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BACKGROUND OF THE INVENTION

This invention relates to a process for the production of aromatic
carboxylic acids such as terephthalic acid, isophthalic acid, trimellitic acid,
naphthalene dicarboxylic acid and benzoxc acid,

10 Terephthalic acid, by way of an example is an important intermediate for
the production of polyester polymers which are used typlcally for fibre production
and in the manufacture of bottles. Current state-of- the-art technolo gy for the
manufacture of terephthalic acid involves the liquid phase oxidation of paraxylene
feedstock using molecular oxygen in a lower (e.g. Cy- Cg) ahphatlc , :

15 monocarboxylic acid, usvally acetic acid, inthe preserice of a dissolved heavy
metal catalyst system usually incorporating a promoter, such as bromine. Acetic
acid is partlculaﬂy usefl as the solvent since it is 1elat1vely remstant to omdatlon
and increases the activity of the catalytic pathway The 1eact10n is carried out in a

- stirred vessel under elevated temperature and pressure conditions, typically 150 to

20 250°C and 6 to 30 bara, respectively, and typically produces telephthahc acid in

high yield, e.g. at least 95%.

Genel ally, however, the terephthalic acid obtained is not sufficiently pure
for direct use in polyester ploductmn since it contains, as major 1mpur1t1es
partlaﬂy-omdlsed intermediates of terephthalic acid, particularly

25 4—ca.1boxybenzaldehyde (4-CBA), along with vanous c0101 -forming plCCUI‘SOlS
and colored impurities. In a conventional process used for the production of

' _tezephthahc ac1d a substantial proportion of the terephthalic acid tends to |
prempltate as it forms durmg the course of the reaction and, although it may be
below its solublhty limit in the solvent under the preva;hng conditions, 4-CBA. -

30 tends to co-precipitate with the terephthalic acid. This relatively crude
terephthalic acid, therefore, has to be processed further to secure terephthalic acid
of acceptable quality for use in productmn of high grade polyester. Such further
processing typically comprises dissolving the i impure ferephthalic acid i in water at

- an elevated temperature to produce a sohition which is hydrogenated in the
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results in the production of 4- carbosybeuzaldehyde as an Intermediate. '
Co-precipitation of 4-CBA with ter ephthalic acid is largely avoided since the
terephthalic acid is not allowed to precipitate during the reaction, at least not to
25 any stibstantial extent. Moreover, the conditions necessary to achieve this tend to | _
 lead to oxidation of intermediates such as4-CBAtoa greatel extent to the desued :
end ploduct

Althouch the process descnbed in WO A—98/38150 rep1ese11ts a valuable
o ,1mp1ovement over the prior art, it involves the use of substantial amounts of
30 organic solvent Although organic solvents, such as acetic acid, are par icularly
" useful in such oxidation processes for the 1easous glven above, it would in certain
‘situations be desirable 10 minimise their use. Such organic solvents are relatively
) _-cosﬂy and, due to envn onmental restrictions, may Tequire recovery and recycling
Furthermore, a proportion of the organic solvent may be ‘lost’ due to combustion
35 during the oxidation reaction. A finther problem with the use of acetic acid is that
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Furthernore, a pr tio the organic solvent may be “lost' due to
combusti-on 35. gurl?ir%%ﬁlt%gg%g’% Hs iﬂgﬁnf&’éléeﬁ?f%’ﬁfieq&ql@maﬁ@eam frevedri t h the use
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jcerephthglic acid, wherein substantially all of the aromatic carboxylic acid
, produ?ed, ie., iiltel_‘mediates and precursors, are maintained in sélu'tion during the
*_reaction, and wherein the need to use an organic material, such as aliphatic E
nlopocarboxyl_ic acid, as solvent is eliminated. Itis a further object of this
- invention to provide an alternative and improved continuous process for the
production of an aromatic carboxylic acid wherein substaiitialiy all ofthe
30 reactants and product are maintained in a common phase during reaction. It is zi

08

- further object of this invention to provide a continuous process, having good
- selectivity and high yield, for the production of an aromatic carboxylic acid by the
- oxidation of a precursor in sub- or super-critical water. |

| We have now devised a process which overcomes one or more of the -
35 problcmsr previously encountered for the use of supercritiéal water.
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in the reaction zone; and (4) the ox1dant is first contacted with the one or more precursors at the
same time that the catalyst is first contacted with the oxidant.

According to a third aspect, the present invention provides a process for the production
of an aromatic carboxylic acid comprising a carboxylic acid moiety that is directly attached to
an aromatic ring structure consisting of carbon atoms, said process using an aqueous solvent
comprising water at a temperature of 300 to 480°C and at a pressure of 40 to 350 bara, wherein
said process comprises contacting one or more precursors of the aromatic carboxylic acid with
an oxidant that is dissolved in the aqueous solvent, in the presence of a catalyst, within a
reaction zone of a continuous flow reactor, further wherein: (a) the solvent and the oxidant
form a single homogeneous phase prior to contact with the one or more precursors; and (b) the

one or more precursors, the oxidant and the solvent form a homogeneous phase in the reaction

zone.
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25 sohibillity of dioxygen in acetic acid, which may not be high, The use of water under
~_ supercrifical or near supereritical conditions as the solvent operates to.transform =~
e the reaction kinetics, since the concentration of ﬂi_oxygcnjn water incrcﬁsés ~ .
o i markedly as the supercritical point may be approached and exceeded. Moreover, the
| reaction kinetics may be further enhanced by the high temperatures prevailing when
|
30 _the water sql\{ent may be under supercritical or near supercritical conditions. The
- combination of high temperature, high concentration and homogeneity mean that
~ the reaction fo Qqhvcxjt the precursor(s) to aromatic carboxylic acid may take piaéé '
extremely rapidly compared with the residence times employed in the: ?I‘OdLICﬁOR- |
S of aromatic carboxylic acids, such as terephthalic acid, by conventional
© '35 ‘techniques using a ,cryStalli_sihg three phase '_oxidation reactor. 'Un‘de'r the
. conditions described herein according to the invention, the intermediate aldehyde
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in the reaction Thesrasass of fep pragest invenliondls prgicutrelyexiventagedatin e i eact i on

bet ween "t hesysRatsIFPsvercding thd roﬁkﬂs%f%ut&%l { QN PRIV af di oxygen
dlffusmgfromth ubbl es. m?lothe bulk Tid ﬂc ﬁﬁéehreg%%%%t%ngr e of the

known pr oceRSCHEY P ORHRRIPRS heeatalgsts b PUBFIFWT? the Pacssy/fdhei n acetic
aci d, whi chpresent iofentien fivglves Sivet residente tWadsemduRRits ISAPPIRT Add gl or near

supercri td Callec 9‘&9 Pﬁ)ﬁﬁcttfﬁﬁnétfe% sol vent operates to transform the

reaction kinetics, nce oncent ration of di oxygen in water increases

~markedly as the superg ll.t M&w exceeded.
' by the high

Moreover, the reacti® . S

_ terrperatures pr t er sol ve may be under -
supercritical ef’nﬁt@g c%ﬁspg q‘ﬂ‘i"%‘gionc dFEISBFSn 'F‘i’fé‘Pe‘@BHBPﬁ@PlRSﬂC%F hi gh

t enper at.ur eﬂemlgﬁeémmemersapemwzuhdrmWamqal peafitibmat Thishe reacti Qn to

EQPYSLL o bi@ﬁ bk BB, 5y BRLRAO oSt TSR 2°°

t he~ pro Préf?fa 330°0RdpI . demiendlyyiiorns adewersimi e bbawt 156 apllﬂ(l‘i’é] foc acid, by

convent i onadsu rhﬂﬁtfﬁfla%hﬁ%m‘sto%oﬁt@my@t@ chatirphrb LY @@?caﬁg ligjat i on

~ reactor. Ungder th ndi t escri bed h re| n ccor I nvention,
' the i nt er ne Paﬁt“ge?f%%%'é‘*b 51 bayg, pieeyrb iy bara, mOfePIefel'a ly.
' 220 to 280 bara, and parﬂcularly 250t0 270 bara : :

. - By “ncar supercritical conditions” we mean that the reactahts’ and the“
- 25 solvent constltute a substaumally single homogeneous phase; in pracuce th1s can '
. beachieved under condmons below the critical temperature for water. Accordmg _
A one embodlment the te1m ‘near. supercntlcal conditions™ means that the solvent is
. . .atatemperature which is not less than 50°C below, preferab}y not less than 35°C:

o below, more preferably not less than 20°C below the cntlcal ‘temperature of water
o 30 at 220. 9 bara. . :

By “contmuous ﬂow reacter as used herem we mean a reactor in \Nthh
reactants are introduced and mixed and products withdrawn simultaneously in a
~_continuous manner, as opposed o 2 batch-type reactor: For examiple, the reactor
" may be a plug flow reacter, although the various aspccts of the invention defmed
35 Therein are not limited to this partlcu[ar type of contmuous flow reactor.




WD 02/ 06201 PCT/ US01/ 22474 (e.g. 4-CBA in the case of terephthalic acid)
may be readily oxidised to the desired aromatic carboxyl ii8 Jasuaty @8ddch may
. be sol ubMeone@te supercritical or near supercritical fl wicd/usheraby
allowing a significant reducti on ‘in contanm nation of the recovered

aromati c car boxyl gﬁ\;gm d- ct with the al dehyde internedi ate. As noted
above, 5in the ¢ ?‘IP]iOG R Biventiqn. spbstastiallp pilgoiddi eingvepanaless ene t o

terephthal i c thai #3% Hyhet, béﬁﬁ@b@h@ﬁd @m@@ﬂy@iofé@ﬁd H6d:RH Yn BR3EAJMGLY; Sol ubl e in

‘the aliphati .sol,vent, . and pltates i n the course
of theI rpeaclt fﬂéér;% aﬁ%@a‘tlﬁ 58111? ﬁlé wnR diedr %‘?ﬁloﬁfe‘ndﬁlo?ﬁa‘}?tg’Sg‘Péﬁ’ Bpiriaie wtibci d
proceeds rel dk¢ %ém}omle@vﬁwhe 4xi0BAon teheti@f ame antl endiagbds coebn@r eci pitate with
the terephthalic acid; both during the reaction and during the 10

subsequent 5r ecoverly gettt)tm@cmte:heptﬁda@d inG @atifuouiRvpraees 311631fes{|t1|91ﬁ:epr esent
invention is supst I a rcones
t he probl ens tgﬁé %’6?%%%% (lz;itlyytl Caog CO iR aﬁb% y&bﬁecﬁlﬁa@fmﬁﬁ%}mﬁ?’ 9PL8r and
consunpti on dFe PRIty dre deSFfafil ﬂtﬂ@na’cmrcerbomhhc prio sadwudighifieanpr esent

i nvention i nyRbdRSok BPHEh@I LGNS | nd good
15 sel ecti vi F’gt Ior odug:t:r fororrgl(gln&é B%%A@ﬂ%%%@%‘%@#@gﬁ ’%ﬁ%u? "NVENTI ON
In the procesEtHf thefeashnnaons BYECIERdly ogaeigtaramtmariyse Hiawaver,of ¢ he

pr ogefs ap e peaitiee tledehionaats © SURFEEIH dinod mtﬁﬁntﬁl%lhs@%%lﬁetcﬂﬁh&élﬁ@' .
condi ti ons. 0 nper at ur e e i ca in the range o
from 300 to spuaxedoREl Bekidd BREERGa6sE U Gt etantlin g resetim a t over
limt of abodPnaBOELY Siﬂl@‘cuswllymthppsim bf Printinaies adles 370 to about™ 420C_

Operating pressures are typically in the range . from about 40 to 350
tiara; preferably T80 red300 tiheraay h@bﬁﬂpﬂl@ﬁ%b@lﬁtme px&aﬂsdms 8fRchatra, and

particul arly 250l "n rcrl ns" we mnmean
that the reagt?pZn st& gheﬁ'%qﬁg&g ms% \c/’gln ﬁgﬁ ua(c tﬁ%@@fl&hf’h&leﬂwm ngl e
honmogeneodd ﬁ?ﬁég@ arpyafe gabpedic ackd slee@natebélmﬂleevzeﬁiou mkeliung Gslkbiviihgns

bel ow the -cr bbﬁlﬁ%’tloh%ﬂ’ﬁﬁrﬁidﬂ{oﬁ cfoﬁtran‘fﬁlﬂtanudfﬁq%q%%gs of WMl Hg odi ment.,. the

term " near Séjeﬁer critical conditions® means sol'ven at a
t enper at ur e RHFEFIGE Gipt nq BOEE ‘lhﬁ&ﬁb@ééOB@PBW; b'ﬁreé’ﬁ@ﬁ&bh’yambﬁoolp@gs t han 35C

‘bel'ow, nore pnéfesond sasaoiio 1h3©5&hai1h@6ht%@@ ﬁiaﬂ&\éﬁyﬁ@ RfduEécF@sJaﬁ[ enperat ure of
as. used herein we

water 30 at r eac
mean a react %)rr%gr?l}\e%v&??%ﬂm C%‘ﬁ%? gﬁ rﬁ?’cgloPZ‘? F’O% 8 Cﬁ"ﬁe%géerﬁﬂﬁhfﬂ%duct s
wi t hdrawn2&i aeif paorbstisny Typicailycthetd wilbhsatteaneime sdelodp@s@dntdtea the

bat ch-type reaBho, Fatug %raam?é g reactor my be a plug flow reactor,
al t hough the vari o&g asu ts ?ﬁ hgl I nvention defined 35 herel n are not

limted tot hi's pat ';&d%{oq sy bR SuR IS RN e PO o h O -8R st

invention may be generally conﬁgured as.described below. -

There may be more than one reaction zone in series or in palallel F or

25 instance, where multiple reaction zones in parallel are used, the reactants and
solvent may form separate flow streams for passage through the reaction zones -

- and, if desired, the product streams from such multlple reaction zones may be

‘united to form a single product stream., Whele more than one reactmn zone is

- used, the cond1t1011s such as temperatige, may be the same or different in each
- 30 reactor. Each reactor may be operated adiabatically or isothermally. Isothermal
' ora controlled temperature rise may be maintained by heat exchange to definea

piedetermmed tempel ature ploﬁle as the reaction proceeds ﬂ]lO'ngh the reactor.

In one embodnnent of the mventlon the heat of reaction is removed ﬁom
: the reaction by heat exchange with a heat-accepting fluid, according to
35 conventlonal technigues kiiown to those skllled in the art.
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WO 02/-06201 18 January 2005 PCT/US01/22474 In the process of the-
invention, substantially all, and in any event no |less thadal@¥yBgosuw, of
t he aronnmmoymaoboxyllc acid produced in the reaction is P@ﬁb&hﬁh?ﬂd in
solution during the reaction and does not begin to precipitate until - the
solution | eaves the oxidation reaction zone and undergoes cooling. 5 By
carrying out the 6ﬁﬁé%§@bﬁﬁﬂamt¢hﬂhmﬂam&pﬁﬁgﬁhuﬂéﬁp&ﬁ@iﬂﬁdughbggbggﬁﬁg time

f th tfl I
" the pr ooy Sor op t o Re (R, B Mkl s T PhEER abbeeton

of the prec rﬁ‘%k%‘l desir

si gni ficant 'ﬁb IB‘?th‘F’* Pé]é?aliei’l@wﬂ@pb@uﬁlsﬂmﬂipb thestalemaeat hare of t he
reaction rredldﬂsrgna&i ﬂlhllﬂaﬁd@ﬁalhﬁa@hhiﬁ% aé@@ﬁell 1%&19@{!:%5@%&%1&0&1 afiahf2an 10

m nut es. \/@1\{@&01‘,&{3 ra%tl e ﬁ ﬁ?alitl on runs 1o co |on al nost

i nst ant aneou nedasyed “ B the sheliang the hpai- aceebing fébeltl$1e

"residence tipﬁ@?' ﬂﬁwgbeﬂlﬂaé;rﬁsaﬂtmaﬂjnoﬁmes]ia&lact| on zone is very short,
usually on the order of 2 mnutes or |ess. The residence tine may be
control led so t haﬁowwexpmecimmKexd:lﬁdd:m@}befsﬂﬂﬂty drapletik e didiBacor r espondi ng

aromati c car heff|C|enc 15 that. the aromati-c
carboxylic ag?ﬁf%)lrlgg?%? SV aa\éyge’dih °f ?%%ﬁnf%e’g T |1W1%%‘icﬁwff%ﬁ?1é\ﬁuﬁgg hgonpl etion
of the’ reactidhelesaREERRN sLlsestaatiadupuhding Heveddionfzons, dEtbnéﬁt&nple the
i nterned a etub i)@shellNR f en a s 1500

i@ shelNRsTPREEHRA R Wgrbgfﬁn%%gggmat fut rea}c&gﬁﬁ ,’:B@ f 886

ppm and ing,So t han ced as an
i nt er nedi at eﬂPWr{E‘ﬁBgﬁﬁlﬁ‘r@éﬁso‘ffhf e heseeeapting Euisl tlawys OBAughrthe ﬁﬁ:llcase of
terephthalic 2o aﬁﬂd product.ion Typically, there will be at |east sone

al dehyde present aP%BfatepespiingAsid way travraisaibe sacforatoriedn souBerppirent The -

reactor syst ﬁtﬂ/@wotcabﬂeﬁt 1eﬂﬂfonﬁﬁﬂ{ Bk @&d@ﬂoﬁ Hﬁdﬁﬁpﬁﬁ\%ﬁlﬁ% o\li;lﬁﬁ ﬁ]%rrggc?%

i nvention € gener. aItL}yt configured descri may be nore
t han one reaccfl o RS HECTILY 1hE Ppssadeer Raﬁsaga%%ﬂnﬂwmgpb@ hegimceepsinadios] ~ wher e
mul ti pl e Peawtiaoangditesxiend paembliebf dieecdssed, the reactants .and sol vent may
formseparate flow streans for passage through the reaction zones and, if

desir gd tpe pr odéidvansdgeoasls, the héaté‘aucdﬁmﬁ%’;\hhidpﬂoﬁo%ﬁ%qwap&cﬁm%ﬁ?ﬁ ehe
united to tream t han_ one feaction zone
is used, t ﬁlegactg)rllé{ln%}?%lﬁé% %’ggﬁe{%\ ]teg?ﬁ?éﬁgf’ﬂ?lemeﬁ]ﬂ“o@gaﬂ’{@r detcdr different
in each 30 r@&lﬂ}’orTheE@ml resquensd nrmyyin pert bp employed toaghcasuaist siaki b’x;igren ,
|sothermallyt tesobhiemnal I e rerlse

mai nt ai ng?g é/) 9%151 drﬁﬁgﬁlde%%% dé@Pllf ﬁgésagg bﬁrcg}é@e?é ]&Hle?sé’ﬁﬁ'gl?%’lletﬁé profl | e
as the r PR BEe B%C}%aﬁ?%%dj‘ﬁaftt#?@sfeéfééifbﬁhe hpat-aspeptiogifbdd maptbeof t he

i nventi on, tdmﬁvétmlttoGzrflechaﬁcfillc@I&Idcﬁlch%ﬂéygﬂnfarﬁb@}erlé&@v&?%%thﬁn e heat

exchange wit t cept.in ui d cor
g Jﬂ;p?oa@ﬁ'ﬁs o e ﬁ'Pe heagacceptmg’ ﬂl%ﬁ io ralseqngh pressure steam which can
then be superheated and supplied to a steam turbine to recover power. Sufﬁment '
power may be recover ed to allow export from the plant for use elsewhere.

25 - Convemenﬂy the heat—acceptmg fluid comprises Water '

The heat-accepting fluid may-be preheatcd prior to traversing the reaction

_ zone and such preheating may be effected by heat exchange with the pr oduct
—stream 1esu1t1ng ﬁom the oxidation reaction.

