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ABSTRACT

Thc prest:nl tnvcnlton is a composiuon composing an aque-
ous dispersion of metal oxide pignlent parttcles coated svith
a polymer compnstng slruclural untls of an alkyllnhydmx-
ysilane or a salt thereof '1'he composition of the present
invention provides hydrophoblcity to pigment particles,
thereby itnpatting water resistance, and allows for high
loadings of pigment in water without increased viscosity.
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HYDROPHOBIC PIGME Ij T MODIFICATION

BACKGROUND OF THE INVENTION

[0001] 1 he present invention rehstes to the modification of
the surface of pignlent particles lvith a hydrophobic mate-
rial.
[W02J Performance of water-borne paint tiirmulations is
infiuenced in part by the surface chemistry of the inorganic
pigment used to opacify the paint. Pigments such as the
lvidely used TiO, tend to be hydroplfilic in their native state
and thcrelbrc not partmularly cfi'eciive as a barncr to pen-
etration ofwater and water soluble colorants al the pigmcnt-
binder interface I'or this reason. it would be advantageous
to modify the surface of inorganic pigment particles to
pmvide coatin s lvith impmved resistance to stains and
corrosion.
[W03J 'I he dispersion stability of pigtttent particles in the
paint formulation afi'acts the hiding efficiency of the conse-
quent film. Pi ment a gregates provide less lfiding than
isolated primary particles: therefore. it would be further
advantageous to modify thc surf'ace ul pigment paruclcs to
annum'ignu:nt aggregation ul lilms, thereby reducm thc
amount of pigment needed in the formulation
[0004] It is known ln the art to modify the surface of
pigment particles with hydrophoblc exoups. For exinnple,
US 2017i0022384 Al discloses an aqueous dispersion of
inor anic 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 improvulg hiding. Nevenhelcss, in practwc, fonuu-
lators continue to expeocncc difiiculty ul dispersmg hydro-
phobically modified pigntent particles in water because of
their poor wettability and the poor stability of the aqueous
dispersions of the hydmphobically modified pigment par-
ticles. The use ofdispersants can address these issues in part,
but dispersants present problems of their own, including
limiting lilm formauon, ulcrcasing water smlsltivity. dlsnipt-
ing adhesion to certain substmtes, and promotulg exudation
(ooxin ) of non-hlni fooning additives such as surfactants,
defoamers, coalescents, and dispersants to the surface of the
coating. Moreover, the maxinnlm achievable pigment vol-
ume concentrations (PVCs) for these hydrophobically modi-
fied pigment particles is substantially lower than that acluev-
able for thc unmodilicd pigment panicles, to the poult of
being conuncrcially nupracucal.
[0005] It would thcrcl'orc bc advantageous io mcrease
pigment iolumc concentrations ol aqueous dlsperslons of
hydrophobically modified pigments (o above 37 volume
percent without concomitant increase in viscosity, and it
would fiirther be advantageous to be able to disperse pig-
ment in lvater v, bile reducing, and even eliminating the use
of ancillary dispersants

SUMICLARY OF THE INVENTION

[0006] The present invention addresses a need in the art by
providulg. in a first aspect, a composiuon composing an
aqueous dispersion ol metal oxide pigment particles coated
with an organosilane polymer comprising stnictural runts of
an alkyltrihydroxysilane or a salt thereof, lvherein the aque-
ous dispersion has a pH in the range of from 8.5 to 12

[W07J In a second aspect. the present invention is a
nlethod for preparing an aqueous dispersion of hydropho-

bically modified pigment particles composing the step of
contacting ln thc presence ol water and at a pH of lrom 8.5
to 12, basic funcuonalizcd metal oxide pigment particles
with an orgmlosilane to foun the aqueous dispersion of
hydrophobically modified piament 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
sohds con(cut at an acceptably low viscosity and can bc
prcparcd without ancillary dispersants. Such dispcrsions
foou coatings tliat are remarkably water-resistant

DETAILED DESCRIPTION OF THE
INVENTION

[(NN)9J In a first aspect, the present mvention is a compo-
sition comprising ml aqueous dispersion of metal oxide
pigment particies coated with an or anosilane polymer
comprising structural units of an alkyltrihydroxysilane or a
salt thereof, wherein the aqueous ihspersion has a pH in the
range of from 8.5 to 12.
[(NIIOJ As used herein. a structural unit of an alkyltrihy-
droxysilane refers to the following fmsgment:

