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degrades the paint filmjnte ecrease .Critica nt ,vo
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25  aggregates and thus tend to increase the effective TiOy volume concentration and
decrease scattering efficiency as they are added to replace paint resin content as described
in F. Stieg, "The Effect of Extenders on the Hiding Power of Titanium Pigments", Official
Digest, 1959, pp. 52-64.

Further, hydrous silica with high surface area can be precipitated onto the

30  surface of the TiO exhibiting some improvement in scattering efficiency at increasing

- PVC. However, the TiO, pigments with hydrous silica coatings with high surface area
have a high oil absorption which degrades the paint film integrity, decreases a critical
pigment volume concentration (CPVC) as defined hereinbelow and restricts a paint maker
of flexibility in formulating paints. In addition, silicas such as fumed silica are composed

35  of many primary particles which are highly aggregated and cannot be distributed uniformly
on the TiO7 surface.

Similarly, use of a polymer coating is expensive and difficult to accomplish
and has resulted in severe agglomeration of the TiO particles.
There is a need for a product that has improved scattering efficiency at
40  moderate to high PVC. Concomitantly, there is a need for a TiO5 having a low oil
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power can 3. provides a paint maker with flexibility in formulation;
20 4. dilution of TiO7 content is minimized; : .

S. better dispersion and uniformity of the inorganic particles is achieved; and

6. equal hiding power can be achieved with less TiO9 or improved hiding power can

be achieved using the same amount of TiO7 in end use applications.

25 DETAILED DESCRIPTION |
The production of TiO7 by the vapor phase oxidation of TiCly and AICl3

is well known and disclosed in U.S. Patents 2,488,439, and 2,559,638, the teachings of
which are incorporated herein by reference. The TiO5 used to prepare the pigment can be
of a conventional rutile or anatase variety, produced by either a chloride or a sulfate

30  process. Preferably, the TiO; is prepared by the chloride process and a rutile crystal form.
The TiO; particles used to prepare the pigments of this invention can be a base TiO,
referred to herein as TiOy directly removed from oxidizing TiCly and before any finishing
steps and/or before any surface treatments are applied. In the sulfate process, base TiOg
refers to TiOp before any surface treatments are applied. Alternatively, the TiO5 particles

35  used to prepare the pigments of this invention can be a finished TiO» referred to herein as
TiO5 subjected to conventional finishing steps and/or surface treated with hydrous oxides
such as alumina, silica, zirconia or the like, or combinations of these materials, as
described in, for example, U.S. Patent Re 27,818 and U.S. Patent 4,125,412, the teachings
of which are incorporated herein by reference. The hydrous oxides can range from about

40 16 weight % or less of the total pigment product weight, and preferably 10 weight % or



be achi eved using the same anount of Ti Q2 in end use applications. 25
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zirconium, calcium, {aa%um, magnesium, mixed alkaline earths and naturally occurring
silicate minerals and the like; aluminosilicates of alkali and alkaline earths, and naturally
25  occurring aluminosilicates and the like; oxalates of calcium, zinc, magnesium, aluminum
and mixed metals; aluminates of zinc, calcium, magnesium, and mixed alkaline earths;
hydroxides of aluminum; diamond; or the like and above mixtures or composites thereof.
Mixtures used herein are a physical mixture of inorganic particles containing more than
one type of particulate form. Composites used herein is intimate combinations of two or
30  more inorganic materials in a single particle or any other combination wherein at least two
distinct inorganic materials are present in an aggregate particle.
Preferred are silica, titanium dioxide, zirconium oxide, zinc oxide,
magnesium oxide, aluminum oxide, tin oxide, calcium carbonate, magnesium carbonate,
aluminum phosphate, calcium phosphate, aluminosilicates including alkali and alkaline
35  earth aluminosilicates and naturally occurring aluminosilicate and the like, calcium silicates
and naturally occurring silicate minerals and above mixtures or composites thereof.
More preferred are amorphous silica, hydrated forms of alumina,
aluminosilicates including alkali and alkaline earth aluminosilicates, calcium silicates,
titanium dibxid_e, calcium phosphate and calcium carbonate and above mixtures or
40 composites thereof. Examples of silica are commercially available under the tradenames
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broken up by high energy agitation.
These novel products of this invention have a surface area of less than
about 33 m2/g, preferably less than about 25 mZ/g and more preferably less than about 20
m2/g, and an oil absorption of less than about 35, preferably less than about 25 and more
30 preferably less than about 23.
In the process of this invention, a TiO9 slurry is prepared with base TiO5.
A colloidal suspension of inorganic particles, i.e., a sol is added to the TiO slurry with
sufficient mixing. Mixing can be carried out by any suitable means at a ratio of TiO7
particles to inorganic particles which achieves the desired weight % of the final product.
35 "Sol" is defined herein as a stable dispersion of colloidal particles in a liquid containing
about 1 to 60% by weight inorganic particles as a dispersion in a liquid typically water.
*Colloidal" is used herein to refer to a suspension of small particles which are substantially
individual or monomeric particles small enough that they do not settle. It is preferred that
the colloidal suspension is at the highest concentration at which the suspension is stable,
40 typically about 14 to 50 wt%. These are commercially available or can be prepared as
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area of | &s2%42nthe teachings of whxch are incorporated herein by reference. In precipitating
the hydrous oxides, sodium silicate, potassium silicate or any other form of soluble silica is
added and neutralized with acid such as HCI, HySO4, HNO3, H3POy4 or the like and then
sodium aluminate is added and neutralized with acid. Other means of precipitating
25  hydrous alumina are suitable, such as neutralization of aluminum sulfate or aluminum
chloride by base such as NaOH. The amount of hydrous oxides can vary from about 0 to
16 wt%, based on the weight of the total coated TiO7 pigment. Preferred amounts are 0
to 8 wt% silica, more preferably 0 to 4 wt% silica, and 0 to 8 wt% alumina and more
preferably about 0 to 3 wt% alumina. The order of addition is not particularly critical,
30  however, the hydrous alumina precipitation, if added, is the last preferred addition. The
' conventional finishing steps such as filtering, washing, drying and grinding are known and
are subsequently carried out. The resulting product is a dry, finished pigment which is
useful for end use applications and/or can be used to prepa;re a slurry useful for end use
applications. Methods for preparing slurries are known in the art, for example, as
35  described in Canadian Patent 935,255, the teachings of which are incorporated herein by
reference.

An alternative method of carrying out the invention is forming a mixture by
combining a liquid medium such as water with the colloidal suspension of inorganic
particles as described above in the presence of at least one dispersant to form a mixture.

40 The dispersant can be either added simultaneously with water or subsequently. The
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. weight, and above 70% by weight is preferred.
25 In yet another embodiment, inorganic particles are formed in the presence |
of TiO. A TiO4 slurry is formed and reagents are added to generate and to deposit a
surface coating of the inorganic particles within the prescribed size range. It is preferable
that the TiOg is subjected to washing prior to formation and deposition of the inorganic
particles. Hydrous oxides can be added either before or after the formation of the
30  inorganic particles. For example, calcium carbonate may be formed in-situ by the
carbonation of hydrated lime, calcium hydroxide. In carrying out the process, CO; gas
and a TiO7 and calcium hydroxide slurry are mixed at high speed, high shear as described
in the previous embodiment. A slight excess of CO2 is useful to complete the reaction

rapidly.

