Co‘atJ ng -cohposition for netal conductors and coating process involving the

‘Use t her eof The invention relates to a coating conposition for
metal conductors such as, for 5 exanple, wires, with inproved parti al

di scharge resi stance and good nechani cal 1 properties.

Thr ee- phase a.c. notors, for exanple, frequency converter-controlled notors
or high' vol t age asynchronous machi nes require the use of wre

wr appi ngs whi c '
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strength of thammﬁaulatlon Iayer i n order to be able to wi t hst and
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further requirenment in respect of wire vvrappi ngs of electrical equipment is
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W appi ngs in particular may be s and

pul se- shaped voésaaipde, wirstswithdmproved paﬂml;élsphﬂrgmsistamdmdcgmdlmgﬂnarmalt
exhibit a high parti.al discharge resistance. According to WO 96/ 41
909, within thePPBHHEt of a mul ti-layer coating for wires, a 20 coating’
conposition is used whi ch conprises a binder and a partlcul ate mat eri al ,
wherein the particulate material nay be present in the binder in an anpbunt
from 1 wt Theee-phs® am. m@taxsdfmmnplenﬁmen@mmsrteﬁ@ntreumo@rstorlnghu um

di oxi de, coni.um oxi de i.nc_ oxi.de, iron.oxide or_al
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whi ch | eads to destructlon of the coatin Ia ers and hence to a

drastic decreaspropertiehanginlytthe flexyraksizen insylatien layer, in order to be able to -
withstand high voltage loads and pulse-shaped voltage loads without damage.

A further requirement in respect of wire wrappings of electrical equipment is the

15  partial discharge resistance of the wire coatings. Adj acent wire wrappings in
particular may be exposed to high voltage loads and pulse-shaped voltage loads. For
these purposes, the coatings must exhibit a high partial discharge resistance.

According to WO 96/41 909, within the context of a multi-layer coating for wires, a
20 . coating composition is used which comprises a binder and a particulate material,
wherein the particulate material may be present in the binder in an amount from
1 wt.% to 65 wt.% and may be metal oxides, for example, titanium dioxide,
zirconium oxide, zinc oxide, iron oxide or aluminas. The particulate material has no
chemical reactivity whatsoever. During the manufacture of such coated wires,
25 préh'minary extension may occur which leads to destruction of the coating layers and
hence to a drastic decrease in the partial discharge resistance.

Similar compositions with comparable properties are described in DE-A 198 32 186.
30 According to DE-A 196 50 288, at least one of the electrically insulating coating

layers contains an organically modified silica (hetero)polycondensate prepared by

hydrolytic condensation of compounds of silicon and optionally of boron,



Sismi | aF-conpositions with conparable properties are described in DE-A 198
32 186. 30 According to DE-A 196 50 288, at |east one of the
electrically insulating coating | ayers contains an organically
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compounds.

In the as yet unpublished German application 198 41 977.5, inorganic-organic
15 hybrid polymers are used. The transition from monomeric element-organic
~ compounds to element-organic hybrid polymers leads to a further improvement in

the partial discharge resistance of the coating layer in question.

For stringent requirements, particularly for three-phase a.c. motors in continuous
20 operation and frequency converter-controlled motors, the partial discharge resistance

obtained is still in need of improvement.

The object of the present invention is, therefore, to provide a coating composition
for metal conductors, particularly wires, the partial discharge resistance of which is

25  increased compared with the solutions of the prior art, particularly when the coated
wire is extended. Moreover, the applicability of the coating composition as a single-
layer application or as a coating layer in a multi-layer application, and the surface
quality and flexibility of the coating should be improved. -

30 It has become apparent that this object may be achieved by a coating composition

which contains



For strlngent requirenents, particularly for -three-phase a.c. notors in
tontinuous 20 operation and frequency converter-controlled notors, the

partial discharge resistance obtained is still in need of .
| mpr ovenent. ~ The object of the presgnt invention is, therefore, to
provide a coat i ng conposition for netal conductors, particularly

wires, the partial discharge resistance of which is 25 increased conpared
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yttrium cerium ium  zirconium nickel and/or tantalum

B) 0 wt.%to 90 wak¥affillene or nore conventional binders, and O 0]
w.%to 95 w.% of one or nore conventional additives, solvents, pignents
and/or fillers, 10 wherein the reactive nanoner of conponent A is based

on the el engnt -PiERhe reacu{?@ﬁdﬁﬁfﬂér oPEorhphefit AlisBaed on \d SlBmEREGLYgéR
functions R err] and optionally non-reactive and/or partially reactive

functions R2 armetwerkaon theonmfaceof whigh seactive fimeligrsR pand opgionally non-reactive
and/or partially reactive functions R, and R3 are bound by way of the oxygen of the

network,

15 R, being contained in an amount up to 98 wt.%, preferably up to 40 wt.%,
particularly preferably up to 30 wt.%, R; and Rz in an amount from 0 wt.% to
97 wt.%, preferably 0 wt.% to 40 wt.%, particularly preferably 0 wt.% to 10 wt.% in

the nanomer according to the invention, in which

20 R, represents radicals of the metal acid esters such as, e.g., OTi(OR4)3, OZr(ORy)s,
OSi(ORy);, OSi(R4)3; OHf(ORy)3; NCO; urethane, epoxide, epoxy, carboxylic acid
anhydride; C=C double bond systems such as, e.g., methacrylate, acrylate; OH;_
alcohols bound by way of oxygen, e.g., bis(1-hydroxymethylpropane)-1-
methylolate, 2,2-bis-(hydroxymethyl)-1-propanol-3-propanolate, 2-hydroxypropan-

25 1-ol-3-olate, esters, ethers, e.g., 2-hydroxyethanolate, C;H4,OH, diethylene glycolate,
C,H,OC,H,OH, triethylene glycolate, C;H;OC,H;OC,H4OH; chelating agents, e.g.,
aminotriethanolate, aminodiethanolate, acetyl acetonate, ethyl acetoacetate, lactate;
COOH; NH,; NHR; and/or esters, reactive resin components such as, e.g., OH-,
SH-, COOH-, NCO-, capped NCO-, NH,-, epoxy, carboxylic acid anhydride, C=C,

30 metal acid esters, silane-containing polyurethanes, polyesters, poly(THEIC) esters,
poly(THEIC)ester imides, polyamide imides, polyamides, polysiloxanes,
polysulfides, polyvinyl formals, polymers, e.g., polyacrylates.



network; “ 15 R[err] being contained in an anobunt up to 98 wt.%
preferably up to 40 wm. % particularly preferably up to 30 wt.% R2
and R3 in an anount fromO w.%to 97 wt.% preferably O wt.%to 40
wt.% particularly preferably O wt.%to 10 4. % i n t he nanoner
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the nmetal acid esters such as, e.g., Ol (O4)3, OZr (OR4) 3, CSi (O4) 3,
OSi (R4)3; OHf (OR4) 3; NCG urethane, epoxide, epoxy, carboxylic acid
anhydri de; C=C doubl e bond systens such as, e.g., nethacrylate, acryl ate;
OH; al cowmpﬂemmdrddwaﬂ{mf amdmﬂwmmpomdg e,g., phenyl, cresyl, nonylphenyl

bi s( 1- hyd _1- thyl ol at
2. 2. bi 5 ( Iyl ooy RBRH P R Ey e ReR ALEtec YRgATaled o) spdicals C1

