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34 PRODUIT DE REVETEMENT AQUEUX ET PROCEDE
PERMETTANT DE REALISER DES REVETEMENTS DE
PEINTURE MULTICOUCHES DONT LA COULEUR PERCUE
DEPEND DE I’ANGLE D’OBSERVATION

34) AQUEOUS COATING PRODUCT AND A PROCESS FOR
PRODUCING MULTIPLE LAYER PAINT COATINGS WHOSE
PERCEIVED COLOUR VARIES WITH THE ANGLE FROM

WHICH THEY ARE VIEWED

(57) Produit de revétement aqueux pour la production de
revetements dont la couleur percue dépend de 1’angle
d’observation, contenant: un ou plusieurs liants diluables
a 1’eau, un ou plusieurs pigments en paillettes, dont la
teinte depend de 1’angle d’observation, et qui sont
constitués de substances réticulées en trois dimensions,
orientees, a structure de crystal liquide et de phase
chirale; ¢ventuellement un ou plusieurs agents de
reticulation; €ventuellement un ou plusieurs pigments
d’absorption colorants et/ou des charges; et
¢ventuellement des additifs utilis€s habituellement dans
des revétements de ce type.
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(57) The proposed aqueous coating product for the
production of coatings whose perceived colour changes
with the angle from which they are viewed contains: one
or more water-diluable binders; one or more scale-type
pigments, the hue of which depends on the angle from
they are viewed, these pigments consisting of oriented,
three-dimensionally cross-linked substances of chiral
phase, liquid crystalline structure; optionally one or more
cross-linking agents; optionally one or more colouring
absorption pigments and/or fillers; and optionally
additives usually used 1n coatings of this type.
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(57) Abstract

The proposed aqueous coating product for the production of coatings whose perceived colour changes with the angle from which
they are viewed contains: one or more water-diluable binders; one or more scale-type pigments, the hue of which depends on the angle
from they are viewed, these pigments consisting of oriented, three-dimensionally cross-linked substances of chiral phase, liquid crystalline |-
structure; optionally one or more cross-linking agents; optionally one or more colouring absorption pigments and/or fillers; and optionally
additives usually used in coatings of this type.

(87) Zusammenfassung

WiBriges Uberzugsmittel zur Herstellung von Uberziigen, deren Farbeindruck vom Betrachtungswinkel abhiéngig ist, enthaltend
ein oder mehrere wasserverdiinnbare Bindemittel, ein oder mehrere plittchenfrmige Pigmente mit vom Betrachtungswinkel abhingiger
Farbigkeit, die aus orientierten, dreidimensional vemetzten Substanzen fiiissigkristalliner Struktur chiraler Phase bestehen, gegebenenfalls

einen oder mehrere Vernetzer, gegebenenfalls ein oder mehrere farbgebende Absorptionspigmente und/oder Fiillstoffe sowie gegebenenfalls
lackiibliche Additive.
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WO 95/29962 PCT/EPS5/01584
Aqueous coating composition and Drocess for the

rroduction of multicoat palint svstems whose perceived

color depends on the viewing angle

The invent.on relates Lo water-dilutable
ccdtling compositions wnich are suitable for producing
coatings having a part-cularly bright perceived color
wnich depends on the viewing angle. These c¢oating
compositions are, 1in particular, agueous basecoats.

On environmental grounds, attempts are reing
made to replace solvent-<ontalning coating COMPOS1iCions
oy their agueous counterparts. This replacement 1is
carticularly importanc -1 the case ol effect paseccats,
since such systems, <owiling to thelr nature, have a
varcicularly hign solvent content. Accordingly, agueous
affect Dpasecoats nave »oeen develcped. They comprise
vlateletlike special-=2IZact pigments which bring about
a so-called brightness ZIlop and/or coler Zlop. On the

basis o©of pure metal Ilake pigments f{or producin =

1

crightness Ilop, Zor sxample those of aluminum, a _arge

e

<y

-

mper o©of Ifurther plat=a.etlike special-effect pigments
nave been developed wnicn are suiltable for use in
aguecus eflect paseccats. Zxamples of turther
c.ateletlike speclal-=2IIact pigments are interference

Tilgments, Icor =2xample Teta. piligments ccated with Tmetal

cxide, an =axample Delng ziuminum coated with <itanium
Qloxide or wlth mnixasc o<oxide, and cocated micas, Ifor
~nstance mlcas <oat22  with  fitanium  2i0xide, and
graphite speclal-2II=2CT DpDligments. Jsing the  <nown
_nterference pligments, conly a relatively weak color

Z_Op Ccan be ocpralinad.

Z2ating <Compositions wnlcn o comprise a ccocmpinaticn o:Z
“lop effect pigments =nd =ncapsulated, Ihermochirsmic,
orgments. Coatings produced therawltX

Znange Gthelr cTercelvec CCclor reversiply 1n dependence

orn the temperatcture.




il

10

15

20

25

30

()
n

-2- 2186954

German Patent Application P4240743.5 published
June 9, 1994 describes pigments whose

color depends on the viewing angle, which consist of

oriented, three-dimensionally c¢rosslinked substances
having a liguid-crystalline structure with a chiral
pnase.

The object of the invention 1s to provide
environmentally friendly coating compositions,
especially baseccats, whose solvent content 1s as low

as possible and wnich permit the productlon of coatings

wicth novel <c¢olor effects, in which context thelr
perceived color 1S e be independent of the
temperature.

Tt has rceen found that this object can be
achieved by the use of plateietlike pigments whose
color depends on the viewing angle, which consist ot
oriented, three-dimensionally crosslinked substances of
liquid-crystalline structure with a chiral phase, 1n
agqueous coating compositions.