3 | The resulting improved TiO7 pigment product is suitable for use in coating
applications for example in architectural coatings, industrial coatings, paper coatings, and
in paper, paper laminates, plastics and inks. The enhanced scattering efficiency is best
demonstrated in coatings with greater than 15% PVC, preferably greater than 20% PVC,
and more preferably greater than 25% . PVC is expressed as a percentage and represenfs

40  the sum of the pigment volume and extender volume, if present, divided by the sum of the
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nmet hogyof carrying out the invention is formng a mxture by conbining a

| i qui d”nmedi um such as water with the colloi dal suspension of inorganic
particles as descri Eaigiad @ elearen understpnding of the drfveation, dhesfollowingdExammlesant t o
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CF

L4 . EXAMPLES
' COMPARATIVE EXAMPLE 1

A finished TiO5 slurry was made by dispersing 1000 g of an enamel grade
TiO4 having hydrous oxide coatings of silica and alumina in 295 g of water containing
dispersants using a high speéd, high shear mixer with a 2 inch blade at 2000 RPM for 15

30  minutes. Final solids content of the slurry was 76.5% by weight. The pH was 9.

A latex emulsion paint concentrate was prepared using a Rhoplex® HG-
74M acrylic copolymer vehicle, available from Rohm & Haas Company, modified for
compability with the finished TiO slurry. The paint concentrate was made without
incorporating any TiO9 and was tinted with a green tinting agent. As formulated, the

35 paint concentrate contained 32% by weight solids.

18.23 g of the TiO slurry was combined with 46.77 g of the a latex
emulsion paint concentrate and shaken 5 minutes to make a paint with a PVC of 20% in
the dried paint film, based on a pigment density of 4.0 g/cm3 and a resin density of 1.07
g/cm3. Similar combinations of pigment slurry and paint concentrate were combined to

40  make paints containing 30 and 35% PVC. These paints were drawn down using a 0.002
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2 o R e add iy inKimpagEdRarele LRYGE oo ab i 4974
added to grijustmentdonthe lowemlngmenttdensmu rK/Soalues sierenchtaihed from drawdawmcon _
particl espyé C}H}id”wﬁx Eﬁﬁg{lﬁ%lé?é n'T3beg: It Is preferable that the Ti Q2
I'ng prior t or

|s subj ected to was matt on and deposition of the inorganic
particles. Hydrous oxides can be added either before or after the formation

of the 30 inorganic particles. Fqum?_wal ci um car bonate may be

for in-situ by,t ecar onatlo cal ci um hydroxi de. In
carr\A 9 out the ﬂ?lﬁggxé SaOanJ'i"n(gweremdeasmExample

- to produce slurries of pxgments comprised of 4.5% and 2.5% SiO9 derived from colloidal
silica (calculated pigment densities were 3.86 and 3.92 g/cm3, respectively). Sharry wt%
solids were 76.5%. Green tinted paints at 20, 30, and 35% PVCs were made as in the
above Examples and K/S values were similarly obtained. Results are in Table 1.

30 Tinting strengths were calculated at each PVC for Examples 2-4 relative to
the Comparative Example 1 by taking the ratio of K/S of the Comparative Example
divided by K/S for the Examples 2-4. At any particular PVC, K is constant due to a
constant concentration of green pigment. Thus, tinting strength is the scattering
coefficient, S, normalized to the Comparative Example. See Table 1. The higher tinting

35 strengths of Examples 2-4 than of Comparative Example 1, despite the lower contents of
TiO3 in the paint, demonstrates the improvements in scattering coefficient.

-
’




and a Ti Q2 and cal ci um hydroxide slurry are m xed at hi gh speed, high shear
as descr MEeY/18268 he previ ous enbodi nent9 A slight excess FCTUPEI1510 1 s
useful to conplete the reaction rapidly. 35 The resulting

i nproved Ti Q2 pignment product is suitable for use in coating applications
for ex@nple in architectural coatTA®3E jndustrial coatings, paper coatings,
and in paper, pamm & Q&MQéhanced scattering
efficiency is be pett-rgs t han 15% PVC,
preferably greater than 20% PVC, and norK/Swaldesrably greater than 25% PVC
i s expressed as a percentage L6Rses t um<f the pignent

vol ume and ext ender vol une, %‘e@‘gﬁt é (a% ylij&ge—rgséugrn of the WO
97/ 18268 Comparative Example 1 0740 0.108 0.10CT/ US96/ 17510 5
resi njyol pEmplet ender volune, if prggent, apdgpl gnent giggune. Exanpl es

i ncl ude but are not limted to sem-flat inter pai nt such as eggshel |
or satin, XMAPIE 3t eri or f1 at palnts léﬁdlnduz]tmgal coi 19- atings. It will
be apprecE eldy those skilled inptiBg art thet03t he senpo94! at paints are

formul ated bel ow the critical pi grgat.v&c.uma gtoncgntration (CPVO) to
maintain filmintegrity for scrub & nce. The exterior flat
paints are 10 fornul ated at BVQre20% h@VP¥E0Wo BVQESSHfi Il mintegrity
and t ¢ 0b @gﬁ)ﬂ gt her abi {qgb The {dgvk i s dejggegd herein as the
speci g% V\#‘I ?‘Ee vehi clie d/gmand o@/ﬁe pi grr?ant IS precisely
SatISerd xﬁﬁPE@scrl bed in great’é’r tletai | 1% Mart B9 " Technol ogy of

Pai nt s, \/Efnﬁhﬁbgs and Lacquers"”, 10698, pp.10698- 500, 1dw8st eachi ngs of which
are incorgporated herein by ref er ge. This centraj n is critical
e ke (ne W

because a or below this tie the erti es %a formul ati on
change dramatlcal ly. The Ti G2 paint fornulations are made by techni ques
knownog n the art and are descrl gﬁgater detail in Paint and Surface
Coating - Theory and Practic anbourne, Ellis Harwood

Limted (1987) anfi24%mhef \yafesa:@r 153%ig0f bage mmpqeaared by theehlosiderprocess
Voodbr i dofomBiGLK wWerdicoibified-ardl He@féd ¢4 909C withhErimpAClTie 11 wak ratbbdsb 137 €

| ncor por a Gig 12? ml of 10% ﬁgéﬁr 5555 g of Ludox® TM-50 colloidal silica dispersion containing
50% by wt SiO9 with a nominal particle size of 22 nm available from DuPont was added .

25 After stirring 10 min, 267.9 g of sodium silicate solution containing 28% by weight SiO5
and with a 8i0:NajO ratio of 3.2 was added. After stirring 10 min, 8% HCl in water
was added at a rate of 7 ml/min until the pH reached 7. After 45 minutes at pH about 7
and 90°C, 144 g of sodium aluminate solution was added simultaneously with 380 ml of
8% HC1 thus maintaining the pH at 7. After further stirring for 30 minutes the pH was

30  lowered to 6 with HCl and the product was filtered, washed and dried. A second

' preparation was conducted under the same conditions and the products were combined
and ground in a fluid energy mill. The final product was analyzed by x-ray fluorescence
and found to contain 2.66% by weight Al,03, 15.55% by weight Si05. Density
measured by helium pycnometry was 3.56 g/cm3. Oil absorption was 32.5.

