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such as fpigmentsito ditiesiedgoddodurability, low photochemical and chemlcal reactivity, and good
optical and dispersibility properties in plastic and paint applications. Most specifically, the

present invention relates to an improved titanium dioxide pigment having a first coating of
- Al1,;0;, SiO; or optionally other inorganic coating material or mixtures thereof, and an
10  optional coating of ZrO,, SiO,, TiO2, SnO;, CeO, or mixtures thereof over the first coating
and a final coating of A1,0s.
2. Description of the Prior Art
The surface treatment and coating of inorganic pigments, such as titanium dioxide for
example, to achieve improved performance characteristics in plastic compositions, is known
15 in the art. Dispersibility, processibility and good optical properties are typically achieved )
through minimal surface treatment of the pigment, whereas durability and low chemical and
photochemical reactivity is typically obtained by coating the pigment with silica, alumina,
and other metal oxide coatings. When precipitated using prior art practices, these metal oxide
coatings tend to make the pigments more difficult to disperse in plastics or paints. Typically,
20  these problems have not been solved with a single pigment. Thus, plastics compounders have
geperally had to choose between durability, which can be achieved with coated pigments, and
dispersibility, processibility and good optical properties, which can be achieved with treated
and untreated pigments. Similarly, paint performance can be improved through conventional
surface treatments, but adding the first treating agent prior to crossing the isoelectric point
25  maximizes both durability and dispersibility.

For example, U.S. Pat. No. 3,523,810 discloses a process for coating titania pigments
with from 0.5 percent to 10 percent boehmite alumina at a pH of from 7 to 9 at temperatures
between 70 and 100 °C. A pigment of this type with only boehmite and no amorphous
alumina may have good optical and dispersibility properties but does not achieve good

30 durability. Similarly, U.S. Pat. No. 4,022,636 describes the addition of two coatings of
alumina to titanium dioxide pigments, one amorphous coating at a pH of about 2 followed by
a boehmite coating at a pH of about 8, to achieve a pigment with good performance in

plastics. Also, U.S. Pat. No. 4,416,699 describes a method for coating a pigment with
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pigment under alkaline conditions (pH greater than 10) for improved pigment dispersibility in

15  plastics. U.S. Pat. No. 3,529,985 discloses a double coated titanium dioxide plgment wherein
the first metal oxide coating is calcined at a temperature of at least 450°C before addition of
the second coating for improved durability and optical properties. U.S. Pat. No. 3,853,575
discloses the production of alumina-coated titanium dioxide pigments wherein the alumina
coating is supplied by the addition of an alkaline alumina salt to an aqueous titanium dioxide

20 solution. VU.S. Pat. No. 4,239,548 discloses a titanium dioxide pigment with improved
photochemical stability achieved by a first coating of cerium and phosphate radicals onto the
pigment and a second coating of aluminum and phosphate radicals over the first coating.
U.S. Pat. No. 5,114,486 discloses a process for coating titanium dioxide pigments with zinc,
phosphate, and aluminum ions for improved processibility.

25 None of the aforementioned patents suggest or teach the coating of inorganic
pigments with a first layer of Al;O; SiO; or optionally other inorganic material or mixtures
thereof, and an optional layer of ZrO,, SiO2, TiO2, SnO,, CeO; or mixtures thereof and a final
coating of Al,03, to produce the coated pigments which are the subject of this application.

UMMARY OF THE INVENTION

30 An object of the present invention is to provide durable coated inorganic pigments
with good optical properties, dispersibility, and chemical stability in both paint and plastics
applications. A further object is to provide improved inorganic pigments, preferably titanium

dioxide pigments, having deposited thereon a first coating of SiO2, A1,0; or optionally other
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said pigment material, having a first coating of Al1:0s, SiO; or optionally other oxide or

10  mixture thereof deposited on said inorganic pigment prior to said pigment flocculating or
passing through its isoelectric point, and an optional coating of ZrO,, CeO,, TiO,, S$iOz, SnO,
or mixtures thereof deposited over said first coating after said pigment has paséed through its
isoelectric point; said first coating being achieved in a discrete interval and said optional
coating being achieved in a discrete interval or continuously. Preferably the optional other

15 oxideis a source of P,0s.

_ Advantageously the inorganic pigment has a coating of from about 0.25 percent to
about S percent by weight based upon the weight of said pigment. Preferably the inorganic
pigment has a coating of from about 0.5 percent to about 3 percent by weight based upon the
weight of said pigment material and most preferably the inorganic pigment has a coating of

20  about 1.3 percent by weight based upon the weight of said pigment material.

Advantageously the inorganic pigment employed is titanium dioxide.

The process for preparing the inorganic pigment of the present invention coated with
at least 0.25 percent by weight based on the weight of the pigment of ZrO,, CeO,, Al20;,
TiO., SiO,, SnO; or mixtures thereof comprises the steps of:

25 (2  milling an aqueous slurry containing the inorganic pigment material, in
the presence of a dispersing agent, to achieve a particle size distribution of said
material wherein no more than about 5 percent of said pigment particles are greater
than 0.49 microns as measured by a Microtrac 9200 FRA;

(b)  removing the milling media from said aqueous slurry;

30 (c) depositing a first coating of A1,0;, SiO; or optionally other oxides or

mixtures thereof on the inorganic pigment material prior to said pigment flocculating

or passing through its isoelectric point;
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Advantageously the pigment material is coated with a total amount of coating(s) of from
15 about 1 percent to about 3 percent ZrO,, TiO,, SnO;, SiOz, A1,03, CeO: or mixtures thereof
by weight based upon the weight of said pigment material. Preferably the pigment material is
coated with from about 1.3 percent to about 2.0 percent ZrO;, TiOz, SnO,, SiO2, Al20;,
CeO; or mixtures thereof by weight based upon the weight of said pigment material.
Advantageously for pigments to be used in plastics, the first coating is from about
20 0.1% to about 0.3% by weight. For pigments to be used in paint applications, the first
coating advantageously is from about 0.3% to about 1.0% by weight.

Advantageously, the final layer of A1,0s3 on pigments used in plastics application will
be from about 0.1% to about 0.3% by weight. For pigments-used in paint applications the
final coating advantageously is from about 1% to about 3% by weight.

25 The process of the present invention optionally may contain a second amount of a
dispersing agent added in step (d). |

Advantageously the dispersing agent in steps () and (d) is selected from the group
consisting of phosphates, polyols and amines. Preferably the dispersing agent is sodium
hexametaphosphate. Advantageously the dispersing agent in step (a) is present in an amount

30 in the range of from about 0.05 percent to about 0.50 percent by weight based upon the
weight of said pigment material. Preferably the dispersing agent in step (a) is present in an
amount of about 0.15 percent by weight based upon the weight of said pigment material.
Advantageously the dispersing agent in step (d) is present in an amount in the range of from

about 0.05 percent to about 0.50 percent by weight based upon the weight of said pigment
4=
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during steps (d) through (g) is maintained within a range of from about 50°C to about 80°C
10  and most preferably the temperature is maintained at about 60 ° C.
Advantageously the coating provided is an acidic or alkaline salt of ZrO,, TiO,, SiO,,
Sn0;, CeO; or mixtures thereof Preferably said ZrO; coating agent is zirconium
orthosulfate.
In the process of the present invention the amount of A1,0s, SiO;, or optionally other
15  oxides or mixtures thereof coating added in step (c) is sufficient to provide said first coating
in an amount within the range of from about 0.1 percent to about 1 percent by weight based
upon the weight of said pigment material. Advantageously the Al;0;, SiO; or mixtures
thereof added in step (c) is sufficient to provide said first coating in an amount within the
-range of from about 0.3 percent to about 0.7 percent by weight based upon the weight of said
20 pigment material for paint applications and from about 0.1 to about 0.3 percent for plastic
applications. Preferably the A1,0s, SiO2 or mixtures thereof added in step (c) is sufficient to
provide said first coating in an amount of about 0.5 percent by weight based upon the weight
of said pigment material.
In the process of the present invention the ZrQOa, SiO2, Sn02, TiO2, CeO: or mixtures
25  thereof optionally added in step (d) is sufficient to provide said optional coating in an amount
within a range of from about 0.2 percent to about 1.2 percent by weight based upon the
weight of said pigment material. Advantageously the ZrO,, SiO;, SnO;, TiO,, CeO; or
mixtures thereof added in step (d) is sufficient to provide said optional coating in an amount
within a range of from about 0.5 percent to about 1.0 percent by weight based upon the
30  weight of said pigment material. Preferably the ZrO,, SiO2, SnO;, TiO,;, CeO; or mixtures
thereof added in step (d) is sufficient to provide said an optional coating in an amount of
about 0.60 percent by weight based upon the weight of said pigment material.
Advantageously the pH of said slurry during step (a) is about 10. The pH of said

slurry in step (d) is advantageously adjusted to a level within the range of from about 3 to
-5-
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EXAMPLE 1

