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COATING COMPOSITIONS COMPRISING
DIISOCYANATE CHAIN EXTENDED
BISASPARTATES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National-Stage entry under 35
U.S.C. § 371 based on International Application No. PCT/
US2015/016008, filed Feb. 16, 20135, which was published
under PCT Article 21(2) and which claims prionty to
European Application No. 14156582.0, filed Feb. 25, 2014,
which are all hereby incorporated 1n their entirety by refer-
ence.

TECHNICAL FIELD

This mvention relates to a coating composition, a method
for coating of a metallic substrate as well as the use of the
coating 1n a two-component coating composition.

BACKGROUND

Coating compositions are well-known in the art and are
used 1n a great variety of applications such as for primers,
base coats and clear coats in vehicle original coatings and
vehicle repair coatings. In this regard, great eil

orts have been
made to develop coating compositions imparting the desired
properties to the substrate or article to be coated. For
example, coatings have been developed for e.g. protecting
against abrasion, chemicals, corrosion, heat or mechanical
impact.

In this regard, aspartate based coating compositions are
well known 1n the art. For example, EP 0 403 921 describes
coating compositions with binders based on a polyisocya-
nate component and an 1socyanate-reactive component con-
taining specific secondary polyamines. These secondary
polyamines are also called polyaspartic acid derivatives and
are based on primary polyamines and diesters of maleic or
tfumaric acid. EP 0 470 461 also describes coating compo-
sitions for vehicle refinish applications contaiming a polyi-
socyanate component and an 1socyanate-reactive secondary
diamine prepared from 3,3'-dimethyl 4,4'-diamino dicyclo-
hexylmethane and maleic diethylester. The 1socyanate-reac-
tive component further contains a hydroxyl-functional com-
ponent consisting of polyhydroxypolyacrylates or mixtures
of polyhydroxypolyacrylates and polyesterpolyols. WO
2005/073188 refers to aspartates which are prepared by {first
reacting a di- or polyamine with an unsaturated ester and
then reacting the resultant product with a maleimide. U.S.
Pat. No. 5,633,336 A refers to low-viscosity (cyclo)-ali-
phatic polyamines containing urea groups and having more
than two amino groups that may be prepared by reacting
(cyclo)aliphatic diamines with polyisocyanates containing
1socyanurate groups or biuret groups. Such polyamines are
useful as components in PUR reaction finishes and coating
and adhesive compositions. WO 2013/098186 Al refers to
an aqueous urethane resin composition consisting mainly of
the following (A) component and containing the following
(B) and (C) components: (A) hydrophilic polyol, (B) water
dispersible polyisocyanate, (C) aspartic acid ester having a
secondary amino group. WO 2009/086026 discloses a trans-
parent organic solvent-based clear coat coating composition
comprising at least one binder with functional groups con-
taining active hydrogen, in particular hydroxyl groups, at
least one polyisocyanate cross-linking agent with free 1so-
cyanate groups and at least one epoxy-functional silane.
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U.S. Pat. No. 4,677,154 discloses a process for improving
the color stability of polyurethanes, wherein the polyure-
thane reaction 1s conducted 1n the presence of an additive
stabilizer comprising 2,6-di-(t-butyl)-p-cresol (BHT) and a
compound selected from specific phosphites, diphospho-
nites, 1socyanurates and other compounds such as di-stearyl
thiodipropionate, di-stearyl pentaerythritol and 4,4-methyl-
ene bis(2,6-di-t-butylphenol. The use of the additive pack-
age prevents discoloration of the thermoplastic polyurethane
caused by discoloration of the polyisocyanate. WO 2004/
063242 discloses coating compositions containing aspartic
compounds and polyisocyanate curing agents. The coating
compositions contain a di-subtituted phenol antioxidant or a
hydroperoxide decomposer. Presence of the antioxidant or
decomposer leads to coatings with good resistance to UV
light

A general disadvantage of the above aspartate based
coating compositions 1 they are combined with UV
absorber 1s that the component containing the curable aspar-
tate remarkably discolours during storage. Accordingly, also
the coating composition comprising the curable aspartate
tends to discolour during storage such that e.g. the final
colour of the obtained coating does not match the desired or
targeted colour anymore. However, 1t has not hitherto been
possible to provide a satisfactory solution to avoid this color
instability of aspartate based coating compositions on stor-
age. This colour instability of the coating composition 1s
clearly not desired.

Thus, the object of the present invention 1s to provide a
coating composition which does not show discoloration and
yellowing on storage at room temperature as well as at
clevated temperatures, e.g., of up to 50° C. The coating
composition shall be color stable for a time period of at least
12 months, while at the same time the mechanical and
optical properties, such as adhesion and interlayer adhesion
in a multi-layer structure, abrasion, chemical and corrosion
resistance, of the obtained coating are maintained on a high
level.

In addition, other objects, desirable features and charac-
teristics will become apparent from the subsequent summary
and detailed description, and the appended claims, taken 1n
conjunction with this background.

SUMMARY

This mvention relates to a coating composition compris-
ng:
a) a chain-extended aspartate prepolymer, wherein the
chain-extended aspartate prepolymer
X) 1s Iree of 1socyanate groups,
x1) has an NH equivalent weight of from 250 to 1,000
g, and
X11) 1S a reaction product of
1) a mixture comprising at least one di-aspartic acid
ester and at least one amino-functional mono-
aspartic acid ester, wherein the molar ratio
between the at least one di-aspartic acid ester and
the at least one amino-functional mono-aspartic
acid ester 1s from 99.5:0.5 to 50:50, and
1) at least one polyisocyanate,
b) at least one curing agent having free 1socyanate groups,
and
c) at least one UV absorber consisting of oxanilide or a
derivative thereof and/or benzotriazole or a derivative
thereof.
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The present invention 1s also directed to a method for
coating of a metallic substrate, the method comprising at

least the steps of:

a) applying the coating composition as defined herein to
at least a portion of a metallic substrate to be coated,
and

b) curing the coating composition of step a).

The present invention 1s further directed to the use of the
coating composition as defined herein for preparing a two-
component coating composition.

Surprisingly, it has been found that according to the
present mvention, coating compositions can be formulated
showing less discoloration and yellowing on storage at room
temperature as well as at elevated temperatures, e.g., of up
to 50° C. The inventors of the present invention further
surprisingly found out that the coating compositions have a
much better color stability for a time period of at least 12
months, while at the same time the mechanical and optical
properties, such as adhesion and interlayer adhesion in a
multi-layer structure, abrasion, chemical and corrosion
resistance, of the obtained coating are maintained on a high
level. In particular, this 1s achieved by providing a coating
composition comprising a defined chain-extended aspartate
prepolymer and at least one UV absorber consisting of
oxanilide or a denivative thereof and/or benzotriazole or a
derivative thereof.

DETAILED DESCRIPTION

The following detailed description 1s merely exemplary in
nature and 1s not intended to limit the mvention or the
application and uses of the mvention.

Furthermore, there 1s no intention to be bound by any
theory presented in the preceding background of the inven-
tion or the following detailed description.

The 1nvention will be explained 1n greater detail below.

It will be appreciated that certain features of the invention
which are, for clanty, described above and below in the
context of separate embodiments may also be provided 1n
combination i a single embodiment. Conversely, various
teatures of the mnvention that are, for brevity, described 1n the
context of a single embodiment may also be provided
separately or 1n any sub-combination. In addition, references
in the singular may also include the plural (for example, “a”
and “an” may refer to one, or one or more) unless the context
specifically states otherwise.

Unless stated otherwise, all molecular weights (both
number and weight average molecular weight) referred to
herein are determined by GPC (gel permeation chromatog-
raphy) using polystyrene as the standard and tetrahydro-
turane as the liquid phase eluent.

The coating compositions according to the invention are
liquid coating compositions comprising a liquid carrier. The
liquid carrier may be water and/or one or more organic
solvents. Therefore, the coating composition can be water-
based or organic solvent-based.

Water-based coating compositions are coating composi-
tions, wherein water 1s used as solvent or thinner when
preparing and/or applying the coating composition. Usually,
water-based coating compositions may contain, for example,
30 to 90% by weight of water, based on the total amount of
the coating composition and optionally, up to 30% by
weight, preferably, below 153% by weight of organic sol-
vents, based on the total amount of the coating composition.

Organic solvent-based coating compositions are coating,
compositions, wherein organic solvents are used as solvents
or thinners when preparing and/or applying the coating
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composition. Usually, solvent-based coating compositions
contain, for example, 20 to 90% by weight of organic
solvents, based on the total amount of the coating compo-
sition.

The organic solvents are solvents conventionally used 1n
coating techniques. These may originate from the prepara-
tion of the binders or are added separately. Examples of
suitable solvents are monohydric or polyhydric alcohols,
¢.g., propanol, butanol, hexanol; glycol ethers or esters, for
example, diethylene glycol dialkyl ether, dipropylene glycol
dialkyl ether, each with C,- to C,-alkyl, ethoxypropanol,
butyl glycol; glycols, for example, ethylene glycol, propyl-
ene glycol, N-methyl pyrrolidone and ketones, e.g., methyl
cthyl ketone, acetone, cyclohexanone; aromatic or aliphatic
hydrocarbons, for example, toluene, xylene, or straight-
chain or branched aliphatic C.-C,,-hydrocarbons.

The individual components of the coating composition
according to the invention are explained 1n greater detail
below.

It 1s one requirement of the present coating composition
that 1t comprises a chain-extended aspartate prepolymer. It 1s
appreciated that the chain-extended aspartate prepolymer 1s
a reaction product of a mixture comprising at least one
di-aspartic acid ester and at least one amino-functional
mono-aspartic acid ester.

For example, the at least one di-aspartic acid ester 1s a
compound of Formula (I):

Formula (I)

R3 Rg
R,00C NH\ P NH COORg
X
R,O00C R4 Rg COOR~,
Rs

Rig

wherein X represents a divalent organic group, obtained by
removal of the amino groups from a primary diamine; R,
R,, R and R, are the same or different organic groups which
are 1nert towards 1socyanate groups and R, R, R., Rq, Ry
and R, , are the same or diflerent and represent hydrogen or
organic groups which are inert towards 1socyanate groups.

It 1s preferred that X represents a divalent hydrocarbon
group obtained by removal of the amino groups from the
primary diamine. R, R,, R, and R, are the same or different
organic groups and are preferably the same organic groups.
For example, R,, R,, R, and R, are the same or different,
preferably the same, organic groups and are preferably
methyl, ethyl or n-butyl, such as ethyl. R;, R, R, Rq, R; and
R, are preferably the same. In one embodiment, R, R, R,
Ry, Ry and R, are preferably the same and hydrogen.

An organic group which 1s 1nert towards 1socyanate
groups 1s an organic group which 1s inert towards 1socyanate
groups at a temperature of 150° C. or less, e.g. 110° C. or
less.

