WD 02/ 098835 PCT/ US02/ 17219 1 CRYSTALLI ZATI ON METHOD FOR PRODUCTI ON OF
PURI FI ED AROVATI C DI CARBOXYLI C ACI DS BACKGROUND OF THE | NVENTI ON [ 0001]
Ter epht halioco2assss ( TPA) i s one of the basic buil ding bl ockrt/vsoehe219
production of linear polyester resind used in the nmanufacture of polyester
films, packaging materials and bottles. TPA used in the manufacture of
such polyesters resins nust neet certain mninmumpurity requirenents. The
purified condition of terephthalic acid refers primarily to the absence of

signi ficant concentrgRY®TALYZATICN quglmzpb@pRmmgaCf@[@BA) and p-toluic
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acid are partial oxidation products forned in the nmanufacture of TPA by

t he cat ' | The purified formalso refers to the
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fromcrude TPA, the 4-CBA and t col or bodi es are hydrogenated, the 4-CBA
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wat er i s “subj ecte phase rogenation o urrties in
t he pr esamemeddialravaitabls giaded cxﬁrterbbh’é@llba«ilcb aBathyGBA aﬁhﬁommﬁd iase

ted t.ol ' hi | d The h t
r ocess TRt ieiEedaedibhe nindsiurs of RBhbY BeGEBINE S8HEIRI ng
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(0.05 t .0 Mpa). The concentration of the TPA in aqueous TPA soI utions
fed to m’ﬂ@rwgﬂ@fgey@lh\nohue &atteoerudg phaterialy The celot hedieamge asimatic t o 30
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they act as chain terminators during the condensation reaction between terephthalic
acid and ethylene glycol in the production of poly(ethylene terephthalate) (PET).
[0002] To obtain purified terephthalic acid (PTA) from crude TPA, the 4-CBA and the
color bodies are hydrogenated, the 4-CBA to p-toluic acid and the color bodies to
compounds that are colorless solids. Typically, crude terephthalic acid dissolved in a
solvent such as water is subjected to a liquid phase hydrogenation of the‘ impurities in
the presence of an immobilized or fixed bed catalyst. The 4-CBA is converted to
p-toluic acid in high yields .
[0003] The hydrogenation process proceeds at elevated temperatures of between
250°C and 280°C using a partial pressure of hydrogen in the range 0.5 to 20 bars
absolute - bara (0.05 to 2.0 Mpa). The concentration of the TPA in aqueous TPA
solutions fed to the hydrogenation reactor typically is in the range of 15 to 30 weight
percent. The hydrogenated product stream normally is passed to a series of
crystallization units in which purified terephthalic acid (PTA) is crystallized from

solution in a crystalline form that can be readily filtered and dried.



WO 02/ 098835 PCT/ US02/ 17219 2 [0004] The staged equilibrium
crystallization technique is described in U S. Patent 3,452,088 which

di scl oseswohe/oogsssr ol | ed evaporation or flashing of sol verrCTysobark9
pressure regulation in nultiple stage2 to control the rate at which the
hydr ogenati on product streamis crystallized. US 3542088 di scl oses t hat
shock cooling of the post- hydrogenation streamto tenperatures bel ow 165C
shoul d be avoi ded since shock or sudden cooling pronotes the
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Fact "t oot BT SR a e T st le BRI e i iebon:
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was determ ned that a fina tration tenperature of between 1 and 149C
i s desilietained rmmeethan@Ppugblsml\(enawa&rdomev&rrt@atwatlm orelsrsersatmmtilcﬁo ppm in

the fi TPA duct, when ;t he crude , nater, has a conc rati pn,from 500
opm t ok Boehen i Brhshcis, Bolple i Mev e deat eirBs LEE MR 5 oy scem
wher ei nPZf3At B4 52, 058 @Ué}gé’sﬂg thatih& cbﬁ@hnn@tiorsg_ﬁér@n@mmgqh egnwayal lizers,
the tenperature endent precipitation of becones critical bel ow a
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to this temperature. It was determined that a final filtration temperature of between

121 and 149°C is desired to obtain a p-toluic acid concentration of less than 150 ppm
in the final TPA product when the crude material has a concentration from 500 ppm to
6,000 ppm.

[0005] U.S. Patent 3,931,305 discloses that in a system wherein TPA is crystallized
in a train of series-connected crystallizers, the temperature dependent precipitation of
TPA becomes critical below a temperature between 160 and 182°C. The ‘305 patent
thus recommends that the majority of the TPA be crystallized before this threshold is
reached to minimize contamination with p-toluic acid. More specifically, the ‘305
patent discloses the crystallization of 75-95% of the originally dissolved TPA in
substantially equal portions in the first two crystallization zones at a temperature of
160 to 182°C and thereafter crystallizing the remaining 5-25% of the originally

dissolved TPA in decreasing incremental portions.



WO 02/ 098835 PCT/ US02/17219 3 [0006] Another limtation on the recovery of
TPA substantially free of p-toluic acid is set by the | owest processing

t enper at un® @to9sdssch t he TPA solids can be separated fromdimeso2/17219
crystallization nother |iquor. Based 6n the above-cited patent literature,
this tenperature is above the normal boiling tenperature of the water

sol vent. Hence, any process for separating the TPA solids fromthe
crystallization nother |iquor nmust be conducted at superat nospheric

pr essur [X006$ucAncther nitatiomen/thdrécvef ol BRA suBStantidlE FePaf pltblak fsiyiignent
to have a nore robust construction than its atnpspheric or near
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crude ° BEIGGS OlsSRRATAHRI g?eg iSelidg bandeeygalization P‘Pél?%".“q!’ﬁé”bﬁéﬁelnt
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acid containing l'ess parts per y werght (ppmw)’ p-toluic
aci d, bthsegsepamatidreequipgiant éd hae a mereepbubbdinstraction than ithatnsosyieric or

| Sj o i di | yti taini 10 to 35, L ght. t
i 5ol vhB alsePRil b Shid soRnlfro e SEaf et e siencngint bl oy
p- t ol ui mvasintentRse LiselofldimospREAS br Réart dtthdspheRd bhedsuse 8epstaBibgsent, and
havi ng a tenperature of 260 to 320C at a pressure sufficient to nmaintain

t he sol 9ewWpment ishdesiralle-d phase; (2) feeding the solution of step (1) to a
crystallization zone conprising a plurality of series-connected
crystallizers wherein the solution is subjected to rate-controlled

evapor aSLNEVARY ORJTHIE INRENTION reduction in pressure and tenperature to
cause cw@%\l %hzatlon of terephthalic acid, wherein the pressure of the

sol utio 8 PERRERfiNYSdiony RIoVidep iaRioress Pohee recoyrpi ehpuriiedsEfe or
b . N
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returning the con nt tot ation zone a

subsequenidet A heinga yequerdezafrsefiesroonhectedidrystakiizendst AiheephesantinVWehtion

