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(54) Bezeichnung: BESCHICHTUNGSSTOFF, VERFAHREN ZU SEINER HERSTELLUNG UND SEINE VERWENDUNG

(57) Abstract: The invention concerns a coating material containing: A) at least one type of hydrophobic silicon dioxide nanoparti-
cles, and B) at least one type of hydrophilic silicon dioxide nanoparticles, with an inner BET surface area > 300 m#/g. The invention
& also concerns a method for producing said material and use thereof.

o (57) Zusammenfassung: Beschichtungsstoff, enthaltend: A) mindestens eine Art von hydrophoben Nanopartikeln auf der Basis
von Siliziumdioxid und B) mindestens eine Art von hydrophilen Nanopartikeln auf der Basis von Siliziumdioxid mit einer inneren
Oberflache nach BET >300 m?%/g;Verfahren zu seiner Herstellung und seine Verwendung.
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COATING MATERIAL, RELATED PRODUCTION METHOD AND USE

Field of the Invention

The present 1invention relates to a novel coating
material. The presgent inventiotn further relates to a
process for preparing the nox}él coa;cing material. The
present invention additionally relates to the use of

the novel coating material for producing coatings,

especilally paint systems.

Prioxr Art

The use o©of hydrophilic or hydrophobilc nanoparticles
based - on pyrogeﬁic silica in ceoating materials 1s

known.

Here and below, the property of being “hydrophilic”
refers to the constitutional property of a molecule or
functional group to penetrate the aguecus phase or to

remain therein. Accordingly, the property of Dbeing

“hydrophobic” refers to the constitutional p'roperty of

a molecule or functiconal group to behave exophilically

with respect to water, i.'e., 10 tend hot Lo penetrate
into water, or to depart the agueous phase. For further
details refer to Rémpp Lexiken Lacke und Druckfarben,
Georg Thieme Verlag, Stuttgart, New York, 19898,

“hydrophilicity”,‘“bydrOphobicity”, pages 294 and 285,
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The nanoparticles are added to the coating materials
for wvarious purposes. In adqueocus basecoat films they
may prevent strike-in when <clearceoat materials are

applied, in accordance with the wet-on-wet technique.

In conventional coating materlials, 1.e., those
containing organic solvents, they may be used as
rheological aids and may reduce the propensity of the

ccating materials to run. Moreover, they may enhance

the scratch resistance of the coatings produced from

the coating materials in guestion.

ror example, German patent application DE 199 24 172 Al

diskloses the use of hydrophobic nanoparticles pbased on

silica or of hydrophilic nanoparticles based on silica.

The use of mixtures of hydrophobic nanoparticles and

hydrophilic nanoparticles is not taught.

Set against all of the advantages of the use of

hydrophilic and hydrophobj..c nanoparticles based on

silica 1in c¢ocating materials are the considerable

problems 2t poses in the case of transparent coating
materials o©r clearcecat materials which serve in
particular for producing clear, transparent, scratch-

resistant clearcoats.

When the hydrophobic -nanoparticles are used 1n the
clearcoat materials in amounts which produce good

scratch resistance, the clearcoats 1n question are

3
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1ndeesd scratech-resistant but also matt and of a

comparatively unsatisfactory evenness. While the use of
hydrophilic nanoparticles 1in  contrast improves the

clarity, transparency, and evenness of the clearcoats

in cguesticn, 1t 1s unable to produce a significant

improvement in their scratch resistance.
The Problem of the Invention

It is an object of the present invention to provide a

novel coating material which no longer has the
disadvantages of the prior art, which can be produced

simply and very reproducibly, and which provides

coatings, especially clearcoats, which are scratch-
resistant, clear, transparent, highly glossy, and

brilliant, and which have very good evenness and a very

good surface smoothness.

The Solution afforded by the Invention

The invention accordingly preovides the novel coating

material comprising

(A) at least one kind of hydrophobil nancparticles

('

based on silica and
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(BY at least one kind of hydrophilic nanoparticles
based on silica having a BET internal surface areas

of > 300 m‘/g,

referred to below as “ceoating material of the

invention”.

Further subject matter of the invention will emerge

from the description.

The Advantages of the Sclution afforded by the

Invention

In the light of the prior art 1t was surprising and

-unforeseeable for the skilled worker that despite the

use of hydrophilic nanoparticles (B} 1t was also

possible to prepare conventional coating materials of

the invention simply and with reliable reproducibility.

It was also surprising that the coating materials of

the 1nvention were stable on storage and had very good

-

application characteristics,

P

In partacular, following

their application, they no longer showed any tendency

toward running on vertical surfaces.

Even more surprising was that the ceoating materials cof

the invention free from hiding pigments gave highly

glossy, brilliant, smooth, clear, transparent, scratch-
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resistant coatings, especially clearcoats, which were

free from surface defects. These particular advantages

cccurred surprisingly even 1n the case 0of clearcoats

with a thickness >50 um.

Consequently, the coating materials of the invention

Pty

anad the ccatings of the invention produced from them

were surprisingly of broad usefulness. They were
outstandingly suitable in particular for producing
moldings, especially optical moldings, and films and
for coating or painting motor vehicle bodies and parts

therecf, the intericr and exterior of motor vehicles,

the 1inside and outside of buildings, doors, windows,

and furniture, and, in the context of industrial

coating, for coating plastics parts, especially

transparent  plastics  parts, small parts, colls,

containers, packaging, electrical components, and white

goods, and alsc for coating hellow glassware.

Detailed Description of the Invention

The essential constituents o¢f the coating material c¢f

the invention are

(A) at least one, especlially one, kind of nydrophobic

nanoparticles based on silica and
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(B) at least one, especially one, kind of hydrophilic

nanoparticles based on silica having a RET
internal surface area of >300, preferably >340,

and in particular >350 n‘/g.

(n

The weight ratio of hydrophobic nanoparticles (A) to
hydrophilic nanoparticles (B) may vary very widely and

is gulded by the recurremenrnts of the case in hand. The

(A) : (B) weight ratio 1s preferably from l:4 to 4:1,
10 more preferably from 3:7 to 7:3, and in particular from

213 to 3:2.

