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for producing aromatic carboxylic 5 acids,

particularly di-carboxylic acids, or their esters by

catalytic liquid phase oxidation of a correspondi ng

precursor. In particular, the invention relates to

apparatus for producing aronmatic carboxylic acids of
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to a process of producing aromatic carboxylic acid
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of a ﬁ%ﬂ Png precursor. This invention
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t er ephtihivecticciethte Brckyappanatus fortpneduaingaromatic carboxylic

- T ' t ' T
BT FBBbokE 2R’ THRE) B DRl v
i n:jusihaselokydlaeorg of & coraeﬁpopdmg Lméwrsdarnlri pw';iqagar, the invention
ol yest er pol ymers can or fibre
P o e BRI 18 PR Ao TP EE SAMBMIEIAS oEAMY ent
t echngipattly d‘oatentt hﬁldm%ﬁt@ﬁtfmr%r@&tetnaéwbtﬁh%dsg ofpidducing
“invol ves the ag; uj d phase oxidation of paraxyl ene

f eedﬁFBWQt'%g?rH@X%I 1951 A thejsiens hyrecatalylichgayd ?'@S& oxggation
- 166)ofal ddﬁlé@bbﬁ‘du@ﬁ%éfsl%@XBHlé Pveidh éﬂ'ﬁé@éﬂereFé@é:é foGhe

acid, in resence of a dlssolved heavy net al

cat aIW@‘i‘UCé'S’@tOé rerRfBalioacid.ncor porating a pronoter,

such as bromne. In general, acetic acid, nol ecul ar
oxygen in the formof air, paraxyl ene and cat al yst are
f ed ZBackgneund ofithe/inventioan oxi dati on reactor at

el evaite‘?gpﬁtﬁmeéﬁé I?R)?ﬁgn |rﬁﬁcﬁ—§%:%ﬁe @a[mke?m%g%?edwhﬂp is

amount’s i n excess T Pe requirenents
fdb fused f@dhe@rmjumtiormbf inHestpallyasigrifiramt prodlBW, intcinding

s colobGeer BplFRIS i SRR O Y e fftpa no RS
exot hﬁamjfactuwtd’ Pogthds. i s renoved by allowing the 30

acetic acid solvent to vaporise. The correspondi ng
vapor is condensed and nost of the condensate is
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a lower (e.g. C, — Cg) aliphatic monocarboxylic acid, usually acetic acid, in
the presence of a dissolved heavy metal catalyst system usually
incorporating a promoter, such as bromine. In general, acetic acid,
molecular oxygen in the form of air, paraxylene and catalyst are fed

25 continuously into an oxidation reactor at elevated temperature and
pressure. Air is added in amounts in excess of the stoichiometric
requirements for full conversion of the paraxylene to TPA, to minimise
formation of undesirable by-products, such as colour formers. The
oxidation reaction is exothermic, and heat is removed by allowing the

30 acetic acid solvent to vaporise. The corresponding vapor is condensed

and most of the condensate is refluxed to the reactor, with some
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25 operation of the process and frequent interruption for cleaning.

Vigorous agitation is known to reduce the above problems and Japanese
patent no. 10316614 describes a multi-impeller agitator with the lower
paddles larger than the upper paddies. However, such a system suffers
30 from high initial cost and high operating cost. US 5,211,924 describes a
multi-agitator system in which the paddie type, size and location in the
oxidation reactor reduce operating costs and reduce levels of impurity in

the TPA product.
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further object of this invention to provide an apparatus in which the
produced TPA is suspended in the solvent to prevent choking of the
25 apparatus.

Summary of the Invention

In a first aspect of the invention, there is provided a reactor for the

oxidation of a precursor to an aromatic carboxylic acid or ester thereof in a
30 liquid phase reaction mixture, the reactor comprising an elongate baffled

vessel, substantially vertical in use, having an upper mixing element and a

lower mixing element, characterised in that the upper mixing element is an

axial up-pumping impeller and the lower mixing element is a radial

pumping impeller.



In a second aspect of the invention, there is provided
a process of oxidising a precursor to an aromatic
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reaction m xture, conprising contacting one or nore 5

precursors of the aromatic carboxylic acid wth an

oxidant, in the presence of a catalyst and a |liquid

phase sol vent, said contacting being effected in a

reactor conprising an elongate baffled vesse
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cont enpl at ed The aromatic carboxylic acid obtained

f r om Mbeonet, Hdsl corfifiguration provides a mixing regime in the reactor so as

to prevent coating of vessel walls and pipelines and, in particular, minimise

25 fouling in the lower part of the vessel.

Detailed Description of the Invention

The present invention relates to a reactor and process which surprisingly

improves the conversion of one or more precursors (e.g. paraxylene) to an
30 aromatic carboxylic acid (e.g. terephthalic acid) leading to improved

product quality. While the present invention is suitable for producing any

aromatic carboxylic acid from a suitable precursor, the production of a di-

carboxylic acid, e.g. terephthalic acid and isophthalic acid, is, in particular,
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di anmeter to vessel dianeter should preferably be from
0.3 to 0.7 and nore preferably 0.4 to 0.6. A further

| npoAIBtanp a8 aRIpSsurRping BpelRPalseRli ireactor of the present
invention would suffice, best results have been obtained with an up-
pumping impelier in which the blade makes an angle of less than 90

25 degrees with the plane of rotation. Preferably, the up-pumping impeller is a

pitched blade turbine provided with two or more, preferably between 4 and
8 and more preferably, 6, equally spaced blades disposed at an angle
from the plane of rotation of the impeller of between 30 and 60 dégrees,
preferably about 45 degrees to provide an up-pumping flow of reaction

30 mixture in the vicinity of the impeller.

An important parameter of the upper mixing element is the swept
diameter, i.e. twice the distance between the centre of the shaft and the
outer point of a blade of the mixing element. The ratio of the swept
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the vessel to the centre of the lower mixing element. The ratio of the

clearance from the base of the vessel to the vessel diameter should
preferably be from 0.1 to 1.0.
25 .
An important parameter of the reactor is the separation between the lower
mixing element and the upper mixing element, i.e. the distance between
the centre of the lower mixing element and the centre of the upper mixing
element. Preferably, the ratio of the separation between the fower mixing
30 element and the upper mixing element to the swept diameter of the lower
mixing element is between 0.6 to 1.2.

