; e3edFB(j 6T28 April 2003 1 PROCESS FOR PREPARI NG 2, 6- NAPHTHALENE

DI CARBOXYLIC ACID Field of Invention 5 This invention relates to a process
for the produ mnﬂ“ﬂ;apht hal enedi carboxylic acid by the gagui.l%oﬁgase
oxi dati on of m\mm pht hal ene with a nol ecul ar oxygen-c &Y gas.
More particularly).gts invention relates 1to a continuous process for the
production of 2, 6-naphthal enedi carboxylic acid in high yield by the
continuous liquid 10 phase OXI datl on of 2 6 di et hyI napht haI ene with a

nol ecul ar oxygen_ : P AREN g : z FNE-conpri si ng
heavy nmetal and brom ne conponenp%w%a Invent| on 15 -

2, 6- Napht hal enedi ca. rboxyl i ¢ aci , - s a nononer useful for the
preparation of hirgh performance polyneric naterials such as pol yesters and
pol yam des. Polyet hy| ene,. 2, 6- napht hal ate (PEN) is one such high performance
pol yner and it%ﬁ-ﬂ@, for exanple, by the condensation of either

2, 6- napht h&@ enedl caTb:sxmuemtlaul delatesditored hylocess - toapthengredecttdn of 2,6-
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from PEN can bﬁar‘ﬁ&@l&rlyoth@hﬂrehtum related, toca dohtitutiisiprdeess en tRBNbradection

advantageously
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contai ners) pa tlcularl aIIe hot fill" type food contalners In
order” to- prep dﬁﬁﬂq % PEN suitable for the aforementioned 30
applications) it |s de5|rable to start with purified
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rates, whereas E‘gﬁ"f@a tﬁ%‘ﬁ“?%@@ﬁﬁ}g ‘rable for comrercial processes.

During the liquid phase oxidation of 2,6-dinethyl naphthal ene to

2, 6napht hal enedi carboxylic acid using a catalyst conprising cobalt,

manganese and brom ne conponents various side @"Mﬂlﬂlﬂ“‘ww usual ly 30

produced. For exanple, trinmetlitic acid (TMA) by the oxidation

of one of the rings of the 2,6-dinmethyl napht hal ene.,g@icecul e.

2- Fornyl -6naphthoic acid (FNA), a result of inconplete oxidation, is also

produced. Brom nation of the naphthal ene ring during the oxidation reaction
resul ts | n the formati on of br o napht haI ened| car boxyl | o aC| d (Br NDA)
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28 April 2003 naphthal enedi carboxylic acid product, and their formation
represents a reduced yield of the desired 2, 6-naphthal enedi carboxylic acid.
Additionally, trinellitic acid deactivates the oxidation catal ysts by
conplexing to cobalt and nanganese. Therefore, an oxidation pra8dgsis2008at
produces trimellitic 5 acid is self-deactiating. Finally, the

contam nation of the 2, 6napht hal enedi carboxylic acid by the side products
produced during the oxidation reaction is a nmmjor problem because
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val uabl e catal yst netals in the portion of the nother liquor that is not
directly recycled to the oxidation reaction. Detailed Description of the

I nvention . 20 The oxidation reaction in the process of this invention is a
liquid phase reaction wherein a catalyst gonprising cobalt, meBgEmie8@03and
brom ne conponents is used to catal yze thé oxidation of the nethyl
substituents on 2, 6-di net hyl napht hal ene to carboxylic acid substituents. A

gas _cont ai ni non TBUREH R ANIEERCHER! bRl RUAER BRfaidIP BideRon 25
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30 | east about 2% maistaining theicghients\ef thewveactien zons atealteminsrature of 370°F to

2, 6di net hyl naph 1 S04 f i, nery t i t 5%
pure does not pg?‘?ﬂgreﬁ%gs%\g}e ?%gg %%%S%%‘Jaz(%ff |§‘i§?@?é\%§%ﬁ§f’%ﬁ@gi trolg‘?%e
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2, 6di net hyl naph . : 9 i ity of
35 the 2, & o ol R RAEREHGHLSRANE 2Bl EaRody hiter Bl A7 Bl readilh BEaY
by a recrystal | Praucomixture cemprising hbanaphthaianedicedionyistacisti @nd separalings2,6-

nol ecul ar wei ght al cohol having 1 to about 4 carbon atons, and particularly
met hanol, or froma | ow nol ecul ar wei ght aliphatic carboxylic acid having 1
to about 4 6 28 April 2003 carbon atonms. Acetic acid is a particularly
preferred solvent for recrystallizing 2,6-dinethyl napht hal ene because it is
highly effective) relatively inexpensive and is also the solvent for the
subsequent oxidation reaction. However) any nmethod for increasing the
purity of 2,6 5 dinethyl naphthal ene, for exanple distillation, nelt
crystallization or adsorption is suitable. The source of nol ecul ar oxygen

o Y



The solvent for the liquid phase oxidation reaction conprises a | ow

nol ecul ar wei ght aliphatic carboxylic acid having 1 to 6 carbon atons, a
m xture of two or nore of such | ow nol ecul ar wei ght carboxylic acids, or a
20 m xture of one or nore of such | ow nol ecul ar wei ght car box{8 April@0Das
with water. Suitable solvents include, for3&xanple, acetic acid, propionic
acid, nbutyric acid and m xtures of one or nore of these acids with water.
Preferably) due primarily to cost and availability) the' oxidation solvent

conprises acetingp I%ﬁbféne&(@éﬁbo i8fagidalkiie pfddBctonixdAé Ko ﬁlﬁ{e‘ﬂﬁetacﬁioégﬁfdnﬁﬁé a
25 m xture of acetlc acid water) wherein the water is su

to about 20 \Nelny?ﬁ'ﬂerpkﬂ@érf%m?ﬁ Spang e ligwiguphapet exidasiont and ‘Oﬂh@r@ﬁ't Y"}?e?@ent
and nost pref eqRétiyiARSHthaldnd B aRREM o Uk NRICHMN 2O SR thhtthatHd P 10 bP§
total of acetic acid and water added to the oxidation reaction zone. %e
wei ght ratio off0-2d ppyng molesopbe &rdivsivinarhtbalgne Adgded tper gubic foot of reaction

2, 6 di met hybnaghivbal iR RS géph&ﬂ (2SO ARNDRY of 2Rty FPRtnafenk et e
range of about 2:1 to about referably in the range o out 3:
about 6:1, respgeeicimeireof fﬁ%‘)%é@h@@ﬁﬁ"“ﬁt—"’)onocar boxylic acid solvent to
2,6-dinethy|naphthalene i.e. 221 to 6:1 are advantageous because greater
anounts of 2, 6-napht hal enedi carboxylic acid can be produced per reactor
vol une. The ability to successfully oxidize 35 2, 6-dinmet hyl napht hal ene
using low ratios of aliphatic nonocarboxylic acid to

2, 6-di net hyl napht hal ene is one of the advantages of the process of this

i nventi on. 28 April 2003 7 The oxidation reaction is an exothermc
reaction and the heat that isgenerated is dissipated in part by the
vaporization of the oxidation reactionsolvent. Typically, a portion of the
vapori zed solvent is withdrawn fromthereaction zone) cooled to condense
the vapor, and the cooled liquid isbreturned to the oxidation reaction

m xture. This vapor is typically a m xture ofwater and) when acetic acid is
used as the aliphatic nonocarboxylic acidsolvent, acetic acid. By
separating the water fromthe acetic acid before it isreturned to the
reaction zone, the water |level in the reaction zone can, to adegree) be
adjusted to | evels lower than that which woul d ot herw se devel opl0in the
reacti on zone due to the formation of water during the

oxi dationL-_reaction. The carbon oxi des produced as a consequence of the
oxi dation_reaction are vented fromthe reaction zone. The catal yst enpl oyed
in the liquid phase oxidation according to theprocess of this invention
conpri ses cobalt, manganese and brom nel5conponents. Each of the cobalt and
manganese conponents can beprovided in any of its known ionic or conbined
forms that provides forsoluble forns of cobalt and manganese in the

oxi dation reaction sol vent. For exanple, one or nore of cobalt and/or
manganese acetate tetrahydrate, carbonate or bromnm de can be enpl oyed. The
brom ne conponent of the20oxidation catalyst is provided by a suitable
source of brom ne whichincludes, for exanple, elenental bromne, i.e. Br2,
ionic bromde such asHBr, NaBr, KBr, NH4Br, etc., or organic brom des which
are known to-provide bromde ions .at the operating tenperature of the

