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RECYCLI NG 2 , - NAPHTHALENEDI CARBOXYLIC ACID (2 ,

6- NDA) CONTAI NED | N POLYETHYLENE NAPHTHALATE | N A
WORSOERES TO PRODUCE DI ESTERS Background of tP@T/US2005/016208

I nvention The diesters of naphthal enedi carboxylic

acids are useful for preparing a variety of polyneric

RECYCL Ee£|6aIN§_ ﬁ IE.E§ -Iléi%iﬁﬁﬁl%r 2ol @Oémm d@}‘hmﬁh@) IN POLYETHYLENE

Akt r %@E%&Ebﬁ 't hyl -
NAPHT}% pﬁﬂLil ene I car boxyl ate (DM 2. 6- NDC) . DM2,6 NDC,
for exanple, can be condensed with ethylene glycol to

form pol yet hyl ene napht hal ate (PEN), a high
per f or mance pol yegéggeq g@tr,dabf_ﬂ{e InveRées and filns nmade
from PEN have conS] y roved strength and
s'[tmardnestetshexfnmﬁphihamaedloasbmwhat amdst are fusefulxtorppreparing a
. y Ienetere ht hal ate. For this son
variet} F AAYIIHEE TAEEARSUED 55, PRYASISTS FoRRBPEAPS Ppe P &cularty
usefuls Hfé%té}s .4 Riimetiyl28 e\ma@htn‘eaéhétﬁcmstylaf@r(mwhmci ODM-2,6-

he manufactur€ of magnetic recording t
NDC, dbecaxample, cammenﬁa@wntla)r%thylﬁneb@lw@!s@ 6<Prm tpplyethylene

nopne 4B 55N RS RRER AL ol BB Bt mace

from PERPhavéi torsiderdel gf iraprdviey strengl:hebnd é@penor thermal propert|es
manuf acturlnmggf 00

cont al her s
mofyethylgpg f@&ﬁhiﬁﬁ@f . pErthnssr%ﬁSQa PEN is an

relativeoto; Sfior gxa

oxcoptO54 talf B 11362 % 2o usbir Bicled A sy i it bo
used, tfor @kanmee for ghe quahufayctd?&l\bfsmagabtle réoordmgnhape: iand electronic
compaRsris.cAiionahe BarausEoa ey uREribeBRBlaNdsetq gas; gffusion, and

panlc@%g :tcl) ttﬁg?ﬂ‘f@é?&h %f'éérﬁéﬁ%l&ﬁdé”sme% aAd Wwaer %Bbﬁ f Ims made

art I cul ate matter.
from PENnaretusefuldor mamﬂwtuadg fgod contadnarsi ESpmlaﬂmtmf sczpalled "hot

fil” fog SoRtDRIBAFEN i, A aTol {07 Arapaing Mg SirendiB: f1aS hinich can
be us&ﬁ téntan gféﬁta#el%}fb o?a f%rébdsaﬂ 18- acyl napht hal ene

npound usl ng ecu ar oxygen and catal yzed by a
clat ardert ta rppacs migh oguality MENgawiéalieafar semmereial use, it is

necesS3RELSH T o8 S, SAE" 18P $ARRH 507 6PE HhSebe tow
in col@¢ 'sﬁbétE'Hhé% 88 ofasrgatie MidiHorganid impupitesdandicy in particulate
pr oduced t hough 1'n sone instances it woul d be

mattetiesi rabl e to use 2,6-NDA directly for the preparation
SEVERNBE S bt LA BRI 0L e | SSRRREON b1 2
naphtRaléhBaicarsoxyNe atRl, (26 NDBYwith methanol. The 2,6- NDA is conveniently
prepared by the oxidation of a 2,6-dialkyl- or 2-alkyl-6-acyl naphthalene compound
using molecular oxygen and catalyzed by a catalyst comprising cobalt, manganese
and bromine components. During this oxidation reaction, impurities such as 6-formyl-
2-naphthoic acid (FNA), trimellitic acid (TMLA) and various brominated compounds
are produced. Although in some instances it would be desirable to use 2,6-NDA
directly for the preparation of PEN because of its high melting point (>300 °C with
decomposition) and ‘extremely low solubility in ordinary solvents, 2,6-NDA is
extremely difficult to purify to acceptable levels by standard puriﬁcétion techniques

such as distillation and recrystallization. These difficulties in purifying 2,6-NDA are
-
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extrenely difficult to purify to acceptable |evels by
standard purification techniques such as distillation
wapwsnedsystal | i zati on. These difficulties in mT/USgpnsigmzos

2,6-NDA arepartially overcone by converting_ 2
partiaily @vermeuw cegverftmgmzl\uaé\m@s dmeﬂ%estﬂmw&/laa ébleC DM—2 6-

NDC EafiBe, o= ngiit 68 nBCreBrl BT BplylR 506 88'rRothanol or

from 9AkVEeNhiore oRYAic seiventst MugdvdPMeXeh-thBlighaDMRR,6-NDC can be

purified by treatnments such as distillation or

purifiech by jrepimpnisauchras distilationer reprystalization; susfing PM-2,6-NDC to

UM t] f
a purflf SeRERRie 13 48 T e stGrshél BB, pERBRGIARY, Bt fomins a
problérhe if-Nheprapd uFed éiwmpﬂe tthe FNAdqirbdnc@d during the oxidation of
di al kyl napht hal ene i s incorporated (as, a neth
dialkyiARNtbAIERGHS NRoTRAF tad (@Rea detbyl esterk inkp LAY %ﬁéﬂﬁlﬁmurmg the

estenﬁ@gtldvf og? e ,\fﬁjﬁ{ fﬁh& lﬁ%; tveh? dffﬁ&'ﬁl mfﬁé" %?‘?efjgc% to, acceptable low

acce eve n par coba
Ievelgrﬂngm?ﬁeelaﬁxcabuli andcmaagaaesmmeﬁlonsmtalyst médtals used for the

pronafn ch.d S5 A o Gl Bkt H5ef sind kg racton

as infpbrBER AR B PECARA 3‘%‘*‘& 4 ?kﬁ?ﬁﬁ"‘é’%rmﬁi‘?ﬁéﬁ%mefa' s

complexedrtightlytte TdVildA iandnather exidation m-prbductsuamt isaotwemiored in the
th at th

oxicahbd RenEr S35 B0 BR Belner UL . SoSGAE B e ol

2,6- ND’A to ”‘““’}ﬁéfa?éi%gﬁérpﬁbb@h% it e fdawweawldp@réms used for
DC b for exanple, causi-ng a thickening

punfymgg tim gl'.iM+2 &-tNlb(a mtfpor@(aam;deppaggngga dhickeming of the distillation

bottofis 80 AbaBe "Bt R SR LRI o SAErials must be
remO\Féw?hbb/to pardistilation ©f ONMBGINDC] on in the DM 2. 6- NDC
be el i.m nated or reduced to_very |low | evel s.

Phinallyu particulatacontamination; in thee DMAR5-BD®musiube liminated or
t
reaucy 1 S8R0 SRS DA PoRENFE, 11 HR 108 264RC causes

partlcﬁ%tlfmaﬁmﬁgbpfiw Fﬁmhgﬁadé Lfmmgtﬁd‘IBfM-lZl,GlNDC These particulate

st r engt i | mused t are, for .exa

contam;a@m %ﬁﬁae H%Ns@nwa%lég P manuiaciuing éBB tJemn dhgh-strength
z

fim uB8A48 préipate? for €kindiS, foRtfind tandh ¥ parieald Infifities, which

rangeoin dizei dmwnabdjdm/ harmicrors. caThaysenimrmlasuatnetyom‘rswdes For
fromfiltering and.dryi er ations, wh Divi 2

oxample, dhey g e FRGEo FellystATigiesa TPy dasy i bs: deved from

ﬂtemfadn géﬂddr arb%tréd.dﬂsz hhére mtzee NDQURY dwsctwéa rmt izPsolvent,

enove excess solvent. [nevitably,
recrysialhzed,eseﬁaratednfmmtthefreqxa{stalltzatlan esnothenh@tmnw ﬁltnatten and dried

o repys s SRR R ABERE B AR RRB T G Rt o3r Partutates
contaRithatcSthIsMP2 BB produBemsihedt!Pocesses. Regardless of the source,
particulate contamination in the DM-2,6-NDC product is undesirable.

PEN or certain materials made from PEN can generate a relatively high rate of

Z:

“scrap” or off-specification material. This material can be judged to be scrap for
various reasons, including failure to meet color specifications, failure to meet

molecular weight or intrinsic viscosity specifications, improper crystallinity, high

2.
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PEN or certain materials made from PEN can generate a
relatively high rate of "scrap" or off-specification
woraioenis®mbs This material can be judged to be SPCEHPS100$/016208
various reasons, including failure to neet col or
dletmém@u giycelt |Qmm§entf atontaminationedy neteangioss weatgrialsor heels from

equip dgﬁl ﬂ%élt éﬁ ﬁﬁy %b{iéﬁ%& &%@Lwo@&p@oﬁyblt using the affected

PEN mqm.@rmm?bo@@ PYieststtha high/faliBiofthé contdiesd RaphtPBlate fraction in
equi dr ai nage, and/or ane;lt ot her def ect i ch

PEN, vhmn/@vqsr dihleUtleQ@iQfglCahéO Simpby disceroffrspaaificsion PEN. Thus,

there ﬁg%ﬁ%%@f éﬁé’ Ia&tsfo gh&ﬁ{ﬁggw aﬁgv\éﬁpﬁ?«ﬁt@i rié%%im the naphthalate

value WfREN aphikpbiniulitahconbly sHtispand tied Stringeat busst lfeqlianEMnts of the

Thus, there is a need in the art to econom cally and
final RMr:6rIaGtPrpdiek| ai m t he napht hal ate val ue of PEN
whi | e si nul taneous . ringent purity
requi rements of thewé&%gg.&g\?—%ggi{product Sunmary
oOnkhaspevteot this ifentiompiRCh prlocebs Sor preparimy a diatkylester of a
preparing_a dial kyl ester of a

f
naph tgrﬁ&%’gsﬁzqaégéﬁf@a?fé@xyl he proge h@%?ﬂ%@%@@&ﬁﬁ%%e@qu'd phase
reactlﬁiacve%'xﬁgr el 'b&HPHﬁlﬁBasea r e?&){l' On8icthidr® GRSBRE S' ARoRol, a

ecul ar al cohol,
naphmatﬂmﬂaiaehmqmcaadmhw Ulatkwmtdl; oﬁamaitiﬂ)aleaetﬁcam‘oxylic acid, and a

polyeffiitie AraRBola ARG ARt lal Bt 4 e peELAde of about 500
°F tol 2B6& ?boabPU{:]né% QFpFe%sﬁRPLiﬁ R0 riti et aisou'rt 5 to about 250

pressure I n t he range of about 5 to about
atmospherep abselkitativoligh serias amangedreaetion zam@sad Dufmg thimprocess,

a naphiEnadiEbltRvis piidk S PreCRa Y Ko RAED fpterial, and

a |owaﬁfb|@cd|@rvvwai@rﬂca|bahomr@Mtroﬁ&@aoto aheupstrée Ueadtid® zone. A
an upstreamreaction zone. A dial kyl ester product

dlalkweatwenrqsﬂpct fermedh byitbe reactionsoh dim neahthalenasicarbayyliccacid and

vt o R R A S, 5 0 Bl S oo

from &dowpktream re2etibh 20ng @ remeveédinoved. [ n-addition, the
process, can occur in a vertically arranged,

clpeifitionn el Rresessean ORSUE dRyMeRiSall¥ RITangad campartmented
reactc‘)rclI ﬁ'@??on?é]a&lﬁgﬁfedaéégc adr?a s d&ﬁ@@f gﬂ'ﬂﬁdn \rngatr,rar’e fgu%r compartment

with thewcngpahnepwwbe@gt sepmamdt by deumimg anéarsrvhavinghen opening to
nre ture between reactor

esterificati C
PermiE B PHERY STOWNET | e, REIUGHUoN JSRGTHeN oTBgHE bR ereactor
| efpps I
comp g@ﬁ?ﬁ%w ene‘r@gmé?gtb g co fﬁa@ﬁ?ﬁ%hﬁ.’a‘% gr]el &ap2¥h§ lenc?c? l((:jarboxyhc
acid amd tthe palyethylenepaphthatdate ccontaiming madatial, aenddded to the lower

action product mxture comprisin
compaﬁment or c%mparfmems and a reaction proguct ml)?ture comprising a diester

of naphthalenedicarboxylic acid is removed from the upper reactor compartment.
Another aspect of this invention is a process for preparing a dialkylester of a
naphthalenedicarboxylic acid where low molecular weight alcohol is added to the
reaction zone and simultaneously removed from the reaction zone such that the ratio
of the rate of removal of the alcohol in pounds per hour from the reaction zone in the
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of napht hal enedi carboxylic acid is renoved fromthe
upper reactor conpartnent. Another aspect of this
WO pweniioen is a process for preparing a dial kyPEBUS2009/616208
a napht hal enedi carboxylic acid where | ow nol ecul ar
gas nm@hto wiectshe [oTi anmuite o1 the alohobia the readdion zonrke in pounds per

fromthe reaction zone such
hour{sn$ ﬁggﬁ;{p%mﬁ% rate of renpval of the al cohol
| 1Y R OaiBtReP @5 pBeM bf fthRMiveatibeast 4 %Toé@é%? foP gr é;ﬁéﬁl‘ig a purified
pnase io tne raie ot aaanmon ot the alcohol tot

dialkylester iofra napbthalarmmmbom:c agidrcansprginata Geges afcrystallization

ano t of this invention is
and cﬁ&ﬁl}hgg eF}SoP“HPZ’EF%‘P'Pﬂ@ g%?&%ced di al kyl ester of a
NZpHEhS! ewecm\k@mdnoptm'tﬁemmrdomignr@ ﬁ@terﬁls ®éact with the
crystalll zatl on and distillation steps,

low meeiasilanweight aleehal avhiclsis prassnh i) §xcegs tls?aﬁsaémf ¢ude RM=2,6-NDC,
whict} 88 B0 rFERsPed i BBlfRA o ThE tebad Rl BNDE Merved from the

PEN fcontaining dfateMals mayie Wbtbé&i&edaﬂom witkcibieemath flow of crude DM-
The crude DMZ -NDC derived fromthe

fi
2 6-@93%@%@ rgde fiom geaﬁigwnb@f wpdews@@Eeca! afn‘gemht ﬁﬁmel with 2,6-
NDA.T2THe; Sfhbtehie, GE0E bitqdtiel atd priicrs HerftRd frbf e, rgaction of
ethyléiA\glyEbkwith litgelf oe withythe! Iotwmnladmzr vemghbalcdhot may be processed

erived, fromthe reaction_ of ethy C
out qtstha Bnisy 4R KORRETISTIGa,Of T SR PCesRBE Ay Mwaing of

impufifi ﬁéﬁ@dary*%uﬁéblbhl%cﬂﬁiqheésO?héloiﬂﬁﬁﬁmé@.c\ﬁhféh a Hﬁa'sent in the
sol vent “processing and purging of i'mpurities using any

