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(57) The present invention relates to polyesters which contain one or more acryloyl groups, have a viscosity at 23°C
of 2,000 to 20,000 mPa.s and an acid value of O to 25, and are based on the esterification product of I) a dicarboxylic
acid component containing A) 20 to 70 mole percent of terephthalic acid, B) 30 to 80 mole percent of adipic acid and
C) 0 to 30 mole percent of at least one aromatic, aliphatic or cycloaliphatic dicarboxylic acid, other than terephthalic
or adipic acid, having a molecular weight of 100 to 202 or an anhydride of such dicarboxylic acid, II) at least 1.5 moles,

based on one mole of the dicarboxylic acid component, of a polyol component containing D) 0.4 to 1.5 moles of at
least one dihydric, saturated Co_galcohol and E) 0.4 to 1.1 moles of at least one trihydric, saturated alcohol containing

ether groups and obtained by the addition of 3 to 6 moles of ethylene oxide onto 1 mole of a trihydric, saturated alcohol
containing ether groups and having a molecular weight of 92 to 134 and III) an unsaturated acid component containing,
based on one mole of the dicarboxylic acid component, ) 1.0 to 2.0 moles of acrylic acid, wherein the sum of the
hydroxyl equivalents of components D) and E) 1s greater than or equal to the sum of the carboxyl equivalents of
components A), B), C) and IF). The present invention also relates to a process for the preparation of these polyesters.
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POLYESTERS CONTAINING ACRYLOYL GROUPS AND
A PROCESS FOR THEIR PRODUCTION

ABSTRACT OF THE DISCLOSURE

The present invention relates to polyesters which contain
one or more acryloyl groups, have a viscosity at 23°C of 2,000
to 20,000 mPa.s and an acid value of 0 to 25, and are based on
the esterification product of
I[) a dicarboxylic acid component containing
A) 20 to 70 mole percent of terephthalic acid,
B) 30 to 80 mole percent of adipic acid and
C) 0 to 30 mole percent of at Jeast one aromatic,
a]iphatic or cycloaliphatic dicarboxylic acid, other
than terephthalic or adipic acid, having a molecular
weight of 100 to 202 or an anhydride of such
dicarboxylic acid, ' ‘
[I) at least 1.5 moles, based on one mole of the dicarboxylic
acid component, of a polyol component containing
D) 0.4 to 1.5 moles of at teast one dihydriC, saturated
.c2~6 alcohol and , 1
E) 0.4 to 1.1 moles of at least one trihydric, saturated
alcohol containing ether groups and obtained by the
addition of 3 to 6 moles of ethylene oxide onto |
mole of a trihydric, saturated alcohol containing
ether groups and having a molecular weight of 92 to
. 134 and '
111) an unsatufated acid component containing, based on one
mole of the dicarboxylic acid component,
F) 1.0 to 2.0 moles of acrylic acid,
- wherein the sum of the hydroxyl equivalents of components D)
and E) is greater than or equal to the sum of the carboxy]
equivalents of components A), B), C) and F).
The present invention also relates to a process for
the preparation of these polyesters.
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POLYESTERS CONTAINING ACRYLOYL GROUPS AND
A PROCESS FOR THEIR PRODUCTION

BACKGROUND OF _THE INVENTION

F1e]d of the Invent1on

This invention relates to polyesters containing acryloy]
groups which can be converted into crosslinked products by
radiation curing and to a process for their production.

'Descr iption of the Prior Art

It is known that polyesters containing at least 2 acryloyl
groups can be crosslinked by radiation curing (e1ectron beam or
UV curing). These polyester acrylates, which are obtained in

‘the form of reaction products of acry11c acid W1th dxo}s,

po1yo1s and d1carboxy11c acxds (as descrxbed for example in
DE-0S 2 261 612 or DE- 0S 2 838 691), genera11y have a h1gh1y

- V1scous, partly resin-like consistency. In order to process

these compositions, large quantities of vinyl monomers,
so-called react1ve d11uents, have to be added.

' In most cases, however,_the effect of using reactive
diluents is that, in the formu]at1ons to be.app11ed ‘the binder
is very heavily diluted so that the paint propérties produced
by the polyester acrylates are offset by the reactive diluents '

| 1ncorporated into the film by polymerization. This effect 1s

observed part1cu1ar1y c]ear]y when the binder has a highly
Viscous cons1stency In add1t1on, many viny] monhomer's have a

'strong natural odor and an 1rr1tat1ng effect on the skin.

It is known (cf for example DE-0S 3 704 098) that Tow
V1sc051ty po]yester acry]ates may be obtained by esterifying

 low molecular we1ght po1yesters oY po]yethers are esterified.