oxi dation such as, .for exanple) benzyi brom de, nono- and di bronpacetic
aci d, bronoacetyl ,25brom de, tetrabronoethane, ethylene dibromde, etc. W
have determ ned that in order to obtain a reaction productcontaining
suitably low levels of trinellitic acid and other reaction sideproducts in
t he continuous oxidation process of this invention, it is necessaryto add
the cobalt and manganese oxi dation catal yst conponents to the30reaction
zone in an anount such that the total of cobalt and manganese, cal cul ated as
el enental cobalt and nanganese, is at |east about 0.40 wei ghtpercent,
preferably at |east about 0.50 wei ght percent, and nost preferably, at |east
about 0.70 wei ght percent based on the weight of the

al i phati cnonocar boxylic acid oxidation solvent added to the reaction zone.
Al t hough35cat al yst netal |evels above 1.2 weight percent based on the

wei ght of the'solvent can be used, it is generally preferable, primarily
for econom creasons) to maintain the | evel of catalyst netals bel ow about
1.2 and nore 8 28 April 2003 preferably, below about 1.0 wei ght percent
based on the wei ght of the aliphatic nonocarboxylic acid solvent added to
the reaction zone. The atomratio of nmanganese to cobalt in the oxidation
catalyst is about 5:1 to about 0.3:1, preferably about 4:1 to about 0.5:1
and nost 5 preferably about 4:1 to about 2.5:1. Manganese is | ess expensive
than cobalt, therefore, it is advantageous to use as nmuch manganese as
p055|ble Addltlonally, e have deternlned that high atomratios of
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28 April 2003 9 oxidation at tenperatures bel ow about 370F decreases the
rate of the oxidation reaction and it is therefore preferable, particularly
for large scale comercial operations) to conduct the |iquid phase

oxi dation reactions at as high a tenperatufe as possible w t hd®Ah28Ig
the production of excessive 5 ampunts of undesirable reaction side products
that contam nate the 2, 6napht hal enedi carboxylic acid and make it nore

difficult to purify. gihe I?@FM tateorsiag td)tro:@rptwéséhﬂ ﬂxsctatreanorte@stlon
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two or three stirre actors ar
f1 ow react o cafOSEPS 8 BE{eUE%IC?B b tfé‘%iﬁ%lwﬂpé ﬁ@iqcuaartﬁygge-[cgﬁ{aém f or e
they enter the gas im etarankedecs fusthesrthe dewet of Q-foﬂ:ﬁyll-&rnepbﬁhatq acld o Hbe
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preferably a pressure |I Intain at | ea 45 Og er cent and
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28 April 2003 11 After the oxidation reaction m xture exits the oxidation
reacti'on zone, but prior to the partitioning of the

2, 6- napht hal enedi carboxylic acid fromthe nother liquor, it is also
desirable to again contact the reaction product mxture wth aApsh2Hea
containing gas in the absence of freshly d&lded 2,6 5 di met hyl napht hal ene.
We have determ ned that such a treatnent provides for a substantial and
desirabl e reduction of the level of 2-fornyl-6-naphthoic acid in the
reaction m xt urselidmerm andxeche deyarattaesomathediquid pan aritthe reéationgsredutie
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trimellitic acid present in the reaction mxture to the total gram atons of
cobalt and manganese present in the reaction m xture does not exceed about
1.0) preferably does not exceed about 0.70) and nost preferably does not
exceed about 0.5. Furthernore) it is advantageous to maintain the anount of
water tin the reaction zone to a level that is no nore 25 than about - 15,
preferably no nore than about 12, and nost preferably, no nore than about
10 wei ght percent of the oxidation solvent. Wen the anount of trinellitic
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28 April 2003 13 that provides for a nother liquor that is not nore than
about 50 wei ght percent and preferably not nore than about 30 wei ght
percent water. However, when this amount of water is added to the oxidation
reaction effluent) the anmbunt of nother |iquor recycled to th2daril@ab8on
reaction 5 generally has to be reduced in@®rder to prevent an excessive
anount of water in the oxidation reaction. As stated above, the |evels of

t he brono napht hal enedi carboxylic acid and trineilitic acid are increased
in the oxidatiearboeacdtbors. pr ddetic iacid He hepartiaflarat preferredhasotveéniataoron
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acid can be “S?ﬂ\{enﬁo%”i ficantly) when oxalic acid is used to renove the
val uabl e catalyst netals fromthe nother |iquor) nost of the 20 water,
trimellitic acid, and bromne renmain with the nother liquor in the
filtrate. The filtrate can be treated to renpve the acetic acid by one or
nore suitable nethods such as distillation and the acetic acid recycl ed.
Addi tionally) during the process wherein the oxal ate conpl exes of cobalt
and manganese are separated fromthe nother |iquor) additional 2,6 25 ~
napht hal enedi carboxylic acid is recovered. This 2, 6napht hal enedi car boxylic
acid exists as "fines" in the nother liquor that typically passes though
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15 as the oxal ate conpl exes, which are then at least in part recycled to
the oxidation reaction mxture. This nmethod of directly recycling a portion
of the nother |iquor and recycling the catalyst nmetals in the remaining
portion of the nother liquor as their oxalic acid conpl exes i 28#pgh2g03
advant ageous. As 5 described above, only g certain proportion of the nother
| i qguor can be directly recycled before the contam nants in the nother
liquor, e.g. trinellitic acid, cause adverse affects. However) the use of
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20 components, is in the range of about 0.3:1 to about 0.8:1, and preferably
about 0.4:1 to about 0.7:1. Atom ratios of bromine to the total of cobalt and
manganese of less than about 0.3:1 can produce colored product. If the
atom ratio of bromine to the total of cobalt and manganese exceeds 0.8:1, a
large amount of brominated products such as bromo
25 naphthalenedicarboxylic acid will be formed. The individual catalyst
components can be introduced into the reaction zone where the liquid -
phase oxidation is occurring either separately or in one or more
combinations, and they can be introduced in any convenient manner, for
example, as a solution in water or a mixture of water and the monocarboxylic
30 acid oxidation solvent, or other suitable solvent.

The reaction temperature for the liquid phase oxidation according to
the process of this invention is in the range of about 370°F to about 420°F,
and preferably in the range of about 380°F to about 4150F. Reaction
temperatures higher than about 420°F or lower than about 370°F cause

35 reduced yields of the desired 2,6-naphthalenedicarboxylic acid. Also, at
oxidation reaction temperatures above about 4200F, excessive amounts of
trimellitic acid are formed, and at oxidation reaction temperatures below
about 3700°F, the level of 2-formyl-6-naphthoic acid increases. Additionally,
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15 In operation, the minimum pressure at which the oxidation reaction is
maintained is preferably a pressure which will maintain at least 50 weight
percent and more preferably at least 70 weight percent of the solvent in the
reaction zone in the liquid phase. When the solvent is a mixture of acetic
acid and water, suitable reaction pressures are from about 0.1 atmosphere

20 'absolute to about 35 atmospheres absolute, and typically in the range of
about 10 atmospheres absolute to about 30 atmospheres absolute.

During the oxidation reaction of this invention, 2,6-
dimethylnaphthalene can be added to the oxidation reaction zone .at various
rates. The rate at which the 2,6-dimethylnaphthalene is added is related to

25 the solvent ratio and the reactor residence time. The solvent ratio is the
amount, by weight, of solvent added to the reaction zone divided by the -
amount, by weight, of 2,6-dimethylnaphthalene added to the oxidation
reaction zone. The reactor residence time in minutes is the oxidation reactor
drain weight in pounds divided by the reaction mixture effluent rate in

30 pounds per minute. The solvent®ratio and residence time are related to a
value termed “hydrocarbon throughput™ or HCTP. HCTP, as used herein, is
pound moles of 2,6-dimethylnaphthalene added per cubic foot of reaction
solvent in the reactor per hour, and is a measure of productivity for the
oxidation reactor. HCTP is suitably in the range of about 0.02 to about 0.20,

35 preferably about 0.04 to about 0.16, and most preferably about 0.06 to about
0.16. When it is desirable to operate at low HCTP values, i.e. about 0.02 to
about 0.08, the continuous oxidation reaction of this invention can be
conducted using a lower amount of cobalt and manganese catalyst metals,




conditi onsTABLE Run 8111 un 9 $un 10W. %

Co0. 300. 2250. 15Co: Mh: Br1:1:0.51:1:0.61: 3: 2Reacti on Tenp.,

~F385385385S0l vent Rati 05.966. 1: 1Resi dence Tine (mn) 9090

' 90HCTPO. 0390. 0390. 037f 3eactor Yields TM.A 3.10 3.11 28 April 2003 .

