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2 (57) Abstract: ‘The invention relates to a method for producing color and/or effect-producing multilayer paints on car bodies by

(I) applying a water-based paint on the body and drying or partially curing the resulting water-based paint layer; (I1) applying an
v dqueous powder-slurry clearcoat on the dried or partially hardened water-based paint layer (1); and (I1I) curing the layers (1) and
& (1) by heat or heat and actinic radiation (dual cure). The aqueous powder-slurry clearcoat (11) is applied by (11a) electrostatically
pamung the body exterior parts, and then (Ilb) pneumatically spraying (compressed-air spraying) the body interior parts.

(57) Zusammenfassung: Verfahren zur Herstellung farb- und/oder effektgebender Mehrschichtlackierungen auf Automobilkaros-
serien, durch (I) Applikation eines Wasserbasislacks auf die Karosserie und Trocknung oder partielle Hartung der resultierenden
Wasserbasislackschicht (1F) Applikation eines wiilrigen Pulverslurry-Klarlacks auf die getrocknete oder partiell gehiirtete Wasser-
bastslackschicht (I) und (1) Hiirtung der Schichten (1) und (II) durch Hitze oder Hitze und aktinische Strahlung (Dual Cure), wobei
g dic Applikation des wilirigen Pulverslurry-Klarlacks (11) durch (II a) elektrostatische Lackierung der KarosserieauBenteile, getolgt
von (II b) pneumatischem Spritzen (Druckluftspritzen) der Karosserieinnenteile, erfolgt.
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1

METHOD FOR PRODUCING COLOR AND/OR EFFECT ~PRODUCING
MULTILAYER PAINTS ON CAR BODIES

The present invention relates to a novel process for
producing multicoat color and/or effect paint systems
on automobile bodies which uses a powder slurry

clearcoat material.

In automotive OEM finishing, the intérior parts of the
automobile Dbodies éfe normally first painted Dby
pneumatic spraying or compressed air spraving.
Pneumatic spraying is selec';ted because the cavities and
recesses are difficult to coat electrostaticalfy, owing

to the formation of Faraday cages.

For the painting of the interior, the doors are opened
and, by hand or using an automatic painting device, the

rabbets and the insides of the doors are painted. This,

‘however, produces a spray mist which falls onto the

outside of the body. 'fhe area arbund the doors and the
hood are particularly affected by this phenomenon. When
powder clearcoat slurries are used, this spray mist
dries particularly rapidly and, 1in the course of
subsequent electrostatic coating of the exterior parts

of the body, it is only covered by, rather than being
taken up again into, the powder clearcoat slurry

employed for said exterior coating. At those points

where the spray mist landed, therefore, after baking
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there are elevations or leveling defects which become
visible at a size of more than 0.5 um. Since, moreover,
these elevations or leveling defects are present on
regions o0f the body which are particularly easy to see,
they are especially evident and give .rise to the

impression that the product as a whole is of inadequate

quality.

These effects are not so pronouriced with solventborne
clearcoat méterials, since these materials have higher
sqlids contents, so0 that the difference between the
solids content of the we't' paint and the solids content
of the spray rhist is lower than in the case of the
p‘owder sluri‘y clearcoat materials. Moreover, the
solventborne clearcoat materials have a lower viscosity
and, consequently, ‘they spread more effectively. As a
result, the spray mist too becomés flatter. Not least,
because of qthe presence therein of high-boiling organic
solvents (“long solvents”) they do not dry so rapidly
and can therefore be taken up .much more effectively by

clearcoat materials applied over them.

It 1s an object of the present invention to find a
novel process for producing multicoat color and/or
effect paint systems on automobile bodies which no
longer has the disadvantages of the prior art but
instead, even when' using powder slurry clearcoat
materials, gives paint systems ‘which no longer exhibit

any visible elevations or leveling defects.
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The invention accordingly provides a process for producing a multicoat paint
system on an automobile body comprising exterior and interior body parts, the

process comprising the following steps:

- applying an aqueous basecoat material to provide a basecoat film

(1),

- applying an aqueous powder slurry clearcoat material to the
basecoat film (l) to provide a clearcoat film (ll), and

- curing the films (I) and (ll) by a curing mechanism comprising heat,

wherein the application of the aqueous powder slurry clearcoat material

comprises electrostatically coating exterior body parts, followed by pneumatic
spraying of the interior body parts.

The novel process for producing multicoat paint systems on automobile bodies
is referred to below as "process of the invention®.
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The novel process surprisingly has the effect that wet
powder slurry clearcoat films, present oOn the outside
of the automobile body and applied by electrostatic
coating, are able without problems to take up the spray

5 mist drops from the interior coating, thereby achieving

substantially improved leveling.