35 Hiding power is given in Table 2 and compared to a conventional enamel
grade titanium dioxide (C2) with low oil absorption and low scattering efficiency, and to a
conventional high oil absorption grade with moderate scattering efficiency used in flat
paints typically formulated above the CPVC (C3). The product of Example 5 has a
moderate oil absorption and improved hiding power. Hiding power measurements were

40 made as described by J. E. McNutt and H. L. Ramsay in American Paint and Coatings



20 To give a clearer understanding of the invention, the follow ng Exanpl es
are const meegh/es68 | | ustrative and not |igitative of the ungeriusvegrsio
principles of the invention in any way whatsoever. 25

EXAMPLES COVPARATI VE EXAMPLE 1 A finished TiJerr] slurry was made by

di sper & ng f n T i Aol I de, coati.ngs of
sili ca%and‘kég%% Aﬁ%’ﬂr %@9? ggg’k %?g]gh%or%?gﬁﬁlxng dilhéggg g%ﬁﬁé"%&‘%& TSR gh
speed, hi gtystemeERhoplex® Muitilobe209 10Q%haasylicchinder) wsirgnanryverage of 3 3ir@@downs.
mnutes. FpYEk wepé bSulASMbARY of thd MBashiled TiD, Wigne® dedthy. W Rﬂ!@érfdJ he pH was
9. A latex .enulsion Eal Pt dcqncentrat e, %%ﬁ?ﬁ&aé%m‘ga opl ex HG 74M
acrylic cobf§mgnisand apcelored pigments piege ing 0 Qdysy isfha pniy pigmented f or
cpnﬁabi | i t preveént.nHidigg f)bwérsd_li_aﬂeﬁrﬁléleﬂmihgy{, tﬁﬂ@l‘emﬁdﬂkcﬁﬂé&tﬁéﬁsﬁﬁdﬁwﬁs made
wi t hougq i rati.ng a | was t.inte th a green.t.intipg. agent.
ho for i RGPl Rl AOPeris Sitoehl Rt erdudime gy S 801 | o
18.23 ¢ ofmtitseafﬁi'z@efpljodutturry was conbined with 46.77 g of the a | atex
emul si on paint concentrate and shaken 5 mnutes to make a paint with a PVC
of 20%in the dried paint film based on a pignment density of 4.0 g/cnferr]

and a resin density of 1.07 g/cni err]T 4 ar conbi nati ons of pignent

slurry and pai nt conSEATTERENGERFICPENCYEOF T304 PRODBETE INRGAN S cont ai ni ng
30 and 35% PVC. TheSe parnts Were drawn gown using a U. 002 WO 97/ 18268

8 15 PCT/ UAGRYIICITEMULSION RESIN appl i cat or onto bl ack
and white substrates and air dried. The green (Y) reflectance val ues over
bl ack and white were neasured and the Kubel &a- k K'S.va) yes cal cul at ed
and reported in Table 1. The green (Y) ref |ﬁlﬁéze VMS measur ed usi ng
a Hunter Lab Scan reflectance sgegkrocol orixes pyc Thgsgipglcka- Muink (K/'S) -

values verg mples 32.5 0.363 0.320
20  Example 6 19 0.350 0.297
Example 7 18 0.336 0.287

Example 8 17 0.330 0276
C2 16-18 0.303 0.253
25 C3 | 37 0.326 0.295

In a dry coating application (a paint film) formed from a latex
emulsion, formulated below the CPVC and comprised of the product of these
embodiments but with no extenders, the hiding power (expressed as scatteﬁng

30 efficiency, S, in units of square meters per gram [m2/g] of product of this
invention) is greater than 0.31 m2/g at 25% PVC and greater than 0.26 m2/g at
35 PVC, and preferably greater than 0.33 m2/g at 25 % PVC and preferably
greater than 0.28 m2/g at 35 % PVC.

35 EXAMPLE 6
| 8520 ml of water and 3080 g of the base TiO used in Example 5 were
combined and heated to 74°C while stirring. 76 ml of 10% NaOH was added increasing

" Oil Absorption (ASTM Designation D281): The oil absorption value obtained gives
information about the vehicle demand of the pigment when it is used in a paint and aids in paint
formulation.



cal cul ated using equations found in D. B. Judd and G Wszecki, "Color in
Busi ness, WP7/18%8 ence and I ndustry", 2nd ed., John Wl ey BCH®ISS6/1754) 1963,
pp. 396-397, the teachings of which are incorporated herein by reference.
EXAMPLE 2 The sane enanel grade TiO2 (910 g), was dispersed as in

Conpar & i e pHl to 5.0 otﬂsomnaaﬁwe wabadtieQland8iPéd FPMindEY 7Y {fpggiagtss 20

and 225 a4 n of | 1,01 dal ca iLn ter,
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final sl ursifcatowasadded aid stirred. %8% #1Cldeas 2ddedatdibpuy®indfiin batilithe Hh@cawmant
3’2&??3"2@%‘1&? ARG siting ST 50 B A0S L0 Bl e o %" gl ™
Green ti nthGB/ﬁﬁ Wﬁnﬂ@dmﬂmm)aﬂh&slmmasmedanaddmhdmmha?v& of
20, 3 angko SFH\% ues
wer e gll:())t alnyngeé éshoﬁgi g\?\gge%{r?t&?g Jg L{E@% nﬂéﬁaﬁmsﬁflégteg%e in
Tabl e 1. 9?&%?%‘@893“ Example 5. epfoduct gmwn 266%93 a@dslﬂ@ﬁ"/tamm AS- 40
and Ti Q2 v&una ﬁke363 dm&ﬂrml&sé’rphenwaadQCSuWﬂré@ﬁas)ﬁs elnsmga;

conpri sed e@é 3@ %_ %’b&gﬁz %ﬁ ved from col | oidal silica {cal cul ated
pi gnent d Y aF pos Jn g/cnB, respectively). Slurry w%
solids were 76. 5%S®teengefﬁuemylpahomhﬂabm._'ﬂﬁspmdubtﬁ%mﬂmre made as
in thq5ab%§‘m§ﬁ%@§hﬁﬂ‘i’u4ﬁ%%§?tl nges were simlarly obtained. Results are

in Table strengths were cal cul ated at each PVC
for Exanples 2-4 relative to the Conparative Exanple 1 by taking the ratio
of K/'S of the Conparative Exanpl e dExA®Igy K/'S for the Exanples 2-4. At

et Thus, 11 e RsodsdbBiRed Bl 8athsalion Soamne dshig offdoxe’ "
nor mal i ze AMeS was uSed’pnd &% HEl ﬁwauded at SSemlminl dhe. prc‘fduu boxﬁméd 2 6% ing 35
st renghhs | BV, he | ower
Sont onts éﬁ%’?w f%“é%ﬁ A ey, EAROL PR i off RBreBioh £ 1 880 A St o1 g
coef fi ci edfea of 19.7 m</
_ ‘Scattering efficiency is shown in Table 2. This product has a low oil
absorption and a high hiding power.

25 - EXAMPLE 8
The procedure used in Example 7 was followed except that 290 g of colloidal
silica as a 50% by weight dispersion in water having a particle size of nominally 35 nm
diameter was used instead of Ludox® TM-50. The final TiO2 product contained 2.53%
Al>03, 5.95% SiO3, with a density of 3.80 g/cm3 and an oil absorption of 16.8.
30 Scattering efficiency is shown in Table 2. This product has a low oil
absorption and a high hiding power.

EXAMPLE 9 :
The procedure used in Example 7 was followed except that 161 g of Ludox®
30  TM-50 wasused. The product contained 2.43% Alz03 and 4.17% SiO2, had a density of
4.04 g/em3, a surface area of 15.3 m2/g and an oil absorption of 19.7.

