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  obtai i ol . o] e
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for oxidation of 2,6-DW to 2,6-NDA are at about 86% US 4 933 491 is
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and 2 don't nention possibly . differenf results o 1 repetitians. TMA
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suppdi edviseh 2,88 DANe usedy Best e deeported foo nxidatiothel %ﬁ%t0§a§ I5A aretad 6% by
vol une. Ilt\/&‘e{é/anpl es feature at least formation of 2.5% (25000 ppm TMA
by- pr odd€P™"hi’th has to be renoved after the separation of the product. US
5 183 933 states that the presence of TMA anong the Dby-products is very

detrinmental to the efficiency of the catalyst system because of the 25
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exhaust gas. Results showed in Tables 1 and 2 don’t mention possibly different results of

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%



30 US 5 763 648 is directed to a process for the production of terephthalic
acid which conprises oxidizing p-xylene with a nol ecul ar oxygen-cont ai ni ng
gas in thwompsesace of sodi um hydroxi de and a catal yst cectraiPo/ngozobal t,
manganese and bromine. In all exanples oxygen containing gas is supplied
so that the oxygen concentration in the exhaust gas is 6% WD 03/ 022791

PCT/ EPO2/ 10002 3 by volunme. Although 3he oxidation of 2,6-DWN to 2, 6- VDA
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than 1. Al exanples are perfornmed with an oxygen content in dry exhaust

gas of 2.5 to 3.5 vol. % Reduced formation of TMA and | ess content of
net abs iWOek1-88/4266% NEaribes the baidatieh efchpaNY inithenprpsense obi eatalynever , t he
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batch process, wherein the oxygen content in the gr egl‘i ust as_streamis
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sol utions of In order to obtain good yields and high crude purity.
The nolar ratio of 2,6-DVWN to acetic acid solvent is nmintained at | east

o 1100000, Bt abit St ot e bR DB sh e e e e
t he 1hi gipdN 8t OND R TP Ael 2 E11988 ofaikdi\sthitabid 08)¢en addgy ef 8%to 5 vol. % but
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.



In all cited patents and patent applications as well as standard
publications |like W Parten- heiner [Catalysis Today 23( 1995) 69-158] an
oxygen cowDenw237a1 t he exhaust gas between 4 to 5% is prefPem/EPNon®ODf t he
cited docunents discloses a process for the efficient oxidation 30 of
2,6-MDN to 2,6-NDA with al nost conpl ete suppression of the formation of
over oxidi zed by-products. WO 03/ 022794 PCT/ EP02/ 10002 4 The techni cal
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| arger anounts af., .objecti.onabl e by-.product An .Gl inmellitic

aci d. S%KE@BYIHFI%&}@%“% %Vé’“éip%%?ﬁoxil%gﬂtap%%? aﬁlbré Og%%%%rgi%oﬁgtg%geen sol ved by
the proggrstifabid B-probiuctsOin Pagical-e &enéllitioweint i on is directed to a process
for the preparation of 2,6-naphthal ene- dicarboxylic acid by |iquid phase

oxi dati on of 2, 6-di net hyl napht hal ene, conprising a) an oxidation step in a
first reaction zone conprising reacting a m xture conprising aa)

2, 6-di met hyl napht hal ene ab) a solvent conprising at least 15 i) an

nonocar paxyiding @ahepestre dhetidn,ahis pheblgm bapbeeorsslvst bighaprotess of elairadet i c,
propionic, butyric or isobutyric acid, benzoic acid and m xtures thereof,
and ii) water ac) a catal yst system conprising conpounds of cobalt,
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 fibe fiheguesentinBenimplis Hatdekdiagaoensx firithe preparatiiel sbmaphihalage-t he

"t ot naerregti a5 cy aifbREs? ol A b el BB " gen
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aa) 2,6-dimethylnaphthalene
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.



The aforesaid first and second reaction zones may be the sane or different.
Surprisingly, an oxygen concentration in the exhaust gas which does not
exceed 1 wol03/024791 eads to unexpected high-yi el d fornati onPofi/Er0yoopurity

2, 6- NDA acconpani ed by a 30 m ni num content of over-oxidized by-products.
The ratio of 2, 6-di net hyl napht hal ene to solvent in the process is
preferably in the range of 1:4 to 1:12 by weight. WO 03/022791

