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(57) Abstract: The invention relates to a process for painting substrates comprising the following steps: 1) applying a coating
composition to an optionally pre-coated substrate and 2) hardening the applied coating composition, wherein the coating composition
comprises: A) at least one binder having functional groups containing active hydrogen, B) at least one polyisocyanate cross-linking
agent having free isocyanate groups and C) at least one urethane compound having at least two -O-CO-NH- groups, wherein the
urethane compound is substantially free from functional groups which are capable of entering into a cross-linking reaction with
components A) and/or 8) and wherein the hardening is carried out under conditions such that the component C) does not contribute
to the cross-linking of the applied coating composition by chemical reaction.



12

36

30

WO 2009/051962 PCT/US2008/078416

TITLE
Process for painting substrates

Field of the Invention

The invention relates to g process for painting substrates with isocyanate-
curing two-component coating compositions which can be usad, in particular, in
vehicle refinishing painting.

Description of Related Art

The use of amino resins for the thenmal crosslinking of compounds comaining
secondary and/or primary carbamate groups is sufficiantly well known.

EP 815 113 thus describes clear or {op coats for the painting of motor
vahicles confaining a) compounds having carbamate groups and hydroxyt groups o
compounds having carbamate groups and separate compounds having hydroxy
groups, b} polvisocyanates having frae or blockad isocyanale groups and ¢} aming
resing. These coating compositions can be crosslinked at 70 to 180 °C, preferably at
120 to 150 “C. The amino resins react first with the carbamates and then with the
hpdroxyl groups. The purpose of the coating compositions is o ensure good
rhedlogy contral on application and crosstinking.

Furthermore, WO 02/501 194 describes carbamate-functional acrylic copolymers
comprising epsilon-caprotactone units which are in the beta-position to the
carbamate group. These carbamate-functional acrylic copolymers can be used in
refinishing and OEM cléar coats. Thay are highly suiable for formulating
corresponding high solids paints, The crosslinking agents used in these coating
compositions may be amino resins, anhydride-funclional compounds and phenol
formaldehyde adducts.

Furthermore, DE 101 28 885 describes the use of blocked or unbilocked
polyisogyanates for the thermal crosslinking of compoiinds containing carbamale
groups. The crosslinking is carried out in this case by reacting the isocyanate groups
with the carbamate groups. Optionally, components having hydroxy! groups andfor
amino groups can additionally be contained in the system.

Two-component isocyanate-curing paints for vehicle refinishing painting have
to have a high physical drying rate and, on the ather hand, the paint film should be
free from surface defects, such as popping marks, and be high gloss. A high run limit

is also required. Iy twa-gcomponent water-based paints, reaction bubbles caused by
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the reaction of isocyanate with water also have 1o be avoided. To achieve goad
physical drying, itis already known 10 use acrylate resins of high molecuiar weight
and having a high glass fransition temperature (Tg). However, the use of these
acrylate resins leads to fow solids contents in the paint. Moreover, on use in water-
s based paints, a lower popping limit is observed, i.e. flaws such as popping marks arg
produced aven at a relatively low film layer thickness of about 40 um. Furthenmore, a
narrow application window is required {in particular, a narrow rangs of the relative
humidity during application) in order to obiain accepiable painting results.
The object of the present invention was o provide a process for painting
10 substrates which altows to apply isocyanate-curing two-component cosating
compositions and to achieve coatings with rapid physical drying and to produce
high-gloss paint filims which have a good visual appearance, i.e. are free from
defects, even if applied al relatively high coating thicknesses of, for example, 80 o
T8 ume The process should also lead i coatings which display good adhesion to the
15 substrate and good resistance to stone ship and be readily usable, in particular, for
vehicle painting and vehicle refinishing painting. When applying agueous
isacyanate-curing two-component coating compositions, the coalings should not
display any visual defects caused by the production of reaction bubbles resulting
from the reaction of isocyanate and water.
20
The present invention relates to g process for painting substrates comprising the
following steps:
1. Applying & coating composition to an optionally pre-coated substrate and
2. Hardening the applied coating compaosition,
25 wherein the coating composition comprises:
A} at least one binder having functional groups containing active hydrogen,
8) at least one polyisocyanate crosslinking agent having free socyanate groups
and
) atleastone urethane compound having at least two ~0-CO-NH- groups,
3 wherein the urethane compound is substantially free from funclional groups which
arg capable of entering into a orosslinking reaction with components Aj andior B,
The hardening is carried out under conditions such that the component G} doss not
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contribute o the crosslinking of the applied coating composition by chamical
reaction,
Preferably, the applied coaling composition is hardened at temperatures from

rogm temperature to 80 0. The coating composition is crosslinked by chemical

5 reaction between the functional groups comprising active hydrogen of component A}
and the free isocyanate groups of component B,
The term “room flemperature” refers in this case to the ambient temperature at which
the cogling composition is applied. The temperatures are therefore for example from
181028 °C.

b

Detailed Description of the Embodiments

it will be appreciated that certain features of the invention which are, for

clarity, deseribed above and bealow in the context of separate embodiments may also

be provided i combination in a single embodiment. Conversely, various features of

(s the invention that are, for brevity, described in the context of a single embodiment
may alse be provided separately o in any sub-cambination. In addilion, references

in the singular may also include the plural {for example, "a" and "an” may refer to

ong, Or ong of morg) untess the context specifically states atherwise.

The use of numerical values in the various ranges specified in this

3 application, unless expressly indicated otherwise, are stated as approwmations as

though the minimum and maximum values within the stated ranges were both

preceded by the word "about”. Thus, slight variations above and below the staled

ranges can be used to achieve substantially the same resulls as values within the

ranges. Moreover, in the disclosure of these ranges, & continuous range is intended,

W covering every value between the minimum and maximum values, including the
minimum and maximum end points of the range.

The term {methlacrylic as used here and hereinafter showdd be taken to mean

methacrylic andfor agrylic.

Unless stated otherwise, all molecular weights (hoth number average
a molecular weight Mn and weight average molecular weight Mw) referred to herein
ars determined by GPC (gel permeation chromatographie) using polystyrens as the
standard.
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Firstif all the costing compositions (o be used in the process of the present
invention shall be explained in more detail.

The coating compositions comprise the components A}, By and C).