The at least one di-aspartic acid ester, preferably the
compound of Formula (1), 1s preferably a reaction product of
at least one dialkyl maleate and/or dialkyl fumarate and at
least one primary diamine. For example, the at least one
di-aspartic acid ester, preferably the compound of Formula
(I), 1s a reaction product of at least one dialkyl maleate or
dialkyl fumarate and at least one primary diamine.

The term “at least one” 1n the meaning of the present
invention means that the respective compound comprises,
preferably consists of, one or more kinds of the compound.
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For example, the at least one dialkyl maleate and/or
dialkyl fumarate 1s one kind of dialkyl maleate and/or

dialkyl fumarate. Alternatively, the at least one dialkyl
maleate and/or dialkyl fumarate comprises, preferably con-
s1sts of, two or more kinds of dialkyl maleate and/or dialkyl
fumarate. For example, the at least one dialkyl maleate
and/or dialkyl fumarate comprises, preferably consists of,
two or three kinds of dialkyl maleate and/or dialkyl fumar-
ate.

Preferably, the at least one dialkyl maleate and/or dialkyl
fumarate 1s one kind of a dialkyl maleate and/or dialkyl
fumarate.

In one embodiment of the present invention, the at least
one di-aspartic acid ester, preferably the compound of
Formula (I), 1s a reaction product of at least one dialkyl
maleate and at least one primary diamine. Alternatively, the
at least one di-aspartic acid ester, preferably the compound
of Formula (I), 1s a reaction product of at least one dialkyl
fumarate and at least one primary diamine.

For example, the at least one amino-functional mono-
aspartic acid ester 1s a compound of Formula (II) and/or

(111):

Formula (II)
R3
R,00C NH ~ NH,
X
R>,0O0C R4
Rs

wherein X represents a divalent organic group, obtained
by removal of one amino group from a primary diamine; R,
and R, are the same or different organic groups which are
inert towards 1socyanate groups and R, R, and R are the
same or different and represent hydrogen or organic groups
which are inert towards 1socyanate groups,

and/or
Formula (11I)
Rg
NI _NH COOR
X
R COOR-,
Rig

wherein X represents a divalent organic group, obtained by
removal of one amino group from a primary diamine; R and
R are the same or different organic groups which are inert
towards 1socyanate groups and R, R, and R, are the same
or different and represent hydrogen or organic groups which
are 1nert towards 1socyanate groups.
It 1s preferred that R;, R,, R, and R, are the same or
different organic groups and are preferably the same organic
groups. For example, R,, R,, R, and R, are the same or
different, preferably the same, organic groups and are pret-
erably methyl, ethyl or n-butyl, such as ethyl. R, R, R, R,
R, and R, , are preferably the same. In one embodiment, R,
R,, R, Ry, Ry and R, , are preferably the same and hydro-
gen.

The at least one amino-functional mono-aspartic acid
ester, preferably the compound of Formula (II) and/or (I111),
1s preferably a reaction product of at least one dialkyl
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maleate and/or dialkyl fumarate and at least one primary
diamine. For example, the at least one amino-functional
mono-aspartic acid ester, preferably the compound of For-
mula (II) and/or (III), 1s a reaction product of at least one
dialkyl maleate or dialkyl fumarate and at least one primary
diamine.

For example, the at least one dialkyl maleate and/or
dialkyl fumarate i1s one kind of dialkyl maleate and/or
dialkyl fumarate. Alternatively, the at least one dialkyl
maleate and/or dialkyl fumarate comprises, preferably con-
sists of, two or more kinds of dialkyl maleate and/or dialkyl
fumarate. For example, the at least one dialkyl maleate
and/or dialkyl fumarate comprises, preferably consists of,
two or three kinds of dialkyl maleate and/or dialkyl fumar-
ate.

Preferably, the at least one dialkyl maleate and/or dialkyl
fumarate 1s one kind of a dialkyl maleate and/or dialkyl
fumarate.

In one embodiment of the present invention, the at least
one amino-functional mono-aspartic acid ester, preferably
the compound of Formula (II) and/or (III), 1s a reaction
product of at least one dialkyl maleate and at least one
primary diamine. Alternatively, the at least one amino-
functional mono-aspartic acid ester, preferably the com-
pound of Formula (II) and/or (III), 1s a reaction product of
at least one dialkyl fumarate and at least one primary
diamine.

If the at least one di-aspartic acid ester, preferably the
compound of Formula (I), and/or the at least one amino-
functional mono-aspartic acid ester, preferably the com-
pound of Formula (II) and/or (III), 1s/are a reaction product
of at least one dialkyl maleate and at least one primary
diamine, the at least one dialkyl maleate 1s preferably
selected from the group comprising dimethyl maleate,
diethyl maleate, di-n-butyl maleate, di-iso-butyl maleate,
di-tert-butyl maleate, diamyl maleate, di-n-octyl maleate,
dilauryl maleate, dicyclohexyl maleate, di-tert-butylcyclo-
hexyl maleate and mixtures thereol. More preferably, the at
least one dialkyl maleate 1s diethyl maleate.

Alternatively, 1f the at least one di-aspartic acid ester,
preferably the compound of Formula (I), and/or the at least
one amino-functional mono-aspartic acid ester, preferably
the compound of Formula (II) and/or (I11I), 1s/are a reaction
product of at least one dialkyl fumarate and at least one
primary diamine, the at least one fumarate 1s selected from
the group comprising dimethyl fumarate, diethyl fumarate,
di-n-butyl fumarate, di-1so-butyl fumarate, di-tert-butyl
fumarate, diamyl fumarate, di-n-octyl fumarate, dilauryl
fumarate, dicyclohexyl fumarate, di-tert-butylcyclohexyl
fumarate and mixtures thereof.

Preferably, the at least one di-aspartic acid ester, prefer-
ably the compound of Formula (I), and the at least one
amino-functional mono-aspartic acid ester, preferably the
compound of Formula (II) and/or (I1II), are a reaction product
of at least one dialkyl maleate and at least one primary
diamine, wherein the at least one dialkyl maleate 1s selected
from the group comprising dimethyl maleate, diethyl
maleate, di-n-butyl maleate, di-iso-butyl maleate, di-tert-
butyl maleate and mixtures thereol. More preferably, the at
least one dialkyl maleate 1s selected from the group com-
prising dimethyl maleate, diethyl maleate, di-n-butyl
maleate and mixtures thereol. Most preferably, the at least
one dialkyl maleate 1s diethyl maleate.

It 1s appreciated that the at least one di-aspartic acid ester,
preferably the compound of Formula (1), and/or the at least
one amino-functional mono-aspartic acid ester, preferably
the compound of Formula (II) and/or (111), 1s/are obtained by




US 10,385,231 B2

7

reacting the at least one dialkyl maleate and/or dialkyl
fumarate as described above and at least one primary
diamine.

In one embodiment of the present invention, the at least
one primary diamine 1s one kind of a primary diamine.
Alternatively, the at least one primary diamine comprises,
preferably consists of, two or more kinds of primary
diamines. For example, the at least one primary diamine
comprises, preferably consists of, two or three kinds of
primary diamines.

Preferably, the at least one primary diamine 1s one kind of
a primary diamine.

The term “diamine™ in the meaning of the present inven-
tion refers to a compound having two amino functional
groups. Further, the term “primary” refers to an amino
functional group 1n which one of three hydrogen atoms 1n
ammomnia 1s replaced by an aliphatic, cycloaliphatic, arylal-
kvl or aromatic carbonyl group.

Thus, the at least one primary diamine 1s preferably
selected from the group comprising ethylene diamine, 1,2-
diaminopropane, 1.4-diaminobutane, 1,3-diaminopentane,
1,6-diaminohexane, 2,5-diamino-2,5-dimethylhexane, 2,2,
4- and 2.,4.4-trimethyl-1, 6-diaminohexane, 1,11-diamin-
oundecane, 1,12-diaminododecane, 1,3- and 1,4-cyclo-
hexane diamine, 1-amino-3,3,5-trimethyl-5-aminometh-
ylcyclohexane (IPDA), 2.4- and 2,6-hexahydrotoluylene
diamine, 2,4'- and 4,4'-diamino-dicyclohexyl methane and
3,3'-dialkyl-4, 4'-diaminodicyclohexylmethanes, such as 3,
3'-dimethyl-4, 4'-diaminodicyclohexyl methane and 3,3'-
diethyl-4,4'-diaminodicyclohexylmethane,  2-methyl-1,5-
pentanediamine and 1,3- and 1,4 xylylenediamine, tetram-
cthyl xylylenediamine, 4,4'-diaminodicyclohexyl methane
(PACM) and mixtures thereof.

Preferably, the at least one primary diamine 1s selected
from the group comprising 1-amino-3,3,5-trimethyl-5-amin-
omethylcyclohexane (IPDA), 2,4'- and 4,4'-diaminodicyclo-
hexyl methane (PACM) and 3,3'-dialkyl-4, 4'-diaminodicy-
clohexylmethanes, such as 3, 3'-dimethyl-4, 4'-diaminodi-
cyclohexyl methane and 3,3'-diethyl-4,4'-diaminodicyclo-
hexylmethane, 2-methyl-1,5-pentanediamine and mixtures
thereot. More preferably, the at least one primary diamine 1s
1 -amino-3,3,5-trimethyl-5-aminomethylcyclohexane  (IP-
DA) and/or 4,4'-diaminodicyclohexyl methane (PACM).
Most preferably, the at least one primary diamine 1is
1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane
(IPDA).

It 1s one further requirement of the present invention that

the mixture comprises the at least one di-aspartic acid ester
and the at least one amino-functional mono-aspartic acid
ester such that the molar ratio between the at least one
di-aspartic acid ester, preferably the compound of Formula
(I), and the at least one amino-functional mono-aspartic acid
ester, preferably the compound of Formula (1) and/or (I11),
1s from 99.5:0.5 to 50:50.
In one embodiment of the present invention, the mixture
comprises the at least one di-aspartic acid ester and the at
least one amino-functional mono-aspartic acid ester such
that the molar ratio between the at least one di-aspartic acid
ester, preferably the compound of Formula (I), and the at
least one amino-functional mono-aspartic acid ester, prefer-
ably the compound of Formula (II) and/or (111), 1s from 95:5
to 60:40.