The reactor may comprise one or more further agitator elements for

example for mixing the contents of the reactor. The upper and lower



m xi ng el ements, and any further agitator elenents,

may be connected to one or nore axial shafts.
waypiuaedoBy, the axial shafts pass through the PCT/US2004/016180

centre-line of the vessel. 5 Preferably, the reactor

conpri ses an oxidant inlet having one or nore inlet

mout hs for introducing an oxidant into the reactor.
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| ocated such that the ratio of the distance between
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25 the upper surface of the lower impeller and the plane of the lower surface
of the lower impeller, and still more preferably between the centre of the
lower impeller and the plane of the lower surface of the lower impeller.
Preferably, the oxidant inlet mouth is located between the swept diameter
of the lower mixing element and the vessel wall. More preferably, the

30 oxidant inlet mouth is located such that the ratio of the distance between
the swept diameter of the lower mixing element (illustrated in figure 3 as
distance (a)) and the wall of the inlet mouth to the vessel diameter
(illustrated as distance (T) in figure 3) is in the range of ratio of 0.02 to

0.08, preferably 0.04 to 0.06.



0.08, preferably 0.04 to 0.06. 7 WO 2004/105935
PCT/ US2004/ 016180 Types of inlet for feeding oxidant
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havi rajationolinég tocatl@m of thermoalitbs ofithe rtw(feihet ialdlty with respect to the

' feed |
oo MERRH M s [ bl bR frathe SftsrERtmBRESE rhye
f eedainfesnl pqnms ismkeﬁerauy @quispaceduirmitbsed f{( mqmn\@mné
gener,at

t.or. as descyi be I ow The
P auntrdind feltn &ne ARRIGA tesfsasts Flasen beids,
includlng by- products of the oxidation process and
C uds t car box I|c acid. Preferably, the or
I RErRGaPE teaas i G triseerpmeSrarrp dedd Tblencasttaving
use mloUﬂhlél fr freedubifg) %f&%?%ﬂwdl@h@o@slyf %qu% i‘é@&ro?solvent

reaction nmixture js induced ' ow into a m xI ng
zonePregpispeantbeatalysi ipladhe ﬁﬁ?&)@’ﬂi’rg PEQifﬁr@blyl Herlswiistiead alsoe

I quinBlubeSEorden8atd Prhefliddd f 9a[5cgﬁ?% %r%té Itmnqﬂé(ha%gtor
of reactants, mnimsing pro orrra on an
hencas ﬁﬁﬁﬂﬂbw hglopr dHedguig u‘md may alse ingude earous impurities,
h
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use ¢arqcuvfydjcﬁeldd is introduced direct I y into one or
nore highly turbul ent regi ons of one or both | ower
m xi ng zones. In this enbodinent, the or each liquid

i nl ePrefarably, the or eaet BgLid edasEaiRt tnbatmls ARPosEd stidtethHPiRIse
surface f t he el l er and the plane of the

G Rbd iRt e DS tman ¢ sw?aet‘rt'onawat%m@wed to

t2m)e fovepto 8 haarg eondf ré@ﬁaﬂlﬁ%wéﬁnﬁklﬂg zofé GARGdU
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the | ower surface of the | ower 1 npel
process efficiency.

25 In afirst preferred embodiment, the or each liquid feed inlet mouth is
! disposed such that in use liquid feed is introduced directly into one or

more highly turbulent regions of one or both lower mixing zones. In this
embodiment, the or each liquid inlet mouth is located between the plane of
the upper surface of the lower impeller and the plane of the lower surface

30 of the lower impeller, and between the swept diameter of the lower mixing
element and the vessel wall. Preferably, the or each liquid inlet mouth is
located equidistant between the plane of the upper surface of the lower
impeller and the plane of the lower surface of the lower impeller.

Preferably, the liquid inlet mouth is located about equidistant from the



Preferably, the liquid inlet nouth is | ocated about
equidistant fromthe 8 WO 2004/105935

WEMDAWB2604/ 016180 swept di aneter of the m xiPQI/US2004/016180
el enent and the vessel wall. Types of inlet for
feeding liquid into the oxidation reactor are well
known in the art. The location of the liquid inl ets
is preferably between two adjacent oxidant inlets.

I n a weapbAignsmier dithemdngelemeanhand theevasselualh lep@ﬁjpbnlet
feed hpfeshindTdbi he thgloiﬂgﬁ&ﬁresau@mﬁré%u kAo hb A e
feed 1's Int into a region ere react

m xt upeatiop df trkuldgedd tndet$ Iscmeﬁﬂr@bmbahv\baengweladmant dxidant a
high&é tturbulent region of a m xing zone, preferably
alo F m xing zone. In this 10 enbodi nent, the or

eadh liquid inlet nouth is | ocated above or bel ow t he

i | d wit ) i ter. of the. .
| el IngrsetBfe Prarainf MPadiNtlt. Be BEFAdH st beb gt rputn s
t he |digptsddisutiethatiitide ey Redlis Peboucddiaid argfidrefvhére

the swept djaneter of the inpeller is |less than 0.5.
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particularly the solven to be renoved from

r i t bodimente thagdreachiguiddnlat mowthds iasatasrbayeer below the
condepsefleaf witi? ﬁg@a@%ﬁ diaindt&f b4E fnpdliet. hfrefe‘?éi% %he ratio

20 The ‘reactor prefer y conprises an aromat
car boxyhe distanice obtitel liswid infet sfogitmdbare artpelaw tmampeller to the

car boguld: fiatlid QUAL Rhodity [<G6al Bk Lhe upper i xi ng

zone ocation TS preferable’i'n order to
n1n|n1se | oss of unreacted precursor and hence

e effl ency_.and eratin cost 25, Pref er abl
RO 0SSR TR RS PR P Eb o BH M Vordte
her elcmmp oneatstin mmmcfdrqwrrmm manstcabes eeambwd from the

whi ch reac oduced and m xe ducts
ot e aSar it eraiih dac Lo liB SR POURTS P esnde R A
Oppos@iﬂ]db@seﬁe%ﬂbxéd/i@&hé@@é‘d&r- By carrying out the
process in a continuous flow reactor, the residence

time for the 30 reaction can be nade conpatible with

t e affAi-aeRP ré?éraﬁﬁl%‘ﬁ{p?r?seé‘ aﬁfarérﬂﬁtlc cPJrSG)H/'ilé QER dudlet he

desired aromatic carboxylic acids w thout “significant

pr od Uefasablpfthe @rpraatin ¢avboxytio acidtositietrin dogade indhe eppeme

of ¢ NBirg@hkO8uch a location is preferable in order to minimise loss of

unreacted precursor and hence improve efficiency and operating costs.

