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25 acid, in the presence of a dissolved heavy metal catalyst system usually
incorporating a promoter, such as bromine. Acetic acid is particularly useful

as the solvent since it is relatively resistant to oxidation and increases the
activity of the catalytic pathway. The reaction is carried out in a stirred
vessel under elevated temperature and pressure conditions, typically 150 to

30 250°C and 6 to 30 bara, respectively, and typically produces terephthalic

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

Generally, however, the terephthalic acid obtained is not sufficiently pure for
direct use in polyester production since it contains, as major impurities,
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above, in the case of terephthalic acid production by liquid phase oxidation

of paraxylene or other precursor, the reaction results in the production of 4-
35 carboxybenzaldehyde as an intermediate. Co-precipitation of 4-CBA with
terephthalic acid is largely avoided since the terephthalic acid is not allowed
to precipitate during the reaction, at least not to any substantial extent.
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30 toluene, are completely miscible with the water under supercritical conditions
or near supercritical conditions. Terephthalic acid, for instance, is virtually
insoluble in water below about 200°C. Dioxygen is also highly soluble in
sub- and super-critical water. The process described by Holliday et al was
carried out in sealed autoclaves as a batch reaction.

35 However, orthophthalic acid was not a product resulting from the process of
Holliday R.L. et al , suggesting that oxidation of ortho-xylene in sub- or

3



sub- and super-critical water. The process descri bed
by Holliday et al was carried out in sealed

wa@iogod2ses as a batch reacti on. 35 However, PCT/US2003/020788

5

10

15

20

25

30

35

ort hophthalic acid was not a product resulting from

the process of Holliday R L. et al , suggesting that

oxi dation of ortho-xylene in sub- or 3 WD 2004/005235
PElp&ISatizal 022¢B88olvenipisr ursuitableafontheeprosattiemof icsthophthalic
UQ?Mi table for the production of orthophthalic acid.

I nter nati onal patent application WD 02/ 06201 di scl oses

AT GBSt  BRE oA loffy T o

| pogeshdbr theaproductiompf asomatioearboxyligacids, suchras ¢erephthalic

g%?@:éﬁigééla@;alié %%icE PG oﬁlﬁgﬁjnq Bn@rbrarﬂUFé)ﬁFecursors of the
percriti cal® condi t1 ons or nea

s gpdhoxylic aeidl incamanueous selvesteunden superafitigat condiians or near

P8ipércritiCall dndftiorli éde @ theupetdhtigaf p&iAt.t 0 provi de an
alternative and inproved process for the sequenti al

i ul tad i, .

it 5 B bPREC'ST, B WErRR & phdfiad o Miemdile, and, improved

hpirepelal thed seguestialy Pt ysimuianeeys rpduetian &f| {wajar more

_th%aﬂs&a&i Sci@8r §AedCfrafl OPAOCIPACHNd FPAMH Ihigt yield and
Vi

I nt er at es and recyrsors,, are na.ntalned.|n a
s Srisctvity, yuhereqiy substantiall; all the @romatia ARRPRIR 44 produced,
nagdvélbagdntenmedigies iandnprieeursars, arecimairtaingti inhatsingle phase

TRDAGEIRE SeAor Sk wiseeh e Bhed 3 s Bt pfateRar such
als e3liphatioc ananacarhpxyicedcidoasi snlvend ispelgoirated.orlt iha further
SPRER B 13RO Eigle o g Rygeinuovs
wREAGSSE fiptheasensentialapr simyitaneqis predugtion @f ofwestor more

atRafBdNli iadRi$ deleGtedTrOMOPAAPA dhd MRA whedsihisuibstdntially all
entian to Sr ovi de

' furth bj ect ,of th X _
Dt irraCEES G Breddet AR, agintAled dB) BcEPUTIGN dhifpse during
hredctipnel dt, isf ar further seljeetnof #his dnverstionultd eprevide a continuous

p [ t r L Of . 1P d¢ TPA. by, .

P EReEy o, Qb el i "high "l 'rok e YeddiBntial or
wainayltanepups spedugtiomeof by crt more tofe QftAs A and ekRA dey the
t Bxidafdh S adtedirisBF FPSUD Oratfer-tiftd Wedepr ocess for

t he production of orthophthalic acid in high yield and

25 . BVAB Y | '

RS St obfoct b YT Briment e bURIE SEMERE b ltngtie and
t Heproypehpreeesso ey thederedurtion phorthepthatic rasidtin bighzvald and
okelewhvigy, nore dicarboxylic acids selected from

ort hopht'halic acid, isophthalic acid and 30

terephthalic aci dsenNRIArSY B $ABIRGENBIG MU t aneously

in the presence of a

According to the present invention, there is provided a process for the
simultaneous production in the same reaction zone of two or more
dicarboxylic acids selected from orthophthalic acid, isophthalic acid and
terephthalic acid comprising contacting simultaneously in the presence of a
catalyst, one or more precursors of each of at least two dicarboxylic acids
selected from orthophthalic acid, terephthalic acid and isophthalic acid with
an oxidant, such contact being effected with said precursors and the oxidant
in an aqueous solvent comprising water under supercritical conditions or
near supercritical conditions close to the supercritical point.
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| efpinglha ssubstantiatignsingts homogeneous ﬂwd phase in WhICh the
components in question are mixed at a molecular level. This is in contrast

30 with existing processes where the dioxygen is present as discrete bubbles in
the reaction medium, e.g. acetic acid. To the extent that the reaction
between the precursor, e.g. paraxylene, and dioxygen results from dioxygen
diffusing from the bubbles into the bulk liquid, the reaction rate of the known
process is limited by the solubility of dioxygen in acetic acid, which is not

35 high. The use of water under supercritical or near supercritical conditions as
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| sigaifiadt i:’é;cn;miodeihye@témirga;iw 6Bthe reddverediaeormbitic carboxylic
ter C,. ..nQC l. | e t e
| BERD Broduc wifo e, AiBehficintereide el il 45U, o the

15 sapeventionat aripo artnpeocess 03] r@ddi_siingapanab(ulieoet i!@eted}_ephthalic acid,
a . I. I n 0 . .
£ ineterBghnialic aGR il Gt spafifuly sbibie Th i BASAAR EdtBoRyiic acid
t elventiang gubstaptalhepresinitates Whshfarmed ik | thefepgiion; Hecause
::mé/eah\i/eﬂ@%lnl oF h@B,grtb ttﬁrlém?ﬁélicoﬁ?iﬁx?r_@bééﬂﬁ é@l_@[i@éﬂy: SROWly, 4-

er.e al,l C, acl e.trere a Cl . n .
s GEA Hitetard i Romrecitot ity comphiult) did hofy dlring the

20 secdactioh andddwringsthensubsleqyuept recoperyadféise térephthatlioadid. n
the reaction; because the conversion of 4-CBA to
t FhepbidtdissCofdhd presenedavértici iiy ehl¥oShavantagdousBA that it

| BRCS0R a7 R B At BSIRRINE reacton
s bbtwezpretite prescovsoryarad thehexidant phd hofl donsaoiption Taéfethe catalyst.
P EBftfEmGle, 1hE pROCERSS 2 Bitsblirenfib In Rl A6 deSidence
25 atimesaand xhikitbighryigldiang gaastseleetivityafpseduat farmation.
precursor and the oxidant and of consunption of the

catal yst. BETIALEDHDESCRETIOOCOESTIHE INNVENIIONNt

i nvention involves short residence 25 tines and
exhtHs pocbsgbf thecindeatioh,ahe presduretand teynpafratare déittie process

¢ AL blsRlket 5P EE PR G o egh s g il S ibRs.  Thus,

t eppratisgutesnperatunes @rectypicallprie thel rngedot 3808etoud80°C, more

30 SPRAERIDIY BSEto 4509€ ypial§ o hiIGREr MARYFELRE 350 1'870°C to

an upper limit of about 370 to about 420°C. Operating pressures are

typically in the range from about 40 to 350 bara, preferably 60 to 300 bara,
more preferably 220 to 280 bara, and particularly 250 to 270 bara.

