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WD 2004/ 104518 PCT/ US2004/ 014861 METHOD FOR THE

ANALYSI S OF GAS PRODUCED BY A Tl TANI UM TETRACHLORI DE
wo-RaghMAED BED REACTOR 5 TECHNI CAL FI ELD The PeHUS2I04/014861

invention is in the field of chem cal anal ysis nethods

fo 8H%HR Q! SrUA S PRBISGEED B Y AT ANRY
< T o T PR ko

product of a fluidized bed reactor for producing

titaniumtetrachl oride by the chloride process.

Aditionally, the instant invention 10 is in the field
TEGHNIAEHSI . Dor control ling the tenperature of such a

flydi.zed, bed r.eact.or,. ND The .chlqrid ..
pr dbe uistang InVSPHRR ISR aﬂetfiq?@g\k( %%Jwgﬁp ¥sis @ P?%rsi&mnmmg

o st b R el A UG Rl P i the ficldof

methidds §ér detrermiBhiggreompbizmtito dike gascousguioduct bfaflaidizzd deddeactor for

988). The fir st of the chlorid rocess for ) )
Proqyrigg HEaHgm i trag f‘l‘jﬁlP Y §36 cioride RGeSt hAditioRaly, dhe igptant invention
ot . . ol p
s inthd BAUIPHRERI, 2 SRl thd ffipers i EEP i f fltizEd BE Peactor
2,701,179; 2,790,703; 3,526,477; 3,883, 636;
ﬁ% ggé‘ ggg 4,046, 854; 4,619, 815; 4,854,972; 4,961, 911;
BA! > 4 ; 5,670,121; and 5,585,078. In sumary, the
ti [ . ' i : - Of - 0,
(u LB FHIHAE BioR% BFpiRfabithe sBr AR BRI is Gl MBS soo Volume 24
of thetKigoOtiBaE by glopetia GRChémhl Tarhaoloky (nﬂurza;ewgae @dndiin Volume I
the lower portion. of the reactor to produce a gaseou .
of therhigmARtALRAPP helited bY LAWIRIDT dtd-lliBbr Tl ipBehthe chloride
proc%%i‘ Hﬁijciﬁg rti?a?ﬁ"mg 'd%('id%els E}{%dch‘f&{rﬁfi[}l){ l){ g H{a}‘ni\?f %‘)% 'g‘}xqaterial (for
gaseots stréam noves to the upper portion o e
exampsiaGiutife araplintawidized Badheactbe ded UBnPateats 2, FHGI 79 2§700,703;

further processing. 25 According to the teachings of
3,526 R TabRY 066 Pertntida D405 bk G815 45077 ok Helo Hia 91389.353;

670021 LS. 5,07 loub ol MUk el RE B B HoufiB P rbon
(usuply cake) tindEhlbiih@un weactedt(faehmpleds 900-080C debreICEIHS) in a

.t is desirable tqo decrease the formation of carbony]
fluidizadrhed @t hedawererartipmehiie reagior teiarodyceh 2assenssitiea comprising
. . JAC i { i ) .
s PSR SR ! BEEA60LAG0 Sl el i

gaseoay siegay meudsito diee Gver partibe o8 thededryorcmdlthdidis tkigausted from the
fluidized bed, such as by introducing a suitable
reactop §o1 fugfhercRreedsging such as titani umtetrachl ori de at

10 ke ' ' r the.. . . .
Ty T —
suchl Ix@actd2tb MRtiBMe thd formbtish i dartbnasehdxedd to e 8IeaROhBBunt of

then the concentration of unreacted chlorine tends to
carbon required per unit of titanium tetrachloride produced; and (b) it is desirable to

decrease the formation of carbonyl sulfide because carbonyl sulfide is an undesired
byproduct. According to the teachings of the ‘121 patent, the formation of carbon monoxide
and carbonyl sulfide can be reduced by cooling the fluidized bed, such as by introducing a
suitable cooling material (such as titanium tetrachloride at 100 degrees Celsius) into the
reactor above the fluidized bed. However, according to the teachings of the ‘121 patent, if

the fluidized bed is overcooled, then the concentration of unreacted chlorine tends to
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-1 WO 2004/ 104518 PCT/ US2004/ 014861 increase to
undesirable levels in the gaseous streamfromthe

WO e@etiorsi8s Thus, there appears to be an opti nuUPET/US2004/014861
tenperature of the fluidized bed in the reactor which

. f
ine STREATRU A0 1R QALERL Ltk hond B sSUTP st gpoear o
be ah Dptimirhetempeatir® bf tb ehadizddebel linl b regdolwBich AsgsalinRGan be

to the teachings of the above-referenced 9115

contpplled by, for gkanplaccantinllivg thereraeunt of eoelB@matetial intuedugedinto the
i dis t. Car id ‘
rescth b8 ) WAoo BN A R L s o1

pateily oMerifhet Al Rwkidd BT Sbovie aliediirtaco ¥ the ThdiPedisedad deshdriccarbon
the reactor to convert _carbon nonoxide to carbon

mongKige iteearbemdioxisdec dyppaidingctatbsotepehings afitaeabayegeferapeed ‘078

pef S5 RS AR e o BBBRAEIY o e

and td@nib catbaey saFlleps ogasAidade.converting titani um
dioxide to titanium tetrachloride so that the

coéiéntheabpumingiewinitissippamsnichaharusaes of differend dnproyemeafs have

C 1w For ex le. formati.on pf .undesir.abl e
beerf PR b AR vel Bos R0 sl b 88 RS TIbRR
tetraChlorile s& hay tie tcdflcdn@raticd Samddsitblddeypratiits dffike HroteRchiPbe

of undesirable carbonyl sulfide can simlarly be

redueedy Uices e xamiteo formiation af skegirablacdrberemenexide candhpasdecsd and/or

