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wo-baal 51860 | NVENTI ON The present invention rel B BEES1003/838305
process for the purification of a crude carboxylic
acid slurry. Mre specifically, the present invention
relates to a process for the putification of a crude
carboxylic acid slurry by utilizing 10 a solid-liquid
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Thunbér sid-isiid eispiacemant zopg hatwger Reprsaaiyrexidation zone and a

terephthalic acid
staged oxidation zone.

BACKGROUND OF THE INVENTION:

15 Terephthalic acid is commercially produced by oxidation of
paraxylene in the presence qf a catalyst, such as, for example, Co, Mn, Br
and a solvent. Terephthalié acid used in the production of polyester fibers,
films, and resins must be furthle 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 US Patent

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



solid have been devel oped and are commercially
avai |l able. Usually, the purified terephthalic acid

W@ 004053830 produced in a nmulti-step process wWhePEI/mSA03/038305
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crude terephthalic acid is produced. The crude
terephthalic acid does not 5 have sufficient quality

for direct use as starting matetial in comercia

pol yet hyl ene terephthal ate(PET). Instead, the crude
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| ess_than 150 ppm p-toluic acid. The crude
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from 20 about 800 to 7,000 parts per mllion (ppm
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p-toluic acid as the main inpurities. The crude
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20- 200 ppmrange, of aromatic conpounds having the
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carboxybenzaldehyde and p-toluic acid in the final purified terephthalic acid
product is particularly detrimental to pblymerization processes as they may
act as chain terminators during the condensatibn 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 tﬁan 150. ppm p-toluic acid.
The crude terephthalic acid typically contains on a weight basis from
about 800 to 7,000 parts per million (bbm) 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,



and/ or ant hraqui none, which are characteristically
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p- Xyl ene Such a purification process typically
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is heated to dissolve the crude terephthalic acid.
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i mpurity, Suchaa pursifidation proedsgdypically compeseeddting water to the
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p-toluic acid.
Typical crude terephthalic acid contains excessive amounts of both
4—carbokybenzaldehyde and p-toluic acid on a weight basis. Therefore, to
15 achieve less than 250 ppmw 4-cafboxybenzal‘dehyde and 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 aré hydrogenated to colorless
derivatives and leave the process with the terephthalic acid solid product
20 and waste water streams. However, 6ne embodiment of this invention

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

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



after oxidation of a crude carboxylic acid slurry
product and prior to final filtration and drying

wowahosas2¢ he use of an hydrogenati on step. 5 SRVIVBRO0EB38305
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THE I NVENTION I n one enbodi ment of the invention, a
process to produce the purified carboxylic acid

product is provided without theddse of hydrogenation

of the terephthalic acid or a process separating
impurities fromoxidation 10 solvyent as disclosed in

UL S, SR Gaten oem Ceise caTORE A S GESHAt AN Pidii t final
invention, a process to produce a slurry product is :
pr oviiliaton aRd d{ﬁyfﬁﬁéﬁﬁl%@ﬁiﬁ usreaf arhydioggnatigusiap. es
.from a crude carboxylic acid slurry in a

solid-liquid displacenent zone to forma slurry

product. 15 In another enbodi nent of this invention, a
process to produce a purified carboxylic acid product

is provided. The process conprises: (a) renoving

inmpurities froma crg|fgnRRYOY THE BVENTIOKRTY 1N 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 st d.oxidation produyct in a
crystalli aqq%ﬁm%ggme@t&%gﬁg fPé(%ﬁ?@*t%Pqucféal#%P&fﬂae. the
WD 2004/ 052820 PCT/ US2003/ 038305, -5 | n anot her ]
enb oRiTHas carPoxylicsagich PERAUCH IS Pravistedwithout the Hee wé Bydrogenation
purified carboxylic acid slurry is provided. The
pr oceidbedergphiisaic: adidipr agrosdssaparatirgoihipdiritieq dictn oxidation
di spl acenment zone inpurities froma
solvent as disclosed in U.S. patent #3,584,0309.
In another embodiment of this invention, a process to produce a
slurry product is provided. The process comprises removing impurities from
a crude carboxylic acid slurry in a solid-liquid displacement zone to form a
slurry product.
In another embodiment of this invention, a process to produce a
purified carboxylic acid product is provided. The process comprises:
(@  removing impurities from a crude carboxylic acid slurry in a
solid-liquid displacement zone to form a slurry product;
(b)  oxidizing the slurry product in a staged oxidation zone to form
a staged oxidation product;

(c)  crystallizing the staged oxidation product in a crystallization

zone to form a crystallized product.



crude carboxylic acid slurry to forma slurry product;
wherein the crude 5 carboxylic acid slurry conprises

wo esoafobasb@l i c aci d, catal yst, acetic acid, andPCT/US2003/038305
inmpurities that is wthdrawn at a tenperature between
about 140C and about 170C fromthe oxidation of
paraxylene in a primry oxidation zone; (b) oxidizing
the slurry product in a staged oxidation zone to form
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crystallized product; 15 (d) coollng the crystallized
- pr o¥fuge qanbexyis scidhgluzryrte ferm aelumaprasisstsvherein thieectude
carboxylic acid slurry; and (e) filtering and

Sopt i carhbkylicdaaid sturhheomprisesitapephthakdacidr batalyst,cacetic acid, and
slurry in a filtration and dryi ng zone to rermve a
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acid slurry to produce the purifi I C acl
pr od ment , of this.inventio
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product is. provided. The process conprises: WO
2004/ 052880 PCIXidigstherderpsrodust | (g staded exidatiemzone to form
aromatic feed stock in a primary oxidation zone to
f or na stagegoexidalidworidduct; achatesl theroxjdizing ie condited mide
carboxylic acid slurry conprises terephthalic acid;
10wher @nibdrafure beivébRabbt FOUFIR AbiAR8A °C; and wherein the
oxidizing is at a higher temperature in the staged oxidation zone than in the
primary oxidation zone;
(c)  crystallizing the staged oxidation product in a crystallization
zone to form 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:



tenperature between about 120C to about 190 C, 5 (b)
renmoving in a solid-liquid displacenent zone

WO ppufosase@s froma crude carboxylic acid sl urPgT/us2003/038305

forma slurry product; wherein the crude carboxylic
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to forma "cool ed purified carboxylic acid

f d
by 4% Baltey %‘cﬁ““’é%{’ﬁ% It ¥t éﬂaﬁvﬁﬁwﬁmg&ae crude
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pPCT/ipRnties twis withdrawmata terpperature betweentahout 140°C and

objects, wll beconme nore apparent to others with

or diabuy 138°C ifrom thdexiaatiombf &gl?éﬁbri@ al rﬁary oxidation zone;
di scl osure. BRI EF DESCRI PTI HE DRA

(c)  oxidizing the slurry product in a staged oxidation zone to form
a staged oxidation product; wherein the oxidizing is conducted at a
temperatufe between about 190°C to about 280 °C; and wherein the
oxidizing‘is at a higher temperature in the staged okidation zone than in the
primary oxidation zone;

(d)  crystallizing the staged oxidation product in a crystallization
zone to form a crystallized product;

(e)  cooling the crystaliized product in a cooling zone to form a
cooled purified carboxylic acid slurry; and

) filtering and optionally drying the cooled purified carboxylic
slurry in a filtration and drying éone to remove a portion of the solvent from

the cooled carboxylic acid slurry to produce the purified carboxylic acid

product.



