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the Invention 5 The invention generally relates to a nethod for purifying a
m xt ure oWomssB®04 ar omati ¢ acids conprising at | east one lpemasaz4098 boxylic
acid and at | east one naphthal ene carboxylic acid. The purification nethod
of the present invention provides a purified aromatic acid m xture useful
in the manufacture of ultraviolet light resistance polyesters. 10
Background of the | nEHRIEIGCAHON £ IDE ACIDMIXTUREjef i ned herein as a
conpound conprising a benzene ring substituted with at |east two
carboxylic acid groups. Exanples of benzene carboxylic acids include
phthalic acid, isophthalic acFibldafdhedheehtibal ic acid. Benzene carboxylic
aci ds such as terephthalic acids are nononers and starting 15 materials for
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films, ttl es,..an cqQnt ai . ' I -Qn [ nce
to ul {aaTcccipdsoblifhe i oA SR pera GRIHARE Ao Shata |SE S S
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pol yestrevidegapubiied apopatic acidempdue: usefyl infhe mapuRciUeS il{sﬁﬁéwsrleéﬂ'aét:t ed
by W | At as foodstuffs, fruit juices, soft drinks, cosnetics,
and phrgrgi%%:@ue!t‘?égﬁés{.%&'Because pol yesters that incorporate naphthal ene
caroboxyl i ¢ acid nononers c8ackgroundefthpdnventiolh' r esi st ance when conpared
to polyesters made from benzene. ca boayki c.aci ds al one, naki prﬁ)duv

resi st ant NRaN&: CaROXIC K80 aiSh ARANEA chewiny; 28, @, SOIRqUNG: COMRS IS 2
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car bo I C acl are herei n as conpournds conpfising a naphthal ene
ri ng sheszeneucarboxylit axidd drctude \phthalich acid, i isopihthalic .ackkaand dereghthalic

napht hal. carboxylic acidg include napht hal ene dicarboxvlic acids. (NDAs)
Stoh AP Jgerane bosy R pls SiSk SiafSthAR €Ak Bt Rl e Eie o
W {sh  UsbitSialafiHvaoRR G dlpediersyhiehafie dfsefdl ineNeamsty of applicatirs ilvluding
resistance is the requirenent of suitably pure nononer starting materials
for tH8Msahoties: apd ofhereAnfIBLE:-s. Crude benzene carboxylic acids are

relatively Inlcmlﬂg’éBm%inEqésl&g%é c%Eagltraviolet (UV) radiation (wavelengths

within the range of 250 nm to 360 nm) is a desirable quality to impart to polyesters

made from benzene carboxylic acids. UV resistance is especially desirable where

20 these polyesters are used to preserve materials that are deleteriously affected by UV
radiation such as foodstuffs, fruit juices, soft drinks, cosmetics, and pharmaceuticals.
Because polyesters that incorporate naphthalene carboxylic acid monomers can
provide superior UV resistance when compared to polyesters made from benzene
carboxylic acids alone, making UV resistant polyester by using naphthalene

25 dicarboxylic acid monomers along with benzene carboxylic monomers has been
contemplated.

Naphthalene carboxylic acids are defined herein as compounds comprising a
naphthalene ring substituted with at least two carboxylic groups. Examples of
naphthalene carboxylic acids include naphthalene dicarboxylic acids (NDAs) such as

30 1,6 NDA, 2,7 NDA, 1,5 NDA, and 2,6 NDA.

A significant problem with using naphthalene carboxylic acids as monomers to
impart UV resistance is the requirement of suitably pure monomer starting materials
for the manufacture of polyesters. Crude benzene carboxylic acids are relatively
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easy to purify by dissolving in a solvent, hydrogenating, and then
crystallizing. Crude naphthal ene carboxylic acids are conparatively
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depicts t particle size distribution of purified terepht halic acid
two pumichomeraesulis incthedormation of ep alephat whichniscan undesitahie paste product

sur pr i ST e BrogRHPa AT 8BS Bhar the typi cal condi tions for

puig fi cati oR would therefore be desirable to use a naphthalene carboxylic acid to impart
the UV resistance (of its naphthalene ring) to a benzene carboxylié acid derived
polyester while avoiding the costly purification of the naphthalene dicarboxylic acid,
or esterification to make the corresponding naphthalene dicarboxylate.

25 Brief Description of the Drawing
Figure 1 depicts the particle size distribution of purified terephthalic acid and a

pufified aromatic acid mixture in accordance with the present invention.
Figure 2 depicts the particle size distribution of purified terephthalic acid and a

purified aromatic acid mixture in accordance with the present invention.
30 Figure 3 depicts the particle size distribution of purified terephthalic adid and

two purified aromatic acid mixtures in accordance with the present invention.



of benzene carboxylic acids may be used to co-purify a mxture of a crude

benzene carboxylic acid and a crude napht hal ene carboxylic. The nethod of
t he presew0D 053/05390£nti on invol ves the purification of a crede/tsopmavs c acid
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20 combinations thereof. Crude naphthalene carboxylic acid may be provided by

oxidation of a naphthalene ring substituted with at least two oxidizable groups chosen

from the group of alkyl, acyl, or combinations thereof. Preferably, the crude benzene

carboxylic acid and the crude naphthalene carboxylic acid are made by separate

oxidation processes and are subsequently mixed to provide the crude aromatic acid
25  mixture.

The method of purifying a crude aromatic acid mixture according to the
present invention comprises feeding the crude aromatic acid mixture and a solvent
thereof into a reactor having a hydrogenation catalyst. The reactor is maintained at a
temperature and pressure so that the crude aromatic acid mixture remains

30 solubilized. Hydrogen gas is fed into the reactor to produce a solubilized purified
aromatic acid mixture. The pressure and temperature are reduced to crystallize the

purified aromatic acid mixture which is subsequently recovered.



benzene carboxylic acid is terephthalic acid. The crude naphthal ene
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20 Description of the Preferred Embodiment(s)

in accordance with the invention, a mixture of at least one crude benzene

carboxylic acid and at least one crude naphthalene carboxylic acid (crude aromatic

acid mixture) is co-purified by reduction of the impurities therein. The impurities

present in the crude aromatic acid mixture may depend upon the oxidation reaction

25 conditions used during their preparation, the aromatic feedstock selected, the

oxidation catalyst or catalysts, and the levels of catalyst selected. The reaction

mixture produced in the oxidation reaction contains, in addition to the desired
aromatic carboxylic acid, a number of impurities and reaction by-products.

'For example, when crude terephthalic acid is produced from oxidation of an

30 aromatic feedstock comprising para-xylene, impurities of several types are present,

including 4-carboxybenzaldehyde (4-CBA), an intermediate product in the oxidation

of para-xylene. Unidentified color-forming precursors and color bodies, possibly of

the fluorenone or anthraquinone structure, are also typically present. Typically, crude
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| evel s of 4-CBA in starting materials for use in polyester manufacture are
typically |ower than 300 ppmw. Purity level may al so be determ ned by
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In accordance with the invention, the crude aromatic acid mixture comprising
at least one crude benzene carboxylic acid and at least one crude naphthalene
carboxylic acid is subjected to a co-purification process which is conducted at an

25 elevated temperature and pressure in a pressure reaction vessel, in the presence of
hydrogen gas and a catalyst comprising a solid carrier (preferably carbon) having one
or more active catalytic hydrogenation components. The crude aromatic acid mixture
is dissolved in a purification solvent (preferably water or a like polar solvent) to form a
solution to yield desired weight percentages of crude benzene carboxylic acid and

30 crude naphthalene carboxylic acid. The crude aromatic acid mixture is then
hydrogenated and cooled to crystaliize a purified crude aromatic acid mixture. In this
manner, the invention is capable of reducing impurities and improving the color of the

crude aromatic acid mixture to acceptable levels for use in typical polyester

5.



manuf acturing process, i.e. 4-CBA content |ess than 300 ppnw, FNA content
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20 substantially mono-modal as exemplified in Figure 1.

