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PRODUCTI ON OF AROVATI C DI CARBOXYLI C ACI DS FI ELD OF THE | NVENTI EOQ@}] Thi s
i nveriti on pertains to a novel process for the production of benzené:

di car boxylwo o209s8s4 such as terephthalic acid by the oxidat ipgnngirardgal kyl
benzene conpound. More specifically, this invention pertains to an

oxi dati on process wherein a dialkyl benzene conpound is oxidized to a
benzenedi carboxylic acid by nmeans of a two-stage process utilizing certain
conditions to obtain the benzenedicarboxylic acid having inproved purity.

BACKGROUND CF THE | AACL BN PROBESSFORIFIgEaci ds are produced
by the oxidation obrhBLBTIONOFRROMATIEDRERASNAIBACIBI PA) 15
comercially produ ne in the
presence of an oxidation catalyst such as a Co-M-Br and a solvent such as
acetic ' WX ld is produced by the oxidation of mxylene.

Bot h pr§§€g95éagﬂggnggtyﬂﬁ§@ di carboxylic acids containing col ored
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p-toluic acid for terephthalic acid and mtoJuic acid, for isophthali¢ acid.
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i sol ati a crude terephthalic acid solid, dissolving the solid in water at
el evat eg‘gq Vil EPRICYRE §”§R&i pressures, hydrogenating the resultant solution,
cooling and crystallizing the product out of solution, - and separating the
solid product fromthe liquid. Colored inpurities (of the benzil,
ant hr aquBACK&GR@bIND QioTidEdNYENMFIONes) are hydrogenated to col orl ess

t or are renoved in
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oxidation of p-xylene in the presence of an oxidation catalyst such as a Co-Mn-Br
and a solvent such as acetic acid. isophthalic acid is produced by the oxidation of
m-xylene. Both processes produce crude dicarboxylic acids containing colored
impurities and mono-carboxylic acids such as garboxybenzaldehyde, i.e., 4-carboxy-
benzaldehyde (4-CBA) for terephthalic acid and 3-carboxybenzaldehyde (3-CBA) for
isophthalic acid, and toluic acid, p-toluic acid for terephthalic acid and m-toluic acid
for isophthalic acid. To achieve, for example, purified terephthalic acid used in the
production of polyester fibers, films, and resins, crude terephthalic acid is treated
further to remove impurities present due .to the partial or incomplete oxidation of p-
xylene. Typical commercial processes remove impurities by isolating a crude
terephthalic acid solid, dissolving the solid in water at elevated temperatures and
pressures, hydrogenating the resultant solution, cooling and crystallizing the product
out of solution, and separating the solid product from the liquid. Colored impurities -
(of the benzil, anthraquinone, and fluorencne families) are hydrogenated to colorless
products which are either are present in the TPA product or are removed in the the
wastewater streams. Monofunctional 4-carboxybenzaldehyde is hydrogenated to

p-toluic acid, which is separated from the sold product in the crystallization section of



- 5 BEE 2005 WD 02/098834 PCT/US02/17218 2 the process. [0003]. U. S. Patent
4,158, 738 describes a process for the production of terephthalic chd: by
t he two-stage oxidation of p-xylene at el evated tenperatures. Th?gﬁb? ess
requires r] oxi dation at tenperatures greater than Lgny fi cant
anount s oswgggﬁﬁﬁxﬁcid, typically used,as a solvent in thegéS&rg ?%ﬁﬁ
process, is oxidized at this tenperature together wth the p-xylene. The
oxi dation produces nethyl acetate and nethane, which nust be di sposed of,
and carbon di oxide. The secondary oxidation of the process described in US
4158738 #ﬂcm % a tenperature equal to or less than that of the primary
oxi dat i on. % imary oxidation produces a crystalline, crude TPA product

cont ai ni (E0G3) AV .S Fatdntr4, 1 58738 HbscbsPA procdsy fae thabidtiuatibh of Tdephataical s
where it is difficult for the inpurities to be further oxidized to TPA The.
secondar pciskdpyitha wro-slagpanddation gfiopysed abglevgtediergrersturgss This pricess f or
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e.g., 4- abtduritd opatelic'aidagipibally uibaiaresssibentinthe oxifion[f166dds, i S. Pat ent
4,772,748 discloses a process for- produci ng TPA by _neans of four oxidation

st ggs, _oRgidizedial tis temperatiie tegether withiteg Brlengerbe ex@atiﬁamr@wel*qar i mary
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cont r ol | isegohdiaryf dxddatiin dftheqrocess diditibe® iy US4 ¢H8738 ocagsgaa to the
oxi di zer. However, feeding excess oxygen results in excessive oxidation
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Of. benzer}S&her oxidized to TPA. The secondary oxidation temperaturé proposed by US
4158738 does not allow for adequate dissolution of crude TPA crystals, and thus
does not allow for sufficient conversion of the partially oxidized intermediate
impurities, e.g., 4-CBA and p-toluic acid, contained therein to TPA.

[0004] U.S. Patent 4,772,748 discloses a process for producing TPA by means of
four oxidation steps, one of which is conducted at a higher temperature than the
primary oxidation step. This higher temperature oxidation step uses molecular
oxygen. Each of the oxidation steps is carmied out using excess oxygen by
controlling the flow of the air or other oxygen-containing gas to the oxidizer.
However, feeding excess oxygen results in excessive oxidation (burn) of acetic acid.
Furthermore, because the process useé four oxidation steps to reach the targeted

impurity level, capital equipment and operating costs are high.



di carboxylic acids, e.g., terephthalic acid, has been devel oped. Qur novel
process . provides a terephthalic acid containing | ess than 152épma;ﬁmper
mllion by weight (ppmv), based on the weight of the TPA, 4-CBA "He
avoi di ng swoniipszant oxidation of the acetic acid sol vent .pchhespresgnt