R
(I'o~

[

o(t'i,
where R is an alkyl group. prclbrably a C~ Ci s alkyl group.
more Preferably a C,-( s-alkyl grouP, and nlost Preferably
methyl; and each R's independently 11, a bond to the
pi ment particie; M, or another Si atom; v herein M is an
alkali metal or ammonium counteoon. preferably a lithium,
a sodium, or a potassium coun(enon: and thc do(tcxl lute
represcnm thc point ol attacluuent ol thc oxygen atom to the
pigment particle. Preli:rably. at least 50, more preferably at
least 65 weight percent of the organosilane polymer com-
prises stnictural units of the alkyltrihydroxysilane or a salt
thereof.
[0011] Thc aqueous dispersion ol'etal oxide pigment
particles coated with siructural units of an alkyltnhydmx-
ysilane (that is. the aqueous dispersion of hydrophobically
nxldified metal oxide pigment particles) is advantageously
prepared by a) contacting metal oxide pi ment particles, or
an aqueous dispersion of nletal oxide pigment particles, with
a base to liirm basic metal oxide pigment parucles or an
aqueous dispersion ol'asic metal oxide paruclcs, then b)
contactulg the basic metal oxide particles with ml organosi-
lane in the presence of lvater and at a pl I in the range of from
8 5. preferably front 9, more preferably from 9.2 to 12,
preferably to 11, more preferably to 10. Cnd most prefemsbly
to 9.8, to foml the aqueous dispersion of hydrophobically
modilicd pigment particles. Prefbrably, ln thc lira( step. an
aqueous dlspcnfion of Iuctal oxide plgnu:ilt paltlclcs alc
contacted w lth a base to form an aqueous dispersion of basic
metal oxide particles
[0012] The most preferred alkyltrihydroxysilane. methyl-
uthydroxysifanc. can bc obtained conuncrcially or prcparcxf
in situ by aqueous alkali metal hydroxide hydrolysis of
polymethylhydrosiloxane (PMHS) at a pH of )12. It has
been fiiund to be particularly advantageous for storage to
maintain an aqueous solution of the methyltrihydroxysilane
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at a lugh pH until contact with the basic pigment particles to
&lunnluzc scil-i:onilcnsB&&on of tile nlcthvlt&11&vd&oxvs&blue.

It &s further advantugcous to maui&am a pH in thc rmigc of
9 to 10. more prefembly fron& 9 2 to 9 S during the meth-
yltrihydroxysilane addition step through separate and con-
coniitant addition of u strong acid to the basic pigment
particles to minimize degmdation of the f'unctionulized
a&1111&C.

[0013] Examples of suitable metal oxide pigzuent particles
include oxides and carbonates of titanium. aluminum. s&li-

con, &ron. cd)enon, magnes&um, zircomum, or zmc., and
nuxturcs tlu:rcof Examples of prcfcrrcd p&tpnent part&clcs
u&cludc CaCO,, AI,O&, and T&O& pigment paruclcs. T&OS

pign&ent part&cles mclude rut&le and auatase 1'iO, as well as
'I'iO& surface treated with a variety of metal oxides and
hydroxides including alumina, silica. and zirconiu.
[t)t)14] 1 he average part&cle size of the &netal oxide pig-
ment particles is preferably from 10 nm, more prefembly
front 20 nni. more prefembly from 50 nm, more preferably
front 100 mn, more preferably from 200 nm. and most
preferably from 240 nm, to pref'crably 5 iun, more prefi:rably
to I pm, more prcfi:rably to SOO run, more prcfi:rably to 400
nm, and most prcfi:rably to 300 run. Avcragc particle size of
the metal oxide pign&ent particles is defined by the avemge
particle size determined by dynamic light scattering using a
Malvern Zetasizer Nano Particle Size Analyzer.
[t)t)15] I ixan&ples of suitable bases include amines such as
trin&ethylamine, triethylan&me, dimethylamine. diethylant-
ine. 2-amino-2-methyl-l-propanol, piperidine. Bnd pipem-
zine; amino acids such as arginine. histidine. Bnd lysine,
immodlkydiamuics such as guaniduie, puruies such ademne,
pyrumduics such as cytosine, mnmonium hydrox&dc, qua-
ternary terra-('] ( i -alkyl a&n&uo&uu&u hydroxides such as
tetramethylamntoniun& hydroxide, tetraethvlammon&unt
hydroxide. and tetrabutylammonium hydroxide; and alkal&