It 1s appreciated that the at least one di-aspartic acid ester,
preferably the compound of Formula (1), and/or the at least
one amino-functional mono-aspartic acid ester, preferably
the compound of Formula (II) and/or (I11), 1s/are preferably
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obtained by reacting the at least one dialkyl maleate and/or
dialkyl fumarate and the at least one primary diamine 1n an
equivalent ratio of dialkyl maleate and/or dialkyl fumarate to
primary diamine from 2:1 to 1:4. Preferably, the at least one
di-aspartic acid ester, preferably the compound of Formula
(I), and/or the at least one amino-functional mono-aspartic
acid ester, preferably the compound of Formula (II) and/or
(III), 1s/are obtained by reacting the at least one dialkyl
maleate and/or dialkyl fumarate and the at least one primary
diamine in an equivalent ratio of dialkyl maleate and/or
dialkyl fumarate to primary diamine from 1:1 to 1:3. More
preferably, the at least one di-aspartic acid ester, preferably
the compound of Formula (I), and/or the at least one
amino-functional mono-aspartic acid ester, preferably the
compound of Formula (II) and/or (III), 1s/are obtained by
reacting the at least one dialkyl maleate and/or dialkyl
fumarate and the at least one primary diamine 1n an equiva-
lent ratio of dialkyl maleate and/or dialkyl fumarate to
primary diamine from 1.8:1 to 2.2:1. Most preferably, the at
least one di-aspartic acid ester, preferably the compound of
Formula (I), and/or the at least one amino-functional mono-
aspartic acid ester, preferably the compound of Formula (1I)
and/or (III), 1s/are obtained by reacting the at least one
dialkyl maleate and/or dialkyl fumarate and the at least one
primary diamine in an equivalent ratio of dialkyl maleate
and/or dialkyl fumarate to primary diamine of about 2:1.
For example, the at least one di-aspartic acid ester,
preferably the compound of Formula (I), and the at least one
amino-functional mono-aspartic acid ester, preferably the
compound of Formula (II) and/or (III), are preferably
obtained by reacting the at least one dialkyl maleate or
dialkyl fumarate and the at least one primary diamine 1n an
equivalent ratio of dialkyl maleate or dialkyl fumarate to
primary diamine from 2:1 to 1:4. Preferably, the at least one
di-aspartic acid ester, preferably the compound of Formula
(I), and the at least one amino-functional mono-aspartic acid
ester, preferably the compound of Formula (II) and/or (I111),
are obtained by reacting the at least one dialkyl maleate or
dialkyl fumarate and the at least one primary diamine 1n an
equivalent ratio of dialkyl maleate or dialkyl fumarate to
primary diamine from 1:1 to 1:3. More preferably, the at
least one di-aspartic acid ester, preferably the compound of
Formula (I), and the at least one amino-functional mono-
aspartic acid ester, preferably the compound of Formula (II)
and/or (11I), are obtained by reacting the at least one dialkyl
maleate or dialkyl fumarate and the at least one primary
diamine 1n an equivalent ratio of dialkyl maleate or dialkyl
fumarate to primary diamine from 1.8:1 to 2.2:1. Most
preferably, the at least one di-aspartic acid ester, preferably
the compound of Formula (I), and the at least one amino-
functional mono-aspartic acid ester, preferably the com-
pound of Formula (II) and/or (III), are obtained by reacting
the at least one dialkyl maleate or dialkyl fumarate and the
at least one primary diamine 1n an equivalent ratio of dialkyl
maleate or dialkyl fumarate to primary diamine of about 2:1.
The mixture of the at least one di-aspartic acid ester,
preferably the compound of Formula (I), and the at least one
amino-functional mono-aspartic acid ester, preferably the
compound of Formula (II) and/or (III), 1s preferably pre-
pared 1 known manner by reacting the corresponding at
least one dialkyl maleate and/or dialkyl fumarate and at least
one primary diamine. For example, the preparation of the
mixture comprising the at least one di-aspartic acid ester,
preferably the compound of Formula (1), and the at least one
amino-functional mono-aspartic acid ester, preferably the
compound of Formula (II) and/or (III), from the above
mentioned starting materials 1s carried out, for example, at
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a temperature of from O to 150° C. using the starting
materials in such proportions that the mixture comprising,
the at least one di-aspartic acid ester, preferably the com-
pound of Formula (I), and the at least one amino-functional
mono-aspartic acid ester, preferably the compound of For-
mula (II) and/or (III), 1s obtained. Excess of starting mate-
rials can be removed by distillation after the reaction. The
reaction may be carried out solvent-free or in the presence
of suitable organic solvents.

Accordingly, the at least one di-aspartic acid ester, prei-
erably the compound of Formula (I), and the at least one
amino-functional mono-aspartic acid ester, preferably the
compound of Formula (II) and/or (III), can be prepared
simultaneously, 1.e. the mixture 1s readily obtained by react-
ing the corresponding at least one dialkyl maleate and/or
dialkyl fumarate and at least one primary diamine. Alterna-
tively, the at least one di-aspartic acid ester, preferably the
compound of Formula (I), and the at least one amino-
functional mono-aspartic acid ester, preferably the com-
pound of Formula (II) and/or (III), can be prepared sepa-
rately, 1.e. each of the at least one di-aspartic acid ester,
preferably the compound of Formula (1), and the at least one
amino-functional mono-aspartic acid ester, preferably the
compound of Formula (II) and/or (III), 1s obtamned by
reacting the corresponding at least one dialkyl maleate
and/or dialkyl fumarate and at least one primary diamine and
then mixed with each other 1n a suitable ratio.

It 1s one requirement of the present invention that the
chain-extended aspartate prepolymer 1s obtained by reacting
the mixture comprising the at least one di-aspartic acid ester,
preferably the compound of Formula (I), and the at least one
amino-functional mono-aspartic acid ester, preferably the
compound of Formula (II) and/or (I11I), as defined above and
at least one polyisocyanate.

In one embodiment of the present invention, the at least
one polyisocyanate 1s one kind of a polyisocyanate. Alter-
natively, the at least one polyisocyanate comprises, prefer-
ably consists of, two or more kinds of polyisocyanate. For
example, the at least one polyisocyanate comprises, prefer-
ably consists of, two or three kinds of polyisocyanates.

Preferably, the at least one polyisocyanate 1s one kind of

a polyisocyanate.

The at least one polyisocyanate can be any kind of organic
polyisocyanates with aliphatically, cycloaliphatically, arali-
phatically and/or aromatically bound free 1socyanate groups.
The at least one polyisocyanate 1s preferably liquid at room

temperature or become liquid through the addition of

organic solvents. At 23° C., the at least one polyisocyanate
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generally has a viscosity of 1 to 3,500 mPas, preferably of 50

5 to 3,000 mPas.

In one embodiment of the present invention, the at least
one polyisocyanate has an average NCO functionality from
1.5 to 6.0. Preferably, the at least one polyisocyanate has an
average NCO functionality from 1.8 to 4.0 and most prei-
erably of about 3.0.

The at least one polyisocyanate suitable for preparing the
chain-extended aspartate prepolymer 1s preferably selected
from the group comprising 1-1socyanato-3,3,5-trimethyl-5-
1socyanatomethyl-cyclohexane (IPDI), 4,4'-di1socyanatocy-
clohexylmethane, cyclotrimers and/or biurets of 1-1socya-
nato-3,3,5-trimethyl-5-1socyanatomethyl-cyclohexane,
hexamethylene diisocyanate (HDI), 1-bis(isocyanatocyclo-
hexyl)-methane and their denivatives, 1,1,6,6-tetramethyl-
hexamethylene diisocyanate, p- or m-tetramethylxylylene
diisocyanate, 2,25 trimethylhexane diisocyanate and mix-
tures thereof and reaction products thereof.
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Examples of particularly suitable polyisocyanates are
what are known as “paint polyisocyanates™ based on hex-
amethylene diusocyanate (HDI), 1-1socyanato-3,3,5-trim-
cthyl-5-1socyanatomethyl-cyclohexane (IPDI) and/or bis
(1socyanatocyclohexyl)-methane and the derivatives known
per se, containing biuret, allophanate, urethane and/or iso-
cyanurate groups of these diisocyanates. Typically, follow-
ing production, the derivatives are freed from surplus parent
duisocyanate, preferably by distillation, with only a residue
content of less than 0.5% by weight. Triisocyanates, such as
tritzsocyanatononan can also be used.

Preferably, the at least one polyisocyanate 1s 1-1socya-
nato-3,3,5-trimethyl-5-1socyanatomethyl-cyclohexane
(IPDI) or hexamethylene diisocyanate (HDI).

It 1s appreciated that the chain-extended aspartate pre-
polymer 1s preferably obtained by reacting the mixture
comprising the at least one di-aspartic acid ester, preferably
the compound of Formula (I), and the at least one amino-

functional mono-aspartic acid ester, preferably the com-
pound of Formula (II) and/or (III), with the at least one
polyisocyanate in an equivalent ratio of NH and NH,, groups
in the mixture to NCO groups of the at least one polyiso-
cyanate from 2.0:0.2 to 2.0:1.8. Preferably, the chain-ex-
tended aspartate prepolymer 1s obtained by reacting the
mixture comprising at least one di-aspartic acid ester, prei-
erably the compound of Formula (I), and the at least one
amino-functional mono-aspartic acid ester, preferably the
compound of Formula (II) and/or (III), with the at least one
polyisocyanate 1n an equivalent ratio of NH and NH,, groups
in the mixture to NCO groups of the at least one polyiso-
cyanate from 2.0:0.4 to 2.0:1.4. Most preferably, the chain-
extended aspartate prepolymer 1s obtained by reacting the
mixture comprising at least one di-aspartic acid ester, pret-
erably the compound of Formula (I), and the at least one
amino-functional mono-aspartic acid ester, preferably the
compound of Formula (II) and/or (III), with the at least one
polyisocyanate 1in an equivalent ratio of NH and NH,, groups
in the mixture to NCO groups of the at least one polyiso-
cyanate of about 2.0:0:6.

The chain-extended aspartate prepolymer 1s preferably
prepared 1n known manner by reacting the mixture com-
prising at least one di-aspartic acid ester, preferably the
compound of Formula (I) and at least one amino-functional
mono-aspartic acid ester, preferably the compound of For-
mula (II) and/or (III), with the at least one polyisocyanate.
For example, the preparation of the chain-extended aspartate
prepolymer from the above mentioned starting materials
may be carried out, for example, at a temperature of from O
to 150° C. using the starting materials in such proportions
that the chain-extended aspartate prepolymer 1s obtained.
Excess of starting materials may be removed by distillation
after the reaction. The reaction may be carried out solvent-
free or in the presence of suitable organic solvents.

The chain-extended aspartate prepolymer may be turther
characterized by its equivalent ratio of aspartate groups to
urca groups. Preferably, the chain-extended aspartate pre-
polymer comprises an equivalent ratio of aspartate groups to
urea groups from 10:1 to 1:0.9. More preferably, the chain-
extended aspartate prepolymer comprises an equivalent ratio
ol aspartate groups to urea groups from 5:1 to 1:0.9. Most
preferably, the chain-extended aspartate prepolymer com-
prises an equivalent ratio of aspartate groups to urea groups
of about 2.0:0.6.

It 1s one requirement of the present invention that the
chain-extended aspartate prepolymer 1s free of 1socyanate
groups.
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It 1s a further requirement of the present invention that the
chain-extended aspartate prepolymer has an NH equivalent
weight of from 230 to 1,000 g. Preferably, the chain-
extended aspartate prepolymer has an NH equivalent weight
of from 300 to 750 g.

