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Description

[0001] The present invention relates to a method for the treatment of metal surfaces.

[0002] In many industrial fields it is since a long time felt the need to intervene on the metal surfaces, for the purpose
of bestowing thereon high characteristics of hydrophobicity (water repellency) and oleophobicity (repellency to oil). As
is known to the technicians of different industrial sectors, wherein the metals or their alloys constitute important structural
parts and interfaces, the possibility of providing a metal surface of a high hydrophobicity results in the advantages of
preventing the adhesion of dirt and contaminants of different nature, also of biological origin, avoiding the formation of
ice and frost in adverse environmental conditions, effectively limiting the phenomena of wear and corrosion, reducing,
or even avoiding, fouling phenomena due to different agents, allowing more favorable flow conditions in the vicinity of
the surface, with consequent gains also in terms of energy.

[0003] From the benefits listed above it can result immediately that the fields of navigation, marine in general and
aerospace are among the most sensitive in research that aims to impart to the metal surfaces a high hydrophobicity and
oleophobicity.

[0004] Itis known that the hydrophobicity of a surface and, therefore, its degree of repulsion towards water, depends
by the appropriate combination between the structural characteristics, in terms of size of the roughness, and the energy
of the same surface, in turn linked to the chemistry. Conventionally, a surface is defined hydrophobic when the contact
angle (0) that the same form with a drop of water is greater than 90°, hydrophobicity is said gradually increasing as the
contact angle 6 goes beyond this threshold. The super hydrophobicity is achieved when the contact angle of the surface
with a drop of water is greater than 150°. Similarly, the higher the contact angle that the surface forms with a drop of oil,
the higher is the degree of oleophobicity.

[0005] In addition to the evaluation of the static contact angle 6 (static hydrophobicity), there are other dynamic pa-
rameters that define the hydrophobic behavior of a surface (dynamic hydrophobicity). The dynamic hydrophobicity is
related to the ability of a drop of water to "roll" or "slide" along a surface, and then leave the same once the angle of
inclination starts to increase. Experimentally, the dynamic hydrophobicity can be expressed in two ways, by means of
the minimum value of the angle of inclination that the surface must present in order to cause the "rolling” or the "sliding"
of a drop of known size, or by means of the measurement of the hysteresis value (difference) between the contact angle
with which a drop of known volume advances (8,) on an inclined plane and the angle of recession (9g).

[0006] In this respect, in order to activate a real self-cleaning mechanism on the surface, it is necessary that the water
droplets that are deposited then have the ability to "abandon" the surface itself, bringing with them, with a rolling or
sliding mechanism, the dirt particles and removing their debris from the surface. Consequently, in order that the removal
of dirt has the maximum effectiveness, the sliding or rolling of the drops on the surface must be able to occur for low
angles of inclination of the surface (low inclination angle is equivalent to a high dynamic hydrophobicity). In literature,
the dynamic hydrophobicity is measured by reference to the behavior of a water droplet of 30 p.l.

[0007] The pertinent literature shows how the relationship between static hydrophobicity and dynamic hydrophobicity
is complex and, in many cases, even if the static contact angle is sufficiently high (> 150°), it does not correspond to a
sufficient dynamic hydrophobicity. This is because if the interaction of the droplet with the surface depends in a more
or less direct manner from the surface roughness and energy, its movement on the same is affected by additional
parameters, such as physical inhomogeneity, differences in chemistry and composition, particle size, etc., the influence
of which is difficult to interpret.

[0008] Another functional property of great interest for the metal surfaces is oleophobicity, ie the repellency against
oils, fats, etc. The provision of this additional property to a metal surface allows to physically prevent the adhesion of
dirt and grease particles, in order to further implement the performance of "self-cleaning". The degree of oleophobicity
of a surface depends strongly on the energy of the surface itself, or better, on the difference between the surface tension
of the oily substance and the energy of the surface itself; the lower will be the latter, the greater the repellency of the
surface towards adhesion of substances with higher surface tension. In literature, the difficulty is documented of gener-
ating oleophobic surfaces, especially because of the need to have extremely low surface energies (<5mN/m) [Tsuijii K.Et
al. Angewandte Chemie-International Edition in English 1997 36 (9), 1011-1012)].