02/ 09888’%VF es/augpozc/e%g%rg the recovery of crystalline terephthalic acid containing less -
than 150 parts per million by weight (ppmw) p-toluic acid, based on the weight of the
terephthalic acid, by the steps comprising:

(1) providing a solution containing 10 to 35 weight percent dissolved terephthalic
acid having dissolved therein 150 to 1100 ppmw p-toluic acid, based on the
weight of the terephthalic acid present, and having a temperature of 260 to
320°C at a pressure sufficient to mainfcain the solvent in the liquid phase;

(2) feeding the solution of step (1) to a crystallization zone comprising a plurality of
series-connected crystallizers wherein the solution is subjected to rate-controlied
evaporative cooling by sequential reduction in pressure and temperature to
cause crystallization of terephthalic acid, wherein the pressure of the solution at
the end of the crystallization zone is ambient pressure or less;

(3) condensing solvent evaporated from the crystallizers and returning the
condensed solvent to the crystallization zone at a point subsequent to the

crystallizer from which it was obtained; and



4 (4) recovering solid, crystalline terephthalic acid containing | ess than
150 parts ppnmw p-toluic acid, based on the weight of the terephthalic
aci d, by Wwogeiodsssel i d separation at anbi ent pressure. Ac@®ETdiSvg/ 1129 our

i nvention, solvent evaporated from at 4 east one of the crystallizers
constituting the crystallization zone is condensed and recycled to one of
the subsequent crystallizer stages. The advantages provi ded by our novel
process include the recovery of terephthalic acid in an inproved

cryst al {4) nl%cb@ém\g\"sbﬁd,'&%ﬁalliﬁé!t&%?ﬁthélic%cid Sorbinirtg S5 3han 950 parki cl es of
TPA, which can cause problens in the handling and conveying of the TPA

Anot her adPpmMagdollic acid, haseduen theeweigbt 9f the teeaphitralic agid,app liawidrealidl y

anbi ent pr r btain the sanme recovery of TPA per stage as
dem)nstrat§%§#ﬁﬁ@é?gﬂﬁ?%%{8§%§i,305, the tenperatures can be staged much
cl oser Aecsraify td8Tinvéntione soNeAEFHOPAtetTrROM a8 $ed¥t ohB\(F ithe Orystelliess

al l owi ng shock cooling of the post- hydrogenation streamto _be m nim zed at

t he ten%?séwir@sth@m%awgaﬂoworﬂ% apidensed angdgesaysied &jope @hthsol uti on. The

corol | ' 3 ' : f; es
deronst § i quERt B8l T Sods” Be Sldithned Bidt B AFIIBIAER?,

f r om soinctuderthatretdzvery tofiterd phithiatic beidpiaramt improved e:jystdﬂmﬁmmem h lﬁsepgr at ed
as desgribed in this ipvention, For gi ven residence tine an roduction
rate, tHEeSudmmRmal CREIAS Py BRACSSRETPA MHIFh S8h 57UEH TORIBRSLE tafbscr i bed
herein 8 i t v } i S the
initial hér%%%centé\g)ﬁl%%aﬁﬁe %uﬁbgﬂﬁ%{ gegﬁéﬁtﬁsﬁllgwgﬂ?ﬁpfg{egﬁﬁé@ ajt?far geting
t he san@mbigiiondporedmataly amiienttpressurae final product stream The smaller

vol une is required of the crys izers results in ignificant cost
savi ng. 0PR8I . To oBHh 58 ef GroYask Bt dif e € dbinaruet W Soor ted 1o
cause | patenp3i981UB05 ankdeinPeRRufe cHnYisd ldgedafudh tidsEn® ddth othBr i ther t her
contrasts the present process fromthe process and the critical tenperature

range B@Seps Behe pragest invantion, By gliowiny shogbegplire:ef deePast- condensed
2vapor ol LHEBE S ol b BERER Aabh (o RARE e AT B TEn s

evapor a nown as oes no he requl renents
of the prystadlived frorardolutions iTheeosolzny af thid biaterabnkisralsstrast thapatthean
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from solution at the stated unit temperatures when the system is operated as
described in this invention. For a given residence time and production rate, the
volume of the crystallizers required by the process described herein is much smaller
than the volume required by known process as the initial TPA concentration in
solution is much higher while still targeting the same suspended solids content in the
final product stream. The smaller volume that is required of the crystallizers results in
a significant cost saving. The crystallization of TPA at higher temperatures is
reported to cause less p-toluic acid to be co-crystallized with the TPA. This further
contrasts the present process from the process and the critical temperature range
described in U.S. Patent 3,931,305.

[0009] Recycle of condensed solvent directly back into the crystallizer stage from
which it evaporated, commonly known as total reflux, does not meet the requirements
of the present invention since such a reflux stream is acting as an additional feed

stream diluting the TPA laden feed stream. This increase in total feed material



5 requires an enl argenent of the vessel volune to maintain a given
residence tine which may not be desired. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0010] Thwoamoesgsanyi ng Figure is a process flow di agram iddTussoeatiing a
process for the recovery of crystallisne terephthalic acid enbodying the
principles of the present invention. Wile the present invention is
susceptible to enbodinent in various forns, there is shown in the Figure
and hereinafter described in detail preferred enbodinents of the

i nvent !r@guiré@mvaﬂarqsh?ermcﬁt%ltxeﬂewbm £ haidt8ink® ghRRTEEREREE fiffRe an
exenplification of the invention wthout limtation™to the specitic

embodi néhich may natbe gesited DETAI LED DESCRI PTI ON [ 0011] Crude aronmatic

di carboxylic acids such as TPA may be prepared by a variety of known

oxi dation processes. For exanple, p-xylene may be contacted with oxygen or

an oxydJeRiER MESCRMITION OMTHEDRAPINGS of an oxidation catalyst and an
carboxylic acid solvent in a first reactor. Catal ytic oxidation

| i phatj
gf | Ito hgt f&&wl ehBe BRCPmPanyingtFigureds roprosess flawatiagram Hlystraigiehe psecass foo
P cond BTebaler SR HAAIRE fetdbhinalB sl bABERMNEIRe BRES Srnt Beidhtd, gen

whi ch iisvémiibri.oWHile the poeskntdacntionds sascatibheltorembodinent if arous fsrsequal
tric flow rate. The internedi ate

to 3% of |ess of the first reactor ,volu . .
pr oductth_faée & i the "It"ﬂ‘ér%%'ﬁ‘ghﬁ@ _ rﬁspﬂpﬁﬁ’ BUG%E“ R'eleffeAed product.
Al t er naghB8Himents Bﬁtr@iﬁ{mvétﬁﬂ&*i.oﬂl%%%hrt?ﬁ gr%ﬁt%c%é Eziié {Sogz‘[i\é\;/ g&ﬁ&&@%d"’”er en

