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Low TEMPERATURE PURI FI CATI ON OF NAPHTHALENE DI CARBOXYLI C ACI DS 5 Background
of the Invention The invention generally relates to the puidugust20pa of
napht hal eni ¢ compounds, and nore particularly relates to the purification
of napht hal enedi car boxylic acids. Background of the Invention 10 Pol yners
based on di net®{pispswét hal enedi car boxyl ates and their corrg?pjggbql)h%gﬁ aci ds
are known to be useful in a wide variety of commercial applications. For
exanple, filns made from pol ynmers incorporating dinethyl-2, 6-

napht hal enedi car boxyl ate (2, 6-NDC) exhibit strength and thermal properties
which are superior to filns and fibers made from ot her polyners such as 15
pol yet hyl enet er ephiat ) erties have led to the
use of = 2, 6- NDC- b?l'sed %'E)P%#nﬁlri -SE ﬁuﬁﬁc}%ﬁrugd}%%@g%ﬁégﬁ*f@ﬁ%?’m:'c 3% di ng t apes
as well as . electrical and electronic conponents. 2, 6-NDC-based pol yners

al so exhi Bi t phh@foliRbbiShé MeBnign t he diffusion of gases such as carbon

di oxi de, water vapor and oxygen. This resistance to gas diffusion 20 makes
t hese pol yners uskfanventionigengraiiy ielates tathequuifitation af naptehalenit ebypoedndspod
and beverag AHoka gl ' ' : i Lcal strength of

> 6. NDC. based o yng?@&glé'we!agﬁ%ﬂgﬁgéPH@E“%%H&“E%%@?%&@C BROS: cal |y
demandi ng applications such as- cords for autonobile and notorcycle tires.

25 The .use oga&g@mm@ine@ﬂmncar boxylic acid in such applications
provi des several_ advantages over 2,6-NDC. First, the weight differences
bet ween t'Re aci d Pel¥Bershe Pasedtr @5 pi diaethyinagbibaiepedicarhoxytates yi aridds théir

pol ymer per gstEsgoRding et Qek -knoffdid ban , inPal I | imfcCl d
w th ethyl ene IE{:Jﬁ'gcol % oduces vva'?@ﬁ,toﬁ gtghgéréfmt Wa% %(’E% %%ri}'g} gil?f |"(’:rh€t&a?o
handl e net ha ‘C%?Qﬂﬁucéar frPlen Bimss made  feorp grolymers insarromatingt dimethyl2 6ne
gl ycol . Fur t hggHiR4lenedidarifudylate (2, 6INDG ) SesHitie 3hgle ahd &P P%@ﬂie@ kY

0

aci d-type nononers, .use, of the acgod ermts the addition

napht hal ened?€ar BE¥P" i @ﬂsesa_“l r§ nErRdenfem O8er d Pelymere a¥etonds$ i shed
if only the polyethylémdtorephthalaty (FEBD| Theselenhanced properties have led to the use of

2,6-NDC-based polymers in camera films and magnetic recording tapes as well as
electrical and electronic components. | |
2,6-NDC-based polymers also exhibit high resistance to the diffusion of gases
such as carbon dioxide, water vapor and oxygen. This resistance to gas diffusion
20 makes these polymérs useful in films and containers for a wide variety of food and
beverage packaging applications.
The superior physical strength of 2,6-NDC-based polymers also renders these

polyme.rs useful in physically demanding applications such as cords for automobile
and motorcycle fires.

25 The use of 2,6-naphthalenedicarboxylic acid in such applications provides
several advantages over 2,6-NDC. First, the weight differences between the acid
and the ester _typically resuits in higher yields of polymer per pound of feedstock.
Additionally, polymerization of the acid with ethylene glycol produces water, rather
than the more difficult to handle methanol produced when the ester is polymerized

30 - with ethylene glycol. Furthermore, in polymer plants already designed to handle only
acid-type monomers, use of the acid permits the addition of naphthalenedicarboxyl
moieties to polymers which could not be accomplished if only the ester form was
available.



3 August 2004 WO 01/56967 PCTI USCL/ 03506 The production and direct
purification of an acid nononmer also greatly sinplifies nm@sumgist 2004
production. Specifically, in the synthesis of 2,6-NDC, 2,6- dinethyl
napht hal ene (2,6-DVN) is oxidized to produce 2, 6-napht hal enedi car boxylic
acid (2, 6-NDA) , W& hust subsequently be esterified to pr eduosn183ses NDC,
with one 5 or nore purification, steps such as distillation or

recrystallization e n;goaﬂcftbﬁr aRdl direct PUAFIcRAfio harpfacgh%ﬁorﬁ%(e%?ﬁoaareatly
necessary to prog] ce a Ero uct hayi ng hi gh

Yl
contrast, dir SCEPRIER i PPAAPEHLRIUFCIHE ﬁﬁ%ﬁ%ﬁ"&n iyt mymhgs:s Z)f62 BMODC.s2,6-
relatively sidimetylinapithsiene t(iaerm\ﬂnr & 66GHd td ﬁ}oauéeo%fnasgekne@ah?%% i

f NDA typi ca en con
10 tenper at ut @52 EHDR) e Sls Cubgitieiybe Beierias @ meies 26 NORmth bhe
processi ng sof on marelmiifisation Sehsuehraedittigfiod Qntﬁalcrﬂ!aﬁaéé’tlo\ﬁ I"Ff#:ér%?med in_ .
ires substantial capital” | nvestient in

o ants capabl &GP RPEHRTHT TP He PEREL KEPTOMEBA rPRest PRV 6 bishaieio g

t hese t enper atpurigs.in Eunﬁdﬁrdimceplﬁlm‘peﬁca\t dfitge a*'?ém%ﬁdx%ﬁ;%é M gss,e[?ﬂgéw res
i on

