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(57) ABSTRACT 
The invention relates to a polymer having at least one group 
derived from a carboxylic ester of a hydroxyalkylamide and 
an C,3-ethylenically unsaturated carboxylic acid and a radia 
tion curable composition comprising this polymer. 
A coating composition comprising this composition has a 
high rate of polymerisation and results in coatings having 
the desired chemical and mechanical properties. 
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RADIATION-CURABLE POLYMER 

0001. The invention relates to a radiation-curable poly 
mer and a composition comprising this polymer. 
0002. During radiation curing processes the transforma 
tion of the fluid applied film to a solid crosslinked network 
can be considered to progreSS through three distinct Stages 
being induction, polymerisation and attainment of maximum 
cure plateau. (Chemistry and Technology of UV and EB 
formulations, Volume IV, Oldring, 1991, pages 8-12). 
0003) Factors which improve or inhibit cure rate are, for 
example, the lamp system (UV-dose, intensity, wavelength, 
IR-content) and the chemical System (reactivity, absorption, 
coating weight, pigmentation, temperature, oxygen inhibi 
tion and Substrate). 
0004 For commercial coating operations, it is necessary 
that the coating achieves a tackfree Surface within Seconds 
or less, because the interval between application of the 
coating and Stacking or rewinding of the coated Substrate is 
very short. Failure of the coating to achieve a non-tacky 
surface in this brief interval will result in the layers of coated 
Substrate (in a Stack or roll) Sticking together (“blocking). 
0005. It is the object of the present invention to provide 
a coating composition having a high cure rate or rate of 
polymerisation and yielding a coating having the desired 
chemical and mechanical properies. 
0006 The radiation curable composition according to the 
invention contains a polymer having at least one group 
derived from a carboxylic ester of a hydroxyalkylamide with 
an C.f3-ethylenically unsaturated carboxylic acid wherein 
the polymer is a functionalized polymer according to for 
mula (I): 

O Y R1 / R3 O R5 R6 
| | | | | | | | 

P c-- f o-c-e- 
2 R4 i. R7 

where: 

(I) 

0007) 
0008 P=a polymer group, 
0009 Y=hydrogen, an (C-C) alkyl group or a group 
of the formula 

(II) 

R1 / R3 O R5 R6 

-C C O-C-CC 

0010) R', R, R, R are, identical or different, hydrogen 
or a lineair, branched or cyclic (C-C) alkyl chain, 

0011) R'-hydrogen, (C-Cs)alkyl, 
CHCOOX, 

-CH-OH or 
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0012 R, R =hydrogen, (C-C) alkyl, or COOX 
0013 X=hydrogen or (C-C) alkyl, 

0014) n=1-1000 and 

0015 m=1-4. 
0016. The composition according to the invention results 
in high maximum polymerization rates. 
0017. In the formula R, R or R may form part of a 
cycloalkyl group. 
0018 Preferably, Y is hydrogen or methyl. 
0019 More preferably, y is hydrogen 
0020 Preferably, R', R, R and R' are hydrogen or 
methyl. 

0021 More preferably R', R and R are hydrogen. 
0022 R is preferably hydrogen or (m)ethyl. 
0023 
0024 
0025) 
0026 Suitable hydroxylamides are for example B-hy 
droxyalkylamide, Y-hydroxyalkylamide, 8-hydroxyalkyla 
mide and e-hydroxyalkylamide. 
0027 Preferably, the hydroxylamide is f-hydroxyalkyla 
mide. 

R and R7 are preferably hydrogen. 
Preferably n=1-100, more preferably n=2-20. 
Preferably m=1-2, more preferably m=1. 

0028 Suitable polymers P are, for example, addition 
polymers and condensation polymerS having a molecular 
weight (Mw) of at least 400. 
0029. These polymers can be, for example, linear poly 
mers, branched polymers, comb polymers, Star polymers, 
ladder polymers, dendrimers and hyperbranched polymers. 
0030) Suitable addition polymers P include polymers 
derived from monomerS Such as for example (meth)acrylate, 
acrylamide, Styrene, ethylene, propylene, maleic acid, 
cyanoacrylate, Vinylacetate, Vinylether, Vinylchloride, Vinyl 
Silane and mixtures thereof. 

0031) Suitable condensation polymers P include, for 
example, polyesters, polylactones, polyamides, polyestera 
mides, polyethers, polyesterethers, polyurethanes and poly 
urethane-urea. 