PEN sé eabhemicaliy nemoeed b@ithe isainvepuinit operatianhi avhiah purity the DM-2,6-
present .in e PEN are econom call enpv t he

NDC Sby8GEs B 85 A0 SORELIPTOE S JoMnls B Il Togsk Due to the

condiﬁbﬁgulﬁeﬂnQYdéanr@ﬂ theé U iBlifidatiBACfsactorond chew Sca‘talpéd or other

form Due to the conditions in and design of
compenests farcatnestdededot accomplisbwtivet alepyager aadhéransestenfcatlon

reactfPinc LGRS, §iHBapRERE el Rofig Foul grodtBnfs B AAGed T6r reaction

they ﬁ@@cﬁhéﬁbé%ubé?ecgféﬁt WehrVednt s are added for reaction,
t hey need not subsequent|ly renoved. Description of

the Invention The naphthal enedi carboxylic acids useful
in the nethod of t é ri ;
1,2-, 1,3-, 1,4- = -, 2,3-, 2,6-,

OfTh2, ﬂapmaalbhbdioarmuyuardudwllsefuhm the hmthoeof tﬁl,sb“mventlon are

d 7- ht hal |
seleciibt HMEf dnfed W, 2 dnadithall Shodl dar bhBol | &3 46 or 2.7-
naph@l%\‘f%ﬁgﬂﬁ%’rngg)? f&og O ThaW AT gr@ bRh&SE7-na thqlﬁréedlcarboxgllc acid

car oxy I'c aci d§ can bé us roces
are pcéfetrbdsMost preferred is 2,6-naphthalenedicarboxylic acid. Any known method

for preparing these naphthalenedicarboxylic acids can be used. The process of this
invention is particularly suitable for esterifying a naphthalenedicarboxylic acid
prepared by the liquid phase, heavy metal catalyzed oxidation of a dialkyl- or alkyl-
acylnaphthalene compound. Such dialkyl or alkylacylnaphthalene compounds that
can be oxidized by a liquid phase, heavy metal catalyzed oxidation reaction include

components having the following structure
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invention is particularly suitable for esterifying a
napht hal enedi car boxylic acid prepared by the |iquid
w@basalsoheavy netal catal yzed oxidati on of a dPl/kKg1005/016208
or al kyl acyl napht hal ene conpound. Such di al kyl or
alkylacylnaphthalene conpounds that can be oxidized by

selected from a

out 6 carbon atons,
Zarbon atons or a
gs of such napht hal ene
Pnapht hal ene,

2- et hyl - 6- Qut ryl napht haj ene 1, 4-di net hyl napht hal ene,
2, 3-di et hyl napht hal ene, 2, 6-di et hyl napht hal ene, 2, 6-
di i sopropyl napht hal ene. U.S. Pat. Nos. 5,034, 561,

and dhedRpEEnBRMY, SeisEhe” Som.a MigfoskRech FRHR: hdfind! to about 6

carbdpl Sonitan Beyl grolpthadng i2stsiabotito6 Hxgbon edtomls or a formyl group.
di scl oses a process for preparing 2-nethyl-6-

Specifiget yeXPHpPIeRal e iGN schapbialanes PQE"POHBdS include  2,6-

dlmetﬁgﬁgépgl%g?rhe:‘fs 'égrf?ug‘_i@il Wﬁbg%aﬁé Q%ﬁﬁtlﬁlo—gr&ﬁ%phthalene

1,4-dimethginaphtraiamst i2;3£chmétiqdnm'athdlehe; [@,@diathylpaphthalene, 2,6-

dusonggﬁt S W' - 3k 80 At o8 Shibgasas: 530,781 and 4,950,825, issued
to Sllgiégr“g% {‘éﬂﬁflééléé@?ﬁe 68§lfBle%repadm\%jdlmethylnaphthalene U.S. Pat.

enedi car oxyllc acli , as descri bed
No. W&Bmabwmd e Hageni etadll disolosesex pfanesp rf@p@f&:mjmgzmmethyl -6-

acetyrrapt}@;@j{ﬁnﬁé gé és%ogﬁ%.t hg'rgl E’%‘t)h}\lhalf 8?3 3%6 IS uea % agen et al
dscld@eb%)ﬁ.rdé@g& 'P&Hﬂ’ebéhr?? dnamasﬁﬁa;mthaﬁenbomer in

I"'ecul ar wei ght and the yie
na'hat hmoateowreéermyw@ma@pd feed gicompomarghforof preparing  the

v N RTE B S BHSaHGEL | g, o 20
d|met|¢|ylr@<phtrfé?éﬂ1él éﬂfddb%b@G~nthtﬁmdﬁed|@armmeabldrWlhlt:h eas described

iqui d phase, heavy netal catalyzed oxidation of an

hereinahgye, & acpuitabigstmenermgr anfrrﬂ?t"f‘?Ea%'@Qrpgﬁlﬁ\Hs Furthggmore, 2,6-
h
dimef§rpfefAES 00 sugao 0 165 RmfhIa”] 2 SR or  2.6-

dusomopymaglgtga@egggcadfdgf |t¢s?<’awwd>rem rdoecuRatweityhsand the yield of 2,6-
; 870, 754 833,
naphfanamq%@rbgmcmca RET GNCRMSIGHEDT 4 caékxlnapﬁfjf@!ﬁ'}eam'@mund is

aroaf 19 2 SRR AT W pfetalsor 26
diisopropyinaphthaléttee preferred oxidation solvent is a |low

8 eg%(léﬁ]ar s L}qﬁﬁrgl Bg,f’m‘d IB}'@F%W %@?yamqul cataﬁlzeg dXidation of
an alkyl- or acyl-substituted aromatic compounds - such as the naphthalene
compounds described hereinabove - to the corresponding aromatic carboxylic acid
are well known in the art. For example, U.S. Pat. Nos. 4,950,786; 4,933,491;
3,870,754 and 2,833,816 disclose such oxidation methods. In general, suitable heavy
metal oxidation catalysts include those metals having an atomic number of about 21

to about 82, inclusive. The preferred oxidation solvent is a low molecular weight
-5-
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acetic acid or mxtures of acetic acid and water. A
pronoter such as a | ow nol ecul ar wei ght ket one havi ng
wWQ2a408/18896it 6 carbon atons or a | ow nol ecul ar MeET/Gk1005/016208
al dehyde having 1 to about 6 carbon atoms can al so be
monaogadzhxyBe @dithehgvingn@t to aboub Susarboknatoms, ninclusivay, tpreierrably it is
.as _.nhydrogen bragm de, nolecyl ar, brom ne, sodi ym br
acetid ApidaMkes hcatie S id uibten A BLBateEAURH Msc ol Molecular
weigHKeEsH h§wﬁb929td QBHUF @@arﬂdfpété%é ¥r ailbwi rﬁolé‘é@%r véélght aldehyde
particularly suitab for oxidizing dialkyl
havmgl 1<;0 abyuhapzanbomaéomsrquiee beauseq)aBnqrmuea)rDmoter compounds

' knowgén nﬁt%q\éb %Eg@r%b%ﬂ%rg%?qgg?ﬁ& laﬁ%&ﬂ;@%%%gﬁ%}nil bromide and

the hl&i 841 bldtsb&lusal: ABHUréd be niAbolaat éx;fgéfn iBUS0 FédUifed; typically air

phase oxidation reaction of dialkyl or
is usegl. kyl acyl napt hal ene conpounds include | ow nol ecul ar

\Aﬁ %ﬁggq%iargg)%lteﬁl%ﬁg%tﬁpa && gld%&ﬁo&gﬁlgﬂf: gg ggg%cglnapthalene

compd@hds, BhaPbarictl#f Q,,6-ﬂnﬁw1ymaphﬂrfélénel f@mapl‘ithaleﬂédldarboxyhc
n-valeric acid, trimethylacetic aci capr oi

acids 4p @isqlesad irpbe$.ePakINo.15h833.400 etﬁtAlberthwu S@Itab'e solvents for

‘such }’T@h% p&éga ﬁ@ﬁ&éﬁoﬁ{e&c@% bf tﬂfﬂ‘ledﬁt gt %I@a&rﬁ%ﬁﬁé\@}% compounds

ercen

inclu?k?ﬁn]cﬁwdlallyﬁéllgm c;aumdxylhlc ;amdﬂ; suuisas @gndamlamd ,cdnyt akiphatic C,
i alky] or. a acyl napt hal ene compounds, cap vary in. _
~Ce RIQEADNVIiG, AL FUEH A AIRENE PSR PRRAIDEIC 36, -BURGpsic, isobutyric

‘acid, 9‘?§aleﬁ aet%eﬁgﬁé%eaéiﬂg zﬁaﬁr&eeaé}fi a‘?lglr RSO Yreferably the

aP 0X I'n such

yst enplo

 solvenkislat ixiuref of Iwatet ainldyaceilc atidly Mnigh mmptweas ep'referably 1 to 20

weighi PRIt waseE. DS SOUSR A MOIRA AL AR M BIa I Sigh Tatid phase
oxidaRSTRSTUTHE félﬁﬂebﬁ@myladyhfbdﬂ@éléhéSéorﬁﬁ&ﬁ’r'idéSQﬁmCO@f@" in. molecular

manganese, brom™ne “cont ai ni ng conponent s
oxygenicootastt froimathat( ohbirutcapsypers galse ideoatisecobgconomy, air is the
cobal t COF% nent of the catalyst to dialkyl or

Pfefe%{ﬁﬁ;?PHE%ﬂ ﬂfa'ﬁ'P eO)%'g 'ound in the |liquid phase
OThéaidtéWsﬂ &miplbyddiein! sutt oxid atRIPosi the. dlalkyl @béﬂ(ﬁ/la&ﬂﬂaphthalene

l'igram atonms (nga) per gram nole of dialk I,Yag
compaungs gomniisest d reminecepniaining campopadandat leashane £f a cobalt

et 581 R BB OurtTRAGRESSY. i BB ABGAeo cob.

mang@h@@@néﬁdi breming Cohtairihg coniponents Miweneatio of cobiadt (calculated as
catal yst in the |iquid phase oxidation is in the ran

elemeyitak r gpbalboun dhe tQS’bé’BOlﬁO"il@P’}ﬁﬁ ¥ thga cEtalydpdpr . C§3"""“" or
ool g col T (BT o8 BXRURERS 1 PG abou
0.1 to about 100 mllhgram atoms (mga) per gram mole of dialkyl or
alkylacylnaphthalene compound. The ratio of manganese (calculated as elemental
manganese) in the manganese component of the catalyst to cobalt (calculated as
elemental cobalt) in the cobalt component of the catalyst in the liquid phase oxidation
is in the range of from about 0.1 to about 10 mga per mga of cobalt. The ratio of
bromine (calculated as elemental bromine) in the bromine component of the catalyst
to total cobalt and manganese (calculated as elemental cobalt and elemental

manganese) in the cobalt and manganese components of the catalyst in the liquid

-6-
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to total cobalt and manganese (cal cul ated as el enental
cobalt and el enental manganese) in the cobalt and
W(lmmg/atwss components of the catalyst in the PCT/US2005/016208
UId nase oxidation is in the range of from about

P“a%? %X*Pa AbsuN Pesrange plrompabait Q. 31181 akaus 1.5 ragal per mga of total

éﬁ&éﬁgﬁ% Eggch of the cobalt and manganese conponents
cob can be p?ow ded in any of its known ionic or conbined

f oEagh ohitte poleit dad mangdreseocormpohenistedr be prodded e any of its
' e reactor. For

knovg} i BF ColRBIneckaras thekrovsie-so e dodm et goel manganese, and
bronfiRe 3 therssl{ et l%ﬁ? ?‘85@& Wg@&%ﬁgeﬁﬁéﬁ hé sqlvent is an acetic acid

t et rahydrat e, rom de ca enpl oye
medium,0cahaltiand/or nﬂ)altgmseecarbonaleaIacetziialtétrahxaﬂraw; gamth‘ele bromide

can S bBIGREE B EEAD 15,7572 B B W T ganese

m:lhd?éﬁﬂhﬁtﬁn (r@tlé IS ﬁ%‘\ndéﬁagy a %ﬁitabl@"ﬁro@ﬁmeeéé‘ur}: chh as elemental

organi ¢ brom des which are known to provid
bromine 5Bsz), ondobisebeamidg (egydriBr,uNaBef KBre Nnbu d3r; |edo_) or organic

bronﬁ&%% Wgﬁghgﬁ) Eﬁ(ﬁ\éﬁ 5 é?rgv@ezq:'lﬁgngéntlgﬁs gﬁ gq:ﬁr ??Bref) {émpérature of

the m&maﬂoar breqyti neb?é‘rﬁob@rﬁ!i@éﬁ°”b@ﬁz¥l§rdfﬁﬂé t Otetrabromoethane,
erm ne satisfaction of the el ene bromi ne to

ethylﬁﬂ?éﬂ%@&b etcahd hedotal hseming il mglegiaidsamina aod ignic bromide is

usec) 13 Qo lsoion 1 HEHORE BRUFRSCGg! [ SpBor anc

mangmesl%mill@dm gtoeratiorohod : by tsnBM.euTHhey breraine®aAneleased from

t t
the ofGAfle bAvIEs @ e saadstior phRrBling: conions evbsureadiy determined

by thﬁbﬁ' %ﬁ@gﬁlc& ehkahk! V‘Feﬁéﬁ\'@ﬂ%é%ﬂﬁné?f B?O'BXQW ?(Lagﬂ)eratmg

eration, the mn pressure at
tempexatde&s oﬁ335é’ﬁ tr 446 %Falhasaba@d fotsnd hetyiedd estmut S effective gram
maintain a sub?t antial liquid phase of the

atom&l%qwmlr@rp%r | HAMBA'®rapt hal ene conpound and at | east
7%‘"’8?\%@“09” %mm?ﬁmﬁﬁ‘ie g‘r@éé(ﬁr@t at "WhicH a}hgybxﬁtatlﬂn reactor is

al kyl napt al ene conpound and sol vent not
malntalqeﬁl ds pthaiseremtmsuhloh wdipmamtain ansmbstaahajvlmmd rpivase of the

il e A S5 Fofefod 61 62l i pioht peresnt of the
solveYheThé hitalkdl dieBlkylatyRApATRENE cBRMPLUMY 8hd HoRidHt thot in the liquid

sui tabl e reacti on gauge pressures in the oxidation
phasgdwrcayse of ¥aperization isrgmayedtfram the exidationt neasisinerses vapor-gas

i, 83, SRS 6 oo BB 8ot IR th sovent s

an aeéﬂ@%ﬁiwaﬁer ﬁlwufe‘;nﬁﬁtaﬂe”r@aéﬂdm%ldugbhpfééshﬁes in the oxidation
oxi dation reactor is nerally from about 250 OF.
reactgr areinatheyrange af fina@ ?mbomimqspa@fﬂﬁ tosalgoIgr35 atmespheres, and

typicAllyFERY AP fhgRP8Hroft? Gb0it 10 MEmospheres to about 30 atmospheres.
The temperature range within the oxidation reactor is generally from about 250 °F.,
pfeferably from about 350 °F to about 450 °F, more preferably to about 420 °F. The
solvent residence time in the oxidation reactor is generally from about 20 to about
150 minutes and preferably from about 30 to about 120 minutes.