An aqueous slurry comprising 1800g of TiO, was dispersed with 0.15% sodium

hexametaphosphate and sand-milled to obtain a particle size distribution of 7% of particles

15 having a size greater than 0.49 micron. The sand was removed after milling. The slurry was

then diluted to a volume of 4.5L, 2.54g calgon (a source of P2Os) was added and the

temperature adjusted to 60°C. 0.4899 g/mL, A1,0; was added as sodium aluminate. The pH

was adjusted to 3.5 with 5.0 mL sulfuric acid and the solution digested for 15 minutes. The

pH of the solution was then adjusted to 5.75 with 5.0 mL sodium hydroxide. 0.9802 g/mL

20 alumina was then added as sodium aluminate, the pH was maintained at less than 6.0 and the

solution digested for 30 minutes. The pH was then adjusted to 7.8 with 4.3 mL sodium

hydroxide and digested an additional 15 minutes. The samples were then filtered, dried and
micronized with 0.35% TMP. The results are reported in Table 1.

EXAMPLE 2

25 The treatment of Example 1 was repeated. Pigment was micronized with 0.40%
TMP/0.3 % TEA.
Reference 1 was heavily treated “durable” pigment for plastics.
Reference 2 was an untreated pigment for plastics.

Reference 3 was a standard plastics grade pigment.
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Example 1 Example 2 Reference 1 Reference 2 Reference 3

~ Photo-induced
10  Anti-oxidant Yellowing 4.6 32 42 12 8.5
Durability 10 6.1 12 29 24
Volatiles @ 350C 0.63 0.71 12 0.37 0.48

*Lower numbers indicate lower reactivity in these tests and are therefore preferred.
EXAMPLE 3

15 An aqueous slurry containing 872 g TiO, was dispersed with 0.15% sodium
hexametaphosphate and sandmilled to obtain a particle size distribution having 10% of the
particles greater than 0.49 micron. The sand was removed alter milling. Thé temperature of
the slurry was adjusted to 70°C. 0.8% A1,0s, 23.2 ml of 301 g/1 Al,0; solution, was added
as sodium aluminate. 6.8 ml sulfuric acid was added to precipitate the alumina and reduce

20  the slurry pH. The slurry was digested for 15 minutes at 70°C. 2.0% A1;0s or 57.9 ml of
sodium aluminate solution was added to the slurry, and the slurry was digested an additional
30 minutes. 13.5 ml sulfuric acid was added to the slurry to precipitate the alumina and
reduce the slurry to a pH = 7.3. After an additional 15 minutes digestion the pigment was
filtered, washed and dried. The pigment was fluid energy milled with 0.35% organic milling

25 aid. The optical performance of material from this Example was compared to Reference 4

which was a standard paint grade pigment.
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a 5 dispersi ng ,Q@yﬁxtGmggled in stepéld). 65 Advant ageously the
di spersi ng agent n%e}cggish a) and (d) iﬁael ected from%fk?hgroup

consi sting of phosp yol s and Pr ef er abl’y-*t’he di spersi ng
agent is sodium Veh. @elornet aphosphat 957Advant ageousl yp.4ge di spersing
agent in step (a) i tp,égasent in an anou 5 in the range of from about
0.05 percent to abodBt P60 percent by ‘bht based upor'i4 ke wei ght of
said pignent materight Stingfher abl y the gazpersing agent 709 step (a) is
present in an anount of about 0.15 percent by wei ght based upon the
wei ght1 of said pi grﬁ?ﬁ?‘efnnt erial. 8d0ant ageously t%e”di spersi ng agent
in step (d) is presui gq({gsme,@nount i ngghe range of fregy about 0. 05
percent to about 0.50 percent by weight based upon the wei ght of said

p| gn‘ent Durablllty 21 18

The data indicate that the maximum benefits of sandmilling are not realized without

employing the inventive process which initiates the coating process before flocculation is
15  induced.

[
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5 material. Preferably the di sper5| ng ‘agent in step (d) is present
l.n an anmount of about 0. 30 - - ht based upon the we

of said pi 2t eri al . THIS SHEET HAS BEEN present i nveﬁﬂ@ﬁ”’%?ﬁ?
about 0.1 percent to about 10 percerRERMACERI d pi gnent particles are
0.49 mcrons or greater as neaS c 9200 FRA. Advant ageously

5 fron\;ﬂpdqllgclgniledqgrcent to about 5 percent of said pignent particles are

0.49 mcrons or greater and preferably | ess than about 2 percent of
said pignent particles are.0.4 e

Advant ageousl@ t he fﬁ%‘%ﬁ%ﬁ%ﬁ?‘@?g (,%3tmlgso %99 é?f era’bITlof’ ({81205,

t enper at @e®, or mixturddithér8ef confiirgthn inbt; 1@@)&1111 maﬂmammraﬁdhd\cdidﬁ iflat
range of fro about 50[err CI bot 80&§rr P gmd nost pre rably t he
t enper at If& utHi2Atperoeatibhveght haseg yrpR ight of said pigment ma E@dVL sly

t he C9at ﬁm oBhfihg S’P}g,(ﬁ 50,2 asie” rmalebﬁhe;;&ué@bh séifl iB6rghilé plomeh @h%f id:

Siqerr] m xt'ures thereof sal d
Zrq err] sa;d@ugmgpt;f@emlanmg o passing ghrpugh its 1soqlpmgg9im,agneoptlonal coatmg selected n

or “opt | ot the grhip Fonisini g 4CE 530y siBa T fieDe o ikberREERL deortel oy
(c) is sobér shid fisttcdatiig ¥ftélesasd pignient has passed dgrough its xsoelectnc point; said first

coating being achieved in a discrete interval and said second coating being achieved in a

-

( CI)

10  discrete interval or continuously and a final coating of A1,03 deposited over the first coating

and the optional coating when an optional coating is present.

2. The coated inorganic pigment of claim 1 wherein said coating is from about
0.25 percent to about 5 percent by weight based upon the weight of said pigment.

3. The inorganic pigment of claim 1 wherein the first coating includes a source
of P,0s.

4, The coated inorganic pigment of claim 1 wherein said pigment material is
titanium dioxide.

* [ L M s *

\

IThis Sheet H.

LT



in an anount wthin the range of from about 0.1 percent to about 1 percent

by wei ght upon the wei mat eri al.

