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Description

BACKGROUND OF THE INVENTION

[0001] The present invention generally relates to a method of producing layered coatings and more particularly relates
to a simplified process that produces layered durable coatings on various difficult-to-coat substrates.
[0002] Protective coatings applied over difficult-to-coat substrates, such as aluminum, tend to be less durable than
coatings applied over less difficult-to-coat substrates, such as steel, wood, or cement substrates. Difficult-to-coat sub-
strates, generally require extensive surface preparations, such as, by corona discharge, acid etching, or sand blasting,
followed by aqueous or solvent cleaning and priming before surface coating of such substrates can be attempted.
Furthermore, multi-layered coating systems also generally require surface preparations, such as sanding, before sub-
sequent coats can be applied. Finally, the durability of such coatings on the difficult-to-coat substrates is attenuated
when such substrates are exposed to environmental erosion, such as that experienced by auto and truck bodies during
normal course of driving conditions.
[0003] EP Patent Application 0 525 867 A1 (hereafter '867 application) attempts to provide a multilayered coating
system suitable for application on various substrates, particularly aluminum substrates. The '867 application involves
applying a first coating of an epoxy, alkyd, polyester, polyurethane, polyacrylate or melamine-containing resins, followed
by a metallized transparent powder coating layer containing mica-pigment.
[0004] However, a need exists for a process with fewer process steps that results in producing durable coatings on
difficult-to-coat substrates.

STATEMENT OF THE INVENTION

[0005] The present invention is directed to a process for producing a durable coating on a difficult-to-coat substrate,
said process comprising:

subjecting the surface of said difficult-to-coat substrate to an adhesion promoting treatment;
applying an intermediate layer of a flexible primer on said adhesion promoted surface of said difficult-to-coat sub-
strate, said flexible primer comprising:

a polyester copolymer and a crosslinker, said polyester copolymer being produced through a two-stage po-
lymerization process, said polyester copolymer having a linear segment with terminal hydroxyl groups and a
GPC number average molecular weight (Mn) in the range of from 500 to 3000, and a branched segment with
lateral hydroxyl groups and a GPC number average molecular weight (Mn) in the range of from 750 to 1500;
applying a mar resistant top layer of a clear coating composition on said intermediate layer to produce said
durable coating on said difficult-to-coat substrate, said clear coating composition comprising:

a polyisocyanate binder, fluorinated polyisocyanate binder, an acrylic fluorocarbon binder or a combination
thereof.

[0006] One of the advantage of the present invention is that it permits user to apply durable coatings on difficult-to-
coat substrates with significantly fewer process steps than the steps used in conventional coating processes.
[0007] Another advantage of the present invention is that it permits the user to delay the application of the mar
resistant top layer for significant time periods without undertaking cumbersome and time consuming sanding and clean-
ing steps.

DETAILED DESCRIPTION

[0008] As defined herein:

"Durable coating" means a coating that does not substantially chip, peel, mar, or delaminate when subjected to
humidity and abrasion typically experienced by coating, particularly coatings used on auto and truck components,
such as bodies, door panels, cabs, trailer bodies, airplane components, such as fuselage and wings. The chip
performance is tested under a modified ASTM D3170-87 Gravelometer Test, described below.
"Clean substrate" means a substrate that has been solvent-washed or soap and water-washed but not physically
abraded or chemically treated by a chemical etch, such as chromic acid, or by chemical anodization such as with
phosphoric acid or chromic acid. Generally, such a cleaning step may be necessary to remove contaminants, if
present, on the surface before it can be coated.
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"Aluminum" means aluminum and aluminum alloys.
"Difficult-to-coat substrates" means substrates, such as, aluminum, chrome plated steel, stainless steel substrates
or substrates from certain resins, such as, polyamides, polyetherimides and polyacetals.

[0009] The process of the present invention is suited for producing durable protective coatings on the difficult-to-coat
substrates. The process of the present invention is particularly suited for aluminum and polyamides and more partic-
ularly suited for aluminum. However, if desired, it could be readily used for coating the less difficult-to-coat substrates.
[0010] Furthermore, the durable coatings produced by the process of present invention, in addition to being protec-
tive, can also be decorative.
[0011] It has been found that mechanical abrasion of a substrate surface is generally necessary in conventional
processes to improve initial and long term adhesion of any subsequent coating on the underlying substrate surface.
By mechanical abrasion is meant the use of sand paper, grit- or shot-blasting. By contrast, in the process of the present
invention, it is generally not necessary to mechanically abrade the substrate surface followed by priming of the surface
to improve the adhesion of subsequent coatings thereon. As a result, significant number of surface preparation steps
are eliminated in the process of the present invention and a significant cost savings are achieved as a result thereof.
Furthermore, as no mechanical abrasion of the surface is necessary, the structural strength of the underlying substrate
is not compromised, especially when thin substrates are coated.
[0012] Unless the surface of the substrate is clean, it is desirable to remove any surface contaminants, such as dirt,
airborne contaminants, oily, waxy or greasy substances from the surface, before the application of durable coatings
by the process of the present invention.
[0013] In the cleaning step, in order to be sure that there is no wax, grease, silicone, dust, or other contaminants, a
wax and grease remover, solvent, acid, or base wash, or soap/water can be used to clean the surface. Durable coatings
do not adhere properly to a waxy surface. Depending on the size of the substrate, its surface may be immersed or
wiped with a clean, dry cloth or paper towel soaked in a conventional wax and grease remover, such as 3812 S Fast-
Dry Reducer or 3832 S reducer, both supplied by DuPont Company, Wilmington, Delaware. One such remover solvent
includes 80 to 95 percent by weight of an aqueous medium and 5 to 20 percent by weight of an organic medium,
substantially miscible with the aqueous medium. The organic medium preferably includes:

1. 10 to 50 percent of an alkyl ester;
2. 40 to 85 percent of a glycol ether selected from propoxy alkanol and ethoxy alkanol; and
3. 2.5 to 10 percent of a conventional non-ionic surfactant. All weights being based on the total weight of the solvent.