The 0x1dant in the process of the invention is preferably molecular
30 oxygen, e.g. air or oxygen enriched air, but pleferably comprises gas contamlng
oxygen as the major constituent thereof more prefelably pure oxygen, or oxygen
dissolved in liquid. The use of air is not favoured, although not excluded from the
scope of the invention, since large COl‘leleSSIOIl costs would arise and offgas
- 'handhng equipment would need to cope with large amounts of offgas owing- fo the

35 high mtrogen content of air. Pure oxygen or oxygen enriched gas on the other




35 conventional techni ques knomn to those skilled in the art. 6 18 January
2005 WO 02/ 06201 PCT/ USOL/ 22474 |n one enbodi nent, the héatlamerepdimhg

fluid is wessset hrough one or nore flow passages havi ng peveol2emswal | s,
‘the outer surfaces of which are exposed to .the reaction nmediumw thin the
reaction-zone, For exanple, the reactor may be designed in a manner akin
to a tube andll@ﬁ@eflllﬁﬁg%) @M@%FOIWYFWOE i sraalier afficss Beamdnisghiperantbei ng

passed t hr oughhd iwe fTigdatycamds theexiiest inAecBtéNar fleuhbdogh?g passed through
the tubes internally of the shell. However, we do not exclude the

possi bi l ity ofaréfflady ad\gmtdgeodsﬁﬁfc@'@d is Mg‘h@jﬂﬁ:ﬁﬁﬂe ﬁrﬂw%@&ﬁde‘ﬁ@%?emrft&ral ppstance

by passing t u t hr oug acket arrangenent at | east
partly surro[}g&p gbef‘ﬁélcra {é%t?ﬁs b;ﬂ%S aﬁ:%eer@%%pg the gyg e/ velmpeystemshel |
desi gn ref ér r‘édiheeomb@xﬂmgfeyomegmmﬁlhm the reactants and solvent flow
through the tubes while the heat-accepting fluid flows through the shell.

The heat - accept i ngnftead df mkeﬁ]ﬂﬁwgsrl thdexideRGtis dSan}ﬁﬂ% a'td}ni‘é%&?ééi{ current
and/ or co-cur ion ne t hrough t he
reaction zon&ee?g%:oircl@}erﬁ% gﬁﬁpgﬂntdheeépaalé% ‘SBﬂ%*F CB%QH‘&E? re‘éﬁ‘fcf PHAY % he

heat - accept i rigffaining ond 8r mote @yeangiethstper emteenis. |Oﬁee;unlabd>mpmﬁldtfhﬁ react or.
Advant ageousi tamblisishoalone faBLIB0 LA, LOL LANLOGE BEAL, B3 ChARAS W th the

reaction mediimis proces recover therma
el ectrical'? F&pgpos: JEF%%%@%‘F etdéﬁ’d-\‘}éf%ﬁltw a ﬂﬂfﬁmw@@ Jemlab@zfed to

pressurise aiChentical§igetics, V@li&‘l@ﬂpgbvgd as oxidant to the process, e.g. by
driving a conpressor suitable for this purpose. For exanple, heat '

transferred to thefHeq%bc@§6ﬁﬂ1%hﬁ\&nf1&Uisd:aﬁ?éﬂ RRin ﬁl%\lz%%ﬁ&dof{aﬁ oFRehgpi cal or

el ectrical eneag?/ ,gl 8£ wer recov system :One “approach iS to use the
heat - accept i rigfithi §°% GFHYFIBaHGHR f'e%’stb? &%ﬁl@h%eﬁmltqﬁplﬁmﬁm& spdyemhe

super heat ed amd tistgrpinadd cmtboﬁylﬁstaeﬁtmwﬂ (39 of: Calteﬁﬁﬁ\/ﬁfr DPeMBbgenadfif | Ci ent

power rt. fro use el sewhere. 25
Conve n| e nt ﬁgﬂﬁﬁl %gégee@t The ca%)f{’)ﬁ? RS E’l]o Q]é’ge\[i?é’ﬂlé Pr Let?*f‘?&‘""?’?@&f accepting
fluid may- be tﬂ?l@ﬂrlb’&t@dn e one @lumbneémensmn@l tdeprmdstd mrobaoael/orand such

preheat i ng n%ymlg&l@gfcgﬁﬁﬁﬂmﬁyaﬂ”&eﬁ&y gﬁﬁﬂﬁ[}ﬁﬁw“[‘ﬁ&e@n&{}?da%oﬁ%lf&ﬁoter 353 ream

resultlngfromthe oxi dation reac recess of the
i nvention i s JHECEr BB CHakist wavfake %05&196@11118 tbafdlavabﬁemmsedm/@ledlqardl ched

air, but prefphngljdaRRRTaERst@RATHRAPCIIH PRuRENIath aStetdBHIBE 2id
constltuegb t her eof , . nor.e di ssolved in

i quid. THe FE&UGP 1 %I?hﬁ%(?éa? Q%‘g’bn‘?’( égi rSeb’?”ﬁ%%@hng{ld% %TQ&H@H BPPYRT t he
scope of t he or nikemtdtem(ussillyo@ - G gkearmatep sedsisereRns) of owbulidn@bi se and
of f gas manganese. Compounds of other heavy metals, such as vanadium, chromium,
' . irom, nieljzbdenum, a lanthanide such as cerium, zirconitm, hafnium, and/or
nickel may be used instead of cobalt and/or manganese. Advantageously, the’
2'5_ catalyst system wﬂl include manganese bromide (MnBrg) The oxidation catalyst
' may altematwely or addmonally include one or more noble ‘metals or compounds R
- thereof, e.g. piatmum and/or palladlum or compounds thereof, for example in
_ hlghly divided form or in the form ofa metal sponge. The oxidation promoter -
where employed may be in the form of elemental blomme jonic bromide (e.g.
: 30 HBr, NaBr, KBr, NHyBr) and/or organic bromide (¢.g. bromobenzenes, benzyl-
K bmmlde mono- and di- blomoaeetlc amd blomoacetyl bromide,
o - teilabromoethane ethylene-d1~b10n11de ete.).- Altematlvely the o>.1dat10n

pmmotel may comprise a ketone such as methylethyl ketone, or aldehyde, such
as acetaldehyde '

- 35.-. - ~Where the catalyst is'in heterogeneous fonn it may be sultably located

: -w1t1un the reaction zone o as to secure contact between the continuously flowing
8




handl i ng equi prrent. woul d need to cope with | arge anounts -of of fgas ow ng
to the 35 high nitrogen content of air. Pure oxygen or oi$demznPd@hed gas
on the otwenz#¢2h8 January 2005 WO 02/06201 PCT/ USQ / 22474cHaRgy/pgimits use
of a smaller conpressor and smal | er of fgas treatnent equi pment.  The use of
di oxygen as the oxi dant in the process of the invention is particularly
advant ageous €RFEw nedipy apg gel aptadyst.uln isiavemathercatalystimay bupeitably t i cal or

(77 0 gty g B S RSy T o
oxygen, the o‘%?ﬁ"éﬁ?‘nﬁ‘& Cefggﬁ"b“rqnggf) %ﬁ%‘f'hctf’sé’ﬁ%’é’ﬁ Fgeiustaaee.flkom a conpound,

e.g. aliqui dtet@hmommmmagtberc@ﬂaﬁ bﬁﬂp&h@iwm@applféa% Y @iﬂ?ﬂgd}dEH‘hlor nor e
rogen

oxygen ato
per oxi de, ah S?‘ﬁ{c s&gé; £ &5 %rfe 1%%%‘?“18%% Qﬁewlgégﬂ‘ttll@gg%ﬂmﬁ@ HewdHBosi ti on
as- descri bed tb?lq_apﬂon Birietsh thagtheakactibnnerdnat flonalovdoiie sahe. ofudhamical

Ki netics, Vol e%gemgtglg} ad&lggﬂgl%,ns‘gg% e Enl%%l%éé 1119})&11& B?the 1 a% Dt 1't on gy carried. out

in the presen an” oxj dat | %;_: B¥uble in
the reacti on HoYEhhEHiONIPRY %B‘Flt}@ﬁtCYﬁlﬁ@atahet laﬂﬁy)hetn*dlecf@mboﬁyiobdeam d

pr ecur sor (s) ;Qllets,a;betrﬁc’ias’iﬁhw?'cb{wd@i ReheneaenRRAYS o &fthé‘ i¥e Ea?t?{%{eal?t@ used.
a

The cat al yst neous or. het er ogeneous, pi C ri ses
one or m)rlg heé{\gyplPr’é\lfl%fP1 d’g%ﬁﬁqghggconéina the5p% TP ﬂéﬁt‘&ﬂ‘&’fon %ﬁ@%tﬂ@é:énconpounds
and may opti @rpa;taltlyn,l the batelgstgpelles cddictane pispemicdror nﬁﬁfersetlnﬁﬁ}%riﬁé'ctloﬁlhe

catal yst ma f hat ha bee nthe Liquid ttase
oxXi datll on O]Y ar.onmatic l@%m%a%ltﬁ%mnggl%zﬁ%cﬁﬁ‘%ﬁeo saukeﬁerﬁ%ean'r‘%%? $ic gm d
20, precur soif 8y phihate whacafesahd aksaniage af being ebleemtonfeneghe baalysides, .

br or noal kanoafm®st to%rwﬁi H&ﬂféatz&?e doHamab oy tgt]: 1eact§tﬂt ﬁkéﬁg{}ﬂ% VEMER RS

acetates) of cobalt nganese. eavy netals
such-as vanadPiim Sﬁidﬂﬂ?nt <F%iﬂacer?6|ayeti@ﬁ@hqteal maﬁbhatgmf@aeﬂmh as cerium
zi rconium hatpprkssed, and/ or nickel nay be used instead of cobalt and/or
nmanganese. . Advant ageously, the 25 catalyst systemwill  include nanganese

broni de (MBr2). ml'le S cﬁ*ﬁﬂo& e oE@tatiby §:§taly§%én%|eth%rs @Qttalﬂﬁﬁl %tt\%qg' tionally
? pl at i num and/ or

i ncl ude one ar ﬁ g gﬁﬁt al s-or Qﬁrrpoun S thereof .
‘pal | adi.um or ch)lS hy e 81 reaEpn. ol riyP Olitﬁlay e@RIpsang itaaerlbdiah or i n
the form of asnebecd ateq;)am@\eimg' the acesiod dtd ResoN@ kaiface, tmﬁrteasemha)sgﬁd may be
in the foryumobsel BARN (&, KBr,
NH4Br) and/ or @?? E' E% 91%%@}1{2?%1& g%(ﬁr%%%nz\éﬂgs u{)tg?tez@f?a O{ﬁ’bd)rlf‘l m)no-
~and di - br onp&@®riEn m:atwut b?Q&M&*@é?@yllg mseforredieThe edtalpdsoppet imateeials :
et hyI ene- di - BRal Ue sutktBitidily Art@lRatiMeioant B bMAation resistant
: under the condltions prevathng The support component of the ox1dat10n catalyst
- may be leiB ora composite of materials, the latter being employed for example to
25. unpart desired chemical or physwal characterlsncs to the catalyst. ‘In a preferred
embochment the catalyst support material compnses yaiy comum dioxide.

, The oxidation reaction is initiated by heating and pressm ising the reactants
followed by bringing the heated and pr essuused 1eacta11ts together in-a reaction .
zone. This may be effected in a number of ways with one or both of the reactants

30 bemg admixed with the aqueous solvent prior to or after attamment of
. super critical ot near supercritical COIIdlthllS such admixture bemg effected in
sucha way as to mamtam the reactants 1solated ﬁom one another until brought

to gether i in‘the 1eact10n zone.

- In the continuous process of the present invention, the reactor system is
35 configured such that the contact between the oxidant and at least part, and
preferably substantially all, of fhe precursor is made at the same pomt 1n the

9




pronoter may conprise a ketone, such as nethyl ethyl ketone, or al dehyde,
such as acetal dehyde. 35. Where the catalyst is in heterdfdamorg20@6 m it
- may be suwvoabhszol ocated within the reaction zone so as t Q@G B2LENt act
bet ween the continuously flow ng s 18 January 2005 WD 02/ 06201

PCT/ US01/ 22474 reaction nedium and the catalyst. In this event, the

catal yst may Tracey skt §s tl@@ﬁ%?tt@m%ﬂmdh@paf@b’ﬁsamdaatﬂmﬂtmlanmpﬁelfaalﬁlgact| on
zone to secursbsuatialpodl agthe oMiddagut unduly constricting the flow -
cross-section. For instance, the heterogeneous catal yst may be coated on or

otherw se applied I fiRf c@PRAg8d tHerbmda%é §st l?ﬁ)lef& vﬁkheﬂg nhl?eoruég ltgiﬂg%lftggﬁ gt :0

foam ng an op k. struc positione
that the reactffbxgr)?{ e [Eﬁ?fl%hfa%éa%EWS%%e%WCUSJhﬁS‘SE&nlf@al @lmeaent s nay

~ addi tional ISy spenceitital smnéqanflﬂﬂsuﬁl’abﬂle@ﬂes@{méalﬁ%n aﬁ@el@H@é%a I?e%u%%%}fﬁl&?ﬁé f or m of

through the rgag atlvel t ec yst
nobi | e pellets, &nltgﬂf)l clnglsXl ﬁéﬂ}? E@FW ﬁ'll?@ﬁéwls@ﬁéﬁ@%eﬁ%ﬂ% or the
like with neangssmosa@@nmgdmf dwmtédzﬂaﬁngeﬁeﬁ&araye F3:03) pr@ﬂésls nginghe sane to the

reacti on zon st ets etc becone
- suspended or qlmg%ggéu’slcﬁﬁlysg%@dw? °°£1|1?§8g§ ?Mt%t PRTSSUGREPREeact i on

zone. The uséf §siig Hﬁagﬁg}ggh%ﬁ@@lé@lt dlwalystmnéﬂ;c ofidantYesieemayistonfeer s t he
advant age. 100fthaipécngaontl SRaeB0fly N bREACELE) YSkses (e Sl fudlcl |- def i ned

zone so that, %51 ?&‘é react,jon di um has Vers zone, further
oxi dati on- t ak8ET-4RePEgEIEIon léﬁ%%ﬂeﬁl B the Omlwl‘éﬁiﬂbmﬁﬂmanﬂhw suppr essed.
The support fpmfrsendzmofdhwdaahyml catal yst can be less catalytically active or
even inert. to the oxidation reaction. The-.support may be porous and

typi cal | y has a dn rafsa@mdauneﬁdlmmIomengv&hﬁmaﬂﬁqné&mtokl?s m{e&%ﬂf‘m&he

f
zg(r)rrgf Sr it, %F%\O%giéll}’r %n%e?gg)f égu%gla%\g%%’t 13%@?5%@@/%%5{1’85%5‘6%@%5@#2/ gm bei ng
preferred. 15 Tﬁép@@ltlma}/ ot nsw pymndritival saeatvith sahigble grdoqirbuist At ilckied,
COrrosion regjst; gfgfgq) ﬁégp%tl gﬂgl ?)IIL%I% %?ttho?qn{eﬁlzs' %)i é{t under t hé,

condi ti ons pr eva I'iCcat al yst  may
be pure or a 88%?5%‘? & ]%ﬁm?ﬁtl@iﬁ (@If%ysttch@lpba@meatﬁdm@rasgzrmappbmmeﬁoﬁtmnabxarrpl e

‘to 25 inpart hé&&lgr, adcoaheEdGaH; &6 aﬂf%?is %@Neﬁ%ﬂﬁéﬁohﬁ? ) £h8 cgﬂgctfsigs alyst.

In a-preferr e catal yst su cor

zi rconi um di 8g P}?éjresf‘ﬁ%)re&fho‘gf: PEIFORE é?:li" 250 111§~"1 |3HPIE1P%Yee%Ir mem@@tt gng and
pressuri sikhghttemgerentanatalyst fsalstdmeticdufingd ith GeBadide ZHeabedbsaiskapr essuri sed

ey with onott Db Ru A8k, AR RiEn 0 B oRReat el Gited ifaqueous ©
sol ve nt pr i OPAYAPUS solygntaftenihe dattembay bf@h heated and pressurised to secure the
supemntxcal Or near supcrcntlcal state. In the case of a process using a
o homogeneous catalyst, the omdant/aqueous solvent mixture is then contacted with
-~ '25 ‘the rmxture compusmcr the precursor, catalyst and aqueous solvent. In the case of
' a process using a heterogeneous catalyst, the 0x1da11t/aqueous solvent mixture is
- contacted in the reaction zone, 1.e. in the presence of the heterogeneous catalyst,
. with thé mixture comprising the precmsm and aqueous solvent.

. Contact of the vanous streams may be effected by way of separate feedsto
30_‘ a device in which the feeds : are united to foun a smcle homogeneous fluid phase |
~ thus allowing the oxidanf and precursor to react. The devxce in which the feeds
*are united may for instance have a Y T, X or other conﬁguratlon allowing
- separ ate feeds to be united in a single flow passage foumng the continuous flow
... Teactor, or in some circumstances multiple flow passages forming two or more -
35 continuous flow reactors. The flow passage or passages in which the feeds are
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supercritical or near supercritical conditions, such adm xture being .
effected in such a way as to maintain the reactants isol d8ddndarp@odme -
~ anot her uwebiobobpught together in the reaction zone. In % %Ug&?ztzhﬂuous
process of the present invention, the reactor systemis configured such
that the contact between the oxidant and at |east part, and preferably
subst anti al | yuiied masf conpmisp reectionart thisularadafigirati ewsRBEwRBbRGntkRat he 9 1 8
~January 2005 gWeh024608 e | 22474 reactor system as the contact
bet ween t he ca}?g yst a%%]lgltmfgg%iél#ég%'rt, and preferably substantially all,
of the oxidant. | K i.nent. .the oxidant is mxed with the
aqueous sol vent a]EI %1Zarﬁrb{eﬁjgd ?gft%? %&nn%ééhﬂlggﬁl FARG LareET e plestagerusd to secure
the supercri t$€afo Frupraapidanigingandriomiopaheist ftrexample o o AOKsolution
pressur [ sasi st oot ko tesiyiele (093G wdonhifor, 41 ABL L O Lo M X1 g
J

. . 1 . .
wi th the aqueous sol vent. e precursor Is su ect e t=° Essuri sat.ion

and, if desired, hgRidd®n L. rocess using a. homogeneous
catal yst, the.c tf;\I st cotfe%ﬁﬁ‘?ﬂlﬁzﬁgﬁ"g%el??e[eadll?)gﬁeptfrgg%lﬂg‘?gfgﬁrBW‘ and, if
desired, heaﬁ“l‘?ge. O‘F%téor‘p?régfg?%%‘%t mayeecdtealeg dn tvamor inbre stagedanthAtsllasent
m xture are Ifarttdfienc feedtoaet Beth Thdtd lat@ReoHS Y in L ?i'égli’c%si%@ifang&wgtgpr‘ocess

e

using a heter .catal yst, .the precursor fs-contac h"the
- oxi dant/ sol Ve?g‘%ﬁﬁ%%ﬁ?ﬂe‘mi R eIaBV‘éE%‘E‘E Suggtionypf ot thropgh the ieactors dvond
enbodi ment!0ofingtdnee) medetd may be passed sloug & @bntifiols HEW phbshhe IASWLRAYGOUS
sol vent . aft eryihe. I .heat ed and pressurised to secure the 15
supercriti cal o r?lgggr ﬁ%&g@%@ﬁ??ﬁ@é@gg?ﬁlgseﬁpa@ﬁdt%mg%’%ggwlée ohtBesuri sation
and, if desi Ce¥muCHEHEWRgssage sa thet fregcantionis quriial ot eropressivelyW B fidae

aqueous sol veaised hpn8 A& coRthdRZSIRN : cat al yst, conponent,
O Rt al b ﬁgg%eihﬁ ,ﬁ?@agglﬁta%?c’e S%VFWrngféayaqueous

after pressurjsation and., optio h \

sol'vent si rfuﬂeﬁ%doﬁgpau%dtaﬁ&”wq%ﬁﬂ%%%ﬂﬁ- ng of the precursor with the
agueous s?% vent . gnﬂﬁg ' alternative arrangement, a 20 heterogeneous
.catal yst 'Ts used“# rhio Hici g onficatalysh perticolatly domogenote samiybie thayher ei n.
The oxi dant -at effectit @esprosadivOnaang, ¢ b fvid8si - ' I ixed with
aqueous sol vgﬁtdﬂ{;ﬁ&{ (')ttijpie\f Latter, has. b%_evﬁg-@g&g‘gﬂ%%gﬁgPg%gsalr astg?g)&ﬁo Secur e
‘the .supercritical or near Eﬁ‘f)%r Pt state. In the case of a process
using a hormgeneﬁus cat.al ﬁSt he oxi dant/aqueous -sol vent mxture is then
contacted with 257 HE GRiyd P%ﬂtc%tﬁﬁﬂ g trsiupelehesactioat svg ot and
aqueous sol vewrs lotatianke Sucslecatfons argtavesisntiisidhsAiocned RIASENS MG aat al yst,
t he oxi dapt/ ag l.yve i xt IS, contacted jn the reaction zone,

i le. in the w?ﬁﬁ@é’é‘gﬁy‘? Recliotbdieh i GR0UDG ks o g Sriaaiseeds o

- conpri si ng t W pFaeitsganangablqosvwpsardait feasttone further location downstream of

said initial location. _ o

After tl‘aye;s_illg the continuoys flow reactor, the ré,actién mixture
o com;aﬁées a sdl__ution of ai'o_mat_ic carboxylic acid. In contrast ﬁth conventional
e .25 prior art pl'ocesséé, s_ubst_al_ltially the entire amount of ardmatic.c‘arboxylic acid
7 ._prodl;ced in the reaction is in solution at this stage.' The solution may also contain
' 'Cata'lyst (if used), ;ah_d relatis}e_ly small quantities of byfﬁ1'o&ﬁcfs' sﬁch as. |
infermediates (¢.g. p-toluic acid and 4-CBA in the cﬁse of teiephﬂialic acid),
-decarboxylation products such as benzoic acid and degradation products such as -
30 trimellitic anhydride and any excess reactants. The desired prbdﬁét, aromatic
carboxylicr acid, such as terephthalic acid, may be recovered by causing br '
allowing the aromatic carboxylic acid to crystallise from the solution in one or

more stages followed by a solids-liquid separation in one or more stages. -

| Another aspect of the invention is concerned with cboli-hg of the jﬁi‘oduct ‘
35 stream resulting from the oxidation reaction. In this aspect of the invention, the
. 1 ‘




