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The present invention relates to a process by which a
carboxylic acid/diol mxture is obtained froma
carboxylic acid/solvent slurry without isolation of a
substantially dry carboxylic acid solid. Mre
specifically, the 10 present invention relates to a
process by which a terephthalicjacid/diol mxture
suitable as a starting material for polyester
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BACKGROUND OF THE INVENTION

Pursuant to the goal of making polyethylene terephthalate(PET) and
20  other polyesters, a great deal of patent literature is dedicated to the
describing processes for preparing a carboxylic acid/diol mixture suitable as
starting material. In general, these inventions describe specific mixing
scherﬁes with a purified terephthalic acid solid and liquid ethylene glycol.
Additionally, there is substantial body of literature devoted to producing a
25  purified terephthalic acid in the powder form that is suitable for use in
producing PET and other polyesters.
The objective of this invention is to describe a process by which the

carboxylic acid/diol mixture suitable as a starting material for polyester
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obt ai ned froma carboxylic acid/solvent slurry w thout

wo sokagiosn of a substantially dry carboxylic BCT/US2004/006434
solid. More specifically, the objective of this
invention is to describe a process by which a
terephthalic acid/diol mxture suitable as a starting
mat erial for polyester production is obtained 5 froma
terephthalic acid/solvent slurry without isolation of
a substantially dry terephthaljc acid solid. Usually,
purified terephthalic acid solid is produced in a
multi-step process wherein a crude terephthalic acid .
is ppmﬂs@gan IsTpRiained dom asaEimylie prig/spbient alyey without isolation
have sufficient quality for direct use as starting 10
mat epf alsubstapiatyedry icarboRiEic acid spbddMore epegilieally, the objective
terephthalic acid is usually refined to purified
t er ephthiminventéari id ts desdribela proodsy by sehich a derepbihabé acid/diol
p- xyl ene produces crude terephthalic acid. The crude
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hydrogenated for the purpose of converting
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t he condensati on reaction between 20 terephthalic acid
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purified terephthalic acid contains on a weight basis _

| ess terpafthalic peifdoepapt haye syfisiephaglity for direct use as starting
4- car boxybenzal dehyde and | ess than 150 ppm p-toluic

a¢i dmaterial in commercial PET. Instead, the crude terephthalic acid is usually

refined to purified terephthalic acid solid.

Liquid phase oxidation of p-xylene produces crude terephthalic acid.

The crude terephthalic acid is dissolved in water and hydrogenated for the
purpose of converting 4-carboxybenzaldehyde to p-toluic acid, which is a

15  more water-soluble derivative, and for the purpose of converting
characteristically yellow compounds to colorless derivatives. Any 4-
carboxybenzaldehyde and p-toluic acid in the final purified terephthal-ic acid
product is particularly detrimental to polymerization processes as they act
as a chain terminator during the condensation reaction between

20 terephthalic acid and ethylene glycol in the production of PET. Typical
purified terephthalic acid contains on a weight basis less than 25 parts per

million (ppm) 4-carboxybenzaldehyde and less than 150 ppm p-toluic acid.
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processes have been devel oped where a terephthalic
w@eood/oswsd abl e as starting material for conmerPCHUSIEN006434

production without the use of hydrogenation.

Typically, these processes wusually involve catalyzed

oxi dation of p-xylene in an acetic acid solvent 5

followed by filtration and drying of the terephthalic

acid fromthe acetic acid solvent. To produce a
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different problem than from a terephthalic acid and water mixture.

10 Typically, TPA produced via catalyzed oxidation of p-xylene in an
acetic acid solvent produces a terephthalic acid/solvent slurry that contains
residual catalyst (e.g cobalt, manganese, and bromine). In a common
method of producing a substantially dry TPA solid from a terephthalic
acid/solvent slurry, the terephthalic acid/solvent slurry is filtered to separate

15 asubstantial amount of the acetic acid liquid from the TPA solids. Residual
catalyst is usually separated from the terephthalic acid/solvent slurry by
washing (rinsing) the wet cake with catalyst-free acetic acid, water or other

solvent. The TPA solid is isolated by drying.

In the present invention, a novel process has been discovered
20 resulting in fewer steps than the currently employed processes. The primary

utility of the invention is reduction of capital and operating costs associated



-4 with the isolation of a terephthalic acid powder.
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terephthalic acid powder suitable as 5 starting
mat eri al for PET production. In one enbodi nent of the
present invention, the terephthalic acid/solvent
slurry is filtered to produce agqterephthalic acid cake
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agi d skMing matdifal esHPETBRddutliomecessary produce a
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10  material and to produce a water-wet terephthalic acid cake and an TPA
solvent/water by-product liquor. The water-wet terephthalic acid cake is
then combined with a diol to produce a terephthalic acid/diol mixture
suitable as starting material in a commercial PET process. By bypassing
conventional processes for isolating a terephthalic acid solid, the equipment

15  necessary produce a terephthalic acid powder is eliminated.

Another surprising and seemingly contradictory aspect of the
invention is the benefit of addition of water to the acetic acid and ethylene
glycol solvents. In general, in conventional processes for producing
terephthalic acid, it is necessary to remove water produced in the oxidation

20 process. Typically, use of acetic acid as an oxidation solvent necessitates

an additional process step where acetic acid and water are separated. It is



seem ngly contradictory to produce an acetic acid and
water m xture when it can be avoided by drying the
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Additionally, in processes for producing PET via
esterification of TPA wth ethylene glycol, water is
generated as a reaction by-product. In 5 general, it
is necessary to renove the water produced in the
esterification process via an additional process step
where ethylene glycol and waters.are separated. It is
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10 However, the one benefit of this invention is based on the premise

that ethylene glycol/water and acetic acid/water separation systems
normally exist for conventional TPA and PET production processes. In this
invention, the savings associated with eliminating the TPA drying is of
greater benefit than the incremental increase in ethylene glycol and water
15  separation capacity plus the incremental increase in acetic acid and water

separation capacity.

SUMMARY OF THE INVENTION

20 The present invention relates to a process by which a carboxylic
acid/diol mixture is obtained from a carboxylic acid/solvent slurry without

isolation of a substantially dry carboxylic acid solid. More specifically, the



aci d/ ethyl ene glycol mxture suitable as feedstock for

the production of comercial PET. The resulting
wpe@enswshas fewer steps than currently enpl oR€HUS2004/006434

processes and can be constructed at |ower capital

cost. 5 Specifically, the present invention
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It is an object of this invention to provide a process for producing a
carboxylic acid/diol mixture from a carboxylic acid/solvent slurry without
isolation of a substantially dry carboxylic acid solid.

[t is another object of this invention o provide a process for

15 producing a terephthalic acid/diol mixture from a terephthalic acid/solvent
slurry without isolation of a substantially dry terephthalic acid solid.

It is another object of this invention to provide a process for
producing a terephthalic acid/ethylene glycol mixture from a terephthalic
acid solvent slurry without isolation of a substantially dry terephthalic acid

20  solid.

It is another object of this invention to provide a process for

producing a terephthalic acid/ethylene glycol mixture without isolation of a



terephthalic acid cake through the use of a carboxylic
acid/diol mxing zone. 1In a first enbodi nent of this
WO poog/8108n, a process for produci ng a car boxyl PCT/US2004/006434

acid/diol mxture is provided conprising the adding a
diol to a 5 water-wet carboxylic acid cake in a
carboxylic acid/diol mxing zone to renove a portion

of the water to formthe carboxylic acid/diol mxture.

I n anot her enbodi nent of this invention, a process for
producing a carboxylic acid/digl mxture is provided,
the process conprising the follow ng steps: 10 (a)
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10 (a)  removing in a first solid-liquid separation device impurities
from a carboxylic acid/solvent slurry to form a carboxylic acid cake with
acetic acid and a solvent mother liquor stream.

(b)  removing a substantial portion of a solvent in a second solid-
liquid separation device from the carboxylic acid cake with acetic acid to

15 form a water-wet carboxylic acid cake and a solvent/water byproduct liquor.

(c) adding a diol to the water-wet carboxylic acid cake in a carboxylic
acid/diol mixing zone to remove a portion of the water to form the carboxylic

acid/diol mixture.

