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Radiation-curable coating compositions

Description

The present invention relates to new, radiation-curable coating compositions producing coatings

of high flexibility and enhanced tensile strength.

Radiation-curable compositions have acquired broad application in the art, more particularly as

high-value coating materials for surfaces. Radiation-curable compositions are preparations

which comprise ethylenically unsaturated polymers or prepolymers and which are cured, op

tionally after a physical drying step, by exposure to high-energy radiation, as for example by

irradiation with UV light or by irradiation with high-energy electrons (electron radiation).

US 4,153,778 describes urethane acrylate oligomers which comprise a polytetramethylene ox-

ide-diol in copolymerized form, and their use as coatings, binders, and adhesives, which may

comprise further components, such as ethylenically unsaturated monomers, for example.

JP-A-01216837 describes film coatings having good scratch resistance, impact resistance, and

abrasion resistance, produced using a urethane acrylate oligomer based on a diol having a

number-average molecular weight of 200 to 4000.

US 4,129,667 describes radiation-curable coating materials comprising a urethane acrylate o li

gomer and a UV absorber. The urethane acrylates used may contain repeating units derived

from polytetrahydrofuran. The coating materials, furthermore, may additionally contain mono-

mers copolymerizable with the urethane acrylate, such as monoesters, diesters, and higher es

ters of acrylic acid and methacrylic acid.

US 4,135,007 has a disclosure content comparable with that of US 4,129,667.

JP 04-296315 A and JP 04-091 116 A describe urethane (meth)acrylates comprising polyesters

formed from adducts of a diol with caprolactone or beta-methyl-delta-valerolactone with a diba

sic acid.

JP 61-108622 A describes urethane (meth)acrylates, comprising high molecular weight polyes-

ters with a molar weight of 5000 g/mol.

JP 05-009247 A describes urethane (meth)acrylates comprising polyesters formed from ad

ducts of triols and/or tetrols with caprolactone.

In RadTech e 15 , 2004 Technical Proceedings, J . Weikard, W . Fischer, E. Luhmann, and

D. Rappen describe the influence of different polymeric diols on the elasticity of urethane acry

lates; namely pure polyethers, polyesters with short ether segments, polyesters, polyesterpoly-

carbonates, and polycarbonates. The nature of these individual units is not disclosed.

WO 2005/035460 A 1 describes mixtures of difunctional aliphatic urethane (meth)acrylates



based on polyTHF and on reactive diluents which carry a heterocycle.

Although the surface properties of the systems described therein are already good, higher lev

els of hardness and flexibility in the resulting coatings would nevertheless be desirable.

WO 2008/155352 A describes radiation-curable coating compositions with high flexibility. The

coatings obtained therewith exhibit good properties, although a higher tensile strength is re

quired.

WO 2010/121978 (US 2012/040120) discloses radiation curable urethane (meth)acrylates com

prising certain polytetrahydrofurandiols and polycaprolactonediols as synthesis components.

The thus obtained coatings exhibit a good breaking extension and toughness.

However, coatings with higher levels of elongation-at-break and a good tensile-at-break are

required.

It was an object of the present invention to develop radiation-curable coating compositions

which combine good hardness with high flexibility and enhanced tensile strength as well as a

good tensile-at-break.

The object has been achieved by means of radiation-curable coating compositions comprising

at least one urethane (meth)acrylate (A) having a molar mass Mn of 1000 to 5000 g/mol and two

ethylenically unsaturated double bonds per molecule, comprising as synthesis components

(a1 ) at least one diisocyanate,

(a2) at least one polyesterdiol synthesized from

(a21 ) optionally a diol having a molar weight below 250 g/mol,

(a22) at least one oligomeric or polymeric diol being

(a221) optional a polytetrahydrofurandiol with a molar mass Mn of up to 1000 g/mol and

(a222) at least one polyesterdiol synthesized from aliphatic dicarboxylic acids or their deriva

tives and aliphatic diols with a molar mass Mn of up to 1000 g/mol,

(a23) at least one dicarboxylic acid selected from the group consisting of compounds of the

formula (la)

and/or compounds of the formula (lb)



(a3) having precisely one isocyanate-reactive group and precisely one free-radically polymeriz-

able group

and

at least one monoethylenically unsaturated reactive diluent B which contains at least one cyclo-

aliphatic or heterocyclic group.

As compared with the comparable systems known from WO 2005/035460 A 1,

WO 2008/155352 A, and WO 2010/121978, these coating compositions of the invention exhibit

improved hardness and flexibility, which is reflected particularly in an increased elongation-at-

break and tensile-at-break.

The coating compositions of the invention comprise at least one, 1 to 3 for example, 1 to 2 with

preference, and with particular preference precisely one urethane (meth)acrylate (A).

Free-radically polymerizable groups in the sense of this text are vinyl ethers, acrylate and meth-

acrylate groups, preferably acrylate and methacrylate groups, and more preferably acrylate

groups.

Component (a1) is at least one, one to three for example, one to two with preference, and more

preferably precisely one diisocyanate.

The diisocyanate (a1) may be (cyclo)aliphatic or aromatic, preferably (cyclo)aliphatic.

The term "(cyclo)aliphatic diisocyanates" refers collectively to aliphatic and cycloaliphatic diiso-

cyanates.

Cycloaliphatic isocyanates are those which comprise at least one cycloaliphatic ring system.

Aliphatic isocyanates are those which comprise exclusively linear or branched chains, in other

words acyclic compounds.

Aromatic isocyanates are those which comprise at least one aromatic ring system.

The average NCO functionality of such a compound is generally 2 , 1.8 to 2.2 for example, from

1.9 to 2.1 with preference, and more preferably 1.95 to 2.05. Values which deviate from 2.0 may

come about, for example, through oligomer formation on the part of the diisocyanates or

through loss of NCO groups as a result, for example, of atmospheric moisture.

The isocyanate group content, calculated as NCO = 42 g/mol, is generally from 5% to 25% by



weight.

The diisocyanates are preferably isocyanates having 4 to 20 C atoms.

Aromatic diisocyanates are, for example, aromatic diisocyanates such as 2,4- or 2,6-tolylene

diisocyanate and the isomer mixtures thereof, m- or p-xylylene diisocyanate, 2,4'- or 4,4'-diiso-

cyanatodiphenylmethane and the isomer mixtures thereof, 1,3- or 1,4-phenylene diisocyanate,

1-chloro-2,4-phenylene diisocyanate, 1,5-naphthylene diisocyanate, diphenylene 4,4'-diisocya-

nate, 4,4'-diisocyanato-3,3'-dimethylbiphenyl, 3-methyldiphenylmethane 4,4'-diisocyanate,

tetramethylxylylene diisocyanate, 1,4-diisocyanatobenzene or diphenyl ether 4,4'-diisocyanate.

Examples of typical diisocyanates are aliphatic diisocyanates such as tetramethylene diisocya

nate, 1,5-pentamethylene diisocyanate, hexamethylene diisocyanate ( 1 ,6-diisocyanatohexane),

octamethylene diisocyanate, decamethylene diisocyanate, dodecamethylene diisocyanate,

tetradecamethylene diisocyanate, derivatives of lysine diisocyanate, trimethylhexane diisocya

nate or tetramethylhexane diisocyanate, and cycloaliphatic diisocyanates such as 1,4-, 1,3- or

1,2-diisocyanatocyclohexane, 4,4'- or 2,4'-di(isocyanatocyclohexyl)methane, 1-isocyanato-

3,3,5-trimethyl-5-(isocyanatomethyl)cyclohexane (isophorone diisocyanate), 1,3- or 1,4-bis(iso-

cyanatomethyl)cyclohexane or 2,4- or 2,6-diisocyanato-1-methylcyclohexane, and also 3 (or 4),

8 (or 9)-bis(isocyanatomethyl)tricyclo[5.2.1 .02 6]decane isomer mixtures.