25 Preferably, the reactor is a continuous flow reactor. As used herein,
“continuous flow reactor” means a reactor in which reactants are
introduced and mixed and products withdrawn simultaneously in a
continuous manner, as opposed to a batch-type reactor. By carrying out
the process in a continuous flow reactor, the residence time for the

30 reaction can be made compatible with the attainment of conversion of the
precursors to the desired aromatic carboxylic acids without significant
production of degradation products. The residence time of the reaction
medium within the reactor is typically no more than 20 — 120 minutes and

preferably of the order of 30 — 60 minutes of oxidising a precursor to an



mediumwi thin the reactor is typically no nore than 20

- 120 mnutes and preferably of the order of 30 - 60
worRewie®3df oxi dising a precursor to an 9 WO PCT/US2004/016180

2004/ 105935 PCT/ US2004/ 016180 aromatic carboxylic

acid or ester thereof in a reactor of the present

invention. In the process of the present invention,

the reactor is operated such that the upper mxin
el emeieMatg %@Qxﬂ'ﬁ\ﬁ&ldoora%f% Itheregliin ¥ reppier of Bgdreesm
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the VAL B diR0R [ RleR Tidhg Sehealihahd i Mg el
pr ovirdactapisi Awditidd adivy ﬁms rhixingrregiais provides gooe solid (e

t 15 k . B .
' eacit AR el foidtissdernian Sl ST fnulipg e
by t hewsHiRet ofith& vBssetliartBa ixih@BRmdhiti ng el ement and
an&efurther agitator elenments. 15 Preferably, the

inparted by the upper mxing elenment is from 10

to 9RYddres Prd@ro%fcﬁftm#al Yo h iR A% onthixt?e iP#&Eactor, a

inparted to the reaction nixture by the upper m Xing
el endower inpuepf Zriod hlw dee e of regetion myxture s imparted to the

agi t %Qcﬁloﬁlrﬁ QRI% ?)6&% b r‘hﬁﬁﬁ% bR dht )15\'/\’/5|em|>élﬁq %}@ﬁ]eﬁ?ﬁﬂj

surprisingly und that su a power distribution

I eadsanwdunthqyra@ﬁe@rmemmn@e and the efficient break up
of, -l arge oxidant bubbles. Such m xing and bubbl e

break- up is able to nass transfer oxidant to the

r eactRreferatly tthe poger ioldayted Ibgdick nppertroixieffdlernemitis from 10 to

oxi dat.,on_in t rea r n he suppressi,Qn,of .
col oPe morB s e A0 & 40 Bl she BB BlREF B30 it rsacton
25 | rifrélkﬁlﬁe by mea,aﬂod ediniting elemeintibwes mbxdiiey @latnghls/éﬂ'ldSany
qui ase oxidation o cursor t rqduce .
ot oS! G Bk Mo o SbAsTIPG Bise ds s e vwrrisingly
020da#ind tﬁéﬁ&kﬂh@bo@é\fb|ﬁﬂbl§’tiohsléadl%Qm@Fbv@lﬂl rAikinig@ind the
reactqor .that is naintained
efficient break up of large oxxdant bubbles. Such mixing and bubble break-
up is able to mass transfer oxidant to the reaction mixture quickly, leading
to efficient oxidation in the reactor, and the suppression of coloured
intermediates to produce colourless product.
25
In the process of the invention, the catalytic liquid phase oxidation of
precursor to produce aromatic carboxylic acid comprises feeding solvent,
oxidant, precursor and catalyst into an oxidation reactor that is maintained
at a temperature from 150°C to 250°C, preferably 175°C to 225°C, and a

30 pressure from 100 to 5000 kPa, preferably 1000 to 3000 kPa.

The oxidant in the process of the invention is preferably molecular oxygen,

e.g. air (including oxygen-depleted air and oxygen enriched air).

10



at a tenperature from 150C to 250C, preferably 175C to
225C, and a 30 pressure from 100 to 5000 kPa,
w@e@haosbd y 1000 to 3000 kPa. The oxidant in tPEI/US2004/016180
process of the invention is preferably nolecul ar
oxygen, e.g. air (including oxygen-depleted air and
oxygen enriched air). 10 WO 2004/ 105935
PCT/ US2004/ 016180 The process of the invention is_ _ .
car r iTee poegessof thesinperdioa it eargied ght ipxhe RtgssAce ekarppxjdation
The. GALRISY Stnel SRS allictéttalty SR e tehBfor RaGLON
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t, . .
br oniPGELTeBHTBABAUEA 76 A¢ EENAIc PR RERUBOR I 2BhEig gromatic

Cl- 4ol dseieadi@ SolsbiftNe 35 bRFAHES, BPomelkaadd oredIkirdates
manganese. Conpounds of other heavy netals such as

vaRadusuglly Q—.r@rﬁl@ﬁoaﬁqsfﬁuch wcy@ﬁmol&ali %nqlc?fam?wnese.
SUCH @nGRINdY S oftlet ROATbiaRAULHY vaRBEILA, chfohflil irmy

be used instead of, or "additional to, cobalt and/or
nmanganagedenunt\adantageida shigh as meriwas zifopsiuns gfrdymagnd/or

i ncl ] :

or o [ BALPATREANARA, S ol BTl SOBMCEr i bdgancse.
enpl ddvdntageyudle the catalyst systerofwilbinelwdatzandanest bromide

i Qni om d e, 0. .. HBr., , - 0

o B iMBERR ek 8pfa ool e, TRE oG drotieferlinere
MO NO-en@sleyad, n’fa’yCUﬁ)ia(tlﬁé ifdrmaﬁ?térrgémalmganﬂmy fonkr lnmrmﬂao j h(e.g.
tetrabro t e, . e e-di - brom etc.). T
Lol vatt RGBHIES MDA GRS ofoand PRLER (€ TdnoBihaEhgs
any YdénbadremeR, Wb ahd dbroffoabsie qeid dabinoacatdrbromkie,
pl ace may be used. Preferabply, the solvent is an

al i pratrlrormertieae peiyiene-dabioigensity from2 to 6

capbon atons. More preferably, the solvent is acetic

acid. Acetic acid is a particularly useful as 25 the
sol vékte ssilvend isi noticstieas tathewrsesent éwiestighang anpyigkls spivent
in compakd ] Rl LeRL P haRded HHERAIMP thd Solvent
acti \C/’I ty |dgf5tﬂ? I%)\g!d%g %P%ﬁ%e%atchmf
is an aliphatic monocarboxylic acid having from 2 to 6 carbon atoms. More
preferably, the solvent is acetic acid. Acetic acid is a particularly useful as
25 the solvent since it is relatively resistant to oxidation in comparison with

other solvents and increases the activity of the catalytic pathway.

