WO 03/ 022791 PCT/ EPO2/ 10002 1 Process for the preparation of

2, 6- napht hal enedi carboxylic acid The invention relates to a process for the
pr epar at iwo 03f022296- napht hal enedi carboxylic acid (2, 6- NDAPCIrEPa/geonver al |
yi el ds and high purity by oxidizing 2, 6-di nmethyl napht hal ene 5 (2, 6- DWN)

wi th an oxygen containing feed gas in the presence of a catal yst.

2, 6- Napht hal enedi carboxylic acid is an I; nportant commercial product, mainly

used as Pyrocd@¥eFhe prephPatid S enhphtiaienaicieidxylieaeidnapht hal ate (PEN). PEN
is a polyester prepared by reacting ethylene glycol and 2,6-NDA or its

di al kyl ester and has many inportant 10 commerci al applications like filns
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Ef ficient production of high quality PEN requires high purity 2,6-NDA and
the absence of by products such as 6-fornyl-2-naphthoic acid (6-FNA) or
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(6-MN) or over-oxidized polybasic acids like trimellitic acid (TMA).
TMA, 6-FNA and 6-MN contents have a strong and adverse modifying effect on degree of
polymerisation and molecular weight distribution of PEN. Furthermore, TMA forms
20  insoluble complexes with catalyst metal ions and reduces the catalyst content during
oxidation step, diminishing the possibility of recycling the reaction mixture after separation

of the product from the mother liquors. TMA-metal-complexes precipitated together with

2,6-NDA are difficult to separate from the latter.

25  To fully exploit the potential market of PEN it is very important to develop a competitive
process for the oxidation of the preferred raw material 2,6-DMN to 2,6-NDA in high purity.

EP 439007 A2 discloses a process for the production of 2,6-NDA which comprises
oxidizing a 2-alkyl-6-acyl naphthalene with molecular oxygen-containing gas in the

30  presence of a catalyst containing cobalt, manganese and bromine.
EP 439007 A2 starts with a partly oxidized compound and doesn’t disclose a procedure for
the oxidation of 2,6-DMN.//
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CONFI R(VATI ON COPY WD 03/ 022791 PCT/ EP02/ 10002 2 US 3 856 855 discloses a
process for the oxidation of nono- and di net hyl napht hal enes which

conpri seswoxB@2zbng t he substituted napht hal enes in aceti ®@Cagipdz/swbryent in
the presence of a three conponent catal yst containing defined anmounts of a
cobalt compound, a manganese conpound and a brom ne conpound. 5 US 3 856
855 specifies that at tenperatures exceeding 180 C dark col oured products
are obyai negs g%jdisgloﬁe% d 1%9(96%§ fcﬁ!tﬁ‘ 6)8dé)cmn§5f@n&1ﬁe ahd'§B48fnaphthalenes

napht hal'enecar boxyl1c acids I n |geh yl el ds. Low reaction tenperatures on
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for oxidation of 2,6-DW to 2,6-NDA are at about 86% US 4 933 491 is
di r e&t edJS D 858X rksifics thas pbleapsratises exrecding 480 1o dakicodougebRdes ateude

2, 6- NDA (exanpl es, .1.and nd..f. i fi ' - 2eo8- NDA
(exanpl é’g’? egpc?ngitslsﬁposfﬁée ex%%%ﬁé%ﬁﬁ{egnégggdkg%gﬁg%@ﬁ {raglgied?irlr% |ﬁ1§§s) don't
ment i on yidMs. Dyyaenctiant@pératuiestdrethe sthatisindgacan MResloin sactioowetds amd hagrdres 1
and 2 don't nention possibly . differenf results o 1 repetitians. TMA
cont ent 2meuak Sipteanclisie gxidation pigdegss Elé?r?a& %P‘YSWET"}BB{%‘F‘V%%%&'F NfSIaﬁ?‘d US 5
183 933 %Qﬁﬁ' | 81%i O %46 AWHi O ar€ PRGichiaPY YetrBherkdl§n B ér243ti0h redc@ortNIbr
starti nglj1§ ro{r%ﬂ%%égéélgmlal n 2?{3 Cefagpleés %xygen e?g)%\l}tﬁgi ni nlg ras is supplied
so tibat villienh DENGRA is osmic Bastryaeldoreppried foe omidatiors of Y6V @ LG NEA B afol une.
Al'l exanpl es ature at least formation of 2.5% (25000 ppn) TMA by- product
whi ch h&8o¥$0K® renoved after the separation of the product. US 5 183 933
states that the presence of TMA anong the by-products is very detrinental
to the efficiency of the catal yst system because of the 25 formation of
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rate. 30 US 5 648 is directed to a prqcess.for “QF (Phoducti n off
t er epht lexhaust gas Besiisshowed in Tables 1 and 2 don’t mention possibly different results o

the repetitions. TMA content in examples 1 and 2 is 24200 ppm and 8900 ppm respectively.