The oxidation can be performed either in a batch, continuous, or
semicontinuous mode. In the batch mode, the dialkyl or alkylacylnapthalene
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solvent residence tinme in the oxidation reactor is
generally from about 20 to about 150 m nutes and
woee@tersabd y from about 30 to about 120 m nut esPCTHE2005/016208
oxi dation can be perforned either in a batch,
compoantj soivest aod Mawyst mmnpzonm[ts areninttialy liatreducestibatchwise
he di al k aIk haleneco und sol v
into the Taaetae 4ad Sy fembamRoARd Pisssur i e actal o5t are then
ralse@%ciﬂé"o%%l Htlﬁvélgefof?ﬁétc%hméﬁéeheﬁt bﬁﬂi@?bﬁfd@fl@n&@gctlon Air is
ressure o e reactor contents are then raised
mtroddn:eddeentnraﬂadsbﬂemin the mhetomorﬂf@oeammemiem&ré of the oxidation

UL IR TN —
been Wléﬁ%}r intk u%éérmﬂoethe%féa%foraiﬂe t@‘mﬁé\'@ttﬁb%ﬂthé r@4ctor contents

napt al ene corrpoun been COTTB
is raisedr dduthel cortinuptie nm!@toeaclt mf therpdialiylos amybﬁwlnapthalene

comeSBA S BAHOSE b S kG B eactor, ano
a progubt sﬁ@éfﬁ%mgﬁﬂﬁg Q@pﬁth’éién@dleamyllmd@“dsér}d batalyw wofthonents

into the reac pr oduct stream conpri sl n
dissolvgghin-heesavenics wth,drawn drara thedeasiosl Iyisthe@@m@ﬁemtsous mode,

e sHSEORHE ol 2 e M8 00 08 pon e i o

alkylé@lrﬁplﬁéleﬁéfbdnﬁpdumi hydiait ans gomtinuousty tdﬁmdueedtlmo ﬂu@dreactor
t hen the dial kyl or alkylacylna th Iene conpound

For laige-sgals SomMARAIARPretien SUGcBeieabIS 10HSs EhepinuaHs; oxidation
procéus%r 95 <tich! 5 rOCEHs" ﬁélgg té’ﬁedlﬁ'nte't essﬁhtréleﬂé £iPk&ed, the weight

a conti UOUS (00,4 n sucn a pr 0Ccess

ratio mﬁlnmé&;aﬁbobtyiietéwdl rsahllehhad) %dauethymafpwmlemaes weefgrably about
nocarbo

t d .
2:1 19 2hogt et o aia FRPETRRORREFs IS BopaDiabout :1,lg about 0.3:1,

* the nﬁao}%tlo]@f ﬂronﬁ@%out A ogél'd? d&iaaﬁwgﬁﬁaﬁé’sé@,kéﬂdutlo% 1 to about

he nga ratto of bromne to
0.8:1t laadt thieatotalf ofc ottadlt aaddnmggamecalsulatﬁﬁjas klementad cobalt and

d.th b
elem@nl manigrinese o et st aba L0 WRghraRenl BRI ED Snequeiont of
the sbrveﬁ{ érﬁ?ﬁﬁe éhaaﬁorpré&tw tampd@a«ue@rg abastes7 @ PF tb@bout 420 °F.

the solvent, and the oxidation reaction
Acetlceamténattheemost sujtable Spivenk foo suel reteprpdosontinueus oxidation of

aci nost suitable solvent for such preferred
ZGd%ﬁﬁymhh ??%atl on of 2, 6-di met hyl napht hal ene.

SEhiredasht foothbftﬁmaﬂdaﬁ@a@ﬂom etaetomatuohheaommmuxtare is typically
reaction mxture is typical I‘\{ cooled to pronote t
2}

coolegk %mmpi%\tth%rﬁrxﬁtamh@lqmﬁﬁtt Inapidhalanedcgmboxylic @&ld from the
ool ol B Bai BRI acld sgpagigned G separatec)

from tiep axidatidh réaction mixtae biaany lsultalaletmeansrfonsaperddmgaayohd from
sui t abl e neans for separatl n? a EI?I i.d fronihea quIL

a liquid phases dor exaimplee bysentatgafipngiiragian and thealike, ' he,geparated
naphtiflenédiGarbbfiic 8BR" 84 e washed with one or more solvents either at
ambient or, preferably, an elevated temperature. Most suitably the wash solvent is
water, acetic acid or other low molecular weight aliphatic carboxylic acid or mixtures
of water and a low molecular weight carboxylic acid. The crude
naphthalenedicarboxylic acid can be dried before esterification.
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napht hal enedi car boxylic acid can be washed wth one or

nore solvents either at anbient or, preferably, an
web@salwes t enperature. Mst suitably the wash BOI/US25/016208

is water, acetic acid or other |ow nolecul ar wei ght

aIAimratthe ao-maphthatermdicarboxylicx tagie s iof prepaeed,atble anext step

T N T e
napfﬂ%léhécﬁlbéﬁidx?@t@' tiAraddior?. ISENa@éSﬁtBﬁhﬁ@?ﬁ'ét@ﬁéBOébé hfded to the

acid is pre ared, the next step conpri Ses esterif yi ng
feedi to \the hesteri oaimn geactar. wéisgiused berein, t"BGN ctuntaining material”

doscBBAS EEN ool BFLEFC . LRI o BB omainin

subsficesi fhataél*em&dﬂ@écfoothe ﬁée@sﬁdtﬁ@réﬁtéhfcaﬁgN reactor. _ The PEN
containing material" describes PEN honopol yner or PEN

contgiping matertal gomprisest teito pERUE 8Atwieighh @emﬂmtqiﬁbes? SMPA in the

oo SR ki Nk B Gl 20 o Rogioarbomic

acid Wﬁd @themisropsinatedf cdriponds, Bdrnyl-2htaphtissic abld (FNWJ) 6-methyl-2-

ome inpurities such as brom nated 2, 6-

naphﬂypﬁtafaqieirwﬁwaﬁ RS | (TMLAY; @nsh gobalkcand, napnganese catalysts are

partE9SRBHBH 2y B2 8P AR 50 NSEWIn o g reatr

mixtureducadcEptable devels of inepueritiost rehyain withr the26tNIDA| aroeesequently

durin of isplati NDA fro
carieg) PuGR touier SRigT Ao ReGHa. ARG Eish bapEvegelufingspurification of
DM-2 gmgﬂ géné&ggma i) the 2, 6-NDA, are consequently

Carried over tot esterification reaction, and nust

b heaaio:obdlsdihlalt nage plseful iirc the esteni’r"catlon process of this invention are
I DI\/ILZ F nap hhg ar boxy, (@i}%al cohol s, t hat |
ow-rlepiiar 34%‘? 51 3&’8?9 s0ofah Rnsaﬁ%nfqroﬁxampe

methiahel, |@tﬁaﬁ8l eRIrpansh) sﬂapr@;bérm nsblarbndisdbitanakotipehtancl, n-
car bon atons for exanp ano et hanol

hexanob apddhel likei Bgst ppgfacably, rdLmJtoszt anidsitiedowanmolecular weight of

i NERIRRTS qsdlS RS AP S 1SPh, ORI of e

naphtiffiohédibarboxyiid acid'® Mathandl. THRd ahfbunthsf methanol or other low-
esterification of the nc?@i hal enedi car boxylic acid is

moleguler avright alreheltbahis e withdheoraphthalenedigathaxylie geid is an
amo%@bﬁﬁcnﬁhf?&‘%n@%@ ﬂ 6 o i Iﬁ%@ﬁ[‘a?ﬂf*ﬂc&rt&%’i}’"‘; acid to

enedi car aC| I's an a

the diestenRorréxampie] the weight eaticnbf alvehol to naphthalenedicarboxylic acid
pht hal enedj carboxylic acid to th est er

addeaigﬁbe geagtpeisRYitghly abautd:bio gp%me)(p ql giore pretJe::rany, 2:1 to about
. t
0. AR SAAZEHERE G Aty b RBrL od raups can
provitie fﬂinoatmﬁrd com;bletegeonwamromme&m obphthadﬂnﬂdmeafbaxwmeacnd to
to.,the fre rbox lic ro?ps can ovi de foi

diester howeyss ﬁ}ee rger, ameup ot]e c{%ﬁp requxres e use of a large reaction
mixtufERBIUMRS ARRIEh F8GIARRYA 1dtg8Fidhctdt or slower throughput. Additionally, the
excess methanol must be separated and recycled. It is, therefore, more
advantageous to use lower weight ratios of alcohol to naphthalenedicarboxylic acid,
such as about 1:1 to about 10:1, more preferably, 2:1 to about 6:1.

The alcohol, naphthalenedicarboxylic acid, and the PEN containing material

are added to the esterification reactor to a reaction zone or reaction zones upstream
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di ester; however, the | arger anmount of al cohol
requires the use of a large reaction m xture vol une,
wokioshi1veqjui res a | arger reactor or slower thrpCmop2e05/016208
Addi tional ly, the excess nethanol nust be separated
from ne feacyen ezbnd wiiese haepradick mixture @mvanslagefbesdle@ter of the

naph%}ﬁqﬁeﬁeéﬁggyl h%ﬂ@i‘%i egnod\fada%rgg{]%e ggrlgg demani;ef l['eactlon zZones.

The #166H01, its haphBiaferiddiéabaR)lic acld,lahd thé REN @ohtaiding material are
al cohol , napht hal enedi carboxylic acid, and the PEN

prefeatrly gdded pshatrepdure. owevenciet paphibalesedicarbaulic @sid, the low-

mele 81 Bigh i TES} Y8 PRI Bo iS4 8 g separtoly

Alterrigtively; @npoparticfithg alduholli baﬁtb%r a@ded b«&th the naphthalenedlcarboxyllc
&gﬁ)ht hal enedi car boxylic¢c acid
acid and thes repaiaklgs of the alcobal adsied seWﬁ@tglchEh% Intthe process of this

lnvenﬂgﬁgéﬁg:s‘m‘égle‘: ﬁ{%fﬁééf 'b{)rc aagin th%”glcbhﬁl Fﬁg‘eﬁﬁﬁoﬁggé}@’icarbowhc

are era
acid ahe I?El'ﬂm‘drﬁhmi@ m‘a&ebalxﬁeledccmpdnemtbetd thenesterifitation mixture is

e, SR 5 B oMo syt i
and FZélqgﬂ?o%ltadﬁﬁ\% r%téi’%‘i’?&g’!é E#’adtﬁﬁ rﬂﬁ(@g‘ﬁgﬁ’é glgﬁg aﬁﬁ{ Brx¥lcbRol, which

remal nd the a
slurrysemabatmjmped tinte, ori uthehmspraﬂﬂesistooﬂ'let reactioneinturenBy using the

alcohﬁghglﬂ%/ goqo&l tr%?g%g,hqﬂ%ng g'@ln aJ %ﬂ%éﬁﬁqﬁa‘ntaining material,
it is pd8&BId # ad@ e ﬁ@ﬂﬁﬂi&%ﬁe‘dléé?bbﬂﬂlceeﬁ @aht M'c@htaﬂh%@%ﬁtanal to

i's contenpl ated. However, it i's nost preferable to add
the tteachapht nax@nedu Mihbb&yllilsmgtm eeyesledPENiestar ai t0 ngslurry  the

nephfRiiegicariebie g oI RO S sRefiablS b the Reosft invention

In theﬂﬁ rédésstegamr@ fﬁhéfbldohbﬁan@melﬁafiﬂthbme@idwb l‘anmd are
urry he solid napht hal enedi car boxylic acid and

added gmuater-eyrenttye rather thanico-gagenty, ethgmqmﬁhalﬁ@edlcarboxyhc acid
had tﬁ@{égélpgie%{\gﬁﬂt} %%Fé‘i?%[;l ISF&%&P%FOF G fe‘?néah%cgﬂantly, a large part

e reactil o ure wt out

of the' etide! digster peddict ivoutd need té be reayxﬂedhab theefilortaarizbaf/theprocess
acid. This 1s one of the advanbag the resent
to provigentheslumry, mediusnifor thet fies §e'a idaypaiic acid. Such

recyc@lgg qg Ohn GREFAELRAE %@e&{tﬂ% eReebARESON ! the mgtyafm tetﬁgemfaéﬁvvnh the

currentl er than co-current

cocumanﬂwadditlenedﬁ u&r kaboqhol carak ithle reaphthalbreditamboxylit wcich and PEN
rel ati veH; armunt of ¢diester. .Consequ tlé, {a f
containipg e Be @cﬂ%d@"@i’“@ t eFOMNERRIQR: Rouihg ndlegtar, of the

naphf?ﬁlaé é‘érﬁg)%fc?ﬂ a&ie |ﬁ %I‘Pé‘ﬁmﬁ’él%ﬁtretah? réAQeRSLoriePtaPpdVidtea liquid

urr um for the fresh
med|Mphfdnaltbeedestanﬁcat;dn crmtlon Sddie r wejghti rgtio s ofn alcohol to

naph{lﬁ%n fflﬂdl Bﬁﬂ(ﬁﬁ’era{d é’bctnfar @ﬁr’?rrg’tag%s%q't&h@mag?}{tqs{ %gﬁbout 10:1,
prefeﬁlsgﬂ){ bpsuNRBA frhisead: $ar boxylic acid and PEN

aining material, there is enough conversion to the
diTestrixtare ohalcohol and naphthalenedicarboxylic acid and PEN containing

material is first pre-heated before the mixture is added to the series arranged
esterification reaction zones. A stirred tank reactor, a tubular heat exchanger, or a
combination thereof can function as a preheater. The preheater heats the mixture of
alcohol and naphthalenedicarboxylic acid and PEN containing material to a
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napht hal enedi carboxylic acid in the initial upstream
reaction zone to provide a liquid nediumfor the
we@gioenifsTati on reacti on. The weight ratio of BCTUK®NS/016208
t o napht hal enedi carboxylic acid in the slurry is
temparatuad| ytypically Ibelowo thzoutstbbifitatiqn eftemperatusaouFor example,

