Title: PROCESS FOR PRODUCI NG AND COCLI NG TI TANIUM DI OXIDE  Abstract: An

i mproved process for producing titani um di oxi de wherei n gasedtblach28¢d um
tetrachl ori de and oxygen are reacted at a high tenperature to produce
particulate solid titani um di oxi de and gaseous reaction products is

provi ded. The titanium di ox- ide and gaseous reaction products are cool ed
by _passi ng them through a tubul ar heat exchanger along with”a scouring
medi um for renoving deposits fromthe inside surfaces of the tubul ar heat
exchange. By this invention, the particulate scouring nedium the

particul ate t aseous r on products are caused
to follow a s‘!ﬁ'&ggi'fléga'%%ﬁ‘?ﬂ@%ﬁgcﬁﬁﬂg NGtﬁSAMBWﬁPX'%at exchanger

wher eby the scouring rredl um nore thoroughly removes the deposits and the

titani um di %I de an ous reaction pro uct s are cool ed nore
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produced Is nore efficiently carried out. In the conventional production of
titani umdi ?X ih%ecour;[vltent%cﬁ{apgrotd[}gtlo%ho {téf%Smingﬁgg lslﬁlizing the chloride process,
heated gaseous titanium tetrachloride and heated oxygen are combined in a tubular
reactor at high flow rates. A high temperature oxidation reaction takes place in the
10  reactor whéréby particulate solid titanium dioxide and gaseous reaction products are
produced.'The titanium dioxide and gaseous reaction products are cooled by passing
them through a tubular heat exchanger along with a scouring medium for removing
deposits from the inside surfaces of the heat exchanger. The scouring medium is a
particulate solid such as sand, sintered or compressed titaniun dioxide, rock salt or the
15 . like. In spite of the use of a scouring mediur, the solid titanium dioxide and other
| deposits on the'inside surfaces of the tubutar heat exchanger have only been partially
removed in the known processes, thereby leaving deposits which feduce the heat

transfer efficiency of the heat exchanger.

20 A first aspect of the present invention provides a process for producing
titanium dioxide wherein gaseous titanium tetrachloride and oxygen are reacted- at a -
high temperature to produce particulate solid titanium dioxide and gaseous reaction
products and the titanium d10x1de and gaseous reaction products are cooled by.

| passing them through a tubular heat exchanger along with a scouring. medium for

2_5 removing deposits from the inside surface of the tubular heat exchanger, the
mmprovement in removing said deposits and thereby increasing the cooling of said
titanium dioxide and gaseous reaction products which comprises causing said scouring
medium, said particulate titanjum dioxide and said gaseous reaction products to fB_libw a
spiral path as they flow through said tubular heat exchanger whereby said scouring

30 medium thoroughly removes said deposits.



heat ed gaseous titaniumtetrachl ori de and heated oxygen are conbined in a
tubular reactor- at high flow rates- A high tenperature oxi daMaeh20@acti on
takes place in the 10 reactor whereby particulate solid titanium dioxide
and gaseous reaction products are produced. The titanium di oxi de and
gaseous reaction products are cool ed by passing themthrough a tubular
heat exchanger along with a scouring nmedium for renoving deposits fromthe
i nside surfaces of the heat exchanger. The scouring nmediumis a

particul ate solid such as sand, sinfered or conpressed titanium dioxide,
rock salt or the 15 like- In spite of the use of a scouring nedium the
solid titani umdi oxide and other deposits on the inside surfaces of the

t ubul ar heat TBX cPrgagdr inyagorons ymee releriivt ivatienptoode bipy ederience hie Kimown
process | F osits which reduce the heat transfer

ef fici eﬁ%ﬁ%@?iﬁgﬂﬁiﬁtﬁ&é%‘ﬁgﬁgﬂ 20 25 30 A first aspect of the present

i nvention prbli-deis aside evessettipnahyiowid iartgbulal beatiephaiigex seldiontveriei n

g2S GPUSinkuHAN ARG VERLU R fol8ssB8 th X ¥AEMABMWin haFhRARoRLg  Ni gh
tenperature to_produce particulate solid titaniumdioxide and gaseous
reaction prblickis agsad view tekemalonadios 8x2 @6Fnd. gaseous reaction products
are cool ed by. passing themthrough a tubular heat exchanger along with a
scouri ng. iumfﬁg)é{lic{ermvi ng deposits fromthe inside surface of the

tubul ar heat " EREHA © Rigment may o6 errhiced accordipgin thy chleride sepedyts and
t her ebyrehBfERSHIED g R uS FRNIY 1 achiRdhibe ahbti%.@fcfdg%%gﬁ( In0e tt%]ugarQQ§&8P$

reaction products which conprises causing sai ng nmedium Said
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titanium dioxide and gaseous reaction products.

o0 The reaction products may conventionally immediately be introduced into an

- elongated tubular heat exchanger, wherein the reaction products -may be-cooled by heat
exchange with a cooling medium such as cooling water. The elongated tubular heat
exchanger may be made up of a plurality of individual heat exchanger sections which can
be sealingly bolted together. The heat exchanger sections and overall length of the

25  heat exchanger can vary widely depending on factors such as tl;e titanium dioxide
prddt-_JctiQn rate, the desired discharge temperature and the diarheter of the heat
exchanger among other factors. Consequently, commercial producers of titanium
dioxide that utilize the chloride. process, that is, the process of oxidizing titanium
tétrachloride, may use heat éxchangérs of varying diameters and lengths to cool the

