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TITANIUM DIOXIDE PIGMENT HAVING
IMPROVED LIGHT STABILITY

This application is a continuation-in-part application of
U.S. patent application Ser. No. 10/837,060, filed Apr. 30,
2004 now abandoned, which is a continuation of U.S. patent
application Ser. No. 09/921,502, filed Aug. 1, 2001, now
U.S. Pat. No. 6,743,286, which claims the benefit of the
filing of U.S. Provisional Application No. 60/308,963 filed
Jul. 30, 2001, these entire disclosures are hereby incorpo-
rated by reference into the present disclosure.

BACKGROUND OF THE INVENTION

Titanium dioxide base pigment particles are often incor-
porated into many products such as paint, plastic, paper,
laminates or other coating systems. This pigment imparts
desirable properties such as brightness, opacity, light scat-
tering, and light stability.

Upon prolonged exposure to light, many titanium dioxide
pigment products will degrade and the product’s color will
fade over time. UV radiation from light is particularly
damaging to titanium dioxide pigment products. The ability
of titanium dioxide to resist degradation when exposed to
light is known as light stability and is partially due to the
pigment’s ability to scatter light.

It is known that light scattering ability of a pigment does
not improve above a certain pigment concentration due to an
effect known as crowding. The crowding effect severely
limits, not only light scattering ability of a pigment, but also,
light stability, brightness and opacity. Typically, at high
pigment concentrations, when titanium dioxide pigment
particles are close to each other, there is an overlap of light
scattering causing a severe reduction in the pigment’s over-
all light scattering efficiency and light stability.

There has been considerable research involving ways to
reduce crowding and improving light stability. In paper
products, keeping the titanium dioxide pigment particles
spaced about 0.1 mm or more apart from each other can
reduce the crowding effect. One way to keep the pigment
appropriately spaced is to add a spacer to the pigment. This
may improve light scattering ability and stability as well as
brightness and opacity of the pigment.

Spacers typically cost less than the titanium dioxide base
pigment and therefore reduce the cost to make the titanium
dioxide product. Some examples of spacers used with tita-
nium dioxide products include calcium carbonate, clay,
silica, alumina, and other metal oxides.

In general, the size, charge and the resulting flocculation
behavior when the spacer is incorporated into the pigment
are also important for light scattering and stability. There
have been attempts to blend or mix titanium dioxide pigment
particles with spacers resulting in spaced pigment products.
However, blending or mixing may reduce light scattering
ability and light stability of the pigment product due to
unwanted agglomeration. For example, when clay is
mechanically mixed or blended with titanium dioxide, it is
difficult to control the distribution of clay spacer particles
throughout the mixture uniformly because the clay particles
do not attach effectively to the surfaces of the titanium
dioxide particle. The clay particles agglomerate, which
reduces light scattering and stability of the pigment product.

Direct in situ precipitation of the spacer on the titanium
dioxide pigment is another method to attach the spacer to the
base pigment. This method involves precipitating the spacer
onto the pigment. However, achieving the proper size and
shape of the spacer to produce a titanium dioxide pigment
product with improved light scattering ability and stability
remains a problem in the art.
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There remains a need for titanium dioxide pigments with
improved light scattering ability and stability for use in
products such as paints, paper, laminates and plastics. Meth-
ods and compositions for making spaced titanium dioxide
pigments that have minimal agglomeration and improved
light scattering ability and stability are needed.

SUMMARY OF THE INVENTION

The present invention provides titanium dioxide pigment
having improved light stability made by precipitation of
silica spacers on the titanium dioxide pigment. These pig-
ments improve the optical performance, for example light
stability and light scattering ability, of the paper, laminate,
paint, and plastic titanium dioxide based products.