[0009] Up to now, the solutions to impart a high hydrophobicity to metal surfaces have resulted to be particularly
complex and expensive and, therefore, not suitable to be applied on an industrial scale. In fact, these solutions typically
require expensive materials, long preparation times and multistep procedures, besides resulting in dynamic contact
angles generally greater than 10°. Moreover, generally the treatments of the prior art provide for the need of using organic
solvents, which, as is known, on an industrial scale involve a number of environmental issues, as well as problems
related to safety and health of workers in charge of the treatment.

[0010] A method for coating metal substrates according to the prior art is disclosed in DE102007029668, wherein an
alkaline catalyst is disclosed and vapour is used for forming hydroxyl groups in a step of functionalization. Working in
basic catalysis, according to DE102007029668 there is the need to create such conditions which can lead to the den-
sification of the coating. For this reason, D1 discloses (paragraph 0055) a heat treatment at growing temperatures, in
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controlled environment (air or inert at high temperature).

[0011] DE1020077526, DE102010011185, W0O2005066388, WO2008083310 and EP1142845 disclose similar meth-
ods for coating a metal substrate comprising sol-gel coating with a metal alkoxide with an acid catalyst; consolidating
in two steps the obtained layer, the first step involving a treatment with water; and further treatments with solutions
containing alkylsilane compounds.

[0012] Purpose of the presentinvention is to provide metal surfaces presenting a high hydrophobicity and oleophobicity
without compromising their realization on an industrial scale.

[0013] Objectofthe presentinvention is a method for the treatment of metal surfaces, characterised in that it comprises
in succession:

- a step of depositing a coating of metal oxide, wherein on a metal surface is deposited a sol made from a colloidal
suspension in water of one or more metal alkoxides M(OR),, in the presence of an acid catalyst,
in which:

M is comprised in the group consisting of Al, Ti, Si, Y, Zn, Zr;
R is a linear or branched C4-C, aliphatic chain;

- astep of consolidation, in which said coating is subjected to a temperature comprised between 150 °C and 400 °C;

- astep of functionalization, in which said coating is treated with boiling water for forming hydroxyl groups;

- asecond step of consolidation, in which said coating is subjected to a temperature comprised between 150 °C and
400 °C, and

- astep of superficial chemical activation, in which said coating is treated with an alkylsilane compound. Preferably,
in said step of superficial chemical activation, said alkylsilane compound is fluorinated.

[0014] Preferably, the method includes a third step of consolidation, in which, after being treated with an alkylsilane
compound, the said coating is subjected to a temperature comprised between 50 °C and 300 °C.

[0015] Preferably, the step of deposition provides that said sol is deposited by dipcoating or spray coating or spin-
coating.

[0016] Preferably, said coating has a thickness comprised between 50 and 500nm.

[0017] Preferably, in said step of fluorination said coating is treated with a fluorinated compound by dipcoating or spray
coating or spin-coating.

[0018] Preferably, said fluorinated compound is a fluorine alkyl silane.

[0019] A further object of the present invention is a metal component having a surface coating made by the method
forming object of the present invention.

[0020] For a better understanding of the invention some embodiments are given below for illustrative and not limiting
purposes.

EXAMPLES

[0021] Below is described a method for the treatment of metal surfaces according to a preferred embodiment of the
presentinvention. For purposes of comparison the method was also applied on a ceramic surface and on a glass surface.
[0022] Always for purposes of comparison, the method was repeated on the same metal surfaces with the only change
that in the step of preparation of the sol, isopropyl alcohol was used as a solvent instead of water.

[0023] In particular, the metal surface used is aluminum, and the ceramic surface used is porcelain stoneware and
the glass surface is a sodium-calcium glass (Superfrost-Carlo Erba), all suitably degreased and pretreated.

[0024] Below are reported the procedural steps of a preferred embodiment of the method object of the present invention.