cart}f mipmo Rt St BE LR G I B P g AR e BERRGGH ot Sndesirabl
carb6RYTRAITRIB AN 6EMBRlya® r6BIcE BndYBNGY 8B oI EideGah BE B¥Averted to
sul fide) the gaseous exhaust streamfromthe reactor

sulfiraionide. aWdiatey erimpsovedrreasiss istwsed tepredueedhe eonsesigationmt

und R cPmpitits (o FriFanaBo RSSO GBI e goseons
exhasi e FBGH 118 168@07 Ean ah A zE PR otrol B iBprovB®process. For
titaniumtetrachl ori de was 20 condensed therefrom for

exangple tbe y12 1spatent discloggrbthy vbesofsf Fourisr enahsfomn infeasedsanabaer to
fromthe reactor is difficult cause, the reamis
analffse EXFsCES o Tl i bt GE 2 Biehlth SRS s
condeh@edeth&@ﬁ%fn) @&Sca%dn%éﬁlﬁdé.ef the titanium _
tetrachl ori de has béen condensed therefromis nore

f avierbisisefithe exbriistigapstrdahefremitie repetonisshiffichls beeausmthie sfream is
the requifed, sanpling sysiens.te tg corrode and
hot, Ffiea §od SRS SAVTRELSTHie ERs, S eh e e
titanfﬁigl;? tet@kBloAlle hieb @A sARnEd MR b MFe tvRembid @Ltﬁ%ﬁﬂ Problematic

making titaniumtetrachloride i f conponents
becaubs feri exatpls; thearsquiradsemphing systabes tend tdomrodgiaos iplig, It would be

ar bonyl, sul fide and sul fur. di oxi de) cou d..b

an o nEF e arhatEROBE AN Gl Ui SsteR ot ¢ Haiigiihed reactor for
maldd%ec[tﬁtﬁﬁmac&ga&xﬁﬁﬁﬁ' iB¢d¥pdnknts ASer SR (S 29 3hibBR nMAbRide, carbon

related to a concentration ratio of one undesired
dioxadenparhemytl suifideand kefurdédade) donldrbe ddtesinined| vetimohthe meed to
extregc% ﬁ%ﬁ‘m&% t}tler}gof and especially if the determination were related to a concentration
ratio of one undesired component to another related more desirable component (such as the
concentration ratio of carbon monoxide to carbon dioxide or the concentration ratio of

carbonyl sulfide to sulfur dioxide).
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30 concentration ratio of carbon nonoxide to carbon

di oxi de or the concentration ratio of carbonyl
waeioftitas1g o sul fur dioxide). -2 WO 2004/ 104518PCT/US2004/014861

PCT/ US2004/ 014861 DI SCLOSURE OF | NVENTI ON The i nst ant
Dlsﬁmﬁ@ﬂ%%ﬁ% ion, at least in part, to the

| ens. The instant invention in

onellrspstait ipvenvion ésa soletivarhidaist anpdry, 36 therdbi@hehBdnedfRoblems.
anal ysis of _ conponents in gases_ produced b)}/1 a .
Theripsipdfinveatipa in prespest Preyidasaiherical analysigwnethod for the analysis of

j ' IEe . .
conpShEE Bl iRty NIBLLPALIRE MBS i rrphionce
which fokthodrdoesipgiroquife 4 aadplinh eysaerh O Thaidstand irentisit @8 a totally
..Jnvention provides a nethod to determne the ratio of
differgnt appeqch Hrsrthe paer arht Eiesnstyntdnventipn peavidesiayoethed to determine
' . i G i t .
e SRR ET AR ERINASE % BRI U Sl oo o

carbdnpkiulifije) ita bédnd gaBpontat GuoE uctarbdn diokideiof kg dagdde) in the
reactor for produci Q&; titaniumtetrachloride. The )
gasqons Pratiuctief 4 Huidired bed ipgeter fon profiyeing|titaninmdetraslorige. The instant

o G EBEL s 314030404 O B S R pnipnnd

 direats thip peafiatiarthiodih te dabéouk pasturs ih Bh Qe podtiod dTdBMdabtor through

the reactor to an infrared spectroneter to determ ne
a windewiip thefenqtyr tofan;infrared eppctrpmgienta daterofingythe ietgrsityf infrared

R d_wavenunber, and,a.t.hird
A RS oy R SN RRG e B A gpumer. e
firstwieieguthber Heingsd waesnaibenivhfrdshafift G&lﬁpa@hﬁl@dstbﬂﬂ%&r hbsorbance

per volune‘&Frcent than the second conponent, the

per ¥elumg perggicthan therseeidrrgmpononds tha seasad wevenumbdideingeond

v GRS 3B BRSPS beroen
the Bt BEmPoneay, QY AREhirdRaveRbeh b&ihg afWdvehumBQVRARRE Béth Ifirst
t he second component have a relatively | ow absorbance

comperens gnd, the sseensegomponaiidaye 2 rdativsdolopt 4bsarbiancecres ivolpnf percent.

Thehy e hbdofbyicl RASE! b b R FREPRES s deuf TRE b tPuihngthe
intefidiy’of tNMEAHARGdiStiorRdhd hift ARPAIEWRBnuhHére Bl e ﬁi‘sorption

. the second conponent is detern ned by conparing the
intepsityeod $he second edrapdnehiria detgrmingdi by cownaring thh éntersty of theridfrared

.1 hi . ,Fi nal | t ti f. inf .
R A T
inteSR5 VT CRIPOsHEPInchi Yo thescda8E S ipdHeRFGhe %éseb\ﬂﬁ)rklﬂ’&% bt the upper

ortion of the reactor is determ ned by dividing the

portisdithe teaetor istdstrsinined by dividingithesabspptioo nptensstytofithe fitse
absorpti.on,i ntensity of e second conponent. The . ]
com PR Ry {8 4bsRiefah imusfty of the BrclconGBBo e CangeRtation ratio of
the SREHEPGRAPREO Lech ' fed® I
° t he&lng% of the eﬁb@%ﬁ%@%ﬁhﬁ%ﬁgﬁ? ttefn gjzedffts)ggfﬂilﬁgte ¥ the log of

the ahsayptine mtepstydif Whedfint doymponent is dividedttyethe borfithé absorption

intensity of the second component and the product is multiplied by a calibration factor.

