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(57) Abstract

(54) Title: METHOD TO REDUCE CARBOXYBENZALDEHYDE ISOMERS IN TEREPHTHALIC ACID OR ISOPHTHALIC ACID

A method for reducing earboxybenzaldehyde isomers in crude terephthalic and/or isophthalic acids Is described. Crude TPA or IPA
is dissolved in N-methyl pyn'ohdone and is subsequently contacted with an oxidant, such as substantially anhydrous hydrogen peroxide, to
convert the carboxybenzaldehyde isomer (4-CBA or 3—CBA) to TPA or IPA under moderate temperature and pressure conditions.
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Recent advaNt@9/65854t er epht halic acid (TPA) nanufacturing pr BEBASE1005
require relatively high p-xylene purity (99.7+ % in order to inprove the

qual ity of the product and reduce the costs of

manuf act uri ng. This is because such 5 processes use

hydr ogenati on as the nai I L f &

terephthalic acid pr%}%ﬁﬁﬁ% ;ﬁgmﬁ?g ME eSS,

Al t hough the- 4j D'ery Pue for
elimnation of the major inpurity, 4- car boxybenzal dehyde
(4-CBA), by conve ﬁEIQQ-PF acid, such nethods can

tolerate only very sma Eﬁrﬁ?ﬁ?@%%ﬁ CBA (pr ef er ably I ess than 3,000 ppm).
10 ThisEpplication s zaontinnation-inspaBaf qooperdingelASi Applicaion hal i c

"B i n the oxi i sl N gyakedt ibd S8 7358 i Qs Aebeias F

oxi di zer, acetic m(%n %ﬁa@%repndhmedmcfﬂpwﬁicbmsidmddoﬂwapaidmus
TPA (or IPA) and 4 % CBA) In fact, in traditional rocesses aI nost
all 5 App ICPW@ W( . Q87,898 fileddune (%1993 M’D edandy e

precipitated in thﬁ:p%d&ﬁg( g&m Purified TmBP‘hE& fﬁ&'idn @oﬁlwugr )pate;lipej ef ore

a small amount of IS encaps i de
of the TPA (or |PA,76%311dand mdhoancownuatmnﬂmpaﬂmf BSi ds;whdatimp Snrxale for m

Cor o 1T bghetioa pubas 1 ok S Fenon e Biitey B mife ca 1o

TPA (or | PA) by aipurified Terephthalic Acld whxch isa cbﬂmuiﬁbﬁiiﬂ-ﬁirt ep&f-gémm Us.
conditions, since it is present as solid, it is not rea

oxi diHed. Thus, mlmt@nr%ﬁali 1%0&75@880@?‘1%3“1?@%@ 1986, %H%Megwd@ﬂd4 CBA
3-CBA f d@p e h
the oM % g | sadvant age '°%ul§i fed ne%%%g%/ﬂee. Athd, Mfon SRR Bei" 4 N9

SUVMMARY COF THE | N\dehFm@tion-in-part of copending U.S. ApplicationrSerield¥o.d08/473,888 filed he

present invention there . [.QV] od .fo duci ng
car boxybenzal de hthE“‘f 2‘?7?25’569' aﬁe@%ﬁ]}g&ag@ %ﬁ?f:eP ﬁ‘&g Mefilg:&rephtha?
wher eby crude TPA Axid,aiowd8.S| PletNa] 5760)3¢ e,ahw fauﬂ\bﬂmmsware Rysigrel itslthe Sarh&IVP)

and - IS then ﬁont act 3% mp subst |aIIy anhydr qus
hydro’gsen per oxi de %S‘Pﬂeﬁ gation, and the to tyofthe osuresofwhlc are hereby

incorporated herein by reference for all purposes.

FIELD OF INVENTION
The present invention relates to methods for reducing 4-
carboxybenzaldehyde (4-CBA) and 3-carboxybenzaldehyde (3-CBA) and, more '
20 specifically, to a method for reduction of 4-CBA in crude terephthalic acid (TPA)
or 3-carboxybenzaldehyde (3-CBA) in crude isophthalic acid (IPA).
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PCTI US99/ 1100- optim zed anount of water) or with air
to convert NWQ¥MNSBM¥ TPA (or 3-CBA to . | PA) PQHUS9A8¥5er si on
rate of 40%to 50% per pass, under noderate tenperature and

pressure. An irrportant aspect of the present
invention is related to the devel opnent . of proprietary
sol vents which cag TPA (or IPA) and 4-

CBA (or 3-CBA) in MWW. ds produced by the oxidizer.
Anot her aspect of the Reuéﬁﬂhdxaﬁcdssnrteﬂephtﬁ@hd acid (EP AP vInafldRiting Qfroédises

nmet hods and onditions to react, the dissolved 4-CBA (or

3-CBA) with oxi dafedyire @lﬁéﬁelwgh p-xylene purlty (99 7+ %hwwéwrwpmﬂ@auaw
oxygen, air, or OLfgf 0@5&&9 ¥ed'u9e the ﬁﬁ%]ﬂl’f&t&rmg IBnis is becanse s
e solvent 1|

oxi dant has nini nim adverse efiects on the solution |ng
the 5 processgsr esee hydrogenetitn. @s them;mn method ifor @arifydng) .the 4rud8A or
3-CBA) can be oxidiz ire roduct s :TPA or
"oy whi oh in ¢t FahalEacidaredierd the oridstiop etion of tE piocesees Aol Beess,

t hereby increasi nHy Cgéﬁﬁtﬁiﬁ%ét&fd lﬁrbét?'kﬁlﬁﬁvc)ibﬁélﬂﬁlnaUm of the major impurity
Characteristics of A oxi dants use in the present inventi on | nc’I ude 15

oxi dants: (a) in cmbexrbensaldehyde (40RBA). DY pervertingst top-telyiciaeid dwek methods can
i ntroduced to tol 8Plg vF a'r smal Qf%%&%%ﬁﬂtﬁfeéﬁ@ﬁsx\%ﬁaﬁ P’OOﬁg%mé\{gl ch can

be concentrated in's . Eerr | vent
such1@s N-net hyl pyrroThelsmell (aNMB)xt ©br4-@BAhGro3-CBoy ih Fiébphthahc acid (IPA)

purification); ( i ch rel at ersjion A can _be
obt ai ned 2"°\M“°“°nw #&’?%%lﬁéﬁ?%ﬁ%dﬁl gy oxidy Ff,s use; e ( d)
wi th which the prgshimt uell ife oxidizer, acetic acid, is Qﬁb&%blv@ﬂt t@ Qghilﬁgaﬁl@ dlssolve
substantially TPA (or IPA% wth water as a bépro uct .

to be under st ood (orIRA) and 4 CBAHAr HBfan i %@M@mbﬁomﬁﬁes@mpﬁgﬁs of

this (@Pl?' [ ) i Al _@m i %E! L€
useful in the oxiglgt'rlPén 0 AZ?%‘}AQEA&? c@d&gﬁ%&ﬁ%ﬂ#@é and
| PA, 15 espect i vel yto fasn ddeny. Thertfirerasimall amount of 4-CBA (or 3-CBA) is encapslﬂated
accordance with the.. nyentd : t he, pr ef nt.s |
aubstant 1 al 'y annyaiGALERgBAGPAaplist At Bamelhe Fpetonniied B af

sol vent TPA (or IPA) il th&o:ddiseR I shaia be hoted tnae&\% tﬁ@l@dhe Zﬂmm EBA
oxidant is preferred faor oxidation m nor anounts of

4-CBA (or 3-CBA) séMAdisanaldehydavhich ez casiiyrRrgpistized o TBA (or IPA) by air under
hydrogen per oxi degjeSxftish opersffFEdniRions, MER s Prds¥nté @l dofill] # is AR eadily

degradati on
20 oxidized. =~ Thus, there remains a need for a method for reduction of 4-CBA
or 3-CBA from crude TPA or crude IPA, respectively, without encountering the

disadvantages outlined above.

