WD 2004/ 035515 PCT/ US2003/ 031957 -1 TI TLE OF | NVENTI ON PROCESS FOR
PRODUCTI ON OF A CARBOXYLIC ACID'DIOL M XTURE SUI TABLE FOR USE | N POLYESTER
PRODUCTI ON 5 FIELD OF I NVENTI ON The present invention relates to a process

by which sanbesylsic acid/diol mxture is obtained fpepygfeessori zed
carboxylic acid solution 10 w thout Isolation of a substantially dry

carboxylic acid solid. Mre specifically, the present invention relates to a
process by which a terephthalic acidFé&thylene glycol mixture suitable as a
starting material for polyester production is, obtained froma decol ori zed
terephthalic acid solution w theuE oEMVENTIONOS a substantially dry
terephthalic acid solid. 15 BACKGROUND COF THE I NVENTI ON Ther nopl astic

pol yesters are sPRDCESSMFORPRDIVCTIONTF ACARBORYUIC Abapimde to high

nol ecul ar wei' ght mIXTORE $UAABLESHFOR USE IRPOLYESTERPRBBUCTION oducing a
pol yester such as pol yethylene terephthalate (PET) is an esterification or

ester-exchapge stage where a diacid (typically terephthalic acid) reacts

with an appropriate diol (typi@gLborINVENNONg! ycol) to give a
bi s(hydroxyal kyl )ester and sone |inear oligomers. Water is evolved at this

stage’ and i s usual ITheleBetthvertfonTBialdsas bipAstaks By Shidn AddrBeyiPur suant to the
goal of meking polyethylene terephthal ate and other polyesters, a great
deal of patent adigAiRN AHiXGR i$ BbiERel FomarddcelohiBéd carboxylic acid solution
10 without isolation of a substantially dry carboxylic acid solid. More

specifically, the present invention relates to a process by which a

terephthalic acid/ethylene glycol mixture suitable as a starting material

for polyester production is obtained from a decolorized teréphthalic acid

solution without isolation of a substantially dry terephthalic acid solid.

15
BACKGROUND OF THE INVENTION

.~ Thermoplastic ﬁo!yesters are step growth polymers that are
useful when made to high_ molecular weights. The first siep ina
20 common method of producing a pblyester such as polyethylene

' terephthalate (PET) is an esterification or ester-exchange stage where a
diacid (typically terephthalic acid) reacts with an appropriate diol
{typically ethylene glycol) .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



descri bing processes for preparing terephthalic acid/ethylene glycol WO
2004/ 035515 PCT/ US2003/031957 -2 mxtures suitable as starting material. In
general, these inventions describe specific mxing schenes with a purified

t er epht hal \we 206403s559! id  and |iquid ethyl ene glycol as giggdofdszigeserial s.
Additionally, there is substantial body of literature devoted to producing

a purified terephthalic 5 acid in the powder formthat is suitable for use
i n producing PET. The objective of thfs invention is to describe a process
by which a terephthalic acid/ethylene glycol mxture suitable as starting

material for  pplNRSsakadls ASIstEHInG Matekial ?érfé‘?@l hesdrRefitrmel ori zed
terephthalic acid solution wthout isolation of a substantially dry

terephthal i c agéstrise |5F5|eiﬁé-|9kixﬁ\gr§¢l‘mﬁés Wih 8 pasrReeephPaliCasd s the purified
terephthalic acid solid have been devel oped and are comrerci ally avail abl e.

Usual Iy, the gnd iidui@ethiyRhe Blychidsi stary elaladls AdditidheMdwesdid n a nmul ti-step
process wherein a crude terephthalic acid is. produced. The crude

terephthalic agjstardi@Esodyadf |iiéaat@res:r¢frdtb@'tcﬁmﬁdm§ éPNriffe@Ftefébﬁ%ﬁc use as
ead,

starting material in 15 commercial PET. I|nst he crude terephthalic acid

i s usually 5ef agig@th theowdet forrdhdt &y SNGIE Adrivse arprddashg FETLTABI d phase
oxi dati on of p-xylene produces crude terephthalic acid. The crude

terepht hal i'c aghjdetive diittsis MvistibniigtowREaibed frocdbstbyogaambed for the purpose of
converting 4-carboxybenzal dehyde to 20 p-toluic acid, which is a nore

wat er - sol ubl e gpéphtiadiic\eRid/dthderteOdlydon®ixture slitbRe & stafiny Midtentd for
characteristically yell ow conpounds to colorless derivatives. Any. 4

car boxybenzal dghlygesgttdictionisbiaiasd flom & debflofizdtitbrephthiaiié a6id t er ephthalic
acid product is particularly detrinental to ' _ _
solution without isolation of a substantially dry terephthalic acid solid.
10 A number of processes for produ_cing the purified terephthalic acid
so'li.d have been devéloped and are commercially available. Usually, the
purified terephthalic acid solid' is progluced ina multi-step process
.whereiﬁ a crude terephthalic acid is.proquced.' The crudé terephthalic -
acid does not have sufficient quality for direct use as starting material in
16 o'omrﬁercial 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 terephthéiicécid 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.4scarboxybenzaldehyde and p'-.toluic acid in the final
purified terephthalic acid product is particularly detrimental to

polymerization processes as they act as a chain terminator during the

25 condensation reaction between terephthalic acid and ethylene glycol in



pol ynmeri zati on processes as they act as a chain termnator during the 25
condensation reaction between terephthalic acid and et hyl ene glycol in WO
2004/ 035515 PCT/ U82003/ 031957 -3 the production of PET. Typical purified

t er epht halyg »@fajosksgPnt ai ns on a wei ght basis | ess thapcta;BaBhsioper mllion
(ppm 4- carboxybenzal dehyde and | ess than. 150 ppm p-tolulc acid. The crude

terephthalic acid typically contains o? a weight basis 5 from800 to 7,000
parts per mllion (ppm) 4-car boxybenzaldehyde and 200 to 1,500 ppm p-toI uic
acid as the main inpurities. The crude terephthalic acid also contains
| esser anount sthezheo@ddiop pfiPE &N Jepicad purified|térephibaliccacidconidihé on@npounds havi ng
the structures of benzil, fluorenone, and/or anthraqui none, which are
char act eri st i cekeight padis lees Han@dpads peismillioni(ppay4-ti es resulting from coupling
side reactions occurring during oxidation of p-xylene. It is necessary to
purify the crcatboxybeapildéinideanddasd thanahdO0ppmprtoltic asida starting material for
produci ng polyester fiber, which requires a purified terephthalic . acid as a
starting materi al . Thebcr@de terephthalic fitid typically pordains en aywpighd lbagisconpr i ses
adding water to the crude terephthalic acid to forma crude terephthalic
aci d sol uti®n, fromhBehtd Z00Epartscher oriliins®pmy 4- Garhaxsab&laaldebydgﬁnmal ic acid. The
crude terephthallc acid solution is then passed to a'reactor zone in which
the solution 280 tohd0@perd pripluie deidrsdhe maimimpivsties. cBenwudef a het er ogeneous
20 catalyst at tenperatures of 200 to 375 C. This reduction step converts
.the various cterephthaligiasid gisaeantaing Inssenamountae 20200 pprivahge, oicid to
colorless products. The principal inpurity, 4-carboxybenzal dehyde, is

yellow c¢olor aromatic compounds having the structures of benzil,

flucrenone, and/or anthraguinone, which are characteristica_lly yellow

10 compounds as impurities resulting from coupling side reactions
occuiting during oxidation of p-xylene. Itis necessary to purify the
crﬁde terephthalic acid when using itas a starting material for producing |

‘ polyester fiber, which requires a puq;iﬁed terephthalic acid as a starting -
material.

15 " Such a purification process typically comprises adding water to
the crude terephthalic acid to form a crude te'rephthalié acld solution,
which is heated to dissolve the crLjde terephthalic acid. The crude -

terephthalic acid soiution is tf]en 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 pre.sent in the crude terephthalic acid to
colorless product_s. The principal impurity, 4—ca£poxybenzaldehyde, 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.



converted to p-toluic acid. Typical crude terephthalic acid contains
excessi ve anounts of 25 both 4-carboxybenzal dehyde and p-toluic acid on a
wei ght basis. WO 2004/ 035515 PCT/ US2003/ 031957 -4 Therefore, to achieve

| ess t han g hkifsfs car boxybenzal dehyde and | ess than pt§hisbfans0s+ ol ui c
acid in the purified terephthalic acid requires nmechanisns for purifying

the crude terephthalic acid and renoving the contam nants. 5 Subsequent
separation and isolation of the purifi-#d terephthalic acid can be
acconplished via a wide variety of separation nmethods i ncluding

crystallizatio I} | ok ratha0n. [ | combi nati ons
t hereof foll onger%??%rtg%ggaér%gzg’fagrz ggg?gggcg@éﬂyb%g%é@& e d?nr? U S. patents

4,500, 732; 5, 1855 §ei 150 sbriw BASi 3 e RFdDrorirtiR'zgicher ei n i ncor porat ed

by reference. It is necessary to performa separation step- due the nature

of the crude tgigaRed h@bﬁ&,igﬁgﬁrbwﬁémru&@tepgb@,tﬁyig%gﬂ%tion process. A

nunber of processes have been de oped for producing a purified

terephthal i c afintbvir®) the cbhteminanide terephthalic acid. In general, 15 the
common features anong these processes are as follows: Step (1) is

decol ori zatgon of tdhsequet skFaraiM dhdlisdtatvniof tHeSplairkY tetbhtniidr ogenat i on

treatnent in an aqueous nediunm Step (2) is purification/separation of the
terephthal i c agdid chi BEacemnplished v iaddd variely Sidephratioh walthodsvi a fracti onal

crystallization followed by 20 |iquor exchange with contam nant-free water;
and Step (3) incluPgueystaization aeamfugdtion) fitrtklie ekeacithtandl i ¢ aci d product
combinations thereof followed by drying. These prc_:cessés are
described in U.S. patents 4,500,732; 5,175,355; and 5,583,254; ali of
10 which are herein incorporated by reference. It is necessary to perform a
separation stepr due the natﬁre of the crude terephthalic acid feedstock
o £he hydrogenation process.
‘A number of processes have: begn developed for producing a
purified terephthalic agid solid from crude terephthalic acid. In general,
16 the cbmmon features among these processes are as foilows:
Step (1) is decolorization of the crude 'terephthélic acid usually via
hydrogenation treatment in an aql.;eous medium;
Step (2) is puriﬁcationf,separaﬁon of the terephthélic acid from
partial oxidation products usually via fractiona! crystallization foltowed 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 us&a_-!iy via-erystallization of |
terephthalic acid foliowed by drying of purified terephthalic acid from

water.



