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TI TANI UM DI OXI DE SCOURI NG MEDI A AND METHOD OF

PRODUCTI ON Background The present invention relates to
woretohoas3s or preparati on of substantially rounecEUsR005/015005

spherical pellets conprising sintered titanium

di oxi de. The pellets are useful as a scouring nedia.

Met hods di scl osed herein involve mxing titanium

di oxi de dust, water and at |east one surfactant,

TSI BRNG DI Mo Tl PRdlcTion

The production of titani um di oxide through the vapor

phase oxidation of titaniumtetrachl oride has becone a

conmonl y used process i Ba¢gkggoprdduction of titani um

d

¢ DR Rt e A B P RRE S Bon O AR rpund and
spheried] phllghcdreprisargadintered titanivan doxiddatThe peltetsaat asefulfdsa scouring
resul tant stream of hot oxidation products exiting the
reactor contains titaniumdioxide in a finely
d M%H{ddg’ Hfs@l@sefd‘}fefeﬁ HYBRR G Hink Ut HRASHE AbXideQSE Wakt® BhPat least one
The freshly fornmed titani umdioxide particles, which
surfactaine fgmaseapelket frbinrthe masgureeng singsaivg ithecpablat toifoime the tigandym
di oget her EP formsmal |l aggregates having a dianeter of

Ome@ PREFG 15nm Some of these snal | aggregat es grow

| Ar@ProdiidtionioZ Gtadish Pidkide Yhrdugh BE vasorphsstoxatager of fitakidm

and unshapel y aggreqates havi ng a di nensi on greater )
tetrachlerige s bespme argpmamon awg@rpra@egq} @gtb? produetion of stangrmdionidg

g L ST e e L S

high t@mpedatued in :Irﬁ@ﬁ(ﬂavfon acudtor h&hé esultada stidagnofitoo dxiditsorvfrodilets
.. pass over it constantly regenerate this |ayer. t, .
exmﬂ%ﬁwea&t% SoRtaing tifagium dipXide iig fpely WSEWPWPPH awe%é i, gaseous
constﬁu'aﬁts I eACH My ﬁ%e@{lfaﬁﬁnpﬂ@ﬁﬁé g&ftxcfelé‘ | whikiye r&é@c%’fﬁ%{ bs very
and are carrle away In the reaction mxtu
reactl\teajage:lqsagmwdbg@heime fomot snsalli Aggivigates bavipg :g(hanleter of less than
roguct i a erve to contam nate th action
0.15mf. Sifieot es® Sl Brireeni® 0P HBFOR SGp obkpisy Splef pform larger,
hard ahdl h@ghhpmy d%%wga@@ HaRink laWli@nsiCUAteMNBa B U5 @nt OMekSlaldle
chem ca i nert scrubbing solids have been added

aggrega@ﬁSttmﬂ tp derat lin@riamr%ndj depogit on thersupipeestoé thedwh raaetian zone of the
ox1dat§%§§£cgs ) oﬂgl%e%nu%g 3f %%Qldg{?&{‘re%{&&dan%ﬁhé ﬁ Q%e{cﬂgn ER)%P&S which

um num o rconrumsili and

pass osandconaaetlpfeg&ﬁ&atamﬁi lagzamm bylytds)edthmaywrlré@nefew with Sontinued
silica sand. However there are di sadvantages to the
use of thereagtorg pyf; qf_fgn PIREP %fsthlg layepbiealp @tf and are carried away in the reaction

mixture. These large particles are not suitable for pigment production and serve to contaminate

media

the reaction mixture. »

To prevent the formation of this layer of titanium dioxide particles, scouring media
consisting of chemically inert scrubbing solids have been added to the reaction mixture at
appropriate locations. Numerous substances have been used as scouring media such as
aluminum oxide, zirconium silicate, and silica sand. One of the most commonly used scouring
media is silica sand. However, there are disadvantages to the use of silica sand as a scouring
media in an oxidation reactor.

Silica sand is somewhat angular in shape. While the angular shape is effective in

scouring the walls of the reactor, it also severely wears the inner walls of the reactor.
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media in an oxidation reactor. Silica sand is sonewhat
angul ar in shape. Wiile the angul ar shape is effective
w0 mosaaswss ng the walls of the reactor, it al SOPGEUSI084/§15005
wears the inner walls of the reactor.Eventually, the
silica sand generates holes in the reactor, which
requires repair to, or in sone cases replacenent of,
the reactor. The replacenent tinme could be a matter of
EventM‘?kﬁ’le sty §ar§leg‘éﬁér§ﬂe¥ hHBOPahd RACBY, Q@Mﬂegﬁrcs repair to, or in some
Furthernore, silica sand particlés are easily crushed.
cases rEhlacement b dhesichitom Brneplasnieantimatewdd bhe magtaceforeeks, thus

ture. and nust be renpved fromthe m xture. |If not

“Wmﬁgé . GO PHEUEI™ ca sand will reduce the qual ity of
t Rerthedmbtel ANta NQPhGitles AlRRAGATUTBshell NEREcMTtsRica saRied
for a scouring nedia that will be strong and dense
contanaifalig) the trepcidr fraigturs/aldymast be remdyed dionaihe ark@reoXf det removed, the
. . i Sl ' |
i GEISHAGNBLIS SO R ARL D S g o
scourifg fedi the edll bestréngsmddense@noBgh ta cffodtivel Sscduztiél titanium dioxide
properly to provide, adequat e separation and recycle
reactop Walls,Ryt i ropadigfdespheficab aftdelsisi aRraspigrto BN PR shiaringi regetor wear.

