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~ {87) Abstract A process for the proclucuon ol an aromatic carboxylic acid comprising comac.unu in the presence of a catalyst,
within a continuous flow reactor, one or more precursors of the aromatic carboxylic acid with an oxidant, such contact being effected
with said precursor(s) and the oxidant in an aqueons solvent comprising water under supercritical conditions or near supercritical
conditions close o the supercritical point such thai said one or more precursors, oxidant and aqueous solvenl constitute a substantially
single homogencous phase in the reaction vone, wherein the conlact of at Jeast part 0] sutd precursor with said oxidunt s t.onlt,mpo-
ranzous with contact of said calalyst with at feast part of said exidant,
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18 January 2005 PCT/ USOL/ 22474 TITLE PRODUCTI ON OF AROVATI C CARBOXYLI C

AClI DS CROSS REFERENCE TO RELATED APPLI CATI ON Thi s appl i catiBdanudracoss

priority Wemehéiwiof U S Provisional Patent 5 Applicati @gragpta;Nunber

60/ 219,388 filed 19 July 2000. BACKGROUND OF THE | NVENTI ON Thi s invention

" relates to a process for the production of aromatic carboxylic acids such
as terephthalic acid, isophthalic acidITEEmellitic, acid, naphthal ene
di car boxylic acid ar@ﬁenzoi c acid. 10 Terephthalic acid, by way of an
exampl e, is an i mporYBRPYGIEPNLAF AROMATICE KA RBORDALIOAIDSPO! yest er

pol ynmers which -are used typically for fibre production and in the

manuf acture of bott| escROISEEHE RiFAATRD APETIDAIT for the

manuf acture of terephthalic acid involves the Iiquid phase oxidation of

par axyl ene  f eedstBokanpicagomulhizepisrito 5ygaN of U. 8. PAWRIonhEP FeniC2- CB)

L) phat!  sLnmnenGRsaRn i PEb A oUSK BN PERLIGAC . T The presence of

a di ssolved heavy netal catalyst Syst cor porating a pronoter,
such as brom ne. Acetic a%ﬁ%&i@s t he sol vent since
it is relatively resistant i the activity of the
catal ytic pat hway. reaction is carried out in a stirred vessel under
el evat ed t enper at l?(lgg]lglﬁ?in bolnelgg’fﬁséoééﬁ‘b‘ieﬁfi the progyician parpg@tict o 20 250C and
6 to 30 bar actaespécadidssiugh areetyimlivakldy isopREiueesid, en R akic -aci d in

high'yield, @aShihdbnd §8sHodRY | Ly, however, the terephthalic acid
- obtained is no squ%i cl en?%a@paﬁﬁgﬂ%rm%ﬁclﬁg use in polyester production

since it ggntainsm 800 L.t1es artial |l y-oxidi sed internedi ates
of terephthalic acid. h‘g%lrl?l %%ﬁg}ﬁnﬁj fgm ?ffglm}%ﬁ/?}bﬁ’ﬁ%ﬂl%%mﬁqﬁ@% , al ong
wi th vari ous Rediredudtion ei pelypsterenl smes, whielnareaobbiypidall i ilié B%ductld @
convent i onal afd BCHS SaHSREfOhr i reduction of, terephthali.c acid, a
substantial propprtion, of he_.tégrﬁ_g%h?ﬁgﬁ%&gﬁac? dhs & &%C%P?)Iog%ff%&ﬁl%i tate as it
BBkt ek i
forms duri ng PREAEGH Leetsphthplc peiddeydbvesabelliqud phase ghidatiomagpdrecyldel ow it s
sol ubi ity | feeitoélnudiermeblcuRRbxUASER AR e ld Ad;60ndi tions, 4-CBA 30
tends to - L4 e Wih the tereph hgﬁ&% agi,.oé.j 'Ilgl_s. relatively crude
F0- RIOBELALGANE At il AL ELEPOL
terephthali c Scrd  PHar &F S BSuafigacely 45ul. i Bequsereraferdisplved hswoure’
t er epht hal i cmatal gatalyt systeepesablle igoaldritingfOfronser, i stclp LOBHEHONA Qfichi gh
grade pol yesi@d is &by & ogessing typically comprises di ssolving
the inpure ter e_?)shg hal i é}%c%éghiarsl%v\?a OZ‘?CHE lgc%%%elle%bg%ﬁéﬂes@ﬂﬁé‘? grigREon o
produce a sofiftinGasmihepctiyitipd Hisgratedytedpatinvayh el he reaction is carried out in a
: stn:red vessel under elevated temperature and pressure conditions, typically 150 to
20 250°C apd 6 to 30 bara, respectively, and typically produces terephthalic acid in
high yield, e.g. at least 95%. - '

Generally, however, ﬂ_le terephthalic acid obtained is not sufficiently pufe
for_d-irect use in polyester production since it contains, as major impurities,
partially-oxidised intermediates of terephthalic acid, particularly |

25 4-carboxybenzaldehyde (4-CBA), along with various color-forming PIECUrSOIS .
and colo_téd impurities. Ina conventional'procéss used for the pi‘odllctibn of
. terephthalic acid, a substantial proportion of the terephthalic acid tends to |
p;epipitate as it forms during the course of the reaction and, although it may be
| below its S'olubility limit in the solvent under the preﬁaﬂing 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 production of high grade polyester. Such further
processing typically comprises dissolving the impure terephthalic acid 111 water at
" an elevated temperamre to produce a solution which is hydrogenated in the
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1 18 January 2005 WO 02/06201 PCT/ USO1/ 22-474 presence of a suitable.
catalyst, e.g. a noble netal catalyst on a carbon support 18 jaimasy 2005

hydr ogen®® 8#0&@0kp converts the 4-CBA to para-tol ui c aci dPémiusel/t3es vari ous
col or.'bodies present in the relatively inpure terephthalic acid-are

- converted to . The r|f| dterepthallc acid is then
recover ed frol?nggén%I %?L(?)ltﬁi% f?%siﬁ ! §iat cataly L aniairbIGPRIL i qui d

selpalr3 iatl on anHlldilyOEngelmmpstep le mstbeﬁa?m%td)lbajh-@oiaﬁlad;d ﬁhﬁ@tﬂt hs hvags@Pl y ”}[)Le
sol ubl e in vwaigy . ds to remain in the
aqueous not her r]:!;ugcr'a % ?@mﬁ@lei&&“e&g& 1|rest5 %ﬁageﬁm Bqugv?lﬁde

separati on. %%@%Efofiﬁ@ié)l vth1ﬁiQ§éQmpllﬂiallw)zﬁc1d trthelerdcevephfthal i ¢ aci d and

i ts subsequendohpithitv CatieOBf e for
exanpl e, EP'Q?049§5 1 a 1ol EP(%}y“f'tngﬁ% Eb’ﬂd pﬁuﬁgﬁ ?aﬁ{é&&éghgfﬁc%h@p descri bed

in WO A- 98/ 38T BEISGRIA1G %lagﬂ i &PPSI%%WWW@J@ gowatenthiap sereptahaliepl oyed,

andd acgor di regidy thesﬁahselaﬁshdsatblrmnahlm afe dqh@ous@ﬁ&ﬁ&ﬂ!@o??cﬂﬁﬂm{é' c acid ‘

produced can i,on.there msing Go-precipitation o

the reaction C?ﬁsttégg%tél %Pa%lf § E?H?}agén RIH%eSF é‘g'é’l[‘fl%lmﬂgc‘%?nl resul t,

the inter nedlca'ﬂ%tere@h’é)ﬂhc améﬂnéhs sulbisequenepification by hidrogesitioads ar omat i ¢

car boxyl i gpaciighiosfth, tf&eexraﬁxﬁafe @p_ A%@E%ﬂnmfd%lﬁtﬁh@ﬁ'b%g for the intermediates
nal process

compared with a convéntio y operating the oxi datl on reaction
inthis way, it i Q tion of the
aromatic car box I |I§ agglﬁfghﬁu‘éﬁ}%ﬁgse&%‘é% ddg Vﬁé ‘%%Qgﬁg@ rglfq Z‘}gl?edl ate in
t he course ofSol V?B U RrREUIFE Feki9scane GIFJQIOYﬁ‘fhsmdmﬁemdaglmnbstmneﬂiyaﬁmfehe int he
case of terephéhiadd Griasiyc aﬁﬁ‘iﬂé&ﬁfc‘e@@alp% I ﬁgiﬂ Qllﬁhﬁ%ﬁm@ﬁ%ﬂﬁlﬂlﬁﬁ gtl on of

par axyl ene or_ ot her, recyrsor,- the reaction results in
4- car boxybenZ &R O L lie?\‘it?ﬁld%‘i?}%?‘gates ioghp perspekthe renstie. Asa@BA with

t er epht halt$ ¢ remilidihesnteangiitys &m&ﬂ@ﬁhﬂ%bl@@& ﬂeﬁtﬁwnttﬁ HePidshad hl‘én?aﬁbd ' S not

al lowed to preg n ti.on not 't o
" substanti al ex %ﬂ%r eove]f‘eqra% 18%‘%%??? cfe"silgr”&tc’fnae‘ﬁgﬂ?l eve thl s tend
to lead to @sam@axedcmﬂna conyeriiorat paces. ﬁyodpeassmg-ﬂ@ﬁmﬁmcm gack@ahen tldxtent to

the ‘desired epg Hﬁpﬁc%‘s‘itbie t'%"r&cﬂ%%gltﬂe exttglﬁ o?rcﬁrﬁ%ﬁxaﬂ&’?gf {1113%9?&1%& VO- A- 98/ 38150

represents a val rovement ffvol ves the use
~ of substant.i & &ﬁﬂ&ﬁﬁ%dt')‘ﬂ 1@9Y@ld§b}‘ﬁ@1§@¢6\¢ém anmt@mmdgahe orihandwssof vent s,

 such as aget ilge @adtfhn. @To@ uﬁﬂfnbé %Hh@nltlﬁned%fvb”m'ﬂ'ib SNEBr R fAlaliP Y iRr Ocesses
situations be desirable

for the reasgns ugh Qy? c1ve1 uld i.n certain
to nininise PRE qHeR 165‘39‘5% qliog o pararylent o qasraweqHEIgy, the graclign and,
due to envi r oesmimfathe pﬁthnmt oMsarbambeﬁgﬂdHh@rae aeﬁom&&meaﬁek recycling
: Co-precipitation of 4-CBA with ter ephthalic acid is largely avoided since the
terephthalic acid is not allowed to precipitate durmg the reaction, at leastnotto
25 any stibstantial extent. Moreover, the conditions necessary to achieve thistend 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




Furthernore, a proportion of the organic solvent may be "lost' due to
conmbustion 35 during the oxidation reaction. A further prdBlJenagy 2605 he use
of aceti cwaopMdezos that 18 January 2005 WD 02/06201 PCT/ USQ'HRJ%A}Y/ZI{]
filamrabl e when m xed with air or oxygen under typical reaction ¥afidi t| ons
inthis system further problemw th the use of conventional solvents,

such as acet i &S dEpgablegvhenenixed vedl aiirl dxyyerofnde g p@%i fafor Qgﬁﬂfﬁﬁﬁyt
t herei n. Thusin thnigeyﬂelﬁ di oxygen is used as the oxidant, the dioxygen is
present predom nantly as discrete bubbl es in the reactl on nmediumw th only

cxtont that (o, teact, o bosaanl s 5t S SDfion L eirosation e resul s

extent that the, re ﬁlon et ween
fromthe di ofgers GF 19 spINgLRY Qﬁ’fhetteﬂd@ubctﬂlmnemtttbetéﬂﬁe THasl Whd qui d, the

reaction rat eilms_fgbn i hsed abyhd é]ﬁdalr@v’t’h§ Blowthidnis 169%.Ht B;eg@ ek tllx gg)téggrg%:g 260)

sol vent. Hol Iy t_.al upercritica

describe a giatgilﬁ ?r%l%gr ascttpglnquﬁgn W% smalf propattion Cdmn@dlo}@fg@ﬁ’&tl C

car boxyl i ¢ adiigelvingom d:kqltfentar'ﬂmrﬂaé exxntithat hd 18AGHoh Mt ub-critical
oxi dant.. The 1?3 V?&ctH%g%iugggt ant of

wat er usi ng @ﬁgqg:tgl@{ ¥ ri

wat er decr eai?elﬁ%ldr arnattgl%iéa%‘%nS ?150 5t {llg%ﬁod‘gﬁ?liglf@éﬁ‘i‘ﬁéo&t thedubhlesimtothear ound
80C2/ N\M2 t o dhe t?egtzwmtm lintitedfiyrtbamhesolubiitis &le(s}!)’%&l gk nt ( 374C
and 220.91¢i aolagn. al | owi ng it. to solubilise organic nolecules. As
consequence, water then behaves |ike an organic solvent to the extent t hat

hydr ocar bons, e. gHolid S th the water under
sﬁper criti ca}jﬁﬁﬁgdlotl 2&%2{]% ez?]cfelgg%‘? pligﬁgzlrgglﬂt)ls 4 ﬁ gh§$ \%Sér?séo) %S&S&%%n is also

20 highly. so BrOCHSS bthee?ﬁl’ﬂthﬁlﬁéf Zfer ¢lic atommicentboXibc priaCRGS 2083 Cr i bed

by Hol|iday ammatits isesreaeiisn @ddom of § as a batch .
reaction. | tﬂfe%hmnpbhl?é:ﬁxg%gmef' S cl)nvga’r‘?t?i ;ﬁgﬁ%@é&g@%ﬁ%@@%ﬁ arverhiti ve and

inproved continuous pro GRSt sYala debreasss dfﬂlmﬁlcaldjoﬁmtllaaoomr boxyl i c
acid, suck a$mpemtwphehsldferanidR0CMeveitn a&wﬁghgg@ﬂ,@tﬂg a8ltlan @b adie-

aromatic carjpogld nt er medi.at es ahd precursors,
are maint ai ned ?/tt al;poﬁﬁdt:?)gﬁg(é%ﬁ?ggﬁﬁﬁ@a razlﬁg’tltgdﬁtosé’ il#secrieac t he need to

use an or ganeleAEERr AaR coBsAEHCRES, whieptiahibeliavenlibear bRuyikisslvaditd theas sol vent

is ellmnate&i.tﬂttlat&@tt‘, I lnvetlont rovi de an
dir r gvgd&'gghflenéagddgﬁ%r %fgecé@b%tdy tHE? 13?”6%@? F"B‘ﬁr of an-

alternative '%1 J

aromatic car oxyf eyt Liqng o5 e saprreritical caalditions. Dhecy8éh isedet ant s and
product- ale 1ﬁ§lnlmtsaliu|bﬁcinlsnbaambsmﬂs&nmﬁhﬁ[sea@yrTl 15@6%9%&&’0(34]5 iR a further
obj ect - of “’Hz‘%ﬂw@é’@aﬁﬁk@ﬂ t&ﬁs?ﬁl gl dte a conti nug 21 8 83

sel ectivity and high yiel ﬁ@ClBYGE?cfﬁ@tbra@ rtfﬁcﬂa% aromatic car boxyl ic

acid by t he .
y 7 - Itis an object of this invention to plOVlde an alternative and i improved

continuous process for the production of an aromatic carbo:xyhc acid, such as
terephthalic acid, wherein substantially all of the aromatic car bo;\yhc acid
, produced ie., mtermedlates and precursors are maintained in solution during the
' reaction, and wherein the need to use an organic material, such as aliphatic
monocarboxyhc acid, as solvent is eliminated. Itisa further object of this
. invention to pr0v1de an alternative and improved continuous process for the |
production of an aromatic carboxylic acid wherein substantially all of the
30. reactants and. ploduct are maintained in a common phase during reaction. Itisa

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 111 sub- or super-critical water.

- We have now dev1sed a process which overcomes one ot more of the
35 problems prevmusly encountered for the use of supercrlttcal water.

3




oxi dation.of a precursor in sub- or super-critical water. W have now

devi sed a process which overcones one or nore of the 35 problens
previously encountered for the use of supercritical watert8Jaguaradf@ry 2005
BRI EF SUMVARY OF THE | NVENTI ON According to a first aspect, the present

i nvention provides a process for the production of an aromatic carboxylic
acid conprising a carboxylic acid noiety that is directly attached to an
aromatic ring structure consi stl ng of car bon atom; sai d process using an
aqueous sol vent conpri siBERER RY Hé Ml conditi ons or near
supercritical n cess. [is ont ing one or
more precur Sor}ég‘% dni%tg %ﬁst r’réj"[%l v C%re (I)ll(.):(i 1)1/1 e%{lgn }():rmaldes rﬂ%ocessef%r t?le Hrgn‘%c 1{)1}1,'at i s
di ssol vedofian atdtratiacmbmwbc s0d soRptising mca;rbrecybcv gsdmacietyohat & ctnactael apsthed wi t hin a
reaction  z us 1.0 ctor...further wherein t

o went abr R R AR SN BT AE S REH I S R E P B cont act
wi t h t he omeriging weteeugleempersmiicsl coaahdor(slzn)r n¢ahguporesticit conditiens, pzheremrssldr s t he
oxi dant ven rma _hono eneaus. hase | .eac
Accor di ngﬂ %etsg(,eos g(g)er?ce? ﬁtwﬁ%f’ CERE Y ESENT 9 ﬁl\?eaﬁ I?a(t)’ﬁ c%rp%’ﬁ?'l '4&% g ?Ibcess f or
t he pr oderddantthatof dissolvad mrthetacmecmasdﬂmeny lin. the amsenhcmﬁ’qlratagasnguthm@aeda@oryl ic acid
noi ety th .ect | att.ac C r| structure co S|st|ng
of car bon%tg? P &} m“"as Howreadgr g%t?rl%rr‘&elrem ?ff) o vfmg Ele(‘:%ln gté |ngs % %ol vent ,
a catal ysltlo,mqgmouﬁrphampaopnoe:ontmsm& tlefont: hﬁnab@rmummrs ;cad i) heldne canord, and an
oxi dant w _thin r one of.a continuous oW reac wher ei n: (1)
sai d sol v%rgcfmsorsathag’?gﬁnﬁg%dutée S’SOEYC\I}tefH cg%?%ms“?oﬁs pl\llvﬁef' By eJﬁ%féPn %cﬁlﬁer critica

condi ti onsI or zhwe\rdu@,tpem:pnd aspak, ﬂmqneﬁemtiimaﬁor(pzov1ddsepmcesﬂamtheand t heh ]
agueous sQ are a sin neous phase or,ta  contact with the
catal yst 4n dl%[’?le Sné&6rF l?r%arr%oxﬁfce%gfcg oF Esmg f%boxs'l«ri\c 4By glﬁ’élsad%ﬁ‘jﬂyt he one
or nore emaehtd m(smrasqmattilqemgxﬁnd:am ccamstnganlfmebmat@m;lsaixppmmaédn;pnmhgt}mat al yst,
are contagt ecur sor s i dant and
the sor vertr® sfhnd siea RSB 8 LM G Rhss TR0 ol HE AR Fep 588 and (4
t he oxi dammtl an exiflant srnthmcamtambrezzbnmﬁarbohmOm\:oreaﬂm eheeiac(ly sof shatt it he sane
time that tggeou so"l'lve}{fsco smI \cvgtteru% Qrs ercnql VYcondm I}le Oxé daflntrc' for ding to a
third aspecat the reselli’f1 Vet on p?ow es a p?(%c%’%é“?gF PHéE producti on
of an ar ocrmmhmsc@m:e)oyﬂdam agicthd agoopsbisemgrea sigtdiomybireomghssepibby that is
~directly a h a romatic rin structure on5|st of carbon
atons,  Sa BB At la R B bEabl Wb B B Badpr e e Bpe &7

t enper at unage pn‘ec@@c@s thw o&ﬁﬁﬁt aadh sbiaint anqaaszmssajﬂwehaﬁataget tue c3mfkctdloso ahat wher ei n
said pro rlses contact, one [ ecur so of the aromatic
car boxy!l ﬁgassgtgiggnrgp R o) (i clant0 fi Aaf"q mp&'e toﬁméﬁsmﬁle@ﬂlgo%eﬂ%oé%ﬁ %ol vent ,

i n the priegeneetiofzoae; caail eﬂl) ;lstoxxdmtustﬁmt cantaqstaimth the ogoorenceé pracwend 4t theous f | ow
react or - shitb g baeEsln Sl MG SRIUARL caag 1 he oxidant | forma sing. e
~honpbgeneous phase 1 1 He“ohe or nore precursors; and (b)
the one or nmmeordmgctma Elm‘d$$petth1lhe poesagiaimbendinal provides ssmprbassnfor fhe prodaction

ho m)ge NEOW#Sn Ql%%«sit?c (!aﬁaoxy & dcf aé%%llpxcl)srfng a carr\aoxyhc acid motety 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.