The amount of the hydrophobic nanoparticles (A) and

hydrophilic nanoparticles (B) in the coating materials

1_3
R

may likewise vary very wildely and 1s guided hy the
requirements of the case 1n hand: for example, by the

P

level of scratch resistance to be established. The

L.

amount 1is preferably from 0.3 to ©%, more preferably

from 0.6 to 4%, with particular preference from 0.8 to

20 3%, and in particular from 1 to 2.4% by weight, based

in each case on the overall solids content of the

coating material of the invention.

The primary particle size o©of the nanoparticles (A) and

(2
{11

(BY is preferably <35, more preferably <20, and in

particular <10 nm.
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Thne si1ilica which forms the basis of the nanoparticles

(A) and (B) may be silica prepared by any o0f the wide

varliety c¢f customary processes. It  1s preferably

pyrogenic silica. The acglomerates and aggregates of

A

1ts pramery particles have a catenated structure and
are produced by flame hydrolysis of silicon

tetrachleoride in an oxyhydrogen flame.

The silica, especiaily the pvrogenic silica, 1S
10  hydrophilic per se and may be used without further
surface modification as hydrophhilic nanoparticles (B);
in other words, said nanoparticles (B) are preferably

composed of pyrogenic silica.

15 The  hydrophoblic nanoparticles (A) are preferably
prepared by modifying the surface of pyrogenic silica

with compounds containing hydrophobic groups.

Suitable  hydrophobic  nanoparticles  (A)  include
20  preferably . 1norganic nancparticles  which caé:ry
hydrophobic groups on their surface. Examples of
sultable hydrophobic nanoparticles (A) are reaction
products | of hydrophilaic nanoparticles, such as
particiularl_y those described later o¢n below  as

23

nanoparticles (B), with compounds having hydrophcbac

groups, especrally wilith organofunctional silicon

compounds (I} having at least one functional group (la)

which 1s reactive toward the hydrophilic groups of the
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nanoparticles (B) and having at least one hydrophobic
radical {Ib). The compounds (I) preferabkly have nc
further groups which are reactive toward the other
constituents of the ceoating composition, especially no
further droups reactive toward the binders and/orn

crosslinkers.

As compounds (I} it 1is particularly preferred to use
organofunctional silicon compounds having at least one

alkyl group having from 1 to 50 carbon atoms, in

particuiar having from 1 to 10 carbon atoms, and having
at least one hydrolyzable group and/or at least one OH

and/or NH group. Examples of compounds  (I) are

alkylalkoxysilanes, especlally dialkyldialkoxysilanes

and alkyltrialkoxysilanes, alkylhalosilanes, especially

alkylchlorosilanes, preferably trialkvylchlorosilanes

and dialkyldichlorosilanes, alkylpolysiloxanes, di-

‘alkylpolysiloxanes, and alkyldisilazanes and the like.

Also suitable as compound (1) are wvarlious monomeric
and/or oligomeric silicic esters which have methoxy,
ethoxy or n-propexy and/or isopropoxy groups and have a
degree oL oligomerizatioh of from 1 to 50, 1.
particular from 2 tc¢ 10, wiltnh particular preference
from 3 to o.

Further examples of suitable organcfunctional compounds

(1) are the organofuncticnal silicon compounds

described in DE-A~-100 49 628.
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Additional examples of suitable compeounds (I} are the

Krniown, commercially avallable  products sold, for

example, by HUls under the brand name DYNASILAN®,

As compounds (I) it is particularly preferred to use

dimethyldichlorosilane and/or .hexamethyldisilazane
and/or octyltrimethoxysilane and/or dimethyvlpoly-
siloxane.

Very particularly preferred hydrophoblic nanoparticles
(A) used are nanoparticles. based on the reaction

products of S$S10; and dimethyldichlorosilane and/cor

hexamethyldisilazane, especially reaction products of

Si0; and dimethyldichlorosilane.

Examples of hydrophobic nanoparticles (A) which can be

nwsed are customary products as sold, for esxample,

by
Degussa under the brand name Aerosil®, especially

Aerosil® 8200, R10€, R972, R974, R805 or RE1lZ, o:

U’

Dy
Wacker under the brand name or type designation HDK,

especially HDK H 15, H 18, H 20, H 30 or 2000.

For silicas which can be used, refer for example to the

‘brochure “Pyrogene Kieselsduren - Aerosil®” from

Sivento, Degussa-Huls AG.

Suitable hvydrophilic nrnanoparticles (B) are preferably
inorganic nanoparticles carrying hydrophilic groups on

y—

thelr surface. Examples of suitable 1NOorganic

nydrophilic nanoparticles (B) are nanoparticles based
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on the oxides and/or mixed cxides, including the oxice

hydrates of at least one metal o©or semimetal from main

ups T ] Lt ion - S 2 ight o©
rouprs two to six and transitio roups one to eignt of

the Periodic System o¢f the Elements or from the

5 lanthanides, especially oxides and/or mixed oxides,

including oxide hydrates, from the group of elements

i

5i, Al, 7Ti, Zr and/or Ce. Examples thereof are

anoparticles based on $5i0,, such as pyrogenically

prepared silica, silicates, Al,03, aluminum hydroxide,
10 aluminosilicates, Ti10., titanates, 2Zr0, or zirconates,

CeQ,, especially nanoparticles based on pyrogenic

silica. Particularly preferred hydrophilic

nanoparticles (B) used are 1norganic nancoparticles

which have not been surface modifled by reaction with

15 different organic compounds; with very particular
preference, unmodified pyrogenic silica.
Examples of sultable hydrophilic nanoparticles (B) are
zlso the commercially .available, customary products
20 based on 510, sold for example by Degussa under the

brand name Aerosil® R 380 or by Wacker under the type

designation T 40.

The ccoating materials ¢f the invention may be ligquid or

25 sOolic,

The ligquid coating materials of the 1invention may be

conventional coating materials or substantially oz
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entirely water-free and solvent-free coating materials

(100% systems). The solid coataing mnmaterials o©of the

invention may be powder coating materials.

