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Coating system and its use in the preparation
of polyurethane agrviate aurface coatings
on laminated pr d plates

Technj area

The invention relates to a coating system comprised of a resin component, a
hardener component, and additives, and itg use in the preparation of laminated
pressed plates with a surface coating conasisting essentially of polyurethane
acrylates.

State of the art

The use of laminated pressed plates for indoor and outdoor applicationsa in the
construction sector is known, where the surface of the plates must meet high
requirements with regard to mechanical properties such as surface hardness and
scratch repigtance. In the case of laminated pressed plates foxr outdoor
applications, high requirements are also imposed regarding resistance to o
radiation and weathering.

According to EP-A-166653, a laminated preased plate with improved scratch
resigtance, namely at least 2 newtons, is provided which has on the surface
of its plates an acrylic resin layer that has been cured by radiation. To
manufacture thess plates, the outermost web of the carrier material, e.g., a
web of printed decorative paper, is coated on one eide with polymerizable
acrylic resins so that a solid resin film is created. Then this film is
exposed at room temperature to electron heams, causing a radical cross-linking
reaction to occur. Finally, this cross-linked acrylic xeain film foxming the
outermoat layer is pressed at high pressure and temperature in a pressing
atack of the type customarily used for laminated pressed plates.

Thig method is tedious from the standpoint of machine technology inasmuch as
an electron radiation eource with a relatively complicated type of
construction is required in order to achieve the desired surface hardness of
the acrylic resin layer.

In addition, the croas-linked acrylic resin film is difficult to manipulate
in discontinuous pressing processes inasmuch as it tends to curl easily and
not lie flat when the pressing stack is being loaded in layers. This effect
ig based on a radiation polymerization induced high acrylate cross-linking
density, which is in turn associated with material shrinkage of the acrylate
polymers.

The invention is intended to remedy this problem.
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scription the invention

The task underlying the invention is to provide a coating system of the type
@egcribed above with which it is possible, in a process that can be aagily
carried out, to coat carrier materials and to press them using the type of
pressing stack cuatomarily used for laminated pressed plates, so that a
weather-xesistant surface coating with satiafactory surface hardness and
goratch resistance is formed.

According to the invention, a coating system comprised of a resin component
and a hardener component and additives is proposed which is characterized by
the fact that t.hé resin component contains not only €£ree, reactive
(weth)acrylic double bonds, but also at least two reactive hydroxyl groups per
molecule, and that the hardener component consists of a polyfunctional, at
least difunctional, isocyanate, where the resin and hardenexr componerits are
present in stoichiometric ratio.

The coating system according‘ to the invention has the additional advantage
that the resin component has the following general formuls:

CH,0H
[q;,.—.czx-ﬁ-o-cn,a;n,-m,-o-g:-m-n,-ml-c-o-cn,-l{,
CH,0H

where R, aignifies an alkyl or aliphatic polyether or polyester group, R, and
R, signify aliphatic or cycloaliphatic groups, and n = 2-6, and preferably 3-
§; and that the hardenet_: component is an isocyanate with the following general
formula:

RQ'EN -c=°]n

where m igs at least 2 and preferably 3, and R, signifies an aliphatic or
cycloaliphatic residue. Advantageously, the coating system according to the
invention containa as the hardener component a trifunctional igsocyanate whoge
reactivity at room temperature can also be blocked.

It further contains as additives radical formers that are stable at room
temperature, as well as inhibitors to prevent a premature crosd-linking
reaction of the (meth)acrylic double bonds.

Fillers and/or colored pigments and/or flame retardanta and/or agents to

protect against the effects of light such as UV absorbers or radical traps can
alaoc be present as additiven.

-_—
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Furthermore, according to the invention, a procesa for manufacturing the
above-mentioned resin components is propesed which is characterized by the
fact that a polyfunctional {(meth)acrylate monomer having at least one free
hydroxyl group according to the general formmla:

[C,~CR- ﬁ-o-ca,i‘;n-&cn,om .

where n = 2-6, preferably 3-5, m = 0.5-1.5, and R signifies an alkyl or
aliphatic polyether or polyeater group, is reacted with a diisocyanate in
double stoichiometric excess in relation to the reactive hydroxyl groups in
the (meth)acrylate monomer, with formation of a urethane group, and that the
free igocyanate group then reacts with a polyfunctional, preferably
trifunotional aloohol, with formation of a secbnd urethane ¢group, whereby a
reain component com:aini:ig not only free, reactive (meth)acrylic double bonds
but also at least two reactive hydroxyl groups per molecule is formed.
' ’

This method can be used preferably to manufacture a urethane acxylate
oligomer, and especially an aliphatic urethane acrylate oligomer, contaiaing
not only free, reactive (meth)acrylic double bonds but also at least two
reactive hydroxyl groups per molecule.