4 WD 02/06201 18 January 2005 PCT/USO01/ 22474 Di scl osed herein, there may
be provided a process for the production of an aromatic cashexyiry@oesi d
conpri sWROE@atacting in the presence of a catalyst, w tggdmysm|/2eoati nuous
fl ow reactor, one or nore precursors of the 5 aromatic carboxylic acid with
an oxi dant, such contact being effected with said precursor(s) and the

oxi dant in an aqueous sol vent conprising water under supercritical

condi tions or au%ﬁrcrj tical conditions close to.the supercritical.

- poi nt such that s IsgosA betsio. theweanay be pravisded 3 progsss fathe and aqueous sol vent

“constitute @ztﬁiliesbﬁﬁfazabﬂoma&b%ﬂﬁ 9@6'&9&6&9 ol n zone,
wher €i n 10t gcg]%ﬁggct of at Ieast\ part of gﬁ?]g@@?g%%&§3pﬁ&é@%gé§l§lgd oxi dant

may be conterrpora a%‘thlwtcﬂﬂ%t?tla@wa?aeat Bll%at@PSﬁsﬁfeVWFWSaftheeast part of
sai d oxi d&naronsitlestagoxiy it layidabith iﬁte_udajt,omhlcemeatr &t EL Bigduced may

be nai nt ai nggh iR reactj an ereafte the aromatic

‘carboxylic gmcd R {Iaﬁdrtgltg:(S’\(j;{e&litae{c}%fa;1 ﬁtu?%ug P 38“0(5‘??”5}%‘1"%"11 By ‘enpl oyi ng
wat er under SURFFEHIEGR] eonditionsror lﬂeetrsus@lpetleadlmndnabns:dnm ﬁ)ltbdﬂmperdrh&;aﬁeSI red

aromatic capbpxyhdhahachml W&%&% ré""okjﬁ leéﬂs'}ﬁlv%' { phati c.
carboxylic aC| ?)"t} such as. cet as the pr| ry sol'ven The process
may be car r CEFUBHE 2 qrbsiAntE laﬁ?%e&ﬁ‘%!lst mhasesigl thergactien minggwherein

substant i@l the centugt ef dl%mgﬁdiﬁ@ﬁ@td bﬁb&s@ﬂ”‘@ﬁ:ﬁ sdif oﬂl‘i‘aﬁ@mﬁf‘@e fosalyssTolal=Taim- Iy no|

oo st g pAEnTRARE: I ARFCRl 1B 5 et e Sl it EAR
in the reac@fostic eashiixylg acid IgOdlEe‘tmajcbmmtamid)mtshleum@mg tHeh@ktigshe reaction

bet ween. t he and dio en results from di o><ygen
di f f-using. f?u(E)Hr tg‘(:\Jlﬁzieﬂ%g{hb aTO%agc Fﬁ?‘f"?’?‘#"%ﬁ”w qre‘a’dgﬁéﬁglﬂé GIEHEPR on rate of! the

known pr-oce be limted by the 25 solubility of dioxygen in acetic
acid, which.may not be high. The use of water under supercritical or near
supercriti cal coRdiempMEng weter hedashpantiticgder e supactitica sbuditiond, he

‘reaction ki tf[t@'&ileﬁﬁed FbMEHc EABoBANRCRIY 8} b@ﬁ}oﬁce&’ lv@é}égFé}n%l%yﬂ%Ea? ip dgtgg reases

mar kedl y as t upercritical "point. may be approac e
Mbr eover , i’ﬁ dﬁ’rlsuldlﬁ%ﬁ?(’é@aﬁ’ély% efpgingaRe pelapifanced by the high
tenperatures prevailing -when 30 the water solvent. may be under =

supercritical or 'ReRPeestmay be qafried out wihihs fopeinds anfiile sobvspifbmeing on ‘of hi- gh
t enpéer at ur &Subbmagﬁallwﬁ@@ehbﬁbg&&oagﬁuﬂ%ﬂag@iﬁ%lWh ﬂe%ntﬂtetn tﬁﬁe reaction to

ot ool TR bR edaf PRt L oA B s R Oged |
1 h e~pr od uct prgcn:sses where the dioxygen may be present as discrete bubbles in the reaction y
: . medtum, e.g. acetic ac1d To the extent that the reactlon between the precursor
&g paraxylene and dxoxygen results ﬁom dioxygen diffusing from the. bubbles
- into the bulk hquld the reaction rate of the known process may be limited by the
'_ A_'25' : solubility of dtoxygen in acetic acid, which may not be high, The use of water under
' supercntleal or.near supercritical condttlons as the solvent operates to. tIansform
the reaction kinetics, since the concentration of dloxygen in water 1nereases ~ '
' " . markedly as the supercritical point may be approached and exceeded. Moreover, the
_ reactlon kinetics may be further enhanced by the high temperatures prevailing when
30 the water solvent may be under supercritical or near supercritical conditions. The
- combmatlon of high temperature high concentration and homogensity mean that
the reactlon to convert the precursor(s) to aromatic carboxylic ac1d may take place '
extremely rapidly compared with the residence times employed i in the productton- |
o of aromatic carboxyhc acids, such as terephthahe acid, by conventional
o 35 techmques usmg a crystalhsmg three phase omdatlon reactor. Under the-
- conditions descnbed herein . accordmg to the mventlon the intermediate aldehyde |

4a




of aromatic carboxylic acids,-such as terephthalic acid, by conventional
-35 techni ques using a crystal lising three phase oxidati on1sgaﬁ@é}920@51der
the corgphdmpg described herein according to the invent E?}U@T "

“internedi ate al dehyde .4a 18 January 2005 WO 02/06201 P %5574 (e.g.

4-CBA in the case of terephthallc acid) may be readily oxidised to the

- desired. ardpat4-CBoan thoxsseiof tephitlalivhicidhmanye feadifkiddkto the ddi@eds uper cri ti cal
- or near supgrgridti uid, there |LLowing a si |f|cant reduction in

~ contamination.o bt %%x lelz?ﬁ}%re g%*/rﬁ béelt'}él?ﬂosf)‘k?f?‘?t% OE ERT SmsErEeal wi t h t he
~al dehyde |ntﬂé‘?dn‘éﬁi éloﬂglar?o‘t@dﬁaﬂnbv@ucﬁommcthmau@nbf tieatcoyiciadr art

process of e it dﬁﬂao&?ﬁ@é&ih 9&%&%&1@&%@?&&@% Iflnt%é?hatet 3 nlto?erdeéb%ha' e

acid may eolysgarln%l;ﬁ{soulelnthea rbox
sol vent, and*FEPPEH 0% aft prqages %fdlﬁl‘%‘élﬂgﬂ?af%§leiléé@tqrmhthﬂéth¢e t he
conver si on die tcrépmchad hrﬁyB@bﬁ}j’nﬁiahﬁgl?-@tbiﬁbl@ﬁﬂﬁ@ﬁ%atfc%mg*ﬁlg| sl owl vy,

4- CBA, t her (of] ecipitate wt e ter thalc aC|d bot h
during the rgélg{:: 1on cﬁi@ﬂigec%agtates m&'ﬁfgo'ﬁ%e gﬁﬁ?éa"ﬁ?@ﬁp CABRR ¢ cgrverpign of
" terepht hal i 6-GRAde tﬂb@lﬂpﬁi@@e@@meeﬂmgﬂqimmbwm%@Bmmetﬁoﬁatetddgtld arly
advant ageo ns_ of

v g U@onfbci;hﬁle With g gﬁtﬂélllba‘cli(!l?’ b%ﬂ?ﬁﬁr?xﬁﬁietrga%ugg%gd? uting H‘Eﬁ i on of

aut ocat aI (:b destructive oxitatio cur sor

t he cat al'ystUbseqRiFot FepvRy &f thefercplitbelicsacidt the present -i nvention invol ves
short. reS|dence times and exhibits high yield and good 15 selectivity of
product formati ohh € PROPAISIE e OESTRE YP@ierOs prHRuladyENTR@Ngtaustinéhgtiocess of

the inventi sibsubidllpsaesie tﬁé\ﬂlob%%f%ﬂkﬁtaﬂhc%@tri?étﬂf‘e%ﬁédaﬁ%eoﬁﬁé ected to
secure Supercrltl cal, near s rcritical condition ti ng

t enper at ur eSCFEOT sk 06’5‘?‘}175‘/“}% Qrilee satpiyel- Spitheisparaghe Pﬁ)c&%@ ﬂlPrDr e 20 ,
preferably @8t mvhia nvyliesstidryrefidendeaiheeid duhibits 1gh RULBRAI 370C to

an upper 4 i Y/ bout 420C Operating pressures are
typical | §/5I |§nglémg{ %Pﬁ%tduat%%% gbout 40 to 350 tlara preferably 60 to 300

'bara nore preferably Q. hata, . a t arly 250 Ito 270 bara.
By "near supercrltlcaE = RS TON OF LH BN Ao ants and the 25
sol vent constit substant. al | ?6 S| n | e honpgeneous phase I n practice,

~this can be ach e%af%ﬁ%fe olyFt FSUrerand temperate of tegupesstir e f or
wat.er.. . Acca:‘cdﬂ:lnqedmﬁcemmpbmmmd otimﬂsepmnﬂit&%oxsdjﬁmrmuscal -condi ti ons"

bl ow, B?gf%ﬁ%bﬁl% WiPhltes L B BATRRRRNR A a a0t Bl B 20
20C beI t prefegatily ﬁ@(}ﬂ to 14594523 itenically fgjm\ndo‘erﬁr fimit of about 350° to 370°C to

ani upper limit of about 370° to about 4’)O°C Opcratmg pressures are typically in

the range from about 40 to 350 bara; preferably 60 to 300 bara, more preferably

220 to 280 bara, and parﬂcularly 250't0 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 reactcr 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 deﬁned
35 Therein are not limited to this partlcu[ar type of contmuous flow reactor.




30 at 220.9 barn .. By "continuous flow reactor' as used herein we nean a

reactor in which reactants are introduced and m xed and p8ddmeirg 2083 hdr awn
- simul t andomstgs2din-a  continuous manner, as opposed to a bacahideypars eact or.
For exanple, the reactor nay be -a plug flow reactor, although the various

aspects of the inle%l on -defined. 35 herein are not Ilmted to this
particular type of “d8RPINESHE the Beriinte ferstansalynibandénay e@nganleas y 2005

PCT/ US01/ 224 iarl ﬂs%h@wptr;oﬁ&ﬁm@ﬁatﬁéﬁeﬂbm@tabmno&db*aaﬁﬁﬁﬁellééénxn?4 I, and in

‘any .event no rromati c_carboxylic aC|d roduced
i nyt h\é r eact |dc%%ﬁ?d§nedqgsoglﬁmﬁgér 1%“’3&%&%"8 ﬁgPFsrf:}Pttbﬁ%mrt‘ég{ﬁC}%teéﬁ’& Eloes not

begin to predh@isqiaitl@l leavdsithe phidaad weatton te@wad uhikegessicdalihen reaction zone
and undergoes cooling. 5 By carrying out the process in a continuous flow
reactor, the resi d%mgae*rymgmﬁleprdd@s ineawhiigmsddvbeadBdehcRFRaidebl € with

t he attalnrreq 0 [ SEUr SOl 0. the desired. argmatic
carboxylic ac%m@forq oug&g(%ngdr%fl% (:an({é CO%}P agb'fé i}a%fa%tﬁlgﬂ}eﬁﬁ ‘i%ﬁelﬁﬁo&?gct s.
The resi dencéht peeuser(re ﬂiiee%tlﬁd)ﬁrqmmmwmbwwhhamdmhélou‘eagmﬁomltzone is

general ly no ﬁ@i&txbﬂ@ﬂdécga&ﬂti?nﬂtlﬁ§duclﬁ9 qres1déﬂbejt9neotg fx& R%@tugn f’?ﬁech%iaCt i on

runs to conpl eh ﬂ al npst i nst ant aneou reac
and, theref or@™y HiE ©aionFane & genggallyapo mw&th@alﬁ@m@es} rHQWBI,eJactl on zone

i's very shor tpractise dd igacivontrhes f deipl e onlalFoRUih§antake dust ?%s i Radigt dence
i.S, conver rapidly to the

time may be E II o _that .t he precur.sor,

cor r espondi n?%b%ati%gd ﬁéell 8&&/#?6 1859‘?:}1%"%? ‘S 1ﬁ?‘§ﬁ“t%¥nf‘i1§|r%89ﬂ 15 that
the aromati c Zeeg boxyy shorausubliyroacthpiotdt efi2 friones teleseeact i on medi um

foll owing conpletion of the reaction contains substantially |low | evels of
al dehyde i nt er medibatresidencg timenoayrbe eoﬁth:ﬁl&d&b@hblttlﬁﬂﬁgcxﬁﬂmls bitivet¥En as | ow

as 1500 m I abo

producedpgs gﬂﬂ ?rﬁg}ersr%gg a? %%ﬁgﬁgogrg’ “ 3% b gég‘flﬁgnh(sg;céﬂm% CBA in
the case &f Flﬁ@}ﬂﬁlﬁ@ﬁil%c@boﬁdiccﬁom p@l@ﬂﬂt@d)ﬂmﬂ' ;lrpncaitlloymetdhﬂn éoliiviihg be at
| east sone . akggPigen I@fﬁfeqeactﬁiltc%ﬁtah{é%ub£t§1?t fﬁ]%'w 1@%&’3 Ssgal\ e at least. 5

ppm - The react or system suitab ﬁ Tor he process of the present
i nvention mayBEGEHeC-1 B WO gn e Wtégoﬁﬁﬁ@s b'ﬁ&i’e@éﬁiwaﬂ}f@ﬂwpmy be nore

‘than one' r eaetd discnen@seNERDIEHaR bbb SD@&@H aﬁ&ehyﬁ@inmd%éed fsiance, where
he. reactants and sol vent may

multiple rea S ara are
f or m separ at %Mf ?1%\/(\1,1%?%%%0 8¥ Otg?srﬁﬁcémflﬁ? eu‘bﬁ 1 the gaseof ferspilaalic
. ’?Q acid p1oduct10n) Typically, there Wﬂl be at least some aldehyde plesent after the
: 1eact1on 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. -

_ There may be more than one reaction zone in sériés 61" in parallel. F 01
25 instance, where multiple reaction zones in parallel are used, the reactants and
solvent may form separate flow streams for passage ‘thrbugh 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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and, if desired, the product streans fromsuch nultiple reaction zones may
be wunited to forma single product stream Were nore thaa Jamery2e@ii on
zone i s wesemysihe conditions, such as tenperature, may bgctfgy; ;@m or
different in each 30 reactor. Each reactor nmay be operat ed adrabati cal Iy
or |sothermally | sothermal or a controlled tenperature rise may. be :

nai nt ai.ned by heatlt ene pathedinteot, def haae accepiimeihetl ég ﬁﬂs@@ﬁthicﬁlgﬁ%héwﬁl%r@r ofile

as the react ifloRy 1 r 0 ment of the
i nvention, the h%ﬁast%‘g%l zgfigg%? %%lsvpﬁgnﬁggé@ Sudj%ce %Fwﬁggéﬁ FROHY Peat

exchange wit Ililealeﬁ‘gﬁ)tn BPYiyD the reacticazone dFmgxampBﬁtlmaamrtm@nm
'([) (23;:8 g |2 8 lielig:_lf_rdesngnetdmltahﬂﬁﬁleﬁ Kitiht@d 0l dhBehal feat @xc%%lgje? r%ﬂ o 30 d .

n.. o eat=accept Bidis
passed t hrou ahj(%%ig&%%m h SSCB%‘\R/“E’%&?%E&L&WQ@P h@ata@ca@tmgdkndngcmg the outer
surfaces of Wsé%ﬂﬁ@%heﬂap@%dnttemalljneftﬂneaﬁdu on nediumwithin the reaction
zone. For exanple, the reactor may bé designed in a néanner akin to a tube

and shel | heat ex&loaveyes weidomdtbecludamt @tﬁsﬂalﬁt}f&ii@ff%&h%etﬂfe RGhI0 passed
e T R T M N A
of ef f ecti nglake arigBgeragnt at leasighety smlouucﬂmg ﬂwaymtmh(zbnd: nEézaﬁQﬁptéyﬂﬂaSSI ng
the heat - ao:camte iiMghll dasféntr@feﬁeg?o Qbovle e sﬁ@fﬁf&%@? Snm@ Ileﬁg” ly

sur roundi ng react |lon one, ang esi.gn
referred.to Ohgl Hsduassonhiia ke 1@4?@“?%@% élﬁtdsﬂ@mﬂls@lghdhe shelll ow t hr ough
the tubes whi I et eat acceptl ng fluid flows through the shell. The

heat - accepti ng flﬂh?j TRAGFCRSPHDS AE trpesazst tho reaz Gorezane inoumttemmméﬂ‘tent :

and/ or co- cusindmtcor@ir@hi Mhti@nt\ﬁﬂ{ e réRA6A hl%&uﬁ?ﬂb&ﬁﬁgftin%‘{‘%ﬂg e:[rp:{xc?% h the
assa e or passa co iR

reaction zo

heat - accept i %Oglef I%??flgen”il T‘b’é pﬁ?‘*ﬁ %‘éﬁfsﬁa&e%%@ﬁﬁmorfb@hﬁﬁ‘ralcwp@hg%md react or .
Advant agebusity anehgedite akicad deptnialig of theirehcfopl | owi ng heat exchange with the
reacti on nediumis processed to recover thermal, nechanical and/or .

el ectrical ener gidvilitwmeposip thé ﬁwweé@dn@'@md ﬁll@ﬁ[ﬂg &t SiRheHat &

as oxidant” to the _process,  e. b
Sriving Zec?ﬁ%%%é;%%ﬁ@ﬁﬁ% RisRe™Fo P BB R el st qgﬁaan@raﬁacalheat 9 by

transferred $A§T8h el isanwives tesopeted gnalyl inpart baymbbyea‘.wpteﬁstue@e hi® ofBEfpRAI cal or
el ectri cal etBQfeQMpg»H?:daas RQWRht {oecﬁ(?g A RCA %tb?‘as}v%“ai? %ﬁg%gs%ggu@%ﬁ use the

heat -acce t| flud Fo rai se press
super heat djuéRPﬁBI geRagRie, élleétérﬁﬂﬁf‘}ﬁ'ﬁﬁi trethe beatesosping b may Baf f i CI ent

power nmay be:omeﬁfﬁdd:b esbchanisall @ WleR¥RATI énefqumatﬂ&%el)lf%ﬂ@eﬁ%ﬁrstgjﬁe GileS eWh ere.
_ approach is to use the heat-accepting fluid to raise high 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




25 Conveniently the heat- acceptl ng fluid conprises water. The

heat - accepting fluid may be preheated prior to traversi ng18tjanuaega2®0&n
zone, anaweuekeoreheati ng may be effected by heat exchang@(,\m'lllsin_lltzhm _

‘product. streamresulting fromthe oxidation reaction.. The oxidant in the
rocess of the i.nvention is pre ferably nol ecul ar 30 oxygen e.g. air or
gxygen enri chg dﬁef"mtf)li?e?fs lehtQpssReT fachamajies offgnt Geatinanf cqoivyeen. as t he

maj or consti t Uentsetdfeli®gien BDMhe oRIdehIEh AR probdtk B REVGEMioRls OXYJen
dissolved in liquid. The use of air is not favoured, although not excluded

fromthe sc Omtlﬂﬂalﬂ)h@d\lama@%dsfsﬂlce SR ﬂcg@%lg W‘é‘@? ﬁﬁ#g r grfr%c‘éﬁ?ﬁs d o ?r ise

and offgas h t d nee

of f gas gWI ngalt?e%%‘%%wrg Ef(ﬂﬁﬂ}ﬁnﬁr%@n%ﬁﬂrﬁ‘mpﬁﬁ éli‘er‘)xyﬁﬁlii/é\’a@k YE#mor oxygen
enri ched gas il hesemetarsingld hdBogmnoarpha®005 WO 02/ 06201 PCT/ USQl / 22474
‘hand pernmits use of a smaller conpressor and smaller of fgas treatment

equi pment . The udasiefd df txjgelar @Syg"eﬂ&h@lskldélﬁttz}[lasncdrﬁﬁlééraﬁﬁﬁi‘é%xg% erf Ihﬁ et o
nce | I'S SOl upl e
vention s ervga %}rﬁé Lé{m %}rﬁ%g%%gaf lgp %?F 86%'8}"1}4 %ﬁgomfﬁi}gela%%a certain

Li nder supercritical
point, the. ox%ﬂ@@mlm&péﬁ osy@zeetmygw hibnspeomeleauki rigie&ublomgpmﬂlisr phase.