1-ol -3-ol ate, Eté"(}?,'()sf %a@ﬁf&envﬁhﬁes lidedd ¥ bRNKRIA @004 Aidor i OH, di et hyl ene
gl ycol at e, OH, tri e hyl ene gl ycol ate, C2ZHAOC2ZHAOCC2HACH,
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acid esters, silane-contal ning polyurethanes, polyesters, po y THEI C

esters, puitly oreamcdesiyatives; polyanfide; pplyamicr pplyrads i #ad formal

polysi | oxanes, resins, an%k%gwn‘térgﬁﬁzh aB, Oé Q,( Vﬁ&%r;lgfeg%oﬁyhyﬁ%%ﬂﬁr S, €.9.,

pol yacryl at es.

R2 represert(s rpwyhmkﬁmdizoaéspaml c conpounds, e.g., phenyl, cresyl,

nonyl phenyl , -al i phatic conpounds, e.g., branched, |inear, saturated,
unsaturated al kyl radicals Cl1 to C30, fatty acid derivatives; |inear

or branched estg[g,RREHE tadtldlEbSacrylate, phenol, melamine, polyurethane, polyester,

polyester imide, polysulfide, epoxide, polyaim’de, polyvinyl formal resins; aromatic
compounds, e.g., phenyl, cresyl, nonylphenyl; aliphatic compounds, e.g., branched,

15  linear, saturated, unsaturated alkyl radicals with C1 to C30; esters; ethers, e.g.,
methyl glycolate, methyl diglycolate, ethyl glycolate, butyl diglycolate, diethylene
glycolate, triethylene glycolate; alcoholates, e.g., 1-hydroxymethyl-propane-1,1-
dimethylolate, 2,2-bis-(thydroxymethyl)-1,3-propane diolate, 2-hydroxypropane-1,3-
diolate, ethylene glycolate, neopentyl glycolate, hexane didlate, butane diolate; fats,

20 e.g., castor oil and/or chelating agents, e.g., aminotriethanolate, aminodiethanolate,

acetyl acetonate, ethyl acetoacetate, lactate.

The nanomer of component A) according to the invention is composed of an
element-oxygen network on the surface of which the reactive functions R; and

25  optionally non-reactive or partially reactive functions R; and R3 are bound by way of
the oxygen of the network. The nanomers with the described functions R; to R4 are
particles whose average radius is in the range from 1 nm to 300 nm, preferably in a

range from 2 nm to 80 nm, particularly preferably in a range from 4 nm to 50 nm.

30 The nanomer according to the invention is contained in an amount from 1 wt.% to

60 wt.%, preferably 5 wt.% to 30 wt.%, in the coating composition.



R3 represents resin radicals, e.g., polyurethane, polyester, polyester
imde, THEIC pol yester imde, polytitanic ester resins and
derivatives thereof; polysiloxane resins wi th organic derivatives;
pol ysul fide, polyam de, polyam de imnm de, pokyvinyl formnal resins,
and/ or polynmers such as, e.g., pol yacryl ates, pol yhydantoi ns, 10
polybenzinidazoles and R4 represents radicals of acrylate, phenol,
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whi ch the reactive functions nd, 25 on reactive or
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to 30 wt. % in ¢dmpoumds, esters; @theess alcblmslates fats and chelating agents 1mldes, amides,

acrylates may also be implemented in the network of the nanomer according to the

15 invention.

The use of OTi(OR4)3, OZr(ORy)s, acetyl acetonate, 2-hydroxyethanolate,
diethylene glycolate, OH as function R, is preferred.

20  The use of radicals of polyester imides and/or THEIC polyester imide resins as
“function Rj is preferred.

The use of acrylate resin, aminotriethanolate, acetyl acetonate, polyurethane resin
and butyl diglycolate as function R, is preferred.

25 .
The radicals R; to R4 in each case may be the same or different.

Examples of the nanomers of component A) which may be used according to the
invention are shown in Figures 1 to 4.
30



The el ement - oxygen network of the nanonmer according to the invention
tontains the above-nentioned el enents which are bound by way of

oxygen. The network may contain one or nore identical or different

. elenents in a regular and/or irregular sequence bound to the oxygen in
each case. 5 The inorgani c network pr%ferably contains the el enments
of the series conprising titanium silicon, alum nium and/ or

zirconi um For exanpl e, conpounds based on the products Nyacol DP
5480 from Nyacol 10 Products Inc. nmay be used as conponent A).

Optionally, organic units such as, e.g., radicals of aromatic conpounds,

aliphatic conpounds, eﬁl}%rs, et hers, al cohol ates, f a8 and chBP‘é/PFtﬁbimide
agents, imdes, am des, acryl ates nl%é al so be J ed—n_{ he
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OTi (OR4) 3, OZr (OR3y3, acetyl acetonal
di et hyl ene gl ycolate, COH gsgilypgtd on
radi cal s of pol yfester im des and/ or THEI
function R3 is pyeferred. he uge of acryl

am not ri et hanol at\g, acetyIN]gEXYgﬁge,

di glycolate as fun

2- hydr oxyet
rr] is preffr

Al € resi NNETWORK
QSi N and butyl

rpadi cals R err]

d. 25

in each case may be ferent.
of conponent A) whifh may be used agcording to the ol
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Figure 1 shows a nanomer which has OH groups as reactive function R;. It is able,
.by way of these OH functions, to react with the corresponding functions of, for

example, esters, carboxylic acids, isocyanates, epoxides, anhydrides and the like.

30  The reactivity of the nanomer according to Figure 2 is determined by means of the
OH functions as R; and the various resin sequences polyester imide and THEIC

polyester imide as examples of Rs.
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Figure 1
. THEI C

The nanomers according to Figures 3 and 4 are provided with ortho-titanic acid ester
functions as reactive componént R;. The nanomer according to Figure 4 also has a

THEIC polyester imide as polymer fragment R;.

The organic radicals Z stand for isopropyl, butyl, butyldiglycol, triethanolamine,
acetyl acetone, polyamide imide, polyurethane and polyester imide groups and
aminotriethanolate and epoxide groups, particularly selected from the group

comprising Rs.

In addition to the nanomers of component A) used according to the invention,
monomeric and/or polymeric element-organic compounds may be contained in the
coating composition. Examples of polymeric element-organic coﬁlpounds include
inorganic-organic hybrid polymers as mentioned, for example, in the as yet
unpublished German patent application 198 41 977.5. Examples of monomeric
element-organic compounds include ortho-titanic acid esters and/or ortho-zirconic
acid esters such as, for example, nonyl, cetyl, stearyl, triethanolamine,
diethanolamine, acetyl acetone, acetoacetic acid esters, tetra-isopropyl, cresyl,
tetrabutyl titanate or zirconate, and titanium tetralactate, hafnium and silicon
compounds, e.g., hafnium tetrabutoxide and tetraethyl silicate and/or various

silicone resins.