There §id¥isd £k 36 AEJI%S ax‘i‘xtﬁggmg% t20]s4in.d 'deiJsegg \tléa‘lﬁxt%vﬁ@ Sledifitdefiiation

a scouring me ress the di ages
and reegdoaidavadd vidube thh @otesial dbr contmendtionrvd thesreantior migture.

di a. weyer, the titani um.di oxide previ qusl,
oF et e s Gecitusei 51 P dhechonia B0 1T Sahaagps
associfttd woth thd\@seRT e VR ABo AP KRGHAS AR HOWRL B the SRAIMIh Athxide
nmedi a. For instance, in the process described in US

previopgly grmdupgs! for useas searringtmedighasmoti¢lonindied s ofithe rpgoblerﬁs associated
. articl.es are oduced by,vapor phas Xi Lon . of
with ot o5 o O RS Pl BRBFos BRI g) O, p R Yo a7saga1,
titaniunndibkidk ksoutiap pRticleh bepréiced By dapse Eﬁés@ Rxidafi@ess tithadm
0.15 mm are, separated, .adm xed with al kaline .
tetractigrifieo xihgdarticlexiegragaigs wyitply dpimadenhicly hvee dimgpuaslargppthgn 0.15

mm a:g fs%&?%téc& '_%B‘%%ﬁ SRthPARLAIIG hFaBRRLE RLER Qﬁdg &'uﬁﬁédf tgﬁlﬁét’}ﬁrg&ss.

mm for use as’scouri’ng aggr egat es
This ppreessgmrbdens pdrticle pggegatdsart Bixes batween @2 e D nax dhranges scouring

The process disclaosed.in U.S. Patent . 4,784,841, ..
aggrea?&ﬁé“&et € prexptionof 3&%# fomatigp og F‘i‘@ata‘?fg?@ﬁ%rp ﬁafprqori@ disclosed

in U.S2PAEARS. 9780 QU MBHwRRI 4B UScdnlol fhelsDehRE tHaPe bhe aggregates
possi bilitfy of damage’ to the reactor walls and fal%s

formed,anduinisrfiilsgo seshyae theipossikility afdeyneeiortbeisactef Willd anddyils to

maximhi? Hﬁgﬁgrocqfs dizcrib%ﬁ.in U.S. Pat. No. 2,721, 626,
MUEUTER ALY ]ﬁ@meﬁ%ﬁﬁf 5&?%@ a di mension ranging from
Olnlthe hedcbssAesdiibed iU B0 PhixNe. 22 626, B@lirsd faGlihDMlids having a
m xture and after cooling separated fromthe reaction

dimenpipp sanging fzama Ousdel b g anm aessadrinesh Wity a o reasion Trigtugsy gnd after
oo SRR 0 e MR SR 3PN e o
separation of the course scouring titanium dioxide particles from the finely particulated
titanium dioxide is inefficient. Thus, there is always a percentage of course scouring solids
remaining in the final product thereby reducing the overall efficiency of the process.
Summary

Exemplary methods of the present invention produce a substantially round and

spherical titanium dioxide scouring media by controlling the size, strength, density and shape of

the titanium dioxide particles. The scouring media produced by the methods of the present
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titaniumdioxide is inefficient. Thus, there is always
a percentage of course scouring solids remaining in
wo bsfiognad product thereby reduci ng the over al PCT/US2005/015005
efficiency of the process. Sunmary Exenpl ary net hods
of the present invention produce a substantially round
and spherical titanium di oxide scouring nedia by
controlling the size, strength, density and shape of
inventiddGedick dp bl%mrﬂteQKé ﬁx%bﬁﬁ{stdf ¢daBfor whiiCandCOHahiMehtidR AF ﬁle reactor
pr oduced the nethods of the presentinvention reduce
mnxtm@rduehg thertmreum ideommg@m mffnufa@atrme Progesy:  and
ntmnnatlo the re tu dur i
CRTARPAAR 6 Shoddigaie B e mioth Hf s sr D dutedfon,substantiaty
round @ﬁ@ SphAAOg Qelldts tbrﬁ‘;ﬁfbs@&i Bﬂﬁ’l@hﬁy dfﬁtltdrﬁt&n aRixiiedSr @ ak B@uring media

present invention, stantially round and spherica
are proshicedst Eheqashipls |asee1§1tt,9}1y fimef py aedipg p suifigientiarasynd ef waler and a

w35 R Y ARy PSP T HELLS Ao i

intensmyitrﬁ;rer aredtea sﬂﬂfﬁqtlﬁ,‘ll}emhnmmﬂﬂﬁwmcfal aresn péléets which k@ subsequently
ni u %g X|q§}dust in a high intensity mxer. The

“nwﬁﬂﬁ@ orphihe HapkRrofHker creates substantially round and

spherical green pell et spyi&padSiptiggseauent |y

sintered to formthe final product. Detailed

DEstbpdlptentsrof Erebocthodof the pfesd:rh mwehhnpkochﬁcetahearpumslémcﬁde

s FE R BB IR S e SR R S BBl
produ&esiubﬁhxﬁlaﬂ&%&ﬂ%ﬂ@bﬂle@ﬂalts‘iht&%@gélfe@s S’Pitbﬁlmtlioﬁidleﬁelléwﬁ@duced
erical sintered pellets. Titani um di oxi
by thep@frth@gsﬂf Hredquesealdnigntion eremelttmi@l forgise psresqppERgpedia, and reduce or
ehmmaﬁﬁﬁ@éﬂagfgm% 'Pr esa]gfo[‘ %L.r and CRntléﬁl?naﬁﬁ n@f ﬁl%?éjac Lo %%1%94 cﬁ(nng the
and teduce or elimnate t

titanivandiogida p@mdnamlamﬂaaﬁnﬁgw@ob@acF@rthﬁpmﬁausea)fdhis pﬁl@nttdp ghcauon the
nt manufacturing . process.

term f;\p{@?agbg morg:ggélprgc{e qﬂggrlgg” @msecgﬁlpgope%ﬁnpg r\iwthtgqgetf; élpqlrll mean pellets
that meadRS{A0E 0.8 b} Xﬁfe?)dé‘[‘tlfﬂe @%E@F@idsg ﬁloun %%C’Stpﬁgrlclty Chart.