I nvention provides a process for the production of a benzenedi carboxylic
acid such as terephthalic acid containing less than a total of 150 ppnw
car boxybenzal dehyde and toluic acid which conprises the steps of: (1)
feeding (i) a dialkyl benzene conmpound, (ii) aqueous acetic acid reaction

medi um FRIEFSUMVERY O3 TREINEENGRIRoNnent s di ssol ved therein, and (iii) an
oxygen-containing gas to a first pressurized oxidation zone wherein

| i qui d- (08, Arxoploveditwosstagabixiniationh proeess for kiye pheductioe of bepaend- occur s,

wherein the tenperature and essure within the firs ressurjzed oxidation
r eact or ‘ité?aébo’ﬁﬁ'icrﬂcé‘?%@dga?erfﬂg{ Cf@_ﬁb zﬁeﬁn_sd?’t?"i%e ab%'ré'_ﬁ%‘ RIOEESE par a
(about  fotiged &Rerdititnsiic G c%ﬁi&ﬁiﬁg'l@é‘é‘than%@?éﬁé pbr RGN iYAvdigAM t he
upper portion of the first reactor vapor conprising vaporiZzed “agueous,
acetic rfppowm)obasadionthemeightyod ¢he TON, 4:@BAguilecavgidingi signiieamicoxidatianxi de,
met hane, .inert co nent s d less than 9 vol ur ercent, Mbased on the
non- con éﬁg%ﬁf:ﬁﬁ%gﬁacﬁ%‘(ﬁrg 3?‘%9{9595_ 8?’?“%8'@’(?&? pf%‘fﬁﬁ?itﬁ@ 1 om the | ower
por ti on mbdbdtRn bff § behSerddiEardbxit! Atid BUck ra%%ﬁéphtﬁﬂi@édzié!c&ﬁta{ihihéﬁl@éé d and
di ssol ved benzenedi carboxylic acid and inconplete oxidation products and
(ii) thdhagadet of 468tHpmecatbexabenzeldehyde andHaluingcidiwhich comarises tbet al yst
di ssol vgsﬁeéhﬁ{_ei n, (4) feeding (i) the oxidizer product of step (3) and (ii)
an oxygen- DAL ai ni ng gas to a second pressurized oxidation zone wherein

l'i qui d- ghasteedmyol e aEley Behdené eBripountiNgi) iadteBn elcetie yeiaidaetionr oduct s
occurs, erein the tenperature and pressure wthin the second pressurized
oxi dati on readiusn haviegreidatiimeatalyst camppoenBotisselved tharein, and (81 sér a (about
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exothermic oxidation of the dialkyl benzene compound cccurs, wherein the
temperature and pressure within the first pressurized oxidation reactor are
maintained at 150 to 180°C and 3.5 to 13 bars absolute — bara (about 50 to 189
pounds per square inch — psia); '

(2) removing from the upper portion of the first reactor a vapor comprising vaporized
aqueous, acetic reaction medium and oxygen-depleted gas comprising carbon
dioxide, methane, inert compor;ents, and less than 9 volume percent, based on
the non-condensable componenfs of the vapor, oxygen;

(3) removing from the lower portion of the first reactor an oxidizer product
comprising (i) solid and dissolived berizenedicarboxylic acid and incomplete
oxidation products and (i) the aqueous, acetic acid reaction medium having the
oxidation catalyst dissolved therein;

(4) feeding (i) the oxidizer product of step (3) and (ii} an oxygen-containing gas to a
second pressurized oxidation zone wherein liquid-phase, exothermic oxidation of
the incomplete oxidation products occurs, wherein the temperature and pressuré
within the second pressurized oxidation reactor are maintained at 185 to 230°C
and 4.5 to 18.3 bara (about 65 to 265 psia),

(5) removing from the upper portion of the second reactor a vapor comprising



(6) (7) vaporized aqueous, acetic reaction nmedium and oxygen-depl eted gas
conpri sing carbon di oxide, nethane, inert conponents, and | ess 55 5 vol une
percent, based on the non-condensabl e conponents of the vapor, EQ&W5 :

removi ng f negebisghower portion of the second reactor a secepqd Ry 3"
product conprising (i) solid and dissoljved benzenedi carboxylic acid and

(i1) the aqueous, acetic acid reaction nedium having the oxidation catal yst
di ssolved therein; and separating the benzenedi carboxyiic acid fromthe
(ii) the agueous, acetic acid reaction nmediumof step (6) to obtain the
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the process of the present jnvention, While the present invention is
suscept i bl e PEreEmbdASAEAN ithe nan-eandensabie, camrenrents of Nigwanal, O¥EEeBpanyi ng

Figure 1 g5 UghGhBAIdind KR4 ilo By i Ghdorfy RIS SR Abadi I roaaly t he

i nvention: ‘The preSe e consi as an exenplirtrcation

of the i nvesbmpnising (iicsdlidl and Hiskblvad benzbredipabiokiiic it emidniithei ddueriusat ed,
however. DETAI LED DESCRI PTI ON [[0007] Referriing.to acconpanyi ng Figure 1,
step (1) of &Grli¢aGHE regelipnge hswing:ther ddatian catalyst dissalved hargin; @dz one

conpri si ngzyr : I L X LU ¢S | zene
compound, 4y seBetinddfs Benzenedien AR Bpidifom HATR o Adudods, Ml 2BRITELS,
first oxidat ireactiopaniediund 8f step @)t obtail the bBamzarrelicarbaylic acicemitaimingredi um
or sol vent fr-[\ed ypically contains up to 15 I ght percent water. If

desired, thel®f ﬁB“QS’eP&’BWeCQTQ%YﬁM@‘%?Wt BIEtdQd.aci d sol vent cont ai ni ng
catal yst conponents may be fed to reactor 12 at a plurality of points al ong
the side of the reactor 12. A nol ecul ar oxygen-contai ni ng gas under ’
pressure BRIERtDBSCRIBTION OFEAHEIDRAWINGS eactor 12 is continuously fed at

gas. o g, OURlqdhomRATBIG hIGUERddS Hosess oW ahagrast usiiie asvan v | f ed
at or neapn{iiiARs thePhrifdifies Yr 18 Brodes8 G 08 pl&sttt invention Pvihile thEpresent
invention is susceptible to embodiment in various forms, there is shown in
accompanying Figure 1 and hereinafter described in detail a preferred embodiment
of the invention. The present disclosure is to be considered as an exemplification of

the invention without limitation to the specific embodiment illustrated, however.

DETAILED DESCRIPTION

[0007] Referring to accompanying Figure 1, step (1) of our novel process may be
carried out in a first oxidation zone comprising reactor vessel 12. A feed mixture
comprising a dialkyl benzene compound, équeous acetic acid, and a suitable
oxidation catalyst are fed to first oxidation reactor 12 via conduit 10. The acetic acid
reaction medium or solvent feed typically contains up fo 15 weight percent water. If
desired, the dialkyl benzene compound and/ar acetic acid solvent containing catalyst
components may be fed to reactor 12 at a piurality of points along the side of the
reactor 12. A molecular oxygen-containing gas under pressure is introduced via
conduit 14 to reactor 12 is continuously fed at or near the base of the columnar
reaction vessel. The oxygen-containing gas, e.g., oxygen, oxygen-enriched air or,

preferably, air, normally is fed at or near the base of the columnar reaction vessel.



