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PRODUCTION OF HIGH PURITY AROMATIC CARBOXYLIC ACID BY OXIDATION
IN BENZOIC ACID AND WATER SOLVENT

FIELD OF THE INVENTION

This invention relates to the production of aromatic carboxylic acid by the liquid phase
oxidation of a dorresponding aromatic compound having two or fhree oxidizable ring
substituents. Specifically, this invention relates to a process for the production of aromatic
carboxylic acid in by the liquid phase oxidation of a correspond aromatic compound having:
two or more oxidizable ring substituents wherein the oxidation solvent comprises benzoic acid
and water and the process yields aromatic carboxylic acid with reduced impurity levels.

BACKGROUND OF THE INVENTION

Aromatic carboxylic acids are useful chcmical/cgmpounds and are raw materials for a

wide variety of manufactured articles. The most widely used commercial procésses for the

production of aromatic carboxylic acids involve the catalytic liquid-phase oxidation of a

' snitable 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-
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.

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
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

-1-



conditions can be achieved by-the use of a series of contingﬁga §b64red
tank reactors. |In another enbodi nent, the oxidation is carr b n tow
continuous stirred tank reactors fluidly connected in series. The
preferred oxi dat¢ewsspeoducts are terephthalic acid, isophtialdser@sdod,
trimel- litic acid, 2,6-naphthal ene dicarboxylic acid, 1,5-napthalene

di carboxylic acid, 2,7-naphthal ene dicarboxylic acid and phthalic acid.
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raw materials for a 15 wde variety of manufactured articles. The npDst
wi dely used @eWnickiaglacelic geidsasepartfofrthe fpaction solvent. A cerfain amount of water is also

10  present in the oxidation reaction solvent. Water is also formed as a result of the oxidation
reaction. Although various means can be used to control the temperatore of the highly
b . exothermic oxidation reaction, it is generally most convenient to remove heat by allowing the
-- solvent to vaporize, ie. boil, during the oxidation reaction. Gaseous effluent from the
oxidation reaction generally comprises steam, monocarboxylic acid, an ester thereof, carbon
15 dioxide, carbon monoxide and bromine which, gepend.ing on the aromatic feedstock
compound used, is mainly in the form of one or more alkyl bromide compounds, such as
methyl bromide. Methyl bromide is toxic and, if discharged into the atmosphere, is believed
to contribute to depletion of atmospheric ozone. It is therefore important to avoid discharge of
methyl bromide into the atmosphere. Additionally, when compressed air is used as the source
20  of molecular oxygen, the gaseous effluent contains nitrogen gas and unreacted oxygen.
In conventional manufacturing proéesses, TA undergoes catalytic purification fo
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

s

terephthalic acid ("TA") generated by the liquid-phase oxidation of para-xylene.
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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production of aromatic carboxylic acids involve the catal ytig, | iﬁ (Sj phase
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oxi dation reactioOrr. t vari ous neans can sed :
t enper at ur e ofidizhide tingpubstituenssit the case of TAj Idadnid A FentWiLdra sujtabld feedgmpleisal | vy

most Conﬁﬁni %Qntze&eoriﬂgem[?g Qﬁai&abl?él nﬁé ls&%tﬂgﬂté E]lethe 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-



solvent to vaporize, i.e. boil, during the oxidation reaction. Gaseous
effluent fromthe oxidation reaction generally conprises steam

nonocar boxylic acid, an ester thereof, carbon 15 dioxi de, cardahiyanddxi de
and brom ne which, depending on the aromatic feedstock conpound used, is
mainly in the formof one or nore al kyl brom de conpounds, such as nethyl
brom de. Methyl bromde is tGMARHOETHEMEHde into the at m)sphere IS
e eved L0 CORLATGHL e B QRBLSUL ARG BIIRSBRGHLL, CEMNClhodes, fhle or e
i nportant to avoid ‘0 SFT ISR U5F o F8VIH B CYRES rPrr) ere.

Addi t i onalproductwinerd amnmuc esrbe:cyhalamdmsr th$ hqimashetshexndatwmoﬂ anZﬁanmtlc edeeadd ar
oxygen. (g, a3360us LLLLUSHSONAINRIDILL 0850 0RSN0 HNEeACked.axygen. I
convent i ona'l manur act ur | ng process under goes ca a"’} iC puP f1°CHt i on
to reducdedyenaaioatatysiodndi sopant, the%lvf:mmadlpﬁﬁeg bemoic Iauildialhd echtef.ewlspdit el | C
Acid ("PTA: fr. h b t et c I S_obtained
by the cat a%datgon 19@%}1‘?' (511?1 Iifn((L,) F}e%t'(:,)tdnzgrcl)e ‘gfl a;%sl%%{léwh{eﬁ PI and wehegm(nqgﬁ&m)a poghogr at ed
by the Ii apﬁthdapha&ea@d(pldduqe(bnryaﬁlhpamathxydaetm zoR% i yym @ﬂdoﬂynenaﬂteemdaﬂmm TA is
formed by | dat Ysball Lz r at t t her

| Cador whPRed aflbe drbls? b LARARE ERPE Al SRl By PREES o

i nt er nedi avlsd, manganeby,-zpc@niun,tcsmurﬂ' hmnmny@tthéréquednﬂiéh asolrWaﬂﬁﬂé % omrbae, of
inmpuritie r boxyben yde

i mpuriti e?y Vgﬁ%%b O?ﬁleear??%glgua%ﬁ iB/ ('Zr{{a%glezg Ol“?:ae rm’lcﬁens’)nf:dau 8ﬁtrea§ %no%oﬁf i on)

at 400nm (I'he]mfgah)requﬂih@ﬁe thmqamlremt pre@ss:maﬁ be suppbed byeah e:ﬁyfgem: tentdiming 36atnhe

pol yest er re a Thelhgf 01£ gr .;the tﬂ_r sm{la%ﬁ ugol Ialm?rg as a ér}’HhC%'ae current
purlflcatlon pch se % e crys? 6fllzecfmlxﬁ(g GIRISGRTS d PRTdei on 2 €d “Wat er

at tenpenmeotias may Her weed ab oprdduzd (phehalin dicldp\lﬁﬂlﬂlthalfh ecslp Ilamphtbaiici xid, hB6r

cont act ed I I 2 2 PCTI US| 9 ..

hydr ogen i \#}{[%tlaéﬁgrdg%%n ehcoaf%ld }’rsi %?H{hai%]gﬁwgﬁ Tht° %d4? - etyg% eu{%]a%%qhsc th
cool ed t o acidrtyimelitit paedr rtlhaqu:mharéqf dcbendmgphﬁlh acbmpnsalon df thiaromaticsfe¢daopk.

