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(57) Abstract: The invention provides a composition for fixing wound items comprising A) 5 to 90 wt% of at least one ¢, B-unsat-
urated polyester resin based on at least one unsaturated mono-, di- or tricarboxylic acids and/or mono-, di- or tricarboxylic acid
group containing molecules, at least one polyol, at least one acrylic or methacrylic group containing component, B) 2 to 80 wt%
of at least one monomeric and/or oligomeric ethylenically unsaturated component having a vapour pressure in a range of 0 to 1
mbar at 20C, preferred 0 to 0.5 mbar at 20C, C) 0.1 to 40 wt% of at least one monomeric and/or oligomeric unsaturated compo-
nent different from B) having a vapour pressure in a range of 0 to 10 mbar at 20C, preferred 0 to 5 mbar at 20C, D) 0 to 15 wt% of
at least one customary additive, and E) 0 to 30 wt% of at least one monomer and/or polymer containing epoxy or glycidyl ether or
ester moieties, the wt% being based on the total weight of the composition. The composition of the present invention provides low
curing emissions, low viscosities and excellent impregnation properties. Atter curing, these impregnation materials show high me-
chanical toughness levels even at elevated temperatures.
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Title of the Invention

Composition for Fixing Wound Rems

Field of the Invention

The present invention refers to a compasition for fixing wound
itemns, in particular glectrical windings i electiical equipment providing
excelient impregnation properties into the wound items as well as
exiraordinarily good mechanical toughness, espeadiaily at high

temperatures.

Backaround of the hvention

The use of unsaturated polymers in compositions suitable for
impregnating {(e.g. by techniques of immersion, dipping, trickling or
casting} wound items such as electrical coils and windings, especially
windings of magne! wires in electrical devices as well as for casting of
electrical devices such as stators, rotors and transformers, for mechanical
foughening and fixing, is well known in the art. Varipus resins can be used
for those applications, which typically provide slectrical insulation,
stabilization of the slectrical winding against vibrations, improved aging
behaviour and protection against chemical and mechanical impact. As
downsizing and efficiency increase of electrical devices is a more and
more ynportant topic, the operating temperatures of especially slectrical
mators become higher. Impregnating materials which arg used in motors
with high operating femperatures have to be chemically stable al the
operaling temperatures and also mechanically tough o withstand
mechanical forces andior impact at these elevated temperatures.

impregnation materials based on unsaturated polvesters dissolved
in styrene typically show good mechanical toughness, also at elevated
temperatures. They have low viscosities, so impregnation quality is
fypically not an issue, However, such systems show a strong loss of
styrene upon curing of the impregnation material, resulling in a significant
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amount of volatile organic compounds (VOC). Therefore, there is g strong
demand for mechanically {ough impregnation materials with low to zero
emissions.

Mechanical properties can e.g. be improved using fillers, however,
impregnation materials confaining such fillers are typically not very
homogeneous. This could cause problems regarding storage conditions of
the compaosition and can additionally lead to fallure of the penetration into
the cavities of electrical windings as well as to failure of the impregnation
during operation of the electrical device.

Also, mechanical properties can be improved using binder resins
with higher molecular weights and / or rigid polymer building blocks.
Especially useful are building blocks which contain rigid ring structures,
e.g. di- or polyeyciopentadiene as described in DE-A 3107450, EP-A
101585, EP-A 871677, EP-A 963413 or EP-A 868501, However, the
viscosities of such impregnation materials {especially in low or zero VOC
diluents} are typically high, so that the application process becomes more
difficult than with standard impregnation materials, e g. heat has fo be
applied. This increases the danger of premature curing of the
impregnating material. Furthermore, a good impregnation quality with
excelient penetration of the impregnation material into the device's magnet
wire windings is much more difficull to achieve if the impregnation material

has a high viscosity.