2. 142, 6- NDA. 93. 2192. 7992. 02Br - NDAO. 12Q 070. 44FNAO. 380. 390. 532- NAO. 280. 310. 2
1 5 Conditions Reaction Tenp.) ~F$un 11 400Run 12 414Run 13 420Reacti on
Press., PSIG274.2340.3354. 1W. % Co0. 150. 30. 15Co: Mh: Br 1: 3: 21: 3: 21: 3: 2DWN
Feed Rate ~5.15.15. 6Sol vent Rati o4. 04. 34. 1HCTPO. 130. 120. 14002 g

rml esl hr6.827.999. 20CO g nol-es/ hrl.562. 161. 86Total CO & C02

"'8.3810. 1511. 06

11. 772, 6- NDA8c2)i %7336%% %%%\ﬁ"% @%%%%2%@%‘"%53 33 §'ggental copalt ?"3003
21 5 10 15 F~IRRNJRNESS iy ﬂnat;aege/q iaboyt 0 toeabeyt<0. 79&#‘3“%8?@@ 8ﬁse
conti nuous oxigthe®alip H@ﬁc AoMdeaibRkyRd agidoglieatiorasolyest. "HOAP ogludstih ARG

the HCTP was VENERG! 8"%&?39 he' BUABB oS P el ORI
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high HCTP values, i.e. about 0.06 to about 0.20, higher levels of catalyst are
required wherein the total of cobalt and manganese, calculated as
elemental cobalt and elemental manganese, is greater than about 0.60
— 10  weight percent based on the weight of the aliphatic monocarboxylic acid
oxidation solvent. High HCTP values are desirable for achieving maximum
production rates for a fixed sized manufacturing plant. The use of lower
HCTP values is advantageous when the production of a manufacturing plant
needs to be reduced to compensate for changing demand.
15 The oxidation reaction mixture produced in the reaction zone during
the liquid phase oxidation reaction is continuously removed from the
reaction zone typically in the form of a slurry of solid 2,6-
naphthalenedicarboxylic acid in the reaction mixture mother liquor. The
mother liquor typically comprises the low molecular weight mionocarboxylic
20 acid solvent, water, dissolved impurities and catalyst components. The
desired 2,6-naphthalenedicarboxylic acid is separated from the mother
liquor by one or more suitable methods for partitioning a solid-from a liquid
phase such as, for example, centrifugation, filtration, settling. etc. However,
prior to this partitioning step, the oxidation reaction mixture can be cooled.
25 The cooling can be accomplished by any convenient method, for example, a
tube and shell-type heat exchanger can be used, or the reaction mixture can
be cooled in a vessel equipped with cooling colls or a cooled reactor jacket.
Alternatively, the reaction mixture can be added to a vessel at a pressure
lower than that used for the oxidation reaction. At the reduced pressure the
30 oxidation reaction solvent boils thereby cooling the reaction mixture. An
overhead condenser can be used to cool, condense and return the
overhead vapor to the vessel to further assist in the cooling. Two or more of
these vessels can be used in series, each at a temperature somewhat lower
than the previous vessel, to cool the reaction mixture in a stagewise manner.
'35 The oxidation reaction mixture is typically cooled to about 250°F or below
' prior to partitioning the 2,6-naphthalenedicarboxylic acid from the oxidation
reaction mother liquor.
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conti nuous oxi dgentaininggas when thezogidation reaction mixture is being cooled, as
described above. Thus, for example, while the reaction mixture is held at

30 reduced pressure to provide for the cooling of the reaction mixture, the
oxygen-containing gas is sparged through the reaction mixture. The
oxygen-containing gas can contain from about 0.1 weight percent molecular
oxygen to pure oxygen, with the remaining gas being an inert ballast gas
such as nitrogen.

35 In a similar procedure, the 2,6-naphthalenedicarboxylic acid, after
being separated from the reaction mixture mother liquor, can be redispersed
or suspended in a sultable solvent such as water, a low molecular weight
carboxylic acid or a mixture of water and a low molecular weight carboxylic
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10 mother liquor also contains undesirable reaction side products such as
trimellitic acid. Nevertheless, this mother liquor is valuable because it can
be recycled to the oxidation reaction zone as a source of acetic acid and,
more importantly, as a source of active catalyst metals. The mother liquor
can be recycled to the oxidation reacting zone in an amount in the range of

15 about 1 weight percent of the mother liquor to about 100 weight percent.
Preferably, about 5§ to about 50 weight percent of the mother liquor is
recycled, the remaining portion typically being treated to recover the acetic
acid. We have determined, however, that it is preferable to recycle an
amount of the mother liquor to the reaction zone so that the ratio of gram

20 moles of trimellitic acid present in the:reaction mixture to the total gram
atoms of cobalt and manganese present in the reaction mixture does not
exceed about 1.0, preferably does not exceed about 0.70, and most
preferably does not exceed about 0.5. Furthermore, it is advantageous to
maintain the amount of water in the reaction zane to a level that is no more

25 than about. 15, preterably no more than about 12, and most preferably, no
more than about 10 weight percent of the oxidation solvent. When the -
amount of trimellitic acid and/or water exceeds these limits because of
recycle there is an increase in the production of reaction side products such
as bromo naphthalenedicarboxylic acid and trimellitic acid.

30 In one embodiment of the present invention water is added to the
effluent from the oxidation reaction zone either before or after the optional
treatment with an oxygen-containing gas in order to increase the solubility of
the oxidation catalyst metals, trimellitic acid, and the products that are
formed by the complexation of trimellitic acid with the cobalt and manganese

35 oxidation catalyst metals. The addition of water decreases the amount of
metals and trimellitic acid that would otherwise be incorporated in the 2,6-
naphthalenedicarboxylic acid when it is partitioned from the mother liquor.
The amount of water added to the oxidation reactor effluent is an amount
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mother liquor with an agent to adsorb or react with water and, thereby,
20 eliminating water from the mother liquor. For example, a molecular sieve
adsorbent can be used to remove water or a carboxylic acld anhydride, such
as acetic anhydride, can be added to remove the water.
A convenient method for removing water from the oxidation reaction
mixture during the oxidation reaction comprises removing a vaporous
25 mixture of monocarboxylic acid reaction solvent and water produced during
the exothermic oxidation reaction and returning to the oxidation reaction
mixture aliphatic monocarboxylic acid solvent containing less water than that
removed as a vapor. For example, the vaporous mixture can be condensed
and the condensate treated to separate the water from the monocarboxylic
30 acid solvent. The monocarboxylic acid solvent free of most or all of the water
is then returned to the oxidation reaction. This operation suitably provides
for the removal of water from the oxidation reaction mixture and allows for
the direct recycle of greater quantities of mother liquor-containing water.
We have also determined that a preferred method for recycling the
35 valuable catalyst metals to the oxidation reaction zone comprises
precipitating the catalyst metals with oxalic acid to form the oxalic acid
complei of the catalyst metals. Oxalic acid complexes have only a low
solubility in the mother liquor. Consequently, after adding the oxalic acid to
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0.33 0.04 15 x,lg~ 20 Table X provides the results froma series of

sem -conti nuous oxidation runs wherein nother liquor froma prior

seni - conti nuous oxidation run was used to supply 20 or 25 wei §BtApHE2098nt of
the cobalt used for the oxidation. The nolher | i quor recycl ed contained 30
wei ght percent water. These data denonstrate that 20 percent recycle (i.
Runs 20 and 21 corrpared to Runs 18 and 19) of a nother |iquor containing 30
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{0200, 300, 7JB0HRa! 1658 OYIE. A6 Cam e dShor SigRUCTHS: TAISH OXANS FORES AISElr
Monoxi def 0. 950.te3enE8®. the Ovahrhle £atalyst nmata fromRbeomotherliguasmost of the

w942 111. 2. Sdated 1ttinddiftid® acid, and bromine remain with the mother liquor in the
filtrate. The filtrate can be treated to remove the acetic acid by one or more
suitable methods such as distillation and the acetic acid recycled.
Additionally, duting the process wherein the oxalate complexes ot cobalt
and manganese are separated from the mother liquor, additional 2,6-
25 naphthalenedicarboxylic acid is recovered. This 2,6-
naphthalenedicarboxylic acid exists as “fines" in the mother liquor that -
typically passes though the apparatus used to partition the 2,6-
naphthalenedicarboxylic acid from the mother fiquor. It is o be understood
that the use of oxalic acid in the method disclosed herein incorporates any
30 convenient source of oxalic acid, including salts such as sodium or
potassium or ammonium oxalate, aqueous solutions of oxalic acid or any
other compound that effectively provides for oxalate, i.e. CoO4=.
The use of the oxalate salts to recover cobalt and manganese for
recycle can be used either exclusively, or, preferably, in combination with
35 the recycle of untreated mother liquor. For example, about 5 to about 50
percent, preferably 10 to about 30 percent of the mother liquor can be
directly recycled to the oxidation reactor and the remaining portion of the
mother liquor treated with oxalic acid to recover the cobalt and manganese



