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WD 2004/ 054686 PCT/ US2003/ 037443 Cl RCUMFERENTI AL Al R
KNI FE AND APPLI CATI ONS The present invention generally
woeb@sssso the use of a novel air knife to hebPpT/US2003/037443
prevent solid particulates from bl ocking the entrance
to a vessel. Mre specifically, the present invention
is particularly useful for reducing blockage by solid
chlorides renmoved froma 5 titaniumtetrachl oride
product gas by a cyclone or by sone other gas/solids
separation device, in processes for producing
titaniumtetrachl oride. The production of titanium
tetrachloride ("Ti Cl4") via the chlorination of

titani um valuesinatitaniumcogl\gpmn startin
mat er i aCIREGMEERFNTIAL SR KNIFE APHICATION
production of TiCl4 is useful, for exanple, in the
production of titaniumnetal or titaniun1 10 dioxide
("Ti02"). As is known in the art 14 c
pr JEPETHynYIHER ERRFrah) 15t &aesusw A Py i i to belp prevent
soh&ﬁa%@ﬁlgfeg groﬁlt}ﬂ{)&hﬁ?thg%hﬁ @ltc?’a'vgssgl MbRd dp @éﬁi@z{l Oﬂr@&nt
thi's process den gas M xturer conp
invdnhen ;:bq&nmi@ﬂ:bxm skl fasednihgrtdsdkdgaby sdid chlotides rrexdeeedl fsoma

emoved fromthe chl orinator, cool ed, and ) . .
titariR pelFciSFide PSPdiu%t 895 &M 2oy elAng errb.‘/eiﬂm%eootgerc%ﬁ&selhdé separation device,

lids fromthe
1np§£?ﬁé@ﬁ?§ éﬁcb S n1 é?g&ﬂgﬁggsollds are then dunped
I ntihepredispiensf waniuveesadhlorided{UENS) yiarthé ehﬂbﬁdattcm aSitaium
chl orinator sunp, where the solids are m xed

valugg s tEBIUNT-BRIHRIAING s aisrialng gererslohase wdhe w8 The

t
prod MR Bl T ke AOP KT ARAPICC LB Bl SHERER Ba o taniom
diodidee(“FiBPENSi on vessel results in a high hunldlty 20

gas phase in the space above the suspension in
v esAsSeus PV ILde 3E> 114 sw@r‘f&moe*ceé PpEcacHng cklgripg e%,s Wlﬁ%ﬂtamum-
e
cont%}ﬁ%lé%%lgmﬁg zﬁa(t:{;l(;a? Ry gllo(f%ﬁ%c o péllhﬁé tt}ﬁﬁg{cblé?& ﬁ?&gﬁ%&aden gas mixture
comphib&hofahe dfygd T$Cleghcandanslded selid bhibadaiErentiovel fronheie
entering the high hun1d|tg areas of the pipe that
chlogingiesfeepkeds and coprensionallistheny tiapsterisd é9 e Pytieng sppigtor to remove
L4
the ?olfl%g ?1%?1‘{1121@ \,S\,%q‘fsgﬁ%%“ ,c%al-g Erﬁ)éﬁﬁbée otlbfn s%i(ﬁd %1% tﬁé@&ﬁﬁ}é&d&g&% éLQpensmn
vessfél;) Iﬁég&érﬁlyyreféh@@ tesh a sieppitdigGuinp; hede thh mﬂa agembded with water to
solids fromthe cyclone. Clearing the blockage
OH¢QQW%$Q%O@peratlon downtinme to uncl og and can be a

S afﬁl e xl%%%&i solids are typically very warm upon entering the suspension vessel.
The mixing of these hot solids with water in the suspension vessel results in a high humidity
gas phase in the space above the suspension in the vessel, including the length of pipe that
carries the cyclone dust from the cyclone to the suspension vessel. The cyclone dust contains
metal chlorides, which are hygroscopic, and as such become sticky when entering the high
humidity areas of the pipe that transfers the cyclone dust from the cyclone to the suspension
vessel. The sticky solids gradually build up on the walls of the pipe until the pipe is
completely plugged, stopping further discharge of solids from the cyclone. Clearing the

blockage requires operation downtime to unclog and can be a safety hazard.
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WD 2004/ 054686 PCT/ US2003/ 037443 The present

i nvention addresses the issues presented above by
w@b@aiopgs@a novel air knife at or near the entrPRPOT/ES1003/037443

t he suspension vessel. The cycl one dust passes through

the air knife on its way to the suspension vessel.

