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(57) Zusammenfassung: Strukturviskose Klarlack-Slurry, enthaltend feste und/oder hochviskose, unter Lagerungs- und Anwen-

o dungsbedingungen dimensionsstabile Partikel, die als Bindemittel Methacrylatcopolymerisate enthalten, die, bezogen auf ein gege-
benes Methacrylatcopolymerisat, mindestens 90 Gew.-% Methacrylatcomonomere, inklusive potentiell ionische Gruppen aufwei-
sende (Meth)Acrylatcomonomere, einpolymerisiert enthalten; Verfahren zu ihrer Herstellung und ihre Verwendung.
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INTRINSICALLY-VISCOUS CLEAR-LACQUER SLURRY, METHOD FOR
PRODUCTION AND USE THEREOF

The present invention relates to a novel pseudoplastic
clearcoat slurry. The present invention also relates .t-o
a novel process for preparing pseudoplastic clearcoat
slurries. The present invention additiornally relates to
the use of the novel pseudoplastic clearcoat slurry for

automotive O0OEM finishing, automotive refinish, the

interior and exterior ©painting of buildings, the
coating of doors, windows and furniture, and industrial
coating, including coil coating, container coating, the
coating of small parts, the impregnatio:_n and/or coating
of electrical components, &and coating of white goods.
The present i1nvention relates not 1east to the use of
the novel pseudoplastic clearcoat slurries as adhesives
and sealing compounds for producing adhesive films and

seals, especially in the aforementioned fields.

U.S. patent No 5,981,653 discloses a powder clearcoat slurry

preparable by means of a secondary dispersion process in which the
dispersing equipment cComprlises pressure release
homogenizing nozzles. Suitable . binders include
polyhydroxy polyesters, polyhydroxy polycarbonates,
polyhydroxy urethanes or polyhydroxy polyacfylates. It
is preferred to use polyesters/polyacrylate polyols
wherein the polyacrylate fraction 1is prepared from

methy 1l methacrylate, styrene, hydroxyethyl



10

15

20

CA 02444788 2003-10-17

BASF Coatings AG
PAT 00 353 DE | | July 16, 2001

methacrylate, butyl methacrylate, and acrylic acid. The

particles of the known clearcoat slurry preferably

‘feature. average particle size of from 0.23 to 0.43 um.

For stabilizing in addition to the ionic stabilization,
1t 18 necesséry to employ external emulsifiers as well,
which reduce the resistance of the cleércoéts concerned
TO wéter and moisture. Mo:;:eover, these known clearcoat
slurries always include certain amounts of organic
cosolvents or lévéling agents, which cannot.be remd{red
as they ‘are essential for the levéling p;opérties of
the initially~driéd £ilm. .Moreover, special equipfnent

is needed for their preparation. Prior to- . the

application of. the c¢learcoat slurries, they are

adjusted to the application viscosity using thickeners;
a complex  vi SCOS 1ty behavior, however, 1s not

described.

A comparable clearcoat slurry 1s known from the
Eurcopean patent applicatlon EP 0 899. 282 A2. The known
clearéoat slurry may be prepared by a direct dispersion

process or by the phase inversion process. By the phase

inversion process is meant the secondary dispersion

process set out below. It i1s lmportant that preparation

is carried out using a dispersing apparatus having a

- volume-related dispersing output of from. 1 X 10 to

9.8 x 10 000 W/cm’. Suitable binders include hydroxyl-

containing polyesters and @ polyacrvlates. It 1s

preferred to use methacrylate copolymers formed from



CA 02444788 2003-10-17

BASF Coatings AG . -
PAT 00 353 DE . - July 16, 2001

me_thyl | methacrylate, styrene, hydroxyethyl
r_nethacryiate, butyl methacrylate or butyl acrylate, and
acrylic acid. For their stabilizaﬁion, the known
clearccoat slurries redquire -externai emuléifiers; a

5. complex viscosity behavior i1s not described.

In this situation, the pseu.d'oplastic: clearcoat slurry
known from the German patent DE 198 41 842 C2 provided
substantial'ad§ance§.
10
The known pseudoplastic clearcoat slurry is free from
organic solvents and external emulsifiers and comprises
solid spherical particles with an averaée size of from
0.8 to '20 um and a maximum size of 30 um, the“c:learcoat
15 slurry having an ion-forming group content of from 0.05
to 1 meg/g, a neutral;‘izing agent content of fxrom (0.05

to 1 meqg/g, and & viscosity of

(1) from 50 to 1 000 mPas at a shear rate of
20 1 000 s,
(1) from _150_t':o 8 000 mPas at a shear rate of 10 &7,
and '

(1ii) from 180 to 12 000 mPas at a shear rate of 1 s™i.

25 Binders used are methacrylate copolymers foﬁned from

tert-butyl acrylate, n-putyl »Iﬁethacrylate, cyclohexyl

methacrylate, and hydroxypropvl methacrylate (éf. the

preparation example 1, sections 1.1 and 1.2, on page 6
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of the patent, lines 30 to 63).

The known clearcoat slurries are prepared by

1)

2)

3)

where

emulsifying an organic solution comprising binder
and crosslinking agent in watex, to give an

emulsion of the oil-in-water type,

removing the organic solvent or. the .orxganic

solvents, and t

replacing by water some or all of the solvent

removed, to give a clearcoat slurry comprising

solid spherical particles,

additionally, at least one ionic, especially
anionic, thickener and at least one nonionic
associative thickener are. added to the clearcoat

slurry.

Here and ‘below, the process 1in accordance with steps

(1) td (3) 1s referred to as the secondary dispersion

DroOCess.

/

This pseudoplastic clearcoat slurry is preparable with

a small number of processing steps; on the basis of its
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typical powder slurfy properties, with residual solvent
c‘ontents of < 1%, and its particle sizes, it exhibits
advantageous application .prOpertie.s. Even -without the

assistance of organic solvents, therxe is generally no

popping at the required film thickness of approximately

40 to 50 pm.. Moreover, the particles of the slurry,

owing to mixing of their constituents in solution, are

very homogeneous. The resulting clearcoats are bright,

cﬁemical—resistant, and flow out wvery well, without

popbing marks or cracking.

The pseudoplastic cleafcoét slurries have very good
performance properties and are highly suitable for the
production of ‘c.'learcoats for high-quality multicoat
color and‘/or' effect paint systems, such as are used to
coat automobiles, for example. In the productién .of
these multicoat color and/or effect paint' systems, the
cléércoat slurries may be used by the wet-on-wet
technique in combination with any of a very wide

variety of aqueous basecoat materials, without the

occurrence of deleterious effects such as mudcracking.

In international patent application WO 01/51569,

unpublished at " the priority date of the present

‘specification, the pseudoplaStic clearcoat - slurry of
the German patent DE 198 41 842 C2 is subsequently

subjected to wet grinding.
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In intemational patent application WO 02/38685, a pseudoplastic clearcoat slurry free

from organic solvents and external emulsifiers is
described which comprises solid and/or highly viscous
particles which are dimensionally stable under storage

and application conditions,
1. said particles

1.1 ha‘ving- an’ average particle size of from 1.0

10 | to 20 pm, at' least 99% of the particles
ha&iné a size < 30 um, and

1.2 containing as'binder at 1east.o'ne polyol with

an OH number > 110 mg KOH/g, containing

poténtially jonic groups,
and

2. sald clearcocat slurrvy

20 2.1 containing from 0.01 to 1 meq of potentially
ionic groups per g of solids,

2.2 containing, at:. a de‘gfee of neutralization of

not more than 50%, an amount of ionic groups

produced by neut_ralization. of the pot:enf:ially

ionic groups of from 0.Q005 to 0.1 méq/g of

solids, - and
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2.3 having a viscosity of (i), from 50 to
1 000 mPas at a shear rate of 1 000 s, (ii)
from 150 to 8 000 mPas at a shear rate of

10 s™!, and (iii) from 180 to 12 000 mPas at a

5 o shear rate of 1 s,

Hereagaln, the binders used are methacrylate copolymers
formed ftom tert-butyl ‘acrylaté, n-butyl methacrylate,
cyclohexyl methacrylate, and hydroxypropoy methacylate.
10 The pseudoplastic clearcoat slurry may again be

prepared by the secondary dispersion process.

'fhe known clearcoat slurries have the aisad{fantage that
they sometimes give clearcoats having microdefects.
15 These microdefects are manifested in particular on
black basecoats by way of optical effects .which are
reminiscent of metallic effects. These Opticé.l effects

are also referred to as “starry sky”.