Contact of the various streans may be effected by way of separate feeds to
30 a device in which the feeds are united to form a singl d8henuayg 260%S
fluid phage wkedial | owi ng the oxi dant and precursor to reae¢tr/ushiyezdevice in
which the feeds are united may for instance have a Y, T, X or other

configuration aIdI ovutn eparate feeds to be united in a single flow
passage for.mHg tHeuE tl? Hsseditp gwiolidseliquié sepagtionro sasomerdhe mwnstiances

multiple fl oqun‘assrzhtgamdfa@ﬂﬁhélgtoﬂl\é@h@dm f@hi%h%@a hEéH&‘RH%ecJ Loy reactors.
The flow pass%%%f? g@i&agﬁes{ i,n_which are 18 January 2005 V\D
02/ 06201 PCT/ g5 P& REPORS ﬁ? ’se«SY E’cftlfﬁ eﬁldetwlt isBefigy Zone.
configuration wt h% I VYIHt haut i nter%ﬁl dynami c or static m xing el enents.
In a preferred enbod GrSHRRY POPT o) i C@?ratqt‘éﬂﬁo%@aﬁlom@cﬁmmag@ousI y
used to ensu rl@OﬁlapllqklmtthedndtdaoanQa{g@ Wivh (He@rodXASIRag hereBY eBR::

di ssol ution @f4@xi dant into the aqueous solvent and the formation of a

single phase. The oxi dant feed and the precursor feed hmmy be brought '

t th t t b ffected t

e stages co thar et RURLEClp A G Eul e Brgokeor seasilar e
i ntroduced i rﬁtfaalﬁr%gﬁiees@tﬁwthaduqeot reeyde stwdans piist td &Lmubﬁthcﬁt@hlo@ﬂtepm nts,

- relative to t actor. For ance, one
feed may be lagtslélll Iﬁ(ﬁﬁ Il&ag%rg%@#&%%éw 51};b(-{:hgr(?I&Ielmi ]ﬁf%d%tt??ﬁl tcﬁé‘ ot her
feed is i n‘t‘)rg g’&“ g?"ttﬁéﬂl qrithpse ff?ﬁﬁ@nss}fh@paﬁed?eaipmbtneﬂendt thersetant of he -

continuous f |Team4m§3ﬁ@50§1‘ibatéa%dﬁﬂ%sﬁ1%@@td QuteSu g@&ﬁh@ﬂm%&l uﬁ%;%ﬂ% ﬁeﬁs' vely.

The feed pas e t.he c row pass inc € agueous
sol vént - as. may &ilthﬁgs ?ere}g](? Lieﬁtgr%jg'?i i thajeestanter Wﬁ?‘tﬁ"@h@ac‘t@;ﬁ Simlarly,
the addition: of c% s mﬁﬁ L,lCUl arly honogenous catalyst, may be
effected in a prog higuords beategh by gt exchrees wite Breirsedusoi nt s,

relative to strbmnGtefoee:ta—mnodtﬁcufoh@ﬂ‘tottlhﬁ&ti@éhdn%né Qﬁ@ie%tant 6}19&%&&@0‘1' ment,

t he oxi dar]g Iy B action at nor e Iocatl ons. Such
| ocations ar eﬁaj 0 nvgedﬁr)llgg%f%ﬂhtﬂoe 188@1% Jie YL A atttﬁépt%we mothgnliguono 10w of
sol vent "and ﬁ@%ﬁ@ﬁpstotmmgwcttﬂneammeonﬂmhaerddlttatsu@xmdant i-s introduced
to the reaction at an initial location and at | east one further |ocation

downst ream of  saildheiimientiah wilboawibereschibee furtHeab e sy g ckAiBple @Rl WHRUS f | ow

reactor, t he rgeRatd RNEL XL £ | ution of aromatic carboxylic
acid. In contrast w th conv quﬁggpa{v'ﬁﬁ %qu‘ol?i&art processes, substantially

the entire anpunt P‘i’é @srﬂgr%ar%e so%%’%%( 1|atllcc aCéI%FE? ﬁlésg‘ﬁﬁggﬂie the reaction is

in squtlon at this st aIyst (if
used), ‘and’r etfatge\lﬁtqnydeﬁabtd Tpu et finst @Jsbooﬁmbyt-abomjwdis*:mnsﬁ‘tgmtam |

 illustrates use of a homogeneous catalyst and Figure 1B ﬂlustrates use of a
' hetmogeneous catalyst '

Figures 2A-2D are schematic flowsheets illustrating the basic alrangement
described for the second embodiment above, wherein Fi igures 2A and 2]3 111ust1 ate
25 wuseofa homogeneous catalyst and Flgures 2C and 2D illustrate use of a
-heterogeneous catalyst. In Figures 2B and 2D, the oxidant is mtroduced ina
7 progl esswe manner along the reaction zone at mu1t1p1e g ectlon pomts |

thure Jisa schematlc ﬂowsheet tllustratmg in more detaﬂ an
- arrangement wherein the precursor is added to.a premixed stream of oxygen and
30 water (i.c. an arrangement according to the process illustrated in Figure 1A or
1B). ' ' S |

Figures 4A, 4B, 4C, 4D and 5 illustrate various plemmel conﬁgmatlons '
that may be employed to effect mixing of at Jeast one of the reactanis with the
_aqueous solvent _
' - 12
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i nt er medi a_t es (e.g. p-toluic acid and 4-CBA in the case of terephthalic
aci d), decarboxylation products such as benzoic acid and18dgnaabomn

product s \wwo@hwam30 trinellitic anhydride and any excess . L, The
desired product, aromatic carboxylic acid, such as terepﬁ?ﬁe%’(?{: aél d, may

be recovered by causing or allowing the aromatic car boxylic acid to

crystallise from tFigusof ista Emhemmcowiaw(i)lﬂushmﬁlicem&lt% adeQhjeoy @b by a
sol i ds- i qui do§eRaration in one or nore stages. Anot her “aspect of the
invention is concerned with cooling of the product 35 streamresulting

January 2005 v 0OPBRS0T BaFUErESG BN T RIS R e s DR RO o a
sol i ds- 1 i qui crusldsat rioyal ﬁl@nraec@vcarfottr@MDMB;mgca teephitaiy hdié p ﬁ&uﬁoﬁnd the
- ot her | i qyorin(sAhdeRi e Yr P s %‘?&1’[{&9{ WQ&C Eﬁ%?z{alna y Pérgg){)‘?%% %{é@se

cat al yst corrpon nts) 1S recyc e Oxi éref erably
prior to re-iditt H’E}é?’?tdﬁ }erﬁﬂéj(’@ﬁ’éelﬁﬁifﬁmm% and at g thomddant hethe not her

l i quor is heatmisbdhyietredFigxeRange W th the product streamthereby cooling
the latter. One or both reactants may be. adm xed with the nother |iquor

recycle stream orRaelﬂﬁfg&b ﬁlgﬁ'ﬁ'@bﬁedloﬂg%ﬁoa[ﬁé E&X%Ea@éﬂ ?ﬁﬁ&ed %&%%t% ot her

relntroductlgpﬁ %F]rr% ugr-into the reaction zone and

li quor recycl @ St¥eHir Ee 5‘?11 t EE’HWFIP%{"W@ﬁdéﬁd?M%@HYﬁaﬂterons
thereof td0bdeatrii peticatert htotet&hleﬁre&@tmpérc@ﬂical E@%C%@tp‘ﬁécuf%}’aﬂﬁcﬁi‘ﬁ?éted and
pressurised t condi tionS before

[ I/n S rcrltlc
bei ng admi xe CE%H ﬁ?aé:fjpe%s usa'%o%? iaat: AL e gl%’@r@‘)ﬁhe not her
liquor is heawdwdm@afor@ﬁmmgn Z\/anﬁhhet inextpedsset! threhgledsdefwnr e

re-introduct @l e,'ﬁtﬁlgttlﬂ@ 1é%ﬁogacﬁé Q[baﬁ?fg%oolgg'gm{ geﬁj%sguﬁstegragﬁ ﬁ%f%ﬁant s 15 may

be adm xed wi th the aqot er_|'iquar stream or espec | i quor
stream pri or ISP reguiaipr %u@h‘f PF@QFC*Z&%@W&?#%WIW Qtﬁelrmf@dqbﬁ\@ttmeém The

i nventi.on 1w lchrragonbiagdegat i Beghe baatykes: at%h’ad&%ﬂes@ﬁt ﬁ@‘i@&@ﬁéﬁ@bﬂs with

reference to ng._draw ngs in which: Figures 1A-and 1B are
" schematic floagﬁ’e ésiﬁlﬁrllpc?uga(ﬁ%fl ng the basic 20 arrangenment described for

the first enbodi ”?{S% abo éj‘l n Flﬁggre 1A. illustrates use of a
‘honpgeneous ‘cat al emﬁ% iE—'igBJL?F 4430, fenregussor gud cgplyst afifst er ogeneous
catal yst. . Er@}&n@su@i\a&lhddechtoswafwet dlef\ii@mﬂhebéeh prbésuﬁﬁdd%lﬂng t he- basic

arrangenent . g&ﬁq}l f | rrenb e V\:B-W ei,n Figures 2A
and 2B il lustf &%%%d A Otpng?fﬁﬁogeneo e%te A B %ﬁm;‘r‘?ﬂfoﬁ v&di%¢ and 2D
illustraté® u§@f’é‘fﬂt§ah€ﬁ@r J@é ﬁmgelt&ﬁsadl%@ple%msaﬁmgumxecﬂﬁithmhtfﬁla,t at he

oxXi dant i s i Blpepeaasthie ad 0pt1011a11y further heated mpreheatel 1. In Figure 24, the

" two streams are mixed at the beglnmng of or mnnedlately before the reactor 2 and
- the mixture passed through the reactor. In Flgule 2B, the Oy/water stream is
‘added to the reactoy in a pr ogl essive malmer at rnultlple injection pomts Upon
25 “exiting the reactor, thie streain is cooled and depressunsed at the back pressure
l' ‘regulator 3. The products are carried out ina stream. of cooled water. In -
cmrespondmg Figures 2C and 2D, the catalyst is aheady present as a
hetcmgeneous catalyst ‘within the 1eactor

| Refenmg to qule 3, feedstock componenis compusmg watel paraxylene
o 30 and dioxyg gen gas are pressurised to operatmg pressure and contmuously supplied -
o from respective sources 10, 12 and 14 through a preheater 16 where the ‘
components are heated to a temperature of 300° to 480°C, more preferably 330°t
450°C, typicaily from about a lower limit of about 350° to 370°C to an upper limit -
of about 370° to about 420°C, the pressure and temperature being selected in order
35 . to secure supercritical or near supercritical conditions. Part of the heat uséd to

preheat the feedstoclc components may be derived from the exotherm produced in
_ 13 .




progressi ve manner along the reaction zone at nmultiple injection BOi nts.
Figure 3 is a schematic flowsheet illustrating in nore defl@dpnugy 2005
arr angememo azfveroei n t he precursor is added to a prem xed sli(rqe@gm,oin@xygen

~ . and .30 water (i.e._ an arrangenent according to the process illustrated in.

“Figure: 1A or B%D Fi gares 4A, 4B, 4C5 4D and 5 illustrate various pren xer
configurati on &I PHEE 9 WESHHFILGGAsHO beiwern ghe ticphthglioficidprdcemst (iene of

Lhe react ant spmitficidia thﬁ@ﬁﬁ)@dﬁnﬁﬁl@' Gl O}E]iaa;nt1?16&9?&%{%11&%9&&3\/}9?9%%)6201
e. a schematic view illustrating e stage
injection of ¥°§>? :}f&&%ﬁ]{e 1111._tp 3?18750{:}1 ';lhﬂegméer geup gadrat 11%51%8@9%’@@%0&
illustrating fwtdidired lneqtmg of heyrdte stramd. ﬂ"ﬁaheateﬂ’%a@hoﬁ h&g‘b%]ré&ﬁﬁi‘eﬁrmf or  use
i n oxidi si rcrl a near
1S, aytESLALLS oo PR o R PR AL

supercritical water, su ure
“in the enbodi Fréftionpmnd ﬁ%@iﬂb‘ei’lea‘f&ﬁ@demmg fhed mg:htaaemem Faninstance, ke hembodi ment

of Figure 8. Rebgddd mgdq@ayﬁge%lfaﬁgéﬁo fg)l“%yﬁ%g%&gﬁ%ﬁ%%ﬁﬁsu“ sation, is

mxed with water, after t vaater has been & m xture

pressuri sed. arim BBy 129PUFe-Ravertly. Wik tharenetans @h@m1§¢ntlpa$5@1@.Chl eve the
“supercriti cal thehvahehe fEheucmrmer TR a@ageqat;ahéég&s aléﬁgewﬁ%ﬂetﬁe hékler di |
‘i medi ately

pressurisatj o r_st.ream at t he begi nnin
before thefdr eéa]’é’?%t%gz‘? gl%%}v Rét Y&Iﬂ?% ’6&3@%’8“@%‘6 bf*‘l‘?éteﬁbqé&@ﬁ Upon
exiting the rigagiosrzont hed/et mennxiesd mtohaby tamhoﬁem@asmi &d. 8hch he back- -
pressure reg HJEW rle out in, a stream of A cool ed
water. In 15%:%&%%1 %%‘ﬁg‘%& H&Eéﬁ @%Fﬁ’afro me ?Xt%d %‘Tnlﬁbaaléfxpﬁ??]@%ent as a
het er ogeneousWii & P’S/%Qﬂswrﬁﬁifﬁfﬂﬁéen@abdlcﬂctlomef ﬁpmafghetmaﬁlagmob&nﬂA and 2B,
the precur sormmgh@elawﬁ;tn,zoaétpa exBRBRSH ﬁafe a%egaﬁeggﬂaﬁ%gaﬁ RfRURL after
, 0 y

t he wat er asbegB urlse otlona i ona

further heat 825K P%Srsagf,&bfo&gg@ﬁ? %’@Ot%‘@ﬂzé Ushfeéeceﬁdtw@an tht ate. The
di oxygen gas,in@&fibeof the esstori Thé etthalp$ om@aeﬁioﬂ\d:aofbe\/ﬁ%@fo Rbover %W@F{rﬁ“ ti-cal

state and opt at ed |n reheater, 1. In Fj 2A, two
streans are rﬁsglggi) %’Oyﬁ{e}%&e%% R 8‘110 ‘?-Pﬁ?é’a‘? i?relFl?aBﬁ hggeattﬁﬁc‘?i’é’é‘gt or
‘and the ni xtiHie qmgedss, Géhirhmghd tdwscéagitlmessuie“saﬁlrgﬂadeteﬁﬁ.attfdil&ex@ﬂipl/éat er
streami’'s ad LAt mul ti
d@ﬂpé@tu}é‘ﬁﬂ giéé‘shi%rof'tﬁ'e &rdl (%S?;(’)I\r()ﬁ b%ar\gsltc tum, ¢ Jg%el ed an nd

i nj ection points 5 exjting the reac am s e
depr essur |2§ec?“8"trh?%§?%é‘é’ktefﬁﬁlel§‘§hﬁ@ eiiég%lhwhcﬁﬁi@eﬂcl?h@néﬁlmmﬁmm e carried

out in a streaabiefto eamk/eﬂpowdl €ln thllsfhvay the reactor can be mamtamed at an
opnmmn temperature and effectlve energy efﬁmency can be .achieved. Inan
alternative approach, the leact01 may be operated u11de1 ad1abatlc cond1t1ons and a
' su1tab1y high rate of waier flow through the 1eact1011 zone may be employed in |
25 “order to constrain the tempe1 ature rise across, the rcactor in operation. If desir ed, a
o combmatmn of both approaches may be used Le. recovery of the enthalpy of

reaction via a heat—acceptmc ﬂmd coupled w1th a sultable water flow 1ate through
the reactlon zone..

. Following heatlng of the feedstcck components oxyger is mixed with

30 water whlch as a result of pr eheatmg and pressunsatlon W111 beunder .-

' _supelcnhcal or near super crmcal conditions and heuce capable of solublhsmg the
feedstocks In the embodlment lllustrated in Flgme 3, oxygen and water are ‘
mixed i 111 prelmxer ISA The precursor is also mixed with ‘water in premixer 18B.

; Of course, the precmsm could also be separately premixed with water prior to
" 35 ently 111to the pIGIleatel 16.
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correspondi ng Figures 2C and 2D, the catalyst is already, present as a

het er ogeneous catalyst within the reactor.. Referring to FBdareargz005

freedst ockwoanpepnent s conprising water, paraxylene 30 andpd c{%?(%[h_ggas are

pressurised. to operating pressure and conti nuously supplle

respective sources 10, 12 and 14 through a preheater 16 where the

conponent.s are hea?@lﬁwl@rl(@@ena@wwhﬂépﬂi(ihﬁixmg oA 80, rei@inf? ad @by apl y 330

to 450C, tymlfdaitblasen i) bout 35 370C to an
upper |imt abo ? B%Q{ég}égc}@su{&ﬁ%é@h %pﬁt{ I%leggf?%dé gl ®t'enper at ure bei ng

sel ected in o‘?’oﬂggma 815§ AHAGrIBxeT pe Hiusiretied db Finran ddr, 4BUd@r 4D kid & al

condi tions. Rasgectéely.hin Figates 48aE 4D0andP, € nents may
be deri vedif Efca?%lgq(etheexot gr mS roduc dli n éﬁ%%ﬁ% ﬁgsﬁgégl%gﬂ&g%g%%/ 06201
7

PCT/ US1/ 22 ¢ O EIBELh aenlp Bsdeiant Geaevsilens ek ahB |
t er epht hal i ¢ dgpicts the exsultimgmiged meanpalmam/di@ﬁ@e TRoAfh SaFRAdH; NROYH and the

oxi dant. Heat; rforn%lb r_exanp n the formof high
pressure st eam and @gt enastsd?% l%ﬁgcera?eﬁ fe‘ct E?S%?ayﬁitﬁ%&ep?ﬁeégnﬁéﬁh ng of

the water st rséféﬁ*@te?%llﬁ’é’aﬁ e l‘ﬁm‘s ohe neybined iree o viagkGiteimandMens ui t abl e
manner, e.g. ﬂaﬁeﬂﬁﬁaﬁ 104 sieRoRNGIA n fluidefol . ow n
pagR e E@%@?u&@iﬁ%ﬂ% Ce QpgUTation may o ance,

reactlon %1d gs |ta e, heat - acce tlng
t he heat. 83%‘3 ﬁ FF&"W"B@S&F ®Hgdler 416 f1 ow i n heat exchange

relation, count er r ntly and/or co-currently, with the reactants and

sol vént passi ng DPHEigtiekibel Igpteabpfepremininpassagetioreagasts agihs al ong
whi ch the heaclatezt(jbuactzﬁﬁﬁb(ﬂlg:tiﬁ)hl}ﬂté thd M@ndn%hé atﬂéfe%b s P8 wha ?&{aﬁ% zone may
be external ne -and ‘exten nterna hrough t he

reaction z one EGS’%:I P ?IIF 3nléllt(? @1‘3 e‘?&CE‘H’EI ?ﬁ‘be ffqddwxe% &%@ﬁg@{’ sgach@ychmr i nst ance
“ext end gener #ithyheaidalf behe forirt ¢f rmxdig)atn dnpansivee %efﬁ Yafd nf08) WREehA!

di recti onjof t thro t he reactl on zone For
exanpl e, ghes‘fk[lﬂesgwtlgifé}oéelgtﬁllu%gg% Fal% Orﬁrg) ?Hé VETS Lﬂ%& erepEion2oBf zone by

passage t hrough o es Ioca |n the interiar of
the reactor. The gﬁleé?mgﬁga(rgbe%sc%al RSE bﬁeﬂﬂg@ﬁ\gﬂ’o hedERHOR Bewer via a

sui t abl e powett W@d&@@egl a§9§pbu&pls fiom smiree tuothaprenfion dxygtewaer t he ‘
“heat - accept i figeant Atuhdsan® Sine ﬁ@ﬁﬁ reo%?sror Re,duse ek &0 Pfe%&gd cr)])g%hxe/ﬁvé'l%s sur e

sat ur at ed stelam at. .for ex%nﬁ nper at ure and Order of 3
00C/ 1 00 bar S5 Bifter foampdia YR%PAt‘bén'f%n&ﬂ}ﬁeﬁmtce@t&?@gmemgaifﬂtaeat and
fed to a M givegbf {(ici ershywadn Fense ng).steam turbine to recover power. In
this way, the reactor can be maintalned at an opti num tenperature and

ef fective energy Ekﬂidvﬁhgpf&aﬁﬁ% ahd p@éiﬂix ethe fEéHs@HEc cBhbEh e approach,
t he reactor %%(l?lggd neLat ed un f‘i abatﬁ (r‘on It % onsban%@éérgsw tably hi gh
rate of water RrETaiTiene” rolocorpt Shegie hemgesneowind phepeiin

W nch the reactants are brought together. The reaction zone 20 may con51st ofa

o sunple mixer arrangement in the form of a tubular plug flow reactor, ¢. g.a pipe of
7_ 25 alength which, in conjunction with the flow rate of the combined reactants,
' 'prowdes a sultable reaction time so &s to secure conversion of paraxylene to
terephﬂlallc acid with high conversion efﬁcwnoy and low 4—CBA content.