In another aspect, the instant invention provides an improved process for controlling
the temperature of a fluidized bed reactor in the manufacture of titanium tetrachloride,
wherein the manufacture of titanium tetrachloride comprises the steps of feeding

carbonaceous material, titanium bearing material, and chlorine to a fluidized bed reactor to

3-



10

15

20

25

30

intensity of the second conponent and the product is
multiplied by a calibration factor. In another aspect,
W b@4iteustsaant i nventi on provides an i nproved prRPCEES20040014861
controlling 30 the tenperature of a fluidized bed
CHOL:: ] nuf a 4.0 any umt.etrachl ori d . .
react SACHRiAL pbTfo RPN ifineRhiokigh BN IbHERHTG bl Comprising
carbop EUnbg RIS ahll @abbe Afoxde, the@haiBt gHatRAMNILBRRUEIRH S h @bndenser.
titanium bearing material, and chlorine to a fluidized
The fragrovemeriiommsisegseven steps/ s sisstepds to)dze dnforadsiation from

' idize . rm.titaniu
e 3355 kB AL 55k B O VBt B W gt o
detefrainb dlfe HesmeXy Oin@arkdGadiidh 6l 0 Xdadien fifsh@aethigibel, addsond
stream being directed to a_condenser. The inprovenent

waveiphar ad adkiydwaseepber, feolint wayenumber being o waivempaber where
S8 5801 W0 Ml Dt B R A e

secoBfl @EAVEQIBb@ belng DwiRhBmBe®hdrb 8arbbh Aibkidehadth higHet abRebance per
radi ation of at least a first wavenunber, a second

volugpe poseamb then gatbon mamoxidesandehe it wavensmber being a wavenumber

hei wher e. b i d
whel R oL B PO D Rt et e Ao AR af apfume
percehto mlﬁ%ecdﬂal%tegﬁg ePadleraNEMe BSIpiG] Mendity\Bl @RbEIP@bnoxide by
where carbon di oxi de has a hi gher absorbance per

compaiingie paterssiyrof theainfrargd saiatinmas thedrst ansbthird avavepumbers. The
. ven er bei wav.enunber, 1 ere. carhon nonaxi de
eSS R S o e ARV G 7 PG st S oA cae e
inter§t of B ifBrarcdAESIn at TS GEPAR thlr8 Rvavenibd€t BidWolfh step is to
the absorption intensity of carbon nonoxi de by

detegroinp dre mdraradenbiserptions intgnsity ratieeficarboameahoxidgitatirbon dioxide in

the SraRin A TReE RS BT BOTER O fecrastoy Rofividibe e ShiBpigrfonsity
of tHRYseSSHINAY MBtht RBsorpiintifehsiyy Gfthé hfrd Y. ARG HIRHER S 16 Aetermine
at the second and third wavenunbers. The fourth step

the desiredinfirefeabsorptine intérsity rdticeofedrbtmnguogexidsrio icatben diaxyde in the

e R B =R i Rty ook S el
diffénte HeRbecnBe ARBRIAMLEGPtLION in%éh%it% YatioQf chfon 365 et 8Rbon
by the absorption intensity of the third step. The

dio:iigefinhhesgapousqamduod et the nppez pottiom afdlé reactoi arfd the delsired infrared

s BRSSP el R B i Gehpe product a
the L?%gf %(gﬁggt)f {HRGeARACTRE sevEth stbpkisibentBR 4 s"i%rﬁa‘l’ whithddhRkSonds to

i fference between the |nfrared absorption
the diffexened calculated m the sixtlr semambproxidd @ feadbaels tesponsed ikmthie dmidized

inth aseoys product t he, u r .portion of the
bed jedlof B G HhedSaer Pl olthe idLR0 DagBGIET an 1 nt oosi t y

rati o of carbon nonoxide to carbon dioxide in the

gaseous product at the upper portion of the reactor.

BRIFR OESVRIHTHOMN @b DRABBNEGISat e a si gnal whi ch
corresponds, to 't di fference cal cul.ated . in the sixth
st &1 i A pie i o ThenmEEER P of Roties B ahelar or e

production of titanium tetrachloride, the reactor having a flanged nozzle on the top of the

reactor in communication with a sapphire window mounted in piping components connected
to the nozzle so that infrared light from the reactor can be directed through the window to a

Fourier transform infrared spectrometer by way of a mirror mounted in a piping elbow;
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25 bed reactor to control the tenperature of the

fluidized bed reactor. BRI EF DESCRI PTI ON OF DRAW NGS
wWO-2@4/10451% a side view, of the upper portion OPCHUS2004/014861

fluidized bed reactor for the production of titanium

t et ac

¢ htFrl ozgils giﬂkﬁ%f inf re(f 1%8@&181[1 uﬁ%ﬁ%ﬁh% g%ﬁ%ag%ﬂ%%ﬂeepﬁ}ﬂ/emus
waveRplr o thé hetian b uxih efltheplqtiap ide@raPeP akiap tise Eaitiee thedorm

to the nozzle so that infrared |ight fromthe reactor
mﬁ%%sﬂ?étrﬁmﬁ@éf’ﬁﬁlgt hrough the window to a Fourier

f3(‘]}% '&‘r?’l& "f%{t?a?ecfﬁﬁg 585@%?%%%@% %ﬁtg%f& Qbrsus

wavElﬁiEﬁM‘BZﬁQHé Edl%ﬁt’al aﬁls gf the plst a8 dplerhinedl ukinf ey Bdrier transform
) rgﬁjl ation |nten3|ty on the vertical axis of the plot
infrayed spestrameten obbier ion the horizontal axis of the plot
t [
o A S A8l S add A8 Ml R B pon
dioxédesayr detsitinedrusingahe/ @kthiod @i tiXhsamtfintdigion b thersiticts akis of the
wavenunber on the horizontal axis of the plot as