?e:qﬁlr ?2dl g\égi ggelg I %ﬁgﬁﬁéﬁﬁéﬁrﬁs&ﬁﬂb‘? g’t“[?f gggﬁ%amey even when operating

at these preferr eUnicdudatelyome purifination iof 2, BNERE Rbichily hgf b@g,ﬁ Lgohgiglct%@é%@ner

TRy, 0T ARG ML LG, WPBRBELS iRt Besl L L BT

napht hal eni ¢ @élatdiely hlgbrnmmntmirtetaéﬂfssclvaﬂt;bl%}dsano;;aﬁamhg)m ﬂ—fé‘éé t?,gqag?\é%}éigg

results in a s saygh tf%ﬁ cafitdl inpgéﬁlﬁl HI Spl%}%g@éé@ res ?f¥ Pé/)thggtgassure

the typical hi errpera ur é pur i
Surrma)r/s of thégsumgrfmmmmm@ d!nthasq:)ee:hperfattlréve }FUE!B@ﬁforé noRAdting NatPtheya des

ot ng. an PSSR PR LRI o P b Rl e

cont ac

presence gﬁ hiher @guiredBR+ degeeeafatsenteitripmpeiahge aFituityy pved When operating at
these preferred concjmons, impurities present in the purified monomer may require

additional purification before they are useful in polymer applications.

What is needed is a relatively inexpensive way to purify naphthalenic diacid
monomer more efficiently and at low cost, and which results in a lower level of

20 impurities than is presently produced in the typical high témperature purification
processes presently used.

Summary of the Invention

An aspect of the present invention provides a process for purifying a

2 naphthalenic carboxylic acid comprising contacting an impure naphthalenic acid and a
purification sblvent in the presence of hydrogen with a catalyst comprising a Group VIN
noble metal at a purification temperature  from about 520 io 575 °F.

An embodiment may be naphthalenic diacid monomers efficiently produced by
operating at lower temperatures and solids loadings level that may have been typically

30

used in commercial practice. In another embodiment, when the proper catalyst and
operating conditions are selected, monomer having lower levels of undesired impurities

may be obtained, thereby decreasing the need for further purification of the acid
monomer.
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noble metal at a purification tenperature from about 520 to 575 IF. An
embodi ment may be naphthal eni ¢ diacid nononers efficiently zpefdcashay
operating at |ower tenperatures and solids |oadings |evel that may have
been typically wused in commercial practice. In another enbodi nent, when
the proper catal yst and operating conditions are sel ected, nonomer having
Iﬁwer Igv;al S ?f uur\destlrrm_d:c !dﬂiﬂjd)_ﬁin’ieinﬂfsthegayp'ea_&(ijdh@t apepe M’*’%‘@&X ae%@gggzgl
t he need for, further rification of the aci nomer. - ugust n
a further enBOHPREKES: %H%S@dpw&eﬁ)@%p%@t 3%{&?508‘??&5‘995% '8\?\%15%3””0”3

t enper at ur esopefiing coudiithes Udiichizs aldbsehsad tmpurily sendphitstie bsid sy gaethpfoged | ess

st renuous i4ng: [ h . puri.fy terephthalic
acid, my bggéﬁﬁ&g%gﬁqa?%h%ﬁ$| 9a§?§£§%ﬁh%ﬁ%ﬁxF§§§§%%9§§%éﬁ%_NDA_ Utilizing
such existing assets 3 August 2004 WO 01/56967 PCT/ USO /03506 can elimnate
capital costs associated with building a plant capable of operating at the
600+ degree Fahrenheit tenperature typically used commercially for NDA
purification, thereby further enabling relatively inexpensive production of
the nonomer. Brief Description of the Drawings FIG 1 is a flow di agram of
a process for purifying 2,6-naphthal enedi carboxylic acid. 10 Detail ed
Description of the Preferred Enbodi nents The foll owi ng detail ed descri ption
conpares purification of 2,6- naphthal enedi carboxylic acid prepared under
typi cal high tenperature conditions to |ow tenperature purification of the
sanme acid under conditions which can be acconplished in other chem cal
processing plants, such as those used for the 15 purification of

terephthalic acid. The discussion is illustrative only. Qther enbodi nents
of the invention will be apparent to those skilled in the. art after
reviewing the follow ng descriptions. For exanple, | believe nmy invention
is well-

-2a-



suited to the purification of other simlar diacids such as

1, 5- napht hal enedi carboxylic acid, as well as other napht h@lmyugtm4ds

havi ng acid functionalities of one or nore. 20 The description, therefore,
Is not intended in any way to limt the scope of our invention. Generally,
| have found t % lrﬁ %rocess yi el ds napht hal eni ¢ aci d nonorR&TAISOEB#Bai ni ng
| ower residual anmpbunts of undesired naphthal enic conpounds that can react
under pol yner Fareliginato napital orsts ﬁssmrammmlmlbuticﬁmgmrmér@ cRPABIERF ogg@,hﬁ@ at Thi s
25 advant age +0 t epper at ur es sol i ds
concentratlong%tnr?gg hgélggéﬂg%r?pé(ungg ﬁ.{%‘rer%rga o“a%‘ﬁm@{m%f‘&'ﬁ"%??rdw\
Addi ti onal | y, Putification, oﬁéﬁfe@(alfé@hﬁfoﬁﬂaﬁllngomlmlvam alexperishley prodigtion of the
substanti al | ysfpBafase the quality of the purified acid produced by the
process. Specifically, the purification process should be carried out at
tenperaturés 30 between about 520 and 575 OF, preferably 525 and 560 OF,
and nost pref gratbysR t,oﬁgfqhgﬁra“;[ sl dissolved solids should be the

maxi mum wei ght™ percen sol ubl e at the reaction tenperature,
which will range fF'§rn13s 8 fipirdiasam of aiecess fapuritying XB-naphtialerddicbodyliand
10% at 560 OFgeignd which is about 7% at 550 OF. -3 3 August 2004 WO