Because polyester manufacturing processes are generally tailored to the use
of the substantially mono-modal particle size distribution of a puriﬁed benzene
dicarboxylic acid, it would be desirable to have this substantially mono-modal particle
size distribution property in the purified aromatic acid mixture of the present

25 invention. It has been discovered that to achieve this substantially mono-modal
particle size, the crude aromatic acid mixture should preferably comprise at least 99
wt. % of a crude benzene carboxylic acid and no more than 1 wt. % of a crude
naphthalene carboxylic acid. Most preferably, the crude aromatic acid mixture should
comprise at least 99.5 wt. % of a crude benzene carboxylic acid and no more than

30 0.5 wt. % of a crude naphthalene carboxylic acid.



carbon atons, typically acetic acid, either alone or adm xed with water.
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i s i n whtery,dng tempeitlret must BeGupstantiallyp abowe the boiling poinjafdee sovest 8063

car b @iGSPENG Pross P AcHRIRe) IHPBs Rt e feder s s 700 B ELERBT e o
vesselii i anpidaly MRRSLAN ©OIEmBRY! Proteds Apfesluraenadhaderablyl absve The

hydr ogenat i catal yst typically 20 conprises one or nore active
hytir ogatnatspiweric alf 4hg seactonisonysraulicallyfull.itbe reactar peegsure maybe cpatrollgte

' terial is.typical ' I th
ypes B T fascCommpine Bitfe 1Hy Batial seatBhRE ShaTHHOOP Bre e fhay ' "
gr anul s mdladiet b \yisasas Hydfoddn aneesrintadmikeureswith Gb.iflert Yas\sticheas es) ,
nore preferably -4° 'nesh to -8 nesh. The carrier material is gref rably an

act i vewsatartyapor and/or itregen irsthgrhgasdspare. lngenasal, the FRateoRIASSHIRAYERY |

Ohe. erige ot Ty B e afbedot 260 16 2 spBf fBus Ber sGdfe A GRuger am
Cafhon(EROE.1E3A0 kPa), candisuallyds dmahe irangdof faR0Ttofl,3N0apalnds pes souarer r ed

as a support material for_the hydrogenation catal yst conponent, other
porous'négrg?é‘ﬁﬁdéggé'%dﬂ??)s or substrates may be used. 30 The

hydrogenat i pna&@r@a&d mlfiﬁqgeiiﬁ\/érﬂi%ncﬂfe%ﬁlhﬁéﬁ ot bRIiePaRRRiR @frbbRyiR acid

invention contains at |east one active catalytic hydrogenation conponent.
Part i cisl preffgrablyi trebted witht hygnogenhinda qeasureoreaston dn g érstheactienp

e o
Lgdgle;;bs?iﬁbriééé Gneor Afstehative Rdiogenatidn chtdlystatainpbhentsysuseteal oana
carrier material. The carrier material is typically in a granular form although pellets or
other types of particulate forms may be used. When in a granular form, the granules
have an average size of -2 mesh to -12 mesh (U.S. Sieve Series), more preferably -4
mesh to -8 mesh. The carrier material is preferably an active carbon, and is more
25 preferably derived from coconut charcoal. Such active carbon typically has a surface
area of at least 600 m? /gram (N,: BET Method) preferably 800 m?/gram to 1500
m?/gram. While active carbon derived from coconut charcoal in the form of granules
is preferred as a support material for the hydrogenation catalyst component, other
porous carbonaceous supports or substrates may be used.
30 The hydrogenation catalyst used in the co-purification process of this invention
contains at least one active catalytic hydrogenation component. Particularly suitable
catalytic hydrogenation components are the Group VIll metals of the Periodic Table

of Elements (IUPAC version), including palladium, platinum, rhodium, osmium,
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conponent may be deposited on, or added to the carbon carrier material by
any standard nethod known in the art, for exanple, by treating the

car bonacew0305904 er with a solution of one or nore sol ulpiCe/USomua9s/l | |

met al compounds such as 5 palladiumchloride, and then drying the catal yst
t o renmitieesiung s fridiehy eamid  rhixturdsattherdodadiheg czftalyﬂe Rydrogeiaiion neatalyson t he

carbon carrier is int e of 0.01 wei rcent to 2 weight percent
based fMpABERlMAY Qg,c{lﬁnosgg t®R ©f AddRddo g‘&t 5%9!1 carrigr "E‘ﬂf@”?gtbdl anéi ght
bei n | g@é}? on
corrpgnéétglEi g@rﬁ%tt G%FF‘B‘%P ﬂ oupqgf %ﬁé'ﬁg%lb? ééfﬁﬁ tf?\ondétfﬁ%nca L%n 8l-
carri ewith sa Osdlution Oof8 omel ghtmpre sohible SGrmabI\éIHc maayszbnmuundat suglstadeds
useful inp the invent rification of a crude aromatic acid
Bt uriealRdi SaTids @ndthen dningitbe calivstss Tegove Ryeess SoRBR! 500,

4,629, 715, %&%b%%faaan@ &&%ZG%@p Vil figtdi mefﬁ{ gldémmsqﬁw@?an e

cat al yst may tal ne for exanple, from En Cor poration | son,
N. J. 16f Qu@deweight pemrg natd mlgm:peraelmmmm Qnttheaow Weig titoof taedinishad

(Car bon abl e. r haodi,um,on- car bon cat al

bt o rERieDeE ke aE feta weIoED P Bt O WBic G2 114 HE iR figh Andisi At
Acti V%ﬁﬁogéﬁéﬁﬁh Goriponent. (Rrsferibly, GpeGrsur VIl 'mélae Iofdifg Bn Uee &arribort he
met hod 'of tThis invention is any reactor vessel that can 0 withstand the
t epercariecisa®a tork8 weightpeseentor t he hydrogenation of the crude aromatic

oyl i nr 1 ca Sul el ind \RalsE bbHF B RY Ein RICHHH R sifoation e
cat al yst cieeet &rdimdtlé heti@i mixture aarel xedcritsst, for éh&mpleefmrle$ npde tos.
operation, the crude aromatic acid mxture_ in solution is added to the

r eact of-394s208; 4628, 79865 4./88.630 @(ndnéaﬁgz 882t by spiiableo paiadiumeon-sarbemct or

I d t t h
the. peBlyet fiaf BeCCORARE of SCiibil) Holl Tdhiidt) CoRfbraligiEaRE, (o h ]
prmenmmderftheh}ehngx@mrg’&ludmmlon Activatet i @arbon Glranwded (Eammna@ede €6t ed

i th r, referred aro aci d

o xt ur 0 S K, 5 ablen sbodiin-plcBrar arite: may ke et drolh Sndsham ¢) i s
r emVe@oFﬂd?Einéﬁ‘%ﬁdﬁ%@ He&@?r’éﬁbn aRhBdRRA ioh Adtivated Cafsar Gr§9ulb5?d&%6r‘?m of
the reactor. In a suitable reactor vessel apparatus for the co-purification
pr ocesGode GG1)i"nventi on, a hydrogenation catal yst conprising a carbon

carrier andrag r%%été@ﬁ@ﬁﬂfﬁ%}@ﬁ%@&@ﬁ%%ﬁoﬁ?@ﬂ??@&cﬂo? vBELd] thbt B the

20 withstand the temperature and pressure used for the hydrogenation of the crude

aromatic acid mixture in solution. A preferred reactor configuration is a cylindrical
reactor positioned vertically and having the hydrogenation catalyst contained therein
in a fixed bed. In the preferred mode of operation, the crude aromatic acid mixture in
solution is added to the reactor vessel at a position at or near the top portion of the
25 reactor vessel and the crude aromatic acid mixture in solution flows down through the
bed of hydrogenation catalyst contained in the reactor vessel in the presence of
hydrogen gas wherein impurities in the solution are reacted with hydrogen gas. In this
preferred mode, the crude aromatic acid mixture is purified and the purified product
(co-purified acid mixture) is removed from the reactor vessel at a position at or near

30 the bottom of the reactor.
In a suitable reactor vessel apparatus for the co-purification process of the
invention, a hydrogenation catalyst comprising a carbon carrier and an active
hydrogenation catalyst component is held within the reactor vessel by a screen or
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PCT/ USO02/ 40498 ot her neans that. retains the catalyst particles in the
reactor, yet alloys the relatively free passage of the solution of the
crude ar oweto3o53ei d m xture in the purification solvent. PChasnr#angs used
for retaining the catalyst particles may be a flat nmesh screen or a screen

made Biher!mEShy tﬁ&ﬁ@@n@&h@'chtﬂly%ﬂa?ﬁcle@tldﬂﬂne seadtoh| yet alibgs yise rélatieipi ni ng
means | nclude, for exa a tubul ar Johnsgn cdeen or .a Eerforg_i%ﬁﬁd pl at e.

