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BACKGROUND OF THE INVENTION

‘Pursuant to the goal of making polyethylene terephthalate (PET) and
20 other polyesters or co-polyesters, a great deal of patent literature is
dedicated to describing thé processes for preparing a dried ca}boxylic acid
cake suitable as starting material. In general, these inventions describe
specific mixing schemes with a purified terephthalic acid solid and liquid
ethylene glycol. Additionally, there is substantial body of literature devoted
25  to producing a purified terephthalic acid in the powder form that is suitabl‘e
for use in producing PET and other polyesters or co-polyesters.
Thé objective of this invention is to describe a process by which the

dried carboxylic acid cake suitable as a starting material for polyester or co-



product through the use of a counter current sol vent

wash zone. More specifically, the objective of this
wOonvesrrisen i s to describe a process by whi ch ardriusenos/000696

terephthalic acid cake suitable as a starting nmateri al

for polyester or co-polyester production is obtained

froma slurry or cake terephthalic acid product

t hrough the use of a counter cgrrent solvent wash zone

to reduce the anount of fresh solvent used in the

process. Usually, purified terephthalic acid solid is

produced in a nmulti-ste rocess wherein a crude. .
{er epiveRterPEodtianis OpRRAIIIRI A 5L & 5rsS cHReRlG pei
of p-xylene produces crude terephthalic acid, The
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quality for direct use as starting material in .
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is usually refined to purified terephthalic acid
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processes, the crude terephthalic acid is dissolved in ’
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purified terephthalic acid product is particularly

detrinmental to polynerizati on processes each can..
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reaction between terephthalic acid and ethyl ene glycol

i n tphecessothaceingnciofle perephthalic égidis mreduced: ddawdtiasec

aci d.contains on a weight basis |less than 25 parts per

10  oxidation of p-xylene produces crude terephthalic acid. The crude
terephthalic acid does not have sufficient quality for direct use as starting
material in commercial PET. Instead, the crude terephthalic acid is usually

refined to purified terephthalic acid solid.

Usually in terephthalic acid purification processes, the crude
15 terephthalic acid is dissolved in water and hydrogenated for‘the purpose of
converting 4-carboxybenzaldehyde to p-toluic acid, which is a more water-
soluble derivative, and for the purpose of converting characteristically
yellow compounds to colorless derivatives. Significant 4-
carboxybenzaldehyde or p-toluic acid in the final purified terephthalic acid
20 product is particularly detrimental to polymerization processes as each can
act as a chain terminator during the condensation reaction between

terephthalic acid and &thylene glycol in the production of PET. Typical



mllion (ppm 4-carboxybenzal dehyde and | ess than 150

ppm p-toluic acid. A nunber of other processes have
woeaos/odesse| oped where a terephthalic acid suit 2OTARIS285/000696

starting material for commrercial PET production

wi t hout the use of hydrogenation. Typically,

terephthalic production processes involve catal yzed

oxi dation of p-xylene in an acgtic acid sol vent

followed by filtration and drying of the terephthalic

acid. Typically, terephthalic acid (TPA) produced Vi a
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product that contains residual catalyst (e,
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of producing a substantially dry TPA solid froma
slurry or cake terephthalic acid product, the slurry
or cake tamnepbérafloticergubdegmeshaye hieenfddviedopst wibere a
separate a substantial amount of the acetic acid
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producing terephthalic acid via catalyzed OX|dat|on of
p- Xyl ene_in an acetic acid solvent, a slurry or

t er epht haypicalha éergppihatic acidi (dPHA) M%dt&?d %gﬁt@éwzqdr@@ﬂaﬂon of

dried to produce a terephthalic acid
p-xylene in an acetic acid solvent produces a slurry or cake terephthalic

10  acid product that contains residual catalyst (e.g cobalt, manganese, and
bromine compounds). In a common method of producing a substantially
dry TPA solid from a slu‘rry or cake terephthalic acid product, the siurry or

| cake terephthalic acid product is filtered to separate a substantial amount of
the acetic acid liquid from the TPA solids. Residual catalyst is usually

15 separated from the slurry or cake terephthalic acid product by washing
(rinsing) the wet cake with catalyst-free aéetic acid, water or other solvent.

The TPA solid is isolated by drying.

In the pfesent invention, a novel process has been discovered
resulting in less solvent used than curmrently employed processes. In the
20 conventional approach toward producing terephthalic acid via catalyzed '

oxidation of p-xylene in an acetic acid solvent, a sl.urry or cake terephthalic



powder suitable as starting material for PET
production. In one enbodi nent of the present
wonvesrrisen, the slurry or cake terephthalic acPdT/US2005/000696
product is filtered to produce a terephthalic acid
cake wth solvent and a TPA sol vent nother |iquor
stream The terephthalic acid cake with solvent is
t hen washed (rinsed) with wates-to recover residual
netal catalyst material and to produce a water-wet
terephthalic acid cake and an TPA sol vent/wat er

by- product 1jiquor. The ter-wet. t | ] j . .
cakeqapider ifeied Fashebet g TR ERLE s forlPhatic acid
acid cake suitable as st arti,n% n@#ﬁ_ri al, in a
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i nvention at [ east one counter current wash is

utilized. By utilizing a counter current solvent wash
zone t he |aoheemafdimehteithe psesent invebtion.dhashary or cake
substantially as conpared to a process w thout counter

cur rgpiphyRHbiakE produadidifiltersd tolprodiidd @ tereghthialit @ait cake with
one counter current wash may result in reduction of

qqui k afd 2erPAdoRBAT MBS 1i6§ABPStFearh O The EBAphthalic acid cake
production process w thout a counter current wash.
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10 material in a commercial PET process. In this embodiment of the invention
at least one counter current wash is utilized. By utilizing a counter current
solvent wash zone the amount of solvent used can be reduced substantially
as compared to a process without counter current washing. In addition, by
utilizing at least one counter current wash may result in reduction of

15  equipment size and energy as compare to a TPA production process

without a counter current wash.

SUMMARY OF THE INVENTION

20 The present invention relates to a process by which a dried
carboxylic acid cake is obtained from a slurry or cake carboxylic acid
product. More specifically, the present invention relates to a process for the

production of a dried terephthalic acid cake suitable as feedstock for the



sol vent wash zone. It is an object of this invention

to provide a process for producing a dried carboxylic
weacehwd/ocedée froma slurry or cake carboxylic acPdT/US2005/000696

product though the use of at |east one counter current

wash. It is another object of this invention to

provi de a process for producing a dried terephthalic

acid cake froma slurry or caks-terephthalic acid

product. It is another object of this invention to

provi de a process for producing a dried terephthalic

acid cake froma tere li.c acig. saolvent slur Qr
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zone. In a first enbodinent of this invention,
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provi ded, the process conprises: (a) renpbving in a

| i qusoivest elaghgeneone i npurities froma carboxylic acid
slurry to forma water-wet carboxylic acid cake, a

not her | ijgideh dbjéct@mthig irehtiemto provitkr a prapess fat predoring a
and a sol vent/water byproduct |iquor stream wherein
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10 It is another object of this invention to provide a process for
producing a dried terephthalic acid cake from a terephthalic acid solvent
slurry or cake througﬁ the use of a counter current solvent wash zone.

in a first embodiment of this invention, a proc;ess for producing a
dried carboxylic acid cake is provided, the process comprises:

15 (a) raﬂovmginthuorexchangezonehnpuﬂﬁesﬁbn1a
carboxylic acid slﬁrry to form a water-wet carboxylic acid cake, a mother
liquor stream, a solvent mother liquor stream, and a solvent/water
byproduct liquor stream; wherein solvent or water is added counter current
to the flow of the carboxylic acid slurry;

20 (b)  drying the water-wet carboxylic acid cake in a drying zone to
form the dried carboxylic acid cake.