wi th consistent material handling proper-ties usually viacrystallization of
terephthalic acid followed by drying of purified terephthalic acid from
wat er. WD 2004/ 035515 PCT/ US2003/ 031957 -5 The resultant purified

t er epht hal % Reieispewder along with ethyl ene glycol arpc%giohg,&g%?at erials
in the production of polyesters specifically PET. Because the difficulty in

handl i ng, m xing, and dissolving terephthalic acid solids,-the purified
terephthalic acid solid is 5 usually nm¥ed with ethylene glycol to forma
paste prior to introduction into an esterification reactor system In the

present invention, @h@%‘@.ﬁltaﬁf@.ﬁﬁé&téi‘%tl%@@ciﬂifg%%&?él_@ﬁgwftﬁsu!t! ng in fewer
steps than the currently enployed processes. The prinmary utility of the

invention is re@lugélhe)@%@cil_ae@@tbhmb nfeleliaRNiAtiad produdtionlo? polletemoci ated with the
i solation of a terephthalic acid powder. In the conventional approach

toward produci ngpeeifieflitFET.| Becutisd thel difficilty i hariiflg Ofikinat 864 aqueous sol ution
Is passed to a series of crystallizer vessels for the purpose of purifying

t he terepht hal i dissubiith feyephtheit akidisolids, the purifled Rreghialipaciadfd ®f . obtaining a
uniformparticle size 15 distribution necessary for good flowability of

purified terfphisually mixedwetrethyléne gy to fotvea pastelpribetodipireduzgon am nat ed
not her liquor fromthe <crystallization process nust be renoved prior to a
dryi ng step.to intbdregsterificatiorpreactor sydtaner epht hal i ¢ powder. I n on enbodi nent
of the present invention, the crude terephthalic 20 acid solution with | ow
concentrati ons of pdin thiepresent indeafitn, 4 nova pirorsdieaisdethadistdeetest hydr ogenat ed
to forma decol orized terephthalic :
resulting in fewer steps than the currently employed processes. The
primary utility of the invention is reduction of capital and operating costs
10  associated with the isolation of a terephthalic acid powder. In the
conventional approach toward producing terephthalic acid, the post-
hydrogenated aqueous soiution is passed to a series of crystallizer
'vessel's for the purpose of purifying the terephthalic acid by
crystallization and for the purpose of obtaining a uniform particle size
15  distribution necessary for good flowability of purified terephthalic powder.
Further, the p-toluic acid contaminated mother liquor from the
crystallization process must be removed prior to a drying step to isolate
‘the purified terephthalic powder. A
in on embodiment of the present invention, the crude terephthalic
20 acid solution with low concentrations of p-toluic acid and 4-
.carboxybenzaldehyde is hydrogenated to form a decolorized terephthalic
acid solution. Starting with crude terephthalic acid with lew
concentrations of the p-toluic acid and 4-carboxybenzaldehyde

eliminates the need for separation of p-toluid acid-contaminated mother

25 liquor from the terephthalic acid. Hence, the decolorized terephthalic



acid solution. Starting. with crude terephthalic acid with | ow
concentrations of the p-toluic acid and 4-carboxybenzal dehyde elim nates
the need for separation of p-toluic acid-contam nated nother 25 liquor from

t he tereph obFosRéisd. Hence, the decol orized terephthali 035515
PCTI US2003 031%57 -6 acid solution can be directly con#ﬁ[e]%ﬁ?gﬁgt hyl ene

glycol in an esterification zone to produce a terephthalic acid/ethylene
glycol mixture. By bypassing conventi€nal processes for producing a
purified terephthalic acid powder, the need for the equi pnment hecessary to

puri fy 5 and | 3ekabRuBHChi be tirddy SBRbREk Win BIYRRE dhRofh ki nat ed. Anot her

surprising and seemngly contradictory aspect "o I nvention is the

benefits of addifelifihiibh _zblfi’é %rﬁﬂﬂ%ﬁ@téa@hth‘éﬁ’é &fid/&mylhhé gtyt@%tn‘ﬁﬂuié': cation

reaction starting materials. This is directly contrar accept ed

esterificati onpyLgsastin nvé'ﬁlﬁ)nﬁﬁﬁr@éésfséé?i%frbt‘éﬁuéiﬁé‘ﬁ%hﬁl‘ﬂéd 10 RCOOH + R OH -~
RCOOR + H20 is generally not conplete. The water fornmed in the course of

the reaction tggsihdiR dcREsSwdkr,ithe héR BFE eqliBnidithddesddy td purfye. to

regenerate the original alcohol and acid. I'n order ;to drive the reaction

toward the.5eskhpd isoldhs piifiederephthalRaivder kiMitdteqo! water- from-the system by
a variety 15 of methods such as distillation or dehydration with a

hydrophilic co_rmoLmbthéi@gmimna@eemmg@moh@ﬁtﬁétosﬁésgéétfdfw i on procedures,
it is non-intuitive to add | arge anount of the water "to the acid/al cohol

starting mat eirivehtiondd tiE-HévisRt dPaddititn sMMGREMINEREwWRER S | Nventi on
relates to a process by which a carboxylic ‘
esteriflcation reaction starting materials. This is directly contrary to
accepted esterification procedures. The esterification reaction:
10 RCOOH + R'OH - RCOOR' + Hz0O
is generally not complete. The water formed in the course of the
reéction tends to react with the ester to hydrolyze' it, i.e. to regenerate
the original alcohol and acid. In order to drive the reactidn toward the
ester, the prior art teaqh’es removal of water from the system by a variety
16  of méthods éuch as distiilation or dehydration with a hydrpphiiic
compound, According to conventional esterification pl"ocedures, 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 carbexylic acid solid. More
Speciﬁcally'. the present invention relates to a process for the production

25 of a terephthalic acid/ethylene glycol mixture suitable as feedstock for



acid/diol mxture is obtained froma decol orized carboxylic acid solution
w thout isolation of a substantially dry carboxylic acid solid. Mre
specifically, the present invention relates to a process for the production

25 of a tewaphiolyadsss aci d/ et hyl ene glycol nixture suitabienasod/eackst ock for
WO 2004/ 035515 PCT/ US2003/ 031957 -7 the production of comrercial PET. The
resulting process has fewer steps tha% currently enpl oyed processes and can
be operated at | ower operating cost afld constructed at | ower capital cost.
Specifically, the present invention incorporates a direct displacenent of

water with 5 etthybrideciirysiebmpictal RET. TNergsUitil moctatHaRfewscat ment of crude
terephthalic acid. Incorporation of the displacenent step elimnates the

need to isol at estepsithan Cureehtly @mpiybd piocessesiadd $ah bd opbeit&bat Iekémi nati ng t he
need for crystallization, solid-liquid separation, and solids handling
equi pnent nor medpleyatingwosdi amd apastretes s lowen capitat dost e Sepéifitedyithe acid 10
processes. It is an object of this invention to provide a process for
produci ng a caréseoyinvention iccatpabtesaxiractalisplacement ofsedtat witm of a
substantially dry carboxylic acid solid.. It is another object of this

i nvention t@: presiwiere glygol e!aesf@bfv\mghyd@gpnm@ndleagnmttoécwbt hal i ¢ aci d/ di ol
m xture without isolation of a substantially dry terephthalic acid solid.
I't is another dbjepbthali¢ acithi Ecoupostion ofthe dispiacement stepelonieatestiy  producing a
terephthalic acid/ethylene glycol m xture without-isolation of a
substantial |y drepdteisolsite aaliiedderenhtsaliciagid soid therelty eliminsing thej ect of this

invention to provide a process for
need for crystallization, solid-liquid separation, and solids handhng

equipment normally found in commercial purified terephthali.c_ acid
10  processes.
it is an object of this iﬁvention to provide a process for producing
a cérboxylic acid/diol rriixture without isolation of a substantially dry
carboxylic acid sofid. |
It is another object of this invention to provide a process for
15 proddcing a terephthalic. acid/diol mixture without isolation of a
substantially dry terephthalic acid solid. |
It is another object of this in;vention to provide a process for -
| producing a terephthalic a’cid;_'ethylene glycol mixture without isolation of
a substantially dry terephthalic acid solid.
20 It is another object of this invention to provide a process for
.producing a terephthalic acig:!lethylene glycol mixture without isolation of
a substantially dry terephthalic acid solid by vaperization of the water-
from a decolorized terephthalic acid solution with enthalpy supplied by

ethylene glycol in a esterification reactor.



. producing a terephthalic acid/ethylene glycol m xture wthout isolation of
a substantially dry terephthalic acid solid by vaporization of the water
froma decol orized terephthalic acid solution with enthal py supplied by

et hyl ene oWwpCedss0s518 esterification reactor. WO 2004/ 03R53652003/031957
PCTI US2003/ 031957 It is another object of this invention to provide a

process for producing a terephthalic acid/ethylene glycol mxture w thout
isolation of a substantially dry teref@hthalic acid solid by renoving water
froma decolorized terephthalic acid solution through the use of solid

l'iquid 5 displacenmegjs %Yﬂe?%jeéwl?hié‘ﬁwﬁﬁiynrtéé@?}v%{n‘ggéﬁrf%rOr cyclones. In a

first enbodi ment of this Invention, a proces ucing a carboxylic

aci d/di ol i xt yreyubipg B eNIpHlic biGeMRAE FRHcOMRIUIS b AdEn s diol to a

decol ori zed carboxylic acid solution”in an esterification reactor zone to

~remove a porti aruBtahfiflly\6R Rfedrthaio il shiRl BreRRYHgiwatdChdin @i ol 10 mi xture;

wherein said carboxylic acid and di ol subsequently reacts in the

esterificati ondgedisrided térephinalid i SofutrnithroBg fie’ uxled?88hd Iiuri cal | y; the
carboxylic acid is selected froma group consisting of terephthalic acid,

I sopht hal i c5aci@pladaRBhtRiviRs sdtiras mitbdes, Ridrslor &Jefbngkxt ures thereof In
anot her enbodi nent of this invention, a process for producing 15 a

carboxyl i ¢ aci d/ di oh a¥irst ethiSodimentiopthiiagention e Pro6eser pRADEIL§ RNY the
followi ng steps: (a) mxing a crude carboxylic acid powder with water in a

M Xi ng zone t océrdoRylia acididlel ristibis providedring pretess compristhgadding hhe
carboxylic acid is selected froma group consisting of terephthalic acid, 20

i sopht hal i ¢ aciidl towdddinized eatorylic aoid soiutiorin sh eAGfication reaewrt her eof ;  (b)
decol ori zing the crude carboxylic acid solution in a reactor .
zone to remove a portion of the water to form the carboxylic acid/diol
10 mixture; wherein said carboxylic acid a|_1d diol subsequently reacts in the
esterification zone to form'a hydroxyalky ester stream. Typically, the
car-boxylic acid is selected froma grbup cohsistin'g of terephthalic acid,
isophthalic acid, naphthalene dicarboxylic acld, and mixtn;res thereof
in another embpdimént of this invention, a process for producing
15 a carboxyliclacidldiol mixture is provided, the process compﬁsing the
following step-s: | .
(a) mixing a crude carboxylic acid powder with water in a’
| mixing zone to form a crude-éarboxylic acid solution; wﬁerein 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-desélan‘-zed— carboxylic acid éqlution.
{c) ' optionally, flashing the decolorized carboxylic acid solution |
in a flashing zo.ne to remove a bortion of the contaminated water from