The novel air knife is circunferential. That is, the

novel air knife injects a gas stream al ong the inside

nal . . . i ect )

1R {3y BldonSliofhes HaG- B8 pREGRAI ghe By phloi! iovel ain
knifl g 610520 fhie@nayindedd ehebuspension tvbsselvel hescyefone tdhnst passes through the air

_knife (and thus at the entrance tao the chlorinator )
knife @rits, Waydo tirsuspensianniessel. n Becorovelakp knideis cirspnfosential. oThat is, the

nove kel Akl ot SRERA R E Y 1 wITPOOME B knif, The gosstream s

injePle@ SN tatd KUFEBHOO réduca thedigldugbf hﬂr(gibsfcep'ﬁ(b&ialbﬁd dtigd on the walls of
reduce hygroscopic solids frombuilding up at the.

the ainknid @@dttgmaat Shespraigsecon theddenasereey g tgat gyfhlorgtor sump
hum di ty enyiro t. 4N _a,seco ' :

can SOl R BT o b i PR B S leiblne dSatey.

hy ghQsi6 eRibed:dnt, dBe presumt Biviehtinig apveéltait lffeeibtad aeretioce
a suspensi on vessel enclosing a high-humdity

hy gerseppio solidstironT huilging yp at the soiaance éha FesPRRYIQS Yeseel eaclpsing a high-

y of . in the fol | .ow ] ' '
rune PP S B SR TSR oon Al
prevelin® W H1@schpyolids fidhswlilassy vt itdéntrable Prefuspdnsidn vessel
enbodi nents of the present invention for purposes of
enclasingsthigh-humidityl qpviramerte not intended to limit the
f t ' t i Fl 1. ' . Ti .
OB aF o B BGOSR ARl e i

whidh liké 24f8@n@R idditatk BinfiRr 8le6RAM] Mhe F6lldWiag HfLEREH disclose various
invention in conjunction with a cyclone separator and
preferisd spéndinmntsafdbeprese0 invegionsior pripesesat ddusiration onliiayd are not

., Vvi.e f air knife.according to the present
mteinﬂ?fﬁl?ﬁ)tqf%ﬁﬁ“e FPES Otltﬁjf" FPY58¥%t es a t op- down view of the
air_knife shown i E&aure 3..Figure 1 illustrates a

bt 4t

schdimdliiza dragsm ¢ PGP RBBLRSEi on process 100.
Theppr i - 1 i-nyEi j ; ion i
e B %gguﬁ%%t%sgo‘%r?‘%égﬁ ?%lﬁﬁq%%%} af lg{ﬁg‘? g%.%rdg’gewfgﬁﬁ R3ent invention in

confaicaod O6ith apuyefoar akpayatpredrkial saspansiokegssal.e conveyed to a
chlorinator 102 on a tined basis 25 to intain a .. .
corFlfi-A Bt eT-H08Y Kift HGRRBITE R COrNE P L Eigat invention.

pot T o s b ERER A hEGe U laeshot btiplle 3.0 The

r eaRiginenl dlustwatss aschematic of a typical TiCly production process 100. The
process 100 illustrated in Figure 1 ipvolves chlorination of titanium-bearing ores. Ore 104
and coke 106, preferably petroleum coke, are conveyed to a chlorinator 102 on a timed basis
to maintain a certain bed level 108 and composition. Chlorine gas 110 is fed up to the bed
through a distributor in the bottom of the chlorinator 102. The chlorination reaction occurs as
the chlorine gas 110 flows up through the bed. Most of the titanium values 1n the bed are

reacted to form TiCls. Metal oxides in the ore 104 largely are converted into gaseous metal

chlorides. Other gases are also formed including carbon dioxide (“CO,”) and carbon
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the chlorine gas 110 flows up through the bed. Most of
the titaniumvalues in the bed are reacted to form
w(a@iss4eket al oxides in the ore 104 | argely arBCT/US2003/037443
converted into gaseous netal chlorides. O her gases
are also formed including carbon dioxide ("C02") and
carbon -2 WD 2004/ 054686 PCT/ US2003/ 037443 nonoxi de
("CO'). Inpurities in the ore are also chlorinated,
' | Qr i o :
mordR QO AP BE oo} Pl SpioRited Mortime flordes such as FeCl
and M2CE s forretdmeple.hl ori nator 102 and typically may
conprise CO CD2, COS, HC, N2,  |lowboiljng. and '
hi S&Eh%qeam sehfibledensgasapighre sxitsl 17, fromy therehdarinatqrd @2 and

optife S 88, Y, N P AR o
as TIOR, Belly,dRdlLaderTly &Cm K1y, &/ OCLL, LA KT, iand aneactkd Bgids such as