5 Figure 1 is a schematic of the inventive process for

the oxidative purification of carboxylic acid wherein
w@2@al052820 | qui d di spl acenent zone 40 is utiliperus2003/038305

between the primary oxidation zone 20 and the staged

oxi dation zone 80. 10 DETAILED DESCRI PTI ON OF THE

I NVENTI ON The present invention provides a process for

the purification of a 15 crude carboxylic acid slurry
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made via the liquid phase air oxidation of paraxylene

in the presence of a suitable oxidation catalyst. 20
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from but are nobﬁ'é%ﬁéﬁaﬁﬁgﬂ)gﬁTHﬁgﬁi%'mﬁ

manganese conpounds, which are soluble in the

%el ected solvent. Suitable solvents include, but are

not limted. to, aliphatic nono-carboxylic acids,

pr ef er abl yigunet hisnd sgh@mbtic 6f tharihventieop®cess foMhe oxidative
2004/ 052820 PCT/ US2003/ 038305 -8 benzoic acid and

m xt wueificatiat eptadbsyld Aéidkeereh 4 wmeli@ﬁm%erﬁéﬁﬂ‘zone 40 is

water. Preferably the solvent is acetic acid mx

W th i j : : —
by ef AL bpldh i prindfy ofikin 20 26 sRAFHE stieh oxidation
Thr o%gngtgo the specification acetic acid will be

referre 0. as the solvent. 5 However, it should be

1dalppreci ated that other suitable solvents, such as

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 phase
air oxidation of paraxylene in the presence of a suitable oxidation catalyst.
20 Suitable catalysts comprises at least one selected from, but are not limited
to, cobalt, bromine and manéanese compounds, which are soluble in the
selected solvent. Suitable solvents include, but are not limited to, aliphatic

mono-carboxylic acids, preferably containing 2 to 6 carbon atoms, or



those di sclosed previously, may also be utilized.

Pat ents di sclosing the production of terephthalic
wa@edod/osaseh as U. S patent #4, 158,738 and #3, 99PCRVS20a5/638305

hereby incorporated by reference. In an enbodi nent of

this invention, a process to produce slurry 10

product 70 is provided in Figur%‘l. The process

conprises renoving inpurities froma crude carboxylic

aci gheRbyir Aoid g Sirrﬁ?/(_ﬁgé%%ag%&’%gw r%'xt&#e%péf?ﬁgé'eg Eﬁm@{}ﬁds with

40 to forma erern

roduct 7Q i.s forped wi thout a. hydrogenation step.., . -
P Weir rardrmbly ecsalant i necticiad BRET b @teEh = ratio of
crude carboxylic 15 acid slurry 30, and slurry
pr o@GeHt 97 tgrabaiti25qb yrelerlly baéw@b@utﬁ:ﬂ @ndiabout 20:1.
di scl osure. In another enbodi ment of this invention a
pr od@seughoyiithe specificatinumr adatisdcichwilldysy réferraditol aprtibel sotvent.
230 is provided in Figure 1. The process conprises:

5 20 $HtowyeVen) it shopkdi seeappresiztediipat otherisuitablef Jovers uttheas
carboxylic acid slurry 30 in an solid-liquid

di sphaseedrblosearedBusi(, hay Rsd 158 Ufilied. ALHE diéQosind the
crude carboxylic acid slurry 30 conprises at |eaSt ofe

car Dbt Wrerhaloraly saln hetel iRl Yensaand

comirret A T B SRanGoPRIABY B refREeAdl i ne

conmpounds: 4-carboxybenzal dehyde(4-CBA), trinmellitic

aci d( TMA)N agrRMbogdiment o4 % inyEntien . chbiasess & prgduceTharry

solvent typically conprises acetic acid, but can be

10 any pi@dbl@ir% istiovidad i Eigure e viheugiogess ooinpriees removing

impurities from a crude carboxylic acid slurry 30 in-a solid-liquid
displacement 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 product 70 are all deécribed 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 slurry. 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.



5 The crude carboxylic acid slurry 30 is produced by
oxidizing in a primary oxidation zone 20 an aronmatic

wo emd/osisock 10. | n one enbodi ment, the ar omat PCT/US2003/038305

feedstock conprises paraxyl ene. The prinmary oxidation
zone 20 conprises at |east one oxidation reactor, and
the crude carboxylic acid sl urr%7 30 conprises at

| east one carboxylic acid. The oxidation reactor can

i Y E e S
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enbodi nent of the invention the prinmary oxidation zone
comiPamoyueneaoEe e, T solserl typisallyaemprises acetic acid,
terephthalic acid is utilized, the crude carboxylic

aci dogll earr he aoywolvent that hasdeeadrevioaslyanentioned.
terephthalic acid slurry and the purified carboxylic

Saci d prodUhe cARfe varbbeylleacie ERrryesD fsopradused by idkidgng in a

terephthalic acid product. Carboxylic acids include

ar onBYimanEaxiBatyh n@20dh MopMRTEed isthckOi ¢ oRt &R bhodiment,

oxi dat i on of an organic substrate. Su_ch aromati c
car bAoA fBdstoBE U PrSRTRAIS o, TRe i difon zone

is part._of an aromatic ring,. preferably having at . .
| 2astd Gorpafas it ee gy BiktinrEaf B aniibR frids agpoxyti acid
only carhon atons. Suitable WO 2004/ 052820 L

PCT/ DY Y efpBUses atigaghenmrardoyylicsaieh dhsmidation regstor can

i nclude, but are not limted to, benzene, biphenyl,

10t er pie pperatad gt térapenséyrea metwe die aboatr 1R0PCot@satsbift 2HOAC,
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aromatic rings. Exanples of suitable carboxylic acids
I ncl pdgerddlf aBd it 120RClthBHoBH1789C. 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.

Therefore, when terephthalic acid is util‘ized, the crude carboxylic
acid slurry 30 would be referred to as crude terephthalic acid slurry and the
purified carboxylic acid productV23O would be referred to as a purified
terephthalic acid product.