PCT/ EPO2/ 10002 5 Preferably the nonocarboxylic acid in the solvent is
acetic acid. In the process according to this invention the reaction

m xt ur e Braferabbynthe monmbehoxilic 4dié irbthe aslgentd$ acbioatid2 t o 20% by wei ght,
preferably about 2 to 10 % by weight. This includes the anount of water
which is forned in the oxidation reaction either in a batch, sem continuous
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hydr oxi des, e salts of nono- 10 carboxylic acids as defined above,
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Perred
and nangﬂm@ﬁﬁmﬁﬁﬁpﬂuﬁﬁ§ are acetates, bronldes or nitrates. Bronlne
conpounds can be organi c brom ne conpounds, e.g. linear or branched

aliphatic bromdes containing 1 to 6 carbon atoms, hydrogen bronm de,
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brom ne conpounds are se rom ogen anmoni um br om de,
cobdlbt hrmemixyhe aciEHs gadesedabov, derganic zmldet, andmitthues §teof25 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-di nmet hyl napht hal ene added

to the rﬁ@f&ébwsﬂ&nﬁ%nérga@& atigs 8PdapaltAnd hﬂﬁ%e&@&gﬁafr’he@ -gohalRles, Hitatby omei ght
cal cul ated as el enental cobalt. 30 The weight ratio of bromne to the sum

of coballydamddesamlyiohese salobleénthesdlient. t o t he

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.



reaction zones is preferably in the range of 0.4:1 to 1:1, calculated as

el emrental cobalt, nanganese and brom ne. WO 03/022791 6 PCT/ EP02/ 10002 The
oxygen cowDenw237a1t he dry exhaust gas is preferably regul @CedPeuaioor hat it
does not exceed 0.7 vol. % 5 The oxygen containing feed gas can be pure
oxygen, air, oxygen enriched air, oxygen containing nitrogen or a gaseous
m xture of oxygen containing gases. Thé total pressure in the reactor nay
be sufficient to keep the solvent in the liquid phase, preferably in the
range of 6 to 28 bar. 10 For naintaining a suitable reaction rate,

di rect i rhetdxggaedmednt wn the dof exbeustagas onpreferdbiyeregekiadetich grad thdoes netvoi di ng

dar keni ng of, the rdection product and reducing the conbustion rate of the
sol vent e&eceddth¥l 6%i des, reaction tenperatures are preferably in the range
of 150 to 225 C, nore preferably in the range of 190 to 215 C. 15 The
reaction may be carried out in a batch, sem continuous or in a continuous
mode5 | Thelveygooemitzining easote cat bepUre OFHEa: Ribr0ECD Cligio 21t 9e/28Bt her
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Han o n Oper ating
according to the above preferred condi tions, |t IS possrble to obtain
2,6-NDA in total yields above 97% with a purity exceedi 99% even in the
crude pridguetl PEsTERY @ﬁr@FtOFﬁ@yr?ﬁrsﬁfﬁ%%mﬁ)r]&’&Bé% *ﬁ}lﬁ? E’grl Seduced

to a coqﬁ&g%ﬁée&shégg_ %p@tgggg&n t he crude 2, 6- NDA Nbreover t he net al

cont ent crude ver w, e.g. at about 100 ppm and 25 the col our
of tlbe crude is nuch Irghter t han t hat obtai ned by processes operatr ng at
hi gher oxygen partial, B essures. oW, XY

The ratiop avoid
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| i ke 6-formyl’-2-naphthoic acid (6-FNA) and 6-methyl-2-napht hoic _acid
(6-WN) |sslweatjirgp(p@cbon oxides, reaction temperatures are preferably in the range of 150 to 225 °C,
more preferably in the range of 190 to 215 °C.
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.



30 Precipitated crystals of 2,6-NDA obtained according to the present

i nvention have higher purity and | ess netal content because of reduced

f or mat i orwof03022791 manganese salts of TMA, which are i nsolPaiblEPO2/00he
reacti on nedium WD 03/022791 PCT/ EPO2/ 10002 7 All exanples disclosed in
prior art exhibit an alnost 10-fold anmount of the by-product TMA and netal
residue in the main product 2,6-NDA i nduced by over-oxi dation. The
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exanples’ in on were carried out 1n a react

t he di st amttmetabﬁsxmlemntHeanmnlpmduf:bzﬁfENDAxy@endbgmtvaﬂ-mtidgicgas and t he
surface of the reaction solution in a static state was adjusted to be 7
cm Exanple 1 10 2, 6- Napht hal enedi carboxylic acid The experinment was

per f or meqpé ﬁw@ntlorhstﬂlﬁ@ntéamﬁué Rﬁioao{ BOIIiRRSE Madpi&f fi cient stirring,
over head condenser, return l'ine for the condensate, feeding lines for air
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t et r ahy ditati€sta®. widh djeted@ganpse acetate tetrahydr ate and 1. 73 ¢ of

anmoni um brom de. The autocl ave was cl osed and nitrogen was fed to renove
air. Tenperature and pressure 20 were increased to 205 C and 21 bar under
stirringghefoke;starting 2,6-DW and air feed. 57 g of 2,6-DWN, kept in

t he rmlten sta e at 120 C, were fed in two hours by a heated netering
punpl0 Al 2,6t Naphthaknedigatladxytic htidough a mass flow neter in order to maintain
the oxygen concentration in the dry exhaust gas below 0.7 vol. % (average
0.5 vol. 9%, neasured by on-line oxygen analyzer. 25 After two hours

