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30 . According to a first aspect of the present invention there is provided a process for

the production of terephthalic acid by the liquid phase oxidation of a precursor of
terephthalic acid with oxygen in a reaction medium containing the precursor and a
solvent under conditions such that substantially all of the terephthalic acid produced in
the oxidation reaction zone is maintained in solution during the reaction, characterised

35 in that the oxidation reaction is carried out by passing the reaction medium through the
reaction zone in a continuous plug flow reaction regime.
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medium. The use of dissolved oxygen in the reaction medium allows the oxygen to be
more uniformly distributed throughout the reaction medium. in this manner, oxygen

30 * starved regions within the reaction medium can be minimised with consequential

' reduction in the formation of undesirable reaction by-products such as trimellitic acid,
benzoic acid and colour bodies. Overall, this leads to the possibility of producing
product with a low level of contamination and without undue solvent burning which, in
tnrn, allows elimination of the purification process conventionally employed in the

35 production of terephthalic acid of sufficient quality for use in high grade polyester

manufacture.
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composition at the time of commencement of the reaction may contain water in an
- amount of ranging from about 3% up to about 30%, e.g. 12%, or greater (e.g. from 10%
up to 30%) by weight. The increased water content becomes feasible because of the
relatively high solvent to precursor ratio employed in the process of the invention in
35 order to ensure that substantially all of the terephthalic acid produced remains in
solution during the reaction. For example, where the precursor comprises paraxylene,
the solubility of paraxylene In an acetic acid/water mixture falls sharply with increasing
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. 35 reintroduction into the reaction zone. Thus, for instance, the temperature of the mother
liquor recovered following precipitation and separation of the terephthalic acid may
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appl i cabl e) eat translf er fromthe reaction

medi um t o %eé?g%%‘r&g'é%?gg? @‘Mﬁ&ts'w&%’aﬁa‘% surface, for instance heat 35
exchange wi t h a hedhedeowpetatuce plofiledfromrtie imlebregiort tuomg(nutlehr@ﬁorarrquén@'hbsg

l'iquid such su@s’iaﬁ@éelxﬁntﬁﬂg(lﬁy iR R Ui Slon Wt 1AW by BY 6 & sfUpLWiskARaracter.

referred to in_nore
5 WO 98/ Bgninstance, where the reaction zone comprises a series of sub-zones there may be

PCT/ GB98/ 00528provision h?é?le@@f 6:% Suoh s e8LzHRey f&q'eﬁfﬁdﬁ{é drrhdiﬂfb ﬂéatrmfrﬁ‘n sages
al ong the directjon of eacto

Thera o oS attBgPnad PIdAdS estaplish 3 B PRttt RRI & HPILY Y Beateiah e i et gt
or nmor e fl subgtantiaiyesll bamertgre:phmuc avid beingInaihteinalinesolstion’ themmyholit the
whi ch are expOﬁ&gﬁrb %et he reaction nediumw thin the reaction zone. For

i nstance, the heat acceptl ng fluid
There may be more than one reaction zone for instance, two or more reaction

zones in parallel each supplied with reactants and soivent and, if desired, the product
30 streams from such multiple reaction zones may be united to form a single product
stream.
Where the heat of reaction is removed from the reaction zone (or one or more
sub-zone(s) thereof where applicable), it may be removed by heat transfer from the
- reaction medium to a heat sink across a heat exchange surface, for instance heat
35 exchange with a heat accepting fluid, and/or by introduction of a quenching liquid such
as solvent and/or precursor or an immiscible liquid (as referred to in more detail



may be circulated through a coiled tube or tubes imersed in the reaction

medi um wﬁl {t i vely, the reactor may be designed in a @ fbto
a tube in_shell. Beat exchanger with the reactants and solvén %el ng _
passed through the shell and the heat acceptlng fluid being passed

th h the tub t '
brciude the JIRSMarENCYED mavrte. pofag ko orpnum step e APES e, Bfedtior fnow of
ways, for i nsrteanuen medpas $hnoggh tre teaetoraccepting fluid through a jacket
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tube in sheII e5|gn Fef suc tants
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reacti on nediMAY besiicHlpted thiaush aiceiled iibe &y ﬁua@ﬁ@mersed@m@m@ﬁpan%@n
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extend internally vant a
ot no. £ UEnAp PR YIS she Eircranits AR SeVADt PoI0R oS AR I SHen DS dici e heat
processed t o #cueptiag flultchelny passedthiaduyd thentdbey meémany oLk shedr gy The

oppl ea A0 < oRbyaRe” M5 19 BolRehe S5 8T of pfeifolng g Hapsher ¥
sui t ab! e for d_:th'eswpus rfos instérme by passsxmtpleeheahaaeemmarfhmcbmrembh ® )atﬂet heat
accepting flujg, %s‘?rkﬁ dr b,%{\’g%%act% neetr‘BFE&érﬁ&'e %e{u%?él.h“

a power recovery roac use acceptin ui d
to rai se st e@ﬁ%ﬂ%ﬂ'gméﬁfﬂfﬁéﬁp bbo\smpev Il?eaﬁusb thaithe uppstartg and @'%Q@élﬁw through

turbine to rempauabed WWRE the heat acceptnﬁ'd‘ﬁunhqmsatﬁ?&%' the shbﬂ“ d may be
preheated prior tg traversing the reaction zone and such Breheatln

be ef fect éd by hedbedeehasrfpPling fitid may frayaisethereactipn zoneip e Neﬁﬁ"f‘?’ﬂrﬂ“f”%

oxi dation r ea@é-bonent%latnon with mmeti@hmennmgohﬁ@tmaﬁ@anhe Rgadtioni ﬂ)ne
conprlses mat r or .ol a mne F rnati vel

accepting flu B"Yﬁwe'ybﬁﬂﬁ és?%"?ﬁﬁ%ﬁa%ﬁ °Rﬁﬁ'f‘ﬁ’|’hgé e bha! %‘fcef’\ﬁggtﬂ"'d are”

conponent s t hawranded fo. extesd intemtliyotitherrepetecur sor) . For instance, the

exotherm oo ChRLEHoBUSINP e SRELLAR AR sLIBVRAL hobiSrtpBfiad BufF0 Fiction

|ncon1ng reactlon ne r
t he reactian mdiwmocesw§gescqwélugmas.snw@m@a@mm ejastdcal @nergy. The

Z ubst ant {/\la)l gé?%*éﬁ%%o{ré}%dtlﬁé)ﬁﬂmd?@hé enfpidydd t8 preddirRk ¥i%br dkygen t8 BkWupBhled as

PCT/ GB98/ 0052@xidant to the procesgce.gn by [dgiVingapRIPRIESFR SHitaPlffor SHimdERIRS Fobt

reacti on w || exsifsle} Redt@ransfersed {d thieddiat hc&&pﬂiﬂlgtfm&ﬁfaly% dchﬁbrtbbeo esthiahiel
Is initiated but turer I S '

h
reaction | ead® ¥ '8°§'°? %%ng%?é’%f&ﬁc“r"g%ﬂgg 2% ERELIRTF § 15 Iuggtﬂﬁﬁ ﬁﬁatof
sol vent argh aacuepting Sluidtot naisecsteamnitgth bewﬂmrabmseperaeged\mml stppéedita histeam

the 5 range @%lg\géﬁg)ggfjgp]‘)gwepreferably bet ween 120 and 180[err]C, e.qg.

bet ween 140 and The tenperature of the Product stream
energing fromt heThe heet aecepding fiwid mab@qmeheated prior to traversing the reaction zone

and such preheating may be effected by heat exchange with the product stream
resulting from the oxidation reaction.

30 Conveniently the heat accepting fluid comprises water or oil, e.g. a mineral oil.
Alternatively, the heat accepting fluid may comprise the reaction medium or one of the
components thereof (i.e. solvent and/or precursor). For instance, the exotherm

" generated during the reaction may in part be used to preheat incoming reaction medium
and in part used to raise the temperature of the reaction medium as it passes through
35 the reaction zone so that substantially all of the terephthalic acid is maintained in
solution.



excess of the inlet tenperature and nay be between 180 and 250[err]C,

pr ef er abl yWO98/Bﬁ15Ween 180 and 230C (e.g. 190 to 220 Q). PCT/GB98ADE28r

traversing the reaction zone, substantially all of the terephthalic acid is
in 10 solution. The solution may also contain catalyst, and rel atively
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al | of the tefrﬁota%raﬁ.ra% thebib B fedrP BRRATRG Froff theSibbbilon 2o b

t he reaction treated SO as 10 renpve certain corrponents
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metal ions by,diiebRN e HHIBHIRC (e.g. 106G 2aYOE) USI ng for instance a cationic
exchange resin or by electrodial ysis techni ques nvol vin

menbr anes. After {5ayersing thﬁéewm&&nﬁnﬁv?fé?"ﬁ'?'hm'r“ét‘ﬁI‘*‘rqfﬁp'fﬂé'éﬁ? PFﬁg'g in
from preciqpi tsdligsh. ané solut.&emp aldootbntdindasalyétl Andeelawlety small yubhiities of

f h I I h
brocess of t HBMBSIAIYS (HGoRTaulF aqy BPE AEGRB) and buirtrdftie §I) &Y BloLr obliEs and
p][ OS'ES S: ar sfﬁmlmcb st r??gg??ed poduol, terephibglic dciic peayate precipBatecie farinstanee
(6]
y?yaﬁ% s%% or Sﬁowmg e $r¥¥¥%ﬁ§£‘?%% e LA1Gu&T WSdi of mate &Qﬂ% qgﬁ&ﬁed

using for ins rocyclone separators or
effected in tinepomessiegaff thdneeaultymtslullrv batsobds liquid %ﬁpel‘?é@Q 'b?"ﬁ@l’r‘i@?re stages.
i nt egr at ed cryst aEL#& %&g%&ﬁh pP8cARP B flcWstallisation, is impléénted and whule

sol vent - ba ed not but “need not necessari l con
t?/ tlon the

di ssol ved catﬁ!%@“téﬂi‘ﬂrﬂgﬁ“@dhg)tefﬁéﬁﬁ‘@é? agidiand eMehgorpenents PrRst!

‘Srﬁpar ation i Sref%Q%lﬁﬁ ‘?r‘t(l&ﬂ@fh'rﬁ?lf FGY&E% ddPad hii‘ré?%d\ﬁéaédrfd'h eapbnents, tZf€n”r6t~:xample the
e recovery o e tere alic aci nventi og
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medi um - f&“ﬁml’es m‘smdmprmsntreea estibnid em&hajigeeresmlm@ytebeciradwdmsdechmques

repressurise th e h % to be recycled to the reaction system

35 Ir?oanﬁ‘tvﬂgr'"ga‘fﬂee&c S?QEEH' "ﬁ’r’@ €nt invention, which may be but is not

necessarily - B&edusmtfmomodndlmoﬂhewmmrtﬂm’mr@ﬁnltmgsfmmmlplé)’ﬁé’d‘ ancer e

I's provided aogagﬁﬁér? siag;'r’e sWiifi ve relat.%@%%h%v%f {rer RRIWBRI High 86venBrechRor

| i quid phase atron precur sor
7 WO 9sratipssmmployed in the process of the present invention, preferably concentration of the

PCT/ GB98/ 00528roduct is é@é&@@bbé’t’réé}n %? tr% yﬁlfdb l@&)’cﬂ@ébdrﬁtlcﬂl [CvRekhPatioreo theslurry
contai ni ng the precursor and aglﬁ?gr condi ti ons

subst ant i 229 y"‘élylbeo?ff?‘*’iéd FBW@B‘&?%I‘% éheaewa* Beé’(ﬁmfeﬁs “s'"gtfts%"b%%?'}fet?"oenor
reacti on zonemose lhi?dﬂio&bllaad sleﬁamdtrutdrmrmdyl bergffeickerl indhe counse of e antséaliisadion

0 that the t8lERELRY! dotndfihrafed GEALREEHOAIENRG RAGEhAN MR Um by

precipitationPIH avol Betan pressurisation of
the reaction nedi (inetsedvertyypased nmthewwgr Gwhighmay biidieed Hop Besessaiibt ePtan a

pressure whi CG:s‘sﬁlv%HQ%tté\?it' éﬂn]l%nteh&ﬁé‘éﬁ%e?éd followinifthe QAR iq@RYephiatdn is

pressure or a pressure close thereto, i.e. about bara or less,
pr ef er abl yambamfe@%r%?vskedneéae okigatien 19REHION#@M8per at i ng pressure of the
reactor ' The recovery of the terephthalic acid may be effected by conventional

crystallisation techniques involving reduction in pressure of the reaction medium.
However, such pressure reduction gives rise to a need to repressurise the mother
liquor to be recycled to the reaction system.

35 In another aspect of the present invention, which may be but is not necessarily
used in conjunction with the previously mentioned, there is provided a process for the
production of terephthalic acid by the liquid phase oxidation of a precursor of
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system 10 In each of the above-nentioned and foll ow ng aspects of

the inventigr dissfdp0sed herein, prior to re-introducti oN picitEBYs/ae528
oxi dation .reaction zone, the not her I i qguor may be heated by heat
exchange with the reaction mediumafter the latter has enmerged from t he

reaction Zoneteﬁ@ﬁ“tﬂEh élhewnfhh@xyj @Mﬁ% rb§ctiorn4¥€ti|§in%nulﬁinbQﬁ&bf@&rs@%,d a
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necessarily usndreatt.eammwmm on with other aspects of the i nvention
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precursor of
terepht hal i ¢ aﬂcCBAwPréfembysgme terephthaligccidpreqipitptad from th%mﬁcapnumﬂjﬂfrﬂéomams

recursor and t alppyh ahd ik
Ito he ;J efepht halnﬁ)cﬁg{:e:/@% Qggrggv % erf%?ab?}‘ﬁb dd?atthawmmnbb plp)h t

oxi dati on reactlon F nga%& ned
in solution 3Preferatly "PH@P’PéH@’B PBﬂ"t ﬁ%%é%& £hta 28R pAm): r‘@%‘? kP ta?g
cool ed to precipi t@b&ing of thé PEA4dH MEdiGmawitkl coisexfaenSpreeipitatiore df the terephthalic

| ids-1I d h
Separ ati on20s TaP GHVETROSILRY R PRt BT POt PR e dSG ket

8 WO 98/ 3RthG way that the temperature of the resuiting slurry undergomg solids-liquid

PCT/ GB98/ 00528 gration ?vﬁ@ﬁrﬁfﬂelr%%& 4%5? tJ"P%@Oorn‘?Jr ?Qg%bﬂbgbﬁut]ﬂ%@ tbQndkput

175C and nost fE°0 err
Accor di ng to y‘e7t5°§ra§tdh'eostas’p@¢@bln1ab9h\91‘1&f9§é1wt1?\‘?/ AlbRUIRGREYINERPt BRE but

I's not laéé?qm& é{e%‘aagattd?\ &%’UcH@ﬁnbﬁ’fbrﬁ‘ﬁérEtlﬁé h@é.’ult@ﬁﬁ%c‘élﬁ)stﬁnt’bhﬁroportlon of
i nvention dISC osed herein, there is BrOV|

product i on 25f thetersrbihaiic @cﬁ’c’eﬂ‘wng fresetption. & 'ﬂﬁfa%"eﬁp fol ‘ii’?%g{'? S)‘ﬂ’e!)sf of the
precursor. t hergafor 'irﬁpuﬁ‘tt_&.@' iH e reddverdd muwlctpbm axietiederatord mithallydalis frech the

| :
?gf. elpﬂt ﬁa[ Ieg(:t Ig(f)r{}e%a Ul’ep? \ﬁ@gﬁ} IO!r'l't 1e I&H%S&%rkﬁk\ifﬁorﬁlkﬂne ﬁ}actlgﬁzone and then

ned I1.n SO e reaction
medi um duri ng mbﬁealseastthe)memperatwhdallmmethesed in that the oxidant is

i ntroduced into thgcLanki@mn £AREr BlndatBr e [Ritioh OwnlcAtAdy BOBuBRARRT apart
in the direction of ow of the reaction diumfrom an inl et
30 necessarily used in conjunction with other aspects of the mventlon disclosed herein,

there is provided a process for the production of terephthalic acid by the liquid phase
oxidation of a precursor of terephthalic acid with oxygen in a reaction medium
containing the precursor and a solvent under conditions such that substantially all of
the terephthalic acid produced in the oxidation reaction zone is maintained in solution
35 during the reaction, the reaction medium thereafter being cooled to precipitate
terephthalic acid which is recovered by solids-liquid separation, characterised in that
the solids-liquid separation is carried out at a temperature within the range of about 120
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region of the reaction zone to an outlet region thereof. Thi s
aspect’ of tWEBAIEAtion is particularly applicable to the casRCT/EBI&0S2R
reaction zone ‘s forned, at least in part, by a plug flow reactor and is
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for intensified reaction nodest opera

oxygen may bebeoefigialovhareithe axidahlisrin tlga@rnmfdmbat:an@aﬂbaweonmeuer aptixygen s

nor e SO|Ubi§ bﬂn% givent than nitrogen. The diluent gas may be derived
rom-t

for instan e vent gas produced during the oxidation reacti
Wiere the dil uent Sye8 lpeations gse coryprieniiy sheosjieredfelativera t%HP'kd!fgvmf?'ve"‘

preferably haygdhesttahisahictgh tﬁe gxnd’é}ioﬁ 'zgﬁ'e aﬁattoﬁkméﬂf %tlﬁfred@é&dado)/thbeeactnon at an
conmbustion, to conver

t
may be recycl é‘Ht'a'ach?téﬁ's?'}/q at 'Bﬁ%’t”%"%%&“?@%g?‘ﬁ tﬁaé“ ﬂgFa'gdﬂ'f'éh't%ch'Wbe he
HBr can leidanphaydd iatoducet substintiadyeoniimiouisly dvee adengkthtafdhe resationon.

gg; SS)ZEggpl 370 medium flow path through the reaction zone and/or sub-zone(s); for %xample, th

PCT/ GB98/ 0052®xidant malydiel inttpdiced kyameans of a petfarated pieSmmersegin Hyggreaction
Brierr], part sqfdidhnicditediiitg Wehﬁ‘rect:on di H@\Klt @e dubed] ﬁﬂduﬂﬁa@é dis'f'r%utlon of

oxygen supply to the reaction while the renal nder

further, e.g. thopredprayeasbetnp sush ﬂa%t taequmaar§'ﬁ5°%%ﬁ<tﬁﬁ%"<9§tae'“a"%aH\P€Wﬁg
purposes. The afirngesdie teryd bf%@%aﬁ&ezéﬁeeawdr gﬁﬁ-eaﬁe(aﬁy be cool ed 5 (for

t , by heat h
conver ai onZt op) A PRCTI seth l (LBesT 2siRets SLITR QISHENIF ERmYgpenty
oxygen - Sumpdlgguiaubiygeneaigl yubﬂaaﬂ:dllyvpure oxpgdre aircomdthedioxyaeni qpntdieing gas
oxi dat | on rea‘iiéo%h JJ}.‘%ammg &@g&?%@d@g t«{}%ﬁgﬂ%ﬂﬁtﬁ&n‘ﬁn&egﬂsomyg n

conpri se suppl as an expander an
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residual pol | fa0bRiingigds Pidadd amd'disRidtRnrdf-plug flow profile Wﬁb%r&lﬁg N6 ) gh

oxygen, the oxidant may conprise atom c oxygen such as
- 30. .mass transfer rates required for intensified reaction at modest operating pressures.

