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(57) Abstract: Processes for the
production of aromatic carboxylic acids is
disclosed. The aromatic acids are produced

R o7 108 109 (o by the liquid phase oxidation of a suitable
04 108 ( acid precursor in a reaction medium
~ { comprising benzoic acid. According to
20~ 1O M one embodiment, the oxidation is carried
] out under plug-flow reaction conditions
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{ ta 115 in a plug-flow reactor. The plug-flow
{ [ I conditions can be achieved by the use of
a seties of continuous stirred tank reactors.
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~In another embodiment, the oxidation

s N7 is carried out in tow continuous stirred
™~ tank reactors fluidly connected in series.
The prefered oxidation products are
\iio terephthalic acid, isophthalic acid, trimel-
litic acid, 2,6-naphthalene dicarboxylic
209 acid, 1,5-napthalene dicarboxylic acid,
205 219 2,7-naphthelene dicarboxylic acid and
phthalic acid.
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one enbodi nent, the oxidation is carried out under plug-flogﬁr@aﬁhggn
conditfions in a plug-flow reactor. The plug-flow condition 8 f

achi eved by the use of a series of continuous stirred tank reactors. 1In
anot her enbodi ment, the oxidation is carried out in tow continuous stirred
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having two or three oxidizable ring substltuents Speci t1 cal this
invention relates to a process for the produotioii of aromatic




10 carboxylic acid in by the liquid phase oxidation of a corrﬁzﬁong
aromati ¢ conpound having two or nore oxidizable ring substif Y €9%herein
t he oxi dation sol vent conprises benzoic acid and water and the process

yi el ds aromatigopakhaxylic acid with reduced inpurity |evebgrusBAtdssROUND
OF THE | NVENTI ON Aromati c carboxylic acids are useful chem cal conpounds and

are raw materials for a 15 wide variety of manufactured articles. The nost
wi dely used commerci al processes for the production of aromatic carboxylic
acids involve the catalytic liquid phase oxidation of a suitable aromatic
f eedst ock under el evated 1%)ressure and_tenperature conditions. For exanple,

ort ho- xyl ene FROBHHIONPE GG BURESHARAMMIE CARBQKYLIS AGID Bip PXINATION | s
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produce 276-napht hal ene di carboxylic acid ("NDA") and pseudocunene is

oxi'di zed to produce trinellitic agsh éF TNEAWVENTIA$E processes may be
catal yzed by one or_  nore_ heavy netal conpounds, such as cobalt, manganese,
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suitable aromatic feedstock under elevated pressure and temperature conditions. For example,

ortho-xylene is oxidized to produced phthalic acid ("PA"), mera-xylene is oxidized to produce

isophthalic acid ("IA"), para-xylene is oxidized to produce terephthalic acid ("TA"™), 2,6-

20  dimethynaphthalene is oxidized to produce 2,6-naphthalene dicarboxylic acid ("NDA") and

- pseudocumene is oxidized to produce trimellitic acid ("TMLA"). These processes may be

catalyzed by one or more heavy metal compounds, such as cobalt, manganese, zirconium,

cerium or mixtures thereof, In addition, the oxidation reaction is usually promoted one or

more promoter compounds, for example elemental bromine.

" 25 TA, is likely the most widely produced aromatic carboxylic acid. TA is manufactured
on a world-wide basis in amounts exceeding 10 billion ﬁounds per year. A sinéle
manufacturiné plant can produce 100,000 to more than 750,000 metric tons of terephthalic
acid per year, TA is used, for example, to prepare polyethylene terephthalate, from which
polyester fibers for textile applications and polyester film for packaging and container

30  applications are made. Although there are competing processes, TA is most often produced by

the high pressure, exothermic oxidation of para-xylene in a liquid-phase reaction using air or
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phase oxidations are well known in the art: For exanpl e, Saf%{ar ig %J S.
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conpounds to their corresponding aronmatic carboxylic acids. Central to
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In conventional manufacturing processes, TA undergoes catalytic purification to
reduce the amount of impurities found therein. Purified Terephthalic Acid ("PTA"), from
which fibers, bottles, filins etc. are made, is obtained by the catalytic purification of crude
terephthalic acid ("TA") generated by the liquid-phase oxidation of para-xylene.

s

25 Typically, after the TA. is formed by oxidation, it is crystallized and separated from its
mother liquor which comprises catalyst components, acetic acid and a variety of intermediates
and by-products. The crystallized TA contains & number of impurities, such as 4-
carboxybenzaldehyde ("4-CBA") and colored impurities, which are measured by the optical
density (light absorption) at 400nm ("OD400"). These impurities cause undesired effects in

30  the polyester resin. Therefore the TA must be purified.
In a typical purification process, the crystallized TA is dissolved in deionized water at
temperatures of from about 250° C and upward. The solution is then contacted with n_mlecular
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tenperatures of from about 250 C and upward. The solution is {h n Sq? tacted
With frol ecul ar -2 21 July 2004 WO 01/ 53246 PCTI USOl | OL909 hy#i 6‘3&% t he
presence of a hydrogenation catalyst. The solution is then cooled to
crystal lized typgopihis’ i €d terephthalic acid which is then yecanered, washed
and dried. Using conventional processes, TA usually contalins about 2000 to
about 5000 ppm of 4-CBA and OD400 val ues of approximately 0.1. And PTA
typically coﬁ dipges ipethigusrencesy @ Hudrogaainn safelyst phhe Splutiondsghem goatydh 0

val ues of ape@ma@éﬁé widd kereMiBdlic abill whkh i @EAYecdlded, wWillicd 2Rla3&1. PEGRESSES
t hat produce Medi um Grgde Te?eﬁ%\t hglallc Acid known as MIA. MIA _can bgﬁgﬁsed
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have OD40Q val ues sl i ght ngr eat er. than about 01. Al though MIA cont ai ns

nore 10 49CBRPRRAA- Vhuseiolappropynatelis®ant i al |y the same oxidation

process with no %93@%&5{8&1 fake s SIWANAREA e BLAREREASdpRihatid1©
production of |A PA NDA ar}lr l@@ﬁr@%%lar '?%d tha’E3 for TA IécrllJ each

case, the prdeidsknopmesiMEA. t MTA sanfieqused ins mans pfithei some @pplications s ST, dore
aromatic fee K fibde 563 RS, Eﬁppﬁsqaﬁsc%ﬁémshbﬁaﬁém&dﬂo%aﬁlsd@ ﬁb&ﬂ-@ﬁ%from

t he oxi dation 15 contal n Inmpuritires the level | S"reduced by

sone type of %ﬁﬂﬁf haya OLHA0 yalvescstightly) gyeatey hanahews 0. MR}ET!{M@A&@FW Blowf t en
further ppocesed dAar Ppghic %h)%fgtg%&d B9 s'ix‘gséztr? E?eﬁ{] hle! dfideffion 4r L8 - nd

general, an approprlatefe 1S a aving two appro prlatel}y
p03|t|oned ovbselivertiphafiqationy substituents |n the case of TA, 1A and PA For

TMLA table f

SUBOL tent o i n 1 PG rihodies £0uBHRARR I i, S NG aAX TSR Snfiel

f eedst ock i s tmbfsn{lAal lareacthense, tioe prriess inadives thée hqpidplyse pxidaion of amappveprizeand
6 positions. amg‘% e%ds?%idﬁiﬁi e Pa PIRERES tﬁeoa[ronhih% R0 YR Froftl 1@ QBEIRC

di carboxylic or tricar
16  contain impurities the level of which is reduced by some type of purification process. In the

case of TMLA, the acid is often further processed through dehydratlon to form trimellitic
anhydride.

In general, an appropriate feedstock is a benzene having two appropriately positioned
oxidizable ring substituents in the case of TA, IA and PA. For TMLA a suitable feedstock isa

20 benzene ring having ‘oxidizable ring substituents in the 1, 2 and 4 positions. For NDA
production a suitable feedstock is naphthalené having oxidizable ring substituents in the 2 and

6 positions.
What is needed is a process for the production of aromatic dicarboxylic or tricarboxylic
; ; : acid in which the production of toxic methyl bromide production is minimized. The current
.7 25  invention provides a process for the production of aromatic dicarboxylic or tricarboxylic acid
in which the formation of methyl bromide substantially reduced relative to conventional

processes.
In addition, the current invention provides a process for the production of aromatic
dicarboxylic or tricarboxylic acid in which catalytic purification is largely optional. As in one
30 embodiment, fo TA produced is suitable for direct conversion to PET without a separate
purification step. Qther advantages of the invention will become apparent upon reading the
. following detailed deécription and appended claims.
-3-



acid in which the production of toxic nethyl brom de production is
mnimzed. The current 25 invention provides a process for the production
of aromatic dicarboxylic or tricarboxylic acid in which the fadriui200d of
met hyl brom de substantially reduced relative to conventional processes.
In addition, the current invention provides a process for the production of
aromatic dicarboxylic or trSUMMARYIOR:THEmVENTWN ch cat al yti C
purification isg I ar, ti r,oduced
P sui tabl o 1 or® d raee? ool raRl i (e R n v ol LEblP e merr Rl o
st ep. O herodadicantf agestiofeatbiveylic pvidrityi the liguid phdaeomﬂmoap:}fanamaupcﬁetdstmdl ng
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acid by t r&%d!’dt do%% garHQfJ‘ 3.1? In ﬂ% rf;[a}gltlonnzorcx)g 0 plu% t Iagtof 5 te%?nkeé %’éﬂsttah Atk in
a reaction um conp mat i °c eds an oxl da pronot er,
heavy rret af the atoalayis acuapndd@@di vigstl}izdsigths odavtmmtzom@dppn$amt@din®nz tieoxdetich and
wat er, Xl ion i arrl t.ih the r f. a plug
fl ow reac m?mter ﬁhbé: r é?%]%tﬁt eaélgtthg aem%or Fm‘%!tj the 1h TR m%{glo matathfSp s gmg?soeduced
crystalli ze@ln martgaeesc efrctniwon czidume or mnmcsehegcdioms menl as 10Pre 16%) Zﬁaf& oranore,

