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BACKGROUND OF THE INVENTION

~ Thermoplastic bolyesters are step growth polymers that are
useful when made to high molecular weights. The first sfep ina
20 common method of producing a pdlyester such as polyethylene
' terephtha‘late (PET) is an esterification or ester-exchange stage where a
diacid (typically terephthalic acid) reacts with an appropriate diol
(typically ethylene egcoI).to give a bis(hydroxyalkyl)ester and some
linear oligomers.- Water is evolved at this stage and is usually removed
25 by fractional distillation. |
Pursuant to the goal of making polyethylene terephthalate and
other polyésters, a great deal of patent literature is dedicated to the

describing processes for preparing terephthalic acid/ethylene glycol
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as starting material. In general, these inventions
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terephthalic acid solid and liquid ethylene glycol as

starting materials. Additi o[}?l ly, there is

substantial body of literatiire devoted to producing a

purified terephthalic 5 acid in the powder formthat
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15 commercial PET. Instead, the crude terephthalic acid is gsually refined
to purified terephthalic acid solid. | |
Liquid phase oxidation of p-xylene produces crude terephthalic
| acid. The crude terephthalic écid is dissolved in water énd
hydrogenéted for the purpose of converting 4-carboxybenzaldehyde to
20 p-toluic acid, which is a more water-soluble derivative, and for the
" purpose of converting characteristically yellow compounds to colorless
derivatives. Any 4=carboxybenzaldehyde and b-toluic acid in the final’
purified terephthalic acid product is particularly detrimental to
polymerization processes as th'ey actas a chain terminator during the

25 condensation reaction between terephthalic acid and ethylene glycol in
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PET. Typical purified terephthalic acid contains on a
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acid. The crude terephthaligacid typically contains
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t er2qthtohia500 ppmlpsltoaﬂc &cié batid mgin ifpluatésl The bruBech a
purification process typically conprises addi ng water

to tetdpitiedlicGrid A5@ pbithias lessacartolrmtsf 20100 ppvige, of
terephthal ic acid solution, which is heated to

di sgmbwecdidtearsmEtiecdmpsuab m\@lnh? e 5@uctdies of beAAl,

terephthalic acid solution is then passed to a reactor

Z O\ orénoMd, @Ra/oR 8ntheadutHoh@ Nwhigh %F&"Eﬁé}h@t@ngﬂctah){ Pé’iﬂfv@gen
in the presence of a heterogeneous 20 catalys

1d emﬁwdgsasqﬁupa%stres@m@on&g chlpliind §4¢ Fééc98n§t ep

converts the various col’or odi es present In

cr Uéi?cu]; Axidatieh bfp &geng ol ;oI g %ﬁgyg@%rﬁ‘y th-Bh e

pr|n0|p nmpurity, 4-car oxybenza

5é ?éiie#)ﬁthghé QidwheR G5 -r%épé &?hm@ﬂ%@{iﬁ%?ﬁ%ﬁﬂ@ihbc

aCI contal NS excessi ve a

ba @IM&%@? %rﬂ&b}’e‘ﬁ'ﬁlr@sng pHnﬁeQ:} tlékecph%‘félg atly & X\'gfagttHg

material.

15  Sucha purification process typically comprises adding water to
the crude terephthalic acid to form a crude te‘rephthalfc acid solution,
which is heated to dissolve the crude terephthalic acid. The crude

terephthalic acid solution is then passed to a reactor zone in which the
solution is contacted with hydrogen in the presence of a heterogeneous

20 catalyst at temperatures of 200° to 375° C. This reduction step converts
.the various color bodies present in the crude terephthalic acid to
co_lquess products. The principal impurity, 4-cafboxybenza~ldehyde, is
converted to p-toluic acid.

Typi.cal crude terephthalic acid contains excessive amounts of

25 both 4-carboxybenzaldehyde and p-toluic acid on a weight basis.
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drying of purified terephthalic acid from water. WO
2001208 Bydtegeeatiansy 0087031957
‘A number of processes have been developed for producing a
purified terephthalic acid solid from crude terephthalic acid. In general,
15 the common features among these processes are as foliows:
Step (1) is decolorization of the crude 'terephth‘élic acid usually via
hydrogenation treatment in an aquéous medium;
Step (2) is puriﬁcationlseparation of the terephthélic acid from
partial oxidation products usually via fractional crystallization followed by
20 liquor exchange with.contaminant-free water; and
Step (3) is pro‘duction of a solid purified terephthalic acid product
with consistent material handling. properties usually via-erystallization of

terephthalic acid followed by drying of purified terephthalic acid from

water.
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Because the difficulty in handling, mxing, and
di ssolving terephthalic acid_solids, the purified
terephthalic acid solid is 5%usual | y mxed with
et hyl ene glycol to forma paste prior to introduction
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i nvention, a novel process has been di scovered
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decol ori zed terephthalic WO 2004/ 035515 . .
PCTFUYSHRYE8lers20¢ for the purpose of obtaining a uniform particle size

15  distribution necessary for good flowability of purified terephthalic powder.
Further, the p-toluic acid contanﬁinated mothér liquor f}om the
crystallization process must be rerﬁoved prior to a drying step to isolate

the purified terephthalic powder.
In on embodiment of the present invention, the crude terephthalic

20 acid solution with low concentrations of p-toluic acid and 4-
.carboxybenzaldehyde is hyc_jrogenated to form a decolorized terephthalic
acid solution. Starting with crude terephthalic aéid with low
concentrations of the p-toluic acid and 4-carboxybenzaldehyde
eliminates fhe need for separation of p-toluic acid-contaminated mother

25 liquor from the terephthalic acid. Hence, the decolorized terephthalic
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bypassi ng conventi onal processes for producing a

purified terephthalic acid powder, the need for the

equi pnent necessary to purif™ .5 and isolate purified

terephthalic powder is' elimnated. Another surprising
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the original alcohol and acid. In order to drive the reaction toward the

UI

ester, the prior art teaqh’es removal of water from the system by a variety
15  of méthods éuch as distillation or dehydration with a hydrophilic

compound. According to .convehtional esterification prlocedures, itis

non-intuitive to add large amount of the water to the acid/alcohol starting

material.