p-xylene is contacted w oxygen in presence o nt an

oxi dat i ¥hao &xempdificatircol thierigverdionhivithout litdtatianite ¢he specific enbodaments

cont ai nih&l# %g | east 50% oxygen is introduced into the recirculating flow
react or’ “IH g'eactor is maintained at a tenperature of from 100 to 200C
and a pressure of from6.9 to 13.8 bars gauge - barg (100 to 200 pounds

per' square inch Q&SI‘?I) The contents are naintained within the reactor
for a riBEiTAdHde DESGRIBIIGNom 30 to 90 ninutes. Another process for the

prepar afoigﬁiboérﬁéjgﬁ)n%:& diﬁ@{ﬁ%{)}(&/ﬁ@gciﬁggueﬁia@aﬁw &%%B%%gg%gy a variety

sol vent® | éne mxXture w a contindous pl'u
PCT/ USO&/ KnitirDoxiGafibropracesets.o For erempld)ipckylése frynssl contastedl witibijygerpf

plug f lng\ér{ ggfée%r—cs:éntginﬁ)llwéj (521% iil'E %/heogresence of an oxidation catalyst and an aliphatic
carboxylic acid solvent in a first reactor. Catalytic oxidation of the p-xylene in the first
reactor occurs at a first temperature to produce an intermediate product. The
intermediate product is fed to a second reactor wherein the first reactor product is
contacted with oxygen which is fed to the second reactor at a second volumetric flow
rate equal to 3% or less of the first reactor volumetric flow rate. The intermediate
product is digested in the second reactor fp produce a refined product. Alternatively,
TPA may be produced in a recirculating flow reactor wherein p-xylene is contacted
with oxygen in the presence of a solvent and oxidation catalyst. According to this
alternative process, a gas containing at least 50% oxygen is introduced into the
recirculating flow reactor. The reactor is maintained at a temperature of from 100 to
200°C and a pressure of from 6.9 to 13.8 bars gauge — barg (100 to 200 pounds per’
square inch — psig). The contents are maintained within the reactor for a residence
time of from 30 to 90 minutes. Another process for the preparation of crude TPA

comprises the oxidation of a 30:1 solvent:p-xylene mixture within a continuous plug



continuously stirred tank reactors or conbination of the two. The inlet
tenperature of the continuous plug flow reaction zone is |l ess than the
out| et tewwenabesse thereof. [0012] The crude terephthal i ccacush2i@id) solid
produced, for exanple, by the oxidatiéon pf p-xylene is recovered fromthe
oxi dation process by conventional solid- |liquid separation techniques. The
CTA typically contains inpurities such as 4-CBA, fluorenones and p-toluic
acid. For exanple, the conbined total concentration of 4-CBA and p-toluic

acid i “ﬂbklﬁ‘re%ﬁoﬁ%bh Swhbéﬂ'@?drh*)éd‘ %%ﬁ‘g%ﬁ’[yéofég%; %@af@%ﬁ]ﬁl%ﬁg%# y 150

to 900 ppnmw, and sti nore typica
purifi c@phtjnu@lﬁsly Is’errén‘ Aardorgaciase er hgohbotioatafrige te Thdinlet ieomperatur€BA t o

-tol d.and t | or_bodi lor b Lt
Pol or | a8 ShBidimato HPudieathin ane FieSeHir G4t RmaStenRedheri on of
10 to 3500420Mthe @@Uéqaﬁepﬁwa@caddi&;Tmyﬁliarﬁehuceeﬁ fépeﬁa'inqjﬁ pithger cent CTA

in a solvent such as acetic acid preferably, water e CTA sol ution
i s for meXidajionddP-rygendis ebvered fmméln@pxtgdabtbn omcess by canvpetienalselidhat i s

Cermer o AEL R IR RS 348 G SRR AP AR B sl e

range offludtéhdres3Apuslulttadid ssbr/@mmplec theaﬁom@tn@a tb’@ﬂdbrﬁ@rttll‘mfbn drhe
sol uti O]«Ql Be mai nt ai ned at an el evat ed Blr ess a pressure in the

range of*-CBé ang pteluie agid i Hieseidselids é’ic'@"m%@(i&@ 1[9(9&91@Wp@9r%quar e inch
absol ut ‘i‘y;ﬁl@é!f?j 0td Qgéﬁmweangs%lﬁ%r‘étth 156‘% Sé@ﬁgm\@r' | quid phase

hydr ogenat 1 o y contacting the | on w ogen in the
pr esenc§0013]a Thedporfesadion arf ttmaCé'Amnprcseg hydaogemzﬂ)lhg tiae ()1]'[25\ tgldonveetGBAON a

t al t t | t f t to b
Py cir oo PaREG AR KBrAURReIow i Ep GUorR ol RoFIATD R ERHESS 4- CBA ar e

convert %@rﬁpbddd'éomewﬁt@ﬁ‘éf frel OTAS pRFidD a rc%ﬁ@&ﬁthib%' of-10°RBEWBRHE hat there
is substantially conplete conversion of 4-CBA to p-toluic acid and assum ng

t hat t he@ereem G aelidas prefaratdy 2ho Bpaveighinearcent @%m asolvast aucdtvadi ned

t ot al on _of CBA a aci 0,.t0.1 t hen
the condBElt aetbt Breteratly NeA o CIR sl el bt B8 d ¥t are
hydr ogeshirnpof CEAGD @f tefriferataird Bt isuifidiont toqmmw@ﬂfeemmaﬂtﬂf@ TPA present.
Simlarly, if the conbined total concentration of 4-CBA and p-toluic acid

in the $OnNGentsatiqredesiced, ged-hipmpryaiues bhthedaegeof 260 168204C 9§@Ilmgn02/ 098835
PCT/ Uso%ﬂﬂ%%flag[ure% iRRAY rQﬁgééPZé(?toS%@Mng %néjol\%m%h@ma's%ét}ér Pe%ﬂﬂjeethgt 4- CBA

conversi on
the solutlon be maintained at an elevated pressure, e.g., a pressure in the range of

46.9 to 113 bars absolute - bara (680-1640 pounds per square inch absolute (psia).
[0014] The CTA solution is subjected to liquid phase hydrogenation by contacting
the liquid solution with hydrogen in the presence of a hydrogenation catalyst, e.g., a
noble Group VIII metal on a catalyst support material to cause certain of the
impurities to be hydrogenated to other compounds. For crude TPA, fluorenones and
4-CBA are converted to fluorenes and p-toluic acid, respectively. Assuming that there
is substantially complete conversion of 4-CBA to p-toluic acid and assuming that the
CTA solution fed to the hydrogenation reactor has a combined total concentration of
4-CBA and p-toluic acid of 150 to 1,100 ppmw, then the concentration of p-toluic acid
alone in the product stream from the hydrogenation reactor 110 is 150 to 1,100
ppmw, based on the TPA present. Similarly, if the combined total concentration of