28 April 2003 29 a) These are the quantities of fresh feed reaction
conponents charged to the reactor. Cobalt is in weight percent elenenta
cobalt based on total acetic acid charged to reactor. Mi:Co:Br is the atom
ratio of 5 catalyst conponents. Water is weight percent of ace@BiAprin2i03
charged. b) These are the quantities of recycled reaction conponents
charged to reactor. Cobalt is in weight percent elenental cobalt based on
total acetic acid charged to reactor. Mi: Cqa: Br is the atomratio of

catal yst conmponents. M. is the nother |iqu obtained froma prior sem 10
continuous oxidation run. c) Total based on a) and b) as described above.

d) Tot al ffl t yields. b d 2, 6-di met hyl ht hal
Shar ged. vl ucesr b SXalatopompl e wugh aje Her of easfandiphaemeted 6 dee
(M) cont ai ned okMatipntrbactigrpeuixtate. 1ThiSvhéthpdedfdineatly irecyoling edptrjiod.of thel e%
f Ru 20 Odp: Budg =19 Y 9
ag;um' 2; onl ing?léﬂﬁﬁpg%&ogn%émh%g is,?&%{m @%gqgltﬁ%trgbﬁﬁﬂg t d&ﬁ%ﬁéﬁ ~
xamy |~ a 10 28heramteendiquar a5 thel axalia acid.eamplexeeis higoht AdNAI39eRUSIafs on
of 2, 6di net by! rebiibed eidvesionly Gokerthirmpeopmtigansstheoxthbe ligabt Tansba

Rns 24 and - seqhy FocbleihertPe 7% Bosta e i v Bioefedilcr, 88, WllRE ,
actual not her laclficause adverspraftects ebliowewart ithe tee of pixalic acld arwthemseurce

(I\)/)B(.?lt ﬁte; S?'ﬂES ‘%?Qafé?é tgfi)r&iHBﬁat%Gth%”&bt?a]t BRA %&%ﬁ%&%ﬁﬁrm@ e ARuor

K, N. H . G=S.Ch | | ., 1IN dat
denonstrate t hﬂoﬁaéﬁoﬁlréh% éPP@%P"glﬁﬁ? gggﬁg{enﬁﬂ%ﬁ@ékaéﬁbgbme\/?@'i 'gﬁ'? i on
cat al ysts. 10he in dbeverogher ligher.ox&basequentlys it risnadeantageaus; primarilyofoner .
¥ : 2 el 1y L ;
per nol e of C?B%&Pbsﬁ“ﬁ%ﬁ%&ﬁgﬁ%ﬁ& 3‘%%%? 5‘%‘{’3%?’61‘?3‘9“%3’; ARg TR hef P 1 1nd L

mot her | i quor . OXifatign, reaclion,as et witheyl adversely, gilecting thenaxigationne

solids forned veasiohepadahen régover the chlalyst metalsdd thée rémaming owsther liegiod and

dried. 3 . . ' ' h
ffect of tr maPERIE At Pphel Mo thoy B S SR0JerBAE b ioRlg), 1~
the reacti df t@ghenpxidatiomeaconNni xt ure was spiked with trimellitic acid (5

grans for Run 28 an@ltHdughanhef abréinabdfe tbecapédapredegsRectibpNret@fming

R g e e T S

. TMLA
| evel s were el &¢agtion myxtaisoare desmuipd widh regpech o goernlinppus-mede) oxisiatianf ect

e g on) Wbl SV RUE AT s oprains Sy
reacti on. Egr ﬁ@é’@ qeiglslgng%gﬁ%ergf al&adgaglﬁ\ftqﬂnsgvaﬁgﬁ’? rieﬁﬁﬁ?)ﬁ'tﬁdztsﬁe
reaction. For Rimetglnapidhatena: condudtedt inmeither the i semhcoatinuaus) 05, bdtoh Run

29) about 7. Thesid ey Kyniiddhtingblusst &f mEnfitharatlesst offet oY hePReitRoROUL
1.0 severely inhibit t

componen se, but less than all, is added to the oxidation reaction zone during
the course of the oxidation. For example, a suitable reactor is charged with '
25 oxidation solvent, catalyst metals and a source of bromine. The 2,6-
dimethylnaphthalene is gradually added to the reaction vessel while
simultaneously adding molecular oxygen. In a batch mode operation, all of
the reaction components are added initially and the molecular oxygen is
added during the reaction since it is difficult, and hazardous, to add all of the
30 oxygen required to complete the oxidation reaction of 2,6-
dimethylnaphthalene to 2,6-naphthalenedicarboxylic acid at once.

The present invention will be more clearly understood from the
following examples. It being understood, however, that these examples are
presented only to illustrate embodiments of the present invention and are

. 35 notintended to limit the scope thereof.

——



oxi dation reaction. 31 28 April 2003 Cat. Metals Recycl edas
Oxal at es50505010000Fresh Feed aAcetic acid)

gr ans480480480480480480Cobal t 0. 060. 060. 0600. 120. 12Mh: Co: Br 3: 1: 43: 1: 43: 1: 40:
0:23:1:23:1: 2Water, w 9%55555C0: TMLA, atogpgratiob--- .-1:1. 9128 APAAASI ed
Cat al vstc Cobatt 0.05 0.05 0.06 0.12 0

OMh: Co3: 13: 13: 13: 100Tot al dCobatt 0. 110. 110. 120. 120. 120. 12Co: Mh: Br 3: 1: 23: 1: 23

:1:23:1:23:1: 23: 1: 2React or Yi el ds~%2, g NDA968696101,
9148TM_A4. 03. 73.84.fi 8. 711FNAO. 270. 260k . 200. 58Br - NDAO. 420. 440. 340. 50

ﬁ/b 240. §0C3r lsatim DéOi%%&%gtg&g)ugbgddaﬁn%acﬁ&is EB@WR in Examples 1 through
noxi desO. . . . i n | I
Er i ent 10, 610 B8R ronAuBet I, 3 ¥ Bhfdy slre Waklum rvessuig reagior;
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I's vel gnt Ber CiMpdndts aha refd tp Q'mikiré! THeSeabtorWds m Eﬁéﬁﬁ dto
reactor. Wh:Co IS the atomrat at al yst tal s.. d) . Total based on a
and c above. &t %Of'm‘ﬁ'éfttéeogqg/ﬂ?q*h I"@'?fl X¥ﬁ?)2?§9€"?%fqﬂ9}'éhéfe?% oxidatian x_
Iexam | plg 12 Tebtstoxkl material chess ftﬂwnta}wdl a'sgbootrTrP_Es%rauda kgepxt thathieoiiquidt Eer
| quor W t s S t hat
e rattoe ofStay APt BlGed o ME HbEGF Uing 8 386HAYde HRATYS Soidh
adequate for r(@estieagidirand thecenalyst somprasHaasa gelutinaiip agueous agetlg
conpl exes.10Thegdid)owere sbgara ompedtttoithareddior aksalusingaplstbretypeipinigsy. i on

and B i n Tabl e"od PXUEBRSATRR AN 110 Fodor Bas, iRy dtuk g WelgR,
0.51 wt. % Mh,payceat ageticadhd pnd Sweight pescent waterd Gompregsed\ait was wadedsed

for the preci pit@tatanolRHidve diiut UehoFgenth fhd Foatidd vanXigal siRmentThat ed
not her | i quor cor&.al ni 9

