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wWEshedss Field This invention relates to an gRRa@hIhis1s0
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 aromatic carboxylic acids of
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tenperature and pressure. Air is added in anounts in
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20 liquid phase oxidation of paraxylene feedstock using molecular oxygen in
a lower (e.g. C, — Cs) 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
23 continuously info 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 aliowing the
30 - acetic acid solvent to vaporise. The corresponding vapor is condensed

and most of the condensate is refiuxed to the reactor, with some



condensate being withdrawn to control reactor water
concentration (two noles of water are fornmed per nole
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further important feature of the oxidation reactor is that solid crystals of
crude TPA formed in the reactor must be adequately suspended o
prevent choking of vessel walls and pipelines which in turn leads to unsafe

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 paddle type, size and location in the
oxidation reactor reduce operating costs and reduce levels of impurity in
the TPA product. o
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havi ng decreased anobunts of inpurities, particularly
coloured inpurities. It is a further object of this
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means to reduce the size of the oxygen bubbles.

It is therefore an object of this invention to provide an apparatus for

~ producing TPA having decreased amounts of impurities, particularly

coloured impurities. Itis a further object of this invention to provide an
apparatus having low equipment cost and low operating cost. ltis a still.
further object of this invention to provide an apparatus in which the
produced TPA is suspended in the solvent to prevent choking of the

apparatus.




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 ina liquid
phase reaction m xture, the reactor conprising an
g ate b ffI essel, substantially vertical in
Ao the Qﬁﬁﬁ&oqn xing el ement and a | ower
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co ri sing contactjn nore precursors of the
PP 'B%m?'l? Refl e o B e 1 A rediel
prﬁmﬁﬁmg"nﬁmkﬁ.catalyst and a I|qU|d phase sol vent,
sai d contacting being effected in a reactor
conprising an el ongate baffled vessel, substantially
vertical in use, having an upper mxing elenment and a
| ower m xing elenent, characterised.in that the upper
‘'m xing elenment is an axial up-punping inpeller and
the lower mxing elenent is a radial punping inpeller.
The configuration of the mxing elenments in the
reactor disclosed |leads, in use, to three mxing
'zones, two |l ower m xi ng zones, one above and one bel ow
the lower inpeller, and a third upper m xing zone
above and bel ow t he upper inpeller. The m xing zones
‘can be defined by interfaces fornmed by | oca
‘converging or diverging flow as shown in figure 4.
Wthout prejudice to the scope disclosed, it is
bel i eved that the above-nentioned mi xing zones may
enabl e rapid mass transfer of oxidant. The rapid mass
transfer mnimses by- product formation and reduces
. degradation of solvent and precursor. and hence
i mproves product quality and process efficiency.
Moreover, this configuration can provide a m xing
regime in the reactor so as to prevent coating of
vessel walls and pipelines and, in particular,
mnimse fouling in the | ower part of the vessel.
Det ai | ed Description of the Invention The present
invention relates to a reactor and process-which
surprisingly
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I mproves the conversion of one or nore precursors
(e.g. paraxylene) to an aromatic carboxylic acid
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aci d precursor is paraxylene. An exanple

i sophthalic acid precursor 15 is netaxylene. The
reactor of the invention conprises two or nore,
preferably four or nore baffles. As used herein,
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Moreover, this configuration can provide a mixing regime in the reactor so as to prevent

coating of vessel walls and pipelines and, in particular, minimise fouling in the lower part
of the vessel.

Defailed 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. paraxyleng) to an
- 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,




preferably about 45 degrees to provide an up-punping
flow of reaction 30 mxture in the vicinity of the
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of a blade of the mxing elenent. The ratio of the
swept 5 WD 2004/ 105935 PCT/ US2004/ 016180 di aneter to
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While any “axial up-pumping impeller” used in the reactor of the present
invention would suffice, best results have been obtained with an up-
pumping impeller in which the blade makes an angie of less than 90

25 degrees with the plane of rotation. Preferably, the up-pumping impelleris 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




An inportant paraneter of the reactor is the
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clearance from the base of the vessel, i.e. the distance from the base of

the vessel to the centre of the lower mixing element. The ratio of the

clearance from the base of the vessel to the vesse! 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 lower mixing
30 element and the upper mixing element to the swept diameter of the lower
mixing element is between 0.6 o 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
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and cat e reactor
f eedpmvsib’]g fiagaied maasir@mﬁerme@rpmtmmeedadtm nnmhqn@ur

P T Db Rab ol Rl e nees 5B Ao Bty 4R

mclm@ce&gsdﬁ'ﬁe{pnqducts of the oxidation process and
de aromatic carboxylic acid. Preferably, the or
each liquid feed inlet nouth is disposed such that in

use Inldrdetitd ehee@ that arindidshi Gest ma&m R0 peE RN sUNERAL in use
mxture is.induced to O flowinto a m xing

reacti,

z oneOX'%JKfSe'PHBWeQ dirs@ikby infR & .hfg@'vztarmﬂentﬁ@gle@ atR #@rvqrhe
mixing zone, the oxidant inlet mouth is preferably located below the plane
of the upper surface of the lower impeller, preferably between the plane of

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.




liquid feed into a m xing zone |l eads to rapid m xing
of reactants, mnimsing by-product formation and