The oxygen may be combined with a diluent gas, such as carbon dioxide, which is
more soluble in the solvent than nitrogen. The diluent gas may be derived for instance
-~ from the vent gas produced during the oxidation reaction. Where the diluent gas is
. derived from the vent gas, the vent gas will preferably have been treated, e.g. by high
35 temperature catalytic combustion, to convert any methyl bromide present to HBr and
Br, and may be recycled, at least in part, without removing its HBr content since HBr
can be employed as a catalyst component in the oxidation reaction. For example,
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conpound, e.g. a liquid phase conpound at room tenperature, containing one
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t o about 80 tsa;rp@wamcEemB/tmhnadvhy taureeremtrowg/gfrh tlee exidatipacebetionnyhbe

greater, H wher e % xygen an dill lfuent ar e

di ssol ved i n pt’ﬁ‘ée?sé%%t d erfsmau'm‘g veht g3s aMcS’H}pd!sr?gs‘{pc?‘é POy PREPT BRTREY

of the inventsysremvshicbhasray expabdér asd Botubbing f@estsssm iangd/arsdéeiwnstream of the
conj uncti | t i n i n, t here
IS provi dgg ;gx%:gggégg{of%r e\ﬁ §n? d£u ??Io%;ﬁ@?%{egrs %f%gﬁfé(?daa'l(}fggby the liquid
phase oxi dat i loateafd of np;ﬂwdaswgeﬁ. theraxidant mayccarepribevitomioaxpugen sushas a
reaction medidyg ap%%naogyahqq%f Ma%epémuﬁerat%maéaém H&Qﬁfm | bf PBRe

such that substanti al terephthalic acid produced 1 n the
oxi dati on reRXYPem amp%mﬁbﬁcmem%qch cOBIPQUNE for example js\ydragen RarOXidsn,

characterised in géaded e dohaHt: p?é‘dtﬁ?&r'rﬁﬂo r@%hbw?hwawamet%rs sOchBer r]
associated with the reaction zon fent he re

t er epht hallfc temperglyre a ﬂﬁ?ﬁ’\ﬁPWanéﬁlPt%@gB?rBﬁﬁFk?ﬂ '"ﬁ%?&?ﬂﬁ"h!ﬂ ?'é’eég‘? a"%i"e
recovered frahatéubstanitilyiatof3be te&apmhamn acid praduved ismainteinat dol sbiutibh@uring

f or mul a: (A*B)/ C < 4, 000.

10 vo 87 583

PCT/ GB98/ 00528  The elevated pFhgstire conditionslindesi whith the reagtion imcaroed m;t wilk to
be under st Oochotraaﬁ%ar 'de téd'Such th iﬂ#eanjealf%dj%dmm {RainfRrdPin 8SREld PRase

vessels (in paral /or ser |es reaction_zone,
i ncl udi ng 2@nydum]sdb¢ fﬁ%ﬁt?"s(ﬁaeé’%m\ﬁ%éﬂmf‘ﬁ) Hsurlly theseaaction wilkke carried out at a

e.g. for Ii qurdéMﬂtEQN'!héﬂaﬁ‘@@QﬂQ@Wé to 100 bara, thneélWZd?byrattbfadliH?a depending
relati.onship is

Usual Iy, in t‘?‘i‘e‘“&o’???ﬁé%&"afdf'et"ﬁldé"&%' @F‘%Feffﬁée ’ﬁ%z%tlﬂ"u 'Sﬁh"feﬁ' oYL 4R UgRRINRY

of the I eaygen ,eﬂietpeeapm hsatypdnaﬁg lathouti 80 tdoabowd 89rbead whetélaubsiamlallyEmmé)O
ppm w w and e t

preferably nogxgggé?ée)l?%f)hog B’%yq{f @Ieg{% 98 wli%(ﬁgg%ﬁﬁg‘t owe ¥5gt?{1§?f’ 2
about 500 25prailent age @SSCNMBQ hethleang@thmfma@@m 20 to about 300 ppm w w.

Al'so the rate Of R&’:’&ﬁ&iﬁb't@% fafthbRA&RIL BAINeGn At Whichi MBY B8lbuYis not be in
excess of 20 necessarlly used in conjunction with other aspects of the invention disclosed herein,
there is provided a process for the productior{ of terephthalic acid by the liquid phase
oxidation of a precursor of terephthalic acid with oxygen in a reaction medium
‘30 - containing the precursor and a solvent under conditions such that substantially all of
the terephthalic acid produced in the oxidation reaction zone is maintained in solution
during the reaction, characterised in that the total oxidation reaction volume A, in m?,
- associated with the reaction zone, the 4-CBA content B of the recovered terephthalic
acid in ppm w/w, and the amount of terephthalic acid C recovered from the oxidation
35 reaction, in te/hr, are related by the formula:

(A*B)/C < 4,000.
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Thi s aspect of the invention may be inpl enented by' operating the
t er epht hal iwo 98/38i d process in accordance with the vari ous REPAIRI8/00828t he
i nvention;- for-i-nstance, by 15 carrying out the production process in an -

oxygen-fed continuous plug flow (or quasi-plug flow) reginme in

non-boi ling condi t4 QNG rmMedtal ﬁ&Wrea@trﬁHbﬁW@"@ké ¥e RHBEErstood @‘dfﬂl%héeelde
single plug flow reactor in accordance wth present invention ?!'R 2}\
to produce tert@tphvwamecOfdbPdveGHMEQSBéPfae‘fstﬁ'%('praB’t’j'eﬂ aneier getigs)fo

content of regcrlQ)npﬂHeV\’/iM’:Iﬁ?&ﬁg RAy iVEPbaREEEshde Frotiasd gnshiavvagehot véssels,
oxi dati on reactlon voI ume of |ess than 160 nferr] and, in this event,

(A*B)/ C < 1, 060- fPRy 'S%‘ﬁf"raggt" dﬁeeg?%h?'? onal |y desi gned oxi dati on
reactor curgently Pﬂ&férﬁBry&thﬁeaéldtad\%m;giwdxd}ﬂhat:oduce 60 te/hr crude
terephthalic acid with éﬁ Mnt of about 2500 ppmw w requires a

t ot al oxidation re ) I n excess of 400 nerr] and therefore,
in this case, U4UI) InChe ékﬁ\té)ﬁ(hf thisiaspect efahe jnveotionstheA-€BAtdantent of the
of “the. present SRR fAphfidiE B auss EGrddiEl wER aedS SRODBERY ohy pluraniy
oxi dati on prodess greateg tarn abcthé 9RQ ppwrw/we praratprefgratly Roigregier than %Qﬁ“él yst

Concentrat' n@% B{,&mm (Rby'bE .6@&%99%%99% Pangwywl dgelsﬁuoér tdfCabout

aci d 0 pro rade tere I ¢ aci a

content of 50(2%#9rﬂh9\k§300 PP"&W"& A@Pghﬁfa'&@ftpé?‘mct'WWé‘?’8?9\"35%P&E&’t‘i"@ﬁyp'ca"y
reacti on vol UrngR ieHitessdf 26 tg,fh,the order of about 30 800 nferr] which gives
a value greater than 6,600 for the rel atlonshl

rel ated aspect of 1M&asReehefithR inyantiep may be Pféglﬁﬁ'l%'ﬂ%‘{ ?‘bﬂp%rft'f‘%}%ep}ﬁrﬁghtﬁghc

acid by . tdesd i'dfb'élsé ilaaserdantel dithane vbriduPaseasts of thieHevenifonafat instance, by
operational |y de5| roduce terepht hal i - CBA
content B df |FLY! Sﬂt é‘ﬁcﬁff’d%‘:t SERTNPN OXYOehy ‘%d%%hgﬁlm{ |6(;|ﬁg r%gt&'e@g

at | east 20 t efuusi- pnlgaﬂlml regirse ih nm-tblodhgtdoedttmt\al wa-nelianicana ssbﬁtéa%allymvre

volume A, in rﬂ,&rgE],.;feﬁ’f {’“‘?Sff‘f'lé {égctéfleiﬁZaQ:lfco c1a'ﬂchGﬂhEgﬁe§BHthnﬂBn operated

reaction is carrie les t OWII’I? conditio
A < (4,000*C /tB.produce terephthahc acid product at a rate of 60 fe/hr with a 4-CBA corﬁeqt of

WO 98/ 38150 250 ppm w/w can be |mplemented by a design havmg a total oxidation reactlon volume
PCT/ GB98/ 00528 ocess one ? ﬁ'le or, E%g g nglctng"

of the invei¥less Fha"nbﬁ%! W%@ this e‘t%\*-rﬁ‘é&”&uf r°r?°t 2 opyenignally
oxi dation cat adeﬁgned/%haaa.mazymurtmyaaroabwbnmm desrgrteﬂ to@ratihae 60 te/he
reacti on nedi um

pr ecur sor (s) o‘?"’gﬁqg ﬁgﬁ%\? wq;‘t?e{%é(fg%%" &{% gl bg?@ﬁg#' Wiy requires g igtal
catal yst, 5 wxiddteon taachgewemm Ure)tmlsemgéﬂemﬁm\d thypﬁfe@l. I"}/"U%)ﬁﬁ?q 'ses one

or nore heavy Q}EP?C.’ 16 Wéneaﬂggeﬁ\%h%éteénﬁéQrgnmaamt@@m&%

and may option ncl U at1on pronoter such brom ne

acet al dehyds Mumertbahmn b%a@'%dahwyﬂuﬁ@} the presgREINYARIN 19 the F%?en%{ fhat

have been Usedcdﬂehhenél'éih’%lg s@é@Gx@é!l&i'ﬁbidws%sin@ﬁﬁtﬂh%lb&bb@tors opératiflg with high
precursors such as tere alic acid precur sor (s

carbo
PETa 10 sol venfetabgt copintaben anidearaRTATLe (30 EPnshayBREhiof JETHF BY e acio
C4 al kanoat es burnirg)ab pasdmaimb@;d@ierepmmc acid/ waith aetn@aAe:satermofrpw mes and

of other heavyﬂtrret %%Zq;%@ ey, }heaf?t?\j?ﬁx@ét%'}preg%o%&l% g&'i JTEec?qug %P(E;Qr dt about

| ant hani de suc ni um an é@/
used i nst eagh 080T pBaticapivesra vaing gneater than 6 mmntageeiagmshm (Bt al yst

systemwi || incl udg, D8RR308 56 Ut YTk iV REE ) plant¥Br the production of terephthalic acid
by the liquid phase oxidation of a precursor thereof and operationally designed to
- produce terephthalic acid having a 4-CBA content B of less than about 5,000 ppm wiw
at a production rate C of at least 20 te/hr, characterised in that the total oxidation

35 reaction volume A, in m3, of the vessel or vessels in which the oxidation reaction is

carried out satisfies the following condition:
A < (4,000*C)/B.
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15 oxidation catal yst may alternatively or additionally include one or

nor e..nohl e conpounds thereof, e.g. platinum and
or corrpoundwasﬁier eof, for exanple in hi ghly divided form ‘(;r @h@ﬁ orm

of a netal sponge. The oxi dation pronoter where enpl oyed may be in the

form of elemental 12{ &’[Pﬁp%ssm gamydo@’ FhdSole B\éﬁeuecwrthe hidention will normalla: be

NH  err] Br) and/or e bro nes, benzy de
and 20 di - br oceaisst out ladmejprd@leomat:eoWld@ﬁlemcéta'yqtewmatﬁ GWB@UHén'é‘e catalyst may

ethyl ene-di - byard e n}]theerte%cai?]n ﬁ‘eﬁﬁfn’i‘@&h}ﬂﬁgb‘n?@%ﬁ/éﬁ’f hﬁ@ttﬂé)fér fﬂﬁ?ﬁoeéclﬂay

conprise a ketone, such as mnet 3/1 one, or al dehy such
acet al dehyde. precursor(s) OWB?r@af'H@Ycﬁ &F%@Se’leé’uﬁr?aﬁiﬂ%r%@(eﬁ%éﬂﬁgd fwatﬂyshay

be suitablyg| Qfatft HUn’?JHe'ﬁeBb@ or hetetEeiido0s, FpiRaIP Qoﬁ\ﬁnﬁ& SI%IUf moe@ntaaw,t metal
bet ween the conti nuousl | owi n reacti on 25 nediu

Thi s ovent . & RBMBAVANG.o- RGSILERUGT FRRegnes GOmPRaamAnd ey SHtlsDaly ghidk,en
V\A'ht h:cln the rea&tdaqanb@mgte@ saenuee:rsmmhwmaewctehmﬂ msmhtleytlmomalylst:mlamg
the flow cross-sectio or st t he ogeneou

coated on or take %‘%8 ef8"5?)§fqt§‘&vfc5’e38rus8ﬁﬁ%hlegﬁq % F’g?e{’ X'Z‘f ement"gpph(thallc
el ement s f or nmaeiyl precursoropechias kersphthatici le)i mesuutspda)auh aliphitie catboxylimatidon

Zone so th é/ tsgg P?ae?alb &nmg' Hmrr?o%llun Jlkérn?atéémasualﬁﬁeq -Sélﬁﬁik%noates

el enent s Yy servé 1o en ance m X1 e reactants as
they pass thrsugh atsraeetasas:)tqubgbraedlwmemgmseeﬁympﬁwdfawfeﬂtperthw mpetals such

in the form of smbhﬁmpeéhlr%ﬁjm Rg{al 'rr]rglﬁﬁenfuhf‘%l 14 fNakideeddich UsnBeritid, ircsRRIADE

formor the means rovided if necessary to confine the
same to the ré‘&é‘l'P@naEWﬁé nigkel maytqe&!sed, 'HSGEE%FPBW apg{er FNgpYRse - pel | et s

etc becone suppRBA eQﬁslymmrc%Qéil 51syisltéim I irftisde ﬁang@wsumrédnmu qmnrg)r cmsh
the reaction zone. The a eterogeneogg “i‘ﬁ yst in a flo Lhese
ways confef§ m@aé'ao?ﬁﬁ%{w 'B?y plemgtively o @gdtionpliv inclugs one °'C'B? 13 metsis or
effect to a weompdahisttkreone.gplatiaim ande pahadiomantdompowsds therkak for example

gg?\égazgd " < in highly divided form or in the form of a metal sponge. The oﬂ@ation prom@@r where

PCT/ GB98/ 0052&mployed miag beondhe fenm ptelementil breminealonic blogude (g9. 41Bre MaBsdKBr.