30 reaction products. In known exambles, the heat exchanger sections have an internal
diameter of 18 cm (7 inches) and are from 2.1 m (7 feet) to 4.9 m (16 feet)long. The

| ‘elongated tubular heat exchanger may often also include an adapter section which can be from

0.3 m (1 foot) to 1.2 m (4 feet) long. While passing through the elongated tubular heat



anount sufficient to produce a rutile pignent containing between 0.3%to 3%
by wei ght of alum num oxide- Typically, the titaniumtetrachlibMads 20en - be
preheated to a tenperature in the range of from343 C (650 F) to 982 C
(1800 F) dependi ng upon the particular preheater apparatus utilized. The
oxygen may be typically preheated to a tenperature in the 15 range of from
954 C (1750 F) to 1871 C (3400 F). The oxidation reaction tenperature at a
pressure of 1 kg/sg.cm (one atnosphere) may be typically in the range of
from 1260 C (2300 F) to 1371 C (250® F). The reaction can produce

parti cul &t btk tid i 1.OX] nd seous reaction products. 20 The
reaction pr%?ﬁcts n%%ﬁ@oﬁ\%%%gggﬁeéu? Wﬁgtb‘?néfr&i‘ipt%‘@ﬂihﬁ’tqoé@dé@d into an

el ongat &ngardtutacf 1EAC (e3@ifangenesswher ei n t he reacti on products -may
be-cool ed by heat exchange with a cooling nmedi um such as cooling water.
The el ongated tubul ar heat exchanger may :be made up of a plurality of
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heat exghanger may often also include an adapter section which can be from
0.3 m(1l foot) to 1.2 m(4 feet) long. Wile passing through. the el ongated
tubul ar heat 11 March 2005 3 exchanger, the titanium di oxi de and gaseous

reaction pro : .cooled to a tenperature of 704 C (1300 p ) or
less. In or dgy‘g_%%“%?@{/‘%ﬁ{‘“‘% i) ‘Btﬁlﬁl%?-%ﬁlsﬁ pees of SheReat xchangesni um
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chl ori dgy, §Q4i r'%ie and.the. .like.. The scouring di um cap i npi nge on
the inside sur ]?gﬂcfgcgh{c??fh %eeasﬁe%‘f’ eﬁ%ﬂ%ﬂg}éﬁh&%ﬂ exchanger and increases the |
20  overall costs of producing the titanium dioxide, by requiring the installation and

maintenance of a longer heat exchanger and requiring a greater amount of the
scouring mediqm. After the reaction products are cooled, the particulate solid titanium

dioxide may be separated from the gaseous reaction products and the scouring medium.

25 .- The pfesent invention .is based on the discovery that tile removal of the
deposits from the inside surfaces of the heat exchanger can be improved by éausing
the scouring medium to follow a spiral path through the heat exchanger. While various
techniques can be utilized for causing the scouring medium fo follow a 's'birat path
through the heat exchanger, a presently preferred technique is fo provide one or mare

30  spiraling vanes on the inside surfaces of at least a portion of one or more of the
individual heat exchanger sections. Preferably, for 18 cm (7 inch) to 28 cm (11 inch)
internal diameter heat exchanger sections, two or more spiraling vanes having spiraling

recesses therebetween are provided in 2.4 m (8 foot) portions of two or more of the



and renoves deposits therefrom Wile the scouring nediumrenoves sonme of
the 15 deposits, it often does not renove all of the deposit ¢$1 5aehasosa:
result, a layer of the deposits on the inside surfaces of the heat.
exchanger remains. The remaining |ayer of deposited material decreases-the
heat transfer rate fromthe reaction products being cooled through the
wal I s of the heat exchanger and into the cooling nmedium This in turn may
significantly decrease. the effici engy of the heat exchanger and increases
the 20 overall costs of producing theé titaniumdioxide, by requiring the
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invention Js based on the discovery that the renoval of the deposits from
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CGener al Ihgat exchanger section including the surfaces of the spiraling recesses. These criteria
are mef, for example, by a heat exchanger section having a length of 4.8 m (16 feet),
~ an internal surface diameter of 18 cm (7 inches) and having four curved rectangular
- - vanes equally spaced over the initial 2.4 m (8 feet) of internal surface therein when the
25 - vanes are 1.3 cm (0.5 inch) high, 3.8 cm (1.5 inches) wide and have a rate of rotation
: of 1.7 degrees per cm (4.3 degrees. per inch) and when a sCoering medium having a
specific gravityio'f 2 and a particle size of 0.7 mm (0.028 inch) is utilized with an inlet
_gaseous reaction product flow rate of 3 kg (6.6 pounds) per second at a temperature of
. 954°C (1750 °F). |
30
As mentioned, all of the heat exchanger sections utilized {o make up the
elongated tubular heat excﬁanger can include spiraling vanes and recesses. Generally,

however, the heat exchanger sections which include spiraling vanes and recesses in



