in the presence of algae, SiR insulators indicated a better 

performance, although the latter were also affected by algae 
[74]. A possible future work would be to further investigate 

the influence of algae on RTV coated insulators. Moreover 
and in view of modern techniques (such as visible spectral 

imaging and laser-induced breakdown spectroscopy), 
relevant work must continue regarding the detection of 

severity of defects on the surface of RTV coated insulators 
[75, 76], as well as on the uniform spraying of RTV coatings 

on an insulator surface [19, 77].  Last but – certainly – 
not least, continuing efforts must be undertaken in order to 

further investigate the addition of nanoparticles into RTV 
coatings. As polymer nanocomposites show a most promising 
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prospect for various high voltage applications [78], further 
efforts should concentrate on how to improve the long term 

performance of RTV silicone rubber coatings with 
nanoparticles in different pollution environments [80].  

 
 

7. Conclusions 
 

Some aspects of the RTV silicone rubber coatings have been 
studied in the context of this short review. Aspects, such as 

RTV composition, the possibility of hydrophobicity recovery, 
contact angle and the crucial role of leakage currents have 

been referred to. Certain problems of RTV silicone rubber 
coatings, such as the optimum thickness of such a coating, 

have been thoroughly studied and solved. One of the 
tantalizing questions is the problem of duration of 

hydrophobicity in such thin coatings, i.e of the continuing 
possibility of LMW fluid diffusion onto the surface of the 

RTV coating and its formulation since the present approach – 
based on Fick’s law – is not adequate. In view of the advent 

of polymer nanocomposites in the recent decades, more effort 
must be undertaken in order to further improve the 

performance of the RTV coatings.  
 
This is an Open Access article distributed under the terms of the Creative 

Commons Attribution License. 
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