US 5 183 933 specifies oxidation conditions for the production of 2,6-NDA starting from

20  2,6-DMN. In all examples oxygen containing gas is supplied so that the oxygen
concentration in the exhaust gas is 4 to 6% by volume. All examples feature at least
formation of 2.5% (25000 ppm) TMA by-product which has to be removed after the
separation of the product. US 5 183 933 states that the presence of TMA among the
by-products is very detrimental to the efficiency of the catalyst system, because of the

25  formation of manganese-TMA (Mn-TMA) salts which are insoluble in the reaction medium
and increase the consumption of catalyst. Mn-TMA salts form a precipitate with 2,6-NDA
and are hard to remove from the product, furthermore this precipitation diminishes the

amount of available catalyst and its recovery rate.

30 US 5763 648 is directed to a process for the production of terephthalic acid which
comprises oxidizing p-xylene with a molecular oxygen-containing gas in the presence of
sodium hydroxide and a catalyst containing cobalt, manganese and bromine. In all examples

oxygen containing gas is supplied so that the oxygen concentration in the exhaust gas is 6%



conprises oxidizing p-xylene with a nol ecul ar oxygen-containing gas in the
presence of sodi um hydroxi de and a catal yst containing cobalt, nanganese
and bromwe.o3kom7al | exanpl es oxygen containing gas i s suppriEpd2/smo: hat t he
oxygen concentration in the exhaust gas is 6% WD 03/022791 PCT/ EPO2/ 10002
3 by volune. Although the oxidation of 2,6-DMNto 2,6-MDA is nentioned as
an applicable field of use of the invéntion the disclosed process provides
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% Reduced formation of TMA and | ess content of netals in dried 2,6-NDA is
clained conpared with prior art. However, the amount of TMA in the crude
2, 6- NDAWE-A h93@2642 desaries the ogideton of U6HMYpmitkampresanee pbe gatalifilt al anount

is in the.range ,of. 1400 to 3200 m r eQv ] i ensi ve due
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and about 10 vol. % at .the end.of the Xi dati on,proce 20 GB 13..84 110
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obtain gag céb?k dsing b Ilﬂ-bg._léxgéﬂé% cBprb%éht of iR dARllc gyddeh® of 2,6-DWN to

acetic aci olvent™ 1s maintained at |east at 1:100 and preferably at

| east at 1:200. Due to the high dilution the process is disadvantageous
fromthe econom c point, of .view and jn spit f -Ni I i 25 the
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[Catal ysis Today 23( 1995) 69-158] an px_y%nen content in_th 0/ex haust gas
bet ween the oxygen content measured in all examples is in the range of 1.8 to 2.2 vol. %.

JP-A-2000-143583 discloses a batch process, wherein the oxygen content in the dry exhaust

gas stream is about 2 vol. % during oxidation and about 10 vol. % at the end of the

oxidation process.

20

GB 1 384 110 describes the oxidation of very diluted solutions of 2,6-DMN in order to

obtain good yields and high crude purity. The molar ratio of 2,6-DMN to acetic acid solvent

is maintained at least at 1:100 and preferably at least at 1:200. Due to the high dilution the

process is disadvantageous from the economic point of view and in spite of the high dilution

25  the yield of TMA is always above 3%.

In all cited patents and patent applications as well as standard publications like W. Parten-
heimer [Catalysis Today 23( 1995) 69-158] an oxygen content in the exhaust gas between 4
to 5% is prefer. None of the cited documents discloses a process for the efficient oxidation

30  of2,6-MDN to 2,6-NDA with almost complete suppression of the formation of over-
oxidized by-products.



to 5%is prefer. None of the cited docunents discloses a process for the
efficient oxidation 30 of 2,6-MDN to 2,6-NDA with al nost conplete

suppr essiwp 00f0227be formati on of over oxidi zed by- product sPCWBPOB10O22791
PCT/ EPO2/ 10002 4 The technical problemto be solved by the present
invention was to provide a selective and high-yield process for the
production of 2, 6-naphthal enedi carboxytic acid from 2, 6-
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of objectionable by-products, in particular trinellitic acid. 5 According
to the pighsgnkd frosesnfardhe prodiigtioprafBltenarththnlanedisadbekviiaadd frome2.pr ocess of
claim11.. 10 Th resent .i.nvention. i.s direc for the

pr epar afjf’B‘ﬁgiﬁlPa ,tgql?%%‘foﬁ P%%qr-odcil%ag%&éfq%n%ggé gf %ﬁ{r:ﬁ%ﬁ)? tsgﬁase oxi dat i on
of 2, 6- dbfEelibbhHoNapNploALER Ein pafithlar Hirhellid} acid. oxi dation step in a first
reaction zone conprising reacting a mxture conprising aa)