As used herein, “near supercritical conditions” means that the reactants and
35 the solvent constitute a substantially single homogeneous phase; in practice,
this can be achieved under conditions below the critical temperature for

7



operating tenperatures are typically in the range of
300 to 480C, nore 30 preferably 330 to 450C, typically

wo c@moes2Bower |imt of about 350 to 370C to aPCT/pPEN3/020788
limt of about 370 to about 420C. Operating pressures
are typically in the range fromabout 40 to 350 bara,
preferably 60 to 300 bara, nore preferably 220 to 280
bwater. alrd oparémbodievdny, telterm 2i&ar sapercriticalisenditions” means

S e SOIGE RUBERCIhidiaturs A0kh! 8ot B Rah oo Below,

react ven constitu
sprefewably alot yess mrgare SE&o@%ﬂWomorpha@mabw pohdesscthan 35°C
t Ri [
Cp?ﬁvsggﬁd%rﬂg@gﬁ ?Jéo&er fh?eﬁl\(;%@"% Ct))% og%g:%&é]etemperature of
5 PWPIQF@(%%Q/% 073 vvater In one enbodiment, the term
"near supercritical conditions" neans that the
sOiswsed hereim, "contionpus flowr reaglerc meags reoteactsysn wlrm:h reactants

19Q=,C| %tﬁ’t‘l\‘zed FHn%f ?ﬁl)’?&k yarRP rb@éétstﬂﬁﬁd%%:u in a

prefera not | ess | ow an r arI
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stanthis padiculdryypenobcordimuous flowsreastorer, as opposed to
a batch-type reactor. For exanple, the reactor may be
aAsUWisgdatiereimVicabaryliv a¢idi precrisbHesr “pugdursentmedns an organic

| FRORRBDo, B8tornb s bVAIRRAAI c5BapR S B3R Byl s specti

peathioxyliaracid/ e afmajorityi yieldidn fthevpresanceof selectivedoxidation
15 NebRéflons.CAA %dl& O@Cé @ergbﬁﬁ’n‘éﬁ? %fcu%‘b’iec&ﬁ@rcfér ab)gllene An

means an organi c prerera ydroca
c8xample of a@étm@htnaheuemj prasUEsar 8 Aiocylens. b‘UkW?@pie of an

afdophttalie 46/ prduysoriisnsbtaxyldie. presence of sel ective
oxi dation 15 conditions. An exanpl e of a terephthalic

aﬁb%é){]oeﬁéll‘e?r?rréfér R&é 3o°thb ??Sducﬁlbn ﬁP( {:é‘fb@f(yl%n acid includes

ortho |1 C aCI precursor 1S, 0or 0

raiffINGedo i Progdupiamal s aBkydriqs-ASMIbPS Byident to the skilled

20 Wpéasony lvmwherﬁlﬁe 6cedyisaifithe Tp@éﬁrﬂﬁ%ﬁtﬁntm@duce dicarboxylic
roducti I|c ac des e erence

car
P B8 SR en den Tl WRCdRngd iF M CORULGRT in 8 Boftihand/or
t the benditionnd esed ROisplates onsepdraténthe produptsocesses of
the present invention produce dicarboxylic acids or
t Peéferabiyyidrthd @soadds ofdhp émebrtiont b&bﬁanﬁ&ltyﬁ aandrintdmg event

CBRIPAT RIS Byl ot Sl PATIAE bR r3pb B iblng reaction
25 t Ise maintainednin sohdioantduahgy the Ireaamuanchrgo&a/emt begin to
! ?Fe} L}S Eag@ BRbP We""&olu%nafe%g/@%' the 2608XH Credctid zone and

n the reaction I's mai ntarned 1 n solutl
dUﬂﬂﬂ@Oﬁﬁ@OPBﬁﬁtl on and does not begin to precipi tate
until the solution |eaves the oxidation reaction zone
afftie process conditions of the present invention surprisingly allow two or

more of TPA, OPA and |IPA to be produced simultaneously in the same
30 reaction zone in high yield and selectivity. TPA, OPA and IPA can therefore

be produced simultaneously from corresponding TPA, OPA and IPA

precursors, for example, para-, ortho- and meta-xylene, respectively.

In one embodiment, the carboxylic acids produced in a simultaneous
production process will be separated in a post production step. Suitable
35 post-production separation techniques include selective crystallisation.
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same 30 reaction zone in high yield and sel ectivity.
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tnecwmﬁe feﬁdeenrreﬁponqim PISENrSaHE S@NQ’M?'%@"O the reaction

PLeReHfe co%sﬁ@ﬁél'lﬂﬁtdré‘éﬂ y, in any order, in the sane
reaction zone in hrgh yield and select|V|ty under the

CB ddatrll’)}grtﬂg 88{ tmeh?ro%% ?ﬁ‘g dd?\‘ﬁﬁ bL& 'ﬁog)oltea‘&dr tr@eﬁsidence time

rec uce e car I'Tc ac .
deﬁtreatptpqn ¢an he ecpr@aatbblaefwth the @ mm@eb@fs%@r}wemon of

8 pESIUTrSSIRORAtHY dBSiPsd Iapernatic eavsoNylial Adids Wlmohh%lgmflcant

di
C BRIgHClgn o5 dpatatlion codiRly  dih Fesidicd Mot of dbe creaction
t reedigni withinetHe meactionr zome is egartaraity aannioee rthde 10 minutes.

o PEBANED, B i UG, B AR 8% 1o EESAPRs® nshinecusiy
mshtb@t reaciantsi aemtmlxwl,oandt |tlmre61redégeadasldmce time” of the
p} SH3:in ThE ré&dionSidre isVeRy Short hﬁda‘ﬁgcdf'tﬁé‘ or f%mutes

|nthereact|on zone is genera o nore t
moh |@SSs. 20 However, in practice the reaction runs to
conpl eti on al nost | nst antaneously as the reactants
al@enfesidencentime: mayeber eontralied” pesthat e drecurgor d§ conyerted

r?é’&&l?fmté {He tcﬁ?rersSéﬁ&thnaF&ﬂ&lé Scé’r%)(yli%h%"dd \Nﬁh’aéddh high
fthé or ence tine

o EiRN oI Jhe caromation saTbaRics Sei BIoGRIAT T dhte. Baction
r apediim mmeg comphetionnefi the @aetiohiic tharreastidn eoasicbntains

sugstanP ially |o(%v levels of aldehyde intermediate, e.g., no more than about
5000 ppm, but even as low as 1500 ppm, and in some cases no more than
about 500 ppm aldehyde produced as an intermediate in the course of the
reaction (e.g. 4-CBA in the case of terephthalic acid production). Typically,
there will be at least some aldehyde present after the reaction, and usually
at least 5 ppm.