.conduit 114, sonetines referred to as a chlorinator )
Ti0g1 %65 8y Biell ag Haburprdheokenihe solidsdgeanase miseis gpoled in g cooling
con%? i £4 tsQI%CQr%E? Pefearrrle% 3 91%, %1 9@035&013 glegsro%re gnd t(%ﬁ Is 1{1?0 a cyclone

separdators conpri se Wwe nown neans for separating

sep&ta®e 16 ffieeahd fies 4l Lyial ARGep@MRA At ors generally are
constructed of the tubular or cylindrical-shaped main

bodyyclensrisparators qospaise Hirl knowp encags Eusepaptingogasesoand salids.

angential sideninlet is propvided,near the t.o of .the
Cyd GG SrnY Bieonb RBiot i AupRF op & ngkiBR sh g body
conAdleONALIE! tpEsd eateal pdAIAV thhyertil S4g hlléth@gﬁ))ﬁ‘de@ M@ar the top
top into the main body of the cyclone. The tube

of thgsepdindgical main bedt. eh @asiowitet tubeas provided and genargilyoesitengs

t he l.owest rtign of the inlet to assure efficient
oy Mol A lon a5 b Bl ot R Bl 1€ g wsvatly
must @kiefl bR eNa GREEi B beIBW tBE LARE Fdrtibh Bhthe ghlecCiota¥sure efficient
through the tangential inlet. They follow a

separaiioest shdpanl gaaeh around the outside of the gas

| i. d | ds the bott f 1
oo arapBHBS eI baied AR infraieq 3P hae8 Vefieh fifoueh the
tangdAGSISinleRl ThdyolW a3 @R Shaped %am{rb@dqhe btﬂ@id@b@mlrg%s BMtlet pipe

centrifugal force. Gravity then causes 20 the sollids
downgvairdly [towerds the egomartlesf separatary dhe seidsTivbich @palicayisd than the

as follows a vorte h rdi d sses, ou f
sesnireBigngyeeist B oPn Bl b sulBh wahr i IoRE" Budhily fien cavses
the S81ids@b fAILdehe TRt m SEPACRLISSE. ST s@?arﬁie@‘gai R Brtex path

solids outlet at the base of the tapered conical
upvwsiedly iaodh paseheews of the top of the cyclone separator th;ough the gas outlet tube. The
separated solids flow through a solids outlet at the base of the tapered conical section. These
separated solids are typically referred to as cyclone dust or waste solids.

To minimize the amount of ;gas that is dumped along with the cyclone dust, a two-
valve dump spool leg is typically used on the bottom of the cyclone. The opening and
closing of these valves is interlocked so only one valve can possibly be open at any given
time. When the top valve is opened, the bottom is closed. This allows cyclone dust to fall
through the top valve and fill the dump spool leg. When the top valve closes, the bottom

valve is opened to empty the dump spool leg to the suspension vessel. The valves

continuously operate on a timer.
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separated solids are typically referred to as cycl one
dust or waste solids. To minimze the anount of gas

wo bat/ossselunped al ong with the cycl one dust, aPCTOS208%5037443
val ve dunp spool leg is typically used on the bottom
of the cyclone. The opening and closing of these
valves is interlocked so only one val ve can possibly
be open at any given tine. Wen the top valve is

oot S B st ol o
into 1B cydbant I(hﬁroﬁlg]@ a‘i@igmﬁlal htﬂSIEH,S tThe gasdstfom theablids-laden gas

opened to e t he dunp spool to the suyspensj on
mixpere €xit cyqhpe VA eosighhectss wﬂ@rduhff ﬁl(b%ébeafpﬁ SRV FIORBAL6 and the

Sohg%F)\ngg%%§4 ﬁg 31268 t%mtgpr/ US é/ OSZﬁ%%ZtZ aPth@@%{ (I?f r%et: 8}?(!1&16 116.