the heights, widths and rate of rotation of the spiraling vanes are. such
that for an individual heat exchanger section containing thélWamb00ver
its initial 2.4 m(8 feet) of internal surface |length, the nmaxi num
pressure drop at the maxi numreaction products flow rate through the
section is 14.1 g/sq. cm (0.2 pounds per square inch). A further 20
requirement is that the scouring medium conpletely scours=the inside
surfaces of the heat exchanger section_ including the surfaces of the
spiraling recesses. These criteria are’net, for exanple, by a heat
exchanger $Q€bioAGaleaHdA efethR130¢ Baroheﬂse%amtédlﬁy k6@t heRxbmrREnabotisf ace
di aneter of 18 cm (7 _inches) and having four curved rectangular vanes
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of 0.7 sm ( e%ﬁgbﬂﬁ&]hodssnvﬁwe{d zed with an inlet gaseous reaction product
flowrate of 3 kg (6.6 pounds) per second at a tenperature of 954 C (1750
F). As nentioned, all of the heat exchanger sections utilized to nmake up
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spiral |$g vanes and recesses. The nunber 'of heat exchanger sectiaons which

do not 'Ync WW%E@%W‘&?Q& deapat{aswl bepEeined e fment gderodiisiilinger

sections amgrédiyegughl y cl eaned by the scouring nedi umunder the operating
conditions involved The vanes can be formed of a corrosion resistant alloy

such as -an alloy of nickel and chrom umor they can be forned of a ceramc
wear resistant mab&bhdbsFdchl thepreaditihvatios ptdvedu agampioded proctiefol i ke-

Al so, the vanes can be hollow so that the cooling, 10 mediumw || keep them
cool er, hedroducigsrasticulptp Fe%tlﬁaﬁ%‘ﬁb‘é‘@éﬁlea?ﬂﬂmm%‘ﬁ? s@epPsits will be '
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from said surfaces; . arat.l ng.sal arti te SO tl-t nlum
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nore speci fd&e{gﬁ@p&eﬂ%ﬁm{ Bfodgagdum ng particulate solid ti tam um di oxi de may
conprise the steps of:-(a)-reacting gaseous titani um-tetrachl oride and (c)

injecting .a scouri ng(b)mwlmnaaxdt prodaced. paticulat cénlidgttanivoy dlcemlang
;depOSI ts fr gz@e(gtﬂereé n'%ﬁ %?o«ﬁl%fvﬁﬁleg c&ﬁﬁg eﬁ?édlum in a tubular heat exchanger to a

20 temperature of 704.°C (1 300 °F o less; _
(c) mjectmg a soom:mg medlum info said heat’ exchanger for removing
deposxts froin the inside surfaces thereof,
' (d)causing said scouring medium to follow a spiral path ﬂlrough said-
25 heat exohanger and thereby increase the removal of dcpom(s from smd surfaces; and

(€) sepacating said particulate solid imunmn dioxide from said scouring
medium and said gaseous reaction products.

A more sﬁeciﬁc process for producing particulate solid titanium dioxide
may comprise the steps of: (a) reacting gaseous titanium tetrachloride and
30" oxygen at a temperature in the range of at least 1204 °C (2200 °F). to. produce
| particulate solid iitanium‘ dioxide and gaseous reaction pl”Od.'UCtS‘ (b) cooling the
| produced particilate sofid titanium dioxide -and gaseous reaction products with a

_Gooling medium in a tubular heat exchanger to a ternperature 704 °C (1300 °F) or less;



(d) causing said scouring -nediumto follow a spiral path through said A
second aspect of the present invention provides an inproved pibdess060r
produci ng particulate solid titani um di oxi de conprising the steps of. (a)
reacting gaseous titaniumtetrachl ori de and oxygen at a tenperature of at

| east 1149 C (210.0 F) to produce particulate solid titanium dioxide and
gaseous reaction products; (b) cooling said- -produced, particulate. solid
titani um di oxi de. and gaseous reaction products with a cooling . nmediumin
a tubul ar heat exchanger to a tenpefature of 704. C (1300 F)- or less; 30,
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produce  particulate solid titani um di oxi de “and gaseous reacti on products;
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t hr ough. the heat exchanger and increase the renoval of deposits
fr om t hethg FEPYRGMedium@n \thwaﬁjoyﬁéewowpéugtm raling vanes on the inside
surface of all or a portion of the 5 tubular heat exchanger, and (e)

separating the particulate solid titaniumdioxide from the scouring nedium
and the gaseofiOPeeiidierdiusiiate e imarayed proaess plienrresentiniantion.dhe he

i mpr oveqom;@ﬁggﬁa,ﬁ&et,g‘@v@{ esent invention, the folio wing exanple is
given. 10 Exanple A series of tests were performed to increase the

ef f i1 ency of an elongated tubul aF*p@ple exchanger used for cooling the

- titani um di oxh deyiafd GESE Yt pRAGIG o %Fa%ggttﬁe fle RARS erFQ)f'é?\ ﬁu@ﬁgﬁ%or' de

process. The heat exchanger was i nstrunmented m ne
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products, fromthe reactor consistin a m xture of ment ,
and 5 t Felgmping thergffaghveness aiieatrirans af‘ﬁéol"ﬁﬁtéﬁ johp nsimben ©f ﬁe@@ns e heat
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j acket dfompie eaciar GRNTIYIngIRf anadyre; qi&éetﬂfai pgRenh@nde it 1@ eerent Pon. A
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heat excha er sectl ons was neasured at the inlet to the sections. The
anount g%ﬂg and were connected together by flanges. An external water pipe called a

jumper connected the water jacket of one section to the water jacket of the adjacent
20  section. A thermocouple was placed in each jumper and tdta! water flow through the
heat exchanger sections was measured at the inlet fo the sections. The amount of heat
that was transferred - from the reaction products stream to the water in each heat
. exchanger section was determined from the difference in temperature between the -
B ‘water intet and outlet a'nd the water flow rate. The gas temperature for the heat
.25 exchanger sections was calculated from a mass balance for the reactor, the amount of
heat fed to the reactor with the reactant feed streams and the total heat lost from the
reactor upstream of the sections. A heat transfer coefficient was calculated for each -
“‘heat exchanger section from thé temperature of the product stream and the amount of
- heat that was transferred to the cooling water in that section. i
30 |
The calculated heat fransfer coefﬁcients’- ‘were then compared to the heat
transfer coefficients calculated from empirical heat transfer correlations available in' the

