;e3etw rsdt @uve wlitwhr G, 07 Novenber 2002 METHOD FOR PREPARI NG PURI FI ED
TEREHTHALI C ACI D AND | SOPHTHALI C ACI D FROM M XED XYLENES RELATED

APPLI CATI ONS This application is a confy \mm‘lm“{“%part of co-pending U. S
‘Appl i cation Serial No. 09/074, 251, fil mlmwu 8, eat,{kg\l,&qb%/ptzw and
Apparatus for Preparing Purified Terepht haljgiesACi d, which 1s a divisional

of co-pending U S. Application No. 081477,898, filed June 7, 1995, entitled

Met hod and FOR PREPARING PURIFiES THLARTIRA 16 A09pdanpow U S.
Fat et Mo S D ey PR T T

and Apparatus for Preparing Purified Terephthalic Acid. which is a
continuation-in-part of U'S. Application Serial No. 08l 760,890. filed
Decenber 6, 199b, entitled Method and Apparatus for Preparing Purified
Terephthalic Acid, which is in turn a continuation-in-part of co-pending

U S Application Serial No. 08/477,898, filed June 7, 1995, entitled Mthod
and Apparatus for Preparing Purified Terephthalic Acid, now U S. Patent No.
5,767,311, RELADED APPMIIATIONS assigned to the sane assignee as this
application, and the totality of the disclosures of which are hereby

i ncor por at ed her &ihis lBpplication di @ConHRUASION-IFnpRR ¢ «co-pPautReDUCT ! ANPIFAEOBr esent

. ( e >es . . >
ond. or e s SeERF NG 09/0Ts BT, B o7 SIS AR ie RO g HBRLS for LG
t er epht hal i @ragdrthea pdriFis® Pitrépiatic a4did, Whath 11 X Qeligivhae NE co-FRNGIHERPIND

Conventional terephthalic acid (TPA) nmanufacturing processes require

rel atively MpphicaonyNer8/417, 898 fl@blune 7-/1895 i entitied Methed andpAppagatuhiorqual ity
of the prodyct and reduce the sts .of manufacturi is.)s due to the
Pact thot Csrpednriad hrgaubRdond® UStBoERER. 3063 3] ciigentie on as
the main net : s P Lfyi h : ¢ e in the
oxi dati on sect Iﬂ%{l]&?)l? H%P@B?g}cgsgg@w%ﬁ Eg{lﬁw'@/ ?ﬂ?%%gggf{ ?géréﬁéng%lhod is
very sel ect iN907f enetl¢driMiethed ahé Appacutus fopuPreparingd Perfitab Tglephchalid dbidde

(4-CBA) by converting it to p-toluic acid, the nethod onlg o&erates in the
presence of vehiglis ageatinuationcatprapsofaUceadpRiicatien Sp1iyl NasQ8/7aR89%, 1ied ppn) .

Al so, the c Lonal C i g (o] > | & _of
Separ at i ng. TOREREi 'y 4508, FERHEE ol aRY CERRRER: of PiRbacid et
pht hal i ¢ aciTkréftialicSbid\l AR¢hGE IhNYENE Eddntagsin-gat of Qotpeadippirs.art TPA
processes descri bed above, the present invention provides a method and

appar at us f dkpplicapen i SegiabuNof 0877 SO8pHitledalinee dei tP9%nentided iMethod yand

i sophthalic acid fr m xed A | npor.t ant | i.t ~can i f I3

oxi dation r é&pﬁwsﬁﬁW@ﬁ{m%%fgq%ﬁfeﬁﬁ’%hC i \é?% I%fs ?@?‘ﬁwﬁ' a?é@’ Heid and

i sopht hal i ¢ CHhek GSwiiiBh hre3RsighBdne theddiRietsSigRe A1RIBRPIEUHGNZAL SR RI%eRy
(4-CBA)) 3-carboxybenzal dehy%e (3-CBA), and toluic acid isoners, to produce
a purified tofitlephichaiies ofiwhidh anedierebyincernatated, hepaim by referencedphalhmirpasesnici d i n
an integrated process. These products are useful for the production of
fibers, filns, plastic bottles, and pol yester resin structures, often

rei nforced hwmdsucrabsyri als such as glass fiber. In accordance with the
present invention there is provided a nethod and apparatus for producing
purified terepht HBhe presant thvanighn refates daahd grodyasionfof eerephslabinahdilsbphtlaticd f r om

m xed xylenes.in an integratgd process.  |n one enbodi nent, the nethqd of
the present arcff{feﬁ?‘?’oﬂ‘_oﬁgﬁfdi@lﬁhg’ ﬁr%ﬁ'&%!%’ﬂ %‘?paﬁartﬂsdg‘%n?';?gﬂmﬁcf“ﬁg{ég

(incl udi ng terpRibali@hdi§ aRe sBpiislic RRISM Mt 8dndd. by the oxidation of the
m xed xyl enes containing rmainly p-xylene and sSmaller portions of mxylene
and ot her isoners. The oxidation step produces not only terephthalic acid

and i sophthal i i ut al so, by inconplete oxidation, 4-CBA, 3-CBA,
TRACKERAND

p-toluic ac acid and other trace amounts of acid and al dehyde

| soners. The produGlvehtsidl det gtgilfc%%RTFAP%EM&&W%S%#& rfqglrk I?éti'zitfi’zely

di spersi on contai ni ng unreac I any have

starting material §,” sol ven
been used, thigh pxplduchsitpo9sitdé) neadd tomproyeand quaiityaf kthe prodseagdrstuce
mentioned, and other materijals ich are not, desired in the sought-for
purified terBHFORAICF Manufagtusing s if dug 19 gt?pfﬁ?tﬁgf“i UCH PTEr art POCRBERSer 2002
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The reactor effluent is fed to a series of crystallizers which allow the
solids to grow by evaporating the reaction solvent, preferably acetic acid,
t hrough pressure reductions. The slurry fromthe last crystallizer is

filtered and washed. The filtered crystals are then dri ?@58‘8@‘%@5} e

solvent to a level of less than 0.25%in the resulting aci d
crystals. The nother liquor fromthe filtration is fed to the sol vent
dehydration unit to recover the solvent (acetic acid) fromwater for
recycling to the oxidizer. In further accordance with the invention, the

de m xed  acids f. he d f the .oxidati ' - di | ved
e sel oot yoEpiPER s Reima g toni iRk ERa s PReR e R Pradictt B oy
i's crystalliigedxRutioRectiBg of Sli®Bidc¥@es " XBARIghitBahidB&RkBE Methdl BRRROT )
preferably, two crystallization stages. Provision is nade to separate out

t he cryst al Iseleetive amelinpinag theswajor ahgurpy 4 darbodybeRzeldehyda MHEBAd by epnveftivig h or

W t hout cosql vents). of, the invention. The filter cake of purified TP

Ul i mat el y QbR Rbtic ASid, hE mathod RAYeHeHaES Withe PRRAnGF Of B VFRITBAL A0BLBE Ond ¢ he
final trace QERGreelaBl b ®ndnyE00Akdnh)Z HibORhel SorfRhGA TPACHAt MR
product. In ﬁ?ge?@tro raeﬁovser I sopht al)i c acid (I PA) fromthe cryst ar% i zer
nmot her | i qu@rodesses ere nbPAaable af separating difzy Fdmbiis i$arhdrs,ssucioay isopixthaivtacids ol vent
is added to cause the .ubs.t?géi ally complete precipitation of TPA fromthe
mot her quucﬂPASI*H’é ¢ afidi )}y TPA-free nother liquor is concentrated, by
evaporating the selective crystallization 20 solvent and the anti-solvent,
fromthe nother liquor, and cooled to cause the crystallization of crude

| PA. The cr gIEMMPRYOF REWENDIONer purified by recrystallizing in another

sel ective crystallization solvent, The inventiqn also contenplates, steps to
recl ai m and recydp&oRtiast 9ahe rier art FPAsecessss doseribsd 2hpves s preseag tnveption

ol b3ty contt o @ATRR oo it bl ABberRBhAT b RS B BogpghPcen 10
envi ronment .iséphehaliceidtfegth niedeglened InipRriafidys éndani piiiy tHedkidatioh€actibrscovery
of solvents which are effective to bring about the purification of TPA as
wel | as | PA stfiusht eoniainirgethemiire ef tetpbtaplii asifl andasonhphalie apidos vy asgniaen er
apent 112 S+ SEnRIACTERt, Pl b AR AR
summari zed ashiidhdi®omess, to produce a purified terephthalic acid and, optionally, purified

isophthalic acid in an integrated process. These products are useful for the production

of fibers, films, plastic bottles, and polyester resin structures, often reinforced by other

materials such as glass fiber.