metal hydroxides such as LiOH, NaOH. Bnd KOH. The base
is preferably used stoichiometrically or in stoichiometric
excess w&th rcspcct to base-rcacuvc s&tes of thc p&mnm&t

paruclcs. Such reactive sites include ac&d&c OH groups and
I eivis acid metal cat&ons such as Al /II ", Zr' /n ". Ca,
and Mg .

[t)t)16] i he alkq/ltrihydroxylsi)ane, preferably C,-(',s-
alkyltrihydroxylsilane. more preferably C&-Cd-utkyttrihy-
droxylsikane. and most prefembly methyltrihydroxysilane, &s

advantageously added to the basic pigment particles in a
sufiicient amount to convert thc p&gment part&cles &0 hydro-
phobically mod&fied p&gment pan&cles. The tenn "hydropho-
bically modified*'eans that the modified pigment particles
have &25 "iv by we&ght water uptake relative to the unntodi-
fied drv pigment particles at 90'!v relative humidity as
measured using a Dt/S Advantage ET Analyzer (Surface
Measurement Systems)
[0017] The alkyltnhydroxylsilmic buids to thc p&mnm&t

paruclcs to Ibnn thc hydrophob&c Organos&lane polymer
cod&a&g co&lip&&shlg str&ictil&dl U&tits of thc alkyltnhydroxys&-
lane It may be des&rable to post-treat the hydrophobic
coating with a capping agent such as trimethylsilanol to
form 0-trimethylsilyl groups. Preferably, for a pigment
particle having a particle size in the range of from 250 nm
to 350 run, thc wt. % S& in the orgm&os&lane polymer and
ansing Ibom add&t&ou of thc alkyltr&hydroxyls&lane to the
bus&c p&gment part&clcs & ~ prcfcrably ui the range of Ibom 0 I,
and more preferably fron& 0 5 wt % percent, to preferably 3,
and more preferably to 1.5 wt ivv, based on the weight of the

orgunosilane polymer. Alternatively, the concentration of Si
atoms &n thc organosilanc polymer and unsing from addi&&on

Of the alkyltnhydroxylsilane &0 thc bas&c p&gmcnt part&cles,
is preferably in the ran e of from 4, more prefembly from
10, and most preferably from 20 5& atoms/nm'f the
external pigment surface area to preferably 120, more pref-
erably to 100. more preferably to SO. Bnd most pretembly to
60 Si atoms/iunz of extentai pigment surface area. As used
hcrcin, cxtemal pigment surf'acc arcs rcfcrs to thc geometri-
c&It ex&i:&1&dl sit&face dred of il sphi:ri: hdvu&g tile sante
dian&eter as a pign&ent particle, as measured by dynamic
light scattering, as perti&rmed using Malvern /etasizer Nano
Particle Size Analyzer. The extent of alkyltrihydroxylsilane
incorporation onto the pigment particles is determined by
di est&on fi&ilov,ed by Si analysis by inductively coupled
plasma-atomic enuss&on spectroscopy (ICP-AES).

[0018] It has surprisingly been discovered that an aqueous
dispersion of hydrophobicaily moditied pigment particles
can be prepared at a volume solids fraction of 0 37 to 0.43,
(corrcspond&ng to —70 to 75 weight percent solids for
T&-Pure R706 TiOC) w&thout any s&gn&ficant uicrcasc in
slurry viscosity as con&pared with the unn&odified slurry at
the same concentration 'linis. ti&r a 70 &ve&ght percent solids
(037 volume solids fraction) aqueous slurry comprising the
hydrophobically-modified pigutent particles, shear stresses
are preferabiy not @eater than O.l Pa„and prefembly not
grcatcr tl&an 0.03 at a shear rate in the range of'0.2 s '.

[0019] The viscosities for the same slurry are preferably
not greater than 0.25 Pa s at u shear rate of 0 I s 'nd
preferably not rester than to 0.03 Pa-s at a shear rate of 100
s '. Thcsc v&scosiucs arc —30- to 300-1'old higher than Q&at

of water. and are easily pourable 1&qu&d-l&kc slurries.

