77068545 A2 I 10 0 00 RO A A

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO T O 0

International Bureau

(43) International Publication Date
21 June 2007 (21.06.2007)

(10) International Publication Number

WO 2007/068545 A2

(51) International Patent Classification:
C09D 4/00 (2006.01) CO09D 183/08 (2006.01)

(21) International Application Number:
PCT/EP2006/068491

(22) International Filing Date:
15 November 2006 (15.11.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
102005060401.3

15 December 2005 (15.12.2005) DE

(71) Applicant (for all designated States except US): DE-
GUSSA GMBH [DE/DE]; Bennigsenplatz 1, 40474
Diisseldorf (DE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): GIESSLER-
BLANK, Sabine [DE/DE]; Briiggledckerweg 2 a, 79618
Rheinfelden (DE). JUST, Eckhard [DE/DE]; Diirerstr.
57, 79618 Rheinfelden (DE).

(74) Common Representative: DEGUSSA GMBH,; Intellec-
tual Property Management, Patente und Marken, Bau 1042
/ PB 15, 45764 Marl (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: STORAGE-STABLE COATING COMPOSITION FOR ABRASION-RESISTANTLY AND WEATHERING-STABLY
PROVIDING SMOOTH INORGANIC SURFACES WITH EASY-TO-CLEAN PROPERTIES

(57) Abstract: The present invention relates to a special coating composition based on components a) at least one hydrolysable
& fluoroalkylsilane of the formula (I) CF3(CF>),(CH,),Si(CH3)y X3y, in which X is a group from the series chlorine, methoxy, ethoxy,
— isopropoxy, and n-propoxy and n is a number from the series 3, 4, 5, 6, 7, 8, and 9, and y is O or 1, b) HCI, ¢) water, d) isopropanol,
and e) at least one further solvent and/or diluent from the series of the alcohols, glycols, glycol ethers, ethers, esters, ketones, and
aliphatic and aromatic hydrocarbons, and on a silane component (a): water molar ratio of 1 : 4.5 to 1 : 9. The invention further
relates to a process for preparing such a composition and also to its use for providing smooth, inorganic substrate surfaces with an

abrasion-resistant and weathering-stable easy-to-clean coating.
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1

Storage-stable coating composition for abrasion-resistantly and weathering-

stably providing smooth inorganic surfaces with easy-to-clean properties

The present invention relates to a new coating composition for providing surfaces with
an oil-, water-, and dirt-repellant coating. The invention further relates to a process for

preparing the new composition and also to its use.

Surfaces with oil, water, and dirt repellency properties are referred to in the everyday art

as "easy to clean".

Easy-to-clean coatings based on alkylsilanes and/or fluoroalkylsilanes are well known
(from GB 935380, US 3,012,006, US 3,354,022, JP 2001/115151, DE 834 002,
DE 15 18 551, DE 38 36 815, DE 42 18 657, DE 19544 763, EP 0492 417,
EP 0 513 727, EP 0 548 775, EP 0 657 393, EP 0 672 779, EP 0 799 873,
EP 0846 716, EP 1033395, EP 1101787, WO 95/23830, WO 00/063312, and
WO 05/014731, among many others).

Of the existing coating systems, those based on fluoroorgano-functional silanes and/or
siloxanes are the most suitable in terms of their easy-clean properties. Systems
described for producing an easy-to-clean coating include corresponding 100% systems,

solvent-containing systems, emulsions, and aqueous systems.

Coatings systems from EP 0 825 157 A2, EP 0 947 478 A1 and WO 99/014284 contain
hydrolysates or condensates based on hydrolysable, fluoroalkyl-functional
organosilanes, and emphasize the use of nitric acid as a catalyst along with a
purposively guided hydrolysis and condensation. Other acids are said to be less suitable
as catalysts. Compositions of this kind may additionally comprise organic solvents, such

as lower alcohols, ethers, and ketones.