{ T3

The coating materials of the invention may be curable

physically, thermally, with actinic radiation, o¢r botn
thermally and with actinic radiaticn. Here and below,

actinic radiation means electromagnetic radiation, such

as near infrared (NIR), visible light, UV radiation or

L0 X-rays, especially UV  radiation, and corpuscular

radiation, such as electron beams. Joint curing with

thermal energy and actinic radiation 18 also referred

to as dual cure.

15 The thermally curable coating materials of the
invention and the dual-cure cecating materials of the
invention may Dbe self-crosslinking and/or externally
crosslinking. They may b*e one-component systems, in
which all of the constituents are present alongside oné
2 U another. They may alternatively be two-component or
multicomponent .systems, especially  two-compcnent
systems, in which owing to tTheir high rea'ctivi‘ty the

crosslinking agents are stored separately from their

co~constituents until the coating materials of  the

n

invention are applied and are not mixed with them until

shortly before application.
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The coating materials of the invention may be pligmented

or unpigmented.

e

The pigmented coating materials of the 1invention

preferably comprise at least one pigment selected from

-

L effect

~—

the group consisting of color pilgments, optice
pigments, electrically conductive pigments, magnetic
pigments, magnetically shielding pigments, Ifluorescent
pilgments, phosphorescent pigments, anticbrrosion
pigmenﬁs, and extender pigments, and also pigments

combining at least two of these properties. Preference

is given to using the color and/or effect pigments.

Preference is given to wusing the ligquid coating

materials of the inventicn, with particular preference

to the conventional coating materials of the i1nvention,

rith very particular preiference teo the pigment-free
conventional coating materials of the invention, and in
particular the pigmentwfreé, conventional, thermally
curable or dual-cure coating materials of  the

invention.

The coating materials of the invention may consequently
be used for any of a wide wvariety of purposes,
particularly as surfacers or antistecnechip primers,

basecoat materials, solid=-color topcoat materials or

clearcoat materials, especially as clearcoat materials.
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The conventional one-component clearcoat materials of

the inventicn comprise, as 18  known, hyaroxyl-

containing binders and c¢rosslinkaing agents, such as

blocked polylsocyanates, tris{alkoxycarponylamino) -

3

triazines and/cr amino resins (cf. German patent

application DE 199 24 172 Al or DE 199 24 171 Al). 1In

another wvariant they comprise as binders polymers

containing pendant carbamate and/or allophanate groups
and, where  appropriate, carbamate- and/or allophanate-

10 modified amino resin cresslinking agents (cf. American

patent US 5,474,811 Al, US 5,356,669 Al or US 5,605, 865
Al, international patent application WO .94/10211,

WO 94/10212 or WO 94/10213 or  European patent

application  EP 0 594 068 Al, EP 0 594 071 Al or

EP 0 564 142 Al).

p—rt
{ ]

The essential constituents of the two-component
clearcoat materiels of the ainvention, especially the
conventional ones, are known to be hydroxyl-containing

20 binders and polyisocyanate crosslinking agents, which

ai:e stored separately until they are used (cf. German
patent application DE 199 Z4 172 A1 or DE 199 24 171
A1) .

25  The dual-cure clearcoat materials of thf:e invention are
preferably cenventional one-—-compoh@nt or twe—compornient
clearcoat materials which further include functional

groups which caz

P

n be Aactivated with &actiric radiation
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and/or inc¢lude additicnal constituents containing such
functional groups. Particular preference is given to
using acryvlate groups as functional groups which can be

activated with actinic radiation. Examples of suitable

additional c¢onstituents are isocyanato acrvlates,

uretnane acrylates or polyfunctional acrylates, such as

dipentaerythritol pentaacrylate (c¢cf. patent application
EP 0 982 800 Al, EP 0 844 286 Al, WO 08/40170 and
DE 1895 14 89%6 Al}).

Preference 1s given to using coating compositions based

on hydroxyl-containing binders, especially polyacrylate'

resins and hydroxyl-reactive crosslinkers, particularly

isocyanato-containing crosslinkers and/or
tris (alkoxycarbonylamine)triazines and/or amino resins.

The OE number.of suitable binders may be generally from

15 to 300, preferably from 30 to 250, with particular
preference from 50 to 200, with very particular

preference from 70 to 180, and 1n particular‘from 50 to

170,

Described below 1s a preferred coating system of the

invention:

It 1s preferred to use pelyacrylate resin binders. In
the case of polyacrylate resins for nonagueous coating
materials, the binder may 1in particular be &

polvacrylate resin which can be prepared Ly
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polymerizing (a) from 16 to 51% by weight, preferably

from 16 to 28% by weight, of a hydroxyl-containing

ester of acrylic acid c¢r methacrylic aclia or a mlxture
of such monomers, (o) from 32 to 84% Dby weight,

preferably frem 32 to 63% by weight, of a non-(a)

aliphatic or cyclcaliphatic ester of acrylic acid orx

methacrylic acid having preferably at least 4 carbon
atoms in the alcohol residue, or a mixture of such
monomers, (c) from 0 to 2% by weight, preferably frecm O

an ethylenically unsaturated

kY

to 1% by weight, o

carboxylic acid or a mixture of ethylenically

unsaturated carboxylic acids, and {(d) from 0 to 30% by
weight, preferably from 0 to 20% by weight, of a non-
(a), =-(b), and =-(c) ethylenically unsaturated monomer,
or & miﬁture of such monomers, to give a polyacrylate

resin having an acid number of from 0 to 25, preferably

from ¢ to 8, a hydroxyl number of from 80 to 200,

preferably from 80 to 120, and a number-average

molecular welight of from 1 500 to 10 000, preferably
from 2 000 to 5 000, the sum of the weight fractions of

componants (a), (b), (c), and (d) always making 100% by

welght.

The polvacrylate resins which are used with preference

Can bhe prepared DY cenventional volymerization

technigues 1 bulk, soluticn Cr emulsion.,

Polymer:zation technlgues for preparing polyacrylate

resins  are common knowledge and have been widely

N e o e ey G A Ly, << AL A TR P U TR IaN Ao, B 1 AT et SN MLt VI 3 RN RN I GBI i im0 TR S A A TR AL -2 47
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described (cf. e.g.: Houben Weyl, Methoden der

organischen Chemie, 4th edition, volume 14/1, pages 24

Further examples of sultable (coYpolymerization
techniques for preparing the polyacryvlate resins are

described in patent DE-A-197 09 465, DE~C-197 09 4760,

DE~A-28 48 80¢q, DE-~A-195 24 182, EP-A-~-0 554 783, WO

95/27742, DE-A-38 41 540 or WO 82/02387.