Advant ageo@@l%sgﬂ‘fg Alferr]Jerr], Ppi £ i Bkl ps P&W@@?“ﬁdded

in step (c) is sufficient to provifpe saiREPLAEED coatjng in an anount within

t he range of from about 0.3 percent tT0 apbout—0.7 percent by wei ght

based upon the_ weight of said 20 pignment material ___fo({ pﬁi nt a&pl I cations

and from about3.0. 1 APragsss forcorepagag ap MoTgyic pigment goated with ab lgast-ahoup 25

Pr ef er abl ] 1 it eS| h f geydd i p
| Yerbdif bl GER Gl E’]ﬁ theSWRleFit bl 1R piBhi 620, ShoR! siefIeh), A13bg

(c) is s ICle rovi coating rn-an amount of about
0.5 per ce@eOpor mixiturks thereof comprising the steps ofht of said pignment material.
In the .process of t presgnt invention the Zr r SiJerr Sna.ers],
TiOerr] Cocrert] G i BiiRGen et fon bty e iorepirim Bl |
sufficent to fheOpresticSFG OBpdriidlageRatd Achitve @padtitheiBize distributiérd bF Baid
range of from about 0.2 percent to about 1.2 percent by wei ght based upon

t he vei gmatepial whergingiqymere: thamebout 10 percentofisaidpigDent pasticles amegreater
Sigerr], Sngq 40 L L QTS N% fiR4.ures thereof added in
step (d) is su@ﬁlc)i“gn 1%081'&6%31\7?%6 sﬁ'lrel oa?tlr%cn%oocoati ng in an anount
within a range of f@®)m atemaving the millingmediadronbsaid aguedupelnoynt by wei ght

based upon the 30 i ght of. sai I gnent ri Preferably t

Zrqerr], Siderr] _,(cgﬁq (?ppjn?m iacfréff%"?%eo&g’&f’ gjnpzrﬁrx?xﬁ%rgs ﬂyer?or}e?’hg’reeof
addedig n step ﬁdigghﬁ: SipibhtCin@tetiall priop 116 shid igment fatcokating of pasiryl thishghritsan
anount of . about 0.60 percent by weight based upon the weight of said
pi gnent nat er i Bpelectric point; Advant ageously the pH of said slurry during

step (a) is about 1git)eghéﬁ§9§§in?fthes ety at atemlpﬁxla'tlfréﬁf FBmdbRt $6RC iosabogt %OC‘)’C

advant ageously adju eve thin e range of from about
for a time of from about 5 to about 60 minutes;

(&)  coating the pigment with a final coating of A1,03;

15 ® adjusting the pH of the slurry to a level within the range of from about
6 to about 9 and digesting said slurry at a temperature of from about 50°C to about
80°C for a time of from about 5 to about 60 minutes to complete formation of said
second coating over said first coating;

(g)  recovering said coated pigment.

6. The process of claim 5 including the step of adding a coating of ZrO,, Sn0O,,
Si0,, TiO,, CeO, or mixtures thereof to said slurry after the inorganic pigment material has
- passed through its isoelectric point and adjusting the slurry pH to a level of at least about 3 to

form a second coating on said pigment.

7. The process of claim 6 wherein in said additional coating step the pigment
material is coated with from about 1 percent to about 5 percent ZrO,, Si02, Sn0O,, TiO3, CeO,
or mixtures thereof by weight based upon the weight of said pigment material.

8. The process of claim 5 wherein step (c) includes depositing a coating

containing a source of P,0s.

9. The process of claim 8 wherein the amount of A1,0s, SiO,, source of P,Os or
mixtures thereof coating added in step (c) is sufficient to provide said first coating in an

amount within the range of from about 0.1 percent to about 1 percent by weight based upon

the weight of said pigment material.

| s s
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6 about 7 and preferably the pH of said slurry is adjusted to about

5. Advanta the pH of ald slurry in step (f) |s adjusted t
about 5. g%&%f said slurry i THIStSHE ramageousl y ’JU Gf‘hsted

to a level within a range of frjom abﬁb 0 “&Bdyt 9 and preferably t he pH
of said slurry is adjusted—te—ak vant ageously the pH

adj usting agent in step (d) is a mneral aci d, preferably sulfuric
acid. Preferabl® saThe pracesdjofishaim§ vehpesin said pigngns riatenakisctitaajymi dioxide.

al kali metal hydroxi de base. Preferably such pH adjusting agent is sodium
hydr oxi de. 11.  The procbasvaf\clagn@wesaackesdmdr amourgt off geh:zpemng\agme;ns (e)

for f f |
di gest oo R in, 55 (s RaHn a0 disneping b fed el @ &selocksd ot tegrihn; e
in step (chsistifig bf pmsphstué pbfolstandbimines} andiwhefes sad disperiny alhyinsaigd (a

slurry 10 js. digested for about 30 m nutes. Advantageously the coat ed)
pi gment i30dr@} &5 /eachprespnt in an ampyntdn;the range Wif fpm: AP Q.03 agcent to about 0.50

EXAVPLSE Ioercent by weight based Yof B304 ht%ﬂﬁxﬁébp%tgsp matddid 18000 of T Olerr] was

di sperse B0 <o exarmet ate and sand-nmlled to

obtain a part '£3.8 STRE pfllcsds dr Ui whkrefn &8k 430t bS! Pefcent to about 5 percent of

said pigment particles are 0.49 microns or greater as measured by a Microtrac 9200 FRA.

13.  The process of claim 6 wherein the temperature alter steps (c) through (f) is

maintained within the range of from about 50°C to about 80°C.

14.  The process of claim 6 wherein the ZrO,, SnO,, TiO,, Si0,, CeO, or mixtures
thereof coating is provided by an acidic or alkaline inorganic ZrO,, SnO,, TiO,, SiO,, CeO,
salt.

15.  The process of claim 6 wherein the additional coating of ZrO,, Sn0Q,, SiO,,
TiO,, CeO, or mixtures thereof added is sufficient to provide said coating in an amount
within a range of from about 0.2 percent to about 1.2 percent by Weight based upon the
weight of said pigment material.

16.  The process of claim 5 wherein the pH of said slurry during step (a) is about
10 and wherein the pH of said slurry in step () is adjusted to about 5.

17.  The process of claim 6 wherein the pH of said slurry in the optional step is
adjusted to a level within the range of from about 3 to about 7.

18.  The process of claim 5 wherein the pH of said slurry in step (f) is adjusted to a

level within the range of from about 7 to about 9.

19.  The process of claim 5 wherein said slurry is digested in step (d) for from
about 10 to about 45 minutes.

20.  The process of claim 5 wherein said slurry is digested in step (f) for from
S skl

AR

about 10 to about 45 minutes.

-11- s Sheet Has Been Rerlacet

||III||III|| [l




15; havi g gP5H4 Orfet th.l‘ . d was
Yllng _rr_ﬁe r/g Zg s (TS, 2% “_; o vo?lrjlrrewgf Emt%&@wq‘r“ﬁ]’
caI gon (a so cfg P[err]qerr]) AT d_andlt he

adj usted to 60[err]C. 0.4899 ( d jasp ok

al um nate. The pH was adj ust ed to43.5 with 5.0 nL syl ?ﬁcgmgggnc
the solution digested for 15 m nutes. The pH of the S
adj usted to 5.75 w t hDESQRIPTIONOR/HIR PREFERRED EMR ‘ b 20 al umi na wag
then added as sodi um al um nate, the pH was mai nt ai ned at I'ess"than 6.0 and
t he solution digested for 30 mnutes. The pH was then adjusted to 7.8
with 4.3 nL sodium - hydroxi de and di gested an additional 15 m nutes.
The sanpl es wer hd presentfifrtehtinmaelatesitoi s dnargadic pigment haviog o npaziegi ofvib®s or Z5% TVP.
The results are reported in Table 1.

EXAVPLE 2 02%0; or CeO; or SnDher TiCk @t mixwrestherBsfoopipasing aainognicpigont npfegstent

was mcronized with 0.40% TMP/ 0. 3 % TEA. Ref erence | was
heavi | y trwheranlthcatuatabisetleptd:mﬂﬁmlbrw#gbfsbaseduponthﬂwelghw R@‘ﬁé’ﬁ@%e 2
was an untreated pignent for plastics. Ref erence, 3

standard piastiildevigg afist qaipgwhALOs,SiO,, or optional other oxide, oroptlona.rﬂyo erox1

mixture thereof deposited on said inorganic pigment prior to said pigment flocculating or passing
through its isoelectric point, and an optional coating of ZrO;, CeO;, SiO;, SnO; or mixtures thereof
deposited over said first coating after said pigment has passed through its isoelectric point; said
first coating being achieved in a discrete interval and said optional coating being achieved in a
discrete interval or continuously. Preferably the optional other oxide is a source of P2Os.

Advantageously the inorganic pigment employed is titanium dioxide.

The process for preparing the inorganic pigment has a coating of from about 0.25 percent
to about 5 percent by weight based upon tﬁe weight of said pigment. Preferably the inorganic -
pigment has a coating of from about 0.5 percent to about 3 percent by weight based upon the
weight of said pigment material and most preferably the inorganic pigment has a coating of about
1.3 percent by weight based upon the weight of said pigment material.

