Office de la Proprieté Canadian CA 2424876 C 2009/09/08

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 424 876
L.|5J|n gfganisg‘e ; 'f*fc‘j age”‘g of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2001/10/10 (51) CLInt./Int.Cl. C09D 5/36 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2002/06/27 BOSD 5/06(2006.01)
- . (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2009/09/08 JOHNSON. DANIEL. US
(85) Entréee phase nationale/National Entry: 2003/04/01 L
(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: US 2001/042648 BASF CORPORATION, US
(87) N® publication PCT/PCT Publication No.: 2002/050192 (74) Agent: ROBIC
(30) Priorité/Priority: 2000/12/18 (US09/740,057)
(54) Titre : SYSTEME DE REVETEMENT BICOUCHE PRESENTANT UN EFFET VISUEL AMELIORE
(54) Title: TWO LAYER COATING SYSTEM HAVING AN ENHANCED VISUAL EFFECT
« O T T 7T VELLOW-GREEN e
8 ot oo -
grayishiweak 3 vividistrong N
pE—— 20 dark deep

] 2 30 50 * -
= - PURELE

(57) Abréegée/Abstract:

The Invention provides a curable two layer effect providing coating system which provides a visual appearance and effect

previously obtainable only with a curable th
of the Invention consists essentially of a fi

applied directly to the first layer and cor

ree layer effect providing coating system. The two layer effect providing coating system
rst layer consisting of a first coating composition (a), and a transparent second layer
sisting of a second coating composition (b) comprising an effective amount of an

Interference metal oxide coated mica having a hue shift of at least 100°. In a preferred embodiment of the invention the first coating
composition (a) will be tinted so as to match the color of the second coating composition (b) when viewed at an angle of 110" from
vertical. Most preferably, the first coating composition (a) will comprise (1) at least 95 weight percent titanium dioxide pigment and (i)
no more than 5 weight percent of one or more tint pigments, all based on the total weight of the first coating composition (a).

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

OPIC - CIPO 191




WO 02/50192 Al

CA 02424876 2003-04-01

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

27 June 2002 (27.06.2002) PCT WO 02/50192 Al
(51) International Patent Classification’: C09D 5/36, (72) Inventor; and
BO5D 5/06 (75) Imventor/Applicant (for US only): JOHNSON, Daniel

(21) International Application Number: PCT/US01/42648

[US/US]; 3429 Beaumont Avenue, Anne Arbor, MI 48105
(US).

(74) Agents: GOLOTA, Mary et al.; BASF Corporation,

(22) International Filing Date: 10 October 2001 (10.10.2001)

26701 Telegraph Road, Southfield, MI 48034-2442 (US).

(25) Filing Language: English (81) Designated States (national): AE, AG, AL, AM, AT, AU,

(26) Publication Language: English

(30) Priority Data:
09/740,057 18 December 2000 (18.12.2000) US

(71) Applicant (for all designated States except US): BASF

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, F1, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI,
SK, SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU,
A, 7 W.

CORPORATION [US/US]; Patent Department, 26701 (84) Designated States (regional): ARIPO patent (GH, GM,

Telegraph Road, Southfield, MI 48034-2442 (US).

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian

[Continued on next page]

(54) Title: TWO LAYER COATING SYSTEM HAVING AN ENHANCED VISUAL EFFECT

5

(§7) Abstract: The invention provides a

T RN RSN RNNE NN | 1 :
< A curable th) layer .effect pI:OVldmg coating
= -t pate - -ight {1 L bright - system which provides a visual appearance
i = A and effect previously obtainable only with
E: ===E§§§=H=§g;§=='. a curable three layer effect providing coating
=='i."'ﬂ== vividistrong i~ system. The two layer effect providing coating

B 00 0 s 0 - - - -
" ====.==I.’§..m§|-.§;§‘... system of the invention consists essentially

‘ v v v
====§==§§§=§Eﬁ‘i§=u.§§= of a first layer consisting of a first coating
- pon——- ====m==§====g§=~§§§§ composition (a), and a transparent second
e ====.== =:==§========== layer applied directly to the first layer and
ll'lllll lll.lllll' C* consisting of a second coating composition
— __._..-:;7/7‘4 +a* (b) comprising an effective amount of an

YELLOW-GREEN ORANGE

B
\

GREEN —82 =50 v v fy (Jow = 3 (hmman 3 o — | () $ 3 v, D (3 oot Y} w4} v 5 {) 8 RED

interference metal oxide coated mica having
a hue shift of at least 100°. In a preferred
embodiment of the invention the first coating
composition (a) will be tinted so as to match
the color of the second coating composition
(b) when viewed at an angle of 110° from
vertical. Most preferably, the first coating
composition (a) will comprise (i) at least 95
weight percent titanium dioxide pigment and
(ii) no more than 5 weight percent of one
or more tint pigments, all based on the total
weight of the first coating composition (a).
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TWO LAYER COATING SYSTEM HAVING AN ENHANCED VISUAL
EXFECT

FIELD OF THE INVENTION

The mmvention relates to curable effect providing coating systems and more

particularly to two layer effect providing coating systems.
BACKGROUND OF THE INVENTION

Coatings have long been used to provide a protective fimish for vulnerable or
exposed substrates. Such systems typically provide protection from the effects of
outdoor exposure and use as well as resistance to corrosion and chemicals such as
acids, solvents and the like. However, the atheistic visual appearance or effect
provided by a coating composition or system 1s equally importaht, particularly in the
automotive industry.

Although automotive basecoats and topcoats were once primarily relied upon
to provide a single color effect, more recent years have seen the introduction of
metallic, pearlescent and opalescent color effects. Metallic effects, in which the
appearance of sparkle is imparted to a finished film, are achieved by the introduction
of finely divided metallic flake or mica particles into one or more layers of the coating
system. Typical systems of this type are disclosed in U.S. Patent Nos. 4,048,136;
4,499,143; and 4,605,687. Pearlescent or opalescentr color effects have been achieved
by the introduction of particles of mica which have previously been encapsulated m a
thin layer of a metal oxide into one or more layers of the coating system. Typical
systems of this type are disclosed in U.S. Patent Nos. 4,530,258; 4,457,410;
4,551,491, 4,598,015; 4,498,020; and 4,615,940.

