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| NVENTI ON 10001] Terephthalic acid (TPA) is one of the basic building blocks
i-n the prosootieess of |inear polyester resins used in the wanufsaziume of

pol yester films, packaging nmaterials and bottles. TPA used in the

manuf acture of such polyesters resins nust neet certain mninmum purit

requi renents. The purified condition of terephthalic acid refers M]Lhé'i}ﬂﬁl y
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crude comrercially-a(gg([f D Eb | SN,]Both CBA and
toluic acid are partia—oxtc ovie Te—manuf act ure of TPA
by the catalytic oxidation of p-xylene. The purified formalso refers to

t he abse%g color bodies that inpart a characteristic yellow hue to the
crude maBAGHBEROYNDQFIHBMNVENTION aronatic  conpounds having the
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t er epht hé‘l‘%t@@?'s(ﬂfé@@ﬁ'ewaéﬁ\] uspg ipbamamiactoreef sushgmyesiersdestisgnusira)

to p-t ol dresteena it B eBise e, PRERGRIALEoMoTErRAMpaIdRsE
sol i ds. Tefers plimarilyclouiie dizenpbohaignificant dondertrltivas of 3-carbenibenzbldeuch as
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hydr ogen pantidl iid=aiogeprodactsdorfled i1 he mhrofactige of b‘ﬁ’%&(i&e&%tﬁlgﬁ@oﬁidﬁﬁ%. The
concentration of the TPA in aqueous TPA solutions fed to the hydrogenation
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crystallization uni puri erep I ¢ aci
cryst al | icomshdurei® having the structures of benzils, fluorenones, and/or anthraquinones.

4-CBA and p-toluic acid are particularly detrimental to the polymerization process as
‘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-CBAto p-toluic acid and the color bodies to
compounds that are colorless solids. Typical'ly, 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.



solution in a crystalline formthat can be readily filtered and dried. WO
02/ 098835 PCT/ U502/ 17219 2 5BEG b [0004] The staged equilibrium
crystallization technique is described in U S Patent 3,452,088 which .

di scl oses ‘%%8}"2{’?{‘]}} ol I ed evaporation or flashing of sol ven},g{%\%ﬁﬁa}gﬁi%
u he

pressure r on in mltiple stages, to control the rate

hydr ogenation product streamis crystallized. US 3542088 di scl oseﬁg&ﬁm
shock cooling of the post- hydrogenation streamto tenperatures be C
shoul d be avoi ded since shock or sudden cooling pronotes the
co-precipitation of other inpurities, particularly p- toluic acid, which
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saturation or supersaturation h respect to p-toluic acid, p-toluic acid
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U.S. Patent 3,931, 305 concludes that the primary factor determning p-toluic
aci d cdeluimacid: whichi gontarsirate the pmifigsk Ffefgproa@t.t Mbis candion is eepratadine to
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when t héetaingbmaie dhampenaugh solventwater & pravent saisaiprpphsursersatugativrhpm
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1 60 and 182C. The ' 305 patent thus recommends that the majority of the TPA
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concentration in the final TPA product is the lowest temperature to which the post--

hydrogenation solution is flashed. tis less a function of the rate at which it is cooled

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.



160 to 182C and thereafter crystallizing the remaining 5-25% of the
originally dissolved TPA in decreasing increnental portions W 02/ 098835
PCT/ US02/ 17219 3 - 5 1EG M [0006] Another limtation on the recovery of TPA
substanti P Y2HBEE of p-toluic acid is. set by the |owest BFHUELIT] b‘?/
tenperature at which the TPA solids cah be separated fromthe
crystallization nother |iquor. Based on the above-cited patent ’Iﬁi%f@%re,
this tenperature is above the nornal boiling tenperature of the water

sol vent. Hence, any process for separating the TPA solids fromthe
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cost, use of atrospheric or near atmospheric pressure separation equi pment
i s desi rtapiperatgtaMsidovertheHB rinaV/Bnil ng]ter['lﬂemittlrerdehﬁN@ensoImMed‘tleme pr OVI des

o bduct M APRRE 5y SeRErng togEih FolResfor taB cDiYaleatioR Thiat Iagat fiihg o
5equenc%é)éorﬁﬁfdt&fat?&ﬁﬁ@ﬁhﬁgsﬁﬁéfﬁﬂbbé@r@és Suthta Pf&:%%gfn 'Iﬁﬁi@l’bh% uffegVi des

a process for the recovery of crystalline terephthalic acid contalnlng | ess
t han 15Chpaepsrajien equipment to/haws gimoreppbust qmstruotrm theindits stmaspherictdre

wei ght of_th ht hal i cam%j ste r|S|n viding a
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wei ght of the terephthalic acid present, and having a tenperature of 260 to
320C at enqyipmestisalasifablei ent to maintain the solvent .in the liquid phase;

