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(54) Title: PROCESS FOR PRODUCING AND COOLING TITANTUM DICXIDE

{57y Abstract: Animproved process for producing titanium dioxide wherein gaseous titanium tetrachloride and oxygen are reacted
= at a high temperature to produce particulate solid titaninm dioxide and gaseous reaction products is provided. The titanium diox-
ide and gaseous reaction products are cooled by passing them through a tubular heat exchanger along with a scouring medium for
removing deposiits from the inside surfaces of the tubular heat exchange. By this invention, the particulate scouring medium, the
particulate titznium dioxide and the gaseous reaction products are caused to follow a spiral path as they flow through the tubnlar
heat exchanger whereby the scouring medium more thoroughly removes the deposits and the titanium dioxide and gaseous reaction

products are cooled more efficiently.



di oxi de, and nore particularly, to such processes wherein the cooling of
the titanium 5 dioxide and gaseous reaction products producétiMashdide -
efficiently carried out. In'the conventional production of titanium dioxide
utilizing the chloride process, heated gaseous titaniumtetrachloride and
heat ed oxygen are conbined in a tubular reactor- at high flowrates- A
hi gh tenperature oxidation reaction takes place in the 10 réactor whereby
particulate solid titani um di oxi de and gaseous reaction products are
produced. The titanium di oxi de and gaseous reaction products are cool ed by

passing the hr h t l.ar. heat exchanger_along with a scouring medi um
for renovi ngn&%gﬁ%ﬁESFF%P\?’QWQ%&'\H%CQF&@&E&&& @M@'Q&é‘? exchanger The
scouring nmediumis a particulate solid such as sand, sintered or -
conpressed titani um di oxi salt or the 1 Ilke- In spite of the use

of a scourin§e n@ﬂ?%'”‘ﬁ’i’@og6?'?@5§?tpéﬂ?‘?fﬁ1e%hf?fx‘?r8 uciiy agd I’?@?"“go‘éﬁ’ﬂigints on the

i nsi de didxidea@ad rdret feetiduldny & sditﬁﬁbro&&@éh%ﬂgﬁérehﬂtﬁ@ svlig BEER Rasitmal |y
rempved,.in the knovvngeﬁ esse é Leavin l[‘JS|ts whi ch reduce the
el g t

B el PPl Begio o oS REioby s it PIOU st aspect of

the present invention provides a process for pr odu0| ng titani um dioxide
wher ei n gas ted- at a high

[ f et hl d
t enper at ur e?rt’ %%?%H%ggeor%gP%dgf Coé‘t @Itlg%'%\"%n ?’f’g‘% ﬁﬁ%’%’ir @ﬁl gg’?‘ﬁ% §"YasEous
react i teatefdrgzadeotss timnilint erdchioeide wmddieaned exajuh gasemiisnddemca ingsulgr oduct s

are coal e he Lt hrough t ubul,ar heat .exchanger along with a
scouri ﬁ%acg% |iﬂ8r$§]§ t&gﬁ)&gﬁyge prAiah S g%‘%?iﬁ?“ﬁc@ 6‘% t he
t ubbal alredm&twieefehﬁpgmbuiateheohdl trptioNmedBRte ighd JaaBud i‘@cﬁﬁh @rmmséftes and
t hereb i .0al.ing . of said t ani um di oxi Seous
Foact | BrodphTote ok S8 AR SosE i rors B UER TF rgolomatt avedn; o
parti cthent ¢hrbuditani tubuldf nxatdecohndgaaaidnga«emoua;cbem@ mediupt etueh®ving fol | ow a
spiral pat S t w_t hr ou said tub t exchanger,. vvhereby sai d
P ouri ABPSls dram o s irRorE d e heal Sclapher (06 CRR CIrdsH0s 3 The
pr esenpaitinutets sclid sush e sand; Isédereyl ododepedssed tutzayuuneﬁemac:eck ealt Bethe
acq.g PR Ilﬂ%pc{craaglm tplg use ol} a scc(J:uhrlng medium, the solid titanium dioxide and other

deposits on the'inside surfaces of the tubutar heat exchanger have on{y been partially

removed in the known processes, thereby leaving deposrts which reduce 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 feliew a
spiral path as they flow through said tubular heat exchanger whereby said scouring

30 medium thoroughly removes said deposits.



FIG 1 is a side cross-sectional view of a tubular heat exchanger section
which 5 includes spiraling vanes and recesses i n accordance ThiMareht2ids
invention; and FIG 2 is an end view taken along line 2-2 of FIG 1.