Advantageously the preparing the inorganic pigment of the present invention coated with

at least 0.25 percent by weight based on the weight of the pigment of Z1O,, CeO,, ALO;, TiOz,
Si0;,, SnO; or mixtures thereof .comprises the steps of:
. @ milling an aqueous .slurry containing the inorganic pigment material, in the
presence of a dispersing agent, to achieve a particle size distribution of said material wherein no
more than about 5 percent of said pigment particles are greater than 0.49 microns as measured bya
Microtrac 9200 FRA; |

()  removing the milling media from said aqueous shurry;

-
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_..tlcal and D|sper5|b|I|ty Properties

T R

0 ence 2iReference Fehgth
5 101.8 5 REPLQGFWQS SHEE
102 4 103. 0 99, eﬁEPf-ACE%g 8 100. 7 [Screen Pack (D| $p)
N A 58 63 it NA 04 SEP 1999
React ivity and Durability Tests* ' m&)l é
Exanpl e 2 Wbftévdaimedis Reference 2 Reference 3 PHotle—neerced J.U
Anti - oxi dant Yel | ow ng 4.6 3.2 4.2 ' 12 . BJS

Durability 10. 29

6 1
24 Vol at i I es @ 350C. 2 0 37
0. 48 * B HoFEapG RIBEEY haﬁ‘ﬁ$ E&?W 8‘/\%&’(%9&5?9? t";qu ALl 021 o5t s

and are therefore referre
EXAMPLE 3 ormlxturethg %compnsmg an inorganic pigment material wherein the coating is at least about

0.25 percent by weight based upon the weight of said pigment material, having a first coating of
ALO;, SiO;, or optional other oxide, or mixtures thereof deposited on said inorganic pigment, an
optional coating selected from the group consisting of ZtO;, SOy, SOy, TiOy, CeO; and
mixtures thereof deposited over said first coating and a final coating of ALO; deposited over the
first coating and the optional coating when an optional coating s preset.

2. 'The coated inorganic pigment of chim 1 wherein said first coating is from about
0.25 percent to about 5 percent by weight based upon the weight of said pigment.

3. 'The coated inorganic pigment of claim 2 wherein the first coating is from about 1
percent to about 3 percent by weight based upon the weight of said pigment material.

4. 'The coated inorganic pigment of claim 3 wherein said first coating is from about
1.3 percent to about 2 percent by weight based upon the weight of said pigment material.

5. 'The inorganic pigment of claim 1 wherein the optional other oxide is P:Os.

6. 'The coated inorganic plgment of claim 1 wherein said pigment material is titanium
dioxide. | |

7. A process for preparing an inorganic pigment coated with at least about 025
percent by weight based on the weight of the pigment of ZtOj, SOy, SiOs TiOs, GeO; or

mixtures thereof comprising the steps of:

This Sheet Has Been Replac
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ueous slurry conta| ning 872 g Tigerr] PEMAENTS e BT i
0. 15% - lum”uﬁ] Al P ndsapm e 1 BEE AL e SHeET
si ze di strl % of t"ﬂ’llS S“EET)a ®EEN lgreatef than 0. 49

m cron. The sand was rem)ved altg : e tenperaf uf eOdf SEP ?939(1e
slurry was adjusted to 70[err] C. % : 23|2{m_of 301 g/l
Al[err](err] soluti@n, vmmx@ddeshueous slaﬁy SOﬁtlammgaﬂhHml aieic pignientimaseria Uin c-
acid was added to precipitate the alum na and reduce 20L-the-slurry—pH.

The slurry was tﬂé 8o Lispersidp {géhﬁ S0 abhicRlagartidle size Beridutish of Qéﬂrrﬁiteﬁil

57.9 m of Ium al um nate sol ution was added to the slurry, and the

slurry was dlges addl n

was added to the esr?‘l'}rnrrz)y PE prmgc%ulttlgtper%ﬁe aﬂ#n@ E éﬁjﬁ ks ﬁﬂgd%hg%—(ip %gb‘lg
slurry to a pH = 7. 3. After?ﬁg g/gltlon%?ﬂ]_glﬁg}]nutes di gestion the pignment
was filt erBigronsas Measuts by MIEFOrRf t was fluid energy mlled

with 0.35%o0organic mlling 25 aid. The optical  performance of material
fromthis Exanpl e wed) conmoringitee Riling wedia figm said aqyepensivmy a st andar d
pai nt grade pignent. 8

()  depositing a first coating of Al,O;, SiO,, or :optional other oxide,

10 oF mixtures thereof on the inorganic pigment :;iaterial. prior to -said
pignent flocculating or passing through its isocelectric point;

(d) digesting the slurry at a temperature of from about 50°C to aBout 80°C
for a time of from about 5 to about 60 minutes;
(e) coating the pigment with a final coating of Al,O;;

15 ® adjusting the pH of the slurry to a level within the range of from about 6
to about 9 and digesting said slurry at a temperature of from about 50°C to about 80°C
for a time of from about 5 to about 60 minutes to complete formation of said second
coating over said first coating;

(g) recovering said coated pigment.
8. The process of claim 7 includizlg the step of adding a coating of ZrO,, SnQ,, SiO,,
Ti0,, Ce0, or mixtures thereof to said slurry after the inorganic pigment material has passed
lthrough its isoelectric point and adjusting the slurry pH to a level of at least about 3 to form a
second coating on said pigment.
9. The process of claim 8 wherein in said additional coating step the pigment
material is coated with from about 1 percent to about 5 percent ZrO,, SiO,, Sn0,, TiO,, CeO, or

- -

mixtures thereof by weight based upon the weight of said pigment material.
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TABLE 2 Aver age Results

€ont r ol | nproved Process OPTI CAL TEST REFERENCE

4 EXAMPLE 3 5 Acrylic d oss

65 Veh. Brightness. 95. 46 : —
Veh. Col or 0.57 ! 0. 48 REPLAGERIENT SHEE
Tone 4. 34 4.41 T} nt

Strength 642 INORGANIC PIGMENT COATEXB WIDH INORGANIC OXIDES Scht t2® JAN 2006

6. 10 6. 24 Sem - gl oss | at ex 64

68 Dur abi | i tuc_mw____ngwn T8

The data indicate that the maxi num benefits of sandm|ling areLnot realized

wi t hout lenpl @ieldof thadnventiemt i ve process which initiates the coating

process before fl Fie'p AL ehfortrRlasel B iEE6Ved inorpanic pigments cozted with Z10, 8i0;

5..

10

15-

20

25

30

Al;0s, 'rioz Sn0; or CeO; or mixmures thereof and @ method for multi-coaung inorganic

pigmemts to achieve good durability, low photochemlcal and chemical reacuvity, and good
optical and dispersibility properties in plastic and painr applications. Most specifically, the
present invention relates w an improved titanium dioxide pigment having a first coating of
Al120s, SiO, or optionally other inorganic coatng material or mixwres thereof, and au
optional coating of ZrO;, $i03, Ti0s, SnO;, CeO; or mixwures thereof over the first coaring
and a final coating of A1;0s. '

2 Description of the Prior Art

The surface treaument and coating of inorganic pigments, such as titanium dioxide for
example, to achieve improved performance characteristics in plastic compositions, is known
in the an. Dispersibility, processibility and good 6ptical properties are typically achieved
thmugﬁ minimal su:facé treatment of thie pigment, whereas durability and low chemical and
photochemical reactivity is typically obtained by costing the pigmem with silica, alumina,
and other meral oxide coarings. When precipitated using prior an practices, these meral oxide
coanings tend to make the pigments more difficuli to disperse in plasncs or paints. Typically,
these problems have not been solved with a single pigment. Thus, plastics compounders have
geperally had to choose between durability, which can be achieved with coared pigments, and
dispersibility, processibility and good optical properties, which can be achieved with treated
and untreated pigments. Similarly, paint performance can be improved through conventional
surface treatments, but adding the first treating agent prior w0 crossihg the isoelectric point
maximizes both durability and dispersibility.