[0014] After the foregoing cleaning step, the cleaned substrate surface is subjected to an adhesion promoting treat-
ment to improve the adhesion of the difficult-to-coat substrate surface to the subsequent coatings thereon. Chemical
treatment, such as chromic acid anodizing and phosphoric acid anodizing may be used. However, the preferred ad-
hesion promoting treatment is described in U.S. Patent No. 5,578,347, which is incorporated herein by reference. Such
a preferred method provides for applying a thin, substantially uniform film of an adhesion promoter described below.
By "thin" is meant a layer on the order of a monolayer or an amount not significantly in excess thereof, e.g., having a
dry thickness less than 2,540 ANGSTROM (Å) (0.1 mil), preferably in the range of from 100 Å to 2,500 Å. The necessary
thinness of the silane coating is assured by removal of excess of the adhesion promoter. This is typically accomplished
by finishing with water or aqueous-organic solvent, wiping with a water-wet material or blowing with air. Residual water
is removed by drying (forced or natural) prior to application of the primer and/or topcoat.
[0015] The silane adhesion promoter suitable for use in the present invention includes a solution of one or more
silanes having the following formula:

wherein x is 1, 2 or 3, R is the same or different alkyl having in the range of from 1 to 3 carbon atoms, a is 0, 1, 2 or
3, b equals 3-a, and R1 is selected from the group consisting of:
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wherein z is 0, 1, 2 or 3, said silane being present in a concentration in the range of 0.001 to 10.0 percent, preferably
in the range of 0.5 to 7.0, more preferably in the range of 1.5 to 3.5, all weight percentages being based on the total
weight of the solution. The preferred species of silanes include α-glycidoxypropyltrimethoxy-silane and γ-aminopropyl-
triethoxy silane. Additional preferred species of silanes are disclosed in U. S. Patent No. 5,578,347, which are incor-
porated herein by reference. The foregoing silane adhesion promoter is supplied by DuPont Company, Wilmington,
Delaware under the trade mark METLOK® 230S Adhesion System.
[0016] Upon completion of the foregoing step, an intermediate layer of a flexible primer is conventionally applied
over the adhesion promoted surface of the difficult-to-coat substrate. The flexible primer suitable for use in the present
invention includes a polyester copolymer and a suitable crosslinker. The polyester copolymer is produced through a
two-stage polymerization process and it has a linear segment having a GPC number average molecular weight (Mn)
in the range of from 500 to 3000 with terminal hydroxyl groups, and a branched segment having a GPC number average
molecular weight (Mn) in the range of from 750 to 1500 with lateral hydroxyl groups.
[0017] In the first stage of the process, one half of the carboxyl groups of a diacid or a diacid anhydride are reacted
in approximately stoichiometric proportions with one of (A) one half of the hydroxyl groups of the linear segment and
(B) 10 to 80% of the hydroxyl groups of the branched segment to form a first reaction product, and then, in the second
stage of the process, the other half of the carboxyl groups of the first reaction product are reacted in approximately
stoichiometric proportions with the hydroxyl group of the other of (A) and (B).
[0018] Preferably, after the first stage but before the second stage of polymerization the branched segment has a
number average molecular weight of 750 to 1000, a hydroxyl number of 175 to 300, an acid number of 20 to 60 if the
carboxyl group has been reacted first with the branched segment or less than 5 if the carboxyl group has been reacted
first with the linear segment, and a number average functionality of 2.5 to 11; and the linear segment has a number
average molecular weight of 500 to 3000, a hydroxyl number of 15 to 300, an acid number of less than 5 or 20 to 60,
respectively, and a number average functionality of 1.1 to 2.
[0019] The first stage reaction is preferably conducted at at least 100 °C., more preferably at at least 150 °C. The
second stage reaction is preferably conducted at at least 200 °C.
[0020] The linear segments preferably result from using one or more of the following monomers:

Neopentyl glycol, 1,6-hexanediol, Esterdiol-204®, a commercial diol produced by Union Carbide Company, o-
phthalic anhydride, isophthalic acid, adipic acid, and azelaic acid.
The branched segments preferably result from using one or more of the following monomers:

Neopentyl glycol, 1,6-hexanediol, trimethylolpropane, o-phthalic anhydride, isophthalic acid, 1,12 dodecanoic
diacid, adipic acid, and azelaic acid.
The linear and branched segments are preferably linked together through one or more of the following capping
agents:

O-phthalic anhydride, succinic anhydride, and glutaric anhydride.

[0021] If desired, the flexible primer may contain conventional pigment, such as a white or colored pigment to improve
hiding and also for aesthetic reasons.
[0022] The suitable crosslinkers include conventional crosslinkers, such as melamine/formaldehyde resins, polyiso-
cyanate resins and urea formaldehyde resins, all typically used in the ratio of 10 percent to 50 percent by weight based
on the total weight of the flexible primer.
[0023] Additional information on the foregoing flexible primer are provided in U.S. Patent No. 4,442,269, which is
incorporated herein by reference.
[0024] Upon completion of the foregoing step, a mar resistant top layer of a clear coating composition is applied over
the intermediate layer to produce a durable coating on the difficult-to-coat substrate. If desired, the application of the
mar resistant top layer over the intermediate layer may be delayed by up to 1 week to 12 weeks, thus permitting the
user to mass produce articles having a standardized base coat, such as a white pigmented coat. If the application of
the mar resistant top layer is delayed, the intermediate layer is preferably rinse cleaned with conventional detergents,
such as soap, to remove any dirt or grease that may have accumulated on it, before the application of the mar resistant
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top layer on the intermediate layer. By contrast, conventional primers generally require sanding of the coated surface,
if further coating applications are delayed typically by more than 36 hours. However, in the process of the present
invention, applicants have unexpectedly discovered that, unlike conventional primers, the intermediate layer of the
present invention does not require any such sanding step before it is subjected to additional coating application, even
after a delay of up to 12 weeks.
[0025] The clear coating composition suitable for use in the present invention includes a polyisocyanate binder,
fluorinated polyisocyanate binder, an acrylic fluorocarbon binder or a combination thereof. Any conventional clear
polyisocyanate binder is suitable for use in the process present invention. The fluorinated polyisocyanate binder, an
acrylic fluorocarbon binder or a combination thereof is preferred, since it is easy to remove undesired markings, such
as graffiti, by conventional cleaning means, such as detergents, on the top layers from these binders. Preferably, the
clear coating composition includes conventional UV screeners, such as Tinuvin 900® UV Absorber or UV light-stabi-
lizers, such as Tinuvin 901® Hindered amine, supplied by Ciba Specialties of New Milford, Connecticut, to prevent UV
degradation of the mar resistant top layer.
[0026] The clear coating composition containing the fluorinated polyisocyanate binder includes the fluorinated
polyisocyanate, which is a reaction product of an organic polyisocyanate and a fluorinated monofunctional alcohol
represented by the formula:

where Rf is a fluoroalkyl containing group having at least 4 carbon atoms, X is a divalent radical, R3 is H or an alkyl
group having in the range of from 1 to 4 carbon atoms, n is 0 or 1 and m is in the range of from 0 to 30 provided that
when n is 0 then m must be equal to or greater than 1 and when m is 0 then n is 1; wherein in the range of from 0.1
to 33 mole percent of active isocyanate groups are reacted with the fluorinated monofunctional alcohol; and a film
forming polymer, such as an acrylic polymer, a polyester, an alkyd resin, a polyol or a combination thereof.
[0027] The fluorinated polyisocyanate is an adduct of a fluorinated monofunctional alcohol and a conventional organic
polyisocyanate. Any of the conventional aromatic, aliphatic, cycloaliphatic di- and trifunctional polyisocyanates can be
used. Typically useful diisocyanates are 1,6-hexamethylene diisocyanate, isophorone diisocyanate, 4,4'-biphenylene
diisocyanate, toluene diisocyanate, bis cyclohexyl diisocyanate, tetramethylene xylene diisocyanate, ethyl ethylene
diisocyanate, 2,3-dimethyl ethylene diisocyanate, 1-methyltrimethylene diisocyanate, 1,3-cyclopentylene diisocyanate,
1,4-cyclohexylene diisocyanate, 1,3-phenylene diisocyanate, 1,5-naphthalene diisocyanate, bis-(4-isocyanatocy-
clohexyl)-methane, and 4,4'-diisocyanatodiphenyl ether.
[0028] Typical fluorinated monofunctional alcohols used to form the isocyanate functional adducts are represented
by the following formula:

where Rf is as defined above, a fluoroalkyl containing group having at least 4 carbon atoms and preferably a straight
chain or branched chain fluoroalkyl group having 4 to 20 carbon atoms which optionally can contain oxygen atoms as
ether groups or can contain 1 to 5 chlorine atoms or 1 to 5 hydrogen atoms. Preferably, Rf is a perfluoroalkyl group
having 4 to 20 carbon atoms and most preferably, Rf is a perfluoroalkyl group containing 6 to 12 carbon atoms. X is a
divalent radical, preferably -CH2CH2O-, -SO2N(R4)CH2CH2O-, -CH2-, -O-, -CH2O- where R4 is an alkyl group preferably
having 1-4 carbon atoms. R3 is H or an alkyl group having 1 to 4 carbon atoms, H and methyl being preferred, n is 0
or 1 and m is 0 to 30, provided that if n is 0, then m must be greater than or equal to 1, if m is 0, then n is 1, if X is -O-,
m must be greater than or equal to 1; m preferably is 1 to 20.
[0029] The fluorinated organic polyisocyanate is prepared by conventional techniques in which the fluorinated mono-
functional alcohol and organic polyisocyanate are charged into a reaction vessel optionally with solvents and a catalyst
for about 0.1 to 4 hours and heated to about 50 to 120°C preferably, 60 to 85°C.
[0030] The aforedescribed fluorinated polyisocyanate binder is described in the U.S. Patent No. 5,605,956, which
is incorporated herein by reference.
[0031] The clear coating composition containing the acrylic fluorocarbon binder includes an acrylic polymer and an
organic polyisocyanate crosslinking agent. The acrylic polymer is polymerized from a monomer mix comprising one
or more hydroxyl containing monomers and one or more fluoroalkyl containing monomers represented by the formula:



EP 1 150 781 B1

5

10

15

20

25

30

35

40

45

50

55

6

where R is hydrogen or an alkyl group having 1 or 2 carbon atoms, n is an integer in the range of from of 1 to 11 and
Rf is a fluoroalkyl containing group having at least 4 carbon atoms, said acrylic polymer having a weight average
molecular weight in the range of from 2,000 to 20,000. The further details of the Rf are same as those described earlier.
[0032] The top layer of the foregoing, in its cured state has a combination of a water advancing contact angle of at
least 100° and a hexadecane advancing contact angle of at least 40°C.
[0033] The acrylic polymer is polymerized from hydroxyl monomers containing 20 to 45 % by weight, based on the
weight of the acrylic polymer, of polymerized hydroxyl containing monomers selected from the following group of hy-
droxy alkyl acrylate or methacrylates having 1 to 4 carbon atoms in the alkyl group, about 50 to 79.9% by weight, based
on the weight of the acrylic polymer, of polymerized alkyl acrylates and methacrylates having 1 to 18 carbon atoms in
the alkyl groups, or styrene or any mixtures of the above. To the foregoing acrylic polymer polymerized from hydroxyl
monomers, 0.1 to 5.0% by weight, based on the weight of the acrylic polymer, of the fluoroalkyl containing monomer
is added.
[0034] The aforedescribed acrylic fluorocarbon binder is described in U.S. Patent No. 5,629,372, which is incorpo-
rated herein by reference.
[0035] The clear coating composition of the present invention and the flexible primer may also contain conventional
additives, such as, pigments, stabilizers, rheology control agents, flow agents, toughening agents and fillers. The ad-
dition of such additives will, of course, depend on the intended use of the coating composition. Thus, fillers, pigments,
and other additives that would adversely effect the clarity of the cured coating will not be included if the composition
is intended as a clear coating.
[0036] Furthermore, if desired, it is contemplated that the intermediate layer may be applied in the form of one or
more patterned layers, each of the patterned layer containing one or more pigments of different colors. Thus, the design
of the pattern layer or layers may be applied in the form of an advertisement or a commercial message, such as those
typically applied over the body of a delivery truck or van.
[0037] Alternatively, the patterned layer or layers may be applied on top of an intermediate layer, preferably of a solid
single color. It is further contemplated that the patterned layers may comprise conventional pigmented paints or it may
be in the form of a self-adhesive decal. The mar resistant layer is then applied over the patterned layers. If desired,
the patterned layer or layers may be applied after a delay of 1 week to 12 weeks along with the mar resistant layer. As
a result, the user is permitted to mass produce coated articles, such as delivery van bodies, having an intermediate
layer of standardized color, such as white; store or ship the coated articles over a period of weeks to customers who
can then apply their design patterns and the top mar resistant layer on the articles, without the cumbersome sanding
and cleaning steps.
[0038] The foregoing process is also suitable for applying durable coatings on difficult-to-coat resin substrates, such
as those made from Nylon®-6 and Nylon®-6,6 polyamides, Kevlar® aromatic amide, all supplied by DuPont Company
of Wilmington, Delaware, and Ultem®polyetherimide and Delrin®polyacetal, both supplied by General Electric Com-
pany of Fairfield, Connecticut.
[0039] The foregoing invention is most suitable for producing durable mar resistant multi-colored, multi-layered coat-
ings on automotive bodies or frames, made of difficult-to-coat substrates, such as aluminum. These aluminum bodies
or frames are typically used in commercial vehicles, such as those used in transporting beverage bottles. The process
is also well suited for coating aluminum cans and aircraft bodies.

TEST PROCEDURES

Durability

[0040] Panels of difficult-to-coat substrate (untreated field aluminum) coated with durable multi-layered coating were
tested using ASTM D3170-87 Chip Resistance Test (Gravelometer Test) for their durability under harsh environments.
The Gravelometer Test was modified to simulate harsh environments. The coated panels were cycled for noted time
periods by subjecting them to 100 percent humidity followed by a two hour exposure to freezing temperatures at -28.9°C
(-20 °F). The chip performance was rated on a scale of 0 to 10, 10 representing the initial untested panel and 0 rep-
resenting total (100 percent) removal of the coating from the substrate surface. A reading of 6 and above was considered
acceptable.
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Adhesion

[0041] The adhesion of the top layer over the intermediate layer after a noted delay was measured under ASTM
D3359-95 Adhesion Test. The adhesion performance was rated on a scale of 0 to 10, 10 representing the initial untested
panel and 0 representing total (100 percent) removal of the coating from the coated surface. A reading of 7 and above
was considered acceptable.

Humidity

[0042] The adhesion of the durable layer to the difficult-to-coat substrate was tested under ASTM D2247-94 Humidity
test for noted time periods. The adhesion of the coatings was then tested under ASTM D3359-95 Adhesion Test
[0043] The following examples illustrates the invention.

EXAMPLES

Polyester Primer

[0044] A polyester primer included in the flexible primer was produced in view of the teachings in Example 1 in the
U. S. Patent No. 4,442,269, except 22.5 moles of azelaic acid use in producing the Branched Oligoester 1 of Example
1 was replaced with a mixture of 11.5 moles of adipic acid and 11.5 moles of 1,12 dodecanoic diacid.

Flexible Primer

[0045] The components of Table 1 below were added to the polyester primer described above (all in weight percent):

[0046] All the coatings, unless specified otherwise, are noted as dry film thickness.

Comparative Example

[0047] The control aluminum panel used for applying a conventional multi-layered system (Comparative Example)
was cleaned by using 3812S Fast-Dry reducer supplied by DuPont Company, Wilmington, Delaware for removing dust,
greases, oils or fingerprints. The cleaned panel was then sanded for about 10 minutes with 180 grit sand followed by

Table 1

Flexible Polyester 20.5

Extender pigment1 21.6

White pigment2 43.1

Black pigment3 1.0

Solvent (acetone) 5.1

Anti-settling agent4 2.0

Flow additive5 0.75

UV screener6 0.3

Solvent (methyl amyl ketone) 3.1

Catalyst (di-butyl tin dilaurate in 2 % ethyl acetate) 0.5

Solvent (ethyl hexyl acetate) 1.9

Total 100.5

1. Mixture of W-12 Barium Sulfate, W-1004 Calcium Carbonate and W-1002 Aluminum Silicate, all supplied by Chem Central of Pittsburgh, Penn-
sylvania.

2.TiPure® titanium dioxide supplied by DuPont Company of Wilmington, Delaware.