plotyetsgs thervolpoepareent Ftiomdisarbon menpiidede wrrbon diaxides determined
; f th
usmg ng (ng? gﬁ%%éeg ?‘% anglgd P ;éltﬂf‘e h&%z oégalrl 0?,@’% }(?[d et g car bon

di @%g.deis aplotelf eothiigdd dbidiBancs eatiméﬂ&ﬂaogfméx{amderta fcabn
i.nvention_on the vertical axis of the plot versus the

dioxjds) asrfstesminedwsing dbe methpd oh theonstamriayanden op therrasdenl axis of the
ol G 8 5oL DR TelSg R S TR B g i

and pl ot of the infrared absorbance ratio of carbon
monoxi de to carbon dioxide as determ ned using the
me e @ is schematic dingeam shcmaeg twe ﬂu&a‘zqdrk@d\v@actqrs; egnngstied to one

t..Vers e t enper.at ur
condinsbii il BhGNERS bl RS ERY i fiofling ikphpeisfic? SEeach
reactd? abé@ding tb &n Sﬁb@dlﬁfeh@oﬂih@ﬁfs&ﬁt mRenicyg two fluidized
bed reactors connected to one condenser and

|IIustrat|ng an |rrproved process for controlling the
C , ding to an

u

: on. MODES FOR
CAR‘?ﬂrHEg Qb taﬁfg 1 NHERSH b3 B%id%rwfiw RRr Fbon b a

therein s shown a side view, of the upper portion of
fluidizedrhediregotaerd cherjthie esastugtion of fieniunthistrpetdenids; therreasttor 10 having a

etrac he reacto 10 havin

sevel Ay nE TR Frt RSt b @i AP st R 1 LAB ST HoBEE redT A first
seveh¥0d 088 helf céhiBndt@atiiéter Aarlgell Spool 1MEMRASH RNBe hﬁilléed nozzle

centimeter diameter flanged spool 12 is attached t
11. Anseven andyert hndfeentimeter diameter flanged ball valve 13 is attached to the first
spool 12. A second three inch diameter flanged spool 14 is attached to the valve 13. A
sapphire window 15 (shown in cross section) is sandwiched between the spool 14 and a
seven and one half centimeter diameter flanged elbow 16 (shown in cross section). An
infrared mirror 17 (shown in cross section) reflects infrared light 18 from the reactor 10
(assuming the ball valve 13 is open) to a Fourier transform infrared spectrometer 19. The
spectrometer 19 is positioned on an instrument table 20 (shown in cross section) that rests

on deck 21 (also shown in cross section). First spool 12 is fitted with a line 22 so that

nitrogen can be flowed into the first spool 12 to help prevent contamination of the window
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11. A seven and one half centineter dianmeter flanged

ball valve 13 is attached to the first 25 spool 12. A
waemanadisidir ee i nch di ameter flanged spool 14 iBCT/US2004/014861

attached to the valve 13. A sapphire w ndow 15 (shown

. . I
15. S50 Ll SRR E5S D5 MBER G, SRRy o e
secoal spav] 18 16 hbip\Wievient E@ntatinat@t 6he surfiive of ﬂ{erxamddwmsr T valve
17 (shown in cross sectjon) reflects infrared |ight 18
13 cpp B‘?rFllOﬁ‘?éi foi fstadiatiamor maigtnARssPUpRsepaYen i e yeactay f0ds in
oper%:? ) to a Fourier transforminfrared spectroneter 19.
he 30 spectrorreter 19 is positioned on an instrunent

[ r i hat, rests deck .
%ﬁ?ﬁr&gg P‘%Vﬂ nf] él‘rfeoségtgls g(f §11 lm iG b(ongcbe(%? m%% g%‘camum
bearfﬂgtﬁlﬁdnw, ﬁl’ﬂi c&llérhr[é&o 2éhcbin 4 FaidizeBbbd ﬁé& HheottoREpdrtiMEthe
into the first spool 12 to hel p prevent contam nati on

reactor 19 e pradugoneassonyprodig4 thag mss mhm usp portenagahe reagior 10,

4. | t h

the FRERE bR kot iR i FruBoh B t8 i diowice

that isCexh@hsleOfr MR re@6tOE W@&ﬂé&b&% alddRd&ide. AR iffraded @adiation 18
wi ndow 15. The valve 13 can be cl osed for

from the fhiidizad bed in therraadtorciibia déregad fugesh the elpperfportm of the reactor

1G85l oy 958 85, A g
first twdveiiniber, PEROAD Faveugiberbnd @ﬂﬂrdc\%\ﬁéhmﬁﬁeﬂ fhefBAGkaveBuMber

fluidized bed near the bottom portion of fhe reactor
being@ wayepwbercehese grberpmonpride h@ﬁt a higher abswrbanceger Melume percent

thar B L B ot e sBRELR bt el el RORELAeGiepide

has &ﬁfgh@f%ab&éh&q)er VbRinel per@nhaa ta%oh hﬁﬁb&ilas dnAaRE Birdl0
directed to a condenser. The infrared radi ati on 18

Wavqmlmbem ﬂwmﬁa wWavgirahberdvhssel carhon menpxide et carBor dioxide have a
ldi rough th eper ortion of the reactor 10
reat_fvt? @’? f’ 3’? e§58’$'ﬂd%\5‘f 19 to deternine the
wa Pt pOw 10 Big 3T BerehE RisR f scameLinishes gpdiation infensity from
aboﬁ%@!%‘ W&b@ﬂmnﬂeﬁeto abb@i2 1‘0’@‘”3 v SHfiibers B6tadgd Au ﬁaﬁ@%%m of the

wher e carbon nonoxi de has a higher absorb
reactoo 10w Fge d c dwstis cotvantioml bothe ditpall deyertuindes eddoesused herein are in

enunber, ] nunber, ere carbon. di oxi de, 15
termg gk TECTHPER) e?nt%?g%fﬁ i g@%%@%ﬁ@ﬁﬁwﬁw Apfrarpd padiatiog dp the
rangBRR B6hfiSoupfishotih %b&g'zu@o WY £ls gk %ﬁoﬁl‘@%ﬁfh‘é”"i%
wher e car bon npnoxi de and carbon di oxI de
decreask an thedhtgndityvofatfsared satidaionen theakangeoffesm absut 2100 to about 2220
st o et TG ot b Sciaed it
N .