The diisocyanate utilized in this process according to the invention
preferably has functional groups with different reactivity.

It i8 advantageous to utilize as polyfunctional (meth)acrylate monomers those
having four or five (meth)acrylic double bonds.

In addition, a process for coating carrier waterials is provided, utilizing
the coating system according to the invention in which the coating system is
"applied to one side of a carrier material, and where the carrier material
which has been coated in such a manner is then dried at an elevated
temperature, preferably under 140°C, so that the free hydroxyl groups in the
reain component react with the isocyanate groups of the hardener component,
with formation of a urethane acrylate prepolwer coating containing reactive
(meth)acrylic double bonds.

By carefully controlling temperature during this process, the polyaddition
reaction occurs hetween the free hydroxyl groups of the resin component and
the functiomal groups of the hardener component, while the reactivity of the
{meth) acrylic double bonda of the resin component is preserved. By this
means, a flexible coated carrier material is produced that is easy to handle
and can be stored for a sufficiently long period of time.
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Suitable darrier materials are slabs of wood, plastic, or metal, and plastic
or metal £films. Semi-finished products can also be used as carrier materials,
e.g., those based on materials containing fibers, such as paper, which have
been impregnated with gynthetic resinsg.

According to the invention, a process is also proposed for manufacturing
laminated presased plates, consisting of flat carrier materials impregnated
with synthetic resin plud an outermost layer on at least one surface of the
plate, which consists essentially of a polyurethane acxylate.

This process ia characterized by the fact that a} the coating system according
to the invention is applied to one side of the carrier material, that the
carrier material which has been thus coated is then dried at elevated
temperatures, prefarably below 140°C, gso that an initial ecroses-linking
reaction of the firee hydroxyl groups in the resin component with the
isocyanate groups of the hardener component occurs, with formation of a
urethane acrylate prepolymer‘ containing reactive (wmeth)acrylic double bonds, -
that b) a preasging stack made of several carrier materials impregnated with
synthetic reain is formed, on at least one gide of which the carrier material
manufactured according to a) is the outermost layer, and that ¢) this pressing
stack created according to b) is prasged under high pressure and at
temperatures above the drying temperature, preferably above 140°C, so that an
additional cross-linking reaction of the reactive (meth)acrylic double honds
occura, with formation of a urethane acrylate polymer.

By controlling the temperature in the process according to the invention, the
regin component reacts in a two-stage process:

In the firat reaction stage, the addition polymerization of the free hydroxyl
groups of the reain component with the functional groups of the hardener
component occurs, with preservation of the reactivity of the (meth)acrylic
double bonds. A premature reaction of these (meth)acrylic double bonds is
advantageously prevented by adding suitable inhibitors. If an impregnated
decorative paper is preferably used as the carrier material, the former has
a coating with a polyurethane acrylate prepolymer bagse aftex the firgt stage
of the reaction which can be grasped and is non-blocking. These coated
carrier materials can thus readily be placed in layers in a pressing stack of
the type customarily used for laminated pressed plates without causing any
problems, i.e., without undesirable curling.

In the second reaction stage, the polymerization reaction of the (meth)acrylic
double bonds in the resin component occurs, triggered by the high temperatures
and pressures during pressing. The onget of the polymerization reaction is
also triggered by the addition of suitable free radical formexs.
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In the process according to the invemtion, a trifunctional diisocyanate can

be advantageously utilized as a hardener component, and its reactivity at xoom

temperature can also be blocked.

Other additives that can be added to the coating system include fillexrs and/or
colored pigments and/or flame retardants and/oxr agenta that protect against
the effects of light such as UV absorbers or free radical traps,

Some waya to carry out the invention

The invention will be furthar explained below using some embodiments as
examplen:

Example 1:.

a) Preparation of the -rein companent :

100 parts by weight of thg¢ polyfunctional acrylate monomer, for example
dipentaerythritol pentaacrylate with an OH eguivalent weight of 525, are
placed in a reaction vessel fitted with a stirzer, heater, cooler, reflux
condenser, and gas inlet. The diisocyanate used is one that has functional
groups with different reactivities, for example isophorone diisccyanate with
an NCO equivalent weight of 111. The proportion of isopherone dilsocyanate
is 42.3 parts by weight.