. open literature for particulate free gases. It was anticipated that the correlations for



that was transferred fromthe reaction products streamto the water in each
heat exchanger section was determined fromthe difference i h Mewnp20dst ure
between the water inlet and outlet and the water flow rate. The gas
tenperature for the heat 25 exchanger sections was cal cul ated froma nass
bal ance. for the reactor, the anmount of heat fed to the reactor with the
reactant feed streans and the total -heat |ost fromthe reactor upstream
of the sections. A heat transfer coefficient was cal culated for each heat
exchanger section fromthe tenperatufe of the product stream and the amount
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gases wodR% ble desuits riagicated dhat te @?‘é%iﬁ’"gh%‘@@en whe \radue§eea+gdate9rfmm e that

t her es woeh@.r#as: GrfefiiBhd ¥ﬁ‘d ¥hose %{&mtnea%&imgﬁtweﬁgﬁuwgiefate? k& the

measured for the heat exchanger sections and the co Icients cal cul ated
for cl eafiectigas neahiberad afitie clampaladdivat myehanger theifer these sétheivetihe val ues

cal cul at ggerhé® Mehy @nﬁplhé'cﬁ?lﬂirel%ér Jo%\oabé Qﬂé 1 88bdsHO e LR liSAN §sts wer

experimental |y were much greater for the sections near the exit of the
el ongat etleReigttiaied tadryeior; methods rfor frprreving hasb tiamster nepf the exited the kel y

that thee@hfited REGE A DPhisRts! wer@e;w?ﬂrhéd uBing hﬁe fa%?h's%e nsT&%ﬁé ver e

then initiated to: develop nethods for inproving heat trans near the
exi t 1&f  eleagated hpgtaxebangestAlbgicthe sgetions myase loegi@ (\K/ém@es)awdwmef@r @8d ng t he

| ast .8 Sﬁﬁsrbﬂﬁr%téﬁf 4t§1ﬁ1 b %'eﬁnﬂalﬁﬁ&hh&@:repﬁﬁﬁhlﬂ@glﬁét F&tll:)n %hl&l?%va%eﬁ | ons

were 0.18 m (7-inches) in dianmeter and approxi mate et) in
| engt h eR€aier febpttaghing thetelangiatadohealisxepngas taathe i@[@élﬂﬁtép"Q@Pn segliohi ng t he

el ongat eﬁh@ﬁ@épt&%h@&ﬂﬁés o tlﬁfe@ﬁc?ﬁ I&xbﬂf:ésﬂd §i %F\ﬂﬂarg%?ﬁ &:Qfﬁeter-ﬂ% Reapt er

section was 1.2 feet) in length I"arger 1n dianeter than
the ot h@ﬁhegm'%ﬁ\ hewit;a ekall Qféh%?esﬁqfeﬁwef'w’ethﬁé"ﬂb? tﬁ?‘@" .given in the Table
bel oy 15 Test 1 A control test. was performed using silica, sand as the
scouring_medium The .product rate for the reactor was set at a | evel that
coul d bel®8lilnt ai ned even if heat 20 transfer rates were to change
significantly. The ratios of the neasured heat transfer coefficients to

t heoreti cal heat transfer coefficients were determ ned. The results

i ndi cat e t hat AtaqBUefj testevas perfarmedasing silicasanshas M sequeing weedignd Thee

t heor et i grabuctGarf bf teerahstol Wak Q36 8F aasvd Mt IRSRPHEMASAYA VB¢ ireieapngat ed
heat excrr]gnn?er rates were to change significantly. The ratios of the measured heat transfer
coeff cients to theoretical heat transfer coefficients were determined. The results
indicate that the difference between the actual coefficients -and the theoretical

coefﬁbients increases as the gases move down the elongated heat exchanger.
. 256 Test2

In the second test, a device was placed in the middle of a heat exchanger

- sectlion to introduce N; tangentially into the section. The reactor produced TiO, pigment

o at a rate of 59 to 68 kg per minute (130 to 150 pounds per minute). Approximately 5.7
.30 cubic metre (200 standard cubic feet) of N, was introduced into the section over a
period of several minutes. The result was that the heat' transfer imbroved measurably

over the entire product cooler dowpstream of the point of injection. The increase in

heat transfer was attributed to more efficient scouring rather than increased turbulence