The products already on the market have only a comparatively short storage stability or

low abrasion resistance in coatings obtained using them. Furthermore, many systems
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lose their activity after only a short time, particularly in terms of the oleophobic effect.

Moreover, there is increased demand for better weathering stability.

It was an object of the present invention to provide a further coating system, marrying
maximum storage stability with effectiveness, for easy-clean applications. A particular
concern on the part of the invention was to provide a system suitable for an abrasion-
resistant and weathering-stable easy-to-clean coating on smooth, substantially inorganic

surfaces.
The stated object is solved in accordance with the invention as specified in the claims.

Thus it has been found, surprisingly, that a storage-stable, easy-to-clean coating
composition based on components
a) atleast one hydrolyzable fluoroalkylsilane of the formula (1)

CF3(CF2)n(CH2)2Si(CH3)yXa.y (1),

in which X is a group from the series chlorine, methoxy, ethoxy,
isopropoxy, and n-propoxy and n is a number from the series 3, 4, 5, 6,
7,8,and 9,andyis0or1,

) HCI,
) water,
d) isopropanol, and

)  at least one further solvent and/or diluent from the series of the alcohols, glycols,
glycol ethers, ethers, esters, ketones, and aliphatic and aromatic hydrocarbons,
and on a silane component (a) : water molar ratio of 1 : 45 to 1 : 9 can be
advantageously applied, simply and economically, effectively and durably, particularly to
a smooth, substantially — but not exclusively —inorganic substrate surface and in

outdoor applications in particular.
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Hence the compositions of the invention are notable for an outstanding storage stability
of at least one year. In addition it is surprising that the systems of the invention, which
contain HCI as catalyst, are in fact notable, following application, for outstanding easy-
clean properties, excellent abrasion resistance, and, at the same time, high weathering

stability and chemical resistance.

The present invention accordingly provides a coating composition based on components

a) at least one hydrolyzable fluoroalkylsilane of the formula (1)
CF3(CF2)n(CH2)2Si(CH3)yXa.y (1,

in which X is a group from the series chlorine, methoxy, ethoxy,
isopropoxy, and n-propoxy and n is a number from the series 3, 4, 5, 6,
7,8,and 9,andyis 0 or 1,

) HCI,
) water,
d) isopropanol, and

) at least one solvent and/or diluent from the series of the alcohols, glycols, glycol
ethers, ethers, esters, ketones, and aliphatic and aromatic hydrocarbons, with the
exception of dodecanes,
and on a silane component (a) : water molar ratio of 1 : 4.5t0 1 : 9, preferably 1:4.8 to

1:7, more preferably 1: 510 1 : 6.

A composition of the invention preferably comprises

a) 20 parts by weight of component (a),

b) 0.05 to 0.15 part by weight of HCI, preferably 0.07 to 0.12 part by weight, more
preferably 0.074 to 0.11 part by weight of HCI,

c) 3.2 to 6.4 parts by weight of H,O, preferably 3.6 to 6 parts by weight, more
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preferably 3.7 to 4.2 parts by weight, in particular 3.8 to 4.0 parts by weight of
H20,

d) 500 to 1000 parts by weight of isopropanol, preferably 600 to 900 parts by weight
of isopropanol, and

e) 30 to 60 parts by weight of component (e), preferably 40 to 50 parts by weight of
component (e).

Preference is given in particular to a silane component (a): water molar ratio of 1: 5.3 to
1:5.8.

A coating composition of the invention of this kind is advantageously obtainable by
diluting the silane component (a) with isopropanol and subjecting it in the presence of
HCI to partial, i.e., controlled, hydrolysis and also to condensation, the silane component
(a) : water molar ratio being 1:4.5 to 1:9, and subsequently diluting the reaction

mixture thus obtained with a mixture of components (d) and (e).