The coating compositions preferably comprise 2 — 20 % by weight solids and
most prefarred 5 - 20 % by weight solids of the at least one urethane compound C),

refative {0 the entire coating composition.

Usually the coating composition comprises 40 - 80 % by weight solids,
preferably 50 - 70 % by weight solids of the st least one binder Al and 20 - 40 %
1 by weight solids, preferably 20 - 30 % by weight solids of the at least one curing

agent B), relabive fo the antire coating composition.

Preferably, the content of urethane compound C) in the coatling composition
should be based on the amount of the binder component A). Preferred coating
compositions can thus contain from 3 to 25 % by weight, particularly preferably 5 to

15 20 % by weight of urethane compound C) {solid) based on the amount of binder A}
{solid). Greater amounts of urethane compound C) can impair the adhesion and

resiatance of stone ship of the resultant coatings.

Componant A) of the coatling composition comprises water-dilutable binders
with functional groups containing sctive hydrogen. The water-dilutable binders are
2w oligomeric and/ar polymeric compaounds with a number average molecular weight
{§m) of, e.g., 500 tv 500,000 g/mole, preferably of 1100 to 300,000 gimple. The
functional groups with active hydrogen in parlicular comprise hydroxy! groups,
primary and/or secondary amine groups. Binders with hydrogy! groups ame
prefarably used as component A).

25 The binders with hydroxyl groups are for example the polyurethanes,
{meth)acrylic copolymers, polyesters and polyethers, known from polywethane
chemisty to the skilled person, which are used in the formulation of organic solvent
based or aqueocus coating compositions. They may each be used individually orin
cambination with one another.

30 in order fo ensure sufficient water dilutability of the binders A} in case of
agueous coating compositions, these binders are modified in a suitable mannerto

render them hydrophitic. The binders A) may be ionically {anionically and/or



WO 2009/051962 PCT/US2008/078416

cationically) andior non-ionicaily modified,  An anionic modification and an anionic
medification in combination with a non-ionic modification is preferred. An anionic
modification may be oblained, for example, by incorporating carboxy! groups which
are at least partially neutralized. A non-ionic modification may be obtained, for

s example, by incorporating polvethylene oxide units. Alteratively, or in addition

therato, it is possible to oblain water-dilutability via external enmulsifiers.

Preferably, water-difutable binders A} may contain carboxlic ackd groups,

sulfonic andfor phosphaonic acid groups. Carboxylic acid groups are most preferrad.

Examples of binders A} are polyurethane resins, for example, with a number
W average moelecular weight Mn of 500 o 500 000 gimol, preferably, of 1100 o 300
000 g/mal, most preferably, of 5000 fo 300 000 g/mol, an acid valus of Ulo 100 mg
KQH/g, preferably of 20 to 80 mg KOH/g, and a hydroxy! value of 40 to 400 mg
KOH/g, preferably, of 80 to 2580 mg KOH/g. Appropriate polyurethane resins which
may be used are, for example, prepared by rgacting compounds which are reactive
15 with respect 10 isocyangte groups and polyisocyanates having at least 2 free
isocyanate groups per molecule.

Polyots of high molecular weight can be used as compounds which are
reactive with respect 10 isocyanate groups, praferably, polyester polyols, polyether
polyols and/or polycarbonate polvols with a molacular waight of, for example, 500-

2 6000 gimol. Polvols of low molecular weight with a molecular weight of 80-400 g/mol
can also be co-used. Aliphatic and/or eycloaliphatic dilsocyanates can preferably be
used as polyisocyanates. Examples of useful polyisocyanates are phenylene
dilsocyanate, xylyiene diisocyanate, diphenyimethane ditscgyanate, isophorone
diiscoyanate, dicyclohexyimethane ditsocyanate, tetramsthylens dilsocyanate,

3 hexamethylens diiscoyanate. Inorder 1o obtain a sufficient water-dilutabliity, the
palyurethane resins can be modified, for example, with anionic groups as described
above. The anionic groups can be introduced by way of compounds having at least
one group reactive with respect to isocyanate groups and at least one group capable
of producing anions. Preferrad compounds of this type are dihydroxycarboxylic

W aoids, with particular preference for dimethylolpropionic acid.

The thus oblained polyurethane resins can still be subjectad to chain

exiension to increase the molecular weight. For example, NCO-funclionat
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polyursthane prepolymers can be reactad with compounds, which are reactive with

respect to isooyanate groups. Compounds, which are reactive with respect 1o

isocyanate groups, are in particular compounds with hydroxyl andfor secondary

andfor primary amino groups. OH-functional polyurethane prepolymers can be chain
s extended for example with polyisocyangtes

The polyurethans resing include such resins which are in madified form, for
example, as silicon-modified or (methiacrylated polyurethane resins. Examples of
polyurethane resing which may be used are described in U.S. 5492,861, U.5.
5,141,987, U.85,556,812, DE-A-41 15042 U 8. 5,835,558, U.S. 5891425, DE-A-

1 42 28 510, U.S. 5,854 337 and U.8. 4 488,135, Water-dilutable polyurethanas can
be prepared in the organic phase and converisd afterwards into the agqueous phase,
hut can also he preparad directly in the agqueous phase o form polyursthane
smulsions. Those polyurethane emudsions may be crosslinked internally and can be

defined as microgels.

t4 Examples of poly{methiacrylate resins include gl poly(methiacrylate resing
which are suited for solvent based or aqueocus coalings and known to a skilled
parson. Forexample, they can be those with a number average molecular mass Mn
of1000-20000 g/mol, preferably, of 1100-15000, an acid value of 8-100 mg KOQH/g,
prafarably, of 15-50 and a hydroxy! value of 40-400 mg KOH/g, preferably, of 60-200

0 mg KOMH/g. The water-dilutable polyimeth)acrylate resins can also have been
prapared in the presence of different binderg, 8.¢., in the presence of oligomeric or

palymeric polyester and/or polyurethane resins.