rate or. may b%ﬁ'@?bﬁ&@ﬁﬂ?d%m bromﬁup@é&%@ﬁob&%espﬁmmm}nmrmeaaah.y@t
recovery nmay be upport for the oxidation cagr In¥|de

can be | esQOCai;"&I’WP%‘é?flcyacd‘btt?"PE’oéFe'é'!/BFPW"H%-rtletrab"°’?‘EP“E'?l’ee Shiers-gh

reaction. The eislpPAtdrnBBVelP thdBkidlion prorstBEmAl confpisea ketyné, siich[Eal hethylethyl
mat er i aI s will be subssdant lL.ally . corrosi &n §S| stant and substantially

oxi dati'on resi ghygey sYqhas 8rRtrldeB¥ e pr evai 1 i ng. Thus, depending on
the prevailing corthreome cdtalgst is in hatexrbyerieosisfpon,t it meydre; suitablyriobated within the

sel ected fr Omrfegétlo%%ﬂg o Eé ‘i@géquresdolnké:cq beﬂllégn ha: co?‘lh{\ﬁ&ﬂsly flowin %%n

al pha al um na and eta alumna, nu
spinel, anasi rmedwm ar&mipmatelyebrhmthls pngnlalweatalyahmﬁu begﬁewﬁﬂfyaﬁqﬁﬁpﬁad and/or

silica,-or 10 c%'ng'trﬁﬁ'neﬁ|anﬂﬁ1é‘F€écﬂBﬁfzﬁﬁé‘i’&isecure such con@&?wﬁHWﬁdu‘FﬁH&%ﬁ&an
of the oxidation catal may pure or a conposite of materi al s,

| atter being éHﬁIﬂGV’e‘EWF%‘Fe%%HhIﬁ% "P%aﬁ‘?ﬁ)é?? hﬂ?é??%’lf%’ﬁé‘ﬁf%’éﬁt Y 'b‘hfrg?féawn or
characteri sti Qﬂh&mwepﬂaédadoyst enfbdtiedin] stace ,elédila\tsxagiaélementsafbahiy\gtamy
coati ng. havi n AR Al pelbte Rosibhed N AR Te5 TP A 2BBF S5, 58 B PEaRlenhEgum
nmay be usedot dldwsboverdhe saine. Sanb static elbtreetsi raby adiditionally serve heesmmer ratx@ng of
will generall me%ééiQﬁIsaéE fh@k'lp\ésg%rrogﬁhqne t&tinh@dhe 2Alernatively the catalyst may be
in the form of mobile pellets, particles, finely divided form, metal sponge form or the
like with means being provided if necessary to confine the same to the reaction zone so
that, in operation, the catalyst peliets etc become suspended or immersed in the
35 reaction medium flowing through the reaction zone. The use of a heterogeneous
catalyst in any of these ways confers the advantage of being able to confine the
catalysis effect to a well-defined zone so that, once the reaction medium has traversed
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substantially oxidation resistant under the conditions prevailing. Thus,
dependi ng oWwo983s15,e prevailing conditions, the substrate natpPCT/&Bs/e0528€e
sel ected from al pha al um na, mullite and spinel. Materials for use as a
conposite substrate coating are silica, 20 alumna, titania, zirconia,

al pha al um nathegamm falthen dhidatisl tbaeebla&& A ad8duéidrate or MayBesignificantly
The invention w || &/g‘ge descri onI S:QA th reference

Co the o acEURRERTTINaP PNBLO oT GLENa 1SR VENEPPLEEBRIEE. e processes
according to vari ae suppostsipethesoxidatidnecatalystndanone. tes's tcatalyticatly attivenooéven inert

terephthal ¢ a5tk ok eI rallRh A% sfiforldybs pbrdh. 3 BoGH) HAEEATST B

the overall ox datron proces how'ng one
of conbi ni ng mmenrelswullubefseledtantlellsf mmwsWreresnstanem smtaré@ilmwldatlon Fesgjstast

2 1152 110w SUBer il it e lfnd. il e bhifitt biothe SRGAIRGG SGHEIEn, 1A

may be used I'n the proce ention enp
substantially caw:cst@ﬁépgefrﬁ matetial Wleﬁpﬁ mfcgﬁam'q taniax Ftﬂ'&ﬁt alumina, silica

Figure 3 ill U%Mrﬁ‘ihssaI%hH‘ENrﬁi’nSaPélﬂﬂva(HIuﬁ\P\% Gél'tﬂﬁidn‘ﬂﬁarﬁfﬂcétgrahﬁhﬂ‘é(nnﬂuﬂnte
Figure 2; Figure 4 is an alfernative scheme in which the reaction is

carried out uSPRE.BWEITRORIASSUPPOrtS GaMRIIFIRGAIRhE 2P BRsgamma aimginae sijcagory

fl ow sheet 49f spi¢a aeurmmél mrﬁrefe@.reduse in the crystallisation and recovery of
35terephthallca ure 6.is . a flow sheet illustrating use

CoctiT o to recole SARE AR P eI XfAoR LM BLB0 AVE B b duieats hor
the cryst aI | | sedtedalsptheciatter being employed for example to impart desired chemical or physical

13 g‘énsajc?&ls‘gcs to the]catalyst For inst nc (T PxndFtrl% Icantalyst mag (fgg}prise a

PCT/ GB98/ 0052 flrow's a pr
recovery schelsgb$tr\ath18'hhtgh3a§tra10hirsastal)ne and ms@'@tmmtmsthaamgamieh sarfaced

out in the ga@?eé’ entional ﬁ'p?é%n%hgn 'térlh‘r\?&uregtrﬁé' ﬁ@%sé@ﬁma%ilc&leqq Em@

react or . sy% emwt provi si on
schemati ¢ vi e\MﬂiP"%ﬁﬁrfa’r u$@:3s thessubsirats wilt genanali bmvkstewlaiiwmeé'anf@s'stant and

Exagpl es r ego%hsgtahﬁélw Bxidation resistantRfHdRF EHd"QoﬁdPtndﬂs%&@alﬁmg tﬁfu%PBéMdlﬁg on
acid is produ

din a reactor system I Qn
of a precurso?h? Resvaling gengitians rW”@ﬁgatﬁyﬂa'é'?bf’%'éHF%§l?8FFp‘£\fa°m ﬁé}fc%ﬂ"f’ﬁ""’
acid, the oxi daliiterariaespigelc Matertals furtusernst deoppesitnsbstriatecastingl aretsilicast em

The 10 rea O%Iﬁxﬁgema}@a rﬁrﬁaﬁgrgl\ﬁxs(@g{ﬁ%af 85%3 aq&@m%s dglt§ ﬂ:grjuﬁa thgt; ! OW

reactor, t ors¥arran h Ser
reactor in coraBJmlata; on vmth one nore conti nuous sti rred tank

reactors, or two Whé‘i‘ﬂ@@n%iﬂWE? %Ekérhﬁe‘i!l ByPRKy of Fxérﬁﬁﬁto‘ﬁfyswhﬁ' réfefdrize 8MAe

arranged so as to appr.oxi mat e Sone exanpl es of possi bl e
react or ‘syst eI?FE%'HP?WF&PFW%W"NS"BB"%IéBE‘HaBEE %yr%wocw%@m@ardmméaws

15 solvent, I&E&:tﬁfbffﬁﬁé mv)éﬁinoé% ﬂ're grefudtionl df(}.eféblh&{dhc@&di R dRMngs:
conpounds tog(?:t as an oxi Q?t}?f’r om)ters)at and recovered

not her |i q&®r so'Is\)aem"c d'a%ﬁ ﬁ@'mgsthér%’efﬁ "'REPS%And preheat er
section 12 to Rigwdudeisaa vieacsHowingrede wrathod of combininig thé @adaks/feeds (6 fershthend

recover ed) torQ&?t%Wrﬁgﬁqurﬁt o in the mxture is
Figure 2 is a flow sheet illustrating one form ef oxidation reactor scheme that may be
used in the process of the present invention employing substantially pure oxygen or
30 . oxygen enriched gas as the oxidanf;
Figure 3 illustrates a modification of the oxidation reactor shown in Figure 2;
Figure 4 is an alternative scheme in which the reaction is carried out using continuous
. stirred tank reactors;
Figure 5 is a flow sheet of one embodiment for use in the crystallisation and recovery of
35 terephthalic acid;
Figure 6 is a flow sheet illustrating use of a rectifier to recover solvent and water from
flash vapours produced in the crystallisation process;

13



substantially higher than that used in the conventional oxidation of

par axyl enev@&%ﬁsﬁ\ﬁ gphthalic acid by |iquid phase oxidation. pgr/kaossospart
of the preheat ere needed) may be provided by the recovered nother .
| i quor and sol vent under steady state operating conditions of the
system The pl '

sufficient t?@]ﬁrﬁ#% %h&‘xﬂ sh@éﬂﬂgﬁ{%ﬂﬁaiﬁgg}’;g{%gﬁ%gg?ﬁgnam%lghﬁggy%yggﬁgn
state condi t iamdscanicentoatign aijercartied oul/igiihe sameeseseelhal source will still be
needed on 25 P%@F 8H'l?strg_ﬁég'oq@fb}fntohﬁlu%?io‘(«ﬁf&acﬁfr%?h‘feﬁpﬁntﬁ Bdvisib® ferfhddie
order of about°70: on a wei ght asi s The m xtufe is supplied via
line 14 to tHemoMpk@ndegi on of the reaction system The tenperature of
the mxturg stigiel £ 4 chdiRaticoRewi dPRppAEtE LY ihexpeAikNitalivork to produce the

t enperat ure of about 150{9‘:1 r,,e]éc and is.punped to a suitable pressure to
ensure that Hofamrigs repor &% ion mediumduring the reaction is
substantially pr erefetmil td ngt:&ad, tefephilhahbgacidls p36dudeidgniacrepbias systenpth opitise

12, d b t k '
1 oA b5 oREARET YA SR B poyentSldh e,
preheat er) aratesiommoid, ¢kl bridatien beiagtoarnsy@.ttemtmpmenmom catglyst spplamatide

f;ggfel‘ll At@mregﬁ#%gxg;éﬁ,da ﬁnawgké Oér%usff‘sahggu@ %g%..{g@@sg;arﬂgﬂ%ag%gﬁ spe

via line 16. rmbee mug@ew reaplory arrapgedincseriasi ® al o fipwigeactor ip Gempinaign with one

substanti al | yo iR ShYiAEBus Slifred W%Qct@&r Io¢ @8l ofirore 9@#&1%0& 3tifle@dafrygen
and a diluent such as nitrogen or carbon di oxide etc. Althou h t he ox %$rh
supply is reactors in series and arranged soas to approximate plug flow. f& e examgAbg

|938C{|'/3?;égg/ 0052%osslble reactor system conﬂguratlons will be described below. Prehcursor make-up
ntering the C

system tHE nYSY: BP %Hﬂpﬁa\%qﬁﬂ (e °8§'§8§W96ﬁ?§ &ﬁggﬁ%ﬁ%’?eg‘%@f rﬁég@m}s t%ﬁether

suppl y i n t erwith bforhine ascarcexitiatidn promoter) wnd yeayered mothier libearcanst %qu%ment

fromthe more. s n&q’{enksnat%rm&%drmm&erdael"l%;:fr!epﬁé‘epgéﬁ}ﬁn 7 2%brdfideta reactioimedium

source of oxyge e reactor system
separ at el y f riorwhigh maes@wn)te(frp;slpanaxgqoyseecﬂéaet@@ﬁswatmm thetmixturgief er abl y

predi ssol ved gipsh&amily 'hﬁ]mrtﬁant at (1§é'd3m th@%oﬂﬂént!dﬂat Sbﬂdétﬂﬁ‘\céflﬁiaim&hélm or

one or nore conponents thereof (e. and/ or rmt

recycl e) Lﬂﬂstﬁeé%ﬂhtb?"‘%%d P!é’SFG’rPWﬂ%H%‘P"t Ne'eas‘ P"H’f Rfetth;i’r’%rl‘Feaét @’F‘ g??‘{ﬁ?)
12b j[ rr ?S pﬂ?t ¥ befprbiBe @ 1Y IR récdVE AR rﬁﬁﬁhtdr gq&ﬁorthafdtsmdn&nhyer steadyhstate 0
substanti a r X ut.ed, w

The ol vent / pPRRtATRg Fyeans & FE SRR Tradires ol i8lordlh g Peavfed Rfher
syst em - pr ef ellquarmasbeaspifioignt toetiminatel the rfeled\ﬁmaqupeabermm;%hsomaMndh'esteady
i nl et region %t%teagondltlon%uél h%hgﬁe'qltﬂg e%tenwync&térngf cﬂﬂﬁé wilf §tﬁﬁt§@ heedéd BAr awn

via line 18. I'n suc ty
subst ant i a29 ystartrupfTypieally émeapwmamrectaemraﬂ@rlweatmrﬂﬁgo Rhouh §@:1 (on gwejghd

sol vent / pr ecupsqry. Fhnkeirs ¥ m&ghe&% fre@ﬁ wmel |ﬁle'ini‘ég16rﬁbf1ﬂh@ reBciéH wstem
ne

thereby 15 malntalnln? I nt er ates such araow aci d c&ﬂ v

sol ution duri he tefeperature of the @Ht‘&'ﬁéqﬁéﬂ%t%W&lrFaﬁf@ 16 erpésa Picaly 3 ﬁ’ t h| s
manner, it i stepffesatareof ebaﬂcumec and is ppinpddied alsaitablg presseratd ersureltbat boiling
4- CBA cont ent e = ‘

. th
crystallisati ?)f reggg?rr (')'Wd%n gHP ﬂ.' }ea%%'b%e@cqbitﬂ?@?ﬁgEre\gfﬁ{eﬁen%rt%%u{):f?'%('ng ©
t er epht hal 3¢ limiid phase ediponands iromixer fRathelyimaysingteag tef prebeateddpikral separate
acid in a not fgk ihi-SHRRioWh o MnERe dUtyr SR (A&t BasOLMERS nfiydiRYROb&ad

‘preheater) and supplied to the reactor system 10 as two or more separate feeds 14 to
be mixed at the inlet region of the reactor system 10 (see Figure 1A for an example of
such a scheme). .

35 Oxygen is supplied via line 16. The oxygen supply may take various forms
including substantially pure oxygen, air, oxygen enriched air, gas containing oxygen
and a diluent such as nitrogen or carbon dioxide etc. Although the oxygen supply is
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sonme water, dissolved catal yst conmponents, terephthalic acid, internediates

thereof + <Swoes/Asas@roducts forned in the reaction. The crystRETiGBIgi00528
process-i nvot ves -r educi ng pressure and tenperature and at the end of
the process the slurry pressure nay range from bel ow at nospheric

pressure to prdeﬁﬁ:vécesy smhﬁlaﬂheablantab@meabaﬂ&phwsum%e rpétasawfeupplymg
preferably the latte

crystallisati (?ﬁy%?'b?,%%ghe el ?rﬁ W&Pé‘éig?fgg 23' in ?ergxgl \gn‘f & ng%rﬁ{%éqn PRY vary as
not her | i quor wikbeveme dppartent roentheyménecpetifie eshhrdiments desceibed below. (Al while
t enperature sugh ¢t t

m >r<ne)d stream hglls; sé’r&%e W&mﬁégg?\é\ﬁta gﬁ‘ @rsé' Sg‘ﬁ)?slﬁ%ng%g’ggg%w §%§ara{§ffrom
inlet 30 regltmsolsfmpfénaawlenofeaduen rrmtumon iw preferabiyt predissolyed @t teast impatie
oxi dation rea

of reaction i g%%%%“” mQﬁS r%&tm%é’&};@wey/ |ﬁlarselt &ﬁs’s%n%g% tch%Fe&ngldA%%c
conj uncti on wiacid anormothes liguentacyeley upstream of the reraiasisystey or thesyppl yi ng

the flash vapoukerp@Rtater k8atidn 92 arrabpddive ©f 11%d 8kydenNHouY@S 86 Fbutidarfib@¥ay ed
pressure, di rectl%sto a distillation colum for separating sol vent (as

bot t oms pr odud¥her ”??‘8%‘?'”&%&%@'9?%\%@%&%dtb‘u"&ﬁd‘ﬂ'th ThiNEHIF% I3 d-

steam) . Thggpress unhesadvéﬂtmursor/&atewbmdaummeahm pBSsesfbuUgh the Pe¥EOr

rlgcover y syst e/yg%d:re?fgrab(?y as a plug I;now or plug flow approximation, from the inlet region to an

PCT/ GB98/ 00528>utlet regiaroatdehish ragprodo &ti steeanCsewithdraph eiafines t&.h The seaetion isidarried

be descri bed 'ort]Jt EFE& chdfgvgpdhat sublg?énQWHWa{i f(l'ﬁaffae gpﬂ’ﬁﬁali aﬁ: %dﬁsdunn Rassage

Where the tereph Ic ac reci on pr
i nvol vi ng of ¢hriselvent/nracyrser pmgw&heotmh thheea@mtlerrnq;m@dmmﬁqhém bie#rew

Its saturaged rﬂﬁﬁ%‘nﬁmg ﬁueﬂﬁé‘&ﬂé‘s%ukﬂ als 'Haf'étaﬁﬁc 595‘5%% bﬁ@H%‘olxR%nfdtﬁ'ﬁJ@' tﬂg

and sol vent “cool I n | owm ng .recovery terephthalic acid,
| east the bul I{96$t‘°c“r\%“dr 'é%‘?"(ﬁﬁ‘{a"ﬁ’ﬁkeﬁéf rqai"lj&%r"‘ltﬁ'sr@a'm%sébﬁ pQgsible to S&ﬁH'e a

recycled to theed®AHaOIng d feldtived me@rﬁm oach aimed at avoi di ng

or epht hal i c aci d TEPBEuG wErasm Fparped Vi e 165 breoyStpl SR teiiion aqipoghien
st ream w t houtpreeipitationgofi the ppoams,uﬂeeepﬂﬂmtc acid,tib effedf2d to dommv edhini slumy loéat
exch_ange Sg?)f ﬁ%l%gﬁig%hgsa%% ilnna mo%ereff&agpwﬁtch%g ﬁfﬂ%o%;ﬁls@g tﬁ% ﬁaﬂ"e"pmﬁﬁﬁ"ﬂ"d

heat i ng et an arrang on CO IC acC
t end to f c@me wgteh.etasswxmaaf@mst gqmbmts.rtemnt\ithajlclaosd dntecpediatgscthereof

This fouling, %@ﬁaﬁpmducﬂg&eﬁg@@rﬁm SRR, ﬁﬁe%r?&!éﬁ r?Erro%Q?éj Aas%s reducing

exchanger device ter native e alm of reduci ng
the extent to RIRFSHAE 2ad ;S?@BQW‘F@aﬂﬂdoﬁ the e"épffhﬁapﬁ?&?ﬁéth s'amsrpr FERUyR May range

stream i s necerdmbElow Nt o6pheRé gﬁéslébiea’lol pesédies isapb &Rt dove atmdgpRerié OM
the reacti on medi um b oI ven F‘%i?et&%v wi t hout cooling the sol vent.