In one embodiment, the present invention provides tita-
nium dioxide having improved light stability comprising: a
base titanium dioxide particle having a substantially spheri-
cal shaped silica spacer particle deposited thereon, the silica
spacer particle having a size range between about 5 to about
50 nanometers, wherein the silica spacer particle is present
in an amount of between about 7 to about 20% by weight
based on the total weight of the titanium dioxide.

In another embodiment, the present invention provides
titanium dioxide having improved light stability comprising:
a base titanium dioxide particle coated with a phosphate
compound, and a substantially spherical shaped silica spacer
particle deposited thereon, the silica spacer particle having
a size range between about 5 to about 50 nanometers,
wherein the silica spacer particle is present in an amount of
between about 7 to about 20% by weight based on the total
weight of the titanium dioxide.

In yet another embodiment, the present invention pro-
vides a method for preparing coated titanium dioxide having
improved light stability, comprising: preparing an aqueous
slurry of titanium dioxide; and adding a silica compound to
the slurry so as to form substantially spherical shaped silica
spacers having a particle size range between about 5 to about
50 nanometers, wherein the substantially spherical shaped
silica spacer is present in an amount of between about 7 to
about 20% by weight based on weight of the titanium
dioxide.

In one exemplary embodiment, the present invention
provides a method for improving light stability of titanium
dioxide, comprising: preparing an aqueous slurry of titanium
dioxide; and adding a silica compound to the slurry in an
amount of between about 7 to about 20% by weight based
on weight of the titanium dioxide to form the titanium
dioxide having improved light stability.

In another exemplary embodiment, the present invention
provides a method for improving light stability of titanium
dioxide, comprising: preparing an aqueous slurry of titanium
dioxide; adding a silica compound to the slurry in an amount
of between about 7 to about 20% by weight based on the
weight of the titanium dioxide; and adding an alumina or
phosphate compound to the slurry to form the titanium
dioxide having improved light stability.

In a further embodiment, the present invention provides a
method of improving light stability of titanium dioxide,
comprising: preparing an aqueous slurry of titanium dioxide;
adding a silica compound to the slurry in an amount of
between about 7 to about 20% by weight based on weight of
the titanium dioxide; and adding a retention aid to the slurry
to form the titanium dioxide having improved light stability.

BRIEF DESCRIPTION OF THE FIGURES

Preferred embodiments of the invention have been chosen
for purposes of illustration and description, but are not
intended in any way to restrict the scope of the invention.
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The preferred embodiments of certain aspects of the inven-
tion are shown in the accompanying figure, wherein:

FIG. 1 is a transmission electron micrograph of precipi-
tate silica spacer particles formed by a direct precipitation
process, with phosphate (produced in Example 1). The
substantially spherical shaped silica coated titanium dioxide
has improved optical performance with less use of titanium
dioxide.

FIG. 2 is a transmission electron micrograph of precipi-
tate silica spacer particles formed by a direct precipitation
process, without phosphate (produced in Example 2). The
substantially spherical shaped silica coated titanium dioxide
has improved optical performance with less use of titanium
dioxide.

DETAILED DESCRIPTION OF THE
INVENTION

The invention will now be described in connection with
preferred embodiments. These embodiments are presented
to aid in an understanding of the present invention and are
not intended to, and should not be construed to, limit the
invention in any way. All alternatives, modification and
equivalents that may become obvious to those of ordinary
skill when reading the disclosure are included within the
spirit and scope of the present invention.

This disclosure is not a primer on titanium dioxide
pigment production, basic concepts known to those skilled
in field of pigment production have not been set forth in
detail. Concepts such as choosing appropriate additives and
reactions producing pigments are readily determinable by
those skilled in the industry and are generally described in
the prior art. Attention is therefore directed to the appropri-
ate texts and references known to those skilled in the art in
regard to these matters.

