"PROCESS FOR PRODUCI NG ARQOVATI C CARBOXYLI C ACI D BAC%JM%HE‘

| N\VENTI:ON 1. Field of the Invention The present gn relates to
process for producing an aromatic carboxylic acid. Nbrem ularly, the
present invention relates to a process for producing an aromatic carboxylic
acid, particularly 2,6- naphthalenedicarboxylic acid, by the liquid phase

oxXi dat ion of an
: PROCESS FOR PRODUCING AROMATIC CARB OXYLIC ACID \/

G 0 NTIO
1. Field of the Invention

The present invention relates to proce'ss for producing an aromatic
carboxylic acid. More particularly, the present invention relates to a
process for producing an aromatic carboxylic acid, particularly 2,6-
naphthalenedicarboxylic acid, by the liquid phase oxidation of an
aromatic compound substituted with alkyl groups, wherein catalyst
components are efficiently recovered from a mother liquor obtained after
separation of crystals from fhe reaction liquid of the liquid‘ phase
oxidation. |
2. Description of the Related Arts

e Aromatic carboxylic acids, particularly aromatic dicarboxylic

acids such as terephthalic acid and 2,6-naphthalenedicarboxylic acid,
and esters thereof are useful as raw materials for polyesters which are
used as fibers and resins.

Aromatic carboxylic acids are produced by liquid phase oxidation
of aromatic compounds substituted with alkyl grouf:é in the presence of a
heavy metal cata_lyst. For example, in processes proposed in the
specifications of Japanese Patent Publication Showa 34(1959)-2666 and
Japanese Patent Publication Showa 56(1981)-3337, an aromatic
dicarboxylic; acid is obtained by oxidation in a solution containing a lower
aliphatic carboxylic acid in the presence of a catalyst containing a heavy

metal, such as cobalt and manganese, and bromine.
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arofrati ¢ conpound substituted with al kyl groups, wherein catalyst
gonponents are efficiently recovered froma nother |iquor obtained after
separation of crystals fromthe reaction liquid of the liquid phase _
oxidation. 2. Description of the Related Arts Aromatic carboxylic
acids, particularly aromatic dicarboxylic acids such as terephthalic acid
and 2, 6- napht hal enedi carboxylic acid, and esters thereof are useful as raw

Lo b e tnd 008 b e v

Aromati c carboxylic acidS are pro

aromati c compyngdssigwbst bdntahling salid kibstintessafter il BrkRERI6E, ahd theavy
metal catalyst. For exanple, in processes proposed in the specifications

of Japanese Pairppiatit darbakyloe agidvie chtainad Fraih6trystedls) spparstedPhy esolid-

Publ i cati on Showa 56(1981)-3337, an aronmatic dicarboxylic acid is obtained
by oxi dati on iliqidsseipsirationcefitie sliurgy a Thevmothler diquorcwhach ds ydhtained dsi n
the presence of a catal yst containing a heavy : :
the filtrate after the solid-liquid separation of the slurry contains useful
catalyst components, such as expensive heavy metals such as cobalt and
manganese and bromine compounds. It is necessary that the catalyst
components be recycled in order to use these components efficiently.

The simplest method for the recycling is to reuse the mpther liquor
without any treatment. However, various organic impurities formed as
byproducts in the reaction aﬁd inorganic substances formed by elution of
materials of apparatuses are present in the mother liquor. These
impurities are concentrated during the recycling and occasionally have
serious adverse effects on the oxidation.

Therefore, the direct recycling of the mother liquor is limited, and
catalyst components which are not reused by the recycling of the mothef
liquor must be recovered. Various processes have heretofore been
proposed to recover catalyst componenf.s which are not reused by the
recycling of a mother liquor. |

For example, water and an alkali metal carbonate .lare added to a
residue obtained after removal of a solvent from a mother liquor, and
metal components of a catalyst are précipitated in the form of carbonates,
which are then dissolved in acetic acid to recover the metal components

(Japanese Patent Application' Laid-Open No. Showa 48(1973)-66090). In

another example, oxalic acid is added to' a mother liquor which is not
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metal, such as cobalt and nanganese, and brom ne.