The nfreespasseger of th%tsgﬁl’ﬁohgoﬁ the eendg aramalic @cld puxiye dnjge B ed of

2 apirEr oTBE apblng <ot (efinfish e R PaiERTRRy by Tl apbsnbe o
sui t aépsent 8 anBeraenunadef isy crdsety spa@ad Iparalledtt\mr@stomed Swtabtmealalm of 1
mmor |less and is .constructed of uj\ ajtiﬁ{lﬁ as 10 stainle >3 fﬁd q

t i § anretaining means) inelide, fo(ﬁ%‘ﬁ‘ﬁ?R!?a? F'-!PP Y/ PUIROD FG'BRY ALE RS i onal |
ne OrmESredR uEBQ'fBPPegaM@p{h% Bl PRRIAINLS! bORoRSmitEldf ehtnaegtiaret hod

of thi veut 3R |n several nodes. For exanpl e,
pr edetteitnis saifablyqesidtdrite Icorm;lolneandrmmmstl alsol beroftancappreptisie %tr@ngtp deogen

be fed f
ol nt BfipanY FRtaletE e beh Hopbsuftably, 1ie ear uled ThE rSBNAG HE8L. . 0o
;g?ﬁ: BAt r?ﬂ{)s?%%H ﬁalésf“t%te%]rhﬁ%é/ 8P mith T IesE oid isheorfstiiftted of eNRidtal swdtdagi xt ure

resent rogen E)art i al pressure in the react or vapor
spac e stakmless natael,e tiganium h;rdd't@ﬂl ays Gedccammercialy idvailablen feami havinegas

such nifro differ bet ween the actual reactor pressure and
t he vﬁ'aﬁ'? Pé@gﬁpgog%@"}%i cﬁ?ﬁ%e acid solution present is the conbi ned

partial pr er%c%r Sirpici@aninahe cé-bﬁrlf Mtdn gRsthed ofthid inbention Ny bae thi s
case the hydrogen partial pressure nma cal cul ate (ﬂ frgn% kno

r el at operatgduin severalymnodgsn Fafdexarep g%sprsﬂegeémm i Ay 8¢ | n

t t.h fidl i
05" ar BRINEINGE h " TeBRIF and hydFaie? maTvbe Mo in. i Uhy ik actdr, on
rgact W’eéagu‘e bfat25d®?ler ﬁl]ﬁﬂ:lem az hy\ég'aalhl the | pre‘deltérm;.;led ehqurr:dt level. s§' vaed
hyd en bein 0 e reactor n suc nce,
e O dithrotee Rrtess he el TRREioh RrassHro B, vanor Presedte Sline SLARS
hydr °%?6|th Ycid xt%ﬁ’e EB bR Qéqt it fth€ #§drsfbn artia? skéyewél frpﬂ%nrd%tdrl al

pressure va ue my be ca romthe solution }/l rogen concentration
whi chyvapaor space. Ahgrriahvekyr ﬁmyairwewwa fed meadmirtargewit mmnea& gas suehas 30

e g0 RSB haFBEG 0 35l B58E5 A S (A B
the I SRR Cride RicPEbItIbA piréseﬁth@ th@eenisihed Qaplainstespee ofduairegémandgauge
L e Sy hdmikea therawih. 3 % the hydrogen partial pressure may be
the inert gas admixed therewith. In this case the hydrogen p p y
calculated from the known relative amounts of hydrogen and inert gas present in the
admixture. In yet another operating mode, the reactor may, be filled with the solution
of aromatic acid so as to provide no reactor vapor space. That is, the reactor may be
25 operated as a hydraulically full system with dissolved hydrogen being fed to the
reactor by flow control. In such an instance, the solution hydrogen concentration may
be modulated by adjusting the hydrogen flow rate to the reactor. If desired, a
pseudohydrogen partial pressure value may be calculated from the solution hydrogen
concentration which, in turn, may be correlated with the hydrogen flow rate to the
30 reactor.
In the operating mode where process control is effected by adjusting the
hydrogen partial pressure, the hydrogen partial pressure in the reactor preferably is in

the range of 10 pounds per square inch gauge to 200 pounds per square inch gauge
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-9 WD 03/ 053904 PCT/ USO2/ 40498 (69-1379 kPa), or higher, depending upon the
service -pressure rating of the reactor, the degree of contam nation of

t he af or eworisiosssed crude aromatic acid m xture, the acti wcrysana4age of
the particul ar catal yst enpl oyed, and |i ke processing considerations. In

t he op@9a137ekPay conigher, pepeadngcapdn the servidd prassdredyating) ofsthengattor,
directly the hydro en concentratl on in the feed solution, the |atter

usual | §&jdegreg oft mm tigngfthe aforermertipnad cride,2fomalic asid nkiureetha or

itself | | f d

Lo (afutyy @ age | by e | portielifr Rl HhBRNED! ahd ® R TpAGSIkSIP

concem%rmderatloms tlhdpecd;%e:ramQ modtegwheregprocebe cmhnt his eﬂgexttgdl rbqgaﬂ]ustmg:)e
to urirtircatl o I eac, n acC Onl | nSIS

oL ifediithe P BirSoem Soncaiitration inthe doe selviRf ieiefar st dess 1k

vel oci $attfeh Wlﬁﬁeéée&ﬁogﬁ‘}chregeﬁ BAd% ec#eaétbfﬁ&éw?s ﬁ»fdrﬁunwg%ﬁ* TGS, Wrl On

per vvelg cat al yst per r |nt e purification step 1S typically from
1 hou rad;UstmerﬁEnf Hbe rl"rydrogsreﬂ@w ableytofthereactoo wils resultontbe Niasrred cofmtrol of
on i,n.th

residence tinme of t e.sol.ut cat al yst, bed vari es, endln upon
he g lioger GemeshtatsR b he SRR dn; 6TerdL vod: pmélbh TGRSR 46 b e
ar omat dippfied dothst plirfficatieh Heh&tor undBl rédctiorPEdiitios ) Dfsburse, asufflment
crystal l'ization tenperature. The crystallization terrperature S

s ufof | cto(aﬁaoythe)de@eecghquaeaau@m bel ow) for crystallization of the co-

i uor - ol SPEEH Feibfif RBbaed e e B R M Atk orbel '
i mpur i $oletoraper Wbbyh‘t of edtalystper 2Hdupirothéecparificationrstel %g’p ifidonh henowat her
l'i quor, Thereaft the nother |iquor, containing_the disso ved i mpurities

and t hel® 5e|ERHf§| oﬁ"?fle&m&tf@msz HOPET at‘ed5flf'%‘|‘ﬁst hd hecrapidanae; trag of the

co- pu i f %)‘?gaéé m xture in
accordégnth&IV\llﬁl'?thg dngt‘%‘lﬁlnven y%ﬁé§?él;>§g§\lﬂg @d&pﬂ , yes\feer i'th inproved W

r e st ance Afibgr H)'qdmgma‘tloomthbetrpatedf isetiition5 ofir cnudei araroatic nacid umixtofe t he
present |nvet|o b actin daromatlc m xt 1th a