01/ 56967 PCTIUSO /03506 It should be noted that in the tenperature and
solids | oading ranges of the invention, it is expected that at higher

separ at i onot eJpRIIEd Destrptian oﬁmblb?eﬂé}rédl ﬂn%ﬁthelﬁ% l'ess but the relative

anount of organic gnpurities w rease, e at | ower tenperatures,

yield and rel ati ve+@ou?pf’§’"l§f 8?'@!!99 C dPﬁ‘iﬂ!PF'P‘ﬂl é@mmgﬁsl nevdfiggtion 5 of  2,6-

Furt her nor e, haﬁmwﬁeﬁmdxzﬁd a:blé@réﬁaré&hﬁdé?rtﬂﬁ@a‘i%g‘?ﬂ%ﬁ{p@ﬁat&r@%oﬁﬁﬂoﬁi ot her
a

purification %aCIHtIES suc S%equeﬁ}thallc acid purifrcation ftacrl |es
e

This is unexP¥ciepperalirs (punficalig eySEf@P.@%dJndﬁatcon%mmwrm camdieds

are preferabl acqmmphf;hezd in athe® OfHernidad prﬁtﬁs@uﬂgeplér'ﬂ@ §urEi’Pa§ tﬁé 'u§§t§’|f¥teﬂ1&
solids pr ' eedst ock %e conbi nat1 on

ent | urification ctor
of these Sgsc%'\’fg{ré? rfﬁart\%’e'?'ﬁﬁ glich Asick hgh"enﬁ"ﬁcuéépﬂs ‘scd'll‘r’SHét'VepLRﬂ“f i edPther a
great er degr eembadimaais bf itres inveatroudll Ye t dppagdit thonbe: WRifed RBhE HF after
reviewing the following descn‘ptions._ For example, | believe my invention is weli-
suited to the purification of other similar diacids such as 1,5-naphthalenedicarboxylic

acid, as well as other néphthalenic acids having acid functionalities of one or more.

20 The description, therefore, is not intended in any way to limit the scope of our
invention.

Generally, | have found that my process yields naphthalenic acid monomers
containing lower residual amounts of undesired naphthalenic compounds that can
react under polymerization conditions to branch or terminate polymer chains. This

25 advantage can be obtaini_ad by operating at lower temperatures and solids

' concentrations than have been used commercially to purify such acids. Additionally,
the proper selection of noble metal catalyst can substantially enhance the quality of
the 'puriﬁed acid produced by the process. )

Specifically, the purification process should be carried out at temperatures

30 between about 520 and 575 °F, preferably 525 and 560 °F, and most preferably at
550 °F. Total dissoived solids should be the maximum welght percent of 2,6-NDA
soluble at the reaction temperature, which will range from 3.9% at 520 °F to 12% at
575°F, 4.4% at 525°F and 10% at 560 °F, and which is about 7% at 550 °F.

-3-



undesi rable for such work. Use of the process can therefore result in |ower
capital and energy costs for new plants, or the use of exi3sAugugtdgoailities
such as PTA purification reactors for t he production of high quality

napht hal eni ¢ acid nonomers. 15 The term "l ow tenperature reactor vessel®

wi |l be used h&aedusex%d refer to a vessel designed for a negrfsdiesRer ati ng
tenperature of I|ess than 600F and its corresponding pressure when

purifying an acid feReHEIoed fotdd WdShaRd 'te%ééfaﬁﬂé@ﬁdl%ﬂs %a\’o%{?;}e@;qgg%‘g %

operating tenperature” neans the tenperature at wh
desi gned to of¥ea¥N. s &Xm!ﬁq Wab%*%&eparammmpemea 2fNDAryididelil Bs 20

the maxi mum opeiabitnghet RIERE AHbht Ufnblﬁgnﬂ‘:ylﬁifﬁﬁﬁésywnav%ecp@as%e%ﬂﬂéeeﬂ B@Ft he

rel evant engi neeri nge standard to be nom oper rng
tenperature. karpperatules, yield Rpdyeialyeameents o ergroigimmusities miae incegasehal eni ¢

acid purifiscati on Fiitifm ;’Laollmae@lfcb
P irttRsfno UmdGABPR R tﬁﬁapfgé}f)ggleﬁaﬂ(eé”&ge Eé%gﬂn

produce | arge napht hal enedi ¢ I C aci

purifies a cr Hﬂ facf"%" I\%ﬁ'“?eese(fé‘f’%cﬁs pEBROthelc e Hurificaian dfashities d'hISdaﬁ i on
of 2,6-DW i nuha;q;epfeasesmes génerallybalie@dhat RphthdleRic 204368 ré?er%B b \eRked
19he reaction ug E’ uce

conprising a lic acdand wat er..
the acid’ feeggggﬁﬁ:r &pﬁ%ﬁq §%?+Hﬁ&féﬁs§°weglﬁ9"%? éé%ﬁﬁfe"htf@apwf@gtwﬂ
conpri si ng cowctqrfeemt@anese and brom ne conponents, at reaction

