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ABSTRACT

The present invention is a composition comprising an aque-
ous dispersion of metal oxide pigment particles coated with
a polymer comprising structural units of an alkyltrihydrox-
ysilane or a salt thereof. The composition of the present
invention provides hydrophobicity to pigment particles,
thereby imparting water resistance, and allows for high
loadings of pigment in water without increased viscosity.
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HYDROPHOBIC PIGMENT MODIFICATION

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the modification of
the surface of pigment particles with a hydrophobic mate-
rial.

[0002] Performance of water-borne paint formulations is
influenced in part by the surface chemistry of the inorganic
pigment used to opacify the paint. Pigments such as the
widely used TiO, tend to be hydrophilic in their native state
and therefore not particularly effective as a barrier to pen-
etration of water and water-soluble colorants at the pigment-
binder interface. For this reason, it would be advantageous
to modify the surface of inorganic pigment particles to
provide coatings with improved resistance to stains and
corrosion.

[0003] The dispersion stability of pigment particles in the
paint formulation affects the hiding efficiency of the conse-
quent film. Pigment aggregates provide less hiding than
isolated primary particles; therefore, it would be further
advantageous to modify the surface of pigment particles to
minimize pigment aggregation in films, thereby reducing the
amount of pigment needed in the formulation.

[0004] It is known in the art to modify the surface of
pigment particles with hydrophobic groups. For example,
US 2017/0022384 Al discloses an aqueous dispersion of
inorganic pigment particles modified with polysiloxane or
silyl groups. In theory, hydrophobically modified pigment
particles would be expected to improve barrier properties
and more strongly associate with binder particles in a latex,
thereby improving hiding. Nevertheless, in practice, formu-
lators continue to experience difficulty in dispersing hydro-
phobically modified pigment particles in water because of
their poor wettability and the poor stability of the aqueous
dispersions of the hydrophobically modified pigment par-
ticles. The use of dispersants can address these issues in part,
but dispersants present problems of their own, including
limiting film formation, increasing water sensitivity, disrupt-
ing adhesion to certain substrates, and promoting exudation
(oozing) of non-film forming additives such as surfactants,
defoamers, coalescents, and dispersants to the surface of the
coating. Moreover, the maximum achievable pigment vol-
ume concentrations (PVCs) for these hydrophobically modi-
fied pigment particles is substantially lower than that achiev-
able for the unmodified pigment particles, to the point of
being commercially impractical.

[0005] It would therefore be advantageous to increase
pigment volume concentrations of aqueous dispersions of
hydrophobically modified pigments to above 37 volume
percent without concomitant increase in viscosity, and it
would further be advantageous to be able to disperse pig-
ment in water while reducing, and even eliminating the use
of ancillary dispersants.

SUMMARY OF THE INVENTION

[0006] The present invention addresses a need in the art by
providing, in a first aspect, a composition comprising an
aqueous dispersion of metal oxide pigment particles coated
with an organosilane polymer comprising structural units of
an alkyltrihydroxysilane or a salt thereof, wherein the aque-
ous dispersion has a pH in the range of from 8.5 to 12.

[0007] In a second aspect, the present invention is a
method for preparing an aqueous dispersion of hydropho-
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bically modified pigment particles comprising the step of
contacting in the presence of water and at a pH of from 8.5
to 12, basic functionalized metal oxide pigment particles
with an organosilane to form the aqueous dispersion of
hydrophobically modified pigment particles; wherein the
organosilane is an alkyltrihydroxysilane or a salt thereof.
[0008] The present invention provides an aqueous disper-
sion of hydrophobically modified pigment particles at a high
solids content at an acceptably low viscosity and can be
prepared without ancillary dispersants. Such dispersions
form coatings that are remarkably water-resistant.

DETAILED DESCRIPTION OF THE
INVENTION

[0009] In a first aspect, the present invention is a compo-
sition comprising an aqueous dispersion of metal oxide
pigment particles coated with an organosilane polymer
comprising structural units of an alkyltrihydroxysilane or a
salt thereof, wherein the aqueous dispersion has a pH in the
range of from 8.5 to 12.

