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2001, both currently pending. BACKGROUNIP ¥ THE | NVENTI ON 10 The pr esent
invention relates to an inproved processri®r producing carboxylic acids or

pracursor 1 a sutbaBPYEBoPhEKESs 03 RAShHRING, wie rEERe RERPS NVt on

is an i nproved process for the 15 catalytic Iiquid phase oxidation of

paraxyl ene to produce & esephihalid G @cind WG peP BRDISR% ential steps of
feeding the reactants4;T1r+#Qgi—reatfron—zoﬂe—at—e+evagg§ﬂgressure wherein
the tenperature ang,the uptake, of oxygen are controll]ed d,any

terepht halic 20 acgalﬁhPB&E%SFﬁﬁoPeﬁégﬁ@si h%o?%??gﬁ% %ﬁgat%én f eedi ng the
resul ti ng readppdncaedioonNbo 89¢48dnbliefitiednl2ofientaryo2Pl@t eande

oxi dati on reagtikon Leall y.al alj cif | u on a
comer ci al scgrg'bepgggngS?é,NPfqé?zgéﬁgE%@a#%fig %gigi??%ﬁgo 6!g%;l’raxylene.
Conmer ci al pr betbseyrgsatagerpndabpd as a solvent and a mul tival ent heavy
nmetal or netals as catal yst. Cobalt and manganese are the nost w dely used
heavy netal catal ysts, and BREKCROUND QFcOHESIHVERAEOMb| e source of free
radicals in the 30 process. Acetic acid, air (nolecular oxygen), paraxylene
and catal yet are fe@tecpmbsprnaushyenbtionanebatdattonanedmpoovedat is

mai ntai ned at _from 175C tqg 2 .and _1000- i,.e. -3 . The
feed acetic PFVO°52 855§§§%§g+P@SS%fggfggggc%g?%ér3§yFE%grr%?l%P%s
typical ly | esbyt batadyticAliguédapgbisdei nxadatihos A @xcessespondeng
stol chi ometri prECALITER! & kerrbuhl c8MYEREl ONuetet gsrgil&am@p,e to
terephthalic acid, to mnimze formation of undesirable 5 by-products, such
as col or fornéhe PYRESHE dAVEBLioReAEt PBNiMBTEXBENRFAFESSaRBr hERR i s
renmoved bysal lawangttilke 1aemtidc pheisd salideBiohoc¥apathzglehbetreor respondi ng
vapor is condensed an nns% %f the cogdegsaﬁe is refluxed to £he reactor,
with some Conggﬁggfg SFﬁB thalic ac¢id which comprises sequential

steps of feeding the reactants to a first reaction zone

at elevated pressure wherein the temperature and the
uptake of oxygen are controlled and any terephthalic

20 acid which forms remains in solution, and then feeding
the resulting reaction medium to a second reaction zone

to complete the oxidation reaction.

Practically all terephthalic acid is produced on a
commercial scale by catalytic, liquid phase air
25 oxidation of paraxylene. Commercial processes use
acetic acid as a solvent and a multivalent heavy metal
or - metals as catalyst. Cobalt and manganese are the
most widely used heavy metal catalysts, and bromine is
used as a renewable source of free radicals in the

30 process.

Acetic acid, air (molecular oxygen), paraxylene
and catalyst are fed continuously into an oxidation
reactor that is maintained at from 175°C to 225°C and
1000-3000 kPa (i.e., 10-30 atm). The feed acetic

T
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|0 withdrawn to control reactor water concentration (two noles of water are
formed per nole of paraxylene reacted). The residence tine is typically 30
m nutes wéfadssigur s, depending on the process. Dependi ngp@ituspt20abi on
reactor operating conditions, e.g., 15 tenperature, catal yst concentration
and residence tine, S|gn|f|cant degradati on of the solvent and precursor

can ocour. uhhgha:bRrhUyRenaalal 6T eaSeybhes £051 1 0L 0DRERTE P, g pr ocess.

The effluent I.e., reaction product romt oxi dation reactor is a
slurry of crudé ?@?@ﬁh%ﬁaﬁmeuaEﬁleTﬁ&C%F9s?§IEhﬂhﬁﬁﬁlﬁkboméﬁé¥6red from

the slurry bYréthféhéﬁﬂs ﬁ@%hﬁdlldébﬂdeﬁgﬂoﬁoﬁfeﬂﬁé ﬁQrék?Iéﬂ@ tdhey are
thereafter feﬁ eEarate urkflcatlon st or |rec% g&é

pol yneri zat i oh® €E§§.l?héc Sm%ﬂbﬂ?F?y ﬁm?ﬁkoﬁrﬁ e?%rable

4- carboxyhbnzhydphyd3cté CBA¢h ablcblbs forwaps et eT'lye oxkildatdlopar axyl ene,

Al L houah, Pt OLUaLOEaNesTadaBrLohib e BEHOLCAR BLopoRE,DLSENLL ELgRgL Y LT

undesirabl e co Etin FTon Feattion ace rdi ng
to the 30 |nvbhe|@ne§30de§¢d|beaVEntgt@aveponezarl Be¢ oeprirespegngbngi ble to

substanti al | yyggducest Benliah 3Bl QRAOkosBPYE thESchbRabhsatingl TA product
and effectively control solvent and precursor de radatlon 2 WO 02/ 05y68

SUMMARY OF THESEAWERS ER PR$/ E&REF951091 FheSpReseARdeRsake| BALRE an
i npr oved ﬂrOCﬁsﬁhﬁﬁéwﬁata|¢bherbﬂquedcﬁbﬁsﬁaﬁérdabhOénﬁfaﬂﬁbﬁXYtﬁBe to

d h I f feedi h
eactant s, | HAPUAPnGTaWEUPEaBFS EOTURNLCoF oraLhi PE PPRal FBR rone o

el evated presseseteberei Bheheesédparat bimeahd typioplike30fminygen are
control | ed andoapynbaLephiibakhaif! SnvehENoEOEDEs! eMBLPSnkngObH! | 0N and

t hen feeding tRe“resu tlng reactiron nediumto a sec dation
reacti on zoneSX¥HatppBcEs3dcEarpPPsEating) copdithgna, f @ed- st r eam conpri si ng

sol vent a4l Oﬁbﬂﬁékaﬁuﬁétabx&hl§ktac8heéﬁﬁkgti8ntBﬁdrﬁégﬁdéﬁcér@Hhét | east
about 2,000 kPa u contlnu

Pt anoous| 5 ieB0ak Pt AogratnbLAncPEERe B VAT LATRORELSRECPE) & supply
of oxygen to eahi bstureaahiehn, zmnetn@ntocahalheaehsentnedcustlafmh|ch t he

sol vent : par axyl e S t in the range of from 10-25:1; 20 (c)
limting the éBFggtlné 8&%9 rochﬁln the reaction mediumin the first

reacti on zone to A, aIu ichis lLess_thap,50%of .the o eqU|red for
FUT conversi on of The ShaiaepRent - Eo  SPRERERAI PLOLER: CAAAR BhSf sedi ng ¢he
reaction mndiua&ﬁataoaemeadtai 1eaatsmnrzgnefmhrhdestanéphnham$by reduci ng

the pressure gf4Nrafagkhala T8It ade" BLUS LA R L LEQY 1. 200

by filtration, washed, dried and conveyed to storage.
They are thereafter fed to a separate purification step
or directly to a polymerization process. The main

25 impurity in the crude TA is 4-carboxybenzaldehyde
(4-CBA), which is incompletely oxidized paraxylene,
although p-tolualdehyde and p-toluic acid can also be
present along with undesirable color formers. By
conducting the oxidation reaction according to the

30 invention as described in greater detail below, it is
possible to substantially reduce the formation of
impurities in the final TA product and effectively
control solvent and precursor degradation.



The resulting terephthalic acid can be recovered fromthe reaction nmedi um
exiting the second reaction 30 zone by any convenient neans. Wile the

i nvent i oRyd §2/6%8%6s | bed herein in ternms of an inproved oxie@Ewism/2e19t em for
converting paraxylene to terephthalic acid, it wll be recognized 3 WO
021 055468 PCT/ USOL/ 20109 that the invention is applicable to producing a
range of carboxylic acids or gUMMARYESIFRRITHE anyeEpenToNcul arly phthalic acids
or their esters, by catalytic liquid phase oxidation of a correspondi ng
precursor in a 5 suhbapkeseftvenventheni Dyeahi Ofpresédesroded hefsit scovery
that the convergign of the grec rsor to i%s corres ondi¥$ ca{boxylic acid
can be subst afitFa V§1FHEF89 g BY2csr PHEARTH0R PhePRXFHRITBR TRaction in at
| east two st apgesduoe rzemephthhidch somprwsich d6mpt)sésrseqgemtizkd stream
conpri sing. so d i i C t e I of at

| east abou 2%%§§gk§g,fgégq?hegﬂgog%?%ﬁgﬁggy gﬁafg§¥§§t%ng%§§?§i§eeding t he
feed stream shévpnéecutsor Andsh seppLyoofzerggeh ebewaheghrpeesvbee first