The oxidation reaction is exothermic and heat may be removed, in order to
control the reaction temperature, by removing the volatile components,

30 condensing them, and returning the condensate to the reactor.
Alternatively or additionally, the heat of reaction may be removed from the
reaction by heat exchange with a heat-accepting fluid, according to

conventional techniques known to those skilled in the art.
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The oxi dation reaction is exotherm c and heat may be
renmoved, in order to control the reaction

W@ egopresasur e, by renoving the volatil e conmponeP@BFUSB04/016180
condensing them and returning the condensate to the
reactor. Alternatively or additionally, the heat of
reaction may be renoved fromthe reaction by heat

exchange with a heat-accepting fluid, according to
conve‘m menﬁcpnqdea;hweqtb%ew@rvm geperaly, geeraied; in @ocqnﬁwq&e

art. %Ve% : ea@%rfg%?%ﬁa E&Iéé%ﬁ%oaoédr%é&@ﬂovﬁ%a%&ﬂt thgned
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cont i i e
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carboxylic acids w thout significant production of
degradation products. The reaction may be effected by

heat i Tk @adtigi @ag be ietfettgd hyeheptieg UG pressumn@tqurearrelor

sol vent m xt i ntroduc

ot dRET IO RYeT BRLTS fOipue i duidie Of fedtidapbinto the
The ebhbedb the oRdarkig@et i on product, fromthe

oxi dation reactor is generally a sI urry of aromatic
cdfPboxylic acid crystals which are recovered fromthe

sl ur r'Vr}éoé(fﬂﬂé?ﬂtt lr@trém.oﬁ@%oﬁ}éb%we{étombh eactdhi§ YeAbRlly a
thereafter separate purification step or
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e
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ent a t
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Figure 2 shows the configuration and position of the

features of the reactor of t resent ipvention )
fir st TRepYeRtipBHWill RRwE C{eﬁé”‘P?‘gﬁ'Fge'F Reay Al exampl g W'@‘

di®Pogaieictd tﬁ@ﬁ&cdnﬁbaﬁyﬁlg' dréwings fire@flichs i ntroduced

directly into a |ower mXing zone.

Figure 1 is a simplified diagram of an oxidation reactor of the present

invention.

25 Figure 2 shows the configuration and position of the features of the reactor
of the present invention in a first embodiment where the liquid feed inlet
mouth is disposed such that in use liquid feed is introduced directly into a

lower mixing zone.

30 Figure 3 shows the configuration and position of the features of the reactor
of the present invention in a second embodiment where the liquid feed
inlet mouth is disposed such that in use liquid feed is introduced into a
region where reaction mixture is induced to flow via the lower mixing

element into a lower mixing zone.

12



30 Figure 3 shows the configuration and position of

the features of the reactor of the present invention
WO 00a/1888HNd enbodi ment where the |iquid feed PCTIUSL004/016180

nmouth is disposed such that in use liquid feed is

introduced into a region where reaction mxture is

i nduced to flowvia the lower mxing elenent into a

| ower m xing zone. 12 WD 2004/105935 PCT/ US2004/ 016180

Figure 4 shows the m xing zones defined by interfaces

for I : j e [RVLY Vol

Fi gur it 4860 g PINAY Sbrt MisnCliiEREocs Pltied by local

bet weenvergingayaliverging floewnper at ure and contents with

respect to time in a conventional agitation system

Figure 6 shows the change in tenperature differences

bebwadgura\beshages thd @havadd inttemperatura déffeaerttesdethesdrsaverage

respect to ti in agi tation systemof. the .

| v ertAIdRMPelAE A PP B TeshECL ] b Qayentional

ver t igthiion sistgrased, continuous stirred- tank, vessel

havi ng baffles 101 and whi ch i ncludes one or nore

axial, 15 centrally nmounted agitator shaft 2 on which

are gtigae eshod@i tha’cRan® RTBRAperatite differehdesttdifeen average
enmbodi nent, elenments are shown in order to mXx the.

cdRt eralidemperaiererandcaanieris with sespert 9riime e AgHAlRE SR of
such asimRR@M.Ng liquid onto the reactor walls in

order to clean them The present invention is
principally concerned wwth mxing elenents 3 and 4. 20

I n use,; [ t - r 4 At _
shaf {308 8L RPAFbich BBl RCaplofteBhod KonfHiid f'sfired
f r omtank, vedsel khevipg baifi@sdio 1ramdathich insludes pne Dhivere axial,

e . i oh )
| AN UREe el B {19l BlRiar AR ETebE ARRAG clements
Ior odwgt 50 _Luﬂhiste?mlaﬁﬁ#nbgig _blen%]ts)gr_@csfemwneh b‘rdﬁr_e@m'olc tlhEhe

ower m xin enment S a radi unpl ng 1 npeller .
pr ovi WM %ﬁﬁ‘é re?ﬁt‘ﬁfraond tP)Pef:#)”B &%le_rgwg%gagsy%%g,praylng
Howevigiid drits tHeshiclop wallé f creP@l digdrthems The @fsdehbRdention
US 5,198, 156 should be uti]jsed which has parabolic

bl adds PEecipalyicoRcRIngd Vit MG RIRMENGF &K 45 paral | el

tegt he direction of notion. An
In use, the total power imparted thorough the agitator shaft 2 to the
contents of the oxidation reactor 1 is from 2 to 15 KW per m® of reactor
slurry. This ensures a mixing regime which possesses the above-
mentioned advantages of low reactor fouling, high product quality and high

25 process efficiency.

The lower mixing element 3 is a radial pumping impeller provided with a
plurality of equi-spaced blades. However, for best results an agitator as
described in US 5,198,156 should be utilised which has parabolic blades
30 with a plane of symmetry which is parallel to the direction of motion. An
important parameter of this mixing element is the swept diameter shown
as D; in Figures 2 and 3. The swept diameter D, is twice the distance
between the centre of the shaft and the outer point of a blade of the mixing

element and it has been discovered that the ratio of swept diameter to

13



i nportant paraneter of this mxing elenent is the

swept dianmeter shown as DL in Figures 2 and 3. The
weamptiosBanmeter DL is twice the distance bet Wwe€rnUs1ve4/016180

centre of the shaft and the outer point of a blade of

the mxing elenment and it has been di scovered that

the ratio of swept dianmeter to 13 WO 2004/ 105935

PCT/ US2004/ 016180 vessel dianeter T sho
0. 4 tgser!diammriepf sheyldbryrom 44 tod- @ae%prezera%v@quﬁiwn& 55. A
| MO Ay iRBHASRL Farh@te? EQh@ bRaFARE R He b6 JEL@MYQJ element

m xi ng el enent romthe base of the vessel
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rr Omtﬁé‘gleQ@%e%nYﬁ%%%'se% Fala%eié}oﬁér%dﬂ?bé fom ®1 1o

upper mxing e errent is an axi al
up5pl1nqh| ng inpeller. Preferably, the upper m Xxing
el ement is an up-punping pitched blade turbine
provided wth a plurality of equi-spaced bl ades
nor mathleyuppeg hmdn@elevmm Hamaxiablp- ﬂ:ﬂnﬁmgrimpelletroPltelfmably,

oo 368 Wb e €S LB Pulrivg RS adey i prtficed
r Ieactvmih a ﬁlﬂﬁqlm@ﬁé@nkpadearma’formﬁaw amgiedr‘?mmen 30 and 60
enen |1 S e S W
di!8t g@@éee@épmeehorﬂ%@fag eﬁﬂ?@nsfpr%fﬁ%%? fegirgs f%eroafﬁﬁeaﬂ
poi ntyy (Hungalh%ﬂg\ﬁ of 8lurry REthIN the @&m@h@ﬁr@éﬁctorl An hﬂportmn

di scovere at the ratio of swept 15 di aneter
vess dlarainales pbihistmixingalement is mﬁﬁ\@)ee d«aﬁn@ievDaM@wh is twice

pref Qﬁé‘@isﬁ n%e‘bet\kébrgte@ ceﬁ%é HLﬁwEesrha\‘t'HAQ rtﬁ@ButePBélﬁ{@fta%lade

is the su nmergence neat nor nal ﬁeratlng evel
of slafitheymixing element. ddtasheensiigsoyereddhat the ratiesofiswent