Ti t ani um di oxi de pi gnent may be produced according to the chloride route by
reacti ng heated gaseous titaniumtetrachl oride and heated oxygen in a

tubul ar reactor 10 at high tenperatures. The titaniumtetrachl oride can

i nclude al um num chloride in an anmount sufficient to produce a rutile

pi gnent cont ai ni ng between 0.3%to 2% by wei ght of al um num oxi de-
Typically, the titaniumtetrachl oride can be preheated to a tenperature in
the range of from 343 C (650 F) to 982 C (1800 F) depending upon the
particul ar phehegseM ipypalier us word icleadly Tindersiopde by mepferiooct yioi diad | y

pr eheat geohfhanying MfliAG ifwhidnt he 15 range of frem 954 C (1750 F) to 1871 C
(3400 F). The oxidation reaction tenperature at a pressure of 1 kg/sg.cm
(one at nosphEle)! Fd@yside croppiseetiong! vigwtdie tubwigehest exthangel 26dioq WRG00 F) to
137% C 2RB8s 5piralif SanaGild RBeLR8 irpé&ﬂ'gagwcg_%\ﬁﬁ’n'tﬁigli bfitictPlahg t1tani um

di oxi de and gaseouS reaction products. he reaction products may
convent i onal ?F-i‘?dﬁﬁﬂieaﬁéﬂew tgken plopgdive 8d2iohEWS.dn el ongat ed tubul ar heat
exchanger, wherein the reaction products -may be-cool ed by heat exchange

with a cooli 9 medi.um such as cooling water. The el ongated tubul ar heat
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desi r ethrbdtRaeRnt BREIREY QiR ghbst -\?Jn%m belech ?563%] %559 ngﬂper armong

other factors. Conse%ue_ntly, commerci al producers of titaniu oxi de that
uti | i zef phmisenexidte ] ypiedbe g titahiam tegachiorederandeggetshteditd diterprgatuie iani um
t et r achheri PO Ba8 °heBb0 CEFRAGEELS Vg Vi i gths to
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can be coogled.to a tenperature of 704 C (1300 or | ess.
ti an?um di'ox?de and gar;gous reaction products. ( P)

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
prdduction rate, the desired discharge temperature and the diarheter of the heat
exc_hénger among other factors. Consequently, commercial producers of titanium

dioxide that utilize the chloride. process, that is, the process of oxidizing titanium
tetrachloride, may use heat exchangers of varying diameters and lengths to cool the

' 30  reaction products. In known examples, 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



In order to prevent the build-up of deposits forned of titanium dioxide and
other 5 materials produced in the oxidation reaction, a scodf Maghre@hi um
may be injected into the tubul ar heat exchanger along with the reaction
products. Exanpl es of scouring nedia which can be used include, but are
not limted to, sand, m xtures of titanium dioxide and water which are
pel l etized, dried and sintered, conpressed titanium dioxide, rock salt,
fused alum na, titaniumdioxide and salt m xtures and the like. The 10 salt
mxed with titani um di oxi de can be otassi um chl oride, sodium chloride and
the |ike&ch r, SO} Red inpinge on the inside surfaces of the
heat exchanéﬂt}? angﬁ?fgﬁn@ggidﬁg}ﬁgg?ﬁ%ﬁﬁg S RRFuliandetaeeleddoar i ng nedi um
r enoves tesupreatofe dHO4PE (ABQPITS Yo ledst of t en does not renove all of the
deposits and as a result, a layer of the deposits on the inside surfaces
of the heat. exchanger remains. The remaining |ayer of deposited materi al
decr eases- t hin breat tot pravestt e buaitdeud sfadapobits foRaed bDRtafueC6iSGe BRd BGer OOl ed

t hr qugh pidaiar@dbsufi ; e : inte the cooling npedium This
“in “turn rray\lfﬂi) gni(i(‘eiaégﬂ{tély degggg%gag’ﬁsgg{egg?‘%l&e@%&mﬂ 8‘? Hecqgintaex changer
and i nctheatibslat heal6xamaeger hloogstith e @aothic prgutise EihinRi W dhogdhgle, by
requiri installation. a I ntengnce, of a | opnger heat exchanger and
requiri ﬁ‘%dfgmg'r“gﬁtcgﬁ %n%%en m&P" %fe hgai gr@oﬁ(?tiqw@]teﬁetai a?h‘&%ﬁ%ve% REUtapiygY " on
product diodide awbmedsr whishpanet peldtiabd, diddd cintli $iateradn cah@ussde a@yiUEE

separ at fro e reaction products. and the scouring nmedium .25
The pre@gﬁpé'i @\9&%? F’%ﬁgﬁdgg@éné%%c%?{mfrﬂe&%' ec%%?@g%?r%@%rtbﬁ%b%l Fflﬁ t he
 depldsi t salf mixedtwith titasiude deuidbacesbo botdssiulmediloeics kagigar cliadiddoand Yy oved by
causi-ngy.t he scouring mediumto follow a spiral path through the heat
exchanger. While various techniques can be utilized for causing the
scouring nediumto follow a "spiral path through the heat exchanger, a
i.de one orégore 30 spiraling vanes

presently prefe nique is.to provi
on the inside s_%{oﬁg‘&%?l%g%‘“%?aﬂ 185%1?%%‘?% Finsyls yrfagnieot Ge hesk exchpngare
i ndi vi candl reieeves edaploaitey therafent.i Bhde the eteurigl mediior rehBovem dofnd BEe t0 . 28
cMysll dnehls i i r. heat, exchanger sections, t or re '
spiralin v_asﬁeldsgfktleg_{/?(?légs 'gdfjtl ral ﬁgﬁm (?ftetggs‘% gS'Fsh%'@B%ﬁ,@gH“-a? wﬁf BOFf%ed. in
2.4 m (&posits pn P inside sudhcasval the healrexcbéingen eerbdindATteveaClngHayeinek vi dual
"heat e aTalcTg ' S f Qur to six.spiraling vanes
with four to SF%?%%I‘ ?gﬁﬁég\gr%gg{se?e?a ' g¥gagé?@ene&learggctbopoeﬁoggﬁs ibﬁ'"ghe _
spi r al expolssrthraugh thé walls of the heat exchanger and info the cooling medium. This in
turn may significantly decrease- the efficiency of the heat 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