While many of these systems provide unique and desirable color and special
appearance effects, improvements in visual appearance are constantly being sought.
Improvements and new effects that are ever more lustrous, satiny or liquid in
appearance are desired, especially with improved depth and clarity as well as special
color highlights, hues and shifts. The most desirable appearance effects are those
which make traditional colors such as white, beige, gray and the like, more interesting

and appealing to the consumer.
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Thus, more dramatic hue shifts, particularly in the angle of viewing available
to the casual observer, 1.e., a 25° angle to 75° angle of viewing, are especially desired.
For example, an observer of a coated surface would initially percieve a first color or
effect when said coated surface is viewed at a 0° angle, 1.e., perpendicular to the
observers’ eye or directly opposite the observer’s line of sight. However, when the
coated surface 1s slowly moved so as to be oblique to the observer’s line of sight, 1.e.,
at a 25° to 75° angle of viewing, the observer would like to see a dramatic hue or color -
shift relative that first perceived color or effect. Thus, what i1s desired 1s a particular
color effect which 1s dependent upon the angle of viewing. Such particularly desired
hue shifts can provide highlight colors of red, blue, green, gold, violet, or orange to a
coating system, resulting in a more aesthetically appealing appearance and effect.

While the use of metal oxide coated micas is known in coatings, 1.e., see U.S.
Patent Nos. 3,087,829, 4,456,486, 4,551,491, 4,598,015, and 5,741,355, such
compositions have failed to provide dramatic color shifis at the various angles of
viewing. This 1s especially true in regards to unique appearance effects in white
and/or pastel automotive body colors.

Moreover, the prior art has failed to date to provide such visual effect
improvements in commercially feasible effect providing coating systems. Those prior
art special effect coating systems which do provide prior art visual appearance effects
generally require multilayer applications. The prior art has utilized such multilayer
systems 1n order to balance appearance considerations with durability and protection
requirements.

For example, U.S. Patent Nos. 4,539,258 and 4,615,940 describe a multilayer
coating system wherein a least three coating layers must be used to provide the desired
opalescent effects. In such systems, the opalescent effect derives from the use of a
primer layer or intennediate layer containing metal oxide encap sulafed mica particles
in addition to a basecoat and a clearcoat. The desired visual effects are obtained only
with the use of the disclosed third layer. Failure to use the required third layer in
conjunction with both a basecoat and a transparent topcoat results in a nondesireable
visual appearance.

BASF Corporation of Southfield, MI provides a commerically available ivory

three-layer coating system wherein a transparent topcoat is applied over an
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intermediate layer comprising metal oxide encapsulated micas. The intermediate layer
is applied over a pigmented basecoat which has been tinted to match the “flop” or hue
shift of the mntermediate layer.

However, the application of a third effect providing coating layer is greatly

5  disfavored in view of practical manufacturing considerations. The application of a
three-layer effect providing coating system requires more space, equipment, time,
and/or expense than that required to apply a two-layer eftect providing coating system.
It may also result in the discharge of greater amounts of volatile organic solvents as a
result of the additional application step. Thus, most automotive manufacturers require

10  the use of no more than a two-layer effect providing coating system. That 1s, the
desired appearance must be provided by either a single topcoat or a two-coat
composite system, the latter highly favored and most often being a pigmented
basecoat followed by a transparent clearcoat.

Finally, many of the prior art effect providing coating systems suffer from

15  mottling, a visual defect which detracts from the appearance of the finished film.
Mottling may generally be described as an undesirable variation in the visual
appearance and color at a particular 'angle of viewing. Mottling is believed to be a
function of the varied orientation of flaked pigments in a coating, usually a basecoat,
and can occur as a result of various application problems, or as a result of an

20  1nherently weak basecoat rheology system.

Mottling can sometimes be fixed by improving basecoat application or
rheology. In other systems, the only possibility 1s to change the flake or pigment
system of the basecoat or surrounding coatings, especially transparent or semi-
transparent flake containing coatings. It would be advantageous to provide an effect

25  providing coating system which provides a pearlescent or luminescent appearance and
which is less likely to exhibit mottling relative to prior art effect providing coating
systems.

Thus, it is an object of the instant invention to provide a two-layer coating
system which provides a visual appearance and effect previously obtainable only with

30  the use of a three layer effect providing coating system.
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It is another object of the instant invention to provide a two-layer coating

system which provides improvements in visual appearance and effect relative to that

- previously obtainable with prior art three-layer effect providing coating systems.

It 1s a particular object of the invention to provide a two-layer coating system

that provides dramatic improvements in hue shift at viewing angles of from 25° to 75°

degrees.

Another destred object of the invention is provide such dramatic hue shifts in

conjunction with traditional colors such as white, beige, gray and the like so as to

‘ provide heretofore unknown visual effects in a two-layer coating system.

SUMMARY OF THE INVENTION

These and other objects have been achieved with the instant invention. It has

unexpectedly been found that the use of certain metal oxide encapsulated mica

pigments in a particular two-layer coating system results in new and improved visual

effects while maintaining the performance requirements and characteristics of a

commercially acceptable two-layer effect providing coating system.

The curable effect providing coating system of the invention as claimed
comprises:

a first layer consisting of a pigmented first coating composition (a)
wherein the pigments of the first coating composition (a) comprise, based on the
total weight of the pigments, (i) at least 95% by weight titanium dioxide pigment
and (i) not more than 5% by weight of one ore more tint pigments selected from
the group consisting of opaque yellow oxide, opaque red oxide, black. bismuth
vanadate, isoindolines, quinacridones, indanthrones, phthalo, nickel azos,
benzimidazolone, and mixtures thereof and '

a transparent second layer applied directly to the first layer and consisting
of a second coating composition (b) comprising 0.1 to 5.0% by weight of an
interference titanium dioxide coated mica having a Ah of at least 100° based on

the total weight of film forming solids of second coating composition (b), wherein

the first coating composition '(a) has a Ah within -30 to +30 degrees of the
Interference titanium dioxide coated mica of second coating composition (b),

when Ah is measured at 110°.
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In a preferred embodiment of the invention the first coating composition (a)

will be tinted so as to provide a colored appearance which 1s matched to the color
observed in the transparent second layer (b) when it 1s viewed at an angle of 110° from

vertical.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS.