Summary of the Invention
The invention provides a compaosition for fixing wound items

comprising

A) 5o B0 wit% of atieast one g, B -unsaturated polysster resin based
on at least one unsaturated mono-, di- or tricarboxylic acids and/or
mano-, di- or ncarboxylic acid group containing molecules, at least
one polyol, at least one acrylic or methacrylic group containing

componsnt,
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8) 2 10 80 wit% of at least one monomeric and/or oligometic
athyienically unsaturated component having 8 vapour pressure in a
range of 0 to 1 mbar at 20°C, preferred 0 to 0.5 mbar at 20°C,

) 0.1 to 40 wi% of at least one monomeric and/or oligomeric
unsaturated component different from B) having a vapour pressure
in a range of 0 to 10 mbar at 20°C, preferred 0 {0 5 mbar at 20°C,

Y 0 to 15 wit% of al legst gne customary additive, and

E) 010 30 wi%s of at least one monomer and/or pelymer containing
epoxy or glycidyt ether or ester moieties,

the wit¥ being based on the {otal weight of the composition.

The compasition of the present invention provides low cuning
amissions, low viscosities and sxcellent impregnation properties into the
wound ems, After curing, these impregnation matenals show high
mechanical foughness levels evan at glevaled temperatures.

Detailed Description

The features and advantages of the present invention will be more
readily understood, by those of ordinary skill in the art, from reading the
following detailed description. it is {0 be appreciated those certain features
of the invention, which are, for clarity, described above and below in the
content of separate embodiments, may also be provided in combination in
a single embodiment. Conversely, various features of the invention that
are, for brevily, described in the context of a single embodiment, may also
be provided separately or in any sub-combination. in addition, references
in the singular may also include the plural {for example, "a” and “an” may
refer 1o one, or one or more) uniess the context specifically states
otherwise.

The slight varnations above and below the stated ranges of numerical
values can be used to achieve substantially the same results as values

within the ranges. Also, the disclosure of these ranges is intended as a
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continuous range including every value between the minimum and
maximum values.

The term "typical” means “known {0 a person skilled in the art’.

All the number average molar mass data stated in the present
description are determined or to be determined by gel permeation
chromatography {GPC; divinyibenzene-cross-linked polystyrens as the
immobile phase, tetrahydrofuran as the liquid phase, polystyrene
standards, according to DIN 55672).

The term {methlacryt refers to acryl andfor methacryl in this
document.

The composition according to the invention comprises at least ane g,
B ~unsaturated polyester resin as componant A} in & rangse of & to 90 wi%,
preferably 10 10 75 wi%, particdlardy preferred are 15 10 70 wi%, the wi%
being based on the total weight of the composition.

The at least one polyester resin of A} may comprise also al least one
Q. B -unsaturated polyester inide resin comprising at least one imide
having S-membered cyclic imide moieties.

The polyaster resin of component A} may have a hydroxy! value of
0 to 120 mg KQOH/qg, preferably O to 80, an acid value of 0 fo 70 mg KOH/g,
preferably O to 50 mg KOH/g, as well as a urethane group concentration of
0 1o 0.1 mat par 100g resin A).

The acid value is defined as the number of mg of polassium
hydroxide (KOH) requirad to nautralise the carboxylic groups of 1 g of the
resin, according to DIN EN IS0 2114,

The term hydroxyl value in this description is defined as the number
of mg of potassium hydroxide (KOH) which is equal to the number of g
aeetic acid for acefalizing of 1 g of the resin, determinegd according o DIN
53240.

The polyester component A} can be obtained by reaction of

PCT/US2010/062316
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(&)

{b)
5
(€}
10
15
20

at least one g, B - ethylenically unsaturated dicarboxylic acid, is
anhydride andfor an aster of the g, B - ethylenically unsatuwsted
dicarbaxylic acid, and

at least one alcohol having one or more, preferably 2, Jor 4,
hydroxyt functionaliies per moleculs, and,

in case of a polyester imide, at least one imide group containing
substance with the formuia

7
C
Ry N—Ry—X
s
N {Formuda 1}
or
79
A5
X—Fp—N 3 Nng X
\I/ \%
o Q {(Formula 2}
or
i 1
ke R,
R-;::i" N-R

{Formula 3)

i which

R, is an aliphatic, cycloaliphatic or aromatic moiety in which the
carbonyl groups in Ry are in a 1,2-position and that conlains at
ieast one further reactive carboxyl or hydroxyl group or @ C=C
double bond ar combinations thereof,

Rz is an aliphatic, aromatic or cycloaliphatic moiety with 2 1o 20
carbon atoms that may also contain axygen of nitrogen atoms,
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Ra is an aliphatic, cycloaliphatic o aromatic moiety in which at
least 2 of 4 carbonyl groups in Ry are wy & 1,2-position, and
X is a hydroxyl or carboxy functionalily, and

{d} atleast one component which is chamically bound into the resin
and which contains at least one (meth)acrvlic double bond, and

(&) possibly one or more mona, di- or tricarboxylic acids which are
different from (8}, and

{f) possibly one or more polyether polyols, polyolefinic polvols or
polymeric polyols which are different from b}, and

{g} possibly one of mare polyisocyanates.