the sections. 5 Referring now to the draw ngs, one of the individual 18 cm
(7 inch) internal dianeter by 4.8 m (16 feet) |ong heat exchtigeh28Ecti ons
maki ng up an el ongated heat exchanger for cooling the reaction products is
iI'lTustrated and generally designated by the nuneral 10. The heat exchanger
section 10 includes four spiraling vanes 12 with .four recesses 14

t her ebet ween extending over an 2.4 m (8 foot) internal portion 10 thereof.
As shown in FIG .1, the vanes 12 ang recesses 14 rotate over the initial
2.4 m(8 foot) internal surface | ength of the heat exchanger 10. The rate
of rot atingiidabl héiR exBRArgRY IsBEONSN RDSEPIEBRIPTARS fosr ROSR lspRdlingNEinks
generall&_ip the,rangﬁ,of fromQ.7 degrees per cm (2 degrees_ per .inch) to
2. 4 degr W TqyEfo ¥ixSpalizd geerssep Merehisigen arg petvideddn yhe sir Sbr cm
(4.5 degthesscek. i nch). As shown in FIG 2, the spiraling 15 vanes 12 and
recesses 14 have curved rectangul ar cross-sectional shapes. Cenerally, the

-heights, widths and rate of rotation of the spiraling vanes are. such that
for @ indi vRekaingheaw 16Xk aRSangs ekl GINhe ORdiAHMMING ERe7viaRgSneYRl its

initial .4 m(8 feet f internal surface | ength, the maxi num pressure
irop at GameliE oY it Aa Maruhhe Rt feeBahoer SerioRs BIaRB AR SIekEe | &
14.1 g/ sexchaiger(fBr Sodling ks rerliors Broduetsii® A3 tratéd fanf IdaasralP deagnbte £BRNt S

t hat the,scouri iym conpletely scaurs . the jnside surfaces. of the
hoat exchBRIe Ao 15 Heat PRURRGC FRrtR0 D ot foli gling MPRdso% SRS e s,

These criot€fédesséd 84Mblereteliedx aihding ived dnealt /X (haGER int&aal p&ioavi ng

a.length of 4.8 16 feet), an internal surface dianeter of 18 cm (7

i nchids) “@ﬁ@oﬁm %&Pdﬁf?‘guﬁ%"%@a gresspariddoipararyhepigbg4ver the
initial @ dotniftdribeetacf iehgthedinhé hetf EamangdieT®iTheWae of Rfatidh ofaRes are
1.3 cm (0.5.inch (1.5 inches).w and have a rate of

‘ . hi rgg 3.8 cm df a 7
r ot at | orPRYRIAG YangsAELEeGssses i, psenliapd dxgenssally inntbR)rangr) ohieR A7%couri ng
nedi um hdagréds per &AGCI dédgred poit inghpfo 2.4a86hrdePpbt thl @ SégrePperOinéhyym (0. 028

~inch) is utiliz th an inl et aseous reaction product f|ow rate of 3 kg
(658 poupiBteratse £ dotiths Tar ofb G e SR P iR vin B3, thoPIRG | oned,
call 16f  thmebaatan@xebngen 4 920 comed védtarigul cissRktoriapshdpes. @brﬁ&iﬂ&ed

IR R et G M TCE gt R AT S0 ot i g
r ecessesindinidudicheat exgringer fevtibn essthmigeihe Vanedovei aiRaniGAICIL hy (ssREgloal heat
exchanger, secti ans Lch do not include spiraling vanes and recesses. The
nunber dPteHEiP”'g%P&lﬁﬁ@br‘heé'é@?%'nﬂaﬁﬁ“&%dwﬁ aﬁgfe MEKMATL rEASPRIPIRANCYS ecesses
depends fiow witethieugH theecti@ais 14.1 g/sq. cm. (0.2 pounds per square inch). A further
- 20 -requirement is that the scouring medium-complefely scours the inside surfaces of the
| heat 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 scouring 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 Qf 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



exchanger sections are thoroughly cleaned by the scouring nedi umunder the
operating conditions involved The vanes can be forned of a cdt Magh@d05

resi stant alloy such as an alloy of nickel and chrom um or they can be
formed of a ceramc wear resistant material such as alumna, silicon
carbide or the like- A so, the vanes can be hollow so that the cooling 10
medi umwi | | keep them cool er, heat transfer will be increased and pi gnent
deposits will be reduced. 15 heat exchanger and thereby increase the
removal of deposits from said surfaces; > and (e) separating. sai d

parti cul at gne Blongafetit i Wakiindsi dgn B@@@F%x& B§ QBYdrAthd TR dixtAngan deSifind
gaseous react|on products. A nore specific process for producing