EXAMPLE 10
8520 ml of water and 3080 g of the base TiO5 used in Examples 5-9 were
40  combined and heated with stirring to 90°C. The pH was adjusted to 10 and 400 g of -
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5 WO 97/18268 TABLE 32K/'S VALUES AND REPETNUSESs/ITENTI NG
STRENGTHS K/ S val ues PVC = 20% PVC = 30% PVC = 35% Conparative Exanple
1 0. 140 0.108 0.100 10 Exanple 2

0.137 5 Ludbx®¥M-50 was aBd&iBihds6Ae®S min. Then 220 g of sodxum silicate %a%ggded
0.102 , .0.0l%lExa %F_é“ . mg)

0.094 Rel aftitRd ’HWHW gidjtipy/begun gg g rate ol '@BO/MGPVH reachpd JgHCL

Conpar at i vwdﬁnmmhsestdpped and sﬂﬁﬁtg)contmued forl4%ffin at 90°C. TQQR/QQ Eﬁ)k&inﬁn

102% umin3&’ind 740 mi o §9% et ded simultan ly. The slurry for

109% Exanpl o™ }i s 1‘6%%“2@"

EXAMPLE 5 amaxthtmnammmmthammmeregiroppeum 36 @ 209Q. 'ﬂueepﬂmd dogreased

hi
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10 d I t t ont aj ni_n y

oot ght 31 err] anfheeods wedin Mepsie pReries AEFkOSOn EXAmPleas BRI A t o1

stirring I@peated. BesultiChreishownbelowmTablkded at a rate of 7 mM/min until the

pH reaghed 7. After 45 minutes at pH about 7 and 90[err]C, 144 g of sodium

al um nat e -sol ution was added si rrultaneouslg with 380 m of 8% HC thus
mai ntaining the pH at 7. After furt ' ng for 30 m nutes the pH was

30 lowered to 6 v‘rﬂdprb@du?aﬁmﬁmwnﬂws;fo%@eaa f fids theD a&g dried. A

di_t roduct s
5\:? g ng O%%qu\@v%asc&gg “%S %ro%cteéonttgr?ed 247 Af 3, I7 ‘{70/2 SSxOg Surface Erea

was 18.1 m2/g, density was 3.92 g/cm3, and oil absorption was 20.6. Results are shown

106%

20  in Table 3.
TABLE 3
Scattering Efficiency, S, (m2/g) with no extenders:
_ PVC% Example 10 Example 11
25 18.8 0.370 0.339
234 0.343 0.318
279 0.334 0.300 .
32.9 0.288 0.270
37.8 0.265 0.237
30

EXAMPLE 12
283 ml of water and 102.6 g of the base TiO5 in Examples 5-11 were _

combined and stirred. This was heated to 90°C and pH adjusted to about 11. 15 g of

Ludox® TM-50 was added, stirred 10 min and then 8.93 g of sodium silicate was added
35  and stirred 10 min. A solution of 4% by weight HCI was added at about 0.5 ml/min until

the pH reached 7. After further stirring at 90°C and pH about 7, a small sample was

removed, filtered, washed and dried. Transmission electron micrographs and scanning

electron micrographs show the product morphology as discrete silica particles,

approximately 20-25 nm in diameter, attached to the surface of the rutile titanium dioxide
40  particles. SiO5 derived from colloidal silica was about 6-7 wt %. To the remaining major



and ground in a fluid energy mll. The final product was anal yzed by x-ray
fl uorescd¥@87/88248f ound to contain 2.66%3by wei ght A1203, PCTAE#6hYSI0Ei ght
S gerr]. Density neasured by helium pycnonetry was 3.56 g/cnferr]. QI

absorption was 32.5. 35 H ding power is given in Table 2 and
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i n Ameri ctnormalized tal@0%)at i ngs WD 97/ 18268
PCT/ Ugp6/ 17510 5  Journal, April, 1988, p. 46, by the wei ght drawdown

met hod in an acrylic enulsion resin sistem 2 Rhopl ex[err] Miltil obe 200 100%
acrylic binder) using an average o s. PVCs were cal cul ated based

on the neasured TB@BnﬂbﬂWﬁf& afE200 & bPthe bie T d8in Exaﬂiﬁeéilﬁ%@o col ored
pi gment s werb FT@E Ti O2 duct ISt Lé‘@ﬁ) tfﬁfpr esent.
Hi di ng pof®¥P § r?5£ lltepqqand,veas echyft dB%ired over 10
b:c ?c k andreailltmg mﬁkgrakadms r?dusﬁen@danwmen witlestirring sed tetal vohahé 6f 4000
effic 0] t T TERI EEEIl Cl ENCY
S PR P o e 9 S R4 or i 2N G e £
RESI N S (dipparsipn gyailablegromVists Chegpicd Company was addetls %‘Mas theg heatBd/©® Exanpl e
ig 40°C and pH wa8 3djasted to 10 with 10% ﬁﬁfH The shifry?%8s fifther @a%ang%oﬁc
0. 336 and 34 g sogxum silicate so?utlon (ngi(rt 82) was diluted in 20 ml of water and

added to the TiO2 slurry. The pH was adjusted to 9 and the slurry was stirred for 5 min.

20 The slurry was then adjusted to pH 7, and the product recovered after filtering, washing
and drying. The product was analyzed 9.1% Alx03, 1.4% SiO7 and 89.4% TiOp
(normalized).

EXAMPLE 14

25 - 50 g of Ti-Pure®, R-706, available from DuPont was dispersed in 150 ml of
water at room temperature and stirred vigorously in a high shear, high speed mixer. 3.0 g
of Ca(OH), was added. While continuing high shear mixing, carbon dioxide was bubbled
into the slurry at approximately 300 ml/min for 5 minutes as the pH decreased to about
6.5. The slurry was filtered, washed with a small amount of water and dried at 115°C.

30  Transmission electron micrographs of the product show crystallites of calcium carbonate,
roughly equiaxial in shape and typically 20 to 40 nm across which were distributed on the
surface of the TiO+ particles. When analyzed by x-ray fluorescence, the composition was
87.9% TiOg, 2.48% Al»03, 2.69% SiO5 and 4.38% CaO (analyzed as the oxide).
Weight loss measured with a thermogravimetric analyzer in the temperature range from

39 500 to 750°C demonstrated that most of the calcium was present as CaCO3. Surface area
was 13.3 m2/g,

EXAMPLE 15
8500 m! of water and 3000 g of base TiO) were combined and heated to
40  60°C while stirring. 8 ml of 10% NaOH was added increasing the pH to about 9. 315 g |
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0. 326 0.295 In a dry coating application (a paint filn) fornmed from
a latex emul sion, fornul ated bel ow the CPVC and conprised of the product of
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25% PVC arith°Gy 22 g of sddium Giliete slutiomivas dddRdC Aften stirping flomaihbités, 8% 3T t han
ExanpLe o St i ot RanBLCI PRl MBS @liog 1220k pif bad s anidadilion 5
wer e conbiwescteppedhdiee 40 mimpeg s;mgmm%ea@mmal H@l wﬁﬁaddeddb biifgpRa6H was
added fgncresspesig opsédnﬁh 1€ 1(; ﬂﬂ@é ﬁ Epe oi |

| matlon uttEVEIC

absorption.v Iue ned_gives 1 n e demand of the
pi gment F“t“e? 3(1 PR Was J o gfter é‘#’ée additionsy Aftar 30 mipytes stirring,pH was\\D

97/ 18268 lowered to 7.0 and the product was filfeted, washed and dned The S ozﬁ@_vb yeé10 S

bos 5ot sl Becios ERUMEHY 68 1ol iiatad n@*{f«ﬁep bor i .”‘étneif

110 g of sbsirptionwes 242e Seatteringdocffigivdtssvére medsur&ix 0884 nddp atdde?¥% VG bout 7
m / m r15untghf 0t379 s aFQc?B?dP?é%H07265ﬁ£%/§8t§&.'1541>g§ at 75[6”10_1‘0r 60 nin,
m—o Yo

265 g of sodium al u nate solution an HCl were. added
si mul taneously. The slurry was stirred an additional 30 mn at 10
75[err] C, pH was Iovvered to 6, and EXAMPIFIYet was subjected to

e 3k D0 ek b st 5 E S0 158 Sbign g
oi | absor poiltainirlgeis.ldm@ Mmoﬂoﬂalesﬂxoadﬁi Braths)yR¥agerd375 grams) and dispersants
20  while stirring with a high speed, high shear impeller. The pH is between 8 and 9. Stirring
is continued for about 20 minutes. 84 grams of water is added so that the resulting slurry
product contains about 75% solids by weight. On a dry weight basis, the slurry product
comprises about 5% SiO; derived from the colloidal silica dispersion.

25 Having thus described and exemplified the invention with a certain degree
of particularity, it should be appreciated that the following Claims are not to be limited but
are to be afforded a scope commensurate with the wording of each element of the Claims
and equivalents thereof,



measured by the nitrogen BET nmethod. Scattering efficiency is shown in

Tabl e 2. WRi9%/1868duct has a low oil 15 lsabsorption and a heQEUsgednsig power .