20 SUMMARY OF THE INVENTION
The present invention relates to a process by which a carboxylic

acid/diol mixture is obtained from a decolorized carboxylic acid solution
without isolation of a substantially dry carboxylic acid solid. More
speciﬂcaliy., the present invention relates to a process for the production

25 of a terephthalic acid/ethylene glycol mixture suitable as feedstock for
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process has fewer steps than currently enpl oyed
wEemeesses and can be operated at | ower oper admySHOB031957

and constructed at | ower capital cost. Specifically,
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proguc ng a
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It is another objgct of this invention to provide a process for
15 produbing a terephthalié acid/diol mixture without isolation of a
substantially dry terephthalic acid solid. |
It is another object of this inQention to provide a process for -
| producing a terephthalic acid[ethylene glycol mixture wifhout isolation of
a substantially dry terephthalic acid solid.
20 it is another object of this invention to provide a process for
producing a terephthalic acigi/ethylene glycol mixture without isolation of
a substantially dry terephthalic acid solid by vaporization ef the water-
from a decolorized terephthalic acid solution with enthalpy supplied by

ethylene glycol in a esterification reactor.



produci ng a terephthalic acid/ethylene glycol mxture

W t hout isolation of a substantially dry terephthalic
w@eood/0sshs d by renmoving water froma decol oriz@€dus2003/031957

terephthalic acid solution through the use of solid

liquid 5 di splacenment devices such as centrifuges,
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In another embpdiment of this invention, a process for producing
15 a carboxylic acid/diol mixture is provided, the process compﬁsing the
following stepé: |
(a) mixing a crude carboxylic acid powder with water in a
| mixing zone to form a crudebarboxylic acid solution; wherein the
carboxylic acid is selected from a group consisting of terephthalic acid,
20 isophthalic acid, naphthalene dicarboxylic acid, and mixtures thereof;
(b)  decolorizing the crude carboxylic acid solution in a reactor
zone to produce a -deeder-ized carboxylic acid éqution.
(c) | optionally, flashing the decolorized carboxylic acid solution
in a flashing zo‘ne to remove a bortion of thé contaminated water from

25 the decolorized carboxylic acid solution; and



an esterification reactor zone to vaporize a portion
of the water to form the carboxylic acid/diol
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subsequently reacts in the esterification zone to form
a hydroxyal ky 5 ester stream/|n another enbodi nent of
this invention, a process f oF" producing a
terephthalic acid/diol mxture is provided, the
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reacts to froma hydroxal ky ester stream
ester stream.

In another embodiment of thi_é invention, a procesé for producing
a terephthalic acid/dio! mixture is provided, the process comprising the
15 folIoWing steps:
(@) mixing a crude terephthalic acid powde'r.with waterin a
mixing zone to form a crude terephthalic acid solution;
(b) decolorizing'thé crude terephthalic acid sblution ina
reactor zone to form a decolorized terephthalic acid solution.
20 (c)  optionally, flashing the decolorized terephthalic acid
.solution in a flashing zone tp remove a portion of water from the
aqueous terephthalic solution; and |
(d)  adding a diol to the decolorized terephthalic acid solution in

an esterification reactor zone to remove a portion of water to form the



I n anot her enbodi nent of this invention, a process for
produci ng a carboxylic acid/diol mxture is provided,

WO be4ps35ceSSs conprising 5 renoving a portion oPCT/82003/031957
p-toluic contam nated water in an terephthalic acid
aqueous slurry by adding a diol in a |iquor renoval
zone to produce said carbo¥¥iic acid/ethylene gl ycol
m xture. In another enbodi ment of this invention,
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m xture is provided, the process: conprising the

f ol MXINGRPNE R frsm a crude carboxyllc acid solution;

(b)  decolorizing the crude canjboxyllc acid in a reactor zone to’
produce a decolorized carboxylic acid solution.
16 | (c) crystallizing the decolorized carboxylic acid solution in a
crystallization zone to form a tefephthalic acid aquedﬁs slurry; and
(d)  removing a portion of the contaminated water in.said
terephthalic acid aqueous le;rry by adding a diol in a Iiduor removal
zone to prbduce said carboxylic acid/diol mixture.
20 In another embodiment of this invention, a process for producing
- a terephthalic acid/ethylene_ glycol mixture is provided, the process
comprising removing a portion of the p-toluic contaminated water in an
terephthal_ic acid aqueous slurry by adding a diol in a liquor removal

zone to produce the terephthalic acid/diol mixture.



(a) mxing a crude terephthalic acid powder with water

ina 5 mxing zone to forma crude terephthalic acid
weolownsssns (b) decol orizing the crude terepht hedT/o0SR03/a31957

solution in a reactor zone to forma decolorized

terephthalic acid solution; §jc) crystallizing of the

decol ori zed terephthalic acr Tsolution in a

crystallization zone to forman terephthalic acid
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19t ernat (Ye RFRYINGAPOYPN O P§°'“'°rﬂ?mqr6ﬁ‘fn'”ﬂteﬁr%%t§§§’
is prow ded which utilizes _a carboxylic acid powder

to Molsiernthalicadsbagueaoss shimy Ry adding & gigt 1.2 kqugrFemaval
illustrates yet another alternative enbodi nent of this

5 i APBRIT Breduge fiederphithalic grgididleexifer e a crude

terephthalic acid powder
_ These objects, and other objects will become more apparent to -

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

15 Brief Description of the Drawings

Figure 1 illustrates' one embodiment of this invention. A process is
provided utilizing carboxylic acid powder to produce a carboxylic
acid/diol mixture with the carboxylic acid and diol subsequently reacting

20 to form a hydroxyalky ester stream
Figure 2 iI‘Iustr_ates an alternative embodiment of this invention. A
lprocess is provided utilizing a terepﬁthalic acid powder to produce a
terephthalic acid/diol mixture with the terephthalic acid and diol

subsequently react to form a hydroxyalky ester stream



Is utilized to produce a terephthalic acid/diol
m xture. DETAI LED DESCRI PTI ON OF THE | NVENTION 10 In

wo bw4033583 enbodi ment of this invention a procBSEUSDIN/031957
producing a carboxylic acid/diol mxture the process
conprising the adding a diol .to a decolorized
carboxylic acid solution i n14h esterification reactor
zone to renove a portion of the water to formthe

car boxy! figuCd fl(strats Fhothat fternMBleRitbdihEntRERexY! i
acid is sélected froma group consisting of 15

ter; | bk ial ' el al :
i o DR /e PRk s TORRI I R 2 POk cBRhowder
sai @ GBI bhdoRpichciiModh@turéubsequently reacts in

the esterification zone to froma hydroxyal ky ester

stream ﬁgﬁegﬁlE;g')r({}%sfgétiaﬂBtr{eﬁgﬁfrﬂéti\?@é‘ﬁba&i%nt of this

decol ori z acid olution and a process to
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descri bed subsequently 1n a secon

I nvient.: I | ' : this invention
a p'rgé‘té‘ggégj togt °3‘E??o%§e‘é?%‘§“§‘@%§?%§§'y‘f‘i@fsu d/ di ol
m xture is provided as shown in Figure #1.. WD

2004/ 035515 PCT/ US2003/ 031957 -13 Step (1) conprises

nixing a cr s geERtAdRPAToR GRHIR INVENABREY L 105

with water 1'n con in"a mxlng zone to form
a crude carboxylic acid solution in conduit 120;
Typically, the carboxylic acid is selected froma

