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Abstract 
 

The paper summarizes the literature data of mainly foreign researchers and the authors’ own results concerning the 
corrosive and electrochemical behavior of metallic materials with a superhydrophobic surface in solutions of electrolytes. 
Much attention is paid to the methods of superhydrophobic layer formation, the mechanism and kinetics of electrode processes, 
metal corrosion and icing. Separate sections are devoted to inhibition of corrosion and icing, interpretation of modern 
approaches to their explanation. 
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Introduction 

 

Over the past decades, systematic studies of 
superhydrophobization of metal surfaces to increase 
their corrosion resistance, anti-icing ability and 
obstruction of pollution have been conducted.  
The action of coatings that increase the contact angle of 
wetting with water to θ ≥ 150° and reduce the angle of 
its rolling down to ∼10° is considered. In publications 
[1–42], which represent only a small amount of their 
real number, much attention is paid to the application 
of protective films of superhydrophobizers, which 
make it possible to increase the contact angle to 165–
171° [18]. The protective effect of such films under 
conditions of electrochemical corrosion is due to the 
following. These processes and the rate of atmospheric 
and other types of corrosion of metal structural 
materials are largely determined by stimulation of 
partial electrode reactions by water molecules. 

 
The nature of corrosion inhibition 

 
The process of corrosion stimulation by water 

molecules is primarily due to their direct participation 
in one or more stages of partial electrode reactions.  

Therefore, the meaning of this method of 
protection is as follows: if there is no participant in the 
corrosion process, there is no corrosion destruction 
itself. This was discussed in greater detail in [43]. 

 
The nature of icing braking 

 

Another important property of superhydrophobic 
surfaces [SHFS] is that they prevent sticking of wet 
snow, ice and frost, leading to a sharp decrease in ice 
adhesion and preventing icing of working surfaces  
[7–11]. Since this issue has not been sufficiently 
studied in domestic literature, we consider it in more 
detail. Superhydrophobic surfaces with high contact 
angle are characterized by low contact-angle hysteresis. 
In [12] the studies showed the existence of a 
quantitative relationship of value θ with the adhesion of 
ice. Superhydrophobicity prevents or reduces ice 
adhesion for the following reasons [13]: 

1.  The insulating effect of the nanostructured 
rough surface complicates heat transfer. The micro-
structure on the superhydrophobic surface acts as an 
insulating layer on the interface.  

2.  The contact area between the surface and a 
water droplet is significantly reduced at SHFS.  
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This causes an increase in the activation energy of 
nucleation and growth of ice crystals.  

3.  Water droplets on the SHFS are characterized 
by increased mobility, which makes it easier to 
combine under shaking and impact, or bounce off the 
surface. This significantly reduces the contact time of 
the droplet with the surface, causing a ricochet 
phenomenon and contributing to the removal of water. 
In such conditions, icing is difficult or not observed at 
all [14, 15]. This is important for functioning of radars 
[16] and improves the efficiency of insulators [17].  
The authors [18] note the expediency of using coatings 
that prevent icing, for which it is recommended to use 
self-organizing monolayers with –СН3– и –СF3– 
groups oriented to the ice surface as one of 
hydrophobization conditions for hydrophilic surfaces 
[41, 42].  

In addition, reverse cyclical changing wettability 
from θ > 150° to θ < 5° and back is necessary for 
effective self-cleaning of surfaces [41, 42, 44, 45], with 
controlled drug delivery. These processes are relatively 
easy for control, as UV radiation and dark treatment 
contributes to the hydrophilization, and heat treatment 
(annealing) – hydrophobization [46] of the surface.  

In the case of a perfectly smooth surface, the 
contact angle θ is determined by the Young’s equation 
[47]: 

( ) l/sl/sa/scos σσ−σ=θ ,                    (1) 
 

where the lower index of the letters “a”, “l” and “s” 
characterize, air, liquid and solid phases, respectively; 
σi is the surface tension at the boundary of the 
corresponding phases. It is easy to see that at the 
possible changes of the σa/s value θ may vary within 
wide limits: from complete wetting (θ = 0) to 
superhydrophobic state of the surface. The value 
θ < 90°  was observed at σa/s > σl/s or (σa/s – σl/s ) > 0.

