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EFFECT PIGMENTS WITH IMPROVED COLORANT ADHESION

BACKGROUND OF THE INVENTION

The present invention relates to platy pigments with a highly adherent

colorant.

Colored lustrous pigments are known in which the lustrous pigment part is a

natural pearlescent material or synthetic pearlescent substance (also called nacreous

pigments) and the colors are a wide variety of inorganic and organic coloring agents

or dyestuffs. The processes used to make colored lustrous pigments in prior art

encountered numerous difficulties among which the following are noteworthy:

severe bleeding of the color on filtration of the coated product from the suspension;

poor adherence to the surface of the pigment in that the color could be washed off

with water; difficulty of retaining luster with increased color intensity; and

nonuniform distribution of the colorant on the pigment surface.

The foregoing problems are in part described in U.S. Pat. No. 4,084,983.

This patent relates to the use of titanium dioxide-coated-mica pigments to produce

colors due to interference phenomena and additional color effects achieved by

coating organic dyes on the surface of these pigments. In an attempt to overcome

the problems encountered in the art, the dyestuff is chemically bound on the surface

of the pigment with the help of a laking reagent. For example, one laking reagent

used was aluminum chloride which on hydrolysis produced layers of aluminum

hydroxide with which the dye reacted to form the insoluble color lake, thereby

permitting it to deposit on the surface of the pigment. Although this approach

particularly addresses the problem of poor adherence of the organic dye on the

surface of the pigment, the problem of heavy bleeding of the uncoated dye remained

severe. The failure of the previous art to control this problem was a serious obstacle

in developing a suitable process of preparing colored lustrous pigments of superior

quality.

A significant advance in the art is described in U.S. Patent 4,968,351. This

provides an efficient laking process which is practical and economical for preparing

dye-coated pigments with strong color intensity and superior luster.

Another significant advance in the art is described in U.S. Patent 4,755,229

in connection with combination pigments, pearlescent pigments further coated

with an absorption pigment, so-called because it absorbs some portion of the visible

spectrum. Absorption pigments which are not soluble in water and which cannot be
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previous art to control this problem was a serious obstacle in developing a suitable

process of preparing colored lustrous pigments of superior quality.

A significant advance in the art is described in U.S. Patent 4,968,351. This

provides an efficient laking process which is practical and economical for preparing

dye-coated pigments with strong color intensity and superior luster.

Another significant advance in the art is described in U.S. Patent 4,755,229 in

connection with combination pigments, pearlescent pigments further coated with

an absorption pigment, so-called because it absorbs some portion of the visible

spectrum. Absorption pigments which are not soluble in water and which cannot be

formed in place from a water-soluble reactant(s) are deposited using an oxide or

hydroxide of a polyvalent cation and an anionic polymeric substance. Since that

procedure was developed in the 1980's, the conditions to which such colored

nacreous pigments have been subjected have become even more severe, thereby

requiring further improvements in color adhesion. Furthermore, that process was

particularly adopted for use in products which are subjected to inherently more

severe processing conditions during manufacturing, as for instance, incorporation

into a mass of plastic.

A pearlescent pigment having improved humidity resistance and

weatherability is described in U.S. Patent 5,759,255. This pigment is realized by a

metal oxide-coated mica pearlescent pigment which has an aluminum or an

aluminum-cerium combined with a hydrolyzed silane coupling agent treated surface.

It has now been surprisingly discovered that the hydrolyzed silane coupling agent

treatment when used in conjunction with the pigments of the aforementioned U.S.

Patent 4,755,229 give rise to improved non-bleeding, non-agglomerated, lustrous

colored nacreous pigments with excellent weatherability.
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SUMMARY OF THE INVENTION

This invention relates to colored lustrous pigments of superior quality and to

processes for producing them. More particularly, the invention pertains to colored

lustrous platy materials, especially metal oxide-coated substrate nacreous or

pearlescent pigments, which are colored with an absorption colorant and contain a

hydrolyzed silane coupling agent treated surface and a process for producing such

pigments. The products of the invention are preferably chromium-free. They exhibit

improved adhesion of the colorant coupled with enhanced weatherability. The

products are of particular use in liquid coating such as the solvent and water borne

automotive paint systems combining a pigmented basecoat and a clear top coat.