In accordance with the present invention there is provided a method and

apparatus for producing purified terephthalic acid and, optionally, purified isophthalic

acid from mixed xylenes in an integrated process. In one embodiment, the method of

the present invention includes the production of crude mixed acids (including

terephthalic acid and isophthalic acid) by the oxidation of the mixed xylenes containing

mainly p-xylene and smaller portions of m-xylene and other isomers. The oxidation step

produces not only terephthalic acid and isophthalic acid, but also, by incomplete

oxidation, 4-CBA, 3-CBA, p-toluic acid, m-toluic acid and other trace amounts of acid

and aldehyde isomers. The product resulting from the oxidation step is a liquid

dispersion containing unreacted starting materials. solvents, if any have been used, the

products of side reactions, particularly those just mentioned, and other materials which

are not desired in the sought-for purified terephthalic acid and purified isophthalic acid

2



7 Novenber 2002 For TPA purification, the selective crystallization

sol vents useful in the practice of the present invention include those in
which (a) the inpurities (including IPA) desired to be separated from TPA
-are relatively nore soluble in the solvent than is TPA aty éugﬁkgpbbglly
every tenperature wthin the desired range of tenperatures a I ch é%e

sol vent containing TPAis to be handled, and (b) TPA is nore soluble at an
el evated tenperature and | ess soluble at a | ower or reduced tenperature It
is to be understood that the term"selective crystallization solvent” is
intended to include any solvents useful in the selective crystallization of
TPA as descri bedl‘lwma/c&orl-‘efﬂuanA fpdlto' i saries o erystalliceramthichsallbwehé solids e is to

be added to the nother uor from TPA cr%(esé’itl lizatipon effluent) should
cause substeﬁw 'é)f Pxﬂpptﬁnas n sQly et lefa ¥, agelie| acids thrgugh presspeen f 1 om
t he not her | a f i t her

| i quor. The s an?ﬂe Pﬁy{@k?#hr@éﬁéﬁ% el %%#&Fg@c%éﬁgédm’?}é% g%r%};

evaporatio ncrimals aheslteln Idhedl iocrm)tctralhe sqlmnatd a lml of lessd ¢hanf/2 5%\imithéresdtinghen

sepa ated b iltr i SS Ived | ond sel tive

cr ys allizat 9?‘ |CH’S[3?fe ﬁl?r’??t gd‘qPP"' PR tg%gl&aﬂ%é% it the; solvent v ent i on,
the primaryqdaydhaios ﬁﬂns@t&ster\tﬁe 631Veht ddetid B&id) oM Qbat& Yor F& clf tb ftl%e' ng TPA
is N-nethyl pyrrolidone (NW), for the severdl reasons dis ed bel ow, and
for its supwidizar. perfor mance It is non-aqueous, thermally stabl e, non-toxic

be i ssol ved | n Rt 2eepRbarelf ieivealth £ R SR g B e O

crystal | i zegfthe &IYMNYR sedtion Arére-diaNed 8i 4 5edéetivd b@stmmronl sBReAt dnd §ensUCh as
4- CBA, 3-CBA, ﬁqhtOI uic acid, mtoluic acid, as well | PA, have relatively

hi ger sol usfephthgliq wNWAr) Fearystatiized oubofthe antqséwecmttelbzatmn@«ple¢runreoneby

| owering t ds t e or precipitate from
the sal uti o&n' ﬁ’?&%%l purl ﬂ% &é‘&‘?’&gﬁ g%t af’m}ﬁ?‘{%@u‘g&& Sqpar a??‘lg tnﬁ’gt
preferred S@yseﬂnzevleand rpregrassivielyaguirified SKHA/ €irim thet solvent Owitle ot Rdhbst @d t hat

in accordance with the resent | nventi other preferred sel ective
crystalli zaiOiVGHts)s‘EftV‘éﬁY"émPBr Do filter ?atlfﬁf’?ld’f'i‘ﬁé ﬁ@gg“#ﬁ)@‘%‘aﬁffe%’é“@&eéct ed from

vari ous pol imted
Vor | NN b i sSRARRAE AR YRyt Aot e GtackOf e SEECbiion T o
N- alkyl - ?- pspiveot frofo ke TRAIptodast. N- et hyl pyrrol i done),

N- t oal kyl - - lid toeth d
N oy 2.t ot R PR e S5 P SRR AR Bfphasten)

N-hydr oxyal fagtbr ?PA solids HQVr%HiBeéd Qﬁﬂﬁraﬂﬁﬁf Qh'eﬁtﬁ%@lv@ﬁtui@ Rda& to cause the
N- hydr oxyet hyl - 2- pyrr ol i done) TR;E& ines (such as norpholine, and

N-f or myl ~ nosubptantiaiz romplate nfemmtatlgn of qmmeznc&mdmmrs Thp sebstantiadlys, t he

am nes, the S n i mary

prefer red an g]-fg%l %/oetﬁ%dh@la té‘ﬁ% taw% ? ho ‘)’31%’?{‘%3 tw?&g SF &ﬁ@l%ton

subgpant i al §alvéntaad fﬁ?ﬁaxml’-SbNem, tfedrh ahe frigthert hguorp ik cobled|uor caafntt@l so be

sel ected from vari ous poI ar orq_gnl c salvents includin h% ébut not " intended to
t

be |imted wsral.lféactwwo &rude TP f o 1R srudg ARA dvthen furtheppyritied By sepsystallizingh e
carbitols, e%twé ﬁ-zstﬁ’ﬁxfh‘?‘ solvent! © C 12 carboxylic acids, water, and
m Xt ures thereo e prinmary pre erred sel ective crystallization solvent

for 1 PA purifi ca‘ll‘he)mverttlonnllsdnamémplaﬂes $tepsgh redieemand seeydle thasolednssofie sel ect ed

fromthe grou but n ted . methyl ethyl, ketone, et one , to C, ~
L oohol's, %t RiBitioht eabhstost tsrita tion Bd Wesbima ana i58tsSaGig, Aigsrs dsone do,
wat gk, and mkéwaésetytt%henfme Jiéﬁv@r&%?ﬁnf&bjécﬁaﬁ%f‘e rhtt@narl@t%'tﬁyﬁlma% nt (c.g.,

N1VIP) trapped I1n thé crystals of "the fi hal TPA product d TPA
crystals are preOecalhﬁoytaﬁmpttc@oahhpgbnmEwpﬂmnuhedlsmmrofMEntswm}er is

used to partia I e dissol v e TP als T r.esi dual

sol vent (rre?Wa?#S%/t f?é‘ﬂ%& tn‘h%/ﬂg‘tf? I-l?}tﬁs“f éspy‘iéi’mlaﬁﬂ‘ aWt BE r enoved
by drying t@oﬂtﬁiﬁm?m upho b@%sph,haﬁalrér Sftitids mecatx.}omtmntqtomxbemaﬁt hod of
the present invention for purifying crude terephthalic acid (TPA) froma

i quid di sperteluisracis; and@thess, threngherystallizptériand sepefatinn sters. Thesediseovenespr i ses
the ,gteps o [ crude TPA in a selective crystallization
sol \?ént IOat Eanaslg): sm %’Je\é ag?oll;ongm about 50C to about 2SOC toyf orm a
solution, (b) crystal lizing purified acid fromsaid solution by reducing
the tenperature and/or pressure thereof; (c) separating said crystallized
purified TPA fromsaid solution; (d) re3d| ssol ving said separated purified
TPA in a selective crystalli zati on solvent to forma second solution; (e)
crystallizing second stage purified TPA from said second sol ution by
reducing the tenperature and pressure sufficient to flash evaporate sol vent
from sai d TPA of sal d second sol ut| on but w t hout cool i ng sal d sol ut| on

= o~ o o o, oy ] e~ A



In this enbodi nent, the dispersion contains at least 0 to 20% i sophthalic
acid (I1PA), and m nor anounts of 4-carboxyal dehyde (4-CBA),

3- car boxyal dehyde (3-CBA) and inpurities selected fromunreacted starting
‘materials, solvents) products of side reactions and/ or egthger I
materials The sel ective crystallization solvent for TPA%@?Y?#@%F?%&ES
sel ected fromthe group consisting of N-nmethyl pyrrolidone, (NW),

N, Ndi met hyl acetam de, N, N-di nethyl formam de, N-formyl piperidine,

N-al kyl - 2pyrrol i done (such as N-ethyl pyrrolidone),

e F DA G0 e AT VSRR DA Bl bt e
N- hydr oxyal kiedrdut irflehtbRmhids Widie aswiichigagl tHadpuiiés Grdif iR AJaesied t he

mor phol i nes (such as norpholine, and N-fornyl norpholine), the carbitols,

C, to C, al dolbelssparatied feonh@&P4, are melatavalinmore sdlublanm thessolvand thavels dPledts, and
m xtures thereof The selective crystallization solvent for TPA purification
Ui < erbGHPRERADY SveRl FEPRATB R fHeGhars, PREROLRBEYires et Bre HE o

N- et hyl nysa%ﬁt%ngi idg"ePANR o BOhMRAN, hed {b}%z{)'iserﬁb&' JoRiHIOR: 4] Qated” | PA
solution is selecte I}]romthe group consisting of methanol, water, nethyl
et hyl ket onaempetatiiroand lefs sotubleQit-a lavendrodeducetdhempemthire oltss ta beeurelstsercel, t he
ethers, C to Cl, carboxylic agids, ter, .and, mi xtures thereof Th

sel ective crt%&ilt?’fnzé?]%gfe S%thl@?ﬂnof‘é‘}ﬁe%-’ér‘vg?%ﬂdl toJoglydspryssojvents usetdl| ect ed
fromthe gr : ; ter, methyl ethyl ketone,
acetone, C, q{ﬂgleggl?&mec%ﬁc%msﬁnﬁéfgggb%isgg%cg,%?h%we@gters, ethers, C to C
car boxyl i ¢ aci ds FonBtfepyrifiaatbnptihe anti-aslveitewksct isTthdeaddéd wahe antther siquor

preferably at the antisglvent/solution ratio of 0 1 to 10, and nore
preferably &foR ?%’fic&’séﬁ?h”é%?‘\‘/\é%ﬁe@.s ég?‘ﬁdf,austeos stgaually H@taglpé“&i‘%‘iaf“é'i (Bn of