The automobile bodies used in connection with the
process of the invention normally have a cathodically
10 deposited and thermally cured electrocoat. However,
they may also have a cathodically deposited electrocoat
film which is not cured thermally but is instead only
dried or partially cured. The electrocoat or
electrocoét film ié then overcoated. with a surfacer,
15 which is cured either alone or together with the
electrocoat film (wet-on-wet technique). | Overcoating
with a surfacer is carried out in particular in thoée

areas which are subject to severe mechanical stress,
such as by stone chipping, for example.

20

Examples of suitable cathodic electrocoat materials and
also, where appropriate, of wet-on-wet techniques are
described in Japanese patent application 1975-142501

(Japanese laid-open specification JP 52-065534 AZ,

25 chemical abstracts No. 87: 137427) or 1in patents

UsS 4,375,498 Al, UsS 4,537,926 Al, UsS 4,761,212 Al,
EP-0 529 335 Al, DE 41 25 459 Al, EP 0 5585 186 Al,
EP-0 074 634 Al, EP-0-505 445 Al, DE 42 35 778 Al,

EP O 646 420 Al, EP 0 639 660 Al, EP 0 817 648 Al,
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DE 195 12 017 C1, EP O 192 113 A2, DE 41 26 476 Al or

WO 98/07794.

Similarly, suitable surfacers, especially aqueous
surfacers, which are also referred to as antistonechip
primers or functional coatings, are described, for
example, 1in patents US 4,537,926 Al, EP 0 529 335 Al,
EP 0 595 186 Al, EP O 639 660 Al, DE 44 38 504 Al,
DE 43 37 961 Al, WO 89/10387, Us 4,450,200 Al,

US 4,614,683 Al or WO 94/26827.

Alternatively, these surfacers may be applied to the
baked electroqoats and then predried or partially
thermally c:ured..' In the case of this wvariant of the
process of the invention, they are then cured together
with the aqueous basecoat films and powder slurry

clearcoat films that are applied to the surfacer £ilm

(extended wet-on-wet technique).

In the interior of the automobile body there is no need
for the surfacer coat or antistonechip primer coat,

since here there is generally no risk of mechanical

stress.

In the subsegquent course of the process of the
invention, the surfacer coats are coated with agqueous

basecocat materials. Examples of suitable aqueous

basecoat materials, especially polyurethane-based

agueous basecoat materials are known from patents
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EP 0 256 540 Al,
WO 96/12747,
EP 0 397 806 Al,
EP 0 581 211 Al,
DE-A-43 28 092 AL,
EP 0 590 484 2l,
EP 0 543 817 Al,
EP 0 522 420 Al,
EP 0 536 712 Al,
EP 0 584 818 Al,
EP 0 678 536 Al,

WO 97/48745,

EP

EP

EP

EP

EP

EP

EP

EP

EP

EP

column 5,

260
523
574
708
299

234

4477

610
417
788
148

362

Al,
Al,
Al,
Al,
Al,

Al,

WO 95/14721,
0 522 419 Al,
0 596 460 A1,
0 669 356 Al,

0 354 261 Al,
WO S97/49747,

lines 31 to

the resultant aqueous basecoat films are not

cured but instead are predried or partially cured.

The

agueous

powder

slurry

clearcoat materials

are

applied over the agqueous basecoat films to give powder

slurry clearcoat films.

slurry clearcoat materials

patent US-2A-4,268,542

DE 195 40 977 Al,

DE-A-196 13 547,

DE 195 18 392 Al,

EP 0 652 264 Al,

and from patent

Examplés of suitable powder

are known from the U.S.

applications

DE 196 17 086 Al,

DE 196 18 657 Al,

DE 196 52 813 Al, DE 196 17 086 Al or DE-A-198 14 471 Al.

In a procedure according to the invention,

powder

slurry

clearcoat materials

are

the aqgqueous

applied Dby
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electrostatic coating of the exterior body parts, followed
by pneumatic spraying (compressed air spraying) of the

interior body parts.

5 Electrostatic coating here can be carried out by means of
an electrostatic spraying slot, an electrostatic spraying

bell or an electrostatic spraying disk.

Fufthemore, electrostatic coating may be carried out by
10 means of electrostatically assisted mechanical
atomization. This is preferably carried out by means of
electrostatic high-speed rotating disks or high-speed

rotating bells.

15 The pneumatic spravying or corrpressed air painting also has
no special features as far as its method is concerned but
instead can be carried out by hand or using customary and

known automatic painting devices or painting robots.

20 For further details of these terms, refer to R&mpp Lexikon
Lacke und Druckfarben, Georg Thieme Verlag, Stuttgart, New
York, 1998, page 186: “electrostatic coating”, page 187:
“electrostatic spray guns”, “electrostatic spraying”, and
page 165: “compressed air spraying”.