The invention thus provides a lustrous colored platy substrate, a

nacreous pigment comprising metal oxide-coated substrate nacreous pigment

particles, whose surface has been coated with a first coating layer comprising anionic

polymeric substance and water-insoluble colored pigment, said pigment having a

second coating layer thereon consisting essentially of hydrated aluminum oxide or

combination of hydrated cerium and aluminum oxide and a coating of hydrolyzed

silane coupling agent on or intermingled with said second coating. The pigment is

essentially non-bleeding and non-agglomerated, bleeding is substantially reduced

if not eliminated compared to prior art pigments.

The invention also provides method of producing the pigment by combining

an aqueous suspension of platelets with an aqueous suspension of a water-insoluble

colored pigment containing an anionic polymeric substance, and thereafter forming a

coating consisting essentially of a hydrated aluminum oxide or combination of

hydrated aluminum-cerium oxide on the platelets and combining said platelets with a

hydrolyzed silane coupling agent simultaneously or subsequently with the formation

of said coating.



DESCRIPTION OF THE INVENTION

SIn accordance with the present invention, a superior pigment, a

combination nacreous pigment, is produced basically in accordance with the process

Sdescribed in the aforementioned U.S. Patent No. 4,755,229, which is hereby
00

incorporated by reference, and then is treated with a hydrolysed complexing agent.

The substrate to be treated can be any platy material such as mica flakes,

titanium dioxide, sericite, kaolin, gypsum, bismuth oxychloride, glass and the like.

O Suitable mixtures of platy substrates may also be used. Usable coated platelets are

Sexemplified by titanium dioxide-, zirconium dioxide- and/or iron oxide-coated mica or

coated glass. The substrate may also be an optically variable pearlescent or effect

CN pigment.

Preferred are the well-known metal-oxide coated mica or glass nacreous

or pearlescent pigments. The metal oxide coated substrate nacreous pigments are well

known and are exemplified by titanium dioxide and/or iron oxide coated mica. Such

pigments are described, inter alia, in U.S. Patent No. 3,437,515; 3,418,146; 3,087,828

and 4,038,099. A preferred nacreous pigment is titanium dioxide coated mica. The mica

flake substrates generally have a length of about 1-75 microns, preferably about 5-35

microns, and a thickness between about 0.3 and 3 microns. Usually, the titanium

dioxide or other metal oxide will be coated on the substrate surface to a thickness of

about 20-350 nanometers or such that is about 50 to 500 mg/m 2 depending on the

specific surface area of the substrate in m2 Depending on the thickness of the metal

oxide coating, the pigments can exhibit interference or reflection colors of blue, green,

yellow, red, etc.

Absorption pigments which are water insoluble, transparent (i.e.

substantially non-light scattering) and which cannot be formed in situ from a water

soluble reactant(s) but which may be highly dispersed in water or water-alcohol

containing

N:\Mclboume\Cases\Patent\49000-49999\P49168 ALASpccis\P49168AU Specification 2006-12-19.doe 28/12/06
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anionic polymer are suitable for the invention. These include, for example, carbon

black and organic pigments in the following groups: azo compounds,

anthraquinones, perinones, perylenes, pyrroles such as diketopyrrolo pyrroles,

quinacridones, thioindigos, dioxazines and phthalocyanines and their metal

complexes. The pigments, depending on their color intensity, are used in a

concentration range of about 0.01% to about 30% based on the weight of platy

substrate, preferably 0.1% to 

Colors may be adjusted if desired by mixing combination pigments. In

general, it is preferred to mix pigments of the same or similar reflection color, since

reflection colors mix additively and color intensity is reduced when very different

reflection colors are mixed. The absorption pigment components mix subtractively,

and the usual pigment blending procedures are followed.

The post-treatment of the pigment will now be described.

Coating of a metal oxide-coated mica pigment with a hydrous aluminum

oxide per se is known. It has been described, for example, in U.S. Patent No.