The poly{methlacrylale copolymer can be prepared by free-radical

polymerization of polymerizable, olafinically unsaturated monomaers, opticnally, in

3 presence of aligomeric or polymeric polyester and/or palyurethane resins. Fres-
radically polymerizable, olefinically unsaturated monomers, which may be used are
monomers which, in addition to at least one olefinic double bond, also contain further
functional groups and monomers which, apart from at least one olefinic double bond,
contain no further functional groups. Further funclional groups may be, for example,

w urea, hydroxyd, carboxyl, sulfonic acid, silane, amine, amide, acetoacetate or epoky
groups. Bwaould be clear that only those funclional groups can be combined in the

poly{methjacrylate copolymer which do not tend to self-crosslink.
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Clefinically unsaturated monomers with hydroxyl groups are used o infroduce
hydroxyl groups mto the {(methjacrylic copolymers. Suilable hydroxy-functional
unsaturated monomers are, for example, hydroxyalkyl esters of alpha, beta-
olefinically unsaturated monocarboxylic acids with primary or secondary hydroxyl
groups. These may, for example, comprise the hydroxyalky! esters of sorylic acid,
methacrylic acid, crotonic acid and/or isocrotonic acid. The hydroxyalkyl esters of
{methjacrylic acid are preferred. The hydroxyalkyl residues may contain, for
example, 2-10 C atoms, preferably, 2-8 C atoms. Examples of suilable hydroxyaikyl
asters of algha, beta-olefinically unsaturated monocarboxylic acids with primary
hydroxyl groups are hydroxyethyl (methlacrylate, hydroxypropyl {methjacrylate,
hydroxybutvl {methlaarylate, hydroxyamyl (methacrylate, hvdroxyhexyl
{methiacrviate. Examples of suifable hydroxyalikyl esters with secondary hydroxyl
groups are 2-hydroxypropyt (methiacrylate, 2-hydroxybutyd {meth)acrylate and 3-
hydrosybutyl (methyaoryiate. Further olefinically unsaturated monomers with
hydroxyl groups may, of course, also be used,

Carboxyl functionat olefinically unsaturated monomers are used {o introduce
carboxyl groups into the {methlacrylic copolymers. Examples of suitable olefinically
unsaturated carboxylic acids include acrylic acid, methacnylic acid, crofonic acid and
isocrotonic acid, iaconic acid, maleic acid, fumanc acid and the halfesters of the
difunctional acids. Acrylic and methacrylic acid are preferred.

Examples of other additional suitable unsaturated monomers, which contain
apart from an olefinic double bond further functional groups are ethyleneurea ethyl
{meth)acrylate, dimethylaminoethyt {methlacrylate, acetoacetoxyethyl
{methlacrylate, {(methjacrylamide, alkoxy methyl {methlacrylamides, vinyl sitane,

mathacrylesyethyl triatkoxysilanes, acrylamido 2 —~ methyl propane, vinyl imidazole.

Unsaturated monomers which, apart from at least one olefinic double bond,
contain no further functional groups are, for exampie, aliphatic esters of olefinically

unsaturated carboxylic acids, vinyl ester and for vinylaromatic hydrocarbons.

Examples of suifable aliphatic esters of olefinically unsaturated carboxydic
acids include, in particutar, esters of alpha, beta-olefinically unsaturated
monocarboxylic acids with aliphatic alcohols. Examples of suitable olefinically

unsaturated carboxylic acids are acrylic acld, methacrylic acid, crotonic acid and
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isocrotonic acid. The alcchols are, in patlicular, gliphatic monohydric branched or

unbranched alcohols having 1-20 carbon atoms in the molecule. Examples of

{methjacrylates with sliphalic alcohols are methyl acrylate, ethyl acrylale, isopropyl

acrylate, tert-butyl acrylate, n-butyl acrylate, isobutyl acrylate, 2-sthythexyl acrylate,
s lguryl acrylate, stearyl acrylate and the corresponding methgorylates,

Examples of suitable vinyl esters are vinyl acetate, viny propionate and vinyl
asters of saturated monocarboxylic acids branched in the alpha position, e.g., vinyl
esters of saturated alpha aipha’-diatkylatkane monocarboxylic acids and vinyl esters
of saturated alpha-atkylatkane monocarboxylic acids having in each case 5-13

10 carbon atoms, preferably, 8-11 carbon atoms in the molecule.

Examples of vinylaromatic hydrocarbans preferably are those having 8-12
carbon atoms in the melecude. Examples of such monomers are styrene, alpha-
methylstyrene, chiorostyrenes, vinyltoluenes, 2, 5-dimethylstyrene, p-methoxystyrene

and tertiary-butylstyrens.

i The preparation of the {methjaciylic copalymer takes place by usual
preparation technigues, e.g., by radical polymerization in the organic phase as one-
or two-stage process . After solution polymerization the copolymer may be converted
ino the aqueous phase. But (meth)aerylic copolymers can also be prepared by
radical emulsion polymarization in the aqueocus phase to form agueous (methacrylic

4 emulsions. Those (methlacndic emuisions may be crosslinked intemally.

Examples of polyester resins which can be used as binder componant A}
inchude all poivester resins which are suited for organic solven! based or aquecus
coatings, for example, hydroxyfunctional polyesters with a number average
molecular weight of 500-10,000 g/mol, praferably, of 1100-8000 ghnol, an acid valus

2% of 0~150 mg KOH{g, preferably, of 15-80 mg KOH/g and a hydroxy! value of 40-400
mg KOH/g, preferably, of 50-200 g/imol. The polyesters may be saturated or
unsaturated and they may optionally be modified with falty acids. The polyesters are
produced using known processes with elimination of water from polycarboxylic acids
and polyalcohols,

30 The coating compositions can aiso contain low molecular reactive

components, se-called reactive thinners, which are able {0 react with the
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polyisocyanate cross-linking agent B). Examples of these are hydroxy- or amino-
functional reactive thinners.

