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- PGQT/ US97/.05506 _ DURABLE PI GVENTS FOR

" PLASTI CS. 1. Field of the Invention The present
invention relates to i nproved al um na-coated inorganic pigments and a

met hod for nulti-coating al um na-containing inorganic pignents to achieve

good dur abi | i t ywo!92/39067 phot ochem cal and chem cal react i RCIY897/85506
good optical and dispersibility properties in plastic appl i cations.
Most specifically, the present invention relates to an inproved

al um na-containing 5 titani um d| OXI de pignent having a first coating of
boehm te alum na, a second coaDURAR p ,tmt\ll\, *m A1 55 wnina over the

first boehmte al um na coating,
al um na over the second anor pho BACKGROUN SNV
Description of the Prior Art The surface treat ment and

coating of inorjgani FieR sfXREInventidch as titani um di oxide for 10 exanpl e,
to achi eve inproved performance characteristics in plastic conmpositions, is

k i '
nown in ghfll g ggahllaeet\?/. %A;at% . imiprovea shinkihd-coated idrgdfic thi #d a

properties are typi rough surface treatnment of the

pi gnent, whereas fﬁﬁﬂ: m%@é durab
reactivity is Wﬁ%ﬁ%ﬁeﬁ% g0 e p‘?%ment Wt sqoldca ility, low
al um na, and other taI NYS guet e [ .
prior art practpp'e ﬂéﬁgﬂ?ﬂﬁ?ﬁﬂ@y’cﬁ R‘S?Wﬁ%@g%@&%?’g"#ﬁh%m“
‘pi gnents nore dlfflcultMto di sperse in plastics % nent coated
netal oxides té& q‘é@@‘/ @“E@M@ng?r \ﬁﬁi"ﬂm

out - gassi ng and | ensing, probl ems in production . | astics

coated pi gient $itaniupp dicd ‘{) P’Wﬁﬁs‘@“ﬁS@oﬁ@?@%epfm%ﬁI éd”ﬁ?’!dh"%i"‘mg of
singl e pi gnent. Thus, plastics conpounders have eneral I P%ﬂtdb 2 ite

choose bet weenmramulsiatuﬁinwmeeﬁwﬁrstbo chmige; Humins CORKng, apd #third ¢qy

pi gnents, and dispersibility, processibility and good opti cal
alumina over the second amorphous alumina coating.

2. D.:ssnmnnf.tb:.l’.mr.m
The surface treatment and coating of inorganic pigments, such as titanium dioxide for
10 example, to achieve improved performance characteristics in plastic compositions, is known in
the art. Dispersibility, processibility and good optical properties are typically achieved through
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
15 the plgments more diﬁéultto disf:erse in plastics. Also, pigments coated with metal oxides tend
- to hztve more adsorbed water v)ltich may cause out-gassing and lensing problems in production
oﬂ_ptastics with coated pngments Typically, these problems have not been solved with a single
pigﬁtent. Thus, plastics compdtmders have generally had to choose between durability, which
can be achieved with coated pigments, and dispersibility, processibility and good optical

20 properties, which can be achieved with treated and untreated pigments.



20 properties, which can be achieved with treated and untreated

pi gnents. - WO 97/ 39067

PCT/ US97/ 05506 For exanple, U. S. Pat. No. 3,523,810

di scl oses a process for coating titania pignents with fromO0.5
percent to 10papsAhy; Poehnmite alumina at a pH of from 7 to Scpbsenesses

t enper at ures between 70 and 100[err]C. A pignent of this type with
only bochm te and no anorphous. al um na may have good optical and

di spersibility propEartexample&).SdBats Noo8,523,81@ disclogen d pecess for coating tifania pigments
Simlarly, US. Pat. No. 4,022,636 describes the addition oftwo coatings of

al um na to titwithdiwm 0.5 percent tdiIO»bﬁmtﬂim alumina et & pFlr offfrons 7 ¢9 8 fat feghparatufes

pH of about 2 followed by a boehmite coating at _ a pH of about 8,
to achieve a phegwBdn 70%nk 06T 0A AP Rype willl ohifil bdeBmitERNENS i:mrrhﬁlhﬁalmmna
process | acks the elenents required to formthe dense m na

rNgquiAfr ngf gggt €scri Eg W%F&@coat | ?’5‘% gtmésw t ﬁé%a% Sd"l@%y
2

gl 8§;C62tndagl S%é@%liygl ) ?B” N8 4627 B6Yed reqw re Fgr paléi?"f %%W(ﬁw
g:r cber i sal bl oS e i Bav P ZnRina i qﬁf#ﬂﬂ?ﬁ’é&w‘&m i
pl astic i nor gani ¢

licatio ] Exanpl. es_ of
pi gnent coatlr?gplﬁf’ I I%EWM@BM%Z’% Homeyes; this prasesse

‘been ascri bed i ncl ude the coati ng rocess disclosed in U S. Pat No.

2,671,031,  lacks the clpmentyeequired toderam the depte alymains fevizad fon thermaufapturanflurable

al um num oxi de coat| ng upon titani um di oxi de fol |l owed by heat
treat ment bet ilesticss @dsoe Uk S. Bata NNe. 4,306,699 fescribesadusthadfor eoating a pigotent withnbetwétne
present invention does not involve such a heating process. U S. Pat. No.