recovered, was n d LAY SRRY A cusu y

cont ai ns about H%gﬁ(gvﬁq‘og‘% %httheg% t(.‘fg‘ ppm o ESZI-I %ﬁg hepeagt‘é%f%ggt:an-rbe fion af%out

appr oxi matleb yoc@t 40. AbmekdPErkint thpsatednt mtic may be deterineedexhildvess t han about 75 5
ppm of 4-CBA and OD400g R ntel Al so, in use today are
| i qui d- phase processes (pﬁ{lﬁﬁpro &@%@m%% Acid known
as MIA. MIA can be used in many of tWEIGHE®ORAHROMAGIC GEEDITOCKA, f or

exanpl e, fibersg gndyl 1 MFovdf Al ol acANMHBENS JHRR PP he F0Qidilza00ut 500
ppzn of 4-CBA

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



and may have OD400 val ues slightly greater than about 0.01. Although MIA
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oxygen and other 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
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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.
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portion of t&@ lIJnCtLICE)OWg' $€ ong cor a% oy at1St' rgto tlg nk Elreaci i

at |east a por |o PICH REAY B BUEFF 409 ey i SR SR TS W 115 éﬂ’i“

oxygen- corghaseni ng gas whereby a subst anti al port| on of the oxidation

i nt er nedi at es aromati ¢ arbo i C ui d

oxi dation can ta een%é% %gégu?cné?%mkltsgam xy?f] e d)sﬁe{%%rﬁ . lscttgcaéboﬁé caé%l%%dfu 1 to
conpl et e tiherephihelt acoh tefleal eﬁjbsb:admoahntgmeﬂxatem-(mA mxthd@tddoa cambepmwaei at es
to carb Oxytiléncab%ﬁi! ?0001;-;931 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

rein

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 slurry 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.



crystallized carboxylic acid may conprise about ten percent or nore of the
carboxylic acid produced in the first continuous stirred tank reactor- The
solvent ratio in the first continuous stirred tank reactor & JuheX®Habl y

| ess than about 20. Preferably, the solvent conprises about 5% to about
60% wat er, by weight, nore preferably from about 10%to about 40% water.
The pref er abl elnariamthecaspesbdshopkseat iaventbme theeis prayided heonginouys powesifet i ng
of par a- xy, y y I r

it ar os {Peprap iR U ERRe ALY EANEy iy Pt ey LOBRGHD SRR
stirred t aftfdsiogl coroprisingn(a) yeovidies 4 onapting, mliem e@mm@mggﬁage@igsfeoisfoclg al@a‘&t reans
may be ge t T Larbon
i i de. s aep et Eance BB, Ahd AR conb R Bl GG S M2, WD

t he oxygerﬁr@mﬁtCafepdSng ga@pnaeheslwnmeﬂlh*eegi thyéef oxjdizablet aléfelmsngmgbstauw gonpri se
nitrogen ang:gh Y sdlfi &99%‘%' | Rhfiofl HBRAPR! 1§ -nd F%Bgé [apbut | 8 o00f agas
stream from each reactor reate separately or the streans may b
conbi ned imelerablyabew A3 ﬁbQ!lt §Q r(bh@paﬁﬁlg at teasttacyrtiog of thetreaction modivarvithoaral

br ocesses. kel BiRRRIHE th ATl AR UIA B labill WG All:BHEL Fodlf O
e.g. acetic, solvent use fe gaseous over Feam I's treated to
remove met ﬂﬁry#m beraprisge arquatic mcnrévpxsémmﬁ onmbqtdinedium cemmr@m vgeardreanedetbly t he
oxi dati on [ n r % i 00

et urned (o PRe At fanoie, Sty HadGE hthhdiGTIRORERlS LEbdIRK; 6

oper at i onstrangfgirioalal ieait muottipe of thearedynatiican to 8 seaghd Pongnucun dtinelt talllkytera@or

oxi dati on n e V, osed
in co- ovvnedIk epeﬁgmegétceﬁn%orﬁgs(?%e @9@@%@3&@%@% %E‘G&b 1@9&1 Igg Jland

t he teachiwepsebyf awhibgiintigh @oition o@fp@i?eat)@dather @iwn@ﬂwseﬁ@r endeed rayaroipatic

SIPl 0Ved ek BAOHO iR N IO YolF RELRI S LRSS Bl stggsg AL L@ad GG ' On

by proper I ng of gga n any ev any o

recovery/ theingt et tos ganmdels Heceddation P?alsnbﬁéﬂnt@spoﬁwpércmdah@ !Amrnipdlﬂtps)m t he
solvent a % CAR

scr ubbi ngC%lsrjmg{g(?lajttlF g(?? CT%%I?O%%{‘!I %fr?\(p H;Etﬁéeﬁtss go%ﬁc@g%%@ct acl %ﬂ(ggg Ere?é‘?b\fve
conponent tharmgufigmaheut 3t pbausdic Ereﬁﬁ@lya dlanyelvesti copposes abant pholoabes SSO%n d

equi pnent o7, ts 21 July 2004 First,
wat er and ‘gﬁﬁgm c&% %&@%ree%n%bgbgﬁ%g?? y sfegjgiﬁglﬁggpg%c%use of difference in

t heir respecti Viaa fiygier isnert pbithapresopbingaption, there ie reamidkda praessefor thegraoeionc
acid. Ther nd wat er
in the of f(ﬁggisn%gg%ﬁgou g{‘labnﬁvaf]%/h@.{)deﬁﬂrﬁge oljacci:({g Sﬁé)sf(e?ig g%(lrf e %L%SE&E %I%%r%of

brom des, téalgylbwmwwﬂtyr@md@nzg@ Qemitaes tbqwfméthmmem@@aqtﬂqem@nymr educi ng
t he

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.



anount of equi pnment and processes needed to treat the off-gas to renove
this conmponent and the risk of environnental damage. The operating
conditions in each continuous stirred tank reactor may be detdriuyzidaby
those of ordinary skill in the art w thout undue experinentation dependi ng
on the level of oxidation internediates desired in the end product stream
The tenperature in the first continuous stirred tank reactor nay be in the

range from about 160C t Eaft)fﬂjé &Pplr lﬁ'ﬁl i Qﬂﬁﬂfs range from about
180C to about 220C. The?bressd?éﬁgn héggﬁés %5ﬁ¥ﬁnuous stirred tank
reactor is preflewsiy first o Figelrthergelidstrated dboutmiR@ongps of theauao litveb@dr psi g,
more pref h‘?‘&lt € Ie%&f&l z8) eoou%rag’ggné) Slpﬁl tff?)wabtc)n%{ ion%.S%ch:%ilcng' e;[irﬁr% sEr%am? 61a£n't'lr e 1n
the second Conti NUGUS ~Stirred tank reactor may’ be in e range from about
180C t 0 abowgen260@ningrae$ erabl 02 ave whvectedatogeactar dfB aReadtiol 3@iunt etreatmoltl 220C.
The pressuyre i.n.t o nti nyo t] d tank .reactor is preferably in
the r angé O?‘P%%S a gmu;'tm%z 8%9%%% hte%&a%%ﬁ? %@&Q‘ps“}“g, &ﬁé)ar%lgg Fe Eét?raﬁll] ysoﬁﬁ%t he
range fr orrpapoing Bodipaidandovatenb Gt ardibPicfeddgtock in sedavted dwerthe grohlecqosietdgur e