(2) feeding the solution of step (1) to a crystallization zone conprising a
plurality of series-connected crystallizers wherein the solution is

subj ect eJUMMARYEOE THE FNVVEINTIONPOr at i ve cool ing by sequential reduction in
pressure and tenperature to cause crystallization of terephthalic acid,

wher ei n {0987pr €he presartt invantionl provides atprocess dhefregavery. p Buld’led TBAi on zone
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crude TPA using a sequence of series-connected crystalllzers. The present invention

provides a process for 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 main@ain the solvent in the liquid phase;

(2) feeding the solution of step (1)to a crystaltization zone comprising a plurality of
series-connected crystallizers wherein the solutiofi 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 ié 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 -



condensed solvent to the crystallization zone at a point subsequent to the
crystallizer fromwhich it was obtained; and WO 02/ 098835 PCT/ US02/ 17219 4

- 5 EL 2f .ecovering solid, crystalline terephthali ' ntaining
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terephthalic acid, by liquid-solid separation at anbient press%ﬁ:&
.According to our invention, solvent evaporated fromat |east 0 Wine
crystallizers constituting the crystallization zone is condensed and

recycl ez4to one of the subsequent crystallizer st aqes. The advant ages
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the TPA. Asephrationcatearhbigat pressbke. pr oduct recovery at  anbient or

appr oxi anbi ent pressure. [0008 btain the sane recovery of TPA
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sol.ution. Tge coroll ar f tngg\ stategent is also true; that at the

t enper atRFdde e Freovert elderephthalic agid iman impravesheyaiglimedprmpdthrisgsy | |
crystal I« n RO | 4. ' e system
is opera{hg%s éfs'é" escrﬁ%@@%qeﬁ}rﬁ@e?h@% bolﬁ'i %%ﬁrgggl VEE@%@@?@%@% time and
pr oduct inamdiing endtdomveyinguofihe TPAL Arothet advdartags is theyproddctrgcoverymtocess

descri bed herfi nis rmc%ﬁfmal er . than the volunme required by known process
as the iHTRIER} OFBPPIOXHRAIED: ANPISAt PFESSUBR-uti on is nuch hi gher while still
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The smal'l er IS required o tallizers results in
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crystallized from solution. The corollary of this statement is also true: that at the
temperatures demonstrated in U.S. Patent 3,931,305 more of the TPA will crystallize
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 smalier 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-foluic acid to be co-crystallized with the-TPA.rThis 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, commohly known as total refiux, does not meet the requirements
of the present invention since such a reflux stream is acting as an additiohal feed

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



which it evaporated, comonly known as total reflux, does not neet the
requi-renments of the present invention since such a reflux streamis acting
as an addiyig @neksskeed streamdiluting the TPA | aden feed ptyesyrni7ibi s
increase in total feed material r WO G2/ 098835 PCTI U502117219 - % DEC 2005
requires an enl argenent of the vessel volune to maintain a giveﬁ Eedilbience
time which may not be desired. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] The
acconpanying Figure is a process flow diagramillustrating a process for
the re ' L ... i r.LRGL pl es of
the pr aedairés tn atieledile he BB NBN e 85 R RRRT e eRRIACE NS, ©

enbodi nehichimay aot beslesireds, there is shown in the Figure and hereinafter
‘described in detail preferred enbodinments of the invention. However, the
present disclosure is to be considered as an exenplification of the

I nventi ' h b1 ' ﬁaﬁM i fic enbodinments illustrated.
DETAILé%ﬁgggzg?%$ﬁgﬁﬁFgg¥¥?qE&ﬁBe arggggic di carboxylic acids such as TPA
may be [@0dB3r dtelmccampanyitig/Figafe len@womessdlaw diagramdiiusteting Rosroesssrore,
p-xyleqﬁ ngy be contacted with oxygen  or an _oxygen-containing gas in the
pr esenc@eJECRMENSI Ay Fiahingdernhihalicacid embadying the pringiples ¢f the Riesent ol vent

ot or "enoEC Yo 62 FRtbhCniid L sk apliR (8 SR ifenli ol s hma.

The i nt thereds shewpiiotheFiguse biad Heteimafter desktriteacinaletathprefened he first
uct js _contacted with oxygen which js fed to the second reactor

reactor _prod ]

at a se%'EW@d\'fB?ﬂWé?frth‘% inyesition; dfewevgrafng presenbdisclosure)is tohe gonsigerpdact or
vol unet & ¢nf : | b 3 d oy ﬂ;ﬁ;‘%ﬁﬁde ' : cond
react oré% o%npé%@gkgh?@ ?E@%%gﬁgﬁﬁﬁﬁ ?rgﬁﬁgﬁﬁsr\}gﬂ/ﬁy rra@ﬂgglh%rgtsuced in
a reciritlustrtatedy fl ow reactor wherein p-xylene is contacted wth oxygen in
the presence of a solvent and oxidation catalyst. According to this

alternative process, a gas containing at |east 50% oxygen is introduced into

the reppylep pesd@pTiOpctor. The reactor is nmaintained at a tenperature
of from100 to 200C anIa pressure of from6.9 to 13.8 bars gauge - barg