1@erar naBRh kL AESarEnE BTt <Pl < hapSRt 6Pubding =
e b Sl Ml e B R sl
A (SRR RO, s SHGrTFaUga eastor Zone to
qulje?nn&gta ggr%gr? lo? th%fwater to form the carboxylic ~acid/diol mixture;
wherein the carboxyliq acid is selected from a group consisting of
15 terephthalic acid, isophthalic acid, naphthalene dicarboxylic acid, and
mixtures theréof; wherein said darboxylic acid and dibi subsequently
reacts in the esterification zone to .from a hydroxyalky ester stream.
The esterification reaétor zone, the decolorized éarboxylic acid
solution and a process to produce the decolorized carboxylic acid
20 solution is described subsequently in a second embodiment of this
.invention.
In the second embodiment of this inver-\t-ién a process for

producing a carboxylic acid/diol mixture is provided as shown in Figure

#1.



m xi ng the crude carboxylic acid powder. The
tenperature and pressure 10 of the m xing zone 110 is

wo bat/osdsich is sufficient to properly slurry ther/usmoozies1957
carboxylic acid powder in conduit 105 with water in
conduit 115. Typically, the crude carboxylic acid
powder in conduit 105 is sl ul¥ied with water in
conduit 115 in mxing zone 110 at a concentration of

15- 35% bgtepi@ P%pr@e@ ikl d Gldé §ar@8§ﬁ§g°cl{cidzfi6}gdélrﬁﬁa

crude carboxy Ic acid soldtion 1n con
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acid solution 135. ecol ori zi ng e crude

car eyl da?b%&l)@a&@'skm}n@ﬁ‘ in {(bn‘agmﬂb tTyrﬁz%QY,ctﬂQ cBfboxylic

acconpl i she y any neans known i1 n

> eiobladlats FOEELgL T At
§ONdiqt né&%%ﬁ@di‘&)ﬁfﬁo ﬁnadlcp 8k FeslBErdof ‘ltr%gm?(mg of
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thereof. Mst preferably, the catalyst is pallad

Ty piT¢RICRYY; t%%rue%pawbmhqa@ldswmfréeon%wépér@5I|U§nq9nw'th
porous carbon. The reactor zone 125 conpri ses
hy d Medgs i PRt WAJR grixipg Zpne. 110 at a concentration of 15 35% by

weight.
15 | Step (2) is decolorizing the crude carboxylic acid splution in
conduit 120 iﬁ a reactor zone 125 to produce a decol'o.rized carboxylic
acid solution 135.
The decolorizing of thé crude carboxylic acid soIUtion in conduit
120 can be accomplished by any means known in the art. Preferably,
20 the decolorizing can be accomplished by reacting the crude carboxylic
-acid solution in conduit 120 with hydrogen in conduit 130 in the presence
of a catalyst in a reactor zone 125 to produce a .decolorized carboxylic
solution.
For the reactor zone 125, there are no special limitations in the

25  form or construction thereof, subject to an arrangement that allows



operates at a tenperature and pressure sufficient to

hydr ogenate the 10 characteristically yell ow conpounds
w0 mothgsses ude carboxylic acid solution in coneui/ushages19s7

By hydrogenation treatnent, the characteristically

yel l ow conpounds in the crude carboxylic acid

solution are converted to <d8forless derivatives. The

b* color of in the decolorized carboxylic acid
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Preferably the b* color of the 15 carboxylic acid
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decol ori zed car bopéel ic acid solution.in conduit 135.
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can be acconpl i shed ?é any means know in the art.

Ty odless degvativeseThe aolar af ig|the geemlonzedcaraoxylig acid’

used to accog@ ish the flashing. In the flashi ng) zone

1450lytiondn cangit 138sis bghyeanQip &9 dn Psefarably thersweler o8 the

vapor via conduit 150. The

15 carboxylic acid solution in conduit 135 is between 0.5 to 2 0. Most
preferably the b* color in the carboxyllc solution in condwt 135is
between 0.5 to 1.5. The b* is one of the three-color attributes measured
| on a spectroscopic reﬂectanée—based instrument. The bolor can be
measure b'y any device known in the art. A Hunter Uitrascan XE
20 instrument is typically the measuring device. Positive readings signify

the degree of yellow (or absorbance of blue), while negative readings
signify the degree of blue (or abserbance of yellow).

The hydrogen in conduit 130 is fed at a rate sufficient to convert

the characteristically yellow conﬁpounds in the crude carboxylic slurry in



10 flash vessel (s) operate at a tenperature sufficient
to renove a portion of -the water: Alternatively,

w0 baghsssgs zone 145 can be omtted as indi cat edrChys2003/031957
conduit 140. Step (4) conprises, adding a diol in
conduit 170 to the decolorized carboxylic acid
solution in conduit 155. A p1(§3rti on of the 15 water via
conduit 165 is removed froman esterification reactor
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The esterification reactor zone 160 operates at a
t enPEFAPdEI4that  is sufficient to produce a
hydroxyet hyl fromthe carboxylic acid m xture. The

est er i f i Stpi (6hcomprisesr agdinga 18D incennduit 488 tathe

esterification reactor.
decolorized carboxylic acid solution in conduit 155. A portion of the

15 watér via conduit 165 is removed from an esterification reactor zone 160
to form said cérboxylic acid/diolimixture in the esterification reactor zone
160. The carboxylic acid and diol subsequently reacts to form.a
| hydroxyalkyester stream 175. The hydroxyalkyester sfream 175
comprises' a hydroxyalky ester compound.
20 The diol in conduit 170 is introduced in such a manner as to
- displace the water as the dominant slurrying liquid. This can be
accomplished by introedueing a diol via- conduit i-TO as a saturated liquid
at a temperature which is sufficient to vaporize the water. Preferably,
the diol in conduit 170 is introduced as a sat'urated or superheated

25 vapor. The diol in conduit 170 is selected from the group consisting of



10 The esterification can be acconplished by any neans
know in the art. In a third enbodiment of this
WO 2vensisoh a process for producing a terepht hedT/0S2003/031957

acid/diol. conprises vaporizing a decolorized
terephthalic acid solution with a diol in an
esterification reactor zone'®o renove a portion of
the water to formthe terephthalic acid/diol mxture;
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5,095, 146 and U.S: Patent 5,175,355, . herein-
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t hée@mwlalw@cmplmmmsa%mqu@ma degolarized derephtrghc | s
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Anot her characteristic of
portion of the water to.form the terephthalic acid/diol mixture; wherein
15 the térephthalic acid and diol subsequently reacts in the esterification
zone to form a hydroxyalky ester stream.
The esterification reactor zone, the decolorized terephthalic acid
| solution and a process to produce the decolorized terephthalic acid
solution is described subsequently in a fourth embodiment of this
20 invention.
in the forth embodim_ent of this invention a process for producing
a terephthalic acid/diol mixture is provided as shown in Figure #2.
Step (1) comprises mixing a crude terephthalic acid powder in

conduit 205 with water in conduit 215 in a mixing zone 210 toform a

25 crude terephthalic acid solution in conduit 220. The mixing of the crude



10 the crude terephthalic powder in conduit 205 is the
color as neasured by b* is less than 7. Preferably,