2, 6- DWN freed; s ek %E’EQrf&%d% aqxwaénuﬁm&tauawgqlﬂpp%d(vﬁtﬁ OrfieMPYtirifl,
oxygen) was fed for 30 mnutes. This post oxidation step is well known in

the art oeergeadusnaemse r¢88) lizerfdr theduudsnsathcfeeding hinesfor paand 21V di zed
tC ﬁgpglrjggﬁa npera%ure an%ress&rg%%}ltrolsgll?- mg Qﬁ:a'l}a}zlelry fo'r g}rfgee%,s b@ﬂand'@o?{"’[ﬂé‘ Exhafus TMA i n
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:



After cooling down to roomtenperature and depressurising to amnbient
pressure, the 30 reaction products were anal ysed by H gh Pressure Liquid
Chr omat ogwaphy2X7er or gani ¢ conponents. The conversi on of P2TGEPDNVNOMAS

conpl ete and nol ar yields of desired product and by-products were: WO

03/ 022791 PCT/ EP02/ 10002 8 ConpoundYi el d 2, 6- NDA97.1 % TMAL. 0% 6- FNAO. 2%

6- M\<O0. 1 % othersl. 7% After filtration 8 he crude 2,6-NDA filter cake was
washed with an equi vaI ent weight of acetic acid containing 5%w water and

dried. The dried sol s nalys§p y high pressure 5 liquid

chr omat ogr aphy (HPL ganl onents and by inductively coupl ed
plasma (I1CP) to dete anou g netals The conposition of the dried
solid is shown bel ow nd Y| “hﬁ 2,6-NDA 99.3 W % TVMA 150 ppm 6-FNA

0.11 W% others 0.6 w® % 70 ppm Exanples 2 to 4 10

2, 6- hbphthalenedlcarbox§ﬂﬂﬁ'aC|d<@HeAgeneral procedure of exanple 1 was
repeat ed with variationsthers t he cdpGsition of the reaction mxture,
experinmental conditions and results are summarised in Table 1. l\/ai nly the

feed gas was regul L that th Xygen conc n in the
dry. exnader Hedoa iR g Eb N R i Ve AR SRR R ETS Vo)
6- Naphifat asiatos@ifexydd wt watefand dried. The dried solid was analysed by hlgh 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. %.



20 The general procedure of exanple 1 was repeated with variations in the
conposition of the reaction m xture, experinental conditions and results
are sunmmewpD8a237a1 Tabl e 1. Mainly the feed gas fl ow was Pegmpar/e®oz n a way
that the oxygen concentration in the dry exhaust gas was kept at 4.9 vol.
% WD 03/022791 PCT/ EP0O2/ 10002 9 Exanple C2 (conparative)

2, 6- Napht hal enedi car boxyl ic acid The geferal procedure of exanple 1 was
repeat ed the conposition of the 5 reaction m xture,
experi mar?tﬂ tnﬂ,):l I3§atjl‘Eik)results are sunmarised in Table 1. Mainly the
feed gas ﬁﬂ—muphﬂmlermghdabexiyhcmcm way that the oxygen concentration in the
dry exhaust gas was kept at 6.0 vol. % Table 1 10 Exanpl e No. 1234C C2
Reaction paraneters AcOH (95% w) [g] 512512512512512512 2, 6- DWN

[ 9] 5743578286 CRH@O%H{}}MI%LQE at39 0ok \@ﬂﬁﬁlﬁﬁan‘ﬁhe"&) osition of the
[g] 2.983.272.172.982.982. 45 Mi(OAc) 2.4 H20 [ g] 9. 4410. 3610. 309. 449. 447. 77
NH4Br 5[ gJreactign nggturez gxpergnentd conditivanst resulisarg npoged 202l 3 olegdy the

Conver si R U5 10100 Db f0b TS bR el hsadltoill BV AARRL )

[ ol % 9FvakXepPR 6.098. 993. 894. 4 Content in dried crude 2,6-NDA [ nol
%94 99. 399. 099. 399. 198. 697. 6

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




TMA [ ppnj 1500130114182015400 6- FNA [nol 9% 0. 110. 110. 110. 170. 110. 25 Ot hers
[nol %4 0. 60.90.60.71.10.6 Total netals [ppnj7090118696504950 WO 03/ 022791
PCT/ EPO2/WO®3/822101 Cl ai ms 1. Process for the preparation ofPCT/EP02/10002

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

2, 6-di met hyl napht hal ene, conprising 5 a) an oxidation step in a first
reaction zone conprising reacting a mbPure conprising aa)