4-CBA and p-toluic acid in the solution fed to the hydrogenation reactor is 150 to 900



assuned, the p-toluic acid concentration in the product streamfromthe
hydr ogenation reactor is 150 to 900 ppmw or 150 to 500 ppnw, respectively.
[ 0015] Theoovzagsessat ure of t he hydrogenation product streabPCTAHpOXERI%Y IS in
the range of 260 to 320C. The hydrogenati on product streamis fed to a
crystallization zone conprising a plurality or sequence of
series-connected crystallizer stages that together operate to reduce the
tenperature of the post-hydrogenation streamto a |ower tenperature,

t ypi cal | PPTBY 613G 6500ppew, yaridcsubisyariially cofrtléde SFEBA eshvekdion id n

t enper at ' ni ed. a concurrent precipitatiaon of TPA from

sol ut i On'&l%ﬁurb%g,atﬂ%g}%? 1 a&"ﬁ%ﬁ’?‘@”ﬁ?ﬁ@?éﬂ erfgrogHP'ﬁ.reamémﬁ?Vﬁ alline TPA in
the fi nahydtogeratidn esacsbbk i5DabIgon dpmweRarset Bbdo @Hmw,“?es?%'ct{@élt. using
conventlﬁﬁﬁl a_solid-|I :ﬁqw d separation device such as a cen r|¥uge or
rotary vEtAah fhedempenurecefbediydroganation prodiectsirgacotypidatiy it inctheaaagght ,
preferab Si t preferab four or fiye crystallizers or
Cr yst ol 17220 S Sa0. Hie MiHRIncRatbF bR sPEPatl fed K noriariiegtion 7ena he
process oaypesinga plureityuesédueree dfiteribstahnBeRdUtstailidsr ﬂ@g%fﬂ%atstagl ng of
t he ten{%’er tures of the sequence of series-connected cryst I zer stages
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stage produces a product slurry, which contains on a soli | ess than
25 ppm 4o devss suphas Eocentrifngeprtrotany vaanird filten Toe ondaiiationt h  t he

present ti.c dicarb ic acid such as TPA js .

D oot SO AR bR RR e B SR et bhsgeees on
feed streystabizecoot croblafiiter 8lages VRO AURADEYS of 895N et Qfagfe%ae?ﬂblag%d Y
reduction of the pressure (as conpared to the' ~ feed stream pre sures

within tHecess gatay(’qu%‘,g g}q qg@ﬁy of therfinal sreducér The agerectsiagingt of thenoved as a
ol vent  RCER e 8f M SofEbnts oF SRS FMATE B Bler Binae® whirerSam fr om
WO 02/ 0988381riCHT ths(iial pRiduict Kithhresseatsd pLioildencitir om whi ch the sol vent
vapor \A%Orlgmﬁed plu'?‘éjlﬂil tolf 8Pyasltall?zre? g!cie;[gie% includes a first and a last crystallizer stage.

The temperature within the first crystallizer stage normally is in the range of 200 to

260°C and the temperature within the last crystallizer stage normally is in the range

of 80 to 100°C. The operating temperatures of the crystallizer stages may become

successively lower from the first to the IaSt crystallizer stage.

The last crystallizer stage produces a product slurry, which contains on a solid basis

less than 25 ppm 4-CBA and less than 150 ppmw p-toluic acid. In accordance with

the present invention, an aromatic dicarboxylic acid such as TPA is crystallized in a

first crystallizer stage by cooling the hydrogenation feed stream by controlled rate

evaporative cooling (or flashing) by a reduction of the pressure (as compared to the’

feed stream pressure) within the first crystallizer or crystallizer stage. Solvent

removed as a vapor from the crystallizer is condensed and some or all of the

condensed solvent is returned to the crystallization zone at a point downstream from



di carboxylic acid is crystallized in a second crystallizer stage at a
second tenperature, less than the first tenperature, while allow ng

sol vent ewapyoaggzdn. Sol vent, either condensed from sol veitr/v@pat21pr oduced
in the preceding crystallizer and/or gfresh solvent, may be added to the
second crystallizer stage. [0017] Each of the plurality of crystallizer
stages has a nmass flowrate of material entering and exiting the
crystallizer stage. The nmass flow rate of material entering the first

crystal {{z&t <elipgr {,ﬁgﬁ’ ng;%ﬁaﬂhe%orv%tr\? iv%g(?r \é/%ggéembgfd.”Raa'tipbgl"%rhgﬁa%c()f

material  exiting st crysta efera mass fl ow
rat e of dicarlsoiyiic aeitt israrystallizbe irf & setond gs/istdllizer staget algesécorgbst anti al |y

equal tp the mass flow rate_of nateri al xiting the last crystallizer
st age. %ﬁ%r]attﬁgc“?s§39%'ﬂ gﬁ first terapergdirgs w H%ab?@@s@'\@nt@uap@wgﬁuon has a

laral i ! gl LY ! !
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elements: 1. Acrystallization unit or vessel (crystallizer
agi t at i 8ndies fieshsobienhsmay e arddedoiodhée spedma coystalizer atdgeed |ine to the

tal 4 D 23 A duct.,. L ). fr th | 1] I t
i o 11 T, e e R T R e e s B amassaiow etfehnateial °7 C"
condensenteningrsHdeaong tHy cigbtaller bBRyeS OFheehiasy ABR ratS of PREA RS Bfterigd 5 A
solvent feed line to a downstream BOI nt or portion of the crystali zZation

zone f othe firstarystpllizes stagpimayasivebRdde 1.3 times themarsssow raigoxfonateniel

Coro! BRI AR ki kb TR AN PAE ask Bl Bud SRR S AR ri
at the thepiinsheiystallizemseagss isrsubstarttiaily eqyalittelthé rerss fovherte ophegsiisl, such as

acetic acid, ,cap  also be used. The operating tenperature of each
cryst al ?¥'§89it%ﬂ’l§ﬁpfyﬁtﬂﬁ%%r%‘i’%tion with the tenperature and concentration

of the S ) x i ki ach stage.
To crys E(?Iqﬁ] z gagﬁ {Béfsg é@iﬁaoértts ?% %?mé?@e&eﬁ%ifbl\f‘\f'h@ Ve '?ﬁec%fr.ﬁpg%té l??‘g a!ﬁﬁ"s‘? be
| ower edoperatiopsi similahites comprisinigube following nEdeleménits: sol vent, e.g.,

ter, | duced t.o all TPA, t talli | nd dent trol of
the  prdsdlFaslizalinn Rot §EREddroisiallerLAGuPaee M AotaRBR ERGASAUaNAR | on
units. PregeWram¥ie fadd@@835 PCT/ US02/ 17219 9 control can be acconplished

by regul ati ng the back-pressure in the crystallization
2. Afeed line to the crystallizer; ~

3. A product removal line from the crystallizer;

4. A solvent distillate or vapor removal line from the crystallizer leading to a
condenser wherein some or all of the solvent vapor is condensed; and

9. Asolvent feed line to a downstream point or portion of the crystailzation zone for

feeding the liquid condensed in the condenser.