TPA. I n anot - I , i j L %
! sopht hai | SEPUEHRARSFEOA frdnbthethSRE IRP pRO MR LR S rlofiR Tortbrd SIER)
3- car boxyal dehiydmothdr Gifgr, Fhiedsubstantidllyl BBA dsdecnbeher figuon ivoaemtredd byar t i ng

materi al s) solvents) products of side reactions and/or other undesired
mat eri al s. TAYaposaion ar;dissillatiopktoprystallize caide Soh uhjeh 1 ahemeopangiad; byithtgatiosn | s

selected fr C | St I i do ),

N i et hy e LR SRR R Pl B oRd e diPRES TONT:

N-al kyl - 2- pyrr ol ilgledeerdafdeoiithathe Mveativn, theyyringdriy oeterred selective crystallization

Nmer capt oal kyl - 2-pyrrol i done (such as N-nercaptoethyl -2-pyrrolidone),

N al kyl - 2t hisopigrt BIripusifisng $BARs 2-methiid ipyroliganen(NP), -fp the sayenel reasons

N- hydr oxyal - 2= || o] /L= 2-0yr. [ t he
nmor phol i nes Jgﬁ%@%@&%b%ﬁ%%%@&%ﬁ@&@ﬁ %I ﬁﬁ%b%ﬁ%ﬁ%ﬁg% ,tﬁ%h{gﬁ}g%r l%’t ol s,

C, to C = almahelis(entiftmmeitally sufe)! hen-edrrdubs) ahdCoramicdiadly aasithblehaPes¢aar s, and
m xtures thereof. The selective crystallization solvent for TPA

puri fi cati orbei disseivedimPMNM ot eleyaterbieamnsratwen- andnresipitated et grysighizedrfiem

follow ng e | i1l t eff.ect] f thepsel.eshive . o .
crystalli za?ﬁgﬂ% agz(fv{//%arnt? r%f)énrgélgepsa:’lgﬁ J’nésﬁ'wugﬁ%g?%asvﬁég%’i’sé%ﬁesﬁ?lflﬁci pl e
and feature Rid, rotuidc Bl s ivall ETPAPhaekelRtively Righeqsoribilies i NNEStheMTPA
experinental data on the sal ubilitg of TPA as well as IPAin NW as the
sel ective crajsillatempeeatingn cldteteéore, By lowewng ther reamsritureo aplyr BRArterdsunder

at nospheric r . I r > i oratory flask
whi ch was i%sr?@g OFI?I%%&%%??%{P]?F e{‘égﬁuﬁé&?ﬁ S&gp g@%e%gre%?c&s{azsbpre-determ ned
tenperature. The AlhaugtINMIPES the in®i¥p prefértddeseledtivdieryéthitisdtionas VERR R U Rbeby a

t hermoneter. For high tenperature neasurenent, a total reflux condenser was
used to recdvlerstapd that, jreprcordinse withube presentapvemaionopthelpiefgregdrielective
experinmental r a snpll, kncre ta uant.hty. of sqlids.was added to the
const ant 1y st zafbelPDsts o ROERER PR BUBRTPivees be St e w3 BORT R 2005
sol i ds were @hggfOdouRbtsandudifte baOhdttintendetas behiited@n S teaRkteA atdiahigd W th
the solids at that tenperature. The sol ubili ti/ was cal cul ated based on the

wei ght of soNNedimetapiforamide Naformyl giperidine, foialkyb2 aydetidoriah a8 Neetytar i zes

the solubilit TPA and | PA in NVP.at . .40,..70, and ,16QC. Tabl e

1500 dl v nsontishanel, NG St B robBins ot SOV PP e IRk, 5
8 014. 023 0l RANYPAONBpgolRbhe QGR0O0A- GRASNVEL Ehidyir Ao SNUARBo G- AL 1 10C
** At 23C Based ‘on thg%ﬁ%l ubi Ri ty data shown iﬁpyTabI erf’e?, it is)@i I Fustrat ed
that TPA can be purified fromthe m xture of TPA, |PA, and 4-CBA (3-CBA) by
crystallization, since both I PA and CBAs tend to remain in the nother

| i qguor due to their higher solubility The TPA crystals yielded fromthe

not her |iquor should have a substantially higher portion of TPA relative to
ot her conponents than those contained in the nother |iquor Exanple 2 A
solid m xture containing approximtely 95 w % TPA and 5 w % | PA was added

b o o B Y ——— N " ImOA~N a2 A NN N



Tabl e 2Run, NunberFilter Ter,~(CIPA in Feedl PA in productRi nse

Condi tionl A414 94 wt9%.21 W %3 tinmes sol ventused at 50C2A415 02 wt % 16

w % tinmes solventused at 70C3A415 00 wt %0 18 w93 ti mes sol ve tog%ed at 53C
1B 41 4.94 wtro 0 15 wt% same as | A plus 10 tines wdtNevem QS% 41 5.02
w%O0 13 wt % sanme as 2A plus 10 tinmes water 3B 41 5.00 wt% 0 15 wt % sane as
3B plus 10 tinmes water at 95C The data in Table 2 above denonstrates that
the I PA content in TPA was surprisingly reduced (23 to 39 tines) depending
. upon the rinse condition Wien the TPA cake fromcrystallization was rinsed
wi th sol vepgrralidon® Gshieh Ia@mmyhpm@eMprrrrolﬂmmeat 5 @ photin@B)(suchhes | PA
content was i ndeed reduced 39 tinme q:_i_e stage crystallization.

- Fol | owi ng MR Qm?eanﬂrl‘&&@ﬁﬂrféomh@)ﬂebék’ﬁ ‘@ﬁ‘?“qlﬁ B (m eeltals, eherethess, thgiuced
f 5 wht th h t t 9
7 Novarber it e FbE, RRC ullexieh Bt itercdtP Tl oS the o

experinmental dafke pﬂmtal‘}Epfe‘Ql-ﬂéblahtxlsyslveﬁt if RAtiamolalthowgh thPAniigolveitfanol  as
the selective crystallization at various tenperatures under_ atnospheric

pressure. SibstantighytotebRPAIPreipitatian domathe rrmtbq,féma%@anaﬁl&@ herpel estaéréroas t hose

S or oat or PRTP S RivP Ve ine el b R ot el IS s ERR Rl The " °
vei ght of gabNetcefid, Ceo Opf Abohi, IR cé}f)lt@l@'ﬂﬁsesﬁkdﬁ@ﬁ'e Iﬂ:b}se0$t§ rizes
the solubility of PTA and I'PA in nethanol at various tenperatures Table 3

Tenper at ur @rbﬁyhsmldﬁbMaltttry@'(dg‘mxwe%ﬁjhfedf 100gm of net hanol TPA | PA 10 0. 03
25 0.09 1 82 50..0 47 4 00 m Tabl e 3
that the sol ubi I 1% PriBRTY @fﬁefrﬁd ﬁﬁlfﬁévﬁoclrysi%agrﬂragaaﬁPb’e’goi?B?ﬁz% pPP PRtYher than

t hat of Tpﬁetﬁino‘l RRhIERRE SIS cARASH E@seiercﬂﬂi‘ f?&nttl@e £86p, bl fosiahitdithi ty of

TPA in nethanol 'becores significant only at higher tenperatures, such as
160 to zoomeuhyicwryl pctessmpeto&ceﬁrpbé Aal¢ghoin mmamn@lssthq astenmsthesuidia hat t he
solubility,of LPA.in t hanol i s .substantiall y hi gher than that of TPA at
roomterrpepatcﬁrer"}(l?B”é Waierand REgresithrgesf. 7 Novenber 2002

exper i ment s mrﬁ&@&@&wemrgﬁ@rmm(\e@em@? irhiBeBTEGk RISl HinoT TPA

fromthe solution of TPA, | PA and a m nor am)un 4- CBA coul d be
ef f ect uat efinddyIPadphiodgctt the vmsbq:IbTPAmnumls ak prefetablyded toa hiph teopergtuon. Thi s

sol ution can, be the nother Iiquor romt er afte t he TPA
crystals aRBNTHRRIEHIE(hUEd f PRGRY ST EmRERer SR EcRe PRy feEhe

fol |l ow ng ) | PA,
and a m nof;é?lan@%mvE@Rmﬁ%Bgﬁ?gﬁgé%m% ry%‘%ﬁ?’zﬂé@%@% P/Péh ﬂ&etﬂxﬁg%@b ddi ng

net hanol t drytnigeo mind leest olflequmanﬁéaﬁ"/cause essentially total precipitation of
TPA, but only m nor rec pitation To a m xture, of of NWP)
4 grams of TPA losee &m Jyw%ﬂwfmw&ad gﬁwrm?%irwwzl@r feeﬂgfrg Q5

met hanol ?eggi‘ﬂgl?cdacmﬂ’ ffoﬂpmla@gaegva%,%%réad&m%m J@exmﬁa\ of'ﬂx%éoure was

stirred for testoa the solids to crystallize and
preci pi t at gyléneocompraesth stepseof. (Ehdissoivizttbd eudeTBAfin b seeaip cmmﬂiadmand dried

f | | t f d that 47.5% TPA th
Fecover ed. St o RATEPGEEE & @wé%%oq{:aegaﬁp'wné@né (RO RACKTER 15wt 6
| PA. 15 Tochﬂﬁﬁgﬁﬁxﬁgﬁﬂ}é@ %51 s&htt%re&&ﬁ it ne e}aglgrk'%d/\ﬁ@ﬁre ent rzgt ed

by removing’a p e m re co rans' o ,

grans of TEhéreafJ(lc)k&aammgsaxd)&ryhtﬁlﬂzedﬁmpﬁmdhmfejm sﬂﬁ@olgﬂmﬂd)o’bdmmﬂdwol was
added to the m xture tqQ_cause TPA to crystallize fromthe m xture at room
t enper at ur &id serRaratech guBEiRA {FOninc swlﬂaﬁwstaw%%w‘weﬁtéo\/@m§t$eﬁﬁ>r§b for 90

m nut es begcﬁﬁﬁor{, (L:i @Mﬂﬂxzﬁ)@esegg)rﬁ stage purified TPA from said second solution by
reducing the temperature and pressure sufficient to flash evaporate solvent from said
TPA of said second solution but without cooling said solution below 50°C; (f)
separating said second stage purified TPA from said second solution, (g) washing said
separated second stage purified TPA with water; (h) soaking said washed separated

second stage purified TPA with water at a temperature between about 150°C and about