Especially preferced hydroxyfunctional {methjacrylic copolymers are used as binder
component A). However, the hydroxyfunctional {methacrylic copolymers may also
§ be used in combination with other hydroxyfunctional polymers, for example with

those describad above.

in case of aqueous coating compositions preferably water-ditutable
hydroowiunctional end acid-functional (meth)acrylic copolymers are used as binder
component A}, The preparation of these waler-dilutable (methiacrylic copolymers

0 takes place by usual preparation technigues, 8.9., by radical polymerization in the
organic phase 85 one- or two-stage process and subsequent conversion info the
aguepus phase;

in particular water-dilutable hydroxyfunctional and acid-functional {methacrylic
copolymers are used comprising
18 a) 10-80% by weight, preferably 20-60% by weight, of a reaction product of a
rmonoepoxyester and an unsaturated acid functional monomer
b) 0-40% by weight, preferably 10-30% by weight, of a hydroxy functional
unsaturated monomer which is different from component a},
¢} 1-8% by weight, preferably 2-6% by weight, of an unsaturated acid
20 functional monomer and
d) O-70% by weight, preferably 20-50% by weight, of other polymerisable
unsaturated manomers, wherein the% by weight of companents A) and 8)
and of components a {o d} s adding up to 100% by weight and wherein
the {meth)acrvlate copalymer is prepared by a skew feed polymerization
23 process with af least two feed streams.
Most preferred one feed stream comprises
Iy 80-100% by weight of the reaction product of 8 monoepoxyester and
an unsaturated acid functional monomer aj}, based on the total amount
of component g} in the copolymer,
30 iy 0-80% by weight of the hydroxy functional unsaturated monomer b),

based on the fotal amount of monomer b) in the copalymer,

9
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H} 0-30% by weight of the unsaturated acid functional monomer ¢}
bhased on the lotal amaount of monamer ©) in the copolymer, and
V) 0-80% hy weight of the other polymerisable unsaturated monomers
d}, based on the fotal amount of monomers d) in the copolymer,
balance of components a)to d).
Those {meth)acrylic copolymers have for example a number gverage maolecular
weight of 1500 to 8000, a hydroxyl number of 80 to 150 mg KO/ g resins solid and
an acid number of 510 35 mg KOH/ g resins solid and are disclosed for example in
WO 2006/0266871.

The coaling compositions coniain polyiscoovanates with free (socyanate
groups {(component B) as cross-linking agents. Examples of the polvisocyanates are
any number of organic polyisGoyanates with aliphatically, cycloaliphatically,
araliphatically and/or aromatically bound free isccyanate groups. The
polyisocyanates are liquid at room temperature or become hquid through the
addition of organic solvents. At 23°C, the polyisocyanales generally have a viscosity
of 1 to 6 000 mPas, preferably, above 5 and below 3,000 mPas.

The preferred polyisocyanates are polyisocyanates or polyisocyanate
mixiures with exclusively aliphatically andfor cycloaliphatically bound isocyanate
groups with an average NCO functionality of 1.5 10 5, preferably 2 to 4.

Examples of particularly suitable polyisocyanates are what are known as
"paint polyisoryanates” based on hexamethylene diisocyanate (HD1}, 1-socyanato-
3.3.5-rimethyl-S-isccyanatomethyl-cyclohexane (isephorone ditsacyanate, IRFDY)
andfor bis(isocoyanatooyeiohexylmethane and the derivatives known per se,
containing biuret, allophanate, urethane and/or isccyanurate groups of these
diisopyanates which, following production, are freed from surplus parent
diisocyanate, preferably by distiligtion, with only a residue content of less than 0.5%
by weight. Triisocyanates, such as, friisocyanatononan can also be used.

Sterically hindered polvisocyanates are also suifable. Examples of these are
1.1,6.6-tetramethyl-hexamethylene diisocyanate, 1,5-dibulyl-penta-
methyldiisocyanate, p- or m-tetramethyixylviens dilsocyanate and the appropriate
hydrated homologues.

3
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in pringiple, dilsocyanates can be converted by the usual method to higher
functional compounds, for example, by timerization or by reaction with water of
polyols, such as, for example, trimethylolpropane or glycerine. The polyisocyanates

can also be used in the form of isooyanate-modified resins.
The polyisocyanate cross-linking sgents can be used individually or mixed.

The polyisooyanate cross-linking agents are those commonty used in the
paint industry, and are described in detall in the literature and are also obitainable

commergially,

Preferably the coaling compaosition is free of melamine resins and/or blacked
polvisogyanates.

The at least one urethane compound C) i3 a compound which doas not participate in
the crosslinking reaction of the twe-component coating composition, i.e. which enters
into a chemical crosslinking reaction neither with the component A} nor with the
component B) under the hardening conditions emploved. The urethane compounds
C) are therefore subsiantially free from functional groups which are capable of
entering into a crosslinking reaction with the components A) and/or B). They are, in
particular, free from isccyanate, hydrexyland amino groups. The termy "substantially
free” means that there may, for example as a result of the preparation process, be
provided a very small amount of the aforementioned functional groups, wherein
these functional groups as a whole make almost no contribution 1o the crosslinking
of the coating composition. The urethane compounds C) have a number-average
molecular mass of from 400 fo 5,000, preferably of 600 to 3,000, The ursthane
compounds C) may be compounds of low molecular waight defined by total and
structural formulae and also compounds of higher molecular weight that may display
a molar mass distribution.

Preferrad urethane compounds C) are products of the reaction of
polyisocyvanate compounds with monohydroxy compounds. The polvisooyanale
compounds may be difunctional or nwiltifunctional isocyanates or isboyanate-
functional prepolymers.

The monchydroxy compounds used may be in the form of compounds which

are of low molecular weaight and defined by empiricaland structural formula and
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manohydroxy compounds which are of higher molecudar weight and can display a
molecular mass distribution {polymers and/or oligomers). The polyisocyanate
compounds and the monohydroxy compounds can sach be used alone orina
mixtires.

Examples of polyisocyanates which can be used for preparing the urethane
compounds C) include diisocyanates such as, for example, hexamethyiene
ditsocyanate, etramethyixylylene dilsocyanate, isophotone dilsocyanate,
dicyclohaxylmethane dilsocyanate, cyclohestane diisnoyanate, toluyiens diisocyansate
and diphenyimethane dilsacyanate,

Further examples of polyisocyanate compounds include polyisocyanates
containing heteroatoms in the radical linking the isocyanale groups. Examples
include polyisooyanates, carbodiimide groups, allophanate groups, isooyanurate
groups, urethane groups. acylated wea groups or biurst groups.