Where the reaction is catr 1ed out in the pr esence ofa heterogeneous
catalyst system (i.e. as shown in Flgme 1B, the catalyst system may be distributed
30 lengthwise with respect to the flow direction and may be co-extensive with the
* reaction zone so that, once the supercritical or near supercritical fliid passes
“beyond the section of the plpe occupied by the catalyst system, the rate of reaction
. falls significantly to suppress the production of degradation products.

| The reactants may be combined in “one shot” ﬁps_tream of the reactor 20.
35 Alternatively, they may beé combined in a progressive manner by injecting one
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25 order to constrain the tenperature. rise across. the reactor in

operation. If desired, a conbination of both approaches rayablgary26a5 'i . e.

recovery Y9 V¥p0knt hal py of reaction via a heat-accepti ngctiugoskzgnupl ed

with a suitable water flow rate through the reaction zone. Foll ow ng

heati-ng of t toc ents gen is mxed wwth 30 water which,

as aresult o a{’grﬁggétgtal ﬁliréa %ﬂ%i%’é%@ﬁo FeeRtantwt mpulfple padids alougtecri ti cal

or near superélfig‘fhp’éﬁie regidi. tQ1envay ca{’rldlpmﬂmﬁnga@ﬁhhﬁle(?ﬁje&gjl%ahgég t he

f eedst ocks. i9 st in Fipgur wat er are
b 16{1&]9@%{%%”& LhHIHE Orgggfgélbeg?ﬂ 1\ﬂi1@cll"?a%ﬁﬁlér in prenixer

m xed in prem xer recursor
18B. O cour9sstityied byrageine Boin soghbbdihs vieraaparahied oRy @i was W t h

wat er. prier stead3s edieu\ 8 Jan
02/ 06201 PCT/SUS%[:L/S2474 %lﬁgg &?%Ebn@?‘%ﬁ?%}m’%%‘e%ng%?é“ é%m%a@ﬁ?i%ﬁa of each

react ant and B\ P@laXMWH@P‘fP&k%HerﬁayleﬂslaﬁkleematmzdW@tér@nnmnsmmmsn@ﬁhé(d ‘Lor T
pi ece, doubl ¢o The wpontigendbf FiRs POFoR, SidabdsC d,n

Fi gures 4A, ﬁ,@d %’terige‘% qu plzlﬁcg% eoc??ve / 1?&%}3‘&{110 eh%&ﬁt%{aﬁﬁsaﬁ% 5,
reference A déprct’s th& Prene: ”éarmglescﬁﬁﬁ‘!’% IP@HI@@SW%M xer, B depicts
t he react ant h@ﬁ%@l@n@ﬂ@n:eta@rstspﬂ;e@am)ysambﬁd bdpws@iﬁnﬁcﬂbeplpgﬁu ks R4, Xed

t | g t T t d st
o oduced B e paro g Rl PR P2 st Frpein ekl anaraicont | nuous

fI ow reactor 083 15%1885@?& r‘i’éﬁpllm?oplah@tadgahlé csmqammcbmd’gémai@solmﬁ%w t hrough

| buptueitical b tion ma al so be
hoad Eﬁgr‘}ﬂe%og?t B ol AR Sltica \aidt LGl O R b A o T

i nstead of p T BREVESITRER S SommEisiag tereplithalic agid wrsupericitica or near
“i nt r oduct i onsipet@itichbaqueasd sobditichONE thid lﬁi@m{e@atﬁé &n%ges JP’ ff@tf\g '
hi n e reaction

t roducegk s t he reac m xed w
IZ(r)]ne \l/J\A t% tﬁﬁﬁ%@f&%{de{tﬂh of ala?‘ﬁdg'lm é?lt Pl@) gllmr @ﬁgﬁgte(l@@wsawgkya“ c m xer)

wher eby 15 sWBthmainapf qonablhmgwmdagommct ﬂi’lﬁumﬁm:i]ig)ﬁ&élie&cﬁlﬁfélﬂhé plgﬁs‘imé ?ht he
reaction ZOI’IBL e In e
T S RARRRANE £A1 8 b GG

reaction, the catalyst @tothe

prem xed oxygen/ WRLRF as_t r rsor is added to

‘the prenixed; ox gen/ &ﬁ%ﬁéﬁ??&@%%ﬁ%ﬁ%g o%&‘épgfegp O‘bfg’itg? H‘1?S&)r‘3‘€nter| ng the

reactor or alc¥ }?e%@ﬁlﬁrlﬁ@al@i ﬂ@ﬂfréllpezmtt@hﬁuﬂns passed thasugbhovwat i N Fi gure

1A). Fol lzowi mhmg%hgmracigmﬁm%%we&b ehﬂf‘dx%%ﬁﬁ&lﬁ@ﬁ%aca%ﬁfﬁ]ﬁ%ﬁnd ece in
p

conbined in S% on .zone 20 to orm S1.Nn onbgeneous

whi ch the react tﬁlegj[ cap he 15eQ5E oF Bgdn H@rPlCl'ﬂ%er rléa&neéﬁhmgm?ﬁhorw consi st

of a . for post-feaction cooling of the terephthalic acid solution involves the use of heat
- éxchanger networks to cool the stream to subcritical temperatures, e, g. of the
| orde1 of 300°C to retain the terephthalic acid product in solution and the1eby
25 av01d the risk of fouling of heat exchange surfaces, followed by use of a train of
' flashing crystallisers (similar to those employed in conventional terephthalic ac1d '

. purification by hydr ogenation) to cool and preclpltate the terephthahc acid
, pmduct :

The cooled solution is then supplied to a product recovery sectmn 26 in
30 winch the terephthalic acid is precipitated from the: solution: Any su1table method
: of product recovery known to those skilled in the art may be used. "The product
- .Tecovery section 26 may comprise one or moré stages of cooling ot evaporative
. crystalhsatlon to crystallise the terephthalic acid to form a slurry of terephthahc
acid crystals in aqueous mother liquor. Where the product recovery section 26
35 _‘ compnses one or more flashing crystallisers, the resulting ﬂash streams fronithe -
Cocr ystalhsels may be used to pleheat the inlet wate1 and paraxylene streams to the
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sinple mxer. arrangenent in the formof a tubular plug flow reactor, .e.g.

a pipe of 25 a length which, in conjunction with the flowlBatsuafy 20068

conbi ned weartignaks, provides a suitable reaction tine so secure
£Ehoehy

- conversion of paraxylene to terephthalic acid with nigh

2

efficiency and | ow 4-CBA content. \Were the reaction is carried out in the

presence of a'Reereddenaduectlycas ednyshtiaps Ilmleﬁchaﬁgelél& SRANC(
the catalyst oymbemshiko e lialmbby

cEi@gure 1B,
resgﬁect to the

0
flow directio co- ext ensﬁjgl%}‘t:ﬁmet‘?t%eﬁsep%égé\émﬁ)n IhoheTo that
ARes Bllowg

once the supef

VRS pvstallisetpar wey be eetljediddiioch oHes Buid hepsentint he

section of thpopcspexsﬁtgcfum&ﬁt}:@é/ﬁlfu@ﬁo&é&\%eﬁ%ﬁ?e&%ﬁég the rate of. reaction
0

8(53 EYHORIFISr oduct s.

t1on

fall s signif ly.to s res
The react an%lt séi ﬁrr% }b% iﬁlﬁg 11"6?‘?@‘1@1%@: wighpett widzomt oirasltmgfacﬂﬂmtq or 20. 35
" Al ternativel ysuch Iaegleamjoedbm prmripublﬁﬁedt MytanBfiOGH PaEhVEnlIRRAGL; by 1n) ecting

one 15 WO 00 1 UsO1/.22474 reac ant into a stream
%Q@WQ TALB AR ALY ‘t/P @Qp@ﬁﬁl@: lesugrspfhéch arengt h of t he

cont ai ning the ot

react an

r ea;:th or. Otwe lwpﬁtlﬂt@@ﬂwl@hbﬁﬁhlm@ﬁaemd)t ff‘hhs; fmn‘qx@@lpleqne gﬁé@ggfg@% is shown
const tuted by LGN bRy Il belytiit 86 Sigaem wat or 5

constltutelg
streamis a

dd%&n‘{hocgg%&ebﬂ‘i‘&@ﬁl Hedwith éléﬁr Slumf eide. straaom (fer ahnowg ian Fi gure

2D) a pren ¥HdS{Fastprydsareeil s @Rme fdrhieﬁ%!uthoe{ %ﬂﬁ% ty Mﬁ&ffccgwmlg rceagt er stream

0Cess

Wis supplie tream
homogeneous S%l}tl%fthg tl{s%tz&;lglshquﬁ% égcii?sl’yﬁ?@ if1°§t ﬁ]é%frﬁaw %Wla@r sihday hydmatbé n t he

catal yst;

in Paeswlééésshasisfa fire dedit)erAfgeitnus s Gl Mss e rebdiRr&At al ysts woul d

be present |@§Jelgﬁhﬁ;cp&lgm gtg,gu&tdrcﬁ%gg%,%oq&gass s thr %B’ t he react or pipe P

and at a s
pi pe P, prl

ri.es of: ocatlo

ace t‘%um efiEk frengt h of the
hésfasge 1&5%19@ ao&qﬁ@e&; odiibmsl $adildrly it saniey &iddt ieade or near

supercritic alahmityfat anﬁoﬁ)ﬁaﬁli pegbuM, el ke CLAOLF t%%ﬁﬁtﬁ%? Saecﬁ\% ]h%{; EE at o -produce

or .near

a product st gﬁl N ngn&'?l sing teréphthalic aci
supercriti ca g:'lé% MARTFSHEe Zloﬁeﬂfhg ipasphsde Preﬁme)dhygrofmgnemessary to
effect 15 coﬁlptaéieepmxswfaletctmmmevi@arsaéwis@m%ck ﬁo%%f eRitdaa] gh I's injected

t1on an

‘progressi vel y of ¢ i ng oxi i m’si ng side
reactions andalg%msai .%t}t gffne%tﬂfﬁ gscr%‘t[tf?)eglr‘}éiyvrg‘é’héPWué?séHﬁtﬁ‘éllctec’lcaéﬂ@ B
‘ter epht hat c2 REIELSSHESRHBdPanp of thRéfrerused ¢ poup beidlpadtes &g &1Rs ol | owi ng

the reacti oncémedthe desired degree, the supercrltlcal or near .
supercritical fluid is passed through a teat : 20 exchanger 22 through whi ch

heat exchange fI UTde Sy I at, heat can be
recovered for gq in th%ln{tﬁ%hoggt eréﬂfg a%&%équc%@%af]ﬁ% reéﬂ&ﬁ#)"“%r
post-reactl ofFEEB 1ty thy et’ﬂéOf?élﬁléﬁﬁll’ﬁltehaﬁlecatatumlsodauhmoma myls\gs the use of

heat -
25

30

35

recovering the product and the required product spcc1ﬁcat10n -Although in
general, it will be desn able to produce ter: ephthalic acid which is sufficiently pure

to render further puuﬁcahon unnecessary (e.g. by oxidation and/or hydmgenatmn

of an aqueous solution of the terephthalic acid to convert 4-CBA to terephthalic
acid or to par atolmc acid, as the case may be), we do not exclude the possibility of

| _carrymg out such purlﬁcatlon subsequent to the supel Cr: 1t1ca1 or near superc11t1ca1

water omdatlon of pauakylene

Foliowing recovery of the aromafic carboxylic acid product at least part of
the aqueous mother llquor (mcludmg soluble catalyst components if homogeneous
cataly51s is employed in the oxidation reaction) may be 1ecycled for reuse in the
oxidation reaction, e 2. by admmtme with fresh water and/or the reactants

However, if the 1ecycled mother hquor contains catalyst components, it should

o not be added to the Og/water stream pnor to addli‘l()ll of precursor. The amount
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s precipitated fio

exchanger networks to cool the streamto subcritical tenperatures, e.g. of
the order. of 300C to retain the terephthalic acid producti8iJangaoy@bddHn and
t hereby .&@btamadod the risk of fouling of heat exchange suptangsii®l | owed
by use of a train of flashing crystallisers (simlar to those enployed in
conventi onal gerelpht halic acid purification. by hydrogenation) to cool and
preci pitate t¥&eYted apthisially be amnajordrastion of tehecaeridedothel lifuonwitlsa t hen
supplied to o QUL 1RGN Bfdér BACHIRY tAbiry 5 i lic acid
| tod- o the ol Raatlc sttt G 19 PU RO,
recovery knowl EGSt nGE &WERiSTPAR M3y bFﬁ’é’aéFlt*O FReP Verdts pstadlyst Tordens vduuct
‘recovery sectiphc@ifle anyitcogpnicsenteme or nore stages of cooling or
evaporative crystallisation to crystallise the terephthalic acid to forma

slurry of ter epht hRbfetring@ivetodiysit 7 § thisbndBdaaLS Iﬂﬁfdhf% hﬁ ﬁ!h%fso)w‘efe the
product recovlgcm{ section 56 %? cwrw&;ﬁgne or more f ;X% ing
crystal lisers, fiBHPE LS 1§ S} ey 4} P5tSHPRlRE toamixing| Units¥r s may be
used to preheble exygen nhéparamgtiare sapplipatapyptRnicedby pwﬁigﬁs (§2) 3131%%11@1@133&3_

ctor, elther .1ndirect VI a

January 2005 W 22474 .r. )

convent i onal t@%&%@ﬁ%ﬁ%@%‘!’ g‘??%\%%lp %’lbryel_ggﬁ PP RES PG lafhe%eé‘cﬁ?%? into the
wat er- and/ or aftaly Tdanikigawitids is benliemesst tomix Thereattants withoht aiated

f ol | ow ng 10r ysibaiyl th $3d duee tidMrda s s Y bj . l-dsz L o) ation
process usin X?&Y' g{%{t le filtr atsﬁgh#ﬁg&?%ééag%cgs%%gﬁlgﬁabhagag@g%a%gﬁﬁg :

er at nospher i gm 15 gf?rf&\“’r‘é%‘?m SUBPRTRD SEYRERidisseAd in wales, whigh areded wi t hout
washi ng faci ltbhicestinowtiw factdesCin the thrin o $i8s irPHEich Shed: ati onal

Pat ent Appl i i.QNS s. WO: A-9 /244401<':1nd : A1194-/ 179%‘2%&_1(6%11%%?%?50I osures
of which ar e(iﬁ%(lﬁggjr‘%ol%& ated” Oe“rmeﬁ PGppg arangemeptwilin thepige, 1o gitiganpl e t he
i ntegrated sdh¢ wactioepéicari’os imﬂnﬂed@ria'rari\lfga’s)ﬁ[lngraa@maraﬁtaﬂgen!’i@y fcﬁQa(rjrpri Sﬁ ah
belt filtaqg Wbk iQn ) j I; i,Lter unit operated with the
slurry side, (E)irIt 1(:11 lﬁr“l[}%c% ﬁl?féﬁrég%%ﬁ&y%déﬂg& lgélhg%g%ie%fl SBF%E‘SOE?%E? M ter drum
formed wit h HFPRR ApEEQRentous paiplyst ip wilivodi thy seldd batalyst aswiosoustrhetimmt her -

i quor Lst di tfﬁdeadaegl lof ;smmAf]gftrdntga]@@:ﬁ@d&q}eMa\t&ﬁé&ﬂbf&nﬁ rbétﬁér']d?ﬁaﬁﬂéd SRS ure
supplied to the cells). After rin e.slurry, the, recovered
‘terephthalic ﬂ%’& ‘(ﬁ&m Ogéhedg%c(ﬁqr(ﬁéjr g%f PV%F’E?FS %lh‘éfﬁlﬁ]’lédlﬁgﬂgélﬁﬁoé‘ﬁcﬁélﬁ@§t'er , for
15 i nst ance, ufitised)dukantrlys as s sahti@sinbdtél a8y bosddedlihe inSidkl-arly it can be
dried. If,pot,.. t..al. L ressure,  the filter cake of '

t er epht haF?]ctpSi:ﬁk%%% st rlggz ?rg]r%F d te?yopréorﬁ&f/hﬁu&% Qtﬁléa‘g%eff g |

at nospheri ¢ FPEbEatiey of srcatsyilrmgd ¢ at the tepinniny of opimssdizely Bifdawhe devi ce
such as a | Oﬁqucttﬁpﬁ)ﬁﬁg ﬁbf@tﬂﬂﬂ?,-%pex?rgg%t%ﬁﬁc uy%fvaeﬁatgcsﬁlﬁ\@' by &%ilgyrrp_" _a

screw feed d%\é{d%g or a progressive evice suc

The supply of fresh iﬁake'.—up water to the system may be effeéte_d at -
25 - various points. One of the most convenient points is upstream of the n1éi11 -

' pressurisation pump 68, for instaxit:e via line 116 which is described in niore detail
*  "below in relation to figure 8. Water may also be fed after pressurisation in pump

38C and heating in heat exchanger 40C via line 35A into line 74, or pridi‘ to the
exchangers (50,70). Alternatively, water may be fed, after pres'suris_étibr_li in pump