The reactor system suitable for performing the process of the present
invention may be generally configured as described below.



efficiency that the aromatic carboxylic acid

precipitated fromthe reaction nediumfollow ng
wa@eovploet28dn of the reaction in the reacti on zoPET/US2003/020788
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oﬁ@m\sﬁré@nabtﬁcabauﬁédﬂnpymdp thees Akifiedin the a% ot her mal or
a controlled tenperature rise nay be nuintained by
hraoneenhiodjment tbefhera&aacwtm@ﬂwdns magseed tipough une or more

15 LHoR' ggééﬁ h%bfﬁ Saﬁ/'élllo& Wa‘HQe‘?ﬁé 6&1&9%‘%‘&:@ of WhICh are

react one e odi nent he I nventi on, e
oEXpesadt toothe @aFB‘h'b\'ﬂéQﬂ“Fmdﬁﬁ”ﬂ'ﬂé e,rgg@ttqrbzpr[g, ﬁgbpxample the

exgetitg enay tHe aldirfiedd W@tmalnéﬂ akih tacgofublenantoshell heat

SSQVr?q”rfdeS”@'ﬂéhﬁ%apa&eﬁs ERd Tt Reag raser Graar e shel
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20 W@Hell or walls, the outer surfaces of which are
exposed to the reaction mediumw thin the reaction

RSB FoRaf exiiie e BRIz SedRL REChel fefranster

t hre otheaxcways, sfomridstaoke eoyt pbsslng thasheat-adeeptind fluidk through a

Ea@klet {Eﬂg‘e‘?ﬁ%ﬁggﬂlp‘ rng%ﬂtlgg rlr(?‘thﬁid R§ hp%'f‘c'i%ﬂ zone. For
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25 eféaﬁ.‘iéht@%ﬁ&‘@oh@ﬁf il thf(ﬁ]@fhf fle tubesAWhifd thWat-A&epting fluid
stance \Q/ asﬁg Fg the heat-accepting fluid through a
J ewathroug 68% ft- at |east partly surrounding the

reaction zone. For exanple, the tube in shell|l design
r herheat-acsentiog duithynaye raverset the: reagtion zone in countercurrent

and/or co-current relation with the reaction medium flowing through the
reaction zone. Conveniently the passage or passages conducting the heat-
30 accepting fluid are arranged to extend internally of the reactor.

Advantageously, the heat-accepting fluid following heat exchange with the
reaction medium is processed to recover thermal, mechanical and/or
electrical energy. The power recovered may in part be employed to
pressurise air or oxygen to be supplied as oxidant to the process, e.g. by
35 driving a compressor suitable for this purpose. For example, heat
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0
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nokyger enachesd gapondhexyiipshans peroxitegese df 8 soralied compressor
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o PKYERN Wla&rteréFﬁmé’ﬂbPEﬁ%fﬁﬁ ing WBGGW%@@'@?%S t he

oxidant in the process of the invention is 20
pinstead | ofr mpleculanayeeusthe eidant may hegnpyse Atamice oxygen
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| ol n
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cQ% gr;e'ens ebya rehdtion’ )6¥9§eerbomposmon as described by Lin, Smith, et al
(International Journal of Chemical Kinetics, Vol 23, 1991, p971).

The process of the invention is carried out in the presence of an oxidation
30 catalyst. The catalyst may be soluble in the reaction medium comprising
solvent and the aromatic carboxylic acid precursors or, alternatively, a
heterogeneous catalyst may be used. The catalyst, whether homogeneous
or heterogeneous, typically comprises one or more heavy metal compounds,
e.g. cobalt and/or manganese compounds, and may optionally include an
35 oxidation promoter. For instance, the catalyst may take any of the forms that
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e oxl dation pr Qnot er wher e

20 { BowingireartipR AIRIUBI the Catalyeh m%\'ﬁ a\éer%( H*egcatﬁy.st may be
|\l§\LE-’|tabI @uppbﬂ‘t’é&réncﬂbﬂ/c@hs@ém@ﬂlwlthhomedﬁee(dtloﬁ zone to secure

or S rfdl nuithaef ooy Sohslfennt W A8% pross-section.  For
t mtm@mnh@m@“@' aatalyst mby dei cigted oo, 9r. otherwise applied

A{c{ eém@ng)?Lé’d Wes@ﬁbd@%hﬁﬂtﬁ(ﬁ g"tgléheﬁﬁ?’ dﬁrﬁrﬂﬁg af oi‘)etqwork
25 agtr@@gieimmﬁmd Q[;mgl I@ntth@ r@mt@nyzgnq s0 that the reaction medium

hRbWE CORICEES samidl  BuchBdtalle Sldhientd lea?C@dcﬁﬁbndﬂyt Befve to
the reacti.on zqn?ﬁs t,0 secure contac B%@
BROATRRTUNDS SoTe GRACIRIE & 1y PRt taiauaR e Eaction zone.
CAltafnetivelyl thet batalystemby Beén tae dbymat ofrmoblile pellataibparticles,
s or or i N . : .
SR8 ide R0 R ShOE it b e s ifg Bhovicea
30 t Henelckssanyrtossordiset thersan@ ito the reaction zone so that, in operation,
the catalyst pellets etc become suspended or immersed in the reaction
medium flowing through the reaction zone. The use of a heterogeneous
catalyst in any of these ways confers the advantage of being able to confine
the catalysis effect to a well-defined zone so that, once the reaction medium
35 has traversed the zone, further oxidation takes place at a reduced rate or
may be significantly suppressed.
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i nstance, the heterogeneous catal yst may be coated on

or otherwi se applied to, or enbodied in, static
webmweot2ss (e. g. el enents form ng an openwor k 2BCT/US2003/020788

structure) positioned of within the reaction zone so

that the reaction nmedium flows over the same. Such

static elenments nmay additionally serve to enhance

mThersymvbrttfbe thieeaxitdativs catalysheanprestess lvatalgticallgeactive or even

| \
¢ B Pt PidatorYoAEhBh, THE! St B B FroliRaryblially nes
f 8r sHrfaas: areas paﬂlgdmgothea aneat ﬁfetha Reres on th@aﬁwfa@@; of at least
DQQPHZF&H ts QSOF’nZRﬁﬁ e ?afr)brr{ S0MmeIy E@beﬁz@ﬁﬁ@vﬁr@ aldiffface area

i'on_zo eration, _theé c
5 ?Pé?% @@E/S&mb%‘éfs@még%*?e'ﬂﬂﬂ?@é@dr nﬁﬁéataﬁyst support
rmtan@ls sﬁedldume‘ |@Wsmht”ehy°d@|ﬁoélbﬂ Fessistahb narid Nsubstantially
Wg e of a tero neousd cat al stl in 3 of t,qese t
Sidahn Fes Sah LPLRE IR BedainSnt Breiinld . *PY Slppbigmponen
t béthmbwldyhons catdlysttmay be mﬁelord@bonmmSﬁem reaterinks;, the latter

