JEV. w o
ME 1AL

2019 May 22" - 24t 2019, Brno, Czech Republic, EU

EFFECT OF WETTABILITY ON ICE ADHESION OF METAL SUBSTRATE
Simona IVANOVA, Véra SOUKUPOVA, Viktorie WEISS, Martina PAZDEROVA

Czech Aerospace Research Centre, Prague, Czech Republic, EU,
ivanova@yvzlu.cz, soukupova@yvzlu.cz, weiss@vzlu.cz, pazderova@vzlu.cz

https://doi.org/10.37904/metal.2019.882
Abstract

The issue of anti-frost surface treatment is a current research topic, especially in the transport and energy
industries. Ice and its formation, adhesion and accumulation can cause serious problems on the surface of
wind turbines, solar panels, power lines, roadways, in aircraft industry as in everyday life. These aspects can
reduce energy production efficiency, increase energy consumption, cause mechanical or electrical failure, and
increase security risks. This article deals with the wettability of surface treatment and its influence on the
formation of icing on metal surfaces. In this study, new method for fabricating anti-icing coating was employed.
The metal samples were first surface treated and afterwards the anti-icing coating for titanium alloy samples
was applied and coating properties were examined. Various surface treatment steps were tested for the
coating anti-icing properties. The formation of icing was experimentally tested on modified surface of metal
substrates. Wetting properties of the titanium surface was evaluated by contact (wetting) angle measurements.
The surface structure of the metal samples was examined by SEM (Scanning electron microscopy). Testing
of anti-icing properties of the surface treatment took place indoors. Physical and mechanical properties of the
samples were evaluated before and also after the testing at low temperature.
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1. INTRODUCTION

Icing is a phenomenon that occurs on the surface of objects under specific climatological conditions. Currently,
there are active and passive approaches. Anti-freeze surfaces are defined as icing-resistant surfaces in a
passive approach. They repel icing on the surfaces. For example, highly hydrophobic materials are
representative of passive approach and application of these materials is currently intensively investigated. On
the other hand, the active approach uses various technological processes, such as heating based on the
principle of resistance heating, for release of frost [1,2]. This issue has started the development of so-called
ice-phobic/antifreeze surfaces. The definition of anti-freeze surfaces is not uniform and differs in the literature.
Some sources define icephobicity as a low adhesion force between the ice formed and the solid surface, or
just a reduction of normal adhesion properties. Other expert sources characterize antifreeze surfaces as the
ones with abillity to reduce or prevent ice formation [3-7]. The terms hydrophobicity and hydrophilicity are often
used to describe the wetting of a solid surface when the liquid is water. The shape of the water droplet and its
behaviour on the surface of a solid material determines whether the material is hydrophobic or not. The shape
of the drop is characterized by the angle that forms the tangent to the surface of the water droplet at the solid-
liquid-gas interface. This angle is called the contact angle 6. Two cases may occur after the application of
small amount of water to a perfectly smooth surface. The first case is called hydrophobicity and the second
case is hydrophilicity (for contact angle < 90°). Ultrahydrophobicity is a case of poor wetting of the surface by
water (6 >150°). The water does not wet perfectly under these conditions. Superhydrophobic surfaces are
usually characterized, when the contact angle is 120° or more. These surfaces have characteristic features
common with superhydrophobic surfaces. Surface deformations significantly affect wetting of the liquid [8-10].
In this work, the formation and adhesion of icing were experimentally tested on pre-surfaces modified titanium
alloy samples (6061). The Samples with different coating were prepared to provide a different sample surface
structure.
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2. EXPERIMENTAL

2.1. Coatings preparation

Titanium alloy (6Al4V) plates (50x50x1 mm), were used as substrates. The metal samples were degreased in
an alkaline solution with addition of surfactant in ultrasound and then rinsed in demineralized water and dried
with hot air. In this work, several structured coatings with different hydrophobicity on titanium substrate were
prepared. The coatings were prepared by multiple stage process, including anodization, modification and
passivation procedures. Technological process of samples preparation is shown in Table 1.

Anodization process

The anodization process was included in the samples to form a nanostructured surface. The times in both the
modification and the passivation sections were varied to obtain a different surface texture of the titanium
samples. The anodization process was carried out at ambient temperature with voltage close to 20 V. The time
of this process was 30 minutes. A nanostructured surface was created by this process on the samples.

Modification

A water bath with the addition of fluorinated dispersion was used for this step. The modification time was from
40 minutes to 1 hour and the temperature ranging around 60 °C.

Heat treatment

Some of the samples were heat treated. The temperature was between 70 and 90 degrees Celsius and time
varied between 2 to 6 hours.