Particular preference is given to hexamethylene diisocyanate, 1,3-bis(isocyanatomethyl)cyclo-

hexane, isophorone diisocyanate, and 4,4'- or 2,4'-di(isocyanatocyclohexyl)methane, very pa r

ticular preference to isophorone diisocyanate and 4,4'- or 2,4'-di(isocyanatocyclohexyl)methane;

isophorone diisocyanate is particularly preferred.

Isophorone diisocyanate is generally in the form of a mixture, specifically a mixture of the cis

and trans isomers, generally in a ratio of about 60:40 to 80:20 (w/w), preferably in a ratio of

about 70:30 to 75:25, and more preferably in a ratio of about 75:25.

Dicyclohexylmethane 4,4'-diisocyanate may likewise take the form of a mixture of the various

cis and trans isomers.

For the present invention it is possible to use not only those isocyanates which are obtained by

phosgenating the corresponding amines but also those which are prepared without using phos

gene, i.e., by phosgene-free processes. According to EP-A-0 126 299 (USP 4 596 678), EP-A-

126 300 (USP 4 596 679), and EP-A-355 443 (USP 5 087 739), for example, (cyclo)aliphatic

diisocyanates, such as 1,6-hexamethylene diisocyanate (HDI), for example, isomeric aliphatic

diisocyanates having 6 carbon atoms in the alkylene radical, 4,4'- or 2,4'-di(isocyanatocyclo-

hexyl)methane, and 1-isocyanato-3-isocyanatomethyl-3,5,5-trimethylcyclohexane (isophorone

diisocyanate or IPDI), can be prepared by reaction of (cyclo)aliphatic diamines with, for exam

ple, urea and alcohols to form (cyclo)aliphatic biscarbamic esters and the thermal cleavage of

said esters into the corresponding diisocyanates and alcohols. The synthesis takes place usual-



ly continuously in a circulation process and optionally in the presence of N-unsubstituted car-

bamic esters, dialkyl carbonates, and other secondary products recycled from the reaction pro

cess. Diisocyanates or polyisocyanates obtained in this way generally have a very low fraction,

or even an unmeasurable fraction, of chlorinated compounds, which leads to favorable color

numbers on the part of the products.

In one embodiment of the present invention the diisocyanates (a1) have a total hydrolyzable

chlorine content of less than 200 ppm, preferably of less than 120 ppm, more preferably of less

than 80 ppm, very preferably of less than 50 ppm, more particularly of less than 15 ppm, and

especially of less than 10 ppm. This can be measured, for example, by ASTM specification

D4663-98. It will be appreciated, however, that diisocyanates (a1) having a higher chlorine con

tent can also be used.

Component (a2) is at least one polyester having a molar mass Mn of 1000 to 4000 g/mol, syn-

thesized from the above-recited components (a21), (a22), and (a23).

The optional component (a21) is a diol having a molar weight below 250 g/mol.

Examples thereof are ethylene glycol, 1,2-propanediol, 1,3-propanediol, 1,1-dimethylethane-

1,2-diol, 2-butyl-2-ethyl-1 ,3-propanediol, 2-ethyl-1 ,3-propanediol, 2-methyl-1 ,3-propanediol, ne-

opentyl glycol, neopentyl glycol hydroxypivalate, 1,2-, 1,3- or 1,4-butanediol, 1,6-hexanediol,

1,10-decanediol, bis(4-hydroxycyclohexane)isopropylidene, tetramethylcyclobutanediol,

1,2-, 1,3- or 1,4-cyclohexanediol, cyclooctanediol, norbornanediol, pinanediol, decalindiol,

2-ethyl-1 ,3-hexanediol, 2-propyl-1 ,3-heptanediol, 2,4-diethyloctane-1 ,3-diol, hydroquinone, bi-

sphenol A , bisphenol F, bisphenol B, bisphenol S, 2,2-bis(4-hydroxycyclohexyl)propane,

1,1-, 1,2-, 1,3- and 1,4-cyclohexanedimethanol, and 1,2-, 1,3- or 1,4-cyclohexanediol.

Component (a21) accounts preferably for 0 to 15 mol% of the OH functional units, more prefer

ably 0 to 10 mol%, very preferably 0 mol%.

There is preferably no component (a21) present.

The at least one oligomeric or polymeric diol (a22) is at least one aliphatic polyesterdiol (a222)

having a molar mass Mn of up to 1000 g/mol and optional at least one polytetrahydrofurandiol

(a221) having a molar mass Mn of up to 1000 g/mol. The incorporation of a aliphatic polyester

diol (a222) has the effect of improving the high-temperature strength of the resulting coating.

The optional polytetrahydrofurandiol (a221) is a dihydroxy-functional polyether having the re

peating unit H-[-0-CH2-CH2-CH2-CH2-] k-OH, in which k is a positive integer leading to the aver-

age molar weight of the random polymer mixture. Values for k are usually between 2 and 8 ,

preferably between 3 and 7 , more preferably between 4 and 6 .

The polytetrahydrofurandiol (a221) generally has a number-average molecular weight Mn,



measured by gel permeation chromatography against polystyrene standard, in tetrahydrofuran

as solvent, of up to 1000 g/mol. The molecular weights in the present description are specified

in accordance with this method, unless indicated otherwise.

Suitable polytetrahydrofurans can be prepared, for example, by cationic polymerization of tetra

hydrofuran in the presence of acidic catalysts, such as sulfuric acid or fluorosulfuric acid, for

example. Preparation processes of this kind are known to the skilled worker. The polytetrahy

drofurans in question are preferably strictly linear polytetrahydrofurans.

Component (a222) is an aliphatic polyesterdiol having a number-average molecular weight Mn,

measured by gel permeation chromatography against polystyrene standard, of below

1000 g/mol, preferably below 800 and particularly preferably below 600 g/mol. It is formally an

adduct of an aliphatic dicarboxylic acid (HOOC-R a-COOH) or its derivative with an aliphatic diol

HO-R-OH, with the formula

HO-R-0-[-(CO)-R -(CO)-0-R-0-] n-H

in which

n is a positive integer, for which n = 1 to 10, preferably 1 to 8 , particularly preferably 2 to 5 , and

R and Ra each independently are a divalent aliphatic radical having at least one carbon atom,

preferably 2 to 20, more preferably 2 to 10, very preferably 3 to 6 carbon atoms.

In the case of Ra the radical Ra may also be a single bond.

Aliphatic radicals R and Ra are each independently for example linear or branched alkylene,

e.g., methylene, 1,2-ethylene, 1,2- or 1,3-propylene, 1,2-, 1,3- or 1,4-butylene, 1,1-dimethyl-1 ,2-

ethylene or 1,2-dimethyl-1 ,2-ethylene, 1,5-pentylene, 1,6-hexylene, 1,8-octylene,

1,10-decylene, or 1,12-dodecylene. Preference is given to 1,2-ethylene, 1,2- or 1,3-propylene,

1,4-butylene, 1,5-pentylene, and 1,6-hexylene, particular preference to 1,4-butylene and

1,6-hexylene.

Examples of aliphatic diols are ethylene glycol, 1,2-propanediol, 1,3-propanediol,

1,1-dimethylethane-1 ,2-diol, 2-butyl-2-ethyl-1 ,3-propanediol, 2-ethyl-1 ,3-propanediol, 2-methyl-

1.3-propanediol, neopentyl glycol, neopentyl glycol hydroxypivalate, 1,2-, 1,3- or 1,4-butanediol,

1,6-hexanediol, 1, 1 0-decanediol, 2-ethyl-1 ,3-hexanediol, 2-propyl-1 ,3-heptanediol, and

2.4-diethyloctane-1 ,3-diol.

Examples of aliphatic dicraboxylic acids are oxalic acid, malonic acid, succinic acid, glutaric

acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, undecane-a,oo-dicar-

boxylic acid, and dodecane-a,oo-dicarboxylic acid.

The aliphatic dicarboxylic acid can be used as the free acid or in the form of its derivatives.