The polyisocyanates which can be used for preparing the urethans
compounds C) have an isocyanate funclionality of 2 or greater than 2. Said
polyisocyanates can be obtained, for example, by dimensation andfor trimerisation of
the above-mentioned diisocyanatss o form compounds comtaining wetdione or
isocyanurate groups. Furthear examples include polvisocyanates which contain biurst
groups and are prepared by reacting the aforementioned free diisocyanates with
water. Polyisocyanates which have free isocyanate groups and are highly suitable
for preparing the urethane compounds C} includs, for exampls, the polyisocyanate
crosshinking agents, known for isocyanate~-curing paint formulations, based on
hexamethylens diisocyanate, isophorone diisocyanate and/or dicyclohexylmethane
dilsocyanate. The derivatives of these dilsocyanates that are known per se and have
biurel, allophanate, urethane, uretdione and/or isooyanurate groups are also readily
uysable. These compounds are known {0 a person skillad in the art and also
commearcially available,

it is also possible to use istoyanaie-functional prepolymers obiained, for
example, by reacting the above-described diisccyanates and polvisocyanates with
deficient diols or polyols.

Most preferred polyisoovanates are hexamethvlane diisocyanate HD) and
isopharone dilsocyanate (IPDD, in particular the isocyanurates of HDI and 1PDL

They can also be used in combination with each other.
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Examples of monohydroxy compounds which have low molecular weight, are
defined by total and slructural formulae and can be used for preparing the urethane
compounds C} include {cyclolaliphatic monoalcohols containing 1 to 22 carbon
atoms in the atkyl part. They can, for example, have molar masses ranging from 48
to 600, Examples include ethanol, the isomeric propanols, butanols, pentanols,
haxanols, heptanols, octanols, nonanols, decansis and dodscanols and also the
higher fatty alcohaols confaining up 1o 22 carbor atams in the alky! part. Further
examples include hydroxymesthy! furan, hydroxymethyl tetrabydrofuran,
cyclopentanol, benzyl alcohol and cyclohexanol. Examples of monchydroxy
compounds of relatively high molecular weight include monohydroxyfunctional
palymers such as polyether alcohols, for example having a number-average
motecuiar mass of 200 0 2,000, Those polyether alcohols can be prepared, for
sxamiple, by ethoxylation or propoxylation of moneoalcohols. Example of polysther
alcohols are fatty aloohol sthoxylates, fatly alcohol propoxyiates, alkyl sthoxylales
and alkyl propoxylates.

The most preferred monoalcohol is cyclohexanol.

The urethane compounds ) according to the invention can contain a small
number of carboxyl funclions. A small portion of the monoalcohols can therefore be
exchanged for hydroxycarboxylic acids during the synthesis. Examples of hydroxy
carboxylic acids include malic acid, 12-hdyroxystearic acid or adducts of
monoepoxides and dicarboxylic acids. it is also possible to sxchange a portion of the
monoalcohols for dicls and theh 10 raget the resulting hydroxyl groups with acid
anhydrides to form acid semiesters. Examples of acid anhydrides include maleic
anhydride, succinic anhydride, tetrahydrophthalic anhydride, hexahydrophthalic
anhydride, methyihexahydrophthalic anhydride, trimellitic anhydride, pyrometiitic
anhydride. Examples of sutable diols include 1,2-ethylene glveol, the isomeric
propan diels, butan diols and pentan diols, neopentyl glyeol, the isomeric hexan

diols, haptan dicls and octan diols.

Particularly preferred urethane compounds C) are those prepared from
hexamethylene diisocyanate (HDI) andior isophorone diisocyante (PRI, in
particular the isocyanurates of HDU andfor IPDI, and cyelohexanol
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The urethane compounds C) which are o be used in accordance with the
invention can haye an acid number from 0 {o 50 mg KOH/g of solid resin. if the
urethane compounds G} are {o have an acid number, then it is preferably at 5 to 50
mg KOH/g, particularly preferably at 6 to 35 mg KOH/g of solid resin.

Preferred coating compositions according to the invention comprise
Ay al least one water-dilutable hydroxyfunctional (methjacrylic copolymer,
preferably a water-dilutable gmethjacrylic copolymer having a number-average
metecuiar mass (Mn) of fram 1,500 to 6,000, a hydroxyt number of from 50 o 180 mg
KOH/g of solid resin and an actd number of from & to 3% myg KOH/g of solid resin,

B) at least one polyisocvanate crosslinking agent having free isocyanate groups
and
o} at least one ghove-defined urethane compound G

Particularly preferred coating composiions to be used acoording to the
invention contain from 3 10 25 % by weight, particularly preferably from 5 to 20 % by
weight of urethane compound C) {solid), based on the amount of water-dilutable
{methjacrylic copolymer A) (solid).

The specific preparation of the urethane compounds C) can be carried out
using processes known 1o g person skifled in the art. it may, Tor example, be carmed
out in the presence of organic solvant or without any solvent. In the case of a
preparation without solvent, at the end of the synthesis, dilution can be carried out in
suifable organic solvents. By neutralising acid groups present in the urethane
campounds G} and diluting with water, the urethane compounds can be converted
into the aqueous phase. There may be obtained, for example, organic solutions
having a solids content of 5~ 80 % by weight or aquecus dispsrsions having &
solids contentof 35 -85 % by waight.

The urethane compounds C) are generally prepared by reacting the
polyisocyanates or isoeyanate-functional prapolymers with the monohydrony
cormpounds in a stoichiometiic ratio. However, it is also possible first {o react the
polyisocyanates or ispcyanate-functional prepolymers with monohydroxy compounds
in an NCO:OHM ratio of from 2:1 to 1.2:1 and then to increase the molecular weight by
reacting the remaining NCO groups stoichiometrically with dicls or polyols,
Furthermore, it is possible o react first the polvisooyanates with diols or polyols by

b
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forming an iscovangte-functiona! prepolymer and react then with a monoaicohol asa
chain slopper,

The reaction for the preparation of the urethane compounds C) is in any case
5 to be carried out in such a way that the resultant urethane compounds C) no longer

contain any hydroxyl or isocyanate groups.

The binders with functional groups containing active hydrogen A) and the

palyisacyanate cross-linking agents B} are used in such proportion that the

1 eguivalent ratio of functional groups containing active hydrogen, preferably, hydroxyl
graups, of binders A} to the isocyanate groups of cross-tinking components Bj
available for the grosslinking reaction with the functional groups containing active
hydrogan of binders A), can be 511 {0 1.5, for example, preferably, 3110 1.3, and in
particular, preferably, 1.5:1 to 1:1.50 if reactive thinners are used, thel reactive

12 functions should be taken infe account when calculaling the equivalent ratio.