[0) 0
o and 12,1 Weahpheaalfen.coniaiiiie ApAlk ftist Fddvetér War idandapsagdn ibEa (o
concent r at¥s t heverheadcondenser. arthreturnad ite the reaatonplrearderdebe gertgimtiat by
b st b e e
oreci pi tat ed i feacieh schisyer Festend siate soarasidon. ithe FantiByotis oxidafign. a
corrosi on net ateatctiondeportedirhExamplpsor through 7 below were permitted to proceed
for about four reactor residence times' before a sample was taken for
20 analysis. The organic reaction products were analyzed using liquid
chromatography. Catalyst metal and bromine concentrations were
measured by x-ray fluorescence spectroscopy. A slip-stream from the
reactor off-gas was also continuously analyzed to determine off-gas oxygen,
carbon monoxide and carbon dioxide levels. The fresh cobalt and
25 manganese catalyst components were added as their hydrated acetate
salts, i.e. Co (OAC).4H,0 and Mn (OAc),.4H,0. Bromine was added as an
aqueous solution of hydrogen bromide.
In the following Examples, “TMLA" is trimellitic acid, "2,6-NDA" is 2,6-
naphthalenedicarboxylic acid, "Br-NDA" is bromo-2,6-
30 naphthalenedicarboxylic acid, "FNA" is 2-formyl-6-naphthoic acid and "2-
NA" is 2-naphthoic acid. “Reactor Yield" or "Molar Reactor Yield," is the
percent yield of each component listed in the oxidation reactor effiuent and
based on the moles of the component produced relative to the moles of 2,6-
dimethylnaphthalene feedstock added. The values reported for carbon
35 monoxide and carbon dioxide are the amounts of those oxidation products
produced in gram moles per hour. "HCTP" corresponds to hydrocarbon
throughput and is defined as the molar feed rate of 2,6-dimethylnaphthalene



33 28 April 2003 Test Mdle Ratio of Oxalic L Acid to Total Co and Mn 0.6
0.85 2.1 - 3.0 Analysis of Oxalate ~ryr itateCo Recovery, %100100100100- -
Mh Recovery) %%19599106Br Recovery, %19~ 221016Fe Recovery, %

. NM6666NM~n, ~rsis of Filtrate Co Recovery) %1 1 0 0 1Wh RecowdApril 2003
95712110Br Recovery, 9%98757560TMLA Recovery, %B8367.7360Fe Recove ry) %N WN
MN WW M5 NM = not neasured 28 April 2003 34 CLAIMS 1. A process for
produci ng 2, 6- napht hal enedi carboxylic acid, bythe |iquid phase oxidation of
2, 6- di et hyl napht hal ene, conprising: a) coh i nuously adding to a reaction
zone the oxidation reaction conponents conprising 2, 6-di nmet hyl napht hal ene,
a source of nolecul ar, oxygen sol.vent, conpri sjng. ap aliphati.c I
nonocar boxyl i c '%&Odea'Ha% R&ft @‘Plﬁfs?’wd‘}ﬁpw EFF%Q’O@(S%%P?,SO ve&n h?fnﬁé'ﬁéggnand
br onm ne conponeeastpr.wihesunits fer METdhare pound gholes red 26 dimethiytnaptithlalené vent
to 2, 6ydi net hyl ' : : [ to
cobai t 115 5: 1 FGeB040hE Ppacisr fer ety et of rhallo bR s RackBt, BRRERE

and manganese i"Solyest Ratip"ds apprexigiaielynibe; tta of gemayishiof sgientdiygwaike
cal cul f‘t gd 93 Qﬁﬁ?ﬁ@%@' t_h@ﬁrltmé fbf %ﬂllditimﬂ@]aﬂ.gsﬁmétﬁylﬁépﬁtﬁé&he%%@:eﬁ'@itghThis
percent based on wej sol,ven . 0 ; .
mai nt ai ni ng thé/a!:‘@nggwtoé(%?teﬁh%q %ﬁg?‘% ﬁtgzﬁn%&oitférga éﬁgé{jéﬂ E?%%gﬁ %??%ﬁgtt o]
420F (187-215Cdivided by the patesafiadditicn of 2.6rdimethytinaphthalene an veight, ite tBe
at nospheres ab , i@l RlaN@xi , ' I
2, 6napht hal eneﬂ%'ﬁ ?(ft fig@gﬁélegﬁﬁhg tﬁfboﬁ}uiﬁgﬁoﬁg?a&bﬁﬁlﬁg\;ﬁfﬁfﬁﬁow&feﬁt
reaction zone édﬁiggcfi)}t% O Rt BF’Eé%grB wefar dn $hesreachAp kX 18R QxdatPp Jegeian.
acid; and d9 sé&Residenvg TirGehaphhbadxdetion anelactor| draimoveight dividedrioydbe
m xture fromtrj | Lol Co el | Iy I mink §8108wf @ i L Qidiie
i quid phase ogFgngoﬁ?)&u%déf\ﬂi\Hgﬁg{a ?\é mg&g,{%%?rrrginkp#%a;g&t%ﬂn‘glﬂ?%_u%é%gd to
the reaction z®%Ecent-robalt: measured as elemental cobalt, based on the oxidation
reaction solvent added to the oxidation reactor. "Co:Mn:Br." is the gram
atom ratio of cobalt:manganese:bromine in the catalyst added to the
15 oxidation reaction mixture. The molten 2,6-dimethylnaphthalene (DMN)
feed rate values are in pounds per hour.

Example 1
Table | lists the results for the continuous oxidation of 2,6-
dimethylnaphthalene (feedstock) under similar oxidation conditions using a
20 high purity (99+%) feedstock and a 98.5% pure feedstock. The 2,6-
dimethylnaphthalene was obtained from oil refinery bottom streams. The
99+% purity material was obtained from the 98.5% purity 2,6-
dimethylnaphthalene by two recrystallizations from acetic acid.
These data show that the yield of 2,6-naphthalenedicarboxylic acid is
25 greater using the purer feedstock. Less reaction impurities such as Br-NDA,
FNA and 2-NA are also formed from the oxidation of the purer feedstock.

Example 2
Table Il lists the results from a series of continuous oxidation runs
30 conducted at reaction temperatures ranging from 380°F to 4209F. These
data demonstrate that as the reaction temperature is reduced from about
4000F, the level of FNA begins to increase in the reaction effluent.
Conversely, as the reaction temperature is increased, the yield of 2,6-

naphthalenedicarboxylic acid decreases and the level of TMLA increases.
35 )



the HCTP is 0.02 to 0.20 pound nol es of 2,6-dinethyl napht hal ene added per
cubic foot of reaction solvent in the reactor per hour (323 to 3230 nol es
of 2, 6di net hyl napht hal ene per cubic netre of reaction sol vent hour)

35 28 April 2003 2. The process of Claim1l wherein the nnnoca?géi?g}'laog%m d
solvent is acetic acid. 3. The process of 18 aim 2 wherein the weight ratio
of acetic acid to 2, 6dinethyl naphthalene is 2:1 to 6:1. 4. The process of
any preceding clai m wherein the source of nol ecul ar oxygen is air. 5.
The process of Claim1 wherein the tenp ne is 380F to 415F (193-212C).
6. The process of any preceding claimwherern the total of cobalt and
manganese, cal cul ated as el enental cobalt and manganese, is at |east 0.50
wei ght percent (haghdo the wei ght of soRyant added to the Rg@ag i on zone.
7. The process of Caim6 wherein the total of cobalt and nanganese,

cal cul ated as dHegastucklPwighalt! %and mangargks, is at |east 0.39+wei ght
percent based WWt.t%eCowi ght of solvent adileé8 to the reactiormD.26ne. 8. The
process of any Go:MreBr ng cl ai m wherei n 1t018.062.0m rati o of HrOBLGR.X 0 t he
total of cobal tReautiondeggmede is 0.4:1 to3807:1. 9. Thet proc88§ of any
precedi ng cl ai rSobentdRatic, by vedigith r at i o of 6rfanganese to cobal 6:1s 4.0:1
0.5:1. 10. The ReantersResiflemscey precedi ng cl8® m wherein the co®lnts of the
reaction zone i Jimet(mid)0 wei ght percent water. ,. 28 April 2003 36 11.
The process of any precedi ng clai mwherein the hydrocarbon throughput val ue
is in the rangdVolar RedgtarYivlds6 pound nol es of 2,6 di met hyl napht hal ene per
cubi ¢ foot of reactor sol vent per hour (646 to 2584 nol es of

2,6=di net hyl na Iene per cubic netre o%-7Peaction sol vent(f&6 hour). 12.
The process of ecedl ng claimfurthéi-%bnprising conta ?\@ t he