Additional polymeric and/or monomeric element-organic compounds of this kind
may be contained in the composition according to the invention in an amount from
0 wt.% to 70 wt.%.

The preparation of component A) may take place by conventional hydrolysis and
condensation reactions of appropriate element-organic or element-halogen

compounds in the presence of organic reactants corresponding to functions R; to Rj.

Similarly, organic resin and/or nanomer components may be reacted with

corresponding element-oxide compounds to the corresponding nanomers.



20 - - - [err] 25 Figure 1 shows a nanoner whi ch has OH
groups as reactive function Rerr]. It is able, by way of these OH
functions, to react with the correspondi ng functions of, for exanpl e,
esters, carboxylic acids, isocyanates, epoxgdes, anhydrides and the |ike.
30 The reactivity of the nanonmer according to Figure 2 is determ ned by
nmeans of the OH functions as Rerr] and the various resin sequences
pol yester imde and THEIC pol yester im de as exanples of R3.

7 - The nanoners according to Figures 3 and 4 are provided with

ortho-titani c kR nREHdds ofpreXaraftlbﬁ@i'd et theacined/permeme@t, Rallphi K] Tleifhe
nanomer according to Figure al so_has a C.pol yester im de as

pol yer f r agnedphuR¥Wileysnd Sons, 'iﬁéQhegthrs}H?%'a §W2( akahd1RdE ligzgpr opyl ,
butyl, butyldiglycol, triethanolan ne, acetyl acetone, polyani de

i m de, pol yurethane and pol yester im de groups and am notri et hanol at e
and epoxi de 5gr dthesompasition ubeortingse thedheehtionanayt doatajm ongpor more binderpas si ng

Ra. component B) of the kind known and customary in the wire coating sector.
Examples include polyesters, polyester imides, polyamides, polyamide imides,
- THEIC polyester imides, polytitanic acid eéter-TI-]ZEIC ester 'imides, phenolic resins,
melamine resins, polymethacrylimides, polyimides, polybismaleinimides, polyether
10 imides, polybenzoxazine diones, polyhydantoins, polyvinyl formals, polyvinyl
acetals and/or capped isocyanates. Further binders also include, €.g., epoxides and

acrylate resins.

The use of polyesters and/or polyester imides, particularly THEIC-polyester imides
15  ispreferred.

Polyesters used may include, for example, those that are well known for wire
coating. These may also be polyesters with heterocyclic, nitrogen-containing rings,
for example, polyesters with imide and hydantoin and benzimidazole structures

20 condensed into the molecule.

The polyesters include, in particular, condensation products of polyvalent, aliphatic,
aromatic and/or cycloaliphatic carboxylic acids and anhydrides thereof, polyhydric
alcohols, in the case of imide-containing polyester amino group-containing

25 compounds optionally with a proportion of monofunctional compounds, for

example, monohydric alcohols.

The saturated polyester imides are based preferably on terephthalic acid polyesters
which, in addition to diols, may also contain polyols and, as an additional

30 dicarboxylic acid component, a reaction product of diaminodiphenylmethane and
trimellitic anhydride.



10 - - In addition to the nanomers of conponent A) used according to the
invention, nmononeri c and/ or polyneric el enent-organi c conpounds nay
be contained in the coating conposition. Exanples of polyneric

el enent - or gani ¢ conpounds i ncl ude i no gani c-organi c hybrid polyners
as nentioned, for exanple, in the as yet 15 unpublished Gernman patent
application 198 41 977.5. Exanples of nononeric el enent - organi c

compounds i ncl uggrdatid Bnddnkrari polekter REInS bfid/BREIPEsté iinides HhdyCA8) be used,
acid esters such as, for exanple,” nonyl, cetyl, Stearyl, triethanol am ne,

di et hanol ani ne, Thecuseyf uasaturated polyesterscend{ar pobyestar imaides is prefesredi- i sopropyl ,
cresyl, tetrabutyl titanate or zirconate, and titaniumtetral actate,
haf ni um and silicon 20 conpounds, e.g., hafniumtetrabutoxide and

tetraethyl sil imfﬁvéﬂ%?hnﬁ@dsirﬂ@soe used as Sdthp@RAEBY, €61t éxample, thermoplastic
Addi tional polyneric and/or nononeric el enment-organic conpounds _of this

ki nd rfay DRdyarsidesiandpplyamids dmidesob thetkinghprgpasd fony oo wmelitit ent i on

component &) moiiiyaikde st #boytbaablel milhane, Expmpld\t PHERHR! kiR dndor
condensat i on r egslyvinyisfonhals Whicinmagbeussdesseomponar Bi) inobudeaicvobaks obtatiaipéen
R e R RO TRTR G
g?r/ r 2 g ) 2, ﬁ 3? tn g d n%ﬂ%%ﬂglsglcoho%dea‘i&ﬁ%ééﬁdfdr &ERMEs. Viphed SUP/IARL SndPalkd Be

8 Bl c hused tak ootmparfiend Bypmuch a$, @18, caddutts ofipolyolss amines iTH-adidper son,
see, e.g., Ral pcporrlfpoulnldse Eé.g., acetoacetic acid esters, malonic esters i.a.) and diisocyanates,

cresols and phenols usually being used as capping agents.

The compositions may contain pigments and/or fillers as component C), for

15 example, colour-imparting inorganic and/or organic pigments such as titanium
dioxide or carbon black, and special—efféct pigments such as metal flake pigments
and/or pearlescent pigments. Examples of additives contained include conventional
paint additives, for example, extenders, plasticising components, accelerators (e.g.,
metal salts, substituted amines), initiators (e.g., photoinitiators, initiators which

20 respond to heat), stabilisers (e.g., hydroquinones, quinones, alkyl phenols, alkyl

phenol ethers), defoamers, levelling agents.

In order to increase solubility, the éompositions may contain organic solvents such
as, for example, aromatic hydrocarbons, N-methylpyrrolidone, cresols, phenols,
25  xylenols, styrenes, vinyl toluene, methyl acrylates. The compositions according to

the invention may contain, for example, 30 wt.% to 95 wt.% of organic solvents.

Optionally, the composition according to the invention may also be mixed with
conventional wire coatings and then applied by conventional methods.