15 reaction zgpe t9nf @HE %efngag_hitagensﬂhwhianuﬁeaw &b%ﬁ%éfﬁnéreprecursor
mass ratio is also relatively hi in the e of from10-25:1

h, i.e., ran
al t hough the EP@FEPFéHdréppoapgr%8€SHBﬁbaéh8 BE%PaBPEFny?Em?ron110-20:1
and 20 (2) feedinagnkhenr eatuit@bnyedndntheantebaihyrshereastloingone to a

second reaction_zone, where the oxidatiqn re i on c etion. In
addi ti on ?g nﬁFﬁFgﬁﬁPnﬁegﬁgms3Pv3nf?C8P§cﬁpéggE%§§s£§£§F%8%sgggééribed, t he
upt ake of oxyfba pmotkes2&ofmprdseseacti on zone is limted to a val ue which
is less than 50% of the oxygen required for full conversion of the
precursor to its corre¢apondongingr hokgbdcsaecedmotomst £sinahschventn have
one, two, three or re.acid_groups, _dependin e e r,.xygen

upt ake in 30 R Pfgge%%gicFFgﬁe¥§§eagsQCB%?PoP?%diﬁytgéeggéa%D?g of the
fol | owi ng net fiods: ati Leasitnabionitng , 80PgsBRasuppty 10,800 oxyhéaher; _
concentration) within a predeterm ned range; (ii) maintaining catalyst
concentratison within abpredenednubadlyaane; sinuiyaheousingfeddingsi dence

time 30 (defingd @fe! BRoPaChRan, 94) dpuobifReAbvLaad BY LNSufp1yVOr

oxygen to a first reaction zone to form a reaction
medium in which the solvent:paraxylene mass ratio is in

the range of from 10-25:1;

20 (c) limiting the uptake of oxygen within the
reaction medium in the first reaction zone to a value
which is less than 50% of the oxygen required for full
conversion of the paraxylene to terephthalic acid; and

(d) feeding the reaction medium to a second
25 reaction zone while simultaneously reducing the
pressure of the reaction medium to a value in the range
of from 1,200 kPa to 2,000 kPa.

The resulting terephthalic acid can be recovered
from the reaction medium exiting the second reaction

30 zone by any convenient means.

While the invention is described herein in terms
of an improved oxidation system for converting

paraxylene to terephthalic acid, it will be recognized



PCT/ USOL/ 20109 reactor feed rate) within the first reaction zone to | ess
than about 6 m nutes, but preferably less than 4 mnutes and (iv)

opt i onal kyp hHE§_YgsNg heat fromthe . reaction zone to nai NEGEUSK126109
tenperature of the 5 reaction nediumas it exits the first reaction zone at
a value which is bel ow about 210C. Sinultaneously while feeding the

reacti on neditimat ochdeiseswtiton ebst appl heahiessarner afudieg reatdngn nmedi um
is reduced to val.ue in.the range of, from 10 1, 20Q kPa t.o. 2..000 kPa. The
car boxylic actd %?%%xﬁe]yﬁl ?%l§%n° Ve S oaﬁufﬁea]?tllncgqlarr(e)la?éti on

medi um whi chphshalpe catigs aos| their ofsters, drystatiaslyisyc coimeid i onal _
met hods. Accoﬁsﬁéflg $18ap16h00¢ o SOPAUUIEINIA] SedSdnvant] on oxygen is

di ssol ved direct into t eed streamconprising sol vent and oxidation
cat al yst, Sand®theak§ gepht @t f ecth 2t + %R T OR HeFS ¥IRF cddhttiiousl y and
si mul t aneous| yiytdhetPetPaectisOtonPé Bsidie df rsie Qudtaisd O rgpciton zone,

which is a plug flow reaction 20 zone. | di ately on entering the first
reaction zonec%ﬁ e%?%%%?%%r?aﬁp%¥¥fb%r%. i 1% ?¢§§Eﬂﬂﬁﬁ§i%¥xed with the

oxygenat ed solnmentved bpi tanteindeoneacte omxidytioantreddtingp tire axygen
supply, catal i’%ésEOPxSS”.%{Q £92’0£e§$%§99%ﬁ.{&? é&TﬁEdéeOI tenperature of 25
I'S possSi ol5, T

the first reaction zone, I e to contr e., limt, the uptake
of oxygen within thf reaction ned'un1tqta val ue which is |less thaq150@6of
the oxygel requiredtt or “PEFFTE oAVEF ST 0F- DT HEOR Bt iDro bV §R s an

correspondi ngoxaddbkyghi cabeglygst The arpaclievateaddrsssra80of hen Ieasto a
second, nore nk i I ea r d i V. The process of the
818&¥€ 5 86? kph Sagh @ T_ﬁlén 8&?%1&%'5{;@3? &nd

invention is particuflarly apgllcab eto erephthalic acid by
catal ytic |igeiBuphanecusivaieeoding bag ak§e@netFeREy Se aPEeBECIRRPIi si ng

acetic acid agddval SkppBy o¥ORP5085¢68 ACTLLSCI 20400 SRHEF DESCR PTI ON COF
THE DRAW NGS Fi ied schematic dlggran]of t he process of the

.1 is a simli
i nventi onlSaCCB?%?T’lboFoz8ﬂ% gﬁbgﬁpﬁeﬁt?eﬁ*—?ifr"‘? AL 1| YRR RPemati ¢
dingmg(rjam of theosvgnaspssc@fs?hfemiasweﬂitm BE CHY $hb rngelal;_cﬂr@l}e}‘}exgleﬂ
enbodi nent. Fig. LS Si i fied sche i c. di agr of .an_.alternative to
t he process dfé%F&n%%hgaﬁ ?ﬁnﬁ?g992fﬁﬂ%p€¢ﬁf%g£hc E %%ﬁprEﬁﬁtor i's
illustrated. poeDENAeUED:DESCROPTECDhGRY Taikd | NVENID ION. thhel préssamt | nventi on
resides in thfodégggyeéxdthat it is possible, when carrying out liquid
phase catal ytic oxidation of paraxylene in the presence of an acetic acid

solvent, 4p effectiyplyegLaghq! PeOkbgaLiON medium from the first
reaction zone to a second reaction zone, where the

oxidation reaction runs to completion.

In addition to maintaining the solvent:precursor

mass ratio as described, the uptake of oxygen in the

25 first reaction zone is limited to a value which is less
than 50% of the oxygen required for full conversion of
the precursor to its corresponding carboxylic acid or
ester, which can have one, two, three or more acid
groups, depending on the precursor. Oxygen uptake in

30 the first reaction zone is controlled by one or more of
the following methods: (i) maintaining oxygen supply
(i.e., oxygen concentration) within a predetermined
range; (ii) maintaining catalyst concentration within a
predetermined range; (iii) limiting the residence time

35 (defined as the reactor liquid volume divided by the



15 reaction on a conmercial scale into a first high pressure reaction zone
foll owed by a second, nore conventional, reaction zone and thereby

subst ant ad byodsigsr ove process efficiency and product qualpdiyuseineiobi r st
reacti on zone of the process is 20 characterized by a relatively high
solvent: precursor nmass ratio in the range of from 10-25:1, or even higher

as described r8attibtheecdetatt) agCoRh NEhé Of DNEL erdect Ient zHed ove and a
relatively hi L | east 0 kPa up

h pressure, e ,g,., 1n the range of fr at 2,0
to 25 10, 000 E%%goFﬁﬁ9eﬂbﬂFBhgrmlﬁfgﬁﬁf %%?v@ﬁﬁfeﬁgg% r%%?sn5%§ﬁrgtios may
be used, for mkaupée; apdt ¢idD: dpvioezkhy hrghevinpubedesfromestihés for the
overal |l proce xyl.ene. i d C ively through
or via the fi?%?cﬁgggt?%ﬁgz%heggﬁgggiﬁe%%g %%ﬁaﬁéiﬁgiﬁ ﬁ%e%ﬁ he
sol vent : priecursasthessmediio £f iheckitsttheatitoh remetienzordeatange of

from10-20: 1. ;Thg 1 fikrshikga¢ki gR1&QRNEpbSc OPihanal |y cooled to control the
tenperature of the reaction nediumas it exits the first reaction zone at a

val ue uhi ch s bel gy abouheBus1 0,021 055408: RCTLLS01320109, 2408 uont rol o

t enper ature, cat al yst concentration, reactor ence tine, .
mai nt ai ni ng the bR§gEACEREpFeaEborhEhe| PEESFERRL PENtRONEeRrtHPR a

predet er m nedpeangR MBKesdiikeROES! Bl fal e CONVERE €RdhYe Sof i Aidmt he upt ake of
S t han 50% of the

oxygen within_t reaction iumto a _value which, is |ess
oxygen reHhirédgsgrkpﬁlFocazsabsgkﬁ'ofT?ﬁe°%ﬁ?%§¥fkﬁea?b§t¥Pb thalic acid.
Tenper ature costubtscaanbpeegtabiresbedrrédmrti® e£xaapl eeabyiphaci ng an

i nt ernal coolina.coil gn t her cooli?g devige ¥Athkn tQ gkrs% geaction
zone, by enpl@? ﬁ&ma ¥E6oF nésjEXEéFa YsfrPodhtYt he 7&actorydrd ?’
circulating thg reavenbvhonedi mathhdeugh a heat exchanger |ocated externally
fromthe reactor. 15 Catal yst control can be established by, for exanple,
routing sone of thRceakdliyst teoat prafagreat babodligent dfrenély to the

second reaction_zone, bypassing.the.first re i o] l{,. LS ptical to
avoid pr el pi LavEBRTsr BRVEeH Rt 5084np b kal e ERA i r o bl TEERHe T ot
reacti on zonest¥aafocpmpirdaing bphvead Byd| pridahgonxggbaluptakandand TA

precipitationthé 8&§8eﬁé%¥8ngégdb¥tggﬁﬂ;ﬁgn£H9n§f93980§9iM§8ﬁ$l?rQﬁHrSor

ratio within the reaction_nedium an sel ecting an_appropriate cool ant
(e. g., 25 boﬁFmﬁétﬂﬁ?éﬁﬁlanHléboFhﬁgpﬁéﬁﬁ§5?ﬁa%n890FH§ EbFﬁtspots from
form ng at anyxhasdtbanreatkiBnt hentpaghien MBdhUPLUENLESK! kagcthenf i st
reaction éone t he p&essgte OE the reaction neﬂgun1ts geduceg.

