;edep*m&& | (: (B*6x*T*FOD  PROCESS FOR PRODUCI NG AND COOLI NG Tl TANI UM

DI OXI DE Background of the Invention 1. Field of the Invention. o. 5 The
present iwgenkison relates to processes for produci ng and eovlusagsitd ani um
di oxi de, and nore particularly, sses wherein the cooling of
the titani um di oxi de and gaseousj ﬂmm | ducts produced is nore
efficiently carried out. 2. Desc e Prior Art. In the production
of titaniumdioxide utilizing the chFQ9?°PZEIe process heated 10 gaseous
titaniumtetrachl ori de and heated oxygen are conbined in a tubular reactor

at high flowrates. A high tePR@G’ES‘Sr PRESTHT eaction takes place in
the reactor whereby parti CH{N@@O& RAE@UI&%E?)G ge and gaseous reaction
tani um e an

products are produced. The I OXI gaseous reaction pr-oducts

are cool ed by passing themthr changer al o

scouring nedi um for renoving 1@%%50& ts e?%“r’n %Eel i nsi de surf3Mﬁmm‘m|mmmmm“l
heat eXChaqgeﬁ1int}?l1e§93ﬁtio%g medi umutilized heretofore has b

parti cul at d, sintered or conpressed titani um disoxisee,
rock sajt or theTHd present invepiidrerebdtes foeprosesssedffonpodacing agd eeslingnitasing sol i d

titani um di Qxi, de and ot her ,deposits on the inside surfaces of the tubul ar
heat excharfi®rdeAnd meneypagicakarlys kg #t&hpyoqeés%mrq%@wlmsamﬁgu@@p}am ts

whi ch reducg, e)§9e %ﬁtﬁgeﬁ@@ﬁs 1%5«:31% du@{sféﬁgc;lﬁg&}é M ete?f?clé}ﬁ%; tied nger Thus,

there are ne I nmprove ocess pro dac ng a g titanium
di oxi de whex elbggcdgmoﬂheimorhet heat exchanger utilized are nore thoroughly

renoved and high effi c oll ngwtg es, pl S@Qﬁ of the nve t| on
25 The present i ﬁtH PB\H Otggm SV 24 e PIPERIS RSP
coolingyti t%@éd&@&%ﬁeﬁh%a@m&ﬂe %E@Béat&&‘@xygt%ﬁ%% iRt RBANMPrABE: at

overcones t eficiencies of the prior dar he 1 nproved process of this
i nvention Dagh dlaw yateonpgr highstetiperagire pxidation geastion dakps spacesint theansacion

tetrachl ori nd o n at h t emper.at ur roduce ar t |l ate solid
¢ ant um o 0D et cioud Bl EBEE | S ableohl  BASRL ey BL A bt
solid titarrbdicdi ONhdQitaiEmIRGa0¢ end a6 uisOBadtionPiedifetsodre co61ed 8§l physinpeat
exchange with a cooling mediumin a tubular heat exchanger. A scouring

medi um i s ithgradhesugh  iblae heat sxchangpralgeg Withra peonpiog meedivmpdonmnmyag - 1 2
PCT/ U / e del er t he

i nsi dSP %urfaég%lgoﬁgﬁhh&hgja e%%@ g%@g?t '#Q%r%&ﬂm?%ﬁll nvlefri?etggidr@%em%aelﬁ%}val of
t he deposi tigilized hetebsfortidsheen aanmdulteee sdljd suvhrasaand,tditteRdair comprebeal

efficiency in the_heat exchanger t.he scouring mediumis caused to follow a
spiral pat HiteHpegaxidgerogk selt gr thedikee rn spite of %ﬁdssgioza Ssowmgomaq%% dheat

exchanger, &g (RafilinCHbdE ﬁ@ldtﬁertdekgﬁlsu&ﬂ tHeoxkide sh&a&‘é‘%&ﬁé aftuia&%é he

gaseous reactlon products. erefore, a general object of the
present i nwanhingar havepoulyiten zpartlaﬂp rromewct)ﬂlombsdcafvmg gemdits wihichareduesool i ng

:)Irteggln igbg%bgaghra%fﬁeéfﬁ%%g&gfrthgﬁéat% h%géé? features and advant ages of the
Thus, there are needs for improved processes for producing and cooling
titanium dioxide whereby deposits in the heat exchanger utilized are more thoroughly

removed and high efficiency cooling takes place.