I nstead of MOdxR il ik h?d%%@ﬁ' petbRfde Os%hlglg%ts E@X sGREPLE ?y reac 01%/ gen erature,

derived from ase conpou

contai ni nd G‘?}Pg&%?%n &&j%beéttﬁri[énp%mt tébﬂnf@ma@n@a@ g@lhnah@frrpou nd for

exanple is h}@l’[e@ﬁﬁﬂIQﬁéﬁ)@gl Wel 23vhbeh p9gts as a source of oxygen by reaction
or 10 decorrp05|t| on as described by Lin, Smth, et al (International -

Journal of. Chenic aﬂ‘hd@rﬁ@e}t{s‘s 65the Yidlenfidn gﬁ%ﬂeg (ﬂg grg-%l)el ?%ﬁn%{l é}ca%z)?(é 10[‘1 he
LQYSP;'S? " rr:a;sl ‘%giys% ﬂ%? gal%?lbf“tlwh‘?%%!ﬁ%w ’fheéﬁaemléewﬁwns M@m@mm‘fem and t he
aromatic C ar boR yhd arometid cabeoyicsold skc@for(sa ok, el Batatival ya hé%eﬂi@%r%ﬁﬁg eneous 15
catayot 1y eyl 11 6 4 AN Rovmamnsets B0 s soeneous

typically Conprises ne or
manganese: Go ﬁmeﬂdh’scoﬂamﬁesra@e @pmmdnaaﬁwlenabtudpmmﬂs @xd.dabalomdssronot er . For

I nstance, th@n&@éﬁésﬁ%%nﬁ@%{n&sa&ﬂ rﬂESy 0 %ﬁiu{eﬂcﬁ%ﬂoﬁ'f&aﬁ%ﬁ CoRGEN pzed 1n the

liquid hase oxidation of aromatic IC acid prec rsors such as
t e?epht hgl i ¢ 1aRgngeihe cplalietnay fake pry ﬂf e rfmﬂlet heae besoyhsed imthediquid vent |
e.g. brom degphadercad bk AARHMAS cafioxFikaMBlRirsbHSHaL !uytefélghfhaﬁé J&kkanoat es

rsrgt(::gl 23, 23@ L%é&uifgﬁ(féhﬂfmplh%ﬁﬁ(? @%Wc amg%aﬂfent e. gcgromges bromoa(ljlga?lgartteg eavy
, . OF a]l\anoates (usually CI - C4 alkanoates such as acetates) of cobalt and/or
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’
25 catalyst system wﬂl include manganese bromide (MnBrg) The oxidation catalyst
i 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-
- bmmlde mono- and di- blomoacetlc 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




i-ron, nolybdenum a | anthanide such as cerium zirconium -hafiniunn, and/or
ni ckel may be used instead of cobalt and/or manganese. Advadamagepd8dy, the
25 cat al ywo osysiem wi || i nclude manganese bromn de (NMhBr2) pefigo@xdati on
catalyst may alternatively or additionally include one or nore noble

metal s or conpounds thereof, e.g. platinumand/or palladiumor conpounds
thereof, for ER&AHBedipm ap{l g aptalysti Helisfayemh, the camalyishmap b muicdbla net al

sponge. The geitecpﬁdmwygteined Mﬂi ﬁle%&lblu%% é%yseﬁge sﬁ‘ﬁé@ z; dprum of

el enental br om grl g and/ or
organi ¢ br omi ‘¥ C('%“B W CBRERE élr’f’e OWBE}‘?WT’QUOBr &or tstanpmike  and
di - br onpacet i letacgaheoty @uiabpe eiaylbehzbazeai g€ or bekFabE @5]&%& BARE embodied in,

at ronot er

et hyl ene- dis rhat.ively the
conpri se a kte%f[ %{npee%g%@%&a% elrrg}eﬁg fg’?wg aﬁé’?ﬁrﬁ’é‘)&&w‘é{ gﬁgagon%d&fﬁmﬂgg
acet al dehyde. ﬂl@EaCWm$%1etShé12¢dtearbwmnmmdnmn fletnogehe sase.f Sidh stitic may be

suitably | ocalig I VRRRkL ure cont act between
the conti nuougﬁznwclr\?\?ﬁ&d%&%rJanuetl(?y %glggll%ngéfﬂ]gi%% @ipﬁ474

reacti on medit & ctl’ﬁ%" ©aZans shlierpafiviely e setahist manbe @athalfglsm ofrepblie

sui tably SUQﬁﬂéﬁsephﬁ&ﬂQd @hel@qmaé@gonﬁdmwat &Bdﬁgé RSin] GaGL hﬁé‘“&ﬂfh‘?eéne secure
such cont constricti ng fl ow cross-section. For

i nst ance, 81§ eH@tpé?‘élg‘é‘ﬁ&g]ﬁ%ééﬁﬁ '8 Wﬁnﬁ%}e %ﬂéeéleeéeaewn@wneﬁ%&}awﬁe appl i ed
to, or enbodiopdrating, ths canigstipellek ertrteme é&paldeﬁhﬂrﬁﬁﬂie%eﬁ%meﬁﬁa@ibnoloe nwor k

structure i e reaction zo that the reaction
medi um f | Lﬁﬁ%%#lﬁ%%l@%tb%lg@tﬁ%x SEat i O g Wrﬁ%‘?ﬂeﬁ‘%‘??éﬁdpﬁ serve to
enhance ni xi v 2@ of these waacrafirsthasdwange pébsulg tbleow ghuafiteehe emalyisisn zone.

Al ternati vel “feheoGalal-YineA8¥nd® thé‘t Lhe tfl@f &fn ﬁgﬁﬁh{nﬁaas%%{geﬁeg %Iﬁs means 10

particles, finely di orm nmnetal sponge

bei ng prO\}? déﬂn‘?ﬁim%éeéé’é‘giémnfage%ﬁ‘ﬁﬂﬁéI?CH@e@a?ﬁéotJ@ﬂl’ ke sicadteahdyn zone so
that, in opengiregsd. t he catal yst pellets etc becone suspended or inmmersed
in the reaction nmediumflow ng through the reaction zone. The use of a

het er ogeneous cat athyStppdrifoahe ceidahbeeeawc%n%@més%%&tatﬁi%aﬁ*fié(&ﬂie age. of
bei ng abl e tg, confl ne..t he. tal%‘fg’fé?lg ﬁl ect to a well- I’lned zone so that,
e

once the realtThiiHeagRsrelopy etﬁ}‘l‘BPOIiBf‘ai’&?@or‘?‘ﬁrapﬁéﬁfPl‘%ﬁHYd@tsl on
t akes pl ace amlﬁawmmmlmm@tmmamftmceegm ﬂ:lecﬁmdeyoﬁatpmsegsﬁa/gﬂhe

SuPPOT o1 88 WSS EL AL L 00 SRl TR BB IS SR WS | Ve O

even inert to t i.on reac and
typical l'y ha$0ma/aw i ghoat hfr(@a‘/gmr’mllﬂdfilﬁgﬂ@@equ edalpit supporpoatsiabn t he -

surface,  of ghodl@88 bulRBRBAIG R orrosion resistant and substantially oxidation resistant
' under the condltio_ns prevathng The support component of the ox1dat10n catalyst
- may be pure ora composi"te of materials, the latter being employe'd'fo:l =e;scamplr-“; 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 aquccus solvent prior to or after attamment of
. super critical ot near supercritical COIIdltiOllS such admixture bemg cffected in
sucha way as to mamlam the reactants 1sclated ﬁom one another until brought

to gether i in‘the 1eact1on 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




20 to 250n2/gm e.g. from50n2/gmto 200n2/grit, with a surface area of
about 80nl12/gmto about 150nR2/gm being preferred. The catl&lgstarg @p@or t

- mat eri al svosboeahd be substantially corrosion resistant ancEupshaniial ly

oxi dation resistant under the conditions prevailing. The support conponent

of the oxidation cataly may be pure or a conposite of materials, the

| atter being ]é"ﬁ‘ﬁ}PbVééfn?éﬁ’rﬂ“é%awﬂ?téﬁeﬁﬁe%hi% nptalyst @lﬁ&tﬂ@ﬂtmﬂnemld:pﬂef@ablﬁhya cal

charact eri st | abstantidilealL af éleyddant.n @ preferred enbodinent, the catal yst

suppor't mat eri al cornprises zirconium di oxi de. The oxidation reaction’is

initiated by heatihgh grd ringing
t he heat ed )z;ntgl Qr ers@ tl?es:glﬁi%g%{iﬂaﬁ%és}g{tl%%g lilﬁ%ltdﬁwgﬁrhg3@?60%\,\%&%%?%% hi's may

be effected andyprepsupiged B sagsterhe suncheiticebeteat s 30 bei ng
~admi xed wi tsh Stdp&c&t}t:lﬂ@tﬁe Smﬂi/@lﬁthbll@r}il@rsm‘i@u@ﬁ aﬁfih@ﬁeﬁ%ﬁ%éﬁﬂﬁ 1o rPlle

SHPe oLt o oo B SBRARL L Rl acRO SBE T idericon AN

anot her unt i |Prb¥setiggiion and,gé'dtmedJ Ireatihg. I:eﬂmtdaﬁiloﬂQbIecesb nsikhg conti nuous
Process of | MaagnRn, A0 LS GELAL, LI el s S
subst anti al | yl? g‘Fqﬂe dofeating phepigewser, the qm:estandﬂtte)‘ﬂmsqﬂaemﬁmmmé&e 918
January 2005 thm&ﬁ’dmmtar@@ﬂl%JSMﬁ%%Z§of @?1%%95@61 ?A%taq % eth s ont act

bet ween t he ca%?%stg d_ at |eas & Fal Iy all,
of the oxi daft @ 18 PRFUSOsfoRRHe Wﬂltfhéozssda%@ﬂvwémmm@dnmﬁ h the
aqueous sol vmscaclietca‘.iﬂlebdﬁelyktatter has been heated and pressurised to secure
the supercritical or near 5 supercritical state, with suitable

pr te?] s;JL Ie sg'([:] i on andn alsfaccdﬂsdnﬁﬁ)dm;_égﬂ@ﬂﬂoégr ﬂ:/?{tﬁls(f{ijlgﬁle Cl;{?égjugs%ﬂs %Eﬂggs d‘tfh?‘élg IXiozg
Wi u

and, if desi %g’g@ou% ) ngaﬁe Hje 1%%61 gﬁ% eqy hegted, pdguessipdsedgo &ecuFpiBgeneous
cat al yst, If héumit:laﬂlqaé pr nm}swaemmaakstsnabwﬂhtsaﬂaﬁlepwsﬁﬁﬁb_ltﬁcblﬁs’a{cﬂ gHeane, if
desired, heatiefiths TPHeRR&HIYoS Rlior ‘th’ﬁm(f g}%uﬁ%ﬁe ?%u%f){;‘sgs%é\ge)éléd 1? tnlgsglr \Cl)ﬁgts S

m xture are 10 then co tacted SI nul
usi ng a het e PH§RHERTS & harpegopars Caﬁﬂiﬁﬁtpﬂmn@ﬁr aftes possmirisetiemland. dniuctnlab

‘oxi dant / sol véeitidy, i dbheictdd vvlh@me RE8&RRAGEHRh: &Hﬁh&%@ﬁﬁ%}hﬂ} I:I%Q B G

enbodi nent of %he i nventi. recursor. i.s.mxe aquec

sol vent af t et FIPTREHTO8w ﬁ’a@e B‘éléﬁt‘i’?‘ﬁ selvent- dnan plersativg mgme@e@ur et he 15
super cr i t 2eahesrogererus sapdystisivstCatd aindined toHehesotioh 2bhEadd88gEa Sat i on

and, if desiggd;, ﬁ?ea&mﬁ'ﬁn By &rgs% isa%ﬁ)lﬂrﬁlarlf%gsferd flgatlg]gj( is n%xc\a%. ;[?v?tht he ,

aqueous sol vent.
aqueous solvent after the latter hag been heaied 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
o 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

10




arrangenment, a honogenous catal yst conponent, after pressurisation and.
optional heating, is contacted with the agueous sol vent d4Bguhtancots! y-
" with the wonteghing of the precursor with the aqueous sow @tsodr}u '

al ternative arrangenent, a 20 heterogeneous .catalyst is use fd* donf i ned
to the reaction zone as described herein. The oxidant after pressurisation
and, if desir@gledmeatqomprise s sedticcbfitiliviar cROH@RESoSRIN 8P lviBbkiShiete | atter

has been heat@}dlaaﬂgjmpgtﬁ ﬁfm?geéieﬁ@ Secure the supercritical or near
supercritical state. In't case a process using a honbpgeneous

catal yst, the om% m xture is.then contacted with 25 the
m xture conpri sing eré%%%ggﬁlg?)?kneg%tn 1478 £F SAUC ixeaare advin{agaeusly n t he case
of a process®§d F"r}%}m&r@ﬁél’lérl@gémé@mlm@amahglm for tehﬂnpb&ﬁ@@ib&ﬁo@@]&ﬁ@ﬁﬂ&uﬁlm vent

mxture iss cofuxaBhestd ﬂheta&@edu@@&lkfbﬁ’c%ﬁ%‘:efonhat%n 61@1 Slrﬁi%&bqgsence of the

het er ogeneous catal yst, wth the mxture conpris &cursor and

Soparate feeds, | %t@@“a”@feeﬁ%d“% D P B T s, 2

separate feeds 3 30 a device In
si ngl e honog LR F thherrdact mpy bel effeaied g theommomiahizeasndthar #esEsor o

react. The dqm'taﬁonafwdloebfb&lﬁi@&ﬁ%e in@bBudtlid £9; %géémfvgsrbefnﬂgtgnce have a Y,
Separate fe uhl in a

T, X or other 1918 u%Eatlon al-
single flow passage fg‘ S HRG s P'FS HB%?Q Wﬁéﬂ%ctﬂucﬁf/ﬂoﬂéfh&‘l@h Ithegieagter. Stome
ci r cunst aré esnsiaice) plededd may bapmgtsloﬁgﬁﬁblﬁtﬁmb\wﬂ@@ H&ﬁ B GRIKIMIOUS .
fl ow reactor es II’TV\:hIC .he feeds are 10 18
January 2005%t%l5%§/l%%]%§(f8%§%?%’%§915% %ﬁ?etdea(?%?}l PidBea section of
t ubul ar conf |°@@F®PP%QOWP@W&§¢ Swhtahﬁl@neaqﬁbeusnahtr1edi}mgmgees@we@t qthleqeéal Xi-ng

SLSSﬁPLZeOLQ?e‘ﬂghggmgﬁfému S e P B 8 Sn Bt e 10
pronot e di sso eLij? Yo ‘I’C‘3 H%CPPRIBOl%She aqueous soI vent and the fornmation
of a si ngg%a phase,. The Oﬁl dant . feed and the precursor feed may be brought

t oget her Si ﬁl;ﬂ”éarllye %t3dgitioproticpalyst weristlanphome gefdue catalyst, maywg. or

nmore stages- be cfftradd ata pregastsivd@bhnsf ¢ ONBa frﬁﬁﬂal@{ng&hfnl?ﬁ&gisf F&?Eﬂﬁf ¥ e

i ntroduced i Y via ‘nu I'nj"éctron "points,
‘relative to ?}'?adu%?(g{(’:ﬁsfion §F°‘f%q’o*@69°?ﬁ%ﬂgh the reactor. For 10 instance, one
feed may be passe continuous flow passage-into which the other
feed is mtroduceﬁl%&eq‘ﬂ%aﬁflﬁ?@ %‘80[’& Ligapesiusgshiotths wagliandtseo of the

conti nuous f ¥ leesmge Sach ohations e dS(ﬁﬁzeﬁlbﬁ[y oSpceRiohe @RI t&f}fégfuﬁés' vely.
The feed apamsedssalaanh hecoantd NS, ] bt Baseads. ar, | nel ude, g aqueous

sol vent as may i ntroduce
, to'the reactlon at an mmal location and at least one further lo catlon downstream of

said mltlal location.

Aftel t1 aversing the contmuous flow reactor, the reactlon mixture
o comprlses a solutlon of a10ma‘uc carboxylic acid. In contrast with conventional
o .25 prior art p1ocesses substantlally the entire amount of aromatic carboxylic acid .