Titanium Dioxide

Titanium dioxide particles used to make the titanium
dioxide pigments of the present invention can be base
titanium dioxide. Titanium dioxide bases suitable for use in
the present invention are produced commercially in two
crystalline polymorphic forms, namely the rutile form,
which can be produced by either the chloride and sulfate
processes and the anatase form, which is normally produced
by the sulfate process. Both of these processes are well
known in the art. The titanium dioxide base does not need to
be pure and may include small quantities of impurities (e.g.,
iron), additives (e.g., potassium oxide), and surface coatings.
Preferably, the titanium dioxide base particles of the present
invention have a substantially uniform particle size. As used
herein “titanium dioxide particle” includes any discrete unit
of titanium dioxide base.

The methods and compositions of the present invention
include forming an initial slurry of base titanium dioxide
particles. Slurries of titanium dioxide can be made by
methods known in the art. Preferred titanium dioxide slur-
ries for use in the present invention are aqueous slurries
comprising a titanium dioxide content of less than about
50%, preferably less than about 40%, and more preferably
less than about 30% by weight of the slurry. However, the
present invention is not intended to be limited to any
particular titanium dioxide content and solids contents that
are higher and lower can be used. The titanium dioxide
pigments of the present invention can be coated with inor-
ganic hydrous oxides, such as for example, alumina, silica,
and/or phosphate. Coated titanium dioxide refers to base
titanium dioxide particles that have a partial or complete
layer or deposit of inorganic hydrous oxide.
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The titanium dioxide pigments of the present invention
preferably have a surface area of less than 32 m?/g, more
preferably less than 30 m*/g and most preferably between
about 29 and 25 m*/g.

Silicon Compounds

In one embodiment of the present invention, a silicon
compound is added to the slurry of titanium dioxide, pre-
cipitated on the titanium dioxide and becomes the silica
spacer. The silicon compound may be added to the slurry in
one, two or more additions. Silicon compounds suitable for
use in the present invention include, but are not limited to,
water soluble alkali metal silicates. Preferred water-soluble
alkali metal silicates include sodium silicate, potassium
silicate, and the like. These silicon compounds provide
discrete deposits of SiO, on the base particle. Most prefer-
ably, the silicon compound is sodium silicate that is precipi-
tated in situ on the base particle as SiO,.

The weight percent of the silicon compound in the slurry
for improved light stability can vary depending on the extent
of spacing desired. When silicon is deposited on the titanium
dioxide base pigment, the silicon compound is added to the
slurry in an amount from about 7 to about 20% by weight
based on the total weight of the titanium dioxide pigment.
Preferably, the amount of silicon based on the titanium
dioxide weight is between about 7 to about 15%. More
preferably, the amount of silicon based on the titanium
dioxide weight is between about 10 to about 15%.

The silicon is deposited or precipitated on the titanium
dioxide as discrete silica particles preferably having an
average particle size range of about 5 to about 50 nanom-
eters. The resultant silica spacer has a substantially spherical
shape. As used herein, substantially spherical, includes, but
is not limited to, inorganic particle deposits that are of a
smooth rounded shape that lack projections and/or cavities
on the surface (see, for example FIGS. 1 and 2). Examples
of substantially spherical shapes that are useful for various
embodiments of the present invention include, but are not
limited to, spherical, spheroidal, globular and the like. This
substantially spherical shape is comparable to the commer-
cial colloidal silica (e.g., LUDOX), but which does not have
the advantage of being bonded to the base particles. For the
purposes of the present invention, non-spherical shapes
include irregular shaped inorganic particles that have pro-
jections and/or cavities on the surface. Such shapes include
square, nearly square, rectangular, needle, rod, flake, and the
like.

In one embodiment of the present invention, phosphate or
sulfate ions are used to enhance the spherical shape. It is
believed that surface energy and charges from sulfate and
phosphate ions enhance the substantially spherical shape. By
using sulfate and/or phosphate ions, silica spheres with a
defined shape can be formed. The substantially spherical
spacers formed are used to space the titanium dioxide and
avoid the crowding effect. The silica spacer includes discrete
deposits of SiO, on the base particle that keep the titanium
dioxide particles appropriately spaced apart from each other
and thus reduce the crowding effect. For example, in paper
products, keeping the titanium dioxide pigment particles
spaced about 0.1 mm or more apart from each other can
reduce the crowding effect.