0032 Suitable linear polymers P include, for example, 
polyethers derived from diols, polyethylene, poly-MMA, 
polyesters derived from diols and difunctional acids and/or 
mono-hydroxy acids. 

0033 Suitable branched polymers P include, for 
example, polyethers comprising at least one trifunctional 
alcohol unit, polyesters comprising at least one tri- or 
tetrafunctional alcohol unit and/or one tri/tetra-functional 
acid unit. 

0034) Suitable dendrimers are disclosed in for example 
EP-A-575596, EP-A-707611, EP-A-741756, EP-A-672703, 
Angew. Chem. Int. Ed. Eng. 1994, 33, 2413, Angew. Chem. 
Int Ed. Eng. 1990, 29, 138, Angew. Chem. Int. Ed. Eng. 
1993, 32, 1308 and Angew. Chem. Int. Ed. Eng. 1992, 31, 
1200. 
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0035) Suitable hyperbranched polymers include, for 
example, condensation polymers containing B-hydroxyalky 
lamide groups and having a weight average molecular mass 
of 2800 g/mol. The polymers can comprise at least two 
groups according to formula (II): 

(II) 

-C-B-C-N-C-C-O-H 

| | | Y R4 H 

R4 R6 

in which Y = ---0-1 H, 
R5 H 

0036 (C-C) (cyclo)alkyl or (C-C) aryl, B=(C- 
Co), optionally Substituted, aryl or (cyclo)alkyl aliphatic 
diradical, and R', R,R,R, R and R may, independently 
of one another, be the same or different, H., (C-Co) aryl or 
(C-C) (cyclo)alkyl radical. 
0037 Other examples of suitable hyperbranched poly 
mers are disclosed in WO-A-9612754, WO-A-9613558, 
WO-A-96.19537 and WO-A-9317O60. 

0.038 Between P and the functional group a connecting 
group S can be present: 

O Y R1 f R3 O R5 R6 
| | | | | 

P-S c-- o-c-e- 
R° VR"/ R7 

0.039 A suitable group S includes, for example, an alkyl, 
oxyalkyl, urethanealkyl, ureaalkyl carboxyalkyl, aminoalkyl 
or amidoalkyl group. 

0040. The functionalised polymer according to formula 
(I) can be obtained, for instance, by an esterification reaction 
between a hydroxyalkylamide units containing polymer and 
an unsaturated carboxylic acid, at a temperature between, for 
example, 80° C. and 140° C. 
0041. The hydroxyalkylamide unit can be in the chain, in 
a side-chain or at the end of the polymer. 
0.042 Preferably, 1-1.5 mol of acid are used per mole of 
hydroxide. 

0.043 Preferably, the reaction takes place in the presence 
of an organic Solvent, Such as, for example, Xylene, toluene 
or tetrahydrofuran. 

0044 Preferably, the reaction takes place in the presence 
of a Stabilizing compound which prevents polymerization of 
the unsaturated ester groups under the conditions used for 
effecting this reaction. The Stabilising compound or a mix 
ture of Stabilising compounds is generally used in amounts 
between about 50 and about 2000 ppm and preferably 
between 75 and 1000 ppm. They can be used in aerobic or 
anaerobic conditions depending on the Stabilising com 
pound. 
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0045 Suitable stabilizing compounds include, for 
example, hydroquinone, monomethylhydroquinone, 
anthraquinone, B-nitroStyrene, phenothiazine and 2,6-di 
tert-butyl-4-methyl-phenol (BHT). 
0046) The esterification reaction may take place in the 
presence of a catalyst. Suitable catalysts include Strong 
acids, for example, Sulphur-containing organic acids like 
alkane Sulphonic acids and methane Sulphonic acid. 
0047 Suitable unsaturated carboxylic acids include, for 
example, (meth)acrylic acid and derivatives, crotonic acid, 
(semi-ester of) itaconic acid, maleic acid, citraconic acid, 
mesaconic acid and fumaric acid. Preferably (meth)acrylic 
acid is applied. 
0048. The functionalised polymer can also be obtained by 
the reaction between a hydroxyalkyl amide and an unsatur 
ated carboxylic acid chloride, anhydride or ester or a reac 
tion between an oxazoline containing polymer and an unsat 
urated carboxylic acid. 
0049. The reaction between the amide and the unsatur 
ated chloride or anhydride preferably takes place at tem 
perature between 0° C. and 30° C. in a solvent in the 
presence of a base. Suitable Solvents include, for example, 
tetrahydrofuran, water, dichloromethane or diethylether. 
Suitable bases include, for example, pyridine or triethy 
lamine. 