2, 6napht hal ene Boxyl i c acid withdrawn! f‘?om the reaction 9&fe at an

eI evat ed terrper re with a gas containin 80p1 ecul ar oxygen. 0 The
process of C ai wherein the contactin éonprl ses reacti nﬁzt he pr oduct

m xture withdrawn fromthe reaction zone with a gas contai ning nol ecul ar
oxygen at a tenperature in the range of 0 450F ( 176-232 C). 14. The
process of Claim 12 wherein the cont act%ri ses partitioning

2, 6napht hal gnedi carboxylic acid fromthe reaction m xture, suspending the
separated 2, 6- ephditishgnedi crippay! | Quacd d | nRan®! vent guald contRed 7ng t he
suspended 2, 6- napht haf ~nedi carboxylic acid with a gas contai ning nol ecular -
oxygen wher ei n Résctimspensi on3ig® at a40enperat40@ in thettsange of 4200 F to
450F (93-232C). Teémp.®re process of any preceding claimwherein the reaction
zone contains |Reactidran 10 weihe peraa3at wat 807.7.6. ThB4p8ocess Jg1.any
precedi ng cl ai mivesseP8I&he rati o of gramnoles of trinellitic acid to -
total gram at onWtd% @mbalt an@.tangan@d® i s | €349t han 0.61917. Th®.19 ocess
of any precedi r@thaBm wher ei h:322 6- napBthal eneld8@ar boxyli¥2aci d i h:3:de
product mxture is separated from mother |iquor- formed during the |iquid

phase oxi dati onDbM‘blFﬂﬁdr ein cobllt andh.Zangane$el oxi dati 6:2 5.1
Solvent Ratio 4.1 4.0 3.9 4.0 3.4
HCTP 0.12 0.12 . 012 0.12 0.13
COz g . 3.61 6.83 7.43 9.61 9.89
moles/hr
COax g 0.95 1.92 2.51 2.89 3.30
moles/hr
Total CO & 4.56 8.75 9.94 12.50 13.19
CO,

Reactor Yields

TMLA 2.85 2.75 3.42 2.97 3.65
2,6-NDA 93.22 91.95 92.41 93.65 85.90
FNA 1.28 0.62 0.53 0.39 0.29

2-NA 0.12 0.18 0.27 0.22 0.26



28 April 2003 37 catalysts are recovered fromthe nother |iquor by a
process conprising contacting the nother liquor with 3.0 to 0.6 granlnnles
of a source of oxalic acid per gram atom of the total of cobalt and
nmanganese contained in the nother |iquor, precipitating an i n28/ARAl 2003
conplex formed by the reaction of the oxalic acid with the cobalt and
manganese oxi dation catal ysts, and recovering the insol uble conplex. 18.
The process of Caim 17 further conprisingiasing the recovered insol uble
conplex formed by the reaction of oxalic acid with cobalt and nanganese as
a source of catalyst for the Iiquid phase oxidation of
2,6dinethy|napEggﬁFgﬂglto 2, 6- naphthalenedlcarboxyllc acid. 19. The process
of any preceding c her..co 0,.the reaction zone
not her |iquor for rrngag!ﬁ th @e%'% }gg?"h% f@ﬂn %xﬁ H’?ﬁ&ﬂﬂﬂ‘éﬂ?%&?‘ Iof; NS g
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TMLA 8.63 5.08 11.77
2,6-NDA 82.97 85.23 77.06
FNA 1.19 0.33 1.66

2-NA 2.42 0.25 0.59
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Reaction Temp., °F 415 414 415
Reaction Press., PSIG 346.1 ) 340.3 336.9
Wt. % Co 0.15 0.15 0.15
Co:Mn:Br 1:3:2 1:3:2 1:3:2
DMN Feed Rate 3.0 5.1 6.0
Solvent Ratio 4.0 4.3 4.2
HCTP 0.07 0.12 0.16
CO, g moles/hr 7.41 7.99 9.75
CO g moles/hr 2.39 2.16 2.85
Total CO & CO,p 9.80 10.15 12.60
Beactor Yield

TMLA 4.58 5.08 5.33
2,6-NDA 90.39 85.23 89.50
FNA 0.22 0.33 0.40
2-NA 0.51 0.25 0.31

Therefore, the increase in the amount of trimellitic acid formed by
using lower catalyst concentrations, can, in part, be offset by using lower
HCTP. However, lower HCTP requires a lower production rate for 2,6-

15 naphthalene-dicarboxylic acid and, therefore, a compromise between
catalyst concentration and HCTP must be made.
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where the effluent from the oxidation reator was immediately directed to a
second, equally-sized vessel and treated with a mixture of 5-8% (by volume)

5 molecular oxygen in nitrogen gas at a rate of about 10-12 standard cubic
feet per hour at the temperatures indicated.

As shown by the data under the heading "Reactor Yield Following
Oxygen Treatment,” treating the reactor effluent with molecular oxygen
substantially reduced the level of 2-formyl-6-naphthoic acid 18 to 38.5

10  percent without substantially changing the amount of trimellitic acid in the
_ product.

Table VIl compares the results from an average of eight continuous
oxidation reactions and the data in this table demonstrates that by treating
the oxidation reactor product with molecular oxygen (5-8% by volume in

15 nltrogen) after the product exits the oxidation reactor reduces the amount of
2-formyl-6;naphthoic acid present approximately 35 percent without
substantially increasing the amount of trimellitic acid in the product.

Example 7
20 A continuous oxidation of 2,6-dimethyinaphthalene was carried out in
a manner similar to that used in preceding Examples 1-6 except that most of
the the catalyst used for the oxidation was from the mother liquor recovered
from a previous, similarly conducted continuous oxidation of 2,6-dimethyl-
naphthalene. The recycled mother liquor supplied 77 weight percent of the
25 cobalt, 41 weight percent of manganese and 53 weight percent of the’
bromine. The remaining catalyst components were supplied as fresh
components. The results from this continuous oxidation are reported in
Table VIil. By using the mother liquor from a previous continuous oxidation
reaction as part of the solvent and as a source of metals for a second
30 continuous oxidation reaction, the level of impurities in the second oxidation-
-impurities that could affect the course of the oxidation reaction--is
approximately the same as that in a continuous oxidation under steady state
conditions where 50 percent recycle is used. Thus, the use of the mother
liquor from a previous oxidation reaction as the solvent for a new oxidation
35 reaction simulates continuous 50 percent mother liquor recycle.
The data in Table VIil establishes that this level of recycle does not
substantially affect the continuous oxidation reaction.
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JABLE VIl
Conditi
Reaction Temp., OF 408
Reaction Press., PSIG 311.6
Wt. % Co ) 0.19
Co:Mn:Br : 1:3:2
DMN Feed Rate 4.69
Solvent Ratio 3.8
HCTP 0.12
CO, g moles/hr 7.55
CO g moles/hr 2.56
Total CO & CO, 10.11
Reactor Yields
TMLA 3.69
2,6-NDA 92.14
FNA 0.43
2-NA 0.15
Sut {0 T Conditi
Temperature, °F 385
Gas Rate, SCFH . 12.12
TMLA 3.40
2,6-NDA 89.79
FNA 0.28
2-NA 0.13
% Change in FNA -34.9
% Change in TMLA -7.9

% Change in 2,6-NDA -2.6
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) S1I0%&R& () - 310%UXGE () - 10#010#&10# 0& M 10%t&' () - F37; 2CDZU9vU5c

' $10%GRGY ()'()ﬁ%_ic

3.41 3.81 2.59

2,6-NDA 94.53 93.30 82.42

FNA 0.48 0.63 0.55

Br-NDA 0.35 0.76 0.68

— 2-NA 0.22 0.31 -0.04

5 a) Yield after subtracting components carried over from mother liquor.

Example 8
Table IX lists the product analysis of filter cakes obtained by filtering
solid 2,6-naphthalenedicarboxylic acid from the total reactor effluent. These
10 data show that side products present in the total reactor effluent contaminate
the desired 2.6-naphthalened'icarboxylic acid when it is isolated and,
therefore, confirm that it is essential to eliminate as much as possible the
side products produced in the oxidation reaction. These data are from an
average of eight continuous oxidation runs as reported in Table VII.
15 _

In Examples 9 and 10, the oxidation of 2,6-dimethylnaphthalene to -
2,6-naphthalenedicarboxylic acid was conducted in the semi-continuous
mode using a one liter titanium pressure reactor equipped with an overhead
condensor, stainless steel product receiver, internal cooling coil, agitator,

20 and feed and catalyst lines. During the reaction, amalyzers were used to
monitor. temperature, pressure, and vent gas composition.