25 the decolorized carboxylic acid solution; and



zone to produce a decol orized carboxylic acid solution.. (c) optionally,
flashing the decol orized carboxylic acid solution in a flashing zone to
renove a portion of the contam nated water from 25 the decol orized

car boxyl i c wagiods/em@b4st i on; and WO 2004/ 035515 PCTI US2003pE88485d3/051857( d)
adding a dial to the decolorized carboxylic acid solution in an
esterification reactor zone to vaporize_a portion of the water to form the
carboxylic acid/diol mxture; wherein t¥re carboxylic acid and di ol
subsequently reacts in the esterification zone to forma hydroxyal ky 5 ester

stream I n anot her endpodi sedig #Yid) tvithe idRveIBlidedbarioxPiOa6S Sollifdn iR oducing  a
terephthaiic acid/diol mxture is provided, the process conprising

vapori zi ng a demrpésiedfication eaethdl tovapsize a3@iritn ¢Fihevivhter & kMl i n an
esterification reactor zone to renove a portion of the water to formthe 10
t er epht hal i ¢ acthd/cdibokyliviacididie!; mixtues; @ihoreirtbe carberiliclidid ancgiold and di ol
subsequently reacts-in the esteriflcation zone to forma hydroxyal ky ester
stream | n anotsubsequentiyiresels indie edierficationeavne dnform gomyaE@galklor producing a
terephthalic acid/diol mxture is provided, the process conprising the 15
foll owi ng st®psestésireainxi ng -a crude terephthalic acid powder with water in a
m xi ng zone to forma crude terephthalic acid solution; (b) decolorizing the
crude terephthalic #candtbelenbasiiment chthisiowantion, azpnosessdfof pnoducinglecol ori zed
terephthalic acid solution. 20 (c) optionally, flashing the decol orized
t er epht hal i ¢ aca terephthalic acid/diol mixture is provided, the process comprising
vaporizing a decolorized terephthalic acid solution with a diol in an
esterification reactor zone to remove a portion of the water tp form the
10 terephthalic acid/diol mixture; wherein the terephthalic acid and diol
subsequently reactsin the eslerificafion zone™to form a hydroxyalky
ester stream.
'in another embodiment of this invention, a process for producing
a terephthalic acid/diol mixture is provided, the process comprising the
15 folIoWing steps:
(a) mixing a crude terephthalic acid powder with water in 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 (¢}  optionaliy, flashing the decolorized terephthalic acid
-solution in a flashing zone to remove & portion of water from the
aqueous terephthalic solution; and

(d) adding a diol to the decolorized terephthalic acid soiution in

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



solution in a flashing zone to renove a portion of water fromthe aqueous
terephthalic solution; and (d) adding a diol to the decolorized terephthalic
acid solution in an esterification reactor zone to renove a portion of

wat er to fyag BookessI80 2004/ 035515 PCT/ US2003/ 031957 - 1@ctrarseipbbiiads
acid/diol mxture; wherein the terephthalic acid and diol subsequently
reacts to froma hydroxal ky ester stream In another enbodi nent of this

i nvention, a process for producing a'®arboxylic acid/diol nmixture is

provi ded, the process conprising 5 renoving a portion of the p-toluic

cont am nat ed Wefephthiallc adlky/Eiel @RkUrE:aHetein B tarepfithRfd! Scid Wi b1 by adding a di ol
In a liquor renoval zone to produce said carboxylic acid/ethylene glycol

m xture. |n angbbequeRtPRACERE froffa kytirdkalky etk s®éama process for producing a
carboxylic acid/diol mxture is provided, the process conprising the 10

fol |l owi ng steps: (&) ardtheregnbadimant of riMe@stdr, @ medabspavstotuskg h wafer in a
m xi ng zone to forma crude carboxylic acid solution; (b) decolorizing the
crude car boxyla caramiyiic acid/diot mixtareils provided, the processcsnapridingol or i zed carboxylic

acid solution. 15 (c) crystallizing the decol orized carboxylic acid solution
in a crystial lremavinga podiva df the mtamiacintaniphted atdter imah deraphttialics sl urry; and
(d) renmoving a portion of the contam nated water in- said terephthalic acid
aqueous sl urr yadiyaqedus guay ty atdinga did! inculiquor mmoval zoredaerdducpr oduce sai d
carboxylic acid/diol mxture. 20 In another enbodinment of this invention, a
process for prsaitbcErbaxylic acid/ethylene glycol mixture.
In another embodiment of this invention, a process for producing
a carboxylic acid/diol mixture is provided, the process 6omprising the
10 foliowing steps:
(a) - ‘mixInQ a cride carboxylic acid powdér with waterina
min.(ing zone to form a crude carboxylic acid solution;
(b)  decolorizing the crude caljboxylié acid in a reacior zone to’
produce a decolorized carboxylic acid solution,
15 | (¢} crystalliiing the decolorized carboxylic aciq solution in a
crystallizatioﬁ zone to foném; a tefephthaiic acid aqueo'tis slurry; and-
(d)  removing a portion of the contaminated water in.said
| terephthalic acid aqueoué SIQny by adding a diolin a Iiduor removal
zone to prbduce said car;bﬁxylic acid/diol mixture.
20 In another embodfir’ﬁent of this inQention, a pracess for producing
- a terephthalic acid/ethylene glycol mixture Is provided, the process
comprising removing a portion of the p-teluic contaminated water in an
terephthal_ic acid aqueous slurry by adding a diol in a liquor removal

zone to produce the terephthalic acid/diol mix{ure.



a terephthalic acid/ethylene glycol mxture is provided, the process
conprising renoving a portion of the p-toluic contam nated water in an
terephthalic acid aqueous slurry by adding a diol in a liquor renoval zone

t o producewbheostsssgpht hal ic aci d/ di ol m xture. WO 2004/ 5355sbB03/031957
PCT/ US2003/ 031957 -11 In another enbodi nent of this invention, a process

for producing a terephthalic acid/ethylene glycol mxture is provided, the
process conprising the follow ng stepd? (a) mixing a crude terephthalic
acid powder with water in a 5 mxing zone to forma crude terephthalic acid

sol ution; (b) decol g bRdtAr drisbaimerd of iRy IRVEHIBA! d SroB&istosbrbéiRy 1N a

reactor zone to forma decol orized terephthalic acid solution; (c)

crystal l'i zi ng of tekdphtistiic brifdtishel ghycophbdlé isCpraditiel, 3 procéss in " a
crystallization zone to forman terephthalic acid aqueous slurry; and 10
(d) renoving a dqooigrising thé fololving wtepsaci d. contam nated water in the
terepht hal i ¢ aci daqueous slurry by-adding a diol in a liquor renoval zone

t.o produce the teregt hamixngatride tevéphifialic Weid. poMaeswitoWeeirsa and ot her
objects, will becone nore apparent to others with ordinary skill in the art
after readi iy trhixingdiose twfommer cride Brepbthabeadid ispiutioy of the Drawi ngs Figure 1
illustrates one enbodi nent of this invention. A process is provided
utilizing carboxyli ¢blaci dequinrdiag thecrpde threphttzalic acid@oldtios in &aci d/ di ol m xture
with the carboxylic acid and diol subsequently reacting 20 to forma
hydr oxyal ky estreactet zarerto Forgua de@larized terepitieatic anidaotutiomat | ve enbodi nent of
this invention. A '
{c) crystallizing of the decolorized terephthalic acid solution in
a crystallization zone to form an terephthalic acid aqueous slurry; and

10 (d)  removing a portion of p-toluic acid contaminated water in

the terephthalic atid aquédus slurry by adding a diol in a liquor removal
zoﬁe to produce the Atelrephthalic acid/diol mixture.

These objects, and other objgcts_, will become mo.re apparentto
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 carboxﬂic
acid/diol mixture with the carboxylic acid and cﬁoi subsequently reacting

20 to form a hydroxyalky ester stream
Figure 2 il‘lustljates an alternative embodiment of this invention. A
‘process is provided utilizing a terep-hthalic acid powder to produce a
terephthalic acid/diol mixture with the terephthalic acid and dio}

subsequently react to form a hydroxyalky ester stream



process is provided utilizing a terephthalic acid powder to produce a
terephthalic acid/dial mxture wiwth the terephthalic acid and di ol
subsequently react to forma hydroxyal ky ester stream WD 2004/ 035515

PCT/ US2003Ww0288méss1s 12 Figure 3 illustrates another al tdmadbpsmzpapodi nent
of this invention. A process is provided which utilizes a carboxylic acid

powder' to produce a carboxylic acid/ ?%N m xture. Figure 4 illustrates yet
anot her alternative enbodi ment of thi$§ invention. A process is provided
where a crude terephthalic' acid powder : is utilized to produce a

terepht hal i ¢ aci d/ dFiglrend Wustrates ddofir bidnEREERIRHIRBh@rthidiE | NVENTION 10 In
the first enbodinent of this invention a process for producing a carboxylic

aci d/ di ol mi xt inventidre A privessis proviedwHigh thicesdl gamaxyaicdicral pdwaer decol ori zed
carboxylic add solution in an esterification reactor zone to renove a
portion of thetwptoducd a chroryliciaeidddiol ladxtytel c aci d/ di ol m xture; wherein the
carboxylic acid is selected froma group consisting of 15 terephthalic acid,
i sopht hal i c aci d, nEightshlilasteatel yet abatiegr diterrativelembodiment oftthises t hereof ;
wherein. said carboxylic acid and diol subsequently . reacts in the

est eri fi cat Bonirwentornt. oA prasessis ipyahidedydicks a eatderterephihalic acidpoveddrer i fi cati on
reactor zone, the decolorized carboxylic acid solution and a process to
produce the deisoutilized tedprodudsoxigraphthalic dcid@iobwidxdgreon i s descri bed
subsequently in a second enbodi ment of this invention. In the second.
enbodi nent of this invention a process for producing a carboxylic acid/diol

m xture is provided as shown in Figure
DETAILED DESCRIPTION OF THE INVENTION

10 In the first embodiment of this invention a process for producing a
decolorized carboxylic acid solution in an esterification reactor zone to
. remove a portion of the water to form the carboxylic -acidfdiol mixture;
wherein the carboxyliq acid is selected from a group consisting of
15 terepinthalic acid, isophthalic acid, haphthalene dicarboxylic acid, and
mixtures theréof; wherein said cérboxylic acid and dibi subsequently
reacts in the esterification zone to .from a hydroxyalky ester stream.
The esterification reac'_tor 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 ir—wenti‘e_n a process for
producing a carboxylic acid/diol mixture is provided as shown in Figure

#1.



#1. WD 2004/ 035515 PCTI US20031031957 -13 Step (1) conprises mxing a crude
carboxylic acid powder in conduit 105 with water in conduit 115 in a m Xxing
zone 110 to forma crude carboxylic acid solution in conduit 120;

Typi cal | y,wbheyspsgsioxylic acid is selected froma gr owrTgRsds»siesy of
terephthalic acid; isophthalic 5 acid, naphthal ene dicarboxylic acid, and

m xtures thereof. The mxing of the crude carboxylic powder in conduit 105
with water in conduit 115 in the m'xi'i'%’ zone 110 can be acconplished by any
means known in the art. The m xing zone 110 can be any vessel or equi pnent

capable of nmixing g s6heprisak RINYG & erudé carbBRYRcid PdiRieh fmper at ur e and
pressure 10 of the mt%(rq]z; zone 110 ids that which is sufficient to properly

slurry the crugedapsdBwi wateh i @GV inlainigidgdohd 110® fefrk& wWater in
conduit 115. Typically, the crude carboxylic acid powder in conduit 105 is

slurried with oradestarbaxylioack sdlufiohGn conduitdR0IT by, A& cerbogylieoncent rat i on of
15-35% by weight. 15 Step (2) is decolorizing the crude carboxylic acid

solution in carills kelb2Rdifmea goap tomsisting f tbaiphtralip acidyigephthalidecol ori zed
carboxylic acid solution 135. The decol orizing of the crude carboxylic acid
sol ution i n &oratid, hapritBélensdicirborgdic acip) arsimaistubys thensofrerBsnikingeh in the art.
Preferably, 20 the decolorizing can be acconplished by reacting the crude
car boxyl i'c aci dhes oiude icerbokylicpomdei in ct@duitvios withywhterge wonduiictiddai t 130 in the
presence of a catalyst in a reactor zone 125 to produce a decol ori zed
carboxytic solthe mixing zone 110 can be accomplished by any means known in the
art. The mixing zone 110 can be any vessel or equipment capable of
mixing the crude carboxylic acid powder. The temperature and pressure
10  of the mixing zone 110 Is that which is sufficient to properly slurry the
crude carboxylic acid powdef In eondit 105 with Water in conduit 115.
Typically, the crude carboxylic acid powder in conduit 105 is slurried with
‘water in conduit 115 in mixing zone 110 at a concentration of 15-35% by
weight.
15 . Step (2)is decolorizing the crude carboxylic acid solution in
conduit 120 in a reactor zone 125 to produce a decolorized carboxylic
acid solution 135.
The decolorizing of thé. crude carboxylic acid solﬁtion 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 solufion in conduit 120 with hydrogen in conduit 130 in the presence
of a catalyst in a reactor zore 125 to produce & decolorized carboxytic
solution.