carbzgfgiggaggggg oy B&%e?&g%dl g@é@%@@%{ﬁﬁ% ﬁ@é@&gﬁ%o% bo%8 Ifan

essenitallyesiiglowalenumbehi saletted athbn Wazvpﬂef.hﬁtﬂe thaait be shexwgebnumber

herein are in
where carbon monoxide has its maximum decrease in intensity (near 2120 wavenumbers or

near 2180 wavenumbers). However, most preferably, the infrared intensity between 2096
and 2137 wavenumbers is integrated. Similarly, the second wavenumber associated with
carbon dioxide can be selected from a wavenumber in the range of 2240 to 2400. If an
essentially single wavenumber is selected, then it is preferable that it be the wavenumber

where carbon dioxide has its maximum decrease in intensity (near 2370 wavenumbers or
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ternms of reciprocal centinmeters. The decrease in the
intensity of infrared radiation in the range of from
W@b@utiod2310 t o about 2400 wavenunbers i s due tRPCT/HS19041014861
di oxi de. The decrease in the intensity of infrared
A . h .
nea 2, 160008 oy LA S0 Ml 224

and ThEY whedrembetids fritsgitedaThe thifderaeatmbérdis athsvpreteratdly 2400
car bon nonoxi de can be selected froma wavenunber_in,
wavepmbesngh sbrule bopndegstoodiat glthosgh itds Breferalle g uss agpusior
ranHEEHPRE oS B8P b0 ot B0 OARL AR spbl oot
can bawiaducllecs sagkispersiverihfms ispediroater 2b2 Bxamyle oidacion dioxide
or near 2180 wavenunbers). However, nost gr ef erabl y,
and garbop Fongxidg detaraination, aplueqblier nagéspersivg iprared spectrometer
_ e _ h ; o
haviR DR & il BEARSon 5H2167 2300 4R SR urgers.
selgct from veaunber in the range. of,2240 to
> a05% apforbficH ol LR m BnidiCis URRHRIS G bF cOmphing the
interfsPly @F tROinfrhRE RadiktidnSat iRt At Hirll RAkehim®Bi®s.t TBe absorption

wavenunber where carbon dioxide has its maxi num

interpaty of gaon dioxidedn detexmiped by cospoingthe niersisy of the infgedyrdiation

2004/ 104518 PCT/ US2004/ Q1486 330 A
st g cplond Fn VAV IREPRS: b e ERap B R BHG o of debon
monBRideee BarBed dioxIdGs d4dihinGy BPERTIRASthe SbsdtbBSH a&&@%ﬂ}%arbon

third wavenunber is nost preferably 24000 wavenunbers.
monpxide thytheiatiserptind ditensiiy don ¢raboradipkideg i the lagofghedtspyitios

. . 1o use Fourier. .transforminfrared, spectroneter

interfly 8 fpbe o Eie i iPHER B 1k oF iSSP fon PRty of carbon

diox3RE tHeh ARELSIIB isProfRtitifl HSBE cONCBForPrafi8 R caBBA Bio¥kBxide to
i nfrared spectroneter, for exanple for carbon dioxide

carban dicxadender examplei ol éerohstof valumeet pepcent)aantlieae be talblated by

agndi sper si i nfrared ectroneter having filters
moltpligedhceRitt By SHUIRAMOBPER o 2170, 2370 and 2420

e RSB RL B Fa hnB FEAepyine
o e D oA i AN CmBoncnghartfdn Gt HbAdkide and carbon
dioxaleg xudhensj for dxdrapled aackebnipl/sutfidepard suifut biexidet Resirtiyg abw to Fig. 3,

t.he i.nfraredq radiation t the second and third_,
thergia e ggatﬁmgh%q? 4t WhetslsBe NertioRl a5y ie ResseRteq i fegns of
absoRbarf:@ kARG AIPRRALACudiS: SAIAIR ALOBLASs R AREGIE WS GnlYber.

dividing the absorptionh intensity for carbon nonoxide

by : ' [ j t I r Ok OXi .

o ekt B04 RS 0, dbfetPleshowith pRLoP L s WBsorbinckiiio of
carbdh wicsheside Yo tdibor digxide ak detephined psihg thel éthed bf the ddstant invention

carbon 15 di oxide, then the result is proportional to
on thenvertien axis of geindet (nging Sregwstemrsbernin Higil peherain theflwdized bed

I.QXI ' v, r
ol 3 YA iy AR g
ratioCef| datboatrh@oxideab efirbon dioxide to vary in the range of from about 0.3 to about

0.8) versus the volume percent ratio of carbon monoxide to carbon dioxide as determined
using a prior art reference method on the horizontal axis of the plot. The prior art reference
method used a nondispersive infrared analyzer installed after the condenser to determine the
carbon monoxide and carbon dioxide concentrations in the gas stream according to the

teachings of United States Patent 5,670,121. During the collection of the data shown in Fig,
J7-
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It should be understood that the instant invention can

be used to determne the ratio of infrared absorption
WO paoeneistyy of conponents ot her than carbon nonPXi/us20a41014861

carbon 20 di oxi de, such as, for exanple, carbonyl

4, 0 & 'Jé\%ie Iﬁ'glqg%& Ibg(!lj{ ggv'tag 8%?1*5@8 &6 E}&E g L%?@ %(/éﬁl&eﬁ e Eéﬁ)g?Sﬁg’t’aﬁve of the