20 In another embodiment of this invention, a process for producing a
carboxylic acid/diol mixture is provided, the process comprising the

following steps:



t he carboxylic acid/solvent slurry is replaced with
water to forma water-wet carboxylic acid cake. 5 (b)

w@caisignoso di ol to the water-wet carboxylic aci BCER®04/006434

a carboxylic acid/diol mxing zone to renove a

portion of the water to formthe carboxylic acid/dio

m xture. In another enbodi nent of this invention, a
process for producing a terephthalic acid/dio

m xture is provided, the process conprising the addlng

10 a diol to a water-wet terephghalic acid cake in a
terephthalic acid/diol mxing zone to renove a portion

of the water to formthe te ht hal i i d/.dj o .
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mxture. g, another embodiment of this invention, a process for producing a
terephthalic acid/diol mixture is provided, the process comprising the adding

10 adiol to a water-wet terephthalic acid cake in a terephthalic acid/diol mixing
zone to remove a portion of the water to form the terephthalic acid/diol
mixture.

fn another embodiment of this invention, a process for producing a
terephthalic acid/diol mixture is provided, the process comprising the

15 following steps:

(a) removing in a first solid-liquid separation device impurities
from a terephthalic acid/solvent slurry to for a terephthalic acid cake with
acetic acid. |

(b)  removing a substantial portion of a solvent in a second solid-

20 liquid separation device to form the terephthalic acid cake with acetic acid

to form a water-wet terephthalic acid cake.



I n anot her enbodi nent of this invention, a process for

producing a 5 terephthalic acid/diol mxture is
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(a) renmoving a solvent froma terephthalic

acid/solvent slurry in a solid-liquid separation

zone; wherein a substantial portion of the solvent in

the terephthalic acid/solvent slurry is replaced with

water to form:a water- 10 wet terephthalic acid cake.

(b) adding a diol to the water-gwet terephthalic acid

cake in a terephthalic acid/diol mxing zone to

renove a portion of the water to
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car bisxgphtaalicacid/dichmixng zope to Fesmewe %apﬁwﬂtee water to form
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of atreuesdpduthalialdcjd/diol mixutgoxyl ic acid solid. In
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produce aln drstiegtdrhiaddinedt of this inventenf agmoeess for producing a

terephthalic acid/solvent slurry is provided, wthout
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10  wet terephthalic acid cake.

(b)  adding a diol to the water-wet terephthalic acid cake in a
terephthalic acid/diol mixing zone to remove a portion of the water to form
the terephthalic acid/diol mixture.

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

15  carboxylic acid/diol mixture from a carboxylic acid/solvent slurry is provided
without the isolation of a substantially dry carboxylic acid solid.

In another embodiment of this invention, a process to produce a
terephthalic/diol mixture from a terephthalic acid/solvent slurry is provided,
without the isolation of a substantially dry terephthalic acid solid.

20 In another embodiment of this invention a process for producing a
terephthalic acid/diol mixture is provided, the process comprising the

following steps:



tenperature between about 40 C to about 155 C. 5 (b)
renmovi ng a substantial portion of a solvent in a
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terephthalic acid cake with acetic acid to forma
wat er-wet terephthalic acid cake; wherein the second
solid-liquid separation device is operated at a
tenperature between about 40 Cto about 155. 10 (c)
adding a diol to the water-wet terephthalic acid cake
in a terephthalic acid/diol mpL.ng zone to renobve a
portion of the water to form the terephthalic
acid/diol mxture; wherein the adding occurs at a -
Cenper atuld beiRRiThBGLtpoE-Gitie B9eReneh efle npytes
diol is ethyl ene | ycol. 15 I n another enbodjnent o .
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devi egmpemturetbetseerf alosota Ot éplabbel 155 #Ci d/ sol vent
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10 (c)  adding a diol to the water-wet terephthalic acid cake in a

terephthalic acid/diol mixing zone to remove a portion of the water to form
the terephthalic acid/diol mixture; wherein the adding occurs at a
temperature between about 40 °C and 290 °C; wherein the diol is ethylene
glycol.

15  In another embodiment of this invention, a process for producing a
terephthalic acid/diol mixture is provided, the process comprising the
following steps in the order named:

(@  removing in a first solid-liquid separation device impurities
from a terephthalic acid/solvent slurry to form a terephthalic acid cake with

20 acetic acid; wherein the first solid-liquid separation device is operated at a
temperature between about 40 °C to about 155 °C .

(b)  removing a substantial portion of a solvent in a second solid-

liquid separation device to form the terephthalic acid cake with acetic acid



about 155. (c) adding a diol to the water-wet

terephthalic acid cake in a 5 terephthalic acid/diol
WOorRoomglogdone to renove a portion of the water POI/U82003/006434

the terephthalic acid/diol mxture; wherein the adding

occurs at a tenperature between about 40 C and 290 C

wherein the diol is ethylene glycol. These objects, .

and ot her objects, will beconme nore apparent to 10

others with ordinary skill in the art after reading

this disclosure. DESCRIPTION @ THE INVENTION: In a

first enbodi nent of this invention shown in figure 1,

a process 15 for produci a carboxylic acid/diql . . .
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the diol 107, the carboxylic 20 acid/diol mxture 108
and the waer -adding ardishty thewatardvatddrephd@lic aicid cake in a
descri bed subsequently in a second enbodi ment of this
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figu : . ' ] i
9 5!‘(% %feﬁthﬁfc‘]&é?@/ﬁlofl ﬁ{lxtﬁfé?%'f(;e'é%iﬁ tl%lﬁéﬂlhgﬂ&:u% ata

acid m xture 108 1's provi . e process

' he . fol | ow oK1 : _
e R R SR B0 BRI Bl B vene
110 inpurities froma carboxylic acid/solvent slurry

101 8CcPbrm a carboxylic

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

10  others with ordinary skill in the art after reading this disclosure.
DESCRIPTION OF THE INVENTION:

In a first embodiment of this invention shown in figure 1, a process
15  for producing a carboxylic acid/diol mixture 108 is provided, the process
comprises adding a diol 107 to a water-wet carboxylic acid cake 106 in a
carboxylic acid/diol mixing zone 130 to remove a portion of the water to
form the carboxylic acid/diol mixture 108.
The carboxylic acid/diol mixing zone 130, the diol 107, the carboxylic
20  acid/diol mixture 108 and the water-wet carboxylic acid cake 106 is

described subsequently in a second embodiment of this invention.



acid cake wth solvent 103 and a sol vent nother |iquor

stream 102. Conduit 101 contains a carboxylic
waeiodhsioBvent slurry conprising a carboxylic BCI/US2004/006434

impurities and a solvent. The inpurities conprises

residual catalyst (typically but not limted to

cobal t, nmanganese, or bromne). 10 Suitable solvents

i nclude, but are not limted to, aliphatic

nono- car boxylic acids, preferably containing 2 to 6

carbon atons, or benzoic acid apd m xtures thereof

and m xtures of these conpounds with water.

Preferably, the spol ven S.,C ri sed. of . [

aci d and/®Brth %8%0%?'350&?%“PgW%'nVS?t'%%WN%ﬁlﬁﬁgtg’g
wat er can range from50:50 to 99:1 acetic to.

wat eprosgss B piediicing? saghoxylis %CBW'Q' Aixiyge FQ& ifePigyided. The
85:15 to 95:5, and nost preferably in the range of

90: 1praces9BorBprisks thatfokowiagsepp i ¢ aci ds incl ude by

are not |limted to terephthalic acid, isophthalic

acid, napbtepat poempiises teoxgMings ince fichf soltcr-irqmcﬂ separation device
acid, and m xtures thereof. The carboxylic

agi dj $0MBMtics! o ¥ cEPoxytic abididutvent siyeryof01110-fafptabgarboxylic
20 wei ght carboxylic acid. Preferably the carboxylic

aci d élelc‘éﬁ tWItff'rl ddivent 103 dngl a sdlvédienstaboqu@r steam3$oa.by
wei ght car oxylic acid. Mst preferably, the

carb Ehr‘f 13?' ﬁﬁt%ﬂ'ls‘@ érb%H/\Tcr AcidRdivest didirry BSm‘pﬁBE@ Pf

30-3 car oxy c acid. The carboxylic
;862%%%@?# %7‘6}@?5&% R ve**?%Tr% RSP mprises residual
subs catris Ay B TR Romet S0 CHEHL Fandrbpoer GHPHTIRS

recovered in conduit 102. The oIv g(% not her

102 SohipblesolyeatsBBNanitare get [ing ARBATG pgarboxylic

acids, preferably containing 2 to 6 carbon atoms, or benzoic acid and
mixtures thereof and mixtures of these compounds with water. Preferably,
the solvent is comprised of mainly acetic acid and/or some water. The ratio
of acetic acid to water can range from 50:50 to 99:1 acetic acid to water by
15 mass, more preferably in the range of 85:15 to 95:5, and most preferably in
the range of 90:10 to 95:5. Suitable carboxylic acids include by are not
limited to terephthalic acid, isophthalic acid, haphthalene dicarboxylic acid,
trimellitic acid, and mixtures thereof.
The carboxylic acid/solvent slurry 101 is in the range of 10-40% by
20  weight carboxylic acid. Preferably the carboxylic acid/solvent slurry 101 is
in the range of 25- 35% by weight carboxylic acid. Most preferably, the
carboxylic acid/solvent slurry 101 is in the range of 30-35% by weight

carboxylic acid. The carboxylic acid/solvent slurry in conduit 101 is then



5 The first solid-liquid separation device 110
conprises any device capable of efficiently

W@ epanstosing sol i ds and |iquids. The first soliBET/Us04€006434
separation device 110 can typically be conprised of,
but not limted to, the follow ng types of devices:
centrifuges, cyclones, rotary drumfilters, belt
filters, press filters, etc. The first solid-liquid
separation device 110 can 10 operate within a
tenperature range of from apprqgzimtely 40C to 155C
Preferably the first solid-liquid separation device