pronot er %gr;'x/e?%t o’f‘a{E' ar;'omatlcr?ac nﬂ%yhce rsta lr;rztéorgo e reacE(t]nemQQ%%}/l Hl%tre%cP Cna%o%leySt

may conpri T 1T Coni um ~Cerl um or M Xt ures ereof. As
much as 10% offispm rﬂfu%:Cb forrthﬂ’ wenmrom ghy be aipphhbb)aam neteec cfaltaiildngrayeam

crystalliz he reaction diumin the re ctlonz
required fg'?(:htrﬁéné eréeh?H or 0 eosserr%sllltalbe Oxggen (fcm% ' mEJ(ortaml]-?' gh (fal n| ng

stream whnehtiomaynag drepnded etoaprndtmﬂ Ialmahotahdr tcscphthabd: elcxdxysyplmhzdmnwd &g gas.
I I ] d,
por t ant nX%htﬁa?e%a%%alrb%%thc ac{?iv?@ma hari%l\é é;gc%rb%)scﬁ{% acid BEC né}%ﬁalgng;{l}i%r oxyélf%m

t er epht hal'I'c "aci ene car
1, 5- napht heldgnmelitic agidh onryixivgesaldrehf daqeﬁdlngqxhﬁlh adnepreitidn ofthbaxphticfeedaorid,

trimellitic aCI'I‘ijle g(;lv%gugr et%e qgtlo%%edgu?xp &h 1Elent 1.g'ﬁl;.act?on z%gp & Ibtelfl%n a foutt he

aromati c feedstocC ove ratio1nt mas it ente
t he react ildmatrgh4d. Aamsdddeferahe aﬁmtratldmambmnnrﬁ@as fadowssed herein the

sol vent ratio may be debpypipedh13s I REIGF oF soLvENT
WEIGHT OF AROMATIC FEEDSTOCK

Preferably, the solvent ratio in the reaction medium when it enters the reaction zone is

from about 2 to about 30.

The use of benzoic acid as part of the solvent can substantially reduce or eliminate the
production of methyl bromide relative to conventional process in which an aliphatic acid, e.g.
acetic acid, is used. The solvent may comprise from about 5% to about 60% water by weight.
Preferably, the solvent comprises from about 10% to about 40% water by weight.

Plug flow reaction conditions may be employed to reduce the level of oxidation
intermediates, such as 4-CBA, in the reaction zone effluent. By "plug flow reactor”" we mean

reactor conditions under which the aromatic reactants are prevented from exiting the reaction



SOLVENT RATI O = WEI GHT OF SCLVENT WEI GHT OF AROVATI C FEEDSTOCK Preferably,
the solvent ratio in the reaction nmediumwhen it enters the reaction zone
is fromabout 2 to about 30. The use of benzoic acid as par t21ofulyt 204

sol vent can substantially reduce or elimnate the production of methyl
brom de relative to conventional process in which an aliphatic acid, e.g.
aceti c acizdne insa usddnceThee siglifiently rsh:;rtecdmprths evdragemeadrocd tim@oof sheafrattor 60%
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of the redevdiroleveledif urnidation heteneadi}atqsowhﬂzronemnmﬂ he tbptdxmatied cffrentabof aw f or
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processes cor aronat1 c car g obta’ned from
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wh fl )
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obt ai ned ﬁhetﬂrmonzhte)fﬁef‘éiﬁrmheﬁéehlgmtlmntabwtﬁﬂ@pmact|on zone may be
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before the TA is convert refer anount o
t he TA i s ihvestiontdeatemplese adig@dc rﬁpr:tionmsndmmsr @sneczidlpgia,wmsﬂ iy renidved Goandleet | on
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adi abatic reaction conditions. Accof r
reacti on »éirgas elxdasr thatl mmﬂ@md\mmmm btrheic ragidctarimm mepdkiden carppn Boiide,

t her eby g%Q?greﬁtainﬁ'g)t}@:p gaseous components. This off-gas may be processed and treated using a
variety of methods known the those of ordinary skill in the art.

In another aspect of the present invention, there is provided a continuous process for the
production of a aromatic carboxylic acid by the liquid phase oxidation an aromatic feedstock
comprising: (a) providing a reaction medium comprising aromatic feedstock, heavy metal
catalyst, a source of bromine, and solvent comprising benzoic acid and water, wherein the
aromatic feedstock comprises a benzene having two oxidizable alkyl ring substituents or a
naphthalene having two oxidizable alkyl ring substituents and wherein the solvent ratio in the
reaction medium is in the range from about 1 to about 40, preferably about 1 to about 30; (b)
contacting at least a portion of the reaction medium with an oxygen-containing gas in a first
continuous stirred tank reactor thereby generating a product comprising crystalline aromatic
carboxylic acid in a liquid medium comprising carboxylic acid, water, heavy metal catalyst,
bromine, benzoic acid, oxidation intermediates and by-product compounds; (c) transferring at
least a portion of the product to a second continuous stirred tank reactor wherein at least a portion

of the product is



of f-gas stream that may conprise water vapor, benzoic acid, carbon
nonoxi de, carbon di oxi de, oxygen and ot her gaseous conponents. This

of f-gas may be processed and treated using a variety of metHHidiuhkd@an t he
those of ordinary skill in the art, In another aspect of the present
invention, there is provided a continuous process for the production of a
aromat i ¢ cantbasd Iwith aciodygayz-comamhgcgabdwmh@sea oxbstiatialo porion af ahe@taxgiation
feedstock . %{a[émg id Z@é c%e{tfé'cﬁ%o 11c§9§t' on nedi um conprising aromatic
f eedst ock, heavy net ar urce of brom ne, and sol vent

conpri sing henzﬁwchqadlpﬂasanxidmnean tawnpiammtwmﬂageanmmmrﬁ sfage bsit®adeful to
conpri ses idi alkyl rin S 40

mapht hal oS e ROSAIUL 0% AR il 3 GBSy SO TR S0 e, |
sol vent r atystallizad ttrboxyheaclﬂlmay ereafirigenabait iten pdreent angerd oﬁ)thﬁwlarbuxylic dcgl about
40, prefe p?pdu)fedglgq}fé fi %o(?ltlglpo%gltstn%?i talglp %eactgro nh%cstowggt 1%{10 neﬁl§tﬁr:§ R4 r}u A of
the reacti an oxygen-containing gas In fir cont I nuous
stirred t atiked eglcte@trtomhﬁlre&bgbhgbﬂehmdbng 28. Prafetaldy, th@mbrentsqongn@asyab@aﬁ% ne
aromati ¢ SRR G b oo USRI SRIPIORIEGGRUBRNkE B O
wat er, heavy net a al romne Nzol aC| , oxldatron

i nt er - nedipatfesblandnpyic fealdodt acowpoed dom (o) srovmnefssting nf peta-xyleastera-
portion of 3 t ed tank reactor wherein
at | east éﬁyﬁg?toip%%qﬁgée’ %’ﬁedﬁﬁer%%%ga@ﬁlh%& fgﬁ% %%éf contacted with an
oxygen- cont ai niAdipbgas opiigioeyf the b sndsedoad Cpmmw.snstmlfedttm GAdteka trhaynbe

i di i;d. +Th

oxi dat | on TERT e R A0E° by SEPR b RRT I koAl Il il Sl
conpl ete tsn@m@ammnswata, @di@stdamdeaixypm tarlgom nodnogide @haibeoznm miider Wheh at es
to car bOXy% D i ué’e;ETi"D aqlg to{&pﬁ&{ X&E@LJ}% ?ﬁd G RRnehd gff%gi gre%%( n%S%’Qi’Jo {b%lpﬁE’O“t

ten percen e car It acid produ
cont i nuougtitsigen ard othan kor-@addngible dwosailtsy e eportantiyp thenoff-gas ﬁrqamt frgoraénuous

stirred t arg;}gm; ﬁgg BQE-egltéd %ﬁz?itglg%p{) sl!rn%%% d}ﬁ 5@ c&g@lgéd l%t% onE c&nﬁ{n%bs rdam %\IQF

sol vent conpri ses about out ter nore prererably
f r om abouttrea®d@t weclabout 40% wat er. The preferabl e aromatl c feedstock are

sel ected from tzth AR GRS % o?%e‘r)lpfmc&%{iéh 3838 Rldan u?% Ellihatic acid,

ort ho- xyl ene, grg'rmstﬁ@% % al ene or m Xtures {her ,}Al\oﬁ g%atlc

oper at i on e atetie, sblvesitis nsed, theg&sn@swmwdueﬂs:amtii; treagadl tbankweemm@bsmﬁéw be
and other environmental bad actors generated by the oxidation reaction, and to recover desirable
components which may be returned to the oxidation reaction. These treatment and recovery
operations typically involve fractionation, scrubbing, and catalytic oxidation. In addition, energy
recovery schemes, such as those disclosed in co-owned U.S. Patent Nos. 5,612,007 and
5,723,656 both to Abrams and the teachings of which are incorporated herein by reference, may
be employed to recover energy generated by the exothermic oxidation reaction by proper
handling of the off-gas. In any event, any off-gas recovery/treatment system necessarily involves
separating water from the solvent acid and removing environmentally offensive components by
scrubbing or catalytic oxidation.