3. Furnace carbon black powder supplied by Cabot Company of Boston, Massachusetts.

4. Benton 38 dispersion in ketone at 8% solids supplied by Rheox, Inc. of Hightatown, New Jersey.

5. ResifloS acrylic terpolymer in 50% aromatic solvent supplied by Chem Central of Pittsburgh, Pennsylvania.

6. Tinuvin® 292 UV Light Stabilizer supplied by Ciba Specialties of New Milford, Connecticut
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second cleaning with 3812S Fast-Dry reducer.
[0048] The sanded and cleaned panel was etched with 615S Variprime® self-etching primer supplied by DuPont
Company, Wilmington, Delaware. A coating of 12.7 microns (0.5 mil) thickness was flash dried under ambient conditions
for 30 minutes.
[0049] The etched panel was then coated with 934S Corlar® epoxy primer supplied by DuPont Company, Wilmington,
Delaware. The epoxy primer was activated at 5:1 volumetric ratio with a modified 936S Corlar® ketimine activator,
supplied by DuPont Company, Wilmington, Delaware. The activator was diluted to 30 percent by weight with acetone.
A coating of 38 microns (1.5 mil) thickness was baked for 30 minutes at 82.2°C (180°F). The application of the foregoing
primer is necessary to prevent rust damage on etched aluminum surfaces.
[0050] The primed control panel was then coated to a thickness of 51 microns (2 mil) with Imron® 6000 polyurethane
white enamel supplied by DuPont Company, Wilmington, Delaware, which was activated at a volumetric ratio of 3 : 1
with Imron® 193S diisocyanate activator (@ 75% solids) supplied by DuPont Company, Wilmington, Delaware. The
coating was flash dried under ambient conditions for 15 minutes.
[0051] The coated control panel was then coated to a thickness of 51 microns (2 mil) with top clear coat of Imron®
3440S polyurethane enamel (hydroxyl containing acrylic-urethane copolymer @ 53.4% solids) supplied by DuPont
Company, Wilmington, Delaware, which was activated at a volumetric ratio of 3 : 1 with Imron® 193S diisocyanate
activator (@ 75% solids) mixed with 389 S Imron® 5000 Fast-Dry Accelerator at 2 percent by volume, both supplied
by DuPont Company, Wilmington, Delaware. The clear coating was baked for 30 minutes at 82.2°C (180°F).
[0052] Two sets of control panels were simultaneously prepared for adhesion test under humidity and cycled chip
performance test.

Example 1

[0053] The aluminum panel used for applying a multi-layered system of the present invention was cleaned by using
3812S Fast-Dry reducer supplied by DuPont Company, Wilmington, Delaware for removing dust, greases, oils or fin-
gerprints. The cleaned panel was then subjected to adhesion promoting step. The surface was coated with METALOK®
230S supplied by DuPont Company, Wilmington, Delaware. The excess of coating was drained from the surface and
then the adhesion promoted surface was air dried.
[0054] The adhesion promoted panel was then coated within 15 minutes to a 38 microns (1.5 mil) thickness with the
flexible primer composition of Table 1 activated at 4 : 1 volumetric ratio with Imron® 193S diisocyanate activator (@
75 % solids) mixed with 389 S Imron® 5000 Fast-Dry Accelerator at 2 percent by volume, both supplied by DuPont
Company, Wilmington, Delaware. The coating was flash dried under ambient conditions for one hour. This was the
intermediate layer.
[0055] The coated panel was then coated to a thickness of 51 microns (2 mil) with top clear coat of Imron® 3440S
polyurethane enamel (hydroxyl containing acrylic-urethane copolymer @ 53.4% solids) supplied by DuPont Company,
Wilmington, Delaware, which was activated at a volumetric ratio of 3 : with Imron® 193S diisocyanate activator (@
75% solids) mixed with 389 S Imron® 5000 Fast-Dry Accelerator at 2 percent by volume, both supplied by DuPont
Company, Wilmington, Delaware. The clear coating was baked for 30 minutes at 82.2°C (180 °F). This was the mar
resistant top layer.
[0056] Two sets of panels coated with multi-layered coating of the present invention were simultaneously prepared
for adhesion test under humidity and cycled chip performance test.
[0057] The comparative panel and panel of Example 1 were each tested for adhesion after exposure for 96 and 240
hours to humidity under ASTM D2247-94 Humidity Test. The results shown in Table 2 below:

[0058] Second set of panels were exposed to cycled chip resistance in the following fashion. The panels were initially
exposed to Gravelometer Test, then again repeatedly exposed to the Gravelometer test after cyclic exposure to 100
percent humidity followed by freezing for 2 hours at -28.9°C (-20°F). The Gravelometer test was conducted after 96

Table 2

Hours of Humidity Exposure Comparative Panel Adhesion Panel of Example 1 Adhesion

0 5* 10

96 6** 9

240 0*** 9

* Adhesion loss due splitting of primer coat.

** Adhesion loss due splitting of primer coat (slight improvement may have occurred initially due interaction of isocyanate with moisture).

*** Adhesion loss down to bare substrate.
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hours, 240 hours, 500 hours, 750 hours, 1000 hours and 1500 hours intervals of humidity, each interval being inter-
spersed by freezing for 2 hours at -28.9°C (-20°F). Upon the completion of the test, the comparative panel had a
reading of 0 (all the coating was removed from the panel). By contrast, the coated panel of Example 1 had a reading
of 8, thus indicating unexpectedly high performance. From these results, it is readily apparent that the coated panel of
the present invention was not only substantially more durable, but it was also produced by using significantly fewer
process steps, such as sanding and priming, which are typically used in the conventional coating processes.
[0059] Another unexpectedly significant advantage of the present invention is that it allows the user to delay the
application of the mar resistant top layer for significant periods of up to 12 weeks, without requiring a time consuming
sanding and cleaning steps. Series of panels were coated with the intermediate layer using the steps described in
Example 1, followed after a noted delays, by coating with the mar resistant top player using the steps described in
Example 1. The coated panels were adhesion tested under ASTM D3359-95 thereafter and after exposure to humidity
for specified intervals. The results are shown in Table 3 below:

[0060] From the results shown in Table 3, it is apparent that even a significant delay in the application of recoat (the
mar resistant top layer) on the intermediate layer, has insignificant impact on the adhesion of the mar resistant top
layer to the intermediate layer. This result was unexpected, since conventionally clear coats require a time consuming
sanding step followed by cleaning step, if the application of the top layer is delayed by more than 36 hours.

