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HYDROPHOBI('IGME II T MODIFICATION

CROSS-REFERENCE TO RELATED
APPI ICA'I'IONS

11&c prcscnt application claims prionly lo U.S. Provisional
Patent Application No. 62/6S3 077, liiod Apr. S, 2018, which
is incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

'lite present invention relates to the moditication of the
surface of pigment particles with a hydroplmbic material.

Perfonnance of water-home paint formulations is infhi-
enced in part by the surface chemistry of rhe inorganic
pi ment used to opacify the paint. Pigments such as the
widely uscxl TIOS tend to be hydropluhc ui their irilive state
and thcrcforc nol particularly cfibctivc as a barncr to pmi-
etration of water, ions, and water-soluble colonsnts at the
pignient-binder interface lior this reason, it would be advan- IO

ta eous to niodify the surface of inorganic pi~eat particles
to provide coatings with improved resistance to stains and
COIIQSion.

11&c dispersion slabihly of pigment particles in Ihe paint
formulation afii:cls thc luding cliiciency ol'hc consutucnl
film. Pigment aggregates pmvide less hiding than isolated
primary particles: therefore, it would be further advanta-

eous to modify the surface oi pi@neat particles to minimize
pi ment ag~e ation in tilms. thereby reducing the amount
of pignient needed in the formulation. 1 li

Ii is known in the art to modify lhc surface ol'i~neat
particles with hydrophobw. grmips. For cxtmiplc. US 2017/
0022384 Ai discloses an aqueous dispersion of inorganic
pignient particles modified with polysiloxane or silyl

mups. In theory, hydrophobically modified pigment par- Is
ticles would be expected to improve barrier properties,
thereby improving hiding. Nevertheless, in practice, forrnu-
lators continue to expencncc difiiculty ui dispcrsmg hydro-
phobically modilicd pigment particles in water because of
their poor wettability and the poor stability of the aqueous so

dispersions of the hydrophobically modified pigment par-
ticles 'I he use of dispersing agents (dispersants and surfac-
tants/ can address these issues in part, but dispersin agents
present problems of their ov n, including limirin film for-
manon. uicrcasing water sensitivity, incrcasmg penneabihly
10 tons BBCI polBI conlpoiulils. ilBrupnn Bifitcston 10 ccrIBnl
substmtes. and promoting exudation (ooxing) ot noit-filnl
formin additives such as surfactaots. defoamers, coales-
cents. and dispersants to the surface of the coating

It would therefore be advantageous to increase pigment sc

volume concentmstions of aqueous dispersions of hydropho-
bically modilied pigments lo abovc37 volume percmil
without concomitant uicrcasc in viscosily, and further bc
advantageous to be able to disperse piginent in while sub-
stantially reducing, or even elunioating the use of ancillary 11

dispersin a ants.

SUM)/LARY OF THE INVENTION

'lite present invention addresses a need in the art by (c
providing. in a first aspect, a composition comprisin an
aqueous dispersion of metal oxide pigment parricles coated
with an organosilane polymer compnsuig structural unils of
an all ylu ihydroxyst lane or a sall thereof and a dialkyldihy-
droxysilmie or a salt thcrcof, wherem lhe mole.mole ratio of ss
structural units of the alkyltrihydmxysiLIne or a salt thereof
to diaikyidihydmxysilane or a salt thereof is in the range of

,392 B2

99.9 I lo 50:SO, aixl wherein thc aqueous dispersion ltas a

pH in the range of from 7.5 to 12.
In a second aspect, lhe present invmition is a method lor

preparing an aqueous dispersion of hydrophobically modi-
lii:il pignlcnt piirncli:s conip11shlg thc step of conlacluig, hi
the presence of water and at a pl I of front 7 5 to 12, metal
oxide pigment particles with an alkyltrihydroxystlane or a
salt thcrcof and a dialkyldihydroxysilanc or a sall thcrcof.

Thc present imennon pros ides an aqueous dispersion of
hydrophobically niodihed pigment particles at a high solids
cmitent at an acceptably low viscosity and can be prepared
without micillary dispersants Such dispersions form coat-
ings that are remarl ably water-resistant.

f)li

I'All,ill )

t)t:8(:RIPTION Oii '11111

INVIIN11ON

In a first aspect, the present invention is a composition
composing an aqueous dispersion ol'etal oxide pigment
particles coated with an organosilanc polymer compnsuig
struclural units of an alkyllrihydroxysilmic or a sall thcrcof
and a dialkyldihydroxysilane or a salt thereof, wherein the
mole niole ratio of stmctural units of the alkyltohydroxysi-
Lane or a salt thereof to dialkyldihydroxysilane or a salt
thereof ls in the ran e of 99.9: I to 50:50. and wherein the
aqueous dispersion has a pH ui the range of from 7.5 to 12.

As used hcrcin, a suuctural unit of an alkyltnhydroxysi-
lanc icfcts 10 thc follow'hig fragnicnl.