5



20 crystals fromthe slurry. It was found up to 97.5% TPA was recovered
fromthe nother liquor) and the TPA crystals contained 97.3 w % TPA and 2.7
wt % | PA. The data indicates that 100% TPA recovery can be achi eved by

-renmoving nore NVP fromthe nother |iquor (higher concengngt,i y
addi ng nore nethanol to the nother liquor, or the conbi ?lal\?(?\}oér?\ﬂ%?r Eth? 25

In a typical nother |iquor, the 4-CBA content should be around 0.01 grans
per 100 grans of NWP (0.01% . Since the anmount of 4-CBA in the nother
liquor is very small and the solubility of 4-CBA in NW is very high around

roomtenperature. (shown in Table 1), the addition of ol shqul d not
cause tg p?%i:gﬂﬁ')gfﬁ‘ﬁk‘iﬁ ag dW—"@,&‘dfl‘%/ﬁtﬁf f%ge‘ﬂfﬁcﬁ@‘?Stﬁgﬁﬂﬁn&{.egg@%@é&l‘%m% of
TPA fromth t her . | i ' IV ; oty 7
Noverber 208 netfiens Y el SRRGT 1o PR Lal, e pREPRAGSFON MBdhially |- ossec
to recover alPthe DPMai(kpsephrating sgd pradstasah€PA fraam paié selatien in stefrijyuné 1 and

I's described |ater in the next section. DESCR| PTI ON OF THE DRAW NGS Fi gure
1 is a di ageemhiing said ppipitaied TPA syt éa‘BIt%ﬁﬂ“&‘@L cyiadPAdPhErosessingivsteRd 5

mbodi . the | : f e - ' 2 i
oo agr anmete O SyPRAMe e sOhe Rt RUHFLIPARARE TRACREP LT B ARG © 1

enbodi ment  @dusd ihe chRtalliakticnoflIPA Jpkaeltpéragrelfrémaibbyt. S°ORBERb G100 CEmY HE
PREFERRED ENMBODI MENTS One of the preferred epbodi ments of this invention
for produci ng bo8epasang paid coptafitzad 6radg HMA | fsom r sadespliatipn in seRUll (1) Now

referring t'%ég%ﬂ aF%Ecrjude BAG, s-ggéé\jerc%%%%i%&g%t ?g%\fe telaa?&c?tforr?ago%?(:t or

(not shown) 'ng-approximat el’y nd m nor amounts of

ot her i npur §¢ ie2506d 16 Phm BsecBAd sdduticl; Wb erptaliRingpiriflediIPAdednilJai@tseond i s fed
to the First Dissolves 100 through Line 1 to mx with the nother |iquor

from Fi | t ersalptian @ stephtrd yhrerdgcing rthe 2ympgiatuse @nd pigsyre fsulfipient te dlash v 113

th h Li 19.. T ien.t:h [ st D I 00 . | nt ai ned
bt 160 1o 18mEcase hiEnE BV B8 drdaltn@ebld SauRn AR Y Slolife SR 1 N
subst ant i al §ofutRinlbel¥R ARNO50°C 2dndi(FYkepM Biingldn@ Ayl RidlBcontinRageFurfied B

solution fromthe First Dissolves 100 is then feed continuously to First
Cool i ng Cr yEomlsaidzsesondsolutipnough Line 2 to generate TPA salt crystals at 30

El(r)yg'([) aISPlcz e-srhioiinu{hriy embot ir%ie;rllti, the de%%rs?oanl éon?ari ssz}t%asst %(ol EO%/o l'l:SiOrpﬁg}‘lal(l:COé)CliC; ng
(IPA), and minor amounts of 4-carboxyaldehyde (4-CBA), 3-carboxyaldehyde (3-CBA)
and impurities selected from unreacted starting materials, solvents, products of side
reactions and/or other undesired materials The selective crystallization solvent for TPA
purification is selected from the group consisting of N-methyl pyrrolidone, (NMP), N,N-
dimethyl acetamide, N,N-dimethyl formamide, N-formyl piperidine, N-alkyl-2-
pyrrolidone (such as N-ethyl pyrrolidone), N-mercaptoalkyl-2-pyrrolidone (such as N-
mercaptoethyl-2-pyrrolidone), N-alkyl-2-thiopyrrolidone (such as N-methyl-2-
thiopyrrolidone), N-hydroxyalkyl-2-pyrrolidone (such as N-hydroxyethyl-2-pyrrolidone),
the morpholines (such as morpholine, and N-formyl morpholine), the carbitols, C, to C,,
alcohols, the ethers, the amines, the amides, and the esters, and mixtures thereof The
selective crystallization solvent for TPA purification in this embodiment is N-methyl
pyrrolidone or N,N-dimethy! acetamide or N-methyl pyrrolidone. The anti-solvent for
TPA precipitation from TPA/IPA solution is selected from the group consisting of
methanol, water, methyl ethyl ketone, acetone, C, to C,, alcohols, the carbitols. the
esters, the ethers, C, to C,, carboxylic acids, water, and mixtures thereof The selective

crystallization solvent for re-crystallization of IPA is selected from the group of
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through Line 3 to Filter I 102 where the crude crystal cake is renoved and
fed to Second Dissolves 103 through Line 4. In S econd Dissolves 103 ) the
cake is re-dissolved in clean NWP recycled through Line 3 S fromthe

‘sol vent recovery system Again, the tenperature in Seco Di ssol v 03 is
kept at 160 to 1 EOC to conpletely dissolve the 25 TPA ggﬂ?v%ir@gf 2@912 The
saturated solution from Second Di ssolves 103 is continuously fed through
Line 5 to Second Flash Crystallizes 104 where the tenperature is maintained
at a mnimumof bOC to prevent the formation of TPA salt crystals. The

degree of 12 7 Novenber 2002 tenperature reduction in the crystallizes is
control | ed methanel, avdsemmegy! RihyLketong, agtaagy Girtg iy Aleokals dhararpizels ther ough

pressure reduction. I . ' [ i es 100
i ongh L1 e ks by BFPERIEAEA, G K s e, TR ol BB P2 1OV,
105 t hr oughislgréferably ahee antisbivenisolufioechtibRA Osloloi I, askmoresprefeeabiyestadannd sent

to Cake Wash 106, while the nother liquor is recycled to First D ssol ves
100 t hr oughof betwegn 0.3 teak &0 gash therprecipo@ion (el B k resi dual NMP in the cake

is renmoved by counter-current i Wi I t hed, cake is fed
t hrough Line 10 rrbaréoﬂ%gw@?&%\é@ftge ?g%glggtcﬁg%%ﬁgﬁgftrd;@ey@ ’W’Phcthe TPA
solids by sgaliMmeAyhdd mifr&mdiitst SFTPEArBbxYakieh BAY69.ch®oRBdenthe
NVP- f ree caEe i(s f?lvlaterrned ri n Fi Ister 1] *1%18 ag%t%?i@ed;i nCDr;?ef(ﬁ)l ¥09 to
yi el d the f{(HE@BA)PANr aopuritics heelavtedh &om ivpoeacteflr gantifg | meterials] G@1viests,

transferred through _Line 15 to Precipitator 112 1In i asses

dai ng Lt
t hrough Oxi Bodaictsy of sidenieastipas gad/opjothey updesiipd, dpaterals s asf?'éﬁﬂ%gve

i nvention dj j [ P [ | J Lon: ial No.
091 005, 060t SRE TR g S BN TIPS M RARGHE PRcth FonlitR 160 LARHRE bF]
Ter epht hal i dl-seihgll pyrrdlRiopd (MMP) cCNAYidimethybuseehibly, X - dasahgnfeemahidehe
present application, whose disclosure is incorporated herein by reference

for all purpofumyl \piperiding. Nsalkddeayirelidans (ueltiapi Nl pHFDidgRe)LiNe 16 to

et of pPe euPIaEb B sk Rekf s T Bir AR O QleohE b P S
Preci pi t at ofhidphrdlidohee@udns N-te@y1-b Yhidgsdrdi foaesg N—H}dﬂ@)}g)ﬂa%ng-ﬁﬁmﬁd%né he

maj or portion of the nother liquor fromthe slurry before it is recycled to
First Di ssolsuelsas DBhydroxyetty2rpyarai@ontie theomhepholinayu(suchfas onerpholirey and/ | 13

is sent to Evaporator 114 to renp d anol evapor ation through
heat as wel g’mgmﬂ?ﬁo 'EQ'II]?‘FQ‘Ea?g‘HgS* %ln@:(gm Pg‘fa’é‘gs’rfg? ﬁ&érsl’ iﬂlfﬁﬁﬁmﬁ%ég‘ﬁes a
saturated sohiel OhdQhe Ldehs, M nfiktufes tlepébrt @th'sélgéti&% sgluzﬁ.{tiﬁh'sbl%@& (Ao Lo
crystallize TPA at a tenperature between 30 to S y cooling or flashing
The vapor i z&®ANMRifientionid Namethyf pyoroliBoapor &t Nedimethd] acetdnéidet o Di still ation