terrperaturgs of fr mabogt 100%[ttﬁ 0 ,26011C. The reaction preferably is
performed Tn a nonotafyB frtiqn of these; discygries means Q?té!éﬁlﬁthé'eﬁ*élﬂﬁ'dscﬂﬂﬂabe
m xture of acptiifeedatt & graétewd!eyreemtfbczmuesapreﬁo@éiy Sﬁﬂugﬂmto tg@ hirble apout

fo  manganeseUBIOUIB80a FoPEPE (1o BolE riecsss o tigrefors resifindonst swmrghount
of cobalt pl usnd zbn%rg&ugws fa0 adw\iants/ b Uy uE@’lafL&%h@Cf&&ﬁ.e@amn%@m up
concer ni ng t e uceet rebeobe BrR ASHERER HEE by bE el ped moneers.
Pat ent Nod5 5, 292, O®iterm “gw_k Wame sdacton nvessei2will, bél@sddOhérlethba'éﬁr,toQi
1152 e EALBER I € el SRR 8 bl e s A0 v
correspondmg pressure when purifying an acid monomer in a substantlally aqueous
solvent. “Nominal operating temperature” means the temperature at which the
vessel is designed to operate on a continuous basis, rather than a number such as
20 the maximum operating temperature, which typically may be required by the relevant
engineering standard to be 1.5 to 2 times thé nominal operating temperature.

FiG.1 is a flow diagram of a semi-works scale naphthalenic acid purification
plant 10 used in Comparative Example 1 and Example 1 to produce large quantities
of 2,6-naphthalenedicarboxylic acid. _

25 Plant 10 purifies a crude 2,6-NDA feedstock produced by the liguid phase
oxidation of 2,6-DMN in the presence of a source of molecular oxygen, a solvent

~ comprising a monacarboxylic acid and water. The reaction used to produce the acid
feedstock fypically is conducted in the presence a catalyst comprising cobalt,
manganese and bromine components, at reaction temperatures of from about 100 to

30 260°C. The reaction preferably is performed ih a honocarbowlic acid solvent such
as acetic acid, or a mixture of acetic acid and water, with a ratio of solvent to DMN of
about 2:1 to 12:1, a manganese to cobalt ratio of about 5:1 to 0.3:1, a bromine to
manganese plus cobait ratio of about 0.3:1 to 0.8:1, and a total amount of cobalt pius

4



Slurried feedstock fromvessel 12 is heated to the desired operating
tenmperature through a series of steamand hot oil preheat argghét &4 t
passes into a fixed bed hydrogenation reactor 16. In reactor 16, the crude
feedstock is treated in the presence of hydrogen and a hydrogenation

catal yst. Hydroyensssd effl uent from 1o reactor 16 passes tparaisalibhigs wound
carbon filter 18 to renove catalyst fines and other snall particulate

matter. Next, pidiyahbdd &fregh QBfBﬁl@%eiéfﬁ ‘-ﬁ'kaéfl if@ege'b %’0‘7‘%?% iﬁ%‘ﬁ?'@ﬁot 0

and 22. Over heads fromcrystallizers are co
wast € treat néHermpation ‘FQ"‘P@%“"Q\/\WPI @cIQaﬁ@n %IQMN ®rio iINDA's yam ablfoum B a0 @ 22

is transferr ec#att&trmsara/zgzlésﬂfdlElki(éﬂlgaeét hegdd tsgzrﬁg nﬁ? @?QOI;I;%} ?r&dal the: g

rotary drumfilter 28. Filt cake fromrotary consti't
the purified ?‘Scf%ﬂ'qssom'lhi‘?@c?r?WCP&%ﬁt?dEﬂeéﬁfe@@? cooled in cooler 32 and

transferre¢ to stoppme ® borifed tHY cRaeckagLNa a8 p r
Exanple 1 20 b 16 was char gg%s'i&vektﬁew 46@%;9@ a{sa o? peat

gdrogﬁg%i ,on react or

carbon avai |l at7Ee st@ek ffomessel Jle isj hpatedytp NGMQSWE‘I’Q@RE(MBQ temperatureded
0. 8mm di anet erthroaéjﬁ lavedrieg of e ahh ot Gﬂ%ré]‘@éfbr@qld,cjelsw?igf%samg é{‘@k g@s an
apparent bul k nsi t of 25.5 oundsg{) cubi c foot cru

2, 6- NDA f eedst riggﬁg%{o,qgrqaﬁ@r ﬁcﬂwe teioe. Het crude tfpedstockois tr%ajed; in Ahe

bel ow, was pr Weﬁde Idﬂ el efiieh hidrogbndtioh dapaystt WiyRin r t

120F. Table 12 Crud H‘yﬂﬁ@ Fe dsthjch?gSB flcatlonsﬁPﬁeln?fé?aﬁ%%m for

Sol vent wat 8r A‘?/aeclt%fgﬁe \?Eﬁﬂ?t hEue e?ltw"'f‘B‘? & Stifsr Vede rempewe Satalvst fives gnd
percent 2, 6- Nohersmt ipatticulaes fatee. Teba| thDfiterel emdesias bﬁ]@.ta*llée@ inf&tgstalize4904

WO 01/ 56967 Plébl fi c‘ﬁt i on Sol vent wat er
Overheads from crystallizers 20 and 22 are collected and routed to waste
treatment facilities, while the solution in crystallizers 20 and 22 is transferred to rotary
15 drum filter feed tank 26 and filtered in rotary drum filtter 28. Filter cake from rotary
drum filter 28 constituting the purified 2,-NbA is dried in rotary drier 30, cooled in
cooler 32 and transferred to storage silo 34 for packaging and shipment.