20 It is an object of the present invent;i.on to provide a
novel p;seudoplastit; clearcoat slurry which no longer
has the di.sadvantages‘; of the prior art but which
instead retain all of the advantages of the Kknown
pseudoplastaic clearcoat slurries while giving

25 clearcoats which no 'longer have any microdefects,
especially no disruptive opti‘cal effec.:'ts, such as

“starry sky”.
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The invention accordingly provides a pseudo-

plastic clearcoat slurry comprising solid aﬁd/or highly
viscous particles which are dimenéionally stable under
storage and application conditions ;'—_and- comprising as
binders methacfylat;e | copolymers . containing in
copolymerized form, based on a givén methacrylate
c’:o.polymerf, at least 90% by weight of methacrylate

CcOmMONoOmMers, including (meth)acrylate comeonomers

containing potentially ionic groups.

The invention as claimed is however more specifically directed to a

pseudoplastic clearcoat siurry comprising water and particles that

are at least one of solid and viscous and are dimensionally stable

under storage and application conditions and which comprise

binders comprising at least one methacrylate copolymers containing
in copolymerized form, based on a given methacrylate copolymer, at
least 99% by weight of at least one methacrylate comonomer, and
wherein at least one methacrylate comonomer for the copolymer
comprises at least one methacrylate comonomers having potentially
ionic groups and at least one methacrylate comonomer free from

reactive functional groups and from potentially ionic groups.

In the text below, the novel, pseudoplastic clearcoat

slurry is refexrred to as the “slurry of the invention~.

Further' subject matter of the invention will emefge

from the description.

In the light of the prior art it was surprising for the

‘skilled worker, and, unforeseeable, that the object on

which the present invention is based could be achieved
by using the specific methacrylate 'copolymers as
binders in the slurries of the invention. A particular

surprise was that the slurries of the invention and the
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clearcoats produced from them had the same advantagieous
profile of properties as the prior art clearcoat

slurries and clearcoats but no longer formed any

microdefects.

The slurries of the invention may be curable
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physically, thermally,- with actinic radiétion, or -
thermally and with actinic radiation (dual cure). The

thermally curable slurries of the invention may in turn

‘be self-crosslinking or externally crosslinking.

Tn the context of the present invention, the term
“physical curing” denotes the curing of a layer df a.
coating material by filming as a result of loss of
solvent from the coating material, with linking within
‘10 the coating taking plaée by looping o¢f the polymer

molecules of the binders (regarding the term, cf. R&mpp

Lexikon Lacke und Druckfarben, Georg Thieme Verlag,
Stuttgazft, New York, 1938, “binders”, pages 73 and 74).

Or else filming takes ﬁiace by the coalescenée of

15 binder particles (cf. REMPD Lexikon  Lacke und
‘I.)ruckfarben, Géorg Thieme Verlég, Stuttgart, New York,
1998, “curing”, ~pages 274 and | 275). Normally, 10

- crosslinking agents are fequired for this purpose.'
Where appropriate, physical curing may be assisted Dby

20 atmospheric o;%cygen_, by h.e'at, o;r by éxposure to actinic

radiation.

In the 'context of the present inventidn, the term
'-“self—cfosslinking" refers to the capacity of a binder
25 to enter.' into crosslinking reactions with itself. A
prér”equisite for this 1s that the binders already

contain both kinds of complementary reactive functional

groups which are necessary for crosslinking. Externally
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crosslinking slurries, on the other hand, are those

‘slurries of the invention in which one kind of the

cofnplementary reactive functional groups is present in
the binder and the other kind 1s presént in a curing or
crosslinking agent. For further details, refer to REmpp

Lexikon Lacke und Druckfarben, Georg Thieme Verlag,

Stuttgar’t, New York, 1998, “curing”, pages 274 to 276,

especially bottom of page 275.

In the context of the present invention, actinic

radiation means electromagnetic radiation, such as near

infrared (NIR), visible light, UV radiation or x-rays,
especilially UV radiation, and corpuscular radiation such

as electron beams.

Where thermal curing and _curing with actinic light are
emploYed together, the terms “dual ‘cure” .and *dual-cure

powder slurry clearcoat” are also used.

Preferably, the slurry of the .invention 1s curable

thermally, or thermally and with actinic radiation.

The slurry of the invention comprises dimensionally
stable particles. In the context . of the present
invention, “dimensiohally stable” means that, under the

customary known conditions of storage and application

of clearcoat sliurries, the particles underge little if

any agglomeration and/or Dbreakdown  into  smaller

1
L
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particles, Dbut instead substantially retain their

original form even under the influence of shear forces.

The particles may be highly wviscous and/or solid.

Preferably, the dimensionally stable particles are

solid.

For the slurry of the invention it is advantageous if

the average size of the particles 1s from O.S to 20 um
and with particular preference from 3 to 15 um. By
average particle sié.e 1s meant the 50% median wvalue aé
aetemined by the lasef diffraction method, 1i1.e., 50%
of the particles have a diameter < ;he median value and
50%: of the particles have a diameter 2 the median
value. Preferably, at ieast 99% of the particles havé a

size < 30 um.

Slurries having average particle sizes of this kind and

a solvent content of < 1% exhibit better application
prbperties and, at the appl‘ie:d film thicknesses of
> 30 um as presently practiced in ;he oautomobile
industry for the finishing of automobiles, exhibiﬁ much
less of a tendency toward popping mﬁfks and mudcracking

than conventional clearcoat slurries.

The upper limit on particle size 1s reached when the

size of the particles means that they are no longer
able to flow out fully on bkaking, and thus film

leveling' 1s adversely afrected. In . cases where
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requirements regarding the appearance are not very
Sstringent, i'xowever, the limit may also-be higher. 30 um
is considered a sensiEle upper‘li'mit:, since above this
particle size the spray nozzles and rinsing ducts of
5 the highly sensitive application apparatus‘ are likely

to become blocked.

The slurxry of the invention .is, preferably,
substantially or entirely free fi:bm organic solvents.
10 In the cdntext of the present invention this means that
it has a residu‘al volétile solvent content of < 3% Dby
r}veight':', vpref'erably' < 2% by weight,‘ and with particular

preference < 1% by weight.

15 Preferably, the - slurry of the invention is
subs.tantially free or entirely free, in the sense
mentioned above, from external emulsifiers (regarding
"emulsifiers”, cE. Johan Bieléman, “Lackadditive”
[additives for coatingé], pages 160 to 100,

20 “Grenzfldachenaktive Verbindungen? [“interface-active
compounds”] ). Excluded from this are the alko#ylated
C16-Cig fatty alcohols, which are preferably added to
the slurries of the invention in the course of their
preparation by the secondary dispersion process, by way

25 of the organic solution or by way of the water of the

constituents.

The preferred particle sizes as described above may
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also be obtained even wi.thou‘t‘ the aid. of additional,
external emulsifiers, 1f the slurrxry ¢f the inve.ﬁtion
contains from. .05 to 1, preferably from 00.05 to 0.9,
more preferably from .05 to 0.8, with particular
preference from 0.05 ‘,t.o 0.7, and -in particular - from
0.05 to 0.6 meg of poteﬁtially ionic groups per g of
solids. The amcunt of neutralizing agents .is preferably
chosen such that the degrée of neutralization is 100%,
preferably below 80%,. with particular preference below

60%, and in particular below 50%.

The chemical nature of "the binder is generally not
restricting in this reSpec.t,’ provided, 1t contains ion-
formin.g groups wh:‘i.'ch can be converted into salt groups
by neutralization and which, as a result, are able to

take over the function of i1onic stabilization of the

particles in water.

Suitable anion-forming groups include acid groups such

as carboxylic acid, sulfonic acid or .phosphonic acid
groups, especially carboxylic acid groups. Accordingly,
bases, such aé alkali metal hydroxicdes, ammonia or
amines, are used as neutralizing agents. Alkali metal
hydroxides éan be us.ed only to a limited extent, since
the alkali metal ions are not wvolatile on baking and,
owing to their incompatibility with organic substances,

may cause the film to become cloudy and may lead to

-loss .0f gloss. Therefore, ammenia or amines are
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preferred. In the case of amines, tertiary amines arxe

preferred. By way of exanple, mention may be made of

N,N-dimethylethanolamine or aminomethylpropanoclamine

(AMP) .

5
Suitable cation-forming groups include primary,
secondary and tertiary amines. Accordingiy,
neutralizing agents used ;are, in particular, low

molecular mass organic acids. such as formic acid,

10 acetic acid, dimethylolpropionic acid or lactic acid.

For the preferred use of the slurry of the invention 1in
automobile . finishing as an unpigmented clearcoat

material, preference is given to polymers or oligomers

15 containing acid groups as ion-forming groups, since

these so-called anionic Dbinders generally exhibit

better resistance to yellowing than the class of the

cationic binders.

20 However, cationic binders containing groups which can

be converted into cations, such as amino groups, are -

likewise suitable for use in principle, provided the
field of use tolerates their typical secondary

L

properties such as their tendency toward yellowing.
25
It is essential for the slurries of the invention that

the dimensiocnally stable particles comprise as

binder(s) at least one methacrylate copolymer which

- »
pals N
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contain in copolymerized form,o .based on  a given
methacryiate copolymer, at least 90% by weight,
preferably at least 95% by weight, and in particular at
least 9'9%. by welght of methacrylate COMCNOMers,

: r

including methacrylate COmMoNOMexrs containing

potentially ionic groups.