wo bw4posdsos neasured by b* is between 4 and 6. pdtreS2003/031957
m xi ng zone 210 can be. any vessel or equi pnment
capabl e of' mxing the crude terephthalic acid powder
in conduit 205 with water i117-15 conduit 215. The
crude terephthalic acid powder in conduit 205 is
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Cer APPENERGeRRIB NS SOB 8P ieC epuBR Refoneut
acid in the crude terephthalic acid _solution is 15%
to %Qﬁ/bsﬂ?sﬁ/\@?aﬁp P&Fb%?é&ﬂ'@)‘t bagis, pigfesgbly pigseiagmoo
Step (2) is decolorizing the crude terephthalic acid
sol BRMo#nd most prgfriably, lm)thaﬂ 250 ppaEt Ancthen eharasterigtic of
forma decolorized terephthalic acid solution in
1@ ongiorudesterepfribaligeraidsr inganguib L0 firetheragins as measured by
terephthallc acid solution in conduit 220 can -be - :
accbiigliessiban @y Pipferahbaike relovwnensured dyd’ s between 4 and
Preferably, the decolorizing can be acconplished by
rea@ting the crude terephthalic 10 acid solution in

conduit 220 with hydrogen in conduit 230 in the
pr esencerhe mixing zone 210 can be.anyl vessel or equipment capable of

mixing the crude terephthalic acid powder in conduit 205 with water in
15 conddit 215. The crude terephthalic acid powder in conduit 205is
slurried in water in conduit 215 ih the mixing zone 210 to produce the
crude terephthalic acid solution in conduit 220. The crude terephthalic
acid and water are heated in-,a mixing zone 210 to a terﬁperature of 230
°Cor highér to dissolve the crude terephthalic acid powder in conduit
20 205 in the mixing zone 210 to produce the crude terephthalic acid
solution in conduit 220. Preferably, the crude terephthalic slurry in the
mixing zone 210 is heated to a temperature in the range of 240 °C to
300 °C. The pressure of the mixing zone is 900 psia to 1400 psia to

dissolve the crude terephthalic acid powder in conduit 205 in the mixing



of a catalyst in a reactor zone 2257t6 produce a
decol ori zed terephthalic acid solution. For the

WO e@amgssizone 225, there are no special |imtap¢DOS2005031957
the formor construction thereof, subject to an
arrangenment that allows 15 supply of hydrogen in
conduit 230 to effect intinmdBe contact of the crude
terephthalic acid solution in conduit 220 with the
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pal eni um rhodi um and 20 conbi nati on
the!rog%i%‘ rES}(/cus,t fgr eferably, the catalyst is pall adl um
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o colorless derivatives. In addition, the reactor
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p-toluic acid. The hydro en in conduit 230 is. fed.at

a r¥ftacalalyalinadgaeton zong Areduce decalalized terepbihalic y
to convert the 4-carboxybenzal dehyde in the crude

t er%fb%fiﬂum% acid solution in conduit 10 220 to
p-toluic acid. Preferably, the hydrogen 230 is fed at
a rate oforthe reagignzong. 225t theessanetr® spsicil limitatians in the -
necessary to convert the 4-
form or construction thereof subject to an arrangement that allows
15 supp!y of hydrogen in conduit 230 fo effect intimate contact of the crude
terephthalic acid solution in conduit 220 with the catalyst in the reactor
zone 225. Generally, the catalyst is usually a single Group Vil 'metal or
combination of Group VIII metals. Preferably, the catalyst is selected
from a groUp consisting of palladium, ruthenium, rhodium and
20 combination thereof. Most preferably, the catalyst is palladium.
‘Typically, the catalyst is supported, preferably on porous carbon.
The reactor zone 225 comprises a hydrogenation reactor which

operates at a temperature of 230 °C or higher. Preferably, the

hydrogenation reactor operates in the range of 240°C to 300 °C. The



car boxybenzal dehyde in the crude terephthalic acid

solution 220 to p- toluic acid. The b* color is
wheimoss510.5 to 4 in the terephthalic acid depot/osioaga1957

solution in conduit 235. Preferably the b* col or of

the 15 terephthalic acid solution in conduit 235 is

between 0.5 to 2. Most prefB%any the b* color in the

decol ori zed terephthalic acid solution in conduit 235
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decolorized solution in conduit 235. Preferably the b* color of the
15 terephthalic acid solution in conduit 235 is between 0.5 to 2. Most
preferably the b* color in the deéolorized terephthalic acid solution in
conduit 235 is between 0.5 to 1.5.
Step (3) comprises, optionally, flashing the decolorized
terephthali'c acid solution 235 in a flashing zone 245 to remove a portion
20  of the water 250 from the aqueous terepthalic acid solution 235. The
-flashing of the aqueous terephthalic solution 235 can be accomplished
by any means knew in the art. Typically, a vessel or a plurality of
vessels are used to accomplish the flashing. In the flashing zone 245,

water and residual hydrogen can be removed as a vapor via conduit

25 250. The flash vessel(s) operate at a temperature of 150 °C or higher.



ester conpound. The diol in conduit 270 is introduced
in such a manner as to displace the water as the
waleooinzssis sl urrying liquid. This can be 15 accempUs®hea1957
by introducing a diol via conduit 270 as a saturated
liquid in a tenperature range of 150 to 300 C.
Preferably, the diol in condtfit 270 is introduced as
a saturated or superheated vapor in the tenperature
ran Sd ofe ' fEUgESRL, 260 °C.
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tenperature range of 260 Cto 280 C.  The .
est KV §aiciarephthalisackl/diglyrixiue & b esigribsatipigeactar zone
&ressure of 40 4[isia, to 100 psia so as to effect

st P91 Thesgarbexyti¢ acid @ng <l ppach i foemachydrenysIkVR$IRE ur e
275 to produce a _hydroxyethyl ester of _terephthal.ic.
aci 8tream 2157 iThehydiesyalkyastar sseam7$ camprises @hydgoxyalky
process for producing a 10 carboxylic acid/diol
m xesleecewppunidses renoving a portion of contam nated
water in an aqueous slurry by adding a diol in a
l'i quor Therdivhin coodait 270 isrinichdticed i sbabhaa arpen as to
aci d/di ol m xture. ' o

displace the water as the dominant slurrying liquid. This can be

1

15 accoﬁmplished by introducing a diol via conduit 270 as a eaturated liquid
in a temperature range of 150 te 300 °C. Preferably, the diol in conduit
270 is introduced as a saturated or superheated vapor in the -
temperature range of 150 to 300 °C in a form with sufﬁeient enthalpy as
to evaporate the water to exit via conduit 265. The diol in conduit 270 is