react@vdsahlyzed tsy the n@ﬁcﬁg&mwmtﬁfardd%la@zﬁf Theliker indig.el shows the
rather than intensi ty usi ng 2400 wavenunbers as the
excallepsarpdationdeayaeh s Infragedabsorhanasaniiq of garkpn monqids tejgarbon
dlo)fu?e %sh&%nﬁlealugﬁlg%e &Qﬁgh Q)ff rlggi qﬁ\%ﬁﬁ%ﬁ Giid iRt eﬂéfz)r %t reference
on Nonoxi to car ermn
meﬂﬁd&; delite dltk wiryihd &mp’&ﬁdtﬁﬂ&tcohﬂﬂleﬁi {nofie redbtodn t he
vertical axis of the plot (using the system shown in
Fi Refdrinb aowitd Fid1 6, thewintliszBewh adlatfof tieinfigrdla®Eorbance ratio of
- controlled at different tenperatures thereby causing
carbphanapekigko parberdioxideas deterhingd ibing theonethpd ef the lmems dnvention

on tgi g 1czﬁ éng)o\f@%eypgﬁt ve%%lg t}\lleailc cmera&LgF &%g% glg'elté} gif gxgrﬂuldlzed

bed BPRRX1 &8 thoh&BoR@aNads Gﬁthdg;l@es TG d8talTh FRL 5 sHEWE thedexcellent
prior art reference nmethod on the horizontal axis of

corrglptiopbesweenTthe ipfrared aleaorbane¢ mﬂemf garbon mnmsmie i eatben dioxide as
nondi, S |ns Ied after

deteBB i REE Ao RerhPe pRiE D SR o Figize

bed @i M%ir6RFORGENE Eﬁiréléﬁtﬁl dai) Hehﬁe&ﬁxsa @Isfeﬁﬁw REE6T E’éilnﬂe‘i’ature of
the teachings of United States Patent 5,670, 12

the @udizn@ bedin theeagior Renerding thanatfeer aspsiebofthe mstang mveﬁ'tlcmo
2004/ 104518 PCT/ US2004/ 014861 4, only a single
f | Redérring nbedo Figa 61 thereivas shpwn atsehbrwictdi@ram dgpisting two

resent at i of t e r was anal
luid T bed v RisS POt eief KPS crosheer oSt eR Pl edimgocess for
conﬁ”olﬁﬂé’ﬂ@ bk erat%&@ﬁ daBR beat 5@&0@&1&1% E%afﬁ‘?éa dnodiment of the
i nfrared absorbance ratio of car noxi de to carbon
instagit gxiettiora sCatbomacavusatatedaligudhtas cnhet)hmelnmfn bdaeing mstterial (such as
ref erence 5 netho

i nv t|o and t rior_art
rutily 326} it SgERG afe fo te SiebaRaeters ASBOHR TERCEIG PPafiictsrom cach
reacfd%%?é ﬁ? 10 B%f)ﬁfe?lké?g QAW b bl tltéllluﬁlh(@ﬁ‘&?l[bﬂ(@ ng BRWYuR stream

the In rared absorbance ratio o
ﬁonnﬂnwmndmlsmrcandargas strehno gordprisisg deben monezdde;mari@ntdmﬁe and any

met hod of the .inst inventi vert.ical
unreieq ﬁgloblp?)t Apeyeetond fwﬁﬁ@f B sgnd - We atipsignal (electrical,
E Ei
pnetg%c?tlﬁ:g E%ltﬁl? eg(‘)f( ), g@lo ]pfi Itcﬁih@ 1.14 ed gﬁs% aotnalh ns1é/ Bto %?g bon
monbRitleax cabbedioxidd in dter@lsmusqmodnet mhmupﬂw poﬂfonanlf dlek reactors to a

sorb nce ratiq of ar nonoxj de to rbon di oxi de
pair 34 06 éYStWrﬁ%é?“%}k?sn"g R RKRBO L e Guas depdback dontrol
r |
systéxﬂ)’%?é’ggftg graﬂlg é§ &m%a%(;[gﬁrdgr{eg ?igﬁ&c%e@&gie]ﬁé&s% (ﬁtﬁgr wit ok Without
asetspagem t o control the tenperature of the fluidized
bed in the reactor according to another aspect of the

I NS e tinfrarvd alsotbiion Rekadityi rato BOVrben Iﬁbﬂomﬁe tot dagidi dlokide (the

shown a schematic di a?r am depi ct i rhg
controlled variable”) of either reactor does not equal the set point or is outside of the set

range, then the difference between the measured controlled variable and the set point is
determined and a second signal (electrical, pneumatic, digital , etc.) corresponding to this
difference is generated manually or preferably by a suitable feedback controller such as, for

example, a proportional integral or a proportional integral derivative action controller or
-8-
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15

15 fluidi zed bed reactors connected to one condenser
and illustrating an inproved process for controlling
w0 be4tiessper at ure of each reactor according to BCT/US2004/014861
preferred enbodi nent of the instant invention.
. i al td R0 ri
ot S ABAHRSTORSEIly iy B SR ARG’ S

feedbadloregamibe ta8es DEhanTe FEMHY amoamcd (i o] maetaldeingd ddded enedth
reactor are fed to a condenser systemto recover

reaciqr by mmaking Eproperiiontl changaintheflow e of thercoghmatsrinl torpach reactor
e C TN rb .
by SRSl Mo AP LSBT B8, AR o
contfslafafizer #1 and Anal yzer #2 send a CO CQ2 ratio signa
(electrical, pneumatic, digital , etc.), related to

t hahk Rbsiahseridahagédo RAtrbNthe BmpeyatiRidf@acH rea@bP s be any cool
nonoxi de to carbon dioxide in the gaseous product at

materipd thap gegs nebsubisthmtially adversebaiorpeetsthe progucting of tianium tetrachloride

o i R WE TR ST ale B Pl B
titaniinfim $@RBRIOEHe A0k ek@hpROABYut Ohic BRldREIddpesks TelRid her
within or without a set range. If the infrared

ab 3o beodpptdeiREABIMbYwWhE 4 Plubdlity 8F AiRAizB® BEX tedBtotLCare connected to
carbon dioxide (the "controll'ed variable") of either
a singlacindensgnés shown éuliigl 6}, tlengbe tepyierature contgolguocsissitauglit in

