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WO 2004/ 076496 PCT/ US2004/ 005251 | MPROVED PROCESS FOR
MAKI NG Tl TANI UM DI OXI DE 5 BACKGROUND Referring now to
WO-2@4/016496 n t he known chl ori de process 10 f or P@EKB2VG4/005251

titani um di oxi de, a source of crude titanium di oxi de

(for exanple, rutile ore) fromhopper 11 is first

reacted wth chlorine fromchlorine tank 12 and

carbon (for exanple, coke) 10 from carbon hopper 13 in

a chlorinator 14 to produce a gaseous stream 15

cont ai ni

nonoxi de Egéégﬁb%%gcaé éo%mw%éﬁl{c’ggﬂﬁ I\kﬂgbdar@%éh

and other inpurities. The titaniumtetrachloride is

condensed from stream 15 by condenser 16, purified by

distillation, vaporized 15 and then directed to

burner 17 mhere the titaniumtetrachloride is reacted
BAGKGRODXYJeNn from oxygen tank 18 to produce a gaseous

stream 19 contai ni ng 9 r|I rticul ate |taglum

di oXPdETaARY BRFOFPNELY 'A?éugBSanPUEI %ﬁSﬁ ghbkAress 10
fo%UﬁBkaﬁgp&Q@aﬁ@uﬁaalogaaeal§0soaeceeofnbk@duceatbﬂ&gm dioxide

the burner 17 to_increase the tenperature in
<f85rﬁéﬁmf#erTﬁétééﬁeaﬁﬁigfrgmtH@BP@Soﬂédlﬁnfééé|eFeééted with

chabéinkherchhenpart heutahe tbt aphuBkEbexi deokSexample, coke)
separated fromthe_ chlorine gas by gas/solids

freogpgpaben PePrerelpaifi aurhterippEani bh 8PoRr@EuFs a gaseous

stkBen QEr%%E%glﬁﬁﬁg]9§§ﬁ§95l95t§€9ﬁﬁ@ﬁoEe%%a351591de carbon
surface treatnent "'tank 22 f further processing The

mogagéé@sa@ﬁl@arh@nsﬁneawd25bﬂtoﬁﬂﬁﬁedga /§érta§les and other

1m§%9§%§%%r 2%hbstlgéﬁ§8ﬁe€e£9aéh§8k9&bn§sceﬁﬁaéﬁéea 260om
recycle to the [orinator 14. The gaseous

st@ﬁamrﬂﬁebytp@aﬁﬁzsers1éonﬁﬁﬁn§le@abVedls biheEipai| vaporized
anaa%henTagl%@%@@ntgoﬂﬁfhgf 1§a%9896dtﬁé'g?taﬁ@uﬂ“%%tﬁgghlorlde

her inpurities he condenser 16, commonly
isr specited wothsoxghedr framopxyveen §ask 28 te predued bygaseous

st Egﬁtﬁgngoﬁ¥§5 §4%%Fm%§99ye Qﬁégiéééetﬁe Qﬂﬁnagoxlde and

such reS| I ne aﬁ car bon nonoxi
Chﬂhénneegﬁéd. -1 MD 2004/ 076496 PCT/USZOO4/005251

A support fuel, (not shown) such as propane gas, can also
be introduced into the burner 17 to increase the temperature in
the burner 17. The stream 19 is then cooled in cooler 20 and
then the particulate titanium dioxide is separated from the
chlorine gas by gas/solids separator 21. The particulate
titanium dioxide is then directed from gas/solids separator 21
to surface treatment tank 22 for further processing. The
gaseous chlorine stream 25 from the gas/solids separator 21 is
directed to a chlorine compressor 26 for recycle to the
chlorinator 14. The gaseous chlorine stream 25 is commonly
called “burner tail gas”. The carbon monoxide, carbon dioxide,
dust and other impurities from the condenser 16, commonly
referred to as “chlorinator tail gas” 23 is treated by
treatment system 24 to remove undesirable components: (such as

residual chlorine and carbon monoxide) and then vented.
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The particulate titani um di oxi de produced by the

chloride process is used, for exanple, as a pignent in
W@200a0%49A nore detail ed di scussion of the chP@F/US®04/005251

process for producing titaniumdioxide can be found

in Volunme 24 of the Kirk-OQ hmer 5 Encycl opedi a of

Chem cal Technol ogy (4th Ed., 1997) and in Vol une |

of the Pignent Handbook, Edited by Lewis (2nd Ed.,

1988). Referring still to Fig. 1, chem cal analysis of
t he chlorlnat r tail, ,gas 23 f.or ,residual lorin )
T ORE PO o 2t £ CAFRELHTy 6 CoriE EoP ToRupRg DY The chloride

probkesi nat esely. foor caxampke, aisf aapigxeassivepamByRt o more
chlorine.is fed to the chlorlnator 14, then the
de&ﬁ#ﬁ@ﬁnéﬂéﬁuﬁéﬂonga; 386Nl O dfaPR OFERSt 98I PrRAYRING

tikenehsm dabxEhleotiane ko Fantr eat @@mmet peabge @hes Ki&%ﬂbt hmer
24. Consequently, in conventi onal actice sa | es of

Encpgl ppegiifooitn Shsmicail T@&élné’rl@gp(er floleéjaI 1 Y et in

Vo@uh@bqréko%%ea@ng%B%|Hé%@b%%& CEH@%bﬁebyoL@%EEerznd Ed.
control the chlorinator Si'mi| arly, chem cal

1988al-ysis of the burner tall gas- 25 for oxygen all ows
forR@?%%r%EE;e%tt'l‘ﬁ ¢gnEhgl. af tcﬂ%;n?%'ieénﬂgsggrﬁ the

exanp e, If "an excessive anDunt (0] en
chipsibataer tadd yas Qﬁef@%cé§§ﬂ¢@aéx?§éﬁrﬂ§emaéﬂéds for more

ef?@@@k@é %EnEQ%le%”%Bet@hﬁgggﬁét%§ ane feb Ll gggsogf an

al so conmonl t aken oratory and ana yze
exgrypgéne ﬁm@uDMrnérChépt1933125fedntalSbebehlanahyzeﬁ 14, then

thEOEhﬁXgEBg%grcg%gghgggsb%c%1? FBXQE? e@ﬁggggp%ggtpgﬁh levels

concentration urner
ofofhihsing anobﬂtt@Eagagpbytttaetmasedsyﬁteme25urner

nt._s [ anal.ysis _o hl ar tor
copppERRNEn! 1o RTRLLRgBNd,2RTLyslsolehieethLer g
chﬂorlobbse tamﬂrgbsoﬁrehpergbﬂéchméyotakénahd théaboratory and