110 can operate withi tenperat ur n 0

appr iOF}HE‘;éCF V‘tt%é\émr?tosoﬁ%'ggt“d ?F@P@fcger‘i ’3$0t\&ré£'r| r St
solid-liquid separation device 110 can operate, W thin.

a t efyestantipl eortoarjane FoVPUMalbsF Basiore S5V figonalit 102
150C. A carboxylic acid cake with 15 solvent 103, is

pr odlibedoiMent miother tiguers] 82 eerapdsnfpd sHibstantiapoptipn of the .
carboxylic acid cake with solvent 103 is in the range
of Osdlv8f% by wei ght noisture, preferably in the

range of 1-20% noi sture, nost preferably in the range
of  1- 5% Whé Sitdtrselid-Mptit sephtayiontdesiceekliodeomhpriseis\earyt device
can be renoved by a gas displacenent step to mnimze

sol vepbae sk afficimtil %@Fwa‘tih? \WoRds ardliqiiep TR fienmplid-tiesid
renmovi ng a substantial portion of a solvent in a

igggggﬁ@@bﬁa@ﬁw Osc%ﬂqgﬁlhél%éj%m?ﬁsé@gf, ]Qaupﬁ@ttllhﬂted to, the

aci d cake wt solvent 103 to forma

ol velHled B3t aiedt PefffiBel 8 RB-Dmay s meters. bot

<ol vaRee e e i Sl Bt Sup il Skl B4 ekl gan

wWth water or substantially water with residual

dfroumpsrae Wit @ EOPeAiAEaReT PUTQW@BPBO%@thJBéﬁﬁ)%tO 155°C.

device, 120, wherein a substanti al
Preferably the first solid-liquid separation device 110 can operate within a
temperature range of from approximately 80°C to 150°C. Most preferably
the first solid-liquid separation device 110 can operate within a temperature
range of from approximately 90°C to 150°C. A carboxylic acid cake with

15 solvent 103, is produced wherein the moisture composition of the carboxylic
acid cake with solvent 103 is in the range of 0.5-30% by weight moisture,
preferably in the range of 1-20% moisture, most preferably in the range of
1-5% moisture. Optionally, the residual solvent can be removed by a gas
displacement step to minimize solvent contamination with wash.

20 Step (2) comprises removing a substantial portion of a solvent in a
second solid-liquid separation device 120 from the carboxylic acid cake with

solvent 103 to form a water-wet carboxylic acid cake 106 and a

solvent/water byprbduct liquor 105.



portion of the initial solvent is replaced with water

to forma water-wet 5 carboxylic acid cake 106. The
woweoenswet car boxylic acid cake 106, is pref ePeEbiUg20041006434

the range of about 0.5-30% noi sture, nore preferably

in the range of 1-20% noisture, and nost preferably

in the range of 1-5% nvoisture. The residual npisture

of the water-wet carboxylic acid cake 106, should

contain | ess than about 2% sol vent on a mass basi s.

Additionally, 10 the water-wet-ldarboxylic acid cake

should contain less than 1% of any netals (e.g.

cobal t, n?ﬂgégr%%‘?( Iiceécﬁd 'caP(e \A}it}"l@oﬁlﬁln't ¥9§Si§qhearrc’subjected toa

cat al ysts I'h ¥

m xt ure |n“condu, t 101

nat el3RR O S MW ’&ra’ré%{'%ga’lfﬂ?gﬁ" "@%W{Rg{‘ﬁ'dﬁ@ amounts of

introduced into the second solid-|iquid separatiaon

devi & vq'zton\t.%%hmwg S%@!at'%Semghﬁ%tv\é“rer@'ﬁcﬁﬁ‘éb%@“a'

on a continuous basis, conprise a mass feed rate in

r at i BORiontef theeinitisl sekventis Teplaced witk walerde foon aavalgr-wet

0.1:1 to 1.5:1, preferably in the range of 0.1:1 to

05 6: tarbowgic acp'nl calke 406.y Tha waier-wahcarboxylio.aRidlcake 106, is

0.4:1. There are no limtations on the tenperature or

pr es preferably ihltiee varsje ofedboiut 0530 mgistune, msere prieferably in the

vapori zed 20 water, steam or a conbi nation of water

and sdrRRNof 1a§0%aﬁblstu'FB CarkPrRBEpreedrhBlylih the fhrgerstragdon
device 120 can typically be conpriséd of, but not

lim thi. Th@%él@hél%i@ﬂjré%?ﬁ% \%teg-%)é't €&fboxylic ?md cake 106,

centri uges, cyc ones, rotary drumfilters,

T A S ds%%sm
051 58 AR R TR HERS5: Sy
secopnde éc’lgl (Ia% Ic:c|>b uItI (ljnanganese etc...), typically used as catalysts in p-
xylene oxidation, in the slurry mixture in conduit 101, should remain in the
water-wet carboxylic acid cake 106.
Wash water is infroduced into the second solid-liquid separation
15 device 120 via conduit 104. The wash water should be, on a continuous
basis, comprise a mass feed rate in ratio with the solids in 103 in the range
of about 0.1:1 to 1.5:1, preferably in the range of 0.1:1 to 0.6:1, most
preferably in the range of 0.2:1 to 0.4:1. There are no limitations on fhe
temperature or pressure of the wash water including the use of vaporized
20  water, steam, or a combination of water and steam, as wash.
The second 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 filters, press filters, etc. The second solid-



separation device 120 can operate within a tenperature

range of from approximately 80C to 150C. Most
wpe@hesakl y, the second solid-liquid 5 separat PORUS2004/006434

device 120 can operate within a tenperature range of

from about 90C to 150C Optionally, the solvent/water

byproduct |iquor fromthe second solid- liquid

separation device 105, is segregated fromthe sol vent

not her |iquor stream produce by the first

solid-liquid separation device;302. 10 Step (3)

conprises adding a diol 107 to the mater wet

carboxylic acid cake 106 in a carhbox a0|9/d|o

mi xi ifylie seraration deviee A8 £an apsrate YAt %FﬁmPﬁré” ure range of from

wat er -wet carboxylic acid cake 106 of the water to

f or naprexioeatélg¥PPCdo 1867@/ Breferatily tie eeqwsl scHdriuid),

the wat er-wet carboxylic acid cake 106, which is now

15 sgdisdrandr @dlive iz@eanoperlty aithin & taropdratied ramddioffrom
diol 107 in a carboxylic acid mxing zone 130, to

forﬁb;?ﬁ og{ﬁ%lélg's'o@o '1@Q%°'M Fé*éf%bﬁpﬁwesé%é@@&nﬁgrquud

PET n an poly sters in device

17 oneenaelign 4Pte 20 i RS it Rk 8 rat B rom

are no special limtations on the device 130 with the
excepbPWPO’Rde 190°G0 nust provide inti mate contact

bet ween the water-wet carboxylic acid cake 106, and

the diol Opionalypthechateerd/watier yprodio) lifeoraeard tige second solid-
m xture 108. Exanpl es of such devices, include, but

ar e hqiid lsepatatidn devichel 06019 mgre@teaﬁom@btmmt vessbe liguor
static m xer, screw conveyor, PET esterification

r eaCé@éélﬁ)pro&Mée&%ﬂW Gﬁé@@&ldﬁ@ﬁld&%ﬁﬂdﬁm 1046 etc.

(Note: a solid eductor could be used to introduce the

Y@t er - wet giep (3) comprises adding a diol 107 to the water-wet carboxylic acid
cake 106 in a carboxylic acid/diol mixing zone 130 to remove a portion from
the water-wet carboxylic acid cake 106 of the water to form the carboxylic
acid/diol mixture 108.