The coatling composifions contain furthermore water and/ororganic solvents.
Water-based coating compositions contain | for example, 30-80% by weight of water,
and possibly small amounts of arganic solvents, e.g., up o 15% by weight,

preferably, up to 10% by weight based on the entire coating composition.

24 The organic solvents are solvents conventionally used in coating technigues.
These may oviginate from the preparation of the binders or are added separstely.
Examples of suitable solvents are monohydric or polyhydric alcohols, e.g., propanal,
butanol, hexanol; glycol ethers or estars, for example, diethylene glycol diatkyl ether,
dipropytene glyeol diglkyl ether, each with C1- to CG-alkyl, ethoxypropanol, buty

3% glvedd: glveols, for example, ethylene giveol, propylene givool, N-methyl pyrrolidone
and kelones, &.g., methyl ethyl kelone, acelong; cyclohaxanong; aromatic or
aliphatic hydrocarbons, for example, tolugne, Xylene, or straight-chain or branched
aliphatic 08-C12-hydrocarbons.

The coating compositions can contain pigments, fillers and/or usual coating
w gdditives. All colour andfor special effect-giving pigments of organic o inorganic
type used in painis are suitable for pigments. Examples of inorganic or organic

colaur pigments are titanium dioxide, micronized titanium dioxide, iron oxide

i3
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pigments, carbon blgek, azo pigments, phthalocyanine pigments, quinacridens or
pyrrolopyrrole pigments. Examples of specigl effect pigments are metal pigments,
for example, from aluminum or copper, interference pigments, such as, for example,
aluminum coated with titanium dioxide, coated mica, graphite effect pigmants and
fron oxide laminae. Examples of fillers are silicon dioxide, barium sulphate, taloum,

aluminium silicate and magnesium silicate.

The additives are additives usually used in the paint industry. BExamples of
such additives are light stabilizers, for example, based on benziriazoles and HALS
{hindered amine light stabilizer) compounds, flow control agents based on
{mathiacrvlic homopolymers or silicon oils, rhaeclogy-influencing agents, such as,
highly disperse silicic acid or polymernic wea compounds, thickeners, such as, cross-
tinked polycarboxylic acid or polyurethanes, anti-foaming agents. welting agents,
curing accelerators for the cross-linking reaction, for example, organic metallic salts,
such as, dibutyl tin dilaurate, ginc naphthenate and compounds containing terfiary
amino groups, such as, fristhylamine for the cross-linking reaction of hydroxy
functional binders with polyisocyanates. The additives are added in the usual
gmounts famitiar %o the person skilled i the art.

itis fundamental to the invention that the two-component coating compositions to be
used in the process confain the component C). The component C) can be
incorporated into the coating composilion iy various ways:

1. The component CF can be added in 100 % form, in the form of an arganic
solution or in the form of an agueous dispersion as a separate component in the
preparation of the coating composition. it is preferably added as an organic solution
in the case of solvent-based coating compositions and 38 an agueocus dispersion in
the case of aquecus coaling compositions.

2. The component C) can be added to the coating composition in 100.% form, in
the {&rm of an organic solution or in the form of an aqueous dispersicn as a
constituent of the binder component B), If the component C) is added fo the coating
composition as a constituent of the hinder component B), component C) can be
addsd in the form of an organic solution to the solvent-based binder in the case of
solveni-based coafing compositions. iIn the case of agueous coafing compositions,
urethane compounds C) containing acid groups or no acid groups can be added o

the generally acid-functional binders in the organic phase prior to inversion inlo the
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aguenus phase and then be converted along with said binders into the aguesus
phase. The use of ionic and nontonic emuisifiers is, at the same time or additionally,
possible for inversion into the aqueous phase. The urethane compounds C) of
variant 2 can be introduced Mo agueous coating compositions also as an organic

sodution in waterdilutable binders,

Since the coating compositions are two-component systems, generally binder
component A} and polyisooyanate componant B) may only be mixed together shortly
before application. The term “shorily before application” is well-known 1o a person
skitled in the art. The time period within which the ready-to-use coating composition
may be prepared prior to the actual uselapplication depends, e.g., on the pot iife of
the coating composition.

in principle, the ceating compositions can shill be adjusted o spray viscosity
with water and/or organic solvents prior to application. Pigments, fillers and
additives generally used for paint may be used in ong and/or both components of the
two-componant system.

in the preparation of the finished coatling composition, component C) is preferably
used as g constituent of the base coat component (hydroxyt component without a
crossiinking agent). In principle, howsver, it is possible —~ albeit not preferable - for
the companent £} 1o be used as a constituent of the polvisocyanate curing agemt
component.

The coating compositions are applied to optionally precoated subsirates.

Preferred substrates are vehicle bodies and vehicle body parts.

The coating composiions may be applied by conventional application methods.
Examples of application methods are brushing, roller application, knife coating,
dipping, but in particular spraving. After an optional flash-off phase, the coating
layers may then be cured or the next coatling layer is applied. Substrates which may
be used are the various materials, e.g. used in vehicle construction, for example,
metals, such as, iron, zing, aluminum, magnesium, stainless stesi or the alloys
theveof or plastics, such as, polyurethanes, polycarbonates or polyolefins,

17
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According to a first preferred embodiment, the ¢oaling composition containing
the urethane compound C) that 1s used in the process according to the mveniion is a
clear coating composition that is applied onto a pigmented colour- andfor special

effect-imparting base coat layer to produce a clear coat layer.

According o 8 sseond preferred embodiment, the coating composition
containing the urethane compound C} that is used in the process according to the
invention is a pigmented one-layer top coat composition that is applied onto a
substrate coated with one or more coating lavers, for example, with a primer andfor

1 surfacer fayer, to produce a pigmented top coat layer.