By derivatives are meant preferably

the relevant anhydrides in monomeric or else polymeric form,

monoalkyl or dialkyl esters, preferably mono- or di-Ci-C 4 alkyl esters, more preferably

monomethyl or dimethyl esters or the corresponding monoethyl or diethyl esters,

additionally monovinyl and divinyl esters, and also

mixed esters, preferably mixed esters with different Ci-C 4 alkyl components, more prefer

ably mixed methyl ethyl esters.

C1-C4 alkyl in the context of this specification denotes methyl, ethyl, isopropyl, n-propyl, n-butyl,

isobutyl, sec-butyl, and tert-butyl, preferably methyl, ethyl, and n-butyl, more preferably methyl

and ethyl, and very preferably methyl.

Particular preference is given to aliphatic polyesters derived from a dicarboxylic acid selected

from the group consisting of adipic acid and succinic acid and an aliphatic diol selected from the

group consisting of 1,4-butanediol and 1,6-hexanediol.

Component (a23) is at least one dicarboxylic acid selected from the group consisting of

pounds of the formula (la)

and/or compounds of the formula (lb)

In these formulae

R2 is a single bond or a divalent alkylene radical containing 1 to 3 carbon atoms, and

R3 is hydrogen or an alkyl radical containing 1 to 10 carbon atoms.

Examples of R2 are a single bond, methylene, 1,2-ethylene, 1,3-propylene, and 1,2-propylene,

preferably a single bond, methylene or 1,2-ethylene, more preferably a single bond or meth

ylene, and very preferably a single bond.

Examples of R3 are hydrogen, methyl, ethyl, tert-butyl, n-hexyl, n-octyl, and n-decyl, preferably

hydrogen and methyl, more preferably hydrogen.

Examples of component (a23) are isophthalic acid, 1,3-cyclohexanedicarboxylic acid, 4-methyl-



1,3-cyclohexanedicarboxylic acid, and 1,3-phenylenediacetic acid; isophthalic acid and 1,3-cy-

clohexanedicarboxylic acid are preferred.

The dicarboxylic acid (a23) can be used as the free acid or in the form of its derivatives.

By derivatives are meant preferably

the relevant anhydrides in monomeric or else polymeric form,

monoalkyl o r dialkyl esters, preferably mono- or di-Ci-C 4 alkyl esters, more preferably

monomethyl or dimethyl esters or the corresponding monoethyl o r diethyl esters,

additionally monovinyl and divinyl esters, and also

mixed esters, preferably mixed esters with different Ci-C 4 alkyl components, more prefer¬

ably mixed methyl ethyl esters.

Ci-C 4 alkyl in the context of this specification denotes methyl, ethyl, isopropyl, n-propyl, n-butyl,

isobutyl, sec-butyl, and tert-butyl, preferably methyl, ethyl, and n-butyl, more preferably methyl

and ethyl, and very preferably methyl.

In minor amounts it is also possible optionally for other dicarboxylic acids to be used as compo-

nent (a24), examples being oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid,

pimelic acid, suberic acid, azelaic acid, sebacic acid, undecane-a,oo-dicarboxylic acid, dodec-

ane-a,oo-dicarboxylic acid, cis- and trans-cyclohexane-1 ,2-dicarboxylic acid, cis- and trans-

cyclohexane-1 ,3-dicarboxylic acid, cis- and trans-cyclohexane-1 ,4-dicarboxylic acid, cis- and

trans-cyclopentane-1 ,2-dicarboxylic acid, and cis- and trans-cyclopentane-1 ,3-dicarboxylic acid.

Component (a24) accounts in general for 0 to 15 mol% of the COOH-functional units, preferably

0 to 10 mol%, more preferably 0 mol%.

Component (a3) is at least one, one to three for example, one to two with preference, and more

preferably precisely one compound having precisely one isocyanate-reactive group and precise¬

ly one free-radically polymerizable group.

Possible isocyanate-reactive groups are, for example, -OH, -SH, -IMH2, and -NHR , where R is

hydrogen or a Ci-C 4 alkyl radical, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

sec-butyl or tert-butyl, for example. Isocyanate-reactive groups may with preference be -OH, -

NH2 or -NHR 1, more preferably -OH or -NH2, and very preferably -OH.

Components (a3) may for example be monoesters of α,β-unsaturated carboxylic acids, such as

acrylic acid, methacrylic acid, crotonic acid, itaconic acid, fumaric acid, maleic acid, acrylami-

doglycolic acid, methacrylamidoglycolic acid, or vinyl ethers, with diols which have preferably

2 to 20 C atoms and two hydroxyl groups. Examples of such diols are ethylene glycol, diethy-

lene glycol, triethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol, 1,1-dimethyl-1 ,2-

ethanediol, dipropylene glycol, triethylene glycol, tetraethylene glycol, pentaethylene glycol,



tripropylene glycol, 1,2-, 1,3- or 1,4-butanediol, 1,5-pentanediol, neopentyl glycol, 1,6-hexa-

nediol, 2-methyl-1 ,5-pentanediol, 2-ethyl-1 ,4-butanediol, 1,4-dimethylolcyclohexane, 2,2-bis(4-

hydroxycyclohexyl)propane, 2-ethyl-1 ,3-hexanediol, 2,4-diethyl-1 ,3-octanediol, 2,4-diethyl-1 ,5-

octanediol or 2-propyl-1 ,3-heptanediol.

Preference is given to the monoesters of acrylic acid or methacrylic acid with the diols listed.

Particular preference is given to using 2-hydroxyethyl (meth)acrylate, 2- or 3-hydroxypropyl

(meth)acrylate, 1,4-butanediol mono(meth)acrylate, neopentyl glycol mono(meth)acrylate,

1,5-pentanediol mono(meth)acrylate, 1,6-hexanediol mono(meth)acrylate, and 4-hydroxybutyl

vinyl ether.

Very particular preference is given to 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate,

2- or 3-hydroxypropyl acrylate, and 1,4-butanediol monoacrylate.

Particular preference is given to 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, and

2-hydroxypropyl acrylate, especially 2-hydroxyethyl acrylate.

Based on 100 mol% of NCO groups in (a1), the structure of the urethane (meth)acrylates (A) is

generally as follows:

(a2) 25 to 75 mol%, preferably 30 to 70, more preferably 40 to 60, very preferably 45 to 55,

and in particular 50 mol%, based on hydroxyl groups,

(a3) 25 to 75 mol%, preferably 30 to 70, more preferably 40 to 60, very preferably 45 to 55,

and in particular 50 mol%, based on isocyanate-reactive groups,

with the proviso that the sum always makes 100 mol%.

The compounds (A) preferably have a double-bond density of between 0.3 and 1.6 mol/kg.

As a result of the stated choice of the synthesis components of the urethane (meth)acrylates

(A) , the melting point of the urethane (meth)acrylates (A) in combination with the reactive diluent

(B) is less than 25°C, preferably less than 0°C.

The urethane (meth)acrylate (A) is generally prepared by mixing the components in any order,

optionally at elevated temperature.

Preferably in this case the diisocyanate (a1) is introduced as an initial charge, optionally in a

solvent, and the polyesterdiol (a2) is added to this initial charge, preferably in two or more steps.

When all or predominantly all of the isocyanate-reactive groups in (a2) have been consumed by

reaction, meaning at least 60%, preferably at least 75%, more preferably at least 85%, very

preferably at least 90%, and in particular at least 95%, finally, compound (a3) is added and the

reaction is taken to completion, to the point where the reaction mixture no longer contains sub-



stantially any free NCO groups. This means that the NCO content of the reaction mixture is be

low 1%, preferably below 0.75%, more preferably below 0.5%, very preferably below 0.25%,

and more particularly below 0.1 %, by weight.

In one preferred embodiment, the polyesterdiol (a2) is introduced in solution in component (B)

and/or (C), preferably in (B), and so this component functions as solvent for the preparation of

the urethane (meth)acrylate (A).