Preferably, the (meth)acrylate comonomers containing

potentially ionic groups comprise acrylic acid, beta-

carboxyvethyl acrylate and/or methacrvlic acid,

especially ~methacrylic acid. The (meth)acrylate

comonomers - containing potentially i1onic groups are
preferably copolymerized into the methacrylate
copolymers in an amount such that the above-described

amount of potentially ionic groups in the particles can
be set without problems.. They are copolymerized into
the methacrylate COpdlymers preferably in an amount of
from 0.1 to 3%, more preferably from 0.2 to 2.8%, with
particular preference from 0.3 teo 2.6%, with very
particular preference from 0.4 to " 2.4%, and 'izi
particular frbm 0.5 to 2.2% by weight, based in each

case on a given methacrylate copolymer.

The methacrylate copélymers preferably have a glass
transition témperature, Tg, of not more than 50°C; at
the same time ‘the glass transition temperature Tg
should IlC;Jt go 'belorlm preferably 0°C, more preferably

10°C, and in particular 20°C.
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The  glass transition 'temperature; Tqg, of the

methacrylate copolymers is preferably set by way of at

least one 'methacrylate comonomer which 1s free <from

reactive functional groups and from potentially ionic

groups. More preferably, the - giass- transition

temperature, Tg, is set by way of at least two, in

particular two, methacrylate comonomers which are free

from. reactive -fiinction‘al ~groups and from potentially
ionic groups. Preferably, E}ze glass -transiti on
temperatures, Tg, of‘ the respective homopolymers of t‘he,
met:hacrylate cémonomers that are free from reactive
functional groups and frbm potentially i1o0nic groups

differ from one another by not rnbre than 40°C.

Examples“,of suitable methacrylate comonorriers free from
reactive functional groups and from potentially ionic
groups are methyl, ethyl, n-propyl, n-;_butyl,- i-butyl,
ter£~butyl, n-pentyl, iscamyl, cyclopentyi, ﬁ-hexyl' and
cyclohexyl methacrylate..Of these, i-butyl methacrylate

(glass transition temperature, Tg, o©0f the homopolymer:

326°C) and n-butyl methacrylate (glasé transition

temperature, Tg, of the homopolymer: 293°C) are of
ddvantage and are therefore used with particular

preference.

The amount of the copolymerized  methacrylate
comonomers, free from reactive functional groups and

from potentially ionic groups, that is copolymerized
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into the methacrvlate copolymers for use in accordance

with the invention may vz—ir*y widely. It is essential

that the amount 1is chosen such that the resulting

methacrylate copoiymers have the glass transition
temperatures, Tg, described above. The amount is
preferably at least 50%, more preferably at least 55%,
with particular preference at Ileast ‘60%,, with very
particular preference at least 65%, and in particular
at least 70% by weignt, Eased in eéch case on é given

methacryvlate copolymer.

The welight ratio .of. .the methacrylate comonomers used
with wparticular preference, n-butyl methacrylate and
i-butyl methacrylate, may vary widely. The n:i weight
ratio is preferably from 10:1 to. 1:6, mére preferably
from 8:1 to 1:4, with particular preference from 6:1 to

1:2, with very particular preference from 5:1 to 1:1.5,

and 1in particu‘lar from 4:1 to 1:1.

"Where .the slurries of the invention are physically

curable slurries, the methacrylate copolymers contain
reactive functional groups, i1f at all, only in a number
which 1ig& insubstantial as far as crosslinking is

concerned.

Where the slurries of the invention are thermally self-
crosslinking, the methatrylate copolymers contain thé

complementary . :eact'ive functional groups. for thermal.
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crosslinking, described below, and/or - reactive
functional groups which are able to crosslink *“with

themselves""’, i.e., with groups of their own kind.

Where the slurries of the invention are curaple with

actinic radiation, the ,methac:cylate copolymers may

contain reactive functional groups having at least one
pond which can be activated with actinic radiation.
These reactive functional groups. are mandatorily

present  in the methacrylate copolymers of the slurries

‘of the 1invention that are curable with actinic

radiation if the slurries. contain no other radiation-
curable constituents.
Where the slurries of the invention are dual-cure

slurries, the methacrylate copolymers contain reactive

functional groups for thermal crosslinking and/or

reactive functional groups containing at least one bond

which can be activated with actinic radiation. The
reactive func:tion;al groups containing‘ at least one bond
which can be activated with actinic radiation are
mandatorily present 1in the methacrylate copolymers of
the duai—-cure slurries of the invention if the dual-
cure slurries contaih ne other . radiation-curable

constituents.

Examples of suitable complementary reactive functional

groups for wuse in accordance with the invention are

e
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placed together in .the following overview. In the

overview, the wvariable R stands for an acyclic or

cyclic-aliphatic radical, an aromatic radical and/or an

aromatic-aliphatic (araliphatic)} radical; the wvariables
R’ and R" stand for identical or different aliphatic
radicals or are linked with one another to. form an

aliphatic or heterocaliphatic ring.

Overview: Examples of complementary reactive fuhctional

groups

Binder and crosslinking agent

oxr

Crossiinking agent and binder
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The selection of the respective complementaryy reactive

functional groups is guided on the one hand by the
consideration . that they should not enter into any

unwanted 1xreactions during the preparation of the

binders and  during @ the  preparatiorn, storage,

oplication, and melting of the slurries of‘ the

it

i |

a

invention, and in particular should not form any
polyeleétrolyté complexes or undefgp prema‘t:u're Cross-
linking, and/or must not disrupt Or ‘inhibit curing with

actinic radiation, and secondly by the temperature

‘range within which crosslinking is to take place.
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For the slurries of the invention it is preferred to
employ crosslinking tempergtures of frorr‘z' 60 to 180°C.
Use is therefore made preferably of binders co‘n‘taining
thio, hydroxyl; N-methyloclamino, N—alkoxym'ethylar.ni‘no,
1mino, c:.a-rbamate, and/or al.lophanate groups, preferably
hydroxyl groupé, on the one hand. and, p‘refera.bly,"
crosslinking agents containing aﬁhydride, ePOXY,

blocked and unblocked, especially blocked, isocyariate,

urethane, methylol, methylol - ether, " si1loxane,
carpbonate, amino, hydroxyl N and)ér beta-
hvdroxyalkylamide - g;bups, .pfeferably blocked
isocyanate, carbamate . and/orx N-alkoxymethylamino .

groups, on the other.

In the case of‘ self~crosslinking slurriés of the

invention, the = binders - contain, in particular,

methylol, methyiol ether and/or N-alkoxymethylamino

groups.

Complementary reactive functional groups- which are
especially suitable for use in the thermélly externally

crosslinking slurries of the invention and the dual-

‘cure slurries of the invention are hydroxyl groups on

the one hand and Dblocked isocyanate- groups on the

other.

The functilionality of the bindexrs in respect' of the

reactive functional groups described above may vary
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very widely and is guided in particular by .the desired
crosslinking.density and/or by the funétioﬁality of the
crosslinking agents tnat are employved in each case. In
the case of hydroxyl-containing binders, for example,
the OH number ‘is preferably from 20 to. 300, more

preferably from 40 to 250, with particular preference

from 60 to 200, with vei'y particular preference from 80

to 150, and in particular from 100 to 180 mg KOH/g.

The above¥des§ribed complementary ‘reactivg functional
groups may be incorporated into .the .biﬁderé 1n
accordané.e with the custoxpary and known methods of
polymer chemistry; This can be done, for example,

through the incorporation of methacrylate comonomers

which carxy the corresponding reactive functional

groups, and/or with the aid of p'olymer-analogous

reactions.