FDEfd. mpiBRel ] fh SR B Ibatt ERIIRE] chOficATBr physical
10 nﬁba@@t%ﬂsélﬁﬁfﬁocmﬂ IC9taiM§épr elfls @dpreiqrrw) ezolmdltrm,sme catalyst

ﬁ%éﬁamﬁpns&ezmﬁmﬁmdﬂm the oxidation
cata S

t can be less catalytically active or even

| ARkl oxidat rééf&'tlgﬁtlé Mitiseady A8 tlrﬁ‘gna Qé’édrls'%tﬁéereactants

porous an I.Ca has a sur ace ar I ncl

t flloxyesh by brt"l‘ﬂ!”@dh@sh%ﬁefj hand [ressibisegs rqgctquggs’pgether in a
Z%thm Zohe? 5ﬂﬂ8/n§a’9 bé& eﬁecﬂ‘eﬂqméﬂﬁfﬂbéﬂm Wa?@W‘tﬂ/ ¢Ha or both of

15 10 PARAD FET GPEFEY W dne R SYBBY irior to or after

rrattamnaérﬁ cn‘hs:.u;beicmmat udrseart supergritical rcosiddionse sush aadmixture
a'BQ nﬁ‘@ﬁé&% lﬁ‘lsljéfh a%ég%%‘ tB%EﬁTélﬁttﬁgtreH&gﬁts fsB%tef\c;] from one

' ons
oﬂnaﬁﬁr@ntlblanoalgytto fb@ﬂpﬁlf@‘lﬂpn@m@n‘po& te of
materials, the latter being enployed for exanple to

i hpding abetinueds phecessabf tre phgsaint dhvdridionhdheaeaciostsystem is

20t 895{@;@6%%}&4%&1 {H ?or%@tlr & t(/\%%net%o&lggrﬂtan& Eteleast part, and

I ses zirconi
d.pbea‘ewly $Hbe@ﬂI'G|éM aumofr@@mtﬂﬁow i5 madei @tttés sgme point in the

h?é’édt&gs?él@np%&ﬁérdoﬂté@ BétWeéﬁatﬁbaéEtﬁl s{ Qh?odt?@agl%/ art, and
ressurj sed reactants toge
|Rr§gr4rbg3é§¥l?%ﬁ"%@ealﬁﬁ%?& aaﬁ% effected in a nunber
ways Wi th one or both of 15 the reactants bei

ng
amrai@ﬁt embediment dhaaidant iy Mirad With $he pguepusselyent after the
25 a!ét@rrﬁa%nbe@rﬁ r@@t&r @hdt;br@@éuri%fed‘t%aéeé}f@ethéfédpefré'ﬂltlcal or near

S SUPeterfEA states Bith SEbla SresaiuitioBt i afesitet BRGIRo. of the
aoeidaeat priot id mixingiglith the @gukeus isoivehte Agaetumsor iosubjected to

tﬁréé"s%ngg{‘éd AL BéQFﬁ}eﬁtnnbheer'irgé %ﬁiéﬁ" {Hrl)g@ss using a

reactor sy stem ure
cbntrmgenbeuweetrataiyet oxtP@anca’@st atcaorepemergar is, subjected to

30 pressurisation and, if desired, heating. The precursor, the catalyst and the
oxidant/solvent mixture are then contacted simultaneously. In the case of a
process using a heterogeneous catalyst, a precursor is contacted with the
oxidant/solvent mixture in the presence of the catalyst.

In a second embodiment of the invention, a precursor is mixed with the
35 aqueous solvent after the latter has been heated and pressurised to secure
the supercritical or near supercritical state, with suitable pressurisation and,
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preferably substantially all, of a precursor is nmade

at the sane point in the reactor systemas the
waeontac23pbet ween the catal yst and at | east parpCT/aszb03/020788

preferably substantially all, of the oxidant. In a

first enbodinent, the oxidant is mxed with the

aqueous solvent after the 25 latter has been heated

aifdesired sheatingy of the pcenwsarmncmpenmmg withlth@agoeeaus solvent

 HPGhE o Bhett 2 forioPelt kbl cbFExt gidr e flhsaton
wand aptienabbeating, salowetacted\wp’mettw aquequs s@mpr@tcslewltaoeously
PIVRASHE 'c%ﬁfdcﬂng prbt:w%? MtﬁC{he'é‘%ﬂbbU? solv@nt hﬁl SR %fernative

process u éeneous cat a

5 cafranggme@braabﬁ@ﬁ@g%ew alyghist %Wﬁé@@tﬂ%éﬁ thenreaction
agdne lafs d@éijnb@d heremt | TITtEe oﬂ%{%amfaﬁéﬂrﬁéésurtslé@ioﬁaér?i MBdesired,
SOl ven m X e, ar ac

= Pl s P8 Wity Sanels, SUNeY S FelAEd G5 hsh FRated and
hptessageed dossexatral thet superenitaal rcsomearssmmbahnaé ostaiet hin the

t
Bise 38, 4°PlocBsk R0 nSad ba® cBEBAR 86 Waddtiaquecus
10 psekyanb mlxtu@ i Jhen apntactase withsthgomedure e@MPERINgaA tsecursor,

tBStdlﬁttghdhﬁauéé@Q 8510600 amdl HeeScdel Qﬂfdat Cpréé@éﬁ Qsing a
Be su ercritica ercritic

BleIpb e s CalabEh the oA BayGOSSNBa) BBgaLs S contacted in
PEhE blion/ 2oHe(82. in fthdqaesente be e hgterofendsus catalyst, with

ARG itdhahd SRl BRI
i Bl BB o T TRy el gt o

wat devidee irc auhichc thenfeas arepmnated tmformi afsindgle rynegerseous fluid
hgbé é"thué Qllo%régl BQ?faanné ta’ct ane c-ﬂnce in which

ogeneous 'S US con i ned
r thefaesls ar@dumt@srr@ag‘or mséancreehevem a ‘Yf'hE Xx@@gther gbnliguration

p%\ﬁ(ﬁ\ﬁ*ﬁg Sédrafe S Iof %let%@dm al 16 Tow | %rmlng the

ueous sol vent a tte has ate
20 apaNtingpusslipw Jeactos. @é@uﬁem%e'rgleméwpeﬁmah 'plﬁ ﬂﬂwawassages

SWﬁ’ﬂﬁg'Mcﬁair frioke Econtihudie flows eeadtors. Pr PRESBowSpagsaye or

eneous S t he ox nt / agueous 10 sol.vent
npRseRars B whRh nboteac direitied el b B PRI fubuter
acpnfiguration withcatveithaitt irtecha dyeannc sostatio mixing alements
case of a process using a heterogeneous catal yst, the

OX dap"réfeirwem@oanhmmn lifex bt staticamixers aed advantagédesly used
actlion zan