The present invention also provides in particular a process for preparing a composition
of the invention, by diluting the silane component (a) with isopropanol, then adding water
and then hydrochloric acid, stirring the mixture thus obtained for 1 to 4 hours, preferably
for 2 to 3 hours, at a temperature of 0 to 80°C, preferably of room temperature to 40°C
and the hydrolysis step being based on a silane component (a) : water molar ratio of
1:4.51t01:9 (partial hydrolysis and condensation called hydrolysis step for short), and
subsequently diluting the reaction mixture thus obtained (and called hydrolysate for
short) with a mixture of components (d) and (e) or

adding silane component (a) to a mixture of isopropanol, water, and hydrochloric acid,
stirring the mixture thus obtained for 1 to 4 hours, preferably 2 to 3 hours, at a
temperature of 0 to 80°C, preferably of room temperature to 40°C, the hydrolysis step
being based on a silane component (a): water molar ratio of 1:4.5 to 1:9 (partial
hydrolysis and condensation called hydrolysis step for short) and subsequently diluting
the reaction mixture thus obtained (and called hydrolysate for short) with a mixture of
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components (d), (e), and hydrochloric acid.

In the process of the invention the components are employed preferably in an amount of

a) 20 parts by weight of fluoroalkylsilane of formula (1),

b) 0.05 to 0.15 part by weight of HCI,

C) 3.2 to 6.4 parts by weight of H2O,

d) 500 to 1000 parts by weight of isopropanol, and
e) 30 to 60 parts by weight of component (e).

Particular preference is given to employing 1 to 1.5 parts by weight of component (d) per

part by weight of component (a) in the hydrolysis step.

Additionally it is preferred in the process of the invention to employ 40% to 100% by
weight of component (b) in the hydrolysis step.

Furthermore, preference is given in the process of the invention to diluting the
inventively obtained hydrolysate with a mixture of component (e) and the remainder of
component (d) or with a mixture of component (e), the remainder of component (d), and

the remainder of component (b).

Thus in the process of the invention as component (a) it is possible for example — but
not exclusively —to use CF3-(CF2)s-(CH2)2-Si(OCH3)s, CFs-(CF2)s-(CH2)2-Si(OC2Hs)s,
CF3-(CF2)s-(CH2)2-SiCls, CF3-(CF2)s-(CH2)2-Si(CH3)Cly, CF3-(CF2)7-(CH2)2-SiCls, CFs-
(CF2)7-(CH2)2-Si(OCHs)s,  CF3-(CF2)7-(CH2)2-Si(OCoHs)s,  CioF21-(CH2)2-Si(OCHs3)s3,
C1oF21-(CH2)2-Si(OC2Hs)3, CioF21-(CH2)2-SiCls or a mixture of at least two of the

hydrolyzable fluoroalkylsilanes of formula (I).

As component (b) it is preferred to use an aqueous HCI solution, in particular a 37%
strength hydrochloric acid solution. Alternatively the HCI component can be generated

under hydrolysis conditions by the corresponding proportional use of a chlorosilane — cf.
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formula () in particular. A further alternative is to supply the HCI to the system in gas
form, by introducing it correspondingly into the mixture of components a), ¢), and d) for

example.

Water as component (c) may already be present — at least proportionally — in component
(b) or else can be used separately or additionally in the form of fully deionized water or

distilled water.

Component (d), i.e., isopropanol, can be used in commercially customary form.

As component (e) it is preferred in accordance with the invention to use a compound or
a mixture of at least two compounds from the series methanol, ethanol, n-butanol, sec-
butanol, tert-butanol (TBA), ethylene glycol, ethyl glycol ether, propyl glycol ether, butyl
glycol ether, diethylene glycol, ethyl glycol, propyl glycol, butyl glycol, 1-methoxypropan-
2-ol, 2-methoxyethanol, methyl tert-butyl ether (MTBE), ethyl tert-butyl ether (ETBE),
methyl ethyl ketone, acetone, butanone, halogenated — especially chlorinated —

hydrocarbons, octane, nonane, decane, undecane, petroleum, and white spirit.