Examples of suitable methacrylate comonomers containing
reactive functional groups are ﬁethacmlate COmONomers
which carry at 'iéast one hydroxyl, aminp, alkoxymethyl-i
amino, cai'bamate, allophanate or imino group per

molecule, such as

. hydroxyalkyl esters of methacrylic acid, which are
derived - from an alkylene . glycol which is
esterified with the acid, or which are cbtainable

by reaction of the methacxrylic acid with an
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alkylene oxide such as ethylene oxide or propylene
oxide, especially hydroxyalkyl esters of
methacrylic acid in which the hydroxyalkyl group

centains up to 20 carbon atoms, such as 2-hydroxy-

ethyl, 2-hydroxypropy'l, 3-hydroxypropyvl,
3—hydroxybutyl or 4-hydroxybutyl met‘hacryléte; or
hydroxycycloalkyl esters such as 1,4-5is(hydroxy~
methyl) cyclohexane, octahydro-4,7-methano~1H-
indenediméthano'l ox rﬁethylp_ropanediol . monome th-
acrylate; or reaction products of cyclic esters,

such. as epsilon-caprolactone, and these hydroxy—

- alkyl methacrylates;

reaction products of methacrylic acid of the
glycidyl ester cf an alpha-br’anched meonocarboxylic
aciéd having from 5 to 18 carbon atoms per

molecule, particularly a Versatic® acid, or

instead of the reaction product . an equivalent

amount of methacrylic acid, which is then reacted,

‘during or after the polymerization reaction, with

the gl:;fcidyl ester cf . an alpha-branched
monocarboxylic acid having from 5 to 18 carbon

atoms per molecule, particularly a Versatic® acid:;

- aminoethyvyl methacrylate or N-methylaminoethyl

methacrylate, which may also be used to introduce

potentially ionic groups;
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- N,'N-di (methoxymethyl)aminoethyl methacrylate or

N,N~d1i (butoxymethyl)aminopropyl methacrylate;

- methacrylamides such as methacrylamide, N-—methyl.—,
5 N-methylol-, N,N-dimethylol-, N—methoxymethyl—,
N, N-di (methoxymethyl) -, N-ethoxymethyl—' | and/or

N,N-di (ethoxyethyl)-methacrylamide;

~ methacryloylo;qethyl, -propyl or ’—brutyl carbamate

10 | or &allophanate; furthex ‘examples of suitable
methacrylate  comonomers containing carbamate
groups are described in the patents

US 3,479,328 A, US 3,674,838 A, US 4,126,747 A, US
4,279,833 A or US 4,340,497 A,

15

In minor amounts, thé reactive functional groups for

- thermal crbsslinking may be int;‘oduce.d by way o.f other
olefini&ally unsatur_ated MONOomers, such' as the
corresponding écrylates, ailylamine, allyl alcohol or

20 polyols, such as triméthylolp‘ropaﬁe monoallyl or
diallyl ether or pentaerythritol monoaliyl,’ diéllyl or

triallyl ethner.

The binders of " the dual-cure .slurri.es may contain on
25 average per molecule at least one, preferably at least
two, group (s) Contéining at least one bond which can be

activated with actinic radiation.
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In the context of the present invention, a bond which
can be activated"with actinic radiation means a bond
which, on e;-:posuré to actinic radiatién, becomes
.reactive anc:i, together with other activated bonds of
1ts kind, - enters into polymérization reactions and/or
crosslinking reactions which proceed in accordance with
free-radical and/or i1onic .‘mechanisms. Examples of
suitable_ bonds are carbon-hydrogen single bonds or

carbon-carbon, carbon-oxygen, carbon-nitrogen, carbon-

phosphorus. or carbon-silicon single bonds or double

bonds. Of these, the carbon~carbon doublé bonds are

.particularly advantageous. .- and are therefore used with

very ©particular preference in accordance with the
invention. For the .sake of brevity, they are referred

to below. as “double bonds”.

Accordingly, the group that 1s preferred in accordance

with the invention contains one double bond or two,
three or four double bonds. Where more- than one double
bond is used, the double Dbonds maf -be conjugated. In
accordance with the inventioh, .howevér,.' 1t is of
advantage 1f the double bonds are present in isolation,
in §articula§: each terminally', within the group in

question. It is of particular advantage in accordance

25 with the invention to use two double bonds, especially

one double bend.

The dual-cure binder contains on average at least one
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of the above-described groups which can be activated

with  actinic  radiation. This means - that the
£unctionality of the binder -in  thils respect is
integral, 1.e., for e;cample, :Ls two, .three, four, five
or more, Or is nonintegral, i.e., for example, is from
2.1 " to 10.5 or more. The decision as to which
functionality is chosen is guided by the requirements

which are imposed on the respective dual-cure slurries.

Where on average per molecule more than one group which
can be activated with actinic radiation is used, the
groups are structurally different from one another or

of the same structure.

Where they are structurally different from one another,

this means in the context of the present invention that

two, three, four or more, but especially two, groups
which can be activated with actinic radiation are used
which derive from two, three, four or more, Dbut

especially two, monomer classes.

Ekamples of suitable groups are (meth)acrylate,
ethacrylate, crotonate, cilnnamate, vinyl ether, vinyl
ester, dicyclopentédienyl, norporneny.l, ' iso.prenyl,
isoprbpenyl, allyl or butenyl groups; -dicyclo-
pentadienyl 'ether, norbornenyl ether, 1isoprenyl ether,
isopropenyl ether, allyl ether or butenyl ether groups;

dicyclopentadienyl ester, norbornenyl ester, isoprenyl
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ester, 1lsopropenyl ester, allyl ester or but'enyl ester

grbups, but especialiy'acrylate groups.

The groups aré attached to the respective varent
structures of the Dbinders ,ﬁreférably by way of
urethane, urea, allophanate, ester, ether and/or amide
groups, but in particular by way of ester groups. This
1s normally done by means of customary and known
continuc;us polymer-analogous reactions such as, for
instance,‘ the reaction of pendant glycidyl groups Qith
olefinically unsaturated c:omonomefs containing an acid

group, of pendant hydroxyl groups with the halides of

‘these comonomers, of hydroxyl groups with isocyanates

containing double bonds, such as vinyl isocyanate,
methacryloyl isocyanate and/or l—(l-isocy}anato-
1-methylethyl)-3-(l-methylethenyl)benzene (TMI® from
CYTEC), or of -'pendant isocyanate groups with the

hydroxyl-containing comonomers described above.

In the pérticles it 1s, however, also possible to
employ mixtures of binders that are curable by means of
heat alone and of binders that are curable by means of-

por

actinic radiation alone.

Processes for preparing the methacrylate copolymers are

described, for example, 1in the European patent
application EP 0 767 185 Al, in the German patents

DE 22 14 650 B1l or DE 27 49 576 Bl and in the American

. 4 e ""-WWN”.."MY“- FONT) . .ot T i
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patents US 4,091,048 A, US 3,781,379 A, US 5,480,493 A,
US 5,47.'5,073 A oxr US 5,534,588 A or 1n the s;tandard
;mork Houben-Weyl, Methoden ' der organischen Chemie,
dth edition, . volume 14/1, péges 24 to 255, 1961,
Suitable reactors | er the copolymerization include ﬁhe
customary and known .stirz:ed tanks, stirred,‘-‘ tank
cascades, tube r,eacéo::s, loop reactors oxr Taylor
réactors’, such -as are described, for example, in the
patent applications DE 1 071 241 Bl, EP Q0 498 583 Al or
DE 198 28 742 Al or in the. art;icle by K. EKataoka .in
Chang'.cél Engineering Scilence, volume '50', number 9,
1895, pages 1408 ¢to 141@ With particular preference,

the methacrylate copolymers are prepared under

pressure.,

The ~amount of the binders. described above in the
dimensionally stable particles of the slurry of the

invention may vary widely. Said amount is preferably

.from 5 to 80%, more preferably from 6 £o ’_75%, wlth

particular preference from 7 to 70%, with -very
particular preference from 8 to 65% and in particular
from 9 tb, 60% by weight, based 1n each case on the

solids of the slurries of the invention. In the case of

the slurries of the invention that are ‘curable

physically and those that are curable with actinic
radiation, but especially those that are curable

physically, the amount may be up to 100% by weight.
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The dimensionally stable particles of the slurries of
the invention that are éurable thermall'}, or 'thoerrnélly
and with actinic .'rédiation, may comprise crosslinking
agents ;r;hich contgin complementary reactive - functional
groups‘ for . thermal crosslinking and/or reactive

functional groups containing at least one bond which

can be activated with actinic radiation.

Suitable crosslinking agents are all crosslinking
agents that are custozﬁarjr in the field of light-stable

clearcoats. Examples of suitable crosslinking agents

Al e

~ amiﬁo resins, as described for example in ROmpp
Lex:.Lk'on Lacke und Druckfarben, Georg - ‘Thieme
Verlag, ‘1998., page 29, "‘amino res’ins"’ , in the
textbook “Lackadditiﬁe” [Additives for coatings]
by Johan Bieleman, Wiléy-VCH, Weinheim, New York,
1998,'pages 242 ff., in the book “Paints, Coatings
and Solvents”, secohd, completely revised edition,
edited by D. _Stéye and W. Freitag, Wiley-VCH,

Weinheim, New York, 1998, pages 80 f£., in the

patents US 4 710 542 Al or EP O 245 700 Al, and in
the article by B. Singh and coworkers,
“"Carbamylmethylated  Melamines, Novel Crosslinkers
for the Coatings Industry”, in Advanced Organic
Coatings Science and Technology Series, 18381,

volume 13, pages 193 to 207;

T L e ] R R R Ad1 < -
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- carboxyl-containing  compounds or resins, as

described for example in the patent

DE 196 52 813 A1 or 198 41 408 Al, especially

'l,lz—dodecanedioic acid,

~ resins or compoﬁrids' containing epoxide groups, as
described for example in the. patents
EP 0 299 420 Al, DE 22 14 650 B1, DE 27 49 576 Bl,

US 4,091,048 A or US 3,781,379 A;

~ tris(alkoxycarbonylamino) triazines, as described
in the patents US 4 939 213 A, US 5 084 541 A,
US 5 288 865 A orxr in the patent application

EP O 604 $22 A;

= ‘blocked polyisocyanates, as described for example
in the patents US 4,444,954 Al, DE 196 17 086 Al,
"DE 196 31 265 Ai, EF 0 004 571 Al oxr
EP 0 582 051 Al; or o
~ beﬁa—hydroxyalkylami ciés such as N,N,N’,N'-
tetrakis (2-hydroxyethyl)adipamide or N,N,N’,N’'-

tetrakis (2 -hydroxypropyl) adipamide.