[0010] As used herein, a structural unit of an alkyltrihy-
droxysilane refers to the following fragment:

where R is an alkyl group, preferably a C,-C, s-alkyl group,
more preferably a C,-C,-alkyl group, and most preferably
methyl; and each R' is independently H, a bond to the
pigment particle; M, or another Si atom; wherein M is an
alkali metal or ammonium counterion, preferably a lithium,
a sodium, or a potassium counterion; and the dotted line
represents the point of attachment of the oxygen atom to the
pigment particle. Preferably, at least 50, more preferably at
least 65 weight percent of the organosilane polymer com-
prises structural units of the alkyltrihydroxysilane or a salt
thereof.

[0011] The aqueous dispersion of metal oxide pigment
particles coated with structural units of an alkyltrihydrox-
ysilane (that is, the aqueous dispersion of hydrophobically
modified metal oxide pigment particles) is advantageously
prepared by a) contacting metal oxide pigment particles, or
an aqueous dispersion of metal oxide pigment particles, with
a base to form basic metal oxide pigment particles or an
aqueous dispersion of basic metal oxide particles, then b)
contacting the basic metal oxide particles with an organosi-
lane in the presence of water and at a pH in the range of from
8.5, preferably from 9, more preferably from 9.2 to 12,
preferably to 11, more preferably to 10, and most preferably
to 9.8, to form the aqueous dispersion of hydrophobically
modified pigment particles. Preferably, in the first step, an
aqueous dispersion of metal oxide pigment particles are
contacted with a base to form an aqueous dispersion of basic
metal oxide particles.

[0012] The most preferred alkyltrihydroxysilane, methyl-
trihydroxysilane, can be obtained commercially or prepared
in situ by aqueous alkali metal hydroxide hydrolysis of
polymethylhydrosiloxane (PMHS) at a pH of >12. It has
been found to be particularly advantageous for storage to
maintain an aqueous solution of the methyltrihydroxysilane
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at a high pH until contact with the basic pigment particles to
minimize self-condensation of the methyltrihydroxysilane.
It is further advantageous to maintain a pH in the range of
9 to 10, more preferably from 9.2 to 9.8 during the meth-
yltrihydroxysilane addition step through separate and con-
comitant addition of a strong acid to the basic pigment
particles to minimize degradation of the functionalized
amine.

[0013] Examples of suitable metal oxide pigment particles
include oxides and carbonates of titanium, aluminum, sili-
con, iron, calcium, magnesium, zirconium, or zinc, and
mixtures thereof. Examples of preferred pigment particles
include CaCOj;, Al,O;, and TiO, pigment particles. TiO,
pigment particles include rutile and anatase TiO, as well as
TiO, surface treated with a variety of metal oxides and
hydroxides including alumina, silica, and zirconia.

[0014] The average particle size of the metal oxide pig-
ment particles is preferably from 10 nm, more preferably
from 20 nm, more preferably from 50 nm, more preferably
from 100 nm, more preferably from 200 nm, and most
preferably from 240 nm, to preferably 5 jum, more preferably
to 1 um, more preferably to 500 nm, more preferably to 400
nm, and most preferably to 300 nm. Average particle size of
the metal oxide pigment particles is defined by the average
particle size determined by dynamic light scattering using a
Malvern Zetasizer Nano Particle Size Analyzer.

[0015] Examples of suitable bases include amines such as
trimethylamine, triethylamine, dimethylamine, diethylam-
ine, 2-amino-2-methyl-1-propanol, piperidine, and pipera-
zine; amino acids such as arginine, histidine, and lysine;
iminoalkydiamines such as guanidine; purines such adenine;
pyrimidines such as cytosine; ammonium hydroxide; qua-
ternary tetra-C,-C,,-alkyl ammonium hydroxides such as
tetramethylammonium hydroxide, tetraethylammonium
hydroxide, and tetrabutylammonium hydroxide; and alkali
metal hydroxides such as LiOH, NaOH, and KOH. The base
is preferably used stoichiometrically or in stoichiometric
excess with respect to base-reactive sites of the pigment
particles. Such reactive sites include acidic OH groups and
Lewis acid metal cations such as A%, Ti’*, Z¢/¥, Zn'", CaZ,
and Mg”.

[0016] The alkyltrihydroxylsilane, preferably C;-C,s-
alkyltrihydroxylsilane, more preferably C,-C,-alkyltrihy-
droxylsilane, and most preferably methyltrihydroxysilane, is
advantageously added to the basic pigment particles in a
sufficient amount to convert the pigment particles to hydro-
phobically modified pigment particles. The term “hydropho-
bically modified” means that the modified pigment particles
have <25% by weight water uptake relative to the unmodi-
fied dry pigment particles at 90% relative humidity as
measured using a DVS Advantage ET Analyzer (Surface
Measurement Systems).