arlYI0EE, 1 LRSKSe, ATHBL SO LoRosnt oBR E 3400 1.
SiﬁSlEslyabohemmbemsamelysebabfv@hy bupea5|VelangaB|ﬁBtfor
oxB586°83 1068 ELR! nord WPr3004,278436, PETLYSEAQ4LQ0R2P11 7. ror
example, if an excessive amount of oxygen is fed to the burner
17, the excessive oxygen 1s wasted. Samples of the burner tail
gas 25 are for this reason also commonly taken to a laboratory
and analyzed for oxygen. The burner tail gas 25 can also be
analyzed for hydrogen chloride since the hydrogen chloride
concentration of the burner tail gas 25 is a function of the
amount of support fuel used in the burner 17. Frequent
sampling and analysis of the chlorinator tail gas 23 and the
burner tail gas 25 are desired for close control of the
chlorinator 14 and the burner 17. However, manual sampling and
analysis of the chlorinator tail gas 23 and the burner tail gas
25 is labor intensive, relatively expensive and limits process

control.
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SUMVARY OF THE | NVENTI ON The instant invention, to a

| arge degree, provides an .effective solution to the
w@boverddecussed problens. In the instant i nvRCI/US004/005251

the chlorinator tail gas and/or the burner 5 tail gas

are anal yzed on-line, thereby providing continuous

aut omat ed anal ysis for better process control, wth

reduced | abor requirenents and expense associ at ed

with sanpling and analysis. In one aspect the instant

I nv ' pravides ' ved 10 process for
prog@gh%§Ytp ah%@nﬁﬁ&gy&gggby reacting a titanium
diomhéelaeeawtthn®bhmnbne to produce dcgaseQUPrshiieR® an
contalnln% titani % trgghlorlde condensi ng titani_um

#&élPPo Ot EJ&s I BrEsFeCoRERPHEHG - 11 the

1n%tbﬁﬂ|ﬂﬁheh%hb@chh@rb@&o&@nﬁk@@uﬁalth@%l%@UQbrtth burner
vapor|2|n% the 15 cqondensed titani um
taﬂéteééhﬁaﬁ.aéa Y&5€t PR LERE v &PSEPPYd Provigdngmeontinuous

aultehbehl ahhdeswist FoeX paeR <0 pRheddee cdng3SaQUS i%h @@duced
contai ning titanium di oxi de particles and chl ori ne,

labeparadiiig SNERE St PRENRHREESEx PESOpARTRSl ¥4 th SRMPHdng and
an93$8Qus stream containing titani um dioxide particles
and chlorine to produce 20 burner tail gas, and

anahywzibng tReeeh! @hknahetahi ingdsthieh phiesidkal an improved
chlorine to control the step of reactlng the titanium

PTEFERFd& o8 BTRALR1ERI 57 tAB 1ERaFErdFr,8Y FRACHARNT Re t1tanium

di6Rh Ok BaEOk i thalh1883 nks tanghyaadef ar ghesbddalstream
chlorine using an on-line_ chlorine analyzer. 25 In

coghginéRJaspeen itRe trispght orident CORIEPEHRGes idanium

tltFREAY e iRE0gess kot g%@@%ﬁbngtEébﬁnb%ﬂ%@hﬁ&h@etQXanlum
reacting a titaniumdioxide ore with chlorinée to

tegrgghiderddgaseons cstrearhlesinatairngaiilt gasumvaporizing the

coh%%h%%@'Qﬁkgﬁau&o%@%BébﬂQthH@D!ngpkﬁhga%ﬁéo%b%%rf%%@
t he gaseous stream containing titani um 30

titepigehitetirdehiorpleduéé&hc REgEERat6r PEAP Cgag, gaseous stream
co%%@@hhﬁbnQlkaﬁlu&06§%§§%@ Fb&%@bngtghﬁa%ﬂh%Ehﬁ% ﬁeparating

reacting the vaporized aniumtetrachloride w't
th@xygéﬁnﬂ@mpd@@ﬁééeapga§é@&§SSiﬁé@wthg gaseous stream

containing titanium dioxide particles and chlorine to produce
burner tail gas, and analyzing the chlorinator tail gas for
residual chlorine to control the step of reacting the titanium
dioxide ore with chlorine, characterized in that the chlorinator
tail gas is analyzed for residual chlorine using an on-line

chlorine analyzer.

In another aspect the instant invention provides an
improved process for producing titanium dioxide by reacting a
titanium dioxide ore with chlorine to produce a gaseous stream
containing titanium tetrachloride, condensing titanium
tetrachloride from the gaseous stream containing titanium
tetrachloride to produce chlorinator tail gas, vaporizing the
condensed titanium tetrachloride, reacting the vaporized

titanium tetrachloride with oxygen to produce a gaseous stream
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WD 2004/ 076496 PCT/ US2004/ 005251 containing titani um
di oxi de particles and chlorine, separating the
W@ paoasvasne di oxi de particles fromthe gaseous SPCEHHN004/005251

contai ning titaniumdi oxide particles and chlorine to
produce burner tail gas, and anal yzing the burner

tail gas for oxygen 5 to control the step of reacting

the vaporized titanium tetrachloride with oxygen,
characterized in that the burner tail gas is analyzed

for residual en u3| an on-1line oxy n anal yzer.
Copy 3 B g 3¢ lﬁ@P ﬁ%b PR SSn @ Oﬁﬁ&@vdé@&ératlng
th%otﬁﬁ%%ﬁ%ﬁlB@bxﬁ@%db%kQﬂbﬂ@sCEE%m &@%oga%@bhsg@%r@%m

burner tail gas froma chloride _process for making
COPﬁP&ﬁ#@@i&#&ﬁP&@m-ééﬁﬁéﬁ@n@@rFé&éﬁSa@“ﬁa@@ﬁ@&P@@e§Oa®§°duce

bu%%%@g%hlﬁh@%steﬁ%dt%na&@%ﬁh@e&%ewbhgn%@ kizne aRal ¥$)rS oxygen
of the chlorinator tail gas “or burner tail gas

thp@n§@pﬂ|@m@nﬁvar@ﬁo@@@caém@gtbﬁugaPQréﬁﬁédtﬁéﬁpl@m

tetche dnishan M&%%n% ?@e%o E%%Ea%%%rq%éauﬁﬁﬁ%ﬂ%t the burner
accuracy, reliabil service life of an on-1i

taaﬁamyﬁeﬂs @@aéwgﬁﬁfﬁ@énﬁﬁwlﬁ@@ﬁe@ggdenTnﬁgng an on llne

Oxgggglghgqgg MProcess includes three steps. The first

I's t 'ow chlorinator tail gas or burner tai

gaSIEr9%Eaa%%E%%&d%sB%%%e%%efth%%%%n9n%bh%&bﬂ”b%@v1des a

di oxi dé through a bed of glass wool produce
Precessr Fort ceardd ioniagmch ﬁél@é@@ﬁdtgﬂépga§ 135 bu@wer tail
gaEhQrB&!gaEﬁl% %@%egro%k%%a¥bkh&%%gﬁ at§%§ﬁhﬁﬁ°alo ide.