Finally, the water-wet carboxylic acid cake 106, which is now

15  substantially free of solvent is combined with a diol 107 in a carboxylic acid
mixing zone 130, to form a carboxylic acid/diol mixture 108 suitable for PET
production and other polyesters in device 130. Conduit 109 is used to
remove the portion of water from the water-wet carboxylic acid cake 106.
There are no special limitations on the device 130 with the exception that it

20  must provide intimate contact between the water-wet carboxylic acid cake
106, and the diol 107 to produce a the carboxylic acid/diol mixture 108.

Examples of such devices include, but are not limited to the following: an

agitated vessel, static mixer, screw conveyor, PET esterification reactor(s),



carboxylic acid cake into device 130). Nor is there

any specific [imtation on the tenperature range at
waokioghsweywi ce 130 can operate. However, it i s PCT/US2004/006434

preferable that the tenperature of device 130 does not

exceed 5 approxi mately 280C, tenperatures normally

found within PET esterification reactors. The diol in

conduit 107 is introduced in such a manner as to

di spl ace the water as the dom nant slurrying |iquid.

This can be acconplished by iRgroducing a diol via

conduit 107 as a saturated liquid at a tenperature 10

whi ch is sufficient to va orlze

P et BeaNpIE: oI guciRR CebRs voarbPInSdds hiatemat

a saturated or superheated va The diol in conduit

107 carboxdiceaaaid aake iba @‘ﬁ\éc%]ﬂ%&b Nernsitherermyysipestinyimitation on

gl ycol, diethylene glycol, n-butylene glycol,

i - buthgl tempegatysoianga-ab MbyisH dewicey 3@ oan operateuHaMEHEBIt is

cycl ohexanedi net hanol, and mi xtures thereof.

Pr ef prefidaple thbethai tehpieratllfe efatedidet 130doessnattdxgbede

glycol. Note that within the system shown in figure

15 agsuRRinddtblyaldoyCoieyn S biPey hben A s WitHin! PE T @kterification

formed. The primary econom c advantage in not form ng

a Caégﬁﬁ¥g'c acid dry solid is the elimnation of

sol i andllng eqU|pnent (e.g. convey systens, sil os,

.effg g le‘rﬁ‘e tigh i % if%% 'ﬁ%&%sséui%h”%% o%é“?%p'ace
ol | BiR Vgl pa s Seing SRl THRB0 s beobiishe by
froma carboxylic acid/solvent slurr 101 in a

sol i dnirodgaing %@waatcpa@hu'%%aiwatméqdehw%a%temperature
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10  which is sufficient to vaporized the water. Preferably, the diol in conduit 107

is infroduced as a saturated or superheated vapor. The diol in conduit 107
is selected from the group consisting of ethylene glycol, diethylene glycol,
n-butylene glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol,
cyclohexanedimethanol, and mixtures thereof. Preferably, the diol in
15  conduit 107 is ethylene glycol. Note that within the system shown in figure
1, a substantially dry carboxylic acid solid is not formed. The primary
economic advantage in not forming a carboxylic acid dry solid is the
elimination of solids handling equipment (e.g. convey systems, silos, etc...).
In a third embodiment of this invention show in figure 1, a process for
20  producing a carboxylic acid/diol mixture 108, the process comprising the
following steps.
Step (1) comprises removing a solvent from a carboxylic

acid/solvent slurry 101 in a solid-liquid separation zone 140; wherein a



substantial portion of the solvent in the carboxylic
acid/solvent slurry 101 is replaced with water to
WO eooaosuosmt er - wet car boxylic acid cake 106. | nPC/ER2004)06434
the second solid-liquid separation device 120 and the
first solid-liquid separation device 110 in the _
second enbodi nent of this 5 invention can be conbi ned
to forma single device capable of performng both
solid-liquid separations. This is shown schematically
in figure 1 showing a solid-Iiguid displacenent zone
140 by a dashed outline box around devices 110 and
120. The, renmoval. of .the solyent froma,. . .
car bSIBAERAGHG o ot s et £ dePiia aciogentent surry 101 is
separatjion zone 140 to forma 10 water-wet carboxylic
aci d "eBleeed ¥hpeataetodiepni s walgr#iet sATP iR 3cik rete i1ﬁ6-
the art. The solid-liquid separation zone 140
conpri ses ladjepielitee seeqprubsalid-ligrideedasatiomdetios h20 and the first
operations of the first solid-liquid separation device
110 satidighid sspacatbnsaddviak 110ini the sepamdaembodihestitas tHi20
described in the second enbodinment of this invention.
The dewdntienicantdeecanbindd i fiwinch sippRY @dviecamitte dpdrftiming
can typically be conprises of but not limted to, the
f ol | gt eoitRfui@EepARYbASS TR EhdWE8Ehem¥GaMNeS figure 1
filters, and such or conbi nation thereof. Step (2?
conprd & di ey s ;
car boégélﬁ’;ﬁchaggibgwh@ggﬁ f&%&m&g Z%Q?g\gqu%{%&%%qe& %‘fﬂgl‘e box
m Xi L i f, t to
For iR ookt 1 Fo BB, AR TEkoPE & ps SR abPlflnd ()
is identical, to st descrj.bed .i,n the second
embo ety e/gp e Shirk Jhas 3 5ol RehpiaioB g 148 e form a
of this invention js provided in figure 2, conprises -
aOpr &%@%W%?arb%ﬂm% cakq e3rebd eredTelieddyy® means know in

m xture 208 is WD 2004/ 081080 PCT/ US2004/ 006434
the art. The solid-liquid separation zone 140 comprises any device capable

of performing both operations of the first solid-liquid separation device 110
and the second solid-liquid separation device 120 described in the second
embodiment of this invention. The device in the solid-liquid separation zone
15 140 can typically be comprises of but not limited to, the following type of
devices centrifuges, cyclones, filters, and such or combination thereof.
Step (2) comprises adding a diol 107 to the water-wet carboxylic acid
cake 106 in a carboxylic acid/diol mixing zone 130 to remove a portion of
the water to form the carboxylic acid/diol mixture 108.
20 Step (2) is identical to step (3) described in the second embodiment
of this invention.
In a fourth embodiment of this invention is provided in figure 2,

comprises a process for producing a terephthalic acid/diol mixture 208 is



-18 provided, the process conprises adding a diol 207
to a water-wet terephthalic acid cake 206 in a

wa eqogfposoB@l i ¢ aci d/ di ol m xing zone 230 to r eP@OI/ESH04/006434
portion of the water to formthe terephthalic
acid/diol mxture 208. The terephthalic acid/diol
m xi ng zone 230, the diol 207, the 5 terephthalic
acid/diol mxture 208 and the water-wet terephthalic
acid cake 206 are described subsequently in a fifth
enbodi ment of this invention. Ly the fifth enbodi ment
of this invention shown in Flgure 2, a process for
producing a terephthalic acid/diol mxture 208 is
pr ovPuwifedTHie Fﬁf%@%@om%ﬁﬁﬁ‘iﬁ'%a% 2081tp WA ek ps.
10 Step (1) conprises renoving in a first solid-liquid
sepatesephthaliteadid eake 206 inp derephéelic peigfdiolrabiishzaig 430 to
acid/solvent slurry 201 to forma terephthalic acid
cakerashdve spbrtiontof 208 weabtet ta farRAtredieraphthatiotdvéa/diol oirdure 208.
stream 202. Conduit 201 contains a terephthalic

aci d/ sol Vené terbptithylic asfdislinmiging zohb 231 tehdibb207; the
acid, inpurities and a solvent. The inpurities

C?“Eéréﬁ%half@éélé/dﬂil neifLAé ¥68 ahl iR Gatdrivdubrdpbithalic acid cake
lTmted to cobalt, manganese, or brom ne). Suitable

sol V%Bé%l"%g&é 84 s%%%e&u&wt@?ﬁe rala{‘ﬁﬁ‘ driiodifentbf fPl'ihaihbéntlon

nono- car IC acl y containing 2t

ST e -
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et drep R SRR SSRGS A P daf g Frocess
wat er can range from50:50 to 99:1 acetic acid to

wat e COmprigiagdhe fRllewing eeefably in the range of 85: 15

to 95:5, and nost preferably in the ran]ge of 90:10 to
96: 5. TheSt@r(épﬁpﬁi@rlB@s snayisglinva first solid-liquid separation device

210 impurities from a terephthalic acid/solvent slurry 201 to form a
terephthalic acid cake with solvent 203 and a TPA solvent mother liquor
stream 202.
Conduit 201 contains a terephthalic acid/solvent slurry comprising a
15  terephthalic acid, impurities and a solvent. The impurities comprises
residual catalyst (typically but not limited {o cobalt, manganese, or
bromine). Suitable solvents include, but are not limited to, aliphatic mono-
carboxylic acids, preferably containing 2 to 6 carbon atoms, or benzoic acid
and mixtures thereof and mixtures of these compounds with water.
20  Preferably, the solvent is comprised of mainly acetic acid and/or some
water. The ratio of acetic acid to water can range from 50:50 to 99:1 acetic
acid to water by mass, more preferably in the range of 85:15 to 95:5, and

most preferably in the range of 90:10 to 95:5. The terephthalic acid/solvent



WO 2004/ 081080 PCT/ US2004/ 006434 -19 slurry 201 is in

the range of about 10-40% by wei ght terephthalic acid.
woe@hesakl y t he terephthalic acid/solvent sl urPQI/BS204/606434

in the range of 25-35% by weight terephthalic acid.