However, coating compositions. based on these start1ng materials
are attended in particular by the disadvantage of comparatively
slow curing under irradiation. '

Accordingly, an object of the present invention is to
provide new polyesten acrylates which, by virtue of their low
viscosity, require very little solvent for attaining
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application viscosity and which, after radiation curing,
possess the known favorable properties of polyester acrylates..

It has now surprisingly been found that this objective may
be achieved using the polyester acrylates according to the
invention which are described in detail hereinafter.

SUMMARY OF THE INVENTION;

The present invention relates to polyestiers which contain
one or more acryloyl groups, have a viscosity at 23°C of 2,000
to 20,000 mPa.s and an acid value of 0 to Zo, and are based on

- the ester1f1cat1on product of

I) a d1carboxy}1c,ac1d component,containing _
“A) 20 to 70 mole percent of’terephtha1ic acid,
B) 30 to 80 mo1e percent of ad1p1c acid and ' ‘
' C) 0 to 30 mole percent of at least one aromat1c, .

' saturated a11phat1c or saturated cycloaliphatic .
dicarboxylic acid, other than terephthalic or adipic
acid, having a molecular weight of 100 to 202 or an
aohydride of such dicarboxy1io acid,

- II) at least 1.5 moles based on one mole of the d1carboxy11c

acid component of a po1yo] component conta1n1ng
D) 0.4 to 1.5 moles of at 1east one d1hydrac, saturated
- C,_g alcohol and '._ o '
- E) 0.4 to l.limoles-of'at.1east one trihydric, saturated
“alcohol containing ether groups'and obtained by the
addition of 3 to 6 moles of ethy1ene'oxide onto 1
“mole of a trahydr1c, saturated alcohol containing
t-ether groups and having a mo1ecu1ar welght of 92 to

134 and

I1I) an unsaturated acid component conta1n1ng, based on one

‘mote of the dicarboxylic acid component,

F) 1.0 to 2.0 moles of acrylic acid,
wherein the sum of the hydroxyl equivalents of components D)
and E) is greater than or equal to the sum of the carboxyl
equivalents of components A), B), C)'and F).
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The present invention also relates to a process for the
preparation of polyesters containing one or more acryloyl
groups and having a viscosity at 23°C of 2,000 to 20,000 mPa.s
and an acid value of 0 to 25 by reacting
I) a dicarboxylic acid component containing

A) 20 to 70 mole percent of terephthalic acid,

B) 30 tb 80 mole percent of adipic acid and,

C) 0 to 30 mole percent of at least one aromatic,
saturated aliphatic or saturated cyc]oa11phat1c
d1carboxy11c acid, other than terephthalic or adipic
acid, having a molecular weight of 100 to 202 or an
anhydride of such dicarboxylic acid with

II) at least 1.5 moles, based on one mole of the dicarboxylic
acid component, of a polyol component containing

D) 0.4 to 1.5 moles of at least one dihydric, saturated
C,_g alcohol and

E) 0.4 to 1.1 moles of at least one trihydric, saturated
alcohol containing ether groups and obtained by the
addition of 3 to 6 moles of ethylene oxide onto 1
mole of a trihydric, saturated alcohol containing
ether groups and having a molecular weight of 92 1o
134,

at a temperature of 180 to 250°C under melt condensation

conditions until an acid number of less than 3 is atta1ned and

subsequently react1ng.the resulting product with

II1) an unsaturated acid component containing, based on one
mole of the dicarboxylic acid component,

F) 1.0 to 2.0 moles of acrylic acid,
wherein the sum of the hydroxyl equivalents of components D)
and E) is ‘greater than or equal to the sum of the carboxyl
equivalents of components A), B), C) and F).

DETAILED DESCRIPTION OF THE INVENTION

Component A) is terephthalic acid. Component B) is adipic

acid. Component F) is acrylic acid.

M03425



10

15

20 .

25

30

35

2019867

-4 -

Carboxylic acids which are suitable for use as component
C) include phthalic acid, hexahydrophthalic acid, isophthalic
acid, phthalic anhydride, hexahydrophthalic anhydride and

mixtures thereof.
Component D) is a diol component based on at least one

dihydric, saturated, C, ¢ alcohol. Suitable examples 1nc1ude
ethylene glycol, propane-1,2-diol, propane-1,3-diol,
butane-1,2-diol, butane-1,3-diol, butane~l,4'd1ol,
pentane-1,3-diol, hexane-1,6- diol'and’diethy1ene glycol.
Ethylene glycol and propane-1,2-diol are preferred.

