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OXI DATI VE PURI FI CATI ON OF TEREPHTHALIC ACID FIELD OF
WO DMERFISCN 5 The present invention relates to BCPUSHEF838306

for the purification of a crude carboxylic acid,

slurry. Mre specifically, the present invention

relates to a process conprisinglthe steps of

di spl acing at el evated tenperatures, nother |iquor
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liquid displacenent zone to forma purified
carboxylic acid slurry. BACKGRASNB OF THE | NVENTI ON:
15 Terephthalic acid is commercially produced by

oxi dation of paraxylene in the presence of a

catal yst, such as, for exanple, Co, M, Br and a

sol vent. Terephthalic acFELDOF INVENTEION oduction of
mpol yester fibers, filnms, and resins nust be further
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terephthalic acid product out of solution, and )
separmB@inggligur feimiaicrysiebizre hapduct gingddgslurtyinghihererystallized
liquid as discussed in U S. Patent No. 3,584, 039

1ther eiprodluetdo persepadatied in afsliddigaid displacement zone to form a

purified carboxylic acid slurry.

BACKGROUND OF THE INVENTION:

15 Terephthalic acid is commercially produced by oxidation of
paraxylene in the presence of 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 further 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, hydrogenating the resultant solution,
cooling and crystallizing the terephthalic acid product out of solution, and
separating the solid terephthalic product from the liquid as discussed in U.

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



WO 2004/ 052821 PCT/ US2003/ 038306 -2 In many processes
colored inpurities fromthe benzil, and fl uorenone

wo 200il0528%1 ar e hydrogenated to col orl ess produckPGI/aszH03/038306
| eave the process with the terephthalic acid solid
product and wastewater streans. However, this
i nvention provides an attractive2process to produce a
purified carboxylic 5 acid slurry by utilizing a solid
liquid dlsplacenent zone conprising a solid liquid
separ at or laMaYrecessasespierest impekitias from the lrazi ﬁndfﬂuorenone
a crude carboxylic acid slurry product and prior to
f i nalfamiliesrane inydragemhatird/iongplorlSid\praRM ciSFantHE al NN rade s s w1th
10 In one enbodi ment of the invention, a process to

pr oddiee térephthatic atidesblidasrbaudt ard RAbGWRteH §ttearﬁs However, this
provi ded w thout the use of hydrogenation of the
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fromoxidation solvent as discl osed in US
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another enmbodi nventi on rocess_to
pr od{JUdECRETARY @ﬁa%efafedowr?eea@efﬁ%a@%%p atiqrhgr a érude
process conprising renoving inpurities froma
crystcarhexylia asidodluey product sadirdior tefinal fdﬁrgqmraa@wmmg
zone to formthe purified carboxylic acid slurry;
wherein the purified carboxylic acid slurry has 20 a
b* of less than 3.5; wherein the purified carboxylic
acid slurry is fornesUMMwmquaTHEdNQ{Emﬁown st ep.
I n anot her enbodi nent of this invention, a process to
qourify a staged

In one embodiment of the invention, a process to produce the
purified cérboxylic acid slurry is provided without the use of hydrogenation
of the terephthalic acid or a process separating impurities from oxidation
solvent és disclosed in US 3,584,039. Another examp!e of a process for

15 separating impurities from oxidation solvent is US 4,356,319.

In another embodiment of this invention, a process to produce a
purified carboxylic acid slurry, the process comprising removing impurities
from a crystallized product in a solid liquid displacement zone to form the
purified carboxylic acid slurry; wherein the purified carboxylic acid slurry has .

20 a b* of less than 3.5; wherein the pufified carboxylic acid slurry is formed
without a hydrogenation step.

In another embodiment of this invention, a process to purify a staged

oxidation product the process comprising removing impurities from the



oxi dation product the process conprising renoving
inpurities fromthe WD 2004/ 052821 PCT/ US2003/ 038306

WO 300305032t oxi dation product in a solid |iqui dPCT/US2003/038306

di spl acenent zone to forma purified staged oxi dation
product; wherein the purified staged oxidation

product has a b* of |ess than 335; wherein the
purified staged oxidation product is formed wthout a
hydr ogenati on step. 5.1 n angther, enbodi ment of this

| hveTtagen oxidagh g i

acid slurry is provided. The process conprises _ '
r emoiirifigd $taged esidagion ipsedustaviereinc theepitrifiedraiaged oxidation
inmpurities froma crystallized product to formthe

pur i prioddcthadbey|df tesschen $1.5iwhereishibegunificdestagad dxidation
liquid displacenent zone conprises a solid liquid

sepapbott klfaimées wibeuta Ydgenafion kripper at ure bet ween
abozﬂts 140 C to about 160 g;fﬂg i

afpBfEadugt dn grsokd iguid displarement gendindprmea

wherein the solid liquid

5Separ at or |y %&ﬁléléé\l%lﬁggilnﬁarﬁ‘ of 818 irUeptiSn "R g%ce%ggo produce a

wherein the so
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inmpurities froma crude carboxylic acid slurry in an

opt i fernalthegurifiedicgrbaxylic epidatwinsrwhereinethesdlidrliauid

slurry product; (b) oxidizing the slurry product or

t he displdeemandaspé icomucisds alsatidYiquidsepashtogdtht is operated at a
oxi dation zone to forma staged oxi dation product; (c)

10CT Y Sfedhpdratrd bdiResh 886G 0 @atd 9holt B &t: \A/ﬁ'e%in the solid liquid

15

20

crystallization 20 zone to forma crystallize
prodéjct' far}d . . . : . e
epdrator is operated in a continuous mode; and wherein the solid liquid

separator is operated at a pressure of less than about 70 psia.

In another embodiment of this invention,l a process {o produce a
purified carboxylic acid slurry is provided. The process comprising:

(2)  optionally, removing impurities from a crude carboxylic acid
slurry in an optional solid liquid displacement zone to form a slurry product;

(b)  oxidizing the slurry product or the crude carboxylic acid slurry
in a staged oxidation zone to form a staged oxidation product;

(¢)  crystallizing the staged oxidation product in a crystallization
zone to form a crystallized prbduct; and

(d)  removing in a second solid liquid displacement zone
impurities from the crystallized product to form the purified carboxylic acid

slurry.



(d) renmoving in a second solid |iquid displacenent
zone inpurities fromthe crystallized product to form

wo ba4psesef i ed carboxylic acid slurry. WO 2004POBERSRA3/038306
PCT/ US2003/ 038306 -4 In yet another enbodi ment of
this invention, a process to produce a purified
carboxylic acid slurry is provieed. The process
conprises: (a) optionally, renoving inpurities froma
crude carbpoxylic acid slyrry in an optjonal solid
liquid di E’bl &t eretier sarhodigenpfinis iaventap. grFagess to produce a
(b) oxidizing the slurry product or the crude
car bexijiied cadodylig agie plumnisaprevidgdd Thwei pracesmcempases:
forma staged oxidation product; (c) renbving in a
solid liq(a)d doptivreadlynesrovingémpurtias fromsa Enuala cdrbexylic acid
staged oxi dation product to forma purified staged
oxi dslurgin pinoshtiinal seiRMliduid Gibpladersdratlongitd ot @ slurry product;
purified staged oxidation product in a
crystal |l i gat i ORyiges; efd L1 -Co i
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aci d product. Tﬁese obj ect's; er o
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DESCRI PTI OF THE DRAW Fi gu is a schematic  of

Che 1 hvent@ve [BEYEG 1§ B RUCT,SadlErSwapLe e FRPYEHES from
of carboxylic acid wherein a |liquid displacenent zone

i s uthe staead sxidatiopHeoduside 401 2anirdad staged oxidatio peoduct;

2 is a schematic of the inventive process for the
and

10 (d)  crystallizing the purified staged oxidation product in a
crystallization zone to form the purified carboxylic acid product.
These objects, and other objects, will become more apparent to-

others with ordinary skill in the art after reading this disclosure.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic of the inventive process for the
oxidative purification of carboxylic acid wherein a |iquid displacement zone
is utilized after the crystallization zone.