Taylor reactors are advantageous, particularly for

copolymerization in bulk, solution or emulsion.

The technigque used to prepare the polyvacrylate resins
used i1s preferably that of solution polymerization. In
this technique, normally, an organlc solvent or solvent

mixture 1s introduced and 1s heated to boilling. The

nmonomer mixture to be polymerized, =along with one or

more polyvmerization initiators, 1S then added
continuously to said organic solvent or solvent

mixture. Polymerization takes place at temperatures

between 100 and 160°C, preferably between 130 and

150°C. Polymerization initiators used are preferably
free-radical 1nitiators. The type and amount of
initiator are commonly chosen so as to give a very

largely constant supply o©of free radicals during the

feed phase at the polymerization temperature.

c = -"—'Nhhmnm',wmmﬂm.nw;mf .f,ufl»vwhvhmnmamem"m‘“w_Wmv - LN
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Examples o¢f initiators that may be uvsed include the
following: diaikyl peroxides, such as di-tert-buzyl
percoxlde or dicumyl peroxide; hydroperoxides, guch as

cumene  hydroperoxide or  tert-butyl  hydroperoxide;

N

peresters, such as tert-butyl perbenzoate, tert-putyl

—~

perpivalate, tert-butyl per-3,5,5-trimethylhexancate or
tert-butyl per-Z2-ethylhexanocate; azo dinitriles such as
azobisisobutyronitrile or C-C~cleaving initiators such

as benzpinacol silyl ethers.

10

The polymerlzation conditions (reaction temperature,

feed time ©0f the monomer mixture, nature and amount of

the organic solvents and polymerization i1initiators,

* 7

possible use of molecular weignt regulators, e.g

—
(i

mercaptans, thioglycolates, and hydrogen chlorides) are
selected so that the peclvacryviate resins uvsed have a

number—-average mnmolecular weight from 1 200 to 10 QOQOQG,

preferably from 2 000 te 5 000 (determined by gel
permeation chromatography using p@lystyrene as
20  calibrating substance).

The acid number of the polvacrylate resins used in

(2

accordance with the invention may be adjusted by the

skilled worker by using appropriate amounts of

i

25 compenent {(¢). Similar comments apply te the adjustment
of the hydroxyl numbexr. It can be controlled by way of

the amount or component (a) used.

o we . . v o
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As compenent (a) it 1s possible 1in principle to use any

nydroxyl-containing ester of acrylic acid or
methacryvlic acid or a mixture o©f such moncmars.

vﬂ

Examples include the following: hydroxyalkyl esters of

acrylic acid,  such as hydroxyetayl acrvlate,
hydroxypropyl acrylate, hydroxybutyl acrylate,

especially 4-hydroxybutyl acrylate; hydroxyalkyl esters

of methacrylic acid, such as hydroxyethyl methacrylate,
nydroxypropyl methacrylate, hydroxybutyl methacrylate,
especially 4-hydroxybutyl methacryvlate; 'reaction
products of cyclic esters, such as s—capiolactone, for
example, and hydroxyaikyl esters of acrylic and/or

methacrylic acid.

The composition of component (a) 1s preferably selected

such that polymerization of component (a) alone gives a

polyacrylate resin naving a glass transition

temperature of from ~50 to +70°C, preferably from -~30

to +50°C. The glass transition temperature may be

calculated approximately by the skilled worker with the

aid of the formula

n = %
/Ty = 2 W/ Ty
n = 1
Ty = glass transition temperature oI the polymerx
X = number of different copolymerized monomers

Wy = welight fraction of the nth monomer

. . - - i . : N
. . . . . o ' LML Ty i Tl L e R g TN PR PR e N e o | '95-,'”<W1M"H‘-S-hmmw
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Tan = glass transition temperature of the homopolyvmer

ct the nth monomer.

As component (b) 1t is pessible in prainciple to use any

5> non-(a) aliphatic or cycloaliphatic ester of acrvlic or
methacrylic acld having at least 4 carbon atoms in the

alcohol 1residue, or a mixture of such monomers.

L}
h

Examples include the following: aliphatic esters o:

acrylic and methacrylic acid having frxom 4 to 20 carbon

—-3

10 atoms 1n the alcohol residue, such as n-butyl,
isobutyl, tert-butyl, 2-~ethylhexyl, stearyl and lauryl
écrylate and methacrylate, and also cycloaliphatic
esters o©of acrylic acid and m'ethacrylir_: acid, such as

cyclohexyl acrylate and cyclohexyl methacrylate, for

15  example. The composition of component (b) i1s preferably
selected so that polymerization of componrnent (b)) alone
gives a polyacrylate resin having a glass transition
temperature of from 10 to 100°C, preferébly from 20 to
c0°C.

20

As component {c).it 15 possible 1n principle to use any
ethylenically unsaturated carboxvlic acid or & mixture
of ethylenically unsaturated carboxyiic acids. Az
component. (c¢) 1t 1s preferred to use acrvlic acid

25 and/or methacrylic acid.

As component {(d) 1t 1s possible in principle to use any

non-f(aj, -{k}, and -(c) ethylenically unsaturated

5 AP R GIVR S s Bk, STy O S AN G ARROTHR WM IR Y £ oot my 107 0 o
vm A e ah s iAo LI, Lt LT R CrO1 € E B pegate S0 A AR 18 A S Ao S AT I A ek SR S
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monomer or a mixture of such monomers. E}«:amples of
monomers which can ke used as component {(d) include the
following: vinvlaromati¢c hydrocarbons, such as styrene,
alpha-alkylstyvrene, and vinyltoluene, amides of acryiic

’

acid and methacrvlic acid, such as methacrylamide and

acrylamide, nitriles of methacrylic acid and acrylic

acid; vinyl ethers and vinyl esters or polysiloxane

macromonecmers, as describsd in patent DE-A-38 07 571,

-

DE-A-37 06 0%%, EP-~

B~-0 358 153, US-A 4,754,014, DE-A-44

21 823 .or WO 92/2261>. As component (d) it 1s preferred

to use vinylarcmatic hydrocarbons, especlally styrene.