1.5°1 tgo gbout 6:1 he mxtyre of alc l,and .
tempaiiet, Te b, tantisoe) APOULACH %&OP@@%%BQ £ R suitable. When
metHENobid dsellS tHd "teﬁhg@FaGiu*éer ?rge g?éﬁ&eﬁ? F@féféﬂl)‘? b'efow the critical

addedtot‘ne seri es arrange steri |ca|onreac
temparsatse of miethareml. Bdnéf tlmacmhol a:hemd do theaesterifi catlon reaction

mit i an T addnd Yrahdn i PreaalotrAtemeRyel Brvpadnat the tota
alcoROILHARGEY F R RfikiERS ROXNded th’%@hgh e p'l_"ﬁ'l\ééief‘téﬂ@tﬁégremalnder is

material to atenperature typica

addesk terthei esterificationrpeactionr mixtare eelhamdn@ctlyewfpﬂlraughea separate
h n,the range of about 300 OF to about 700 OF are

pre Saﬁfam e. Wien nethanol is used, the tenperature of

thﬁhé)r Pﬁﬂia?énécﬁcﬂb%&?licaﬁbw Qﬁdi PER héorftainirids Material can also be
nperature of nmethanol. Al of the al cohol” charged t

addetchtp tha esterification neaction mixura f.uif aisedn the pa@lmaier along with a

monbkdl Bl ' CRr b RRCAATIY LRy B iRt of a

‘naphthsienedicamioxylic aadd| her reengombiaation afl de@nbo afh¢ dialkylester of

esterification reaction mxture ejther directly or
naphthalgngdicarbaxytic a@@dprlfeh@ggerthe-rwglght ratio of the” mono- or dialkyl

napfEAEhRARERRRVAC O, Cetdy 85 (AT, FiteB) r hapfMhalencicarboxyic

.acid i suitakip aboxt 0c@1:drto aboubdet), andwmqreemeﬁ;rably aboutd@.1:1 to about

0.5:1,c T e BaEN HAAGIAsUEPORICa afish AL S-S coRIARg! Insterial can be

‘prenﬁfécﬂwﬁﬁrtgﬁe | Car%}ﬁi/?f’ﬂlaﬂfg(l:é%&"?f ﬁ’ﬂ%tﬁé Edicé?dtﬁﬁ/liefacid before it

is ad@tdu o thie ltelastommmpredmeateramtgrnaiuplyt fhkaed aapbthadermﬂ(garboxyhc acid

h
and PN, cRBltning roaleriih i be ddeciios e sagjorgp areheaser separately
fromttﬁe %BGanJothhe n%ﬁb 'B?’fcﬁ‘orlﬂtllafkw adby oﬁﬁé’pﬁthgiehedkaﬁ'ﬁb)ghc acid.

about 0. napht hal enedi car boxyl'i c acid :
c&ﬁtanﬁﬁai@nmﬂorarter@aﬁraé@regrle the sange ofabaut &M 6F to about 700

., Ry S LS5 B O ol ot wiro

signifitaritr detonsdsitiort be i plirive) ABBRInaRsHEiodrbexyie! scidi dialkylester

PEN contai ning nmaterial can be added to the reactor_ or
prodiete A dhese Q@thﬂCéIPS) tepperatyeesa diae estarification seaglion. is rapid and

long Eé?&etf&r s gil tﬁﬁég%ré)fnof?e% Uiraa! EQSR'r@Q&FﬁF%ﬁ&n@ operated

r|f|c reacti on eratures n e range-o
at thalsante, @pat Aifferentiemperdled)F, preferably about 540 OF

f,\,,oﬂflﬁ?%?éss%?g uosiczad Pc:rrot\(lledgstferci'rL Cart%%l pearc%gﬁtllsos?wt%%tlyelsn the range of
about 5 to about 250, and preferably about 20 to about 150 atmospheres absolute.
When practicing the process of this invention, it is preferable to use reaction
conditions such as temperature and pressure, so that the reactor is not completely
liquid-filled, i.e., where there is at least some alcohol present is in the gaseous phase
in the reactor rather than having all of the alcohol be present in the liquid phase.

When practicing this preferred mode, one reaction zone, rather a series of zones,
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significant deconposition of the starting

napht hal enedi car boxylic acid or dial kyl ester product.
Waooshewes hi gh reaction tenperatures, the PCT/US2005/016208

esterification reaction is rapid and | ong reaction

~ can pedglisgdnlidstfiraiesablec howeveedoi usal at leash tweaeacltion Zomes in series.

Thus 3§ 43¢ pPé1BlBHShiS Ar2GudRlZ08ke st of M earion egpp greferably

contdiAgd igaRebs HitdHI| strddint MSvingn BroQdh ahe Uleaetid® @Y tpreferably
50, and preferably about 20 to about 150 at rmspheres

25
throughs theuliguid vermpenert ot the) reaetiqir sydieiEe.othe; iqyid component belng

e 585 Sl b AR B SR BB B vryin

amoumtsnef thenmbabekster i sluitite fhapitbalehedicarddiglie adi@r %nUSthe PEN
at_ | east sonme al cohol present is jin the gaseous, pha

contgipingraatesiabt \Whepanerating yyithin epRditians witere igepartionraf| the alcohol
is in btﬂe%ﬁé%&fsﬂ%ﬁaé@em)é A& d&@ﬁﬁme&hﬁf&tﬁgﬁﬁéﬁ 'sﬂgalfep t8¥al reactor

ne reaction zone a Sseril

volumerm beunsbé tovethpléte the estefificativreredutiony Bihdet ooudneons where
| ea twp reaction zones in series. [

a t us, in the
part Bf meealsceaok@r incthe,gas P éae,zm?esasw a!copfelr gan &peve Hough the

Uisa %&{g e C@I&E
senerémw n@&{]r oughy' %ggltsyl 0 h%ﬂapl?‘lgf or bl IS%IE %n be used
moret efficiantjyi The aepulb deingthatre mlmkr:‘snnaﬂemeetctmrevolum can be used.

Adciigriby i, Besneus clsaltly Prereiy e BRGShimaviod Hiph Bhe single

react&ﬁ@t@ﬁé opbréfél%blﬂgﬂﬂe 8&fiées a%nb@& reaction zones, removes a portion of
napht hal enedi carboxylic acid, and the PEN contai ni ng

the watesr ifeimed\rduringhdhet iesterification weaclini end wahewe for a greater

conviHiin BEE dindl 48 theH8ired dldtolieel 0 3l T eactor

VvV HuRreieke, beUhade t deteAfiMledl thdth@heft tid esifiication reaction is
reaction. Under condi tions where part of the al cohol

condugtedrsudhethgha maias eorttqmeofgtageaiwwaﬂéﬁdno da@ reastion mixture is in
the gtagé&(&# Qta'i HEEEL eoﬁ‘ég \%}9%{1\/ Ii‘(?l"?‘r%’do‘?\n%fzcﬂ5l‘f(il((i,\fﬁéryApparently, most

une can be Uus

of th@fdﬁalkyléﬂfkehforrﬂ'é‘tﬁ)rf escurs ibe Iguid hpHase r@aci*onsrraids&ﬂy catalyzed by
ctor volume can _be used. Additjaona t he gaseous
the %I@@rﬁﬂtenﬁﬁa@p@rr&@pyowm@ ynﬁl&liargmﬁﬁ( Wsitipg feetion conditions,

such f%@ag%&tfo%afémﬁé}ameaﬁ& 56 %?éé’sm{r@eﬁslﬁrI‘ngﬁlﬁ&\%}ﬁ%&eous to

I on zones, renobves a portiron

operatersuch that abetieb0 fto <ahaud)|99f’/e,ame|fembbrrmbcmtlaﬂm ébouia98%, of the
erS|o e diacid to the desir

alcoly Shadeckionthe pshire 5 ﬁ%@ élaB%E SF BRaees Rigfe rather than
bemq"h[@{ﬂnd t‘imaljﬁietf e%ébttratlﬁ(gér;ddg? rté ﬁe al co I’ g}gg%{g%bg}dtﬁﬁamg reaction

conditions tandraftercomesting fomlchholgmsumdsmathe estérifications reaction, the
et BB B AR Bl Sty bsol, B Yhbuon the
esterifieafién r8actidrP Pon®9 Fork | theCapsttast dothe downstream reaction zone,
and preferably through the liquid phase of the esterification reaction mixture, in
pounds per hour, to the rate of addition of alcohol to the reaction mixture in pounds
per hour, is about 0.5:1 to about 0.99:1, preferably about 0.8:1 to about 0.98:1.
Stated differently, preferably about 50 to about 99%, more preferably about 80 to
about 98% of the total alcohol exiting a reactor zone in the esterification reactor, is in
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the acidic esterification reaction m xture. By
sui tably adjusting reaction conditions, such as
WO e@st139ps t enper at ure and reacti on pressure, iPRCI/BS2005/016208
hi ghl y advant ageous to operate such that about 50 to
the gabeous Stie. $u¢étﬁeaﬂéssuubmﬁmr @B:I’t opeﬂation 298%n thd range of about 5

atmo%é}i%gglcﬁb ﬁggf} gqu;%or A I ecﬁ]a gélﬁbel faI%nLg &llt‘f\ temperatures

in theb@in@je! df idjut BOOPIE & hBbut A0YF. by suitably adjusting
reacCtion conditions and after correcting for al cohol

c dheuesierifi aaucme readtioni d¢aoadingrior bhecpiosess tdidhisainvention can be

condBEiT of WA HE o LS Rtandir ateHiickndk kOB Howayer, itis

prefefdlfle Wios té Qgé‘érpeétéﬁf é&mséafté 1. [AREbT e Z@RMitagelof the process
preferably through the liquid phase of the

of thig énvention dathe abilibeiorgandust theueseriiieatippurastigrwitheut the addition

ot T ol B BB fEhon rctor

in the. 89bstantialr ahel anbie qﬁ@[éra@gS cbrﬁple@b@btseﬁc@&bfl an esterification
St at ed dlfferently, preferably about 50 to about 99%

catalyghr Shauld congiof misseitstandard gbtauification ratalyetst eeanncluded it is
prefe?altﬁ% be hsgﬁélyﬂgﬁﬁj$Qﬁ8§|8é Zlﬁ&‘emh@g& E%ﬁ&‘ﬁét&'e%?ér‘ 8Fan organo

tor egous’ r éssur és
tin cohgpowridch operation are in the range of about 5

Ztgi%s @Q@%%%g &églgéjr:tﬁe lgH@é}%{’%lg tr?qt]gg 2 p%;ﬁ%brqg\ction mixture in

tha pro&ets 8P Al ik ﬁ{?&‘t‘tls 75‘?1&95% ABSuEBILholS 38 Ibdut 10 hours, and

reaction accor |ng ocess of this invention
prefecably aboub@dusawerd tejabbub? hatitdaout one or nore st andard
efera

3 The prdceas ok B invertdn: P Esediiopstoney B §idsigar be used to

perfoﬁﬁ\/tpat é’étsﬁﬁégt.dx%aréh@ﬁ epfefefablyi gbdut ‘e hBbut 20! ﬁh@st preferably
|ty to conduct the esterification reaction Wlt out

about Be taatiout ok, ofeagtiore oees fareausesh i aetiegs fTheTraactiontzones are

eauinpRe HEACRR i FFMRRIOh bAGucl bfhin, EGh Bl RERfder 2ones from

the iMBSICRERLIBh hectd Bid tarffhaloraetbnl20he. Ableaétdom®®f dhe reaction
nmore standard esterification cat alfysts be included, it

zones ds pgéaadatﬂ pravisle far the spsaensiantafi thri snlids Aresentzn the reaction

zone%}qureag‘i\é Qf@tenrggﬁﬁc?ﬁ Fﬂ@% Iggewg %t%?t\%/lgﬁ‘nags?ﬁ?ﬁféngnrrer or other
meargsfart aditatinig anliquidiphiass. A plimipecireulatirgy thieo liguid pll'ﬁastdwmhln the
invention is sultably about 0.1 hours to about

reactigh.Aane Gam AR PRNAP PORBIeSNtANEQ 4 (apigniZope. The reaction
zoneQ %Vé %u:tbﬂlé/t tjéﬁk%g&% Efér%bl? éti‘?r‘é%”lta'nﬂrl'%aﬁ&%?s,r;ﬂ@ﬁ HoR reactors,

erl es can use erform

or a eelmilnatiomabf thegecer bitmr. reBeteirer Abldasc@sedthnbre detailt below, a
3,.to about 15, acti 0

particalih PEpERecL ForudielipasiorTis <BABE| BasgRLdoaFen Zones is a

vertically arranged compartmented reactor having two or more compartments
segregated by a divider plate or other separating means that allows for the passage
of the esterification reaction mixture from a lower compartment to an upper
compartment. As described below, one such compartmented reactor having a
plurality of compartments can be used. Alternatively, two or more of such

compartmented reactors can be used in series to achieve series arranged reaction
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equi pped such that the esterification reaction m xture
can fl ow between zones fromthe initial reaction zone
w0 e0oshesss®r m nal reaction zone. At | east one OPCT/E82005/016208

reaction zones is agitated to provide for the _
zonesy 8pegingh tef tneh epl'§§13$$150fp ﬂé@emVeﬂHO'ﬂh Regardlessn of oie. specific

appef R R Yor. &) tedioh Zord s, RBAGRTTURS ' BhICHF gpetand the

temperatured mm@reésmespuged cw me ngrocbss | of thig m’cwmuon Also the
within the reacti on zone can also serve_to agitate t

consiyetiamef the Feaciars: shauldohe. suake thataltt Wil withgtanda the effects of
expor§g|‘et {?32 hé &&?&l@?%&&{f&atlpﬁ %5&1%” Witk régnééacﬂ}%nftly, the parts of

|'OW r eac or a co nat

the vd?m‘ter oveswlserexmdort@ the d;st@iﬁs:aadnl meadtion dmbdlulie can be
ow, a_particularly preferred configuration for th

manggriad & MmagHaIS et A3 180Halgss stepbpr AdAFkel-based alloy, such
as Héét(eﬁt':?;?@j THYRACHBR %ﬂ@grc%ﬂcﬁé\fde déer} WSré?‘Ft rvﬁﬁ{rﬁes Preferably,

conpartiments segregate er plate o
the festpaatiomgonedsdargeatthah Itbevssubeeqmm zmmagethﬂt it peovides for a

. esterjfication reaction m xture fr.o
longeicfrsideire-imBoats, Wpater cunvptaicnat e aadiBelengdisarboryiic acid
and PEN%ntélﬁﬁgﬁ'Héiér&‘PrfB%ésffSPt ed reactor having a

plurality Of conpartnments can be used. Alternatively,
t \M\eopraﬁm@d seactoc nooﬁgquahormat&demlealty arranged, byingsiedl vessel

.jn.srie t chieve serjes [rea ones
that 57 RRHTA Bt bt ACuBEY 85 B Hodddt e hadieoqmpartment
functninid s aneatfior zaReaPrsfufabiis @He VeEsdl is edidedhtd abdut 2 to about
the reactors nust be able to withstand the