EXAMPLE 7 The procedure used in Exanple 6 was followed except._that 290 g of
Ludox TM 50 was used and 8% HCl was added at 5.5 mi/nin. The product =~

contai ged 2.6% 20  A1203, 5.9% Si O qerApmst had a densi tgl my
g/cnferr], an oil absorption of 18 and a surface area of m”l 'I”(,I””"I
Scattering efficiency is shown in Table 2. This product haS & | dw &

absor pt i orWhatds Glamethishi di ng power. 25 _
EXAMPLE 8 The procedure used in Exanple 7 was foll owed except that 290 g of

colloidal silica as a 50% by wei ght dispersion in water having a particle

si ze of nominally 35.nnTa0O2 pigment having ipproveddightistatiéring effisiericyt cofsistiige i nal
Ti @2 QOOdléﬁienﬁﬂ ﬁ*'fi@ﬂ (i/ AicRE E&l%ﬁglé# sufgtagg‘aq( ?lﬂ'&é dorgatfid ﬁhgﬂclgstens' ty

of 3.80 g/c and“an o] | absorpt ering
efficienc % WS%S%mt@nzmsmf aBpw Lo abeuk 100 nrp ip diametes wehighiaren and a

hi gh hi di Iiﬁpﬁﬁ%bntl@%iﬁb&oﬁh&’ﬂ% m:ie]dyre used in Exanple 7 was foll owed
except that 161 g of Ludox[err] TM 50 was used. The product contained

2.43% A1203 and 4.17% Si 2, had a density of 4.04 g/cnferr], a surface area
of 15.3 nR2/g and an 20iThegiigmenstof clainpf v@l&r&nﬂﬁXM@hﬁcﬁﬁ’tﬁfcﬁﬁaV&gﬁi wat er and

heat eddvi fyciag? iafbeibbi L id s0'ifiin biipietd P af B ot lsfeial abpS AL
VO 97/ 182¢he total plgment weight, are selected from 1113 group conmstmg of oxides of sirgun,usg 6/ 17510
titanium, zirconium, zinc, magnesium, aluminum, yttrium, antimony, cerium, and tin;
sulfates of barium and calcium; sulfides of zinc; carbonates of zinc, calcium, magnesium,
lead and mixed metals; nitrides of aluminum; phosphates of aluminum, calcium,
20  magnesium, zinc, cerium and mixed metals; titanates of magnesium, calcium, aluminum -
and mixed metals; fluorides of magnesium and calcium; silicates of zinc, zirconium,
calcium, barium, magnesium, mixed alkaline earths and naturally occurring silicate
- minerals; aluminosilicates of alkali and alkaline earths, and naturally occurring
aluminosilicates; oxalates of calcium, zinc, magnesium, aluminum and mixed metals;
25  aluminates of zinc, calcium, magnesium, and mixed alkaline earths; hydroxides of
aluminum; diamond; and above mixtures or composites thereof, and wherein the TiOp isin
a rutile crystal form.

3. The pigment of claim 2 wherein the TiO9 particles further comprise at
30  least one hydrous oxide selected from the group consisting of silica, alumina, and zirconia,
wherein the hydrous oxide(s) are in an amount up to 16 wt % of the total pigment weight
and the inorganic particles are less than about 15 wt % of the total pigment weight.

4. The pigment of claim 3 wherin the hydrous oxides are present as a
35  topcoat on the inorganic particles and on the TiO».

5. The pigment of claim 4 wherein the inorganic particles are up to about

10 wt % of the total pigment weight and are selected from the group consisting of silica,
alumina, calcium carbonate and mixtures or composites thereof, and the particle size is

40  between about 10 to about 35 nm in diameter.

This Sheet Has Been RTlaced




5 Ludox TM 50 was ﬁmmﬁmu MI 15 min. Then 220 g of sodiumsilicate
was addedWOsX7(18268¢ adgéti on begun at a rBCEUS6/17s10 / i n.
After pH reached 7, HCI® addi t"i of was stopped and stirring continued for 45
mn at 90[err]C Then 265 g of sodiumalumnate and 740 m of 8% HCl were

added §i nul taneously. The slurry was stirred for an additional 30 mn as

the tenperature drop fr.om 86 7Q[err]C.. T pH was decreased 10 to 6
by HCl addition and ﬁi"&’dﬁ%‘tdl\ﬁ%ém% ‘Vlfeé;‘ﬁdhq/ﬁ ?Ri aR gil abgorption

gri ndi ng, afthess ﬂramdboﬁt 3Soaridagxhibits Enfroveédldtiering didierfoy @l @ pigmenbybluaiee ar ea

was 16. 3.95 g/cnB, and oil absorption was 22.6. The
nmet hods useg&{o ﬁ%%gtﬁdr% é%%t\t,fsz/?l ng efficiency in Exanples 5-8 were

repeated. Results are shown below in Table 3. 15 EXAMPLE 11 The procedure

whs Uasd eT;}O b7 oduck. 1Ec“o’!nE ftkéflﬁﬁ%“% 56 S e B B0, Jakld @ b, DO ©
18.1 nfer F¥ %"’P"a@h tles obsiligaqertigles derisedfrom| colleidal siicadm amemows. 6.
Resul t s arof astfulaio V&O/o orlles$ En a%??éeﬁnz’i vt b Pdrige Of EﬁédtQU%%outgs S nm

(E;r[aanrJIr ]e/ % gfg;hetep % §Xthyr&1d Suis oxide coa?mg of up to about 4 wt %silicgand up to about 3wt

0.339 23. % alumina, based on the total coated pigment,Gviéén the TiO pigment haaBéB 27. 9

8 g;g 1% - absorptlon of led3 tEdH 2 Snd exhibits lmprowad ﬁggermg efficiency at a pxgn?g yolgexe

EXAMPLE 12012089“%#0"(#1)%@@“@9% 102.6 g of the base Ti @ in Exanples 5-11
were conbi ned and stirred. This was heated to 90[err]C and pH adjusted to

bout 11. 15 f . . : : ]
abou 997 g The TiO7 pigment of claim 7 wherein the TiO has the uniform coating

- of silica particles dispersed first, the hydrous oxide silica dispersed second and the hydrous
20 oxide alumina dispersed third and the oil absorption is less than about 23

9. The TiO2 pigment of claim 7 wherein the TiO7 pigment has a scattering
coefficient greater than 0.31 m2/g at 25 % pigment volume concentration and greater than

- 026m%/gat35% pigment volume concentration.
25

10. A high solids TiOy pigment slurry comprising the product of claim 1
or claim 7 in a liquid medium wherein the slurry has a total solids content above about
50%.
30 11. A process for preparing TiO pigment particles having a surface

coating of inorganic particles comprising the steps of:

(a) mixing a slurry of TiO5 particles with a colloidal suspension of
inorganic particles, wherein the TiO particles and colloidal particles are both above er
below their respective isoelectric points; and

35 (b) depositing discrete inorganic particles having an average size within a
range of about 5 to about 100 nm in diameter on the surface of the TiO5 particles.

12. The process of claim 11 wherein the TiO5 particles in step (a) are base

TiO, particles.
40 R
LHlb WEEF
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Ludox TM 50 was adde\mmm‘m:“mmmmlt and then 8.93 g of sodiumsilicate
was addedWOD7/1826§ stlill Mg ol ypion of 4% by wei gRCTHSY6/M8H added
at about 0.5 mi/min until the pH reached 7. After further stirring at 90C
and pH about 7, a small sanple was renoved, filtered, washed and dri ed.