Comparative Example 1

20 Hydrogehation reactor 16 was charged with 1,408 pounds of peat carbon
available from Norit Americas, inc. as Norit ROX 0.8, an extruded 0.8mm diameter
activated carbon that has been acid washed and which has an apparent buik density
of 25.5 pounds per cubic foat.

A slurry of crude 2,6-NDA feedstock having the specifications set forth in
25 Table 1A, below, was prepared in feed vessel 12 at a temperature of approximately
120°F.

Table 1A Crude 2 6-NDA Feedstock Specifications
Purification Solvent water

Average Weight Percent Total Dissolved {12 %
Solids
Weight percent 2,6-NDA as percent of 96 %
.| Total Dissolved Solids




6-fom yt-2-napthoic acid ("FNA") (asl, 120 ppnmw t ot al

1- brono- 2, 6- napht hal enedi car boxylicl, 477 acid ("BrNDA") (ag

sol i ds)

AR doviqal

sol ids) PCT/USOL/ 03506 The feedstock was heated in preheaters 14 to a

tenperature of 600F and
wer e appr oxi maWeeysedr- 15 gal | ons

per

reacted in hydrogenation reactor
mnute, wth a total peplsotisssos

concentration in the feed averagi ng about 12 wei ght

reactor effl
evaporative

UPWificatién Sélyantal 11zed 1N Crys

ooling -of the effl yent

The g¢rystallijzer

ZEers—2

Hater

twce with
the crystall
filter 28 at

[ umy-2 nepthpis @cig CRNA"  faser at id2Bet ween

Botfw adtalsoligd)ur ried in water

ambient nressiure  _and 10 dri

nd filtered
d at a tenp

for 60 m nut
specificatio
as set forth

2, 6- NDA Wi ght pe_rcent.2 6- NDA (as wei ght99. 8 percent of total
6- f or myl - 2- napt hoi ¢ha¢eébs( sk Meas) hdaASE B HHERdutd iRl 1oSP

di car box i cnot detected acid
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B.- Specifig
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pmN tot al not detected

?I
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5 percent. Filtered
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000 pound batches,
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Filtered reactor effluent was crystalized in crystallizers 20 and 22 by
evaporative cooling of the effluent. The crystallizer effiuent was washed twice with
water, filtered at a temperature between about 300 and 400°F, the crystallized acid
slurried in water and filtered on a rotary vacuum filter 28 at ambient pressure, and
dried at a temperature of about 250°F for 60 minutes in rotary drier 30. The dried,
purified NDA had the specifications, when averaged over 7 approximately 20,000
pound batches, as set forth in Table 1B, below.

Table 1B - Specifications of Purifted

2,6-NDA

Weight percent 2,6-NDA (as weight
percent of total solids)

99.8

| ppmw total solids)

6-formyi-2-napthoic acid ("FNA") (as

23

1-bromo-2,6-naphthalenedicarboxylic
acid ("BrNDA") (as ppmw total solids)

not detected
(<20 ppmw)

2-napthoic acid (“2-NA") (as ppmw total
solids)

106

6-methyl-2-napthoic acid ("6-Me-2-NA")
(as ppmw total solids)

136

2,6-dicarboxytetralin
ppmw total solids)

("2,6-DCT") (as

488

Trimellitic acid (“TMLA") (as ppmw total
solids)

not detecte'd
(<10 ppmw)
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solids) (<10 ppmnv) -6 3 August 2004 WD 01156967 PCTI USO | 03506 As can be
seen fromthe data in Table 1 B, several naphthal enic i nmpugigigast 200" €
detected in the purified acid. Exanple 1, bel ow, denonstrates the advantage
of operating at lower 5 tenperatures using a noble netal catalyst. Exanple
1 Hydrogenation reactor 16 was charged with 1,369 pounds of a catal yst

havi ng 0.5 wei gAP & ¥ent pal | adi um (as total catal yst wei gREWUSNOIF0& X8
mesh granul ar 10 carbon support avail able from Engel hard Corporation. As
in Conparative Exanple 1, a slurry of crude 2; 6-NDA feedstock having the

specifications set ,forth | A . Dbel repared in feed vessel
12 at a tenperat urégo‘#’a%a%éprg%%'?ﬁéﬁe ?/%Il—r! 9‘%118\,\?%%&’?%@Ra&ﬁ%a’ﬁ’éﬁt‘@ﬂuﬁ“ﬁs
preheater 14 tweradetectesiiather purfied béineen 525 and 565 OF and reacted in
hydr ogenati on reack%méﬁ. 1!:%%\{’%3&0%%3%5@% oxda\{gﬁ ﬁ‘la‘?/ﬂf t%FS?Erl i@égaéﬁoweﬁom .

gal lons per mnute, W a' total’ soll concent?

to 6.5 weisghtteppemtutes using a apblg metaloatalyséf f | uent was crystallized in
crystallizers 20 and 22 by evaporative cooling of the effluent. The
crystallizer effluent was washed twice with a water filter at a
tenperature between about 310 and 345F,Example he crystallized acid 20

rossure, and . dri o AR a6 U Lk BEN Yl 08 e B Rt
rotary drier 3@vingied weigbtpercestipriiadium Kastotehdatalyst wiight) 61 a #k8 oresh grdresar
2 “below 5o fARrRPLppoE Bl o LhochpHTCoRPHEINR A7 Risha it sistodd, ©
2, 6-NDA (as wei gy, of chidecbrNiiy fepdstack Rayinadss spedifinatigns: set fedit indiableatd. d
("FNA")  (a@snothefisl, Wk lopiietintieédvessel 1208) e pBRIME of approximately 120°F.
The feedstock was heated in preheater 14 to a temperature of between 525
and 565 °F and reacted in hydrogenation reactor 16. Feed rates were approximately
15 13 to 16 gallons per minute, with a total solids concentration in the feed of from 4 to
6.5 weight percent.
Filtered reactor effiuent was crystallized in crystallizers 20 and 22 by
evaporative cooling of the effluent. The crystallizer effluent was washed twice with a
water filter at a temperature between about 310 and 345°F, and the crystallized acid
20  slurried in water and filtered on a rotary vacuum filter 28 at ambient pressure, and
dried at a temperature of about 250°F for 60 minutes in rotary drier 30. The dried,
purified NDA had the specifications, when averaged over 4 approximately 20,000
pound batches, as set forth in Table 2, below.