SUMMARY OF THE INVENTION
In accordance with the present invention there is provided a method for
25 reducing carboxybenzaldehyde isomers (4-CBA or 3-CBA) from crude TPA/IPA,
whereby crude TPA or crude IPA is dissolved in N-methyl pyrrolidone (NMP) and

is then contacted with substantially anhydrous hydrogen peroxide (containing an
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PCTI US99/ 1 1005 products are environmental |y benign.
Hydr ogen perwyQioes8sain be concentrated in BCHOBY/HHSM i n
NMP (one of the preferred solvents for CBA oxidation).

In accordance with the invention, another preferred CBA oxi dant is air (or
pure oxygen) for oxidation of a mnor amunt of 4-CBA (or 3- CBA) cont ai ned
in 5 the sol ution.

substanti al |'y anhyRHBUESAARMIBLRAHE) B Witk ais fRicopvert fBA g TPA (or3-CB% to

oxygen) are pr ef epRSlGRAnKisiiRicdf 40% td S0% erPRssiAliEF OAMe fehiBlranirdland
accordance h the invention, the CBA oxidants useful
for conversion of pmﬂmesomers [ n conjunction with the

present invention can be sel ected f var| ous_ o n 0 _
which are capabl e of o%‘b‘rr?oﬁ tgfp&gtn spresﬁ"“%Ye“F?’bﬁ?a?‘%t@ltﬁ%‘?ﬂﬁhpﬁe’?thout
limtaion, hydr ogﬂard@ﬁe«aw sRehts whGdhadan complRely aiedohferboﬂxetmc&llpm e 4-
trichl oroacet al dehﬁ hexam ne, acetone, cycl ohexanone, benzophenone

ci nnamal dehyde, HgT 3-CBA)IR; the crude, TPASE IPA)salids prodiesdrhysthe giidizesl s and
organi ¢ peroxy aciggmdpilseh defeli ﬁn&?fsﬁ'éiﬁtgafutﬂghé{reg%ﬁfe cﬁ{aqlecm@ﬁbgs%]ﬂ and

per benzoic 15 aci propioni ¢ aci el c acl
per pht hal i ¢ aci d. condltions to react the dlssolvmﬂmmmmmtmxﬁd&spw &GS

A nore conplete u rstand| ng of the methods gf the present inventi

may be bt i ned byl YAEIEER BEE PR EXYEST HhioR giieE PR T8 SPPH VAR Bifen

t akemg oxidant hds ik 36Vdréd effdctsontthe solven® AL ¥olaGor B¥ih d
wherein: 20 FIGURE 1 is a schematic representation of

a method of produdir¢ssht igyentipp, major impurities (¢.g., 4-CBAras 3+PRA) camberdnididedipl enes;

and desired products élgq’lﬁ gr iﬁ}‘ga\v}ggﬁ]ﬁ{@bl éan'telte &ﬁlgﬁh% :h%' th%f an

enbodi nent of the oXybenza e |-soner s
reducti on met hod girodess tlmds'emxeasmg p-xylene (or m-xylene) yieldsit i on.

Characteristics of CBA oxidants useful in the present invention include

15 _ oxidants: (a) in which no additional impurities or by-products are introduced to
the process other than water; (b) which can be concentrated in stable form in tﬁe
preferred solvent such as N-methyl pyrrolidone (NMP) (or methanol for IPA
purification); (c) with which relatively high conversion of CBA can be obtained
with a low molar ratio of oxidant/CBA; and (d) with which the product of

20 : oxidation should be substantially TPA (or IPA) with water as a byproduct, Itis
to be understood that the term “CBA oxidants™ is intended for purposes of this
application to encompass all oxidants which are useful in the oxidation of 4-CBA -
and 3-CBA to TPA and IPA, respectively, as de-scribed herein.

In accordance with the invention, one of the preferred CBA oxidants is

25 substantially anhydrous hydrogen peroxide concentrated in a preferred solvent
with a small amount of water added. This CBA oxidant is preferred for oxidation
of minor amounts of 4-CBA (or 3-CBA) contained in solution. Anhydrous
hydrogen peroxide is highly reactive, commercially available, and degradation
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The present WRI¥BHon relates to the a nethod for reduci ng PCTUSMAL00S
car boxybenzal dehyde i soners from crude TPA or I PA For illustration

pur poses, an enbodi ment of the nethod of the present

i nvention wll be discussed in 5 connection wth a
recently devel oped process f.or the oduct.i on of TPA and | PA .
fromnixed xyl eneg;o%uctsareenvxronmentallﬂ:emgn. tﬁy%ro%&ex}oﬁd%rcﬂ h"g"%erﬁafgﬂl% 1,

there is illust rakﬁmeqqﬁmgsnam@%em k6l%ents for CBA oxidation?]._ of a new
met hod for the production of TPA and |PA from m xed xylenes. This

new method is nore ful Inacgerdance sithithe invensiom anothermsefemedEB Aoxidantiagir (5. 10
09/ 097,930, filed . 3 ' ' . .
e pﬂ}é%ﬁyéeﬁ) fﬂ%@g‘ﬁﬁ‘ﬁg gﬂﬁ&’agﬂ)ﬁgt df9-¢BR (&sss-lggﬁggorﬁ%nédqﬁ

I nvention ereln, the totall e subj ect
mattes t her eof beithegolutionr por at ed herein by reference
for all purposes. . I | GURE 1,, .crude, TPA fromthe
oxi dation section (conflhppehysubstentiafly anhydrous EY‘E"gen Pem’“q‘PﬂP‘gﬁ’d (7 PP

amounts of 4- CBA 3u¢hed) bl préferrad CBA dfddnd itli9 td b Sitlededod thithfn%%dérﬁé
Line 1 to mx with e nmother liquor fromFilter Il (through Line 7) and

the slurry with the invention, thed;BAjoxidants psefyl fior eanyrrsionref GBy). isomies in

tenperature in th | [ ' ' : .

160[err]C to 180] &ﬂ:@@%@gh Jfbg p%%sgrf%{ @]t;’%ﬂ%ﬁgﬂasls?glsslémf%gogor?n S Rldants

The 4@t ur at ed sol whichnader capabla eofDbxddiaingesldehyidss i aolutiont, dacludingiowithoutt 0 a
first cooling cry?,t al l.i zer &rCrgX_stal lizer 1) via Line 2 t%ggener e . TPA salt
crystals at 20  limitation, hydrogenperoxide i’ Wgien, (9zene, Ticaroef , tsUackigride i ni ng

sal d TPA salt cryst@ficrofstaldehjdte h&Mafirdd, | hdefine, cyclohexanone, benzophenohd)’ 0Ugh
Line 3 toa Filter | where the crude cake is renoved and fed to the

Di ssol ver |1 throgimanpidehyde, dimethyd soifexide. aifides, chiral cyidantss glyoxals swd| ved

in clean

organic peroxy acids, which include performic acid, peracetic acid, perbenzoic

15 acid, perpropionic acid, permaleic acid, and perphthalic acid.