The composition cof component (d) i1s preferably selected

so that polymerization of component (d) alone gives a
resin having a glass transltion temperature of from 70

to 120°C, preferably from 80 to 100°C.

In the coating material the binders are present

o,

acdvantageously in an amount of from 10 te 90% by

weight, with particular preference from 15 to 80% by

welght, and in particular from 20 to 70% by weight,
ased on 2ach case on the overall solids content of the

coating material.

Where the coating material 1s 2 multicomponent svystem,
polvisccyanates and/or polyepoxides, but especially

=N 1

polyisocvanates, are used as crosslinking agents.
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BErxamples of suiltable polyilsocyanates are organic
polylsocyanates, .especially' what are known as paint
polyisdcyanates, containing aliphatically,- cyclo-
axlphataically, araliphatically and/or arométically

Lbonded free 1socyanate groups. Preference 1is given to

using polyisocyanates having from 2 to 5 isocyanate

groups per molecule and having viscosities of from 100

to 10 000, preferably from 100 to 5 000 and in
particular from 100 to 2 000 mPas (at 23°C). Where

approprlate, small amounts of organic solvent,

preferably from 1 to 20% by weight based on straight
polylisocyanate, may be added to the polyisocyanates 1in
order to improve the ease of incorporation of the
1socyanate  and, where  appropriate, to lower  the
viscosity of the polylsocyanate to a level within the
aforementioned ranges. Examples o©f suitable sqlvent

additives to the polyisccyanates include ethoxyethyl

propionate, amyl methyl ketone, &and kutyl acetate.

Moreover, the polyisocyanates may have been given a

conventilonal hydrophilic or hydrophobic modification.

)

Lxamples of suitable polyisocyanates are described, for

example, 1n “Methoden der organischen Chemie”, Houben-

Weyl, wvolume 14/2, 4th edition, Georg Tnieme Verlag,

Stuttgart 1963, pages 61 to 70, and by W. Siefken,

Lliebigs Annalen der Chemie, volume 562, vnages 75 to

136, Also suitable, for example, -are the 1soccyanato-

containing polyurethane prepolymers which can  be

. ' . " I b T MR IW D= g . .. . . dr " Tl me eVt A ORI ANy s e - Wt
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prepared by reacting polyoels with an  excess  of
polyisocyanates and which are preferaply of low

viscosity.

Further examples o©of suitable polyisccvanates  are

polyisocyanates containing 1socyanurate, biuret,
allophanate, iminooxadiazinedione, urethane, Uresa
and/or uretdione groups. Polyisocyanates containing

urethane groups, for example, are obtained by reacting

"
Yy

some ©f the 1socyanate groups with polyols, such as

trimethylolpropane and glycerol, for example.
Preference 1S glven to using  aliphatic or
cycloaliphatic polylsocyanates, especlally hexa-

methylene diisocyanate, dimerized and tramerized hexa-
methylene dilsocyanate, 1sophorone diisocyanate,
2-isccyvanatopropyleyclohexyl isocyanate, dicyclohexyl-
methane 2,4’-diisocyanate, dicyclohexylmethane 4,47 -
diiscocyanate or 1,3-bis(lsccyanatomethyl)cyvclonexane,
diisocyanates derived from dimer fatty acids, as sold
undeyr the commercial designation pDDI 1410 by Henkel,
1,8~di1isocyvanato-4-isocyanatomethyloctane, 1, 7-dixis0o-
cyanato-4-isocyanatomethylheptane or l-1socyanato—2-
(3-1socyanatopropyl)cyclohexane or mixtures of these

polyisocyanates.

Examples of suiltable polyepoxides are all  known

aliphatic and/or  cycloaliphatic and/or aromatic

P17y e it A e e Eapp o H RS RG] TR A < v et S DAV QL 7 s 2 3 L A0 L PN AV S04 S M T NI SARTIE I 1 S04 7P 7 1 001 AR 3.5 Sy 171 S R A R A M AR S R et iy St D MRS e o1 -
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volyepoxildes, based for example on bisphencol A  or

bisphenol F. Examples of further sultable polyepoxides

include those available commerclally undsr the

designations Epikote® from Shell, Denacol® from Nagase
: Y

5 Chemicals Ltd., Japan, such A8 Denacol R X—=471 1
(pentaerythritel polyglycidyl ether), Denacol EX-3Z1

(trimethylolpropane polyglycidyl ether), Denacol EX-512

(polyglycerol polyglycidyl ether) and Denacol EX-521

(polyglycerol polyglycidyl ether).

}._-1
-

In the case of the one-component systems, crosslinking
agents are used which 1react at relatively high
temperatures with the functional groups o©of the binders
in ofder to bulld up a three-dimensional network. Of
15 course, such crosslinking ageﬁts may be used as well in

minor amounts in the multicomponent systems. In  the

context of the present invention, “minor amount” means
a fraction which does not disrupt, let alone prevent

entirely, the main crosslinking reacticn.

A
2

Examples of sultable crosslinking agents of this kind

-

zre blocked polyisocyanates. Examples of suitable

polvisocyanates are those described above.
25 Examples o0f suiteble blocking agents are the blocking

agents known from the U.S. patent US-A-4,444,954, such

LS
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1) phenols such as phenol, cresol, xvlenol,
nitrophencl, chlorophenol, ethylphencol,

t-butylphencl, hydroxybenzoic acid, esters of this

acid or 2,5%-di-~tert-butvi-4-hydroxytoluene;