20, mesporefierally abeutpBely ahout ub‘écpqmparﬁeepts@cléa@ gionpargment is.
sepaldi48 i g haoehl oA e, Bhtp BF SEF Big; means for

dlvudmgrthe treactop vieselcinto esmpartawdris. Eaclalpiate oresther divider means is
ure. Consequently, the parts of the reactaor

provnd@@é@ths aéJ@ﬁfsém 9p@n@9ef§t allq |f%th€bﬁa?§%&€% obAiaKidctsqlid and, if
fq : -

pres ity §#ReBRE" KSR o HI¢ A adhh SgpbeHom ono

compﬁmneretatd ithe zexie whilen thea esterificationr redictibe rmaidture passes in an

e fSEion SuGh B esb oSl S o s Wi tEbnol an

the nhgnﬂeq A eagl O cté a?«.aebsg Rr é.ggﬁw@bﬁwr‘a&f addiéd to a lower

|c aci cont al ni ng
compwtmaentalarldo ali wo&lon Tiredyote eikiucel ceataim'ng the diester of the

v FRRATHERROSTC 358 ASEHHE o B AP Sfplmont oo

.area | 6MHe WPERRJ TBRItive SRS hé QArBar bRAE &Vi@fé?' ﬂﬁté“gs 3§Jc@1 that the

reaction zone. Preferably, the vessel is divided into
esterifisation  reaeticrb doixiure, cmmsprﬁv@umltpea@wnmg wxﬂw@uiomusmg an

oxedi SAERULARUE sl 9L RD! MGl PoGRA 0, Hegrtcaton
reactigPamitiire to the previous compartment. A suitable opening in the divider plate
comprises about 0.1 to about 10% of the area of the dividing plate or other dividing
means. Preferably, an agitator shaft runs vertically through the reactor vessel,
preferably along the center line of the reactor vessel (if it is a cylindrical vessel) and
at least one agitator is attached to the agitator shaft in at least one and, preferably,
all of the compartments. An agitator located in each compartment provides for mixing
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di viding the reactor vessel into conpartnments. Each
plate or other divider neans is provided with at | east
woep@sopesd ng to allow for the passage of |i quiBPCT/BE810081016208

and, if present, gaseous conponents of_ the
and ther sHSPERSIEN o1 Insalubley Matsl Iy ehe esteriication Feartior ixture that -

would %tﬁéﬁwébﬁ ﬂaarg W&g@ éé@ﬁatgoéi %"f'c{étp‘rf])gfté ‘iﬁatr ﬁ&%' d’ébrgb%‘é YH& reactor

vqunV@ S@Jerel?hesmot/\thwﬂlm wf ghe mteg‘lfk:aadm wdamttlomminmm and eventually
napht hal enedi car boxyl i c aC| d ?nd PEN Qont n'thng ..
plug ﬂm E9RGipr. ot ke Jeaeiar tvesae| eaR 2lgd a?@l‘H@H? affles positioned

withir %ﬁ% %roﬁo%gﬁuﬂé &Brh Hftﬁmeﬁ%‘t@hﬁ' %f@ﬁﬁat?ﬂﬂe% o) h%(/ettﬁé baffles
napht enédi car boxy r'c acild s reno rom an uppe
posmbaedtsn:r theat rthey tame morméah ¢o aheanmﬂetsiumfacpmf the resickir amad run the

entire, Gnglh oF & repetpb Rifes copfigltatons o 8 aiek gt Alkorautable, for
exanfPRE the Haft eXteHd Id?%’ gﬁ Wgw oﬁe DREORT BE84EIF coffp@rtment.

et pr event substanti
eé'lher PEN: gbntaining auatesialsrireact with dhehIeWp malécular weight alcohol,

9 art ment Sui.t abl e gpening in the divi .
prefefabth neBanal, othich 5 Haserilon xS e aiids BAPeRic which
can Kb Yoebwited! A pafified.her THe cfiddd DM2B-NDT efeifvell ffom2the PEN

agitator shaft runs vertically through the reactor

contairisg ghatepialst Baybbg ripeegsachslangnwith the maaipf flowof crude DM-2,6-

NDC{EE S 1535 frorh spatdor, Bf RadiighBEhi D Hig g aiveol by-

- prodddﬁ atid Pﬂﬁﬁkt@ﬁén%dﬂ front e reddtion 6f éthqfenbhglycol with itself or with

15

20

25
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ments. An agltator | ocated in each art nent

the Iqw mﬂl%l@dalf weight Rlcehghmayrke presssped o4t ot thedéw a% laé:onsequence

of noff b RS B ERORE Y FRSHISE Sl joghnies
The OMH2(B-MBC epwrification r stept generalllyneomprses’ @ng nesmore:tpurlf ication
the flow of the esterification reaction m xture, and

procedyes $HCh \asyraspystalization (istillatinn, apd qombigations theggof.  Other

'impuﬁﬂti)e:sg ‘\rgﬁicf\ 'ré’pﬁ_%s\é’t\{ hlnb%é' F@N’O??F | SRFHIY LYy ﬁfetals or

One configuration i1s to
polymmauahfdamlystaastduesammoas aatimbhygyarer economiaaliy remttmad by the

samq, Al Gpshlor, Wit PORY B, LI AN el ' freomain normal

procéé%fffdv@ﬁ)ﬁéﬁnéﬂféﬁnsu' table, for exanple, the baffles
can extend only part way fromthe bottom of each

cdimpavaluabte rapbtteiatec camponent ofaPEN, avBichegan e@ntain various

conte e <355 e s R PR PR REAAARE e oo

to thé\‘@sféhﬂb%ﬂoﬁ&eé@l@wer 1ol PN redets| wittd exE8ss eiatHanol present in the
NDC derived fromthe PEN containing materials

reactma;o aé‘orﬂ eaisiesB-216NHPGviand aethdengidlyqal by roeass ¢f eleavage and

wansEHbAnReioT YreoHir cRECayecr MP mnefiRr S i A disian of the

ester?it@gg?{r? @'ﬁdt?ﬂnﬁh%vﬁ eatilyst orethat domporeerds uedheatiéd to accomplish
the cleavage and transesterification reactions. This is a benefit because if no new
ingredients are added for reaction, they need not be subsequently removed.

The degree of PEN conversion in the reactor is likely to be extremely high. It
is likely, however, that the conversion of PEN containing materials to DM-2,6-NDC

will be less than 100%. Thus there is a need to have the ability to remove partial
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the | ow nol ecul ar wei ght al cohol may be processed out
of the unit as a consequence of normal sol vent
wEe@ses®sfg and purging of inpurities using angCT/US2005/016208
suitabl e techni ques. The DM 2. 6-NDC purification step
reactige nEodutts, domexampie vadous glyeal esterst oc aontaminants which could
rocedur,es such as recrystallization, distil,l ati -
causeh QIO SR P AR OhBABISH IRt RIFATIRAIP: 7198 (B GRalpurified D
2,6-NBCES et add]tiéﬁ,ethpe%{hp/fe‘h'é @y@mbyeprd‘duct @RdBthBE cahfandihants such

polymerization catalyst Tesidues such as antinony, are
as antiommyndrcaihiey inenganiedresiduaseinstieePEN condpining maieriaihmay not be

oG] e BT S5, e B Bbtcton whc
follow"eN Fitart St RN EY stipsPivhichnbidilide aBhvenRtréédvery and recycle

_various contaninants, can be recovered by adding the
provideErhesmtfthetions resppoinigallyt o Sinee fbed pufigation capabilities of the

estrfiEi 50 S S5Fobht RS 50 6ot AGERE hoeds 1o be
addedM 2. 6- NDC and et hyl ene gl ycol by means of cl eavage

and transesterification reactions. Because of fhe .
cbhai esterificationarraciieni Riedyet mijxtuse (typically sompfises a mixture of

o-2(ERFS e LA B it 8o SHTRBRERGF G'2B-NDA, various
levelstbr abﬁeStrﬁ?héﬂr@ﬂ’tw-&;ﬁ-naphﬁamdidarbexﬂatea b@ibf-2/6-NDC).  The
esteriﬁgétiaﬁ)unié@{ytiﬁgg)rgéuwghﬁgﬁgg I@\iﬁné &%Wg féé&g@j?é@'(&t}élated by-
prod 5 AT s Bl ol rfirkBs, and sohbiled

oxidation catatystmetalsBecause HienDMr26:NDC i8 more soluble i methanol than
need to,. hayv

2.6- N B N S e FO S S LB Gl b fcure. oo
MM'QE%' 65 ggbitgg?ag} Helutisif.er s or contam nants whi ch

ul'd cause tolor or |ead to ash or particulate i ]
cAlteathenestedficaiororeactien is aampjrieds thecestnfication neastigmmixture

s o) i bl R L0 ENFIC! oWl o Mg can bo

accorhﬁﬁérﬂéée%yi AnyheuitiBie CrishnbNiHawewsrerthal coslingaé test efficiently
al | owed to contam nate DM 2.6-NDC. The nunerous steps
accoroplished by eapiessurehreghiction with theccorsgauent svaporatian af feethanol

cootrR 5 8 et o UGS, SR o HRERRBRIRLFInone zone,or
it canPbés ialctemiplished @ akidriesi ofsconlling onest kit afbiateh nwde operation, the
estoriigalien restOraMeRspl cPnebadiea 1o CaElae: 1t Pl BHbhucAlthough
e NS SENAEh HoFRIBHcaREn ottt ity tXariabe and
depedd$i-iNDpartvapow ke Iretielof méthanol to 2,6-NDA used in the esterification
reactipand ihe desired dabrae o which the BS 6B b %e ciyeilized from
the methanol, the esterification reaction mixture is typically cooled to a temperature
not greater than about 50 °C, preferably to a temperature in the range of about 10 °C
to about 40 °C, and most preferably to a temperature of about 20 °C to about 30 °C.
Cooling the reaction mixture to these temperatures can be suitably accomplished by
subjecting the esterification reaction mixture to a vacuum, thus accelerating

evaporative cooling and achieving temperatures below the normal boiling point of
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esterification reaction product m xture al so contains
some residual PEN or related by products, ethylene
wa@bysoisoesret hanol , water, organic inpurities, BETUS2005/016208
sol ubi |l i zed oxi dat| on cat al yst netal s. Because the
methancs. All Rppartofitbecevepioraied methasphaeay be ﬁgmdwwd\lmcoolmg and

verk AR 0l i35 WhA8H, Eind Sl el fr coolng the

mixtadescan Yl usdd, Yhdowevis?| Buci9as U¥ing cobliey esil tbbledaby eRilled water.
reaction is con‘pl eted, the esterjfication reaction

Coolipg the Eeactiopomidure to #resst lemperaturae assuessthab@ major portion of

the Iﬁﬁlné Bl N?@b{:&@faﬁies fT‘Eﬁ' méc@@tllldm QPr%ﬂﬂ'aBﬁll %t Iggp%é\ﬁi% B¥rcent and

'Sui mean ‘the €oo

morefpieferaiﬂylat leasioaboiits DO hdrgent oOF thes DE-2 @-Nm;nnrthw ddterification
t he consequent evaporation of nethanol cool i ng the

reaction gyxture grvstallizasEemaolution. ur e Thi s can be
ACKREP S SR-2 B- IQD% 7c9¥1r§al|12 sﬁ it %gpgﬁﬁoﬁgﬁofmllﬂ ?ﬁ@deétgnf' cation

a series 2? cool i Zzones. e operati

reactitre meotheri flq@atl'ﬁhlsr eant benaamplishealn blyeanyeduitable means for
er at ure

. [ ] 2,6-NDC. . Alth h
partifiytii Solios o dpids $uch s AtFatag: CoRt IvGationeoT Soe: alnreacted
2,6-d@h¥l@éléﬁ@$|€a@&yﬂ@%ﬂj%gd' M- EH-NDG‘%@% E)g{?cl:&gﬁt bieciffitate during

hanol to 2,6-NDA used int esterifi
the qoeling and axedollaetedeawith the 0 lMg2,6eNDG whi ch the
} .t he nett}

2 6- ' h | i zed
RS, W thE s stefificaio Féactefs Mottty Mgt o e impurities,
suchc @8! Bfbrhifiated %@u@%ure%témfedg FREX, eéolhbmﬂe@béatblyép rﬁ&als water

preferablyto terrperaturelntherange of abodut
prodaced in Hsoestenfication egastionsethylesecgliyeolyand yat unldentlf ed oxidation

and , E8H %%ﬁﬂ%%?%ﬁ%ﬁﬁi@gg%éﬁ%%? %?ﬁﬁe@%}?ﬁg'g%”?%%%n side

prodactsml rejéetad bSrhéUéBtéﬂﬁctaﬂ@nt Raictioh hothet AgLen id, GRsvévaR, mainly
" mXxture to a vacuum t hus accel eratlng evaﬁoratlve

unreagledi mpthanplabsed ik gthee gstarifications neacian.t hbishsnethpnol can be
recoRgkl! ff(grpptgbnﬁ\toﬁgnofd?ﬁﬂoirg Gbed BBr r%%&&lgy Coﬁ‘(—? or more of the other

evapo condense I'ng,
proceéseestepet urned to the crystallization vessel. O her

R o] 5 o oGS s Hlg o0
punf?@fr@‘i Pr&%@s‘ Sredhe &R E«Bﬁé&htl’é‘té“iﬁ“’tﬁe td?stﬁlgf?@rf bottoms. If the DM-

atures assuresthat a major portion
2,6-NBE 1s ihjeEled dnipsthal dlsizlﬁloﬁramlumnlahtal point Witkihdheldistillation column

packlg%g aboﬁpﬁﬁta{y&%@%&wﬂm B refrﬁ{ ab\lgsyibf’i‘lt irlje(\elgrssﬁbly plug the
dlstllléﬁbﬁ 'bbfdrﬁﬁtAl%B Wﬁéﬁtdx‘iﬁhﬂ@n@d!é@stcrhéﬁl@&é éﬁ'&/v&ﬂ %Tboncentrate in

solution. After DM 2 DC crystall'i zes, It
the digtillation dotions, dhey Io;enewodm:e adughlyrvisceamst nnatenabttlhairls not easily

rome 1Bl 0% <R  HERET B Aol Y Sublid erotore
necebsitdté ahe iscitiuants BT therdistillativht prot8ss. UtérafdBd these catalyst
metals must be removed in order to provide for the efficient distillation of DM-2,6-
NDC. Furthermore, it is desirable to recycle to the esterification reactor at least part
and preferably substantially all of the distillation bottoms to recover any DM-2,6-NDC
and/or MM-2,6-NDC contained therein. If the catalyst metals are not removed, they
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2, 6- napht hal enedi car boxylic acid and M\ 2. 6- NDC al so
typically precipitate during the cooling and are
w@oeiosacesl with the DM 2. 6- NDC. Al ong with thePCT/US2005/016208
esterification reaction nother |iquor, nost of the
will iompunmreese lﬁu@hna@nttﬂtmﬂ nat the istitlations, beiteresi witbdrecycle and
taI§ metal s, water produced in

I
agorahate AR atbtemaTionsaidy ethyl ene gl ycol, and yet

unc%rélnieoegwpmdﬁbcpaoﬁ&ed by filtration, centrifugation, or that obtained
esterification/transesterification reaction

from sogenwihen sweansd usgdciqropaﬁutlaamgr thiu erystalliged epr@duetj from the

ostef5aE S AR A, B w8 S el Shocures o

methiz&ot tand wafbhi 6r oBich authblasolpent Qedhy as &dck oy h?drocarbon i.e.,
not her Ilquor and used for recycle to one or nore of

pentapes.ohaxangs; dolienes pajanes, fCMCIQDQXﬁn@atGitQ) nAc&s at y&io halogenated

aonf 3758 28 ot S 6 ol iy g, acotc and

propihrﬁd} labldatahdrrnbmir’eerm‘ these tdeidsDMith vdtefNBfe iatsd siiestie dolvents for
into the distillation colum _at a point within the

washingthe icistallized esters. pHug iwrghing, stepiemavesradditiangldmpurities and
resuglﬁsrﬂ)ﬁre‘f"'ljl\h- @ﬂ%ﬁ%p?rﬁ?ul&ﬂ??ﬁ RbYsohent i8Ed b Wa ItHg BN€2,6-NDC

["at’1 on when oxi dation cata
is atreirnlelevated dempeeature. Mosteplofatably, ntmhsobbleatltlléeu tonwash the

cryst@fized DR EHRL! 1y heareh oy = RUKUES HipMethanel s wator. The
welgﬁi rr&t’i’d“of Rfvent! ﬁre?ér%ﬂi Hﬁtﬁ%’dlﬁﬁ RRURIHIVREC AibRUIS S the DM-

di sconti nuance of "t he di st [ ation process.
2,6- Nla@rlﬁedrfer Walsbing isan theyeangesefabouinis?: 1de abewb2id réspectively.