WO 02/098834 5 PCT/US02/17218 The flow rate of the oxygen-containing gas to
reactor 12 is controlled to maintain between 2 and 9, prefepagyytﬁmio 5,

vol ume percent oxygen (cal cul ated on a dry, solvent free basi I Nt he

of f - gasweninépseni t s t he reactor via conduit 16. The reactmnygsoznzigactor 12
are mai ntained at an el evated pressuse sufficient to maintain the

contai ned, volatilizable reaction nedium substantially in the liquid state
at the reaction tenperature. The tenperature and pressure within reactor 12
are 150 to 180C and 3.5 to 13 bara (about 50 to 189 psia) preferably 155 to

1 65C and flowZrate of thePobrjen-tahaiming gaé o FEHPS1 R cdrRRIBH tBeRgihesinl2
typlcallﬁ Is a columar, pressurized, oxidation reactor vessel wherein
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r eact oreactarntshy eshdtor 12 ar@dihtaindttat saetevatediprisgare suffisienetb Mainaet or 12
t hus conprises the oxygen- containing gas, the dial kyl benzene conpound t hat
is to N exnigingds velgtilizable saactinsmediuse sybstantialiviinghgdiauid stete atthaul yst, and

t he aq i [ ' ! . rpal |y does
ot oo BHeriRE g tpiiBRlanrd A BRELSIre el Ea sl £2 808 48010 Y o

t he wergbtCandt3s tacBebararn@bbese e 88 paid)hrefbyably al55to 165C and 5.2 to

gener al | -c%/al é@ndri cal, first oxidation vessel has a height:dianeter ratio in
t he raﬁg%bﬁ boyt 26 to[188desia)rhe catal yst systens which may be enpl oyed in

b A e T s
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bgnzen%o%?al %léngda’s, itf?e Ei%rﬁPyY%gnfzéﬁgq compound that is to be oxidized to an

benzenedicarboxylic acid product, the catalyst, and the aqueous, acetic acid solvent.

The amount of water present normally does not exceed 15 weight percent, preferably

4 1o 6 weight percent, based on the weight of the water and the acetic acid.

Typically, the generally-cylindrical, first oxidation vessel has a height:diameter ratio in

the range of 3 to 20.

[0009] The catalyst systems which may be employed in the oxidation process

include any catalyst system conventionally used for liquid-phase oxidation of an alkyl

aromatic hydrocarbon. A suitable catalyst system comprises a mixture of cobalt,

manganese and bromine compounds or complexes, soluble in aqueous acetic acid.

“The atomic ratio of the Co:Mn:Br combination of catalyst elements préferably is in

the range of 5 to 40:1.0:4 to 40, more preferably a Co:Mn:Br atomic ratio of 16 to

40:1.0:16 to 40. |

_ [0010] During the course of the oxidation reaction, exothermic heat of reaction,

generated by the oxidation of the dialkyl benzene compound, is removed from

reactor 12 by vaporization of a portion of the liquid reaction medium. In accordance

with step (2) of the present process, the vaporized liquid reaction medium (off-gas),



reactor 12 by vaporization of a portion of the liquid reaction nmedium In
accordance wth step (2) of the present process, the vaporized ﬁﬂﬁﬁhﬂﬁﬂ&
reaction medium (off-gas), - 5 DEC 2005. WD 02/098834 PCT/ US02/ 17218 6

al ong wi¥WH 0888k ygen- depl et ed process gas contai ni ng m rSrT/HABIAR80f
deconposi tion products and brom ne- cént ai ni ng conpounds, pass upwardly
through reactor 12 and are introduced via conduit 16 into a condenser
system such as water colum 18. The condensabl e conponents of the vapors
collected in _colum 18 consist primarily of the acetic acid sol vent which
i s ret @NSHWith the gxyean-depieted prrressiaas Gmtainihepingi@raerahothead 34. [0011]

ae sh \ \ _ : . ;
et o b hOs i prody G e BRARL GBI BUNAS Bacs AR SR,
conposiréactor 42 andearedntiedadsd e viaargnuhiintGintd atdondanseosysteapsuch asolwatst ed in
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system qr y be transported to a pollution control ,device for. further
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12 wei ght percent Water, exits”the Tower portion of the Wwater renoval
col um diinpositiom ofithd caittiesabimcbmponeftstdfehe agieaus wvapgersiedlimcést sol vent i s

recycl ed djrect to the reactor, 12 via conduit 32. This anmpunt rapges from
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sparingly soluble in the process”solvent and is

further treatment, if desired.

[0012] A distilled bottoms liquid comprising partially dewatered acetic acid solverit,

e.g., acetic acigj containing 4 to 12 weight percent water, exits the lower portion of the

water removai column 18 via conduit 30. A portion of the partially de-watered solvent

is recycled directly to the reactor 15 via conduit 32. This amount ranges from 10 to

100 percent. The partially de-wateréd solvent is fed to the reactor 12 by one or more

spray nozzles 34, which may be located below exit conduit 16 and above the phase

" separation of the gas/liquid contents of th'_e reactor 12. Another portion of the

partially de-watered solvent is removed via conduit 40. Some or all of the condensed

acetic acid may be returned to reactor 12 via feed stream 10.