Preparation of a sol comprising nano particles of alumina (Al,O3)

[0025] A colloidal suspension of alumina was prepared by peptization of aluminum tri-sec butoxide 0.5M in aqueous

solution in the presence of nitric acid as the acid catalyst. The reactions of hydrolysis and condensation which lead to

the formation of the sol occur keeping the system under stirring at 80 °C. The molar ratios of the sol are as follows:
aluminum tri-sec-butoxide:water:nitric acid = 1:100:0,07

Treatment

[0026] The surfaces takeb ubder examination (metal, ceramic and glass) were subjected to an operation of "dip coating"
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in the sol at room temperature. The operation of "dip coating" was realized with a speed of immersion and emersion of
120 mm/min and a soak time in the sol of 5 seconds. Once every single substrate has emerged from the sol, the solvent
water is evaporated promoting the transition to the state of gel formed by nano particles of partially hydrolyzed Al,O5.
[0027] After the water evaporated, the substrates were heat treated in an oven at 400 °C for 10 minutes in order to
remove organic residues and promote the densification of the formed coating.

[0028] To optimize the adhesion between the film and the surface, before the deposition the substrate is preferably
cleaned and activated, for example by means of acid/basic attacks of the surfaces, heat treatment in air, machining or
other.

[0029] Subsequently, to promote the reactivity of the surface with the formation of hydroxyl functional groups and to
modulate the surface roughness on the nanometric scale, the treated surfaces were immersed in boiling water for 30
minutes and again thermally treated in an oven at 400 °C for 10 minutes.

[0030] Finally, the treated surfaces were subjected to a further operation of "dip coating" in a solution containing an
alkylsilane compound. In particular, the compound used is a fluorine alkyl silane marketed by the company EVONIK
with the code F8263.

[0031] The operation of "dip coating" has been realized with a speed of immersion and emersion of 120 mm/min and
a soak time of 2 minutes.

[0032] Once emerged from the solution containing a fluorine alkyl silane compound, the treated surfaces were kept
in a stove at 150 °C for 15 minutes in order to promote the chemical activation of the surface of the film of alumina.
[0033] This last step in an oven can also be avoided. Indeed, the cross linking of the polymer to the inorganic surface
can also occur at room temperature with, of course, longer reaction times.

[0034] Each of the surfaces treated with the method described above has presented a totally transparent coating. This
requirement ensures the bestowing of desired properties without compromising the aesthetic characteristics (color,
appearance, etc.) on the surfaces involved in the treatment.

Test of hydrophobicity and olephobicity

[0035] The surfaces treated as described above were subjected to tests to verify the characteristics of: static hydro-
phobicity with water (contact angle with water (6;)); dynamic hydrophobicity (expressed both as a minimum inclination
angle of the surface for which the sliding starts of a water droplet of 30 ul (S4,) and as hysteresis values (9, - 9g));
oleophobicity (contact angle with paraffin oil (6,))); surface energy; static hydrophobicity after abrasion.

[0036] The abrasion was carried out by simulating the standardized operating procedure in the case of coated glass
for buildings (UNI EN 1096-2, Appendix E: Test of resistance to abrasion). In particular, it has been used an abrasive
felt rotating pad (thickness 10 mm = 1 mm) with a diameter of 5,0 cm = 0,5 cm and operated at a speed of 30
rounds/minute. In these conditions the felt pad was applied to the treated surfaces with a force equal to 4N and for a
time equal to 30 seconds.

[0037] Table | shows the measured values of the above characteristics.

[0038] In Table | with SM1 it is indicated the metal surface treated with the step of immersion in boiling water; with
SM2 it is indicated the metal surface treated with the step of applying a jet of steam; with SC it is indicated the treated
ceramic surface; with SV it is indicated the treated glass surface; with SMalc it is indicated the treated metal surface
having used isopropyl alcohol instead of water in the step of preparation of the sol.

TABLE |
04t (%) San(®) | Sao-9r(°) | 60I(°) Surface energy (MN/m) | 0 (°) afer abrasion
SM1 172+8 5 04 130 + 3 0,34 168 + 3
SM2 164 +8 6 1,0 121 = 3 0,58 150 + 4
SMalc | 158 + 4 10 6,2 110 £ 2 0,18 142 + 3
SC 161+13 | 47,5 1,4 121 + 8 0,50 123+ 6
sV 116 =1 48 1,1 102 + 3 0,55 115 =1

[0039] The values reported in Table | show the unexpected and surprising effects of the method forming object of the
present invention.