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the methods of the present invention
may be obtained by reference to the following Detailed Description when taken
in conjunction with the accompanying Drawings wherein:
20 FIGURE 1 is a schematic representation of a method of production of TPA
' and IPA from mixed xylenes;and
FIGURE 2 is a schematic representation of an embodiment of the
imﬁroved - carboxybenzaldehyde isomers reduction method of the present

invention.



NMP recycl ed through Line 20 from NVP/water distillation colum
(Di stiIIatiop) Agarn the tenperature in _the Dissolver
Il is kept aOBERBFr]C to 180[err]C. to 25 . P

di ssolve the TPA salt crystals. The satur ated solution fromthe

Di.ssol ver Il is continuously fed through Line 5 to a Crystallizer Il where
t he terrperature I's maintained at a mninmum of 60[err]C
to prevent the forﬁﬁi. TPA crystals. The
degree of terrperature re uctEg ?”O%QF&ys af 1z\IerrS Il is

WD 99/ 65854 The present invention relates to the a method for reducing -
PCTI / US99/ 11005 contrglled e._anount of NWP

f1 ashed t hrough th@‘W@éﬁlﬁi‘?}‘i’@‘?ls‘P‘W’%ﬁ'ﬁmﬁF’&g‘ A Fori illustration purposes,

reduction. The flaaﬁtteﬁbé\&tﬁeﬁtsofrﬁem $f0thE rffesans,ﬁoéaﬁ%a ‘}’“‘t‘ﬁoug sed i 27

The slurry fromthe Crystallizer Is fed to a Filter Line 6
where 5 connecnonmtbap@qembr dentelgped prasessdforthk praductioncd \iPAcahddRA. sent
to a Cake Wash via.Line 8 1 while the nother liquor is
recycled to Dissol W“ﬂ’&'ﬂeﬁe 7. In the Cake Wash, )

the bul k residual NWP I Mo Peferfifg® FIGURETDMEr is/illastResdral sChentatic seifagéi Ng
t echni ques using water and thereafter t he washed cake is fed through Line

10 to of a new m farhe productien ef TRA apd 1P2°eff)’mffmxe¢ gyignest Tdis any

trace NWP in the TRA Gakko rwat
t enper at ures of be}tl:)é\?feen 16‘*6?%“?1‘% a?tyd dgtg(ge[dernr c&pe% M?ﬁ%ﬁ% \i’\gﬁa Ng.
TPA chbke i s then pdUIITRD, filed June 6, 1998 (alﬁralszngnedltb therdssignes drf the iffviehtiar ed

bef ore being . . Vld via. Line 14 to .1 for drying
to yield the final defgbpeigrlbeaﬂt&,tthe ?otﬁl g:e sugject mattér thereot[% incarorat

liquor fromFil terhdrexﬁ@?ﬁéf&bmmrﬂmmbs (e.g. NWP), TPA, 4-
CBA, p-toluic acid and other m nor %;urrtres) s transferred via Line 15

to a CBA In FIGURE; lyraide TPA frammthe oxidationyiestion(containing maindyp
ith
(wi a proper atn)glnat 25?@% ﬁauéxtstjog 4-5% Lan and p-toluic ac1 ;l' RA 1 BRI ﬂfrgr.rlgﬂ S

preferably operate C and u er pressure o
bet wekh about 1 athmgphumecmddthammerﬁqmm&ﬁmrﬂdﬂEWanmndmesm%60.%

of the 4-CBA in th e r |.ter 1o TPA vja the
process descri bed ﬁ%n%g&%@“g?% fd}‘ ﬁb‘h‘f“f‘ﬂ‘gﬂ&% n o8] dt rred
to the at 160°C to BOaCQbaiﬁrcompktdlyﬂﬁsolﬁeﬁl@sai&onrate off NWVP and
water fromthe m xture._The | ting concentrated sol ution

is renpved fromthe botwwat?wlwaﬁﬂ%‘t‘ﬁplﬁﬂ]deﬂ15 then fed continuously tojag
ded Li lid
provided via Line ﬁx@t&@l:ﬁg%hﬂrm&ﬁﬁu&&gyﬂ%ﬂxﬁﬂ%%&%@fé tcrH«ztr 90' S

recovery s maxim zed erati | zer
at a 2@nperature 030°6doRRER Dheslyriycoptaming said TPA salt crystals exits ﬂ&[@ryst]alﬁzemd

under  pressure.  Thegaligh inds 9614 $itke 1VHE BE ofdal Thid 1s' ERoved dnd 4 1o the
Dissolver Il through Line 4. In the Dissolver II the cake is re-dissolved in clean -

NMP recycled through Line 20 from NMP/water distillation column (Distillation).

Again, the temperature in the Dissolver II is kept at 160°C to 180°C. to

25 completely dissolve the TPA salt crystals. The saturated solution from the

Dissolver II is continuously fed through Line 5 to a Crystallizer II where the

temperature is maintained at a minimum of 60°C to prevent the formation of salt

TPA crystals. The degree of temperature reduction in the Crystallizer II is



subsequently transferred through Line 23 to Filter 1V, where the cake S
recycled 25 - to the Dissolver | via Line 26 and a ngj ortion
of the not heVOPYeR§#t is recycl ed to the ByHB 5‘3 P via
Line 24. A small remaining portion of the nother liquor is

purged via Line 25.

VO 99L65854 _
PCTI US99/ 11005 - JThe d er.mxture from
the Evaporator is cptilliedythe gmgunt of NMP flashed &ugﬁ@ﬁgé‘tyf%ﬁ%’?’ T, 12 PSSy

(Distillation) Vi geductich. Te flidhed NMlaisQécybréd Phe DiésBRePBthidigh Line 27.
overhead stream and sent to the ke Wash via Line_21. Solvent (ga’g ,  NWVP)
18N

is &eﬂm@m&%@mﬁ@t@ﬂlﬁﬁ fedte & Fidter § Hwoughdiine and
recycled to the Dj [

The foll ow ng exarrp @lrﬁfepl usﬂ td ca{(%lsre vgr&clla\rlxgﬁgtglstb gtft%g W"&@ via Lm(faﬁt in
convelsti ng 4- CBA m:ﬁ&%mothamqmrgamcycled)iolmsmlves Lieia Lase NV, thevCakdWash,t he
principle and feat f ent . .
Exanmple 1 10 ¢ Butk redidtal NNE¥ S §“li§’x‘a§rfﬁ‘i“8v”?i’e§‘8r‘i°ﬁ%t§"?‘ﬁée’\’- TR o1 of
4-CBA to TPA in tt&hﬁaee%emgwatem thereafter, the washedwtemh%gntt&em%

determ ned by gas chromat ography using the process of
present inventi onaspaken(Waterderyssallizery R r¢mo msrapitklb@mdhe TRAsakoviat i on

\évgls ution was then W@F@%ﬁ%{e&tJf%?ﬂe?a%&les%ﬁb&we%?%ﬂ“@aﬁ@é%ﬁ W fl'ef-rgeone

sanpli®, comrer ci afTPa mﬁsMbmv%dm%xiwmmGGQr Ibwhere it is filtered beforefeingxi de
was added as an oxi di, Q’galalgené ISS’ ot‘lper three %\ Ies wer e heat ed
for an additional PPV el ] op dpiedoy ifing! Tiya pradugler e added
to two of . The mo&tehﬁq@amahmkerttteo&aﬁhﬂg@t,ﬁeﬂtszsg Nﬁffp? A

hydr ogen per oxi de and potassi um per manganat e KI\/hO4)
Af ter the additi ofBs. pttplaicasidandetber miner lgmmtleebsmsierred viaLine 15t0 a CBA