G of - SR bty theerildts Plied 6 4 ghistalitaiin BB taia: Tos vebfralian e o
the prteﬁeiétraﬂuamtglﬁrbuéﬁtmw e&damseebrcaymm wScrfy@fdmiwoﬁ dSFfHéOdeTEr by
heating a m xture conprising an aronmatic acid m xturé and diol; and

furt hepurﬁ@dt amg mixturegioepeauy iteereby praduciagperysials withinha |reouheb@qaor mdeand

dosr r <Y stdagfion, r8eimur S SBfIsty, MigfR RE Hiiiriled, 4RE it PRbbtug g
bemzermodactboxaﬂnam atissblvedii inalthe mothers fiquor. t TReiaftee N thé NvREHEroliqudy
containing the dissolved impurities and their reduction products is separated from the

crystallized co-purified acid mixture, whereby a purified aromatic acid mixture in
accordance with the invention is recovered.
A polyester with improved UV resistance may be made from the purified
25 aromatic acid mixture of the present invention by reacting the purified aromatic acid
mixture with a diol. In general, a method for using the purified aromatic acid mixture
of the present invention to make a polyester comprises forming a prepolymer by
heating a mixture comprising an aromatic acid mixture and a diol; and further heating
the prepolymer to make a polyester while liberating and removing water from the
30 reaction. The prepolymer is heated until the desired molecuiar weight or degree of
polymerization is achieved. ,
Crude benzene carboxylic acids suitable for use in the present invention may
be made b, any known method in the art. Typically, crude benzene carboxylic acids
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be made b, any known nethod in the art. Typically, crude benzene carboxylic
acids -10 WD 03/053904 PCT/ US02/ 40498 are nmade by the |liquid phase

cat al yti cwoxB@s®don of an aromatic feedstock conprising pemASnB498/i ng at

| east two oxidizabl e substituents chosen fromthe group of alkyl, acyl, or

conbi pRé inkéde ngeﬁ@qauidfpﬁawb@tawﬁmxim@hwf At grorpatic! fsedstock Earmpridingo 6
car bon at ons. anpl'es of crude benzene car box&l ic acids suitable for the

i nventbepaene haying atlieast twe axidizaplgsubstituesaty ghasen éromthe gewp Rt BIY.c

resul tj r QX | ' f: \V ta- xyl ene
res pec%cpgeéry&nﬂxb%?g?éé S@%‘le%?'ud%wt%g%rz%k ryel; Acrgjr)g%%‘gﬁ i gr&%%??ﬁe grraﬁ.'dga{és

ter ﬁpivalhadm atofmgé.cEimnpleld di%crodé tehzeme chrboxyhc asidsesuitable fontd¢he dpleniti 'gheneOI
carboxylic acids suitable for usé€ in the present invention .10 may be nmade
by aARISEWE AEEICR! RPN ISP 2 TS/BPETGIE RAWRDS AR 416 CXA0P! | ¢
aci ds g@r t A Qidid P, e L | C ' Lon pof '
feedstogc E’tgg- Irelt?psél ng%r%p !téhgf e%Z& h%@ﬁ]?léﬁé I 'Eaéz%?'? g?\;v%?oﬁ cﬁ @g%rf%@ B

subst ibemeshs cdrbexylic &cidnis feuds derephithalickatid forpied doy oxidbtioat dfopara-
thereof , Suitable al kyl and/or acyl groups have from1l to 6 carbon atons.
Exarrplxé{?'@f- crude napht hal ene carboxylic 15 acids suitable for the

I nvention r ' | | fhpl @i t iRIhN
napht hal engfr%g,géigjfihgﬁfsﬁénéaagﬁta%ﬂa?cejanaéa%trshg?g%yﬁ&%‘Eﬁfhelngfﬁlsteﬁgll ene, lbg , 6-

ditret myay rizepithade oy, ary, dnomat pethodpin the cad. drypigadlydiargderrgphthalene
apht hal 2. _acetyl -6-nmeth ht hal 2- methyl - 6-.e1 hyl ,

napht e AGFE RS adae by dhe; K e8RS, FRhatE & pd aromatic

2, 6- ng3pdadiatie Bérr;\?i'iQF!hththﬁ[eﬁéi iKhviny BElRakt 0 bRidizable substilents cHosen

2, 6-di al kyl napht hal ene. Typical solvents for use in the |liquid phase
cat al yfane thgi amupoaf @ikyi.oaayk s eombinatioas tbaeeafaSititeble alkytians/emaryr

" ; . . i . . :
vat er SIS EVE Horfi Y R B baBoRatsing lifbis S e nadhiARehbrdS |
prHepr iar?idis: saitaisle for ghgxéinwrém @,reiaubel_t%dids: obtaired rbwah@deidai?hdgf 1f,2- o
trinetp acetic acl and_ caprol c ac , and. m xtures thereof,. r ra ,
L he S SIEHY inspliIzne, 2 GRisled: papntalese. At 2EPHrC- I (RPRITCRs e Pdn y
oxt daogtiA Rebritfaigfie ') @ diethfr PaPhilee o} 2, lisdiroR Alihthalehen 2.

| i qui cacehdSemethyll anapithalendi asd pmethyi6-ethyd tnaphthaleney Aoprefepedi ermudeon of

- oact Siarhihaige FaSIE At E; oroaitiipRpe; AEATERAS ruid it BB R0
t Bg I e3fdAon df, @ dibikyIdBphtissIBBesol vent is withdrawn fromthe reactor as a
liquid in the product” stream After
Typical solvents for use in the liquid phase catalytic oxidation to form the crude
benzene carboxylic acids and/or crude naphthalene carboxylic acids suitable for the
invention include water and any aliphatic C»>-Cs, monocarboxylic acid such as acetic
acid, proprionic acid, n-butyric acid, isobutyric acid, n-valeric acid, trimethylacetic acid
25 and caproic acid, and mixtures thereof. Preferably, the solvent is a mixture of acetic
acid and water, which more preferably contains from 1 to 20 weight percent of water
as introduced into an oxidation reactor. Since heat generated in the highly
exothermic liquid-phase oxidation is dissipated at least partially by vaporization of
solvent in the oxidation reactor, some of the solvent is withdrawn from the reactor as
30 a vapor, which is typically then condensed and recycled to the reactor. In addition,
some solvent is withdrawn from the reactor as a liquid in the product stream. After

separation of the crude acid product from the product stream, at least a portion of the
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separation of the crude acid product fromthe product stream at |east a
portion of the -11 WO 03/053904 PCT/ US02/ 40498 not her |iquor (solvent) in
t he resulworgomoduct streamis typically recycled to thePCTamor/ar498 Oxygen
is used in the liquid phase catalytic oxidation to formthe crude benzene

car boxybttieraiguts (@ohent) i tike resyiting spredactcsirdéamyis typicallysresycledbicettfeor t he
5 invention. The source of oxygen typically varies in nolecular oxygen
cont ed@@Efm t hat of air to oxygen gas with air being the preferred source.

I'n order toO?% L gl id hfsefd‘;gﬁ RE] ﬁcghigf gﬁéﬁ Q:%'tdgﬁicgid%d&tﬁn td 8rm the crude

oxygen- cont ai it ng gas to t eactor sho rovi de an exhaust
gas- v apenzehiextarbexylicnacids iang/dr crude. raphihd@lene | aaneoxydiccacids suitghjerfol theasur ed

| t-f basi F l e, feed f th 1
o a MVAGHRTs 86 S04 A SPYORR VPGB, ¥aGER 17 o keu el STBR Fom ( o
2.8 ”Dt]h?F of Hir tc{TBkth’ ne'?HQSWi'tﬁ beifb t?hlcarﬁ’e?er%d l%éb?cé%h%’rﬂeg&o avoid the

di met hyl ' napht hal en€e ng oxi dized “w provide such 0.5 tg 8 vol une
per cenformation yaf explosiesnixiures, the sxygenicontairingigas fed tonthehieagtor-should

I Xt in th d . Th fal yst | i n.the |4 qui h
Cat al yRTOUI Ala RO A oSV APOR SRl ccomamyi Forn 0. i, (s Beent or
crude GHaRRhh@heasurédonoX Soiventfiedshasis). For exhaiplé e feéd vatet dfothecsygenses a
heavy netal conponent, and may additionally conprise pronoters or
i

acifel esentaininggasaufficiant o previdegxyaen in theaamouat of frem tiate 28 males Pt s

typically i | i ' . .
V1 uorsih KunsiEeht 8F 5, TR A8 Rl of by MiPifhalthe g difiized
ol ec uilir prefidi sukie toh dohg WohgméOpéricent 3f oxyger Jreasuredoh arsalvéntviree
nmol ecul ar’ wei ght al dehyde havi n%l% to 6 carbon atonms may al so be used. The

cat al ykasiyirtbe gasyvaperprixtie inthesandensght ai ni ng conponent. More
preferably, I . : r : teabRi
Componont | Eie il efibioktl i e FATRIDRES ARIORARARICT A BHIAG cude,
cord ai bémgerneooaboryiic aditls Bru/catiude apithalene garbexylic acids soiiableyfor the
conponent so that the ratl_i?o of l_'}(‘:ezbalt con‘gﬁ]nent baseocljdﬁ‘n e,lerrent al.
cobal t PWVEBHGR LATRSES @ NeaVNe 3'g§°B}P°PP gnd Y3 G AR r SRS s
(Ma) HeimteAbIBkEeIefatbREKRGWH A ithe € Eiitable hdaW AdthYoxid4We aarHRsts S
present as a catal yst conmponent so that the ratio of nanganese conmponent