connectl on ets s nmean
rrbmwmmleabﬂxa preBer8 mﬂthadmedmms $d’metaf(hall}faeumd Sldopherical sintered

undness d Spheri Chart articular, the .
pellets RB &y diveridt B oy diokie SORis et idly F ot Pig, e Hanium
dioxide RNGMsEPAs thé SthRMEhddglal B Snfddaieds Hyige BREGR ntettddtrAdY E been
di oxide starting material. For exanple, the titanium

treatedyisuchi asdydplicatior df agoating oscmosmrngo nlmaemlearadnamon so that the
titaniu?rpﬁé)lggiggﬁgst &h oc{r%phoglc sureis S&N A cord1 e onx exdr Ilaqe o? t%e present method,

appl ¢aton o c¢oa

the ste@kiROB ke Raltvens Witdni @ Idﬂixﬁie du@tdia&tﬂg%yd&ﬁ;hbblatsuﬁm obtained from
titani um di oxi de has a hgdro phobi c surface. Accordin

Kerr M%Q?ﬁq‘éoraszraﬁm eAggordipg taptherexnpmpales Abde prasentgnethad, hyrophobic
tltamulgpg;gy(l é’f’%ﬁn Bé ﬁ{l‘ilnyd%? al ngg? ? q%‘)em\ébﬁ%e?clal sources.

rop bic sur ace
Accordmg to another example of the present method green pellets are produced by

mixing a starting material comprising a sufficient amount of hydrophobic titanium dioxide
dust, a sufficient amount of water, and a sufficient amount of at least one surfactant in a high
intensity mixer. The term “sufficient amount” describes that amount of hydrophobic starting
material, water and surfactant, respectively, that is necessary for pellets to be formed upon

mixing.
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Kerr McCGee Corporation. According to other exanples of
the present nethod, hydrophobic titani um di oxi de dust
wezshesosbt ai ned from any of a nunber of conmerci/es$2005/015005
sources. According to anothier exanple of the present
nmet hod, green pellets are produced by m xing a
starting material conprising a sufficient anmount of
hydr ophobi ¢ titani um di oxi de dust, a sufficient anount
Op, 18’1 h@{\‘fgvé'? i‘%ﬁlﬁﬁc‘férﬁ Blho @i Hmurﬁf:taﬁ{ aclcgﬂﬁ{lg 8% present
sur In a hig Intensity m xer.
method saif lﬁa furthcrt defimediad &' swifase fenfies retdhang amoumtt Aofurface tension
.hydr ophobi c startl te r and surfa
reducip pRBH bRy b Mg Rus kvl BhiRe Bt of g fidobtobi
tltamufrpdlﬂﬁge Hine Btaﬁ]n)g'rﬁ‘eﬂerﬁﬁl kd b QuHRE 'te)ﬁmoﬁ QUEMBAL peflets will form upon
"sufficient amount" of surfactant according to the
mlxmgwheéledltoph@zmbtanmandlb@dﬁ drlftt h‘éih tb@mrf?é@nh@davam face

S % or x?aﬁg%kqg eco ﬁ? ﬁ}%tﬁ?nséc? c‘t%rrelcgué? r}%vaéer and

surfaciaﬁﬂtﬁhtﬂﬁll%nitfﬂ@te hygkifﬁpiammt’t dupbnt¥ ot thxardeurl 48 hydrophobic
starting material to a surface tension such that

starting g)atestal ~Afqordipg fangssampie,df Hiy rrerenhpefhepestsnditanivm diqxide
pelletsde{r%’?ﬂng Ged Uifql%é Nn b hslH{eBQBI @B{ter %Bgut%b %nd-g%?ﬁ?anﬁlﬁn dioxide

ry s n" the art récogni ze
dust withexwatdriic alaamumtts)f Gbmvaboer 6. ﬁttdab;mt 7. &(ga]dmts off mater and &t least one

. constitute a "sufficient apmount”' depends on the unt
surfactgnt Ryl ABISHBLRECTE 2t g ‘ABH REES: I REmRICS g e present
methoﬁm Ereffix Is%;@éy%agé}%emmqgl dlgflg@ﬁelfe'tstafi‘@bﬂéP&rgél 8 dd€ribed

lets are prepdared by mxing, in a ensity
above narnck arleasaip portio8 00thg eured pebiéts anetratnmdwtqjﬂ]@*mglentstusty muxehand

. wat.er, of. fr b t
mixed gt Epnbl 3 helEs Ol PG RS} ardbp bt £ B Abops 2 gtlons of
water. améﬂém‘éf(alﬁﬁl@ﬁrbrﬂblgyﬁlg%u@l 4 RnikQuifactarh ihdtlabiddt B iSe remmix.
exanpl es of the present nmet hod where a remx js

effptagiag to gnediments ghthg prasersinveatipn (thelygirephebisrsi@stieagaterial
used n?tcl e%?%sglrnt ar{fegg(?c?l? S/d%%ﬂotﬂ{: H aﬁﬁﬁﬁ %l%l s :ghéstl%pnt?t{mrg]ﬁ le%gtga%gut

90% tltﬂrmﬁﬂ disixide, e Idast3HBOUPINIH d&mmfm Hiokielaj arrt td:!aﬂ)abd.ﬁ 98 Ustitanium

and. ahbout 5 to about 5 gal | ons of ter
dloxldeeib%\ﬁ?gr rbefriwh%wtwﬁs the stetig r%?tff‘r&wm?besww& ant is

ngEC(ﬁglﬁ:lg% LAbd diBiehtS BF the Eﬁﬁmeﬂaﬁ theeWQt@fjfs TR Saff.

he preSent 1 nvention, hydrophcbi c starting
néiaarally, surdathntsare Iwatep-selsblntsunfm.tekagdvq: ageatshydr mglfagtbnts possess

titani um di e. dust c ntai nin east a
the coptodr i G o0 KM Eine s ra P A Re b Bor P i arg orsion is a
measutd OP¢théSmo@t oﬂEnér%aﬁéed&bM SRPALE birBdl UrBa B QXiq 0. ATiRfactant is
degree of hydrophobicit the starting material can

typicalhi cqnyrlasedlotj @ hydxeplasrbil p@l% fergxeaipieeniong atkyl ¢haing pigashed to
hydroélﬂ H<$ o \{V%ﬁl{-ssothgb?l i Waeg‘nﬁ{énc_u%oq‘uﬁﬁfolﬂal\ggg\? 5 St acﬁgr\?}é k%ngbee (‘tategorlzed
accorddhg toshi {l@edeaprtsenpiasierirophilic portion of the molecule (after dissociation in
aqueous solution) as follows: anionic surfactants; nonionic surfactants; cationic surfactants;
and ampholytic surfactants.

