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Abstract— Icephobic coatings are among the most promising 

strategies to reduce damage due to ice and snow accumulation 

on outdoor structures and components of the electric system. 

Among the different materials and coatings showing icephobic 

properties it is difficult to find any not suffering of some 

durability issues depending on their nature. Elastomers have 

lately drawn attention for their anti-icing properties and their 

applicability to a wide range of materials of interest 

(aluminium, steel, zinc plating). They also exhibit a great 

durability in respect to other icephobic approaches and thus are 

very promising for outdoor applications. The mechanism 

favouring ice detachment relies on the fact that, due to the 

elastic properties of the material, small pockets of air gradually 

wedge between surface and ice initiating cracks in ice at the 

interface. In particular, PDMS-based elastomers, are 

extensively used due to their availability, low-cost and 

possibility to add fillers as well as chemical modification 

implying the possibility of tailoring a wide palette of chemical-

physical properties. In this work we present a study on the 

synthesis and characterization of elastomeric coatings with 

chemical and physical modifications. Several PDMS samples 

with solid and liquid fillers were prepared, moreover, different 

crosslinking agents and curing conditions have been tested and 

their icephobic properties were assessed. These coatings have 

been either dip, spray or spin coated on aluminium specimens. 

Chemical modifications in both starting monomers and 

crosslinking molecules were studied to optimize elastomeric 

properties and to shorten curing times. Whereas commercial 

PDMS curing times is about 24h at RT, chemical modifications 

have reduced curing times to a matter of minutes. This is 

particularly important for a large-scale application. Fluorinated 

micro and nano particles have been incorporated to enhance 

hydrophobic properties, while liquid fillers with different 

molecular weights have been added to modify elastic properties 

and to obtain a more slippery surface. Wettability, and 

mechanical properties were deeply investigated as well as 

icephobic properties. A home-made equipment has been used to 

assess the adhesion force between surface and ice by measuring 

the shear force () and the adhesion reduction factor (ARF) was 

calculated as the ratio between  of a bare sample and  of the 

coated samples. For the most promising samples ARF as high as 

7.5 have been found and correlations among hydrophobicity, 

elastic properties and icephobicity were clearly evidenced. 

Keywords— icephobic surface, elastomers, functionalization, 

elastic properties, chemical modification 

I. INTRODUCTION 

Major snowing events can trigger massive accumulation 

on the components of overhead power lines which can lead 

to wires breaking and even poles failure. Given the huge 

amount of lines (several thousands of km in Italy only) 

interested in this phenomenon and the unpredictability and 

the extraordinary nature of such events, the need of a cheap, 

environmentally friendly, and durable approach is 

compulsory.[1], [2] 

Among the purposed anti-icing solutions, elastomeric 

coatings have attracted the attention of researchers in the 

field for their anti-icing properties and applicability to many 

materials of interest (aluminium, zinc plated steel, glass) and 

for the possibility of tailoring their properties by chemical 

modification or by the addition of fillers. Their high 

durability in respect to other icephobic approaches make this 

set of materials very promising for outdoor applications.  

The icephobic properties of elastomers rely on their elastic 

properties and, in particular, on their deformability, causing 

stress accumulation and the propagation of air bubbles at the 

interface leading to an easier ice detachment.[3]  

The intrinsic or induced hydrophobicity of elastomers also 

plays an important role in reducing the work of adhesion 

between ice and the elastomeric coating. Along with this, the 

presence of a liquid layer at the interface is also known to be 

an effective approach to lower ice adhesion. [4] 

Whereas literature in not lacking possible explanations 

about icephobicity in elastomers, no all-around approaches 

are being purposed to shed a light about an effective upgrade 

for these materials. [5] 

Polysiloxane based polymers are widely used because of 

their availability on industrial scale, low-cost and possibility 

to add fillers as well as chemical modification, implying the 

possibility of tailoring a wide palette of chemical-physical 

properties.  

The polysiloxanes elastomers are often vulcanized 

through a hydrosilylation reaction. This reaction is the 

addition of silicon-hydrogen bonds (Si–H) to an unsaturated 

carbon–carbon double bond (C=C) leading to the formation 

of a Si-C bond. The cross-linked elastomer is usually 

obtained by blending C=C containing and Si-H containing 

polysiloxanes in well-defined ratios. Due to kinetic reasons, 

the reaction is possible only under UV exposure, high 

temperature, or the presence of a catalyst (e.g., Pt 

coordination compounds).[6], [7] 

 

 

Fig. 1 General scheme of Pt catalyzed hydrosilylation reaction  

 

In this work, a study on the synthesis and characterization of 

different elastomeric coatings with chemical and physical 
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modifications is presented. Several polydimethylsiloxanes 

(PDMS) were obtained through hydrosilylation reactions. 