5,091,011, the disclosure of which is incorporated herein by reference. That

procedure is used in the present invention. Briefly, the pigment is dispersed by

stirring in water and then an aluminum compound such as aluminum chloride,

aluminum sulfate or aluminum potassium sulfate, and a neutralizing agent such as

sodium hydroxide, potassium hydroxide, ammonia or urea, are added simultaneously

as aqueous solutions. The resulting hydrolysis causes a hydrous oxide to deposit on

the substrate. As described, the aluminum compound must be added slowly enough

to permit the formation of a smooth, continuous layer on the platelets and the rate

should fall within the range of about 0.03 to 0.1 mg Al per minute per gram of

pigment, preferably about 0.005 to 0.07 mg Al/min/g pigment. A quantity of

aluminum compound solution is used so as to produce a hydrous aluminum oxide

coating containing about 0.05 to 1.2% aluminum, preferably about 0.1 to 0.8%
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aluminum, based on the total weight of the pigment. Pigments in which the

concentration of aluminum is above 1.2% are less effective in stabilization than

lower concentrations. After deposition of the coating, the product can be filtered,

washed with water and dried at any convenient temperature. Use of a temperature

which is high enough to calcine (crystallize)the hydrous aluminum oxide (amorphous

aluminum oxyhydroxide) should be avoided.

The coating of a titanium dioxide- or iron oxide-coated mica pearlescent

pigment with a coating consisting essentially of a combination of hydrated cerium

and aluminum oxides is also per se known. It is described, for instance, in U.S.

Patent No. 5,423,912, the disclosure of which is incorporated herein by reference.

The known procedure can be used. Briefly, the pigment is dispersed in a liquid from

which the cerium and aluminum can be readily precipitated onto the surface of the

pigment. This conveniently, and preferably, is an aqueous dispersion. The solid

pigment in the dispersion generally comprises about 5 to 30%, preferably about 10 to

and the cerium and aluminum are each added to the dispersion in the form of a

salt which is soluble in a liquid medium. While other salts can be used, the nitrate

salts are preferred. It is also preferred to deposit about 0.1-1.5% cerium hydroxide,

more preferably calculated as weight percent cerium and about 0.1-1%,

more preferably aluminum hydroxide, calculated as weight percent

aluminum, based on the weight of the pigment. The salts can be added to the slurry

individually in either order and precipitated or preferably, added simultaneously and

precipitated. Precipitation is controlled by raising the pH to a value greater than

about 5, preferably to a value of about 5.5-7.5. After completion of the precipitation

step, the treated product is separated from the dispersion by any convenient means

such as, for instance, filtration, centrifugation or settling, and then washed and dried.

The aluminum- or aluminum-cerium-treated platy substrate such as a metal

oxide-coated mica pearlescent pigment of this invention is additionally treated with a
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hydrolyzed silane coupling agent or a mixture of such agents. These, as known, are

compounds which act as an interface between an organic material and an inorganic

material to enhance the affinity between the two.

Thus, the silane coupling agents generally have both an organo functional

group and a hydrolyzable functional group bonded either directly or indirectly to

silicon. The hydrolyzable functional groups are generally alkoxy groups and

preferably C1-4 alkoxy groups.

Examples of silane coupling agents which can be used in the present

invention are gamma-(2-aminoethyl) aminopropyltrimethoxysilane, gamma-

aminopropyltrimethoxy silane, gamma-aminopropyltriethoxysilane, gamma-(2-

aminoethyl)aminopropylmethyldimethoxy silane, gamma-

methacyryloxypropyltrimethoxy silane, gamma-glycidoxypropyltrimethoxysilane,

gamma-mercaptopropyltrimethoxy silane, vinyltriacetoxysilane, gamma-

chloropropyltrimethoxysilane, vinyltrimethoxysilane, octadecyldimethyl-[3-

(trimethoxysilyl)-propyl] ammonium chloride, gamma-

mercaptopropylmethyldimethoxy silane, methyltrichlorosilane,

dimethyldichlorosilane, trimethylchlorosilane, gamma-isocyanatopropyltriethoxy

silane and the like.