Exemplary surfactants include but are not limited to saturated or unsaturated long-chain
fatty acids or acid salts, long-chain alcohols, polyalcohols, dimethylpolysiloxane and

polyethylhydrosiloxane. More particular exemplary surfactants include but are not limited to

linear and branched carboxylic acids and acid salts having from about 4 to about 30 carbon
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the conmmon property of | owering surface tension when
added to water. Surface tension is a nmeasure of the
w@noemesoss energy needed to expand the surfacePer/es2008/015005

aliquid. A surfactant is typically conprised of a

hydr ophobi ¢ portion, for exanple a long al kyl chain,

attached to hydrophilic or water-solubility-enhancing

functional groups. Surfactants can be categorized
atoms""l?tfeglr HdadcPed Elﬁyl‘%lﬂﬁf)ﬁi@ aBieaRMcid Stk R8viRY #6RRINoli £to about 30

portion of the nolecule (after dissociation in agueous
carborsgbms; lmqatr alksyl behdenosulfamaieortieteis theflmearzalkyd chaio michitdes from about

4o Bl GG QomETuliBRa AL PGP ot PR BB Bit-Ph s

ethoxlated E(ﬁﬂpddﬁd§ RhBoRf18ds, QuIfoHAERtaMd aliletes| polgz1obdliethefQbihlhes, salts
acids or acid salts, |ong-chain al cohol s

of acryjisi agish, Bryiephasphale A MiAtyes fsreos x%\tﬂbmafﬁcpamcular exemplary
surfac{%g 53{1%1 &’e l{%g{e%% rglégtgﬁ) SOWStQ lt%d%éant%ﬁee{@ci %E)Yade

rfac i nc are no Hear A
sulfonbtbalﬁaﬂyemlfa&r bodyhiotead aﬁkScc&ﬂﬁinamInd tieedoffs having fr om
bo 30. car bonat ons ear and branched
5 %ogdssaglfgﬁareaw aleélmdtlgcq i¢ ARshRODESIG

surfacflmfso A@:@@[‘fﬂl \%ﬁg &P lm thd bl@&ﬁf methY ! a REIBIERE factant is a

fonate erein the 't near alkyl chain i ncludes from
detergalhtomch 4s a dishyadiing3yuidhedramerziablipra yaikblef fomu tei Rrattes& Gamble

Comp ﬁ@g%ﬁ e%ra ﬁ% eSthé:B h.og‘&%?ll i %ﬁ?g §§fn?1§ér(é§1 ); aevdallable

from tH@Px\()@{oY @OGabRETompaR P uA@S tradélahfes Sfichas UM%!@ Gn@Blody® may also be
yrophosphate and m xtures thereof. Still nore

sultabgaﬁatt yseuSEH otherpqynmespially ayailabladishwasking diguigstpoaidersmsd gels, as
well ap bl Bftn} O SPALR BLSBE I indfd RERFPARIGAET O oo e

andcdrdm’g it edriaiimexatipss eodmalGarhduaio bea Bimﬂfngcagant@mimd vidghethe
present methaod i ncl yde anl%g and noni onj c
¥

tltam%ﬁ“f’é‘é? é\s&tswatﬂr&@érsmfwarttoto celptheichthe patit wgeber quiiae the
peueng{i}gﬁﬁggg g‘m H{& Itggﬁdid étf thhégtgé a}i)rFor% gaiel%iggxg,gﬁut
accordimgtm cetian I'e‘rrrbotlmren& IGadd@Id at (o rgpading stage fo dnhmetlmt'adam ameture with
. Dawn(,r). er_di.shwashi ng |iqui ds. conmer ci
the it s G AR en okt B AR A or starch,
whichlall8#€ NRMBRRIISHERNED b&gy&ﬂ HudiiSthk ‘éi‘ﬁfé‘lﬁl@)phﬁ@%y AL8Qi80 certain
suitable for use. Still other commercially avail abl e

embodiingnaas thie mgesr:mtqmveeibon ptaneheis shedrinding hgent, asd s amayst that is added
is abo& d'] ﬁ% 8ff81r EB% wei %P 5ff tﬁc nt Sagra ¥1dg %usl{ %gtmgamgterlzrlpr esent

er anmount

Ofl‘h@péllefiﬂih@ gr@lﬁl’ﬁ)r ingkifg ¥edium thbxidb (pelléti AomUEMydiaphbbie starting
dust, water and surfactant, to help hold the pellets

materiglpsedestatbed fietetigs A %@pl%tpuamr?@sma%kmzme@nm Rggp@ts which is
descn@&ﬁﬂtu S, é?{?N%d@' sk 6(§8 Wenﬁ%&g&l&sfuk%f J«}Heﬂ?% g?e“otk/%ﬁc{jag;orated

accor |ngto cértdin e inents is ad
hereingdyyi rafdremge. sA agedih g teemeexempletaf theet presehixinethed,wirttéred, spherical
pellets of titanium dioxide are made from a hydrophobic titanium dioxide starting material as

follows.
Example 1

About 300 pounds of a titanium dioxide dust obtained from Kerr McGee Corporation’s

plant in Savannah, Georgia is added to a high intensity mixer commercially available from
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the titani um di oxi de dust. The binding agents are
organic in nature, such as PVA or starch, which allows
wo beshososs ng agent to burn off during the sintBCT/O§2005/015005

phase. According to certairm enbodi nents of the present
i nvention, starch is the binding agent, and the anount
that is added is about 0.5%of the dry weight of the
titani um di oxi de dust starting material. The