[0020] For a 75 v,eight percent solids (0.43 volume solids
fracuon) aqueous slurry comprising the hydrophobically-
modilicd p&gmcnt pnrtmlcs, shear stresses Brc preferably not
grcatcr tl&an I 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 I s 'nd preferably not greater than to
0.2 Pa s at a shear rate of 100 s '. These viscosities are -200-
to 10.000-fold higher than that ofwater and, again. are easily
pourablc 1&qual-like slurnc. As a po&nt of'ompansun.
pourablc honey and Castor oil huvc v&cos&tms dti&t arc
6,000-fold and 1.000-fold higher thm& that of'water, rcspcc-
tively 'I'his finding is in sharp contrast w&th the observation
that hydroplmbically modified dispersions of pigment par-
ticles that are not pre-treated ivith a base prior to silane
surface modihcation are unpourable in this concentration
rdngi:

[Ig)21] It has also been discovered that the aqueous dia-
pers&ons of the hydropiu&bically moditied pi ment particles
can be achieved v, ithout an ancillary dispersunt such as an
amo&uc polymcnc d&spersant, as is rcqu&rcd &n thc teachings
of VS 2017&00223S4 Al. Accordingly, u& another aspiwt of
thc u&vent&on, the co&llpos&t&on of thc pri:scut ulvc&lt&on

comprises a substantial absence of a dispersant, that is. less
than 00'I, preferably less than 005, more preferably less
than 0.01. and most prefembly 0 weivght percent of u

dispersant. The substantial absence of dispersants is particu-
larly advantageous &n coating fom&ulut&ons since d&spar-
&dots, pa&t&cola&i)'n&on&c polv'&I&i:ni: d&spcrsBB&s, h&lut Iihl&

lorn&B&&0&1 Bail u&crcdsc w'dti:r sc&ls&t&v&ty't costa&gs dnd
pmmote undesimble 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 mo&flied p&gmcnt particles &s preii:rably
corned out in thc absm&ce of orga&uc solvents. (Altlx&ugh
some small an&ount of a I', -Cs-alcohol can. in principal. be
enemted in the process, these byproducts do not constitute

organic solvents.) As such, the process ofthe presentinven-
tion is advantaged over previously described pigment modi-
fication processes that require the use organic solvents.
Accordu&gly. &n another embodiment of thc u&van&ion, thc
process of thc present uivcntion &s corned out in the sub-
stantial absence of organic solvents. that is, using less than
5. more preferably less than I, and inost preferably 0 percent
of added organic solvent. based on the weij&t of organic
solvent and the unmodified pigment particle~.
[0023] The compos&uou ol'he prcsm&t invm&tion is suit-
able for coatings fonm&lations, 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 arc not hydrophob&cally n&odificxl, as dmuon-
suatcd by the followu&g cxmnples.

EXAMPLES

Calculatiou of Aminc Functiouahzat&on of P&gmen!
Particles

[00241 The extent of amine hn&ctionalization was deter-
mined by acid-busc back utrauon as desvnbed in ACS
Catalys&s 2014, 302-310.

Compurat&vc Example I Hydrophob&c
Mod&liest&on ol Wet Paste ol T&O& w&th

Methyltrihydroxysilane

[0025] A Preparation of Methyltrihydroxysilane from
Polymcthylhydros&loxm&c
[UUZGJ 'le a 3-neck plait&c spinner flask was added 4 M
KOI I solution (244 n&I.) I'he solution was purged v'ith N&

for 15 min„after which time polymethylhydrosiloxane
(PMITS„ 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 cond&t&on (600 rpm) and under N&.

Stirrinu was continued for 6& h to obtain a homogeneous
transparent solut&on I'1 IR spectroscopic analysis contirmed
conversion of all of the PMIIS to methyltrihydroxysilane
(MTHS). The solution was stored in a ti htly capped con-
tainer to prevent exposure to atmospheric carbon diox&de.
Thc conccntrat&ou of MTHS u& water was 0.234 /mL.