Carboxylic acids include aromatic carboxylic acids produced via
controlled oxidation of an orgénic suBstrate. Such aromatic carboxylic acids
include compounds with at least one carboxylic acid group attached to a
carbon atom that is part of an aromatic ring, preferably having at least 6

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



terephthalic acid, benzoic acid, p-toluic, isophthalic
acid, trinellitic acid, 5 naphthal ene dicarboxylic

waceiod/osmed 2, 5- di phenyl -t erephthalic acid. EachCDUS20081@38305
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enmbodi nents of this invention can be practiced wherein
there is a substantial absence of terephthalic acid
and isophthalic acid in the cr ude carboxylic acid
slurry. Wen the term substantial absence is used it

et e of SR ACHRUTY o, MTBaR YRR, benzene
of " HUMEIBH-doBhest ANk, e ot eaBpE-kaseH ysed aromatic

include, but are not |limted to, cobalt, manganese and

br ofinge. com@meRIag of switahie carboxylit adide includdéelre oktmited to,
solvent. I n one enbodi nent of the invention the

cat dérephthadicmdid denzoicadid, p-idiuiby isophhatic dcihngashitie acid,
The cobalt and manganese conbi ned can be in :

congephttalléns dicatbahe e and Q%-prh%bn?}ﬂer@ﬁl@t@l%ﬁ@ BLRY Each of
e

wei ght in the crude carboxylic acid Slurry.

vei ght 0 the crude carboxyl |
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can ShanRE e bRBrEGTE PoifBe FRRRI IR add Fobistirude
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1000 ppmto_about 2500 ppm by weight in the crude
car rseythien &iby weight.y. WO 2004/ 052820
PCT/ US2003/ 038305 -11 The crude carboxylic acid

sl urry i riCradederephiialicacieslutrg isicsmértionafiysynthesized via the
di spl acenent zone 40 capabl e of renoving a portion of

tslhﬁ rlitqh%lﬁbé@ébtiééﬁtﬁﬂof ééfak*léné iR 5R5BAKY bf Suitsii€ oxidation
y 30 to produce the slurry product In

catalyst. Suitable catalysts include, but are not limited to, cobalt,
manganese and bromine compounds, which are soluble in the selected
solvent. Ih one embodiment of the invention the catalyst comprises cobalt,
bromine and manganese. The cobalt and manganese combined can be in
concentrations of about 150 ppm to about 3200 ppm by weight in the crude
carboxylic acid slurry. The brorﬁine can be in concentrations of about 10
ppm to about 5000 ppm by weight in the crude cérboxylfc acid slurry.
Preferably, the cobalt and manganese combined can be in concentrations
of about 1050 ppm to about 2700 pprﬁ by weight in the crude carboxylic

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

about 2500 ppm by weight in the crude carboxylic acid slurry.



conduit 70. A portion neans at |east 5% by wei ght of
the liquid is renoved. 5 The renoval of a portion of

wo b@4josxgen d to produce a slurry product in conPCi/US2088038305

can be acconplished by any neans known in the art.
Typically, the solid-liquid dli | acenment zone 40
conprises a solid-liquid separator that is selected
fromthe group consisting of a decanter centrifuge,
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psig to about 200 psig. The solid-liquid separator in
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operated in continuous or batch node, although it

W || 70eaaie acdomglibhet dly driyrmeansRhowalin Bi®aas SBpicdllfethe
continuous node is preferred. The inpurities are
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in a nother |iquor and V\/lthdravvn via line
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Fed Toerha famids arah EOTEkESa B BByl %@@Bk

50 t re de carbo I C_ac | ur. 30 .an

for mg?iﬁtﬁlfﬁér y\é'tﬁ%w? r’?UaCl"ILHH)%%ﬁf r?é\% th?dﬁfsr 'lrd%a grgde carboxyhc
d- di spl t e 40 v

11 neddl iy Eoreniuicd ks Tegito i SOId) e isp aammpet e 40

2004/ 052820 PCT/ USZOOS/ 038305 ~-12 acid, catalyst, and

br onFA@PEsineFuselid-liquid separser. | Thaisolid-iquid .sepacatam)s operated at

either be sent to a process for separating inpurities

f r ontemperatures bedhe@mabout 50°C to about 200°C, preferably 140°C to -

about 170°C. The solid-liquid separator is opera'ted at pressures between
about 30 psig to about 200 psig. The solid-liquid separator in the solid-
liquid displacement zone 40 may be operated i'n continuous or batch mode,
although it will be appreciated that for commercial processes, the
continuous mode is preferred.‘ ' |

The impurities are displaced from the so‘li.d-liqui'd displacement zone
40 in a mother liquor and withdrawn via line 60. In one embodiment of the
invention, additional solvent is fed to the solid-liquid displacement zone 40
via line 50 to reslurry the crude carboxylic acid slurry 30 and fo"rm a slurry
product 70. The mother liquor 60 is withdrawn from solid-liquid

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



via |l ines not shown or recycled to the catal yst system
via lines not shown. One technique for inpurity

WO 20m®sd82d r om t he not her |iquor 60 commopnly 5 PEEUS1003/038305
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the chem cal processing industry is to draw out or
"purge" sone portion of the relgycl e stream
Typically, the purge streamis sinply disposed of or,
if economically justified, subjected to various

tre _ . : o by _
recaonr Pl SET ISR s THYInDIRE MOLL f line 60 may
re es . el . _F . 4, , nd :
RNk BEQSRPRES oA AE: Hiof iy st AR G bovent
reference. St b) conmpri.ses oxidjzing.the slurry

o oA SR vy SrsERVE RS Tadhs Briolah e warigemnet shown.
st aged ox%dation product 110. In one enbodi nent of the

i nv g?ﬂ% iehnione Tor impurity remayal framitae mgtaedicums 6 gommonly
line 70 to a staged oxidation zone 80 where it is

heatggd i theciirmicabpragessing IvdGtyds & daw 280ar dpurge” some
pref erably between about 200C to about 250C and

f ur poeioroai tiiezedydle streant. Tiypidaldy, the perddddtréampis aftnply disposed
staged oxidation product 110. The staged oxi dation

zonef 86, itecmidraieally pistifiédSubfited iRgRfbusb sAidrR8 to remove
reactor vessel. The slurry product 70 is fed to the

st a%ﬁ@e@@e@mﬂﬁﬁﬁﬁwﬁﬂ@Ped%geriﬂ_%g?l%@?ﬁ‘eé'ogb?%g%spﬁ%ﬁples of

that the oxidation occurs in _ _
R T DR S PG RIS
N e R A R R

PCT/ US2003/ 038305 -13 Wien the carboxylic acid is

t er epht haitee (Rgampiisas exidiging theishity pivduct 70 in a staged

oxidation zone 80 to form a staged oxidation product 110.