Elrlch@\%dhﬁ{ek Ah8 Qarﬁlrl&‘é%%s HRIEiFBK Miger! 1A AiNekBE tmsot};béjfs‘ provided with a

lets froma hydrophobic starting materiaf” as
honzodtaé or inblegtdivac@antabls, which earsbavinhdg totrotate apn opeed ©f from about 10 to

Ki ng.ceram c pr whi ch, i;s .desc
sbout B fasffligs 5 intle GBBD R Biok et S SE P e emsmc i petle
whichiciin BE RBY td rOGEY At Plspeed ETRIND atat 5 €5 SBRNSE me&@§§trr dédd@d. The
to one exanple of the present nmethod, sintered
directigpleératation of diel table isspppsitehatwithe impekis, eausingwteriat afded to the
' TR : L h ;
mlxerP(yo ﬁ{;‘g\%ggﬂgélg E%%ogxﬂhey%r%bﬁﬁﬁg%% Slf)h%n gh@aq ]ag% ?[l%e 1mlpgstmg impeller is
generaﬂliydd(taﬁhﬂ wiittsih tiebhikengd pokidion Kﬁ‘rcéntM?ﬁ?&ﬁ tﬁ&&eﬁl&élaixhﬁff tie rotatable
in Savannah, Ceorgia is added to a hig

table. %Lﬁ @hlsimgy b irahopseRiEos i‘%ﬂllPVl w&aqnawh%remtbﬁﬂc}% if any, is

%gﬁbas the Eirich Mxer. A m xer

betwe@(f@ﬁ?}c{‘?%i%%ﬁlﬁgnﬁﬁg\l}gg 1 th a horizontal or inclined
cThe tifaatunt dibkide dugtiobfained firobeK am dcGep’ s mimtieSatanpalsips adleast a

to about 6 evol utions per m nut
hydroophy Sarta B RGeS S B b STt e east one
surfactafPRlal&d to Y Bilkef AnREITREG Qe 8diRe Bmtibh Bf SReGElly
of fromabout 5 to about 50 neters per second. The

spherigil peldats @ﬁh@ﬂemrsd aize.ohn this pattsutan bxample, tppalsi isdreshwatepfand the

th e n |aI dded to the m
amoutdF welEP Eldeis et 7.0 RS Bl B e el FnflL A abfhg 6.5 o
about 51 galleds Wik stafacivith gbdutped h&inds sf GaARAAdibYidt 86t Bigeneral,
within the nmixer at a position off center fromthe

howevep thg giantiliof vterpuped indheprasnemetirsis ta amoym) whiphi splicient to

cause }egné(e: Iiaﬁg blﬁ?ﬁ&lﬁiell% of g&%%ﬂg%o Qe lt& fogrg u g@ﬁg@g@ t {rfgerenstirﬁgtant in

this panticul@@raaple 1§I'D&wh®tda§hwash1dg d)etengentdmmitthe bmaum@ﬂ sirfaetant added is
plant in Sa nnah has at | egst

about }ﬁ(;e?dP am%eg%dn%ft?rac In gﬁmﬁr Ot“ﬁ@ern SRIURS sasf?%ltaﬁf«sdtm the

presedt ?nehﬁﬂd@ & tRdtlabifoRfe sudiGl tRAu@t tht §@Blce ANGiof OF fRG MM dfoxide
ded to the m xer in an anmount sufficient to cause

dust td @’*mﬁ‘p@ tensiof sechghaitpeéts il fsmaripon imipiek thst tgam fimtdiexide dust with
thesu&cz r%d e. In this particular exanple, the water is
Ul 9\%}”8 " and the amount of water added is about

7TRe @idle! iORSatedhit R glout DO So AVALAG rpERAnd BRAMPhARHBIR @mar is
6.5 to about 7.5 gallons when starting wth about

rotatecyioy ahépan afipspecdoif abaud 28 xetrss H@sﬂ@conrlr(alg@ﬁ PYE:Y rpﬂﬁo@mmeral
howe\{eﬂgl 1912?9[:} @ Xﬁ%ﬁdl%etﬁe e%t E{lcmtl;n? 88{ gt %tra@tol??l%ﬁq éb%ut 25to

Ient
about 35 meters per second. According to the present example, the impeller is initially rotated

at about 14 meters per second (about 568 rpm), during addition of one-half of the amount of
water, and subsequently rotated at the higher tip speed of about 28 meters per second. The
initial rotation of the impeller is optional. If employed, the initial rotation can be from about 5
to about 20 meters per second.

The rate of water addition to the mixer is not critical. The intense mixing action

disperses the water throughout the particles. The total mixing time in this example is from
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cause essentially spherical pellets of titanium
di oxi de to formupon m xi ng. The surfactant in this
w@aoositesoBar exanple is Dawn(r) di shwashi ng detBehES1005/015005
and the anount of surfactamt added is about 2.5 to
about 4.5 mlliliters. In general, however, the anount
of surfactant used in the present nethods is that
anmount sufficient to reduce the surface tension of the
r NS WE ot .
sbout ) TR TR PRy RO B AR e R brca, for
exampﬂemty awiryd, toipeosder fudiitdient igreen direvegtle for sdieeningbl e i s

tated at. f bout ., 20 to about 40
BTG ok ST s P BAT b ot X I ispgelybepever

the drﬂﬁ@t&np%&uﬂ'@t:ﬁ{ anPefromRGeNd sb@hoitoul 136! PMk- drlleEl‘ pellets are

general , however, the tip speed according to
screengd tstEmove relletd thatgamunstst e ever adgsaredfsizey which bnnhts ezampb is

about J7L e T SR BTeu PRy OGN P e Pt B P00

sinteriigt ers per second (about 568 rpm), during addition of
one-hal f of the amount of water, and subsequent!|y

r Bt thisqgrtisular peampleyag sinterng lsaweragsre ixpbaut Stfet h)r&ensr@}
howevef (ff?@gntler-{ﬂﬁeh@'exta:uﬁe u d:‘atlﬁ‘ Heqﬂes%flt &F&ﬁod [thE ltﬂeerEx e “of from about

opt1 ona e‘rtnitial rotation
938° tb noont AbDATC. 5 t 0 about 20 neters per second. The rate

ter.addition to the m xer, is_not critical
bRt *f».%reaﬁgweew TN lrﬁvsagiﬁ%&y of about