R
R'O

~

OR'i.

where R is an alkyl roup, preferably a Ci Cis alkyl group,
morc prcli:rably a C,-Cs-alkyl group and most prel'erably
methyl, and each R's uidependently H, a bond to thc
pigment particle; M. or another Si atom; wherein M is an
alkali metal or ammonium countenon. preferably a lithium,
a sodium, or a potassium counterion: and the dotted line
represents the point of attaclmient of the oxygen atom to the
pi ment particle.

As used herein, a suuctural unit ol' dialkyltnhydroxysi-
lanc icfcts 10 thc follow'hig fragnicnl.

R
R'O

s

o.

where each R is independently an alkyl mup. preferably a
Ci Cia Bll yl group, morc prclbrably a Ci Cs ilkyl group
and most pre fi:ra bi y methyl. and each R 's indcpcndcntly H.
a bond lo thc pigment particle; M. or another Si atom.
v herein M is mi alkali metal or amnionimn counterion,
preferably a lithium, a sodium. or a potassium couoterion;
and the dotted line represents the point of attachment of the
oxygen atom to the piynent particle.

Thc mole.mole rano ol'he alkyltrihydroxysilanc lo Ihc
dgilkydihydroxysilane is ui the rmigc of from 50:50, prel-
crably from 60. 40, mid morc prefi:rably from 65. 35, to 99: I,
preferably to ')0 10, and more preferably to 85:15, and most
preferably to 80:20. Preferably, at least 90, more preferably
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dt least 98 weight percent of the organosilane polymer
comprises structural units of the alkyltrihydroxysilane and
the dialklydihydroxysilane. I'he organosilane polymer may
also comprise from 0 01 to 10 weight percent. based on the
weight of the organosilane polymer, structural units of an
Bacillary nloinuucr.

In onc embodunmit of thc prcscnt invenuon, 100 weight
percent oi tlu: orgmiosilauc polymer compnscs structural
units of the alkyltrihydnhxysilane and the dialklydihydmx-
ysilane or salts thereof I it

In one aspect, the aqueous dispersion of hydrophobically
modified nletal oxide pigment particles may be prepared by
a) contactin metal oxide pigment particles, or an aqueous
dispersion of metal oxide pigment particles, wilh a base to
form basiiied metal oxide ptgtucnt pdnicles or mi aqucxtus
dispersion ofbasified metal oxide particles, then 8) contact-
ing the basiiied metal oxide particles with the organosilane
in the presence ofwater and at a pl I in the range of from 7 5,
preferably from 82L more preferably from 9. Bnd most
preferably from 9.2 to 12. preferably to 11. more preferably Ic
to 10, and most preferably to 9.8, to form the aqueous
dispersion of hydrophobi cally moib lied pn ment particles. In
this aspect. it is preferred in the first step that an aqueous
dispersion of nletal oxide pigment particles are contacted
with a base to fihrnl an aqueous dispersion of basified nletal
oxide particles. The alkyltnhydroxycilane and diaikyldihy-
droxysilane are advanta eoucly converted to their corre-
spondulg salts in aqueous solution, pnor to contaclm with
the aqueous dispcrsiou of basilicd pigment partmlcs Prelh
erably. the alkTltrihydmxysilane and dialkyldihydroxysi- hc

lane. nlore preferably niethyltrihydnhxysilane and dimeth-
yldihydroxysilane are contacted with the pigment particles
as an aqueous mixture adjusted to a pH of &12,

In another embodiment. the pigment particles may be
contacicd with tlm orgauosilanc without base prc-treatmmlt. Ii

lite most prcli:rred alkyltrihydroxysilane, medhyltrihy-
droxysilmle, cau be obtained commercially or prepared in
situ by aqueous alkali nietal hydmxide hydrolysis ofpolynl-
ethylhydrosiloxane (PMIIS) at a pli of w)2 It has been
found to be particuLarly advantageous for storage stability to do

maintain an aqueous solution of the methyltrihydroxysilane
dt a lugh pH until contact with the pigment particles to
nllnunlzc scllhcondcnsdtloli ol Ihc nlcthvln1llvdloxvslhlnc.
Thc most prefi:rrixl dialkyldihydroxysilanc, duncthyldihy-
dmxysilane. is advantageously prepared by hydrolysis of 4

dimethoxydinlethylsilane with a strong, base such as KOI I.

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 organosi-
lanc addiiion step tluough separate mid conconntant addition
ol a strong acid to Ihc pigment parliclcs or basilicd pl~neat c

Ivdlttclcs.
As used herein, metal oxide particles include both nletal

oxide and metalloid oxide particles, exainples of which
include oxides and carbonates of titanium, aluminum. sili-
con, iron. calcium, maktttesium, zirconium, or zinc. and ss
mixtures thcrcofi Examples of preferred pigment particles
include CaCO,. AISOS, SIO„and TIO, Pigment Particles.
TIO, pigment particles include rutile dnd miauise TIO„as
well as 1 iOI surface treated with a variety of metal oxides
and hydroxides including alumina, silica and zirconih. Ii!