The use of benzoic acid as a solvent component can substantially reduce the

complexity of the processes and equipment needed to treat or recover off-gas components.



perfornmed. Therefore, gaseous off gas streans may be generated. These
gaseous off-gas streans nmay conprise water, carbon di oxi de, oxygen, carbon
monoxi de and benzoic acid. Wien air is used and the oxygen-coiniuy 20040 gas,
t hese overhead off-gas streans may al so conprise nitrogen and ot her

non- condensi bl e conponents. Inportantly, the off-gas streamfrom each

react or melirshevaareadt bahzsie pad ateehore edsily beparated darmsena\difheerco Mohéie ebspetiae one
conbi ned streamand treated as such. I.n conventipn rocesses._for the
product i oflbo(l)lfngcpaorl QSo>‘<'§3/ e %})zic‘:’lj'l ﬁn}i’%ﬁ \V\ﬁ?rca}?daﬁciﬁbch%‘?‘?clrg?%l fel? the C(j).mpge&‘gi’ jof the

sol vent i sfrassedifion hethgasidcud vatee iththa dffigas siir adsmihtially be addackdt oSecaniby eharet hy|
brom de aargrgo o{ Qfegro%pd\ég ronment ?Ib 0ba | act or s ?ag_‘ erated. b tthg oxj dat i on
reaction, And to recoversyd&iPapf e % &Mpdhen mized, sty &rIFRe P o t he
oxi dat i on angmot ofenuiprhtie asl roeadesedtedan teatelemiBgay to epevathisabsipbnept adlthey

i nvol ve frr%%toifgnnv%toi Oé‘mazﬁ%éj%bi ng, and catalytic oxidation. In addition,
energy recovery schenes, &ich as those disclosed in co-owned U S. Patent
Nos. 5, 612, 007 Hwrdpelatin2@n6fiGnshiotehcht conidimoansir@a thnk heactoe aahiba gsteadinatpych ar e
i ncor por at her ei,.n_ by, nef erence, ..na e enpl o tqQ recover ener

gener at ed tggsetcﬁjeorgl%ry Ho’lélrummcﬁl%)?ﬁ dﬁé%ﬁogﬁu?%gc?fq%lﬁn%gg% g%peep m%gﬁofﬁ? Eedg%f’f t he
of f - gas. loxidetign évtemtediatn\deofefl - igatbe read areduyl streat Ndiht teypdraimeniaCthe Stnsi | y

i nvolves s rat .n er fromithe.,saolvent aci re i
envir onnen%ogﬁﬁlfuso e(rilgall%%éea%%rrrrf)}a R %hetg?/nges%é’ P’uag’B‘i%nlgEUo%r toég‘{’)“gP@(?’ CoPisirai i on.
The use ofinlignzggedroacabtduaiB0eC sodbratr20Wh Mienedature anths ks tathiak kyrredadakce t he

conplexity _of the processes and. equi needed to treat or recqver
of T gas cominenpeoap bR Rk bl Tl Bt R pb oo me O e
easi | y sepabout38d pbie caatoet 450 pdigl flae emperafure inhied second sp@towsestirrbDiahk regetmoi Nt s

versus, fo anpl e ter.,a ti J Therefore, the.conpl exj of
Vhe " r e SR Snet B s RS0 R o HREREH T fis it rS TRt Ear 1
be reducede abag GRfCY , Thelpeessimerinuthe scobndorontimuebes stireed gankmedclyy lis fefondben the
gener at ed n i nijrhzed. t her rreduci ng.the . amount .of [ nt . and
processes r%%&%& @SQtjr’(gggflgf 2 O%tg B yasé %° ?Igfr?lro""@? RIS Srfr‘ﬁglnag%# 3 ggm% ife

ri sk of embputdifrpst.aln adpewge the Pressuopad adniprgpthicomaiiles of tsth raw@e bang@ndraluous

stirred tank,reactor. mpy be determn Eﬁ/ t hase of.ord%nar ski,ll..in, the
it hout UhERERZln BB Ry B hEE T B o AOT g R e B b v

phase.

When the aromatic feedstock is para-xylene and the aromatic dicarboxylic acid produced
is terephthalic acid, the level of the oxidation intermediate 4-CBA in the product can be greater
than about 3000 ppm. Preferably, at least about 85% of the 4-CBA present in the product is
further oxidized in the second continuous stirred tank reactor. More preferably about 90% to
about 98% of the 4-CBA in the product is further oxidized to terephthalic acid in the second
continuous stirred tank reactor.

The fluid effluent from the second continuous stirred tank reactor may be sent to a
crystallizer wherein most of the dicarboxylic acid in the liquid medium is crystallized thereby
forming a crystallizer effluent shurry comprising crystallized solid dicarboxylic acid and mother
liquor. The crystallizer effluent stream can then be transferred to a liguid/solid separation system
whereby the dicarboxylic acid is recovered and subsequently dried. The separated mother liquor

may then be handle according to conventional methods.



oxidation internediates desired in the end product stream The tenperature
inthe first continuous stirred tank reactor may be in the range from
about 160C to about 230C, preferably in the range from about211.B)CA0 about
220C. The pressure in the first continuous stirred tank reactor is
preferably in the range from about 200 psig to about 500 psig, nore
preferably fronmn yalrsathe3@pechef the proseabipwrntias Ghepsis grovifhé a tentiperuatpincessifor t he

Second COnhMAUSIALI § ShokAP'ERRSIAY Ty e el il BYARALATLAYRN 150C
pressure i fiqedst s@emdlgc GO ravidngsa stertonadedivm komprsogcaromaicpieefsorialileyvyi n t he
From about " 400" 5u Py ¢y Sig gha 2on kB A B4 PRl BnkR igno®
t enper at urasomatisf fet tockfcoprises relzotene diagam tigemexidirdble alblel mg sybetitnents &l such
anay as ! OuRRaNR LRk LE i@ MeREdBR ARG 108 dkG5e RoACHoli™ tf)Guddt 94
phase. When the aronmati c feedstock 1s para-xylene he "ar onat

di car boxy | #referblyctbpit Gda gt 39;db) contapntetptildag agoitin of e rastiot m@fﬂlumh’eth an

oxi dati on t 3000
ppm Pref edF a%l yd,?iﬁ%irﬁ} agtlgggyatt é‘SA) o QQ-LE% tﬁ‘%ié?%rtgée g%nﬁmklﬂégﬁ agluyttct IS
further oxdtgimeemprisinglacomatic tmdrbewilplaﬁé@u%h@nd mpdmntcanwsma@ﬁ@rhea%metal
preferably, t t (o] d t her
oxi di zed tgﬁﬁgye}gﬁ%1 :Bgnzgg I n t aglfoge@%ﬂlﬁedg?gn%@nhgggﬁg% ?Oﬁltlé)m hEE)
reactor. Trrasferringdt epdtjaiperionfof g nrerucissirsande 8 eerond catisuas istinresldtapkareketoreact or
may be se Y. i B%éy n the
liquid mag\% 1llftrrnegll1 gt %:eggtsaf%ﬂlc%dzéﬁﬁjte ere : &eﬁ?%n“ﬁ‘ga‘%ﬁg}”ﬂ"sﬁ? i zeLdn? I?ﬁ%g o
slurry conphdarehyng %lbsigttlal Ippitien efolttied oxiddion bissepmediatesc iaxg andlznd)tthearromhtlcquor
The cryst e olid
separ at i oﬁthg&ﬁé’ll%%er e%hé&lﬁz)ﬂ%kcar %‘J%y [ 2&3@%@?@@{%&?0 egﬁggs%cb@&'btgées
subsequenthejndysela to Wﬂ@lﬁéﬁﬁr%’a@domf henbstantial cportionenf axfdatioth intdrmpdiftes to

accor di ng e, GARNERid Oﬁ‘ﬁé somhmgém id £ Y boheitQ stifedViGiik %Q&&Jl? RRRR of
the present invention, there is provi a continuous process

product i orih@fanae ﬁplé}rﬁhwt@ tp ﬁb%ﬂ%o?{ﬁlfﬁr%bl)aéhqjsownttmmpmeq@b@t é%fatseib@m@%t i on
an ar omat i G f REY Crlﬁorgg zi(b%‘ ﬁ&n abddd 10% %degﬁt’lﬁ(%a&&ac“ on medi um

conpri sing ar onat | feedstoc eavy netal catalyst, a source of brom ne,
and sol vent conprifethegaspen etihe praesntingantionditeesis puabidedd progasefor the production

of aromatic carboxylic acid by the liguid phase oxidation of an aromatic feedstock comprising

trialkylbenzene, ortho-dialkylbenzene or mixtures thereof with oxygen in a reaction medium
comprising the aromatic feedstock, a promoter, heavy metal catalyst and solvent, the solvent
comprising benzoic acid and water, wherein the oxidation is carried out in the reaction zone of a
- plug flow reactor.
BRIEF DESCRIPTION OF THE DRAWING

Fig.1 is a schematic drawing of one embodiment of the process of the current invention
incorporating a plug flow reactor.