4a
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The instant invention relates to effect providing coating systems. As used
herein, “‘effect providing” refers to one or more coating composition layers which are
primarily responsible for the color of the coated surface. As such, traditional primers
and/or sealers which are pigmented to achieve particular performance parameters
such as corrosion, adhesion and/or smoothness, are generally not considererd to be
part of an “effect providing” coating system. If however, such primers and/or sealers
are pigmented so as to achieve an effect or color which is a part of the overall final
color or appearance, said primers and/or sealers are be considered to be part of the
“effect providing” coating system.

The two layer effect providing coating system of the invention comprises a
pigmented first layer consisting of a first coating composition (a), and a transparent
second layer applied directly to the first layer and consisting of a second coating

composition (b) comprising an effective amount of an interference metal oxide coated
mica having a hue shift Ah of at least 100°, at viewing angles of from 15° to 75°.

The transparent second layer results from the application of a second coating
composition (b). Second coating composition (b) is most preferably a transparent
clearcoat coating composition comprising an interference metal oxide coated mica
having a minimum hue shift (Ah) of at least 100°, at viewing angles of from 15° to
75°. Transparent as used herein refers to a cured or curable coating composition
which permits the passage of rays of the visible spectrum.

As used herein, “interference metal oxide coated mica” refers to a particular
class of metal oxide coated micas, which produce a specific visual effect at a particular
angle of viewing. In general, an interference metal oxide coated mica 1s a mica
particle having a particular aspect ratio which is coated with a particular thickness of a
metal oxide such that it generates a chromatic, reflective color at the flash, and an
opaque complement in the face and {flop.

As used herein, “face” “flash” and “flop” refer to the appearance oi a coated
panel" at a particular angle of viewing as well as the noted angle of viewing. “Face” 1s
the color and effect of a coated panel when 1t 1s veiwed at a 0° angle, i.€.,
perpendicular to and facing the observer’s eye. “Flash” is the perceived color and
effect of the coated panel when the coated panel 1s held and viewed at an angle of

from 25° to 30° from perpendicular to the eye. Flash is generally the brightest
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appearance and angle. “Flop” refers to the color and etfect perceived when the coated
panel 1s held at an angle of from 110° to 120° from perpendicular to the eye.
Generally, an observer of a surface coated with a coating composition
containing a masstone concentration of an interference metal oxide coated mica will
perceive the “color” of the coated surface as a chalky pinkish pastel at viewing angles
of from 0° to 25°. However, when viewed from flash to flop, the same coated surface

will appear to be a different “color”.

For example, a masstone coated panel can be prepared by preparing a curable

- coating composition having a maximum pigment to binder ratio (P/B) wherein the

pigment is solely an intererence metal oxide coated mica pigment. This masstone
coating composition 1s then sprayed to hiding, 1.e., the coating composition is applied
at a film build sufficient to completely obscure a black and white figure affixed to the
substrate to be coated. The color differences dependent upon the angle of viewing can
then be 1dentified and quantified by spectrophotometer measurement.

This color shift from flop to flash can be described in terms of L*a*b readings
and more specifically in terms of A*a and A*b values which reflect hue shift.
Referring to FIG. 1, there 1s shown a simplified section through the CIE 1976 (L*, a*,
b*) color space diagram based on the color measurement system introduced by
Richard S. Hunter, "Photoelectric Tristimulus Colorimetry with Three Filters,"
National Bureau of Standards Circular 429, United States Government. Printing
Office, 1942, reprinted in J. Opt. Soc. Am., 32, 509-538 (1942). A particular color
can be completely described by defining its value (lightness), hue (color), and
chroma (degree of color saturation). In this system the value of a color, L%,
corresponds to its lightness and ranges from zero (black) to one hundred
(white). The hue of a color is designated by values of a* and b*, with a*
corresponding to redness (if a* is positive) or greenness (if a* is negative), and
yellowness (if b* is positive) or blueness (if b* 1s negative). The chroma of the color 1s
designated C* and is equal to the square root of the sum of the squares of a* and b*.
A*a and A*b respectively refer to the color shift between particular viewing angles.
Vales of A*a and A*b may be measured via a sphectrophotometer.

In FIG. 1, the value (L*) of a color 1s measured on the vertical axis, while a*

and b* are measured as points on a rectangular coordinate system 1in the plane

6
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horizontal to the L* axis. Chroma (C*) 1s measured by the perpendicular distance from
the L* axis to the point fixed by a* and b*. For example, in FIG. 1, the color
represented by point A is shown having a value of L*=44, and a hue represented by
a*=45 and b*=10. The chroma, or degree of saturation of this color 1s thus (45.sup.2

5  +10.sup.2).sup.0.5 =46.10.

As can be seen further from FIG. 1, the common descriptions of colors can be
derived from the value and chroma of a color. For example, colors of a particular hue
can be "bright" (high L value and chroma), "vivid" (high chroma, medium L value),
"deep"

10  (low L value and high chroma), "dark" (low L value and chroma), "weak" (low
chroma, medium L value), "pale" (high L value and low chroma), or "light" (high L
value, moderate chroma). Colors of mtermediate value tend toward grayishness or
weakness as their chroma decreases.

Referring to FIG. 2, a horizontal section through the CIE 1976 (L*, a*, b*)

15  color space diagram at constant L* 1s shown. The common names of the colors are

shown around the periphery of the graph.