.
ii1) lactams, such as awcaprdlactam, o-valerolactam,
y-butyrolactam or [-propiolactam; ‘
iii) active methylenac compounds, such as diethyvl
10 malonate, dimethyl malonate, ethyl or methyl
acetoacetate or acetvlacetone;
iv) alcohols such as methanol, ethanol, n-propanol,
isopropanol, n-butanol, isobutanol, t-butanol,
13 n—-amyl alcohol, t-amyl alcohol, lauryl alcchol,
ethylene glycol monomethyl ether, ethyvlene glycol
monoethyl ether, ethylene glycol monobutyl ether,
diethylene glycol monocmethyl ether, diethylene
glycol monoethyl ether, propylene glvycol
20 monomethy!l ether, methoxymethanol, glycolic acid,
glycolic esters, lactic acid, lactic esters,
methylolurea, methylolmelamine, diacetone alcohol,
ethylenechlorohydrin, ethylenebromohydrin, 1,3-di-
chloro-2-propano., 1,4~cyclohexyldimethanoi Or
20 acetocyanohydring
V) mercaptans such 25 butyl mercaptan, hexyl

mercaptan, t-butyl mercaptan, t-dodecyl mercaptan,

. e Iy 2. e : rem e T g R ¢ B OB
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?-mercaptobenzothiazecle, thiophenol, methylthio-

phencl or ethylthiophenol;

vi) Acid amides such as acetoanilide, acetoanlisidin-

amide, acrylamide, methacrylamide, acetamide,

stearamide or benzamlde;

vii) imides such as  succinimide, phthalimide  or

maleimlde;

viil) amines such as diphenylamine, phenylnaphthylamine,
xvlidine, N-phenylxylidine, carbazole, aniline,
naphthylamine, bhutylamine, dibutylamine or
butylphenylamine;

ix) imidazoles such as imidazole or 2-esthylimidazole;

) ureas such as urea, thiourea, ethyleneurea,

ethylenethiourea or 1,3-diphenylurea;

%1} carbamates such as phenyl N-phenylcarbamate ox

2-oxazclidone;
x1i) imines such ethyleneimine;

¥111l) ¢ximes such as acetone OXi1me, formaldoxime,

cetaldoxime, acetoxime, methyl ethyl ketoxime,

{1
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diischutyl ketoxime, diracetyl mMornoxime,

henzophenone oxime or chlorohexanone oximes;

x1iv) salts of sulfurous acid such as sodium bisulfite

&)

cr potassium bisulfite;

xv)  hydroxamic esters such as benzyl methacrylo-

hydroxamate (BMH} or allyl methacrylohvydroxamate;

Or
10
xvi) substituted pyrazoles, ketoximes, 1imidazoles or
triazoles; and also
mixtures of these blocking agents, especlally
15 dimethylpyrazole and triazoleﬂ, malonates and

acetcacetates or dimethylpyrazole and succinimide.

As c¢rosslinking agent 1t 1s also possible to use
tris(alkoxycarbonyvlamino)trilazines of the genearal

20 formula

. .
| |
N N N
RO N TN N (8
| ] |
G N \Y,w 0
i
Y
2 NG e O
|
8

Examples of suitable tris{alkoxycarbonylamino)triazin

(b
)

are described in patent US~-A-4,9%39,213, US-A-5,08

Jo»

, o4

}_;l

. " N L dhr b AR M A A | 4 i 4 R D P R SO . S A S T e S sia e ds, et AR v A AN .



D

10

CA 02493394 2005-01-26
- D7 -

or EP-2-0 ¢24 577. Use 13 made in particular of the
tris(methoxy-, tris(butoxy~ and/or tris(Z-ethylhexcxy-

carbonylamino) triazines.

Of advantage are the methyl butyl mixed esters, the

butyl Z-ethylhexyl mixed esters, and the butyl esters.

These have the advantage over the straight methyl ester

of better solubility in polymer melts and alsc show

less of a tendency to crystallize.

As crosslinking agent 1t 1s possible in particular to
use amino resins, examples being melamine resins. In

this c¢ontext it 1s possible to use any amino resin

-l

suitable for transparent topccat materlals or clearcoat

materials, or a mixture of such amino resins.
Particularly suitable are the customary and known amino
resins  some of whose methylol and/or methexymethyl

groups have been defunctionalized by means of carbamate

or allophanate groups. Crosslinking agents of this kind

are described in patents US-a-4 710 542 and

4

EP-B-0 245 700 and also in the article by B. Singh and

co-workers, “Carbamylmethylated Melamines, Novel
Crosslinkers for the Coatings Industry” in Advanced
Organic Coatings Science and Technology Seriles, 1991,

volumé 13, pages 193 to 207.

Further examples of suitable crosslinking agents are

seta-hydroxyalkylamides such as N,N,N/,N'-ftetrakis(2-
! r 4
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hydroxyethyl)adipamide or N,N,N ;N -tetrakis (2-hydroxy-~

propyvl)adipanide.

Further examples o0f suitable crosslinking agents are

5 siloxanes, especially siloxanes containing at least one

trialkoxysilane or dialkoxysilane group.

Further examples of suitable crosslinking agents are

polyanhydrides, especially polysuccinic anhydride.

The amount of the c¢resslinking agents in the coating

-’

material may vary widely and is guided 1n particular on

the one hand by the functionality of the crosslinking

agents and on the other by the number of crosslinking
15 functicnal groups present in the binder and also by the
crosslinking density which 1t i1is intended to achieve ..
The skilled worker 'is therefore aple ‘ to determine the
amount. of the crossiinking agents con the basis of his

or her general art knowledge, where appropriliate with

D
-

the assistance of simple rangefinding tests.

Acvantageously, the crosslinking agent 1s present in

the coating material 1in an amount of from & to 60% by

weight, with particular preference from 10 to 50% by
weight, and in particular Irom 13 to 4-5%- by weight,
2> based in each case on the overall solids content of the
coatihg material. In this context it is further

advisable to select the amounts ¢f crosslinking agent

and binder such that in the coating material the ratio

P b S e R AR 330 5 o Y LRI MO AN I DR HARTS 5 L S 2440 BN A S IR DU M 5. NN GRS DL DI Ly Wy B T ¢ ®
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of functional groups i1n the crosslinking agent to

- -

functional groups 1n tne binder 1s from 2:1 to 1:Z

erably from 1.5:1 to 1:1.5, with  particular

preference from 1.2:1 to 1:1.2, and 1in particular from

The coating material 1s preferably a nonagueoscus coating
material, more preferably a nonagqueous transparent
gloss clearcoat material. The term gloss clearcoat

material means that a very high gloss is desired, in

i

contrast to the matt paints.