The crosslinking agenté described above may be used

individually or as a mixture of at least two

.crosSlinking agents. In accordance with the invention,

the blocked polyisocyanates and/ox tris{alkoxy-

carbonylamino)triazines, especially the blocked poly-
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1socyanates, afford particular advantages and are

therefore used with particular preference.

The  amount ~ of crosslinking  agent(s)  in the

5 dimensionally stable particles of - the slurry of the

10

15

20

25

invention may likewise vary widely and is guided

primarily by the functionality and amount of the

binders omn the one hand and by the functionality of the

crosslinking agents on the other. The amount is

preferably from 10 to 95%, more preferably from 12 to
94%, with particular preference from 14 t_e 93%, waith
very particular preference from lé to 92%, and 1n
pa;‘ticular from 18 to 90% by weight, based in each case

cr1 the solids of the slurry of the invention.

In addition to the essential constituents described
above, the -d_imens_i'onally‘ ’stable particles of tﬁe slurry
of the invention may comprise additives such as ere
coxﬁmonly- used in clearcoat m.aterials. It 1s essential
that these additives do not substantially lower the

glass transition temperature, Tg, of the binders.

Examples of suitable additives are polymers {other than
the above—described methacrylate copolﬁuers- and
crosslinking egents) , cross-lintking | catalysts,
defcamers, adhesion promoters, additives . for improving
substrate = wetting, additives <Zfor improving surface

smoothness, flatting agents, light stabilizers,

HUHT A Y S TR T 1



10

15

20

CA 02444788 2003-10-17

BASF Coatings AG
PAT 00 353 DE - ] July 16, 2001

- 33 -
corrosion inhibitors, biocides, flame retardants, and
polymerization inhibitors, especially photoinhibitors,
as described 1in the book “Lackadditive” by Johan

Bieleman, Wiley-VCH, Weinheim, New York, 1988.

Moreover, the dual-cure slurry of the invention and the

slurry of the invention which is curable with actinic

radiation may also comprise constituents curable with
actinic radiation, different than the methacrylate

copolymers described above, as additives. Examples of

such constituents include

- the Dbinders envisaged  for use in UV—curable
clearcoat materials aﬁd powder.clearcoat“‘ materials
and described in the European patent applications
EP 0 928 800 Al, EP 0 636 669 Al, EP O 410 242 Al,
EP 0 783 534 Al, EP O 650 978 Al, EP O 650 979 Al,
EP O 650 885 Al, EP ‘O 540 884 Al, EP 0 568 %67 Al,
EP 0 054 505 Al or EpP 0 002 866 Al, the German
patent applications | DE. 197 08 467 Aal,
.DE 42 03 278 Al, DE 33 16 583 Al, DE 38 36 370 Ali,
DE 24 36 186 Al or DE 20 03 579 Bl, the
in‘ternati‘c'mal pai;ent appli'caﬁions WO 87/46548 or
WO 99/14254 or .the American patents US 5,824;,373
A, US 4,675,234 &, US 4,634,602 A, US 4,424,252 A,
US 4,208,313 A, US 4,163,810 A, US 4,129,488 A, US

4 064,161 A or US 3,974,303 A;
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- reactive diluents Curable with actinic radiation,'
such as those described in ROmpp Lexikon Lacke und
Druckfarbeﬁ, Geérg Thieme Verlag, Stuttgart, New
York, 1828, on pagé 451 .-u.nder, the headword

9 "reactive diluents”; or

- photoinitiators as described in ROmMpp Chemie
Lexikon, 9th, expanded and revised edition, Georg

Thieme Verlag, Stuttgart, wvol. 4, 1991, | or 1in

10 ROmpp Lexikon Lacke und Druckfarben, Georg Thieme

Verlag, Stuttgart, 1998, pages 444 to 446.

The slurry of the invention may likewise comprise

additives in the agueous phase.

15
Preferably, the additives 1n question are mnonionic
~and/or ionic thickeners. This effectively counters the
tendency of ‘the comparatively large solid particles
toward sedimentatioh.

20

Examples of | nonionic. - thickenexrs are ‘hydroxyethyl—
cellulose. ax;d polvvinyl alcohols;' So-cal‘led' nonionic
associative thickeners are likewise available 'on the
market in a 'dive.fse selection.‘ They generally comprise
25 water-dilutable polyurethanes which are reaction
products of water-soluble polyethérdiols, aliphatic

diisocyanates, and monofunctional hydroxyl compounds

with an organophilic radical.

St ":“”n‘n“‘\;‘w‘“&mwlwbh-:n'-!s Il R e ) Mgie e,
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Likewise available commercially are ionic thickeners.
These normally contain anionic groups and are based in
particular on special polyacrylate resins with acid

groups, some.or all of which may have been neutralized.

Exampiles of suitable thickeners for use in accofdance
with the invention are kndwn from the- text book
“Lacka&c’iitive" by- Johan Bieleman, Wiley-VCH, Weinheilm,
New York, 1998, 'pagés 31 to 65, .or from the 'German

patent application DE 199 08 018 Al, page 13, line 18

- to page 14, line 48.

For the slurry of the invention i1t may be advantageous

if both of the above-described types of thickener are
present ’therein. In by fa_r the majority of 'cases.,
however, one thickoener 1s suffic.ient, ‘particularly a
nonionic thickener, to provide the desired pseudo-

plasticity.

The amount of thickeners t_d be .add'ed, and, where two
different thickeners. are employed, the ratip of ionic
to nonionic thickener, are guided by _.the desired
viscosity of thé sluiry of the invention, which in tumn
1s determined by the required -éedimentation stability

and the specific requirements of spray application. The

skilled worker is therefore able to determine the

amount of the thickeners and, where appropriate, the

ratio of the thickener types to one another on the
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basis of simple considerations, possibly with the aid -

of preliminary tests.

The visco'sity 15 preferably set to within a range from.
5 50 to 1 500 mPas at a shear rate of 1 000 s* and from -
150 to 8 000 mPas at a shear rate of ‘10 s™*, and also

from 180 to 12 000 mPas at a shear rate of 1 st

This wviscosity behavior, known as “pseudoplasticity”,
10 describes &a state which does Jusitice both to the
. requirements of spray application, on the one hand, and
to - the reguirements in . terms of storage and
sedimentation sﬁability, on the other: in the state of
motioz_ﬁ, such as when pumping the slurry of the
15 invention in circulation 1in the ring circuit of the
coating plant and when spraying, for example, the
-slurry of the invention adopts a state of low viscosity
which ensures ‘easy processabllity. In the absence of
shear stress, on the‘ other hand, the viscosity rises
20 and thus ensures that the coating material alrea‘dy
present on the subsﬁfate to be coated has - :reduc:ed‘
tendency to form runs on ve.ftical surtaces. Iﬁ the same
way, a result of the higher viscosity in the stationary
state, such as during storage, for inst';ance, 1s that
25 sedimentation of the solid particles 1s very largely
prevented. or that any slight® degree of settling of the
slurrxry ©f the invention during the storage period can

be removed again by agitation.

"'H"’"N'*MW.#-ﬂ’-')n-i-mh-: Y T I R
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The aquéous phase of the slurry of the invention may |
further éorﬁprise leveling assistants which can be
incorporated in the £1ilm by crosslinking. Examples of

suitable constituents of  this kind are thermally

curable reactive diluents such as positionally isomeric

di.ethy.loctanediols or hydroxvl-containing hyperbranched
compounds. or dendrimers such as are described in the
German patent applications . DE 188 05 421 Al,

DE 198 09 643 Al or DE 198 40 405 Al.°

Furthermore, the aqueous phase of the slurry of the
invention may additionally comprise alkoxylated,
especially ethoxylated, Ci6—C1sg fatty ‘alcohols

containihg more than 20 oxaalkanediyl groups 1in the

‘molecule‘, - such as  are sold, for example, by

BASF Aktiengesellschaft undex - the brandname

Lutensol@ AT 50..

In its agueous phase the slurry of the invention may
further comprise at least one, especially one, water-

soluble salt, preferably in an amount of from 0.1 to .