In general the inventive process is carried out as follows:

In general the silane component of formula (I) is normally subjected to controlled
hydrolysis and condensation in the presence of defined amounts of HCI and
isopropanol, the silane component (a): water molar ratio being set at 1:4.5to0 1:9.
Usually the reaction is carried out advantageously with effective mixing and at a
temperature in the range from 0 to 80°C, in particular at room temperature, for a time of
1 to 4 hours. The hydrolysate thus obtained is subsequently diluted with a mixture of
isopropanol and component (e), advantageously giving a storage-stable and effective
coating composition. For the controlled dilution of the reaction mixture or hydrolysate,
however, it is also possible to use a mixture of a corresponding amount of isopropanol,

component (e), and HCI. Alternatively the aforementioned substances can each be used
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as individual components.

Advantageously in this way a coating composition of the invention is obtained which has
a storage stability of at least 1 year and which, when applied to a smooth, substantially
inorganic substrate surface, produces a particularly abrasion-resistant and weathering-

stable, easy-to-clean coating.

Coatings of the invention are likewise notable for hydrophobic and oleophobic properties

which also retain their effects over a prolonged period of time.

The coating system of the invention can in particular be employed advantageously on
glass or glazes, such as on windscreens, glass shower cabins, wall tiles, and sanitary

ceramics.

The way in which a coating composition of the invention is applied to a smooth,

substantially inorganic substrate surface is appropriately as follows:

- the substrate surface is appropriately first cleaned, particularly to remove dust and
grease, and if desired is activated. This can be done using, for example,
isopropanol, acetone or a commercial glass cleaner. Activation can then take place
using, for example, an abrasive, aqueous agent that preferably contains oxidic
particles having an average particle diameter (dso) of less than 6 um, preferably
0.05 to 5 um. Abrasive media of this kind may be in the form of a suspension,
dispersion or paste. Corresponding aqueous and/or alcoholic metal slurries contain
preferably cerium oxide, aluminum oxide, aluminum hydroxide, magnesium oxide,
iron oxide, titanium oxide, aluminum silicate, silicon oxides, or a mixture of
aforementioned oxides. Such a composition may advantageously have an alkaline
or acidic formulation.

- The coating composition of the invention can be applied advantageously by
dipping, spraying, squirting, wiping, polishing or buffing to the prepared substrate
surface, preferably at a temperature of 5 to 30°C, in particular at 10 to 25°C, and a
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relative humidity of 30% to 80%, in particular at around 50% to 60% relative
humidity, and allowed to harden and react.

- In general a coating composition applied in this way displays its advantageous
effect after just a few minutes. Following the coating step it is possible if desired to
carry out thermal aftertreatment at a temperature of 40 to 250°C for approximately
10 minutes. In general, however, this coating is simply left to dry under ambient
conditions. It is particularly advantageous if the coating is allowed to harden at a
temperature of approximately 25°C for approximately 1 day, during which no water

is applied to the freshly coated area.

The present invention hence additionally provides for the use of a composition of the
invention for equipping smooth, substantially inorganic substrate surfaces with an
abrasion-resistant and weathering-stable, easy-to-clean coating, especially metal, glass,
ceramic or glazed surfaces, such as windscreens, shower cabins, windows, doors, wall
tiles, and other sanitary ceramics or sanitary fittings, to name but a few examples, and
additionally substrate surfaces based on polycarbonate, polymethyl methacrylate
(PMMA), polyurethane (PU), and polystyrene.
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What is claimed is:

1. A coating composition based on components

a)

at least one hydrolyzable fluoroalkylsilane of the general formula (l)

CF3(CF2)n(CH2)2Si(CH3)yXs.y (1),

in which X is a group from the series chlorine, methoxy, ethoxy,
isopropoxy, and n-propoxy and n is a number from the series 3, 4, 5, 6,
7,8,and 9,andyis0or1,

HCI,

water,

isopropanol, and

at least one solvent and/or diluent from the series of the alcohols, glycols,
glycol ethers, ethers, esters, ketones, and aliphatic and aromatic

hydrocarbons, with the exception of dodecanes,

and on a silane component (a): water molar ratioof 1 : 4.5t0 1: 9.