Cr opgOMRIont Whst daligetéd R tHé/BétQﬁh@ oftthe ctElbasi@ditsahe bottom of the
tangential inlet 118. The gases fromthe solids-I|aden

cyclpae, istiarsporied 8xpughcawbe aepipe &y fence Qégrame apdis depeyited into a
tube 120

f th |
suspgfRoryfogeely Thoneai e TR SR OO PO RO na B Sp Rl fsselcan
vary ﬂ?leﬁ@ﬁ,eta@fcaﬂf' Eelﬁ% Sofohi B0 feet MOGVSU fé@ﬁnd@i@fh.

collected at the bottomof the cyclone exits the
bot Tharsusperisinn veegebismuemb’ refemerbioras @@htOhmé@g Burgp-t (pee

.. Pi. f f
aergrig R G stpbeivorfil e toioft Gt HrpRbeith Sl e
susptiidN ey hey ?‘ﬁﬁﬁﬁ@‘s eﬂﬁﬁeéssélqyrenkﬂ'éé’( thrBughet@d in the top
ypi cal I'y being from about 20 feet to about 50 feet in

of themetshl anflitbe sus‘rmrm ippumpedbelt df hef vasspl anweste prfos fprdpr
hi
protg%g%%n }lfg}ﬁe $ ég&g% the ﬂﬁé n@ey%tfsa ﬁ€4 B‘g}gfﬂlgge O?ﬁ;lsipglgsﬁan{/e%sel qu water

IZG%E%a&&dftQ HE sﬁsg)eﬁéiéi? easLoNn2, ¥ eAng reMBYedRSmitRe §ildBension
suspensi on vessel is removed through a vent in the top

vessdl 18R eandesmisggnsiand360 belng pspeed butofitse puppsbnoigsscbl3%-he
vessel e or r further rocessi
ShohGe PHIOTSEROAG LY Ve aRt WPRHENEHE O SpERG gy eisel The
$t8 £ Bizh Bimidi
e

pha]sé 1rvﬂﬁ$§hce]a'58ye tha du@assmmm tha vasel. Bﬁlmkggp-&unpmﬁtycmmrgﬁment can
t he. suspensi on vesaﬁgh 132. The

extsWn&%ﬂae JeRESK 9¢ Rt RRLASETCSHE EYFIRRE e ot ﬁ%%ﬁ?‘zﬂ? to the suspension
vesgﬁ?c’ H8le-cydidfe did &Iﬁgngrneialﬂgﬁ 1Brifed v@ﬁﬂh‘ ASh %ﬁr&i&oﬁ@t &{d dsuch

e ‘suspension vessel results in a high dity gas
become sticky when entering the high humidity areas of the pipe that transfers the cyclone

dust from the cyclone to the suspension vessel. The sticky solids gradually build up at the
opening of the pipe into the suspension vessel or on the walls of the pipe until the pipe is
completely plugged, stopping further discharge of solids from the cyclone.

Clearing the blockage requires operation downtime to unclog and can be a safety
hazard. Stopping the production process to clear a blockage is not only an economic
disadvantage, allowing an operator access to the inside of the pipe to clear the blockage
creates a risk of gas emissions. The blockage can also result in condensed TiCls being

present, which can hydrolyze explosively should an operator try clearing the line with water.
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phase in the space above the suspension in the vessel.

This high-humdity environnent can extend into the
wo eovgiobieed pi pe that carries the cycl one dust PCDIS1008037443

cyclone to the suspension 20 vessel. The cycl one dust

contains netal chlorides, which are hygroscopic, and

as such becone sticky when entering the high humdity

areas of the pipe that transfers the cyclone dust

fro . . i X i

sol TR esp RIS AR AP KEER S AR locd o
rediigd ¢t dlifiingte SRpduddoNoMegs@comit neteridiecomek issidef oftthepipe teat

until the pipe is conpletely plugged, stoppin )
trarpsperthhe cyrlonndsyEonrthaeyclens sePBAor fathe yespgraon Bessel. The novel air

] P15 8 SOREOE 55 18 SR B AELIRITATR: Lt

the R GlipeOfRatifm6 cclofi¢ @t fidnbiheckelgre tostheisdspemsion egssel in a
econom ¢ _di sadvantage, allow ng an operator access to
mapips thas seapirepthetchielops @ist toopass dapughiibe pir ajla gisher @Fg’é% the dust
a risk of gas _enjssions, The bloc 0 .
enify e lorsl RO A b Bt BT SRR B D RR e i

knifXiBlpRkd 81 ot rehalt entticOREMak@pehdivn obsséll i ng the |ine
with water. -4 WD 2004/ 054686 PCT/ US2003/ 037443

Ac c dirdinigestaecardiag by e orasentrivegntion gre eirqyaeentialy By pircamferential

...1S a ageous utilized tao red el |.m he

i3 e PR BRI s it E SRR L PR AB oS

cirdinPRreh bbb  the pARERAN ke difenif/ Gl vhist the cOElohd)@ust passes.
cycl one separator to the suspension vessel. The novel