0050 Suitable chlorides, anhydrides or esters include the 
chlorides, anhydrides and esters of the in the foregoing 
mentioned carboxylic acid. 
0051) The reaction between the amide and the unsatur 
ated ester, preferably, takes place at temperatures between 
80 C. and 140 C. in the presence of a Lewis acid. 
0052 Preferably, an excess of the unsaturated ester is 
applied. The ester functions both as Solvent and as reactant. 
0053 Suitable Lewis acids are, for example, tetra alkyl 
titanate and Sulphuric acid. 
0054 Suitable unsaturated carboxylic acids include, for 
example, (meth)acrylic acid and derivatives, crotonic acid, 
(semi-ester of) itaconic acid, maleic acid, citraconic acid, 
meSaconic acid and fumaric acid. Preferably, methacrylic 
acid and acrylic acid are used. 
0055. The functionalised polymer can be cured by means 
of a free-radical reaction. In these reactions the free radicals 
can be obtained by irradiation of the functionalised polymer 
in the presence of a photo-initiator. 
0056 Radiation-curing preferably takes place by means 
of, for example, a photochemical proceSS Such as, for 
example, ultraViolet radiation (UV) or a radiation-chemical 
process Such as electron beam (EB). 
0057. UV and EB radiation are explained in greater detail 
by for example Bett et al. in the article entitled “UV and EB 
curing” (Jocca 1990 (11), pages 446-453). 
0058. The amount of the functionalized polymer accord 
ing to the invention can range between 0.01% by weight and 
100% by weight of the composition according to the inven 
tion. 

0059 Generally, the radiation curable composition 
according to the invention is Substantially Solvent free. 
0060. The composition according to the invention can be 
used, for example, in coating compositions, inkS and adhe 
Sives. 
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0061. If desired and depending on the application, the 
functionalised polymer can be combined with oligomers or 
monomers which are based, for example, on (meth)acrylate 
units, maleate units, fumarate units, itaconate units, Viny 
lester units and/or vinylether units. 
0.062. After curing the coatings according to the invention 
have many desired properties Such as for example good 
chemical properties (resistance to Solvents, acids, alkalis and 
moisture), good optical properties and appearance, good 
mechanical properties (Such as hardness, flexibility, adhe 
Sion, abrasian resistance, strength and durability), good 
thermal stability and good weatherability. 
0.063. The composition comprising the radiation curable 
binder composition may further comprise pigments, Stabi 
lisers and other additives. 

0064. A radiation curable formulation generally consists 
of a prepolymer, a reactive diluent and additives. Two other 
possible components, depending upon the type of formula 
tion and cure mechanism are pigments and photoinitiator 
System. 

0065. The composition can for example be applied in a 
water based coating composition, in a Solvent based coating 
composition, in a high Solids coating composition, in a 
100% Solids coating and in a powder paint composition. 
0.066 The most preferred irradiation source is ultraviolet 
light. Ultraviolet light is preferably high intensity light to 
provide a dosage to achieve reasonable curing rates. In the 
event that lower energy light is to be applied, it may then be 
desired to Subject the compositions also to elevated tem 
peratures in order to reduce the time for adequate polymer 
ization to occur. 

0067. With respect to UV curing equipment we refer to, 
for example, pages 161-234 of Chemistry and Technology of 
UV and EB-formulations, Volume 1, Oldring, 1991. 
0068 Suitable lamps employed to provide the desired 
high intensity and availability of wavelength and Spectral 
distribution include for example that available from Fusion 
Systems, Corp. 