The ratio of the reaction compaonents {a) to {Q) is chosen in such a
way, known o a person skifled in the ari, that 100g of component A)
contain 0.05 to 0.50 mo! of polymerizable, o, B - ethylenically unsaturated
groups from component (8], in case of a polyester imide the amount of
imidically bonded nitrogen in A} is af least 0.5 wi%, preferably at least 1.5
wiY% on the resin, and the ratio of the reaction components (ajto {g) is
chosern in such amounts that the aforementioned hydroxyl value, acid
value and urethane group concentration are achieved, as known by a
parson skilled in the art. The number average molecular mass {(Mn) of
cormnpanent A} is in & range of, for example, 400 to 8000 g/mol, preferably
in g range of 500 to 5000 g/imol.

Typical q, § - sthylenically unsaturated dicarboxylic acids (a) are,
for example, those with 4 or 5 carbon atoms, or their anhydrides or eslers.
Examples are maleic anhydride, fumaric acid, itaconic acid or anhydride,
methylens malonic acid, citraconic anhydride or mesaconic acid.
Preferably, maleic anhydride and fumaric acid are used.

Typical alcohals of (b) are, for example, mono-, di- or fifunctional
alcohols with 2 to 18 carbon atoms like B(Q)-hydroxytricycio[5.2.1.0°%dec-
3-an, 1. 4-bis-hydroxymethyl cyclohexane, 2 2-bis-(4-hydroxyeycichexyl)-
propane, ethylene glycol, propyiene giveol, 1.G-propane diol, neopentiyl
glyveat (NPG), trimethylol propane (TMP), glvceradl,
tris(hydroxyethyhlisooyanurate (THEIC) and pentaerythritol. The use of

PCT/US2010/062316
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alcohols with g functionality greater than 2 leads fo branched structures.
Prefaerred alcohols of (b) are 1,.3-propane diol, necpentyl glyeol, THEIC
and trimethylol propane.

Typical imide group containing moieties (¢} gre the reaction
products of tricarboxylic acids or their anhydrides, like trimellitic anhydride,
3,3 4-benzophenone tricarboxylic acid anhydride, tricarballylic acid or
unsaturated cycloaliphatic, aromatic or aliphatic dicarboxylic acid
anhydrides like tetrahydrophthalic anhydride, hexahydrophthalic
anhydride, phthalic anhydride, sndo-methylene {etrahydrophthalic
anhydride or maleic anhydnde with aliphatic, cycloaliphatic, heterocyclic or
aromatic aminoalcohols or aminocarboxylic acids. Appropriate
amincalcohols are e.g. sthanolaming, propanclamine, butanolamine, their
higher homologues, 4-aminocyciohexanol, 4-aminobenzyl alcohol or
aromatically amino-substituted phenyl ether alcohols. Suitable
aminocarboxylic acids are .¢. aminoacetic acid, aminopropionic acid,
aminocapronic acid and 4-aminobenzo acid.

Further examples for substances {¢) are reaction products of
tetracarboxylic acids or their anhydrides like pyromsiiitic anhydrids,
benzophenaone letracarboxylic acid dianhydride, butane tetracarboxylic
acid dianhydnde, cyclopentane tetracarboxyiic acid dianhydride with
aliphatic, cyclogliphatic, hetereocydiic or aromatic aminoalcohols or
aminocarboxylic acids, andfor reaction products of 2 mols of tricarboxylic
acids or their anhydrides like inmellitic anhydride, tricarballvlic acid or
3,3 4-benzophenaone tricarboxylic acid anhydride with 1 mol aromatic
diamines like 4 4 -diamino diphenylmethans, 4,4’-diamino diphemylether or
aliphatic and/or cycloatiphatic diamines like 4 4'-diamino
dicyclohexylimethane, sthylene diamine, propyiene diamine or aliphatic
etheramines. Instead of the above mentioned diamines, also the
respective disocyanates can be used. Preferred imide group containing
substances (¢} are the reaction products of telrahydrophthalic anhydride or
trimeliitic anhydride with sthanolamine.