[0017] The alkyltrihydroxylsilane binds to the pigment
particles to form the hydrophobic organosilane polymer
coating comprising structural units of the alkyltrihydroxysi-
lane. It may be desirable to post-treat the hydrophobic
coating with a capping agent such as trimethylsilanol to
form O-trimethylsilyl groups. Preferably, for a pigment
particle having a particle size in the range of from 250 nm
to 350 nm, the wt. % Si in the organosilane polymer and
arising from addition of the alkyltrihydroxylsilane to the
basic pigment particles is preferably in the range of from 0.1,
and more preferably from 0.5 wt. % percent, to preferably 3,
and more preferably to 1.5 wt. %, based on the weight of the
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organosilane polymer. Alternatively, the concentration of Si
atoms in the organosilane polymer and arising from addition
of the alkyltrihydroxylsilane to the basic pigment particles,
is preferably in the range of from 4, more preferably from
10, and most preferably from 20 Si atoms/nm”® of the
external pigment surface area to preferably 120, more pref-
erably to 100, more preferably to 80, and most preferably to
60 Si atoms/nm? of external pigment surface area. As used
herein, external pigment surface area refers to the geometri-
cal external surface area of a sphere having the same
diameter as a pigment particle, as measured by dynamic
light scattering, as performed using Malvern Zetasizer Nano
Particle Size Analyzer. The extent of alkyltrihydroxylsilane
incorporation onto the pigment particles is determined by
digestion followed by Si analysis by inductively coupled
plasma-atomic emission spectroscopy (ICP-AES).

[0018] It has surprisingly been discovered that an aqueous
dispersion of hydrophobically modified pigment particles
can be prepared at a volume solids fraction of 0.37 to 0.43,
(corresponding to ~70 to 75 weight percent solids for
Ti-Pure R706 TiO,) without any significant increase in
slurry viscosity as compared with the unmodified slurry at
the same concentration. Thus, for a 70 weight percent solids
(0.37 volume solids fraction) aqueous slurry comprising the
hydrophobically-modified pigment particles, shear stresses
are preferably not greater than 0.1 Pa, and preferably not

greater than 0.03 at a shear rate in the range of 0.2 s7*.

[0019] The viscosities for the same slurry are preferably
not greater than 0.25 Pa-s at a shear rate of 0.1 s™* and
preferably not greater than to 0.03 Pa~s at a shear rate of 100
s!. These viscosities are ~30- to 300-fold higher than that
of water, and are easily pourable liquid-like slurries.

[0020] For a 75 weight percent solids (0.43 volume solids
fraction) aqueous slurry comprising the hydrophobically-
modified pigment particles, shear stresses are preferably not
greater than 1 Pa at a shear rate of 0.2 s™. The viscosities
for the same slurry are preferably not greater than 10 Pa~s
at a shear rate of 0.1 s™' and preferably not greater than to
0.2 Pas at a shear rate of 100 s™*. These viscosities are ~200-
to 10,000-fold higher than that of water and, again, are easily
pourable liquid-like slurries. As a point of comparison,
pourable honey and Castor oil have vicosities that are
6,000-fold and 1,000-fold higher than that of water, respec-
tively. This finding is in sharp contrast with the observation
that hydrophobically modified dispersions of pigment par-
ticles that are not pre-treated with a base prior to silane
surface modification are unpourable in this concentration
range.

[0021] It has also been discovered that the aqueous dis-
persions of the hydrophobically modified pigment particles
can be achieved without an ancillary dispersant such as an
anionic polymeric dispersant, as is required in the teachings
of US 2017/0022384 Al. Accordingly, in another aspect of
the invention, the composition of the present invention
comprises a substantial absence of a dispersant, that is, less
than 0.09, preferably less than 0.05, more preferably less
than 0.01, and most preferably 0 weight percent of a
dispersant. The substantial absence of dispersants is particu-
larly advantageous in coating formulations since disper-
sants, particularly anionic polymeric dispersants, limit film
formation and increase water sensitivity of coatings and
promote undesirable exudation of non-solids (e.g., surfac-
tants) to the surface of the coatings.
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[0022] The preparation of the aqueous dispersion of the
hydrophobically modified pigment particles is preferably
carried out in the absence of organic solvents. (Although
some small amount of a C,-C,-alcohol can, in principal, be
generated in the process, these byproducts do not constitute
organic solvents.) As such, the process of the present inven-
tion is advantaged over previously described pigment modi-
fication processes that require the use organic solvents.
Accordingly, in another embodiment of the invention, the
process of the present invention is carried out in the sub-
stantial absence of organic solvents, that is, using less than
5, more preferably less than 1, and most preferably O percent
of added organic solvent, based on the weight of organic
solvent and the unmodified pigment particles.