Different starting polymers and cross-linking agents have 

been tested with an attention to shortened curing time 

compared to commercial PDMS, which exceeds 24h at RT. 

Research has been also conducted on the addition of fillers 

into the PDMS structure. The ice phobic performances were 

measured and ice adhesion strengths as low as 50 kPa were 

found. 

II. MATERIALS AND METHODS 

Commercial PDMS used in this work is Dow Corning 

Sylgard 184 (Sylgard PDMS): a two-component elastomeric 

kit (10/1 mixing proportion between the components, 

prepolymer and curing agent, has been used). Poly Methyl 

Hydro Siloxane (PMHS), PDMS-vinyl terminated (MW 

25.000), PDMS silicone oil 150 kDa, polyethylene glycol-

400 (PEG-400), Platinum(0)-1,3-divinyl-1,1,3,3-tetra-

methyldisiloxane complex solution (Karsted’s catalyst) and 

acetonitrile (ACN) have been purchased from Sigma-Aldrich 

and have been used without further purification. 

Polyvinylidene difluoride (PVDF) powder has been provided 

by Alfa-Aesar, Aerosil silica nanoparticles and Dynasylan 

SIVO EC Clear (FAS) has been purchased form Evonik. 

The elastomeric coatings were deposed on aluminium 

alloy (anticorodal 6082) plates by dip-coating or by spin-

coating.   

The static water contact angle (WCA) and measurements 

were carried out with the Kruss DSA 30 drop shape analyzer 

with the method of the sessile drop, using a 4 μl volume of 

ultrapure water, at 20 °C.  

FT-IR measurements have been conducted with Alpha 1 

(Bruker) spectrometer with ATR apparatus (diamond crystal 

as internal reflection element). 

Ice adhesion has been measured with a homemade 

equipment consisting of a Peltier cooled holder and a load-

cell mounted on a motorized cart. Data acquisition is 

performed by an Arduino board connected to a computer. 

 

 

Fig. 2 Schematic of ice adhesion testing apparatus 

To perform the test, 10x10x40 mm plastic cuvettes were 

filled with deionized water and then placed upside down on 

the samples and kept at -18°C for 2 hours. After this time the 

samples with ice on top are placed on the Peltier cooled 

holder and the test is conducted at the fixed cart speed of 

0,3mm/s. Tests take less than 1 minute to be executed and 

the temperature on the Peltier surface is -18°C. Peak force of 

ice detachment is recorded and shear stress (τ) is obtained as 

the ratio between force (F) and surface (s) (τ=F/s). 

 

 

 

 

 

III. EXPERIMENTAL SECTION 

Three different approaches to obtain icephobic elastomer 

coatings for aluminium are hereafter reported: 

A. polymer infused PDMS; 

B. PDMS with fluorinated fillers; 

C. linear PDMS-based elastomers. 

A. Polymer infused PDMS 

The influence of the addition of liquid fillers to PDMS has 

also been investigated by the addition of low and high 

viscosity polymers, namely PEG-400 and silicone oil (PDMS 

150kDa), to a Sylgard PDMS matrix. These colloidal 

coatings feature a liquid-like layer on the surface which aims 

to obtain easier ice shedding. In order to reduce curing times 

and to maintain the original mechanical properties after the 

addition of such liquid polymers, PMHS has been added to 

Sylgard PDMS offering more Si-H bonding spots so to 

obtain a harder, more cross-linked elastomeric matrix.  

Different weight ratios among PDMS Sylgard, PMHS, 

silicone oil and PEG-400 have been tested. PEG-400 and 

silicone oil have been added after 30’ and 45’ for the 5/1 and 

10/1 PDMS Sylgard/PMHS ratio samples respectively to 

allow cross-linking in the elastomer matrix. Aluminium flat 

specimens have been spin-coated with the mixtures and heat 

treated at 150°C for 2 hours.  

Tested composition ratios are reported in the table below, 

along with the WCAs of the samples. 

TABLE I. POLYMER INFUSED COATINGS COMPOSITIONS AND 

WATER CONTACT ANGLES 

Sample 
PDMS 

Sylgard 

 

PMHS 

Silicone 

oil 

PEG-

400 
WCA (°) 

A 20 - - 1 105,5 ± 2,2 

B 10 - - 1 116,5 ± 3,2 

C 5 - - 1 118,6 ± 6,3 

D 10 - 1 1 119,5 ± 0,9 

E 10 1 - 1 110,5 ± 7,2 

F 10 1 1 1 117,7 ± 4,5 

G 5 1 0,5 1 118,4 ± 6,2 

H 5 1 1 1 116,4 ± 1,6 

Sylgard 

PDMS  
1 - - - 112,9 ± 3,1 

 

Ice detachment tests have been performed on the samples. 