_ .25 Test 2 In the second test, a device was placed in the mddle of a
heat exchanger section to introduce N2 tangentially into thd1dechi2006 - The
reactor produced TiQ2 pignment at a rate of 59 to 68 kg per mnute (130 to
150 pounds per mnute). Approximately 5.7 30 cubic netre (200 standard
cubic feet) of N2 was introduced into the section over a period of several
m-nutes. The result was that the heat transfer inproved neasurably over
the entire product cool er downstream of the point of injection. The .
increase in- heat transfer was attri®uted to nore efficient.scouring rather

than i nCiaRebdsUhdaingrg whk tﬁﬁﬁﬁé‘m@%@eﬁ: h&dt trtaWQfeF ?rg§ %B§ervérd‘§s fdrbst was

that the increase in heat transfer was observed section

di anet er 309 Sarfion diametery fPwWREresH) ﬁP"bF’eNZO'PhPfeNE|"@1ﬁ0“00aIQ§iﬂU@ttlpﬁ$1§nénd
publ i shegusldhéd dad ek %Qﬁényﬁﬁ&eﬁé&ﬁ%ﬁﬁr@n&f Brtl?i'ﬂﬁlgﬁé Mez}s%s

turbul ence decreases rapidly  and di sappears co pi pe
di anet er Priveedr dspapears campletely withing 2 e%!@@rﬂ'@'ﬁatefﬁ Hl@“iﬂﬁ@?%Se a;ag due to

betteg  SgaUsht MEad¥SthhNMb :ﬁé?@aéen\%s?éﬁ@ td Bené}es%uﬁ.sgmé&%a &Béa%’év Rd to
~continue, for sonetime after | ow had stopped. Test A scouring

medi um oheqfuffeesf%‘g’%%%\‘%uownm| fernwmtimmaftmﬁhwsﬂ@m had gieeped.  heat
treating the material to produce a suitably hard material and then
~screening the nmaterial to provide a particle size distribution sinmlar to
t hat of 3silica sand that had been used. The Ti Q2 scouri ng nmedi um was
fed at the front of the reactor- The results of this test were simlar to
the results of Test 1. 15 Test 4 A heat exchanger section having spiraling
vanetd and r ecR ssugingdnedivnel TiO: asamepared iy aggipemeratingtwifinisbied pigpleate of

heat ex Cﬁ'@d’tg@étlﬁgﬁﬁfé I‘HQtePiIQI toSroddte :Pgﬁﬁdbﬂf'hé}fj rﬁQteFlQearQﬁ@ibn %%Feréﬁﬂgelﬁese?t I on

whi ch i ncl uded piraling vanes and recesses was
feet) of "‘?F?é‘a%‘@d?c"?‘ﬁ‘ﬁﬁ apReice-yze disibatien similaaty hakolthawsiiaa sasdthat hadest 3,

and the ReOuel. TRS SioVRoBMRY RSUIRT $AY rdd'& thaWBnAST thd ra-&?t&rsTﬂl? s The

‘results jndicate that the average heat transfer coefficient Tor section
"No. 7 i nfdbis dedmpre simiiptoterrastits dfdest bn No. 6 was significantly higher

t hamg he average heat transfer 25 coefficient for section No. 7 in Test 3.

- The average heat ‘transfer coefficient for section No. 8 that was 9.8 m (32
feet) oré—pi pe dianeters fromthe end of the spiraling vanes and
recesses was slightly higher than the average heat. transfer coefficient

for section No. 8 in Test 3. ) o
A heat exchanger section having spiraling vanes and recesses as shown in

FIGS. 1 and 2 was installed in ptace of heat exchanger section No. 6. The portion of
20  the heat exchanger section which included the spiraling vanes and recesses was the
first 2.4 m (8 feet) of the section. The scouring medium was the same as used in Test
3, and the product rate was approximately the same as in Tests 1 and 3. The results
indicate that the average heat transfer coefficient for section No. 7 immediately
o downstream of section No. 6 was significantly higher than the average heat transfer
25  coefficient for section No. 7 in Test 3. The average heat transfer coefficient for section
No. 8 that was 9.8 m (32 feet) or 55 pipe diametérs from the end of the spiraling vanes
~and recesses was slightly higher than the average heat transfer coefficient for section

“No. 8in Test 3. '

: 30 Test 5

The heat exchange section including the spiraling vanes and recesses was

_installed in place of section No. 11 and a test similar to Test 4 was performed. The



30 Test 5 The heat exchange section including the spiraling vanes and
recesses was installed in place of section No. 11 and a testi18iamhl2a05t o
Test 4 was perforned. The 11 March 2005 9 results indicate that a
significant inprovenent was obtained even for section No. 13 that was 7.9
m (26 feet) or nore than 47 pipe dianeters fromthe end of section No. 11
Additional Tests Atest simlar to Test 5 was perfornmed using spiraling
vanes with a ceramic nmaterial- The heat transfer results for sections No.
12 and No. 13 with the ceramic vane8 were the sane as for Test No. 5. The
heat tr Sfifeddn endent on
t he conﬁ%ﬁﬂmcj]&g‘ﬂ\t&geﬂmen an useﬁ Mhé&egﬁgse\ogﬂ?& g‘%emgg\& gg of the
vanes. |hahwasHe? mseP fopt) s snase thaned? pipecdiamaliess Homithe egdsbsediontNmg  t he
bag filtes was determ ned when the heat exchanger was operated w thout
spiraling vanes. Vanes were then installed in place of section No. 11 and
the production rate increased until the tenperature of the gases exiting
the bpo AdditisHas Thad reached that 15 sane tenperature. The results were that
wi t hout The vanes, a production rate of 97 tons per day resulted in an
exit tenperature of 187 C (369 F) and with vanes, a production rate of 119
tons per day Aags difflartio EstS Whs [fRMBRh&EY %ﬁgc!{elr&lﬁé %§%tf)ﬁ ceramic
nmeasur a