20 oo AN PO o KR Bphiicin pHIRER if NP W oS RRSTNREIAE ot
at 126 C. Tabl e 1 The CBA Oxidizer is preferably operated at 25°C to 50°C and under pressure of
' between about 1 atmosphere and about 5 atntospheres. Approximately 40%-60%
of the 4-CBA in the mother liquor from Filter I is converted to TPA via the
process described above. The effluent from the CBA Oxidizer is tt'ansferred to the

Evaporator via Line 16 to evaporate off NMP and water from the mixture. The
20 | . resulting concentrated solution is removed from the bottom of the Evaporator and

is pfovided via Line 19 to a Crystallizer IIl. In the Crystallizer III, solids recovery

is maximized by operating the Crystallizer Il at a temperature of between 0°C and -

60°C and under pressure. The slurry produded from the Crystallizer II is

subsequently transferred through Line 23 to Filter IV, where the cake is recycled
25 to the Dissolver I via Line 26 and a major portion of the mother liquor is recycled

to the Evaporator via Line 24. A small remaining portion of the mother liquor is

purged via Line 25.



presents a summary of these results. As can be seén-, t he hydrogen peroxide

S _ effective at oxidizing 4-CBAto TPA (sanples | B and
2). The ot hewo9$ssssy oxi di zi ng agent, pot JSUIRIN/1I005
per manganate, (sanple 1 C), did not oxidize the 4-CBA to

TPA. The control (sanple 1A) al so showed no oxidation of 4-CBA to TPA

7 ‘WD 991. 65854

PCT/ US991 11005 ) ) ) Tabl e
| SanpMée NME anchwater ngjkiture rfrom (he divaporator 4s @eyvided tppa

Benzoi ¢ p-Tol uic gésugatlon cthnn éDlstlllatxon) via Lide®Fd, WHite water is reaoveredc%ntﬂét I ons

(ppm  (ppm 1 ons
(ppm overheddestidam and Sémt @ the Cake Wash via Lme 21. Solvent (e.g., NMP)4g5
0 0 1, 625 err].C
1A 8hr @ recovered as a bottom product of the D;gllbxggn an ngycll.d to the Dissolver Il 1 55
120[e§r] C 5 via Line 20: 1B 8 hr @ [err] 4 hr @ 46,500
64, 80 1,450 120[err]C
100C Tbe following¢xam@ples illustrpgiie effectiveness of the @BA oxmlamsg
0 . 2 13
120[err] C converting 4-C13A to TPA i inan or@?mc sof&é’%%]s“ﬂ a% NIVEP,thyM@ is thﬁs, 050
68, 225 240 pHindPM and feature of this invention. 120[err] C
100[err] C
Example 1
10 This example describes the reduction of 4-CBA to TPA in the prescnce of
-hydrogen peroxide as determined by gas chromatography using the process of the
present invention. A solution of 4-CBA in NMP was prepared. This solution was
heated to 120°C for approximately 6 hours. The solution was then divided into
four 30 ml samples. To one sample, commercially available 30 wt% hydrogen
15 peroxide was added as an oxidizing agent. The other three samples were heated
for an additional 2 hours at 120°C before oxidizing agents were added to two of -
the samples. The oxidants used were 30 wt% hydrogen peroxide and potassium
permanganate (KMnO,). After the addition of the oxidants, the samples were
heated for an additional two hours. Those containing hydrogen peroxide were
20 . heated at 100° C, while the one containing KMnO, was kept at 120° C. Table !

presents a summary of these results. As can be seen, the hydrogen peroxide is
effective at oxidiziflg 4-CBA to TPA (samples 1B and 2). The other strong *
oxidizing agent, potassium permanganate, (sample 1C), did not oxidize the 4-CBA
to TPA. The control (sample 1A) also showed no oxidation of 4-CBA to TPA.



Exampl e 2 Example 2 illustrates the effect of
reaction ti 0 anount of TPA 10 pr oduce - CBA
within the p e ?%ggf the present invention. The oxidation gcfr;"ggg'éoogs
occurs rapidly as no significant change can be seen in the concentration of
4- CBA _ after the first mnute of reaction. This exanple
al so indicates that reaction tenperature has little
effect on the reaction rate. In this experiyiept, the feed -

solution was divided into equ portions, each weighing approxinately 25
grams. 15 Sample | InflidPse| Oailhe} OMRiifing4A4-CBA P PR tEBRRLOR Pherohhon
in the tables bel ow UsiRgmint conditions | @ipm)PR{@pm AP B A
each test was (lesign gg{lm,& control fw t h nofoxi dan

addi ti on. A solotromf myurpus—hydrogeTpeoRr m-epmug—%
commercially a\rar?%l S @;‘o@% hydiogep per oxi ceé\]i’w_swnep to NVB anf 1,625
distilling 0 paler. rdsultinh in alirtually
anhydr ous hydr ¢gelA pey o8id@sq ut i-on PO 76,025 ot aq lized | nijhly. [A
desi gnat ed anogint of gpnhger©us} hydr ogkn per oxijde was _
added g0 the r¢ SIS oo o] ' oSt
(STS) s ,c,@ pr pgi‘%d n‘?ﬁ’u% \ﬁ%em spg'ci f eg,4‘§o
reaction peri og ~Tara 1

A1

8 MO PoLéde@ | KMnO, | 4hr@ |} 74,450 0 2 13
PCT/ US99/ 11005 I'nj ex20°B o quenEh t he Joxi dati pn
reaction. Eachjfsagpl e e ro O aoaf n
cooled to roomte%era}[lvgng% rgzcgzpp icI‘ ). 4&%505 ar?%%% vverjgo 1,500
then filtered aAg—thed+t+aiec-anratyzbd—by—gad—chorbiograghy —Thelresult s
are’ shown in Tables 2 through 5. 5
Table 2

Example 2

Example 2 illustrates the effect of reaction time on the amount of TPA
10 produced from 4-CBA within the process of the present invention. The oxidation
occurs rapidly as no significant change can be seen in the concentration of 4-CBA
after the first minute of reaction.” This example also indicates that reaction
temperature has little effect on the reaction rate. In this experiment, the .feed
solution was divided into equal portions, each weighing approximately 25 grams.
15 These samples were heated to the temperature shown in the tables below using an
oil bath. One sample from each test was designated as a control with no oxidant
addition. A solution of anhydrous hydrogen peroxide was prepared by adding
commercially available 30 wt% hydrogen peroxi(ie in water to NMP and distilling
off the water, resulting in a virtually anhydrous hydrogen peroxide solution
20 stabilized in NMP. A designated amount of anhydrous hydrogen peroxide was
added to the remaining samples. A solution of 40 wt% sodium thiosulfaté (STS)

was prepared in HPLC water. After a specified reaction period, STS was added



Sampl e React i on

‘Mol ar Ratio Mol ar Ratio Reacti on Fi nal 4-

Tenper- [err}/4-CBA STS/ [err] Ti me CBA
ature 0 99/65854 ( M n) . - Concentra PCT/US99/11005 )
([err] O ' tion (ppm
2a _ 0 -- control 4800
2b 90 ' 4.81 ' 0.08 4100
2¢C 90 3 1
od 90 in excéga’u;%ucnch the oxndatlg’%égctlon Each sa.njlge was remove?%(ﬁn 81e
2e - 90. oil bath ad4d cooled to room terﬂpéiature (where appliéable). The sainplbs were
2f 90 5. 36 30 3300
29 90g then filtered and the filtrate anglyged by gas chroggtography. Thg pesglis are
Table 3 15 h TR ]fgpsctlon Mol ar Ratio Mol ar Ratio
Reaction Fi nal s4-°wnl§ 62 thro Tenper - H20214- CBA
STS/ [err] Ti me CBA ' ature ([err]QC
(mn) Concentra - s
tion (hpm 3a 23 Table2 0 -
control 8 '*
1 3050 emper-
5 2800 ature
15 2875 CC)
30 2621 90
60 2975 90
WO 99/ 15854
PCTI US99/ 11005 90
10 920
90
90
90
Table 3
15 Reaction i ) Molar Ratio Reaction
Temper- STS/ H;0, Time CBA
ature (°C) (min) Concentra
23 ' control
23 6. . 0.08
23 . : 1
23 . . 5
20 23 . . 15