20 Figure 2is a so"hematié of the inventive process for the
oxidative purification of carboxylic acid wherein a liquid displacement zone

is utilized after the staged oxidation zone.



oxi dative purification of carboxylic acid wherein a
liquid displacenent zone is utilized after the staged
wo@ziodasisen zone. WO 2004/ 052821 PCT/ US2003/ 038BOBUS2083/038306

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

I nvention provides a process for the purification of a
5 crude carboxylic acid slurry. -Fhe process conpri ses
the steps of displacing at elevated tenperatures

not her |iquor froma crystallized product and
reslurrying the crystallized product in a solid liquid
di spl acenent zone to forma purified carboxylic acid
slurry. Crude tRHEEAMBRDESGRIRTION OFnIEHINVENTION®mde
via the liquid phase 10 air oxidation of paraxyl ene
in the presence of a suitable oxidation catal yst.

Sui t abl e cricpiseht FOBRIGT Bfovided £pfdcedd fostBegiirfidation of a
from but are not limted to, cobalt, brom ne and

el oot 286 cAMRgHE St M TRERrAC s s i stong of isplacing
not Ij.m al i phatic .. nopo-carboxylic i.ds

or ef et i et femPrYR ong? B i lsnSiafipod froduct and
benzoi ¢, acid and m xtures thereof and_.m xtures of

t hes dCELHRYHIh W@tﬁ}“zﬁgtpé?duqiﬂréﬁe‘ﬁoﬁ@ |“9urfir£§sp§ap%r@ﬁﬂt 7Qne to
acetic acid mxed with water, in a ratio of about 5:1

t o adeun eppurifiedearbexyisl acibelwiyen about 8:1 and about

20:1. Throughout the specification acetic acid wl|

be ref erre@ruide &srephihatiobeiens contientivnaily mddesviaithd ligeid phase
appreci ated that other suitable solvents, such as 20

10 hos exiflbRiabBSL df ParRyeneBYha@ pfssehee b bl duftBle Hadsirbcatalyst.
di scl osing the production of terephthalic acid such

as 4, dpthblS Catlifhts cIMPriddd aflcBshEhé Q¥Iected from, but are not limited

to, cobalt, bromine and manganese compounds, which are soluble in the

selected solvent. Suitable solvents ihclu'de, but are not limited to, aliphatic
mono-carboxylic acids, preferably containing 2 to 6 carbon atoms, or

15 benzoic acid and mixtures thereof and mixtures of these compounds with
water. Preferably the solvent is acetic acid mixed with water, in a ratio of
about 5:1 to about 25:1, prefelfably between about 8:1 and about 20:1.
Throughout the specification acetic acid will be referred to as the solvent.
However, it should be appreciated that other suitable solvents, such as

20 those disclosed herein, may also be utilized. Patents disclosing the
production of terephthalic acid such as 4,158,738 and 3,996,271 are hereby

incorporated by reference.



i ncorporated by reference. WO 2004/ 052821
PCT/ US2003/ 038306 -6 In an enbodi nent of this

WO pwensison a process to produce purified carbPXyUS03/038306
acid slurry 190 is provided in Figure 1. The process
conprises renoving inpurities froma crystallized
product in a solid liquid displ-&cenent zone 180 to
formthe purified carboxylic acid slurry 190; 5

wherein the purified carboxylic acid slurry 190 has a

b* of |es§ntaﬁa¢m§9<§rner\mém$ #PVtGHEO'b@rF?rPP@%Py toaposhkge ipirified
acid slurry 190 is forned without a hydrogenation :
st ep.campexyielacyl slugyil®0sie paeddedin Ziguee 180 he process comprises
inmpurities, crystallized product 160, and purified

car baoggylovingaimplirities from 29ystakized pretkst in Aedlid liquid
subsequently 10 in this disclosure. |In another

enbodiigiaderaént Xorke 180 &fdrethedupiied @afbd§1ie atid Nudry 190;
staged oxidation product 110 the process conpri sing

g em%ﬁ&%i{gﬂﬂie[ﬁdéiﬁ%a éa@@ﬁyéitai%gid élhﬁ? q90hddab* BFlesg ghan 3.5;

pr oduct sol | dr spfacenent zone
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of less than 3.5; wherein the purified staged .
oxi dAVAREeiialignteR65 is formed without a

hydrogenation step. The solid |iquid separation zone

180, i npurlihe eddid lnuid)sapasatidazooa 180: wapuities1 oryséallized product
the purified staged oxidati on product 165 are all
descridfedndsuhisied warbdxylic mcidsierrdi190lzve wilelesZfibéd subsequently

anot her enbodi nent of this invention a process to
1@ 0dug &nid disclosure.

In another embodiment of this invention, a process to purify a staged
oxidation product 110 the process comprising removing ifnpurities from the
staged oxidation product 110 in a solid liquid displacement zone 180 to
form a pﬁrified staged oxidation product 165; wherein the purified staged

15 oxidation product 165 has a b* of less than 3.5; wherein the purified staged
oxidation product 165 is formed without a hydrogenation step.

The solid liquid separation zone 180, impurities, staged oxidation
product 110, and the purified staged oxidation product 165 are all described
subsequently in this disclosure.

20 In another embodiment of this. invention a process to produce a
purified terephthalié acid slurry 190 is provided in Figure 1. The process

comprises:



purified terephthalic acid slurry 190 is provided in

Figure 1. The process conprises: W 2004/052821
wEROMANSRO03/ 038306 -7 Step (a) conprises optiPCEUE2003/038306

renoving inmpurities froma crude carboxylic acid

slurry 30 in an optional solid liquid displacenment

zone 40 to forma slurry produc?- 70; A crude

carboxylic acid slurry 30 conprises at | east one

car boxyl i g ci catal yst, at |east one sol vent,

and i npur .S’fﬁe@ COMAPFISRE AMiONA!Y remauinggMpgsilien &rom a crude

tenper atures between about 110C and about 200C,

pr ef @eaXylic AsisLslury 80 in@nadptional Soiid Hqusdndispiacement zone 40 to

primary oxidation zone 20 wherein an aromatic

f eeddome la MOy pygducl70y par axyl ene is oxi di zed. The

impurities typically conprise one or nore of the

fol I owi ng /¢ eRRpRUWHBOX lcjéél&élbh?mﬁ%%é{ﬁ@ast one carboxylic

trimellitic acid, and 2,6-d ica rboxyfl uo re non
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Generall the cru I|c Ci Iurr 30|s

pr odm?é‘l:}‘(:t}/e;rﬁt eRRep r%%gpﬁveg Ngoé %lggptg@,qec,zgreferably
an aromatic feed stock 10. In one 15 enbodi nent, the

ar omgbiogt fl 48%s twakodlohfllCsfeamphe axyrinary. oxXidatiqr zores 20 wherein
oxi dation zone 20 conprises at | east one oxidation

r eactapr aropiitictfeedstoukdo, t;@idéﬂ%b'ara‘xy%‘déjlssdwlﬁé(d 3ﬂ1e impurities
conprises at | east one carboxylic acid. Generally,

e PHEAEATDAE b tr SR ond ofhgred e
1¢ar b%’é}‘t%)&benzaldehyde, trimellitic acid, and 2,6-dicarboxyfluorenone. The
solvent typically comprises acetic acid, but can be any solvent that has
been previously mentioned.
Generally, the crude carboxylic acid slurry 30 is produced by
oxidizing in a primary oxidation zone 20 an aromatic feed stock 10. In one
15 embodiment, the aromatic feedstock comprisés paraxylene. The primary
oxidation zone 20 comprises at least one oxidation reactor, and the crude
carboxylic acid slurry 30 combﬁses at least one carboxylic acid. Generally,
the carboxylic acid is terephthalic acid.
Therefore, when terephthalic acid is utilized, the crude carboxylic
20 acid slurry 30 would be referred to as crude terephthalic acid slurry.
However, suitable éarboxylic acids include, but are not limited to,

terephthalic écid, isophthalic acid, naphthalene dicarboxylic acid, and

mixtures thereof. Crude terephthalic acid slurry is conventionally



20 acid slurry 30 would be referred to as crude
terephthalic acid slurry. However, suitable
W@ 200B0538ki ¢ aci ds include, but are not |imtedP€DUS2003/038306

terephthalic acid, isophthalic acid, naphthal ene
di carboxylic acid, and m xtures thereof. Crude
terephthalic acid slurry is convdntionally WD
2004/052821 PCT/ US2003/ 038306 -8 synthesized via the
I|qU|d se 0Xi n of paraxylene_.in th

sonfrEs 0k ik i PaeBP pRie N ar spreniata Begresence o
|nclude but are not limted to, cobalt, nanganese
and SHERPIROXGAHSR FRIZIYSWnPeikAtle satalysininclude, v are not limited to,
sel ected solvent. 5 The crude carboxylic acid slurry
i n cenbalttmaogasesednd dreminepranopaiindss wihich diegsoldble in the
di spl acenent zone 40 capabl e of renoving a portion of
t he Isefpdtet soloshii ned in the crude carboxylic acid
slurry 30 to produce the slurry product in conduit

