WD 2004/ 052820 PCT/ US2003/ 038305 -1 PROCESS FOR THE PURI FI CATI ON OF A CRUDE
CARBOXYLI C ACID SLURRY 5 FIELD OF-1NVENTION The present invention rel ates
to a process for the purification of a crude carboxylic acid slurry. Mre

speci fi cal g 2d0@s285esent i nvention relates to a procesgeTidbooboss0s
purification of a crude carboxylic acid slurry by utilizing 10 a
solid-liquid displacenent zone between a prinmary oxidation zone and a
staged oxi dation zone. BACKGROUND OF THE | NWVENTI ON: 15 Terephthalic acid is
commercially produced by oxidation of paraxylene in the presence of a

catal yst, such a E?)W |ic acid
used in the prOdus%ltaf)g{]ES?f(?%?QE&QR%&&QN@P&EBQ}%@%&E ns IEEESF\%
further treated to renove inpurities pre Egmﬂje to the oxidation of

par a- xyl ene. Typi cal commrercial process % e, a crude 20 terephthalic
acid then dissolve the solid crude terephthalic acid in water at high

t enperatures and pressures, hydrogenate the resultant solution, cool and
crystallize the terephthalic acid product out of solution, and separate the

3. 584,030 hat e n i ncor por at ed by r oFHGOE NMENBRN 052620 PeTi US2003/ 038305
"2 The present invention relates to a process for the purification of a

crude carboxylic acid slurry. More specifically, the present invention relates

to a process for the purification of a crude carboxylic acid sfurry by utilizing

10 a solid-liquid displacement zone between a primary oxidation zone and a

staged oxidation zone.
BACKGROUND OF THE INVENTION:

15 Terephthalic acid is commercially produced by oxidation of
paraxylene in the presence gf a catalyst, such as, for example, Co, Mn, Br
and a solvent. Terephthalic; acid used in the production of polyester fibers,
films, and resins must be furth‘e"r treated to remove impurities present due to
the oxidation of para-xylene. Typical commercial process produce, a crude

20 terephthalic acid then dissolve the solid crude terephthalic acid in water at
high temperatures and pressures, hydrogenate the resultant solution, cool
and crystallize the terephthalic acid product out of solution, and separate
the solid terephthalic product from the liquid as discussed in U.S. Patent

No. 3,584,039 herein incorporated by reference.



A nunber of processes for producing the purified terephthalic acid solid
have been devel oped and are commercially available. Usually, the purified
terephthalic acid solid is produced in a nulti-step process wherein a crude
t er epht hal iygo agidszese produced. The crude terephthalic aectdndemsnseds 5 have
sufficient quality for direct use as starting material in commerci al

pol yet hyl ene terephthal ate(PET). Instead, the crude terephthalic acid is
usual ly refined to purified terephthalic a&id solid. Liquid phase oxidation
of p-xyl ene produces crude terephthalic acid. The crude terephthalic acid

s dissol ved in wat e aqch ydrogenal ofb Lk i 1hGuRIER9SERlARTKer L O

4- car boxybenzal dehyde 10 p-toluic aci er-s )
derivative, and_f e 2056 of vertinag characteristical el | ow
compounds to cols8ﬁ¢ Bége Bg%ﬁ ggi’?q%%d gr%?ﬁrr‘ﬁ q’l“&'ﬁﬁfc' Y ac"é‘ﬁ%@?yé&‘r'f’h%cféﬁyde and
p-toluic acid in the finhal rified.terephthal.ic acj.d roduct is .
particularly detpr'ﬁ%#eJF&P%gE%??}%ﬂ'éﬁtqr Wﬁdﬁ@s’?ﬁ&"ﬁgypwswer?@ et as
chain termnators durin e condensati on _reaction bet n terephthalic acid
and et hyl ene gl f&'ﬁfe {eﬁer?'ﬁégﬁ’r%‘dfﬂ@tmﬂﬁu@@ Igr@f" Cfﬁ*%#%rspht“%ﬁ? Apidgpasdiipnt hal i ¢
acid contains on a weight basjs |ess than 250 parts per mllion (ppm
4- car boxybéhzal deN9SeiTigiant auallly fargirectigsamstarting materigkincommerdialude
terephthalic acid typically contains on a weight basis from 20 about 800 to
7,000 parts per Pelyethdeng issephtaalate{Beky Hesteat démyaiedatatephibslic adidds t o 1, 500
ppm p-toluic acid as the main inpurities. The crude terephthalic acid also
cont ai ns | esser usneiintefined o purifigl t2cephimiic mgitgenlidof  aromati ¢ conpounds
havi ng the structures derived from benzil, fluorenone,
Liquid phase oxidation of p-xylene produces crude terephthalic acid.
The crude _terephthalic acid is dissolved in water and hydrogenated for the
10 purpose of converting 4-carboxybenzaldehyde to p-foluic acid, which is a
more water-soluble derivative, and for the purpose-of converting
characteristically yellow compounds to colorless derivatives. Significant 4-
carboxybenzaldehyde and p-foluic acid in the final purified terephthalic acid
product is particularly detrimental {o pblymerization processes as they may
15 act as chain terminators during the condensation reaction between
terephthalic acid and ethylene glycol in the production of PET. Typical
purified terephthalic acid contains on a weight basis less than 250 parts per
million (ppm) 4-carboxybenzaldehyde and less than 150 ppm p-toluic acid.
The crude terephthalic acid typically contains on a weight basis from
20 about 800 to 7,000 parts per million (;Spm) 4-carboxybenzaldehyde and
about 200 to 1,500 ppm p-toluic acid as the main impurities. The crude

terephthalic acid also contains lesser amounts, about 20-200 ppm range, of

aromatic compounds having the structures derived from benzil, fluorenone,



WO 2004/ 052820 PCTI US2003/ 038305 -3 and/or ant hraqui none, which are
characteristically yell ow conpounds as inpurities resulting from coupling
side reactions occurring during oxidation of p-xylene Such a purification

process tyRri@ adohws286Tpri ses adding water to the 5 crudectrasspbbisalsic acid
to forma crude terephthalic acid slurry, which is heated to dissolve the
crude terephthalic acid. The crude terephthalic acid solution is then

passed to a reactor zone in which the sol ution is contacted with hydr ogen
in the presence of a heterogeneous catal yst at tenperatures of about 2000

t bout 375 C. ' I e ' I [
comounds. pr esent 0 g EPun T ST RAFARXRIROHE (O rnEShRls £0.01 VEs.
conpounds present It the ¢ . S derTvat
acid. Typi eal or BEu e SRR REH AR BRE Maoohe SRENE LT B Ry

4- car boxybenzal dﬁpég& d p-toluic acid on a weight basis. Therefore, to 15
achi eve | ess tha mw 4- car boxybenzaf dehyde and | ess than 150 ppnw