23 . : . 30

23 : 60



Tabl e 4 Sample Reaction Ml ar Ratio Ml ar Ratio STS
Reacti on Final 4- Tenp H20214- CBA S‘I;)% H202 .

Added Ti Wé’”"fss"" - CBA ([err] ECIAUsMM
(Mn) Concentra

tion (ppm 4a 90 0 --
No control 4175 | 4b 90 4.43
4.9 Yes 1 3700 5 Tbl 4 4c 90
0 s 4375
Table 5 3 S
- Reaction Fi nfl HO/4-CBA
[err]  Added CBA
(Mn) Concen tion
0 cnnt
90 2. 50 0 Yes
90 0
Exarrp4 e 3
rel atlve anoun Bpiciet g 8
conversion of 4-CBA to TPA usi ng the present I nvention
process. This exanple also illustrates t cessity of having a small 15

anount of water present to aid |n t he oxi atlon reactlon Tmo solutlons of
4- CBA Aet A : . 3

C for approxi
di ssol uti on.
was four tines
to 23 C, and s§
20
control sanple
addeg, was inc Tagd.
chr omat ogr aphy™Fs ,
conpensated to eI|n1nate t he effects of d||ut|on Table 6 summari zes the

results. - Example 3

H202/4-CBA msﬁ*siﬁﬁ‘ot $ RH&é&r
n Of "TPA i th

Example 3 illustrates the effect of the relative amount of hydrogen
peroxnde to 4-CBA on the conversion of 4-CBA to TPA using the present
invention process. This example also illustrates the necessity of having a small

15 - amount of water present to aid in the oxidation reaction. Two solutions of 4-CBA
and TPA in NMP were prepared and heated at 165° C for approximately 10
minutes to ensure complete dissolution. The concentration of TPA in these
solutions was four times the concentration of 4-CBA. The solutions were cooled
to 23° C, and separated into samples. Varying amounts of watér and anhydrous

20 hydrogen peroxide in NMP were added to each sample. A control sample, to
which no water or hydrogen peroxide was added, was included. The samples were
then analyzed by gas chromatography for 4-CBA. Analytical results were

compensated to eliminate the effects of dilution. Table 6 summarizes the results.

10



10 WD 99/ 65854 :
PCT( US99/ 11005 It is evident from Sanple 1,3 and 13
that for a gwosmsseske ratio of [err]/4-CBA, PCTIUSIRTIOEENCE

of water significantly increased the conversion of 4-CBA to TPA

OCO~NOOOITA~,WNE

Table 6 Sample Feed 4- Mle ratio Mle ratio Product
4°CBA  Conversion " CBA [err]/4-
[err]/ 4- conc. (pprg (% 4- CBA conc. CBA
CBA It is evident from Sanple &P and 13 that for a given mole ratio of H,0,/40BA) 5
- 5,061
5. 061 Lke Rr§sence of w;aLt%p %E%ﬁﬁcantly mcréxsicpii §onvers1on of 41 éBﬁBto TPA.
5, 061 0. 62 10. 69 Table &, 878
5,061 0 0 5. 061 o
9, 890 S&inle | Feed 4- | Mol@ratio | Mole rafio6§Product 4-CBA | Canidision
9, 890 0.51) CBA p. 30/4- H,0,/871} conc. (ppm) 41 (% 4-CBA
9, 890 0.23 conc. 5| 39CBA 6B3A60 41 reacted)
9, 890 0. 09 (ppm) 2| 38 5,377 45
9, 890 =4 YIRS Y ?o'?iﬁ s »
10 59,890 % I T ) PR RN ETY
11 9, 890 0.27 5,061 1148 11.16 7, 183 2,713 1946
ig 81388 9-49 5061 |2 062 1069 /> [/ 1,878 <l 63
Al t hough, preferr : _Qj__éh&_mgt hmq m,c heo .n$:9€]9n'r i nventq on
have been illustfrat®d ijh 9,820 afcofi®&nyijng Brddwi ngs ansl6éIhabl eq and4slescr
in 20;9 61 NS} 19860 NGglsgt aIf! eds3gScr APt | Ong:gﬂ T Wt Dg
understood t hat f-fre=—t-rviemtromr—{s— +
embodi nents di sdLaséd ||§,8§¢ m.n,q;ibp df 033 oud 1 oad B8 gendnt s 41
nodi fications and s8bst] t989®np wWOiRout] depB8ti ng frofBThe sgirit4ef th
i:lméieprvtsi on 9 9,896 Fel 5l09T LT| ang gger 1 e Y s§7e T T oW 10
' 10 9,890 483 576 5412 45
15 11 9,890 0.47 1.06 7,983 19
12 9,890 0.48 2.53 7,775 21
13 9,890 0.51 10.42 4,352 56
Although preferred embodiments of the method of the present invention
have been illustrated in the accompanying Drawings and Tables and described in
20 the foregoing Detailed Description, it will be understood that the invention is not

- limited to the embodiments disclosed, but is capable of numerous rearrangements, -
modifications and substitutions without departing from the spirit of the invention
as set forth and defined by the following claims.

11



WD 99/ 65854 . T | S:
1. A nmet hod for reducing 4-ca(rJ (4-CBA) in
t er epht hal i VQEYEF8P4TPA) product i Oy O S LCam zal dehydePEBUBISAO0S

i sopht hal i ¢ aci d production conpri sing:

di ssolving the crude TPA (or crude IPA) in a solvent at a 5
tenperature of fromabout 50[err] C to about 250 Cto forma solution;
(b) crystallizing  efl a5 .om said solution by reducing the

t enper at ure and/ or\ﬁ%‘ﬁgggﬁ'éﬁ%@ie%f; (c)
separating said crystall] i zed piethioli fdl refifving dreastioxgibeiRhldélyds; (4-CBA) in
(d) addi ng an oxi dant to CBA oxidizer to oxidize said filtered 10

solution in (c) cierepitiplie. asich (IBA) predyslion gr Soarkexybenzaldehydeo(3-FBA) ;in
(e) evaporating t%@ﬁﬂ’:hﬂ'@&"id f,rrgo A Comglidngso! ution from (d);

(f) cooling the conCentrated utron trom(e) to crystallize’
addi tional purified TPA and(d)ididgselvinggtht lkende SiRA goruernde IRA)in a solvent at a