If for the water θ > 90° (cosθ < 0), and the solid is well 
wetted with hydrocarbon, the surface is the hydro- or 
superhydrophobic or oleophilic. Similar examples are 
given in Table 1. It is noteworthy that the growth in the 
value of the contact angle is antisymbatic to the 
reduction of surface energy [1]. However, wetting of 
perfectly smooth surfaces is extremely rare. According 
to [1], the effect of chemical heterogeneity can be taken 
into account by means of the Cassie equation: 

 

0,coscos iif θ=θ ∑ ,                      (2) 
 

where if is the share of the smooth surfaces of the  
i-th type characterized by the contact angle 0,iθ .  

On substrates with deep pores, two types of liquid 
droplet equilibrium modes homogeneous and 
heterogeneous types of wetting are possible. In the first 
case, the pores of the substrate are completely filled 
with the liquid phase (Fig. 1а), in the second one they 
are not filled at all (Fig. 1b).  

There can be a set of intermediate variants 
between them [48], when on some parts of the surface 
the case shown in Fig. 1a is realized, and on some  
parts – the case shown in Fig.1b is realized.  
This possibility is confirmed by the data [49]. The data 
on the impact of the nature and structure of the 
substrate on the contact angle were generalized in [1]. 
We note some features of such impact which have been 
observed recently. 

A number of fundamentally important results were 
generalized in [50, 51], where the authors 
electrochemically applied the Ni – Co alloy films to the 
copper surface. The obtained results made it possible to 
connect the structure and chemical composition of the 
formed film with the contact angle value. At the same 
time, according to the authors, they identified the key 
factors affecting the level of wetting.   

 
Table 1 

Values of contact angles (°) on different surfaces [1] 
 

The nature of the 
liquid phase 

Nature of the solid phase 
Steel Ст3 

[51] 
Copper [51] PMFS* with number of CF2-groups [52] PFE **  

[52] 3 5 7 9 

Water 
0.5 М NaCl  

(in water) 
н-С7Н16 

н-С10Н20 

77.0 
77.0 

 
0 
0 

82.0 
81.0 

 
0 
0 

105.0 
– 
 

– 
– 

102.4 
– 
 
– 
– 

104.7 
– 
 

– 
– 

109.3 
– 
 
– 
– 

122 
– 
 

– 
– 

*Poly (methylpropenoxifluoroalkylsiloxane). 
** Perftor Eikozan 
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They are: 
–  the level of roughness (r) of the surface, with 

high r being one of the main factors of increasing the 
contact angle and reducing the rolling angle; 

–  another key factor is the morphology of the 
surface, as the air in the composition of the surface 
structure plays an important role in obtaining the 
required values of the contact and rolling angles.  
The structure, which the authors [50] call as “flower-
like”, either stimulates the accumulation of air, 
depending on the physical size of the roughness or 
prevents this. However, there is another key factor that 
manifests itself in the process of aging. It is the 
chemical composition of the surface. In the process of 
aging oxidation of the metal surface (Ni–Co alloys) 
occurs with the formation of surface oxides of NiO and 
CoO. In addition, there is adsorption of hydrocarbons, 
which is confirmed by the emergence of fragments with  
C–C–, C–H, C– O– and C– O–bonds. Both of the latter 
factors also contribute to a significant decrease in 
wettability by water with an increase in the contact 
angle to 158°  [50]. 

According to [50], a “micro-flower” structure can 
be observed on the surface. There are nanoangles  
with figures type of nanocone with a diameter of 100–
500 nm and lateral spirals on it. Experimentally, an 
increase in the size of such formations is often 
observed. Reduction in the crystallite size is possible 
due to the fact that the nucleation rate becomes greater 
than their growth rate. This leads to a finer surface 
structure.  

The structure observed in [50] corresponds to the 
decrease in the value θ. The subsequent increase in the 
duration of coating formation does not change θ, which 
is explained by an increasing heterogeneity of the 
structure.  

Schematically, the behavior of the water droplet 
on the surfaces of different structures is shown in Fig. 2 
[50]. The largest contact area between the droplet and 
the surface is reached on a flat substrate (Fig. 2а) [50]. 
It decreases with the transition to the nanocone 
structure (Fig. 2c) [50], when a droplet can no longer 
be on the surface and penetrates into nanocones.  