[0013] In operation, first pressurized oxidation reactor 12 produces a benzene-

dicarboxylic acid product that is sparingly soluble in the process solvent and is

removed through a lower exit port located at or near the base of the reactor as a

slurry in the solvent which also contains dissolved catalyst components. The

oxidation process in reactor 12 also produces by-products such as mono-carboxylic

acids such as carboxybenzaldehyde and toluic acid. At least a portion of these



renoved through a lower exit port |located at or near the base %f ihe react or
as a 'slurry in the solvent which al so contai ns dissol ved caralﬁg
conponents. The oxidation process in reactor 12 al so produces by-products

" such as wpenwessyoxylic acids such as carboxybenzal dehydecgngodPl24g C aci d.
At least a portion of these - 5 DEC 20 WO 02/098834 PCT/ US02/17218 7

nono- car boxylic acids are solids which, as nentioned above, nay be contai ned
within the crystals of the benzene dicarboxylic acid. Typically, these

nono- carboxylic acids are present in. concentration of 600 to 1000 ppnw
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conmpounds are undesir abl -products since they functlon as pol ynmer chain
~ t er mi nwitbinstheraystalssofdhe bemahe dicarboxyicfagidral yrinalky, these monecearboxyiisi ght

pol yesters ,such as  pol | ene at roduced f erephthalic
aci d a%g' (G IPLRETY '98&‘ h%%tio of @@ﬁiﬁ(ﬂiﬂ @%Sqlpogy éé”)h%éﬁj 5) of our
novel ROO&EIBOOPING toluiyadiBl. W@aéeﬁ@%-aﬂfd@i@ml b@mﬁéuﬁdé)é%iurﬁﬁeﬁl’éble

mono- car boxylic ‘acid by-products is continuously withdrawn as a slurry in

t he agbydedueissinas f@@wdup:ztmaaspehrmﬂmhatmrmmatar%mtmuswmre,aubtgnl ved

cataly th bott rtio ctor 12 an d via conduit 36
"to a sgi%wggéﬁlj 896'(%5 tia&%es %rS\ﬁHChf"‘ﬁﬂ?fgﬁfegh%gé% reactor 42. The
secondtérsbHeiaiste) pritticERY A téreﬁhﬂ%li%aowahate@ﬁyléﬁ@@mbl as depicted in
Figure 1 or two or nore agitated reactors nmay arranged in series or

par al | §0014}hdn aggoetanceavith stsap@c{BMaad|(4)e@ftourm\@éprqce©enm slgrrgofo 12 wei ght

ercen sed.on . t he of _the, water_ a t he hati c,
Pt box hefi2bbaighBRSGIC Beic PG Al mobor AP RE al Byl RS RS £ & second
oxi dat ic@ﬁtuﬁ@@.@él?wnﬁard\bﬁ%%@s!hh? ¥ DAY, arbfie Bridepddss abveat, atich
by- product are tfurther oxidized to the desired benzene dlcarboxyllc aci d.

As in ko certainsrdisseived gatalysthisomithebolipmipeition afsaaeter 12:ansl eprveyied
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oxi dat i4m Tﬁa@gé@dsncﬂaxudbabﬁmhben@wbéaqang:é hfieatet qactoc asidenictedin t he
reactor. [0015] The flow rate of the oxygen-containing gas to reactor 42 may

be contfrigurec}or fwo eEMATg; agilséedwaacters Ay e @angeddn @?EP%E‘F pacplieb Theyol ume
Per cent, QiR heetic acid solvent typically contains 5 to 12 weight percent water, based on

the weight of the water and the aliphatic, carboxylic acid. A molecular oxygen-
containing gas also is fed to second oxidation reactor 42 wherein the carboxybenz-
aldehyde and toluic acid by-product are further oxidized to the desired benzene
dicarboxylic acid. As in the case of the fed to the first oxidation reactor, the oxygen-
containing gas may be oxygen, oxygén-enriched air or, preferably, air. The oxygen-
containing gas normally is fed at or near the base of second oxidation reactor 42
below the surface of the liquid contents 'of_ the reactor.

[0015] The flow rate of the oxygen-containing gas to reactor 42 may be controlled
to maintain between 0 and about 5, preferably 0 to 1, volume percent oxygen
(calculated on a dry, solvent free_ basis) in the off-gas which exits the reactor via
conduit 50. The flow rate of oxygen-containing gas to reactor 42 normally is from
0.001 to 3 volume percent, preferably 0.001 to 2 volume percent, of the flow rate of |
dxygen-containing gas to reactor 12. The small amount of air-fed to the second
oxidation reactor 42 limits the oxidative decomposition of the acetic acid solvent, yet

facilitates the conversion of the by-product mono-carboxylic acids to the desired



(calculated on a dry, solvent free basis) in the off-gas whi ch_gﬁi ti éhe
reactor via conduit 50. The flow rate of oxygen-containing gas t(g @ ct-or

42 nor nal ' m 0.001 to 3 volune percent, preferably vol une.
per cent, %?SO?B%JSH)OW rate of oxygen-gontaining gas to rea%?%’ggééﬁgﬁe smal |
amount of air-fed to the second oxidation reactor 42 limts the oxidative
deconposition of the acetic acid solvent, yet facilitates the conversion of
t he by-product nono-carboxylic acids to the desired 5 Q E C -2005 WO

02/ 0988 17218 .8 benzene dicarboxylic acid. [0016] The first
oxi di zer%%rng%égﬁ%gé?é‘%ﬂc@ecﬁ'above acconpl i shes substantially all of the
oxi dat i 0016 | 'Fhe iRt bRIdiAdr rahctdP desaifedaBsvd hscanglishRisRaibatatiaily Befpr i mary
obstacle in achleV|ng sufficient conversion of the dialkyl benzene conpound

to the the@exisadianyei rating @t saderatecpressuigr gndiagraperaturey dthenplimanas s

ox: ot ze ] aCBRuoRRRRGEN hletyind Y M SRISL RO Bt PelPBUBTK el
i.e., threnzenbiihibogkt dckER thEDMhS¢ OxtizendysteriGs thaty tRirgfwdinitafndoe
encased within aromatic dicarboxyiic acid crystals. Therefore, it is

rel ati veasposigtgd withouygendlifiwsion & thenpartinlly ryidizedrreducts amprdded or a

sur i oi S neg b Beheer Rt le AT e SF Rzl B BroarbPer ™ =
l'i mi t at iydiesacid Bppredicts rﬁédy bBenchsed witkirdatonadtizdisarboxdis aciadsyshie,

condi tions of pressure_an tenperature can aid_ in the formation of small or
fi ne cr yEeetorenlis wintivaly grsy & OiéldlZ?d'ﬁﬂStr@dh‘;*ﬁl%{kWie besaens clpﬁm%@@dﬁﬁae
cecond GTEARESPEREAd ERen ufetioBeRi EoRRioRS" HOUSRE UG 'C

further sufficiehtlpomphitd HonVbsidmietuiresoviercarmingrttie onasiatransfer braithtisnst2 are
mai nt ai ned at_ an el evated pressure sufficient to nmaintain the contained,