B. Preparation of a T&O& Wct Paste

[0027] Ti-R706 TiO, pov der (125 g) was dispersed in
water (250 mL) u& tlm prcsencc of TAMOLrw 1124 Dispcr-
sm&t (A Trademark of Thc Dow Chemical Compm&y or &ts

Albhates. I 25 mL). Thc resultant slurry v;as st&rrc&1 with a
motorized head mixer at 1950 rpm for 20 h, then placed in
equal parts into four centnfuge containers (:entrifugation
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 werc washcxI w&th water (250 mL) to remove
residual d&spersaun Th&s water wash consisted of treatment
in a & ortcx m&xcr for 5 m&n follow&xl by ultrasomcauon-bath
treatment for 5 min 'I'he aqueous slurry was centrifuged
again at 14000 rpm for 3 n&m. 'I'he entire water-wash process

v as repeated fbr three additional times and the solids level
was adiusted to form a wct paste w&th a sol&ds tx&ntcntol'3.8

wt. % TiO&.

C. Surl'acc Treatment ol'iO, Wet Paste w&th Methyltnhy-
droxys&lm&e at pH 10

[UUZS] A TiO, slurry was prepared v ith a portion of the
wct paste prepared in Step B (136 g), water (2 mL), and
TAMOL 1124 D&spersant (680 I&L). Thc slurry was shcarcxI
iu a Flacktck spccd nuxcr at 1700 rpm for 2 nun u& the
presence of two sn&all zirconia beads. Additional w:ster (59
ml,) was added to this slurry followed by high-shear mixing
of tins diluted slurry (70 weight percent TiO,) at 3500 rpm
for 3 min in the absence of zirconia beads. Subsequently. a
port&on of thc aqueous MTHS solut&ou gcncratcd in Stcq& A
(24 4 mL, 5.71 g) was added with head-m&xcr stirru&g (1950
rpm) to thc aqueous slurry along with s&multaneous ad&it&on

of2 0 M I I(.'1(34 ml,) to adjust the pl I of the insulting slurry
to 10 Afier 5 min of head-mixer st&rring, &vater (50 ml.) was
added. and stirring was continued for another 4 h, after
v hich time the mixture &vas equally divided into four
cantofuge containers and cenu ifugcd at 7000 rpm for 7 min.
The mass collected after centril'ugat&on was broken down
w&th a spatula and washed with 200 mL ol'ater belhre
bemg recentrifuged. '11&is pmcedure was repeated for two
nx&re times, and the resultinu n&aterial was obtamed as a &vet

paste w&th a solids content of 79 wt. % TiO,.
[UU29J After drying, for 48 h at room tempemtme m a flow
hood, a capillary rise test was perfi&oned to assess the degree
of hydrophobicity of the dry material following surface
modiiication. For the capillary rise test. 2.5 mM bromothy-
mol dyc solut&on that was stab&liscd at pH 8 u& aqueous
HEPES buflhr was used. A 1.5 nun cap&llary was lilled w&th

dried hydrophobic powder, by blocking one end of it &vith

cotton and a 4 cm heiglit of capillary was con&pactly filled
up with powder, by rapine the powder-filled capillary
Finally. the capillary was dipped in dye solut&on for 4 h and
the use of dye was measured with a niler. The contact an le
was subsequently calculated from the hmght ol'yc nse.
using Washburn*s equauon. 11&e dry matcnal was hydro-
phobic, as represented by a rise height of the dye of zero in
the cap&lla&3 rise test above.

[UU3UJ I he resulting 79 &vt % 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 I M KOH (10 I&L). with further h&gh-shear
nux&ng at 3500 rpm for I nun in thc absence ol'iren&ua
bciuls. Finally, thc slurry was aged aficr the last lugh-shear
nuxing for 2 5 h, centrifu ed, washed with water, and dried
for 48 h at roon& tempemture
[IN)31J An aqueous shirry (70 wt % solids) was prepared
from the wet paste prior to drying. The rheolog&cal charac-
teristics of this slurry were measured w&th and without
d&spersant. Under all cond&&ious invest&gated, thc aqueous
slurry exhib&ts a shear sucss of &I Pa at a shear rate of 0.1
s '. Tlus maga&rude of the shear stress at such a low shear
mate is unacceptably large fi&r a coatmgs application Also, at
the same low shear rate, the viscosity is more than 10
Pavsecond, &vhich is also too large by more than an order of
&uayutude compared to what is desirable for a coatings
appl&cation. Attempts to prcq&arc a 75 wt. % solids slurry
fro&1& thc wet pi&sti: pru&r to drvu&g result&:0 u& thc font&at&on

ol a sohd paste. Accordu&gly. altlx&ugh T&O& &s hydrophob&-
cally modified, it has unacceptable rheolog&cal characteris-
tics for coatings applications
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Comparative Example 2 Hydrophobic
Modilicstion oi Wct Paste oi TtOs with