Colum 110 to yield NW fromthe bottogg d.nmethangl fromthe top.of the
it fihgs

col um. The met hdhgfolepinggrampleyilusraiedhe ¢iEroiieness BF thaselectiveErySAllzaten Li ne
16, while t rﬁﬁ{g : I.550l ves
103 thr oughgﬁyér}l%@%%bér e Jfﬁpr‘%@&iﬁﬁgrﬁ?hrgtz h%ﬁﬁ@’f@nﬁ g%ﬁ %f?gq@%]gwl%%
transferred to Filter V 116 to produce crude | PA cake and the nother |iquor
The nother liquor is sent to Precipitator, 112 through Line 17, but a
portion of Stream 17 is purged throu§k?®Pieé 37 to prevent the accumul ation

of the inpuritie L : 0, LI e { n
transferred thr ousTg |angiecz)c%s‘?g)g% g% %Pgrérg%gséagal@ J\ﬁ/héélg&%l e(;fglﬁ) u%gs ‘%’gﬁ cake
i s di ssol veds A eNMPa$ tietselrciive drodralBzarienpelvedttut ehrandifforeas superatdrbe
saturated | PA solution.is filtered in Filter VI 118 to renpve the trace

i nsol ubl es HBACTAIMGSHTIE HFressyR (Theeexperinpenss ¥6rq eRndr@ed §103 lnbpetory dlasked

t hrough Lin SEER I l,] el PA, ¢ - by

fl ashi ng ne?ﬂﬁ%‘olt‘%srom %}Eeed Eﬁﬁﬂscé%ﬁfa?{zetés%ﬁﬁ?%l%ﬁhgr Iéé Zua?eJl r@%ﬁé‘%ﬁ%’ﬁ&?he
slurry fromtémseatdrel Fhe (s pladse iemperatlitOini the flaskngs meisackdby Dihefindmeier. 30 to
Filter VII 120 to recover and wash the purified |IPA crystals for final

dryi ng i n DFp&high temperatyse yneasufement. 2 faial reflypcondersaicvas yaer [te recaueripe her

l'i quor fromfj Lt.er I [ clyed. t h or 114 fhr {ne 31
anot her  pr of SpRclosS Suf SEsvbsiARHT St PERRRE IS hut Sl TSt *ria
only is ill ushdtidy 6fsolids WhQatided 2o thE@ngantiestifRA sfloe iingifagk tanabmbrd0 to
99% TPA and 1 to 10% I1PA) is fed to Dissolves | 200 through Line 201 to m X
with the nother liquor ML-2 fromFilter Il 206 (recycled through Line 220)
and the recycled cake fromFilter V 215 (recycled through Line 221 ) The
tenperature in the dissolves is maintained at 140 to 200C to dissol ve
substantially all the solids The saturated solution is then fed through
Line 222 to the First Crystallizes 202 where the tenperature is reduced to
30 to 60C by cooling or solvent evaporation (wWith pressure reduction) to
allow the TPA crystals to grow The slurry fromFirst Crystallizes 202 is

Y o e - N - " o NSNS 2 p—— o NN 2



14 7 Novenber 2002 evaporation (with pressure reduction) to allow the
purified TPA crystals to grow. Again, the slurry from Second Crystallizer
205 is fed through Line 229 to Filter Il 206 to recover the cake, which is
then transferred through Line 230 to a Countercurrent o0 be
washed with water to renove the bulk of free NWP from tcﬁ(ranogéetl?gl.ge%%é(ﬁ

wat er - washed solids are sent through Line 231 to Soaker 208 to renove the
trace anmount of trapped NMP fromthe purified TPA solids by partial or
total dissolving of the solids in Soaker 208 at a tenperature of 150 to
280C. The N\~fP-free solids, are sent through Line 233 to FiJter [l 209
Where the WAl weEs GasRbEe T 10e SOIBHOR RS 123 SORTLETE satyipledc ot thesolidsat

t hrough Lin i i .9l j je £.1 TPA
product . hafpbnpE o ity AU Gllad pMeof 0GB! s e )0
t o Evapor at edtal ivdidht bfsoliésadded. T sblebisdunmiariacs thevsohtilitgfof NPR ardel PoindaviPr at ed
solution is transferred through Line 236 to Crystallizer IIl 21 1 to cause
lowpurity TP, 4Py%E.and 166Cyr ow. The crystals are then recovered from
Filter I V 212 and recycled to Dissolver | 200 through Line 237. The not her
liquor ML-3 fromFilter IV 212 is transferred via Line 238 to Evaporator

1 213, t Tfer V ZI5 10 recover the repidual

| owpuritj=ERAfor racycling to | DL s ohtceat i i ifhal

not her i guor JM:Lk-4 fr Fil]ter V. . i 4 " R I p apd a
m nor armnt Ypa pa veh hr Oﬁgé{u?’rll@g @ﬁgﬁﬁ%%edfts@ggﬁ fo
further NWP recovery by m xing w wat e fore di sal. 1 l\pvenber
2002 WHAT}{IS CLAIMED IS: 1. A nethod for purifying crude terephthal
(TPA) frofpa l4puid dis ion duced f t he oxi i on of gy xed| xyl enes
conpri si n' (a?;fqﬁi ssol v t he g‘%de TPA ?(r?l)ma sel ectlg\?}e cr ystaﬂq(za ion

sol vent af a tenperature of from about 50C to about 250C to form a
sol ution; (b) Py st al i M puril{)i7ed aci df,Erzom sai d gqf ution bééded Ici ng
the tenpefature and/or pressure thereof; (C) separating said crystajlized
purified PA fromsaid solution, (d) redissolving said separated pujfified
TPA i nI ia el eglogue Crysfgip i zat jgg«sol venyh,t0 form gesecond sof,4tyx0 H (e)
Ccr ySt a | '———;-;——‘—:-‘—e—=-£—'~-—3-e-‘——e-:-—————:-e—-—’-i———'—e-=4~%-——5—'—:-‘—5-—‘-e——’-e-—:-—e-:—e
reduci ng thé temPédd®& e and pressure sufficient to flash evaporate sol vent
fromsaid TPA of 43P second sol ution but without cooling said solution

bel ow 50C, (f) separating said second stage purified TPA from said second
solution; (g) waBasedorsthe dolabififr dateshoseninTabletlagds plustrdted chal PRAVah Be wat er)

(h) soaking said washed separated second sta ejpuri fied TPAwith water at
puritied from the mixture of TPA, IPA, and 4-CBA (3-CBA) by crystallization, since

both IPA and CBAs tend to remain in the mother liquor due to their higher solubility

c acid

The TPA crystals yielded from the mother liquor should have a substantially higher

portion of TPA relative to other components than those contained in the mother liquor

Example 2
A solid mixture containing approximately 95 wt% TPA and 5 wt% IPA was
added to NMP according to the solubility of TPA in NMP at 160°C. The mixture was
then transferred to a cooling crystallizer equipped with a specially designed mixer in
order to minimize the crystal breakage, a heating jacket, and a vapor condenser The
crystallizer was slowly heated up to 160°C and maintained at this temperature for one
hour to ensure all the solids were dissolved The crystallizer was then cooled down to

45°C in 90 minutes to allow the TPA crystals to grow The crystallizer content was



a tenperature between about 150C and about 300C, (i) filtering and drying
sai d wat er soaked second stage purified TPA (j) adding an anti-solvent to
said filtered solution in (c) to cause the precipitation of substantially
-all the TPA, and (k) separating said precipitated TPA fzﬁm sai sgbgti on in
(j) and conbining said precipitated TPAwith said origi Gt for
processing in (a). (1) evaporating the solvents fromsaid filtered TPA-free
solution in (k) to cause the crystallization of IPA at a tenperature from
about 5C and about 100C, (m separating said crystallized crude |IPA from
said solution i.n (,1)). di ssol.vi ng crude |.PA i.n a.sel.ective

crystal | i zafPBHere It%/éﬁgl?%ﬁ?d’ t?é‘ﬁ%éﬁ%ﬁgHB‘CF@OW@BB%}P‘%‘&? the TR & or m a
second sol Uub?&é;sf’éo)«ﬁ%gﬁ%hgdté hebitg P Wakthis6RehtAr 56 RIVET) a3 SaNE wahut i on
in (n) by reducing the tenhperature and pressure sufficiéent to flash

evapor at e sthevenke. Tir somesasas, & Bt witeswash ofabocakesw GG was bartriedoutediet acool i ng

said solution bel ow abqut_50C, apd, 16 7. Novenber 02 (p) separating and
dryi ng_ sai VBB pade BTGRP B Sl Arelied Ry 2a PUOTGIE Y A
method in a fthwgr&aug @inokitioh b KA Ml SRAHIH By BRMERES Al
least 0 to thallc aci | PA), and m nor anpunts’o

