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Abstract- Ice formation and ice accumulation on the 

infrastructures subjected to harsh cold-weather environments 

can cause continuously loss of energy and catastrophic affairs. 

Icephobic surfaces can provide the effective solutions to protect 

these infrastructures and increasing their energy efficiency. 

Inspired by Nepenthe pitcher plant, the liquid infused coatings 

have got great interest in developing a cost-effective anti-icing 

method. However, the challenging issue is the rapid consumption 

of the lubricant that can influence the durability of these 

surfaces. We fabricated the slippery coating embedding porous 

materials as a lubricant container for enhancing the lubricant 

retention of the coating. The wettability, and morphology of the 

fabricated coating were evaluated using a goniometer, and SEM, 

respectively. Furthermore, icephobic characteristics of the 

coating were investigated using different methods, including 

push-off test, centrifuge test, and freezing delay time test. It was 

confirmed that incorporating the lubricant container can 

positively impact anti-icing properties. 

Keywords— Icephobic surfaces, slippery coatings, oil adsorbent,  

liquid-infused surfaces 

I. INTRODUCTION 

Being exposed to harsh cold-weather conditions, have led to 

rise concerns for reducing ice accretion on outdoor 

infrastructures. Such a problem would along with enormous 

cost and loss of energy especially in cold countries like 

Canada. Thus, many research works have focused in 

protection of surface from ice coverage [1][2][3]. Recently, 

the slippery liquid-infused porous surfaces (SLIPS) have been 

introduced by inspiration from Nepenthes pitcher plants By 

replacing the air-liquid contact with the liquid-liquid contact, 

such surfaces can eliminate the water condensation in pores 

and reduce ice adhesion significantly even under high 

humidity conditions [4][5][6][7] . In fact, SLIPS, by its liquid 

characteristic can improve water mobility and significantly 

decrease adhesion strength of ice in contact with surface. So, 

decreasing the ice adhesion in order of 10 kPa makes them as 

a promising candidate for icephobic surface and coatings. 

Infusing oil into the polymeric matrix is one of the effective 

approaches for decreasing ice adhesion on the surface [8][9]. 

However, the oil consumption and oil depletion can limit their 

service life and cycle stability in such applications. This 

challenge is so vital and can affect service life of these 

surfaces. Furthermore, to fabricate the slippery liquid infused 

surfaces, the lubricant should have some or all the following 

characteristics. First of all, there should not be any 

incompatibility between lubricant and matrix. Second, the 

matrix should have higher affinity for the lubricating liquid 

over the probing liquid. Finally, the lubricant and the repellent 

liquid must be immiscible [10]. Some methods have been 

suggested to enhance their durability. Nanoparticles can be 

used to produce composite and 3D structures for enhancing 

lubricant retention [11]. Moreover, oil adsorbent materials can 

be considered as a potential candidate for retaining the 

lubricant in the coating. 

In this study, we fabricated a durable icephobic coating by 

incorporating porous particles, as lubricant reservoir, within a 

siloxane based polymeric matrix. These particles can reserve 

the lubricant, and therefore, prolonged the durability of the 

coating system. PDMS, as a suitable matrix was used to 

maintain the lubricant for a longer period. 

II. EXPERIMENTAL PROTOCOLS 

A. Coating preparation 

Hydrophobic silica aerogel (Enova® Aerogel IC3100) with 

the particle size range of 5-40 µm was purchased from Cabot 

Aerogel. The aerogels were mixed with silicone oil 

(XIAMETER™ PMX-200 silicone fluid 50 cSt ) and after full 

absorbing the oil, a paste-like mixture was obtained which 

acted as a lubricant container. Then, the different percentages 

(5%, 10 %) of mixture were added into polydimethylsiloxane 

(PDMS; Sylgard 184, Dow Corning Co.) with the 10:1 ratio 

of base to curing agent. The coating was applied on polished 

Aluminium substrates using a ZEHNTNER film-applicator. 

The samples were kept at 100˚C for 3 hr to obtain fully-cured 

coatings. The average thickness of curried coatings was about 

100±5µm, obtained by a micrometer. 