30 38B and heating in heat exhcanger 40B illdepenci_eﬁtly into the pi'elleafél' 36 via

line 35. . ' o ' |

Followihg reaction under supercritical or iiealj Supei‘cﬁtical ébnditions, the
product stream 48 in the form of a solution of terephthalic acid (plus small
~amounts of unreacted reactants, intermediates etc) is.cooled by passage through
35 heat exhangers 50 and 52 and may be optionally ﬂﬁéhed down'to a Ig)_ﬁer_ pressure
and temperature in flash vessel 54. The means of effecting such a step at this
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20 a progressive cavity punp of the type used to .punp cold pastes of high
solids contents. The tenperature of separation and the | d8dknadryRE8hi ng
requiredwobtoder dependent on the levels of inpurities gengialeds#n the
reaction, the neans of recovering the product and the required product
specification. Although in 25 general, it will be desirable to.produce
terephthalic, Dot o i e RO qUst k@ Yery: besiion 2 puayenvalee kigrveedeviass teely or
~purification 1ﬂﬁﬂﬂﬁﬂ§§ @ﬁt’sho(lféilﬂscoﬁﬁg&%ﬂ‘i‘@ﬂ&@d@ﬁ‘g{tﬁﬁ o?%ﬂ@g@ﬁg%ﬁ) of an
onv e

aqueous sol ut | alirc acjid rephthalic

n

acid or to par @f 650]8%158&’5&“11553% HevEde dhasaykited m tie ario Thet, asshel sigamt he
possi bi | ![ ty lcﬂ'om cartoy 6 is mﬁeds:}[imlildi)héatfebcﬁlﬂ:hgé&’@ 58UR§ ?ﬂﬁﬁ@%efn{ﬁararhﬁ% olf
supercritiga T ritic oxi dat,i on of paraxyl ene.
Fol | owi ng ?eé%é\:get%éﬁlal ﬂﬁ%l]gt%ger Shg ]%T%lﬁq%%m@?t%&e IR BPedive Precipitaice ast par t
of the aquedlﬁ%ﬂmmershwld]u@trOC(:umitﬂlcﬂiasigvesedltibJ & wbktahtys aneaspenent s i f
honpgeneous r?f!rMS" i tion react,

sfe%I '0§1€ g%se%ﬁpbtgﬁﬁ : et bR spﬁﬁ'trggen SE5- 5 fﬁﬁ %}ﬂg%yf\‘xft h fresh

recycl ed for %ﬁ, oxl on react 1on,
wat er and/ or SP é’é%]t‘%ﬁﬁ@to WS IEENETRAVETY FyStetes &Wb@mﬂm@rm&mm deidquor

contains cat abysibn BOWPPINRINIS liné 50 &P PiduciIBlovBl REGSdL 0 the 02/ wat er
streamprior to addition of precursor. The anpunt 17 18 January 2005 WO

02/ 06201 RET/ U0 1/112 ﬂﬂﬁﬁod@%&%b@@y WedtdonUgl @J)lluﬁo@ﬁf t@rc?ﬁﬂlgﬁc L&&lfst fon of the

recovered nother quo I} pur ge bein der to reduce
st andi ng con@é‘?ﬁef‘sﬁ'fl Bﬂ‘égho?ml?} l“ﬁﬁ%ed‘i}éfﬁténllsﬁlqnﬁ@m pruleiek presseapdir ge stream
may be treat efcmpemammcmwpn’ooretssvelgti@krwéﬁ t@@@&t@mﬂse %Qéﬁ htﬁélmfy dé: o@u?ﬂt_nd !Ejs
organi ¢ cont u ~in this odi.ment 1iqui
oxygen (i neﬁg%?@tgl J%g%dglgt cffttﬁe %ﬁlgatg%plg?ﬁgs%sz 13(P£ ne 34) are
suppl i ed to- ireriiatig aeﬁllctly%S in Hﬂmmmgsganﬂmnhtpmar At ndinalippl i es are

Exanple by h BM’S‘%‘*?EE"%“@@@aSm P bE ey e B € TR (g uni
36 is confi gﬂgeé e PHaEvk- tsri\%s F@&éﬁ@ﬁ%@dﬁ‘ﬁ@d tor@o\hda— qmni@emu@ipiwoﬁmmr oduce

two streans éﬂtab%onﬁm@seqiafa@@ﬂib@m:t ﬁbﬂi\ghélln‘&ﬁie?hémr %Xls@l'ﬁl%—hciﬁﬂg u;e f‘”d
e fe 0 a

the other stre en _di ssql ved
‘conti nous fl O\H%{rngé)g {rgary bfff aﬂﬁe%ﬁ‘/l Uige ﬁ’l%ge"écep?“bté ISPNRITe 234 r eans ar e
m xed, e.g. Byamedihabwoun uedatdavatedyir engumrcbﬁmgemtat mnid%pneﬁd]ﬁ eﬁuﬁﬁ
|n|t|ate',dhg sambi@Rhe 5i r|I |II ethe
arrangenent . f %lgrea 0syse g%g%ﬁ%ﬁmgloh@%lﬂh%?gf%égﬁggﬁgné & 95116 ‘iﬁbl oyed.
For such’ pr oE]é‘é’éOé% ¥i the solidsclinuid prverationsaebeisarded attysingias, 1uttegﬂa1te$1ed t he
solid catal Yﬁllcﬁ%elﬁrsﬁﬁﬁl%ﬁ Wﬁ?é;'wﬂﬂun%’a Eéréﬁxg s s beRIAIRE ufif, AiRasyEnt |
herein descri l:l c(li riaﬁi cont % P
- oylm Fical filter umt or a rum Jter unit (e.g. a BHS Fest filter drum formed -
with a plulallty of slutry receiving cells in which the mother liquor is displaced
25 ﬁom filter cake by water under hyd1auhc plCSSllle supphed to the cells)

I11 Flgme 7, the terephthalic acid erystals 1ecovered are supphed via line
64 to a drier (not shown) or to the direct production of polyester Where the
sohds—hqmd separation is carried out under elevated pr. essule conditions, the
. crystals are conveniently let down to atmospheric pressure using a suitable device
30 .(e.g. as disclosed in International Patent Apphcatlon No. WO-A-95/19355 or US
Patent No. 5470473) before being transferred to drying equipment. The mother
liquor from the solids-liquid separation is recovered via line 66, repressurised by
pump 68 and recycled to the mixer unit 36 via heat exchanger 70, line 72, heat
exchanger 50, line 74, start-up/trim heater 76 and line 34. Thus, unde1 steady
© 35  state operating conditions, the recycled mother liquor may contnbute to the source
of water for supply to the reactor 46 as well as a vehicle for the recycle of catalyst
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fl ow volunme of the reactor 46. For processes in which a honogeneous
catalyst is wutilised, the catalyst as a solution in water8nagudre 2ackied

ei ther irnvo meine020 paraxyl ene/water stream 42 inmmredi ately gfia@o;sQ7ent ering
the reactor, or on conbination of streans 42 and 44 at the beginning of or
i.-mredi atel y bef ore the reactor, using rapid mxing, for exanple by the use
of a static nioBFPreessi sppanlly whetedhe oSiRgIaupptass obesfa lesiograbasup water to

the system rm:;atfhﬁst efdaat ade ﬁﬁxtu?&uﬁ@% ﬂ%nﬂgf#l@a Sk NG Tf 9J11e1 ehcﬁe p&‘%@ed

conveni ent pojn ream of the main essuri sa for
i nstance via TP 81 fﬂ%n%?‘ﬁyccﬁnfaén ereal¥st e domespmnoss getpkyist, thyetemlmi relation to
figure 8. Watepthamlqualr mb&dfvﬁm @Etp@fax?lreﬁ‘@ §t'f'é2!11§?a'ftlhéi‘@hdnnché)%!ﬁff&ant shBfmand
.heat|ng|nh t &nﬁ%%%ﬂel Hﬁﬁe 35A into. li prior to the
exchanger s (g’gl C?%;é er nats v eISSS/O tpé"?seWa‘W?}EloPé a@hﬁ@} O%ﬁaéﬁéléﬁﬁiq sation
in punp 30° 3gBidand shaukd baigpntempaabecnx Imﬂnrtgeaddiﬁaa bﬂﬁemﬁ@i&mohiﬁahﬂt 0 the
preheater 36 ; on u ercriti cal or near
M, wherdhieoy ({g&i 1';18&13{38%1% ? M % tﬁ% DFUEHYES 2 sol uti on

supercritical cgnditions

of terepht hal ORIEREH spsh fhéf tbmxlﬁan@mmnt?@ rozrty bmmeaadt\emh fresticwatnt Fom
intermedi at ediret3s) is. cool ed by passage through 35 heat exhangers 50 and
52 and nmay be optionally flashed down to a | ower. pressure and tenperature

in flash uessel 543 Ihe o
January 2005 ec 062‘?1&2%5/8%%%%&%%&1%8%@lééC%B{laéwgﬂﬁmé recovery

section 62 mﬂ}(e’i‘l ‘@ WHlGHn desmax be eHpeied o wsiveral wagsfor ipbtesce, thet shoul d
be confi gur egutge matgobejtaldﬁpoﬁllmefm Rffron0d Bﬂﬁabl@ﬂas'l’f%ﬂ&ns%?ﬁn%%aﬂ @9%' sed

heat i ng, killed in the art.- the st
eactor ap i SR dER-RPBAR ofher B Gt camiRraoNSY SHEm ohper at ur o of

5 the streamldter mawibeoned aévmlt&gmuwdllt eill be stthawhdthess poadnttat€DesLp not -
preci pi tate; or@heGHRIL Al AShOmE WLl y vegsel 24. A
subst ant i al rrég{ljnt of %trgamg.p%%&Rél@glgy%ggvemd“aé 2;6 PY&ni t r ogen,
oxygen, car hOAVEKETdELVared masibspaseat i ueinhéemenbe@waenbmgmdmcovery

syst em 58 whiahgerdtie pteegpip halic acid solution is supplied via line 60 to
a product recovery section 62. 10 In the product recovery section, the.

‘sol ution of terepht haltest @.Qhﬁhge§ 70 Fth@fe%ﬁ}%?%u}emf%&t}o&eméﬁdl 1§ f8sed
oS e oireelvely
product ofot héﬂ:ercy;sﬂtzﬁ]ﬂajtleﬁmages Brgodﬁ&&sﬂ Bag Iﬁ%ﬂé&f Pre§fure &iff @&B&Qﬁﬁé ¢ acid
ctage the. CPaPRERUSTo e N BHm) Bif e etrer o wy SSideher 0
7 passage th1 ough the heat exchanger 70, be retulned as condensate to the ploduct '
recovery section for use as wash water in waslung the terephthalic acid filter cake
produced by sohds—hqmd separatmn In the heat exchanger 50, the temperature of -
25 the mother liquor is n1cleased still further, for instance by about 100 to 200°C, as
~ atesult of heat transfer from the high temperature produci stream 48 from the
- reactor 46. In this manner, the product stream is subjected to cooling while
“significantly _inc-reasing-the._:temperature of the motlier liquor recycle stream. The
trimfstart_—up heater 76 serves to boost the tempereture of the mother liquor 'recycle'
- 30 stream, if necessary; to secure supercritical or near supercritical conditions. -
Under steady state operation of the process such boost may be optional since the
~.. mother liguor may be rendered supercritical or near supercritical following
passage through the heat exchanger 50. The heater 76 may not therefore be
necessary under steady state conditions and rriay be deployed purely for start-up
+:35 - operation, initially using pressurised water from a source other than moﬂ1er liqudr.
In this.embodiment, the water solvent is rendered eupercritical or near
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'pressure or above. The slurry is then subjected to a solids-liquid
separation of any suitable formto separate the crystal s 1Bamiarh@0a®t her

liquor. awdhenesed i ds-1iquid separation may be carried Ouﬁcﬁﬁétﬂﬁzﬁﬂy devi ce

suitable for this purpose and arranged to operate -under el evat pressure

- conditions or_at atnospheric pressure 20 depending on the pressure
following t héuf"?lﬁ’éqlcaépy@’f‘é’lllllhélﬁ‘fvtﬂmom agenth Asichaafseti@abven it yilldei ously, the

sol i ds-1iqui dmﬂ&@@batth@na@lﬁﬂ obﬁwQ@iﬁiéﬁﬁl@fbtse&%ﬂe@gebf?%}%let? Elfp%rcntuc%c{lsm I ds

separation an ¥vasl ng. apparal us_suc arotary
cylindrical ?lisélpeliffﬂ OPULORT WA e pHfested pmer toedurips sad RS IRedRe fhiel t er

drum for ned lwmgsaagpl urality of slurry receiving cells in which the nother
liquor is displaced 25 fromfilter calve by water -under hydraulic pressure

supplied t6 the céhhs mﬂibdlﬁh Wrof Fig :
pp Jer USE Flourd hemt ﬁé&%@&&%ﬁb&gﬁr&&ﬂ FEARS @zl@%e it ect

recovered ar via line to a drie

product i on o? ?&P&%@QP FORRREF & 1@!‘?@“5@1 Bdempy tge%b%‘d—‘rﬂ&t@dwaﬁ axchangei ed out
under el evat &d m@&aqb@pboglﬂutcﬁ, preseratilpevat@l whichlispakel GemE MEhtd iy | et down
o e e A O S S e

| nt ernati onal Patent;
5470473) bef Go8s lﬁ@ﬁﬁbeazﬁsstlelﬂ head exehadgeridesigejoi therbike.. THéreamdt her | i quor

fromthe sel eﬂ@wyeﬁlwlﬁeeeﬂeﬁm&ﬁ%aﬂee td E?éh\{ﬁﬂglevsluﬁ%& LOg | 1@@}]@1 Bl &2 S‘”; fﬁg

by purrp68%h g&{%ﬁe fl gmxer unit 36 via

72, heat exERSHGETTEGS Of igeonduit & conduiti$q ?Q%uﬁf@w@ﬁw@rélnaumﬂne 34. Thus,
under st eadyre@8ioslatatiseperdingvehicosddild bmﬁﬁmsé beist BrYFhRdoABE her |iquor may
aovent ol et o PpReRR bR os Seelb e Ll iSHBRe Rkl meffubBaromeiotheor
PCT/ US01/ 224 Watet 8‘>1tthlé pprmesssieuesqb’éomhb yneggreovhg s_gmexclaxl cmup HACESS USEes
a hormgenﬁ‘DUBlgufeal %a\f(%tat%}é'iﬁt%ﬁblegf]ﬁe mﬁ({eﬂ raffilelis 30 p'hecti };ﬂag g Such

t hat, where %’%?? recgﬁ Ei}e ot her uor cont al
homogeneous THCAMEFEHZ W éeﬁié%%flé‘timorlrﬂt@d@ﬂ lllqtqtlioﬂmﬁgﬂmﬁcébmgpassm
par axyl ene stresmthahéextiiapertive mw@h&a&h&{ ﬁa%%éﬁlﬁa ﬁhé‘%ﬂﬁ‘&%‘ﬁrﬂé ng to the

process of t nventlo t he a i on of catal oxi dant
‘shoul d be coérh%gﬁ%ﬁf gﬁ‘e”é%gcoﬁ?%e QIS’él&ﬂ ]F TGFS U @tﬁbrté@laelﬁwlt‘o%@%nt Thus,
wher e t he revlishesifedde Herencigyrecovenntatens Se aladingstd, the nixture unit is
configured such that the oxidant stream 30 may be mixed with fresh water

from 1in¥ 35. 10lBeomuserenatory sysﬁer@éawaﬂmﬁhppﬂea RehGekSEsRld #b® reaction,

nayo: Tor | nern @ RRel S LR BHA G i HengT &y G B omhis”sui t abl e
flash conden%%@t“em@i’ dor @%ﬂ?ﬂ!ﬁ upsd tﬁv\pﬂehea’jéhejwaﬁer suppdictheladineidn te diznect.i.on
W th the eneiegyufReVBhIuiRYPEE YondthSite resulting from processing of the steam

| feeds supplied to the energy recover y system 58 may be passed via lirie 90 to the
25 product recovery section for use for example in washmg the ter ephthahc acid .
filter cake produced in the solids-liquid separation. A water purge 92 may be
taken from line 90 if deSIred with the advantage that a purge taken at this pomt h
w111 be less contammated than a purge taken f1om the mother liquor via hne 78

In Figure 7, (wluch as noted above is pumarﬂy mtended to 111ust1 ate a '
30. process ufilising a hetel ogeneous as opposed toa homocreneous catalyst) the
reactant(s) are shown as being introduced irito the recycled mothe1 hqum after the
mother liquor has been heated by heat exchange w1t11 the product sneam in heat
exchangel 50. In a modification, a reactant may be admixed with the mothel
liquor recycle stream upstream of the heat exchange Wlﬂl the product stream
35 Where both reactants are so admmed with the mother liquor recycle stream the

- latter is split into separate sireams with which the reactants are 1espect1vely
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~-latter may be nore advantageous as it wll be sonewhat |ess contamnm nated
with 15 organics than a purge fromthe nother |iquor recovéraduaty@0bbne 66.
The pur gewohaiwexer: recovered may. be passed to effluent tpgalsyemisr;e. 9.
aerobi ¢ and/ or anaerobic processing. In the heat exchanger 70, the
tenperature of the nother liquor is increased by about 30 to 100C, through
heat transfer3dPiyRf sQ il thereasiandsiar nimteined tolatwl feord @ad othérentil

crystallisati mﬂuglﬁtﬁg ﬁheﬁfoﬁrea&tlftﬁl fit {Nﬁi ?1?5 E‘%&ﬁ&rﬂgﬁ%ﬁﬂﬁg 31?11% cﬁm%{xﬁl 5 purpose

t enper at ur e Z es vessel

may, foll owi n% X‘&a et”ﬁ‘? ntﬂr’l“emﬁ@ﬁl indieHerhigdiisme 6 bb’eﬂfif@ilmmgemeas

condensat e t cortdven ﬁnoddolfcthe rafaetamse/ﬁa/mﬁﬁ@w ianechion péiﬁ@ afthg Vbﬁéﬂoog@ wa q
ui

washing the t uced by sol i

separati on% t‘ﬁé%‘%}&ﬁ e%n?&ﬁ%ﬂﬁt 165’63 Olta{%‘e[ﬁf%zﬁf?él?sef'trﬁp’éloé\“wﬁéoﬁ%e not her
li-quor is |nclieé<é§3ewlssxes$l‘1¢1ﬂrther for instance by about 100 to 200C, as a
result of heat transfer fromthe h| gh tenperature product” stream 48 from
the reactor 46. IIm’rhh|eBergﬁm¢teWerytsklﬁernr5@Miou§héaﬁ@éﬂdvéry%ﬂbcte@fe% %’ayt‘& cooling
while . signifi b t enperatu ot her uor

recycl e stream L Iytlh%?#wf?‘t?%e? ?er tﬂgﬂmc?sglgn?gyfg'fc\%’s i’%r Beaege Yhﬁénéh
‘tenperature JFCEHE /oA atised fqu@‘fﬂnlg@awgeoma‘stﬁmhthé caneloiGF 80 yayt 0 secur e
supercri tial beQ;lupafhéétea v *ﬁﬁhﬁée' sEAbliRRH édn‘?iﬂ%ﬂble?{?&%d ﬁ{ees%ﬁéﬂ hé&tgcg he

operation of ss, such hpost. may tional sInc

| i quor may b 8 E SRfesesd tﬁ‘i"(‘}&]ll OBy OTfEgNe %ﬁﬂﬁb@%ﬁdﬁmﬁl%ﬂwﬁlm $twasﬁg
passage thr ougttDVIehpoi?veath(@ﬂ’tammgh Msm&'b&aﬂﬁﬁlﬁ ¥he diferffoP e ihherefore be
necessary un ons ed purely for
start-up 35 géehezit]ﬁ%ﬁye L%B&%n 3 1633 & ll?'}geﬁab‘z)s ‘5@3 §€ggg2a‘$efg¥f’]f38‘?ﬁt@gsour ce

ot her than mstran 82 yhee this ISrnetJdrSB@y te affediamgsten of highwhiratal sfilcleady. is

render ed ¢
PCT/ US01/ ggﬁsﬁﬁsdﬁ%g‘?% :i?‘iraéég%@goy |gl((%(ri\ﬁ¢8np&"3%Sr%glJe }%ﬁgan%ia%ﬁ ﬂgolieﬁt react ants.

