WD 2004/ 052821 PCT/ US2003/ 038306 1 PROCESS FOR THE OXI DATI VE PURI FI CATI ON
OF TEREPHTHALIC ACID FIELD OF INVENTION 5 The-present invention relates to
"~ a procesgofQhsdsh@purification of a crude carboxylic a@t(if[glzw_—;ygyg;mk/bre
specifically, the present invention relates - to a process conprising the
steps of displacing at el evated tenperatures, nother |liquor froma
-crystallized product and reslurrying the Qr.ystal lized 10 product to be
separated in a solid liquid di spl acenent zone to forma purified carboxylic '
acid slurry. BACKGROUND OF THE | NVENTI ON: 15 Terephthalic acid is
~conmmerci al |y prBROGESEFORITHE CXDATIVERURIFIGAT ION @Rl pRESFITIBALIC a
catal yst, such as, for exanple, Co, Mi, Br 3 and a solvent. Terephth-alic
acid used in the producti on of pol yesterA([:i[bers, films, and resins nust be
further treated to renpve inpurities present due-to the oxidation of
par a- xyl ene. Typi cal comrercial process produce a crude 20 terephthalic
acid then dissolve the solid crude terephthalic acid in water at high
t enperatures and pressures, hydrommtant solution, cooling
and crystallizing the terephthali of solution, and
separating the soli oﬂ@ere pht hal i ¢ product fromthe quid as di scussed in U
S. Patent No. 3,5841 Qfer%ﬂémeﬂﬂ%r%#e&tf@@ PRPCees @éh%@urlﬁ@ﬁMQf%zszl
PCT/ US2003/ 038306

crude carboxy!ic acid sturry, More specifically, the present invention refates -

* to a process comprising the steps of displacing at elevated temperatures,
mother liquor from a cfystal!ized product and reslurrying the crystallized
10 product to be separated in a solid liquid displacement zone to form a

purified carboxylic acid slurry.

BACKGROUND OF THE INVENTION:

15 Terephthalic acid is commért:ia[ly produced by oxidation of
-paraxylene in the presence of a catalyst, sucﬁ as, for example, Cb, Mn, Br
3 and a solvent. Terephthalic acid used in the.production of polyestef fibers,
films, and resins must be further treated to remove impurities present dueto
the oxidation of para-xylene, Typical _corrimerciél process produce a crude
20 terephthalic acid then dissolve the solid cr_u'de terephtha!ic acid in water at
| hiéh temperatures and presstres, hy.drogenating the resultant solutioh,
cooling and crystallizing the terephthalic acid 'product out of solution, and
s_eparating the solid terephthalic product from the liquid as disouésed in U,

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



I n many processes colored inpurities fromthe benzil, andyfluorenone
families are hydrogenated to'colorless products and | eave the process with

t he terephifghidangihf solid product and wastewater streangcT/tiaveyessost hi s

i nvention provides an attractive process to produce a purified carboxylic 5
acid slurry by utilizing a solid liquid displacenent zone conprising a solid
liquid separator at elevated tenperatures afper oxidation of a crude
carboxylic acid slurry product and prior to final filtration and drying.
SUMVARY OF THE | NVENTI ON 10 I n one enbodi nent of the invention, a process to
produce the purifi ed leandxyotesses cbigitad impuritiep from thechanzilhand flubenose of
hydr ogenation of the terephthalic acid or a process separating inpurities

from oxi dation  gahyRBtarahydisEnRERAtd dolbifess BRALERUndIBEYS Bie sméww a

process for 15 separating’inpurities from oxidation solvent is

4356, 310, 10 anghRloBHEAL HBH sl JBlge! NARLLRNard: sfe.fe%ﬁémwe@é@fm&e a

purlfled car boxyli1c ac rocess conpr Si ng Ing I nmpurities

froma crystallized produc | i | acenent Z o formthe

ouri Fi ed gar boxywmeerﬁlenooreweﬁwn a?ﬁ@?’fafw%ﬁs%fﬁ e @Mﬁs?&qaéb%ﬂ*a Slurry
has 20 a b* of less than 3.5; erein the purified carboxylic acid slurry is
formed wit HKout @ctﬁ/@wwéwamhéwgsa splid liquia dispircenem ganasempsising g solid

i nvention, a process to purify a staged oxidation product the process
conpri si ng renovilingid separator e cfeveted teenperiire 805282 o P64 ¢l&2003/ 038306
3 .

carboxylic acid slurty product and prior to final filtration and drying.

D

SUMMARY OF THE INVENTION

10

moma%@hmmehmmmﬁmm%mbmﬁmam
purified cérboxylic acid slurry is provided without the use of hydrogenation
of the terephthalic acid or a process separating impurities from oxidaﬁon
solvent és disciosed in US 3,584,039. Another example of a process for

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

In another embodimént of this invention, a process to produce a -
purified carbokytic acid slurry, the process comprising removing impurities
from a crystallized product in a solidlliquid dispfacemeht zone to form the
purified carboxylic acid slurfy; wherein the purified carboxylic acid slurry has ‘

20_. a b* of less than 3.5; wherein the purliﬁed 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



st aged oxi dation product in a solid liquid displacenent zone to forma
purified staged oxidation product; wherein the purified staged oxidation
" product Wasroau/xssxaf | ess than 3.5; wherein the purifi edcatiEgedoesiodat i on .
product is forned without a hydrogenation step. 5 In another enbodi nent of
this invention, a process to produce a purified carboxylic acid slurry is
provi ded. The process conprises renoving-3-n a solid liquid displacenent
zone inpurities froma crystallized product to 1t formthe purified
carboxylic acid slurry; wherein the solid |iquid displacenent zone conprises
a solid |iqui gtagesapagdation padurkingpeqlishliswiddisplacement zpapde (@& Bet ween about
140 C to about 160 C, wherein the solid liquid separator is operated in a
cont i nuous nogdearified diageel @tidatidnepredlicidwhegin dhe papbeds@moedsoagetiat ed at a
pressure of |ess than about 70 psia. |In another enbodiment of this

invention, a BrafiRihabG BY 6HEES N P WheRSh G’ PaNlidd Stagetl bxildtiory 1S
provi ded. The process conprising: 15 (a) optionally, renoving inpurities

~from a crude ! i.d: r i : i,onal solid liquid

di spl acenent E)gc?]&elﬁﬁé #o%g%ﬂﬁ@rﬁb%yﬁ?é{%ﬁloﬂ%?ﬁ oxidizing the slurry ‘
pr oduct the crude carboxylic,acid_ slurry in-a staged oxidation zone to
forma s%;ged oxi d&ff FBA h&(@ﬁlmdfm?%t)‘)@?@ﬂ%qqo?i ﬁgDrPﬁ%SszPﬁé’gUSQiadat i on
product in a crystallization 20 zone to forma crystallized product; and
(d) renoving PHMEed eathaxyiorrid slurguisdravidpilad BREDCYMEOMPHPET rEeYind om t he
crystallized product to formthe purified carboxylic acid- slurry. WO
20041052821 PETa ISRAU{LIAIASNIECarent zone impurities from a crystallized product to

TR

w form the purified carboxylic acid slurry; wherein the solid figuid

_ displacement zone comprises a solid liquid separatdr that is operated ata
10 temperature between about 140 °C to about 160 °C; wherein the solid Tiquid
separator is operated ih a continuous modé; and Wheréin the solid liquid
separator is operated at a pressure of less than about ?O psia.
In another embodiment of this invention,‘a process o p_roduce a
purified carboxylic acid slurry is p_rovided. The process comprising: .~
15 (a) optionally, removing impurities flrom a crude carboxylic acid
. ' slurry in an optional solie liquid displacement zone to form a slurry product;
(b)  oxidizing the slurry product or the crude carboxylic acid slurry
in a staged oxidation zone fo form a staged oxiaation product;
(e}  crystallizing the staged oxidation pro.duct in a-brystallizatiOn
20 zone to form a crystallized pr'oduct;'and
(dy removing in a second solid liquid displacement zone
impurities fro‘m‘the crystallized product fo form the purified carboxylic acid

slurry.