Typially, e fipe tastydrmihe sydena dust fremciie Frrencsiefhg sispension vesselis
. the s e. that .the. novel .air _knife,is .0
cirgh BARRE ge e e E AR pifl s T elrdbaRlba GG Bhith e cyclone

dust yedsesIeHbRetn8hé F}%@éﬂ'ﬂ slventinerset sé Bmited. NBIHRE pedhidtic shapes are
requi res the cyclone dust to pass through the air

within the sedpeles thetpséssnieinyénsiogu Sor example.ghe pige sgagporFizdne cyclone dust

vessel..or as t dust .enter.s the, suspensign v

andF ey ke D g i Moy Bl AL SRS 0P re R
ent TANERs dtRamleatddyQmsA eV TIBEhreset InvisRidElgas a velocity sufficient
according to the present invention are

to Wpwanert er elhbygibscopig ndterial dfomn thetipsifle wald of thejar kpifgndn this manner,

that .the.air _knife creates a.strea f. gas insi t:he.
the gl gk GmonnCoLES pbre bR ey s B, plfitcanty
redubiBig e cHaRbd Bat AE SMEHACMY BB shdpendive b @RE St bRREEESy accumulated
Typrcally, the pipe carrying the cyclone dust fromthe

hygrgsdopivematerialh 8Visangsehini 2 hiGlepwdiiction pre¢ass tyl rgducgrmy clope dust
accipﬁ’ﬁxig)aggﬁ? itggﬁst?qiq%l V§ | frgfﬁ\é\e{bll)ll thvaevaeve?oc(i:tiyro% la{l Rhst PP d@ts/second
(100 feet per second), and more preferably, at least 60 meters per second (200 feet per
second). Still more preferably, the ;gas stream will have a velocity of at least 120
meters/second (400 feet per second). While some applications of the present invention may
require a gas stream velocity of greater than 150 meters/second (500 feet per second),
preferably the gas stream velocity is no more than 150 meters/second (500 feet per second).
The gas stream created by the air knife generally travels in the same direction as the
direction in which the hygroscopic material moves through the air knife. In one embodiment,

the gas stream travels parallel to the direction of the hygroscopic material. However, it is
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dust passes. However, the present invention is not so
limted. Other geonetric shapes are 15 within the
W@ ewposwBo t he present invention. For exanpl e, POBURLPNE037443
transporting the cyclone dust and the inside passage
of the air knife could be oval shaped or even
rectangul ar. The gas stream created by air knives of
the present invention has a velocity sufficient to
. Pl o al |_hyar ' rtal. 4.0 jQS4
it B0 pEs oo bFLARERR) BPhEehBaife P IueR e
traveBOHGRANEIB G0 BRFRNRELH of iNghyis 6sop mEekdlj @lusind die gaastream to
accumul ate, significantly 20 reducing the chance that
traviehin @snirehmosion g'hep theqigipatedasiags ssdwtlaEan be bl ocked

b |.at h i Gy iak. . '
T R T e e -
invaG oM cBhju®tion Wigh §8scisid Lparatth 206 Ri®A Suspbisyorhesee] 304. The

velocity of at |east” 30 neters/second (100 feet per,
solslsdarted)gasarde mboduqed éite tldxdyglongsepasator 2E0at Mg lepgengalinlet 208.
second (200 feet second).. Still nore preferably.
Inskrdhg e Gereaal F10 o0 plEstr ey spoarel diehd35 s e
cyéi'&%ees.regér%‘f ’E}ngéﬂ‘p sfoBALt tA6 Zﬁﬁaﬁﬂ"%il_ﬁvity\%hﬁe% tBOSRIds to collect at the
applitations of the present invention may require a
bot(gﬁﬁ 2$¥ bﬁﬁ]mcydbm@i;dpyrg;ﬁr 2@6.eA¥tw0-*t)aThm1d1ﬁ51®spml lsg 214 enivimeizes the
500 feet per. second), .prefer y. the, gas ream
gt ey Ui eTRg o I BOCTRRIS L g B B GoTesi e dump
spddf [eg?ig]gllngiﬂ% the M}GnBB 305! C?ﬁ%&&%ﬁﬁ%@ iSBhni e fﬁ‘irl]ﬁ tHeRivb&alve dump

gen ravel's 1n the sane rectionas the

spodil [epcXlidamlld throdgh elie pipe2 hy grdobanmgh chawit knifee202npicetbe suspension
through the air knife. In one enbodi nent, 30 the gas