4- car boxyal A) and 1 npurities
selected fr i

reacti ons 4n r o (W tenl &l 3. i anGel Wit h
Claim1l whd r%s%@;ﬁt%&on%@g%om plﬂ i Yi|cation
is selectedq fromuthe group consi sti ngoPHitPF metdry]l wdyd r ol | dDiges NN
N, N- di met hyjl acetam de) N, N-di methyl formam de, 10 N-fornyl piperidi
N-al kyl - 2-gyrrol i done, N-nercaptoal kyl - 2-pyrrolidone, used at 50°C
N-al kyl - 2- tihi opyrrol i done, N-hydroxy, -2-pyrrolidone, the norpholifpes,
the carbitdls, €4 to C Z 4} cohol s, ti@ké’foﬁers,o ﬂ%é"to i nes, > HRES %’E‘{e&b ) and
the esters,| and m xtures thereof. used at 70°C

-

A 41 500 wt% 0 18 wt% 3 times solvent

used at 53°C

1B 41 4,94 wt% 015 wt% same as 1A plus
10 times water
at 95°C

2B 41 5.02 wt% 013 wt% same as 2A plus

10 times water
3B 41 5.00 wt% 0 15 wt% same as 3B plus

10 times water

at 95°C

The data in Table 2 above demonstrates that the IPA content in TPA was
surprisingly reduced (23 to 39 times) depending upon the rinse condition When the
TPA cake from crystallization was rinsed with solvent at 70°C followed by a water rinse
at 95°C (Run 2B), the IPA content was indeed reduced 39 times by a single-stage
crystallization. Following the same procedure, IPA content in TPA mixture can be

reduced from 5 wt% to 33 parts per million by weight (ppmw) through a two-stage

9



4. A nethod in accordance with Caim3 wherein said selective 15
crystallization solvent for TPA purification is N-nmethyl pyrrolidone or

N, N-di met hyl acetam de. 5. A nethod in accordance with Claim4 wherein said
- selective crystallization solvent for TPA purification 4 %y
pyrrolidone. 6. A nethod in accordance wwth Caim1l mhe?iqldr?eﬁlls 2002
anti-solvent for TPA 20 precipitation from TPA/I PA solution is sel ected
fromthe group consisting of nethanol, water, methyl ethyl ketone, acetone,
C, to C 2 alcohols, the carbitols, the esters, the ethers, C, to Cl2
carboxylic acids, water, and m xtures thereof. 17 7 Novenber 2002 7. A
met hod in a@B’é“"ﬁ UR%with Claim6 wherein said anti-sol vent for TPA
precipitation from TPA/I PA solution is methanol or water 8. A nethod in
accordance with Caim7 wherein said anti-solvent for TPA precipitation
from TPA/ | PA solution is nmethanol. 9ExAmptthod in accordance with daim1l

wherein said selective crystallization | vent for re-crystallizatjon of

| PA i s sel ected fr#‘@rﬁxﬁfﬁéleéifvﬁﬁug‘eﬁ?‘mﬁ’ﬁ’ceﬂt&ﬁ&t? O%\g‘Fé?l)‘b‘[ﬁ‘é‘toﬁﬁ AepszwllZafgék’ ne,
acetone, C, . . i : oCZ
carboxylic é’t@&@?"% Sg?‘%@%n W%ﬁra@’tsﬁég{ézgé K%rﬁéetrsvggwggﬁigﬁd@?ﬁ%gﬁqéﬁEtz%oé@?edr%nce
with C ai m resheseilhe erpétimaitslepparatus ays peddeduras arerths sdnvecastthbsarset forth

re-crystallizing purified | PA js nethanol or ter: 11. A method in

accor dance % EXemalen] abanerwith the,gxceppion Ahatithe yRRAMPressire,§s gigater than

anti sol vent/ [.on 10y ) 1.1 §.atk f TPA.
oL e A" RS bl o] oh RGN B S i e

sol vent/ sol weightof sliiadded PTEHlES althyarizes thesohibilpe o0 PTA dndtIPA3n &Bthanol

at various temperatures

Table 3
Tempgrgiﬁre Q) lubility (gm of solid/100gm of methanol
TPA IPA
10 0.03
25 0.09 182
50 047 400
160 290
161 15.00

It is observed from Table 3 that the solubility of IPA in methanol is roughly 8 to
20 times higher than that of TPA at the temperature ranging from 25 to 50°C. The
solubility of TPA in methanol becomes significant only at higher temperatures, such as

160 to 200°C under pressure

Example 4
From Example 3, it was found that the solubility of IPA in methanol is

substantially higher than that of TPA at room temperature (25°C to 50°C). Accordingly,

10



7 Novenber 2002 13. A nethod for purifying crude terephthalic acid (TPA)
froma liquid dispersion produced fromthe oxidation of m xed xyl enes
conprising: (a) dissolving the crude TPA in a selective crystallization

- solvent at a tenperature of from about 50C to about 25 f

solution; (b) crystallizing purified acid fromsaid soltﬂé&?%ﬁ%ﬂgggging
the tenperature and/or pressure thereof; (c) separating said crystallized
purified TPA fromsaid solution; (d) redissolving said separated purified
TPA in a selective crystallization solvent to forma second solution, (e)

crystallizing second stage purified TPA from said second sol ution by
reduci ng t heXPERMERIP HETh ©@ndneted taadatermenesyhether theprecipitatianpf TPA fipwmiihe e

solvent f rogxgvﬂ;?g.gfﬁ(ﬁ? @A S AR P O 4B Gltbe WAt BkiEy 6P RdAIne Al

sol ution belo separating, sald second stage purl rom said
second sol uproperanfoght ofasdthiang! te shedsohwipar Hiiesbhamncanbestha gotip tigdord@dmPA wi t h

wat er, (h) soaking said shed separated second .stage purified TPA with
water at a '?‘E%é‘gY eh ﬁggﬁpﬁgﬁi‘aiwﬁﬁﬂﬁg%&ﬁaﬁqﬁoﬁe potherliguefer i ng and
dryi &g sai . : s GERP B ordd i ng said
fil tgred sgﬁn%fl}%% tl?eﬁf@?@?\nggﬁl&gggsé%&rrg??% angrcool’?ggrﬁgeomggﬁgﬁed

sol uti on t oofdRAs end himinor ysmbaht| af A2CB Aifamdf3-CBA).and mi nor portion of | PA (k)
separating said pr.ecipitat ﬁd TPA ag& m nor Eortion of IPA from said
solution in (j) oH¥CKARRIEShONS L3t 3ddipg impthangl i EherBPther HavarsseRgars (a) (1)
concentratl &gen‘ﬁﬁl'lﬁofa! reBipR&Lich QI TP AOBUL bRly inor PYeciRaRATLAPAP 2h @ hiigreand

cool i ng the conceént ra%ed solution to cause fixrther crystallization of TPA

and mi nor pefr t00gTams of NMP, (dhrgrame p& TRA, and 3 i graws w {RBA] appeoxiMmaly210 ni nor
POr§40N. Of ' s L6805 $a08kedloe lbefepbra P b O R kst v @ o
stirred for about 90 minutes to allow the solids to crystallize and precipitate from the
mixture. The crystals were filtered, washed and dried for analysis. It was found that
47.5% of TPA in the mother liquor was recovered, an:d the crystals contained roughly
99.0 wt% TPA and 1.0 wt% IPA.

15 To increase the recovery of TPA, the mother liquor was concentrated by
removing a part of NMP and the mixture contained 100 grams of NMP, 20 grams of
TPA and 10 grams of IPA. Approximately 260 grams of methanol was added to the
mixture to cause TPA to crystallize from the mixture at room temperature. Upon the
addition of methanol, the mixture was stirred for 90 minutes before filtering the TPA

20 crystals from the slurry. It was found up to 97.5% TPA was recovered from the mother
liquor, and the TPA crystals contained 97.3 wt% TPA and 2.7 wt% IPA. The data
indicates that 100% TPA recovery can be achieved by removing more NMP from the
mother liquor (higher concentration), or by adding more methanol to the mother liquor,
or the combination of both.

25 In a typical mother liquor, the 4-CBA content should be around 0.01 grams per
100 grams of NMP (0.01%). Since the amount of 4-CBA in the mother liquor is very
small and the solubility of 4-CBA in NMP is very high around room temperature (shown
in Table 1), the addition of methanol should not cause the precipitation of 4-CBA from
the mother liquor.

30 After 100% of TPA from the mother liquor is recovered and recycled by adding
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(n) transferring said filtered solution in (n) to waste treatnment facility
or to further processing. 19 7 Novenber 2002 14. A nethod in accordance
with Claim13 in which said dispersion contains at least 0 to 20%

. isophthalic acid (I PA), and m nor anmounts of 4-carboxy ),

3- car boxyal dehyde (3-CBA) and inpurities sel ected froma}uﬁﬁgégﬁjeeg%@ti ng
materials, solvents) products of side reactions and/or other undesired
materials. 5 15. A nethod in accordance with C aim 13 wherein said
selective crystallization solvent for TPA purification is selected fromthe
group consisting of N-nmethyl pyrrolidone (NWP), N, N-dinethyl acetam de)

N, N- di met hydetifanolythei TiaA-frée mothesliqupr gaarbee fiirther pidcedséd/torécayer IPA. iDibtaile)

N ner capt oal.kyl - 2- pyryol i done, alkyl -2-thi r.f ol.i dane, .

