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Coating system 1pd its use in the preparation 
pf polyy,rethane agrylate surface aoatipqs 

on laminated pregsed plates 

Technical area 

'Pt:r/U97 /00138 

The invention relates to a coating system comprised of a resin component, a 
hardener component, and additives~ and its use in the preparation of laminated 

pressed plates with a surface coating consisting eesentially of polyurethane 

acrylates. 

State of the art 

The use of laminated pressed plates for indoor and outdoor applications in the 

construction sector is Jmown, where the surface of the plates must meet high 

requirements with regard to mechanical properties such as surface hardness and 

scratch resistance. In the case of laminated pressed plates for outdoor 

applications, high requirements a.re also impoHd x-egarding resistance to tlV 

radiation and ~eathering. 

According to EP-A-166653, a laminated pressed plate with improved scratch 

resistance, namely at least 2 newtons, is provided which has on the surface 

of its plates an acrylic reein layer that has been cured by radiation_ To 

manufacture these plates, the outermost web of the carrier ~terial. e.g., a 

web of printed decorative paper, is coated on one side with polymerizable 

acrylic resins so that a solid resin film is created. Then this film is 

exposed at room temperature to electron beams, causing a radical cross-linking 

reaction to occur. Finally, this cross-linked acrylic resin film forming the 

outermost layer is pressed at high pressure and temperature in a pressing 

etack of the type customarily used for laminated pressed plates. 

This method is tedious.f:rom the standpoint of machine teclmology inasmuch as 

an electron radiation source with a relatively complicated type of 

construction is required in order to achieve the desired surf ace hardness of 

the acrylic resin layer. 

In addition, the cross-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 i!'I :being loaded in layare. 'l'his effect 

is base¢ on a radiation polymerization induced high acrylate erase-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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l)escription gf the invantion 

The task unc:le:t:lying the invention is to provide a coating system cf tha type 
descri]:)ed above with which it is possible, in a process that can be ea•~ly 
carried out, to coat carrier materials and to press them using the type of 
pressing stack customarily used for 1-.minated pressed plates, so that a 
weather-resistant surface coating with sat:iafactoxy surface hardness and 
scratch resistance is formed. 

According to the invention, a coating system comprised of a resin component 
and a hardener c:omponent and additives is proposed which is characterized by 
the fact that the resin component contains not only free, reactive 
Cmeth)ac:r:ylic double bonds, but also at least two reactive hydroxyl groups per 
molecule, and that the hardener component consists of a polyfunctional, at 
least difu,nctional, isocyanate, where the resin and hardener components a.re 
present in stoichiometric ratio. 

The coating system accordinJ to the invention has the additional advantage 
that the resin COltlponent has the following general formula: 

CliiOH 

[Cll:i ... CB-~-0-CHa't~ ·CH2·0-~-D-Ri-NH-C·O-CH2·{ 
8 8 g CH20H 

where ~ signifies an alkyl or aliphatic: polyether or polyester group, '.R2 and 
Ri signify aliphatic or cycloaliphatic groups, and n = 2-G, and preferably J­
S; and that the hardene~ component is an isocyanate with the follo11ring general 
formula: 

where rn is at least 2 and preferably 3, and. R3 signifies an aliphatic or 
cycloaliphatic residue. Advantageously, the coating system aocorcting to the 
invention cont:ainB as the hardener component a trifunctional isocyanate whose 
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 preuiature cross-linking 
reaction of the (meth)acrylic double bonds. 

Fillers and/or colored. pigments and/or flame. :retardant& and/or agents to 
protect against t:he effects of light such as tJV absorbers or radical traps can 
alao be present as additivee. 
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rurthermore, according t:o the invention, a process for manufacturiug the 

above-mentioned resin components is proposed which is characterized by the 
fact that a polyfunctional (meth)acrylate monomer having at least one free 

hydroxyl group according to the general formula: 

where n = 2-G, preferably 3-5, m = o.s-1.s, and R signifies an alkyl or 

aliphatic polyether or polyester group, 1s reacted with a diisocyanate in 

double stoichiometric exEess in relation to the reactive hydroxyl groups in 

the (meth) acrylate moncimer, with formation of a urethane group, and that th~ 

free isocyanate group then reacts with a polyfunctional, preferably 

trif\1l10tional alcohol, with formation cf a second urethane group, whereby a 

resin component containing 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 acrylate 

oligomer, and especially an aliphatic urethane acrylate oligomer, containing 

not only free, reactive (meth) acrylic double bonds but also at least two 

J:eactive hydroxyl groups per molecule. 