‘50 mmol per 1 000 g of  water 1in the slurry of the

invention. The salt is decomposable without residue or

substantially without residue. This means that its

decomposition 1is not accompanied by the formation of

any residues at all, orxr is accompanied only by the
formation of residues in an amount which induces no

deleterious. technical effects in the clearcoats of the.
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invention.

The salt may be decomposable by means of heat and/or
actinic  radiation. Preferably, 1t is therrﬁall’y
decomposable. It ‘is preferably . decomposable under the

conditions -of the curing of the clearcocat films of the

invention produced from the 'sluiries of 'the'. invention.
it i1s of ad\}'antage ih accordance with the invention if
the salt is decompqsable at temperatufes above 100°C,
The decomposition .of4 the salt is preferably at an end
at 250°C, more preferably 200°C, with particular

preference 190°C, and in particular 180°C.

The decorﬁposition of the salt may be accompanied by
formation of any of a very wide variety of organic,

inorganic and organometallic decomposition products.

- The decomposition products, accordingly, may comprise

volatile elements, neutral organic or inorganic
hydrogen  compounds, organic and inorganic Dbases,

organic and inorganic acids, or oxides.

Examples of volatile elements are phosphorus, sulfur,

nitrogen and oxygen, -especially nitrogen.

Examples of neutral organic and inorganic hydrogen

compounds are water and hydrocarbons, especially water.

- Examples of organic and inorganic bases are ammonia,
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methylamine, dimethylamine and trimethylamine,

especlially ammonia.

Examples o¢f organic and inorganic acids are formic.

acid, acetic acid, propionic acid, oxalic acid, citric

acid, tartaric acid, hydrochloric acid, hydrogen
bromide, phosphoric acid, prhosphorous - acid,
amidosulfonic acid, sulfuric acid, sulfurous. acid,

thiosulfuric  acid, HSCN - and hydrogen sulfide,

especially acetic acid.

Examples of oxides are carbon dioxide, sulfur dioxide,
sulfur trioxide and phoswphorﬁs‘ oxide, especially carbon

dioxide.

It is preferred to select a salt whose decqmposition
products are of little‘or 11O toxicity and/or of little
or no.-corrosiven.esis. Preference .is glven tb se’lectihg a
salt which forms, as its decomposition products, water,

nitrogen, carbon dioxide, ammonia and organic' acids.

‘With particular preference, the salt is selected from

the group of ammonium  salts, with very particular’

preference from the group consisting of salts of
ammonia and of organic. amines with organic and

inorganic acids.

The ammonium salt is selected in particular from the

e ST AR AT I s s L vt B paes g
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group consisting of ammonium ca':cbonate, ammonium
thiocyanate, .ammonium sulfamate, ammonium sulfite-
monohydrate, ammoniLim formate, ammon 1um acetate,
ammonium hydrogen oxalate monchydrate,  diammon ium
oxalate monohydrate, ammonium citrate, and a_mmonium
tartrate. Of these, 1in tu‘rn, ammonium carbonate and
ammonaium a-cet;'slte are very particularly advéntageous "and

are therefore'used with very particular preference in

accordance with the invention.

The slurry of the invention is preferably prepared by the secondary
dispersion processes from U.S. patent 5,981,653, from German
patent DE 198 41 842 C2 or from international patent application
WO 02/38685.

!

For this 'procédss, the ionically stabilizable binders
and | the crosslinking agents and also,. where
appropriate, the additives are mixed in - organic

solution and dispersed together in water with the aid
of neutrali.z.ing a.ggnts. ‘The dispersion 1is ‘.then diluted
with water, while stirring. To étart with a water-in-
oil emulsioﬁ is formed, yuhich on further dilution is
transformed into an /oil-in-water emulsion. This ppint
is ,geherally.reéched at solids contents oo.f < 50.% by

welight, based on the emulsion, and 1is evident

externally from a relatively sharp fall in viscosity in
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the course of the dilution.

The oil-in-water emulsion may also be prepared directly
by the melt émulsification of the binders and of the
crosslinking agents and also, where appropriate, of the

additives in water.

The resulting emulsion, which still contains solvents,
1s subsequently freed from 1its solvents by azeotropic

distillation.

In accordance with the invention it is of advantage if

the solvents to be removed are distilled off at a

distillation tempefature below 70°C, preferably below

50°C, and in particular below 40°C. If desired, the
distillation pressure 18 chosen. so that  .this
temperature range is observed in the.case of relatively

higher-bolling solvents.

At its most simple, the azeotropic distillation may be
effected by ‘stirfing the emulsion .ét room tempe.ra‘.ture-
1n an open vessel fgr several days. Preferably, the
'solvent—‘cohtaining emulsion is freed frdm its solvents

by vacuum distillation.

In order to avoid high viscosities, the amount of water

and solvents removed by evaporation or distillation is

1

by water. The water may be added befcre,

replaced
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during, Or after the evaporation or distillation, by

addition in portions.

Following the loss o'f solvents, the glass transition
5 'temperature,'fg, of the dispersed particles rises and a
solid-in-liquid dispersion, i.e. the. slurry of the
invehtion, forms i1instead of‘ the previous . solvent-

containing emulsion (liquid-in-liquid dispersion).

10+ The salts for use in accordance with the invention may
be introduced into. the s.lurries of .t:he' invention, or
their.precu&:sors, in a variety of ways. For example,.
the salts may be added to customary and known c¢learcoat
‘slurries to gi.vé the slurries of the invention. They
15 may also be added to the organic solution of
constitpents of - the powder slurfy of the invention...
Preferably, they. are dissolved in the water prior to

the emulsification of ‘the organic solution.

20 If desired, 't,he " particles of the' slurry "of the
invent:ipn are mechanic:ally comrninut,eﬁ in the wet st:at.e,
a. procedure also referred to as wet grinding. In the
course o0of this treatment it i.s preferred to employ
conditions such that 'the temperature of the material
25 beilng ground does not exceed 70°C, more preferably
60°C, and in particular 50°cC. The'SpegifiC energy input
duriné the grinding process 1is 'preferably from 10 to

1 000, more preferably from 15 to 750, and in

N -...:-.&}tghinﬂm'”m;;qgg. dimbettmd e P bl .
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particular frxom 20 to 500 Wh/g.

For wet grinding it is possible to employ a very wide

variety of equipment which produces high ox low shear

fields.

Examples o©f suitable egquipment producing low shear

fields are customary and‘ known stirred tanks, slot

homogenizers, microfluidizers, and dissclvers.

Examples of suitable equipment producing high shear
fields are customary and k;ndwn stirred mills and inline

dissolvers.

Particular ©preference 1is given to ‘'employing the

equipment which produces high shear fields. Qf this
equipment, the . stirred mills axre particularly
advantageous in accordance with the invention and are - '

therefore used with very particular preference.

| During wet grinding, generally, the slurry of the

invention is supplied to the above-described ecquipment,
and circulated = therein, by means of appropriate
devices, such as pumps, until the desired particle size

has been reached.

The slurry of the invention advantégeously has a solids

content of from 10 to 60% by weight, 1in particular. from

o 'ﬁ-':.'}ll‘:mimwu;h)-.: P TN B TR e
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20 to 50% by weight.

The slurry of the invention 1is preferablﬁr filtered
prior to 1its use’. This is done using the customary ana
known filtration gquipment and- filters, such as are
also s'uitable for ‘.filtering the .know.n- clearcoat
slurries. The mesh size of the fil‘ters nmay vary widely
and is guided primarily by the size and size
distribution of the particles of the slurry of the
invention. The skilled workerﬁ is therefore easily able
to determine the apprbpriate -filters on the basis _of
this physical parameter. Examples of suitable filters
are bag ‘filters. These are available on the market

under the brand names Pong® or Cuno®. It 1is preferred

to use bag filters having mesh sizes of from 25 to

50 um, examples being Pong® 25 to Pong® 50.

To produce the clearcoats of the invention, the slurry

of 't.he invention is applied to the substrate that i1s to
be coated. No special measures need be taken here;
instead, the application may take place in accordance
wi.th the custémary and kno@ ;;Drocesses., which. 1S
another particula; advantage ot the slurry of the

invention.
Following - -its application, the slurrxy of the invention

dries without propblems and does -not failm at the

processing temperature, generally at room temperature.

. .o ..-h|.-}|.h',4~;‘b|§um.ﬂm-!l:. E I L
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In other words, the slurry of the invention, applied as
a wet film, loses water when flashed off at' room
temperaﬁure or slightly elevated temperatures, with the
particLes present therein changing their driginal form.

5 'is a result, the tendency toward mudcracking is

extremely low.

In the subsequent baking step, the now substantially

water-free powder layer is melted and caused to

10. crosslink. In some cases it may be of -gdvasntagé to
carry out the Jleveling .proc:ess and the crosslinking.
-reactlon with a chronological offset, by operating a-
stéged neating program or a so-called heating ramp. The
crosslinking temperature that 41is .appropriate for the

15 pfésent exampleg 1S situated between.l20 and '160°C. The

corresponding baking time i1s between 20 and 60 minutes.