particulate filter to produce a econd dary treat ted
CogpragmtsTHeuchi rg @ﬁé@lpylaéeSI@mﬁtﬁéudgééoﬁaatytend to
1n%%§§%§g %aghtﬁﬁﬁgggngl gﬁge%g;@gi:bh&%glhgtBEogﬁﬁg gas or

aconltlone gas streamto ected to an

‘thenbuirnerchemlcars angl préf(s)enBRYEFCDESCR PTLON ORis

emgggiggﬁgi?ggtﬁ%ginétgﬁta ?b%%%lg aQEthQE %Hg ﬁ%%gﬁrement

process pro ucing titanium
aC@Manbde reilgab2liisyaasddeevivéwe pafe oA ol bp-pane analyzer
1s s gﬁQFQWQXt%ypﬁﬁErégs%ﬁossgﬁﬁgt'%Hd§9908§55 process includes

an appar at us
three steps. The flrst step is to flow chlorinator tail gas or

burner tail gas from a chloride process for making titanium
dioxide through a bed of glass wool to produce a primary
treated stream. The second step is to flow the primary treated
stream through a submicron particulate filter to produce a
secondary treated stream. The third step is to flow the
secondary treated stream through a coalescing filter to produce
a conditioned gas stream to be directed to an on-line chemical

analyzer(s).

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of the prior art chloride
process for producing titanium dioxide;

Fig. 2 is a side view, part in full, part broken away,

part in cross-section and part schematic, of an apparatus for
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WD 2004/ 076496 PCT/ US2004/ 005251 conditi oni ng

chlorinator tail gas or burner tail gas prior to
womdimadanal ysis; Fig. 3 is a side view, partPCHUS2004/005251

part in cross section and part schematic, of an

apparatus for on-line analysis of 5 burner tail gas

for oxygen; Fig. 4 is a side view, part in full, part

in cross section and part schematic, of an apparatus -

for on-line analysis of butner tail gas for hydrogen

chloride; and Fig. 5 a side view, part in fuII gart
CopﬁlE#8§§n§e€P98ﬁln§§°5nHahér9a§cﬁ§n€PFBeroFaé gas prior to
on2PRakakHs1f,9rson-1ine analysis of chlorinator tai

gas for chlorine. DETAILED DESCRI PTI ON OF PREFERRED

EVBEDEVERTSSOR FRES| RVENTI PRECREPefHilAg RBWEt dRFFgOSS, section

anan QEEa%@hgﬁa%QcLSo§hgﬂna595r$§u§°@9ktbﬁniﬂﬂe analysis of
orinator tail gas or bur ner tail gas from a

bu@hb@rtdelpg@§e§9rf@KYﬁﬁ@vng titani um di oxi de. The
a tu d n OSHr ek ab ;
: pp%%aa %E%% 2 Eﬁ?g G3e EQ?& $H ?u%iFéP%QE £ @bk¥oss section

bei n erg encl osure
anfinpkat wbhnmsbua,USA)aheapedrbyua fh@rﬁnsﬂam@dapaﬂygmé of

pulgadred g gage%ogaﬁ&ggg %§§09§8 % q20 Celsius))

our hun ect eater B6f f man Co. ).
Chlﬁngnaﬁoa saide gasworpbutnen failll, gasrisipontdassedection

0 th appar.at us bi f :
an’g58% sERERERLly S0ucli HBPararhborte diaethe Ahiskis ot
chiép)kinwakbrt heédkngsas, ftheathlbraved (at about ninety

degrees Cel sius) perfluoroal koxy 25 tubing). The
chlorinator tail gas or burner tail gas is then
DETQmﬂEDtBESCBIQTQOH eRdPAREERAED EMBADIBEBTENPFAIHREINVENTION
fifteen inch

unBEF 583095507 e BaRa v’ LR CFRGESEES. Ui Al SRA 0T
coewtdensey UBAprhyacne 88igugeteori hobned. 6ati) gas from a
58875 TRCoChl GoPaPRBLAIVEERBRH O PP nof GeL@paratus 30
inthedeel umnedé4lbsupacked (preieghbdy Wodhg36 NEMA-4 fiberglass
enggggﬁﬁgébh%ffgg£eéoi§ Anoka, Minnesota USA) heated by a
thermostated (at one hundred degrees Fahrenheit (38 degrees
Celsius)) four hundred watt electric heater 32 (Hoffman Co.).
Chlorinator tail gas or burner tail gas is conducted to the
apparatus 30 by way of tubing 33 (preferably 0.375 inch (1 cm)
outside diameter, 0.060 inch (0.015 cm) wall thickness, heat
traced (at about ninety degrees Celsius) perfluoroalkoxy
tubing) .

The chlorinator tail gas or burner tail gas is then
conducted to a one and one half inch (3.8 cm) diameter by
fifteen inch (38 cm) long glass column 34 (part number 5820-53
& 5844-78, Ace Glass Co., Vineland, New Jersey USA) by one
guarter inch (0.6 cm) diameter perfluoroalkoxy tubing 35 (part
number U-06375-75, Cole Parmer, Vernon Hills, Illinois USA).
The column 34 is packed with glass wool 36 (preferably, Pyrex
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WD 2004/ 076496 PCT/ US2004/ 005251 Brand gl ass wool ,
product nunber Z25,589-0 from Signma Aldrich, St.