¥

I n yet anot her enbodi ment of this invention, a process tq produce a
purified carboxylic acid slurry is provided. The process conprises: (a)-
optional | y Qﬁaﬁﬁhﬁg-inpurities froma crude carboxylic aeifisdebiishds i N an
optional soli I qui d displacenent zone to forma slurry product; 5 (b)
oxidizing the slurry product or the crude carboxylic acid slurry in a
staged oxidation zone to forma staged oxidation product; (c) renmoving in a
solid liquid displacenent zone inpurities from the staged oxi dation product
to forma purified staged oxidation product; and 10 (d) crystallizing the

. purified staged oxi daniyst gnotitereambadienent of/Sisinvepten,enprosss to pfaduostdne
purified carboxylic acid product. These objects, and other objects, wll

becone nore app%ﬁﬂéd@rb@&gﬁé@@@idvémgw iobRIay. SRid klrdc@sé henfiriseaf t er reading
this disclosure. 15 BRI EF SCRI PTI THE DRAWNGS | Figure 1 is a

h ‘i f the i L . . g . ]
igr gg??/i ch?pi dem}]g\r/g?%:);ﬁ@gﬁ?@ﬁ3?@%&?@2@@%:@%#8???? %c%‘:lj Flﬁl?[gé@g? ? é‘f’j t he
crystallization zone. .gur.e . chenn ventive process
crystalll zat | on APty A1 oBl Sofls VauP S EENaR Sind Bk AE By prhess

2004 052628 PCT! Us2085) 038360nS th P ETPBEE SR T COSCFTEAEV IO RERBIERY The

present invention provides a process for the purification of a
' in a staged oxidation zone to form a staged oxidation product;

(¢}  removing in a solid liquid displacement zone impurities from

o

the staged oxidation product to form a purified stagéd oxidation product;
and
10 (d) crysfal{izing the purified staged oxidatioh productin 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

‘\"‘uurf‘l‘ ‘

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

20 Figure 2 is a sc‘hemé‘cié of the invenﬁvé- process for the
oxidative purification of carboxylic acid wherein a liquid displacement zone

is utilized after the staged oxidation zone.



5 crude carboxylic aci.d slurry. The process conprises the steps of

di splacing at elevated tenperatures nother |iquor froma crystallized

" product aval2o0s@siser rying the crystallized product in a BOL/U82008/038300

di spl acenent zone to forma purified carboxylic acid slurry. Crude
terephthalic acid is conventionally made via the |iquid phase 10 air

oxi dation of paraxylene in the presence of5a suitable oxidation catalyst.
Suitabl e catal ysts conprises at |east one selected from but are not limted
to, cobalt, brom ne and manganese conpounds, which are soluble in the

sel ected solvent. Suitable solvents include, but are not limted to,

al i phatic nono-carboxylic acids, preferably containing 2 to 6 carbon atons,
or 15 benzoic acid and nDETAKRED BESQRIPTHANDKTHEINVENTION: conpounds with
water. Preferably the solvent is acetic acid mxed with water, in a ratio of
about 5:1 to about 25:1, preferably between about 8:1 and about 20:1.
Throughout the specitijeCabbonk iAg8Atich fovidleWd prokess firaneeiimfieafisn bhg sol vent.

However, it should be appreciated that other suitable solvents, such as 20
t hose di sgl ose ' -4t i | : i Sl .
productio%iof ?@@%%ﬁ%ﬁ%ﬁﬁ@*ﬂ@?§ﬁgﬂgﬁﬁéébﬁ?%%&Fggﬁﬁﬁﬁgt@?%@%ﬁaéqﬂgégﬁﬁg}eby
i ncorporated by referepnce. WO 2004/ 052821 PCT/ US2003/ 038306 In an
enbodi ment of ﬁ%@\«%ﬁ@ﬁﬁ%@fﬁ%&%ﬁ@fIfw%%mje&nﬁ?aﬁrﬁ '@m%‘?ﬁ%@ ic acid
slurry 190 is provided in Figure 1. The process conprises renoving

i npurities fromeslugyipgtihe icrysdallipedaraguct in aselid liquid dignlacerdesprensetent zone

180 to formthe purified carboxylic acid slurry 190; 5 wherein the purified
[Carboxylic aci dosh arpuyifié@Gabiexydic kiticodlutrgss than 3. 5;

Crude terephfhaiic acid is convenﬁonally made via the liquid phase

10 air Qxi.dation of paraxylene in the presence of a suitable oxidation c.a.tal,yst._
Suitable catalysts comprises at least one selectéd frorh, but are nothmrted
to, cobait, bromine and manganese compounds, which are soluble ih the
selected solvent. Suitable solvents include, but are not limited to, aliph-atic
mono-carboxylic acids, ;'Jreferany_ _confainihg 2 to 6 carbon atoms, or

15 benzoic acid and fnixtures 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, prefefably between about 8:1 and abdut 20:1.
Throughout the specification acetic acid will be referredtoas the solvent. |
However, it should be appreciated that other suitable solQen’cs, such as

20 those disclosed herein, may als.o be-utilized. Patents disclosing the |

‘producti_on of terephthalic acid such as 4,158,738 and 3,996,271 are hereby

" incorporated by reference.



wherein the purified carboxylic acid slurry 190 is formed w thout a
hydrogenati on step. The solid |liquid separation zone 180, inpurities,
crystal li agd 2pd4a822f 160, and purified carboxylic acid stumsyodfsere all
descri bed subsequently 10 in this disclosure. In another enbodi ment of this
I nvention, a process to purify a staged oxidation product 110 the process
conprising renoving inpurities fromthe staged oxidation product 110 in a
solid liquid displacenent zone 180 to forma purified staged oxidation
product 165; wherein the purified staged 15 oxidation product 165 has a b*
of less than 3.5; whéngamembedpuentrafdbisdnaidion HRICGSES ghpmcwgd:turmee i S
formed w thout a hydrogenation step. The solid |iquid separation zone 180,
i npurities, stagsthoxylidaddicdslurpr Pzt prodidedandrigure 1purhd pebess @gatprisesdat i on
product 165 are all described subsequently in this disclosure. 20 in
anot her enbodi MeRnd¥ing hSuritEeMbmeNclsRIIBEASFobactth adittig IRuicpur i fied
terephthalic acid slurry 190 is provided in Figure X. The process
conprises: WO ‘ ' l i ol rdareS
optionally r em)\zlcl9 %#??r’%‘%ﬁ?%‘?%ﬁ §§%?§/”2§%ggﬁéf§db?£§@§@0% %Q@F@r@;{e% in an
optional soLid liguid displacenent zane 40 {0 m a_sl.urt odyct 70; A
crude car boéyl i VagiE ﬂ]ﬁqryegg@bﬂfﬁlcsﬁgﬁp e@h%%é%cé%fﬂ%%%ﬁe%-g aci d,
catal yst, at |east one solvent, and inpurities is withdrawn via |ine 30
wherein the purified carboxylic acid siurry 190 is formed without a

N

hydrogenation step.
The solid liquid separation zone 180, impuritiés, crystallized product
160, and purified carboxylic acid sturry 190 are all described subsequently
10 in this disclosure. |
in another embodiment of this invention, a process to purify a staged
oxidation product 110 the process comprising removing iﬁxpurities from the
staged oxidation product 110 in a solid liquid displacement zone 180 to
forma p‘uriﬁed 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 withouf a hydrogenation siep. |
" The solid liquid separation zone 1 80, impurities, staged oxidation
préduct 110, and the purified staged axidation product 165 are ali 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:



can be at tenperatures between about 110C and about 200C, preferably about
1400C to about 170C fromthe a primary oxidation zone 20 wherein an

" aromati cwiewosssasi 10, typically paraxyl ene i s oxidi ze®CIME20G3M38306t | es
typically conprise one or nore of the follow ng conpounds: 4 10
car boxybenzal dehyde, trinellitic acid, and 2, 6-di carboxyfuorenone. The
solvent typically conprises acetic acid, But can be any solvent that has
been previously nentioned. Generally, the crude carboxylic acid slurry 30 is
produced by oxidizing in a primary oxidation_zone 20 an aromatic feed stock
10 An one 15 enbodSHﬁh@OGpﬁﬁﬁﬁﬁéﬁﬁﬁPBEM@@HEFGHk”BE#@%Q%ﬂ&?“ﬁhF%%V#ene The
primary j oxidation zone 20 conprises at |east one oxidation reactor, and
the crude cartarbpkylc adi ¢llshude yn 30 optomaliscbd liquid diaglacement zobeX¥Pltoc aci d.
Ceneral ly, the carboxylic acid is terephthalic acid. Therefore, when -
terephthal i c agirgh 4 siuwl/iprodegt 70;he crude carboxylic 20 acid slurry 30 mould
be referred to as crude terephthallc acid slurry. However, suitable

carboxylic acids i nﬁ'd’@ﬁe pelttic xgrﬁt?a& i ﬂ%gn@‘ﬁs ??Té’a@%ﬁé'da??ﬁ)ghg

i sopht hal i c acid, nap I car oxy c acl m xt ures

Crude ter pht hal..i d, sl nal | y. WO 20 /05282

PCT/ US2003/ 038908 %hﬁhé’%lﬂ%‘% C\F‘Pa%? ﬁ‘&éés 5% é&ﬁ‘w%ﬁ‘ %% axyl ene
in the presence of suitable oxidation cat aI t Sui tabl e catal ysts include,
but are not |i®&&" bd af tsmpestidies, baiwagaabeet %Wh@%@%&umgfermch are

soluble in the selected solvent. 5.The crude carboxylic acid slurry in
conduit 30 is aesutt R0 tBRiHoUNal70°C BlontitHd fIpHithady sRICAGENEBhe ZONRh4R§apabl e