[0019] The crystallization unit is a well-mixed constant volume vessel containing a
slurry of TPA crystals. The solvent typically is water saturated with TPA at the
operating temperature of the crystallizer. Other solvents, such as acetic acid, can
also be used. The operating temperature of each crystallization unit in combination
with the temperature and concentration of the feed stream determines how much
TPA will crystallize in each stage. To crystallize a larger portion of the TPA, the
temperature must be lowered to a point where the solubility of TPA in the solvent,
e.g., water, is reduced to allow more TPA to crystallize. Independent control of the

pressure determines the operating temperature of the crystallization units. Pressure



units using, for exanple, but not limted to a valve in the distillate
line. [0020] As a result of reduced pressure (relative to the pressure of

the feed @lg@adsds® the crystallization unit), solvent evagareegrand is
removed fromthe crystallization wunity as a vapor, thus concentrating the

solution. A portion of the TPA precipitate crystallizes on crystals
al ready existing in the vessel, and a portion of the TPA nucl eates as
separate new crystals. The amount of TPA that is transformed fromthe

l'iquid ' i : LA : LG erature
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equi | i bunitsnusiog.denex no e emdlelinghe e .mal |y, e fee
to the first crystallizer is fed below the surface of the slurry contained

t her ei 00Q0Rr As BheshRiof esded fresy@es@dlatietcethefrebyeieastitht ifGed e@8ainsto

hi gher. The increased pressure at this point in the crystallization unit
and t hethegiystallization unity splyept evaprratsscargkisveniqvadtrar thagnstallizatianevi ces
such as; i I ' |t r ' [ i : t he
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cryst al ¢rystatlizes onmrgryystals alreadyeexibtimyinf theivesselrard mgportion af théTEHA
super-satyration, which pronotes t formati f small (ar fin crystals,
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each criygfidbh! | ' i i froma
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crystaljizati nit. The product streamis fed to a successive or
subsequtlgﬁf?eé?@%?gqrﬁizer stage operated at a | ower tenperature, preferably

to a wefolo2n] xRdrragame teé fédetupstiirst otgéaliizbzrtfe@balb the Begass ef 8RCSurry
successi ve cryst allization unit oper ates at a | ower terrper ature, a pOI’t I on
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di sti | | sureownrding fiquiidi receritt éxveesive Ylasrimgy égjitatiomdelive sfyuchtasiintbedlehs equent
crystallizer stgqes and transported to a condenser tQ cool and condense
r

the vapdfie PEVIdsENN dhe srystaizationdinitsofWhae teg SydTodgnatipryeariotpinséitied at WO
02/ 0988stpedrfr ¢ |aOALEE4 S the Arst Hﬁl@;ﬂliegfgpodﬂ?t AULENOBF sificiht ARAhgNBCAf the

vapor to a tenperature substantia
high super-saturation, which promotes the formation of small (or fine) crystals, can be

minimized.

[0022] A product stream is continuously withdrawn from each crystallization unit.
The product stream preferably is removed from a well-mixed zone of the
crystallization unit such that the contents of the product stream represent an average
of the overall contents within each crystallization unit. The product stream is fed to a
successive or subsequent crystallizer stage operated at a lower temperature,
preferably to a well-mixed zone of the next crystallization unit. Because each
successive crystallization unit operates at a lower temperature, a portion of the TPA
remaining in solution crystallizes, which portion is determined by the equilibrium TPA
concentration at the operating temperature of the second crystallization unit 124. |
[0023] As mentioned above, solvent distillate or vapor is continuously removed from
the first and subsequent crystallizer stages and transported to a condenser to cool

and condense the vapor. Either a portion or all of the distillate may be condensed at



the boiling point can al so be acconplished within the condenser. Al or a
portion of the condensed solvent is recycled to the crystallization zone
at a poi nwodvmsssseam fromthe crystallizer from which t PN WaS
removed as a vapor. Preferably, the tondensed solvent is recycled to the
crystallization zone by feeding the condensed solvent to the product
renoval line of the crystallizer fromwhich the solvent was renoved as a
vapor. Any condensed sol vent not returned or recycled to the

cryst al higpbiheNInzaditioRya 88bebbling 8CtheapuP &S 8 téMpbRRurtRAIRH thlI¢ Bel P
system e.g., in reparing the A solution feed to the hydrogenhation
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addition of the dilution liquidtot product stream has ect of

r educi nghit Bets@sca hold-gp veeselfat therslory, Tetairing thenglurry eforeta sclidsliqsdnt i n

t he progduc m Jf no dilution liquid is,added to the product stream
fr o eact APl S sthe SPraid,tid Hbsclitnl pyBiciasie sl R nAiror oauct

st r eam siafiar tothes of thd firse crystalfferstad.i zati on processes in which dilution
liquid is not recycled, the product streamfromthe hydrogenati on reactor

d
i s t husl09243 uerndeasedisplyant fiam amepstese eastaliizar sjagg may berrecyeediai ned
lid TRA; ' - . ' i That
T by EoLGeE R AR RS o teoied I X Bolizel sBh8Uhorn T o
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stage, fgoRsf! THE pPOUl&SHeaftfrbm &MFol Al bf Bk drfQdlistr §85e< mayBEEGildiaYer -
using a dilution liquid such as water at a temperature which is the same as, or
substantially the same as, the operating temperature of the crystallizer stage from
which the product stream was removed. The addition of the dilution liquid to the
product stream has the effect of reducing the overall concentration of TPA and any
impurities present in the product stream. If no dilution liquid is added to the product
stream from each crystallizer, the overall éoncentration of TPA in each product stream
continues to rise. In crystallization processes in which dilution liquid is not recycled,
the product stream from the hydrogenation reactor is thus at such a dilution that the
process will yield a pre-determined solid TPA concentration hold-up after the final
crystallizer stage. That is, by knowing the amount of liquid added and removed and"
by knowing the amount of TPA crystallizing, the solid TPA concentration held-up can
be determined. By the addition of dilution liquid (perhaps water) to the product