Most preferably, the terephthalic acid/solvent slurry

201 is in the range of 30-35% by wei ght terephthalic

acid. The 5 terephthalic acid/solvent slurry in

conduit 201 is then introduced into a first

solid-liquid separation device_3l0, wherein a

substanti al portion of the sol vent nother liquor is

200" Ebii 7603 3 Vs o ot P A0 sbwetqﬁﬂ?egswb%b‘c acid.

The first solid-liquid separation device, 210 is

devi d&elesplp e tsrephiitalisradid/saienisiueyndPhis inghe @ngfsof 25-35%
and liquids. The first solid-liquid separation device

210 darweighti teesphihatie asishpVpstertetsrablijutheretephthalic egid/eglvent
the followng types of devices: centrifuges,

cycl ahesy, 207oisdn yhedramgefaf 306355 byevdighiti tetaphthalipraess The
filters, etc. The first solid-liquid separation device

230 Q@@pﬁ@@ll@b@ldﬂd\hﬁnﬁl skurrytie speddt 20 is tasgentedducednnto a first
about 40C to 155C. Preferably the first solid 15

i quIs@h&tﬂdme%egéﬁbn@araeqr&rﬂtoe whieFdlh @bts%rmar Qér‘ﬂbﬁ of the
range of from approxinmately 80C to 150C.
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210 can operate In a tenperature range O

b I h
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col vent | SheRrstt ﬁiﬂu@p‘“ aepton -%ﬁﬁcrﬁra@y B capatle o
preferabl y in the range of 1-10% noi sture,
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the residual solvent can be renpved by a gas
di spldgyisesddO eandypicelly be comprised of, but not limited to, the following

types of devices: centrifuges, cyclones, rotary drum filters, belt filters, press
filters, etc. The first solid-liquid separation device 210 can operate within a
temperature range of from about 40°C to 155°C. Preferably the first solid-

15 liquid device 210 can operate within a temperature range of from
approximately 80°C to 150°C. Most preferably the first solid-liquid
separation device 210 can operate within a temperature range of from
about 90°C to 150°C. A terephthalic acid cake with solvent 203, is
produced wherein the moisture composition of the terephthalic acid cake

20  with solvent is in the range of 0.5-30% moisture, preferably in the range of
1-10% moisture, most preferably in the range of 1-5% moisture. Optionally,
the residual solvent can be removed by a gas displacement step to

minimize solvent contamination with wash.



m ni mze sol vent contam nation wth wash. WO
2004/ 081080 PCT/ US2004/ 006434 -20 Step (2) conprises

WO 209981080 a substantial portion of a solvent iPCHUS2004/006434
second solid-liquid separation device 220 fromthe
terephthalic acid cake wth solvent 203 to forma
wat er-wet terephthalic acid cake 206 and a TPA
sol vent/wat er byproduct |iquor 205. 5 The terephthalic
acid cake with solvent 203, is then subjected to a
wash or "rinsing" with water i md.he second
solid-liquid separation device, 220, wherein a
subst anti a| tion of the initial solyv s repl aced
wth et Ste PicsRiwResitEpviiae elmharten o frofirein a
206. The water-wet terephthalic acid cake 206, is
pr ef @pgqg,ncg,splﬁi Hgpid ?%?ﬁ‘jét' devise 380fiann m%ﬁeéephibalmc@ cake
preferably in the range of about 1-20% noisture, and
most Viinesadvesis 203 to foriha wederguetderephioaliemcid cake 206hand a TPA
resi dual noisture of the water-wet terephthalic acid

cake spivent/whtmulbgpeanthliquor 285. t han about 2% sol vent on
a nmass basis. Additionally, the water-wet

t er epht halThe taebHthaié actiheikkbdvitrcsav @itz 03e Bstheh 80bjk¥edfto a
any metals (e.g. cobalt, manganese, etc...), 15

typi Q@sh)bruﬁﬁgngsvvlﬂﬁ%{éﬁrﬁ thd Seddn¥oRBsiq 9?61' SE¥ak&Rfbn deVice,
the slurry mxture in conduit 201, shou remain in

| o° 1 PROCHNYEIn hROBROA pofudfotinediarafy te_nilééfi'?'ﬂﬁ%%%th
vash Wbk JSFh?g'ﬂatBEWe for@oififRid JUGURKL3R6 S THESTRLL 38!
20"+ BRI A3 %takg %BGlepre#s%wm redeliag 9t oSl Thoisture,
range of 0. There are no limtations on

tlﬂe RE %fﬁtﬁ‘lt?iy tS‘rthBrr @%%%Pfsal%ﬁu’[ﬂh%o%d%'SM@éﬂd most preferably

in the range of 1-5% moisture. The residual moisture of the water-wet
terephthalic acid cake 206, should contain less than about 2% solvent on a
mass basis. Additionally, the water-wet terephthalic acid cake should
contain less than 1% of any metals (e.g. cobalt, manganese, etc...),

15 typically used as catalysts in p-xylene oxidation, in the slurry mixture in
conduit 201, should remain in the water-wet terephthalic acid cake 206.

Wash water is introduced into device 220 via conduit 204. The wash

water should be, on a continuous basis, comprise a mass feed rate iﬁ ratio
with the solids in 203 in the range of about 0.1:1 to 1.5:1, preferably in the

20 range of 0.1:1 to 0.6:1, most preferably in the range of 0.2:1 to .4:1. There
are no limitations on the temperature or pressure of the wash water
including the use of vaporized water, steam, or a combination of water and

steam as wash.



i ncluding the use of vaporized water, steam or a
conbi nation of water and steam as wash. WO

wQ 2088080 PCT/ US2004/ 006434 -21 The secondPCT/US2004/006434
solid-liquid separation device 220 can typically be
conprised of, but not limted to, the follow ng types
of devices: centrifuges, cyclones, rotary drum
filters, belt filters, press filters, etc. The second
solid- liquid separation device 220 can operate within
a tenperature range of from5 ahout 40C to 155C.
Preferably, the second solid-liquid separation device
220 can operate within a_ tenperature range of fr_orp
about 80CTh® sesad saliskliauist é@r@rawwevlﬁ%ﬁe&aﬂaymca ly be
solid-liquid separation device 220 can operate wthin
a t enpepssed of, ahget lpnitad onihedoliowngdypes abdryices: centrifuges,
Optionally, the solvent/water byproduct Iiquor from
t he sydomes, sofarddrub®fitergubelt fltgrar messfiltelsy eice Th@S5ecosd solid-
segregated fromthe solvent nother |iquor stream
pr oduggid ke phkgiohideviceA0i chnl dpprae wigiiakabinperatesd e@ge of from
202. Step ?3) conprises adding a diol 207 to the

te o i i hEH-Baui i i

gl Eﬁiﬁﬁlﬁﬁd @t%pwg?/ag FrefepSbIg 1Ra"ecdfP sbify ﬁ‘(amd separation device

terep I C acl iol mxing zone 230 to fenove a

porti fromthe ter-wet terephthal jc aci.d 06 o
br "« #20 pabdPetS iRl i Fher R EpheRal feRituf B © Fao-c
m xture 208. Finally, the water-wet terephthalic acid

cake Masé prefarably. ithe erondsiphdtlighid ggnajationede\ige 44 gampperate
is conbined with a diol 207, to forma terephthalic

aci didthol a kempenaturs angehdifrérorabPETOPT@HUEE0°6h and

ot her polyesters in device 230. Conduit 209 is used

t o renmovedphienay, thosolodntRihteab@iroftctmiqubefromtthe seednd solid-

carboxylic acid cake 206. There are no speci al
10 liquid separation device 205, is segregated from the solvent mother liquor
stream produce by the first solid-liquid separation device 202.