Suitable conditions for the silica precipitation reaction
include temperature and pH of the slurry. Preferred pH
ranges allow discrete silica particles to be deposited on the
titanium dioxide base. The specific pH can be determined by
those skilled in the art and adjusted to a desired pH range
used by methods known in the art. For example, if adjust-
ment of the pH of the slurry becomes necessary, pH adjust-
ments can be made by adding a suitable acid, or suitable
base. Most preferably, the pH is adjusted to the range of
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from about 5.0 to about 7.0 over a period of from about 15
to about 60 minutes after the silica compound is added.

The temperature of the slurry can be controlled to opti-
mize the deposition of the silica compound on the pigment.
Preferably, temperatures between about 30 to about 100° C.
are needed to optimize the silica spacer deposit on the
titanium dioxide.

Surfactants

In another embodiment of the present invention, to avoid
large lumps of silica aggregates, and enhance the formation
of substantially spherical spacers deposited on the titanium
dioxide pigment, a surfactant can be added to the slurry. The
surfactant can prevent the fusion of silica and improve the
flow and dispersion properties of the titanium dioxide pig-
ment.

Surfactants are surface active agents that can alter the
morphology of the titanium dioxide. Suitable surfactants for
use in the present invention include anionic, cationic,
amphoteric, and non-ionic surfactants. The surfactant may
be water soluble or hydrophobic. Suitable surfactants must
interact with the silica compound during precipitation of the
silica spacer on the titanium dioxide pigment. The surfactant
aids in viscosity, dispersibility, and light stability.

A wide variety of surfactants can be used in the present
invention. Suitable surfactants include polyacrylic acid or
derivatives thereof. Some examples of polyacrylic acids
and/or derivatives thereof include polyacrylic acid
homopolymers, polyacrylic acid copolymers, and mixtures
thereof. Preferably, the acrylic acid homopolymers and
acrylic acid copolymers of the present invention include at
least one comonomer selected from the group consisting of
maleic acid, methacrylic acid, itaconic acid, crotonic acid,
fumaric acid, acrylamide, acrylonitrile, ethylene, propylene,
styrene and esters of the above acids, wherein the homopoly-
mers or copolymers have been partially or completely
neutralized with a neutralizing agent having a monovalent
group. These surfactants can be present in amounts up to
about 5 weight-percent. When the surfactant is used in
titanium dioxide pigments, the surfactant is present in
amounts of from about 0.05 to about 5 weight-percent, more
preferably from about 0.2 to about 1 weight-percent; and
most preferably from about 0.2 to about 0.5 weight-percent
based on the total weight of titanium dioxide.

Phosphate compounds are preferred surfactants. Suitable
phosphate compounds for use in the present invention
include water soluble phosphate compounds, such as for
example, tetrapotassium pyrophosphate, sodium polyphos-
phate, tetrasodium pyrophosphate (Tetron™), sodium tri-
polyphosphate, potassium tripolyphosphate, sodium hexam-
etaphosphate (Calgon™), phosphoric acid, and the like.

The phosphate compound can be added to the titanium
dioxide slurry in amounts of from about 0.05 to about 3
weight-percent, more preferably from about 0.2 to about 1
weight-percent; and most preferably from about 0.2 to about
0.5 weight-percent based on the total weight of titanium
dioxide. For example, in paper laminate applications, phos-
phate (P,O;) ions reduce the photocatalytic effect of tita-
nium dioxide. The addition of P,O5 not only serves as a
surface activating agent, but also, if there is an alumina
coating, serves to improve the alumina surface coating
retention, and change the crystallinity of the formed alu-
mina. It was discovered that the preferred amount of P,O,
is between 2 to 3%, which allows production of pigments
having improved light stability.