2, 6-8i met hyl napht hal ene ab) a sol vent conprising at |east 15 i) an

nonocar boxylic acid selected fromthe group consisting of formc, acetic,
propionic, butyric or isobutyric acid, benzoic acid and m xtures thereof,
and i )Acesideig @ahe presaitahyentiosytsis @roldanas biengobveby daigroodss obblaim 1.
manganese and brom ne, and an oxygen containing feed gas, 20 b) optionally
a post-oxidation step in a second reaction zone, and c) an isolation step
of the product 2, 6-naphthal enedi carboxylic acid, wherein during the

oxi dation step the flow rate of the oxygen containing feed gas introduced

i nt a0t h&@hkipresentriemettionris dwented © argeasatardhs prepuetiomoid§-nepkibalere oxygen

content of the .dry . . exhaust, gas_.does XC . unme. 25 The
af or esaidtrFyPIlic 3%‘8 bé’él%‘hcapl?ag%ﬂ 3%0%%65_%%(3% gggrﬁgﬁglge?réo@{n%ﬁéf erent.

Sur pri si ngl Y g) o8 ER SEPMGEMEN RADA Zofle thiapisihatattigasmittinetcotdgeisingot
exceed 1 vol.” % leads to unexpect ed high-yield formation of high purity

2, 6- NDA acconpami ed6piimgthylnaphthalene

ab) asolvent comprising at least
15 i) an monocarboxylic acid selected from the group consisting of formic, acetic,
propionic, butyric or isobutyric acid, benzoic acid and mixtures thereof, and
ii) water
ac) acatalyst system comprising compounds of cobalt, manganese and bromine,
and an oxygen containing feed gas,
20 b) optionally a post-oxidation step in a second reaction zone, and
¢) an isolation step of the product 2,6-naphthalenedicarboxylic acid,
wherein during the oxidation step the flow rate of the oxygen containing feed gas introduced
into the first reaction zone is regulated in such a way that the oxygen content of the dry
exhaust gas does not exceed 1 percent by volume.

25

The aforesaid first and second reaction zones may be the same or different.

Surprisingly, an oxygen concentration in the exhaust gas which does not exceed 1 vol. %
leads to unexpected high-yield formation of high purity 2,6-NDA accompanied by a

30  minimum content of over-oxidized by-products.

The ratio of 2,6-dimethylnaphthalene to solvent in the process is preferably in the range of

1:4 to 1:12 by weight.



30 m ni mum content of over-oxidized by-products. The ratio of

2, 6-di met hyl napht hal ene to solvent in the process is preferably in the
range of wo:04/022991: 12 by wei ght. WD 03/ 022791 PCT/ EP02/ 10®@02/EPS2/Resf er abl y
t he nmonocarboxylic acid in the solvent is acetic acid. In the process
according to this invention the reaction m xture may contain water in the 5
range of about 2 to 20% by wei ght, prefferably about 2 to 10 % by wei ght.
This includes the anount of water which is fornmed in the oxidation
reaction either in a batch, sem continuous or continuous process. Cobalt
and nmandgasfessbl¢ thiepoomdarboanlibecid idibp solsenttis yoetibpdidoxi des, the salts of

nmono- 10 carboxylic acids as defined above, inorganic acids, and m xtures
thereof. Preferably salts of inorganic acids of cobalt and nanganese may be

e. g. halj,qgs roeéstsra@&&&r%rto tHY tvetistede roMatiGhmatt@reSRAy e reaih vatdien gl vent . 15
In a preferred enbodi nent salts of cobalt and na&ganese conpounds are

acet at esangsy giabdut2 t?0%iby rvesighd, prefesrhilnebant o Lh ds by weiehe Tdviyiasigenibem n e
conpounds 1t gf]wa{ w%lchglrs f(? n%ﬂ%‘ ‘ﬁ% o%c!la?gﬁg%a(étlo}? ér?ﬁsgr ﬂgg bgtgﬁ' t s%ﬁl? o'ﬁgn&?% or eof .