[0026] The dilution |liquid added to the product streamcan originate froma
nunmber of sources. Firstly, the condensate fromthe crystallizer stage
from whi cwadrwogassduct s withdrawn may be condensed and Reavusoati9 or

whol Iy recycl ed back to the product $treamfromthat stage. Secondly, a
fresh solvent, e.g., water, supply can be used, in an anmount that is
greater than, less than or equal to the anpbunt of liquid renoved in the
formof distillate. Thirdly, if nore than one crystallizer stage is being
used, ceotrdemsiadre e‘srcxhrnrﬁstatliagem@?&emet&l@ﬂoh hequiretEidi tRe Mitialfeed edenth Bt age
may be recycled to the crystallizer stage of interest. This condensate

nor mal | chg' IRW&f-ed to the sane tenperature as the operating tenperature of

the pre ' i . I | r rtion or
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bet weencongaiste froed &.stdde stHer figarieBinhadisRn) piddsdimg\dbye iy beont rol the
flowrate oMroduct fromone crystallizer stage to the next. The residence
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the dilatagen |iquid may be added directly to the crystallization unit. In
i s added hel ow the surface of
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cryst al thezenystallizenistageshar are@mbmationtof &ia tves manytber useyl. t Il endn®tioad 688835
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Thus, tbeseligrgagd ARY 158 V4. | FabanBl8, some crystallizer stages may be

supplied with an amount of solvent equal to the amount evaporated in the preceding

stage, and some of the crystallizer stages may be supplied with no solvent.

[0028] The addition point for the dilution liquid back into the system may be at some
point in the transfer line between crystallizers. This line normally contains a valve to
control the flow rate of product from one crystallizer stage to the next. The residence
time for a crystallizer stage is given by the volume of the crystallizer stage divided by
the product slurry volumetric flow rate from the crystallizer stage. As an alternative to
transfer line/feed line addition, the dilution liquid may be added directly to the
crystallization unit. In this case, the dilution liquid preferably is added below the
surface of the liquid, most preferably at the base of the crystallization unit, in a well
mixed zone.

[0029] When all of the distillate from each crystaliization unit is recycled to the

product stream from that crystallization unit, the TPA concentrations entering the



concentration will be approximately equivalent to the final product solids
hol d-up concentration given that only a mnor portion of TPAw Il remain
i n sol uti wo @ndsasst crystallize. [0030] Conpared to sequerdT/edo2/TRPA9
crystallization processes wherein thete is no downstreamrecycle of
condensed sol vent, the streamfromthe hydrogenation reactor to the first
crystallization unit may be nore concentrated and have a reduced flow
rate. Likew se, a reduction of feed flow rates fromone crystallizer stage
to the Cmsl‘ﬂllizeafssdﬂagess witl tzeeq@alqt:ieanhionh@fméspéctfvlewwmtﬁer theor PRigihahs a
pre-defl re5|de 6 Hi'gnﬁ with reduced fe i? Asow rates, the volune of the
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technique will not only crystallize I'ess TPA in each downstream stage but
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condi ti ﬂow ratehelikewise, @freﬁuelﬁtin obfeedfRMAttOS frdmesnd Bty stelided Wtd & totthbs I'n
the current invention, the higher TPA concentration in the original feed
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[ 0032] The product renoval |ine’from I nal I zer

convent regheded. SKith a $uliptardtisdly manatand floappte, zimmm(a‘mplet the upst@aen )higliert he
crystal | ine TPA pr cont aj ni g | ess .t han 15ﬂ'§ P p-tolyic acid. Since
the te B?W'éreoqn %Wpﬁté‘?amc‘oy‘éeﬂ' PINPSEALUE Cysta g B 9|e§§§”t & 3 he nor mal
boi | i ngs@&t@htléli@feélﬂ# v%RJrHé‘?bt sl Hé\@*ﬂh@édrﬁé fasidemt fad of a pressure

filter) e used. The wef crystalline TPA may be washed before being
di schar {)Q‘H%r]o lragansw@l thﬂfﬁéraf@gﬁ’f@r@ela@bn@éhe terqmrratwraq:roﬁﬂe for ainomher of
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t he hydrglgsg;ma-elvggg 7%%3953\6%%F %’ﬁ%&'etﬁ t%fef Q'Cﬁ %Cttﬁﬁﬁfn}?é' Burged to

reduce pbeidngidf d-Rincdadhgibgé thastHasthge b@ftfrb.eml has been established that this
technique will not only crystallize less TPA in each downstream stage but it will also
minimize contamination of the product by p-toluic acid. The ideal case where this
mechanism would be taken greatest advantage of is in a series of infinite crystallizer
stages, approximating batchwise conditions. The limit of practical operation does not
allow for this. In the current invention, the higher TPA concentration in the original
feed stream enhances this mechanism, aé higher TPA concentrations cause more of

the TPA to crystallize at higher temperatures (in the upstream stages).

[0032] The product removal line from the final crystallizer feeds a conventional
solid-liquid separation apparatus for the recovery of the crystalline TPA product
containing less than 150 ppmw p-toluic acid. Since the temperature of the last
crystallizer stage may be less than the normal boiling point for the solvent, a vacuum
filter (instead of a pressure filter) may be used. The wet crystalline TPA may be
washed before being discharged to a dryer. The filtered mother liquor and the fluid



[0033] Referring to the acconpanying Figure 1, a solvent such as water and
solid crude terephthalic acid (CTA) are fed to are fed to a CTA

di ssol ut i w0 o2ewsss 160. In the dissolution vessel 160, tlreEeTdM2ATibds are
diluted with a solvent such as water,1¥0 a concentration of 10 to 35

wei ght percent CTA solids, nore typically 25-35 weight percent CTA solids.
The diluted CTA solids are brought to a tenperature, e.g., 260C to 320C,
which is sufficient to dissolve all of the CTA solids. At the el evated

t enper atuseel fand/aphmgsate%olle%d%ﬁrei}ybledé tAé ﬂyéfdg‘é‘ﬁ@tlblﬁ‘tsfeps oA bR of the
solutio CTA is fed, along with hydrogen, to hydrogenation reactor 110
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represent an average of the overall contents within that crystallization
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successi \V e i r.e and
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as well.

[0034] A product stream is continuously removed from first crystallization unit 122
via conduit 140. The product stream is removed from a well-mixed zone of the
crystallization unit 122 such that the contents of the product stream represent an
average of the overall contents within that crystallization unit 122. The product
stream is fed via a valve 134 to a second,'successive crystallizer vessel 124 which is
operated at a pressure and temperature lower than the pressure and temperature
within crystallizer 122. The product stream is fed to a well-mixed zone of
crystallization unit 124. Because the successive crystallization unit 124 operates at a
lower temperature, a portion of the TPA remaining in solution crystallizes, which
portion is determined by the equilibrium TPA concentration at the operating

temperature of the second crystallization unit 124.



bel ow the boiling point also can be acconplished with the heat exchanger. A
portion or all of the condensed solvent is fed to product stream 140

t hrough awwad2esss36. Any condensed sol vent not recycl ed t edimesopnoxgct
stream may be renoved through condui14 144. Second crystallizer stage
vessel 124 operates in a manner simlar to that of first crystallizer
stage 110 and includes crystallization unit 124 having inpeller 172
therein. Product is renmoved fromcrystallization unit 124 via conduit 146.