Summary of the Invention
25 The present invention provides an improved process for producing and cooling
titanium dioxide which meets the needs described above and overcomes the
deficiencies of the prior art. The improved process of this invention basically
comprises the steps of reacting gaseous titanium tetrachloride and oxygen at a high
temperature to produce particulate solid titanium dioxide and gaseous reaction
30  products. The produced particulate solid titanium dioxide and gaseous reaction
products are cooled by heat exchange with a cooling medium in a tubular heat

exchanger. A scouring medium is injected into the heat exchanger for removing



10 be readily apparent to those skilled in the art upon a reading of the
description of the preferred enbodi nents which foll ows when taken in

conj unct iygp ophidayt he acconpanyi ng drawi ngs. Brief Descri pthcaiuseiihe
Drawings FIGURE 1 is a side cross-sectional view of a tubular heat
exchanger section 15 which includes spiraling vanes and recesses in
accordance with this invention. FIGURE 2 is an end view taken along |ine
2-2 of FIG 1. Description of Preferred2Enbodi nents Titaniun di oxide

pi gnent has heretofore been produced by reacting heated gaseous titani um
tetrachl ori heahseh 8 ' t : : i

t enper at ur e‘%.%o%%gotl tani u%fé%ég?:%{g mﬂgerri ﬂcqge)[glléga f{oﬁgﬁ{fg‘gﬂg% S{rﬁ%%%gﬁl?eolrl?a ein
an anount saxchangeentintodgrtodnceass thetremevali afthe tdepasits drori rihe batfavesandbout
0.3%to abogt %.by wei hthal m ngm gﬁi.de. D’ﬂlx Cﬁ“y, he ti th'%ni um,

t et rachl or i A&FePY IPIEHEAIENGRY UANSIER FANCERRY.IY the Reat: Grelangsy. MeosrouHBet 650F
to about 1Sﬁ&ﬁuﬂeﬂ@%ﬁéd&&o%ﬂ@wtahﬁnixﬁﬁbéth%&'oﬁéh iSRG bREhaRRRAT R dééih%' zed. -
The oxygen IS tépl cally preheated to a 25 tenperature in the range of from
about 1¥50Rhrazghihe he@spohangehdhe padigtlatensalidatitaniom dionpler iatsaparated feom

pressure of n90E gt rms&hoerer isctypi cally in the range of from about 2300F to
about 2500F1C #HEOPLLE ?Mﬁﬁ%éﬁces particulate solid titani um di oxi de and

gaseous reacti ot pisQgGéfdre, TH Geh@ar bbjeot BF GHe Gireset nveriBHi @ flovidehhoduced
into an el gngated tubul ar heat exchanger wherein the reaction products are

30 cool ed HyipEewed pEeesss fy@roducingand seplingfitagigm dipxideh as cool ing water. The
el ongat ed t ubul ik i rme s
i ndi vi dual heat a%&”(%ﬁ%#ger glgc ?‘%‘F‘isfé%#g%llcgér(% segfgl%r?gtﬁ%p %S%tg%‘ae_nt‘}é%?ﬁ@r_ The
heat ek@harigereadibcapparsnt to Osé¢ 31122 il thelartBupdaH te8dihg /of e/ desaripticaves tht |
| ength of the_heat exchanger can vary w dely depending qn factors such as
the titani GEEPEH] aglbaamf'@&iw ch adellovsh vheds taken dn o PR{FRRLIONe Wil dfiEr e,
t he di amet éﬁc}@n -exchanger, etc. Consequently, comercial producers
of titani Ul’enicgl&ft)l}gl e %]ﬁlg%vlﬁgi lize the chloride process, i.e., the process of
oxidizing titaniumtetrachl org de; gers of varying
di aneters and lengths to coolﬂrﬁge?gﬁgpgga%rﬁ;%&ﬁ%. In an exanpl e of one
such heat exchangi€¥URE Nds behle ceossienipasl vee of ansbula heatesxchariger statiodli anet er
of 7 inches and are fromabout 7 feet to . about 16 feet ] ong. -The el ongated
Lubul &l heawﬁleﬁva&éﬁpﬁltr@nvaaﬁ%@di TRESSSRIdR achPrdapsn vith this daVBHOWwNi ch is from
1 foot to 4 feetFI‘GU'EEZ%Eﬁ@ncP@iégjtﬂl&nt U 2Pefft@ngat ed tubul ar heat

e an

exchanger, the titanium 10 di oxi gaseous reaction products are cool ed
to a tenperature of about 1 d prevent the buil d-up
of deposits forned of ti tanlﬁg%ﬁgﬁ@%’ggl%ge#gaﬁﬁgﬁ%@&i al s produced in the
oxi dati on react i Ditaniansdioxide ndgmeti han Heastofoee bedmnpmdues bytreacting heatbd| ar

heat exchanger along with t reaction products.,6 Examl es .
ggaseous tita%ium tetracq'ﬁon e and heated oxygen in a 'rrm)u?ar reactor at high

20  temperatures. The titanium tetrachloride can include aluminum chloride in an amount
sufficient to produce a rutile pigment containing between about 0.3% to about 3% by
weight aluminum oxide. Typically, the titanium tetrachloride is preheated to a
temperature in the range of from about 650°F to about 1800°F depending upon the
particular preheater apparatus utilized. The oxygen is typically preheated to a