The average particle size of the metal oxide pigment
particles is prefemhb)y from 10 nm. more preferably from 20
nm, more prcfi:rably from 80 iun, more prcfcrably from 100
nm, more preferably from 200 iun, and most prcfi:rab1y from
240 mn, to preli:rably 8 )un, more prelerably to I )un, more si
prefembly to 500 nni, more preferably to 400 nm, and most
prefembly to 300 nm. Average particle size of the nletal

oxide pigment particles is dciined by thc avcmgc particle
size determined by dynamic light scatterin using a Malvern
Zetasizer Nano Parncle Size Atialyzcr.

'I'he base used to pre-treat pigment particles w:here it is
dcstrablc to pre-trwit thc particles Include amuics such as
tnmethylainine, triethy)amine. dimethylamine. diethylam-
ine. 2-amino-2-methyl-l-propanol, piperidine, and pipera-
zine; amino acids such as arainine, histidine. and lysine;
iminoalkydiamines such as guarudine, punnes such adenine;
pyzlnlldillcs such ds cylosillc. IIBIiuolllum hydroxide, qild-
temary tetra-t.,-C,s-alkyl anunonium hydmxides such as
tctrimicthylanuuonium hydroxide, tetracthylanunonnun
hydroxide, and tetrabutylammonium hydroxide; and alkali
metal hydmxules such as LiOH. NaOH, and KOH. Thc base
is preferably used stoichiometrically or in stoichiometric
excess with respect to base-reactive sites of the pigment
particles. Such reactive sites include acidic OII groups and
Lewis acid metai cations suCh as Ai"'. Ti', Zr', Zn' Cd',
dlld Mg

The alkyltrihydroxysihhne and diall ylddiydroxycilane are
advantageously added lo thc pigment parucles in a suliicient
amount to convert the pigment particles to hydrophobically
nxhdified pigtttent particles. 1he terni "hydrophobically
nxhdified" means that the modified pignient particles have
&25% by wein it water uptake relative to the unmodified dry
pigment particles at 90% relative humidity as measured
using a Dh 'S Advantage ET Analyzer (Surface Men suremcnt
Systems).

'I'he or anosilanes bind to the pigtuent particles to form
the hydrophobic orgmiosilane polymer coating comprising,
stnictumhl units of the alkTltrihydroxysilane and the dialkyl-
dihydroxysiiane. Preferably. for a pigment particle having a
particle size in the range of front 250 mn to 350 iun, the wt.
% Si in thc organosilmie polymer and ansing from addition
of thc alkyltrihydroxylsihmc and the dialkyldihydroxysilane
with rcspcct to Ihc pigment paruclcs Is prcfi:rably ui the
mange of from 0.1. more preferably fmm 0 5, and most
preferably from I lvt. %. Io preferably 4, and more prefer-
ably to 3 wt. %. Alternatively. the concentration of Si atoms
in the organosi lane polymer and arising from addition of the
alkyltnhydroxylsilmie dnd thc dialkyldihydroxysilanc to thc
bastftcd pigment parliclcs. is prefbrably ui thc range of I'rom

4, morc prcfbrably Ibom 10. and most prcli:rably from 20 Si
atonls/nma of the external pignlent surface area to preferably
120, more prefemhbly to IN). more preferably to 80, and
most preferabiy to 60 Si stoats/nm'f external pigment
surface area. As used herein, external pigment surface area
repels to thc gconlctnciil t:xtcnial slllfiicc Bled ol B sphclc
having thc same diamctcr as a pigment particle, as measured
by dynanuc light scducnng. as pcrfonncxI using Malvern
letasizer Nano Particle Size Analyzer The extent of alkyl-
tnhydroxylsilane and dialkyldihydmxysilane incorporation
onto the pigment particles is determined by digestion fol-
lowed by Si analysis by inductively coupled plasma-atomic
mnission spectroscopy HCP-AES).

It has surprisingly bccn discovered that au aqueous dis-
persion of sellhdispersmg hydrophobicdlly modified pig-
ment particles with a small amount or no added dispersing,
agent, which can be a dispersant or a surfactant. can be
prepared at a volume solids fraction of 0.37 to 0.5 (corre-
spondin to -70 to 80 wt. % solids for Ti-Pure R70G TiO,)
without any signiiicant uicrcase in slurry viscositv as com-
pared with thc unmodilied slurry ol'pigment with a dispcrs-
iug agent at Ihe simie concentration. Tlnis, for a 70 weight
percent solids i0.37 volume solids fraction) aqueous slurry
cmnprising the hydrophobically-modified pignient particles,
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shear suesses arc prefi:rabiy nol greater than 0.03 Pa. at a
shear rate at 0 I s 'ithout ancillary dispersing agents

'lite viscosities for the same slurry are prefensbly not
greater than 0.4 Pa s at a shear rate of 0 I s ', and prefensbly
not greater than to 0.03 Pa s at a shear rate of 100 s 'ithout
ancillary dispersants. These viscosities are -35- to 450-fold
lugher (Iran that of water, aud arc easily pourable hqunl hke
slurries. Thc presence of a small amount ol' dispersing
agent has been found to further improve shear stress and
viscosity but the rheology pmperties are quite acceptable Ia

even in the absence of the dispersing agent
For a 75 iveight percent solids (0.43 volume sohds

fraction) aqueous slurry comprising the hydroplmbically-
modilicd pigment parucles. shear stresses arc preli:rably nol
grcslcr than 022 Pa al a shear mtc of 01 s '. The viscosities
fiir the sante slurry in the absence of an ancillary dispersing
agent are prefembly not greater than 2 2 Pa s at a shear rate
of 0 I s 'nd preferably not greater than to 0035 Pa s at a
shear rate of 100 s '.In the presence of as little as 0.08 wt.