Weeno10s5983" ovi ng product quality and process perws2004/016180
efficiency. 25 In a first preferred enbodi nent, the or

each liquid feed inlet nouth is disposed such that in
use liquid feed is introduced directly into one or
nore highly turbul ent regions of one or both | ower
m xi ng zones. In this enbodi nment, the or each liquid

i nl et nthe ane of the

sur VPR PPl o SRR et ad oS RRtaon sl Khown

| owerin therdradtova@entt it brefbrablerthathe birédtionad éxhahwiﬁ@@ss into
ower mxing elenment anhd

th t
t hg ﬁeﬁgeacp%ﬁ?”%ﬁ%%#%wﬂe torfhe Qlfeféf&’@wf Miy0g glamandt
ot hotation. |T®|@aéﬁﬂloﬁ%ﬂtl'ﬁz' Rb@A O%E‘U?(ﬁﬁnf @%tfbvﬁﬂ?e feci? 8he

uppe rface of t e | ower inpel
t he |”&?H§F %&P? udd Bilets gad praund thw@seéfslrcumfem::ammuuz

the hirgeddipdins e

fromthe % WO 2 %%%‘%5?%‘%%%%%5’3@%&1@3%%@%
di andiregtiogfof fofation &fi the agitalen the pertesttadjacestkdfieal | .
Types of inlet for feeding liquid into the oxidation
reactor are well known in the art. The |ocation of

t He Praderabllyi theaeactosconprises alnbyr hmravﬁ@md finkets sl oG RRing
oxi d second prefer enbodi e
Che. bins) OF flubng brlrehietiyitestil’ & slgdeedotsvent,
t hat prienunsseard cﬂialgisﬁlatedhe sedofir! PERSably] AkGqaidrest ko
V\,her]ﬁ ureSa ctipon %n{s ‘ECE |§ i nduced to flow via a
mi xi NgUdFERuEnD e iy VAR EPRATRTedaigm thfreactor,
m Xi axndeserbed Dél@\ffveTﬁ@thu@féééMﬁé A% il Fio éﬂnﬁlﬁ’rlti@s
]’Ig ngg. QAeor eachllqwdlnlet rmuH

c dPegd aﬁgw uckepidiie Pridatiomperess antherude amrnattche
swepiartsh@lics@q. of the inpeller. Preferably, the ratio

of the distance of the liquid inlet nouth above or

bel ow the inpeller to the svvept di aneter of the

| Mp e bREaH: L abl the tor

conpr | A %t#\}gaiﬁérgm Uﬁj ta{f' 1%'6 ¥ h?haﬁén use

compavid fead lﬁnntrdtbxced inde arregnpamthewtmhmn trh&u:@clé ¥eted to

WiRERY, ctor. Preferab

%gl g‘ts I'le co’ﬁg‘b’{#%é’ Preef%raﬁ@&f%'ar IRYg zone. Yntroducmg the

liquid feed into a mixing zone leads to rapid mixing of reactants,

~minimising by-product formation and hence improving product quatity and
process efficiency.

25 In afirst preferred embodiment, the or each liquid feed inlet mouth is
disposed such that in use liquid feed is infroduced 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 betwsen the plane of
the upper surface of the lower impeller and the plane of the lower surface

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

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




condensate is refluxed to the reactor. 20 The reactor
preferably conprises an aromatic carboxylic acid

wRHdosrios93sPr ef erably, the aromatic carboxylic 2@&%52004,016180
outlet is located in the upper mxing zone. Such a

| ocation is preferable in order to mnimse |oss of
unreacted precursor and hence inprove efficiency and
operating costs. 25 Preferably, the reactor is a

]E:lo'nt i Bwepsdibmetyr bﬁﬁ@tmking/&erﬁéﬁchn\?gh@késsel Walhtypas @8 flet
ow r.e r" react N ich r ctants are
intr o&r3% taqwﬁ? @a% i9R tieacdonare M| iﬂNﬁW“ in the art. The

si mul jexasenst e liGuid inl68NS bRIGHBIY TR N tvdSadRiRASELd4R
a batch-type reactor. By carryi ng out the process in

a contl®fBous flow reactor, the residence tinme for the
30 geaction can be nade corrpati ble with the attainnent
of conversion of the precursors to the desired

ar omain @ seeandpelerred smhdslinpgnthietor eagn liquid Sred inlet mouth is

produ ﬁfspt%édogucﬂ SR ats ﬁg\lﬂ: {i’ F]cfoegﬂ% hﬁroldgg&{ fn?os %3 g QIS whiiE

of th eaction medium
t ypi cedactiommixiuneds trkﬂaneditb flovd i amixinigederaant into a highly

prefe f .t he,order ut es

ot WPt et Br 8 5fiha 2ine.proiprahoa sk gang zone. In tis
PCID L&aB@dim@ﬂiﬁ Wor @eidhmbldl?lnlé@hﬁ@w@!@ca@éd ghove d?fbteﬁfw the

t her eof of the rese]pg i nvention. t he

bt o dgwaler ahvii B wert arbeter of the dmpelieb B RFably, the retio
oper agfaRe distinide R die | L IARP BloLM XbdVe & LRIRRihe .ﬁ@@ﬁ@r&o the
upward axial flow of the reaction m xture at the

upperSWaPk disgneterefdhe impelles sipssihen&P.wi t h t he 5 r adi al
flow of the |ower radial inpeller, the upward axi al
flow of the upper axial inpeller provides m xing

z e Prafaraly.ripe reaster conyyises anspewr aflet fazaliewing dhe volatile -

(o B B M AT RSB o SRR o e
and rmeadtou ipréfecabily) ghe volafile cohmoﬂnds)atetconﬁenm argbsel

via the m xin norder to provide

opt i FEN9¢Hs0R %r{eh d&@i@?fecﬂﬁ;% xture in the reactor, a
power input of 2 to 15 kw per nB8 of reaction mxture

i §.1 reaction m xture by the upper

ig.inparted to

néQl ﬁg‘%ﬁ%ﬂ%‘?ﬂr@%@%@\l& (COPRPRPFRY 2 PEFRAHC caerxvhimgcid Ghfleler

agi t Frefershe MWNbmatic carboxylic acid outlet is located in the upper
mixing zone. Such 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 fo the desired aromatic carboxy]ic 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 {o an