2, 780, 5580di sc3 persentand 6 percent aluming do gchieve the chall-Bde resistance; glossyand dispérsibility
with al unina added as an al cohol at e conmpound. The 20 present invention

invol ves nul t inehuireddat pmg;sgmfesaftimﬂm didalide. -However) thizrprocsss comains hipifer plufiina
et levels than are permissible for optimum-performance of titanium dioxide: pigments in plastic:
applications. |
Examples of inorganic pigment coating processes to which improved performance
15 benefits have been ascribed include the coating process disclosed in U.S. Pat. No. 2,671,031.
This patent teaches the precipitation of a hydrous aluminum oxide coating upon titanium dioxide
followed by heat treatment between S00°C and 800°C to decrease pigment chalking. The
present invention does not involve such a heating process. U.S. Pat. No. 2,780,558 discloses a
process for coating pigmentary materials with alumina added as an alcoholate compound. The
20 present invention involves multiple coatings of alumina-added as an inorganic salt. In U.S. Pat.
' No. 3,146,119 the claimed process requires the precipitation of a layer of titanium dioxide onto
the pigment pnor to the precipitation of an alumina layer. The present invention does not require
a titanjum dioxide coating. U.S. Pat. No. 3,409,454 discloses an alumina-coated titanium dioxide

pigment and process for obtaini;xg the same wherein the alumina is precipitated onto the pigment

2



No. 3,146,119 the clained process requires the precipitation of a | ayer of
titani um di oxi de onto the pignent prior to the precipitation of an
~alumna | ayer. The present invention does not require a titanium
di oxi de coating. U 'S. Pat. No. 3,409,454 discloses an al uni na-coat ed

titani um di oxi s 9739067 pi gnent and process for obtaini ng tREETEFHESSs
wherein the alumna is precipitated onto the pignent

2 WO 97/ 39067..; - . . . e .
PCT/ US97/ 05506 under al rﬁ?@g‘ﬁﬁqsl@ﬁi greatershan 10) forimppaved pigment dispecsibilityin plastics.
i nproved pignment dispersibitity in plastics. The present invention

i nvol ves an aci Ghepressatinventiqn ianelvgsanacidicrastingprocegureragd digestipn followed-hyian alknline
coating step. U S. Pat. No. 3,529,985 discloses a double coated titanium

di oxi de pi grent coating step. W& Pats Nch 3,529,986 disslosds aosouble conted titynium diakids pignient
at a tenperature of at |east 450[err] C before 5 addi tion of the second
coating for i npwhesth the findirhetalyoxideccoating iscdalcined at a ttemperatithecof atclessn 450°C before
i nvention does not require a calcination step. U S. Pat. No. 3,853,575

di scl oses the paduitist 6fOthe second coating' fop iripfovéd dipdtilityl ahd loptital 'PréfieRtesdThe present

pi gnents wherein the alumna coating is supplied by the ~addition
of an al kaline ﬁbﬁﬁbﬂéoé%irehﬂr@i‘c%ﬁﬁ@ﬂ&eﬁ.' U.%JP&&UNQ.' 3’,%53’,97§Ei§é!6de§’ﬂle mﬁction
pr esent i nvention discloses an acidic alum na coating procegure

230, 45, o ool S agHEcited Bububp e rightons wiall AMBED coblind s Wipted by e
oo cal s ont o ¢t o8 P Wik Sete G 1d 84 afgh il Gtdal Wofiien " g peci
foos not i nvol VBRI AEeIEe skl s oising Bsedure 134, 6B idlosd by 3 sl
Phosphat e, 9and SRRRR AR | Ui Pro NG, 0048 csrgest s e e Pgfiesrih improved

present invention dges not jnvolve the use of ,zing. ., . None of
the aforenenti %Wﬂm Jehieved by a-first coating of seripm and phosphate sadicals onto the
pi gnent s wth a first |ayer of boehnte alumna, a second |ayer of

amor phous al uni pigx,ne_atr@dep sepand conting-of aluminum and phosphate radicals over the first coating. The
present invention does not involve the use of cerium. U.S. Pat. No. 5,114,486 discloses a process
for coating titanium dioxide pigments with zinc, phosphate, and aluminum ions for improved

15 processibility. The present invention does not involve the use of zinc.

None of the aforementioned patents suggest or teach the coating of inorganic pigments
with a first layer of boehmite alumina, a second layer of amorphous alumina, and a third layer
of boehmite alumina to produce the coated pigments which are the subject of this application.

SUMMARY OF THE INVENTION
20 An object of the present invention is to provide durable alumina-coated inorganic
pigments with good optical properties, dispersibility, and chemical stability in plastics
applications. A further object is to provide improved inorganic pigments, preferably titanium
dioxide pigments, having deposited thereon a first coating of boehmite alumina, a second coating
of amorphous alumina and a third coating of boehmite alumina. An additional object of the



of boehnmite alumna to produce the coated which are the subject ofthis
appl i cati.on. 20 An object of the present inventionis to
provi de durabl e al um na-coated inorganic pi gnents with good
optical properties, dispersibility, and chem cal stability in plastics
applications. A further object is to provide inproved inorgpgiesicsssent s,
preferably ti 7 di oxi de pignents, having deposited thereon a
first coating of boehmite alum na, a second coating of anor phous
?Ihum na and a pleséntlinvaitionigtoqrotiae s piocess Y Wﬁdh%uch“ﬂnrﬁﬁd-‘cbitg@ﬁ;brgﬁﬂb Bighefis are
e
WO 97/ 39067  produced. . . . . .
PCT/ US97/ 05506 present invention is to provide a process by which
such al um na- coat ed i nor gARicERRPHIRIOE TR S A
DESCRI PTI ON OF THE PREFERRED ENVB