Y0 e T o S AR o W R Wi oy T
a purge stream (b) crystallizing purified 3cid frond'sdi® Ed1@Ebr B}gé‘&ﬁagﬁ agce

with Caiml said oxidant isS’s€lecte ro onsi sts
of anhydrous hydr ¢gepergraeard/depiessuterthermof sol vents, air, enriched

ai r, pure oxygen, hydrogen roxide in,water. ozone, rbon tetrachl oride,
trichl oroacet al dehyde, hexa&?ﬁ?,ar 8%?%}?'.8‘?’3 W@B%&ﬁ%gmgﬁlﬂﬂe, 20
ci nnanal dehyde, di met hyl suld)QEig anSoxidab€ RSCBANbLidizer] GRS said Fvtea! S,

organi c peroxy acids, such as performc acid, peracetic

aci d,10per benzoi ¢ selution pehrayping Ai(@BA (or 3-CBA) to convert to BRA tbr IBA)nal ei ¢ aci d,
and per phthalic acid. (€) evaporating the solvent from the said solution from (d);

(a)

(f) cooling the concentrated solution from (e) to crystallize
additional purified TPA and filtering the said slurry; and
recycling the major portion of the mother liquor from (f) to dissolver in (a)

15 and a minor portion of the mother liquor from (f) to a purge stream.

2, A method in accordance with Claim 1 said oxidant is selected the
group consists of anhydrous hydrogen peroxide in organic solvents, air, enriched
air, pure oxygen, hydrogen peroxide in water, ozone, carbon tetrachloride,
trichloroacetaldehyde, hexamine, acetone, cyclohexanone, benzophenone,

20 cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants, glyoxals, organic
peroxy acids, such as performic acid, peracetic acid, perbenzoic acid, perpropionic

acid, permaleic acid, and perphthalic acid.

12



12 WO 99/ 65854
RCT/ US99/1 1005 A met hod i n accor dance

with Caim WO eaBidch said 4-CB I!!M!”w'wuu , CBRY/USR/HAM
consi sts of hydrogen peroxide wt er stabilized in

NIVP. : A met hod in accordance with Claim?2

I n which said 4-CBA (or 3- CBA) oxidant is air.

5. A method in acc rdan e d al sal d,dis o)

(crude TPA) contains at"|ea %0‘{18 % Pé”hécg’isd“{)‘gééﬁgﬁ?’to 20
% CBA) Qﬂiﬂﬂﬁtrb%hblﬁs Gﬁhﬂr&éeﬁfﬁkmxﬁi&dvvxm 08 5 MPRUWHLer sBibilized in

4- car boxyal dehyde (4 CBA - car boxyal dehyde (3-CBA) and
impurities sel ectélMProm unreacted starting materi al s,

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

6. A nmethod in accordance with Caim1l1 in which said dispersion

(crude I'PA) contains 9%+ % ARAethéd in@ctordinde GHAClAMQ ifwlich APATBA @F 3-
inpurities selected fromunreacted starting materials, solvents, products

of sifle 15 CBA) oxidant is#i i ons and/ or ot her undesired materials.
7. A nmethod in accordance with Claim1l wherein said solvent for

di ssol ving crude TPA (or IPA) is selected fromthe group consisting of
N- et hyl 5. A method in accordance with Claim 1 in which said dispersion

(crude TPA) contains at least 80 to 99+ % terephthalic acid (TPA), 0 to 20 %
isophthalic acid (IPA), and minor amounts of 4-carboxyaldehyde (4-CBA), 3-
10 carboxyaldehyde (3-CBA) and impurities selected from unreacted starting

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

6. A method in accordance with Claim 1 in which said dispersion
(crude IPA) contains 95+ % IPA, 0 to 5 % 3-CBA, and minor amounts of
impurities selected from unreacted starting materials, solvents, products of side

- 15 : reactions and/or other undesired materials.

7. A method in accordance with Claim 1 wherein said solvent for
dissolving crude TPA (or IPA) is selected from the group consisting of N-methyl
pyrrolidone (NMP), N,N-dimethy] acetamide, N,N-dimethyl formamide, N-formy!

] piperidine, N-alkyl-2-pyrrolidone (including N-ethyl pyrrolidone), N- '
20 mercaptoalkyl-2-pyrrolidone (including N-mercaptoethyl-2-pyrrolidone), N-alkyl-
2-thiopyrrolidone (including N-methyl-2-thiopyrrolidone), N-hydroxyalkyl-2-
pyrrolidone (including N-hydroxyethyl-2-pyrrolidone), the morpholines (including
morpholine, and N-formyl morpholine), the carbitols, C, to C,, alcohols, the

ethers, the amines, the amides, and the esters, and mixtures thereof.

13



pyrrolidone (NWP), NN-di methyl a
pi peridine, Nalkyl-2-pyrrolidon mlma

mer capt oal kyWOS63854 o done (| nc

N al kyl - hi opyr ko
N- et hyl - 2-t hi opyrrol i done) N- hydr oxyal kyl -

pyrrolidone (includi ngN-hydroxyethyl -2- pyrrol i done), the norpholines

(i ncluding | lafd : e
carbitols, (err] to Cf'er r] Aa'ﬁ%%ﬁ%ﬁls%'&?%e ith ERiY WHQEE@H %ﬁ%ﬁ ke
am nes, the anm desPAxRN-methybpyirtlidonasrdN,N-ditnethybadetamidof .

13 WD 99165854 PCTI US99111005

8. A method in accordance with Claim7 wherein said solvent for

TPA Ts N-methyl pyrr ol igdone 0fefod); dq aBEJrice 361 @fﬁxﬂeﬁ wherein sald selective
9. A nmethod in accordance W tﬁ aim 8 wherein said selective
crystallization serysellizafion solveat fom (TIPA maification is NNnethyhpsirrobidone| i done.
10. A method in accordance with Claim7 wherein said solvent for IPA
is N-nethyl pyrrolidone, N, N-dinethyl acetam de, or nethanol.

11. A method in acconganc nihdd iftaédofialt WIRECRI7 ﬁﬂér@m%ﬁih‘é@ﬂlmtff&’fIPA
| PA'is N-nmethyl pyrrolidone. A net hod
accordance wit h CliaNmmdathylpyrelidoneaNMN-dimathyl @Rtamide, or methanol

Il- omell’:”m thyryrzrgi’?&?v%e%fgﬂg(ﬁs

udi ng

1_1. A method in accordance with Claim 10 wherein said solvent for

IPA is N-methyl pyrrolidone.

12. A method in accordance with Claim 1 wherein said crude CBA.

10 oxidizer is operated at 0° C to 150° C under 1 atm to 20 atm pressure.

13. A method in accordance with Claim 1 wherein said CBA oxidizer

is operated at a hydrogen peroxide- t0-CBA mole ratio of 0.5 to 15.
14, A method in accordance with Claim 1 wherein said CBA oxidizer
is operated at a water-to-CBA mole ratio of 0 to 5, using hydrogen peroxide

15 stabilized in NMP as the oxidant.

15. A method in accordance with Claim 1 wherein said CBA oxidizer

is operated at an air-to-CBA mole ratio of 1 to 100, using air as the oxidant.

16. A method in accordance with Claim 1 wherein the reaction

residence time in said CBA oxidizer is 0.1 minute to 6 hours.