In another embodiment of this invention, a process for producing a

dried carboxylic acid cake is provided, the process comprises:



carboxylic acid slurry to forma carboxylic acid cake

with solvent, a nother |iquor stream and a sol vent
wanbis@rodez quor stream (b) adding water in a ceamAUS2005/000696

current water wash zone to the carboxylic cake with

solvent to produce a water-wet carboxylic acid cake

and a sol vent/water by product |iquor streanm (c)

drying the water-wet carboxylig-acid cake in a drying

zone to formthe dried carboxylic acid cake. In

anot her enbodi nent of this invention, a process for

produci ng a dried .carboxylic, acid cake |s oy
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separation zone inpurities froma carboxylic acid
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l'iquor stream (b) renoving in a counter current

sol \ignor sz, aricha eolverichatings liguaestresiMdual i npurities

fromthe slurry or cake product to forma water-wet

car boxyl i(s) ackddiagkeaterinsntoerter cartdrdrwatequesh goneéorthe
and a sol vent/water byproduct |iquor stream and (c)
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anot har. g&p&g{@g; lggﬁ)g&o*ﬂxbﬂldédaf _diaﬁp,, a process for

produci ng a oxy acid cake is provided,
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form the dried carboxylic acid cake.

In another embodiment of this invention, a process for producing a

10  dried carbo’xylic acid cake is prqvided, the process comprises:

(a) removing in a solid-liquid separation zone impurities from a
carboxylic acid slurry to form a slurry or cake product and a mother liquor
stream;

(b)  removing in a counter current solvent-water liquor exchange

15 zone residual impurities from the slurry or céke product to form a water-wet
carboxylic acid cake, a solvent mother liquor stream, and a solvent/water
byproduct liquor stream; and

()  drying the water-wet carboxylic acjd_cake in a drying zone to
form the dried carboxylic acid cake.

20 In another embodiment of this invention, a process for producing a
dried carboxylic acid cake is provided, the process comprises:

(a)  removing a solvent from a slurry or cake product in a counter

current solvent-water liquor exchange zone; wherein a substantial portion of



current sol vent-water |iquor exchange zone; wherein a

substantial portion ofthe solvent in the slurry or
woabws/ogeseeluct is replaced with water to form aPCT/US2005/000696

wat er -wet carboxylic acid cake; (b) drying the

wat er -wet carboxylic acid cake in a drying zone to

formthe dried carboxylic acid cake. |In another

enbodi ment of this invention, g-process for producing

a dried terephthalic acid cake is provided, the

process conprises: (a) renoving in a counter current

sol vent wash zone residual inmpurities froma sl ur
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acid cake with acetic acid; (b) renmoving a substantia

por tWater-wet earbexylisraciqd galicount er current water wash

zone fromthe terephthalic acid cake with acetic acid

to form gbwat dryingthe: wateptiteh &Rihoxyli¢ acidgake imadryipy zone to

drying the water-wet carboxylic acid cake in a drying

zondgoin® tieddiied tarbaxyliecackhcdiexyl i ¢ acid cake. In

anot her enbodi nent of this invention, a process for

gr oduci ngp, andihieeeniRdaRdithalkiis irieintion ak pracesp favprdddcing a
the process conprises: (a) renoving a solvent froma
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current wat er quor exchange zone; wherein a
cubstent 8, PRl g ek Ly e B
o e b b SR b el PR Pl o

£ terephthalic acid cake with acetic acid;

10 (b)  removing a substantial portion of a solvent in a counter
current water wash zone fromithe terephthalic acid cake with acetic acid to
form a water-wet terephthalic acid cake; and

(c)  drying the water-wet carboxylic acid cake in a drying zone to
form the dried carboxylic acid cake.

15 In another embodiment of this invention, a process for producing a
dried terephthalic acid cake is provided,‘the process comprises:

(a) removing a solvent from a slurry or cake terephthalic acid
product in a counter current solvent-water liquor exchange zone; wherein a
substantial portion of the solvent in the slurry or cake terephthalic acid

20  product is replaced with water to form a water-wet terephthalic acid cake;

(b)  drying the water-wet terephthalic acid cake in a drying zone to

form the dried terephthalic acid cake.



formthe dried terephthalic acid cake.ln another
enbodi nent of this invention, a process for producing

wa 200510eaB6t er epht hal i ¢ acid cake is provided, tReET/US2005/000696
process conprises: (a) renmoving in a counter current
sol vent wash zone residual inpurities froma slurry or
cake terephthalic acid product froma terephthalic
acid cake with acetic acid; whdrein the counter
current wash zone conprises at |east one solid-liquid
separation device that is operated at a tenperature
bet ween about, 40 0C to ahout, .15 D ' :
subst ant ira,an?)tgp{ P ogfmedn Sogltﬂ'\l)éﬁrﬁ/e?lﬁo%, éc:gtonctreg'rgtﬁ%IJ rr gﬁ? ing a
wat er, wash zone fromthe teR&iQiQ@lic acid cake with
acetdrigd derephihglic doif aKRAP SFOVIREC +RP BIERSICEIPASPS:
cake; wherein the counter current water wash zone |
conpri sea)at rermeying e agoungr chganisdwMasharPnesresiciial
that is operated at a tenperature between about 40 C
t o amputitiesSBord@ slgoy od caka tereplthakic acidwsedual fiopm atarephthalic
acid cake in a drying zone to formthe dried
er eplt dudea witteatsticadie; whereimibelveuntaricodienewasbizohbi s
i nvention, a process for producing a dried carboxylic

aci GofiffRed Bt RERYHAE dolid-Guid sesa%sion dBRIce SRSt is(Gpbrated at a
renmoving in a solid-liquid separation zone inpurities
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pro rquor - stream ) dddi ng sol vent
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10 form a water-wet terephthalic aéid cake; wherein the counter current water
wash zone‘comprises at least one sblid-liduid separation device that is
operated at a temperature between about 40 °C to about 155 °C;

(¢)  drying the water-wet tefephtha!ic acid cake in a drying zone to
form the dried terephthalic acid cake.

15 In another embodiment of this invention, a process for producing a
dried carboxylic acid cake is provided, the process comprises: :

(@) removing in a solid-liquid separation zone impurities from a
carboxylic acid slurry to form a slurry or cake product and a mother liquor
stream;

20 (b)  adding solvent to a slurry or cake product in a counter current

solvent wash zone to the slurry or cake product to produce a carboxylic acid

cake with solvent and a solvent mother liquor stream;



cake with solvent and a solvent nother |iquor stream

(c) optionally adding water in a counter current water
woasis/ozerse to t he carboxylic cake with sol vent PCD/US2005/000696

produce a water-wet carboxylic acid cake and a

sol vent/water by product |iquor stream (d) drying the

wat er -wet carboxylic acid cake in a drying zone to

formthe dried carboxylic acid-9ake. In another

enbodi nent of this invention, a process for producing

a dried terephthalic acid cake is provided, the

process conprises: (a), renoving in Lid-1iqgui

separ at i é®) zoﬁ@”?’?ﬂ&r#qqr'rkgswﬁt%%' g c(oglpgegﬁpﬂrgﬁ @nggiwqa sh zone
slurry to forma slurry or cake terephthalic aci . .
pr odadite aadonyliesakerwill spiventsta léré’l‘i’f-’c% B‘)W%QHWS(’@&OWV& acid
in a counter current solvent wash zone to the slurry

or aake aneraegdivénatiwatenby prastustiliguortsiregibduce a
terephthalic acid cake with solvent and a sol vent

not her | i(@uor dsfing #vg water-vweitcarhmadyliy aciddwikedn wedrgingizene to
a counter current water wash zone to the terephthalic

aci FofRlfe Widdcapbyfirtadi® cakaduce a wat er - wet
.terephthalic acid cake and a sol vent/water by product
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acid cake in a drying zone to formthe dried
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illustrates one enbodi pent o{ thoirscaikg\{grnet %ﬂwnélic%cid roduct.
pr odephifigiic acid slurry to form a slurry p p

10  and a mother liquor stream;

(b) - édding solvent in a counter current solvent wash zone to fhe
slurry or cake terephthalic acid product to produce a terephthalic acid cake
with solvent and a solvent mother liquor stream;

(c) optionally, adding water in a counter current water wash zone

15 tothe terephthalié acid cake with solvent to produce a water-wet
terephthalic acid cake and a solvent/water by product liquor stream;

(d) dryfng the water-wet carboxylic acid cake in a drying zone to

form the dried carboxylic acid cake.