The silane coupling agent should be selected so that it is suitable for any

organic material in the coating vehicle which will be combined with the pigment in

use. When the organic material is a polyester, the organo functional group preferably

comprises a methacryl group. When it is a urethane, an amino functional coupling

agent is preferred. For acrylic vehicles, the aminoethyl, aminopropyl,

methacryloxypropyl and glycidoxypropyl trimethoxy silanes are suitable. Good

results can occur with a combination of amino and non-amino coupling agents.

The pigment is treated with the silane coupling agent by dry or wet mixing.

For instance, an aqueous solution of the agent in water or a mixture of water and an
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organic solvent can be added to an aqueous slurry of the pigment. The silane is

preferably prehydrolyzed such as, for instance, by stirring the coupling agent in water

for a suitable period of time. It is also possible to effect hydrolysis at the time of

mixing. In general, about 0.1 to 10 wt%, preferably about 0.25 to 5 wt%, of the

silane coupling agent is used based on 100 parts by weight of pigment being treated.

The coupling agent and pigment are combined for a period of time sufficient to allow

reaction to occur, which may last from a few minutes to several hours or more,

preferably about 3 to 24 hours. Thereafter the treated pigment can be recovered in

the conventional fashion such as by filtration, centrifugation and the like, and dried.

It is also possible to combine, if desired, the coupling agent treatment with the

aluminum/cerium treatment.

The new combination pigments may be used in all the usual applications for

nacreous or effect pigments: in paints and other coatings, incorporated in plastics and

in cosmetics when the components are acceptable for this use. Furthermore, the

specific colors of the combination pigment may be modified, if desired, by the

addition of other absorption colorants to the formulation in the conventional way.

In order to further illustrate the present invention, various non-limiting

examples are set forth below. In these examples, as throughout the specification and

claims, all parts and percentages are by weight and all temperatures in unless

otherwise indicated.

EXAMPLE 1

A charge of 300 parts of a russet colored iron oxide-coated mica was

dispersed in 2000 parts of water. The dispersion was heated to 70-80°C and the pH

adjusted to 3 with dilute hydrochloric acid. A dispersion ofphthalocyanine blue and

xanthan gum was added. After stirring for 15-30 minutes, 3 parts of a cerium

nitrate solution (about 20% Ce) and 10.5 parts of an aluminum nitrate solution (about
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4% Al) were added. After stirring for an additional 15-30 minutes, the pH was raised

to 6.5 with dilute caustic.

Thereafter, 6 parts of gammna-glycidoxypropyltrimethoxysilane was added

followed by adding 6 parts of gamma-aminopropyltriethoxysilane. The resulting

slurry was stirred for 1 hour, filtered, washed with distilled water and then dried at

120 C.

The resulting colored pearlescent pigment is useful in any application in

which pearlescent pigments have been used heretofore including, inter alia, inks,

coatings (both industrial and automotive) and in plastics.

EXAMPLE 2

Example 1 is repeated, substituting a titanium dioxide-coated mica pigment

with a blue interference reflection color (about 53% TiO 2

EXAMPLES 3-9

Example 1 is repeated except that the pearlescent pigment was replaced with

a titanium dioxide-coated mica pigment with a red or green interference reflection

color and the absorption pigment was replaced with either phthalocyanine blue or

phthalocyanine green; or the pearlescent pigment was replaced with a titanium

dioxide-coated mica pigment with a gold interference reflection color and for each,

the absorption pigment was replaced with carbazole violet (Pigment Violet 23); or

the pearlescent pigment was replaced with a iron oxide-coated mica pigment with a

bronze interference reflection color and the absorption pigment was replaced with

phthalocyanine blue; or the pearlescent pigment was replaced with an iron oxide-

coated mica pigment with a copper interference reflection color and the absorption

pigment was replaced with phthalocyanine green.
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EXAMPLE 

The effect of ultrasonification on the combination pigment of Example 1 was

studied to test the adhesion of the blue colorant on the pearlescent substrate.