?iﬁ renoving a portion of the liquid
an aromatic feedstock 10, typically paraxyiene is ox1dlzed The impurities
'typically comprise one or more of the following compounds: 4-
10 carboxybenzaldehyde, trimeliific acid, and 2,6-dicarboxyfluorenone. The
solvent typically éomprises 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 1 0+"In ‘éne
(5 emb.odiment, the aromatic feedstock comprisés paraxylené.'The primary
oxidation zone 20 eomprises at least one oxidation reactor, and thé crude
carboxylic acid_s!Urry.?;O comr;i'ises at.'ieast one carboxylic acid. Generally,
the carboxylic acid is terephthalic acid. |
Therefore, when terephthalic gcfd is utilized, the crude carboxylic
20 acid slurry 30 would be referred fo as crude terephthalic acid slurry.
However, suitable éarboxylic acids inp]ude, but are not limited to,
terephthalic écid, isophthalic acid, naphtha[ene dicarboxylic acid, and

mixtures thereof. Crude terephthalic acid slurry is conventionally '



contained in the crude carboxylic acid slurry 30 to produce the slurryW
product in conduit 70. The renoval of a portion of the liquid to produce a
slurry provucicod/oszeanduit 70 can be acconplished by any meEanss2603@assosn 10
the art. Typically, the solid liquid displacenent zone 40 conprises a solid
| i quid separator that is selected fromthe group consisting of a decanter
centrifuge, rotary disk centrifuge, belt fitder, rotary vacuumfilter, and
the like. The crude carboxylic acid slurry in conduit 30 is fed to the

optional solid [liquid displacepren one 4Q co ising a soljd |liquid
separator. The SBYF%EESJ_%E%CF V%‘ﬁ@ [éoé’b‘iP (il opgaﬁ%ngfip%r@x lenedmites B’Eeﬁ'r%é@elf’ét ween-
about 50C to about_ 200C, preferably 1400C to about,  170C and at pressures

bet ween about D S@abe pyidedocamsialyso Syliable catalysisdariyere but areencd dmites tany
residence tinme suitable to renove a portion of the solvent and produce a
slurry product i cobahmuanganése ditcbonine campsoinidd, Whighi ade sepdlaincthei n t he
optional solid liquid 20 displacenent zone 40 may be operated in continuous
or batch node, aksberdsoifeni || be appreciated that for comerci al .
processes, the continuous node is preferred. WD 2004/ 052821

00 TERE TP I 08 oAy o ool

liquid displacenent zone- or an I'ne 60.
Addi tional solvent.is fed.to the option sol.id Liguid displace t zone 40
o 1 Tne so-to bl i Gisrlade el ianpiil oRicel bt iny BoRERAT M i
slurry 5 product 70. The nother liquor is withdrawn fromsolid |iquid
di spl acenent. zofetamedig the seudpcamexyisngiid SBETY3G & peslucertieBEM vy acetic
acid, catalyst, and brom ne conpounds. The mother liquor in line 60 may . )
ei ther be sent t productin conduit 70. The removal of a portion of the liquid to produce a

slurry product in conduit 70 can be accomplished by any means known in

-10  the art. Typically, the solid liguid displacement zone 40 comprises a solid

liquid separator that is selected from the group consisting of a decanter

centrifuge, rotary disk centrifuge, belt filter, rotary vacuum filter, and the like.

The crude carboxylic acid slurry in conduit 30 is fed to the optional solid

liquid displacemeﬁt zori’e 40 comprising a solid liquid separator. Thg solid

15 liquid separator is operated at temperatures between about 50°C to about

./

200°C, preferably 140°C fo about 170°C and at pressures beMeen about
30 psig to about 200 psig. The residence time cén be any residence time-
suitable to remoi!e a portion of the solvent and producé a siurry product in
| conduit 70. The optional soljd liquid s_eparator 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 ‘

cantinuous mode is preferred.



a prdcess for separating inpurities from oxidation solvent fromvia |ines
not shown or recycled to the catal yst systemvia |lines not shown. One 10

- techni quedfmo4bagarity renoval fromthe nother |iquor @SHMFNE/GBEHE=-in the
chem cal processing industry is to draw out or "purge" some portion of the
recycle stream Typically, the purge streamis sinply disposed of or, if
economcally justified, subjected to vari-Bus treatments to renpve undesired
impurities while recovering val uabl e conponents. Exanples of inpurity 15

removal processes include-U. S, Patent # 4,939,297 and U. S, Patent
4,356,319, herein iﬂ}f‘o‘ﬂwgﬁéﬁr‘?’@@p@@é‘%@?{g%P@ o %)Soggﬁﬂ"i"ges oxi di zi ng
the slurry product 70 or crude carboxylic acid slurry 30 in a staged -

oxi dati on zondligtacementzane 4@ dyaaotbsi ilaar gadpyidulrewnivia ing@®0.n one

enbodi mrent of the invention the slurry product 70 or crude carboxylic acid
slurry 30 is wddititbrmMsolieat isifod td the opiorst aghidliiquit displacementzoBd 40hase it
is heated to between about 1 90C to about 280C and WO 2004/ 052821

PCT/ US2003/ 0383860 tol@sturf tAbehake ié_ar*@:@kyﬁﬁ‘é'cié@ﬁwy 20QadtBrakeyuneS0C and

further oxidized with air fed by Iine 100 to produce a staged oxi dati on

product 0. }P&d&&%gﬁn&ﬁﬁ@%ﬁtgud%r%‘%/i@gr&wﬁfoh%§§tic§ﬁqdiﬂ§cﬁ§@8§§m§fé‘ged

oxi dati on reactor vess$s car boxyl 1 ¢ "acl arr arry 5
product 70 is fed to the aged oxidation zone ,80. The term'staged" means
Phat the oxi daons e die HEAEbEAIPHEES A RRBRIT dib aaly Bre b REco B Sy sed
previously as well as in the staged oxidatjon zone 80. For exanple, the -
staged oxi dat i2od brerdn@goTweuBdspl he eathagiaasin daeithmeyaither beessdite i n

;} a process for separating impurities from oxidation solvent from via lines not
showh or recycled io the catalyst system via lines not shown. One
10 technique for impurity remeval from the mother liquor commoniy used:in the
chemical processing indﬁstry is to draw out or "purge" some portion of the
recycle stream. Typically, the purge stream is simply disposed of or, if -
economibalfy’justiﬁed, subjected to various freatments to remove undesired
impurities while recovering valuable components. Examples of impurity
15 removal processes include U.S. F’atent #'4,93.9,297 and U.S. Patent
) | 4,356,319, herein incorporated by reference.
Step (b) comprises oxidizing the slurry product 70 or crude
carboxylic acid slurry 30 in a staged oxidation ione BOAto form a staged
oxidation product 110.
20 ‘ In one embodiment of the invéntion the slurry product 708 or crude

carboxylic acid sIu_fry 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



series. 10 Wen the carboxylic acid is terephthalic acid,,the crude
carboxylic acid slurry 30 or slurry product 70 in the staged oxidation zone
80 conpri was2@woszsedat i on reactor that is heated tobetwasnreseos03dBeC to
about 280C, preferably between about 200C to about 250C, and nost

preferably between 205 C to 225C and further oxidized with air or a 15
source of nol ecul ar oxygen fed by |ine 100 tl®-produce a staged oxidation
product 110. Generally,.oxidation-in the staged oxidation zone 80 is at a -
hi gher tenperature than the oxidation in the primar y oxidation zone 20 to
enhance the i npuprefgraidypbebveeTalow2HRE to dhdat 260°C end fetherexitizet vaihed
directly with solvent vapor, or steamvia conduit 90 or indirectly by any 20

nmeans known in t k@ fadtby lmmqmﬁddgéé@aété%@d ogidetiéd preduepdnet ed at a :
tenperature and pressure sufficient that the b* color of the staged .

oxi dation product llerﬂesst?ﬁé‘&o&iggﬁ?ﬁ?%éi8‘g'ﬁd3ﬁﬁﬁsaéilié%sttd?l% Qéggﬂ)g[ of the

staged oxidation product con ess than about 3.

ot dat | on pr oducEREBIGAFET 13t TRECAP AR ARals 290 SufEsEbor sy, &' one

of the three-color attributes neasured on a _ spectroscopic reflectance-based

“nstrument . 5The QEPAHCITANS e e taged BYIdaHYN depe 89- RGBT Fsteged impans

Hunter Utrascan XE instrument is 5 typically the neasuring device. Positive

readi ngs si gni fy thatdheegidasionfoccyrd indwiii the ptimarpaxdation zohe 2P, disthissed

negative readings signify the degree of blue (or absorbance of. yellow).
Addi tional air ompraubashlaarwekygentheetated bgidatibazen@ 80l tFok@ahiplé, the
staged oxidation zone 80 can comprise staged oxidation reactor vessels in
series.