Aluminum Compounds

In another embodiment of the present invention, an alu-
minum compound can also be deposited on the base titanium
dioxide pigment in the presence of a surfactant. Aluminum
compounds include hydrous aluminum compounds, which
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include but are not limited to sodium aluminate, potassium
aluminate, or aluminum sulfate. Most preferably, the alumi-
num compound is sodium aluminate or aluminum sulfate.
The weight percent of the aluminum compound can vary.
When the aluminum compound is precipitated as alumina on
the titanium dioxide base, preferably, the aluminum com-
pound is added to the slurry in an amount to provide from
about 1.5% to about 5.0% by weight aluminum based upon
the total weight of the titanium dioxide.

After the silicon, aluminum and/or surfactant compounds
have been added, the titanium dioxide can be washed
substantially free of soluble salts adhering to the pigment,
dried and then subjected to final comminution using fluid
energy milling techniques known in the art. Optionally, the
washed and dried pigment is micronized in a steam micron-
izer at intensities known by those skilled in the art to
produce the desired particle size distribution.

Light Stability

The titanium dioxide pigments of the present invention
have improved light stability. As used herein “light stability”
is a phrase known in the art and includes the ability of
titanium dioxide to resist degradation when exposed to light.
For example, untreated titanium dioxide is photoactive and
the pigment will fade or change color upon UV exposure. In
one embodiment of the present invention, it was discovered
that for paper laminates improved light stability resulted in
the final product when silicon and phosphate compounds
were added when compared to conventional titanium diox-
ide pigments known in the art. The phosphate (P,O;) ions
reduced the photocatalytic effect of light on titanium diox-
ide.

Some methods for testing light stability include melamine
formaldehyde (M/F) plug test, spectrophotometry, and colo-
rimeteric testing. M/F plug test involves assessing the sta-
bility of melamine formaldehyde molding powder that is
heated and pressed into a solid plug and exposed to Xenon
Arc lamp radiation for a set period of energy exposure. Color
measurements are taken before and after exposure, the
differences are calculated along with the total color change
from the pre-exposed values. In one embodiment of the
present invention, the optical performance of different pig-
ments with and without retention aid were compared. The
results are shown in Table C.

Light scattering is an art recognized term and includes the
ability of the pigment to scatter light after selectively
absorbing some of the light. The light scattering effect of the
pigment gives the product its perceived color. Scattering will
also contribute to opacity. Light scattering can be tested by
any method known in the art. Suitable light scattering testing
methods include, but are not limited to, measuring light
scattering coefficient, hiding power, tinting strength, and the
like.

In one embodiment of the present invention, the silica
spaced titanium dioxide is used in laminate coating formu-
lations, and serves to space titanium dioxide particles to
reduce the crowding effect and unexpectedly improve the
optical performance. This is demonstrated in Examples 1
and 2. When using silica spaced TiO,, at the same weight,
the optical performance is better in brightness with the same
opacity.

In another embodiment of the present invention, to
improve the optical performance in paper applications, a
retention aid is added to the silica spaced titanium dioxide to
improve optical performance. For example, the IEP (iso-
electric point) of pigments of the current invention are
usually low, which means within the paper making pH
range, the pigments are negatively charged. This negative
charge combined with the fact that the pulp fibers are also
negatively charged, results in poor retention. The retention
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can be improved by using retention aids such as alum, PAC
(poly aluminum chloride), polyamide, epichlorohydrin,
polyethyleneimine, and polyacrylamide; cationic formalde-
hyde and melamine formaldehyde resins; cationic starch,
chitosan, and the like. Other positively charged filler par-
ticles, such as for example, calcium carbonate, precipitated
calcium carbonate; and aluminum trihydrate can also be
used as retention aids. Referring to Example 3, titanium
dioxide pigment compositions that had an alum retention aid
showed unexpectedly improved optical performance (data
shown in Table C).