parti cul at &N gt nof daghidmeRiraiRg d’é”e‘hﬁ?d CBApErSel ithBUBPpel Beat ‘T"&F‘a'ﬂ@dct ing

gaseous ti tapidhd WEER Yhh& hBiBdAREnES hndl 'Na(%fsé@ﬂeﬂ EhdSCaH WhBieMBRliddnhédit 0
sai d heat exchanger for renoving deposits fromthe inside surfaces

t her eof ; ( §yChanger mypclians 9§%0‘QPT°H§“'-V n‘é'&?'i‘ﬁﬁ thy 1) 1S6RHHIs Biediim patds tPough
said A §ecgﬁgraq§§@gﬁd,mn3t[h@ﬂmdesent invention provides an inproved process
for producing particulate solid titanium dioxide conprising the steps of.

(a) reacting gaseous titaniumtetrachloride and oxygen at a tenperature of

at least 1149 CiheléhrdsFant Be forRACS Paokrosivh abasal hithyt duchnad BhdiLyige and
gaseous reaction dproduc;ts @u)@/ COO|I sai d- -produced, particulate. solid

titani um di"6XF gHamiYya 95 oFned ebarerAMGWeRT esibItimRienal g um i n

a tubul ar a@alusﬁmmmﬁrca&ﬁd@or th@ma@mawmee ®ineéQ4n b@iﬁ)ﬂ@@@oﬁ)&t t&rcdcﬁﬁg 30,
oxygenégt a tenperature in the rang{e of at_least 1204 (2200

to
producd® pMadiv il eepdhrd dortesieghirandss wi b&d@F’@%&‘*@&"& H‘%‘&‘?ﬂﬁ%ﬁ%%ﬂﬁct s;
(b). cooli ng rédgedpr oduced particulate solid titani um di oxi de and gaseous
reaction products with a cooling nediumin a tubul ar heat exchanger to a
tenperature 704 C (1300 F) or less 11 March 2005 6 (c) injecting a scouring

medi uminto the mg@‘on@mﬂwn@ﬂhe pegert eEMLng pERHGS iah Smbfoasdl phgess fosi de

surfaces thereof; m_z causi ng .the scouring mediumto tol|low a spiral path
t hr ough producmgp iculate solid titanium dioxide comprising the steps of.

15 o @ rcactmg gaseous titanium fetrachloride and oxygen at a temperature
~ of at least 1149 °C (2100 F) {o produce paruculate solid tltantum dioxide and

gaseous reactlon products
(b) coolmg said- produced paruculatc sohd tlmmum dmnde and
gaseous reaction products w1tl1 a coo]mg medlum in a tubular heat exchanger to a

20 -temperature of 704.°C (1 300 “FYor fess; .
_ (c) mjectmg a soom:mg medlum info said heat’ exchanger for removing
: deposxts from 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 said 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;



t he heat exchanger and thereby increase the renoval of deposits fromthe
surfaces by providing one or nore spiraling vanes on the inditercsiodsace of
all or a portion of the 5 tubular heat exchanger, and (e) separating the
particulate solid titaniumdioxide from the scouring nmedium and the
gaseous reaction products. In order to further illustrate the inproved
process of the present invention, the folio wng exanple +s given. 10
Exanple A series of tests were perforned to increase the efficiency of an
el ongated tubular heat exchanger us®d for cooli ng the titani um dioxi de and
gaseous (cafdding a s!ébﬁmédl%QﬁitBQRQhéél ethﬁarE;IéF R FéilfoihP 855ty FBR g at
exchanger was i nstrunented determne thée effectiveness o? heat transfer
and consi§igiggugaces th%rﬁafeﬁd)&auge@mecﬁ@umg mgdwmterfoljoafc%m ppihdhroughol i ng
vat er fl@uaat Brxddagertdn thé}ﬁﬁgtnc?éﬁerﬂ?@@ﬁ&al & gH&ESSfrorﬁrtMl}rmaceé ggct or

consi sti ng of a m xture of nment ercent
f1 owed tPRYOEE NSO WEker SRiRaling vangs o B@ ingide SH@'&‘EG @&@lhahgmortyémﬁ thés were

4.8 m (l@bubentat é)ééﬂ%g%'f'dar‘{é?(ef)‘ SCPRRARY Bk ﬁ&ﬂ&ﬁl&\@rsom' tlfénﬁl?rgﬁﬁnx:d%r\‘fcﬁﬁt er nal

wat er pipe called a_ jumper connect e’?iét he water jacket of one section to
the wat efejssewing %?d'vm@na@%lwepuwaﬂ@n P®AUCEA, t her nbcoupl e was pl aced in
each junper and total water flow through the heat exchanger sections was
measured at the inlet to the sections. The anount of heat that was
transferred findfene fudbgrilusiraisr bhedmpeoved peaess of theeprapgntinvantiemdhe heat
exchang%||@ﬂﬁ$b%nm$sg%@rm ned fromthe difference in tenperature between
the water et and outlet and the water flow rate. The gas tenperature
for ¥ne heat 25 exchanger sectionsExa@Ppleal cul ated from a mass bal ance. for

the reactor, A%rnéé%ﬂ@ést@%et’@%brféﬁ%& & tnePeaa-.Q%é %‘?ch@nE? dih é@ﬁﬁt@&‘t feed

streans and the total heat 10st fromthe reactor ream o
sect | ondubular baat exchAnges,usedor icepligt thﬁ/atgar@amc@m@%@nd drasgaus reagdion

exchanggirod@sté pRIUEEPTA IBSCHiRIIBSSBEdsseTRE hEglee%QI‘i’d‘gftwa%t fn@fi‘u%éfﬂgd e amount