7 .produced in the reactmn isin solution at this stage. The solution may also contam

' 'catalyst (if used), and relanvely small quantities of by-ploducts such as.
'111te1med1ates (c.g. p—tolmc acid and 4-CBA in the case of terephthalic acid),
-decarboxylahon products such as benzoic acid and degradation products such as -

30 tmnellltlc anhydride and any excess reactants. The desired product, alomanc

carboxyhc acid, such as terephthalic acid, may be recovered by causmg or
allowing the aromatic caaboxyhc acid to crystallise from the solution in one or
more stages folIowcd.by a solids-liquid separation in one or more stages. -

Another aspect of the invention is concerned with cbohrig of the jﬁi‘oduct ‘

35 stream resultmcr from the oxidation reaction. In this aspect of the 111vent1011 the
11




15 Simlarly, the addition of catalyst, particularly honogenous catal yst,
may be effected in a progressive manner, e.g. via nultipliéJanjayg2DoHh
poi nt's, r@pagiwmwito the direction of flow t hrough t he reaetrarse/knnzone
enbodi ment, the oxidant is introduced 'to the reaction at two or nore
| ocations. Such .l ocations are convenjently so positioned relative to the
bulk 20 flow SHUSSHGHRS sibipctedde pantids- -haitid aeraration toxicduts thnaworatict hat

oxi dant is i n¢a1bm11y¢1edci‘domﬁh1@e metet ligthr %‘Ivhféﬂ oy Edt ﬁleed 1%%%&&9%1—3{]'(1 at |east

one further i niti ocatlon. Arter traversing
the conti nuou ﬂ%\%ﬁrs %g\/\@ aIy? ﬁgmpggfaﬁ)&‘ﬁlwgé?(ﬁmhe eEMpHR EgClPSTINGL | on of
aromati c carboxyli contrasf wth conventional 25 prior art

processes, substan ]? i elr?]{jy pﬁgr EETREORRBMN the pxiision eeashipmenagl the aC| d

produced i ¥ thetheeBgudranhdased by Isat estchampeatitf theprshRB8rcakBeRBY Ubba
al so contain gmeak@lyst (if used), and relatively small quantities o
by-products such as internediates (e.g. p-toluic acid and 4-CBA in the

oo dogr adaton oo Bb read B RE RN AR T WRE Ya TR e Hotosmebvaiy - oxceas
react ants. THEegag Seprpe orhibdr hqaonmsajtala:stwa&rsl;mmytd ﬁ-ﬂﬁb@hcﬂ%ﬁ@h tias
~ terephthal i c ;36h&h h(ﬂﬁ)y iR6 ﬂFeel%Qéﬁ?)E%n%%ré 30?1'1 QI?%E quot 18%&%? e &’éar ormat i ¢

carboxyllc aldto ystalljse from a’étages
f ol | owed eashihay a‘FtiQﬁkﬁldh@é@@PB@lﬁsdhem@f torhe combinsdevitt thg esactahtiot her -

aspect of theeadﬂatﬁs)tm@rbd 1&a€é&%&ﬁn&%§'ul%@llfb£&9}e' er(a{fﬂ&h?leﬁ)ir DEMEL et stream

resultlngfr ation r iIs a he“1nvention, the

.11 18- Janua:‘%g11 %B%S i% Fl%aéjg¥ %ﬂ%ﬁmrﬁ%@wr pYSBeRibE react@dm i s subj ect ed
to a sol ids-liqui W rati to recover_the aromatic .carboxylic acid and
t he nother |iquor Rafeptigua aebeargibisabewhpageywit Swtrapdncti ssol ved

catal yst conpteembsforé s-ineoyedtied itito tlﬁé’@u@aﬂcﬁ%h@ﬁhé RACIHOS & s Pref erably
on reaction, zone the 5 not her

prior tor 0 th

liquor is lﬁeéﬂ%;c}%g&& #e{%{lwé[% e’ﬁ&@%f cﬂ?rts'll’i"eanf)P’o%IEF’éPecé‘f"Pé‘mlfﬂﬂ’éP@by caol i ng
the latter. @@m@ﬂ?llbbtomlra&tstmhthsatrmyhdmgeadththeﬂrd&ubtmtﬂebm mot her. | i quor
recycle st ream or separate another |iquor recycle streanms. prior to
re-introduction ofThBhleVennumlmelﬂnbwdpadbsdmb‘ed)fmrﬁm bg aelicPexZ0pIe oaidwithe not her

li quor recych@eshiea e QL %%% Jhat ction or those fractions
t hereof to be COI’%bI neoll vwci0 aﬁ&l‘% eacra ]%Whl&?eact ants) may be heated.and

pressurised to Se%‘l‘%ﬁessﬂt?%ﬁ%ﬁBtaleC&lérﬁgt% 5 %égtl Cﬁpg ‘[hc:‘qbndJ tions bef ore

bei ng adm xed W t e reactant or res
20" arrangement described for the first embochment above, wherein Fzgme lA

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

Figures 2A-2D are schematic flowsheets illustrating 1.116 basic alrangement
described for the second embodiment above, wherein Fi igures 2A and 2]3 111ust1 ate
25 wuseofa homogcneous 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 mulhple g ectlon pomts |

_ Flgure Jisa schemaﬁc ﬂowsheet xllustratmg 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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Where the nother liquor is heated by heat exchange with the product stream
before re-introduction into the oxidation zone, the reactdAtlaouary @6@% ant s
15 may beya@sipse¢d W th the another |iquor streamor a resﬂﬁﬁﬁ&(ﬁﬁ gt her

| iquor streamprior to or after such heat exchange with the proéuct

stream The invention will now be described further by way of exanple only
with reference toFighe @icochamtiondewilawtngsy My $ibe iRjeitiass 1A and 1B
are schemati cyf;hgusheets illustrating the basic 20 arrangenent described
for the first enbodi nent above, wherein Figure 1A. illustrates use of a
honbgeneous cat al ys: - Figure.l B j.l Lustrates use of a heterogeneous
catalyst. .. Figur e%tggrﬁgg%l %rsgalf% %SW&{"? @QWFIWH@W?UW Fiedter HEVHgeeRe basi c
arr angement . andewetiepwyal fpem aheacsedonuseembridisirgd teadphitalic we pRicirsti gur es 2A
—and 2B i || ystihaherc 2, of ] us. scatal yst and Fiqures 2C and 2D
illustrate use -agﬁceaggr?%ég%rsl o%gﬂ%gfgﬁtg%t&}&%ﬁﬁa BUF &SV UHE B t he
oxidant is i rﬂsrtgﬁ%gﬂptilﬁﬂ§ enpiodras of Vigurrahnad aabong thhexidaaat then zone at
mul tiple inj emhboalimpeiofFguréRgure 3 is a schematic flowsheet illustrating
in nore detail an arrangenent wherein the precursor is added to a prem xed
stream of oxygen atéfem3@ tW&iRke {A. ) . ace I . h ‘
process iIIusE;tlf{ aﬂed i tn%%Figu% 11%5 (g?xf#ﬁé)agﬁegpggér{gggﬁ‘%?S?fé%e@%&h tglﬁd 5
illustrate vartots ‘5t S QPO e 4bs BRduTe presturieg apdorttaseby Suthes ef f ect
i xi ng of 1at Hee®din precattr 1 heachvaetianisersiifidal bR, THEYRQUS S AV SMIyst12. 18
January 2005 / . PCT/USOL/ 22-174 Fiqure 6 i S a schematic” view

i I'lustrating aﬁué/\%a;[c?:% %{?\%%z%egsg%ﬁ%%g?ﬁw(éwm ﬁﬁﬁ’ﬁta?ﬂﬁ PRREPTORd 8 are

schemati ¢ f| dwstdetelyibefons theatdctny 2reptiter mbitgpe passee dytohgh thanghcheat renoval
froma react WpdnQhditifint Ralith AholilnfisLEOERMIR | Gaifl PHEGULSOT 1 1
subst arly 5

supercritical, or near supercritical water, bstanti Flcél{"c)xygen bei ng
used as t he PESFUSAESHIHOT fre TRHPrOETGIE AtE caricRioghinea Streawimf cabled eiterg It he

oxi dant. i nst kereghadidicRéfire 0B, fik @uiaBsBis aRei®TJridag: 40 1@&%&%&& di oxygen,
after pr essu%hﬁ%{&ﬂhﬁ 3 ngxtjed with water after the watef has been .heated
“and the mixturé presstri$ed“8hd optionally further 10 heated in preheater |
to achi eve the sue%rcr.i tic ecursor and catal yst are added,

after pressurisati fq?n'lfl%‘t(f “%%ﬁ:ﬁ%l”éﬁﬁiﬂ r 'ﬁ‘i‘&%m@ﬁ_@?ﬁé@ pindiftdig of or
_ - pressurisation are added to water after the water bas been pressurised and '
optionally heated, and optionally further heated in preheater 1A to achieve the
20 supei-crit_ical state. ‘The dioxygen gas, after pressurisation is tmixed with water at a
supereritical state and optionally further heatgd in pfe_hea:ter 1. In Figure 2A, the
" two streams are mixed at the beginning of or iimﬂédiately before the reactor 2 and
- the mixture passed through the reactor. In Figure 2B, the Qy/ivater stream is |
‘added to the reactoy in a pi'q_g'i-'essive n}almér at multiple ifjection points. Upon

25 “exiting the reactor, the stream is cooled and depressurised at the back pressure
- regulator 3. The products are carried ‘Qut“in a stream of cooled water. In E
cortesponding Figures 2C and 2D, the catalyst is 'ah'ead}}.present asa
heterogeneous catalyst within ‘tlire reactor. . '

| Referring to Figure 3, feedstock components cdmpﬁéing water, paraxylene
30 and dioxygen gas are pressurised to operating pressure and contiﬁuoﬁéfy 'sui:plied :
- 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, 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 used to

preheat the feedstock components may be derived from the exotherm produced in
- 13 ' .




i medi ately before the reactor 2 and the m xture passed through the
reactor. Upon exiting the reactor, the streamis cool ed ARd2e&pyE9%%ri sed
at the bawowpressure regul ator 3. The products are carrimgd/gbirsa

. stream of cooled water. In 15 corresponding Figure IB, the catalyst is

-al ready pr esealti as a rt] terpgeneous catalyst within the reactor. Referring
‘to Figures 2A"SGUSB O tifsupredutitdenction betvgen ipsterephihabe acip pessuor §at i on ar e

added to_vat epuzfslefe hiEiswaltaniHag HOCK: priesal et ANhe APikONaL) ke heat ed.
achi eve the 20 ’

and optional |y _f her. heat.ed in.preheater 1A't |

supercriti cal ¥(_)slteg eb Eﬁlggﬁg%%‘b%ﬁéﬂblgg?suéq e prdesheatiogmayrbe effegieddy wi t h
water at a s@pertdirédceshg of tcevandtonhi Thahkat of vedchen na9akehdvareargheat er
1. In Figur : r e m xed at the beginnin o -

i mredi at el yﬁebéﬁ'osrutéﬂat eé@%&é%ﬁ? g%%s Of{p}?eeﬁe?ﬁcsﬂﬁee eb"éi%eg’et eﬂﬂ%oﬁ%ﬂw%
‘reactor. |n F%gthe 26,2 wieble heakaceepting fhadrrich addeet. For iyemntgakd Bsati n a
progressive meﬁtﬁngaﬂuiﬂ‘%aty'lﬁ e@rahgécpt%tﬂog\pirﬂ%a% 'ha%xﬁ)eqr%latiéﬁ exiting the
reactor, the str?am i s cooled and depressurised at-the bactk pressure

regul ator 3, THE'RCSRHY @d/ppco-gurrendy. with theweactsnis eadsalverdpassn wat er. I n

“cor r espondi ngthFiuglinesrcaGi@ngn@DThé hasaat sl Salbhs RAMY (PLESENt as a
het er ogene&usac%%%tﬂ_{%ﬁhd ] 'gvgi.n the regctor.. Referring to FLgure 3,
- feedst ock conporen CO%I’I 47 HgVShtee e rhatioR Fonsmay 86 exisenalivtggen gas are
pressurised. ¥eactmperoat bnd/opmey sxieed aurnal hnthicughusd ieasiiapidned Suéi om _
respective soyte881viQtends gaf[bq,n%, preheater 16 wh re‘t;?
conponent s ar.e,eheatyeg etnogj te %F%%%Essg%gff%sgﬁ%%e 3’% ,S‘?PS}@Y : E} ably 330
to 450C, t y pVica ppdfox sy emeltiof delconmel ditastion of flaporttheSactn/BSREE t 0 an
upper. limt fafough @t redotfdntAn8bPsttexAZBfe, ﬂ{eh?capﬁc%éﬁﬁﬁa%?ﬂﬁﬂqll ¥s%ttﬁé e being
sel ected in order .35 %}9 secure supercritical or hear supercritica
condi ti ons.” PaTT8f“Mh ,ﬂ%ﬁ?gq}gj’é@g §ue B BREStoileH dubes desgtndowikhie thponent s may
be derived f riotribhef i otdorrnThe entliglpd of feactidn &, bkaﬁu@faﬁ-ea%‘égam\og (/ 06201
PCT/ US1/ 22474, t ¥ t he subsequent. reaction between the _ .«
t er epht hal i C.lea%lﬂgb%?’g{é%frsegéveﬁ ,g%st%?m"éc A TBang: rfortlHFtém‘éa\r,‘\T@BgF%ﬁ?‘-‘)Pﬁé}Hd t he
‘oxi dant .- Heatfluid.ong- graie cancherused tamyse bigh présaureseanpicd stebim 4t fier dxafapleof  hi gh
pressur € st easy g{uggampﬁgg SRNe bS, o M...difegt. fired heating of
the water str eaﬁé1 T?é heat of. T ea%ltil gﬁéfngﬁ); @FeiorB )ebgloa\%frngg’ llnr?ng’ (éaﬁﬂ/hbesui tabl e
manner, e.zé. SBWﬁ‘éa& b pipeat heskankisd éo pbighedficieney danderpingpsteami ng
reaction and tarbfie th alowehgBicraGe el Wik thd hstoP b AfaMRlifie at GRr 1 Nstance,
t he heat. - a%%ﬁ&tuin{]% II ui.d ma% @e arranged _to flow i n heat exchange
relation, couftercur FERTANFe ARG P FOUYE CRLRY EHIGISCY PR Re ppldctedadiant s and
sol vent passiatigrmative approach, the reactor may be operated under adiabatic conditions and a
' ' suitably_ high rate of Water flow through the reaction zone may be employed in
25 ' ordg;-_ to cqnstl‘aii1 the te_mpgjaﬁ_u'e rise across the reactor in operation. If desired, a
- qonibi_n’qtion of both approaches may be used, i.e. recovery of the enthalpy of
reaction via a heat-accepting fluid coupled with a suitable water flow rate through
the reaction zone. R o '

. Following heating of the feedstock components, oxygeri is mixed with

30 water which, as a result of preheating and pressurisation, will be under -

o _s;upe;'criti_dél or 711earrsupercritic';al coﬁdition’s an;d_héil'ctc.capab_lcr of solubilising the
fcc_édstoc_ks. In the cn;bodiipént illustrated in Figure 3, oxyg_é.:_,nfand wétc; are ‘
mixed in premixer 18A. The precursor is also mixed with water in premixer 18B.

; Of course, the precursor could also be separately premixed with wﬁter prior to
35 entry into the preheater 16.
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t hrough the reaction zone. The passage or passages al ong which the heat 10
accepting fluid flows in traversing the reaction zone nay1Bdamvarg2®ld to
the reaovbeswgene and/ or may extend internally through tperigaghiQn zone.
Such internally extending flow passage(s) may for instance exten
generally parallel wth and/or transversely of the general direction of
fl ow of the react ahtgRemizenior mﬂanhheprm&hicm eZdN@actin@Xample, the

heat - acceptlﬂgﬁ%ﬁtﬂtéﬁ)ﬂﬁ)jtéﬁeﬁ)ﬁ%ﬁ oﬁﬁ{ﬁl %éxte{]eia %P%ggedg%ﬁﬁgssage t hr ough

one or nore c0| .ubes | ocat e reactor. The
ent hal py of r é@g}l& ORSHH AsdelirdBirer. 6s Hiwstgted llprwreS\%aélB 4Q)j 4Tabhe5 pover

recovery systrespestiodly. aﬁ1 Bightes Bisne AU &{d 3 @&E@B@@Atdagmt&%ﬁé pl%fl&ﬁ@& bvnt%f fluid,

e.g_ water p e, ysed. to rag a pressure sattrated steam at

exampl e  t enpe AR and pre ‘Cfpéc% S IRACIHE (e TpHers qgogy gendandBr a vvh| ch, in
t urg can be depictuiperdsaltingadniyd sxaer. rialthdndkaiblelm@oﬁ@gxrﬁtibnaofh%@ﬂe ghl i ci enCyb
condensi ng st t he"reactor can be
mai nt ai neg att%grr?n(;%(%llgt?réﬁaﬂnﬁ ﬂ%ﬁ%&?ﬁ‘?e\ﬁffél @%ﬁef%&e@ﬂ]\? ﬁ%ﬁ’éﬁ’%ﬁﬂweﬁty can be
achi eved. | n SSRAT2lEICORYRIRNE Hewappiaraohbe thebined btton simale sheanpad aegd under

adi abati c corpdss‘eﬂ@lﬁeugﬂ@lsﬁgle%hﬁ%lué‘ﬂ'agﬁ adiBl € 0% Al te%lep.ﬁ!,éovﬁt hrough the

r

fo constrai FAt ur e.

reaction zgne e
ri se acroég SEZ’% ‘é%%tﬂﬁrf?ﬂ?‘ﬁn@p%%ﬁiwdm@%@ red, a conbination of both

approaches may be use - recovery of the ent haI py of reaction via a
heat - accepting fl & ¥ ]cwwlﬁmqqliafalﬂéfmfi eftpremikingond ¢rdwil mhgantomathgh  t he

reaction zonevatdrgiiooti ingoesioh Mgo e feﬁﬁlﬁ%ﬁéttﬁgi‘ea&%@%ﬂ@%& 1r9agf¥a%en s
mxed with 30 WAL <o %laggfmgs a result of "preheating and pressurisation,

will be under Supercrr chﬁé%ﬁcugﬁﬁ%‘i‘ecfr‘thl‘rl%‘é‘li“@f@}ﬁu‘ih?il@ﬁhgﬁ zon¢ hence
‘capabl e of s#filhe didiofigomhéomf efanisimrisangtinette, gea’r‘a@mm Whébgy r at ed I n

Fi gure 3, 1OXHIRMnaRE, YR [ X ' The recursor
also. mixed with 1vvagll'?yer ?ﬁ{% 8?793%??@@@198 fﬂélgthetli‘?@d ElFsor coul d

al so ‘be separat el rior to ntry jnto the .
preheater 16. 14 Xlo\él%iﬂldé@gg%{i‘% Wﬁﬁ‘gé’fﬁn Ué 0/ TS3AP R, Y%ﬁe prem xer
(or prem xer $2Keeadled oF visalption fiearsoureald tarihe piethixaalt ey gerfwaténder t aken)
‘may take var ktedas fitQhéTﬁn%he §§th¥préeu9§orE 2%& %g%%glg%o corll/f geurau ons or

a static qulr asHlust(ﬁi1 f: gur.es
respect i vel ySURR Bilghoa@ediate YdJrlﬂDT%_ﬁ@Fegng thefreaciorcos athéqggmnmgtdf&lqor eheat ed
wat er 5 sifppiepctoo(itehas sﬂmowmmﬂgm&ﬂepl cts the reactant (paraxylene or
oxygen) and P -depicts the resulting mxed stream In the double T

configuration -of F(Hicg?uﬁg pfBeating and premixing, the feedstock components are
combined in a reaction zone 20 to form a single homogeneous fluid phase in
whlch 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
- 25. alength which, in conjunction with the flow rate of the combined reactants,
o 'prowdes a sultable reaction time so &s to secure conversion of paraxylene to
terephﬂlallc acid with high conversion efﬁc1ency 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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- two m xed streans are produced PI and P2. These may either be passed
through separate continuous flow reactors or be conbi ned1Braouay 2008| e
st ream antMO{'#84201 passed t hrough a single continuous flow penukerzziAn X
pi ece configuration my 10 al so be used, as known to those skilled in the

art. 1t will ciated that dof rem xi ng one or both reactants
with water prlrg?(g??ﬁ'? %tgl %E%ﬁ'eglﬂflf(?{lgﬁﬂng ﬁff@ ThEEaratinatiplemeints fleng #ect ant s and

water may be eﬁlg‘thpﬁﬂmeabt@erimm&y of nripldmetnlﬁﬁg BeAAEHRMEANR @ﬁqﬁe x6d within
the reaction IEQIQﬁadli’Mﬂlchﬁﬁgi%FQﬂ 1 alcf S%P@r‘i‘fﬁ(% waﬁpn%%r rangenent (e.g. a

static mxer) whereb gld CégipSnent s occurs
within the ré‘:%ftitﬁ’ﬁ’d rfebipe Phér an anbﬂﬂmngﬁnﬁmnan(aqﬂahyféﬂ ok$ednBvdrer enpl oyed

in the reastiseBamtdgidcgat al n from.source 19 to the
preni xed oxy%s,ena}n\}/a er g%raggle?nﬁ%é&?%gﬂg%ﬁg& L?Snt‘lze%é%f ﬁ?‘%}@?&%‘&%?ﬁse added to
t he preni xed PSGE P@Gﬁ’f‘@lﬁm@fﬂe&?&m%}i qriHerr supprediicdl ovaferptican Wds epplied ng t he
reactor or attotﬂeell:isemleh@gfpﬁgeph@m 2910(:@@%%11&{ ﬁﬁeoﬁﬁ%‘ml ssalEc!': gure