si mul t anedls| §OBE -i t TBFSAIAFELYt PR nBPECE SRS eh P ohaF SbxFAAFTFR™r eact or .
This ' react ozoneuttet ppecalckprbeeagst i paedxyaakey edst bhoooughbubbl e col um
eact ors fOF LHALE! BB BRSUEG,LEAUELICDOT VERR BE FATVEDLENLRY aCCOMI] shed

by passing the reaction nediu rough one or a plura of pressure 35
| et down val ve¥ep6§ienoneBYabontrohéipar thRepyygent fepply, catalyst

concentration, residence time in and/or temperature of

25 the first reaction zone, it is possible to control,
i.e., limit, the uptake of oxygen within the reaction
medium to a value which is less than 50% of the oxygen
required for full conversion of the precursor to its
corresponding carboxylic acid. The reaction medium is

30 then fed to a second, more conventional, reactor as
described above.

The‘process of the invention is particularly
applicable to producing terephthalic acid by catalytic
liquid phase oxidation of paraxylene in a solvent

35 comprising acetic acid and water.



7 WO 02/ 055468 PCT/ USOL/ 20109 reactor. Best results have been obtai ned
when the reaction nediumis dispersed rapidly upon entering the second
react or. wWiapi/eksagssper si on can be achi eved by - using est aigi/esragormt hods
for dispersing paraxylene5 containing feeds in conventional reactors. In a
stirred tank reactor, for exanple, this would include injecting the

reaction nmediuminto thegpreget orsbriewrdNeori GuE dpRaRents cl ose proximty
to the discharge froman agitator inpelTer. Rapi d dispersion of the 10

reaction nedlun1ca@l?e @cQgegeglhglgfpgﬁbggh&ﬁéyfg &fgéé 8y Ltpiecting the

reaction nediumin cfose proximty to the air feeds errrng now to the
drawi ngs, Fi gPTecP8Sa0di hpPi LPBANEEARNAEFrding rben onet pebpdbreRt. of the 15
i nvention according to one enbodi ment. As nentioned above, the process wll
be described as itFiglatedsta 5h@pb16dadtS@hemitxer@phghaml@fathd al t hough
the inventd onpi§ca8B! bgakhe aavéhelsﬁogeeafgfn&ft@ £2Pper ok £gr boxyl i c
acids or their esters and m xtures thereof he priocess Is carried out
by first fornPR§OLIMERY st ream 10 conpr|5|ng solvent i.e., acetic acid and
wat er, and oxi dation catal yst ractice the feed strean1mn|| conprise a
m xtur e conpri si ngF{w) Beé§cﬁe§l@BEwéh@d selgma edic ndi derami gfioanand

catal yst, |'nSl@érn3§1§b'ior%ﬁ@tBEoEQQQea§§§§a$rQHb%Helﬁe?P&d geactor, line
12, and (iii) fresh acetic aci i he . The m xed feed stream

will contain ¥)preian éaFéFﬁszﬁﬁﬁpBﬁ%ﬁggr(éS bllu%%xakﬁ *Br), at generally
diluted concentrations fromwhat would nornmally be present when 30 using a
singl e cofventional oxPBEAL&RDy BREEREPTTRN| ©RaTHE, IRVENAEONSshown, contr ol
of catalyst ' concentration in the first reaction zone can be achi eved by
bypassi ng sone of The patakpst invathionngesides hien thquoiscoveryll,

directly to s d; peacgt 468 The m xed
feed stream EE?B é%e?§|PBSEg$%§é tgééggé%g§§n gﬁﬁ' §§¥ 2%%9 Fom 130C to
160C, based ofi2td yteﬁpe#adatéomthéavaxymecmpbh@nmem@ﬁ ¢Hramt he
feed stream Liueyeracihesbe¥BREAl HbCePEelfEvPPdsPagl " ERD 681 HQL1GR1 Ti cal

15 reaction on a commercial scale into a first high

pressure reaction zone followed by a second, more
conventional, reaction zone and thereby substantially

improve process efficiency and product quality.

The first reaction zone of the process is

20 characterized by a relatively high solvent:precursor
mass ratio in the range of from 10-25:1, or even higher
as described in further detail according to one
embodiment below, and a relatively high pressure, e.q.,
in the range of from at least 2,000 kPa up to

25 10,000 kPa or even higher. Higher solvent:precursor
mass ratios may be used, for example, up to 30:1 or
even higher, but best results for the overall process,
when paraxylene is fed to the process exclusively
through or via the first reaction zone, have been

30 observed when the solvent:precursor mass ratio in the
first reaction zone is in the range of from 10-20:1.
The first reaction zone is optionally cooled to control
the temperature of the reaction medium as it exits the
first reaction zone at a value which is below about



The pressure of feed stream 10 is raised via a suitable punp 14 to a val ue
of at |east about, but generally in excess of, 2,000 kPa, and the feed
stream i Syd @ihas4sced continuously and sinul taneously i nt op@r/é$hif20109t
stirred tank reactor 15 with paraxylene, via line 26, and a source of
oxygen, via line 17. The supply of oxygen via line 17 can be air,
oxygen-enrich ir, 1 1 i t npl e,
car bon di oxi dg?oﬁér' escgﬁ%f% Ir]%/f(e%}ﬁégél%eo%den. . %én t %ﬁgzoeur{t%reatg'f)&%dxygen
i ncl udes nitrbgeAtor HABLAERCENBENE capRALPT gBRINEHENERY chite 0PXYIM i ng i n
the first reaghppnyzepetfBdritStOpesatifg PERESWLEh B €apref erably chosen
such that the va 0£ greseat in the first react%af zone is fuel-lean, i.e
g 5 ¢

i.e.,
t he hydrocar bBh€2B EERLBRE ERNERTI&HOr 1T sPORF hEC LOMRYERRROLY ve Li it
(LEL) . When essebti ahkyupuakeonygeryysnusethas the seactronfmedigen, the
extent of ctooling in.the first.re LO ng,and.i o] j Ng pressure are
preferably chgge% g%%ﬁetHg%cﬁhéFeﬁgésnghégpg?ﬁp gs%ﬁ%rgggﬁ%hin the 25 first
reaction zonere@pikedalfby, fbdl monvehswnni afFEhe parawykensygen can be
pre-di ssol vedidi-pgaihy1iBt 9cfiged 10 via a mxing device |ocated downstream
of the feed PAP .  The paraxylene feed 16 may optionally be pre-m xed 30
wth acetic acid s i 0 ed_jn ei r upstream or
downst r eam of feedeééﬁgkfgg98p?%éggggyga%u%gn%?ggﬁ%aéﬁg%’p%?fion of -

par axyl en&® f eedanplemybbypassingasnointsranl peoledgdredlt Py ebhercond
reactor 20. Tesoieagtug@i@%dwwqhwﬂ'Eher@ﬁygksréac£h8n3§o£érS$Yreactor,

wi t hout bypassing any paraxylene to the 9 WO 02/ 055468 PCT/1TSOL/ 20109
second react i BAPZBK&NIhEs CaRLIAREt JaCkBFdtPaPukyPEAE EBBI BeRRCPReCF ange of

from 10- 25: 1. pBest reasektisnghave keeptobfenvatduhothitbughegbpdavent when the

acetic acid: paraxyl ene ss.ratio. is from10-20;1. 5 In_cases where a
bortion of it hEXPHPRSyFeNEcrEEn, SREBEnalFRe 18R] hiR: Bo2GGRa 1 i ne 31 |n
Figs. 2 & 3, is arranged to bypass the first reactor and is fed directly to
second redttor 20, CRRELYESUFPPREOsoFFBNPEpEPERYL AR HERE  r&PF0 in the
reacti on nedi dkunpléd) trhetingSkomeascfothwi thtalysstcupraifding mespense to

that portion zt t he aarax¥gen% m@bch bggagses t he firsg reactor,.and the
resul ting masSiFEPFo &Y SFadchCa g GE°PR AE3FEAGR 8P Ep PEPIDB 19 The
par axyl ene fettde Eimetl&eashdohdzbeedi spersed rapidly upon entering the 15

first reactor. This can be acconplished by using any of the established
met hods for rapidl grdispetrsicigaparaxykvend- peataphtagibreds saltdnventi onal

reactors. .ln a_stirred tank reactaqor 15, .as,shown_i hodj t of the
venti on? 11 BoEPLpBY” kBl FikEhceR) s RLCRATRLLE LRECETBRILARS: O cog
in close proxlTA fprmettieon dissdhavgedt bymlanisghuavsygenpebiake, Abndlough a

stirred tank mpRagt@bild +tShAWA 1B BhQo brePbReEdcByVRALHheARKiRYI dation
react or conflguratlons may al so be used with satisSfactory results. 25 The
process is caPilBdSedvent Precyresencatér YatbirdhProreestaPYst system

whi ch can be hedBgencaws Y Relecegageausapfrbprigesceuvslantal¥gsy.|s
normal | y ed.and.is selected fromane or nore _heavy netal c¢ ounds, such
as, for e in@}Q&SQaWFFeﬁén6§He§ Ogﬁﬂﬂope§aszFBégngﬁﬁf88n§88ﬁE§P°Eﬁ

addi tion, thefecamalfpsminig latnanyallogaslisa withiadethe oridatipon pronoter

such as medium.