30
The application of the composition according to the invention may take place by

conventional methods irrespective of the type and diameter of the wire used. The



John W'l ey and Sons, "The Chenmistry of Silica", New York, p. 312 ff, 1979.
5 The conposition according to the invention nmay contain one or nore

bi nders as component B) of the kind known and customary in the wire
coating sector. Exanpl es include pol yegjers, polyester imdes,
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pol yrmet hacryl i ni des al %ﬂf srral ei des | yether 10 i des,
pol ybenzoxazi ne"BF GH g’ %8{719 88%? %&W}Q’ﬁ% §IQ‘ Xhep‘é‘i wRH9R And
acetal s and/ or happRded FOAYVN AL GSam@Hth&fvn*ig mds%bﬁn@ﬂaﬂg talelatidSeverabtimes
epoxi des and acryl ate resins. use of polyesters and/or

pol yester im dei# sumswpmﬂ‘lm‘senmmem@s&mnzpmaﬂﬁgr Ygtically, fregoating d
Pol yest d, 0 r
V\IIOI‘)E/‘es erscgztel mﬁﬂlgese rr%s'yd‘% SO De C)O erB g@a@n&?%ﬁo@g&ﬂ@cygﬁg &QmLQ

ni t rogen- cortt ai speagdepangmg on the nftore @Bthewm to e kyated.&op emamjﬂleumibdeat&igi
hydant oi n and benzi m dazol e_str tures 20 condensed intg t&e nol ecul e.

The pol yestersﬁeﬁ’é’ﬂ?&gesm?yﬁ&n? Jrage from xoem dempatups 9A00°C- Morseretval ent
al i phati c, i ?&aﬁﬁgé anve&@bgg{: %ga&hﬁewﬁ%mlowa%bgée 3¢ also

anhydrldes thereof hydri c I'n"the case
‘i mi de- cont ai ni nlgppnﬁslp&dwmgmahng withoyt- anyrdisternably deteriocationdn tiusquality of the| y

with a proportion,.of non unc i anal .compounds, for exanpl e,
monohydri ¢ al cofrgfiag accor JOYOP S ed pol yester inides are based
preferably pn terephthalic aC|d poI yesters which, in addition to

diols, may also_contain paolyols and, as an additional 30 dicarboxylic acid
conponent, a rcBuRRGhesaERE progessdthgepmpansstieel theeompasitiomaccording to the

trimellitic an h%@éﬂtﬂ)%, particularly component A) and component B) may undergo a chemical
reaction with one another. Depending on the chemical nature of components A) and
B), various chemical reactions are possible, for example, transesterification
15  reactions, polymerisation reactions, addition reactions, condensation reactions.
According to the preferred use of components A) and B), condensation reactions
may take place preferentially.

The use of the composition according to the invention may take place irrespective of
20  the nature and diameter of the wire; for example, wires with a diameter from 5 pm
to 6 mm may be coated. Suitable wires include conventional metal conductors, for

example, of copper, aluminium, zinc, iron, gold, silver or alloys thereof.

The coating composition according to the invention may be contained as a
25  constituent of a multi-layer coating of the wire. This multi-layer coating may contain

at least one coating composition according to the invention.

According to the infrention, the wires may be coated with or without coatings
already present. Existing coatings may include, for example, insulation coatings and
30 flame retardant coatings. In such cases, the layer thickness of the coating accordir_lg

to the invention may differ considerably.



9- ' Moreover, unsaturated pol yester resins and/ or polyester inides may
al so be used. The use of unsaturated pol yesters and/or pol yester

i mdes is preferred. Mor eover, polyam des may be used as conponent
B), for exanple, thernoplastic 5 polyam ggs and pol yam de i m des of the
kind prepared from e.g., trinellitic anhydri de and i socyanat odi phenyl
nmet hane. Exanpl es of phenolic resins and/or pol yvinyl formals which

may be used as I
pol ycondensatl gﬁgﬁgéd%@smgﬁ%%ggg@yfgsc, orgggg 3?’?9%%08?%%% %lngl nabl e
from pol y\thenmbemidmﬁﬁlaampté ﬁirﬂxeh;n&ahﬁmmdéammgke&mheeam@mmohlso be

| socyanates nay al so be 10 wused as nt, B), such as . add %f[s of
pol yol s, ani ne§se@¢gacﬂs&t°P coat BWB%PS?\ %@m gﬁeﬁ%%ﬁq‘%f%

mal oni ¢ esters jegifeds ﬂ*@éﬂﬁy%@fﬁﬁm‘m&p%@ éﬂnﬁpl@%nﬂi&@ﬁ%ﬁbh!s%ﬁ%‘

bei ng used as capplng agenht S may contaln pignments
and/or fill érs palyanmdesopelyamide, infides ah8 polyhaidek ere pacticmlarly switableias gop ceatgyani c
and/ or organic pignents such as titanium di oxi de or carbon bl ack, and
speci al -effect pignments such as netal flake pignents and/ or

pear| escent pi fBRipartidak@RP HRSconipoditidhlacdiding 96 i iReshtion ¢4 AlSE sERMYSAE 4 onal
pai nt additives, for exanple extenders pl asticising conponents,

accel erators (@ng-coat applicatinst al sal ts, substituted ani nes), initiators _
(e.g., photoinitiators, initiators whi ch 20 respond to heat), stabilisers

(e.g., hydroqui nones, quinones al kyl phenol s, al kyl - phenol ethers),
def oaners, 1lgev Q&dcbﬂﬁnglﬁﬁﬂhb $nvention, the corfipaititel mhpbé ﬁpplﬁ&Sﬁ coibientibhdllyyert he
corrp05| tions may contain ;)Teganl c_solvents such f or exa | e,
aromati ¢ hydr odBickessses. lisakappssible & am%x@n@w%mﬂmubm igl)| enol s,

styrenes, vinyl %! i%ﬁ gmg

the invention n%él ?gmﬁm%or exarr%% to-liﬂgby‘% gghﬁdﬂ%%%?g%%gm C
sol vents. and eﬁmxslbﬂﬂy bf thetdoatingsniPhes diyi layer dlsickiess mgy tvarytih@ccordamdei on
ey also be m xe the stc]andardlsed values for thin and thick wires.

15
The coatings obtained with the composition according to the invention permit an
increased partial discharge resistance of the coating compared with the compositions
known hitherto, as a result of which continuous loading under the effect of high
voltages, particularly pulse-shaped voltages, becomes possible. They are |

20  characterised by a high continuous loading eapability and a long service life
compared with the coatings based on monomeric and/or polymeric element-organic
compounds alone. The partial discharge resistance of the coated wires may be
increased so that these are particularly suitable for use with high voltage loads and
loads of pulse-shaped high voltages. '

25

The invention is illustrated on the basis of the examples below:

Preparation of a wire coating according to the prior art
Example 1a (comparison)
30
261.2 g of tris-(2-hydroxyethyl)-isocyanurate (THEIC), 93.2 g of ethylene glycol,
194.2 g of dimethyl terephthalate (DMT)- and 0.5 g of zinc acetate were heated to



conventional wire coati ngs and then applied by conventional methods. 30
The application of the conposition according to the invention may take

pl ace by conventional nethods irrespective of the type and di aneter
of the wire used. The 12