25  temperature in the range of from about 1750°F to about 3400°F. The oxidation
reaction temperature at a pressure of one atmosphere is typically in the range of from
about 2300°F to about 2500°F. The reaction produces particulate solid titanium
dioxide and gaseous reaction products. The reaction products are immediately
introduced into an elongated tubular heat exchanger wherein the reaction products are

30  cooled by heat exchange with a cooling medium such as cooling water. The
elongated tubular heat exchanger is usually made up of a plurality of individual heat

exchanger sections which are sealingly bolted together. The heat exchanger sections



»

15 of scouring nmedia which can be used include, but are not limted to,
sand, m xtures of titanium di oxide and water which are pelletized, dried
and si nt ayed22m00pressed titani um di oxi de, rock salt, fusedraisum2a

titani um di oxide and salt mxtures and the |ike. The salt mxed with

titani um di oxi de can be potassium chloride, sodiumchloride and the |iKke.
20 The scouring nedi uminpinges on the inside surfaces of the heat
exchanger and renoves deposits therefrofm Wil e the scouring nmedi umrenoves
sone of the deposits, it often does not renove all of the deposits and as a
resul t, a la¥enell 16418 de BRI chfeRRaridefc %/i&e!ik{ﬁ fidin! fonttPﬁo Sath as
exchanger renmains. The renmai ning |ayer of deposited matéria ecreases the
heat transfthe titanium diexide hrodnetion faten ther dasired disbleirgetedfperasulepthetdiametgh t he
wal s of th eat _exchanger and into the coolin dium _This in.turn

si gni fi cantq%ﬁ%@%qlgég ggﬁﬁgtcef ?@F‘é‘ff@bybﬁo‘?‘ﬁgcﬁgﬁg’%@ﬁ?ﬁé?fﬁéarm%gl‘?xﬁ eases
the over al lth&Qsilize Ghe BRIGHUE ipfikess) €.l itieprobéls Gf xidifing YitdraH 16 dt8ldrive,
installation and mai ntenance of a |onger heat exchanger and requiring a

gr eat erd andghedexehangers i varyingdiameiers anttengthste coeltbe resstipn products. by e
cooled, th ieu hd, .3 It ani I Q%] .S rated tromfhe
gascous r oantapfbEHE, AR HatehidsBh Ak SHlikhel e RFREAL Sl yolLl

PCT/ USO1/ ~AiatisterT6R7 priches aihd hreviesthiabouti 7 fdeatesboan 16 et dorieC OTIRS dlohgiaéd t he

removal of the deposits fromthe inside surfaces of the heat exchanger can
be i npr oveduBlardicatexchangrs oflen alsp irslydes pn adanterrseptianwhich i frem 1daptiothr ough

the heat e r j 8] chni Ll f Ccausi ng
the scour | e o Ly PEpE R EHE NE BN G BEb e Rs iRl 7
presentld y pliefide amtigiseotmegeton rodwwtypare voaled tna temipenature offabout! 1300°FKanes on
the inside surfaces of at |east a portion of one or nore of the individual
heat exchad‘ffé’r sections. Preferably, for 7 inch to 11 inch internal

di aneter heat exghadgel SRGdrt RS bullMip OF dPoiis BRI b HtanARE Aidkad A
spiraling recesses therebetween are provided in 8 foot portions of two or
nore of t hetherdineietialsl plodugediin thecoridatin ractionyres scovsisg meditioy had Yedn om

four to six .spikal,l nes wWith four to six.spirali.ng recess

t hor ebet wedRveaed tbfe SRR Mt e Bier bl i il EackPH rBEERS MHnpmples
Ref erring nmecdinighfiedis 3Midocan teNRedinclhude, bt dremdl Yimtited thahd, Mix@irBabf

di anmeter by 16 feet |ong heat exchanger sections nmeking up an el ongated

heat exchanii@iumogioxists anhy Wakes Whight 9re peletiede deied sand| siptsradacemprasged
general ly i: . Y, . The. i 10
Phel udes” A GHaBYobk Sl il Myt anibiiCa BB oG SUPRAGHS 30 o

ext endi ng diker dhe Ssaltontixed)mdthntitanjun tdiaxidd leem def potdssiah htoride, sbdiuml, t he
vanes 12 anﬂ@recesagliecﬁgqqrot ate over the initial 8 foot internal surface

| ength of 9 e _ ger 10. The rate of rotation of the spiraling
vanes gnd recesspy dcaufifld Meditim dMfinkss G MRS BEIdY shiffaddd D 'tRE B6at Ukclldng about
2 degrees per inch to about 6 20 degrees per inch, preferably about 4.5
degr ees perani removessdeposith therefoinG. Whilet the sspiring inpdjumarepmve? semel of desses
14 have curyed.rect ular cross-sectipnal ,shapes., Generall t he .hei ghts,
i dths and FRVEEOR FHRGESTobFEnE Sppf I d0oa & bl iy S7 AR 2