Bur i yi ng the crude t SLEBRINAIFAIRTCa P R AAGte THRGRAREIE D |1 many
eave & he' prbces STHHA RGNS B EHAT & Liiic opiaal: S0 Sl bRieowast o
wat er streans. However, one enbodi ment of this invention provides an
attractive procedsated tordisapive e sude erphéhalisaeld. i Ehaeiudedeigpiihalig acid
solution is then passed to a reactor zone in which the solution is contacted
with hydrogen in the presence of a heterogeneous catalyst at temperatures
of about 200° o about 375° C. This reduction step converts the various
10 color causing compounds present in the crude terephthalic acid to colorless
derivatives. The principal impurity, 4-carboxybenzaldehyde, is converted to
p-taluic acid.
Typical crude terephthalic acid contains excessive amounts of both
4—carbo>{ybenzaldehyde and p-toluic acid on a weight basis. Therefore, to
15 achieve less than 250 ppmw 4~ca-rboxybenzafdehyde' ana less than 150
ppmw p-toluic acid in the purified terephthalic acid requires mechanisms for
purifying the crude terephthalic acid and removing the contaminants.
In many processes, colored impurities ar'é hydrdgenated to coloriess
derivatives and leave the process with the terephthalic acid solid product
20  and waste water streams. However, k;ne embodiment of this invention

provides an attractive process to produce a purified carboxylic acid slurry by

utifizing a solid-liquid displacement zone comprising a solid-liquid separator



utilizing a solid-liquid displacenent zone conprising a solid-liquid
separ at or WO 2004/ 052820 PCT/ US2003/ 038305 -4 after oxidation of a crude
carboxylic acid slurry product and prior to final filtration and drying

wi t hout t hevaisesef2smn hydrogenation step. 5 SUMVARY OF PeiusiokdNBSGBN | n one
enbodi nent of the invention, a process to produce the purified carboxylic
acid product is provided without the use of hydrogenation of the
terephthalic acid or a process separating #npurities from oxidation 10
solvent as disclosed in U S. patent #3,584,039. |In another enbodi nent of

this invention, r u Sluryr 0 i rovi ded, The
process conpri sea?te?é)%@\%ﬁﬁ%tofﬁ%&%dﬁ%%E&M@%H'dag%&wggﬁéﬁ'%@(@'I"?rctog@iab slurry
in a solid-Iiqui i spl acenent zone.to for | urry, product. 15 In another
enbodi nent of tHi éj‘f%@%ﬁf&%’ﬁ’,g W E@gsq%%%engnoﬁﬁ?q.i ed carboxylic
acid product is provided. The process conprises: (a) renoving inpurities
froma crude carboxylic acid slurry in a solid-liquid displacenent zone to
forma slurry product; (b) oxidizing the slurry product in a staged

oxi dation zone to form 20 a staged oxidation:-product; (c) crystallizing the

staged oxidation product in a créstal |ization zone to forma crystallized
product. WHP2004/ 052820 PCT/ US29EENARY Y THE INVENTION

In one embodiment of the invention, a process to produce the
purified carboxylic acid product is provided without the use of hydrogenation -
of the terephthalic acid or a process separating impurities from oxidation

10 solvent as disclosed in U.S. patent #3,584,039.

In another embodiment of this invention, a process to produce a
slurry product is provided. The process comprises removing impurities from
a crude cgrboxylic acid slurry in a solid-liquid displacement zone to form a
slurry product.

15 In another embodiment of this invention, a process to produce a
purified carboxylic acid produc_t,is provided. The process comprises:

(@)  removing impurities from a crude carboxylic acid siurry in a
solid-liquid displacement zone fo fqrm a slurry product;

(b) oxidizing the slurry product in a staged oxidation zone to form

20 a staged oxidation product;
(c)  crystallizing the staged oxidation product in a crystallization

zone to form a crystallized product.



I n anot her enbodi nent of this invention, a process to produce a purified
carboxylic acid slurry is provided. The process conprises: (a) ' renoving in
a solid-liquid displacenent zone inpurities froma crude carboxylic acid

slurry to fyas fgosvo2kaar ry product; wherein the crude 5 carbosgkiosomsisd sl urry
conprises terephthalic acid, catalyst, acetic acid, and inpurities that is
w thdrawn at a tenperature between about 140C and about 170C fromthe
oxi dation of paraxylene in a primary oxidation zone; (b) oxidizing the
slurry product in a staged oxidation zone to form a staged oxidation

product; wherein the |Q&ngtdrRenbiihBRC%hiS thvdhtidn Jé)pr‘o%EﬂcﬁdeﬁcQ%t ween
about 190C to about 280 C, and wherein the oxidizing is at a higher

t t t dat
zone: (o) crystaTie ng?‘s’%’@%?’%‘E@%““@Hﬁ??‘%@ad‘p?@%hiﬁ‘é%ﬁ%sﬂﬁ*é%%‘éi izt on
zone to forma cr ysta(H)I zq.gn%&%ﬁggi so%é-h%: edtBne'; ghfﬂééﬁ.&gl roduct

in a cooling zone to rma puri oxy i'c acl urry; and (e)
ltration and dryragetiondic o8 b 38{5"?% ﬁ’ 5@?%*%%%@%9 i the |
o0 TGl P R A Y S S
Soohi Db T Giotse BSbindan 4 Bripersis ekvech about 146 Bnd O V0
about 170°C from the oxidation of paraxylene in a primary oxidation zone;
(b) oxidizihg the slurry product in a staged 6xidation zone to form
a staged oxidation product; wherein the oxidizing is conducted at a
10 temperature between about 190°C to about 280 °C; and wherein the
oxidizing is at a higher temperature in the staged dkidation zone than in the
primary oxidation zone;
(c) crystallizing the staged oxidation product in a crystallization
zone to fr_;>rm a crystallized product;
15 (d)  cooling the cryétallized;product in a cooling zone to form a
cooled purified carboxylic acid slurry; and
(e) filtering and optionally drying the cooled purified carboxylic
slurry in a filtration and drying zone to remove a.portion of the solvent from
the cooled carboxylic acid slurry to produce the purified carboxylic acid
20 product,

In yet another embodiment of this invention, a process to produce a

purified carboxylic acid product is provided. The process comprises:



-6 (a) oxidizing an aromatic feed stock in a primary oxidation zone to form
a crude carboxylic acid slurry; wherein the crude carboxylic acid slurry
conprises terephthalic acid; wherein the oxidizing is conducted at a

t enper at ur gudyedoweemzeabout 120C to about 190 C, 5 (b) remrovwiusgpoBmM38A0S
solid-liquid displacenment zone inpurities froma crude carboxylic acid
slurry to forma slurry product; wherein the crude carboxylic acid slurry
conprises terephthalic acid, catalyst, acefic acid, and inpurities that is
wi t hdrawn at a tenperature between about 140C and about 170C fromthe

oxi dat i on of paraxyl eap | i IR SlordiiclBbi Qoo prifld SlicbifAhag, e

slurry product in a ged oxidation zone to form St oxI dation
190C o about 2807 SAF GALPRYICR ARG, Gliodln Bo AT EABHIE AU MY, ure.
crystal i oing ¢ R ETESR i BRRIE BelebpbHBIT e BB S Bnf BT a Zone o
cool i ng. zone t o POPREREER SapRr 1 4HE AR 19 i 8761 Brry: “and| ()
filtering and optionally drying the cool ed purified carboxylic 20 slurry in
a filtratiod and dryilRh z&a@oviBgiRASEEd-HAE disntacestent rene gnpertiestrama t he
cool ed carboxylic acid slurry to produce the purified carboxylic acid
product . crude carboxylic acid slurry to form a slurry product; wherein the crude
carbdxy[ic acid slurry comprises terephthalic acid, catalyst, acetic acid, and
impurities that is withdrawn at a temperature between about 140°C and
about 170°C from the oxidation of paraxylene in a primary oxidation zone;
10 (c) oxidizing the slurry product in a staged oxidation zone to form
a staged oxidation product; wherein the oxidizing is conducted at a
temperatu}'e between about 190°C to about 280 °C; and wherein the
oxidizing.is at a higher temperature in the staged oﬁ&idation zone than in the
primary oxidation-zone;
15 (d)  crystallizing the staged oxidation product in a crystallization
zone to form a crystallized product;
(e) cooling the crystalkized praduct in a cooling zone to form a
cooled purified carboxylic acid slurry; and
® filtering and optionally drying the cooled purified carboxylic
20 slurry in a filtration and dryingi -zone to remove a portion of the solvent from