with respect to pigment mass of a surfactant such as Ic
TRITON'U X-100 Surfactant (A Trademark of The Dow
Chenncal Company or Its Aflihales), a substantial decrease
in shear stress to 0.06 Pa at a shear rate of 0 I ~ 'as been
observed. Also, m the presence of this small amount of the
surfactant. the viscosity substantially decreased to 0 6 Pa s at
a shear rate of 0.1 s '. and not greater than 0.035 Pa s at a
shear rate of 100 s '. These viscosities are -40- to 2500-fold
lnghcr titan thut of water and, a sui. arc easily pourablc
hquid-hkc slurucs.

I'or an 80-weight percent solid (0.50 volume solids frac- Ic
tion) an aqueous slurry comprising, the hydrophobically-
modified piginent particle~. shear stresses are preferably not

rester than 2.2 Pa at a shear rate of 0.1 s '. The viscosities
for the same slurry are preferably not Irreater than 22 Pa s at
a shear rale off.1 s 'nd prclbmbly nol greater thmi lo 02 )I
Ps s sl a shear rate of 100 s '. In ihc prcscncc of a small
amount of the dispersing agent, boih thc viscosily and Ihe
shear stress ivere not greater than 20 Pa s and 2 Pa. respec-
tively. at a shear rate of 0 I s ''hese viscosities are -225-
to 23,000-fold lfigher than that of water. 40

It has been discovered that the aqueous dispersions of the
hydrophobically modiiicd pigment particles can bc aclucved
without an ancillury dispersuig agent as required ui thc
leacimgs of US 2017/0022384 Al. Accorduigly. In another
aspect of Ihe invention, the composition of the present
invention comprises a substantial absence of a dispersing
agent, that is. less than 0.09. preferably less than 0.05, more
preferably less than 0.01. and most preferably 0 weight
pcl'cctil of B dispcrsuig tigcnn bBscd iiii lhc v eight of llic
pigment. Tiu: substantial absence ol'ispcrsuig agmil Is O

particularly advantageous ui coann fonmilauons sures dis-
persing aaents, particularly anionic polyineric dispersants,
limit film fonuation, proniote corrosion, and increase water
sensitivity ofcoatin s and promote undesirable exudation of
non-solids (e.g . salts and polyelectrolytes) to the interfaces s.
ol Ihc coaungs.

lhc preparation of theaqueous dispersion of thc hydro-
phobicslly modiiied pigment particles is prefi:rably carried
out in tbe absence of organic solvents (Although sonic small
amount of a ('I-('salcohol can, in principal, be genensted in ic
the process. these bypmducts do not constitute organic
solvents.) As such. the process of the present invention Is
advantaged over previously dcscnbcd pigmenl modilicalion
processes llrst require Ihe usc organic soivcnls. Accordingly,
in another cmbodunent ol'hc uivcnlion, thc process of the si
present invention Is carried out in the substantial absence of
organic solvents, that is. using less than S„more preferably

less than I. and most prcfcrably 0 percent ol'dded orgaiuc
solvent, based on the weight of organic solvent and the
uiunodilicd pigment particles.

'I'he composition of the present invention is suitable fbr
coiuuigs fomiUlations, Uhlcli hu:IUilcs II hucx, Bnd prcfhi-
ably onc or more additional materials including defiiamcrs.
surfaclmils, thickeners, cxicnders. coalcsccnhh biocnles, and
colorants I'he composition provides coating compositions
v ith improved water-resistance over pignient particles that
are not hydrophobically modified. Bs demonstrated by the
followui examples.

I,XAMPI I!S

Calculation of Amine Functionahzatlon of Pigment Par-
ticles

Thc cxtcnt of mnine functionaliza tron was detcnuuied by
acid-base back Uu stion as dcscribixl ui ACS Catalysis 2014,
302-310

Intcnncdialc Example I Prcparutiou ol'ixtures
of lyielhyltnhydroxysilanc and

Dimethyldihydroxysilane Monopotassium Salt

A. Preparation of Methylrrihydroxystlane fn)m Polym-
ethylhydrosiloxane

To a 3-neck plastic spinner flask was added 4 M KOH
solution (244 mL). Thc solution wus purged with N, for IS
min, aficr which Umc polymelhylhydrosiloxanc (PlvIHS.
from Aldrich Cat No 176206. M„1700-3200 8/mol, ('S
No 63148-57-2, 36 mi.) was added over 25 s. folloived by
further degassing 'I'he resulnng degassed solution was
stirred at 600 rpm for 6 h under N, FTIR spectroscopic
analysis confirme conversion of all of the PMHS to meth-
yltwhydroxysilane (MTHS). The solutiou was stored in a

tighlly cappcxI container io prevent cxposurc lo almosphcuc
carbon dioxslc. Thc conccnlrauon of MTHS In water Uris
0 234 8'UII..