50. The ramav@lidelcatbBefit e Rirry 'l’H%cE7 S ﬁ'OTQfe@rthéﬂ'Fggtlonal

a slurry product in conduit 70 can be acconplish

lalméu%gﬂ&‘ﬁgﬁlp Ih@ %8%8’11%&6 ca XBI ecgl é%’fov rﬁ;da ?)ﬁl’tgﬁl\ of the liquid

h
of a cABEARE rnthkeéqﬁﬁéi%‘ébtiodxyﬁégé?piﬁ@m%W&m‘?&%‘i&% o Surry
belt filter, rotar%pvacuumfllter and the |ike. The

cr ud@TRABHX gPNAUILED oT B temMQValwf ecpritipn othe kquid do peoduce a
the optional solid 1liquid displacenent zone 40
conpsiwinngrogusbin ebriduifud tcare paratomplidie bplang mMéans known in
liquid separator is operated- at tenperatures between

10;?8%&héaﬁc'ﬂypn@iﬂ9uthe siRGiquiy @a‘sgra@bmenlé@ﬁem comptises a solid
and at pressures between about 30 psig to about
200 PgLid selRalo? ThalGs s8It SRARNE YraY chRSIERRY68a WelBnter

centrifuge, rotary disk centrifuge, belt filter, rotary vacuum filter, and the like.
The crude carboxylic acid slurry in conduit 30 is fed to the optional solid
liquid displacement zone 40 comprising a solid liquid separator. The solid

15 liquid separator is operated at temperatures b.etween about 50°C to about
200°C, preferably 140°C to about 170°C and at pressures between about
30 psig to about 200 psig. The residence time can be any residence time-
suitable to remove a portion of the solvent and produce a slurry product in
conduit 70. The optional solid liquid separator in the optional solid liquid

20 displacement zone 40 may be operated in continuous or batch mode,

although it will be appreciated that for commercial processes, the

continuous mode is preferred.



suitable to renove a portion of the solvent and
produce a slurry product in conduit 70. The optional

W@ elo@sIsequi d separator in the optional solid PCUSZHORS306

di spl acenent zone 40 may be operated in continuous or
batch node, although it will be appreciated that for
conmerci al processes, the conti%uous node is
preferred. WO 2004/ 052821 PCT/ US2003/ 038306 -9 The
inpuritie% are displaced fromthe optional soli

liquid diB

wi thdrawmn via line 60. Additional solvent is fed to

t he displasgmend aond 40 iqu mothies fijueeant withdrawd giadire 60.

line 50 to reslurry the crude carboxylic acid slurry

30 aAdditional soleéntris yedtathediptibnZOsolithiuie tisptadentiifizone 40 via
is wthdrawn fromsolid Iiquid displacenent zone 40

Vi a lind180 €9 rédldrry # Eh R Scatb &8)liv &fid slh)’@' :ﬂﬁéwf@rﬁ?é Isfurry

%I'@@H%@ﬁ argofisplaeed fom H’tﬁwtonal gakx llqmd

catal yst, “and brom ne conpounds. “The not her

5I ' qu?lroduﬁt ) ”?h@?ndfﬁé!r lfdrutop‘r;‘srwﬁ drad frBr(t\ scﬁdqf@?oeai%‘rl) [¥ement

ating 1 npuriti om oxl dat1 on sol vent rom

oo i Wé@@@ﬁ Cér%%ﬁéé’ﬁﬁgéﬁi?#@ééﬁfy@q#w% catalyst,

renmoval fromthe noth quor, conmonly used in th
chenPRGPIYPEGSANPYUR uE'?EP (othertligugr it B0 ghay ﬁlﬁ'ﬂ%{ebe sent to
some portion of the recycle stream Typically, the

pur g@ pseeesenior sepanaiing impufitieseiionf oxddatiarf solvent from via lines not
economcally justified, subjected to various

t r easnman ®r mcy(mmmmmyﬂ@ystémww linesesotdidwn. One
recovering val uabl e conponents. Exanples of inpurity

1015 I RiERN ueﬁbﬁﬁﬁéaﬁg refRVHdPork.-the n?&héﬂﬁ%%r%o?ﬁﬁ%oﬁﬁﬁused in the

15

20

and U. S. Patent
ref epglififal processing industry is to draw out or "purge” some portion of the

56, 319, herein incorporated

recycle stream. Typically, the purge stream is simply disposed of or, if -
economically justified, subjected to various treatments to remove undesired
impurities while recovering valuable components. Examples of impurity
removal processes include U.S. Patent# 4,939,297 and U.S. Patent
4,356,319, herein incorporated by reference.

Step (b) comprises oxid‘lzing the slurry product 70 or crude
carboxylic acid slurry 30 in a staged oxidation zone 80 to form a staged
oxidation product 110.

In one embodiment of the invéntion the slurry product 70 or crude
carboxylic acid slurry 30 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



Step (b) conprises oxidizing the slurry product 70 or

crude carboxylic acid slurry 30 in a staged oxidation
wQ@ome/0882t 0 form a staged oxidation product 1BOT/US03/088306

one enbodi nent of the invention the slurry product 70

or crude carboxylic acid slurry 30 is withdrawn via

line 70 to a staged oxidation zelfe 80 where it is

heated to between. about 190C to about 280C and WD

2004/ 052821 PCT/ US2003/ 038306 -10 preferably between

aboutprefably beiween apsoi e tourhawd 25056 dingdurtivet exidized wnth

air fed by line 100 to produce a staged oxidation

pr odugt fetilify lind1¢06 ta grdiuesicisthged oxidatioBhrodugiri1ges at

| east one staged oxidation reactor vessel. The crude

car boxyl i cresdgeliWxidatidh 2Bhe Joédniprsdy 20BESt dife ét%ged

fed to the stagéd oxidation zone 80 The term "stagéd

nean§¥x1(§£{ﬂ)tn Fe%%&cg')v&gé‘él' Ghe d;?rﬁHé %al‘ﬁb@ﬁ{: %cfd@uﬂ/'ﬁa&yslurry

oxi dat'i on zone I'SC [ evi ou

oo R PECLANS TR0 6 Z%f%ﬁﬁ §Jaipaexa”%ﬁm%ﬂns‘s%%e%" means

reactor vessels in series. 10 V\hen t he carboxylic

aci d that thereptation eecuse indbothibe primasy exidatiepizope 2 digcussed
slurry 30 or slurry product 70 in the staged oxidation
zone [@eviotslyms well aarn thd staged oxidedion @onel8l. fFor dxanpld, the
to between about 190C to about 280C, preferably

bet wegtaged oxidaBBA Cohe 8aluint cotdise stadedexidatiphatacbhgssels in
bet ween 205 C to 225C and further oxidized with air or

a 15 goigsce of nol ecul ar oxygen fed by line 100 to
produce a staged oxidation

10 When the carboxylic acid is terephthalic acid, the crude carboxylic
acid slurry 30 or slurry product 70 in the staged oxidation zone 80
comprises an oxidation reactor that is heated to between about 190°C to
about 280°C, preferably between about 200°C to about 250°C, and most
preferably between 205 °C to 225°C and further oxidized with air or a

15 source of molecular oxygeﬁ fed by line 100 to produce a staged oxidation
product 110. Generally, oxidation in the staged oxidation zone 80 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 any

20 means known in the art. Thelstaged oxidation zone 80 is operated at a
temperature and pressure sufficient that the b* color of the staged oxidation
product 110 is Iess than about 4. Preferably, the b* color of the staged

oxidation product in conduit 110 is less than about 3.5. Most preferably, the



product 110. Generally, oxidation in the staged

oxi dation zone 80 is at a higher tenperature than the
w@ziodasisen in the primary oxidation zone 20 toPCEORZNE38306

the inpurity renoval. The staged oxi dati on zone 80 can

be heated directly wth solvent vapor, or steamvia

conduit 90 or indirectly by any120 neans known in the

art. The staged oxidation zone 80 is operated at a

tenperature and pressure. sufficient that the b* col or

of t ’t[’-_\c%'@éﬂbﬁ‘eo&t?aﬁé Pyiatign 86%@{0" ineonduif $4Q istlggs than about 3.

about 4. Preferably, the b* color of the staged '

oxi dabedn geledaeneial the tueecolor @tiribulessmeaduiedaibat

3.5. Most preferably, the WO 2004/ 052821

PCT/ sjs2¢tesioopia@fiectahtedbasedlinstrimenthél et agjedcan be measured

oxi dation product in conduit 110 is |l ess than about 3.