.On exiting the first reaction zone, the pressure

of the reaction medium is reduced simultaneously as it.
30 is fed to a more conventional oxidation reactor. This

reactor could typically be a stirred tank reactor or a

bubble column reactor, for example. Pressure reduction

can be conveniently accomplished by passing the

reaction medium through one or a plurality of pressure
35 letdown valves positioned about the periphery of the



brom ne. The catal yst netals and oxidation pronoter largely remain in

sol ution throughout the process and axe recovered and recycl ed, follow ng
pr oduct gﬁgg#ﬁgmi 35 with fresh catal yst nake-up as a solpdrgpi/2dde WO
02/ 05546 USSl/ 20109 The feed streamto the first reaction zone, line
10, contains typical oxidation catalyst conponents (e.g., Co, M, Br), but
diluted by a fa of t t t t t oncentratlon
in recycled SE {:ﬁ Fe g%%? %%%Pt; }(g]ae‘;%a éée/egg)vcg?%/&q?&ﬁ ‘ﬂﬁé tﬁie cat al yst
concentrat i onrefsC‘su@Squa@mmyw adsmbxsﬁdmr@memmrmtmrw yshe
concentrati ongl gyel s yhep,and ﬁéprf@lafggeféla/@p@aﬁw £&dh erpvsd over head

in the second reaction zone . The total catalyst netals 10 corcentration
inthe first F%ﬁ%@l%ﬁtéghésﬂfﬁlm?EQW%%JfQIIq%§R?F§¥ﬁ9rQﬁEﬁﬁﬁkﬁqu 1, 000 ppm
\M’\llvI wher esaisl &bftgﬁhﬁhgﬁfea@é als coneemtidia Dnrédct dies SECDdea reacti on zoge
Wi typi ca ie in_t e 500 .to 3,000 a Co an

Mh et al cata bEET %95F3ﬂF thd E%rtoﬁ%f %%ﬁ%ﬁ%%t %%i%ﬂgybg dgﬁf ?on in the
first reacti oinfeceisgouhd peateiablyedbumomioltive stagreatierlanat about
250 ppm w w f g t t:se V. T ation
reaction is h?%%IPQ ug hgéﬁgclﬁ %féké %%?éﬁ%%ii % %&%:%&§§Pé¥i€ and

sol vent rati ofapd %PtﬁgmtaﬁoﬁeamﬁebieéoolR@Eﬁ@kﬁ#$@ﬁ%ﬁ1@ﬁl0 Hehgeat of

reaction ﬁpulQeaét§6ntmeds_@ﬁpsaﬁtyéeaaﬁlé@@dfmsa beRE1d Obo el UM to a

val ue hi gher than the second reactor operatin erat ure._ and/ or hi gher
than 210C. 2SF2aFEPLtPYelhleehingrhereerebio XW? Whpeh attR%ei s desirable
to mnimze spkygnhiapdtpr ener aor depdasedati on (i.e., burn) and to eliminate

solvent flashing as the pressure of the reaction nediumis reduced on entry

into the second reggfégglﬁ@ngowTh@ {hésaraﬁgﬁéspan@ne13psmgy t herefore
i nclude a coolin I nternal or t ernal means

for renoving feR gngbﬁFtﬁ@hﬁﬁﬁggﬁrg%%ﬂﬁa?e%EtF%ﬁ RESF TR ?% %trol t he
exit tenpesat inheentidbheateaeting tedone éebodiRdNE, alhsl mewtbowddy bel ow

t he second reactor o rating 35 Lenpey at r t he

tenperature of ?H%' ggﬁaﬁfoggsab 139 o?cﬁlgﬁ %gP%r%€£%¥é€g¢% | 111

WO 02/ 055: 168tRETPUEALL200090E terephthalic ac1d although the
invention is applicable to the production of a range of

carboxylic acids or their esters and mixtures thereof.

20 The process is carried out by first forming a feed
stream 10 comprising solvent, i.e., acetic acid and
water, and oxidation catalyst. In practice the feed
stream will comprise a mixture comprising (i) recycled
solvent, recycled mother liquor and catalyst, line 11,

25 (ii) reactor condensate from the second reactor,
line 12, and (iii) fresh acetic acid make-up, line 13.
The mixed feed stream will contain typical catalyst
components (e.g., Co, Mn, Br), at generally diluted
concentrations from what would normally be present when

30 using a single conventional oxidation reactor.
Optionally, but not shown, control of catalyst
concentration in the first reaction zone can be
achieved by bypassing some of the catalyst-containing
mother liquor, line 11, directly to second reactor 20.



spots fromformng and resulting in |localized precipitation of terephthalic
acid (TA). Maintaining the supply of oxygen to the first reaction zone

Wi thin awy giesssm ned range and 5 controlling the exit tiRrpesoakomoe, »
catal yst concentration and residence tinme of the reaction nedi um nakes it
possible to limt the uptake of oxygen within the reaction nediumto a

YﬁluiomhiCh if |eS?hE?%Px?%WEQédtQ@r%&ﬁgﬁﬂllf @ﬁéﬁgli$fh$ﬂé|a00nVFrSiOD of
e par axyl ene (6] . us, accorain (6] pven 1.0Nn., . par ax ene | S
P bPem Tab ! duithte: b

converted in FRPRETREUER O 15DG FARFTIOT t BT A &1 it géfdas

p-t ol ual dehyden phéotempeastdrandf 4tiBAvatihdes thepdesnt s belli i ofesm
conditions, wih effective_exit . tenperatyus Q e fir eact or
will not prOS%%% gﬁﬁgsgkfaa$A. qﬂ%g§%5bt?%§ ﬁéﬁ%%ﬁ%%&%%i%g ¥$%sfé?éactor 15
is fed via | i sbré8mt bsanebconditieattor, i.e., oxidation zone, 20, which, as
shown, can be a conventional, continuously stirred tank reactor.

Si mul t aneousl y, theh@0ppessanecodf fébe stasamohlnesi vaissdredaced to a
value in the range of fromi1l,2 kP, 2, 000, k ri above,
pressure reduﬁ?%gﬁb§3np %pc%%vg%i%ng?%Sgc%gn%Fig %ﬁégﬁggggsiﬁggthe reaction
medi um t hr ougtienaeadlyaipl ekaessyodf pre88ukBal eaddwhheafeed streamzl es 21
25 posi ti OnediébQQErBEacgar EBASE MuBhsi §aghar s 2uEhE8Ysiheinegchi on nedium
is dispersed rapidly by injection into an_agitator inpeller region bel ow
the liqui 8 1ihérer phérredctapk PPBEESE é8nditlRoR3rArYheRereBtfor 20, i.e.,
tenperature, pPERSSWES, agat al ¥stireensenbkayan and BOneesvdence tine, are
wi t hin conventional ranges, although oxygen uptake is reduced for reduced

oxi dation intenSit¥heV@9FE%&thS8%958n0§igxigﬁe 19 the Hbratrreactor

i ncludes nitrogen or ano inert”Carrier gas, spent 35 or excess_air from
first reactoroxggeprgeraghefdsaiirxegxyger W ELd2NO5546BePETERBOIFYER09 Wit h

a fresh suppl ¥sof rakr e@EmpX¥geBaeBBhalinbRYdEdSor| bBeerBRaldpdptibe resul ting

m xed feed gas strean1hﬁ |n%boduced and ragidlﬁedisgersed LEto t he reaction

medi um i n1SecBKdIPBact BPSB0 RS SRVEEENTENPEXPCHe ARSI UESA PaFRREFYePY, spent

or excess airahboheli Ltakrteaatreoiet5gaan bbef edtdnteof| gobdingniensbe 24 as

shoun via dot kgdstl 08agehontbhe ek EY Y LLeIRqabERE, XY ER- CONt al Ni NG
ctor 20. TA™W p &

gas being fed 10 second Tea reci ate to forma slurry
within 10 reaptefezeblanghpeepafupl tBabveEhedvaPom PRESPBACLBrtBgstem vi a

line 23 usingrgeryertherabnnebhedss Raagteeaqverhead ¥aponyhkeankBaat or 20,
which wll necessarily contain songe aceti s condensed vi a

c acid_and water, |
condenser 224, CRRESREsPofthEN&2PBRdAsRE OWstﬁétBPﬁﬁﬁ,EfgiP?éV? baRy el ed,
via line 12 fqLEl¢ed whepasssekeidpliophiresbxygeaat as hSedAaprepertion of

the acetic acid and ugt er condepsal g sLheam( 39-5aLLed maber draw of f) is
diverted to a°Sorvent deﬁygraflon syStemto renové the water of reaction.
Optional ly, bueagttiophewme and its operating pressure are preferably

chosen such that there is no vapor phase present in the
25 first reaction zone. Optionally, but not shown in Fig.
1, some oxygen can be pre-dissolved directly into feed

10 via a mixing device located downstream of the feed

pump .