0ROy s [Fa o} 7 A BNRSRO5 49 Rberaoy 04
si zi g Ocﬁ‘ Aufoptber ianpartaotaramieter igthel selvenergerics @Oeam the
tor  peEpe, SR €o 3Pyl R KR RS R §BS been
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0 to 40% f th

t he itator e nts .and preferabl

t ot albr B £ e Rere Db e RoPR i ring Sbrmshfs i
S QQaraﬁhtlh%rtBﬁlt m&nﬁetela and qwee bf@ehld"@:oeéreaem for&mht tdrseuts
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cent rtee aprrHE'XlngcﬁA@?\emﬁ%hPH'@l ‘@Péﬁéﬁ’tméﬁc{o phige é@ﬁkw’%f
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the I'ower mXxing elenent is between
power.

25 Preferably, the ratio of the separation between the lower mixing element
and the upper mixing element, i.e. the distance between the centre of the
lower mixing element and the centre of the upper mixing element, to the

swept diameter of the lower mixing element is between 0.6 to 1.2. 4

30 In operation, air is fed into the oxidation reactor in order to oxidize the
precursor through one or more inlets 11 each and having inlet mouth 13.
Each inlet mouth 13 is located between the plane of the upper surface of
the lower mixing element and the plane of the lower surface of the lower

mixing element (as shown in Figure 2) and with a distance from the swept
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30 In operation, air is fed into the oxidation reactor
in order to oxidize the precursor through one or nore

WO pioet185931 each and having inlet nmouth 13. Ear¢i/isioet/016180
nmouth 13 is | ocated between the plane of the upper
surface of the I ower m xing elenent and the plane of
the |l ower surface of the lower mxing elenent (as

shown in Figure 2) and with a distance fromthe swept
14 WoAEOAena e ioweCTixiag etrmant e1e vesel dimpater Bratior from
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upperareded abﬂﬂe@ledahen reaobor via inlatd 0 netf@mmat ofahel th‘lelternatlve
I f f. t t
Dby taentitRY By AGpRiebtl RS IBuER & fong
el enent and the vessel wal | b and preferably

i di st t t
G e ot TR RO G e LSO 60k S Gfead A asth

mout h14li loeebbésebh die Plahe efltHeQppBEsiificett WeBwer mixing
di rect to a lower mxing zone. 25 In a second

pr ef e‘?'?%’&” P RERe Qf epupweEn skifgfer &f the lowegmiing elament
| rloetandBativBed thel s'imép‘?@%‘iﬁéie%ﬁ?‘f@l&\ﬁé‘? njllﬂﬁ‘? %I%éﬂt%ﬁd the
of the | ower

el ement and wthin the swept dianeter
mi xi n{pSeelevaiint arMPrefErr@wa@tqu@I&i@nttméweﬁrsmaﬂwfeeﬁmbfngtah@nent

Ilqwscive!ﬁ%%‘inéi&%ia @e*%%l%élﬁ%u%’é‘l tiSl'u% tml‘egw Q]

swept di aneter
| ess angklesdiosid f@ed ED bmnilltﬂbdumd dureod)‘/ mtdna Iower mixing zone

25 In asecond preferred embodiment shown in figure 3, liquid feed inlet
mouth 14 is located above the lower mixing element and within the swept
diameter of the lower mixing element D;. The ratio of the distance f of the
liquid inlet mouth above the mixing element to the swept diameter D, of
the mixing element is generally less than 0.5. As a modification of the

30 second embodiment, liquid feed inlet mouth 14 is located below the lower
mixing element and within the swept diameter D, of the lower mixing
element. Such locations of the inlet mouth 14 enable liquid feed to be

introduced into a region where reaction mixture is induced to flow, by the

15



30 second enbodinent, liquid feed inlet nmouth 14 is

| ocated below the lower mxing elenment and within the
weweptioxdsanet er DL of the [ower m xing el emreneCT/B82904/016180

| ocations of the inlet nmouth 14 enable liquid feed to

be introduced into a region where reaction mxture is

i nduced to flow, by the 15 WD 2004/ 105935

PCT/ US2004/ 016180 nmotion of the | ower i ng el enent,

vi a fHaonGhile IRVRY miking elpgent, ar?dtheﬂﬁ\@eramlxma?erﬁe&haﬁ@ into

zone g |AverSRMY Apematically in figure 4, the
configurationof the mxing 5 el ements of the reactor

| eads, in use, to three mxi ng zones. The three

m xi ng saegvg%cﬁ&ﬂghééux% %éeLY*@ ﬁh‘@echnﬁggﬂaﬂgn 8EMR erl?er’hganda

one above an
t h5 r ¢lesyds ohthg ireartednads3 i adm e thaeel mnloag aonaéshdheaiipee

i npe e m xin s are.defi erface

P eifha 208 B FRNBRRERIEr LIS 4] 8L B0P g8 anc
f | owondbelowi tkie m;;l]ammellewamfbattlﬁim#ﬁpeg Inhl)jing zohelBBAbOve and
reg e to the e aof the flow

o oulEopHES wpBetinslet the rBxiog deres e delined bidhie tanes 34

t he bAWMGE fomddtsy loaéle:oﬁeé,glr@tdr@weygnhg flbw! TRé midifi®zones
cz&‘pents of the reactor are mai ntal ned at _ el evated