vesse204m travel s parallel to the direction of the

hygroscopi i.al Lt 14

P REDD RS A A gAY Ron, b chfe 300 EbHEAG
invieRNGDNt HPsrosdpRaa@Eril362 ahterdeht hie khife 30@ajaen mpgdB4 such as the pipe

streamthat travels at an angle to the direction of =
216 Heovwyirgesgiand taves dewn thrausgh thy aitkailg 380 & the shgestgpn indicated
b Eravel %€ a spiral notion when the air knife passage

iR . Figure 2 illustrates a process 200

Ut i Hing laF&nf8 380 Eorkpiides 13020 RERPpiAL REIL Rcfidis 308£3@Nand $12. The

invention in conjunction with a cyclone separator 206
overteppingspesperssif tire walk sastioroiorm paps theayighghiptgrsrs faeeds The gaps

R h g et gt e GRS Sl SRTRE R PER Aipd P direction
it i% AR ahBaiSRE bASfoRR 1188885the kepS@PAsahRMlgh TeigasRSn & dame

he cycl one separator throyig.a gas outlet tube 210 )
diractibnopsahe eyclamukiets Préferably, pid&nives obthiepeesenftinyapsion will comprise at

least two different circumferential gaps through which gas is forced. Generally, the size of

the gap (that is, the distance between two wall sections) is no more than 0.18 cm (0.07
inches), and preferably no more than 0.13 cm (0.05 inches). In one embodiment, air knives
having a gap size of 0.09 cm (0.036 inches) have been advantageously utilized in a TiCls
production process to keep hygroscopic cyclone dust from accumulating on the walls of the
air knife.

Air knives according to the present invention have at least one gas intake. Typically,

air knives of the present invention will have between two and four gas intakes. In Figure 2,
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bottom 212 of the cyclone separator 206. A two-valve
dunp spool leg 214 mnimzes the 10 anobunt of gas that

w0 g00dosgseel al ong with the cycl one dust. A pi pePQL/E6S2003/037443
connects the dunp spool leg 214 with the air knife
202. Cyclone dust that is dunped fromthe two-val ve
dunp spool leg 214 falls through the pipe 216 and
through the air knife 202 into the suspension vesse

gas %ﬁ?&? érﬁggger %C 2 thlkdé 5t a[nﬁttxeaﬁelg1 it e %ﬁ’ inQaRl bg%@é&ows The gas

ng to the present I'nvent

is fdrbygmﬁﬁ@h itlee gapk Betwakn ﬂ&Zvaemcaeﬁ@nstm, 310, akd B12at3D@t1o6iH sufficient
pi pe 304 such as the g 216 shown in Fi %ure 2 and
to bl%v)@ﬁtsord@mgquwgmafeﬁ@l pin thinside 3y of the Wl sectlons 308, 310,

i.0R. .1 06. Th
snd 336 5L el R ERs wbb R sRhg Sy @ ooVl ity aivicing
the 3dsHovaitfo Bhbdas Tlikes @x tid @6@%&1@@[ hﬂe@ s thefcidchfifapitlal gap.
sections form gaps through which gas is forced._The

gapfsgurzé lﬂuﬂtr@tqsm toprdown rveew:ioﬁté@ pirdnife 300shesm iHdggure 3. As seen

facin the sa ection it
in e 211 S RirTBUER a0 100 o5 Suihsn sy e 39 5150 tp@sds'a series
of bblt§ 91 TR E1R131 6 bR ithie ehllﬁoalﬂfén@@ﬂﬁe ijésEI?@fl‘lfé?ﬁoﬁlﬁretﬁ@d to fasten
cyclone dust. Preferably, air knives of the present

the pinYeifi¢ 3¢htova Juspasivpiessel. aHowbm,thhdmmetﬂoda‘ fer am:chmg air knives to
circunferenti al s t hrough which s _forc
SuSEHR AFEE S GHEIIES soDe DhBe pher Ragion, FISTES e heoes the

e 103, R4 G o S, R o s on s

way(10.thbsuspatsem)vesdeh Aivédknerebackionding fo thierprésentiagentioahavgbeaen
ap size 09 cm (0.036 i nches) have, beg) )
adv%&s%ﬁ{léé é‘B[l%qd;Pt (RS TBIRBEF T SYSPRREOD Vﬁ?%?ﬁﬁ’cﬁ f’&\‘* EP%Cé'é’g process
; : cunul ati ng on
R R O i, B Sl P 38 v di gt o
t heAyshesent Figwedtthewaliaeaioat of thasir lofe 398z an bt afthed to each