Ultrasonification creates a mechanical "scrubbing" action on the surfaces of

the pigment in contact with liquid medium. The ultrasonic waves, sound waves with

frequencies above the range of human hearing, are produced to generate vibrations in

the liquid medium to thereby produce alternating high and low pressure waves which

form millions of microscopic bubbles. These microbubbles expand in size during the

low pressure ultrasonic wave and form microcavities. During the high pressure

wave, the microcavitics collapse or implode producing a blasting effect which cleans

residues and accumulations at the surfaces immersed in the liquid medium. In the

procedure employed, the ultrasonic machinery (Branson Model B3) causes

microcavity collapse to take place 40,000 times per second. The samples were

sonified for a period of time and then examined by scanning electron imaging

microscopy using a Japanese Electron Optics Laboratory SEM model EM-ASID4D

operated at 100 keV. If no significant colorant bleeding was observed, the

sonification and examination sequence was repeated. A combination pigment

produced in the same manner but without the silane treatment was also studied.

After 5 seconds sonification, the non-silane treated combination pigment

exhibited extensive colorant bleeding. The silane treated combination pigment

showed no significant colorant bleeding after two 5 minute sonifications.

Water-based paints were prepared by incorporating either the silane-

aluminum treated iron oxide-coated mica pigment of example 1 or titanium dioxide-

coated mica pearlescent pigment of Example 2 into a water based paint composition

at a pigment/paint ratio of 0.13. For testing purposes, primed 7.5 x 15 cm steel

panels (APR 25379, supplied by Advanced Coating Technologies of Detroit, Mich.)

were coated with 15-30 micron thick pigmented base coat. The base coat was
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allowed to flash for at least 10 minutes, baked at 85 C for 6.5 minutes and cooled.

Then a clear (unpigmented) top coat was applied to a thickness of 40-45 microns and

the resulting panel baked at 140'C for 30 minutes. Portions of the resulting panels

were masked so that exposed portions of the panels could be compared to the non-

exposed portions. The panels were then exposed to a 100% humidity atmosphere for

240 hours at about 400 C.

Changes in appearance of the panel before exposure and after exposure were

evaluated by making distinctness of image (DOI) measurements using a Dorigon II

Distinctness of Reflected Image Goniophotometer manufactured by Hunter Lab. The

retained distinctness of image DOI) was calculated by dividing DOI after

humidity conditioning by the DOI before humidity conditioning and multiplying by

100. Pigments with a higher %DOI retention have a better stability than those with a

lower DOI retention. The pigments of Examples 1 and 2 had a percentage DOI

retention of about 84-88 percent and 88-92 percent, respectively. The pigments of

the aforementioned prior art patent 4,755,229 generally had a %DOI retention in the

range of 40 to 60 and in some cases, as low as 

EXAMPLE 11

Each of the products of Examples 1-9 was formulated into a paint system,

mechanically mixed and then filtered. No color bleeding was observed. For

comparison, the same products without the silane treatment were tested in the same

way and strong colorant bleeding was noted.

EXAMPLES 12-14

Example 1 is repeated three times using different combinations of coupling

agents. The three combinations are gamma-glydicloxypropyltrimethoxy silane and

gamma-aminopropyltriethoxy silane, gamma-aminopropyltriethoxy silane and
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gamma-methacryloxypropyltrimethoxy silane, and gamma-aminopropyltriethoxy silane

Sand gamma-isocyanatopropyltriethoxy silane.

dU

EXAMPLES 15-16
00
C" s5 Example 1 is repeated substituting mica (Example 15) or kaolin

(Example 16) for the iron oxide-coated mica.

\D

SVarious changes and modifications can be made in the process and

Sproducts of this invention without departing from the spirit and scope thereof. The

various embodiments which have been described herein were for the purposes of further

Ce illustrating the invention but were not intended to limit it.

In the claims which follow and in the preceding description of the

invention, except where the context requires otherwise due to express language or

is necessary implication, the word "comprise" or variations such as "comprises" or

"comprising" is used in an inclusive sense, i.e. to specify the presence of the stated

features but not to preclude the presence or addition of further features in various

embodiments of the invention.