For the reactor zone 125, there are no special limitations in the

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



For the reactor zone 125, there are no special limtations in the 25 form
or construction thereof, subject to an arrangenent that allows WO

2004/ 035515 PCT/ US2003/ 031957 -14 supply of hydrogen in conduit 130 to

ef fect i ntwoab®/ogsmt act of the crude carboxylic acid samats2003/081scondui t
120 with the catalyst in the reactor zone 125. Typically, the catalyst is
usually a single Goup VIIl netal or {:onbi nation of Goup VIIlI netals.
Preferably, the catalyst is selected 5 %roma group consi sting of palladium
rut heni um rhodi umand conbination thereof. Mst preferably, the catalyst

i s pal | adi um sdpy ofstiydsogeh e csrtiul 188 to éffecsinfimatd ®shtadd bthefcildey on por ous
carbon. The reactor zone 125 conprises a hydrogenation reactor that
operates at a tabpeyliatauidesohtion pr ass Uit €26 with thei catdlyst in thgdeaenat e t he 10
characteristically yell ow conpounds in the crude carboxylic acid solution
i n conduit 120zory125 d¥ypipalinithocatalystas uheily o sinplecGriuandlt tretalori cal |y yel | ow
conpounds in the crude carboxylic acid solution are converted to colorless
derivatives. Thembinaiwmi afrGrotip Vil mbetaisd Braférably Zibd cetafyisbis\selecteglci d'  sol ut'i on
in conduit 135 is between 0.5 to 4. Preferably the b color of the 15
carboxylic 8ci froma grolp aonsistingofipaltadites rutbetienwbodiut 8nd o 2. 0. Most ™
preferably the b* color in the carboxylic solution in conduit 135 is
bet ween 0.5 t ocambinatitiethereof.s Mostpreferatiy theheatalystds pallagium.i but es measured on
a spectroscopic refl ectance-based instrunment. The col or can be neasure by
any devi ce knolwpicallyt the catefyst is suppartad, prefaraldy an poeUR@athest r ument i s
typically the neasuring device. Positive readings signi f?/ .the degree of
yel | ow (or absor banciedeadierzone TeficP@prisasa hydeogesatemepactosthgli fy t he degree
of blue (orabsor-banoe of yellow). :

) operates at a temperature and pressure sufficient to hydrogenate the

10 characteristically yellow compounds in the crude carboxylic acid solution
in conduit 120. By hydrogenétiOh treatmeérit, the characteristically yellow
cofnpounds in the crpdé carboxyiic acid solution are converted to
colorless derivatives. The b* color of in the decolorized carboxylic acid
solution in conduit 135 is bef,tﬁeen 0.5 to 4. Preferably the b* color of the

15  carboxylic acid solution in ci::ﬁduit 135 is between 0.5 to 2.0. Most
preferably thé b* color in thé _t:ar:boxylic solution in coﬁdutt 135is
between 0.5to 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 Ultrascan XE

20 instrument is typically the meésuring device. Paositive readings signify
.the degree of yeliow (or absorbance of blue), while negative readings
signify the degree of blue (Qréabser—banee of yellow).

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

the characteristically yellow c_onﬁpounds in tﬁe crude carboxylic slurry in



The hydrogen in conduit 130 is fed at a rate sufficient to convert the
characteristically yell ow conpounds in the crude carboxylic slurry in WO
2004/ 035515 PCT/ US2003/ 031957 -15 conduit 120 to col orl ess derivatives;

wher ei n t hgokbosmwsdsas is between 0.5 to 4.0 in the decaaruszemdsssboxylic
acid solution in conduit 135 Step (3) conprises, optionally, flashing the
decol ori zed carboxylic acid solution 135 in a flashing zone 145 to renove a
portion of the water 5 fromthe decol%i zed car boxylic acid solution in
conduit 135. The flashing of the aqueous carboxylic solution 135 can be

acconpl i shed byonaiiy12ERBIdMBSY\ddrivativee; Whdrein NP bERbIbYis bBIWERADH OF a
plurality of vessels are used to acconplish the flashing. In the flashing

zone 145, wat ero adn thesedbittizedyatboxyiitiacia Bollfor! RredMedt €85 a vapor via conduit
150. The 10 flash vessel (s) operate at a tenperature sufficient to renove a

portion of -the wabmp (3ptémprisas, sptibnallyfflashing tite deudorikdd cadbxyie onmitted as
i ndi cated by conduit 140. Step.(4) conprises, adding a diol in conduit 170

to the decol omcidesblution13Sy a Gashinglzose 145 toremovecopation ofth®watsrpor ti on of
the 15 water via conduit 165 is renoved froman esterification reactor zone
160 to form sdioh thardecslptized cachakylit arid stiotioniire conduitridseTher i f cat.i on react or
zone 160. The carboxylic acid and di ol subsequently reacts to forma
hydr oxyal kyest diaskinhg ebime Efbeousariioxgicoludibh 188 tam be iceanplishéd bgonpri ses a
hydr oxyal ky ester conpound. 20 The diol in conduit 170 is introduced in such
a manner as t o anginsgnakeowliretheatrte Typisaltyha vdssel aan plusdlity ofywiesspls | qui d. Thi s
can be acconplished by introducing a dint via-conduit 170 as a saturated
liquid are used to accomplish the flashing. In the flashing zone 145, water and
residual hydrogen can be removed as a vapor via conduit 150. The
10 flash vessel(s) operate at a temperature sufficient to remove a portion of
-the water. Alterniatively, fiashing zone 145 éan be omitted as indicated
by conduit 140.
‘Step (4) comprises, adding a diol in conduit 170 fo the
decolorized carboxylic acid solution in conduit 155. A portion of the
15  water via conduit 165 Is removed from an esterification reactor zone 160
to form said carboxylic acid/diol mixture in the esterification reactor zone
160. The carboxylic acid and diol subsequently reacts to form-a
| hydroxyalkyester siream 175,. The hydroxyalkyester sti-eam 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 liguid. This can be
accomplished by introducing a diot via- conduit 170 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



at a tenperature which is sufficient to vaporize the water. Preferably, the
diol in conduit 170 is introduced as a saturated or superheated 25 vapor.
The diol in conduit 170 is selected fromthe group consisting of WD

2004/ 03551 P%d4/03881803/ 031957 -16 et hyl ene gl ycol, di ep@wusiaeshassol |

n- butyl ene glycol, i-butylene glycol, n- propylene glycol, 1,4 butanediol,
cycl ohexanedi net hanol, and m xtures thereof. Preferably, the diol in
conduit 170 is ethylene glycol. AlterHatively, an external heat source can

be used to introduce sufficient 5 enthal py to vaporize the water, which

exits via condgityiehelychi! %lietﬁwgfegjgﬁgkﬁ-bﬁﬁﬁéfe %*Joﬁ%%%n@ég%bﬁ ncondui t stream

175. The esterificati’on react’or 160 operates at "a t erature that 1is

sufficient to prapiemR dlyday drosugidad, deeneaRedraiHapsly bhémddindsm xture.  The
esterification reactor zone 160 conprises an esterification reactor. 10 The

esterificati ontiesofd Prafdhip tHesdisi th E3hdBINY 70RBMIERONWEd) the art. in a-thitd
enbodi nent of this invention a process for producing a terephthalic

aci d/ di ol . complteAREVMARI dxdérhidl healkuileWahnbelisk 8 tERitbBde sufficRmit d sol ution
with a diol in an esterification reactor zone to renove a portion of the

water to fosm ehthalpgrie vapdrieitive water] wthiohl exits Miaworduitdes, eThe 15 t he
terephthalic acid and di oi subsequently reacts in the esterification zone

to form a hydr bygrakiiky estepstrezin eatswialdoadait stesan 128t i on reactor zone, the
decol ori zed terephthalic acid solution and a process to produce the

decol ori zed t er epht Tia estedituation ®atiot zane 160 operstes Mettempeateredndtl y in a
fourth enbodi ment of this 20 invention. In the forth enbodi nent of this
i nvention a précsdficiéndito proodeesa hyrroxyethyl from the carboxylic acid mixture.
The esterification reactor zone 160 comprises an esteriﬂcati,on reactor.
10 The esterification can be accomplished by any means know in the art.
terephthalic acid/diol comprises vaporizing.a decolorized terephthalic
_acid solution with a diol in an esterification reactor zone to remove a
portion of the water to _form the terephthalic acid/diol mixture; wherein
15 the térephthalic acid and diol subsequently reacts in the gsteriﬁcation
zone to form é hydroxyalky este‘r ;tream.
The esterification reactor zone, the decolorized terephthalic acid
- solution and a process to 'prdduce the decolorized terebhthalic acid
sojution is 'described subsequently in a fourth embodiment of this
20 invention.
in the forth erﬁbodim_ent of this invention a process for producing
a terephthalic acid/diel 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



a terephthalic acid/diet m xture is provided as shown in figure #2. Step (1)
conprises mxing a crude terephthalic acid powder in conduit 205 with water
in conduit 215 in a mxing zone 210 to forma 25 crude terephthalic acid

sol uti on i Wwocengbssdris220. The m xi ng of the crude WO 2004¢R8Shdinzios7
PCT/ US2003/ 031957 -17 terephthalic powder in conduit 205 with water in

conduit 215 can be acconplished by any neans known in the art. The starting
feed material is the crude terephthal-l& acid powder in conduit 205 with
sone specific physical characteristics that differ fromcrude terephthalic

aci d descri bedéé.ekgpg{icﬁbo\f&grgp&méh@gg? f,@@wtg%gei i%cﬁidpﬁ%ﬁ%n Bel75,355, herein

I ncor por at ed erence. Speci total anmount of p-toluic acid

and 4- carboxy | W | r in conduit
205 15 | oss ¢ b RRARYES ah rials KicHiE B B G e R 500 ppm

and nost pref efigiblrudedBfephitic &5i8 pBREar iMBHAIR208NAAINR dpdlciie Of 10 the
crude terephthalic powder in conduit 205 is the color as nmeasured by b*is

l ess than7.'Pr %h?éié’él|c)iaﬁacféﬁ§tic§is(%hﬂrdiﬁ8?%Mrcf?&bé)héréb’iﬂﬂa‘ﬁcQ@B%@Eﬁﬁéd?‘nd 6. The
m xi ng zone 210 can be. any vessel or equi pnment capable of mxing the crude

terephthal i & ag 0.9 5,00500BCAI1U.8 OPatii!s 782859, hbfdin iheorpORflH t 215. The
crude terephthalic acid powder in conduit 205 is slurried in water in