One subject of the invention 1s therefore
constituted by ar agqueous coating compositlion
comprising
- one or more water-dilutable binders,

- one or more plateletlike pigments whose <color
depends on :the viewing angle, which consist ot
oriented, three-dimensionally crosslinked
substances 2f liquid-crystalline structure with a
chiral ophase,

- if desired, cne or more crosslinking agents,

- if desired, one or more color-imparting absorption
pigments and/or fillers, and

- 1if aesireaq, customary paint additives, whilcn
custcmary caint additives may also include organic
solvents.

The pigments whose color depends on the viewlng
angle, which consist of oriented, three-dimensionally
crosslink=ad substances of liquid-crystalline structure
with a chiral ohase, are referred to below as LCP

pigments (LCP = ligquid crystal polymer). The LCP
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pigments can be obtained by subjecting one or more
three-dimensionally crosslinkable liquid-crystalline
substances with a chiral phase to orientatc:ion, then tO

three-dimensional <crosslinking and subsegquently O

comminution to the desired particle size. This can Dbe
carried out, for example, by first applying the three-
dimensionally crosslinkable liguid-crystalline sub-

stances with a chiral phase to a substrate in a thin

layer, for example by knife coating, crosslinking the
layer on this substrate, then detaching it £from the
substrate and comminuting it to the desired particle
fineness. This produces plateletlike pigments wnich are
transparent and colorless per se. 3!3/ means ot
appropriate chemical structure-iorming measures in
relation to the molecular structure, LCP pigments
having different effective interference colors can ‘be
produced. The plateletlike LCP pigments preferably have
a diameter of from 1 to 100 um, particularly preferably
from 10 to 60 um, and a thickness of preferably from 3
to 15 um, particularly preferably from 5 to 10 um. In
accordance with the invention it 1is possible, for

example, to use those LCP pigments as described 1in the

German Patent Application P 42407435, to which
reference is hereby made.
Reference 1is also made here to the starting substances
for the preparation of the LCP pigments, and detalls on
the preparation  techniques, which are descriped
therein.

In accordance with German Patent Application
D 42 40 743.35, _ligquid-crystalline substances wnilcn are
suitable as starting substances for the preparation of
tne LCP pigments have a twisced structure with a pitch
which corresponés to a wavelength of light 1n the range
fyom UV to IR. This structure is found, for example, 1in
cholesteric L.zuid crystals. Cholesteric ligquia
crystals, or, 1o general, ligquid-crystalline substances
with a cniral chase, which possess a twisted structure
with a desired vitch, can bpe obtained from nematic,

smectic or discotic structures by adding to them a
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chiral substance. The nature and proportion of the

chiral substance determines the pitch o©f the twisted

structure and therefore the wavelength of the reflected

light. The twisting of the structure may be either

left-nanded or right-handed. The starting supstances

U1

must additionally <comprise ¢groups wnich can be
polymerized by addition polymerization, condensation
polymerization or polyaddition and of which at least
scme are in the form of difuncticnal, trifunctional or
10 more highly functional units. Examples of such groups
are methacryloxy and acryloxy groups.
Examples o©of sultable materials and their
preparation are described, £for example, 1in DE-C2-
3 504 757, in EP-A2-358 208, 1n ZP-A-0 068 137 (corres-
.5 ponds to US 4 388 453) or 1in the literature cilted 1in
D.J. Brcer et a.. in l4tn Int. Ligquid Coni., Abstracts
II, 921 (1992).
Three-dimensionally crosslinkable polyorgano-
siloxanes whnich are preferably suitable are those
20 according to EP-A-0 358 208.
As starting materials for the preparation of
the LCP vigments, however, 1t .s possible 1n principle

S —

o use all cholesceric liguid crystals. It 1s possible
o employ one type ©I cnolesteric ligquia crystal, oOr
25 else a mixture of at least two of <these _iquid
crystals. n addition T©o these ligquid crystals, other
dves and/or pigments can be used as further compcnents

0 the vreparat-.on ¢of the LCP pigments.

n a opreferred empbodiment, the colorant =To »De

30 employeda 1s a pigment, Ior example gas plack. The
cocloranc to be employeda 1s, 1in a further »dreierrad
smpodiment, Sciufle 1n The _.guld crystal [(mixturs;

t‘h

amployed. Prefsrence 1s given Lo the emp.ioyment ot oC

0

- * 1

2 mixture oI TWe Or more cheolesteric liguid-crysta.l-n

(D

ls)
N

substances but ¢ a single, »pure, cholesteric __Jqul

(1

crystallline supstance.
The admixing of the pigments and/or dyes o tne
other starting supstances 1s carried out -n a customarv

manner, Icr example by 1ncorporation witll stirring. Thre
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admixing of the dyes ana/or pigments brings about,
within the LCP pigment, a compblnation of the angle-
dependent color effects of the liquid-crystalline
substances with the known color effect(s) of the
S5 respective substances admixed. The admixing of these

supstances does not, nowever, alter the subsequent

process steps for the preparation of the LCP pigments.
A particularly desired LCP pigment color can
also be obtained by mixing defined ligquid-crystal base

10 mixtures in apprcpriate proporticons. In thils case too,
there is no change in the subseguent process steps for
che preparation of the LC? pigments. The subsequent
description of <the preparation process, thereiore,
applies to all variants of the LCP pigments.

15 Liquid crystals with twisted phases develop
their ocptical oproperties conly wnen the i1ndividual
molecules are arranged in layers and are ordered
uniformly within a layer. In thilis <context, the
molecules <change theilr preferential direction from

20 layer to layer, producing nelical structures as a
result. In order to achilieve this, the molecules are
aligned (oriented) by means of known methods, IOr

example by alignment layers or electrical or magnetic

£ields. Such metnods are known, for example, from the

25 ollowing references: CAll13 (22), 201523y: CAli3 (14),
~24523u; CAl1l2 (18), 158852iss CAll2 (1l6), 491384g;
CALl (4), 213Z2¢; CAlll (16), 144258y; CAlll (4),
24780r.