20 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 thefeof. Preferably, the diol in
conduit 270 is ethylene glycol. Alternatively, an external heat source can

be used to introduce sufficient enthalpy to vaporize the water, which



The liquor renoval zone, the aqueous slurry and a

process to produce the aqueous slurry are descri bed
wandgmessent |y in a sixth 15 enbodi ment of thi SPCT/US2003/031957

invention. In the six enbodiment of this invention, a

process for producing a carboxylic acid/diol mxture

is provided as shown in Figd%% #3: Step (1) conprises

m xing a crude carboxylic acid powder in conduit 305

Wi t gxn@mgrcohauipﬁsmuime Jyé;dxankal &Gty éit%_aﬁpﬁ\%(t%%%ﬂ@v gor m

a O crude carboxylic acid solution in conduit 32

The cghbingredm btfs crude carboxylic powder in conduit
305 with water 1n conduit 315 in the mxing zone 310

can be a¢ROERIelARRMN k?%(aci‘&yzdﬁ%%% P¥Es Egatt %%Fur% Lhe

starting feed material 1s the crude carboxylic aci
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t hereof . The m xi ng. zone 310 cfan be an)( vessel or
equPPHe AP0 OREIRiAR Wds a s oY R$a &R 18%PEi8:89Iasdoaci d
powder in conduit 305 wth water in conduit 315. 5
The etieciesterticainn ofithe iprerPtRRliRRAIA/HiR! tbdivrgid7 530 predige a
water in conduit 315 in mxing zone 310 is heated to
a t Bgrexyethylestariof terppithalicacidli ssol ve the crude
carboxylic acid powder in conduit 305 in the m xing
zone 310Intafifh eabedimentolthisdevaniionox ptacesaifdrgredicing an
in conduit 320. The pressure of the m xing zone 310
10s gampomginacid/diof mixtiresomposes esadving a Pottiop afr ude
carboxylic _acid powder .in conduit 305 in the m xing
zoneodathinataxd mataxlin an atbeousahoanby addiog aafiolém adiquor
carboxylic acid in the crude carboxylic acid solution
I s t&hovad z8h&ddyrodecasdid catberylicZcid/diotmbmlirer i zi ng t he
crude carboxylic acid solution in

The liquor removal zone, the aqueous slurry and a process to
produce the aqueous slurry are described subéeq'uently in a sixth
15 embédiment of this invention.
In the six embodiment of .th'ps inventioh, a procéss for producing a
carboxylic acid/diol mixture is provided as shown in Figure #3.
Step (1) comprises mixing a crude carboxylic acfd powder in
conduit 305 with water in conduit 315 in a mixing zone 310 to form a
20 crude carboxylic acid solution in conduit 320. The mixing of the crude
“carboxylic powder in'conduit 305 with water in conduit 315 in the mixing
zone 310 can be accomplished by any means known in the art. The
starting feed material is the crude carboxylic acid powder in conduit 305.

Typically, the carboxylic acid is selected from a group consisting of



conduit 320 in a reactor zone 325 to form an
decol ori zed carboxylic acid 15 solution in conduit
W@ 3AD4/03383es decol ori zi ng of the crude carboxyl i cP@@US$R003/031957
solution in conduit 320 can be acconplished by any.
means known in the art. Prg%gyably, t he decol ori zi ng
can be acconplished by reactTng the crude carboxylic
acid solution in conduit 320 with hydrogen in condui't

33@erephthifc BEIBSIBOSIRhAR dtid, AapBihaleneldiddibékylie a6k0and ONe
325 to produce a decol ori zed carboxylic acid
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special limtations in the formor construction
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of hydrogen in conduit 330 to effect intimte contact

of wdter iflcefguied1sar boxylic slurry 320 with the
catalyst in the reactor zone. Typically, the WO
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conduit 320 in a reactor zone 325 to form an decolorized carboxylic acid
15  solution in conduit 330.
The décolorizing of the crude carboxylic acid sdluﬁon in conduit
320 can be accomplished by any. rﬁeans known in the art. Preferably,
the decolorizing can be accotnplished by reacting the crude carboxylic
acid solution in conduit 320 with hydrogen in conduit 330 in the presence
20 of a catalyst in a reactor zone 325 to produce a decolorized carboxylic
-acid solution.
For the reactor zone 325, there are no svp.ecial limitations in the
form or construction thereof, subject to an arrangement that allows

supply of hydrogen in conduit 330 to effect intimate contact of the crude

25  carboxylic slurry 320 with the catalyst in the reactor zone. Typically, the



The hydrogen in conduit 330 is fed at a rate
sufficient to convert 15 the characteristically

w@Q edosossseconpounds in the crude carboxylic sl urpgr/iug2003/031957
conduit 320 to colorless derivatives; wherein the b*
color is between 0.5 to 4 b€ t he decol ori zed
carboxylic acid solution iA*Conduit 335. Step (3)
conprises crystallizing the decolorized carboxylic

acidtalyp b iy bifgh Brbdp BiRétal @f I &ldnl g loap Vil
zone 345 to forman aqueous 20 slurry in conduit 355
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The hydrogen in conduit'330 is fed at a rate sufficient to convert
15 the characteristically yellow compounds in the crude carboxylic sturry in
conduit 320 td colorless derivatiVes; wherein the b* c'ollor is between 0.5
to 4 in the decolorized carboxylic acid solution in conduit 335. .

Step (3) comprises crjstallizing the decolorized éarboxylic acid

solution in conduit 335 in a crystallization zone 345 to form an aqueous
20  slurry in conduit 355.

The crystallization zone 345 comprises a vessel or plurality of
vessels capable of removing water from the deéolorized carboxylic acid
solution in conduit 335 to produce an aqueous slurry in conduit 355.
Typically, the vessels comprise' at least one 'crystallizer. Examples of

25 such systems can be found in U.S patents 5,567,842 and 3,931,305,



n- butyl ene glycol, i-butylene glycol, n-propyl ene

gl ycol, 1,4 butanediol, 15 cycl ohexanedi net hanol, and
wonootssss t hereof . Preferably, the diol in comduus2087@1957

is ethylene glycol. The diol in conduit 370 is

introduced into the liquor renoval zone 360 via

conduit 370. The renoval of “%he contani nated wat er

via conduit 365 in the Iiquor renoval zone 360 can be

acCAgzR :%B&onéﬁéd’gy Yééﬂe%t:é( ©éndrafy)) HMGFeduB Gl .Hg,

but not limted to, 20 cyclones, centrifuges, and
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360 I's to select a tenperature range where the typical
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-25 ure in conduit 375 is adequate as feed
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producing a ereph I c ure
conPAPP AR FoBzredRe e %%nb%é“ﬁgﬁacha?é%égauge i
aqueou(ﬁit;ijérry by adding a diol in a liquor renoval
zon&Y duce said terephthalic acid/diol mxture.

he I|q renmoval . zone, the te ht aci d ueous
o ry e PEPERS L 68 MoteR PR n o e 1R
are descr bed subsequent ht _enb
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i nventign,-a process_for producin a terephthalic
aci APAPBsEsWaE) AR D@'Cﬁf @Rﬂt%@ﬂ‘a&s gh%\%" imeqndyii 3804,
Step (%% conprises mxin crude terephthalic acid
powaelected frogbiguareur oensigl lna qxr&tfyienerglmcﬁﬁthylan%gwﬁola

m xi ng zone 410 to forma
n-butylene glycol, i- butylene glycol, n-propylene glycol, 1,4 butanediol,

15 cyclohexanedimethanol, and mixtures thereof. Preferably, the diol in
conduit 370 ié ethylene glycol. The diol in conduit 370‘ is introduced into
the liquor removal zone 360 via conduit 370. The removal of the

| contaminated water via cond-_uit 365 in the liquor removal zone 360 can
be accomblished using variety of techniques including, but not limited to,

20 cyclones, centrifuges, and filters. The key factor in the liquor removal

-zone 360 is to select a temperature range where the typical
contaminants preferably remain with- th&aqueoﬁs— mother liquor instead
of remaining with the carboxylic acid. The resultant carboxylic acid/diol

mixture is removed via conduit 375. The resultant carboxylic acid/diol



15 crude terephthalic acid solution in conduit 420.