"I NCONEL(tm) " vanes were operated for over our e wear was

found omateral Jhgdieat A@npigh resuliaden septians Np. idsansktel 13 mith the agegroisi t s wer e
found onydrias wetd theedifise ad i TeebiblS 19k ﬂé&?tr%ﬁ%ﬁm’tﬂ}q{h%a}eﬁuérr@&rﬁé nmgour ' ng

spiraling vanes and recesses Increase . ectiveness o

medi1fn e vagep ¥ap dppgndent ont the coadyatisiie of thetrhaterialtused dér thehanastand! t o
theoret'tﬁ@'de@%ﬁtofttﬁ@(}ﬁrfs&r I ARothECLAMrediS, hB%eMAaaRrEBPHRATRCL GiRR] Of the
25 el ongate heat exchanger 1's due to increased deposits near

t he heatthgpagad¥igewas galegmingd whesitka beat exchanaen was spemstdsovitpubspicaliog f ectl ve
in the NanedlvAQs e theh Hidtaiied lﬁ% i SRGP No! Wan%hgyr@&dcﬁgﬁ ra@di cate
that at the production rates used 'int tests escrl e Increase in
pr essur dNefeaprd HRW dm terperatwg ebther gases oitingpthe dagrifersvhatb reaghed dhasar ed t o
SO Pidife YMbdatife, iThe @%ulﬂf ﬂ@lre f?lfat Wlhbfutatﬂfe%n@é)% DdB&ion3Qte of @¥ar e
inch. For this reason, two four heat exchanger 'sections including 2.4 m
(8 f oot 1PNg pref é?Vﬁ@SWt&ﬁé“rﬁﬂ 9¥lbWR%ﬂUt%o%@&Ee (369 VB) pod withi vangacas apart
in the %r@&ﬂﬁibﬁ‘ilatehﬁﬂﬁg%r@ﬁé}%ﬂr re%ﬁ'é@‘éﬂ@ﬁé}hﬁ&hiuﬂgof’m #3‘%3@9?

el ongat ed heat exchanger can al S0 be. l'1zed cost of the vanes
permts. INGENEES||vBEeR Ve PRRtpied fer Q‘4¢é3§;ﬂ°ﬂ§ Nﬁg"%ﬁt@'e wear was found

-on the vanes and raw pigment quality was excellent. No deposits were found on the

2(} vanes.

The results of the tests indicate that the spiraling vanes and recesses incréase
the effectiveness of the scouring medium. It is believed that the decrease in the ratio of
the actual to theoretical heat transfer coefficients as the gases approach the end of the

25 elongated heat exchanger is due to increased deposits near the end of the heat

' exchanger. This is consistent with the vanes being more effective in the No. 11 position
than in the No. 6 position. Calculations indicate that at the production rates used in the

tests described, the increase in pressure drop through 45.7 m (150 feet) of spiraling

| '~ vanes as compared to é’mooth pipe would be in the order of bnly a few pounds per

g 30 . square inch. For this reason, two to four heat exchanger sections including 2.4 m ({ 8-
' foot) spiraling vane portions can be spaced at various distances apart in the elongated
heat exchanger. Continuous spiraling vanes in the elongated heat exchanger can also

be utitized lf the cost of the vanes permits. The results also indicate the spiraling vanes



10 can be made of an alloy such as "I NCONEL(tm" 600 or ceramc materials
such as silicon carbide ceramc, alumna, or a conposite ceraMach 208 use
of ceramics is advantageous if wear or chem cal attack becones a problem
5 References 1. A H Algifri, R K Bhardwaj, Y. V. N Rao; "Heat transfer
in turbulent decaying swirl flowin a circular pipe,” Int. J. Heat & Mass
Transfer, Vol. 31(8), pp. 1563-1568 (1988). .10 2. N Hay, ~P. D. West;
"Heat transfer in free swirling flowin a pipe," Trans ASME J. Heat
Transfer, 97, pp. 411-416 (1975). TABLE 15 Ratios Of Measured To

Theor et i el bEanadel bARATAby GO&H f&sCIRBONEL 28t 608 BP @EralliOMmATe A48 L asRat e,

20 tons per day Location of Spiraling Vanes and Recesses (8' portions) 1
2 104 |\lo§|é'=°15.1 23/' idgogeramis. elyingner a-dpngsite grBicNGhe use pihpRarics ist No. 8
Heat Exch@@mgends if #elr &Gnhidd StackiiRomBs Birbledieat Exchange _
Section0. 730. 750. 860. 72 No. 7 Ratio 0.570.610.640.57- Heat Exchange Secti on
30No. 8 Ratio 0.580.620.620.55 Heat Exchange Secti on :

5 References
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Heat Transfer, 97, pp. 411-416 (1975). :

TABLFE
15 Ratios Of Measured To Theoretical Heat Transfer Coefficients
Test Number 1 2 3 4 5
TiO, Production Rate, 104 - 108 105 108
20 tons per day
Location of Spiraling None None =N, None No.6 No.ll
Vanes and Recesses injected at
{8' portions) No.8 )
Heat Exchange Section 0.8 - 0.81 - 0.81
- 25 No. 6 Ratio :
Heat Exchange Section 0.73 - 0.75 0.86 0.72
No. 7 Ratio ’
Heat Exchange Section . 0.57 - 0.61 0.64 0.57-
- No. 8 Ratio 7
30 Heat Exchange Section 0.58 - 0.62 0.62 0.55
Ne. 9 Ratio
Heat Exchange Section 0.52 - 0.58 0.56 0.56
No. 10 Ratio .
’ Heat Exchange Secticn . 0.50 - 0.58 0.49 -
-35 °  HNo. 11 Ratio :
Heat Exchandge Section 0.39 - 0.46 0.44 0.61
No. 12 Ratio ‘
Heat Exchange Section 0.42 - 0.53 0.40 0.67

No. 13 Ratio

.40
Thus, the present invention is well adapted fo carry out the objects and attain
the ends and advantages mentioned as well as those which are inherent therein. While
‘numerous changes may be made by those skilled in the art, such changes are
encompassed within the spirit of this invention as defined by the éppénded claims.