13 Preparation of l)imethyldihydroxysilane Monopotas-
siuttt S'Ilt

A Teflon round bottom flask capped with a nibber septum
was placed in au icc bath snd purged with Ni I'or 10 min.
Dimclhyldimethoxysilmic (11.6 mL, 95% v/v, density=0.88
g/mL) Was then added to thc flask through thc septum by
v ay of a needle and syringe. 4M KOI I solution (20 2 mi „

0 08 mules of KOI I) was added with stirring to the flask at
a rate of 20 PL/5 s for 2 nlin, then at a rate 2.5 mL/min for
the remainder of the addition. After completion oi addition
of KOH, Ihc solution was snrred for an addiuonal 10 min,
fhllowcd by rotary ei aporation removal of water imd liber-
alcdmclhanol a160'C. for 30 nun, thcnat 70'C for IS min.
1'he product (10 20 g) was obtained and identified by '

l and
Si NMR spectroscopy as the monopotassiunl salt of dim-

ethyldihydroxysilane (K-DMDS).
C Preparation of Monomers Mixtures
AqUcous niixlinex ol niclhvllrilivdi oxysilaiic Bnd duiiclh-

yldihydroxysilane (2.44-2.6-mL) werc prcparcd by varyuig
thc mole ratio of MTHS mul K-DMDS while kccping thc
total nioles of Si constant at 6 06x10 'ules. Mixtures of
M1'I IS and K-f)MI)S ivere prepared in the fbllowing mole
ratios 100;0. 95:05. 90;10. 85:15, 80:20. 75;25. 70:30,
65:35. 60:40. 55:45, 50:50, 45:55, 40:60. 35;65. 30:70,
2S.75, 20.80, 15.8S, 10.90, 5.95, aud 0.100. For thc 100:0
composition ol'THS lo K-DMDS, 2.44 mL of MTHS
solution (dcscribcd In step A) was usixk In the case ol'0.100,
2 6 ml, of the solution of K-l)MI)S (0 7') 8 sohd K-l)MI)S
dissolved in I 9 ml,water) ives used for surface modification
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ofpigment. For all thc other compositions, required mnounts
of K-DMDS salt solution as weil as MTHS solution v.ere
nnxcd to achieve the targeted molar ratio ol'THS to
K-DMDS.

D. Preparation ol' 75.25 Iviixturc of Methyltrihydrox-
ysilane and Diniethyldihydmxysilane

An aqueous solution of K-DMDS as prepared in Step B

(0 20 g dissolved in 0 f3 I ml, water) was added to a portion
of the MTHS solution as prepared in Step A (1.83 mL) to

I I I

form 0 75.25 mole mole mixture of MTHS:K-DMDS The
mixture wns vortexed to obtain a tmansparent solution (2 6

mL). wluch was further »sex) for hydrophobic modification
of pigment. Thc pH ol'he remilting n»xIurc was — 14

Example I Hydrophobic Modification of TiO,
with a 75.25 Mixture of Methyltrihydroxysilanc

and Duncthyldihydroxysilaneai pH 9.5

A Pre- I'reatment of TiO, with 'I'riethylamine
Ti-R706 TiO, powder (250 g), yvater (500 mL),

TAMOLru 1124 Dispersant (2.5 mL. A Trademark of The
Dow p 'hemical Company or its Afliliates), and uiethylatnine
(TEA, 2.5 mL) w crc added to I -L round bouom fiask to filmy
a slurry, w luch was stirrixl with a moto»gad overhead mixer
at 1950 rpni for 20 h lixcesc amine was removed by
transferrin the slurry into centrifuge vessels in fiyur equal
parts and centrifiiging at 14,000 rpm for 3 min. The solid
mass collected after centrifugation was broken into small
pieces yvith a spatula. followed by addition of water (250

30
mL) to each of thc Ibur parts. Each sample v,as subloetcd to
3 ortcx mixuig for 5 min I'ollowcd by ultrasomcation filr 5

min 'llie saniples yvere centrihiged again at 14.000 rpni for
3 min resulting in wet pastes with a solids content of838 wt.
%o Ti02. The entire eater-wash process was repeated four

35
more times for each sample to create a slurry hnviitg an 83 8
wt, qo solids that was free of any amine or anunonin odor.
Thc annnc not recovered by the extensive water washing
step was consnlcrcd to bc bound to thc surface ol'particles,
the resulting particles were aniine-iunctionalised I iO par-

40ticles
1'he extent ofamine functional i ration ofthe 1'i02 particles

yves measured by acid-base back titration using, 0.01 M HCI
and 0.01 M NnOH, as described in ACS Catalysis 2014. 4,
302. It was found tha(34 Iunol'g ofbasic sites werc available
on (hc surface of the TEA tres(cd TiO, particles (TEA-
R70/l), v hich corresponds to a surface coverage of bound
amine of 2 1 IIA molecules/nm of total pig(Dent surface
area