In =the course of cthe vreparation of the LC?
30 pigments, the starting substances cited as examples are

oriented in & xnhown manner. This can pbe accomplisned,

Zor example, 2V Xxnifs coating onto a metal, plastics ox
glass supstrace. The <nltfe coating oL Liquid-
-rvstallins tolvorganosilcxanes onto z Iilm i1s Xnown,

35S Zor examplie, frcm EP-A-0 3538 208.
The criented ligquicd-crxystallline substances are
crosslinked as 1s xnown ZIrom the prior art Ior the
respective material. For example, liquid-crystailine

Dolyorganosiloxanes can be crosslinked thermally by the
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method described in EP-A-0 066 137. The liguid-
crystalline polyorganosiloxanes described 1in EP-A-
0 358 208 can be three-dimensionally crosslinked
vphotochemically, for example by irradiation with UV
light. An overview of methods for the photochemical
crosslinking of oriented starting materials can De
found in C.G. Roffey, Photopolymerization of Surface
Coatings (1282), John Wiley & Sons, Chichester, DD.
137-208.

The particular perceived color of the coatings
croduced Zrom “he agueous coating compositions
according t©o =the invention 1is a result of parallel

alignment of =zhe plateletlike LCP pigments 1in :the

lJ
}
a

ccating 1. The regular structure and the unilorm
molecular arrangement within these liquid-crystalline
units gives rise to interZerence phenomena with <the
‘ncident light. The perceived color changes depending
on the incident angle of the light and, in addition, on
the viewing ancle. When viewing a three-dimensional

article with such a coating, for example, this results

3

» a perceived color which wvaries over the entire

1

-y
L

The agueous c¢oating composition according to
rhe inventicn mway Dpbe physically drying or may be
crosslinkable with the formation of covalent bonds. The
ccating compos-tions which cressiink with the Zormatlon
=7 covalent »Donds may be autocresslinking or externally

crosslinking svstams. The systems may comprlse one oOr

T’::e acueous ccating composition acccrding €0

—he invencion comprises water-dilutable D»pincers. 7o
assure =tneir Zilutapility in water, <Chess Dblnders
comprise ocnicnl and/ocr ionic groups which Laparc
avaropnlliTity.

xamp.=2s of suitable nonicnically stabilzzed
pinders ars tTncse Dpincders whose dilutability 1n water
is achieved zv the Lncorporation o©f »olyether segments
nto the resin melecule. Examples of polyurethane

resins or vcolvurethane acrylate resins stapilized 1In
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this way are cescribed 1in EP-A-0 354 261, EP-A-
0 422 357 and EP-A-424 70S5.

The water-dilutable binders which carry ionic
groups may pe DpDlinders carrylng catiocnilic or anionic
groups.

zxamples ©I approrr.ate cationically stabilized
binders are described 1n DE-A-40 11 633. These are
completely or cartially neutralilzed, cationic,
(meth)acrylic ccpolymer  resins, polyester resins,
polyurethane resins and/or polyurethaneurea resins,
aspeclally those having a&a number-average molar mass
(Mn) of from 500 2 500,000, an OH number of from 0 toO
450, an amine numper o©of ZIrom 20 to 200 and a glass
Cransition temperature of Zrom -50 to +150°C.

’referred Dbinders are those stabilized Dby
anlconic groups. hey comprise one or more Iilm-forming
resins as ars customary in agqueous coating
compositions, esveclally 1in agqueous Dbasecoats. The
film-forming resins can, Ior example, have a polyester,
(meth)acrylic ccpolymer or, preferably, a polyurethane
Dasis. They may  be autocrosslinking, externally
crosslinking oY physically drying. Examples of
appropriate water-dilutable (meth)acrylic copolymers
are descriped inn ZP-A-0 299 427 and EP-A-0 287 144.

ExXamp.es ot appropriate water-dilutable
Dolyestaxy rasins are descriped i1n DE-A-29 26 854, DE-A-
28 32 142 znd =ZP-A-0 301 z00.

- i
!

LSO possible to employ mixtures or

Ny —
)
S iy

Dinders. Farcicusiarly suirtable binders are those in
wnich {(meth)acrylic copolymer and ©peolycondensation
reslin arxe cresent bondea covalently or in the Zorm of

nterpenetrating resin qolacu

i

es. mXzZmpies of such 3

complnraticn <I meth)acrvlic copolymer and poliyester
resin  wALZh a2 be  used are described in  EZP-A-
0 226 171

ExXamp.2s of Tnhe anionical.y stabilized
colyurechane r2sin wnicn are particularly preferred

are descripecd .1 great diversity in the 1litcerature.

These are agueous Dolyurethane dispersions or
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polyurethane solutions, or binders 1n which
(meth)acrylic copolymer and polyurethane resin are
present oonded covalently or 1n the form of

interpenetrating resin molecules. Sultable polyurethane

U

cispersions are stable, aqueocus dispersions with a
solids contant of Ircom 20 to 50% by weignt. The weight-
average molar mass (Mw) of the resins can vary within
wide limits, for example from 1000 to 500,200.

Further examples o©f polyurethane dispersions
10 which can be usea are those which can e prepared by
the chain exrension of lsocyanate-functiocnal

prepolymers with polyamine and/or polyci. They are

cescribeqg, Zor example, in ZzZP-A-0 08¢ 497, EP~-A-
0 228 003, DE-A-35 28 124 and EP-A-Q0 S512 324.
15 Turther sxamples are polyurethane dlspersions

which c¢can be rprepared b»pDy the chain 2a2xtension of
isocyanate-:iuncticnal prepolymers with water, as set
out, for example, n DE-A-39 15 459 and DE-A-42 24 617.

- 1s also possible to use polyurethane

20 dispersicns which are prepared py the cnailn extension
cf polyisocyanate-reactlive pclyurethane prapolymers
wnich contain active hydrogen with pcolyisocyanates, as
describea, fcr esxample, 1in DE-A-39 03 804 ana DE-A-
40 01 84..