15 Preferably, the power inparted by the upper m xing
element is from1l0 to 50% nore preferably 30 to 40%

WA 200fe0spwer inparted to the reaction mxt urg,cqy['}stngqmﬁlso
upper m xi ng el enent, |ower mxing el enent and any

further agitator el errents to the reaction mxture. It
has been surprisingly 20 found that such a power
di stribution |l eads to inproved m xing and the

effic 'ramrmtbroaeﬂoxylm adid baegter bsradbd i a Padviiras théSpeBent
m Xi n ss transfer

d
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ef fi cheu thatthd abpenmixin gtélememﬁa@ées \fArd BRial flow of the
suppr essij. on of col gure i nternedi ates to prod

col ouf43eeY BdYEEt thexspnas mixieg 5Ieamsln@pmm@hon ith the
| N\ NEaRD flow P tHeabRby tddfal inhSiiled! tﬁt—g ﬁé\ﬁval Paxid] Iﬂ’ngf(ﬂfne upper

precursaor, to DTOdUCG aTOITHtI C Car
conpr &dddmpeliatipreyidrs mixing zoneg iatiawing F@}Wé@ﬁﬂ@draf&fﬁﬂ of

o vy, AcHloptly s AfrdR0k: plalites polRol BLE°T|
225C, praflctarorgatiqrarbegtie atidpsusp@sioa ab@e0inicRam fouling in the
st g
oXY)gen, e.g. air (including oxygen-depleted air and
hed. 004/ 105935

ooy IReEB SRV Srlinat Bodch B8 gnckiammive it mgeptor. &
car r ippahepifput 6f 2 Re1PkRRAAE dPteatfioR Kiikald BRImpaAsMRE -

- The cat is substantially soluble in the reaction

medi Jﬁ?gj'eﬁﬁmuge thegiRReRMPdRg elemendrlawat miingelsmient and

aci d d@ymﬁee%{t%r elthentcat al yst, typically conprises
one or nore heavy netal conpounds, e.g. 5 cobalt

é/or manganese conpounds, and may optionally i ncl ude

@He@laéﬂ ﬂ%@ﬁ@}g&ﬁpa{tggrby'tﬁéﬁ (?mxfngee d&rﬂ i%?rbmﬁﬂyto

take any o have een u
| i quit8%p mnate poeferkbly Ahtoot0%y afitbe powerinipaxigdito theamladt:on

o S BTy hLRE R S RO SRL

br onfulther agitaionelbmantsabdise ﬂiracabrk aridatce  hbS Heeauwatgrigingly

o SEABPRCRLE R TR ngHe T Re TrneRb g n

vanadffivient veER tipWiarhé ORidant bubbles. Such mixing and bubble break-
up is able 10 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).
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nol ybdenum a | ant hani de such as cerium zirconium
haf ni um and/or nickel nmay be used instead of, or

wasisbol/i@@83l to, cobalt and/or manganese. PngUS2004I016180
Advant ageously, the catal yst systemw || include

manganese brom de 15 (WnhBr2) and/or cobalt brom de
(CoBr2). The oxidation pronoter, where enployed, may
be in the formof elenmental bronmine, ionic bromde

(€. 9. Thé{Bfocedibirthe ﬁfﬁéntrd\ﬂ-lé Babneanﬁft 1§ th@rpgemyme lof anogieation
(e g. bro enzenes enZé brom de,

and
D A calaal IS 5PBHENIY bl RS feactil mediurn
t etr agdrApRAid SNent 8hil HeeAonBitic BABBkHAR acki ﬁrebursgﬂs)ﬂrﬁe

solvent is not critical to the present invention and
any seatelysli typisally, earaprises ORRicE mara deayy wgtal sampawndsaRé-

pI af eI’ PR/ aﬁé{ef @JH%HL% té]‘ﬁi rﬁgp\ﬁgﬂénall? thoftllle an

al |phat|c nonocar boxyl i1 ¢ aci d aV|ng
~ car bovxidationsprombies Fqp l"'@‘t&la'lﬂabﬂ’lﬁ catalystsuawiake any Ghtbetftpr@ls

201 9 AR Lol Ty Bl B ohieligR bHreRRu Raligyc

sol v |sre 0 oxrdatro
in coamxhpres:msom $uch asttbephihaliv et sprmwtsor(a) irealfpdmtic Bromatic

activj of. the cat ti ath 0Xi dat|

A ool BAG RRERL B Fr b B Sake R g MRanpates
orfder(usgally Gty élkartd%ﬁesf ﬁmtas%etﬂﬁ)ejfabwlmnd]ar manganese.
r enov the v tile co nts, 30 cqndensi ng the

L aatpotTis O Rlbet bRGHBREE Sishiasyaneduny Shiontum, Fo

- Al t erfigybdeturn erlaﬁmahﬁéeuah bY cefil8, ﬂﬁ;@h[uﬁf hefih) m/or
may be renoved fromthe reaction heat exchange

1 h TiesLeY Redisea meiedd o, sdcanelliangoralt andior manganese.
et Avekeudf 1 SARRRLARID HR PORRE pitoghce biomtide
atiov {MnBhg andéar colali lrognidee(CGaBiry). Hhe pxitiaiion promoter, where
cont i, T e RthE s Bbribttal mbiel iR bftidh (e.0.

r eactHEmNaBn Ky, NelgBer) aadijpabrdani bvotrfide feeg. drmmohermenee,f
conv rsi t he precu rs to the i red a

car bEPPRLTSEIdEe MARP B SRR RO e i Bayide;
'degraetmbrmmhedmétﬁ lend-Ebrofidd, iett)).may be effected by
hgstl ng and pressurising the precursor, catalyst and

vent mxture followed by introduction of the
OXi dahk sbivefit KMot cfith@fiche Yrasehhmventichaarid Ay fiitable solvent

in which the oxidation can take place may be used. Preferably, the solvent
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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10 The effluent, i.e. reaction product, fromthe
oxi dation reactor is generally a slurry of aromatic

wg&% ébksc acid crystals which are recovered f&%s‘z&ﬁmlﬁlso

slurry by filtration and subsequent washi ng. They are
thereafter fed to a separate purification step or
directly to a polynerization process. The main 15
inmpurity in crude TPA is 4-carboxybenzal dehyde