In the case of nonaqueous c¢oating materials they

contain from 20 to 70% by weight, preferably from 40 to
60% by weight, based on the readywto—apply. coating
material, of orgahic solvents, such as aliphatic,
aromatic and/cr cycloaliphatic  hydrocarbons, alkyl

esters of acetic acid or propionic acid, alkanols,

ketones, glycol ethers and/or glycol ether esters, for

example.

The coating material may further comprise at least one

v

customary and known c¢oatings additive 1in effective

-_—

amounts, l1.e., 1n 'amounts of prefafably up to 40% by
welgnt, with particular preference up'to 30% by weight,
and 1n particular uvwp to 20% by weight, based in each
case on the"overall solids content of the coating

material. It 1is essential that the coatings additives
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do not adversely atffect the transparency ana clarity

the coating material.

Examples of suiltable coatings adaitives are

- UV absorbers;

henzotriazoles or oxalanilides;

free~radlical scavengers;

dilaurate or lithium decanoate;

- slip additives;

- polymerization inhibitors;

- defoamers;

from the pridr art;

f’""}

L

-~
i"
-

- light stabillizers such as . HALS compounds,

- crosslinking catalysts such A8 dibutvlitin

= ‘reactive diluents, such as are common knowleadge

Exanples of particularlily suitable thermally

curable reactive  diluents are positlionally

isomeric diethyloctanediols or hydroxyl-contalning

hyperbranched compounds Y dendrimers,

.. A L ANB, N AR 167 1A AN R S Vv bl 'W”'Wwwhwh“‘:’“ A=k R VT T e stefel t feet et waet e v syl ot s ieee 2 P U unad Y 0 SO N AR G T e o -

a

=



(N

20

CA 02493394 2005-01-26

— 31 —

described in patent application DE 198 05 642 A1,
DE 198 40 605 A1 cr DE 198 05 421 Al.

Examples of particularly suitable reactive

diluents curable with actinic radiaticn  are
described in Rompp Lexikon Lacke und Druckfarben,
Georg Thieme Verlag, Stuttgart, New York, 13998, on
page 491 under the entry heading TReactive

Diluents”.

wetting agents such  as siloxanes, flucrine
compounds, carboxylic  monossters, phosphates,
polyacrylic acids and theair copolymers Or

polyurethanes;

adhesion promeoters  such  as tricyclodecanedi-

nmaethanol;

levellng agents;

cellulose

£
A

film~forming auxilliaries such

derivatives;

further transparent fillers such as nanoparticles
based on silica, alumina or zirconium oxide; Ifor
further details refsr to Rompp Lexikon Y“Lacke und
Druckfarben”, Georg Thieme Verlagqg, Stuttgart,

1998, pages 250 to 252;

: . b Vg s = = e
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rhaclcgy control additives such as those known

from patent WO 84/225

N

3, EFP~A-C 276 501,

Ep-A-0 249 201 or WO  97/12945;  crosslinked

polymeric microparticles, such as those disklosed,

for example, in EP-A-0 008 127; 1norganic
phyllosilicates such as aluminum magnesium

silicates, sodium magnesium pYhyllosilicates and

socdium magnesium fluorine lithium phyllosilicates

of the montmorillonite type; silicas such  as
Aerocsils; or Synthetic rolymers containing ionic
and/or associative groups such as polyvinvl
alcohol, poly(meth)acrylamide, poly(meth)acrvlic

acid, polyvinylpyrrolidone, styrene-maleic

anhydride or ethyvlene-maleic anhydride copolymers

and their derivatives or hydrophobically modified

ethoxylated urethanes or polvyacrylates

flame retardants and/or

flatting agents.

Further examples of suitable coatings additives are

described in the textbook “lackadditive” [Additives for

coatings] by Johan Bieleman, Wiley~VCH, Weilnheim, New

York,

The

a

J

e

1998,

crosslinking agent or mixture of crosslinking

nts may bp& added at the same time ox not until
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immedlately before application of the coating material.
In the case of two-compeonent systems the crosslinking

agent, nonblocked polyisocyanates for example, - 1s not

added until 1mmediately before application of the
coating material. In the case of cne-component svstems
the crosslinking agent, blocked polylsocyanates For
example, may alreédy have been added by the

manufacturer.

The preparation of the coating materials of the

invention requires no Special features 1n terms of

method but instead takes place in accordance with the

customary methods of preparing ccecating materials by

gt

mixing of their constituents and homogenization of the

resulting mixtures in suitable mixing equipment such as

stirred tanks, dissoclvers, JltraTurrax, amniline

dissolvers, stirred mills, bead mills or extrudgders.

The nanoparticles (A} and (B} for use 1in accordance

with the invention and also, where appropriate, the
pigments are preferably mixed in the form of pastes

with the other constituents.

Digpersion with binders may where appropriate take

rlace 1n the presence of dispersants.

Suitable grinding resins include in  principle all

substances which have also been listed above already

. . PR . . )
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for the binders. Preferred grinding resins used are
polyesters and/or polyacrylates, especially hyvdroxyl-

contalning pclvacrylates.

The ccating materials of the invention serve for
producing the films, moldings, especlally optical
moldings, and coatings o©of the invention, especially

coatings on praimed or unprimed substrates.

Suitable substrates include all surfaces to be cCcoated

which are not damaged by curing of the coatings present

thereon using heat or both heat and actinic radiation.

Suitable substrates are composed, for example, of

metals, plastics, wood, ceramic, stone, textile, Ifiber

composites, leather, glass, glass fibers, cglass wool,
rock wool, mineral-bound and resin-bound building

materials, such as plasterboard and cement slabs or

roofing shingles, and also composlites o©f  these

materials. The surfaces of these materials may already

have been painted or coated.

Accordingly, the coating materials of the inventicn are

especlally suitable for the painting or coating of
motor vehicle bodies and parts therecf, the interior
and exterior of motor vehicles, the inside and outside

—

cf buildings, doors, windows, furniture, and also, in

the context of industrial coating, for the coating of

plastics parts, especirally transparent wlastics parte,
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small parts, coils, containers, packaging, electrical
compenents, and white goods, and also for the coating

of hollow glassware. In particular the coating

materials of the i1nvention are suiltable for use i1n the

automobile gsector.