The capillary rise test was performed to assess the hydro-
phobicity of TEA-R706. The capillary rise test wns carried
out as follows. 2.5 mM bromothymul dyc solution adlustcd
to pH 8 ui aqueous HEPES bulli:r was »saxi. A 1.5-nun

duunetcr capillary tube blocked on ouc end with couon was
filled to a height of 4 crn with dried pigment powder. The
capillary was then dipped ui dye solution for 4 h and thc rise
of dye v ts ineasured yvith a ruler. )he contact angle was
subscqucntly calculated Ibom thc height of dye rise, usuig
Washburn'6 equation. Tl IA-R706 exlubited a capillary rise
of aqueous bromothymol blue dye of 3.2 cm, indicating that
it wac not a hydrnphobic matenal.

B Hydrophobic Modification of TEA-R706 with Meth-
yltuhydroxysilane and Dimethyldihydroxysilane Mixtures

11!A-R706 wet paste (13.6 ), 'I'AMOIHM 1124 Dicper-
smit (68 gl,). two 10-mni lr02 beads, and water (0 2 mi,)
were placed in a plastic container and mixed with a Flacktek
high-speed mixer at 1700 rpm for 2 min to form a slurry.
Additional water (0.845 mL) was added to the slurry and
further lugh shear n»xuig was cerned out at 3500 rpm for 3

min ui thc abscncc ol'r02 beads to Ibnn 0 slurry with 0

pigment solids content of 77 5 yvt %o

An aqueous mixture of Mi'I IS (043 g) and K-DMDS
(0.20 g) with an MTHS;K-DMDS mole-to-mole ratio of
75:25„v:as added to the slurry yvith concomitant addition of
2.0 M HCI (3.2 mL). (o adjust the pH of the slurry to 9.5. The
slurry M as nuxcd at 3500 rpm for 3 mui. al'tcr which time
water (2.5 mL) was added, Ihllowcd by vortcxuig for 4 h.
1'he slurry yves then washed with water (200 ml.) and
centrifuged at 14000 rpm for 5 n»n 1 he solid mass collected
after centrifugation wns broken down with a spatula and
washed with water (200 mL) before bein centrifuged again.
This procedure yves repeated two more tunes, and the
resulting pmduct was obtained as a wct paste with a TIO,
sohds content of 80 wt. %.

'I'he product yves dried for 24 h and its hydnyphobicity was
confirmed as follnyvs l)ried powder (100 mg) was placed
into 0 beaker flied with Dl water (200 mL) and was
observed for 2 h for evidence of settlin . After 2 h, the
powder was completely floatable on water with no observed
settling of the powder. winch provided strong evidence of
hydrophobicity. A cnpillary nsc test conlimicd the hydro-
phobic nature of the material no rise of an aqueous solution
of bromothymol dye at pl I 8 before and after the high shear
stress test of the hydmphobic material at pli 8 7 wac
observed.

Hydrophobic Modification of TIO, l)sing a Range of
MTHS/K-DMDS Combuuiuons

Hydrophobic modification of R-706 pig)neat was pcr-
fonned yvith the other mole mole ratios of M ITIS and
K-DMI)S, substantially as described in Iixample I 'the
results are suinniarixed in 'I'able I Rheology without sur-
factant (v:hich acts as a dispersant) refers to rheology of a 75
v t. % slurry at 0.1 s 'hear rate. whereas rheology with
surfactant refers 10 0.08 wt. % TRITON X-IOO Surfactant
(X-IOO) rclativc to pigment weight.

MTHS x-DMDS
mole mole

Canna t Rheology
Angle D ape(sam Agent tuleolo 1 Iy X 1(S) H,dlophoh

100 0

00 10

So 2o

sun'hee(st(ass 056 pa
Vm ytl I 1'a

:Vtl'he» Stress 052 Pa
Viscos ty 2 Pt s

s.)0'heet Stress 070 Pa
Va' Iy 73) IX

Sou'h .o SII ya. 0 70 11

Viscosity 7.0 Pa s
sun'hear et(ass 0 10 pa

Vs os» 10 P.l s
: Vo'hen( Stress. 0 gg Pa

Sheet Stress 0 la Pa
Vis os(tv 1SPa s

She.it Stress 0 33 Pa
yt, lie I

Sh a:(tt .. tl I P.