The paraxylene feed 16 may optionally be pre-mixed
30 with acetic acid solvent and introduced into the system
either upstream or downstream of feed pump 14.
Optionally, but not shown, a portion of paraxylene feed
16 may bypass reactor 15 and be fed directly to second
reactor 20. The reaction medium which results in the
35 first reactor, without bypassing any paraxylene to the



20 portion of the condensate nmay be returned to reactor 20, to the reactor
headspace, via a reflux slinger, and/or to the reaction zone, via a

separ at e @gslodskgae or by mixing with the existing feed stre@psoil2one 19.
Fig. 2 is a sinplified schematic diagramof a 25 preferred enbodi ment of
the invention. The first reaction zone, i.e., first reactor 30, accordlng

to this enbodsgeshdi seacplivg tbaw,r rast an. a5531éeiﬁidp¢wgai&D@héeaCtOF i's
used herein to eflne g eneraII eIonﬂags Soi ction zone in
B of >t he

which rapi d aRBCS8 TRofbigRaPaRI B e SDER R8s ey
fl ow t hrough bhentubeemvedoﬁduith1§hembndemenbnwhhnmkheracetlcntended to

mb ot I fl
?eaé?fﬁna2¥n£§@%§°5338385?855§%§9p%?%%éciﬁpé%é%”ﬁée%eSQr?bEd“gbovg“ﬂn
t th Fi feed, st 10
(1) Focyoled sol veRl, SPEEScBE ofnBP ot loP Tahie, "5t ATVELe TFaCli ne 11,
(ii) second reaetorlQDﬁdéﬁsaneFlQ vﬂaahdnélm2,3éndn(FLg$ f2e€h3aceS|c acid
make- up, via Ekggnééd @Btb QEEythQUEiQQE §QQE§ ﬁﬂ&rﬁé ggdcatalyst

concentration in tRe first eactlon zone can i eved by bypassing sone
of the catal yg8igeatantagSREPREr TPRGEOFE, vanéhﬁlreépiﬁéﬁgy to second 10

reactor 20. TQSl%HHE'ﬁa?Bx?léﬁ%nthstBh%l@”@ﬁdtﬂEnEeabtﬂén1ﬁédlhﬁ in
essentlall% pure %aseous oxgg 1Re m. xed feed gt[ean1mnll %enerally have
r BCEPTf o

a tenperallir e*™PR £RESFaR§ 1366ve5 ¥BHerddipehBFRGNER tRe
t enper at ure othbbepaak&ouposttaanparéxyEehenpa&ahubgphﬁsébethanQEret about

| 40C has been fou dto i.tahl e Ltiatli t da ion L actlons
The pressure oFanlxed Peed % %gsPéﬁseg Bgsg 53?38 ?% ge range or &t

| east, but gedsr &heyrengexoésupofto 20000 kPﬁhbypanyxsbﬁnabfeegunplng means
14. The 20 pr@iﬁHrQG'5sﬁBQi@”bEOdﬁgﬁgEEehhékgééiyoﬁpBHeeH€§ ga ex¥gen,

introduced via line i7a be rea ol ved stream ahead
of first A®acfdrsforgacémswn. TRAE ﬁ?%e&efé§G°§Pié§H?QnPM HF486| ¥BY oxygen

is then fed sbmukhane@uabl1@ﬁddcmethau@usbt tapmdmyuelaﬁeibgmgreactor 30
wi t h paraxyl ene bei via,line t on.is |nht|ated The

par axyl ene’ apaSARYORAFT £ OB SAPADG 1889% R SBBTRECARRALsIPRBHPEANd | he
m xture fed via blle13redcmbn&nabb¢toas1desaslbhdwabmnetha portion of

par axyl ene fe%%b%%l%Eth%Ea%%e39F%%ﬁ%E §91ﬁ9ﬁ Qﬁepeg d§§8Cti¥egﬂa§econd

reactor 20. In casés wh par axyl ene Irectly
to second29ea@p@ﬂdzdncﬂﬁderé@ﬂﬁ?ﬁn@gs&h@eﬁﬁeﬁaﬂaxyﬂ@ﬁ@ Russimatyoten the

reaction medi gMe BikkBalglstrb@aahohgWithioadinpb1ypvar dhyYthBugRSRONSE to 35
t hat portion of t he paraxyl ene feed “thh b{gasses ahe fhrst reactor, and

resul ting mas$ PéFFS rBRK FREFEPSr &5 shown

conventional oxidation reactor configurations may also

be used with satisfactory results.

25 The process is carried out in the presence of an
oxidation catalyst system, which can be homogeneous or
heterogeneous. A homogeneous catalyst is normally used
and is selected from one or more heavy metal compounds,
such as, for example, cobalt, manganese and/or

30 zirconium compounds. In addition, the catalyst will
normally also include an oxidation promoter such as
bromine. The catalyst metals and oxidation promoter
largely remain in solution throughout the process and
are recovered and recycled, following product recovery,

35 with fresh catalyst make-up as a solution.

10



14 WD 021 055468 PCT/ US01/ 20109 reach a value in the range of from80:1 up
to values in the range of 100:1 and even hi gher Ml ecul ar oxygen is

di ssol vegyd h/ésasssm xed feed stream using any conveni ent ipeT/wSHe20M0%i NQ
device 33 to 5 achieve a concentration of dissolved oxygen in the m xed

feed streamof up to 3.0%wWw . Mxing device 33 could be an in-line nozzle

arranged to di schafge Pé(%(,gegtgéglgc&gyt}ﬁ@tﬂggp A&65 i eafRe I N- 11 ne static
m xers (not shown) can a be positioned upstream of_ first 10 reactor 30

to facilitateliR&ihy ¢entaing sovpbeal ppel SR R Ay TheETRRAMTIh to

slt ageI the i ?t (@siyc,t | O, q?npxyg)e,n ?mt edllﬁfie? by eduEeactdie OXygautats a
plurality o tions alon e |len 0 i rst ction, zone 3

st agi ng oxygeﬁ 1 TR @ fY%ngotﬂ%enﬁﬁ ?ihﬁ?cﬁﬁﬂ %B&Eégﬁ?ﬂnﬁﬂﬂﬁﬁ%ﬁq ?#F
reduced, and mdmtlserllud;unon fpennptedact edewdvary i nlieactbr dier ating

pressure. '”8£€‘§i 3&8&%&@9&&%1&2'&@ %1%’1![ %] ‘(’a\‘bcf‘ﬁ&fé” 30

si mul t aneous| y° and” con I NUOUS g ar ax orm a
reacti on nedi comvenwhoralt pate x%tt¢¢@F@%ﬁ¥@#ﬂ0¢mﬁ%ﬁg4%HW#@Qanﬁ|%SaI | east

about 10:1, alfhough i@evéﬁbyfaédpaﬁaxy&ﬁ&eeaaéwrrc;@éubfna&@lgéb@m 25:1 or
even hlgher In a preferred _enbodi ment the solventdgarax ene ratiois in

the range 25 B?aQEl9@ ion?@%QdenQEetFﬂ%@%ﬁC?WEJY%% d|un1mAth|n pl ug

fl ow reacig oncgnsendPat sonelnt tnel flﬁ:h@rfead:tfon i@rsé wieD ®ypicates. The
reactor 30 shown

medi um f | ows ?h?ohﬁhg’?%er?ﬁ%%s%%ﬁ a8€%géj§ﬁt % Shg]b?%%“ﬁﬁ gggt :Ngtner

(PW, is introdUabﬁstnmetahe sbaténtrdbinheim tneb@¢¢en®ndbastx@mmved as

ot cam (S} o) EBELL w8 CEyBUEGRL(DRLLEL, Long YOOZI B0640R £CT4S0N 20109

bl owdown, BB) con | mpur i d-up in e water
system w/w When using a Co and Mn metal catalyst system, the

15 total catalyst metals concentration in the first
reaction zone should preferably be controlled at
greater that about 250 ppm w/w for good catalyst
selectivity and activity.

The oxidation reaction is highly exothermic.

20 Depending on the oxygen uptake and solvent ratio and
without a means of cooling the reaction, the heat of
reaction could raise the temperature of the first
reaction medium to a value higher than the second
reactor operating temperature and/or higher than 210°C.

25 A relatively low first reactor exit temperature is
desirable to minimize solvent and precursor degredation
(i.e., burn) and to eliminate solvent flashing as the
pressure of the reaction medium is reduced on entry
into the second reaction zone. The first reaction zone

30 may therefore include a cooling coil 18 or employ some
other internal or external means for removing heat from
the reactor (and reaction medium) to control the exit
temperature of the reaction medium below 210°C, and
preferably below the second reactor operating

35 temperature. It is important that the temperature of
the coolant is about 120°C or higher to prevent cold

11



The tenperature of the reaction mediumas it exits first reactor 30 is
mai nt ai ned bel ow about 21 0C by 5 controlling the pressure of the produced

steam aRgh idessi tS tenperature. Controlling the proceseqrarsanee®ss as
descri bed according to the invention nmakes it possible to limt the uptake
of oxygen within the reaction mediumin the first reaction zone to a 10

val ue which ispdiesscidaneSaRing dhe wesigedi e neskddrzdail | conversi on of
t he paraxyl ene to, TA. Thus, a{ax Ietrt}ga',s co%réﬁb& in first reactor 30
primarily to W?H’e‘ﬁ%ﬁ?ﬁt%’g, %]EJ%EH‘ -¢ AUt detiy'de, p-toluic acid and
4- CBA. Under the described process 15 conditions, with effective

t enperat ure contrdfagitaheingaehe otk 0f @xydenexia g r&irsteact or 30,

the first reagdQet i lzH0d w1 O8HIE € PWe st dhiled Alddyigtha@ shel | and tube

reactor design is shown in Fig., 2, reactor 30 can he any suitable reactor
20 desi gn wi tFPRPEPbiHRS h’g}é? g%v%?m%?ﬁ%?'orﬁﬁ%aﬁm% pl e oxygen

i nj ection. Fotoxeamitetidheandarsoiderare hadnge nuf tilped erdadiei qrassediumi t h
oxygen injection int tion i S.