and tenper rofiles baot tars.,. ralhl .det.ermned in
Slch awny LeHpE et By Rre Rl BB AR, IROE Bilcs BRABEMTEN, (R
| i quid phasizabihegsubsi@uent omedch of fsseosdiohgs. Prefanzbly it gneatand t he aromati ¢
di carboxylic acid produced is terephthalic acid, the | evel of the
oxidation internediate 4-CBA in the product can be greater than about 3000
ppm Preferably, at |east 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 fromthe second continuous stirred tank reactor
may be sent to a crystallizer wherein nost of the dicarboxylic acid in the
liquid nmediumis crystallized thereby formng a crystallizer effluent
slurry conmprising crystallized solid dicarboxylic acid and nother |iquor.
The crystallizer effluent streamcan then be transferred to a liquid/solid
separation system whereby the dicarboxylic acid is recovered and
subsequently dried. The separated nother |liquor nay then be handl e
according to conventional nmethods. 21 July 2004 In yet another aspect of
the present invention, there is provided a continuous process for the
production of a aromatic tricarboxylic acid by the |Iiquid phase oxidation
an aromatic feedstock conprising: (a) providing a reaction nmedi um
conprising aromati c feedstock, heavy
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metal catalyst, a source of brom ne, and sol vent conprising benzoic acid
and water, wherein the aromatic feedstock conprises a benze:ﬁeJLH)é@Q% three
oxi di zabl e al kyl ring substituents and wherein the solvent ratio in the
reacti on nedi uwo@sBrst he range fromabout 1 to about 40, pefrekaradby about
2 to about 30; (b) contacting at least a portion of the reaction nmedium

wth an oxy -containing gas in a first continuous.stirred.tank reactor
ther eby generSEPREK o PR 2oapvisiin BRBPYERn g EERARE: PRIOSPBERY | o~ aci d
in a liquid riadethymaphthalehs i2rdinathglhaphitakuy, 2fkdialethylathilaleat or Db Bereof.
benzoi ¢ acid,_oxi dation.interned]ates and by-product conpqunds; (c

Crant or 1 ng P R well sBeBROResL B e titiseh albally PRlAh SHe0uin gectum or
conti nuous Stikfugd thedét. I ThE bRidationhpro@bir &f plefidbly & sf@éd bD Brodfind. h@xppaaduct
streamis _contacted with aﬁ gx en- cont gj ni n%ggas wher eby subst anti al
portion of tFEPBRIngERs Prami) SEHHA0E SR TSUHRLIRE &S Ry ar. ,
tricarboxylic aci geactde 05 hegid ebaifod $EnOKIMUBIPoA theddin! ThetePlpaaRre dhd ipf&isure
stages, the secgnd stage being useful to conpl etﬁl t he oxi dat,ion of .a.
substanti al (SERitienT IFeacies Hararoieleciet &3 prder 1o fmadntaiy the oxidationyeaclien o the lignid The
sol vent rati ghhdd. TAE phesdusd witiaR tdabPUB ﬁ?tef&% Wit the @Gk ®ond showr0b pEigRd Y 1N
the range from about 2 to about 20. Preferably, :the sol vent conprises about
5% to about @BYst SRR PEE My PRt withip the rinee fiafabpyf 309 Bg toRdawt 4%8%%0 Th$out
40% wat eryq | Qetﬁ%efréfﬁﬂa Rithi 66+ 1@ il DYSreRbRSGRln VARl Riin HRR 1B0S 1P ded
a process for t'he production of aromatiC carboxylic acid by the liquid
phase oxi dat i236°Cs fmeas prefepablit withif decretasdlont ahropt 190°E do attont 2A0R6) thest prefirzably

ort.ho-di al kyl benzene or .m xtur sher eof, i X n.in.areaction,.medi um
Corbr T i ng & 10as B Eat PR GR0ICE ol b PRl T SRR B
sol vent, t he raslisiesnine 100EmMidiaking] ibeitzenge frai aboatnicio whdue 1), prdfanidy in thé eange
oxi-dation is _carried out ip.the reaction.zopne of.a .plug. flow reactor.

BRI EF DESCR ﬁ‘PF”ci\‘i"B% ‘?ﬁé“‘b%?&v@%&”ﬁ?sg?m‘&&f‘énﬁ’%&%%%? BEGPEN Yy of one
enbodi mers of t heRpictiad3 i0bpardie]l wider plog flow\wenditi@n sudhnhatr the eratntigreactidts g
flow reactor., Fi.g. 2.s a.schenatic drawing of another .enbodi of .t he
r ocess. of ¢ HRE PEHERce SHORARE Y S5 FHUPIE LA T R ATS TSP LR ¢ ank
reactors. 21 zdhd 04200 4robEdAfebdsiacDiESkRied td@\oEspditimd FRANESAcHlUr ni ng first
to Fig. 1, there h_LI usjrat.ed .is an epbodi nent . of thﬁ curr ntlinéﬁ]t'io in
whi ch the reacti oAPS SHROXSHE A Seneaiefolt 1599y 1OP JUY WAL £rppigtely alble; ig fhe

medi um st r eafkdcidn MBAum OAYEEeRres; B thababiGligasd BigeRaRdld Ragagoftioh @€ itddgiho

r eact or 3. Reaction_nmedi um stream 101
]2 to crystallize from the reaction mediqum reaction zone 104, For example, as much as 10%,

15% or even 25% of the carboxylic acid generated 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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conprises aronmatic feedstock, heavy netal catalyst, and oxidatigon_pronoter
in solvent conprising benzoic acid and water. The aromatic hé@%?@%‘g S
selected fromthe group consisting of benzenes have two or three

oxi di zabl e ri ngvaulstéet uent s and napht hal enes havi ng at | eagtrusnisoe

oxi di zabl e ring substituent on each of its aromatic rings. Preferably, the

arome 25 R, 1 SARIRAD CETL P 08 Les ! OS] e
di met hyl naphtdmpdtadiatio’of@becdisvolvid tattmmiiicuaidene, 2, 7- di et hyl napht hal ene or

' of . . ) ' I
mangancse, o1 r oo sSSP el e B SRR
i s preferabl yhawsetipresnih by eastdreflveltigefectivelyc Gipbiied idigngd@presufiodioh 0tke .
has & roadti S RER 158 GPap GBI HePERtic S Ferbar MeLPLLY GRESSED
condi tions i rdetreasidgowatdiQa bacrzeicSaeideqazce&djhglygheleépﬁésmdatﬂémM&yﬁmh%hon
reaction in t | iquid. phase. The, pressure within reactor_ 103 Is ]
preferably wi ogﬁt?erfa{qﬁﬁ}céﬁ'ggy Fl?ed‘ﬁf”g’l?%?ﬂ‘e?@ 6" gRetige ¢fdbe warinreibion 2pd fepreanioe o
pref erably withdidabilitg of 58 @abbiylIhad aithe QoM 19uldn ey by $IQHRS|&oriZlEn 10
tenperature wWithin reactor 103 is preferably within the range from about
180C to about°f“?§€)c, nore preferably within the range from about 190C to

about 22Q@, nost phets@Aikation Prdchisin EQRalliAR 67 EéreRea BRI Yosdols SRPALLE
210C. The solvent ratio in reaction nediumin reaction zone 104 1s

mai nt ai ned i PR 1P ARk cwFtgirarsdinent 2o Takatcratllizen gaseoualoierhisad sitprm ge
from about 2 ch@pARS thinmdlly Bl-plBRRERaR! Rl P difBorld b erASGeLdvER bl 36
103 is I'tiohs such that

i nef usi ve. 15 Reactor ¢ oper at ed under pl u? flow co ]
the aromati c WheEdn theslsam ineondensedsle ferpi waierestream & 0a nthieaion-pondensite pampaasitsience