In the case 6f ‘the dual-~-cure slufry of the invention,

' thermal curing is supplemented by curing with actinic

20 radiation, which Iﬁay be carried out using thé customary
and known radiation sources -and procesées, SuCh as are
described, fo.r . example, in the German patent.
application DE 198 18 735 al, column 10, line 31 to
column 11, l,i.ne 22. These processes and equipment may

25 also bé used to cure the slurry of the invention that

is curable with actinic radiation.

The resultant clearcoat has outstanding performance
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properties., _For instance, it adheres firmly to all
customary and known basecoats or to substrates such..as

metal, glass, wood, ceramic, stone, concrete or

plastic. It 1is of high gloss, smooth, scratch-

resistant, stable to weathering and chemicals, and even

at high coat thicknesses 1s free from defects, such as

stress cracks or. popping marks. It no longer exhibits

any blushing on exposure to molisture. Furthermore, it

is free £from microdefects and displays no disruptive

optical effects, such as a starry sky that is similar

to the metallic effect.

On‘ the 'basi‘s of this advantagneous profile oL
properties, the slurry of the invention 1s
outstandingly suitable for automotive OEM finishing,
automotive refinish, the interior and exterior painting
of buildings, the coating of' doors, windows and
furnitﬁre, and industrial coating, includihg. coil
coating; container coating, the coating of small parts,
the  impregnation and/or coating of electrical
components, or the coating of white goods. It is used
in particular to produce clearcoats as part of
multicoat color and/or effect. paint systems, which are
produced from basecoat rﬁaterials and the slurry of the

invention by the customary and known wet-on-wet

techniques.

" For the wet-on-wet technique, the slurry of the

ESELE R 2 I T R R T
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invention may readily be combined with numerous

basecoat materials, especially agueous basecoat

materials, without the occurrence of problems, such as

cracking, lack of wettability, or poor 1intercoat

adhesion.

The slurry of the invention may surprisingly also Dbe

used as an adhesive for producing adhesive films and as.
a sealing compound for producing seals, especially in

the technical fields referred tc above.
Inventive and comparative examples
Preparation example 1 {(comparative)

The preparation of a solution polyvacrylate similar to

preparation example 1 of DE 188 41 842 C2

43.53 parts by weight of methyl ethyl ketone were
chargfed to a reaction vessel equipped with stirrer,
reflux condenser, oil heating, nitrogen inlet pipe and

two feed vessels, and heated to 78°C. To this 1initial

charge there were added the initiator solution,

consisting of 4.76 parts by weight of TBPEH (tert-butvyl
perethylhexanoate) and 2.856 parts by weight of methyl

ethyl ketone, metered in from a feed vessel ét a
uniform rate over 4.75 h at 80°C. 15 minutes after the

beginning of the initiator feed, the monomer mixture, .

. e oatt {-,.",W{”;;Mg*l-..;w et st e ot v ol
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‘consisting of 18.326 parts by weight of tert-butyl

acrylate, 7.14 parts by weight ¢f n-butyl methacrvlate,
9.52 parts. by weight of cycl‘ohexyl methacrﬁfla'te, 12.138
parts by weight of hy.droxyethyi methacrylate and 0.476
part by weight of acr?iic acid, was metered in from a
further feed vessel at & uniform rate over 4 h. The
feed lines anda feed wvessels were additionally rinsed
with 1.25 parts by weight of MEK. Thereafter. the

reaction mixture was held at 78°C until 1t had =

viscosity of from 3.0 to B.5 drPas (resin solids,

55 percent strength, xylene at 23°C). After this, the

volatile fractions were removed by vacuum distillation

until a solids content of 70% by weight (1 h at 130°C)

had been established, after which the resin solution
was discharged. The resin solution had an acid number

of from 7.0 to 10.0 mg KOH/g resin solids.
Preparation example 2

The preparation of a blocked polyisocyanate based on |

isophorone diisocyanate

837 parts by weight of isophorone diisocyanate were
charged to a suitable reaction vessel, and 0.1 part by
weight of dibutyl tin dilaurate was added. Then a
solution of 168 parts by weight of trimethylolpropane

and 431 parts by weight of methyl ethyl ketone was run

in slowly. As a result. of the exothermic reaction, the

: P et DL R A EA S . 5 e e tee s g .
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temperature rose, After 8Q'°C had been reached, the
temperature was kept constant by e#ternal cooling and
the feed was throttled slightly 1f appropriate. After
‘;he end of the ‘feed, this .temp.erature was maintained
5 for about 1 hour more until the 1socyanate cohtent' of
thé solids had reaphed 15.7% (based on NCO groups).
Thereafter the reaction mixture was cooled to ‘.4‘.O°C and
a solution = of 362 parts - by weight = of
3,5-dimethylpyrazole in 155 parts by weight of methyvl
10 ethyi ketone was added over. the course of. 30 minutes.
After the reaction mixture had warmed to 80°C as a
result of the exothermicity, the temperature was kept
constant for 30 minutes until the NCO content had
dropped to less than 0.1%. Then 47 parts by weight of
15 n-butanol wére added to the reaction mixture, which was
held at 80°C for 3-0 minutes more and, after brief

cooling, discharged..

The reaction product had a solids content of 69.3% (1 h

20 at 130°C}).
Preparation example 3

The preparation of ‘a blocked polyisocyanate based on

25 diisocyanate

' 534 parts by weight of Desmodur® N 3300 (commercial

otk

isocyanurate of hexamethylene diisocyanate from Bayer
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AG) and 200 parts by weight of methyl ethyl ketone were
chafged to a feaction vessel and this initial charge
was heated to 40°C. - 100 parts by weight of
2,5-Cimethylpyrazole were adcded to the solution, witlﬁ
cooling, and the subsidence of the exothermic reaction
was awalited. Thereafter, with continued cooling, a
further 100 parts by weight of 2,5-dimethylpyrazole
were added. After the exothermic 'z‘reaction had again

subsided, a further 66 parts by weight of 2,5-dimethyl-

pyrazole were added. Cooling was then switched off, as

& result of which the reaction mixture slowly warmed up

to 80°C. It was held at this temperature until its

isocyanate content had. fallen to Dpelow 0.1%. The

reaction mixture was then cooled and discharged.

The resulting solution of the blecked polvisocyvanate .
had a solids content of 81% by weight (1 h at 130°C)
and a viscosity of 3.4 dPas (70% in methyl ethyl

ketone; cone .and pléte viscometer at 23°C).

Preparation example 4 (inventive)

The preparation of a methacrylate copoclymer (binderxr)

for inventive 'use

39.75 parts by weight of methyl ethyl ketone were
charged to a reaction vessel equipped with stirrer,

reflux condenser, oil heating, nitrogen inlet pipe and

RN ..au.“ai‘m' B D IR T T T ¥ 14 =
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- two feed vessels, and this initial charge was heated to

78°C.

Thereafter, an initiator solution of 4 parts by welght

- 0of methyl ethyl ketone and 5 parts by weight 'of TBPEH

was metered i1n at a uniform rate from the first feed

vessel over the course of 6.75 h.

15 minutes aftef the beginning of the initiator feed, a
monomer mixture of 27.5 parts by weight of n-butyl
methacrylaﬁe, 9.15 parts | by . weight of Ll-butyl
methacrylate, 12.75 parts by weight of hydroxyethyl
methacrvlate and 0.6 part by weight of met.:hacrylic. acid
was metered in at a uniform rate from the second feed
vessel over the course of 6 h. The monomer liné was
then flushed with 0.25 part by weight of methyl' ethyl
xetone and the feed vessel‘ w.it_:h 0.5 part by weight of

methyl ethyl ketone. After the end of the initiator

feed, the feed vessel in question was likewise flushed

with 0.5 part by weight of methyl ethyl ketone.

The reaction mixture was left to react at 78°C for a

further 3 h. The volatile fractions were then removed

1

by vacuum distillation until the solids content was 70%
by weight. The resin solution was then discharged. It

had a wviscosity of from 7.0 to 10.0 dPas (resin sdlids,

60 percent, xylene, at 23°C). The acid number was f£rom

9.0 to 11.0 and the hydroxyl number ‘was 110 mg KOH/g
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resin solids.

Inventive example 1

The fpreparation of‘ an inven‘tive slurry

27.1 parts by weight of the methacrylate copolymer

solution from preparation example 4, 13.6 parts Dby

weight of the blocked polyisocyanate from preparation

example 3, 0.7 part by weight of Tinuvin® 400 and

0.3 ﬁart by weight of Tinuvin® 123 (commercial light

stabilizers from Ciba Specialty Chemicals, Inc.) were
charged to an appropriate mixing vessel and were
stirred at room tempefature for 30 minutes. Then
0.024 part Dby weight of dibutyltin dilaurate and
0.128 part by wéight of dimethylethanolamine were

added.