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

cal cul-atdsterRuRg thereffestianess et healiteansier ged eopsiatad @bﬁﬁw&frp@ se¢tionp @ht
transf erwgeefdckeied rﬂi;§e dRHG Weltdh gl FRaligh maljaaé@%na e r‘é@ucft@l ations

avai lable in the pen literature for artlcu ate free gases. It was
ant i ci pdts® “?%'ﬁac{olﬁéo@ﬂ?t?"él g phduredf Gz Ty Blameob:ng 5 Bai ¢ petgeat €21 oaded

gases Wakinddiirotighftes aitérick e BipeC TR RedRSRBand seklioReRBR4 8 m (16
feet) long and were connected together by flanges. An external water pipe called a
jumper connected the water jacket of one section to the water jacket of the adjacent

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 the temperature of the product stream and the amount of
| L - heat that was transferred to the cooling water in that section. i
o 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



probabl e that there would be a relatively constant ratio between the
coefficient neasured for the heat exchanger sections and thel Beehg0ds ents
calculated for clean gas. The results indicated that the deviation between
the val ues calculated fromb5 enpirical correlations and those determ ned
experinmentally were nmuch greater for the sections near the exit of the

el ongat ed heat exchanger than for those at the inlet. It -seened |ikely
that the difference could be due to deposits in the sections- Tests were
then initiated to: devel op nethods fbr inproving heat transfer near the

exit of bEﬁlculﬁleoBgaé@%aQ@@twoﬁ?@ Bang@iférent! Bfant forl Sedif'y %f%@ I%IR rlﬂggel'déél ng the

| ast 8 sections of 10 el ongat ed heat exchanger. sections

were 0. 187qbaple. Fh@éﬁ@%}? vouldi berat selabively capﬁa@txratm betwern gth caefigidnéet ) in
| engt h exfeRBlirefiGhr H&%éaﬁ‘%xc%* %@ctmb%d"‘?ﬁ%e(?t%ffon AP EAEuhLY f@{]EI@Sﬁ' ng the

el ongated heat exchanger to product co sect1on. pt er
section @&% 1he regyta. ipdigated t|’1E‘tl Brgtevialion Betwgan | the| valupsr caleulated faarer than

the ®themphRal idmatiodd8nd BRYE Td%te?rfmn%tjlexﬁénﬁ&ﬁaﬁﬁ&l% lﬂfl gﬂe\é hé he Tab le

bel ow. 15 Test 1 A control test was perforned using san

scour i ngSEENamearThe exityf dae elongaled Hast eﬁﬁ@ngeramaarfom@swﬁ tha 'n@tl itiavel t hat
coul d besg@hsd méneﬂaemem.ﬁéreﬁ&aéouapbé bad® 8épdsﬂ§ %th\éesre%nér% ??@g\?ere

S|gn|f|cantly The ratios of the nmeasured heat transfer coe cilents to

t heor et i ign Riigied; loadevelop melivods dpe iprroyieg chasd ttansien s@ar thee exié o the
i ndi cat eefoRgéted lﬁ@aﬁéﬁcﬁ@ﬁféﬂcﬁlé’%w&etﬂl—ﬁfoﬂﬁé&'@gmﬁ(?ﬁé dsf B%Eﬁ%r%% thde

theoretlcal coefficients increases as the gases nopve e el ongat ed
heat 1&x cAlgAgRipd heat exshanger. All ofithe gectinns dvaie Ok m (i-imhﬁisb@ diasetsr aa@d in the

mi ddl.e oéqﬁom@tew@ﬁﬂw.feegeﬁtneﬁ@mt%krggﬁi f&dmsqawsé&uegﬂ%b@'&a&érﬂw t he

section he reactor roduce g per

m nut e (Q@QP‘?"JO‘_IB@E’C@E\Q@Q G]B@}QaFﬁdrPLﬁaéP)eXCWPbia thet RIPJud cpllextion gebionnet r e
(200 st amﬁ'@éﬁlapﬁéf@eﬁtlcfrﬁﬁés) 1 Qfm Nafe%ﬁn Iéﬁbf%ﬁhﬂﬁ%&ﬁ? Hedia@eler ?‘%nQN@r a

period of several ninutes. resul transter 1 nproved
measur abPiier erAlipns: fbe ganuits éf?i'erdhLﬁ:ieS&ﬁSPQWeﬂmﬁﬁ@tTﬁb@fﬁ%ﬁWt he point of
injeggion. The increase in heat transfer was attributed to nore efficient
scouring_rather than increased turbul ence 11 March 2005 8 for two reasons.
The firsfe¥ds that the increase in heat transfer was observed as far as

A control test was performed using silica sand as the scouring medium. The

_ product rate for the reactor was set at a level that could be maintained even if heat
20 ftransfer rates were to change significantly. The ratios of the measured heat transfer
Coefﬁcients to theoretical heat fransfer 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



100 section dianmeters downstreamfromthe point of N2 injection.