DN sl V-2 NPT % (AretetRbysibipete 1 th Thprystalization

procé@un*é‘ﬁbr ¢§ﬂtt@éﬁ purfeibtion. R@au%mz@nohqg%bcm hsﬁ’éﬂj by contacting the
refera ésubstantlal y of distillation

DM- E&NB&W& megban@roramtzemmrtatée mmyaﬁaulzahonvspweet And maintaining

the rBaGu RECHERRNSh phiule e B8 S veRtd i BrRrdleotitsoiva gt oast a

portigh séfl tHeatDMI2, @NE@n‘a‘nd\ﬂ m’éférabbycbt? |@ast él&ﬂltaVQT\Fekbﬁt and more
af or enent i oned pr ob %st allized DV 2
prefergblyeat léés'b§b¢l|'tl 99 m@nt fdhePMag8tNBf; Aoprassiife vessel can be

usecP Mol ndIARGAE, 8 AFidIBANS LIS I nBAbE! bEARG Boint of the

cr s r oduct Ion
solverda@ smtatn@lwéghtl n‘amoof recsysialﬂtabicabbalvmﬁtm@l\ﬂﬂ,@-NDC is in the

rang@ G BB S0P AT J0ch 0 RIKIeb GO Fel (2 8PaihE respoctively

I e
L ot SIS S LEERISOR il i
estemﬁcaﬂoﬁi reactivh aadlibegh |lIe treatedsalmm rm_;/dndaalomgawdh other methanol

proc §% oé‘rlg(s: ﬁ@%p&%&%é ﬁ OfI atrg%se%e?eﬁly suf}mc‘;lent ¥Va dlssolve the

DM-2,6-NDC at reasonable temperatures and provide a recrystallized product

suitable for the next stage of purification. However, as mentioned above, other
recrystallization solvents are suitable. For example, Cs — C1o aromatic solvents such
as benzene, toluene, o-, m- or p-xylene, a mixture of xylenes, ethylbenzene, cumene,
pseudocumene, and the like, are also suitable as recrystallization solvents.

Halogenated Cs —C4 aromatic compounds such as chlorobenzene are also suitable.
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washi ng the crystallized esters. This washing step
renoves additional inpurities and results in purer
wWORMWB169NDC, particularly if the solvent used POI/WERN5/016208

o L% o ALl . T
Pfef%dgﬁén%tmi dikoling he @IY(I?G-*N@CQE tﬁ&traél%{allﬁyﬂlon solvent

t rati o of solvent, preferab
isinﬂuﬂmgelofcabaméeﬁafﬁ?dlo/aﬁmmﬁ%%& ure, to the DM 2, 6- NDC

f [ is i h f,. ab
3 8, B2 SR el By i Sl gt at an
elevdtéd ﬁéﬁfp‘é?étm'é/ s? ltﬁb?éi RAst @ PortiBA 'oftha!DNMZABINIDC is dissolved, the
procedure for further purification. Recrystallization

resultisg amidurs iis raedler) tooat reerysigllizatiorotemperatme ot ecrystallize the

s T St L S AIRRE b ) bR 38 ¥EBh suen o

usmq“c&)ﬁﬁ@ cdilsapitiiheirt Qésééniﬁ&fcﬁ‘fw the Pestystaflizatiodl However, it is
ast a portion of the DM 2.6-NDC and preferabl at

prefarabletfremdhe standpeintaitcoshin rmkmt pefationdioyred uceéla@,pressure and

a8 57 bl b nd RGP a2 oo

in théh@cwamtathm koNenb @ atcoimplisited eit teniperdtusas tabble the normal
ight ratio of recrystalljzation solvent to

bomngvpglm; -afihe; ecrystalfieationngelvent, 1he ressuret aeabonly be: reduced to
lower tHe qeﬁ{pgrﬁ{u?@ ll\%t‘ﬁ H\ﬁxtarel t(% Clh@b&’#ﬁlre% ﬁacrystalllzauon temperature.

respec
Howeaart \attadnihg ztampenamnéybetom&hammai bailings pdint mftﬂne solvent by
esterlflcatlonreaﬁtlonf an betr&g eda

evappEatye GRPIMOORGUILPS N ARENCAAN g B vagtyiL (o et Yessat or apparatus
t f
holdifj ©Hfe 2B AIILAtISTE! n.a%eg%elé@{dmza%ﬁ téinpelatlife is any

at reasonable te eratures and
temperaturel¢hat allows farathei reetystaltization etiat lﬂasé af portipheofntwet DM-2,6-

NDCo Feferalyr s bedrrstafiPad iEantaci: & ol et 1Rl about 50 °c.
more‘tagr’eafgté;oly o@j ‘thé:]rﬁnéé Qi’faébcﬁjtsﬁd) YENis abb465°@ %ihﬂeﬁﬁ)st preferably

, of p-xylene, a mxture of xylenes,
abouéQB;ﬂOatmaiemdm:‘Lﬁxene pseudocunmene, and the like, are

@Cailrj{lgtpg/%l’t@éz%%ioeléf ﬁﬁ%n%(lglpz 64\8?;%%%‘ ént Esh pagtitioned from the

recrysttiaRiANgSMeNtahTotAES iqust) bybasy Shitably Ime@ss forepartitioning solids
particularly preferred aromatic recrystallization

from sliquids t suchrias, Jpefexanaple: aailing: @eetrﬁuﬁatm% SVAGHURY @ pressure

vt 2, P 3o 33 N e b P o e

esterﬁ’Maﬁoﬁ rdaGtorNAltéinativelgs i ehalbe treaiedrtosreh‘\mﬁetthermethanol and the
mai nt ai ned at an el evated tenperature so that at # ast
rema@nlpg heayy high balingepmpengnts ¢an gedeeyaledito theesteri ication reactor

or HEREY. 1% S ACUBATEE) B GESL 4P YR gt eBion sovrt,
it to@ocian npei sreatarbrtpl rethode beavigs sand athea pesfied sforhreisse.  Solid
recrystallized DM-2,6-NDC collected on the filter, centrifuge, etc. is preferably
washed, preferably with the solvent used for the recrystallization step, or other
suitable solvent such as those discussed hereinabove used to wash the crystallized
DM-2,6-NDC. Washing removes additional impurities particularly if the washing
solvent is at an elevated temperature. The weight ratio of solvent to DM-2,6-NDC
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using cooling coils wthin the vessel used for the

recrystallization. However, it is preferable fromthe
wer@sdpsit of cost in a plant operation to repPCVES100%016208
use({gressure and allow the m xture to cool by evaporative

Rwash the reenystalized JPMr2.6rNIBE is isitablydndheimange: of about 0.2:1 to

shof €2 FHHLT0L SLgSRHIy 741 B 5Bt g e ne .
2,6 +NiaCyretrmihg iratHeooermtrifuge) vactilie fileeSpressureefierasy sthBe ﬁartitioning

ced to | ower the tenperature of the m xture to the

deviéégﬁ eRresaUrs, Qrayaquum) appliedmadrather solveriwsed for recrystallization
and/gg t'srl‘i'i &R eabﬂﬁ-ﬁ%-ﬂﬁcf"ﬁltép%aFQWml cdifth In'eg&ii%génémounts of

. e sol verit by evaporative coolTng réequi
solvemip Thisasolvenbtan, i aesired | be rémoved 48/ one crrpereatitiing techniques

hol dliln .the recrystallizati,on solution. The . .
such gs, y%qqm In, 2 SWhoP QFRIF ordpertjgas, iyse efsevacue withtor without

; ; [ ' I Ik
addifondioatiib, bRBHHE SUkEHIS meddt o rfihgthe LRGN, ki Breferred,
howeverpto hieat the DM2,6-NRG} eptidrially atlreducsd méEssurapuatil it becomes

RIS C TR EXE TR DTN e

Molteg CUMSZ,@lNIDC?tﬁré’I‘éréﬁlyth& &P suBstaMiaiP aﬂ"gf‘i thit sdl\??%tt used for the

partitioned fromthe recrystallizati'on sol vent

recrystajlizationsgndiary washingbisdistidledsn the npat stepidiithe grecessds

- o AU S GoRRalicHioR S8R B iR deifbRd. itwgl bpapparent
to a petdornshilléds inirdatshat 6 veitiore Baditidnkl Fedrgstami2aliéh Ip)r/ocedures,

recycled to the esterification reactor. Aternative N
depanding P dher dageae of Pty Eequiredieeamrhe used. t hhese “additional

roce 89, S8l DRSS SEIRISR0S 88 g fro samo or
diffeteint recrpstatization Bad washingrsslbants| Additionally,aghildhe DM-2,6-NDC is

, crystallization solvent, it too can be treated to .
In SOi@wwe t @g@pg@aju;@tlpneﬁpl\@m i caq beplreatedowith gpeiar more physical

or RAAE ibdie £ B8bAaFuY Off DFENGR 8P P Sohblt mpues. For
exampie, ébloa_ambwstmtéabrwltﬂneam eoxigizing lageat | suchstadp aipra peroxide,
hydrq?ééqrg{(igég'g{,ggl[%ecg Olt\écsqrbggﬁufggg r@@f}ergéiﬁﬁé%%%pg_ N[gg_n also be
treat%’l?:WWhr‘él ﬁ%&%ﬂ%ﬁ 050 blkRRfe, e USSR MRARSLIGE! G %éfcilfﬁ\é sodium

e washing solvent is at an €l evated tenperature.
or patesgjum hydioxidsf, casbonrate erobicab®naieCBoditicn ethexidet prevides for

o 4B S e R e S i
percetit’bagebash tieokeight bNBMRIBUNDCOH the 'F_B?liygfrbll%ioﬁ SBIveNPC

remains in the centrifuge, vacuumfilfer, pressure
f iMeltan erystallizad. paradrystaliized estariis alistilled ipratdeasteonedistillation

st B4 (AP ol 5 LS S05E rriparay 190,200 e

tempéidtiey of teedistilldtionois trRicesyaly abbe aBOUDY 00T, Also, because DM-
2,6-NDC deteriorates in purity, and particularly in color, by being maintained at
excessive temperatures, it is preferable to conduct the distillation at reduced
pressure. Distillation tower bottoms are therefore -suitably in the range of about 190
°C to about 310 °C, and preferably about 210 °C to about 290 °C. Distillation
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solvent. This solvent can, if desired, be renoved by
one or nore drying techniques such as heating in a
W(sme/pla‘)ﬁs air or inert gas, use of a vacuum Wi PEIT/082005/016208

s B o 55 v S 5 B RSB ot
presstif® i8§ithd %ﬁ@@;@% éHBdt%)@' tbir, at reduced

pressure, econes nolten and sinultaneously
dTise idistillationngare oee & sinqple edistifatiom tHewd®Mr? 16-aifain the highest

purity 2 D\ SO oft erierBiie 1€ ied adtailioRptiid BRIt flye tractionating
columRNEAR" b&Gsa S tl%@u with ?ﬁ{iﬁ&drﬁ' 6 strtciured "éNbimitt ?c%gt B6signed to

process. y one recrystallization step has
increasedhedisgiid-vapor; cmmtam.t in theecalppux. émactianatiopecalumns having trays,
skilled in,t hat e or_nore,addi tional o
0. SER AR.PT PyBBleSiAn HavaRPES Srsaleh dRRYdn “PRedistiaton art, are
also sfftaieri ty required, can be used. These additi onal
procedures may occur wWith or without a washing ste

doistilationnf the BMB.GNDG femeves uadegicablel |h§§WoElgh boiling

impurfe, $EEReES B8 HEC A P ERNPR” VRols fbtel EVSbrppygs.  residual

catalyS’D'rNﬁ@Is and CitReP @dssitié aesiduel from de ﬂBEN pbu@imng material.
hem cal neans for stabilizing the

lmporta@\ﬂyr theodistiletiom temeves pa#@plaé%a%t@mnant%ﬁﬁnbﬁwe Bi-2,6-NDC.
Partlcﬁfa?@tc%‘iilt%w?arﬁ@ ! dif d?ﬁt@%ﬂov%“ﬁ%pfsthé' b!:\)/IéQt -NDC unless a

er ox droperoxi e or peracid
dlst|llambhfstep e énmloyada.gfémt exdmplea eveh $fothiecDM-28-HDOnist dissolved in a

suitablénSlart, TWatedh AngrTopDiskisehihG soBai N2 B30 bt B collected
by fi ﬂtFat@ﬂf Qﬁhféﬁg@g@ﬂjﬁhﬁefgg gd@sd@ilg\/drf&fté %esgﬁufutmg,el-mc of