Then 22.6 parts by weight of deionized water in which a

small amount of ammonium acetate (about 0.9% by weight)

had been dissolved were metered in over the course of

30 minutes, with cooling, after which the resulting

mixture was homogenized.  Thereafter, a further

21.614 parts by weight of deionized water were metered
in over 45 minutes and 10.8 parts by weight ' of

deionized water were metered in over 45 minutes.

. Following both additions, the resulting mixtures were

emulsified for 30 minutes.

e T AN Y -



10

15

20

25

CA 02444788 2003-10-17

BASF Coatings AG
PAT 00 253 DE | - July 16, 2001

- 53 -
Followilng emulsification, the volatile fractions of the
emulsion were distilled off under reduced pressure at
32°C until a methyl ethyl ketone content < 0.2% by
weight and a solids content (15 minutes at 180°C) of

from 35 to 37% by weight had been reached.

The resulting slurry was then admixed with 3.0 parts by

welght of Acrysol® RM-B8W (commercial nonionic

associative thickener from Rohm & Haas).

Comparative example Cl

The preparation of a noninventive slurry

22.1 parts by welght o©f the solution polyacrylate from
preparation example 1, 11.2 parts by weight of the
blocked poiyis.ocyanate from prebaration example 2,
0.211 pért by weigﬁt ot dimethylethanolamine, 0.165
part by weight of Tinuvin® 123 (commerciél light
stabilizex from Ciba Specialty. Chemicals, Inc.), 0.49
part by weight of Cyascorb® 1164L (conmerci.al, light
stabilizer) and 0.14 part by weight of benzoin were
charged to an approbr,iate mixing ‘ ve.ssel and
homogenized. The mixture was then .emulsified in 60.7

parts by weight of deionized water at not more than

30°C.

Fellowing emulsification, the wvolatile fractions of the
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emulsion were distilled off under reduced pressure at
nect more than 35°C until a methyl ethyl ketone content

< 0.2% by ‘weight and a so0lids content (15 minutes at

lBO‘OC) of from 35 to 37% by weight had been reached.

Thereafter, the resulting slurry was also admixed with
1.52 parts by weight of Acrysol_@ RM 8-~-W (commercial
nonionic associative thickener from Rohm & Haas),

0.437 part by weight o0of Viscalex® RV 30 (anionic

10 thickener based on polyacrylate resin, from Allied

Colloids) and 3.05 parts by weight of deionized water.

Inventive example 2

15 The production o©f a multicoat paint system with an

inventive clearcoat

For application of the inventive slurry 1 of inventive
example 1, a so-called integrated system with a black

20 baseccat was prepared.

For this purpose, steel panels-coated c.ath;)dica'l.ly with
commercially. - customary electrocoat materials were
coated, 'using a gravity-feed cup gun, first with a
25 functional coat (Ecoprime®; BASF Coatings AG). After 5
minufes' fléshing Off at room temperature, this coat

was overcoated in the same way with a black agueous

basecoat material (Ecostar®; BASF Coatings AG) and then
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applied initially at 80°C for 5 minutes.
After the panels had cooled, the inventive slurry 1 was
applied in the same way. The panels were then left to
flash off initially for 5 miriﬁtes and were then
subjécted to initial drying at 40.°C for 15 minutes.

They were t:hé:q baked at 145°C for 30 minutes.

The wet £ilms dpplied wexre chosen so thét, after
baking, the dry film thicknesses of the functional coat
and the agueous basecoat were each 15 um. The inventive

clearcoat 1l had a film thickness of from 40 to 45 um.

The inventive clearccat 1 was hard, scratch-resistant,
clear, bright, resistant to chemicals, weathering, and
condensation, and free from microdefects which induce

arnn optical effect similar to the metallic effect

(starry sky).
Comparative example C2

The production of a multicoat paint system with a

noninventive clearcoat

Example 1 was repeated except that the noninventive

slurry of comparative example Cl was used.

The resulting, noninventive clearcoat was hard,

scratch-resistant, c¢lear, bright, and resistant to
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chemicals, weathering and condensation. However, it was
not free from microdefects. These defects induced an

optical effect which was similar to the metallic effect

(starry sky).
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CLAIMS

1. A pseudoplastic clearcoat slurry comprising water and particles that are at
least one of solid and viscous and are dimensionally stable under storage and
application conditions and which comprise binders comprising at least one
methacrylate copolymers containing in copolymerized form, based on a given
methacrylate copolymer, at least 99% by weight of at least one methacrylate
comonomer, and wherein at least one methacrylate comonomer for the copolymer
comprises at least one methacrylate comonomers having potentially ionic groups
and at least one methacrylate comonomer free from reactive functional groups and

from potentially ionic groups.

2. The pseudoplastic clearcoat slurry as claimed in claim 1, wherein the at least
one methacrylate comonomer containing potentially ionic groups is selected from
the group consisting of acrylic acid, beta-carboxyethyl acrylate, methacrylic acid,

and combinations thereof.

3. The pseudoplastic clearcoat slurry as claimed in claim 1 or 2, wherein the at

least one methacrylate copolymer has a glass transition temperature Tg of not
more than 50°C.

4, The pseudoplastic clearcoat slurry as claimed in claim 3, wherein the glass
transition temperature Tg is set by way of at least one methacrylate comonomer

which is free from reactive functional groups and from potentially ionic groups.

S. The pseudoplastic clearcoat slurry as claimed in claim 3 or 4, wherein the
glass transition temperature Tg is set by way of at least two methacrylate

comonomers which are free from reactive functional groups and from potentially

lonic groups.

6. The pseudoplastic clearcoat slurry as claimed in claim 5, wherein the glass
transition temperatures Tg of the respective homopolymers of the at least two
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methacrylate comonomers which are free from reactive functional groups and from

potentially ionic groups differ from one another by not more than 40°C.

7. The pseudoplastic clearcoat slurry as claimed in any one of claims 3 to 6,
wherein the at least one methacrylate copolymer, based on a given methacrylate
copolymer, contain the at least one methacrylate comonomer which is free from
reactive functional groups and from potentially ionic groups in an amount of at least
50% by weight.

8. The pseudoplastic clearcoat slurry as claimed in any one of claims 1 to 7,

which is substantially or entirely free from organic solvents.

9. The pseudoplastic clearcoat slurry as claimed in any one of claims 1 to 8,

which is substantially or entirely free from external emulsifiers content, except for
alkoxylated C16-C18 fatty alcohols.

10.  The pseudoplastic clearcoat slurry as claimed in any one of claims 1 to 9,
wherein the slurry containings from 0.1 to 50 mmol per 1 000 g of water, of at least
one water-soluble salt, which optionally wherein the salt can be decomposed

without residue or substantially without residue.

11.  The pseudoplastic clearcoat slurry as claimed in any one of claims 1 to 10,
further comprising at least one thickener selected from the group consisting of ionic

thickeners, and nonionic associative thickeners.

12.  The pseudoplastic clearcoat slurry as claimed in any one of claims 1 to 11,

wherein the particles have an average size of from 0.8 to 20 ym and a maximum

size of 30 um.

13. The pseudoplastic clearcoat slurry as claimed in any one of claims 1 to 12,
having an ion-forming group content of from 0.05 to 1 meq/g and a neutralizing
agent content of from 0.05 to 1 meq/g of solids.
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14. The pseudoplastic clearcoat slurry as claimed in any one of claims 1 to 13,

which has a viscosity of

(i)  from 50 to 1 000 mPas at a shear rate of 1 000 s-1,
(i)  from 150 to 8 000 mPas at a shear rate of 10 s-1, and
(i)  from 180 to 12 000 mPas at a shear rate of 1 s-1.

15. The pseudoplastic clearcoat slurry as claimed in any one of claims 1 to 14,
wherein the slurry is curable thermally or thermally and with actinic radiation.

-16.  The pseudoplastic clearcoat slurry as claimed in any one of claims 1 to 15,

prepared by
10 1) emulsifying an organic solvent solution of constituents of the clearcoat
slurry in water to give an emulsion of the oil-in-water type,
2) removing the organic solvent or the organic solvents, and

3) replacing by water some or all of the volume of solvent removed.

17. The use of the clearcoat slurry as claimed in any one of claims 1 to 16 for
automotive OEM finishing, an automotive refinish, the interior and exterior painting
of buildings, the coating of doors, windows and furniture, and industrial coating,
iIncluding coil coating, container coating, the coating of small parts, the

impregnation and/or coating of electrical components coating, and the coating of

white goods.

20 18. The use as claimed in claim 17, wherein the clearcoat slurry is used to

produce clearcoats as a part of multicoat color and/or effect paint systems.

19. The use of the clearcoat slurry as claimed in any one of claims 1 to 16 as an

adhesive or sealing compound adhesive films and seals.
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