10 When the carboxylic acid is terephthalic acid, the crude carboxylic
acid slurry 30 or siurry product 70 in the staged oxidation zone 80
comprises an oxidation reacter 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 molecuiar,oxygeh fed by line 100 fo produce a staged oxidation

L

product 110. Generally, oxide_ltion in the étaged oxidation zone 80 is at a
- higher témp.erature than the okidation in the primary oxidation zone 20 to
Venhance the impurity removal. The staged oxidation zone 80 can be heated
directly with solvenf vapor, or steam via éonduit 90 or indirectly by any -
20 . means known in the art. The‘staged oxidation zone 80 is operated ata
temperature and pressure sufficient that the b* color of the staged oxidation .
| product 110 is less than about 4, Preferably, the b* color of the staged

oxidation prodtjct in conduif 110 is less than about 3.5. Most preferably, the



st aged oxi dation zone ‘80 in an anount necessary'-t'o oxi dize a substantial 10

- portion of the partially oxidized products such as 4-ca%f?o b al dehyde
BrHRLes

(4- CBA) WP e e car boxylic acid slurry 30 or slurr % to the
correspondi ng carboxylic acid. Generally, at (east 70% by wei ght of the 4-

CBA is converted to terephthalic acid in tlge st aged oxi dation zone 80.

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

car boxybenzal dehyslgr angheRsth@bdbkidagddprdtiichh SRR 1Rlsi IBsafizh ApOGlugt are
particularly detrinental to polynerization processes as they act as a chain

term nator duri t ' I : thalic acid and
et hyl ene gl y_coTﬂelgrl? tE ﬁleoqgé:gﬁ%?? ?Hoeﬁ%g!f&@%glm%‘t& H??ﬁg\g’gﬁ%]%ér@%ﬁﬁz’a%at e(PET). 20
Typi cal terephthalic-acid praoduct contains on a.weight basis |ess than about
250 parts por THYTIOGHODEHRICAABGr BoRTD ARILTaaHy doedue] GLoos machssst: | 150
ppm p-toluic acid WD 2004/ 052821 PCT/ US2003/ 038306 12 Inpurities in the
crude car boxyl PY:28x fgvisedmopwsio 1he agh f Apngrddifescam XEGHSTTHEENE & uti on as
terephthalic acid particles are dissolved and re- crystallized in staged

oxi dat i on5zonetypially Gid¢ gesstirivgdelise s t(Ragitycoeadimgs signiohe ddgires ofi t hdr awn
via line 105 and fed to a recovery systemwhere the 5 solvent is renoved

from the of f gagej rigbisBebateadfiblige )owhie inegaivep faaitsgs $IRIBE he ¥&Geeand
met hyl brom de nmay be treated, for exanple by incineration in a catalytic

O e SO, SEomeda AR ofiet 110 Trom L e o apen o) datton
s} aged oxi dati on prﬂgﬁlffign%llgr Bpm%lecular oxygen may be fed via conduit 100 fo the
| staged oxidation zone 80 in an amount necessary tp oxidize a substantial

10 portjon of the partially oxidized products such as 4-carboxybenzalq;9ﬁyde

| (4-CBA) in the crude carboxylic acid slurry 30 or slurry product 70 to the
corresponding carboxy!ic acid. Generally, at least 70% by weight of the 4-
CBA is converted to tergphthalic acid in the staged oxidation zone 80.
PreferaBly, ét least 80% by weight of the 4-CBA is conve_rted to terephthalic

15 acid in the staged oxidation zone 080. Significant concentrations of 4-

3 carbokybenzaldehyde and p-tgiuic acid in the terephthalic acid product are
particularly detrimental to polymerization processes as they act as a c_:hain
terminator during the condensation reaction beﬁvéen terephthalic acid and
ethylene glycol in the production of polyethy!éne te_rephthalate(PET).

20 Typical terephthalic acid product coﬁtains on a weight basis less than about

250 pai‘ts per million (ppm) 4-carboxybenzaldehyde and less than about

150 ppm p-toluic acid



10 crystallization zone 120 to forma crystallized produgct 160. Generall Y,

the <crystallization zone 120 conprises at | east one crystallizer. Vapor
product M@20#ME8EY ystal | i zati on zone 120 is withdrawn RETAUS003038396
condensed in a condenser zone 150, which conprises at |east one condenser
and returned to the crystallization zone } 0 via conduit 140. Optionally,
the liquid in 15 conduit 140 or vapor 130 ifi the condenser zone 150 can be
recycled, or it can be withdrawn or sent to an energy recovery device. In

addi tion, the cryst gllfl] siiﬂQlBchm%S%aé%@ﬁé)t[ircoéﬂi& Q%rﬁwgpﬁﬁmﬁﬂguét% s

renoved via line 17 can be rout a recovery syste ere the

I I S d ' |1 .on .qf f LS| d
ol Lutant & may. H6 Mol xBrrefalenaR oatieon ARSI A el "Cat at v -

oxidation unit. Wen the carboxylic acid is terephthalic acid, the staged.
oxi dation prodGoistalized ingiagekoxidatiemzens. & @ﬁgﬁ%ﬁ@“"B%'ei siaged pyidalianvi a
line 110 and fed to a crystallization zone 120 conprising at |east one

crystal | i zer Wozeo® 8005 2dhdravaTvisdveolasbis to d BoaNenesyatemswhbesithe to a

t enperature between about 110C to about 190C to forma crystallized product

160, prefepBabl yspieeat kaapmvat drotn ted vigas edmptising 40Etieoajanid cAiBfbund®st

preferably 150C t0l70C. The b* color of the crystallized product in conduit

160 is less tha(vécSzr mﬁahamét@@ H@Smfdaf %ﬁeée%tﬁg, fb[g*ﬁéiéﬁiﬂié pgd product

in conduit 160 is |eSs than 3.5. st preferably, color in the

crystall ized p ofidrabin KPRV RasAd T TP sl phleeg g ot
the crystalli ze?rgg{ %u&%gé&%ﬁ@gategggvégﬁ isg\}it%%%ulvx){vfaqinae Haos'sel and _COOl ed t?}

forma cooled c

Step (¢} comprises crystallizing the staged oxidation product 110 in a
10 orystallization zone 120 te form a crystallized product 160. Generally, the
crystallization zone 120 compfises at least one crystéllizer. Vapor product
- from the cﬁstallizaﬁon zone 120 is withdrawn via line 130, condensed in a
condenser zone 150, which comprises at least one condenser and returned
o the crysta!lization 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
can be withdrawn or sent to an energy recovery device. In addition, the
crys‘taﬂiza-tidn 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,
20  for exampie by incineratibn ina catalﬁic 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 fo a crystallization zone 120 comprising at least one crystallizer

o



10 the carboxylic acid is terephthalic acid, the cooled crystallized
produtis cooled in a vessel to typically a tenperature of approximately 900
C or | esw0 Mefe1bei ng i ntroduced into a process for PEESF2NBABIOMe
terephthalic acid as a dry powder or wet cake. In sonme processes prior to
the present invention, the crystallized 15 product 160 was fed directly to
a flash tank. The crystallized: product 469. was cooled in the flash tank
to.typically less than about 90C and fed to. a filtration and drying
system However, as previously stated this invention provides an attractive
‘process to prddifse tds sapiedited EmRRIR® Sehren @P%'fr{)"%gi OB A CGatos ol i d
li quid di spl acenment zone conprising a solid liquid separator 20 at ‘el evated
t enper at ur es dbnen coystallized prasfuch 160 upeferablydryd tetnperRtire Ibatwgen@iadiict and
prior to final filtration and drying. The results of Exanples | and 2

di scussed subsigguens oGl €8090] rhbstyFtferbisly BO°S tGTTHACE alihe BYColor Hhe
2004/ 052821 PCT/ US2003/ 038306  -14 inprovenents which are achi eved when the