the eooled carboxylic acid slurry to produce the purified carboxylic acid

product,



WO 2004/ 052820 PCT/ US2003/038305 -7 These objects, and other objects, wll
becone nore apparent to others with ordinary skill in the art after reading
this disclosure. BRIEF DESCRI PTION OF THE DRAWNGS 5 Figure 1 is a

schemati ¢ &fo bdagosmaent i ve process for the oxidative pecritsemsnisaosof
carboxylic acid wherein a solid-liquid displacenent zone 40 is utilized
between the primary oxidation zone 20 and the staged oxidation zone 80. 10
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention provides a
process for the purification of a 15 crude carboxylic acid slurry 30. The

process conprises theTaeepsbiucts, dng plttaciobpcts, will besorhé oure dppararithe crude
carboxylic acid slurry in a solid- liquid displacenent zone 40 to forma

slurry product 7@thessudit érellrepnsiinin heael siter se4uiny €1 dreisbye.made via the
l'iquid phase air oxidation of paraxylene in the presence of a suitable

oxidation catalyst. 20 Suitable catalysts conprises at |east one selected
from but are not limted to, cobalt, brom ne and nanganese conpounds, which

are soluble in the select ecggg_:ll:vgggc@uﬂmpbq: WEWA NG ude, but are not

limted, to, aliphatic nono-carboxylic acids, preferably containing 2 to 6
carbon atonms; or WO 2004/ 052820 PCTI US2003/ 038305

Figure 1 is a schematic of the inventive process for the oxidative
purification of carboxylic acid wherein a solid-liquid displacement zone 40 is
utilized between the primary oxidation zone 20 and the staged oxidation
zone 80.

10

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a process for the purification of a
15 crude carboxylic acid slurry 30. The process comprises the steps of
displacing a mother liquor from the crude carboxylic acid slurry in a solid-
liquid displacement zone 40 to form a slurry product 70.
Crude terephthalic acid is conventionally made via the liquid phasé
air oxidation of paraxylene in the presence of a suitable oxidation catalyst.
20 Suitable catalysts comprises at least one selected from, but are not Iim-ited
to, cobait, bromine and manéanese compounds, which are soluble in the
selected solvent Suitable solvents include, but are not limited to aliphatic

mono- carboxy[ac acids, preferabfy containing 2 1o 6 carbon atoms, or



-8 benzoic acid and m xtures thereof and m xtures of these conmpounds wth
water. Preferably the solvent is acetic acid mxed with water, in a ratio of
about 5:1 to about 25:1, preferably between about 8:1 and about 20: 1.

Thr oughout wwdeoospeeiof i cati on acetic acid will be referredrius2o0as3siize
solvent. 5 However, it should be appreciated that other suitable solvents,
such as those disclosed previously, nmay al so be utilized. Patents

di scl osing the production of terephthali¢®acid such as U. S patent

#4,158, 738 and #3, 996,271 are hereby incorporated by reference. In an
embodi ment  of t BbRzdib YRR AP miduies WSSt 4rid rarxaﬂagﬁfﬁiéé_érc\smp%%_negqggct 70 is

provided in Figure 1. The process conprises renbving inpurities om a

crude carboxyl! qafsl Profathbly 170sbilentds Sechicid A with SRRACRIPRIoZANe 140 to

forma slurry. product erern the slurry pro i5 formed without a
F udecar boxy! | £004e5: B0 287, - bIMRRGHEERE oA Aot Bh " 10C bed
orocess to proddtidbneli s ARBaroTa R AR VARG wts b8 Srlaea i n
Froma cruds: caHRRrde Sud B aapiapiafst Pt ol STRAHIS FQuPEEaFel st ement  zone
commri boe o T e Mgk BBSHE brehusty! may His S HREY! Fatdiis distloting'ins”

production of terephthalic acid such as U.S patent #4,158,738 and

#3,996,271 are hereby incorporated by reference.
In an embodiment of this invention, a process to produce slurry
10 product 70 is provided in Figure 1. The process comprises removing
impurities from a crude carboxylic acid slurry 30 in-a solid-liquid
displacem'ent zone 40 to form a slurry.product 70; wherein the slurry
product 70 is formed without a hydrogenation step..”

Tﬁe solid-liquid displacement zone 40, impurities, crude carboxylic

15 acid slurry 30, and slurry preduct '.10‘ are all de's;crlbed subsequently in this
disclosure.

In another embodiment of this invention a process to produce a
purified carboxylic acid product 230 is provided in Figure 1. The process
comprises:

20 . Step (a) comprises removing impurities from a crude carboxylic acid
slurry 30 in an solid-liquid displacement zone 40 to form a shurry. product 70;
A crude carboxylic acid slurry 30 comprises at least one carboxylic

acid, catalyst, at least one solvent, and impurities is withdrawn via line 30.



acid, catalyst, at |east one solvent, and inpurities is withdrawn via line
30. WD 2004/ 052820 PCT/ US2003/038305 -9 The inpurities typically conprise
at | east one or nore of the follow ng conpounds:

4- car boxyberzahfehyde(4-CBA), trinellitic acid(TMY), angdcRng2003/038305

di car boxyf uorenone(2, 6- DCF). The solvent typically conprises acetic acid,
but can be any solvent that has been previogusly nentioned. 5 The crude
carboxylic acid slurry 30 is produced by oﬁTdizing in a primry oxidation
zone 20 an aromatic feed stock 10. In one enbodi nent, the aromatic

eedstock compr RSnpAFAXY Wty EfpREe BRIUSOIILG! B SARE foifflifgP! | ses at

| east one oxi?ation ( e crude carboxylic acid slurty 30b

oper at Zﬁsgi’“ { emuaraeIndE R ﬁ%@%tﬂ%h@%%:?%hggﬁﬁﬁm%%%?‘ﬂ%ﬁi-?é&rdi?rf-yeabogt

140C 17 i ' ' .

e carvoc o APPSR b Bl =

. : . . : . _ T

'TFZEQE ore, tmﬁleﬁriug?ééﬁ%v?%dh&% frétBes BPFh bﬁeﬁf?oh%asﬁfﬁsp{@aecg& FZ‘QW ¢ acid
30 . . ' id slurr

U1 11 ed cafboxyl T c. JdATHNG GAORISAADSHEY 50 F Braikied BedABE WarT i ed

terephthalic acid, product. CarbOXéliC aci ds include aromatic carboxylic

aci ds produced \RME3Yy etaties 2088 28,@NRPMGHS fredssoel §8nncore grbedinaentsuch

aromatic carboxylic acids ) )
the aromatic feedstock comprises paraxylene. The primary oxidation zone

20 comprises at ieast one oxidation reactor, and the crude carboxylic acid
slurry 30 comprises at least one carboxylic acid. The oxidation reactor can

10 be operated at temperatures between about 120°C to about 200°C,
preferably about 140°C to about 170°C. Typically the aromatic feed stock
10 is paraxylene and the carboxylic acid is terephthalic acid. In one
embodiment of the invention the primary oxidation zone comprises a bubble
column.