A Turther requirement of the present invention 1s that the
coating composition comprises at least one curing agent
having free 1socyanate groups.

In one embodiment of the present invention, the at least
one curing agent having free 1socyanate groups 1s one kind
of a curing agent. Alternatively, the at least one curing agent
having free 1socyanate groups comprises, preferably consists
of, two or more kinds of curing agents. For example, the at
least one curing agent having free 1socyanate groups com-
prises, preferably consists of, two or three kinds of curing
agents.

Preferably, the at least one curing agent having free
1socyanate groups 1s one kind of a curing agent.

The at least one curing agent having free isocyanate
groups suitable for the coating composition 1s preferably at
least one polyisocyanate.

The curing agent having iree 1socyanate groups can be
any organic polyisocyanate with aliphatically, cycloaliphati-
cally, araliphatically and/or aromatically bound iree 1socya-
nate groups. The polyisocyanates are liquud at room tem-
perature or become liquid through the addition of organic
solvents. At 23° C., the polyisocyanates generally have a
viscosity of 1 to 3,500 mPas, preferably of 5 to 3,000 mPas.

The preferred curing agent having free 1socyanate groups
are a polyisocyanate or polyisocyanate mixtures with exclu-
sively aliphatically and/or cycloaliphatically bound 1socya-
nate groups with an average NCO functionality from 1.5 to
6.0, preterably 2.0 to 6.0 and most preferably of about 3.0.

For example, the at least one curing agent having free
1socyanate groups suitable for the coating composition is
preferably selected from the group comprising 1-1socyanato-
3.3, 5-tnmethyl-5-1socyanatomethyl-cyclohexane  (IPDI),
4.4'-duisocyanatocyclohexylmethane, cyclotrimers and/or
biurets of 1-1socyanato-3,3,5-trimethyl-5-1socyanatomethyl-
cyclohexane, hexamethylene diisocyanate (HDI), 1-bis(iso-
cyanatocyclohexyl)-methane and their derivatives, 2,2'.5
trimethylhexane diisocyanate and mixtures thereof and reac-
tion products thereof.

More preferably, the at least one curing agent having free
1socyanate groups 1s selected from the group comprising
hexamethylene diisocyanate (HDI), 1-1socyanato-3,3,5-
trimethyl-5-1socyanatomethyl-cyclohexane (IPDI), 2,2'.5
trimethylhexane diisocyanate and mixtures thereof. Most
preferably, the at least one curing agent having free 1socya-
nate groups 1s hexamethylene diisocyanate (HDI) or 1-1s0-
cyanato-3,3,5-trimethyl-5-1socyanatomethyl-cyclohexane
(IPDI).

Sterically hindered curing agent having free 1socyanate
groups are also suitable. Examples of these are 1,1,6,6-
tetramethyl-hexamethylene diisocyanate, p- or m-tetrameth-
ylxylylene diisocyanate and the appropriate hydrated homo-
logues.

In principle, diisocyanates can be converted by the usual
processes to higher functional compounds, for example, by
trimerization or by reaction with water or polyols, such as,
for example, trimethylolpropane or glycerine. Thus, the at
least one curing agent having free isocyanate groups can
also be used 1n the form of 1ts reaction product such as
1socyanate-modified resins or isocyanate-functional pre-
polymers. Generally the at least one curing agent having free
1socyanate groups can be 1socyanurates, uretdione diisocya-
nates, biuret group-containing polyisocyanates, urethane
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group-containing polyisocyanates, allophanate group-con-
tamning polyisocyanates, 1socyanurate and allophanate
group-containing polyisocyanates, polyester and polyether
containing polyisocyanates, polyacrylic containing polyiso-
cyanates, carbodiimide group-contaiming polyisocyanates
and polyisocyanates containing acylurea groups.

The at least one curing agent having free 1socyanate
groups can be used individually or in combination with one
another. The at least one curing agent having iree 1socyanate
groups 15 preferably one commonly used in the paint indus-
try. They are described 1n detail in the literature and are also
commercially available.

Typically, following production, the reaction products of
the at least one curing agent having free 1socyanate groups
are freed from surplus parent diisocyanate, preferably by
distillation, with only a residue content of less than 0.5% by
weilght. Triisocyanates, such as tritssocyanatononan can also
be used.

It 1s appreciated that the at least one polyisocyanate used
for preparing the chain-extended aspartate prepolymer and
the at least one curing agent having free 1socyanate groups
can be the same or different. In one embodiment of the
present invention, the at least one polyisocyanate used for
preparing the chain-extended aspartate prepolymer and the
at least one curing agent having free 1socyanate groups are
the same.

The 1socyanate groups of the at least one curing agent
having free i1socyanate groups may be partially blocked.
Low molecular weight compounds containing active hydro-
gen for blocking NCO groups are known. Examples of those
blocking agents are aliphatic or cycloaliphatic alcohols,
dialkylamino alcohols, oximes, lactams, imides, hydroxy-
alkyl esters and esters ol malonic or acetoacetic acid.

A Turther requirement of the present invention 1s that the
coating composition comprises at least one UV absorber. In
particular, the at least one UV absorber consists of oxanilide
or a dertvative thereol and/or benzotriazole or a derivative
thereof.

For example, the at least one UV absorber consists of
oxanilide or a derivative thereol and benzotriazole or a
derivative thereof. Alternatively, the at least one UV
absorber consists of oxanilide or a derivative thereol or
benzotriazole or a denivative thereof.

In one embodiment of the present mnvention, the at least
one UV absorber consists of oxanilide.

The oxanilide derivative 1s preferably oxanilide substi-
tuted with at least one straight chain or branched chain alkyl,
cycloalkyl, aralkyl, alkoxy and/or aryl group. For example,
the oxanilide derivative 1s preferably oxanilide substituted
with at least two groups independently selected from the
group comprising straight chain and branched chain alkyl,
cycloalkyl, arylalkyl, alkoxy and aryl group. Preferably, the
oxanilide derivative 1s oxanilide substituted with two groups
independently selected from the group comprising straight
chain and branched chain alkyl, cycloalkyl, arylalkyl,
alkoxy and aryl group.

The term “‘straight or branched chain alkyl” means a
straight or branched chain alkyl group having 1 to 20 carbon
atoms, and includes, for example, methyl, ethyl, propyl,
1sopropyl, butyl, isobutyl, secondary butyl, tertiary butyl,
pentyl, 1sopentyl, neopentyl, hexyl, heptyl, octyl, 2-ethyl-
hexyl, 1,1,3,3-tetramethylbutyl, nonyl, decyl, dodecyl, 1sod-
odecyl, tetradecyl, hexadecyl, octadecyl, and eicosyl.

The term “cycloalky]l” means cyclic alkyl having 3 to 7
carbon atoms, and includes, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl.
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The term “arylalkyl” preferably refers to phenylalkyl
which means that the alkyl moiety 1s a straight or branched
chain alkyl having 1 to 8 carbon atoms and includes, for
example, phenyl, 2-phenylethyl, 1-phenylethyl, 3-phenyl-
propyl, 4-phenylbutyl, 5-phenylpentyl, 6-phenylhexyl, and
8-phenyloctyl.

The term ““alkoxy” means that the alkoxy moiety has a
straight or branched chain alkyl having 1 to 8 carbon atoms,
and 1ncludes, for example, methoxy, ethoxy, propoxy, 1s0-
propoxy, butoxy, isobutoxy, tertiary butoxy, pentyloxy,
hexyloxy, heptyloxy and octyloxy.

The term ““aryl” means a group containing one or more
6-membered unsaturated hydrocarbon rings, wherein the
unsaturation may be represented formally by three conju-
gated double bonds and which may optionally be substituted
at one or more carbon atoms of such rings by independently
selected alkyl groups, and includes, for example, phenyl,
naphthyl, methylphenyl, dimethoxyphenyl, 3-1sopropyl-2-
methylphenyl, methylphenyl, t-butylphenyl, nonylphenyl.

If the oxanilide derivative 1s oxanilide substituted with
two groups, one group 1s preferably a straight chain or
branched chain alkyl and the other group 1s an alkoxy group.
For example, 1 the oxanilide derivative 1s oxanilide substi-
tuted with two groups, one group 1s selected from decyl,
dodecyl, 1sododecyl, tetradecyl, hexadecyl, octadecyl, and
eicosyl and the other group 1s selected from methoxy,
cthoxy, propoxy, 1sopropoxy, and tertiary butoxy. Such alkyl
group 1s advantageous as it provides a suflicient solubility 1in
the polymer composition.

In one embodiment of the present imnvention, the at least
one oxanilide derivative 1s N-(2-ethoxyphenyl)-N-(4-1s0d-
odecylphenyl) oxamide.

Oxanilides and derivatives thereof that may be used are
also commercially available. For example, N-(2-ethoxyphe-
nyl)-N-(4-1sododecylphenyl) oxamide 1s commercially
available under the tradename Hostavin® 3206 from Clari-
ant International LTD.

Alternatively, the at least one UV absorber consists of
benzotriazole.

The benzotriazole 1s preferably a benzotriazole derivative
such as hydroxyphenyl benzotriazole. If the benzotriazole 1s
a hydroxyphenyl benzotriazol, the benzotriazole denivative
1s preferably selected from the group comprising 2-(2-
hydroxy-5-methylphenyl)-2H-benzotrazole, 2-(2-hydroxy-
3, 5-di-tert. amyl-phenyl)-2H-benzotrniazole, 2 [2-hydroxy-
3,5-d1 (1,1-dimethylbenzyl) phenyl]-2H-benzotriazole,
2-(2-hydroxy-3-tert. butyl-5-1s0-octyl propionate)-2H-ben-
zotriazole, reaction product of 2-(2-hydroxy-3-tert. butyl-5-
methyl propionate)-2H-benzotriazole and polyethylene
cther glycol having a weight average molecular weight of
300 and mixtures thereof.

In one embodiment of the present invention, the benzo-
triazole derivative 1s a reaction product of 2-(2-hydroxy-3-
tert. butyl-5-methyl propionate)-2H-benzotriazole and poly-
cthylene ether glycol having a weight average molecular
weight of 300 and mixtures thereof.

Benzotriazoles and derivatives thereof that may be used
are also commercially available, for example, under the
tradename Timuvin® 1130 and Tinuvin® 384-2 from BASF
SE, Germany.

Preferably, the at least one UV absorber consists of
oxanilide or a denivative thereof.

The coating composition comprises that at least one UV
absorber preferably 1 a total amount of from 0.1 to 3.0
wt.-%, based on the total weight of the binder. For example,
the coating composition comprises that at least one UV
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absorber 1n a total amount of from 0.1 to 3.0 wt.-%, based
on the total weight of the binder.