Mcthyltnhydroxysilanc and Endcappcxl with
I'nniethvlsilanol

[0032] A slurry oi'hc hydrophobically modified TiO,
pignient particles was prepared substantially as described in
('omparative I:xample I except that the slurry was hirther
capped tvith trimethylsilanol ('I'MSOI I) after treatment v ith
MTHS.
[tlt)33] A portion of the w:et paste as prepared in Cnni-
parative Example I (27.2 g. 22.8 g solids) was dried at room
tempemture in a fume hood for 5 h. The dried material was
finely pound using a mortar and pestle. to prepare n dry free
liow ing powder. A portion of thc dried powder (23 g) was
combuicd with TMSOH (4.7 mL, &97% purity). 11ie result-
ing slurry ives sheared in the presence of a zircnnia bead at
17(8) rpm for 2 min 1 he slurry was then diluted to 70 wt.
% solids. with the addition of 5.2 mI of neat TMSOH and
was further sub)ected to further shearing at 3500 rpm in the
absence of a zirconia bead for 3 min. This mixture w:as then
tram fi:rrixi to a I 00-mL round houom I'Ia sk and stirrcxl for 24
h using a motorized head mixer at a stirnng specil of 1900
rpm. Vi'ster (200 ml ) was added to the mixture fnllowed by
vortexing tiir 3 nim Solids were collected via centrifugation
at 14,000 rpm for 3 min. then brol en into small pieces with
a spatula, then washed with 250 mL of water, then centri-
fuged. This washing procedure was repeated (i times to
remove residual TMSOH. Tlm Iinal matcnal was storixi as a
wc( pnsie at a solids content of 83.8 un %.
[0034] After drying for 48 h at room temperature. the
capillary rise test was pcriomicd to coniirm that the dried
ma(encl exhibitixl hydrophobicity. Tlus dcgrcc olliyilropho-
bicity of the surface-niodified material of lixample 2 was
observed both befiire and after a high-shear mixing stress
test at pH 8.7

[0035] Diluted aqueous slurries (70 wt % solids) v ere
prepared ivith and without dispersant: as was the case tiir the
uncapped pigment prepared as described in ('ompnrative
Example I, the slurry of the capped hydrophobicnlly modi-
Iicd pigment was Iound to have unacccptablc rheolo ical
charactcnstics Ior coatings applications. Once again,
attempts to prepare a 7S wt % solnls slurry (horn the wct
paste prior to drying resulted in the forination of a solid
paste

Example I Hydrophobic Modification of
Amino-Functioimhzcd TiO, with

Methyltrihydroxysilanc ai pH 10.0

[0036] A. Pre-Treatment of TiO. with Triethyhamine
[0037] In a 250-mL mund bottom Iiask. Ti-R706 TiO,
powder (250 ), water (500 mL). TAMOL 1124 Dispersant
(2.5 mL). mid tncthylaminc (TEA, 2.5 mL) were added in
the order hated, and thc rcsultuig slurry was stirred with a
motonzed head mixer at 1950 rpm Ibr 20 h. Excess inninc
was ives removed by the fiillowing pmcedure 'the slurry
was transferred into centrifuge vessels in fiiur equal parts
and centrifugation v as carried out at 14.000 rpm for 3 min.
The solid niass collected after centrifugation was broken
into snuill pieces with a spatula, followed bv addition of
water (250 mL) to each oi'hc Ibur parts. Each wunple was
subdectcd to vortex mixing Ihr 5 mui followcxl by ultrasoiu-
cation for 5 min. ('entrifiigation was carried out again at
14.000 rpm for 3 niin resulting in wet pastes with a solids