In a typical run, the reactor was charged with solvent and catalyst,
pressurized, and heated under nitrogen to the initiation temperature. The
reaction was started by simultaneously adding compressed air and 2,6-

25 dimethylnaphthalene. The 2,6-dimethylnaphthalene was added as a 50:50
' by weight mixture with acetic acid. Typical reaction parameters are as
follows: air rate, 0.18 SCFM; pressure, 300 psig; initiation temperature,
3500°F; reaction temperature, 405°F; agitator speed 1200 rpm; feed pump



' $10%CRGE " $L0%GRGE! () - (¢ ' $LOUGRGS! ()- (¢ ' $LOUGRGS! ()-(Z flrs| UOvUse

()-(c
' $LOYGRGE () - () ?D$$c ' FLOYRGE ()-(c ' $L0%URGE ()-(c ' $LOURGE ()-(c
" $LOYGRGE () - (| WvUse ' $10%48GE' () - () ?D$$c ' $10%4RGE ()-(c $#)/&G&g§§é)-(c
' $109068C8 ()-(c ' $109%38GC& () - (LIvUSC ' $10%RGE () - () ?DS$c ' $1 -(c
' $10968GE () - (c ' $10%GRGE ()-(c ' $10%48GEY) - (UOVUSC ' $10UGRGE () - () ?DS$C
' $L0YGRGE () -(c ' $LOUGGE () -(c ' $LOUEGE ()-(c ' $LO0YEREE () - (W9vUse
' $LOYGRGE () - () ?D$$c ' PLOYGRGE () -(c ' $10%URGE ()-(c ' $LOURGE () -(c
' $10%8GE () -réate, 2 mi/minute. The reaction time was 125 minutes and the final weight

ratio of solvent to 2,6-dimethylnaphthalene was 5:1.
The recycled mother liquor used for runs 20 through 23 was from a
prior semi-continuous oxidation of 2,6-dimethyinaphthalene and had the
5 following approximate composition:

Component: Weight Percent
2,6-NDA 0.46
FNA 0.005
Br-NDA , 0.016
TMLA 0.43
. Co 0.07
Mn 0.19
Bromine 0.93
Water . 30.5
" JABLE IX
Reactor Yielda
TMLA 3.69
2,6-NDA 92.14
FNA 0.43
2-NA 0.15
ilter ke Analysi -
TMLA : 2.85
2,6-NDA 92.83
FNA 0.33
2-NA 0.04
a) Br-NDA not measured.
15 Example 9 '

Table X provides the resuits from a series of semi-continuous
oxidation runs wherein mother liquor from a prior semi-continuous oxidation
run was used to supply 20 or 25 weight percent of the cobalt used for the

20 oxidation. The mother liquor recycled contained 30 weight percent water.

These data demonstrate that 20 percent recycle (i.e. Runs 20 and 21

compared to Runs 18 and 19) of a mother liquor containing 30 weight
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' $10%46G8G& ()-(c ' $10%URGCE () - (~">+5¢ ' $10%
percent water can be used. However, the levels of Br-NDA are elevated with
the recycle.
When the mother liquor was recycled to provide for 25 weight percent
of the added cobalt (i.e. Run 22), the levels of FNA and TMLA increased
5 substantially. The level of Br-NDA also increased substantially. This
increase In impurities is primarily due to the initial elevated water levels in
the reaction mixture from the mother liquor (i.e. 15 weight percent based on
acetic acid).
In Run 23, acetic anyhydride was used to eliminate water from the
10 recycled mother liquor. The levels of impurities in the product decreased to
levels similar to the Runs 18 and 19 where no recycle was used. However,
the level of Br-NDA was still elevated. This run demonstrates that water in
the recycled mother liquor is detrimental to the oxidation reaction where
mother liquor is used as a source of the catalyst metals.
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' $10%GEGE () - ( y] A+5c ' $1lc ' $1OY%GRGE ()- B8 ' $LOUSRGE ()- (¢
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"PL0YEEGEE ()-(Cc " PLOUERGE ()-(Cc " PLOURGK ()-(c ' PLOURGK () - () ?D$$c
' $L109%EGEE ()-(c TABLE X
Eresh Feed @ Bun18 Bun19 Bun20 RBun2{ HRun22 RBun23
Acetic acid, grams 480 480 320 320 240 82
Cobalt 0.12 0.12 0.10 0.10 0.09 0.09
Mn:Co:Br 3:1:2 3:1:2  3:1:2.2 3122 3I1:2.2 322
Water, wt% 5 5 0 0 0 0
Recycled Catalyst?
T Mother Liquor Recycle, % 0 0 20 20 25 25
Cobalt 0 0 0.02 ° 0.02 0.03 0.03
Mn:Co:Br : - - 2.8:1:1 2.8:11:1  2.8:1:1 2.8:1:1
Recycled ML, grams 0 0 160 160 240 240
Water in ML, wi% 0 0 30 30 30 30
TMLA in ML, wt% 0 0 0.43 0.43 0.43 0.43
Acetic Anhyd. in ML, grams 0 0 0 0 0 241
Net Water in Recyled ML, wi% 0 0 30 30 30 8
Jotal®
Cobalt 0.12 0.12 0.12 0.12 0.12 0.12
Mn:Co:Br 312 312 312 3:1:2 3:1:2 3:1:2
. Water, wt.% 5 - 5 10 10 156 4
Beactor Yields, mole %9
2,6-NDA 95 101 89 87 97 87
TMLA® 3.9 3.8 4.1 4.2 5.7 4.0
FNA 0.26 0.28 0.25 0.26 0.42 0.21
Br-NDA ) 0.20 0.30 0.70 0.76 1.18 0.71
Carbon Dioxidef 365 3.16 2.13 2.12 1.84 2.04
Carbon Monoxidef 095 0.88  0.68 0.62 0.52 0.64
Final Water in

Reactor Effluent, wi% 12.1 11.6 12.5 133 14.4 11.8
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(*+, <@HzZ: *c ' $10%xc ' $10%8GE ()- (¢ ' $LOUREE ()-(c

(c ' $LOUCRGE ()- () ?D$$c ' $10%ERGE () - (HLM af kyY9*c ' $10%
(c ' $109%8G& ()-(Cc ' $LOURGCE () -(c ' $LO0UCKG ()-&?D&ﬁc
(kpg}aE)c ' $10%8GE ()-( ¢ ' $10%URGE ()- (¢ ' $109ERAR1 (3008
(c ' $10%-GE ()- () ?D$$c ' $10RRCE' () - (z"B)c ' $10%R-GCE ()¢
(c ' $LO%GRGE ()-(c ' $10%438C&' ()-(c ' $109%38G& ()- (¢

() ?D$$zZ: ) c ' $109%38c ' $LOYUCRGE () - (c ' $LOUREE ()- (¢

a) These are the quantities of fresh feed reaction components charged
to the reactor. Cobalt is in weight percent elemental cobalt based on
total acetic acid charged to reactor. Mn:Co:Br is the atom ratio of
catalyst components. Water is weight percent of acetic acid charged.

b) These are the quantities of recycled reaction components charged to
reactor. Cobalt is in weight percent elemental cobalt based on total
acetic acid charged to reactor. Mn:Co:Br is the atom ratio of catalyst
components. ML is the mother liquor obtained from a prior semi-
continuous oxidation run.

c) Total based on a) and b) as described above.

d) Total reactor effluent yields based on 2,6-dimethyinaphthalene
charged. Values for 2,6-NDA are +/- 5%.

e) Since recycled mother liquor (ML) contained TMLA, the apparent
TMLA vyield was increased by 0.4 mole% for Runs 20 and 21 and 0.7
mole% for Runs 22 and 23.

f) Yield in mole% assuming only one third of CO and COy is from 2,6-
dimethyinaphthalene.

Example 10 .

Table XI provides data from the semi-continuous oxidation of 2,6-
dimethylnaphthalene using cobalt and manganese oxalate salts as a part of
or all of the oxidation catalyst metals. The oxalate salts used in Runs 24 and

- 25 were obtained by precipitating cobalt and manganese from actual mother

liquor from a prior semi-continuous oxidation run. The oxalate salts used for
Runs 26 and 27 were purchased from Johnson Matthey, Inc., Seabrook,
N.H. or GFS Chemicals, Powell, Ohio. These data demonstrate that oxalate
salts of cobalt and manganese are active oxidation catalysts.