The coating composition can be 1n the form of a one-
component or two-component coating composition.

Preferably, the coating composition 1s a two-component
coating composition. In other words, the components which
are reactive towards one another, namely the chain-extended
aspartate prepolymer and the at least one curing agent
having free isocyanate groups, must be stored separately
from one another prior to application in order to avoid a
premature reaction. Generally, the chain-extended aspartate
prepolymer and the at least one curing agent having free
1socyanate groups may only be mixed together shortly
betore application. The term “shortly before application” 1s
well-known to a person skilled 1n the art. The time period
within which the ready-to-use coating composition may be
prepared prior to the actual use/application depends, e.g., on
the pot life of the coating composition. Compositions with
very short pot life may be applied by two-component spray
guns, where the reactive components are separately fed into
a static mixer and applied directly afterwards.

Preferably, the chain-extended aspartate prepolymer, and
the at least one curing agent having free 1socyanate groups
are Tormulated together 1n one composition.

If the coating composition 1s 1n the form of a two-
component coating composition, the at least one UV
absorber consisting of oxanilide or a derivative thereof
and/or benzotriazole or a derivative thereol may be present
in one of the two components or 1n both components of the
two-component coating system. Most preferred the at least
one UV absorber consisting of oxanilide or a derivative
thereol and/or benzotriazole or a denivative thereof 1s pres-
ent 1n the chain-extended aspartate prepolymer component.

Either transparent or pigmented colored coating compo-
sitions can be produced. Therefore, the coating compositions
according to the mvention are suited for use as clear coats
but can be pigmented with conventional pigments and used
as pigmented topcoats, basecoats or undercoats such as
sealer, primer or primer surfacer. They can be used to coat
a substrate with a single coat or within a multilayer coating
of substrates. Use as clear coat and colored pigmented
topcoat 1s preferred, 1n particular 1n a multilayer coating.

It 1s appreciated that the coating composition of the
present invention preferably comprises further compounds
as additives. For example, the instant coating composition
further comprises at least one compound selected from the
group comprising curing catalysts, antioxidants, additives,
pigments, extenders, compounds with at least one alkoxy
silane group and/or at least one epoxy group, hydroxyl
functional binders as acrylics, polyesters, HALS derivatives,
inorganic rheology control agents such as silica’s and
organic sag control agents based on polyurea and/or poly-
amide, and mixtures thereof.

In one embodiment of the invention, the coating compo-
sition further comprises at least one compound containing at
least one alkoxy silane group and/or at least one epoxy
group. For example, the coating composition comprises at
least one compound containing at least one alkoxy silane
group and at least one epoxy group. Preferably, the at least
one compound containing at least one alkoxy silane group
and/or at least one epoxy group 1s not a polyaspartic acid
ester and 1s not a polyisocyanate. The compound containing
at least one alkoxy silane group and/or at least one epoxy
group 1s preferably a monomeric compound. Examples of
said compound are compounds having at least one alkoxy
silane group corresponding to Formula (IV)
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(IV)

wherein R, R,, R, are the same or diflerent organic groups
with 1 to 30 carbon atoms per molecule, provided that at
least one of the residues R, R, and R, 1s an alkoxy group
with 1 to 4 carbon atoms.

The compound containing at least one alkoxy silane group
and/or at least one epoxy group preferably contains in
addition to the alkoxy silane group at least one epoxy group.
Preferably the at least one compound containing at least one

alkoxy silane group and at least one epoxy group i1s a
compound of the general Formula (V),

(V)
Rj
|
X—(CH,),—S1—R O
(CH,), ‘1 2 / \?
R3
wherein X represents the residues —O—(CH,), —CH—

CH, with m being 1-4; or represents 3,4-epoxycyclohexyl;
R,, R,, R, are the same or different organic residues with 1
to 30 carbon atoms, provided that at least one of the residues
R,, R, and R, 1s an alkoxy group with 1 to 4 carbon atoms;
and n 1s 2, 3 or 4, preferably 2 or 3.

Preferred compounds of the Formula (V) are those in
which X 1s

N\

—— 00— (CH,),,—CH—CH, withm being 1 to 4.

Compounds 1n which R,, R, and R, are the same or
different alkoxy groups having 1 to 4, preferably 1, 2 or 3
carbon atoms are likewise preferred. Particularly preferred
alkoxy groups are methoxy, ethoxy and isopropoxy groups.

Examples of particularly suitable epoxy-functional silane
compounds of the general Formula (V) are (3-glycidoxy-
propyDtrimethoxysilane, (3-glycidoxypropyl)triethoxysi-
lane, (3-glycidoxypropyl)triisopropoxysilane, beta-(3,4-ep-
oxycyclohexyl)ethyltrimethoxysilane and beta-(3,4-
epoxycyclohexyl)  ethyltriethoxysilane. Silanes  with
methoxy groups, such as for example (3-glycidoxypropyl)
trimethoxysilane and beta-(3,4-epoxycyclohexyl)ethylt-
rimethoxysilane are particularly preferred here.

It 1s most preferred to use (3-glycidoxypropyl)trimethox-
ysilane.

Epoxy-functional silane compounds of Formula (V)
which may be used are also obtainable as commercial
products, for example under the trade name DYNASILAN®
Glymo from Degussa, SILQUEST® A-187 and SIL-
QUEST® A-186 from GE Silicones.

The compound containing at least one alkoxy silane group
and/or at least one epoxy group, specifically the preferred
compounds of Formula (V), can be used 1n amounts of 0.25
to 5.0% by weight solids, i particular of 1.0 to 3.0% by
weilght solids and most preferred of 2.0 to 3.0% by weight
solids, relative to the sum of the solids content of the
chain-extended aspartate prepolymer and the at least one
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curing agent having iree 1socyanate groups being present n
the coating composition. If the compound containing at least
one alkoxy silane group and/or at least one epoxy group is
used 1n quantities of greater than 5.0% by weight solids this
can lead to inferior viscosity and color stability of the
multilayer coating. If the compound contaiming at least one
alkoxy silane group and/or at least one epoxy group 1s used
in quantities of less than 0.25% by weight solids the
described positive eflects, specifically the adhesion effects,
may not be achieved.

If the coating composition 1s 1 the form of a two-
component coating composition, the compound containing
at least one alkoxy silane group and/or at least one epoxy
group may be present in one of the two components or 1n
both components of the two-component coating system.
Most preferred the compound contaiming at least one alkoxy
silane group and/or at least one epoxy group 1s present in the
polyisocyanate component.

Additionally or alternatively, the coating composition can
further comprise an antioxidant, preferably an antioxidant
component comprising Al) at least one sterically hindered
phenol antioxidant and/or A2) at least one organophosphite
antioxidant. Preferably, the coating composition comprises
an antioxidant, preferably an antioxidant component com-
prising Al) at least one sterically hindered phenol antioxi-
dant and A2) at least one organophosphite antioxidant.

Suitable sterically hindered phenol antioxidants Al)
include 2,4-dimethyl-6-butylphenol, 4,4'methylene-bis(2,6-
di-tert-butylphenol), 2,6-di-tert. butyl-N,N'dimethylamino-
p-cresol, butylated hydroxyanisole, 2,6-di-tertbutylphenol,
2.4, 6-tri-tertbutylphenol, 2-tert-butylphenol, 2,6-diisopro-
pvlphenol, 2-methyl-6-tert-butylphenol, 2,4-dimethyl-6-
tertbutylphenol, 4-(N,N-dimethylaminomethyl)-2, 8-di-tert-
butylphenol, 4-ethyl-2,6-di-tertbutylphenol.  Sterically
hindered phenols are also commercially available as anti-
oxidants, for example, under the tradename Irganox® 1010
and Irganox® 1135 from BASF.

According to one embodiment the sterically hindered
phenol antioxidant comprises 3,5-di-tert.-butyl-4-hydroxy
toluene, also known as butylated hydroxy toluene or i short
“BHT™.

Suitable organophosphite antioxidants A2) include those
organophosphites known for use as antioxidants. In one
embodiment, the organophosphite comprises one or more
compounds according to the formula (RO),P, wherein each
R 1s independently alkyl or aryl.

In this context, the term “alkyl” i1s a saturated aliphatic
group, including straight chain alkyl groups, branched chain
alkyl groups, and cycloalkyl groups, wherein such straight
and branched chain alkyl groups may each be optionally
substituted with cycloalkyl, such cycloalkyl groups may
optionally be substituted with straight or branched chain
alkyl groups, and such straight chain alkyl, branched chain
alkyl and cycloalkyl groups may each be optionally substi-
tuted with aryl, and includes, for example, methyl, ethyl,
1sopropyl, t-butyl, 1sodecyl, stearyl, i1cosyl, cyclohexyl and
phenylmethyl.

In this context, the term ““aryl” 1s a group containing one
or more 6-membered unsaturated hydrocarbon rings,
wherein the unsaturation may be represented formally by
three conjugated double bonds and which may optionally be
substituted at one or more carbon atoms of such rings by
independently selected alkyl groups, and includes, for
example, phenyl, naphthyl, methylphenyl, dimethoxyphe-
nyl, S-1sopropyl-2-methylphenyl, methylphenyl, t-butylphe-
nyl, nonylphenyl.




US 10,385,231 B2

17

In one embodiment, each R of formula (RO),P 1s inde-
pendently an alkyl group with 1-30 carbon atoms, e.g. with
5-30 carbon atoms, or an aryl group with 1-30 carbon atoms.
Examples of suitable organophosphite antioxidants are trii-
sodecylphosphite,  diphenylisodecylphosphite,  diphe-
nylisooctylphosphite, trilaurylphosphite tributylphosphite,
trioctyl phosphite, triphenylphosphite, trinonylphenylphos-
phite, tributyltripentylphosphite, tris(2, 4-di-tert-butylphe-
nyl)phosphite. In one embodiment, the organophosphite
antioxidant comprises a trialkyl phosphite, which 1s, e.g.,
one wherein each alkyl group has less than 9 carbon atoms,
more specifically 3 to 5 carbon atoms. Examples are tri-n-
propyl phosphite, tri-isopropyl phosphite, tri-n-pentyl phos-
phite, tri-butyl phosphites, such as tri-n-butyl, tri-sec-butyl,
tri-1so-butyl, and tri-tert-butyl phosphite. Each of the three
alkyl groups 1n a given molecule may be the same or
different. Fach alkyl group may be straight-chamned or
branched.

If the antioxidant comprises an antioxidant component
comprising Al) at least one sterically hindered phenol
antioxidant and A2) at least one organophosphite antioxi-
dant, the antioxidant component comprises the at least one
sterically hindered phenol antioxidant Al) and the at least
one organophosphite antioxidant A2) 1n a ratio by weight of
3.0:0.5 to 0.5:0.3 and preferably of 1:1.