However, it WFRanggrs "tﬂad%ﬂlé69]3t1wth¢1ab%]7&$ged)ﬁlr€tlﬂgb attefrpef leptinestagessecur e

the desi r ed Shipetee td ;31’6?132& R watlBLe 1&&@@1‘%16%1 Ed t‘ﬁgthg%)? QE%}a%%hm#g é]ﬂr;ﬁft g?

prior to, dur ap
Fi gure 7, é‘lz r@ﬁ 6?111?%%(@'??6&\34 @gﬁ’g{‘]gﬁ%ﬁ'upﬁ’v ‘Flé)e&ﬁﬂdé@d apheededhcihng t he
pr ecur sor vv| thisatingy sjegesi tspicalyoaethriat alceade bﬂ1daﬁé>ichaygek’ﬁ§'}} meaGERE@gch W th a

heat - accepg i g o ich is passed through the
interior of the l:irll!éﬁaignﬂ %%%[ g%’?{r%t\gﬁnsg%‘}o déghi: Bk 36 EWSE%SWY Cdifes of
general | y paf@ppeapturg. ubei@lr(edgaiﬂkg stagesubeheat-dehetirlg Medmagtehangiitedesi gn) or
ts[] fe-f : 'Icikgnt ;I'h %ﬁ‘ﬁﬁ’é ﬁﬁs}ﬂﬁeﬁgtﬁé:ﬁe@% Hﬁffd?én?§§§§dr§seﬂldqgﬂpa§ﬁ}c%ciﬁom dfedr&fperature

' - h y gs oII tﬁe crystallisation train. In othel heating stages, the heat-donatmg fluid

- maybe 001nbust10n gases rising in the furnace stack assocmted with the fumace

25 used to supelheat the high pressure steam supphed v1a hne 84

The embodunent of Fi 1gure 7 employs substantially pure oxygen as the
omdant Figure 8 illustrates a similar embodiment to that of Figure 7 but using a
supply of compressed air (which may be oxygen enriched) as the oxidant. The
| embodlmont of Fi igure § is generally sunllal to that of F1mue7 and those parts
30 _Whlch function in gener. aHy the same way are depmted by the same reference
 numerals i 111 both Figures and will not be descnbed further below unless the
context requu es OﬂlCrWISG As shovm the . air supply 100 is supplied via an air
_ compressor 102. Asa result of using air, a substantlal amount of nitrogen is
' introduced i into the plocess and must therefore be appropnately handled In this
35 case, the product stream following passage through the heat exchangers 50 and 52
is ﬂashed down in flash vessel 103 to a lower ‘temperature to condense watertoa |
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external surface of the conduit or conduits 80 conducting the water through
the reactor, localised cooling which could otherw se caudé Janeariy 2004t i on .

- of conmpwvemt/eszosuch. as terephthalic acid, in the reacti@iypg&adiymg S
avoided. The water for this purpose is derived fromthe energy recovery

‘system 58. Thus, in 15 Figure 7, water at elevated pressure and tenperature

is supplied B, éeng 2hangn Hiesmbodivads afBigusy7 (embe réducing thswdtet o cool t he

product st reaonfeut bhde of@hbami RY PRSI reldhb i Icelkff'} r 50.
The wat er thil?OCR%gses v%a | i ne 83 thlr ouglhlet heﬁ&%g%ﬁ’?‘gﬁﬁ%gﬁw hgg
|

consequent r &l $111G° 6 hepref s agt echangmss PR Ak sprireliedmeh tat ch is fed

E:) g the Fner gyrecepitationyf pysinemchsts }mh@ hihiﬂ&fgh Bésel 203 Tee 808HNS rsﬁr%ﬂ?s]{ y ﬁ ystem
is al soss e il ashed fr e, or _mor.e stages of the

crystall i sat igg%l%e?g?#&#ﬁ%%?@eﬁ%%% _121 6@8?‘:‘%'33%83&%”39% 18 83 may for

exanpl e be u$&8ineol 19 dheaverhmulswhten ispgspid thrbugh hedtierehaB@ert 06tiherddieat

- transfer coneirhksdr 199t 10GROHAS : i r essin the steam
feeds supplied,.to lj:;ggae\le})j}rgy F%%%@%i@%%ﬁ‘%‘%ﬁ%%@@gn 24 a 1ine 90

to the 25 pr&@HEY qpasid o Bis reguclsorey sextimndleia insbignfongsd, he

“terepht hal i cfacixdmpld, iab vesh ke F9gHd6 R0 f dhetch@ r8QbigSit kd zﬁéﬁ'irﬁﬂé gparation. A
wat er purge ﬁ%itqﬁéyg'%%o toa\%ﬁ%a%sr m | ilneh 90 if d.egieﬁad,,' w_t h t he advant age
~ that a purge taKen“at thi's pornt oWl FEperdde Oairamrdedignimaiba pur ge
- taken from t Rebimetier hdnpe thoneashm fdriheatingSthe buehegissiean b Wiagdof RGtdrot ed

above, is prigari iﬁgj% . i . o ocess Mtilising a
het er ogeneoug , agh%lrs 703 edqﬁgeg&ﬁé} #%5%%%%@6 g%t’%igl}g’il}c R tﬁg%‘?@ﬁ?‘%s) are
shown as bei ﬂéeai“hf"’il%gﬁé%fﬂeqtﬁta@ eteyated dayparaidrenpshieam bf epshrsuelf telsing he  not her

liquor has bsege. hEmkad4 dypibeate GXRAMIGr WL KifEnPHRGE" 1§h@m i n heat
exchanger ln a ification, a reactant may be adm xed wth the nother
hang 155016;33 nﬁjf*t{k-tﬁ}@tt y d th th th
liquor recyche ¥ BAM Mt Eeam Jrere the oxdation RoRessdeadsiq hetgrrerpiiQrderc t
st realm 35 V@pEsﬁlﬁ/ﬂ@mm:&xa’lregtcs owkidhveachdwéitaid Etﬁ‘e%ﬁlﬂf:l!é&ﬁr \lNihqu(f)]_r )
recycle stregipod t it into separate streans Wt i t he
reactants are respect |@§?1$ﬁ%ﬁ?f‘?f§ {?gﬁlﬁsapﬁlové%‘gﬁma E?fi@gi’dfaﬁﬂéﬁ'ﬂl‘aso 1/ 22474
adni xed so t®Erheads sireane toustecehliinait mchi cethonsith Atfork drraier pasipeot her unti |
“brought  t ogetiaiglf B8 nrBRE 1 1 @ Bnd/bd dillinhioed! : od,that the
enbodi ment. of ;. I% ure 7 may. be n%)&%lgfll%]lgg jS?{QJ% ﬁgat%ﬁﬁég}; ?Oﬁlgg’lt(i;sgt ed in Figure 6
by i ntrodici %‘SJng s 0"%%%%‘{%1116? iRl tlic samphsiion aplier pernbbipg svithrg ecti on
Eoi Rt s al ongnitablefeanpatd a@ﬁlkal&etdﬁﬁlbﬂaﬁ@cﬁdu@ﬂ TR H]é?ldl{i& bk he ﬁne. or
oth reacta sare hntroduced. to the reaction progressjvely. I'n the energy
recovery syg g?n §§(,ahg§?1ilp ﬁ‘gwﬁ]&g}e allre%oc‘}i‘)’é?‘iforp%g’stg‘égat%ﬁﬁ dsiwen byEhs ed out i n
order to reriél@lin@'-he_ process energy efficient. For i nstance, the high
| Inx the embodiment of Figure 8, water exits the system via the overheads - '
25 stream. At least part of this water may be recovered if desired and recirculated for
use for example as wash water in the product recovery section 62. Alternatively
or additionally, make—lu_p water may be supplied via line 116 to the product
“recovery section to campgilsate for the water lost in handling'the Iarée-i(olunles of
' nitrogen as a result of compressed air usage. Such make-up water may be
“30° preheated and used as wash water, preheating being effected for "e}'{a.'mple by -
| diverting part of the flash strearis (collectively depicted by reference numeral 88)
~vialine 118 to heat exchanger 120 and returning the water condensed from the
flash stream to the product recovery section 62 as wash water. '

Although the invention has been described mainly with reférence to
35 paraxylene as the terephthalic acid precursor, it will be appreciated that other
precursors may be employed instead or in addition to paraxylens, e. g 4
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- super heaM@o2/g2elam may t hen be, passed through one or norecsteememndensi ng

pressure steam rai sed fol | ow ng passage of water through the conduit(s) 80
may 10 be superheated in a furnace supplied with conbusti BBdahusy 200 t he

“turbine stages to recover power. Part of the high pressure steam may be
di verted for i reheati.ng.the reactants (heat exchangers 40, 40A and
40B) or for 5@3%&5&’%3“1%%’ troéjé‘frg%‘% %ﬂ?@ﬂb""flﬂﬂ%a}?@?%@é@g@&ﬂlﬁ NEedPReTt a
system of hi ghplitebtatel theplodeitpney otlikb arohigiceandenEe tdeinakieh ars%gli@lﬁﬁéj from
the turbine stages and fromthe heat exchangers 40, 40A and 40B may then
be passed . through a train of heating stages in order to preheat the water

for recirculation to the reactor 469€§§S@E§Sexchanger 52 thus formng a
cl osed l'oop with make-up Water bein needed. The heating stages

typically gconpriseg, a cascade of heat.exchangers by neapns 'of which 20 the

recircul at |§ng )Nat_gErXPF W%\?vntlag‘f’ﬁ‘?‘nwaﬁgca’ﬁbe%t% OPgliﬁ?%?%%sqa&k@?%ﬁP@%@WéF y

rai sed in tonpletian af paraixylene b Chéatipeceriticabester hwbohe3ls @opatcnadf | ui d may

"~ be constitut bl eamderi i ent .pressures and
edo 1dysd ?]Sm vlnﬁt?pm?%g Laamlﬁlsg.f Tt{% gx&hmﬁsﬂ Ié\;rag {:né%x _1geﬁjetiy PUSing

tenperatures fromdifferent ages” of the crg@ . I n ot her
heating st agé%l?u‘fqlﬁédﬂ‘é(ﬁ_ts‘l’]&gﬁ@t(iﬁé).ql“BGmQIW/WhyT exyenimests movigad gsldsri sing in
the furnace sfgedphissRekRtSuVIRA Tﬂ@bz{sﬂfﬂﬁﬁfguraﬁ%n&?% %@teﬁi’@%& Q&%‘ﬁet he

odi men ig

hi gh pressure steam supplied via. line 84. The e 0 ure

enpl oys sz(gsfl ﬁ"%‘éﬁﬁ‘é- &W@e&?%%ﬂl&?“ﬁt% O%‘BF Seim uptdyipribess lpharafeny at es a
sim | ar enbodéaieerpetimentsas slofwiindtigwe d. but using a supply of conpressed
air (which may be oxygen enriched) as the oxidant. The enbodi nent of.
Figure 8 is gener &ldygeisivas fedrusing eithator@ivoidifiéient/scBBitled. RSBe Bk tokysth Whi ch

function in ly the.sal ve way ar icted,by the sane reféfence
numeral s in ‘%{]‘ﬁ&ﬁ%ﬁ%%e%}% 0Wﬁ?ﬁagﬁ&utﬁgggig’%wlﬁé‘d%ﬁ%f’ﬁg)ﬁ SHEME 6hl ess t he
cont ext requintes roxingmmeevhessit shomixed Wih adkl watpp| A1td08)ivedy, Syppigted via an
an  conpr essfkrokiid (1 thi s ' stantial ..anmount of

it rogen (o o108y AuhERth el to bBUAR. Alledio R BN I BrafEah ©
appropri at el PUHAREISE Where i Wasmpsdawigiecold veatyyr oduct st ream f ol | owi ng
passage through the heat exchangers 50 and 52 is flashed down in flash
vessel 103 to a | dheP:vwasevat hipehedetionuemsieria? eoniging 2 McE26D6201 1 8
January 2005y, iRETOUSOM4iRRAT Ge el il LlasEXE R ally ﬂuh{blh&? &a&gﬂ{efnzfs%n&gf- |

e ads.

Figure 7 therﬁb}é re'dugl n%f_the vi/at er content of t overhe scri bed
in relation POORIEGHARE VAT &iap aclag A &y gpingrretelabivelyions seit duibe preheigh t he
heat exchzngeix Bie @pdvéid flid eanthealphadd sieigh MatcroR ke ist alhapjtof product

~only jn fl¢ |, .103. .Th r heads., ' | ied vi
'ine 104, beuts eYERAEERE e e S RIEH R ATBE Rl Tl o™ ' °

their own pumps. The reaction mixture was passed through reactor 156, similar to
= the Preheater 152, - e : : : _ o

_ Terephﬂialic acid (TA) precipi’_cates easﬂy fr_oin hot solutions as they cool,
25 and the suspended TA can céusé_ frequg:;lf blocik_ages in apparatus of t_his scale.
Theréfore_, cold NaOH at greater thai; €XCESS was injected into the ﬁrodﬁct stream
from the reactor 156 to ensure that all TA was in 'ﬂie form of tﬁe ﬁ'eeiy soluble |
‘ disqdi_um terephthalate salt. The s_olutioﬁ was then passed through cooliﬁg device
158, filter 159 ahd backpressﬁie_reéula@tdr. 160. TA was subsequently recovered -
30 r'by acidification of the collected s‘olut,';bn, once ithad cooled. .,.Na(_)H may not be ‘
needed ina Iargér scale apﬁaratus, where 'increaseci .dimensions réduc_e the |
problems of blockages. - |

. Other components are lab‘erl-edr in Figure 9 és fo_l_loWé: 162 A-E : valves;

163 A-B: pressure release valves; 164 A-E: non-return valves; 165 A-F pressure

.+ 35 transducers; T: thermocouple (the aluminium block heaters of preheater 152 and
B _ : .




turbine 110. The overheads streamis passed through heat exchanger 106 in
order, to transfer heat to the nother |iquor recycle strd8rammry08Hhocki ng
out furt kasozowdbéer whi ch can be passed to the product recp@ﬁﬁgnﬁf?&gi on 62
via line 112 for use, for. exanple, as wash water. For reasons of energy
efficiency, it is desirable to 10. heat the gaseous overheads stream high
t enper at ur e BEFHE 5P alsosauigin thermiavoupiehaot shovii)n&'ht 10, cohpresor! feageason f or

heating the evarherdsrshd eamdbp . .dhere may be nore -
than one gas Ci}rr éﬁg %ga e inﬁfhfl?@ﬂ%ggiggﬁﬁgﬁ%gﬁ@g&gepg Pse‘é%r\evm 'l be

" heated to an 8f8¢ated e%lﬁé?“é‘tzlﬁ’lﬂéﬂ’ﬁ&@ﬂ?'é%%ﬁ regadsiosatdineddripi Mescost age.
Li ne 114 depi(mbdeltdiel 7agexh@as stream exiting the turbine 110 at |ow 15

. pressure and tenperature. Wiere the oxidation process |eads to the

generationsof spdfdixasusiueRosion 686ROh ﬂ[’f@?@i&g% tﬁfs%rosg‘%ﬁe%@ 134 §iipdesi rabl e,
f or - exanpl e envi ronment al _reasons, prdvi sion“may be

[ orr.osion and/ o . ! ‘
made for tr e&%aﬁﬁﬁ%%nds% S?ta]é{ﬁé"é’h?(oﬂlé%?ﬁtstlﬁftfcé]é%'b’e"ﬁéhq" wicoritng, wilshtedonponent s
bef ore or af rerlypaisshpipe whhreouigiph tdiepdratite gredidQoansd@hvifl §6Malg8ns. Such

treat ment mayy ' Lng the overheads,streamto catalytic
conbustion a g%tg{ﬁﬁé{:or?%%&r@—% Stelﬁs%g?&sthle ?15 | SR LY e Fatég’ &.EB%GPIH? i ne
scrupbi ng. | | §oBpsrerReotithy 1sRefar, befororiy miser seetitvafircditpn o6 daDEDsoMitdy the air

conpr essore swhtRaltemberahad 5ﬁﬂi&1§oﬁﬂp¥&@m9%g} ftﬁ)”ct&:&%is rag er 45 l{érri %tﬁ ecenbodi ment

of Figure 8,awat er its the systemvia the overheads eam At | east

part of thi s RIBYEPAREY> G- PR SoBlcstseel tgedeoger spmpprssity ol pipedvarer  use

for exanpl e hsblekstorwatve failure idoRtRdigidd QIRY BSY sERHbisfeePresdld € nati vel y

or additiona o - be supplied via I'ine 116 to the product
b t%ﬁaﬁ%ﬂﬁ%ﬁmﬁ%ﬁ I?aﬁ(

recovery sectl oI to conpe é water lost in handling the
makesup vat e mmyBaeHtRl SnEle GaPita S b REa e erboRsahand i ng bei ng
ef fect ed Forthexhepitdwih a fitiwved mirngapari-10iltpeenfihas) Glid-apdBperanl ectivel y
depi ct ed by g ereRES: Fa tine 118 1o heat ex er 120 and
eturning t ﬁﬁtﬁ%ﬁ* D et 1 0 ol Bod Uikl o) Qo Ry BBt
recovery sect o ¥F¢ arigthshyriealls an pxpchiowegh weh e fov érit haus.HEs been

“descri bed meproliyctsvivide JsekIRr @MeBtel Sor s%éu&ﬁaggefioggggg@ggp@lﬁ% Rl 2«;{0 | gyggi d

precursor, it wl e appr.eci ate hat ot her . IS By |
instead or if" é&%‘#‘t‘lg%?l@ dEQ?*W%&&%PTOQPE}.SOWI% congijaghihsdisodpos WO
02/ 06201 aogrtﬁﬁgbﬂmlgﬂe@u Ve Iap‘miﬁwmymezﬂlrmc -alltéllllﬂﬁﬁelﬁ@izg@,; g% Hﬂdgfcowfdl ! Ee
appreci at ed ghatthe,.d f A opl i cabl e to. producti on. of ot her
aromatic car boxyﬁ])i 1 PrecHEh e P;TAa%ﬂl ngg‘hctoﬁﬁoflﬁms 'aﬁlﬂ TAPWas Hlfered usinig a

- Buchner funnel, washed with cold water and air dried in a dessicator over dried

‘silica gel and weighed. Purity was verified principaily by HPLC. The yield of
~ solid product collected was calculated as a percentage of the total para-xylene

25 pumped into the apparatus converted to TA.

The results in Table 1 demonstrate that high selectivity for the oxidation of
: para-xyle_né to terephthalic acid (TA) can be achieved, dej)'endiﬁg on the
~ conditions, mixing and concentrations of each reactant. The yield is highly
B sensitiveto a range of \_rariablés, including para-xylene:Oa, reactbr residence time,
30 para-xylene:catalyst and reactor temperature,

- Para-xylene oxidation i_ntermediates analyéed were 4-carboxy-
. benzaldehyde (4-CBA) and para~to_1ﬁic acid (p-Tol). In addition, by-prdducts
‘were measured, including 2,6 dicarboxyfluorenone (DCF), iso-phthalic acid
o (IPA), benzoic acid (BA), benzene 1,2,4 {ricarboxylic acid (TMA), 2,4',5-
35 tricarboxybiphenyl (BPTC), diphenic acid, 4, 4’-dicarboxybenszhenoné
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EXAMPLES 5 Experinmental work-was carried out on a |-aboratory scale by the
continuous - oxidation of para-xylene by 02 in supercriticdBJaatsy 2005 about
375 to 4290Gaed1 240 to 280 Bara with MiBr2 catal yst. Thq,%,n A was
mnimsed by using relatively dilute solutions (<5%organic ww. The
experinments provided yields of terephtlialic acid about 90% The basic
confi gur at i onl¢BBRE Z§-dicarboksflumenee, 26 didohdxgafhgyn@ohd2,6A more detail ed
illustration cﬁﬁmﬁb@ﬁ)ﬁ?éfe@nﬁsﬁ@dic&%% SEhahQratory scale experinents

S

‘i1s,shown in Figure 9. Oxygen was ing eirther of two.different schenes.

In the first t 150 from which
pul ses o'frSzﬁgéyﬁ%@ﬂlﬁlwﬁgﬂ{eﬁm? P e e RhtreiBiea wi 1 col o

wat er. Al t er metYiAs ato Hirgiodyen Gsdissi eb@tldle“(iﬂmlvemlauﬂamuw%lﬁ ) bl a punp,
cooled to 5C Iﬁjffelr @$53 té @@nlaﬁg bhél @ 8B.399) WhiGkeR Q‘ﬁgs%f@l‘?%@f{%zsoﬂﬁlﬁn% ed wth

cold water. %yterl the)écpeatedln consisting of a
6m coi | of a[rﬁ% S Vlsn@a}lsﬁla 1%‘6%%’@%5?%6 #5330 mhewioaised Matdtni um
bl ock. Adequdieémmagldmg acetic DXy (FO006, A0Imat B LevEQ doyilmsomm@

relatively | heat 2 [water UId was 't hen
passed th)r/ougjyr’(:/gt&L E%{cc%%gggﬁ?%gé& %\%Rlél? %{5?&11% ??n‘f’@dilr‘@%?f Ph the

par a- xyl ene AbutiasB0mlor the stveli Brffer calutiby &t 50Geidvitindd-iomised tagiry Thwn pUNDS.