Sol vent  25; ABvIed ﬁ 958bI¥; by forcing it through a seni- perneabl e
menbr ane ( per neablFhe tempevatacett whizhithle andtaiidationaprdcexystis devaihgtedonaybal yst

and reaction l%gpégéé Eﬁ"}%‘gﬁé motheﬂaf%l%l: F@&Q{e%cﬁ&b&ﬁéﬁ%m&ﬁhé iuq)yairs]?? a

sol vent renoval, tereph C aci reci ation tla
foul i ng of thé“#ﬁmrt&m@erﬁu%sud\ﬁhéh WMO“U"@(’ methwnake-up galvenhand pegrursor, the

ef fecti veness, mixgd si8amMyil £ pRbetermid & tefRiRufe cOfSdgHRdIny tolth8/desited iniet
across the 30 . region temperature of the reaction zone. Water is produced in the oxidation reaction;
one method of removing at least part of the water of reaction is to use a pressure
rectifier/distillation column in conjunction with the crystallisation section; for example by
supplying the flash vapour from at least one of the crystalliser vessels, at elevated
- pressure, directly to a distillation column for separating solvent (as bottoms product)
35 from the water (overheads product in the form of steam). The pressurised steam

- overheads may then be used in a power recovery system by means of a steam
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menbr ane surface and/or staging of nenbranes in series with internediate
vessels [ n w the bul k of the crystallisation occurs. ﬁg.f 528
pressure dr(% 19 roagh the menbrane systemis not substanti %ﬁmo
punpi ng cost for effecting recycle of nother 25 Iiquor can be reduced
Foll owi ng the crystalli Srﬁt | orqnls)er oces

he slurr str .
significantly ﬁ° psing turping, ?ﬁ?@‘pi%glé s"l'cﬁ' ¥ ﬁ‘éh ‘ngﬁ %Mbﬁpdg%}cfrfgﬁt%
t erepht hal i ¢ cmlaw with. referbacatosEigofe 8.he hi gh soI vent precursor_ ratio
enpl oyed. Desirabl Whtet:@{h%ftgi:%hﬂpaq{cc%?d ﬁaﬁrht\ﬁgﬁ&eg t%msagé kSkdsd involving
separation, the slurry I's coricentrated can ect e wnstream o

30 t he cryst alrefuetiaroin the pressyre af @edgae@npmpbﬁrmbpw Qszsatmaiﬁd NAROUF or
exanpl e, C&maréqo%ﬁa@rsmnﬁf rémsl\ré?%wia@ﬂﬁg%tna%ﬁem eEsIfrig) ol wihl FCRNEBH,

underflowstream npri si ng maj of part of the terepht halic aci
crystal mass |9fthhéef§thaiJ°&ﬁ@ ﬁbleﬁé'rthe b""? pquamreaﬁaa'arnofb%mqs\v§e-.pé%§ﬁunsed

conpri si ng notAHRS relciy e to i 'tlﬁb V&Hc&h In%rﬁﬂﬂﬂérhaﬁ\ié?aﬁﬁbﬂcﬁ hinRsd at avoltig R8ving to
suspended. Concentrat.i o

D oavel onee TaBressariS the maiey IuRTsbueIE STORR: Y1eerantelis Joif mav.hg brecigijated
cost” of such devtesidg theweactor, productcﬁtifam @Rhoutesduaiyg e ptmdre rHbdat dsitheemc h

(i nal udi ng 18, qe8 PB4 A eat PR ECTRRY pagd iy 167 exafhola, dim Bhisli 41

16 WO 9%ra8ddDheating etc. In such an arrangement on coollng the terephthalic acid w:ll tend

PCT/ GB98/ 00528, foul the he heaf h%ﬂgnygfg I?écﬁh:ﬁ{y 1'&9? Eﬁésse'ﬁﬁ oufiff @5

from or |ncorp0ra e Cr escrl ere ter
The overfl ow smaeagrd bbnmpmirtgom@mmweheebwuetmhmqrs!evmt ed via | i nes

24 and 26 f RhothBF ¥eMalife Wﬂﬁ tﬁfé 47 bPFeRiBERL e %Qtenﬂlﬁwﬁi%ﬂ%fﬁréﬁzﬁas'aﬁon
supplied to a solids-|iquid aration section 28 in

ter epht hal i18 a?fltﬂeé?%fg?ra'l'%’%r"écys"é%&? R{F PEcRsSRNdnVolves p’eﬁtﬁ"ﬁHPQ Ith?][?é?pm{‘ﬂ'é“
sol i de_ : It OIUIt d wgaroa’c therrebeiisymeadiuim g;dsewtenmmtwaf oﬂthemswn?gone soOlvent. Solvent
more filtration _devices, o gnder nospher i

Sub- at mospher | BTESALFET BRBTeRIeEHYGBRG HNHBCRR ey HeanEeh B I e (e heaste
descri bed i n owracetic acid and watqydnldi aptiedallyntoarataty $toaral reﬁahtanhnmpmescbmfl ons
Nos. WO 93/24 e%qBMQtﬁ‘*ége}ﬂ lig acljti? éﬁ_gglvgﬂé feffovdl, SEJeBEWaﬁE ag ;‘#@bfbﬂa%ﬁ is

i ncor por at ed he
i nt egr at ed 200l lna@te@paﬁ faulivg oémp mmameweﬁgwalsbmmsthﬁwse6ﬁ$+qes@ea‘bfane

cem] r It L ugeI a malvéhéésercaHryetodouatérea By Yfof ¥kamplel eaé.gﬁ 'fdirtlﬁéh Hﬁéér sWresatrrd
W e shurr

under pressure, or a mfi er uni t aﬁ, ?
BHS- Fest pr ess%llf"'@bf‘i”fet syrfane ARAOf stagingof membranes in ﬁﬁ’i?Fan' vt%f"egr ?wgsses in
r1 gcgl ving cel |\ghilcﬁ tM\bldbOikl dfltRe l&fy.dtarsaltioﬂmunsg Bdcs\;d:amedfdremﬁ throaegh tak e
y water un raul.i c .pressur U ied to the,ce
(11 tor gt he GRS fisem RSP Sstaital e Bimbihol dit Ff eftbting ré&cie of mather
I f not al r exgyliquor @and®pieduced.pressure, the filter cake of
terephthalic acid Hgg(o»?ﬁ?ttﬁé"@ﬁjs?afllrs%%ofm%r@césgv‘ﬁh@s@@ﬁyEﬁeﬁ& ‘%nﬁ ﬁegﬂgmflcantly lower

atnDspherlc pressure ressure | etdown

such as a | ockthan is the paggiiart arcpamjéwea&proat"mnaefyev&hw'icécwaﬂ? ﬁﬁsaﬁaﬁﬁf the

a screw feed deghGaivent: arecurs?& raweﬁ\eﬁo%uenéamudmersfereatbekora&:aa.-ymg out
progressive cavi

{
sol i ds cont ent§°"d¥" l%u@separeﬂp,tté%w Qt'ﬁﬁ&"‘é%j"%g?)%{r@t'? &% gﬁ(?ffgﬁ(} a°Z°df“e*é'eSg‘ of
washi ng reqw revé orystallisation sectiondepecuheshtratior sextion\22| which mayp tori dxaeple,

generated in t@cﬁ‘n ﬁsaecsné) %Q)qe Lpgroc%wﬁé ggges producing a thickened underflow stream
S comprising the major part of the terephthalic acid crystal mass in the slurry and mother
liquor and an overflow stream comprising mother liquor in which terephthalic acid fines
may be suspended. Concentration of the slurry by means of one or more hydrocyclones
35 is particularly expedient in view of the relatively low cost of such devices; however,
other devices may be used instead such as one or more centrifuges (nozzle, decanter
etc), a filter or filters (including cross-flow microfiltration), or gravity
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product specification. Al though, in general, it wll be desirable to
produce-t evepls/Bbsisd c 25 acid which is sufficiently pure toPEHGHH00528
further purtfication unnecessary (e.g. by oxi dation and/ or

hydr ogenati on of an aqueous solution of the terephthalic acid to

convert 4- CBAlalfidatioathickehing devicdsagithiep spparatefromcordncatpoexted iretheasgstalliser
be), we do noqt . %féc' ud%t e possibility of carrying out such
purification 2R d[eﬁgn?ﬁ greinater) o pr esent i nvention. Follow ng
solids-liquid septnabvenfiom steegmm drednt thenconceetraticnsection 22 is routed \ga lines 24 and
for drying a 0 ; ide_liqui
esteriiicat: ?nk %?‘?ﬁéﬂ:le b e %%ﬁ'{g?&f@ﬂepwcmﬁo%‘ﬂgea gcé'oxg)%h |I%&It0 a solids-liquid
necessari | b reeparationgseationrafein wirjch i Q!&Phthahc acid qsytpls araiseparatey Jropythes

the product Wﬁb‘thl%? Ilgﬁérr 'tl?éisel‘ﬂs lucﬁhnfi%”ep@?&%@ﬁ'b‘%uﬁb éﬁ'@ﬂ)b&h@iﬁ@for examplelon@cor
drier or a fluidise he not her guor obtai ned as

filtrate f rorﬁ‘???ef"éf@F'PEIé’ﬁl"!c&ﬁ|%e§¥m%q%ﬁugé'a‘m8ﬁptﬁ'c at’B%SH@"F(ﬂEt ed via

lines 32 and gfp- éﬁio§pﬂ6ﬁ§|cﬁnamoh§'%mh bﬁMtﬁbGﬁ\ﬁ%lﬂﬁg feoilitiBRe sueH 5§He£¢rﬂwalrm our
may contain somne s dﬂghase e

c acid in f f |
fines contentPriorpu Biish V‘ﬁf“qt'Bﬁg'PP?tﬁ"bﬁP?'"iaé'BP§y&svg\'é ﬁggﬁg“?é’g 4}} 17982
medi um as 4@ r@ise kntiref diptlosearisi sfgviich are incorporated herein by this reference) Thus for
PCT/ BB/ Q05AFHIS the,1iRRITRtod£0]ds, A9RATRIT, ATLWEtSf BRI SRRRLRIus may,camptise @
t he fines contentifugenaibett filter umndasetalry/eyllrmnclat flpqsmasonaiatﬂdgwm the sluey tsiden
system this yddd #FQHIFU Jr Q%rx@rﬂ'fﬁtﬁﬁ%ﬁ (e.g a8 Ehﬁregbﬁpesﬂlv&Ururtrﬁa\qnéd)wﬂﬁ a
produced | n

relatlvely pure | contrast w convent i onal
process for teigrglityatisiuryreseiving ealistin hich ti\ﬁ mother linwerdh digplagead fram filler gake

in 5 Fig ebﬂwafé?%ﬁd@?ﬂyéfa‘%ﬂc PédiRire Ehﬁkﬂ@d to! thQQ:'élls?’)z ARBE fik6ningrBe Qﬁrry, the

heat ed before return he m xer % exchanger . to ef F
heat transfer'eFPB‘Hﬁef’Hé"ﬁ?rhé'm]t&a"é‘? I"Eaé(n"?‘bﬂned it P'n%"‘i%’yt% atmas rl?e'?reﬁ?‘éf&o he

E ecycl \?\,h Al't efil&ﬁ'tdde'df,teﬂetph[ﬁﬁhchﬁidiﬁﬁlyrb@ﬁrﬁéferréd)% fatlbw praxsues zone (d.gguor

e. ere th §S quse e for,pre-di vin

oxygen) in m\ﬁﬁlp ﬁnggg%s%u % ERape Ivlaq%&"\{%? pf%srsuéiéeg%?“é'ggé‘?'%ohgﬁta Si8 P8k
heat exchangehopgentarcamgéthenty a I'ntatyevélwch am-dype pimpha sé¢remdteed deviset drea
reactor sygsf eﬁ?oﬁpes%ﬁ\let felggft{e%?c% %Igﬁmt grEQQve cav%fg% o?m pe used to pump

feedstrean?:0 ds recovere strea of the
crystal | i satienldpestassef hialy shlids contpe'@ycl ed back to one or nore of the

crystallisers in ?ﬁg%mb&at&%e&’f 'sépBfatiotl ad B @fee of wamhgaé@uaéuihmrbe
promote particle growth. For instance, Eart of

f
overflow st r e3gRefdenhen the lavelsef impysitie W%Eﬁ’%%fﬂew&gggﬁoﬁ'b‘ﬁhﬁnﬁegéﬁr%n

section may . prodaét §mﬁda¢ﬂnt Aluhb@gn; iy geAédal, S0ivilDbe gesicatss td prodube Selarephthallc
ur pose. S. i sat S t agl n

D't "ot verRS aPEMET & usiFienty pheE o ianBeP R pPEFRIen wibESessid b a3y, "
reaction by- pexidatidn afid¢fer hgdrdgenatior apanequeousasaintion abihedresphithalic asiptd i ed

via line 35 t g, 630 QK td FeQQefﬁhxhéseh'cﬁfiog%rat%e/gah Zcheré‘é‘s%V:%?Qe) wé B8 not

solvent recovery section I s rout Vi a
ni xer / pr eheat 8¥clude thea pessipiiysofaaarvingeyt sushRurifisatien i ﬁﬁ‘&ﬁ%ﬁf*wfé“%’ﬁ?se"t

treatment  ing¥AtiGHN FloWirtg S6ItR- Iﬂﬁu@k@ﬂﬂ'aﬁbﬁ hth%rbfoll@dtaﬁaﬂ 66 rédtile b @a,line 30
I ncl udi ng unreacted o m.and/ .

recovered f
Lrvstal [l BE g AHaas indna fowpnlisamiirabedion of aevasiar i S3iErECR R Lt
under suffici diol (e.ghetpplepeagipest pwithout rteoensamp reqa.aidnguae@inmrgiempémse

regime throughotteils. bRARE of e PRodiE M fnaf 3e5SarALE oBPI Yol §RahbR™ ISy steam
- tube drier or a fluidised bed drier.
The mother liquor obtained as filtrate from the solids-liquid separation section 28
35 is routed via lines 32 and 26 for recycle to the mixer/preheater 12. The mother liquor
may contain some solid phase terephthalic acid in the form of fines. This fines content

may at least in part redissoive in the reaction medium as a result of preheating or
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reactor system instead the gaseous conponents are renmoved by venting when

they.. .cofpHs&f solution in the crystallisation section. p¥iciios/nes2s
separ at ed from the solvent in sol vent recovery section 34 is routed via

line 46 to an effluent treatnent plant. The net hod of Introducing

the oxygen i npgnidfhe’ re@EHPEySIBN; Holiver! Bvéh R's %Fn"ercfquegﬂes gt F@?ﬁ‘émé’f the

i nvention the oxygen or oxygen-containihg gas IS intro uce into
reaction medi Unfispolyed asdt Respesrbioughiike seaatianisystem. tais "('Hé'°6!%?‘¢khe éﬁ’e' able

oxygen- cont ai gined the f'n9§$wll ferml W aéwln»ery {nh-% iR %Bﬁﬁéﬁﬂmﬂ‘?metfme%%fbb@ée& iRQhe
reaction can be conducte e conditions wth

'sin
conponents whFefventiongl B’&ﬁ?%?"l’ dheproduc gBhPEéﬁ"Femha"c aﬁ'PdAB'?Q}!ﬂﬁb‘E?thPs" ated in

process, wogll #iquir@dl e fcoveted mbmegaqumﬁﬁes 82@na @6 @ha@rwsneaheu b@forl return to
present in di soI Yed formin.th