25 -urther =2xamples oI anionicalily stabilized
Dolyurethzne (PU) dispersions wnich can Dpe used are
cescripec n _E-A-42 28 3510. These are agqueous
Dolyuretnane ClsSpersicons wnlich are optainable Dy the

cnaln exTansion ot

30 - one Or more polyurethane resins COmMPrising  atc
least o2one CZH-acldic group 1n the moi=scule, by
rSa2CTlon Lo AJUeous 2or ncénaguecus Taealum WiITo

- At _2ast <ne compounc wnich 1s aple o react with
2T _.2aS8T Two TH-aclidic groups, and

33 - 1L Zesirecq, transier 2I a reacIlicn product

oprainea L a nonagueous medium T2 the agueous

=xamrclas of anionically scabilized,

polyurethane-pased Dbinders 1n  wihich (mech)acrylic
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copolymer and polyurethane resin are present bonded
covalently or in the form of interpenetrating resin
molecules are described, for example, in EP-A-
0 353 797, EP-A-0 297 376, DE-A-41 22 265 and DE-A-

S 41 22 266. These are polymer hybrids prepared Dy
amulsion polymerization of free-radically polymerizable
monomers 1in the presence oI anionically stabilized
oolyurethanes, wnich may also be functionalized with
unsaturated runctions.

10 The coating compositions according to the
‘nventicn can ccmprise zan agqueous binder, or else two
cr more agueous ocinders can be present 1n complnatlon.

Preferably, the agueous ccating compositicns accordlng

o the invention comprise agqueous bpbilinders pased on
15 anionically stapilized polyurethanes. It may be
axpedient for some, for example up to 50% py weight, or
che polyurethane pinders to be replaced by resins based
on a combinaticon of (meth)acrylic <copeolymer and
volyester resin.
20 It is also possible for water-dilutable binders

based on cellulose to be present.

To prepare the agueocus coatling ComposSitlons
according to the invention 1t 1s possible, especilally
if the binders =smployed are not autocrosslinking, to
25 use various crosslinking agents, such as, Ior example,

formaldehyde ccndensation resins, such as phenol-
formaldehyde condensation resins and amline-rormaldenyde

condensaton  resins, and also free or Dblockea
DOolylsocvanates. The crossiinking agents can jol=
30 employed indivicdually or in a mixture. The mixing ratlo
of crosslinking agent to binder resin 1s Drererably
from 10:50 o 40:30, zarticu.zxly prererzziy Zrom 20:80

~c 30:70, pased n esacn case c¢n the weignt of sclids.
Amine rasins wnich 3zre sultable crossliinking

agents include, ZIor =xample, alkylated condensacion

L)
N

' -

products preparsd Dy reacting aminotriazines and
amidotriazines with aldehydes. In accordance with known
cechnical orocesses, amines or compounds carrylng amino

Jroups, SsSuch &as melamine, guanamine, =zscetoguanamline,
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benzoguanamine, dicyandiamide or urea, are subjected to
condensation 1in tche presence of alcohols, such as
methanol, ecthanol, propanol, butanol or hexanol, with
aldehydes, especially formaldehyde. Examples oI such
r2sins and their vpreparation are described in Houpen-
Weyi, Methoden der organischen Chemie, 1963, page 357.
These products are avallable commercially.

It 1s possible to employ <Iree or bplocked
polylsocyanates as crosslinking agents. The
polyisocyanates ars any desired organilc dilsocyanates
anc/or polyisocyanates having free 1socyanate groups
wnich are attached to aliphatic, cycloaliphatic,
araliphatic and/or, less preiferably, to arcmatic
scructures and whicn are liguid at room temperature OX
are liquefied by adding organic solvents or wnhich, in
dissolved form at 23°C, generally have a visccsity ot
Zrxrocm 0.5 to 2000 mPas, preferably of more than 1 and
scelow 1000 mPas, particularly preferably below
200 mPas. Preferred diisocyanates are those contalning
Srom about 3 to about 36 carbon atoms, 1n particular
from about 8 tc 15 carbon atoms. Examples of suitable
dlisocyanatces are hexamethylene dlisocyanate,
tetramethylxylylene dilsccyanate, lsophorone
cllisocyanate and dicyclohexylmethane dilsocyanate.

Preference is given ¢to the use o©of ©poly-
_socvyanates ot relatively high 1 socyanate Tunc-
cionalicy, for example polyisocyanates preparea by dil-
and/or trimerization o©of the abovementioned dlliso-
cvanates. rurther =xamples are polyisocyanates whicn
contaln biuret groups and are prepared by reacting the
apovementioned Jlisocyanateas wilzh water, or

-

TClylsocyanataes WwhlCh contaln uretliang Jgroups anda are

W e
W
3

(D

pared Dy resactlcn with polyols.

'3
(7
e
{D
()
(1)
{
(D
0
't §

the Dblcoccked rolyisocyanates, -t
1S pcssibie toO use any desired organic polylsocyanates
wnich are suitable I0r crosslinking, ror exampie those
menticned apove, 1n wnhlich Che Lsocvanate groups have
ceen reacted wizh a compound such that the blocked

coclyisocyanate Icrmed 1S resistant o hyaroxyl Jgroups
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and water at room temperature but reacts at elevated
temperatures, 1n general in the range from about 90 to
apbout 250°C.

The Dblocked polyisocyanates which can Dbe
employed as crosslinking agents can be blocked with
customary, volatile, monovalent blocking agents as are
employed, for example, 1in paint chemistry. Examples

thereof are various alcohols, oximes, phenols, amines,

beta-keto compounds, phthalimide, etcc. Within a
molecule, the polyisocyanates can be blocked with
rdentical or different blocking agents. As crosslinking

agents 1t 1s also possible to use mixtures of
ClIiIferently olocked polylisocyanates, and also
polyisocyanates wnhich are Dblocked differently within
tne molecule.