0.5% hydroquinone as an inhibitor and 0.1% dibutyl tin dilaurate as a
catalyst, plus 20 parts by weight n-butyl acetate as a diluent are also added
to the reaction mixture. Dried air is passed into the reaction mixture for
the entire duration of the reaction. The reaction mixture is atirred at a
temperature of approximately §0°C, until it contains half as many free
isocyanate groupsa as it did initially (determined using German Industrial
standard DIN 53 185). This is caused by the formation of urethane bonds.
Then 25.5 parts by weight of trimethylolpropane, a polyfunctional alcohol with
an OH equivalent weight of 44.7, are added to the rxeactiocn mixture, which is
allowed to continue to react until the isocyanate content has dropped to under
0.5% with formation of additional urethane bondes, Then the reaction mixture
is cooled to room temperature, diluted to approximately 80% with n-butyl
acetate, and more hydroquinone in the amount of 0.5% is added, This urethane
acrylate oligomer solution has a visgcosity at 25°C of approximately 3000
mPa.s. It can be stored for several weeks with no change in viscosity. Its
OH equivalent weight is 564. It can subsequently be uged as a resin component
in the coating system according to the invention.

b) Preparation of the coating system according to the invention:
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To prepare a coating system according to the invention, 100 parts by weight
of a resin component solution according to a) are mixed with 34.6 parta by
waight of a hardener component in the form of a trimerized hexamethylene
diigocyanate with an isocyanate equivalent weight of 195, and 0.1 parts by
weight of tert-butyl perbenzoate are added as a free radical former. At
140°C, tert-butyl peroxide has a half-life of approximately 10 minutes.

The known additives for coating aystems such as leveling agents, antifoaming
agents, and degassing agents can also be added to this coating system. The
working life of this coating aystem ig 1 to 1.5 hours.

Example 2

Preparation of the coating system is carried out as in Example 1. To prepare
the resin component, an alkoxylated pentaerythritol triacrylate having a
molecular weight of 550 is used as the polyfunctiomal acrylate monomer.

Example 3: N

Preparation of the coating system is carried out as in Example 1. Instead of
isophorone diisocyanate, however, trimethylhexamathylene diisocyanate is used
to prepare the reain component.

Exanple 4:

Preparation of the coating saystem igs carried out as in Example 3. An
alkoxylated pentaerythritol triacrylate is used instead of dipentaerythritol
pentaacrylate.

Example 5: .

A coating system that can be prepared according to one of the Examples 1
through 4 is applied to a carrier material in a coating apparatus by means of
spreader rollas. The carrier material can be a paper-plastic film composite,
for example. The coating system is applied at a thickness of 40 g/m*. Then
a partial cross-linking reaction takes place at temperatures between 100 and
120°C in the drier of a coating apparatus between the isocyanate group from
the hardener component and the free hydroxyl groups of the resin component,
with formation of a urethane acrylate prepolymer containing (meth)acrylic
double bonds. Evaporation of the solvent that was used occurs at the same
time. The apeed at which the carrier material passes through the drier is
selected in such a way that the coated carrier material will be present in the
form of a £ilm that can be grasped, which can be stored on aupply rolls for
an indefinite time. '

To prepare laminated pressed plates with a polyurethane acrylate surface, it
is then posaible to cut strips from the supply roll in the proper size for



WO 97/49746 PCT/AT97/00136
-7-

making plates and to layer them with the other components of the layered
packet as follows: '

- coated carrier material, with ita coated surface facing toward the
surface of the decorative layer,
- decorative layer made of printed or pigmented decorative paper that has

been impregnated with melamine resin,
- core layer consiating of about 12 websa of paper impregnated with phenol

resin,

- decorative layer made of printed or pigmented decorative paper that has
been impregnated with melamine resin,

- optionally one more coated carvier material, with the coated surface

facing toward the decorative layer.

This press stack is preased at a pressure of 90 bar and a temperature of 140°C
for approximately 20 minutes. At these reaction temperatures, another cross-
linking reaction of the reactive (meth)acrylic double bonds occurs, triggered
by the free radical formers which are present in the coating system, with
formation of a cured polyurethane acrylate. Simultaneously there is a curing
of the impreemating resins used in the decorative and core layers. After
about 20 minutes, the preass stack is cooled down, still under pressure. and
then it is removed from the press. Then the carrier material is removed from
the surface of the plate, which now has a cured polyurethane acrylate layer
on at leadt one side with a scratch resiastance of approximately 4N (German
Industrial Standard DIN 53 999, Part 10). The surface of the plate ia alsc
highly resistant to concentrated mineral acid such as gulfuric acid, and to
golvents such as acetone., The weathar resistance of the plate was tested
according to ASTM G 53-84; after 3000 hours, the suxface of the plate was
found not to have lost any of its gloss or to have become discolored.
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Example 6:

A coating system that can be prepared according to one of the Bxamples 1
through 4 is applied in a coating apparatus to a pre-impregnated decorative
paper at a thickness of approximately 100 g/m® by means of spreading rolls.
The pre-impregnation of the decorative paper enhances the adhesion of the
coating eystem being used to the decorative paper. Some examplea of
impregnating resina that can be used for the pre-impregnation are acrylate
resins or aminoplast resins, or mixed resina.