i ndi vi dual dapaditsonahenttde sueRbdsUT thdhdat eXdhatipdr REmMias eThO¥eainihg ldyet 6f al 8
feet of internal surface | ength, the maximum pressure drop at the maxi num
reacti on prdspesited majerialodecresses thahealgiiansie ratecirora the seagtion penduels bedig squar e
i nch. fur i ?lftnﬁ i i i t cours
the i n% de c{s)ﬁt??g:%gg% t Eﬁ%&éﬁtpg g%%:t ﬁgﬁggggg%@tlﬁgnﬂ?géﬁﬁﬂ&qﬁgaﬁée@%§ aces of
the spiral itmg signifisasly dddreses thd tiiciencyivé theheatfexchangarmahe indiyases lieat

exchanger section havi.n Length of 16 feet, .an internal ,surface dianeter
of 71 ahe VAR PR 15 HORHoINE, iFof GRER SHGIG Y ARSI PLaRee i Dyer

maintenance of a longer heat exchanger and requiring a greater amount of the

scouring medium. After the reaction products are cooled, the particulate solid
30 titanium dioxide is separated from the gaseous reaction products and the scouring

medium.



30 the initial 8 feet of internal surface therein when the vanes are 0.5
i nch high, 1.5 inches wide and have a rate of rotation of 4.3 degrees per
i nch and when,gsescour i ng medi um havi ng a specific gravity pefr/isoansha
particle size of 0.028 inch is utilized wwth WD 112/225(1.1 5

PCT/ US01/ ~217C an inl et gaseous reaction product flow rate of 6.6 pounds
per second at a tenperature of 1750F. As nentioned, all of the heat
exchanger sections utilized to make up the el ongated tubul ar heat exchanger
can include spiraling vanes and recesses. Generally, 5 however, the heat
exchanger secti opge Waseht irVhHGIE i Bhied! b1Ghe ARREvEH) i BRS Afitoval o e

el ongat ed heat _exchan%er can be separated by several heat exchanger

sect i ons whephsithoframt the rinsdidelsurfases af thecheaterehanged cae be dmpraved oy causibgr of

heat exchanger_ secti ons. whi.c o_not . ncl ude ‘vanes, and recesses nds on
Whet her t nds st B 46 ToliSwtatrl et b BEE S BevcaiBang, (Whie
scouring megiribis Weliqubdeanlbl @flka o Gusiag thd icotEng Mealueth follBf &/ §iRs can
be fornmed of a corrosion resistant alloy such as an alloy of nickel and

chr oni ut orpath&rouginthschepbexpbanger, apresqmilyi nrefied tachrique imio pravideioae osuch as

al um na, siljgcon: ' r ' S@, Y n_be holl so t hat
the cooli ngljntr)rll(?;ecf{is lljr%qﬁﬁvé’) Ib%?elﬁg)élpth%]ﬁ‘gmeléggfﬁéérs,&%gﬁtargér@ ré(rafl\?mmf PrHers %(,:ngas ed
and pi gnentindividlap et eschiingtr dectisrso Peefdrablih €ori ipclo et ich ¢@emabdiambies

i nvention for producing and cooling particulate soljd. titaniumdioxide is
conpri sed o2t FEChAIZEL BEFHPNSt EWQ . OrHERTS dPERITIE, Yanes; haying, $Pirelinga&aeesies de and

heat ed Oxy%ﬁgrfg%@feht?%%p ?gi) 1 ed@n' @t 3)%%5 q}fluti(vg’or! mbre; oiathgqﬁag{glﬁﬁluﬁ%t of at

| east abou ce particulate so titani um di oxi de an
gaseou’020 exchangenseqiionsluMost prefezatily fran, fonrdo cixi ghirahimgl vayees edihsfonetacdix on

products are.cqoled b assing themt hrough. an el ongat.ed tupul ar, heat
Echanger - cPUaI<cFks BEGRPiRSD AERUROFO R e ABAFLPALAB P EE FEGATR ne
i nsi de surfaces Réfeliify ARRto ﬁi&%ﬁﬁ%&; onklST tBE MdAiviBGal TERCH Ml dilfeter
particul ate titani um di oxi de and gaseous reaction products are caused to

foll ow a spby &6 fexitlong bedt reaphanigemsectionnmghking aipednoelgngated hedd ekehanpeafor 25

h wher.eb h ' dj,un hi ) h its. |
ecor dance RO " BEE RN R A el ARy PR IR BT RRRRT e

particuysatel0, The heat exchanger section 10 includes four spiraling vanes 12 with four recesses