The coatlng compesltions according to the
invention can additionally comprise polymer micro-
carticles wnich are known to the person skilled in the
art and are customary in the paints sector. Crosslinked
Or noncrosslinked microparticles can be employed.
Zxamples of such polymer microparticles are described
1n ZP-A-Q 038 127 and EP-A-0 234 362.

The agqueous coating compositions can
acdditiconally comprise technical paint additives, Ior
exXample agents wnicn 1nfluence the rheology, such as
nigniy disperse silicic acid, inorganic phyllosilicates
Cr poliymeric urea compounds. Examples ©of other
ezlective thickeners are water-soluble cellulose

=
hers, such as aydroxyethylcellulose, methylcellulose

O
A
()

arccxymethylcellulose, and synthetic polymers

Daving Ionic groups and/or grcups with an associated

2CT.on, such as polyviny. zilconcli, coly(meth) -
zCcrylamice, coly(meth)acrylic acid, polyvinyl-
cvrroliZone, styrane-maleic anhvdride or ethvlene-

mailelc zannydride copolymers and their derivatives, or

21lse ~vdrovnopically modified, et noxylated poly-
uretnanes <cr cTolvacrylates. It 1s also possible to
2mploy antilsettling agents, leveling agents, light
stapl ers (Ior example o©of <che HALS type, of the
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benzotriazole type, micro-titanium dioxide), antifoams,
for example silicone-containing compounds, wetting
agents, and adhesion-promoting sSubstances. The term
wetting agents also 1ncludes known paste resins as are
described, for example, 1in DE-A-40 00 889, which can be
employed for 1improved dispersion and grinding ci the
pigments. In order to accelerate curing, 1t 1s possible
1f desired to employ catalysts.

Suitable solvents, which may be present in
small amounts, are customary technical paint solvents,
which can come ZIrom the preparaclion ©f the binders or
are aaded separately. Examples oI such solvents arse
mono- ©or polyhydric alcohels, £for example Dropvancol,
butanol and nexanol; glycol ethers or glycol esters,
Zor example clethylene glycol dialkyl echers,
dipropylene glycol dialkyl ethers, eacn with C,-C,-
alkyl, ethoxyprcopanol and butvliglycol; glycols, for
example ethylene glycecl, propylene glycol and oligomers

thereof, N-methylpyrrolidone, and ketones such a&as

|

methyl echyl xetone, acetone and cyclonexanone;

aromatic or aliphatilic hydrocarbons, for examplie toluene

and xyvlene, or .inear or Dbranched, aliphactic, C.-C,,
hyarocarpons.
cssible

3y way CIi the cholce oI solvents 1t is

Hh
16

low and wviscosity of the coating
compesitien. By way of the 2oiling point of the solvent

L
oyed, 1s possible <o 1influence the

The ccatlng composition aCccording TO  the
nvention comprises at least one LC?P cvigment and, if
Jdesired, one or more 1lnorcanlic and/cr organic color-
_mparTing apsoronilicon pigments, LI daesiraed ons orx mora
Zillers, and 21580, 1f dssired, one or more solublse

SYganlc dyes. Tohe Coatling compesitlion according o the
_nventlicn comprises o special-eifect pigments other
than tne LC? pigments. The absorption pigments and dves
are prereraply cark 1 nature, since Then :the special

erfect aimed at 1n accordance witn the invention

»s r=2iniorced tTO a particular degr=e. The :ossorption
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pigments and dyes can, wlth regard to their color, be
adapted to the eifective 1nterference color or the LCP
pigment or can differ Irom 1t. Prererably, the coating
composition according to the 1nvention comprises only
5 one LCP pigment or a mixture o¢f LCP pigments of
diZferent eflectlve incterference colors and no
additional dyes or absorption pigments. By way of the
mixing of a vlurality of LCP pigments with different
effective interference colors, there are no limits on
10 the establishment of all conceivable shades of color.

For incorporatlicon 1nto the coating compositions
according <©2 e ilnventlon, ~he pulverulent LCP
pigments are ZIirst of all processed with preferably
water-dilucaple crganic scolvents and aadditives to form

15 a wvaste. During tne preparation of the paste, 1t may be
expedient ©o ada water-dilutable Dpinders, Ior example
checse described above, and/or a customary vaste resin.
Care must be taken that the plateletlike LCP pigments
are not damaged mechanlically during the  mixlng

20 operation.

Examples of color-imparting absorption pigments
and/or fillers, which may Dbe organic or inorganic in
nacure, are titanium dioxide, i1ron oxilide plgments,
carbon black, silicon cioxide, Dparium sulfate, talc,

25 azo pilgments, phthalocvanine pigments, Jgulinacrldone
plagments Cr vyrrolopyrrole plgments.

The ccler-imparting absorprion pigments and/or
lers are generally dispersed -n a portion of the
ter-dilucaple plinaers. Dispersion can alLso,

20 rpreferably, taks place 1n a specililc water-dilutable

ste resin. One example ©if a vcTaste resin whlcn 1S

- -

Jased on an anionical.ly

stab Z
and wnich can e emrloyed prerferably 1n tihe coating
e

composition accerding o

L)
1

_E-A-40 00 889. Dilspersion takes ©vlace 1n customary
2gulpment wnich -3 Xnown o the rerson skilled 1n the
Chaell Subsegquently, che finisned color plgment
dispersion 1s mace up with the remainder of the agqueocus

olncer oOor OL Che aguecus paste resin.
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If paste resins are present 1in the coating
composition, they add to binder plus any crosslinking
agent present.

Where the coating compositions according to the
invention are =-nhose formulated on the Dbasis of
cationically sctapilized binders, they contain acids as
neutralizing agents. Examples are formic ac:id, acetic
acid and lactic ac:id.