Cal cul ations and published data indicated that any increaseli Nattb@0D05 -
transfer due to turbul ence decreases rapidly and di sappears conpletely
within 20 pipe dianmeters downstream' 2. The 5 second reason that the

i ncrease was due to better scouring was that the increase in heat transfer
was observed to continue for sonetine after the N2 fl ow had-stopped. Test 3
10 A scouring nmediumof Ti Q2 was pr gar ed by aggl onerating unfinished.

pi gnent, heat treating the material®to produce a suitably hard materi al
and t hen{oy &6 RitsBs. TS firdTlRIthat!ihd f?:ci%ra‘§¥ 'irfjﬁeeﬁ tr%ﬂEfH {Was oﬁbﬁeedjé o\%rr lgQut i on
simlar to that of the silica sand th been used scouri ng
medi um waS0 seefiof; digmeters dawngreamn & Of"eﬁ’@t Pﬁ'ﬂt Fh b2 fgeelions Calulatinns andst wer e
simlar pelished a8 Mdicatef thiesty .Hycreés% ihGebt ﬁarﬁtféf%fe tSﬁ&BéiBH@é de%?&é% ?” havi ng
spiraling vanes and recesses as shown in GS. 2 was 1 nst ed in

pl ace of Maridly add Hsarpearss semplstehngvithp 2¢h@9©0¢'@m@t¢fﬁ)fd02-05\f¢ﬂ!n heaff hexchanger
sect imn Whohl rbAsnU8ChE Nfcraid whd Ble Y@B@e%eraé&%uﬁﬁgc%ﬁﬁatwﬁé indiaseflih St 2. 4
"m (8 feet) of the section. The scouring nmediumwas the sane as used in Test
3, and th%atﬁrlaﬁﬁfﬁﬁ‘t"aﬁ‘ geservpsktogeptine fapgamslimeneftes fheNaflow had slopred and 3. The
results indicate that the average heat transfer coefficient for section
-No. 7 immediately downstream of section No. 6 was significantly higher

t han the—%ﬁl&age 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 dianeters fromthe end of the spiraling vanes and
recetbes was SFSFYHIOYMeligROf Tihayasnerared by gagiestratingrufigised pigeent, ci ent
for secth&l trebiing the rﬂafBﬂﬁltto%)rod@(Q d 8sitably HAM8 rﬁ@(@ﬁal%'qa 'ﬁi@ﬁ%c%‘%ﬁ qne

including the spiraling vanes and recesses was | nst
sect i on Fgterightoqnevide pdapticly size distribytionesimilar teatbabeli the sifisa sarh é“'al haWar ch

2005 9  p&silden. THEITRBRolMY n@dﬁhrg\%sf feQiaéttthé %hpaﬁﬂs%aee@sm@fr@guﬂed even

“for sectlon No. 13 that was 7. 1( feet) or nore than 47 pipe dianeters
“from t heOidhig test wep simiar trdhe q_e_gults of Test 1. ,
15
Test4

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



Addi tional Tests Atest simlar to Test 5 was perforned using spiraling
vanes with a ceramic material- The heat transfer results forn1saeahi2006 No.
12 and No. 13 with the ceramc vanes were the sane as for Test No. 5. The
heat transfer within the section containing 10 the vanes was dependent on
the conductivity of the material used for the vanes and the design of the
vanes. I n another set of tests, the tenperature of the gases:exiting the
bag filter was determ ned when the heat exchanger was operated w thout
spiraling vanes. Vanes were then in8talled in place of section No. 11 and
the prodigshirdddicmat ACHGARAA Miblorhdf FRTBREREY TR ol ARGANeS 18X! L1 N0
the bag filters had reached sane tenperature e results were that
wi t hout theEwgadesm %?pregﬁl%tmqsﬁ thait 47 ofregdiamelersirparthel gpd oé sedtivedNe.n an

exit temperature of 187 C (369 F) and with vanes, a production rate of 119
tons per day resulted at an exit tenperature of 184 C (363 F).

"I NCONEL(tm " vanes were operated for over 30 hours. No neasurable wear was
found; ORgdiéhardRgs and raw pignent quality was excellent. No deposits were
found on the 20 vanes. The results of the tests indicate that the
spiraling vanes and recesses increase .the effectiveness of the scouring

nmedium It isahghd ﬁl‘ﬁﬁé" W?ésttdqﬁrag%%ﬁﬁ@d 'uglﬁgl’hgnré %n%fs with'§ c‘%?éd‘fi@l to

t heoretical heat transfer coefficients as t appr oac end of the
25 el ongBeteiahdhe heat feangler resuits der @Qs:tlpﬂ%maslaoamiemsn gwthetae aeramiend of
the heat vaefégh@as% sabi 8s ro? 1%99&555 e ﬁ@ai Haﬁé?sr w.ﬁn?@g BHGnfRG T ective
in the . 11 position than in position ations 1ndicate