20 These objects, and other objects, will become more apparent to

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

BRIEF DESCRIPTION OF THE DRAWINGS



produci ng a dried carboxylic acid cake. Figure 2
il lustrates anot her enbodi nent of this invention, a
wonres@sesct or produci ng a dried carboxylic aci drcals2y§/000696
utilizing a Iiquor exchange zone. Figure 3 illustrates
anot her enbodi nent of this invention, a process for
producing a dried carboxylic acid cake by utilizing a
counter current solvent-water .[g.quor exchange zone.
Figure 4 illustrates another enbodi nent of this
i nvention, a process for producing a dried carboxylic
acid cake by utilizing a solvent |iquor exchange zone.
DESCRI PTI ON OF THE | NVENTI ON: I n an enbodi nent of this

i nventi o YYhE embRli rﬁéﬁP&‘Stﬁlsflﬁ\Verﬂfoﬂdd réd€esy for
dri ed ca?:t') 9??'!:'”%2#% cakg 17OI| s provided. The b

process co ri ses optlonally

renﬂ?aﬁcmﬁﬁ%ﬁ%&a g?ngg]bcar oxylic acid slurry 30
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i quor stream 60; Acarboxyllé: gg:ld sk rﬁ‘f r ses
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solvent, and inpurities is introduced via lines

not szlmom. The inmpurities typically conprise at |east

one or nore of the foll ow ng conpounds: _

4- car boxyHigurzd iestyades anaBa) embodimeénti afithis dnventidvag process

and 2, 6-di carboxyfl uorenone(2, 6-DCF). Suitable

sol M8Nbdducing a dried carboxylic acid cake by utilizing a counter current
solvent-water liquor exchange zone.

10 Figure 4 illustrates another embodiment of this invention, a process
for producing a dried carboxylic acid cake by utilizing a solvent liquor

exchange zone.

DESCRIPTION OF THE INVENTION:
15
In an embodiment of this invention shown in Figure 1, a process for
producing a dried carboxylic acid cake 170 is provided. The process
comprises:
Step (a) comprises optionally removing impurities from a carboxylic .
20 acid slurry 30 in an solid-liquid displacement zone 40 to form a slurry or
cake carboxylic acid product 70 and a mother liquor stream 60;
A carboxylic acid slurry comprises at least one cérboxylic acid,

catalyst, at least one solvent, and impurities is introduced via lines not



i nclude, but are not limted to, aliphatic

nono- car boxylic acids, preferably containing 2 to 6
woaodsonosak ons, or benzoic acid and m xtures theceaS2@sd00696

m xtures of these conpounds with water. Preferably the

solvent is acetic acid mxed with water, in a ratio of

about 5:1 to about 99:1, preferably between about 8:1

and about 49:1. Throughout theispecification acetic

apid will be referred to as the solvent. However, it

shoul d be appreciated that other suitable solvents,

such as those discl osed previousl| al so
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by oxidizing in a oxidation zone an aronmatic feed
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conpri ses paraxyl ene. The oxidation zone conprises at

| easfclons Butiag@hblimitedit, aliphaticinohe-caedxyliy acids gueterably
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dried terephthalic acid cake.

10 other suitable solvents, such as those disclosed previously, may also be
utilized. The solvent typically 6omprises acetic acid, but can be any solvent
that has been previously mentioned.

‘The carboxylic acid slurry can be produced by oxidizing in a
oxidation zone an aromatic feed stock. In one embodiment, the aromatic

15 feedstock comprises paraxylene. The oxidation zone comprises at least one
oxidation reactor, and the carboxylic acid slurry comprises at least one
carboxylic acid. The oxidation reactor can be operated at temperatures
between about 120°C and about 250°C, preferably about 140°C to about
170°C. Typically the aromatic feed stock comprises paraxylene and the

20 carboxylic acid compriseé terephthalic acid. In one embodiment of the
invention the oxidation zone comprises a bubble column.

Therefore, for example, when terephthalic acid is utilized, the

carboxylid acid slurry 30 would be referred to as terephthalic acid slurry and



Car boxylic acids include any carboxylic acid produced

via control |l ed oxidation of an organic precursor
woanpaaesd2 For exanpl e, carboxylic acids incl ugeT/us2005/000696

aromati c di carboxylic acids preferably having 8 to 14

carbon atons, aliphatic dicarboxylic acids preferably

having 4 to 12 carbon atons, or cycloaliphatic

di carboxylic acids preferably_tmving 8 to 12 carbon

atons. O her exanples of suitable carboxylic acids

i nclude, but are not limted to, terephthalic acid,

benzoic, p-toulic, isopht I C id, trimellitic.acid,
napritmarieq satadicasigicake Agp yiod§ b riersaniasd 4861 |«
aci d, cycl ohexanedi acetic acid,

di pHerephthalia acigi egli€boxyl i ¢ aci d, di phenyl -3, 4' -

di carboxylic acid, 2,2,-dinmethyl-1 ,3-propandiol .

di car boxy3drboadic dicidslinclude angcathoxylic aeidiptodidgay via controlled
adi pic acid, azelaic acid, sebacic acid, and m xtures

t herggfation &F @RBriahit presirsordompourids FRarrexartplencerbgxylic acids
synthesi zed via the |iquid phase oxidation of

ar ' RCacid@s ptieraBl Ikaving 8ad Harcarbon atoms,
gat gwgttﬁgrsdﬁ%ﬂab Saibgfg ystls Pncl udg’l, iﬁﬂare not

uhi LR dishgRUAc aCBRBRIERENATRERTD TP SPUBT LS, or

o b E kS e SRR some.

T00 T exARBgR 2yG SR ERGHE MgLdh et P fRiies to

brom ne can be in concentrations of abouyt., 1000.ppm,to

abouerepbticalip meids Pengeighr-toulic isaphinglie Ac hE"T&%H?*Hg%JP'i c

acid slurry is fed to a solid-liquid displacenent zone

10 naphthalene dicarboxylic acid, cyclohexanedicarboxylic acid,
cyclohe*anediacetic acid, diphenyl-4,4'-dicarbo>’<y|fc acid, diphenyl-3,4’-
dicarboxylic acid, 2,2,-dimethyl-1,3-propandiol dicarboxylic acid, succinic
acid, glutaric acid, adipic acid, azelaic acid, sebacic acid, and mixtures
thereof.

15 Terephthalic acid slurry is conventionally synthesized via the liquid
phase oxidation of paraxylene in the presence of suitable oxidation catalyst.
Suitable éatalysts include, but are not limited to, cobalt, manganese and
bromine compounds, which are soluble in the selected solvent. In one
embodiment of the invention the catalyst comprises cobalt, bromine and

20 manganese. The cobalt and manganese combined can be in -

concentrations of about 100 ppm to about 2700 ppm by weight in the liquor.

The bromine can be in concentrations of about 1000 ppm to about 2500

ppm by weight in the liquor.



40 capabl e of renmoving a portion of the liquid
contained in the carboxylic acid slurry 30 to produce

wa 2805170862 or cake carboxylic acid product in ceaumiSLo0s/000696
70. The renoval of a portion of the liquid to produce
a slurry or cake carboxylic acid product in conduit 70
can be acconplished by any neans known in the art. A
portion means at |east 5% by weBght of the liquid is
renmoved. Typically, the solid-liquid displacenent zone
40 conprises a solid-liquid separator that is sel ected

fromthe group consisting of ecant.er..centrifuage

rotary diKe€ ¢Ehexylic ,Slgglyt‘s ?q(ftpeq:%olp%l{o&w d\?&&ﬁ%ment Zone
filter, and the like. The carboxylic acid slurry in .
conddfl camble of rempMing ampertias @fdh?égplﬂj %@%P%@Eh%ﬁc%%yhc
40 conprising at |east one solid-liquid separator. The ]
sol i abid shyniyBOstepmodiica & s)urtyaer dakeseepexylig agid product in conduit

t enper atures between about 500C to about 2000C,

pr ef 7y, apleyrelvNoft dpetiontof 1OMGuid Theracice d slgury dr cake
separators) can be operated at pressures between about

G pS%agb&gylne%e{& pré80ctIf icdnd it 0 £ahitt ddcawiplisied by aing'means
sol |

int -l'1'qui d di spl acenent zone 40 nmay be

OPerHcith infing SR! 106N Hhedid &1eHR, LYIAIGNET the 1Mid is
be appreciatéed tha or comrerclal proCesses, the

i spreaa: Pl BB oo RoB R sbhe Bo Shpriggs -

I crrcRbBLAeRaIOb AR e SelRueA ot NP hdisting 86 &n:
zone 4

:s fed to the solid-liquid displacene%t 0 V&Sh1ﬁﬂ |
i nedesmntes cestiifuge yotane diskiaspiijuge, betiTites ratary Vag er,
10  and the like. The carboxylic acid slurry in conduit 30 is fed to the solid-
liquid displacement zone 40 comprising at least one solid-liquid éeparator.
The solid-liquid separator(s) can be operated at temperatures between
about 50°C to about 200°C, preferably 140°C to about 170°C. The solid-
liquid separator(s) can be operated at pressures between about 0 psig to
15 about 200 psig. The solid-liquid separator in the solid-liquid 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.
The impurities are displaced from the solid-liquid displacement zone
20 40 into a mother liquor stream and withdrawn via line 60. In one
embodiment of the invention, additional solvent is fed to the solid-liquid

displacement zone 40 via line 50 to reslurry the carboxylic acid slurry 30

and form a slurry or cake carboxylic acid product 70. When a terephthalic



and forma slurry or cake carboxylic acid product 70.