For comparison aluminium surfaces (anticorodal) and native 

Sylgard PDMS were tested and the results are reported in the 

following chart. 
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Fig. 3 Ice adhesions, expressed as shear stresses of polymer infused 

PDMS coatings 

 

The addition of liquid fillers has a positive effect on the 

icephobic properties as ice adhesions as low as 50 kPa have 

been measured. Supposedly, the presence of liquid fillers 

with different viscosities leads to an improved icephobicity 

by altering the local hardness of the coating, allowing air 

bubbles to find preferential paths to penetrate between ice 

and substrate. It is important to note that higher 

PMHS/PDMS ratios lead not only to more cross-linked and 

thus harder PDMS matrixes, but also help reducing shear ice 

adhesion. A more comprehensive characterization of this 

behaviour is still to be performed. 

The coating G, showing the lowest ice adhesion and a 

suitable mechanical strength, was chosen to be tested under 

real outdoor conditions. This coating was deposited with a 

brush on the surface of an aluminium conductor (31,5 mm 

diameter, 0,75 m length) and cured at 150°C for 2 hours: a 

smooth and well attached coating was obtained. The ice and 

snow phobic performances is on test in the WILD testing site 

in Vinadio, Italian Alps, for 2021-2022 winter season. 

 

B. PDMS with fluorinated fillers 

The addition of fluorinated fillers to the PDMS Sylgard 

matrix has been performed with the aim to improve the 

icephobic performances through the increase of hydrophobic 

properties.     

Two fluorinated solid fillers were added: PVDF and 

fluorinated silica nanoparticles. The former is a polymeric 

powder containing 300 nm sized and spherical shaped 

particles. The latter are respectively 10 nm and 500 nm silica 

nanoparticles (NP) functionalized on their surfaces with a 

long-chain fluoro-alkylsiloxane (FAS). Both these solid 

fillers have very low surface energy and show high 

hydrophobicity (WCA > 155°). Fillers have been added to 

Sylgard PDMS before curing, stirred and degassed until 

bubble-free homogeneous mixtures have been obtained. The 

coatings have been then deposed by dip-coating and cured at 

100°C for 1 hour.     

Different weight ratios of fluorinate fillers have been tested 

and no significant increase in hydrophobicity has been 

achieved for coatings containing up to 20% w/w. The 

coatings with higher ratios of fillers (at least 30% w/w of 

PVDF) showed WCAs higher than that of native Sylgard 

PDMS (about 110°), as reported in the following table. 

  

TABLE II. WCAS OF SYLGARD PDMS WITH DIFFERENT 

FLUORINATED FILLERS 

Filler % w/w WCA ° 

silica NP-FAS 10 nm 20 109,2 ± 1,3 

silica NP-FAS 500 nm 20 110,9 ± 2,1 

PVDF 20 111,1 ± 2,0 

PVDF 30 125,1 ± 1,9 

PVDF 50 141,4 ± 1,7 

PVDF 60 148,0 ± 1,4 

 

A relationship between WCA values and the amount of 

fluorinated filler has however been found and for PVDF 

ratios of 50% or more, WCAs higher than 140° have been 

measured. Only if the amount of fluorinated filler in the 

elastomeric matrix is enough to ensure that part of it is 

exposed on the surface, an effect on the wetting properties 

can be observed. 

Even if highly hydrophobic surfaces have been produced, it 

must be considered that the embedding of solid particles in 

the PDMS matrix strongly affects the mechanical properties 

of the elastomeric coatings. The filled coatings are 

significantly harder than native PDMS Sylgard matrix 

(except for 20% PVDF coating), as evidenced by Young 

moduli measurement (fig.4).  

 

 
Fig. 4  Young moduli for different amounts of PDVF particles 

dispersed in Sylgard PDMS 

 

Ice adhesion has been measured on these coatings and the 

measured shear stress values are reported in fig.5. 
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Fig. 5  Ice adhesion for different amounts of fluorinated fillers 

dispersed in Sylgard PDMS 

The increased hydrophobicity imparted by fluorinated fillers, 

as in samples PVDF 50% e PVDF 60%, doesn’t provide a 

positive effect on ice adhesion, showing how detrimental 

elasticity loss is to ice adhesion reduction.    

 As data from ice adhesion test confirm, a higher 

hydrophobicity is linked to a lower ice adhesion only if 

coating elasticity is maintained, once more proving the need 

of tailoring both hydrophobicity and elastic properties to 

obtain icephobic elastomeric coatings.  