Passivation

The passivation process was carried out in an alcoholic solution of two carboxylic acids in ratio 7:1. The
passivation time was about 1 hour and at temperature range from 30 to 35 °C.

Table 1 Coatings preparation of the samples used in this work

Sample Anodization process Modification Firing Passivation
A — 40 minutes 70 °C, 2 hours —
B — 40 minutes 90 °C, 2 hours —
C nanostructured surface 40 minutes 90 °C, 2 hours —
D nanostructured surface — — —
E nanostructured surface _ 1 hour
F _ _ — 1 hour
G — _ — 1 hour
H — — 90 °C, 2 hours 1 hour
| — 1 hour 90 °C, 2 hours 1 hour

2.2. Contact angle measurements

The method of measuring contact angles can be used as a quantifier to determine the
hydrophobicity/hydrophilicity of a surface or surface treatment on a substrate. Contact angles were measured
by using Theta optical tensiometer (Attension, Biolin Scientific) equipped with a high speed camera. The typical
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droplet size used for this measurement is between 1 and 10 pl because of minimizing the gravity effect. Contact
angles have been measured for demineralized water. The drop size of water was 2 pl. Principe of Sessile drop
was using for optical contact angle measurement. The obtained contact angle values are summarized in
Figure 1. Contact angle values slightly decreased for most samples after icing testing.
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Figure 1 Contact Angle of samples with coating before and after freezing

2.3. Layer roughness measurement

Roughness measurement was performed by digital roughness meter DR 130. A total of three measurements
were made on each sample. The measured average roughness values are shown in Figure 2. Comparable
roughness values (Ra) were obtained on the surface of treated samples.
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Figure 2 Roughness of samples with coating
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2.4. Surface analysis by scanning electron microscopy (SEM)

The structure of the deposited coating was examined by scanning electron microscopy (Vega 3, Tescan). The
nanostructured surface and non-nanostructured surface are shown in Figure 3.

SEM HV: 5.0 kV [ WD: 5,13 mm . VEGA& TESCAN SEM HV: 6.0 kV WD: 5.14 mm VEGA3 TESCAN
SEM MAG: 5.00 kx Det: SE 20 pm SEM MAG: 60.0 kx Det: SE 2pum
10-5kx Date(midly): 03/27/19 VZLu 9-60kx Date(m/diy): 03/12719 VZLU

Sample without nanostructure (sample B)

SEM HV: 5.0 kV 'WD: 5.09 mm SEM HV: 5.0 kV WD: 5.09 mm

SEM MAG: 5.00 kx Det: SE 20pm SEM MAG: 60.0 kx Det: SE 2 m
11-5kx Date(midly): 03/27/19 11-60kx Date(midly): 03/27/18

Sample with nanostructure (sample D)

Figure 3 SEM images of texture of surfaces with coatings
2.5. Anti-icing coating testing

Prepared samples with different coating were placed horizontally in the freezer. The testing of coating took for
5 days at temperature -17 °C. Photographic documentation of the experiment is shown in Figure 4.
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Sample Freezin Condensation Sample Freszin Condensation
P 9 frosting P 9 frosting
Ti base

Figure 4 Photographic documentation of testing anti-icing coating

Ice crystals were formed separately on almost all samples, except for samples A, B and D. On these samples,
the frost was a solid surface. Nanostructured texture of coatings on selected samples did not significantly
improve anti-icing properties. The more obvious differences between coatings were seen during the
condensation frosting at room temperature.

CONCLUSION

In summary, titanium samples with different coatings were fabricated by multiple step process including
anodization, modification and passivation procedures. The different surface treatment of the samples ensured
different surface texture of the samples and the wettability of the surfaces were affected. Superhydrophobicity
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was obtained on the surface with and without nanostructure. The obtained roughness values were not
significantly different, the greater difference was in the values per sample. Contact angle measurements were
performed before and after ice testing. This fact is mainly due to the multi-step process of coating deposition.
The formation and adhesion of frost on prepared samples was experimentally tested in the freezer for five
days. Icing was produced on all samples. In controlled freezing, differences in icing formation were primarily
in the form of ice germs and the size of the affected area. The best results were achieved on samples where
highest contact angle values were measured. Crystals were formed locally on these samples and had a
spherical character. On the other specimens, a locally continuous frost was formed. These places were merged
during melting. Crystals were not combined on the superhydrophobic samples and the dry places were
retained. Simplifying coating deposition could help to uniform surface and reduce the number of icing initiation
centers. The formation of icing and its adhesion is mainly influenced by the wettability of the surface and its
structure. The right combination of two physical factors could be a solution to eliminate icing products.
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