10 wire may be coated directly with the conposition according to the
I nvention and then stoved in an oven. Coating and stoving nmay

optional l'y takeloaGe;sia\y yél*odfofmursmaz RS sk flasknRitR ¥@Rer, ey be
arranged horlzontally or vertically, the coating condi tions such as

duration and n tihe:mométemmltdlstdkatlos voiti 6(hg oEmethanolwere distiled. nﬁﬁe@mb@ﬁ &

dependi ng on t ting
Fonper at ir o8 mPthG- o ket gl AN EA T .00 & S B ene olfine
Mor eover, @mnmtwérsarwaaq‘Hé RixtaRowes Khatkdvith §t@ring €5 220X Tithin 4P t O
800 [err]C and above may al so be possi bl e during coatln%amnthout any

di scer nabl e. 5detnmodr0§t3lhmrﬂ andikept ef thisiteperature,for a further Shaursy 33 Efr¥atey t o
th t ot th
Compos £1 on ac B digilel Tk bt AGIED Clall sHO B wile | N7

I'nvention, particularly“conponent A) and
conponent B) negddeddergo a chem cal reaction with one anot her.
Dependi ng on the chem cal nature of conponents A) and B), various
chem cal reactions are-possible, for exanple, transest erification 15

reactions, pol yﬁiﬂ: éﬁ{é I.ogg".{lg e'1‘3§lﬁ1 fueed @ﬁﬂv@
reactions. ccor é|>ng dél%h 5 f"‘ggl use qeli:orrpor?gnt S E and
condensat i or0 r egrepared svith 882.00gpf ¢trasad, Zﬂ%goﬁﬂeh’vesserllﬂnam(yo g of xylene, 'Eh@gulﬁe
of the conposition accordin to t.he i vent on na Iace AT i ve
of 20 the nat (3 EPTMGTAlRRERQC f&?mtmé‘ W $8 ‘?}'Pmé?éaﬁ}?sg&l %\ﬂ‘ﬁféb

di ameter from Sof GiHolfianic acid-feRabutyRyteRY be coated. Suitabl e W res include
conventional netal conductors, for exanpl e, of copper, alum nium

'zinc, iron, gold, silver or aIons t her eof .
The resulting wire coating had a solids content of 31.3% and a viscosity of

15 410 mPas.
Example 1 b (comparison)

140 g of a particulate SiO, material according to WO 96/41 909 and 320 g of cresol

20  were added to 1800 g of the wire coating according to Example 1a and stirred for
60 minutes. A coating dispersion with a solids content of 30.3% and a viscosity of
530 mPas was obtained.

Preparation of wire coatings according to the invention
25 Example 2

200 g of "Nyacol DP 5480" (Si-O nanomer with OH functions, 30% in ethylene
glycol, nanomer radius: 25 nm, from Nycol Products Inc.) were added with vigorous
stirring to 1800 g of the wire coating according to Example 1a and stirred for

30 60 minutes. A coating dispersion with a solids content of 30.9% and a viscosity of
390 mPas was obtained.



The coating:.conposition according to the invention may be.contained as a 25
constituent of a nulti-layer coating of the wire. This nulti-layer coating
may contain at | east one coating conposition according to the

i nventi on. According to the invent|EQ the wires may be coated with
or -wi t hout coatings al ready present I sting coatings may include,
for exanple, insulation coatings and 30 flane retardant coatings. In such
cases, the layer thickness of the coating according to the invention
may di ffer conéﬁ%&ﬂqﬂﬁgy It is-also possible to undertake
further coatings by way of the coating according to ~ the invention, for
exanpl e, further insulation coatings. Such coatings nmay al so be used

e.g., as a top @%EOf'NymanB\ﬁé&O'meadd@ththﬁ@m@ﬂ@ ¥69p grafche pargt i on
of desired s face e t|e nd
conposi ti ons bacsog 05&152‘?3 g %“&Osy Q}éﬁm éléé:anac%)ééﬁ%hﬁ Hon, o

particularlys SUWitHH'sGh@sScdn@@lt@tJa@ 6% and av1scdbhyefmmlewe§ Ohtainktie _
conposition according to the invention is also suitable as a one- coat

appl i cation. 10 According to the invention, the conposition nmay be

applied in con Eg&kﬁgh | ayer thlcknesses It is also possible to
apply thin | ayers out affecting the parti al di scharge resistance
obt ai ned according to the invention, and the adhesion, strength and

cxiensibi 1Y o] hR SaLNo g e, el aret LB EkDesty IUNE . 1205 4.
10  of tris~(2-hydroxyethyl)-isocyanurate (THEIC), 62.0 g of ethylene glycol, 194.2 g of
dimethyl terephthalate (DMT) were mixed thoroughly with 180.0 g of an OH-

functional Si-O nanomer (average radius: 25 nm) prepared in the manner described
by Ralph K. Iller, loc. cit., at 70°C to 80 °C with vigorous stirring and then heated
with 0.5 g of zinc acetate to 210 °C within a period of 4 hours. 60 g of methanol

15  were distilled. After cooling to 150 °C, 192.1 g of trimellitic anhydride (TMA) and
99.0 g of methylene dianiline (DADM) were added. The mixture was heated to
220 °C within a period of 3 hours, with stirring, and kept at this temperature for a
further 3 hours. 33 g of water were distilled. The mixture was then cooled to 180 °C
and 500.0 g of cresol were added.

20
With further stirring, a ready to use formulation of the resin solution present was
prepared with 900.0 g of cresol, 284.5 g of Solvesso 100, 100.0 g of xylene, 9.2 g of
a commercial phenolic resin A, 46.2 g of a commercial phenolic resin B and 18.4 g
of ortho-titanic acid-tetrabutylester. -

25
The resulting wire coating had a solids content of 30.8% and a viscosity of
380 mPas.

Example 5

30
In a 2 litre three-necked flask with stirrer, thermometer and distillation unit, 261.2 g
of tris-(2-hydroxyethyl)-isocyanurate (THEIC), 93.2 g of ethylene glycol, 194.2 g of



The codtings obtained with the conposition according to the invention
permt an I ncreased partial discharge resistance of the coating
conpared with the conpositions known hitherto, as a result of which
continuous | oadi ng under the effect of high4 vol tages, particularly
pul se-shaped vol tages, becones possible. They are 20 characterised by a
hi gh conti nuous | oading capability and a Iong service life conpar ed

with the coatin | Gt
conpounds al onewﬁﬁ?%%ﬁ%%g%&gﬁ 'S %lr:l)cég&% egéeﬁ%% fo lwe‘gl%ly '
be | ncr eagpdicicofidiadurs. [GOsLofanethaw] wereidiatillsd. sﬂﬁdrawlmg‘torlswe \‘:\92 hg

hi gh vol tage | oads and | oads of ul se- sfh hi ol t

The invention % trimelisic aphydrids,(kM4) ?%0&0 ’ﬁ%ﬁgi‘%%@é’im QS%M
Preparati on of Oﬁld% rﬁ&%ﬁ!ﬂg@%ﬁ%%ﬂ k81920 € ?&ioc%ﬂ hours, witH'@FBh§, |

(conparison) 3 of tris-(2-hydroxyeth -1 socyanurate
(THEI C), 93.%2 gamifkept btythtsrtempblpﬂme for a furtherIPliowzs. @3cgo atet werte distilledhTheal at e
(DMTI) and 0.5 g of zinc