Accordingly the present invention is prefarably directed o a process for the

production of a coating, comprising the following steps:

1. applying 8 fop coat layer of colowr- and/or special effect-imparting base
14 coat composition and a transparent clear coat composition or of a
pigmented one-layer {op coat composition ante a prior coating,

2. opuring the top coat laver applied in step L

in step 1 of the process according to the invention 8 coating layer, preferably a
top coatl laver of a colour- and/or special effect-imparting base coat composition
2 and a transparent clear coat composition or of @ pigmented ane-layer top coat
compusition is applied onto a prior coating. The colour- andfor special effect-
imparting base coat composition gontains colpur pigments and/ar effect pigments

which are used to impart the final coating a desired colour and/or effect.

in step 2 of the process according to the invention, the applied coating lavers,

2% preferably the top coat layers are then cured, wherein each layer may be cured
separately after application thereof or two or more coating layers are apphed one
after the other without intermediate curing and are jointly cured. The applied coating
laver containing the urethane compound C} is cured under conditions such that the
camponent C} does not contribute 10 the crosslinking of the applied coaling

3 composition by chemical reaction.

Freferably, the applied coating composition containing the urethans

compound C) is hardened at temperatures from room temperature to 80 °C.
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The new process according o the invention, is suitable for industrial coatings
and in particular for vehicle and vehicle part refinishing. For refinishing, curing
temperatures of, for example, 20°C {o 80°C, i particular, 40 to 80°C are used. The
coating compositions can also be used for coating large vehicles and fransportation
vehicles, such as, trucks, busses and ratlroad cars, where typically curing
temperatures of up to 80°C are used. Furthermore, the process can be used for

coating any industrial geods other than motor vehicles.

The coating compositions in the form of transparent clear coals can be
applied, for example, using the wel-in-wet process on selvent-based or aguecus
color andfor effect-giving basscoat layers. In this case, the color andior effect-giving
basecoat layer is apphed 1 a substrate, precoated if necessary, in particular, o
precoated vehicle bodies or parts thergof, prior to the application of the clsar coat
fayer. Following a drying period, if allowed for, both layers are cured together.

The coating compositions in the form of 3 pigimented topeoat can be applied,
for example, to normal one-componant or bwo-component filler layers, However, the
coatings can also be applied and cured as a filler laver, for example, on normal

primers, for sxample, two-component epoxide primars.

The present invention provides a process for painting substrates

which allows o apply cogling compaosition up to coating thicknesses of, for
example 80 to 70 ym without surface defects such as, for example, popping marks.
This applies, in particular, if aquenus coating compositions are applied. The coating
compositions may be hardened al moderate temperatures ranging from, for example,
room tempserature to 80 °C, in particular at 60 fo 80 “C. The process according to the
invention produces coatings which adhere very well to the substrate, in particdlar to
the base coat on application as a clear coat, and having very good resistance fo
stone ship and very good visual propedties such as gloss. These advantageous
properties, such as adhesion, resistance to stone ship and gloss, are preserved
even after exposure 10 moistura. Water-based two-component iscoyanate-curing
coating compositions which, in accordance with the invention, contain the urethane

compounds C) may be applied to produce defect-free smooth coats.

The inverntion will be further described by reference to the following

Examples. All parls and percentages are on a weight basis unless otherwise
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indicated. All molecular weights disclosed herein are determined by GPC {gel
permeation chromaiography} using a polystyrene standard.

Examplas

Example 1
1.1 Preparation of a ursthane compound C

221 parts by weight of butyl acetate and 500 parts by weight of I1PEH
{isophorone ditsocyanate} isacyanurate (Vestanat T-1880) and 0.1 paris by weight of
dibutyitin ditaurale were placed in a three-necked flask having a stirrer and
thermometer and heated to 85 *C. 13 parts by weight of ethylene glyeol were added
in such a way that the temperature did not exceed 100 *C. The reaction mixiure was
kept at 100 °C untd an NCO number of < 13.6 % had been achieved. The mixture
was then conled to 80 °C and 186 parts by weight of cvlchexanol were gdded in
portions in such away thal the tlemperature of 100 °C was not excesded. The
mixture was kept at 100 *C untit an NCO number of < 0.1 % had been achieved. The
mixturs was then diluted with 80 parts by weight of butyl acetate. There resulted a
solution having a solids content of 60,5 % by weight.

1.2 Infroduction of the ursthane compound into a water-dilutable binder emulsion

482 parts by weight of an 80 % solution of a {meth)acrylate polymer
{composition: 28 percent by weight of glycidyl ester of versatic acid; 12.3 percent by
weight of acrylic aoid; 21 percent by weight of styrene; 20 percent by weight of
hydroxymethyl methacrylate; 17.7 percent by weight of isobutyl methacrylate) having
an acid number of 30 mg KOH/g of solid resin and a hydroxyl number of 150 myg
KQOH/g of solid resin in ethoxypropanol were mixed with 82 parts by weight of the
urethane compound 1 in a thres-nacked flask at 80 °C. The mixtwre was heated {o
180 to 120 *C. The solvent was removed completely by distiliation under vacuum.
The mixture was then cooled to 85 °C and 16 parls by weight of
dimethylethanolamine were added. After homogenising for 15 minutes, 420 paris by
weight of demineralised water were added. There resulted a solvani-free aqueous
amuision having a solids content of 44 %.

Example 2
Preparation of a clear coal composition

Y



WO 2009/051962 PCT/US2008/078416

Firstly, the clear coat hase componegnt {1} was prepared from the following

constituents:
76,40 % by weight of the agueous binder emulsion from Example 1.2,
0.28 % by weight of a conventional commercial flow control agent (BYK 345),
s .28 % by weight of a conventional commercial wetlting additive (BYK 347),

0.28 % by weight of a conventional commercial Hght stabiliser (Tinuvin 282; HALS
praduct),
0.55 % by weight of a conventional commercial light stabiliser (Tinuvin 1130, UV
ahsorber),

1 23,21 % by weight of demineralised water.