In the mstant case, the hue shift Ah of interference metal oxide coated micas
suitable for use in the instant invention may be described as the value of Ah from

measurements taken at 15° and at 75° on a multiangle goniosphectrophotometer such

20 as an XRite " Model MAG6SIL. “h” is the measurement of hue in the L*a*b system,
and 1s expressed in degrees around the L axis, with red at 0°, yellow at 90°, green at
180°, and blue at 270°. The hue measurement 1s a measurement of the angle created
by a line from the 0,0 point of the a*, b* plane to a set of a*, b* coordinates, and a line
arbitrarily defined as 0° running along the positive a* axis.

25 Interference metal oxide coated micas suitable for use in the mstant invention
will generally have a hue shift Ah of at least 100°, more preferably at least 130° and
most preferably greater than or equal to 180°. Ah values of from 130°-180° are
preferred. It will be appreciated that nonipterference- metal oxide coated micas will
generally have Ah values of less than 10. Most preferred interference metal oxide

30  coated micas for use in the instant invention have illustrative Ah values of 139°, 164°,

208°, and 166°. Such values respectively correspond to the highlight “colors”

perceived in a masstone composition of the interference metal oxide coated mica when

7
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observed at viewing angles of from 15°-75°, 1.e, green, gold, red, purple, and blue.

As mdicated above, the masstone composition is generally coated over a white or light
colored basecoat and evaluated on a multiangle goniospectrophotometer such as
described herein.

Metal oxide coated micas suitable for use in the mstant mvention may be either
natural or synthetic mica. Synthetic micas are most preferred. Examples of synthetic
micas are aluminum oxide, fluoro phlogopite, fluoro tetrasilicic mica, fluoro taeniolite
and 1somorphous substitutents thereof with aluminum oxide (Al,O3) being most
preferred.

Mica particles suitable for use in the instant mvention will generally have a
diameter of from 10-40 microns and a thickness of less than 0.4 microns. Moreover,
such mica particles will generally have an aspect ratio, 1.e., length divided by
thickness, of from 50 to 80 or greater. More preferably, mica particles for use m the
instant imvention will have a length of from 10 to 40 microns and a thickness of from
0.1 to 0.3 microns, with an aspect ratio of from 70 to 90. Most preferred mica
particles will have a length of from 20 to 30 muacrons, z; thickness of from 70 to 90 and
an aspect ratio of from 70 to 90.

The metal oxides used to encapsulate the mica particles may be titanium
dioxide, fénic oxide, chromium hydroxide, methacrylatochromium chloride, and the
like and mixtures thereof. Titanium dioxide is a most preferred metal oxide.

The thickness of the metal oxide coating layer contributes to the particular
interference colors produced by a mterference metal oxide coated mica. Accordingly,
the metal oxide thickness should be generally be from 40 to 175 nm, more preferably
from 50 to 160 nm and most preferably from 60 to 150 nm, with thicknesses of from
75-95 nm being especially preferred.

Ilustrative examples of suitable interference metal oxide coated micas for use

in the instant invention are the interference micas commerically available from
Engelhard Corporation of Iselin, NJ. Particularly suitable are Xirallic™ mterference
micas commercially available from EM industries of Hawthorne, NY.

The interference metal oxide coated micas for use in second coating

composition (b) will generally be present in composition (b) in an amount etfective to

produce the desired visual effect but not enough to impair the transparent nature of
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coating (b) or to negatively influence the physical performance parameters of the
finished transparent film. Finished film properties such as gloss and distinctness of
image (DO]J) are especially important and are atfected by the concentration of
pigment. As a result, it is most desirable to minimize the concentration of the
interference metal oxide coated mica. In general, the interference metal oxide coated
micas will be present in the second coating composition (b) in an amount of less than
30 percent by weight, based on the total film forming solids of second coating
composition (b). “Film forming solids” refers to the total percent nonvolatile solids of
all resinous, polymeric, and/or oligomeric components which contribute to the
formation of the finished film. In order to minimize any negative effects on second
coating composition (b), the interference metal oxide coated micas will generally be
used mn an amount of from 0.1 to 5.0 %, more preferably from 0.1 to 1.5 % and most
preferably from 0.1 to 0.8 %, all based on the total film forming solids of second
coating composition (b). It is most preferred that second coating composttion (b)
contain no pigmentation other than the interference metal oxide coated micas.

Second coating composition (b) may be any of the known clearcoat
compositions. Most preferably second coating composition (b) will be a curable
thermosetting coating comprising a component (b)(1) having a plurality of active
hydrogen-containing functional groups and a curing agent (b)(11) having functional
groups reactive with those of component (b)(1). Second coating composition (b) may
be a one component composition or a two component composition.

Examples of suitable components (b)(1) include acrylic polymers, modified
acrylic polymers, polyesters, polyepoxides, polycarbonates, polyurethanes,
polyamides, polyimides, and polysiloxanes, all of which are well-known 1n the art.
Preferably, the polymer 1s an acrylic, modified acrylic, polyester, polyurethane or
polyester-polyurethane copolymer. More preferably, the polymer 1s an acrylic
polymer. Active hydrogen-containing functional groups on polymer resins are well-
known 1n the art. Such groups include, for example, carbamate groups, especially
primary carbamate groups, hydroxyl groups, amino groups, thiol groups, hydrazide
groups, and activated methylene groups. Preferred active hydrogen-containing

groups are carbamate, hydroxyl groups and mixtures thereof.
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In one preferred embodiment of the invention, component (b)(1) 1s an acrylic
polymer. Suitable acrylic polymers may have a molecular weight of 500 to
1,000,000, and more preferably of 1500 to 50,000. As used herein, "molecular
weight" refers to number average molecular weight, which may be determined by the
GPC method using a polystyrene standard. Such polymers are well-known in the art,
and can be prepared from monomers such as methyl acrylate, acrylic acid, methacrylic
acid, methyl methacrylate, butyl methacrylate, cyclohexyl methacrylate, and the like.
The active hydrogen functional group, e.g., hydroxyl, can be incorporated into the
ester portion of the acrylic monomer. For example, hydroxy-functional acrylic
monomers that can be used to form such polymers include hydroxyethyl acrylate,
hydroxybutyl acrylate, hydroxybutyl methacrylate, hydroxypropyl acrylate, and the
like. Amino-functional acrylic monomers would include t-butylaminoethyl
methacrylate and t-butylamino-ethylacrylate. Other acrylic monomers having active
hydrogen functional groups in the ester portion of the monomer are also within the
skill of the art.