t hat10t tf‘ﬁé’aﬂﬁ'é)éﬂé‘étq%‘ﬁ"@%{ﬂé@ the @gnqitpptwﬁeof thésm%ted@!stﬁleﬁ tf@rdl;he vahes jandr ease in
pr essur ehdrdeRighhdrahe Dadks. Tn Bhét ﬁépsét%tté 197 tha Rérhpbralife of A& gsa}f%§ ec}(ﬁqgar ed to
snoot h pi pe would be in the or a few pounds per

i nch. FdfedrRpditeewasdeterined whes dhe h@%ttexe&mng@s og@@tadon@quhepmimg 2.4 m
(8 footyangpl vafhésnweaéam%nﬁﬁgtauemﬁ R Sscthiat R, 34 anﬂrthQﬁ dﬂcﬁ&r"f‘?ﬁ@s apart

in the el ongated _heat exchanger. "Continuous spiralin es In
el ongat dBceasRd LRt Hhe derpperatire ok the @)@;ﬁeswmltlﬂgzté@l biag ftlth@ sk reashed atvanes

per Mt s. sahhie tdnfsethife. ai*h%ore},s{?&y Gzé%eethfahﬁntﬁﬂutriﬂla'\)%iieé’ %ﬁn%di‘:ﬁho%%t@% gpde of an

all oy such as "1 NCONEL(tm ceramc terials suc | con

car bi de ©B% &8 @avaewﬁeﬁan asy e>at tﬁmﬁ%%tut%ot:é%nﬁ?d%@rhé) and with vaseanfics i s
advant.agaeisotioh @A 120 teRepd Rl rédliRakat RRCARSMBerRLAPLEB4 & RRBeEENCes

"INCONEL™" vanes were operated for over 30 hours. No measurable wear was found

-on the vanes and raw pigment quality was excellent. No deposits were found on the
20 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



1. A H Agifri, R K Bhardwaj, Y. V. N Rao; "Heat transfer in turbulent

decaying swirl flowin a circular pipe," Int. J. Heat & Masd1Waah<Des ,
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411-416 (1975). TABLE 15 Ratios O Measured To Theoretical Heat Transfer
Coefficients Test Nunmber Ti Q2 Production Rate, 20 tons per—~day Location of
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advantageous if wear or chemical attack becomes a problem.
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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 appénded claims.



Heat. Exchange Section No. 10 Ratio 0.500.580.49- Heat Exchange Secti on
35No. 11 Ratio Heat Exchange Section0.390 460.440.61 No. 12 RaMamh 2005

0. 420. 530. 400. 67 Heat Exchange Section No. 13 Ratio 40 Thus, the present
invention is well adapted to carry out the objects and attain the ends and
advant ages nentioned as well as those which are i nherent therein. Wile
numer ous changes may be made by those skilled in the art, such changes are
enconpassed within the spirit of this invention as def i ned by~tthe appended
clains. 11 March 2005 11 1. In a process for producing titani umdioxide
wherei n gaseous titanium tetrachloride and oxygen are reacted at a high
tenmperature to. produce particul ate sdilid titani um di oxi de and gaseous
reaction products and the titani um di oxi-de and gaseous reaction products

are-cool ed by pasdi ng ey fe UW@M&M@MM@W&WS with.a

~scour.i ng 1meckgBhi 5,_@@ £, the
tubul'ar -heat efgﬁ% er; the |rrprover]?§|l N Sho ‘g‘g“sig‘ﬁ‘ag g&“}s and.

t her eby i ncré‘é%ll‘wgdlﬂ W«mﬁw@r@ummwmmmmmmus

:)g?flt l:alnaltoeot I tani WOXI sal g gaseou ?"gjggr pﬁ %e’bn%lgusﬁaedf ol | ow
a spirald pat Wﬂéea&chesngfmddem fdnmryingupww frbmlthemhdeﬂ;urfa&@ofdhe:ﬂuhﬂger wher eby
st m 1 wney cat ok, ROk ko3 N o3 Aot S Bl Brier s P onai ot i ng
of -fi xtures. -of codling of said wmmmﬂwmmmmmmm ¢ongtises dri ed and
l Can o or oAt ablobdia ALy SRR B AR Bl BB e e 1
sai d scour| ng rredraqhonmoducmwfolbwaﬁpualpaﬂ:asthcyﬂowthroughsmdmbularheat :
10° " exchariger wheteby said scouring mediim thoroughly removes said deposﬂs
2. The process of claim 1 wherel_n said scouring medium is selected from
the group consisting of mlxmres of titanium dioxide and water which are peﬂetized,
dried and sintered, compmsed tltamum d10x1de, mck salt, fused alumina and. tltamum,
dioxide and salt mnctutes
: 15 3. The 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
titanium dioxide and said gaseous reaction products are caused to follow a spiral path
through said heat 'exchanger .by providing one or more spiraling vanes on the inside
20  surfaces of all or a portion of said tubular heat exchanger
5. The process of claim 4 wherein all or a portion of said inside surfaces |
" of said tubular heat exchanger mcludes from four fo s:x splralmg vanes with four to. .
. 'suc spxrahng receeses iherebetween. :