[0040] In fact, it can be seen both as the method is more effective when applied on metal surfaces rather than on
ceramic surfaces or glass, and as the use of water in the step of preparation of the sol produces better effects than the
use of an alcohol. This evidence is particularly surprising, emphasizing at the same time one of the most important
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advantages of the present invention. In fact, the present invention, not using organic solvents but water, not only provides
getter features of hydrophobicity and oleophobicity to metal surfaces, but in an industrial dimension also involves enor-
mous advantages in terms of safety, health of personnel, production management, environmental and economic sus-
tainability.

[0041] It should also be highlighted how the values of dynamic hydrophobicity result to be surprisingly better than
those obtained on the ceramic surface or on the glass surface.

[0042] The values of dynamic hydrophobicity which can be found on metal surfaces treated with the method of the
present invention are such as to ensure high repulsion to dirt and contaminants of various kinds, also of biological origin,
avoid in adverse environmental conditions the formation of ice and frost, effectively limiting phenomena of wear and
corrosion, reduce, or even avoid, phenomena of fouling due to different agents, allow more favorable fluid dynamic
conditions in the vicinity of the surface, with consequent gains in terms of energy.

[0043] In addition, the surfaces indicated as SM1 and SM2 were tested for freezing/unfreezing according to UNI EN
539-2 (2006). In particular, the surfaces SM1 and SM2 have been subjected to successive cycles of freezing/unfreezing
in a climatic chamber in which continuous thermal excursions from +11 °C to -17 °C occurs and in which the step of
unfreezing occurs by means of immersion in water and the subsequent phase of freezing occurs after the water has
been drained from inside the climatic chamber. The number of cycles of freezing/unfreezing to which the surfaces SM1
and SM2 were subjected was equal to: 36, 119, 234, 345, 447. The evaluation of the resistance to cycles of freezing/un-
freezing is based on the measures of static hydrophobicity (static contact angle) and dynamic hydrophobicity (hysteresis)
after each of the said cycles of freezing/unfreezing. In Table Il are reported the detected values of static contact angle
and hysteresis.

Table Il
Number of cycles | Static contactangle(°) | Hysteresis (°)
36 145 + 3 12+ 3
119 140 + 2 12+ 2
234 140 =+ 5 11=3
345 140 =+ 5 19=+5
447 134 + 3 7*+4

[0044] From the values reported in Table Il it is possible to understand how even after cycles of freezing/unfreezing
the surfaces treated with the method forming object of the present invention continue to show high characteristics of
hydrophobicity.

[0045] The result obtained from tests of freezing/unfreezing is a further proof of the nanoscale structure of the coating
confirmed by the observations made in a scanning electron microscope with field emission source (SEM-FEG), of the
effectiveness of the method of the present invention and of its potential in the industry.

Claims

1. Method for the treatment of metal surfaces for bestowing thereon a high hydrophobicity and oleophobicity, both
static and dynamic, characterised in that it comprises in succession:

- a step of depositing a coating of metal oxide, wherein on a metal surface a sol is deposited made from a
colloidal suspension in water of one or more metal alkoxides M(OR),, in the presence of an acid catalyst.
in which:

M is comprised in the group consisting of Al, Ti, Si, Y, Zn, Zr;
R is a linear or branched aliphatic chain C4-Cy;

and in which the transition of sol to gel is promoted by evaporation of said water from said coating;

- a step of consolidation, in which said coating is subjected to a temperature between 150 °C and 400 °C;

- a step of functionalization, in which said coating is treated with boiling water for the realization of the hydroxyl
groups and to modulate the surface roughness on the nanometric scale;

- a second step of consolidation, in which said coating is subjected to a temperature between 150 °C and 400
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°C, and
- a step of superficial chemical activation, wherein said coating Is treated with an alkylsilane compound.

2. Method forthe treatment of metal surfaces according to claim 1. characterised in that in said deposition step, M is Al.

3. Method for the treatment of metal surfaces according to claim 1 or 2, characterised in that in said step of function-
alization, said coating is treated with boiling water for a time of at least 30 min.