In one embodiment of the inverﬁion, the slurry product 70 is
withdrawn via line 70 to a staged oxidation zone 80 where it is heated to
between about 190°C to about 280°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
oxidation zone 80. The term “'staged”: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 zone 80 can

comprise staged oxidation reactor vessels in series.



zone 80 conprises an oxidation reactor that is heated
to between about 190C to about 280C, preferably

whedioss2@bout 200C to about 250C, and nost prPerf/E@sm03/§38305

1

1

between 205 C to 225C and further oxidized with air 5
or a source of nol ecul ar oxygen Eed by line 100 to
produce a staged oxidation proc} ct 110. Generally,
oxidation in the staged oxidation zone 80 is at a
hi gher t eqpesiHy SarbBANictdtgd R4LAHHHMIC ébiélhﬁepétég?d ¥xidation

oxi dation zone 20 to enhance the Inpurity renov

The §5@§3@ R ; (gé.rsf’éh 5)98?tic§pre%%fbrk{ﬁat dlgl?%tag%d ggr b&GIdeh about

w t h 'sol vent Va or steam vi a condu

i ndi ! by 10 means_kn in the art. .
purt 0 s¢ K AbPt 2R PERetty Patvadh Aot obsk do abgus280°C,
by a nmechani sminvolving recrystallization or crystal

gr owBRd arest priegably between 7P FCttp 225°@didt fudther oxidizear with air
nol ecul ar oxygen may be fed via conduit 100 to the

Sst agedacouded dbbmotsuidar@kyyen fed byrtitet 0086 @se@Ice 4 8taged
oxi di ze a substantial 15 portion of the partially

oxi dbxigetion PHsaiE 190¢ rGér?érag){, ‘&f&é‘ﬁbﬁbﬁﬂ?@éﬁﬁ%qg(ridaﬁon zone 80

(4-CBA) in the crude carboxylic acid slurry

| adi ' .

51 192 AREF HAobarBSine 944 SRRANSH ROSAARAY) Gfsagq zone
oxi a0 B aaRES of By raty ) e sfasieef RN 2oms Accan be

of tge 4-§A I s converted to terephthalic 20 acid in
the 8talFEAisatYyYiFhsolyee/aper, asisiermivispenduit 90 or indirectly by
concentrations of 4- carboxybenzal dehyde and p-tol uic
Oaci dany means kawnimiie art. fyiriicptionincthestaged oxidation zone takes
particularly detrinental to polynerization processes
as t hlagertnya avtchamisn iraiolving retrystallizstichuor erystahgrowth and
condensati on reaction between terephthalic WO
2004b6%i02638A oPfAipLiRRsy)3/ 038305 - 14

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
5 portion of the partially oxidized products such'és 4-carboxybenzaldehyde
(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 staQed 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 acid in the terephthalic acid product are
particularly detrimental to polymerization processes as they may act as

chain terminators during the condensation reaction between terephthalic



acid and ethylene glycol in the production of
pol yet hyl ene terephthal ate(PET). Typical terephthalic

wa@edod/ofseeluct contains on a weight basis | essPCER2003/038305
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about 250 parts per mllion (ppm

4- car boxybenzal dehyde and | ess than about 150 ppm
p-toluic acid 5 Inpurities in tHe crude carboxylic
acid slurry 30 or slurry product 70 go into solution

R N A L T
BB P bR oML NN 8 o woron
solyent is renoved fromthe offgas conprising volatile

or g RABIE 1eeihGOU G5OV penvaition (pomic-aartveybenzaldshyde

brom de may be treated, for exanple by incineration

i n angess franabmut d&0ippm prbluic atid st aged oxi dati on
product 110 fromthe staged oxidation zone 80 is

Wi t hdr ammpugties imethé udsStemokgllc acia@iurBeso or slurry product 70

crystallizing the staged oxidation product 110 in a

cr ygbaﬂmﬂoi iticinag enetekphthalid 86 parkdI¥s bfd HiséBRed and re-
product 160. Generally, the 15 crystallization zone

120 cRRMMIRER ﬁ%ﬁgé@ dRiiafBs 26h¥ Bo2! dgffé%r frg%atﬂggstlgé]&g g%‘d ation

fromthe crystalfization zone can be”condense

| ea .con r .and urpned.to_the

cr y 2007 RS PIEPEEh v 165 4hR3E0 beia Piciary syeism where the
condenser. or vapor,_ product. fromthe crystallization

2 on&oMgRt ﬁéeffé}e);éa fsﬁv%& offgag SAMPES{Ho IiRtHerganis eampounds
to an_ener recovery device. In addition, the 20

cr y§YQQGs).z %%ﬁf ngdiding mesh\hsamide mayiheetregiedafat example by
be routed to a recovery systemwhere the solvent is

r eminaieration @r g sl ticexidafidryasit.c Dhp stajergoxiélisn product 110
be'treated, for exanple by incineration in a catalytic

oXi fraim the stuged oxiiatidAGbheB5E Qi dFAMT2A P 38605

Step (c) comprises crystallizing the staged oxidation product 110 in a
crystallization zone 120 to form a crystallized product 160. Generally, the
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 crystallization zone can be recycled,
or it can be withdrawn or sent to an energy recovery device. In addition, the
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 example by incineration in a catalytic oxidation

unit.



-15 When the carboxylic acid is terephthalic acid, the
staged oxidation product 110 fromthe staged

wo@ziodasisem zone 80 is withdrawn via line 110 PpemUsmd3/038305
to'a crystallization zone 120 conprising at |east one
crystallizer where it is cooled.to a tenperature
bet ween about 110C to about 190Cto 5 forma
crystallized product 160, preferably to a tenperature

bet PHER : ; o
ahout 1500 Ln BhaaroySReel s ERpn IR AR e N gygation

[ e PBget HE Rl S eRR 8RB ISR 2obE sab e tid une 110
oo o Tt 45 B Y0 A0 o ot
the carboxylic acid is terephthalic acid, the cool ed
crysVBeTa § kcoried e adempersiuig betwaanakauiig°@10 absut 190°C to

cooled in a vessel to typically a tenperature of

SappriorinrmceisialEdpodutbeten, peéferablp¢o mgemiperatack befiveen about
into a process for recovering the terephthalic acid as

a dry40uisigho@r 196, fJee prefbraBlye b 18P 0PI sttt 170°C.
cooling the crystallized product” in a cooling zone

200 to f ; i £ ' id slurr .
210 The_ b5 CPATRIISBIAEL F60 GREPRE o Flpalat PhRmi20 1
t he talli.zatiqg ne O.via |ljne 160. The . .
cry PGB B tho. L0 if SryslelBsBinmgecoiag iszbgn fed
and é_ool ed to |l ess than about 90 Cto formthe cooled
pur i FirRadlYAe a¥essek pnf cogladdodeim aycapled puriied sabionyliopacid
the purified carboxylic acid slurry can be
10accosigiry 218d \Wirearihe sethaxylimacid is terehbthafic actdy phe abohed
the cooling =zone 200 conprises a flash tank. WO
2004¢1952dedRiLTifld822080088 3@ 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 crystallized 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 line 160. The crystallized product 160 is fed to 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 com‘prises a flash tank,-



-16 Step (e) conprises filtering and optionally drying
the cooled purified carboxylic acid slurry 210 in a

wo pdososase@on and drying zone 220 to renove a pRCT/USINODH38305
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the solvent fromthe cool ed purified carboxylic acid
slurry 210 to produce the purified carboxylic acid
product 230. 5 The cool ed, purilfred carboxylic acid
slurry 210 is withdrawn from cooling zone 200 and fed

to a fil [ and.drying zone 220. A portion of the __
sol vent tgﬁ[gb #‘gﬂ%(?rﬂprﬁ@e%#g{]egﬁn?ﬁnda 'quBYerW'PQEh‘? gooled purified
separated,. and the rified carboxylic acid _product :
is &F?QWHMCM gluyry @532@@.1‘5@#@& and ﬂaﬂm@ﬁoaﬁagertg)irﬂ@ove a.
zone 220 conprises a filter suitable for 10

r ec 8PEIAMES theesadvant dropathsosapled pudiier eatoxylir geid. siaine 210 to
filtration can be acconplished by any neans known in

t he peeduceribe pxiiedl ecarbexyliowaidyprodaci280.fi | ter can be

used for the filtration to produce a filtration cake.