14 therebetween extending over an 8 foot internal portion thereof. As shown in FIG.
1, the vanes 12 and recesses 14 rotate over the initial 8 foot internal surface length of
the heat exchanger 10. The rate of rotation of the spiraling vanes and recesses is
constant and is generally in the range of from about 2 degrees per inch to about 6
20  degrees per inch, preferably about 4.5 degrees per inch. As shown in FIG. 2, the
spiraling vanes 12 and recesses 14 have curved rectangular cross-sectional shapes.
Generally, the heights, widths and rate of rotation of the spiraling vanes are such that
for an individual heat exchanger section containing the vanes over its initial 8 feet of
internal surface length, the maximum pressure drop at the maximum reaction products
25  flow rate through the section is 0.2 pounds per square inch. A further requirement is
that the scouring medium completely scours the inside surfaces of the heat exchanger
section including the surfaces of the spiraling recesses. These criteria are met, for
example, by a heat exchanger section having a length of 16 feet, an internal surface
diameter of 7 inches and having four curved rectangular vanes equally spaced over
30  the initial 8 feet of internal sutface therein when the vanes are 0.5 inch high, 1.5
inches wide and have a rate of rotation of 4.3 degrees per inch and when a scouring

medium having a specific gravity of 2 and a particle size of 0.028 inch is utilized with



titani um di oxi de and gaseous reaction products are caused to follow the
spiral path by providing one or nore spiraling vanes on the inside surfaces
of all ornyepass@sportions ' of the el ongated tubul ar heat pexaigongars 30 A
nore specific process of the present invention for producing particulate
solid titanium di oxi de conprises the steps of: (a) reacting gaseous
titaniumtetrachl ori de and oxygen at a tenperature in the range of at | east
about 2200F to WO 112/2250 6 rcT~usnfim- produce particulate solid
titani um di oxi de and gaseous reaction products; (b) cooling the produced
parti cul at eySialek %aéebh@ﬂiab'ﬁ@rﬁ%ﬁdh&%la@ﬁfﬁt&@@@.@ Pouh®aseh s&dnl raQQ%ﬁgermu}éﬂ a
cooling nmediumin a tubular heat exchanger to a tenperature about 1300F or
| ess; (c) iafjldé@ihg a scouring mediuminto the heat exchanger for renoving

deposits from~ the . nsjde suprfaces thereof; (d) causi t he scouring
Toaum to for1 o yipHE 55 B e B LR secthe NG e
i ncrease t hgorgamsdabulaf hedepahhider tawinciude spivdlingcRtesdhdreessed] @enefAlyor nore

spiraling vanes on the insjde surface of all or a portion of the tubular
heat extharipaeverte heat exehpneen sestjonshwhishrincludg spienaling|viages andavecessetinoxi de
fromthe s ri i e e i r . .order to
urther i &g e iEaRR St Ao dd o E QR Y Bl R Sl Frand 160

fol | owi ng exaolplde nat igdludnspifakingplasesariierecessenf The atimbereofhee rekcliaimger t 0
increase the efficjepcy of an el ongated, tubul ar, heat exchanger, used for
cool i ng t heseEHenEnyY AoRoelds s%ae&r?c&asefidsaer%g %Wé‘a@g&t&ﬂse%&bd in
the chlori dacRierSeticlCalietorSithAtRRR'DY RS LEIRR! Alabh dRkEr e the
ef fectiveness o eat transfer and consisted of a nunber of sections of
wat er ]&ckeiperhtipgpenditond inmgjvedit er f1 owed t hrough the jacket and reaction

products fromt reactor consisting of a mxture of GL2, Ti Q2 ﬁ rretnt, and
5 to 10 percent B YHEaSan o8 QUBRA Phe Somosion Jesint sloyich aspmcAlglnd
exchanger sfgkd QRS cHRiBurdlR Yheyl@ndR HARdd dONELrANE Wk Sesistdii Atdt@thl kRgEt her

by flanges. An external water pipe called a junper connected the water
j acket of msealuming siicow carbedener the likec k Alsopthet vanes ¢pmberdollowcsa that the

heat  oxchar9eing REERcvilke BT SBREE BP0 AT o plead i M1 0°

amount 19f  hdepbsitshaill byasdidednsferred fromthe reaction products streamto

the water in each heat 25 exchanger. section was determ ned fromthe
difference in tehseimproye M@%%é@% thip gnvgatien fqrmr@fucwfgoel&ﬁqoaflg padicukte wat er

flowrate. s}ﬂﬁ tﬂéﬁu&%@%ﬁ?ﬁé’écﬁnér%d %E%J‘ﬁ%ﬁ&%g%ﬁ&?%&g@ﬁh%%ﬁiu% dto

cal cul ated froma nass bal ance Tor the reac anoun
t he react ortetradhiorideeanddmated nixygereate séactdnat adiigh tdneperattuz] i.e.eatterhpexsitufe om t he