0069. A composition according to the present invention 
can be applied on Substrates Such as, for example, plastic, 
paper, board, leather, glass, wood and metal. 
0070 This composition is preferably polymerised in the 
presence of a photoinitiator but it is also possible to poly 
merise in the absence of a photoinitiator. 
0.071) Suitable photoinitiators allow for initiation of the 
curing proceSS with exposure to light having wavelengths 
between about 200 nm and about 600 nm. Suitable photo 
initiators have ketone functionalities and can be aromatic 
such as, for example, benzophenone. Darocur 1173(R(Ciba) 
is a Suitable benzyl-ketal-based photoinitiator, which con 
tains 2-hydroxy-2-methyl-1-phenylpropane-1-one as an 
active component. Irgacure 1846 (Ciba) is an aryl ketone 
containing hydroxycyclohexyl phenylketone as active com 
ponent, and is a Suitable photoinitiator. Irgacure 369(E) 
(active component 2-benzyl-2-dimethylaminol-1-(4-mor 
pholinophenyl)-butanone-1) is also Suitable. Acyl phos 
phines, Such as for example 2,4,6,-trimethylbenzoyl diphe 
nyl phosphone oxide (Lucerine TPO(R), BASF) can also be 
used, as can Quantacure CPTX(R) (Octel Chemicals), which 
contains 1-chloro-4-propoxy thioxanthone as active compo 
nent. Chemical derivatives of these photoinitiators are Suit 
able, as are mixtures of these photoinitiators. A Suitable 
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combination of photoinitiators is Irgacure 1800TM (Ciba) 
consisting of 75% by weight Irgacure 184TM and 25% by 
weight (bis-(2,6-dimethoxy benzoyl)-2,4,4-trimethylpentyl 
fosfine oxide). Other suitable photoinitiators can be of the 
Norrish-II-type, for example, the combinations benzophe 
none with amine, maleimide with amine, thioxantone with 
amine and antrachinon with amine. 

0072 The invention is explained by reference to the 
following non-restrictive examples. 

EXAMPLE I 

Synthesis of Resin I 
0073. A reaction mixture consisting of 20.1 gram of 
hydroxy ethyl methacryl amide, 40.3 gram of 2-ethylhexyl 
acrylate, 40.0 gram of isodecyl acrylate and 6.2 gram of 
tert-butylperoxy-2-ethylhexanoate was slowly added during 
2.5 hours to 140 grams of heated butanone in a roundbottom 
flask equipped with Stirrer, reflux condenser, thermometer 
and nitrogen inlet, at reflux. Subsequently a Solution of 2.6 
gram tert-butylperoxy-2-ethylhexanoate in 29.1 gram 
butanone was added over a period of 1 hour. Charcoal was 
added to the hot polymer Solution and the Solution was 
filtered over Celite(R) 521. After evaporation of the solvent an 
hydroxy amid functional polymer with an hydroxy value of 
30 med KOH per gram was obtained. 10.4 grams of acry 
loylchloride were slowly added to a stirred solution of 100 
grams of the hydroxy amid functional polymer prepared 
above and 12.4 grams of pyridine in 200 ml of dry tetrahy 
drofurane at 0-5C. The temperature was maintained below 
5 C. After the addition the temperature was slowly raised to 
roomtemperature and the reaction mixture was stirred at this 
temperature for 18 hours. 
0074 The reaction mixture was filtered to remove the 
pyridine-HCl Salt, washed with a Saturated Sodium carbon 
ate Solution, washed with water, dried over Sodium Sulphate 
and Subsequently the Solvent was evaporated to yield an 
acrylic functional resin (resin I). 

EXAMPLE II 

Synthesis of Resin II 
0075 390 g molten hexahydro phtalic anhydride (60° C.) 
were added to 455 g molten diisopropyl amine in a 1.5 1 
reaction flask under nitrogen at 70° C. After the addition, 
which was followed by an exotherm reaction, the reaction 
temperature was raised to 180° C. and the reaction mixture 
was stirred at 180° C. for 3 hours. Subsequently the pressure 
was reduced from atmospheric to 20 mbar and the reaction 
was continued for one additional hour after which a hyper 
branched polymer containing B-hydroxyamid endgroups 
with the following properties was obtained: Mn=1160, dis 
persity D=2.1, Tg=57.5 C. and a hydroxy value of 365 meq 
KOH per gram. 
0076) To this resin 446 g methacrylic acid and 0.4 g 
phenothiazine were added. Dry air was bubbled through the 
reaction mixture after which the reaction mixture was heated 
to 110° C. for 6 hours. Subsequently the pressure was 
reduced to 20 mbar and a Small amount of methacrylic acid 
was distilled off after which a methacylic functional polymer 
(resin II) with the following properties: Mn=1800, D=2.0, 
weight per unsaturation (wpu)=260 and a hydroxy value of 
60 meq KOH per gram was obtained. 

EXAMPLE III 

Curing of a Coating Comprising Resin I 
0.077 50 mg Darocure 1173TM was dissolved in 5g resin 

I. A 100 um thick film of this mixture was applied on a glass 
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plate and Subsequently cured under nitrogen with a total 
dose of 1 J/cm (lamp: Fusion F600 equipped with a 
D-Bulb). After irradiation a cured coating was obtained. 
With the acetone double rub test the coating could withstand 
100 acetone double rubs without being affected. 