Al ternativel yI?é)]éeénalc -ér?gse%g?%a% o%ﬁ%é%%@’{%géﬂ ecﬁ%%&e%gug%ﬁped
circulating |dop rezctben mediwe e oyekle whirhxdgerrds)dun 0% nto the
| oop and heat,f efpyaby fEOM t8Gul POR £S: | USSR d b g the The reactor

can al so conprise a serifes of "cooled or uncool ed vessels, wth optional
oxygen i njSectPdrRXpseReah? 3BRof BReH \REERIAinhet e e | PV ertel Rt exi ti ng

plug-flow fi _rﬁér\]réﬁ}Pé@é 89 béni}eg_taaaiﬂliﬂhﬁrsle_waF@lwﬁrliﬁmkmﬂj;g
connection with the process, epbodi nent sho i : to a secpn

reactor, i.e.t© o%dh‘ﬁ)?%ﬁm‘i@hﬁggﬁo,%ﬂ? c#° é%‘%]guas%‘gwd%’arp%eo ‘i

conventi onal ,acbdt amdiodsCHBASt | Undelr 16he MG ORI 105G NGBoRETE USOL/ 20109 t ank
reactor. Sinu e , & p f 'ggiipg i LSy reduced to
a value in th%@%‘%ﬁ%%’f?’%ﬁahl%‘g‘%%%égt%’%‘,eo%%&ﬁ%. rgg(jéﬁgeeféjé’ducti on can
be convenlsnttie attospl repetobywhhbsnealgy predreaanrvns Gl dfAm t hr ough one

or a plurality of pressure | etdown valves or nozzles 21 positioned about
the periphery of reaetpeagdiahenedjunhexiehngibirsedieactier dispbssed _
fapidly by nEggLyon 1ThQ 20 201 LALOLAGPELASLoL 2Ol 08, Deboypdlipoh ! auid Tine
of the reactor. Process 10 conditions wthin reactor 20, 1.e., tenperature,
pressure, cataPysi €0ncehifhiiaf, ShoWnr e PR 2 tFPRVEREFLCRR Y hi n

conventional ggRgESuoakiPoyENr oM IEINKPLEKELbS. I eSiReT 40 ol €THIS eEhe

oxidation intensity. A fresh su of air or, ox n-cont ai ni n as, 15
line 22a,¥s Pﬁ??%’dﬁ%eafaﬁaer55?8{:%0&1&%@%&? n%/%&f?\eegr%%c?i‘()%l diumin
second react oin2Phéyranygecofivépbrnl, 2e@ankPa T¥o W2 ) 0OPrieRa pi tase to form a
slurry within, reactor .20 nd | n._he d t 0
systemvia li ﬁgsaglﬁgﬁnabggﬁgeﬁ%?%§3F9nﬁ%ﬁ%ﬁ%ﬁf&%ﬁﬁ{% €§%%§§$%18%1 eact or
20, which wi | hcoeupdsaheflybyoneaphngobbe aced¢tiorimedignwbheeugh sogendensed

via CP”densef024? ggeraﬁityoéftBﬁeseaggn§é£&o&§ v&ivEnedr hofziekegycl ed,
via line 12 for fe stream make-up to

positioned about the periphery of reactor 20 whereby

the reaction medium is dispersed rapidly by injection

into an agitator impeller region below the liquid line

of the reactor. Process conditions within reactor 20,

i.e., temperature, pressure, catalyst concentration and

30 residence time, are within conventional ranges,
although oxygen uptake is reduced for reduced oxidation

intensity.

Where the source of oxygen to the first reactor
includes nitrogen or another inert carrier gas, spent

35 or excess air from first reactor 15, line 22, is mixed

12



25 first reactor 30. A portion of the acetic acid and water condensate
stream (so-called water draw off) is diverted to a sol vent dehydration

system t uo gigxefsst he water of reaction. Optionally, but T/ cdeemmnos a
portion of the condensate may be returned to reactor 30 20, to the reactor
headspace, via a reflux slinger, and/or to the reaction zone, via a

separate feeduitmearf@és}bysﬁ@ KLY Go i 41 tde @ ﬂ%ﬁiﬁﬁﬂuﬂicj&jﬁé line 19.
1177 WD 02/ 055468 WHAT |S CLAIMED | S: PCT/ 0% 109 1., A rocess for
produci ng a cErBROXEATC ?a%‘fldtlb‘? FeIUHARF RS ﬁé)l%a? i AR

oxi dation of introdueedpandi n@ppdbmni:smerseca ot o ertte s:eémltmhf r om an

aliphatic car&?&(%‘hhc gc%gc&gdarg%gtg% Phat c r%?@t%ﬂ&er?féﬁt % sol vent

optionally in whi ¢ rs ormng a Stream
conpri si ng sdwmmna‘euaﬁhyoﬁmtmc@s%@%taﬂam Brere| BiBsted pressure of at

| east about ZIQQ&gPals(@anC@atf@aIO&lﬂé/c@m & nebiaaeous| ys feedimged 1) the
feed stream (2) said precursor a supply of oxygen to a first

reaction zone"id ¢oFhHeQ ]_L‘Sn?e%l%]?l OW%&WWWW%#]E sH% e : precur sor

ratiois int cﬁ@rﬂ@@o@faiﬁﬂm@a@aé aseind Ofdd t6)sddond i Ngadter upd ake of
oxygen within e reaction nediumin said first reaction zone to a val ue

which is |ess thanl‘ﬁov/iﬂ?i ﬁP@c%Y@@E‘er’@&Uféﬁrﬁ dos1dry wOrgopversion of
said precursor to its_correspond |%€ carb lic acid or its ester; and (d)

feeding tHe reseeror ABdi Rt dtaC c]B‘ﬁdr?'% FEreh Lo W | EPRFHRF t aneousl y
reduci ng the pyecsnreiaflihe 2racsiog @@dvmimalméueodm t eegiage 25 of

from1, 200 kPa_to 2,000 _kPa. 2 The L oces i i ch_feeding the
reaction ned|%%$f%e 8583835 F B3R 2% zone mhl %ﬁ%lnu %h@%%€#§a¥eg§0|ng t he

pressure of tdentaantsomeneadétbrtachdvanhdewdper hels apgredensédonia, 200 kPa
to 30 2,000 kgéné&ﬁégﬁrzaonyﬁasxﬁést(a% i héé‘n&&?sé@émi‘g f@@&fﬁ@@ zone

vapor i zi n? portion of the solvenf present in the reaction nedi um (b)
renovi ng the %a%or reekring, r bt bineves hEew; Teey %Eﬁ%%%smﬁbeT%% Ypor: and

(d) recyclingrspge QéaatbroistheAC@ﬁapaﬁawnt@fth@e 35céeed stigaghd 18
water condensate stream (so-called water draw off) is
diverted to a solvent dehydration system to remove the
water of reaction. Optionally, but not shown, a

20 portion of the condensate may be returned to reactor
20, to the reactor headspace, via a reflux slinger,
and/or to the reaction zone, via a separate feed line
or by mixing with the existing feed stream, line 19.

Fig. 2 is a simplified schematic diagram of a

25 preferred embodiment of the invention. The first
reaction zone, i.e., first reactor 30, according to
this embodiment is a plug flow reactor. The term “plug
flow reactor” is used herein to define a generally
elongated, or tubular, reaction zone in which rapid and

30 thorough radial mixing of the reactants occurs as they
flow through the tube or conduit. The invention,
however, is intended to embrace any reactor
configuration which approximates to a plug flow

reaction zone.

13



WO 02/ 05y68 PCT/ US01/ 20109 3. The process of Claim1 which includes the
additional step of recovering the resulting carboxylic acid or its ester
from t heyw@enedsgseacti on zone. 4. The process of C ai m 2 mgresderizowbudes t he
5 additional step of recovering the resulting carboxylic acid or its ester
fromthe second reaction zone. 5. The process of Caim1l in which the

calr boxylic acid isasesepbthobdcabeve, it ifom@@w@orwiﬁu Bt @xyl enteednd t he
solvent is acetic acid..10_6..A prpcess for_producing a carboxylic acid or
its ester by %5?3?’%1‘@ T‘T’qﬁiralf)%[gs c i%ltajf"'r’%'ﬁ BT Lo T e spondi %g precur sor
in a solvent $&)ectéedclednsahveht phaecyclad booyhexr hoguborarad non-al i phatic
organi ¢ aci d, I | v Lopal ly. jnc I el i rises:
(a) formng ac$g%gy§€feg%$cg§%%ig?hgyéorvéﬁgbgg ox?%%fp%%%%%taigggpat an
el evat ed pressupelinet hd, range(biit r 6resh 080 biEC t 2c DY, TwD0e ey, ‘(%9

oxygenating thenfeed, stgambna01{C)pePMhbAUINSLY, a8sh ksl daneously feeding
(1) the oxygenated feed stream and (2% Eﬁ d_precursor. to a first reaction
h

i
zone to form $@Feh¥tt ofCREERERF FHoOnt %efgﬁ?Qeﬁ??cEﬁ?Rnﬁ?ﬁﬁ F®iois in
t he range of heoatADed8dlbandypeasihgnspmedoft shareat@iynstar ned in 25

solution as they,are.formed, (d).linmti he, upt ak o i thin the
reaction nediﬁﬁ¥Fﬁl%hP§ P g?£r%5 2o g%%% %’a&@%?%gi%h?%%ggga %ss t han
50% of th® oxygeateeqdltedThersbpblycofivexggen bh thisl ¢needimentio its

correspondingl§gecgﬁggx¥gigsgghgia%%%tﬁufétggée@@g é£)gdgeding the reaction

mediumto a second reaction zone € sinmul'taneously Teducing the pressure

of the reaction negiumtao al ye_] he g 0. kPa to 2,000
kPa. 19 WD 02/ 05%%5‘“#6‘??%6?";{26%35’?."’%@ §?§%%%£9 f&%f%iar‘n 6 wherein
said first rehempenatune is hhel ngngeoef r aemot39iC £hdd /i xed reactor. 8.