(4- CBA)s méhtichd iabove, mmraalcewq erFAIR GHRAtBA P ¥bSiHious
although p- tolualdeh%de and olui¢ "acid can al so be

pr esermfods %gawma oy fbem%sen a8 spoiinuous figwreacter éhe
i nVemrééiEl‘e dméwtrké e?@?ﬂd&ﬁ% hdfs E&hg@m%}th%e

exan‘peonyvm rence to the acco anlng
dr awi r@@emmnhm quvensiogmf@elpn‘esuesoas tmihe tiegitedgaraain of

an gxi ggntokﬂ ﬁ'rou{)% hifl€amt! S‘cﬁf&l éié’rl?m &?ﬁucts

Fi gure con gura RO EHa pos ron of
features of the reactor of the present invention in a

first_enmbodi.nent er he liguid f nl.et .outh is

b &8 PSR fray B4 kel by heltS A osdliiSho g blsulser,

di r ecthtalyishiued Q:lvér@hﬂktum fslic\ged by Brtrodctiongif tite Sxigastusto the
t he conf| uration, ang, {%g[)snlon of the features of the

r eact BraCiYvig g 9¥daabineli nvention in a second
emrpdi mrent where the liquid feed inlet nouth is

di sposed such that in Use liquid feed is introduced
into &he pElyedilorepdiongredyddrom fepddationraacieels geperally a

zone. g‘“@”’“‘g SR oLt bEBED, ik Brfrocprha Foph 08

showssltimg biifiltiation 20t sebsestientwagiyng. fihey Bre therdafionéad toya

I I h

the. cTerl A ERIasH sih ST c o b fodedd THE main
walg hmqmar iatomice HhA lsctbnamnkybafmzatdehm@eEBAh WhIGI'EISI n

A t { 6 t .
CooaER bR erdehd BhiaRlly HEBLobb LB Y e
wal | Asidpar alsobe presknt aldingWith WideRiralsls geltr fopmersTe i n
a agitation systemof the invention.

The invention will now be described further by way of example only with
- 20 reference to the accompanying drawings in which:

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 direct!y info 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 1o flow via the lower mixing

element into a lower mixing zone.
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Oxidation reactor | is an elongated, vertically
di sposed, continuous stirred- tank, vessel having

woahdd188s0391 and which includes one or nore axi
central 'y -nounted agitator shaft 2 on which arpg'lT'r[]élzgo“‘m1‘5"180

attached agitator elenents 3 - 5. In this enbodi nent,
el enents are shown in order to mx the contents of
the reactor and to perform other functions such as
spraying liquid onto the reactor walls in order to
clean them The present invention is principally

conceri@ue fishawaithe mixing zanesdsiinedbiinierfazgs farmeddy leeal

total pRYSEInG'FPaE ough the agitator shaft 2 to
the conte%tg of tﬁdéh%ﬁ%ation reactor 1 is from2 to

15 kWper nB of reactor slurry. This ensures a m xing

of “Pond RheraPar BEP Ao AT R S e DRy bR AR g RDe
25 pr ead sampdrbture end gontéhis witvespett 1o tigedh emenveriional a

radi al [ i mpel ler provided with a plurality of
equi-ggg%gﬁsg%ghbs. However, for best results an
.agitator as described in US 5,198,156 shoul d be
utilised ich has paraboljc blades 30 with | ane of
oy mreE e piots B iRnde &) LhpersiveciiareponbanBrg verage
AN | pRIPtenTstratfd aneEeitetts wWithi résplct tdEme it aagkation dye@m of
swept diameter showmn as DL in Figures 2 and 3. Thé
swept t&iBYR®ER. DL is twice the distance between the
centre of the shaft and the outer point of a bl ade of

the mxing elenment and i't has been discovered that
t he rQidatiert ressiont islpaiangatedovearticalip dispmsed 0BodsuLoUs stirred-

PCT/ ' A . I Qo

04 R, VoS ellihg PRS0 AR iR Rl o ndi A%,

i nidor canallpmoanedergitator shatt 2lopartick erecdtiached bgitador elements
m Xi n nt romthe, base of the vessel .CL.apd it
nos bda T ERembadMehbEichRaRs flo S RRREr S mif .

fro r5n idr?%ﬁﬁhboeaﬁesﬁq i p@ﬁ‘?t‘rﬁ roth'@tl:mdtﬁnb sud afrs@faﬂzing

to . upper m xi ng ement i's axi al . .
o ol Fast RS for Wil ferds p clean ibet, 1B¢ Prasenhjgvention
el enE8brihGipARy cHPCOMER WIS Mixinghdsmehta dearidd bi ne

provided wth a plurality of equi-spaced bl ades

n&Cmal | y angl ed between 30 and 60
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 paralle! 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 fhat the ratio of swept diameter to
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10 degrees to the horizontal plane and preferably 45
degrees to provide an up punping flow of slurry

v@("#idﬂ fosolie oxidation reactor. An inportant D%EQ@IE@H,OM;SO

this mxing elenent is the swept dianeter
Is twice the distance between the centre of the shaft
and the outer point of a blade of the m xing el enent.
It has been discovered that the ratio of swept 15

di anetr@gset diavessrer sld:iu&i’rm £6m D 45&9@ bdnderéferbhon. 35 t®0.55. A
0.7 a preferablé to 0.6. A further inpartant
par a er npqrizat %F@ﬁ@?edé%@@ grarange Ofithe loweg fmpkng element

oper afrbifcthé 8484 oPthe Yeiddl X, bRd §itHaisHEeA @idceoer{ee At e fatio of
and it has been discovered that the ratio of

subrelgciRaranes &oupthe basetetvessabdiasneian §sheuld bedmpmld to

‘togl. 99 The relative sizing of upper and | ower m xing
el errents is 20 an inmportant paranmeter and it has been
di scovered that for best results the upper m xi ng