Where the coating compositions according to the
invention are =-hose formulated on the <Zzasis of
anionically stabilized binders, cthey contailn Dases as
neutralizing agents. Examples are ammonia or Organic
amines, such as -riethylamine, N-methylmorpncline, Or
amino alcohols such as dimethylisopropanoclamine,
dimechylethanolamine and 2-amino-2-methyl-1l-prcoanol.

The coating composition according to the
invention can also be prepared in the form of so-called
modules, from which the composition 1s ultimately
prepared by mixing directly Dbefore use. FOr example,
che LCP pigments can be part of an effect module. In

sddition, for example, the water-dilutable binders can

be part of a binder module and, i1f desired, oI a color
module and/or =ffect module ©prepared separately
rherefrom. The crosslinking agents, for examp.2, can be
part of a crosslinking module. Other constituents can
be present in the form of further separate modules. An
example of a modular system of this kind 1s described

in German Patent Application P 43 01 991 from the same applicant
published July 28, 1994.

The <c¢oating composition according to the
invention, for =xample an agueous basecoat accordlng to
the invention, nas a solids content whica 1s, for
example, from 10 to 50% by weight, preferably from 15
to 30% by weight. The ratio of total pigment IO binder
in the aguecus casecoat according to the invention 1s
preferably IZIrom 0.03:1 to 1l:1, particularly oreferably
between J.06:1 and 0.6:1, based in each case on the
weight of solids. The LCP pigment/binder ratio in the

coating composition according to the invention 1S
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preferably Irom 0.03:1 Lo 0.5:1, particuiarly
creferably from 0.05:1 to 0.25:1. In the abovementioned
ratlos, the term »inder comprises the binder as such
olus any crosslinking agent present plus any paste

resin present.

The solvent content c¢f the coating compositions
accordling to the iInventicon 1is, Ior example, below 20%
oy weight, preferaply below 15% by weight, particularly
preferably below 0% by weight.

The <coating compositions according to the
invention can be zpplied by customary methods. They are
oreferably applizsd by spraying 1n a dry-film thickness

of, for example, IZrom 15 o 40 um. When used as an

agueous Dpasecoat, they are preierably applied ony the

}

wer-on-wet technicue; 1n other words, after a IZlash-off
phase, ZIZor exampie at Zfrom 20 to 80°C, cthe agueous
vaseccat films <can Dbe overccated with a custcmarv
clearcoat 1in a cdry-film thickness of preferably from 30
to 80 um and the two coats can be dried together or
crosslinked at temperatures of, Zor example, from 20 to
~40°C. The drying conditions of <the topcoat layer
(basecoat and clearcoat) depend cn the clearccat system
used. They may, ZIor example, be from 20 to 150°C. For
refinish purpcses, temperatures of from 20 toc 80°C, for
example, are preiz=rred. For production-line finisning,
oreferred Camperatures are generally above 80°C, for
example apove 100°C. Suitable clearcoats are, in
principi=2, all Xncown clearcoats or coating compositions
pigmented with Cransparent oDigments. In this case it is
possible to employ either solvent-concaining one -

component or Lwo-component cating materlals, water-

cl.lutable clearccats or powder clearcoats. -:- may be

expedient TO chccese a clearcoat thickness which i1s in

~ne regicon apcove 30 um, ZIor example Dy aprplving two
clearcoat ZIilms comprising Identical or differentc
~lguld clearcoats, or a corresvonding powder clearccat

}

¢

-21lm. These multicoat paint systems can pe applied =o
various kinds oI substrates. The substrates are

generally metaillc oOr plastic substrates, and are
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A— - 16 -
irequently precoated; that 1s to say that plastics

‘

substrates, Ior example, can be proviaded wiIn a polymer

primer, metallic substrates generally c-ossess an

electrophoreticalily applied primer and, if <essired, one

5 or more further ccats 1n addition, for examp.e a filler
coat. In generali, tChese ccats are cured.

As an agqueous pasecoat the coating composition

according t¢o the 1nventicn can, however, also be

applied wet-on-wet to noncrosslinked £iller coats, as

t_.l
O

described, for sexample, 1n EP-A-0 238 037. In this
case, the pasecoat 1s generally stoved tcgether with
the filler coat prior to application c¢i 3 clearcoat
copcoat.
The substrates to Dbe coated with Zhe coating
15 composition according to the 1nvention are prelerably
dark substrates. The term substrate 1in thlis context 1s
to be understcod not only as a substrate which 1s
provided on i1ts surface with a dark coat ©if paint but
also a substrate, for example a plastics substrate,
20 witnh 1inherently dark pigmentation. Exampies of dark
coats of paint are primers, for example primers applied
electrophoreticall Or Dby sSpray palnting, polymer
primers, filler ccats or anti-stonechip coats, or else

solld-colcr bpasecoats or topcoats. The dark substrates

25 or dark coats o©f paint are pilgmentea with dark
apscrption pigments, speclai-eifect pilcments being
axpressly excluded. =zZxamples oI dark substrates are
those whica arxs dark blue, cark red, carx Jgreen or,
preferably, adarx gray, with bplack Dbeing particularly

30 preierred. In sucn cases, the effect almeda at with =che

e Y

COartlng cComposS.ITion accoraing to the 1nvention stands
cut with varcticular aqisctnction. The ccating compo-
S1T.0NnsS accorcing Lo tCne nvention can, OL course, =180

ce zpplied to supstrates wWith & reiratlively _ight colocr,

{2)
(N

{1,
(L
(1
i ¥
'3

put then the special c¢color esffect z2ime

accordance wicn the nvention 1s effective onl

ge
(T
O
Y

_esser axtent.
The ccating composition acccecrcing  to The

_nvention rcvermits the proauction o¢f ©oright-colorea
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multicoat paint systems with a surprisingly strongly
cronounced c¢olor flop. The perceived c¢olor of the
Zinished substrates changes 1n dependence on the
incident angle of <the light and, 1n addizion, on the
viewling angle, out 1S independent o©of external
cemperature e

The aquecus coating compositlons according to
the invention meet current =nvironmental requirements,
and the multicoat paint systems cobtained therewith meet
che requirements which are nowadays customary in the
Zinishing o)s automopiles. The agueous coating
compositions accerding Co tnhe ILnvention are therefore
suitable fcr the CEM Iinishing and refinlishing oI
venicles, especilally as an agueous pasecoat, »but can

1so be employeda In other sectors, for example 1n the

31s
cainting o©f plastics, especially the painting of
2UCOmMOotlve components.