When a terephthalicacid slurry is utilized in the
weabisd7od6gui d separati on zone 40, a slurry or eakaS2005/000696

terephthalic acid product is produced. The slurry or

cake terephthalic acid product typically conprises

terephthalic acid and acetic acid. The nother |iquor

60 is withdrawn fromsolid-Iigygd di splacenent zone 40

via |line 60 and conprises a solvent, typically acetic

acid, catalyst, and brom ne conpounds. The not her

liquor in line 60 may either he sent to_a praces or

e ald PR g IReCBaS SO0 sEPBtnibl 0k M85 A Typhecake
not shown or recycled to the catal yst syst eg%}/i a Lﬁinﬁs )
not tehenhihalicasid RieRHrigeredcadplig sy SGo%¢ tereghthefie acid
mot her |iquor 60 commonly used in the chem cal

pr ogeredicidypindlystangprisest terefrhifvalisuacid and goetigeacid ohike mother
portion of the recycle stream Typically, the purge

st r eigjiior $09$ Withgradinsfpora edliddliqoid, displaeeroantriae 4§ via line 60
justitied, subjected to various treatnents to renove

undegid 86pA3us 4 bbieantviicallyeretie bty catalyet zing bromine
conmponents. Exanples of inpurity renoval processes

I ncl é&'ﬁ?%&is ReeShbtrer ﬁﬁgor%ﬁZin@% Ha?eitﬁé*ﬁ?erﬁd@@pr%&ess

9, hérein incorporated by reference.” Step .

7 ondot separefig KOst P 8pfan SRER{YiaTRaY ABL A or

zone roma slurr e

car boxylic acid product, K 70 to.forma,carb lic,ac]

caka Sy 45 eSS R A1 BERR: SHEERe T4 (5o for

stream 100. Conduit 70 contajns a slurry or cake .

car bipyauritreev@l freadhemmatbet igyariad Q@n@ogyr%@g)}piﬂ&e chemical

acid, residual inpurities and a solvent. The resi dual

i upriocessing industry is to draw out or "purge” some portion of the 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. Pétent 4,939,297 and U.S. Patent 4,356,319, herein

15 incorporated by reference.

Step (b) comprises removing in a counter current solvent wash zone

80 residual impurities from a slurry or cake carboxylic acid product 70 to
form a carboxylic acid cake with solvent 110 and a solvent mother liquor
stream 100.

20  Conduit 70 contains a slurry or cake carboxylic acid product 70 comprising
a carboxylic acid, residual impurities and a solvent. The residual impurities

comprise residual catalyst (typically but not limited to cobalt, manganese, or

bromine). Suitable solvents include, but are not limited to, aliphatic mono-



conprise residual catalyst (typically but not limted

to cobalt, nmanganese, or bromne). Suitable solvents
wonadswdes62but are not limted to, aliphatic PCT/US2005/000696

nonocar boxylic acids, preferably containing 2 to 6

carbon atons, or benzoic acid and m xtures thereof and

m xtures of these conpounds with water. Preferably,

the solvent is conprised of nmijgly acetic acid and/or

some water. The ratio of acetic acid to water can

range from50:50 to 99:1 acetic acid to water by mass,

nor e preferabl n _the range of 15 to 98: 2, an . .
nostcafpexsé&caalﬂ% Feferably SHifeinglo g?? %&aft&s)rb%"gfs 8 Benzoic acid
Sui t abl e carboxylic acids include by are n mted

to tendplixtieasithergsf and mpypMs e th@S%@PmPOHagﬁwﬁblv\éﬁff@f-

di carboxylic acid, trinellitic acid, and m xtures

t her Rrefferabhge the! solventds c@rapesachabmmly gcetisi acigh podies sonee

is in the range of 10- 90% by wei ght carboxylic acid.

Pr ef wampl Thihstic bludeticercidbkeateachn xyhdeframi 50:50 twl 0011 acetic -
70 is in the range of 25- 40% by wei ght carboxylic

a.'5‘3' dy %8"(0 Nafdrby Masd)ndrd gréRrasPaetH range P BENB 10BN and

for the cake product. Most preferably, the slurry or

cake, g Eg%hbl |ﬁ‘?déjr !g(;%q}f'@b1 3937 ﬁ”S‘uﬁthlé%@ﬁoﬁfhc acids

30- 4'61 wel ght  car boxyl 1 c aci e slurry or ke

B U RN R —
80, wh bst t, f |
r eco@@gr@g’g‘;’llf?aﬁ’qsﬂ @B"Ieg@ﬁtacwgt%hg r”?'lg]( Ll?iﬁ% %§¥? eamI |Sn

conduit 100. The sol vent nother |iquor 102 conpri sesﬁ?

subst ant i Hre ﬁéfrb'loéﬁaléﬁf canhexyin 3Ed Produsd s indhedgnge pf 10-

can be added via conduit 90 counter current to the _

Td ovB@fh hyheeightiearhoxylicasie Paefietably the glbiry op calse earbpxylic

in the counter current solvent wash zone 80.
acid product 70 is in the range of 25- 40% by weight carboxylic acid for a
slurry and in the range of 70-90% by weight for the cake product. Most
preferably, the slurry or cake carboxylic acid product 70 is in the range of
:30-40% by weight carboxylic acid. The slurry or cake carboxylic acid

15 product in conduit 70 is then introduced into a counter current solvent wash
zone 80, Wherein a substantial portion of solvent is recovered in the solvent
mother liquor stream in conduit 100. The solvent mother liquor 102
comprises a substantial portion of the solvent. Additional solvent can be
added via conduit 90 counter current to the flow of the slurry or cake

20 carboxylic acid product 70 in the counter current solvent wash zone 80.
The amount of stages of counter current wash can be any amount of stages

necessary to produce the carboxylic cake with solvent to the desired purity.

Typically, the amount of stages in the counter current wash can be about 1



The amount of stages of counter current wash can be
any anount of stages necessary to produce the
woanizorgdée ¢ cake with solvent to the desired pBCTHUE2005/000696
Typically, the amount of stages in the counter current
wash can be about 1to about 8, preferably about 2 to
about 6, nost preferably about 2 to about 4. For wash
with nore tha one stage, countgg- current flowis
preferable. The counter current solvent wash zone 80
conprises at | east one solid-liquid separation device

capabl e of efficientl arat | soljds.a Lt qu] 93.