 
The picture observed at the cathodic formation of 

the Ni–Co layer at ic = 30–40 mА/сm2 and the 
electrolysis time of more than 600 s is shown in  
Fig. 2c [50]. This creates a fairly uniform structure that 
does not allow a droplet of water to be partially in the 
pockets, performing the function of the air traps, which 
leads to superhydrophobicity of the surface.  
The structure in Fig. 2d [50] leads to a decrease in the 
value θ. 

The created surface film of Ni–Co alloy is 
characterized by the rolling angle of more than 10°. 
The contact angle is probably close to 85°, as it was on 
the copper surface, but it depends on the roughness 
factor in accordance with the Venzel equation [53]: 
 

0coscos θ=θ r , 
 

where r is the coefficient of roughness equal to the ratio 
of the true surface area to the apparent one, θ and θ0 
were found earlier.  

The growth in the value θ due to sorption of 
hydrocarbons previously was interpreted in [50] in the 
cobalt-based coating. 

 
Description of the braking mechanism  

by superhydrophobic surfaces 
 

Chemical stability is an important factor in the use 
of superhydrophobic films [41], which meet 
technological and economic requirements. However, 
the protective efficiency of such films can be increased 
by the introduction of organic inhibitors [55–58].  
In particular, fatty amines [41], i.e. a number of 
chemical reagents with the –NH2 group and a long 
hydrocarbon chain are quite effective [59]. In such a 
case, on the one hand, an amino group forming a 
complex with a metal such as copper [41] works due to 
donor-acceptor interaction. On the other hand, the long 

  

  a) b) 

c) d) 

                     a)                                      b) 
 

Fig. 1. Droplet on the substrate: 
a – homogeneous wetting mode on a rough substrate;  

b – heterogeneous mode of wetting on a rough substrate 

θ θ 

Fig. 2. Schematic representation of the wetting process  
for a flat (a), nanoconic (b), micro-flower homogeneous (c)  

and micro-flower heterogeneous (d) structures [50]
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–C–C– chain determines the hydrophobic properties of 
the film. In [41], a one-stage electrochemical method 
for creating a laurylamine-based film was proposed. 

As noted above, the surfaces with reversible 
wettability are of considerable interest, when the 
contact angle reversibly and cyclically changes from 
150° to 5° and back [41]. This effect is used in self-
cleaning of surfaces [41], various biomaterials [20, 21], 
sensory systems [43], and controlled delivery of drugs 
[41] to the organs of living organisms in their 
pathology. Take for instance ZnO, which is a promising 
material for the creation of functional structures [42], 
for which the physical and chemical properties of zinc 
oxide, its structure and other characteristic parameters 
are essential. The directed controlled synthesis of 
materials based on ZnO-nanowires [27, 28], nanorods 
[29], and nanotubes [30] has been developed so far. 
The production of zinc oxide films with 
superhydrophobic properties was successfully achieved 
by numerous methods, including an electrochemical 
synthesis [31–33], vapor condensation [34, 35], thermal 
evaporation [36], self-organized growth [37], a 
hydrothermal method [38–40]. In particular, the 
possibility of wurzite production by electrodeposition 
from Zn(NO3)2 solution was shown for the first time.  
In [40], bundles of nanowires well-oriented on silicon 
were obtained with subsequent their modification by 
fluoroorganic compounds (a hydrothermal method). 
The magnitude of the contact angle θ was order of 
165°. In [34] it was reported about reversible transition 
of hierarchical ZnO film from superhydrophobicity to 
superhydrophilicity (UV radiation, a dark method) and 
back by heat treatment (θ – 164°). 

However, according to [42], most synthesis 
methods require complex operations and the use of 
specific organic compounds to achieve super-
hydrophobicity surface. Such systems are easily 
damaged and contaminated. One of the most cost-
effective, affordable and well-managed methods is the 
ZnO electrodeposition on a zinc substrate. In this case, 
the production of superhydrophobic coating is achieved 
by electroforming followed by annealing, but without 
chemical modification. In [42], the morphology of the 
film based on this oxide, the growth mechanism, 
stability and corrosion resistance, or rather the 
protective efficiency of the superhydrophobic surface 
based on ZnO were investigated. 