Step (3) comprises adding a diol 207 to the water-wet terephthalic
acid cake 208 in a terephthalic acid/diol mixing zone 230 to remove a
portion from the water-wet terephthalic acid cake 206 of the water to form

15 the terephthalic acid/diol mixture 208.

Finally, the water-wet terephthalic acid cake 206, which is now
substantially free of solvent is combined with a diol 207, to form a
terephthalic acid/diol mixture suitable for PET production and other
polyesters in device 230. Conduit 209 is used to remove the portion of

20  water from thé water-wet carboxylic acid cake 206. There are no special
limitations on the device 230 with the exception that it must provide intimate

contact between the water-wet terephthalic acid cake 206, and the diol 207

to produce a the terephthalic acid/diol mixture 208. Examples of such



limtations on the device 230 with the exception that
it must provide intimate contact between the
wowioesmed terephthalic acid cake 206, and t hepdi/vb2080006434
to produce a the terephthalic acid/diol mxture 208.
Exanpl es of such WD 2004/ 081080 PCT/ US2004/ 006434 -22
devi ces include, but are not limted to the foll ow ng:
an agitated vessel, static mxer, screw conveyor, PET
esterification reactor(s), etc... (Note: a solid
eductor could be used to introduce the water-wet
terephthalic acid cake into device 230). Nor is there
any specific limtation on the 5
o cteor s st o BRI ol ool
preferable that the tenperature of device 230 does not
excesthticapipenscraw epyweyeo € ET entpaficatiangeapior(ghiatg. .. (Note: a
found within PET esterification reactors. The diol in
condublid 28dctbs coultl bediseddo intresiuch tiae watarewetdsraphithalio acid
di spl ace the water as the dom nant slurrying |iquid.
Thi s caraifie deqice@30).i Blbeid thyrd amy sshatficignitatidinadn tiea
conduit 207 as a saturated liquid at a tenperature
whi C*ﬂemgel%ﬁﬁlfe'ﬁéhgé‘bt {vRichaRreIdezzad ¢ditoperary. - However, it is
Preferably, the diol in conduit 207 is introduced as

a satjir@lsfe Maé§¢%’gé%hﬁéﬁ% ¥e8Nice 286 488 hot extdegndui t

207 i's selecte e group consisting of ethylene

Igl %ﬁt%{ppéqlggmgteyﬁ 2&)‘%& ?%r%%r%i?llérﬁg ?‘8%%%} %ﬂ%g%%‘f@ PET esterification

but anedi ol , cycl ohexanedi net hanol, and m xtures

t her é88ClOkSt ef erably, the diol in conduit 207 is

et hyl ene g%_lyco_l . Note that within the system shown in

figure 1, Theslivdngandyl 1207 ds iptiodkepthimaiiqhca mEngesas (Qy

is not fornmed. The primary econon c advantage i n not

flor midigplacd teepdichas the danidadt sluggingdiquid. This can be
accomplished by introducing a diol via conduit 207 as a saturated liquid at a
temperature which is sufficient to vaporized the water. Preferably, the diol
in conduit 207 is introduced as a saturated or superheated vapor. The diol
in conduit 207 is selected from the group consisting of ethylene glycol,

15 diethylene glycol, n-butylene glycol, i-butylene glycol, n-propylene glycol,
1,4 butanediol, cyclohexanedimethanol, and mixtures thereof. Preferably,
the diol in conduit 207 is ethylene glycol. Note that within the system
shown in figure 1, a substantially dry terephthalic acid solid is not formed.
The primary economic advantage in not forming a terephthalic acid dry solid

20 s the elimination of solids handling equipment (e.g. convey systems, silos,

etc...).



20 is the elimnation of solids handling equi pment
(e.g. convey systens, silos, etc...). WO 2004/081080
wERONANED04/ 006434 -23 In a sixth enbodi ment PET/UKI084/006434
i nvention showin figure 2, a process for producing a
terephthalic acid/diol mxture 208 is provided. The
process conprising the follow ng steps: Step (1)
renmoving a solvent froma terephthalic acid/solvent
slurry 5 201 in a solid-liquid separation zone 240;
wherein a substantial portion @$3. the solvent in the
terephthalic acid/solvent slurry 201 is replaced wth

water to form te ht hal i aC| . cake 206.

' Step (19 2o Saimés ?fdﬁ'ﬁu oD SBaRan gt s pcess
220 and the first solid- |IC} separation device_210

in tHer %@@'Hﬁ'&géﬂ%‘%ﬁfﬁ’%ﬂtc aid/gligf gﬂ&’[grq #0%istRrevidedn The process
combined to forma single device capable of performng
bot h eoppriging ieifallawpasiapsons. This is shown

schematically in figure 2 showng a solid-liquid

di spl acenSiep tHmendAihdoy salveiished actetdphiiealizcacid/asloemtdslurry
devices 210 and 220. The renoval of the solvent froma

car b@olin e/ swidvijuid séparatorddtng 24 vamreir-d balstahtial portion of
separation zone 24.0 to forma 15 water-wet

t er ephé Balveht iAGHE t@r@bﬁth‘éﬁ@a@i@/s%ﬁféﬁf@iu‘r@rm iBYe@iBY¥ed with water
nmeans know in the art. The solid-liquid separation

one of performn
cor, GGt amRALRgH R cpaRPRse0! ol or T o

bot h opera |qU|d separation

Sev: 22 S300 S0 B SEEON A SUAaRPRETE 3o g re

e S e D S Sk ey

nl%t llé]\;gnttlgﬁ cta% beF cl::]oembmed to form a single device capable of performlng
both solid-liquid separations. This is shown schematically in figure 2
showing a solid-liquid displacement zone 240 by a dashed outline box
around devices 210 and 220. The removal of the solvent from a
carboxylic/solvent slurry 201 in a solid-liquid separation zone 240 to form a

15  water-wet terephthalic acid cake can be accomplished by any means know
in the art. The solid-liquid separation zone 240 comprises any device
capable of performing both operations of the first solid-liquid separation
device 210 and the second solid-liquid separation device 220 described in
the second embodiment of this invention. The device in the solid-liquid

20  separation zone 240 can typically be comprises of but not limited to, the

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

combination thereof.



followi ng type of devices centrifuges, cyclones,
filters, and such or conbination thereof. WO

wWQ 20888080 PCT/ US2004/ 006434 -24 Step (2) cRPUPUSBOE006434
adding a diol 207 to the water-wet terephthalic acid
cake 206 in a terephthalic acid/diol mxing zone 230
to renove a portion of the water to formthe
terephthalic acid/diol mxture 208. Step (2) is
identical to Step (3) described in the fifth
enbodi nent of 5 this inventi omg4-WO 2004/ 081080
PCT/ US2004/ 006434 -25- WE CLAIM 1. A process for
produci ng boxyl i c acid/ di u sald
conpri si ng?%@) "ﬁ?”&%@gi’@gf @H{@ﬁﬁe eé’%ﬁ‘%'bWﬁ eéep thalic
acid c n. a carbox aci{d/ diol mxing zone to
e PERLEGAGR S e dli T/ l6! TOHRg sanei280 to remove a
carboxylic acid/diol mxture. 2. A process according
to chatienofipe water tederan terteapithaicagididios mixetee208d
froma group consisting of terephthalic acid,
i sopht hal Stepa@)ds identigdl tth Sten(@) dlies enitibaakipl the fifth iethbodiment of
trimellitic acid, and m xtures thereof. 3. A process
ascothis inyehtiosl aim 1 or 2 wherein said diol is
selected 10 fromthe group consisting of ethylene
gl ycol, diethylene glycol, n-butylene glycol,
i -butyl ene glycol, n-propylene glycol, 1,4 butanediol,
cycl ohexanedi nmet hanol, and mi xtures thereof. 4. A
process according to claiml wherein said carboxylic
aci d/ di ol



m xi ng zone conprises at | east one device selected
fromthe group 15 consisting of an agitated vessel, a