CDIMVEN =
| norgani ¢ pi gent npieRa ARG Rl b 4R s sl Borassic harunt cotmerng an.
by wei ght _based on_. . 1 he i ght of . sai d 'grrent material, having a
f?/rst | goats i n; W'UBE'P%W}H&H?'@I %mmé' %sﬁfmé’s 075 t alugina @x:\m@hhus&wg
pi gnent, a secqgnd cg?lﬁt' ng. of predom nant|y anorphous al um na over said
first the et g* sayd pisment;material, having g fistt costingwfipredomiinanthpbdehinite alumina
al um na over said_ second coating; said o first coating being
achi eved in a pssidhinorganicpigment; [ seepnd costing of predominantlyt aniarphons aluiniig Dvérciaidfirst
10 achi eved conti nuously. Advant ageously, the
al mi na- coat ed ¢astingand 8 thirdeoating of predomisantly bochmiiteiatuniing dvep eiiig 86tond coating; said
to about 2 percent alum na by weight based upon the weight of said pignent
Pref erabl y t hefirst coating being achieveddinaf distréte aniteaali andpsaiih$sebnd and ﬁ'ﬁrﬂ%ofnﬁ%?‘being
about 1 percent to about 1.5 percent al um na by wei ght based upon
t he wei gho of schieveduoptiiuslyat eri al and nost preferably the al um na

Admm;eq:dy, the alumina-coated inorganic pigment contains from about 0.75 percent
to about 2 percent alumina by weight based upon the weight of said pigment. Preferably the
alumina-coated inorganic pigment contains from about 1 percent to about 1.5 percent alumina
by weight based upon the weight of said pigment material and most preferably the alumina

15 coated inorganic pigment contains about 1.3 percent alumina by weight based upon the weight

of said pigment material.

Advantageously the alumina-coated inorganic pigment employed is titanium dioxide.

The process for preparing the alumina-coated inorganic pigments of the present invention
advantageously comprises the steps of :

20 (a)  milling an aqueous slurry containing inorganic pigment material, wherein said
pigment material contains at least about 0.75 percent alumina by weight based upon the
weight of said pigment material, in the presence of a dispersing agent, to ‘achieve a |
particle size distribution in said pigment wherein no more than about 40 percent of said

pigment particles are greater than 0.49 microns as measured by a Microtrac 9200 FRA;



15 ° coated i norgani c pignment contains about 1.3 percent alumna by weight
hased upon the wei ght of said p| grrent materl al .

- Advant ageousl y the al uni na- coat ed 2 FErry enpl oyed is titanium

I di oxi de. The prod "Whe al um na-coat ed

* inorganic pi gr@géﬁsﬁ7 t he present advant aBeDHIEs7{Psses

conprises the 5 |nQ.an aqueous slurry

cont ai ni ng i nor gani [ gmar)t material, wherein said pi gnent
mat eri al - cont ai ns at(bfeaﬁmﬁﬁ%themgMé’ﬁ?‘%\d@m‘?ﬂé‘sﬁ'&‘%i ght based upon
t he. i ght of said pignment material, in the presence of a

di spersi ng agent, tc(chcmaéduegaﬁrstamount of an alumina,coating-3gentdp seid slumy sdvantagesusly
in said pignent wherein no nore than about 40 percent of said

pi gment particles ardoxwmﬁteuwmmefnﬂspmwmmwmmmmmxbw
9200 FRA;

(b) renovi ng t he noflat leag dbod Hsidm&aﬂrﬁt@mwdonﬂﬁaﬂyboehmteﬂuﬁﬁﬁonmd
adding a first ampbunt of an alumina coating agent to said slurry

advant ageoysl y pigméit,ONg With a second amount of a di spersing agent and
adjusting the slurry pH to a |evel of at least about 1.5 to forma

first coating of pr @nggb
(d) di gesting the sfurr@ at ﬁa t Egera ufe of from about 58[terr Eﬁ?@g%ﬂfm

70[err]C for a tine to about 60 m nutes;
(e) I ncreasi ng theof o?boﬁp “{urr éqbo a*Tevel within the range of from

about 2.5 to about f addi ng. econd unt of.  an
‘al um na coati ng ager#) t OWWWP@%M%Mﬁ@'&‘ngwsﬁ'@“‘
pH adj usti ng agent t£ forma second coating of predom nately anorphous
al um na over said fiPst coating while maintaining the pH of the slurry
within a range of R . .
10 ® adding 2 second amount of an alumina coating agent to the shurry with concurrent
addition of a pH adjusting agent to form 2 second coating of predominately amorphous
alumina over said first coating while maintaining the pH of the slurry within a range of
from about 3 to about §;
(® digesting the slurry at a temperature of from about 50°C to about 70°C for a time
15 of from about 10 to about 90 minutes;
(h)  adjusting the pH of the slurry to a level within the range of from about 7 to about
9 and digesting said slurry at a temperature of from about 50°C to about 70°C for a time
of from about 5 to about 60 minutes to form a third coating of predominately boehmite
alumina over said second coating; and
20 ()  recovering said alumina coated pigment to provide a plastics grade pigment.
Advantageously the pigment material in step (a) contains from about 0.75 percent to
about 2.0 percent alumina by weight based upon the weight of said pigment material. Preferably
said pigment material in step (a) contains about 1.3 percent alumina by weight based upon the

weight of said pigment material. Advantageously said pigment material is titanium dioxide.

This Sheet Has Been Rerlaced '




fromabout 5 to about7; (9) digesting the slurry at a tenperature

of “from about 50[err]C to about 70[err]C for a tine - of from about
10 to about 90 m nutes; (h) adjusting the pH of the slurry to a
level within the range of from about 6 to about 9 and digesting
said slurry Syperature of from about 50[err]C to aboutﬂ_]lgéfg,; for a
tinme a'g'fﬁ?bom about 5 to about 60 mnutes to forma t coati ng of
predom nately boehnite ., -~ alum na over said second coating; and

(i)  recover iAtaftagddudy, i disper iy fintih $EBHa) b @) R\dellEred £ W?EF&%E

pi gnent . Advant ageousl y the pi ggrr%&;\t(?rat e‘r%?al I n step %al nsg

the wei gt of ‘&Pﬁ“’&%tma?er.aﬁ%ﬁ TGOV, Bkl E.g 4 bai‘?i
et ont ot e RenreBRbhaty pRGibine ekl it e ) BRPR e el ep v i

0 . et 5 A e et

and (c) |s sel eﬁt ed fromthe group consistin of phosphat es,
pol yol s dnd affiithpigment matensl - Besferably the amoy #ﬂ@smﬂﬁmlmmSpmby
hexanmet aphosphat e. The di s&erm ng agent in step (a) is advantageously
present in anWeighthesed upon the weight of e3id pigment axiateiriab n'Whema tisperfing pgenc isieinploged
about 0.5 percent by wei ght based upon the wei ght of 5 sai d pignent

material . Preinsteptlyitisadvantageouslypresent ih miaspentsin e rangeruf fiom S50LI0.09 parbent to

percent by wei ght based upon the weight of said pignment material.