Component E) is a triol component based on at 1east one
tr1hydr1c saturated alcohol conta1n1ng ether groups which may :
be obtained in known manner, e.g., by the addition of 3 to 6
moles of ethylene oxide onto a saturated, trxhydr1c a1coho1
free from ether groups and having a molecular weight of 92 to
134. The triols containing ether groups are preferab]y the
ethoxylation products of glycerol, tr1methy1o1 ethane or
trimethy1o1 propane, wherein the degree of ethOxylation (degree
of ethoxylation = average number of moles of ethylene oxide
added onto 1 mole of triol) is 3 to 6. The adduct of 3 to 4
moles of ethylene oxide with l'mole of trimethylol propane
(1,1,1- tris- (hydroxymethy])prOpane] is partwcu1ar1y preferred
as component E). |

The process according to the 1nvent10n is the preferred '
method for the production of the polyester acrylates. The
process is based on a two-step reaction in which the starting

“components A) to E) are reacted with one another under melt

condensation conditions in the first step until an acid value

(mg KOH/g solids) below 3 is attained. In the seCOnd step the

polyester containing hydroxyl groups is esterified with the
acrylic acid., Inthe second step, the reactants are heated at the

the boiling temperature of the mixture in the presence of 0.5

to 3.0 percent by weight, based on the weight of the reactants,
of an esterification catalyst (for example sulfuric acid or

p-toluene sulfonic acid) and in the presence of one or more
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polymerization inhibitors (such as hydroquinone monomethy
ether, p-methoxy phenol or 2.4-di-tert.-butyl hydroqu1none)

The reaction is conducted in atmospheric oxygen and in an inert
solvent (such as cyclohexane, isooctane or toluene) unt11 no
more water of reaction is eliminated. The water of reaction is
removed simultaneously by azeotropic distillation. In general,
the second step of the reaction is carried out at a temperature
of about 70 to 130°C, preferably about 100 to 120°C. After the
reaction, the solvent used 1s removed by distillation,
preferably under vacuum. The resulting product may optionally
be subjected to an additional treatment to obtain a lower acid
value, such as a reaction with carb0d11m1des according to DE- OS_
3 514 402 or with epoxldes according to DE-0S 3 316 593.

- When the po]yester acrylates accord1ng to the invention
are used as paint binders, they may be used without the '
addition of c0po1ymer1zab1e monomers (reactive diluents) and

without the addition of solvents, because the products

according to the invention have a comparatively l1ow viscosity.

However, c0po1ymerizable monomers may be added. Suitable
copolymerizable monomers suitable for mixing with the poiyester
acrylates according to the invention include C1 4 alkyl esters
of acrylic or methacrylic acid and styrene, which may be used
as reactive diluents in quantities of 0 to about 70% by weight,
based on the total weight of the polyester according to the
invention and the reactive diluent.

The reaction products according to the invention may
optionally be mixed with inert solvents such as buty] acetate,
cyclohexane, acetone and toluene. The inert solvents may be

added 1in quantit1es of 0 to about 70% by weight, based on the
‘mixture of polyester acrylates according to the 1nvent1on and

additional solvents. Mixtures of additional monomers and
solvents may be used in the quantitative ratios indicated.
The paints produced using the products according to the
invention may contain the auxiliaries and additives which are
known from paint technology such as fillers, pigments, dyes,

Mo3425
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thixotropic agents, levelling agents, flatting agents and flow
control agents.

The paints are eminently suitable for application on
conventional paint lines equipped with coating machines. They
may also be app1ied‘by roll coating or spraying. Preferred
substrates include wood and wood composites, paper, cork and
plastics.

The paints are cured by ionizing radiation, for example,

by high energy electron beams, or by UV irradiation in the
presence of photoinitiators. Suitable photoinitiators which

are incorporated in the paints when necessary before their
application include any of the known compounds for radiation
curing such as benzophenone and aromatic keto compounds.
Preferred photoinitiators include benzein and its derivatives

as described for example in DE-0S 1 769 168, 1 769 853, 1 769

854, 1 807 297, 1 807 301, 1 919 6/8 and in DE-AS 1 694 143;
benzil ketals such as benzil dimethyl ketals; and hydroxy alkyl
phenones such as 2-hydroxy-2-methyl-1-phenylipropan-1-one.
In the following examples and comparison examples, all
parts and percentages are by weight unless otherwise indicated.
In Examples 1 to 3 accordihgfto the invention and

Comparison Examples 4 to 8, which are summarized in Tables

and 2, starting components A), B), C), D) and E) were initially
heated under nitrogen in first reaction step at 200 to 250°C 1in
the absence of other additives until an acid value below 3 was
attained.

The secend step of the process according to the invention
was carried out in a 70% solution in toluene 1in the presence of
1.5% p-toluene sulfonic acid as catalyst and 0.1%-p-methoxy
phenol and 0.1% 3,4—di-tert.-buty1'hydroquinone as inhibitors,
the perceniages being based on the total weight of components
A) to F). After the addition of component F), the catalyst, -
inhibitors and toluene, the mixture was heated at 100 to 120°C,
while air was passed through and the water formed was
continuously removed by azeotropic distillation until no more

Mo3425
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water was eliminated. After cooling, the solvent was distilled
off under vacuum at 50 to 90°C.