Lid liauid di " _ oL . . q
conpri sea 1 emsOT g TR BrousP B Gorbt i R £ ERRE B RS RIG EE {on
th tallized. duct tq f t he. i.fi ed thal i i 5 sl :
I has bébn sdrornSHIGE mbne Prasnci IO S h8 34 DBt Brafty 266 't rom
crystallizer zone 120 is treated in a solid |iquid displacenment zone 180,

the purified ®Acexnthe %B@!lgledrm?du@on@@nﬂwﬁﬁ@%s ospfineast |y | ess

inmpurities, thereby inproving the color of the products produced fromthe
carboxylic 10 aci dThéhmysiallired propuad 16D Sminadenenstaloation&@neotf0 isses a solid

rjd i withdrawn via line 160. Typically, the crystallized product 160 is then fed
directly fo a vessel and cooled to form a cooled crystallized product. When

10 the carboxylic acid is terephthalic acid, the cooled crystallized prodiict is
cooled in a vessel fo typically a temperature of approximately 90° C or less
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. fhe crystallized: produét 160
was cooled in the flash tank fo typically less than about 90°C and fed to &
fi!tratioﬁ and drying system. However, as previpusly stated this invention -
provides an attractive process to produce a purified carboxylic a.cid slurry by
utilizing a solid liquid displacement zone comprising a solid liquid éeparator

20 | at elevated temperatures aﬁér oxidation of a crude carboxylic acid slurry

product and prior fo final filiration and drying. The results of Examples 1 and

2 discussed subsequently clearly illustrate the significant pur'ity



separator which includes, butis not limted to a decanter centrifuge,
rotary disk pack centrifuge and other suitable solid |iquid separation

devi ces. WO 2&i5282bodi nent  where the carboxylic acid isPCEUSPNBMAAMIDE aci d,
the level of inpurities in the purified carboxylic acid slurry is decreased
by up to 60% It 15 was conpletely unexpected that terephthalic acid of this
purity coul d be produced utilizing the secdfid solid |iquid displacenent
zone 180 of the present invention w thout the use of a process for
separating inpurities fro xidation.solvent as disclosed.in U. S  Patent
Fa 030, 207 o hylRGEsRERh L b NS E WiPn 1 SUBfIRS HisbBesivns 22681, of
whi ch are herein 20 incorporated by reference. Thus, in one enbodi nent of
the present inveftihgpresiat ipygriion isiuséd. product 160 is withdrawn from
crystallizer zone 120 via line 160 and is fed to a solid liquid

di spl acement zone 180Stagn{st)icompgisesgemonling inw sblisdsaiddisplasenzed 200524801
PCT/ US2003/ 038306 -15 to produce a purified carboxylic acid slurry in
conduit 190. Theingsurttids!fiaitie cristqllizstepreatcrrforidie panfied sesphthslit iadid

i quid separator. In one enbodinent of the invention the solid Iiquid
separator cagn begigperated at tenperatures between about 50 C to about 200
C, another range is'the 5 solid liquid separator can be operated at 110 Cto

et veen about 140 C {Seame kgl bind Bt aw e orBtanERY Bl & ey Y
the pressure i oTREVEVSRIzer gous AR BBatstha st FfvracguRa coparilor i
the 10 second solid Iiquid displacenent zone 180 nay bhe operated in_, )
cont i nuous the purified carboxylic acid slurry 198 contains significantly less impurities,

thereby improving the color of the products produced from the carboxylic

10 acid. The solid ‘ﬁquid displacement zone 180 corhprisés a solid liquid
| separator which includes, but is not limited fo a decanter centrift_ige, rotary
disk pack centrifuge and other suifable solid liquid separation devices. In
the embodiment whére_ the carboxylic acid is terephthalic acid, the level of

impurities in the puﬁfied carboxylic acid slurry is decreased by up to 60%. It

15 . was completely unexpected that terephthalic acid of this purity could be

N ,

| produced utiIiZin.g the second solid liquid displacement zone 180 of the
pres'ent,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 crystaliized
product 160 is withdrawn from crystallizer zone 120 via line 160 and is fed

to a solid liquid disptacement zone 180 comprising a solid liquid separator



or batch node, although it will be appreciated that for commerci al
processes the continuous node is preferred. The inpurities are displaced

~ from t hewsodobdosegqui d di spl acenent zone 180 in a not hexcTuspoarossioseam and
wi thdrawn via line 185. Additional 15 solvent is fed to the solid liquid
di spl acenent zone. 180 via line 183 to reslurry the crystallized product
and formthe purified terephthalic acid -§%urry. The purified carboxylic
acid slurry is withdrawn from di spl acenmrent zone 180, via |ine 190.
Optionally, the purified carhoxylic acid slurry in, conduit 190 can then be
fed to a flasﬁotpéﬂ@“%en%lpf'r[%a C@&&X&HCF‘B*C‘I é%@yﬂ %ﬁ’l“dlﬂb?%%o e 8pliddiquid ot her
enbodi ments of this invention, the solid Iiquid displacement zone 180 can
be | ocat ed af tdigplapementzmne o860 @ammnsea@r&oiédtqw seEAIAIT InEingure 2. Even

t hough the process zones are located i'n a different order, W 2004/052821
PCT/ US2003/ 0383bodimkhit bhihe imnehiimmttef sdliddiquichespanagortden saopeage@rnevi ousl y
described. Inpurities are displaced fromthe feed streamfromthe solid

|iquid displ a"t@ﬂ@@i%%%&%eﬂl%%nvé%dtimacl@%bd{fi?oh@%ﬁ aﬂd‘tl@é}ﬂ‘a\b\ﬁetié‘ﬁ%ego' I d

di spl acenent zo I's the staged oxidation product 110: en the feed
streamto.the salid liquid 5 displacenent, zo Ls~a-~staged oxidation

oroduct 80 5 SN ERAGRE Cob R B A R C 18200 3G pREtl  The
inmpurities are displaced fromthe solid liquid displacenment zone 180 in a

nmot her | i quor hstweamsbodt W20 RGriawabout il 80 PChand 8goreTirefarablydretiegn@bost r eam
185 conprises carboxylic acid, water, a .10 solvent, suitable oxidation

cat al yst(s) angigoiom Qﬁoﬁwttﬁ@ﬁdaﬂ%ressures_ above the flash point for the
; ' selected solvent. For the case where the solvent is acetic acid, the
pressure is generally less thaq 200 psia. The solid liquid separator in the
10 second solid liquid dis;a!acerhent zone 180 may be operated in contihuous
or batch mode, although it will be appreciated that for commercial
processes the continuous mode is preferred.
The impurities are d-isplaced from the solid ['iquid displacement zone
180 in a mother liquor stream and withdrawn via line 185. Additional
15 solvent is fed to the solid liquid displacement }_one. 180 via line 183 to
reslurry the erystallized product and form the pﬁriﬁed terephthalic acid
slurry. ‘The purified carboxylié acid slurry is withdrawn from displacement”
zone 180, via line 190. Optionally, the purifi.ed carboxylic acid slurry in
conduit 180 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,



corrosion netals. The bronine: conpounds are used as prompters in the

oxi dation reaction. Exanples of corrosion netals are iron and chrom um
conpounds wehateseazhi bit, reduce or entirely destroy theP@EUBMNI383F6 t he

sui tabl e oxidation catalyst. Suitabl e carboxylic acids are selected fromthe
15 group consisting of terephthalic acid, isophthalic acid, naphthal ene

di carboxylic acid, and m xtures thereof. Ad#ftional solvent is fed to the
solid Iliquid displacenment zone 180 via line 183 to reslurry the

crystallized product and rmthe purified terephthalic acid,slurry. The
bt T hed car boxyiedungia ot danee e e sr e s piacLmy Sestre i nties

di spl acenent zone 180, vi-a_line 190. 20 Optionally, the purified carboxylic
acid slurry in c¥iectisplaced ioamtheneedsdrepatfromothg ﬂqlléélﬁul(gfﬁﬁp'éﬁ@mﬁﬂbm :
cooled to |l ess than abaut 90 C. It should be appreciated that the process
zones previ ousl y18yierlineet85.clhe feedwstidany tedthiersadidydisplaecembenigars 180 isehe 1t
shoul d al so be appreciated that WO 2004/ 052821 PCTI US2003/ 038306 -17 when

the process zonesiagee oxiiztidarmddudtattl, Mehan thecfesd eireaint tcoihe guliy ligaikiange. 'In
anot her enbodi nent of this invention each .enbodi nent can optionally include