Wien a di sper sliou Ociomentent by weightchasetl upon the weightiofsaidopigment mdteria. Preferably said

advant ageously present in an anount in the range of from about 0.05 per cent

to am@@mwmhwcmwwwmbhswuyw& widu?on-

pi gment material. Preferably said di spersing agent i's present
step (Choin mewhfﬁf@mgu&tmapercent by wei ght based upon 10 t he

wei ght of said pignent material.

In the present invention from about 0.1 percent to about 20 percent of said pigment
particles are 0.49 microns or less as measured by a Microtrac 9200 FRA. Advantageously from
about 5 percent to about 10 percent of said pigment particles are 0.49 microns or less and
preferably about 7 percent of said pigment particles are 0.49 microns or less.

15 Advantageously the milling media of step () is sand. Preferably the temperature during
steps ¢ through h is maintained within a rangé of from about 50°C to about 70°C and most
preferably the temperature is maintained at about 60°C.

Advantageously the alumina coating agent is an acidic or alkaline inorganic aluminum
salt. Preferably said alumina coating agent is sodium aluminate.

20 In the present inventive process the amount of alumina coating agent added in step (c)
is sufficient to provide said first coating in an amount within a range of from about 0.01 percent
10 about 1 percent boehmite alumina by weight based upon the weight of said pigment material.
Advantageously the alumina coating agent added in step (c) is sufficient to provide said first

coating in an amount within a range of from about 0.2 percent to about 0.5 percent and



In the present invention fromabout 0.1 percent to about 20 percent of said
pi.gnent . particles are 0.49 microns or |l ess as neasured by a

M crotrac 9200 FRA. Advant ageously from about 5 percent to about
10 percent of said pignent particles are 0.49 mcrons or |ess and

‘preferably abowodspgycent of said pignent particles are 0.49PCHUSIHOASOGO

| ess. 15 Advant ageously the mlling nmedia of step (a) is sand.
Preferably the tenperature_ during . steps c through h is maintained
wi thin a range PHferpbipthe alyming comsing egenbasided is sefficient te-peryide,sidifirst coating in an amount
preferably the tenperature is maintained at about 60[err]C.

Advant ageous| y of sbous D.3&ipeecentdwtweightagent is an acidic or al kaline inorganic

al um num salt. Preferably said alum na coating agent is sodium
alum nate. 20 Advantageoiisly the elumimseuating agemtraddedcinstepqHsis sufficient eOprovide aid
al um na coating agent added in step (c) Is sufficient to provide

'said first coatsecumdicoating iR &R wibusivithisa fAngeoTFondibolt 0.2 pehvend toQbSik 12Eperst by

to about 1 percent boehmte alum na by wel ght based upon the wei ght of sal'd

pi gnent mmeg er i aveight based upon AEWREIEIR GESAIE p bridl] Pﬁf&ﬂﬂﬁc Wﬁ%ﬁ&m

in step (c) is sufficient to provide said first

amount  wi t hi N gddeNuieienth BtyHRid sBoohd 54Eg B anldincbiiPHihifl a Tasie of BB 4808 0.5

6 WO 97

PCT/ US97/ 05506 r L, umi oat i agent added i .
sufficient to B%W‘é%%%‘ﬁﬁﬁﬁ%ﬁﬁ'ﬁﬂwmmmﬂm mawgﬁtiﬂﬁed“
0.35 percent b he al um na

coating agent é‘ﬁ?‘aﬁ% Peqvids ‘f‘f’)‘e‘ﬂ’d Sppingdn %a uﬁ%‘i’éeﬁrmt by weight.
Sbout 1.2 perdent pfnngeoust e ol of sif iy Bpive seR I P 16 Taestd ooy
material. Preferably the alum na coating agent added is
sufficient® to H’r%?ﬂ‘é)és ageously adiusted toleyel withinthaiange of fram abayt 1 sovehout3 and
from about 0.5 oferably the pH of said slurry is adjusted to sbout 1.5, Advantageously the pH of said slurry
in step (¢) s adjusted to about 3 and the pH of said slurry in step (f) is maintained st about 5.75.
The pH of said slurry in step (h) advantageously is adjusted to a level within a range of from
about 7 to about 9 and preferably the pH of said slurry is adjusted to about 7.8. Advantageously
15 the pH adjusting agent in steps (c) and (f) is a mineral acid, preferably suifuric acid. Preferably
said pH adjusting agent in steps (e) and (h) is an alkali metal hydroxide base. Preferably such
pH adjusting agent is sodium hydroxide.
Advantageously said slurry is digested in step (d) from about 5 to about 60 minutes and
preferably said slurry is digested for about 15 minutes. Advantageously said slurry is digested
20 in step (g) for from about 10 to about 90 minutes and preferably said slurry is digested for about
30 minutes. Advantageously said slurry is digested in step (h) for from about § to about 60
minutes and preferably said slurry is digested for about 15 minutes. Advantageously the alumina

coated pigment is recovered by filtering, drying and milling.



percent to about 1.0 percent by weight and nost preferably the al um na
coating agent added is sufficient to provide said second coating
in an anmount of about 0.75 percent by weight.