Modified acrylics can also be used as component (b)(1) according to the
invention. Such acrylics may be po]yester-modiﬁed acrylics or polyurethane-modified

acrylics, as 1s well-known 1n the art. Polyester-modified acrylics modified with

e-caprolactone are described in U.S. Patent 4,546,046 of Etzell et al.

Polyurethane-modified acrylics are also well--known in the art. They are

described, for example, in U.S. Patent 4,584,354

Polyesters having active hydrogen groups such as hydroxyl groups can also be
used as the component (b)(1) in the composition according to the invention. Such
polyesters are well-known in the art, and may be prepared by the polyestenification of
organic polycarboxylic acids (e.g., phthalic acid, hexahydrophthalic acid, adipic acid,
maleic acid) or their anhydrides with organic polyols containing primary or secondary
hydroxyl groups (e.g., ethylene glycol, butylene glycol, neopentyl glycol).

Polyurethanes having active hydrogen functional groups are also well-known
in the art. They are prepared by a chain extension reaction of a polyisocyanate (e.2.,
hexamethylene diisocyanate, isophorone diisocyanate, MD], etc.) and a polyol (e.g.,
1,6-he§<anedio], 1,4-butanediol, neopentyl glycol, trimethylol propane). They can be

provided with active hydrogen functional groups by capping the polyurethane chain
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with an excess of diol, polyamine, amino alcohol, or the like.
Carbamate functional components (b)(1) used in the composition of the
invention can be prepared in a vanety of ways. One way to prepare such polymers is
to prepare an acrylic monomer having carbamate functionality in the ester portion of
the monomer. Such monomers are well known 1n the art and are described, for
example in U.S. Patents 3,479,328, 3,674,838, 4,126,747, 4,279,833, and 4,340,497,
5,356,669, and WO 94/10211. One method of synthesis involves reaction of a
hydroxy ester with urea to form the carbamyloxy carboxylate (i.e., carbamate-

modified acrylic). Another method of synthesis reacts an o,B-unsaturated acid
ester with a hydroxy carbamate ester to form the carbamyloxy carboxylate, Yet
another technique involves formation of a hydroxyalkyl carbamate by reacting a
primary or secondary amine or diamine with a cyclic carbonate such as ethylene
carbonate. The hydroxyl group on the hydroxyalkyl carbamate is then esterified
by reaction with acrylic or methacrylic acid to form the monomer. Other methods
of preparing carbamate-modified acrylic monomers are described in the art, and
can be utilized as well. The acrylic monomer can then be polymerized along with
other ethylenically unsaturated monomers, if desired, by techniques well known
In the art.

An Alternative route for preparing carbamate functional components
(b)(i) used in the composition of the invention is to react an already-formed
polymer such as an acrylic polymer with another component to form a
carbamate-functional group appended to the polymer backbone, as described in
U.S. Patent 4,758,632. One technique for preparing carbamat efunctional
polymers useful as component (b)(i) involves thermally decomposing urea (to
give off ammonia and HNCOQO) in the presence of a hydroxy-functional acrylic
polymer to form a carbamate-functinal acrylic polymer. Another technique
involves reacting the hydroxyl group of a hydroxyalkyl carbamate with the
isocyanate group of an isocyanate-functional acrylic or vinyl monomer to form
the carbamate-functional acrylic. Isocyanate-functional acrylics are known in the
art and are described, for example in U.S. Patent 4,301,257. Isocyanate vinyl

monomers are well known in the art and include unsaturated m-tetramethyi

xylene isocyanate (sold by American Cyanamid as TM|®). Yet another
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technique is to react the cyclic carbonate group on a cyclic carbonate-dunctional
acrylic with ammonia in order to form the carbamate-functional acrylic. Cyclic
carbonate-functional acrylic polymers are known in the art and are described, for
example, in U.S. Patent 2,979,514. Another technique is to transcarbamylate a
hydroxy-functional acrylic polymer with an alkyl carbamate. A more difficult, but

feasible way of preparing the polymer would be to trans-esterify an acrylate
polymer with a hydroxyalkyl carbamate.

Carbamate functional components (b)(1) will generally have a molecular
weight of 2000-20,000, and preferably from 3000-6000. As used herein, molecular
welght means number average molecular weight, and can be determined by the GPC
method using a polystyrene standard. The carbamate content of the polymer, on a

molecular weight per equivalent of carbamate functionality, will generally be between

200 and 1500, and preferably between 300 and 500. The glass transition temperature,

Tg, of components (A) and (B) can be adjusted to achieve a cured cQating having the

Ig for the particular applicatioﬁ involved.

Carbamate functional components (b)(i) can be represented by the randomly

repeating units according to the following formula:

R,

O

[ 3[ -
L—O—C—NHR, A , wherein
] \

In the above formula, Ry represents H or CH3. R2 represents H, alkyl,

preferably of 1 to 6 carbon atoms, or cycloalkyl, preferably up to 6 ring carbon atoms.
It is to be understood that the terms alkyl and cycloalkyl are to include substituted
alkyl and cycloalkyl, such as halogen-substituted alkyl or cycloalkyl. Substituents that
will have an adverse impact on the properties of the cured material, however, are to be
avoided. For example, ether linkages are thought to be susceptible to hydrolysis, and

should be avoided in locations that would place the ether linkage in the crosslink
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matrix. The values x and y represent weight percentages, with x being 10 to 90 % and
preferably 40 to 60 %, and y being 90 to 10 % and preferably 60 to 40 %.