WO owit®7640 ssouri USA). The chlorinator tail gaBCDUS2004/005251
burner tail gas flows through the glass wool 36 to
produce a primary treated stream conducted to a
subm cron filter 37 by way of one 5 quarter inch (0.6
cm) dianeter perfluoroal koxy tubing 38. The gl ass
wool 36 renpves the larger particulates fromthe

chlorinator tail gas. or burner il gas stream gnd .
Brang\ i9déssa orilgh Rt PR T 3? Sd er’%@s'lot ifgepS1gma Aldrich,
sts| udge s, The ssiAiciopm)fi | tiete IRloTidaftidrt @ailihdfas or burner

nennvesépartlcles 10 from_t he prlnagy treated stream
taddagagr £Lomsl It agEn thve I1ASE ¥9%%n 3§ £€ P&P@f"é’@aﬁﬂ primary

trdadeldt e¢ reiakt R B Ma Siu@ililchdn HeI1§RES 37 by way of one
M chi gan USA, borosilicate glass fiber/fluorocarhbon

QuGTREET 18 (Or-én o)l damete IpPediddecx csdkordatyibing 38.  The
gl%g%ag?@lsg%eQQMKRQﬁgqgkﬁq. 5@6%%§E§%ﬁﬁﬁ%é%'E&%h.%%eby

!
of one quarter inch 5 ‘ di anmet er .

chderfinadogaltkRéxy dashiory 3 neThéagdc eagarf repreanedprovides a

ST £ I guigh Qalgsoieng 1 fidter 38
hl?%r g?g]rfgg%%gé ni e gre%%cf&gqgl esci ng fjigieter from A+ _

Cor fheatsiupmicyonPifdiliticavid’l s kodilditgra thsA) repioves particles

0 e . a. it r t IS, 5f 1

A e Cha ot R
migmengdar sérzei reref@rédy) adilamsedr Fipsrbltdonodlylsbeyp, Sterling

.ubi.ng . coalesc] fiiqls 3 I I
nelB 39, Aen e I el e e B 86 g P goaron
bigdem submifirionerfid3terThéo pobameeer 4@cOopdefrer ablepted stream

t r_U - £ I | g 25 P r r.n .

ok s BETRE Ao DOERT R R0 e biure Tt RS Frewdipsgr neh
(Oof6 the ddiadietieanpd rgdsicstorddmmxyAtsibbspadti.al Thedsetioodary

of . the flow rate of .th ondi tion st.ream
bRy A CATES TR ne 61 SOaINsu He THaLaE £8 be
(pregeacedy( ar Gepassi Brgndhatalebeisgbiidten firbtneA+3Zorporation

needs _t.o _be.replaced)... Th ndi tioned 30_gas_stream
o R ot b L G G AT U2 BE OB ha SPP G CRed gas
stireasedhat iabdlbweidneby adegteest€el 40usrhapeghuarctering valve

13 el (05 8.comh diameter Rerflyergakkoxy;Lybiag 42
perfluorcalkoxy tubing 41.

The coalescing filter 38 removes aerosol mists that passed
through the glass wool 36 and the submicron filter 37. The
rotameter 40 (preferably part number U-03216-75 from Cole
Parmer, Vernon Hills, Illinois USA) is used to measure the flow
rate of the conditioned gas stream. A substantial reduction of
the flow rate of the conditioned gas stream probably indicates
that the glass wool 36 needs to be replaced (or possibly that
the submicron filter 37 needs to be replaced). The conditioned
gas stream is conducted to an on-line analyzer by way of heat
traced (at about ninety degrees Celsius) one quarter inch (0.6

cm) diameter perfluoroalkoxy tubing 42. Tubing 44 is used to
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-6 WD 2004/ 076496 PCT/ US2004/ 005251 conduct a

nitrogen purge streaminto the enclosure 31. Tubi ng
wa2m7a48ed to conduct the nitrogen purge streron/UsmM/005251

the enclosure 31. The heater 32 is nost preferably

set to control the 5 tenperature in the enclosure 31

to be preferably greater than fifty degrees

Fahrenheit (10 degrees Cel sius). Wen the

condi tioning process of the instant invention i's

operated at a erature bel ow fift ees )
COPQHF&nﬁepﬁtrﬁgﬁﬁggﬁﬁgﬁnét§F§@géntPoFﬁét REYTScédr Tubing

45048 LgegoRdensAki00. tEeualt&ag@nlgu@g@fgt@bbm,fkaﬁ the
tenperature in the enclosure 31 is set to be nore

engchasusevéhty degrees Fahrenheit (21 degrees Cel sius).

Mosthprgbeabl yo {Benberpprakeianiy 56€ €Bckesurg13ine
is set to be in the range of fronmninety to one

tepnpryrédrandnt hedegréesurFaltefiRebe pBefesakiydegrassr than
flg%kzngkeeEbﬁéhESnBBQtGQﬁboaeg§eé§ éélé%ﬁg)thUWhEheEhe

oni ng process he 1 nstant invention)
copdéténninbeprforaasi ofi bheslindgenandnspghipncant pperated at a

tek&%%?%é?% EQ%O%eE¥¥g§ hb&?e%& %Qﬁ 89Hgikloﬁgﬂ9ﬁ§¥§tggh sludge

course Fne anal YyZers)
formatephameypbuggeddueubbngoaddntiekiens. 2Dubt mbhoel d

pre%e%ngigstegg %hﬁé %quéaogs gszcghe&hgargeb@tﬁa bR 86 be

SPEci appar a or “condi'tionin of "t al
mogas than bavaatytdebrgas Eadrehh61thé21udbgseepeceﬂsuhe)
|nstan ention is _not linted r
Moé%aﬁﬁ?e E#HOU ﬁ 8Py 853r§pé8|%ggdsg¥%g§8Ee Fl s set to
bepenf ohes rasbe Dﬁ fhempnmneSS ob bhe Bbndnstlaahd ten degrees

rabPARTELED 8! D2 4bVHES:hoLRTE R0 SROLDERRH cnciosure
31usedda3hmeltheaSOnﬂhenohypgSpmbcesalescthg ﬂnbteps,lnventlon)
noBHENgBELlE, Hhdoct 9SO 2UBIL Ehen, RICERL geElngn
1n8keébbﬁgthblghlslcwlmhfganfUSAe GGnEmtihaingreystém (and, of
co1geL3che Unopt Lot Dt oy sl L Scll 18T oBale rugen
tubing and fllters.