The filt Mhiel covledkrirified catiuxglig Acinslinty 218lis $MhMesn from
renmoval step, is then rinsed wth acid wash to renove

. t H .
r esicdgig gehakwetandaad ﬁ(t) BQMrﬁﬂnY&%g%?ﬁge g?@![ hr)\epé':élon of

bef ore being sent to the dryers

fil ' K i n

the 1 OPRE AT IRAAFEP TSR Mo ditesTE Sehatieicmdine
t he iles remaining.in.the filter. cake produce

e PUER GG b TR MPaldt WRattaw g 240 P rg

Shaf t Potr up| ne&r Processor dryer can be used. 20

The puri fi%@dl"tfa and Fia/l%&zen%%é@@mpzwswa@tq syitablesfor
than about 4.5. Preferably, the b* color of the

pur FeGverioartbesplid catnxylipaddand 28oyers Thedisatidranan be
about 3.5. Most preferably, the b* color in purified
car hosgnplistzed Hy apy odearts @@ i thesst. t hanexadmple, 8 rofEre

b* color is one of the three-col or
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
before being sent to the dryers. The drying of the filter cake can be
accomplished by any means known iln the art that's capable of evaporating
at least 10% of the volatiles remaining in the filter cake to produce the
carboxylic acid product. For example, a Single Shaft Porcupine® Processor
dryer can be used.

The purified carboxylic acid prdduct 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
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nmeasured on a spectroscopic refl ectance-based

wo patiosasent . The col or can be neasured by anyPdPvs2063/038305
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known in the art. A Hunter Utrascan XE instrunent in
reflectance node is typically t measuri ng devi ce.
Positive readings signify the degree of yellow (or
absor bance of blue), while 5 negative readings signify

t heugg-q{) s Aedduns &@%t%%t%%gé’d}ﬁg réflecYSde B\Qsed fnstrument. The

sho e appreciate rocess zone

pre utlllzed|

Fogi s e 85 Hipsi o8 %“%/F?%Vk?&rmo fﬁﬁ%ﬁ‘iyﬁ F@?ntsa jrascan
pro [t shoul d_al so ppreci.at ed. t hat

P o e NG EISeI3 e odBh DI Lo Gacasiing device,
conditigQns change. 10 In anaqther enbodi nent of

t hi sP @ﬂt}%f@%&ﬁn@wan@ﬁﬁm%ﬁ@ of ¥Allovs gen aprarbgnedef bie), while
an additional step conprising decolorizing the -

car besgative readingssignifly the degrdea efblua(toxlyddrbancs df yeliow).
hydrogenation. The decol orizing of the purified

car boxyl i it should tsd appreciatecathae tieepioceesl zones pestidugly described
acid can be acconplished by any neans known in the art

and ¢zn bd wtigdd i 4y Sflet R bﬂﬂaﬁ‘ﬁéb'réﬂhce"{%\é%{ﬁfﬁedfc%rboxyhc
exanpl e in one enbodi nent "of the invention,

decolgg 'p?é(ﬁ‘@ctcgrépﬁﬁld S9BR' é%@atgﬁéﬁﬁe“#l theprocess zones are

car boxyl'1 ¢ aci as un rgone

tre exa h eth e glycol, wth
?@@F@?reﬁjh? fé"&{)r e§sh%o t&]@rﬂ% P' rég ‘hydr ogenat i on

cat alyst in eact or .zone % roduce a decol orized 20

car boxyl i @ %ﬂf? ecemgedimen 0 H"QEB@PB?” £egh egalgdiment can

product. For the reactor zone, there are no speci al

i i @RHanaly include antasiditione! stepsomprisingndesaderzing the carboxylic

subject to an arrangenent that allows supply of

hydracje ortam estérfied ¢arboxyliceacid via hydrogenation.

The decolorizing of the purified carboxylic acid slurry or an esterified
carboxylié acid can be accomplished by any means known in the art and is
not limited to hydrogenation, However, for example in on.e embodiment of
the invention, the decolorizing can be accomplished by reacting a
carboxylic acid that has undergone esterification treatment , for example
with ethylene 'glycol, with molecular hydrogen in the présence of a
hydrogenation catalyst in a reactor zone to produce a decolorized
carboxylic acid solutioh ora decolorizéd ester product. For the reactor
zone, there are no special limitations in the form or construction thereof,
subject to an arrangement that allows supply of hydrogen to effect intimate

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



contact of the carboxylic acid or ester product with
the catalyst in the WO 2004/ 052820 PCT/ US2003/ 038305
WO 2@41082e4 or zone. Typically, the hydrogenati oPCT/US2003/038305
catalyst is usually a single Goup VIII netal or
conbi nation of Goup VI netal Preferably, the
catal yst is selected froma gréﬁ% consi sting of
pal | adi um ruthenium rhodi um and conbi nati on

ther 8ty Hfel 9310y ag\t%%ﬁg%dea;ﬁg@ iy NETRaEnh Sibe

reac ressure

suff cie dr o f
sulf e st o oy ERoh STl mb ey Sretaraly, the
derlvatlves WO 2004/052820 PCT/USZOOB{ %FBOS %9-,
ExAMatelgstrigiseleqiod fiompa arawp sensisinghet paliadiim, nitkenigyn,
the follow ng exanple of preferred enbodi nents
t herrbotljuralandoagnbinatian thergef. uﬂih@rr@@@@ﬂzw}%ﬁom’l@él§@8 as
exanpl es are included nerely for purposes of

5i | | usydragenatiamcbaaiar that operttascad teonperaiuretane respeare
of the invention unless otherw se specifically

i ndi geigient @melt\)genﬁ@fa?lwﬁlﬁﬁ of W& cleariadictBtically YERW
utilizing a Br catalyst 10 systemto produce

a_CreBRnbaREPt BAbligsdaedyanesry having 30- 353 sol i ds.
The cru e terephth |c acid slurry was crystallized
and purified using the process shown in Figure 1.