25 1, 57 838 BE o rplhomi et B frimpie e gty lsqlution
poéoxidant intmthesaguenus soiverd@nd the fawnationt ofod single phase.
various streans may be effected by way of separate

f Fadoxidantdeettand ¢he predursdr febd rhapte broeghtrtogether at a single

+ By i 16 EnAEP AR Brocsdlin O B o Spdhs B at toast

wpadhof ome féak ds ofirbotifeeds) anmyntreagudedsinam geogressive manner,

30 Te.g" vi4 nflIfiSIE iRfRRibH Wots Ofblative to the direction of flow through the

reactor. For instance, one feed may be passed along a continuous flow

passage into which the other feed is introduced at multiple points spaced

apart lengthwise of the continuous flow passage so that the reaction is

carried out progressively. The feed passed along the continuous flow

35 passage may include the aqueous solvent as may the feed introduced at
multiple positions.
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all om ng separate feeds to be united in a single flow
passage form ng the 20 continuous flow reactor, or in

W@ eove/0ei286T unst ances nultiple fl ow passages f opem/ngopsaz078s

10

15

20

25

30

35

or nore continuous flow reactors. The fl ow passage or
passages in which the feeds are united nmay conprise a
section of tubular <configuration with or wthout

[ Snreﬂalw thg redditionoof satatylst; parﬁd:migrlyelhenmgmousrcaalyst may be

E{egielg Ou;g?&imésgg%[ mELJHF A s\a‘[r’] éﬁﬂrilgglegnﬁlbﬁgﬁ g)oﬁ{tE relative to
hﬂ?ﬁ)@lée@thf\ﬁf theQugipthe tﬁacﬁﬁformt e dissolution of

oxi dant into the aqueous solvent and the formation of
almbnglemtpxbrﬁmnt The axidatdris inftecdicaddotthe reaetin abtwo or more

ﬁfc%tlgﬁ bﬁ:éﬂrIBU%E} é’r@eéc;}?enf’ér}ﬂ&os% ﬁ@élﬁonéd)i:é}éﬂ\%‘toofhe bulk

con
tﬂaw af splvest ar\ﬂareacéantgn@r(v@u the @ﬂdaitﬁrhm@edt@abroeﬂdant is

' mtfdb‘i’!é:é@dtd the? reaBrE et A iMBANRIcati8A &nd-atViedst one further

n}gl gleln ctlonfegolntﬁlreltatlvetothe di rection

ofocaf §AM flea gldecatisy i nst ance, one feed
¥@be passed al ong conti nuous flow passage into

wAIteR tratyersing éhe F@@"@onsl faw seacten the reaction mixtyse gpgmprises

SEWlorﬁQﬁébnﬁaﬂl&%émbﬁyﬂlcCéc@ hen @@ﬁﬁastunm cbh@ntional prior art
ssa e so

Ll {
Sebvarbtantialy JBR° EaER. Arapdityof raroBHie sagRotic aci
f bwdtﬁﬁdplasthegeammn isninl saletiomat dujsestage. s Theesdlution meay also

BniePEAA IS PER, Gl SUEY Eralitidanfs o byibducts such

oBsdateimesiiatepded. wtwlcwmm@eﬁwdamey@ase ehyerephthalic
efaﬁgt %cbl’bcﬁ(x@lﬁleﬁr Brodutes '@%ﬂe%s Befzoi¥] écnﬂ“'ahuphégradatlon

I njection e direction

ati of
t RF r éﬁcfrm‘gl ad&‘é{ B%o@ﬂqm?ﬂy eﬁ‘ﬁ%s%iieé%’ﬂt?r s The
I ﬂéémékﬂl%\e@knbﬂc tohﬁbd)@ﬂctadth nedy bb(re@bvéf@deby Zausing or allowing

cations catiops ar onyen
o6 e SREe B b 20k B oS YR Selufdnip opgyor more
r stagesfolowéed by ghsalide-liguidiseparatiam ireond ar more déages. s
introduced to the reaction at-an initial |ocation and

_aAnb_eaaft ?qm:tt foirmbeiptvehm?aﬁsf @ondermeslt withneadlingaofl tr%eI product
Bhbof) el o by el BoRUD, 1 2uS 2heE' g ngghtion.
otheaiprodudtc sitearboisy subjeatsidd to 1an solidsliguid weparation to recover
CaRyRafié %%OM?OJCI@GM tHe? ﬁéﬁ’h §HP§&§1€E' gybﬁthﬁeed not

entlre anount romati c ca IC a uced I'n
t Recessarly ogentain; disselved; &ﬁt%lYStt ﬁpmmﬁgts) naqe'ecycled to the

Sekidiation réddtionl Zohe. contai n catal yst (if used), and
relatively small quantities of by-products such as

' ﬁiréfreg?ﬂ}/ aé, r@ mﬁb&@éﬂ&n‘: n%%' %é"“tg(ufétfﬁ‘?ﬁ rb8ctidie zone, the

case a ic 15 acid decar boxy
pPeybes auarck '2%3 e pyoheat a@maaea widy .t%mqw stream thereby

Peeong thestr.as trinel litic anhydride and any excess
reactants. The

One or both reactants may be admixed with the mother liquor recycle stream
or separate mother liquor recycle streams prior to re-introduction of the
mother liquor into the reaction zone and the mother liquor recycle stream (or
at least that fraction or those fractions thereof to be combined with the
reactant or reactants) may be heated and pressurised to secure
supercritical/near supercritical conditions before being admixed with the
reactant or respective reactant.
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desired aromatic carboxylic acid nmay be recovered by

causing or allowng the aromatic carboxylic acid to
w@eoghed2Bi se fromthe solution in one or nore PCL/ES®S3/020788

followed by a solids-liquid separation in one or nore

stages. 20 Anot her aspect of the invention is

concerned with cooling of the product stream

r Whéreithg niather liduordx hdatedaoby heatcexohange withiihe pregdect stream

0 VS o [

Egitql?g cﬁé %ﬁ cglgg eB{ghtg'F 5)&8’%’@@ %é@%éﬁb rgagtléht SF'i'ggcté&s may
caebadmlﬁed withdthenmhother lguarestreamuor a(mﬁ;mtmynbﬂner liquor

Nefdam rlorriS oF SfteF 5l eﬁ@é‘tt &dﬁgﬂbg%ﬂ{w&% grobiatystteam.

conmponents) i s recyc tot 5 oxidation reaction

5 oINGIpFERGLAN hol b8 aostrga' QHRELS) wED orbRamBR onjy with
byefamedndhaﬁgeompahymgéirpwm@dn wshlehaam t her eby

cooling the latter. One or both reactants nmay be
aHiguresl WAt rartd1e1Bmal'ersd:hemaMC r fowsheetst illkatratidg the basic

SEHQF\Q el Qgérlﬁéoqﬁﬂ'rth%eﬁr%ﬁ ﬁqﬁc{rﬁaﬂfsafi?v@ \Hﬁgrem Figure 1A

r élaatrateﬁ yssnef & hamogeneeus eatalysd, uaﬂd Figsye | 1B dlustratas(wse of a

10 aheie‘? énddiatcdtalst i on or those fractions thereof to
e conblned wththe reactant or reactants) rmy be