No. 9 Ratio 0.520.580.560.56 Heat. Exchange Section No. 10 Ratio
0.'500. 580. 49- Heat Exchange Section 35No. 11 Rati o Heat Exchanhierch 2005
Secti on0. 390 _460. 440. 61 No. 12 Ratio 0.420.530.400.67 Heat Exchange Section
No. 13 Ratio 40 Thus, the present invention is wel| . adapted to carry out
the objects and attain the ends and advantages nentioned as wel|l as those
whi ch are inherent therein. Wile nunerous changes may be-nmde by those
skilled ih the art, such changes are enconpassed within the spirit-of this
i nvention as defined by the appended clains. 11 March 2005 11 1. In a
process for producing titani um di oxi de _wherein gaseous titanium
tetrachl ori de and oxygen are reacted M a hi gh tenmperature to. produce’
particul at.e solid _ titanium di oxi de and gaseous reaction products and the
ti'tani um di oxide dnd gﬁeemﬁewsﬁ%ﬂ@@m@mﬁ%&u@ndusubwdwemn@edmbympmms|ng t hem

_through - a t ubiiAi |umt
renovi ng deposi tseu??%%%&?&é& | nsi de SUMWF% ﬁ%*%mﬁteg?h exchanger,

t heI i npr o;mrré‘ﬁﬂ*n%%dl& P@%Mﬁ@&g@%@m@& muMomdm?ase&gs t Ee

cooling of s R5E gﬁ“ ct.s_whic

conpri ses causl ngli sal scot‘g’?gﬁg9ﬁg%ﬂl§m s%ﬁ'g{f)ar ?lﬂ'?ﬁ di oxi de

?Rd salhé gasﬁ%@%@@h@@%@ﬁ%&m%mﬂtﬁamﬂﬁﬁaﬂbﬂh&y f |ow
rough sai r aj ourin i um

t hor.oughl y removes % Eq % gépo mtgétqﬂgé&%ﬁ?g\g%?odgégao“fi g m“%‘i‘@ 8 n-said

scour i ng nedi uneealing of s didnifimalinxidetned gasoays restian moitngs wWiichéonipiises. of

compressed 11t SurihatSbRdeitlal S Piticdie 6um Aons i st

di oxide and salt rw&@nmcwﬁfﬂowﬁ‘@uﬂqﬁﬂm&egﬁo@ﬂt&loﬁglﬂsa!ﬂ’lﬁblﬂaﬁesﬁl d
scour i NG medi um-i gxc%n Mil t| tanl uer(’ﬂ dltg ?&%o%gddgl ch is

peIIetlzed drled a
. The process of cla:m 1 wherem said scouring medium is selected from

the group conslstmg of mlxmres of titanium dioxide and water which are pelletized,
dried and sintered, compmsed tltamum d10x1de, mck salt, fused alumina and. tltamum,
dioxide and salt mlxtutes
15 3. Thé process of claim 2 wherein said sCouting medium is a mixture of
titanium dioxide and water which is pefletized, dried and sintered.
4. The process of claim 1 wherein said scousing medium, said particulate
- titanjum dioxide and said gaseous reaction products are caused to follow a spiral path
through said heat 'exchanger .by providing one or more spiraling vanes on the inside
20  surfaces of all or a portion of said tubular heat exchanger
5. The process of claim 4 wherein all or a portion of said inside surfaces |
- of said tubular heat exchanger mcludes from four fo s:x splralmg vanes with four to. .
sk spuahngreceﬁseslherebetween. :

. 6. . The process of claim 5 wherein the mte of romtlon of said splralmg
25 © varies and recesses is-in the range of from 0.79 degrees per cm (2 degrees per

B - inch) to 24 degrees per cm-(6 degrees per mch)

'7. The process of claim S wlhierein said sp:ralmg vanes and recesses have o
curved rectangular cross-sectional shapes
__ ‘8. . The process of claim 1 wherein the heat exchange mediam utilized in-
30 said tubular heat exchanger to cool said particulate titanium dlex1de and gaseous
reaction products is water. '



4. The process of claiml| wherein said scouring nmedium said particul ate
trtani um di oxi de and sai d gaseous reaction products are causetdmaehtodd ow a
spiral path through said heat exchanger- by providing one or nore

spiraling vanes on the inside 20 surfaces of all or a portion of said
tubul ar heat exchanger. 5.. The process of claim4 wherein all or a portion
of said inside surfaces= of said tubular heat exchanger ineludes from four
to "six spiraling vanes with four to. six spiraling recesses therebetween
6. " The process of claim5 wherein the rate.of rotation of_said spiraling
25 vanes and recesses is in the. range of fromO0.79 degrees per cm (2

degrees per inch) to 2.4 degrees perll:m (6 degrees per inch). 7. The -

process of claim5 wherein said spiraling vanes and recesses have curved
rectangul ar cross- sedﬂlbpwaésssﬁdpmwﬂereﬁlsﬂdmmmehatéicheﬂ@fmdmmr ein the

heat exchan [@g‘ |I| d i id tubul | ar heat exchanger to cool :
said parti C&]f‘a tam te{ﬁ“%)?leﬁgeag [’%,55 "% eaction products is water.