The m xi ng of the crude terephthalic powder in conduit
WaERm4ms35I5s wat er in conduit 415 in the m xi ng rONMESAHAH031957

can be acconplished by any neans known in the art.

The starting feed material is the crude terephthalic

acid powder in conduit 40529The total anount of

p-toluic acid and 4 20 carboxybenzal dehyde in the
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one Generally, Elie concentration of

the mxing z

crude tdf 3&?'%& qreb%man%mémvsoson @ RrAgesscipuereducing

terephthalic acid solution 420 is in a range of 15%to

359 yephtaaligracid/dipkmixtuse isprovided asshwwy imEigyre #4.St ep

(2) is decolorizing the crude terephthalic acid

sol ut i or$tem (1) comprises mixing a crude terephthalic acid powder in
conduit 405 with water in conduit 415 in a mixing zone 410 to form a

15  crude terephthalic acid solution in conduit 420. The mixing of the crude
terephthalic powder in conduit 405 with water in conduit 415 in the
mixing zone 410 can be accomplished by any means known in the art.
| The starting feed material is -the crude terephthalic acid-powder in
conduit 405. The total amount of p-toluic acid and 4-

20 carboxybenzaldehyde in the crude terephthalic acid powder in conduit
405 is less than 6000 ppm on a weight basis. Another characteristic of
the crude terephthalic powder 405 is the color as measured by b* is less
than 7. Preferably the color measured by b* is between 4 and 6. This

crude terephthalic acid powder in conduit 405 is introduced into a mixing

25 zone 410. The mixing zone 410 can be any vessel or equipment



15 conduit 420 in a reactor zone 425 to forma
decol ori zed terephthalic acid solution in conduit

W@ 3i4/0395@5 decol ori zi ng of the crude carboxyl i cP@mUs2003/031957
solution in conduit 420 can be acconplished by any
means known in the art. Preﬂﬁfably, t he decol ori zi ng
can be acconplished by reacting the crude carboxylic
20 acid solution in conduit 420 with hydrogen in
condapdblé dPmixing the cRidsterpeithaiit agidgdiwley i cdridud 405 with
reactor zone 425 to produce a decol orized carboxylic
aci dassplinntbeduit £448r t he reactor zone 425, there are no:
special limtations in the formor construction
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The hydrogenati on reactor operates at a
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partial pressure of at |east 100 psia. Preferabl t he
hy dE6gErRllpele |cancwr@§9rm pkcruge terephibalicanie powdaridstip the
300 psia. B drogenation treatnent, the
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terephthalic acid solution 420 are converted to
col welghtpreferably 20 to 30% by weight.

Step (2) is decolorizing the crude terephthalic acid solution in
15 condﬁit 420 in a reactor zone 425 to form a decolorized terephthalic acid
solution in conduit 435. |
The decolorizing of the crude carboxylic acid solution in conduit
420 can be accomplished by:any means known in the én. Preferably,
the decolovrizing can be accomplished by reacting the crude carboxylic
20  acid solution in conduit 420 with hydrogen in conduit 430 in the presence
-of a catalystin a reactor zone 425 to produce a decolorized carboxylic
acid solution.
For the reactor zone 425, there are no special limitations in the

form or construction thereof, subject to an arrangement that allows



derivatives. In addition, the reactor zone converts a
portion of 4- carboxybenzal dehyde to p-toluic acid.

wa bm4kysdiogen in conduit 430 is fed at a rate BET/E$2003/031957
least 1.5 tinmes the nolar ratio necessary to convert
t he 4-carboxybenzal dehyde i 7t 20 crude
terephthalic slurry 420 to %t‘ol uic acid. Preferably
the hydrogen 430 is fed at a rate of at least 2.0

ti megpgaer W&r@?erf AtdoRdRESSBRASHEct BontaOIBf&d cluhE
4- car boxybenzal dehyde in the crude. terephthalic
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aqueous slurry in conduit 455 has a terephthalic acid

conl¥dipgenation reactor epgnates at @ peswes of A00msia tnt400 psia
preferably from20 to 40 wei ght percent. Exanples of
sucand gisa byitrogam pariaf prassiire of at I8astp40@ psia. FPreférabdy the
and 15 3,931, 305 both of which are herein lncorporated
by In;edreg@npartlarrn:ressuremmtm rangercirige to800 psia. By
.terephthalic acid aqueous slurry in conduit 455
hydrogenation treatment, the characteristically yellow compounds in the
15  crude terephthalic acid solution 420 are converted to colorless
derivatives. In addition, the reactor zone converts a portion of 4-
carboxybenzaldehyde to p-toluic acid.
The hydrogen in conduit 430 is fed at a rate of at least 1.5 times
the molar ratio necessary. to convert the 4-carboxybenzaldehyde in the
20 crude terephthalic slurry 420 to p-toluic acid. Preferably the hydrogen
430 is fed at a rate of at least 2.0 times the molar ratio necessary to
convert the 4-carboxybenzaldehyde in the crude terephthalic slurry 420

to p-toluic acid. The b* color is between 0.5 to 4 in the decolorized

terephthalic acid solution in cohduit 435. Preferably the b* color of the



is from120 Cto 270 C. The pressure range of the

crystallizing is from 75 to 1400 psia. Step (4)
WE2upo3ses renoving a portion of p-toluic aci dp@ODUS2003/031957

contam nated water via conduit 465 in the terephthalic

aci d aqueous slurry 455 by %dding a diol in conduit

470 in a liquor renoval zon&®3d60 to produce said

terephthalic acidtdiol mxture in conduit 475. The
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the p- toluic acid contam nated water wth a diol in
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contam nated water is renoved via conduit 465. The
r esHIUSOYS SWREPIFORAYE #5535 tprephthalic apid concepBatinn:ef
via 15 conduit 475. The resultant terephthalic
aci i 6 tofi0weipkt percentruaierably fomi 20 tedthveigbt pescerted

material for the esterification of terephthalic acid
Examples of such systems can be found in U.S. patents 5,567,842 and