( basediypicaly dneladel those gastale ) having ran ataraict newkeorind1 (teBbdinglishe. A

el enental cobalt)_Ls i h e . .

cobal tPreSTBE RucH 2 Baliebls sBRRREothroMIBE (o hiER P PR KEReha i

pr&s enfro@s2 3o G taibpat atoms or a low molecular weight aldehyde having 1 to 6 carbon
atoms may also be used. The catalyst preferably comprises a cobalt containing

component. More preferably, the catalyst further comprises a manganese containing
component. Even more preferably, the catalyst further comprises a bromine
containing component. ‘

25 Typically, cobalt is present as a catalyst component so that the ratio of cobalt
component (based on elemental cobalt) to feedstock is in the range of from 0.2 to 30
milligram atoms (mga) per gram mole of the aromatic feedstock. Typically,
manganese is present as a catalyst component so that the ratio of manganese
component (based on elemental manganese) to the cobalt component (based on

30 elemental cobalt) is in the range of from 0.2 to 30 mga per mga of the cobalit
component (based on elemental cobalt). Typically, bromine is present as a catalyst
component so that the weight ratio of the bromine component (based on elemental

bromine) to the cobalt component (based on elemental cobalt) and the manganese
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conponent so that the weight ratio of the brom ne conponent (based on

el enrental bromine) to the cobalt conponent (based on el enental cobalt) and
t he mangawe8/053p24 WO 03/ 053904 PCT/ US02/ 40498 conponent ( Ipazasonm4ed enent al
manganese) is in the range of fromO0.2 to 1.5 nga per nga of total cobalt

conpo Wp@ﬁdnmédmewmabn‘tar@aaeee) isrintthe aangelof ifrorh 4.2 doblad tmgend
el enental manganese). Each of the cobalt and nanganese (égrrBonents \r;aéébe.
provi dRel Mgaus iotal” eohalkicomppnant; apd Mangansss RempoReRt (PASE PP

reaCtié!l_@n{_egi;tgpcdgalﬁcég%m%%erﬁﬁgﬂﬁggﬁﬁeséwd bromne in the solvent in the

react or exanp vent' is an acetic acid nedium cobalt
and/ or nanggaels of the ootatieand aaaaganeses tomppdeatsemaynbié qroidedi ineamyapf be

enpl oyed, Sources for bromi ne ipclude .elenental bromne (Br2),.or ionic.
bt G Bt HPOWTaIBNE, OFEROTISA fRNS (el PEPVIdS o RAGIVE. fRi) g apalt! ©
brom dﬁ%nﬁﬁh& ,aéﬁd kB@Pﬁ'inboirP?ﬁé“éiﬁv tof fie reastor! Fbhex@rssial ivitten the
tenperatufe of 'the oxidation (e.g., bronobenzenes, benzyl brom de, nono- and
di br onsuiventi s an dcetic auidoaediuntr cobale, andéor atanganeseasaibonate, acetate

et hyl enedi br.om de nd, the like). The brom ne don relegas from.
orggnit@?rﬁ:héfﬂ{%és éoﬁda}?rhé’@m'%tmﬂ%( b SMRIPYEA-c r??%n‘grrrgeprﬂ' %r féé]ﬁf,i?,

det er ngiBRbrRy| Bmea{%)}/tdﬂi@hid@%ﬁidelﬁoﬂ' ekampieHBrhNBr, KBr, NHBre, at
operating tenperatures of 170 to 225 C. has- been found to yi eld 3 )
effeect emg, or amganio somideas whicheafgeknewn to ppovide bromids iansodt thereparafing a

m ni mum pressure _at, which t. | di | or._ | ' 1 | S at
MG 2 S s 1 G G S T U S
of t hedippdrmeatetic 6t abidmbascetyinbrohtidé, etrabirarhesthané) etrlenstdibronfide dand c k
and 20 solvent_not in _the liquid phase because of vapori zatign I s, renmoved

from tihe Bsekalherbromietion tpleaserhiam dhs iganis bramides, it dhel pxidation
condenssgrafing  BAGiBRS UG B {hRily CYLEATIRY A Kiiiwn VERAVHES pRaHRNT 1S
er mxtudre,

an aceti ¢ acrd-wa sui tabl € reaction’ gauge pressures in the
oxislat Tetrabemdethane cfornexamplearad eoperating teripérpatere® 0H120° tk@2552C. hasl

typi cal | | n th .of f 10 kg/cnR. to 30 kag/ . The 25
t ohper Bedn BungBeyisld h EHEEHE otara Bord of BRI R arg BSy rom 120 C |
preferably f bﬁma?ei‘éﬂ, the t)ﬁrf?caﬁ”rﬂin@nunpbﬂafébﬁé)bi’ wiicl2 8t BxidRatiohaldaktorti§e

solvent residehce tinme in the oxidation reactor is from20 to 150 ni nutes
and prefaintained isrtbat pressure 2equiredthtn keep the asanatic ifeedstagk isadpaty iegshé@

oL oot BT soR 80k Db BehyaM 7 3B g A, Rl rdesh By

20 solvent not in the liguid phase because of vaporization is removed from the oxidation

reactor as a vapor-gas mixture and typically is condensed and then returned to the

oxidation reactor. When the solvent is an acetic acid-water mixture, suitable reaction

gauge pressures in the oxidation reactor are in the range of from 0 kg/c:m2 to 35

kg/cm?, and typically are in the range of from 10 kg/cm? to 30 kglcm® The

25 temperature range within the oxidation reactor is typically from 120° C., preferably

from 150° C., to 240° C., preferably to 230° C. Typically, the solvent residence time in |

the oxidation reactor is from 20 to 150 minutes and preferably from 30 to 120
minutes.

The oxidation may be performed either in a batch, continuous, .or semi

30 continuous mode. In the batch mode, the aromatic feedstock to be oxidized, solvent,

and the catalyst components are initially introduced batchwise into the reactor, and

the temperature and pressure of the reactor contents are then raised to the desired

levels for the commencement of the oxidation reaction. Air is introduced continuously
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and the catal yst conponents are initially introduced batchw se into the
reactor, and the tenperature and pressure of the reactor contents are then
rai sed towohg/oshesdi red |evels for the conmencenent of thePoXiusar/iw@ns
reaction. Air is introduced continuously -13 WO 03/053904 PCT/ US02/ 40498

i nto tiRk fiRAfdaRtor. Aftee commercernerndf e dXidation resction, foraxampie, after all

exanple, after all of the aromatj¢ feedstock to be oxidized has been
conpl e‘?f'etrse ArArpatic feefstasly to e oxidized, pas heen Eﬂ'ﬁ'@f%t?i(yr ptroduced 'F‘Ehﬁl%r
conte [ ' | ; e I<C dst ock
C o be sl 158 RflperafhuidBr fRIEANG!BoRAR 1o RAGSH.On hCadfHTRLISimbBEES

i ntg tém_:fg)dfd_agé caronedic tgasedamdaopbefloxtiimlc eaim solvpg_t,s ianlg cgta_iys*teﬁm ting.
crude acid oxidatio r ct. and.catal yst .co nents,di.ssolved in the

s ol erfONEURUENPRAUER DI DS TRAN Tqaetql ANd e PrRdRt SRS CRBIRSG e
sol Ve%ea!'é@yltﬁ?t Gudsladid %xidﬁgibh?r‘oﬂubﬁéﬁ@%%gst' OrRpdhénts RS Ned Mlthe

subsequently, The aromatic eedstock to be oxidized and air are
cont i neadvesityis iwithdsawn dtbrinrithe reaetor elacthersemiocdrdinuiotis guode athe saiventrandl

o acragvst rarcyihial -idiaciced MBS Bes Rrbctdl Bt sOasdierl, B arotmatic
sol venfeehigtdch@o de¥idized apadsF 8fecotintusly iAtré8dcedinid e fadidtor.2: 1 to 12: 1.