react or upstryeagm of . the ions. A heat transfer, coefficient S
cal cul at od Gt et AoaY HOLT.oR dmaiebaainait ford iRPhie clebidore BReowt ¢ he
produch st rt‘é@dﬁoﬁ"}ﬁ‘p&dh@s. R itaniin didQRle ahh%’ase‘é@§ réaEmﬁx%Hﬁ&Q ateCcdolt I§}00| I'ng

water in that section. ‘ )
passing them through an elongated tubular heat exchanger along with a scouring

medium for removing deposits from the inside surfaces of the heat exchanger. The
scouring medium and the particulate titanium dioxide and gaseous reaction products
are caused to follow a spiral path as they flow through the elongated tubular heat

25  exchanger whereby the scouring medium thoroughly removes the deposits. In
accordance with the presently preferred embodiment of the invention, the particulate
titanium dioxide and gaseous reaction products are caused to follow the spiral path by
providing one or more spiraling vanes on the inside surfaces of all or spaced portions
of the elongated tubular heat exchanger.

30 A more specific process of the present invention for producing particulate
solid titanium dioxide comprises the steps of: (a)reacting gaseous titanium

tetrachloride and oxygen at a temperature in the range of at least about 2200°F to



WO 02/22511.1 7 PCT/USA | -t 2176 The cal cul ated heat transfer coefficients
were then conpared to the heat transfer coefficients calculated from

enpi ri calywbeahadoiansfer correl ations available in the operchriiset/aiinse for
particul ate free gases. It was anticipated that the correlations for
particul ate | oaded gases would be different than for clean gases, but it
seened 5 probable that there would be a relatively constant rati o between
the coefficient neasured for the heat ex¥changer sections and the
coefficients calculated for clean gas. The results indicated that the

devi ati on bghweandrine IR faheHdRhedk M@gase&m' feh AR (08U, 3b) QdfingNd

t hose determ ned experinentally were nmuch greater for the secti‘ons near the
exit of t hethelppodysed gatticalateesodidatitgrzinm: diaxide and tgaseous atactioe produets . with aseened
10 likely that. the diff.erence could be due to deposits .in ectjons.
Tests were ‘foﬁ)ilﬂg RRE e el tiuggl&’ég‘ﬁﬁtoe&c Roipsa FWS?IWFeo%WQHﬁﬁ% Lg%t er
near the exic) injéctinfe Roanisdhediieaitoale e FREhankbefdr §6MEving depitsfrimed
using the last 8 sections of the elongated heat exchanger. Al of the

sectiond wethe irsidesuréaces thesgaintdepusing] thepysousingrmedium 16 felblow prspiralnpath
o . : ' o
o ongat ed HEAPe 3R IBECA AR 8 HBRL0HASRE ¥ sifbd drAEBR AT B8

secti on wassuffateeby providingtohe andnarei plihling vategan the iokdideredGicetdfail bhe ot her
sections. The res s of all of the tests _are given in _the Taple bel ow.

|t )
Test 1 A cobfrten 0? theitublar beat pxchangeryand (g) ssparatine dhgparticulats sold Hianiym
medi um  Theg; o} E@lrfhof : : | evel that could
be mai nt ai ne1 %g\%:‘% f@kﬁeafr Fr@%%@%nggﬁéﬁa%%é%%ggﬁg&rﬁiggts'si gnificantly. The
rati os1of the nelsorderdofedbertilaststethedmpfdvied ipeotiess efcthe pesemtinvemltiohcthe
transfer CO%L‘F cients \fve.re.determ' ned. The results indicate that the
di fference WX e SIS EE™ coefficients and the theoretical coefficients
i ncreases as the gases nove down the el ongated heat exchanger. 25 Test 2 In
the second test, a device was pl aced F¥A®Me i ddl e of a heat exchanger
section to intro f ' 1at® i | FBciedc oduced
Ti Q2 pignent at gu%gf %I%of‘tésg%%%é %‘g&%ﬂoelaltgolh%%ﬁ%ggk pég?mﬁ% %?2%%\%08%%@? mat el y
200 st andamubularbeat éxebingef udiRl farscaoling dblel ciccohiumtdiotitie ané @hscons agaetion

period_of several 3 0 nnutes,, The result that. t he heat transfer
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of I njecti Odlbteri'ﬂlﬁe tHeCL iR B Perlels Bﬁﬁéat landref Sid YaRistltdf PREBE 0T sBRIdRs of
efficient scouring rather than increased turbul ence for two reasons. WO