The 8o B; eeragu byt £ 55 Ralk B anoskPreranakebfheto apout
conprised of, but not limted to, the follown ty?es

of dbvFeewast withmeredaa onewtagsh £eUNtes CHFreNYy QWr?S preferable.
filters, belt filters, press filters, etc. The counter
current steenmtersirentgelvent wasihrore 80 gompsiges aplaast one
solid-liquid separation device(s) 110 which can

oper sylig-liguichéeparaticnpericd camablanfefficfently separating solids and
approxi mately 40C to 1550C. Preferably the

sol i |fnfid<duTik saiRAIGd SepateNdrceédte £4A t Galglﬂﬁ'@dlﬁprised of, but
vvithi‘ayla tenperatl??je ?%ge of from aboylzjt:ﬂ 800C to about

150Q6n; (llg{?@? fg,r tﬂfe%lﬂmm%mﬁs?& ldedickkd %Htrﬁ% dV¢IBRes, rotary

devi ce can oper Wi thin a tenper e” range
f f : . ' '
b R e SN AR B e 88kt v

ol v 80 PR pest et i SR AR B which

noi sture, preferably in the range of 1-20% noisture,
nostcar eferatgivithin @ temperaingerapge of fiom appreximately 40°C to.
Optionally, the residual solvent can be renpoved by a

was 1h53p0 aeensably Hepolidliquidiseparatisnideeite(s) 110 can operate
contanmi nation with wash. Wen the carboxylic acid is

ter apiting fofhRritdreAigb 7 R H58Lt 80SC to about 150°C. Most
preferably the solid-liquid separation device(s) 110 can operate within a
temperature range of from about 90°C to about 150°C. A carboxylic acid
cake with solvent 110, is produced wherein the moisture composition of the

15 carboxylic acid cake wfth solvent 110 can be in the range of 0.5-30% by
weight moisture, preferably in the range of 1-20% moisture, most preferably
in the range of 1-10% moisture. Optionally, the residual solvent can be
removed by a gas displacement step to minimize solvent contamination
with wash. When the carboxylic acid is terephthalic acid and the solvent is

20 acetic acid a terephthalic acid cake with acetic acid is produced.

Step (c) comprises optionally removing a substantial portion of a

solvent in a counter current water wash zone 120 from the carboxylic acid



acetic acid a terephthalic acid cake with acetic acid

is produced. Step (c) conprises optionally renoving a
weubwstiatsz al portion of a solvent in a counter PCOMUS2NE/000696

wat er wash zone 120 fromthe carboxylic acidcake with

solvent 110 to forma water-wet carboxylic acid cake

100 and a sol vent/water byproduct |iquor stream 140.

The carboxylic acid cake with gglvent 110, is then

subjected to a wash or "rinsing" wth water or

substantially water wth residual anpbunts of sol vent

in the counter current. water wash,zone 120, .wherei,n_a
L bseaa Wi Spvet TP Brfofne alEn et SRR et pou R0 nd a
water to forma water-wet carboxylic acid cake 150.

The selventiwater Rypredysilingongtreare drl. 150, is preferably

in the range of about 0.5%to about 30% noi sture, nore

pr ef er abl The carbhrylicaavigkcalfe witlo solvent 81@.bs therpsshjected to a

nmoi sture, and nost preferably in the range of about 1%

t o aRasK ol GsiY’ Nithneatel besutestartisily wateswiih eesidudl enounts of
wat er -wet carboxylic acid cake 150, should contain

| £5 Sl iR BRMSouHteSEUre®In @St WadiREen 420, Swherein a substantial
Additianally, the water-wet carboxylic acid cake 150

Lot GRS Lol g ok g Bt

10, RS e JAB)-FRLLUDHRAE R0 ERENAE R traply n e

et g0t ahpch i t shaud Spehdiie. BSRpreEraY dpgrgnge of

include but are not limted to cobalt, and nmanganese

Vias heheut driojaboth29 baneistireans! mest pesiereely i e &fge of about

wat er wash zone 120 via conduit 130. The wash water

Hhoul % tbabouh1@lecueistureclise tesidual moisture of the water-wet
carboxylic acid cake 150, should contain less than about 2% solvent on a-
mass basis. Additionally, the water-wet carboxylic acid cake 150 should
contain less than 1% of any metals, preferably less than 100 pprﬁ by
weight, most preferably less than 10 ppm by weight , typically used as

15 catalysts in p-xylene oxidation, in the slurry or cake carboxylic acid product
in conduit 70, should remain in the water-wet carboxylic acid cake 150.
Examples of metals include but are not limited to cobalt, and manganese.

Wash water is introduced into the counter current water wash zone

120 via conduit 130. The wash water should be, on a continuous basis,

20 comprise a mass feed rate in ratio with the solids in the carboxylic cake with
solvent 110 in the range of about 0.1:1 to about 1.5:1, preferably in the

range of about 0.1:1 to about 0.6:1, most preferably in the range of about

0.2:1 to about 0.4:1. There are no limitations on the temperature or



conprise a nass feed rate inratio wth the solids in
the carboxylic cake with solvent 110 in the range of
wahosto7@&e61: 1 to about 1.5:1, preferably in thePcamgeo06000696

about 0.1:1 to about 0.6:1 , nost preferably in the

range of about 0.2:1 to about 0.4:1. There are no
[imtations on the tenperature orpressure of the wash

wat er including the use of vapdBized water, steam or

a conbi nation of water and steam as wash. In one

enbodi nent of the invention, wash water is introduced

o eSSk PRI 88558 4 b, s, o
duit 130 t t to the fl f the,.
ST R IR RUENE T

current water wash zone 120. The anmount of stages of .
- couningentiam; wesh weleihis detrodiced PURKRs sHiTest tasihggesboxylic acid
necessary to produce the water wet carboxylic acid
cakecdke wittesolesntr ed purity. Typically, the anpunt of
stages-in the counter current wash can be about 1 to

apout 8, MddifisiaAlaghaknet cah be adbed viebcormstt130 counter current
preferably about 2 to about 4. The counter current

vat ef, tH%BwZ&@ﬁe EQHEB&Y fescid care With!doléng 130 RATRS cdUnter
devi ce O can typically be conprised of, but not

i m &ﬁ&&%aéﬂﬁﬁr?&&%é& TNQ%@O‘S@ ?f%ﬂtagf@g :of counter current

centrifuges, cyclones, rotary dr bel

filt filt . i L0 gy

sepaast 671 e gyl B Sfes eSS i bt e water e

S b Aol GiFdodas AP Rr SO ALy TaBicElH DRt of Sages
within a tenperature range of from about 8Q0C to about
500N thve sounfereidrenwash ¢an ke abpt 1 to about 8, preferably about 2 to

about 6, most preferébly about 2 to about 4.

The counter current water wash zone comprises a solid-liquid
separation device 120 can typically be comprised of, but not limited to, the
following types of devices: centrifuges,’ cyclones, rotary drum filters, belt

15 filters, press filters, etc. The solid-liquid separation device can be operated
within a temperature range of from about 40°C to about 155°C. Preferably,
the second solid-liquid separation device can operate within a temperature
range of from about 80°C to about 150°C. Most preferably, the second
solid-liquid separation device can operate within.a temperature range of

20 from about 90°C to about 150°C

Optionally, the solvent/water byproduct liquor from the counter
current water wash zone 120, is segregated from the solvent mother liquor

stream produce by the counter current solvent wash zone 80.



solid-liquid separation device can operate within a
tenperature range of from about 900C to about 1500C
wanoisonedeky, the sol vent/wat er byproduct | i quOPCTUS2005/000696
the counter current water wash zone 120, is segregated
fromthe solvent nother |iquor stream produce by the
counter current solvent wash zone 80. Step (d) '

conpri ses drying the water-wet-10arboxylic acid cake

150 in a drying zone 160 to produce a dried carboxylic
acid product 170. The water wet carboxylic acid cake

150 is withdrawn fromthe cqounter cur el . .
zone 120 tht(a)sC%Brfﬁeé:'r rgmg?tﬁﬁtwaggrl-vgf]%}&,ggﬂkz%cﬁi@ége 150 in
and fed to the drying zone 160, ortion of the

sol vaftyirg zopg 460 g@fofjéﬁ%?rﬁrlﬂ? ‘@3)&39'§tac%arquﬁmm'i es

is separated, and the dried carboxylic acid cake is

wi t hdr awnThe water et caoxyliraeid\gakg 180he withdravghpmstee
afilter suitable for recovering the solid carboxylic

aci deamderacutirent watefiveashi 2drreat 2 or thaercovaterctiiept selvedt wash
by any neans known in the art. For exanple, a rotary