Advant ageously the pH of said slurry during step (a) is about 10. The pH of

said slurry 97 4N step (c) is advantageously adjusted permasdousds
within the r%‘éeﬂg?sfrom about 1 to about 3 and preferably the pH
of said slurry is adjusted to about 1.5. Advantageously the pH of said
slurry in step (e) is adjustegXAMPLBUt 3 and the pH of said
slurry in step (f) is maintained at about 5. 75. The pH of said
slurry in step (h) ag &Bﬁ?ﬁﬁﬂéﬁ 18004 6107 with! 12396 lalutida Yy wellgt: dléiftated
from about to about nd preferably t he pH of sald sturry is

S?jeg:t(eg)tgngla??gl’ls am neral a?ul?‘ pr%rably sﬁﬁs@%c acglg‘L rettgrog y
base. | Pr 2?&?2%%‘%%%%"%%%% Biing £ PRt ol b 47 t%'ato ”’X*de
ﬁd\r/“'jt?teggeousl ¥emgleg M@ﬁ%ﬂa% ted N §-quei€d gﬂd%; fromo?grsll{;l aw!{@ﬂ

2bout 10 o 25HEA 985 Mg metha S, 'Sﬂﬁ’sﬁﬁfioaé’qxcsmr pLi L ieRapsts L&E;Jvié’m
about 30 m nut es. Advant ageously said. sl urry Is digested in ste

(h) for from addrs asssodiympaluminatey The pH was adjusted 10,35t 5.8f alfyricsagidcand the

slurry is digested for about 15 m nutes. Advantageously the al um na

coat ed pi gnensolitonrdigegodfor iiS mijnutds| The pHopf thersplutign wasithen adjisted to 5.75 with 5.0 mL
I73CT 1 UsS97/ 055060diuV\2 h%z:o?,ﬁgG 745.8 mL, 1.4696 g/mL, alumina was added as sodiunEdidinate with
An aqueous solution conprising 1800g of Tierr] with 1.3% al um na by
wei ght cal cul gbaslirrent addition of 13.3 mL sulfuric acid to maintain the pH at 5.5 - 6.0. The slurry was
digested for 30 mmnta The pH was then adjusted to 7.8 with 4.3 mlL, 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
15 The treatment of Example 1 was repeated. Pigment was micronized with 0.40%
TMP/0.3% TEA.
Reference 1 was a heavily treated “durable” pigment for plastics.
Reference 2 was an untreated pigment for plastics.

Reference 3 was a standard plastics grade pigment.



as Al[err](Jerr] was dispersed with 0.15% sodi um hexaneta phosphate and
sand-mll.ed to obtain a particle size distribution of 7% of .
particles having a size less than 0.49 mcron. The sand was 5 renoved
after mlling. The slurry was then diluted to a volune of 4.5L, an
‘additional 2.54g0973%067 cal gon was added and the tenperat ur e PETUSEOSH6L O
'60[err]C. 11.5 nm, 1.4696g/n., alum na was : added as sodi um

al um nate. The pH was adjusted to 3.5 with 5.0 nL sulfuric acid and the
sol ution digested for 15 mnutes. The pH GEABEElsc| uti on was .t hen adj usted

to 5.75 with 5.0 nL sodi um hydroxide. 45.8 m., 1.4696_qa/nL
al um na was ad as sodiu U a 0 r th
13.3 nmL sul furi acid to |%§Rﬁ 2 gefm%aélgfj 7T§' ce3
di gested for 3@ m nutes. The pH \A@uwgﬂd int! Sib p@P&ﬁ& with 4.3 nL sodiu
hydr oxi de and tgrey cH=t u?ﬁ’p ﬁm.ﬁ.yr motes—FHre—sarpes—wese
then filtered, JdTistcSteengthni cr @Ri8zed jwi 180.7 99.535%| T\VP100The HesullOlss ar €
reported in Talfe_T EXANVPCH
2 15 ot 1974 rmllgﬂjwq r 83dat ed. pi%ddent jwas 100.7
m croni zed. Wi t % 4¢P/ 01 3% TEA. 5 ef erfence 1 was
a heavily %reat ?é . Paf)lfe pi gnent |for pl ast}i cs. 8 68° Ref eT ence
2 was an untre ntdlfor plasfdicg Ref prpn(ie 3.was al
standard pl astifjcs grade pignent.  Reactivity and Durability Tests*
8
' Photo-induced 4.6 3.2 42 12 85

Anti-oxidant

10 Yellowing
Durability 10 6.1 12 29 24
Volatiles @ 0.63 0.71 1.2 37 48
350C

*Lower numbers indicate lower reactivity in these tests and are therefore preferred.
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Dispersibility Properties Tint Strength 99. 8 100. 7
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therefore preferred.

material having a first coating of predominantly boehmite alumina on said inorganic pigment,
a second coating of predominantly amorphous alumina over said first coating, and a third coating
of predominantly boehmite 2lumina over said second coating; said first coating being achieved
in a discrete interval and said second and third coatings being achieved continuously.

2, The alumina-coated inorganic pigment of claim 1 wherein said inorganic pigment
contains from about 0.75 percent to about 2 percent alumina by weight based upon the weight
of said pigment.

3, The alumina-coated inorganic pigment of claim 2 wherein said pigment material
contains from about 1 percent to about 1.5 percent alumina by weight based upon the weight of
said pigment material.

4, The alumina-coated inorganic pigment of claim 3 wherein said pigment material
contains about 1.3 percent alumina by weight based upon the weight of said pigment material.