Vtscoslt ' 'I P:I I
Sheet sirens 0 11 Pl
Vscost/ I I P.i s

Shc:n Stress I 06 Pa
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!r& l&&S K lirllzi 0 ml'l lft( lup,
m I I (apl Ii.p mp. (pml Xt( lop X 100 lf Woph hf'0

6n 36

60 50

40 6f

3n 66

1(l 90
0 &00

V(scnsrty fl Pa
u90'hca( St(res 0 36 Pa

V(scns(ty 'l Pa
u90'hca( St(res 0 32 Pa

V . cus I v .' Ih
90'it& . Sl 55 ff Oa P:

V. usly 05 P

90'it& . Sl 55 f(06 P:

Vsosty 06Pa s
590'hoto St esa. 0 12 Pa

Vsosty 1 &Pa s
90 .&A-90'A

-9(.I VA
~ 90'A
'. 90 VA

Vlsuo5(n v 6 Pa 5

Sh v Stress 007 Pa
Vlscu5ln v I Pa 5

Sh v Stress 0 17 Pa
V 0 17Pa
Sh ISI .. 006 Pa
V'' 0 06 Pa
Sh,fsl .. 0 Pa
Vs oat, 2 Pa s

Shen Sness. 00 Pa
Vacua t ' Pa 5

N
N
N
N
N

'table I illustmtes that hydrophobic TiO& particles are
form(xl at mole.mole ratios of MTHS.K-DMDS ui thc range
of 100 0 to 50 50 At M'I I IS K-l)MI)S ratios in the range of
fron& 100:0 to 85:15. the final surface modiTied pigment
obtained after 24 h of drying exhibited a slow aqueous
dispersiot& of 1-5% of total powder. witl»n 2 h afier 0 small
amount ( — 100 mg) of the powder was contacted v &Ih we&cr.

At MTHS;K-DMDS mtios m the range of 80:20 to 65:35,
the moddicd pigman& particles werc completely floatablc,
with no evidence of dispersion after 2 h of contact v ith
water. At mtios &n thc range of 60:40 to 50.50, a slow
d&spersion of 1-5% ol'otal powder was obscrvcd w&tlnn I h
afler dry poivder was contacted with water. At ratios below
50 50, the hnal pmduct was found to be not hydroplxibic in
nature: the aqueous tloatability test of dried product con-
firme pigment sinking and dispersion of 70-90% of the
total powder ivithin 2 h afier being contacted ivith water

Table I also shows tha& compos&nous w&th MTHS.K-
DMDS mole:mole ratios &n thc range of 80.20 &o 65:35
rendered dispersions with exceptionally lov viscosity and
shear stress at n&inin&un& shear rate of 0 I 5, even without
a dispersin 0 ent 'lhe presence of a small amount of the
dispersing agent was found to improve the shear stress/
viscosity profile to an even greater extent.

Hydrophobically mod&lied TiO. dispersio&w usmg MTHS
and DMDS u& the range ol'0.20 to 65.35 werc further
analyzed for their hydrophobic properties as follov s: A
hydrophobically n&odified wet paste (80 wt % solid content
of1'i-8706) ives diluted to 70 w:t. % A portion of this diluted
slurry was placed on a glass substrate and drawn down v. ith
a 3-mil bar applicator to form a coating. The coatin was
dncd for 48 h under ambwnt conditions. 11&c coatin was
analyzed for conhict angle usu&g 0 goniome&cr and lhc static
dmp method 'I'he coatmg obtained from pigment modifica-
tion with a MTI IS DMDS ratio of 75:25 shov ed the greatest
contact aimle (130" 5").

Hydrophobic mod&fication was carried out usi&&g anuno-
nium hydroxide pre-treatment and no pre-treatment. The
proccxturcs are descnbed &n Examples 2 and 3.

Exan&pie 2 Hydrophobic Moditication of TiO,
1)sing NH5OH Pre-Treatment

T&-R706 T&02 powder (25 g)5 wa&er (50 mL). TAMOL
1124 Dispersant (0.25 mL) and 28-30'/o NH5OH (0.45 mL)
were added to 1-1 round bottom flask to form a ~ lurry, which
was stirred for 2 h with a motorized overhead mixer at 1950

20
rpni. I he resulting slurry was divided into centrifuge vessels
iu four equal parts along with add&uoual 75 mL wa&cr u& each
vessel m&d centrifiiged at 1428)0 rpm for 3 min 'I'he solid
mass collected after centrifugation was bmken into small
pieces v ith a span&13, foflov ed by addition of water (150
mL) to each of the four parts. Each sample was subjected to
vortex mixu&g for 5 nun lollow cd by ultrasonication lor 5

m&n. Eientualiy. the samples were centrifuged again at
14,000 rpm for 3 mu& rcsulnng in wet pas&cs (NHaOH-R706)

30 with a solids content of 83 8 v t % 'liOz. No further water
wash was pcrfonncd as thc solids obtmned after cen&nlu-
gation was free of any amnionia odor

An aqueous slurry ivith a pigment solids content of 77.5
wt % was prepared and hydrophobically modified with a

'5:25 mole:mole matio of MTHS:K-DMDS substantially as
described in Iixample I

At 75 wt. % solids (0.43 volume solids fraction). the
aqueous slurry of U&e hydrophob&cally-mod&lied pigment
particles exiubited a shear stress of 0.21 Pa and a viscosity

40
and 2.1 Pa.s at 0 shear ra&e of 0.1 s '&thou& a d&spersuig
ageflt.