EXAMPLE IV 

Curing of a Coating Comprising Resin I and 
Laurylacrylate 

0078 5 g of resin I was dissolved in 2.4 g laurylacrylate 
to which 74 mg. Irgacure 184TM were added. A 100 um thick 
film of the resulting Solution was applied on a glass plate and 
Subsequently cured under nitrogen with a total dose of 1 
J/cm (lamp: Fusion F600 equipped with a D-Bulb). 
0079. After irradiation a cured coating was obtained. 
With the acetone double rub test the coating could withstand 
100 acetone double rubs without being affected. 

EXAMPLE V 

Curing of a Coatings Comprising Resin II and 
Methyl Methacrylate 

0080 5 g of resin II was dissolved in 1.9 g methyl 
methacrylate to which 69 mg Irgacure 184TM was added. A 
100 um thick film was applied of the resulting Solution on a 
glass plate and Subsequently cured under nitrogen with a 
total dose of 1 J/cm (lamp: Fusion F600 equipped with a 
D-Bulb). 
0081. After irradiation a cured coating was obtained. 
With the acetone double rub test the coating could withstand 
100 acetone double rubs without being affected. 

EXAMPLE VI 

Curing of a Coating Comprising Resin II and 
Isodecyl Acrylate 

0082 5 g resin II was dissolved in 4.1 g isodecylacrylate 
to which 91 mg Irgacure 184TM was added. A 100 um thick 
film of the resulting Solution was applied on a glass plate and 
Subsequently cured under nitrogen with a total dose of 1 
J/cm (lamp: Fusion F600 equipped with a D-Bulb). 
0.083. After irradiation a cured coating was obtained. 
With the acetone double rub test the coating could withstand 
100 acetone double rubs without being affected. 

EXPERIMENT VII 

Curing of a Coating Comprising Resin II and 
Triethylene Glycol Divinyl Ether 

0084 5g resin II was dissolved in 1.9 g triethylene glycol 
divinyl ether to which 69 mg Irgacure 184TM was added. A 
100 um thick film of the resulting Solution was applied on a 
glass plate and Subsequently cured under nitrogen with a 
total dose of 1 J/cm (lamp: Fusion F600 equipped with a 
D-Bulb). 
0085. After irradiation a cured coating was obtained. 
With the acetone double rub test the coating could withstand 
100 acetone double rubs without being affected. 

EXAMPLE VIII 

Curing of a Coating Comprising Resin II and 
Triethylene Glycol Di(Monobutyl Maleate) 

0.086 5 g of resin II was dissolved in 4.4 g triethylene 
glycol di(monobutyl maleate) to which 94 mg. Irgacure 
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184TM was added. A 100 um thick film of the resulting 
Solution was applied on a glass plate and Subsequently cured 
under nitrogen with a total dose of 1 J/cm (lamp: Fusion 
F600 equipped with a D-Bulb). 
0087. After irradiation a cured coating was obtained. 
With the acetone double rub test the coating could withstand 
100 acetone double rubs without being affected. 

0088. These examples demonstrate that the UV-curable 
functional polymers according to the invention result in 
good coatings. 

1. A radiation curable coating composition comprising a 
polymer having formula (I): 

O Y R1 / R3 O R5 R6 
| | | | | | 

where: 

(I) 

P=a polymrer group, 

Y=hydrogen, an (C-C) alkyl group or a group of the 
formula 

(II) 

R1 / R3 O R5 R6 

- C C O-C-CEC 

R", R., R. Rare, identical or different, hydrogen or a 
lineair, branched or cyclic (C-C) alkyl chain, 

R=hydrogen, (C-Cs)alkyl, -CH-OH or CHCOOX, 
R, R =hydrogen, (C-C) alkyl, or COOX, 
X=hydrogen or (C-C) alkyl, 
n=1-100 and 

m=1-4. 

2. A composition according to claim 1, characterized in 
that Y is hydrogen or methyl, R', R, R and Rare hydrogen 
or methyl, R is hydrogen or (m)ethyl and R and R7 are 
hydrogen. 

3. A coating obtained by radiation curing of a composition 
according to any one of claims 1-2. 

4. An entirely or partly coated Substrate wherein a coating 
according to claim 3 is applied as the coating. 