EPRA N IR bﬂ'ﬁ“b"ﬁ@@é‘ﬁ [dee 3¢, H‘ev\ﬁ'actw e ¢ dhellewathegiggion
r eachiduAdg: BBCRXQE e HE & fp@??ﬂlxnhé; clcRTENY @Hd thYioRkl AR

the vol atile conponents of the oxidation reactor and
par t REUPFFYalhieryderfent to vaporize. The
correspondi ng vapor 6 is condensed 7 and nost of the
condensate is refluxed to the reactor 9 via inlets 10
t her ébg cmtuentsnd tiearaactsr 1tave mainfaingdfat elbvatedttamperature and

rgsc %)Rﬁ]rssuP@' 4 zoqqoca?gﬁi eé?c?iéﬁ Ibg ﬁ'g%e‘i‘ﬁ]fél?é’% ISgrﬁ}T%VGd

cont reac vva er conc
condbmaﬁﬂwmg th{H cgatie comlponénts of thepixicatiby reaoton @l out
exte

he oxi.dati on. cto e _condensat e

str egﬂﬁL 8%'ﬁf'¥ Eﬂe SahvPrY ﬁcr Y‘?p"“é? e %‘Irfesﬁﬂaé\ﬂg Vﬁp?rdbg'sar t.
ZE Examienesd Rehdahostiof tie dondensdte ésreaked @Qﬁaméédioﬁ mhqa
the pres i nveption are ow, This
it el T8 krerhereimarar e e it Seckbio B e touiieqoms
CROP BhiendBdei wnﬁ&}awm 06ofRbli roActBF AERS SonderdERbe 1
shown in the tab enpl oys the Gasfoil

Deta;ls of this condensatlon process, which is typically carried out external

to the oxidation reactor and the condensate stream control and split, are

well known in the art.
25 Examples

Reduction in Impurities

Data exemplifying the present invention are given in Table 1 below. This

data was obtained from the well established TAREACT computer model of
30 the oxidation process. Example 1 shown in the table employs the Gasfoil

(lower)/up-pumping pitch blade turbine (PBT) (upper) configuration of the

invention, while Comparative Example 1 uses the known reactor

configuration PBT (lower)/Rushton Turbine (RT) (upper) in use within the

16



(1 ower)/ up-punpi ng pitch blade turbine (PBT) (upper)
configuration of the invention, while Conparative
wezeaphw3l uses the known reactor configuratiPeT/BBI04/016180
(Il ower)/ Rushton Turbine (RT) (upper) in use within the
16 WO 2004/ 105935 PCT/ US2004/ 016180 industry. Table 2
shows the m xing elenents and feed configurations for
these cases. The configuration of Exanple 1
( Gasf mdLstRBMabend kloyves thepnigialy elements and femh dobiigunatjonador
descrjbed wthin this docunent, that are standard in
the a se&as%s_.xyl ene oxi dation. P-xylene, catalyst and
fresh and recycled solvent are fed to the liquid

o A e 5B S BT

di rg2ngbriiforisOaé Badcripbd mhﬁwmi&u%ehutthéﬁa@é s@nam in the art
i mpel | er configuration where the | ower

l'e
PBT i fipgekylere andatione Fopfrne. pﬁi@éast and frgsfaarmng@ﬁd solvent
turbi ge redth thd IRuRinlet FPRL! %xnﬂﬂ%gf HY BlviePBabfdil impeller.

W despread use thin the ufacturing 1 ndustry.
P-xyl ene, catalyst and fresh and recycled solvent are

fed t r ;

upper 8@?%“? %p@a %fﬂ?ldg@ \%%agl &é@%ﬁlrﬁ%&%ﬂ%ﬂ@ that of

i N1t Exampleel Ipxutmsemattwomﬁpelm c@ﬂ'lgural]mi Wiggre theé lowet apeller

process di Ll ' tical

D ORS00 P850y Yt st Bbafed 1 BybHENGy g TRRE: &

rn  Qrdelldr configuratioh irSRidespi@dd s vidthin Be-TPA anuf@ctuting

t13 Ci‘%dus’[ry P-xylene, catalyst and fresh and recycled solvent are fed to the
liquid inlets in the proximity of the upper RT impeller. Gas is sparged to

15 the oxidant inlet in the proximity of the PBT impeller. All other process

conditions were identical to those of Example 1.

17
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a. 't cucoXC -a tUOF Z3 Ni- F+ S~ CO0 Cr W
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CL L) O 19 WD 2004/105935 PCT/ US2004/ 016180 Effect

of Power Split on Reactor Performnce TAREACT nodel

dat a abl e _3) sho the del eterious effect of

reduéff‘?ﬁ?o?ﬁg_}”ﬁf38@??&?‘?5'8?04%?@’% i nput by the

PBT AT modePd£ta$table! 3) shows the deleterious effect of reducing
the proportion of total power input by the PBT impelier in a gasfoil
(lower)/PBT (upper) twin impeller configuration of the invention.

Table 3
Relative catalyst requirement and amounts of by-products obtained on
changing the distribution of power between the upper and lower impellers
in a gasfoil (lower)/PBT (upper) twin impeller configuration of the invention.
10

PBT/Gasfoil | Burn to COx DCF TMA Catalyst

power split Requirement
20:80 1.00 ©1.00 1.00 1.00
30:70 0.96 0.91 0.88 0.98
40:60 0.94 0.89 0.83 0.98
50:50 0.93 0.90 0.81 0.99

20



(1 ower)/PBT (upper) twin inpeller configuration of the

invention. 5 Table 3 Rel ative catal yst requirenent and
w@eauno®3df by- products obtai ned on changi ng PE¢EUS2004/016180

di stribution of power between the upper and | ower

inmpellers in a gasfoil (lower)/PBT (upper) twn

i npel l er configuration of the invention. 10

PBT/ Gasfoll Burn to COx DCF TMA Catal yst power split

RequiMadified Liquid #oGas dged Awdnts. 00 1. 00 30: 70 0. 96

0. 00 0741 8eBt A5 sge 1 Rlelidbh sy pinghing
Modi fiaed f@¢dﬁﬂrd>xséa®amlat%éwanrbmtbeMEAmwm%reg@m@f the

(tab f ”
queasPL R BE5rol 1By SRR T pBY? 1 LI aoREh, Th U

t u5 behsmbad thediopid feEds bad ogdarhtonllets in tlae gahﬂmbmence region

(1 oweg1 /PBT upper) twin inpeller design. The "base" 5

case gqqa? Ilqui d feeds and oxidant inlets in the

hi gh turbul ence region of the gasfoil. Table 4

Rel ative catal yst requi remenlt 2%8 anount s of

by- product s obtai ned on ap ing the positions of

t he IReftive dafﬂlyiﬁtﬁe ntehEamamanﬁtsldﬁltngrouncta @nsihed lon
(1 ower)/PBT (upper i mpel l er configuration of the