P st rat os. ofte mbesr Jertihd B jeaf exerhon e Aect heaE Irnref o e profifiGyebam on
10A is suppl | tide VBtth théendtinér liongecycle. |Ali@mativelya ftansy bpdesinaisie to cool the mother
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mot her "1 quor heglpbetha watembeingricduesd asipsereion W-P%deﬁhﬂ'h@ resWdpg vBPOrhe
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bﬁbbl e ﬁoal FS mmﬁpreaasklebumem geses dindtath@uidstiles af—eﬁpaésed to a vértaregivauht
the nother |1 rr cle s m sq..as to imse. the ti t aken_t.o

i ssolve ol - SYREREEGYE et BRI frion FouBhide Fod Genps, MRIB U BadEn axyeen,
a m xi ng - secayerthirom the reactiprosysterhiapdidrogystalliser seetion ivigglindh 44 .0here the
m xing of the {&86Ssystéds E:pgpatéthﬁﬁﬁé}stfﬁélgﬁmhibn%réﬁﬁé cORiIBAY Wiecure a

The system-operat | ng pressure : ressur e e feeds E and F
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Oﬁygen con: ai aem%:g@,%terat lrr@camﬂe gaseBis eérapbmérﬂs afd Frhéved W@eﬁth@ whéilindy
ase reaction nedi e ensurin

P om | o pr ogaBct BrAaluSp i T4 cofuiatiol ssrtigE WPater sepiralard fRishe Bowent i
source, the sypelvent rqmvejtyl segptipn dsisreutedyia lipe ¢altd ynhaéﬂuent eneaemsntqflambout

60 bara.and .. Wi Msmﬂr({f%g&mf%‘rlbglh% 6)&%&3%8% oﬁn‘?ak '§ | & preferred

present. For instance 'S Su
gas cont ai 30 ngn@%mqﬂg.gﬁhgmegg% the pm ortqqqgen contammg gas ss mtroduced into the

reaction medium in such a way that substantially all of the oxygen or oxygen-containing
- gas is dissolved in the reaction medium so that the reaction can be conducted under
single phase conditions with those components which, in a conventional terephthalic
acid production process, would otherwise be in the gas phase and solid phase being
35 present in dissolved form in the liquid phase reaction medium. Figure 1A illustrates one
scheme for achieving this. In this case, the reactor 10A is supplied with the following
liquid phase components:
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system operating pressure will be typically in excess of about 75 bara. The
t enper at ur eWo98/3815¢ he feeds E and F will be such that, when BCTGB8/@0528
desired-reacti on-nmedi um 30 tenperature (e.g. 150[err]C) is secured at the
inlet of the reactor system 10 consi stent with initiating the oxidation
reaction. A. pEnaxydemnd and acetit peid anivieah@iquid pleesel);l | be det erm ned by
sol vent introduced, Vv c acid recycled
via the nother I|i %Jodr‘g#e el & %?;ﬁﬁ#s '#ag&ﬂ: i ang%?ﬁq%}ea @ﬁ%#t hat
substantially al| @fmother figuepiecheered feon mqoprgde%sadlqurd nhaseprangdi ng 35
reaction is maintgj ’\?ﬂ«gbﬂ o}(yxygé@goﬁtg{g@ sg ction zone, taking
m)re ere

into account the nore an lalic acid is produced
as the reacdion r’rfcﬁ%‘\a“dﬁr yvidsarerefadixalymalhia ‘(SIH’P%F"'F‘E@'TeGrW'l'D esf C¢ are

rlgaCt or S)\;\g S ﬁgﬁd&b%}siéﬁbréﬁﬂre and then initially mixed together in mixer M1 and preheated

38150 . s .
PCT/ GB98/ 00528 necessafyfiyinga bafase of aftRempdagtheiebidapdirinteaarieed feschEeFeelE
react or s]}/st ens fexl iape iRl ixtbt regiod DA GFahé peatabd systeﬁﬁ.um;}ge_g ihrexdessLom@eat ur e
I ncrease rrom

10A . Jh
t enper at ur e prsiﬁ &'8"‘6?:5%%&%8"{1@"553 ?%[i FBI’ %?Ft%?ﬁglg Sﬁtge‘i’te}'g%%%dlgﬁgatﬁge'?%tper
control | i ngot tiquorfeedrGQwhich isrufdel systemt pressire aide & neeexsaFy i aftep agdionexfdber

5 10 et QN

This. as 11 uS G oreldfla, B MbstfaXiobe R EobBiubd ilioy U3 1 Hhoaops
~split into sepatedhe inlebtkgion 10A, THRoxygen may for ifstaecaibd-adeschas arsingle irtdatocthe
the inlet regipgdindPig@tdetide sHEBM dﬁaﬁ@&%fﬁaaﬁzof a static nﬁférrlﬁz"mfsfa%

as quench feeds into the reaction nediuma erent polnts al on
path of flow m'xehwr'é&eﬂg@ﬁdﬁe&navﬁetthabagwonheucr@detw @ya?e?ﬁthm"%@éﬁ"eam

i njection pgi nhereldtesid sbabi.@dm.gjh Gené’érﬂn%ﬁiﬂﬁ%ﬂb JM\ in¥Blutioh] maRinin® BLEBE difs
ensure thorou

h m XI
reaction rredl P%‘ 'B!hef‘%"éae?%P"e%lgtceﬁ%esce" irile bggglef gn?'r‘ﬁj‘ftﬁg uniformly
separate r eacttlmrrougaesdhe méther fiqestrebyicle 5f2eam sveys faeminimise the tmiectakeéry to

ted t { t
Fonctor vesseldsvoyisar bt Bk SECIRD Hhule el e bR feslf YR IpESE g,
sui t abl e vehi @rengemenhM3, e.g arsltatmmmer.dnr ehsurh‘@ ﬁmmh mixing af e fesdstE end F
as it wll Qoruq@,leb}; fGt‘?ﬁ'iﬁ tﬁé’?é‘aéﬂ@ﬁ rﬁéﬂi&no‘c t he reacti on nedi um during
in

st eady sta? oper a trons; however, we do not exclude t he
possi bility of oxyﬂ%sltfé?'ﬁwﬂeﬁﬁ"tﬂdﬂf@éﬂﬂsy' %‘}ﬁewe%ﬁ%eéﬂwhﬁf‘éhﬁfe%%@ﬂﬁé are
feeds to.. tdaesweeaors §él§ét8&‘s8'tﬁ$l€b'll oAb ¥ o&b@ aﬁidaafauhlh $R6 ihteedliced

in addltlontheret ferring nowto [

e o m of -1 11BeEp dateCeplytinn i e hauid plsRa teseloRed %Wbtﬁeﬁeévw ef bpiling of
in which the nmwamnoaymédmm is prévéried. m;]wnf]necﬁuramxygadisaéamloweqabmma‘ bxygen
react or 60 r | C eact.an

for m xi ng, the Eﬁ‘%g%%'s“eg%g@ﬁ gresﬁ%r& %ﬁ’gy 'ca%pbraéohuce §P%g&r%%ﬁ hara and
m xture of wnbaea;oyweenendmgwshc@aswwhemd ditekd-is present | Ros instangs, vdwreutfae

line 62 from %'iy%éﬁ Y@Hﬁﬁi‘émﬁ'ftﬁé forhy ofadqﬁlasr @&Mﬁinﬁﬂ‘ 5@%*&%94& Qr\’cpéo%erﬁﬁoBQn the
| ine 64. The oxidant (in case Substanti ure ox

suppl i ed via éémggﬁ'iat'eg p&ﬁif‘q'? Ml be typiepltydn excei"’o BosH 7R %gﬁ" tW@ eHnasature
l'i quor recycl ettieetedns. E 2he F WGieaslich thaE wiildonsined, tahdesired Tebétadl @edium

NSl RS e IR Ry AP e R ot b lBr SHMB T Chonghie
punped to a pmdtsinit@ating the oxidation reaction.
o The acetic acid/paraxylene ratio will be determined by solvent introduced via
.- feeds A and B and also by acetic acid recycled via the mother liquor feed C. This ratio
will be such that substantially all of the terephthalic acid produced in the ensuing
.35 reaction is maintained in solution throughout the reaction zone, taking into account the
fact that more and more terephthalic acid is produced as the reaction medium
progresses towards the outlet region 10B of the reactor system and also that the
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30 the order of 60 bara and the oxygen is conpressed to a pressure in

excess of , to facilitate its introduction |ntoth k,gosggase.
As in the. case Q@ ?he enbodi nent of Figure 1, the reacti on gl um _
conprises a m xture of paraxylene (pX), solvent-based not her |iquor and

sol vent recovered a?‘g ;,ttf,?ig%ﬁgifont.n&. rﬂa}ﬁérgﬁ dEé’ %}185% Aatelsystem gﬁ:g:eﬁ Hiq2nd

cat al yst makeeﬁlﬁer plI ca e reaction ne ant m xture |e8 35
to the inlet Bm-igbthenpakyresutiingdy sttempieratutte increasp étom thedniet regien Apade tos

150C. Singl e g,pet 168811 lé?ﬁbé?gt }é‘ﬁrcffi?@ﬁlt&hcéa'ﬂa@rﬂecéﬂo}eﬁw6he such

advant ages in ternms reducti on ressi on of ry acetate
f or mati on Méﬁéa'}fc@f ,centéglllqg the m%%@ a@fule is to introduce feed F into the reactor

953/ ste?d 20 in stages rather than in one-shot at the infet reglon 10A. Thus, as illustrated
PCT/ GB98/ 0052 sol vent _ and | ower, | evel s E}ﬁ %t burn can
o skt &

achi eved conpam8antgm ﬂ“'@Bﬁ\fbﬁfQ“B?léf\ the fepd Fopay ieParate faeds Ef F1, F2
oxygen rat her,, tWigifeRdF b@iﬁghrﬁtﬁadu&ea at tsinfat regibn rde B remaininy feeds \Fl, Fa2e

f t ed t | t

O 920 Vet o oIS S Tob el bR SRaREREETPorent s atonds,
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dit t . . 1 hi

Con Sl BbRIA arran UNARE N S GRS B e Bkl RS i bne

order of 60 tinjectsal lisidiyith the pemaining, reahfe;orrl@adtum Wheredhe seactor systeme
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sui t abl e i nt'eeakioe vBssdi§lg t 0 secure single phase conditions) at a
series of |ocations along,the |engt actor, 60 v ection
poi nts 7045 708 aRPrapkce: mwtqugugﬁ{ﬁf’r}fﬁ @‘ﬁé“?ﬁt %?B‘f Vef‘f?'%f%% ation
as i |1 ustinbeuktion dfitiheibrygln ntwethei rehctidnuas diwild hotrhallyoodndtitute theeyblile afiticke

substantial | Yy a«:try,l nc%%.uﬂ%‘i? n b¥teagt Pﬁqé’%gggtnhé é:‘éh?lh%ﬂ?el{c;ﬂ ; 0.%19689 rﬁgvbkctﬂﬁe

the like exte erna
i ntroduci ng ‘tthe pmsnadm Oboweesiam.gainyfodgced byiwey ®f oteon more otﬂgmtéezfetﬁds to

Figure 3, elg@ﬂ@é':%r Qs %'%BT’ inSte e Infbth&Aii c{u%"i‘%éd)& |ﬂtad%|t%rﬁ\é€éibar

| ocation can be tailored to the oxygen requirement. at that |ocation and to
ensure t ha&O t Refegring powdo Figuser. HiwmflivaHategpne W"f‘rﬁf the pocpesdessribed

Mor eover:; - e?ér@aﬁtyamtrpmsse\m:e to Figu¥an .hevrmduree:réaaro@\sysheﬁ ishmthé forinSoflerpt
at a level su he 20.re

the reaction. Ibcat%n‘;['”é ﬂQﬁré'%&?’tﬁngBVWQ @éﬁ??%ﬁ%wﬁﬁ' tge('i?a'iqﬁ'ésrﬁrﬁ Hpg"ed

suppl i ed.t o ‘tfoe mixihg! thefliquidephase neeatdnnomeﬁi(lm seihg pradiscep by apimbinieg @rmdixturefof
bout 60:1,- h

feaction i s Dby dtdsh doRitE ah kel Gatales supdil ighhe B2 Font -

al | owi ng t2se mixepereiteates &Saanﬂsecmieﬁmarher fineer &egmr!meuﬁ"e Toe Wa"éi'arfblse

150[erriC at (g s%%sfa‘?lﬁﬁflgpbuﬂen&%eﬁ)zlst&pﬁpé’dwlam;ﬁ%&go@ @taﬂthﬁ\é PRERAIs

outlet 72 without the need reno i rect heat
transfer or otREPRIREH Yithjhe m%%rdt&ur’bﬁe%'ecfss%ﬂ Fﬁﬁu?%‘“f’?tsé’m combingd With,

medi um or heauibdle’ ineerrbsweHﬁlm\g%o as to pidducoa Qdikﬁerp&hwdnthhaé okmien digsoivedin
I ncluding the, e

exot herm sol e §r{% %sgr %‘\’Mcﬁ'g’ {'ﬁé 1”é47§%§s§tr3P8{T§%%F é“ ?sr om F?‘}:ne | nf’ et te of
t he out | et3gof thehedercef@0obaraznd thh akyGéh sropmpresses t© & pressurenio\excesseohel bata/

be enpl oyed tt% R ETRYE ith rdRRtioR inth §RE 114,08 pRbse. As in h8%ask 3f B Embodiment of
Figure 1, the reaction medium comprises a mixture of paraxylene (pX), solvent-based
mother Ilquor and solvent recovered downstream of the reactor system, solvent
make-up and catalyst make-up. Typically the reaction medium/oxidant mixture supplied
35 to the inlet 62 of the reactor system is at a temperature of the order of 150°C. Single
“phase operation of the reactor system can lead to advantages in terms of
reduction/suppression of methyl acetate formation where acetic acid is employed as
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The product streamw thdrawn fromthe exit 72 of the plug flow reactor is
processed iwomsgsriuct and sol vent recovery section 74 corred6IeBIsPos28
generally to the- pl ant sections 20, 22, 28 and 34 described with
reference to Figure 1 with recovered 35 pr oduct, recovered water and
recovered not haivenitcam lowepldvels dfi spisent purgearbbe aghieved cefaparedewitihgonventional

(et or ences 10 ekfiord B AnE T3R5 LAY B RS B Bodiy  LERRRAR Fecuction
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inert gas is inthe volume of gas vented durmg the subsequent crystall:satlon prggess V\D
98/ 38150
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exchanger 88 NeCosoary after 'scr ng wth water
or alkali to rlemwen anints oA TAEhgnd FOC{whete Mg §quridh 0As o@mmhéna'm@mwn as
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series connected reactqrs.

alnin tream fr
the first reactgHreder lgég“ﬁ%ésgt? ?fT"l[’r‘E\'thf "Fﬁ‘épﬂi'gg to t"éea'é'%(? zfga pa(g?%lﬁar
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the first: mo&é? he "tenpera e reacto
system as a whedrebe cemmegtpemtdwl that mals kepd 2t awtyvstmeﬁlaﬁm @lnryvgnq balling of thepe

t er epht hal |(?cq apdaghf,,pmgaq"hg g.;e: ,cygc igfle quenching nmediumw || usually

conprise 2 he sol vent e n t e reaction

h
descri bed wi-th ref ¥hefethe %P'Ve"t PRTRiNenelafio o e Bﬁ‘f‘éﬂeys%pﬁ' 369(%%';5‘?‘“ ot the
predi ssol ved  t iycirs0 ik rio.aa&mﬂé of &id GridePbf alidi® 60ERIthe adiabatit texhpératureetiieum

i ntroduced i nt one or re the rea Qwnst .t eam h rs
reactor nay, Citiorhtiohds) 'ﬁ%ctPé‘nlB@rbﬁPﬁi(gJC; Tg‘P reachan %’éoqré E“aﬁ'l &sbr? %"H“n’re 815’3 h
t he r eact oallcmpiag ¢ine tedwperatutetdidsd fromt dreinldtiempematlretdfdor example 150°C at the

product - cory a' ma'ag:r%le ﬁﬂ%?b&m%%ge é’gg}';ér F&%?Jr%hﬂ%f}?%ths tptrh@(%?éydr\g remove

reactor. oregol n t1on St en&j )
di ssol ved in theatselg/@mmdlrect hecn tlnanswumqmqt@gthvenmw'&éloncﬂf t'HQHH’ (‘e

however, as di Féé‘éﬁ§ﬁ%é?ﬁ@¥'o?H§ét§’carﬁer) Hoh@@é‘r ﬂ@ﬁﬂ%@%d@?&t@&dﬂiatﬂﬁdwﬂ%ntlon
enpl oyed Pref er abl y t he cat al yst %st em i ncl udes g #1 g el
i nst ance, suppinstsing the amkedinay ¢f iiguredyinpotiimited t%'fe"ﬁq"ta ghingpipllergysolely
been found to w adbwmgahmd@aamdmhsommtn@-.ﬁﬁt\tcm cutlet obtheareadtosi ahd that
| dent i cal %re3|de tinme Eeed 0 Sit] ﬂp{i SRS e
but wit hout %UEW S ab@%ﬁﬁ LRdipyalm thé)d Y &V%@(?M?'E}%Rew PILZI rcgﬁ{“u%rﬂ &
substitution ileashim pat.al yst syst em-conpared with 250 ppm 4- CBA w t hout
Zireonium s‘upp_I:_erre%e product stream withdrawn from the exit 72 of the plug flow reactor is
processed in a product and solvent recovery section 74 corresponding generally to the
plant sections 20, 22, 28 and 34 described with reference to Figure 1 with recovered
35 product, recovered water and recovered mother liquor, mother liquor purge being
depicted by references 76, 78, 80 and 82 respectively. Because in this embodiment,

substantially pure oxygen is employed as the oxidant, nitrogen or other inert gas is
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In the enbodi ment of Figure 2, the oxidation reaction is carried out in one

ore 35 .NDIyg, Elsﬁ,l ow reactors Figure 4 illustrates an alt eiRIBIEM0528
approach l.n. mhlc t he reaction zone is fornmed by a series of continuous
stirred tank reactors 170A, 170B and 170C, optionally in conbination

with a small fldikeltohd 8AGtMIsatién proddest RS ®PH GRdUire that the vent gas recovered
22 WO 98/ 38150
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w Il be appregig haﬁ?%rmo.;nbﬁﬁgmgg%? \B'rg%%ﬁl e h @BP{ﬁéaJebeto?ﬁ fgtﬁéﬁ.%fmb r..lge

solid phase in't fFom t uor recycle
as ment i ofRAFteITEeY.clppepdingianstheitemperatuse orefile 4o mcaSéabd'ﬁ%eq Hﬁe'rsfbrhe

medi um:suppl i pghctdt dydtem, ser\lé”t@heétqgﬂfé? thdn ddoB tHeS Hh@@c&ﬂé’iﬁlnbsstéﬂanﬁ
tenperature of the order of 150C, the fjrst TR 170A nay operate at a

t enper at ur?s o\""%ﬂ@ﬂt“gltgﬁ[sé‘?rrf]’@“ “E%B"“é’é@ﬂﬁde%r‘fm'a tenperature 30 of about
200C and the thi I‘(Ih&‘te ﬁ:régrimgeﬂaiwpﬁoﬁ.f thalvatﬁlyﬁwri;ﬂwddﬁstdiwomyﬂ rdewebousrleng a

tenperature profi Al st an || f
terephthalic é‘%d up? dﬁggﬁﬁf P t(m?'rr}]oo Y& vvo?i Lus‘%ed%r ek?g c |on
progr esses anuem@erte@ueplatamtrmy be eraoloclecﬂ .dJrneferabliyghe sa@ms(b ny#edl inpluides

passed t.o t hezi’?@&ﬂiu@ﬁ%}%ﬁn@et Qﬁ» fﬁgﬁlé@tt’jé %ob%t by 155’““ WQigﬁPBLEIPcdmurﬂtrﬁ'sn