In [42] electroforming of surface oxide ZnO was 
carried out in a three–electrode electrochemical cell 
with zinc foil as anode and platinum cathode.  
An electrolyte solution containing 0.1  mmol/l 
Zn(CH3COO)2 and 0.3 mol/l KCl. Electrodeposition 
was carried out at a constant potential equal to 1.0 V 

(NHE) for 900  s. Then the resulting surface was 
washed with water and dried in air [42]. 

The values of the contact angles were: 
1)  untreated Zn – (62 ± 2)°; 
2)  etched in 1,0 М HCl – (29 ± 2)°; 
3)  electrodeposited at a potential of 1.25 V for 

900 s – (40 ± 2)°; 
4)  annealed at 200 °С for 60 minutes – (170 ± 2)°. 
The structure of the formed film depends 

significantly on the concentration of Zn(CH3COO)2  
in the ethanol solution [42]. The evaluations were 
carried out in the first 5–40 minutes from the beginning 
of electrolysis. The roughest structure was formed after 
annealing the system obtained by electrolysis of ZnO 
(Е ≈ –1.0 V, τ – 900 s) and its subsequent heat 
treatment under the above conditions. 

The authors [42] proposed a stage mechanism of 
the electrolytic formation of ZnO, when θ at the initial 
moment was about (170 ± 2)°. However, in time the 
contact angle was rapidly reduced and after 30 minutes 
(with UV radiation) it was close to 5°. The process 
cycling: annealing/UV radiation resulted in the 
constancy of the decay kinetics from θmax to θmin and  
a return to the original θmax (annealing). 

The high inhibiting capacity of СН3(СН2)11NH2 
was previously noted. According to [41], during the 
electrolytic treatment of copper in the ethanol solution 
of laurylamine (99.5 % С2Н5ОН), the actual atoms of 
Cu, oxygen and nitrogen were observed on its surface. 
According to the authors, the first two elements belong 
to CuO. The effective size of the particles of formed 
copper oxide and their shape depends on the duration 
(τd) of the direct current flow, and increases with an 
increase in τd. According to the authors [41], there is a 
stage mechanism of formation of copper surface 
complexes.  

The forming complexes concentrate on the 
interface of the L/S phases, forming a fairly dense 
structure. The value of the contact angle of the water 
drop in the initial period increases in time and  
in 60 minutes reaches (155 ± 2)°, and then remains 
almost unchanged.  

The water contact angle as a function of the 
terminal voltage in the formation of the surface film 
takes the following values (θ = f(V)) at the following 
values V: 5 V – 116.3°; 10 V – 153.6°; 30 V – 152.4°; 
50 V – 138.2°. 

In accordance with the Cassi model [55], if the 
contact angle of water in air is 180°, the dependence 
Δθr = f (surface state) has the form: 
 

21 coscos SrSr −θ=θ , 
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Fig. 3. Dynamics of change in the water droplet contact angle  
on composite superhydrophobic coatings formed on a magnetite 

sublayer obtained by St3 oxidation in ammonium nitrate 
solution [5]: 

a: 1 – no coating; 2 – magnetite coating; 3 – magnetite coating with 
MAFi hydrophobic coating; 4 – magnetite coating with textured 
superhydrophobic surface (Aerosil particles on MAFi); 
b: 1 – magnetite coating; 2 – magnetite coating obtained  
in NH4NO3 with IFKHANOX–8; 3 – magnetite coating obtained  
in NH4NO3 solution with IFKHANOX–9А 

 
 

 
Fig. 4. Dynamics of change of the water droplet contact angle on 
St3 steel: 
1 – with a standard oxophosphate coating treated with a 
hydrophobic agent; 2 – with an oxophosphate coating modified by 
cerium and treated with a hydrophobic agent; 3 – with a 
superhydrophobic coating formed on oxophosphate sublayer 
modified by cerium [5] 

where S1 and S2 are surfaces occupied by solid phase 
and air, r is the roughness coefficient; θr and θ are the 
contact angles on a rough and smooth surface. Thus, θr 
increases with increasing area of the gas phase 
separating the solid surface and the liquid solution [42]. 
The decrease in θr as a function of time is due to the 
decrease in the air space, which is gradually displaced 
by the liquid phase. 