The cliieocyanate utilized in this process according to the invention 

preferably has funQti~nal groups with different reactivity. 

It is advantageous to utilize as polyfunctional (meth) acrylate monomers those 

ha-.r1n9. four or five (meth)acrylic double bonds. 

In addition, a process for coating carrier materials 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 

temperatu:re. preferably under 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 prepolmer coating containing reactive 

<meth)acrylic double bonds. 

By carefully controlling temperature during thie process, the po1yaddition 

reaction occurs between the free hydroxyl groups cf the resin component and 

the functional groups of the hardener component, while the reactivity of the 

(meth) acrylic double bonds 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 C!arrier materials are slabs of wood, plastic, or metal, Bild plastic 
or metal fil'lnB. Semi-finished products can also be used as aarJ:ier materials, 
e.g., those based on materials containing fibers, such as paper, whiQh have 
been impregnated with synthetic resins • 

.According to the invention, a process is also proposed for manufacturing 
laminated pressed plates, consisting of flat carrier materials imp~gnated 
with synthetic resin plus an outermost layer on at least one S\1.X'face of the 

plate, which consists essentially of a polyurethane acrylate. 

This pJ:"Ocess ia characterized by the fact that a) the coating system according 
to the invention is applied to one side of the carrier lbaterial, that the 
carrier material which bas been thus coated ie then dried at elevated 
temperatures, preferably below 140°C, so that an initial cross-linking 
reaction of the free hydroxyl groups in the J:esin component with the 

isocyanate groups of the hardener component occurs, with formation cf a 

urethane acrylate prepolymer.containing reactive (meth)acrylic double bonds, 
that b) a pressing stack made of several carrier materials impregnated with 
synthetic reein is formed, on at least one side of which the carrier material 
manufactured according .to a) is the outermost layer, and that cl this pressing 
stack created according to b) is pressed under high pressure and at 
temperatures above the drying temperature, preferably abo\Te 140°C, so that an 
additional cross-linking reaction of the reactive (meth)acrylic double ~ands 
occurs, with formation of a urethane acrylate polymer. 

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

Xn the first reaction stage, the addit~on polymerization of the free hydroxyl 
groups of the resin component with the functional groups of the hardener 
component oa~urs, with preservation of the reacti~ity of the (math)acrylic 
double bonds. A premature reaction of these (meth)acrylic double bond.s is 
advantageously prevented by adding suitable inhibitors. If an impregnated 
decorative paper is preferably used as the carrier ~terial, the former has 
a coating with a polyurethane acrylate prepolymer base after the first stage 
of the re11ction which can be grasped and is non-blocking. These coated 
carrier materials can thus readily be placed in layers iu a pressing stack of 
the type customarily uaed for laminated pressed plates without causing any 
problems, i . e. , without undesirable curling. 

m 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 onset of the polymerization re11ction ie 
also triggered by the addition of suitable free radical formers. 
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In Che process according to the invention, a trifunctional diisocyanate can 
be advantageously utilized as a hardener component, and its reactivity at room 
teq;>erature can also be blocked. 

Other additives that can be added to the coatiDg system includ.e fillers and/or 
colored. pigments and/or flame retardants and/or agents that protect against 
the effects of light auch as UV absorbers or free radical traps, 

some ways to carry out the invention 

The invention will be further explained below ua:lng some e111bod1ments as 
eamplee: 

BXg\pl~ l.; 

a) P!:'eparation of the resin component~ 
100 parts by weight of tht polyfunctional acrylate monomer, for example 

dipentaerythritol pentaacrylate with an OH equivalent weight of 525, are 

placed in a reaction vessel fitted with a stirrer, heater, cooler, reflux 
condenser, and gas inlet. The diisocyanate used is one that has functional 
g-roupa with different reactivities, far example isaphorane diisocyanate with 
an NCO equivalent we:l..ght of 111. The proport.1on of isophorone di.isocyanate 
is 42.l parts by weight. 