[0023] The composition of the present invention is suit-
able for coatings formulations, which includes a latex, and
preferably one or more additional materials including
defoamers, surfactants, thickeners, extenders, coalescents,
biocides, and colorants. The composition provides coating
compositions with improved water-resistance over pigment
particles that are not hydrophobically modified, as demon-
strated by the following examples.

EXAMPLES

Calculation of Amine Functionalization of Pigment
Particles

[0024] The extent of amine functionalization was deter-
mined by acid-base back titration as described in ACS
Catalysis 2014, 302-310.

Comparative Example 1—Hydrophobic
Modification of Wet Paste of TiO, with
Methyltrihydroxysilane

[0025] A. Preparation of Methyltrihydroxysilane from
Polymethylhydrosiloxane

[0026] To a 3-neck plastic spinner flask was added 4 M
KOH solution (244 mlL.). The solution was purged with N,
for 15 min, after which time polymethylhydrosiloxane
(PMHS, from Aldrich Cat. No. 176206, M, =1700-3200
g/mol, CAS No. 63148-57-2, 36 mL.) was added at a rate of
10 mL/h in stirring condition (600 rpm) and under N,.
Stirring was continued for 6 h to obtain a homogeneous
transparent solution. FTIR spectroscopic analysis confirmed
conversion of all of the PMHS to methyltrihydroxysilane
(MTHS). The solution was stored in a tightly capped con-
tainer to prevent exposure to atmospheric carbon dioxide.
The concentration of MTHS in water was 0.234 g/mL.

B. Preparation of a TiO, Wet Paste

[0027] Ti-R706 TiO, powder (125 g) was dispersed in
water (250 mL) in the presence of TAMOL™ 1124 Disper-
sant (A Trademark of The Dow Chemical Company or its
Affiliates, 1.25 mL). The resultant slurry was stirred with a
motorized head mixer at 1950 rpm for 20 h, then placed in
equal parts into four centrifuge containers. Centrifugation
was carried out at 14000 rpm for 3 min. The solids were
broken into small pieces with a spatula and the contents of
each container were washed with water (250 mL) to remove
residual dispersant. This water wash consisted of treatment
in a vortex mixer for 5 min followed by ultrasonication-bath
treatment for 5 min. The aqueous slurry was centrifuged
again at 14000 rpm for 3 min. The entire water-wash process
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was repeated for three additional times and the solids level
was adjusted to form a wet paste with a solids content of
83.8 wt. % TiO,.

C. Surface Treatment of TiO, Wet Paste with Methyltrihy-
droxysilane at pH 10

[0028] A TiO, slurry was prepared with a portion of the
wet paste prepared in Step B (136 g), water (2 mL), and
TAMOL 1124 Dispersant (680 pL.). The slurry was sheared
in a Flacktek speed mixer at 1700 rpm for 2 min in the
presence of two small zirconia beads. Additional water (59
ml.) was added to this slurry followed by high-shear mixing
of this diluted slurry (70 weight percent TiO,) at 3500 rpm
for 3 min in the absence of zirconia beads. Subsequently, a
portion of the aqueous MTHS solution generated in Step A
(24.4 mL, 5.71 g) was added with head-mixer stirring (1950
rpm) to the aqueous slurry along with simultaneous addition
0f'2.0 M HC1 (34 mL) to adjust the pH of the resulting slurry
to 10. After 5 min of head-mixer stirring, water (50 mL) was
added, and stirring was continued for another 4 h, after
which time the mixture was equally divided into four
centrifuge containers and centrifuged at 7000 rpm for 7 min.
The mass collected after centrifugation was broken down
with a spatula and washed with 200 mL of water before
being recentrifuged. This procedure was repeated for two
more times, and the resulting material was obtained as a wet
paste with a solids content of 79 wt. % TiO,.