In solution the terephthalic aci

be formed 3 PRRN &N teqedyared matkad redugtiosy iakGBA Wrﬁﬁemﬁrewwmwéh

conditions (residence time, feed composition and temperature) but without such
supplement - i.e. about 100 ppm 4-CBA with zirconium substitution in the catalyst
system compared with 250 ppm 4-CBA without zirconium supplement.
In the embodiment of Figure 2, the oxidation reaction is carried out in one ore
35 more plug flow reactors. Figure 4 illustrates an alternative approach in which the
reaction zone is formed by a series of continuous stirred tank reactors 170A, 170B and
170C, optionally in combination with a smail plug flow reactor 172. In this embodiment,
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CSTR but we do not exclude the possibility of operating the reactor system

so that ‘t heWO98/381%9ssure i s i ncreased fromone CSTR to the nePCI/GB98/00528

23 - - \WWD-98/-38150 :
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C in an over hphusflovtikemperationtis @pppadmetedt by theghs ecofrresitipiet CSTRs onble gsexter the

190A, B, C T'ﬁ%ﬁ%e?%ﬁ@%ﬁ%reﬁnﬁl)ﬁ?e@QBe cl%sefr%ger%&qmunqgggltoa%“ég Egllat%]cwfma

(as in the conventional designh
non-boi | i ng r ®HSEew regimesand henceoh moane davpusable durp veilsns dkCBATRIatiopsiip. Thef

the sol vent theéctmwnb@sumaalmen h\éa&s?U:rvmasdarhgmo%%smntm&g%é Wntfnd ai r

stream The,  resi dence tine_ of reaction nediumin each
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reactor 1720 . plugclow beactopl 12 bwhere n‘rasedﬂamarlméum tAleordoxygéndmd diluleat gas such

i mpurity cont gate®f; Iug

fl ow reactor grgrp < ’sci!b f?ggﬁé&ﬁ)ﬁﬁ?mgseshtg% ?)? &%qloe reFmi‘l vg?a':la_

for exanple \Aﬁépellet%@ eShRCSTRua ine N86and also/td theelvg How reaetapazz tvqheofpresmt
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produced i fgt hegésswahe«mahards assbaafe@rwmw pra8bRée Bf mgnmns Bf b%ew .the
fl ow reactor. soI vent recoveyﬁesec ion 192 w ||

general Iy sini V%‘F"l’ 5°fﬁ'ést-¥a"°ep “a%?é iNsmayesupatied withain whitg 5{%@&9 i'°2ﬁ’rf&32t°"
Lines 194, 19@ayligSsapplied0dith salpstantially pure oxyg@poe bin lehdiched exfyehaddueceisich as

duct ) t h | to th .
P er | pr ehoat Sxyden, SEREMEA Sl 8 ufilentHils Ron' A« oF SRS Repaiefasishtpe som o
the  condemdégtsthegongess e‘,umlield b a:rlohygﬁn flowds @ach C§Tg< WIEdesdraBQ' fosar a,
and wi |l cont @bhtrdifed E'ﬁ 8kit %Bc¥§”er¥ Posfhg't’élSTW%g&{Eurg MR E RomedtIRRd of

di oxi de, a substantial anoun trogen, solvent an ot er organics
such as met hyPXi%hi de and net hyl acet ate Th| S vent gas stream 202 is

further cooled in lﬁﬂM%ﬁiﬁibn%@ﬂeﬁM tbh@e&&ﬂﬁ&@ﬁﬁb&ea&ﬁdﬁﬁéuiu)h is engwééfsalﬁn

is fed via |ine_ 206, L ﬁp ‘g%ver section. . The cogl ed v

stream i s SPRRRA "@Yn@'g ys?! ehbedgraphifalic 3cid proghcs B¥§§fd€t'°" Bthe

abscﬁr ber dZQQ Paraxylemecorf that bass 8hoogly the mztuiﬂﬂegﬁewbdaedamemﬁn geolatios. In this
reheat e ~fi. to

Eorrbust i onégnggﬁdle{ L é{‘gmat;r)léolg aségé‘E %é'r%tﬁﬁeﬁgj ii'oya %ISmeltﬁretp%ﬂ} ngoa\fé(?pbe&ﬁ@} in the

The ni t r ogen- &elid phagenip thadorm péandnas@vewoeemm theomothiee ligugranedecle 264 may

then be Phi¥GsAEd pf’éVn&M THusJin Bie §Eér't%m WhHed thil %Qétﬁzrn rﬂé%ﬁhk?ddphe& P the

renove any resi dual utants such rom ne and ef ore elng

di schar ged ani! Btr'eg?é'o“f‘gF rBRFian 20nedsiat atempegature, gt thepyder,ef 120°C; the fiest
production pl @STR THea mytomstetatesawm&awreaﬁasomo C, theeseipnaratla tenperature

descri bed é@ BFQ!)OIﬁ%% bn:}n%rt f%‘% P%%SEFamA:% otJ acb ut&O%othe\{\&y developing a
temperature profile consistent with maintaining substantiaily all of the terephthalic acid
formed in solution. In other words, as the reaction progresses and more terephthalic

. acid forms, the reaction medium is passed to the next CSTR where the temperature is
. sufficient to maintain in solution the terephthalic acid already formed, and that which
.35 will be formed in the CSTR concerned. The same pressure may prevail within each
- CSTR but we do not exclude the possibility of operating the reactor system so that the
pressure is increased from one CSTR to the next.
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4, where the plug flow reactor is present, a single CSTR may be used

instead of a ser | Seplted dit 1Slehitved fro8ach CSTR IO B @TENdn Gethéads sthsdrance

be such that the major part of the oxidatjon r% conduct %gt
'h the CSTR, Wrih Patsqs B uacp RIPEFINE SHTUFBPh I Sl 1128 SFPERTTHIE e
overal | Yo €stideingatiomof bma&iolla'ﬁ%s i theadneentianal tesigr)STiRcattee C8ERs are
remai nder pr Od%ﬁ gghﬁgé[{:laﬂ &#:g? Frea%,mgbinsle%\g tF.S%SL&’%mseLQsMQRQ@% nock back” Fome

nodi fi cation stant1 al
pure oxygeg @f tiheselventthat ney\pcentrrined as wapeur andropiatscioribe deplgtecbair |sﬁ'eam

excess of 't N3t Peghfihle hieibe iy rBabliar e&ﬂnégoe@cnftfﬂﬁwbemenghﬁemnaﬁr

di sclosed in nmeans tor es ['ishin ui escent
zone Wt hin tdegpased with the residance time, typicatly 39H@!ﬂ"ﬁ§é”d&?f§eh‘ %G%Y%"’&P'e

confined to | med §idence ti sHEp CeIIe 764, @
Lo | b tEfeph Bt APICRCHYRS PR TiflEaly BRdeShencs tims 1y

th
entire di scl Ssmay ke °f/\l'i‘|ec,9fdP§°ﬁ $RVEFH SPinvies: ﬁér%‘?%"ﬂ%"t%mg‘ ?"e"'f é‘?" §§E§ this

may be. ef f-ed sfbcmst ERaaR vﬂthd?amfrbh\ethbqﬁm eSTm 10Cmag PeQrasskd idivectly
i nt erface et ween

fl t, h
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be appr eci at t I's not”‘essenti e reactor %g/
20 i nst ance qsdagity ehthe erles of 10 m’; the ﬁ'PQ)\ﬂPWf'eP?‘ﬁDﬂHZ MAYave &t qct'fyé’f the

general 'y verdrigepbf 10 to 20 md Wﬁ@&tfopgxample the major pafd{@.d. @t feaat 79%9‘350*9
recovery section as depicted in Fi

in Figure 5 t'8F m"?ﬂ’\"cr id objrigeq i 'gﬁ\ﬁxfpé’(ﬁ'@" "f"f‘n‘gﬂ’ﬁ'r'ﬂﬂﬂBP p§??‘¥f§ﬂ1‘5ﬁh Shlﬂ-kﬁﬂth

from the reaahefrefgiidembeitigoprdodacdd insthe plug fled reactet.al | i ser vessel 222A in

which it , .
o Bt i ST Rk PUER BB 192 SERSRI S5 b
product str eatesgrittedwithuteferencé to Bjguces t@n9r2| tineg 194, 196, 13 anch20Q FrEPRSHRlY

The product s
p dé| Stggr'lbﬁsﬂ%gmha%@%l%ﬁp%'dﬁ?iﬂeeev&gﬂ Fé&o@eé@%gr Sﬁdtﬁéﬁﬁhuor recycle

crystalliser v hed to even aépressure and

t enper at ur e " to the mixpr/prehgatas JidmndrmethRE HayRrR4rge -+ Hhe W'S‘th Hrgam fom the

aci d cryst al sconudnsy®l wu/:ora Q:f wull be3 gt h|§ﬂ|d¢‘6§l§ur6n§19y\a$ & waa&u randWmoeaid-ry
for a product, st re;

era rder
220 o 22 bor s SIpiTESBUBLEISeE: PRRARRIIONRE: FREORSOEe 2 Sth o Bu ATt 8h
9 bara in thenifrogéh, solyeitaindi cthér onganice sabbat Mdhyl trnohide aad methyltahetaseecm

crystalliser. d\t gas strﬁ%‘H geéj%hfulrmel': E?(Hég u‘? c&%n@éﬁgﬁf aﬁ& tird Xﬁo@n%&a&)'ri%rny

are |IIustrate reci ere nma
two stages orsavent. is fednvig éngtzagetodhe@pwhreqosaw gastion. T'3f5°°°'ed ventrggs stream

product streagreiRbh&cifl Wftﬁ‘ébﬂ)bbmgqauro? frﬁﬁ?h I?ﬁééé%ré“ébgor‘ﬁéy?.@@lt& rémove further

sol vent -based nother _|Iiquor 1s inthe formof a relatively thi urr
e.g. cont @0ni.grganics. The sgrhbed yent gasisspiehgated i fueldired pg;?ﬁegtqr‘}d%v Pﬂbjéﬁ‘ﬁ'ﬂ to
226 to one orcdtalyéic hepehibRelieh ananit 228 and passed through expander 214 to recover power.
 The nitrogen-containing gas stream 216 recovered from the expander 214 may then be
processed further, e.g. by scrubbing with water or alkali, to remove any residual
- poliutants such as bromine and/or HBr before being discharged and/or used for other
- 35 duties, e.g. inerting duties, in the production piant. The vent gas treatment process may
be generally as described in published International Patent Application No. WO
86/39595.
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PCT/ GB98/ OOwdxds/38150 (only one is illustrated in Figure 5 whBCEGBS#/G0Sehan
one +is .enpl eyed;-they will usually be parallel and/or series). The
slurry undergoes thickening in the hydrocycl one(s) 228 resulting in a ’
t hi ckened under f | dvasnedifiggtigoof theembasimentafdigurgct. wirire the plug flownteagier is
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Sol vent is reeseesseef thebpneskst oraist ald. 2846 i1100%) desigasd &t theanaowes discges in

The ver oshre s ATEA 4908 WifRLANT 1Y ARRING T GRDER A CORD WARRCHS 2206 1Pbich

recovered and asse rough condensers cing solven t
condensat ettwhRovay thaﬁ the/exygeniBibpies arerpenfinad to theregitcutating bgdx hfelxqwd(end are

section (see Ehﬂbl"é@&@-frog\ Merify 1th§ the'a%spacer %Q%?Jlgé%dasﬁ ﬁ@%—@yﬁrzfsque

fromthe hydrocyclone and is reC V|a 1 ne 244,
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| i nes 248, eftddteds) Rédns 5Ph \tRfle 10BERMAK Yhe RGidrPHr thEGntdPracd Befith! thk WaBthnd
by a distillat,io eotropi ¢ di tlllatlon

oY e Sty wnliaRdanass endlhs i onaine e nere Shaceiulin Thd, bckor il an i}, 65

various soig ceschas Mitrogene Ipthisl wednngn, the @¢genh contest &f thedentngay wiay beanonitored

t. | b d._t.
o ruent 11 car RRYS T Febl it arcer T BORS on bl 3538 R Pl B Fisherpacey
conprises the If Itm sermpodimests desorid®0 abbvaivhete dne ot (moee plugdicw teastars are
vessel s 2224, ugexfl %EQ\%&Q healown onélﬂﬁfé\ﬂqg% itd) lq‘ﬁgﬂ ﬁi’ﬂ%?é)ﬁs et n% r?d?tio%é.%gh

The vapour stream 250 W | f“so cont en an 'nerts su

as nitrogen, - EVMEYRT rbeBk‘P%léPPf@&raé%“lﬂté'%F 6%“0%%59@%' and that/\ki‘ﬁé'ﬁa‘&fﬁﬂ maytfRy |

acetate (tj¢ lrtakde BEbNENRAAS SO thatMBE fla lof li§uidX8keplat & th & Gehéra9 vertical
oxygen). A se%ond sol vent/water feedstream 255 conprising sol vent/water

evapor at.ed -a purge taken fromthe nother |iquor recycle streamis
supplied to the dlmte fdrmtofqnoduct recovemy secﬂfh&a:gds;ﬁeleﬂ io Giqwesnt 2 aadet ishase

separated fr Omugﬂ‘?te%/%fgg 5 g %‘H:%er%f Qfgnc vF 538! Tie giodqli ts%tir%;rﬁtoinqﬂe%
are supplied via vent gas t?rea et T cara yiic
conbusti on, p&\mtheer@@vmfxsyeiem antee«pdmdemurm&rssiau'bbr vepsel I22A gowbishtitis

recovered igf ORbbhEd t RWek padd sQﬂ?e sa? Watdre Yo LM d,kq/.nbsarﬁylfsaeeapﬂaf.&yoftih%an

to permt S use i n was % recovere ere hali1 ¢ aci d
for instance, §f&Phthgfic agid %‘m‘%@rﬂf the pr%qqcéaqu@nwobéwauqfefﬁpew GAMPTISiRG

260 and used sBiveRshhd@atdr. tthe pfrwmrsuaaiﬁeshew@&saé \ﬁthMlei d ta%csdnmshr&i
vent used

count er cur r enE RIS spoC 2229 In PEEhGCk geBheq Ficoyen low BreseHrs 204 edtmgretre
rotary vacuumwith qdms!etmenﬂfarthéq precipitaddn ohtereghthalicacid icrysitals and evpjutioaicdit ed
tzgat the S?& _' Qﬁrv'ehﬂHth%‘?e‘Wa%bR”ry%‘icea‘hy. for a product stream on line 220 at a temperature

of the order of 210 to 220°C, the product stream will be flashed to about 195°C and

9 bara in the first crystalliser and to about 151°C and 3 bara in the second crystalliser.