14

f or mam de, N—forrryl

5

in



10 oxi di zer is Opef—&t—ed——a{———QE&LL]__C_LO 150 C under | atmto

20 atm pressure. nmet hod i n accordance

with O ai m ivowmgsesan sai d CBA oxi }uﬂy "Ig lu""m mll | s POpAISAY A0St a
hydr ogen peroxi de- to-CBA nole rat

14. A nmethod in accordance with Claim1 wherein said CBA oxidizer

is operated at a water-to-CBA nole ratio of 0 to 5, usi ng hydrogen peroxide
15 stabilized in NVWP.as the oxi dan

15. A method in accottanck wMethad clog; resucing, Srear %PWBW@BWQS‘XI("G%) in
i s operated at an.gifnl.fs Gl (PP 5’%1"89“‘9{ of 3-CarBORbentnidetydi (3-2BAHNM

oxi dant . A method in accordance with Caim
1 wherein the reaisbj:hthahcacidproductioncomprismgm dence tine in said CBA
oxidizer is 0.1 mnute

14 (aS glssolvmg {he crude TPA(or crudeAI]?é)[ W&fo*vgpt ?télc}ulg}’erfamre

4- car hoxybenzal dehyfé&n(af}o@%ac'taabomzsooctofomasoluua@repht halic acid (TPA)
production or 3-carboxybenzal dehyde (3-CBA

i sophthalic acid pr odufh)iadding @nrpmdgmrtg -the said solutlon in (a) to convert a mgmiécg)lt :
of from about 50 ERgR LA GEA IR BTG IRY ST [ on, O O
( b) addi ng an oxi dant td) clyb@llizikg Pufified TPA (oriIPAY ﬁbmtsmdcsemﬁenbyaemmgnne cant
temperature and/or pressure thereof;
10. (d) separating said crystallized purified TPA (or IPA) from said solution;
(e) evaporating the solvent from the said mother liquor from (d);
(D) cooling the said concentrated solution from () to crystallize additional
purified TPA (or IPA);
(g) separating the said crystallized TPA (or IPA) from (f); and
15 recycling the major portion of the mother liquor from (g) to (a) and

sending a minor portion of the mother liquor from (g) to a purge stream.

18. A method in accordance with Claim 17 said oxidant is selected the

group consists of aﬂhydrous hydrogen peroxide in organic solvents, air, enriched

- air, pure oxygen, hydrogen p_eroxide in water, ozone, carbon tetrachloride,

20 trichloroacetaldehyde, hexamine, acetone, cyclohexanone, benzophenone,
cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants, glyoxals, organic

peroxy acids, such as performic acid, peracetic acid, perbenzoic acid, perpropionic

acid, permaleic acid, and perphthalic acid.

15



portion of 4-CBA (or 3-CBA) to TPA(oOr PA;

- . (C
crystallizing purified TPA (or | | ution by reducin e
t enper at ur e V¥AMEBSpr essur e th_er' l!qj“ﬂ!!ﬂﬂll lﬂ L Pc’m}ﬁfﬁl&l’g :
separating said crystallized purifi n(os 1#A) fromsaid sol ution;

(e) evaporating the solvent fromthe said nother |iquor from (d);

(f) cooling the said concentrated solution from(e) to crystallize

addi ti onal : N T8 : :

(g) separating the sai (ljg'cr yét%%%%%i%%f’lﬂ?@ lrsolr%vzl}l t;lsaécll’lé CPg\ (or
recycling the nmaj 8+CRAY dxidant odnsistseofimgdiogen pearapide with Oro § Wt watérstabakizsd
sending a mnor portion of the nother liquor from(g) to a purge stream
18. A met hod i niMBdance with Caim 17 said oxidant is selected the
group consi sts of anhydrous hydrogen peroxide in organic solvents, air,
enri ched air, pure oxygen, hydrogen peroxide in water,
ozone, carbon tetrachl 20. deA méhod in accordance withi(@aiirolHincwhich skidh¢-BA (or
hexam_ne, acetone ohexanone, benzophenone, T
ci nnatral dehyde, dﬁfﬁﬁi?x‘gﬂ%‘fso%ﬁ-de, sul fides, chiral oxidants, glyoxals,
organic peroxy acids, such as performc acid, peracetic
acid, perbenzoic acid, perpropionic acid, pernaleic
acid, and perphthalic 2tid. Amethod in accordance with Claim 17 in which said dispersion

15 9 4. . ° ' °
19, A method i n(IRSOTRARGIPY B 10 89t % teperbifale pld R TRAR g 20 %
isophthalic acid (IPA), and minor amounts of 4-carboxyaldehyde (4-CBA), 3-
carboxyaldehyde (3-CBA) and impurities selected from unreacted starting

)

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

22. A method in accordance with Claim 17 in which said dispersion
(crude IPA) contains 95+ % IPA, 0 to 5 % 3-CBA, and minor amounts of
impurities selected from unreacted starting materials, solvents, products of side

reactions and/or other undesired materials.

15 23. A method in accordance with Claim 17 wherein said solvent for
dissolving crude TPA (or IPA) is selected from the group consisting of N-methyl
pyrrolidone (NMP), N,N-dimethyl acetamide, N,N-dimethyl formamide, N-formyl
piperidine, N-alkyl-2-pyrrolidone (including N-ethyl pymolidone), N- '
mercaptoalkyl-2-pyrrolidone (including N-mercaptoethyl-2-pyrrolidone), N-alkyl-

20 2-thiopyrrolidone (including N-methyl-2-thiopyrrolidone), N-hydroxyalkyl-2-
pyrrolidone (including N-hydroxyethyl-2-pyrrolidone), the morpholines (including
morpholine, and N-formyl morpholine), the carbitols, C, to C,, aicohols, the

ethers, the amines, the amides, and the esters, and mixtures thereof.

16



3- CBA)._ oxi dant consists of hydrogen peroxide with 0'to 5 wt % water
et - aomoomamse v n i o m I Y mmmfA (or BCTUSYIIOS
* il _

3-CBA) oxidant is air. A nmethod in
accordance wwth Claim17 in which said dispersion (crude
TPA) contains at |-east 80 to 99+ %terephthalic acid (TPA), 0 to 20 %

i sophthalic acid (1 PA), and m nor_amounts of _4-carboxyal dehyd 4- CBA), 3-
car boxyal dehyde (3- CBAP4-andAimgihed injascordance MiBClpim, H%F'@&H s‘é‘l’%‘ 9'ng 10

material s, sol venigpy Ny Foyolibior)SRE:G ARtTR. oL her undesir ed

mat eri al s. I'n accordance with
Claim 17 in which said dispersion (crude I PA) contains
95+ %I PA, O to 5 % 3-CBA, ﬁndetgi nor anount s

JHES

Of L o
inpurities selected fréM un & 10, RCEOTdaRes Wﬁ'{'&l?‘g} &4 whgrein said selsetifuct s
of side erystallizatiod &?\?‘eﬁl{ﬁw???ﬂ%ﬁ&atﬁnh@N-M@!ﬂ?Fﬁjxﬁﬂ’idﬂﬁéeri als. 15

23. A nmethod in dccordance wth Cai'm 17 wherein said solvent for -
di ssol ving crude TPA (or IPA) is selected fromthe group consisting of’

N- et hyl ljd NVP). ... NoNe diget hy L tam de.
NNrrgi I%t hyl. for mm de, 2.§\1_ f 0%1[,&%0& moarcl:gor ance)\mml\&.:lalrxb?gg\f&‘%e%gaﬁg soel\%n(g?dr
N-al kyl - 2-pyrrol i gpRes ﬂlrﬁkﬁhﬁ?}yﬁgliwlhﬂ-dﬁﬂl{ﬂhééi@ﬁﬂi,,orl}heﬂlanol.