The nga ratio of man&e)mese catal yst conponent to cobalt catalyst conponent
(b@sed on FEoriargescalsicammercinlepperationl itnigsnpeaferable ite wsgia goniingeusm 15: 1

to 0.3;1,...Jhe 5 1.9.,0 1,.N | ust t . of
cobai toRderts ofosho IYBleetunlp SETAREESE MR eRRIR0E o RohBeatibidts P
f rom Oagld lsdiverR-t8:the (ardhiticafeedstozked tsw oxiizteist pleférably el teeHMerTied

cobalt and el enment a? rranganeseLZOThe t ot glx (I)f, copl;dael t al‘bf:!gat al ast conponent

and nehgariade of manganeseAialveheompanent & erbataatalyshcompeneht diasegal t and
I | ' ; ta 0 ' . . d

he. wet SRR bt d, Bl el mohcghen P! tybicfll, WBnd 1o PRl ORF! The PORea 1

1865 C tatio260bfomiAeectatalyst icomponent todthe totaltafbtabalb catalyst faompomdntpared er r ed

ti idatjon. Th ' ' ' d.in,th

co- purtiAngaRsen ol comonsites el from P Die Pl 5RO EH59 A ng

at | eagbrfiiifalChreffindcoiefithtaPESIBIY hhE eléifletal nianddits).OTRe tGtk6f cobalt

napht hal ene carboxylic acid which are in turn respectively fornmed b

y .
separ atatalystjusamponrand  andananganssed satalystpeomponest (salcy i based ome

FespectRTErpa et Y plem@ny FidHenRBh e Bofhiy o ieae0 ug oAbl BBeRE
| .2 basedd¥hdaki Weight @f €R6 -solNenti Mhenbligation réadtionnensperataelig typidaliypt ood

fromthe following specific . )
185° C to 250° CD Acetic acid is the most suitable solvent for such preferred

continuous oxidation.

The crude aromatic acid mixture used in the co-purification process of this
invention is preferably formed by mixing at least one crude benzene carboxylic and at
25 least one crude naphthalene carboxylic acid which are in turn respectively formed by
separate liquid phase catalytic oxidation processes. Alternatively. the crude benzene
carboxylic and crude naphthalene carboxylic acid may be respectively made in the
same liquid phase catalytic oxidation process, i.e. a co-oxidation process.
The invention will be more clearly understood from the following specific
30 examples.
Examples
Described below are specific non-limiting examples of the invention. The

examples show the co-purification of a crude acid mixture comprising a crude
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30 exanpl es. Exanples Described below are specific non-limting exanples
of the invention. The exanples show the co-purification of a crude acid

m xt ure cwopPBisIINg a crude -14 WO 03/ 053904 PCT/ US02/ 4049@Chvarsazma9s
carboxylic acid and a crude naphthal ene carboxylic acid. The result of co-

purifigahzete tarbdxgRd daidcandvat Erudeenaphthalenercarbexylie acigr THeaesut of co-
| mproved col or properties and reduced, | evel s of ig urities such as 4- CBA,

FNA, amemaﬂpA inTRecordanee vath 4he dnvenfion: Kiglds, aspregdush with FprFRYﬁS GRIgn|
t hod
e ¢ nePpettis ShAVBHAte VIR b punids ch s RCBRT FR P BrRBA omert ho

exanpl ggarapleevaiby show-that mhbste@mbﬁy morrasiodehpatticle sizealistedbutidrt mayhize
measur enent of the b*-val ue of sol%g]eon t he 10 unter Color Scale is
desr i gbl@ingd mm%ﬁo‘WHﬂcmb Fﬂﬁﬁ@ﬁtr'QM%% ION.Chapter 8, pp.

102-132, John Wley & Sons, N. Y., NY. (1975), and in Wszecki et al.,

Col or Sci ence, Concepts and Met hods Quantitative Data and Fornul ae. 2d Ed.
pp. 168ol&8, John Wley & Sons, N.Y. (1 982). More specifical ly, the

b*-val ue ot anpl e was det er ng a Di ano
Spect rEbﬁoF@'ﬁét was agvalgategidn Al s‘aﬂﬁﬁ ﬁg%mﬁgésgélpw nP%/Bt" ﬁgm"i‘fs pyolor
placi n +h | OgbigRRIrYA BBl the
pressu&e% ?(r)éri'ﬁg eas% 56&2@8(;'21 Sﬁéﬁ}s"gjr%@fammv\gg l??heng]erradl ated wit
whid e Hugter Cloddr \m:aldJ\bs desdribedd in THimisp,ed'heuMeﬁsummem sofbA@pleagﬁnce
reflected fromthe t ern.ned Ty s Y
and 2) &@@Pter n%t@aggénéovﬁ%w @?‘Eggﬁaﬂﬁa‘ﬂy %ogﬁé-i\;‘gu aPa ARy Xﬁieé‘%&tng
the wehghgspirdsdighée, f@éﬁ&bts Binld- mtetﬁadsumaitmmaoata ahd Faratlide ord Eee
fol | owm ng equati ons: X=l Rlxx 400 25 700 Y=R
pp. 166-168, John Wlley & Sons, N.Y., N.Y.(1982).
More specifically, the b*-value of a sample was determined using a Diano
15 Match Scan Spectrophotometer as follows. A sample was pressed into a pellet by
placing 0.5 grams of the sample into a 13 mm mold and applying 4000 psi pressure
for at least 90 seconds. The pellet was then irradiated with white light that was UV-
filtered. The spectrum of the visible light reflected from the sample was determined
and Tri-stimulus values (X, Y, and Z) were computed using the CIE Standard
20 Observer functions. Using the weight-ordinate method. Tri-stimulus values are
obtained from the following equations:
700

400

25
700

Y= 2 Riya
400

30 700
Z= X Rizx
400
Where R, is the percent reflectance of the object at wavelength 1 and x,, ya
35 and z, are the Standard Observer functions at wavelength 1 for CIE llluminant D65.
The Tri-stimulus values, X, Y, and Z, identify the color of the object in terms of the
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400 30700 Z=I R z?. 400 35Were R is the percent reflectance of the object
at wavelength 1 and xx,, yX and zx are the Standard Qobserver functions at
wavel engtwob3foss9oLl E 111 um nant D65. The Tri-stinulus val R€T/USK/40498 and Z,
identify the color of the object in ternms of the -15 WO 03/ 053904

PCT/ UpRiiut@40¥8&h8i pritiary Iifhtd fisatimiated it Visugiy s Trifstimutas valuds, Wosvever yare
Tri-stimulus values, however, are of |imted use as COleiagtpSp'eCi fi c%#yi ons

becauf limitgd wisenas ealer speeificalians Pesause \theyndon natcorrelater WRG WSUAY col or

appear S [ : r :

o Suarnepglis b of Vol BbBalgifeel Bl I8 fotubtath Splfhe) SalRg 8T
adopt edlomi & relaed tovistiab Qliffiérenses t Asap pesult, "tinforis Cdlor SsplestUCS)e  UCS
scal e used by the D anqg instrumaEt is the CIE 197%%3*a*.b* formul a ich
cobvehayehaensadopted whiah yee simp|e eqyations e approXimals vigual iespPnsg:

L*=25 0, ) 18:.8% =% ( ) * [ 0] o )113
(21 28 STl et by he; Dieic irdntent 8 e e O TR et
obj ectconierte Tristm0Rsivalyasrte What cand bxg@aluss lasstiowrabelow) bet ween is gray.
The L*-value is strictly a 15 function of the Tri-stimulus Y-value. The *a
val ue neasures the green and red of the green-ness to red-ness materi al

attri hutses GHEIR Yityge a*-val ues represent green appearance and negative
a*-val ues epres%gt red 1gppear ance. The b*-value is a neasure of the
yabl owaieS80[(¥/ X )ueA¥¥¥o)at§ri but e where positive b*-val ues represent vyellow

appear_an agaj 1#@*-val ues represent blue appearance. The b*-val ue
20 is ba'?ﬁ?.@‘?m of'@%@h ri-stimulus values Y and Z. Crude Terephthalic

Acid The crude terephthalic acid (TA) used in all the of exanples was
obtained by the liquid phase catal ytic oxidation of para-xylene. The crude
TA had a 4-ThesLEaehiexisi measusa@fdheduningsity o Whitergss1 0690 Qg where

g<7at g;fﬂ*gi Hg l?él fL%Wh&ﬁﬁhi{U@t DBERPANd il BEnieetR drayNtfle 0L Miud ¥ UfRtpla L =
15  function of the Tri-stimulus Y-value. The *a value measures the green and red of the
green-ness to red-ness material attribute where positive a*-values represent green
appearance and negative a*-values represent red appearance. The b*-value is a
measure of the yellowness to blueness attribute where positive b*-values represent
yellow appearance and negative b*-values represent blue appearance. The b*-value

20 is a function of both Tri-stimulus values Y and Z.