ot TRl EO R G 240 Blgesa Zl%%vé‘e%aﬁeh%a “ehonk ebhepR kergane. Thatis,
thes® ’S{)Ot \Qﬂé{é‘%ﬁ%}é {lfélé g§§sl‘tg: éﬁﬁg Q\% 1%@&404% T98 glzg: o?&ﬁ gRots welds

e gas Inta Favels Tn the airec

320|md¢tqmt&ﬂi1@ly dritiealaoongas théyearg st sd Birdedisae thiédiro s the flow of
t he %&/TES bet ween the wall sections 308, 310, and 312

gasﬁtm F88S%y sufficient to blow nost or all

S e%ﬁ) ﬁﬁﬁg%@g‘ﬂ%’%%‘ﬁ linJeBﬁg?l Ee!}leoel Iﬁiﬁlﬁgctﬁl%{itusﬁfg a.tnp %a\f\g{all suitable

I ons
for the intended application. An appropriate material can be determined without undue

experimentation. Typically, air knives utilized in a TiCl production process will be
manufactured from a corrosion resistant alloy such as Inconel 600 or Inconel 601
(commercially available from Vario‘us steel and alloy distributors).

Gases suitable for use with air knives of the present invention may depend on the
particular application in which the air knife is used. However, appropriate gases can be
determined without undue experimentation. Gases preferred for use with air knives in a
TiCly production process include air, nitrogen, argon, carbon dioxide or any other gas that

will not appreciably react under the conditions prevailing in the air knife.
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and 312 of the air knife. The gas velocity is
calculated in a conventional manner, by dividing 5 the
w@am4f0b4%6 i Nt o t he gas i ntakes by the cross-setCT/OREN3/037443
area of the circunferential gap. Figure 4 illustrates
a top-down view of the air knife 300 shown in Figure
3. As seen in Figure 4, the air knife 300 has four
gas intakes. The air knife 300 al so conprises a series
of itk $he3dBsent eI Fas $béh QRchibidSin ABRAGEEREpRE tot é@@mﬁc
present invention are used to fasten the air i
emBaliments thegenfpie M3l be apmresiated thap hose skilled incthe aws umdgtttammg an

undirs iR e Eostin et SRR R eFBhnS ko y i iogs of and
eq@a?&tﬂ&%’i@sete%odﬁﬂéﬁé Nehr348mple, 4iPRniGE G Rhe ﬁifesérﬁ ¢nvRhfion can be

kni fe 300 through which the cyclone dust passes on its
advantagtamistyheilzad peapplioations sis additiohi to th@pméscta:umfrBChg Ittip within the
thef&§esent . nvention_have bee vant ousl

scope pf {l GEFSat IRHRAIAR L9 Hikie i noveL g SEIET BHITG GLSEAT ipypngjon in many
app&g n 3&18 %ﬂ&ﬁﬁfg‘ B{e%gs%ﬁt infbritiped a‘tﬁl?t‘} l{b Eédﬁge ﬁﬁiﬂjdutp' ABerials

ation In e suspensi on vessel shown in
duriggamspatt frbimomalebse!; tcdniotes, saéh ashthrcalgh al«tnbef @ 1‘8@@ Ikmrdmgly, the
be attached to each ther by small t me%a
Scopf F BEB PEOENJEYETRG SRHIN bS BesEHses Bt SHBS aPrerisd Fi@yind any
hese spot welds 320 are in the gaps between
emﬁﬂﬂ&ﬁé ere§U5ect|ons The size of the spots welds 320 is
not particularly critical so long as they are not so
large as to interfere with the flow of gas through
the gaps. 20 Air knives of the present invention can
be manufactured using any material suitable for the
i nt ended application. An appropriate material can be
determ ned wi t hout undue experinentation. Typically,
air knives utilized in a Ti Cl4 production process w ||
be manufactured froma corrosion resistant alloy such
as I nconel 600 or Inconel 601 (commrercially avail able
fromvarious steel and alloy distributors). 25 Gases
suitable for use with air knives of the present
i nvention may depend on the particular application in
which the air knife is used. However, appropriate
gases can be determ ned w thout undue
experinmentation. Gases preferred for use with air
knives in a TiC 4 production process include air,
ni trogen, argon, carbon dioxide or any other gas that
wi Il not appreciably react under the conditions
prevailing in the air knife. -7
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WD 2004/ 054686 PCT/ US2003/ 037443 Wil e the present

i nvention has been described in detail with respect to
W@ p@aiosi686 enbodi ments thereof, it wll be apprPCl/asmd3/037443

that those skilled in the art, upon attaining an

under st andi ng of the foregoing, may readily conceive

of alterations to, variations of; and equivalents to

t hese enbodi ments. For exanple, air knives of the

. iaventi on can be 5 advantageously utilized in

“mgggﬁﬁg%?1§hs in addition to the production of Ti Cl4.