For example, U.S. Pat. No, 3,523,810 discloses a process for coanng titania pigments
with from 0.5 percent 10 10 percent boehmire alumina at a pH of from 7 1o 9 at temperatures
between 70 and 100 °C. A pigment of this rype with only boehmire and no amorphous
alumina may have good optical and dispersibility properties but does not achieve good
durability. Similarly, U.S. Pat, No. 4,022,636 describes the addition of two coatings of

alumina 1o titanium dioxide pigmeats, one amorpious coatng at 2 pH of about 2 followed by

- @ boehmite coatng at a pH of about 8. to achieve a pigment with good performance in

plastucs. Also, U.S. Par. No. 4,416,699 describes a method for coaung a pigment with

A FoSA Qs —
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9 “What is clained is: 1. An inorganic pignment having a coating
of ZrJerr], Si(err], Sngerr] TiJerr], Aferr]Jerr] Ce(err], or

m xt ures t her eof conprising an inorganic pignent material wherein the
coating is at |east about 0.25 percent By wei ght based upon the wei ght of -
said pigment material, having a first coating of Al[err]Jerr], Si(err],

or optional O%Qﬂee{?)ﬁh&?cenp Lad 'k )gef&tﬁsalﬂrﬂﬁi Qs)ﬁdﬂ@laahe thzlk-@dcsemlancnoglganmd
pi gnent prior to said pignment fl occul atl ny Hasm nq{throu bess o
i soel ectric pdisptrsibiity agsuireh fir peshERIRS "é WG 0 ppconS| YRy

L B g e st

deposited ove coa Id pigment has passed through its
i soel ectric p(pigiﬁemsslalp&sﬁup@hcmonm ng being achieved in a discrete interval

cont i nuousfy and a FPREES obHETAGC ST SPERefsdeer o SN MBlodl perfomance
coating and t lpendH¥ h@%bencaaﬁueagwmaemmmpm dxsmspa ingUiSs Petr Moa671,031.
From about 0. SipEREE ek B SRR dh Yy Br e, SRR el Saeffh,.
of said pi gneRigxide followed by heat treatment between 500°C and 800°C to decrease pigment chalking,
U.S. Pat. No. 2,780,558 discloses a process for coating pigmentary materials with alumina
10  added as an alcoholate compound. In U:S. Pat. No. 3,146,119 the claimed process requires
the precipitation of a layer of titanium dioxide onto the pigment prior to the precipitation of
an alumina layer. U.S. Pat No. 3,409,454 discloses an alumina-coated titanium dioxide
pigment and process for obtaining the same wherein the aluminz is precipitated onto the
pigment under alkaline conditions (pH greata than 10) for improved pigment dispersibility in
15 plastics. U.S. Pat. No. 3,529,985 discloses a double coated titammm dioxide pigment wherein

the first metal oxide coating is calcined at a temperawre of at least 450°C before addition of
‘ " the second- coanng for improved durability and” 0pucal properties. U.S. Pat. No. 3,853,575.-

discloses the production of alumina-coated titanium dioxide pigments wherein the alumina
coating is supplied by the addition of an dlkaline alumina salt to an aqueous titanium dioxide

20 solution. U.S. Par. No. 4,239,548 discloses a titanium dioxide pigment with improved
photochemical stability achieved by a first coating of cerium and phosphate radicals onto the
pigment and a second coating of aluminum and phosphate radicals over the first coating.
U.S. Pat. No. 5,114,486 discloses a process for coating titanium dioxide pigments with zinc,
phosphate, and aluminum ions for improved processibility.

N~ 25 None of the aforememioned patents suggest or teach the coating of inorganic
pigmems with a first layer of AlO3 SiO; or optionally other inorganic material or maxtures
thereof, and an optional laver of ZrO3, Si0;, Ti0z, SnO;, Ce0; or mixwures thereof and a final
coating of A};O3, to produce the coated pigments which are the subject of this application.

SUMMARY OF THE INVENTION

30 An object of the present invention is to provide durable coated inorganic pigments
with good oprical properties, dispersibility, and chemical stability in both paint and plastics
applications. A further object is to provide improved inorganic pigments, preferably titanium

dioxide pigments. having deposited thereon a first coating of SiO;, A1,0; or optionally other
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3. ' The coated inorganic pigment of claim2 wherein said first coating is
from about 1 percent to about 3 percent by wei ght based upon the wei ght of
sai d pigment material. 4. The coated inorganic pignent of
claim3 'wherein said first coating is fromabout 1.3 percent to about 2
percent by weight based upon the weight of said pignment material.

5. The i noobgides er miigiEs tthabéofchediren phssivee thepugh tthe 1segledton apinb eh® @a oyptideal | S

Plerr]Jerr]. . . he at ed-_i nqQr ' L BN Iy 1
wherein said FP¥RBAE %E‘%‘Qélsn@' ?%aor{i rﬁ“rﬁh]g%otgi&gdeﬁng)a anﬂf}g %k%l%\% brB8ess
for preparinga@hiédaDbBRAI 6f i Gr@eir ideation isvid progide lagmetesaby whidh 2fshpeuednt
by wei ght based on the weight of the pignent of Zr(Jerr], Sngerr]

Siqerr], Ti OReF§anic pigments rep@AYed. Ceferr] or ni xtures thereof comprising

t he steps of: DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention relates to an inorganic pigment having a coating of A1;0; or
ZrQ; or SiO; or CeQ; or SnO, or_TiOz or mixtures thereof compxising 4n inorganic pigment
material wherein the coating is at least about 0.25 percent by weight based upon the weight of
said pigment material, having a first coating of Al;0s, SiO; or optionally other oxide or
10  mixwure thereof depbsited on said. inorganic pigment prior to said pigment flocculating or
passing throngh its isoélectric point, and an optional coating of ZrO;, CeOs, TiO;, SiO;. SnO;
or mixtures thereof deposited over said first coating after said pigment has paséed through its
- isoelectric point; said first coating being achieved in a discrete interval and said optional
coating being achieved in a discrete interval or continuously. Prcferably the optional other

15 oxide is a source of P;0s,

Advantageously the inorganic pigment has a coating of from about 0.25 percent 1o
about 5 percent by wéight based upon the- weight of said pigment. Preferably the inorganic
pigment has a coating of from about 0.5 percent to about 3 percent by weight i;ascd upon the
weight of said pigﬁxem material and most preferably the morganic pigmeunt has a coating o-f

20 about 1.3 percent by weight based upon the weight of said pigment material.

Advantageously the inorganic pigment employed is tianium dioxsde.

The process for preparing the inorganic pigment of the present nvennon coated with
at least 0.25 percent by weight based on the weight of the pigment of ZrQO,, CeO,, Aly0;,
TiOs, SiGa, SnO; or mixtures thereof comprises the steps of:

25 €3] milling an aqueous slwry containing the inorganic pigment material, in
the presence of a dispersing agent, to achieve a particle size distribution of said
marerial wherein no more than zbout S percent of said pigment particles are grearter
than 0.49 microns as measured by a Microtrac 9200 FRA;

®) removing the milling media from said aqueous slurry;
30 (c) depositing a first coating of A1;0;, Si0; or optionally other oxides or

nuxtures thereof on the Inorganic pigment material pnor o sad pigment focculating

- or passing through 1ts 1soeleciric point
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10 (a) mlling an aqueous slurry containing the
kFnorgani c pignent material, in the presence of a dispersing agent, to
achieve a particle size distribution of said naterial wherein no nore than
about 10 percent of said pignment particl e4s are greater than 0.49 microns as
measured by a Mcrotrac 9200 FRA, (b) renmovi ng the
mlling media from said (@pueQqaings tlrdpyional coating of ZrO,, Ce0s, (520:, SnQd,eﬂng ©or ng

a first coating of AI[err err]. tlon r
M xtures thereof onmPRHEes hespefanFed 5\?@%% p‘%mgrhpg%%%shaa? eed&rou
floccul ating or pasgd Egd&%lié)blaﬁ ddSadinasy ﬁﬁtﬂm—ﬁj pHEitetform a second coatmg on saxd

pigment,
5 (6) digesting the slury at a temperature of from about 50°C to about 80°C

for a time of from about 5 10 about 60 minutes;
® adding a final coating of AIiO;;
(g) adjusting the pH of the slumry to a level within the range of from about
6 to about 9 and digesting said sharry at a temperature of from about 50°C to about
10 - 70°C for a time of from about $ to about 60 minutes to complete formation of said
second coaring deposited in step (f) over said prior coaring; and
(b)  recovering said coated pigment.
Preferably the optional other oxide of step () above is a source of P;0s.
~ Advantageously the pigment maferial is coated with a total amount of coating(s) of from
15 about 1 percent to about 3 percenat ZrO;, TiO2, SrO,, SiO;, A1;05, CeO; or mixwures thereof
by weight based upon the weight of said pigment material. Preferably the pigment material is
coafed with from _gxbdut 1.3 percent to about 2.0 percent ZrQ,, Ti0;, SnQs, Si0,;, Al,Os,
Ce0; or mixtures thereof by weight based upon the weight of said pigment materal.
" Advantigeously for pigmeants to be used in plastics, the first coating is from about
20 0.1% to about 0.3% by weight. For pigments to be used in paint applicatiops, the first
coating advamag-eously is from about 0.3% to about 1.0% by weight. )
Advantageously, the final layer of A1,0; on pigments used 1n plastics application will
be from about 0.1% to about 0.3% by weight. For pigments used in paint applications the
final coating advantageously is from about 1% to about 3% by weight.
N 25 The process of the present invention optionally may contain a second amount of 2
dispersing agent added in step (d).