The process ofjefLakihg bR ¥heCRehpedhrgri N ScheaghkOyPesE HERAS, @ gecond
reaction zone while sinultaneously reducin thg%gégssure of the reaction

medi um t ol% viPURerAtERe ifRnfBeoFarEsnri, 2bouk & Ragodeesa Taher

colrrprises: (alowbkhkaithBlsegopdineathtPAgzone y¥rpastzoNgréaPoiéheon of the
sol vent

The pressure of mixed feed 10 is raised to a value
in the range of at least, but generally in excess of,
2,000 kPa by any suitable pumping means 14. The

20 pressure is chosen to ensure that all of the gaseous
oxygen, introduced via line 17a, will be readily
dissolved in the feed stream ahead of first reactor 30
as shown. The mixed feed stream with dissolved oxygen
is then fed simultaneously and continuously into plug

25 flow reactor 30 with paraxylene being fed via line 31,
and the reaction is initiated. The paraxylene may
optionally be pre-mixed with acetic acid solvent and
the mixture fed via line 31. Optionally, as described
above, a portion of paraxylene feed 31 may bypass

30 reactor 30 and be fed directly to second reactor 20. In
cases where a portion of paraxylene feed 31 is fed
directly to second reactor 20, the resulting
solvent:paraxylene mass ratio in the reaction medium in
the first reactor will adjust upwardly in response to

35 that portion of the paraxylene feed which bypasses the
first reactor, and resulting mass ratio may, therefore,

14



10 present in the reaction nedium (b) renoving the vapor fromthe reactor
overhead; (c) condensing the vapor; and (d) recycling sone or all of the
condensaigp hsosshg feed stream 9. The process of C ai m 7 pgr/vesiabuod eedi ng
the 15 reaction mediumto a second reaction zone whil e sinultaneously
reduci ng the pressure of the reaction nediumto a value in the range of

from 1, 200 kPaed6h 2a 0091 kPaid utideragamsf sEsom (80 : Widghito tvel e il
reaction zone_yapori z

in rfion.,of the sglvent 20 present in the
reaction medi UhE f%?g?eﬁgs}ﬁg'iH%n%a$%ﬁn§h%§h?%e reactor overhead; (c)
condensi ng the vapor: and (d) recyc]ing, song or all of the condensate to
The food ot roam TBO1aRelat GHEUESH L4l B STOLVTA I | T T e
addi tional stepre&mresoNgramyg cheveesbent i Ng-Tatdaxying addwli@s 33 stester
fromthe second reaction zone. he. proces véﬁ d.aim 7. whi.ch incl udes
erte

11, T
the additionafCRIEPSof TRACVAFT AL TRt T TP hET L aFDESH it adtd or its
ester fromtheigedofidedestteam gbnep B9 320% Théw pr oddissingf d@wige BIhi ch

i ncl udes the { tigpal  step r i | &4 Lk C,acid or
its ester fro%??%% ggc%ﬁdiﬁeggé?oﬁgg%ﬁi.Qgﬁéﬁﬁ%éf%gf%%%%%8 %§§%¥$§?20109

13. The procedsrectEyvainto Whe cheedcsuaeant helobing oheat ke dpl¥RT$ ecoveri ng

the resul ting(gatbexywhf 88hdaDsoibé ©6&LE1ibAOM (P BELRNGKE reaest on zone.
14. The process of ClgbngG tn wﬂlgh the, carboxylic 5 acid is terephthalic
acid, the!$hreEBREEPTi 20 phP akFFht 2 had™ ¥ %ol vent is acetic acid. 15. A
process for catalytic liquid phase oxidation of paraxylene in a solvent
conprising acetic &Ei #SwRieh RORHEPL@sACAPTEENTfof Ny LR AR re@m

conpr i S} n? Sogvgg%oaﬁ!d igxtgga%@giﬁﬂt@fzﬁiy@énanie%ge,vaﬁ?ﬁirpt]gﬁ@%mf in th(e )
range of from2, up_to, 20, a; xygenatin e feed stream (c
con?inuouslyngﬁa gfﬁﬁgPaﬁEoﬁngufﬁgﬁF%go%Sf?§$t%%%Sd%Vﬂ@%aE%% TERERt r eam
and (2) said.pﬁrﬁXybEneeaotaoﬁizepepBUg-prmstegimGOWKy@ﬂm_to.forn1a

reaction d'EﬁBgﬁaﬁﬂhChFBQemggg%bﬁ f&égip8£§§¥h?8§né@ﬁéfh Boh Ny Lhe range

of from 10-25: reaction ducts are nmaf ntained i n solution as they
are forned; 20e@dyefli npnfinghife Upt BRENof POXPHER i ¥edRCER@N rd@ACti on medi um

in said first pgacbi0Bp&eReihg pr¥akuseWhich is |less than 50% of thhe oxygen
required for full conversion 0f said paraxylene to terephthalic acid; (e)

feeding the reaction BedbuiLbo 2088C0Rfe2n 163¢L! POdZOREWILE flow

si mul t aneously reduci 8 . Eressure 0 reaction nediumto a value in
the range of teester280 rpmuibapegpslypandhepebinBopdtyi$hthf the sol vent

present iBythgak8aghieal EBALHBYEEyVaRSK Z€deadffion medium in which
the resulting solvent:paraxylene ratio is at least
about 10:1, although the solvent:paraxylene ratio can
be as high as 25:1 or even higher. 1In a preferred
embodiment the solvent:paraxylene ratio is in the range
25 of 10-20:1.

Residence time of the reaction medium within plug
flow reaction zone 30 is relatively short, i.e., less

than 6 minutes.

The reactor 30 shown in Fig. 2 is a shell and tube
30 design. The reaction medium flows through the tubes,
while a coolant, e.g., pressurized water (PW), is
introduced into the shell side where it boils and is
removed as steam (S). A small water purge (boiler

15



30 (f) continuously renoving and condensing the vapor fromthe reactor
overhead and recycling sone or all of the condensate to the feed stream
whil e regrygiésiskst he resulting terephthalic acid from thecypessndosgact i on
zone. 21 WO 021 055468 PCT/ USOL/ 20109 16. The process of Claim1, Claim®6
or Claim 15 which includes the additional step of diverting a portlon of

t he p%axylben@l&e@&m;omysaia tf_jékézﬁ t@?@éﬁﬁbzmdﬂﬁyﬁiﬁb§ﬁﬂwd reaction
Zone er epy Sal acet| c acCl alr ax ene ratio in said first reacton zone
i ncreases t P@Ia‘ll%el?ntl&c‘@g bis 32%1:91 © 22
_AnY. ANse. AN'. Au* . ANs. Aus. ANse. ANSR, As
AN y. ANL. AON' . ANFD %mewer%tu%%s@fm%eﬁe%tl% mad iy Y. LgeEits  ysnhen
YT]Calca]Ca]Cﬁiﬁ@%ﬂﬁ@&@ﬁ@iﬂﬂ@]Eﬁ]ﬁ@iﬁﬁ&ﬁﬁé&C@éb@&ﬂ&h@@@kﬂr@knﬁq]ca]ca]ca]ca

] ca] ca] c” al ca

" ###cSh$$B| © /é‘ L%?rﬁ' lj’%aﬁ”&%%’éf%a{’%nﬁf c%%%‘i%% 27 e cal ca] ca] c
g]zfgzn4gg]gcg]lch¢na§e catsa]:em}bea@tatﬂ: ca@caﬂ:caﬁ} thojcatha|padced=sr0+?2+v+, -
>>ADF VA ‘%{Eﬂ%z?’%seaf\ﬁi cr 13:%1 ca ?%al@ca?ca %‘é %% cal ca] cal caU]
ca] ca] ca] ca] capkapcht] papeipeq] 6] Eant ]*é ¢ captafe a9t apeed JINNNNN

OaCPPQRRb actlon medlum in the first reaction zone to

i T T G sl

ca]ca]ca]ca]cat% xg st. re r aril
a]ca]ca]ca]ca?é f f%ﬁfcéfca ca]cafca]ca ca ca ca?E?Tuﬁ%englxyxxx{
{| ~~~~~ [| (u} xtthAYketZtm}adaiita‘fea}?ua]lca}?CRU]:@h']l@hqi%b.‘}'@e] cla‘}‘é@t}‘caﬂ:ca] ca] ca]

cal ca] cal] C%Eﬁhcgllgahcé ﬁaU] Qﬁhﬁratﬂmﬁahﬁgl:fﬁﬂaéé] 5@&5@ X

&)3Be67sy|é Xrmhc/Y caj ca% %ca ca] cal] ca] ca] ce& ca{ca]]ca]caLﬂ
ca] cay] cal a]@ﬁPééFéaPéa]EaFEaEf aAVRCchEPRRPEATREF cBPRE Y7the

&109%&' ()-8!. &ég%@tibn8meaQﬂ%&aé)1t exits flrst reactor 30, the first
08109888 ()-!1g&l0%& ()31&$ge10%T TL& '(;\ K HL94 0%& ()- !