VAC R 80 bRd P the dugeg zbae 160e Al pbrtibator the salvent or water
produce a filtration cake. The filtration cake goes

thro At . - . : .
ée*gp l\'/ﬁ?}lh@gdgﬁ%ﬁ%‘nﬂ‘?%uﬁﬁé@)@éepﬁ'ﬁﬁd, ared feedlvied carboxylic

rins sh to renove residual catalyst, and
Son BOHSRS AR Brhore Se Lo the dvers,
cvapor at e Gy mazee eBiumbiie 468 Rabictortosqvags the
P b ool i S B B S pptenea by any
ng ocrizgr?sr. kr(ilcgv%//r(x3 gn %aenaﬁt.)chl)Jrng%mple, a rotary vacuum filter can be used
for the filtration to produce a filtration cake. The filiration cake goes through
an initial solvent removal step, is then rinsed with acid wash to remove
residual catalyst, and can solvent removed again before sent to the dryers.
The drying of the filter cake can be accomplished by any means knowﬁ in
15 the art that's capable of evaporating at least 10% of the volatiles remaining
in the filter cake to produce the carboxylic acid product. For example, a
Single Shaft Porcupine® Processor dryer can be used.
In other embodiments of this invention step (a), step (b) and step (c)
can be combined into one zone known as the liquor exchange zone 250 as
20 shown in figure 2. The liquor exchange zone 250 comprises at least one
solid-liquid separation device capable of performing the combined function

of the solid-liquid separation zone 40, the counter current solvent wash

zone 80 and the counter current water wash zone 120 as previously



In other enbodi nents of this invention step (a), step

(b) and step (c) can be conbined into one zone known
wagodsheodez quor exchange zone 250 as shown i n f PQUAUS2@5/000696

The |iquor exchange zone 250 conprises at |east one

solid-liquid separation device capable of perform ng

t he conbi ned function of the solid-liquid separation

zone 40, the counter current sglpvent wash zone 80 and

the counter current water wash zone 120 as

previ ousl ydescri bed. Step (b) and step (c) can also be

conbi ned_into_one, zone Kkno as the counter cyrrent

ol VERCTED e SIePABbAT LSRR EAT 8156 DECeP BRER SR arip zone

Figure 3. Finally step (a) and step (b) can be

conbknen aathe eximtorgpsrant salyeaswakes ligypr exghangggone 260 as

exchange zone 270 as show in Figure 4. In each of the

abovshewbindfigers 3. Rioalyrstep $akand stept(bpean beicoabineasling one

separation device capable of perform ng the functions

of t penclandwmas treostheerd dignoesxahasigy zoas @7i0keishow in Figure 4.

Exanpl es of devices that can be used in the |iquor

exchpngehzaige 4bve BMbbARNS&HS CBRprises af Idaktiois solid-liquid
exchange zone 260, or the solvent |iquor exchange zone

270 %%?Argﬁcﬁgdé\ﬁée @érﬁart{l‘(?bf béﬁbﬁﬁﬁ? [113 fJnQﬁci)rlﬁQH AW dmbined

type evi ces cée uges, cyctones, ters,
h nbi nat i t f I . .
o oI RL B S Pl e Vioel R L8ka i

conpri sj ng: r enpvi in I iquor exchange zone
puineniabr protnas an asp peiecrdlV e TR skfiidnoe zone
wat er - wet carboxylic acid cake, a nother Ii%uor L

st r ed09, of tRey poluat Iqquhgxchqn@@oqongtz@dﬁplugﬁg gt are not limited to,
sol vent / wat er '

10 the following type of devices centrifuges, cyclones, filters, and such or

combination thereof.



byproduct |iquor stream wherein solvent or water is

added counter current to the flow of said carboxylic
waceia/sissery; (b) drying said water-wet carboxpCTaSamsdo069e

cake or carboxylic acid cake with solvent in a drying

zone to formsaid dried carboxylic acid cake. 2. The

process according to claim1l wherein said |iquor

exchange zone conprises fromalgut 2 to about 4 stages

of water or solvent counter current washes. 3. The

process according to claim1 wherein said solvent and

said water is added counter current to the flow of

sai dWEEbMNI i c acid slurry. 4. A process according to

claim 1l wherein said carboxylic acid is se|lected from

a group chpsasssier ppdueing sHinad carbawlig aG& epiR 1$afd process

aci d, napht hal ene di carboxylic acid, trineiiitic acid,

and oomptigieg: t hereof. 5. A process according to claim

1 wherein said carboxylic acid is terephthalic acid.

6. A procgss aearvitigig d kyudraixohdngezare iBnpahnigiesifrons ai d

dryi ng zone evaporates at |east 10% of volatiles in

id i 9% Yorht a asdter-wakearBoxylicrict esige, a mother

2%00?%?E§%Fgﬁ%1§?ﬁ?l wherein said crudéﬁkarboxylic

aci d; I 0 S LGnagy SRl

acet [ srtaf B A EhAGERIR Bk 260  SoRMMEker

t enper at yr e .bet ween. abou: , ;

an gyt AT aar it et 8o dr iR s ol ooy current

Car DL 62 i koot B LRRGE S oMY 1 o

(b)  drying said water-wet carboxylic acid cake or carboxylic acid
10 cake with solvent in a drying zone to form said dried carboxylic acid cake.
2. The process according to claim 1 wherein said liquor exchange zone
comprises from about 2 to about 4 stages of water or solvent counter
current washes.
3. The process according to claim 1 wherein said solvent and said .
15 water ié added counter current to the flow of said carboxylic acid slurry.
4. A process according to claim 1 wherein said carboxylic acid is
selected from a group consisting of terephthalic acid, isophthalic acid,
naphthalene dicarboxylic acid, trimellitic acid, and mixtures thereof.
5. A process according to claim 1 wherein said carboxylic acid is
20 terephthalic acid.
6. A process according to claim 1, 2 or 3 wherein said drying zone

evaporates at least 10% of volatiles in said water-wet carboxylic acid cake.



(a) renmoving in a solvent |iquor exchange zone

inmpurities froma carboxylic acid slurry to forma
woanisorgdee ¢ aci d cake with sol vent, a nother | PQUIS2005/000696

stream and a solvent nother |iquor stream (b)

optionally, adding water in a counter current water

wash zone to said carboxylic cake with solvent to

produce a water-wet carboxylic-2a8cid cake and a

sol vent/water by product |iquor stream (c) drying

sai d water-wet carboxylic acid cake or said carboxylic

acid_cake,with solve

dri el carbBRAESE 388?@%% é}a'g{ ){Xﬁ% { %'g:eégus& grcl:Jg %r‘%ﬂrgg&ﬂc acid

claim8 vvhereln sai d carbox Cld [ .
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aci d, napht hal ene di carboxylic aC|d trimellitic

aci dwitindrawinet artespenaitepbetween ahopt 6&%§Cst<zaal@wtcﬁQOdthmm an
claim8 wherein said carboxylic acid is terephthalic

aci doxiddtionzdmeocess according to claim8 or 9 wherein
§ai d drying zone evaporates at |east 10% of vol atiles

f sgid V&QP?&ee@@tfoﬁp?\beeéMblaCdr@d Shrbafic Bid daky, @aRBBrocess

accor ding to claim@8 wherein said crude carboxylic
aci d éirsr";( .conprising terephthalic acid, catalyst,
acet ¥ , and inpurities is wthdrawn at a
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cat bge)l(r ﬁlc a%%ddslﬁﬁrlé ?o fdc’r% g cgrb%%ﬁcsaéig rggke V\}it?\gs:olvent, a mother
liquor stream, and a solvent mother liquor stream;

10 (b)  optionally, adding water in a counter current water wash zone
to said carboxy'/lic cake with solvent to produce a water-wet carboxylic acid
cake and a solvent/water by product liquor étream; r

(c)  drying said water-wet carboxylic acid cake or said carboxylic

acid cake with solvent in a drying zone to form said dried carboxylic acid

15 cake. | |
9. A process according to claim 8 wherein said carboxylié acid is
selected from a group cdnsisting of terephthalic acid, isophthalic acid,
naphthalene dicarboxylic acid, trimeliitic acid,and mixtures thereof.
10. A process according to claim 8 wherein said carboxylic acid is

20 terephthalic acid.

11. A process according to claim 8 or 9 wherein said drying zone

evaporates at least 10% of volatiles in said water-wet carboxylic acid cake.