Fig. 2 is a schematic drawing of another embodiment of the process of the current

invention incorporating two continuous stirred tank reactors.



aromati c feedstock conprises a benzene having three oxidizable alkyl ring
substituents and wherein the solvent ratio in the reaction nediumis in
the range fromabout 1 to about 40, preferably about 2 to al@uuh3mM0o4(b)
contacting at |east a portion of the reaction nediumw th an
oxygen-containing gas in a first continuous stirred tank reactor thereby
generating a product stream conprising aromatic tricarboxylic acid in a
| i quid nmedi um conprisin rom ne, benzoic
acid, oxidation internegné?%géa%%ﬁgéﬁbroﬁ%%%Tﬁggﬁééﬁégxp(c) transferring
at | east a por thuonngfirst leFigr bdthet ikdstratadnist o an‘méennmd of. twtaurrerd usvestion med
tank reactgr , §Ogr&l A zéﬁe Ap%%% \A%ePOfu%'ff%@, C%L%& ea Q98 neditiin® r@n% O'&t acted
wi th an oxygen- cont al A portion o

oxi dati on queafcnmdmmg@s ammi@Zdarz eldectt@i mrmmum tReag@n baedjdni etr@m 1;{)1 The
l'iquid ph Kk a g the nd_ st

bei ng use?ﬁﬁmg%gggﬁ%ﬁg %% téﬁbng %%ﬁﬁo &ﬁ@gdgﬁ gg 8 mﬁgrlnﬁ?ﬁ%%

oxi dat i on compesinegnzdiesid md wamrc’aluetmwydtlccfeedapd; is il'dh@t&d(ﬁlovaht gnoayt ccans:stmgt he
first contj I (o] f a

sbout 2 16 Seadrs v BE%y LRl BB dhng o BREhE sRE b Beny B SRl G0
60% wat eroxidipblaging hitbstitnot en pnchbémmmatfcmgs Hreferably 06 aromat[mout 40% Wat er.
In a further aspect of the present invention, there is provided a process
for the production of aromatic carboxylic acid by the liquid phase

oxi dation of an aromatic feedstock conprising trialkylbenzene,

ort ho-di al kyl benzene or m xtures thereof with oxygen in a reaction nmedi um
conprising the aromatic feedstock, a pronoter, heavy netal catal yst and
sol vent, the solvent conprising benzoic acid and water, wherein the
oxidation is carried out in the reaction zone of a plug flow reactor.

BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 is a schematic drawi ng of one
enbodi ment of the process of the current invention incorporating a plug
flow reactor. Fig. 2 is a schenmatic drawi ng of anot her enbodi nent of the
process of the current invention incorporating two continuous stirred tank
reactors. 21 July 2004 DETAI LED DESCRI PTI ON OF THE DRAW NGS Turni ng first
to Fig. 1, there illustrated is an enbodi nent of the current invention in
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whi ch the reaction zone operates under plug flow conditions._ R ac%i on
medi um stream 1 01 and oxygen-contai ning gas stream 102 are i Y et t o
react or 103. Reaction nedium stream 101 conprises aromatic feedstock,
heavy netal cawa ysbzasand oxi dation pronoter in solvent coomssivig benzoic
acid and water. The aromatic feedstock is selected.fromthe group

consi sting q.f benzenes have two or thr%e ogi di zable.ring su stituent% and
napht hal enes Of% SPOPTRES ¢ PEREVIS: | STPARYEN S| ST ¢ BERIOCBRRE R c -5
its aromati c dimétifinapRthelens, 216-dimethilaaphttalend, i207-EikethyinyphfARbe WOnBMUrES3BéRof.

PCTI USO / 019 feedst o conpri ses. para-xyl ene, . ortho-xyl ene,. neta, xyl ene,
bseudocurene LB, IV R 11 W PP B RO mTSINe. (bl FOTEAS PG, oot of

2, 7- di met hy| naiphikdadherdsr. 0ThéVoxidaioasprofeke & prefelfddy Heautye O bidmisat @xygdn-
preferably conprjses cqgbalt, nanganese, ,zjrconium Gcerium or I Xf ures

t her eof . e t?’c?ﬁ{gigﬁ?lS“ﬁ?‘Br}B% EQMATSCS ARE FRRRA LYY SRS & IH?fBW{;THé{r' oxygen-

5 containing gas ResidRnoibds £aARnSSie FIAYdispdiddaitdrén OXNORApEAIMtetdnd ipRdsi@as ,
preferably air. Reactor 103 has a reaction zone 104 djsposed . therein.. The
tenper at ur e ARSI Errefor s tefesiod 1 prdprde aiain g oxidaticadpactionsig theyliglidier
to maintain tyAgeOXihe lcksite WIRBE kdat¥Br 103 it PRIckdAbHiNbin BR3SRe FERLREISDE PEig to

Wi thin reactor 103 is prefer.abli/ w thin the range from about 200 psig to

about 500 psia§outrl? esipreqre paErapLVIEHR fpettge fiamgbort S0hpan LA Y00 peeg The
about 450|0p3|t&npe§§§'telt%1é%@c§gﬁ%ﬁtlw & Mbfhbl RAE R mdf3kd BoETIBHADLY aliut hi N

the range from'a 0 about " 230C] nore preferably wthin the range
from about 133CGC, mab preferdbPOEithintiet rapgedionr alipht/ 1900¢ thabout 220°C.amest pfefesshlnbout

190C to about_.210C. The _.sol yent | 0,0 N t j.Qn ium. n _reactjon.zone
T i s rmai nt STAGETE s 637 AEH 1903 ol A1 GRE HEolBR D iy heaph ORISR 1 01
range from a&wtién Zbnk A0ABeHintaNed iAlthe e dom ghooivl idabout A0,tpdfaraldp drcthé ramgd | on
are inclusive. 1 ct or 3.},S _operated.under ug flow.conditions such
that the aro %oﬁgt@tagﬂftg{& fthéa}nggsr?rc& ﬁ@'ﬁé@“&fﬁ%}nﬁﬁﬂn‘éﬁl‘f't he same
resi dencefsti ne W Rbactorri@add oematetionelerl fldg flbw cosdittdns Gtch thatitke A0dhatid Fedctants
aromatic feedstack is oxidized tq a corr ondi ng.,car baxylic id. The
nr boxyl i ¢ adiarin Smenats Aot R SAETESY g GF iemhe
the reacti orzoferlid i arbhatiefeedstck aoxidied et dameypondingaitdxyli sgidner at ed at
| east a portion of it pegj.ns .,20 to crystalljze fromthe reacti nedj um in
reaction zone 104&*‘?:8?‘E‘33'L1‘f‘rﬁ?‘@ gengated i freaptor 1](9§A;may st be Gompletely sofuble’In. the
reaction medium. Therefore, as the carboxylic acid is generated at least a portion of it begins

20  to crystallize from the reaction medium in reaction zone 104. For example, as much as 10%,
15% or even 25% of the carboxylic acid genefated may crystallize in reaction Zone 104.

Recovery of the carboxylic acid product may be achieved by substantially conventional

‘means. In Fig. 1, the carboxylic acid recovery scheme depicted it similar to the conventional

: ) ' means used in the production of terephthalic acid and isophthalic acid. With reference to Fig.

25 1, reactor effluent 106 comprises crystallized carboxylic acid in a liquid medium comprising

dissolved carboxylic acid, water, benzoic acid, heavy metal catalyst, oxidation promoter,

oxidation intermediates, and by product compounds. The fevel of oxidation intermediates

present in reactor effluent 106 is minimized because the plug flow oxidation conditions allow

the oxidation reaction to go to substantial completion. Reactor effluent 106 is directed to

30 crystallizer 107 wherein the a substantial portion of the dissolved carboxylic acid is

crystallized. Crystallizer 107 is preferably a flash crystallizer wherein the pressure of reactor
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15% or even 25% of the carboxylic acid generated may crystal] ] 5@ N
reaction zone 104. Recovery of the carboxylic acid product n%&/ %29%i eved
by substantially conventional ‘'nmeans. In Fig. 1, the carboxylic acid
recovery schemaleyisz®sed it simlar to the conventional maarasuig@shoi N t he
production of terephthalic acid and isophthalic acid. Wth reference to

Fig. 25 1, reagto fluent 106 conprises crystallized carhoxyljc acid in a
liquid nedi un?aﬁg%"r’%%)rﬁs?i Kg W%Pgﬁ%}Yvﬁgegfgﬁw{i %ﬂa?“&aﬂé@r‘? Y EYitAtRs atheq
heavy netal oaystdliystion eftheddissplyad iteryicicid. oxi dation internedi ates, and by

product conpounds., The |evel .of. oxjidation. internedi ates, present .in_reactor
effluent 106 is mBﬁFWez%ﬁh%‘éoé%&?e‘ﬁ??‘fﬁmﬁﬁ g 895‘1%??% &89 S@%ﬁ‘iﬁaﬁ%"%ﬂ ow
t he oxi gat i onthaéI vatet jamntiﬁtl@ﬁ(ﬁe?ﬁ&:r%ﬁhﬁﬁtamdla%ﬁvwhﬁeﬂ@ﬁni%ﬁ(b@féﬁﬁfif:@iﬁ)ﬁ hpi@at | f
106 is directe 0 30 . crystallizer 107 ergint a_substantial portion o
the di ssolfe&’%‘&?‘b’&&yﬁ%& Saree d‘“i“éaﬁcfr"‘&??e’fy |%°%’évd‘?-g-cf§sfb§| SIOf“?gFY flecredses - with

preferably a deb@asingowatatinbbizdRraciih Ac@brBinb R hd BQRGHIRARN ARG OErysttizAibn JUl Y