| 10 RNARFING tiedsisiipns of rerieRioTik AT AN batipets i a gasoil

Requi d
ol ol EERRET (38 t*‘“%@‘%“%%f@“ﬁf"%ﬁ“?'"ﬁ*’fgﬂg'ﬁ Sbove

1.01 1.05 1.06 1.01 gasfoil

Case Burn to DCF TMA Catalyst

COx Requireme
nt

Base 1.00 1.00 1.00 1.00

Liquid feeds below gasfoil 1.00 1.00 0.97 1.00

Liquid feeds  above 1.01 1.05 1.06 1.01

gasfoll

Oxidant inlets  below 1.01 1.22 1.13 1.04

gasfoll |

Oxidant inlets above 1.03 1.15 1.05 1.02

gasfoil

Reduction in Reactor Wall Fouling

15 A titanium lined vertical cylindrical reactor approximately 2.7m in diameter
with dished ends was used to manufacture crude terephthalic acid from
paraxylene. An acetic acid and water solvent, with a cobalt, manganese,

bromide catalyst was used, as described above.
20 Two mixing element arrangements were tested using this system and the

degree of solids build-up on the vessel walls was assessed with each

agitation system. The initial agitation system consisted of a six blade radial

21



Oxidant inlets below 1.01 1.22 1.13 1.04 gasfoil

Oxidant inlets above 1.03 1.15 1.05 1.02 gasfoil
woeadaoioeh i n Reactor Wall Fouling 15 A titani pen/Us20e4016180

vertical cylindrical reactor approximately 2.7min

diameter wth dished ends was used to manufacture

crude terephthalic acid from paraxylene. An acetic

acid and water solvent, with a cobalt, manganese,

br onitgeeliesehpye a fowdladedd Pysping sexedhiew HpeRlier Die sarend

m XI . ] 3 . .

M R el i ket

vess diveniion.sThedbickressad salide buildawoen thegiessal walls yipstirigrred

raai 5 DR R0e BET KD GR8R E e e P A

abdv eeactédroaonidyita benpgratprenpir orgeachegdatidnosysiempdhé egactarveall

second agitation syste s as_.descri. '

dot aFBRARULE WISl B bER TR pidmel Famsras o
of sal pativdlatfioler 200days. The chasgeh thatdnspenatsrd differaned

by asuring the reactpr |1 tenperature d - . .
ConpEENAE Hp 3l gnprerienis Renns it v (OGRSt fige and
For easimmdtisad inaabls psdrRihowhein Figaris @ antid |

tenperature was neasured at four |ocations, using a

t A@rmal camera, for a peri od of over 20 days. The
change in the tenperature difjpgs gnce between the wall
and contents tenperature was recorded agai nst tinme and

i s su@hendesisdemperabie diforefing behvoen averege walkk enspegayreand
10 Table 5 Change in tenpergEHtreﬁtSdi fference between
average wall tenperature an contents Agitation
Measurin Change in tenperature difference between

-1 —at {te d—cont et Focatian-O-CO: il
R N N S S U
g temperature and contents
Location
-~ <t M~ 2] ~ ¢]
o a2} © s} ~ -~ - - N AN
> > > > > > > o) > >
(2] [ [ [ [0] ] [ © (0] 0]
0 [} 0o Q () Qo o Qa ) a}
Convention | Location 1 0 11, 1 3 2 5] 4 5]
al Agitation
Location 2 0 1 -1
Location 3 0 -1 -3
Location 4 0 0 -2 1
0] 0.25 - 0751 1.75| 55| 45 475
Average 1.75 ‘
DuPont Location 1 0 0 1 0 0 0
Agitation
System
Location 2 0 0 2 1
Location 3 0 -1 1
L.ocation 4 0
0 01 151125 1.25 2.25
Average
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AN A AN NN A A Convention Location 1 1-132

6 4 6 al Agitation Location 2 01 -1027 5

woomatomes 3 0 -1 -3 0 2 4 4 4 Location 4 0 O PQI/0SH0H016180
5400.25- 0.751.75 5.5 4.5 4.75 Average 1.75
DuPont Location 1 0 0 1 0 0 O Agitation System
Location 2 0 02 1 03 Location 30-11222
Location 4 01 22 3 400 1.51.251.25 2.25 Average
22 WD 2004/ 105935 PCT/ US2004/016180 CLAIMS 1. A
reactor for the oxidation ofLajmgecursor to an
aromatic carboxylic acid or ester thereof in aliquid
phase reaction mxture, the 5 reactor conprising an

el ongate paff '/?F’ea%f‘cﬁ?&l the %R*&éfuﬁ%f @%Je\éu%@ﬁ Yq &r%ro'nﬁbtnc

use, having an up m Xin

m xi agrbekyiceecid or eﬁha*rtheneef mgebqundwpmamneahtmmrpmne the

m Xi - r

th% F&C%r%%ﬁ‘[g):ﬂﬁ%@e &ﬁa?% gg@egeg&l %bjgﬁgﬁﬁ%llyev rf?q%l ip use,
10 2havli hgeanemppétummfg aemient éndmm\mrmlklhg efeherd, of the
swept amstcg tﬁ tt}w %ner m g te enment Ito th
vess&'i‘araFtEH%‘? rINRLE SR ’§'Xirl§?e%m ntig anse PB&’&‘F&H’”%f
cl ai mzelehanette lbwer mdingeleehhie ssratiRl pdirpihiganpegdr. of
the upper mxing element to the vessel dianeter is
from0.4 to 0.6. 4. The reactor of claim|l wherein

the rati o of tiR SHEBPHOGMAELT wherein the ratio of the swept
diameter of the upper mixing element to the vessel diameter is from 0.3 to
0.7.

0
5

3. The reactor of claim 2 wherein the ratio of the swept
15 diameter of the upper mixing element to the vessel diameter is from 0.4 to
0.6.

4. The reactor of claim 1 wherein the ratio of the submergence
of the upper mixing element to the swept diameter is from 0.6 to 1.2.
20 ‘
5. The reactor of claim 1 wherein the ratio of the swept
diameter of the lower mixing element to the vessel diameter is from 0.4 to
0.6.

25 6. The reactor of claim 5 wherein the ratio of the swept
diameter of the lower mixing element to the vessel diameter is from 0.45 to
0.55.

7. The reactor of claim 3 or claim 6 wherein the ratio of the

30 clearance of the lower mixing element from the base of vessel to the

vessel diameter is from 0.1 1o 1.0.