The by angldBvideskioven bf thehet. t At-hmteoUtasehh M Is@siment is

nmeasured on a spectroscopic reflectance-based

51 nst wi@awga gf?gs@}/&mg At PIRBRFRMindY sighiYy ﬁ\%vaégfree of

known i n unter U trascan XE I nStrunment 1s

5 typj | . y e .
ot gnP PO I ARG S! ek BB TiedaRE el 3l T degree
whil e ive readin signi fy the degree of blue
(or QBE@@%§58538&9§8?E%Mﬁﬁ dditional air or nol ecul ar
oxygen nmay be fed via conduit 100 to the staged . ‘
oxi dat i on ggHONgbalr or MplecHiamRXVesEe8a% Pe fed Viseefduit H00 to the
substantial 10 portion of the partially oxidized
pr odatagedsurdthation Zorea8h oxgm emanind ekgelssary teBridizena subkstantial
crude carboxylic acid slurry 30 or slurry product 70

10t 0 t pertiorosfrtae paniibliyoxidizdd pydductasich asdrerbbiyhenatildehyde

| east 70% by weight of the 4- CBA is converted to
t er epiORA ) ifs tAS ictudecdrBBxylicatid sRxiyasy bPSluAYHodlet 70 to the
corresponding carboxylic acid. Generally, at least 70% by weight of the 4-
CBA is converted to terephthalic acid in the staged oxidation zone 80.
Preferably, at least 80% by weight of the 4-CBA is conve.rted to terephthalic
15 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 act as a chain
terminator during the condensation reaction between terephthalic acid and
ethylene glycol in the production of polyethylene terephthalate(PET).
20 Typical terephthalic acid product con.tains on a weight basis less than about

250 parts per million (ppm) 4-carboxybenzaldehyde and less than about

150 ppm p-toluic acid



Preferably, at |east 80% by weight of the 4-CBA is
converted to terephthalic 15 acid in the staged

wo@ziodasisen zone 80. Significant concentrati onsPOf/US2003/038306

car boxybenzal dehyde and p-toluic acid in the
terephthalic acid product are particularly
detrimental to polynerization prldecesses as they act as
a chain termnator durlng t he condensation reaction

B?LS’E’?? o BRAe pabrgule SRpain h%aﬁ&ﬁg%pﬁprs ”ryté‘r%ducm

Typi cal, terephthalic acid product contains on i ght
basi §0liBlossqlufion apirrephthsiic paidtrariees are ﬂls§ﬁlv€§pﬁﬂd re-
4- car boxybenzal dehyde and | ess than about 150 ppm
p- t olctistallizediingtaged oxideiiez zoRECTE0ISOEQas BiedB (t stag@d oxidation
Impurities in the crude carboxylic acid slurry 30 or

sl ur zgneBOds atithdBawy id liter1 EHand fatea résovephbiistehtwhere the
acid particles are dissolved and re- crystallized in

55t aged|vent BaehfivedGrsim t® off§hd Sé‘l%f)liléiﬂﬁ‘\}o'iﬁllébgt%gﬁ? ggmpounds

oxidation zone 80 is withdrawn v | 'ne 105

% rom{ (RS 13 R T Gob i e Pt Sy

br oi d b
exam1enelyon AP el ol af of Riadsi o %’itm product 110
d d 110 from t
St g BRTISHIEHBH cXSRIOBEONE A e NAaRAY 1 ITEH&Ta 10

Step (c) conprises crystallizing the staged oxidation
product 18dep (c)ecommisesyaysiplizingtthe stagaceoxidatiaropfosiuct 110 in a
a crystallized product 160. Cenerally, the

10cr y s caystallizdtionnzonent20L&0formngperystdizat gredatt 1802 Generally, the

crystallizer. Vapor product fromthe crystallization
zone ch@faliiZatiint ASHeYRD ¥ompliseeatlid8st G5 E8REMTLdr™Vapor product

from the crystallization zone 120 is withdrawn via line 130, condensed in a
condenser zone 150, which comprises at least one condenser and returned

to the crystallization zone 120 via conduit 140. Optionally, the liquid in

15 conduit 140 or vapor 130 in the condenser zone 150 can be recycled, or it

20

can be withdrawn or sent to an energy recovery device. In addition, the
crystallization offgas 170 from the condenser zone 150 is removed via line
170 and can be routed to a recovery system where the solvent is removed
and crystallization offgas comprising VOCs and pollutants may be treated,
for example by incineration in'a catalytic oxidation unit.

When the carboxylic acid is terephthalic acid, the staged oxidation
product 110 from the staged oxidation zone 80 is withdrawn via line 110

and fed to a crystallization zone 120 comprising at least one crystallizer



condenser zone 150, which conprises at |east one

condenser and returned to the crystallization zone
waz2e4esmeconduit 140. Optionally, the Iiquid iPCWBS2003/038306

conduit 140 or vapor 130 in- the condenser zone 150

can be recycled, or it can be withdrawn or sent to an

energy recovery device. |In additlden, the

crystallization offgas 170 fromthe condenser zone 150

is renmoved via line 170 and can be routed to a

r ecoWaeie ¥ys cepledite edemperaiore batweaan akowivid@°Cdadbout 190°C to

crystallization offgas conprising VOCs and pol |l utants

may foent a eatstallizetDpfoaiucet a0pbrefdrablyicisnenasdraturé betvdeen about
catal ytic oxidation unit. Wen the carboxylic acid is

t er ephpkd abaGH %Q°bb?n§§ti‘ﬂ@l@ré!31%‘4_§bi‘@ﬂ)17gf°@q Uthe BL8olor of the

fromthe staged oxidation zone 80 is wthdrawn via

line : [.L iy zat.i Z N

one PRI Bt A oISl b 880 4 85338 1o b ol o
PCT/ US2003/ 038306 - 13 where. it i.S coqgl ed_t
5 emp LIt B GER erUGIB fomd1 8505 1668 dnat 80 flgst pisfasebly. the
a crystallized product 160, preferably to a

t en‘pér 8PIQF & tex cielallized lrrodudf dccoaduib 6@ istleesthamst
preferably 150C t0l170C. The b* color of the .

crystal | i Zed qoysiallized procuwh d60 froh6 the srybedlizatibaode 120 is
Preferably, the b* color of 5 the crystallized product

i n coitddidwil 6@ lire 1&55T}'ﬂsiaa|3/3 e ciyesdlizeieretadt 460 fshBen fed
b* color in the crystallized product in conduit 160 is

| eSSdtr'ééﬂy B a V88sd %Matlcgiohédzt%)*oﬁh%dwdle&%/sf@%& Qrg)guct. When

crystalli'zation zone O 1s wthdrawn via line
G B I S NEN X I
Cr YL abiied LSa et D30 e o DO 0 26l 4 G oross
before being introduced into a process for recovering the terephthalic acid
as a dry powder or wet cake. |
In some processes prior to the present invention, the crystallized
15 product 160 was fed directly to a flash tank. The crystallized product 160
was cooled in the flash tank to typically less than about 90°C and fed to a
filtration and drying system. However, as previously stated 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
20 at elevated temperatures aftér oxidation of a erude earboxylic acid sturry
product and prior to final filtration and drying. The results of Examples 1 and

2 discussed subsequently clearly illustrate the significant purity



cooled in a vessel to typically a tenperature of
approximately 90 C or | ess before being introduced

WO pa0a/05e8pr ocess for recovering the terephthal i BCHUBZH03/038306
as a dry powder or wet cake. In sone processes prior
to the present invention, the crystallized 15 product
160 was fed directly to a flash-tank. The crystallized
product 160 was cooled in the flash tank to.typically
| ess than about 90C and fed to a filtration and
dr yi rigIREQ\arBaRtsNel &Fe aghieyeewhendng sofidiguickdipmiacement zone
invention provides an attractive process to produce a
pur i fofdbe paessntjnventiapiisiuseédirry by utilizing a solid
liquid displacement zone conprising a solid |iquid
separ at or J@pqt) evbmpatesl rérmoying &t arsetid éifuidrdispladatieahzone 180
of a crude carboxylic acid slurry product and prior

to fiingurities frioat tecryshiiedi preduding férés tHd purifed terephthalic acid -
Exanples 1 and 2 discussed subsequently clearly