vol at i | | PRETAINRIDE difstRedalian suswaden BPAgratla cOREPNE of aragsafeand t he
|52 L NgHREIRG KR Al S RS o MASBSEI R i bRkt oce,
215C andad@ rdcriystallized ih #he sCebwadibxiti@fion 20280 Vpisermihe dineall ohéné crestalisrard f or
the oper g Olved in thes sSSond oxidation zone, the to-Cyitatsadd By produck are
accessible for further oxidation.
[0017] The materials in second oxidation reactor 42 are maintained at an elevated
pressure sufﬁcient to maintain the contained, volatilizable reaction medium
substantially in the liquid state at the reaction temperature. The temperature and
pressure within reactor 12 are 185 to 230°C and 4.5 to 18.3 bara (about 65 to 265
psia), preferably 205 to 215°C and 13.4 to 17.2 bara (about 195 to 250 psia). The
heat required for the operation of the sec@nd oxidation zone may be provided by
supplying a vapdr phase solvent to the second oxidation reactor and allowing the
vapor phase solvent to condense. The vapor phase solvent normally-will beata
pressure sufficient to allow the vapor to pass in:co the second oxidation reactor and to
provide sufficient heat to the contents of the second oxidation reactor. For example,
partially de-watered acetic acid may be fed from water removal column 18 to acid
\}aporizer 44 via conduits 30 and 40. The acid vaporizer 44 brings the partially de-
watered acetic acid to a temperature and pressure sufficient to maintain the desired

temperature within the second oxidation reactor 42. The design of the acetic acid



suppl ying a vapor phase solvent to the second oxjidation reactor and all ow ng
the vapor phase solvent to condense. The vapor phase sol vent_ ﬁ({j’g@h y wll
be at a pressure sufficient to allow the vapor to pass into the's nd

oxi dat i s¥Opzesssaw and to provide sufficient heat to the momusnig2ef the
second oxi dation reactor. For exanple, partially de-watered acetic acid may
be fed fromwater renoval colum 18 to acid vaporizer 44 via conduits 30
and 40. The acid vaporizer 44 brings the partially de- watered acetic acid
to a tenperature and pressure sufficient to maintain the desired

t enpevaponizerrdriviailytrequises thedawailatiity oha heattransfé? fluitheudteas Qovahetie acetic
acid 5 9&5&005 WO 021098834 PCT/ US02/ 17218 9 vaporizer norpally requires
the aPaniALPIESsYresteanhean beusedrtevappiize the apeticaeigw he acelis adidgh pressure
St ean,aghr RArdiRathbd AARML GBI \UpORTE! 44 18 Ehbond BEABAGH FEadibl 42 WEPOT 1 S
transfefre romthe acid vaporizer 44 to Second oxldation reactor 42 via
conduicbnd@it 460018] An of f gas stream conpri sing vaporized |iquid reaction
medi u ng with the oxygen-depleted, process gas, containing mnor anount

of decrlng AR 8H-055 SIRRMLOIRY ISNG MAPRIZESHIUIG reRplionpBd IR ajang Witbved from

the u ' f se ' [.Q ng: fed via
Conduthe LIoe u8PiEtE pitest otaétnlty Sldrdind SR U-echmARNAPT V' 2,
condenathiets eowitaroenihe-cohtdihiagadom dssi remaved fimins thengpper sectidryopf acetic
aci d sol \6?’1'[ may be recovered as described above. %0019] The

benzeri@R; 31356'%5P?‘@aéler‘deﬁﬁt@ﬂ&gtaﬁdsfeﬂéﬂ%%ﬂd‘#'%m 386 ohotoo caRERRSer r eact or

42 as I i | | I ﬁf?%% . Leh al so
cont ai ssg(wg"s%épve(}kggetrgp@'qégh;?g%%hﬁgéﬁ%’%lggﬁ I't e@% Bﬁ'ﬁtee % r'argy renoved
- from stemmh condigting priowrily of acetic scid sbivent Aiayvtime Adbovergrthsis gescebédsol | ds and

cont ai rbs | ess than a total of 150 ppnmw, based on the weight of the solids
preser@DOV&F i nconpl ete oxidation products, primarily carboxybenzal dehyde

and t hey aghd- t ' lus toluic
acid (gt 8L 7 THE beRoRnb Bl no e SR BB e e ST R efoR ot oauct
f rom tieackeekinas asluray iriher agueons, d2etimycid procedsesblvent, which also

contains dissolved catalyst components via conduit 52. The slurry removed from

reactor 42 typically comprises from 20 to 40 weight percent solids and contains less
than a total of 150 ppmw, based on the weight of the solids present, of incomplete
oxidation products, primarily carboxybenzaldehyde and toluic acid. The total
concentration of carboxybenzaldehyde plus toluic acid typically is in the range of 50
to 150 ppmw.

[0020] The slurry product from the second oxidation reactor 42 may be cooled
before being introduced into a solid/liquid separation and, optionally, a solid drying
system. Preferably, the slurry product frofn the second oxidation reactor 42 is fed to
a flash evaporation zone wherein the temperature and pressure of the second
oxidizer p'roduct are reduced by flash evaporation. The flash evaporation zone may
comprise one or, preferably, a plurality of flash vessels wherein the slurry product is
cooled by staged or sequential pfessure reduction evaporation. As shown in Figure
1, to cool the slurry, conduit 52 leads to a first flash vessel 54. From there, conduit
58 leads to a second flash vessel 56. The first and second flash vessels 54 and 56
provide for a staged pressure reduction from reactor 42. This staged or sequential

pressure reduction serves two purposes. First, it eliminates the need for pumping



before being introduced into a solid/liquid separation and, optionally, a

solid drying system -Preferably, the slurry product fro”]thzlﬁﬁﬁﬁ@d

oxi dation reactor 42 is fed to a flash evaporation zone wher

t enper atWP&28ME3hr essure of the second oxidizer product BEFUSEMLIEEH by

fl ash evaporation. The flash evaporallon zone may conprise one or,

preferably, a plurality of flash vessels wherein the slurry product S

cool ed by staged or sequential pressure reduction evaporation. As shown in

Fi gure , to cool the slurrg conduit 52 leads to a first f|ash vessel 54.
e

Fr om th@?’\éeerb%éﬂ'ts Seconghdhe gdiapatisdlgeh fromdhe peassire sgduatinn betwgemnd
Secondréé@éﬁ%%ﬁﬁﬂ gsl'fav'@s%%Lt%lIBWﬁ%r {H firdt RLSPGES Y Bty Stk t' on from

react or or sequen ressure reduction serves.