15 3.931',305 both of which are herein incorporated by reference. The
temperature fange of the .terephthalic acid aqueous SIery in conduit 455
is from 120 °C to 270 °C. The pressure range of the crystallizing is from

| 75 to 1400 psia. |
Steb (4) comprises removing a portion of p-toluic acid
20 contaminated water via conduit 465 in the terephthalic acid aqueous
-slurry 455 by adding’a diol in conduit 470 in a liquor removal zone 460 to
produce said terephthalic acid/diol mixture in cohd’uit‘ 475.
The purpose of the liquor removal zone 460 is to replace the p-
toluic acid contaminated water With adiolin -conduit 470. The diol in

25 conduit 470 is selected from a group consisting of ethylene glycol,



with a diol to produce the ester of terephthalic acid.
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said process conprising the adding a diol to a

decol ori zed carboxylic acid__solution in an

esterification reactor zone??o renmove a portion of the

water 5 to formsaid carboxylic acid/diol mxture;
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sol,ution: (c) optionally,, flashin ai d decol orize
cor BB THteRngE WS E P gl 5 A e SDEned e
emye tion.of . the water from said . decaql orized
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sai d decol orjzed carhoxylic acid solution in__an..
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water to form said carboxylic acid/diol mxture;
whelPrsrates iy 4 r%féﬂedlfoi"@ taci’8 “Gnprefgrably in the range of 120
°C to 150 °C. The p-toluic acid contaminated water is removed via
conduit 465. The resultant terephthalic acid/diol mixture is removed via
15  conduit 475. The resultant terephthalic acid/diol mixtqre in conduit 475

is adequate as feed material for the esterification of terephthalic acid

with a diol to produce the ester of terephthalic acid.
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reacts in said esterification zone to forma

whymnossped ky ester stream 4. A process for proOOiusiong0319s7
a terephthalic acid/diol mxture, said process
conprising adding a diol to said decolorized
terephthalic acid 5 solutio™ n an esterification
reactor zone to renove a portion of the water to form
sai e eLamat hal i c acid/diol m xture; wherein said
terephthalic acid and diol subsequently reacts in

sai 4. est KprddeE8brpirod @iy & Catbekyliceacidiidl Atdrekyaigst er -
stream 5. A process for producing a terephthalic :
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followi ng steps: (a) mxing a crude terephthalic acid
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terephthalic acid solution; (b) decolorizing said
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rma decolorized terephthalic acid sol ution;
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sol ut zone to renobve a portion

of id decolorized terephthalic acid
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_ d) adding a diol to. said decolorized
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'(a) mixing a crude carbo*ylic_acid powder with water in a
mixing zone to form a_crude carboxylic acid solution; wherein said
15 carbbxylic acid is selected from a group consisting of terephthalic acid,
isophthalic acid, naphthalene dibarboxylic acid, and mixtures thereof;
(b)  decolorizing said crude carboxylic acid solution in a reactor
| zone to produce a decolorizéd carboxylic acid solution;-
(c)  optionally, flashing said decolorized carboxylic acid
20 solution in a flashing zone to remove a portion of the water from said
-decolorized carboxylic acid solution; and
(d) adding a diel to said decolorized carboxylic acid solution in

an esterification reactor zone to remove a portion of the water to form

said carboxylic acid/diol mixturé; wherein said carboxylic acid and diol



-32 hydrogen in the presence of a catalyst in said
reactor zone to produce a decolorized carboxylic acid
weolownsssms 7. . A process according to clai m Spaures®n3i031957

said crude terephthalic acid powder contains a
concentration of p-toluic ang and 4 5
carboxybenzaldehyde less th 900 ppm by weight. 8. A
process according to claim5 wherein said flashing

OC GidibSedilendly rédcdS Filiafd BSteNRRAor 2ortsioXof® ahﬁ@@omikg,
and a tenperature greater than 150 C. 9 process
acetisirgafe claim5 wherein said addi ng occurs at a-
10 tenperature greater than 240 C and a pressure

betareen pddroBsdsol ProliiBing Bephthalic AciB/dis fHiRtuAs; &alddi Ng
to claim5 wherein said diol is introduced into said

esgﬁbéésb%hi @m@ea%at a dieN® said decoRIFREH #rapRthlfd ¥Eeen
Cto 30 C'15 A decol orized terephthalic acid
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process for producing a carboxylic acid/diol mxture,
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sai d car boxy y ene glycol mXxture

prqugﬁog(y geg{quugélgg a carboxylic acid/diol m xt ure,

ss conprising the follow ng steps: (a)
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(a) mixing a crude terephthalic acid powder with water in a
mi*ing zone to form a crude terephthalic acid solution;

(b)  decolorizing said crude terephthalic acid solution in a
reactor zone to form a decolorized terephthalic acid solution;

15 | (c)  optionally, flashing said decolorized terephthalic acid
solution in a flashing zone to rerﬁove a portion of the Water from said
decolorized terephthalic acid solution; and

(d) adding a diol td, said decolorized terephthélic acid solution
in an esterification reactor zone to remove a portion of the water to form

20 said terephthalic acid/diol mixture; wherein said terephthalic acid and

.diol subsequently reacts in said esterification zone to form a hydroxyalky
ester stream. |
6. A process according to claim 5 wherein said decolorizing is

accomplished by reacting said crude terephfhalic acid solution with



(b) decolorizing said crude carboxylic acid solution
in a reactor zone to forma decol orized carboxylic
wa@eiodossiauti on; (c) crystallizing said decol orp@BUS2003/031957

carboxylic acid solution in a crystallization zone to
form an aqueous slurry; and 5 (d) renoving a portion

of the contaminated water im%aid aqueous slurry by
adding a diol in a liquor renoval zone to produce said
Car RO e Sl o st o OGRS A6 BRIAIRS

ecolori z

acc liLshed b actJn al d crude carboxylic acid
sol @fr}?d?}” dt‘%?f?{?i‘yﬁ%?'ggsghﬁ'?h the presence of a
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id th t 15%to 35%b
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b* col or between_0.5 to 4. 17, A rocess for produ
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conpr|5|ng removing a portion of the p-toluic acid
contl@fi"Rated 20 water in an terephthalic acid aqueous
slurry by adding a diol in a |liquor renoval zone to
pro@uce Hapracess agsiordiag tacclaioi 9 mdnerdin ghidtagiding a®@urssat a
process for producing a terephthalic acid/diol
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(a) mxing a crude terephthalic acid powder with water. .
in @sia25 mixing zone to forma crude terephthalic acid
sol uti on; WO 2004/ 035515 PCT/ US2003/ 031957 -34

10. A process according to claim 5 wherein said diol is introduced into
. said ésteriﬁcation reactor zone at a temperature between 150 °C to 300
°C.
15 11.  Adecolorized terephthalic acid solution produced by the process
of claim 5. |
~12. A process for producing a carboxylic acid/diol mjxture, said
process chprising removin'g a portion of the p-toluic contaminated
water in an aqueous slurry by adding a diol in a liquor removal zone to
20 produce said carboxylic acid/ethylene g|>ycol mixture.
'13. A process for -producing a carboxylic acid/diol mixture, said
process comprising the following steps:
(a) . mixing a crude carboxylic acid_powder with waterin a

mixing zone to form a crude carboxylic acid solution;