with the om ssion of a hydrogenation step and the
crystallized product fromthe crystallization zone 120
was transferred



directly to flash tank. The product was renoved after
filtration and drying 15 and anal yzed for

wd2@anisybenzal dehyde(4-CBA), trimellitic aciP(T#¥I003/038305

and 2, 6-di carboxyfl uorenone(2, 6- DCF), percent
transnittance and b*. The b* |s1 one of the
three-col or attributes neasured’dh a spectroscopic
refl ectance- based instrunent. A Hunter U trascan XE
i nst exbLES: typically the measuring device.
Positive readings signify the degree of yellow (or 20
absor bance of blue), while negatlve readlngs signify

Eﬂﬁcgﬁ?i TP rioitort Sy %\fﬁ* a"ﬂes?r@&d ¥ ﬂe%@ﬂowmg example of

tere t hal i Ci wer zed via liq
o o RBard S ol BerrtAsiahdr wilEs wisterstood that these
2004/ 052820 PCT/ US2003/038305 -20 transnmittance, a

5109 §¥pmPlesrareringluded meralyifor neingsps efilestration RNA@HE not
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15

was neasured using a UV visible spectroneter at
340ninterdes to*linit thédecopeofihbtimadrtionarilessiatheneiss wpedifically
using a reflectance color nethod at 340nm The

r esulridicaaed shown in Table 1. 5 4 Ex. # 4-CBA TMVA2
2,6-DCF 9% b* (ppm (ppm (ppm 1 103 51 10 89 4.1

The qu-#@gg of 4-CBA present in the purified

terephthalic acid product produced by the process of

the pr eseBtaréxrleeennet \'Ngg 0%3 lz[e%aéc’tePGWC utilizing a Co, Mn, Br catalyst

system to produce a crude terephthalic acid slurry having 30-35% solids.
The crude terephthalic acid slurry was crystallized and purified using the
process shown in Figure 1. with the omission of a‘hydrogenation step and
the crystallized product from the crys‘téllization zone 120 was transferréd
directly to flash tank. The‘product was removed aftér filtration and drying
and analyzed for 4-carboxybenzaldehyde(4-CBA), trimellitic acid(TMA), and
2,6-dicarboxyﬂuorenone(2,G;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 instrgment 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 yellow).
The concentrations of 4-CBA, TMA, 2,6-DCF in the terephthalic acid

were analyzed via liquid chromatography. To determine the percent
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significantly fromtypical levels found in the

crude carboxylic acid slurry. The typical |evels
wowoognss20measured during this trial but these PEWERR03/038305
were known to those skilled in the art to be about

what has-been previously discloggd wherein the crude
carboxylic acid slurry conprising terephthalic acid,
typically contains on a weight basis from about 800 to

7, OORamanitianpe) a 19 % sblution of fpephthalic acid product in 2M KOH was
4- car boxybenzal dehyde. The % transmittance of the

pur i ﬁb@ﬁuréd%ﬁﬁ@ta@{/'v%@é'ﬁe@fr@ﬁ'é@ér Ji@m?mq' TRED* of the

i nfluence on the color of the polyethylene

& g S PO s,
0 t
st SRR kow A lhle dugr aeof 20 i mpr overent i n

al |

the measured categories is particularly surprising

gi ven WO 2004/ 052820 PCT/ US2003/ 038305 -21 the

simplicity of the centrifugation in the solid-1iquid

seplar aEXoh zdned-GRA ¢ hat Twzhycragfe@élﬁdo% st%p was b*>

performed. In the past conparall e purity
been achi eved typpmal |y bfppat)i | ijzat(ppm)of |a

| evel s have

hydr ogenati on pl ant V\Ahl ch i ncl ydes nuner pus steps pnd
pi eces daf eqyi pmgpB, and segnifijcant{g 5 capi T gg 4.1

i nviest nent .

Wi t

he i nvention has bdgen described in detgil

hparticutar reference to preferred—enbodients

thereof, but it will be understood' that variations
and nodifications can be effected within the spirit
and scope of the invention WO 2004/ 052820

PCT/ U82001’5{]038305 -22-

e amount of 4-CBA present in the purified terephthalic acid
product produced by the process of the present invention decreased
sigﬁiﬁcantly from typical levels found m the crude carboxylic acid slurry. The
typical levels weren’t measured during this trial but these [evels were known
to those skilled in the art to be abdut what has been pfevibusly disclosed
wherein the crude carboxylic aqid slurry comprising terephthalic acid,
typically contains on a weight basis from about 800 to 7,000 parts per
million (ppm) 4-carboxybenzaldehyde. The % transmittance of the purified
terephthalic acid product has a direct influence on the color of the
polyethylene terephthalate (PET) produced. 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 (;f

improvement in all the measured categories is particularly surprising given



WE CLAIM 1. A process to produce a slurry product,
sai d process conprising renoving inpurities froma

w@eawd®s820 boxylic acid slurry in a solid- 5 |ipi/us2003/038305

di spl acenent zone to formsaid slurry product. 2. The
process according to claim1l rein said solid-liquid
di spl acenment zone conprises a solid-liquid separator

that is operated at a tenperature between about 50 C

to ahawimpal@tyef the cERBIfREARPSA tRE SBliEL: Qidts%g%lré‘ﬂidﬁ Zone and
l1d d 0Od nt zone

wherei n said solid-Il1qui I spl ace

1
ot BrpERS Rl Soh WA ROl be T ine fasty BEFBbREbIe purty
2ol 187 PUBRE BarT CaHRRbRof, B HfitbELE Siniobenation piant

sol i d-.IL uid separator that i .operated at a pressure

bet WRIRN IngUHCS BUerers $1°RBA0A Piete A efluinmest, ardesigniticant
process according to claim1 wherein said solid-liquid

5 di sptapitahinyestae’t. conpri ses a decanter centrifuge. 6.