1.66 gyct!e Irpéé’rfefaq" |t§§%re§—éﬁ@nfeﬁfoalcaﬁbé( 04 & hidRe hﬁnfu'ﬂ{ @io%@?ﬂie@s having a
f r dmabout to about 6 m nutes. Typically,

bulk dpmmy@tf grofrogboui h53 plesc tn ahwt 1.8he/cpe IThedelsay ef theipeldgts ¢amrbe

er rOVI ent. green
acjust G RERFR IR R bR prgCe S S S hEbF Re o an e
t hﬂhﬁsre)thrﬁﬁlet lﬁ%ﬁf@é&ﬁe@lets&r@ﬁﬁé&he@@%esiréﬂ ged)emadh in this example
wever , yi ng tenperature can range fr om about

is that eeeltt%%afkfdhﬂ smtzzp@ petfete will pasq thyenghea wpaerses e Kbmedh ang be
retam{gﬁdﬁo%ﬁot{&ﬁ{ %%:?éeﬁ o‘fﬁéﬁq 8. 91 Q{a} %gff‘.’ie\g‘%hﬁ%g%?&iﬁ%@gtg r%%né ge

I'S exanple’i's
screenpé ld ®laggeh avsmalet klEe besdjugithgsheerdnaizsetotobain a desitedsize. The

) kiln for sinter| In this particul a anple, the
sinteredi gl Py TdischaDiTFe FEaTBRlp AT bogseh phlcgt drout 30% at 4000

p.s.i. &Q%ziéﬁfed bl g Mn@h@sfn' Fé@roie%ﬁpﬁﬁtﬁhwc?u&ﬁ@s@' fdr{bré antPr esent
hod is“in-the range of from about 938 bout 1121

Mamp)ﬁatldms this particular exanple, the resulti ng ti tani um

di.pxi, de. ?‘HJe tE; of about

RS Gk SicP e Bt 3 pelee s BE o e etno are
controlled &b tﬁé itletlRy PRLEsShRd Bﬁﬂbeﬁgi} WtddUs feiReg] For eetamgreom a

about 5 g/cc to about 1.85 Cg The density of the
range Qi'eqmt@tugg @me@@res of from about 938 °C to about 1121°C, pellefs sintered at
temperatures in the upper range have a greater density and greater strength then pellets sintered
at temperatures in the lower range. In other words, higher sintering temperatures produce
stronger and more dense pellets.

Thus, by manipulating the sintering temperature, the properties of the pellets can be

manipulated, which may be beneficial in providing pellets having a particular property for use
in a given application. For example, sintering temperatures around the lower end of the range,

for example, 938°C, will produce pellets of lower density and lower strength than pellets

sintered at a higher temperature in the range. As yet another example, sintering temperatures



10

15

20

25

30

adjusted by controlling the sintering process, as is
described further below. In this exanple, the sintered
w@edosavsd3ar e screened to a desired size, whi chr@mUsis015005

exanple is that about 90% of the sintered pellets wll
pass through a top screen of 10 nmesh and be retained
on a bottom screen of 30 nesh. In general, however,
the sintered pellets can be screened to a | arger or

less thﬁﬁfﬁlel 181 5% &fp 1*8¥ eARIT4E PRI 4B %X}Ia':ééfeﬁ%‘ pﬁidﬁ@é31ﬁt9re9 kﬁ%ﬁét@hzﬁ/mg a

desired size. The sintered ts according t
densitp ped grengdndessphan thx Aérsity obthe mﬁnerpelleészf Eixhraplealb 6Ullls,4@%ts

can Pe& 8ut166

sintereliog fRthrBords o AR LTFRC AR Proitied Ihu IR GRT S ufsd

g/ce. A BSImpate@itthedlbfs @R Bighedentibears sﬁ%ﬁ?%tﬁ Chuple bélﬁﬁofd@@éﬂ déh§1 and
to the present nethod are control]ed through the

lower §tir¢ngér wﬂlgwwé@égg therfubes o theareardpruButerilldgve oygr seoyr effisiency.

oG ety RS R b 8 pdef BRELANE iR Jor el
1121°Cewjiepratluearllet hivieg higharstreagthy anddasita tign eiadse pelitensnteed at

and greater streq%th then pellets sintered at o
lowerfe&ﬁfé'«}%rparég YetAnpher game ?la?weg tqupegires exgaterdan the 1015°C

emploRD ﬂlquxarcﬁ e%g{)éc?éms EJME@ §1nf3fe_‘33ﬁﬂ@ts ?15\519%' g génsﬂg) dnd strength

e pe mani pul ati ng
greatesthlatl dra sngemé ppl@tmﬁlimmpldm ”ﬁh@pﬂdktsesmtcrﬁad ahempeiatuedsgreater

tan 1P R b inf iy e BLoar |56 By (5 cpmparsdl

pelletd ¢ 16wéH deasity2Ral str@n@éth %ﬂeh F ktsQ?f%‘f@He?streﬁEﬂx zﬁﬂ'd@ﬁblty w1ll have more
terrper atures around ower end e range,

scour efﬁawpcse bupgBigesulj i llnlmcmc w@mn t;be Ir¢agtos tubes.| ower denS| t y
aq“ﬂe st?‘é{?{h aér{sﬁ z% atnIa %ﬁ‘a eeipse lg’ts% (%c{] geqj z%tcorﬁlq% t§ 'Ehe present