2004 WO 01/53246 PCT/ US41/ Q01909 effl uent 106 is substantially reduced
al most i nst a#ﬁﬁ&é@ﬁ&mﬁﬁ‘&?’éﬂ?% tned ¢fects qhcaoling of the regcigriefiughtagd desreasing

di ssol ved cardoohkbility of thdl carBe6Ht 88d 8f thé Renateediquld hadidh b @él&ﬁ@@@apgﬁﬁa\ﬁaﬁ er

and benzoic acid, a significant fraction of the water present in the
reactor ef fl feXf®Fs selectively vaporized during depressurization in the 5

crystal | ifger. For TEO68staliLd#i®h pfocEd ik O Mhiiifer 367 SSherafds rysthifiver dGofPbiidaii t Y
decreases with decreasing 'water in benzoic acrd. Accordi ngl‘ﬁ/, t he

depr essur i zatSFEaR 188 prd eryptallizes ofiluent 1127 Jnjtea crystallizerogasepup oxsrhead stredrel 18§ t he
conbi ned ef f elprieh prigRlilynd elshi C fdidgnd 120 [ t
sobubility of %ﬁe Car boxy| Agfprolai. ARE 1an b didA0E 1d qufgg e ko 166

sel ective vapdiereihie sigam if copdensed to fornmmatercstrgan 310, | Thetnonronsiensitde somponents

crystallizer SIABIRE, Pledohd g%g& Eh%glg : g@ %{;8 nd
crystallizer ngg%l uent g%eg& ﬁ?‘)ﬁat cr?g% gj]%ﬁ’i er'ﬁgﬁaﬂgﬁeo S %lv%ﬁ[gg S rlelglm 108
conpr i sedSpr iPwggeishganh Yrmaythesgbiee tosfugthenprocessiog el bnayinr te ¢hoseloft apdiparg sigi} in
recovery nmeaRg 409 wherein the steamis condensed to formwater stream
110. The non-condensi bl e conponents of crystallizer gaseous overhead-

stream 108 are pufFgestilizerafiludnt 1B eomprisisrerystatlige carbexotionadid in a liquid comprising
.benzoic acid, heavy metal catalyst and oxidation promoter. Crystallizer effluent 112 is
directed to liquid/solid separation means 113 wherein the crystallized carboxylic acid is
20  separated from a substantial portion of the liquid components of crystallizer effluent 112,
Liquid/solid separation means 113 compriseé, for example, at least one centrifuge or at least
one rotary pressure filter. An advantage of the current invention is that the lignid component
of the crystallizer effluent 112, primarily benzoic acid, has low volatility with a boiling point
- ; ‘ of 484°F. This makes it possible for the liquid/solid separation to take place at elevated
25  temperatures resulting in increased solubility of impurities that may otherwise crystallize with
the carboxylic acid.

Solid effluent 114 comprises crystalline carboxylic acid and from about 10% to about
30% benzoic acid, and is directed to washing means 115. In washing means 115, the
crystalline carboxylic acid is washed to remove benzoic acid present therein. This washing
30  may be accomplished, for example, by reslurrying the crystalline carboxylic acid with water
provided from water stream 110 followed by liquid/solid separation. The resuitant product

116 is, for example, a water wet filter cake that can be dried and stored.
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15 Purge stream 111 may be subject to further processing melé gqo 40_
those' of ordinary skill in. the art. Crystallizer effluent h ”%gﬁ% | ses
crystalline carboxylic acid in a liquid conprising benzoic acid, heavy
met al cat al yst wanai/see4é dat i on pronoter. Crystallizer effl uertridddorme
directed to liquid/solid separation neans 113 wheretn the crystallized

carboxylic acid i .al e substantial portion of the Jiquid
conponent's of cry??%??%ggfﬁﬁ%??ﬁé%@n ) Tﬁﬁﬁﬁgfg%“ §&g§%%¥%??%ﬁmtgﬁﬂ% 113
conpri ses, f Vashxaotidrdiquet 117emsyt bo nemlismt witl sgperation abtheeHgtor 108 @estltihg riyy

ressure fil d f.the.current invention dis that the liquid
(F:) onponent o%l?oth}%'ﬁg?%s%%rfg#eia@g rva]éﬁ T Eig'rsﬁ e‘{lﬁaﬁ% tcbfela%ﬁrr May @8%%X= giclfvatfids
| ow vol ati | i ttempetetire at Which figuajd/edidrsbparafon 4848 plackhin diquidkselid separpiifsinéing 1{Dr |

the liquig/salid separation to take e.at _elevated 25 tenperatures
Fesul t1ng 1 novise BEORHRGR b G155 T HF ereidRy B Rlewiter bR heRey
crystal | i ze wlléwing irfother Hglno xecyile 1 BCiothe r&gtieditoatidard0s with4itte0nTibi feétating.
crystalline boxvlic i d_.ang from abou % t o, about, = 30% bepzoj c acgid,
ot o di 1 ecORoTY RRY of Fiter HRRSr PRl iy ORI tpepoteH bl p oF
crystalline qaph¢yinreaceeiloB.i s washed to renove benzoic acid present
therein. This mas&%% 30'g%ﬁ be acconplished, for exanpl by reslurrying

the crystalline ¢ 1 ftovill e etireR RafoRtuopT BRAFRIER 19 Adhisext aetdd catalybh 110

fol | owed 10y lokidatiod/ S6inb@r SPahat te@dtion Thalivne SothpdkBits % OFeE ko reple itfe sthal
exanple, a water wet filter, cake that can, be dried and stored. -10 21 July

2004 WO 0115389%® T Eaiesilicert g PRseIse. IMakeryp catalystil2Q mayie Riovidedians

115 conpri sesgephRd £athigst ol hxiAfon \Blofibter. Y , b8daubd Wb Qblvént st YorRiRises
conbi ned with separafion mother Tiquor resulting . in_ nother |iquor

11
recycl e 119 Wrizel 3 Hemeeasydy benggic peid make-ipmay bs providss by swrpixjog tolpsne or

el evated teqmer ahiHofTkbenbieC s %ﬂyio@/ el kectRBP MeAfubON TR SBIBAAGR  bifer
i quid/solid separation neans 113 5 causes the separation nother |iquor 118

to be prdvi dewneatiolieatene isrorerpbiodermoicacidinragyr 1081 | owi ng not her I i quor
recycle 119 to beryeeoyadie rbqibe aChighly M Hht thfer® inV2QadY @rﬂ{?&ﬁoﬂlﬁ%
h e 119 rged to prevent

Optionally, a portion of nother |iquor recyc may be pu

build up of adiabatic conditions in which the reaction medium is allowed to boil, thereby generating high

pressure gaseous overhead stream 105. High pressure gaseous overhead stream. 105 comprises
water, carbon dioxide, carbon monoxide, benzoic acid and other oxidation by-products. - When
20  oxygen-containing gas stream 102 comprises air, gaseous overhead siream 105 further
comprises nitrogen, argon and other non-condensible gases. '

Treatment of the high pressure gaseous overhead stream may involve directing high
pressure gaseous overhead stream 105 to a high efficiency separation apparatus (not shown in
o : Fig. 1) in which at Jeast about 95% of the benzoic acid is removed and sent back to the
25  oxidation reactor. Energy may be recovered from the overhead stream from the high
efficiency separation apparatus. This technique of efficient operation is taught in co-owned
U.S. Patent No. 5,723,656. Treatment of high pressure gaseous overhead stream 105 may
alternatively include condensation of the stream followed by fractionation as taught in

European Patent 498,591 the teachings of which are incorporatgd herein by reference.
30 Turning now to Fig. 2, there illusirated in schematic form is a process of the current
invention incorporating two continuous stirred tank reactors in series. With reference to Fig.
2, reaction medium 201 is and first oxj'gen-containing gas 202 are directed to first continuous
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impurities in reactor 103. Cenerally, it wll be necessary in continuous
operation to add heavy netal catalyst, 10 oxidation prom)te? A1 28¢her
reaction nedi um conponents in order to replace the small anpbunts of these
mat erial s | oswWodwsizeg processing. Make-up catal yst 120 mapchesqises ded to
repl ace catal yst and oxidation pronoter. |Inportantly, because the sol vent

used conpri s&sed QRNZEr BB Realb i ;Hé‘d%ﬁﬁ%f &@ﬁﬁéﬁrﬁmﬁa ﬂed’%%g ”&X?Jge

provi ded by supplylng t ol uene or t her nono enzene as
reaction neaﬁtﬁlbﬁtW%Pmm@oﬁrmm@pntcgﬁpmmmwdmémms converted to

benzoic acid in Mrﬁﬁuc]fge%sto%ﬂﬁ Saéétgﬁﬁ_énggmrgg ggitmg Phd 'X\ﬁﬁ%‘(@ﬁgﬁher;ﬂ c.

The current invention contenpla atl C

reaction rmedf thive exidipatis\eitg sebstiuprts anmeamﬁyleg@nmvmlm@ahlqph oxplizblutig
gaseous OVeLiEatlert oh 8 of 12 wroble 0l SR G PARCOURQVELIRRL (SLLRAM, 200

conprises water, cark bon no enzol ¢
oxi dat i on bwlpneodmtthg xylen&AhemefQ-ﬁybnﬁ/gqrsettﬂommm ng,Sglimethinaphimiza? cnEpPri ses

air, gaseoug; r o) f urt.her es .ni en, n._and
ot her non- co SI ai altgsg?mm% {h‘ﬂf o Dt“f’t‘ i g"ﬁ“’& élilgglgae d’éeg"’é%ﬁ@lys"
over head st p!@&mbtmyommt \cebatf, rlmngmgp, hriirgdmingnr egBit @r ghkeodsStheresf. h R

stream. 105 . hi fid Ci se arat atus nat. shown in Fig. 1)
i n which at B’ﬁ%%sop pg‘g%ﬁ%r @?%%%g%fﬁ tﬁ?mé’%p fagep B #AsEam 1%ack to
the 25 ®Xi dednimisesappstitble oEmngynmniygga pxefeawraﬁd The @atvetnhﬁuwemaﬁaa@hoat ream
from the hi effJ nc tjon, a u Thi chn fficient
operat i on |% augﬁ‘u't[1 mﬁ%%\fﬁa}(ﬂ%% o'gg‘? e‘ﬁ%"m{-}{‘ eégﬁucl’f’f‘bgt"rﬁgﬂ‘tt of

h pressut®e hasidiios, th&l@o‘lfmhadmﬂ]irfs&aﬂ&rﬂ%uﬂﬂ% toabbi 609 WiteY, YrefddbiH #6m

ensati o o{ 0}2‘ g foI | owed by fractionation as taught in European
Patent 498, Et 2o d'?eé‘f whi ch are incorporated herein by reference.