The recovery of the oxalate salts from reaction mixture mother liquor
was conducted as follows:

Approximately 0.92 mole of oxalic acid per mole of cobalt and
manganese catalyst metals was added to a sample of mother liquor. The
mixture was heated to reflux for about 15 minutes. The solids formed were
separated by filtration, washed with hot acetic acid and dried.

Example 11

Table Xl, Runs 28 and 29, provides data demonstrating the effect of
trimellitic acid on the semi-continuous oxidation reaction. When the reaction
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mixture was spiked with trimellitic acid (5 grams for Run 28 and 10 grams for

Run 29) the oxidation reaction was affected. For Run 28, the amounts of 2,6-

NDA, FNA and Br-NDA produced were equiyalent to the base case runs

(Runs 18 and 19 in Table X), however, TMLA levels were elevated by about

5 30%, i.e. if the added TMLA did not affect the reaction, the yield of TMLA

would have been 7.5%, 4% produced in the reaction and 3.5%

corresponding to the 5 grams of TMLA added to the reaction. For Run 29,

the 10 grams of added TMLA severely inhibited the reaction. For Run 28,

the TMLA: catalyst metal ratio was about 0.5, for Run 29, about 1. Therefore,

- - 10 mole ratios of TMLA: catalyst metals above about 1.0 severely inhibit the
oxidation reaction.
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109%& && ()- 109%8&&' ()- % DYhvwxy| [ NAdc _10& &10& &10& & 9% 10%& && ()- !

L @L0% &&' ()- !)yl0%& && ()- !$yl0vk SRABLEXl109& && ()-yfINAdc 10& &10&
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810Y8&&& () -

Bun24 RBun25 Run26 RKun27 HRun28 Rup2d

% Cat. Metals Recycled

as Oxalates 50 50 50 100 0 0

Fresh Feed @

Acetic acid, grams 480 480 480 480 480 480

Cobalt 0.06 0.06 0.06 0 0.12 0.12
- - Mn:Co:Br 3:1:4 3:14 3:1:4 0:0:2 3:1:2 3:1:2

Water, wt% 5 5 5 5 5 5

Co:TMLA, atom ratioP - - - . - 1:1.9 1:3.8

Begycled Catalyst®

Cobatt 0.05 0.05 0.06 0.12 0

Mn:Co 3:1 3:1 3:1 3:1

Totald

Cobait 0.11 0.11 0.12 0.12 0.12 0.12

Co:Mn:Br 3:1:2 3:1:2 3:1:2 3:1:2 3:1:2 3:1:2

Beactor Yields, mole %®

2,6-NDA 96 86 96 101, 91 48

TMLA 4.0 3.7 3.8 4.6 8.7 11

FNA 0.27 0.26 0.20 0.29 0.20 0.58

Br-NDA 0.42 0.44 0.34 0.50 0.24 0.20

Carbon Dioxidef 2.82 2.67 2.48 2.40 2.20 1.28

Carbon Monoxidef _ 081 079 075  0.62 0.66 0.30

Final Water in Reactor Effuent  10.6 10.3 10.2 9.8 10.3 7.33
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a) See footnote as in Table X |
b) TMLA was spiked into the reactor for runs 28 and 29.

c) Cobalt is weight percent elemental cobalt based on total acetic acid
charged to reactor. Mn:Co is the atom ratio of catalyst metals.

5 d) Total based on a and ¢ above.
e) See footnote d in Table X.

f) See footnote f in Table X.

Example 12

Table Xl provides the results from treating oxidation mother liquor

10  with varying amounts of oxalic acid. These data demonstrate that mole
ratios of oxalic acid to cobalt and manganese of 0.6 to 2.1 are adequate for
recovery of the cobalt and manganese as their oxalic acid complexes.
These data also demonstrate that the oxalic acid precipitation leaves most of
the undesirable TMLA in the mother liquor.

15 For tests A and D in Table Xll, concentrated mother liquor containing
0.19 wt. % Co, 0.51 wt. % Mn, 0.32 wt. % Br, 2.93 wt. % TMLA and 12.1 wt. %
water was used for the precipitation tests. For tests B and C in Table XIi,
concentrated mother liquor containing 0.29% Co, 0.78 wt. % Mn, 0.46 Wt. %
Br, 0.030 Wt. % Fe, and 12.1 wt. % water was used. Atmospheric distillation

20 was used to concentrate the mother liquor. The oxalic acid complexes were
prepared by heating the concentrated mother liquor with the appropriate
amount of oxalic acid at 90-100°C for 15 minutes followed by filtering the .
precipitated oxalic acid catalyst metal complexes. Iron (Fe) is a typical
corrosion metal found in mother liquor.
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_ Test
Mole Ratio of Oxalic A B C D
Acid to Total Co and
Mn 0.6 0.85 2.1- 3.0
Analysis of Oxalate
Precipitate
Co Recovery, % 100 100 100 100
T Mn Recovery, % 61 95 99 106
Br Recovery, % 19 T 22 10 16
Fe Recovery, % . NM 66 66 NM
Analysis of Filtrate
Co Recovery, % 11 0 0 1
Mn Recovery, % 57 12 1 10
Br Recovery, % 98 75 75 60
TMLA Recovery, % 83 67 73 60
Fe Recovery, % NM NM NM NM

5 NM = not measured
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#3rb oxidation of 2,6-dimethylnaphthalene, comprising:

a) continuously adding to a reaction zone the oxidation reaction
components comprising 2,6-dimethylnaphthalene, a source of
molecular oxygen, a solvent comprising an aliphatic
monocarboxylic acid, and a catalyst comprising cobalt,
manganese and bromine components, wherein the weight ratio
of monocarboxylic acid solvent to 2,6-dimethylnaphthalene is
2:1 to 12:1, the atom ratio of manganese to cobalt is 5:1 to
0.3:1, the atom ratio of bromine to the total of cobalt and
manganese is 0.3:1 to 0.8:1, and the total of cobalt and
manganese, calculated as elemental cobalt and manganese, is
at least 0.40 weight percent based on the weight of solvent
added to the reaction zone;

b) maintaining the contents of the reaction zone at a temperature
of 370°F to 420°F (187-215°C) and at a pressure of from 0.1
atmosphere absolute to 35 atmospheres absolute, thereby
oxidizing the 2,6-dimethylnaphthalene to 2,6-
naphthalenedicarboxylic acid;

c) continuously withdrawing from the reaction zone a product
mixture comprising 2,6-naphthalenedicarboxylic acid; and

d) separating 2,6-naphthalenedicarboxylic acid in the product
mixture from trimellitic acid-containing mother liquor formed
during the liquid phase oxidation;

and wherein the 2,6-dimethylnaphthalene is added to the reaction zone such that
the HCTPis 0.02 to 0.20 pound moles of 2,6-dimethylnaphthalene added per cubic
foot of reaction solvent in the reactor per hour (323 to 3230 moles of 2,6-

dimethylnaphthalene per cubic metre of reaction solvent per hour).
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6. The,process of any preceding claim wherein the total of cobalt and

manganese, calculated as elemental cobalt and manganese, is at least 0.50

weight percent based on the weight of solvent added to the reaction zone.

7. The process of Claim 6 wherein the total of cobalt and manganese,
calculated as elemental cobalt and manganese, is at least 0.70 weight

percent based on the weight of solvent added to the reaction zone.

8. The process of any preceding claim wherein the atom ratio of bromine to
the total of cobalt and manganese is 0.4:1 to 0.7:1.

9. The process of any preceding claim wherein the atom ratio of manganese to
cobalt is 4.0:1 to 0.5:1.

10. The process of any preceding claim wherein the contents of the reaction zone

is 1 to 10 weight percent water.
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complex formed by the reaction of oxalic acid with cobalt and manganese
as a source of catalyst for the liquid phase oxidation of 2,6-
dimethylnaphthalene to 2,6-naphthalenedicarboxylic acid.

19. The process of any preceding claim further comprising recycling to the
reaction zone mother liquor formed by the separation of
2,G-ﬁaphthalenedicarboxylic acid from the product mixture while removing
from the reaction zone a vaporous mixture comprising water and
monocarboxylic acid solvent and returning to the reaction zone aliphatic
monocarboxylic acid solvent containing less water than that removed as a

vapor.