DPRAFES B! SESUtoResld RoREAUE ISURRIG! bl BRI RFngement

I cal conditions ore bein

366$@r§2ﬁdafﬂf tbe secopdcempedinaentt abave, MWQEWG@%QM 2B
PmT 1595%09% %2%738mo\@€ﬁésu§ hhatamétf@id IFI.gut@é 2G ahga2Bdilustrate

xcha e Wt
ls® it B eRRteTaeTeRES Ve A Fiuas 28 nfl e gidant is
15 orntroeim@bdnmsanpsogrén_snmdnnammbh rvv:a_tdmgtﬂ'&a mead:tmm konecat muitiple
respective nother liquor streamprior to
tnj‘%}{ggrﬁ%ﬁtgh heat exchange Wlthqt he product IEs)tream 5
eln ention W | cribed. furthe
LB o ra Stodinatic AgWsREeC BREEANIG i Motdieial Al Aragement
dm@m@gstherprebmsbr is-added do0 PApremixéd streans ohexyger and water

SR RSB AR SRR e 14 o 1)
20 HBHEG 1 44 TRl S Ol v

catznf betem;ﬁlogeu! do efacixing of Adtdeast oné lobwsd eeactants with the
[ BéHééu?%%logntt he basi c arrangenent described for the

frent above, wherein Figures 2A and 2B

lustrate use of..a 0US_C | yst _an |
Bl 5% 15 theWE@%?@?mg bR afahe Hectort Ggant
In Fi gures and e OXI ant s 15 introduced in
%? Js%ﬂ‘%g e’EP flowgheets &'$tEﬁ4'”£o hgr liquor ’eCYC'e
25 ﬂ‘ahdl héat removal from a reactor for use in oxidising carboxylic acid
precursor in supercritical or near supercritical water, substantially pure
oxygen being used as the oxidant in the embodiment of Figure 7, and air

being the oxidant in the embodiment of Figure 8.
Figure 9 is described hereafter in relation to the Examples.

30 Figure 10 shows a representation of the relative amounts of the products
produced in 5 runs of the oxidation of m-xylene in a process of the present
invention.
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injection points. Figure 3 is a schematic flowsheet
illustrating in nore detail an arrangenent wherein

WO bw4porsur sor i s added to a prem xed stream OPCDKSTHE3I020788

10

15

20

25

30

35

and water (i.e. an arrangenent according to the
process illustrated in Figure 1A or 1B). 20 Figures
4A, 4B, 4C, 4D and 5 illustrate various prem xer

cslg‘mg urpishews thBajieldnaly I i thé xidhtion ef frexylene Xihrtbe runs
l.east o?@ of the reactants with the aqueous

sﬁm‘@ﬂtm BHEuIE 6 is a scherratl c viewillustrating

mul tiple stage injection i dant Figures, 7
T be.fuaming Sacugbionds: aPrliceBlé FauRl, Gt RUTaRARERS process

I adpedin alk précirsbeabre aitmdhicetr mto dhe aaattion fzonetwbstantlally

OB, B] BRASD s Bl SEEE8 i 8 g4k Blecursors
om;egentrbemegd ustedthes reaetiosk izoaet at différent dimes e nanyfdesired

F$ ﬁ” and air being the oxidant in the enbodi nent
|gure 8. Figure 9 is described hereafter in

B, o 6 TR ene A BB G=EPR B A ip vt
paﬁduﬁwwatershamheermheate@ and the mjxtuge pnesspn@ﬁd and @ptlonally

ARSI e e B | e

t RESGHIESQMAS) BRd Jratalysh Presh@ddgd: REeF [FesSWisatiAN, FPfth%Lﬁ)izWaer
1@tredhe at ahe omgmmdg sefusp llmmecﬁatélw beforb| thee faattdry 2t and the

I
i RS PR R redth5 LD BT PRy sroam i
s covledaard uepyessanided @t ¢he dspokrpreasuner wgetatonBer €he products
t Ia?e hirlef Suntt mpa{ St?dé*%rﬁ Yo ?fe?i \}vgferrOCfH %Sﬂeéﬂéri?driégq:igure 1B, the

A0 20 in an

s@qtaéy&tes am@a@y prasgnt as a| fgale@gﬁneous 68 within the reactor.
pressurisation, is mxed with water after the water
h&eférieg he aFigtires)d2A handri 2Burtbe ppeamisarésdd andd catalyst, after

o@hés%nu?ll %ﬁon 10 bHHES ?6 vﬁﬁé‘? ?ﬁi?r' fﬁeﬁlﬁﬁfé‘?%@rbéeﬁ ?r ssurised and

e sup ercrit recursori(s
c eptopally aeateﬂd@ad oninon@Hy ﬁur@wuhea,tstiuarpreh@atﬁﬁ A to achieve

Omé’\@hﬁércrlﬁ&éleﬁﬁieat Tﬁ@@h&@%bﬁ rga’sg after @feéé@ﬁ%ﬁﬂ@‘i & bhixed with

before the reac sse
 Hetecake SHPoGRURA T Snd pRtiota iReP BRaRE b ahddler 1. In
chigurd 2adthie pre streanedraimikés diahk-tpghssingeof or immediately
t
ﬁ?ﬁo&%tﬁs Baciag SaPHE Mixtbie BrSsedofith e b8y ; n Figure
t 28, thetQp/wateristrean isaajdest tasthet reacter inaa pragjessive snanner at
(o t:
‘”f‘ﬁd.ﬂg%é mh@chah gygtﬂﬁgorw gn%at aféédté‘rg t!?é’ sfreH RScotfed and
depressurised at the back pressure regulator 3. The products are carried
out in a stream of cooled water. In corresponding Figures 2C and 2D, the

catalyst is already present as a heterogeneous catalyst within the reactor.

Referring to Figure 3, feedstock components comprising water, precursor(s)
and dioxygen gas are pressurised to operating pressure and continuously
supplied 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° to 450°C, typically 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 to secure supercritical or near
supercritical conditions. Part of the heat used to preheat the feedstock
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pressurisation are added to water after the water has
been pressurised and optionally heated, and

wopikomaBiy further heated in preheater 1A to BChiS2003/020788
20 the supercritical state. The di oxygen gas, after
pressurisation is mxed wwth water at a supercritical
state and optionally further heated in preheater 1. In
Fcompenérits miag bevdesved dnomn dhe exottetimaprddueelieigi thaicoyirse of

ot b RaA  Faabiofl heRehr el ERye F?s??f rBysor and the

ooxidankr Heat &om pﬁweammces)mayebe efor example.ain the form of high
UBF&%E?@ bfé%nﬁrﬁ arr h%tatlﬁg nﬁ%&} bé Rffectd Eﬂilr@é‘ﬁ ﬁ‘r}‘gb"He?tlng of the

on ex] ting e reactao he stream1s co0

3 d@’ﬁ?@s§'&5¢?'§‘ed '%he et BHC(@%F'@BS’GP& be gigcayepedsin Ry suitable

PRIHNEF.S ead.e by ahfdafh@ oPUedt Nexc geamemqh@dﬂmt dllowing
In corres ndln uresZ st IS

L feciinh SEREA Shitshe b SRaduhtiid Suchi waRh orth Instdhge. the
r heat-acceptiRgf fuidi nmgyt be Farganged3 o flleadsn deat cexghanget relation,

CSSIE?ﬁtb?dd? "é@taq{d/onp!':?%HFréﬂﬂ\g%tﬁ%é‘ %a H%y&’?d‘sglﬁ}éntab%smg

pressuri se ssure an
10 stmpugreéhep fQﬂﬁtlpéSZ[&E@t |T/fee §aa$agoesongasqay&&r@long V\tmﬁ*’btj‘gﬂwheat-