Having now generally described the invention, the same
may be readily understood through the following reference
to the examples, which are provided by way of illustration
and are not intended to limit the present invention unless
specified.

EXAMPLES

Example 1

2000 g base rutile titanium dioxide slurry was prepared
having 45.34% solids. The solids content was adjusted to
24.4%. Treatment temperature was set at 70° C. 1.25% of
P O; (based on the weight of TiO,) was added in the form
of phosphoric acid. To this slurry, 6.5% of SiO, (based on
the weight of TiO,) was added in the form of sodium silicate
while maintaining the pH under 5.6 using phosphoric acid.
The slurry was aged for 10 minutes, and another 5% of SiO,
was added. The slurry pH was adjusted to 4.8 and 5% of
AL O; (based on the weight of TiO,) in the form of sodium
aluminate was added. After 10 minutes of aging, the pH of
the slurry was adjusted to 8-8.2 with HCI. The slurry was
retained for 5 minutes and the pH was adjusted to the final
pH of 5.8. The resulting slurry was washed and filtered. The
wet cake obtained was dried at 120° C. overnight. The dry
cake was screened and air micronized. FIG. 1 is the trans-
mission electron micrograph of the pigment produced in
Example 1 (with phosphate addition). The light stability of
TiO, pigment was assessed in a melamine formaldehyde
molding powder that is heated and pressed into a solid plug
and exposed to Xenon Arc lamp radiation for a set period of
energy exposure. Color measurements are taken before and
after exposure, the differences are calculated along with the
total color change from the pre-exposed values. Overall
color changes are measured by the following formula, where
AE is the overall color change:

AE=VI2+a?+h?

The resulting product in Example 1 has a AE lower than 1
using M/F plug light stability test (18-hour UV exposure).
When compared with commercial TiO, pigment (RCL 722)
for the paper laminate application, it showed the benefit of
reducing TiO, use and improving or maintaining virtually
the same optical performance of brightness and opacity. For
example, the paper laminate coating tests whiteness, tone
and color of the paper laminate (see Tables A and B).

TABLE A

Light Stability (18-hour Melamine/Formaldehyde plug test)

RCL-722 Example 1

AE 0.8 0.85

20

25

30

35

40

45

50

55

60

65

8

TABLE B

Paper Laminate Coatings Testing (Acrylic
Melamine Resins with 26% TiO,)

RCL 722 Example 1
White
L 95.51 95.92
a -0.43 -0.47
b 0.88 1.2
Black
L 94.81 95.15
a -1.0 -0.95
b -0.33 0.32
Contrast
Ratio
0.993 0.994
Example 2

Rutile titanium dioxide base slurry of 2000 g was pre-
pared having 45.34% solids content, which was adjusted to
24.4%. Treatment temperature was set at 70° C. 1.25% of
SO (based on the weight of Ti0,) was added in the form of
sulfuric acid. To this slurry, 6.5% of SiO, (based on the
weight of TiO,) was added in the form of sodium silicate
while maintaining the pH under 5.6 using sulfuric acid. The
slurry was aged for 10 minutes, and 5% SiO, was added to
the slurry. The pH was adjusted to 4.8 and 5% of Al,O,
(based on the weight of TiO,) was added in the form of
sodium aluminate. After 10 minutes of aging, the slurry pH
was adjusted to 8-8.2 with HCl, and the slurry’s residence
time was 5 minutes. The final pH was adjusted to 5.8. The
resulting slurry was washed and filtered. The wet cake
obtained from the process was dried at 120° C. overnight.
The dry cake was screened and air micronized. FIG. 2 is a
transmission electron micrograph of the pigment produced
in Example 2 (without phosphate addition). The resulting
product has AE larger than 1 using a M/F plug light stability
test (18-hour UV exposure). When compared with commer-
cial TiO, pigment for the paper laminate application, it
showed the benefit of reducing TiO, use and improving or
maintaining the optical performance of brightness and opac-

1ty.