Claims

1. A process for producing a durable coating on a difficult-to-coat substrate, said process comprising:

subjecting the surface of said difficult-to-coat substrate to an adhesion promoting treatment;
applying an intermediate layer of a flexible primer on said adhesion promoted surface of said difficult-to-coat
substrate, said flexible primer comprising:

a polyester copolymer and a crosslinker, said polyester copolymer being produced through a two-stage
polymerization process, said polyester copolymer having a linear segment with terminal hydroxyl groups
and a GPC number average molecular weight (Mn) in the range of from 500 to 3000, and a branched
segment with lateral hydroxyl groups and a GPC number average molecular weight (Mn) in the range of
from 750 to 1500;
applying a mar resistant top layer of a clear coating composition on said intermediate layer to produce
said durable coating on said difficult-to-coat substrate, said clear coating composition comprising:

a polyisocyanate binder, fluorinated polyisocyanate binder, an acrylic fluorocarbon binder or a com-
bination thereof.

2. The process of claim 1 wherein said flexible primer is pigmented.

3. The process of claim 1 or 2 further comprising applying one or more patterned layers on said intermediate layer,
each said patterned layer containing a pigment of a different color.

Table 3

Recoat Interval Initial Adhesion Adhesion after 96 hour humidity
exposure

Adhesion after 240 hour humidity
exposure

1 hour 10 10 10

1 day 10 10 10

1 week 10 10 10

2 weeks 10 10 10

3 weeks 10 10 10

4 weeks 10 10 10

6 weeks 10 8/10* 10

* Adhesion test was performed at different locations
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4. The process of claim 1, 2 or 3 wherein said one or more patterned layers are applied after a delay of I week to 12
weeks.

5. The process of claim 1,2, 3 or 4 wherein said mar resistant top layer is applied after a delay of 1 week to 12 weeks.

6. The process of claim 1 wherein said difficult-to-coat substrate is aluminum, aluminum alloy, chrome plated steel,
stainless steel, polyacetal, polyamide or polyetherimide.

7. The process of claim 1 wherein said adhesion promoting treatment comprises:

cleaning said surface of said difficult-to-coat substrate;
applying a film of a silane adhesion promoter on said clean surface of said aluminum substrate, said film having
a dry thickness in the range of from 100 Å to 2500 Å, said adhesion promoter comprising:

a solution of one or more silanes having the following formula:

wherein x is an integer between 1 and 3, R is the same or different alkyl having 1 to 3 carbons, a is 0 or an
integer between 1 and 3, b equals 3-a, and R1 is selected from the group consisting of:

wherein z is 0 or an integer of 1 to 3; said silane being present in a concentration in the range of 0.001 to 10.0
percent by weight of the solution;
removing any excess amount of said silane adhesion promoter from said surface; and
drying said surface having said film of said silane adhesion promoter thereon.

8. The process of claim 7 wherein said step of removing said excess amount of said silane adhesion promoter com-
prises finishing with water or aqueous organic solvent, wiping with a water-wet material or blowing with air.

9. The process of claim 1 wherein said fluorinated polyisocyanate binder comprises:

a fluorinated polyisocyanate, which is a reaction product of an organic polyisocyanate and a fluorinated mono-
functional alcohol represented by the formula:

where Rf is a fluoroalkyl containing group having at least 4 carbon atoms, X is a divalent radical, R3 is H or
an alkyl group having in the range of from 1 to 4 carbon atoms, n is 0 or 1 and m is in the range of from 0 to
30 provided that when n is 0 then m must be equal to or greater than 1 and when m is 0 then n is 1; wherein
in the range of from 0.1 to 33 mole percent of active isocyanate groups are reacted with the fluorinated mono-
functional alcohol; and
a film forming polymer.
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10. The process of claim 9 wherein said film forming polymer is selected from the group consisting of an acrylic polymer,
a polyester, an alkyd resin, a polyol and a combination thereof.

11. The process of claim 1 wherein said acrylic fluorocarbon binder comprises:

an acrylic polymer polymerized from a monomer mix comprising one or more hydroxyl containing monomers
and one or more fluoroalkyl containing monomer represented by the formula:

where R is hydrogen or an alkyl group having 1 or 2 carbon atoms, n is an integer in the range of from of 1 to
11 and Rf is a fluoroalkyl containing group having at least 4 carbon atoms, said acrylic polymer having a weight
average molecular weight in the range of from 2,000 to 20,000; and
an organic polyisocyanate crosslinking agent, wherein said top layer in its cured state has a combination of a
water advancing contact angle of at least 100° and a hexadecane advancing contact angle of at least 40°.

12. A difficult-to-coat substrate coated with a durable coating produced in accordance with the process of claim 1.

Patentansprüche

1. Verfahren zum Herstellen von dauerhaften Beschichtungen auf schwer zu beschichtenden Substraten, welches
Verfahren umfasst:

die Oberfläche des schwer zu beschichtenden Substrats einer Haftung verbessernden Behandlung unterzie-
hen;

Aufbringen einer Zwischenlage eines flexiblen Grundiermittels auf die haftverbesserte Oberfläche des schwer
zu beschichtenden Substrats, wobei das flexible Grundiermittel aufweist:

ein Polyester-Copolymer und ein Vernetzungsmittel, wobei das Polyester-Copolymer erzeugt wird durch einen
zweistufigen Polymerisationsprozess, wobei der Polyester-Copolymer ein lineares Segment mit terminalen
Hydroxyl-Gruppen hat und eine zahlengemittelte relative Molekülmasse (Mn) nach GPC im Bereich von 500
bis 3.000 hat sowie ein verzweigtes Segment mit seitlichen Hydroxyl-Gruppen und einer zahlengemittelten
relativen Molekülmasse (Mn) nach GPC im Bereich von 750 bis 1.500;

Aufbringen einer kratzfesten Decklage aus einer Klarlack-Zusammensetzung auf die Zwischenlage, um die
dauerhafte Beschichtung auf dem auf schwer zu beschichtenden Substrat zu erzeugen, wobei die Klarlack-
Zusammensetzung aufweist:

ein Polyisocyanat-Bindemittel, fluoriertes Polyisocyanat-Bindemittel, ein acrylisches Fluorkohlenstoff-Binde-
mittel oder eine Kombination davon.