Ui T2 wi € hi N 105408 Al Wshekd st GG b8 4 puf 0 Bod e o/h8 RO
feedstock i s oxidi zeé to a cof r espondi ng cgr‘ oxgﬁlrli%c e d. "?hg{gggr oxlyllll'c
aci d gendPat &yrgestreann bt lgpaylipaubjest tirthds erocessipl wek kyovaup tiisiseoff anditdrg skill in
reaction mediguy,: Therefore, as the carboxylic acid is generated at |east a

portion of it begins 20 to crystallize fromthe reaction nediumin
reaction zone 104CrysteHizeredfysing 112 epmprisds coystallipgrarbdilis erid dy e hiq@il Momprising

car boxylic agj i | |0 0 R ery of
t he car boxyl %E&gé!}ieg&%?%gﬂ'c%% irér:'lzat;%a %%gtzgghi%\%dgg&h%&g%%%t g(r:\'?lg}%lgf% eé%‘he\?gg??/ ohal
'means. | n Fidgectad tq Keuidiaglisosephtationamieahs rld3 ovteran dichemsalizedi @ttedylic add s | ar
to the cepveni] I ' r cti hal } ci.d and
| opht harle. Acioie ol SPaBsURRE plilod P LR GHN Loiplndls or" R rfiol 10
conpri ses cr {aduid/$olid @cpacint cepisi Id 3 aoinprises) far dxamgple.cht leask anmcewrifugt 6i atdeast

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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di ssol ved carboxylic acid, water, benzoic -acid, heavy netal f‘gt Ié% _
oxi dation pronoter, oxidation internedi ates, and by product tﬁrﬁ ‘bs The
| evel of oxidation internediates present in reactor effluent 106 is

m ni m zed becaseoitsbegs pl ug fl ow oxi dati on conditi ons al | owpctivgeimxdeslat i on
reacti.on to go to substantial conpletion. Reactor effluent 106 is directed

to 30 crystallize bstantl OI’UO of .the,dissol ved
carboxylic acid i stglggny‘sﬁ?%ﬁ Eéy@%ﬁ‘r‘ys% arg i zer fi‘i%E}) l%ns%sr et'e a%ﬁlgla%f‘swtﬁtsh _
crystallizer Wtshnmﬂnertlimoqatﬁs&wbe odmblmwlﬂt sepBratiGhl mathty i@ 4 1 8\R:s0ltihG 3246

PCT/ US41/ 01909 | v .reduce S |ns ant aneousl| y
t her eby faci I 1 hﬁ 0” 67%8 ? | za dﬁ%&g%/t‘f HE' g“ém@’&’ﬂ hv?: ci d.
Because of thﬂnpmitta'e ai whigh ﬂquﬂlecrlxdmematmﬁtalmﬁﬁaceandlqtméhmﬁi szepﬁ@ﬂ:cﬁh. méans 113
significagt fractiaon of the pct.o effluent is

sel ecti veF’y vaporlkhze nlﬁo l‘r?“élggﬁﬁgaﬁ’ 8ﬁ°vfdr%§taﬁ§ ‘%F ﬂi‘?sz’é‘Frebﬁor
some ar onat i ellmn@mo;ﬂer hqtmi: Ird:ycle ¢19to bEAecyblbtbto&eidnthlle Mhdﬁ&d&&ﬁ@eﬂ&hﬁﬂg

decr easi ng ?53 % i d. Accordi? rb }? e ressurlz

oo |1 ot os ST # PRREGPF FHe Ho Pmoley 1P S PP abiEtsHl PHLATR PF e s
of cooling ofmpbiies daedctr 169.f | uent and decreasing the solubility of the
carboxylic acid ipn th rema, i qu1 d nedium by sel ect|yve vaporl zation

of water. 10 The @? 11 B’Fdﬁ% AR/ inccontinflops gReration it & ﬁE‘i hesyy gistad catalyet,

crystal | per ogida@ausoRYeF Eﬂﬁd&eﬁk&aﬁmﬁmwﬁd&ﬁa& lokde£ ko aa‘pialcbleﬁht soadl?. In
that crystallizer %a eous overhead, stream 108 _conprises primarily

hi gh- pr essur 8mSRGfH hese matgrialsdosy Aring psoressmse Makgyp calalysd 2 %Qﬁ§f°ﬂ§‘9dt0

wherein the sdpfagchialyQomd WReRfod frofidter WapdHanthh, HGMRelhE sollAR used comprises
nonlconden3| bl e conponent s of crystallizer gaseous over head- stream 108

are purged fPEHFPCHENs fstsrfistany preje add makrrin Way by pravided, by stnpldng tolueneresy be
subj ect to f WihbNGhoRRhMFIBEHERY alChdrt WROWR tRctioRO8RdRn. OF FhdlabMesdidr! ofhby

the art. Crystal lizer effluent 112 corrprl ses crystalline carboxylic acid in
a |i qui deonpiorealidpentran issoaveded @ beproinppidipteastoc@Bal yst and oxi dation
pronoter. Crystal meze,adﬁioﬁlre&asn isll%gm? exe'alérﬁﬁé e@mt. Quirddf) rnis b&tezﬁ:?ﬁésat lon

means 113 wherein the crystallized carboxylic acid is 20 separated from a

substanti al pdwlatiegondftionh @ whigfy the r@@mmm@ﬂow@aﬂl |thez@wy gendritingrigh1 12,
Li qui d/solid pRERA AldoBNoNRARS strkdd 165 R hﬁﬁ?muefﬁgﬁeomtaﬁi a%ﬂ?ﬂ 3

centrifuge or at l'east one rotary pressure fi An advant
current i nveMeiepgamben dipide, carbon mengixulewpgsdrrsist 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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of the crystallizer effluent 112, prinmarily benzoic acid, has |ow
volatility with a boiling point of 484F. This nmakes it poss?bihéyszWt he
liquid/solid separation to take place at elevated 25 tenperatures resulting
in increased volasizké ty of inpurities that nmay ot herw se ecysimdloldoze W th
the carboxylic acid. Solid effluent 114 conprises crystalline carboxylic
acid and fr ool Q0P 303, Aabion AOMGD967 0 | g %thfegégt eSS e