(b) decolorizing said crude terephthalic acid solution

in a reactor zone to forma decolorized terephthalic
w@eood/ossshuti on; - (c) crystallizing said decol peT/B8TH03/031957

terephthalic acid solution in a crystallization zone

to renove a portion of water from said decolorized 5

terephthalic acid solution t3#-forma terephthalic acid

aqueous slurry; and (d) renoving a portion of the
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A progessl_ according. to claiml1, 3, 4, 5 12, 13, 17 or
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aciddigl @XYei s sel ected fromthe group

consi sting of ethylene glycol, diethylene glycol,
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gl ycol, I1h4 but anedi ol , cycl ohexanedi net hanol , and
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5 or 18 wherein said crude terephthalic acid powder
1hashydreger i the pogsenes of alsatalyst inzRid magtaszese tapiodkoe Ag

to claim5 or 18 wherein said mxing occurs at a

pr edecnierizegtoaszaxyboacig solutiom 1400 psia. WO 2004/ 035515

PCT/ US2003/ 031957 ~-35 24. A process according to

cl altn 5 Aprd@sshecardingttd elairordeaviterein tencaricentraiiah ofr saitk

terephthalic acid in said crude terephthalic acid

sol atudercartsoxylic acid in said crude carboxylic acid solution is in the

15
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range between 15% to 35% by weight.
16. A process accbrding to claim 14 wherein said reacting occurs at a

hydrogen rate sufficient to produce a decolorized carboxylic acid solution

with a b* color between 0.5 to 4.

17. A process for producing a terephthalic acid/diol mixture, said
process cdmprising removing a portion of the p-toluic acid contaminated

water in an terephthalic acid aqueous slurry by adding a diol in a liquor

-removal zone to produce said terephthalic acid/diol mixture.

,,,,,

18. A process for producing a terephthalic acid/diol mixture, said
process comprising the following steps:.
(a) mixing a crude tefephthalic acid powder with water in a

mixing zone to form a crude terephthalic acid solution;



the range between 15% to 35% by wei ght. 25. A process

according to claim6 or 19 wherein said reacting
Woemunsss1d at a tenperature greater than 230 CPe@nUSm03/031957

pressure between 900 psia to 1400 psia. 26. A process

according to claim6 or 19 wherein said reacting

occurs at a hydrogen flow rat%e of 1.5 times the nolar

rati o necessary to convert 4-carboxybenzal dehyde to

p-tol ui g Ci dydcBioPidin s%{mad?lperzﬁ@gﬁa@%&% L&&géﬂ mﬁa on.

27. A process accord to c erein
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cl ai'th 18 \Hﬁ%‘ieéﬁﬁcg%fﬂlﬂ‘gttefc@ﬂﬂt1 ayhecein spd degqlpsiging is
éol uti on hasgsyt erephthalic acid concentration between
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sl ur rgoproduced by the process in_.5 c]aiml8..
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gen in the presence of a catalyst in said reactor zone to produce a
decolorized carboxylic acid solution.
. 20. 'A process according to claim 18 4wherei‘n said crude terephthalic-
acid powder contains a total concentration of p-toluic acid and 4-
15 carbdxybenzaldehyde less than 6000 ppm by weight.
21. A process according to ciaim 1,3,4,5,12, 13, '17 or 18 wherein
said diol is selected from the group consisting of ethylene glycol,
diethylene glycol, n-butylene.,glycol. i-butylene glycol, h-propylene glycol,
1.4 butanédiol, cyclohexanedimethanol, and mixtures thereof.
20 22. A process according to claim 5 or 18 wherein said crude
- terephthalic acid powder has a b* color of less than 7.
23. A process according to claim 5 or 18 whérein said mixing occurs

ata pressure between 900 psia to 1400 psia.



34. A terephthalic acid aqueous slurry conprising

terephthalic acid ranging from10 to 40 % by wei ght,
wowadoan3ssangi ng from 60 to 90 % by wei ght, andpPCT/US2003/031957

decol ori zed bodi es; wherein the total conposition of

decol ori zed bodies is |less than 200 ppm wherein said

decol ori zed 10 bodies corrp131'5se f1 uorenonedi car boxylic

acid. 35. A process for rnanufacturing a hydroxyal ky
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acid/diol mxture froma crude 20 carboxylic acid
pomfé'l’ 140RiRSBUt i sol ation of a substantiall y dry
carboxylic acid solid. 38, A process to produce a

t er #dht HAPIQEese PeRadiRg torFiaty {f"é"ff1 Pdvﬁeae'ersawer eacting
terephthalic acid Povvder W t hout isolation of a
sub?¢ciit ald hydragen Tiews raipiof A irnesthegnelar rajio negessary to

convert 4-carboxybenzaldehyde to p-toluic acid in said crude
10 terephthalic solution.
277 A process according to claim 6, 14, or 19 wherein the catalyst in
said reactor zone comprises a group VI rﬁetal or combination thereof.
. 28. 'A process according to claim 18 _wherein said crystallizing occurs
at a temperature greater than 150 °C and a préssUre between 75 psia to
15 1400 psia.
29. A process according to claim 18 whefein said edding of said diol
- occurs at a temperature between 120 °C to 270 °C.
30. A process according to claim 18 wherein said diol is introduced
into the liquor removal zone at a temperature between 150 °C to 300 °C.
20 31. A process according to claim 13 er 18 wherein said liquor removal
“zone comprises at least one device selected from the group consisting

of a cyclone, a filter, and a centrifuge.
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32. A process according to claim 18 wherein said terephthalic acid
aqueous solution has a terephthalic acid concentration between 20% to -
60% by weight.

33. A terephthalic acid aqueous slurry produced by the process in
claim 18.

34. Aterephthalic acid aqueous slurry comprising terephthalic acid
ranging from 10 to 40 % by weight, water ranging from 60 to 90 % by
weight, and decolorized bodies; wherein the total cqmposiﬁon of
decolorized bodies is less than 200 ppm; wherein said deco[orized
bodies comprise fluorenonedicarboxylic acid.

35. A process for manufacturing a hydroxyalky ester stream

comprising adding a diol to a terepthalic acid aqueous slurry to form a

, terephihalic acid/diol mixture comprising terephthalic acid diol and water;

wherein the amount of terephthalic acid is greater than 40 wt%; wherein
the rﬁass ratio of water to diol ranges from 0.01:1 to 1.5:1

36. A hydroxyalky ester obtafned by the iritroductibh of a diol in an
esterification zone containing a mixture comprising a terephthalic acid
aqueous slurry. |

37. A process to produce a carboxylic acid/diol mixture from a crude

carboxylic acid powder without isolation of a substantially dry carboxylic

- acid solid.

38. A process to produce a terephthalic acid/diol mixture from a crude
terephthalic acid powder without isolation of a substantially dry

terephthalic acid solid.