The react iign iRfeXlidd €oMas t r t he
Preneator 353 et oot nal & e d (T :?ﬁz%‘*% AR, bR R sl
SR

sol utions as HASRCAlYBR wasised, §ﬁ@p@n@eﬂomt%®ﬁﬂ %ﬁw%ewént

bl ockages i n aappanatius off14tihinares CAl BV deldfr e RingGPbSH MR, Aleqgpeat er than
excess was '%gl%ee&xte' At o the product stream fromthe reactor 156 to ensure

that all TA e l1‘0r m of the freely soluble disodiumterephthal ate
salt: The solwtio s then passed through cooling device 158, filter 159
and back- preséé%%‘n@ﬂrggul ator 160. TA was subsequently recovered 30 by
acidi ficatlon of t(zs c%(Lert ed (kltl on, once it had cooled. NaCH nay not
be .needéd in a | ¥ P%leé?ggﬁ IQEeIsDergRide ¢ 4k Badewlefionerasi ons reduce

- ]Ehlel pr ob|1 grzrpqualdaﬂmk@@@sﬂ ofbdrexide aRPPEERI §fﬁd}©3h1%liﬁitﬁtt|18'3nEég%!éiﬁleAgEas
ol | ows ssure re e val ves -E: -
‘non-return va v%%ﬂce 6% diﬁlt—e aﬁgsé%ﬁc S@g{e?l}&fﬁ§3{j=g%1,e§%}’1i155919{g}gmcoup| e (the
al uni ni um bl GetagkRese branide llpnﬁtwateewat&ﬁa aartlc@drafiBn dﬁmmmpniwﬁ of B
02/ 06201 PCT. J o I MPCO 0f shown).
(F’H%%I&Wés I‘iﬁégﬁﬂfaté'ig%n Ilﬁgd Rr}.tto%'krsg acgo o 3% ‘gmilg?l Hltg q

The 02 co & osage eater from
NV\A GrbH; rr%) hg Mﬁ‘g&%ﬂ.@l ed to 1eed downstream of the reactor, but before the back— S
: pressure regulator. ' '

De—ionised water alone was pumped through the preheater, inixing—piec'e .

reactor, caustic mixer, cooler and back-pressure regulator at a rate to control the

- final residence time through the reactor to 65 seconds. The residence time was
.25 defined as the volume of the tubular reactor, pipework and fittings between the
1n1x111g p1eces the ﬁl st to mix the reactants to initiate the reaction and the second
to quench the. 1eact1on with the addition of sodium hydromde divided by the
volumetric flowrate. The volumetnc flowrate was based on the physmal

properties of water at the mixing condﬂlons as pubhshed in Intemanonal Steam

30 Tables and by U. S. National Institute of Standards and Technology

The back-pressure regulator - was set to control the reactor pr essure at 250

Bar. The heaters were set to control the 111mmg piece at 38 5°C and the 1eact01 at
400°C.

_ Each of the reactants was pumped separately to the mixing piece, as
35 -shown in Figure 9. Para-xylene was fed at a concentration of 0.58% wiw to the




G I son 302, 305, 306 and 303; the back-pressure regul ator obtained from
Tescom (nodel 26-1722-24-090) 5 Maximum corrosion occurs 18njahtigry2eggon of
t he crosswipi®@gg20454, where .02, paraxyl ene and the catal yst sol uti on neet,
particularly at the inconing, unheated * catalyst feed pifsd’{#¥*®™ high
tenperature. gradient coincides with bromde ions. Hastelloy (or titanium

was used for F43etof.id¥ygen wesfadanclofe to%m@lﬁb@lﬂfﬁ:t f-sad; Bk stream
1aieE 0 BERSIE of .

of the react ogylehef, r _addi t’ion ion 10
where a terrperyz;fJ ur g%ﬁggﬁllglrﬁ%%ggndsca %IX? {@PS} Vg drd t@é@l@d@@pag’cq ength of

appr oxi mat el yg%‘e%ﬁﬁ?a&%e%éﬁqiﬂ <€f§§32pﬁmlB1fmrthetfeectef her conponents. AI'l' pipe
-work " liable to corrosive failure is protected inside w der bore stainless

steel pressure tubfifireaehivgstable seoit comlitiarstsenplek %J%SGOHB&E@B%&W run

t he appar atsustovg@sninyey g&tnagllaﬁ@ 15 then heated with
~a flow of purle Wa?gh 1§5 10 %db\éec’#%ﬁtfg?wﬁacgﬁsﬁé‘pgﬁg?l 73 gun f&rper at ur e
was reached, i aF‘HElWF av lfléehfbmehi-ﬁoyﬂemempmb%l?ecedad ‘NaCH

were st art ed. beTqu:nnc% él}d,ﬂ%lw‘o%b TR o3t ‘.rﬁrln%&%]og%%,gl ?glg lgﬁydpr oduct s

were usual ly C uential. perio

anal ysed. A V\%:aé)ﬁgddkg g%%as[{?% lPﬁgl#@%&’FrW%ﬁddﬂewrﬂ@mph Mesuhe di sodi um
20 t erepbt hal%¢ @lﬁlﬁﬁtlsﬂﬂas Tabledi.fied with 2N HO (alternatively H2SO4 or

HNO3 coul d be used) to precipitate the TA and ot her conponents. The TA was
filtered Ui rﬁg\_aalli!?élchner fu nel, washed with cold water and air dried in a
dessicator over dried silica gel and weighed. Purity was verified

principally by HPI® tettke gfhfek dfmleeaﬁﬁg kdhoRl akitehcCQhk 8 LRLNAS g@gcul at ed

as a percent@ﬁg ot 2 ta I nmped 1 nto t at us
converted to TA * ete%eélgllt ét%%?%Bﬁéﬁﬁ&&éﬁﬁ&%tP‘é’ﬂ’@‘aﬂﬁﬁtbth@h agefadart i vity
for the oxi dé?%l@?ﬁcwme;ﬁrlaﬂ f§dopdreaitden dlightp hidiedsed flaniod ol JA:. qafy be

Feact ant. dem“?“;“f‘ﬂl ERALIE, 1 ORR0 PRSI TS R e 05 t@ﬁ 5?&%1§Bﬁgn°2cfi‘.3f‘ng
par a- xyl efe: éﬂeévc F’é‘é{l aélﬁ@éflqnerﬁéldaagn pacmed}dmmcm@écbdnyii’ea@iaﬂ reactor
t enper at ure. bP@r@im;sI\ememﬁﬂcétﬁtA P HePL &1 4-car boxy-
benzal dehyde (4-CBA)- and par a- toI ui c aC|Cd ppoﬁriq#)b@l%llél&zglets}l " by-products
‘wer e- measured, .including 2,6 dicarboxyfluorenone (DCF), iso-pl ithalic acid
(I PA)., benzoic acid (BA), benzene 1,2,4 tricarboxylic acid (TMY, 2,4',5 35
~tricarboxybi phenyl. (BPTC), ,diphenic acid, 4, 4'-dicar boxybenzophenone 25
18 January 2005 WO 02/06201 PCT/ USOl/22474 (DCBBP)

2, 6- dlcarboxyfluorenone 2, 6 _di car boxyant hr aqui none, 2, 6-
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di car boxyfl uorene and 2, 6-di car boxyant hracene. HPLC anal ysis was carried
out by direct injection of the recovered solution onto tHé Jaohamn2C05

" Gradi ent Woweheniwith sol vents acetonitrile (16.7% and 5pbgfdai2{88.3 to
60% and back to 83.3% was used. The stock buffer solution was prepared by

di ssol ving 15g an sodi um acetate in 250 nl de-ionised water, Dbefore
%?Qw%

addi ng acetic aci “fGBWfD) al’l*ﬁé‘ EI"P%&%IGEBI]I Gonditians @dResmlB1 with 5%
acetic acid, f he—ditut-e—buffer was prepared by

|||.L TS/

dil uti ng 30 rI[%?'C h@Eﬁt rcgridhgns I‘\Il‘ffg%e Solutlion to SMSWS{OWWC oni Sed \@t er.
The o0 injeqtion &o (e vi t{h-hee@ p washYisas 1TAmi ¢eaBAfreTod A VB e s; Xtlerra
reverse phage cpl@Enmn was uged, indi nthi ned atf 40C. [A flow at e of O &nl|/nmin
was used and a fufd ting of {14 mi nth%. A Widetectfor, operatjing at 30nn
was used to |ana y“%e t he peaks. |Exappl ej1 15|Usi ng[100 yol ung of hy roqen
peroxi de, a di | ufgnsit ggK sOTUET O, Vet pre ed,, using, 56 n—of perox and
760 i " of nafopurerawaler—£ 1% /8’ ||/l:g :ﬁ.pr% rclgs): L+ aheel. A *-'élf | cdt lv%f
stock sol uti on was ﬂgar@% tgﬁ iisgs sof%4 n 26'

V\ater tO a conce +r ot A Cf 500 \_I\II I(q% Br

gﬁé‘ieséﬂ(’b‘r brifde || ddnandpar e
separately u

Hati-on—ef4500 Par 2 Iimdgev\ﬁ el
+Hd. 28 | 004058 bk | 68 bf13sodii Bam hy8r 6&| 920 ¢.9- 5M)- (ks

prepared. to dawnstlream of |t hel react 8. | bdt3 bef ore| t ¥ Hadlé- |pressure
regul at or. -§ o WgdZ50dt3e | f7one2dwasrsplinsed ] t43Beughs.t he epeeheater], o

m Xi ng- pi ece readtor . calisti € mixer, i c6bl er 6®hdj back} pt7@squreg rlegul at or
at arate to chnit 1261 e 306 | nad | nasi gente ot i regihrpugh [he Tgaciorf t0. | 65
seconds. Thelresji dence tli ne{was|. 25 def)] ned asokzhe| vol ujre of {t he tjubul ar
reactor, pipeworkizandss ilthd Ngss peloviee Fheg 1 x_ag gce ,oLg T} rstoggﬂm X
the reactants tq inijtiage the reactjion gnd the secpn t_oo'gue_ nch tlh

h

reaction with §neaddi§ Q?q fse PHlg 215839% traxid Hted bg te %w'fc.rbt_.%g ric

flowate:. The vdalunetri¢ bW af e W ased othe physi ¢ I;) pr pe I of
wat er at thermxi ih-1on 2 shedl-i-n—+nternaliofal Stearn  Bo
Tabl es and by ) S Nt o, b'thsﬁ%t u‘P@ bf /st h r?éiar%‘rd 4nd| Tecthiod %8? 0z 1Phe
back- pressur gul-dt-or-wasl-setl-t o lcontkol t t or pr¥s ré 250
Bar. The heatears}’%'l@@réf’%et:"oq h0-880n £ gl 1632hie 1A x ﬁ%ﬁpi e88-alt 3B85C ahd |t he-
reactor at T. Eachiof rhe readtantis #as| phfpeld $&parfielly 3¢o |t b
m xi ng pi ece| %ag 238 | PoOWIG 6.5 giree 1932 Para- xyl.enel was ffed af m— [ o
concentration ofi 0.58% W w o the 26 WO 0%/.06288 18 January 2003
' 101 0.3 | 250 | 400 | 0.58 | 120 | 1640 ; 72- | 91.8- 0 0 | 58-1].0
_ " 100 04.1- 82 |
1M1 103 | 250 | 400 | 15 {180 1640 | 69- | 924— 0 0 6.3 0
i 85 038 | 8.0 |
12 1015 ) 250 | 400 | 1.5 | 180 [ 1640 | 74~ | 935~ 0|0 4.7 - 0
- 90 853 |- 6.5 _
13 {015) 250 {400 | 2 [120| 1640 [ 79- | g939- [ o | o 492 0 -
: * | 85 | 951 ' 161

I para-xylene concentration in reactor (")
T as proportion of stoichiometry for foll conversion of p-Xto TA
~ * Temperature at mixing piece, following change of reactor to short length of pipe
.5 Exam]gIe 3
| Reducing temperature was tested by running an experiment, as in Example -~
1, at 250 Bar, 350°C reactor temperature and a reactor residence time of 125
seconds. A slightly reduced catalyst concentration of 975 ppm Br and an increase

in oxygen level resulted in a significant yield with moderate selectivity for TA.
10 Despite conditions being sub-critical for water, these results show a similar result
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PCT/ USQOL/ 22474 reactor, oxygen was fed at close to stoichion-letric rates,
for the oxidation of para- xylene to terephtlialic acid andJaaizy 2825

sol uti onw@sz@éeeh to the mxing piece to generate a concepitgti@Af 1632
ppm Br in the reactor. After reachi ng stabl e setpoint conditions sanpl es

were collected over a 30 5 to 60 minute interval and subsequently
anal ysed. . THP §asg pevuppeeritioaheonditiont ar ex@nple hoBysprodines tesituitiershoved: a

variation i nrgdajcb@iuyb(ﬁﬁlggnsglg whil & éﬂg@l es collected between 26 -and 37% w w.
The TA. conpositi on in each sarrpf‘ aried slightly and para-xyl ene

~oxi dation |nt]ze<ra% jates were detected in each sanple. Results are
summarised in e 1. 10 Exanple 2 To test the effect of increasing

‘feactor residence t. 1, at 250 Bar
and 400C react or tPEed Fgﬁlﬁgeéggf{)wi} 1{1%@%@ Cf%?bso f?’@s"&@g@ Efqaﬁ@rof 130
seconds and éel’éwaﬁﬁ%qtyq‘/#@ﬂéélgeeeffefct ofsubtrittoay tramperathies A nedsa.eﬁtcetilysﬂ a

reduced vyi el dOI@d&dtr@@(ﬁfﬁrSfﬁ%J 8CB1 Whd Vsefl Ahd AARE 1Bk R 1g1at?/\9et0hr gugh 15 the
CP S Ooccurr ég %

run. A reductj ocn{’] (ga%gr ¥lgne oxi dat i on_| At er me
reaction by PR EAUNRIL qRdexter Hﬁ&%leaﬂohfe@ﬂéﬁcec@ﬁ@éﬁpﬁmlbmlrtwestm)nzm c acid
resul ted. 27soliNprodn@eehited Botahe asinad Wk-up 6T (HeSAHpR2 4yt s lisSurmmar y

Tabl e of Ex R React
condi t  onsFogdeRBant Eparobt B B BRRHiGhla vt ol dTAd- CBAD- Tol BAy ESto

6za. czagﬂ ‘g? PpnPABete %
11. 092504000 3226-12. 9 8. O 14.4-1.4-1. 1 933725 522.440.85.22.9

22. 172504000. 5811%%632%3 9.3-0 65.9-4.9-0 - 0.9 3021.312.07.9
32. 082503500. 712007548 483! é"’%‘“‘s@s Glﬁkaenhéiélblﬂﬁ?aegﬂéowel temperature

412. 8250300005814058700 tdmpforeland. 2505h2. BRSOREYrliu2 s BRI, thd- 300- 00. 2-
* normal work-up of the sample, as in Example 4. Analytical results showed only
minor conversion of the para—xylene fed. '

15 Example 6

An experimeht was run, as in Example 5, but at a still lower temperature
of 200°C reactor temperature and 250 Bar. No solid product resulted from the
normal work-up of the sample, as in Examples 4 and 5. Analy‘ucal results showed |
only minor conversion of the paxa—-xylene fed.

20 'Example 7

To explore the effect of reactor r631de11ce time an experiment was rumn, as
in Example 1, at 250 Bar and 400°C reactor temperature, with a reactor residence
time estunated at 32 seconds. Oxygen stoichiometry for the total conversion of

o para—xylene was above parity, giving an increase in yield of solid ploducts

25 together with a relative increase in selectivity for TA due to the reduction in 4-

CBA p-Toland by-pl oducts produced. Ani increase in BA generation appears | to
+ follow the increase in TA select1v1ty '

Example 8_

To explore the effect of reactor residence time, oxygen stoichiometry and
30 catalyst concentration an experiment was run, as in Example 4, at 250 Bar, 300°C
~ Teactor temperature (varied between 296 and 324°C) and a reactor residence timge
of approximately 145 seconds A reduced oxygen level was used and the
temperature was sub- cutlcal for water. The catalyst concentratlon of 163" pm Br
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110. 32504001 “@fé‘éﬁ%@d&@rgﬁe the GistsnBolyeadnn 3h@eser, low conversion resulted

igg %2328388ﬂﬁﬁﬁﬂﬂﬁ‘iﬁgéﬂ@ag@ﬂgg&i&%m @el@@ﬁf@t Jor Tﬁ oRcurred. xidation trat
ara xyl'ene concentration

in reactor aé %Bl%gécpigé alhdg%f"}”s(’td&f’té ﬁ’f%%éf&?ﬁe‘ft%@ %31’ analyey ﬁb‘é‘f"%lgélilﬁ of p-Xto TA

* Te rrper at ur 8CeHssit i lngmpamslefﬁcfent ¢aoadiy 1 gn dieavgrorab pr@ask e eRcghOrt | ength

of pipe s gx%g;alaﬁmg@ii B@g&%ﬂ ,Ng tenperature was tested by funning an
experinment, as in , at 250. Bar, 350C reactor tenperature and a

reactor resigen rre of 125 seconds. A slightly reduced catalyst
concentration o ppm Br and an increase in oxygen |level resulted in a

belng suboor L dWC%ngﬁé% St iRt ot TRt FRsUR 28 15

bei ng sub-critical for water
January 20051 @ @ﬁ@@_ﬁomwmﬁn?/x@mmmperaﬂummda resupﬂr‘esﬁéndeltﬁl@d

condi ti ons ' Bf ﬁﬁﬁ‘&ﬁhﬁtéy 18Y w8084 CAE e%gcc{ H}g sg%‘? rco%?ngatl(i\’o?d\gésn ,gggr :BZ(r)n and

with exa n" experi ment
300C r ea SlgBI {C@‘FF&:E]&@W é‘i%ewwdlfazt @eﬁﬁéc@mmn taﬁpasmyzlm foC.
t enper at ur e. The nedug @ibo@&ﬁ@'lﬂﬁhtaﬁﬁﬂ(ﬁﬁmg" &l bahOfeacdf te‘?rgz’é}dﬁ.u fged and
despite incr | 9q1t‘7}cf3§ §at| ve ox¥ﬁgl;|en cogldsentratl on Xtending the
reactor resi % @g % & R SLEPUGHI A OlnkP32 ppm Br was used, AﬂalYSIS 0 -

- . the product indicates a good selectivity for TA and no oxidation intermediates of

- para-xylene or by-products were detected. A significant concentration of benzoic
15 - acid is the only other component detected in the solid product. The results -

13.9
-1.6

demonstrate the requirement to maintain oxygen stoichiometry for fulI para-
xylene oxidation.