It is also possible, though less preferred, to add all of the components having isocyanate-

reactive groups to the compound (a1 ) .

In general the reaction is conducted at temperatures between 5 and 100°C, preferably between

20 to 90°C, and more preferably between 40 and 80°C, and in particular between 60 and 80°C.

During the preparation of the urethane (meth)acrylate it is preferred to operate under anhydrous

conditions.

Anhydrous here means that the water content of the reaction system is not more than 5%, pref

erably not more than 3%, and with particular preference not more than 1%, very preferably not

more than 0.75%, and in particular not more than 0.5%, by weight.

The reaction is preferably conducted in the presence of at least one oxygen-containing gas,

e.g., air or air/nitrogen mixtures, or mixtures of oxygen or of an oxygen-containing gas with a

gas which is inert under the reaction conditions, these mixtures having an oxygen content of

less than 15%, preferably less than 12%, more preferably less than 10%, very preferably less

than 8%, and in particular less than 6%, by volume.

To stabilize the free-radically polymerizable compounds it is preferred to add 0.001 % to 2% by

weight, more particularly 0.005% to 1.0% by weight, of polymerization inhibitors to the reaction.

These are the typical compounds suitable for hindering free-radical polymerization, examples

being hydroquinones or hydroquinone monoalkyl ethers, 2,6-di-tert-butylphenols, such as

2,6-di-tert-butylcresol, nitrosamines, phenothiazines or phosphorous esters.

The reaction can also be conducted in the presence of an inert solvent, acetone, isobutyl methyl

ketone, toluene, xylene, butyl acetate, methoxypropyl acetate or ethoxyethyl acetate for exam

ple. Preferably, though, the reaction is conducted in the absence of a solvent or in the presence

of the compound (B) as solvent.

The reaction may take place thermally or with catalysis. Typical catalysts for a reaction of this

kind are organozinc compounds, such as zinc acetylacetonate or zinc 2-ethylcaproate, or a

tetraalkylammonium compound, such as N,N,N-trimethyl-N-2-hydroxypropylammonium hydrox

ide or such as N,N,N-trimethyl-N-2-hydroxypropylammonium 2-ethylhexanoate, or organotin

compounds, such as dibutyltin dilaurate.



The monoethylenically unsaturated reactive diluent (B) can be a compound (B1), comprising at

least one cycloaliphatic group, or a compound (B2), comprising at least one heterocyclic group.

Compounds (B1) are esters of (meth)acrylic acid with cycloalkanols or bicycloalkanols, the cy-

cloalkanol or bicycloalkanol having from 3 to 20 carbon atoms, preferably 5 to 10 carbon atoms,

and being optionally substitutable by Ci to C4 alkyl.

Examples of cycloalkanol and bicycloalkanol are cyclopentanol, cyclohexanol, cyclooctanol,

cyclododecanol, 4-methylcyclohexanol, 4-isopropylcyclohexanol, 4-tert-butylcyclohexanol (pref

erably cis-configured), dihydrodicyclopentadienyl alcohol, isoborneol, and norbornyl alcohol.

Preference is given to isoborneol, cyclohexanol, and 4-tert-butylcyclohexanol.

As component (B2) it is possible in principle to use all monofunctional esters of α,β-ethylenically

unsaturated carboxylic acids with a monofunctional alkanol which has as a structural element at

least one saturated 5- or 6-membered heterocycle having one or two oxygen atoms in the ring.

Preferably component (B) derives from acrylic acid or methacrylic acid. Examples of suitable

compounds of component (B2) comprise compounds of the general formula (I)

R4 O

CH = C C O (CH ) . Y
2 2 k (I)

in which

R4 is selected from H and CH3 and more particularly is H,

k is a number from 0 to 4 and more particularly 0 or 1, and

Y is a 5- or 6-membered saturated heterocycle having one or two oxygen atoms, the hetero

cycle being optionally substituted by Ci-C4 alkyl, e.g., methyl, ethyl, n-propyl, isopropyl,

n-butyl, 2-butyl, isobutyl or tert-butyl.

Preferably the 5- or 6-membered saturated heterocycle derives from tetrahydrofuran, tetrahy-

dropyran, 1,3-dioxolane or 1,3- or 1,4-dioxane.

Component (B2) is selected with particular preference from trimethylolpropane monoformal

acrylate, glycerol monoformal acrylate, 4-tetrahydropyranyl acrylate, isobornyl acrylate, 2-tetra-

hydropyranylmethyl acrylate, tetrahydrofurfuryl acrylate, and mixtures thereof. As component

(B2) it is very particularly preferred to use trimethylolpropane monoformal acrylate or isobornyl

acrylate.

Furthermore it is possible as a further constituent (C) to use another polyfunctional polymeriza-

ble compound different from compounds (A) or (B).



Polyfunctional polymerizable compounds are those having more than one, preferably having at

least two, more preferably having exactly two, free-radically polymerizable group(s).

Polyfunctional polymerizable compounds are preferably polyfunctional (meth)acrylates which

carry more than 1, preferably 2-10, more preferably 2-6, very preferably 2-4, and more particu

larly 2-3 (meth)acrylate groups, preferably acrylate groups.

These may be, for example, esters of (meth)acrylic acid with polyalcohols having a correspond

ing functionality of at least two.

Polyalcohols of this kind are suitably, for example, at least dihydric polyols, polyetherols or pol-

yesterols, or polyacrylate polyols, having an average OH functionality of at least 2 , preferably 3

to 10.

Examples of polyfunctional polymerizable compounds are ethylene glycol diacrylate, 1,2-pro-

panediol diacrylate, 1,3-propanediol diacrylate, 1,4-butanediol diacrylate, 1,3-butanediol diacry

late, 1,5-pentanediol diacrylate, 1,6-hexanediol diacrylate, 1,8-octanediol diacrylate, neopentyl

glycol diacrylate, 1,1-, 1,2-, 1,3-, and 1,4-cyclohexanedimethanol diacrylate, 1,2-, 1,3- or 1,4-cy-

clohexanediol diacrylate, trimethylolpropane triacrylate, ditrimethylolpropane pentaacrylate or

hexaacrylate, pentaerythritol triacrylate or tetraacrylate, glycerol diacrylate or triacrylate, and

also diacrylates and polyacrylates of sugar alcohols, such as of sorbitol, mannitol, diglycerol,

threitol, erythritol, adonitol (ribitol), arabitol (lyxitol), xylitol, dulcitol (galactitol), maltitol or isomalt,

for example, or of polyesterpolyols, polyetherols, poly-1 ,3-propanediol having a molar mass

between 134 and 1178, polyethylene glycol having a molar mass between 106 and 898, and

also epoxy (meth)acrylates, urethane (meth)acrylates or polycarbonate (meth)acrylates.

Further examples are (meth)acrylates of compounds of the formulae ( Ila) to (lid),

(Ila) (lib) (lie)

(lid)

in which



R5 and R6 independently of one another are hydrogen or are C1-C18 alkyl optionally substituted

by aryl, alkyl, aryloxy, alkyloxy, heteroatoms and/or heterocycles,

u , v, w, and x independently of one another are each an integer from 1 to 10, preferably 1 to 5 ,

and more preferably 1 to 3 , and

each Xi, for i = 1 to u , 1 to v, 1 to w, and 1 to x , may be selected independently of the others

from the group -CH2-CH2-O-, -CH2-CH(CH 3)-0-, -CH(CH 3)-CH2-0-, -CH2-C(CH 3)2-0-, -C(CH3)2-

CH2-O-, -CH2-CHVin-0-, -CHVin-CH 2-0-, -CH2-CHPh-0-, and -CHPh-CH 2-0-, preferably from

the group -CH2-CH2-0-, -CH2-CH(CH 3)-0-, and -CH(CH 3)-CH2-0-, and more preferably -CH2-

in which Ph is phenyl and Vin is vinyl.