Crude Terephthalic Acid
The crude terephthalic acid (TA) used in all the of examples was obtained by

the liquid phase catalytic oxidation of para-xylene. The crude TA had a 4-

25 carboxybenzaldehyde (4-CBA) content of 4,690 ppmw as determined by liquid
chromatography. The crude TA had color values of L* = 97.37, a* = -1.75, and b* =
6.02.

Crude Naphthalene Dicarboxylic acid
30 The crude naphthalene dicarboxylic acid (NDA) used in all the examples was

obtained by the liquid phase catalytic oxidation of dimethyl naphthalene. The crude
NDA had a 2-formyl-6-naphthoic acid (FNA) content of 1,477 ppmw and a bromo-2,6
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6. 02. Crude Napht hal ene Dicarboxylic acid 30 The crude napht hal ene

di carboxylic acid (NDA) used in all the exanples was obtained by the

i quid phaeasosed ytic oxi dati on of di met hyl napht hal ene. PChasSoz/udes NDA
had a 2-fornyl -6-naphthoic acid (FNA) content of 1,477 ppnmw and a brono-2, 6
-16 W&ﬂﬂﬁﬁéﬁ@él@ﬁd}@ﬁﬁ%d@%mhtbdemmﬁ t A2Boppinve axc idet€rBrined) by
content of 120 ppnmw as determined by |iquid chromatography. Crude Acid
Puri filicaiq 6?\"%%"@95%0"5/ A continuous purification process was used in all of
t he exanples and was perforned by dissolving the crude acid or crude
aromatic acid mxture in water to achieve a feed having 10 wt. % solids.
The f a@rud@Acid Purlfication Pracdssced reactor bed at a feed rate of 10 grans.

per. mnute. The reactor s,.operated at 1300, ps &I 550 *I F. dro en .
025 as 1ed Amatinaas durtigatiaR RrAeSTMasohoest B il Gloine, SXamplesrat 148
cat al ysd dbi@f]éh 'bg &IE??IPI?@%%r crede 468 & érd@e alp&'t?ﬁlcﬁaéldonﬂxm#e w%@ﬁér to

supporte arbon commerci ally obtained from Engel har d- of
| sel i racHilewve ééeedwaviﬁlglﬁ) wit.Jeasoligs. Whe ferd was then fediintel & tixed-raagtor bed

e e P AEAN, e el vadop B Lt Bl e e
Di st ridgsg Pgn r%bbn‘b‘asté*@féﬂ(ﬂﬂmtﬁé re@clop Wtithé raust 856 (Npée mintte. 3Me Was

used to determne Eartlcemze distributions. Coulter is a forward |ight

sctt t exatalyst used iinghe reactor beddwas G wlur% Rrhandc0.d wi % %n Suppptiedo?n of a

articul | e 5 a t
Excarp! kel P0Gy caRfferaityy Sorelidil oM Rt SR IR el s
puri f l@étély@ﬂwﬁ&ﬂﬂ@ﬁ&adjﬁ&ﬁ Nd®H t@h@mveﬁﬁﬁmjrﬁlesmnd meCﬁ!hald?d cententde 01 had
a 4-carboxybenzal dehyde cont ent c>§m/v as term ned by

i qui M%oﬁmégaqemfﬂaﬁatwam)ﬂem ate%6% &theg&)bwﬁc erng sokds.75  p* =g, 02.
After purification, the resulting purified TA had a reduced 4-
car boxybenzal dehyde (4-CBA) content of 349 ppnw as determi ned by |iquid

C hysonePagti ?gzelmsirmmd col or values of L*=97.37, a*=-0.82, b*=3.47.

e BT L o 2R e biarabioeor Lot B g PoCTAbE o el 7

puri fi gdefflines paHikie 812k &btribUABRE: Coulter is a forward light scattering instrument
designed to measure particle size distribution of a particular sample. About 30-50
grams of sample were measured for the examples below.

20
Comparative Example 1

Crude TA was subjected to the purification process described above. Before
purification is crude TA had a 4-carboxybenzaldehyde (4-CBA) content of 4,690
ppmw as determined by liquid chromatography and color values of L*=97.37, a*=-

25 .75. b*=6.02. After purification, the resulting purified TA had a reduced 4-
carboxybenzaldehyde (4-CBA) content of 349 ppmw as determined by liquid
chromatography and improved color values of L*=97.37, a*=-0.82, b*=3.47. The
particle size distribution of the purified TA is depicted in Figures 1-3. As seen by
Figures 1-3, the particle size distribution of the purified TA is substantially mono-

30 modal.

Example 2
Crude PTA and crude NDA was physically blended in amounts to yield a crude
aromatic acid mixture comprising: 94.22 wt. % TA, 5.36 wt. % NDA. 3,980 ppmw 4-
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30 nodal . Exanple 2 Crude PTA and crude NDA was physically blended in
anopunts to yield a crude aromatic acid m xture conprising: 94.22 w. % TA,
5.36 W . WONBAR53984 980 pprmw 4 -17 WO 03/ 053904 PCT/ US02/ 402€8/USBH40469 ppnw
FNA and 85 ppnw Br NDA as determ ned by |iquid chromat ography. The col or
val ues CBA, 88 ppmvl &EN& andtSS:ppnivdBnNDrPuas determihed- 9. liguid ahm)natb,graﬁhy) 66.

Thi s crude omatlc id mxture ss cted to rific ocess
descri hbB@ C°§Ud(?é”%§n@ ﬁ‘ﬁé“l"@% @rem f‘fﬁ"&ﬂr e\l \'n{%{%f ad- S?EL

i mpur i or

vay s TBF gide 8RR mid R wat BRELEHAoANe plieats ES ?od%ﬂég%,
a*=- 0. dBovdand.tha.redliting purified @cid mixturé bad maimcemhmmurttiee Qfu2438 ipponw &i- d

m xture i s depict n Fi re1 t he rt|cI i ze
di stri g"@ﬁo’g Wﬁﬂde m@eW%r%}qrs‘%‘%%BBme §8syiing pUtiRed ;g 5
we. % g@ral Il pur |§ JBrY)vQH i dpd=ggen alpAY edrtp 1heThar bagicle Ssige 10

distri TA al one. Exarrp e Crude PTA and crude NDA was
physi cdlsltrybuﬂoehd‘etﬂ\a purified anid mnutuyees deanctamweFlgare) afs shewrdbyFigured,

conpri gin ut 99 1S) % o

ar omat ﬁle E'E‘ﬁﬁ’ ' tr\%{go @F&%ead)ggph%bgﬁg ??@é?lgﬁﬂ an Agj(t,ess Sg’c-lr"ﬁbed
15 abogad Fhet.Pw NEAeisssdtSStQhﬁélryl bitiricdal adhdheompareteth fite partivleusigei s
depicted in Figure 3. As shown by Figure 3, the particle size distribution

of 1& pdistibuipreef purified: TA @longnpri si ng about 99.5 wt. % TA and 0.5 wt. %

NDA |5Mlally nmono-nodal and similar to the particle size
distri purified TA alone. Exanple 4 20 Crude PTA and crude NDA was

physi cal | y igrefe ®TA anderuds NDAoOwasghysicatly bﬂmdeﬂrmrmmmtettooylem xatctruele
conprising about 99 wt. % TA and about 1 wt.% NDA. This ‘Eﬂs / &E%\i/c
0

aci d nRKMatc s srwstpé%tcgmnrtﬁlmgw@beut 8% a\fh on Thy aees%b%s%
The paﬁ'h!f%lﬁgé' %té@mlkﬂ? Wﬁ%}%@&%bft Giﬂe?ﬁ'n‘ﬁ Hict P[)u dst diRribEgd 1 N

Fi gure gure article size dristr tion of a
puns f i abowei 'dhmparmﬂe s% distriputionngf thequirified adid rﬁb(fmeaadeploked ind-idgxei s

S A AL Ry Tl dEdbehkels b HOFURTCH of & BlAfed! s Hikig” ©
comprising about 99 .5 wt. % TA and 0.5 wt. % NDA is substantially mono-modal and
similar to the particle size distribution of purified TA alone.