- condui t 215 i n byheferance N Spaifically iRe todal RRRAHCEF ddRiic &¢iddRd ker ephthalic acid
solution in conduit 220. The crude terephthalic acid and water are heated

i nn ni xi ng zonegadbRyiehzaldeRygesinaikrad@ferepbthaliCaditl powaBEih dofdgit ssol ve the
crude terephthalic acid powder in conduit 20 205 In the m xing zone 210 to
produce the cr 206 id lessthantedoipprieer 8 weight basis, preferably, less than 500
ppm, and most preferably, less than 250 ppm. Another characteristic of
10 the crude terephthalic powder in conduit 205 is the color as measured by
b*1s less than 7, Preferably, e color measured by b* is between 4 and
N .
The mixing zone 210 can be.any_ vessel or equipment capable of
mixing the crude terep_h'thalic acid powder in conduit 205 with water in
15 conddit 215. The crude terephthalic acid powder in condqit 205is
slurried in water in conduit 215 in 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 tet:nperature of 230
°Cor highér to dissolve the crude terephthalic acid powder in conduit
20 205 in the mixing zone 210 to prbduce the crude terephthalic acid
solution in conduit 220. Preferably, the crude terephthalic siurry in the
mixing zone 210 is heatad 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



solution in conduit 220. Preferably, the crude terephthalic slurry in the

m xi ng zone 210 |Is heated to a tenperature in the range of 240 Cto 300 C
The pressure of the mxing zone is 900 psia to 1400 psia to dissolve the
crude terepbbbalogieci d powder in conduit 205 in the mMpdrag:2iBw3eed/ 035515
PCT/ US2003/ 031957 -18 zone 210. Generally, the concentration of crude
terephthalic acid in the crude terephthalic acid solution is 15%to 30% by
wei ght, preferably, 20 to 30% by weig. Step (2) is decolorizing the crude
terephthalic acid solution In 5 conduit 220 in a reactor zone 225to0 forma

decol ori zed te!&@rilhi‘ﬂﬁ'G@n&ﬁliygthe%héﬁﬂt@ﬁoﬂ&d?m}ézogﬁc adiflén figcol ori zi ng of

the crude terephthalic acid’ solution in conduit an be acconplished by

any neans knowanjda térBphialic adil SdIGIoAM ¥5% td 8% BRI Srefgatiprzobe _
acconpl i shed by reacting the crude terephthali ¢ 10 acid solution in conduit

220 wi th hydrogesos% bya@ighti t 230 in the presence of a catalyst-in a tractor
zone 225if6 produce a decolorized terephthalic acid solution. For the

reactor zone 225, t$wep¢2)ds dectlorzm@thabrubié BrémHthaidacidsdidien if or m or.
construction thereof, subject to an arrangenent that allows 15 supply of

hydr ogen i n5conchdult 2280n & oeadtdrenhe 225 iotatnea dettiatiedabrephthalic arie
terephthalic acid solution in conduit 220 with the catalyst in the reactor
zone 225. Genesallfion intdoadyit238.yst is usually a single Goup VIII netal or
conbi nation of Goup VIIlI netals. Preferably, the catalyst is selected from
a group consi sti ng THe gexblosiding of the chkienéenephthaltooabidisolaticoh id @osduiti nat i on
thereof. Mst preferably, the catalyst is palladium -
220 can be accomplished by any means known in the art. Preferably,
the decolorizing can be accomplished by reacting the crude terephthalic
10 acid solution in conduit 220 with hydrogen in conduit 230 in the presence
of a catalyst in' a résctor zons 225t prodiice a decolorized terephthalic
acid solution.
For the reactor zone 225, there are no special limitations in the -
form or construction thereof, subject to an arrangement that allows
15 supply 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. Generaliy, the catalyst is usually a single Group VIii metal or
combination of Group VIl metals. Preferably, the catalyst is selected
froma groﬁp 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



Typically, the catalyst is supported,-preferably on porous carbon. The
reactor zone 2-5 conprises a hydrogenation reactor which operates at a
-tenperature of 230 C or higher. Preferably, the hydrogenation reactor

oper at es iwobkbrssige of 240C to 300 C. The WO 2004/ 03Fxiraus26iB/osIs8003/ 031957
-19 hydrogenation reactor operates at a pressure of 900 psia to 1400 psia
and at a hydrogen partial pressure of i | east 100 psia. Preferably, the
hydrogen partial pressure is in the range of 100 to 300 psia. By

hydr ogenati on treatnment, the characteristically yellow conpounds in the 5

crude ter epht halyimgaaatibnaehdtbd sper@teeacopressure df 000 F04 @ 140Bpsiteri vatives. In
addition, the reactor zone converts a portion of 4- carboxybenzal dehyde to
p-tol ui c aci d. ahdet byytimgen paniabmreskuré of28 (edst 100 ediaatPreferatlyettef at | east 1.5
tines the nolar ratio necessary to convert the 4-carboxybenzal dehyde in the
crude t er epht hdlydmgenipdrtisbprassuve is in theoradge of 100 t8 300 psiapByol ui ¢ aci d.
Preferably, the hydrogen 230 is fed at a rate of at Ileast, 2.0tines-the

nmol ar rati o nedyssgepation teatmentt the lchardctedsticbliwyalewzahpehydienitiee t he crude
terephthalic acid solution 220 to p- toluic acid. The b* color is between
0.5 to 4 in% heruisrtergphiialic acid splutiorvare sboverrted do solbuessaferivativesndui t  235.
Preferably the b* color of the 15 terephthalic acid solution in conduit 235
i s between 0.5 loadditionitka reaptoerencdanyents@ptrtionof r in t he decol ori zed
terephthalic acid solution in conduit 235 is between 0.5 to 1.5. Step (3)
conpri ses, opt icamexyenzaldghyderg prinlicasids | Beihydepgendr eriduli280és aci d sol uti on
235 in a flashing zone 245 to renove a portion 20 of the water 250 fromthe
aqueous t er ept Hed alca eade af Fdgast il Sriimesdhe mglar ratio necessary to convert the

4-carboxybenzaldehyde in the crude terephthalic acid solution in conduit
10 220 to p-toluic acid. Preferably, the hydrogen 230 is fed at a rate of at
- feast 2.0 times the molaf ratio niecessary fo convert the 4-
caléboxybenzaldehyde in the crude terephtl'ialic acid solution 220 to p-
toluic acid. The b* color is between.O.S.to 4 in'the terephthalic acid
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 thé b* color in the decolorized terephthalic acid solution in
conduit 235 is between 0.5 to 1.5.
| Step (3) comprises, oﬁtionally, 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 know in the art. Typically, a veségl- or a pluratity of
vessels are used to accomplish the flashing. In the flashing zone 245,
water and residual hydrogen can be removéd as a vapor via conduit

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



flashing of the aqueous terephthalic solution 235 can be acconplished by
any neans know in the art. Typically, a vessel or a plurality of vessels
are used to acconplish the flashing. In the flashing zone 245, water and
resi dual bhyorzopmassasn be renoved as a vapor via condui tppus2pddosbee fl ash
vessel (s) operate at a tenperature of 150 C or hi gher. W) 2004/ 035515

PCT/ US2003/ 031957 -20 Preferably, the 6Iash vessel s(s) operate in the range
of 155 Cto 260 C. The flash vessel(ég'operate under a pressure of 75 psia
to 1400 psia. Specific operating ranges vary dependi ng on the anmount of

wat er rerfD}/Ed_PtéﬁraHmﬂwﬂasB5ste@£§)%8ﬁké ehe/ rarlgb @8 AEHEC 10280 45 can be 5
omtted as indicated by conduit 240. Step (4) conprises, adding a diol in

conduit 270 t o ThHaelaskl ¢ssteqs)ioperhté aridp Aliedsufe tﬁ(?iscbs?é)l!ouﬂbg?siian conduit 255 in
an esterification reactor zone 260 to renove a portion of the water via

condui t 265 t o Speeiitopératng @hgesWarRbésendiigbndh® bmeliit afwRitdrn t he
esterification reactor zone 10 260. The carboxylic acid and diol react to

form a hydr oxyabmpest va comdult@50) Aliérnativelye flashindly ine\blegasker stream 275
conprises a hydroxyal ky ester conmpound. The diol in conduit 270 is
i ntroduced Bn swittedasiadicated by coaduitdiddpl ace the water as the dom nant
slurrying liquid. This can be 15 acconplished by introducing a diol via
conduit 270 as a saStepg#pcbrpriges,ddding asdioldniedalt 278 to tege of 150 to 300 C,
Preferably, the diol in conduit 270 is introduced as a saturated or
super heat ed vaperolorizedterephibafircackl sohationdm genduft 256500 awes@ific@tiom a formwi th
sufficient enthal py as to evaporate the water to exi't via conduit 265. The
di ol in condui tre&l@ zZoge 260 to remove a portion of the water via conduit 265 to
form said terephthalic acid/diol mixture in the esterification reactor zone
10  260. The carboxylic acid and diol react to form a hydroxyalkyester
ester compound.
.The diol in conduit 270 is introduced in such a manner as to
displace the water as the dominant slurrying Iiduid. This can be
15  accomplished by introducing a diol via conduit 270 as a _saturated liquid
in a temperature range of 150 to 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 sufficient enthalpy as
to evaporate the water to exit via conduit 265. The dicl in conduit 270 is
20 selected from the group consisting of ethylene glycal, diethylene glycol,
" n-butylene glycol, i-butylene glycol, n-propylene giycol, 1,4 butanediol,
cyciohexanedimethanol, and mixtures thereof. 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



20 selected fromthe group consisting of ethylene glycol, diethylene glycol,
n-butyl ene glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol,
cycl ohexanedi nmet hanol, and m xtures thereof. Preferably, the diol in

conduit 27%o mosdsbytsene gl ycol. Alternatively, an exterpahusasdossdyr ce can
be used to introduce sufficient enthal py to vaporize the water, which WO

2004/ 035515 PCT/ US2003/ 031957 -21 exi_ttﬁ via conduit 265. The hydroxal kyl
ester streamm xture exits via condui¥'stream 275. The esterification
reactor zone 260 operates at a tenperature of 240 C higher. Preferably the

esterification ¢&®8wiaodondQin262 60 he pedrokaligyl ester Strddhe rib@lmRaias wae range of 260
Cto 280 C. The esterification reactor zone 260 operates under a pressure of

40 psia to 100 gumidait swezs 278. ef fect esterification of the terephthalic
acid/diol mxture 275 to produce a hydroxyethyl ester of terephthalic acid.
In a fifth enbodi meMhedstarification meaetdrizone 260 ppayates it Btemperatlvecohg a 10
carboxylic acid/diol m xture conprises renoving a portion of contam nated
water in en aqusaure ligher Priferabtiche gsteriftbation freactor ko280 ogeraedt. zone to
produce said carboxylic acid/diol mxture., The |liquor renoval zone, the

aqueous sl urgy tasterpdraRie Mgk of 260 WHa@BOCE TheULRFcatlonredctér € descri bed
subsequently in a sixth 15 enbodi nent of this invention. In the six

enbodi ment of tiing 260\bpBEdtEN UNdRr B PABESS of 30 pBIkQE Y00 PSiado 4836 boxyl i c
acid/diol mxture is provided as shown in Figure #3. Step (1) conprises

gn1>5< i ng a cr ;?ﬁga%:ﬁsemgdilﬂga??%mwfﬂhdna acig/ml iktudr svb plodleb ar | n condui t
hydroxyethyl ester of terephthalic acid.
In a fifth embodiment of this invention, a process for producing a
10  carboxylic acid/diol mixture comprises remaving a portion of
confaminated water in an aqueous slurry by adding a diol in a liquor
removal zone to produce said carboxylic acid/diol mixture.
'The liquor removal zone, the agueous élurry and a process to
produce the aqueous slurry are described subéeqi.xently in a sixth
15 embc;diment of this invention.
fn the six embodiment of Ithis inventioﬁ, a procéss for producing a
carboxylic acid/diol mixture is provided as shown in Figure #3.
| Step (1) comprises mixing a crude carboxylic acid 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