[0029] After drying for 48 h at room temperature in a flow
hood, a capillary rise test was performed to assess the degree
of hydrophobicity of the dry material following surface
modification. For the capillary rise test, 2.5 mM bromothy-
mol dye solution that was stabilised at pH 8 in aqueous
HEPES buffer was used. A 1.5 mm capillary was filled with
dried hydrophobic powder, by blocking one end of it with
cotton and a 4 cm height of capillary was compactly filled
up with powder, by taping the powder-filled capillary.
Finally, the capillary was dipped in dye solution for 4 h and
the rise of dye was measured with a ruler. The contact angle
was subsequently calculated from the height of dye rise,
using Washburn’s equation. The dry material was hydro-
phobic, as represented by a rise height of the dye of zero in
the capillary rise test above.

[0030] The resulting 79 wt. % slurry was diluted to 70 wt.
% solids, followed by high-shear treatment for 3 min in the
absence of zirconia beads. The pH was subsequently raised
up to 8.7 using 1 M KOH (10 pL), with further high-shear
mixing at 3500 rpm for 1 min in the absence of zirconia
beads. Finally, the slurry was aged after the last high-shear
mixing for 2.5 h, centrifuged, washed with water, and dried
for 48 h at room temperature.

[0031] An aqueous slurry (70 wt. % solids) was prepared
from the wet paste prior to drying. The rheological charac-
teristics of this slurry were measured with and without
dispersant. Under all conditions investigated, the aqueous
slurry exhibits a shear stress of >1 Pa at a shear rate of 0.1
s!. This magnitude of the shear stress at such a low shear
rate is unacceptably large for a coatings application. Also, at
the same low shear rate, the viscosity is more than 10
Pa*second, which is also too large by more than an order of
magnitude compared to what is desirable for a coatings
application. Attempts to prepare a 75 wt. % solids slurry
from the wet paste prior to drying resulted in the formation
of a solid paste. Accordingly, although TiO, is hydrophobi-
cally modified, it has unacceptable rheological characteris-
tics for coatings applications.
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Comparative Example 2—Hydrophobic
Modification of Wet Paste of TiO, with
Methyltrihydroxysilane and Endcapped with
Trimethylsilanol

[0032] A slurry of the hydrophobically modified TiO,
pigment particles was prepared substantially as described in
Comparative Example 1 except that the slurry was further
capped with trimethylsilanol (TMSOH) after treatment with
MTHS.

[0033] A portion of the wet paste as prepared in Com-
parative Example 1 (27.2 g, 22.8 g solids) was dried at room
temperature in a fume hood for 5 h. The dried material was
finely ground using a mortar and pestle, to prepare a dry free
flowing powder. A portion of the dried powder (23 g) was
combined with TMSOH (4.7 mL, >97% purity). The result-
ing slurry was sheared in the presence of a zirconia bead at
1700 rpm for 2 min. The slurry was then diluted to 70 wt.
% solids, with the addition of 5.2 mL of neat TMSOH and
was further subjected to further shearing at 3500 rpm in the
absence of a zirconia bead for 3 min. This mixture was then
transferred to a 100-mL round bottom flask and stirred for 24
h using a motorized head mixer at a stirring speed of 1900
rpm. Water (200 mL.) was added to the mixture followed by
vortexing for 3 min. Solids were collected via centrifugation
at 14,000 rpm for 3 min, then broken into small pieces with
a spatula, then washed with 250 mL of water, then centri-
fuged. This washing procedure was repeated 6 times to
remove residual TMSOH. The final material was stored as a
wet paste at a solids content of 83.8 wt. %.

[0034] After drying for 48 h at room temperature, the
capillary rise test was performed to confirm that the dried
material exhibited hydrophobicity. This degree of hydropho-
bicity of the surface-modified material of Example 2 was
observed both before and after a high-shear mixing stress
test at pH 8.7.

[0035] Diluted aqueous slurries (70 wt. % solids) were
prepared with and without dispersant; as was the case for the
uncapped pigment prepared as described in Comparative
Example 1, the slurry of the capped hydrophobically modi-
fied pigment was found to have unacceptable rheological
characteristics for coatings applications. Once again,
attempts to prepare a 75 wt. % solids slurry from the wet
paste prior to drying resulted in the formation of a solid
paste.