During the process, a blade is used to obtain a thickness of 80-100 g/m® for
the coating system being applied. The decorative paper that has been coated
in this way then paasses through a 20 meter long drying channel at 120°C. At
these temperatures, an initial cross-linking reaction occurs between the f£ree
hydroxyl groups of the resin component and the isocyanate groups of the
hardener component, with formation of a urethane acrylata prepolymer
containing still reactive (meth)acrylic double bonds.
‘ '

The reactivity of the hardener component can be further influenced by the
addition of hlocked isocyanates that remain inert at room temperature but are
reactive at temperatures between 100 and 120°C.

In addition, any solvents that may be present in the coating system are
evaporated at these elevated temperatures, Thus, a coated decorative paper
results, in the form of a film that can be grasped but is nonetheless
flexiblae, and is resigtant to solvents. This flexible film is rolled jnto
supply rollas and can be kept in storage for an indefinite time.

To wanufacture laminated presged plates having a polyurethane acrylate
surface, strips can now be cut from the storage rolls in shapes appropriate

to the plate and placed in the layered packet with the other components as
follows;:

- coated decorative paper, whose coating conaista essentially of a
polyurethane acrylate containing reactive acrylate groups
-  a core layer congisting of about 12 paper webs that have been

impregnated with phenolic resin
- coated decorative paper, whose coating consista essentially of a
polyurethane acrylate containing reactive acrylate groups,

This press stack ie pressed for about 20 minutes at a preasure of 90 bar and
a temperature of 140°C. At these reaction temperatures, an additional cross-
linking reaction of the (meth)acrylic double bonds takes place, with formation
of the cured polyurethane acrylate, This cross-linking reactlon is triggered
by the free radical formers that are latently present in the coating system
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of the decorative layer. It can also be accelerated by “deblocking" the

isocyanates in the hardenexr component that become reactive only at
temperatures of 140°C and above.

At the same time, curing of the impregnating resins in the decorative and core
layers occurs. After about 20 minutes, the press stack is cooled down under
pressure and removed from the press. The surface of the plate now has a curad
polyurethane acrylate layer whose scratch xresistance is about 4N (DIN 53 993,
Part 10). It also is highly resistant to concentrated mineral acid such as
sulfuric acid, and to aolvents such as acetone. The weathering reaiér.ance of
the plate was tested according to ASTM G 53-84; after 3000 hours, the surface
of the plate was found not to have loat any of its gloass or to have become
discolored.

Industrial applicationg

A complately cross-linked and therefore scratch-resigtant suxface coating
based on a urathane acrylate polymer is produced by the invention. The
pcratch hardness of this surface coating is at least 2N measured according to
EN 43B.

The surface coating according to the invention is suitable for both indoor and
outdoor applications. Furthermore, it is resistant to solvents, so that
undesirable graffiti can be easily removed.
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Patent clajms;

A c¢oating system comprised of a resin component and a hardenex
component. plus additives, characterized by the fact that the resin
component: contains both Free, reactive (meth)acrylic double bonds, and
also at least two reactive hydroxyl groups per molecule, and that the
hardener component consista of a polyfunctional, at least difunctional,
isocyanate, where the resin component and hardener compopent arve
present in atoichiometric quantities.

A coating system according to Claim 1, characterized by the fact that
the reain component has the general formala:

CH,0H
[(‘.’H,=cn-§-o-cu,¥n,-mx,-o—g:-m;-n,-mi- -0-CH,-R,
CH,OH

where R, signifies an mlkyl or aliphatic polyether group or polyester
group, R, and R, signify aliphatic or cycloaliphatic groups, and n = 2-
6, and preferably 3-5; and that the hardener component ie an igocyanate
which has the general formula: '

R;'GN=C=°] S

where m is at leaat 2, preferably 3, and R, gignifies an aliphatic or
cyaloaliphatic residue.

A coating system according to Claim 1 or 2, characterized by the fact
that the hardener uomponent is a trifunctiomal igocyanzte.