30 Turning now Uﬂfﬁt@ont&uoﬁsh&fraitahltbﬁiétbﬁztﬁ,dﬂxb&rﬁfdﬁeﬂ&tlst&ﬂi@bmgi&d %k@,@ocess
i nvention.i ' tan

of the rr nGor por at j two continuous stirre
react oriéJ n]e Qg phase 1o gromatic ‘fa&l" Eeict ag"a“etio?lug%fe’teﬁ%ﬁs Ut deActo ligid and
first oxygesHiGanod comiisecystilized afonfhtic e4baFL teid id §1iqee MelifitDtbinpristhg 21

Jul 2004 0 3246 PCT/ S /01909
uty Vg)ssofl\'feg’ carboxylic aci vy metal catalyst, bromine, water, benzoic acid, oxidation

\j

intermediates and by-product compounds. Preferably, more than about 10%, by weight, of the
carboxylic acid produced in first continuous stirred reactor 203 crystallizes in first continuous
20 stirred tank reactor 203. |
First reactor effluent 204 is directed to second continuous stirred tank reactor 205. In
second continuous stirred tank reactor 205, at least a portion of first reactor effluent 204 is
contacted with oxygen supplied by second oxygen-containing gas streatn 206, whereby a
substantial portion of the oxidation intermediates is oxidized to aromatic carboxylic acid.
25  Second reactor liquid effluent 207 comprises crystallized aromgtic carboxylic acid in a liquid
medium comprising dissolved carboxylic acid, heavy metal catalyst, bromine, water, benzoic
acid, oxidation intermediates and by-product compounds. Relative to first reactor effluent
204, second reactor effluent 207 comprises about 8§5% less oxidation intermediates, by weight.
Moreover, about 85% of the oxidation intermediates present in first reactor effluent 204 js
30  oxidized to carboxylic acid in second continuous stirred reactor 205. )
The operating conditions in each continuous stirred tank reactor may be determined by
those of ordinary skill in the art without undue experimentation depending on the level of
-12-



stirred tank reactor 203. Reaction nmedi um 201 conprises aro e fﬁ Xlstock,
heavy- netal catal yst and oxi dation pronbter in a solvent co 'St @
benzoic acid and water. The aronmatic feedstock is selected fromthe group
consi sting of bemewsszs having two or three oxidizabl e ringecussisibisent s
and napht hal enes having a | east one oxidizable ring 5 substltuent on each
of its aromat theSimf ara
xyl ene, orthoé}gdﬁ%gﬁgﬁmﬁea?géiyﬁér%mﬂ%gg% %ne %g%&%néf"}% naph?‘h Ehe,
2, 6- di met hy| stisno# taek reaqtor 203 maﬂbwrmtthqtangqﬁmm16ﬂ°Crtbnboutes{)°Chpne&&fbiyi’n'he

' 22?Yﬁmn§£ ° t?%rriné t&r?ereo Ffﬁﬁb% %r{gg#(?gﬁ ﬁ%@?’?%%‘?@&%%&l rce

of bronine. Qes@r208 dngrefierablygn gms:angstﬁromadmﬂmo Pig o Rt S(E)Spsigl;lsmﬁdpr&iaﬁb@

oxygen- corg ai ni n r.ef er e solvent. ratiq in_ the rea

o T8 2 el oo BHE ARt ¥oBbdy, TR OumR ineand PR, JiE s &b
from about 4 seget@tP08tmay2?. in e RdgH e Abodt NROEOLBHL 20T fr&&ﬁbﬂr i Meghpdt 5%
t o about 60% wat er, referabléfrom about 10% to about 40% water. In first

cont i nuous st akput FRC teahopbi203@ 3 Thanressuy Brpseqnd cortisgeusgtined niosepctor 298 | n
the 15 |iquidppiaassy ia%@faﬁﬁ@f}dﬁ aﬁcﬁ{m G alitfat %@%ﬁigo @ﬁ:&éﬁm?% the

internedi ates.. First reactor I uent nprises crystal B ed
aromati c car ey Ehout 300 peig tq about ﬁg‘bl’%g riﬂdnhmeebtbpmr@ﬂmganddﬁsmmﬂed’mﬁles of

car boxyl i@y acigth reBQY ajallycaét ngfcﬂ und%%&%}@?ﬁél G @tﬁh@a ion

oxi dation internedl ates and by-product conpo nor e an
about 10% bytakes plges in tesrliquiskphasear boxyl i ¢ acid produced in first contl nuous

stirred reactor 2Q3. ﬁr%éta%d’z#t‘??%"edﬁ{& %d%f [}H, f],k{&;tﬁ? aganagg x% ik .4

reaét or 203. First reactor e | rec o) secon i nuodus
stirred tank preducedois taephthain acideibe Melcvzfrtm nmdajsmsntcmedmetthﬁBAmabd pmdxiﬂ'iS

at | east a pggﬁ%,qu[%erf thz[uséboﬁt%ﬁ(s ﬁé]gef’lfe{'eya% at%gaésltz%)gut 8(\;% ﬁ‘%tf EB spd%sglf é%gen

supplied by oxygen-cont’al n gas tial
portion df t tfastamomlatﬂﬂimni Mnrfaxﬂheatowm msacmhdzeﬂun@uasmmltm raadsthom ic

acid. 25 Sec 7 ISes cry I romatlé
car boxylic a%?% Ip tl%f aﬂ&hgéﬁ/ﬂ%o S‘ﬁ% conpr %?'??g gsg %@ 6%‘?13
heavy net al (;acldaiteslmt;crebhtbahcmel,d Mmd,coinmummismrechmld:eammat i on

i nt er nedi at es and 0 %{i SSL to fi eact ef f | uent
204, second react cp)‘lra}éﬁ’%‘C mﬁ%;&q conq“rnlms’ués %‘5}0: %)éfn% ‘f‘foﬂi‘ﬁr“ uous
I nt er medi at estirrld/ tankirgdetor 205 results in the formation of first gaseous effluent 208 and second

20  gaseous effluent 209. Both first gaseous effluent 208 and second gaseous effluent 209 are

high pressure gaseous streams and comprise Water, carbon dioxide, carbon monoxide, oxygen,

| benzoic acid and, if the air is the oxygen-containing gas, other non-condensible components

such as nitrogen. These gaséous effluents are generally subjected fo some type of treatment

- '-'} ‘ and/or recovery processes, and may be treated separately or combined into a single stream.
‘ 25  First gaseous effluent 208 and second gaseous effluent 209 may be treated, either alone or in
combination, in the same manner discussed above with reference to Fig. 1.‘ For example,
treatment of first gaseoué effluent 208 and second gaseous effluent 209 may involve directing -

* them to a high efficiency separation apparatus (not shown in Fig. 1) in which at least about

95% of the benzoic acid is removed and sent back to the oxidation reactor along with other

30 recovered reactants. Energy may be recovered from the overhead stream from the high

efficiency separation apparatus by directing it to an energy recovery means such as an
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Mor eover, about 85% of the oxidation internediates present in first reactor
effluent 204 is 30 oxidized to carboxylic acid in second coft gl
stirred reactor 205. The operating conditions in each continuous stirred
tank reactor nwpodmseet ernm ned by those of ordinary skill petfukdi®ises t

wi t hout undue experinentation depending on the level of -12 21 July 2004

WO 01153246 P Ogl, 883 idation internedat desi.red in the end
pr oduct stregg iﬁ'eséxenpg‘%%?%?‘ge“f% E"fnls'rmsz"?'%?:(%(’n Fcﬁﬁcg%@ne&t?rr‘%gﬁb?’éﬁlfe‘i”@%f@qor
203 may be i mndrgpeisconvgredtp eleviatdpowd60C t 0 about 230C, preferably in the

range from about 0 out 220C. The pressu in first continu )
stirred tank r ea%?eorgx%ﬁ%)%m% P é(fdg“r%a%ﬂ/%f ﬁecf)ﬁ%w{ g%WWé%o ue?bgb%é‘? gto
about 500 pskpstantally thy sinemainher a5 distwssadadbovit wilDR2fiparics td Pigahoas schbdatREilyg. |

The tenperature. i econd continuous stirred tank,. reactor 205 may be in
the r angeéf r gcr%?eg%%ﬁf'g%o%g 5 1543{115’)1%2@6%6%‘?%"!’1@?{;]13 ngfg&l‘%gp?ﬁ‘r?ﬁé“a‘i‘sr%}%
about 190C t endabading28@6s 2Chall peeaaliine: jimilacfachivh Salkcuibd With Sédard RFiE.ank
react or 205 m;% preferably in the range from about 200 psig to about 500
psi g, nore pré?sTany in the range from about 300 psig to about 450 psig.
In any event, the pressure and tenperature profiles of 10 both reactors are
generally determned in such away as to ensure that the oxidation reaction
takes place in the liquid phase. Wen the aromatic feedstock i's para-xyl ene .
and the aromatic dicarboxylic acid produced is terephthalic acid, the

| evel of the oxidation intermediate 4-CBA in the product slurry is greater
t han about 3000 ppm Preferably, at |east about 85% of the 4-CBA present in
15.first reactor effluent 204 is further oxidized in second continuous
§tﬂ}red tank reactor 205. Mre preferably about 90%to about 98% of the
4-CBA in first reactor effluent 204 is further oxidized to terephthalic
acid in second continuous stirred tank reactor 205. Adi abatic operation of
first continuous stirred tank reactor 203 and ,second continuous stirred
tank reactor 205 results in the formation of first gaseous effluent 208 and
second 20 gaseous effluent 209. Both first gaseous effluent 208 and second
gaseous effluent 209 are hi gh pressure gaseous streans and conprise water,
car bon di oxi-de, carbon nonoxi de, oxygen, o
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benzoic acid and, if the air is the oxygen-containing gas, O%Pﬁr

non- condensi bl e conponents such as nitrogen. These gaseous YYé8%% are
general ly subjected to sone type of treatnment and/or recovery processes,
‘and may be treaaeu/sgBparately or conbined into a single streamwsodsobir st
gaseous effluent 208 and second gaseous effluent 209 may be treated, either

alone or in comm%éggcﬂgegﬁgﬁvé%‘?@%gr di scussed above with reference
to Fig. 1. For exanple, treatnent o Irst gaseous effluent 208 and second

gaseous effluent 209 néypracessdpnthe produstion piaromatisreatboxydic atid lor b the biwd plyase
separ ati on apRHLALLSE 26 AR maFH - | ' - t % of
the benzoic acid is rem)véjlg an ser‘?tnﬂﬁt?g% ?ﬁ%%é%ﬁ%%g%% atlégﬁﬁggé%@grgma %‘gg
with ot her 3deqdsleely érrsamoterabeasmn mstal Eitalysyyndnwwivete thegolyoms couiprisingrhenimdc acid
overhead st regmiufafe Wile ' - GhER d r b irecting
it to an ener gﬁ?@dove?& %gﬁgm?&fé as %‘@ﬁﬂﬁkﬁﬁ%@%&?ﬁ%ﬁ&’ﬁ%ﬂ%‘?
PCT/ | JS01/ 01998reigs devdicr poruaif therpeomgptic aeid orodnaed pysializesefionbie cactivaatiedthni o
generat or whgp ghYe. @&Joggovered energy is converted to electrical power.
The carboxylic acrd product nmay be recovered for second reactor effluent
207 in substantially the same manner as di scussed above with reference to