1l usgiggt e the significant purity WO 2004/052821
PCT/ US2003/ 038306 -14 i nprovenents which are achi eved

when t he Ld W LLAW I f .
present i noaat PaRfiL i Ruas RERF Rl ARBH e cols Mz pragluct 160
inagsolid liguid dis cenent .zone ) _inpurities
t fom rotn ysfafiget 7nes Tof Glienon ¥ Aol fnudsplebegent zone 180,
terephthaljc acid 5 slurry. It has been surprisingly
f oundhertrifigh earhpeylie it gy 188 gantring signdigantly deas impurities,
crystallizer zone 120 is treated in a solid liquid
di splthersmnimprovieg 186 color lof theupriodiuet$ radbeed from thei aarboxylic
slurry 190 contains significantly |less inpurities,

10 her ednidi Mhe®oliddiquitedisplaeemeht kdvee P8O dukipsisBs edsttiddiquid

fromthe carboxylic

separator which includes, but is not limited {o a decanter centrifuge, rotary
disk pack centrifuge and other suitable solid liquid separation devices. In
the embodiment where the carboxylic acid is terephthalic acid, the level of
impuritiés in the purified carboxylic acid slurry is decreased by up to 60%. it

15 was completely unexpected that ;cerephthalic acid of this purity could be
produced utilizing the second solid liquid displacement zone 180 of the
present invention without the use of a process for separating impurities from
oxidation solvent as disclosed in U.S. Patent #4,939,297 or hydrogenation
as disclosed in U.S. Patent #3,584,039; both of which are herein

20 incorporated by reference. |

Thus, in one embodiment of the present invention, the crystallized

product 160 is withdrawn from crystallizer zone 120 via line 160 and is fed

fo a solid liquid displacement zone 180 comprising a solid liquid separator



10 acid. The solid liquid displacenent zone 180
conprises a solid liquid separator which includes,
wheio4os2sent [imted to a decanter centrifuge, POL/ES2003/038306
di sk pack centrifuge and other suitable solid liquid
separation devices. In the enbodi ment where the
carboxylic acid is terephthalic-laeid, the |evel of
inmpurities in the purified carboxylic acid slurry is
decreased by up to 60% It 15 was caonpletely o
unex&eew&%ﬁa@urﬂf@%ﬁm AaYliccacid sterofiniaendu (190 §he salid liqui
be produced utilizing the second solid liquid :
di spHisplasement gaae kP eamptriges psekidhquid seeataten In one
wi t hout the use of a process for separating inpurities
f r omembaditaenioof thelimeatttionghdisslidl tigeid sepathtsr cRatberdperated at
#4,939, 297 or hydrogenation as disclosed in U S

Pat epdmpsratfiés HedvebrBoaf 50PCEH apbat D80 eCharbther range is the
i ncorporated by reference. Thus, in one embodi nent o

o 1°, BEREARU RASPLL ey HEReSHBU S (PRI oy

and is fed to a solid liquid displacenent zone 180
conpPEBYeR) abad 12 7¢ turboweli 3e crndmore prgfesatdp between about
PCT/ US2003/ 038306 -15 to produce a purified

car baxgleCetoagtialit 960roCyand at predsutesl&bbvethe f&@hLFﬂ)int for the
liquid displacenent zone 180 conprises a solid liquid

Sepa%@{e@fed $EVORE FGTREUEE NhePd tﬁé‘?olﬁ@ﬁtﬁ@td&ﬂc%ﬁj, the

solid liquld separator can be operate

ot RS . OFSIERY 43 3tn 480 el o PR SbIGIR i sgpaptor in the
1655 Soiend bt i e A b Bl Sninous
£ T aaRr bata mote, afwuigh 1 will be Approciated that for commercial
processes the continuous mode is preferred.
TheMmuMbsamdSMmmdﬁmnﬂmsdmﬁqmddbmmmmeMme
180 in a mother liquor stream and withdrawn via line 185. Additional
15 solvent is fed to the solid liquid displacement éone 180 via line 183 to
reslurry the crystallized product and form the purified terephthalic acid
slurry. The purified carboxylic acid slurry is withdrawn from displacement"
zone 180, via line 190. Optionally, the purified carboxylic acid slurry in
conduit 190 can then be fed to a flash tank and flash cooled to less than
20 about 90 °C.
In other embodiments of this invention, the solid liquid displacement

zone 180 can be located after the staged oxidation zone 80 as shown in

Figure 2. Even though the process zones are located in a different order,



sel ected solvent. For the case where the solvent is

acetic acid, the pressure is generally |less than 200
W@200a/053Bhe solid liquid separator in the 10 sePORUS2003/038306

solid liquid displacenment zone 180 nmay be operated in

conti nuous or batch node, although it will be

appreci ated that for commercial -1@rocesses the

continuous node is preferred. The inpurities are

di spl.aced fromthe solid |iquid displacenent zone 180
D RS Tattion efp 2ones & HKANEIRS RIaHOVSH desaabaggmpurities
Addi tional 15 solvent is fed to the solid liquid ‘

di splaedligniacedfreme feepd stread f1oB the sofié §nuidrdisplaeement zone
crystallized product and formthe purified

t er ept8thdhilineak85 Thel feed stre@imetopheisblie dispdadeowenti zone 180 is the
acid slurry is wthdrawn from di spl acenent zone 180,

vi a |staged BRidatoh ipeddudtiy10t heputhisffeed straakmioythe Gofigiliduid
slurry in conduit 190 can then be fed to a flash tank

gnd fdigsiac&pehedond® 18638 alshtd @)@défﬁﬁ?ﬂbrg%lglcgb 'Il % B REeH staged

enbodi nents of this invention, the soll

0 PSRN 1895, GRRR. 2581l BB RH o

oxi dat1on zone

the process.zones are | ocat i.n a different order, W)
2004/ SUIBR AT l3 et 6588 380 aambiner ffich s s eneiitnarawn
zones .are the sane as previously described. Inpurities

are didpnaddd fromthe feed streamfromthe solid

l'iquid di sq_l acement zone 180 via line 185. The feed

stream t o tThe mothed liquepsteazend 86 coomprise8Cairlsoxytie acid, water, a
staged oxi dation product 110. Wen the feed streamto
10he ssulveht| sujtide Dxidiatiph aatiyi(s) apderdBiheé sompstiadeend

oxi dation product 110 a purified staged

corrosion metals. The bromine compounds are used as promoters in the
oxidation reaction. Examples of corrosion metals are iron and chromium
compounds, which inhibit, reduce or entirely destroy the activity of the
suitable oxidation catalyst. Suitable carboxylic acids are selected from the

15 group consisting of terephthalic acid, isophthélic acid, naphthalene
dicarboxylic acid, and mixtures thereof. Additional solvent is fed to the solid
liquid displacement zone 180 via line 183 to reslurry the crystallized product
and form the purified terephthalic acid slurry. The purified carboxylic acid
slurry is withdrawn from the solid liquid displacement zone 180, via line 190.

20 Optionally, the purified carboxylic acid slurry in conduit 190 can then be fed

to a flash tank and flashed cooled to less than about 90 °C.