Crar 1 Bt it BRE et 1 8n A Ab pbBBiieGReufie PRy,
30 t othe(mztpef midirgg ¢letraht is mwpurﬁﬁnﬁp&érmdaﬂda@e turltiee provnded
;?é Lrg\pq ﬂﬂ’d[ﬁﬁ gﬁéﬁi gggeﬁcﬁelﬁgesengmqy an eg beﬁlﬁeéa% 30 and 60

di1st adeggedeiohe hoﬁitmtaﬂ Phinecarf prefegably a5egide) itd rovide an
el enent and the c re of .the up m xing el ement, to
the  GRRTPEE RetoEn Wik hGRIan ToRsal SHURBOTALH

bet wagRaMefer bPthls I%lerﬁ;Oeféi‘ﬁeﬁﬁg R 5W0Ept cﬁérﬁet\eﬁD{;%ldh% Qwice

the oxidation reactor in order to oxidi ze
pr ec e distangedigireeiniie geniie petherihaftand the auﬂer gpigt of a blade

havi r&ﬁti‘lé‘ﬁﬁ%& qTEHEH%antm SRR dlé’cio%remHétth&?’ati?Soflsw\%gf ed

bet ween t ane o upper surface o
mil&i r@,areef@n’émesenbﬂtamtep [Teaheulst bet fiemIGodvisr 0.€ mnfiarefebly 0.4

wi tn 905 & DAL el BT el By R st Gefualithe

PCT / dPDakd RSt Oleveliof sletrg in thfe aﬁtrtatlbnmctm samdyit has been
lement a t T

0. oo e arEaERIRF ot & TibPEerse e Susrtdithiies Dysholid be

f eedrrm ausrtomrrz Q'hetrhﬁtt@e(‘sidmgldﬁ nppemmbwef mmn@ tlerieaiys

art .
420 ¢ APRORANCATSTRsr 804 1Ak GopR AIRSPYRTEY Tt for st results

Oppomé Gppe? nﬁ:ﬁiﬂ?%léihérﬁ%hbmﬁ iRbaRgbte650% 6fqh@tdtarpower
f eed he oxi dati on reactor co

pr gc iiredted Rnalhthpagitatos elpsiants and preferabIT(pSO fo 40% of the total
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 elerﬁent and the centre of the upper mixing element, to the
swept diameter of the lower mixing element is between 0.6 to 1.2. '

30 In operation, air is fed into the oxidation reactor in order to exidize 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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and condensate along with various inpurities and by-
products of the crude TA process and is introduced to

wdsoisReior via liquid inlets 10, each 10 havi
mouth 14" The form conposition and source of l’(ﬁ‘/ﬂﬁb(ﬁmmso

streans are well known in the art. It is inportant
that the major portion of the total |iquids as
descri bed above are fed to the oxidation reactor via

| et difimefertolthed
L2 St ok O o o
so fe P §Ogla\“§tpf Peably freg o0& rletbodawf f‘eadmg air into
f i gur ethd oxidafdh ook drd WleﬁkncWWH}h 1t Hﬁwé\?ﬁ'aﬁ fs&),\gferable

bet ween the plane of the upper surtace o
mi xi nghaidhg ﬁtrﬂ@tlogmi afrirorpsaint tie sfurey is onbopmisite 4 theof

t he sl QuRkctsn 5f’5§ﬁﬁﬂr?&§mn 20 and between the swept

di aneter of th ower m Xing element and the vessel
“wal |l b and preferably equidistant between the Iovver

m Xin t laneter and.vesse
ocar A8 EeB e 1R BT aRisER disquraf estagslgeolvent
; g | bend mnd@‘wa@al?ng edth veiribu mp@rih@y\/ﬁlﬁd Hy)ﬁrﬂ&;&é’ﬁﬁthg

n re shown in ure 3,
li qui & LF éeFdQ P% §§s a 'ﬁt‘dtr%ﬁjcpg tﬁ@d’?@@f"’é’ﬁ@\uﬁu'ﬂ eisolfle pach
m %@ npawhg intsttmeutdl 14 THS forinh éorﬁ?@sﬂéﬁon M PIBRIEE oﬂﬁe&é‘?treams

| ower _m Xxi el ene . The ra of the distance

of th@re‘f"?lgg? 'ﬁltg‘?aﬂ’outh above the nixing el enent to
the swept diameter DL of the mxing elenent is
generally less than 0.5. As a nodification of the 30
seconll isShRsdaRtihet the ineRiptpdréeniof ﬂ)bé@tahimwids dsAdéssribed above

I t t
Oét @rglfgﬁg?feﬁre %Ejalh?ﬁ‘?%act o\)vf\éie !ﬁ%&qbﬁ@n %etﬁn? Iiwq;aléq;{natlve
| oPat M@RRersdestribedriiedaw aod prefarablyrthial 2 thé tgiid i e@fbdt 0

be introduced into a region where reaction mixture is
i nduced to flow, by the 15 WD 2004/ 105935

PCT/ Uszorloeum&tn@e embﬁdmenttla‘hotrdhgn Figuerz, lmlqmu HeeEnfTBYuth
viat m. Xl N ment into ower m xin
zone. X l%q\%ﬁ%b%tﬂ’ﬁ%ﬁgﬁ ane 9f tmpsnwfam of the lower m?xmg
conf |eﬁmaﬁtlam thé plahe ofthd IB@eEs@r‘f&!E‘d’fttﬁe @ve? Erﬁxnﬁ& afehnt
n? in use, to three mxi ng’véones

ﬁ d hshucertibs swept diamejgr of lowwmm@g zl@nmtamdmd
32, eBsselhv® ' I i a
e Y68 per majfbﬁbre%ﬁ%?%é@’ﬁ‘s&m b'eﬂlbé&rn th%ér%zxmarégement
swe dlameter and vessel wall. Such a location of the inlet mouth 14

enables liquid feed to be introduced directly into a lower mixing zone,

25 In a second preferred embodiment shown in figure 3, liquid feed intet
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 Dy, 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 Dy of the lower mixing
element. Such locations of the inlet mouth 14 enable quuid feed to be

introduced into a region where reaction mixture is induced fo flow, by the
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bel ow t he upper inpeller. The m xing zones are defined
by interfaces 34 and 35 forned by | ocal converging or