(100 t of0]pdimde srematisalicarboxylichacidpsug) as THRA oaytbenpreparas by avagiete d

within E)P Encr)vevﬁcotx%at{o%rpr%cégssésq elggre example, p-xylene may be contacted with oxygen
or an oxygen-containing gas in the presence 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 to 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 cétalyst. According fo 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



time of from30 to 90 m nutes. Another process for the preparation of crude
TPA conprises the oxidation of a 30:1 solvent:p-xylene mxture within a
cont i NnUOWyoRj2iess¥O 02/ 098835 PCT/ US02/ 17219 (r - 5 DEC ZQQﬁ,ﬁéﬁyyﬁ gaction
zone, which is forned by a plurality @f plug flow reactors, a plura lI|ty of
continuously stirred tank reactors or conbi nation of the two, g z]mi
tenperature of the continuous plug flow reaction zone is | ess”

out | et terrperature t her eof . [0012] The crude terepht hal i ¢ aci d (CTA) solid

produce for oxidation pf p-xylene is recov mthe
b dat | SRvRachiE 2By  whtba i Tosmad Sor pilraly it Rte B0% raaeR. The
CTA t ypb@ﬁhl‘lt){o&éméﬁﬂréé tAdPigacidr€ or Sfmbirktioh &fthe twb! %bqn@%?n tdi)reté’ﬁ ui c
acid. For exanple, the conbined total concentration of p-toluic

aci d i ntheeoxtimuaus pldg flowrieastiory zose kbless than ﬂ(moqdlatﬁempemurettyprmﬂ ly 150

pur 11 cI00I ofhe Fecleiar AR G AL SroRl SeR et e Y JBR 1 coa 10 7
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col orl ess onpounds. A solution of the CTAto provide 'a concentration of
to 35 wngt&senﬁatmmteabnmtmL iThe, CPAdypicaily goraamsonmﬂnm guch pere@BA, CTA in
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tenperatures in the range of 260 to 32 Sol ution enper at ures lnthe
range oftypiealiy 65@m900$mmﬂaamb$tﬂle'nor€sty¢pic2diy Wik tor5Q0cppwe t hat  t he
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absol ut ao(Peidt-acid Qﬁdﬂle dher Sa'eﬁe§ %Hsne@urso?s o BbIBE b@eaet:,o'cd distigsphase

hydr ogenati on by contacti quid solution with %en in the

n
pr esenc EoFpey rlbg@hs&pn@%ﬂwcamgtpro‘edg a cencenyptien Gf 69@0 Piweigbt al on a

Py ogerPSr it o AR Fri ARl B b S RETA LR £ o o
conver t estetie Hdidior, gireferably, watep! Thé GTA Soluties Reformed! by hstiigthe olviait orher e
i's substantlal I corrpl ete conversion of 4-CBAto p-toluic acid and assum ng

that t hesluey&f S0 @ iemperatwetthat lﬁﬁ@ﬁ&g@ﬁé@.dﬁw\@a@@&%a&m conbi ned t ot al
concent r&{d %P:tr%}non %IE gﬁéﬂaé'g cQﬁﬁ'lBl&I’Htﬁr&clhqhg frangd of 968 td 390RP 4o tiaR" - t he

concentration o
temperatures in the range of 260 to 320°C using a solvent such as water require that

the solution 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 suppon 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



alone in the product streamfromthe hydrogenation reactor 110 is 150 to
1,100 ppnw, based on the TPA present. Simlarly, if the conbined total
concent r ayPghdhsss4- CBA and p-toluic acid in the solution PEDUSER/ITAE

hydr ogenati on reactor is 150 to 900 117 WD 02/ 098835 PCTI US02/ 17219 7 - 5
CEL 2005 ppmw or 150 to 500 pprmw, and substantially conplete 4- gld
conversion is assuned, the p-toluic acid concentration in the ﬁ &Ué]?
stream fromthe hydrogenation reactor is 150 to 900 ppmw or 150 to 500

ppnw, resppmin el 50 td Q@GEbmW%rtd%tHﬁt@iﬂﬁll ¢ compléte LoBrogsmairsion i9r oduct
streamtygl cally is in the range of 260 to 320C. The hydro%ﬂnatlon pr oduct

stream i se3BENE tae@'@lti’élapldz%’m@m@ﬂﬁ@ i pprosiupystEeamiranithe or sequence
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terrperaturﬁzéi acconpani ed by a concurrent precipitation of TPA from

solution P to 320 EFBQYWQ%‘%WW@W@%’E@& Isfedtaa @ysiallizatiomeonpa in
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conventlonal epara I on devi ce suc as a cen fuge or

rotary vatngmtnén dapiaate fﬁhedacy shatdmperature of tlea posBlyydrogenation $trearndoei ght
hree to six, nost preferably four or five, ers or

f bly t | ]
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f
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[00161 The al.jty of cr | 1i zer stages .include irs nd, .a | ast
crystalli E’Blg Qﬂ(‘%ﬁj@“ 'S‘PREaE%ﬁ% 51%55!»'%'%1 YSiRg,EORY 'Pn@I hqh?ﬂi'gr st age
normal |y i ‘%f he | ast
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i nvention, an aronatic dic Ic acid such as TPA is crystallized in a
temperatures of the sequence of series-connected crystallizer stages will increase
the purity of the final product with respect to p-toluic acid.