washi ng means 115. Tr; washi ng npogns 115, mtzﬁéerﬁpr%%/%?% I ne cogir{’b%eﬁw &% ci d

i s washed t 6atalasrendoxidation promater th asplyert sompririnedienzoiciividandaater.ng 30 may be
acconpl i shed, f e‘g@ﬂm GeedMbcl 8 SLiGLY rysk:alLipe. carboxylic acid
W th water prO\C/)F]:(l:fe_ ] frgnj Wait er stlr %ﬁbﬁeﬁ?@oﬁgﬁ§ OFlgqul :‘f’fg% fitwo
separ at i on. o Hueer exidizablg ring sehgtiwents 204 niphthalenss levingpd teastconeaixitizablet ridg | t er

cake th o : i ‘ . - 4 153246
PCT/ usoi‘tio 18‘%5“@%5 ﬂ’{' ﬁ%@h‘g?‘gl""uﬁﬁq‘%ﬁ‘?gﬂgﬁz Jp?erf%’f}nmﬁé%’?r%%gtﬁe%%%%?%P&%Srﬁ’%'s
benzoi ¢ aci Wylened watherxylenapashetpraylaey, | psepdocunichd, nhy-dimethyindphiheldnay tH)6-

separation ' Q: resul ti in_apth li.quor .recycle 11 whi ch
i s directed ggﬁ[nta Htg%%%t%? T%%.ymaﬁ%%fg‘fea(ﬁt%sﬁ%meqﬁe% é‘ﬁa"y%’“ﬁ%éf’t&gﬁre at
whi ch | i qui preEobiyd comprisen tcbloalt, tadoganey, aireoriiunm,| ceining /o8 Ghixthrsethareaf i OTheneans
113 5 causes,. tid Qf t.her |iqu 118 tQ be provided at el evated

t enper at ure'gXI Z’P}%ﬁﬁl&gﬁ ’f@vﬁﬁf%gbl%tsﬂgrce Pf&{? % e W%’g‘ﬂzﬁm% g?feﬂFeé‘E'y@%ed to
r eact or 10.03cantyirised dny stimbleoxygenpoiiriag pasgprefefaplyiaixn dlhk Yolveat 266 id e reaftigaot her

| i quor recycle 110. be .purged.to pr nt build up of _inpurities in
reactor 103 N léllqﬁ%lf?nﬁetﬁ%ﬂ i?’lo“‘bzém ﬁg@gg‘gﬂigﬁ? P&H‘?W(ﬁ@%&?%?’i Bgﬂ“tt o add
h_e%\;y met al 2 alnaddyizion, thd Golet Catipres ford ABIUE 5%AB AbetHRY. WEAS blefRabESbMM

conponents j.n ord o replace the small anmounts of these materials |ost
duri ng proc%bé’gii#?ée{c’l\"gﬂlg-‘*ﬁ%"’@é"t‘al yst 120 may be provided to replace

catal yst and oxilﬂﬁéte{iatmn&ﬁmiﬂéd mhm&b:gﬁﬂalﬁ;;ﬁ%ﬁg&&ditb& ﬁQkM%%iﬂJ&%d ded
conpris enzojic acid, the necessar enzoi ¢.aci d nmake-up nmay be provide
S A G T R L PR At W S gl e
medi um  TheeffiGdnt 20 cotfiprizés '@ Ystallifed ARANEL E3bAGHE BHE i & liGAARGuRHcInrRRZ 01 C
acid in rea to{"8‘?1103 The oxj dation reaction is, highly exothermc. The

current i nvESPIVEh REROMHAC vy Jaftalh catalvst REpRing: BRSE hepzajhpeith pidatiopact i on

nedi um i s aintetrieiihtdsQnd Bi-brodiidd ESrERYInde PRITANI GndMé @bn atHLERBH L9 \ﬂ%ﬁ@gpﬁe_
over head stream 105, Hi (%lh ressur e _gasequs overhead stream 105 conpri ses
carboxylic acid produced in first continDous 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 stream 206, whereby a

) . substantial portion of the oxidation intermediates is oxidized to aromatic carboxylic acid.
25  Second reactor liquid effluent 207 comprises crystallized aromatic 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
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wat er, carbon di oxi de, carbon nonoxi de, benzoic acid and ot hgr oxiﬁ&i on
by-products. - Wen 20 oxygen-containi ng gas stream 102 conp 1 dgg2 ,
gaseous overhead stream 105 further conprises nitrogen, argon and ot her
non- condensi bl evgegsss Treat ment of the hi gh pressure gasemcxrazigdibead
stream may i nvolve directing high pressure gaseous overhead stream 105 to

a high efficigpgy: alk;h ) | Fi 1) 4 ich at
| east about 9%?/%?% ﬁe gaelntgﬁegip%?#g}#gd é@%ﬁgﬁ% gteGn e%ackgltﬂé&tc?\él\%mﬂ%m
oxi dat i on r eastirwed tankEmenctyy 20fmapbe indboxmegeefiorh pbowt 16G2Cav ebdue A80°S] preferably idm

the high effgciency separat appar . Lhis technique of efficient
" operation is %%lﬁfbnﬁ?)ﬁioﬁﬂ %%Pg\i/\%qogg m@&@ta&;?enﬁe%?ssg?ﬂgg%%@“f?‘gﬁﬁﬁﬁ%

hi gh pressur eregaa@08 $s preferablydal tetrga fohbhowedp0 paik testvat iooqisigh'mﬂfdﬁte&ably ,
condensation of the eam fal | o) actionation as . taught in FEuropean
ot ent - 208 soto ao SRR S URF wl o PheSren BoedPBiion, et Srbnce.
30 .Tur ni ng noteadidd 265 Gnay2be iRy Ringd fréih tabdit @800 ko HBHRMBDIC, phFErbly $n BieRARLESS
of the current invention incorporating two continuous stirred tank

reactors in S&EMpaout {4 te ghout Qe The grpsgire imsecqnd gentingenspimedanioactyr205nd
first oxygen jcopfainl MGhd@feeXm abdat Sio it ' ' T 1
July 2004 V\DIO 153246 PCT/ L%O/ 019ogtgﬁbsotpi%fr\grt§gb(%ug‘rj-\id ésggtécn% ge{]ﬁr%%%w%glg# n
medi um 201 cdipm plpst 300 rriedoiabout 48QipsiR Tk anhesguly thewressure andditerhyasaturg pepfiles of
oxi dat i omr apal fhetd Qb SONRY S ' | .
aromatic feedst o%kcdln_g a%e%ep‘%@d]&?‘tr om ?r@%ﬁgg’g’p%{ﬁgﬁ’@tﬁ% (rallg?é1 g‘fq o\gghginnrgggﬁ%vi ng
two or thredagplryiathediquidmassubst i t uent s and napht hal enes having a | east
one oxi di zable ri lé?ﬁ“- UEQ% . g Lt W g -
Preferably, the a?%l%ﬁh% eeél%t ocC toglgrr%?%ge ieﬁgra%d%%)éq??é%aﬁgrdf‘%gfox ceﬁce“,1
meta- xyl ene, Ryedodbisderephshalip 28id diherdevilydfithe btitietios netern@dte 4-CBA in the product

di net hyl uapht pg!i,q et t LM xtures, ther: . _The heavy
nmet al cat al ysS pérngl’qreaet%a y corr%y(#g@@ g%%gﬁ%&’ %r%a%g%ﬁ%ssg,ﬁ i rec‘g'ﬁlﬁﬁrﬁres&lgﬁlum
or m xtur®¥s tfhgrresstar cffuent 204 i Sitigen opidizad fresecosl @ntfwus biiyedatasioreacter 5.