Example 1—Hydrophobic Modification of
Amine-Functionalized TiO, with
Methyltrihydroxysilane at pH 10.0

[0036] A. Pre-Treatment of TiO, with Triethylamine

[0037] In a 250-mL round bottom flask, Ti-R706 TiO,
powder (250 g), water (500 mL), TAMOL 1124 Dispersant
(2.5 mL), and triethylamine (TEA, 2.5 mL) were added in
the order listed, and the resulting slurry was stirred with a
motorized head mixer at 1950 rpm for 20 h. Excess amine
was was removed by the following procedure: The slurry
was transferred into centrifuge vessels in four equal parts
and centrifugation was carried out at 14,000 rpm for 3 min.
The solid mass collected after centrifugation was broken
into small pieces with a spatula, followed by addition of
water (250 mL) to each of the four parts. Each sample was
subjected to vortex mixing for 5 min followed by ultrasoni-
cation for 5 min. Centrifugation was carried out again at
14,000 rpm for 3 min resulting in wet pastes with a solids
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content of 83.8 wt. % TiO, The entire water-wash process
was repeated for four more times for each sample to create
a slurry at 83.8 wt. % solids that was free of any amine or
ammonia odor. The amine that was not recovered by the
extensive water washing step is said to be amine-function-
alized TiO, particles.

[0038] The extent of amine functionalization of the TiO,
particles was measured by acid-base back titration using
0.01 M HCI and 0.01 M NaOH, as described in ACS
Catalysis 2014, 4, 302. It was found that 34 umol/g of basic
sites were available on the surface of the TEA treated TiO,
particles (TEA-R706), which corresponds to a saturation
surface coverage of bound amine of 2 TEA molecules/nm>
of total pigment surface area.

[0039] The capillary rise test as described in Comparative
Example 1 was performed to assess the hydrophobicity of
TEA-R706. TEA-R706 exhibited a capillary rise of brom-
thymol blue dye of 3.2 cm, indicating that TEA-R706 was
even less hydrophobic than the untreated pigment and that
TEA-R706 was not a hydrophobic material.

B. Hydrophobic Modification of TEA-R706 with Methyl-
trihydroxysilane

[0040] The procedure as described in Comparative
Example 1 was followed except that the MTHS was added
to a wet paste of TEA-R706 to form a hydrophobically
modified product having a solids content of 83.8 wt. %. The
product was dried for 48 h at room temperature as described
in Comparative Example 1, then subjected to the capillary
rise test to confirm that the product was indeed hydrophobic.
The same degree of hydrophobicity of the surface-modified
material of the product was also observed after a high-shear
mixing stress test at pH 8.7.

[0041] Surprisingly, the rheological characteristics of the
product were significantly improved relative to the product
of Comparative Example 1. For example, for a 70 wt. %
aqueous slurry containing 0.05 wt. % Triton X-100 surfac-
tant, a shear stress of 0.01 Pa at a shear rate of 0.1 s~! was
observed. The shear stress at such a low shear rate is
acceptable for coatings applications. Moreover, at the same
low shear rate, the viscosity for this sample is approximately
0.1 Pa*s, which is also reasonable for coatings applications.
Accordingly, the hydrophobically modified material of this
example has acceptable rheological characteristics for coat-
ings applications when stored as wet paste.

[0042] The particle size of the hydrophobically modified
pigment particles was measured to be in the range of 375 nm
to 390 nm as measured by dynamic light scattering.

Example 2—Hydrophobic Modification of
Amine-Functionalized TiO, with
Methyltrihydroxysilane at pH 9.5

[0043] The procedure was carried out as described in
Example 1 except that the pH was adjusted to 9.5 instead of
10 during the step of reacting MTHS with the TEA-R706
wet paste. The amount of the organosilane polymer coating
in the dry material after hydrophobic modification corre-
sponded to an additional 1.0 wt. % Si relative to dry
TEA-R706, or 40 molecules of condensed organosilane per
nm? of external pigment surface area, each of which consists
of a single methyl group and a single Si atom. The hydro-
phobically modified wet paste was diluted to a 70 wt. %
aqueous slurry and the rheological characteristics were
measured for slurries with and without TRITON™ X-100
Dispersant (0.05 wt %, A Trademark of The Dow Chemical
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Company or its Affiliates). In the absence of dispersant, the
slurry exhibited a shear stress of 0.13 Pa and viscosity of 1.3
Pa*s at a low limiting shear rate of 0.1 s!, which was a
further improvement over what was observed in Example 1.
Moreover, the particle size of the modified particles in this
example was found to be 290 nm by dynamic light scatter-
ing, which nearly corresponded to the particle size of the
unmodified R-706 TiO, particles.