It is within the scope of the present invention to

utilize the novel air knives of the present invention

i n e 28 5BIE.ComPESEShenef i ting fromthe present

i nventj on. s:aht L : ' '

dur gt DRERSn 8t vefodfl hERUERRY b, MR A palBE R RIS
circuinf@ugde, thetpabagobeipt péaptadicio alldivigliyt mdtdréals gmpethodughlike air

ﬁgnesent i.nvention should be assessed as that of _the
knilgppaddedliecsenis and any 10 equival ents thereto. 8 WO

2004/ Q P Q 4 . i S .

200! BB RIEE 4 M 25 B e
faciw@lid theeiitd diRstilgfanai ng a passage having a 5

circunference, the passage being adapted to all ow )

sol i d Ftdgast prd gpsialreoanediehioghc SR 1sd Manig cRysinggag entering the

L first di [ QN; Skt r [

a1 pos I 1 o8 by e e Rl B Rl of the passage
in the first direction; and | east . one gas_intake
c oné]eché%lalf %m??]%te@ﬁﬁn F’nw °r 3&%?“%%’15@%@6 %é’ércgﬁf‘er i ng
the 10 intake to pass through the gap and int? t he.
paskagbhatibkeils peClaim uwhapaihe et istranpadhangL 8 contimeters.
The air knife of Claiml1, wherein the circunference is
ci réul Bhe aigknifthef Gliaim knwheseinfthCan mnd, mosdhan 13 prutigeggers.
is no nore than 0.18 centinmeters. 4. The air knife of
d a$.m The ahkniéé of Clhin §awhérsinrthe i keift karon@eddl to a cyclone

centineters. 5. The air knife of Cdaim1l1, wherein the
sepgialotkni fe is connected to a cycl one 15 separator.

6. The air knife of Claim 5, wherein the cyclone separator separates hygroscopic

solids from gases.

7. The air knife of Claim 1, wherein the air knife is attached to a suspension vessel

adapted to receive solids including hygroscopic solids from a cyclone separator.

8. The air knife of Claim 7, wherein the suspension vessel encloses a high-humidity

environment.

9. A method for reducing buildup of solid material on the inside surface of a
passage as the solid material passes through the passage, comprising:
injecting a gas stream along the inside surface of the passage in the direction the

solid material is passing through the passage.
10. The method of Claim 9, wherein the solid material is hygroscopic.

11. The method of Claim 9, wherein the solid material is cyclone dust from a cyclone

separator.



6. The air knife of Caimb5, wherein the cyclone
separator separates hygroscopic solids fromgases. 7.
wab@4asse8kni fe of Claim1l, wherein the air kniPeI/US2003/037443
attached to a suspension vessel adapted to receive
solids including hygroscopic solids froma cyclone
separator. 20 8. The air knife of Cdaim7, wherein the
suspensi on vessel encloses a high-humdity ‘
enviy ofERLthod of GlA¥RONAHere B pdsgibeé Bepobet dodRgiehuaRtityd
material on the inside surface of a passage as the
envgolmentmat eri al passes t hrough the passage, conpri sing:
injecting a gas stream along the inside surface of the
passagEhd methbe of Ciatato oheiehethe 2bs stedandisimbeed atla vedocity of at least
passi ng through the passage. 10. The nethod of Caim
30 weteyier se¢pnhe solid material is hygroscopic. 11. The
method of Claim9, wherein the solid material is )
cy clbnEhaimsthofl o6 laamdy wheres: the gpastegant is injgctygat a velocity of at least
2004/ 054686 ,PCT/ US2003/ 037443 12. The nethod of Caim
60 et SFP'assage is exposed to a high-hunidity
environnent. 13. The nmethod of Claim9, wherein the,
gaslst Feamethediof Clamdy wherep (ig123¢8 PESAndis I%JFCtPE gl velagify of at least
S cond. 5 14. The nethod of Caim?9,
12%@%@%916??%08%835 streamis injected at a velocity of at
| east 60 nmeters per second. 15. The nmethod of Caim
9, wherein the gas streamis injected at a velocity of
at least 120 neters per second. 10
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