In order to demonstrate the effect of correctly choosing
the type and quantity of starting materials, Example Z was

repeated with the following changes:
Comparison Example 4 contained phthalic acid instead of
terephthalic acid;
Comparison Example 5 contained phthalic acid instead of
adipic acid;
Comparison Example 6 contained propoxylated trimethylol
propane instead of ethoxylated trimethylol propane; '
Comparison Example 7 contained less than the required
amount of terephthatic acid; and
Comparison Example 8 contained more than the required
amount of terephthalic acid. '
The starting materials are listed in Table 1, while the
properties of the resulting polyesters are set forth in Table

2.

Mo3425
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Use Examples 1 to 3 (According to the_lpvention)h

and Comparison Exampies 4 to 8
Comparison Examples 5 and 8 had excessive viscosities and,

therefore, were not used.

5% of 1-phenyl-2-hydroxy-2-methylpropan-1-one was added to
the products of the remaining examples. After application of
the paint films to veneered chipboard (in a thickness of 12
um), the boards were moved past a Hanovia Tamp (80 W/cm)

arranged overhead at a distance of 10 cm.
The reactivity value set forth in Table 2 indicates the

speed of the conveyor belt at which a scratch-resistant coating
was obtained.
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Although the invention has been described in detail in the
foregoing for the purpose of illustration, it is to be
understood that such detail is solely for that purpose and that
variations can be made therein by those skilled in the art

5 without departing from the spirit and scope of the invention
except as it may be limited by the claims.

Mo3425
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The embodiments of the invention in which an exclusive
property ox pr1V11ege 1s claimed are defined as follows:-

1. A po1yester which contains one or more acryloyl
groups, has a viscosity at 23°C of 2,000 to 20,000 mPa.s and an
acid value of 0 to 25, and is based on the esterification
product of '

1) a dicarboxylic acid component comprising

A) 20 to 70 mole percent of terephthalic acid,

B) 30 to 80 mole percent of adipic acid and,

C) 0 to 30 mole percent of at least one aromatic,
saturated aliphatic or saturated cycloaliphatic
dicarboxylic acid, other than terephthalic or adipic
acid, having a molecular weight of 100 to 202 or an
anhydride of such d1carboxy11c acid, '

1I) at least 1.5 moles, based on one mole of said d1carboxy11c ,

'aC1d component, of a po]yo] component comprwsxng

D) 0.4 to 1.5 moles of at 1east one dihydric, saturated

Cog alcohol and ,

E) 0.4 to 1.1 moles of at least one trihydric, saturated

' alcohol containing ether groups and obtained by the
addition of 3 to 6 moles of ethylene oxide onto 1
mO]é.of a trihydric, saturated alcohol containing
ether groups and having a molecular weight of 92 to
134 and . -

I1T) an unsaturated acid component comprising, based on one
mole of said dicarboxylic acid component,

F) 1.0 to 2.0 moles of acrylic acid,
where1n the sum of the hydroxyl equivalents of components D)
and E) is greater than or equal to the sum of the carboxy]
equivalents of components A), B, C) and F). |

2. A process for the preparation of a polyester
containing one or more acryloyl groups and having a viscosity
at 23°C of 2,000 to 20,000 mPa.s and an acid value of 0 to 25
which comprises reacting '

I) a dicarboxylic acid component comprising
A) 20 to 70 mole percent of terephthalic acid,

Mo3425
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30 to 80 mole percent of adipic acid and,

0 to 30 mole percent of at least one other aromatic,
saturated aliphatic or saturated cycloaliphatic
dicarboxylic acid, other than terephthalic or adipic
acid, having a molecular weight of 100 to 202 or an
anhydride of such dicarboxylic acid with

II) at least 1.5 moles, based on one mole of said dicarboxylic
acid component, of a polyol component comprising

D)

E)

0.4 to 1.5 moles of at least one dihydric, saturated
C,_g alcohol and ‘ ‘

0.4 to 1.1 moles of at least one trihydric, saturated
alcohol containing ether groups and obtained by the
addition of 3 to 6 mo]es of ethylene oxide onto 1
mole of a-trihydric, saturated alcohol containing
ether groups and having a molecular weight of 92 to
134

at a temperature of 180 to 250°C under melt condensation

conditions until an acid number of Tess than 3 is attained and

subsequently reacting the resulting product with

I11) an unsaturated acid component comprising, based on one
mole of said dicarboxylic acid component,

F)

1.0 to 2.0 moles of acrylic acid,

wherein the sum of the hydroxyl equivalents of components D)
and E) is greater than or equal to the sum of the carboxyl
equivalents of components A), B, C) and F).

M0o3425
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