o~}
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Typical examples for the {meth)acryl functional components {d) are
functional polyester {meth)acrylates, functional polyether (methjacryiates,
functional silicone {methlacrylates, funclional {meth)acrylated
poly(butadiene) or functional urethans (methjacrylates, in which the
functional group can be, for example, a hydroxy, carhoxy, epoxy and/or
isocvanate group, Further examples are carboxy {methlacrylates and their
dervatives such as acid halides, hydroxy {meth)acrylates, epoxy
{methjacrylates and amino (meth)acrylates, for example, hydroxybutyl
{methijacrylate, glycidyl {meth)acryiate, trimsthylolpropane
di{meth)acryiale, pentasrythritol tn{methacrylate, (meth)acrylic acid
chioride. Preferred are glyaidyl {methlacrylate, imeth)acrylic acid chloride

and hydroxyethyl {(meth)acrylate.

Typical carboxylic acids {e) different from a) can be saturated
andfor unsaturated aliphatic, cycloaliphatic andfor aromatic mono-, di-, t-
andior tetracarboxylic acids, anhydrides and/or esters, especially alkyl
esters having 1 1o 4 carbon atoms in the alkyl chain. Examples are
dicyclopentadiene dimaleinate, telrahydrophihalic acid anhydride, endo-
methylensg tetrahydrophthalic anhydride, trimellitic anhydride, terephthatic
acid, isophthalic acid, {etrachlorophthalic acid, hexachiorophthalic acid,
adipic agid, glutaric acid, sebacinic aaid, cligo- andior polymeric fatty
acids, carboxyfunctional polyolefing,

Typical examples for {f} different from b) are polyethylene glveol,
polypropylene ghycol, polytetrahydro furane, reaction products of the
addition of ethylene miide or propylene axide to poiyfunctional aleohols
with 2 to 4 hydroxy groups like glycarol, trimethyiol ethane, trimethyiol
propane, tristhanolamine or pentaerythniol or with polyfunctional phenols
with 2 10 4 hydroxyl groups ke catechol, hydroquinone, bisphenot A or
bisphenol F, further examples are hydroxyfunctional homo- ar copolymers
obtained by radical polymerization, hydroxyfunctional polycarbonates or
hydroxyfunctional polyester with weight average molar masses between
400 and 10000 g/mal or polyalefinic polyols such as hydroxyfunctional

o
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polymers of ethylene, propylene, butylene, octene, isoprene, butadiene,
chioroprene or combmations thereof.

The polyisogyanates (g) are preferably polvisacvanates containing
2 or more isocyangte groups, for example, aliphatic, cycloaliphatic or
aromatic diisocyanates with 6 to 18 carbon atoms like 1,6-hexamethylene
diisocyanate, £.4'- and 4 4'-dicyciohexyimethane diisocyanste, 3-
Isocyanatomethyl-3,5,5-trimethyl cyclohexylisoeyanate, 2.2.3- and 2.4 4-
frimethyl hexamethylene diisocyanate, cyclohexanons 1.3- and 1.4~
diisocyanate, 2. 4- and 2 S-toluylene diisocyanate, 2.4~ and 4.4~
diphenylmethane diisocyanate, palyisocyanates that are oblained by
reaction of a polyisocyanate with a substoichiometric amount of polyols, or
trimerization products of above mentioned polyisocyanates, or products
with biuret sfructures made from above mentioned polvisocyanates, or
groducts with uretdione structures made from above mentioned
polvisocyanates. Preferred are aromatic isocyanates like 2.4~ and 4 4~
diphenyimethane diisocyanate and their mixtures,

in case all components {a) {o {g) are used the component {g) is
preferably used in such an amount that the urethane group content of the
unsaturated polyester or polyester imide A} is in the range of 0 to 0,1 mol
per 100g of A).

The polyester imides or polyesters A} may be prepared by methods
well known to a person skilled in the art, for example, by polyesterification
by heating the components, e.q. 1o {emperatures of 120 to 240°C i a melt
procass under inart gas or in an azeolropic process, possibly in the
prasence of polyesterification catalysts.