5 210 PP s e coplaLiorTa (0 300 eref resolwers addpd 450 &8f AE%d

flask with stirg@hic amd-teuiariﬁfmbﬁer@e& #didad b 6090 101BOPT dnd, @&h@lgﬁmus
met hanol were distilled. After cooling t 150 [err]C, 192, 1 %

trinellitic anhmﬁelwpfm@m@mﬁ@fwéﬁlﬁsm rememer &averaggsadius:

o Eoa ot s BT et B R 0 186 0 A s, X
of water 10 V\ﬁitmnchpériddl(ﬂ’(iho'ﬂm afill 38 argaoﬁnﬁ@rbﬂsmlwerﬂchﬁhlleﬂ AB@r feolingC and

500 g of cresol were hfurthe{; st|rr|r1% a ready to
use formul atlonaféif“’%th@lﬁﬂ%%lsm Elf‘?aéﬁt‘bl*%s Fraulgian of the resin soliifion present was

prepared with 1100.0 g of cresol, 355.0 g of Solvesso 100, 129.0 g of xylene, 11.0 g

of a commercial phenolic resin A, 50.0 g of a commercial phenolic resin B.

15  The resulting wire coating had a solids content of 30.5% and a viscosity of

370 mPas.

Tests:

Solids content 1 g, 1 h, 180 °C [%]. DIN EN ISO 3251
20  Viscosity at 25 °C [ mPas] or [Pas] DIN 53015

Application

Copper wires with a bare wire thickness of 0.3 mm were coated on a conventional
_ wire coating plant with the wire coatings described according to Examples 2 to 5
25 and Comparison Examples 1a and 1b (single-layer coating). The resulting layer
thickness was 18 pm. '



10 prepared with 882.0 g of cresol, 273.0 g of Solvesso 100, 100.0 g of
xyl ene, 9.0 g of a commercial phenolic resin A, 45.0 g of a comerci al
phenolic resin B and 18.0 g of ortho-titanic acid-tetrabutyl ester.

The resulting wire coating had a solids comfgent of 31.3%and a viscosity of
15 410 nPas. Exanple 1 b (conpari son) 140 g of a
particulate SiQ2 material according to WO 96/41 909 and 320 g of cresol
were added to X

stirred for L?&Q%g %écr}l)%} }glsﬂtiggglgf& B?‘l@@ g@eg%&gﬁ%ﬁ% cog} ent of
30. 3% and a vi sDD$EN/6GE51) 530 nPas was obt ai ned. Preparation
of wire coatings according to the invention 25 Exanple 2 200 g of

"Nyacol DP 5480" (Si-O nanomer with OH functions, 30%in ethyl ene
gl ycol, nanonef tadius: 2T isdd § Comaisdn [ERGUCTS | ERG. ) . A00E0Est 1
Vi gor ous stirring t@x a0 | BkankplbW r € coat iing accorjdi ng t o] Exanpl
| a and stirred| SofEnixg0 6B9Mmnut e$396A coat | #2°di Spérea°gn W |t387 &€ SOf 4033C
content of 30.QRdmnd a vijscosity of BO0 _nPas |was_obt di ned.
13 Ex anp’l"hgn@l ' 220°C 220°C 220°C 220°C 220°C 220°C
shock 1xd
Adhesionand | 25% 10% 20 % 15% 20 % 15%
extensibility
during
wrapping 1xd
Pencil hardness | 3-4 H 4-5H 6-7H 6-7H 6-7H 6-7H
Paintability Satisfactory | Satisfactory | Satis. Satis. Satis. Satis.
Service lifeon | 0.8h >1000h >1000h >1000h >1000h | >1000h
converter®
Service life on 0.5h 390 80h 420h 480 h 430 h
converter*
With 5% pre- [ 0.3h 21h 70h 430h 490 h 410h
extension of
coated wire
With 10% pre- | 02h 13h 60h 430h 500h 430h
extension of
coated wire

430 h * frequency converter from Siemens: Simovert P 6SE2103-3AA01
Output: 2.8 kVA, cycle frequency: 10 kHz




400 g of “Nyacol DP 5480" were added with vigorous stirring to 1600 g of

the wire coating according to Exanple 1 a and stirred for 60 m nutes. -
A coating dispersion 5 wth a solids content of 30.6% and a viscosity of
370 nPas was obtained. . Exanple 4 16 Ina2litre three-necked

flask with stirrer, thernmoneter and distillation unit, 130.5 g 10 of
tris-(2-hydroxyethyl)-isocyanurate (THEIC), 62.0 g of ethylene glycol,
194.2 g of di ne;imll terepht hal ate (DMI) were m xed thoroughly with
180.0 g of an @atentclaimse ¢t onal Si-O nanoner (average radius: 25 nm
prepared in the manner descri bed : by Ralph K Iller, loc. cit., at

- 70[err]Cto 80 [err]Cwith vigorous stirring and then heated with 0.5
g of zinc acetdte tdCeutidgcomppsitinh for eleciriead eonductors, £ORBUNRE 60 g of

g

met hanol 15 were disiilleged, t ' f
trimellitic anhydri & ('Tl\/ﬁ)"’t'g??fé’gdwmo% °t6?%°f]'§?reeatkﬁ‘;’ff%ar?€“§§’?%%aﬁsf‘?ﬁg oAby
were added. sThe m xture velgmbgedagei ietwork with2fenhents ¢fThevsdridscomppisinigod of 3

hours, with stirring, and kept at this tenperature for further 3
hours. 33 g of water wer ealymsnipm, tin, borep m%—%=ﬂﬂ£mhgﬁd’65%ml?%“ 180

[err]C and 500.0 g AEk ?ﬁﬂ%‘nﬁ Wth further
]?‘%taﬂ’?getq%%n o?et e resi gs’sol ut i

stirring, a ready to use Tornu on present was
prepared with 900.0 g of cresol, 284.5 g of Solvesso 100, 100.0 g of

xyl ene, 9.2 g of a co rcjal epolic resin A .46..2.0.0f a

comerci al phenol i ¢ Bbsi n8§1n%3’ é@?"&%°&n3 °r%9reSP?YFé5‘!’PH1§W%FS’ and

acid-tetrabygylester. 25 The resulting wire coating had a solids

content of 30.8% and a viscosity of 380 nPas. i Exanple 5 30
In a 2 litre three-n6€kked0 ™t ko 95 wih% of enecor mongsonymiionsl additives.soivents: i on

unit, 261.2 g of tris-(2-hydroxyethyl)-isocyanurate (THEIC), 93.2 g
of ethylene glycol, 194. 2p1§ngeints %%/or)ﬁ’iﬁers, _

wherein the reactive nanomer of component A is based on the element-

15 oxygen network, on the surface of which reactive functions Ry and optionally
non-reactive and/or partially reactive functions R; and R3 are bound by way
of the oxygen of the network,

R; being contained in an amount up to 98 wt.%, R and R; in an amount

20 from 0 wt.% to 97 wt.%, in the nanomer according to the invention, in which

R; represents radicals of the metal acid esters; NCO; urethane groups,

epoxide groups, epoxy, carboxylic acid anhydride; C=C double bond

systems; OH; alcohols bound by way of oxygen, ésters, ethers; chelating
25 agents; COOH; NH;, NHRy; and/or reactive resin components;

R; represents radicals of aromatic compounds, aliphatic compounds, fatty

acid derivatives; esters and/or ethers,
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14 =~ “dimethyl terephthalate (DM and 0.5 g of zinc acetate were

heated to 210 [errJ]C within a period of 4 hours. 60 g of nethanol were
distilled. After cooling to 150 [err]C, 192.1 g of trinmellitic
anhydride (TMA) and 99.0 g of nethylene didfiiline (DADM were added.