02/ 22s0- 4 8water jacketed pipe. Cooling water flowed through the jacket and reaction products

from the reactor consisting of a mixture of Cly, TiO, pigment, and 5 to 10 percent O,
flowed through the interior of the pipe. The heat exchanger sections were about 16
20  feet long and were connected together by flanges. An external water pipe called a
jumper connected the water jacket of one section to the water jacket of the adjacent
section. A thermocouple was placed in each jumper and total water flow through the
heat exchanger sections was measured at the inlet to the sections. The amount of heat
that was transferred from the reaction products stream to the water in each heat
25  exchanger section was determined from the difference in temperature between the
water inlet and outlet and the water flow rate. The gas temperature for the heat
exchanger sections was calculated from a mass balance for the reactor, the amount of
heat fed to the reactor with the reactant feed streams and the total heat lost from the
reactor upstream of the sections. A heat transfer coefficient was calculated for each
30  heat exchanger section from the temperature of the product stream and the amount of

heat that was transferred to the cooling water in that section.



PCT/ USO1/ - 42171 The first was that the increase in heat transfer was
observed as far as 100 section dianeter s downstream fromthe point of N2

i nj ecti orwo©@akswk ati ons and published data indicated that panysimenaase in
heat transfer due to turbul ence decreases rapidly and di sappears conpletely
wi t hin about 20 pipe dianeters downstrean) 2. The 5 second reason that the
I ncrease was due to better scouring was that the increase in heat transfer
was observed to continue for sonetine after the N2 fl ow had stopped. Test 3
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Test 1

A control test was performed using silica sand as the scouring medium. The
20  product rate for the reactor was set at a level that could be maintained even if heat
transfer rates were to change significantly. The ratios of the measured heat transfer
coefficients to theoretical heat transfer coefficients were determined. The results
indicate that the difference between the actual coefficients and the theoretical
coefficients increases as the gases move down the elongated heat exchanger.
25  Test2
In the second test, a device was placed in the middle of a heat exchanger
section to introduce N, tangentially into the section. The reactor produced TiO,
pigment at a rate of about 130 to 150 pounds per minute. Approximately 200
standard cubic feet of N, was introduced into the section over a period of several
30  minutes. The result was that the heat transfer improved measurably over the entire
product cooler downstream of the point of injection. The increase in heat transfer was

attributed to more efficient scouring rather than increased turbulence for two reasons.



the bag filter was determ ned when the heat exchanger was operated w thout
spiraling vanes. Vanes were then installed in place of section No. 11 and
t he produgbiganzgpate 5 increased until the tenperature of tprga/gdsasI7€Xiting
the bag filters had reached that same tenperature. The results were that
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Test 5

25 The heat exchange section including the spiraling vanes and recesses was
installed in place of section No. 11 and a test similar to Test 4 was performed. The
results indicate that a significant improvement was obtained even for section No. 13
that was 26 feet or more than 47 pipe diameters from the end of section No. 11.
Additional Tests

30 A test similar to Test 5 was performed using spiraling vanes with a ceramic

material. The heat transfer results for sections No. 12 and No. 13 with the ceramic

vanes were the same as for Test No. 5. The heat transfer within the section containing



WO 112/22511 PCT/US(11 /217G 11 1. In a process for producing titanium

di oxi de wherein gaseous titaniumtetrachl ori de and oxygen are reacted at a
hi gh t enpeoatsest o produce particulate solid titani um di pgT/dsoanad7agaseous
reaction products and the titanium di oxi de and gaseous reaction products
are cool ed by passing themthrough a tubul ar heat exchanger along 5 with a
scouring nedium for renoving deposits fromthe inside surface of the

t ubul ar heat exchanger, the inprovenent9in renoving said deposits and

t hereby increasing the cooling of said titanium di oxi de and gaseous
reaction prREdysdes WY ddpeh@PChIBS cERANSING SRHE MASHAI UREd FHIOHY Vansdhill
particul ate titani um di oxi de_and said gaseous reaction products to follow a
spi ral pat Kheadesigreof theovanesr buarpthesisat eftests.athe tieraperatoreenfttharggess anitérgeby

sai d scouri ' hor. hl yes sai,d deposits. 2. The process of
o e m 1 vindPepHE P AR A TRY et 2 BB G i LIPS REREREL 01 ng
of m xt ur essafés. t Vhassi wiete dhaxindalled th plaéesf whatied Nal ¢1 pad Ited pabddctich fagd and
sintered, conpressed titaniumdioxide, rock salt, fused alum na and
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scouri ng nackmspar dapradulted ini anidxitttempérhtars of A69PP xndiwith vanesaa groglastbannste
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spiraling recessgs there en.. 6. T ocess. of claim5 wherein the rate
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sel ect 20,4658 &Qﬁim&ygr lga’ﬁﬁi:ajtaittg&&fcoﬂeﬁg BRnef titanium dioxide and
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30 2.N. Hay, P. D. West; “Heat transfer in free swirling flow in a pipe,” Trans ASME J. Heat
Transfer, 97, pp- 411-416 (1975).