1A). Fol | ow in n m Xi ng, sto s are
conbi ned in %gr&é)g&%%ghe?gr@ %’ﬂ% 53 T }éei Jé‘i Mﬁd@@q@%u@ngl ui d phase in
whi ch t he reé‘é@&lﬁegeotarcetabram,lgmcatmgat\hﬁﬂd bd bﬁsé;ﬁaﬁﬁd@lﬂpgpnqhg??gm consi st
of a sinpyepsd r orm of..a t.ubul a ow reactor,
e.g. a pipe isé@ﬂno@htﬁ@%&&%?@# in coﬁfffh??ﬁfé%a\%bf”ﬁsrﬁpﬁﬁ%ﬂft @elite of the
corrbl ned reaftoRit ]%‘3 en%ﬁhdxflﬂéfh@PQPsmrﬁh@tﬂd@nd@anm)rassed oxygeis Gisedvddins ecur e
conversi on 0§ r&i@ﬁl@ﬂ% t du: | h. conv

e at Supct@HRANAR L Suftilell v Il b gl SO i o

ef fici ency a cont ent Wher e reac

d
presence . of 85'(!}?6 B?f§tre%§£°§1§€151§$§Q16Phtb$11€eaclfhm shewritical oFngur e 1B,
‘the catal yst Slsaﬂwemahawebas sbihsitoni bnlﬂﬁsj]nﬁﬂﬁretﬂgb%eﬁ%e\é\és%gl KESREGt to the

flow diregdi ext.ens T.eaction zone so that,
once. t-he gjpgéhé itica atB‘ﬁ o?%axax é?levflt%glllc 49i¢ jsgnjsaied progressivslyd t he

section of tWahph Q)@Db@:@miﬂeﬂmlg)omdaeomatcbﬂamﬂhnﬁlygilemea&mmraﬁa gogfbiseaction
fall s signifi t t|on roducts.
gni bin@iy d%&&y%@ﬂ%&?ﬁﬂm@ﬂ@&1&%%&%up%{'? 3%{9({'@? P

The reactants may bé coirbi ned one s YSeactor 20. 35
Alternatlvely t NRYFRBY: RS BR4NI Ssi ve nman by .injecting
‘one 15 WD 002/062' 01.18 January gg%éé 9&@5%%’%15%%%09@ B? detreint o a stream
cont ai ni ng t &S Hersupeiseiisaor a@arﬁulqupﬁ@l foidris pambdtigoughea hdaengt h of t he
reactor. zmeemmgef 2b b eFERhicA G e'iﬂeﬂah P r i s shown
in the conti NURUS {)ow r e%[gt or of Fiqgur g gﬁld 1'31@%861%{3{} A &gseg?%?pn‘#%
constituted So;}P% BPEIP e PRSI st rroliratesil f- &)nprselmﬁmfe@mbshog'eﬁ/ wat er
: . for post-feaction cooling of the terephthalic acid solution involves the use of heat
- exchanger networks to cool the stream to subcritical temperatures, e. g of the
| orde1 of 300°C to retain the terephthalic acid pro duet in solution and the1eby
- 25 av01d the risk of fouling of heat exchange surfaces, followed byuse 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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5 streamis added to a premixed precursor/water stream (as shown in Figure
2D) a° prem xed paraxyl ene/ supercritical or near supercri tiBdahuami28®s st ream

Wis suppWioad/iei@ the upstream end of pipe P. For a procez,% ’i}ﬁ i ch
- honpgeneous catalysts are used, water stream Wwould als & 17t he

catalyst; in a process using het erogeneous catal ysts, the catal ysts would
be present i nERfersier pdugtily Wi camenticiiil Iiaﬁ%ﬁﬁlahgél@ldﬂﬁaﬁ%ctr@@@ﬁ(ﬁ[ _pipe P

e P, pr eheat i arain U S RR0 B B SR Bt e pbestie cal Cor  near
supercriti cal a@%‘@%&%%‘“@ﬁ% plveadisgiicn may be sulperiphiosagds-Agiia sﬁnarétﬁ?m produce

a product st rpanesSusHgIol @iaﬁﬁalé ﬁl"tl%ﬁ@ﬁ ekt etafink an‘i rgﬁr girétl}-'[} | e@g ;r Se?(r)

supercriti cal ous. sol IS, marrner,

effect 15 %grrpﬁl%glgheoﬁ? Odé%‘i?]&ﬁn%‘;?h%&r%ght@ﬁe Wigh erevidipt habliiog foilities,s | nj ect ed

" progressi vel és\;whm Hzichxéecamrpmﬁ pOBINhE® FikebAgiiOd] Baeh Qﬁ{,’ﬂ ni mi 3 ing side
reactions andygo in e tere ic acid or

terephthal i ¢ aci T?nt ?r" ﬂfé n@\@&@%&?% @Eﬁ/@lﬁé‘@kuﬁts@ lﬂ{bg@wee 3, follow ng

the reacti on fePrperateddas *?1@@)7 thfeypfgence) hEhsy ferexbinbieaBd intératB@ &tids

hont oxch. Ca'segw‘l@h b Baee Rl A LA oisE TR G uie v Aest) can be

heat exch (gl |ﬁ? circul at la C
recovered or°5 il et epragedwith she ey szdb.,exre c(mntﬁl&hom]{egfaor

post - r eact i oBE®Fesngesivd fier Hﬁﬁl@ﬁiﬂﬂéﬁ'\ﬂrﬁl ”ﬁ'u%h % 1eci%%g1§‘#§§$ g{‘e use of
ures,

heat exchan t s .to _cool tre
e.g. of the %@ Clpl%e 0"@80‘5“9513 piﬁcr-‘, og g’é‘?féﬁlﬁ hfamaer sieded hydwdiict i n
sol ution and PF%@FIGQ}IPPIZ@ tath @lis)hedfidritesibie ftlﬁslﬁhhrfsg 1 rebGRke£X Change

f f olid, | |
s o by b AR adie a0 be Buld B o b B b bR R by

t hose enpl ? yed in gﬁ%
hydr ogenat'? oA}tau6e bPa%&lllﬁr%@hmb@tles,Dhﬁbteer Sphifldyiy ik careled dhie@r oouat . The

cool ed_sol ut abéﬁdy&ﬂahﬁﬂspﬁé&ﬁk%ﬂe%é AR QAL LEGANORY, SEOLY D 26 1 " 30

whlchtheterggsel & @Cldls precipitate
sui tabl e et of B}r% WdP‘*?%l?o??@FQB &ritasrherie presaireidor ﬂre'dlg maahe art may
be used. TheS@t@@thmessw@bmwwﬁetsh@ﬂas?ﬁlom@}ioﬁﬂrﬁﬂ fgl%nﬁﬂﬁ aQLiff0r € stages

of cooling o r taII |on to crystallise’the terephthalic
ST A ro Ty PLRAPOAL Y Suntdl Y R0RL MU R o1 8 pia e frad degiiecueh st hor

Liquor. WHer éljf%e%@ﬂ@dm!ﬁy Peopveihy taeatstdto RbnBbold gaREs GRBgIONRIGT NOT e
flashi ng crysémédissers, the resulting flash streans froth the ,
crystallisers may be used to preheat the inlet water and paraxyl ene streans

tot he 16 1 8 Janygg YCD%%%XQQf 0 PRRA L G 195 o/f%\lzag'l'ﬁﬁg required will be
- dependent on the levels of impurities generated in the reaction, the means of
* recovering the product and the required product spemﬁoatlon -Although in
25 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 hydmgenanon
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

n | _carrymg out such purlﬁeatlon subsequent to the supelcutmal or near superc11t1ca1
30 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 adm1xtu1e with fresh water and/or the reactants
- 35 However, if the 1ecycled mother hquor contains catalyst components, it should
o not be added to the Og/water stream pnor to addli‘lOIl of precursor. The amount
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reactor, either indirectly via conventional heat exchangers or via direct
injection of the flash into the water and/or paraxyl ene fi8ddsuarp 2068

react or. Wohae2msbuwnry obtained follow ng crystallisation mpyrhgegehpected to
a solids-liquid separation process using for exanple filtration devices
operating under 515 er at rros%w&rr C, at nospheri c or sub-atnospheric

condi tions, WEHelEH Wity siliﬁjfrigﬁﬂfcé}@h jof thegsgovesdahother litpee,niiiedl i n pri or

~ published Int abinaleRat 8fer AR
WO A- 94/ 1798%?%1?% &I} sc(eosur esr 0 C%asuneﬂl% %ﬁ%%lﬁ%@aﬁﬁéé‘%‘%@ ®thi

r ef er ence) §55¢ 9 BRI EA Heyrbﬁtbegreaﬁwcew itpatabysp aendentovheand wat er
“washi ng apparaiphsabtaﬂn@amgramecantbﬁjt filter unit, or a rotary 10
cylindrical filter unit operated with.the slurry side, or a drumfi | ter

unit (e.g. sa BHs-Ee&mrrgnﬁﬁswm e 170 BY thel tBophaRdiq ‘Mdtd}yg ﬂj ty of
slurry recei v11 quor romfrlter

cells i
cake by water @Lg%g?lam/d&’lfl%gmmgbf?ﬂd;‘%tﬁlrn@@gﬁb?HeéBPE E?dttﬁél’@émgsl)ﬂlf 3 ter
L ilter : ngf t hellsd esigyn andiparaxydemsappiibs afr@pre@ihilb@d bﬁprﬁﬁpﬁBMﬂA%d%@%d
irect or ter.. for i nstan ackagi ng,
such asybot t Itté?rs& ?evﬁfe(aq&%# érQﬂﬁreoﬁ?o&% ﬁ & bythl%léﬁreﬁﬁlrﬁ FEdg: mﬁ]feahed‘t‘:{la‘%erseagy gt
at mospheri ¢ pte48hr dhempigingiunitet Iéadnéi@fedttenmﬁhhmwlactantamﬂh thayatee
transferred tmpplﬁtewlwnﬁ@% ﬁle%ﬁia@rz(&r Qae @ﬁﬂ@g 9&%{3}{1&1195%\%%1‘@@&&%56 drying

via - a suitable resé et down devi de suc enent,
a rotary valEMEg2p  SEAT COmPEERR AKX YIsa dlielved in 'é’lﬂtea Vﬁndgﬁlesf ve feed

devi ce such as aZﬁnﬁnans(fgwe&Sd:mﬁzl&ﬁMhé YorRUGH he I@nit PR $eehs bR - punp cold
past es of h| e% angmmlﬁqt S. The 'r.errgt erature of se{;%r ation and the

| evel of washr ng TGP BT T B BRRngERe et wehindbepipede HifgEriti es
generated i n thheeactéemstFigwe 7t1ha1t¢mhd@nafaulymﬁuﬂfatmglefahan@mwdr aand t he
required pgod itowil

desirable to 5}%%11131[%2]@%1% éle:H‘Ifrtéltag?mp\Ilg mﬁgﬁv\%&nﬁg? g@gﬁ f ut(::h B’rﬁCF‘Vesp’l?r e to
render furth&fipyp 1?‘]‘3{:%?11%5 GHAsids ghlised, (he sglid b3talyst adatricovmsanefion, a. -
hydr ogenat i Oiﬁxedfbeaﬂr &ﬂhuﬂﬂtt@laaﬁbﬂtt hsQier@h dééb%bh@ ﬁﬁﬁhﬁé‘@d eﬁn@cflévﬁru‘iﬁh&m;’er t

4-CBA to tergphthalic %m %?Fparato uic acid,” as the case nm we

‘do not excl UEE)VY H@%é’g IF?C?V Of BFGo535A9 ot ich gdrmogengous satpkyel is -

subsequent t autilibel, shepetadyst bi € adlution maeatelaﬂ@jeb@adddd%hel igf that-er oxidation

of paraxyhkgn 1 e, 9 rboxylic acid product;
IZ@ ?)31359 ehﬁ)%a@eg S{lgﬁ'l?)if 11%(113{ ?y EI%? %fla_a ?,? gleg%f”ia BT gn cat al yst

at | east par deous o
conponents i 0 W@@ﬁ@ﬁﬁi@eﬁﬁweﬂﬂe@hﬁﬁsﬁﬂ‘s begmhuggelfarmnﬁiedmtﬂyﬁﬁbtmereactl on)

nmay be recyc h‘%t&l%mﬁ@f@ﬁi tafkidd) Gor e%éﬂngﬁtﬂgotﬁb 5?@8&1 ﬁgf c 1?1}]}%1 oPYrREM xture

with fresh w%te.r and/or -t he reactants recycled nother
| i quor cont a”fi$“Cat al yst - conponents, it shoul d not ‘be added to the "

02/ wat er -stream pr,lr or. tq addition of precursor. The anount
- he supply of fresh make-up water to the system may be effecied at -

" 25 - various points. One of the most convenient points lS upstream of the mam '
- pressurisation pump 68, for i mstance via line 116 which i is descnbed in more detail
- - belowin relation to figure 8. Water may also be fed afier pressunsatmn in pump -
38C and heating in heat exchanger 40C vra line 35A 1nto line 74, or p1101 to the
exchange1s (50,70). Alternatively, water may be fed, after pressurlsation in pump

30 38B and heatmg in heat e;\hcangeI 40B 111dependently into the preheatel 36 via
line 35. ' S

Followmg reaction undc1 supercr1t1ca1 or 11ea1 supelcn‘ucal condltxons the
product stream 48 in the form of a solution of terephthalic acid (plus small
~ amounts of unreacted reactants, mtern1ed1ates etc) is.cooled by passage through
35 heat exhangers 50 and 52 and may be optmnally flashed down toa Iower pressure
and tempemture in flash vessel 54. The means of effectmfr sucha step at this
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17 18 January 2005 WO 02/06201 PCT/ U501/ 22474 recycled will usually be a
maj or fraction of the recovered nother liquor, with a puridabeapgtéaken in
~order towedterest andi ng concentrations of by-products inpdpPgsyPhpgess. The
purge streammay be treated to recover its catalyst content where
appl i cabl e and |ts organic content. 5 Referring nowto Figure.7, in this
enbodi ment | iRPHPT Fxip§ereduct iseoday sectioh qaintkyparaxykever ddvides, s’ﬂ@lyand wat er

| g LI ne. 2?) 2 anflgigglbl??;@g Qm@ldrﬂé@oﬂﬂ%hhréﬂrto 2id &%eg@ﬁﬁgﬁééh&gﬁy %I?séyl ene
telrorger ature, ? 8%?%%%”151 %ﬁqﬁi‘“@stgﬁli@e%@ﬁ%ﬂﬂlﬁalﬁeghufeﬁ&ﬂ?@rﬁ@@m 40,
40A The m xi rfgm matt0366 lisspasgatf th@upk deatle@elifinkert BO ah@8E BN M diikcldte Wat er
o SuPPLY 50 R QAR U LSRR S B T 6 TR e eR: i ssol ved
in water, whifetripitasiongbould noteoccammiritihdlash fdseal/ 5ie ACiubEtadBal laotfiteoff orm of a
pi pe i n whi Chtdafardits bﬁﬁ@s&ﬁ?cmﬁ}a&&% ts s%cxgastrﬁ%’m ) ggf%ﬁ““ %ﬁoﬁg Gﬁn%fél ng

arrangement Wi ”l éﬁ to Iat e
i ntended pri rEPY }ea Vigling § @ta:nawsrgbfneccwmymyg@m&&wm@me1@3@3@%@&1 whi ch a

het er ogeneousckédbaiysbplial GARhOBE S a fRIUSYEDBHALESRES. I N which a
het er ogeneous catalyst is utilised, the solid cata yst as a porous medi um

a, fixed hed or 01I1|ilﬁ{e ﬁéd@ﬂﬂz@gﬁ‘éﬁ sec’iﬁnhﬁE@61&’[191?515;{&32%%111%(1 ‘cont ai ned
Wi thin the eact or SSes I n ich a

homogeneous 85%03?339@{1“?%%11 %&ni“[%} -8age Clﬁ'ﬂé“‘é@i%r%@ ll’a‘é'hléh pessye ard i n wat er may
be added ei t enpdraitue adprogespasigiyhese toelyanllisé fRasreAanilB R Aloght prior to

orterl 10 U] 964 O Do AN AELL ANl et Cae 2 and g ne

begi nni ng of
exampl e by t F@elﬂg@h@fa@eﬁl asyals in an apreowr msthed liquor. déwi the finkhe suppl vy of

fresh makes Upys@lIBAGSPsthAL dRYRER IR Ye Q?a fc{e?(féafﬁ %hre g% H ﬁlrols Qlis; poi nt's.

One of the nobst conveni en paol nt's 1's ups Ssuri sation
punp 68, for PI5iEEaRtE YFa 11? plary 15thp selieqted @@s&@ﬂldﬁqudrsepmt@m@iml

bel owi n rel at;mtal’fbletl‘bnﬁlt@suf}ﬁra@e th¥efRtal SBYmahs MobRr fl@&brafﬁlggom{s gisation in
punp. 38C aQ aﬂgatl n |n he é?xcha r 40C vi 35A 1into Iine 74, or

prior to the FEAHRLHEE,Y C(a%e USTAg H%‘f“i’%‘lﬂﬁale\ﬁﬁttgﬁ ERPspand ed, after
pressurisati élmangt?d@@mpm&e uges eéafvdtddq:messm@ conditiend orex htess Eéuc‘!;ﬁBssure .

et A B IR L
t he f or m of glegtqu ms,wtﬁon cam;b@c;{lpb@gutslsmgan integrated
“solids separatmn and water washmg apparatus such as a belt filter unit, a rotary
' cylindrical filter unit, or a drum filter unit (e.g. a BHS-Fest filter drum formed -
with a plurality 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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anounts of unreacted reactants, internediates etc) is. -cooled by passage

t hrough 35 heat exhangers 50 and 52 and may be optional |y 1BlJaslwed2d0swn to a
| over. preesamezorand tenperature in flash vessel 54. The nrangsopheffecting
such a step at this 18 1 8 January 2005 WO (12106201 PCT/ USOL/ 22474 poi nt
or in the product recovery section 62 may involve known devices, singly or
in mul tipl es, ©5lt PR erpdalborhergubeexidaianmicsd epasi lidnogeobousol i ds, by

means such asdi aldtead The atikies art-
Thus, as the st Zf]ﬁ fromreact orlllﬁgBé;(isg%%ﬁ%ﬁgaQ‘E&ﬁlﬁﬁwﬁlggeﬁh‘%%gkaﬁders 50

and 52, the t'8 ‘ﬁ)llénaé’fcoﬁ‘taflh%at§ﬁ’?telaf?nhpgloﬂﬁmoﬁl@ﬁ@tdlyafr\dledomcﬁﬁﬁl I ed so t hat

~ the pr oduct doetenkiquop uml}mdtva&eﬁle p@faﬁﬂeﬁdz Et@édl@fhﬂ%?%‘e{n%a@%ud%%%arﬁm' !
-flash vess%l 4 SonNEe gaseous conponents

tial ano
such as nitrogen, apb(ﬁaﬂléttgﬁ A BEH 8}%&8@%638?%‘“"%‘1?[5’&'[ “eddCW%P pispalydta o an
energy recoverydanyshaukd Becautérhporaheut evithyhe haditien aﬁpldcm@éﬂ tlolcfand. s, suppl i ed

via line 60 tgya duct recovery
section, the. < \B{Rf}gﬁe&ﬁr lﬁhyﬁ§ﬁ&%&§8}lﬁlmc %Brrsdé]té eH'}nbtd gh a
mul ti - st age aoygg%ne fl suchy thafihe P&lldﬁmi sregini3Omayr esswred \wﬂdﬁtﬂnwaeﬁfrome are

progressi vel Jide@sered to crystallise the terephthalic acid product in
crystal form The product of the crystallisation process is a slurry of