2ur p(c)::sl_ /esaspcﬁ}amg ,cgyﬁtbalﬁtermﬂmha\serege smdfs m@(rjcrpstﬁm aﬂg)él?eﬁ@cm%f I Bﬂ)ré]yl]icbﬁhcnd5hDEC
M PCT/ U 17218 between the upits. Second, the_adi abat ] ash fromthe
pressuPBﬁ? ARRY Bicraasendhe firstiiashy vessehad. Mapor f ﬁomag '\/@%%Ye%ﬁﬁ%ﬁl“ows for
the fig 44t o] lglsi The

ver agang SR HERfed 8 ol Qnidhs8E (1t shEYAR,FRH Heslassdt B iy be' 12

i ncr easperatetifa afﬁeimerétmarmf\wes:eH%@C afapapréssurelof2d td Bshbaes o$1t54 and
56 may be routed to a condenser (not shown). First flash vessel 54 nay be

oper at @@ tat7mpsiahp dhatsiirey sireamdren f&sﬁo‘@s@n@saeb%s%iﬂdet%ﬁe@nm flagle. 2" bara

o secdgaoe &, (il iCunotlF agabaiit ieshiam of Miperslies MNP0 T ' 0
termer@tnam régsune 60 0t Dtol0B@baradboubs &s $Rpeid) Althdubh thodldshrvessalout 5 to

12 psia). A thougI:h two flash vessels are shown in Figure 1 for cooling and
cyr st alareSHOWEHN TdgurR fq>ref§phnaandorﬁyrﬁfaﬂ@atlﬂanelth%esﬁagha@eoremﬁr%w \
anot her, ). d slurry is conveyed
via con qﬂggg,gt @’?1%8%3&@{% s(g%zlalpégﬁ%trbbgﬁe bgg'%lwﬁerel n the solid

benzeng002#} bOhy lcboleatsidrryds semanaideda toadult B2 tegolidliquikcsdparation zdne
sol vent/reaction medjum usi ng _conventional |iquid/ Sﬁ_| I d separation neans.

After GLpheERindne splik beprenesdicanhexyicaed ivseraisisd from the anyeousaRls for
FAT) Scifsbles SRRIErASEL BEh U RN LRI RSl 85 ok e v
cake. . Ase:barafnbmrthel wakeicf thd behpededicarboxylic acid is washed, for example, with
cooled acetic acid from the water removal column 18. The wet filter cake may be
dried to evaporate the residual acetic acid from the cake. Adried product is obtained
from the solid/liquid separation device 60. The composition of this product is
essentially the same as the composition of the solids present in the slurry product
from second reaction zone 42. |
[0022] p-Xylene and m-xylene are examples of suitable dialkyl benzene compounds
useful as reactor feed materials in the process of the present invention to produce
terephthalic acid and isophthelic acid, respectively. The process is particularly useful

for the production of IPA and, especially, TPA.

EXAMPLE .

[0023] The process of our invention is further illustrated by the following example
wherein parts of materials are parts by weight. p-Xylene and acetic acid having a
Co/Mn/Br catalyst system dissolved therein was fed to the side of first oxidation

reactor 18 through conduit 10 while air was fed to the base of the the reactor via



fromthe solidlliquid separati on device 60. The conposition gé ﬁfiahproduct
Is_ essentially the sanme as the conposition of the solids pr: B t he
_slurry product from second reaction zone 42. [0022] p-Xylene and m xyl ene
are exanyloap/0$83gui t abl e di al kyl benzene conpounds usef uPCa8ISpBaTN®r feed
materials in the process of the presdht invention to produce terephthalic
acid and isophthalic acid, respectively. The process is particularly useful
for the production of IPA and, especially, TPA. EXAMPLE [0023] The process
of our invention is further |IIustrated by the foll ow ng exanple wherein
parts dewit'h‘lf i afgueous peeticatiy amiteghmg dissoivasheatalyst westfed ai@ wtaafi ng a

Co/ Mn/ | ved f he side. of . f
oxi datt SR CRTBIUS SPRIR e St del G 7S KRB BB ibase. o
the tfmncmamwreéceor15%@9&%@8/&%&§Mdﬁé§i/dmrémel Adviagrdui t 14.

Aqueous acetic acid containing dissolved 'catalyst was fed at a rate of 3.1

part s lrightidiameiearationfxid. énélwssf@ﬂvatcmltr’l&t@f fate of 2.9 perts grrr ni nut e

veoseltiter Tt SR HiastBrdRapled BRghRe B dnftokine 5% of BRIl T 14
at a . yéimeodf tﬁeQeQ@fdrsm@rten?eﬁé'ﬁj?e offthe \Ag6rous ke ation MikRRe W

m xture filled approxi mat el 5% of the volune of the reactor. The

t enper #901e apd tha@r%swam cyonfroll@d at€ae bapabseluta (99 peig). DBmiizeind t he

Cons: spradifed eo80fif of 8 sflrafofaf SiedRamatit T S Bnetedleiin Pacia
cont ai %ﬁl@luﬂh%ﬂiﬁs\z&%dﬂ?@é@l }éﬁha%énfoﬁéﬂ\ﬂ% therbadenef thasreaeiortviglingdst gy Vi a
line 36 at e rate of 2”4 parts per mnute. A vapor stream corrprlsmg

~ oxygenthesfateos@.4parts pee arinuteacitivaper siieest comprisBgwvegepsianigiedainy via a

Pondui RGeS AeBard Faldus rdibved bMitlousY b dnd R B EBTRAG °C "' *
di r ect kidelwall dfahe easttor andarapartet i Gordudt 82 tanatersgpl@ynhiBadA PbrtigrH024]

Oxi di zer product conprising terephthalic acid, p-carboxybenzal dehyde and
p- t ol uPEthgpandensate tas igsidled stifestiv io Bhedieastr v condyls ¢ aeeﬁé&’oﬁr@%t was

removednray head 34.
[0024] Oxidizer product comprising terephthalic acid, p- carboxybenzaldehyde and
p-toluic acid in acetic acid containing dissolved catalyst component was removed
from first oxidation reactor 18 via conduit 36 and fed to stirred second oxidation
reactor 42 operated at 209°C and 15.5 bara (225 psia). Air was fed to second
oxidation reactor 42 at a rate which was approximately 3% of the air flow fed to first
reactor 12. An off-gas containing 0.5 volume percent oxygen was removed from
second oxidation reactor 42. The product from the digester was then cooled,
separated ahd washed using a rotarywabﬂum fiter. The TPA product obtained
contained 110 ppm 4-CBA and 8 ppm p-toluic acid, suitable for producmg PET

polymer and copolymer products.