5. The alumina-coated inorganic pigment of claim 1 wherein said pigment material
is titanium dioxide.

6. A process for preparing alumina-coated inorganic pigments comprising the steps
of:

(a) = milling an aqueous slurry containing inorganic pigment material, wherein
said pigment material contains at least about 0.75 percent alumina by weight based upon

the weight of said pigment material, in the presence of a dispersing agent, to achieve a

particle size distribution in said pigment wherein no more than about 40 percent of said

pigment particles are greater than 0.49 microns as measured by a Microtrac 9200 FRA;

10
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PCT/ us97/ oimm\m va 's claimed is: 1. An
al um na-co gani & pignment conprising an inorganic pignent material

cont ai ni ng at Ieast about 0.75 percent alum na by wei ght based upon the

wei ght of sai dwo @t ' material having a first coatRCEUSINOS506
predom nantly boehm te alum na on said inorganic pignent, a
second coating of predom nantly anorphous al ugina over said first coating,
and a third coating 5 () om‘@!ﬂdg? w%@%wéaavmﬂm\/er sai d
second coating; said first coating being achi eved . in a discrete

i nterval and said second (ehd mddmgiacﬁmtamgmtloﬁlanglmm caatidg agent ito) said slyry and
2. The al um na-coated inorganic pignent of claim1 wherein said

i nor gani gopi gment  adjusting tiseosliney PH for arevebofiat RastSaboar ¢Snfo fofm abHist cdating of
percent al um na by wei ght based upon the wei ght of said pigment.

3. The al um na- C%&W&fﬂ@é&h&em&ﬁﬁrﬂnsﬁfdw 2 wherein said pignent
mat eri al contains fromabout 1 percent to "about 1.5 per cent

al um na by wei ght based ygpn g%ﬁfﬂg&m T urﬁ{atatem \g}b“pmggm tﬁé‘#@’ﬁfc

4. * The al um na-coat ed 1hor of c al m erern sai

mat eri al cq&tﬂﬂ? ﬁé&ﬂfﬂ’é*t%tg%&ﬁ%m& na by wei ght based upon

the wei ght of said prgnen The

al um na- coat ed i norganic (gl grrent af aﬁmﬂj%\/\%er e&g a| d a?qtnggg &r)xlniﬂxmt

is titanium di oxi de.

al um na-cgated i nor nts conprising the steps
(a) mi IYPi ng an aq%g% b@f’ﬂ'{ey cont ai ni ng i norgani ¢ pi gment mat er| al ,

Wher ei
wherern ()  adding a second amount of an alumina coating agent to the slurry with

concurrent addition of a pH adjusting agent to form a second coating of predominately
amorphous alumina over said first coating while maintaining the pH of the shurry within
a range of from about S to about 7;

20 (8)  digesting the slurry at a temperature of from about 50°C to about 70°C
for a time of from about 10 to about 90 minutes;

(h)  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 70°C
for a time of from about 5 to about 60 minutes to form a third coating of predominately

25 boehmite alumina on said pigment and over said second coating;

()  recovering said alumina coated pigment to provide a plastics grade
pigment.

7. . The process of claim 6 wherein said pigment material in step (a) contains from
about ! percent to about 1.5 percent alumina by weight based upon the weight of said pigment

material.
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said pigment material co I i wgibout 0. 75 percent al umi na by
wei ght' based upon 5 *mrm!]@"ﬂmlmgm of said pignent material, in

t he presence of a dispersing adgent', so0 achieve a particle
size distribution in said pignment wherein no nore than about 40 percent of
sai d wo 9ssae7Pi gment particles are greater than 0. 49pdiGdeRbssed s
nmeasured by a I\?crotrac 9200 FRA, '

10 WD 97/ 39067 _ .

PCT/ US97/ 05506 8. Theprocess of claim 7 whefelh)said pignieny iageribl onthidslabéid 1/55éhcant
from sai d aqueous slurry; (c) adding a first

anount of an ahﬂﬁﬁ%y%ﬁ&eéﬁﬁéﬂth&@uﬁi&?s&ﬁlﬁwﬁﬂmﬁw

adjusting the slurry’"pHTo a level of at |east about 1.5 to forma first

o1 grEnt; 5 The proflsF R efif AR o Todt el B i e,

LB of Tromabout Mo THPSEbHEEEubiki  stond amount of s dispering ageis s Saded
I ncr easi ng theh-gslt_lq?(f the slurry to a level within the range of from about
15 2SR {Chhout 5: (f) adding a second
anount of an alum ng coating agent to the slurry with

concurrent additiontbf alBs-PregessaficiaimJQovherein, sqid dispersing agent in staps (a)and (c) is

predom nately anor phous al um na over said first coating
whi | e mai nt ai nselestedfom the grouprrensistingof phgsphates, polyols and amines. a range of
fromabout 5 to about 7; 20 (9) di gesting the

slurry at a tenperaldire Thie fprocessbafutcla@ di r wbetein csaidutdispefsing Ja@ent is sodium

for a tine of fromabout 10 to about 90 m nutes;

(h) adj ust i nbexaimetaphbdsphate.he slurry to a level within the range of from

about 6 to about 9 and digesting said slurry at a

tenperature of fronZabourhejrocess dfleldif 6lesdin sid dispersing agent in step (a) is present in an
amount in the range of from about 0.05 percet to about 0.50 percent by weight based upon the
weight of said pigment material.

14.  The process of claim 13 wherein the amount of said dispersing agent is about 0.15
percent by weight based upon the weight of said pigment material.

15.  The process of claim 10 wherein said dispersing agent in step (c) 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 material.

16.  The process of claim 15 wherein said dispersing agent is present in an amount of
about 0.30 percent by weight based upon the weight of said pigment material.

17.  The process of claim 6 wherein from about 0.1 percent to about 20 percent of said
pigment particles are 0.49 microns or less as measured by a Microtrac 9200 FRA.

18.  The process of claim 17 wherein from about 5 percent to about 10 percent of said

pigment particles are 0.49 microns or less.

12



for a time of fromabout 5 to about. 60 mnutes to forma third coating of

predom nately 25 ”"mﬁ"‘m\l a on said pignment and over
.sai d secand coati ng; "l“m mF(l ) recovering said al um na
coated pignent to provide a plastics gfade pi gnent .