In the formula, A represents repeat units derived from one or more
ethylenically unsaturated monomers. Such monomers for copolymerization with

5 acrylic monomers are known in the art. They include alkyl es;cers of acrylic or
methacrylic acid, e.g., ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, butyl
methacrylate, isodecyl methacrylate, hydroxyethyl methacrylate, hydroxypropyl
acrylate, and the like; and vinyl monomers such as unsaturated m-tetramethyl xylene
isocyanate (sold by American Cyanamid as TMI®), styrene, vinyl toluene and the
10  like.

L represents a divalent Iinking group, preferably an aliphatic of 1 to 8 carbon

atoms, cycloaliphatic, or aromatic linking group of 6 to 10 carbon atoms. Examples of

L mnclude

N\ O
<O\/\NH/\O/(CH2 )3
/

15 -(CHp)-, -(CH»)9-, -(CH2)4-, and the like. In one preferred embodiment, -L- 1s

represented by -COO-L'- where L' 1s a divalent linking group. Thus, in a preferred
embodiment of the invention, the polymer component (a) is represented by randomly

repeating units according to the following formula:

{CHE_C';Af

C—0O—L '——O——C——NHR2 %A} , wherein
Yy
|

T

20 In this formula, R, Ry, A, X, and y are as defined above. L' may Be a divalent
aliphatic linking group, preferably of 1 to 8 carbon atoms, e.g., -(CH)-, -(CH»)2-,
-(CH9)4-, and the like, or a divalent cycloaliphatic linking group, preferably up to 8

carbon atoms, e.g., cyclohexyl, and the like. However, other divalent linking groups
can be used, depending on the technique used to prepare the polymer. For example, if
25  ahydroxyalkyl carbamate is adducted onto an isocyanate-functional acrylic polymer,
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the linking group L' would include an -NHCOO- urethane linkage as a residue of the
1socyanate group.

In a most preferred embodiment, component (b)(1) will be selected from the
group consisting of carbamate functional acylics, carbamate functional modified
acrylics, hydroxyl functional acrylics, hydroxyl functional modified acrylics,
polyurethanes, polyesters and mixtures thereof, with carbamate functional acylics and
hydroxyl functional acrylics being especially preferred.

The second coating composition (b) utilized in the mvention is cured by a
reaction of the active hydrogen-functional compound (b)(1) with a curing agent (b)(i1)
having a plurality of functional groups that are reactive with the active hydrogen
groups on component (b)(1). Such reactive groups include active methylol or
methylalkoxy groups on aminoplast crosslinking agents or on other compounds such
as phenol/formaldehyde adducts, 1socyanate groups, siloxane groups, cyclic carbonate
groups, and anhydride groups. Examples of illustrative curing agents (b)(ii) include
melamine formaldehyde resin (including monomeric or polymeric melamine resin and
partially or fully alkylated melamine resin), blocked or unblocked polyisocyanates
(e.g., TDI, MDI, 1sophorone diisocyanate, hexamethylene diisocyanate, and
1socyanurate trimers of these, which may be blocked for example with alcohols or
oximes), urea resins (e.g., methylol ureas such as urea formaldehyde resin, alkoxy
ureas such as butylated urea formaldehyde resin), polyanhydrides (e.g., polysuccinic
anhydride), and polysiloxanes (e.g., trimethoxy siloxane). Aminoplast resin such as
melamine formaldehyde resin or urea formoaldehyde resin are especially preferred for
use as curing agent (b)(11).

One or more solvents may be utilized 1 second coating composition (b)(i1)
used in the practice of the present invention. Such one or more solvents will preferably
act as solvents with respect to both components (b)(1) and (b)(11) of second coating
composition (b). In general, depending on the solubility characteristics of components
(A) and (B), the solvent can be any organic solvent and/or water. In one preferred
embodiment, the solvent is a polar organic solvent. More preferably, the solvent is a
polar aliphatic solvents or polar aromatic solvents. Still more preferably, the solvent is
a ketone, ester, acetate, aprotic amide, aprotic sulfoxide, or aprotic amine. Examples

of useful solvents include methyl ethyl ketone, methyl isobutyl ketone, m-amyl
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acetate, ethylene glycol butyl ether-acetate, propylene glycol monomethyl ether
acetate, xylene, N-methylpyrrolidone, or blends of aromatic hydrocérbons. In another
preferred embodiment, the solvent 1s water or a mixture of water with small amounts
of co-solvents.

Second coating composition (b) may also include a catalyst to enhance the
cure reaction. For example, when aminoplast compounds, especially monomeric
melamines, are used as component (b)(i1), a strong acid catalyst may be utilized to
enhance the cure reaction. Such catalysts are well-known 1 the art and include, for
example, p-toluenesulfonic acid, dinonylnaphthalene disulfonmc acid,
dodecylbenzenesulfonic acid, phenyl acid phosphate, monobutyl maleate, butyl
phosphate, and hydroxy phosphate ester. Strong acid catalysts are often blocked, e.g.
with an amine. Other catalysts that may be useful in the composition of the mvention
include Lewis acids, zinc salts, and tin salts.

In a preferred embodiment of the invention, the solvent is present in second
coating composition (b) in an amount of from about 0.01 weight percent to about 99
weight percent, preferably from about 10 weight percent to about 60 weight percent,
and more preferably from about 30 weight percent to about 50 weight percent.

Any additional agent used, for example, surfactants, fillers, stabilizers, wetting
agents, dispersing agents, adhesion promoters, UV absorbers, HALS, etc. may be
incorporated into second coating composition (b). While the agents are well-known in
the prior art, the amount used must be controlled to avoid adversely affecting the
coating characteristics.

The second coating composition (b) will be applied over pigmented first
coating composition (a). In a particularly preferred embodiment, pigmented first
coating composition according to the invention is a high-gloss coating utilized as the
basecoat or color coat of a composite color-plus-clear coating. High-gloss coatings as
used herein are coatings having a 20° gloss (ASTM D523-89) or a DOI (ASTM E430-
91) of at least 80.