Fig. 1. As schenati cal 5re sentfed in Fig.. stal li.zer .210,
recovery neans 217, Ii%ﬁljéipé?cg% gﬁ%’@bgr‘%ﬁe&a"&%ﬁhémﬁ@{ PSR Felhs
213. al | oper atoathtic narboxgiicradiderydtatides onhesadios esiksed with regard to Fig. 1
above. 21 July 2004 WD 01153246 PCT/US01101909 Havi ng descri bed the _
invention we claim 1. A process for the production of aromatic carboxylic

acid or by the |igui d Phapecesosf Ghirh Q'whdrein Bt R abduk GRéDaRELRCKy Whibh, XY gen
i'n_a reaction nediumc Jdsing t ronatic, feedstock, a pronoter, heavy
metal cataly eaéﬁﬂa%&f‘@g‘ﬁ’{[‘?a‘flﬂgr@gﬁ@ﬁ? BTy benzoic acid 5 and

wat er, wherein the oxidation is carried out in the reaction zone of a plug
fl ow reactor and i '
4. The process of Claim 1, wherein the/soivent ratio in the reaction medium

entering the reaction zone is in the range from about 1 to about 40.

5. The process of Claim 1, wherein the solvent ratic in the reaction medium

entering the reaction zone is in the range from about 2 to about 30.

6. The process of Claim 1, wherein the aromatic feedstock is a benzene having
two oxidizable atky] ring substituents, a naphthalene having two oxidizable alkyl substituents,

or mixtures thereof,

7. The process of Claim 6, wherein the aromatic feedstock is selected from the
group consisting of para-xylene, meta-xylene, ortho-xylene, 2,6-dimethylnaphthalene, 1,5-
: dimet_hylnaphthalene, 2,7-dimethylnaphthalene or mixtures thereof.

8. The process of Claim 1, wherein at least twenty percent by weight of the
aromatic carboxylic acid crystallizes from the reaction medinm while the reaction medium is

in the reaction zone.
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wherein at |east a portion of the aromatic acid produced cryftﬁjlhﬁﬁf from
the reaction medium in the reaction zone. 2. The process of Wy X
wherein at | east about ten percent, by weight, of the aromatic carboxylic
acid crystal | i »asoissesé he reaction zone. 3. T he process of pCrasdeiges Wher ei n
at | east about fifteen percent, by weight, of the.aromatic carboxylic acid
crystallized in the rOARlyoRL @M Gainth, WHiRIPLIESSoRl-obt Bhblnt by WABKELA b N
solvent ratio in the reaction nedium’ ‘entering the teaction 2068 s Nt he
range from algtmatic catboxylio @¢id 40ystaliizesTinm thegeaston wédivgh aihite the redetioreinedibings
solvent ratiq,i r tion nmedium entering the reaction zone is in the
range fron1a%%%?n%9%g%§%%ut 30. 6. The process of Claiml, wherein the
aromatic feedstock is a benzene having two oxidizable al kyl ring

substituents, a ngpht ' [ chi i.tuents, . or

m xtures thereof. 7. ?ﬁ%iﬁﬁﬁggﬁgﬂ%?%%?gﬁﬁbg? é&gg%ﬁ%k%§§$%%%é$%f?%%%%tock
i s sel ected farogratic basboxylioanid is davephialinwgiddf par a- xyl ene, net a- xyl ene, ortho
xyl ene, 2, 6-di met hyl napht hal ene, 1, 5- di met hyl naphtli al ene,

2, 7- di met hyl napht hal ene or m xtures thereof. 8. The process of Caim1l,
wherei n at | east tlwentTheperceant Chijm Rewiitin dic atdnetic fedwnmk icmaakibexydndahaci d
crystallizes fromthe reactian q@%ﬁunL ile the'reaction nmediumis in the
reaction Zong@ﬂ@ﬁécaﬁwqﬁfvmégﬁﬂp 53953246 PCT/ USOL101909 9. ‘The process
of Claiml, wherein at |east twenty-five percent by weight of the aromatic
carboxylic acid crystallizes fro e reactjon di um whi | he_reacfion
mediumis in the{%'/eagllfb\eorl?mfﬁﬁﬁe.c’ 1@?’”’% » p¥ eé%sng’ﬁf 2eMahen, &F‘S‘Wﬁ’gré"r n“fhe
‘arqmati c f eedsiclfnaphthfléieand jHe @ftehatdChrbdi@lic AIIIDEnepHiialdae HithrbexyHie kéld) S
terephthalic acid. 11. The process of Claim?7, wherein the aromatic
feedstock is neta-xylene and the

13.  The process according to Claim 1, wherein the promoter comprises bromine.
e
14.  The process according to Claim 1, wherein the plug flow reactor comprises a
plurality of continuous stirred tank reactors in series, each continuous stirred tank reactor
comprising a reactor space whereby the plurality of continuous stirred tank reactors comprises
a plurality of reactor spaces, wherein the reaction zone comprises the plurality of reactor

5  spaces.

15.  The process according to Claim 1, wherein the liquid phase oxidation is carried
out under reaction conditions which produce a gaseous high pressure stream comprising water,
S ' gaseous by-products, and gaseous benzoic acid and energy is efficiently recovered from the

* gaseous high pressure stream by an energy recovery process comprising:

5
(@) removing in a high efficiency separation apparatus at least about 95
wt. % of the benzoic acid from the gaseous high pressure stream to form a
second gaseous high pressure stream comprising water and gaseous by-
products formed during the oxidation reaction; and
10 (b)  directing the second gaseous high pressure stream to a means for

recovering energy from the second high pressure overhead stream.
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aromatic carboxylic acid if isophthalic acid. 12. The process of Caim?7,
wherein the'aromatic feedstock is 2,6- dimethyl naphthal ene afbJ¢%&0% omati c
carboxylic acid is 2, 6-naphthal ene dicarboxylic acid. 13. The process
according to Claim1l, wherein the pronoter conprises brom ne. 14. The
process according to Claim1l, wherein the plug flow reactor conprises a
plurality of continuous stirred tank reactors in series, each continuous
stirred tank reactor conprising a reactor space whereby the plurality of

continuous stiked Thenkroresaafaiamctiywliessin thehiphWakibhdy afa%@{gtag arﬁt%@???
wherein tf éﬁglction tz}?, e comses the plurality of reactor %aces. 5.
The proce accoepﬁ’fﬂ'al "E ', wherein the liquid phase oxidation is
carried out under reaction conditions which produce a gaseous high
pressure stream conprising water, gaseous by-products, and gaseous benzoic
aci d and ener dy- i s TFf picesst bf dlamo\6r etlefeirohd gh GASEOMS, AieMaRES SSULE,
streamb n.- recov rocess conprising: 5 10 (a) renoving in a

hi gh effilégl?lgﬂgé%eag%\égtraaf)%i&éﬂgegtcéltﬁ?eﬁt | east about 95 wt. % of the
benzoic acid fromthe gaseous high pressure streamto forma second

gaseous hi gh pressure stream conprising water and gaseous by- products
formed duringl®he IREduetasn of edait bf wheneln (thy nebiane T F&o%ﬁ%ssﬁagp M@%US
he Second hi gh

hi gh pre I o.a.means for recovering energy from

pressur eg%\k/!é(?ﬁ%gﬁ%é’rﬁe@eﬁ“‘z‘im%?‘ifnmﬁmlexpﬁﬂﬁétpr ocess of claim 15,
wherein the high efficiency separation apparatus is a high efficiency
di-stillation ¢olum. 17- The process of claim 16 wherein the high
efficiency di 5%i 11 Atresese Simthmprodostion efasaratatic divhrbaRglis adid bHeRE Blilig Phase

Plrgﬁnefhela T&gdm&c&sasw&gﬁg e%hsr,{‘oé?cc‘,“é‘g&s‘?ﬁgr} t he means for recovering energy

.
(a) providing a reaction medium comprising an aromatic feedstock

heavy metal catalyst, a sourcc of bromine, and a solvent comprising
benzoic acid and water, wherein the aromatic corﬁpound comprises a
benzene having two oxidizable alkyl ring substituents in the merq or para
positions or a naphthalene having two oxidizable alkyl ring substituents
and wherein the solvent ratio in the reaction medinm 15 in the range from
about 1 to about 40;

(b}  contacting at least a poriion of the rcaction medium with an
oxygen-containing gas in a first continuous stirred tank reactor thereby
generating a product comprising crystallized aromatic dicarboxylic acid in
a liquid mediura comprising dissolved dicarboxylic acid, heavy mctal
catalyst, bromine, water, benzoic acid, oxidation intermediates and by-

product compounds;