[0016] The plurality of crystallizer stages 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 {ast 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 Iasft 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 crysiallization zone at a point downstream from



first crystallizer stage by cooling the hydrogenation feed stream by
controlled rate evaporative cooling (or flashing) by a reduction of the
pressure @asoseyaRared to the feed stream pressure) W thi nphbﬁjsg#lgﬁtw ‘
crystallizer or crystallizer stage. Sojvent renoved as a vapor fromthe
crystallizer is condensed and sone or all of the condensed S&I#ﬁge S
returned to the crystallization zone at a point downstreamfr 9)[’2/ 098835
PCTI US02/ 17219 8 - 5 D E C 2005 the crystallizer fromwhich the sol vent
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from sol vent vapor produced in the preceding crystallizer and/or fresh
sol vent tempgraure,dessithan thedirseomeratuye ivahile allawisg sglvent evamiratianh of t he
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the firsgndroyiést éél%éﬁt,?ﬁé&gﬁe%ﬂeﬁ%%e Qec?oﬁd)cr}sﬁllizbﬁﬁfag‘ehe mass flow rate
of material exitin I"ast crystallizer stage. Preferably, the mass flow

t he
rate of [AAH€}i Eaclentg the plyrality of ¢rystallizer gtagesiiaser masadlow rate obmatariakl | y
equal to sg flowrate of material exiting the last crystallizer
stage.  [otednd BRY PR drysaniBt Slaud, menas Tok i S inafe il sBIRTrER has a
pl ural i ttheGirst spstafizep SRigeShAY leqUal 0 TtoCORBfrieSi the A oW Iratd dfimaRirial
elements: 1 _ A crystallization unit or vessel (crystallizer) equipped with
agi t at i RXitiRGthe legteryatallizenstage. nBrefeiabhe thaemass flow rate eématerial endeting

R
condens esxitigtei st oRtalizet!stagd. the sol vent vapor is condensed; and 5. A

solvent feed line to a downstream point or Eort_i on of the crystalization
zone f orl00f8kdEaAgh crestallizen stage of the pepcess pheutibrartian: has poddraityrele

crystallj i |t L | |- n : essel containing a
slurry o¢&%éwgér‘[ﬁﬂg‘i{?é.ﬁegﬁ%ﬁgbﬁﬁgﬁﬁgtf§/|gq‘@é§Pﬁya‘ei%llém@%%t ‘saturated with TPA at
t he opetai grgstativatioRuniteradiestaigcpyatalliadr) eqeippeur agititiornheans sabh as
acetic acid, can .
one or more impellers; .
2. Afeed line to the crystallizer,;
3. A product removal line from the crystallizer;
4. A soivent distillate or vapor removal line from the crystallizer Jeading to a
condenser wherein some or all of the solvent vapor is condensed; and
5. Asolvent feed line to a downstream point or portion of the crystallzation 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



al so be used. The operating tenperature of each crystallization unit in
conbination wth the tenperature and concentration of the feed stream

det erm nesvihoyougyaszh TPA will crystallize in each stage. Tpcemgshghlid ze a

| arger portion of the TPA, the tenperature nust be |owered to a point where
the solubility of TPA in the solvent, e.g., water, is reducm%al | ow nore
TPA to crystallize. Independent control of the pressure ded ilfes t he
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poi nt i ibytpressurgsbalitlicgrfitdfGRe Wiystalirsh AntEtheSTPA edaiibrigm dotidehtration et

excessi \{e flashing. Agitation devices such as inpellers are provided in the
crystal thattemperaires. Wien t he hydr ogenati on reactor product streamis
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fine) crpstaihed treasintleward thaibatigm 610822k séelpwietecthedydesstaiis headtis nuousl y

wi t hdrawn fromeach crystallization unit. The product streampreferably is
removed MRSH A NEINFLaASpECPIRERest thigepoiel ipdba crysialbzasion it ARUENE t hat the

W thin SunioURem IRl Dol oS0 RaSng] AL FavicEs qucf st ents -
are provided in the crystallization units. When the hydrogenation reactor product ' '
stream is introduced to the first crystallization unit at a zone of sufficient mixing, local
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 thé 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



successi ve or subsequent crystallizer stage operated at a | ower tenperature,
preferably to a well-m xed zone of the next crystallization unit. Because
each successive crystallization unit operates at a |ower tenperature, -a