It should be understood that the above description relates
to a specific apparatus for conditioning chlorinator tail gas
or burner tail gas and that the full scope of the instant
invention is not limited thereby. For example, although the
above specified glass wool performs well in the process of the
instant invention, other types of glass wool can be used.
Similarly, other types of submicron filters can be used as well
as other types of coalescing filters, such as the wide range of
submicron and coalescing filters available from United
Filtration Systems, Sterling Heights, Michigan USA.
Furthermore, it should be understood that any suitable filter

system can be used in the instant invention.
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-7 WD 2004/ 076496 PCT/ US2004/ 005251 Preferably, the
apparatus 30 can also include a differential pressure
wo e@astuyeer (s) (not shown) to neasure the preBGI/US2004/005251
drop across the columm 34, the submcron filter 37
and/or the coalescing filter 38 to better determine if
the 5 colum 34, the submcron filter 37 or the
coal escing filter 38 are becom ng plugged and need
replacenent. Preferably, a tubing tee and shut-off
val ye ot .shown) are ins n th t ubi SO
! hal Teatrb o henPEPPAZEGS i Cogad 169 BOPAGAS fai I
dig@sreat ibe perpefael kyasbdicekif(sgo hbatsanhogea g@%sure the

can 10 be fl owed thrgugh he a para%us 30 a
PTESFIBLaCE@Pr PGROSS: D KopHBEstfe & anaaaaépreﬁo?llter 37

an8liewnx hear g dskshal Iredtk® TBaTW etlihe a&ea&m&aelaf the
the tubing 41. If the conditioned gas stream

Cogppactdd ewﬁﬂémﬂﬁaﬁnoﬁéléﬁrlﬁﬁeOanépﬁzépalﬁﬁéﬁnﬂhéllter 38

ar%OB@bbhﬁ %dEQ%gg%Hf%ﬁG‘%@@db%eiﬁhb%m%ﬁ@ a rekamet-8bly, a
(or other I"o0w neasuring device or no such device

tupingelieceancs shusi-péd) vadyed (pet edelnduakeopnpitaéled in the

tuﬁﬂﬁbyégrsoR%%%ErEﬁg @wat%beQlo§un%Q%&ekﬁlisgégOWQ Burner
de view, part in full, part in cross section and

tapérga§pﬁ@@abﬁcteapoaﬁrléﬁpahaﬁuafgoSpoﬁhéﬁ hiiggogen gas can
pe@RRbYSLS +§ %5&n%5§éab§aga%u%0@oZQtOéy ahip IH8ed flow rate.

apparatus 50 i'nclu n encl osure pre erably a
A NERBsSHre bepgisdsseandhosusbowslprean. brubhagad2eds tgsegasure

0 tia RipLr 1 punge stleqpi | qsur
tnEOp:BaRAE! 13 Bl 888nBLUGE SEEPRME Bofd1EEoRRE B3 Serean
isstprebm figectkd tenmbosutbaBlonFhenendhesanelgter, then the

c088QE§ H%dag§'eg%9§aﬁkxgﬁtb P g§1%5a88rQ”?QES&E%29;¥gﬁgother

yzer conprised of an e Fonics  portion
floelmep@utuog §5v1¢abpmgn568ushu§edipe condatticea if desired)

us%ﬁt%SQ Hrggcgtrgag&bgégﬁgﬁﬁzg&ectronlcs portion 54.

rogen purge's en flows through the
ceIReﬁemKuog 5w andFmgt d8f therencl dsusbott byswdy wfiew,

oabUOAB0 R ELEERY Lok A0sC AL R EROUbIES BENBRLRG or on
apaaahymsr5§|gnaloﬁr@mnbhena@panatu§ BOrneki thil gas for
oxygen. The apparatus 50 includes an enclosure 51 (preferably
a NEMA-4 fiberglass enclosure, supra). Tubing 52 is used to
conduct a nitrogen purge stream into the enclosure 51. Tubing
53 is used to conduct the nitrogen purge stream from the
enclosure 51. The enclosure 51 contains a Siemens Oxymat 6F-0,
paramagnetic oxygen analyzer comprised of an electronics
portion 54 and a cell portion 55. Tubing 56 is used to conduct
a nitrogen purge stream into the electronics portion 54. This
nitrogen purge stream then flows through the cell portion 55
and out of the enclosure 51 by way of tubing 57. Electrical
cable 58 provides power to the electronics portion 54 as well

as conducting an analyzer signal from the apparatus 50, which

signal is a function of the oxygen concentration in the burner
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signal is a function of the oxygen concentration in

the burner -8 WD 2004/ 076496 PCT/ US2004/ 005251 tai
w@a®4/0Candi ti oned burner tail gas (fromthe apper/E$2084/005251

shown in Fig. 2) is conducted to and fromthe cel

portion 55 by way of one quarter inch (0.6 cm

di aneter heat traced (at about ninety degrees

Cel si us) perfluoroal koxy tubing 59 and 60 5

respectively. Referring nowto Fig. 4, a side view,

in full, part Jjn cross, section d par

caldhgnri o Corei Eiae o PuERSEp bt 685 J07FBr ths. FRRETatUS
sharal ¥si gigf. byraer cbaiducaas t@rahde@@antael@eUero}thn 55

apparatus 70 includes an enclosure 71 10 (preferably %
bYNERE- 25 PBEr Giass egndPGEurldy & ¢ Agapstes hsed trgeed (at

ab%@@dﬁﬁhe%ynbb?gg%% RWN@eust r gamril b k& oeRCkOBUNG 59 and 60
Tubing 73 is used to conduct the nitrogen purge

re§Pﬁ€§#Wﬁﬂdh1the encl osure 71. The enclosure 71

COﬂh@E@§r§n§eh%%”%é %g@dog ZQOQldéc%lb%fr%%%@ analryaer,. part
(Servonex Conpany I nc. gar and, Texas

inc 6XPEEs 6€C6fon dadedRst FEREMSHiT4, 18 eepwnp@ﬁteenapearatus
oatér Ans9Yhee JRAntian 4¢. bEBQngtZZl'%aQSQQrt9¥BQB%%ﬁt

a nitrogen purge-stream through boss
chilprddgh bbs 7bbapytugy 70ofinchbdeg ?Tacardoshar dit of

p&@%e?gghgség &é—?%g@%%rgg Eughggosage)ThengiﬁgZSZ is used

rtions~7 cell 75 help protect
tOtnendepecaomlpapge@npﬁiganétrhemsenteetp@rﬁp@d0$@rﬁr6&»

Tu§§§5373 Elecktical, %%Bh%§t7%hgnﬁ %Qoerﬁebﬁe eogeteggofrom the

conduct an analyzer S|gna ron1 ap ar at us )
enghioshirsi JAal Theaentdesuiren’df cohdahpdr egérrvbhexi Jendos 2500

t di i
AcOUSBILEEH U0, le LBhey SLb AT, (R LBRYg, e
Us2) icsmpandect ef o dandctponpbheiocel [74poat cedl7porbyon 75 and

a Eo%r%e RS QUar Ler '%%51%8 §7ng ﬂ %ﬁuog%%hﬁkrgcﬁgtrogen

ni net grees“Cel sius) o1 oal
pumqblBgr&hmam@r&ZghrespesslVéby tRehemhmngghohmss FEQ by way

S gRa RS 3BV B ool pB240 B et
78 The boss portions 75a and 75b of the cell 75 help protect
the detector portion 74 and the source portion 76 from leaks.
Electrical cables 79 and 80 provide power to and conduct an
analyzer signal from the apparatus 70, which signal is a
function of the hydrogen chloride concentration in the burner
tail gas. Conditioned burner tail gas (from the apparatus
shown in Fig. 2) 1s conducted to and from the cell portion 75
by way of one quarter inch (0.6 cm) diameter heat traced (at
about ninety degrees Celsius) perfluoroalkoxy tubing 81 and 82
respectively.