Lerepht haltoe, aci d Bl e i (A AGEONS BBLBEP 0k GURLy ALEELRE L nal 19

crystallisati urry res

at mospheri c t%? élgsfl‘écl??glecf’ﬁ' St&’do\srg s *ﬁ% b% Fﬁ?‘?t?d insseﬁrﬁ:@hwgm]fmf@t@megﬂa

fsoI i dtshl i qu![ @u@pﬁl wabd mhemfuﬁaimy 7883(1jilﬁ'foﬁbzl1 Qufafbldﬁlésﬁ c%tﬁ@ﬁ{s%fff(}rig@a %1)6%5 aljs t
romthe no i e sol i paration rried ou

usi ng any- de&% {':gesdg%’?%ﬁ? bel;ggvrmtcﬁ} c %ﬂ?ff"g@‘égﬁﬁ %F@&Hﬂ@dﬁt@nbp@r‘ﬁ‘at e -under

el evat ed -pr ed#fifr maydudnre advandageats atimvdlphe soraepha sadcenMigeqendh ng on t he

bressur e, uol akd ks flgahoa! wS LAl RN GIFAP AR Freetdo

previously, the solids- |qU| separ a can carri

i ntegrated PRV Ty sredtnaynbepasseto efflueat hibatmenb pa: amubmsmdm as a.belt
filter unit, anadrebiapyocesmd ndrical filter unit, or a drumfilter unit (e.
g. a BHS-Fest filter drumformed - with a pl ural ity of slurry receiving

cells in which t'henmRtHeredch f70 Sthélfes: ?&Ejﬁ AP 1&18@ hl;ﬁ(ﬁ_}s ﬁk%%]e\é:?ecpy vat er
-under hydrayl i ﬁaﬁrﬁ #Q$§U]§§ gt(t)lt e cell 3
t er epht hal i ¢ "AEPEAPYR AP ieédl {ashed fige ogrteora dri er
(not showa) ofthear Idtﬂhﬂltlbﬂ elagey, eql;u tHelﬂzEt s@efgeﬂﬁéﬁé@@ﬁx@!isuré/ﬂlﬁ{ il Q%ture
the orystal SERRERLGR, e M UERIRA st o SptRinph e q?%»‘lég wing o
sui tabl e devPesagothfangh theldseat pxabhoged0j be tentreedat dondaitsa3ab e prodap! | cat i on
No. WO A-95/ ile%g%:ty%cﬂd% for use as wash water in washing the terephthalic acid filter cake
produced by sohds—hqmd scparatmn 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._:temperaturc of the motlier liquor recycle stream. The
trimfstart_—up heater 76 serves to boost the tcmperéture 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 mdther liqudr.
In this.embodiment, the water solvent is rendered éupercritical or near
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Patent No. 5470473) before being transferred to drying equi pnent. The

not her liquor fromthe solids-liquid separation is recoveBeﬂdnuérazﬂoﬁle 66,
repressumcezkhcdy: punp 68 and recycled to the mxer unit g@”yg(ﬁ!z
exchanger 70, line 72, heat exchanger 50, line 74, start-up/trimheater 76

and |line 34. Thus, under steady 35 state operating conditions, the recycled
ot her | i quorSURE§TEH PRPhiptaDiRg wile osoor beh raktanst diowaver, supplbe to t he

react or 46 asmdelstoodsha rMEREGE theftoh R&Qﬁné REHEHE ﬂ?g de%ﬂ‘% Rt 1J(1F%118 January

2005 WO 02A21:81 PCT/ U 0 /22 74 tot rocess

oxi dati on procese? ff§8 %W@Bfﬁéee acttgql};lgr{ntg l‘emaﬂfi‘ fqﬂommgtheumt 36
i s confi gur ednisingtstagaat , Wnere the recycled nother liquor may contain
catal yst, i.e. honpgeneous catalyst, the recycled nother liquor is mxed

Wi th the paraxyl emﬁtlﬁtd’lﬂamnhaﬁﬂwﬂém@m tll@ﬁeé%wg@a@hcééé %@ﬂ%cﬁlﬂ%@?&?&ccor di ng
to the .pr oce%§l%gtﬂté%§e resent ﬁrgl vention ditron o

oxi dant should ]t por ahed sox\)(ﬁ‘flhlsFﬁ@oé?ﬂoﬁttl‘?%hmd%‘aﬂdwé@ﬁﬂr@*@haltg@

oxi dant. - Thagt 1&/\111@15@0(16[119113 doidc peteraiy eiter| wgic‘;;ﬁﬁs p@@é@ﬂmoﬁmﬁh},{%{or t hed

m xture unit i xi dant” strea e mxe
with fresh mgfg}er%gﬁ%%ﬁ%%@%?f&@%é%{ggg EOWAE SIS Ofégﬁeé?]iﬂéﬂmﬁea t he course
of the react 8 (aéi ipatehe igshelbheat exehakger design) oirthe Siftst Bhe wihi may be
effected im Smlbmyadi 1svmmmﬁszrmidn}%5@3@@at ﬁ;‘elatﬂﬁérs%ﬁi&@x}flﬁﬁg%ﬁiﬁgﬁt ya line 78

or froma sw r, g %ﬂ f ondensat e escri bed
bel ow i'n conne?f‘t“i‘ﬁl e R é’OBW@FWOPQ‘é’&/%Q Kipsingijhe wrtes thripuglt e nay be
nore advant atfeolws lasalised mdiinghﬂnﬂpcrmﬂmaﬂlehﬁﬁécﬁ@@bﬁ'&lﬂi‘l@ﬁ&%f"\‘ th 15 organics

than a purgegd;f, g&ﬂgh{?éesmta@ % géﬂtﬂagic agl %ré%fct%ll gglldhgﬁfsfsa%@ldgg eggﬁl; [) g Ie C

however: recove
and/ or -anaeWalsr ér ;Sh@@@é@%@ derived ﬁemrthaen@fgy hecogaty syQemtite Thagper at ure of

the notheys | F i@uﬁf ’7 'v%tér% eR38RE pr e@éﬁr@gxg%{enﬁ:%% %%Qre 3006 hr:%' mag{%]h gg %% ﬁ]satéégnSf er

from' steamf| % one or _nore e cry
the first st alFﬁeéﬁ ¥ eb‘?’éé%kﬁe@t%?fwlﬂ@rm@ﬁ%t@ﬁ@mémﬂmédﬂompase@e,l The

fllash (line ﬂ]ﬁ@ugh&b@lhéamcxctlﬁhgelmr me«aﬁymeﬁ ﬁals%&vwane RAASARS hirough the
turned te to the pro uct recovery

heat exchang&;ndzgs) q%

section for o4& &L ]Wé)tn&?:‘?un l%iﬁglﬁl eSS PHEHEIPEralEG Hean | t er cal ve
produced: by %’blch@%féﬂltqdlmbnsmaleameqnsystem fheiallantssexchanger 50, the
temperature of 25. the nother liquor is increased still further, for.

i nstance ¥y about Thdéhergy 12360@,15! aystend 58 @salkd s@fphb@ﬂﬁthtsfe@ﬂﬁﬂa%ﬁecf ﬂ@:@i‘ the high
tenperature produgh.e %fag cﬁfrsﬁﬁ]s t{;}on m%agaus is g'lepmteg by s & s the

product streamis su £6°20601
~steam may- f01 example be used to preheat the water supplied via line 82 to the

heat transfer conduit(s) 80. Condensate 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 f10m 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
cxchangel 50. In a modification, a reactant may be admixed with the mothel
liquor recycle stream upstream of the heat exchange Wlﬂl the product strcam
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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--significantly increasing the. tenperature of the nother |iquor recycle
stream The trinfstart-up heater 76 serves to boost the ti@panat@oe50f the
not her | iwoae/osmeycle 30 stream if necessary; to secure ¢Ralgibiseal or
near supercritical conditions. Under steady state operation of the process
such boost g be optional since the nother |iquor may be rendered
supercriti cal “BPixae &p thal pertergtaityae naghthined irglatebicaagecl dthaughi t he heat
exchanger 50 bihgntagitaer (46 Bi ol wh KON SuhRood BT Bpbod IUEL o' 230V

state conditi ns e era

:
initially usi eg@%ﬁ%’ é’éﬁhg\ﬁf ’é‘rty 1§ Wéﬁﬁ‘eé 115%%@:’-@11&1&@‘5 6tbbfanfr¢fbmh7gr0del quor
In this. enbodi ervembptl‘t tithwedaetans ehamalt lesmje@ﬂ&%&ﬂtssd%rtﬁé ﬂBﬁvgﬁ:{h @ near 20

WO 02/ 0620 005 USOl/ 474 su ercrltl cal r to mxing
with one o?j é@t @a’;&gg{% Tle%lt‘um ?—g% r‘me{”t 12 ts%ﬁ?\&’é‘f"éﬁf‘@d"ﬂ%t rai sing of

t he tenper at wicection pregussevelfie desired supercritical or near super critical
conditions may be effected prior to, during and/or follow ng the mxing

stage. 5 In the enhﬁhﬁﬁnﬂ‘gyoécoﬁ:rgmyﬁerﬁ SSIMdm@&hEat@écoﬁr@@%b&@seﬁ%W@ ed in
the course qfyE&pGk roW oxygen is.renoved ast in
part by heat excha E%“H%l&ewo féﬁﬁ&%@é locesﬁteflﬁréyfegfﬁl?t P @E\ké%e}é whi ch
i's passed t hriSEgH Hearp mitsd loHowisl pabrage ebwtier thi@chythereansite] SGungi | ed tube

80 or a sabi @ @ eﬁ%ﬂ@ﬁ%bﬁrﬁ@d@%hﬁﬁ ed Wit &%nlﬁ%ﬁ‘afe%ed%n&H{%esuéé]héﬂg&l heat

exchanger desi t wat er surised and
heated to a t* E%B Lﬂg‘%l E‘fbﬁ&\s?e@lt@ﬁ’ﬂl@}oﬁ"r ‘@}Hnt)lf?eﬁffeﬂnh‘ﬁonﬂﬁ@lﬂ%wt@mmagﬂsamf ace of
t he conduit aecoengoivts I&Iﬂt@iﬁhﬂﬂghlpmsthbgteﬁ@ﬂlﬁéy bdiosedd fhPfse theact or,

| | d f t
Local | 52 ConL LAl QULgBLIS NS COUIE, BLETIRLLSL om of, comonent s
for this purpgsamiss s Vs isfneorssarhido effm%system@sfhighthmﬁiaeaﬁﬁ&ncjr hus, in 15
Fi gure 7, jyatgf d’éhd@ﬂs%%%&aﬁ IQJO%&%H%MQ (tjﬁr%m%%'i %F:éj dfr%}lglgeglgeta fed via line

82 to heat exchanger ere stream

further foll (S’%PW&%’&S%G@A aPﬁﬂBBg’ﬂPYtth@l brepassekibhanghertraoof Fetingwthgss t hen
passes vja | iinerd31td bfeﬁheﬂhhé Reter £ 'i‘éiiﬁ'chlﬁﬁén ﬁpth!é"'réa@?? 28 %Faﬁl&é‘i{‘éxc[ﬁ yng of

hi gh pressur erat re ste recovery
system 58 Vi §2It ‘r‘FqEI) D Cl‘i" lg%WﬁgnfagEWéﬁﬁelﬁﬁgeﬁﬁdﬁ@aﬁ %eeéwsqu pplied
w th steam ﬂlleaa@:dagasdyplcadl)ecoﬂnprmaea&h@@@ﬁhd@f edtcRendefy ISt Akdrs AR t T ai n.

Thi d | b t heat
{he-vat er Zouts s 83 rant e o B el R Bty pian. *

Condensate r SHBPURRIEG-f W@@@@gﬁta@sﬂhﬁ bém-denetarp fluid may be constltuted
by the flash steam derived at different pressures and tempcratures from different
stages of the crystalhsatmn train. In other hea’ung stages, the heat-donatmg fluid

. mmay. be combustmn 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
embodlment of Fi igure § is generally snnllal 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
_ comprcssor 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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feeds supplied to the energy recovery system 58 may be passed via |line-90
to the 25 product recovery section for use for exanpl e in1&lshiarg 2008 _

- terephtha¥o eecid .filter cake produced in the solids-|iguydsEepaiati on. A
wat er purge 92 nay be taken fromline 90 if desired, with the advantage
‘that a purge taken at this point wll be |less contamnated than a purge
‘taken from t BESaIRt Fsut fhagde theyambodingat p8Figure T:thgmbg 1gducingtthe vateas not ed

above, is pricomatent yf ﬂhebeélﬁ@ﬁstﬁskile:lcﬁ%& & Bldfon l%ofﬁfgn egt{é Zdnf,? %) are

het er ogeneou ) honbgeneous_cat a
shown as bei iﬂoca’rﬁt Ptp‘%%glﬁo‘fgﬁttﬁ %@r JEaree st ek cpntgelisd sagh et t he  not her
| i quor has b@efwlmwtoacbf pyodnetadccax ohprig €lah tré}ssélfl@fipmg H%lh@édfs eaMh s heat

exchanger 50 ant wi th the not her
l'i quor gr ec%cf%ﬁ@%@e\g%ﬂgg gq‘gzlgﬁgk?ﬁf‘%eéaﬁg dé@%’éﬁg]&ea\?ﬁrﬂﬁgﬁ%%gﬁ oduct
stream 35 WREPBHdn Hﬂéaw@@mdg saean sopaashdl thedgivhedt et(dslemgﬂombaﬁ oldegiuor
~recycl e ‘str eamrahdfe héaﬁfottﬁélﬂoﬁlezsﬂilﬁotrlécg&% %%%@%1@%%%“8&9’}‘ J i ch the

reactants are res c];g1 eq Janu JrfrU801/22474
adni xed so t REFCIHECH gapchepssed de éledaévﬁ{oarq?@merwwwéa vig ma anéacﬂm nseher unti |

- br ought togefmaxaﬁ@ﬂe neaath emer. IHor \mdsbnsaéf%ﬁe}g% e%‘f"&lé‘ﬁ o Rdadshaie b
enbodi ment, of . thgggsgmzs ] nodi fll din I ndi cat ed I n Figure 6
"~ by int f odUCi ng one me}r(}le%‘%ﬁ?e%’fl ¥ te@&mﬁg‘i Qﬁﬁﬁ‘l“ttioﬁll’émlth? ection

- points al ongquhléleflllathma@ ﬂlCG@aSOISfdlhleammﬂléloﬂﬂhﬁﬁﬁlsttﬁarﬁ@y&mtls bfigagne or
both react anigg afgerk r‘ﬁzfy%‘*lﬁ&g tﬁa?l otnggg%/ £36HL 92,010 11(: ;e?élegti;g Og%{?lf:che energy

recovery system 58, vyarious ery proces d out in
order to renti&am pall éf" B%aé%%mé‘ﬁ@kg?teéftfﬂnml@tﬁte U}Fbcam née@h(sech tuklginéi gh

pressure st esags.alzed 14k 1@Wt1ftgawﬁﬁﬁ§§é3§ Ay ndui t(s) 80
may 10 bess ; 1 | i elée{\{?tvlli E&g?}g?ﬂ fvo and the

uper heat e ur
super heat &d B I%Psé%?nawgvnlpﬁb%“fs Q‘ﬂ 8"@%?%‘&1@1[?‘3‘6?%%@#* tmﬁéemlémﬂ efondensi ng
t urbi ne st ag@;cxee su¢1€madronpm5udel%&f twhith bRamdeghbR, s SihgpRifEAM May be
di verted for, he reactants (heat an ers 40A and
40B) or for pre é%]{]?nndg&%gt%?}élg% Where PtHieot é‘%ﬁ@%g@ég? ‘%6"1%% ﬁ’@ct a
syst em of hi ¢j¥rhends sueanata liedllféfﬁd:l}mnmsSuCTlmenqmndﬁmbdﬂlaN&taéﬁer pasapeer ed from

‘the turbine @ﬁ@%ﬁléﬁﬁbﬁéqmmﬁ X 404 and 40B may then
be passed thrltl%u%ﬁle; trall ecgjt}?%qmé% %Qa{lg‘%ﬁwﬁ%my?Alégsgheat t he water

for reci r2(9ul &g ‘I’l‘e'?q?‘eé%%% 5pmAg C@ﬁabdlﬁéambéﬁm&ﬁé@r scrgbbingwdthfzor ming a
cl osed 1 oop mﬂablemak@nuﬁ gV\&ﬁ@Mcalh%slaglb@Q%q e TREARGne TPmallB@l I NY St ages

|l h h ' which 20 th
B reul ko fﬁé{%ﬂ Ay 5 vyecﬁmﬁ H}C@Sra%oﬁaﬁr%%"é‘?%aém? zﬁe”%?é%@%@mgm v

raised in turbine.

_I11 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 1n the product recovery section 62. Alternatively
or addmonally, make—up water may be supplied via line 116 to the ploduct
“recovery section to compensate for the water lost in handhng the large volumes of
' nitrogen as a result of compressed air usage. Such make-up water may be
30" preheated and used as wash water, pleheatmg bemg effected f01 example by
dlvertmg part of the flash streams (co llectively depxcted by reference numeral 88)
 vialine 118 to heat exchanger 120 and returning the water condensed ﬁom the
flash strea.m o the product recovery section 62 as wash wate1

Although the mvention has been described mamly w1th 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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tenperature. In sone heat | ng stages, the heat-donating fluid may be
constituted by the flash steam derived at 'different presd8eguandtos

- tenperat W@82/§620m di fferent stages of the crystallisati oncrmaim241an ot her

“heating stages, the heat-donating fluid nay be conbustion gases, rising in

t he furnace oci.gte e.f ur ce 25 used to superheat the .
hi gh pressur Zélgl%@gﬁ}@ %”‘88“%% 15‘??81 FPREFINER Hishthegnvintignie 7
enpl oys substaapli¢adld tp thmpmdooqogeﬁ otlfer hllmmam)oaﬂa@ﬁf,rhc RigysehSsiddphhbnat es a

simlar enbodipyent to that of Figure 7 but using a supply of conpr essed
air (which may be oxygen enriched) as the oxidant. The enbodi nent of

‘Figure 8 is generally simlar to thagl%m#ge 7 and those parts 30 which
function in generally the salve vvay ftt ed by the sane reference

nuner als | bot h Fx%glr%% tapwﬂin not be descr.i bed fur&gb bel ow unl ess the
cont ext reqw res ot Herw Se V%%&%Hledtq]ﬂéoﬁl RAFIFY SRRy W SOPBITOBY via an
an conpr esseokidatign ofgara-xylesaby Oofin mgjengitin) wates webioan 7 ado @W@%&Of

' f.
2:0 .to :ggrelnalt S 3%% Qiﬂlelﬁé‘ﬂwlﬂlﬁmh? %g&e%ﬁ? EQ&%%%%%V@% erﬁggé@ym% g

passage thr oﬁ%}ﬁl‘fqlﬁédﬂ‘é(ﬁtso@lé@mﬁa(ﬁé"ér@g@m sie).52he expefinzsheptodidw yiehisf | ash
vessel 103 tofelépmﬁhctaeﬂ%w&W/@ Tﬁe%lw@dlﬁfgulﬁ% /36201 1 8
January 29(2 2 FC 1/,22474 %c? r.extent than ?nf?ﬁe%s%f%)]%\q Q&O(ag
Figure 7 thef® ’y’ul’e oo dfustratign efifhe systerm ased igrthessdaborterydescr i bed
in relation s@aldexqeriecis it ehareriatiigweof the product streamthr ough 't he
heat exchangers 50 and 52 is controlled such that: precipitation of product