4. Method for the treatment of metal surfaces according to any of the preceding claims, characterised in that in said
step of superficial chemical activation said alkylsilane compound is fluorinated.

5. Method for the treatment of metal surfaces according to any of the preceding claims, characterised in that it
comprises a third step of consolidation, in which after being treated with an alkylsilane compound, said coating is
subjected to a temperature between 50 °C and 300 °C.

6. Method for the treatment of metal surfaces according to any of the preceding claims, characterised in that the
deposition step provides that said sol is deposited by means of dip coating or spray coating or spin-coating.

7. Method for the treatment of metal surfaces according to any of the preceding claims, characterised in that said
coating has a thickness between 50 and 500nm.

8. Method for the treatment of metal surfaces according to any of the preceding claims, characterised in that in said
step of superficial chemical activation said coating is treated with a fluorinated compound by means of dip coating
or spray coating or spin-coating.

9. Method for the treatment of metal surfaces according to claim 8, characterised In that said fluorinated compound
is a fluorine alkyl silane.

10. Metallic element having a surface coating made by the method according to any of the preceding claims.

Patentanspriiche

1. Verfahren zur Behandlung von Metallflachen zum Verleihen einer hohen sowohl statischen als auch dynamischen
Hydrophobizitat und Oleophobizitét, dadurch gekennzeichnet, dass es nacheinander Folgendes umfasst:

- einen Schritt des Abscheidens einer Beschichtung aus Metalloxid, wobei auf eine Metallflache ein Sol abge-
schieden wird, das aus einer kolloidalen Suspension von einem oder mehreren Metallalkoxiden M(OR),, in
Anwesenheit eines sauren Katalysators in Wasser besteht,

wobei:

M in der Gruppe bestehend aus Al, Ti, Si, Y, Zn, Zr enthalten ist;
R eine lineare oder verzweigte aliphatische Kette C4-C, ist;

und wobei der Ubergang von Sol zu Gel durch Verdampfen des Wassers aus der Beschichtung geférdert wird;
- einen Schritt des Verfestigens, wobei die Beschichtung einer Temperatur zwischen 150 °C und 400 °C aus-
gesetzt wird;

- einen Schritt des Funktionalisierens, wobei die Beschichtung mit kochendem Wasser fiir die Realisierung der
Hydroxylgruppen und zum Modulieren der Oberflachenrauheit auf der Nanometerskala behandelt wird;

- einen zweiten Schritt des Verfestigens, wobei die Beschichtung einer Temperatur zwischen 150 °C und 400
°C ausgesetzt wird, und

- einen Schritt des chemischen Aktivierens der Oberflache, wobei die Beschichtung mit einer Alkylsilan-Verbin-
dung behandelt wird.

2. Verfahren zur Behandlung von Metallflachen nach Anspruch 1, dadurch gekennzeichnet, dass in dem Schritt des
Abscheidens M Al ist.

3. Verfahren zur Behandlung von Metallflichen nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass in dem
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Schritt des Funktionalisierens die Beschichtung Uber eine Zeit von mindestens 30 min mit kochendem Wasser
behandelt wird.

Verfahren zur Behandlung von Metallflachen nach einem der vorhergehenden Anspriiche, dadurch gekennzeich-
net, dass in dem Schritt des chemischen Aktivierens der Oberflache die Alkylsilan-Verbindung fluoriniert wird.

Verfahren zur Behandlung von Metallflachen nach einem der vorhergehenden Anspriiche, dadurch gekennzeich-
net, dass es einen dritten Schritt des Verfestigens umfasst, wobei nach Behandlung mit einer Alkylsilan-Verbindung
die Beschichtung einer Temperatur zwischen 50 °C und 300 °C ausgesetzt wird.

Verfahren zur Behandlung von Metallflachen nach einem der vorhergehenden Anspriiche, dadurch gekennzeich-
net, dass der Schritt des Abscheidens vorsieht, dass das Sol mittels Tauchbeschichtung oder Spriihbeschichtung
oder Rotationsbeschichtung abgeschieden wird.

Verfahren zur Behandlung von Metallflachen nach einem der vorhergehenden Anspriiche, dadurch gekennzeich-
net, dass die Beschichtung eine Dicke zwischen 50 und 500 nm aufweist.