Referring now to Fig. 5, a side view is provided, part in
full, part in cross section and part schematic, of an apparatus

90 for on-line analysis of chlorinator tail gas for chlorine.

The apparatus 90 includes an enclosure 91 (preferably a NEMA-4
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90 for on-line analysis of chlorinator tail gas for
chlorine. The apparatus 90 includes an encl osure 91
w@ progfoarsabl y a NEMA-4 -9 WO 2004/ 076496 PCT/US2004/005251
PCT/ US2004/ 005251 fi bergl ass enclosure). Tubing 92 is
used to conduct a nitrogen purge streaminto the
~enclosure 91. Tubing 93 is used to conduct the
nitrogen purge streamfromthe enclosure 91. The
encl osure 91 contains a Servonex ultraviolet chlorine

anal yzer 5 (Servonex Company, lnc., Sugarland, Texas |
£ ST RSP IS - daBErs Hortd GiPesh, b qduct a nitrogen
pufd i i antk & SIr&ed#om196. TP PE J udesedo

to conduct a nitrogen purge streamthrough a_boss
cagsiicl filgght e Bs W5 P SR 1aibithy snclamiaendd -  The

erilosife tdie QNG O8iM & HodomiaY Oft 2RI NGO h 1H8 ROSHhalyzer
ortions 95a 10 and 95b of the cell 95 help protect

(S mare PPV 1 | IF 94 BTl s digxes pbvtl siemggrised of a
AR e F LA ! Gl o DRSO AL iy PR portion 96.

power to and conduct an anal yzer signal fromt
Tudpped &t lust D0isashiteh einghudt iss nd tugesm avngfe tsigean through a

; i ; ot ; . .
b%ng{gta?gr?eg 15l;j chaf ggr(?%;tgogr}) tkg)iel‘ﬂ%g}agJr ld'( %%rntiwzﬁa W then out

ofapher amxsl@mm 91 I\ gra)ofi $ubdovgd $é¥-ed ’Ith@a g sf pomtions 95a
ané%%%?ldf pcq{é ;1%;11953?%6 (ﬁgnfoéc%%et q:%%rt te gb%hé)g)(?:‘tQOn 94 and

anet er trace out ninety degre
theelssiwuzde perfiivor ¢ kinom thssikesg 1@Leartdit@2 cables 99 and 100
cti ly.. 1t. sho der st t hat_t etﬁgﬁv
plr Sé%fel thc?ﬁgengfté raélgcparcgilngjé&tethé%o%ﬂzﬁl%% a‘fn%lq‘ znéalrls re atet gse
apperspen 90 priefar reidnasly stsers famdttilvat dafheHeuldhlscipe
Céﬁééﬁﬁ”égﬁga%ﬁl%ﬁ%§Q%hp%fﬁ%£g¥ tgffn&§§!t <ﬁ£ﬂ%ﬁp§%ﬁ
exanple, ot her conponent’s of I nterest’ can € analyzed
chddiineeg.o 2 5 sCAVRARATI Ao rEXAPlaEph rRdfuer rshognndw tFag. 2) is
Fig. .1, . ever r far._a twenty four u periaod, a
et B A G Jiast St bt b, 4% by BRL B, e quarter
inwiht hdr.a&wcan)s ahipre tefr huwanert: taaield gas 2boutheisaetyl elegrees
Ceqpnbs are j:Iaken t r.at or.y..and bur ner

Jaa e By S By T B0 Redioa Yeskec ey

r esultt shand dyrephedicastoxygehat the above description
regarding the on-line analyzers relates to specific preferred
systems and that the full scope of the instant invention is not
limited thereby. For example, other components of interest can

be analyzed on-line.

COMPARATIVE EXAMPLE 1

Referring now to Fig. 1, every hour for a twenty four hour

period, a 500 milliliter gas sample bomb is used to manually
withdraw a sample of burner tail gas 25. The sample bombs are
taken to a laboratory and the burner tail gas is analyzed for
oxygen by the Orsat test. The results are graphed as oxygen
concentration versus time and show an essentially level oxygen

concentration of about nine percent oxygen.

-10-
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concentration versus tine and show an essentially

| evel oxygen concentration of about nine percent
wW®@z200g0M496 10 WO 2004/ 076496 PCT/ US2004/ 005251 pEXMBAIOLE005251

1 Referring nowto Fig. 1, the burner tail gas 25 is

flowed through the conditioning apparatus of Fig. 2

and then the on 5 line analyzer of Fig. 3 for the sane

twenty four hour period as COVPARATIVE EXAMPLE 1. The

results are graphed as oxygen concentration versus

time and show an essentially |evel oxygen

concentration of about ten percent oxygen but also two
Expeaks: af oxygen concentration m ssed by the manual

sanmpl Tng of 10 COVPARATI VE EXAMPLE 1. The first peak,

at R HFIRY NIttt - dn PhFgén e dtiratdash of 1s flowed
tHERRMh $ind %dqecr éj”é)fiﬂ)%ﬁ:aft@:[s Abauly t en HAPUWIRS: the on-

The 'second peak, at 1 hours, indicated an oxygen
Ligen eamtlnzaror foff igbod fokeltie ﬁ@\n@eﬁtquwgeﬁ@%rhour period as
CORAHATIER fﬁ)@%ﬁ% 115 @@w&%@ﬂl\é% df-:%ﬁne%?fa?sr 'J:fi@en

nowto Fig. 1, every hour for a twenty hour
cop@ergdattiiee gansus rt@rr@eran@d Sé@mmvmammmmeﬁfel oxygen

i) r S t

C&Hce f§¥1odﬂ4f Hdﬂ% A ﬁple gg%%r tg&f%lfg)fgo peaks of

wi t hdraw a 20 sa
Oxm@ns MO@rﬁmﬁtﬁoar aitsslesh byo téle etporedt @eynmdlq fog”

[ anr ar eIﬁph LIE'S 1analT¥17ee(%lr%rt @é%&og%% 9C§‘5l (Hdu(}% b&ndlcated

onmetry. The results are graphe
anhyénmg@nO@mqanumataamceﬁtﬁ@muanswmﬁamn1pan§aﬂujqugmn for

n | ev h lori tion .
aﬁa& a%% oﬁk%SZS ggfhé%i %%gﬁ qlorlgg%Q%§%NP Edfcated
anR@k@@emngqmmﬁmuldﬁqyn bf Bh@umutmeﬂanperg@$t2©xygen for
abou %&%%%%h the conditioning apparatus of Fig. 2

e on- 30 |ine anal yzer of Fig. 4 for the
sane tmenty four hour period as COVWARATI VE EXAMPLE 1.

col8 S $:@51% aphed as hydrogen
Referring now to Fig. 1, every hour for a twenty four hour

period (the same time period as COMPARATIVE EXAMPLE 1), a 500

milliliter gas sample bomb is used to manually withdraw a
sample of burner tail gas 25. The éample bombs are taken to a
laboratory and the burner tail gas is analyzed for hydrogen
chloride by infrared photometry. The results are graphed as
hydrogen chloride concentration versus time and show an
essentially level hydrogen chloride concentration of about four

percent hydrogen chloride.