W@ @ui0g1080 xer, a screw conveyor, and a PET  PCT/US2004/006434
esterification reactor. 5. A process for producing a
carboxylic acid/diol mxture, said process conprising
the followi ng steps: (a) renoving in a first
solid-liquid separation device inpurities 20 froma
carboxylic acid/solvent slurry to forma carboxylic
acid cake with acetic acid angsa sol vent nother
i quor stream WO 2004/081080 PCT/US2004/006434 -26
(b) [ a substantial portion of a solvent in a
seco%ﬂ@" liquid separation device fromsaid
carboxyllc acid cake with acetic acid to forma
wat ef- wet AdiPerRsefor @rwcwg@wbaﬁﬂw%ﬂ@émmm &aid process
byproduct liquor; (c) adding a diol to said water-wet
car bc&mlprisingc&iddiirtgak didl to a Waterawelosarboxyligacil! caksl in a carboxylic
m xi ng zone to renove a portion of the water to form
sai dacifdioxyixing 2miedtodiemovaiaqiartien obtheAvateo tefosm said
according to claim5 wherein said carboxylic acid is

sel eeh@bxllicoatia/omw ehiRtug@nsi sting of terephthalic acid,
i sophthalic acid, naphthalene dicarboxylic acid,

trimllit Acporaﬁ?éjs mr&hgwl&@ﬁn HReR&afn sé@ggrbo&ylﬂf 856%S

‘according to claim5 or wherein said di
Slelygg{el%@& ?(ﬁﬂ} ﬁ\% 8|C§§§'Fﬁﬁi8¢>éfé hél %@y&?&ﬁhahc acid,
L;Efbﬁaﬁti‘&%@&eﬁémw R et é?& ﬁa%mwp%sat“%%o?'

glr 8|C in g‘ Co%gégsg%ng%)rglkgltyclglm eé wherelrgsald diol is selected

10  from the group consisting of ethylene glycol, diethylene glycol, n-butylene
glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol,
cyclohexanedimethanol, and mixtures thereof.

4. A process according to claim 1 wherein said carboxylic acid/diol
mixing zone comprises at least one device selected from the group

15 consisting of an agitated vessel, a static mixer, a screw conveyor, and a
PET esterification reactor.

5. A process for producing a carboxylic acid/diol mixture, said process
comprising the following steps:
(@) removing in a first solid-liquid separation device impurities

20 from a carboxylic acid/solvent slurry to form a carboxylic acid cake with

acetic acid and a solvent mother liquor stream;



15 m xi ng zone conprises at |east one device sel ected
fromthe group consisting of an agitated vessel, a

W@ @ui0g1080 xer, a screw conveyor, and a PET  PCT/US2004/006434
esterification reactor. 9. A process for producing a
carboxylic acid/diol mxture, said process conprising
the followi ng steps: 20 (a) renobving a solvent froma
carboxylic acid/solvent slurry in a solid-liquid
separation zone; wherein a substantial portion of the
solvent in said carboxylic aciggsolvent slurry is
replaced with water to forma water-wet carboxylic
aci d cake. WD 2004/ 081080 PCT/ US2004/ Q06434 -276%%’1 ,
addi ng a dPbl tBMEXING Faikstanial PeRicpRl A SAvertinasgrand solid-
in a carboxylic acid/diol mxing zone to renove a
por t i liswichseparatiomgeyice fonpsaid caricryiiaaeiepake eith acetic acid to
acid/diol mxture. 10. A process according to claim?9
wher efiormsaivetecavah crgiaxgliaacid cake abd sedadeerdbivatentnymioduct liquor;
group consisting of terephthalic acid, isophthalic
aci d, napbl hadirga dloicarsakyhbies-wast icdrbdxylicratididake irmad
m xtures thereof. 11. A process according to claim?9

ors 10caMiekiichckfdie] fixdhg Fen SR RAiR@ a boHiBh i ehWatsp to form
consi sting of ethylene glycol, diethylene glycol,

n- bUt%{M%gTO%BW&Q&' /dll IW&M'rc—,ene gl ycol, n-propyl ene’

t ane 10 cyclohexanedlnethanol and

m Xt Ug es t&gf&%fs 4:8?rd’/f|ggtg 903%@155 %%Pélﬁ'sggi éé)rbSX)ﬁl'c'Qc% is

wherei'n sai car
east one devi ce

conel W6ed ronte ol Sor i ¥feBg hé?gf ¢ B} 381

screw c and
nap%thalene dlcarboxyllc acid, trimellitic acid and mixtures thereof.

10 7. A process according to claim 5 or 6 wherein said diol is selected
from the group consisting of ethylene glycol, diethylene glycol, n-butylene
glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol,
cyclohexanedimethanol, and mixtures thereof.

8. A process according to claim 5 wherein said diol/carboxylic acid

15 mixing zone comprises at least one device selected from the group
consisting of an agitated vessel, a static mixer, a screw conveyor, and a
PET esterification reactor.

9. A process for producing a carboxylic acid/diol mixture, said pr;)cess
comprising the following steps:

20 (a)  removing a solvent from a carboxylic acid/solvent slurry in a
solid-liquid separation zone; wherein a substantial portion of the solvent in
said carboxylic acid/solvent slurry is replaced with water to form a water-wet

carboxylic acid cake.



PET esterification reactor. 15 13. A process for

producing a terephthalic acid/diol mxture, said
WEe@aems®s0 conpri sing adding a diol to a water - ML/US2004/006434

terephthalic acid cake in a terephthalic acid/diol

m xi ng zone to renove a portion of the water to form

said terephthalic acid/diol mxture. 14. A process

according to claim 13 wherein said diol is selected

from 20 the group consisting of ethylene glycol,

di et hyl ene glycol, n-butylene gjuycol, i-butylene

gl ycol, n-propyl ene glycol, 1,4 butanediol,

cycl ohexanedi et hanol ,, and xtures .t hereo

: . 15 A .
process ator dPHYng @ dPldp sRICWalREMEt G2 Xéff"bl%'a Gekein a

et hyl ene gl ycol. WD 2004/081080 PCT/ US2004/006434 -28
16.  Aapoxylisaciaiciad maiking Zzopedp sempusa ppatiasy ofithenraierlorform
said adding occurs at a tenperature between about 40

C andambzanbox@4i0 aCid/didl mixtyreocess according to claim 13
wherein said terephthalic acid/diol mxing zone

conpriios es Agprdesdcaccoediag tedlairm @whdreirgsaid padmxgiic acid §s

of an 5 agitated vessel, a static mxer, a screw

C@NV ¥Rictectiéima dolipeshsistifd 6larephthaliRaedi@risoptdhall acid,
process for producing a terephthalic acid/diol

m xt Waggtn%ﬁér%. REABER M. AFMikreli 06 ahBenik@IrbOWELrSt eps:
(a) rehoving in a first solid-liquid separation device

I mpuristi e rer i ' ant:

to T orm anPdat ATAhGAS BRI S RER BRI, Helbkied
(b) ﬁ%nngﬁ]'qn p‘apscch)RgitsﬁWé of! leth(}l%%te'g?ycoﬂfdieachys/l%hg%ﬁvcd,rt]\-ghtylene

Seco

glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol,

10 cyclohexanedimethanol, and mixtures thereof.

12. A process according to claim 9 wherein said carboxylic acid/diol
mixing zone comprises at least one device selected from the group
consisting of an agitated vessel, a static mixer, a screw conveyor, and a
PET esterification reactor.

15 13. A process for producing a terephthalic acid/diol mixture, said process
comprising adding a diol to a water-wet terephthalic acid cake in a
terephthalic acid/diol mixing zone to remove a portion of the water to form
said terephthalic acid/diol mixture.

14. A process according to claim 13 wherein said diol is selected from

20 the group consisting of ethylene glycol, diethylene glycol, n-butylene glycol,
i-butylene glycol, n-propylene glycol, 1,4 butanediol,
cyclohexanedimethanol, and mixtures thereof.

15. A process according to claim 13 wherein said diol is ethylene glycol.



l'iquid separation device fromsaid terephthalic acid
cake with acetic acid to forma water-wet

wao eqoefpoboB@l i ¢ aci d cake; and 15 (c) addi ng a dPOI/USI®04/006434
said water-wet terephthalic acid cake in a
terephthalic acid/diol mxing zone to renpve a portion
of the water to form said terephthalic acid/diol
m xture. 19. A process according to claim 18 wherein
said first solid-liquid separation device is operated
at a tenperature between about 40 Cto 20 about 155
C. 20. A process according to claim19 wherein said
second solid-liquid separation device is operated at
a t eftBer af\nrecesstagserding suelany 18, 1Hor Apyheraissai aqdying
2004/ 081080 PCT/ US2004/ 006434 -29 21. A process
accobdtung dt @ teinperatd@ loatwa2en sbeutd® °Saind ahadi 480 8Ccur s
at a tenperature between about 40 C and about 290 C.