ExamPle 3 I lydroPhobic Modification of 'I'iOz

w&thou& Base Prc-Trcatmcnt

A. Pre-Treatment of TiO, with D&spersant
'fi-l6706 I'iO& powder (250 g), water (5(X) ml ) and

TAMOL 1124 Dispersant (2.3mL) were added to I-L round
bottom flask to form a slurry. wluch was st&rred wi&h 6

motonzed overhead mixer at 1950 rpm for 20 h. The
d&spersant was rcn&ovnl by transferring the slurry mto
centrifuge vessels in four equal parts and centnfuging at
14.000 rpm for 3 min. The solid mass collected after

a. centrifugation was broken into small pieces v ith a spatula,
follow cd by add&uon of w a&er (250 mL) to each ol'hc liiur
parts. Each sample was subject(xl to vortex m&xing for 5 min
followed by ultrasonication lor 5 m&n. 11&e samples werc
centrifuged again at 14,IX)0 rpm for 3 nim &esulting in ivet

(0 pastes with a solids content of 83 8 wt % 'I'iOz The entire
v ater-ivash process ives repeated 2 more times for each
sample to create a dispersant free unfunctionalized TiO, wet
paste havu&g m& 83.8 wl. '/o solids content.

Au aquarius slurry with a p&g&ucnt soluls content of 77.5
65 wt. %o was prv3&ared and hydrophob&cally mod&lied with 6

75 25 mole:mole ratio of M1119EK-DMDS substantially as
described in lixaniple I
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For a 75 wt % solids I0.43 volume sohds fraction)
aqueous slurry of the hydrophobically-modified pigment
particles exhtbited a shear stress of 0 5 Va and a viscosity
and 5 0 Pa s at a shear rate of 0.1 s 'ithout a dispersing
agent.

1'he invention claimed is:
1 A contposition contprisutg an aqueous dispersion of

metal oxide pigment particles coated with an organosilane
polymer comprising structural units of an nlkyltrihydroxysi-
lane or a salt thereof and a dialkyldihydroxysihane or a salt 1 It

Ihereoi, whereto u mole mole retro of structural units of
alkyltnhydroxysilane or a salt thcreoi'o dtalkyldihydrox-
ysilane or a salt thereof is in a range of 99.9'I to 50'50. and
wherein the aqueous dispersion has a pl I in the range of
front 7.5 to I 2.

2. The compositton of claim 1 wherein the pigment
particles are TiO, particles, and wherein at least 90 wetght
percent of thc or anosilanc compnscs structural untts of the
alkyltrdtydroxystlunc or a salt thereol rmd a dmlkyldihy-
dmxysilane or a salt thereof.

3 I he contposition of claim 2 wherein the mole-to-mole
ratio of structural units of the alkyltrihydroxysilane or a salt
thereof to the dialkylddtydroxycilane or a salr thereof is in
the mange of from 60 40 to 90:10; vvherein the aqueous
dtspcrston has u pH tn thc range of 8.5 to 11.

4. Thc compostnon oi'lmm 3 whereut the alkyltrihy-
dmxysilane or salt thereof is ntethyltrihydntxysilane ore salt
thereof: and the dialkyldthydroxysilane or salt thereof ts
dimethyldihydroxystlane or a salt thereof, tvherein the mole-
to-mole ratio of stntctural units of the methyltrihydroxysi- ttl

lane or a salt thereof to the dimethyldihydroxysi lane or a salt
thcrcof ts in thc rungc of Ibom 6S:3S to 8S.IS.

5 Thc composttton of claim I whcretn thc orgmtostlanc
polymer has a concentration of gi atoms in the range of from
0 I to 3 weight percent. based on the weight of the polytner
and the metal oxide pigntent particles.

6 The composition of claim 1 wherein the organosilane
polymer has a concentration of Si atoms in the range of from
4 to 120 St atoms/runs oi'external ptgtncnt suri'acc arcs.

7 Thc compostnon of claim 4 whtch composes less than
0 09 weight percent of a dispersing agent, based on the
wetght of the 'I'iOc particles.

8 A method for preparing an aqueous dtspersion of
hydrophobicaily modified pigment particles comprisin the
step of contactin . in the presence of water and at a pH of
from 7.5-12, metal oxtdc pigment paruclcs with mt alkyl-
tnhydroxysilanc or a salt thereof and u dtalkyldthydroxysi-
lane or a salt thereof where a mole:mole ratto of tutits of the
alkyltnhydroxysilane or a salt thereof to dialhyldihydmx-
ysilane or a salt thereof is in a range of 99 0 to 50 50

9 The method of claim 8 vvherein an aqueous dispersion
of the metal oxide pigntent particles are pre-treated with a
base prior to contact with thc alkyltnhydroxysthmc or a salt
tilclcof tllltl tile tlialkv'ltilltvtiloxvsllrllli: or a salt tltcleof,
wherein the metal oxide is TiOn

it). I he method of claim 9 wherem the alkyltrihydmx-
ysilane and the dialkyldihydroxysilane are contacted tvith
the aqueous dispersion of the TiO, plvgment particles as an
aqueous solution of a salt of methyltrihydroxysilane and
duncthlydthydroxysilanc at pH of &12. w hcrcin thc aqueous
dtspersion oi'iO- particles is further contacted separately
and concotnitantly with an aqueous solutton of an acid to
maintain a pl I in the range of 9 to 10

r r t
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