In these definitions, C1-C18 alkyl optionally substituted by aryl, alkyl, aryloxy, alkyloxy, heteroa

toms and/or heterocycles is for example methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-

butyl, pentyl, hexyl, heptyl, octyl, 2-ethylhexyl, 2,4,4-trimethylpentyl, decyl, dodecyl, tetradecyl,

hexadecyl, octadecyl, 1,1-dimethylpropyl, 1,1-dimethylbutyl, 1, 1 ,3,3-tetramethylbutyl, preferably

methyl, ethyl or n-propyl, very preferably methyl or ethyl.

The (meth)acrylates in question are preferably (meth)acrylates of singly to vigintuply and with

particular preference triply to decuply ethoxylated, propoxylated or mixedly ethoxylated and

propoxylated, and more particularly exclusively ethoxylated, neopentyl glycol, trimethylolpro

pane, trimethylolethane or pentaerythritol.

Preferred polyfunctional polymerizable compounds are ethylene glycol diacrylate,

1,2-propanediol diacrylate, 1,3-propanediol diacrylate, 1,4-butanediol diacrylate, 1,6-hexanediol

diacrylate, trimethylolpropane triacrylate, pentaerythritol tetraacrylate, polyesterpolyol acrylates,

polyetherol acrylates, and triacrylate of singly to vigintuply alkoxylated, more preferably ethox-

ylated, trimethylolpropane.

Very particularly preferred polyfunctional polymerizable compounds are 1,4-butanediol diacry

late, 1,6-hexanediol diacrylate, trimethylolpropane triacrylate, pentaerythritol tetraacrylate, and

triacrylate of singly to vigintuply ethoxylated trimethylolpropane.

In one preferred embodiment of the present invention the compound (C) is at least one, prefer

ably exactly one, urethane (meth)acrylate, more preferably a difunctional urethane (meth)acry-

late having a weight-average molar weight Mw of below 1000 g/mol, preferably below 750, and

more preferably below 500 g/mol.

These urethane (meth)acrylates are preferably reaction product of a (cyclo)aliphatic diisocy-

anate with at least one, preferably exactly one, compound having exactly one isocyanate-

reactive group and exactly one free-radically polymerizable group.



Suitable (cyclo)aliphatic diisocyanates include the diisocyanates referred to above, preference

being given to hexamethylene diisocyanate, 1,3-bis(isocyanatomethyl)cyclohexane, isophorone

diisocyanate, and 4,4'- or 2,4'-di(isocyanatocyclohexyl)methane, particular preference to iso

phorone diisocyanate and 4,4'- or 2,4'-di(isocyanatocyclohexyl)methane, and very particular

preference to isophorone diisocyanate.

In one preferred embodiment, the (cyclo)aliphatic diisocyanate used in (C) is the same diisocy

anate as in the urethane (meth)acrylate (A), in other words the same as compound (a1).

Examples of suitable compounds having exactly one isocyanate-reactive group and exactly one

free-radically polymerizable group include, for example, the compounds recited above as com

pounds (a3), preferably 2-hydroxyethyl (meth)acrylate, 2- or 3-hydroxypropyl (meth)acrylate,

1,4-butanediol mono(meth)acrylate, neopentyl glycol mono(meth)acrylate, 1,5-pentanediol

mono(meth)acrylate, and 1,6-hexanediol mono(meth)acrylate, more preferably 2-hydroxyethyl

acrylate, 2-hydroxyethyl methacrylate, and 2-hydroxypropyl methacrylate, and very preferably

2-hydroxyethyl acrylate.

In one preferred embodiment, the compound used in (C) as a compound having exactly one

isocyanate-reactive group and exactly one free-radically polymerizable group is the same com

pound as used for the urethane (meth)acrylate (A), in other words the same compound as (a3).

If a compound (C) is present in the mixtures, a preferred preparation of such mixtures involves

first preparing the urethane (meth)acrylate (A) as described above, but reacting the polyesterdi-

ol (a2) with a stoichiometric excess of diisocyanate (a1). When the isocyanate-reactive groups

in (a2) have been predominantly or entirely consumed by reaction, i.e., to an extent of at least

60%, preferably at least 75%, more preferably at least 85%, very preferably at least 90%, and

more particularly at least 95%, the compound (a3) is added, lastly, and the reaction is complet

ed until the reaction mixture no longer contains substantially any free NCO groups.

The excess of diisocyanate (a1) here is such that it corresponds to the desired amount of (C) in

the coating compositions (see below).

It is of course also possible, however, to prepare the compounds (A) and (C) separately from

one another and then to mix them with one another in the desired proportion.

In one preferred embodiment it can be sensible to add at least one compound (C1) having at

least one acidic group and at least one free-radically polymerizable group instead of or in addi

tion to the polyfunctional polymerizable compound (C).

The acidic group may preferably be a carboxyl, sulfonic acid, phosphonic acid or phosphoric

acid group, more preferably a carboxyl or phosphonic acid group.

This may also be taken to include groups from which acidic groups can form, examples being

anhydride groups.



The compounds (C1) have for example one to three, preferably one to two, and more preferably

precisely one acidic group.

The compounds (C1) have for example one to three, preferably one to two, and more preferably

precisely one free-radically polymerizable group.

Examples of compounds (C1) are acrylic acid, methacrylic acid, ethacrylic acid, ochloroacrylic

acid, crotonic acid, maleic acid, maleic anhydride, vinylsulfonic acid, vinylphosphonic acid, fu-

maric acid, itaconic acid, citraconic acid, mesaconic acid, glutaconic acid, aconitic acid, allyl-

sulfonic acid, sulfoethyl acrylate, sulfomethacrylate, sulfopropyl acrylate, sulfopropyl methacry-

late, 2-hydroxy-3-acryloyloxypropylsulfonic acid, 2-hydroxy-3-methacryloyloxypropylsulfonic

acid, allylphosphonic acid, styrenesulfonic acid, 2-acrylamido-2-methylpropanesulfonic acid,

2-acrylamido-2-methylpropanephosphonic acid, and also their amides, hydroxyalkyi esters, and

esters and amides containing amino groups or ammonium groups. Preferred compounds (C1)

are acrylic acid, methacrylic acid, maleic anhydride, vinylsulfonic acid, and vinylphosphonic ac

id; acrylic acid, methacrylic acid, and vinylphosphonic acid are particularly preferred.

The compounds (C1) generally have the effect of improved adhesion to the substrates, more

particularly to metallic substrates.

The composition of the coating compositions of the invention is generally as follows:

(A) 20% to 90%, preferably 30% to 80%, and more particularly 40% to 70%, by weight

(B) 10% to 80%, preferably 20% to 60%, and more particularly 30% to 50%, by weight

(C) 0% to 50% and preferably 0% to 40%, more preferably 1% to 20%, very preferably 2% to

15%, by weight

(C1) 0% to 10%, preferably 0.1 % to 6%, more preferably 0.5% to 4%, by weight,

with the proviso that the sum always amounts to 100% by weight.

Based on the sum of the compounds (A), (B), and (C), furthermore, the coating compositions of

the invention may further comprise 0% to 10% by weight of at least one photoinitiator (D).

Photoinitiators (D) may for example be photoinitiators known to the skilled worker, examples

being those specified in "Advances in Polymer Science", Volume 14, Springer Berlin 1974 or in

K. K. Dietliker, Chemistry and Technology of UV and EB Formulation for Coatings, Inks and

Paints, Volume 3 ; Photoinitiators for Free Radical and Cationic Polymerization, P. K. T. Oldring

(Eds), SITA Technology Ltd, London.

Photoinitiators contemplated are those of the kind described in WO 2006/005491 A 1, page 2 1,



line 18 to page 22, line 2 (corresponding to US 2006/0009589 A 1, paragraph [0150]), which is

hereby incorporated by reference as part of the present disclosure.

Also suitable are nonyellowing or low-yellowing photoinitiators of the phenylglyoxalic ester type,

as described in DE-A 198 26 7 12 , DE-A 199 13 353 or WO 98/33761 .