fromfirst oxidation reactor 18 via conduit 36 and fed to stirred second

oxi dation reactor 42 operated at 209C and 15.5 bara (225 psia). Air was fed
to second oxidation reactor 42 at a rate which was approxi mately 3% of the
air flowfed to first reactor 12. An off-gas containing 0.5 vol une percent
oxygen was renoved from second oxidation reactor 42. The produch []E[,rmgthe
di gester was then cool ed, separated aRd washed using a rotary-vacuum
filter. The TPA product obtained contained |10 ppm 4-CBA and 8 ppm p-tol uic
acid, suitable for producing PET polyner and copol ymer products. 12 CLAI M5
W claim: - 5 DEC 2005 1. Process fdrAlMS production of a

benzenedi carboxylic acid containing less than a total of 150 ppnw

car b%ébgnzal dehyde and toluic acid which conprises the steps of (1) feeding
(1) a c f'ﬂyl benzene conpound, (ii) aqueous acetic acid reaction nmedium
havi ng oxidation catal yst conponents dissolved therein, and (iii) an
OXygan- pRRERIfEH thd pdiictidh ¢Fa H‘ehié{edi%x%%{d a%ﬁﬂco%iiﬁﬂ% 138 (AR RN 18D Hpmw

| i qui d- phase, exo{)herm c oxidation of the dialky enzene conpound occurs,
wher ei ncarbexybenmabichyderanddalyiqnceb whick coinphises thewwsesiafst pressuri zed oxi dati on
reactor are, mai.nt.ai ned at 165 0 .13 bars, absol ut e. r.

(2) rem)vi(g)g f;e(?ﬁﬁgﬂg auc%%gﬁ%%géé%ﬁegﬂmgf’ gigﬁg%falgpé usd g%‘%:ctag?d rgaég’gg’&edé%n(r'rg%@% ng
vapori zed aquemdstémam%llm cbﬁﬁﬁt}i}énﬁﬁimﬁieﬂﬂh@ﬂd, mxgerandep%@lt@ﬂmgmg gas to a
conpri sing carhon di oxjde, .~ nethane, inert ¢ onents, and |l ess than 9

vol ume per cent fiesh geeseiizad 9%&%%&&#&%%1@%%&%1%@%“ 95635#5&1@1
oxygen; (3) re J e A ] : oxi di zer
product conpri ;IEIQ %25 H?f§ﬁlﬁ g%ﬂhﬁ:cgﬁ\g@fé?rglgéﬁlgglpg%ﬁggﬁ%%?%giué%ﬁgﬁl}lgﬁzgﬁh and

i nconpl et e oxi gatsswizep ovdatesreastdr 4re maintaihed atd 8 oo $65° €xatdi3cS wcli3cbarseabsoluten
medi um havi ng t.he .oxi dation catal yst dissolved therein; (4) feeding (i) the
oxi di zer produ l?ar@f step (3) and (ii) an oxygen-containing gas to a second
pressuri zqd) oxiréadvisiifréanke uhRE Bbifioh ofihedirli@Rfor a8%PéMRMPrSingvapieridean of the
i nconpl ete oxidation products occurs, wherein the tenperature and pressure
within the secafigeoupragetiqiepction rsdivrnendpxysendepleted zas pMpEunsheaben diggdet o

230C and 4.5 t %el‘l%ne,?‘lng‘%@rhponents, and less than 9 volume percent, based on the non-

condensable components of the vapor, oxygen;

(3) removing from the lower portion of the first reactor an oxidizer product comprising (1)
solid and dissolved benzenedicarboxylic acid and incomplete oxidation products and (i)
the aqueous, acetic acid reaction medium having the oxidation catalyst dissolved therein;

(4)  feeding (1) the oxidizer product of step (3) and (i1) an oxygen-containing gas to a second
pressurized oxidation zone wherein liquid-phase, exothermic oxidation of the incomplete
oxidation products occurs, wherein the temperature and pressure within the second
pressurized oxidation reactor are maintained at 185 to 230°C and 4.5 to 18. 3 bara;

(5) removing from the upper portion of the second reactor a vapor comprising vaporized
aqueous, acetic reaction medium and oxygen-depleted gas comprising carbon dioxide,
methane, inert components, and less than 5 volume percent, based on the non-
condensable components of the vapor, oxygen,

(6) removing from the lower portion of the second reactor a second oxidizer product
comprising (1) solid and dissolved benzenedicarboxylic acid and (ii) the aqueous, acetic
acid reaction medium having the oxidation catalyst dissolved therein; and

(7)  separating the benzenedicarboxylic acid from the (ii) the aqueous, acetic acid reaction
medium of step (6) to obtain the benzenedicarboxylic acid containing less than 150

ppmw carboxyaldehyde and toluic acid.



(5) renoving fromthe upper portion of the second reactor a vapor conprising
vapori zed aqueous, acetic reaction nedium and oxygen-depl et ed gas

conpri sing carbon dioxide, nmethane, inert conponents, and |ess &ggg %

vol une percent, based on the non- condensabl e conponents of the’ rZ%
oxygen; (6) removing fromthe | ower portion of the second reactor a second
oxi di zer product conprising (i) solid3and dissol ved benzenedi carboxylic
acid and (ii) the aqueous, acetic acid reaction nedium having the oxidation
catal yst dissolved therein; and (7) separating the benzenedi carboxylic acid
fromthe (ii) the aqueous, acetic acid reaction nediumof step (6) to
obtai n the benzenedi carboxylic acid containing |less than 150 ppnw

car boxyal dehyde and tg|luic acid. - 5. DEC 2005 13 2. Process according. t
Cairkl 3@8?85%@@%&&%& fgf the @rodurtionet tgropRihdic i %Wlﬂ@mlﬁéha@r?éﬂ%boﬁo ot al

of 150 ﬂ?%%@p%fwyaﬁ%@hﬁﬁ%é -8k Rid RhithCoRplisesthe GBpcaPr i ses the

st eps of feeding (1) p-Xylene, (i11) agueous acetic acid reaction nedi um
havi ng Oifetsinigo () qaxdenest(il) capnpause atetic dicsd abactidn t medivinn havingl qxidatipn agatalyst
oxygen-containi&g%%as t@t@ fjrs%_ ressurized oxi.dation one mhergin. .