18 Therefore, when terephthalic acid is utiﬁzed, the crude carboxylic
acid slurry 30 would be referred.to as crude terephthalic acid slurry and the
purified carboxylic acid product'230 would be referred to as a purified
terephthalic acid product.

Carboxylic acids include aromatic carboxylic acids produced via

20 controlled oxidation of an orgéﬁic sut;strate. Such aromatic carboxylic acids
include compounds ;uvith at least one carboxylic acid group attached to a
carbon atom fﬁat is part of an aromatic ring, preferably having at least 6

carbon atoms, even more preferably.having only carbon atoms. Suitable



I ncl ude conmpounds with at | east one carboxylic acid group attached to a
carbon atomthat is part of an aromatic ring, preferably having at |east 6
carbon atons, even nore preferably having only carbon atons. Suitable WO
2004/ 05282y P5adi 2403/ 038305 -10 exanpl es of such ar opetius2003/eegs0si ncl ude,
but are not Iimted to, benzene, biphenyl, terphenyl, naphthal ene, and

ot her carbon-based fused aromatic rings. Exanples of suitable carboxylic
acids include, but are not limted to, tdFPephthalic acid, benzoic acid,
p-toluic, isophthalic acid, trinellitic acid, 5 naphthal ene dicarboxylic

P L M e

i nvention can be practice su
t erepht hal i c acj i S thalic.acid in . the crude , carpoxylic acid slurry.
when the t er m <B0EAR PP dirbrrRlérr, e bier SRR pE R B0 wei gt
10 Crude terephthalig_acid slurry . is conventi onal synt hesi zed via the
I qu o phase oxBa- Exaopls Suldtun saban ke Betabe Yt S8 Bvudedoar  on
catal yst. Suitable catalysts include, but are t Jimted to, cobalt,
manganese and bFSHP a@%éﬁ@ﬁﬁi&‘“%@ﬁ‘@ﬂ’“ ‘Ecvéﬁﬂé}gﬁ@'ci %"%nﬂ@”@ﬂ*'é@@@d sol vent .
I n one enbgpinent of the invention the catalyst conprises cobalt, 15
broni ne and® manfapibaleneticarbpalic agldd an A PatiebenddeisPhtialie agide &ach of
concentrations of about 150 ppmto about 3200 ppm by weight in the crude
car boxyl i ¢ aci dthg empodimeints atibis ineerdian cas bierpractineshwhereiroierats about 10
ppmto about 5000 ppm by weight in the crude carboxylic acid slurry.
substantial absence of terephthalic acid and isophthalic acid in the crude
carboxylic acid slurry. When the term substantial absence is used it means
less than 5% by weight.
10 Crude terephthalic acid slurry is conventionally synthesized via the
liguid phase oxidation of paraxylene in the presence of suitable oxidation
catalyst. Suitable catalysts include, but are not limited to, cobalt,
manganese and bromine compounds, which are soluble in the selected
solvent. In one embodiment of the invention the catalyst comprises cobalt,
15 bromine and manganese. The cobalt and manganese combined can be in
concentrations of about 150 ppm fo about 3200 ppm by weight in the crude
carboxylic acid slurry. The bromine can be in concentrations of about 10
ppm to about 5000 ppm by weight in the crude i:arboxy]ic acid slurry.
Preferably, the cobalt and manganese combined can be in concentrations
20 of about 1050 ppm to about 2700 ppﬁ‘l by weight in the crude carboxylic

acid slurry. The bromine can be in concentrations of about 1000 ppm to

about 2500 pp'm by weight in the crude carboxylic acld slurry.



Preferably, the cobalt and manganese conbi ned can be in concentrations 20 of
about 1050 ppmto about 2700 ppm by weight in the crude carboxylic acid
slurry. The brom ne can be in concentrations of about 1000 ppmto about
2500 ppm bywoveiogrbezsion t he crude carboxylic acid sl urry. PAOURBOHIBHEE20

PCT/ US2003/ 038305 -11 The crude carboxylic acid slurry in conduit 30 is fed
to a solid-liquid displacenent zone 40 cagﬁble of renoving a portion of the

liquid contained in the crude carboxylic acid slurry 30 to produce the

slurry product in conduit 70. A portion neans at |east 5% by wei ght of the

liquid is removed. 5 Thecruas@uoxglic dcidelinyan cohdiingo id fditd & lipurgice a
slurry product in conduit 70 can be acconplished by any neans known in the

art. Typically, gBglace@ehtizdricdn SaphbidbRretitRily Z BHRICALIHMMANIE nRined
solid-liquid separator that is selected fromthe group consisting of a

decanter centrifpudRe cheicdéarbeivik ackeshirry B0/ pradakd tHd : kY vacuum
filter, and the Ii kgc The cpﬁ*ﬂbggr boxrgl;xf‘??:I 18r aci dtﬁse% ﬁlpﬁg'qr%&%%h%uit 30 is

fed to the sol i dodddii 7. M poia ARG of RASt 99 byWEaht &f g rur:guﬁ%ir%bb i d

separator. The so iquid separator Is oper erat ures bet ween

shout S5 {8 shothe SReraar SRR a1 AdNEul o rdpu R0 ol iyl o

Ih ol Oy BRRGR b SPA b LA B TR 1 T

that for commercigly prRs8RPERemeNP-ome Al bOHSHSes P ISid -l Sh8h e that is
selected from the group consisting of a decanter centrifuge, rotary disk
centrifuge, belt filter, rotary vacuum filter, and the like. The crude carboxylic

10 acid slurry in conduit 30 is fed to the solid-liquid displacement zone 40
comprising a solid-liquid separator. The solid-liquid separator is operated at
temperatures between about 50°C tq about 200°C, preferably 140°C to -
about 170°C. The solid-liquid separator is operéted at pressures between
about 30 psig to about 200 psig. The solid-liquid separator in the solid-

15 fiquid displacement zone 40 may be operated fn continuous or batch mode,
although it will be appreciated that for commercial processes, the
continuous mode is preferred.. ' |

The impurities are displaced from the sdlid-tiqui'd displacement zone
40 in a mother liguor and withdrawn via line 60. [n one embediment of the