20 crude carboxylic acid solution in conduit 320. The m xing of the crude
carboxylic powder in conduit 305 with water in conduit 315 in the m xing
zone 310 can be acconplished by any neans known in the art. The starting
feed mat er mad 200403568 Ccrude carboxylic acid powder in copduik2088s1957
Typically, the carboxylic acid is selected froma group consisting of WO
2004/ 035515 PCTI US2003/ 031957 -22 tergphthalic acid, isophthalic acid,
napht hal ene di carboxylic acid, and m¥ures thereof. The m xing zone 310
can be any vessel or equi pnent capable of m xing the crude carboxylic acid
powder in condterept8Baicvcid) isophthelic add, cepltbalen8dibarbaxylicaaciek ade car boxyl i c
acid powder in conduit 305 and water in conduit 315 in mxing zone 310 is
heated to a tempdures tharesfuThe giixing zane 318ices beasy vesset ovetpippaeridoxyl i ¢ aci d
powder in conduit 305 in the mxing zone 310 to produce the crude

carboxyl i ¢ aci capale.ef miingihe oiudeaicerbgpdic aciipowdeeinoonduib30& with ni xi ng zone
310 is a pressure sufficient to dissolve 10 the crude carboxylic acid powder
in conduit 305WRlerimeonduiti3dd. zone 310. Generally, the concentrati on- of
crude catboxylfc-acfd fri the crude carhoxylic acid solutionis 15%to 35%
by wei ght: Step (2)Thescrude sar8pxyir Agd PRWderin genduil INSa@ydiwaterdnd sol ution in
conduit 320 in a reactor zone 325 to form an decol ori zed carboxylic acid 15
sol ution i n coferduit 338dn mixeg Zrnect181s beated tora temperatuiesuitiand’dy| i ¢ aci d
solution in conduit 320 can be acconplished by any neans known in the art.
Preferably, tABSeRHediride cribexyfic ped Rewderin ¢ %‘?"ﬂ@&d’f"ﬂﬁ‘@ the crude

carboxylic acid solution in conduit 320 with hydrogen in conduit 330 in the
presence zone 310 to produce the crude carboxylic acid solution in conduit 320.

The pressure of the mixing zone 310 is a pressure sufficient to dissolve
10 the crude carboxylic acid powder in conduit 305 in the mixing zone 310.
Generally, the concéntraﬁorfofcrudE‘cé?bdxyITc'aCTd In the crude
carboxylic acid soiuti'onl is 15% to 35% by weight.
Step (2) is decolorizing the crude carboxylic acid solution in
conduit 320 in a reactor zone 325 to forﬁt an decolorized carboxylic acid
15  solution in conduit 330.
The décolorizing of the crude carboxylic acid sc')lut‘ion in conduit
320 can be accomplished by any.rﬁeans known in the art, Preferably,
‘the decolorizing can be accofnplished 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 épecia% limitations in the
form or construction thereof, subject to an arrangement that allows
supply of Hydrogen in conduit 330 to effect ihiimate contact of the crude

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



20 of a catalyst in a reactor zone 325 to produce a decol orized carboxylic
acid solution. For the reactor zone 325, there are no special limtations in
the formor construction thereof, subject to an arrangenent that allows

supply of WoHopge8sisn conduit 330 to effect intinmate copépgleinsidde crude 25
carboxylic slurry 320 with the catalyst in the reactor zone. Typically, the

WO 2004/ 035515 PCT/ US2003/ 031957 -23 catalyst is usually a single G oup
VIIl metal or combination of Goup VI f43- netals. Preferabl y, the catalyst is
selected froma group consisting of palladium ruthenium rhodi um and

conbi-nations t batgstis ublisly a SHg GraR\MI nlek? of aérabikafion & calp I um
Typically, the catalyst is supported, 5 preferably on porous carbon. The

reactor zone 3Rfetat€ Fpsfefdly, he datdng & sldcR renalgsud datfsistifgef ates at a
tenperature sufficient to convert the characteristically yellow conpounds

in the crude cpaltzdikyi,irgthasiush, fodluhi e @binationotherdds Mostler i vati ves. The b*
color of in the decolorized carboxylic acid solution in 10 conduit 335 is
bet ween 0.5 t opreferBipftee ablalyst i ealiddiumnl Typically, tHeccatalydiox sbpportedci d
solution-iri-conduit336!s between D.5-t0 Z. -Most preferably the b* color
in the decobor preéaaipoberyduscatmnd sol ution in conduit 335 is between 0.5
to 1.5. The hydrogen in conduit330 is fed at a rate sufficient to convert
15 t he char act eri stTheakbgtoyzinedR5compusasdshydmdanation tesbetor dhidboxyl ic slurry in
conduit 320 to colorless derivatives; wherein the b* color is between 0.5
to 4 in the deopéraleszabd terppdratupe sufficerit tb comvent trenchanactenstioalty 335. . Step (3)
conprises crystallizing the decol orized carboxylic acid
yellow compounds in the crude carboxylic acid solution 320 to colorless
derivatives, The b* color of in the decolorized carboxylic acid solution in
10 conduit 335 is between 0.5 to 4. Preferably the b* color of the carboxylic
acid selution-in-conduit 335 is between 0:5t0 2. "Most preferably the b*
color in the decolorized carboxylic acid solution in conduit 335 is
_between 0.5 to 1.5,
The hydrogen i conduit 330 is fed at a rate sufficient to convert
15 the cﬁaracteristically yellow compounds in the crude carboxylic slurry in
conduit 320 to colorless deri'vati;/es; wherein the b* color is between 0.5
to 4 in the decolorized carboxylic acid solution in conduit 335..
Step (3) comprises drjstallizing the decolorized éarboxylic acid
solution in conduit 335 in a"crystallization zone 345 to form an aqueous
20  slurry in conduit 355.
The crystallization ane 345 comprises a vessel or plurality of
vessels capable of removing water from the decolorized carboxylic acid
solution in conduit 335 to produce an aqueous slurry in conduit 355.

Typically, the vessels compfise' at least one bwstallizer. Examples of

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



solution in conduit 335 in a crystallization zone 345 to form an aqueous 20
slurry in conduit 355. The crystallization zone 345 conprises a vessel or
plurality of vessels capable of renoving water fromthe decol ori zed

car boxyl i c waERad4/03eis5ut i on in conduit 335 to produce an pQueSLH3/EI108TY i N
conduit 355. Typically, the vessels conprise at |east one crystallizer.
Exanpl es of 25 such systens can be fou in U S patents 5,567,842 and
3,931, 305, WD 2004/ 035515 PCT/ US2003/ 031957 -24 herein incorporated by
reference. Generally, the aqueous slurry in conduit 355 has a carboxylic
aci d concent r at hargindficdrparatet ®ytrefeféhcrebgivrallypibe cRdkousd@nt i@nper at ure range
of the carboxylic acid solution in the <crystallization zone 345 is that

whi ch i s suffi ceandtit 885 hasre carbaixyicracidaonoéntraion bifrovationto 6Smeght 4) conpri ses
removing a portion of contam nated water via conduit 365 in the agueous
slurry 355 by apkfceng. aheltemperatucoradge of Bé@aiboxylie dcidpotutiondmtineal zone 360 to
produce the carboxylic acididiol mxture in conduit 375. 10 The purpose of
the |iquor renoersstallizationZo0e B45 isdhatoyhicicie sufidient-tosernave apodidnvht erwi th- a
dtot in cohduif370-. The contam nated water conprises water and typical
cont ami nant s Tihewsitest in conduit 370-is selected fromthe group consisting
of ethylene glycol, diethylene glycol; n-butylene glycol, i-butylene

gl ycol, n-propyl ene queg/(%lcommrtsesuamawemacnomom@fcwammemwemahanol and
m xtures thereof. Pref erably, the diol in conduit 370 is ethylene egcoI
The diol in con@ﬂ!idﬂltéﬁﬁ'nltbelaﬁw%@@@d’355thyadﬂlﬁ§aqilqlulmmm@ﬁ[amllnzone 360 vi a

conduit 370. The renoval of the
a liquor removal zone 360 to produce the carboxylic amd!dlol mixture in

conduit 375.
10 The purpose of the liquor removal zone 360 is to replace the
-contaminated-water witha ﬁtoT in eonduit 370. The contaminated water
corﬁprises water and typical contaminants, The diol in conduit 370 is
) selected from the group consisting of et_hylene' glycol, diethylene glycol,
n-butylene glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol,
15 cyclohexanedlmethanol and mixtures thereof. Preferably, the diol in
conduit 370 is 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 liqguor removal zone 360 can
be accomblished using variety of techniques including, but not limited to,
20 cyciones, centrifuges, and filters. The key factar in the liquor removal
-zone 360 is to selecta temperature range where the typical
contaminants preferably remain with th&aqueoﬁ_s mother liquor instead
of remaining with the carbplelic acid. The resultant carboxylic acid/diol

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



contam nated water via conduit 365 in the |liquor renoval zone 360 can be
acconpl i shed using variety of techniques including; but not limted to, 20
cyclones, centrifuges, and filters. The key factor in the |iquor renoval

zone 360 iwo b@ebBsRCt a tenperature range where the typocak200808105aM nant s
preferably remain with the-aqueous- nother liquor instead of remaining with
the carboxylic acid. The resultant carboxylic acid/diol mxture is renoved
via conduit 375. The resultant car box?FT' c acid/diol WO 2004/ 035515

PCT/ US2003/ 031957 -25 mixture in conduit 375 is adequate as feed nmateri al

for the est eririxaaé inogondak 3esuskiauylats ageded mbtbhalidianég estkrificatiph oduce the
ester of carboxylic acid. .In a seventh enbodinent of this invention, a

process for prefdadiorgicaddwiepint AR tpragicd/ tHe ebtenbpdambskylicadd. ses renoving a
portion 5 of the p-toluic contam nated water in a terephthali-c acid agueous

aqueous slurry by asldisegenth eénbbdimentoflthis neentich@prdcegdfe t o produce said
terephthalic acid/diol mxture. The liquor renoval zone, the terephthalic

aci d aqueous sproduginga terephthtio a@eigAlid! mixtoecioerisberenthviguspation ry are
descri bed subsequently in 10 an eight enbodinment of this invention. in
t he- ei ght eirbocfitinepttoloié cohtiasinatetvwester. iora teeeppthatiesdd Bquequsoduci ng  a
terephthalic acid/diol. mxture is provided as shown in Figure #4. Step (1)
conpri ses m Xxiargyeaus siuoy by adding adivhin aliquor termvatizoneito pradooelsait 405 wit h
water in conduit 415 in a mxing zone 410 to forma 15 crude terephthalic
aci d sol uti on terepbthaticaciddpbmidlre. m xi ng of the crude terephthalic powder in
conduit 405 with water in conduit 415 in the mxingzone 410 can be
acconpl i shed by anyhedigue removai zome, thectecaphthalic acid agueous slurry and
a process to produce the aqueous slurry are described subsequently in
10  an eight embodiment of this invention.
in the eight embadintent of thisihvention, a process for prodicing
a terephthalic acid/diol mixture is provided as shown in Figure #4.
‘Step (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 -ihe 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 ppmon 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 8. This

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

25 zone 410. The mixing zone 410 can be any vesse! or equipment



The starting feed materi al

405. The total

the crude terephthalic acid powder in conduit
a wei ght Resb@aoABpt her characteristic of

is the crude terephthalic acid powder in conduit

anmount of p-toluic acid and 4- . 20 carboxybenzal dehyde in

405 is less than 6000 ppm on
t he crude t epeaRbdagbhidspowder 405

is the color as neasured by b* is less than 7. Preferably the col or

nmeasured by b* is between 4 and 6. Thi
conduit 405 is introduced into a mxir

be any vessel

powder in conduit 405 in the mxing zone 410 to produce the crude
t erepht hal i ¢ aci d skiewrudsteraphtiwiciacid pa@der andevatercdve heatetiéo ar ude
terephthalic acid solution in the mxing zone 410 is heated to a
t enper at ur e i ntemperataregnf 230 °Q 40 higherdo 3ESol@: thEhwuge teseptrmliofickihe

crude terephthalic acid powder in
"25 zone 410. The mixing zone 410 can

or equi pnment WO 2004/ 035515 PCT/ US2003/ 031957 -26 capabl e of
m Xi ng t he cr udapabér efphikingltheccrade thrapditebdic acid powdeitin icoddit 405twith wat er i n
conduit 415. The crude terephthalic acid powder and water are heated to a
t enper at ur e of waip inanduttddler to di ssolve the crude terephthalic acid 5

m Xi ng zone

410 is 900 psia to 1400 psia to dissolve the crude 10 terephthalic acid

powder in c®ndpdwdet(dconduiti4@s im thie mjxing reneMi®. to prashcetted drude fti e
of crude ferephthalic acid powder 405 in the crude

concent ~at i bh

t erepht hal i ¢ atttepidhaliciacid soRdioh i ¢onduit 420h Jerefekatly, dhe cru88% by  wei ght ,

to 30% by weight. Step (2) is decolorizing the crude

t er epht hal i ¢ atétephdhaliciack solution incthe thixing 2@ 410 ishealedtoma zone 425 to forma
decol ori zed terephthalic acid solution in conduit 435.

preferably 20

10

temperature in the range of 240 °C to 300 °C. The pressure of the
mixing zone 410 is 900 psia to 1400 psia to dissolve the crude

terephthalic acid powder in conduit 405 in the mixing zone 410.