AaBESHtRR fliid ]fﬁnwé"‘hefrévérﬁ ;‘Wﬁ@ﬂ%@ﬂéﬁ zBhé lhﬁ?tbéde)ﬁt@rn%l to the

te erature of 300 to f
Tlop,z0ne-ATc/oF Mk e InteTaile tReHgh tharSagiian £ahgy Such

tﬁten’h&ﬂﬁ éxtenadingpflew bassdget$) ab%utfoﬁTGSﬁaacebexlpnéZQé‘nerally
opaeef it Ao tiAp RN bt i “feiltal HBENSH o gy of the
15 creattantaiveridinnough the ceartion zaned ffor @xamplgt thenkeat-accepting

fﬁﬁﬂ%gg Kravifse V\gﬂez%e |9t9§8§é bﬁlgi§é§§9Qﬁt&éﬂ7% ar more coiled

conpone rrve X0t roauce
| Hihagdogaiedauthin the w&eg@b@efﬁleéﬁ@ct%a&h%entba&mﬁe@ﬁ@n can

caéh@e\dl !oCre%ék/dr Bb%ﬁﬂ/@é siﬂ@btdlpowéxlr?cﬁﬁery H?@Fenf rsoeh as a
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30 t frodgR B tedttibAGohen of flow of the 15
react ant/sol vent through the reaction zone. For

SXBIIBWRy AERINGESH theGeBR4tbER components, oxygen is mixed with water
which, as a result of preheating and pressurisation, will be under
supercritical or near supercritical conditions and hence capable of
solubilising the feedstocks. In the embodiment illustrated in Figure 3,

35 oxygen and water are mixed in premixer 18A. Precursor is also mixed with
water in premixer 18B. Of course, a precursor could also be separately
premixed with water prior to entry into the preheater 16.
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30 Where the reaction is carried out in the presence of a heterogeneous

catalyst system (i.e. as shown in Figure 1B, the catalyst system may be
distributed lengthwise with respect to the flow direction and may be co-
extensive with the reaction zone so that, once the supercritical or near
supercritical fluid passes beyond the section of the pipe occupied by the

35 catalyst system, the rate of reaction falls significantly to suppress the
production of degradation products.
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30 followed by use of a train of flashing crystallisers (similar to those employed

in conventional terephthalic acid purification by hydrogenation) to cool and
precipitate the carboxylic acid product(s).

The cooled solution is then supplied to a product recovery section 26 in
which the dicarboxylic acid is precipitated from the solution. Any suitable
35 method of product recovery known to those skilled in the art may be used.
The product recovery section 26 may comprise one or more stages of
cooling or evaporative crystallisation to crystallise the dicarboxylic acid to
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35 Following recovery of the aromatic carboxylic acid product, at least part of
the aqueous mother liquor (including soluble catalyst components if
homogeneous catalysis is employed in the oxidation reaction) may be
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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 prior to the exchangers (50,70). Alternatively, water may be

35 fed, after pressurisation in pump 38B and heating in heat exchanger 40B
independently into the preheater 36 via line 35.
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30 filter drum formed with a plurality of slurry receiving cells in which the mother

liquor is displaced from filter cake by water under hydraulic pressure
supplied to the cells).

In Figure 7, the dicarboxylic acid crystals recovered are supplied via line 64
to a drier (not shown) or to the direct production of polyester. Where the
35 solids-liquid separation is carried out under elevated pressure conditions, the
crystals are conveniently let down to atmospheric pressure using a suitable
device (e.g. as disclosed in International Patent Application No. WO-A-
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significantly increasing the temperature of the mother liquor recycle stream.
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Thie b8 seabid SaBeE] & witer supplicd Nia fine 82 to

Wthé Iaeat transfer condwt(s) 80. Condensate resulting from processing of the
steam feeds supplied to the energy recovery system 58 may be passed via
line 90 to the product recovery section for use for example in washing the
dicarboxylic acid filter cake produced in the solids-liquid separation. A water

35 purge 92 may be taken from line 90 if desired, with the advantage that a
purge taken at this point will be less contaminated than a purge taken from
the mother liquor via line 78.
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In other heating stages, the heat-donating fluid may be combustion gases

35 rising in the furnace stack associated with the furnace used to superheat the
high pressure steam supplied via line 84.
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made for treating the overheads stream to reduce/eliminate such
components before or after passage through the turbine 110 and/or
discharge. Such treatment may comprise subjecting the overheads stream
to catalytic combustion and/or scrubbing with a suitable reagent, e.g. an

35 alkaline scrubbing liquor. The turbine 110 may be mechanically coupled
with the air compressor so that the latter is driven by the turbine.
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The dicarboxylic acid product precipitates easily from hot solutions as they
cool, and the suspended dicarboxylic acid can cause frequent blockages in
apparatus of this scale. Therefore, cold NaOH at greater than excess was
injected into the product stream from the reactor 156 to ensure that all
35 dicarboxylic acid product was in the form of the freely soluble disodium
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spra-eﬂurscarb%ﬂngreamd NaOh are stantedni Tvipisalbs lan axpefimert was run
for 4 to 5 hours. The products were usually collected for sequential periods
of 30-60 minutes and analysed. A weighed portion of the product solution
containing the disodium dicarboxylate salt was acidified with 2N HCI
(alternatively H,SO4 or HNO3 could be used) to precipitate the dicarboxylic
acid and other components. The dicarboxylic acid was filtered using a
Buchner funnel, washed with cold water and air dried in a dessicator over
dried silica gel and weighed. Purity was verified principally by HPLC. The
yield of solid product was calculated as a percentage of the total precursor
pumped into the apparatus converted to dicarboxylic acid.
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m xi ng of oxygen and water was achi eved by using a
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wo®2omaeess f |l uid was then passed through the crec&BUS2003/020788
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and solution of WMhBr2 catalyst, fed in fromtheir own
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Wiﬁgtﬁ{[ﬁhi’ ﬁ)llé’c%§ tl:llgEflréE t% rﬂff?ﬁé”rﬁactarr]\ts to initiate the
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15t Hg&r'&ﬁféu RliRded %tg?%&ﬁ%etr-@ﬂo\ﬁ?atéo ﬂfém&@ﬁﬁ-ﬂﬁc ﬂowrate was

Unlt er and reactor wer obt.aj ne

the hehysifab sPrRRERIS PE dMateh At mixiHg s%d'?ons as
3 abhsIHe@l buankemaﬂeﬁalr Stearnﬁ?g[dbﬁ?és)bndbtbwmesi Nationdlehetitute of

( gpde I 6-17 Maxi mum corrosi on occurs in
585 égﬁngﬁzeﬁ% sspl ece 154 where 02, precursor
a the catal yst sol ution at t
e A 8 U EBAAIOT: WAs 5 (0 rBBiro i AR PSRt 250
20 t Babermwneamrsdnem seotonecodesl thie mikingrpidee iadr885°C and the