The process according to claim1 wherein said

sol i d- | i qUihelinveindiph haerbeen desnebed impdeta#é svith particular reference
solid-liquid separator selected from the group

constogirefegreaf embbélnerits thereof, dut RN Ye\(Arlevstobd lth&Tvariations
and a rotary 20 disk pack centrifuge. 7. The process

accoifl RiddiftatibAl Bah DY G WithiR tﬁelggﬂnlan@%c@pe of the
di spl acenent zone is operated at a pressure of | ess

t han, abau, 100 psia. WO 2004/ 052820 PCT/ US2003/ 038305
-23



8. The process according to claim1 wherein said
solid-liquid displacenent zone is operated in
wa@eontiorasous node. 9. The process accordi ng to BPCHURA2003/038305

wherein said slurry product is formed w thout

hydr ogenation. 5 10. A process gg produce a purified
carboxylic acid product said protess conprising: (a)
renmoving inmpurities froma crude carboxylic acid

sl urye crAam:sol i d-1iquid displacenent zone to forma
slurry product; (b) oxidizing said slurry product in a
staged oxidation zone to 10 form a staged oxi dation
product; (c) crystallizing said staged oxidation

prodyct ip a crystallization zone to forma .
Crystal | 1 SaofesiodRroudGe aflungprdict said Bratess cogprising
claim 10 further conprising cooling said crystallized
product i FPMBOVBGIMRAYritemiEoNA eride carbewlisagidisiuriyda aisplid-
carboxylic acid slurry. 12. The process according to
Sclai m 11 Hquid leésplacamentsiang tbifone saityslar progudtonal |y
drying said cooled purified carboxylic slurry in a
filt2ati ofihe pnocelsydcgrding ¢o thairnematerein Baidt $okd-Rfuid he
solvent fromsaid cooled carboxylic acid slurry to

produce saisglaeehidrit©8ns bRMHFKLE & %if?lqgﬁb %B%@dr-thé@is

The process according to claim 10, wher el n

ol o- 11 b8 el B AR ERBLBRNROI 236 dbout 200 <c.

tenperatu bet ween abouyt g{gc,toaout_ZOQ C.. W .
2004 0528@89,5@(;&}%; Rg 4@ slaim 1 wherein said solid-liquid

10 displacement zone comprises a solid-liquid separator that is
operated at a temperature between about 140 °C to about 170 °C.

4. . The process according to claim 2 wherein said solid-liquid
displacement zone comprises a solid-liquid separator that is
op.erated at a pressure between about 30 psig to about 200 psig.

15 5. The process according to ciaim 1 wheréin said solid-liquid
displacement zone comprises a decanter centrifuge.

6. The process according to claim 1 wherein said solid-liquid
displacement zone comprises a solid-liqu'lid separator selected from
the group consisting of a belt filter, a rotary vacuum fiiter and a rotary

20 disk pack centrifuge.

7. The process according to claim 1 wherein said solid-liquid

displacément zone is operated at a pressure of less than about 100

psia.



-24 14. The process according to claim10, 11, or 12
wherein said crude carboxylic acid slurry conprises

wo esoafobasb@l i c aci d, catal yst, acetic acid, anpCT/US2003/038305
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inmpurities that is wthdrawn at a tenperature between
about 110C to about 200C fromt primary oxidation
zone. 5 15. The process accorditTig to claim12 wherein
said solid-liquid displacenent zone conprises a

sol igl- i aphgl &%%%E%Ic@c?rd’ﬁ?d ®hi5th flrvﬁﬂ'@rehr%eal@%ﬁcﬁ’—lligléirci

consi st ng O a bel 'ter, a rotary vacuum

and a rota C rocess
accordi ng é’lac?n‘n@ht %%:é\fdﬁe' oﬁﬂatré’feisjgﬁg;oaﬁrﬂ? rglogﬁmry i's

10 f rmad hout hydro 7, The progess )
accog?dl ngTP‘% RIPSESH Cbco%ﬂ Z‘? ﬁ%é'ﬁléwbﬁﬁ“i‘ﬁ éPUVrpyOdUCt is
pr oduct g‘a b* of Less than about 4.5. 18. The
process QEB?GIVHE]OPB YdreegnatioRwher ei n sai d cat al yst
conprl ses cobalt, nanganese and brom ne conpounds. 15
19. The p?\@é@%ﬁﬁsé@quﬁga poriiedcaibogylithacidiptodiet said process
cobalt and manganese conbined is present in
concent r ataropigsiog: about 150 ppm to about 3200 ppm by
wei ght in the crude carboxylic acid slurry and the

brom ne can (&erenoveipesirtiatifm addrua®edibodi®BBld Qurry in a
about 5000 (%)gm by wei ght in the crude caroé%xyl iC am%ll

slurry. 20 %th-ﬁg §;ﬂ§cérﬂerﬁ’tr£ﬂ+é°t% f@(ﬂ‘éréljt{gq)rodu?t

car boxylic acid uct conpri sing

ol lc139g'ogby%d‘;’%&a@@?gﬁg#“f’&'h$88¢§l1ﬁ:at§t§§%? :sfgngers to
e e o oS bl SA IO Grodbbf] o1 urry comr i ses
(c) crystallizing said staged oxidation product in a crystallization
zone to form a crystallized product.

11.  The process according to claim 10 further comprising cooling said
crjstallized producf in a cooling zone to form a cooled purified
carboxylic acid slurry.

12.  The process according to claim 11 further comprising filtering and
optionally drying said codled purified carboxylic sl:urry in a filtration
and drying zone to remove a portion of the solvent from said cooled
carboxylic acid slurry to produce said purified carboxylic acid
product.

13.  The process according to claim 10, 11 or 12 wherein said solid-liquid
displacement zone comprises a solid-liquid separator that is

operated at a temperature between about 50 °C to about 200 °C.
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inpurities that is withdrawn at a tenperature between

W@ bews2820C and about 170C fromthe oxi dati on PET/US2003/038305
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paraxyl ene in a primary oxidation zone; (b) oxidizing
said slurry product in a staged oxidation zone to 5
forma staged oxidation product4<“wherein said
oxidizing is conducted at a tenperature between about

190(%;%0 n%ro%%@s gbccﬂﬂﬁlggfﬁgﬂ%bgmsﬂ %rglg Wﬁeirgﬁn é.aﬁd %Pude

a higher tenperature in ged’ axi on ~zone

than in sgj lmary oxidation zone; (c). crystallizing ..
saia st agaioeBlRILA Y Sanaoes el licHald a8l Heti
zone to forma crystallized product; (d) cooling said
crystal | 1344 %T‘ﬁ'&ﬁt‘{“%ﬁﬁ thatis, ﬁﬁﬂ@%ﬁéa#%mpsraw between
cooled purified carboxylic acid slurry; and (e)
filteringakowl 14p¢ dmabbyt 206/Criorndhe priowary @xjslationi zane.

carboxylic slurry in a filtration and drying zone to

renole a The piczesshctdreinbtosshhiven? wiepsinssziidl sendligdid
carboxylic acid slurry to produce said purified

car boxyl i isRabEMBROERHE cordprised #506RRGUIHSSYP Sefocted from
purified carboxylic acid product conprising: (a)

oxi di zi th@%@ﬁ@%ﬁﬁ%i@}r{f% BERRilfel %brg;t(y :vg@g%fndﬁlter and a rotary

oxi dation z a crude car

slurry; rein said.crude carboxylic 20 acid slurry
conpr i se\émgléﬁagﬁf’ﬁ%w@eaci d; wherein said oxidizing is
t nper at ure bet, n about 120C to about

500 " C(HJ° piase? RGCHHIG tocAih L7 yHeIoBiSEA RUBfRRSITY is
zone | npuf{)irr%iag ?Nitfhz)ﬂ’[n h;ldrogenation.