7. The procagesmisssi ai m 6 wherein said pignent naterial inPETAEIN0EI06
contains from about 1 percent to about 1.5 percent alum na by
wei ght based upon the wei ght. of said pignent . material.

97/ 39067 19.  THé process of claim 18 wherein no more than about 7 percent of sai ent
PCT/ US97/ 05506 8. The process of claim7 wherein sai 3 pI ggngm

mat erial contai nﬁaﬁg%eé,@np&gﬁse&tlm al um na by wei ght based upon the
‘wei ght of said pignent nmateri al The process of claim®6

wherein said pigment t erqual

process of claimé whieﬁrlel nﬁépsl:{’a%;ncf{ %’U{lﬂl-% ggl shp?fe' mgd'ﬂﬁfﬁﬁpe&?'“ygdded

in step (c). ss »of, cl.ai.m V\/nereln .said .
di spersing agent in s%eps %prgﬁeégeg)f W‘é‘é?‘éé‘l“é"‘? °th'°“$hh 18
consi sting of phosphat ol s . The process

of ctaim 11 Meﬁ"&ﬁﬁ“ﬂ%‘hﬁ&}’éﬁ&%? ‘BS&W§9§‘§’MO Chexarret aphosphat e.
13. : The process of claim6 wherein said dispersing agent in step (a) is
present in an  amourd®i n ke@rocasspf claim2i svketissha tempestuse isaeintainel 2 bbout 60°C.
0. 50 percent by wei ght based upon the weight of said pignent material.

14. The process of B ai rihgammnﬁdmﬁwhmmﬂmmﬁngnmrsamwdmemm
i's about 0.15  percent by weight based upon the weight of said pignent

mat eri al . inorgagic alumifium saltocess of claim 10 wherein said di spersing
agent in step (c) is present in an

24.  The process of claim 23 wherein said alumina coating agent is sodium aluminate.

25.  The process of claim 6 wherein the amount of alumina coating agent added in step
(c) is sufficient to provide said first coating in an amount within the range of from about 0.01
percent to about 1 percent boehmite alumina by weight based upon the weight of said pigment
material.

26.  The process of claim 25 wherein the alumina coating agent added in step (c) is
sufficient to provide said first coating in an amount within the range of from about 0.2 percent
to about 0.5 percent by weight based upon the weight of said pigment material.

27.  The process of claim 26 wherein the alumina coating agent 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 6 wherein the alumina coating agent added in step (f) is
‘sufficient to provide said second 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.
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anount in the range of from-abeut—0-05—percent to about 0.50 percent by

wei ght based upon the wei ght 'i _i nt material . 16. The
process af claim15 vvhereiH _ “('ESB u%mgeagent is present in an anount
of about 0. 30 percent by L n the wei ght of said pignent

materi al . ?’”326177' The process of claim6 wherein froptpbgytesses 1

percent to alf¥ percent of said pi gnment particles are 0.49 mcrons or
1 ess as nmeasured by a Mcrotrac 9200 FRA. 18. The process of

claim 17 wherein from ahQout -5 percent,.t a about he of | ol. ' t
particles are 0.49 'crgﬁ%p"&?’“g . 28v9hem8ihea&1%éo§§£§agentfﬁe&“ssu&cﬂﬁﬁg
12 WO 97/,39067 .. .

PCT/ US97/ 0550 @rovide said second ceating in apamaynt, withia a jange;of frpm aboys 0.5 pergent g0 phout,1.0
than about 7 percent of said pignent = particles are 0.49 mcrons or |ess.
20.  The proqeseenty weightbassd upen the weight ofsaid piggentmpteriabi step (a) is sand.

21. The process of claim®6 wherein the tenperature during steps c through

his mai nt ai ned 36i t hiThe plocess af cisim@9 Whenein tlisalumizO¢oating Benvadded is sufficient to

. 70[err] C. 22. The process of claim 21 wherein the tenperature

i s maintai ned péviddxidisecil edatihg in an amount of abo(30.75 péftumt by weightbaséd wpcnithe Weight
wherein the alum na coating agent is an acidic or alkline I norgani c

‘al um num sal t.ofsaid pigment métdrial. The process of claim 23 wherein said alumna
‘coating agent 1s sodlium al um nate. 25. The process of claim®6

SU T icient Lo provige sanPpRsBrUals REGK o6 T Or bl Sl furine e (tFis shout fo.
fromabout 0.01 35 pe process of claim 6 wherein the pH of said shurry in step (c) is adjusted to a
level within the range of from about 1 to about 3.
33.  The process of claim 32 wherein-the pH of said slurry is adjusted to a level of
about 1.5.
34.  The process of claim 6 wherein the pH of said slurry in step (e) is adjusted to
about 3. |
35.  The process of claim 6 wherein the pH of said slurry in step (£) is maintained at
about 5.75.
36.  The process of claim 6 wherein the pH of said slurry in step (h) is adjusted to a
level within the range of from about 7 to about 9. |
37.  The process of claim 36 wherein the pH of said slur;'y is adjusted to about 8.
38.  The process of claim 6 wherein the pH adjusting agent in steps (c) and (f) is a
mineral acid.
39.  The process of claim 38 wherein said pH adjusting agent is sulfuric acid.
40.  The process of claim 6 wherein the pH adjusting agent in steps (e) and (h)isan
alkali metal Hydroxide base.
41.  The process of claim 40 wherein said pH adjusting agent is sodium hydroxide.