25
Of course, in the context of the process of the invention,
these application methods may also be employed for
producing the other coating films, - except for the

cathodically depositable electrocoat film.
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Application is preferably made under illumination with
visible light with a wavelength of more than 550 um or in
the absence of light if the aqueous basecoat material
and/or the powder slurry clearcoat materials are curable
thermally and with actinic radiation. This prevents
material damage or change in the coating material for use

in accordance with the invention, and its overspray.

The coating materials for use in accordance with the
invention are generally applied in a wet film thickness
such that curing thereof results in coatings having the

thicknesses which are advantageous and necessary for their

functions. In the case of a base coat these thicknesses
are from 5 to 50 um, preferably from 5 to 40 um, with

particular preference from 5 to 30 um, and in ‘particular

from 10 to 25 um, and in the case of a clearcoat they are
from 10 to 100 um, preferably from 15 to 80 um, with

particular preference from 20 to 75 um, and in particular

from 25 to 70 um.

Following application, the aqueous basecoat films are
cured together with the powder slurry clearcoat films and,
where appropriate, the underlying coating films which have
not been cured, or have not been fully cured, the curing
taking piace thermally or both thermally and with actinic
radiation. Curing with heat and with actinic radiation is

also referred to by those in the art as dual cure. For the

purposes of the present invention, actinic radiation means
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electromagnetic radiation such as near infrared (NIR),
visible 1light, UV 1light or X-rays, but especially UV

light, or corpuscular radiation such as electron beams.

5 Curing may take place after a certain rest time or
flashoff time. It may have a duration of from 30 seconds
to 2 hours, preferably from 1 minute to 1 hour, and in
particular from 1 minute to 45 minutes. The rest time is
used, for example for leveling and devolatilization of the

10 films and for the evaporation of wvolatile constituents

such as any water and/or solvent that may still be

present.

For curing with actinic radiation it is preferred to
15 employ a dose of from 1 000 to 2 000, preferably from:
1l 100 to 1 900, with particular preference from 1 200 to
1 800, ﬁrith very particular preference from 1 300 to
1 700, and in particular from 1 400 to 1 600 mJ/cm?. Where
appropriate, this curing may be supplemented with actinic
20 radiation from other sources:. In the case of electron
beams 1t 1is preferred to operate under an inert gas
atmosphere. This can be ensured, for eianple, by supplving
carbon dioxide and/or nitrogen directly to the surface of
the clearcoat film. In the case of curing with UV
25 radiation as well it is possible to operate under inert

gas 1n order to prevent the formation of ozone.

Curing with actinic radiation is carried out using the

customary and known radiation sources and optical
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auxiliary measures. Examples of suitable radiation sources
are flash lamps from VISIT, high or low pressure mercury
vapor lamps which may have been doped with lead in order
to open up a radiation window up to ‘405 nm, or electroﬁ
beam sources. The arranQement of these sources is known iﬁ
principle and may be adapted to the circumstances of the

workpiece and the process parameters. In the case of

. workpieces of complex shape, such as are envisaged for

automobile bodies, those regions not accessible to direct

radiation (shadow regions) such as cavities, folds and

| other structural undercuts may be (partly) cured using

pointwise, small-area or all-round emitters in conjunction

with an automatic movement means for the irradiation of

cavities or edges.

The equipment and conditions for these curing methods are
described in, for example, R. Holmes, U.V. and E.B. Cufing
Formulations for Printing Inks, Coatings and Paints, SITA

Technology, Academic Press, London, United Kingdom 1984.

The cure here may also be effected in stages, i.e., by
multiple exposure to light or actinic radiation. It may
also take place alternatingly, i.e., by curing alternately

with UV radiation and electron beams.

Thermal curing as well has no special features as far as
1ts method is concerned and instead takes place in

accordance with the customary and known methods such as

heating in a forced air oven or irradiation with IR and/or
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NIR -ialrps. As 1n the case of curing with actinic
radiation, thermal curing may also be carried out in

stages. Thermal curing takes place advantageously at

temperatures from 90°C to 180°cC.

In the case of dual cure, thermal curing and curing with
actinic radiation may be employed simltaneously oxr
successively. Where the two curing methods are used
successively, 1t is possible, for exanple; to begin with
the thermal cure and to end with the actinic radiation
cure. In other cases it may prove advantageous to begin

and to end with the actinic radiation cure.

Of course, the curing methods described above may also be
employed for curing the other coating films within the

context of the process of the invention.

The multicoat color and/or effect paint system resulting

from the process of the invention may also be coated with
a coat of an organically modified ceramic material, such

as 1s available commercially, for example, under the brand

name Ormocer®.