Transmissi on el ectr ' ; | ' .Show
t he p;ngduct nor phol §Yg§@?g%?gt§ga‘gﬁf§§agg{r]% ﬁ"g{gygggr Sﬁ%%%aﬁo- 25 nm

in di aneter, attachd@ tRseqipiiatiag at lsast ope hydraus oxide selecteddremitheigronpde 40
particl es.cobbiSry dflahsising, \silitaf dndBirconia 6h did TID) paesiclys about 6-7 w % To
t he remai ni ng maj or WO 97/ 18268 13

PCT/ US96/ 17510 5 portion of the reaction slurry, 9.6 g of sodium

al um nate and 27.4 nl4. oA p8icessGor preparingiTi€) pigmedttparticlesdaying Bivarfacd was

adj ustygd t gagﬂn %ﬁni%l ' .75[err]C for 30 min. The pH
vvajsutshlgn é‘%]aﬁn e {> a 3&%?%5’2%d35{'ﬁg‘3ﬁ%gpﬁy‘§fodugt w!sts filtered, Washedl,o
and dried. The produy8} cembm&mmmmwdwmmggcsumwosw@pﬁmpfwemd 88. 76%
Ti O (normwﬂ%mamnwﬁﬁf&q&sm@msgmﬂ; and 200 g of the

base Ti 2 usSed in .S 5:12. . _conbi.ned stirred. The slurry was
filtered and washed m?’é%"‘sﬁgf‘%l’ﬂ ew@ﬂﬂﬁ(ﬁi;mmmfﬁmmm&@kaé was
r esus penddigh sheavaintil discrete inbrganic pgnictrcs having ah avephgensizeoditiin @ rlia’lfge oé'liil)out;rhe pH
was adgus | . L DI r -20..G0 i dal ,al um na
di spegéi otr?etgyaggvéo@e% Erg% et é%ég%ngg:oﬂ?g%%.\?ﬁgl \‘Rg?wzﬂdéaéﬂc °5rmq’§’%§‘°t hen
heat ed t o Patjclesiof §) and| (iprare\beth abovesardtlavo their respertiveGsoeiecOid points. sl urry was
further heated to 60[err]C and 5.4 g of sodiumsilicate solution (28wt.%

Si@2) was diluted in_2Q m of water, and added tqQ the Ti2 slurry, The pH
‘was adjusted to 9 aﬁé-&mpé?‘ifﬁ ‘iiﬁg‘ ¥ w ?’E’&t*‘%fo‘mg‘%ﬁozi@“mbﬁmdry was

then adj usé eduifacertiéafmentiof af losst PhOHyGrbus GAdy SletedFréaluniihd, Silich gnd Washi ng
and 998! "ired ol At S BT MESTh T hafef 1203 1 4% S 2 "and 89, 4%

Ti er

_ 16. A process for preparing TiO9 pigment particles having a surface
coating of inorganic particles comprising generating in situ a surface coating of
substantially discrete inorganic particles having an average size within a range of about 5

25  to about 100 nm in diameter on the surface of the TiO particles. |

17. The process of claim 11, claim 14 or claim 16 wherein the inorganic
particles having an average size between 7 to 50 nm in diameter in an amount of less than
about 20 wt % of the total pigment weight, are selected from the group consisting of

- 30  oxides of silicon, titanium, zirconium, zinc, magnesium, aluminum, yttrium, antimony,
cerium, and tin; sulfates of barium and calcium,; sulfides of zinc; carbonates of zinc,
calcium, magnesium, lead and mixed metals; nitrides of aluminum; phosphates of
aluminum, calcium, magnesium, zinc, cerium and mixed metals; titanates of magnesium,
calcium, aluminum and mixed metals; fluorides of magnesium and calcium; silicates of

35  zinc, zirconium, calcium, barium, magnesium, mixed alkaline earths and naturally
occurring silicate minerals; aluminosilicates of alkali and alkaline earths, and naturally
occurring aluminosilicates; oxalates of calcium, zinc, magnesium, aluminum and mixed
metals; aluminates of zinc, (_:alcium, magnesium, and mixed alkaline earths; hydroxides of
aluminum; diamond; and above mixtures or composites thereof, and wherein the TiO, is in
40  arutile crystal form.
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(ror e ZedtasnsaserHEUREAILL L I, 335 % % "o Hmevanin

and stirred vigorously I n a hlg shear, hi gh speed mxer. 3.0 g of Ca(OH)2
was added. Wil e continuing high shear m xing, carbon di oxi de was bubbl ed
into thie slurry at approximately 300 mM/mn for 5 mnutes as the pH

decreased to about 6 The.slurry.was filtered, hed wnth a smal |l anmount
of water and dried allé fS“@at’%mm%'Fsé‘F%ﬁli‘F%F‘B?F"é‘P’b‘\é\f@ci pingan@ths of the

product shabsorptiontoflidss then 35fand al pigment valupe nCentiation bf Hbd%%é%t' 2% inthe hape
and typical]l a%f éo to 40 nm across which were distributed on the surface of
the Ti Q2 par 1es. Wien anal yzed by x-ray fluorescence, the conposition
was 87.9% Tierr], 2.48% A1203, 2.69% SiJerr] and 4.38% CaO (anal yzed as
the oxide). Weight |oss neasured with a thernogravinetric analyzer in the
tenperature range from 35 500 to 750C denonstrated that nost of the
calciumwas present as CaCJerr]. Surface area was 13.3 n2/g. EXAMPLE 15
8500 m of water and 3000 g of base TiJerr] were conbined and heated to 40
60C while stirring. 8 m of 10% NaOH was added increasing the pHto about
9. 315 g WD 97/ 18268 14

PCT/ US96/ 17510 5 of Ludox HS-40 colloidal silica avail able from DuPont
was added. Ludox HS-40 is a 40 w. % silica dispersion of 12 nm di aneter
silica particles. After stirring 15 mnutes at 70[err]C, 225 g of sodium
silicate solution was added. After stirring 10 m nutes, 8% HCl solution was
added at about 10 m/mn. After addition of 220 m, pH was 8.5 and addition
was stopped. After 30 mnutes stirring at 70[err]C, additional HC was
added to bring pHto 10 7.5. 265 g of sodiumalumnate solution and 715 m
of 8% HCI were added sinultaneously. The pH was 7.5 after these additions.
After 30 mnutes stirring, pH was

THIS SHEET HAS BEEN'
 REPLACED  §
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| owered to ’_Hmwwcl iltered, washed and dried. The product
was anaIV?e"a’lls%fsco 8% Al [err] O err] andPETABI&YT

(normalized to 100%. Q| absorptlon s 24.2. Scattering coefficients were
measured: 0.384 nferr]/g at 14. 7% PVC ™15 and 0.327 nferr]/g at 23.5% PVC
and 0.265 nferr]/g at 34.1% PVC aveENgeEAIME Dry base Ti Q2 (950 grans) is

di spersed by s|o a di n It to a_suspension contaijnin Ludox AS- 40

col | oi dal [s'?éFFh‘ée maw& Rureeu @ing Mprahdwtwiﬁ ?]75),20 whi | e
stirring witH mgﬁplsq&@arbx nEwI9laims #nd7 b4 P3geedween 8 and 9.
Stirring is cont| nued for about 20 minutes. 84 gr anms of water is added so
that the resul W'ﬁtbilﬁpheﬁtr Qﬁnféiﬁérﬂhﬂﬁ of P4 partiiié béah . On a
dry weight basis, the slurry product conprises about 5% Si aZ?hr] dglfyved
fro mdtsn@tezmbrmalartmhsl hayingj aapwerago diameter size within the rangetofiaboyt 5 tcu&out

B i e e o S,
o e ST O A S el .1

PCT/ uﬁﬁﬁw’dbﬂﬁﬁﬁh Arddhia) et mixterds therédfe | nt er nati onal Bureau on 9
“April 1997 (09.04.97); original claims 1-18 replaced by new claims 1-17 (4
pages)] 1. A TiJerr] pignent consisting essentially of Ti®2 particles

i amees b o a AAOH it Eiifd GRCHA b PR eGSO SRR 20°, |
| surfmﬁhg(ﬁoﬁphﬁnﬁlacﬂyﬂiddsd&ﬁetdelébﬁ&ﬂdmaﬁ wnﬁiﬁnﬁeﬁﬁhwmnﬂ&,\ﬁrc%ﬂased

on total  pignent wei ght and gmﬁ top-coating conprising a hydrous oxide
sel e@ndmixturesthereofyand (b jsasetednorganic partigles having an avernge diameter

M XY Sithihthe QJnQe of about S to about 100 nm which are dlspersed on the surface of the _
hydrous oxide surface-coating in an amount of less than 20 wt.% based on total pigment weight.