2. Verfahren nach Anspruch 1, bei welchem das flexible Grundiermittel pigmentiert ist.

3. Verfahren nach Anspruch 1 oder 2, ferner umfassend das Aufbringen von einer oder mehreren mit Muster verse-
henden Lagen auf die Zwischenlage, wobei jede mit Muster versehende Lage ein Pigment einer anderen Farbe
enthält.

4. Verfahren nach Anspruch 1, 2 oder 3, bei welchem die eine oder mehrere der mit Muster versehenden Lagen nach
einer Wartezeit von 1 Woche bis 12 Wochen aufgetragen werden.

5. Verfahren nach Anspruch 1, 2, 3 oder 4, bei welchem die kratzfeste Decklage nach einer Wartezeit von 1 Woche
bis 12 Wochen aufgetragen wird.
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6. Verfahren nach Anspruch 1, bei welchem das auf schwer zu beschichtende Substrat Aluminium, Aluminiumlegie-
rung, chromplattierter Stahl, rostfreier Stahl, Polyacetal, Polyamid oder Polyetherimid ist.

7. Verfahren nach Anspruch 1, bei welchem die Haftung verbessernde Behandlung umfasst:

Reinigen der Oberfläche des schwer zu beschichtenden Substrats;

Aufbringen eines Films eines Silan-Haftverbesserers auf die gereinigte Oberfläche des Aluminium-Substrats,
wobei der Film eine Dicke im Bereich von 100Å bis 2.500Å hat und der Haftverbesserer aufweist:

eine Lösung von einem oder mehreren Silanen mit der Formel

worin x eine ganze Zahl zwischen 1 und 3 ist, R ist das gleiche oder verschiedene Alkyl mit 1 bis 3 Kohlen-
stoffatomen, a Null ist oder eine ganze Zahl zwischen 1 und 3, b ist gleich 3-a, und R1 wir ausgewählt aus der
Gruppe, bestehend aus

worin z Null ist oder eine ganze Zahl von 1 bis 3; wobei das Silan in einer Konzentration im Bereich von 0,001%
bis 10,0 Gewichtsprozent der Lösung vorliegt;

Entfernen des etwaigen Überschusses des Silan-Haftverbesserers von der Oberfläche; und

Trocknen der Oberfläche mit dem Film des Silan-Haftverbesserers darauf.

8. Verfahren nach Anspruch 7, bei welchem der Schritt des Entfernens der überschüssigen Menge des Silan-Haft-
verbesserers das Abspülen mit Wasser oder mit wässrigem organischen Lösemittel, Abwischen mit einem was-
serbenetztem Material oder Abblasen mit Luft umfasst.

9. Verfahren nach Anspruch 1, bei welchem das fluorierte Polyisocyanat-Bindemittel aufweist:

ein fluoriertes Polyisocyanat, das ein Reaktionsprodukt eines organischen Polyisocyanats und eines fluorier-
ten, monofunktionellen Alkohols ist, dargestellt durch die Formel:

worin Rf eine Fluor-enthaltende Gruppe mit mindestens 4 Kohlenstoffatomen ist, X ist ein zweiwertiger Rest,
R3 ist H oder eine Alkyl-Gruppe, die Kohlenstoffatome im Bereich von 1 bis 4 aufweist, n ist Null oder 1 und
m liegt im Bereich von Null bis 30 unter der Voraussetzung, dass, wenn n Null ist, m größer oder gleich 1 sein
muss und wenn m Null ist, dann n gleich 1 ist; worin im Bereich von 0,1 bis 33 Molprozent aktive Isocyanat-
Gruppen mit dem fluorierten, monofunktionellen Alkohol umgesetzt werden; und

ein filmbildendes Polymer.
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10. Verfahren nach Anspruch 9, bei welchem das filmbildende Polymer ausgewählt ist aus der Gruppe, bestehend
aus Acrylpolymer, einem Polyester, einem Alkydharz, einem Polyol und einer Kombination davon.

11. Verfahren nach Anspruch 1, bei welchem das acrylische Fluorkohlenstoff-Bindemittel aufweist:

ein Acrylpolymer, polymerisiert aus einem Monomergemisch, aufweisend ein oder mehrere Hydroxyl-enthal-
tende Monomere und ein oder mehrere Fluoralkyl-enthaltende Monomere, dargestellt durch die Formel

worin R Wasserstoff ist oder eine Alkyl-Gruppe mit 1 oder 2 Kohlenstoffatomen, n ist eine ganze Zahl im
Bereich von 1 bis 11 und Rf ist eine Fluoralkyl-enthaltende Gruppe mit mindestens 4 Kohlenstoffatomen, wobei
das Acrylpolymer eine massegemittelte relative Molekülmasse im Bereich von 2.000 bis 20.000 hat; und

ein organisches Polyisocyanat-Vernetzungsmittel, wobei die Decklage in ihrem gehärteten Zustand eine Kom-
bination eines fortschreitenden Wasser-Kontaktwinkels von mindestens 100° und eines fortschreitenden He-
xadecan-Kontaktwinkels von mindestens 40° hat.

12. Schwer zu beschichtendes Substrat, beschichtet mit einer dauerhaften Beschichtung, die entsprechend dem Ver-
fahren nach Anspruch 1 erzeugt ist.