%%ﬁu?dé% flow The mxing zones 10 contain hk&ﬁhﬁﬁ(gmmso

turb regions due to the nature of the fl
region around the discharge of the upper m xing
el ement and the lower mxing are particularly
turbul ent. The contents of the reactor 1 are

mai Nt Rbiirofthe RIvRY MifAg CRARSH alalfH 18Rer m?a@ng?él@ﬁw%Hf §nd into
and with the oxidati on reaction being exotherm c

i s reHSWERMPEGY &PPBwi ng the vol atile components of the
oxi dation reactor and particularly the solvent to
vapori ze. The correspondi ng vapor 6 is condensed 7
and nysshayn sahemadinalyria figereid theetoniiguthtioo of e mixiogt or

P 5, oA P b6 S L 6 498 e T o

vv| t hdnbiing zﬁnesmaxrmﬁtg@twa laet nﬁscm@zmescmhamsz adriecbove and
Dyt O lovk el SRS i aRhind G5 inbgn g above and
r eacttxmtomam upber ingpuien The emszmg eaneE ot dléﬂneg rwtuxfﬁ@}raées 34
ar e uction 1 n

| npur 3ésf° Vg;bsé@stﬂ%%m?%m qrr?éveﬁggggs A il g BWing Rongse

gnueraomame?rblg tdrbbl@hpﬁé’ iohBidBle 16l cPnabRe &Hﬁé\ﬂ&ﬁdmé fé@on
the wel | | i shed TAREACT conputer nodel of

oxi d2fqupd e giselarge pf hipdirper mixingalement pad ﬁfxblower mlxmg

enpl ayes érn&”%ﬁ{ ,§I ower )/ up- punpi ng pitch bl ade
tur bi ne” (PBT) b’gbdé? : configuration of the invention,

whi | e Conpar atlve Exanpl e 1 uses the known reactor
conf i r
- ud B BhERR dfitls feaB oS BBl i e B Top B e
i Hlu prasgure Faldl witithehoidation esautisn bgingl exotimermicchedt fsareehoved
Eeanpl dip R e DaRGTS pLne s et
condpantlalﬂarly the abaat ideoyizé. hﬂﬂa édntes;pdﬁ@ngwapor g lat
in the . a of p-xyl ene_oxi

are st .
P- xyf %fg? EPQQOSAHEE"PrC@é’HeW FEfex (ot faastor yia
f ed l'hlété mtﬂénf,iw férhingQart dF thd Bquid fddbitie Riactdiewlii?¥6he
s oil i
condensate being withdrawn 8 to control reactor water concentration.
Deta_lls of this condensation 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 obfained 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 (Iower)/R_ushton Turbine (RT) (upper) in use within the

16




Conparative Exanple 1 enploys a vessel of simlar
di nensions to that of 10 Exanple | but uses a two

wmm(ggﬁconfl guration where the | ower inpell ?ETlds%Ogmmso
T 1 npeller and the upper inpeller is a Rushton

turblne This is an inpeller configuration in
W despread use within the TPA manufacturing industry.
P-xyl ene, catalyst and fresh and recycled solvent are

fed tgndiRgy. TafikhSnbits ! i

upper Tt L2 Sl Siembdhl AEmBRE H ot Yonfiffagons for

i nl et thepetgasepr oxi mity of the PBT inpeller. Al other

process conditions were identical to those of Exanple

1. 17 WO 2004/ 105935 PCT/ US2004/016180 d >>1.0 O) to

4) E The coofi iguration afdExangde 1(Basfolf PBTY employs t)k]boilc&dl réaidel

E Q @] - rerp s .., O+t t ,

" m%"‘bpo% as _r¥b96 vg@jn th% documment, that%re standg'drm%e art
of p-xylene oxidation. P-xylene, catalyst and fresh and recycled solvent
“are fed to the liguid inlet in the proximity of the lower Gasfoil impeller.

Comparative Example 1 employs a vesse! of similar dimensions fo that of
10 Example 1 but uses a two impeller configuration where the lower impeller
-is a PBT impeller and the upper impeller is a Rushton turbine. This is an
impeller configuration in widespread use within the TPA manufacturing
industry. 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. Ali other process
conditions were identical to those of Example 1.
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Effect of Power Split on Reactor Performance

TAREACT model data (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 impetiers
in a gasfoil (lower)/PBT (upper) twin impeller configuration of the invention.

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
40:60 094 0.89 0.83 0.98
50:50 0.93 0.90 0.81 0.99

20




19 WO 2004/ 105935 PCT/ US2004/ 016180 Effect of Power
Split on Reactor Performance TAREACT nodel data (table
the del eterious effect of reducing
WS’ZZS%@? P3n of total power input by the PBT in‘kgfflUg?“"‘lﬁﬂmso
a gasfoil (lower)/PBT (upper) twin inpeller
configuration of the invention. 5 Table 3 Rel ative
catal yst requirenent and anmounts of by-products

obt aim&a#feau&xmrmt;ag Feel AUjals’ 1 bution of power
bet ween_t he upper and |lower inpellers in a gasfoil

(1 owelAREAGRT mﬂﬂsbﬁqtadtﬁbw 4)rebews &he dejatarigus affeqi@f pesiiianing

cat a o Teads t SRETO s tbfh 8 {0 sbefiedinn of the
1. 00 gasigd in 3QaFoil @o@er)@’l-m(w;)ee t@indspeler &Bigh. Pre thage”