?)ccur ioznl K in fl ébdvgme&sefedlﬁiﬁg e}h@lmﬁbla&?ﬁ@lénﬁch@lﬁm i the ﬁiag@m ? \éi a

i ne e chan ue r r bi ne
110. The oveg%ise‘g%s&glé} &fs 13 %gg?gﬁ %r‘é@%‘ﬁ%’ﬁl&&%ﬂﬁaﬁﬁﬁ Wellerfe rder,
to transfer Héas nmmngtmewlm it kniag uoxed ity cbd xs&teeammm:iﬂn&ljg hgaiigay out
further yat ﬁéro%e%bﬂ@%uﬁ%ﬁ@ssﬁﬁ% \Agslhﬁe cfbrlé)cljlzlg"cro?%) §’0 e¥d18 %téthgsz via

line 112 for™ use for exa rea

ef ficiency, FHXIPE Difssiwhsrs 1&™epmpmd widneold etgaseous over heads st ream hi gh
tenperature before introduction into the turbine 110, hence the reason for
heating the over h&h8©z4évaenrabirenbentedl ofprbestesrl 52 TOSsistiigsria érayoibef nor e

than one gasitiHEDONO. $4iARSs sibd) MMELhCRRS T By m%‘ﬁﬁf{hﬂaélﬁ Aaé BT éa be

heated to an ﬁlevatedte er at re ug%treamo eac tur I ne
Line 114 depPc@®yeFRand e asgac ’é?‘feé usingd islptively long peihin tbﬁ@l@?atﬁbw 15

pressur e zndlixrfier @ twaer Mhenes thea passkd @irbagh ﬂ{e%@%%xéc%qgﬁ Whert e

Do oo s SRRRLEPWAH B AR SACLODS RAG T 505, L BE G RG0!

their own pumps. The reaction nnxture was passed ﬂnough reactor 156, similar to
the Preheate1 152. . _ |

Te1 ephthahc ao1d (TA) p1 ec1p1tates easﬂy flom hot solutlons as they cool,
25 and the suspended TA can cause frequent blockages in apparatus of th1s scale.
Therefore cold NaOH at greater than excess was injected into the product stream
from the reactor 156 to ensure that all TA was in the form of the freely solu’ole
‘ dlsodmm terephthalate salt. The solutlou ‘was then passed through cooling device
158, ﬁltel 159 ahd back—pressme regulator 160. TA was subsequently recovered -
30 rby ao1d1ﬁcat1on of the collected solutlon once ithad cooled. NaOH may not be ‘

needed i inalar ger scale appa1 atus, where mcreased dimensions 1educe the
problems of blockages. :

Othe1 components are labeled in F1gure 9 as follows 162 A-E : valves;
163 A-B: pressule release valves; 164 A-E: non-return valves; 165 A-F pressure

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




corrosion and/or environnmental reasons, provision may be made for treating
the overheads streamto reduce/elimnate such conponent s 1Bdbouay @00&Rft er

passage .wduigugh the turbine. 110 and/or discharge. Such tgep ng RALTBY
conpri se 20 subjecting the overheads streamto catalytic conbustion and/or
scr ubbi ng with a suitable reagent, e.g. an al kaline scrubbing Iiquor. The
turbine 110 FEAFIBd 56 pisoraniinaheynasouplesdonsidwit)h&haio, QOIBIEE SQsagd t hat

the latter i st jreRiddant Mcid Wehl 6!%a111kc§'ﬁbﬂneiﬂ%£@%ﬂe1{;ﬁ{‘the Rlmbi gue 8. vater

exits the sy e_over heads 25 str

may be recovgl E‘a :gb c?’é’g %Wﬁ@ﬂr@@lhaélﬁpwﬁweiwht@wtdmdﬁmarﬁals@nas wash
wat er in the(mpddaﬁtlwemmoy section 62. Alternatively or additionally,

. make-up water nmay be supplied via line 116 to the product - recovery section

to conpensate for Mdﬁn\d@to‘éﬁob@ﬁbcéﬁs ﬂ?{'ﬁg kég’i’&l h§e C?Jsg-gle\égllgfg%jfgg o, nitrogen

as a result es e. Peheat ed
andd used as 8\2}1\621%@ ?%&ﬁe 6% éfa?t(’?‘ﬁ’émﬂjé?%d’aétfcfué%%ye@ thww@lsampwdmbt,ed
diverting pafutalyst fietrbpipt adirest high mEnfeeathitegs hdh‘éﬁd d()u@‘i‘dlf!s%lﬁ%f@hd&f}ﬁsr ence
nuneral 88) M@ a urn the water
condensed fr amlstlrlléé}‘ G4 U%ﬁuﬁs)oweam Lo tﬁ ?g? osﬁﬁé?n ‘%gt SlAeie JQ’SE(!@?E?PIB?\% as wash
wat er . Al t hofgpnsteam; of vhatepesar, Iba@mé?@mndelsmhmeﬂn radititloy ofNGDEF @fhettcence t o
35 par axylenehas attaapaaﬁ@@atahalt Gf@@ﬁlﬁ%&uﬂﬁ%ocbﬁmmgﬂ 225, tﬁ%?rec' ated

t hat ot her Qr ecur S s ’&ﬁ oye nst'ea ot

par axyl ene, &R 0%1 3 ﬂé@s%ﬁe@ foxfipe ot somporDty. U@E@EM‘M

t ol ual dehydehaﬂa todecmisivie Caitize th préles@d itsid WldebBoraRAgeiat@nkhat. t he

invention isynapRRk t duction of other aromatic car boxylic
aci ds such as ?%o%ﬁ?@*neanwnaﬁfaﬁg% LES 5 Experinental work-was carried

Pn shpercr 1 cal CHMPRCAE B S a s Bt Gee a0 Shobe Bart v th )
MhBr 2 cat Bl y¥en hited with e femnofiyase wiater (ﬁ—se@hl r uﬁnmt (Dlﬁieétﬁé tingi | ute

e 9. M Rtin
sol utions (<@
terephtlial Iﬁl{%jga%ﬁgh%ﬁ%aw%cg E{%ﬁ%e%am ¢ com ?‘“ﬁj %’tl?aé?‘nx ffm‘? F@%‘??P@m is as
set out to i e stapted. AT yiipadlyetan exposigndnt was turator érb lafurs. HEhesy st em used i n
‘these | abor aprotyets ﬁzelallaua}ympea@a&a e uchiafLrids b 98168 i Qygen vas fed

usi ng either_og dlfferent% Irs gen gas was
conpressed if a“{é Sédmd%%‘é%@leﬁr}i’ofﬁ tfeB‘r?fiHﬁlsvelﬁt}lC@é@ﬂ%ﬁg dgﬁaélumkr e fed
20 terephthalate salt was acidified with 2N HCI (alternatively H,SO4 or HNO; could
be used) to precipitate the TA and other components. The TA 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 principaily by HPLC. The yield of
~ solid product collected was calculated as a per centage of the total par; a—*cylene
25 pumped into the apparatus converted to TA.

The results in Table 1 demonstr ate that high selectivity for the oxidation of
para-xylene to terephthalic acid (TA) can be achieved, dependmg on the
a condltlons mlmng and concentrations of cach reactant. The yield is hlghly

7 sensitive to a range of vanables mcludmcf para-xylene:0s, reactor residence time,
30 para-xylene catalyst and reactor temperatme

| Para-xylene oxidation 1ntermed1ates analysed were 4-carboxy-
| benzaldehyde (4-CBA) and par. a—toluzc acid (p-Tol). In addition, by-pmducts
‘were measured, including 2,6 dicarboxyfluorenone (DCF), iso-phthalic acid
(IPA), benzoic acid (BA), benzene 1,2,4 tricarboxylic acid (TMA), 2,4,5-
35 tucazboxyblphenyl (BPTC) dlphemc amd 4, 4- d1calboxybenz()phenone
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into a m xing pi ece where it was mixed with cold water. Al ternatively,
‘hydrogen 15 peroxide (100. volunme) was fed to a punp, coolBdahearpCo03 | ess,
f eedi ng iwb@2@sz0M Xi Ng pi ece where it was mxed with col dpaghasy ,221;?@ 02
/water was then heated in preheater, 152 consisting of a 6m coir o} 1/ 4
inch O D. stainless steel tubing cast into an al um ni um bl ock. - Adequat e
mxing of ox¢fehBEhd.rdicerbonpfuaetiney2a doprtusiyaghaqniebad,i2yel y | ong coil in
t he pzeheat ergi2@bd: T8 02 7 M8kl 4 , then passed through the cross
~piece 154, where i%&l%s cont act eglrv?}‘%%mtgﬁ(vé&%ar a- xyl ene and sol uti on of
MiBr2 catalyst, fafpionkr ' ..The reaction mxture was
passed through.reactor 115@/9 {ps‘?’%a?}ar{(w% \(g@?fﬁg?%rngﬁ%hoﬂleﬁ@?w% phthalic
acid (TA) preORpiandise thecolumn.f Gradicand eluon withonlrents attteyitrilo16.7%25nd and t he

suspended TFA tadfer (883 & 50BAUE BhclDloABKAGERad RscAPRAL @ LRSS Gake-
Therefore, caql a@é@%agﬁ r eat rgcat 0a e%%gs&v%gsq?‘%?%glt%gg&?lr??gﬁl?ﬁg&f)roduct

stream fromi 156 PR ORI agatatq i Jnlsm] de-tomised satarof t he

f L eel yhsol ulb!b@fmd iaéﬁilhigmmtﬂcezoe@(ﬁﬂh’allamelgs atte.pH- hags £Qhdtbd m.%@qlhﬁmpig 8 edTA
t hrough cool i ilter ck: pf.essure regul at or 160.
was su'bsequenf{?/lg;%g(?igc%\%rb é@ﬁ%ﬂ tmggtgisélaﬂ'?gg? ﬁUtﬁpgﬁfﬂew@&rF%?gcgw sol ution,
once it had cbbitiag 30Nalad thastoriobuffe solutior thef0dml with de-geised vate, Tppar-at us,
wher e i ncrigasgdcslheansine r 0 [ S her
conponent s ar%?ag}il Dehie W S Syl e AR AR, BL WIS K@ ) a g
pressure rel F48¥ ‘F%é"fas}‘é%gma@falﬁ%ﬂrﬂﬁr a faviaésof AGBI/miFwps esdure 35
transducers; abd atrbe tifmecsiUpl 18in(ieh e AAUVTHeRIcHIR $hpath e a8 Gifns wal ugdq{;eat er 152
and 24 18 Ja%ﬂﬁ%é’?%%ﬁn%%m 02/ 06201 PCT/ US01/ 2247§ reactor - 156 al so contain

fe '

t her nocoupl es, M) . The 02 conpressor, dosage unit, preheater and
reactor were Q}aﬁe” d from NWA GhrbH, the punps were G 1lson 302, 305, 306
and 303; the%@%—gﬁessure regul at or obtai ned from Tescom (nodel :

26-1722- 233090) 5 Xi F@(ﬂ] clorr%ﬂ}ogl occurs in the region_of the cross-piece
154, where’ 02, paraxy! eh¥HRg o Rgtieatapsreride ditiosonewiutionarasi cul arly at

: thedi ncom ng prapateeiatsieg 56 mt af péryﬁﬁeﬁﬁ@%(pm{l)@f %ﬁ\ﬁ@{a&-e&va?&_nghgb_%n%t@%[@ ure. Y
gradi ent coi ngck Hromde ions. . Hastelloy (qr titanium was used for
the filial sg‘%%ﬁq%%eﬁhﬁ%@eq%t Wé‘?)c'?é%la lﬁ?ﬁ’és_aﬁémgam? W of the
reactor, bef Sraagarse protarde s owiopnref watertd di donotatioNaFOEoipat vl o Brwher e a
tenperature @hadh8Me 9fs BARLOX . c,accur ver a%ten th of

appr oxi mat el YSE’MS)m eandS lzét?a?ﬁﬁds%&?%%%ﬁ&g?oﬁ S?%g S§ uﬁgr Oé% %rﬂg%&hé’?ﬂ% | pipe
wor k 20 (0.5M) was prepared to feed downstream of the reactor, but before the back- =

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

1niXi11g pieqes; the ﬁrst to mix the reactants to injtiété the ‘rea‘ction and .thc second
to quench the. reaction with the addition of sodium iljrdrdxide, divided By the —
volumetric flowrate. The vo_lumetric flowrate was based on the physiéal -
properties of water at the mixing conditions, as published in Interx.l'ational'Steam.

30 Tables and by U. S. National Institute of Standards and Technélogy. B

The back-pressure regulator was set to bolltrol the reactor pressure at 250

Bar. The heaters were set to control the mixing piece at 385°C and the reactor 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




|iable to corrosive failure is protected inside wi der bore stainless steel
pressure tubing to contain any inadvertent |eaks. Before 18aahudint20bbe
appar at uswwasaxgr ostatically tested when cold and 15 then heated with a
flow of pure water (5-10 nl per minute). Once the operati n§"Y8HpE At ur e
was reached, the 02 feed and the punps for para-xylene, MuBr2 and NaCH

were started. TRFOl.cayEgn wanfedap elobentioi RS mE Tt 1HRE 18 Pe RQMESon a_g'lﬁ products
were usually gpbhe i ods of 30-60 m nutes and

t L i.al. per
anal ysed. A wel ghed %%P%?‘%%‘?%Wlﬂ%@%%ﬁglﬂ 198 (3¢ fghio dlgnmaiing pigee e di sodi um
20 terepbt hal %?“gfaé%flﬁo%@§ﬁ§%qﬂoﬁﬁli6éapmntBr idkhdHEactbal t ernati vel y H2SO4 or

- HNO3 could be used) to precipitate the TA and ot her conponents. The TA was
filtered using a Alehitashingstae scipaimheshdidrty saabls WetedolBRE 8id; agid edin a

dessi cat or sover60dhine infirld] GAd ighed. Purity.was verifie
“principally by HP1 - fl'lﬁelrys'iqlel dgngS e@i%g?lf%ﬁ%?sc? _Ugﬁlsceé}’%/rér&?lgdv%gn &% at ed
as a percent age bf ' tHESHETSRP Wah# yanatiosrie solid piehildthestaplsh eolappar at us

converted to BetweehHzs areisifios sqvn Thallaee Lak t_high.selectivity
- e

for the oxidatjjon,..of ara-xyl ene to.terepht )

‘achi eved, deg%fggﬁglr\agijgﬁ%ﬁédé{o&ﬁ’dﬁﬁﬂl‘@d@?s YrPseidetpcteddn eanhcenipleatR asnkts of - each
react.ant. Theél§fengarigednndlable I.sensitive to a range of variables, including
par a- xyl ene: 02, reactor residence. tine, 30 para-xylene:catal yst and reactor
t enper at ur'8. H¥applsd| ene oxidation internedi ates anal ysed were 4-car boxy-
benzal dehyde (4-CBA) and para-toluic .acid (p-Tol). In addition, by-products

wer e neasured, i ndloudstrie &t of tardagny fdavor eQan8cd G hn eiq%?f L palic acid

(I'PA), . benzoig, 3¢ dr b ¥ 1,2, i carboxyl 1 c aci ), 2,4 ,5 35
tri car boxybi é_hén'yll. K %@I‘l&)lf ; QQIEpE %Eﬂiagg3@9@1%‘?‘}%‘@1’@?@%‘%&@9b’éh@dpéllﬁéwone 25
18 January 26@513119@1@@/(@63@&@99@?/ WECANR2RAY Inck EXSEBRDw of oxygen, This

2, 6- di car boxydsuled BNPREuced Be18 L2 LS thr i none ,6-" di car boxyf | uor ene
and 2, 6-di caghoxyant hr ac(_sene?;.;)e Hm@ﬁéﬁ’%@?@‘ﬁgfmgﬁf%g t‘ba%g%ﬂHPF@bt

i nj ecti on of "I 7368%9% 1n panapilens ogttation hsemudiags.ocGiraeti Midtregdtishi N Wi t h
sol vent s acebpmpradctsevdrt Gedipd. an thighe Db fchirdtBa ¢ Jand pack to 83.3%
was used. The stock buffer soluti ogr?1 Waslg p%e%gr e3g’ng§°8?é§§bﬁs%9‘?¥g 15¢g
“anhydrous sodium acetate in 250 nml de-ionised water, before adding acetic
acid (50% 100nmL). The pH was adjusted to 3.9 0:01 wth 5%acetic acid,
~before diluting to 500mL. The dilute buffer was prepared by diluting 30 ni
of the stock buffer solution to 500ml with de-ionised water. The
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io injection volume with needle wash was 1 mcrolitre. A Waters Xterra
reverse phase colum was used, nmaintained at 40C. A fl owmi&tJancdry@C¥5 nl / m n
‘was used wardu@orun tinme of 14 mnutes. A UV detector, opecatisig2aty 230nn
was used to analyse the peaks. Exanple 1 15 Using 100 vol une of hydrogen
per oxi de, a dil ut@ a)(t{fcllé sol utigon was_ prepared using 56 nl of peroxide and
760 m of nanopur &Rl SuppmarysTalig ohFrperdwiental Goaylitionsdind R esudtat al yst
stock sol uti recby—dissotvifg—ranganese bron-de—in-nanopur e
water to a cc%é’e E‘?agt r;%E”. B 1500 IIPﬁEF Wil af By sieoesidendchas hel d |
separatel y undil tited, A [stfoqkP5 ¢l @t | on of Yigkodi utA hydcexil deTR0l (B, 5M.; was
prepared. to|feed@ownstfream &f it he rieac¢tor, |but beforejthe back- p@ssure
regul ator. .De-iohiged wdter jal one wasgE punped |t hrough the preheater| &

m Xi ng- pi ece t &actor,! caysti¢ niker, |cool ¢r and|back- pressiure rlegul at or
at arate tojcontypd | hg J1ngl [T&€S ] CE I ,rpogh—{ e reactortp—65
seconds. The [TesiHence ti ey 5 —Zordaei-hed-as—thervol- e of th8 tlubdl ar
reactor, pipework and itz{ Fnﬁ h&f wWe i { he -ni XPg iddces, 14fhe fhrst Mo |m x
the react ant $—opHti-atle—the reaction and’ t he 28chrid? { o Huend? t|he??
reaction wt i| 10 1058 hdT 1B’ fr Gxi el 3 di yPebd| 39+ he4Svdhawmedri ¢
flowate. Th flowaie was basé¥_on?the| physic#0 |pridpdrties of
wat er at the %0 orfy, | 4% ol | staed| i 45.3knt es.nal is@pal| Skedrnp. 30
Tabl es and b . itonall I nsti tlut e of 66t an@e? ds and| T&shnoleagy. . The
back- pressur ¢ 4 egulsgtase |veas | 964 | 14 icemt [olg t hegyeabtr pressdregat] 250
Bar. The heaters| werje s¢t to coptral the mx{ng4pi pce af 385¢ and |t he -
reactor at 4090 Taghash |oby | bes [ eadt gt 5 Was| RUFREH $ePAT gLely ;o t'blgj B
m xi ng piece|l as 35 |shown ih Figurg 9. Para-xyl enefwas feggyatt a | 1
concentratiop Of@-98% \ WO 02/ 0620t 18 —January—3

- PCT/-USQ1/ 22474@re§gt gzrsle 02§<Y]y gg'gé wg‘tsg %33 at ﬁcl oseOLt ol stoi chsgn- & es,
epht-al--eachdland ¢
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for the oxidatigmmfipara: epe—tio—terephtiiak n alyst

sol uti on was ffe'd tﬁgj t%@ ary %ﬁ pﬁgcew%zo té?ener5 Pe B foncehtrdtidn|d=18632
ppm Br in the—+eaetdr—Apter repchilng stabl el s#noi nt contft iloh® ganpl es
vere col | ect pdf gV |28 0G| P38 BE5 11i Rzt e Bnt erivdt pRd-suBseqyent+y 43-
anal ysed. . Thislexperinent was funlfor 3. % hothds.| the | &dl fs3&howdd a
variation in| Solli2#3yi20 ¢ 300 65178 drmpizels 4eol |.acted o 0. {49-| 0o

81. 1 818 , 7.1
10| 0.3 | 250 | 400 | 058 | 120 | 1640 ;| 72- | 91.8- 0 0- | 58-1]. 0
_ i 100 941 82 |
1M 103 | 250 400 | 15 {180 | 1640 | 69- | 924— 0 0 6.3— 0
* 95 938 | 8.0 ‘
12 1015|250 1 400 | 1.5 | 180 { 1640 | 74~ | 935~ R 4.7 - 0
. 90 953 |- 6.5 -
13 1015 260 {400 | 2 | 120 | 1640 | 79- | 939- 0 | o 29-| 0.
N * | 8 | 951 ' R

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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between 26 and 37%w w. The TA. conposi tion in each sanple varied slightly
and para-xyl ene oxidation internmedi ates were detected i n eadhnsaypbes

Resul ts veo ex@animari sed in Table 1. 10 Exanple 2 To test E’gﬁ‘j%”’%ﬁ“ of
i ncreasi ng reactor residence tine an experinment was run, I'n
at 250 Bar and 400C reactor tenperature, but with a reactor resi dence t| rre

of 130 secondS thse absuppi-griiidal condiioma seckanidevl oByoxy@ens whhi farthéresul ted in a

reduced yi el dediiRéd RP&Y sh bdhyefor TA of 9.3 to 21.3 % through 15 the
run. A rgductfon in péll?ﬁaaréyl gﬁﬁelegxr% at2| on internediates occurred and

reacti on bymeeducis were reduced. A higher concentratlon_ of benzoic acid
‘resul t ed. 2¥\V%$0'2706201 18 January 2005 PCT/US01/ 22474 Table | Sunmary

' f S, ctor
Cond: 1 onsFeadsree e aehi i Ay BE R, B BT A T BAy E810

6za. cza M r KBAPUEYRAIE ethesa,gﬂ:"ect of subcr1t1cal temperature. A reduced catalyst

11. 092504000 cEﬁ&Zﬁﬂi@ﬁQ&@-ﬁijﬁ%}gﬁr By @as és‘ed%n& délsp}‘te 311%(?%25%&%? 440 yggn 22.9

22.172504000, 5811116321
32. 082503500. 9“1%%37%%’5& %?éf%ﬂd% %%16‘60@1 @S@%ﬁe g tgover 11 mmutes no

412. szsosoooS@anmawaexuMe@ﬁegl Otlh% goma@%ﬂ&ag@?a& Ll 43R8AR0) resfls300- 00. 2-
0, 141.2 60T2
70. 54250. 400%‘%8‘% ﬁg%%q% 88“8féle(§’al’“1xy§e’?s‘s’fe§5 9511. 8a.