23



of the upper mxing elenent to the swept dianeter is
fromO.6 to 1.2. 20 5. The reactor of claim| wherein
w0 b@4ne398H of the swept dianmeter of the | owerP@i/Ks2994/016180
el enent to the vessel diameter is from0.4 to 0.6. 25
6. The reactor of claim5 wherein the ratio of the
swept dianmeter of the |ower mxing elenent to the
vessel dianeter is from0.45 to 0.55. 7. The reactor
of claim3 or claim®6 wherein the ratio of the

30

cl earance ,of t I J f ; f.
vessel togt he Icrf\ﬁ%sréépge}%%roﬁ‘f‘l g?rgé g’r\ﬁlil]egrgﬁﬁh?nl%’?éflr{"gﬁgggéﬁ?g s a
VO 20i4yeDBIadS rdliEl/irdB2It0 //Hd6H80par8bolit#adesacittoa plahe of
claim?7 erejn the | r,nxin I nt is a curved

bl ade™™4Hf Whﬁﬁéﬁ parplighip U1F flag B‘S@gﬁenrc bl ades wi th

a plane of symetry which is parallel to the plane of
rotation. 5 9. _The reactor  of claim r ¢claima8 .
whdrei n it Ko upBEF HOSTR daindrRRemuReeT fehiper pixing
50% odletBSt ikplarth fIRAVED td S0PRIOEF B Bhal bBRekrifRited ByXhéUpper
el emrent, lower m xing elenent and any further agitator

el emgRXEGAdemeRe s stixipa elamaniead ang further paitatpealemspts to

of cl@bmdetiBh ntk@ldn 9 wherein the reactor conprises
means for 1nparting through the agitator elenents to

the reaction mxture a power input of 2 to 15 kW per

M p0f reagpi O”Tﬂ'b%éé&&rof%ﬂagnﬁh&.cﬁﬁﬁﬁé %g fin fhledbQetdr OF
claim10 conprising an oxl dant inlet avi ng one or
nor e ¢ammtseamgans férompartingdtieeigh gheaagitatordeiementstto titehe

reactor,.. wherein the i da i h_J '

such eagion ML S iR B2 10,5 By AR b ot Befl PR

a highly turbul ent region of a m xing zone. 12. The

reactor of claim 11 erein the m xi zone. is a | [

56° i xi ng one T soackicsElaltad BF o t PofiPising an i i

12 snheivitigondér ragiedaRrt mottstfor ifBUddting ah egidbedniaheyeactor,

t he pl ane, of the up_per surface of the lower inpeller.
wherein the oxidant inlet mouth is disposed such that in use oxidant is

introduced directly into a highly turbulent region of a mixing zone.

12.  The reactor of claim 11 wherein the mixing zone is a lower

20 mixing zone.

13.  The reactor of claim 11 or claim 12 wherein the oxidant inlet
mouth is located below the plane of the upper surface of the lower
impeller.

25

14.  The reactor of claim 13 wherein the oxidant inlet mouth is
located such that the ratio of the distance between the swept diameter of
the lower mixing element and the wall of the inlet mouth to the vessel
diameter is in the range of ratio of 0.02 to 0.08.

30

15.  The reactor of claim 14 comprising a liquid inlet having an

inlet mouth for introducing a liquid feed of solvent, precursor and catalyst

into the reactor.

24



25 14. The reactor of claim 13 wherein the oxidant

inlet mouth is |ocated such that the ratio of the
walr@uamses bet ween the swept dianeter of the |P@EUS2004/016180

m xi ng element and the wall of the inlet nmouth to the

vessel dianeter is in the range of ratio of 0.02 to

0.08. 30 15. The reactor of claim 14 conprising a

liquid inlet having an inlet nmouth for introducing a

liquid feed of solvent, precursor and catalyst into

the reactor. 24 WD 2004/ 105935 PCT/ US2004/ 016180 16.

The reactor of claim15 wherein the liquid feed inlet

mouth is Idi spddedesciohofidiin 15 wherein thquindidffeediinies mouth is

| nucatbgeed TUsf i Bt iR BR8P bidioh rers

of cl mdaetido mtiereds indubed tu flown ihta ameixing zand.ower  m xi ng
zone. 18. The reactor of claim 15 wherein the liquid
inl*et mouth is 10 | ocated between the plane of the

upper surf@gce afhetrBgctbogrilaimMBvhérkirathe miking zBhé Rea Riwer
the |l ower surface of the |lower inpeller, and between

the SREM ZYCaneter of the | ower mixing el enent and

the vessel wall. 19. The reactor of claim 15 wherein
the liquid feed inlet mouth is 15 disposed such that
in use |iddd fléedeadon ¢ftdaianitewhensingthg lineigiidat Mpeihds
reaft joRhtel! b’&\%f» the Jidduseck Pﬁpér' Wad 8 m]g%\kiérﬂ&peller and
element 1nto a highly turbul'ent region of a mXxing
zone. thelarghef the imvassudacedfdhenlavgenimeeldrnanctkeetiveguitite

i nlet t i d e

upper S\Ks)%?{fdz?\%ljggtg f 8{ tlﬁg (F%e\%/eqp ‘Qﬁ‘ﬁp@%ﬁ%ﬂét@g‘ﬁ 3 hg? ﬁSéS%E)WéE'e of

the | ower surface of the I ower inpeller, and between

the swept, dianeter of the.l ower m Xxi el.enent. and .
t he vessel 19\'/\/al Irﬁ‘]eﬁ?&%r ?jrcgadrgsﬁ?\gtﬂerg;a tﬁ?é‘ﬂwg%‘*‘} infet mouth is
precudisposddasuen thadtomasd tquidfdeany irtdudsd me 8 ragiore@here

thereof |n a,liquid phase reaction m xture, .conprising
cont sl BRUTE S fobecefodialy ¥s amisnarsiemanidiid bionly
car boxyhiléntaegitin o & nidAg zone.
20.  The reactor of claim 19 wherein the liquid inlet mouth is
20 located between the plane of the upper surface of the lower impeller and
the plane of the lower surface of the lower impeller, and between the

swept diameter of the lower mixing element and the vessel wall.

21. A process of oxidising a precursor to an aromatic carboxylic
25 acid or ester thereof in a liquid phase reaction mixture, comprising
contacting one or more precursors of the aromatic carboxylic acid with an
oxidant, in the presence of a catalyst and a liquid phase solvent, said
contacting being effected in a reactor comprising an elongate baffled
vessel, substantially vertical in use, having an upper mixing element and a
30 lower mixing element, characterized in that the upper mixing element is an
axial pumping impeller and the lower mixing element is a radial pumping

impeller.

25 .



oxidant, in the presence of a catalyst and a liquid
phase solvent, said contacting being effected in a
WO e@atiaio3zonpri sing an el ongate baffled vessePCT/US2004/016180
substantially vertical in use, having an upper m Xxing
el ement and a 30 |l ower m xi ng el ement, characterized
in that the upper mxing elenent is an axial punping
impeller and the lower mxing elenent is a radia
punpi ng inpeller. 25 WD 2004/ 105935 PCT/ US2004/ 016180

22. The prfces f [ : I ‘ [ o
car boxyl i cﬁaci jhgipsr(g%‘%rs ergr];é%ﬁ}gl}ﬁﬁ zfg?'hqoer Qrirogrg%f?ﬁ%gqqxghc acid
acid. 26 is terephthalic acid or isophthalic acid.

26