20 invention, additional solvent is fed to‘tﬁe solid-liquid displacement zone 40
via line 50 to reslurry the crude carboxylic acid slurry 30 and fo.rm a sturry
product 70. The mother fiquor 60 is withdrawn from solid-liquid

displacement zone 40 via line 60 and comprises a solvent, typically acetic



The inmpurities are displaced fromthe solid-liquid displacenent zone 40 in
a nother liquor and withdrawn via [ine 60. In one enbodi nent of the 20
invention, additional solvent is fed to the solid-liquid displacenment zone
40 via lingydpfhok/esws! urry the crude carboxylic acid sl acryssd@sessshsf orm a
slurry product 70. The nother liquor 60 is wthdrawn fromsolid-Iliquid

di spl acenent zone 40 via line 60 and conpr bses a solvent, typically acetic
WO 2004/ 052820 PCT/ US2003/038305 -12 aC|& catal yst, and brom ne conpounds.
The nother liquor in line 60 may either be sent to a process for separating

inpurities fromygyi eabiyeh aﬁalw&mne AUnihouhBE:S TRE MRS il Bty 60 gk O t he
catal yst systemvia l'i nes not shown. One techni que for inpurity renoval

from the mot her gl GURS <41 169 F!HFBélis\é for iiaﬂng |ﬁ1§§nﬁé},‘3ﬁbﬁa&xucﬂl§t%es%‘?\'fé}ﬂ

industry is to draw out or urge n of the recycle stream

Typically, the pungessiot 8RSV Br & 'thG'th%Oéé?QIS’st Ete%wau gally
(FeSI re I rrp
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via line 70 to & @Pagoé&h%&efcergﬁsg%%ﬁﬁhﬁp%ﬁm il Rt Pl SeoRd voen

about 190C to abP Of, i e%%%or%r!]cgalle }us.tl(fz‘r-zgl u%jec?et oev%nggso H'eatzmer%s to remove

undesired impurities while recovering valuable components. Examples of
impurity removal processes include U.S. Patent # 4,939,297 and U.S.
10 Patent 4,356,319, herein incorporated by reference.
Step (b) comprises oxidizing the slurry product 70 in a staged
oxidation zone 80 to form a staged oxidation product 110.
| In one embodiment of the inveﬁtjon, the slurry product 70 is
withdrawn via line 70 to a staged oxidation zone 80 where it is heated to
15 between about 190°C to about 286°C and preferably betWeen about 200°C
to about 250°C and further oxidized With air fed by line 100 to produce a
staged oxidation product 110. :
The staged oxidation zone 80 comprises at least one staged
oxidation reactor vessel. The slurry product 70 is fed to the staged
20 oxidation zone 80. Thevterm “étaged":means that the oxidation occurs in
both the primary oxidation zone 20 discussed previously as well as in the
staged oxidation zone 80. For example, the staged oxidation zﬁne 80 can

comprise staged oxidation reactor vessels in series.



to about 250C and further oxidized with air fed by line 100 to produce a
st aged oxi dation product 110. The staged oxidation zone 80 conprises' at
| east one staged oxidation reactor vessel. The slurry product 70 is fed to

t he stagedw®20@¥0528d0i On zone 80. The term "staged” neans pthakzdobresssosi dati on
occurs in both the primary oxidation zone 20 di scussed previously as well
as in the staged oxidation zone 80. For eégnple, t he staged oxidation zone
80 can conprise staged oxidation reactor Vvéssels in series. WD 2004/ 052820
PCT/ US2003/ 035305 -13 When the carboxylic acid is terephthalic acid, the

staged oxidation zongh8H te@ERIYoRFR A RtefphitRlic BERICHAY sthhad okiiahsat ed to
bet ween about 1900C to about 280C, preferably between about 2000C t o about

250C, and nost girRf 80 abmpribed ¥EeRidaMn feakRr AR REslel Wb bB&Iedvhsthzed with

air 5 or a source-of nolecular oxygen fed by line 100 to produce a staged

oxi dati on pr oduciod-tlio RARLBOYY, ikl hOlebh bt 5660 Mk ABkhaa zone 80

is at a higher tenperature than t'he oxidation in't primary oxi on zone
20 L0 ernance, nead Y bokel8ABlead 965 A L bR SRR RS by
O T el A SR e
\6,‘ ,ng Cg)r(,idﬂﬂ ! ({Booggé% riyl:[oidlejgt' 1'§Af)d.d(iBEarilé)rgﬁly}. oiiidratigrg inntglees(t:ggl;eadr ogégt?oennzgr?eyage fed
is at a higher temperature than the oxidation in the primary oxidation zone
20 to enhance the impurity removal. The staged oxidation zone 80 can be
heated directly with solvent vapor, or steam via conduit 90 or indirectly by
10 any means known in the art. Purification in the staged oxidation zone takes
place by a mechanism involving recrystallization or crystal growth and
oxidation of impurities.
Additional air or molecular oxygen may be fed via conduit 100 to the
staged oxidation zone 80 in an amount necessary to oxidize a substantial
15 portion of the partially oxidized prbducts such'as 4-carbo.xybenza!dehyde
(4-CBA) in the crude carboxylic acid slurry 30 or slurry product 70 to the
corresponding carboxylic acid.-. ‘Generally, at least 70%‘ by weight of the 4-
CBA is converted to terephthalic acid in the staijed oxidation zone 80.
Preferably, at least 80% by weight of the 4-CBA is converted to terephthalic
20 acid in the staged oxidation zone 80. .Signiﬁcant concentrations of 4-
carboxybenzaldehyde and p-toluic acld in the terephthalic acid product are

particularly detrimental fo polymerization processes as they may act as

chain terminators during the condensation reaction between terephthalic



staged oxidation zone 80 in an anobunt necessary to oxidize a substantial 15
portion of the partially oxidized products such as 4-carboxybenzal dehyde
(4-CBA) in the crude carboxylic acid slurry 30 or slurry product 70 to the
correspondiwigeoaosaeroyl i ¢ acid.. 'Generally, at |east 70%chywswesgdssosof the 4-
CBA is converted to terephthalic acid in the staged oxi dati on zone 80.
Preferably, at |east 80% by weight of the 4-CBA is converted to terephthalic
20 acid in the staged oxidation zone 80. "Sfgnificant concentrations of 4-
car boxybenzal dehyde and p-toluic acid in the terephthalic acid product are
particul arly deggi i QR OGRS they may act as
chain term nat O%QH gﬁ?ltegﬁ I%ﬁ%a%ﬁlﬁrﬁg%?{ddgalﬁ @sgtéﬁv%
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incineration in a catalytic oxidation unit. The staged oxi dation ?_r oduct 110
crystallized’in staged oxidation zone 80. Offgas from the staged oxidation

zone 80 is withdrawn via line 105 and fed to a recovery system where the
solvent is removed from the offgas comprising volatile organic compounds
10 (VOCs). YOCs including methyl bromide may be treated, for example by
incineration in a catalytic oxidation unit. The staged oxidation product 110
from the staged oxidation zone 80 is withdrawn via line 110.
Step (c) comprises crystallizing the staged oxidation product 110 in a
crystallization zone 120 to form a crystallized product 160. Generally, the
15 .crystallization zone 120 comprises at least one crystallizer. Vapor product
from the crystallization zone can be condensed in at least one condenser
and returned to the crystallization zone. Optionally, the liquid from the
condenser or vapor product from the crystallizati'on zone can be recycled,
or it can be withdrawn or sent to an energy recovery device. |n addition, the
20 crystallizer offgas is removed via Iine';l70 and can be routed to a recovery
system where the solvent is removed and crystallizer offgas comprising
VOCs may be'treated, for examp!_e by incineration in a catalytic; oxidation

unit.