It should be appreciated that the process zones previously described

can be utilized in any other logical order. It should also be appreciated that



oxi dation product 165 is produced. The inpurities are

di spl aced fromthe solid liquid displacenent zone 180
WO pooa/osaseher | i quor stream and withdrawn via PCHESDBE038306

The nother |iquor stream 185 conprises carboxylic

acid, water, a 10 solvent, suitable oxidation

catal yst(s) and brom ne conpound§-and corrosion

netals. The brom ne conpounds are used as pronoters in

t he xi dation reaction Ieg of corrosion netals

are ' RPTERPSHERARS %’@rfﬁe{??ﬂ% theited Preggssi gonditions may

reduce or entirely destroy the activity of the

sui t 89PBISXi dati on catal yst. Suitable carboxylic acids

are selected fromthe 15 group consisting of

t er epht halliv @anattiett ,emisaiiehtof thisdoventiorapatih airdiodiment can

di carboxylic acid, and m xtures thereof. Additional

sol veptionallyf indiude drhadditibhal stép qomPrisingdexorsedig #@N&arboxylic
180 via line 183 to reslurry the crystallized product

mand Leldi e eBterifibY %‘ér&ﬁ(yﬁ@ BEiaali4 ﬁgé!?dtl%a?trln%f y. The

purified carboxylic acid™ slurry i drawn fromthe

aglt ! gnlai lq;f'h% %%&g%@ﬁﬁﬁﬂ%gﬂme&%%’ébcnglécfbesr;lg]?&orq?a% esterified
condui_ t 19’ theg‘g e fed a flash tank

£ achatbadle 83 (AT Be SochRlstistusy anY Bibar Kbl i the art and is

appreci ated that the process zones previously
deschobbgnited 4a hydraganatioad Howeygy, for Rsamplyincene engediment of
It should al so be appreciated that WO 2004/ 052821
PCT/ tis200@nties3he decolorizirgcarhbe procmplistrarhby reacting a
reordered that the process conditions may change. In

1Ganot karbexytiodicietat fbs Uhdsrgoneentérifitation treiipedi MeRkxample

o with ethylene glycol, with molecular hydrogen in the presence of a catalyst
in a reactor zone to produce a decolorized carboxylic acid solution or a
decolorized ester product. For the reactor zone, there are no special
limitations in the form or construction thereof, subject to an arrangement

15 that allows supply of hydrogen to effect intimate contact of the carboxylic
- acid or ester product with the catalyst in the reactor zone. Typically, the
catalyst is usually a single Group VIII metal or combination of Group VIl
metals. Preferably, the catalyst is selected from a group consisting of
palladium, ruthenium, rhodium and combination thereof. The reactor zone
20 comprises a hydrogenation reactor th'at operates at a temperature and

pressure sufficient to hydrogenate a portion of the characteristically yellow

compounds to colorless derivatives



optionally include an additional step conprising
decol ori zing the carboxylic 5 acid or an esterified

W@ a00B0528ki ¢ aci d via hydrotreatnment. The decol PCT/E52993/038306
of the purified carboxylic acid slurry or an
esterified carboxylic acid can be acconplished by any
means known in the art and is nbd linmted to
hydr ogenati on. However, for exanple in one enbodi nent
of t ion, the decolorizing can be
accodggﬁgﬁﬁgggy reacting a 10 carboxylic acid that has
undergone esterification treatment , for exanple wth
et hyl ene ycol, with nol ecul ar hydrogen in the
presence gf hig n@\e&rﬁlpywn henfusthee liestrateddnethedoliewingoexamples of
decol ori zed carboxylic acid solution or a- decolorized
est erprpfestetembedimerite theraof, @ithpagk jt willdeaurateestood that these
special limtations in the formor construction

§ her emfamplebjaes indWemardlR ResRPbsdPot iN@étratldronsd are not
supply of hydrogen to effect intimate contact of the

car baxrided t8%insit fP\re KD @rofﬁﬁ@ htl&‘ﬁ UH dsBteavAsY §¢>?é§|ﬂcally

the reactor zone. Typically, t cata yst is usua
a si up VI1l nmetal or conbl nati on of Goup VIII
nmet alr]gb%B@C?er ably, the catalyst is selected froma

gr oup;con3| i g of le pﬁl | adi um ruthenium rhodi um and
comnbi e reactor zone 20 conprises a

hydr ogenati on react or that operates at a tenperature

and  pr esste@xyleneiwasexidized o) d6OGE niitisng apGet MonBotatalyst
the characteristically yellow conpounds to colorless

1@er i vayisterago WO ARRAA Gmbr@ﬁﬁéﬁi&ﬂé/sﬁﬁﬁﬁl%/mg $8-35% solids.
EXAMPLES This invention can be further illustrated by
the fThd eMidedteRSHIRAIRSaH slurry was crystallized and purified using the
process shown in Figure 1 with the omission of Zone 180 and the
crystallized product from the crystaIIiAzation zone 120 was transferred
directly to flash tank. The product was removed after filtration and drying
15 and analyzed for 4-CBA, TMA, 2,6-DCF, percent transmittance and b*. The
b* is one of the three—color.attribute‘s measured on a spectroscopic
reflectance-based instrument. ‘A Hunter Ultrascan XE instrument is typically
the measuring device. Positive readings signify the degree of yellow (or
absorbance of blue), while negative readings signify the degree of blue (or
20 absorbance of yellow).
The concentration of 4-CBA, TMA, 2,6-DCF in the terephthalic acid

were analyzed via liquid chromatography. To determine the pefcent

transmittance, a 10% solution of terephthalic acid product in 2M KOH was



preferred enbodi nents thereof, although it wll be
understood that these 5 exanples are included nerely

wo evo4psasposes of illustration and are not i ntrOTEs2008038306
limt the scope of the invention unless otherw se
specifically indicated. Conparative Exanple |
Par axyl ene was oxi di zed at 160CW%ilizing a Co, M, Br
catal yst 10 systemto produce a crude terepht hal i c
acid slurry hayvin §P<3 SO|IdS The crude
ter eé‘ﬁ‘?@'ﬁ&!rgq “éagog’sjl Y'?‘g BREGHOIRtET pt SANd "\@LP ofi tbe
usi ngwt he process shown in Figure 1 with the om ssion
of zéwerniwligmeid was drgaguaed Using pradiggtancerasen method at 340nm.
crystallization zone 120 was transferred directly to
f | asf heaesultTaee phoduit Table f.enoved after filtration
and drying 15 and anal yzed for 4-CBA, TMA 2, 6- DCF,
percent transmttance and b*. The b* is one of the
three-color attributes nmeasured on a spectroscopic

g ef | egfcifvB-Baggsleinst rument. A Hunter U trascan XE
instrunent 1s ypl cally the neasuring device.

e T
(e e Rl ol VTR ﬁqwﬁesepa“%non Bne 180

terephthalic acid were analyzed via |i .
chr ofRIHR]ISiH}h$ rotasy a@k@@mrﬁw@ Rba femperd ure of 155°C and the
transm ttance, a 10% solution of terephthalic acid
pr odsolvenh washieas fesktoTe 2oy 05RS2DIrAGTE BEad6BmPeBHB0Sof
-19 measured using a W visible spectroneter at 340nm

10The W456C. tThee purified terephthalic acid product was collected and analyzed

as in Example 1. The results are shown in Table 1.

Table 1
Ex. # 4-CBA' | - TMA* | 2,6-DCF° %T* b*°
(ppm) (ppm) (ppm)
1 103 51 10 89 4.1
7 44 23 . 95 59

15 '4-CBA is 4-carboxybenzaldehyde
“TMA is trimellitic acid
®2,6-DCF is 2,6-dicarboxyfluorenone
*%T is % transmittance at 340 nm

°b* is a measure of yellow-blue color



terephthalic acid was neasured using a reflectance

col or nmethod at 340nm The results are shown in Table
wda 2008/05282ent i ve Exanpl e 2 Exanpl e | was repeat BAT/EXWep038306

that the crystallized product from the

crystallization zone 120 was fed to a solid liquid

separation zone 180 conprising-%-rotary disk

centrifuge at a tenperature of 155C and the sol vent

wash was fed to the rotary disk centrifuge at a

tenperature of 10 145C. The purified terephthalic acid

product was coll ected and anal yzed as

in Exarr?lle_l._. ‘
The resul tidesfiesulis ghlxampiasy] and 2 cleaty Wustrate the sigrifigant

TMA2 2,6-DCF % b*b (ppm) (ppm (ppm 1 103 51 10 89
4.1 pyrﬂwmozqzewnﬂs whlche'ar@zao%meds/vhen the solid liquid displacement

4- car boxybenzal dehyde 2TMA is trinellitic acid
32, 6-Z206E ofsh@ pfestint inveokiph lisiosexholiee adtdlnt of %puntles present in
transmttance at 340 nm 5b* is a neasure of

[
A e

L0 SO 2hd BEOUBIEIR 80l 466t 0%, The
transmittance of the purified terephthallc 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

10 color). Higher % transmittance indicates less color in the PTA. The human
eye can detect 0.5 differences in b*. Thus, the 1.2 difference between the
non—hydrOgenation process (Example 1) which displays a b* of greater-than
about 4, and the process of the present invention (Example 2) which shows
a b* less than about 3 represents a very noticeable decrease in the

15 yellowness of the terephthalic acid slurry. The degree of improvement in all
the measured categories is particularly surprising given the simplicity of the
centrifugation in the solid liquid separation zone 180. In the past,
comparable purity levels have been achieved only by utilization of a
hydrogenation plant which includes numerous steps and pieces of

20 equipment, and significant capital invéstment.