Now, we consider the protective ability of 
superhydrophobic coatings as one of the most 
important factors of their practical use. In [5], the 
magnetite coating (MС) was formed on St3 steel  
by oxidation in a solution of ammonium nitrate  
without additives and with IFKHANOX–8.9А. 
Simultaneously, the effectiveness of oxyphosphate 
coating (OPC) was evaluated when MAF–99 
(HCF2(CF2)5HCO(CH2)3Si(OCH3)3) or MAF–171 
(HCF2(CF2)5HCO(CH2)3Si(NHCH3)3) superhydro-
phobizers were applied to the magnetite or OPC.  
For the formation of surface films by means of MAFi, 
their sorption application from н-С10Н22 was carried 
out. Then, dispersion of the Aerosil nanoparticles was 
additionally applied to the formed MAFi film after its 
special treatment.  

The details of the method were given in [5]. The 
corrosion tests were carried out in an atmosphere with 
100 % relative humidity or in a thermal chamber with 
temperature cycling in the range of 40–25 °С. Taking 
into account the significant influence of the contact 
angle on the protective efficiency of hydrophobic and 
superhydrophobic films (application of Aerosil 
particles), the kinetics of the change in the value θ was 
evaluated (Fig. 3 and 4) [5].  

The results of corrosion tests are summarized in 
Tables 2 and 3 [2].  

The authors assume the following: 
– treatment of conversion coatings (CCs) formed 

on low carbon steel with hydrophobizer on base of 
fluorooxysilane increases the water droplet wetting 
angle, but does not permit to protect the steel surely 
from atmospheric corrosion under conditions of 100 % 
humidity; 

– the use of superhydrophobizing treatment of CCs 
makes it possible to increase the edge angle to values 
above 160°, which has a positive effect on the 
improvement of the CCs protective ability in 
accelerated corrosion tests at 100 % relative humidity; 

– the maximum resistance in continuous contact 
with water is typical for superhydrophobic surfaces 
formed on magnetite coatings obtained by oxidation in 
ammonium nitrate solution without modifying 
additives. In conditions of testing in the thermal 
 

τ, min

 

 

3 

1 

2 

Contact tame  
with a drop, min 

θ, ° 

a) 

 

θ, ° 

Contact tame  
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4 

3 
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chamber the best results were obtained for 
superhydrophobic surfaces on steel with magnetite 
coating formed in the IFKHANOX–9A solution. Such 
a composite coating increases the duration of steel 
protection from 1 to 50 days. 

However, in most cases, when assessing the 
protective ability of hydrophobic and superhydrophobic 
films, many authors tend to neglect the data of direct 
corrosion tests. The study in [54] is an important 
exception. 

The assessment is usually carried out by 
measuring polarization curves and determining the 
corrosion rate by extrapolating their Tafel regions for 
corrosion potential [53, 56]. The method of impedance 
spectroscopy is used and the calculation of icor  
is carried out by means of the polarization resistance Rp 
in accordance with the Stern-Geary equation: 

 
( )

ca

cap
cor

3.2
BB

BBR
i

+
= ,                       (3) 

where Ва and Вc are the tafel slopes of the anodic and 
cathodic polarization curves branches.  

In [50] the SHFS protective efficacy on the basis 
of methoxy – {3-[(2,2,3,3,4,4,5,5,6,6,7,7,8,8,8 – 
pentadecafluorooctanoic)-oxy] propyl}-silane deposited 
from н-С10Н22 (1st series of samples) on the textured 
surface of steel (3 % NaCl) was examined, the details 
of the methodology are in [43]. The dependence of its 
protective action γ as a function of time is shown in 
Fig. 5. The results were obtained on the samples of the 
1st and 2nd series. In the case of coatings of the 2nd 
series, an additional aerosol Aerosil was applied.  

It is easy to see that the stationary level of 
protection was achieved after 72 hours of treatment and 
lasted for at least 168 h. In this case γ = K0/Kcoat, where 
K0 and Kcoat are the corrosion rate of unprotected steel 
and the corrosion rate of the steel with 
superhydrophobic coating, respectively, and it has a 
value of (23 ± 3). 