§ 6. The. pmms 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

L 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. '



titani um di oxi de and water which is pelletized, dried and sintered. 4. The
process of claim| wherein said scouring nmedium said particul Baeh 2005 ani um
di oxi de and sai d gaseous reaction products are caused to follow a spiral
path through said heat exchanger- by providing one or nore ' spiraling
vanes on the inside 20 surfaces of all or a portlon of . said tubul ar heat
exchanger. 5.. The process of claim4 wherein all or a-portion of said
i nside surfaces= ‘of said tubul ar heat exchanger includes fromfour-to
spiraling vanes with four to. six spiraling recesses therebetween. 6.
The process of claimb5 wherein the rate.of rotation of said spiraling 25
vanes and recesses is in the. range ol2from 0.79 degrees per cm (2 degrees

'si X

per inch) to 2.4 degrees per cm (6 degrees per inch). 7. The process of

cl ai'm5 wherei n %ai d'&ppmad:ss ngclmmq@whmﬂsmém:ﬂheheahax@angwts\tﬁdempct angul ar
Cross-secti m(aa.! §ﬂ§ ss,of claiml| wherein the heat exchange
medi um uti | é g%’ sal eg%rg?a?%gqngg q?ﬂ‘i’@er to cool said particulate -
titani um -di oxi clﬁ anﬂggms&fdm&memﬂ@ubﬁxﬁall of widd Beat eiéhah@errCh 2005 12

9. The proc £ |m4 ein said tubular heat exchanger is made -up
of a pl uralf&t%@ng guc‘)i%nec '%hhf'% er heat exchanger sections. 10. The

process Sof .cl ai . 9 Wnen@mwd podest i praducing fpafiiviildichORd tieMRRAARLIde- SECt i ons
i ncl ude Sal&l) F‘Ji%lgl v es. 11. An inproved process for producing
particul ate di oxide conprising the steps of (a) .reacting

gaseous. ti tanl um t et (@wmmwmm%n&mm%@tm% | east” 1149_ |
C (2100 F) of 9 REQAYG 59 PAI(bYGIbE tt% Bédcg ;BérE t .deg&? 0“3 -
reaction produ R{ i&‘% ?6&2 cool’i sal &% | cuI

titani um digeséals raard:ongm&hmts react i on pr oducts WI t h a cooli ng . ITEdI umin

a tubul heat exchapger to a, tenperature of 704 C(1300_F) or tess;” (c)
i nj ect |1ﬁg a-scouring ling, 544 ¢ - magiculate - solidg Htanfugy digxidsyiand  deposits

fromthe i r@k@dﬁs &ﬁ&ﬁcﬁﬁﬁk&dﬁmﬁ coohng medmm in a tubular heat exchanger to a
) temperature of 704°C (1 300 °F) or less; '
_ (c) mjectmg a scounng mcd1um mto said heat: exchanger for removing
B 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 exchénger includes four " splralmg ‘Vam;s -with four spiraling
. recesses therebetween. |
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surfaces; and (e) separating said particulate solid titanium dioxide from
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-11 wherein said scouring nedium said partlculate titani um di oxi de and
sai-d.gaseous reHeti theW&l@ﬁﬂS@ﬂ%ﬁ@ﬁﬂie&aﬂeQiﬂrﬂﬂﬁ@oﬁ@l&rWth t hr ough

sai d_heat \ebangeLodo il AfeOBPGl RS SeRLL ALl 0 (SHGRecdThort N 1151 de.

surfaces o or ‘a portion o al d nge
process. ofln@)afprﬂide%e&mrmlﬁldeur8®gmjllrtd"tb)n of sai d i nsi de surfaces 30 of

sai d tubul ar ha cludes, fqur spi.raling vanes wi'th four™ -
spiraling rece Sesxif“ﬁ ‘%‘Bsét"t\g@ﬁ‘ 5? 3 yinpgandmgeesspsdavess of clai m
15 wheﬁélnmnmmhemm@yﬁmabgﬁeaﬁhﬂg Bayes. sald splrallng vanes and.recesses i S
in the range. 0.79 deqr.ees per egrees per inch) to 2.4
~degrees per cm {86 d g‘?‘Wclﬂ) ““ﬂ'é wedingxis gqolipgwWelryher ei n
.said spiraling uaneSha@ﬁm&ﬁQﬁ%ﬁﬁﬁlhaﬂﬁnmﬁmﬁwﬁM@ﬂrﬁ&@&ﬁﬂﬁh&fﬁsnuﬁs '
Cross-sectio AS, The process- of claim 1l -wherein said coollng
~nediumi’s %@ﬁaﬁﬂwﬁﬁpgwmwwmﬁg% prshangsr BPUUsai m. 14 wherei n. - sai'd
tubul ar heat exmNanu®é priveall Qlaink 9 whefeirlcld Wad il lof 50k Ko -t oget her
heat’ chaﬂgﬁr sect ona 20 The "‘process of claim 199 &hereln-A ‘ess than

at | of sai T@ﬂ§ect|ons i.nclude said. spiraling vanes.