Example 1:

Polvorganosiloxanes with methacrvlovl-functional side
chains
A soluticon of 233 g of 4-(prop-2-en-l-oxy)ben-
zcic acid cholesterol ester (obtainable 1n accordance
wizh DE-A-3 110 C48), 178 ¢ ©of 4-trimethylsilcxyphenyl
4- (zrop-2-en-.1-oxy)kenzoate (obtalnable 1n accordance
wizh EP-A-0 258 208, vage 3, Section (C) and 6.9 g ct
cetramethylcyclotastrasilioxane 1n 400 ml oI tcluene was
colled under r2IiluxXx Lwn tne presence of 24 mg of
1 ta tinum 2Zichloride for 1 nour andg,

a
following the aacicion ©f a soliution of 1.2 g of NaCH
a

n 30 ml ¢f echanoli, Zor sarther 7 hours, Ln crder Lo
cl2ave tnhe sl1.vy. atnier. The reacTion mixXture wWas
cncentrataed Tt 1/3 o9f i1ts volume in a rotary

avaporator, 7.5 ¢ oI pv-tclusnesulionic acid and 154 g
cI methacrylic zannvdrice wers added, and the mixture
was hneated at 100°C Ifor I nour. After removal of the

-

volatile consticuents py d.stillation, the resicue was
ahd

reprecipizatad twice Irom methylene chloride/ethancl.
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The proauct had the following physical and

chermodynamic data:

Glass transition point: 14°C, clearing point: 141°C.

Example 2:

Preparation of a polymerizable monomer

1-2thylpheny. metnacryloxybenzoate

A solution of 16.9 g o©f 4-ethylphenyl 4-tri-
methylsilyloxypenzoate (prepared according to the
instructions 1in =zZP-A-0 358 205, page 9, section C) in
5 ml of toluene and 10 ml of ethanol was roiled under

rerluxXx for c¢cne nour and then freed frem volatile

ccnstituents oy neating at 100°C for 60 minutes. The

3.3 g oL t-zTnylphenyl 4 -nydroxypenzoatcs whicn
ramalned were Zlssolved, together with 30 g of

ethacrylic anayaride and 1.2 g of toluenesulionic
acid, 1n 15 mi cI toluene and the solution was heated
at 100°C Zor 1 nour. After ccoling, the product was
oreclpltated with hexane and recrystallized from

ot hanol.

Example 3:
Preparation of a red liquid-crystal mixture

5 § ©I tne polyorganosiloxane prepared as in

F

=Xample 1 were cZ:issolved in 50 ml of toluene. 1.5 g of

d

1
< -2thylphenyl methacrvloxypenzcate (prepared as in
mXample 2) ana 7.5 mg of aluminum cupferron (obtainable
wnaer che name J 2301 ZIZIrom Wako Chemicals GmbHE, Neuss)
were adced o Znls solution. The toluene was then

removed at 70°C under vacuum in a rotary evaporator.

A visccus LC mass 1s formed whica has the
ZCcLlowlng paysiczal anad thermedvnamic data:
SR -y~ \ = mpm e . . -0 ~1 = . Belal “2AOC
S.&8SSs TransliTlcn Tolnt: -2°C, clearing point: 124°C.
Example 4:
Preparation of a blue liquid-crystal mixture

5  ©I tne polycrganosiloxane were prepared as
cdescriped i1n zZxample 1. This was dissolved in 50 ml of

“oiuene. 2.5 ¢ 2L methacrvlii acld cholesterol ester
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(prepared as in De Visser et al., J. Polym. Sci., A
1(9), 1893 (1971)) and 9 mg of aluminum cupferron
(obtainable under the name Q 1301 from Wako Chemicals
GmbH, Neuss) were added to this solution. The toluene
was then removed at 70°C under vacuum 1n the rotary
avaporator.

A viscous LC mass was formed whica has the
following physical and thermodynamic data:

Glass transition point: 4°C, clearing point: 132°C.

Example 5:
A) Preparation of a green liguid-crystal mixture

2.8 g of the red color mixture (prepared as
described in Example 3), 1.2 g of the Dblue color
mixture (prepared as described in Example 4) and 0.11 g
of 2-methyl-1-(4- (methylthio)phenyl]-2-morpholino-1-
propanone (obtainable under the name Irgacure 907 Lfrom
Ciba Marienberg GmbH, Bensnheim) were homogeneously
mixed with stirring.

A viscous LC mass with a greenish gleam 1s
obtained which has the following thermodynamic data:

Glass transition point: 2°C, clearing point: 128°C.