N et .r n . the difference between.the .
UnifedSRassB Aty BripL b e e SO i Analbgedvil not be
effeélRletebAulE thetiBlaist BECARANS IHNRbachGERESr dré BiedAR B RinkdEnser. In

digital, etc.) corresponding to this difference is
the igstasfrinventiomeachaduck renctqihes #s ath pnidyzea tiswelyairbeiding an analysis of

f eedback, control |l er such as,.for exanple, a
the 5 FHORLFORLRCH FASGE BELoGr ) B cORa thf holspsgr. Thus, the
inst idvéatidn! 8s SvrPhdr eRathpRlih Ble. 8! profiddd: $84Re Bffective control

PCT/ US2004/ 014861 ot her suﬁ%a'?e conput er software or
of thel tgmpérature ofvath practordes a f eedback response. Such

f eedback response causes a change in the anount of

cool material being added to each reactor by meking a

proportional change in the flowrate of the coo

material to each reactor by way of a pair of contro

devices. Preferably the control devices are automatic

flow 5 control valves. The cool material added to

control the tenperature of each reactor can be any

cool material that does not substantially adversely

i npact the production of titaniumtetrachloride or

interfere with the analysis of the instant invention.

Most preferably, the cool material is titanium

tetrachloride at, for exanple, about one hundred

degrees Celsius. 10 It will be appreciated that when a

plurality of fluidized bed reactors are connected to

a single condenser (as shown in Fig. 6), then the

tenperature control process taught in
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United States Patent 5,670,121 (wherein the gas from
the condenser is analyzed) will not be effective

whewmanes1g he exhaust gas streans from each reaPCDUSHN€014861

m xed in the condenser. In the ipnstant i nventi on each

su%%tg%@@’%ks own anal yzer thereby providing an
an gas produced in each reactor before

any m xihg thereof. i.n the condenser. us,. the .
et A SRR R el 87 8162 hing 1B Fojgf ptingod absorption
pr ovi desntansiyoraficbtQonigoBetftd 8 édone csﬁgbﬁéﬂt in £5adeBbs product of
tenperature of each reactor. -9 WO 2004/ 104518

PCT/ US2@dhyidizerBiaer reyuam(10BfaCipradvEDdg|titaninm terashiaridedly reacting

anal ysi s thod for .deter.m ni.ng .the rati inf.rared.
absor pt inbaz&laiq%?oé?%rfsﬁg fpning ‘%ll?%fle’ccgmﬁ) ; tc_gI%Sms “%%@Eeﬂfldzed bed
conponent theNowerdy 86 SS e Bkl t@prodacd 4 HsdbiusSstoBR that moves to
reactor (10) for producing titaniumtetrachl oride by

react i nghesupper pettiah of therrpadter thy gaseoan predudi eptiptising titanium
cor oo WAL e o BobhiaEEE s Y hnd B et

that nmo\¢Bsratterizdd 6y HBRRPs BR' (h) Gifectihg ittPart € ARNRTon élgbefmm the
gaseous onprising titanium tetrachloride,

éﬁr. oduct ¢
the fi r dhidizadheddhtough thetuppespartion of brpenstontto an finfrared

met hod characterized by the steps of: irecrin

"ot o e P THATRT 61 o SFtermh i Brepg ™ pLinfbusElyagition OF ot least
through f&8vRRANb&AOE s4cBRd Wavédinbet afd 8 thifPwabnumber, the first
infrared spectronmeter (19) to determne the intensity

of i nf r aravdanymblir beingre wiveatmberwhere thef finsttonmgeonentrds @rhigher

a second venunber .and a third venunber, th i rst

v enun BRI IR GeE I AR Do F SSRg Sppghett dhe S&ond
CoNpone RfavBminBer He@3e! warRaRbEAREGe BRY sk N dHEBinRRREHERE a higher

than the second conponent, the second 15 wavenunber
bei ng a absorbangaiper volivae etchet thacibn dirgeopmposertt, dwishathird

o PR o T b b o
wavenu ”Qgﬁlﬁm ﬁa&é‘@reﬁaltfv%%y IGW'QBQ&B&{CE:@EQ Vélnﬁleiﬁ%Pg r(Tl%)

conmponent have a relativel'y | ow absorbance pe

per cent detelhiningsthe absarptien inteasighefthe firs compomsns by gomparing the
the first conpanent .by .conparing the, 20, intensit f

Lhe 1 nf MPEED LGB G b Rb Sy i Ngventmers; o

Wav enuMaefesminkiy the 464H M iRt 6r A0 SRR bOBpbMrE BS bbMpari
of the seceonléﬁg%ngoneﬁﬁ%y coSl ar i ng toﬁe inpglrﬁ% P@bo‘ﬁ’amg
t he i nf tlar istbnsitdofthe anfraaed tadetisr atthed secvadtani tldrd wavenumbers;
wavenunbe

rs.. ,and,(d) determnjng the infrared
absor pt #8f} @%ﬂ%ﬁ%@%ﬁ fhgiinargg abgoBptiqp igfensty Tatio of the firs
component to the second component in the gaseous product at the upper
portion of the reactor by dividing the absorption intensity of step (b) by the

absorption intensity of step (c).

2. 'The method of Claim 1, wherein in step (d) the log of the absorption intensity
of step (b) is divided by the log of the absorption intensity of step (c) and the
product is multiplied by a calibration factor to determine the concentration

ratio of the first component to the second component.