3. The TiO, pigment of claim 1 or 2, wherein the inorganic particles are selected
from the group consisting of oxides of silicon, titanium, zirconium, zinc, magnesium, aluminum,
yttrium, antimony, cerium, and tin;- sulfates of barium and calcium; sulfides of zinc; carbonates of
zinc, calcium, magnesium, lead, and mixed metals; nitrides of aluminum; phosphates of aluminum,
calcium, magnesium, zinc, and cerium; titanates of magnesium, calcium, and aluminum; fluorides
of magnesium and calcium,; silicates of zinc, zirconium, calcium, barium, magnesium, mixed
alkaline earth metals and naturally occurring silicate minerals; aluminosilicates of alkali and
alkaline earth metals; naturally occurring aluminosilicates; aluminates of zinc, calcium,
magnesium, and mixed alkaline earth metals; hydroxides of aluminum; diamond; and mixtures or
composites of the foregoing particles.

4. The TiO, pigment of claim 1 or 2, wherein the inorganic particles have an
average diameter size within the range of 7 to 50 nm.

5. The TiO; pigment of claim 1 or 2, wherein the amount of inorganic particles is
up to 15 wt.% and the amount of hydrous oxides is up to 16 wt.% based on total pigment weight.

AMENDED SHEET (ARTICLE 19)



2. A TiQ2 pignent 3 Eﬂ‘u Hﬂ mBLaIIy of Tigerr] particles having (a) a
surface- wW0OarMsgsc i ( s oxi de sel ected fromRATRAUSP6HTFIO

consisting of silica, alumna, zirconia, and nixtures thereof, and (b)
substantial ly discrete inorganic paf®icles having an average dianmeter size
within the range of about 5 to about 100 nm which are di spersed on the
surface of the hydrous oxide surface-coating in an anount of |ess than 20
wt . % based on total pignment weight. 3. The TiJerr] pignent of claim1l1 or

2, wherein the in jc.particgles are selected fromt roup copsistin

of oxi dos of i 64 &b Tids RiBAeRt el claim d 2, mhessit the amoURtLQl inckeamic partiles s
tt ',gm At , \ L B f bdd B g.%ﬁé,hl i |
ZU|H es of z'?ﬁri@;atggr gﬁéﬂoet?pglrfomz'P’r?g,éy%ﬁglsar?]%ﬁ%g{ﬁke%%m@T‘ , aﬁ?(fl%t'xed

nmetals; nitrides of alum num phosphates of alum num calcium magnesi um
zinc, and cerium Igi t anat.es of nmagnesi ﬂm . ¢ium .and al um num fluori des

| . .
of magnesi um ant &h¢ L1QpRigmentiof slagm 6, Eﬁeﬁé,%eﬂqum enpreisgiepted from,

magnesi ' . i .ne I ngﬁm&h]r ' hianpat e

m neﬁgfgaugmtﬁﬁ%gg @%ﬂg@ﬁ%@%ﬁg@ma I ne egsré h ne‘{das{l"é}ﬁ#aetbgr ally
occurring alumnosilicates; alum nates of zinc, calcium magnesium and

m xed al kaline earth_netals; hydroxides of alum nu di anpnd; and m xtures
or conposites of TheTiQypigment ot claim 7cwhereinghe pigment qil ghsgrption obfesg| ai m
1 or tﬁ"l#]erei n the inorganic particles have an average di aneter. size

w thin € range of 7 to 50 nm 5. The TiJerr] pigment of claim1l or 2,
wherein the anmount of inorganic particles is up to 15 wt. % and t he anount
of hydrous oxides is up to 16 wt.% based on total pigment weight. WO
97/ 18268 9. The TiO; pigment of claim 1 or 2, wherein the inorganigrparticles comprise?0 6.

! P8 PRS2 Do R e o188 ot B8 G
t ot al cobipiis® tip to\@ ivet!% silica add'8p 1 k% hlupiif'Bazkd 6h téthiFpigment wéightei N the

inorganic particles are selected fromthe group consisting of silica,
al um na, cal cium carbonate, and m xtures or conposites thereof.

10. The TiO, pigment of claim 9, wherein the pigment has an oil absorption of less
than 25. o

11. The TiO, pigment of claim 9, wherein the pigment has a light scattering
coefficient greater than 0.31 m%g at 25% pigment volume concentration and greater than 0.26

m?/g at 35% pigment volume concentration.

12. A TiO, pigment slurry comprising the TiO; pigment of claim 1 or 2, wherein
the slurry has a TiO, pigment solids content above 50 wt.%. '

13. A process for preparing a TiO, pigment, comprising the steps of:
(a) mixing a slurry of TiO, particles with a colloidal suspension of inorganic
particles, wherein the TiO, particles and the colloidal particles are both above

or below their respective isoelectric points such that substantially discrete
inorganic particles having an average diameter size within the range of about 5

AMENDED SHEET (ARTICLE 19)



0 one Tbsrrdeste UM LU i e Br et e e stor i n

the inorganic particles cbnp'?isse Silica particles in an amount up to 10

Wt . % based on total pigment weight, &id the hydrous oxides conprise up to 4
w.%silica and up to 3 wt.% al um na based on total pignent weight. 10. The
Ti 2 pignent of claim9, wherein the pignent has an oil absorption of |ess
than 25. 11. The Tierr] pigment of claim9, wherein the pignent has a

light scattering ¢oefficient greater than 0.31_nferr]/g.at 25% pi gnent

vol urretcotnpent ri;m&u%%?{og%%@ﬁsp o ep@égﬁf‘gﬁ%? B{éﬁq‘ ’/Pﬁ"ﬁ‘ggm‘_"\/ol u[re f
concentrati on. : t 6F 18§ rthaxpi(ﬂﬁ;?. ¥ i pi gnent o
claiml1 or 2, wherein the ssl urry has g&#%{\e?r |S§rdeﬂ?gé‘gﬁ?%s cont ent
above 50 wt.% 13. A process for preparing a TidJerr] pignment, conprising
the steps of: ( mxi.ng a sluyrry of, Ti O2 rticles wth a coll oidal
suspensi on of i@?@%‘ﬂ‘@%&?%&&é?’“ﬂﬁéﬂ@?ﬁ‘?gﬁ@ e[uprqonpisting efi silicaand t he
col | oi dal particl 2186 Veixtalk Ll%\f ' ' | seel ectric
poi nts such that ?ﬁ‘bst nt|a+]7’3£§| scCr e?stelﬁl nor%@ﬁ?@e%@;ﬂ‘?ﬁ%%%ﬁw%

aver age di aneter stepdajithin the range of about 5 AMENDED SHEET ( ARTI CLE

19) WD 97/ 18268
PCT/ US96/ 17510 21 to about 100 nm are dispersed onto the surfaces of the