EXAMPLE 2

Referring now to Fig. 1, the burner tail gas 25 is flowed
through the conditioning apparatus of Fig. 2 and then the on-
line analyzer of Fig. 4 for the same twenty four hour period as
COMPARATIVE EXAMPLE 1. The results are graphed as hydrogen

chloride concentration versus time and show an essentially

-11-
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chloride concentration versus tine and show an
essentially -11 WD 2004/ 076496 PCT/ US2004/ 005251

wo ewelo7dayelr ogen chl ori de concentrati on of abouPCT/O82004/005251
percent hydrogen chloride but also two variations of
hydrogen chl oride concentration m ssed by the manua
sanpling of COVPARATI VE EXAMPLE 2. The first
variation, at 9.6 hours, indicated a 5 hydrogen
chloride concentration of about six percent hydrogen

chl.or,i for a ut t n m nut The second varjation
L EETain S B B i ogEh Gl e £ou Peroent
hyeresast rcatllm&rf BboWls®ight pefiteniody dPgefdrogen chloride
chl oride for about ten nutes 10 CONRARATIVE EXAVPLE
CORGEYHTT Y MW A, te RRRHAL AT HGY £ EHBARATIVE
EXOUIL U et | Odksta x@&amldw idero mshsang) e hodhisd a
used to manually w thdraw a s%ggle of chl ori nat or

hyHQIGasTPTidfe MR RAUKers i Rproent hydrogen

cHEH%%dE‘¥6&fHEEdﬂ“%éH“ﬁ&ﬂdEﬁé” tgid éBEbﬂdSGE%fHE&d%edat 18.5
for chlorine % titration. The results are graphed as

h%%ﬂsorllﬁéi tF YL IR UL AT RE RpeHdwadnion of about
HdRldot dReelqdifl Qi die KONCantIRhion &f matlcs.
one one hundredth percent chlorine. 20 EXAMPLE 3
Referring nowto Fig. 1, the chlorinator tail gas 23
CQM?A§Af¥V§jé§HM¥§H' he condi tioni ng apparatus of Fig.

2—and thenm—the on-tine anal yzer of Fig. 5 for the
sanRafgeming quaw HourFigerd ,odewsc@mmﬂfnw@ ESURWVRDE four hour

e%lo-ﬁ]e d eSSOUd 1 19716 A aP! ecrﬂc%ﬂ & used Itloy manually

concent rati on versus ti OW an essentl a
wiltddstavc caramelecmﬁzemlrcmmm*tqﬁ @bldutgamé3 ondhe sample bombs

L%jl % keeq{ hc erlca%ra%ﬁ; Ehl hﬂé‘feb%lﬁh ec?a&l Q:fall (_:{as is

rine concent rati on m sse
arpfl YCRVPARAT IAVE cEXANPIEY $1t‘ﬁ¢aé:1qgeak Theet rﬁﬂstﬁthbwrlse graphed as

htl%q_J %aet ec%n% %{]ilro%ﬁlrbq’l GR or a out r)afl(%% AN m?ba%mestggnq:elally

hs per ce orlne n m nute
levE2 \WD 1200470 16406 RCHIISZO®T GOERAB1 one, one hundledth

percent chlorine.

EXAMPLE 3

Referring now to Fig. 1, the chlorinator tail gas 23 is
flowed through the conditioning apparatus of Fig. 2 and then
the on-line analyzer of Fig. 5 for the same twenty four hour
period as COMPARATIVE EXAMPLE 3. The results are graphed as
chlorine concentration 'versus time and show an essentially
level chlorine concentration of about one, one hundredth
percent chlorine but also a peak of chlorine concentration
missed by the manual sampling of COMPARATIVE EXAMPLE 3. The
peak, at 12.2 hours, indicated a chlorine concentration of

about three tenths percent chlorine for about fifteen minutes.

-12-
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VWHAT IS CLAIMED I S: 1. An inproved process for
produci ng titaniumdioxide by reacting a titanium

waelehdadore with chlorine to produce a gaseoRGI/BES2004005251

containing titaniumb5 tetrachl ori de, condensing
titaniumtetrachloride from the gaseous stream
containing titaniumtetrachloride to produce

chlorinator tail gas, vaporizing the condensed
titaniumtetrachl oride, reacting the vaporized

titaniumtetrachl oride with oxygen to 10 produce a
%&&Mé@mal ni ng tltanl um di oxi de particles

d chl t { dioxide . .
par t-cl 021 PBRICHE GROSITS ot FEameUMAT A o Ve ieLde by

di oxi de paJaldtdines sand tehlim @e okd der educ aridiuiohalortiald to
gas, and an zing the chl orl nator tail, 15 gas for

resi dual PAR ené‘ {95 SESHEr SIETERE SPEY 3 1 YR ddtlieRd Whe

titani umtdit@dde iRl tddneikingfiinke it 1 teharac tteitirzethlidride from
that the chlorinator tail gas is, 6 analyzed for
resi dual %1 SESFOUSSISE AR GRNteHE 1 chitrtamd Uin disfrgchloride

20 2. An HoTREQEREPIPARTS nb@lbPRAdUC igRg: tlvta@\wﬂirﬁlng the
di oxi de by reacting a titaniumdioxide ore with

chl or i ne Gegdepissdude tangade 568 rochd@Aicont disfiqtgng the

t'tan'u”%a%%&ﬁﬁﬁﬁiQﬁ%%%auﬁp%@%@@dﬂldﬁﬂﬁ@“ﬁﬂ@h oxygen to
tetrachl oride from gaseous stream cont ai ni ng

titani umptr@@warmaorga@@oz@ 66 15PEd GOB tehndiich Aiganiag dioxide
gas, vapepi4iing dhencopdensed t'ste%%'r%'{‘ltn%t L@eh 't‘%l‘t'a@'ﬁum

reacting the vaporized titani umtetrachl 6ride wt
oxygen t dioFisdudard igdesods o8t tdemIgssaisnisigeam contalnlng

tltanlunkg%%§h%§ng_ aﬁﬂe aﬁQQnglo h@echi%gﬁ%%t%%gproduce

the titanium 30 di oxide particles fromt e gaseous
st ream comiraieni fgllt igesni amodieorilde ipar thel ehlawdnator tail

chlorine Lo Q_"rOQ:dlf%%ld%%%n%ﬁ’llt()é‘llll'leg%% A analkyzl Mep of

the burner tail
reactlng the titanium dioxide ore with chlorine,

characterized in that the chlorinator tail gas is
analyzed for residual chlorine using an on-line

chlorine analyzer.