o. st hydroquinone as an inhibitor and O. U 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 a:Lr is paaaed into the reaction mixture for 
the entire duration of the reaction. The reaction mixture is stirred at a 
temperature of approximately 60°C, until it contains half as many free 

isocyanate groups aa 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 reaction mixture, which is 
allowed to continua to react witil the isocyanate content has dropped to under 

o. 5'r with fonnation of additional urethane bonds, Then the reactiOJl mixt'W:'e 

is cooled t:o room temperature, d11ut:ed to approximately so• with n-butyl 
acetate, and more hydroquinone in the amount 0£ O.St is added, This urethane 
ac:Z'Ylate oU.gomer solution has a viscosity at 2s 0 c of approximately 3000 
UlPa.s. It can be stored for several weeks with no change in viscosity. Its 
OH equivalent weight is 564. It can subsequently be used 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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'1'o 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 parts by 

weight of a hardener component in the form of a trimerized hexamethylene 

diieocyanate with an isocyanate equivalent weight of 195, and 0.1 parts by 

weight of tert·butyl perbenzoate are added as a free radical foxmer. At 

140°c, tert-butyl peroxide has a half-life of ~pproximately 10 minutes. 

The known additives for coating systems such as leveling agents. antifoaming 

agents, and degassing agents can also be added to this coating system. 'l'he 

working life of this coating aystem ie 1 to 1.s hours. 

Example 21 

Preparation of the coating aystem is carried out as in Ex•mple l.. TO prepare 

the resin component, an alkoxylated pentae:rythritol triacrylate having a 

molecular weight of SSO is used as the polyfunctional acrylate monomer. 

Bxamnle 3: • 
Preparation of the coating system :i.e carried out as in Example 1. :Instead of 

isophorone diisocyanate, however, trimethylhexamethylene diisocyanate is used 

to prepare the resin component. 

:example 4: 

Preparation of the coating system is carried out as in Example 3. An 

alkoxylated pentaerythritol triaerylate is used instead of dipentaerythritol 

pentaacrylate. 

Ex!ll!!Dle 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 rolls. The carrier material can be a paper-plastic film composite, 

for example. The coating system is applied at a thickness of 40 g/m2
• 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 foz:mat:Lon of a urethane acrylate prepolymer containing (meth) acrylic 

double bonds. Evaporation of the solvent that was ·used occurs at the same 

time. The speed at which the carrier material passes through the drier is 

selected in such a way that the coated carrier material will be present in tb.e 

form of a film that can be grasped, which can be stored on supply rolls for 

an indefinite time. 

To prepare laminated pressed plates with a polyurethane acrylate surface, it 

is then poasible to cut strips from the supply roll in the proper size for 

/ 
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making plates and to layer them with the other components of the layered 

packet as follows: 

coated carrier material. with its coated surface faci:o.g toward the 

surface of the decorative layer, 

decorative layer made of printed or pigmented decorative paper that has 

been impregnated with ~lamina resin, 

core layer consi~ting of about 12 webs of paper impregnated with phenol 

:resin, 

decorative layer made of printed or pigmented ~co:rative paper that has 

been impregnated with melamine resin, 

OP,t:i.onally one 11\0re coated carrier material, with the coated surface 

facing toward the decorative layer. 

This p:r:ees stack :Le pressed at a pressure of 90 bar and a temperature of J.40°C 

for approximately 20 minutes. At these reaction teirg:>eratures, another cross­

lin.Jcing reaction of the reacfive (meth} acrylic double bonds occurs, trismered 

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 impregnating resins used in the decorative and core layers. After 

about 20 minutes, the press stack is cooled down, still under pressure, iUld 

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 least one side with a scratch resistance of approximately 4N (Ge:t'lll8.Il 

Industrial Standard DIN 53 999, Part 10) . The surface of the plate is also 

highly resistant to concentrated mineral acid such as sulfuric acid, and to 

solvents such as acetone. The weather resistance cf the plate was tested 

according- to ASTM G 53-84; after 3000 hours, the surface 0£ the plate was 

found not to have lost any of its gloss or to haYe become discolored. 

/ 
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Example 61 

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 rol.l.s. 

The pre-impregnation of the decorative paper enhances t:he adhesion of the 

coating aystem being used to the decorative paper. Some examplea of 

impregnating reaina that can be used for the pre-impregnation are acrylate 
resins or aminoplast reains, or mixed i:esina. 