fromthe staged oxidation zone 80 is withdrawn via line 110. Step (c)
conprises crystallizing the staged oxidation product 110 in a
crystallization zone 120 to forma crystallized product 160. Cenerally, the
15 cryst al w@sii/ensmone 120 conprises at | east one cryspeariiszesossyapor
product fromthe crystallization zone can be condensed in at |east one
condenser and returned to the crystallizqk'on zone. Optionally, the liquid
fromthe condenser or vapor product fromthe crystallization zone can be
recycled, or it can be withdrawmn or sent to an energy recovery device. In

addi tion, the 20 cryswhbh tizesarbbkgieacicis ieeprBdlic vtd, tHe®adddoribdiisan be
routed to a recovery systemwhere the solvent is renoved and crystallizer

of fgas conpri si NgodWi3s| 0o ke Eagal efidafion zeXa 8P iPwidraRGiViglhifé Hep i n a
catalytic oxidation wunit. 1 WO 2004/052820 PCT/ US2003/ 038305 - 15 -Wen the

car boxy! i ¢ aci d ar foRrsRrhatiieadi fhnot 10 EsheX KAk G opailyst 110 from

the staged oxidation zone 80 is withdrawn via line 110 and
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The crystallized product 160 from the crystallization zone 120 is

withdrawn via line 160. Typically, the crystallized product 160 is then fed
directly to a vesse!l and cooled to form a cooled purified carboxylic acid

10 slurry 210. When the carboxylic acid is terephthalic acid, the cooled
crystallized purified carboxylic acid slurry 210 is cooled in a vessel to
typically a temperature of approximately 90° C or less before being
introduced into a process for recovering the terephthalic acid as a dry
powder 6r wet cake.

15 ‘ Step (d) comprises cooling the crystalliied product in a cooling zone
200 to form a cooled purified carboxylic acid slurry 210.

The crystallized product-160 is withdrawn from the crystallization -

zone 120 via fine 160. The crystaliized product 160 is féd o a cooling zone
200 and cooled to less than about 90 °C to form the cooled purified

20 carboxylic acid slurry 210. The coolihg of the purified carboxylic acid slurry
can be accomplished by any means known in the art, typically the cooling

zone 200 comlprises a flash tank.



directly to a vessel and cooled to forma cooled purified carboxylic acid 10
slurry 210. When the carboxylic acid is terephthalic acid, the cooled
crystallized purified carboxylic acid slurry 210 is cooled in a vessel to
typi cally gd suapepgiour e of approximately 90 C or | ess beéous20020388)5

I ntroduced into a process for recovering the terephthalic acid as a dry
powder or wet cake. 15 Step (d) conprises _cooling the crystallized product
in a cooling zone 200 to forma cool ed pﬁﬁified carboxylic acid slurry 210.
The crystallized product 160 is withdrawn fromthe crystallization zone 120

(o "o e s MBI AP M ol A FEIOGR R 0
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impurities is Sg@éngme %Q{harﬂch%d to a filtration and drylrrltg zone 220. A portion gf

the solvent and remaining catalyst and impurities is separated, and the
purified carboxylic acid product is withdrawn via line 230,
The filtration and drying zone 220 comprises a filter suitable for

10 recovering the solid carboxylic acid and a dryer. The filtration can be
accomplished by any means known in the art. Forexample, a rotary
vacuum filter can be used for the filtration to produce a filtration cake. The
filtration cake goes through an initial solvent removal step, is then rinsed
with acid wash to remove residual catalyst, and then solvent removed again

15 before being sent to the dryers. Tﬁe drying of the filter cake can be
accomplished by any means known in the art that's capable of evaporating
at feast 10% of the volatiles reﬁaining in the filter cake to produce the
carboxylic acid product. For example, a Single Shaft Porcupine® Processor
dryer can be used.

20 | The purified carboxylic acid préduct 230 has a b* less than about
4.5, Preferably, the b* color of the purified carboxylic acid product 230 is
less than about 3.5. Most preferably, the b* color in purified carboxylic acid

product 230 is less than about 3. The b* color is one of the three-color



purified carboxylic acid product is withdrawn via line 230. The filtration
and drying zone 220 conprises a filter suitable for 10 recovering the solid
carboxylic acid and a dryer. The filtration can be acconplished by any
means knowwad pooksszrt. For.exanple, a rotary vacuum fipctrarsz@ansshes used for
the filtration to produce a filtration cake. The filtration cake goes
through an initial solvent renoval step, P7then rinsed wth acid wash to
renove residual catalyst, and then sol vent”fenoved again 15 before being
sent to the dryers. The drying of the filter cake can be acconplished by

any means known atfibuliss fiehstRaionsa §Rvabbeopid rafeRntatbiated itstrdre@st THY of
the volatiles remaining in the filter cake to produce the carboxylic acid

product. For examrsarPbdiidabared!hyfdnyRRAGANNBR 1R Qﬁe%%nte‘#l}fﬁé &Rn be
used. 20 The purified carboxylic' "acid product 230 has a b* |ess t%an about

i 5. Pref er abl v, e sthindiitiP FofRbiahBe niidel i hpfba2 iR e hriAf Heyiggoduct 230 s
th co

| ess than about 3. Most preferably, I n puri car boxylic
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any device known'i e ar ascan rume .
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readings signi fycgnht?eg lgzre%em%%y%!thueerl glcal c? %Pocd%c thé/ purn‘?ec) carboxylic
acid product. It should also be appreciated that when the process zones are
reordered that the process conditions may change.

10 in another embodiment of this invention each embodiment can
optionally include an additional step comprising decolorizing the carboxylic
acid or an esterified carboxylic acid via hydrogenation.

The decolorizing of the purified carboxylic acid slurry or an esterified
carboxylié acid can be accomplished by any means known inthe art and is

15 not limited to hydrogenation, However, for example in one embodiment of
the invention, the decolorizing can be accomplished by reacting a
cafboxylic acid that has underg:.one esterification treatmé;nt , for example
with ethytene'glycol, with molecular hydrogen in the presence of a
hydrogenation catalyst in a reactor zone to produce a decolorized

20 carboxylic acid solutioﬁ ora decotorizéd ester product. For the reactor
zone, there are no special limitations in the form or construction thereof,

subject to an arrangement that ailows supply of hydrogen to effect intimate

contact of the carboxylic acid or ester product with the catalyst in the



It should be appreciated that the process zones previously described can be
utilized in any other |ogical order to produce the purified carboxylic acid
product. It should al so be appreciated that when the process zones are
reordered tHaizbddpoocess conditions may change. 10 |In pepidshsgde9d ment
of this invention each enbodi mrent can optionally include an additional step
conprising dgcolorizing the carboxylic acid or an esterified carboxylic
acid via hydrogenation. The decol ori zi ng of8t he purified carboxylic acid
slurry or an esterified carboxylic acid can be acconplished by any neans

known in the arty riz%ne.lSrfy%maw,itﬁ%@&lmb@nmc%@ag@igaeuamo%mgg]e b]:a or

exanpl e in one enbodi nent o the 1 nvénti"on, the déecolorizi'ng c
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treatnent,ffor ﬁxa | ene glyco t ecul ar rogen in the
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hydrogen to effegt .intimate contact of the carboxylic _acid or ester product
with the cat5:I ysﬁyﬁirﬁgPﬂﬁt'%%&{}@é@f@tﬁy"l’J gﬁ%é@ Pre®I aact or zone.