25 Table 2 - Specifications of Purified 2,6-NDA
Weight percent 2,6-NDA (as weight | 99.9
percent of total solids)

. { 6-formyl-2-napthoic acid ("FNA") {(as | not detected
ppmw total solids) (<8 ppmw)

1-bromo-2,6-naphthalenedicarboxylic not detected
acid ("BrNDA"} (as ppmw total solids) (<20 ppmw)

2-napthoic acid ("2-NA") (as ppmw total | 124
solids)




1- br ono- 2, 6- napht hal enedi car boxyl i cnot detected acid (" BrNDA")
solids) (<20 ppmv) 2-napthoic acid ("2-NA") (as ppmv BH

t ot al

-7 3 August 2004 WD 01/56967 6- net hyl
2, 6-di carboxytetralin ("2,6-DCT") (asd E ppnw t ot al

ppmw total solids)

-2-napthoic acid ('

(as ppmw
LudZhogol | ds)

'6- Me- 2- NA") (as

solids)) TrinelWPeys€%acid (' TMLA') (as ppnw total det ect ed retTasolsdssig) (<10
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10

when present in sufficient amounts, and the absence of these impurities in the low
temperature Pd/C catalyzed purification process of the present invention results ina
commercially preferred process for this reason.

Catalytic metals useful in the inventive process include Group Vil noblé
metals, preferably palladium, platinum and ruthenium. As will be demonstrated in
Example 2, below, the purification process provided s'urpn'singly better resuifs when
the selected metal was palladium. |

The nobie metal may be supported on any inert support which remains stable

" under the stated process conditions, such as carbon or the rutile phase of titanium

16

20

25

dioxide. The preferred supports are activated carbons such as nutshell carbons,
atthough granular carbons will work. The noble metal should be present in an
amount of from about 0.1 to 3.0 percent of total catalyst weight, more preferably
0.35 to 0.8 percent of total catalyst weight, and most preferably about 0.5 percent of
total catalyst weight. The preferred catalyst is about 0.5 weight percent palladium on
a nutshell carbon support.

The surprising superiority of a palladium catalyst on a carbon support in my
process is demonstrated by Example 2, below.

Example 2
Bench scale comparisons of 2,6-NDA purification using paliadium on carbon,

ruthenium on carbon, and platinum on carbon catalysts were performed under
conditions simulating purification of 2,6-NDA in a terephthalic acid purification
process plant where the purification reactor was designed for operation at a nominal

-8-



anount of fromabout 0.1 to 3.0 percent of total catal yst weight, nore
preferably 0.35 to 0.8 percent of total catalyst weight, andguBsioos
preferably about 0.5 percent of total catalyst weight. The preferred

catal yst is about 0.5 weight percent palladiumon a nutshell carbon
support. 20 The®88¥9si ng superiority of a palladi um cat al YS¥USHOK&ar bon
support in my process is denonstrated by Exanple 2, bel ow. Exanple 2 Bench
scal e conpar i sapesatmg &nﬂ:elmquowf ifo gedaternthani atg:upc’:E!SO%Ell um,@rboﬁfyah%h -l

rut heni um on [ er f or med under
condi ti-ons si rrus&%gd tglr‘l’urrl bﬁ%g %hg@?g%t%gﬁﬂ (el T %’{a V@re\gﬁ |ingedyging the
purification qmmm&sﬁ Cploarﬂndvxﬂher‘cnnaumem@crl’famdaz anrbeﬁ@%dwsm? edagifigawm for
operation at gust 2004 WO 01/56967 PCT/ USO / 03506
operating tenggeggétyarbghgf ﬁve’%mér‘leat er than about 550F. The comparison was
desi gned t & scr een Goatinunys m@mg@nmrar werkqperfolreed i el fixed \bedekhitor. emymcan
reduci ng the t p

usi ng the pur f?%gﬁl %dﬁﬁatﬁﬁ%)g}ée;%%gg"ﬁ Ql‘?t{ ﬁé\:gﬁﬁeoq%t pg%{i{&gaAlfSEA The t&&ctor
hydr ogenat i on$iagewas F8qubicraamtimatess ﬁn&éﬁe fsed rateawasobetwEepi7caid 12 gaeis per
condi-tions V‘Brrﬁinﬁéoﬁltﬁaﬁyﬁroﬁén‘f@wg&% o??r'r&?mntlﬁlﬁérﬁl e?@kr{ ufis- The react or
size was 75 cubic centineters and ween 7 and 12 grans
per minute, with Ao MastRssolig GWUPﬁtt\@asoﬂ’echQfed aod ghalyzed foe pegapiss byiliquide. .
Total reac{por chdrhél hy! QINd tHE BotAIRERYS il

liquid 1o chr?rmt oogrfaah yj, and the total rgg‘g?gfm@frﬁggrﬁﬁmgga ?ﬁﬁ g’?%gl%at
140F and dri ed ﬁh"ﬁ?k@ﬁ'@s af"iaI'}FSF fargelorwas anal yzed for color. The results of

t hese conpari sons arﬁerésmmnhéeélceompieehea%suﬁﬁhé}raedwﬁélﬁe§ below
Cat al ystL*b*2-NA (wt . % of total (W .%of total reactor e uent) react or

ef fl uent)
Table 3
Catalyst L* b* - | 2-NA (wt.% of total | DCT (wt.% of total
' reactor effluent) reactor effluent)
0.5 wt. o/o Pd/C 96.4 8.16 10.23 ‘4.9
1.0 wt. o/o Ru/C 94.5 6.06 6.2 35
0.5 wt. o/o PU/C 94.4 783 158 7.2
15