... Although in Figure 5 two stages of crystallisation are illustrated, it will be appreciated
. that there may be more than two stages or even a single stage of crystallisation.
35 . The product stream comprising precipitated terephthalic acid crystals in
solvent-based mother liquor is in the form of a relatively thin slurry - e.g. containing
about 3.5 wt% solids. This slurry is fed via pump 226 to one or more hydrocyciones 228
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PCT/ GB98/ 00wD38/38150 may be carried out using other devi ceRCT/@B3§/0082%el t
filter. Instead -of using solvent for washi ng, water nay be used as -
the wash i qguor . Figure 6 illustrates one form of sol vent
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process, depicted by reference 31 C|n dried tere
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containing a sm;(% }ﬁ@ wat er a’g a wat ri ch overheads product (Iline
322) FBREES ‘h’d‘eé ERASPIPIAIventifom i n’fher‘?’%‘l‘?' BB'P&-H%?SE? sy apagugous
recycl ed to ddffluerddtatment system giycttshiown) &id linee248 Owdsdch felbastoesn lteambsises the

product is pwﬁﬁﬁﬁﬁau} Qréa%q 3\38 bEINEd er% the cr¥st %2%85%55?@@0 %ﬁgﬁpﬁn

t urbi ne 324 ve steam onin
fromline 308ecexaiy Ilrbmdqb\lseessaﬂé\ & eadrﬂﬂ%-rThAeﬂamuomrﬁhe 2hfewilicalsis cpntadhuct

(line 322)¢ T’QS’dﬁEf&@'&bﬁfanﬂfﬁér‘dé‘ﬁmrpégﬁmo@%n 5§§bﬁ%n&?&l€9€9nboﬂ'Jléﬁggnsd’?v%t

st eam formn he over heads product on |1 ne I S prehea
passage t hr oY{fHehe "‘e'hy' acelae (fhe datterheing preseyt whergirie ysed astee s‘P‘ﬂ“’Pé’f

nef(][ tsub{ eC'E eﬁyglen)catﬁdcyshdt: ;Zscﬂ@é‘rm\hﬁtéﬂféeki@tream 2;.]55 dd&iﬁrns%@sﬂ@erﬂﬂﬁété@&vaporated
ol lutants sQ ressu

F enper a{] ure rs}fg "Etg?lﬁué%e Y;‘ﬁﬁ‘?g f%ﬁl’;( "qug%lfe g llep hgd f%H‘eo?'aBVa*tﬂ"

450 C cofimmpwirhg gaaecals)/d;ompmmmmam pirgsei sepaméed-omtﬁeemterw:ameuced

328 by hegp lﬁ wgﬁfrsé of B&ﬁna on and b@%ﬂ?d%eﬁ&e&g? to b&fiYBs Wedtndfit 24, SO

as to adj ust ts tenperature
27 catalyt:c combustion, power recovery via an expander and scrubbing). The solvent

recovered from the distillation column will usually be sufficiently clean to permit its use
.in washing of the recovered terephthalic acid. Thus, for instance, part of the solvent
' stream 248 may be diverted via line 260 and used in washing of the filter cake formed
35 on the filter cloth of the rotary vacuum fiiter 236. If desired, the solvent may be used for
countercurrent washing of the filter cake on the filter cloth. Although a rotary vacuum
filter is illustrated in Figure 5, it will be appreciated that the solids-liquid separation step
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35 temperature stream on line 334 (typically at a temperature of the order of 450°C
following catalytic combustion) is cooled in heat exchanger 328 by heat transfer to the

incoming overheads stream on line 322 so as to adjust its temperature for compatability
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29 V\g:rggt/agggsmz On entering the central draft tube 413, the feed partially flashes.

PCT/ GB98/ 00528ecause the two-phase flashing feed is less dense than the bulk mixture, a circulating

30 flowis estabhshed within the crystalliser 412 (if necessary, the circulation is further
enhanced v:a an up-pumping agitator 414). Vapour is disengaged from the liquor
surface and passes via line 415 to a vapour condenser 416 that generates steam for
process heating duties and power recovery. Most of the condensed solvent is collected
for recycle with the mother liquor via lines 418, 420 and 402 but some is directed to

35 solvent dehydration via line 422, The small gas vent stream from the condenser 416
(unreacted oxygen plus carbon oxides and low levels of volatile organics) is passed
forward to a vent gas treatment process via line 424.
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the bulk of the mother liquor since cooling or heating of recycled mother liquor is
expensive due to the large flows involved. Also it has been found that product quality is
L s@rqngly influenced by the temperature at which solids-liquid separation is effected.
35 _Thé_se considerations imply the desirability of a reactor inlet temperature in the range
120-180°C, e.g. 140-170°C. The outlet temperature for an adiabatic (no external
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precursors may be enployed instead or in addition to paraxylene, e.g.

4-tol-.ual-dehw@sogsssiso and 4-tol ui c acid. 5 EXAMPLES PCT/GB98/00528
Experi ment-al- werk was carrried out using the plug flow reactor schene
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31 - WO 98Ydpiiris@s water, the coolant may be removed as steam via line 518 The coolant used

PCT/ GB98/ 00528, alt?rnatuoélg"bteec?né 668N eGnds émplog no%g"iﬁw | ghl f ) the ??'tax%lﬂe

i nt er medi at es Si ngl e conversion Is a can
however, par afﬁyﬂe'neff@ém@fsmmcl@dbat%mr ettﬁeoxygen adgitianrang diseolutien). semas the

to co-preci piHedt eedeteheJ f},eerﬁgﬁ%'@?or |h§traﬁ9$'§mﬁdlélﬁg #td mpetatdfe bN6ne or mofd BT
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esul t's P
h exchange surfaces may be avoided by suitable choice of number, size and location of
cooling tubes or coils, solvent:precursor ratio, solvent operating temperatures, steam
raising temperature and flow pattern. In the latter context, the coolant may flow
countercurrent and/or co-current relative to the reaction medium; however, co-current
35 flow is preferred. In Figure 8, the reactor system may be constituted for example by a
single plug flow reactor or it may comprise two or more plug flow reactors, one or more

of which is provided with a heat exchanger as described above to regulate temperature.
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crystal liser 9085 g keallawing exyieen dissolutiop, yalve Vgt daopened ead e i n
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and further
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recover ed D¥2d Vmwamwzaa‘remgnwom proe'eanting flow through the plug flow
32 WO 984681 RPthe form of Reaction Coil RC which is initially filled with acetic acid. The
PCT/ GB98/ 00528
vessels D301 and D302 and Reaction Coil are all immersed in an oil bath B which
20 preheats the contents of vessels D301 and D302 to the required reaction temperature.
When D301/D302 are at temperature, reaction is started by opening valve V28 to
establish flow through the Reaction Coil into an Off-Spec Vessel OSV and consequent
displacement of acetic acid from the Reaction Coil into the Off-Spec Vessel OSV. After
a predetermined time, the product stream from the Reaction Coil is switched to the
25 Sample Vessel SV by opening valve V27 and closing vaive V28. Subsequently, the
product stream from the Reaction Coil RC is switched back to the Off-Spec Vessel
OSV. At the end of the experiment, all vessels are cooled, vented via line AV, washed
out and drained via drain lines D. The solid and liquid contents of the Sample Vessel
are recovered, weighed and analysed and the composition of the reaction solution
30 !eaving the Reaction Coil is back-calculated.
In Tal;.ole 1, the concentrations of the reaction intermediates, paratolualdehyde
(ptolald), paratoluic acid (ptol) and 4-carboxybenzaldehyde (4-CBA) are reported for
experiments where the reaction residence time was varied. At the small equipment
. scale used, the reactions run under quasi-isothermal conditions, close to the oil bath
35 temperature of 210°C throughout. The Exampies ciearly demonstrate the effect of
‘residence time on intermediates concentrations. At 4.86 minutes residence time, the

paraxylene to reaction intermediates single pass conversion is less than 0.5%. At 1.28
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In Table 2, the Hot Filtered TA/4-CBA contents and nedian particle sizes
are :- repNODd8ABISOr experiments where the first crystalli sepdracyssropsis e,
residence -tinme-and stirrer speed were varied. For reference, one
analysis of Cold Filtered TAis also i ncl uded. Exanples 7, 8 and 9 show
t hat, in the rilputesiresidence time, meamaayielneptu)teacﬁonarltbﬂmedsatbalslmgie pabe

filtration | SOPGERIGH 1§ dodut FOUT Sfunid Bl ool WRcEkfiohe cdlortiah 30 3-CBA pe

shows t hat lan particle size rncreases Wth era

separ at e intepmedigiathat tsndsip 69-precipitete miths thevprodugt, tarnplnthalmectdnsl ofcthed
TA, I'EdUCtIOI‘brué\-éfli%l’o@.fbbm through@gRer ature from 151 to 126C causes 4CBA

| evel I IeveI and nedi an particle size reduce. 10
Wien vi ene . Heation 8di cate an optinmumfirst

crystalliser temmratwumenu ite fbmﬂgtpaié}n@lé?§1waﬁ ﬁkéﬂacaua&mdsrm /w?
and nedi an parti clg 'SI zte in the regio err especi aI |y

504/ -
to 170[err]C. K%l es 12 and 13"?3‘5&\? hafe %%9'é§§|/‘hg first
crystailiser.residencePaiaxpleheom 9  0.5% whe (200:utszsvene ratio)t s bot h g
I nt er medi at es i ncor por and nedi a {i cI an
15, when vi ewed al ongs?%idewéxarrpl e 10, r& ovPP Mt ?hé?@é’%% Mfﬂ +Zl%sppm
crystallider agitator Qp&ath Temomam2ﬂ©°¢000 rpm does not have a strong
i nfl uence on reduces internedi ates

I ncor porat i on.

medi an particle size but

33 Residence | ptolald in ptol in 4CBA in
Time " solution solution solution
Ex (min) (ppmwiw) | (ppm w/w) | (ppm wiw)

1 1.28 228 687 76

. 2 1.78 55 411 51

| 3 2.28 132 312 42

4 2.31 99 192 38

5 3.29 15 82 6

6 4.86 17 27 <0.1
isati i ion ri

A solution of 2% w/w terephthalic acid (TA), 125 ppm 4-CBA, 175 ppm ptol and
.other oxidation intermediates in 5% w/w water, 95% w/w acetic acid solvent is prepared
.at elevated temperature (210°C) and at a pressure to maintain a liquid phase. The
15 solution is passed, continuously, through a pressure reducing valve into a crystalliser
vessel whose pressure and temperature is controlled such that the TA is precipitated
from solution. The slurry produced in the crystalliser is passed forward to further
: 'crystallisati'on vessels in which the pressure and temperature are reduced to ambient
conditions and further TA is precipitated.
20 . During the course of the experiment, crystals from the first crystalliser (Hot
. Filtered TA) are recovered and are analysed for 4-CBA and paratoluic acid (ptol)
content and median particle size (using a Couiter LS230 Laser Diffraction psd

analyser). Crystals from the downstream vessels (Cold Filtered TA) are also recovered
and analysed for reference purposes.
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Filtration~Resutts In all experiments the follow ng paraneters were
fixed (all conpositions are ww); Sol vent

wat er 5% acetic doiThbdd2 the Hot Filtered TA/4IBRAI cOutentsi et Medignpiadticle sikas Hye

4CBA 125ppm EPJM%J @%gnmﬁnts wheére th? lesqecqij%%AEH @H]plﬁém:%r %ﬂ&@n%grarnhc

First Cryst. rst
Res. Time Stistirer sspe@evere Yarigd. For ref@mm one a@gmsbmf ColpEjitered EAds also

Ex (M n) included. (Emoples 7. a(ahergf dHow that Rpﬁi)e ot FntérBE"ms 4-CBA(di'i'dCdtQﬂ)

573 1%25 contents %_alb@gthe flltratloq_mnperature |slr%lgeed from 186t9 148°C. The dﬂ_qaiso

9 12 shows that Melian particle k@ increases with Qeducing tempePature. Ina sepb?dte

ﬂ ig experimejl'_u,t,%%mples 10 an%%é show that, irz bg%Hot Filtere]ﬁ‘gA. reduction ingfgtration
12 18 temperatldred@Om 151 to 1261C Sauses 4CBAJEvel to increaséb@hile ptol level @nd

5’1 22 median p%ﬁtg:ggsize reduce.igg 3’3340 i%g 138

15 130 WhesOdewed together] E@amples 7 thr@igh 11 indicatd @6 optimum first 35

(Rgl;l d Filt érz) c(%ot |dIS&11 %rat(:gblwnqzljﬁ%?ec to both %1t§|49ed|ates inc%%nratlon and n%a
. particle size, in the region 150+/-25 °C especially 140 to 170°C.
" Examples 12 and 13 show that increasing first crystalllser residence time from 9
to 18 minutes benefits both intermediates incorporation and median particle size.
45 Examples 14 and 15, when viewed alongside Example 10, show that increasing first
crystalliser agitator speed, from 270 to 1000 rpm, does not have a strong infiuence on
- median particle size but reduces intermediates incorporation. )
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precur sor
terephthalic acid with oxygen in a reactl on nedl um cont ai ning the
precursor and a sol vent undelaigiemn: ' it kol E

A <R dtoReHts T e

of

all of the

i

reaction zone in a CoNtdggyitfuiirifromdiits’ CaAiZo 4K HEsppm, pt8) t7seer 0Cess
as clainmed in daim1l in whi ll"u e reaction zone conprises a p
reactor or @ series of ReRd Salutinn Teppergture 0@l Q é‘actors 10 3. A process as
claimed in G &m \ clLdes | ¢as
one continuousg sti rreé@rgnk reactcrcrlil %b&n do uctl or at Iegg{j'agne
pl ug flow r eacl dresofimeu| tStIUBFGSF@SCHs iTemper i sé@é?"&s t ot oxiAedicle Size
continuous plu l oW, (tmim  4- OC§SS cl gi gn of i 1
to 3 in whi Eh fgi)gn | élrrg}n? onlireaction @é) Fg dt"\)r:f \I\.?/f(h subdt m
all of the oxygen di sse2ved |n 1,000 reaﬁctl m medi um36115 5. 3450\ plocessd as
claimed in C k'|||'-1- Hr—wht-ehtt-he—reaetior—aechof+s Pt ottced u '
conbi ning at |e8st| two13eparat e1.000ui ¢ phh&e conpdrfé‘t@ts andz‘e& rast 1phrt
of the oXYygen [ s agded yo angd_drs$yorvi one re sa%‘@‘!ﬂ}—lﬁ“
phase conponenpt bg‘gore suc rrp)nen?\‘gB are ﬁ%} ned t 0 %Por m|t he !
reaction nedi yim Alpro a$ cl % |n M{4 Okagd i WhI
oxygen is adde C{o and dissalved 1n_2f her Ilayor rlecycle sflream
recovered fromife| reaggi on|nmedi sgo f ol | owmg cpagel etji on1of the g6
reaction. £ A—pPH-8605< ' b d——ary—ere—of e—precedithg—etatAs
in which the $olent i 48 pr etlood namt | y1‘éBn aI i phawc nDnod:SDr bo» yI i doam d
8. A process—astrarmed—T 1 any ome—¢f—tieprecedimg—cHar s T Th
the 25 comrengelent of % eact|i on'08he feac n nedil as ter ont%ﬁnt of
5%to 30% by - wel gh 0. A prfoce as [cl apRed 1jn ong of e
precedi ng cl ai tr?;4 in Wmt'%h t he 270soI ent?%zrecursor ratilo aﬁ%t 158
commencenent ¢fqgepctigp islat Igggst 30: 1450 790 106 135
Ref. 12 1,000 148 2,340 281 102
(Cold Filter) | (Cold Filter) | (Cold Filter)
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10. A process as clainmed in any one of the preceding clains in which the
react-i'on i SWO®8B8¥50i ed out by prﬂ“‘“l HLL“IMJ&NL the react i RCHEBPRIPAS28
through a-reaction zone from an 0 an outlet region and
establishing a temperature profilé along the direction of flow through
the reacti on €bAMSEuch that the tenperature of the reaction medi umi s

greater at thg oupl &Bcé@:ﬂfo@%é Eﬂﬁluaﬁoﬁ Bﬁte‘réﬁtﬂhali@ﬂétﬂ'b?/ the liqdi#-phale RxRRADA of a
as clained in daim1Q in reT?erature profile s established 35

by al | owi ng t PRECHERAS & é?'GPB‘hG’f‘c R Wit exyasR iRafeastion medim sentaining,

control ling precuhsortapdResaventandes eonditiens Sudhhhaexabsiantialipraicefcted téx;ephhmhc

gg?ggllgg 5 acid produced in the oxidation reaction zone is maintained in solutian during i

PCT/ GB98/ 0052fkaction, ctiztactériped rethat tie otidatinrndreiactiomis cargedbut by ppssivgdheg
clainms in whi
the reacti on HBstonmedam proygn A REER Johe'iPULERnfbus {183 ol kBl [gi.
si nk across a2heat mh@mge claimediireClaim 1 l]JSNhlth phretaaciomzone apmedses adleg fiow
12 in which thg c%f& §9,rw°|(§.e,ﬁ ;ﬂ@?howﬁeé&ﬁ?@t' ng fluid. 14. A