car bon é? rom ures

In a preﬁebﬁ@ﬂxe@@ﬂﬂmgent brom ne conpounds are sel ected from hydrogen
brom de, amoni um brom de, cobalt brom de, manganese brom de and m xtures
thereof. 25 The atomic ratio of cobalt to manganese added to the reaction

zones | S(E(ﬁ{a'lﬁ a‘ﬁﬁqll?z%{é &etcgfélgggfd}%?m 18 1ri'de§er¥d@nt]ry gdﬂjﬂﬁieﬁ aht Qa18fo f%{gﬁl t to

2, 6-di napht ene a to the reaction'zones 1s preferably in the
rangée ofcaﬂ)o&yhoa&d5% definediahbive, irpaganid @ids arbmettaree thteagofcobal t. 30 The

wei ght ratio of bromne to the sum of cobalt and manganese content added to
the reaction zones is preferably in the range of 0.4:1 to 1:1, calcul ated

as el engiitalayie balstof indfeAifla RS o Pehak hRdhiARgan¥ée M3Y 82 ¢.69Ralkied,/ Hiirkied 40002

hydroxides, which are soluble in the solvent.

15  In a preferred embodiment salts of cobalt and manganese compounds are acetates, bromides

or nitrates.

Bromine compounds can be organic bromine compounds, e.g. linear or branched aliphatic
bromides containing 1 to 6 carbon atoms, hydrogen bromide, inorganic bromides, or

20  mixtures thereof.

In a preferred embodiment bromine compounds are selected from hydrogen bromide,

ammonium bromide, cobalt bromide, manganese bromide and mixtures thereof.

25  The atomic ratio of cobalt to manganese added to the reaction zones is preferably in the

range of 1:2 to 1:5.

The ratio of cobalt to 2,6-dimethylnaphthalene added to the reaction zones is preferably in
the range of 0.5 to 2.5% by weight, calculated as elemental cobalt.

30
The weight ratio of bromine to the sum of cobalt and manganese content added to the
reaction zones is preferably in the range of 0.4:1 to 1:1, calculated as elemental cobalt,

manganese and bromine.



6 The oxygen content in the dry exhaust gas is preferably regul ated such
that it does not exceed 0.7 vol. % 5 The oxygen containing feed gas can
be pure owpges227ai r, oxygen enriched air, oxygen contai niPag/EPOZ/I®YEN OF a
gaseous m xture of oxygen containing gases. The total pressure in the
reactor may be sufficient to keep the solvent in the |iquid phase,
preferably in the range of 6 to 28 bar¢6 10 For mmintaining a suitable
reaction rate, directing the selectivity of oxidation to the desired
product, avoi di ng darkening of the reaction product and reducing the
conbust iThe ob@gm afntdrinén theakry exttaustas av fyeferabky thgslatadewmch tlwhittdenpretat ures are
preferably m_i nge of 150 to 225 C, nore preferably in the range of
190 to Zxeeegl EOlT reaction may be carried out in a batch, sem continuous
or in a continuous node. In the continuous node after separation of
2,6-NDA, the nother liquors are eferably recycled to the reactor. 20
The 6ontRwtoxygeRediimiagifeed the can E@purp OBHERR: A ONYREh BRTIGhed AT} FKSIEEBWN
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exceedi ng 99% even in the crude product Formation of the main by-product

TMA is very nuch reduced to a content_| ess than 20 min the crude
2, 6- NDA. Theptabpiessure WtherEsagior awtbesbiiicient frokeep fhes q‘égkeé‘} {heligitid Rhage. ot

abou_t 1339%f8&%lyi?ﬂﬂera%§e5%t&9éBéif of the crude is nmuch |ighter than that

obt ai ne processes “operating at higher oxygen partial pressures. The
| owl0xygen concentration avoi ds over-oxidation and reduces formation of

TMVA. Cat aI yst, actlwt served..an fore, a un

parti al 5Pt MARGINES ﬁ%ﬁ:&gﬁg 0 1gtpy iregts 91?%&’&7616 l‘ﬂgfpﬁ%éﬁiagogg?nﬁj (C%Sllt—fiQA) and
6- met hyl5; G RaRlbiig LdarRéiifl 66thi&MNaction pRdEaEd réficiipahe @th&ﬁdn@atysfﬁies of
2, 6- NDA obt al’ned accordl ng to the present invention have gher ur| ty and

| ess metsalveubtm)toerhontvefms@?@fonrtélﬁn%réﬂﬂﬁswwf%ﬁblﬁfin thegan 3t s of
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15
The reaction may be carried out in a batch, semicontinuous or in a continuous mode. In the
continuous mode after separation of 2,6-NDA, the mother liquors are preferably recycled to

‘the reactor.