The ralios of the amounts of the components {a) to (g} are chosen
in such a way, known {o a person skilled in the art, that the number
average molar mass of the resulting resin A) is in the range of 400 to 8000
gimol, preferably 500 {o 5000 g/mol.

The composition accarding 1o the mvention comprises 2 o 80 wi%,
preferably 4 1o 65 wi%, of at least one monomeric and/or gligomeric
ethylenically unsaturated component {B) charactsrizad by ethylenically
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unsaturated structures having one or more vinylic or allylic double bonds,
which are radically polymernizable. Component {B) has a vapour pressure
in a range of 0to 1 miar at 20°C, preferred 0 o 0.5 mbar at 20°C.
Examples are phthalic acid diallyl ester, triallyl isocyanurate, diallyl
bisphenol A, pentasrythritol i or tetra allyl ether. Component {B) may be
also (meth)acrylic acid esters like hydroxysthyl {meth)acrviate,
hydroxypropyl {meth)acrylate, phenoxyethy! (meth)acrylate,
dicyclopentadiens {meth)acrylate, butane diol diimethjacrylate, hexane
diol {meth)acrylate, dipropyiene glycol dilmethjacrylate, timethylol
propane di- and fn{meth)acrylate, pentasrythritol di- and In{methlacrylate,
epoty rasin {meth)acrylates, (methlacrylates of reaction products of a
polyaddition of ethylene or propylene oxide with polyols such as {frimethylol
propane or pentaerythritol, and {methacryiates of oligo{ethylene glycob or
oligoi{propylene glycol). Preferred examples for (B} are hexane diol
dimethacrylate, butane diol dimethacryiate and {(methjacrylates of reaction
products of a polyaddition of sthylens oxide with trimethyiol propane or
mixdures thereof.

Up to 50 wi%, preferred 0 to 10 wi% of the component {B) can
consist of monomers with polymerizable groups like maleic or fumaric bis-
altkyt esters, in which the alkyl groups contain 1 to 4 carbon atomns, or like
mono- of bis-maleic imides {see also DE-A-2040084, DE-A-2719803, DE-~
A-3247058 and EP-A-0255802).

The composition according 1o the invention comprises 0.1 to 40
wi%, preferably 1 o 40 wi%, of at least one monomeric and/or oligomeric
unsatirated component (C) different from component (B} characterized by
ethylenically unsaturated structures having one or more vinylic or allylic
double bonds, which are radically polymerizable. Examples are styrene,
vinyl toluene, p-methyl styrane, ter -butyl styrene, divinyl benzene, Noving
pyrrofidone, hydroxybutyl vinyl ether, butane diol vinyl ether, tiethvlene
glyeot divinyl ether, phihalic acid duallyl ester, fumaric acid diallyl ester,
{riallyl phosphate, triallyl isocyanurate, dialiyt benzene, diallyi bisphenol A,
pentasrythritol tri or tetra allyl ether. Component (C) may be also

14
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{methjacrylic acid esters like hydroxyethyl (meth)acrylate, hydroxypropyl
{methiacrylate, phenoxysthyl {meth)acrylate, dicyclopentadiens
{methlacrylate, butane diol diimeath)acrylate, hexane dwol (meth)acryiate,
dipropylene glyco! diimethjacryiate, trimsthylol propane di- and
trifmeth)acrylate, pentaerythritol di- and triimeth)acrylate, epoxy resin
{methlacrylates, {(methlacrylates of reaction products of a polyaddition of
athylenea or propylene oxide with polyols such as trimethylol propane or
pentaerythritol, and {methjacryiates of oligofethylene glycol) or
oligo{propyvlene glycol). Preferred exampies for {C) are styrene, vinyl
foluene, hexane diol dimethacryiate, butane diol dimethacryiate and
{meth)acrylates of reaction products of a polyaddition of ethylene oxide
with trimethylol propane or mixtures thereof. Component (C) has a vapour
pressurs in a range of 0 to 10 mbar at 20°C, preferred O 1o 5 mbar at
20°C.

Up to 50 wi %, preferred 0 to 10 wi.-% of the component (C) can
consist of monomers with polymenzable groups like maleic or fumaric bis-
alkyl esters, in which the alkyl groups contain 1 to 4 carbon atoms, or like
mono- or bis~maleic imides (see also DE-A-2040084, DE-A-2719803, DE-
A-3247058 and EP-A-0255802).