The m xture was heated to 220 [err]C within a period of 3 hours, with
stirring, 5 and kept at this tenperature for a further 3 hours. 33 g of
water were distilledg,n ng'esents radiEal‘stdfraEryl‘ﬁé Oﬁﬂaﬁa ﬁ@mnﬁﬂe tﬁaﬁﬁ&h&ﬁa bblyestad
500 g of cresol were a g of ort

aci d-tetra-i sopropy|podwister lmgieepdméﬁldeabp@cd@,wi}]amldﬁa PBI)’VEIEWI fqread resinspi t h

(aver age radi us: 20 RApatc comphads, it corsonaan astcfs siier o B RE % «
Il'er, loc. cit., ancprivpelafiflg hfentdS [err]C 10 within a period of 5 hours,

and 38.2 g of |sopropanol were distilled. After cooling and with
further stidring, a ready to use fornulation of the resin solution present

125 " SR WA eSS 5808 LA Yl © O

comer ci al phenol | ¢ ReRresEhts O'Il@)RJj‘,lQZr@(BRl)E,Iaﬂ@yMeﬁm@t@B#h?ﬂrd&&éth&n@l@ﬂej ds
content of 30.5% and_a_vjscosit Tests:

Solids content 1 g, dieth }’eEBGYP%ﬁ;’Fe}C [ . DI N EN ISO 3251 20 Viscosity, at
25 [err]C [ nPas] or [Pas] . DI N 53015 Application Copper
wres with a bare wire thickness of 0.3 nmwere coated on a convepid onal

W re coatin@ pliant V\Atcbaﬂlﬂgacompomtmnamcmrgmgdestmmbé@rapdmai:tergeﬁm- thel es 2

o P g B P K AoBcRentt ol o ncested iideS kSl o PRI Bhtyedte?

mudes.

4, A coating composition according to claim 1, 2, or 3, characterised in that the
15 functions R, represents radicals of acrylate resins, aminotriethanolate, acetyl
acetonate, polyurethane resins and/or butyl diglycolate.

5. A coating composition according to claim 1 to 4, characterised in that the
reactive nanomer of component A contains a network of elements of the
20 series comprisithitanium, aluminium, silicon and/or zirconium bound by

way of oxygen.

6. A coating composition according to claim 1 to 5, characterised mrthat the
reactive nanomer of component A has an average radius from 2 nm to 80 nm.
Aty
25
7. A coating composition according to claim 1 to 6, characterised in that
monomeric and/or polymeric element-organic compounds contained are

orthotitanic acid ester, orthozirconic acid ester, titanium tetralactate, hafnium

tetrabutoxide, tetraethyl silicate and/or silicone resins.
30 This Sheet Has Been Replaced
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15" - “Table 1: Technical data of the coated copper wires (according to

DI N 46453 and DI N EN 60851) .Conpari son
Conparison Ex. 2 Ex. 3 Ex. 4 -  Ex. 5

Example la Exanple Ib Sof t eni ng 1894 [err]C 396 402
[err]C 404 [err]C 357 [err]C 402 [err]C Poi nt . Ther mal
220 [err]C 220 [err]C 220 [err]C 220 [err]C 220 [err]C
220 [err]C 8hock Alproceks for co&dhgmem caidbictors B application of a déifiing 20
% 15 % 20% . extensibility during

wrapping 1 x d PQH@PPSIH%?’d’Hé@%tenSQdﬁnIIhat a cogting gpmposition q;cqrde to one of_ 7
H

6-7 H 6- Glains 1t @a‘ﬂﬁhllty Satisfactory Satisfactory
Satis. Satis. Satlss.ol?% tI's. Service life on 0.8 h > 1000

h > 1000 h > 1000 h > 1000 h > 1000 h convert er *

Service life.on 480 h
430 h cohvert er *%proc%slaﬁcg%ngrtgclauné %q;actensed 11241a’han electrically 70p,
430 h 490 h conc&ﬁ@eMelsu@&tﬁﬁﬁéﬁ@ta%onductofoat ed wire Wth 10%
pre- - 02 h 13 500 h 430 h .
ext ensi on of coat ed wre 5 430 h * frequency converter from Si enens:

Simovert P 65E21(3- 3%ig)rjocess according to claim 8 and 9, characterised in that a pre-coated
electrical conductor is used.
10
11.  Aprocess according to claim 8 to 10, characterised in that the coating
composition according to claim 1 to 7 is used as a single-layer application

and/or as a base coat, middle coat and/or top coat.

15 12.  The use of the composition according to one of claims 1 to 7 for coating

metal conductors.
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OJf;:)ut = 28<kVA, cycle frequency: 10 kHz

REPLACEMVENT SHEET - 16 o
2 7 FEB 2002 Pat ent cl ai ns: 5 1. . Coating conposition
for electrical conductors, containing 19 A) 1 w.%to 60 wt.%

of reactive particles wwth an average radius in the

range from1l nmto 300 nm based on an el enent - oxygen network

with elements of the series conprising alumnium tin, boron, 10 _
germanium gallium lead, the transition netals, the |anthanides and

acti ni des, B) Ow.%to 90 wt. % of one or nore :
conventional binders, and 15 O Ow.%to 95 wt. % of one or nore
conventional additives, -solvents, pi gnents and/ or
fillers, Abstract Wherein, on the surface of the el enent-oxygen
network of reactive particles, reactive functions Rerr] and
optionally ndbn-reactive and/ or partially reactive 20 functions R2

gg?ngRscg:lteaib(r)lggg'i Eyaggé%%cﬁﬁoﬁwge @&#e%gsé%&%%ﬁ armount R[ rr
A) 1 wt.% to 60 wt.% of one or more reactive nanomers based on an
element-oxygen network with elements of the series comprising
aluminium, tin, boron, germanium, gallium, lead, the transition

10 metals, the lanthanides and actinides,

B) 0 wt.% to 90 wt.% of one or more conventional binders, and

C) 0 wt.% to 95 wt.% of one or more conventional additives, solvents,
pigments and/or fillers,

wherein the reactive nanomer of component A is based on the element-

15 oxygen network, on the surface of which reactive functions R; and optionally
non-reactive and/or partially reactive functions R; and R; are bound by way
of the oxygen of the network,

R being contained in an amount up to 98 wt.%, R, and R; in an amount
from 0 wt.% to 97 wt.% in the nanomer according to the invention, in which