Preferred among these photoinitiators are 2,4,6-trimethylbenzoyldiphenylphosphine oxide, ethyl

2,4,6-trimethylbenzoylphenylphosphinate, bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide,

benzophenone, 1-benzoylcyclohexan-1-ol, 2-hydroxy-2,2-dimethylacetophenone, and 2,2-

dimethoxy-2-phenylacetophenone.

Furthermore, based on the sum of the compounds (A), (B), and (C), the coating compositions of

the invention may further comprise 0% to 10% by weight of at least one UV stabilizer (E).

Suitable stabilizers (E) comprise typical UV absorbers such as oxanilides, triazines, and ben-

zotriazole (the latter available as Tinuvin® products from Ciba-Spezialitaten-chemie), and ben-

zophenones.

They can be used alone or together with, based on the sum of the compounds (A), (B), and (C),

0% to 5% by weight of suitable free-radical scavengers (F), additionally, examples being steri-

cally hindered amines such as 2,2,6,6-tetramethylpiperidine, 2,6-di-tert-butylpiperidine or deriva

tives thereof, e.g., bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate.

Furthermore, based on the sum of the compounds (A), (B), and (C), the coating compositions of

the invention may further comprise 0% to 10% by weight of further, typical coatings additives

(G).

Examples of further typical coatings additives (G) that can be used include antioxidants, activa

tors (accelerants), fillers, pigments, dyes, antistats, flame retardants, thickeners, thixotropic

agents, surface-active agents, viscosity modifiers, plasticizers or chelating agents.

In addition it is possible to add one or more thermally activable initiators, for example, potassi

um peroxodisulfate, dibenzoyl peroxide, cyclohexanone peroxide, di-tert-butyl peroxide, azobi-

sisobutyronitrile, cyclohexylsulfonyl acetyl peroxide, diisopropyl percarbonate, tert-butyl peroc-

toate or benzpinacol, and also, for example, those thermally activable initiators which have a

half-life at 80°C of more than 100 hours, such as di-tert-butyl peroxide, cumene hydroperoxide,

dicumyl peroxide, tert-butyl perbenzoate, silylated pinacols, available commercially, for exam

ple, under the trade name ADDID 600 from Wacker, or hydroxyl-containing amine N-oxides,

such as 2,2,6,6-tetramethylpiperidine-N-oxyl, 4-hydroxy-2,2,6,6-tetramethylpiperidine-N-oxyl,

etc.

Further examples of suitable initiators are described in "Polymer Handbook", 2nd ed., Wiley &

Sons, New York.



Suitable thickeners, besides free-radically (co)polymerized (co)polymers, include typical organic

and inorganic thickeners such as hydroxymethylcellulose or bentonite.

Chelating agents which can be used include, for example, ethylenediamineacetic acid and the

salts thereof, and also β-diketones.

Suitable filers comprise silicates, examples being silicates obtainable by hydrolysis of silicon

tetrachloride, such as Aerosil® from Degussa, siliceous earth, talc, aluminum silicates, magne

sium silicates, calcium carbonates, etc.

The coating compositions of the invention are suitable as molding compounds, as for example

in films or tubes which may optionally be reinforced with fibers or for coating substrates such as

wood, paper, textile, leather, nonwoven, plastics surfaces, glass, ceramic, mineral building ma

terials, such as molded cement bricks and fiber cement slabs, or coated or uncoated metals,

preferably plastics or metals, more particularly in the form of films or foils, and with particular

preference metals.

The coating materials can be employed in particular in primers, surfacers, pigmented topcoat

materials and clearcoat materials in the field of automotive refinish or large-vehicle finishing,

and aircraft. Coating materials of this kind are particularly suitable for applications requiring pa r

ticularly high levels of application reliability, external weathering resistance, hardness, and f lex i

bility, such as in automotive refinish and large-vehicle finishing.

The coating compositions of the invention are especially employed as or in automotive clearcoat

and topcoat material(s). Further preferred fields of use are can coating and coil coating.

Coil coating is the continuous coating of metal strips with coating materials, usually liquid coat

ing materials. Rolled metal strips, after production, are wound up into rolls (referred to as "coils")

for the purposes of storage and transport. These metal strips represent the starting material for

the majority of sheetlike metallic workpieces, examples being automobile parts, bodywork parts,

instrument paneling, exterior architectural paneling, ceiling paneling or window profiles, for ex

ample. For this purpose the appropriate metal sheets are shaped by means of appropriate

techniques such as punching, drilling, folding, profiling and/or deep drawing. Larger compo

nents, such as automobile bodywork parts, for example, are optionally assembled by welding

together a number of individual parts.

For the coating operation, metal strips with a thickness of 0.2 to 2 mm and a width of up to 2 m

are transported at a speed of up to 200 m/min through a coil coating line, and are coated in the

process. For this purpose it is possible to use, for example, cold-rolled strips of soft steels or

construction-grade steels, electrolytically galvanized thin sheet, hot-dip-galvanized steel strip, or

strips of aluminum or aluminum alloys. Typical lines comprise a feed station, a coil store, a

cleaning and pretreatment zone, a first coating station along with baking oven and downstream

cooling zone, a second coating station with oven, laminating station, and cooling, and also a coil



store and winder.

Characteristic of coil coatings are thin films of the coating compositions, with a dry film thickness

of usually well below 80 µ η , often below 60 µ η , below 50 µ η , and even below 40 µ η . Further-

more, the metal sheets are processed with a high throughput, which necessitates short res i

dence times, i.e., necessitates drying at an elevated temperature following application of the

coating, in order that the coating composition soon acquires load-bearing qualities.

Coating of the substrates with the coating compositions of the invention takes place in accord-

ance with typical processes known to the skilled worker, a coating composition of the invention

or a paint formulation comprising it being applied in the desired thickness to the target substrate

and optionally dried. This operation may if desired be repeated one or more times. Application

to the substrate may take place in a known way, as for example by spraying, troweling, knife-

coating, brushing, rolling, roller coating, pouring, laminating, injection backmolding or coextrud-

ing. The coating material may also be applied electrostatically in the form of powder (powder

coating materials). The coating thickness is situated generally in a range from about 3 to

1000 g/m2 and preferably 10 to 200 g/m2.

Further disclosed is a method of coating substrates which involves applying to the substrate a

coating composition of the invention or a paint formulation comprising it, optionally admixed with

further, typical coatings additives and thermally, chemically or radiation-curable resins, optional

ly drying the applied coating, curing it with electron beams or UV exposure under an oxygen-

containing atmosphere or, preferably, under inert gas, and optionally subjecting it to thermal

treatment at temperatures up to the level of the drying temperature, and thereafter at tempera-

tures up to 160°C, preferably between 60 and 160°C, more preferably between 100 and 160°C.

Radiation curing takes place with high-energy light, UV light for example, or electron beams.

Radiation curing may take place at relatively high temperatures. Preference is given in that case

to a temperature above the Tg of the radiation-curable binder.

Radiation curing here means the free-radical polymerization of polymerizable compounds as a

result of electromagnetic and/or particulate radiation, preferably UV light in the wavelength

range of λ=200 to 700 nm and/or electron radiation in the range from 150 to 300 keV, and more

preferably with a radiation dose of at least 80, preferably 80 to 3000 mJ/cm 2.

Besides radiation curing there may also be further curing mechanisms involved, examples being

thermal curing, moisture curing, chemical curing and/or oxidative curing, preferably thermal and

radiation curing, and more preferably radiation curing alone.

The coating materials may be applied one or more times by any of a very wide variety of spray

ing methods, such as compressed-air, airless or electrostatic spraying methods, using one- or

two-component spraying units, or else by injecting, troweling, knifecoating, brushing, rolling,

roller coating, pouring, laminating, injection backmolding or coextruding.



The coating thickness is generally in a range from about 3 to 1000 g/m2 and preferably 10 to

200 g/m2.