Advantageously the dispersing agent in steps (a) and (d) is selected from the group
consisting of phosphates, polyols and amines. Preferably the dispersing agent is sodium
hexametaphosphate. Advantageously the dispersing agent in step (2) 1s present in an amount

30 in the range of from about 0.05 percent to about 0.50 percem by wefght based upopn the
weight of said pigment material. Preferably the dispersing agent 1a step (a) is present in an
amount of about 0.15 percent by weight based upon the weight of said pigment material.

Advantageously the dispersing agent in step {(d) is present in an amount in the range of from

about 0.05 perceat to about 0.50 percent by weight mmwwxsﬁm 1id pigment
.
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(d) digesting the slurry at a tenperature of from about 50[err]C to
about 80[err]C for a tinme of fromabout 5 to about 60 m nutes;

(e)  coating the pignent with a final coating of Al[err](err];

() adjusting the pH of the slurry to a Isevel within the range of from
about 6 to about 9 and digesting said slurry at a tenperature of from about
50[err]C to ahpwiaB0Pastehily terdigeisingegeaf if stopr{dhio preset iampootat 66 abaun $38s

(@) T ocover PRGBS bRR Prgayea o aepigitel il 1T SO0 )
7 including the stegpufpadtliifindortRéh abeut @1 paréhetor dbputSHCherceni of SidGpigmegr,
Tiderr], Ce(Jerr] or mxtures thereof to sgid slurr he.i norgani c
pi gment mat er ipatticles srefdSsmigronh PORTEHACT 2 gﬂei!%lf%béé-ts“ﬁc@%&?ﬁo% gﬁ‘j’aﬂ?{;‘?‘ﬁ'@f"t he
slurry pH §0 g ev8lie 1 Bleodnf e tbddP 3 orcdat 8F S Plpthedtchliivlesc4810.49ImForsadrd
Proment. greater and preferably less than about 2 percent of said pigment particles are 0.49 microns or
greater.
Advantageously the milling media of step (2) is sand. Preferably the temperature
during steps (d) through (g) is maintained within a range of from about 50°C to about 80°C
10 and most preferably the temperature is maintained at about 60 ° C.
Advantagéously the coating provided is an acidic or alkaline salt of Zr0,, TiO;, SiO,,
Sn0,, CeO; or mixtures thereof. Preferably said ZrO; coating agem is zirconium
orthosulfate.
In the process of the present invention the amount of A1203, S$i0,, or optionally ather
15  oxides or mixures thereof coating added in step (c) is sufficient to provide said first coating
tn an amount within the range of from about 0.1 percent to about 1 percent by weight based
upon the weight of said piginent material. Advantageously the A1;0;, SiO;.or mixtures
thereof added in step (c) is sufficient to provide said first coating in an amount within the
range of from about 0.3 percent 1o about 0.7 percent by weight based upon the weight of said
20 pigment material for paint applications and from about 0.1 to about 0.3 percent for plastic
applications. Preferably the A1,0;, SiO; or mixtures thereof added in step (c) is sufficient 10
provide said first coating in an amount of about 0.5 percent by weight based upon the weight
of said pigment material. -
In the process of the presént invention the ZrQ,, SiO,.- SnO;, Ti0,, CeO, or mixtwures
25  thereof opuonally added in step (d) is sufficient to provide said optional coanng in an amount
within a range of from about 0.2 percent 10 about 1.2 percent by weight based upon the
weight of said pigment material. Advantageously the ZrO,, SiOy, Sn0,, TiO;, Ce0: or
mixtures thereof added in step (d) is sufficient to provide said optional coating in an amount
within a range of from about 0.5 percent to about 1.0 percent by weight based upon the
30 weight of said pigment matenial. Preferably the ZrO;, Si0;, Sn0;, Ti0;, Ce0; or mixtures
thereof added in step (d) is sufficient 1o provide said an optional coating in an amount of
abour 0.60 percent by weight based upon the weight of said pigment matenial.
Advantageouslv the pH of said slurry during step (a) is about 10. The pH of said

slurry in step (d) is advantageously adjusted to a ievel within the range of from about 3 o
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9. ° The process of claim8 wherein in said additional coating step the
pi gment material is coated wwth fromabout 1 percent to about 5 percent
ZrJerr], Siderr], Sngerr] Tigerr], Ce® or mxtures thereof by weight

based upon the wei ght of said pignment mategial.
11 10. The process of claim9 wherein in said additio
coating step thbompl?gmérwefembif(&ewﬁ0f|5§dé‘§aré§(fdmtq‘?b8% B (o) i n&r"ﬁ%‘?ﬁ of o

L0 B ST 1 SR bt s o i
is adjusted to a level within a range of from about 7 10 about 9 and preferably the pH of said
slurry is adjusted to about 7.8. Advantageously the pH adjusting agent in step (d) is a mineral
s acid, preferably sulfuric acid. Preferably said pH adjusting agent in steps (£) and (g) is an
alkali metal hydroxide base. Preferably such pH adjusting agent is sodium hydroxide.
Advantageously said slmﬁ is digested in step (€) for from abour 10 to about 45
minutes and preferably sald slury is digested for about 15 minutes. Advantageously said
sharry is digested in step (g) for from about 10 to zbout 45 minutes and preferably said shurry
10 is digested for about 30 minutes. Advantageously the coated pigmemt is recovered by
filtering, drying and milling.
EXAMPLEL
An aqueous slurry comprising 1800g of TiO; was dispersed with 0.15% sodium
hexametaphosphate and sand-milled to obtain a particle size distribution of 7% of panicles
15 having a size greater than 0.49 micron. The sand was removed after milling. The slurry was
then diluted 10 2 volume of 4.5L, 2.54g calgon (a source of P»Os) was added and the
temperature adjusted to 60°C. 0.4899 gfaL, 'Alz'q, was ailded 2s sodium aluminate. The pH
was adjusted 1o 3.5 with 5.0 mL sulfuric acid and the solution digested for 15 ﬁ;inutcs. The
_ pH of the solution \;as then adjusted 10 5.75 with 5.0 mL sodium hydroxide. 0.9802 g/mL |
20 alumina was then added as sodium aluminate, the pH was maintained. at less than 6.0 and the
solution digested for 30 minutes. The pH was then adjusted to 7.8 with 4.3 mlL sodiumn
hydroxide and digested an additional 15 minutes. The samples were then filtered, dried and
micronized with 0.35% TMP. The results are reported in Table 1.
' EXAMPLE 2

25 The treazment of Example 1 was repcazed. Pigmcni was micronized with 0.40%
TMP/0.3 % TEA.
Reference 1 was heavily treated “durable” pigment for plastics.
Reference 2 was an untreated pigment for plastics.

Reference 3 was a standarg plastics grade pigment.

: ﬁiﬁn.\a o



11. = The process of claim7 wherein step (c) includes depositing a coating

¢containing a source of P[err] Jerr]. 12. The process of claim?7
wherein said pignment material is titanium dioxide. 13. The
process  of claim?7 wherein a second amount »of a di spersing agent is added
in step (d). 14. The process of claim 13 wherein said dispersing
agent in steps (a) and (d) is selectedykgpmit he group consisting of
phosphat es, polyols and am nes. =~ I5. The process of claim 14
wherein said dispersing agent is sodium hexametaphosphate. 16.