14



per cent to about 1 per cent bo @m’te al um na i ght based upon the weight

~of. said pi gment mat eri al . II[‘”Mﬂ process of claim25 wherein
‘the al um na coati ng agent add ” sufficient to provide said
@ from about 0.2 percent to

‘first coating in an anount within th‘e range

about 0.5 perceydofigegrei ght based upon the wei ght of said pi gpertsemessesi al .
27. The process of claim 26 wherein the alum na coating agent added is

sufficient to provide said first coating in an anmount of about 0.35

percent by wei ght basgd u teri

28. The process of CIS% m \Mlie:r!eéslsv‘)’,{?fzﬁ'ﬁ]‘;gtlv"'tl}%:f na can |3nlgai;ésé%f Z‘é?ff’ﬁﬁ'%'?é@m

(f) is suffici [}Paé Q‘row e said second coating in an anobunt within a
w43 i

‘range of from a to about 1.2 percent by wei ght based upon
the wei ght of said pi msnt mat eri al
13 . VO 97/ 39 Theprocssofclmm42wheremsmd slurry is digested for about 15 minutes.

PCT/ US97/ 05506 The process of claim 28 wherein the al um na
coating agent added i44. sumémmofdﬂm‘sp'hmdé&mlsdlcmtdlnmp(g)g'onﬁ'omabout
anount "within a range of from about 0.5 percent to about 1.0 percent by
wei ght based upaﬁtonbom/é!pgmma said pignent material. 30. The
‘process of claim29 wherein the alum na coating agent added is sufficient

to . provide said sdﬁondl’h@ptwmofﬂmﬁfmﬁhsﬂﬂslﬁh?ﬁﬂd:ébs{ééfd}%&ﬂ@ommes
wei ght based upon the wei ght of said pignment materi al

46.  The process of claim 6 wherein said slurry is dlgested in step (h) for from about

10 to about 45 minutes.

47.  The process of claim 46 wherein said slurry is digested for about 15 minutes.
48.  The process of claim 6 wherein said alumina coated pigment is recovered by
filtering, drying and milling.
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31. _ The process of claim6 wherein the pH of said slurry du'ri ng step (a)
I s about 10. 32. The process of claim6 wherein the pH of said
slurry in step (c) is adjusted to a level within the range of from about

1 to about %b)s aéffa‘gk’iné t{xg’i?fﬁllifxémkl‘aiapf?&ﬁ uteg,li@%lmrgz wher ei n the pH of

said slurry™i e The

Bbout 3. (@ "addihgcs frst eigtpf ok S qso'g wrépéﬁﬁsﬁqua%?flsééﬁﬁd +°

slurry in step (f) is rral nt ai ned at about 5. 75. The
process of eloagnwith aisecaridramdunt wiflaclispeesing agent apd adiustv@thers;umspfeldp @Slc\ﬂﬂll to
a |l evel within the range of from about 7 to about 9.

ghe process onat !‘éa@t o V85 Ricth 4 fifst ohtitlg SPprddeinataly boelmsite sl @n a&:@ut

: The process of claim®6 wherein the pH ajusting agent in
steps (c) ag%é& s a m neral acid. 39. The process of
claim 38 wh in said pH adjusting agent is sulfuric acid.

The process of claim6 wherein the pH adusting agent in steps_(g) .and,(h)
is an akal i %samgmym@éammmoffmmabwfo C H‘g Eéeé@foafm@Fal m

40 wherein said pH adjusting agent is sodi um hydroxi de.
14 VO 8964 5 to about 60 minutes;
PCT/ US97/ 05506 42. The process of claim6 wherein said slurry

i s digested)n stifiedsing the pHidreRe afio a level Within e uige/ST forubeEt 2.5 to about
43. The pr(o)cess of clai mbIé.lIfZ wherein said slurry is d| gested for about 15

m nut es. s;

® adding a second amount of an alumina coating agent to the slurry with concurrent

addition of a pH adjusting agent to form a second coating of predominately amorphous .

alumina ov;:r said first coating while maintaining the pH of the slurry within a range of

from about 5 to about7;

(g)  digesting the slurry at a temperature of from about 50°C to about 70°C for a time

of from about 10 to about 90 minutes;

(h)  adjusting the pH of the slurry to a level within the range of from aboﬁt 6 to about

9 and digesting said slurry at a temperature of from about 50°C to about 70°C for a time

of from about 5 to about 60 minutes to form a third coating of predominately boehmite

alumina over said second coating; and

@) recovering said alumina coated pigment to provide a plastics grade pigment.

Advantageously the pigment material in.-step (a) contains from about 0.75 percent to
about 2.0 percent alumina l;y weight based upon the weight of said pigment material. Preferably
said pigment material in step (a) contains about 1.3 percent Mu@a by weight based upon the
weight of said pigment material. Advantageously said pigment material is titanium dioxide.
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44. .

f or f r-om about

The process of claim6 wherein said slurry

20 to about 70 m nutes.

i s d| gest ed :;;%ce%g g@f‘j

claim 44 wherein said slurry is digested for about 30 mnutes

46. The process of claim6 wherein said slurry is: d| gested in g h) Y

for from about about 45 m nutes. The pr ol $206-

cl ai m 46 wherein s%@ I urry i swm@&%mm?wm%t es.

48. The pr
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(59) Title: DURABLE PIGMENTS FOR PLASTICS
(57) Abstract

alumina-coated inorganic pigments having-a first coating of boehmite alumina, a second coating of amorphous alumina, and
2 third coating of boehmite alumina which exhibit good durability, dispersibility, and optical properties in plastic compositions are disclosed.
Also disclosed is a process whereby an aqueous shurry of an alumina-containing inorganic pigment is milled to achieve a panticular particle-
size distribution, a first coating of boehmitc alumina is precipitated onto the pigment material within a first pH range, 2 second amount of
an alumina coating agent is added to the agueous shury within a second pH range to obtain a second coating of amorphous alumina over
the first boehmite alumina coating, and then the pH of the slutry is adjusted to a third pH range thus forming a third boshmite alumina

coating over the second amorphous alumina coating.