- 2- In the above processes, the reaction product is obtained in the
frormof a slurry containing solid substances after the oxidation, and the
aromatic carboxylic acid is obtained fromcrystals separated by solid-

|l iquid separation of the slurry. The nother |iquor which is obtained as the
filtrate after the solid-liquid separation of the slurry contains usefu

catalyst componegtiud, W' nitaPhRFtNERt 'Y HEAIFEE 2Pt YcBeredah loxdihes
(Japanese Patent Application Laid-Open No. Heisei 2(1990)-203939).

It has been known that metal components can be recovered with
anion exchange resins from a mother liquor which is not recycled. For
example, cobalt and bromine in the mother liquor is adsorbed with a
strong basic anion exchange resin after the ratio of bromine to cobalt has
been adjusted in a specific range, and the adsorbed cobalt and bromine
are eluted with acetic acid containing water to recover organic
substances containing cobalt (Japanese Patent Application Laid-Open
No. Showa 53(1978)-133574)7 In another-example, a mother liquor is first
brought into contact with én anion exchange resin in the bromide form
so that heavy metals are adsorbed with the anion exchange resin, and
the adsorbed heavy metals are subsequently recovered from the ion
exchange resin by elution. The treated mother IiQuor is then brought
into contact with a weak basic anion exchange resin so that bromine ion
is adsorbed with the anion exchange resin, and the adsorbed bromine ion
is subsequently recovered by elution from the anion exchange resin
(Japanese Patent Appliéation Laid-Open No. Showa 53(1978)-104590).

When metal components are recovered as carbonates or oxalates,
auxiliary agents such as alkali metal carbonates and oxalic acid are
neéessary in amounts exceeding the equivalent amounts, and .the
processes are not economically advantageous. Moreover, recoirery of the
carbonates and oxalates requires complicated operations such as
neutralization, precipitation and separation of metal salts and excessive

labor.
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manganese and brom ne conpounds. It is necessary that the catal yst
conponents be recycled in order to use these conponents efficiently.

The sinplest method for the recycling is to reuse the nother |iquor wthout
any treatnment. However, various organic inpurities forned as byproducts in
t he reaction and inorganic substances fornmed by elution of materials of
apparatuses are present in the nother liquor. These inpurities are
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the recycling o ther [iquor nust "be recovered. Various processes

have her et of OlLedbEes SHIEES @nipleis GAserptish adfyheavpmetuls] brohiink e isot
reused by the recycling of a nother |iquor. For exanple, water and an

al kali netal qecbesmiyeinam adseunt byanokabdut twiteioretharfe as mamlyas thea
solvent froma nother |iquor, and netal conponents of a catal yst are
preci pitated iaméumt bbthe béavyamebahatthe time of the adsorption. The bromine ion
| is recovered simultaneously when the heavy metals are recovered.
Therefore, the ratio of bromine ion and the heavy metal components in
the oxidation is naturally restricted, and the oxidation is conducted in
the presence of a large relative amount of bromine ion.

Although it is necessary that the ratio.of bromine ion to heavy
metals be kept at a specific value or more in the oxidation, bromine ion in. .
an excessively large amount does not show further contribution to the
improvement of the reaction, and the amount of bromine discharged to
the outside of the syétem as organic bromine compounds in the off-gas
‘increases. This causes loss of bromine, and the possibility of corrosion
also increases. Therefore, it is not preferable that the ratio of bromine .
ion to heavy metals in a catalyst must be kept at a high value in the liquid - |
phase oxidation.