Drying and curing of the coatings take place generally under standard temperature conditions,

i.e., without the coating being heated. Alternatively the mixtures of the invention can be used to

produce coatings which, following application, are dried and cured at an elevated temperature,

e.g., at 40-250°C, preferably 40-1 50°C, and more particularly at 40 to 100°C. This is limited by

the thermal stability of the substrate.

Additionally disclosed is a method of coating substrates which involves applying the coating

composition of the invention or paint formulations comprising it, optionally admixed with thermal

ly curable resins, to the substrate, drying it, and then curing it with electron beams or UV expo

sure under an oxygen-containing atmosphere or, preferably, under inert gas, optionally at tem

peratures up to the level of the drying temperature.

The method of coating substrates can also be practiced by irradiating the applied coating com

position of the invention, or paint formulations, first with electron beams or UV exposure, under

oxygen or, preferably, under inert gas, in order to obtain preliminary curing, then carrying out

thermal treatment at temperatures up to 160°C, preferably between 60 and 160°C, and subse

quently completely curing with electron beams or UV exposure under oxygen or, preferably,

under inert gas.

If a plurality of layers of the coating material are applied one on top of another, drying and/or

radiation curing may optionally take place after each coating operation.

Examples of suitable radiation sources for the radiation cure are low-pressure, medium-

pressure, and high-pressure mercury lamps, and also fluorescent tubes, pulsed lamps, metal

halide lamps, electronic flash devices, which allow radiation curing without a photoinitiator, or

excimer lamps. The radiation cure is accomplished by exposure to high-energy radiation, i.e.,

UV radiation or daylight, preferably light emitted in the wavelength range of λ=200 to 700 nm,

more preferably λ=200 to 500 nm, and very preferably λ=250 to 400 nm, or by irradiation with

high-energy electrons (electron radiation; 150 to 300 keV). Examples of radiation sources used

include high-pressure mercury vapor lamps, lasers, pulsed lamps (flash light), halogen lamps or

excimer lamps. The radiation dose typically sufficient for crosslinking in the case of UV curing is

situated in the range from 80 to 3000 mJ/cm2.

It will be appreciated that it is also possible to use two or more radiation sources for the cure,

two to four for example.

These sources may also each emit in different wavelength ranges.

Drying and/or thermal treatment may also take place, in addition to or instead of the thermal

treatment, by means of NIR radiation, which here refers to electromagnetic radiation in the

wavelength range from 760 nm to 2.5 µ η , preferably from 900 to 1500 nm.



Irradiation can optionally also be carried out in the absence of oxygen, such as under an inert

gas atmosphere. Suitable inert gases are preferably nitrogen, noble gases, carbon dioxide, or

combustion gases. Furthermore, irradiation may take place with the coating composition being

covered with transparent media. Examples of transparent media are polymeric films, glass or

liquids, water for example. Particular preference is given to irradiation in the manner described

in DE-A1 199 57 900.

It is an advantage of the present invention that, with the coating compositions of the invention,

coatings are obtained which combine a high level of hardness with very good flexibility.

The examples below are intended to illustrate the present invention, but to do so without limiting

it.

The % and ppm figures reported in this specification are % by weight and ppm by weight, un

less indicated otherwise.

Examples

Comparative Example 1: (Example 1 from WO 2010/121978)

Preparation of a polyesterdiol from polycaprolactone (molar weight about 400 g/mol) and

isophthalic acid

200 parts of a polycaprolactone (CAPA® 2043 from Perstorp) and 69 parts of isophthalic acid

were charged to a stirred tank and heated to 120°C, with bubbles of nitrogen being introduced.

Following the nitrogen inertization, 0.01 3 part of titanium tetrabutoxide was added and the batch

was heated to 185°C. The temperature was maintained at 185°C with introduction of nitrogen

until the isophthalic acid had completely dissolved. Then reduced pressure was applied and

esterification was carried out at 185°C until the OH number had reached the range from 34 to

38 mg KOH/g. Then the batch was let down to atmospheric pressure with nitrogen, cooled to

120°C, and discharged. GPC analysis indicated a molecular weight of about 3000 g/mol.

Preparation of a urethane acrylate based on a polyesterdiol with a molecular weight of about

3000 g/mol, comprising polycaprolactone units

168 parts of the polyesterdiol containing polycaprolactone units (about 3000 g/mol), 0.2 part of

hydroquinone monomethyl ether, 0.25 part of 2,6-di-tert-butylcresol and 88 parts of 4-tert-

butylcyclohexyl acrylate, and also 0.03 part of dibutyltin dilaurate, were heated to 60°C. Then

over the course of 15 minutes, 25 parts of isophorone diisocyanate were added and the batch

was left to react at 80-85°C for 7 hours, after which, over the course of 5 minutes, 13 parts of

hydroxyethyl acrylate were added dropwise and reaction was allowed to continue at the stated

temperature for a further 4 hours. After that, the NCO value had dropped to 0 .

The cooled product had a viscosity at room temperature of 123 Pas, measured with an Ep-



precht cone/plate viscometer (cone D).

Example 1:

Preparation of a polyesterdiol from the components 1,4-butanediol, adipic acid and isophthalic

acid.

200 parts of an aliphatic polyesterdiol (poly butyleneglykol adipate) with a molecular weight of

about 1000 g/mol (obtained from Aldrich) and 30 parts of isophthalic acid were charged to a

stirred tank and heated to 120°C, with bubbles of nitrogen being introduced. Following the nitro

gen inertization, 0.013 part of titanium tetrabutoxide was added and the batch was heated to

185°C. The temperature was maintained at 185°C with introduction of nitrogen until the

isophthalic acid had completely dissolved. Then reduced pressure was applied and esterif ica

tion was carried out at 185°C until the OH number had reached 38 mg KOH/g. Then the batch

was let down to atmospheric pressure with nitrogen, cooled to 120°C, and discharged. GPC

analysis indicated a molecular weight of about 3000 g/mol.

Preparation of a urethane acrylate based on the polyesterdiol

566 parts of the polyesterdiol thus obtained (Mn about 3000 g/mol), 0.2 part of hydroquinone

monomethyl ether, 0.35 part of 2,6-di-tert-butylcresol and 303 parts of 4-tert-butylcyclohexyl

acrylate, and also 0.07 part of dibutyltin dilaurate, were heated to 60°C. Then over the course of

15 minutes, 90 parts of isophorone diisocyanate were added and the batch was left to react at

80-85°C for 7 hours, after which, over the course of 5 minutes, 49 parts of hydroxyethyl acrylate

were added dropwise and reaction was allowed to continue at the stated temperature for a f ur

ther 4 hours. After that, the NCO value had dropped to less than 0.1 %.

The cooled product had a viscosity at room temperature of 200 Pas, measured with an Ep-

precht cone/plate viscometer (cone D).

Example 2 :

Preparation of a polyesterdiol from the components 1,4-butanediol, adipic acid and isophthalic

acid.

200 parts of an aliphatic polyesterdiol (poly butyleneglykol adipate) with a molecular weight of

about 400 g/mol and 69 parts of isophthalic acid were charged to a stirred tank and heated to

120°C, with bubbles of nitrogen being introduced. Following the nitrogen inertization, 0.013 part

of titanium tetrabutoxide was added and the batch was heated to 185°C. The temperature was

maintained at 185°C with introduction of nitrogen until the isophthalic acid had completely dis-

solved. Then reduced pressure was applied and esterification was carried out at 185°C until the

OH number had reached 36 mg KOH/g. Then the batch was let down to atmospheric pressure

with nitrogen, cooled to 120°C, and discharged. GPC analysis indicated a molecular weight of

about 3000 g/mol.