brom ne. Oxyggn- D -Str onpri.ses, any. suit abl.e
oxygen- cont a?ﬁ&ﬁ 3’9"8%‘26‘%%% g@g Bl %/)métl%%f% %fﬂ%e é’gpée% ek %u?"ﬁ 26‘?55%?]}‘35 n
][redi umbi s in cvdmedamgsplﬁthdimaaiﬂ@umcﬁdtoomﬁhﬁmsﬁﬁ&itaqﬂteﬁ@dsrazbs.y [ nf t he rgnge

romabout 4 to a .20, l.n i,tion, t spl vent c ri ses om.about 5%
to about 60% wat e?‘?&%?ugfogF raa%?ny%?ﬁ%rﬁ’&a %‘ﬁﬁ%&‘?‘&‘%ﬁ%ﬁm 5’5@3%’?‘% °%‘f?“fi r st
cont i nuous ststirred thnk aedetar @88 tresult? B3 the tfivenatiow oA first gheeaséfiadat 263 axd decosdl 1 N
t he

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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15 liquid phase to aromatic carboxylic acid and a variety of
intermediates.. First reactor liquid effluent 204 conprlse52EHV¥?9?4|zed
aromatic carboxylic acid in a liquid nmedium conprising dissolved
carboxylic aciwoonmsmys netal catal yst, brom ne, water, benzorgsa®isds

oxi dation internedi ates and by- product conpounds .Preferably, nore than

about 10% h 0 arb aci duced in . first continuous
stirred reac%ofrﬁﬁg% rS'(?‘th‘ﬂ'fs %P ?cg‘g i rgbecomte&nuo eneraf‘b"glfeﬁbygﬁr?‘é’ﬁ?{e
reactor 203. eﬁﬁmsbcmsaﬂﬂbnebﬁhbﬂmem204 is directed to second conti nuous
stirred tank reac cont i nuous t|rre t ank reac 205,

at least a porti O%Q%Féﬁ?h‘lt agid c(fdg of% ﬁﬁé‘ﬁcfw?ﬁ%l T SCPG At & tg{)'ﬁ)@gen
suppl i ed by s@s@mﬂdbxygﬁnwammmamsﬂngmgﬂ&msmreﬂmmﬁﬁﬁmewhE@ebyAﬁm$&ﬁhﬁﬁmﬁt[a
portion o ent l%‘ll;onlnt 11ebte5|s oxi dj ?I gl(? mati c carboléllc
acid. 25 eco aoreac Ug‘ﬁ?ve'?'o‘?e%?rgr egs l"i/)s?l’aé‘fq"f‘ﬁﬂnsa% mat i c
car boxyl i ¢ aeadiwashimg meaqmzm alnaplmm mongimilai faghich Ssddcused oith bepsid toFigci d,
heavy net al q@talyst brom ne, water, benzoic acid, oxidation

i nt er nedi at e&”ARd by- pr oduct conpounds Rel ative to first reactor effluent
204, second reactor effluent 207 conprises about 85% | ess oxidation

i nternedi ates, by weight. Nbreover, about 85% of the oxidation

intermedi ates present in first reactor effluent 204 is 30 oxidized to
carboxylic acid in second continuous stirred reactor 205. The operating
conditions in each continuous stirred tank reactor nmay be determ ned by
those of ordinary skill in the art w thout undue experinentation dependi ng
on.the level of -12 21 July 2004 WO 01153246 PCTI USO /01909 oxi dati on
|nfbrned|ates desired in the end product stream The tenperature in first
continuous stirred tank reactor 203 may be in the range from about 160C to
about 230C, preferably in the range from about 180C to about 220C. The
pressure in first continuous stirred tank reactor 203 is preferably in the
range from about 200 psig to about 500 psig, nore preferably 5 from about
300 psig to about 450 psig. The tenperature in second continuous stirred
tank reactor 205 may be in the range from about 180C to about 260C,
preferably i-n the range from about 190C to about 220C. -The pressure in
second continuous stirred tank reactor 205 is preferably in the range from
about 200 psig to about 500 psig, nore preferably 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
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takes place in the |liquid phase. \Wen the aromatic feEdStOCKZLi lg%ﬁl-xyl ene
and the aromatic dicarboxylic acid produced is terephthalic®att¥: ‘he
| evel of the oxidation internmediate 4-CBA in the product slurry is greater
't han about 300WQprss24fr ef erably, at | east about 85% of the pé1T/OBA/YoesENt N
15 first reactor effluent 204 is further oxidized iin second continuous

stirred tank reacmhngﬁéc?bewe%%ﬁéﬁél?&)ﬁ-abOUt 90% to about 98% of the
il '

4-CBA in first reactor effluent 204 is further oxidized to terephthalic
aci d in second cont i nuéwsocsssiferrtheiproduskion efzaseroaticzadoxylidiacid at bxtho jquidphase of

first ti .St | - lohified
i rst conti nuatBa§ bfah@bnlaR0 %ﬁ%g?ﬁn%lt%g%nyg F?%@?%g@%ﬁé%#? thedobg  ang

tank reactor 205 results int
second 20 gdeasiaek, afprorader; hea@p meBbedtalyst awk solyssle e sokvértlcomprisi@i@nandadécond

gaseous efgf | 3{2@ Bva%p, Qi AL ggg%bﬁ%?&ﬁ?ed%ﬁisﬁ%{?re&ttﬁg %Hg oggglu%i I Sc?oém er,

car bon di oxi carbon nonoxi oxygen enzol ¢ aci tRe 4% s
t he oxygen- covhersimatiepstpeprtiantdf dre anomatic arid ereditist erysiolipesrion the reactivh nelium

ni t rogen. Thqé%eg&gﬁ&%ngffl uents are generally subjected to sone type of
treatment and/or recovery processes, and may be treated separately or

conbined into a single stream 25 First gaseous effluent 208 and second

gaseous effluent 209 be tr ed, . ei,t her alo or.in ¢ i nat.i o in
the same manner dlg‘scurs@eécf’ r%qg‘g'v(ﬁf I’rvg}egﬂneﬁggas{]% Oﬁ’{ n pir.ce"g’ﬁ' Vé?%{‘r?p‘?r},él,]e
treat ment of afdmadit cgbegbiciscidédtalint inG8readtidn 2g@eoNd gaseous effl uent 209 may
involve directing themto a high efficiency separation apparatus (not
shown iii Fig. 1) in which at |east about 95% of the benzoic acid is
rempved and sent hack T be plaeesosf Ghin O iwheeéisi laOleash bbuif fidtkdnlpefeReby *Bight, of