N:\Melboume\Cass\Patey\490004999\P491 68AU\Spcci\P49 168AU Specification 2006-12-19do 28/12/06
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O THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A non-bleeding, non-agglomerated, lustrous colored pigment

Scomprising platy particles whose surface has been coated with a first coating layer
0 0  5 comprising anionic polymeric substance and water-insoluble colored pigment, the

percentages of said substance and pigment being 0.01-20 and 0.01-30, respectively; said

I pigment having a second coating layer thereon consisting essentially of hydrated

0 aluminium oxide or combination of hydrated cerium and aluminium oxide and a coating

0of hydrolyzed silane coupling agent on or intermingled with said second coating.

2. The pigment of Claim 1 in which said silane coupling agent

comprises a non-amino silane coupling agent.

3. The pigment of Claim 2 in which said silane coupling agent is a

combination of a non-amino silane coupling agent and an amino silane coupling agent.

4. The pigment of Claim 1 in which said platy substrate particles

are metal oxide-coated substrate pearlescent pigment particles.

5. The pigment of Claim 4 in which said silane coupling agent

comprises a non-amino silane coupling agent.

6. The pigment of Claim 4 in which said silane coupling agent is a

combination of a non-amino silane coupling agent and an amino silane coupling agent.

7. The pigment of Claim 4 in which the pigment is a titanium

dioxide-coated mica.

8. The pigment of Claim 4 in which the pigment is an iron oxide-

coated mica.

N \Mclbou.me\Cses\Patet\49000-49999\P491 68.ALrSpcis\P491 68.AU Spccificanon 2006-12-19.doc 28/12/06
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0 9. The pigment of Claim 4 wherein the colored pigment is selected

rC from the group consisting of an azo compound, anthraquinone, perinone, perylene,

quinacridone, thioindigo, dioaxazine, phthalocyanine, a metal complex thereof, and

carbon black.
00
N 

The pigment of Claim 1 wherein said colored pigment is about 0.5-6%

based on the weight of the pigment.

11. The pigment of Claim 1 wherein the colored pigment is selected

from the group consisting of an azo compound, anthraquinone, perinone, perylene,

rC quinacridone, thioindigo, dioxazine, phthalocyanine, a metal complex thereof, and

carbon black.

12. A method of producing a non-bleeding, non-agglomorated,

lustrous colored pigment which comprises combining an aqueous suspension of

platelets with an aqueous suspension of a water-insoluble colored pigment containing

an anionic polymeric substance, and thereafter forming a coating consisting essentially

of a hydrated aluminium oxide or combination of hydrated aluminium-cerium oxide on

the pigment and combining said pigment with a hydrolyzed silane coupling agent

simultaneously or subsequently with the formation of said coating.

13. The method of Claim 12, in which said silane coupling agent

comprises a non-amino silane coupling agent.

14. The method of Claim 12, in which said silane coupling agent is a

combination of a non-amino silane coupling agent and an amino silane coupling agent.

The method of Claim 12, wherein the colored pigment is selected

from the group consisting of an azo compound, anthraquinone, perinone, perylene,

pyrrole, quinacridone, thioindigo, dioxazine and phthalocyaninines and their metal

complexes and carbon black.

N\Melbourc\Cmcs\Patent\49000-49999\P49168 ALSpecis\P49168.AU Specificaion 2006-2-19.doc 28112/06



16. The method of Claim 12, in which said platelets comprise

pigment of Claim I in which said platy substrate particles are metal oxide-coated

substrate pearlescent pigment particles.

00
cK 5 17. The method of Claim 16, in which the pigment is a titanium

dioxide-coated mica.

18. The method of Claim 16, in which the pigment is an iron oxide-

coated mica.
(-i

19. The method of Claim 12, wherein said colored pigment is 0.25-

6% based on the weight of the pigment.

The method of Claim 19, wherein the colored pigment is selected

from the group consisting of an azo compound, anthraquinone, perinone, perylene,

pyrrole, quinacridone, thioindigo, dioxazine and phthalocyanines and their metal

complexes and carbon black.

21. A non-bleeding, non-agglomerated, lustrous colored pigment or a

method of producing the same substantially as herein described with reference to any

one of the examples.
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