20005 4 PR B P Bt s g Ml lroglegorasgion

' Feed oPtiergasfAlIAREACT nodel dat a (tabl e 4) shows the

del eterious effect of positioning liquid feeds or

oxi dant inlets away fromthe high turbul ence region of

t he gasfoil in a gasfoil (ITQW;/PBT (upper) tvvi n
ase" 5 case had the |liq

| de
f eedb ae B%ag'éﬁfequﬁﬁ‘@ﬁﬁf ang %rﬁeum@ﬁahymrsawﬁ é&"‘ﬁ"@‘g‘i‘ R
of0 t bRarsy ®ie! posTi@Flé Bf ﬁweﬁ?ﬁhﬁtlhl\é& é}ﬁf tﬂbb?ddah?ﬂ!été A §sfoit

and anounts _of by-products obtained on 10 changi ng
t he fPoxeniF&Isupper huiniimyelies configitratiomer the dnvertiemant

inlets in a gasfoil (lower)/PBT (upper) twn inpeller
configuration of the invention. Case Burn to DCF TNA
Cat pfgse 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
gasfoil '
Oxidant inlets  below 1.01 1.22 1.13 1.04
gasfoil '
Oxidant inlets above 1.03 1.15 1.05 1.02
gasfoil

Reduction in Reactor Wall Fouling

15 A ftitanium 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 arrangemenis 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,



COx Requirene nt Base 1.00 1.00 1.00 1.00 Liquid
feeds bel ow gasfoil 1.00 1.00 0.97 1.00 Liquid feeds
1 1.05 1.06 1.01 gasfoil Oxidant in
WS 1 05 1119 1 o4 gasfoi |l Oxi dant | PEusa0sntsiso
above 1.03 1.15 1.05 1.02 gasfoil Reduction in
Reactor Wall Fouling 15 Atitaniumlined vertical
cylindrical reactor approxinmately 2. 7min di aneter

Wi th idigiedaisivds 168sblaéedp pamiphiguhied Abe i@anm@. The second
terephthalic acid from paraxylene. An acetjc acid and

pa A ! G .
wat er FHRIOB SYSter was 35 dassabed Infan gataded desgsipdan gbthis
cat al MesntaASTHS Bflckn@ss deshias BE PN the ¥lbsdMPalldl vidd Biferred
el ement arrangenents were tested using this system and
the Regeasurgg the reagtoridllitemppraturetand opapadng Was tosthaas

as%esr%ggto%éﬂeﬁt@%}n%@rgt{rét kSPegéﬁségﬁth n S5stéd! thbdh gfor wall
agitatiron system consi sted of a si PhAE T ad Al cot
VO 20empeciassvaaneaiseed af ousbestiorisppsihg arthetbwl eamera, for

four ' 1 xed flow.inmpeller. The second
bt 1 &t PERRLYRBZBLAR, e Shabo i P Rebaeomed Afelifes

d els c Eichb\gé@'lntémfwalm?rsi cdntermteinlqreraﬁ]rwwbh iede?msaf gzgnst gme and
sol i ds_bui up. on t vessel ) ) erre y
neasU? ngmtaﬂgec? M@?ISE’E@%HE%QW’E?PHT%VQa%E' conpari ng
thMDs to the 5 reactor contents tenperature. For each
agitation system the reactqor wall tenperature was
neasured at four locations, W®§ a thernal canera,

for  ghid RdebeidRE dffdréREhettén SIAAGE whll tdriiferature and
tenperature difference between the walT and contents
tenperature was recorded ag&bPnentstime and is
summarised in table 5 and .- shown in figures 5 and 6. 10
Table 5

Agitation = { Measurin | Change in temperature difference between average wall
g temperature and contents
Location
- <t M~ =) - w0
Convention | Location 1 0 11. -1 3 2 6 4 6
al Agitation
Location 2 0 1 -1 2 7 5
Location 3 0 -1 -3 2
Location 4 0 0 -2 b
01025 - 0.75( 1.75| 55) 4.5 4.75
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 2
Location 4 0 1 2 2 3
0 0} 1.5 125|125 2.25
Average
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Change in tenperature difference between average wall
tenperature and contents Agitation Measurin Change

wo2dogiRgsAt ure difference between average wal lp g rer004/016180
tenperature and contents Location v r. rnr a &

(0 43~ Ototototototo Ototo Convention
Location 1 0 1. -1 326 46 all Agitation Location 2
01-102755 Location30-1-3024414
Location 4 00 -2 0155400.25- 0.751.75 5.5 4.5
4.75 Average 1.75 DuPont ngi%hgp 1001000

Agi tation System Location 2 103 Location 30
-11222 Location4012234001.51.251.25
2.25 | Ayera e 22 WD 2004/ 105935 PCTI US2004/ 016180
CLAIMB 1. 1A reﬁd’%‘ito'fféf therpxidstipn 8f 8 BrecrsA th AB @rpraatic

L0 archdad 46id of @ét@Pﬁé}éd? 4 'h&i\.uﬁ ?hﬁ&i ?erac{!&‘? hitfire, the?

liquid phase reaction m xtur
%prregﬁﬁgccaﬁpr@!ng@ael@nwafhawdmss@ $ub§t&1ﬁra&ntrerad:al yn use,

verti t and a

|- OW*%?;!Q R Y bR P Bl b8 B Coper

m Xi myaeicmﬂsad in thahtheasipat mingelemientis an axial up-pumping
impeller and the lower mixing element is a radial pumping impelier.

10 o2 The reactor of claim 1 wherein the ratio of the swept
diameter of the upper mixing element to the vessel diameter is from 0.3 fo
0.7.

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 fo 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.

R 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 fo the

vessel diameter is from 0.1 fo 1.0.