“Genérally, ihe concéntration of crude terephthalic acid powder 405 in the

crude terephthalic acid solution 420 is in a range of 15% to 35% by

, wéight, preferably 20 to 30% by weight.

156

Step (2) is decolorizing the crude terephthalic acid solution in
conduit 420 ih 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 art. Preferably,

20

the decolorizing can be accomplished by reacting the crude carboxyiic

acid solution in conduit 420 with hydrogen in conduit 430 in the presence

-of a catalystina reactor zone 425 to produce a decolorized carboxylic

acld solution.
For the reactor zone 425, there are no special limitations in the

form or construction thereof, subject to an arrangement that allows




The decol orizing of the crude carboxylic acid solution In conduit 420 can

be acconplished by.any neans known in the art. Preferably, the decolorizing
can be acconplished by reacting the crude carboxylic 20 acid solution in

condui t 4 Wwoddsssgdr ogen in conduit 430 in the presengerusioosogatyal yst in a
reactor zone 425 to produce a decolorized carboxylic acid solution. For the
reactor zone 425, there are no special, limtations in the formor

construction thereof, subject to an a“tzféngemant that all ows WO 2004/ 035515

PCT/ US2003/ 031957 -27 supply of hydrogen in conduit 430 to effect contact

of the crude suppBIfthiydicgen § contyit 48owiffebt donexceeftab wAidei N t he reactor zone.

The catalyst 1is usually a single Goup VIII netal or conbination of G oup

VIII netals. tBrephtratibklrrydde withtre catalystin telreadterdzoheoMhecgalysp consi sting

of palladium 5 ruthenium rhodium and conbi nati ons thereof. Most

preferably, thHeuscallya sisgle iGsoypaVlllacktalmar coppinatibn of, Gloop Vilbtnatalst | s

supported, preferably on porous carbon. The reactor zone 425 conprises a

hydr ogenat i on Prefaraly, thaicatalystip selatted fram sgroeppensidtingef pélladRm,C or hi gher.
Preferably the 10 hydrogenation reactor operates in.the range of 240C to 300

C. The hydr ogeiteniuon rhediemand cpmbinatisnsdberaoipr Mestprefecdblyp@@® psi a to 1400

psia and at a hydrogen partial pressure of at |east 10b psia. Preferably, :
the hydrogen ¢aialystas paladiven Tepicallyi hewchtalyshisguppdriet) prefealdponpsi a. By
hydr ogenati on treatment, the characteristically yellow conpounds in the 15
crude ter epht hRATPYs eatben.sol uti on 420 are converted to col orl ess

derivatives. In addition, the reactor zone converts a portion of 4-
The reactor zone 425 comprises a hydrogenation reactor which

operates at a temperature of 230 °C or higher, Preferably th_e
10 hydrogenation reactor operates in the range of 240°C to 300 °C. The
'hydrogenétl'on reactor operates at'a pressure of 800 psia to 1400 psia
and at a hydrogen partial pressure qf at leést 100 psia. Preferably, the
. hydroéen partial pressure is in the range of 100 to 300 psia. By
hydrogenation treatment, the characteristically' yellow compounds in the
15 crudé terephthalic acid solution 420 are converted fo colgrless
derivatives. In addition, the rea&qr zone converts a portion of 4-
carboxybenzaldehyde to p-toluic acid. . - ' .
| The hydrogen in cbndﬁit 430 is fed at a rate of ai 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-carboxybenzaidehyde in the crudé terephthalic slurry 420
to p-toluic acid. The b* color is between 0.5 to 4 in the decolorized

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




car boxybenzal dehyde to p-toluic acid. The hydrogen in conduit 430 is fed at
arate of at least 1.5 tines the nolar ratio necessary. to convert the

4- car boxybenzal dehyde in the 20 crude terephthalic slurry 420 to p-toluic
aci d. Prefven adohysssise hydrogen 430 is fed at a rate of atrhsamboidesy tines the
nolar ratio necessary to convert the 4-carboxybenzal dehyde in the crude
terephthalic slurry 420 to p-toluic id. The b* color is between 0.5 to 4
in the decolorized terephthalic acid™“olution in conduit 435. Preferably
the b* color of the WO 2004/ 035515 PCT/ US2003/ 031957 -28 terephthalic acid

sol ution in cotetphthalidacidsohtibmraranBuiba3bHis Detwdasito.5 iy 2f Boabl y the b* col or
In the decolorized terephthalic acid solution in conduit 435 is between 0.5

to 1.5. . Stepprefralstpy b*sebord hetdatdlored derspittlalitesnid sdlitiddnt erepht hal i c
acid 5 solution in conduit 435 in a crystallization zone 445 to forma
terephthalic ecwiddit#d6éobetweemnfSyo il conduit 455: The crystallization zone
445 conprises a vessel or plurality of vessels capable of renoving water
via conduit 450 fr dtep 3 cvapobey drystallizingsaigptiednidrized tarephtsaicudcidon i n condui t
435 to produce an terephthalic acid 10 aqueous slurry in conduit 455.
Typi cal |y the saldgtion in condnit435dn arcnistatizationszene ddiide fdrini artetephthalicevi ousl y
described. -Generally; the terephthalic acid aqueous slurry in conduit 455
has a terepht hagid equedus sbusryde sonduitiddh. of from 10 to 60 wei ght percent,
preferably from20 to 40 wei ght percent. Exanples of such systens can be
found in U.S. pat enfhe Gygalizagan zenecidbogprisas dgesssborplaklityiof ch are herein
I ncorporated by reference. The tenperature range of the terephthalic acid
aqueous sl urr yvesselssagable ofimoving water via conduit 450 from the decolorized
terephthalic acid solution in conduit 435 to produce an 'terep‘h_tha[ic acid
10 aqueous siurry in conduit 455, Typically the vessels comprise at least
- one crystaliizer as previously describéd. Generally, the terephthalic acid’
agueous siurry in conduit 455 has a terephihalic acid concentration of
from 10 to 60 weight percent, preferably from 20 to 40 weight percent. -
Examples of such systems can be found in U.S. patents 5,567,842 and
15 3.93‘f 305 bath of which are herein incorporated by reference. The
temperature range of the .terepﬁthalic acid aqueous slurry in conduit 455
is from 120 °C to 270 °C. The pressure range of the crystallizing is from
75 to 1400 psia.
Step (4) comprises removing a portion of p-toluic acid
20 contaminated water via condult 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 acidfdiol mixture in conduit 475.
The purpose of the liquor removai zone 460 is to replace the p-
toluic acid contaminated water with a diol in conduit 470. The diolin

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




is from120 Cto 270 C. The pressure range of the crystallizing is from 75
to 1400 psia. Step (4) conprises renpbving a portion of p-toluic acid 20
contam nated water via conduit 465 in the terephthalic acid aqueous slurry
455 by addvogoeaosised in conduit 470 in a |iquor renovalpcaarseoodosioso produce
said terephthalic acidtdiol mxture in conduit 475. The purpose of the

| i qguor renoval zone 460 is to replace, he p- toluic acid contam nated water
with a diol in conduit 470. The diol PR 25 conduit 470 is selected froma
group consisting of ethylene glycol, WO 2004/035515 PCT/ US2003/ 031957 -29
di et hyl ene gl ydisthylene blytcyl| sbatyEng efiicol, iFbutylénd gincol H-prpliend geslpyl ene gl ycol ,
1,4 but anedi ol, cycl ohexanedi net hanol, and m xtures thereof. Preferably,
the diol in cohdlbutanddidl, cgcietidxghediaethbnal,aind ninures krdofl conduit 470 is
introduced into the liquof renoval zone 460 via conduit 470. The 5 renoval
of the p-tol uiRrefecady,dbe timhinrcandult 4%Xisethylene glynduThe diobiniconddie | i quor
renoval zone 460 can be acconplished using variety of techniques including,
but not |i m t et¥&is jnteogoterhiot the dquarirdrogyst zane 460nda conduitd@0i dhe - The key
factor in the liquor renoval zone 460 is to select a tenperature range
wher e the bt ormovalafithie pitriuid acid cooirpinatetdavatenvia conduit4as|in fhreef er abl y remai n
with the aqueous nother liquor instead of remainingwith'thwtereplitfialc
aci d. - Tfi e |i digoer iegravabzaile 468ven be@ccampishedusingvariataolgje of 120 C to 270 C,
preferably in the range of 120 C to 150 C. The p-toluic acid contam nated
wat er i s renoveehniques ineuding.toutae limitae ta, eyaienesncentéfugaiionhand ¢ aci d/ di ol

m xture is renpved via 15 conduit 475. The resultant "terephthalic acid/diol
m xture in corfditations Abe key factor in the liquor removal zone 460 is to select a

temperature range where the p-toluic acid and 4—carbo$cybenza!dehyde
10  will preferably remain with the aqueous mother liquor instead of
operates in a range of ;|20 °C to 270 °C, preferably in the range of 120
.°C to 150 °C. The p-toluic acid contaminated water Is removed via
conduit 465. The resu_lt?nt térephthalic acid/diol mixture is removed via
15 c‘ondﬁit 475. The resultant terephthalic acid/diol mixture in conduit 475
is adequate as feed material for.th_e esterification of tér’ephthalic acid

with a diol to produce the ester of terephthalic acid.



I s adequate as feed material for the esterification of terephthalic acid
with a diol to produce the ester of terephthalic acid. -30- WE CLCAIM 1. A
process for producing a carboxylic acid/diol mxture, said process
conprising adding a dial to a decolorized carboxylic acid solution in an
esterification reactor zone to renove a portion of the water by

vapori zation to formsaid carboxylic acid/dial m xture; wherein said
carboxylic acid and dial subsequentlyspeacts’in said esterification zone to
forma hydroxyal ky ester stream 2.. A process according to claim1l wherein
sai d Carboﬁ*ﬁgﬁﬁiﬁ%d Is selected froma group consisting of terephthalic
aci d, |sopht ici d, napht hal ene di carboxylic acid, and m xtures thereof
3. A process for producing a carboxylic acid/dial mxture, said process
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carboxylic acid and dial subsequently reacts in said.esterification zone to
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sai d decolorizing is ‘acconplished by reacting said crude carboxylic aci
sol uti ongage: h hydrogen in the presence of a catalyst in a reactor zone to
produce said decolorized carboxylic acid solution.