20  The content of 2,6-NDA in the crude product is higher than in known processes. Operating
according to the above preferred conditions, it is possible to obtain 2,6-NDA in total yields
above 97% with a purity exceeding 99% even in the crude product. Formation of the main
by-product TMA is very much reduced to a content less than 200 ppm in the crude
2,6-NDA. Moreover, the metal content in the crude is very low, e.g. at about 100 ppm, and

25  the colour of the crude is much lighter than that obtained by processes operating at higher
oxygen partial pressures. The low oxygen concentration avoids over-oxidation and reduces
formation of TMA. Catalyst activity is preserved and therefore also the amount of partially
oxidized by-products like 6-formyl-2-naphthoic acid (6-FNA) and 6-methyl-2-naphthoic
acid (6-MN) is reduced.

30  Precipitated crystals of 2,6-NDA obtained according to the present invention have higher
purity and less metal content because of reduced formation of e.g. manganese salts of TMA,

which are insoluble in the reaction medium.



7 All exanples disclosed in prior art exhibit an al nost 10-fold anount of
the by-product TMA and netal residue in the main product 2,6-NDA induced
by over-owpDdawexpmt The invention is illustrated by the folPCo®Pnz10002
non-limting exanples. 5 All exanples in the present invention were carried
out in a reactor in which the distance between the inlet for an oxygen
containing gas and the surface of the rgaction solution in a static state

was ad] uﬁtﬂee\?\(lgéa%beg?ifisz:lo%g% 1%%{}%&&’@1 &ngalgowmwgﬁm'o?ﬁ{é)@xdﬁohﬁﬁai%ﬂ The

experi nmen or ne t1tani um aut ocl ave equi

ef f i ci entindstnietal resilue interthaagramd2 DA inditcad hy|0lVﬂl€05fldat1(tl’he condensat e,
feeding lines for air and 2,6-DMN, tenperature and pressure control,
on-line anal yzers for oxygen, CO and CO2 in the exhaust 15 gas. In the

aut ocl avepefRndidH fsqwﬁ%d%zthgf&fovﬁﬁ@ﬁérﬁhﬁﬁﬂnﬂké)&’ét% s content 5% w), 2.98
g of cobalt acetate tetrahydrate, 9.44 g of manganese acetate tetrahydrate

and 15 73Adl expmpasin ﬂlelmmt)mveletlonme a@nn@d Ioatﬂ@ aggecter moulich iy distanceégen was

fed to renmpve nperature. a ressur i C and
27" bar_ uFRou Feipieh BTG R S0 G BB HloSR S et A hGRR Gy 7
2, 6- DIVN, stiBPktateivdshjusadditemestoat.e at 120 C, were fed in two hours by a
heated netering punp. Air flow was regul ated through a mass flow neter in

order to maintain the oxygen concentration in the dry exhaust gas bel ow
0.7 vol %&g,yee{ age 0.5 vol. 9%, nmeasured by on-line oxygen analyzer. 25
After tvvo% rs 2,6-DW feed was stopped and an oxygen containing gas (5 to
8 vold %R Wypjﬂm)llemdlchelmbzdyma&ﬁ m nutes. This post oxidation step is well
known in the art (e.g. US 5 183 933) and reduces the anmount of partially
oxi di zed conpounds |ike 6-FNA wi thout substantially increasing the anount

of TMA i frt Q)‘?pe?lrn%iil‘t' Glas p&irb@hedqRalll E‘Qtaﬂﬁﬂﬁ‘ aﬁt@cl’é@@é’ﬂLﬁﬁiﬁdQﬁﬂ{ SifieANdirring,
depressurising to anbi ent pressure, th 30 reaction products were anal ysed

by Hi gh Prebeadreontenser, dembmmﬁ)o@m&ph@ens@ic, isedjnailioes ooesanéAtosDMphe

b? n \F/) re {)3 Iug %P%zang\élr\lessure con{ra, 815- mg Qrgalyzersafor %k?gecrils C@c an%eéd) Eld[hg )891'{!&[ and

15  gas.
In the autoclave were introduced 512 g of acetic acid (water content 5% wt), 2.98 g of
cobalt acetate tetrahydrate, 9.44 g of manganese acetate tetrahydrate and 1.73 g of
ammonium bromide.
The autoclave was closed and nitrogen was fed to remove air. Temperature and pressure

20  were increased to 205 °C and 21 bar under stirring before starting 2,6-DMN and air feed.
57 g of 2,6-DMN, kept in the molten state at 120 °C, were fed in two hours by a heated
metering pump. Air flow was regulated through a mass flow meter in order to maintain the
oxygen concentration in the dry exhaust gas below 0.7 vol. % (average 0.5 vol. %),
measured by on-line oxygen analyzer.