2, 6- di mreidihfzapht hal ene ab) a sol vent conprising ii) an nonocarboxylic acid
sel ected from the group consisting of formc, acetic, propionic, butyric
or isobutyric acid, benzoic acid and m xtures thereof and 10 iii) water

ac) a cay: al ﬁ§£e§§| gmgr%ggp {1| S' -nar%’cga re]r(ljeschcar %xy 16 fl&d bm% c&ad;pel?a%e and

brom ne, SR A i ng O0St - oxi dati on

step in a seﬁﬂmﬁnmﬁagi&@mmm@m@hm@nﬂeqbn@mmm§0Iatlon step of the product

2, 6- naphthalenedlcarboxyllc aC|d 15 wherein during the oxjdation step the
flow?tate of D@ BIAGEen S@Bh@ aifiast ﬁ@acweeaor&ﬁmmﬁtnede&fé@a 2jTREIE RRMPFIFIEE
reaction zone i a3) regguld%gtg 13 b2 way that the oxygen content of the
dry exhaust gas does not e cee percent by volune. 2. The process of
claim 1, wher eiah)t hesalwint compridnd- di net hyl napht hal ene to solvent is in the

20 range of 1:4 to 1:12 ess of cI wherein
Che momocar boxyliPe AomtnirtiRly wid el bR i et sab g Tamic ackinn 1
to 3, wherein the fﬁ@ﬁfbhfénbﬁt?ﬁéblﬁ@o SR AAIAS DAREARE adid ahMhixtRes ey, Md 2 to
20@6H¥ wei ght, prefeerably 2 to 10% by wei ght. 5. The process of any of

cl ai 1to 4, vm)ar\éﬁltﬂr t he cobal t and manganese conpounds are
cons! sting o bbr it A8 svidR PhoRemPal o Ealehleult I (S el
benzoi ¢ acid, aridruihr(g@@b@c@ﬁmdﬁlg&é&l gas
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.



30 m xtures thereof. 6. The process of claim5, wherein the salts are

sel ected fromthe group consisting of hydroxides, acetates, halides,

ni trates,wproafoea7abl y acet ates, brom des or nitrates. WO 0COAPI10002

PCT/ EPO2/ 10002 11 7. The process of any of clainms 1 to 6, wherein the
conpounds of brom ne are selected fromthe group consisting of linear or
branched al i phatic brom des containingll to 6 carbon atons, hydrogen

brom de, inorganic brom des and m xtures thereof. 5 8. The process of any
of claimse 1 to 7, wherein the atomc ratio of cobalt to nanganese added to
t he react.i d?mez;mtmss ofsaniyroftcheims ngé, Wher&inZhdz corip&undg of Whmlipc aceskcfl any of
claims 1t wherein the ratjo of na 10 | ene
Sddeq to t feom Ba DGk 8 ieef peSafist AiPrdi PRI R AR e

cal cul at ed c@%on@tdne Iﬂ%’@ilo g€9Brntide, 1ﬁbrgé‘iﬁ@bﬂﬁlﬁ@@§§1dqﬁlx@ﬁl¥s Herslfaine 1 to 9,
wherein the wei ght io of bromine to the sumof cobalt and nanganese
content added to the reaction zone, calculated as el enental 15 nanganese,
cobal t d-brom ne. | t of any
of claiﬁg qu@“fﬁgsﬁﬁnlgﬁnﬂﬁﬁé???2ﬁﬁ%“%eakﬁﬁ%ﬁ5%%§°Oé%ﬁggﬁ§alnggﬁgéfeed gas
i nt r oduced adf@ddrottherdacted Zae, i&om theirangeadul Ateet5i n such a way t hat t he
oxygen content in the dry exhaust gas does not exceed 0.7 vol. % 20 12.
The process of any of clainms 1 to 11, wherein the oxygen containing feed

gas i s sgl I I,
& Ieﬁhg) p nIES{ ?fc‘)%né/lr}ﬁan ﬁ’ YR +& 8Nsh&tintge Rliodlr cobﬁ%@?@-dﬁﬁéﬁxﬂlﬁ@ﬁﬁﬁé

oxygen enr gaseous m xtures of oxygen contai ning gases.
25 18 The lgreodded toothe aengtioh zadeds irsthe range b2 0. 5406). Horbyt wieightocaltulptedgsure i s
6 to 28 bar Process of any of clains 1 to 13, wherein the reaction
tenperaturéhq§mfgﬁoﬁﬂ 220 C, preferably 190 to 215 C. 30 15. The process
of any of clainms 1 to 14, wherein the reaction is carried out in a

continuous node and the nother |iquors obtained in the isolation step are
recycl ed1@.dhehpeogesnef 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.