‘portion Gfobheusd3A remaining in solution crystallizes, WpcGhydaontdon 1S
determ ned by the equilibrium T TPA cofpcentration at the operating

tenperature of the second crystallization unit 124. [0023] "BSUE([ET;O 5i oned
above, solvent distillate or vapor is continuously renoved friom e first
and subsequent crystallizer stages and transported to a condenser to cool
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slurry, retaining the slurry before a solid-liquid separation step. The
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i medi at.el.y do tream crystallizer stage. Both condensed solvent and fresh
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The pr 2l i "ﬁa{gﬁ diluted
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or suba mmmedidigly tduevrsstreana erystalizestage onedyelgukioas cnystadifzer istage pttaal | i zer
stage from which pdrodu t strea enoved,, The ag‘g%t lyon of .the
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f0025] The product stream from any or all of the crystallizer stages may be diluted
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.l If no dilution liquid is added to the product
stream from each crystallizer, the overall éoncentration of TPAin each product stream
continues to rise. In crystallization processes in which dilution liquid is not recyéied,
the product stream from the hydrogenation reactor is thus at such a dilution that the
process will yield a pre—detehnined 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



I mpurities present in the product stream If no dilution liquid is added to
" the product streamfrom each crystallizer, the overall concentration of TPA
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stream from each crystal lizer stage, the dilution required in the initial
feed st rE926] s Thewdititipoliguid ddaizeiD the eretiuctstream ¢cajubdgingtéeliome nhmberoduct
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st age. Secondlgy, a fresh solvent, e.g., water, -supply can be used, In an
anount t fEeamdrendhakstagaadecondly a fresh solvenjuelg. ; watshicsunphuean be usequird

d j f nof distillate.,Thirdl j f t ; talli
St age i soBam el Ba s Rndieh than. nrd ealal (e Aol S HEURREIRSRL, "
pr ecedi nthesforgrof@istilite. TARYY! #dre tha€ ofié Xhjstdllizeraitagé RISeiRg usBder est. This
condensate normally is heated to the same tenperature as the operating

t enper at GPRARASAtE drosn actage gtherkamthe immedistely prededomrstaga neaxcbe case,

either a ' r t he condense vent, | e - roduct
Feed supfrori e fyvelieet SBoBIATERRS, ThRPlushapleittly 1 Bealssficlea o
the crystied samertefipREatir® bs 2hé opbidlingitempefatifieof e prayedifg dpRsthllizér nor e
than two crystallizer stages are provided, the percentage of solvent

suppl i ed_Sﬁﬂeeach crystallizer stage may be varied. For exanple, sone
! LIS RSSOl g 0 e
- stages mye produdp pdec dupplyingthe Spystaliter didiEttor ddditiestdisolvemt Bosuppliedriot he
dilution |iquid back into the system may be at some ' _
the crystallizer stages or a combination of the two may be used. If more than two
crystallizer stages are provided, the percentage of solvent supplied to each
crystallizer stage may be varied. For example, 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%tages 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 tﬁe volume of the crystallizer stage divided by
the product slurry volumetric flow rate from the crystallizér stage. As an alternative to
transfer lineffeed line addition, the dilution liquid may be added directly to the
crystallization unit. In this case, the di!ution 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



point in the transfer |line between crystallizers. This line normally
contains a valve to control the flowrate of product fromone crystallizer
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i ni ni zd09034 aln gerérsh the s%rﬁéeqwf@a gelecting the tarperafwedrofigdor asuimierd where

this crystallizer stages has been to select the temperatures which crystallize smaller - -

portions of TPA in each stage than the stage before. It 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, as higher TPA concentrations cause more of
the TPA to crystallize at higher temperatures (in the upstfeam 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
cfystailizer 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 fiuid
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impeller 170 is provided in first crystallization unit 122 and other crystallization units

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 avalve 134 to a second,'successive crystallize_r 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 weli-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.



as well. [0034] A product streamis continuously renoved fromfirst
crystallization unit 122 via conduit 140. The product streamis renoved
froma wel er'ﬁ)ég zone of the crystallization unit 122 such_that the _
contents of 't Pbduct streamrepresent an average of th&FPEWHIT21ont ent s
within that crystallization unit 122. e product streamis fe I a.a val ve
134 to a second, successive crystallizer vessel 124 which is ogbm%'t‘t@ at a
pressure and tenperature |ower than the pressure and tenperature wthin
crystallizer 122. The product streamis fed to a well-m xed zone of
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Dt age.vabbt oY sfiizes S i asd b isteng ation BRRSDA F0U30 Bpbstdl | i e
stage 11{yraaféreine | RISEECEE Yefved Fdm efystiliZatibRdirie24 dial domiuiterds. 172

therein. Product is renoved fromcrystallization unit 124 via conduit 146.
Sol vent Selyent yapardssamaved Fomsseemd erystetlization anitd24uand sarm4o geadeser t o

o ecyol PR SaRlse $u0 R srbBREed g BRECOR BB rivEn IR P RE BT e
addi t i onallve dB8edtid/oceliminatif WA contiBiY 188. Figsi ddulitidieal selyenntd.gl, water,
crystallization systemdepicted in Figure 1 via line 143 and/or_|ine 147.