First coating composition (a) will most preferably comprise one or more
pigments. The pigments used in pigmented first coating composition (a) may be any

organic or inorganic compounds or colored materials, fillers, metallic or other
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inorganic flake materials such as mica or aluminum flake, and other materials of kind
that the art normally names as pigments.

In a preferred embodiment, first coating composition (a) will at a minimum
comprise one or more color providing pigments. Such pigments may generally

described as those which create a desired color effect and provide enough opacity to

hide a black and gray checkerboard at a film thickness of from 7p to 40u. Illustrative

~ examples of suitable pigments are white pigments, opaque yellow 1ron oxide, opaque

red iron oxide, black, bismuth vanadate, isoindolines, quinacridones, mndanthrones,
phthalos, nickel azos, and benzimidazolones and mixtures thereof. Pigments are
usually used in the composition 1n an amount uof 0.1% to 100%, based on the total
solid weight of the film forming components (2)(1) and (2)(11) or (b)(1) and (b)(11), (1.€.,
a P:B ratio of 0.1 to 1), preferably a P:B ratio of from 0.5 to 3.0, and most preferably a
P:B ratio of from 0.6 to 1.5.

In a preferred embodiment of the invention, the pigments used in first coating
composition (a) will be such that the color of first coating composition (a) 1s a white or
pastel color. White and pastel can be defined as colors in L*a*b space as having high
L values and low a and b values. A true white would have a and b values of 0. In
particular, the pigments of the first coating composition (a) will comprise 95% or
more T10,, and 5% or less of any of other non-T10; pigments, preferably from 95.0 to
97.0% Ti0O, and 5.0 to 3.0 % non-T10; pigments and most preferably from 99.0 to
99.9% T10, and 1.0 to 0.1 % non-TiO; pigments. Non-T10, pigments will generally
be selected from those nonwhite pigments which create a desired color effect and
provide enough opacity to hide a black and gray checkerboard at a film thickness of
from 7 to 40p. Preferred examples may be selected from the group consisting of
opaque yellow iron oxide, opaque red 1ron oxide, black, bismﬁth vanadate,
isoindolines, quinacridones, indanthrones, phthalos, nickel azos, and
benzimidazolones and mixtures thereof.

In a most preferred embodiment of the invention, the first coating composition
(a) will be pigmented such that the color of the first coating composition (a) matches
or nearly matches the color of the second coating composition (b) when coated
surfaces of both are viewed at the flop or 110 -120° from perpendicular to the

observer’s eye. It has been found that the matching of these colors of first and second
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coating compositions (a) and (b) reduces the appearance of mottling in the final effect
providing coating system. Thus, the the first coating composition (a) will generally
have a Ah which is within -50 to +50 degrees of the interference titanium dioxide
coated mica used in second coating composition (b), when Ah is measured at 110°. In
5  apreferred embodiment, the first coating composition (a) will have a Ah which 1s
within -30 to +30 degrees of the interference titantum dioxide coated mica used in
second coating composition (b), when Ah is measured at 110°. In a most preferred
embodiment, the first coating composition (a) will have a Ah which is within -10 to
+10 degrees of the iterference titanium dioxide coated mica used 1n second coating
10  composition (b), when Ah is measured at 110°.

First coating composition (a) may be any of the known basecoat compositions.
Most preferably first coating composition (a) will be a curable thermosetting coating
comprising a component (2)(1) having a plurality of active hydrogen-containing
functional groups and a curing agent (a)(i1) having functional groups reactive with

15  those of component (b)(1). First coating composition (a) may be a one component
composition or a two component composition.

The film forming components (a)(1) and (a)(i1) of pigmented first coating
composition (a) may be any of a number of types known in the art and/or as discussed
above 1 regards to ﬁ]mﬁ forming components (b)(1) and (b)(i1). Polymers known

20  the art to be particularly useful in basecoat compositions include acrylics, vinyls,
polyurethanes, polycarbonates, polyesters, alkyds, and polysiloxanes. Preferred
polymers include acrylics and polyurethanes as discussed above. In one preferred -
embodiment of the invention, the basecoat composition (a) utilizes a carbamate-
functional acrylic polymer as discussed above. Basecoat polymers may be

25  thermoplastic, but are preferably crosslinkable and comprise one or more type of
cross-linkable functional groups. Such groups include, for example, hydroxy,
isocyanate, amine, epoxy, acrylate, vinyl, silane, and acetoacetate groups. These
groups may be masked or blocked in such a way so that they are unblocked and
available for the cross-linking reaction under the desired curing conditions, generally

30 elevated temperatures. Useful cross-linkable functional groups include hydroxy,
epoxy, acid, anhydride, silane, and acetoacetate groups. Preferred cross-linkable
functional groups include hydroxy functional groups and amino functional groups.

17



CA 02424876 2003-04-01
WO 02/50192 PCT/US01/42648

Basecoat polymers may be thermoplastic, self-cross-hnkable, or may require a
separate cross-linking agent that is reactive with the functional groups of the polymer.
When the polymer comprises hydroxy functional groups, for example, the cross-
linking agent may be an aminoplast resin, 1socyanate and blocked 1socyanates

5  (including isocyanurates), and acid or anhydride functional cross-linking agents.
Aminoplast, isocyanate, and blocked isocyanate are most preferred for use as film
forming component (a)(i1) of first coating composition (a).

First coating composition (a) may further comprise solvents, catalysts and/or

additives as are described above with regards to second coating composition (b). Ina

10  particularly preferred embodiment, first coating composition (a) will be a water borne
pigmented basecoat, especially a hydroxyl functional acrylic or polyester/melamine
based system.

The first and second coating compositions (a) and (b) may be applied on a
desired article by any of a number of techniques well-known in the art. These include,

15  for example, spray coating, dip coating, roll coating, curtain coating, and the hike. For
articles such as automotive body panels, spray coating is preferred. Articles to be
coated may be metal, plastic, and mixtures thereof.