During the process, a blade is used to obtain a thickness of ao-100 g/ni' for 
the coating system being aJ?Plied, The decorative pape:r; that has been coated 
in this way then pasaes through a 20 meter long drying channel at 120°c. At 
these temperatu:t"es, an initial croaa-linking reaotion occurs between the free 
hydroxyl groups of the resin component anCl the isocyanate groups of the 

hardener component, with formation of a urethane acrylate prepolymer 
containing still reactive (meth)acrylic double bonds . 

• The reactivity of the hardener component can be further influenced by the 
addition of blocked ieocyanates that remain inert at room temperature but are 
reactive at temperatures between 100 and i209 C. 

In addition, any solv~nts that may be present in t:he coating syatem are 
evaporated at these elevated temperatures, Thus, a coated decorative paper 
results, in the for:m of a film that can be grasped but is nonetheless 
flexible, and ia resistant to solvents. This flexible film is rolled into 
supply rolls and. can be kept in storage for an indefinite time. 

TO manufacture laminated pressed plates having a polyurethane acrylate 
surface, stripe can now be cut from the storage rolls in shapes appropriate 
to the plata and placed in the layered pack.et with the other components as 
follow11; 

coated decorative paper, whose coating consists essentially of a 
polyurethane acrylate containing reactive acrylate !JrOups 

a core layer consisting of about 12 paper 'W'ebs that have been 
impregnated with phenolic resin 
coated decoratiV"e paper, whose coating consists essentially of a 
polyurethane acrylate containing reactive acrylate groups. 

This press stack is pressed for about 20 minutes at a pressure of 90 bar and 

a temperature of 14o•c. · At these reaction temperatures, an additional aross­
linking reaction of the (meth) acrylic clouble bonds takes place, with foniation 
of the cured polyurethane acrylate, This cross-linking :reaction 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 11deblocking11 the 

isocyanatea in the harden.er component that become reactive only at 

temperatures of 140°C and al>ove. 

At the same time, curing of the impregnating resins in the decorative and core 

laye:t"s occurs. After about 20 minutes, the press stack is cooled doWn under 

pressure and removed from. l:he press . The surface of the plate :11ow has a cured 

polyurethane acrylate layer whose scratch xesistance is about 4N (DZN 53 !19.9, 

Part 10). It also is highly resistant to concentrated mineral acid such as 

sulfuric acid, and to solvents such as acetone. The weathering resistance of 

the plate was tested according to AS'l'M G 53-84; after 3000 hours, the surface 

of the plate was found not to have lost any of its gloaa or to have become 

discolored. 

Industrial applications 

A completely cross-linked and therefore scratch-resistant surface coating 
• based on a urethane acrylate polymer :i.s produced by the invention. The 

scratch hardness of this surface coating ie at leaat 2H measured according to 

EN 438. 

'rhe surface coati11g according to the invention is suitable for both indoor and 

outdoor applications. Furthermore, it is resistant to solvents, sc that 

undesirable graffiti can be easily remO"lred. 
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Patent claims: 

1. A coating system comprised of a resin component and a bardener 
component plus additives. characterized by the fact ehat the resin 

component contains both free, reactive (ineth)acrylic double l>onda, and 
also at least two react~ve hydroxyl groups per molecule, and that the 

hardener component consists of a polyfunctianal, at least difunctional, 
isocyanate, where the resin component and hardene:i- component are 
present in stoichiometric quantities. 

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

/CH20H 

CCBt=CH·r·O-~Ri-CH1-0-t-NH-.Ra-NH-1F-O-CH2-~ 

8 8 8 CJl20H 

where Rs. signifies an alkyl or aliphatic polyether group or polyester 
group, Ra and R, signify alipha.tic or cycloaliphatic groups, and n = 2-
fi, and·preferabl.y 3-5; and. that the hardener component is an isocyanate 

which has the general formula: 

where m is at least 2, preferably 3, and R3 signifies an aliphatic or 
ayaloaliphatio residue. 

3. A coating system according to Claim l or 2, characterized by the faot 

t:l\at the hardener ttomponent is a trifunctional isocyanate. 

4. A coating system according to one of Claims 1 or 3, characterized by 

the fact that the hardener component is blodced in its reactivity at 
:room temperature. 

5. A coating system according to one of Claims 1 through 4, characterized 
by the fact that free radical formers that are stable at room 
temperature and inhibitora to prevent a premature c:ross-linking 
reaction of the Cmeth)acrylic double bonds are present as additives. 