(a) renmoving in a solid-liquid separation zone

inmpurities froma carboxylic acid slurry to forma
wehwsrogosee cake product and a not her |iquor st Peams2q0bp00696

renoving in a counter current solvent-water |iquor

exchange zone residual inpurities fromsaid slurry or

cake product to forma waterwet carboxylic acid cake,

a solvent nother |iquor stream23and a sol vent/water

byproduct |iquor stream and (c) drying said water-wet

carboxylic acid cake or said carboxylic acid cake with

solvent in a drying zpne tq for aj [.i.e arboxylic_ .
aci d1éake? Pieces aﬁﬁ%@@%@%@é'&? &Y Wée?%‘ g?'gi‘i?ﬁ“i% CavoRgicacid
said carboxylic acid is selected fron1%,gro p .. .
consslﬂfwm”wlsmrtéﬁﬁnmhc@%i@?a|Y§0% 'ﬁeﬂqmg i igpurities is
napht hal ene di carboxylic acid, trinellitic acid and

m Xt withdrawneateotempbatute petveensatasd i ATGi¢p aboe 2007C1feom an
wherein said carboxylic acid is terephthalic acid. 16.

A prggastorpesfyding to claim 13 wherein said crude
carboxylic acid slurry conprising terephthalic acid,

car boxyl acid slurry conprising terepht! |
St a P BEER BPRaucne ARy BBt id e Bl brcRess

oxi dat | on ﬁ@_ne. 17. A process according to claim13 or
14 whIPBH Y ai d dryi ng zone evaporates at |east 10% of

Ho R e Bl i S A A R Erom -

sal dcgrrbggﬁiscsacid slurry to form a slurry or cake product and a mother liquor
stream;

10 (b) removing in a counter current solvent-water liquor exchange
zone residual impprities from said slurry or cake product to form a water-
wet carboxylic acid cake, a solvent mother liquor stream, and a
solvent/water byproduct liquor stream; and

(c)  drying said water-wet carboxylic acid cake or said carboxylic

15 acid cake with solvent in a drying zone to form said dried carboxylic acid
cake.
14. A process according to claim 13 wherein said carboxylic acid is
selected from a group consisting of terephthalic acid, isophthalic acid,
naphthalene dicarboxylic acid, trimellitic acid and mixtures thereof.

20 15. A process according to claim 13 wherein said carboxylic acid is
terephthalic acid.

16. A process according to claim 13 wherein said crude carboxylic acid

slurry comprising terephthalic acid, catalyst, acetic acid, and impurities is



conprising the followi ng steps: (a) renoving a sol vent

froma slurry or cake product in a counter current
weabosanesenat er | i quor exchange zone; wherei n aPCT/US2005/000696

substantial portion of the solvent in said slurry or

cake product is replaced with water to forma

wat er -wet carboxylic acid cake; (b) drying said

wat er - wet carboxylic acid cake-2dr said carboxylic acid

cake with solvent in a drying zone to formsaid dried

carboxylic acid cake. 19. A process according to claim

18 wherein said carboxylic, acid.s ed fr

gr ouyitedimnsat ahiﬁ’"ﬂffer?@% bﬁwni %b%ﬁgb%i% BR?H%C@C from an
aci d, napht hal ene di carboxylic acid, trinellitic and

m xt oxidstiarhzorenf . 20. A process according to claim 18
wherein said carboxylic acid is terephthalic acid. 21.

A pr ozZessAatcassiaugotding toadlaind 93 winddevhereii shid dodeg zone
carboxylic acid slurry conprising terephthalic acid,

cat abyglorafeeed Idastq0% ofviktiiepinr sdid emterswed ddrboylic auid cake.
a tenperature between about 1100C to about 2000C from

oxg dat h 0nZRa dOcRbCEFS SsrbBkylicHtid 8aks, &ai pdcess
-ggr] 138'\Nhe)?‘ In Saﬁg?%n;oyi ngbz‘one evaporgt es at | east %O%

o, VEhApANEE AP PRREL t cerol L e cake

Cake, oo P SRR TR B Hork oA SRS pRIERE I 4 burer

res gtljr?elznt solvent-water liquor exchange zone; wherein a substantial portion of
the solvent in'said slurry or cake product is replaced with water to form a

10  water-wet carboxylic acid cake;

(b)  drying said water-wet carboxylic acid cake or said carboxylic
acid cake with solvent in a drying zone to form said dried carboxylic acid
cake.

19. A process according to claim 18 wherein said carboxylic acid is
15 selected from a group consisting of terephthalic acid, isophthalic acid,
naphthalene dicarboxylic acid, trimellitic and mixtures thereof.
20. A process according to claim 18 wherein said carboxylic acid is
terephthalic acid.
21. A process according to claim 19 wherein said crude carboxylic acid
20  slurry comprising terephthalic acid, catalyst, acetic acid, and impurities is

withdrawn at a temperature between about 110°C to about 200°C from an

oxidation zone.



inmpurities froma slurry or cake terephthalic acid
product to forma terephthalic acid cake with acetic
weacehwo7¢er optionally, renpoving a substantial PpOTHIS2Z5/000696
of a solvent in a counter current water wash zone from
said terephthalic acid cake with acetic acid to forma
wat er-wet terephthalic acid cake; and (c) drying said
wat er - wet carboxylic acid cake-26r said carboxylic acid
cake with solvent in a drying zone to formsaid dried
carboxylic acid cake. 24. A process according to claim

23 rein said counter cu I sh..
conpfiseshdranetp e U 1670 SHRer R g ARing zone
operated at a tenperature between.about 40 0C to abou

155 Oeaposslesatjaas d0g ALEIAIFRG S99 WARAISLCATRRRMICACId cake.
said carboxylic acid is terephthalic acid. 26. A
proc2dds abaoectssdor prosiuginghapdiedierephthaliqpdd sake ssaid process
dryi ng zone evaporates at |east 10% of volatiles in

sai dcovaprsing#te follobingystepsiaci d cake. 27. A process
according to claim22 wherein said crude carboxylic

agid slurgy caoepidvenigip 4 esadrt diatant sahvedt waah abyis residual
acetic acid, and inpurities iswithdrawn at a

t enpRRRirities fioed kekdRMRtIRIE ARPPioRBORGFhaM

an oxidation zone. 2Z28. A process for producing a dried

: on 201 rocess cing
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aci d (b)  optionally, removing a substantial portion of a solvent in a

counter current water wash zone from said terephthalic acid cake with
10  acetic acid to form a water-wet terephthalic acid cake; and
(c)  drying said water-wet carboxylic acid cake or said carboxylic
acid cake with solvent ina drying zone to forrﬁ said dried carboxylic acid
cake.
24. A process according to claim 23 wherein said counter current solvent
15 wash zone comprises a solid-liquid separation device that is operated at a
temperature between about 40 °C to about 155 °C.
25. A process acc;rding to claim 24 wherein said carboxylic acid is
terephthalic acid. |
26. A process according to claim 23, 24 or 25 wherein said drying zone
20 evaporates at least 10% of volatiles in said water-wet carboxylic acid cake.

27. A process according to claim 22 wherein said crude carboxylic acid

slurry comprising terephthalic acid, catalyst, acetic acid, and impurities is



product in a counter current solvent-water |iquor
exchange zone; wherein a substantial portion of the
weabos@iesézn said slurry or cake terephthalic aeC#/US2005/000696
product is replaced with water to form a water-wet
terephthalic acid cake; (b) drying said water-wet
terephthalic acid cake or said terephthalic acid cake
with solvent in a drying zone 126-form said dried
terephthalic acid cake. 29. A process according to
cl ai m 28 wherein said solvent |iquor exchange zone

conprises a soljd-liquid separatio yice that LS.,

oper Witherayn g qt@ﬁﬁ@’%ﬂ"ﬂ? Be@@e(e\ﬂeaet}?@ggﬁtéﬁd@éoygbg(%&jfrom an
155 0C. 30. A process according to claim 28 wherein

sai doxidglioyzorene evaporates at | east .10% of vol atiles

in said water-wet carboxylic acid cake. 31. A process
accopgli ngAtproadsaifor @@dubieg @ drieshiegephthaligacid vake, said process
evaporates at least 10% of volatiles in said water-wet.

car bgxyprisingci d cake. 32. A process according to claim

29 wherein said crude carboxylic acid slurry

CONpri Si n@l)_t erg f] 4 soRehtfrorfidt aludt§lor caketdreépRiBibRc acid
and inmpurities 1s wthdrawn at a tenperature between
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counter C(lf)r) r encfrym\l\gssgidz \c/)vgfer-wet terephthalic acid cake or said

10 terephthalic acid cake with solvent in a drying zone to form said dried
terephthalic acid cake.
29. A process according to claim 28 wherein said solvent liquor
exchange zone comprises a solid-liquid separation device that is operated
at a temperature between about 40 °C to about 155 °C..\