25 14. The process of claim 11 wherein said scouring nedium said

particul ate titani um di oxi de and sai d gaseous reaction products are caused
to foll owyg osprsogl path through said heat exchanger by pr egirdisogsane or
nore spiraling vanes on . the inside surfaces of all or a portion of said
tubul ar heat exchanger. 1 S. The process of claim 14 wherein all or a
portion of said inside surfaces 30 of said tubular heat exchanger i ncludes
four spiraling vanes with four spiralint0recesses therebetween. WO

112/ 22SI LI 13 PCT/US1111~2171> 16. The process of claim 15 wherein the rate
of rotation of said spiraling vanes apdpgigcesses is in the range of from
about 2 degrees per inch to about 6 degrees per inch. 17. The process of
cl ai m 15 wherein saR@ilQﬁ@fiMB@ﬁﬁgedf&hEbefmﬁwa} H@@é@é@fﬁzﬁmf@cmmﬁ ved
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the ends and advantages mentioned as well as those which are inherent therein. While
5  numerous changes may be made by those skilled in the art, such changes are
encompassed within the spirit of this invention as defined by the appended claims.

‘What is claimed is:
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5 with a scouring medium for removing deposits from the inside surface of the tubular

heat exchanger, the improvement in removing said deposits and thereby increasing the
cooling of said titanium dioxide and gaseous reaction products which comprises

causing said scouring medium, said particulate titanium dioxide and said gaseous

reaction products to follow a spiral path as they flow through said tubular heat

10 exchanger whereby said scouring medium thoroughly removes said deposits.

2. The process of claim 1 wherein said scouring medium is selected from
the group consisting of mixtures of titanium dioxide and water which are pelletized,
dried and sintered, compressed titanium dioxide, rock salt, fused alumina and titanium
dioxide and salt mixtures.

15 3. The process of claim 2 wherein said scouring medium is a mixture of
titanium dioxide and water which is pelletized, dried and sintered.

4, The process of claim 1 wherein said scouring medium, said particulate
titanium dioxide and said gaseous reaction products are caused to follow a spiral path
through said heat exchanger by providing one or more spiraling vanes on the inside

20  surfaces of all or a portion of said tubular heat exchanger.

5. The process of claim 4 wherein all or a portion of said inside surfaces
of said tubular heat exchanger includes from four to six spiraling vanes with four to
six spiraling recesses therebetween.

6. The process of claim 5 wherein the rate of rotation of said spiraling

25  vanes and recesses is in the range of from about 2 degrees per inch to about 6 degrees
pér inch.

7. The process of claim 5 wherein said spiraling vanes and recesses have
curved rectangular cross-sectional shapes.

8. The process of claim 1 wherein the heat exchange medium utilized in

30  said tubular heat exchanger to cool said particulate titanium dioxide and gaseous

reaction products is water.
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5 Tl.  An improved process for producing particulate solid titanium dioxide
comprising the steps of:

(a) reacting gaseous titanium tetrachloride and oxygen at a temperature
of at least about 2100°F to produce particulate solid titanium dioxide and gaseous
reaction products;

10 (b) cooling said produced particulate solid titanium dioxide and
gaseous reaction products with a cooling medium in a tubular heat exchanger to a
temperature of about 1300°F or less;

(c) injecting a scouring medium into said heat exchanger for removing
deposits from the inside surfaces thereof;

15 (d) causing said scouring medium to follow a spiral path through said
heat exchanger and thereby increase the removal of deposits from said surfaces; and

(e) separating said particulate solid titanium dioxide from said scouring
medium and said gaseous reaction products.

12.  The process of claim 11 wherein said scouring medium is selected

20  from the group consisting of mixtures of titanium dioxide and water which are
pelletized, dried and sintered, compressed titanium dioxide, rock salt, fused alumina
and titanium dioxide and salt mixtures.

13.  The process of claim 12 wherein said scouring medium is a mixture of
titanium dioxide and water which is pelletized, dried and sintered.

25 14,  The process of claim 11 wherein said scouring medium, said
particulate titanium dioxide and said gaseous reaction products are caused to follow a
spiral path through said heat exchanger by providing one or more spiraling vanes on
the inside surfaces of all or a portion of said tubular heat exchanger.

15.  The process of claim 14 wherein all or a portion of said inside surfaces

30  of said tubular heat exchanger includes four spiraling vanes with four spiraling

recesses therebetween.
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curved rectangular cross-sectional shapes.
18.  The process of claim 11 wherein said cooling medium is cooling water.
19.  The process of claim 14 wherein said tubular heat exchanger is made
up of a plurality of connected together heat exchanger sections.
20.  The process of claim 19 wherein less than all of said heat exchanger

10  sections include said spiraling vanes.
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