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ABSTRACT 

 

Recent studies about the application of superhydrophobic 
surfaces for anti-ice properties have found that they can 
reduce ice adhesion strength significantly compared to bare 
aluminum surfaces but lack durability. Most 
superhydrophobic surfaces have micro-nano hierarchical 
roughness and hydrophobic chemistry. In this work a cost-
effective and durable coating was prepared by altering the 
topography of the surface using silica nanoparticles and 
fluorinated silanes. The icephobicity of the samples was 
measured under freezing conditions of -2°C and 32% RH for 
20, 40, 60, 80 and 100 minutes.  Contact angles of more than 
165° and a sliding angle of less than 1° were obtained.  The 
surface morphology and roughness were studied. The 
durability of the surface was determined using a tape test 

 

INTRODUCTION 
 

Superhydrophobic surfaces have been studied for a 
variety of applications such as: self-cleaning[1], [2], 
anticorrosion[3], antipollution[4], oil/water separation[5][6], 
self-healing[7] and ice repellant[7] [11] surfaces. 
Superhydrophobic surfaces have static contact angles above 
1500 and sliding angles below 100 allowing easy rolling of 
water droplets along the surface. Superhydrophobicity can be 
achieved with surfaces comprising of hydrophobic chemistry 
(fluorine, alkane, or silicone based moieties) and hierarchical 
surface topography (both nanometer and micrometer-sized) 
by mimicking the lotus leaf.  

The relationship between water wetting and ice 
adhesion was studied by Dotan et al. [9] It was found that 
superhydrophobic surfaces reduce ice adhesion 18 times 
better than bare aluminum. More recently, Wang et al.[12] 
showed that ice adhesion strength to superhydrophobic 
surfaces was ~163.8 times less than that for the bare 
aluminum samples. Alizadeh et al.[13]  demonstrated that ice 
nucleation under low-humidity conditions can be delayed 
through control of surface chemistry and texture.  

Most superhydrophobic surfaces lose their rough 
topography under harsh conditions and thus are unsuitable for 

long term applications. As the stability and durability are 
important for commercial applications, recent studies have 
addressed the mechanical robustness under environmental 
and UV radiation conditions[14], exposure to variety of 
chemicals[15] and in water environments[16]. Most of the 
assemblies possess weak bonding and it still remains a 
challenge to prepare a robust superhydrophobic surface to 
endure harsh environments.  Herein we present a facile and 
cost effective method to obtain durable superhydrophobic 
surface by using silica nanoparticles having improved 
abrasion and outdoor durability. 

CHARACTERIZATION 

Spin coating (Specialty Coating Systems, Inc, SCS 
G3 Spin Coater) were used to enable homogenous 
distribution of the polymer and NPs layers.  The contact angle 
was measured according to the Sessile controlled, contact 
angle analyzer (Drop Shape Analyzer  DSA100, KRUSS 
GmbH, Germany). The sliding angle was incorporated into 
the contact angle analyzer. A drop was deposited on the 
horizontal substrate and after equilibrium the substrate plane 
was tilted until the onset of drop motion. The contact angle 
was measured using a 5 μl water drop. Field-emission 
Scanning Electron Microscope (FE-SEM) images were taken 
(Quanta FEG) using 15 kV accelerating voltage and 10 μA 
emission field. All samples were coated with gold. The 
roughness was measured using a Dektak XT Profilometer 
(Bruker Corporation) with a scan length of 750 μm and a 
scale resolution 0.125 μm.  The icephobicity of the samples 
was measured under freezing conditions of -20C and 32% RH 
for 20, 40, 60, 80 and 100 minutes. Standard Test Methods 
for Measuring Adhesion by Tape Test  ASTM D3359 was 
used to evaluate durability. A lattice pattern with either six or 
eleven cuts in each direction was made in the film, then 
pressure-sensitive tape was applied over the lattice and then 
removed. 
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EXPERIMENTAL 

 
Curing 

 
Four sets of curing were used to find the suitable curing 
conditions for superhydrophobic surfaces.  They are 
summarized in Table 1. All samples were kept at room 
temperature before characterization. 
 

 
Table 1: Curing conditions 

Curing Condition Set No. 

60 min vacuum 1 
60 min vacuum + heat 2 

heat 3 
Room temperature curing 4 

 

RESULTS AND DISCUSSION 

Contact angle measurements for all four sets are 
illustrated in Table 2. As can be seen, all samples that were 
subjected to cure under vacuum and RT exhibited 
hydrophilic contact angles (CA<90) and high sliding angles 
(SA>90). However, 60 min curing in vacuum and heat 
increased dramatically the CA and hydrophobic surfaces 
were obtained (CA>90 and SA<10). The best results 
(CA>150 and SA=0) were obtained for heat curing under 
atmospheric humidity and are shown in Figure 1.  
 

Table 2: Contact angle and sliding angle measurements. 
Sliding angle Contact angle Set No. 

>900 700-750 1 
500 1450-1500 2 
00 >1500 3 

>900 700-750 4 
 

 
Figure 1: Water drop sliding on superhydrophobic surface 
(set 3). Horizontal plane. 
 

The surface profile of the superhydrophobic coating was 
measured using a stylus that is moved over the sample.  As 
it traces across the surface, the movement up and down is 
recorded as height. The calculated average roughness value 
was 775 nm indicating sub-micron roughness similar to the 
lotus leaf[17]. These results explain the high contact angle 
results and the reduced adhesion of water drops on the 
surface.  This promotes easy sliding across the surface. 
 

 
Figure 2: Superhydrophobic surface profile. 

 
The surface morphology and topography were studied using 
SEM and AFM and are illustrated in Figure 3. As can be 
seen, a high surface roughness was obtained and silica NPs 
were completely covering the surface.  
 

 

 
Figure 3: a. SEM image (100 nm scale bar) b. AFM image 
of superhydrophobic surface.  
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The superhydrophobic characteristics of the coating under 
cold and humid environment were studied.  The coated 
substrate was kept outside under freezing conditions of -20C 
and 32% RH for 20, 40, 60, 80 and 100 minutes.  Water 
drops were placed on the surface and slid off easily without 
tilt (recorded by video).  Last, the mechanical stability of 
the coating was evaluated by a tape test to establish if the 
level of adhesion of a coating to a substrate is adequate.  No 
visual changes in the coating were observed after rubbing 
(Figure 4). In addition, the CA and SA measurements 
showed no change and water droplets still slid easily off the 
surface.  In order to confirm these results, the roughness 
was measured again after rubbing and is shown in Figure 5. 
The calculated average roughness value was 767 nm 
indicating the superhydrophobic coating remained stable 
even after being rubbed. 
 

 
Figure 4: Superhydrophobic surface left-before and right-
after tape test  
 

 
Figure 5: Superhydrophobic surface profile after tape test. 
.   
 

CONCLUSIONS 
 
A facile and cost effective method to prepare durable 
superhydrophobic surfaces was presented. Contact angles 
above 1500 and 00 tilt were obtained under heat curing.  The 
environmental and mechanical durability of the surface 
were studied. Exposure for 100 min at -20C and 32% RH 
revealed that the surface remained superhydrophobic.  The 
surface also retained its superhydrophobicity after the tape 
test. Contact angle and roughness measurements were taken 
before and after the test to confirm these results.  These 
results permit the utilization of superhydrophobic surfaces 
in practical applications that require high durability.  
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