A coating system according to one of Claims 1 or 3, characterized by
the fact that tlie hardener component is blocked in its reactivity at
room temperature.

A coating system according to one of Claims 1 through 4, characterized
by the fact that free radical formers that are gtable at room
temperaturxe and inhibitors to prevent a premature cross-linking
reaction of the (meth)acrylic double bonds are present as additives.

A coating system according to one of Claims 1 through §, characterized
by the fact that fillexrgs and/or colored pigments and/or flame
retardants and/or agents that protect againsgt the effects of light such
as UV absorbers or free radical traps are present as additives.
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A process for preparing a resin component for a coating system
according to one of Claima 1-6, characterized by the fact that a
polyfunctional (meth)acrylate monomer with at least one free hydroxyl
group having the general formla:

[CH;CH~G-0-CH L B-ECH, O8] _

where n = 2-6, preferably 3-5, m = 0,5-1.5, and R signifies an alkyl or
aliphatic polyether group or polyester group, is reacted with a
diisocyanate in double stoichiometric excess in terms of the reactive
hydroxy)l groups in the (meth)acrylate monomer, with formation of a
urethane group, and that subsequently the free isccyanate group reacts
with a trifunctional, preferably polyfunctional alcohol, with formation
of a second urethane group, where a resin component that contains not
only free reactive (meth)acrylic double bonds, but also at least two
reactive hydroxyl groups per molecule, ig formed.
'

A process according to Claiwm 7, characterized by the fact that a
preferably aliphatic urethane acrylate oligomer, which contains both
free reactive (meth)acrylic double bonds and also at least two reactive
hydroxyl groups per molecule, is formed.

A process according to Claim 7 or 8, characterized by the fact that the
diisocyanate used has functional groups that differ in terms of their
reactivity.

A process according to one of Claimg 7 through 9, characterized by the
fact that the polyfunctional (meth)acrylate monomer used ig one that
has four {meth)acrylic double bonds.

A process according to one of Claims 7 through 9, charanter:‘_.zed by the
fact that the peolyfunctional (meth)acrylate monomer used is one that
hag five (meth)acrylic double bhonds.

A process for coating carrier materials by utilizing the coating system
according to one of Claima 1 through 6, characterized by the fact that
the coating system is applied to one side of the carrier material,
after which the carrier material that has been thus coated is dried at
an ealevated temperature, preferably below 140°C, so that the free
hydroxyl groups. in the resin component react with the isocyanate groups
of the hardener component, with formation of a urethane acrylate

prepolymer coating containing reactive (meth)acrylic double bonds.
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A proceps for preparing laminated pressed plates, consisting of flat
carrier materials impregnated with synthetic resin, plus an outermosat
layer on at least one surface of the plate that consists eszentially of

a polyurethane acrylate, characterized by the fact that

a) a carriar material has a coating éystem according to one of Claimag

1 through 6 applied to it on one aside, that subsequently the carriex
wmaterial which has bean coated in this manner is dried at elevated
temparatures, preferably below 1409C, so that an initial cross-linking
reaction of the fres hydroxyl groups in the resin component with the
isocyanate groups of the hardener component occurs, with formation of

a urethane acrylate prepolymer contéihing reactive (meth)acxylic double
bonda, that ’ ) :
b) a presa stack is made consisting of several carrier materials

impregnated with synthetic rvesin, which has as its outermoat layer on
at least one side the carrier material prepared according to a), and
that . :

c) this press atack made according to b) is pressed at high pressure

and temperatures above the drying temperature, preferably above 140°C,

50 that an additional cross-linking reaction of the reactive
{meth) acrylic double bonds occurs, with Zformation of a urethane

-acrylate polymer.

A proceas according to Claim 13, characterized by the fact that a
trifunctional diisocyanate is used as a hardener component.

A process according to Claim 13 or 14, characterized by the fact that
a diisocyanate whose reactivity is blocked at room temperature is used
ag a hardener component.

A process according to one of Claims 13 through 15, charagterized by
the fact that an impregnated decorative paper is used as a carxier
material.

A proceas according to ome of Claims 13 through 16, characterized by
the fact that as additives, fillers and/or colored pigments aund/or
f£lame retaxdants and/or agents that protect against the effects of
light auch as UV ahgorbers or free radical traps are added to the
coating gystem. -

A procegg according to one of Claimg 13 through 17, characterized by
the fact that free radical formera which are stable at room temperature
and inhibitors to prevent a premature cross-linking reaction of the
(meth) acrylic double bonde are added as additives.