According to one embodiment of the present invention,
the antioxidant component comprises BHT as the at least
one sterically hindered phenol antioxidant Al) and at least
one organophosphite antioxidant A2) selected from the
group consisting of trisnonylphenylphosphite, triphenyl-
phosphite, tritsodecylphosphite, diphenylisodecylphosphite,
diphenylisooctylphosphite, trilaurylphosphite and tris(2,4-
di-tert-butylphenyl)phosphite.  According to  another
embodiment, the antioxidant component comprises BHT as
the at least one sterically hindered phenol antioxidant Al)
and the at least one organophosphite antioxidant A2)
selected from the group consisting of trisnonylphenylphos-
phite, triphenylphosphite, trizsodecylphosphite, diphenyliso-
decylphosphite, diphenylisooctylphosphite, trilaurylphos-
phite and tr1s(2,4-di-tert-butylphenyl)phosphite 1n the above
ratio by weight.

Most preferred the antioxidant component comprises
BHT and trisnonylphenylphosphite or comprises BHT and
triphenylphosphite. The antioxidant component can also
consist of BHT and trisnonylphenylphosphite or consist of
BHT and triphenylphosphite.

If the coating composition further comprises the antioxi-
dant, preferably the antioxidant component comprising Al)
at least one sterically hindered phenol antioxidant and/or
A2) at least one organophosphite antioxidant, the coating
composition comprises 0.5 to 4.0% by weight, preferably
2.0% by weight of the antioxidant, relative to the total
amount of the coating composition.

The coating compositions, according to the invention, can
turther contain pigments, fillers and/or usual coating addi-
tives. All colour and/or special effect-giving pigments of
organic or morganic type used in paints are suitable for
pigments. Examples of inorganic or organic colour pigments
are titanium dioxide, micronized titanium dioxide, iron
oxide pigments, carbon black, azo pigments, phthalocyanine
pigments, quinacridone or pyrrolopyrrole pigments.
Examples of special eflect pigments are metal pigments, for
example, from aluminum or copper, interference pigments,
such as, for example, aluminum coated with titanium diox-
ide, coated mica and graphite efiect pigments. Examples of
fillers are silicon dioxide, barium sulphate, talcum, alu-
mimum silicate and magnesium silicate.
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The further additives are additives usually used in the
paint industry. Examples of such additives are light stabi-
lizers, for example, HALS (hindered amine light stabilizer)
compounds, flow control agents based on (meth)acrylic
homopolymers or silicon oils, rheology-influencing agents,
such as silica, preferably highly disperse silicic acid, or sag
control agents, thickeners, such as cross-linked polycarbox-
ylic acid or polyurethanes, anti-foaming agents and wetting
agents. The additives are added 1n the usual amounts famil-
iar to the person skilled in the art. Pigments, fillers and
additives generally used for paint may be used 1n one and/or
both components of the two-component system.

In another aspect, the present invention also relates to a
method for coating of a metallic substrate comprising the
following steps:

a) applying the coating composition as defined herein to
at least a portion of a metallic substrate to be coated,
and

b) curing the coating composition of step a).

It 1s preferred that the curing of the coating composition
1s preferably carried out by means of thermal energy.

The coating composition 1s applied according to step a) of
the method to an optionally pre-coated metallic substrate.

Metallic substrates can be any industrial goods to be
coated with two-component coating compositions such as

two-component polyurethane coating compositions. Pre-
ferred metallic substrates are vehicle bodies and vehicle
body parts. Metallic substrates which may be used are the
various materials, e.g. used 1n industrial coating and vehicle
construction, for example, metals, such as, iron, zinc, alu-
minium, magnesium, stainless steel or the alloys thereof.

The coating composition may be applied by conventional
application methods. Examples of application methods are
brushing, roller application, knife coating, dipping and
spraying. Spray application 1s preferred. After an optional
flash-ofl phase, the coating layers may then be cured or the
next coating layer i1s applied.

Preferably, the applied coating composition 1s cured for
example, at temperatures of from -20 to 100° C., preferably
from —10 to 80° C., more preferably from 0 to 60° C. and
most preferably from 10 to 40° C. Even if not preferred
lower curing temperatures may also be used, but would lead
to longer curing times. The coating composition can alter-
natively even be cured at higher temperatures of, for
example, 80 to 160° C. or above.

The method preferably comprises applying multiple lay-
ers ol coating compositions to at least a portion of a metallic
substrate. In this regard, 1t 1s appreciated that at least one
layer, preferably one layer, of the multiple layers comprises
the instant coating composition. Accordingly, the further
layers of the multiple layers can also comprise the instant
coating composition or a coating composition differing from
the 1nstant coating composition. Thus, the mstant coating
composition can be adjacent to the metallic substrate, or the
optional pre-coat, or an interlayer of the multiple layer
structure or the outer layer of the multiple layers. Preferably,
the instant coating composition 1s the outer layer of the
multiple layers. More preferably, the instant coating com-
position 1s clear coating.

The multiple layers are preferably applied either wet 1n
wet or by first curing one layer before applying the next
layer of the multiple layers. If the multiple layers are applied
by first curing one layer before applying the next layer of the
multiple layers, the one layer is preferably first cured for a
suflicient time and at a suflicient temperature before the next
layer of the multiple layers 1s applied. Regarding the curing
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temperature, it 1s referred to the temperatures set out above
when defining the curing temperature of the applied coating,
composition.

It 1s appreciated that the coating composition of the
present invention features a well-balanced drying perior-
mance, 1.¢. fast curing times at suflicient pot life. Further-
more, the mechanical and optical properties of the obtained
coating, such as adhesion and interlayer adhesion in a
multi-layer structure, abrasion, chemical and corrosion
resistance, yellowing in the pot and yellowing of the aspar-
tate component on storage, are maintained on a high level.

The coating composition and the method, according to the
invention, are suitable for automotive and industrial coat-
ings. In the automotive coatings sector, the coatings and the
method can be used for coating vehicle bodies and vehicle
body parts 1 both vehicle production line painting and
vehicle refinishing. They can also be used for coating large
vehicles and transportation vehicles, such as, trucks, busses
and railroad cars, where curing temperatures of from -20 to
100° C., preterably from —-10 to 80° C., more preferably
from O to 60° C. and most preferably from 10 to 40° C., can
be used. Most preferred the coating compositions and the
method can be used 1n vehicle and vehicle part refinishing.
For refinishing, curing temperatures of, for example, —10 to
80° C., preferably from 0 to 60° C. and most preferably from
10 to 40° C., are used. Furthermore, the coating composition
and the method can be used for coating any industrial goods
other than motor vehicles.

The use of the coating composition offers improved color
stability. In particular, 1t 1s to be noted that the coating
composition features a better colour stability than a coating
composition that does not comprise the chain-extended
aspartate prepolymer. Furthermore, the mechanical and opti-
cal properties, such as adhesion and interlayer adhesion 1n a
multi-layer structure, abrasion, chemical and corrosion
resistance, of the obtained coating are maintained on a high
level.

In view of the advantages obtained, the present invention
1s further directed to the use of the coating composition as
defined herein 1 a two-component coating composition

The mnvention will be explained 1n more detail on the basis
of the examples below. All parts and percentages are on a
welght basis unless otherwise indicated.

EXAMPLES

Measurement Methods

The following measurement methods are used to evaluate
the parameters given in the examples and claims.

Hazen Color

The color has been measured 1n the Hazen scale (based on
ASTM D1209) on the BYK LCSIII device.

Gardner-Holdt (Bubble) Viscosity

This method allows to quickly determine the kinematic
viscosity of liquids such as resins and varnishes. Certified
tubes from Byk Gardner are used for the measurement of the
viscosity at room temperature.

Viscosity

The viscosity of the activated clear coat was determined
according to DIN 53211 with a DIN 4 flow cup at room
temperature (20+£3° C.).

Hardness

The coating 1s applied on a glass with a dry film thickness
of about 50 micron. The hardness 1s measured according to
the Fischer hardness test (indentation hardness according to

ASTM D 1474). The results are expressed 1n Knoop.
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Solids

The weight percentage of solids 1n the resin was deter-
mined by weighing approximately 1 g of sample 1 an
aluminum dish with a diameter of 55 mm containing a
paperclip. A small amount of acetone was added and a
uniform layer was produced by stirring with the paperclip.
Then, the dish was placed 1n an oven at about 105° C. (x1°

C.) for about 1 hour and weighed again. The weight per-
centage of solids was calculated by using the Formula (VI):

% solids=100%x(residue weight/sample weight) (VI

The solids were determined by measuring two samples.
The given result 1s thus the average of two samples.

Materials

The solvent n-butylacetate 1s commercially available
from BASF SE, Germany, Celanese, USA or Oxea GmbH,
(ermany.

The solvent PGMEA 1s commercially available from
BASF SE, Germany, Dow Chemical Company, USA or
Lyondell Basell, Germany.

The solvent BGA 1s commercially available from the
BASF SE, Germany or Ineos Oxide, Germany.

The UV absorber 1s commercially available from BASF
SE, Germany as Tinuvin 384-2.

The UV stabilizer 1s commercially available from BASF
SE, Germany as Tinuvin 292.

The silicone 1s commercially available from Byk Chemie
GmbH, Germany as silicone Byk 315 and from OMG
Borchers, Germany as Baysilone OL17

The acrylic additive 1s commercially available from Byk
Chemie GmbH, Germany as acrylic Byk 361.

The hindered phenol and tris nonylphenyl phosphate
additive 1s commercially available from Oxiris Chemicals,
Germany as hindered phenol BHT (ionol, butylated
hydroxytoluene) or Dover Chemicals, USA as tris nonyl-
phenyl phosphite Doverphos4HP.

The benzotrniazole 1s commercially available from BASF
SE, Germany as Tinuvin® 1130.

The oxanilide 1s commercially available from Clanant
International LTD., Switzerland as Hostavin®3206.

EXAMPLES

Test]

The following examples illustrate the preparation of
chain-extended aspartate prepolymers and coating compo-
sitions comprising the chain-extended aspartate prepolymer
and benzotriazole as UV absorber.

Examples 1A and 1B: A Bisaspartate of
Isophoronediamine and Diethylmaleate

In a reactor equipped with a propeller type of stirrer, a
thermometer, condenser and feeding system was loaded
204.91 g of 1sophorone diamine and 34.44 g of n-butylac-
ctate. The mixture was heated to 30° C. 6.89 g each of
2,6-di-tertiary butyl-4-methylphenol and trisnonylphenyl
phosphite were dissolved 1n 414.99 g of diethylmaleate and
10.33 g of n-butylacetate and were fed to the reactor content
over about 4 hours followed by a rinsing step of 10.33 g of
n-butylacetate. The reactor temperature was kept at 50° C.
max and after the addition, the contents were kept for 26
hours (example 1A) and 46 hours (example 1B)
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Test results: 1A (26 hours) 1B (46 hours)
Solids (%) 83 84.3
Viscosity (Gardner Holdt) B- A+
Color (Hazen) 16 15

GC area mono aspartate/bisaspartate 26/74 15/85

The GC area was determined on an nstrument from
Interscience by injecting a sample at 250° C. on a 100%
dimethylpolysiloxane column having a length of 30 m. A
constant Helium tlow of 1 ml/min starting at 2 min and 120°
C. and icreasing temperature of 10° C. per min t1ll 300° C.
For the reaction products, the amino-functional mono-as-
partic acid ester was detected between 14 and 16 min while
the di-aspartic acid ester was detected between 19 and 21
min.