Revendications

1. Procédé de production d'un revêtement durable sur un substrat difficile à enduire, ledit procédé comprenant :

la soumission de la surface dudit substrat difficile à enduire à un traitement favorisant l'adhérence ;
l'application d'une couche intermédiaire d'un primaire flexible sur ladite surface à adhérence favorisée dudit
substrat difficile à enduire, ledit primaire flexible comprenant :

un copolymère de polyester et un agent de réticulation, ledit copolymère de polyester étant produit par
un procédé de polymérisation en deux étapes, ledit copolymère de polyester ayant un segment linéaire
avec des groupements hydroxyle terminaux et un poids moléculaire moyen en nombre par GPC (Mn)
dans l'intervalle de 500 à 3000 et un segment ramifié avec des groupements hydroxyle latéraux et un
poids moléculaire moyen en nombre par GPC (Mn) dans l'intervalle de 750 à 1500 ;
l'application d'une couche de finition résistante à l'ongle d'une composition de revêtement claire sur ladite
couche intermédiaire pour produire ledit revêtement durable sur ledit substrat difficile à enduire, ladite
composition de revêtement claire comprenant :

un liant de polyisocyanate, un liant de polyisocyanate fluoré, un liant de fluorocarbone acrylique ou
une combinaison de ceux-ci.

2. Procédé selon la revendication 1 dans lequel ledit primaire flexible est pigmenté.

3. Procédé selon la revendication 1 ou 2 comprenant en outre l'application d'une ou plusieurs couches à motifs sur
ladite couche intermédiaire, chacune desdites couches à motifs contenant un pigment de couleur différente.

4. Procédé selon la revendication 1, 2 ou 3 dans lequel ladite une ou plusieurs couches à motifs sont appliquées
après un temps d'attente de 1 semaine à 12 semaines.

5. Procédé selon la revendication 1, 2, 3 ou 4 dans lequel ladite couche de finition résistante à l'ongle est appliquée
après un temps d'attente de 1 semaine à 12 semaines.

6. Procédé selon la revendication 1 dans lequel ledit substrat difficile à enduire est de l'aluminium, de l'alliage d'alu-
minium, de l'acier plaqué de chrome, de l'acier inoxydable, du polyacétal, du polyamide ou du polyétherimide.
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7. Procédé selon la revendication 1 dans lequel ledit traitement favorisant l'adhérence comprend :

le nettoyage de ladite surface dudit substrat difficile à enduire ;
l'application d'un film d'un promoteur d'adhérence de silane sur ladite surface propre dudit substrat d'alumi-
nium, ledit film ayant une épaisseur sèche dans l'intervalle de 100 Å à 2500 Å, ledit promoteur d'adhérence
comprenant :

une solution d'un ou plusieurs silanes ayant la formule suivante :

dans laquelle x est un entier entre 1 et 3, R est un alkyle identique ou différent ayant 1 à 3 atomes de
carbone, a est 0 ou un entier entre 1 et 3, b égale 3-a et R1 est choisi parmi le groupe constitué de :

dans lequel z est 0 ou un entier de 1 à 3 ; ledit silane étant présent dans une concentration dans l'intervalle
de 0,001 à 10,0% en poids de la solution ;
l'élimination de toute quantité en excès dudit promoteur d'adhérence de silane de ladite surface ; et
le séchage de ladite surface portant ledit film dudit promoteur d'adhérence de silane.

8. Procédé selon la revendication 7 dans lequel ladite étape d'élimination de ladite quantité en excès dudit promoteur
d'adhérence de silane comprend la finition avec de l'eau ou un solvant organique aqueux, l'essuyage avec un
matériau humide ou le soufflage avec de l'air.

9. Procédé selon la revendication 1 dans lequel ledit liant de polyisocyanate fluoré comprend :

un polyisocyanate fluoré, qui est un produit de la réaction d'un polyisocyanate organique et d'un alcool mo-
nofonctionnel fluoré représenté par la formule :

où Rf est un groupement fluoroalkylé contenant au moins 4 atomes de carbone, X est un radical divalent, R3

est H
ou un groupement alkyle de l'ordre de 1 à 4 atomes de carbone, n est 0 ou 1 et m est dans l'intervalle de 0 à
30 à condition que quand n est 0 alors m doit être égal à ou plus grand que 1 et quand m est 0, alors n est
1 ; dans lequel de l'ordre de 0,1 à 33% en mole des groupements d'isocyanate actifs ont réagi avec l'alcool
monofonctionnel fluoré ; et
un polymère filmogène.

10. Procédé selon la revendication 9 dans lequel ledit polymère filmogène est choisi parmi le groupe constitué d'un
polymère acrylique, d'un polyester, d'une résine alkyde, d'un polyol et d'une combinaison de ceux-ci.

11. Procédé selon la revendication 1 dans lequel ledit liant de fluorocarbone acrylique comprend :

Rf- (X) n- (CH2CH(R3)-O)m-H



EP 1 150 781 B1

5

10

15

20

25

30

35

40

45

50

55

15

un polymère acrylique polymérisé à partir d'un mélange de monomères comprenant un ou plusieurs mono-
mères contenant des hydroxyles et un ou plusieurs monomères contenant des fluoroalkyles représenté par
la formule :

où R est hydrogène ou un groupement alkyle ayant 1 ou 2 atomes de carbone, n est un entier dans l'intervalle
de 1 à 11 et Rf est un groupement fluoroalkylé contenant au moins 4 atomes de carbone, ledit polymère
acrylique ayant un poids moléculaire moyen en poids dans l'intervalle de 2000 à 20 000 ; et
un agent de réticulation de polyisocyanate organique, dans lequel ladite couche de finition dans son état durci
a une combinaison d'un angle de contact rentrant pour l'eau d'au moins 100° et un angle de contact rentrant
pour l'hexadécane d'au moins 40°.

12. Substrat difficile à enduire enduit avec un revêtement durable produit selon le procédé de la revendication 1.

CH2=CR-(C=O)-O-(CH2)n-Rf
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