Preparation of a urethane acrylate based on the polyesterdiol

668 parts of the polyesterdiol thus obtained (Mn about 3000 g/mol), 0.4 part of hydroquinone

monomethyl ether, 0.82 part of 2,6-di-tert-butylcresol and 353 parts of 4-tert-butylcyclohexyl

acrylate, and also 0.08 part of dibutyltin dilaurate, were heated to 60°C. Then over the course of

15 minutes, 100 parts of isophorone diisocyanate were added and the batch was left to react at

80-85°C for 7 hours, after which, over the course of 5 minutes, 55 parts of hydroxyethyl acrylate

were added dropwise and reaction was allowed to continue at the stated temperature for a fu r

ther 4 hours. After that, the NCO value had dropped to less than 0.1 %.

The cooled product had a viscosity at room temperature of 156 Pas, measured with an Ep-

precht cone/plate viscometer (cone D).

Example 3 :

Preparation of a polyesterdiol from the components 1,6-hexanediol, adipic acid and isophthalic

acid.

1000 parts of an aliphatic polyesterdiol (poly hexamethyleneglykol adipate) with a molecular

weight of about 400 g/mol and 350 parts of isophthalic acid were charged to a stirred tank and

heated to 120°C, with bubbles of nitrogen being introduced. Following the nitrogen inertization,

0.07 part of titanium tetrabutoxide was added and the batch was heated to 185°C. The tempera

ture was maintained at 185°C with introduction of nitrogen until the isophthalic acid had com

pletely dissolved. Then reduced pressure was applied and esterification was carried out at

185°C until the OH number had reached 38 mg KOH/g. Then the batch was let down to atmos-

pheric pressure with nitrogen, cooled to 120°C, and discharged. GPC analysis indicated a mo

lecular weight of about 3000 g/mol.

Preparation of a urethane acrylate based on the polyesterdiol

638 parts of the polyesterdiol thus obtained (Mn about 3000 g/mol), 0.4 part of hydroquinone

monomethyl ether, 0.8 part of 2,6-di-tert-butylcresol and 340 parts of 4-tert-butylcyclohexyl acry

late, and also 0.08 part of dibutyltin dilaurate, were heated to 60°C. Then over the course of 15

minutes, 100 parts of isophorone diisocyanate were added and the batch was left to react at

80-85°C for 7 hours, after which, over the course of 5 minutes, 55 parts of hydroxyethyl acrylate

were added dropwise and reaction was allowed to continue at the stated temperature for a f ur

ther 4 hours. After that, the NCO value had dropped to less than 0.1 %.

The cooled product had a viscosity at room temperature of more than 500 Pas, measured with

an Epprecht cone/plate viscometer (cone D).

Preparation of varnishes from the resins of examples

The resins prepared in accordance with the examples were each blended with 4 parts of the

photoinitiator 2-hydroxy-2-methyl-1-phenylpropan-1-one (Darocure® 1173, Ciba Spezialitaten-



chemie, now BASF) and the resultant varnish formulations were applied to glass plates using a

120 µ η box-type coating bar, and were exposed in an IST-UV belt unit at 1350 mJ/cm 2 in each

case.

The exposed films were then removed from the glass plate and subjected to a tension-

extension test. This resulted in the elongations-at-break shown in table 1, measured with a ten

sion speed of 1 mm/min. The tensile-at-break is the tensile strength (force/area) when the sam

ple breaks.



Claims

1. A radiation-curable coating composition comprising

at least one urethane (meth)acrylate (A) having a molar mass Mn of 1000 to 5000 g/mol

and two ethylenically unsaturated double bonds per molecule, comprising as synthesis

component

(a1 ) at least one diisocyanate,

(a2) at least one polyesterdiol synthesized from

(a21 ) optionally a diol having a molar weight below 250 g/mol,

(a22) at least one oligomeric or polymeric diol being

(a221) optional a polytetrahydrofurandiol with a molar mass Mn of up to 1000 g/mol and

(a222) at least one polyesterdiol synthesized from aliphatic dicarboxylic acids or their

derivatives and aliphatic diols with a molar mass Mn of up to 1000 g/mol,

(a23) at least one dicarboxylic acid selected from the group consisting of compounds of

the formula (la)

and/or compounds of the formula (lb)

in which R2 is a single bond or a divalent alkylene radical containing 1 to 3 carbon atoms,

and

R3 is hydrogen or an alkyl radical containing 1 to 10 carbon atoms,

(a3) having precisely one isocyanate-reactive group and precisely one free-radically

polymerizable group

and

at least one monoethylenically unsaturated reactive diluent B which contains at least one

cycloaliphatic or heterocyclic group.

2 . The radiation-curable coating composition according to Claim 1, wherein the polyesterdiol

(a222) has the formula

HO-R-0-[-(CO)-R -(CO)-0-R-0-] n-H in which

n is a positive integer, for which n = 1 to 10, and



R and Ra each independently are a divalent aliphatic radical having at least one carbon

atom, preferably 2 to 20, more preferably 2 to 10, very preferably 3 to 6 carbon atoms.

The radiation-curable coating composition according to Claim 2 , wherein R and Ra are

each independently selected from the group consisting of methylene, 1,2-ethylene,

1,2- or 1,3-propylene, 1,2-, 1,3- or 1,4-butylene, 1, 1-dimethyl-1 ,2-ethylene or 1,2-dimethyl

1,2-ethylene, 1,5-pentylene, 1,6-hexylene, 1,8-octylene, 1,10-decylene, and 1,12-dode-

cylene.

The radiation-curable coating composition according to any of the preceding claims,

wherein component (a23) is selected from the group consisting of isophthalic acid, 1,3-cy-

clohexanedicarboxylic acid, 4-methyl-1 ,3-cyclohexanedicarboxylic acid, and 1,3-phenylen

ediacetic acid.

The radiation-curable coating composition according to any of the preceding claims,

wherein component (a3) is selected from the group consisting of 2-hydroxyethyl

(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl (meth)acrylate, 1,4-bu-

tanediol mono(meth)acrylate, neopentyl glycol mono(meth)acrylate, 1,5-pentanediol

mono(meth)acrylate, 1,6-hexanediol mono(meth)acrylate, and 4-hydroxybutyl vinyl ether.

The radiation-curable coating composition according to any of the preceding claims,

wherein the reactive diluent (B) is an ester of (meth)acrylic acid with cycloalkanols or bicy

cloalkanols, the cycloalkanol or bicycloalkanol having from 3 to 20 carbon atoms and be

ing optionally substitutable by C i to C4 alkyl.

The radiation-curable coating composition according to any of claims 1 to 5 , wherein the

reactive diluent (B) is an ester of α ,β-ethylenically unsaturated carboxylic acids with a

monofunctional alkanol which has as a structural element at least one saturated 5- or 6-

membered heterocycle having one or two oxygen atoms in the ring.

The radiation-curable coating composition according to any of claims 1 to 5 , wherein the

reactive diluent (B) is selected from the group consisting of the (meth)acrylic esters of cy-

clopentanol, cyclohexanol, cyclooctanol, cyclododecanol, 4-methylcyclohexanol, 4-isopro-

pylcyclohexanol, 4-tert-butylcyclohexanol, dihydrodicyclopentadienyl alcohol, and nor-

bornyl alcohol, and also trimethylolpropane monoformal acrylate, glycerol monoformal

acrylate, 4-tetrahydropyranyl acrylate, 2-tetrahydropyranyl methyl acrylate, and tetrahydro-

furfuryl acrylate.

The radiation-curable coating composition according to any of the preceding claims, f ur

ther comprising at least one compound (C) which is a urethane (meth)acrylate having a

weight-average molar weight Mw of below 1000 g/mol.



10. The radiation-curable coating composition according to claim 9 , wherein the compound

(C) is the reaction product of a (cyclo)aliphatic diisocyanate with at least one compound

having exactly one isocyanate-reactive group and exactly one free-radically polymerizable

group.

11. The use of the coating composition according to any of claims 1 to 10 for coating wood,

paper, textile, leather, nonwoven, plastics surfaces, glass, ceramic, mineral building mate

rials, or coated or uncoated metals.

12. The use of the coating composition according to any of claims 1 to 10 as a molding com

pound in films or tubes which may optionally be reinforced with fibers.
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