Example 3

RCL-722 is a commercial pigment from Millennium
Inorganic Chemicals for paper laminate application that has
titanium dioxide content greater than 20%. The optical
performance of RCL-722 (with and without retention aid)
was compared to the pigment of Example 1 and a mixed
pigment blend that contained RCL 722 60% and 40% of the
pigment from Example 1. The solids contents of different
formulation and surface areas were varied. The optical
performance results are summarized in Table C. There was
unexpected improvement in optical performance (e.g.,
brightness, opacity and light stability) when an alum reten-
tion aid was added to the pigment as compared to pigments
without the retention aid. It was also unexpected that as the
titanium dioxide base weight % was lowered, that optical
performance (e.g., brightness, opacity and light stability)
was maintained. This is shown by comparing the pigments
of Example 1+alum to the RCL-722+alum pigments. The
optical performance is virtually the same, however, less
titanium dioxide was used for the Example 1+alum pig-
ments.
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TABLE C
Wt of
TiO, % Tappi
Sample base. TiO, g/m2 Ash Opacity Brightness *L *a *b
Optical Performance Wet-End (no retention aid)
RCL 722
1 54.37 19.62 93.96 92.05 97.25 -043 2.5
2 5578 2191 94.85 92.67 9737 -04 221
3 57.6 2098 3046 9534 9226  97.17 -04 223
Average 5592 20.84 3046 9472 92.33 97.26 -0.41 231
Example 1
1 47.75 13.42 92.34 — — —
2 45.63 10.1 89.02 91.73 97 -043 2.39
3 45.92 11.09 15.86  89.79 91.65 97.08 -0.45 2.55
Average 46.43 11.54 15.86  90.38 91.69  97.04 -0.44 247
60:40 Blend
(RCL 722/Ex. 1)
1 6197 2531 96.47 93.24 9753 -0.38 2.06
2 60.56  21.17 96.19 93.14 9756 -041 217
3 54.47 19.13 32,19 9477 93.25 9759 -04 211
Average 539.00  21.87 3219 9581 93.21 97.56 -0.40 2.11
Wet-end (with alum retention aid)
RCL-722 +
ALUM
1 81 29.1 98.32 9222 9636 -0.43 1.09
2 81.7 29.05 39.56  98.32 91.72  96.14 -0.47 1.13
Average 81.35  29.08  39.56 98.32 91.97 9625 -045 1.11
Exl + Alum
1 75 26.08 98.18 92.02 9626 -036 1.1
2 79 24.03 36.54  97.93 91.91 96.17 -0.32 1.04
Average 77.00  25.06  36.54 98.06 91.97 9622 -0.34 1.07
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While the invention has been described in connection
with specific embodiments thereof, it will be understood that
is capable of further modifications and this application is
intended to cover any variations, uses, or adaptations of the
invention following, in general, the principles of the inven-
tion and including such departures from the present disclo-
sure as come within known or customary practice within the
art to which the invention pertains and as may be applied to
the essential features hereinbefore set forth and as follows in
the scope of the appended claims.

What is claimed is:

1. A coated titanium dioxide pigment having improved
light stability comprising: a base titanium dioxide particle
coated with a phosphate surfactant compound, and substan-
tially spherical shaped silica spacer particles having an
average particle size range between about 5 to about 50

40

45

50

nanometers, wherein the substantially spherical shaped
spacer particles weigh between about 7 to about 20 weight
% based on the titanium dioxide weight.

2. A pigment according to claim 1, wherein the base
particle is anatase or rutile titanium dioxide.

3. A pigment according to claim 1, wherein the pigment
contains about 2 to about 3 weight % of a phosphate
compound based on the weight of the titanium dioxide.

4. A pigment composition according to claim 3, wherein
the pigment further comprises alumina.

5. A paper or paper coating comprising the pigment of
claim 1.