an addi tiongl st @i@Pﬁégﬁférﬁ Bfe 48095 @ dtaddtBokiBatiGR bR HG0 _a%@mbafs@%%egd‘

esterified carboxylic acid via hydrotreatnent. The.decolorizing o

purified carboxyli.e aci ﬁgo%{(dﬂ:ri ﬁKs?énpﬁﬁiu%a&e%Bﬁﬁﬁgfiﬁﬁég%wﬁﬁag%aif@”?% be

acconpl i shed by any nea nown™ i ne-art an _ _ _
ool ori i ng canSE MY HEPISHER B4Rt nG TS GAHBERYPHE KA has
under gone esteri Lig(ﬁ%i"osns-t reatment, for exanple © _ )
The mother liquor stream 185 comprises carboxylic acid, water, a
10. solvent, suitable oxidation catalysi(s) and bromine compounds énd
corrosion metals. The bromine compounds are used as premoters 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, isophthai_lic acid,' néphthalene
dicarboxylic acid, and mixtureg fhereof. Additional solvent is fed to the solid‘ \}
liquid displécement zone 180 via line 183 fo resturry the crystallized product
~and férm the purified terephthalic acid slurry. The purified carboxylic acid
slurry is withdrawn from the solid liquid displacement zone 180, via line 190.
20 O;f)tio_nally, the purified carbokyiic'acéd slurry in conduit 190 can then be fed
to a flash tank and flashed cooled to less thén about 90 °C.

It should be appreciated that the process zones previously described

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



wi th ‘et hyl ene gl ycol, w th nol ecul ar hydr ogen in the presence of a catal yst
in a reactor zone to produce a decolorized carboxylic acid solution or a

decol ori Rsl2@skSisaPr oduct . For the reactor zone, there @reusRosPRcIAl -
limtations in the formor construction thereof, subject to an arrangenent

15 that allows supply of hydrogen to effect inti mate contact of the
carboxylic acid or ester product” with thé&7eatalyst in the reactor zone.
Typically, the catalyst is usually a single Goup VIIl netal or.conbination
of Goup VIII netals. Preferably, the catalyst is selected froma group
consi sting of Whenl thginiepesaadnssi armreeneedediiadiioe portsisasondilionisenepf . The
reactor zone 20 conprises a hydrogenation reactor that operates at a
t.enperat ure andhapgessure sufficient to hydrogenate a portion of the
characteristically yellow conmpounds to colorless derivatives WO 2004/ 052821

~ PCT/ US2003/ 038306 {4 BnofesARidelinBhtsofithisenidribrcaasrbembebiniesht ddd ustrat ed
by the foll ow ng exanples of preferred enbodi nents thereof, although it

will be underSb@ﬁ&néimmsﬁegﬁa@eﬁdﬁw!sfépm@c@ﬁ?ﬁaﬁé%%eldfr%fr@hhef&gma figoses of

illustration and are "not cope e |nven

I f I I
wasoxi 0i Sod apOHGHE! 't%?lﬁ?%aawoésﬁ%gV@Cﬁ%ﬁ%@& 10 8ystem t Srﬁﬁﬁdﬁé‘i a

crude terephthalic aC| d slurry having 30-35% sol |.ds The crude terephthalic
acid slurry was cr y§h§|da0?&ylzwﬂdofﬁb¢uppﬂ gd &@IWVI'%@C'%I%%% agrstAriiied Fi gur e
1 with the onm ssion of Zone 180 and the

carboxylic acid can be accomplished by any means known in the art and is

} not limited to hydrogenation. However, for example in one embodiment of
the invention, the decélorizing can be accomplished by reacting a
10 carboxylic acid th_at has undergone esterification treaiment , for example -
with ethylene giycol, with molecular hydrogen in the presence of a catalyst
in a reactor zone to produce a decolorized carboxylic acid solution ora’
.decolori'zed 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 éffect intimate contact of the carboxylic
) . acid or _ester pfo_duct with the catalysf in the reactor zone. Typi‘cain, the
catalyst is usually a single Group V!l metal or combination of Group VI
nﬁe’zaIs. Preferably, the catalyst is selected frbm‘a group consisting of
palladium, rLItheniu_m, 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



crystallized product fromthe crystallization zone 120 was-transferred
directly to flash tank. The product was renoved after filtration and drying-:
15 and avad9es®5380t 4- CBA, TMA, 2, 6- DCF, percent transnPETHRYIBS/ERHPSH* . The
b* is one of the three-color attributes neasured on a spectroscopic

refl ectance-based instrument. A Hunter U trascan XE instrunent is typically
t he nmeasuring device. Positive readings si‘é?n’ fy the degree of yellow (or
absor bance of blue), while negative readings signify the degree of blue (or
20 absor bance olf_: (ﬁhé% The concentration of 4-CBA, TMA, 2,6-DCF in the
terephthalic am—&—wer?-anal yzed via liquid chromatography. To determ ne the
percent transmttance, a 10% solution of terephthalic acid product in 2M
KOH was WO 2004/ 052821 PCT/ US2003/ 038%,-19 nmeasur ed “si ng a UV visible
spectroneter at 340nhhisTREHiIONGRNhRSIU divstratad by tha @ Wélﬁ’z?n%?@é@i?l@%loﬁsi ng a
refl ectance color nethod at 340nm The results are shown in Table 1. 5 -

| nvent i ve Exanpprefare amplogimenigsherspbaltboughdiept! hehandaratpodrihst these zed
product from the crystallization zone 120.was fed to a.solid liquid

separ at i on5zonesXdifipiesarplindider mersly foryputpskes eniustraijon and ard eafper at ure of
155C.and the solvent wash was fed to the rotary disk centrifuge at a
temperature of iRerkfteo iHietRHddeas the hRRABANIrfeWifloRtisd upbomag)yco! | ect ed

and analyzed as in Exanple 1. The results are shown in Table-1. Table 1 Ex.

# 4-CBA TMA 2, 6?)1%’[90@? b*

Comparative Example 1 Y
Paraxylene was oxidized at 160°C utilizing a Co, Mn, Br catalyst
10 éystem to produce a crude terephthalic acid slurry having 30-35% solids.
‘The crude terephthalic acid slurry was crystallizeq and purified using the
process shown in Figure 1 with the omission of Zone 180 and the
crystallized product from the crystallfzaﬁon 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 thé three-color-attribute's measured on a spectroscopic : )
reflectance-based instrument. "A Hunter Ulirascan XE instrument is typically
- the measuring device. -Positi\'re readings signify the degree of yellow (or |
ébsorbance of blue), while negative readings signify the degree of blue (or
20 ‘absorban'ce of yellow).' | ‘
The concentration of 4-CBA, TMA, 2,6-DCF in the terephthalic acid
were analyzed via liguid chromatography. To determine the péwrcent |

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



(ppm* (ppm (ppn) 1 103 51 10 89 4.1 2 44 23 495 2.9 15 4-CBAis

4- car boxybenzai dehyde 2TMA is trinellitic acid 32,6-DCF is

2, 6- di cagfaoxpfihigsenone 49 is %transmttance at 340 ponusdds/eszs@ neasure
of yell ow bl ue col or WO 2004/ 052821 PCTI US2003/ 038306 -20 The results of
Exanples | and 2 clearly illustrate the significant purity inprovenents

whi ch are achi eved when the solid |liquid-dpsplacenent zone of the present
invention is used. The amount of inpurities present in 5 the purified
terephthalic acid product produced by the process of the present invention
decreased bet wERSHERSLYSIBO addY vigibigtspeop e ab340nahs Mhetiddhet t he
purified terephthalic acid product has a direct influence on the color of
t-he pol yet hyl efegephkihalihabial wie meRETedusing eadflleGesce ablos methad(ge4drired
terephthalic acid) is white (which is referred to as having | ow 10 col or).
Hi gher % tr ansThetreads dradifoaireis Tass 1color in the PTA. The human eye can
detect 0.5 differences in b*. Thus, the 1.2 difference between the

non- hydr ogenati on process (Exanple 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 aﬁﬁgth!@ Egaiﬁigzts a very noti-ceable decrease in the 15 :
yel | ownes§ of - c acid slurry. The degree of inprovenent in all
{he Teasured Cal e00L g8 IS Rk e bt St ik O UV BB Y ©f

the crystailization zone 120 was fed fo a solid liquid separation zone 180

~J comprising a rotary disk cenfrifuge at a temperature of 155°C and the
solvent wash was fed to the rotary disk centrifuge at a temp'erature of

| 10 1 45°C. The purified terephthalic acid product was collected and aﬁgiyzéd

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

Table 1

Ex. # 4-CBA' - TMA* | 26-DCF° [ %T* b*S

- (ppr) | (ppm) |- (ppm)