Sol vent[gbéegg§b h?@d&qs}ém é&88%wu>é§i Jh'fﬁ@ttérggtgmt%ﬁF stlagé Adjigent to

condenser erein so vapor 1s nsed ndense sol vent
i s recycdretitvi4? amafecbtoltﬁﬂwcmmdéoheal exchanged150 to cmiduheremélﬂl olFa pohtjon

ooyt ol o b SRR s edidhmsi e sip-cor BBt TaS Fa60r o Feo & BaTE Mardhoantye 147
[0036] ghiewah¥Sohlrly bt A850 Béﬁ@é%cdoﬁwﬂl@ﬁ@&@ﬁthfth@rﬁééﬂ b&&ﬁérﬂgeareﬂ\ potfioMi a

conduit 146 and transferred via valve 137 to solid-liquid separation zone
180. Ther alk@ipibeatondenaged solvent isded to prdaict stzeams‘tdélg@rwgh poalvest3G.han t he

fo bo Onehiie R b SiotEanie Reine PR e Ranbll ey ™ ' "
l'i quor ¢drifuitd 44. \Seonti drgstakiksr dtAg@ vebsel 11 24asoratBadn & mahaét sintlar eake then
is washed in _the second zone. EXAMPLES [0037]. The novel crystallization

proces sthé‘i of fist prystaliizeristagant 1 dand mqmqusm lizgten Hni d 24diavingeinrglieswi ng
exanpl e r hahlkg 1 for this
Conpar at | ve ﬁ] %Hg\ﬁ&gﬁéqgﬂ%égﬁﬁ#w&ﬁ %%Bﬁém?t?% @Q dlﬂtdet?]f?4 931, 305.
Sequent Sallveat/‘amnrass rmaoa@d)frbngsav&mdpmrysktamzahbn unitd2dtanaf segitxo coydemtéri zer
stages ut any recycle of s or d fromea crystal.lizer
ot age. Fein BONee aPerS sorgRTTel and i copeTss RO STt i ey bRaEvR!
crystal J/éwétmerzarm/&tamuwa Eyih BORALIRYLEE FABsh, HRAHYHRAsARENE oS Mhteas
taken to WO 02/ 098835 PCT. USOZ/ 17219 15 neasure the wei ght percent solid

TPA pr es@ythe Siderbta thiessesiueotial aystatiabliorz systemedgpicted in frigwedueadiseof 6
crystal i‘h E}ﬁtges, tage 1 - Stage 2 indicated that a smape was taken
fromth % 8 ! am between the first and second crystallizers, Tenp

refers [0036] emér@&ﬁélﬁzéﬁbrpproaﬂét iSPAmoekl dont efyetdllizar 12aevia ebatuivaught

percent an(lj)?%ﬁgfe?rr(]ad via valve 137 to solid-liquid separation zone 180. The temperature at
the last crystallizer stage may be less than the normal boiling point for the solvent
which permits solid-liquid separation to be a vacuum filter. The solid-liquid separation
180 removes mother liquor from a crystalline cake in a first zone. The crystalline

cake then is washed in the second zone.

EXAMPLES .
[0037] The novel crystallization process of the present invention is further illustrated

by the following examples.

Comparative Example

[0038] The data reported in Table 1 for this Comparative Example were taken from
Example 8 of U.S. Patent 3,931,305. Sequential evaporative cooling was performed
in each of six crystallizer stages without any recycle of solvent evaporated from each
crystallizer stage. In Table 1 Sample Location refers to the point in the sequential

crystallization system where temperature was measured and a sample was taken to



total TPA fed to crystallizer stage 1, TPA solids. [0039] In Exanple 8 of
U S. Patent No. 3,931,305, the feed to the first crystallizer stage

cont ai ns We) omogds percent di ssolved TPA. Wth sol vent evaaredobamio
(evaporative cooling) and no recycl e, 14 he TPA becones nore concentrated as
It proceeds through the crystallizer stages. After the last crystallizer
stage, the total concentration of TPA (sumof liquid and solid
concentrations) approximately equals the solids hold-up in the product

stream niBaguré the welmt pBident éMlicﬁTPAgfreéé?ﬁ, SB0e refirs o a‘@%télﬁ?ertéiggé‘% first
o d I'd 1's su

stage as a liquid, i's converted t solid, and the sol tantially

free frH1A KIUENceNTSorypladizenstagesyStagali + iStgge? indieatsd tdt a sapewas of

TPA and ' ' s .perfor to . determ ne the salids hold-u

ot he. eBndem g bRt SRR ERRERN e Bkt SR PRl ailiery Tort refers P

t enper atateenpdrataein °Cl 35d TPA SEdsTERIS tartHb ford Wdight ftcand Base®@bn thé

crystal gtélg&%}l'%hﬁél mul ati on shows _a solids hold-up in the product stream
|

fromth ¢rysiaflizer siggedh THA 8glid$ABLE |  Conparative Exanpl e

Torp. Sol o B Efarple B BRS PRetE RS, B 355 She BB v dllRe™s ' °°
251. 67 &2geaiding18Mteight B&GeA0420I08] TEAAYNIE sShaneedapdHatidd 93. 28 204. 44

95.98 218. 25 %3.32 .Stj’;\ e 3-Sta ? 4 165 56 98.69 165.56 '99.02 175.07 98.62
Stage 4!ERQEALYEGO0lIHG 35 Be Teayclpdhad Fpbacashas mese sencefitigjed ssdt age 6
121. 11 79 . 1 100. 00
56.01 105550 84 Shen Ss et S0kl AioP 1 fost italizer e 1R 3RRET The
Tenp angoneEmtstiondd TeW (sunsof ligiddnd sk caxeenitations) apfrakineatelyséavalst he TPA

cryst al RSB P pREEs SR a2 & FRBSBr R oo PR athia cne
feed pwiastfed o tHeefirestagerasss RGlitizerconVBReS 868 soAl! Ad R sblidAsti me in each
crystal lsbgsetgn’g\g}ﬁ/ free from other components. With availability of the solubility curve of

TPA and water, a simulation was performed to determine the solids hold-up in the

product stream. The simulation was performed knowing the temperature of each

crystallizer stage and knowing the amount of TPA crystallized. The simulation shows

a solids hold-up in the product stream from the final crystallizer of 31.40 %.