content of 83.8 v,t, % TiO, The entire water-v ash process
was rc7tcatnl Ior four more tunes Ior each sample to create
a slilrry ilt 83.8 wn % sollils (liat was free of ally alnine or
amnionia odor 1'he mnine that was not recovered by the
exteilsive water washing step is said to be ailiine-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 descnbed ui ACS
Catnlysis 2014, 4. 302. It was found that 34 Iunol,'g of basic
sites v ere available on the surface of the '11IA treated 1'iO,
particles ('I'IIA-R706). ivhich cnrresponds to a satumtion
surface covers e of bound an(ice of 2 TEA molecules/nms
of total pigment surface area.
[0039] The capillary rise test as described in Compamtive
Exmnplc I was pcribrmcd to assess thc hydrophobicitv oi
TEA-R706. TEA-R706 cxhibitcd a capillary rise of brom-
thynml blue dye of 3 2 cm. indicating that '11IA-R70(i was
even less hydmphobic than ihe untreated pignient and that
1'EA-8706 v,as not a hydmphobic material
B. Hydrophobic Modification of TEA-R70(i with Methyl-
tnhydroxysilane
[0040] Thc procedure as descrtbcxl in Comparauvc
Exmnplc I was followed except that thc MTHS was added
to a wet paste nf 1'IIA-R70(i io fiirni a hydrophobically
modified product bavin a solids content of 83 8 wt % 'I he
pmduct ives dried for 48 h at ronm temperature as described
in Comparative Example 1. then sub)ected to the capillary
rise test to conhmi that the product was indeed hydrophobic.
The same degree oi'hydroplxibicity of the surface-modtticxI
material of thc product was also obscrvcd after a lugh-shear
nuxing stress test at pl I 8 7

[0041] Surprisin ly. the rheological characteristics of the
product were significantly improved relative to the product
of Comparative Eximiple 1. For cxamplc, Ihr a 70 wt. %
aqueous slurry contauimg 0.05 wt % Tnton X-100 surihc-
tant, a shear stress of 0 Ol Pa at a shear rate of 0 I s 'as
observed. Ihe shear stress at such a low shear rate is
acceptable fnr coatings applications Moreover, at the smne
low shear rate. the viscosity for tlus sample is approximately
O.l Pans. vvhich is also reasonable for coatings applications.
Accordingly. thc hydrophobmally modiiicd matenal of ilus
cxiunplc has acceptable rheological charactcnstics for coat-
ings applications when stored as ivet paste
[0042] The particle size of the hydrophobically modified
pigment particles vvas measured to be in the range of 375 iun
to 390 nm as measurixi by dynanuc light scattering.

Example 2 Hyiirophobic Modiiicauon of
Aminc-Funcuornilized TiO, with
Methyltrihydroxysilane at pl I 9 5

[0043] The procedure was carried out as described in
Exmnplc I exccitt Ihat thc pH was adjusted to 9 S imtead of
10 dunng thc step of rcacxntg MTHS with thc TEA-R706
wet paste. Thc amount oi'hc organosilanc polymer coatuig
in the dry material after hydrophobic modification corre-
sponded to an additional 1.0 wt % Si relative to dry
TEA-R706. or 40 molecuies of condensed organosilane per
nms of external pigment surface area„each ofwhich consists
of a suiglc methyl group miii a single Si ntom. Thc hydro-
phobically moddicd wc( paste was diluted to a 70 wn %
aqueous slurry and the rheological charactcnstics were
measured fiir slurries with and ivithout 'I RI'I'ON'n X-100
Dispersant (0 05 ivt %, A Tmdemark of 'I he Dow ( hemical
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Conlpany or its Afiiliates). In the absence of dispersant. the
slurry exhibited u shear stress oi'0.13 Ps and viscosity of I 3
PB' at a low lunlung shear rate oi 0.1 s ', wluch was a
further improvement over what was observed in I ixample 1.

Moreover. the particle size of the modified panicles in tlus
example ives found to be 290 nm by dynamic light scatter-
ing, lvhich nearly corresponded to the particle size of the
umnodified I(-706 TiO, particles.