Typical ly, the hydrogenatiop catalyst s alb a.sjngl oup Vill neta
or conbination o ”‘g@c%ﬂﬁﬂ\}w&owg?ép#%@ﬁﬁlc ,Xr %'Sﬂgﬁlﬁ’éfeﬁ’w i s sel ected
froma group consisting of pall adi um ruthenium

compounds to colorless derivatives



rhodi um and conbi nati on thereof. The reactor zone conprises a 5

hydr ogenation reactor that operates at a tenperature and pressure
sufficient to hydrogenate a portion of the characteristically yellow
conpounds @ sek/ezéRss derivatives WO 2004/ 052820 PCT/ Up2osioodasssls - 19-

EXAMPLES This invention can be further illustrated by the foll ow ng exanpl e
of preferred enbodi nents thereof, although it will be understood that these
5 exanples are included nerely for purposés”of illustration and are not

intended to limt the scope of the invention unless otherw se specifically
I ndi cat ed. ExanptramBaresyl ene was oxidi zed at 160C utilizing a Co, M1, Br
catalyst 10 systemto produce a crude terephthalic acid slurry having
30-35% solids. The crude terephthalic acid slurry was crystallized and

purified using the ﬁﬁ%nﬁ&?% F?ﬂﬁt Hf’usﬁate‘ﬁ'%hwﬁke %g?fg’f’fg Ot on

hydr ogenat i on step an crysta |ze product
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after f||trat|on an rying anal yze
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indicated.

Example
Paraxylene was oxidized at 160°C utilizing a Co, Mn, Br catalyst
10 system to produce a crude terephthalic acid slurry having 30-35% solids.
The crude terephthalic acid slurry was crystallized and purified using the
process s_hown in Figure 1. with the qmissioﬁ of alﬁydroggnation step and
the crystallized product from the crys"céllization épne 120 was transferre'a
directly to flash tank. The.product was Aremovec.i aftér filtration and drying
15 and analyzed for 4-carboxybenzaldehyde(4-CBA), trimellitic acid(TMA), and
2,6—dicarboxyﬂuorenone(2,é;DCF), percent transmittance and b*. The b* is
one of the three-color attributes' measured on a spectroscopic reflectance-
based instrument. A Hunter Uitrascan XE instr'ument is typically the
measuring device. Positive readings signify the degree of yellow (or
20 absorbance of blue), while negative readings signify the degree of blue (or
absorbance of yelldw).
The concentrations of 4-CBA, TMA, 2,6-DCF in the terephthalic acid

were analyzed via liquid chromatography. To determine the percent



measuring device. Positive readings signify the degree of yellow (or 20
absorbance of blue), while negative readings signify the degree of blue (or
absorbance of yellow). The concentrations of 4-CBA, TMA, 2,6-DCF in the

t er epht hal ix@ meidek2s20er e anal yzed via |iquid chromat ogr apbyusZios/essiosr m ne t he
percent WO 2004/ 052820 PCT/ US2003/038305 -20 transmttance, a 10% sol ution
of terephthalic acid product in 2M KCH wasyg.nmeasured using a W visible
spectroneter at 340nm The b* of the terephthalic acid was neasured using a
refl ectance color nethod at 340nm The results are shown in Table 1. 5 Ex.
# 4- CBA' TMA 2, draDsmittanae; a 103psplulippn te(gpbiialic aciBpEtutDIingM KOH whse anount
of 4-CBA present in the purified terephthalic acid product produced by the
process of the pnezsemed usingra UYvigisle spastarindi@r at 340 c Thielbf df ttesm t ypi cal

| evel s found in the crude carboxylic acid slurry. The typical |evels

wer en' t neasur edertphthadjctasicdswas hadasbred usires= réflectdrsewnia oot at BRohMose
skilled in the art to be about what has-been previously disclosed wherein
the crude car boxiHe resalts dresshowryinCtulils 1si ng terephthalic acid, typically
contains on a weight basis fromabout 800 to 7,000 parts per 15 mllion
(ppm 4-carpoxybenzal dehyde. The % transmttance of the purified

Ex. # 4-CBAT TMA? 2,6-DCF° %T? b*®
(ppm) (ppm) (ppm)
1 103 51 10 89 4.1

The amount of 4-CBA present in the purified terephthalic acid

product produced by the process of the present invention decreased

10 'sigr.iiﬁcantly from typical levels found m the crude carboxylic acid slurry. The
typical levels weren't meésured during this trial but these levels were known
o those skilled in the art to be about what has'been péévibusly disclosed
wherein the crude carboxylic aqid slurry comprising terephthalic acid,
typically contains on a weight bésis from about 800 to 7;000 parts per

15 million (ppm) 4-carboxybenzaldehyde. The % transmittance of the purified

| terephthalic acid product has a direct influence on the color of the
polyethylene terephthalate (PET) proauced. Desirable PTA (purified
terephthalic acid) is white (which is referred to as having low color). Higher
% transmittance indicates less color in the PTA.,  The degree c;f

20 improvement in all the measured categories is particularly surprising given



terephthalic acid product has a direct influence on the color of the

pol yet hyl ene terephthal ate (PET) produced. Desirable PTA (purified
terephthalic acid) is white (which is referred to as having | ow color).

Hi gher % twansddsance indicates | ess color in the PTApcThsza®gsss of 20
i nprovenent in all the neasured categories is particularly surprising given
WO 2004/ 052820 PCT/ US2003/ 038305 -21 the_ﬁ]i_rrpl icity of the centrifugation
in the solid-liquid separation zone and that no hydrogenati on step was
perfornmed. In the past, conparable purity |evels have been achi eved
typically by utithé gmiplfty of the duntlifogatipatih e SdIRIGIquidBeSdTatite kostesnaumer ous
steps and pieces of equipnent, and significant 5 capital investnent. The
invention has begs meRgdrb§eshtion sl dbb pBHbimdR! hithd lbakt, CORYERANE pufif
preferred enbodi nents ﬁergeof, b%?‘sit \IIJVI |1 be under gtéood I@Et vaPi aft?i ons

‘and nodi ficati Oflévé?élﬁﬁ/t@@ llaeéAﬁ EEﬁiS%d’“ini&hﬂy byatiitRtioh bf 8MdRSRPELEH plhe

i nvention 22 WE CLA process ‘'to produce a purified carboxylic acid

product compr i siifon (rRludd flinidils 8Rp8ERIRIddes of BeuBRAH, iy dahfica! ¥

oxi dation zone at an oxidi zing tenpe orma cru oxylic acid

slurry; whegein b s rboxylic acid slurry conprises at. |east one
car boxylic 5aci d %@?tg‘clﬁ{é%lﬁ're@% the group consisting of terephthalic acid,

i sophthalic acid, napjtfialans MEBRRMsL AR bedNiTbs RS bRRLRY

to preferred embodiments thereof, but it will be understood that variations
and modifications can be effected within the spirit and scope of the

invention



(b) renoving in a solid-liquid displacenment zone inpurities fromsaid crude
carboxylic acid :slurry to forma:slurry product; and wherein said - =