I n ah anount of

-excess geatystallizationi spiventeThese opemhdns mtrdmbmeepgmulate contaminants
- ip th t t
to thedd e BriPEs EortseaueBiy hir disiEfon dropSilRipL e Inuifion as the

final é\irfﬂcﬁﬁéﬁ ﬂ%%eghfé 'ds%ﬂPéé"ﬂ"neﬁt% UM—Q@-ND@ecdhtﬁihs low levels of
poi nt of DM 2 Sa proxi mately 190

particylate cemdpmlaamselmls H@tcaretau tablei fon m@ufactelﬂgng’EE ‘that can be

used GERFHGRREOR e i s PRI ey o sgpp migyides for

. DM-28eNDE 68 talrindg fsbathamx 886t 5600 aeanats! pasterdbly iss than about

preferabl e to conduct the distillation at reduced
2000 padiclas greatesthan abpuh 1iumieropstin giee pee aramr ef BME2,6-NDC as

measiﬂr’é& %%Xgﬁ%%%@[}?ﬁﬁlg %%%r 4}1@ Uﬁi%@tg gfgé)ld‘stﬁ&&) nSiten DM-

2,6-NIDCsis ioptishalbnedvsied and ssiidificdrig e duitablebppdratussialr as adlaker.
about 200 torr. Preferabl%é the distillation pressure
il is ﬁpthﬁeuﬂ@ﬁ@éo(lﬁ thajolie Bereinaboyardesnibed Rrocess for preparing

purifi e‘a' l@ﬂb@ﬂ rb Eofldd tgﬁ’l cg'l\tﬁéf é&%&?&%s'éo%ﬁ% optfated in

pur|

eltherpzr bétbh&hi eontmume mahhent Fonat large-scdleroommarcial operation, it is
fractionatin
preferable to conduct (tghe entire process in a continuous manner, where the process

described herein is conducted in series arranged reaction and process zones.
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col um can be packed with random or structured col umm
packi ng designed to increase the |iquid-vapor contact
W0 pooshes9edl uim. Fracti onati on col utms havi ng tPEES2005/016208
e.g. sieve trays or bub ays, which are well
known in the disti IIatigé)@arﬁ ‘,é#{e al so suitabl e.
Distillation of the DM 2. 6-NDC renoves undesirabl e
heé3atgh fexperinwrits nlggen'enpcml dchaﬁ ,bysam%ingsPENsb@mglnirllg materials for
. 6- , _various cplore y- products, residual ,
’ecy“yg@ilﬁ}’&%%l%tﬁdw%ﬂ%ﬁ%% teh &eqeder wagnsifwdtaneously
Bl nis . e h .
acoopH IR Ae M PRPEte uhREN P88 atoril BBofiyBabio Tt Bfude 26-
naphthaleneditarbexylin teidi (NDW s toacriddi dimethyit 2,6enaphtbaienédicarboxylate
2..8- NDC un] ess distillation step is enpl oyed.
(DM%Q? N%nﬂﬁbe,see'\?éHl@ fre a%S t@?ﬂ\bﬁc is dissolved in a

suitabl e solvent, filtered and recrystallized, the
solid DM 2, 6-NDC nust be collected by filtration or
a) Effesttofi rasidancentimedat fixad oncentmbtion df RNt fiinf semp, He wi% PEN

2.6-N f I Li ' I . _Th
baseff 6 b N REEC TR FEis shbi 5, Rl Rosfdibion BREEN at all
residehte tifrdDas evidsiRsdanyi the |ow1@orf&eﬁtda]gibﬁtdfsylydw @@@g hfeasured in

,of this invention as the_final purification procedure
the isplated csude seaction mRdack- Nibe comvetsion of cudeNBYstoogrude DM-2,6-

NDCIR! 46 1135 58 AR b 1o 40 1 oDl BLRBRlE o i the
isolateddirude péadtiontfroduét. | ns. Preferably, the distillation

step provides for DM 2. 6-NDC containing | ess than
about 5000 and more preferably less than abouyt 2000

Run $arti cl gBajehat er t hpGrudsoproduch| Girede peoduct 4iCredpearoduct
gram of |DisRleBedDC alconapasitian, by camigositioROY@omposition,
parti cl 4 time| mirites nswi%igiytol Thewtleshietdyeéd naltten DM
2,6-NDCji s optionalllyesterd ed and| sgfeirsli i ed i Bafboxylic
suitabl g apparatus such-as a flaker. It is tqafys

rd
Ol
ok

understqod—that—the herermabove fgescribed prycess |
o
1

qot p=o P <l LD thCM J-a—a-aun-ai+ot g
1 Propgartt &Ouuu TIrTTua v, ﬂTT vagl gr%,uunuuct SUCTT
——+-hat—eaditprocess %{9%:—96—699&-&1—%8 =R-el-ther Q.-bax_gh____
28 a | argk98d;

2 or contilithus nenner g he  compé ci al
3  operatid® it is pref@bBble to chP9ddt the enire

process in a continuous nmanner, where the process

b) Efféet of PEdHchesenitration, albothes vardablesmid esnstantinThdse runs show a
., reaction and process zones. Exanple # 1 Batch | .
high gopwarsiesnot REN diley, seriger alialyconggntigtiensy asentasidengg times, as
o iy £ e
eSS (0 o RN of B AR BELERF A ¥t cruce
reactbncmmp?ds hThg comeetsigh of ergaer NDA to onulet BM2@8INDC is also high,
esterlfication

as evigRIREAACEdABS Ph dalaRbIa cAIPUIRACRS it islRtediaRyde reaction

produet. 8- napht hal enedi car boxyl at e

Run # W1t% PEN Crude product | Crude product | Crude product
scrap based | composition, | composition, | composition,
on crude NDA | wt% glycol wit% methyl wt%

esters esters carboxylic
acids
20 minutes batch residence time
4 5 0.19 99.81 0
5 2 0.06 99.94 0
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(DM 2.6-NDC). These results are described bel ow. a)

Ef fect of residence time at fixed concentrati on of PEN
WO pdosnsosap, 5 W % PEN based on crude NDA f eedPCTTHE®e5/016208

runs show a high caonversion of PEN at all residence

6 times, 44 evidenced by.0dhe | ow cbR9&G ration i@ gl ycal

10 midsts 5attk a8sidenceé timiche i sol ated crude reaction

7 product [ qphe conver sf@azof crude| &4 o crudg POM 2, 6-

NBE—Ts c'5bu g —=as @»ﬂsdencea By ghi@ Tack off g

8 daotcct-a

det-eect-alt-e—carboxyHt —ets— 1t Ici:f.ﬂ' ated qr ru.ie
9 reactio 1nrnd|_}r¢ Q) % Pect—of—PEN-Eorecent+atit

-l

=
NouorrccTeTac T Uty art

other variables hel d constant. These runs show a hi gh
conversion of PEN filmscrap at all concentrations and
c) EffeesofteENcharnapalymas serdpdanesienl fyrm,rall otber variables held constant,

. concentratio f.glycol ester ' :
s shau Py faeans odpeelauig Pt e A afigh Bfacgion product
h dothgdreR reifs, Grbbpediveadiparticiofsizensf the PEN
Thes%\ﬁgéeeﬁ@@g by Ffe{hre 'ack of detectabl eq?ar boxylic acids
homapolyrher $a7apat ed crude reacti on product.c) Effect of
PEN honopol ymer scrap physical form all other

Run#ol | owi g’ %‘NER%S@ owgkﬁﬁgia?%&a{f t‘?%@e product

product .| SiZ®se runs FIMPESHRRY alhCR , cognposmon,
irrespedtive of part wi% glysad of | Wi methylo M/grrer.
scrap. Hxanple # 2 PEdstetsropol ymgestaffap contltaibayiic
approxi natel y 250 pphw anti nony and_ ot her tr alccids

confamnants was I nt{oduced at approxi mately {5 wt % of

Jp0 the Cru SN chigPt Nglogenedi car boxpl7g aci d fle@gd to a

confrer¢ Ot T MUOUS AT dCt O Pr )@@G, g di netr\yl
11 2, 6- naphipa;;n%nedi car og'xzal ate viaja hi-pgh-ten'perat ure

hlgb-prp ern_{" \lzerl este{’_Jrf i-cati-on—reackt+on ﬁﬂ"t"h’ —

12 net hanol |.25he unit Na@-@;erati ng 9, of reaction and

t he subsjadjameterst eps| of product necovery, product

purification, and solvent recovery in the nornal
manner in all respects. Bangiledd 2owi ng the conti nuous
unit to attain a lined-out condition, sanples of the

Cr, f e . 7 f fi d
A0 St 58 gl SROReabtash foimu aniimry
othertrace contdrminantd Wasontrodsdeh abfappraximately & witvoeef the crude 2,6-

napf‘:ﬂgaj@{\ $e Eg or xgll’i%%%?ﬁﬁif‘%’%d B&ean%m%rgég%&@@;é ?ﬁ%ctor producing
ine 54 o RSOR ', S, i amst| lghroaur
uncatalymed: eetegifigation reationowith ypetb@mbMTﬂe%UNWQﬁjﬁp’ewng steps of
reaction and the subsequent steps of product recovery, product purification, and
solvent recovery in the normal manner in all respects.

After allowing the continuous unit to attain a lined-out condition, samples of
the crude reactor efﬂuenf slurry were analyzed for evidence of unreacted PEN. The
results showed approximately 90% conversion of PEN had occurred in the reactor
along with the normal esterification reaction of 2,6-NDA to DM-2,6-NDC. Samples of
the final purified product DM-2,6-NDC were analyzed for evidence of unreacted PEN,
for antimony residues, for ethylene glycol, and for typical DM-2,6-NDC quality
attributes. Typical DM-2,6-NDC quality attributes are as follows. The sum of organic
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attributes. Typical DM 2,6-NDC quality attributes are
as follows. The sum of organicinpurities is cal cul ated
W(byOOSKIIﬂ%S’]I ng the neasured concentrations of MEMDE005/016208
NDA, and the nmethyl ester of FNA. Acid nunber is a
impurigies dﬁa@%eul@mjé)mpmbmlag. thei masueedﬁcom@nqams tof MM-NDC,

NDAOfaddi”DﬁF gr‘iétf'lkf[%s 530 Il Cﬁg:?d Hﬁﬁé&d ? oéa?%qﬂa{écp Jalu8 which is

indicative g‘éthecql(awtttytb)‘ unesﬂedﬁeé carbdxylic Qbﬂd@%tduds&eﬁ%ﬁﬁhlgﬁiﬁ*the DM-
e sanple to a carbgnaceous residu

2 6‘%9{?@ ug d"\sp? RNIBEIGHPT of IHOoFgANIG énmﬁlha%%duamlrbthe product, is
meaRELP AiAd IS BiAgo  boorEald 45008 ) bl an hon

IS I N
ashmg\ma 8- Nidfler fuinate. Tr(éolbnreemntqniardn adhe Wesdricam Public Health

Assof BN APHAY Saler dfdisgtyshpt fha waitapsasel Bedabl 25-NDC product,
The %r@ﬁ}jrﬁﬁahi&?é‘ tdstOisTh theAsure Pfﬁf‘e 4e }'@é f %ﬁﬁﬂ&t E&titShination by

hat” the test product met a nor
partl@-ﬂ%fel matesial by padticleshaving dilmneteglgrealnb trearf nxﬁlmldnens

DORAS' KR paldRuRlar 168, e ST Gubieti 9 ol gnal quaity

speclﬂ:@ﬁbﬁé aﬁdalvaé Mn@i@tlﬁ@ﬂéhéﬂér\%m%@ n%rfdd%f nfdte in rt'l'?e absence of

| ene glycol residues fromP t hanol ysi s wer
addesul?é%ld ¢m@ﬁpb'meru$1¢rﬁpanh|0vme@laidaclmlqees atgre nequtrbd to manage

ool 5B, AP, e I B e o

PEN umethanslgsis Rizdte O’mgedri Iim G anit add lerbhﬁ;rf—di@t@bta‘BHé irf tRPM-2,6-

NDC pr odu her residual materials contalne

NDC.nffJéH%t PEkycof &St%rﬁaWbF(‘éT wauldabe ievidancecsf eententinatianPefproduct

i 44 BF g PR il B, AP B o

produdte Gthee rresnduae mtenalsmt@ned fih the i PENC &ﬂﬂébkémplbemeoéntlmony
d .ﬁfp {f%ﬁ acco i shed the cl eava%.l'éé
rest 't'?%\ fmeaﬁ%ﬁwﬁem@ dPnofeteeta r"a;she final purified DM-2,6-

NDCa i she f
CaprERL SIeCTHEC HARPH A 48160 S Wyl roaction anc
punfq:a‘ttnnrredpaﬂmhmmlednfprtheespmmgssosam:onTmBhadoctt@S sleavhge and

van RGeS O3B S AN b s o 26

NDA rtsctmrn h h j
RSO S U OMEENDHAR? tt o no e

Proceéﬁtﬁlacﬂqm:tsrray be made by those persons skilled in the
art, all falling within the scope and spirit of the

ed-is: ‘nrnnncc far
Y di al|dyiodyekmage withBEM h aP&@mté%ﬁdﬁ)wgthout
Attriblle d conpri si ng

d?qre@mlw@eamquta d phREN hemepplymer
nm xture conprisilng_a | ow nol ecul ar weragycleal cohol , a

napht hal enedi carfboxylic acid, a dial kylester of a

Sum of organic impurities | 203 ppmw 205 ppmw

Acid number 0.001 mg KOH/g 0.001 mg KOH/g
Ash 0.8 ppmw 0.7 ppmw

Color 35 APHA units 39 APHA units
Foreign particles 510 particles / gram 477 particles / gram

The process shall be described for the purposes of illustration only in
connection with certain embodiments. However, it is recognized that various

changes, additions, improvements, and modifications to the illustrated embodiments
-24-



napht hal enedi car boxylic acid, and a pol yet hyl ene
napht hal ate containing material, at a tenperature
w0 20g213965 about 500 OF to about 700 OF and at BCT/US2005/016208

pressure in the range of about 5 to about 250

mayfieBdect e thasiesparaoas skitled dn thaearteall fallingyibin thecsdope and spirit

ofﬂﬁﬂﬁfﬁhﬂ@ﬁ' e introduci ng a napht hal enedi car boxylic
acl d, a pol yet hyl ene napht hal ate contai ning materi al,
and a | ow nol ecul ar wei ght al cohol to an upstream
reaction zone, agitating at |east one reaction zone,
and renovi ng a product conprising a dial kylester
formed by the reaction of the naphthal enedi carboxylic
acid and the pol yet hyl ene napht hal ate cont ai ni ng
material with the | ow nol ecul ar wei ght al cohol froma
downstream reaction zone. 2. The process of Caiml
wherei n the pol yet hyl ene napht hal at e cont ai ni ng
mat eri al conprises up to about 20 wei ght percent of
sai d napht hal enedi carboxylic acid. 3. The process of
Caim1 wherein there are about 2 to about 20 reaction
zones. 4. The process of Caiml1l wherein the | ow
nol ecul ar wei ght al cohol is nmethanol, the
napht hal enedi carboxylic acid is
2, 6- napht hal enedi carboxylic acid and the dial kyl ester
produced ‘i s di nethyl -2, 6- napht hal enedi car boxyl ate. 5.
The process of Caim1l wherein nost of the al coho
added to the series arranged reaction zones is present
in the reaction zones in a gas phase. 6. The process
of Claim1l wherein each reaction zone is equipped with
an agitator to agitate the liquid phase reaction
m xture present in the reaction zone. 7. The pfocess
of claim.1 wherein the reaction zones are stirred
tank reactors. 8. The process of Caim1l wherein the
process is perfornmed in a batch or continuous nmanner.
9. A process for preparing-a dial kyl ester of a
napht hal enedi car boxylic acid conprising contacting a
| ow nol ecul ar wei ght al cohol, a
napht hal enedi car boxylic acid, and a pol yet hyl ene
napht hal ate containing material, in a liquid
esterification reaction m xture conprising a
di al kyl ester of the naphthal enedi carboxylic acid, at a
tenperature in the range of about 5000F to about 7000F
and at a pressure in therange of about > to about 250
at nospheres absolute in a vertically arranged,
conpartnented reactor having at |east an upper and
| ower conpartnent, the conpartnments being separated by
a dividing means having an opening to permt the
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upward flow of the esterification reaction mxture

bet ween reactor conpartnents, and where the | ow
woreiosadoes wei ght al cohol and the PCT/US2005/016208

napht hal enedi car boxylic acid and the pol yet hyl ene

napht hal ate containing material are added to a | ower

That\‘ﬁﬂﬁ?%tc@med%' conpartnments, and a reaction product
m Xture conprising a diester of