r'ecovered reactants. Ener be..recovered.fromthe overhead stream from
the high ef eﬁ%@ﬁﬁ%ﬁﬁq@ﬁy a‘?ﬁ’?eﬁﬁt“ﬂ‘izf’%"cti ng it to an energy
recovery neans such as an -13 21 July 2004 WO 01153246 PCT/1JS01/ 01909

expander. Such energy .recovery gﬂg may be connected to generator whereby
the recovered en€érgy i RFe? d- sfhereiny he seiverdiatio inTie reaghony merive aci d

product may lkgefgoBy R ket 5 RARNEndTRE! Moudl kbkRE0.207 in substantially
t he same manner as di scussed above wth reference to Fig. 1. As

schematically 5 represented in Fig. 2, crystallizer 210, recovery neans

211, 1iquid/solidssepamtiiRssBR0Rin 12 wheehl HeShived HRARSthS kdicBbl niRBBRAL ed

ina Simlar fashion as_discussed with re%ard to Fig. 1 above.
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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21 July 2004 WD 01153246 PCT/US01101909 Havi ng descri bed the {nvegb@gn we
claim 1. A process for the production of aromatic carboxyli% Ay by
the liquid phase oxidation of an aromatic feedstock with oxygen in a
reacti on nedi umicoospmé Si ng the aromati c  feedstock, a pronecewsetheayy netal
catal yst and sol vent, the solvent conprising benzoic acid 5 and water,
wherei n the oxidagi on 4 | fql &Gk ] uf ow
react or and vvherg”l n aitﬁllié:astS {g(%%lrhtll’gﬂm% ?tr%e aro Fﬁgggg%gb%wg%{g%%lhe
crystal | i zes afqmntic chrboxydia e¢if grystalligés finm the redodon medivrnh wiile thegsacfion dbdivpriscess
of Caiml, %@%&ﬁ%&kﬁtoh?aSt about ten percent, by weight, of the aromatic
carboxylic acid crystallizes in the reaction zone. 3. T he process of Caim
1, wherein at |east about fifteen percent, by weight, of the aromatic .
carboxylic acid cgyst [ [ e r N T [ s of aim
1, wherein the sofq}en?fﬂ?ea{)%?%gssiogcga%g7f§ac l%lg{r%a%r'g%ﬁiﬁrfﬁ%d%%c gsr “ﬁg&ﬁs‘%‘ée ?néia %ion
zone i s in thewmingebdagybeacdiodrephitalic mbbut 40. 5. The process of Caimi,
wherein the solvent ratio in the reaction nmedium entering the reaction
zone is in the range fromabout 2 to about 30. 6. The process of Oaiml,
wherei n the aronati.c fHEegsdceslof Chim 7pehzen theheomang feeldstark doaetir-zglbhecardl they |
ring substituent en ving two oxi di zabl e al kyl substituents,

ht h
or nmixtures ?ﬁ@%@%?&hgsﬁﬁﬁ@E%Fﬁﬁ '“8%“Cl ai m 6, wherein the aromatic

feedstock is selected fromthe group consisting of para-xyl ene,

met a- xyl ene, orthg, xyl.ene, 2, 6-di byl napht hal epe, 1, 5- )

di met hyl napht.li al @ne, 7 PIRCHSt r‘?{/rﬁgfﬁﬁt Al BhEetn, the: gofpbe ferdiaskt s 626The
‘pracess of CliiethylnaphthsléRiafd te atodaié cARlid/acRiEs 2,6 2kpHBalene ighbogiic héle.
aromatic carboxylic acid crystallizes fromthe reaction nediumwhile the
reaction nediumis in the reaction zone. -15 21 July 2004 WO 01153246

PCT/ USOL101909 9. 13The The pfREsS abrdidgab Malm 1)NIRESM the plomo®R 8dmridey Brimirey €
percent by weight of the .

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 crystallizes fromthe reaction nediumwhile the
reaction, mediumis in the reaction zone. 10. The process of 2/dly )
wherein the aromatic feedstock is para-xylene and the aromatic carboxylic
acid is terephthalic acid. 11. The process of Claim?7, wherein the aromatic
feedstock is neta-xylene and the aromatic carboxylic acid if isophthalic
acid. 12. The process of Claim7, wherein the aromatic feedstock is 2, 6-

di met hyl napht hal ene and the aromatic carboxylic acid is 2, 6-naphthal ene

di carboxylic a& d. T probess pfotzms! Hodereh The highGfaéiBhcly Segﬂl%ﬁi%%pﬂv%ﬁtus is a
pr onot er h? LSe3 %rgg) ne. 14. The process according to aim 1, ereéein
the plug oW I eact oF ﬁﬁ’&"‘imggn'a plurality of continuous stirred tank
reactors in series, each continuous stirred tank reactor conprising a
react or space whereby the plurality of continuous stirred tank reactors
conprises a plur alheyprscesse af tobins jacederenhefeiligh MEAEERS! URKIZIHS column
conpri Seéaﬁtﬂﬁse@la\’! %gti th) E% r eact oir 5 spaces. 15. The process accorcfi ng to
Claim1, Brerns the 19 8 HWBFPé'sC% Rge¥ation is carried out under reaction
conditions which produce a gaseous high pressure stream conprising water,
gaseous by-products, and gaseous benzoic acid and energy is efficiently

recovered frodbt he Thgaseenss oficitimpit £ seherein he mbfoﬁ&cﬁﬂﬁir@’eﬁ&gfm the
in a high efficiency separation

process L5k NQ: 10 (,a) ;renmovin

appar at ug&gﬁ&% tesggrgﬁve&f)‘dm“.‘m% ‘Eﬁ%‘lﬁq‘ﬁés BegsrAnderaci d from t he gaseous

hi gh pressure streamto forma second gaseous high pressure stream
conprising water and gaseous by- products formed during the oxidation
reaction; andi{b) AinTeesss fuy theiprodectiondofearomatic icgfboRES 818 By $hd B Qa2
means for re i [ from.the second high pressure overhe tream
-16 21 July Z%QEngyﬁgﬁgg%gegggmg? CUTRSES, wherein the high efficiency
separation apparatus is a high efficiency distillation colum. 17- The

process of claim 16 wherein the high efficiency distillation colum
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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conprises at |east about 5 theoretical plates. 18. The process of claim 15
wherein the nmeans for recovering energy fromthe second hig%15W¥§99?e
overhead m xture conprises an expander. 19. A process for the production of
a aromatic dicarboxylic acid by the |iquid phase oxidation an aromatic
feedstock conprising: (a) providing a reaction medi.um conprising an
aromati c feedstock, heavy netal catalyst, a source of brom ne, and a