In the case of electrically conductive substrates 1T 1s
possible to use primers, which are prepared customarily

from electrocoat materials. Both anodic and cathodic

electrocoat materials are sultable fcr these purposes,

but especially cathodics.

With the coating of the invention it is also possible

to  coat primed or unprimed plastics such as, for

exampie, ABS, AMMA, ASA, CA, CAB, kP, UYL, CF, MF, MPF,

, LDPE, LLDPE, UHMWPE, PET, PMMA,

L2

ri', PAN, PA, Pk, HDP:

PP, PS, SB, PUR, PVC, RF, SAN, PBT, FPE, POM, PUR-RIM,
SMC, BMC, PP-EPDM and UP (abbreviated designations in

accordance with DIN 7728T1) and also their polvmer

blends or the fiber-reinforced composite materials

produced using these plastics.

Nonfunctionalized and/or apolar substrate surfaces may
be subjected prior to coating 1n a kneown manner to a
pretreatment, such as with a plasma or by flaming, or

may be provided with a hydroprimer.

. . : . : ot cAfin §4 1
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Particular advantages are displayved py the coating

materials of the invention and the ccatings o©f the

invention an automotive OEM finilshing and refinishing
as <clear and transparent, highly scratch-~resistant,

Fighly glossy, flexible, acia- and water~resistant,

firmly adhering, stonechip-resistant clearcoats as part

of multicoat color and/or effect paint systems.

The muiticoat paint systems of the invention may be

produced in a variety of ways. Preference 1is given to

using the wet-on—-wet technigues described in German

patent application DE 1989 30 664 Al on page 15 lines 36

to 58.

Since the coatings of the invention produced from the

coating materials cof the 1invention exhibit outstanding

adhesion even to ready-cured electrocoats, surfacer

coats, Dbasecoats o©or customs

res

ry clearcoats, they are

outstandingly suitable for automotive refinish or for

the scratch-resistant fLfinishing of <exposéd. areas of

rainted automobhile bodies.

The coating materials of the inventilion may be applied
by any customary method, such as spraving, knife
cocating, brushing, flow coating, dipping, lmpregnating,
trickliing or rolling, for example. The substrate to be
coated may 1tself be at rest, with the application unit

or equipment being moved. Alternatively the substrate

R TH PO LR ~ o - - A . - A
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to be coated, In particular a coil, may be moved, with
the application wunit being at rest relative Lo ths

substrate or being meved appropriately.

Preference 1s given to employing spray épplication
methods, such as compressed air spraying, airless
spraying, high-speed rotation, electrostatic spray
application (ESTA), alone or 1in conjunction with hot

spray application such as, for example, het air

spraying.

Curing of the applied coating materials of the

invention may take place after a certaln rest time.

This has a duration of from 20 & to 2 h, preferably

from 1 min t©vo 1 h and in particular from 1 min to

45 min. The rest time is used, for example, tor

leveling and devolatilization ¢of the paint fiims or for

the evaporation of wvolatile constituents such as
solvenis.’ The rest . time may be asslsted and/or
shortened by the application of elevated temperatures
up to 90°C and/or a xéduced alyr humidity <10 g of
water/kg of ailr, in particular <5 g/kg of air, provided
this 13 'not..‘ accompanied by any damage to or change in
the  paint films, such as premature complete

cresslinking.

The thermal cure has no special featurez in terms of

method but 1s instead carried out 1n accordance with

. g - . ' . . . AdES ¢ e e s -
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the custeomary methods such as heating in a forced air

oven o0r irradiation using IR lamps. The thermal cure

may also take place in stages. Another preferred curing

method 1s curing with near infrared (NIR) radiation.

Particular preference 1s glven to emploving a process

in which the water constituent is removed rapidly from

the wet films. Suitable processes of this kina are

- |

for example, by Rodger Talbert in Industrial

Paint & Powder, 04/01, pages 30 to 33, “Curing 1in

Seconds with NIR”, or in Galvanotechnlk, volume 90

(11), pages 3098 to 3100, “Lackiertechnik, NIR-

Trocknung im Sekundentakt von Flissig- und

Pulverlacken’”.

Thermal cure takes place advantageously at &
temperature of from 50 to 200°C, with particular

preference from 60 to 19%0°C, and in particular from &C

to 180°C for a time of from 1 min up to 2 h, with

particular preference from 2 min up to 1 h, and in

particular from 3 min to 45 min.

Furthermore, the actinic radiation cure 13 conducted

using UV radiation and/or electron beams. In this case

it 18 preferred to employ a dose of from 1 000 to

2 000, more preferably frem 1 100 te 2 9200, with

particular vpvreference from 1 200 to < 800, with wvery

|-

wha

particular prerference from 1 300 to 2 700, and in

particular from 1 400 Lo 2 600 wJ/cm®. Where
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appropriate, this cure may be supplemented with actinic

radiation from other radiation SQUTCes.

In the case of

electron bpeams 1t 135 preferred to operate under an

e

inert gas atmosphere. This can be ensured, for example,

by supplying carbon dioxide and/or nitrogen directly to

the surface of the paint films. In the case of the cure
with UV radiaticn as well it is possible to operate
under inert gas. or in an oxygen-depleted atmosphere in

order to prevent the formation of ozone.

The actinic radiation cure 1s carried out using the

customary radiation sources and @ optical auxiliary

measures. bExamples of sultable radiation sources are

ey |

flashlaghts from the company VISIT, high or low

pressure mercury vapor lamps, which may have been doped

wlth lead in order to open up a radiation window up to

405 nm, or electron beam sources. The eqguipment and

conditions for these curing methods are described, for

example, in R. Holmes, ULV, and E.B. Curing

Formulations for Printing Inks, Coatings and Paints,
SITA Technology, Academic Press, London, United Kingdom

1984. Further examples of suitable processes and

equipment Ior curing with actinic radiation @ are
described in German patent applicatiocon

DE 192 18 735 Al, column 10 lines 31 to §1.
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