The multicoat color and/or effect paint systems produced
in a procedure in accordance with the invention are of
particularly high gloss. In comparison to the multicoat
paint systems produced conventionally, they have
significantly less haze and very few i1f any disruptive

surface structures such as orange peel structures. They
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are therefore of particularly high optical .quality. Since
the other advantages of aqueous base coats and powder
slurry clearcoats are retained in their entirety, they are

of particularly high technical and economic value for

users and their customers.
Inventive and comparative examples

For the comparative example, the spray mist of a customary
and known powder slurry clearcoat material was applied to
the surface of test panels which had been coated with a
black base coat and was flashed off at room temperature
for two minutes. The powder slurry clearcoz-";tt material was
then applied in wedge form over the spray mist droplets
and flashed off at room temperature for two minutes.
Thereafter, spray mist droplets . and powder slurry
clearcoat wedge were predried at 40°C for 10 minutes and

then baked at 150°C for 30 minutes.

For the inventive example, the comparative example was
repeated except that first of all the powder slurry

clearcoat material was applied in wedge form and then the

spray mist was applied.

The waviness of the powder slurry clearcoats of the
inventive and comparative examples were measured using the
wavescan method. For this purpose, a Jlaser beam was

directed onto the surface at an angle of 60° and the

fluctuations 1n the' reflected 1light 1in the so-called
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longwave region (0.6 to 10 mm; observation distance:
2.5 m) and 1in the so-called shortwawve region (0.1 to
0.6 mm; observation distance: 45 cm) were recorded over a

length of 10 cm using a measuring instrument.

The gloss and haze were measured by reflectometry at an

angle of 20° using a BYK reflectometer in accordance with

DIN 67530: 1982-01 or ISO 2813: 199%4.

10 The results are given in table 1 (comparative example) and

table 2 (inventive example). A comparison of the results

shows that the process of the invention gave powder slurry
clearcoats having significantly better optical properties

and surface properties.

15

Table 1l: Gloss, . haze, and waviness of powder slurry
clearcoats produced in conventional manner
(comparative example)
20 Mist/wedge (um) Gloss Haze Waviness:
longwave shortwave
30 76.0 50.4 46.0 54 .3
25
40 77 .0 33.6 35.2 34.3

50 77.1 28.3 16.3 17.5
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Table 2: Gloss, haze, and waviness of powder slurry

clearcoats produced in inventive manner (inventive

example)
5
Mist/wedge (um) Gloss Haze Waviness:
longwave  shortwave
10 30 77 .4 32.6 22.5 33.1
40 78.0 27 .1 9.9 | 15.1
50 - 77.7 27 .6 6.9 15.3

15
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WHAT IS CLAIMED IS:

1. A process for producing a multicoat paint system on an automobile body

comprising exterior and interior body parts, the process comprising the following
steps:

- applying an aqueous basecoat material to provide a basecoat film

(1),

- applying an aqueous powder slurry clearcoat material to the
basecoat film (I) to provide a clearcoat film (ll), and

- curing the films (l) and (II) by a curing mechanism comprising heat,

wherein the application of the aqueous powder slurry clearcoat material

comprises electrostatically coating exterior body parts, followed by pneumatic
spraying of the interior body parts.

2. The process of claim 1, wherein the electrostatic coating step is carried
out by means selected from the group of an electrostatic spraying slot, an
electrostatic spraying bell and an electrostatic spraying disk.

3. The process of claim 1, wherein the electrostatic coating step is carried

out by means of electrostatically assisted mechanical atomization.

4. The process of claim 3, wherein the electrostatically assisted mechanical
atomization uses at least one of electrostatic high-speed rotating disks or high-
speed rotating bells.

5. The process of any one of claims 1 to 4, wherein a surfacer is applied to

the body prior to the application of the aqueous basecoat material.

6. The process of claim 5, wherein the surfacer is an aqueous surfacer.
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7. The process of any one of claims 1 to 6, wherein a polyurethane-based
aqueous basecoat maternial is used.

8. The process of claim 5, wherein the body is coated with a cathodically

deposited electrocoat material before the application of the surfacer and is then
baked together with the surfacer film.

9. The process of claim 1, further comprising drying the basecoat film (l)
before the aqueous powder slurry clearcoat material is applied.

10. The process of claim 9, further comprising partially curing the basecoat
film (1) before the aqueous powder slurry clearcoat material is applied.

11. The process of claim 1, wherein the curing mechanism further comprises
actinic radiation.

12. The process of claim 5, wherein the applied surfacer is dried prior to the
application of the aqueous basecoat material.

13. The process of claim 12, wherein the applied surfacer is partially cured
prior to the application of the aqueous basecoat material.

14. The process of claim 13, wherein the applied surfacer is cured prior to the
application of the aqueous basecoat material.

15. The process of claim 8, wherein the cathodically deposited electrocoat
material is dried before the application of the surfacer.

16. The process of claim 15, wherein the cathodically deposited electrocoat
material is partially thermally cured before the application of the surfacer.

)

17. The process of claim 16 wherein the cathodically deposited electrocoat
material is thermally cured before the application of the surfacer.
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