82. 422503QP0E5845163213-13.0,-8.5 -35.4-2.4-4.3-

- An expenment was run, as in Example 4, but at a still lower temperature
of 250°C reactor temperature and 250 Bar. No solid product resulted from the

* 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
_ 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 coﬁcentratimi an experiment was run, as in Example 4, at 250 Bar, 300°C
reactor temperature (val‘ied 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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9826.411. 564. 13. 75. 6 92. 432503000. 58178163242-:,,71.6 -00 .4,9-0 8181.87.1
100. 32504000. 58120164072-91.8- .0 '05.8-0 10094.18.2 18 January 2005 .

110. 3250400 (2/®%2@0164069- 92. 1- 006. 3-0 "9593. 88.0 PCT/USO1/22474

120. 152504001. 5180164074- 93. 5- 004. 7-0 9095.3" .6.5

130. 1525040021, 20164079-93.'9 - 004, 90 8595.16.1 J para-xyl ene concentrati on
in reactor as'Prd lelm{omhgte&e@mﬁymtm horeveullpweonvasisn oasuledd p- X to TA

* Tenperat ur ¢ghratighhilicirog apit @ﬁ@, mcfderilt@‘éél&ﬁnﬁf@%ﬂ?AQ;cc% %PL@&F&QM short length
ed oy,

of pipe s Ex 10 t enper at ur é S unni ng an
exper i nent, glg&ln%%}es m&g "i’m tsf‘%e a@é ec’f@%@@‘?ﬁ)ﬁ%ﬁséb‘“ﬁ’ Bgder ature and a
reactor resi degrssitit ﬁon'eamtalﬂ 28ficeatondgst iAds|reghéd ty pradsie etk wakaly st

concentratgoexfatdugggf%ﬁg]h ie;@Nd an increase in oxygen level resulted in a
significant yield noderate selectivity for T.A  Despite conditions

bei ng sub- crﬁ%%%?j' gor water, these results show a simlar result 28 18
January 2005 06201 PCT/ USO/22474 to those at super-crltlcal

conditions in exanrpl ts were.further reduced in comparison
with exanple 2. Exmaam Rﬁr e?ﬁ ee?iff OW%’H PRI R METBWaSEINo8) Bar and

:300C react or I Gapmip &y @tﬁﬁﬂ&&roa(@\/@h cratee t¢m1@ere|hfeeaﬁd ofeagobesidéncealme

t enperature. She) | o] pm Br was ‘used and
despite i ncrgﬁaﬂlﬁ tffagelfrjgh§ S?%gd%xgﬁgﬂ{a&%d &Sr%% ?gceng %P‘é@&%gﬁ?ﬂ ng the
reactor ré&bi ﬁfg}’ﬂé’gg‘ﬂ hereelr Shasrrequiredipn the Sulh ponvstfidrofpapdiuplens sl t ed from

t he nor nal V\Kb‘hé(rlillﬁngfplddaﬁv@aﬁ@hﬁme&%ﬁk WCC@!H tﬁ@ﬁ:‘é&lﬁ?te rgﬁi%g v lsyp M nor
An_ex rrnent was- run, as

conversion o
in Exanple 4£11tb(i?ff‘j§ ‘% gyﬁ\fé@?cq‘l@ﬁ%@} gﬁp@éz PPEt BQB’G@?@aé‘ﬂJ@}YStS@fper ature
~and 250 Bar . thkipradbict mmabehmgoddeeltbﬂﬁ@/ fol: QA 4ddEno 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 -

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, comesponding 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
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nor mal wor k-up of the sanple, as in Exanple 4. Analytical results showed
only. mnor conversion of the para-xylene fed. 15 Exanpl ¢8Qadmre2p@3 i nent

was run, vasoism2Exanple 5, .but at a still |ower tenperaturger/g§;:299¢ reactor
tenperature and 250 Bar. No solid product resulted fromthe normal work-up
of the sanple, as in Exanples 4 and 5. Analytical results showed only

mi nor - conver sitgANestiatenel pran-ayknt eney-product2 0B Exaipied Wad agtux leanty t he ef f ect

of reactor rewidleRsBokdiiBcRBENREL d r n.xagpig 1. at 250
Bar and 400C react o? telrrp'gr atGU’r e, Wt a\ﬂg‘égc#gﬂrpa?%s\lﬂ éﬁ’c@é(npq?:l?fe esti mat ed

at 32 secondgxafdpygen stoichiotmetry for the total conversion of
par a- xyl ene was above parity, giving an increase in yield of solid products

25 together with A i i, l.ect.ivity fo ue to the

Feduction L a- A SPeinle nAChEAER ol iR 1BCH D0 P AR efrkEest ' B

gener at i on® aPRRFE D Witha Ieasion istidenre tivas estimatfhatspperdineticlyyl0 Exanpl e 8 To

explore the eédoas. Tk heaGtekcthaskdans %n{eixﬂ%’acﬁ?&ié&?ﬂ%ﬁéiﬁ%ﬁﬁ}e%g&f ry and 30
anpl e

catal yst concentrati an experi nent S run, as In anpl l; at 250 Bar,
300C r eact or %%&? ﬁft?}f? &3ciry ié&gﬁgé‘ﬁ & praichindicatrs @highnwslestivisadaror

- residence ti M. Aflighthr xicredekytrdibh Toe0Rsacidwaedueatd axuessd evel was
used and the_. s.Sub-critical for ter. The catal yst
concentrat i oﬁl%ﬁgﬁ%{@%%ﬁv Fe %ﬁé‘ﬁr %dﬂﬁoﬁﬁﬁ’éwl%%,rm ence

PCT/ US01/ 24 tiendo epgdefiqnonienpedistes ohmrexylent oobtherdncpiodnsts hewever , | ow

conver si on rg@gé&@@illﬂlgg&qgﬁoggﬁ_ run and only noderate selectivity for TA
occurred. Oxidation internediates and by-products were all detected by

anal ysi s, shg%ﬂgetlrge necessity to maintain sufficient catalyst in the
reactor to pronote the selective 5 oxidation of para-xylene. Exanple 9 _

To confirmthe eff , 1 .chionetry an.experi was run, as in
exanmpl e 8, at 250 Eg&?%g%%l%ggﬁ%%%ageﬁg%ﬁ%q%p e 4 Oat[l? g’%@{yor resi-dence
time of appPethsrEiersictios taddnppldse, tknsudsiten centenikstyenvadnaeatedat i on was
used, 10 # QRirflief anh le¥p&iRdk Sfas WA As (BN 15 0 255 Baf &l on of
par a- xyl ene %o TA. Th% m Xi ng pi éce was ) ignt’gel{ ned at hﬁgd?%dg,@@tf)%é "he
reactor tenp PRCTRtre, Wi h g peredse para-xylene concentration to 2%, with an excess
g 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 paraéxylené_c)r 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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critical for water. A catalyst concentration of 1632 ppm Br was used. .
Anal ysis of -the product indicates a good selectivity for 1§4aauty 2005

- oxi dat i ow@nt/aiznedi at es of ~ para-xyl-ene or by-products wepetdgtietied. A
'significant concentration of benzoic 15 acid is the only other -conponent
detected in the sq%%d Frodgéﬁ} The results denonstrate the requirement to
mai ntai n oxygen st'@FRAPSR REE prehspter faopeg steaiticant eameosinn tadbs wternatxanpl e 10

An experi mentsuwase ofthe phciitr fixamkeand a badck3alicBaie pREpAMRCEE: gr 20

tenperature, W a reduced reactor. r.esi ce.tine, timated a
approxinatelJn%%amgeégﬁagf%?ﬁﬁIWéﬁﬁ%%ﬂay @F&WE&E&?@ rcelifitoke WiOzachi eved
by using a shorter, |length of pipe, rather than a coiled, heated pipe. An
oxygen concentrat i %‘H],mliéfﬂd@r eq”tﬁ)'f?gﬂﬂ CRRAITPRS L?To‘?’lﬂ‘i‘-ﬁ‘é OKYAI TBiFRTY B Tg?l of

par a- xyl ené totalist salntdorapdattalfaeding thopehedtengivo Muldfecd 640 ofpmm;, ames used.
Anal ysi s of the.froduct indicates a high 25 . selectivity for TA and no

- oxidation internmedi ates of para-xylene or by-products “~were detected. A
~significant concentration of benzoic acid, corresponding to the | oss of
selectivity for TA is present in the solid product. In conparison with
exanple 9 the results indicate that at short reactor residence tines a
smal | oxygen excess only is required to generate high TA yields. and
selectivity. 30 Exanple 11 An experinent was run, as in Exanple 10, at 250
Bar and 400C.in the  reactor. An .increased concentration of para-xylene and
~a high excess over stoichionetry of oxygen was fed to the mwxing piece.' A
catal yst concentration of 1640 ppm Br was used. Separate sanples were
collected for 15 minutes and 35. analysis of the=product indicated a
simlar selectivity for TA and no oxidation 30 18 January 2005 WD

02/ 06201 PCT/ US01/ 22474 .i nt er nedi at es of para-xyl ene or- by-products.
Benzoi c acid. was again-the only other conponent detected, but at reduced

| evel s conpared wi th exanple 10. Exanple 1.2 An experinent was -run, as in
exanpl e 10, at 250 Bar and 400C reactor 5 tenperature, with a react.or
residence tine, estimated at approximately 10 seconds. The shorter reactor
resi dence tinme was achi eved by using increased flowates of the reactants.
‘Anal ysi s of the product .indicates a high selectivity for. TA A slightly

| ower concentration of benzoic acid was detected in the solid product
conpared wi th exanple 10, probably due to the |ower reactor residence




to time. No oxidation internedi ates of para-xylene or other by-products
were neasured in the solid product. Exanple 13 Limted by control of the
reactor tenperature, due to the highly exothermc reactl 1‘\%“”@51@99& pl ace,
the substrate concentration was increased 15 further. An experinent was
run, as in Exanple 12, at 250 Bar and 400C reactor tenperature with an

i ncrease in para-xylene concentration to 2% w th an excess of oxygen over
stoichionetry. Analysis of the product indicates a high selectivity for
TA. A si JdiAMBant concentration of benzoic acid was detected in the solid
product and no oxidation internedi ates of para-xylene or other by-products.
20 To confirmthe overall mass bal ance for the experinent additional .
measur enent s wer e capropess fopthe pradgetionred aparpmptin dadoxdigrapid eomprising a over a

timed i ] oA i - Wk of 92.1 %

W TA and PSSRl ey RElchel e PR E PR AT T T ed T

t he experdarbenelains, sgidiprocess dsinhien Bpbdud selead varpedingarstcl wBROYypertiiccaheasur ed

carbon 1 &GOVEEN YRS, 3155m%ﬁtic‘}i%ondfﬁémh%eiﬁgaﬁgm%%@E&fg%ﬂs{e&%n&& lneg m xing
eedi ng the cata

configuration an experinent was run yst sol'ution at
1000ppm Broraprebursoat @rthecrsernaticspihgydic seid witb dn oxsiang it is diswlysd ghtbasarowst 385C
and 240 Bgf. tPiﬂ'ﬂ?e'ﬁfé’slﬂﬁc@%fX\@a%ah; 8 itnth 4 At gdn@%fg’gonﬂhlﬁ)%gﬂg\ﬁr&ht\&e, 1 %vlv
dommstrean1o t he pre eater. é&ygen was ed at the stolchionetric

r equi r emeivther whergionfp) the solvavhandrtisd evidaof fopap singly hemegepeyuas<ridbén r ecovery

in the sqlj . C - % i L ' VESI WO

02/ 06201%fgtg?%@g%y&SWO%éﬁ%&%gg% Opﬁgrplggeiypteg&g?rg?%e pr eﬁggtgh ér showed
si gni fi canlversdermoshiomegensosipbadent the peaktionsand. ace of the preheater pi pework
and a black particulate precipitate coating the pipework. Atomc

absorbtion and X-ray diffraction showed the solid to be MiC2. Runni ng under
equi val ent corddi ti dis progess oflaitn Inwherkipdeaoxidaricel fist ¢antacted with Heahget sol uti on

prior to r@o%@%ﬁ%so&&? ﬂ%rsgrgg@ﬁqg{ha&ﬂé/ Satdijh s G COMEINA WA Ml LEr the

reactor. anuary

3. The process of claim 1, wherein the one or more precursors, the solvent and
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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"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 carbon atoms, sai d8pgaBEEs49%si ng an
aqueous sol vent conprising water under supercritical conditions or near
supercritical conditions, wherein said process conprises contacting one or
more precursors of the aromatic carboxylic acid with an oxidant that is

di ssolved in the aqueous solvent, in the presence of a catalyst, within a
reacti on zone df a Ewrreosssesslaihedup elaiaed, i whiclf ie bént-pcogbtingdui traverpest he

sol vent agd, & he,06ldRRbunf ol e AbA0L @cglgf)@mﬁmﬁ%& RORSGioR e @lm MRwirpont act
with the one or nore precursors; and t he one or nore precursors, the
oxi dant atipugththe raggfopanme. f orm 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 same tine that the catalyst is first contacted
with the oxidal:. 3IrhePiescirasclaimedaf claime, in whiclwihe heit-ncachiingdived following e

precur sor [ t : ted in the
reaction %%H%£§?3$h%§@%§%gg¥”§§; e%gmgﬁgﬁ£%ﬁcﬁgﬁ%%%gfm%£§$%g£%?%cess of
claim 3, ciéntnical apergy. | east 98% by wei ght of the aromatic carboxylic acid
produced is nmaintained in solution during the reaction. 5. The process
according to claim4, wherein the aromatic carboxylic acid follow ng
reaction is prHci piThetpeatessas plpinted in daiot 0o whadhi theicaebcepding 8iids no nore t han
5000 pp Wel f hyde produced as an internediate in the course
of the rg%%%Pgﬁﬁg%.m#%gg%ggbess as clainmed in claimb5, in which the heat of
reaction is renmoved fromthe reaction by heat exchange with a

heat - accept i ngyyf | Ui pfoceDEAHAEBIAT, IR okl AP fced Junighi ch the
heat -accepting fluid i's passe ! rough one or nore ow passages at | east
partly sucrtiomaitwgotherelasaganson zone. 8. The process as clained in claimé,
in which the heat-accepting fluid is passed through one or nore flow
passages having a wall or walls, the outer surfaces of which are exposed
to the reacti ok¥. medihgprocpdstabdondingte clagm 61 in ehich dregpreciBtateds aaraled fro@UB5 9. The
process ag,fha%d in claim8, in which the heat-accepting fluid traverses
the reactlon zone in countercurrent and/or co-current relation with the

- reaction medium flowi ng through the reaction zone. 10. The process as
claimed in clam9,mi j - j i.d f-al | ow at
exchange mﬁtha%%e {2%@?%%%9ﬁ§%?§ﬁ??§hg?%2%@%%@9?%£ﬁ%§g€§%“%ﬁ%?ﬁ%ﬁ?%

mechani cakcyaled tohe readtivozeieccal energy. 11. The process as clainmed in claim
10, in which the heat-accepting fluid

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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conprises water and/or steam 12. The process according to claim1l1, wherein
the oxidant is introduced to the reaction at two or nore |ocations. 13.

~ The process according to claim5, in which the precipital®J#sase¢6at ed
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 claim114, in which prior to recycling the sane to the
reaction zone the nother liquor is preheated by heat exchange with the
product stream%% r onfhelpeocersed clpinoh whera thd GialyEhs iphargssogstont gidred in claim
L 10 wni Gl 06, ShyRLLAD L ARG ihdiSd SEIE LahionOhe (BT LEA AN, BN
reaction zone. 17. e process as clalne |nca|m§,|n ich the

oxi dat i onmeregotwrems.i s carried out in nore than one reaction zone. 18. The
process of claim1, wherein the catalyst is in heterogeneous form and
wherein the heterogeneous catalyst is |ocated within the reaction zone. 34
18 January 200%. 19. Thetpeocprsef elaisn bfwheileqi the drometivanadbioxylicheid ceselabtyd froms i n
honogene T . cat. [ Sl oduced to the
reacti Othg% 39]{ é(%gigl ﬁlgro\fv\g\nk?{pﬁ{h cé@%l%%é@ﬂﬁﬁ%c?%%@%&%%ﬁ gal.pﬁ%%l gﬁf‘ﬁ'he process of
claim1, ditegroayle achipamghenaid avidcar boxylic acid is selected from the group
consisting -of terephthalic acid, isophthalic acid, trinellitic acid,

napht hal ene di carboxylic acid, and benzoic acid. 21. The process of claim
1, wherein thélone e pees opfeleioul, shieminitke ongloemere pr@rsorfexypwocess of claim
1, wherein the oxidant is an oxygen-containing gas. 23. The process of
claim1, wherein the aromatic ring structure is benzene or naphthal ene.

24. The proces®. of eapravesk of vihier e wherelghsatidaghis at ongestatagsaegsi al |y of

wat er.- 25. A process for the production of an aromatic carboxylic acid
conprising a carboxylic acid noiety that is directly attached to an
aromati ¢ ring 3t r ucthgmpeoces o élgi Iy ghakin tixaarbosiicaing seyctgaisdepencas s

conpri si r}gpﬁtFﬁ step of contacting a solvent, a catalyst, one or nore
precursors o the aromatic car boxylic acid, and an oxidant within a
reaction zone of a continuous flow reactor, wherein: (1) said solvent is
an aqueous sol.ent LSi wat e p. j §] C jfions or near
supercriti cal 2\ébndilﬁilggﬁoé?5%€ g%m é%ﬁﬁe%%%g% Ct% ﬁlsgsrt%éﬁ%fgg%}g&g%ie%ient are a

si ngl e honogeneous phase prior to contact with the catal yst and the one or
fror e 25.

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 pfocess 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
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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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