20 R, represents radicals of the metal acid esters; NCO; urethane groups,
epoxide groups, epoxy, carboxylic acid anhydride; C=C double bond
systems; OH; alcohols bound by way of oxygen, esters, ethers; chelating
agents; COOH; NH,, NHR,; and/or reactive resin components;
R, represents radicals of aromatic compounds, aliphatic compounds, fatty

25 acid derivatives; esters and/or ethers,
R3 represents resin radicals,
Ry represents radicals of acrylate, phenol, melamine, polyurethane, polyester,
polyester imide, polysulfide, epoxide, polyamide, polyvinyl formal resins;
aromatic compounds, aliphatic compounds; esters; ethers, alcoholates, fats,

30 or chelating agents.



from0O.w.%to 97 wt.%in the reactive particles, I n which 25
Rlerr] represents radicals of the nmetal acid esters; NCO urethane groups,
epoxi de groups, epoxy, carboxylic acid anhydride; C=C doubl e bond

systens; OH;, al cohols bound by way of oxygen, esters, ethg NQUECT
agents; COOH, NH2, NHR4; and/or reactivée resin conponents; REPL%CEMEN’T SHEE‘.
R2 represents radicals of aromatic con]pounds, aliphatic c n‘To%ndsfmfatg;
: 7 FEB 2082

1

acid derivatives; esters and/or ethers,
7
R3 represents resin radicals, R4 represent %2555‘%&?\'5% ‘Q;tl'

REPLACENVENT SHEET
acryl ate, phenol, nelam ne, polyurethane, polyester,
pol yester im de, polysulfide, epoxide, polyam de, polyvinyl formal resins;

5 ag&gﬁtélﬁmgprrpounds, al i phatic conpounds; esters; ethers,

al cohol at es, or chel ati ng agents. 2. A
coating cdmposition according to claim1, characterised in that the radical

Rlerr] represents i (OR4) 3, Q7r err])3 cetyl acetonate,
> by oxyot hahol at Go3Hg composition fogieinial AR SPRREIE " & 5
coating conposi ti oR)accpiipth 60PwEYAdfTBactive particles Wathod] Setp8 dadins fntRE t he
function R3 represents radicals of pola/ester I m des and/ or THEI C pol yester
i m des. range from 1 nm to 300 nm based on an element-oxygen network
with elements of the series comprising aluminium, tin, boron,
10 germanium, gallium, lead, the transition metals, the lanthanides and

actinides,
B) 0 wt.% to 90 wt.% of one or more conventional binders, and

15 O 0 wt.% to 95 wt.% of one or more conventional additives, solvents,

pigments and/or fillers,

wherein, on the surface of the element-oxygen network of reactive particles,
reactive functions R, and optionally non-reactive and/or partially reactive
20 functions R; and R3 are bound by way of the oxygen of the network,

R, being contained in an amount up to 98 wt.%, Rz and R; in an amount
from 0 wt.% to 97 wt.% in the reactive particles, in which

25 R; represents radicals of the metal acid esters; NCO; urethane groups,
epoxide groups, epoxy, carboxylic acid anhydride; C=C double bond
systems; OH; alcohols bound by way of oxygen, esters, ethers; chelating

agents; COOH; NH,, NHRy; and/or reactive resin components;

30 R represents radicals of aromatic compounds, aliphatic compounds, fatty

acid derivatives; esters and/or ethers,

AR



15, . 4. A coating conposition according to claim1, 2, or 3,

characterised in that the function R4 r e—sem~s~+&d1—eed-§—of
acrylate resins, amnotriethanol ate, acetyl PE?L&{&; BTt eﬂ‘L

pol yur et hane resins and/or butyl diglycolate. 20 AT oAt T g
conposition according to claim1l to 4,1tharacteri sed i n that shhesnan
reactive particles of corrponent A cont ain a network o | @rrent-s’ bf“ )—{
series ani um al um nium sjli-con.andsoF

zi r coni um bound by%?l’ngﬁm 8 radié als, oxygen. 25 geo, o8| TG+ g

conposition according to claiml1l to 5, characterised #=A~that—the
reactive particles_of conponent A have an average radius from2 nmto
80 nm 7. Repepresentsmadicdlapbacrylates phenobmaslargine opalyuiethane, polygster,

characterised in t n [ r
el ement - or gani c coﬁ*plé’ g“mld glyﬁgléf@f%de pﬁy%ﬁe’&ﬁﬁ@tfo alreSl%SCI d

ester, ortHozirconapniticdonpoands, hlipiasic ¢ompernds] 3tdirstethers) afcbholates, fats,
t et r abut ox| de, tetraethyl silicate and/or silicone resins.

18 8. ar SEERYS- coating netal conductors by application of
a coating conposition, characterised in that a coating
conposition according to one of claims 1 to 7 is applied. 5.

9. A proce2s acéocodting compasitiomadordiigoatdinr i, shatadterisedan thanthelredicali cal | y
R; represents OTi(OR4)3, OZ1(ORy)s, acetyl acetonate, 2-hydroxyethanolate,
10 diethylene glycolate.

3. A coating composition according to claims 1 or 2, characterised in that the
function R; represents radicals of polyester imides and/or THEIC polyester
_' imides.
15
4, A coating composition according to claim 1, 2, or 3, characterised in that the
function R, represents radicals of acrylate resins, aminotriethanolate, acetyl

acetonate, polyurethane resins and/or butyl diglycolate.

20 5. A coating composition according to claim 1 to 4, characterised in that the
reactive particles of component A contain a network of elements of the series
comprising titanium, aluminium, silicon and/or zirconium bound by way of

oxygen.

25 6. A coating composition according to claim 1 to 5, characterised in that the
reactive particles of component A have an average radius from 2 nm to

80 nm.

7. A coating composition according to claim 1 to 6, characterised in that
30 monomeric and/or polymeric element-organic compounds contained are
orthotitanic acid ester, orthozirconic acid ester, titanium tetralactate, hafnium

tetrabutoxide, tetraethyl silicate and/or silicone resins.
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conductive wire is used as the metal conductor. 10. A process
according to claim8 and 9, characterised in that a pre-coated 10

el ectrical conductor is used. 11. A process according to claim8
to 10, characterised in that the coating conposi tion according
toclaiml to 7 is used as a single-lay8r application and/ or
as a base coat, mddle coat and/or top coat. 15 12. The use of the
conposition according to one of clains 1 to 7 for coating net a

conduct or s.
REPLACEMENT SBIEET A process for coating metal conductors by application of a coating
27 FEB 2002 composition, characterised in that a coating composition according to one of

claims 1 to 7 is applied.

9. A process according to claim 8, characterised in that an electrically

conductive wire is used as the metal conductor.

_ 10. A process according to claim 8 and 9, characterised in that a pre-coated
10 electrical conductor is used. |

11. A process according to claim 8 to 10, characterised in that the coating
composition according to claim 1 to 7 is used as a single-layer application
and/or as a base coat, middle coat and/or top coat.

15
12.  The use of the composition according to one of claims 1 to 7 for coating

metal conductors.
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