Example 3—Hydrophobic Modification of
Amine-Functionalized TiO, with
Methyltrihydroxysilane at pH 9.5 followed by
Capping with Trimethylsilanol

[0044] A portion of the wet paste from Example 2 prior to
the dilution step (13.6 g, 83.0 wt. % solids) was mixed with
Tamol 1124 dispersant (0.3 wt. %, based on the weight of
total solids) in a high-shear mixer at 1700 rpm using two
zirconia beads for 2 min. This blend was diluted with water
to 70 wt. % solids and subjected to further mixing at 3500
rpm (without zirconia beads) for 3 min. The sample was
dried in a fume hood at room temperature for 3 h, then finely
ground to obtain a free flowing powder (12.5 g). The powder
was combined with trimethylsilanol (TMSOH, 2.5 mlL,
>97% neat liquid), and the resulting slurry was mixed at
1700 rpm with a zirconia bead for 2 min, then diluted to 70
wt. % solids with further addition of TMSOH (2.8 mL). The
diluted slurry was then mixed at 3500 rpm (without zirconia
beads) for 3 min, then vortexed for 24 h and centrifuged with
water (200 mL). The solid mass was broken into small
pieces using a spatula and vortexed with water (200 mL)
followed by ultrasonication for 5 min. This washing step
was repeated three more times, and the product was stored
as a wet paste at 83.0 wt. % solids content. The concentra-
tion of trimethylsilyl capping in the dry material corre-
sponded to an additional 0.15 wt. % Si relative to the dry
material prior to capping (that is, the dry material resulting
from Example 2); equivalently, the concentration of capping
corresponds to the addition of 6 trimethylsilyl groups/nm® of
external pigment surface area.

[0045] The particle size of the material as measured by
dynamic light scattering was 290 nm. A low viscosity of 0.25
Pa*s and a low shear stress of ~0.02 Pa at the low limiting
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shear rate of 0.1 s™* were measured, leading to the conclu-
sion that the TMSOH capped material would be suitable for
coatings formulations, even in the absence of added disper-
sant.

1. A composition comprising an aqueous dispersion of
metal oxide pigment particles coated with an organosilane
polymer comprising structural units of an alkyltrihydroxysi-
lane or a salt thereof, wherein the aqueous dispersion has a
pH in the range of from 8.5 to 12.

2. The composition of claim 1 wherein the pigment
particles are TiO, particles, and wherein the organosilane
polymer further comprises trimethylsilyl groups.

3. The composition of claim 1 wherein the organosilane
polymer comprises at least 50 weight percent structural units
of the alkyltrihydroxysilane.

4. The composition of claim 3 wherein the organosilane
polymer has a concentration of Si atoms in the range of from
0.1 to 3 weight percent, based on the weight of the polymer.

5. The composition of claim 3 wherein the organosilane
polymer has a concentration of Si atoms in the range of from
4 to 120 Si atoms/nm* of external pigment surface area.

6. The composition of claim 3 wherein the TiO, has a
volume solids fraction in the range of from 0.37 to 0.43; a
shear viscosity of not greater than 0.25 Pa*s at a shear rate
of 0.1 s™" at a TiO, volume solids fraction of 0.37; and a
shear viscosity of not greater than 1 Pa*s at a shear rate of
0.2 57! at a TiO, volume solids fraction of 0.43.

7. A method for preparing an aqueous dispersion of
hydrophobically modified pigment particles comprising the
step of contacting, in the presence of water and at a pH of
from 8.5-12, the basic metal oxide pigment particles with an
organosilane to form the aqueous dispersion of hydropho-
bically modified pigment particles; wherein the organosilane
is an alkyltrihydroxysilane or a salt thereof.

8. The method of claim 7 wherein the metal oxide is TiO,.

9. The method of claim 8 wherein the alkyltrihydroxysi-
lane is contacted with the aqueous dispersion of the basic
TiO, pigment particles as an aqueous solution of a salt of
methyltrihydroxysilane at pH of >12, wherein the aqueous
dispersion of basic TiO, particles is further contacted sepa-
rately and concomitantly with an aqueous solution of an acid
to maintain a pH in the range of 9 to 10.
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