The composition according 1o the invention comprises 0 {0 15 wi%,
preferably O to 10 wi%, more preferably 0.1 to 10 wit%, of at least one
customary addifive as component (D) which are additives as known to a
parson skilled in the ad, for example, exlenders, plasticising components,
accelerators, for example metal saits, substituted amines; initiators, for
example photo initiators such a5 choring containing photoinitiators,
aromatic ketones, hydroxyalkyl phenones, initiators such as peroxides,
hydroperosideas, ketone peroxides, heat-responsive initiators such as G-C-
labile 1, Z-substituted tetraphenyl sthanes having, for example, the formula
YPhC-CPhaY with Phe phenyl, Y ~OH, ~OCH;, ~QCsHs, ~CHa, ~ON, ~NH;,
-G or ~O8{CHa ), stabilisers (inhibitors), for example, hydroquinones,
quinones, guinone-type inhibitors, phenol-type inhibitors, organic salls of

PCT/US2010/062316
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metals andfor sterically hindered aliphatic or aromatic amines;
alkyiphenols, alkyiphenol ethers, defcamers and flow control agents.

For the adjustment of special properties like curing speed, swiface
hardness and surface smoothness, further polymarizable oligomers,
polymers or copolymers can be added, for example, liquid
poly(butadiene)s hke (methlacryigted poly(butadiene,
epoxy{meth)acrylates, ursthane (meth)acrylates, polyester
{methjacrylates, unsaturated polyesters and polysster imides which are
different from (A).

Further additives may be fiber-like reinforcemeant agents like
carbon, glass, polyamide, polyester, polyacryinitrile, polyaramide,
polyamideimide or polycarbonate fibers or fillers like chalk, tale, aluminium
hydroxide, quariz flour, slate flour, day or microdolomite; organic and
inorganic pigments, dyes, thixotropy agents and shrinkage reducing
agents.

The amount of such addiives in the composition is depending on
the respective application, and is knows to a person skilled in the arl.

The composition according fo the invention comprises Q to 30 wile,
prafarably 0 to 20 wiSe, more preferably 0.1 to 20 wi%, of at least one
monomer andior palymer containing epoxy or glycidyl ether or ester
moistias as component {E}, comprrising monomers or polymers containing
epoxy or glycidvl ether or ester moisties such as bisphenol A
diglycidyviether, bisphenol F diglycidylether andfor the appropriate
oligomers and polymers, glycidol, aliphatic and/or aromatic epoxides such
as styrene oxide, glycidyl methacryiate, versatic acid glycidy! ester,
epoxidized poly{butadiena}s, poly{chloroprenes) and poly{isoprenes).

The components {A), (B), {C), (D) and (E) of the composition
according to the invention may be mixed as readily prepared matarials in
any sequence. The components (A}, (B) andfor D) and/or (E) may also be
dissalved in (C) and afterwards mixed together, and the components {A},
{C) andior {13} andfor (E} may also be dissolved in (B) and afterwards

PCT/US2010/062316
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mixed together. i is also possible 1o pre-mix components (B} and (T}, and
then dissolve components {A) and/or (D) and/ar (E) in this mixture.

The use of the composition according 1o the invention may be
procesded by processes known in the art, for example, by dip
impregnation, vacuum impregnation or trickle impreagnation. In the dip
impregnation process, the substrates are dipped nto the composition for a
certain time or pulled through the composition. The subsirate may be
heated 10 {emperaturas below the curing temperature of the composition
before dipping. In the vacuum impregnation process, the subsirates are
placed into a closed container, vacuum is applied, then the composition of
the invention can be flushed into the container. in the trickle impregnation
process, the composition according to this invention can be trickled with
a4g. a nozzle onfo a rotating subsirate.

it can be useful to haat the subsirate {o lemperatures beiow the
curing temperature of the composition in order to improve, compared to
non-heated substrates, the penetration of the impregnating resin into the
substrate, especially into wire coils. The healing may be provided by
methods knowr in the art, for example, by slectrical current or in an oven,
for example, during or before impregnation process.

After the impregnation process the composition according o this
invention can be cured. This can be procgeded, for example, by radicsl
polymernzation, and for this radical polymerization it is useful to add radical
initiators as part of componeant D) to the composition of the invention. The
curing may be carried out by heating the impregnated substrate andior by
irradiation the impregnated substrate with high-energy radiation.