B) Preparation of an LCP pigment

4 g of the LC mass prepared as described apove
under A) were heaced to 70°C and mixed homogeneously,
with stirring, with 0.11 g of 2-methyl-1-{4-(methyl-
thio) phenyl] -2-morpholino-1l-prepanone (obtainable under
che name Irgacure™ 907 £from Ciba Marienberg GmbH,
Bensheim). The ligquid-crystalline material was applied

at 80°C using a doctor blade to a polyethylene

terephthalate Ziim (Hoechst  AG, Films Division,
Wiesbaden) in coat thicknesses of 7 micrometers, the
film being advanced under the Iixed blade at a rate of
sbout 2 meters per minute. The ligquid-crystalliine

molecules were simultaneously oriented owing to the
shear gradient zetween blade and film. This coat was
subsequently irradiated £for S5 seconds with a mercury

discharge lamp (80 watts/cm) and thus was three-
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dimensionally crosslinked. The coating film procuced on
the PET film was tack-free and britcle in the hot and
the cold state. It had a reflecrtion wavelength of 530
nanometers f(angle of incidence and viewing angle 459)
The mechanical separation of the siquid-crysctalline
materlal cbtained in this way from the substrate was
achieved by guiding the film over a deflection roller
with a diameter of 10 cm and, in this way, vpeeling the
crosslinked material from the substrate. The crinding
of the crosslinked, substrate-free material was carried
oQut 1n a universal mill. Grinding o¢f the crosslinked
polyorgancosiloxanes, which were cbtained pregominantly
in the form of lesaflets ({size: a faw millimetsers to
centimeters), Zor five minutes gave a culverulent
fraction. The ground material was then subjectad to a
Sl1eving process in order ©TC narrow the partlclile-size

alstribuctiorn.

Example 6:
Preparation of a binder module

The Iol.owing constituents are mixed ~ogether
thoroughly with stirring:
26 .2 Parts or a PU dispersion according zo DE-A-

4 224 617, preparation example 3,

3.3 Darts or nexamethoxymethyvlimelamine,
= carts CcI n-putanol,
3.5 parts oI a commercial thickener based cn Doly-~
acrylic zcid,
0.25 cart oI N,N-dimethvliethanclamine, and
56.25 varts oI ceionized water.
Example 7:

Preparation of an LCP effect module

‘ne Iol_owing constituents are present ‘n She

LC2 =2rffect modu.e

35S parts or the PU disversion from Exampls 5,

12 parcs cI the LCP gzigment according oo =xample
> B (parzicle-size Zfractiocn: 1-100 um)

n

parts ©r outylglycol,

)
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1.3 parts or the thickener ZIrom Zxample 6, and
0.2 part of N,N-dimethylethanolamine.

The LCP? pigments are pasted up with solvents
anc additives. The binder is then added and the
cnstituents are mixed thoroughly. The mixture is then

dlluted with 24 parts of deionized wacter.

Example 8:
Preparation of an agqueous LCP effect basecoat

80 parts of the binder module from Example &
and 20 parts of the LCP effect modulsa from =xample 7

were mixed unilZcrmly in ord O Zormulate storage-

=ba
stable aqueous effect kasecoats.

Example 9:
Preparation of a multicoat paint system

The acueous LCP effect basecoat from ~Xxample 8
s applied by spraying, in a dry-film thickness of 20
micrometers, o customary, vhosphatized metal podywork
panels which have been precocated by cathodic ceposition
and with a 2lack filler. Following the applicaczion, the
coating 1s Ilashed o©ff at room temperacure for 10
minutes and then predried at 80°C for 10 minutes. A
commercial two-component polyurethane clearccat based
on acrylate resin is <then apprlied in a dry-film
thickness ¢ 0 micrometers, and =the resultng vaint
system 1s cdried at 100°C (panel temperature! for 30
minutes.

A multiccat pailnt system is obtained wnich has

an extremely strongly vronounced cslor flop whose color
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CLAIMS

1. An aqueous coating composition comprising one Or more
water-dilutable binders, one or more plateletlike pigments whose
color depends on the viewing angle, which consist of oriented,
three-dimensionally crosslinked substances of liquid-crystalline

structure with a chiral phase.

2. The aqueous coating composition as claimed in claim 1,
further comprising at least one of:
- one or more crosslinking agents
- one or more color-imparting absorption pigments
- one or more color-imparting fillers

= customary paint additives.

3. The aqueous coating composition as claimed in claim 1 or 2,

wherein the water-dilutable binders are cationically stabilized

resins based on (meth)acrylic copolymer resins, polyester resins,

polyurethane resins or polyurethane-urea resins.

4. The aqueous coating composition as claimed in claim 1 or 2

wherein the water-dilutable binders have a number-average molar
mass (Mn) of from 500 to 500,000, a hydroxyl number of from 0 to

450, an amine number of from 20 to 200 and a glass transition

temperature of from -50 to +150°C.

5. The aqueous coating composition as claimed in claim 1 or 2
wherein the water-dilutable binders are anionically stabilized

resins based on (meth)acrylic copolymer resins, polyester resins or

polyurethane resins.
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6. The aqueous coating composition as claimed in claim 5,

- wherein the water-dilutable binders have a weight-average molar

mass of from 1000 to 500,000.

7. The aqueous coating composition as claimed in any one of
claims 2 to 6, which, as crosslinking agent, comprises formaldehyde

condensation resins or free or blocked polyisocyanates.

8. The aqueous coating composition as claimed in claim 7,
wherein the mixing ratio of crosslinking agent to binder is

from 10:90 to 40:60, based on the weight of solids.

9. I'he aqueous coating composition as claimed in any one of
the preceding claims, which has a solids content of from 10 to 50%

by weight, a pigment/binder ratio of from 0.03:1 to 1:1, a ratio of

plateletlike pigment based on three-dimensionally crosslinked

substances of liquid-crystalline structure to binder of from 0.03:1 to

0.5:1, based in each case on the weight of solids, and a solvent

content of below 20% by weight.

10. A process for the multicoat painting of substrates by applying
a basecoat/clearcoat system to an uncoated or precoated substrate,
wherein the basecoat applied is a coating composition as claimed in

any one of claims 1 to 9 and this basecoat is coated, wet-on-wet with

a clearcoat.

11. The process as claimed in claim 10, wherein the basecoat is
applied to a dark substrate or to a substrate which is provided with

a dark coating film.

12. The process as claimed in claim 10 or 11, which is used for

the multicoat finishing of automobiles or painting of parts thereof.
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13.  The use of one or more plateletlike pigments whose color
depends on the viewing angle, which consist of oriented, three-

dimensionally crosslinked substances of liquid-crystalline structure

with a chiral phase, in aqueous coating compositions.
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