Qpfical atid Dispessibelisy Biogerties n step (a) is present

The process of claim7 wherein

in an anmount in the range of f OE,EaHQJ fl APerRQUt Hbf rcent
by wei ght based upon the 1&9&];1@9 i€ RRREGRET Ak SEhck

Tint Strength 99.8 100.7 97.5 100.1 101.8
5  Brightness 1024 1030 993 . 9938 100.7
Screen Pack (Disp) 38 WA 58 63 NA

Reactivity and Dursbility Tests*
Example 1 Example 2 Reference 1 Reference 2 Reference 3

Photo-induced
10  Anti-oxidant Yellowing 4.6 32 42 12 8.5
Durability 10 6.1 12 29 24
Volatiles @ 350C. 0.63 0.71 1.2 0.37 0.48
~ *Lower numbers indicate lower reactivity in these tests and are therefore preferred.
EXAMPLE 3
Is .~ An aqueous shiry conotaining 872 g TiO; was dispersed with 0.15% sodium

hexametaphosphate and sandmilled to ohtgih 2 particle size distribution having 10% of the
particles greater than 0.49 micron. The sand was removed alter milling. The temperature of
the slurry was adjusted to 70°C. 0.8% A1,05, 23.2 ml 0of 301 g/1 A1;0; solution, was.added
as sodium aluminate. 6.8 ml sulfuric acid was added to precipitate the alumina and reduce
20 - the slurry pH. The slurry was digested for 15 minutes at 70°C. 2.0% A1:0; or 57.9 ml of
sodium aluminare solution was 2dded to the slurry, and the sfurry was digested an additional
30 minutes. 13.5 ml sulfuric acid was added (o the slury to precipitate the alumina and
reduce the slurry to a pH = 7.3. After an additional 15 miautes digestion the pigment was
ftered, washed and dried. The pigment was fluid energy milled with 0.35% organic milling
25 aid. The optical performance of material from this Example was compared to Reference 4

which was a standard paint grade pigment.
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wei ght of said pignment material. 17. The process of claim13
wherein said dispersing agent in siep (d) is present in an anount in the
range of from about 0.05 percent to about 0.50 percent by wei ght based upon

the weight of said pignment material. g 18. The process of claim?7
wherein fromabout 0.1 percent to about 5 percent of said pignent
particles are 0.49 mcrons or greater as : by a Mcrotrac 9200 FRA
19. The process of claim 18 wherein | ess than about 2 percent of said
pi gment particles are 0.49 nicrons or gréverage Results 20. The process
of claim7 wherein the mlling nmedia of step (a) is sand.
. Control Improved Process
OPTICAL TEST REEERENCE 4 EXAMPLE 3
5 Acrylic Gloss 61 65
Veh. Brightness 95.46 95.66
Veh. Color 0.57 0.48
Tint Tone 434 441
Tint Strength 642 703
10 T Scatter 6.10 6.24
Semi-gloss latex 64 68
Durability 21 18
N _ The data indicate that the maximum benefits of sandmilling are not réalized without

employing the inventive process which initiates the coating process before flocculation is
15 induced.
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21.¢ of claim8 wherein the tenperature after steps (c)

.through @' lm@ﬁ' I””"Ined within the range of from about 50[err]C to
i)

about 8 The process of claim?21 wherein the
tenperature is mal nt'ai fied at about 60[ err,] C 23. The process of
claim8 wherein the ZrJerr], Snerr], Tigerr], SiJerr], CeJderr] or
m Xt ures t hereof. coating is provided by an acidic or alkaline inorganic
Zrgerr], SW@? l]ilme‘l*il“{Xerr] SiJerr], CeJerr] salt. _ 24. The
rocess of claim23 ] CQ
8rthosu| f ate. .23 VAR ggé caf?gmgﬁt%a?%‘ &?&t’c# gpzr??tzngq{érglblﬁni‘[?@ ai‘m’Unt of
Alferr] er@e}o &:ﬂ:xarreq dxemoium@mhgahmdrtﬂcepxg&nemrmateﬁaxwhexem thbesamg is

in an

d d t t
g(r)rg'ltjln[lg adde %550 uffl nt to t%w ?gh%ablf sa{dllglgmerﬁor%atlen

east abo reent y weig t based upon
having a first coating of Al,O; SiO,, or optional other oxide, or mixtures théreof deposited
on said inorganic pigment prior to said pigment flocculating or passing through its
isoelectric point, an optional coating selected from the group consisting of ZrO,, SnO,
$i0,, TiO,, CeO, and mixtures thereof deposited over said first coating after said pigment
has passed through its isoelectric point; said first coating being achieved in a discrete
interval and said second coating being achieved in a discrete interval or continuously and a
final coating of Al,O, deposited over the first coating and the optional coating when an

optional coating is present.

2. The coated inorganic pigment of claim 1 wherein said first coating is from
about 0.25 percent to about 5 percent by weight based upon the weight of said pigment.

3. The coated inorganic pigment of claim 2 wherein said first coating is from
about 1 percent to about 3 percent by weight based upon the weight of said pigment
material.

4. The coated inorganic pigment of claim 3 wherein said first coating is from
about 1.3 percent to about 2 percent by weight based upon the weight of said pigment

material.
5. The inorganic pigment of claim 1 wherein the optional other oxide is P,O;.

6. The coated inorganic pigment of claim 1 wherein said pigment material is

titanium dioxide.

7. A process for preparing an inorganic pigment coated with at least about

0.25 percent by weight based on the weight of the pigment of ZrO,, SnO, SiO,, TiO,,
 ALOyCeO, or mixtures thereof comprising the steps d{EPLACEMENT SHEET
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Wi t hi he range of from about 0.1 percent to about 1 percent by weight
~base mh W 'H”mlg’mh of said pignent material. 26. The

proc erein the Alferr](err], Siderr], source of
P[err]Qerr or ri xtures thereof addeds4 n step (c) is sufficient to
provide said first coating in an anount within the range of from about 0.2
percent to about 0.5 percent by wei ght based upon the weight of said

pi gnent naterial. The process of claim 26 wherein the
Alferr]Jerr], SIq urce of Plerr -or myxtures .thereof added
Is sufficient to prg\)l de“ggn%l # ra&le L‘\%ﬁ ?%n%t T L JRTT 35
percent bynatédal, ghihe Pesete vhadis @ﬂtto aéhieRiaapiclysntdistibtionaf said

28. Th I th I f Z :
Sl er 1] . MBIRELThin HoCpeR hen shomt] Lparens m&%&?@m"a sove BadstiiRg
suf fi i enf 4 iV hsies e bF Wik Bkl G200FRATOUNE Wi thin a range

(b)  removing the milling media from said aqueous slurry;

()  depositing a first coating of ALO, SiO,, or optional other oxide or
_mixtures thereof on the inorganic pigment material prior to said pigment flocculating or
passing through its isoelectric point;

e (d)  digesting the slurry at a temperature of from about 50°C to about
80°C {or a time of from about 5 to about 60 minutes;

{e)  coating the pigment with 2 final coating of ALO;;

® adjusting the pH of the slurry to a level within the range of from
about 6 to about 9 and digesting said slurry at a temperature of from about 50°C to about
80°C for a time of from about 5 to about 60 minutes to complete formation of said second

coating over said first coating;
® recovering said coated pigment.

8. The process of claim 7 including the step of adding a coating of ZrO,,
S$nO, Si0,, TiO,, CeO, or mixtures thereof to said slurry after the inorganic pigment
material has passed through its isoelectric point and adjusting the slurry pH to a level of at

least about 3 to form a second coating on said pigment.

9. The process of claim 8 wherein in said additional coating step the pigment
material is coated with from about 1 percent to about 5 percent ZrO,, SiO,, SnO, TiO,,
CeO, or mixtures thereof by weight based upon the weight of said pigment material.
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of from t 0 2 percent To about 1.2 percent by wei ght based upon the
wei ght of I ‘"W terial. 29. The process of claim 28
wherein t m,# err] SiJerr], Tiderr], Ce(err] or mxtures
t her eof adde |s sHf f§ ci=ent to provide said addi tional coati ng in an anount

within a range of from about 0.5 percent t/d about 1.0 percent by wei ght
based upon the wei ght of said pi grrent mat eri al .