sol vent conprising benzoic acid and water, wherein the aromatic conpound

_ i _ nd r _ mpoun
comprises o BhzerEhipesas JrRY) FASA AbbmidoReSMESt L USLS KO e

meta or pure positions or a naphthal ene having two oxIdlZa
substi t ueit'$ FESWHBE ei Af t heargoremw 1 aiaexylend, he 2(6@ordtOyinsRehANRd S 1. -

the ranggfL@ t-.about 40: (b) contacting at |east a portion of
the reaction %ﬁ@ﬁ%ﬁ\%\?%ﬁz’gﬁ&%ﬁ%@%ﬂgg#&rmlﬁ@rweﬁeﬁﬂa first continuous
stirred tank reactor thereby generating a product conprising crystallized

aromati c dicar, goxyl Lc acid in _a liquid nmedium conprising dissol ved

di carboxylic &&id, TReaFgeess o Clagmd 9 wbcr,eimﬂmmmmaﬁwﬁcﬂmoalae@pa}d:xﬂgﬁéiand
oxi dat i ogyd | : hy- _pr.oduct . compounds; (c) directing the

pr oduct ?lgdgélgéﬁﬁ%aéﬁﬁltcﬁa%a&%ﬂg tﬁ‘%g’aaﬂf‘gnk reactor wherein at |east a
portion of the product is contacted with an oxygen- contai ning gas whereby
a substantial ,port il‘ﬁn of the oxidation internediates are oxidized to
aromatic di cafboxy(fi PERGess of Ctaimm 19 wierginohe affmatikhfeegistocle §Smela-fiatd P,

wherein #i ' i | | ected fromthe group consisting of
Para- xyl engfﬁﬁng'g%a;%éﬁg%@?%lﬁab%?ﬁ@?cﬁ ipht hal ene, 1, 5.

di et hyl napht hal ene, 2, 7-di net hyl napht hal ene or m xtures thereof. 21. The
Process of Cig.i(m lih wherein the aromatic feedstock is para-xylene and the
aromatic carbbkyl i (MAcPWPS 1&f dplimallPc whérdin 2Be Frompicocessedk Gsaing-19,

wher of 1 dibuhBllafenb 8RB Abmb e BEb AL 21 AMarhliS QIOBLLC CarboxyTi ¢

acid is isophthalic ac

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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23. The process of Caim19, wherein the aromatic feedstock is 2, 6-

di net hyl napht hal ene and the aromatic carboxylic acid is 2,, 6211%}’11291% ene

di carboxylic acid. 24. The process according to claim 19, wherein the
"solvent ratio in the reaction nediumis in the range fromabout 2 to about
30. 25. The process according to Caim 19, wherein.the solvent ratio in the
reaction nmediumis in the range fromabout 2 to about 20. 26. The process
according to Claim19, wherein a first high pressure gas streamis
generated in the fi&)st clmabling idSsetbnd %&@oﬁ@mghrﬁ@ﬁlﬂ!st?é&% ﬁ)é?ﬁ&ggf&i gh
pressure gas streamis _generated in the second continuous stirred tank
reactor, wherein eR&Oy§iGensrgy Epmithe second bighmeessuferayerhidad sfrearst  hi gh
pressure gas stream and second high pressure gas stream by an energy
recovery process conprising. (a) conmbining the first high pressure gas
stream and th&7secdhd proaghs opciahs 26ewhagisihedadh bficiaici sBpAaGGP Mshatht@dis a
pressure, str m%&ty renoving in a high efficiency separation apparatus at
| east ab 1engy diggligfion galugBinz0i ¢ acid fromthe gaseous high pressure
stream to forma second gaseous high pressure stream conprising water and
gaseous by- products fornmed during the oxidation reaction; and -18 21 July
2004 (c) dire28ingThaeprsessnst gairols WiGbinPRS fighe cHliARY itiRaRARSEH
recoveri nanener%y1 fromhe_ second hi gh pressure overhead Stream 27. The
process GFORASES A 1sest apiSethroretieal iai®s. ef fi ci ency separation apparatus is a
high efficiency distillation colum. 28. The process of claim 27 wherein
t-hey high efficiency distillation columm conprises at |east about 5
theoretical pltesThe@prockbeoprhirast oheirmit® Reanh &irticBoldimgBRRsy KO the
recoveri ng ecp,%rég% fromt hﬁ:}ﬁﬁgecond hi gh, pressure overhead m xturé conprises
‘an expanf&rne YN PIESHYR OF FRGHE M BRSoTDrises Thexpdndatuct i on, of a aromatic
tricarboxylic acid by the 1liquid phase oxidation an aromatic feedstock
conprising: (a) providing a reaction medium conprising aronmatic feedstock,
hea\d/y met al ¥at al fsoptimss proesoforthopiodecticnst Saboualit GBS AiIcNZideNaRI C
aci

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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and water, wherein the aromatic feedstock conprises a benzeng havi n@ t hree
oxi di zabl e al kyl ring substitucnts and wherein the sol vent rat 8 2994 he
reaction nediumis in the range fromabout 1 to about 40; (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
conpri si ng ar onat iportion cefr thxy bkidation dinternedidtésquird oRiizEMD GO MAFdnSdtiag

wat er, heavy net al 'C%MSt ,..orom ne, benzoic acid, oxidation

i nt ernedi ates and "BW 8ta°'6{orrpounds; and (c) transferring at |east a
portion of the product streamto a second continuous stirred tank reactor
wherein at least a portion of the product streamis contacted with an
oxygen- cont ahi ng Ayascessefoe e arcaiubiom of amimatitcatdoxdlit YacHOBH uieom]&i@g,hgge t he
oxi dati gn. i nf er nedi at es ar e Océi dized to aromati¢c tricarboxylic acid. 31. A
or ocess “FSRIh T P AEURRY ferdstack neqampnising galkylbenzgred asgfordiallylbgmcte phrase

oxi dat i gfixiafesafeROOWRIH & t - LSl od bl ky L be
ort ho-di al kyl benzcne or x%@gﬁrgg%cﬁg%%aymﬁt %51@(13491%% tﬁg)engé%?%%cﬁe%%o%& um
conpr i sPiggaiere haawmaeiat citalds bt kolvent, fiteonibvent colpaviyie Behabic GridhNS watnd
~sol vent ghe @Ol ve%ﬁ cowri_sc{qrig.b nzoi c, acid and water, wherein the

oxi dat i 58 T8 PRI R R Cae 1p Eicdeactionzgne obe phigdlavgrerew react or . 32.
The process of Caim31, wherein the solvent ratio of the reaction nedium

entering the reaction zone is in the range fromabout 1 to about 40. 33.

The process & O Ehenpdkessihe(Baim 8 hewhewirathecsdleail Thos lofAREPEACEBA medium

seudocunene, .. ort ho- xyl ene.or m xtures thereof
PS| enqgnng’ the reaction %oner}s in the range from about 1 to about 40.

33.  The process of Claim 31, wherein the aromatic feedstock comprises

’ . '
pseudocumene, ortho-xylene or mixtures thereof.
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