25  After two hours 2,6-DMN feed was stopped and an oxygen containing gas (5 to 8 vol. %
oxygen) was fed for 30 minutes. This post oxidation step is well known in the art (e.g.
US 5 183 933) and reduces the amount of partially oxidized compounds like 6-FNA without
substantially increasing the amount of TMA in the product.
After cooling down to room temperature and depressurising to ambient pressure, the

30  reaction products were analysed by High Pressure Liquid Chromatography for organic
components. The conversion of 2,6-DMN was complete and molar yields of desired product

and by-products were:



WO 03/ 022791 PCT/ EPO2/ 10002 8 Conpound Yield 2,6-NDA 97.1 % TMA 1. 0%
6-FNA 0.2% 6-MN <0.1 % others 1. 7% After filtration the crude 2, 6- NDA
filter cake max7wmshed with an equi val ent wei ght of acetiPcTaPIZII®ONt ai ni ng
5% wt water and dried. The dried solid was anal ysed by high pressure 5

| i qui d chromat ography (HPLC) for organic conponents and by inductively
coupled plasma (1 CP) to detect the anouht of netals. The conposition of the
dried solid is shown below. Conmpound Yield 2,6-NDA 99.3 wt% TMA 150 ppm
6- FNA 0.11 wm % oth S 0 6 wt%to@ netals 70 ppm Exanples 2 to 4 10

2, 6- Napht hal enedi car acid general procedure of exanple 1 was
repeated wth variati the o°srt|on of the reaction m xture,
experinmental conditi ons resul é’re sumarised in Table 1. Mainly the
feed gas fl ow was regul @ina °that t he oxygen concentration in the
dry exhaust gas 15 was I@eMN bel owW0d.% vol . % Exanple Cl (conparative)

2, 6- Napht hal enedi car boxytliess aci d 20/ he general procedure of exanple 1 was
repeated with variations in the conposition of the reaction m xture,

experinme condr i ons are su rrse in Table 1.. Mainly the
feed gas™ %F‘b‘f}\}t’iﬁrﬂgn 1??9“(511%628 ﬁﬁgfﬂ&éﬁ TS YHECOXY YR e@BW@LeH{ WﬁltgF‘/ﬁ?tpi n the
dry exhaygtic 488 coMdmikeps i witeLantQdried”The dried sohd was analysed by high pressure

5  liquid chromatography (HPLC) for organic components and by inductively coupled plasma

(ICP) to detect the amount of metals. The composition of the dried solid is shown below:

Compound Yield
2,6-NDA 99.3 wt%
T™A | 150 ppm
6-FNA 0.11 wt%
others 0.6 wt%

total metals 70 ppm

Examples 2 to 4
10 2,6-Naphthalenedicarboxylic acid

The general procedure of example 1 was repeated with variations in the composition of the
reaction mixture, experimental conditions and results are summarised in Table 1. Mainly the
feed gas flow was regulated in a way that the oxygen concentration in the dry exhaust gas

15 was kept below 0.7 vol. %.

Example C1 (comparative)

2,6-Naphthalenedicarboxylic acid

20  The general procedure of example 1 was repeated with variations in the composition of the
reaction mixture, experimental conditions and results are summarised in Table 1. Mainly the
feed gas flow was regulated in a way that the oxygen concentration in the dry exhaust gas

was kept at 4.9 vol. %.



WO 03/ 022791 PCT/ EPO2/ 10002 9 Exanple C2 (conparative)

2, 6- Napht hal enedi car boxylic acid The general procedure of exanple 1 was
repeat ed wibtob/og2gpi ati ons in the conposition of the 5 reac®PCOEPIR/XI00Z €,
experinmental conditions and results are summarised in Table 1. Mainly the
feed gas flow was regulated in a way that the oxygen concentration in the
dry exhaust gas was kept at 6.0 vol. 9% Table 1 10 Exanple No. 1 2 3 4 C
C2 Reactg 7 0 (95% wt) [g] 512 512 512 512 512 512 2, 6- DWN
[g] 57 4?%@%@%@?‘%@@2,6-% [w/wt] 9 11.9 9 6 9 6 Co(QA02. 4 H20

[ g] 2.98 2%-NaphtlialeieddGirBo9dicZcid M (OAc)2.4 H20O [g] 9.44 10.36 10.30 9.44
9.44 7.77 NH4Br [g] 1.73 1.90 1.73 1.73 1.73 1.42 Tenperature [C] 205 215
205 205 205 195 Pressure [bar] 21 21 21 21 21 21 02 in exhaust gas [vol.
%4 0.5 0.18% enéralpBcdiide 6f SanfpdY @as k&pRateddvithORrid@chs iR helddhpbeioh @@ theYi el ds
in reaction mxture 2,6-NDA yield [nol %4 97.1 95.9 97.0 96.5 93.8 94.4
Cont eft  irpaciph aeixere ¢apFimeNpAopdibbnsgndogsitsgage gnggargsed dn Talgg 16Mainlp thetva

hhet s et 95 5 g BRE0R ol ye Bipetokehpfonibfl &Rt fa G 650

4950 was kept at 6.0 vol. %.