11 March 2005 1209. ‘[hepmceqsexf&lahﬁ Sciwhidrein 4esstilemed oS Kiidl hédy Rudiangdieat :
exchanger %0‘5%% urallty of connected together heat exchanger
sections. 1 e proces .9 wherein less than all of said heat
exchangér -sectildns mmmﬁmmrmdmwﬂm%hdﬁmmmme process
for produci ti CliJEeat e.solid titanium di oxide conprising the steps of
(a)y reacting %I um tetrachl ori de and oxygen at a tenperature of

at least 1149 C ( 210(a) Pdacting: gascdilsiG@nip@tétt@hloAdandxygbn! taaWoxi de and
gascous. TeReLl sl oL Ja1dh () pr6AR! AR ool OGRS Bl G ate:

solid titaniu I OXi S reac ts W co
medi um in aasezmlslraacthealrocmcwﬁanger to a tenperature of 704 C (1300 F) or

| ess; Elg) i.njecti. ng . medj um i nto sai d heat exchanger for renovi ng-

dep05| fromthe in - gagticulsts sqlid Htanim, diagidey and
scour i ng- ﬁ%bw&ki&cﬁdﬂ ﬂa@&ﬁo&m&%om@ﬂe&ﬁh%ahum@hw hppger and

t hereby increase the renp @I @F ? Sits fromsaid surfaces; and (e)
separating eraperaw?efmﬂ 300 F)Pr 9¥ani um di oxi de from sai d scouri ng

medi um and sai d gas ey injéchAs b s@RriRY MSMh nto said heat exchanger for removing
‘ deposnts from the inside surfaces ihereof;
15 | (d) causing said scouring medium to follow a spiral path thrqugh said
heat exchanger and thereby increase the removal of deposits from said surfaces; and
(¢) separating said particulate sofid tltamum dioxide from said scouring
medium and said gaseous reaction products. ‘ _
7 12. The process of claim 11 wheréin said- scouring medinm is selected
20 from the group consisting of mixtures of titanium dioxide and ‘water which are
' . pelleﬂzed, dried and smtered, compressed titanium dioxide, rock salt, fused alumina
- and titanivm dioxide and salt mlthes
Lo 130 The process ofclaun 12 wherein sald scouring medmmxsamucture of
_ _tltamum dioxide and water which is pelleilzed, dsied and sintered..
‘ 25 | 14.  The process of cldim -11 wherein said scouring medium, said
- particulate titanium dioxide and said gaseous reaction products are caused tﬁ'follow a
. spiral path through said heat exchanget by prowdmg one or more spuahng vanes on
ﬂle inside surfaces of all or a portion of said tubilar heat exchanger.
_ 15.  The process of-claim 14 wherein all or a portion of said inside surfaces
30 of said tubular heat exchanger includes four " splralmg ‘Vanesf with four spiraling

recesses therebetween.



12. The process of claim, 11 wherein said scouring nmedium is selected 20
firom the group consisting of mxtures of titani um di oxi de anfwuwat esoswhi ch
-are pelletized; dried and -sintered, conpressed titanium dioxide, rock
salt, fused alum na and titaniumdioxide and salt m xtures 13. The process
of claim 12 wherein said scouting nmediumis a mxture of " titani um di oxide
and water which is pelletized, dried and sintered.. 25 14.. The process of.
claim-11 wherein said scouring nedium said particulate-titani umdi oxide
and sai d gaseous reaction products are caused to follow a spiral. path

t hf ough sai d heat exchanger by providing one or nore spiraling vanes on

. the inside surfaces of all or a portildn of ~said tabul ar heat exchanger. 15.
The process of claim 14 wherein all or a portion of said inside surfaces
30 -of said tubul@r HBatpreceshdrbin 15nalerde thef o rofsebiicy éfgidvgatingv t h four

Spi 7311 10 \oh 86 858 5,ce B EFIERAge ARy BB fed iy (TORGRLEGESS of claim

15 wherein - the rate r ot sai d spl nes~and Tecesses i s
in the rarig@) f@f24d@f¢@5ﬂ®m@r®awq5mermﬁ2 degrees per inch).to 2.4

degrees per cm es i.nc ) r )cess of claim15 wherein
said spiraling ggneggﬁ Hmﬁgeé E%%%%mn Vet Hikfateases have

Cr 0Ss- sect twnried reatfibs crodSections] shiRs.eSS-  of cIa|n111 -wherein said coollng
medi um. i s cool i er-, The .prqces cIa|n114 wherein. said
tubul ar heat exiﬁ Wg‘i’? g@ﬂm}g ehn Spu PPQ‘“%‘SE%\‘H%W@& t oget her
~heat exchanger Bect me@moaﬁofmﬁnmwﬂe&ﬁlmdﬁﬂbmafmé?%xmﬂeﬂﬁma&ess than

aII of sald at 10. sections ‘i nclude said. s |ralfn ‘vanes.
o 1uraﬁty o? co%nected togeﬂ:ler caf exchanger sections. - p J '

- ~20.  The process of clalm 19 “ﬂmrem less than afl of said heat exchanger -
' 10 sections include said spiralifig vanes,