TABLE 1
Comparative

Example Example 1 Example 2
Sample TPA TPA TPA
Location Temp Solids Temp Solids Temp Solids
Stage 1 feed 276.67 0 276.67 0 276.67 0
Stage 1-Stage 2  251.67 42.08 251.67 71.76 265.20 42.08
Stage 2-Stage 3  204.44 93.28 204.44 95.98 218.25 93.32
Stage 3-Stage 4  165.56 98.69 165.56  '99.02 175.07 98.62
Stage 4-Stage 5  135.00 99.63 135.00 99.68 139.44 99.63
Stage 5-Stage 6  121.11  99.79 121.11 99.80 123.33 99.79

Stage 6 Product  100.00 99.91 100.00 99.91 100.00 99.91



achi eved by increasing the solids concentration to 30%in the feed stream
to the first <crystallizer and by decreasing the size of the upstream

crystal |l i &gy ®/9dd3€ sane production rates were obtai ned bydegdeasiing t he
overall flowrate to the first crystadlizer stage. In this exanple 71.76%
of the TPA crystallized in the first stage as opposed to 42.08%in the
Conparative Exanple. By the second stage 95.98% had crystallized in
conparison to 93.28%in the Conparative Exanple. Exanple 1 shows nore TPA

can be pygpial{ i zed at a given tenperature using, 100% sol vent recycle.
Exanpl € The Tenp and TPA Solids colums |isted under Exanple 2 in

Tabl e 1[0048brThe damp drat TBASdide colurhiag listed coder Exampte 1 on Yakled! shewsane

t of talli TP talli t bt dinth
Conpar AlPIEA SR E8Ghoduhert Belsdind ShBratsbibaib Pl iRl dlen: s
recycl eshchldt9stafidl bat $00W dfitAé cofideRsite ¥ rddyelctifb th@BySentatpbabetzed in

the first stage even if the tenperature in the first stage is naintained
hi gher , Paigidothe next epystdiszert the samecaligsineld-Hp tinwoimach gryetalizanpies. At

hi gher ?@ﬁ[ %ﬁ : ' es ar £ : :
solgubi I% y cﬁ/z.{n %%'E?%@e,éélﬁﬁsecfoen%legtr%géé%?96‘1 ﬁ%ég(%elddg%%%ﬁég?gﬁﬁzati on

at  hi gdfnvstatliagpanabﬁrcm;eééing theexipe of ¢tk UpstredrhergtaltiteartbsThe edoeed at 264. 1
C woul d be urer than the _Cé%stal s produced at ﬁzil 67C. Ega ple 2 shows
that t HOPUFIQR ratas Wese optriped Sy decigasing the vRieY Hewrale igdhadisty of the

product é’i@n&%f Qt%gé?ﬁa ﬁ%fé%ﬂé(eﬁﬁ%ﬁo/ dthe B ABrysiMizetiah fhe #irstBF] gs for
the recovery of crystalline terephthalic acid containing less t 150
parts peppased todi2.08 %viritiyd Conppamalive Exatpie Bycihg, sdcand dtage 9588k ehgtt of

the 5t t hal.i id, Db ising: (1 i di | uti
cont ai rigBlESRd SeRerisRt Yo SRcah e CPbeate bR e Xl faitug "
di ssol viedrd TPARIaM Héeq&%llk&%wweﬁté@bemum:bsvlngheaeﬂsgveﬁth@c¥mi ght of
the terephthalic acid present, and having a tenperature of 260 to 320C at

a pressure sufficient to maintain the solvent in the |liquid phase; 10 (2)
feeding the solution of step (1) to a crystallization zone conprising a

pl ural il’i%@rﬂéleéeri es-connected crystallizers wherein the solution is
subj ect te-controlled

[0041] The Temp and TPA Solids columns listed under Example 2 in Table 1report
data for a process that is conditioned to yield the same amount of crystallized TPA
(per crystallizer stage) as was obtained in the Comparative Example. As with
Example 1, 100% of the condensed solvent is recycled. The results show that
42.08% of the TPA can be crystallized in the first stage even if the temperature in the
first stage is maintained higher, 264.1°C as opposed to 251.7°C as in the
Comparative Example. At higher temperatures, the mixtures are further from the
p-toluic acid solubility curve. Therefore, there is less p-toluic acid co-crystallization at
higher temperatures. It is expected that the crystals produced at 264.1°C would be
purer than the crystals produced at 251.67°C. Example 2 shows that the purity may

be increased, without reducing the quantity of the product.



evaporative cooling by sequential reduction in pressure and tenperature to
cause crystallization of terephthalic acid, wherein the pressure of the

sol uti on wo o2tobgs3end of the crystallization zone is anbi ermCTpUS®IATWNIR Or

| ess; 15 (3) condensing sol vent evapotated fromthe crystallizers and
returning the condensed solvent to the crystallization zone at a point
subsequent to the <crystallizer fromwhich it was obtained; and (4)
recovering solid, crystalline terephthalic acid containing | ess than 150
parts ppnw p-toluic acid, based on ChalM®&i ght of the terephthalic acid, by
liquid-gsglid. 20 separation at anbient pressure. 2. Process according to
Caiml & n the solution of step (1) contains 25 to 35 wei ght percent

o 2oLy 2L TR SRR SRR S b Rls AT
25 pl ur éﬁotmrtsfp@'emillm kywegttt ¢pprony ptialuic aeidsbasetsors the weightof the ei ght
tho 71 r SeBYEGiacid 35 The T EEPRSAGe of 260 fo S20C and the. femper ature
of the (®siprevidinga $61a86n cdnidhih§q0 tb3BIfeight SéckbRt idSshvadbpaRigral ity
of series-connected crystallizerS consists™of 30 three to six
cryst al | i z&gisl having dissolved therein 150 to 1100 ppmw p-toluic acid, based on the

weight of the terephthalic acid present, and having a temperature of 260 to

320°C at a pressure sufficient to maintain the solvent in the liquid phase;

10 (2) feeding the solution of step (1) to a crystallization zone comprising a plurality of
series-connected crystallizers wherein the solution is subjected to rate-controlled
evaporative cooling by sequential reduction in pressure and temperature to
cause crystallization of terephthalic acid, wherein the pressure of the solution at
the end of the crystallization zone is ambient pressure or less;

15 (3) condensing solvent evaporated from the crystallizers and returning the
condensed solvent to the crystallization zone at a point subsequent to the
crystallizer from which it was obtained; and

(4) recovering solid, crystalline terephthalic acid containing less than 150 parts
ppmw p-toluic acid, based on the weight of the terephthalic acid, by liquid-solid

20 separation at ambient pressure.

2. Process according to Claim 1 wherein the solution of step (1) contains 25 to
35 weight percent dissolved terephthalic acid having dissolved therein 150 to 900
ppmw p-toluic acid, based on the weight of the terephthalic acid present and the

25  plurality of series-connected crystallizers consists of two to eight crystallizers.

3. Process according to Claim 2 wherein the temperature of the first crystallizer is
in the range of 260 to 320°C and the temperature of the last crystallizer is in the
range of 90 to 110°C and the plurality of series-connected crystallizers consists of

30 three to six crystallizers. |