Verfahren zur Behandlung von Metallflachen nach einem der vorhergehenden Anspriiche, dadurch gekennzeich-
net, dass in dem Schritt des chemischen Aktivierens der Oberflache die Beschichtung mit einer fluorinierten Ver-
bindung mittels Tauchbeschichtung oder Spriihbeschichtung oder Rotationsbeschichtung behandelt wird.

Verfahren zur Behandlung von Metallflachen nach Anspruch 8, dadurch gekennzeichnet, dass die fluorinierte
Verbindung ein Fluoralkylsilan ist.

Metallisches Element mit einer durch das Verfahren nach einem der vorhergehenden Anspriiche hergestellten
Oberflachenbeschichtung.

Revendications

1.

Procédé de traitement de surfaces métalliques pour leur conférer une hydrophobicité et une oléophobicité élevées,
a la fois aux plans statique et dynamique, caractérisé en ce qu’il comprend a la suite :

- une étape de dépbt d’un revétement d’oxyde métallique, dans lequel un sol est déposé sur une surface
métallique & partir d’une suspension colloidale dans de I'eau d’un ou plusieurs alcoxydes métalliques M(OR),,
en présence d’un catalyseur acide,

ou:

M est compris dans le groupe constitué de Al, Ti, Si, Y, Zn, Zr;
R est une chaine aliphatique linéaire ou ramifiée en C4-Cy;

et ou la transition de sol a gel est favorisée par évaporation de ladite eau dudit revétement ;

- une étape de consolidation, dans laquelle ledit revétement est soumis a une température entre 150 °C et400 °C ;
- une étape de fonctionnalisation, dans laquelle ledit revétement est traité avec de I'eau bouillante pour la
réalisation des groupements hydroxy et pour moduler la rugosité de surface a I'échelle nanométrique ;

- une deuxiéme étape de consolidation, dans laquelle ledit revétement est soumis a une température entre 150
°C et 400 °C et

- une étape d’activation chimique superficielle, dans laquelle ledit revétement est traité avec un composé d’alk-
ylsilane.

Procédeé de traitement de surfaces métalliques selon la revendication 1, caractérisé en ce que, dans ladite étape
de dépdbt, M est Al.

Procédé de traitement de surfaces métalliques selon la revendication 1 ou 2, caractérisé en ce que, dans ladite
étape de fonctionnalisation, ledit revétement est traité avec de I'eau bouillante pendant une période de temps d’au

moins 30 min.

Procédé de traitement de surfaces métalliques selon I'une quelconque des revendications précédentes, caractérisé



10

15

20

25

30

35

40

45

50

55

10.

EP 2 864 522 B1
en ce que, dans ladite étape d’activation chimique superficielle, ledit composé d’alkylsilane est fluoré.

Procédé de traitement de surfaces métalliques selon I'une quelconque des revendications précédentes, caractérisé
en ce qu’il comprend une troisieme étape de consolidation, dans laquelle, aprés traitement avec un composé
d’alkylsilane, ledit revétement est soumis a une température entre 50 °C et 300 °C.

Procédé de traitement de surfaces métalliques selon I'une quelconque des revendications précédentes, caractérisé
en ce que |'étape de dép6t se fait en déposant ledit sol au moyen d’un revétement par immersion ou d’'un revétement
par pulvérisation ou d’'un revétement par centrifugation.

Procédé de traitement de surfaces métalliques selon I'une quelconque des revendications précédentes, caractérisé
en ce que ledit revétement a une épaisseur entre 50 et 500 nm.

Procédé de traitement de surfaces métalliques selon I'une quelconque des revendications précédentes, caractérisé
en ce que, dans ladite étape d’activation chimique superficielle, ledit revétement est traité par un composé fluoré
aumoyen d’un revétement parimmersion ou d’'unrevétement par pulvérisation ou d’un revétement par centrifugation.

Procédé de traitement de surfaces métalliques selon la revendication 8, caractérisé en ce que ledit composé fluoré
est un alkylsilane de fluor.

Elément métallique ayant un revétement de surface effectué par le procédé selon 'une quelconque des revendi-
cations précédentes.
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