The invention has been described in detail with particular reference

to preferred embodiments thereof, but it will be understood that variations



zone of the present invention is used. The anount of
inpurities present in 5 the purified terephthalic

wa@edod/opsoduct produced by the process of the pPERER1003/038306

i nvention decreased between about 50 and about 60%
The % transmttance of the purified terephthalic acid
product has a direct influence -dn the color of the
polyethylene terephthalate (PET) produced. Desirable

PTA (puri f ere al i cjd) is white (which i

ot ecdmpialens B bR sifeeh st ing Bpish ahddwope of the
transn1ttance |nd|cates | ess color in the PTA The
hunmainveifi®Nean detect 0.5 differences in b*. Thus, the
1.2 difference between the non-hydrogenati on process
(Exanpl e 1) which displays a b* of greater-than about
4, and the process of the present invention (Exanple
2) which shows a b* |ess than about 3 represents a
very noticeabl e decrease in the 15 yel |l owness of the
terephthalic acid slurry. The degree of inprovenent in
all the neasured categories is particularly
surprising given the sinplicity of the centrifugation
in the solid liquid separation zone 180. In the past,
conparable purity |evels have been achi eved only by
utilization of a hydrogenation plant which includes
nuner ous steps and pieces of 20 equi pnent, and
significant capital investnment. The invention has been
described in detail with particular reference to
preferred enbodi nents thereof, but it will be

under stood that variations WO 2004/ 052821

PCT/ US2003/ 038306 -21 and nodi fications can be
effected within the spirit and scope of the

i nventi on.



WD 2004/ 052821 PCT/ US2003/ 038306 -22- W CLAIM 1. A
process to produce a purified carboxylic acid slurry,

W@ 200d/0fa8dress conpri sing renoving inpurities PCDISA03/038306
crystallized product in a solid 5 liquid displacenent
zone to formsaid purified carboxylic acid slurry;
wherein said purified carboxylic2dcid slurry has a b*
of less than 3.5; wherein said purified carboxylic

acid YarhSs fornmed without a hydrogenation step.

2. Aﬂ%gé‘ﬂh’ﬁo purify a staged oxidation product said
process 10 conprising renoving inpurities fromsaid

staged oxidation product in a solid liquid

di spl acenment zone to forma purified staged oxidation
produtt; whdresessig produee fimudified ngebbxykc datd glurry, said process
product has a b*of Iless than 3.5; wherein said

purified staypdsiogiréatdviny iprmalities ficsn afaystallized phedlictdn a solid
hydr ogenati on step. 15 3. The process according to

6l ai m | orliguiispraderagnitzonel tbdofrh liddpurticabRABE8XRRtacid slurry;

zone conprises a solid liquid separator that is

oper at ed a\yvn@réiﬁ WRRY AR éﬁbé‘%ﬁ@o&?gﬁjﬁ&]{%&% 90 ofRY%han 3.5

200 C. 4. The process accordi

& coria 11 ipiTaspid e b SRR SERE g S RieiRSE: o

tenperature between about 120 C to about 180 C. 5.
The procesBYHOEERATYSER- claim 1 or 2 wherein said
solid liquid displacenent zone conprises a solid

| quid sepArfuoeess toapurify a staged oxidation product said process

10 comprising removing impurities from said staged oxidation product in
a solid liquid displacement zone to form a purified staged oxidation
product; wherein said purified staged oxidation product has a b* of
less than 3.5; wherein said purified staged oxidation product is
formed without a hydrogenation step.

15 3. The process according to claim 1 or 2 wherein said solid liquid
displacement zone comprises a solid liquid separator that is
operated at a temperature between about 110 °C to about 200 °C. -

4, The process according to claim 1 or 2 wherein said solid liquid
displacement zone comprises a solid liquid separator that is

20 operated at a temperature beMeen about 120 °C to about 180 °C.

5. The process according to claim 1 or 2 wherein said solid-liquid
displacement zone comprises a solid liquid separator that is

operated at a temperature between about 140 °C to about 160 °C.



operated at a tenperature between about 140 C to about
160 C. WD 2004/ 052821 PCT/ US2003/ 038306 -23 6. The
w@e@amess2according to claim 1l or 2 wherein sai BCBHUB1003/038306
liquid displacenent zone conprises a decanter
centrifuge. 7. The process according to claim1 or 2
wherein said solid liquid dispt2eenent zone conprises
a solid liquid separator selected from 5 thef_glroup
consisting of a belt filter, rotary vacuumfilter =
and &-r ot afiF PIRCERS ﬁ‘SE‘erE@nttor(???'Ubi.oré wWhergihpaidesgdid liquid
according to claim1 or 2 wherein said solid |iquid
di spl acemghigplaepraentzajreeempdses a depanies geetrifidgd.ess
than about 70 psia. 10 9. The process according to
cl ai M.l orTie prosees mcsaridihgstol dlaim il qui2dwhelietrpbaidesniid fiquid
zone is operated in continuous node. 10, The process

of cl ai m Idispladerhent Kerie comprises A8olid RqsitieRpafatbt 88Bcted from
cooling said purified carboxylic acid slurry in a

i ) ifi |
g1 ash coo th@@r@tﬂi‘@cﬁgstﬂgﬁém Belf ARLCY rBlPdrg rvbgglmeftﬂgeménd a rotary

15 11. The process according to claim

said puri fdiﬁg%%@g&%méec acid slurry is forned

w t hout a pro parating inpurities from

or oodks. i okt BRI Faiar Lok 2SHpershisaiieald iauid

carboxylic, agcid slurry has a b* of |ess than 3. 20

13. A pro¥Taggyngp isppeiatediat @ RrassgRafilessaihan about 70
slurry said process
psia.
10 9. The process according to claim 1 or 2 wherein said solid liquid

displacement zone is operated in continuous mode.

10.  The process of claim 1 or 2 further comprising the step of flash -
cooling said purified carboxylic acid slurry in a flash cooling zone to
form a cooled purified slurry.

15 11. The process according to claim 1 or 2 wherein said purified
carboxylic acid slurry is.formed without a process for separating
impurities from oxidation solvent or hydrogenation step.

12. The process according to claim 1 wherein said purified carboxylic
acid slurry has a b* of less than 3.

20 13. A process to produce a purifiéd carboxylic acid slurry said process
comprising removing in a solid liquid displacement zone impurities
from a crystallized product to form said purified carboxylic acid siurry;

wherein said solid liquid displacement zone comprises a solid liquid



conprising renoving in a solid liquid displacenent
zone inpurities froma crystallized product to form
wa@ aiod/opasei fi ed carboxylic acid slurry; wherei PCHEBI03/038306
solid liquid displacenment zone conprises a solid
l'iquid WO 2004/ 052821 PCT/ US2003/ 038306 -24 separ ator
that is operated at a tenperat ur®d-bet ween about 140 C
to about 160 C, wherein said solid |iquid separator
is operated in a continuous node; wherein said solid
| i qui d sep@paraipr that ipepenatel at a femperaduner leetivees abloah 140 °C to
70 psia; wherein said purified carboxylic acid 5

sl urry hasabdub™60f°d, @eréiRasaidsslid Aduid SBBaritOCi8Therated in a
according to claim 13 wherein said solid liquid

separ at or ~dnf . ; : I Sk :
otary di SonnaRbSERS: WHERiR PSRRI SEpBRI s bperated ata
filt r.centrifuge. 15., Th . .

reosers! Lo AT Se BRI S FERAARRG TR oo ac

tep of 10 flash olin aid purified carboxylic
éci 8 sl ur ﬁurﬁﬁﬁsﬁr&ﬂijlﬁ%oﬁiaﬁé-gzone to forma cool ed
purified slurry. 16: The process according to claim 13
wher €idn salite pipcess agcerdingioyslaion 13ovhereinusaiy splid liquid separator
formed without an inpurity renoval process or a

hydr ogenati$ salestaxbfrorhba gibupltensistingesisa rtayrdiskgatio centrifuge,
claim 13 wherein said purified carboxylic acid slurry

has a b* afelt fi&s, fd@y vaculh filterPase aechAtd @AUFEgE.
purified carboxylic acid slurry said process
CONPr53! NGrhe process according to claim 13 further comprising the step of
10 flash cooling said purified carboxylic acid slurry in a flash cooling
zone to form a cooled purified slurry.
16.  The process according to claim 13 wherein said purified carboxylic
acid slurry is formed without an impurity removal process or a
hydrogenation step.
15 17.  The process according to claim 13 whérein said purified carboxylic
acid slurry has a b* of less than 3.
18. A process to produce é'purified carboxylic acid slurry said process-
comprising:
(a) optionally removing impurities from a crude carboxylic acid