1. nApiprdedssnéoli preparing i diakylesterr efrav exhphitmieredicanpexylic acid
reactor conpartnent.. 10. The. process of Claim?9
compiigiadeAlifesing g Niguick RhASS JeREIRN JREER,FPBRESREAt oW mplecular

weigrﬁ‘boﬁfco%gl,co@ar@%@ﬂﬁélené&icafmﬁgﬁé ocgsid, of 3 A gidikyléster of a

wherein all of conpartnent$ are equi pped wth an ]
naphthglenadicarboxyigi acid,cartcha polysgtiyene aaphthalatexgontaining material, at

a tenfeeatore, rane PEaPAG 2B fo abPGh7 O EAET & & Hiessifdh the range
of abgt]’g T?&*H%teiﬁwa‘ﬁ%b?ﬁﬁéﬂebcaﬁdlﬁté %hrough series arranged reaction

- napht enedi carboxylic acid and the product
zonesriwhileriatroduging sz faphthelénadicarboxylic acid, a polyethylene naphthalate

oot ARpUEREr 85k 74 10 o Rsasr gt SUBOS 0508yl Joacton
zone C8gkaRIigrantesst’ 636 treActidf 26Re! BhEUBMAOVIRg P PRedudTestngtising a

reactor as gaseous al cohol. 14. The process of Claim
dialkylasten deaned nloys tthef reagtion| ofothe naphthaleredigarboxylic acid and the

oty BBl B A 4G oR WERABE ot sconor
from adonstieant Fsagtionceme. of C ai m 10 wherein the

conmpartnented reactor conprises ahout 3 to about . .
2. cdhpapraResssof (daintnt Whesels h%fpgy%ﬁsmeff meb@f@P%ﬁo%Q"talnlng
0 . t . . .
mteff, BRI SA0le ABSGE20 L BEEA TR ey Bhegamonic
acid. process of Claim9 wherein the esterification reaction

3. teg’gggrg%ééqe ﬁé&ﬁl%stglﬁggqﬁg %gq;g[ﬁrgb %téq 238 %Egbggé‘ l?'c(a)é\Jct:tion zones.
4, a%@%@e%sogf“@%ﬂn Jraﬂ'léi‘éiﬁ‘%ﬁé s eRoiReERK Welghtldicorldl s methanol,
SS. 0 aim?9 ht f

proc erein the weight ratio o

the naplithatenedicazbéxylicapisichak e 2¢ithaphthalgnadicarboxylisd dsid tand  the

. he co rt nent.ed LS, LNt f about 1:1

diallieFtafSidLro0ss cigelnyhe soranloalaroRetiae nc, oi n

5. "%k Efode'%@ SEOERP M, wiBRdin Ohobhof 2h6-alcohol added to the series
napht hal enedi car boxylic acid, and nost of the PEN

arranged redctiongzonassisipipsentde the twactiop @opasinargasPhasget or

6. E?gbﬂgﬁ]ﬁ%fg%ﬂg{aigﬁrﬁ%rr%(igoéaémereaction zone is equipped with an
agitator to agitate the liquid phase reaction mixture present in the reaction zone.

7. The process of claim.1.wherein the reaction zones are stirred tank reactors.

8. The process of Claim 1 wherein the process is performed in a batch or
continuous manner. '

9. A process for preparing a dialkylester of a naphthalenedicarboxylic acid
comprising contacting a low molecular weight alcohol, a naphthalenedicarboxylic
acid, and a polyethylene naphthalate containing material, in a liquid esterification
reaction mixture comprising a dialkylester of the naphthalenedicarboxylic acid, at a
temperature in the range of about 500°F to about 700°F and at a pressure in the
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acid in liquid nmethanol. 20. The process of Claim?9
wherei n the pol yet hyl ene napht hal ate cont ai ni ng
woraiosnisabs conpri ses up to about 20 vvel ght percmir/Usioosmmzos

h ht hal enedi |
rang o AP a tor AP €00 cHmger ke AR AREM GabBEIAlY carranged

com;?éﬁrﬁeﬁl%ﬂprré%taf?y@,ﬁﬁ Gt st Nen NFIRErhaha RN EBMparthtent, the

acid, and a po ene napht hal'ate contai ni ng
compeairtraents| heing tslaparatedvbm dividing meanghhaving amodpéning to permit the
abl rea n zone and in.a rsgctlon m

upwacrarﬁla fpn tlgndpg gg)gtg\:e en reacf(c}r%'i)?npartments and

wheréQﬁ@ldW'n%lé&Jlﬁﬁ%@m la\dohf hAd tﬁe naphthalenedicarboxylic acid and the
napht hal enedi car boxyl i ¢ aci d,

polygiaylgae h}apénﬂmlatmcmtauum a:mteaahamg adde«é o Jowerdcempariment or

comiRRENEne Ao o BEGRAT REPIE aPEdiist “PamBRbll 8} lester of
naphtﬁ’ﬁerﬁ@cﬂ@éﬂb@&ylm #éidi€rerionsy ﬂohhﬁn thdr Featish dorepardment.

phase, where | ow nol ecul ar wei ght cohol is added to
10. t Héer peacess of LJain Snwheiein the: seaparimentadveactor semmises about

that the ratio of the rate of
2t°ébe(ﬁﬁoval&dﬁ8€'ﬁ@%§f%ohol i n pounds per hour fromthe
11. r a’ctret protegsf Clairh N whergih asileoft thet bempatiments acsliequipped with
of the alcohol to the reactjon zone in pounds per hour

an agitateli Aditats the figuid Feagtion, mixiure presentia the somyartmen |
12. C'T?‘Le“%rﬁcés%‘%? Rlith & Qﬁ\e‘?élﬁ‘ihg'lﬁ)dg%dfébh%‘?%agﬁ%mhol is methanol,

I car box
the napﬁmmmmogyilmdbwglﬁ-naptuhdlemedldmboxwlq a@icitl and the product

mm%s'e?e'ek R85 dimelnafr R BaRe PRI, 53 The ©

13. P l%c%s ©F 18 QMH&%rrﬁhﬂleta@? alsBri6h oY 1tee %lcohol added to the

naphthal ate contai ning materi al npri ses t o about
commtmmtgdt reaatere passés ttheoughpthe aacnnmntmantﬁﬁ{zyeactoacﬂsd gaseous
l ff A process for preparing a purified dialkylester of
aleolgl apht hal enedi carboxylic acid comprising: (a)

14, crinet Prbb@dd Boft Maih oA KYWReth Ribstoef ithe aldobdftadied to the
m xture and partitioning crystallized dial kyl ester

comparmented regetari isninnihet liquid haser and dadhedemmapihargjurry with the
S oxi dation catal yst (b) dissolving

"aphf‘}#é&kg‘lr‘élé%fg’gﬁ'g" %&31 al kylester in a recrystallization

15. sqhegtrocass af Oiinel @whieeihthé omiptirentedabacior 86R1prises about

about 1900C, to forma recrystallization

3 to about 8 compartments.
16. The process of Claim 12 wherein most of the methanol added to the
compartmented reactor passes through the reactor in a gaseous state.
17.  The process of Claim 9 wherein.the. esterification. reaction. temperature is in
the range of about 540°F to about 660°F and the pressure is about 20 atmospheres
absolute to about 150 atmospheres absolute. '
18. The process of Claim 9 wherein the weight ratio of methanol to 2,6-
naphthalenedicarboxylic acid added to the compartmented reactor is in the range of
about 1:1 to about 10:1.
19. The process of Claim 18 wherein most of the methanol, most of the 2,6-

naphthalenedicarboxylic acid, and most of the PEN containing material added to the
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m xture, (c) recrystaffiziri dfelkylester by cooling
the recrystallization m xture and partitioning
w0 e(mmwes l'ized dialkylester fromrecrystalli zBCT/U82005/016208
t her, |.i quor,

Comnaé%@%?glf Asich 1 %Iti}?lé'i’ﬂm@? Sl i 5,6 parithplepgdicarboxyiic

acid lﬂ'lﬁhﬁ’h@fﬁ&‘iocom ains |ess than about 5000 particles
eater than about 1.5 nicrons in size per gram of

20. dThel preckssi af K9hist @rwheneih (the pelyethylaneg napbthalate containing
distilled dialkyl est 25. Th f Claim?24., .
mate(ifioPRTRTERS U A1 OB CBREPREEL 1S RAPBREBGrigarboxylic

acid.ei ght al cohol, a naphthal enedi carboxylic acid, a
di al kyl est er of a napht hal enedi car boxylic acid, and

21. pdl yrotsgsserfer rprppamg A dislkylesteri of avenaptitaalenedicarbexylic acid

f Cla he | | |
oG oo . RSB GUA 70 S S et
naphthialate ScorRaMinR IrRARARE AP %Y love nislbeulan dvdifiit BICBRBFIn a suitable

m xXture conpri ses
reactivhnzphg! aadGJm&pmelaatmnanMeb@mmmtsmg & liquice galkylester of a

naph eI RBEIE | Crfoba ur 8 not M ateefiPhBE, (Seid.

polyeffyléfertdptithalate Zontdiging ﬁi@téﬁdl &n@ a low molecular welght alcohol,
napht hal enedi car boxyl ate. process of Claim?2

undenseadtion eonrditiens yhese ithe A@deolﬁcwtaﬁr\@elaht alcehol is pressent in the

react@g\%ﬁﬂg}e }r?gégt?ﬂg# ﬁ@:ﬁg rrr]ﬂggh te;ﬁ{a%eh WhtBAbl R Har weight

alcohob iy aiadl@dl o fi9é rerctionl 20met and shmll’tmwduslyaremaveﬁ from the reaction

zone ﬁpgggtgétcf@%r r@%g,daf]tggf(?gﬁg}fgpmqyg] gf ﬁ{,e?@rﬁg})bgljin?q%gnggeper hour from
6 I '

the r&éé@rﬁ'zbh el mégﬁ? éhe?sfl.to ffﬁgmgp%‘ 822%686 Gl?gi’%}’\mbgﬁl%ohél to the

reactmharmenandmdsspamo(w)s almmtrmﬁﬂl 1b| abod Or@@&dystal |l i zed

e Y ocass | hépagg ey, 81e° AlohRr e Methadol, the
naphﬁ?ﬁ%ﬂﬂa @%r%bk#l!]@téc‘iﬁ‘ |552%Qﬂébiﬁh§%n'é8idégb@<ﬂl&aé&ltjo@zﬂﬂ' %k liquid

e process of O alm 32 wherein
dialkylestet i onef i onacol waphthalerediesrbakylic a sagidct uﬂ?ed dimethyl-2,6-

e process of O aim 24 wherein the

naph&agedygcgcgrgowpp%r med in a batch or continuous manner.
23. 35‘ heTPR)dérsgcéﬁﬁlé!fn @1amb?é§nwhér BbRettiyivtid naphthdllate containing

ed along wth the nother
matena comprises up to about 20 weight percent of the naphthalenedicarboxylic
acid.
24. A process for preparing a purified dialkylester of a naphthalenedicarboxylic
acid comprising:

(a) crystallizing the dialkylester by cooling a reaction mixture and partitioning
crystallized dialkylester from the reaction mixture mother liquor containing solubilized
residual oxidation catalyst

(b) dissolving the crystallized dialkylester in a recrystallization solvent at a
temperature in the range of about 80°C to about 190°C, to form a recrystallization

mixture,
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liquors of steps (a) and (c). 36. The process of Caim
29 wherein the recrystallization solvent is recycled
W@ o00shesdseacti on m xture prior to step (a). PCT/US2005/016208

(c) recrystalfizing disikylester by cooling the recrystallization mixture and
partitioning recrystallized dialkylester from recrystallization mother liquor,

(d) vacuum distilling the recrystallized dialkylester such that the distilled
dialkylester contains less than about 5000 particles Qreater than about 1.5 microns in
size per gram of distilled dialkylester; and '

(e) recovering the distilled dialkylester.

25. The process of Claim 24 wherein the reaction mixture comprises a low
molecular weight alcohol, a naphthalenedicarboxylic acid, a dialkylester of a
naphthalenedicarboxylic acid, and.polyethylene naphthalate containing material.

26. The process of Claim 24 wherein the low molecular weight alcohol is

" methanol, the naphthalenedicarboxylic acid is 2,6-naphthalehedicarboxylic acid and

the product mixture comprises dimethyl-2,6-naphthalenedicarboxylate.

27.  The process of Claim 24 wherein the reaction mixture of step (a) is cooled to a
temperature not greater than about 50 °C to crystallize the dimethyl-2,6-
naphthalenedicarboxylate.

28.  The process of Claim 24 wherein the recrystallization mixture of step (c) is
cooled to a temperature not greater than about 50 °C.-

29. The process of Claim 24 wherein the recrystallization solvent is methanol, a Cs-
C1o aromatic or a halogenated C¢-C1o aromatic.

30. The process of Claim 24 wherein after step (a) the crystallized dimethyl-2,6-
naphthalenedicarboxylate is washed with a solvent.

31.  The process of Claim 24 wherein after step (c) the partitioned recrystallized
dimethyl-2,6-naphthalenedicarboxylate is washed with a solvent.

32.  The process of Claim 24 wherein the vacuum distillation is conducted using a
fractionation column..

33. The process of Claim 32 wherein the fractionation column is packed with a
structured packing.

34. The process of Claim 24 wherein the process is performed in a batch or
continuous manner.

35.  The process of Claim 24 wherein impurities are rejected along with the mother
liquors of steps (a) and (c).

36. The process of Claim 29 wherein the recrystallization solventis recycled to the

reaction mixture prior to step (a).
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