i mpurities conprise 4:carboxybenzal dehyde, trinellitic acid, or

2, 6-di car boxyfuorenone; (c) oxidizing said slurry product in a staged

oxi dation-zone to forma staged oxidati &? product; wherein said oxidizing

i s conducted at an oxidizing tenperature between about 190C to about 280C,
wherein said oxidizing tenperature in said staged oxidation zone is higher
t han WEEGL8IN:di zi ng tenperature in said primary oxidation zone; (d)
crystallizing said staged oxidation product in a crystallization zone to
forma crystallized product; (e) cooling said crystallized product in a.
cool i g zdhrogsssfiepiRdlcesbbEtied Garpervlicagid PREUSHCPMPTIERId sl urry; and (f)
filtering and optionally drying said cooled purified carboxylic acid
slurryin 43 i | PHENGRN %{ﬁwaﬂmg ftpck naRimasy pridatios dosaelanrdizngigmeaiebxy | i c
aci d product; wherein said purified carboxylic. acid product. 2. The
process adetyniafgdesaioyliaapidralirivawheretfgid gudaratkawicordidsivg sampaiseealct or
zone said crude carboxylic acid slurry or a carboxylic acid that has been
est er i f i edeastonemebayylicasiiselactas framthe giup cansistowh tsrenhthalia peid dearihalie i ng | s
acconplished by reacting said crude carboxylic acid slurry with hydrogen in
the preserfed: %?Phﬁ‘aWEFlﬁg@ﬁé!“F@ﬁ'dc%ﬁddﬂW theregfid  reactor zone. 23 4. The
process acgcording to, clai erein said solid-liquid displacenent zagne

conpri ses & sdPMAving A %Pﬁén‘éilﬂ‘éi&g%m?’ﬂ%ﬁt ZpRe ppwrirsdtmeaid cRERFUPAMIF 8%8et ween
o SO i o e i e S P B o D= ©
trimefitic acid, or 2,6~dicarb5xyﬂuoranone; ' '
(¢} | oxidizing said slurry product in a staged oxidation zone to fbrm a staged oxidation
product_; whereln said oxidizing is' conducted at an oxidizing temperature between about
190°C o aboit 280°C; wherein sald oxidizing temperature in said staged axidation zone is
higher than the oxidizing temperature in said primary oxidation zone; )
. (d) crystaliizing s2id staged oxidation productin a crystalﬁzaﬁén zone to form a crystaliized
product; - . |
(e) cob!ing sald crystallized product in a cooling zone to form a cooled purified carboxylic
acid slurry; and
(f  fitering and optionally drying said cooled purified carbaxylic acid sturmy In a filtration and
drying__,zone fo produce saiq purified carbuxyﬁc acid product; wherein séid puriﬁed‘carboxylfc X
aci&_produc’:.
2. The process ascarding o claim 1 further comprising decolorizing in a reactor zone said crude
carhoxylic acid slurry or a carboxylic acid that has been esterified,
3.  The process according to claim 9 wherein sald decolorizing is secomplished by reacting said

crude carf:oxyﬁc acid slurry with hydrogen in the presence of a hydrogenation catalyst in said

reactor zohe,



than about 4.5. 6. The process according to claimI| wherein said oxidizing
in said ptamary oxidation zone Is conducted i'n the presence of a catal yst
systemthat conprises cobalt, Manganese and brom ne conmpounds. 7. The
process according to claim6 wherein the cobalt and nmanganese are present
ink, concentrations of about 1050 ppm,to about 2700 ppm by weight in the
crude carboxylib acid slurry and bromne is present at a concentration of
about 1000 ppmto about 2500 ppm by weight in the crude carboxylic acid
slurry. 8. A process to produce a purified carboxylic acid product
conprising: (a) oxidizing an aromatic feed stock in a primary oxidation zone

oL 200! SRkl S O U IR OGR! POr S SRR, Mot

sai d crude carboxyli urry rrses a ast” one ca ic acid
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car boxyl i tha?tcébgutsié”ry to forma slurry product; and wherein said
i mpurities conprisé 4-carboxybenzal dehyde, trinellitic acid, or
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t enper at Ugyplifk g@ﬁ‘%uﬁaéged oxi dation zone is higher than the ~oxi di zi ng
tenperature 1 n sald prinmary oxidation zone; "

7.~ The process according o claim 6 wherein the cobalt and manganese are present i\r‘m\"
concentrations of about 1050 ppm to about 2700 ppm by weight in the crude carbo:kylﬂ& acid
siqfry and bromine is present at a concentration of about 1000 ppm to about 2500 ppm by
weight in the crude carboxylic acid slurry,

8. A process fo ﬁroduce a purified carboxylic acid product comprising:

(&) oxidizing an aromatic feed stock in a primary oxidation zone at an o‘xidizing {emperature .
to form a crude carboxylic acid slurry; whetein said crude carboxylic acid slutry comprises af
teast one carboxylic acid selected from the group congisting of terephthalic acid, isophthalic
acld, naphthalene dicarboxylic acid, and mixiures thersof, and wharein said oxidizing is

. conducted at a temperature between about 120°C to about 200°C;

(b)  removing in a solid-liquid displacement zone impurities from said crude carboxylic acid slury
1o form a slurry product; and wherein said impu.rities comprise 4—carboxybenzéldehyde‘
trimellitic acid, or 2 8-dicarboxyfluorenone; wherein said solid-liquid displacement zone

comprises a sofid-liquid separator that is operated at a ternperature between about 50°C to

ahout 200°C.



(d) crystallizing said staged oxidation product in a crystallization zone to
forma crystallized product; (e) cooling said crystallized product in a
cooling zone to forma cooled purified carboxylic acid slurry; and (f)
filtering and optionally drying said cooled purified carboxylic acid slurry
ina filtration and drying zone to produce said purified carboxylic
product; wherein said purified carboxylic acid product 9. The process
according to claim8 further conprising2decolorizing in a reactor zone said
crude carboxylic acid slurry or a carboxylic acid that has been esterified.
10. The process according to claim9 wherein said decolorizing is
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the presence of a hydrogenation catalyst In said reactor .zone. he

process aggah Wh@x% Out§éf@¢§£h€t§%$hﬁufalﬁédi&i$tg¥d &:%‘?ioﬁ?@%%ﬁgh&r thé V\ﬂ\é‘:t has a

b of | ess than rocess accor eérein said

oxi di zi ngmhﬁ%né%’ﬁ%ﬁ%tb%%gaﬂ?gg@b)o%aﬁgm&&ﬁganconduct ed in the presence of a

cat al yst 'sys ese and brom ne conpounds. 13.
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crude calbgj%%tllc aci d sI urry and the brom ne is present at a concentratlon
of about ppmto about 2500 ppm by weight in the crude carboxylic acid

slurry. ()  cooling said crystaffized product in a cooling zone to form a cooled purified carbaxylic
acid slurry; ahd ' _
()  fitering and optionally drying said cooled purified carbaxylic acid siurty in a fliiration
and drying zone fo produce.é'aid purified carboxylic product; wherein said buriﬁed carboxylic
acid product. -

9.  The process according to claim 8 further comprising decolorizing in a reactor zone said crude
carboxylic acid slurry or a carboxylic acid that has been esterified.

10.  The process according to claim 9 wherein said decolorizing is accomplished by reacting said
crude carboxylic acid siurry with hycirogen in the presence of a hydrogenation catalyst in said
reactor zone, '

11.  The process according to ciaim 8 wherein said purified carboxylic product has a b* of less than
about 4.5.

12. ' The process acoording to claim 8 wherein said axidizi‘ng in said primary oxidation zone is
conducted in the presence of a catalyst system.that comprises cobait, manganese and

bromine compounds,
13.  The process according to claim 12 wherein cobalt and manganese are present in
cancentrations of about 1050 ppm to about 2700 ppm by weigﬁ_t in the crude carboxylic acid

sturry and the bromine is present at a concentration of about 1000 ppm to about 2500 ppm by

weight in the crude carboxylic acld slurry.