As follows from the data of polarization 
measurements (Fig. 6), the application of SHFS on zinc 
also significantly inhibits the corrosion rate in 3.5 % 
NaCl solution [52]. 

In this case, carbon fibers obtained by the 
destruction of acetylene were superhydrophobizer. It is 
important that the preliminary deaeration of the 
working solution dramatically increases the corrosion 
rate by stimulating the cathode and anode processes. 
This fully confirms the interpretation presented in  
[53, 56]. The fact is that in the process of deaeration the 
air film is removed and the contact of the electrolyte 
solution with the metal surface is facilitated.  

A similar situation, naturally, affects the corrosion 
rate of zinc, including that estimated from polarization 
measurements. Thus, the corrosion current density of 
unprotected zinc in a 3.5 % aerated solution under the 
conditions studied in [42] (room temperature) is of the 
 

Table 2 
 

Results of corrosion tests of St3 steel  
with magnetite coating and oxyphosphate coating   
at 100% relative humidity in the thermal chamber 

 

Coating Hydrophobizer 
Time until  

the corrosion 
distortion, days 

Magnetite 
coating 

MAF–99 
MAF–171 

MAF–771 with Aerosil 

19 
23 
45 

Oxyphosphate 
coating – 30 

 
Table 3  

 

Results of corrosion tests of St3 steel with magnetite 
coating formed in oxidized solutions  

with the subsequent application of superhydrophobizer  
film or IFKHANOX –8, 9А passivation [57] 

 

Oxidizing 
solution Aftertreatment 

Time until  
the occurrence 
of corrosion 

distortion, days

NH4NO3 (25 g/l) None < 1 
IFKHANOX–8 Passivation  

Superhydrophobixation  
23 
30 

IFKHANOX–9А Passivation  
Superhydrophobization 

25 
50 

 

 
 

Fig. 5. The dependence of the protective effect  
of hydrophobized coating on the duration of steel exposition  

in 0.5 M NaCl solution: 
1 – samples of the 1st series; 2 – samples of the 2nd series 

γ

τ, h

1
2
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Fig. 6. Polarization curves in 3.5 % NaCl solution: 
1 and 1′ – pure zinc before aeration;  

2 and 2′ – zinc with a superhydrophobized layer before aeration;  
3 and 3′ – zinc with a superhydrophobized layer after deaeration [52] 
 
order of 10–1 A/m2. But in the same deaerated medium, 
zinc with a superhydrophobic surface corrodes at a rate 
of 10–2 A/m2, i.e. an order of magnitude smaller, and in 
an aerated solution, when the interlayer of air is 
relatively stable, with icor of the order of 10–5 A/m2,  
i.e. a thousand times smaller. 

Accordingly, the charge transfer resistance 
obtained in [42] from the impedance measurements is 
272 Ohm·cm2, ~ 5,1·104 Ohm·cm2 and ~ 8,2× 
×108 Ohm·cm2, respectively. Obviously, the magnitude 
of the protective action obtained in the deaerated 
protective medium is 94.2 % with SHFS and ~ 100 % 
in the aerated medium (same surface coverage). 
Qualitatively, these figures reflect the real situation.  
In fact, as shown above, for calculations it is advisable 
to use reliable, constant in a wide range of potentials 
the Tafel slopes of the anodic and cathode sections of 
the potentiodynamic curves. This is possible if there are 
at least two conditions: 

1. With increasing polarization, there is no change 
in the mechanism of electrode reactions. 

2. It is permissible to neglect the ohmic component 
of the potential due to its magnitude, which is much 
smaller than the experimental error at significant 
polarization current densities. 

Under conditions of formation of an air layer 
separating the solid and liquid phases, this condition is 
not satisfied, and the quantities Вc and Вa are variable 
and increase rapidly with increasing polarizing current 
density. In general, the protective effectiveness of 
superhydrophobic coatings in the corrosion of metals 
depends not only on their quality, which is determined, 
first of all, by the fraction of the surface area of the 
disturbed air layer, i.e. parts of the wetted surface, but 

also the ability of the liquid phase to displace the air 
gap, creating an L/S boundary. It is obvious that the 
kinetics of this process depends essentially on the time 
and nature of the phases present: metallic, liquid 
(corrosive medium) and superhydrophobic film. 