22.  A7pr opasscascaicdrdiag to clelimi1dwiterainaszad tersphttlalt atid/diol
IS selected from the group consisting of ethylene

gl ycal: : di . -
. DT OCREShP SOl Koo ety ROM BTShn coReising of en

o o ARBARASEL TR, B R RHLl ARG, 89 5 22T efterifcaton

et hyl en% | ycol. 24. A process according to claim18
wher éF#°'9%i d terephthalic acid/diol nixing zone

OO e ey LI L STl S50 SGRP . lprocess
SO Y vprising the following steps: | o " " eactor:
(@)  removing in a first solid-liquid separation device impurities
10  from a terephthalic acid/solvent slurry to form a terephthalic acid cake with
acetic acid.

(b)  removing a substantial portion of a solvent in a second solid-
liquid separation device from said terephthalic acid cake with acetic acid to
form a water-wet terephthalic acid cake; and

15 (c) adding a diol to said water-wet terephthalic acid cake in a
terephthalic acid/diol mixing zone to remove a portion of the water to form
said terephthalic acid/diol mixture.

19. A process according to claim 18 wherein said first solid-liquid
separation device is operated at a temperature between about 40 °C to

20 about 155 °C.

20. A process according to claim 19 wherein said second solid-liquid

separation device is operated at a temperature between about 40 °C to

about 155 °C.



25. A process for producing a terephthalic acid/diol
m xture, said process conprising the follow ng steps:

w@ ao40g180/i ng a solvent froma terephthalic  PCT/US2004/006434
acid/solvent slurry in a 15 solid-liquid separation
zone; wherein a substantial portion of the solvent in
said terephthalic acid/solvent slurry is replaced with
water to forma water- wet terephthalic acid cake. (b)
adding a diol to said water-wet terephthalic acid cake
in a terephthalic acid/diol m'_zi(?'_ng zone to renove a
portion of the water to form said terephthalic
acid/diol mxture. 26. A process according to, clajm25
wher &1n s & RIOSeS }ROr¢og &0 C'éi@ﬂlse% @l@é'merfg‘m“?"? &dding occurs at
operated at a tenperature between about 40 Cto about
155 @ teVpeR0w 981880 abCTi 4520 GndGbed8290 °Go 27. A
process according to claim25 wherein said addi ng

occum®. at AjprotssEsdoatding td elawe el vaigein sHid iohtsal@fRedirom
28. A process according to claim25 wherein said diol

IS s ' | gibinp@nglghRIIN-Bi§iene glycol,
gl ycgi:]i@@ﬁji%@t{}c{?lggﬁgg gfﬁg‘gﬁh@n@gﬁ’w eng 8| ﬁcgjlb,h SG@, ene gyeo

ol e Eh AR AR, friinedets, D55
e L T R
rher o S S LA ShSBO R b theef] 8k RSy oveo!
o2 o B oG o o Joysheren did feraghthiaiic acididiol
mixing zone comprises a device selected from the group consisting of an
10 agitated vessel, a static mixer, a screw conveyor, and a PET esterificétion
reactor.
25. A process for producing a terephthalic acid/diol mixture, said process
comprising the following steps:
(a)  removing a solvent from a terephthalic acid/solvent slurry in a
15  solid-liquid separation zone; wherein a substantial portion of the solvent in
said terephthalic acid/solvent slurry is replaced with water to form a water-
wet terephthalic acid cake.
(b)  adding a diol to said water-wet terephthalic acid cake in a
terephthalic acid/diol mixing zone to remove a portion of the water to form
20  said terephthalic acid/diol mixture.
26. A process according to claim 25 wherein said solid-liquid

displacement zone is operated at a temperature between about 40 °C to

about 155 °C.



reactor. 31 A process to produce a carboxylic
acid/diol mxture froma carboxylic acid/solvent

W@ kaong108 t hout the isolation of a substanti al PET/T82004/006434
carboxylic acid solid. 15 32. A process to produce a
terephthalic/diol mxture froma terephthalic
aci d/sol vent slurry without the isolation of a
substantially dry terephthalic acid solid. 33. A
process for producing a terephthalic acid/diol
m xture, said process conprisiRg the follow ng steps:
20 (a) renoving in a first solid-liquid separation
device inmpurities froma terephthalic acid/ solvent
sl ur r47-t o A BFOCESE SEEYRINGLIC; daimcPywhgredn fRidirddingpecurs at a
acid; wherein said first solid-liquid separation
devi clenmperaipes betageatabaut 46 ipgeanat 2Hx°®et ween about 40
C to about 155 C . WD 2004/081080 PCT/ US2004/ 006434

-31 (28. r enpricRgs acsedfigatotdiain POWhieain shidalislas verictddfrom
a second solid- liquid separation device to form said

t er epiakRpbiS casdistingadfetMiibhe 858bIl Bicy/iche g|9c<§|9hrﬁ®lerae glycol,

wat er-wet terephthalic acid Cake; wherein Said secon

* e ot D0 guFGEE TR RRn e CER P ROBREIR TS 7 (o
add! ng il ohod @ HA L YALRELIEL WL gpNt hal i ¢ aci d cake

ina “terep C acl m Xing Zone to renove a

DO 88 O bl Sl & i N BA R S etyiene oo

glieg”lp e:%@t gtr,?,e)r;?cgat%g%rc]cgr%?n%t to4ccl)air% 2a5n gvhé?e(i)n géidmé?&ytgli’e?)h?ﬁeilig acid
mixing zone comprises a device selected from the group consisting of an

10  agitated vessel, a static mixer, a screw conveyor, and a PET esterification
reactor.

31 A process to produce a carboxylic acid/diol mixture from a carboxylic
acid/solvent slurry without the isolation of a substantially dry carboxylic acid
solid.

15 32. Aprocess to produce a terephthalic/diol mixture from a terephthalic
acid/solvent slurry without the isolation of a substantially dry terephthalic
acid solid.

33. A process for producing a terephthalic acid/diol mixture, said process
comprising the following steps:

20 (@)  removing in a first solid-liquid separation device impurities
from a terephthalic acid/solvent slurry to for a terephthalic acid cake with

acetic acid; wherein said first solid-liquid separation device is operated at a

temperature between about 40 °C to about 155 °C .



10 glycol. 34. A process for producing a terephthalic
acid/diol mxture, said process conprising the

WO odokosiosy steps in the order nanmed: (a) renovP@UBIW0E006434

first solid-liquid separation device inpurities from
a terephthalic acid/solvent slurry to forma
terephthalic acid cake with 15 acetic acid; wherein
said first solid-liquid separation device is operated
at a tenperature between about 40 C to about 155 C;
(b) renoving a substantial portken of a solvent in a

second solid- liquid separation device to formsaid
terephthal jc acid cake wi.th acetic, acid o forma i
wat er - wet dl’ér epRMR¥INEA %@%@Qf@?”\ﬂﬁé}f & ﬁ?ﬁ‘ée&itﬂ‘ 3 seeprd solid-

solid-liquid 20 separation device is operated at a o
t enpélicaiid,pepasetiondevieanformeai! tasephibalin acid sales withdoglic acid
2004/ 081080 PCT/ US2004/ 006434 -32 (c) adding a diol

t o sdbdomanervataewet erepithalid add aeket waaceini saidisecond solid-liquid
terephthalic acid/diol mxing zone to renpbve a portion

of t heppamdtiin devideoisBpefdied at anepbeRAliicbadfeeh dbelit 40 °C to
m xture; wherein said adding occurs at a tenperature
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(c)  adding a diol to said water-wet terephthalic acid cake in a
terephthalic acid/diol mixing zone to remove a portion of the water to form
said terephthalic acid/diol mixture; wherein said adding occurs at a
temperature between about 40 °C and 290 °C; wherein said diol is ethylene

10 glycol.
34. A process for producing a terephthalic acid/diol mixture, said process
comprising the following steps in the order named:

(@)  removing in a first solid-liquid separation device impurities
from a terephthalic acid/solvent slurry to form a terephthalic acid cake with

15 acetic acid; wherein said first solid-liquid separation device is operated at a
temperature bétween about 40 °C to about 155 °C ;

(b)  removing a substantial portion of a solvent in a second solid-
liquid separation device to form said terephthalic acid cake with acetic acid
to form a water-wet terephthalic acid cake; wherein said second solid-liquid

20  separation device is operated at a temperature between about 40 °C to

about 155 °C; and
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(c) adding a diol to said water-wet terephthalic acid cake in a
terephthalic acid/diol mixing zone to remove a portion of the water to form
said terephthalic acid/diol mixture; wherein said adding occurs at a
temperature between about 40 °C and 290 °C; wherein said diol is ethylene

5 glycol.