t enper ure |n e ran er exa

methodihBlpasbivedghd pﬁ‘pleﬁﬁteurdeﬁtl DT privaart ¢l eink0d r&Ror e\réa} mded
in Exaqgle 1 are_expected to produce sintered pellets

contargiggii hejesagtor lginﬁwa dytipg thgttianiwa dioxidepigment geanyfaciurige
Lhe S|ntered pell ets of Exanple 1. Thus, pellets
process.
sintered at tenperatures | ess than 101 5C are expected
t b thapscassdd Rsiuring tlessadtdranbeabihie titahiGk dg)b([de scAging media wears

away G g o B pRcls e EnReg: itioe lecvid; SHGERI (e spouring

medla\’\ﬁﬁ belf@e %n&fghttg Bads RS aetPthe fsf"s@erﬁ qR¢ E@fnclu@k’d mWhJ: Lalzhﬁé/ ftanium
| ower scour efficiency. In contrast, sintering

dioxide @nqyb'ptatSmeesofah@mmed nueteuplg@dl t@n:@ansc emdvgh ﬁ@h‘g@cycﬂcd as scouring
1121,
meding R Escif OBl whl B Go PGt Pl S P e it o

scourxh@lﬁ@ﬂlat ORI fitaftad vARaMedf (RS PEJURALL i€ HANTHiLinteBnBdifE sized
nperatures greater than the 101 5C e oned in

nlaterlEk%a@rheéemows&edew@é@wwnd@pb@r@ew@uwgﬁm iadhereby eliminating waste
o AT AEEH KRR RRAS o A0 A i
dioxidatto h éinp powdaty @8l rgipeHdtering it in the same manner as with fresh titanium
dioxide. The ground titanium dioxide can be reprocessed by itself or mixed with fresh titanium
dioxide dust.

It will be obvious to those skilled in the art that the invention described herein can be
essentially duplicated by making minor changes in the material content or the method of
manufacture. To the extent that such material or methods are substantially equivalent, it is

intended that they be encompassed by the following claims.
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than 1015C are expected to have a density greater than
about 1.66 g/cc. As conpared to pellets of |ower
walensitesp3amand strength, such pellets of higher BtT/Esmv$015005
and density will have nore %Scour efficiency, but wll
result in nore wear on the reactor tubes. The
strength, density, size and shape of the pellets
produced according to the present method hel p sol ve
cLAINRE problems evident in the prior art relating to
reactor wear and contam nation of the reactor m xture
during the titani um di oxi de pignent manufacturing
process, .In the prqcess of scourjng the reactor tubes,.
L Chdnsthacior Brncuiak pehstag e/l ong! MRelPRereL HEhimQIoXHE Stine
nmdh%&ﬁ*ﬁﬁh%n of the particles upon inpact with the tube
wal I's. Sone of the scouring nedia wll be fine enough
to pas&)t hr mixghg whier, dydrophetintitabrim diokidd dustiand & serface tension
sal,abl e tit%nkwgldioxidefﬁgopuctr que qf thetagtrited
it R P PR OT BEleRh §PRTRRE Yy A § BB Ay gy tg Lo green
Spaletst ng nedi a. However, sone of the material will be
too coarse for sale and too fine for use as a scouring
nmedi a. (ne diyisithe dlapimpdioxide grgen pellatiasd pr oduct i s
that this i - I.at.e si ri an be
reprocgésedgﬁﬁﬁgggggﬁldz%éﬁg% e%ﬁ%é@hggouring nmedi a,
thereby elimnating waste and di sposal problens. The
reprocessi ng i.s acconplished by grinding the attrited
2.t Themeiipd apoxqipeta Glaun 1 ifpréhep SoRBHSIngiKInGa Bdprawitly hegvater,
the tivdphurh RiohkRR AMRATRUALhciAS Wihih fhe 8An bbA@AT um di oxi de.
The ground titanium di oxi de can be reprocessed by
itself or mxed with fresh titani um di oxi de dust. It

iJl b bvi ous to.those .skill,ed in the art, tha he
5 FheReTe Stodtie leGoe] el s lie fidrpd 3 a lperature
mngmgwﬂhiQﬁiﬁébeo%B&hﬂglﬂLHOF changes in the materia
content or the method of manufacture. To the extent

that such material or nethods are substantially

o S Dbk B BB e S RAe S PSR EG
938° teuhaitan2ical | y round and spherical titani um dioxide

scouring nedia conprising: (a) mxing water,
hydr ophobi ¢ titani um di oxi de dust and a surface

5. ; @ﬁ?ﬂ&g&oa %%?diﬂgtoaﬁﬁﬁﬂtl fﬁ’lftl?e?tcoh ﬂéiﬁ%&ggelnﬁgtgeg{e%?hllét%ﬁor to

Intensity mxer to formgree
sinteridg.yi ng the titani um di oxi de green pellets; and

6. The method according to Claim 1 further comprising screening the sintered pellets.

7. The method according to Claim 1 wherein the at least one surfactant is selected from
the group consisting of anionic surfactants, nonionic surfactants, cationic surfactants and

ampholytic surfactants.