 

 Characterisation 

The water contact angle was measured via a KrussTM 

DSA100 goniometer at 25°C. Moreover, cross sectional 

micrographs of the samples were obtained by a a scanning 

electron microscope (JSM-6480 LV SEM, JEOL Japan). 

In a cold chamber, where sample surface temperatures can 

reach -20 °C, freezing delay time using a Kruss machine 

equipped with a Peltier plate was measured. 
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Ice adhesion strengths of the coatings were examined with 

two well known methods of push-off and centrifuge.  In the 

push-off test, a cylindrical mold, with a 1 cm diameter was 

placed on the coatings and filled with deionized water. Then, 

they were remained in a cold chamber at -10 ºC for 24 h to 

obtain an ice cylinder.  

 

In the centrifuge test, glaze ice was produced by spraying 

supercooled water over the sample sticked to the Aluminium 

beam at -10 ⸰C. Beams were then attached to centrifuge 

apparatus and the maximum force needed for glaze ice 

detachment was measured.  

 

III. RESULTS AND DISCUSSION 

The cross-sectional micrographs, illustrated in figure 1, 

confirmed that the particles were successfully dispersed 

throughout the coating. Indeed, there was no sign of 

significant agglomeration of particles within coatings.  

 

 

 

Dispersing of the particles could enhance the availability of 

the oil throughout the coating and its mechanical properties. 

  Figure 2 shows the variation of   contact angle as a function 

of the content of the lubricant container. It is clear from this 

figure that the contact angle did not vary considerably by 

changing the container percentage. Indeed, we observed that 

increasing the silicone oil slightly increased the water contact 

angle, from 110° (PDMS) to about 115 1nd 120⸰ for the 

sample containing 5% and 10 %, respectively. 

 

Furthermore, we evaluated delay in freezing of water droplet 

placed on the surfaces using the cold chamber. As seen in 

Figure 3, the droplet was completely frozen after 850 s on the 

pristine coating. whilst, for coatings containing 5 and 10 wt. % 

of lubricant container, the freezing times were obtained 1440 

and 1951 s, respectively. Thus, impregnating lubricant 

container can increase the freezing time and the anti-icing 

characteristics of the coating.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ice adhesion strength of the fabricated coatings were 

measured by two different methods, namely the push-off 

adhesion and the centrifuge adhesion tests. In push-off test, 

non-impact bulk ice has been used; while in centrifuge test, 

we utilized glaze ice that offered harsher conditions than that 

of the push-off test.  Figure 4 presents the ice adhesion 

strength of coatings containing lubricant container. It is 

obvious that impregnating the containers within coating 

system resulted in decreased ice adhesion strength from 190   

for PDMS to 25 kPa for the coating with 10% of silicone oil 

container (Figure 4a). The same trend was observed in ice 

adhesion measurement using centrifuge test. As illustrated in 

Figure 4b, the ice adhesion strength of the reference sample 

Figure 1. The cross-sectional micrograph of the sample 

containing 5% (a) and 10% (b) of silicone oil containers. 

Figure 3. Water droplet freezing time on the surface of the samples 

containing silicone oil containers. 
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was 279 kPa, that dropped to 95 kPa for coating with 10% of 

silicone oil container. However, the ice adhesion strengths 

measured by centrifuge test were higher than those obtained 

by the centrifuge test. It can be attributed to using harsher 

conditions in centrifuge test. 

The decrease in ice adhesion strength can be related to 

presence of oil over the samples which promoted ice slippage 

over them. Indeed, increasing silicone oil container can result 

in enhancing the availability of silicone oil over the surface. 

This would reduce the direct contact area between the ice and 

the coating, and therefore decreased ice adhesion strength. 

 

 

IV. CONCLUSIONS 

 

We first, added silicone oil into aerogel to produce a lubricant  

container, and then incorporated the container within PDMS 

matrix to fabricate a slippery coating. SEM images from 

cross-section of the samples showed that the containers were 

very well dispersed throughout the coatings. Embedding the 

containers within the matrix slightly heightened the water 

contact angle. Moreover, increased lubricant container 

percentage resulted in further delay in freezing time, and 

decreased ice adhesion measured by push-off and centrifuge 

tests. 
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Figure 4. The ice adhesion strength of samples, obtained by 

the push-off test (a) and centrifuge test (b). 
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