The first and second coating compositions (a) and (b) described herein are
preferably subjected to conditions so as to cure the coating layers. While first and

20  second coating compositions (a) and (b) may be cured independently of each other, in
a particularly preferred embodiment, second coating composition (b) will be applied to
a “‘wet” or substantially uncured first coating composition (a) followed by a single or
joint cure schedule. Although various methods of curing may be used, heat curing 1s
preferred. Generally, heat curing 1s effected by exposing the coated article to elevated

25  temperatures provided primarily by radiative heat sources. Curing temperatures will
vary depending on the particular functional groups and whether any blocking groups
were used in the cross-linking agents, however temperatures generally range between
ambient to 205°C, more preferably from 93°C to 177 °C. The curing time will vary
depending on the particular components used, and physical parameters such as the

30 thickness of the layers, however, typical curing times range from 15 to 60 minutes,

preferably 15-25 minutes and most preferably 10-20 minutes.
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Example I |
Preparation of second coating compositions (b) according to the invention.
| Three different commercially available production clearcoats (respectively A,
B, and C) were reduced to the recommended viscosity according to the manufacturer’s
5 specifications. Clearcoat A was a standard acrylic/melamine type clearcoat,
commercially available from BASF‘Corporaﬁon of Southfield, MI as E126CEO12A.
Clearcoat B was a blocked isocyanate polyurethane clearcoat, commercially available
from BASF Corporation of Southfield, MI as R126CG2020. Clearcoat C was a 2
component isocyanate polyurethane, commercially available from BASF Corporation
10 of Southfield, MI as ELOCEQ08S. (For Clearcoat C, the total film forming solids used
[ were the combination of both A and B components, such that, when combined, the
weight of A + B = 3500 grams.)
3500 grams of each clearcoat was loaded into a contamer and agitated using a
spinﬁer blade attached to an air motor. Varying amounts of a commercially available
15  gold interference mica (Xiral‘licTM interference gold mica from EM industries of
Hawthome, NY) were then added to each sample based on the total film forming
solids of the clearcoat. Samples were prepared per the following P:B ratios: (1) .005
P/B, (2) 010 P/B, (3) .015 P/B, (4) .025 P/B, and (5) .050 P/B.

20 . Preparation of two-layer effect providing
coating systems according to the invention.

An acrylic/melamine, high solids white basecoat, commercially available
( from BASF Corporation of Southfield, MI as E17WJ614, was applied as first coating

25 composition (a) to primed aluminum panels and flashed for § minutes at ambient.
Clearcoat samples .A(l)'-(S), B(1)-(5), and C(1)~(5) were applied over the uncured
white basecoat. The clearcoated panels were flashed for approximahelﬁ 10 minutes
before baking for 30 minutes at 129°C. The cured panels were evaluated for gloss,
DOI, and mottle.

30 A second set of panels was prepared except that in this case, first coating
compostiion (a) was an acrylic melamine based black basecoat, commercially
available available from BASF Corporation of Southfield, MI as E174KJ606.
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The white basecoated panels presented a good appearance, but the black
basecoated panels presented unacceptable mottling. Panels having a .005 P/B, .010
P/B, or 0.15 P/B showed good DOI and gloss in comparision with those having a P/B
of 0.25 or 0.50.

Example 11

Preparation of second coating compositions (b)
according to the invention.
10 Clearcoat samples 1, 2, and 3, having P:B ratio o1 .005, .010, and .015, were

prepared as indicated above in Example 1.

Preparation of first coating compositions (a)
according to a preferred embodiment of the invention.

15

The white basecoat from Example I was tinted with the following amounts of

pigments: .2 % indanthrone blue - .1 % black and .5 % yellow oxide.

Preparation of two-layer effect providing
20 coating systems according to the invention.

Coated panels were prepared as indicated in Example I using the clearcoat and
basecoat samples of Example II. The resulting cured panels were then evaluated for
mottle versus the untinted white basecoats panels of Example I. In each case, the

tinted basecoat version was better for mottle.

235
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WHAT IS CLAIMED IS:

1. A curable effect proViding coating comprising:

a first layer consisting of a pigmented first coating composition (a) wherein
the pigments of the first coating composition (a) comprise, based on the total weight
of the pigments, (i) at least 95% by weight titanium dioxide pigment and (ii) not
more than 5% by weight of one ore more tint pigments selected from the group
consisting of opaque yellow oxide, opaque red oxide, black, bismuth vanadate,
Isoindolines, quinacridones, indanthrones, phthalo, nickel azos, benzimidazolone,
and mixtures thereof, and

a transparent second layer applied directly to the first layer and consisting of
a second coating composition (b) comprising 0.1 to 5.0% by weight of an
interference titanium dioxide Coated mica having a Ah of at least 100° based on the
total weight of film forming solids of second coating composition (b), wherein the

first coating composition (a) has a Ah within -30 to +30 degrees of the interference

titanium dioxide coated mica of second coating composition (b), when Ah is

measured at 110°.

2. The curable effect providing coating of claim 1, wherein the interference

titanium dioxide coated mica has a Ah value of at least 130°.

3. The curable effect providing coating of claim 1, wherein first coating
composition (a) is substantially free of metallic pigment.

4, Ihe curable effect providing coating of claim 1, wherein the first coating

composition (a) has a Ah within -10 to +10 degrees of the interference tintanium

dioxide coated mica used in second coating composition (b) when Ah is measured
at 110°.
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5. The curable effect providing coating of claim 1, wherein the interference

titanium dioxide coated mica has an aspect ratio of at least 40.

6. The curable effect providing coating of claim 5, wherein the interference

titanium dioxide coated mica has an aspect ratio of from 50 to 80.

7. The curable effect providing coating of claim 6, wherein the interference

titanium dioxide coated mica has an aspect ratio of at least 55.

8. The curable effect providing coating of claim 1, wherein second coating
composition (b) comprises from 0.1 to 1.5 weight percent of the interference
titanium dioxide coated mica, based on the total film forming solids of the second

coating composition (b).
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