[0036] Tmaydhsaddeq fothe spauentialerystalization systen depistegkindrigytest vipdingj a
condui t :i erred via valve 137 to solid-liquid separation zone
180. The%ﬁﬁggﬁthhrggﬁ' the last crystallizer stage nay be | ess than the

nor mal  bffi0i36) g Theionysthlizatidrep@uceidtremoved from crystallizer 124 via conduit 146
and transferred via valve 137 to solid-liquid separation zone 180. The temperature at
the tast 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 fiquor from a ;rystalli'ne 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 o



which permts solid-liquid separation to be a vacuumfilter. The
solid-liquid separation 180 renoves nother |liquor froma crystalline cake in
"a first \ g crystalline cake then is washed in the ne.
EXAMPLES 6?@%@9%5The novel crystallizgion process of the %?@g%% 7?ﬁvention
is further illustrated by the follow ng exanpl es. Conparative Fyelme

[ 0038] The data reported in Table | for this Conparative Exanple were taken
from Exanple 8 of U S. Patent 3,931, 305. Sequential evaporative cooling was

per for ' ch X CLVS l.zer st.ages. .. thout any r | e of.

sol venfﬁ'fegvaasgg? e e@&ﬁe&cggﬁ&lﬁ@b@rﬁ%r g@@ﬂ?&”ﬁﬁ" ﬁgtaﬁ&égﬁ%gg II'?ocat I on
refers tite séquamrentt 6 Orybladizee Sifyeki BlageCT ¥ Btaht Raadicatedsthst 8B ®as
tenperature was neasured and a sanple was taken to ¢ WO 02/ 098835

PCT/ USoakemftem thg prpduct stisamcbetwesn: the firstiang serandenystelizees, Temprafeent |

ot ages, Cefaripeiutedd X8 BhurER sahdRfErie o 10 BREHEREE plloel AT oauce
stream bsthWERA fédo EryeRillizepdt-RRCOMTPAEYIRdsal | i zers, Tenp refers to
tenperature in C, and TPA Solids refers to the total weight percent, based

on the QU3 mExample Bofdi Ps PatentNo. 3931303, thedaed 4o i first comstallizer Exanpl e

ot i n e LR . Rell ol Rns SGMEBL S WL I 1o o
(evapor gvaporatie coglingaddi Feegiie), the TRR bEBAMeSaRORSCONYEntataE 8sit at ed as

it proceeds through the crystallizer stages. After the |last crystallizer
stage, PHecassisthroudyihermrysialiizar stegepaAftsttheolast crysiallizen stags. the total

concert CebencAdEar AR o JGRR, s R HRuORY okt et
st age ashasblidshold-upircihevwotect dteam sThadis, smosthhitallyaill of the TRAhstight i al |y

free fromof her conponents- Wth avail abili of the solubility curve of
TPA and W@t ,toéh§%ﬁﬁfl%@9%ﬂ3@d§4%r'$ GPWQ&)y%ﬁ@&%W tthﬁé@‘gl‘gds hol d-up in

the prooueians | ' S Rd; TN tepeLpt ure of
each cr ygt ﬁrﬁl%'g)gﬁg}gtf%agg Oﬁlﬂﬁﬁ%ﬁghgﬂgﬁ)ﬁ%@gﬁ% cr ;}ltél?gﬁyl | ze‘g&lThe
si mul at i'ld?A ahdwater asinutitionokas ppriommedin geteduate therssdids fhobdruphie tifie nal
crystallizgr of 31.49. % . . . '

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
L_ocation 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 25167 7176 265.20 42.08
Stage 2-Stage 3 204.44 93.28 204.44 05.98 218.25 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



TABLE | Conparative Exanple 2 Exanple Exanple | Sanpl eTPA TPATPA

Locati onTenpSol i dsTenfol i dsTenpSol i ds Stage | feed276.670276.670276. 670
Stage 1-Stage 2251, 6742. 08251. 67-71. 76265. 2042. 08 Stage 2- St 298, ‘
3204. 4493. YEIBROHAY5. 98218, 2593. 32 Stage 3- Stage PCT/US02/17219
4165. 5698. 69165: 5699. 02175. 0798. 62 St ag(é 4- St age

5135. 0099. 63135. 0099. 68139. 4499. 63 St age 5- St age -- 5 BEC 2005
6121.1199. 79121. 1199. 80123. 3399. 79 Stage 6