i qui d- ph&SEPORSEE} HEPNE BYP R F1HDSR TR HORRANS B9 & s aBRs YAt ostdation
wher ei n t hené evigRiRlidaRl-FHace, WxeBfeuhR Wildton éfhdeldidlkyl BéRssd compsurdXbebats on
reactor are nmintained at 150 to 165C and 3.5 to 13 bars absolute (bara);
(2) renovigreinr dhe tERPERRE? aBdr Presrofwithhe the (it pegseurizedaoXidpfian E9E{9F i &8¢ ng

vapori zed n?a‘ilﬁ{%ggﬁatdllsﬁc‘tﬁgé?dﬁﬁﬁst.ﬁ NREL &H%l?lg@n%% gen-depl eted gas

conpri sing car oxl nmet hane, 1 nert onénts, and less than 9

vol une (Hremoting fi@setheouppeh eonmin- efathel dinst arbd otorcao mgam esptrprieingt vaporizeglpagueous,
oxygen; ( r enmovi ng fron1t%f | ower B@rtion of the first reactor an oxidizer

3
product ¢RI CpePmydiom prf grygenyieblelnd, gy conpaisiencarhn dioxifeafathane Jasit et e

oxi dat i on cBmPEkHS aRd fhbs tHah S BuMél Eé@é&ﬁ; baBEEbH theafonbondEREbleRBmPBALKBMAYI NY
t he oxidation catal yst dissolved therein; (4) feeding (i) the oxidizer

product ofvaRe@x¥gs8). and (ii) an oxygen-containing gas to a second

pressur | d| ] i L OlLdsbhase. 1 ] I daty t he
i nconpl L%ggmgéilggﬁngﬁe Eo‘&%g 3@’?@52{%‘ (lE:}1 uelrfggwﬁ ér el nog(g(ﬁgégj %@ﬁﬁg%@“ﬁ@ lr%ra]@ S%pggé%r e
wi t hi n t heliselwed trephetadivracidenhd 10xdmigtte axidadan prarduats anddiinthaagusbustacdiBSadid
230C and 4.5 to 1

.3 bara; (5).[renovi fromt upper portion of the second
reactor a'%RSpBE m@%‘ﬁ'ﬂ? \E)aé’i“}%gthé 3%&5‘?11%@@3%3 dis yecp Ferelt

(4) feeding (i) the oxidizer product of step (3) and (il) an oxygen-containing gas to a second
pressurized oxidation zone wherein liquid-phase, exothermic oxidation of the incomplete
oxidation products occurs, wherein the temperature and pressure within the second pressurized
oxidation reactor are maintained at 185 to 230°C and 4.5 t0 18.3 bara;

(5) removing from the upper portion of the second reactor a vapor comprising vaporized aqueous,
acetic reaction medium and oxygen-depleted gas comprising carbon dioxide, methane, inert
components, and 0 to 1 volume percent, based on the non-condensable components of the vapor,
oxygen,

(6) removing from the lower portion of the second reactor a second oxidizer product comprising (1)
solid and dissolved terephthalic acid and (i1} the aqueous, acetic acid reaction medium having the
oxidation catalyst dissolved therein; and

(7) separating the terephthalic acid from the (ii) the aqueous, acetic acid reaction medium of step (6)
to obtain the terephthalic acid containing less than 150 ppmw p-carboxyaldehyde and p-toluic

acid.



acetic reaction nedi um and oxygen-depl eted gas conprising carbon di oxi de,

net hane, inert conponents, and O to 1 volune percent, based on the

non- condensabl e conponents of the vapor, oxygen; (6) renoving frdEhHER

| ower portion of the second reactor a second oxidizer product conmprising (i)
solid and dissolved terephthalic acid and (ii) the aqueous, acetic acid
reaction nedi um having the oxidationlt¢atal yst dissolved therein; and (7)
separating the terephthalic acid fromthe (ii) the aqueous, acetic acid
reacti on nedi um of steg (6) to obtain the tereghthalic acid containing |ess

t han 3150ropgseracqerding sk laun devhesn atep 1 ps eastied eut apkf Yto 1H5MEand 6350 64 i ipthgess
accor di (g, 4,0 Q%E‘&?s 2P0 :ﬁ:’i@reﬁ{:t?&l ljllediﬁm%%ﬁ{a!nq% Y5 %iég%??erk&t Yt iR S 2
to 6.9 bara In thé presence of aqueous acetl c acid reaction medi um

cont ai noxidatibnicatalystmingiohente ceapdsingdobalt heanganese and batvinadissiladdytbéreiapamplainent s
conprisin obalt,(gﬁpggnese angd br Sine di ssolved therein; and the ﬁgcond
or e suriese RigsHtized AXIRRE Z0Re St P (A JredAnREen ata wemeure ndprgsbm of RS fhg
pressurg 0 22893 490 122%k2and 13.4 to 17.2 bara. 4. Process according to
Caim3 wherein the atomc ratio of Co: Mh: Br is 5 to 40: LO 4 to 40.

5. ~ Fr oresess aceondiag tyClaon Gliveiensin theratoraicmatichef (e MmoBoriSdp A6 1. §riogdét of step
(6) iss fed to a fla evapgrat.ian zone wherein th at d, pressure
of ¢ e LBeshAcud nE Tar By BTiefein IR BRURLHRET odsdF oL SR B Anbr S et
accor di figpbdratién 2dndwherdif tRl tembBatse o) eBKiedif 716y sepsidiowillizex prod e afeapdiced f ed
to a flash evaporation zone conprising (i) a first flash vessel operated at
a terrpeli’ya@%h@v‘l‘ﬁoraf‘f’@- to 190'C and a pressure of 2.4 to 5.2 bara and (ii) a

seco - r &l ressure
o 05 oD B e P P R O IR el

oxi di zegvapotoctongrcomprisagded fit flatlaedssal waprated i otemperature of 170 to 190°C and a
pressure of 2.4 to 5.2 bara and (i1) a second flash vessel operated at a temperature of 60 to 100°C and
a pressure of 0.3 to 0.8 bara, wherein the temperature and pressure of the second oxidizer product are

reduced by flash evaporation.