In

mer capt oal kyl - 2- pyrrol i done cl udi ng N-ner capt oet hyl - 2- pyrrol i done),

N-al kyl - 20 2-thi opyrrolidone (including

N- et hyl - 2-t hi opyrrol i dgne), 0, -2 . e e
pyrrolidone (includi nggﬁ'hydﬁo%tg%{‘gglnl &é&lslﬁcreéﬁ?‘ olne ?Gtvﬁleeterlr%?aﬁ (s)crly%négor
(1 ncluding IPA is N-methyl pyfrolidladlel ne, and N-fornyl norpholine), the
carbitols, Cerr] to (Jerr] alcohols, the ethers, the
am nes, the am des, and the esters, and m xtures thereof

16 28. A method in accordance with Claim 17 wherein said crude TPA (or

10 IPA) dissolver also serves as CBA oxidizer and is operated at 50° C to 250° C
under 1 atm to 20 atm pressure. '

29.  Amethod in accordance with Claim 17 wherein said crude TPA (or
IPA) dissolver also serves as CBA oxidizer and is operated at a hydrogen
peroxide- to-CBA mole ratio of 0.5 to 15.

15 30. A method in accordance with Claim 17 wherein said crude TPA (or
IPA) dissolver also serves as CBA oxidizer and is operated at g water-to-CBA
mole ratio of 0 to 5, using hydrogen peroxide stabilized in NMP as the oxidant.

31.  Amethod in accordance with Claim 17 wherein said crude TPA (or

IPA) dissolver also serves as CBA oxidizer and is operatéd at an air-to-CBA mole

20 ratio of 1 to 100, using air as the oxidant.

17



X\Dmg%ggS:S;l accordance W th Elcl:,@ﬂmmammwﬂlb S‘OI vent for 24

TPA is N et WP9%8385¢ ol i done or NN:dinethyF atetan de. PCT/US99/11005 .
25. A nmethod in accordance with C aim 24 wherein said selective
crystallization solvent for TPA purification is N-nethyl pyrrolidone. 5
26. A nethod in accordance with C aim 23 wherein said solvent for

| PA is N-nethyl pyrroli,dJone, NN;dinrethyl .ace ' L t hanol . .

27. A nmet hod in accor3 g’ancé I\P\ngthﬂ& gférlﬂr%&m\’gﬁeeﬁi% gli7dW %'F’\?eﬁf Ipgspon

| PA is N-nethyl pyesidehietineof oxidant in said crude TPA (or IPA) dissolve? Svhich ésg@iveed in -
accordance with daim 17 wherein said crude TPA (or 10 | PA)
di ssol ver al so serayEBAexidize ipQl ainwte 6 BOYS operated at 50[err] Cto 250 C
under | atmto 20 atm pressure. . 29. . A net hod

I n accordance with Caim17 wherein said crude TPA (or

| PA) dissolver also se8es AaméiRéd imxdcdordarice avith Chainy ) ewlmrein s&itl crudayCBAgen
peroxi de- to-CBA nole ratio of 0,5 to . 5 - 30, A
met hod® i n accor da%@%ﬁ!wp@aéﬁdrﬂ?c(gc\mé&&q\“%déf&Iaﬁ‘i‘%ﬁeat?me-‘(sb}’fe- '

| PA) dissolver also serves as CBA oxidizer and is operated at a

wat er -t o- CBA _ nmole ratio of O to 5, using hydrogen

peroxi de stabilized in3fHVP Agndthed inacaedance with Claim 1 wherein said CBA oxidizer 31.

A nmethod in accordance wth . .Cl.aim 17 wherein said crude TPA (or

| PA) di ssol ver al JHORSEYiEAa ahydeeash perexy %-é?~%n110 "Btb‘b?tga'@ ‘at an air-to-CBA

nol e 20 ratio of 1 to 100, using air as the oxidant.

35. A method in accordance with Claim 1 wherein said CBA oxidizer
is operated at a water-to-CBA mole ratio of 1 to 5, using hydrogen peroxide
10 stabilized in NMP as the oxidant. |

36. A method in accordance with Claim 1 wherein said CBA oxidizer

is operated at an air-to-CBA mole ratio of 1 to 20, using air as the oxidant,

37. A method in accordance with Claim 1 wherein the reaction

residence time in said CBA oxidizer is 1 minute to 5 minutes.

15 38. A method in accordance with Claim 17 wherein said crude TPA (or
IPA) dissolver also serves as CBA oxidizer and is operated at 100° C to 180° C '

under 1 atm to 5 atm pressure.
39. A method inaccordance with Claim 17 wherein said crude TPA (or

IPA) dissolver also serves as CBA oxidizer and is operated at a hydrogen

20 peroxide- to-CBA mole ratio 2 to 5.

18
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PCTUS99J1 1005 A th d d
g et o o SN I, et enetdiies ™

as CBA oxidizer is 0.1 mnute to hours 33.
A nmethod in accordance with Clalml wherein said crude CBA 5

oreasare, ° o7 2o . 2OLEHeh o kol SghEt e Cytb ol B S B,

Caim1l wherein spig ?dgg&v%éﬂ gefVes as CBA ox1d1zer and is opetafed? @/ vdt&koatBA
hydr ogen peroxi de- {o-CBA nole ratio of 2 to

35. A nethod i rmelssasicfride Swhsing mrchpeﬁnjpmeestalb%ﬁddnm}’ axthgioxidant.

is operated at a water-to-CBA nole ratio of 1 to 5, using hydrogen peroxide
10 stabilized in NW as the oxidant.

36. A nmethod in accmdanczem\ahbhnﬁcwmxﬂcemmmmHavm&mx@mdnmm

is operated at an air-to-CBA nole ratio of, 1 tqo 20, usjng air as the

oxi dant . IPA) dissolver also serves as CByyoxidizer andiisep¢rated af an avrtorkBa mplen °
Sx?ldrnzerl :/\lgerlelmnnlrl:jl go ﬁ?dmgﬁagagastheomdaﬂt- residence tinme in said CBA

42. A method in accordance with Claim 17 wherein the reaction
residence time of oxidant in said crude TPA (or IPA) dissolver which also serves

as CBA oxidizer is 1 minute to 5 minutes.

19



15 : 38. A nmethod in accordance with C aim 17 wherein
said crude TPA | PA) dissolver also se 16BA

oxi di zer ana"(?%"gﬁf%r ated at 100 C to 180[err] C Bﬁﬁsﬁu%er
atmto 5 atm pressure. , 39. A nmethod in
accordance with Caim17 wherein said crjzge 'TP_A (or | PA)

di ssol ver al so serves as CBA oxidizer anll is operated at a hydrogen 20
peroxi de- to-CBA nole ratio 2 to 5.

18 WD 99/ 65854 PCT/ US99J11005
40. A nmethod in accordance with Claim 17 wherein said crude TPA (or
| PA) dissolver also serves as %Acom dizer and is operated at a T
wat er -t o- CBA w ondFeyatio of 1 to 5, usi ng hydrogen—p roxi de
stabilized in NVP as thegoxi 41 % hod
in accordance with dai f?17 wh sai d
| PA) di ssol ver al so| ser xi di Ze B Pé o- CBA
nol e ~ jxral@ ﬁ us%u .
42. A net hge— &F ¢ '(r-m-l A
residence ti jo- da S de T r whiciBal so
serves - 2 ipb edd
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