Product 100. 0099, 91100. 0099. 91100. 0099. 91 WD 02/ 098835 PCT/ US02117219 16
- - 5DEL, %ﬁ'ﬁpﬁe 1 [0040] The Tenp and TPA Solids columms I|isted under

- SDEL, Bxasile Tem_an _ . |
Comper aturell P S TR ol iohe BeteR3iidek RRalliis i e T sARE Sat o

i s recycdhedRhosolius regalting wiien fife $20d opeeating tempdratunex arecagsitraed farer . The
sanme soli dibhol d- up I n each crystallizer was achi eved by increasing

e sol | AChUNEEHEPE bUBR00% GfdbeichntiRsateds reayCatt{or e SyEiern ALne feed

crystal ljz ' | Z29;:ff i . The
o, pradELoRRE bk ERRIARTI fhe BAnt iR hdd B e [FARITENERla SRS 07,
t he firsachievedbpindreasing thag solidsicdiidenteationid 0¥ inAheofeéd streamRa the first

crystallized jn the first stage as, opposed to 42.08%in t Conparative
Exanpl e. Ciyiflizer §B§&yod%qrae@ngsh@g%er%f§he gpyleam 9’!@9?|’?ﬂrsegﬁﬁeﬁq“§%n to

93.28% i ; ' Apnhe, be
crystal |?Ee962‘??$m§|§?}‘;eénr&{% é%'gggtb&rdeﬁ%ggi%eoa{)és%@\ﬂgwa?%g@\egﬁg&xanpl e 2
[0041] TerystBdlimer stedieT Rttfio lekdmplo 7 116$6 lof tHeeTPAmdestallizedipl the Tirstrstagélas 1

report data for cess that is conditioned to vyield, the Amount of
crystal I?E%%SG%Q ‘?%ﬁé‘?o Bripepmpagtive; plgsByihe d.3tgoe ﬁ?%tw%dq
Conpar at pN&tdizekinh @onfFarono 93.28% in the Comparative Example. Example 1 shows

more TPA can be crystallized at a given temperature using 100% solvent recycle.

Example 2

[0041] The Temp and TPA Solids columns listed under Example 2 in Table 1report
data for a prdcess 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—toluiE; 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.



Exanmpl e 1, 100% of the condensed solvent is recycled. The results show t hat
42.08% of the TPA can be crystallized in the first stage even if the
tenperature in the first stage is maintained higher, 264.1 C as opposed to
251.7C as in the Conparative Exanple. At higher tenperatures, thejt&yggses
are further fromthe p-toluic acid solubility curve. Therefore, there iIs

| ess p-toluic acid co-crystallizationlat higher tenperatures. It is
expected that the crystals produced at 264.1C would be purer than the
cryst¥¢ ¢laigroduced at 251.67C. Exanple 2 shows that the purity may be

i ncreased, w thout reducing the quantity of the product. 5 D EC 2005 17 W
claim 1. Process for the recovery of crystalline terephthalic acid

cont ai niProgesh &8 shd feasweapofidrystalngrdphthalic acidcbnthiningdysswkargdtiouf pfnpurtspet ol ui c
aci d, basged on the weight of .the terephthalic acid, by the step

Conpr | SN EYCBRAPPEIG- SIS A P3Pt ine MEIEGO BB (ot 268 Rethgieps

per centeglintgfigved terephthalic acid having dissolved therein about 150 to
1100 ppnw p-toluic acid, based on the weight of the terephthalic acid
present, andlhprvidinga sobutparcontaang ibaaib bdito I60eight Br@ntidigradeed tgephthalic acid

pressure suffigient to intain.th | in the l.iqui hase. (2) .feeding
the solution o avs'?%%'s i?e%ttgérgmcalb%ﬁa@ﬁ?\z{gw W?@ﬁ@l%%%%gﬂ’sa%cgo%ﬂ‘ﬁl(‘@%tp y of
seri es- connecthederspitbilrldcidzsresenyvand Biving H@mpetatiire 0fabiout 36M0joSC0RIgle0. C. ata

rate-controll ed evaporative cooling gx sequential reduction in pressure and
tenperat ure t oPRaEEsUiligientdp mamipin Sie wivent wythe Hawdihaseaci d, wherein the

pressure of j f L i i i ut
anbi ent pres(gE%ee&%%“fée%gll;ltﬂ%:s#gfgggg&ggicﬁégzlﬁgf}be‘%t&&leév%p rgti:}%(f @?%ﬁﬁﬁgm
crystallizers comhected arystatigzetsheherein densadionod subpected to rataeontryibdaivhparativieon
zone at a point subsequent .to the crystallizer fromwhjch it ._obt ai.ned;
and (4) recoverTNGEDE PR EtuTion HLPESMELTICHETPE LS 1 CUTR S TTHERBEE ¢ han
about 150 part gerdpibbalic ReilOWhérSinaké PresdasSdhOsblhtish #ehO&id ofithd fsthlaEARAt hal i c
acid, by liquid-solid separation at anbient pressure. 2. Process according