The heat for curing can be produced, for example, by passing an
alectncal currant through the wandings; it is also possibie {0 use an oven or
an infrared (IR) or a near infrared radiation {(NIR) source. The heating
temperature (object temperature) may be in the range of 80 to 180°C.
Typical ocwring times are, for example, 1 minute © 180 minutes, in case of
NIR radiation the guring time may be shorter, for exampie, below 1 minute.
The composition according to this invention can also be cured at

PCT/US2010/062316
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temperatures below 80°C, for example at ambient femperatures, under the
use of additives such as aromatic amings or saits of cobalt, copper, cenum
or vanaditm.

The coating according to this invention can also be cured by the
application of high-energy radiation, e.g. ultraviolel (UV) light or electron
beam. For UV curing, adequats iniiators can be used, for axample,
photoinifiators that absord in a wavelength range of 190 o 450 nm.

Also the combination of photoinitiators with thermally labile initiators
is possible, e.g. for a combination of heat curing and UV cunng.

The high-energy radistion may be used for the acceleration of the
curing process, but also for the through-curing of the applied composition,
depending on the impregnation layer thickness, UV- and electron beam
radiation can also be used to cure only the surface of the impregnation
compasition of the invention applied on the subsirate, in order to reduce
armission of volatile monomaers of the composition in & thermal curing step
afterwards.

The compasitions accarding to this invention can be used in several
fields of applications. They are especially usstul for fixing of wound items,
for example, coiled substrates, especially of colled wires like magnet wires
in electrical devices like rotors, stators or transformers, or of coited metal
foils in the elactrical sector, or coiled substrates on the basis of glass
fibers, plastic fibers or plastic foils, and may also be used for the
impregnation of fabrics.

The invention will be described with reference to the following

examples:
Examples
Example 1

Compuosition of Prior Art a}

Composition of prior art a) is the commercial DuPont impregnating
resin Voltatex™ 4012, which is a resin based on an unsaturated polyester
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different from the polyester according to this invention, dissolved in
styrene {viscosity at 25°C; 240mPas).

Example 2
Composition of Prior Art b}

Composition of prior art b} is the commercial DuPont impregnating
resin Voltatex™ 4302, which is a resin based on an unsaturated polyester
different from the polyester according to this invention, dissolved in the
acrylate of the reaction product of a polyaddition of ethylene oxide with
frimethyiol propane {viscosity at 25°C. 7300mPas).

Example 3
Composition according to the Invention

Component {A} is an unsalurated polyester based on 57 paris by
weight of maleic anhydride, 28 paris by weight of tetrahydrophthalic
anhydride, 14 parts by weight of trimethylol propane, 32 parts by weight of
neopenty! glycol and 11 parts by weight of sthanolaming, which is further
reacted with 13 paris by weight of a methacryiic acid dervatlive.
Compaonent (A} has the following properties: acid value 17mgKOH/g,
double bond equivalent weight 210g/mol.

55 parts by weight of component (A} are heated to 100°C and dissolved in
a mixture of 20 parts by weight of the acrylate of the reaction productof a
polyaddition of ethylene oxide with trimethylol propane {component (B}
and 13 parts by weight of vinyl toluene {component (C)). After cooling to
<40°C, 1.4 paris by weight of a C-C radical inifiator {(benzpinakol ether,
component {D}) are added and mixed weall {viscosity at 25°C: 3500mPas).

Tosis

Curing loss
5g of the ligquid impregnation material as described in examples 1-3
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are poured into an aluminium dish (80mm diameter, 12mm height). The
impregnation maternial is heated in a convection oven at 130°C for 3 hours.
After curing. the loss of mass by evaporation during the thermal cure is
measured {Curing loss}. This value is determined as follows:

Curing loss = 1~ {net sample weight before cure / net sample weight after
cure}

This procedure was cammed out with 10 samples for each impregnation
material, and the averages were determined.

Example 1 (prior art &)y Curing loss = 11.9 wt-%
Example 2 (prior art b)) Curingloss = 1.0wi-%

Example 3 (ace. toinvention)  Cuingloss = 20wi-%

Bending force
The bending forces of the impregnation maternals were measured

according to IECB1033. The results are shown in Table 1.