 

C. Linear PDMS-based elastomers. 

Another approach pursued to obtain icephobic silicon-

based elastomers has been based on the synthesis of a PDMS 

based polymer without the use of the Sylgard 184 kit. By 

exploiting the same reaction, the aforementioned 

hydrosylilation reaction, an elastomer with more finely tuned 

characteristics in terms of hydrophobicity, time of curing and 

hardness addressed towards a more pronounced icephobicity 

is obtained. 

For this set of experiments, vinyl-terminated PDMS 

(PDMS-vyn), PMHS, Karsted catalyst and ACN have been 

used. For these formulations the containing PMHS acts as 

prepolymer, PDMS-vyn acts as curing agent and ACN is the 

moderator of Karsted catalyst.   

The chemicals have been mixed and kept under magnetic 

stirring for 30’ and then kept under vacuum for 5 minutes to 

avoid formation of bubbles and then spin-coated at on 

aluminium substrates. Coated aluminium samples have been 

heat treated at 100°C for 2 hours. Catalyst concentration was 

kept at 2ppm for all samples. Being curing time of 

elastomers of utter importance, the reaction rate of PDMS-

vyn/PHMS mixtures can be controlled by adding different 

amount of moderator ACN. Reaction time can be tailored 

from 5 minutes with no ACN to 24h at RT with reported 

ACN concentrations. Controlling curing times is of great 

importance for an industrial scale-up. While a wide 

workability window is needed to coat large enough surfaces, 

a fast setting-time is necessary to obtain uniform and well-

dispersed coatings. 

Different tested ratios between PMHS and PDMS-vyn have 

been tested and are reported in Table II. 

TABLE IIII. LINEAR PDMS-BASED COATINGS COMPOSITIONS AND 

CONTACT ANGLES 

PMHS/PDMS-vyn ratio WCA ° 

1:1 111,3 ± 0,6 

1:2 110,3 ± 0,7 

1:3 108,4 ± 2,2 

1:4 109,5 ± 2,4 

1:5 109,0 ± 5,1 

1:10 110,7 ± 2,1 

1:15 109,1 ± 2,7 

1:20 111,0 ± 2,3 

1:30 110,6 ± 1,4 

Sylgard PDMS 112,9 ± 3,1 

 

FT-IR spectroscopy has been used to follow the cross-

linking reaction of the elastomer. The Si-H signal between 

2150-2175 cm-1 shows how different PHMS/PDMS-vyn 

ratios react together. The increase of PHMS/PDMS-vyn 

ratios from 1:1 to 1:30 leads to an almost complete 

disappearing of the Si-H signal, highlighting the 

stoichiometric point of the reaction, leading to a more 

complete cross-linking. 

 

 

Fig. 6 FT-IR signals at 2150-2175 cm-1 for various PMHS/PDMS-

vyn ratios 

It is also worth noting that more cross-linked samples, as 

the 1:30, show a much higher level of mechanical stiffness in 

respect to less cross-linked ones. 

Icephobic properties of the so-synthesized coatings have 

been tested and results are reported in the table below.  

 

 

Fig. 6 Shear stress ice adhesion tests for different PHMS/PDMS-

vyn ratios samples 

All the linear PDMS-based coatings show a significant 

reduction of ice adhesion in respect to Sylgard PDMS, and 

the more cross-linked coatings (1:20, 1:30) also show higher 

mechanical strengths. 

This behaviour shows how a more specific approach towards 

obtaining ice-phobic coatings is relevant for a large-scale 

application. 

The coating 1:30, showing the highest mechanical strength 

was chosen to be tested under real outdoor conditions in the 

WILD testing site in Vinadio. This formulation was deposed 

with a brush on the surface of an aluminium conductor (31,5 

mm diameter, 0,75 m length) and cured at 100°C for 2 hours: 

a smooth and well attached coating was obtained.  

 

IV. CONCLUSIONS 

Some solutions to obtain icephobic silicon-based 

elastomeric coatings have been presented. 
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Addition of liquid fillers of different viscosity to Sylgard 

PDMS has reported a 3-fold decrease of ice adhesion and 

underlying mechanisms are still to be fully investigated. 

Fluorinated fillers exposed how a trade-off between 

icephobicity and hardness is needed to tailor icephobic 

properties. 

A chemical redesign of linear PDMS-based elastomers 

provided insight on various industrial scale issues as curing 

times and reaction control, reporting ice adhesions lower 

than 50 kPa. 

The most promising coatings have been applied to real 

sized conductors and exposed in open field during 2021-

2022 winter at the WILD testing site in Vinadio, Western 

Italian alps. Such samples represent a first step in the up 

scaling of the proposed coatings. A real environment testing 

is of primary importance to investigate coatings’ durability in 

different weather conditions and their behaviour in terms of 

snow accumulation and shedding. 
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