to clai m 1 wherieds it abient prigssyre @tless; (1) contains about 25 to 35 wei ght
500" pprw p- 18] cy o i Bl ook B LM ROl e BpAd henk ©
present and t h® thé oryafallizgtiaf zawerat & peiaosubsefuedt onlystgithllizarfeont ehidhit was
obtained; and
(4) recovering solid, crystalline terephthalic acid containing less than about 150 parts ppmw
p-toluic acid, based on the weight of the terephthalic acid, by liquid-solid separation at

ambient pressure,

2. Process according to claim 1 wherein the solution of step (1) contains about 25 to 35 weight percent
dissolved terephthalic acid having dissolved therein about 150 to 900 ppmw p-toluic acid, based on
the weight of the terephthalic acid present and the 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 about
260 to 320.degree. C. and the temperature of the last crystallizer is in the range of about 90 to

110.degree. C. and the plurality of series-connected crystallizers consists of three to six crystallizers.

4. Process for the recovery of crystalline terephtalic acid containing less than about 150 parts per

million per weight (ppmw) p-toluic acid, based on the weight of terephthalic acid, comprising:



of two to eight crystallizers. 3. Process according to claim2 wherein the
tenperature of the first crystallizer is in the range of about 260 to 320.
degree. C. and the tenperature of the last crystallizer is in the_range of
about 90 to 110.degree. C. and the plurality of series-connect ed3 DEL 3005
crystallizers consists of three to six crystallizers. 4. Process for the
recovery of crystalline terephtalic at8d containing | ess than about 150
parts per mllion per weight (ppmv) p-toluic acid, based on the wei ght of
t er epht(hpfaedingaisdlution opmpssing a sAvEEGHRAOE)-18 weight pereelitrigpsalvedtendphdnlic acid,

conprisin 0 t, about .10-3 i ght. percent djssplved terephthalic
cora,  antrdRth GhbemRolE B on BB EiersbhRe 5 pteeHER dpnt hal i
aci d presenbtallizftich zonk ¥6mptitihg apluRklity 0N@rieL o resied SrydtallidérsAhdr¥inQblvent is
series-connected crystallizers wherein solvent is renoved as a vapor from

one or nofenQyey sy yvanos &gt oneny mase awpiailigerst he sol vent evaporated from at
one ¢ . : g .| t
eas lc{?f cﬁdeﬁ%ﬁ%ﬁ%&%%ﬁéﬂ el:\)gégrﬁt%d R GELE Y (ﬂgalpgﬁishagl%gs? Qr?(?%rlﬁ'gm 0 a

crystalii zer reamin the series crystallize rom

whi ch it veslendsdablvedt toarystadlzer bwated diong-streare pinthieakfies tachedcrgauitizérfiong | ess
t han about , 15Q @EM%HOI uéc acid, based on the weight of the terephthalic
acid. 5. Bhidds PefbAB®to claim4, wherein first crystallizer is

oper at 2(?) ?éco@erfn?ﬁ&e}@?lﬁﬁéﬁceacm cEHtkhg 280 tHaf abS?Q 509BBEF-tolfic R bida8 on the

t enper at ure of ast crystallizér 1s in the range of 90 to 110. degree.
C. and t heigpt ofrth¢ tergphtifalisecides connected crystallizers consists of 2-8
crystallizers. 6. Process according to claim4, wherein solvent is renoved
fromeach of the crystallizers. 7. Process according to claim4, wherein

each 5crpretaab hécottindfssclamds, Mdhieedin Fisooryathllikzénie Ofaﬂt@d 64 mpennae sskbus byRNt 'S
fed to the product renoval line of the crystallizer fromwhich the sal vent

was  retfdearegsC angdhrtempgratyse gEdg dasheryeipliier i in thagnge Rf 8 tn! kdegres ©iangr
has a Dhodhie 6IYe cdinBBed LHLRHBES WBhells bo2-BefsaniRRoduct stream from the

crystal to which the product renova Ine I's attached, further, wherein
said product streammay be diluted wth a diluent other than said condensed

sol vent 9. Process, agcordi to claim4, further co i Si ng,recovering
sol | & TPt ATOPTAES (B nreis SO RisexPhisg s SLe b SHOBHEER 150 pmw p-
toluic acid at ambi ent pressure.
7. Process according to claim 4, wherein each crystallizer has a product removal line, and said
condensed solvent is fed to the product removal line of the crystallizer from which the solvent was

removed as a vapor.

8. Process of claim 4, wherein each crystallizer has a product removal line, through which is fed a
product stream from the crystallizer to which the product removal line is attached, further, wherein

said product stream may be diluted with a diluent other than said condensed solvent.

9. Process according to claim 4, further comprising recovering solid, crystalline terephthalic acid

containing less than about 150 ppmw p-toluic acid at ambient pressure.