6. A coating aystem. according to one of Claims 1 through 5, characterized 
by the fact that fillers and/or colored pigments and/or flame 
retardants and/or agents that protect against the effects of light such 
as UV absorbers or free radical traps are present as additive&. 

ililiii1iU 
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7. A procees for preparing a resin component for a coating system 
according to one of Claims 1~6, characterized by the fact that a 
polyfunctional (meth)acrylate monomer with at least one f:ree hydroxyl 
g~ou.p hav!ug the general formula: 

where u "" 2-6, p:r:eferably 3-S. m • O. 5-l..S, and R signifies an al'.\tyl or 
aliphatio polyether gJ:oup or polyester group, is reacted with a 
diisocyanate in double stoichiometric excess in terms of the reactiYe 
hydroxyl groups i11 the (meth) acrylate monomer, with formation of a 
urethane group, and that subsequently the free isocyanate group reacts 
with a trHunctional, preferably polyfunctional alcohol, with foraiation 
of a second urethane gro'up, where a resin component that contains not 
only free reactive (meth)acrylic double bonds, bUt also at least two 
reactive hydroxyl groups per molecule, is formed. • 

• 
e. A proceea according to Claim 7, characterized by the fact that a 

preferably aliphatic urethane acrylate oligom.er, which contains both 
free reactive (meth)acrylic double bonds and also at least two reactive 
hydroxyl groups per molecule, is formed. 

9. 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. 

10. A process according to one of Claims ? through 9, characterized by the 
f~ot that the polyfunctional (meth)acrylate monomer used is one that 
haa four (meth)aceylic double bond.a. 

11. A process according to one of Claims 7 through 9, character~zed by the 
fact that the polyfunctional (meth)acrylate monomer used is one that 
has five (meth)acrylic double bonds. 

12 • A process for coating carrier materials ])y utilizing the coating system 
according to one of Claims 1 through 6, cha.racterized by the fact that 
the coating system is applied to one side of the carrier mate:dal, 
after which the carrier material that bas been thus coated is dried at 
an elevated 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 process for preparing laminated pressed plates, consisting of flat 
carrier materials impregnated with synchetic resin, plua an outermost 
layer on at least one surface of the plate that c:ons1sta essentially of 
a polyurethane acrylate, characterised by the fact that 

a) a carrier material has a coati:ng system according to one of Claims 

l through 6 applied to it on one side, tha.t sU))sequently the carrier 
material which has been coated in this manner ia dried at elevated 
tampe:ratureu, preferably below 140°C, so that an initial cross-linking 
reaction of the fr~e byt;b:-oxyl groups in the resin component with the 

isocyanate groups of the .hardener 00111Ponent occurs, with formation of 
a urethane acrylace prepolymer oontaining X.eactivtl (meth)acrylic d~ul;)le 
bonds, that 
b) a press stack is made consisting of several carrier materials 
impregnated with synthetic resin, which bas as its outermost layer on 
at least one side the carrier material prepared according to a), and 
that • c) this pr~ss stack made according ~o bl is pressed ae high pressure 
and temperatures above the drying temperature, preferably above 140°C, 
so that an additional cross-linking reaction of the reactive 
(meth) acrylic doU))le bonds occurs, with fo:r:mation of a urethane 
acrylate polymer. 

14. A p:roceas acco~ng to Claim 13, characterised by the fact that a 
trifunctional diisocyana.te is used as a ~rdener component. 

15. A process according to Claim 13 or 14, characterized by t~e fact that 
a diiaoayanate whose reactivity is blocked at roam temperature is used 
as a hardener component. 

16. A process according to one of Claims 13 through 15, char•qterized by 

the fact that an impregnated decorative pflper is used as a carrier 

material. 

17. A process accordi:ng to one of Claims 13 through 16, characeerized by 

the fact that as additives, fillers and/or colored pigments and.for 

flame retardants aniJ./or agents that protect against the effec:ta of 

light such as UV absorbers or free :radical traps are added to the 
coating system. 

10 • A p:rocaes according to one of Claims 13 through 17, characterized by 

the fac:t that free radical formers tthich are stable at roam temperature 
and inhibitors to prevent a premature cross-linking reaction of the 
(met:h)acrylic double bonds are added as additives. 