N Iy ar oy aPEY pacs SR hmeis Rtkseny iR gl o St st B eest sestorey 10 2
al cohols, the ethers) the am nes, the am des, and the esters, and m xtures
thereof. 16. A nethod in accordance with C aim 15 wherein said selective
cryst al | i zRBSGRIPTIQONQF THE DRAWINGS i cation is N-nethyl pyrrolidone or

N, N- di net hyl t am . 15 17. A.neth ' M.th Claj 6 wh [
Said serecti ve. IS 3 p Sperimaia Hon et forsematy o practtibga ArdeRbdo hyt
pyr 50l i don@mbhe@iment’of Q¥ ﬂi@éﬁﬁot@@»@%r&ﬁcin@b@ﬂi’h?ﬂ ah@TPRYUAAd Yi ng crude
terephthalic acid (TPA) and isophthalic 5 acid (IPA) froma liquid

di spersi on prodbiiguce 2riora diagrammatiatfiaywn chdrt fox aplangfen psactiompransthery: (a)

di ssolving the crude TPA in a selective cryst Lzation solvent at a

t enper at ur &F ?“#%%%HB?H‘ 02&5 iR¥entiop fr pred “Ega)%#ér%ﬁya sol ution; (b)
crystallizing purified acid fromsaid solution by reducing the tenperature

and/ or pressure thereof, and separating said crystallized purified TPA from
sai d sol ut DESCRIPTION OF THE PREFERRED EMBODIMENTS

One of the preferred embodiments of this invention for producing both purified
10 | TPA and IPA is presented in Figure 1.
Now referring to FIGURE 1, crude TPA from the oxidation section of a reactor
(not shown) containing approximately 95% TPA, 5% IPA, and minor amounts of other
impurities (4-CBA, 3-CBA, p-toluic acid, m-toluic acid, etc.), is fed to the First
Dissolver 100 through Line 1 to mix with the mother liquor from Filter II 105 (through
15 Line 7) and the slurry from Filter IV 113 (through Line 19). The temperature in the
First Dissolver 100 is maintained at 160 to 180°C to completely dissolve the solids and
to evaporate substantially all methanol carried over from Line 19.
The saturated solution from the First Dissolver 100 is then fed continuously to
First Cooling Crystallizer 101 through Line 2 to generate TPA salt crystals at 30 to
20 50°C. The slurry containing TPA salt crystals exits First Cooling Crystallizer 101
through Line 3 to Filter I 102 where the crude crystal cake is removed and fed to
Second Dissolver 103 through Line 4. In Second Dissolver 103, the cake is re-dissolved
in clean NMP recycled through Line 35 from the solvent recovery system. Again, the
temperature in Second Dissolver 103 is kept at 160 to 180°C to completely dissolve the
25 TPA salt crystals. The saturated solution from Second Dissolver 103 is continuously
fed through Line 5 to Second Flash Crystallizer 104 where the temperature is maintained

at a minimum of 60°C to prevent the formation of TPA salt crystals. The degree of
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(c) repeating said dissolution and crystallizing of said TPA, if necessary,
to 10 obtain a purified TPA of desired purity; (d) adding an anti-sol vent
to the said solution fromwhich said crystallized purified TPA was
"separated to cause the precipitation of substantially aI t he TPA I ni ng
in said solution; (e) separating said precipitated TPA NPVEU§$6FQFQ$Q t he
sol vents fromthe solution obtained by adding an anti 15 sol vent and
renoving the precipitated TPA to cause crystallization of |IPA and
purifying and recovering purified | PA thereby 19. A method in accordance

h d 18 and. f 59| i
\rl)muri fi egl ImPAe’inggrSB{rgirrt ugy r&ésg}spaggg P{Fbﬁ%ob ng\ %@%ﬁ@g&%g@ﬁeﬁance
with daim g @hé’\é}‘vﬁﬁllﬁ&' tﬂrdﬂr‘gﬁ@%s&lr@?e@@ﬁérﬁ' The BQhad Nl\iﬁﬁﬁtresgrcieﬁ 188

i sophthalic acid (IPA), and mnor anounts of 4-carboxyal dehyde (4-CBA),
3- car boxyal détsyHESS()@eCB)chamghilnmiN ties selected fromunreacted starting

mterials 21 TRGABREPTSsand bR b B0 BB bR kol Fvesa: m 18
wher ei n sai d, ek 8l dutfied TPH ﬁiiidlczeé i's%bo%@ﬂe&%ﬂ& sér@to CRA Wt fci(a&mi@mel S

selected fromthe group consisting of N-nethyl pyrrolidone,
N, N- di net hylmahmimiuode)ecycledmﬁmtlhysolvfeoii@ﬁirhrmgh INRd 6rImﬂakamh iudit 166,

N- al kyl - 2- d kyl lid
Nkl - 2. 6 BykrER A NV RE AR P01 SR APHRT-Farsen Jvahies M pwor nes)
the carbitolgg éﬁ w%?ne@c%k@Lser egr#réugzhtlnﬁe &6 tt?é}goaiéep?oﬁfﬂ tifove iiii:%ﬂﬂi %%S) and

the esters) and mxtures t od 1 n accor nce Wt aim 18
wher ei n sai cbf NNIP irsthk T@A sofids by sBAking eith pateasti tenpdratones B’&NeérPNOsml 2A80f©N i s

ot one. - acet BIVVESegbis 5 AAFEb 0TSt TGS add B4y e CB4P otel e RERiLt her s,
C todz Cabe/Q}S}’cldu%t acids, water) and m xtures thereof. 22
The mother liquor from Filter I 102 is transferred through Line 15 to Precipitator
112. In doing so, it passes through Oxidizer 111, which is useful in the practice of
a related invention discloeed and claimed in co-pending U.S. Application Serial No.
09/098, 060, entitled "Method to Reduce Carboxybenzaldehyde Isomers in
Terephthalic Acid or Isophthalic Acid,” owned by the assignee of the present
application, whose disclosure is incorporated herein by reference for all purposes.
Methanol is added to the precipitator through Line 16 to cause the complete
precipitation (or crystallization) of TPA and a small amount of precipitation of IPA from
the mother liquor The slurry from Precipitator 112 is fed to Filter IV 113 through Line
18 to remove the major portion of the mother liquor from the slurry before it is recycled
to First Dissolver 100 through Line 19
The mother liquor from Filter IV 113 is sent to Evaporator 114 to remove NMP
and methanol by evaporation through heat as well as vacuum, so that the concentrated
mother liquor becomes a saturated solution of IPA, which is fed to First IPA Crystallizer
115to crysialiize IPA at a temperature between 30 to 50°C by cooling or flashing The
vaporized NMP and methanol from Evaporator 114 is fed to Distillation Column 110
to yield NMP from the bottom and methanol from the top of the column. The methanol

stream is recycled to Precipitator 112 through Line 16, while the NMP stream is fed to
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10%& ()-f #jcp}%aﬁ‘ o9 ﬁnai@r%é"in(ﬁ)x‘yer 11 121 to yield the final IPA product, while the mother

liquor from Filter VII 120 is recycled the Evaporator 114 through Line 31

Another preferred embodiment of this invention for producing purified TPA only
is illustrated in Figure 2. The crude TPA (containing roughly 90 to 99% TPA and 1 to
10% IPA) is fed to Dissolver I 200 through Line 201 to mix with the mother liquor
M/L-2 from Filter IT 206 (recycled through Line 220) and the recycled cake from Filter
V 215 (recycled through Line 221) The temperature in the dissolver is maintained at
140 to 200°C to dissolve substantially all the solids The saturated solution is then fed
through Line 222 to the First Crystallizer 202 where the temperature is reduced to 30
to 60°C by cooling or solvent evaporation (with pressure reduction) to allow the TPA
crystals to grow

The slurry from First Crystallizer 202 is transferred continuously or batchwise
through Line 223 to Filter I 203 to recover the solid cake. Washing the lean or
saturated NMP is required at Filter I 203 to displace the mother liquor from the cake
before it is transferred through Line 224 to Dissolver 1T 204, where the cake is mixed
with the flashed NMP from Line 225 and evaporated NMP from Lines 226 and 227.
Again, the temperature in Dissolver I 204 is maintained at 140 to 200°C to dissolve
substantially all the solids The saturated solution is fed through Line 228 to Second

Crystallizer 205 where the temperature is reduced to 30 to 60°C by cooling or solvent
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the cake. The water-washed solids are sent through Line 231 to Soaker 208 to remove
the trace amount of trapped NMP from the purified TPA solids by partial or total
dissolving of the solids in Soaker 208 at a temperature of 150 to 280°C. The NMP-free
solids are sent through Line 233 to Filter III 209 where the water is removed through
Line 232 and the TPA cake is sent through Line 234 to be dried in a dryer to yield the
final purified TPA product.
The mother liquor M/L-1 from Filter I 203 is sent through Line 235 to
Evaporator 1 210 to remove a substantial amount of NMP The concentrated solution
is transferred through Line 236 to Crystallizer III 211 to cause low-purity TPA crystals
to grow. The crystals are ‘then recovered from Filter IV 212 and recycled to Dissolver
1200 through Line 237. The mother liquor M/L-3 from Filter [V 212 is transferred via
Line 238 to Evaporator II 213, then Crystallizer IV 214 and Filter V 215 to recover the
residual low-purity TPA for recycling to Dissolver I 200 via Line 239 The final mother
liquor M/L-4 from Filter V 215 containing mainly IPA, NMP and a minor amount of
TPA passes through Line 240 and is to be treated for further NMP recovery by mixing

with water before disposal.
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WHAT IS CLAIMED IS:

1. A method for purifying crude terephthalic acid (TPA) from a liquid
dispersion producéd from the oxidation of mixed xylenes comprising’

(2)  dissolving the crude TPA in a selective crystallization solvent at a
temperature of from about 50°C to about 250°C to form a solution;

(b)  crystallizing purified acid from said solution by reducing the temperature
and/or pressure thereof,

(©) separating said crystallized purified TPA from said solution,

(d) redissolving said separated purified TPA in a selective crystallization
solvent to form a second solution,

(e) crystallizing second stage purified TPA from said second solution by
reducing the temperature and pressure sufficient to flash evaporate solvent from said
TPA of said second solution but without cooling said solution below 50°C,

(® separatiné said second stage purified TPA from said second solution;

(g) washing said separated second stage purified TPA with water,

(h) soaking said washed separated second stage purified TPA with water at
a temperature between about 150°C and about 300°C,

(1) filtering and drying said water soaked second stage purified TPA,

) adding an anti-solvent to said filtered solution in (c) to cause the
precipitation of substantially all the TPA, and

(k) separating said precipitated TPA from said solution in (j) and combining
said precipitated TPA with said original crude TPA for processing in (a).