Ti @ particles jf @&Fsu{a aﬁg@ H%QP%@C 9 t ot.al pi gnent

wei ght; and (b) brg?rpl a ?R%fpa %;%(?f:);‘ XI s'égng%?ég‘e%?e@& ‘he group
consisting of silica, alumna, zirconia, and m xtures thereof onto the TiQ2
particles resul(taj' ng fromste

a).
precipitating a h)F')drgug oxide selected from the group consisting of silica,
~ alumina, zirconia, and mixtures thereof onto the surfaces of TiO; particles to
form surface-coatings, and

(b) mixing a slurry of the surface-coated TiO, particles with a colloidal suspension
of inorganic particles, wherein the TiO; particles and the colloidal particles are
both above or below their respectivé isoelectric points such that substantially
discrete inorganic particles having an average diameter size within the range of
about 5 to about 100 nm are dispersed onto the surface-coated TiO; particles
in an amount of less than 20 wt.% based on total pigment weight. |

15. A process for preparing a TiO, pigment, comprising the steps of:

(a) mixing a slurry of TiO; particles with reagents to form in-situ substantially
discrete inorganic partides having an average diameter size within the range of
about 5 to about 100 nm, wherein the inorganic particles are dispersed onto the
surfaces of the TiO, particles in an amount of less than 20 wt.% based on total
pigment weight; and

AMENDED SHEET {ARTICLE 19)



14. A process for preparing a TiJerr] pignent, conprising the steps of:
(a) preci piaewisees a hydrous oxi de selected fromthe group eomassé/ig of
silica, alumna, zirconia, and m xtures thereof onto-the surfaces-of-T Q2

particles to formsurface-coatings, &8d (b) m xing a f the
surface-coated TiJerr] particles with a coll oi dal SHZ @i’fﬁ H) ,ngani c
particles, wherein the TiQ2 particles and the coll oi L g€ both
above or below their respective isoelectric points such that substantially
di screte inorganjc_particles having an average dianeter size within the
range of about gi’l B‘%ﬁ’ﬂﬁﬁﬁngﬂ)by‘ﬁﬁﬂ’sa‘?’ﬂgw%ds‘%ﬂ“é‘?ﬁﬁ"?ﬁé"%&!ﬁmﬂéﬁs’@%t ed
Tigerr] particles, {nq"-,?n : Iﬂi:!lﬁﬁ% 0?‘ b tal. pi gnent
wei ght. 15. A procaelss r preggxr‘ﬁ?ng a i gdr}r Popélf%n’lg?f ﬁ'@%‘ﬁ%?‘?’i‘ "ﬁqq%é
steps of: (a) mxistgp@)slurry of Tierr] particles with reagents to form

in-situ substantially discrete inorganic particles having an average
di aneter size within the range of about 5 to about 100 nm wherein the

part el es 1o an’ EnpRotsf it drtpls 80, gt hBRAERE e dfbs il St e g
d WD 97/ 18268 -
I%?:T/ US96/ 17510 22 (b), precipitating_a hydrous oxide selected fromthe group
sl

consi sting of si3) BECipitating ahydroys-oxide selected from the group consisting of silica,t he Ti 2
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sel ected fromthe fofméirfacePédatihgs)dnd®f silica, alumna, zirconia, and

m xtures thereof onto the surfaces of TiJerr] particles to form
surface-coatings, and :

(b) mixing a slurry of the surface-coated TiO; particles with reagents to form in-
situ substantially discrete inorganic particles having an average diameter size |

-

- within the range of about 5 to about 100 nm, wherein the inorganic particles
are dispersed onto the surface-coated TiO; particles in an amount of less than
20 wt.% based on total pigment weight.

17. A process for preparing a TiO, pigment slurry, comprising the steps of:

(a) preparing finished TiO; particles having a surface-coating comprising a
hydrous oxide selected from the group consisting of silica, alumina, zirconia,
and mixtures thereof: and

(b) mixing the finished TiO, particles with an aqueous mixture comprising a |
colloidal suspension of inorganic particles and dispersant, wherein the TiO,
particles and the colloidal particles are both above or below their respective
isoelectric points, to form substantially discrete inorganic particles having an
average diameter size within the range of about 5 to about 100 nm which are
dispersed onto the surfaces of the TiO, particles in an amount of less than 20
wt.% based on total pigment weight.
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(b) mxing a slurry of the surface-coated TiJerr] particles with reagents
to formiwogngasssubstantially discrgge inorganic particl epchigssgi@san

average di anmeter size w thi ange of ahout 5 to about 100 nm wherein
t he i norganic particles S?é%&smﬁpo%ﬁ%fh%e-coat ed Ti2
particles in an aNewndlainf 1 Hefires TIOypafticled havingaapshbsnantigllyadisdpeterent wei ght .
17. A process for preparing a TiJerr] ‘gi %[rent slurry, conprising the steps
of : (a)NprEaWEParicles;dispersed omthzs'g&m of the Tia pasticles, 80d (actoponting;

conpri sj : OXl- . . Lsting of silica,
al umi na, gl rcg)r%q{;)w %sﬂ#eﬁ{ﬁfééﬁ%a@&%eﬂ%m%% ‘%Qﬁgéﬁ? egf' AYVERRS
Ti J er rdiametet sigd withii th® réige AT ubSS tGialibbt’ FOOAMITHNd The'dmeut Wfldispeiaéd
suspensj on of plmr%&gqni C gg‘rltzlggteozbgg d|é&§r§ant i)w:higige'll'g@t he  Ti J err]
part i c|1Bergamg pariciesds jess et Qs totap pigmes r The:tapreaating is
respect] | soelectric.points, to f.orms antjally discrete  pnorganic
pgr t ![ cldgé&ﬁ%%;a. gsa%f’%ﬁ?ﬁ"ﬁ'ﬁ%?’gﬁe gl?g%'ﬂi% ﬁ?é;’ Fgﬂﬁﬁ&"gﬁf S?t 5to
about 1dhsminR) aNdizireodiaC THSIRAV Elfith 18 Shphoried tRroubRGR ThOSpekifita err _
particles in an amount of |ess than .@O Wt . % based on % ot al ?DI gnment wei ght.
T Uy 71t SIATENENT INDER ARTICLE 10 Nas ol aim 1 del meer oper

. w claim efines Tierr
parti cl 'g’ qﬁ‘a&gﬁm% Qh'te?‘gi |y discrete inorganic particles dispersed

on the surfaces ofektishicd rpgh' £ surfack atfrif '?"?H npri sing
a hydrous oxide. The substaﬁiléga y |sc§21té‘éﬂ?(r§%)§gam C %g?tlcde g‘ge an
aver age hydeoustoxides aud (b)isubstantiatiy disenetpcinofganic particlesthaving antavéf@@e nm - and t he
anount of dispersed, i porgani¢ particles is |ess, than 20 wt. % based on total
pi gnent%?‘@?ﬁ?‘ﬂ?gmt‘gﬁfg’g&&ﬁ@méte eut k00 nm dispersed- o the; syrfaee of the dr ous
oxi de Ay [ St hh .63 ' nd zj rconi a.
o1 e RS AL RS b A0 M B B o
weight. This new claim is supported throughout the specification particularly at page 2, -
lines 38-40; page 3, lines 5-10; page 5, lines 24-34 and the examples.
The remaining new claims, except claims 13-17, are dependent on claims 1
and 2 and correspond to the original claims. Claims 13-17 are independent claims to
various methods for making the TiO, pigments of this invention. These claims are also

fully supported by the Specification particularly at pages 5-7 and the examples.
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particulﬁarl y at page 3, lines 15-18; page 4,

30-34; origi ﬁb | aims 1-4; and the exa
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(54) Title: TiOz PIGMENT COATED WITH SMALL INORGANIC PARTICLEf/

(57) Abstract

A TiO; pigment particle having a surface coating of inorganic particles or mineral particles exhibiting improved light scattering
efficiency of TiO at a moderate to high pigment volume concentration (PVC) and a low oil absorption when incorporated in coatings

applications is disclosed, and ‘methods of accomplishing the same.