20 slurry in an optionél solid liquid displacement zone to form a

slurry product;



(a) optionally renmoving inpurities froma crude

carboxylic acid 20 slurry in an optional solid liquid
wale@plosasetrent zone to forma slurry product; REI/US2003/038306

2004/ 052821 PCT/ US2003/ 038306 -25 (b) oxidizing said

slurry product or said crude carboxylic acid slurry

in a staged oxidation zone to fosm a staged oxi dation

product; (c) crystallizing said staged oxi dation

product in a crystallization 5 zone to forma

crystalli zed(lproxilixing saiudslety predunt ongaidncrads ebilzbxylic acid

liquid displacenent zone inpurities from said :

crystalli Zedslpfrgqlml@tstégbd exidaten gomaltd forera sigeaosidation
acid slurry. 19. A process to produce a purified

car boxylic a‘g,idaljug{;urry sai d process 10 conpri sing:

(a) optionally, renoving inpurities froma crude

Cor 011 ) gty s ARgRR AT ba s Bt tazaton

xidizing said s|lurr roduct ar crude carboxylic acid
52I urry in 1€°%etqé’é'éo£8W§@ﬁegWrQQHg’ ?Bgf orm a staged
oxi dati on pr?dguct; (c), removing.in a solid liquid .
di spl acenent (W3a@0OvIsiRia $Qi liquichflisplacgmani gege impurities from
oxi dation product to froma purified staged oxi dation
product ; andsaid crystallized product to form said purified carboxylic acid

slurry.
19. A process to produce a purified carboxylic acid slurry said process
10 comprising:
(a) optionally, removing impurities from a crude carboxylic acid
slurry in an optional solid quuid displacement zone to form a -
slurry product;
(b) oxidizing said slurry product or crude carboxylic acid slurry in
15 a staged oxidation zone to form a étaged oxidation product;
(c) removing in a solid liquid displacement zone impurities from
said staged oxidation product to from a purified staged oxidation
product; and
(d) crystallizing in a crystallization zone said purified staged
20 oxidation product to form éaid purified carboxylic acid slurry.
20.  The process according to claim 18 or 19 wherein said solid liquid

displacement zone comprises a solid liquid separator that is



(d) crystallizing in a crystallization zone said

purified staged 20 oxidation product to form said
w@ooosfsasdl car boxylic acid slurry. 20. The pr ocRPEEUS2003/038306

according to claim 18 or 19 wherein said solid liquid

di spl acenent zone conprises a solid |iquid separator

that is WD 2004/ 052821 PCT/ US20036038306 -26 operated

at a tenperature between about 110 C to about 200 C.

21. The process according to claim 18 or 19 wherein

said crude cesated at@ wonperstune betwesrpabeiuintl0 °C to about 200

terephthalic acid, catalyst, acetic 5 acid, and

impurities |swmﬁthdramn at a tenperature bet ween about

110C and about 200C fromthe primary oxi dation zone.

22. The pf 0Cefs, B g&g iaPQontdﬁweqﬁ{oaélm’r?‘% U 11‘9%?@%%%5@ cjude

said solid liquid conprises a So

o here ﬁa@ﬁoﬁ@c%%scgwr%@wﬂ“sw UBAFRRE 5, My, st
trif 2 The process accordin
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formed without a process for separating inpurities

from oxi dat i Scaneabowr200yGrioye tlae pomasy epidatin zbhe.
process according to claim18 or 19 wherein said

purified2.15 Fdiprogebaaceomdingto d1gias 18 ban Qabt@é’rblrﬁséd solid liquid
25. The process according to claim 18 or 19 further

fg?g;:qﬂqg?l ytgillg&@rﬁgﬁﬂ;?cﬁri@é@néﬁgéé A9ofdiduil Welpar & selected
from the group consisting of a belt filter, a rotary vacuum filter and
10 a rotary disk pack centrifuge.

23.  The process according to claim 18 or 19 wherein said purified
slurry is formed without a process for separating impurities from
oxidation solvent or hydrogenation step.'

24.  The process according to'claim 18 or 19 wherein said purified

15 slurry has a b* of less than about 3;5.

25.  The process according to claim 18 or 19 further comprising the
step of flash cooling' said purified terephthalic acid slurry to form a
cooled purified slurry.

26. A purified carboxylic acid slurry produced by the process in claim

20 18 or 19.
27. A process to produce a purified carboxylic acid slurry comprising:

(a) removing in an optional solid liquid displacement zone

impurities from a crude carboxylic acid slurry to form a slurry



cooled purified slurry. 26. A purified carboxylic acid
slurry produced by the process in claim 20 18 or 19.
wQ@7Z0044582Dcess to produce a purified carboxyl i BCHEBI03/038306
slurry conprising: (a) renoving in an optional solid
l'iquid displacenment zone inpurities froma crude
carboxylic acid slurry to forma7slurry WO 2004/ 052821
PCT/ US2003/ 038306 -27 product; wherein said crude
carboxylic acid slurry conprises terephthalic acid,
cat al yst, acRodgchoevhgreiaradid opudei careexylicatcid slurry comprises
W t hdrawn at a tenperature between about 140C and :
about  170C terephthakc acit dedtalyst, atefianaily batdémiparities that is
primary oxidation 5 zone; (b) oxidizing said slurry

product in aySh@AGHh s0d EMp&EanFe BRWEen HBbM MEIRERE about

oxi dati on product; wherein said oxidizing Is

conduct ed at o rature, between about 190C to about .
280 C; and kﬁ%ﬁiﬁﬁi@ﬁo@% '8!‘%#&’?’9’?%{19 I 3 PMary oxidation
tenperature in said 10 staged oxidation zone than in

sai d primar y2¥W& dati on zone (c) crystallizing said

staged oxidation product in a crystallization zone to
form a cryst(®)bxiditingsaidiLalurry pratiucti)n a stageadchoxidatien zone to
solid liquid displacenent zone inpurities from said
crystal | i zedopnastaget @xidationprodu@iwhéiet sary GRUEis
acid 15 slurry; wherein said solid liquid

di spl acenmentcRARt<PAPA tetfiSerdture between about 190°C to about 280

&y}

°C; and wherein said oxidizing is at a higher temperature in said
10 staged oxidation zone than in said primary oxidation zone
(c) crystallizing said staged oxidation pfoduct in a crystallization
zone to form a crystallized product; and
(d) removing in a solid liquid displacemént zone impurities from
said crystallized product to form said purified carboxylic acid
15 slurry; wherein séid solid liquid displacement zone comprises a
solid liquid separator that is operated at a temperature between
about 110 °C to aboﬁt 200 °C.
28.  The process according to claim 27 further comprising the step of
flash cooling said purified carboxylic acid slurry to form a cooled
20 purified slurry. |
| 29.  The process according to claim 13, 18, 19 or 27 further
comprising decolorizihg in a reactor zone said purified carboxylic

acid slurry or a carboxylic acid that has been esterified.



solid liquid separator that is operated at a

tenperature between about 110 C to about 200 C. 28.
wab@4psmseess according to claim 27 further conpei/Bs10093/038306

the step of flash cooling said purified carboxylic

acid slurry to forma cooled 20 purified slurry. 29.

The process according to claim 1%®- 18, 19 or 27

further conprising decolorizing in a reactor zone

said purified carboxylic acid slurry or a_carboxglic,_ .

aci d thad: had hBcuRCRSR 2e6rdiag o i8GNS D paid décolorizing is

PCT/ US2003/ 038306 -28 30. The process according to o

cl ai m 29 wheretomphistiedley reasting isaly ¢reidenasompilicHeidiselption with

reacting sai.d crude carboxylic acid solution with

hydrogen i n hiydrqgessianike pedseace af al gadalyshinaa rezmtdrazone to

zone to produce a decolorized carboxylic acid

solution. 5 3todudica HEE6IBAScEaDOSINYatia stldion. 18, 19

or 27 wherein said solid Iliquid displacenent zone

onprisey a ' Fall] Pan imt {¥t1d 8r 2PRBlefdifbaid solid
SO | 81,2 i) ipkb e TgRRTa i 181 8 2P Rl son
10

liguid displacement zone comprises a solid liquid separator that is

operated at a temperature between about 50 °C to about 200 °C.

10