S err], Coorerr0 | oHeiRs: O BARITUAZ MR DU uBaB b kA £ 2R OIS, O

material is coated with from about 1.3 percent to about 2.0 percent ZrO, or CeO, or mixtures

thereof by weight based upon the weight of said pigment matenal.

1.  The process of claim 7 wherein step (¢) includes depositing a coating containing

a source of P,0;.
12.  The process of claim 7 wherein said pigment material is titanium dioxide.

13.  The process of claim 7 wherein a second amount of a dispersing ageat is added

in step (d).
14.  The process of claim |3 wherein said dispersing agent in steps (2) and (d) is
sclected from the group consisting of phosphates, polyols and amines.

1S.  The process of claim 14 wherein said dispersing agent is  sodium

-hexa}ner;aphospha'te. ' T . .. _ ..

16.  The process of claim 7 wherein said dispersing agent in step (a) is present in an
amount in the ran‘ge of from about 0.05 perce;\t to about 0.50 percent by weight based upon the
weight of said pigment materal, | -

17.  The process of claim 13 wherein said dispersing agent in step (d) is present in an
amount in the range of from about 0.05 percent to about 0.50 percent by weight based upon the
weight of sa.id pigment matenal.

18.  The process of claim 7 wherein from about 0.1 percent to about 5 percent of said
pigment particles are 0.49 microns or greater as measured by a Microtrac 9200 FRA.

19.  The process of claim 18 wherein less than about 2 percent of said pigment
particles are 0.49 miccons o greater.

© 20: --The process of claim 7 wherein the milling media of step (a) is sand.
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Si q‘err],\'l'_m‘r‘]w—ndr*pures t hereof added is sufficient to provide said
coati ng ||
wei ght Mm

of about 0. 60 percent by wei ght based upon the
:”tmgm um"at erial. 31. The process of claim?7
wherei n ttheep ' Mlurry during step (a) is about 10. 32.

The process of claim8 wherein the pH of saild slurry in the optional step
Is adjusted to a level within the range of from about 3 to about 7.

33, e Process, pf cial g;o%gssgg%a%fgh\téncgciﬁtkcolfcmggrkg(ém;%gc)aﬁl}a@hgf} pi%f

a level of about rocess arm rern
of said slurry in step.(e) is adjusted tq. . abqut 5. 35. The
process of cluainkAned WHiRihg ringe °ghf"8f£%‘ﬁi5§ gf‘h%"ﬁ?‘ ?qﬁ Cstep (f) is adjusted to
a l|level within the range of fromabout 7 to about 9. o

22, The process of claim 21 whercin the temperature is maintained at about 60°C.

23.  The process of claim 8 whércin the Zr0,, Sa0,, Ti0,, Si0,, CeO, or mixtures
-thcreof coating is provided by an acidic or alkaline inorganic ZrQ,, Sn0,, Ti0,, Si0,, Ce0, salt.

24.  The process of claim 23 wherein said ZrQ, coating 1s zirconium orthosulfate.

25, The process of claim 11 wherein the amount of AlLO;, SiO,, source of P,O; or
mixtures thereof coating added in ;te_p (c) is sufficient 10 provide said first coating in an amount
within the range of from about 0.1 percent 1o about 1 percent by weight based upon the weight
of said pigment matenal.

26.  The process of claim 25 wherein the ALQ,, Si0,, source of P,O, or mixtures

" thereof added in step (c) is sufficient to provide said first coating in an Fmbum within the range |
of from about 0.2-percent 1o about 0.5 percent by weight based upon the weight of said pigment
material. ' |

27.  The process of claim 26 whcrcin'thc Al,0,, Si0,, source of P O sor r;ﬁxturcs
thereof added is sufficient to provide said first coating in an amount of about 0.35 percent by
weight based upon the weight of said pigment material.

28.  The process of claim 8 wherein the additional coating of ZrQ,, SnQ,, Si0O,, Ti0,,
CeQ, or mixtures thereof added is sufficient to provide said coating in an amount within a range
of from about 0.2 percent to about 1.2 percent by weight based upon the weight of said pigment
mateqial.

29.  The process of claim 28 wherein the ZrO,, Sn0,, Si0,, Ti0,, CecO, or mixtures

" thereof added is sufficient 10 provide said additional coating in an amount within a range of from

A
about 0.5 percent o about 1.0 percent by weight based upoa the weight of said pigment material.
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36. i The process of claim35 wherein the pH of said slurry is adjusted to
aent s |V ARG ARERII P occoSe®” “rhe o ovess of o aim 57 wherei s

sai d pH adju$ti hg fgeht "is sul furi c aC| d. 39. The process of
claim?7 wherein the pH adjusting agent in ggeps (e) and (f) is an alkali
net al hydr oxi de base. 40. The process of claim 39 wherein said pH

adj usting agent i ggsodirym,hy Q50 difim 29 whercin (ladditiohfiecoplifice5B-Mf Cedi IO
wherein said slurry is di gested in step (d) for fromabout 10 to about 45

m nut es. SiQ, Tl gbmngur%f Bl PEdC s sﬁt@lcm xfln_JFréM?&r s%id"co%ﬂh?m%n%H&éni of about,

di gested for he process claim?7 wherein
said slurry I()%O%'egc%rsx} eydwclexg l%)ta.?d% sao)l the wclgfhrtg salcp xgmem]hQatér%)al about 45 minutes.

31.  The process of cfaim 7 whercin the pH of said slurry during step (2} is about 10.

32, The process of claim 8 wherein the pH of said slurry in the optional step is
adjusted to a leve! within the range of from about 3 to about 7.

33.  The process of claim 32 wherein the pH of said slurry is adjusted Lo a level of

about §.

34.  The process of claim 7 wherein the pH of said slurry in step (€) is adjusted 10

about S.
35.  The process of claim 7 wherein the pH of said sIurt:y in step (f) is adjusted to a
) level within the range of fror? about 7 to about 9. - ‘
"36.  The proce;s of claim 35 wherem the pH of said slurry is adjusted to about 8.
37 Tht.: ;;rocess of claim § wherein the pH adjusting ageat is a mineral acid.
38.  The process of claim 37 wherein said pH a&justing agent is sulfuric acid,
39.  The process of claim 7 wherein the pH adjusting ageat il steps (e) and (f) is an
alkali metal hydroxide base.
— 40. The process of claim 39 wherein said pH adjusting agent is sodium hydroxide.
41.  The process of claim 7 wherein said slurry is digested in step (d) for from about

10 to about 45 minutes.
42, The process of claim 4] wherein said slurry is digested for about 30 minutes.
43.  The process of claim 7 wherein said slurry is digested in step (f) for from about
. 10 to about 45 minutes.

44, The process of claim 43 wherein said slurry 15 digested for about 15 minutes.
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,IHM| m 43 wherein said slurry is digested for about 15

_ m nut es. _}\‘ 14 45, The
proces ‘ﬂ‘“‘“ in said coated pignment is recovered by filtering,
dryi ng uiMg. S '

14 '
45.  The process of claim 7 wherein said coated pigment is recovered by filienng,
drying and milling.
—
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(54) Title: INORGANIC PIGMENT COATED WITH INORGANIC OXIDES

(57) Abstract

Improved coated inorganic pigments having a first coating of Al2O3, SiO2, or optionally other oxide such as a source of P2Os, or
mixtures thereof, an optional coating of ZrQOz, Sn0Qy, TiO2, Si0;, CeO; or mixtures thereof, and a final coating of AlsO3 which exhibit
good durability, dispersibility, and optical properties in plastic or paint compositions are disclosed. Also disclosed is a process whereby
an aqueous shury of an inorganic pigment is milled to achieve a particular particle size distribution, a first coating of Al,O3, 8iO», or
optionally other oxide such as a source of P20s, or mixtures thereof is precipitated onto the pigment material wihin a first pH range, an |-
optional amount of ZrOz, Sn03, $i02, TiO2, CeO; or mixtures thereof is added to the aqueous slurry within a second pH range to obtain
an optional coating over the first coating, and a final coating of ALO3 is added over the prior coating(s).