Hast Yy titanium was used for the final section
fea ?{&c%(fd)d%t f eed- pi pe and downstream of the

acfor., before the m xer ,section, for,additio
SR FeRPLapE PSP ERBE Sepgralely Bih fixiso Piee, as shown
aprp Figuretd. el Bard0§erec was Sfedvatr a adnesgtratiarf of 0.58% wiw to the
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25 f egquined for thveooxidation nﬁQaﬁe-waem t derepbthalial acid andeentalyst
pé?l%ﬁHﬁQ/vé#?é@Qottﬁe rﬁ&mé‘:pfédé”tb @hy?ﬁi‘éteﬁ%nb&ﬁkﬁton of 1640

ore each run, the apparatus I ost ati cal
pPE%@F@Q"@é’?@@t%en cold, 25 and is then heated with

a flow of pure water (5- 10n1 mn). Once the
After reaching stable setpoint conditions samples were collected over a 30 to

60 minute interval and subsequently analysed. This experiment was run for
30 3.5 hours. The results showed a variation in solid yield for the samples

collected between 72 and 100 % w/w. The TA composition in each sample

varied slightly and para-xylene oxidation intermediates were detected in

each sample. The selectivity to terephthalic acid varied between 91 and

95% during the experiment. The selectivity to benzoic acid varied between 6
35 and 8 percent during the experiment.
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operating tenperature was reached, the 02 feed and the
punps for precursor, MBr2 and NaOH are started.

waypioed28y, an experinent was run for 4 to 5 PONUS2003/020788

The products were usually collected for sequenti al
periods of 30-60 m nutes and anal ysed. A wei ghed
portion of the product solution 30 containing the
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|
o éégst@&»'#ﬁ% ] Bdetpd g, | B, Stre, pBlifafs 3eribed under

20 nexamples dnthe resuts Qﬁhls ExpEerigtead aren showe bebaw ontable 1.
Steam Tables and by U S. National Institute of
St andards and Technol ogy. The back- pressure regul at or

was set—to comtrTot—the teactor pressure at— 25020

.o . Benzoic

Bar. The heaters were set to control the m xing piece ]
at 38aC aYdeldiie Yieldd%drYield @60 COPPach ofPAhe IPA Acid
reactants \@\5 punpggasepar gl y togt he mxgng pieeg, %
as_shown %I gure 3 Para- xyl ene was fed at a
concentratlezr.s of 0768% w vga.® the30.0 28.5 36.7 4.8

2 61.8 66.7 86.3 31.4 27.9 36.3 4.4

3 62.5 67.3 88.3 31.2 27.7 36.5 4.6

Table 1: oxidation reaction of 0-m-p-xylene. Oxidation conditions as
described in example 1.

25 This example illustrates how mixtures of all three isomers of xylene can be

oxidised simultaneously to produce equivalent mixtures of the product
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reactor, oxygen was fed at slightly greater than the
stoichionetric rates 25 required for the oxidation of
w@200a0032Bne to terephthalic acid and cat al ystPCT/US2003/020788
solution was fed to the m xing piece to generate a
concentration of 1640 ppmBr in the reactor. ﬁdter

reachingﬂstable set poi nt conditions sanpl es

c 6arhexybiciagidsr The spmpesitem of thetfnagl mléwwshawed that the meta-

29@%8%8“# i@RbYe ?? E% Xf?‘n%r bt twiP sl ‘ﬂ'ide réctivity
. ours resul a variratron 1 n sol

y oedet Iﬁ@lhgtdmep%aﬁpmh& e)qbécﬁ@d enbnhnjsm ofzherfmalQﬂoaﬁ:ct was

A co osition var
o BF b (P AT 4 AFA, P 8" 22h oA TRE RAaFe shavied thg presence
d [

5 81 Behebic) Seid ¢ Tne 2R, e GRbEDIAtd g dfp gliferent diacids
the experinment. The selectivity to benzoic acid varied
between 6 35 and 8 percent during the experinment. 30
WO 2004/ 005235 PCT/ US2003/ 020788 Exanple 2 -

Sel ective Partial Oxidation of m Xylene m Xyl ene was
oxi dised to give isophthalic acid (IPA) under the sane
conditions enployed in exanple 1. The yield of solid
aromatic acids varied 5 between 58 and 73% during the
run. The selectivity to isophthalic acid was 96% and
that to benzoic acid was 4% . Simlar selectivity to
that observed with p-xylene was observed. Exanple 3 -
Sel ective Partial Oxidation of o-Xylene o-Xyl ene
(p-Xylene 1.5% was oxidised to give orthophthalic
acid (OPA) 10 under the sane conditions enployed for
exanpl e 1. The achieved solid aromatic yield for this
reaction was 46% Selectivity to ortho phthalic acid
was 94% and that to benzoic acid was 6% Siml ar
selectivity to that observed with p-xylene and

m xyl ene was observed. A small anmount of a third
product was formed in the reaction, which was the
correspondi ng 15 anhydri de of OPA. Exanple 4 -
Measurenent of the Relative Reactivity of o-, m and
p- Xylene 1In order to determ ne the reactivity of the
three different isonmers of the xylene, an equi nol ar

m xture (ortho:para:nmeta 33.4:33.2:33.4, respectively)
was prepared and reacted under the sane conditions
descri bed under 20 exanple 1. The results of this
experinment are shown below in table 1. Benzoic Run
Yield %Yield (% Yield (%9 OPA TPAIPA Acid OPA TPA
| PA % % % %
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161.5 70.8 90.8 30.0 28.5 36.7 4.8 2 61.8 66.7 86.3
31.4 27.9 36.3 4.4 3 62.5 67.3 88.3 31.2 27.7 36.5
wal2@4/002bd e 1. oxidation reaction of o-m p-xyl BEEUS2003/020788

Oxi_dation conditions as described in exanple 1. 25

TRTs Qz&n'pl e illustrates how m xtures of all three

i soners of xylene can be oxidised sinultaneously to
produce equi val ent m xtur eCloAIM®ie product 31 WO

2004/ 005235 PCT/ US2003/ 020788 carboxylic acids. The
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1 effeotednvithinfa cortimaibus ﬂowm@c;dn c acid products is
approximately equivalent to the ratio of the anobunts

Of cor ises DOWthﬂ:e%Qé‘dé:bRﬂﬁé to ‘blar?n nr Wﬁéﬁéin 266 %ﬂtawngcof the
aiml1l wherein said

20 ¢ GrRAHERIBL ORI YITARON 81 2 gt ShE wParely Thé residence
Clienendefinbdraa thetieacton vohmhe dividdd birehe volumetric flowrate of the

reactants at operating conditions, is less than 2 minutes.

6. A process according to Claim 5 wherein substantially all of the
aromatic carboxylic acid produced is maintained in solution during the
25 reaction.

7. A process according to Claim 6 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.

30 8. A process according to Claim 1 wherein the oxidant or
precursors are introduced to the reaction at two or more locations.

9. A process as claimed in Claim 7 in which the precipitate is
separated from the mother liquor.
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20 precursors occurs very rapidly in a reaction zone
wherein the residence tinme, defined as the reactor

wo odounes268 vi ded by the volunetric flow ate of PdEUS2003/020788
reactants at operating conditions, is less than 2
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aqueous sol vent conprising water under supercritical
conditions or near supercritical conditions close to
the 15 supercritical point. 34
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