Table 1
10
Example No. 1 2 3 4 C1 C2
Reaction parameters '
AcOH (95% wt) [g] 512 512 512 512 512 512
2,6-DMN [g] 57 43 57 85 57 85
AcOH/2,6-DMN [wt/wt] 9 11.9 9 6 9 6
Co(OAc)4 H>O [g] 2.98 3.27 2.17 2.98 2.98 2.45
Mn(OAc)4 H,O [g] 944 | 1036 | 10.30 9.44 9.44 7.77
NH4Br [g] 1.73 1.90 1.73 1.73 1.73 1.42
Temperature [°C] 205 215 205 205 205 195
Pressure [bar] 21 21 21 21 21 21
0, in exhaust gas [vol. %] 0.5 0.65 0.6 0.6 4.9 6.0
Conversion [%)] 100 100 100 100 100 100
Yields in reaction mixture
2,6-NDA yield [mol %] 97.1 95.9 97.0 96.5 93.8 94.4
Content in dried crude
2,6-NDA [mol %] 99.3 99.0 99.3 99.1 98.6 97.6
TMA [ppm] 150 0 130 114 | 1820 | 15400
6-FNA [mol %] 0.11 0.11 0.11 0.17 0.11 0.25
Others [mol %] 0.6 0.9 0.6 0.7 1.1 0.6
Total metals [ppm] 70 90 118 69 650 | 4950




WO 03/ 022791 PCT/ EPO2/ 10002 10 dCains 1. Process for the preparation of

2, 6- napht hal enedi carboxylic acid by liquid phase oxidation of

2, 6- di retwolonapttphal ene, conprising 5 a) an oxi dati on stepCirrEra2/iinst
reaction zone conprising reacting a mxture conprising aa)

2, 6-di met hyl napht hal ene ab) a solvent conprising ii) an nmonocarboxylic acid
selected fromthe group consisting of flBrnic, acetic, propionic, butyric
or isobuly4ikds acid, benzoic acid and m xtures thereof, and 10 iii) water
ac) a catal yst systen1conprising conpounds of cobalt, nmanganese and

brom ne, and an oxygen containing feed gas b) optionally a post-oxi dation
step in cond re ctlon one nd I S e the pr oduct

2, 6- naph? h?%%eéaf‘%?ar Brewra 10%181;76% Cal lgl}eedlwar lc ac1? gql%(mdd%l} ron step the

flowrate Qiq&ﬂ@nQxygamnﬁﬂﬁﬂ@#ﬁﬂﬂ@néQ@ﬂqﬂ@@g |ntroduced into the first
reactlon zone is regulated . in such a way that the oxygen content of the

dry exhaust gB€m tlﬁﬁﬁte@k%étﬁéstie%ﬁ?%é‘?ﬁe YPYiSINgFEACIRE aTRIXSE SRBRESIBE

claim1l, vvhere th236rd R met hyl napht hal ene to solvent is in the
20 range of 1: g‘}‘%ﬂy II) ]ﬁaﬁe&g The process of claiml1l or 2, wherein

t he nnnocarboxy%bc %mﬂvbﬁsommmmng acid. 4. The process of any of clalns 1
to 3, V\herelnthejreactlon mxtur nc‘t}% 1S ter |nthsg gfraneof 2to
20% by vl ght ,  PPerBrABISFBOEI g fRJeet B thesroph Sons ivead fafmG gt
claims 1 to 4, whergbpiohReb@9BabE ishifly IRRIRMBERIE AT AHM ESx@Fe thereof, and
|ndependently, hydroxi des, the salts of an acid selected fromthe group

consi®ting of fig) nwater acetic, propionic, butyric and | sobutyric acid,

benzoi c acid, ﬁ? an'teﬁy%%'y&S and %{qgg})@ n%?ﬁgc(%ae ane@ dotgrgréﬁﬁs of

claimb5, mherel t "% groap oSSt
hydr oxi des, aggfltatBSgedaditaamg féudtgaa,t es, preferably acetates, brom des or
nitrates. WO 03/022791 PCT/ EPO2/ 10002
b) optionally a post-oxidation step in a second reaction zone, and
¢) an isolation step of the product 2,6-naphthalenedicarboxylic acid,
15 wherein during the oxidation step the flow rate of the oxygen containing feed gas
introduced into the first reaction zone is regulated in such a way that the oxygen content

of the dry exhaust gas does not exceed 1 percent by volume.