Examples 2A and 2B: Isophorone Diisocyanate

Chain Extended Reaction Products of Examples 1A
and 1B

688.78 g of the reaction products of reference example 1A
or 1B, taken after 26 and 46 hours, were each diluted with
151.62 g of n-butylacetate and heated 1n the reactor till 40°

C. 80.82 grams of 1sophoronediisocyanate mixed with 16.89
g of n-butylacetate were added to each reactor over 1 hour
while keeping the reactor at 50° C. max. After a rinsing step
with 16.89 g of n-butylacetate, each reactor content was kept
at 50° C. till the NCO has disappeared as measured by IR
spectrometry. A dilution step of 45 grams of n-butylacetate
was added to each reactor. The results of the end-products
are found below.

Test results: 2A 2B
Solids (%o) 65.9 66.4
Viscosity (Gardner Holdt) A- A-
Color (Hazen) 5 22

Examples 3A and 3B: Hexamethylene Diisocyanate
Chain Extended Reaction Product of Example 1B

571 g of the reaction product of example 1B was diluted
with 163 g of n-butylacetate and mixed in the reactor at
room temperature. 67 g (A) or 50.4 g (B) of hexamethylene
diisocyanate mixed with 14 g (A) or 10.8 g (B) of n-buty-
lacetate were added to the reactor over 1 hour while keeping
the reactor at 50 C max. After a rinsing step with 14 g (A)
or 10.8 g (B) of n-butylacetate, the reactor contents were
kept at about 40° C. till the NCO has disappeared as
measured by IR spectrometry. The results of the end-
products are found below.

Test results: 3A 3B
Solids (%) 67.4 67.6
Viscosity (Gardner Holdt) D+ 1/2 A
Color (Hazen) 16 19

T]

Example 4: Preparation of Clear Coats Based on
Examples 1A, 3A and 3B

The following coating compositions were prepared:
4A: 72.22 g of binder 1A were mixed with 25.38 g of

n-butylacetate and 2.4 g of Tinuvin® 1130.
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4A": As example 4A, but Tinuvin® 1130 was replaced by
n-butylacetate.

4B: 92.85 g of binder 3A were mixed with 4.75 g of
n-butylacetate and 2.4 g Tinuvin® 1130.

4B': As example 4B, but Tinuvin® 1130 was replaced by
n-butylacetate.

4C: 92.85 g of binder 3B were mixed with 4.75 g of
n-butylacetate and 2.4 g Tinuvin® 1130.

4C": As example 4C, but Tinuvin® 1130 was replaced by
n-butylacetate.

The color stability of the coating compositions of
examples 4A to 4C' was determined by measuring the Hazen
on shell at room temperature and in an oven at 49° C. The
results are outlined 1n table 1 below.

TABLE 1
1 week 2 weeks 3 weeks
Initial Shelf Oven  Shelf Oven Shelf Oven

Example 4 A’ 12 13 23 13 26 13 38
Example 4 A RO RO 0% 82 113 82 127
Example 4 B’ 12 16 18 16 21 14 29
Example 4 B 66 69 83 71 R4 73 R6
Example 4 C' 13 13 18 14 21 14 28
Example 4 C' 6% 71 RO 70 82 70 91

It 1s clearly seen that the coating compositions comprising,
the chain-extended aspartate prepolymer with Tinuvin®
1130 added (examples 4B and 4C) give a better color
stability than the composition based on the bisaspartate

(example 4A).

Example 5: Preparation of Clear Coats Based on
Examples 1B, 2A and 2B

The clear coat compositions have been prepared by acti-
vating with a polyisocyanate activator based on 60.67%
DesmodurON3390 (Aliphatic polyisocyanate HDI trimer,
90% solids, Bayer), 36.93% n-butylacetate and an epoxy-
functional silane (2.4% Silquest®A187 from Momentive
Performance Matenials). The clear coat formulations and the

activators have been mixed by hand 1n a ratio so that the
NCO to NH ratio has been kept constant at 1.21.

The clear coats 5A, 5B and 5C have been formulated with
the components shown 1n Table 2 below.

TABLE 2
Ref 1 Invention 2 Invention 3

Type of product  (wt.-%) (wWt.-%) (wt.-%0)
Example 1A 64.93
Example 2A 74.2
Example 2B 74.2
n-butylacetate Solvent 26.14 15.83 15.83
PGMEA Solvent 2.1 2.1 2.1
BGA Solvent 2 2 2
UV protection UV absorber/ 3.32 3.32 3.32

stabilizer
Flow and levelling  Silicone and 0.55 0.55 0.55
additives acrylic additives
Hindered phenol +  Anti-yellowing 2 2 2

tris nonylphenyl additives

phosphite

The color stability of the clear coats of Refl, Invention 2
and 3 was determined by measuring the Hazen on shelf 1n an
oven at 49° C. The results are outlined in table 3 below.



23

US 10,385,231 B2

TABLE 3
Color after Color after  Color after
Initial 2 weeks at 4 weeks at 6 weeks at
color 49° C. 49° C. 49° C.
(Hazen) (Hazen) (Hazen) (Hazen)
Refl (% by 70 102 123 142
welght)
Invention 2 61 77 76 79
(wt.-%)
Invention 3 70 78 78 80O

(wt.-%)

Table 3 demonstrates that the inventive examples 2 and 3,
based on the chain-extended aspartate prepolymers 2A and
2B, have improved color stability (less increase 1n Hazen)
during storage at 49° C. in comparison to the reference
example 1, which 1s based on bisaspartate 1B.

lest2

The following examples illustrate the preparation of
chain-extended aspartate prepolymers and coating compo-
sitions comprising the chain-extended aspartate prepolymer
and oxanilide as UV absorber.

Example 1: A Bisaspartate of Isophoronediamine
and Diethylmaleate

In a reactor equipped with a propeller type of stirrer, a
thermometer, condenser and feeding system was loaded
204.91 g of 1sophorone diamine and 34.44 g of n-butylac-
ctate. The mixture was heated to 30° C. 6.89 g each of
2,6-di-tertiary butyl-4-methylphenol and trisnonylphenyl
phosphite were dissolved 1n 414.99 grams of diethylmaleate
and 10.33 g of n-butylacetate and were fed to the reactor
content over about 4 hours followed by a rinsing step of
10.33 g of n-butylacetate. The reactor temperature was kept
at 50° C. max and after the addition, the contents were kept

for 46 hours

Test results:

Solids (%) 84.3
Viscosity (Gardner Holdt) A+
Color (Hazen) 15

Example 2: Bisaspartate of
p-Aminocyclohexylmethane (PACM) and
Diethylmaleate

In a reactor equipped with a propeller type of stirrer, a
thermometer, condenser and feeding system was loaded 341
g of PACM (Vestamine PACM from Evomik) and 50 g of
n-butylacetate. The mixture was heated to 30 C. 10 g each
of 2,6-di-tertiary butyl-4-methylphenol and trisnonylphenyl
phosphite were dissolved 1n 339 g of diethylmaleate and 15
g of n-butylacetate and were fed to the reactor content over
about 2 hours followed by a rinsing step of 15 g of
n-butylacetate. The reactor temperature was kept at 50° C.
for about 24 hours and an additional 24 hours at 60° C.

Test results:

Solids (%) 86.4
Viscosity (Gardner Holdt) F-
Color (Hazen) 30
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Example 3: Isophorone Diisocyanate Chain

Extended Reaction Product of Example 2

615 g of the reaction product of example 2 were diluted
with 176 g of n-butylacetate and heated 1n the reactor till 40
C. 67 g of 1sophoronediisocyanate mixed with 14 g of
n-butylacetate were added to the reactor over 1 hour while
keeping the reactor at 50° C. max. After a rinsing step with
14 g of n-butylacetate, the reactor content was kept at 50° C.
t1ll the NCO has disappeared as measured by IR spectrom-
etry. The results of the end-products are found below.

Test results:

Solids (%) 68
Viscosity (Gardner Holdt) H
Color (Hazen) 8

Examples 4 A and 4B: Hexamethylene
Diisocyanate Chain Extended Reaction Product of
Example 1

571 g of the reaction product of example 1 were diluted
with 163 g of n-butylacetate and mixed 1n two reactors at
room temperature. 67 g (A) or 50.4 g (B) of hexamethylene
diisocyanate mixed with 14 g (A) or 10.8 g (B) of n-buty-
lacetate were added to each reactor over 1 hour while
keeping the reactors at S0° C. max. After a rinsing step with
14 g (A) or 10.8 g (B) of n-butylacetate, the reactor contents
were kept at about 40° C. till the NCO has disappeared as
measured by IR spectrometry. The results of the end-
products are found below.

Test results: 3A 3B
Solids (%) 67.4 67.6
Viscosity (Gardner Holdt) D+ 1/2 A
Color (Hazen) 16 19

T]

Example 4: Preparation of Clear Coats Based on
Examples 1, 2, 3A and 3B

The following coating compositions were prepared:

SA: 72.22 g of example 1 were mixed with 25.38 grams
ol n-butylacetate and 2.4 g of Tinuvin® 1130.

SA" As example 5A, but Tinuvin® 1130 was replaced by
Hostavin® 3206.

SB: 72.22 g of example 2 were mixed with 25.38 g of
n-butylacetate and 2.4 g of Tinuvin® 1130.

SB": As example 5B, but Tinuvin® 1130 was replaced by
Hostavin® 3206.

S5C: 92.85 g of example 3A were mixed with 4.75 g of
n-butylacetate and 2.4 grams Tinuvin® 1130.

SC": As example 5C, but Tinuvin® 1130 was replaced by
Hostavin® 3206.

5D: 92.85 g of example 3B were mixed with 4.75 grams
of n-butylacetate and 2.4 g Tinuvin® 1130.

SD' As example 5D, but Tinuvin® 1130 was replaced by
Hostavin® 3206.
SE: 92.85 g of example 3B were mixed with 4.75 g of
-butylacetate and 2.4 g Tinuvin® 1130.
SE": As example 5E, but Tinuvin® 1130 replaced by
Hostavm@ 3206.
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The color stability of the coating compositions of
examples 5A to SE' was determined by measuring the Hazen
on shell at room temperature and in an oven at 49° C. The
results are outlined 1n table 4 below.