23




i mpel ler and the I ower mxing elenent is a radial
punping inpeller. 10 2. The reactor of claim1l wherein

wHSooaahdeogs of the swept dianeter of the upper
elenent to the vessel dianeter is fromO.3 tow%ﬁpmso

The reactor of claim2 wherein the ratio of the swept
15 di aneter of the upper m xing elenment to the vessel
dianmeter is from0.4 to 0.6. 4. The reactor of claim
| wherein the ratio of the subnmergence of the upper

m xing element to the swept diameter is from0.6 to
1.2. 20 5.8The Thenteasior of Clainhy wheraimbiedpwer mixingelpmentis a
the s ' ; : LYok ff t
vessel RedIhAITRHEN ol ki HEE plibblgnghEtRih difarc
of cl &ymmBinvdrieh is panallel tthe plahetdfieotstimpt di amet er  of
the lower mxing elenent to the vessel dianeter is
from0.45 to 0.55. 7. The reactor of claim3 or claim
-6 wherei n 2.he rita reactor thaainm3Doctlaiar Amberah thdappepnsixing

m Xi n pent fromt e of sel to th vessel

0 A Bleier barta 5% B30 503 or3he B Souwer Toetast BYhE Snper
PCT/ UgEQtd tRirfEh Sowdr. miking dierashieindainydlinhén abitalte eRintents to
the | m Xi ng. el ement.- is a curved bl ade radi al

wer
i mpel ﬂl?rreﬁﬁfo@ﬂ" ©parabolic blades with a plane of
symmetry which is parallel to the plane of rotation. 5
9. The reactor of claim1 or claim8 wherein the upper
m ¥ ng el@nentTherpastesoliqaim hor damsdvherein the resstar

'pomrcérﬁp‘i’b’e%‘?ﬁeéﬁé Pﬁnpé?mﬁ:{ okt ROE

m xi ng el ement anJBan fur tnredrﬂgaglﬁ]?g%r g{léfﬁgh@‘é@{t@)&:

t he regstioromddrRap@yveriagput of 21h &5 Kébperon” of reattitmmikiuse.

claim9 wherein the reactor conprises neans for

inmparting through the agitator elenents to the

reaction rixt uiae zeqineof daipdor oki 10cotiprisingrer oxidanbinlet

react ﬁe%fihd%ﬁ(et &f More inlet mouths for introducing an oxidant into the reactor,
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 {o 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.
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11. The reactor of clainl or claim 10 conprising an
oxidant inlet 15 having one or nore inlet nouths for

i ntroduci ng an oxidant into the reactor, wherein the
oxi dant inlet nouth is disposed such that in use

oXP 384105985 i ntroduced directly into a highly pcruszoo4seisise
turbulent region of a m xing zone. 12. The reactor of
claim 1l wherein the m xing zone is a |lower 20 m xing
zone. 13. The reactor of claim 1l or claim 12 wherein
the oxidant inlet nouth is |ocated bel ow the plane of
the upper surface of the lower inpeller. 25 14. The
reactor of claim 13 wherein the oxidant inlet nmouth is
| ocat ed suc t he ratlo of the di stance between

the swept d Egmt e IGRCIoF pleclaim ik wherrinige Bqwiddsed ialetimouth is

t he waldispafset! bech thhh us®
in the raa%g aof, rati ouo "%d?d* tc;ggﬁggé%mtgé%gﬁ}n%é%

react of" BI"4KiH{eys ndyRed lodlonginte # miningizeng. et havi ng

an inlet nmouth for introducing a liquid feed of

sol vent, pregcur and catalyst into the reactor. 2.4
WO 2004/ 105935 a%?lfﬁwoﬁp@mﬂﬁomemn theheisingersneris eflower
cl ai m frivdndnesrei n the liquid feed inlet nmouth is

di sposed such that in use liquid feed is introduced
into a region where reaction mxture is induced to

flow into agm xiMgrezeeR of difim THRERAT I tigdl lﬁllefallnmf%u
wher ei 8 tt%&’% XI ngpzone is alower mXi n Z0

The r &2%4 S Mewiane offbe eipper %fapeanm Iomrempetmtdmd
is | dbabﬁﬂemthéﬂ&ﬂeﬁsm\?fa@é 6f]§19qg)wén§1p§ﬁé}e{mcﬁb‘étﬁégﬁ

t he | quwer e and the plane o ower sur ace
of théWs 6’6\@'?’% é’l therlowarnyrixing: elemant ansl the wesse! walnet er
of the | ower m XI ng el ement and the vessel wall. 19 _
The reacto | ai m 15 V\herelnthellqwdfeedlnlet

mouth is spo eggfeholidrim 1hwhewein the linuid festinies mouth is
i nt r odispeded Stoh tAat'if 450 lq fERl is infroduced into a region where

reaction mixture is induced to flow via 3 mlxmg element into a highly
turbulent region of a mixing zone.

20.  The reactor of claim 19 wherein the liquid intet mouth is
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
acid or ester thereofin 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 baffied
vessel, substantially vertical in use, having an upper mixing element and a
lower mixing element, characterized in that the upper mixing element is an

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

25 .




reaction mxture is induced to flow via a m xing
el ement into a highly turbulent region of a m xing
“&ﬁﬂﬁ . The reactor of claim 19 wherein the I%ﬂyid
RN his located between the plane of FPREUSHI&P16180
surface of the lower inpeller and the plane of the
| ower surface of the |ower inpeller, and between the
swept diameter of the |ower m xing"el enent and the
vessel wall. 21. A process of oxidising a precursor to
an aromatic carboxylic acid or ester thereof in a
l'iquid phagk r €Hed prodess oftolii®, 2 100Hereinsthd @rorfativ @ebdxylc acid
one or nore precursars E{ hhe_aronathé carhoxylic acid
with an oxidant, PACERBIBCesdoEsgphthalicegfyst and a
l'iquid phase solvent, said contacting being effected
in a reactor conprising an elongate baffled vessel,
substantially vertical in use, having an upper m xing
element and a |ower m xing element, characterized in
that the upper mi xing elenment is an axial up-punping
inpeller and the lower mxing elenent is a radia
punpi ng inpeller. 25 . WD 2004/ 105935
PCT/ US2004/ 016180 22. The process of claim 21 wherein
the aromatic carboxylic acid is terephthalic acid or
i sophthalic acid. 26;
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