Example 4
20 Crude PTA and crude NDA was physically blended in amounts to yield a crude
aromatic acid mixture comprising about 99 wt. % TA and about 1 wt.% NDA. This
crude aromatic acid mixture was subjected to the purification process described
above. The particle size distribution of the purified acid mixture is depicted in Figure
3. As shown by Figure 3, the particle size distribution of a purified acid mixture
25 comprising about 99 wt. % TA and 1 wt. % NDA is substantially mono-modal and

similar to the particle size distribution of purified TA alone.
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That which is clainmed is: 1. A nethod of purifying -a crude aromatic acid
m xture conprising hydrogenating the mxture in the presence of hydrogen
and a hydwogeissivnon catal yst to produce a 5 purified aromamriusozei4os

m xture. 2. The nethod of claim1 wherein the crude aronmatic acid m xture,
a solvent thereof, and hydrogen are fed into to a reactor containing a
hydrogenation catal yst. 3. The method of claim1 wherein the crude aromatic
acid ﬁtwfbﬁrﬁiﬂlﬂ'!ﬁ%lsi (i) at least 94 wei ght percent benzene carboxylic
acid gonpri,sj \ I Ly bt It idi ihgoxyl i c
2ci d g oupé Mt of PufiGHEAEriaE Araaf abid fiute corfbrisifd Hhdfogbreens

car boye nfixeé dn themresericegofahydiogehadneha hydrogenstiion catalyst i pihoditce sast
two carboxylic acid groups. 4. The nethod of claim2 wherein the reactor is
me$ nt Burified aromatie A6 BIXWE- and  pressure wherein the crude aromatic acid
m xtuse S 40 Wilthod 6 Sind MEWHRERNhe dRide. aldifatit BiRr nfikuré A& Rolveriter &1 n
the prified aromatrc acird is crystallized by cooling to a crystallization
t enpetisdrebe.ard hiidregen b fedinte kaareacton eobtaininga hydrogenation eatglyist acid is

eparated from the l.vent. 7. Th t hod of cl ai . ' he .be

ooy DBy | ¢ T8 metiodRLUER fwiereh et EHaR axSmerh Bl Bl Foeligs "o

terepht hal L@ aci4, jearel gi Xheghe ﬁé}eéﬁpfber&enaheaﬂmwm avfid cearptiSingher ei n
e

t he naphth ne carboxylic acCid'is chosen from 1,6 naphthal ene
ditear bexygene ringcsubstifyied withratieastriwonarkexdicyadid geiips; apde  napht hal ene

di carboxylig acid, isonmess ther a ) %t ur . hod of
claim1 whdlein Qchem(?ﬁjd any ro%ﬁaﬁgbhécggr%rﬁt ér géghﬂnﬁl:é@%s CQ%I‘?E‘FQE ltB hal i c
aci d apfhrisihg'antdphhaese Aing substititéd withiat ledd twilvarbmtytiodiotd groupsm 1
wherein the crude aromatic acid m xture conprises no, nore that 0.5 \Qt %
napht Hal enelheamsdigd ptclaim @ whereinthe rragisgisdnaintaingd at glemueiatyse an
tenperat u i ' i = LA ; ssure is
i nt B netie rfBirie e Shomat 38 ihtulert Soflbiiaen e SVERESSI LS * 1o
The et hod THe ehethod lofwdlaineid wiheeeior thie parifieditarematic daaid s wrystallingd ibyes at
| east 99 wei ght ‘%rﬁﬁ_ent benzene carboxylic acid and no nore than 1 wei ght
per ce§OOlIRG fH A ization ISPSAIYIE §. - 19 WD 03/ 053904

6. The method of claim 5 wherein the purified aromatic acid is separated from
the solvent.
7. The method of claim 3 wherein the benzene carboxylic acid is chosen from

20 phthalic acid, isophthalic acid, terephthalic acid, and mixtures thereof.
8. The method of claim 3 wherein the naphthalene carboxylic acid is chosen from
1,6 naphthalene dicarboxylic- acid, 2,7 naphthalene dicarboxylic acid, 2,6
naphthalene dicarboxylic acid, isomers thereof, and mixtures thereof.
9. The method of claim 1 wherein the crude aromatic acid mixture comprises
25 terephthalic acid and 2,6 naphthalene dicarboxylic acid.
10. The method of claim 1 wherein the crude aromatic acid mixture comprises no
more that 0.5 wt. % naphthalene carboxylic acid.
11.  The method of claim 4 wherein the temperature is maintained at 525-550 °F
(274-287 °C) and the pressure is maintained at 900-1300 pounds per square inch
30 gage (6205-8963 kPa).
12.  The method of claim 1 wherein the crude aromatic acid mixture comprises at
least 99 weight percent benzene carboxylic acid and no more than 1 weight percent

naphthalene carboxylic acid.
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PCT/ US02/ 40498 13. The nethod of claim1 wherein the crude aromatic acid

m xture conprises at |east 99.5 wei ght percent benzene carboxylic acid and
no nore twan3sHPowei ght percent napht hal ene car boxyl i c a®cCa/USLA404Ihe

met hod of claim2 wherein the solvent is chosen fromthe group of water, 5

al kyl gz boxyg infethetidst claifi i wheeird tierciudeo afomatidacidanixiare eordprisas at es
thereof. 15. The nethod of claim 1l wherein the h droqﬁnat ion ctggal ésﬁ]
conpr i least 99.5 weight peroeplhanzene; earboxswifoReit aBdpeete than &3 weight

mat eri al _wher el I & lhydrogenati on conponent is chosen-fromthe
gr oup %?fcﬁaﬁ‘i‘}’fi“ﬂﬁiﬁﬁ%%ﬁ afcr“ﬂodi um osmum ruthenium iridium and

m xt ur g5 t "ERE Phethdl cFlaiffh2 wherbivdthef salventris thoken diom tie gooupdef waterat i ¢
acid m xture conprises reater than 3000 4- CBA, qreater th 50 ppnw
FN& adllylpashesylicianids B@%abmﬂ\fer\%A? ﬁa.rbgﬁg‘\{v‘?f@?h%'&d Bﬁ’d&’r%ﬁ {nefeaﬂer ein the
crude ato | ' 1 ¢t has inl 8 A tieR! t USomBRiSes han 97
and a b* gg‘?- i&% '\?’%Iltﬂ%dngc?eg%gp ? h\gﬂeg%‘ﬁlg{élyd ‘IP'?;]geénr?él'? ﬁogég‘YEcl ai mgl_ wher ei n
the pugathiytid Rydrogenhationi compenentesupponedcsy @ cagriehanatedal whekein- dma,

| ess than 5 mw FNA, . and | ess than 25 NDA. 19. The. pet claim
| aher HAVR RIS RS RIS, OB R A raup &F reliAfiyT PRtinly o,
val ue greatar odfin SitRelu, Hidieel ahd WAkdirek eRerebhan 2. 20. A method of
pol ymerization conprising formng a prepolymer by heating a 20 mxture
cofpr i $6.ng Theli rakethot of claimi 1l | whiergin the i arude arormaticuacid gNix¢urg GPMPrigas
further heating repo I ' ' Lhge@nd
r enovi GG é}anr pgﬂﬁ qoq%\ﬁr%%,oir%a@k&a% BB o ENAN LKA {rleBEdAHaRdsd
ppmw BrNDA. '
17. The method of claim 1 wherein the crude aromatic acid mixture has a
tristimulus L* color value less than 97 and a b* color value greater than 2.
15 18. The method of claim 1 wherein the purified aromatic acid mixture comprises
less than 300 ppmw 4-CBA, less than 5 ppmw FNA, and less than 25 ppmw BrNDA.
19. The method of claim 1 wherein the purified aromatic acid mixture has a
tristimulus L* color value greater than 97 and a b* color value less than 2.
20. A method of polymerization comprising forming a prepolymer by heating a
20 mixture comprising a diol and a purified aromatic acid mixture of claim 1; and further
heating the prepolymer to make a polyester while liberating and removing water from

the reaction.

-20-