2. The process of claim 1, wherein the ratio of 2,6-dimethylnaphthalene to solvent is in the

20 range of 1:4 to 1:12 by weight.
3. The process of claim 1 or 2, wherein the monocarboxylic acid is acetic acid.

4. The process of any of claims 1 to 3, wherein the reaction mixture contains water in the

25 range of 2 to 20% by weight, preferably 2 to 10% by weight.

5. The process of any of claims 1 to 4, wherein the cobalt and manganese compounds are
independently, hydroxides, the salts of an acid selected from the group consisting of
formic, acetic, propionic, butyric and isobutyric acid, benzoic acid, inorganic acids and

30 mixtures thereof.

6. The process of claim 5, wherein the salts are selected from the group consisting of

hydroxides, acetates, halides, nitrates, preferably acetates, bromides or nitrates.



11 7. The process of any of clains 1 to 6, wherein the conmpounds of brom ne
are selected fromthe group consisting of linear or branched aliphatic
brom des wonBaeathbng 1 to 6 carbon atons, hydrogen brom d@CTiEPor/ga@nt c

brom des and m xtures thereof. 5 8. The process of any of clains 1 to
7,wherein the atomc ratio of cobalt to nanganese added to the reaction
zone, is in the range of 1:2 to 1:5. 911 The process of any of clains 1 to
8, wherein the ratio of cobalt to 2,6-di nmethyl naphtha- 10 | ene added to the
reaction zone is in the range of 0.5 to 2.5% by wei ght, cal cul ated as

el enent al. dhbatrdcess X anfrod ctﬂims ¢ s 6ptvheany thé cahpiursls of brondipe ateesekeciedt he

wei ght ratio of bromne t sum of ohal.t. and manganese. cont ent added
to the readtapheBae c%’zﬂsgﬁ ﬁél?)eaégr @aﬁﬁ’gﬁtaifph%gdqfﬁ ézggtauﬁ%gﬁéand
brom ne i s chihohRrkSRYEo8En bicthide, ifordarke béblmdé@@dﬁhﬁ@@’éﬁ}@feo@ny of claims 1
to 10, wherein the flow rate of the oxygen containing feed gas introduced

|nt05the reaction zone is regulated in such a way that the oxygen content

in the d% ai )érf)%gctsetgs %ny\?ﬁ%fanﬂ?ﬁ t )? %%geug the a\f&J{uc rg 10 %P ? tg %25&%5’ ss of

any of c erein t én contai ning gas S sel ected

fromthe grnatd wahsteatiitgzdaie, Bl thecrmy@eof lehtd thed air, oxygen enriched
nitrogen and gaseous m xtures of oxygen containi ng gases. 25 13. The
process of any of clains 1 to 12, wherein the total pressure is 6 to 28

bar. 14.9Thg, gﬁ&%g ﬁgzgwéiﬁé 1%§ \;&ﬁerémttﬁe fedio a«vfasﬁﬁm) 1 mlrﬁaﬁgwﬂﬂh&

t enper ature I preferably 190 to C. rocess
of ary of démi aalﬂedtct the Tehctiomeonsiin it the rm@tf iOdrtoi QSS%EbMW@tho mlculﬂteé as
conti nuous . node an&lt he nmother liquors obtained in the isolation step are

recycl ed t &lpatale

10. The process of any of claims 1 to 9, wherein the weight ratio of bromine to the sum of
cobalt and manganese content added to the reaction zone, calculated as elemental

15 manganese, cobalt and bromine is in the range of 1:0.4 to 1:1.

11. The process of any of claims 1 to 10, wherein the flow rate of the oxygen containing
feed gas introduced into the reaction zone is regulated in such a way that the oxygen
content in the dry exhaust gas does not exceed 0.7 vol. %.

20

12. The process of any of claims 1 to 11, wherein the oxygen containing feed gas is selected

from the group consisting of air, oxygen enriched air, oxygen enriched nitrogen and

gaseous mixtures of oxygen containing gases.
25  13. The process of any of claims 1 to 12, wherein the total pressure is 6 to 28 bar.

14. The process of any of claims 1 to 13, wherein the reaction temperature is 150 to 220 °C,

preferably 190 to 215 °C.

30  15. The process of any of claims 1 to 14, wherein the reaction is carried out in a continuous

mode and the mother liquors obtained in the isolation step are recycled to the reactor.