15 30. A process according to claim 28 wherein said drying zone
evaporates at least 10% of volatiles in said water-wet carboxylic acid cake.
31. A process according to claim 29 wherein said drying zone
evaporates at least 10% of volatiles in said water-wet carboxylic acid cake.
32. A process according to claim 29 wherein said crude carboxylic acid

20 slurry comprising terephthalic acid, catalyst, acetic acid, and impurities is

withdrawn at a temperature between about 110°C and about 200°C from an

oxidation zone.



conprises at | east one solid-liquid separation device
that is operated at a tenperature between about 40 C
woao@hmaets2 155 0C ; (b) optionally, renoving a PCT/US2005/000696

substantial portion of a solvent in a counter current
wat er wash zone fromsaid terephthalic acid cake with
acetic acid to forma water-wet terephthalic acid

cake; wherein said counter curfdnt water wash zone

conprises at | east one solid-liquid separation device
that is operated at a tenperature between about 40 0OC

2, BB Aol e T ol oo ok widarocess

wth solvent in a drying zone to form'said dried

t er eBPABPINE: aci d cake. 34. A process for producing a
dried carboxylic acid cake, said process conprising:

(a) renovialg inemoving inc ccptque@cwéﬁrérs@lwe@ﬁwglggéone residual
inmpurities froma carboxylic acid slurry to forma

sl ur mypwritiesdkom prstudncor cake terephitiraic ddidjpmdust fream (dspphthalic
addi ng solvent to a slurry or cake product in a

COUNLEH cakE Wittacetit el wiesdin Zaitbcdumtsraditirett wash ohe
cake product to produce a carboxylic acid cake with

sol Y&%P%@S guégét\éﬁfét sdiBLiR@id $éptiefiorsH&RaEthAt s operated at a

opti ona di ng water I n a counter current water
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sol vent/ V\ﬁ\)Ser g&ioﬁ%ﬁ‘%%#n&vin uaogut?étgr?t?ampoﬂion of a solvent in a
counter current water wash zone from said terephthalic acid cake with
10  acetic acid to form a water-wet terephthalic acid cake; wherein said counter
current water wash zone comprises at least one solid-liquid separation
device that is operated at a temperature between about 40 °C to about 155
°C:
(¢)  drying said water-wet terephthalic acid cake or said
15 terephthalic acid cake with solvent in a drying zone to form said dried
terephthalic acid cake.
34. A process for producing a dried carboxylic acid caké, said process
comprising:
(a) removingina solid-liquid' separation zoneﬂ impurities from a
20 carboxylic acid slurry to form a slurry or cake product and a mother liquor

stream;



(d) drying said water-wet carboxylic acid cake or said
carboxylic acid cake with solvent in a drying zone to
woéanesvogeticel dri ed carboxylic acid cake. 35. A pPOTAS3005/000696
according to claim34 wherein said carboxylic acid is
selected froma group consisting of terephthalic acid,
i sopht hal i c aci d, naphthal ene di carboxylic acid,
trinellitic acid and m xtures tX8ereof. 36. A process
according to claim 34 wherein said carboxylic acid is
terephthalic acid. 37. A process according to claim 34

or 35 wherein saj.d dryi Zone_evapor at es .I 9

of vol at' 13 iantisy SONRRdp H iy 57 RRKE PFebEL in BahneeP chrrent
38. A-process according to clai 34%¥vh rein said crgde \
car beplyentovagh zong ier %'HEFquré’?W§ P L@gFﬂ REQGUEe ZGagpoxylic
catal yst, acetic acid, and inpurities is wthdrawn at

a t eagidcakemdthtaslvent and oinlvent omthaclicHas §ireamoC f rom

an oxi dation zone. 39. A process for producing a dried

t er epht hafc) c amitidnathk eddiw waier itessusEnpuireninyateawash zone
renoving in a solid-liquid separation zone inpurities

f4 omeasdi@ bﬁl%(?lﬁi ¢akeawitilsslivent Yo pduee @ watet-wiet yarboxylic acid
cake terephthalic acid product and a nother I|iquor

stregife 4y ﬁ%@R/ieﬂgwﬁf@r‘69giroéilﬁbt4‘iqﬁgﬂﬁff@dm§Ur rent

sol vent wash zone to said slurry or cake terephthalic

R T ST
acid cake with solvent in a drying zone to form said dried carboxylic acid
cake. |

10 35. A process according to claim 34 wherein said carboxylic acid is
selected from a group consisting of terephthalic acid, isophthalic écid,
naphthalene dicarboxylic acid, trimellitic acid and mixtures thereof.

36. A process according to claim 34 wherein said cérboxylic acid is
terephthalic acid. -

15 37. Aprocess according to claim 34 or 35 wherein said drying zone
evaporates at least 10% of volatiles in said water-wef carboxylic acid cake.
38. A process according to claim 34 wherein said crude carboxylic acid
slurry comprising terephthalic acid, catalyst, acetic acid, and impurities is
withdrawn at a temperature between about 110°C and about 200°C from an

20 oxidation zone.

39.  Aprocess for producing a dried terephthalic acid cake, said process

comprising:



(c) optionally, adding water in a counter current

wat er wash zone to said terephthalic acid cake with
weabos@esé 0 produce a water-wet terephthalic aeCt/usa106/000696

and a sol vent/water by product Iiquor stream (d)

drying said water-wet terephthalic acid cake or said

terephthalic acid cake with solvent in a drying zone

to formsaid dried carboxylic &% d cake. 40. A process

according to claim39 wherein said counter current

sol vent wash zone conprises a solid-liquid separation

device LB | SeRRShRHAD i ARELAHER RELIERN AL Hom o

40 0C to accor di
claim40 wherein sai ounter current water sh .zone
complaraRhal Csaie Sy Taa BT PhfAke:te el th ik aid Product

operated at a tenperature between about 40 0C to about

155 o aquother ligusss§¢amcor ding to cl ai m 39 wherein

said carboxylic acid is terephthalic acid. 43. A

process afbgor daduing soleémtiima3®unter4diriené selventswash zone to said
drying zone evaporates at |east 10% of volatiles in -

sai dslaty &F caké tarapiithxslid acid aeoduct ak protiice A teraptdialic acid cake
according to claim39 wherein said crude carboxylic

aci dyith YbREnEaNPAisSivedt ptIigDaY sifeatpi d, catal yst,
acetic acid, and inpurities is withdrawn at a

tenper at u(rcg . g :&M@EQM%U@%Q@PW& goétl?t‘él" Eu@?@%t%g WA zone

oxi dation procéss according to c _
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terephthalic acid cake and a solvent/water by product liquor stream;

10 (d) drying said water-wet terephthalic acid cake or said
terephthalic acid cake with solvent in a drying zone to form said dried
carboxylic acid cake.

40. A process according to claim 39 wherein said counter current solvent
wash zone comprises a solid-liquid separation device that is operated at a

15 temperature between about 40 °C to about 155 °C.
41. A process according to claim 40 wherein said counter current water
wash zone comprises a solid-liquid separation device that is operated at a
temperature between about 40 °C to about 155 °C.
42. A process according to claim 39 wherein said carboxylic acid is

20 terephthalic acid.
43. A process according to claim 39 or 40 wherein said drying zone

evaporates at least 10% of volatiles in said water-wet carboxylic acid cake.



current washes. 46. A process according to claim 39
wherein said counter current solvent wash zone

woanproresss from about 2 to about 4 stages of sBCYARIS2005/000696
counter current washes. 47. A process according to
cl ai m 45 wherein said counter current solvent wash
zone conprises fromabout 2 to about 4 stages of
sol vent counter current washes:30-

10

44. A process according to claim 39 wherein said crude carboxylic acid
slurry comprising terephthalic acid, catalyst, acetic acid, and impurities is
withdrawn at a temperature between about 110°C and, about 200°C from an
oxidation zone.

45 A process according to claim 39 wherein said counter current water
wash zone comprises from about 2 to about 4 stages of water counter

current washes.

46. A process according to claim 39 wherein said counter current solvent

wash zone comprises from about 2 to about 4 stages of solvent counter

- current washes.

47. - A process according to claim 45 wherein said counter current solvent
wash zone comprises from about 2 to about 4 stages of solvent counter

current washes.