8. The method according to Claim 1 wherein the at least one surfactant is selected from
the group consisting of saturated long-chain fatty acids or acid salts, unsaturated long-chain
fatty acids or acid salts, long-chain alcohols, polyalcohols, dimethylpolysiloxane and

polyethylhydrosiloxane.
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(c) sintering the dried titaniumdioxide pellets. 2.
The nmet hod according to Caim11 further conprising
WOr200smes0as bi nder with the water, the titani umeiDKSIES/015005
dust and the surfactant toléormthe green pellets. 3.
The met hod according to Claim1 wherein the green
pellets are dried at a tenperature rangi ng from about
65C to about 121C. 4. The method according to Claim1l
wherein the green pellets are sintered from about 938
to about 1121 0OC. 5. The nmethod according to Caim1l
9. f lih¢ method aeqordisg twgClam éevhemgn thh@t @aﬁ@ne pafacmnslspcluecipd from

Q sinteri netho t 0. C
the g BRRH T sthgPEong DCEP T oy v g e i} Pt from about 4
to abolt B dHESJIAQELIAE G4t ang bfcKddailln] 3ulfdine &lids dnld@ciitsalteRSdng from
one surfactant is selected fromthe gr oup consm“g&lﬂéchaln

about $hto ghoub earber ataws:diear alld dewene sWfpnptecvhentis thedepr
t 1

mcludgsufr&% glg 4?18 %Qﬁit%m%%mﬁé{rognshﬁ{lf?%g flﬁl&e% agl?)s hepe% E%s&?&ates
phosplsalfpﬁcm;étamtylatsd sehgminds] chiborylhies sgifansesaad smlﬁatwsngolga@lycol

saturated | ong-chain fatty acidg ar acid s
ethers, gnaiges, palis Of a?féﬁh@a%aayw fvtee?ef* duxiyres ghgrep sal ts,

| ong- chai n al cohol s, polyalcohols

dinethylpolysiloxane and pol yet hyl hydr osi | oxane. 9. The
10.  nEhéumdthad ecrodding tot Glaizh éiwheneimﬂerae lemsttone safackama istselocted from

surfactant S sel m t he 10 i ng. of )
the e R e 5P BTG L BB B K R Lt B sulfate
xﬂunﬂ@%hﬁgmﬁf&WMﬂ@ﬁMhsﬂw&ﬁfabOUt 30 carbon atoms; |inear

and branched al kyl sul fonic acids and acid salts

having from about 4 to about 30 carbon atons; |inear
1 Y TAEAR ALK AR5 MSER N DSBS B

anioni Bliff st and@h@Bonip hasetsat.es; phosphonat es;
phosphol i pi ds; ethoxyl ated conpounds, carboxylates,
sul fonates and sul fates, polyglycol ethers, am nes,

. Ellé ﬁle?lfod ?g(fo\‘gljr!h% tc?@itaﬂ'gé RitlePih %'ﬂ%& t@k@?rﬂ’eﬁ& gezﬁnount of the at

er eo accor ng to ere|
least onb urdictanemsin aomensuitfiaaitdnteduse Sefaecteadon oibthe hixdrophrabip

cons ng of s n1steara oct ade n0|c aci
ttanio LSRR IR 400 SURRE Srsng o haLng EeEs PUBI drfared: o
and conbi nations thereof. 11. The nethod accordlng to

Caim1l wherein the at |east one surfactant conprises
13.  akhamictoil eceondingta Qlaim drvghezein abiud ADE peunds at thadydrophobic

titanium dioxide dust is mixed with about 6.5 to about 7.5 gallons of water and about 2.5 to

about 4.5 milliliters of the at least one surfactant.

14.  The method according to Claim 1 wherein the sintered pellets have a crush strength of

less than about 40% at 4000 psi.

15. The method according to Claim 1 wherein the sintered pellets have a density of about
1.66 g/cc.
16.  The method according to Claim 1 wherein the sintering is performed at a temperature of

about 1015°C.
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12. The nmethod according to Caim1 wherein the
surface tension reduci ng anount of the at |east one
weosaant i s an anount sufficient to reduce BaI/USmOs/015005
tensi on of the hydrophobic1titani umdi oxi de dust to a
surface tension such that the green pellets are
formed. 13. The nethod according to Caim1l wherein
about 300 pounds of the hydrophobic titani um di oxide
dust is mxed with about 6.5 to about 7.5 gallons of
wat er and about 2.5 to about 4.5 mlliliters of the at
17. | Emsmeibné acording toa@laim 1 4vhetkdie thestntothgas pofatined at otemperature of

i1 erein the sintered pellets_.have a cru .
about §0 a0l B i eted reflh s rostbeneth PG fef 4668 W0ses 4000 psi
and a AELRPEr AeaO1.66 pact o C aim Iwherein the sintered

pel I'ets have a density of about 1.66 g/cc. 16. The
nmet hod according to Claim 1l wherein the sintering is

{ f.ah 01, 50C. 17.. The ..
18 P Ebe B6PR aeufng RERET L MR R AR red R B £ g of rom
about PS5 gk i@ gbout 1 85tepiEper at ure of about 1015C, and the

sintered pellets have a crush strength of |ess than
about 40% at 4000 psi and a density of about 1.66

e,. . i t i r.ein .
19 6 medie sl BRUREO0RT S e sBubeh P SR Gl Wi
pelletsgfuthertcomphisestmani@Batingacproddty offlee dristdhinhid@n ctuxddenglie® selected
Claim1 wherein the sintering of the dried titani um
from the greppeonsisfipg pEdgnsity A ?reﬁhi_sriepg%_swaﬁh PaIPMARg fachicved by
controBlfRR&tE e mba8nd in8tahdd FHdHThPYI €€ BabdbRlig21°C.
sel’ected Tfromthe group consisting of density and
crush strength, which mani pulation is achieved by

coptrolling si.nter] eratyre. in. a range of. from
20 288 in%pa Aropdmi ot 1 3 erei e Sinieling GrRBRu R ot gee of
from dbBut@3BPOtLEHANN EH ISP, drachSéifeRIdi pRHeth BARET dnkifyEof 18ssitRarfabout
range of from about 938C to about 10150C, and the
1.66 ghicnt ered pel l ets have a density of |ess than about
1.66 g/cc. 2 1. The nmethod according to Claim19
wherein the sintering tenperature is in a range of
21.  f Themathodaccbddib@ (o Chim o whekl2the Glutermgderhpeatatent @r €chnge of

ellets have a density of greater than about 1.66
from a%pEtCI_OI 5°C to about 1121°C, a¥1d the s(:i]ntered pellets have a density of greater than

about 1.66 g/cc.