TABLE 4
1 week 2 weeks 3 weeks

imitial  Shelf Oven  Shelf Oven  Shelf Oven
Example 5A R0 R0 08 R2 113 R2 127
Example 5A' 48 51 61 53 66 49 77
Example 5B 74 76 R4 79 83 82 85
Example 5B’ 46 50 50 52 58 48 67
Example 5C 67 69 72 71 7R 70 R7
Example 5C' 44 52 56 53 57 51 65
Example 5D 66 69 83 71 84 73 R6
Example 5D’ 50 55 59 57 59 54 69
Example 5E 6% 71 K0 70 82 70 01
Example 5E' 49 54 60 55 60 53 65

It 1s clearly seen that the coating compositions comprising,
the chain-extended aspartate prepolymer (examples 5C to
SE") give a better color stability than the composition based
on the bisaspartate (examples 5A to SB'). Furthermore, 1t can
be gathered that the coating compositions comprising the
chain-extended aspartate prepolymer and an oxanilide UV
protector (Hostavin®3206; examples 5C', 3D' and 3E') give
even a better color stability than the coating compositions
comprising a benzotriazole UV protector (Tinuvin® 1130,
examples 5C, 5D and 3E).

While at least one exemplary embodiment has been
presented 1n the foregoing detailed description of the inven-
tion, 1t should be appreciated that a vast number of variations
exist. It should also be appreciated that the exemplary
embodiment or exemplary embodiments are only examples,
and are not intended to limit the scope, applicability, or
configuration of the mmvention 1n any way. Rather, the
foregoing detailed description will provide those skilled 1n
the art with a convenient road map for implementing an
exemplary embodiment of the invention, it being understood
that various changes may be made in the function and
arrangement of elements described 1n an exemplary embodi-
ment without departing from the scope of the invention as
set forth 1n the appended claims and their legal equivalents.

The invention claimed 1s:
1. A coating composition comprising:
a) a chaimn-extended aspartate prepolymer, wherein the
chain-extended aspartate prepolymer
X) 1s Iree of 1socyanate groups,
x1) has an NH equivalent weight of from 250 to 1,000
g and
X11) 1s a reaction product of
1) a mixture comprising at least one di-aspartic acid
ester and at least one amino-functional mono-
aspartic acid ester, wheremn the molar ratio
between the at least one di-aspartic acid ester and
the at least one amino-functional mono-aspartic
acid ester 1s from 99.5:0.5 to 50:50, and
1) at least one polyisocyanate,
b) at least one curing agent having iree 1socyanate groups,
and
c) at least one UV absorber consisting of oxanilide or a
derivative thereof and/or benzotriazole or a derivative
thereof.
2. The coating composition of claim 1, wherein the at least
one di-aspartic acid ester and/or the at least one amino-
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functional mono-aspartic acid ester 1s/are a reaction product
of at least one dialkyl maleate and/or dialkyl fumarate and
at least one primary diamine.

3. The coating composition of claim 2, wherein the at least
one dialkyl maleate 1s selected from the group consisting of
dimethyl maleate, diethyl maleate, di-n-butyl maleate, di-
1so-butyl maleate, di-tert-butyl maleate, diamyl maleate,
di-n-octyl maleate, dilauryl maleate, dicyclohexyl maleate,
and di-tert-butylcyclohexyl maleate and/or the at least one
dialkyl fumarate 1s selected from the group consisting of
dimethyl fumarate, diethyl fumarate, di-n-butyl fumarate,
di-1so-butyl fumarate, di-tert-butyl fumarate, diamyl fumar-
ate, di-n-octyl fumarate, dilauryl fumarate, dicyclohexyl
fumarate, and di-tert-butylcyclohexyl fumarate.

4. The coating composition of claim 2, wherein the at least
one primary diamine 1s selected from the group consisting of
cthylene diamine, 1,2-diaminopropane, 1,4-diaminobutane,
1,3-diaminopentane, 1,6-diaminochexane, 2,5-diamino-2,5-
dimethylhexane, 2,2,4-trimethyl-1, 6-diaminohexane, 2.4,4-
trimethyl-1, 6-diaminohexane, 1,11-diaminoundecane, 1,12-
diaminododecane, 1,3-cyclohexane diamine, 1,4-cyclo-
hexane diamine, 1-amino-3,3,5-trimethyl-5-aminomethyl-
cyclohexane (IPDA), 2,4-hexahydrotolylene diamine, 2,6-
hexahydrotolylene diamine, 2,4'-diamino-dicyclohexyl
methane, 4,4'-diamino-dicyclohexyl methane, 3,3'-dialkyl-
4, 4'-diaminodicyclohexylmethanes, 3, 3'-dimethyl-4, 4'-di-
aminodicyclohexyl methane, 3,3'-diethyl-4,4'-diaminodicy-
clohexylmethane, 2-methyl-1,5-pentanediamine, 1,3-xylen-
ediamine, 1,4 xylylenediamine, tetramethyl xylylenedi-
amine, and 4,4'-diaminodicyclohexyl methane (PACM).

5. The coating composition of claim 1, wherein the at least
one di-aspartic acid ester and/or the at least one amino-
functional mono-aspartic acid ester has/have been obtained
by reacting at least one dialkyl maleate and/or dialkyl
fumarate and at least one primary diamine 1n an equivalent

ratio of dialkyl maleate and/or dialkyl fumarate to primary
diamine from 2:1 to 1:4.

6. The coating composition of claim 5, wherein the at least
one dialkyl maleate 1s selected from the group consisting of
dimethyl maleate, diethyl maleate, di-n-butyl maleate, di-
1so-butyl maleate, di-tert-butyl maleate, diamyl maleate,
di-n-octyl maleate, dilauryl maleate, dicyclohexyl maleate,
and di-tert-butylcyclohexyl maleate and/or the at least one
dialkyl fumarate 1s selected from the group consisting of
dimethyl fumarate, diethyl fumarate, di-n-butyl fumarate,
di-1so-butyl fumarate, di-tert-butyl fumarate, diamyl fumar-
ate, di-n-octyl fumarate, dilauryl fumarate, dicyclohexyl
fumarate, and di-tert-butylcyclohexyl fumarate.

7. The coating composition of claim 5, wherein the at least
one primary diamine 1s selected from the group consisting of
cthylene diamine, 1,2-diaminopropane, 1,4-diaminobutane,
1,3-diaminopentane, 1,6-diaminochexane, 2,5-diamino-2,5-
dimethylhexane, 2,2,4- and 2.,4,4-trimethyl-1, 6-diamino-
hexane, 1,11-diaminoundecane, 1,12-diaminododecane, 1,3-
cyclohexane diamine, 1,4-cyclohexane diamine, 1-amino-3,
3,5-trimethyl-5-aminomethylcyclohexane (IPDA), 2,4-hex-
ahydrotolulene diamine, 2,6-hexahydrotoluylene diamine,
2.4'-diamino-dicyclohexyl methane, 4,4'-diamino-dicyclo-
hexyl methane, 3,3'-dialkyl-4, 4'-diaminodicyclohexylmeth-
anes, 3, 3'-dimethyl-4, 4'-diaminodicyclohexyl methane,
3,3'-diethyl-4,4'-diaminodicyclohexylmethane, 2-methyl-1,
S-pentanediamine, and 1,3-xylylenediamine, 1,4 xylylene-
diamine, tetramethyl xylylenediamine, and 4,4'-diaminodi-
cyclohexyl methane (PACM).

8. The coating composition of claim 1, wherein the at least
one polyisocyanate and/or curing agent having free 1socya-
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nate groups 1s selected from the group consisting of 1-1s0-
cyanato-3,3,5-trimethyl-5-1socyanatomethyl-cyclohexane

(IPDI), 4,4'-dusocyanatocyclohexylmethane, cyclotrimers
of 1-1socyanato-3,3,5-trimethyl-5-1socyanatomethyl-cyclo-
hexane, biurets of 1-1socyanato-3,3,5-trimethyl-5-1socya-
natomethyl-cyclohexane, hexamethylene  diisocyanate
(HDI), 1-bis(isocyanatocyclohexyl)-methane, 1,1,6,6-te-
tramethyl-hexamethylene diisocyanate, p- or m-tetrameth-

ylxylylene diisocyanate, and 2,2'.5 trimethylhexane diiso-
cyanate.

9. The coating composition of claam 1, wherein the
mixture of paragraph 1) comprises NH and NH, groups and
wherein the chain-extended aspartate prepolymer has been
obtained by reacting the mixture comprising at least one
di-aspartic acid ester and at least one amino-functional
mono-aspartic acid ester with the at least one polyisocyanate
in an equivalent ratio of NH and NH, groups in the mixture
to NCO groups of the at least one polyisocyanate from
2.0:0.2 to 2.0:1.8.

10. The coating composition of claim 1, wherein the
chain-extended aspartate prepolymer comprises urea groups
and an equivalent ratio of aspartate groups to urea groups
from 10:1 to 1:0.9.

11. The coating composition of claim 1, wherein

a) the oxanilide or the derivative thereof 1s N-(2-ethoxy-

phenyl)-N-(4-1sododecylphenyl) oxamide, and/or

b) the benzotriazole or the derivative thereof 1s selected

from the group consisting of benzotriazole, 2-(2-hy-
droxy-5-methylphenyl)-2H-benzotriazole, 2-(2-hy-
droxy-3, 5-di-tert. amyl-phenyl)-2H-benzotriazole, 2
[2-hydroxy-3,5-d1 (1,1-dimethylbenzyl) phenyl]-2H-
benzotrniazole, 2-(2-hydroxy-3-tert. butyl-3-1s0-octyl
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propionate)-2H-benzotriazole, and reaction product of
2-(2-hydroxy-3-tert. butyl-5-methyl propionate)-2H-
benzotriazole and polyethylene ether glycol having a
welght average molecular weight ot 300.

12. The coating composition of claim 1, wherein the
coating composition further comprises at least one com-
pound selected from the group consisting of curing catalysts,
antioxidants, additives, pigments, extenders, compounds
with at least one alkoxy silane group and/or at least one
epoxy group, hydroxyl functional binders, acrylics, polyes-
ters, HALS denivatives, inorganic rheology control agents,
silica, and organic sag control agents based.

13. The coating composition of claim 1, wherein the
coating composition 1s a two-component coating composi-
tion.

14. A method for coating of a metallic substrate, the
method comprising at least the steps of:

a) applying the coating composition of claim 1 to at least

a portion of a metallic substrate to be coated, and

b) curing the coating composition of step a).

15. The method of claim 14, wherein multiple layers of
coating compositions are applied to at least a portion of the
metallic substrate and the multiple layers are applied either
wet on wet or by first curing one layer before applying the
next layer of the multiple layers.

16. The coating composition of claim 1, further compris-
ing an antioxidant component.

17. The coating composition of claim 16, wherein the
antioxidant component comprises (Al) at least one sterically
hindered phenol antioxidant and (A2) at least one organo-
phosphite antioxidant.
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