As can be seen from the data in Teble 3, the palladium on carbon catalyst
yielded a purified acid product containing about one half the total impurities resulting
from the use of the ruthenium catalyst and .one-third of the total impurities produced
resulting from the use of the platinum catalyst. Furthermore, while both palladium

20 and ruthenium were approximately twice as effective as platinum in reducing the
amount of DCT present in the reactor effluent, palladium was the only noble metal to
provide substantial reductions in both 2-NA and DCT. No substantiai color effects
were observed.

25 Additional benefits may be obtained by modifying the Group VI metal catalyst
of my invention by adding about 0.1 to 2.5 weight percent, and preferably about 0.2
to 0.6 weight percent, of a Group IVB metal selected from the group consisting from
silicon, germanium, tin or lead as illustrated in Exampie 4, below.
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0.5 w. o/o Pd/C96.48.160.23'4.9 1.0 wt. o/0 Ru/C94.56.066.23.5 0.5 w. o/o0
Pt/ C94.47.835.87.2 15 As can be seen fromthe data in Tabl @ Rigukt?®o4

pal | adi um on carbon catal yst vyielded a purified acid product containing
about one half the total inpurities resulting fromthe use of the '
r ut heni um cat a¥gewsesnd -one-third of the total inpurities prockineds
resulting fromthe use of the platinumcatalyst. Furthernore, while both
pal | adi um 20 and rut heni um were approxi mately twi ce as effective as
platinumin reducing the anmount of DCT present in the reactor effluent,
pal | adium was the only noble netal to p ubstantial reductions in
bot h 2-NA and DCTThékautﬁaﬁiah%ﬂ tarboR Cafdllys

Addi ti onal benefits ma F obt ai ned by ym{;gi E%rﬁp[e‘%hﬁﬁﬂ%ﬂ{eéeq@ a mﬂga?4
catal yst of WHOMtARREMOAT B) TEAPHED Ao weidht JPethﬁnﬁ & thei g:ltal gatalgsint Thand

preferabl y alexpériest oftE:'xaﬁlpﬁa 3Wag hepdtsC@itier 1 sa?né%&&&?ao'n}!B @Ectgﬂlbe Sefict ed
from. silicon, germanium tin f\

f h
[ Tust rat ad IRrESaRbe Alow, BR0Rera100 §° sied eCRmPUNEOUBE SpoesEnP the ol

| USOl / 03506 Eﬁanmi @‘ﬂden'flw o faicloe oF BMamNtHearRURt 6L NA Slessit i keff re
nodi fi ed by 3 t\yggght percent of tin measured as wel ght percent of
the total cat™ ?‘Pfé’ °exper| ment of Exanple 3 was repeated under the

same conditi ons As can be seen from Table 4, below, incorporating tin
reduced t;be amount of OCT present in the otglal reactor effluent by a
factor of 5, and the ampunt of 2-NA presenf P the total reactor effluent

by about 25% 10 ToGatalstCat al yst J-2NHA (Wl %%retal | DET Pwl.ok Vor- Gl t ot al
reactor effluent)rdactor effluent)

reactor effluent) ~ | reactor éfﬂuent)

1.0 wt.% Ru/C 6.2 3.5
1.0 wt% RuWC +14.7 0.71
0.4wt% Sn

The surprising reduction in DCT accomplished by modifying the ruthenium on
carbon catalyst in a low temperature reactor in accordance with the present invention
shows that Group VB modified noble metal catalysts can provide purified acid

15  monomers having substantially reduced amounts of DCT.
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1.0 . % Ru/C6.23.5 1.0 wt. % Ru/C +4.70.71 0.4 wt.% Sn The surprising
reduction in OCT acconplished by nodifying the rutheni um ag agasoRds
catalyst in a low tenperature reactor in accordance with the present

i nvention shows that Goup | VB nodified noble netal catalysts can provi-de
purified acid w%)? /ggég,orrers havi ng substantially reduced ampunts of OCT. 3
August 2004 WO"01/'56967 PCTI USOL/ 03506 1 claim 1. A proceESTPEO%84 i fying
a napht hal eni ¢ carboxylic acid conprising contacting an inpure
napht hal eni ¢ acid and a purification solvent in the presence of 5 hydrogen
wi th a catal ygdiaigpnprising a Goup VII1 noble netal at a purification
tenperature from about 520 to 575 F. 2. The process of Claim1 wherein the
napht hal eni ¢ car boxyl i & Beqcass dor perifyingpat rratéhaietiic aathexylici ecidceanpriingThe
process of O @nlackinghririplrd AephieiMic B8E ahd !aspmbétf%@l'swen%‘ﬂ tfle L@Sn%r 8L ess
of daim1l wherein the noble nmetal is deposited on a carbon sBppor . 5.
The proces® ofY4RPgEvith f fafalyst (qempeising gsGTQPB-V'Ha@ﬂN%@FQ;ﬁe@ﬁ 8apwiifiegtianc