I ixmnple 3 I lydmphobic Modification of
Amine-Functionalized TiO, with

Methyltnhydmxysllane at pH 9.5 followed by
Capping with Trimethylsilanol

[0044] A portion oi'hc wet paste from Exautplc 2 pnor 10

thc dilution step (13.6 g, 83.0 wm % sohds) v,as mixed with
'I'amol 1124 dispersant (0.3 w:t. %, based on the iveight of
total solids) in a lugh-shear mixer at 1700 rpm using two
zirconia beads for 2 min. This blend was diluted with water
to 70 wt, %v solids and subjected to ihrther mixing at 3500
rpm (without zirconia beads) for 3 min. The sample was
Oned in a funu: hood at room temperature for 3 h. then lincly
ground lo obtaul u frcc fiowulg powder (12.5 g). The powder
was combined with trimethylsilanol ('I'MSOII. 2 5 mi„
&97% neat hquid), and the resulting, slurry was mixed at
1700 rpnl with a zirconia bead for 2 min. then dilnred to 70
wt, %v solids is ith further addition of TMSOH (2.8 mL) The
diluted slurry was then mixed at 3500 rpm (without zirconia
beads) for 3 min, thml vorlexcd for 24 h snd ccntniiiged with
water (200 mL). Thc solal mass was broken ullo small
pieces usiim a spatula and vortexed with water (200 mi,)
followed by ultrasonication for 5 inin 'I'his ivashing step
was repeated three more tunes, and the product was stored
as a wet paste at 83.0 wt. % solids content. The concenrm-
tion of trinlethylsilyl cappmg in the dry material corre-
sponded to an additional 0.15 wl. % Sl relative 10 Ihc dry
malcnal prior lo cappulg (that is, Ihe dry materml resulting
fmm I ixample 2); equivalently, the concentmstion of capping
corresponds to the addition of 6 trimethylsilyl groupsiiun of
external piament surface area.

[0045] The purticlc size of thc nunerial as measured by
dyruunic light scat tenng was 290 lun. A low viscosity oi'0 25
Pass and a low shear stress of —0.02 Pa al tlm lov, linuting

shear mte of O.l s 'ere measured. Ieadin to the conclu-
sion that the TMSOH capped material would be suitable for
coatmgs fonnuLstions, even in the absence of added disper-
Sailt

I A composition comprising an aqueous dispersion of
Blend Oxulc plgulcul paittclcs coated vvllh Bu orgBuosllauc
polymer comprisin structural units of an alkyltrihydroxysi-
Lane or a salt thereof, wherein the aqueous dispersion has a
pl I in the range of from 8 5 to 12.

2 The composition of claim I wherein the pigment
particles arc TIOS parliclcs. and wherein lhc orgBuosllauc
polymer further comprises trimethylsilyl groups

3 The composition of claim I wherein the organosilane
polymer comprises at least 50 weivght percent structural units
of the allyltrihydroxysilane.

4 Thc composition of claim 3 wherein thc orgmlosilanc
poli'ulcl ills 11 concentration of Sl Blouls ul lhc range 01 foui
0.1 lo 3 weight pcrccnl, baslxt on Ihc weight of Ihe polymer.

5 I he 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'f external pigment surface area.

6 The composition of claim 3 v herein the TiO, has B

volume solids fraction in the range of from 0 37 to 0.43, a
shear viscosity oi nol grcatcr titan 0.25 Pass al a shear raie
01 O.l s 't a TIOS lolumc sohds Iractiou oi 0.37, mid s
shear viscosity of not greater than I Pass at a shear rate of
0 2 s 't a 1iOS volonte solids fraction of 043

7 A method for preparin an aqueous dispersion of
hydrophobicaily modified pigment particles comprisin the
step of conlacnng, in Ihc prcscnce oi water and at a pH of
from 8.5-12, the basic metal oxide pigment particles with an
orgauosllauc 10 Iorul lhc aqueous ihspcrslou 01 hv'dropho-
bically

modified
pignten particles: wherein the organosilane

is an alkyltrihydroxysilane or a salt thereof
8 The method of claim 7 wherein the metal oxide is TiOS.
9 The method of cLsim 8 wherein the alkyltnhydroxysi-

lanc is contacted with thc aqueous dispersion oi'he basic
TIOB pigment paruclcs as an aqueous solutiou of a salt of
methyllrihydroxysilanc al pH of &12, wherein tlm aqueous
dispersion of basic 1'iO particles is further contacted sepa-
mately and conconlitantly ivith an aqueous solution of an acid
to maintain a pH in the range of 9 to 10.
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