10900& () - ||§af %‘Lt’lllg IE69 116 1 109DD8 () - rr89

<=JY} oP1! s109& 1090 & 10727 1OZZ 1OZZ|<10%ZZ& % -l
1%13&& ()- yg ()Althougg)a shell and tube reactor &%51gn %Q/iﬁgwﬁ)

=?WU3oP1! "t 1@%&Fﬁb"5 tré@%&o&)3b~cbnlﬁ%&ahy huitiﬁ?&.téabﬂbt 109& ()-'t'1
O%DD& ()- 2 10T &é g 1 %T& X 0%&: g)-l Yo1
" 1098 () 2 QI esagawgati %b g2 )rem Sgp iuahomn t_p e
oxygen 1njectlon For example, the reactor can have
multiple tube passes, with oxygen injection into the
reaction medium upstream of each tube pass.
Alternatively, a back-mixed reactor, such as, for
25 example, a pumped circulating loop reactor, can be
employed, with oxygen injection into the loop and heat
removal from the loop as illustrated in Fig. 3. The
reactor can also comprise a series of cooled or un-
cooled vessels, with optional oxygen injection upstream

30 of each vessel.

The reaction medium exiting plug-flow first
reactor 30 is fed via line 19 as described above in
connection with the process embodiment shown in Fig. 1,
to a second reactor, i.e., oxidation zone, 20, which,

35 as shown, can be a conventional, continuously stirred
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10T 10T 10T@ 10%& ()-!'f,5&10%VME ()- O 90&10%:5

&'()-!p90&10%&f() m NJKG }[9eZ; 10!N' 1 z lO%Do&f() Iz 109 () -

MLOYTE. ()~ M ) Shid Q0G4S 3 - | 0998 ddud] J O ¢ s%vw"bhelor s;

1090& ()-!"9 ki 109 UTU&' ( % 9' ' 109%& (3-'6 9''1 /e&' ( -19"" O%Sr&'é)-I @ Z10
% () - XyZ4ngFquﬁiq9 medium is reduced to a value in the range o

ll?% ;Z‘ \Abgﬁot)/«ﬁﬁam 1 84 08@kRe4 ) £ b f 2 LU0V () -B1sdD96@e (JehA@or( )ecard We 10TZ :
X IQlO% & 8&: (‘}orﬂ%emr‘?L’b%%’/&a?‘fom%“ﬂ%‘é/&b’()pz?sﬁrb%/gfél%&r‘ﬁd?m 510% 1 & () -
s10%c& ()5 “wechobeh Hoshssong\ 00T ; pbRAQIEL | )of W@ssure letdown

valves or nozzles 21 positioned about the periphery of

reactor 20 whereby the reaction medium is dispersed

rapidly by injection into an agitator impeller region

below the liquid line of the reactor. Process

10 conditions within reactor 20, i.e., temperature,
pressure, catalyst concentration, and residence time,
are within conventional ranges, although oxygen uptake

is reduced for reduced oxidation intensity.

A fresh supply of air or oxygen-containing gas,
15 line 22a, is introduced and rapidly dispersed into the
reaction medium in second reactor 20 by any convenient

means.

TA will precipitate to form a slurry within
reactor 20, and it can be recovered from the reactor
20 system via line 23 using conventional methods.
Overhead vapor from reactor 20, which will necessarily
contain some acetic acid and water, is condensed via
condenser 24, and most of the condensate is returned,
i.e., recycled, via line 12 for feed stream make-up to
25 first reactor 30. A portion of the acetic acid and
water condensate stream (so-called water draw off) is
diverted to a solvent dehydration system to remove the
water of reaction. Optionally, but not shown, a
portion of the condensate may be returned to reactor
30 20, to the reactor headspace, via a reflux slinger,
and/or to the reaction zone, via a separate feed line
or by mixing with the existing feed stream, line 19.
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88999WU6+3  corresponding precursor in a solvent selected from an

aliphatic carboxylic acid or a non-aliphatic organic
acid, said solvent optionally including water, which
comprises:

(a) forming a feed stream comprising solvent

10 and oxidation catalyst at an elevated pressure of at
least about 2,000 kPa;

(b) continuously and simultaneously feeding
(1) the feed stream, (2) said precursor and (3) a
supply of oxygen to a first reaction zone to form a

15 reaction medium in which the solvent:precursor ratio is
in the range of from at least 10:1;

(c) limiting the uptake of oxygen within the
reaction medium in said first reaction zone to a value
which is less than 50% of the oxygen required for full

20 conversion of said precursor to its corresponding
carboxylic acid or its ester; and

(d) feeding the reaction medium to a second
reaction zone while simultaneously reducing the
pressure of the reaction medium to a value in the range

25 of from 1,200 kPa to 2,000 kPa.

2. The process of Claim 1 in which feeding the
reaction medium to a second reaction zone while
simultaneously reducing the pressure of the reaction
medium to a value in the range of from 1,200 kPa to

30 2,000 kPa further comprises: (a) within the second
reaction zone vaporizing a portion of the solvent
present in the reaction medium; (b) removing the vapor
from the reactor overhead; (c) condensing the vapox;
and (d) recycling some or all of the condensate to the

35 feed stream.
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and the solvent is acetic a01d

10 6. A process for producing a carboxylic acid or
its ester by catalytic liquid phase oxidation of a
corresponding precursor in a solvent selected from an
aliphatic carboxylic acid or a non-aliphatic organic
acid, said solvent optionally including water, which

15 comprises:

(a) forming a feed stream comprising solvent
and oxidation catalyst at an elevated pressure in the
range of from 2,000 up to 20,000 kPa;

(b} oxygenating the feed stream;

20 (c) continuously and simultaneously feeding
(1) the oxygenated feed stream and (2) said precursor
to a first reaction zone to form a reaction medium in
which the solvent:precursor ratio is in the range of
from 10-30:1 and reaction products are maintained in

25 solution as they are formed;

(d) limiting the uptake of oxygen within the
reaction medium in said first reaction zone to a value
which is less than 50% of the oxygen required for full
conversion of said precursor to its corresponding

30 carboxylic acid or its ester; and

(e) feeding the reaction medium to a second
reaction zone while simultaneously reducing the
pressure of the reaction medium to a value in the range
of from 1,200 kPa to 2,000 kPa.
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8. The process of Claim 6 in which feeding the
5 reaction medium to a second reaction zone while
simultaneously reducing the pressure of the reaction
medium to a value in the range of from 1,200 kPa to
2,000 kPa further comprises: (a) within the second
reaction zone vaporizing a portion of the solvent
10 present in the reaction medium; (b) removing the vapor
from the reactor overhead; (c) condensing the vapor;
and (d) recycling some or all of the condensate to the
feed stream.

9. The process of Claim 7 in which feeding the

15 reaction medium to a second reaction zone while
simultaneously reducing the pressure of the reaction
medium to a value in the range of from 1,200 kPa to
2,000 kPa further comprises: (a) within the second
reaction zone vaporizing a portion of the solvent

20 present in the reaction medium; (b) removing the vapor
from the reactor overhead; (c) condensing the vapor;
and (d) recycling some or all of the condensate to the

feed stream.

10. The process of Claim 6 which includes the
25 additional step of recovering the resulting carboxylic

acid or its ester from the second reaction zone.

11. The process of Claim 7 which includes the
additional step of recovering the resulting carboxylic
acid or its ester from the second reaction zone.

30 12. The process of Claim 8 which includes the
additional step of recovering the resulting carboxylic
acid or its ester from the second reaction zone.
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10%CC&T()'!a\o%ogﬁig&yYene in a solvent comprising acetic acid which
comprises:

10 (a) forming a feed stream comprising solvent
and oxidation catalyst at an elevated pressure in the
range of from 2,000 up to 20,000 kPa;

(b) oxygenating the feed stream;
_ (c) continuously and simultaneously feeding

15 (1) the oxygenated feed stream and (2) said paraxylene
to a first plug-flow reaction zone to form a reaction
medium in which the acetic acid:paraxylene ratio is in
the range of from 10-25:1 and reaction products are
maintained in solution as they are formed;

20 (d) limiting the uptake of oxygen within the
reaction medium in said first reaction zone to a value
which is less than 50% of the oxygen required for full
conversion of said paraxylene to terephthalic acid;

(e} feeding the reaction medium to a second

25 reaction zone while simultaneously reducing the
pressure of the reaction medium to a value in the range
of ffom 1,200 kPa to 2,000 kPa whereby a portion of the
solvent present in the reaction medium is vaporized;
and

30 (£} continuously removing and condensing the
vapor from the reactor overhead and recycling some or
all of the condensate to the feed stream while
recovering the resulting terephthalic acid from the

second reaction zone.
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