In [6], the protective ability of the SHFS formed 
by the product used in [50] was studied in the 
conditions of corrosion of a magnesium alloy with 
additions of Mn and Co (MA8) in a 3 % NaCl solution. 
The hydrophobic layer θ = (131 ± 2)° was formed by 
the adsorption application of the product used earlier in 
[50] to a surface formed in turn by plasma 
electrochemical oxidation. To create SHFS, aerosil 
particles were applied to the hydrophobic layer 
θinit = (166 ± 3)°. The results of polarization 
measurements at such objects are given in Fig. 7. 

Corresponding corrosion parameters of the alloy 
obtained in 3 % NaCl are summarized in Table 4. 

 

 
Fig. 7. Polarization curves taken in a 3 % NaCl solution  

for samples of the MA8 alloy. 
Coating: 1 – no coating; 2 – plasma oxidation (PO);  

3 – PO + hydrophobization; 4 – PO + superhydrophobization [6] 

 
Table 4 

 

The values of the potential, corrosion rate  
and polarization resistance observed on the MA8 

alloy in a 3 % NaCl solution 
 

Coating –Еcor, 
V 

icor, 
А/m2 

RD, 
Оhm⋅сm2

No coating 1,37 6,6⋅10–2 7,2⋅102 

Plasma oxidation (PО) 1,34 4,4⋅10–3 6,2⋅104 

PО + hydrophobization  1,19 1,6⋅10–4 1,4⋅106 

PО + superhydrophobization 1,01 1,5⋅10–5 2,5⋅107 

N o t e : icor were obtained by the method of impedance 
spectroscopy using the Stern-Geary equation. 

–E, V 

i, A⋅m–2 
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0.80
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Fig. 8. Correlation between (Вa + Вc)/(ВaВc) and Вa  
at constant value Вc: 

1 – 0.060 V; 2 – 0.110 V 
 

The same approach using equation (3) was used by 
the authors [52]. Earlier it was noted that it is used 
quite widely. At the same time, as follows from curves 
2 and 2' in Fig. 6, there are no Tafel regions on both 
branches of the polarization curves. This is probably 
due to the fact that the portion of the wetted surface is 
very small, and the quality of the superhydrophobic 
film is very high. In this case, the values of Ва and Вc, 
which are necessary for calculations using Eq. (3), 
cannot be estimated. The character of the polarization 
curves 2 and 2' shown in Fig. 6, is due to the large 
contribution of the ohmic component to the measured 
electrode potential. Let us consider the accuracy of the 
estimates from Eq. (3). 

Let the value RD = const. Then, according to (3), 
the value icor is proportional to  (Вa + Вc)/(ВaВc). Fig. 8 
shows the relation (Вa + Вc)/(ВaВc)  with Вa at constant 
values Вc equal to 0.060 и 0.110 V. It is easy to 
understand that the value icor should depend essentially 
on the value Вa. 

Thus, in this case, it is preferable to determine the 
value icor by extrapolating the Tafel regions of the 
polarization curves to Еcor. 

 
Correlation between the surface 

superhydrophobization and conditions of its icing 
 

This issue was widely discussed due to its 
scientific and practical importance in a large number of 
studies [7–14]. Factors that prevent icing of surfaces 
were previously considered [13]. At the same time, 
there are works in which the correlation between the 
surface superhydrophobization and the difficulty of its 
icing was disputed [58–60]. Thus, according to [60], 
superhydrophobization of the surface does not reduce 

the adhesion of ice. In [13], the influence of a number 
of additional factors on the affinity of ice on a similar 
surface and its relation to the contact angle was 
estimated. Various methods have been used to create 
superhydrophobization, since the properties of ice 
models depend on the microphysical properties of the 
water droplets and weather conditions of their 
formation. 

According to the data of [13], the energy of 
adhesion of ice is not the main hysteresis factor of the 
contact angle. The dominant effect is the level of 
roughness. On a very rough surface, the adhesion of ice 
during cycling is practically unchanged (shown on 
samples of type B [13]). At the same time, the level of 
surface roughness decreases with the growth of the 
cycle number. 
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