17.  The process according to claim 15 wherein said purified slurry
product has a b* of less than about 4.5,

18.  The process according to claim 14 wherein said catalyst comprises
cobalt, manganese and bromine compounds.

19.  The process according to cléim 18 wherein the cobalt and
manganese combined is present in concentrations of about 150 ppm
to about 3200 ppm by Wéight in the crude carboxylic acid slurry and.
the bromine can be in concentrations of about 10 ppm to about 5000
ppm by weight in the crude carboxylic acid slurry.

20. A process to produce afpuriﬁed‘ carboxylic acid product comprising:
(&) removing in a solid-liquid displacement zone impurities from a

crude carboxylic acid slurry to form a slurry product; wherein said

crude carboxylic acid slurry comprises terephthalic acid, catalyst,



crude carboxylic acid slurry to forma slurry product;
wherein said WO 2004/ 052820 PCT/ US2003/ 038305 -26

W@ eawd®s820 boxylic acid slurry conprises terephP@EHUS2003/038305
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acid, catalyst, acetic acid, and inpurities that is
wi thdrawn at a tenperature between about 140C and
about 1700C from the oxi dati on"%of paraxylene in a
primary oxidation zone; 5 (c) oxidizing said slurry

product iRefs %E@g gﬂalh Qébgﬁﬁésofﬂaf %%i.t%?ﬁnoétr%%éﬁé%%gﬁgd

oxi dati on product; el n sal d oxl Ing i

at a tenperature, between about 19 to about 280 C

and wher GERVEL AROWY 0% EHQ(P?QO%% °ﬁif§q{83h?@%ﬁé¥t@ﬂlﬂfe
in said staged oxidation zone than in said primary

oxi dat i oRaFdfeneLn q glimery exidation zene;sai d st aged

oxi dation product in a crystallization zone to forma
crystal | {ked pxitiziog saidedlury prochurt fraa dtagedsddtibtiaedone to
product in a cooling zone to forma cooled purified

car boxy! fernaaistagédioxidatiom gradukt; WHdreini $¥d @x/lizing is conducted
optionally drying said cooled purified carboxylic 15

slurry i %ft %ttéyp%g%tf.l}éjﬁ?@*%ndéﬁ&ﬁg969@?0 ggoﬁ{sggg 5??%”‘1 wherein

portion o ven om sal d cool ed car

acid slurry, tao produc aid urified carhoxylic acid.

pr oduct . Sﬁ}é/j. owﬂ%rprlg@@}lgfg%rggm%a%e & %@'&%@?ﬂ oxidation

further conprijsing .decolori zjdg(rl:l in a reactor zone

sai d pur #PNedham fesig prignagy ofidefign zpner a 20

carboxylic acid that has been esterified. 23. The

process #&ekor drysjalizinglsaicstagediosidation paoduct in a crystallization

decolorizing is .
zone to form a crystallized product;
(d)  cooling said crystallized product in a €¢ooling zone to form a
cooléd purified carboxylic acid slurry; and
(e) filtering and optionally drying said cooled purified carboxylic
slurry in a filtration and drying zone to remove a portion of the
solvent from said cooled carboxylic acid:slurry to produce said
purified carboxylic acid product.

21. A process to produce a purified carboxylic acid product comprising: .

(@)  oxidizing an aromatic feed stock in a primary oxidation zone to
form a crude carboxylic acid slurry; wherein said crude carboxylic
acid slurry comprises tekephthélic acid; wherein 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 a

crude carboxylic acid slurry to form a slurry product; wherein-said
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solution with WD 2004/ 052820 PCT/ US2003/ 038305 -27

whyanosmpseo i n the presence of a hydrogenati on cRCHUSEN3/038305
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in a reactor zone to produce a decolorized carboxylic
acid solution. 24. The process accordlng to claim 20
or 21 wherein said solid-Iiquid® ~di spl acement zone
conprises a solid- I|qU|d separator that is 5 operated
at a tenperatur bout 50 .C t

25. “The M@‘%@%&Vh? GENTHY) Epmprvantes pat%avm@fsd gatalyst,
said purified slurry product has a b* of |ess than
about 4. SACEHig ackh Aristigirssibies Had itvHEd ey T pbR ferpperature
wherein said catal yst conprises cobalt, nmanganese and
br omi ne dmipeandboul 0407 amtl@bpubtZe ﬁon'othebio@datmn of
claim 26 wherein the cobalt and mnanganese conbined is

present igaraylenstn atgrivnary @xidaiontzoh@50 ppm to about
2700 ppm by weight in the crude carboxylic acid slurry

and the t{g? m rl?)(l&l%ﬁ\g%%l% @lu&gﬁﬁﬁdﬁ&% 'a%‘tég@d gﬁm%n 19P8 to

ppmto out 2500

o ol mfomztege S syl ISP R oo
ggr bZX)s/: ﬁ%‘;‘%ﬁ@é&%@% élastg@t %%&p%lg%ﬁﬁcb Angh wherein

21. 30. A staged oxidation product produced by the

process ofaidloxidizing is at3d highet toraperiature énl spidostaged oxidation

produced by the process of claim?21.
zone than in said primary oxidation zone;
(d) crystallizing said staged oxidation product in a crystallization
zone to form a crystallized product;
(e) cooling said crystallized product in a cooling zone to form a
cooled purified carboxylic acid slurry; and
(f)‘ filtering and optionally drying said cooled purified carboxylic
slurry in a filtration and drying zone to remove a portion of the
solvent from said cooled carboxylic acid slurry to produce said
purified carboxyiic acid product.

22. The process according to claim 20 or 21 further comprising

decolorizing in a reactor zone said purified carboxylic acid slurry or a
carboxylic acid that has been esterified.

23.  The process according to claim 22 wherein said decolorizing is

accomolished by reacting said crude carboxylic acid solution with
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25.

26.

27.

28.

29.
30.

31.
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hydrogen in the presence of a hydrogenation catalyst in a reactor
zone to produce a decolorized carboxylic acid solution.
Theﬂprocess according to claim 20 or 21 wherein said solid-liquid
displacement zone comprises a solid-liquid separator that is
operated at a temperature bet;Neen about 50 °C to about 200 °C.
The process according to claim 20 or 21 wherein said purified slurry
product has a b* of less than about 4.5.

The process according to claim 21 wherein said catalyst comprises
cobalt, manganese and bromine compounds.

The process according tb claim 26 wherein the cobalt and
manganese combined is present in concentrations of about 1050
pprh to about 2700 ppm by weight in the crude carboxylic acid slurry
and the bromine can be in concentrations of-about 1000 ppm to
abbut 2500 ppm by weight in the crude carboxylic acid slurry.

The process according to ciéim 1, 10, 19, 20 or 21 wherein said
crude carboxylic acid slqrry comprises terephthalic acid.

A slurry product produced by the process in claim 21.

A staged oxidation product produced by fhe proc"ess of claim 21.

A crystallized product produced by the process of claim 21.