3. The method of Claim 1, wherein the first component is carbon monoxide and

the second component is carbon dioxide.
-10-
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conponent to the second conponent in the gaseous
product at the upper 25 portion of the reactor by

wa@lzooudo4ses t he absorption intensity of step (b)P&HyUSIve4/014861

absorpti on intensity of step (c). 2. The nethod of

| m 1l g\dﬂﬁﬁ [
| nt ensi ty 1%0? ?‘%‘ﬁs ,‘Qé f&} ggOfﬁ%OYIe:ﬂ? g%gfu%p%én%glde and
absor pt Itlwsebdiﬂt.’ﬁétﬁmidheﬂtfls&hﬁ@n Gib)mhnd the product is
multiplied by a calibration factor to determ ne the

concent mat infRovid pradds® firlcohttsllihi tettePERRNE Ot a fRIdIARE bed
second conponent. 3. The nethod of Caim1, wherein

the fir &tacks nnpﬁwemnﬁ@nu‘apﬁbﬁlnmt%addoam whebain dheonanifacture

Y T R .

the fir statGRIRANERHN Jelrit@hBRAaly AR &hl@ﬁn@ﬂﬁa flhid8ze8 B6@RMActor to
conponent is carbon dioxide. 5. An inproved process

for conteast ini ;Buidized bedrseforn titaniun tetrachleride andiab @chaust gas

whr of n S B Greoh Bofpet AT SokaRbeF

conpr i Sgfedh Beink AREctOd td £LEHIBAseS ahbﬁﬂﬁ@eaﬁén rﬂaémac@énzed by the
titani um bearing material, and chlorine to a fl uidized

bed reaéteps of: o) dlea&mgumfraed tadiiationdrpnp e fluidized bed through the

tltanlumtetr chlo de and, an e as_ . str

conpr i sRETER fERRFQE Ty EH’dmit %&Re%f ONggtefdo %F{gf}émme the
exhaust jgassity Of iR PRIdRGoH bf Sﬂ%@s‘ﬂ atmstawe%ﬁﬁﬁs&ea secoh@

i mprovenent is characterized by the 10 steps of (a)

di r ect i mgvemfmbaredd aabirdawamumbcmthmﬁrst Wavetiupdhr beitg a

t hrough _t he ortjon of t.

it e el Bt SR ot A G abSorBifnes pgp votume
i nfrar edescagt taid ORbeH dl%kldb Ohe Eec%n& WS EnEdE %ﬁfgearwa@number
second ~wavenunber and a third wavenunber, the first

wav e nu mvéereesican @oxnda\hesnau highﬁr ablaelbenmpeb onlumErpexéedtthan

car bon AR RPORHE. SRR VAHITRRR B ogvenimber where

wav enunmiggibon ‘Mlﬁﬁ)?ﬂd% heabeh QixHR HAFE aRelHiedhE low absorbance per

absor bance per vol unme percent than carbon onoxi de,
and t he vbhumeq)enmne,r(bhﬂmmmmmg gheaabsaqmnn ftensitytvarben monoxide by

oo bon TRRELAe S RSN el e

the abs t
2 g e NSO ot o

t he fir sompaning the mutensrcy of the infrared radiation at the second and third

st gas

wavenumbers; (d) determining the infrared absorption intensity ratio of
carbon monoxide to carbon dioxide in the gaseous product at the upper
portion of the reactor by dividing the absorption intensity of step (b) by the
absorption intensity of step (c); (e) determining the desired infrared
absorption intensity ratio of carbon monoxide to carbon dioxide in the
gaseous product at the upper portion of the reactor; (f) calculating the
difference between the infrared absorption intensity ratio of carbon monoxide
to carbon dioxide in the gaseous product at the upper portion of the reactor
and the desired infrared absorption intensity ratio of carbon monoxide to

carbon dioxide in the gaseous product at the upper portion of the reactor; and

-11-
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wavenunbers; (c) determ ning the absorption intensity
of carbon dioxide by conparing the intensity of the

wo pdoras4sds r adi ati on at the second and third PCT/US2004/014861

wavenunbers; (d) determning the infrared absorption

i nt ensi ' f o [ I.OX1 .

in the GasiAHERnRs oAl Wit KBRAKCHR b3n HERRA AR in scp
react or (Byndipvévddesg febdbaslb ss3pprise am therfhadiséd Yedreactbeto control
(b) by Rge absorption intensity of step (c); (e)

det er ni A igmprEatye of thedluidizedbeddeadi®sor ption intensity
rati o of carbon nonoxide to carbon dioxide in the

ga$eous Thedueness af Cleire Supharingoplurabiy ofifluidiaed beccteagtors produce

asor pt PaiiaPBfer o bt Fa b BEARRRA I nefils pfdenser

carbon diaoxide in e gasgous product at t upper .
oV on 0F Fries SEchEp ST ERHEY fEtielite bl Enachiorice
absor pt if@fhdrtb@psisdsithé ep 6f RitroBEGROR cHBINANEGA 6 the fluidized
carbon di oxide in the gaseous product at the upper

por t i on bgd reaetorr eact or; and -11 WO 2004/ 104518

PCT/ US2004/ 014861 (g) generating a signal which

cord espdibdproasss GEClinh bewbereim thainpohfatmde ofititstiem tetfdchloride
and provi des a feedback response.to the fluidi.zed hed ...
oach or G sAmPBReS ey ShpEPatciPea srolmbn i cadtiuidized
bed reagk@teacky. The process of aimb5, wherein a
plurality of fluidized bed reactors produce 5 a

pl wralit . [ .
B L

t he manuéteachlorideof titaniumtetrachloride further
conprises the step of introducing a cool material into

t ha 0f | uiThie pestesheRICIEA 8] Whered. thd beol i@ So@priédsaitanidn
wherein the manufacture of titaniumtetrachl oride 10

furt her teiEaeBlorides the step of introducing a cool

material into each fluidized bed reactor. 9. The

process of Claim?7, wherein the cool nmateri al

conprises titanium tetrachloride. 10. The process of
Claim8, wherein the cool material conprises titanium

15 tetrachloride. -12

-12-