I n

process-as clalne alm13 in heat accepting fluid i s passed
through ontd o8- noAePmOLess pasiaimed "hﬁlﬁ"ﬁg" oF ) Whish thareaction zonegncludes giieast

as clai ned Ino&abm.rl&usrhthqankh@ad%&amsm nﬁ%ﬁuﬁaﬂﬁﬁwuﬁ@ ISastdne glidg flow

shel | heat exchanger wt accepting flui assed through the
Shell et 18 fenstotarhiRle CSTRR b esies 5a28 dorepproyimate CapBaIRR RHEALRR of
the shell. 4, 16.A groeessassianded irnangdné bf Claiing111G 3 In wiich the bmdlﬁam'rezmimn

bei ng passed Pt cehditaupBORNan RTbr FEGRRBR bndlohBanf Tod FEFER et ™

passed t hr psigh. t uldeprocesersgldipedin Claimshial Which the feaction presiiwp ds arodiiced byd
in daimi13 | @omln(mg %gfaeag?mo CeN "mf“’ne% doingdifints dmy ?i ICFEG balrt to'f’tt’f'ehe

reacti on nmedi u SS aSs In any one O al N
in which the p&xgmﬁ@zddteﬂrie a@ﬂ dlssol\tqﬁielnmcqn ’BWenQ?cﬁaLﬁﬂ'W‘@ Rhase ﬁ@""PBﬁ%'?‘Fon

zone is no ”Dbefotrgéﬂcﬁcmn'ﬁ%éﬁts are coﬂagmeﬁ tBrfeﬁ@?ﬁe r’é"acﬁé@mihmn any one of
Clains 1 to 17 in which the residenc e react

within the refeti cﬁ]PE"t‘}ﬁés as clalmpd in %%4 g mwp&h °"2’@e“foad89£‘ ﬁfwﬁg@sa@ed In

cl ai med i np@nu rdthepliqlibrarepycie atream rebaverad iffomttiecieactien mediuam fidllowing of
t he reaction nedi ncerrent of reaction is between 120 and

200[err]C - °8W8Fe[m'r?é’ ?féﬁﬁé?aa 'e of the reaction medi um energing fromthe
reacti on zone7is. A prdeessweercigi®edamdnPo0¢ of tﬁ@recedmg]gja:mspn ahdichsthessolvent is

claimed in ané %’RL"‘E)E;‘;“ Brxﬁ‘ﬁﬁw rﬂgn&!a%%hb%cW' ch, follow ng 25 passage

through the reaction s e reaction mediumis processed to
precipitate 8. téﬁ:ewﬁaﬁs@l%\wa "aﬁavsvemfmeeprepeﬂmsm'a'ﬁ'é inythiet atithgior

the mother,Li gefimdrnt@mentbieaction, tAE ¥ea&tfbnl Medilm KRS Walst coPlént of 5% £230% by
process as clained in Claim21 in which the precipitation and separation

process is ca™&'¥¥- out in such a way that the tenperature of the nother
| i quor 9. A process as claimed in any one of the preceding claims in which the

. solvent/precursor ratio at the commencement of reaction is at least 30:1.
10. A process as claimed in any one of the preceding claims in which the reaction is
~ 30 carried out by producing a flow of the reaction medium through a reaction zone from an
| inlet regioh to an outlet region and establishing a temperature profile along the
_direction of flow through the reaction zone such that the temperature of the reaction
medium is greater at the outlet region than at the inlet region.
11. A process as claimed in Claim 10 in which the temperature profile is established
35 by allowing the temperature of the reaction medium to increase, and/or by controlling

the temperature rise, due to the exotherm produced by the reaction.
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30 recovered follow ng precipitation ' of the terephthalicg
aci d. di f.f erevd gsmsasohe tenperatu ﬂmﬁﬁﬁmﬁﬁlﬁﬂ t he i nl et PCF/GBYRI00528
reaction zone -by-no nore than 30[er L . ocess as clained in
Claim 21 or 22 in which the concentration of the precipitated
terephthalic egi dA ;srobm esisiaimed it aaon©bf theepreepding tlagms it which the hgat ofA

process as clai rrgf,g 14 1yl driehdl iR rbRcnE FUEER e et RrenS1a? o e

35 foll owi ng f)eraé: rep I'C aC| m't he reactlon
medi um reaction medium to a heat sink across a heat exchange surface.35 - VO

78/38150 FsBs @PREH100528
l 12 hich the heat sink com t
25. A process as é arlorc%%sas PR clanrge%ng a|'mn vm'f‘% st:he concentr at |F§n step is

effected irb accetmlegdb{ﬁs-e of the precipitation crystallisation process

using integrajygd a procb¥shslcldimed if @M iAtwHIgh ﬁ@ﬁéa’ﬂddﬁeptmg flAé is Passed
process as clained in any one of Clains 21 to 25 in I ch the precipitation

step 5 is cHypughopgermere floy rasgages,having é\)’&?'b° anti al

fl_epr ess ;Jr I Eat hen (Afpﬁogesé aseidimed in cwmrrﬁchlat;mWMeﬁ ain/reabtimviu_nge llzdimpmsnsm}rtube in
i quor to be rgecpvere ure which is

t hg react or oB'@égP??\tge S@Egﬂp"é'ﬁb e et aecepting ﬂu'gé’%{'\%eé P %& %{mxg'ig’?e %?erar?ds

process asqqg! tHenmehction aediundebfg passeptiroagh tupes iatersallyofithe shell.he

fecovered ﬁm ?aérochgﬁgé c&agmgg?ﬁ esiadm i‘%%h-@%%&%%um bbnd b&nﬁﬁé’&st é Abe in

medi um after t ter tron zone and/or while
the |atter isshelhbeats¢xehanper withthe mcﬂ@mmedlum b28‘9 Msﬁ?%HEg%g’hg‘ec’r'Eﬁ“rﬁéH’ e

any one of the, bt SERANAG bRy s kbl ERoudtehBbe interndy @6 . on of

terephthalic acid fromihe reaction dium the reaction ne

treated so asfo reRiaFestassiajwed maepéa'mu $hie which thmyheat aﬁFB&‘é@s{n ujd ¢ pddefh g

I n any one g)f dtrbgtuofdea??baena% mieBRim.n Whi ch preci pi tatll on of 35 t he
terephthallc ci is effecte ¢ooling a t.er epht i C CI LS. JLcoye
Fron thet 1€ 38 5 A Prasess ap SRIBEASE oy A 37 RaiBErbl 17 in ShioE yie tebideieR ey
separation, t lﬂ& redctdh niddium wnmtheﬂgamegowtsmé hmare tHas & mirptest ur e of

the resultin ur nder.go L Qi e [ ' i £ D

range of 1209t é{)fro"é ?gag c'lé]vglga% Rﬂg rohé g:ggﬁiadsms KR t Pﬁfne\&ﬁtg%tﬁéré@éégﬂc@ i of
whi ch the ext MTQﬂctloomhemgnbﬂthﬁgtfw{ﬂactlwazom)ls mmmoreﬁv@r%mmée%f t he

resul ting g{su%}“ F fé 3g c‘f’éﬂn‘eqqn Iahg‘dhg ﬁWﬁ@cb@i‘ﬂg'c‘ﬁau%hﬁWﬁdﬁ‘ﬁe temperature

range of 130 to 170[err process as cl ai nmed

precedi ng cl aPhthe reagkee WQW@&%WW@e"cemF?ﬁ‘?fdﬂﬂﬁt&T is ﬁgﬁ”?%b??%ﬁﬂq ?@H’ec

zone at -two Oranm!lietérﬁﬁé\’fahﬁ'esoffiwmtlaﬁ&iédmrﬁ e giigfemi trareactiomkofié w of
the reaction rreg’é Q%Q‘% region of the reaction zone to an outl et
25 region t h&P rocess as clained in any one of the

precedi ng cl ai2rts |A1pnd1:esh aslvtaimeddatanpone of theepreticedingi ddaimarin iwhicho fiellawing he

presence "Ea g%‘g%\’ ﬁ:yot\?#{i}%mehgﬁérp%{!&nzﬂe%gbﬁm meglun{gé pro&QGQQS$$eéﬁltate

clained in systemis dissolved in
reacti on nmedi tenepBthalic atid and peparatesit &chqhalfh%fbef hqlwiythﬁr@méf-"' l'%‘ép"ﬁl“%éai"ﬁg

claims in whi ¢heydiey @Xindaehiion zone.
22. A process as claimed in Claim 21 in which the precipitation and separation
process is carried out in such a way that the temperature of the mother liquor

“"30 recovered following precipitation and separation of the terephthalic acid differs from the

temperatur'e prevailing at the inlet of the reaction zone by no more than 30°C.
23. A process as claimed in Claim 21 or 22 in which the concentration of the
precipitated terephthalic acid is increased upstream of the separation step.
'24. A process as claimed in Claim 23 in which the concentration step is effected

35 following precipitation of the terephthalic acid from the reaction medium.
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reaction is carried out f a heterogeneous cata V%St sq;éstem
35. A ’'procavo:98/38180 ai rred w Um e preceding clains iFf
t ot al ~ exidation rea *|n nerr], associated with the :

reacti on zone, the 4-CBA content B of the recovered ter ephthalic acid
in ppmw w, 25 tAeresassas daimes isfhaimRadn whiciihg concertatiancstep iy ifesied in

oxi dation re ' 8/phécipRatfory Sysiafabidn phétels8usigantegrated
(A* B /I C atﬁégggrsé&th 15# cip prof:}gss asa c?tgl mag in &&gler% 35 |n whi ch t he

rel ati onshi p qrgstgh@ﬁﬂp%ﬁentratmg apparatus.

37 WO 9 384 ocess as claimed in any one of Claims 21 to 25 in which the. precnpitatlon step
PCT/ GB98/ 00528

process as5cli8iCREIRY puidnuch Away agéé FM°M”8H‘3PH8' ié%gi?“(!ﬁﬁf'g'ﬁ ?gt}e faggtion
recovered t errﬁadnhhainecemcalcbwcnjm ke mmenubhmbamwe&mca pressuievwhich is

38. A a t

the  P57T cuBrAn LV ans phme f T derter aferaflndBLeetubatr dpIeiBuOBlsEE indheto.
W W. 3%27.A prpooeess dsoclatrhed jranjuend ofthefprecediphelaims in whlch the r@wered
liquid phase rﬂéfhg?li hggrl fheldted b hle&&'ﬁ%ﬁgé with thE rERQIdAGhe GiuRCatter'thé Matter has

oxygen in a reactio I 'um contal ni n precursor and a sol vent
under condit i energeddrom ke rmsmamﬂpaqn#{pravh"edheﬂﬁéeft'é#f@pﬂﬁt%ﬂ the reaction zengy

produced in the oxi ﬂa&éwag euaﬁﬁé@rh Zrﬂf'@né 8f (FRi prbaédiRg clal‘h1§ﬁﬂ whldhn bEforé Ng
t he 10 react! on, har act eri sed any one or nor

of fo
(a) the reactﬂ"Gﬁ'PFtét'E'an F%&PW?"Q\PP'H fé‘?]Bé'?“aFﬁﬁ‘%!PFi"%ﬂ"l‘moﬁ‘et'ﬁé%%ﬁ'@ﬁ'“m is
di ssol ved in gésed so as foRfidvertatmgitiumietal |ons (b) at Ieast part of the

dded t d di | ved t
evovered 11 ARt n HESELS SRORIGPAIR 701 PORPE e praes SGF 1 wpioarBbpiRbn o
15 (c) atygt hheaerephticaiveatid & effexted bympoﬁﬁman@&bphﬁhahedcldns Inecoveredhfrem the

content in the Iting, slﬁﬁ{)%?c;gsta]lg(ﬁ %oﬁp%l Ym%[\@%ggﬁds fd sbgal‘?ﬁsﬁsﬁt Yxtdrt %t

and up to SO(VeB nlscrrle
non-i sot her rra¢oqimgcheummsqh that the (@)peheb)re o thectesy i grsiuRy vn@ereewstso&ﬁswuid

heat exchange% atrﬂt tc}p@ﬁmﬂqﬁgp;ﬁ of B5Y M 80°C (f) heat |s renmoved from

t he reaction tion to t reaction medi um of a g%enchll{r;g‘etgr
heat acceptind0l i fuprgcess as claimgg in ﬁ&a"ﬂr?@c'ﬂﬁ’l"f'a'f thaexippt %feﬁ?&"a G119t at
i s carriedguthel t@nﬁw‘éﬁ&u?e Bethelrastitihg ®lurry underh6iRE &oRtisHiquiafselpleativntisavithin the
| i quor recovered fallow nglppéem pitation and separation of the

s Tr

t erepht hal i ¢ %898 i F¥0dpPs! mthe tenperature prevailing at the inlet of
the reaction gntneA process by claimawireatyiane 30ter preCeding 28aifhh )in whichi thietaxyigen is

Of e Ler DN iBllSoREHS o L SER B BN OB e FLubFE SBULIkYGH A dibction

recovered frofM res Crys
sol i ds- i qui dof flow of tmamcapn mdmmém@xaemlebfempﬂ thg reastiny mt%ratmtﬁie
t enper at urg. ofg gt‘ tHerady. ting slurry under goi ng solids-1liquid

separation™s_wt |n the range of 120 to 185[err]C;
oxi dati on read?i oft Pr9CEES P# E(rIMAE i ANY RBS 9f &'L%W@éeﬁ'ﬂgé"%%dé' y@vc%ﬁ‘&wa“m
i ncl udi ng _ 3fbattibh @8 cuifledadd in the pres(eh&e bha chadiydt syxiedainchriingzicddndum.
Lonime: " b Bhe Warsbareas BpAakih A FORbRR TS Bt Mo g e
reaction medium.
30 34. A process as claimed in any one of the preceding claims in which the oxidation
reaciion is Earried out in the presence of a heterogeneous catalyst system.
35. A process as claimed in any one of the preceding claims in which the total
. oxidation reaction volume A, in m3, associated with the reaction zone, the 4-CBA
content B of the recovered terephthalic acid in ppm w/w, and the amount of terephthalic
35 acid C recovered from the oxidation reaction, in te/hr, are related by the formula:
(A*B)/C <4,000.
36. A process as claimed in Claim 35 in which the relationship is such that:
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terephthalic acid C recovered fromthe 0Xi dat“mlLigction inte/hr, are

rel ated py ﬁ,ﬁe’ for nul a: H“\ m\L * B) | GCI/GBIEMSS
40. TerephthalTc. aC| d produced by t L one of the preceding
WO

clains. 38
98/ 38150 A B)IC<3000

PCT/ GB98/ 00528 r1t for t,| on.of te t hal i d
the Iiquid prfse 6)&"6%?[%50% ‘F'"}fd in cé?'&: "M'lhécg\‘thgrf{ Eggecroé'tt?ngngﬁﬂl‘e >
desi gned t o plecduered texeppttiatialaci mmoobrhawmigaraaboutzsmﬂpmmmm B of less

than about 5,000 8%&&’}%’%’(&3&% ?]rrf)rdagltgg P85 058 irwhi chalthelfeﬁy\ ccntgrg Jf%{'

char acteri se |on reaction volu
t he vessel g5 mnovmdee@ph.thalmlachﬂ ishho greateathamabaick @Qﬂwm Vd&r r| ed out

satisfies theyd ol QUi P froBlction of terephthalic acid bftte idui@BRaES bRdation of a
precursor of terephthalic acid with oxygen in a reaction medium containing the
precursor and a solvent under conditions such that substantially all of the terephthalic
acid produced in the oxidation reaction zone is maintained in solution during the

10 reaction, characterised by any one or more of the following:

(a) the reaction is carried out with substantially all of the oxygen dissolved in the
reaction medium;

(b) at least part of the oxygen is added to and dissolved in a mother liquor recycle
stream recovered from the reaction medium following completion of the reaction;

15 (c) at the commencement of reaction, the reaction medium has a water content in the
range of 10 to 30% by weight, e.g. in excess of 12% and up to 30% by weight;

(d) the reaction is carried out under non-isothermal conditions;
(e) heat is removed from the reaction by heat exchange with a heat acceptlng medium;
(f) heat is removed from the reaction by the addition to the reaction medium of a

20 quenching or heat accepting liquid;

(g) the precipitation and separation process is carried out in such a way that the
temperature of the mother liquor recovered following precipitation and separation of the
terephthalic acid differs from the temperature prevailing at the inlet of the reaction zone
by no more than 30°C;

25 (h) precipitation of the terephthalic acid is effected by cooling and terephthalic acid is
recovered from the resuiting slurry of crystals in mother liquor by solids-liquid
separation, the extent of cooling being such that the temperature of the resulting slurry

" undergoing solids-liquid separation is within the range of 120 to 185°C;
(i) the oxidation reaction is carried out in the presence of a catalyst system including
* 30 zirconium; and
(j) the total 6xidation reaction volume A, in m®, associated with the reaction zone, the
4-CBA content B of the recovered terephthalic acid in ppm w/w, and the amount of
terephthalic acid C recovered from the oxidation reaction, in te/hr, are related by the
formula:

35 (A * B)/C <4,000.

40. Terephthalic acid produced by the process of any one of the preceding claims.
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41. Plant for the production of terephthalic acid by the liquid phase oxidation of a
precursor thereof and operationally designed to produce terephthalic acid having a
4-CBA content B of less than about 5,000 ppm w/w at a production rate C of at least
éo te/hr, characterised in that the total oxidation reaction \}olume A, in m?, of the vessel
5 or vessels in which the oxidation reaction is carried out satisfies the following condition:
A < (4,000*C)/B.
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