Table 1.
bending bending bending bending
material force at force at force at force at
25°C 130°C 155°C 180°C
Example 1 ‘ |
(prior art a)) 22N 138 N 94 N 63 N
Example 2 ]
{prior art b)) 135N 34 N 29N 28 N
Example § ‘ |
{invention) 431N 2BE N 251N 1058 N

As the data show, the impregnation material according fo this invention
exhibits extraordinary mechanical properties especially at elevated
temperatures while delivering low emissions upon curing and maintaining

good impregnation properties due o medium viscosities.

15
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Claims
What is claimed is

1. A composition for fixing wound ifems comprising

A} & 1o 80 wiY of at least one ¢, B -unsaturated polyester resin based
on at least one unsaturated mono-, di- or fricarboxylic acids and/or
mono-, di- or tricarboxyhic acid group containing molecules, at least
one polyol, af least one acrvlic or methacrylic group containing
companent,

B} 2 o 80 wi% of gl least one monomeric and/or oligomeric
ethylenically unsaturated component having a vapour pressyre in a
range of 0 to 1 mbar at 20°C, preferred 0 {o 0.5 mbar at 20°C,

G) 0.1 {o 40 with of al least one monomeric and/or oligomeric
unsaturated component different from B) having & vapour pressure
in a range of 0 to 10 mbar at 20°C, preferred 0 {o § mbar at 20°C,

0} 0 to 15 wit% of at least one customary additive, and

E} 0o 30 witt of al least one monomer and/or polymer containing
spoxy or glycidyl ether or ester moleties,

the wi% being based on the total weight of the composition.

2. The compasition of claim 1 comprising 10 0 75 wi% of component A).

3. The composition of claims 1 and 2 comprising 4 {0 85 wit% of

component Bl

4. The composition of claims 1 o 3 comprising 1 1o 40 wt% of component
3

5. The compasition of claims 1 10 4 wherein the g, § -unsaturated
polyester resin of A) comprises at least one g, B -unsaturated polyester
e resin,
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6. The composition of claims 1 to b wherein the g, § ~unsaturated
polyester resin of A) has a hydroxyl value of 0 to 80 mg KQOH/g, an acid
value of 0 to 50 mg KOH/g and a urethane group concentration of 0 1
5 0.1 mol per 100g resin A},

7. The compasition of claims 1 {o 6§ wherein the ¢, § -unsaturated
polyester resin of A) has a number averags molecular mass (Mol in a
range of 500 to 5000 g/mol.

10

8. The composition of claims 1 to 7 wherein the g, B -unsaturated
polyester resin of A) is obtained by reaction of
{a) at least one g, § - ethylenically unsaturated dicarboxylic acid, its

anhydride and/or an ester of the g, B - ethylenically unsaturated
15 dicarboxylic acid, and
{b} at least one alcohol having one or more, preferably 2, 3or 4,
hydroxyl funclionalities per molecule, and,
{c} in case of a polyester imide, at least one imide group containing
substance with the formuda

20 {(Formuda 1}

i

{Formula 2)

or
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{Formula 3}
in which
Ry is an aliphatic, cycloagliphatic or aromatic moiety in which the
carbonyt groups in Ry are in a 1,2-position and that contains at least
one further reactive carboxyt or hydroxyt group or a C=C double
hond or combinations thereof,
R, is an aliphatic, aromatic or cycloaliphatic moiety with 210 20
carbon atoms that may also contain oxygen or nitrogen atoms,
Rs is an gliphatic, cycloaliphatic or aromatic moisty in which at least
2 of 4 carbonyl groups in R; are in a 1,2-position, and
X is a hydroxyl or carboxy funclionality, and

{d) at least one component which is chemically bound into the resin
and which containg at least one (methiacrylic double bond, and

(e} possibly ane or more mono, di- or tricarboxylic acids which are
different from (8}, and

{fi possibly one or more polyether polyols, polyolefinic polyols or
polymeric polyols which are different from b}, and

{g) possibly one or more polyisotyanates.

Q. The composition of claim 7 wherein the a, § -unsaturated paolysster
rasin of A) is obtained by reaction of compaonents (a) to {g) in a ratia
that 100g of component A} contain 0.05 to 0.50 mol of polymerizable,

o, § - ethylenically unsaturated groups from component {a).

18 A wound item fixed with the compasition according to claims 10 8.

1%
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