1 103 51 10 89 4.1

5 44 53 ) 55 5.0

1 5 - '4-CBAis 4-carboxybenzaldehyde
*TMA is trimellitic acid
- %2 6-DCF is 2,6-dicarboxyfluorenone
“%T is % transmittance at 340 nm

°b* is 2 measure of yellow-blue color



centrifugation in the solid |i’quid separation zone 180. In the past,
conparabl e purity | evels have been achieved only by utilization of a

hydr ogenat Woropd/eis2iwhi ch i ncl udes nunerous steps and pi ®SEHSBF03/038306
equi pment, and significant capital investnment. The invention has been
described in detail with particul ar referen&g to preferred enbodi nents
thereof, but it wll be understood that vartati ons WO 2004/ 052821

. PCT/ US2003/ 038306 21 and nodifications can be effected within the spirit
and scope of the invention. -22- WE CLAIM 1, A process to produce a
purified carboxylic acid slurry conposition said process conprising: (a)

i ed carboxyl i o : : :
ol PauB dl pr acorBhels il Eatbngs Y af 2R ke BB SRhloR: of-i ng

said slurry . conposition at a tenperature of about 190C to about 280C in a

staged oxi dat i onPEBdMPEOeIPeRts Whith geriaeiipwad gN the wpld ligvigilisplacement
(c).crystallizing said staged oxidation conposition in a crystallization

zone to form a crgse af thezpesentiipeattiorois;usedd i) ameuwokohigipuritias pressed irent
solid liquid displacement zone inpurities. fromsaid crystallized

Wherein sald | mpur L e e e bones denyde e el Vel o aci d.
or 2, 6-di car boxybldiineBRiioRBEcreased between about 50 and about 60%. The %
transmiftance of the purified terephthalic acid product has a direct influence
on the cdior of the polyethylene terephthalate (PET) produced. Desirable
PTA (purified terephthalic acid) is white (which is referred to as ha_lving low
10 color). Higher % fransmittance indicates less color in the PTA. The human
eye 'can detect 0.5 differences in b*. Thus, the 1.2 difference between the
no'n-hydrbgenaﬁon process (Example 1) which displays é b* of greaterthan
about 4, and the process of the present invention (Example 2) which shows
a b* fess than about 3 represents a very noticeable decrease iﬁ the
15 yellowness of the terephthalic acid slurry. The degree of improvemeﬁt in all
thé measured categories is particularly surprising given the simplicity of the
centrifugation in the solid liquid separétion zone 180. In the past,
comparable purity levels have been adhieved only by utilization ofa
hydrogenation plant which includes numerous steps and pieces of
20 equipment, and significant capitall inv.estment.
- The invention has been .des'cribed in detail with particular reference

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



wher éi n sai d subsequént solid liquid displacenehtizone conprises at |east

~one solid liquid separator that is operated at a tenperature between 110C

to 200C. V0 2848328%ess to produce a purified carboxylic BEV/ESHPIPIBH06
conposition said process conprising: (a) removing inpurities froma crude
carboxylic acid slurry conposition in qlld i quid di splacenent zone to
forma slurry conposition; (b) OXIdIZIng sdd slurry conposition at a
tenperature of about 1900C to about 2800C in a staged oxidation zone to
forma staged RS s ' ent solid
l'iquid dISp|anﬁggﬁ&¥§%§Kﬁg %éeﬂ@c gg%ggggg¥§@ﬁ %Q?@??? N conposition
to forma puritfied,staged OX|dat|on conposi tion; mhereln said inpurities
conpri se 4- carHB@VB@ﬂzaldehyde trimellitic acid, or

2, 6-di car boxyfi uorenone; and wherein said subsequent solid liquid
displacenent zone conprises at least one solid liquid separator that is
operated at a tenperature between 110C to 200C, and -23- (d) crystallizing
in a crystallization zone said purified staged oxidation conposition to
formsaid purified carboxylic acid slurry conposition. 3. The process
according to claim1 or 2 wherein said solid liquid displacenment zone
conprises at least one solid liquid separator that is operated at a

t enper ature between about 50C to about 200C. 4. The process according to
claiml1l or 2 wherein said solid liquid displacenent zone conprises a solid
| i quid separator selected fromthe group conS|st|ng of a belt filter, a

rotary vacuumfilter and a rotary disk



pack centrifuge. 5, The process according to claiml or 2 wherein said
purified carboxylic acid slurry conposition is forned without a process for
" separating inmpurities from oxidation solvent or hydrogenation step, 6. The
" process according to claiml1l or 2 wheredn said purified carboxylic acid
slurry conposition has a b* of |ess than about 3.5. 7, The process according
- toclaiml or 2 further conprising the step of flash cooling said purified

car boxyl i GWEC%QA%UHV conposition to forma cooled purified slurry
conposi tion. 8. process to produce a purified carboxylic acid slurry

conposition conprising, (a) renmoving in a solid liquid displacenent zone
impuritires froma crude carboxylic acid slurry conposition to forma slurry
conposi ti.on; A pheessic saodloy agearitent basbpixiic add ¢lishucompposgiiposaidi on
conprises terephthalic.acid, catalyst, acetic acid, and inpurities that is
wi t hdrawn at PACCRSSHFEPRURIFE bet ween” about 140C and about 170C fromthe

oxi dati on of é%gﬁrﬁéﬁgﬁg@ﬁbﬁh& %mbm@égggmﬁﬁsg{%@&lﬁ i catal yst

conprises ¢ ese or m ne conp zing said slurry
conposi tion igsdidsiaiedispactatedrzanerie forn iy eoimpegédnoxi dat i on

conposi tion; wherein said oxidizing i s conducted at a tenperature between
about 190C t ¢hppedizingead sy apewersiiosat@ teawemizing 2owt198°kitgher

e VR Lo - o e R R R TV TS AT

crystallizat ic%ﬂlp?d@?ﬁ’on; : - _
(c) crystallizing said staged oxidation composi{ion in & crystallization -
zone to form a crystallized composition; and |
(d'_) removing in a subsequent solid liquid displacement zone impurities
from said crystallized composition to form said purified carboxyiic acid
slurry cornpasitioh: wherein sald impurities comprisa 4- |
carboxybenzaldehyde, trimeliitic acid, or 2,8-dicarboxyfiuorencne; and
wherein said subsequent solid liquid displacement zone comprises at [east
one solid liquid sepérator that is operated at a temperature between
110°C to 200°C.

2. A process o produce a purified carboxylic acid slurry composition said
process comprising:
(a) removing impurities from a crude carboxylic acid slurry composition in
a solid liquid displacement zone to form.a slurry composition;
(b) oxidizing said slurry composifion at a temperature of about ;190“0 o
about 280°C in a staged oxidation zone to form a staged oxidation
composition; |
(c) remaoving In a subsequent solid liquid disp!acemen’r zone impurities
from said staged oxidation compositicn to form a purified staged oxidation
composition; wherefn said impurities compriss 4-carboxybenzaldehydes,
trimeliitic acid, or 2,6-dicarboxyfluorenens; and wherein said subsequent
solid fiquid displacement zone comprises at least one solid liquid '

separator that is operated at a temperature between 110°C to 200°C; and



to forma crystallized conposition; and (d) renoving in a subsequent solid

I i qui d di splacenent zone inpurities fromsaid crystallized conposition to
formsaid purified carboxylic acid ;glurry conposition; wherein said
subsequent solid liquid displacenent zone conprises at |east one solid

i quid separator that is operated at a tenperature between about 110C to
about 200C; and wherein said inpurities conprise 4-carboxybenzal dehyde,
trinellitic. acid; or 2,6 d icarboxyfluorenorie. 9. The process according to

clai m 8 fur yBperyeRiNiinG img chitfalfid@foroforfel S28d puEREd bigesialtiavoni f i ed
carboxylic acid’slurry conposition to forma cooled . purified slurry
conposi ti on.copposTian térf@&@sﬁal@@uaﬁ@m pyhbesyie aaidslury corgpogtisnir t her

i urry bompdarporess deotdhdid SA LardEaH fl S REE S T ke, “11, The
process accQshAHhEniCLHIEINNESS 8t Ragidik %mfaﬁgg §ieﬁ§rait@rthatq§orrpl i shed by

reacting said. purified crude carboxylic acid s conposition with

hydr ogen i n dpeezaipres eneenpdrafure dishvysit abouted0°Cads aboab2@)°XL o produce a
decol ori zed carboxylic. acid slurry corE)osi tion; wherein said
cat al y¢t - conp¥é R@§ess greriging 13 clakt J1or Ziwherpiesyid gedigdianiEcor ding to claim 8

I aui o separiareeattHatt SrBHERe e 685 AL SRR RELATERIR  "S0c 1o
about 200C. gk3up AoRsietng ef bhal ik Cce rétanwWdctilrtfies hoky rbienagisld sl urry

conposition said process conprising: (a) oxidizing an aromatic feedstock at
a tenper at uRBCKCEREEUES.110C to - -

5. The process according to claim 1 or 2 whereiﬁ sald purified carboxylic acid
slurry composttion is formed without a process for separating Impurities
from oxjdation solvent or hydroge}nation step, |

8. The process according 1o slaim 1 or 2 wherein said purifled carboxylic acid
slurry camposition has a b* of less than about 3.5.