2. A composition as claimed in claim 1,

comprising

a) 20 parts by weight of component (a),

b) 0.05to 0.15 part by weight of HCI,

c) 3.2to 6.4 parts by weight of H2O,

d) 500 to 1000 parts by weight of isopropanol, and
e) 30 to 60 parts by weight of component (e).

3. A composition as claimed in claim 1 or 2,

wherein the silane component (a) : water molar ratiois 1 : 5.3to 1 : 5.8.

4. A coating composition as claimed in any one of claims 1 to 3, obtainable by diluting
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the silane component (a) with isopropanol and subjecting it in the presence of HCI
to partial hydrolysis and also to condensation, the silane component (a) : water
molar ratio being 1:4.5 to 1:9, and subsequently diluting the reaction mixture

thus obtained with a mixture of components (d) and (e).

A process for preparing a coating composition as claimed in any one of claims 1 to
4,

which comprises

diluting the silane component (a) with isopropanol, then adding water and then
hydrochloric acid, stirring the mixture thus obtained for 1 to 4 hours at a
temperature of 0 to 80°C, the hydrolysis step being based on a silane component
(@) : water molar ratio of 1:4.5 to 1:9, and subsequently diluting the reaction
mixture with a mixture of components (d) and (e)

or

comprises adding silane component (a) to a mixture of isopropanol, water and
hydrochloric acid, stirring the mixture thus obtained for 1 to 4 hours at a
temperature of 0 to 80°C, the hydrolysis step being based on a silane component
(@) : water molar ratio of 1:4.5 to 1:9, and subsequently diluting the reaction

mixture with a mixture of components (d), (e), and hydrochloric acid.

A process as claimed in claim 5,

wherein the components are employed in an amount of
a) 20 parts by weight of fluoroalkylsilane of formula (1),
) 0.05to 0.15 part by weight of HCI,

) 3.21t0 6.4 parts by weight of H2O,

) 500 to 1000 parts by weight of isopropanol, and

)

0O O T

e) 30 to 60 parts by weight of component (e).

A process as claimed in claim 5 or 6,
wherein 1 to 1.5 parts by weight of component (d) are used per part by weight of
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10.

11.

12.

11

component (a) in the hydrolysis step.

A process as claimed in any one of claims 5to 7,

wherein 40% to 100% by weight of component (b) is used in the hydrolysis step.

A process as claimed in any one of claims 5 to 8,

wherein component (e) is selected from the series methanol, ethanol, n-butanal,
sec-butanol, tert-butanol, ethylene glycol, ethyl glycol ether, propyl glycol ether,
butyl glycol ether, diethylene glycol, propylene glycol, 1-methoxypropan-2-ol, 2-
methoxyethanol, acetone, methyl ethyl ketone, butanone, chlorinated
hydrocarbons, methyl tert-butyl ether, ethyl tert-butyl ether, octane, nonane,
decane, undecane, petroleum, white spirit or a mixture of at least two of the

aforementioned substances.

A process as claimed in any one of claims 5to 9,
wherein the hydrolysate is diluted with a mixture of component (e) and the
remainder of component (d) or with a mixture of component (e), the remainder of

component (d), and the remainder of component (b).

The use of a composition as claimed in any one of claims1 to 3 or of a
composition obtainable or obtained as claimed in any one of claims 4 to 10 for
providing smooth, substantially inorganic substrate surfaces with an abrasion-

resistant and weathering-stable easy-to-clean coating.

The use as claimed in claim 11, the substrate of the surface to be treated being
selected from the series glass, glazes, minerals, metal, ceramic, polycarbonate,

polymethyl methacrylate, polyurethane, and polystyrene.
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