2. An improved process for producing titanium dioxide by
reacting a titanium dioxide ore with chlorine to
produce a gaseous stream containing titanium
tetrachloride, condensing titanium tetrachloride from
the gaseous stream containing titanium tetrachloride
to produce chlorinator tail gas, vaporizing the
condensed titanium tetrachloride, reacting the
vaporized titanium tetrachloride with oxygen to
produce a gaseous stream containing titanium dioxide
particles and chlorine, separating the titanium
dioxide particles from the gaseous stream containing
titanium dioxide particles and chlorine to produce

burner tail gas, and analyzing the burner tail gas

-13-
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WO 2004/ 076496 PCT/ US2004/ 005251 for oxygen to
control the step of reacting the condensed titanium

wo etonaodabori de wi th oxygen, characterized in PCEHUSI00£005251

burner tail gas is analyzed for oxygen using an
on-line oxygen analyzer. 5 3. The inproved process of
Caiml, wherein the on-line chlorine analyzer is an
on-line photonetric chlorine analyzer. 4. The

i nproved process of Claim2, wherein the on-Iline
oxygen anal yzer is an on-lin ramagneti c oxygen 10
anal yzer r%acgy Oﬁ%’égﬁr}rﬂ}%\%tﬁogt@? Stel ffmread éhe
i ncl udi n@oridee s R i6faraingl W2itiedhhe MW er draidx @R,
for hydrogen chl oride using an on-line hydrogen
chl ori de ChefRSFARLzedk 1§ Hhad | B gfs 1s analyzed
Caim 5, ﬂM}ero(debérhﬁls‘?Lrhdh'd?ﬁ onhm%@@&gq@rprarﬁqyzer.
hydro

anal yzer is an on-line photonetric gen chloride

analyzer The e dved PrEyOEs1efimny ¢hdddidhe on-line
1-6, wherein the chlorinator tail gas or burner tail ,
gas is p&SSEFingD AN GIFRT &5 it R ardde M hEatdc chlorine
on-line analiyzer-. 8. The inproved process of any of

Clainms 1-6, wherein the chlorinator tail gas or the

burner tate gaprcredassrddhiogugh adnf i2,t eheardn ReR on-line
to the on-line analyzer and wherei.n the chlorinator

tai |l gas Y% He 5 BASTer %t &1 OFas 1AFd PRFERIAE L Cao&yIen
heated t@malyi-¢erature greater than ten degrees

Cel sius. 9. The inproved process of any of Cains 1-6,

whersei n - Thize iedprerigtatodeaisl oFaglarint 2¢ Rumerert dinlcluding

gas is ssed t hrough filter and then to .the
on-1i ne SOCaSHeR G A NS 17N & SR it Bagaitor
gas and tR&irogkh \BR120040 649G BETOHSI004 0QBRDen chloride

analyzer.

6. The improved process of Claim 5, wherein the on-line
hydrogen chloride analyzer is an on-line photometric

hydrogen chloride analyzer.

7. The improved process of any of Claims 1-6, wherein
the chlorinator tail gas or burner tail gas is passed

through a filter and then to the on-line analyzer.

8. The improved process of any of Claims 1-6, wherein
the chlorinator tail gas or the burner tail gas is
passed through a filter and then to the on-line
analyzer and wherein the chlorinator tail gas or the
burner tail gas and the filter are heated to a

temperature greater than ten degrees Celsius.

9. The improved process of any of Claims 1-6, wherein
the chlorinator tail gas or the burner tail gas is
passed through a filter and then to the on-line

analyzer and wherein the chlorinator tail gas and the

-14-
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filter are heated to a tenperature in the range of
from32 to 43 degrees Celsius. 10. A process for

wa@orvdiotd4omi ng chl orinator tail gas or burner PEI/USHaE005251

froma chloride process for making 5 titanium

di oxi de, including the steps of: (a) flow ng
chlorinator tail gas or burner tail gas from a

chl oride process for making titani um di oxide through
a bed of gl ass wool to produce a prinmary treated

stream flow ng th rimary treated stre

through &% ad:reoﬂl‘%zfﬁcf t{)H "3%9%% tYrs p]rrbcﬁ?:ee rgnge of
secondar ¥rdn &2 e 43 ergredyd de)sifdsowi ng the

secondary treated streamthrough a coalescing filter

to prooduce parceeEd tﬂcﬂﬂ&darg:&&tﬁirﬁ&mnchﬂﬁpﬁlmdiﬂojditraacl efhs or
to an on-line chenical zer. . 11. The ocess

Ot m 20 PUETe e Lt &S (O ST i at TP St aF making
t enper at urie sgrieat eri d:hate t qmchagne@s tHeelSidtss diz The
process of C aim 10, wher ei n steps (a)-(c) are 20

condunt ed latwisd @]ﬁﬁj’lﬂlﬂﬂiﬁ)]gr’mﬂergatéﬁa‘l’r tbmﬁd‘ﬁa/r drell gas from
degr ees CeI [ 14S: 3 The pro ess . 10, rein

steps (af R o T i dr Tt e e e

range of tHhremgd? 4 %e&%ﬂ&_ﬂfeﬁ werllsites prokhice a primary

treated stream;

(b) flowing the primary treated stream through a
submicron particulate filter to produce a secondary

treated stream; and

(c) flowing the secondary treated stream through a
coalescing filter to produce a conditioned gas stream

to be directed to an on-line chemical analyzer.

11. The process of Claim 10, wherein steps (a)-(c) are
conducted at a temperature greater than ten degrees

Celsius.

12. The process of Claim 10, wherein steps (a)-{(c) are
conducted at a temperature greater than twenty-one

degrees Celsius.

13. The process of Claim 10, wherein steps (a)-(c) are
conducted at a temperature in the range of from 32 to

43 degrees Celsius.
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