7. The pracess aceording to claim 1 or 2 further comprising the step of flash
cooling said purified sarboxylic asid siurry somposition to form a cocled
purifiad slurry compoesition. |

8.  Aprocess fo produce a purified carboxylic acid slurry composition
comprising: | |
(a) removing in a sofid liquid displacement zone impuritles from a
crude carboxylic acld slurry composition to form a slurry compaositior;
wherein said crude carboxylic acid slurry composition comprises
terephthalic acid, catalyst, acetic acid, and irﬁpurities that is withdrawn at &

- temperature between about 140°C and about 170°C from the oxidation of
paraxylens in a primary oxidation zone; wheréin said catalyst comprises
cobalt, manganese or bromina compounds; .
(b) oxidizing said slurry composition in a staged oxidation zone fo form
a staged oxidation composition: wherein said oxidizing is conducied at a
temperature between about 120°C to about 280°C; and wherein said
oxidizing“ is at a higher femperatfure in said staged oxidation zone than in
said primary oxidation zane; |



about 200C in a primary oxidation zone to forma crud
slurry conposition; (b) renoving inpurities fromsaid
slurry conposition in a solid liquid %isplaeenent Zo
'conposd tion; -25- (c) oxidizing said'é'hrry conposi ti
oxi dation zone to forma .staged oxidation conpositio
subsequent solid |liquid displacenment zone.inpurities

e carboxylic acid
crude carboxylic acid
ne to forma slurry

on in a'staged

n; (d) renmoving in a ~
fromsaid staged

oxi dation conposition to forma purified staged oxidation comnposition;

there,n 52 O TR GLER SOTRLER dasal P ReReh IR o R o ¢

di spl acement (7Rme £ eRREIFAK sdmhegisbnofy solid liquid
operated at a tenperature between 110C to 200C; and

separator that is
(e) crystallizing in a

crystal | i zat {riemanvingiai 2l spbséquisad selicitieud ahisplensent acorgowiuritiesn to form
said purified carhoxylic.acid slurry conpositi.on., 14, rqcess, to produce a
purified car %qu]‘ tﬁ[l'g?@lppw}:}?&ﬁﬁﬁg?ﬁwﬂlsggiW”ﬁﬁécﬁ?&‘g’wﬁ'&ﬁﬁﬁ sing: (a)

oxi di zing an j ; : ; , : tgj%;ﬁ t o about
200C in a pr F%@@?ﬁdﬂ@gﬁﬁ%ﬁ%aﬁéﬁm 2 %}ﬁﬁggd ggLngox lla%é’ggi‘% slurry
conposi ti on; z¢me composen et iggsoneizedd fliqoich sspizdator thig ivapdraiad sz acid slurry
conposition in a solid liquid displacenment zone to forma,slurr

e

conposi t i on; EBYeralirgibatws

Babe U (1110t Bhple PRI ANH WherinysdToxi dat i on

o O Ot T RSB A L0 RIS O, AR 810 o2 O sta0ed

dicarboxyflucrenoné.

8.  The précess according to claim 8 further comprising the step of flash
cobling said purified carboxylic acid slurry composition to form a cooled

purified slurry cofnp‘osition

10.  The process according to claims 1, 2 or 8 further comprising décolorizing

in a reactor Zone said purifled carboxylic acid slurry compaosition or a

carboxylic acid that has been esterified.

11.. The process according to claim 10 wherein said decolorizing is

accomplished by reacting said purified crude carboxylic acid shurry

composition with hydrogen {n the presence of a eatalyst in a reactor zone
to produce a decolorized carboxylic acid slurry composition; wherein said

catalyst comprises a group VIH metal.

12.  The procasé according to claim & wherein said solid liquid displacement
' zone comprises at least one solid liquid separator that is operafed at a
temperature betwsen about 50°C fo about 200°C.
13,  Aprocess fo produce a purified carboxylic acid slurry somposition said

process comprising: ,

{a) oxdizing an aromatic feedstock at a temperature of about 110°Cto
about 200°C in a primarly oxidation zene fo form a crude carboxylic acid
stlurry composition; |

{b) removing impurities from.sald crude carboxylic acid siurry compaosition
in a solid liquid displacement zone to form a slurry composition;



zone to forma crystallized conposition; and (e) renoving in a subsequent
solid liquid displacenent zone inpurities fromsaid crystallized
caonposition to-formsaid purified carbgxylic acid slurry conposition;
wherein said inpurities conprise 4- carboxybenzal dehyde, trinellitic acid,
or 2,6-dicarboxyfluore none; and wherein said subsequent solid liquid.

di spl acenent zone conprises at |least one solid liquid separator that is
operated at a tenperature between 110C to 2000. 16. The process according
'to claim13 () cldivihgrseidsisaydosmidsition ol sagdd spidatienemtezofercanpri ses a
solid liquid separator that Is operated at a tenperature between about 50C
t'6 "about ~200&RgegexidRionNpRYE@Es according to claim 13 or 14 wherein said

rom the " or Uy SR ot wERERE AT P R E e ADed BRI L o “ana o

rotary di sk gBatkaiaerdddd s@eatidh cofpesEbR e fines pOFifbNgiddadadadatiohd or 14

wherein said purified slurry carboxylic acid conposition is formed w thout
“a process foroggpaitiani wherdimsaid impegities campxise detarhoxyhenaaidalydRy dr ogenat i on
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process accowmwg?ai@ A dBrasniforbiedtipidtay aiqemidry fdid gigt ep of  flash
cooling said purified carboxylic acid slurry conposition to forma cool ed
purified sl useparatenibsi isiaperatzo alEhiempasatss batweerdl hef G dodtArGsarnd 2, 8, 13
or 14 wherei ?e)sca}{rsqt '

composition to form sald purified carboxylic acid slurry composition.

aﬁi[szwogl(a‘in a crystallization zone said purified staged oxidation

14, A process to produce a purified carboxylic acid sturry composition said
process comprising: )
{a)-oxidizing an arématic feedstock at a temperature of about 110°Cto
“about 200°C in a primary oxidation zone to form a crude sarboxylic acid
slurry composition: | _
{b) removing impurities from said crude carboxylic acid slurry composition
in a solid liguid displacement zone to form a slurry composition;
(o) oxidizing said slurry composition in a staged oxldation zone to form a
staged oxidation composition: '
{d) crysiallizing said staged oxidation composition in a crystallization
zone to form a crystallized composition; and |
{e) removing in a stibszguent solid liquid displacement zone impurities
from said crystallized composition to form said purified carboxylic acid
slurry composition; wherain said impurities comprise 4-
carboxybenzaldehyde, timelitic acid, or 2, 6-dicarboxyfluoranons; and
wherein said subsequent solid liquid displacement zons comprises at least
one solid liquid separator that {s operated at a temperature between
110°C 1o 200°C.
16, The process according to claim 13 or 14 wherein said sofid liquid
displacement zone comprises a solid llquid separator that is operated at a

temperaiure between about 50°C to about 200°C.



carboxylic acid slurry conposition conprises terephthalic acid.

17.

18.

19,

20.

16,

26~

The process accortfing 1o claim 13 or 14 whei:ein said solid liquid
displacement zons comprises a solid liquid separator selected from the
group consisting of a belt filter, a rotary vasuum fiiter and a rotary disk

| pack centrifuge.

Ths procass according to ¢laim 13 or 14 wherein said purified sh.irry
carboxylic acid compasitidn is formed without a process for separating
impurities from oxidation solvent or hydrogenation step.

The process according to claim 13 or 14 wherein sald purified carboxylic
acid slurry composition has a b* of less than about 3.5.

The process according to claim 13 or 14 further compri-sihg the step of
flash cooling sald purified carboxylic acid slurry composition to form &
coolad purified slurry composition: _

The process according to claims 1, 2, 8, 13 or 14 wherein sald crude
carboxylic acid slurry composition comprises terephthalic acid.