(c) directing the product to a second continuous stirred tank reactor
wherein at least a portion of the product is contacted with an oxygen-
containing gas whereby a substantial portion of the oxidation
intermediates are oxidized to aromatic dicarboxylic acid.
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second hi gh pressure overhead m xture conpri ses an expander. _19. A process
for the production of a aromatic dicarboxylic acid by the Iiah?ﬂyﬁﬂ ‘e

oxi dation an aromatic feedstock conprising: (a) providing a reaction nmedi um
conprising an aromatic feedstock, heavy netal catalyst, a source of

brom ne, and a solvent conprising benzoic acid and water, wherein the
aromati ¢ conpound conprises a benzene having two oxidi zable al kyl ring
substituents in the nmeta or pure positions or a naphthal ene having two

oxi di zabl e al K. riTig prabessidf USRS lg,aﬂgegéﬂe{hgiagoﬂ.‘%gcogat%%g& t%%tl%%qf[ &8‘%’?‘2‘6

reaction nediumis_ in the range from about 1 to
at | east EC'Fbr tSBNISHRE t hef r eaewerxfenvedi wriankylngn 2@ gehAfsIBARY 085%.1 N

a first gaAL#ome L med tank react or thereby generating a product
conprising cr %tg,ﬁpelﬁt%}é% zg}rjgfnné‘?%%n%ﬂ%@?ﬂ?%’ﬁﬁlmlﬁméﬁﬁ 'geﬁeﬁf- a |iquid medium
conprising dissolved dicarboxylic acid, heavy netal catalyst, brom ne,

wat er, benzoi 3 aci oxi dation_internedi ates and by- product conpounds; (c)
directing t he2pr odddie Rrecess € Jan 4 Bnwhersbuthestromabe fécdnlock qaphRl-xyWREREE N

at | east ﬂﬁ,@@&&{i@&rg&ﬁgeac&{@q&gﬁx% icfar?fn acted with an oxygen- contai ning

gas whereby a substantial porti "oxidation internediates are
oxi di zed to aromatic dicarboxylic acid, -17 21 July 2001, 20. The process

of Claim 19, erellﬂ the aromatic feedstock is selected fromthe group
consi sting of “Par a5 PERESS pf Claizy | Yrreherginathelianendtd feagdtbflaiemneia-dyidhe and

di et hyl ﬂﬁﬁmrﬁﬁi@&gbm@ihgﬂd'}?gééé@g@%{%@' ene or mxtures thereof. 21. The

Process of Caiml erern c feedstock is para-xylene and the
aromatic carboxylic acid is terephthalic acid. 22. The process of Caim19,

wherein the aﬁf”atlrﬁ feedstock is neta-xyl ene and
‘ ¢ process of Claim 19, "wherein the aromatic feedstock is 2,6-

dimethylmaphthalene and the aromatic carboxylic acid is/2,,6-naphthalene dicarboxylic acid.

24.  The process according to Claim 19, wherein the solvent ratio in the reaction
medium is in the range from about 2 to about 30.

25.  The process according to Claim 19, wherein the solvent ratio in the reaction
medium s in the range from about 2 to about 20,

.‘ ) 26. The process according to Claim 19, wherein a first high pressure gas stream is
generated m the first continuous stirred tank reactor and a second high pressure gas stream is
generated in the second continuous stirred tank reactor, wherein energy is efficiently recovered

m t 1 1
from the first high pressure gas stream and second high pressure pas stream by an energy
TECOVeEry process comprising:
(a) combining the first high pressure gas stream and the second high

pressure gas stream to form a gaseous high pressure slream,;

(b)  removing in a high efficiency separation apparatus at least about 95
wt. % of the benzoic acid from the gaseous high pressure stream to form a
second gaseous high pressure stream comprising water and gaseous by-
products formed during the oxidation reaction; and
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the aromatic carboxylic acid is isophthalic acid. 23. The process of Caim
19, wherein the aromatic feedstock is 2,6- dinethyl naphthal ehk Hhd%%he
aromatic carboxylic acid is 2,,6-naphthal ene di carboxylic acid. 24. The

" process according to claim19, wherein the solvent ratio in the reaction
mediumis in the range fromabout 2 to about 30. 25. The process accordi ng
to Caim19, wherein the solvent ratio in the reaction nmediumis in the
range from about 2 to about 20. 26. The process according to C aim 19,

wherein a first higd) preif@utiey §RSscobi®ailehss hBRNREAIR sttt WP a ThéSk for
continuous stirred tank _reactor _and a second high pressure gas streamis

generated in the sEEONEROHPRTHBOR tBe Fecond highikessurayverheadisgeann energy i s
efficiently recovered fromthe first high pressure gas stream and second
hi gh pressure gas stream by an energy recovery process conprising. (a)
conbi ni ng t he2¥i r sThhipgbreps o8 slaing 2gpwherelet gt efiteent§ GOt BypPLBS R ©
gas stre t f.ormcﬁﬁq seous, high pressure stream (b) renmoving in a high
effici enE{a’se P ‘E‘BB‘&F&‘PH@-at | east about 95 wt. % of the benzoic

acid fromthe gaseous high pressure stream to forma second gaseous high
pressure stream conprising water and gaseous by- products formed during the

oxi dation rea28.i onThanstoeckB &¥lclkithy2?20MHeréin) thHdi hRG! LAtk &@ﬁnﬂfbrggéﬁp{lﬁ.ﬁ

hi gh pressure stream Eo a nmeans for recovering energy fromthe second high
pr essur e“BURIHSE alfeast s S hieoreteal platefeess of claim 26, wherein the high
efficiency separation apparatus is a high efficiency distillation colum.
28.) The process of claim27 wherein the high efficiency distillation colum

conprises at ?®ast ThbpuiceSs bhiehimtIC aheimti@Smedts fofhRcWRIRSsnetly Hodi Mc26
wherein tehe%{% s for recglvaiLi ng energy. fromthe second high préssure
‘over head™ff} PESHBE Pygae rf@EIPIISES an expander.

L
30. A continuous process for the productiot of a aromatic tricarboxylic acid by the

liquid phase oxidation an aromatic feedstock comprising:

(a) providing a reaction medium comprising aromatic feedstock, heavy
metal catalyst, a source of bromine, and solvent comprising benzoic acid
and water, whereiu the arorﬁatic feedstock comprises a benzene having
three oxidizable alkyl ring substitucnts and wherein the solvent ratio in the

reaction medium is in the range from about 1 to about 40;

(b) contacting at least a portion of the reaction medium with an
oxygen-containing gas in a first continuous stirred tank reactor thereby
generating a product stream comprising aromatic tricarboxylic acid in a
liquid medium comprising water, heavy metal catalyst, bromine, benzoic

acid, oxidation intermediates and by-product compounds; and

{©) transferring at least a portion of the product stream to a2 second
continuous stirred tank rcactor wherein at least a portion of the product

strcamn 1s contacted with an oxygen-containing gas whereby a substantjal
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30. A continuous process for the production, of a aromatic trjcar lic
acid by the |I|iquid phase oxidation an aromatic feedstock co@ﬂp&‘lﬁ%tﬁaﬁ@/ (a)
provi ding a reaction medi um conprising aronatic feedstock, heavy netal
catal yst, a source of brom ne, and solvent conprising benzoic acid and
wat er, wherein the aromatic feedstock conprises a benzene having three

oxi di zabl e al kyl rporigpms udfs tthe uortdatiomn d intiretediatest hee SokideRl 1tat iamdlict he
reaction nediumi Strii n thii ra%ge fromabout 1 to about 40; (b) contacting at
| east a portion of i¢HROVELAF%N nediumwith an  oxygen-containing gas in a
first continuous stirred tank reactor thereby generating a product stream
conprising aromatic tricarboxylic acid in a liquid medium conprising

wat er, heavy 3tet alA prwcassySr thd pomiunton b amaatic @ehakyliodcdnby @ liquid phase

internedjatges a byproduct. conpounds; .and (c) transferring at |east a
porti on%@aﬁ% ngﬁlﬁltf@?m?t‘cr Jﬁ?ﬁgi%ﬁac%ﬁ%ﬂ% tEiglkylbsneans, srthordialkylerzaneaet or
wher ei Nnirute@agbreds RAM bOfbeRl int D GeRhiB it | n
oxygen- cont ai ni ni; gas vvh@l(rﬁgéi3 yma sﬁ%slt gh{'ﬁ{:%})ﬁ i‘gﬂ@i&ﬁ%fi@é@%ﬁ%&% ftisg%&ofa t he
oxi dat i Bremiaiere haadi wewd caalysbxudisaleentt theagodvemt icOmptibing AeRexy ldcfd &6 Hatedl. A
- process r.the production._of aromatic carboxylic acid by the |iquid phase
oxi dat i ‘3’&8%1‘“ t@ﬁ DSF‘% ?SccmtdﬁﬁéﬁﬁW@ﬁﬁoﬁ o esagene,
ort ho-di al kyl benzcne or mixtures thereof with oxygen in a reaction nmedi um

conprising the aromati c feedstock, a pronoter, heavy netal catalyst and

sol vent, the3%ol v&he pranepy pf iigubahz whereic tth filventahis .of tHOQERBN th&um
oxidatign is carried out .in the reaction zone of a plug flow reactor. 32.
The pro%%’glgotﬁeffagﬁ?ﬁ A€ G e ARG @ép‘?‘&trﬂttoraépllb‘“gf the reaction nedi um
entering the reaction zone is in the range fromabout 1 to about 40. 33.
The process of Claim 31, wherein the aromatic feedstock conprises
pseudocunenel3.or t es xybesse of Glaimurlds whereRofthe aromatic feedstock comprises

. '
pseudocumene, ortho-xylene or mixtures thereof.
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