The clear coatl crosslinking agent component (2) was prepared as follows
fram;

53.17 % by weight of a conventional commercial polyisocyanate crosslinking agent
{Desmodur XP2418, 100 %) from Bayer
12 48.83 % by weight of butyl glycol acstate,

The clear coat base component (1} and crosslinking agent componant (2)
were intensively mixed together in a 3:1 ratio by weight. The clear coatl thus oblained
had the following features:

Solid: 1.9 %
2 Solvent 12 %
Water 461 %
NCO : QH: 1.2 {squivalent ratio)
Viscosity: 297 (DIN EN 1SQ 2431 with DIN 4 cup, 20°C}
VOUC: 222 g/, 1.851bsigal  (VOU = volatile organic compounds}
Exampie 3 (comparison)

Preparation of a comparative clear coat composition {(without urethane compound €}

The clear coat base component {1} of the comparalive clear coat composition was
prepared from the following constituents:

a0 76840 % by weight of a water-difutable binder emulsion of a (meth)acrylic copolymer
{ 44-% in water). The {methigciviate copolymer is the copolymer of Example 1.2
0.28 % by weight of a conventional commercial flow control agent (BYK 345),
(.28 % by weight of a conventional commercial welting additive (BYK 347),
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.28 % by weight of a conventional commercial Hght stabiliser {Tinuvin 292) (HALS
produat),

.55 % by weight of a conventional commercial light stabiliser (UV absorber)
{Tinuvin 113Q)
22.21 % by weight of demineralised water.

The clear coat crosslinking agent component (2} was prepared as in Example
1 and mixed with the comparative clear coat base componant {1) in @ base

component : crosslinking agent ratio by weight of 3.1

Example of application

A conventional commercial one-component water-based hase coat
composition {Standehyd Basscoat Mix 311; Standox GmbH} was applied in a
resultant dry coating thickness of approx. 13 um to stesl shests which had been pre-
coated with a conventional commercial filler. After a flash-off phase of 10 minutes at
roan temperature, the base coat was hardened for 20 minutes at B0 ~C. The clear
coat composition of example 2 and the comparative clear coat composition of
axample 3 were then applied in two spray passes in a resultant dry coating thickness
of approx. 85 um. After a final flash-off phase of approx. 10 minutes at room
temperature, the clear coal was hardened for 30 minutes at 80 °C.

The coating results are set out in the following Tabie:

Clear Coat of Example 2 | Comparative Clear Coat
of Example 3
Gloss, 20°C g1 88
{initial}
Surface defects No popping marks SOMe popping marks
After Dry Test: 7 d af room temperature:
Gloss: 8¢ 85
Stone chip resistance: 2 23
Adhesion 0 0
After humidity test. & 7 d room temperature + 86 h at 40°C
Stone chip resistance: 2 5
Adhesion; 0 -1 3
HPC (1 h) 1 2~-3
Gloss {1 h} 28 75

The resuits given ut the Table clearly show that the use of the clear coating
compasition 1 be used in the process according o the invention results in improved

372
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gloss, stong chip resistance snd aghesion, even after humidity test, compared with
the use of the comparative clear coating composition {(without urethane compound
C} in the multitayer structure.

Test Methods:

Gloss: 180 2813

Stone chip resistance: 8TD 234
Adhesion: 150 2408

HPC: 8TD 4234

Humidity Test: IS0 2812-2
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Claims
Whatwe claimis:

1. Process for painting subsirates comprising the following steps:

1 Applying a coating composition to an optionally pre-coated substrate
and
2. Curing the applied coating composition,

whearehs the coating compaosition comprises:

A) at least one binder having functional groups containing active hydrogen,

B} at least one polvisocyanate cross-linking agent having free isocyanate groups
and

C) at least one urethane compaound having at lesast two -Q-CO-NH- groups,
wherain the urethane compound is substantially free from fungtional groups which
are capable of entering Into a cross-dinking reaction with components A) andfor B).

2. Process according to claim 1, wherein the coating composition applied instep 1is

cured at temperatures from reom temperature {o 8G °C.

3. Process according to olgim 1 or 2 comprising the steps

1. Applying a top coat layer of a colour- and/or special effect-imparting base coal
compostion and a {ransparent clear coat compasition o a top coat layerof a

pigmented one-layer top coal composition onto a pricr coating of a substrate,
2. Curing the top coat layer applied in step 1,

wherein the transparent clear coat composition or the pigmented one-layer top coat
composition comprises:

AY  atleast one binder having functional groups containing active hydrogen,

B) at lsast one polyisocyanate cross-linking agent having free isocyanate groups
and

C)y  atleast one urethane compound having at least two ~0-CO-NH- groups,
wherein the urethane compound is substantially free from functional groups which

are capable of entering into a cross-linking reaction with components A) andior B).
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4, Process according to-any one of claims 1 1o 3, wherein the urethane
compound C) has a number-avaerage molecular mass Mn of from 40010 5,000,

5. Process according to any one of claims 1 to 4, wherein the coating
s compaosition containg 3 - 25 % by weight of the urethane compound C) (solid) based

on the amount of the at least one binder A) (solid)

6. Process according to claim 5, wherein the coating composition contging 5 -
20 % by weight of the urethane compound C) {solid) based on the amount of the at

10 least one binder A) (solid).

7. Process according to any one of claims 1 1o 8, wherein the al least one urethane
compound C) is prepared by reacting polyisoovanate compounds with monghydroxy

compounds.

8. Process according to claim 7, wherein the at least one urethane compound C)
15 prepared hy reacting polyisocyanate compounds with {cyclojaliphatic
manoaioohols containing 1 ~ 22 carbon atoms in the alky part.

w9 Process according to claim 7, wherein the at least one urethane compound G}
is prepared by reacting the isocyanurate of hexamethylene disocyanate andior the
isocyanurate of isophorone ditsocyanate with monohydroxy compounds,

18, Process according to claim 7, wherein the at least ong urethane compound C) is

15 prepared by reacting polyisocyanate compounds with cyclohexanol.
11. Process according 1o claim 7, wherain the at loast one urethane compound C is
prepared by reachng the isgoyanurate of hexamesthyviene dilsogyanate andior the

ispcyanurate of isophorone diisocyanate with cyclohexanol.

12, Process aocording toany one of claims 1 1o 11, wherein the compoanent A)
gontaing hydroxyfunctional {methacoylic copolymers,

N
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13, Process according 1o olaim 12, the (methlagyiic copolymers having a
number-gaverage molecular mass of from 1,500 to 6 000, an acid number of from & to
35 mg KOH/g of solid reain and a hvdroxyl number of from 60 to 150 mg KOH/g of

solid resin.

14, Process according to any one of claims 110 13, wherein the coating

compositions are water-based.

18, Use of the process of any one of claims 1 to 14 in vehicle refinishing painting.
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