(a) mixing a crude carboxylic acid powder with water i_q a mixing zone to form a crude
barboxylic acid solution; wherein said carboxylic acid is selected from a grﬁﬁp consisting of
terephthalic acid, isophthalic acid. naphthalene dicarboxylic acid, and mixtures thereof,

(b) decolorizing said crude carhoxylic acid solution in a reactor zone to produce a
‘decolorized cﬁrboxylic acid solution; |

(c) optionally, flashing said decolorized carboxylic acid solution in a flashing zone to
remove a poftion of the water from said decolorized carboxylic acid solution; and

(d) adding a diol to said decolarized carboxylic acid solution in an esteriflcation reactor
zone to remove é portion of the water by vaporization to form said carboxylic acidldiol mixture;
wherein said carboxylic acid and diol subsequently reacts in said esterification zene to form a
hydroxyalky ester stream.

4. A process according to claim 3 wherein said decolorizing is accomplished by reacting said
crude carboxylic acid solution with hydrogen in the presence of a catalyst in a reactor zone to
produce said decolorized carboxylic acid solution.. |

5, A prbcess according to ¢claim 1 or 3 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, ¢cyclohexanedimeathanol, and mixtures thereof,



5. A process according to claim1l or 3 wherein said dial is selected from
the group consisting of ethylene glycol, diethylene glycol, n-butylene
glycol, i-butylene glycol, n-propylene glycol, 1,4 butanediol,
cycl ohexanedi met hanol , and mi xtures thereof. -31- 6. A process according to
claim4 wherein said catalyst in said reactor zone conprises a group VIII
metal or conbination thereof. 7. A process for producing a terephthalic
aci d/diol mxture, said process conpriging adding a dioi to a decolorized
terephthalio acid solution in an estér cation reactor zone to renove a
portion of the water to formsaid terephthalic acid/diol mxture; wherein
sai d t&r epftMHarass ageqrding friclaim:A wgamg;gmialyst in aaid reactor 20ne domypiisesiafgraupt | on
zone t\? forma héd,r oxyal ky ester stream 8. A process for producing a
t.er ephYIHametal o combinatiain theeelir e, sai d process conprising the fol | ow ng
steps:_(a) ,m xing a crude terephthalio acid powder with water in a m Xxing
zone to foPfﬁfac%gw@m%memmhtf@l«aﬁwd@bm yre,paid prpcersconprising addinga diol
crude terephthaljc acid solution in a reactor zone to forma decolorized
t er epHPRAscelctizad tetephthalicarid selytionin ap eslerification seastor gorafaremeve Rportion ¢f the
~terephthalic acid solution in a flashing zone to renove a portion of the
wat er ‘P?*ﬁfntng%fPhs tesrrithalic acididiol pibatwre Wge"alﬂi sqidtsraphthelic acid and diol subsequently
diol to said decolorized terephthalic acid solution in an esterification
react dPactﬁ‘Hh%a‘f‘B&?’g{?B{W‘ zona 4o {ardy vdrepvalkygster stisanyapor i zation to form said
tereph hal i,.c aci d/diol, m xture; nerein said terephthalic acid and di ol
subsedhent APTPEESE fof pfoducing GL{E'?PE?“\F{\'IP‘F peid/dighmixiine. aaie prasesscompyising thedpllowingst er
stream, 9. A process according to claim8 wherein said decolorizing is
acconpﬁt?%shed by reacting said crude terephthalic acid solution with
hydrogen in the presence of a catalyst in said reactor zone to produce a
decol ori ze() camigrg hictudederepbthblit acid powder withpyaderds s raizing zonety form aleaiden 8
wherein said crude terephthalic acid powder contains a _
terephihalic acid solution; h

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

(c) optionally, flashing said decolorized terephthalic acid solution in a flashing zone to
remove a portion of the water from said decolorized terephthalic acid solution; and

(d) adding a_diol to said decolotized terephthalic acid solution in an esterification reactor
zone to remove a portion of the water by vaporizatioh to form said terephthalic acid/diol mixture;
wherein said terephthalic acid and diol subsequently reacts in sa-id esterification zone to form a
hydroxyalky ester stream.
8. A process according to claim 8 wherein said decolorizing is accomplished by reacting said
crude terephthalic acid solution with hydrogen in the presence of a catalyst in said reactor zone to
produce a decolorized carboxylic acid solution.
10. A process according to claim 8 wherein said crude te@phthalic acid powder contains a
concentration of p-toluic acid and 4-carboxybenzaldehyde less than about 900 pj:m by weight.
11. A process according to claim 7 or 8 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, cyclohexanedimethano), and mixtures thereof.



concentration of p-toluic acid and 4-carboxybenzal dehyde | ess than about 900
ppm by weight. 11. A process according to claim7 or 8 wherein said diol Is
selected fromthe group consisting of ethylene glycol, diethylene glycol,

n- butyl ene glycol, 1-butylene glycol, n-propylene glycol, 1,4 butanediol,
cycl ohexanedi net hanol , and m xtures thereof. -32- 12. A process according to
claim7 or 8 wherein said diol is ethylene glycol. 13. A process according
to claim8 wherein said crude terephthad.c powder has a b' color less than
about 7. 14. A process according to claim8 wherein said mixing occurs at a
pressure between about 900 psia to about 1400 psia. 15. A process according
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to claim V\?erel n said reacting occurs at a pressure between about 900
psi-a toazi’ﬁ L U00 psia. 18. A process according to claim9 wherein said
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terepht ion. 19. A process according to claim9 wherein said
cat al yst* H]tSagS dlr‘@g %r zone conprises a group VIII metal or conbi nation
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a tenper %t ur i p?crnc%%; gi:cotrglng to claim 9 wherem said reacting occurs at a temperature greater than
abput 230 °C.

17. A process according to claim 9 wherein said reacting occurs at a preésuré between about 800
psia to about1400 psia.

18. A process according to claim 9 wherein said reacting occurs at a hydrogen flow rate of about
1.5 times the molar ratio necessary to convert 4-carboxybenzaldehyde to p-toluic acid fn said crude
terephthalic acid solution.

19. A procéss accordihg to claim 9 wherein said catalyst in said reactor zone comprises a group
VIli metal or combination thereof.

20. Apracess according to claim & wherein said flashing occurs at a temperature greater than
about 150 °C. 7

21.  Aprocess according to claim 8 wherein said flashing occurs at a pressure beti.veen about 76
psia to about 1400 psia.

22. A process according to claim 8 wherein said adding accurs at a temperature greater than
about 240 °C.

23. A process according to claim 8 wherein said diol is ihtroduced into said esterification reactor
2one at a temperature between about 150 °C to about 300 *C.

24. A process according to claim 8 wherein said adding occurs af a pressure between about 40

psia to about 100 psia.



about 240 C. 23. A process according to claim8 wherein said diol is

I ntroduced into said esterification reactor zone at a tenperature. between
about 150 C to about 300 C. 24. A process according to claim8 wherein said
addi ng occurs at a pressure between about 40 psia to about 100 psia. -33-
25. A process for producing a terephthalic acid/ethylene glycol m-xture,
said process conprising the followng steps: (a) mxing a crude
terephthalic acid powder with water In3a m xi'ng zone to forma crude
terephthatic acid solution wherein said nmixing zone is operated at a
tenperature greater than about: 230 co, wherein the pressure in said mXxing
zone is2b6n aA pemsgss fof praducing 8 dfepithalictacidisiydenciglp®! mitture, sajithpiogess qomprising
concentration of said crude terephthalic acid in said crude terephthalic
aci d sokhefoliowingsteps: a range of about 15% to about 35% by wei ght; wherein
the color of said crude terephthalic acid powder is |less than about 7
measured by (a); widngacrudedenephthalicrasidcpovwdesnwith watgr ipa sixing zeneto form a crude

car boxybenzal dehyde in said crude terephthalic acid powder is |ess than
about 9tgephihalisyacifesiolition whetsin said mibdng zanads operatedal g dempsralyrg greateE thapjaout
solution with hydrogen in a reactor zone in the presence of a catalyst to
form a @806Cpwhereid theeprep$irain said mbing 200 s Indrangs of aliont 80Q) paia e abiopt 1400 psia;

- conprises a group VIIl metal or conbination thereof. wherein said hydrogen
i S i nt r evhessintherdoncerdiation obsaid cude terephihalic atid dmeaid crude terapitbaliciachl solutien ixine
nmol ar ratio necessary to convert 4- -carboxybenzaidehyde to p-toluic acid in
sai d cr adengecof@bhutti% to abmiut 38% bytwedght; wheseie the eldrbfisaidcridederepbtialicacd a
tenperature greater than about 230 C, wherein said reacting occurs at a

pr essur gowherisiess thenakoutD Mepsiurad by b ivherein th@dotat cencepieationof pdeluicland 4-

fl ashing said decolorized terephthalic acid solution In a flashing zone to
renove aapoxylicoraldéhydetnsaif cone serephthalicacisk pawsigr isdesstham abous 980 pamdyiweighdn
wherein said flashing zone conprises at |east one flash vessel operated at
a pressure i)t hdecelotdgingsaidpude terephihalis acid sphdion withAgdrogen i a eeagtoneenedn the

said vessel is operated at a tenperature in a range greater than about 150
presence of a catalyst to form a decolorized terephthalic acid solution; wherein said catalyst

comprises a group VIl metal or combinafion thereof, wherein said hydrogen is introduced into said
reactor zone ata flow rate of about 1.5 times the molar ratio necessary to convert 4-
carboxybenzaldehyde to p-toluic acid in sﬁid crude terephthalic acid solution; wherein said reacting
occurs at a temperature greater than about 230 °C , wherein sald reacting occurs at a pressure
between about 200 psia to about 1400 psia;

() optionally, flashing said decolorized terephthalic acid solution in a flashing zone to
remove a portion of water from said decolorized térephthalic acid solution wherein said flashing zone
comprisés at least one flash vessel operated at a pressure in the range of about 75 psia 1o about
1400 psia; and whetein said vessel is operated at a temperature in a range greater than about 150
°C; and

(d) adding a diol to said decolorized terephthalic acid sclution in an esterification reactor
zonhe fo remove a portion of water by vaporization to form said terephthalic acid/ethylene glycol
mixture; wherein said carboxylic acid and diol subsequently reacts to form a hydroxyalky ester

stream; wherein said diol is ethylene giycbl at a temperature in a range of about 150 °C to about 300

*C.



C, and (d) adding a diol to said decolorized terephthalic acid solution in
an esterification reactor zone to renove a portion of water by vaporization
to formsaid terephthalic acid/ethylene glycol mxture; wherein said
carboxylic acid and diol subsequently reacts to forma hydroxyal ky ester
stream wherein said diol is ethylene glycol at a tenperature in a range of
about 150 C to about 300 C -34-. . 26. A process for producing a
carboxylic acid/diol mxture, said proggss conprising renmoving a portion of
the p toluic contanm nated water in an aqueous slurry by adding a dial in a

| i quor renoval he to produce said_canRPXYILc aci d/ et hyl ene gj%col m_xt ure.
28. A'process for producing a carboxylic ach diol mixture, said process comprising removing a

portion of the p-toluic contaminated water in an aqueous slurry by adding a diol in a liquor removal

 Jbrie to produce said carbaxylic acid/ethylene glycol mixture.