M evaporating the solvents from said filtered TPA-free solution in (k) to
cause the crystallization of IPA at a temperature from about 5°C and about 100°C;

(m)  separating said crystallized crude IPA from said solution in (1),

(n) redissolving crude IPA in a selective crystallization solvent at a
temperature from about S0°C to 250°C to form a second solution;

(o) crystallizing purified IPA from said second solution in (n) by reducing the
temperature and pressure sufficient to flash evaporate solvent from said IPA of said

second solution but without cooling said solution below about 50°C, and
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(p)  separating and drying said second stage purified IPA from said second

solution.

2. A method in accordance with Claim 1 in which said dispersion contains
at least 0 to 20% isophthalic acid (IPA), and minor amounts of 4-carboxyaldehyde
5 (4-CBA), 3-carboxyaldehyde (3-CBA) and impurities selected from unreacted starting

materials, solvents, products of side reactions and/or other undesired materials.

3. A method in accordance with Claim 1 wherein said selective

crystallization solvent for TPA purification is selected from the group consisting of

N-methyl pyrrolidone, (NMP), N,N-dimethyl acetamide, N,N-dimethyl formamide,

10 N-formyl piperidine, N-alkyl-2-pyrrolidone, N-mercaptoalkyl-2-pyrrolidone,
N-alkyl-2-thiopyrrolidone, N-hydroxyalkyl-2-pyrrolidone, the morpholines, the carbitols,

C, to C,, alcohols, the ethers, the amines, the amides, and the esters, and mixtures

thereof.
4, A method in accordance with Claim 3 wherein said selective
15 crystallization solvent for TPA purification is N-methyl pyrrolidone or N,N-dimethyl
acetamide.
5. A method in accordance with Claim 4 wherein said selective

crystallization solvent for TPA purification is N-methyl pyrrolidone.

6. A method in accordance with Claim 1 wherein said anti-solvent for TPA
20 precipitation from TPA/IPA solution is selected from the group consisting of methanol,
water, methyl ethyl ketone, acetone, C, to C,, alcohols, the carbitols, the esters, the

ethers, C, to C,, carboxylic acids, water, and mixtures thereof.
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7. A method in accordance with Claim 6 wherein said anti-solvent for TPA

precipitation from TPA/IPA solution is methanol or water

8. A method in accordance with Claim 7 wherein said anti-solvent for TPA

precipitation from TPA/IPA solution is methanol.

9. A method in accordance with Claim 1 wherein said selective
crystallization solvent for re-crystallization of IPA is selected from the group of
methanol, water, methyl ethyl ketone, acetone, C, to C,, alcohols, the carbitols, the

esters, ethers, C, to C,, carboxylic acids, water, and mixtures thereof

10 A method in accordance with Claim 9 wherein said selective

crystallization solvent for re-crystallizing purified IPA is methanol or water;

11. A method in accordance with Claim 1 wherein the said anti-solvent is at

the antisolvent/solution ratio of 0.1 to 10 to cause the precipitation of TPA.

12 A method in accordance with Claim 11 wherein the said anti-

solvent/solutton ratio is preferably in the range of 0 5 to 3
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and/or pressure thereof;

(c) separating said crystallized purified TPA from said solution,

(d)  redissolving said separated purified TPA in a selective crystallization
solvent to form a second solution,

(e) crystallizing second stage purified TPA from said second solution by
reducing the temperature and pressure sufficient to flash evaporate solvent from said
TPA of said second solution but without cooling said solution below 50°C,

® separating‘said second stage purified TPA from said second solution,

(g)  washing said separated second stage purified TPA with water,

(h) soaking said washed separated second stage purified TPA with water at
a temperature between about 150°C and about 300°C,

® filtering and drying said water soaked second stage purified TPA,

@) concentrating said filtered solution in (c) by evaporation and cooling the
concentrated solution to cause the crystallization of TPA and minor portion of IPA,

(k) separating said precipitated TPA and minor portion of IPA from said
solution in (j) and recycling said solid mixture for processing in (a)

) concentrating said filtered solution in (k) by second evaporation and
cooling the concentrated solution to cause further crystallization of TPA and minor
portion of IPA,

(m)  separating said crystallized TPA and minor portion of IPA from said
solution in (1) and recycling solid mixture for processing in (a); and

(n)  transferring said filtered solution in (m) to waste treatment facility or to

further processing,
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. 14, A method in accordance with Claim 13 in which said dispersion contains

at least 0 to 20% isophthalic acid (IPA), and minor amounts of 4-carboxyaldehyde

(4-CBA), 3-carboxyaldehyde (3-CBA) and impurities selected from unreacted starting

materials, solvents, products of side reactions and/or other undesired materials.

5 15. A method in accordance with Claim 13 wherein said selective
crystallization solvent for TPA purification is selected from the group consisting of

N-methyl pyrrolidone (NMP), N,N-dimethyl acetamide, N,N-dimethyl formamide,

N-formyl piperidine, N-alkyl-2-pyrrolidone, N-mercaptoalkyl-2-pyrrolidone,
N-alkyl-2-thiopyrrolidone, N-hydroxyalkyl-2-pyrrolidone, the morpholines, the carbitols,

10 C, to C,, alcohols, the ethers, the amines, the amides, and the esters, and mixtures

thereof.
16, A method in accordance with Claim 15 wherein said selective
crystallization solvent for TPA purification is N-methyl pyrrolidone or N,N-dimethyl

acetamide.

15 17. A method in accordance with Claim 16 wherein said selective

crystallization solvent for TPA purification is N-methyl pyrrolidone.
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&#10%-&&' () - 088 ()-3 940%-&& ()- 110%&& ()-10X 10X 10X ; 109%

& ()-+4t|[: B 10%-88& ()-  10%-&& ()-  10%-&&' ()- 10%-&& ()-

z#10%-&&' () - >z#(i))%3 dtg&BIvBag(t}\e]cnadbC'SBMﬁQ selecnw%@ta.(li)zatlon solvent at a

1098& () -10~8&10~&10~ S<10%~&& - %@th%&& () -dP{Z9vU410
1096% ()- ‘crpersige §& 0@(9@@&5@) lt°0‘|>°u§260/ feynalsq YRR () -

- 1098& () - Pk| [ V(W‘ 10 crysmlo@ﬁ?g rﬁﬂ-iﬁeé ac PO sid Solution by reducing the temperature

and/or pressure thereof, and separating said crystallized purified TPA from said solution;

COIn

(c)  repeating said dissolution and crystallizing of said TPA, if necessary, to
obtain a purified TPA of desired purity;

10 (d)  adding an anti-solvent to the said solution from which said crystallized
purified TPA was separated to cause the precipitation of substantially all the TPA
remaining in said solution;

(e)  separating séid precipitated TPA,
® evaporating the solvents from the solution obtained by adding an anti-

15 solvent and removing the precipitated TPA to cause crystallization of IPA, and purifying

and recovering purified IPA thereby.

19.  Amethodinaccordance with Claim 18 and further comprising dissolving

and crystallizing said purified IPA to obtain IPA of desired purity.

20.  Amethodinaccordance with Claim 18 in which said dispersion contains
20 at least 0 to 20% isophthalic acid (IPA), and minor amounts of 4-carboxyaldehyde
(4-CBA), 3-carboxyaldehyde (3-CBA) and impurities selected from unreacted starting

materials, solvents, products of side reactions and/or other undesired materials.
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N-methyl pyrrolidone, (NMP), N,N-dimethyl acetamide, N,N-dimethyl formamide,

N-formyl piperidine, N-alkyl-2-pyrrolidone, N-mercaptoalkyl-2-pyrrolidone,

5 N-alkyl-2-thiopyrrolidone, N-hydroxyalkyl-2-pyrrolidone, the morpholines, the carbitols,
C, to C,, alcohols, the ethers, the amines, the amides, and the esters, and mixtures

thereof.

22. A methodinaccordance with Claim 18 wherein said anti-solvent for TPA
precipitation from TPA/IPA solution is selected from the group consisting of methanol,
10 water, methyl ethyl ketone, acetone, C, to C,, alcohols, the carbitols, the esters, the

ethers, C, to C,, carboxylic acids, water, and mixtures thereof.
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