" - -E‘Xamg:leﬂlo
. An experiment was run, as in Example 1, at 250 Bar and 400°C reactor
20 temperature, with a reduced reactor residence time, estimated at approximately 20
seconds. The reduced reactor residence time wés' achieved by using a shorter
length of pipe, rather than a coiled, heated pipe. An oxygen concenuatwn greater
- than required for the full conversion of para-xylene to TA and a catalyst
.- concentration of 1640 ppm Br-was used. - Analysis of the product indicates a 111gh
25, selcctlvﬂ:y for TA and no omdatlon intermediates of para-xylene or by-products
were de_tected. A significant concentration of benzoic acid, comresponding to the -
~ . loss-of selectivity for TA is present in the s‘olid product. In com;ﬁalison with
example 9 the results indicate that at short reactor residence times a small oxygen '
excess only is required to generate high TA yields.and se}ectwlty

30 Example 11

_ ‘An experiment was run, as in Examinle 10, at 250 Bar-and 400°C in the -
- reactor. .An inereased concentration of para-xylerie and a high excess over
.. stoichiometry of oxygen was fed to the mixing piece. A catalyst concentration of
1640 ppm Br was used.  Separate samples were collected for 15 minutes and

35 analysis of the-product indicated a similar selectivity for TA and no oxidation
| 30 '




solid prbduct resulted fromthe normal work-up of the sanple- Analytical
results showed only m nor conversion of the para-xyl ene fledandfy Ba@gpl e 5

An exper w@mosms run, as.in Exanple 4, but at a still | oyefyéRppenature

of - 250C reactor tenperature and 250 Bar. No solid product resulted fromthe
normal work-up of the sanple, as in Exanple 4. Analytical results showed
only. i nor iegrvedigesal pirashlenpar a-pydece Bedzoid&iEwanpgsn heAnlyexper i ment

was run, as ighdexampbeer detléb't%d,la&ut Qtr%&%éeh I‘L‘%egoflﬁpg‘?%ﬁ?@t}n%%y%% 200C r eact or

tenperature and 250 Bar. No solid product resu r mal- wor k- up

of “the sanpl gxaapid p Exanples 4 and 5. Analytical results showed only
m nor conversion of the para-xylene fed. 20 Exanpte 7 To explore the effect

of reactor residengeet ri . un, in le 1, at 250
Bar and 400C react oretﬁéﬁggng?[g‘t%/g%%?’ %ﬁqﬁ%;‘a %é(@t%fzsﬁaﬁr&g‘ﬁﬁ&&fﬁ%ﬁesti mat ed
at 32 seconddCMESEYER Vathot iehtter iesidenceftiore, itbnatod al apponimatslyold of

para- xyl ene wemnab o spaftétract@ MifGhcBRnleNedCRERvEDD itlﬁllg '2\{‘3 s9f i d products

25 toget her \Ht,h.a rlgtlg}at_l ve ingrease, in selectivit or lll1 &u.e to the

reducti on i n AYVREEROT e fRctanka B ahthersoduebindicatss afveh selacmdelirn BA

' _genFr ati OR afipea sligiatly Toolel concehieation®f ©8s®id &tid Has abweektd _iﬁﬂlﬁ;b! solfxanpl ed8 ;';8

expl ore the ef t reactor residence tine, o n stoichiopeptry an
BBl S ST S e BT PR 20 0,

catal yst conCentration an expe ,

300C r eact®r tmenpér @xidation ingredatoeofyrenxPofe anadha4Chrodnds aefeeact or

resi dence ti fRasi@éd APREXEARLEhY 145 seconds. A reduced oxygen level was
used and the tenperature was sub-critical for water. The catal yst
concentrati ogepf k632 ppm Br 29 WO 02/06201 18 January 2005, _
PCT/ US01/ 22474 was used to inprove the extent of reaction, however, |ow

conversion resul t ggn; BQH&Rr { BEE YD, ?gen%ge:;%ta%g eg&;tﬁ%ﬁe ctivity for TA

occurred. Oxidation 1In eF MBdi at €8 &n by- Y det ected by

~analysis, s h%ﬂ%ﬂﬁ%@%ﬁi@@é@ém ylatw theedubsizate conckhiraticenvasiatraksedt i n t he
react or t & phsmiet.cahleRpdahaf ol fun, s BXEARIIION O 28R 1A il AtPe AP € O
To confirm tpe effect .of oxygen stolchi.onetry ‘an _experrment was run, as
. emperature with an intrease in para-xylene concentration to 2%, with an excess
of oxygen over stoichiometry. Analysis of the product indicates a high selectivity
for TA. A significant concentration of benzoic ac¢id was detected in the solid ‘

‘product and no oxidation intermediates of para-xylene or other bjf—products.

20 To confirm the overall mass balance for the experiment additional -

* measurements were carried out. For one particular sample taken over a timed ,
interval of 15 minutes a solid product with a composition of 92.1% w/w TA and
7.9% w/w BA. In this period 0.6814g of para-xylene was fed to the experimental
unit and the solid recovered was 1.009g. The measured carbon récovefy was

25 974%.

Esample 14
' To confirm the required mixing configuration an experiment was run
feeding the catalyst solution at 1000ppm Br with water coritaining dissolved
oxygen to a preheater at 385°C and 240 Bar. Para-xylene was fed to the mixing
SO piece to give 1% v/v downstream of the preheater. Oxygen was fed at the
stoichiometric requirement for complete conversion of para-xylene to TA.

Carbon récovery in the solid product was 22 — 69 % wiw with'a TA yield between
11 - 18%. | o |
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in exanple 8, at 250 Bar, 300C reactor tenperature and a reactor residence
time of approximtely 145 seconds. An enhanced oxygen conggahilidy 2005 Was

- used, 10wognidicantly greater than required for the full pcongension of
“para-xylene to TA. The m xing piece was nmai ntained at 378C, but the
reactor tenperature was sub- criti.cal for water. A catalyst- concentration
of 1632 ppm Br was™HREHD @P?@@a@fsmt"’ﬁé SHEERaBt cqrnsiandp dhe iategerdd

selectivity farfaddofxnd pﬂ:!heﬁé(ﬂ}d WAR ahfb SARPaR BatOfrecPRER- c&ﬁkr@”‘ﬁeor

by- products A ni fj gant ncentrati of 0 15 acid
is the only %?ago%%dﬁg'bm3§§%% ﬂﬁygﬁ.&gdml Oﬁ?gg' ’B é

denonstrate the r |rem§£% |ntau£ oxygen st0|ch|0|netrg for fuI

para- xyl ene oxi d tﬁ\?l“ Sofsy PRERED fa exyam mixgd withtheml e 1,
at 250 Bar Samatammﬂunacpm t@ﬂkeﬂmgnhd‘. pltehéﬁar Miive uldrdce oty o MR hakr

resi dence t'gﬁeuﬁﬁﬁi”ated at approxinately 20 seconds. The reduced

. reactor residence ti'me was achi eved by using a shorter” Tength of pipe,
“rather than a coil ed, heated pipe. An oxygen concentration, beater than
required for the fuII‘conversion of para-xylene to TA acrd a catal yst
concentration of 1640 ppm Br was used. Analysis of the product indicates a
high 25 . selectivity for TA and no oxidation internedi ates of para-xyl ene
~or by-products were detected. A significant concentration of benzoic acid,
corresponding to the 1oss of selectivity for. TAis present in the solid

" product. In conparison with exanple 9 the results indicate that at short
reactor residence tines a snmall oxygen excess only is required to generate
high TA yields. and selectivity. 30 Exanple 11 An experinment was run, as in
Exanpl e 10, at 250 Bar and 400C in the reactor. An increased concentration
of para-xyl ene and a high excess over -stoichionetry of oxygen was fed to
the mxing piece.' A catalyst concentration of 1640 ppm Br was used.
Separate sanples were collected for 15 mnutes and 35. analysis of

t he=product indicated-a simlar selectivity for TA and no oxidation. 30 18
January 2005 WD 02/06201 PCT/ US01/ 22474 internedi ates of para-xylene or
by- products. Benzoic acid was again the only other conponent detected, but
-at reduced- | evel s - -conpared w th exanple 10. Exanple 1.2 An experiment was
run, as in exanple 10, at 250 Bar and 400C reactor 5 tenperature, with a
reactor residence tine; estimated at approxi mately 10 seconds. The shorter
reactor residence tinme was achieved by using increased - - - -




flowates of the reactants. Analysis of the product indicates a high
selectivity for TA A slightly |ower concentration of benzoic acid was
detected in the solid product conpared with exanpl e 10, 1$H/BBEB 3P0%ue to
the | ower reactor residence to tinme. No oxidation internedi ates of

par a- xyl ene or other by-products were neasured in the solid product.
Exanple 13 Limted by control of the reactor tenperature, due to the highly
exot herm ¢ reactions taking place, the substrate concentrati on was

i ncreased-lAMNirt her. An experinment was run, as in Exanple 12, at 250 Bar
and 400C reactor tenperature with an increase in para-xylene concentration
to 2% wth an excess of oxygen over stoichionetry. Analysis of the
product indicaltes aA biogls ekheerdduition of pparomiatic carbokydigiatid camprisiagricent r at i on
of benzoi i : i k i t i ion

i nter rredicg{bg?l%fawgzr#ogﬁ)}(gl elﬁgir%{r]y %HEE%%QE%IQ%F %%t%ct .St grg&égir%%d‘?{m t he

overal | rrathon plainarveid pfasess ubiag enxgspeduyselvenh daiprisiog aater undepsupercatireht s wer e
carried L EOr s t ak L o val of 15
it o5 onor or RAEBACI LAl SRR e 388 Proc B Bl R 8PS % 0
BA. | n t hhe peeirsds ¢ tBGrdmaty cabopdic acid pith pr oxidant fheds tiesoived irethp aquepnsnt al
unit and Al 1.0 . . covery was
25 07 v o b B e O
exper i merdirthgawhergin: (2f the silvagt anddbeoaxidani/form g single homogsbeotOpiGpEpPrioBEe Wi t h wat er

cont ai ni I lve t 99‘9 40Q.
Par a- xyl e%%%tgmﬁft%edpql ¢ 89%1%%%%0%?{% a%?%?%’cozl% { Igﬁlaﬁ%@ge i)g\}]fevoqucf%%rr\agg tham of
t he prehealvent for@ahpaegonssusipbasean the heactiantzong hi onetri ¢ requi renment for
conpl ete conversion of para-xylene to TA. Carbon recovery in the solid
product was 22- 69 %wwwth a TA yield between E 31 WD 02/ 06201 18 )
January 2005 2PCT/ U360 proees4 piclaimslp wheteimrthadxidahigs frstératicied wihtwede ai gni f i cant
corrosio i - r o and a bl ack
parti cul 2?%9 ‘%@E?“E%Q{eg%%%@?ﬁ’éﬁﬁ ﬁ%aq;hf)sltt %g'ﬁgf Eﬁgci%d?rﬁhgh eg sorbtion and X-ray
diffraction showed the solid to be MiQ2. Runni ng under equi val ent
conditions, but wt i i I prior to
feedi ng the plrJ'b’éheatTglF3 B%é%}g?%?ﬂr g@%&@rt{l/&g% %ﬁ/ﬂ‘%@%{“@% ﬂt?i(")geowrelét%%tior.

oxidant, and the catalyst are contacted in the reaction zone of the reactor for less than 4

minutes.

4, The process of claim 3, wherein at least 98% by weight of the aromatic

carboxylic acid produced is maintained in solution during the reaction.

5. The process according to claim 4, wherein the aromatic carboxylic acid
following reaction is precipitated from the reaction medium and contains no more than 5000

ppm by weight of aldehyde produced as an intermediate in the course of the reaction.

6. The process as claimed in claim 5, in which the heat of reaction is removed

from the reaction by heat exchange with a heat-accepting fluid.

7. The process as claimed in claim 6, in which the heat-accepting fluid is passed

through one or more flow passages at least partly surrounding the reaction zone.

8. The process as claimed in claim 6, in which the heat-accepting fluid is passed
through one or more flow passages having a wall or walls, the outer surfaces of which are

exposed to the reaction medium within the reaction zone.
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32 18 January 2005 CLAIMS: 1. A process for the production of an aromatic
carboxylic acid conprising a carboxylic acid noiety that is directly
attached to an aromatic ring structure consisting of carf®dauEBAS said
process using an aqueous sol vent conprising water under supercritical
conditions or near supercritical conditions, wherein said process conprises
contacting one or nore precursors of the aromatic carboxylic acid with an
oxi dant that is dissolved in the aqueous solvent, in the presence of a
catal yst, with?-n a Freaeedesms zlomeedat clainch in whidoths béat-egeeptamdiugt traverpesr t her
wher ein: §a)e,t S0 ﬁf@aalhe@eagreﬁt@ﬁdmo%%mfragtmnml'tﬂaﬂegcﬁ?gga@aﬁ]m%gphase
prior to contact with the one or nore precursors; an t he one or nore
pr ecur sor &rouvghde oxftbarpneand the sol vent form a honogeneous phase in the
reaction zone. 2. The process of claim1l, wherein the oxidant is first
contacted with the one or nore precursors at the sane tinme that the
catal yst is fi¥st cHetracsesdswaiedtindaiond, dawlich Be hdhacqsplingdigl follovgbami m 1,
wherein the, &@ﬁangé wﬁﬂé‘n@re@tétﬁ%%ecdﬂﬁéis. }Jagsséﬂb\l&?&er ﬁr{%ﬂnal%écﬂﬁﬂ%ai g the
catal yst are contacted in the reaction zone of the reactor for less than 4
m nut es. dectridhkengrgicess of claim 3, wherein at | east 98% by wei ght of the
aromatic carboxylic acid produced is maintained in solution during the
reaction. 5. The process according to claim4, wherein the aromatic
carboxylic acid. folHepwicnss as elaistedd amclpign 18y wovhdhtthe kedt-dacepting Awidr eact i on
medi um a I t han 5000 ppm by wei ght of al dehyde produced
as an inpgwﬁgg%§?§§ﬁﬁﬂ¥ﬁg&gburse of the reaction. 6. The process as clai ned
inclaimb5, in which the heat of reaction is renoved fromthe reaction by
heat exchange mith - | i imed in
Claim 6, novieh s AL AEARHAL Dbt herdn ncREB ARRRLEREHE T o e
f 1 ow passagptisn sittwp emisore pagatidng. surroundi ng the reaction zone. 8. The process
as claimed in claim6, in which the heat-accepting fluid is passed through
one or nore flow passages having a wall or walls, the outer surfaces of
whi ch are expdsed Thy prdvessre@edingte chmid b.umwhigh the preciifeteriesparitohlioothe. 33 18
January gggﬁﬂthﬁhe process as clainmed in claim8, in which the
heat - accept 1 ng ¥7Uid traverses the reaction zone in countercurrent and/or
- co-current relation with the reaction mediumflowi ng through the reaction
zone. 10. The groc | al ' ' . i . pting
fluid fol I ow n‘fj‘- et Pt é‘ﬁdg"g‘ﬁ\?ﬁ '{oﬁlﬁgg’;%‘z'lgffﬂ %“r%%n*e%?tfﬁfﬁ%é‘%ﬁ?"%%@%ggd to
recover tmerclkdlkothegrationizerd and/ or el ectrical energy.

15. The process according to claim 14, in which prior to recycling the same to the
reaction zone the mother liquor is preheated by heat exchange with the product stream from the

Teaction zone.

16. The process as claimed in claim 1, in which the oxidation reaction is carried

out in more than one reaction zone.

17. The process as claimed in claim 3, in which the oxidation reaction is carried

out in more than one reaction zone.

18. The process of claim 1, wherein the catalyst is in heterogeneous form and

wherein the heterogeneous catalyst is located within the reaction zone.
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11. The process as clainmed in claim10, in which the heat-accepting fluid
conprises water and/or steam 12. The process according to claiml, wherein
~the oxidant is introduced to the reaction at two or nor& Jasiary 35 13,
The process according to claimb5, in which the precipitate is separated
fromthe nother liquor. 14. The process according to claim 13, in which at
| east part of the nother liquor is recycled to the reaction zone. 15. The
process according to claim14, in which prior to recycling the same to the
reacti on zone ¥ne nBtelpagcessiodem i, svhpreaibadagdysbip imeaogeneoraiogeandi t h t he
product UGB hOM G s LEAGK |GRFANA 10 b real UG BEOGEIR ARnfleBLEBA 10 ol aim
1, in which the oxidation reaction Is carried out 110 nore than one
reaction menerectifors. The process as clained in claim3, in which the

oxi dation reaction is carried out in nore than one reaction zone. 18. The
process of claim1, wherein the catalyst is in heterogeneous form and
wher ei n t he hetler ogBreowssseitlainyk whemnl theabmaiopatbakylictabid ivseleeted Gomzone. 34
18 Januar . S, .of ' . wher el st isin
hormgeneotéesérg g‘?crﬁ.%glﬁtﬂl-&\%eg‘{pgﬁl%%%%’ﬁ%@é&%&%%ﬂﬁ%@g%@ I'n e?/oduced to the
react i on diommxylogeidyerd hehidic 4clle one or nore precursors. 20. The process of
claim1, wherein the aromatic carboxylic acid is selected from the group
consisting of terephthalic acid, isophthalic acid, trinellitic acid,

napht hal ene dilcar bihweykdcessaf tldim b mdedsmriboine camo. pr@&trsorFsexypwocess of claim
1, wherein the one or nore precursors is xylene. 22. The process of claim
1, wherein the oxidant is an oxygen-containing gas. 23. The process of
claim 1, wheréei2n t Hhegraastol caim hghsieinuiled exidani is aberyzenengininggpht hal ene.

24. The process of claim1l1l, wherein the solvent consists essentially of
water. 25. A process for the production of an aromatic carboxylic acid
conprising a ar bdhkglpreeaeol dainpl, ethyretnhila arprsatidirmg strhopuratstbacdendort 0 an
aronaticlhb$ﬁmakructure consisting of carbon atons, said process

conpri si ng e step of contacting a solvent, a catal yst, one or nore
precursors of the aromatic carboxylic acid, and an oxidant within a

react ! on Z0ne Al @ TEALAUAUST] el L Bluen MIBHE Qi FRfl SOl vent 1o
an aqueous solvent conprising water under supercritica conditions or near
supercritical” conditions; (2) the oxidant and the aqueous solvent are a

single homogengous PRASES B 1Y prddBctfoR ok AFdroMhilcLalbE1E AR ARG the one or

mor e _
carboxylic acid moiety that is directly attached to an aromatic ring structure consisting of

carbon atoms, said process comprising the step of contacting a solvent, a catalyst, one or more
precursors of the aromatic carboxylic acid, and an oxidant within a reaction zone of a
continuous flow reactor, wherein: (1) said solvent is an aqueous solvent comprising water
under supercritical conditions or near supercritical conditions; (2) the oxidant and the aqueous
solvent are a single homogeneous phase prior to contact with the catalys{ and the one or more
precursors in the reaction zone; (3) the one or more precursors, the oxidant and solvent, and

i optionally the catalyst, are contacted so that at least the one or more precursors, the oxidant and
the solvent form a single homogeneous phase in the reaction zone; and (4) the oxidant is first

contacted with the one or more precursors at the same time that the catalyst is first contacted

with the oxidant.
26. The process of claim 25, wherein the one or more precursors is xylene.
27. The process of claim 25, wherein the oxidant is an oxygen-containing gas.
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precursors in the reaction zone; (3) the one or nore precursors, the
oxi-dant and solvent, and optionally the catalyst, are contacted so that at
'l east the one or nore precursors, the oxi dant and the soéfvamaryap
si ngl e honogeneous phase in the reaction zone; and (4) the oxidant is first
contacted with the one or nore precursors at the same tine that the
catalyst is first contacted w th the oxidant. 26. The process of claim 25,
wherein the one or nore precursors is xylene. 27. The process of claim 25,
wherein the ox%lantThﬂsprmsmfyl}ém%mh@@imhﬁgogds:ril@@ﬂlf&lf@érh%ﬂeyf‘-@o% 28. The
process of,.& 25, wherein the aromatic ring structure i s benzene or
napht hal eng 29 The process of claim25, wherein the solvent consists
essentially of water. 30.A process for the production of an aromatic
carboxyl ic aci sh COMpR 3hlh gt ol BOXMLIcfh AELS coflidts LbialybedafelCl 1y
attached to an aromatic ring structure consisting carbon atons, said
process using an aqueous sol vent conprising water at a terrperature of 300
to 480C and atjp prg ﬁ%s% f&fﬂae“&o&u&ﬁf& HotratiRL Mﬂ:a%gf mpfl&(f§§s conpri ses
contacting one or precursors of the aromatic” carboxyl| cid with an
oxi dant t ¢relpoxikic @idsrg@btvélc&t isiredily atiephedbiogn awplatiering stiugutelrensitiogefce of a
cat al yst, . t hi t her
wher ei n: %a\g%otn? hdélsgsoa?cg&%%eksg{r%ﬁégﬁgqugélfsggﬁfag%: Irs%% g%sv%alrtleg\é{ez{ tﬁﬁﬁo%grﬁeogg@ phase
prior to tod8fiaeid auaptessuneofdi éo TH0 bawy whepein caid prorss ccmnnhsésb))ntadumgonmoror nor e
: Prezg?r zgrélgrﬁtgpe% %ors%ﬁﬂ r%lgtécscsaro )ﬁlct):la\c/: %1%\%%royrpdantr&x sgo \é r Om@%il?eo{lsngt he
structur eSOil\Sinfbﬂl'th@‘pIeseocw of B naqahﬁyhahﬂmea madmhlzm&:ﬁhue%umrﬂswsemoessent ially
8; y\é\g; e(r: Oﬂlﬁ%ﬁr r\]v;ll_'ﬁléeng %Ssglv%n; agdotgee oxi paél %}‘)’(\n’?eéﬁlg él%rblgge%eous ppase pI‘lOI'%O

contact with the one or more precursors; and (b) the one or more precursors, the oxidant and the

solvent form a homogeneous phase in the reaction zone.

31. The process of claim 30, wherein the aromatic ring structure is benzene or

naphthalene and the solvent consists essentially of water.

32. The process of claim 31, wherein the oxidant is an oxygen-containing gas or

hydrogen peroxide.
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