aci d prepar ediehipetdigrel | GanrabiduRs20 td ¥, net al catal yzed oxi dation of
2, 6- di et hyl napht hal eniheégﬂcg%gpﬁlﬁgé?gﬁss .of Claim1l wherein the noble
S )

nmetal is palladiufron eEGR thRspathalenicccapmiiagicisi 16-
car boxyl i ¢ acmaphtimaiehedicarmpilidwicenedi car boxylic acid. 7. The process of
Claim6 wherein the 2, 8- napht hal enedi carboxylic acid for purification is
prepared 'by the [ qui 2h?)ﬂg’§8?s ?{ee(ge'if fr&'{’ﬁrle"{tg?gpyféﬁﬁfﬂﬁ E%!E’Idtb‘ﬁ‘-of 20
2, 6- di met hyl napht Hal enthe rocEse gfr@lainss WherGinadhe dobid aieldiNs tdeBodied bh GAt | on
tenperature i s _about §25F to about 560F.

carbon suppoit.

5. The process of Claim 1 wherein the acid is 2.6-
“naphthalenedicarboxylic acid prépared by the liquid phase, heavy metal catalyzed
oxidation of 2,6-dimethylnaphthalene.

15 6. ‘The process of Claim 1 wherein the noble metal is palladium on a
carbon support, and wherein the naphthalenic carboxylic acid is 2,6-
naphthalenedicarboxylic acid. '

7. The process of Claim 6 wherein the 2,6-naphthalenedicarboxylic acid
for purification is prepared by the liquid phase, heavy metal catalyzed oxidation of

20 2,6-dimethylnaphthalene.

8. The process of Claim 1 wherein the purification temperature is about
~ 525°F to about 560°F.
9. The process of Claim 1 wherein the total percent dissolved solids in the

purification solvent is less than tweive weight percent, based on the total weight of
26  solids plus solvent. ‘

10. The process of Claim 7 wherein the total-percent dissolved solids in the
purification solvent is less than ten weight percent, based on the total weight of solids
plus sclvent, and wherein the purification temperature is about 525°F to about 560°F.

11.  The process of Claim 1 which is performed in a purification reactor

30 designed to operate at a nominal operating temperature no greater than about 550°F.

12. The process of Claim 6 which is performed in a purification reactor
designed to operate at a nominal operating temperature no greater than about 550°F.

13. The process of Claim 10 which is performed in a purification reactor
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9. The process of Claim1l wherein the total percent dissolved solids in the
purification solvent is |less than twelve wei ght percent, bayegustpdoae tot al
wei ght of 25 solids plus solvent. 10. The process of Claim7 wherein the
total percent dissolved solids in the purification solvent is |ess than
ten wei ght percent} based on the total weight of solids plus solvent, and
wherein the puMGPES¥T on tenperature is about 525F to abouPCHEBSME03586. The
process of Claiml which is performed in a purification reactor 30
desi gned to ofesigited tatoperateat nedmioplapatating terappaturt ng @eater haaabeit 3500M
about 550F. 12. e p . M6 I I rforped in a .
purification [eacﬁgf d_ggllg ?1%89% S%fjéé’ﬁq&t"é a%ﬁghéﬁﬂli%ﬁeglac BrerIvEEY ndlidat ur e
no greater t higyidsrparatobGe a temperatrite opreswesrsatmiut BGand 34D °®hi ch is performed
in a purification qgeactgg p : 56967 PCTI USQ { 03506
desi gned to operate at trg B&rr%ﬁgpﬁg%lgﬁtast‘%ﬁ%éip err%gglétr%grag'dn'g rﬁ?oé’gfeéw ﬁ‘g'ﬁ'_
about 550F8 lmwid saparglion@s edemperetuse af betwersy aiqut 88kaml340°Fed acid is
recovered by solidg | i g Qr2eRabAELMD - . en,.abgut 300
and 340 OF. 15. The pr pcegg o?éi(} arm ég\%ﬁg?&gf{rﬁg%@ﬁﬁ%@Iseéég%%%‘?%sa'%
recover ed by 'éid sepatationaladesegratuse PoetweenahautBRY and.349 °6f  bet ween about
300 and 340 OF. 167 ThenhppRsRss ofCidima Whél@id“ﬁ@rc%id[wsi lﬂﬁth?PdeIddgg 2Bl S

€

recovered by solid |iquid separation at a tenperature of ween about 300
and 340 OF. 11¥Y8 mela! splecied fogrthegrqumcensistinadion silicon caarampivm, fiaor feed.
includes g Group 18VB WRé Blocs&d 61 Igkh wﬂﬁerb_hﬁhsta%wver):%étﬁttiéﬂg. from
silicon, germani um tIIil or lead. 10 18. The process of Claim 17 wherein the
Group | VB netal id%in!ha@rocess of (hrimsd7 wheginthe SroupHyBematal i pEsetial VB

metal is pressitiveén 0.2861W@RBIgAt plrédht Of Be\WethditaRe WAt Oof the total
catal yst wei ght. %g T, rocessﬁ?:f aim 18 wherein the tin is present at
045 we

ep .Cl el
between 0.2 to ?B%tp“ff@?%@ laip 18, whergindhe dBtiE PIRSeNt Rl iiweemd-2 tee
nobl e netal im6rwéigenpersent diSthehbri chilyel ReRAt add tReh¥Be Mmeallist Aitferfuei ght

ercent total tal yst wejght.
P 15 wi%ca:h ?s B/resent a& gé]tween 0.1 to 3.0 weight percent total catalyst weight.
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