In the processes using carbonates and oxalates, the metal
components are concentrated to form solid substances. In contrast,
metals adsorbed with an anion exchange resin are recovered by elution
with acetic acid containing a large amount of water. The degree of
concentration of the eluted ions is decided by the concentration during

the elution, and occasionally the degree of concentration of the eluted

ions is insufficient. When the degree of concentration of eluted ions is
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whi ch are then dissolved in acetic acid to recover the netal conponents
(Japanese Patent Application Laid-Open No. Showa 48(1973)- 66090). In

anot her exanple, oxalic acid is added to a nother liquor which is not

-3- recycled, and netal conponents of a catal yst are recovered as oxal ates
(Japanese Patent Application Laid-Open No. Heisei 2(1990)-203939). It
- has been known that netal conponents can be recovered with ani on exchange

resins from a ol BRkien Py L BF Life PAloveFSd htslyst Birectly into the reaction
system increases the concentration of water in the reactor, and this
adversely affects the reaction. Therefore, an additional treatment such

as removal of water before the recycling is necessary, and this consumes

additional energy.

S RY OF 0

The above drawbacks of the conventional technologies are
improved by the present invention. An object of the present invention is
to provide a process which enables efficient recovery of catalyst
components with an anion exchange resin without using an auxiliary
ageht in an amount exceeding the equivalent amount and without
complicated operations or excessive labor in a process for continuoﬁsly
producing an aromatic carboxylic acid by liquid phase oxidation of an
aromatic compound substituted with alkyl groups in a lower aliphatic
carboxylic acid as the solvent in the presence of a catalyst comprising
heavy metal compounds and a bromine compound.

As the result of extensivé studies by the present ihventors to
achieve the above object in the production of an aromatic carboxylic acid,
it was found that, whén a chelate resin of an anion exchange type is used
as the anion exchange resin, the desirable effect can be exhibited
independently of the ratio of bromine ion to the heavy metal ions during
adsorption and that the catalyst components are efficiently recovered and.
the liquid phase oxidation can be carried out advantageously without

operaf.ions for the oxidation at a larger ratio of bromine ion to the heavy
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exanple, cobalt and bromine in the nother liquor is adsorbed with a strong
basi ¢ ani on exchange resin after the ratio of bromne to cobalt has been
adjusted in a specific range, and the adsorbed cobalt and brom ne are
eluted with acetic acid containing water to recover organi c substances
cont ai ni ng cobalt (Japanese Patent Application Laid-Cpen No. Showa
53(1978)-133574). I n another exanple, a nother liquor is first brought into

contact with dfefdl Ak 6% 10£BeBatAibN difwhile. PTHY PreddditMniRnkital WaRAKYen

nmetal s are adsor ni on exchange resin, sor heavy

metals are Su%ﬁ%l%ﬂédMnrtﬁ_é‘b‘é@is%fth'é%obé‘kﬂdi)ﬂedéé.hange resin by elution.

The treated not 't quor 1s then brought into contact with a weak basic

ani on exchange r esigedoedihgly, bthei presert i mvdtiorbeprovitbs t e process for
exchange resin, and the adsorbed brom ne ion is subsequently recovered by
el ution from tchatiniouslypx pradgeingsan (dgpmatice daberylidppicid atcommprising
Lai d- Open No. Showa 53(1978)-104590). When netal components are |
recovered as axidizingean ;mropxatiateampausid subgtitufed: withalksh groupsi with al

carbonates and oxalic acid are ; .. ] . . .
molecular oxygen gas in the liquid phase in a solvent containing a lower

aliphatic carboxylic acid in the presence of a catalyst comprising heavy
metal compounds and a bromine compound, wherein a mother liquor
which is obtained after removal of crysta_ls from a reaction liquid of the
liquid phase oxidation and contains heavy metal ions and bromine ion as
catalyst components is brought into contact with a chelate resin of an
anion exchange type, and subsequently, the catalyst components are
recovered with an elution liquid. | _ -

It was also found by the present inventors that the catalyst
components can efficiently be recovered in the following preferred
embodiments of the present invention.

(1) The mother liquor is brought into contact with the chelate resin
at a temperature of 50 to 120°C and the elution liquid is brought into
contact with the chelate rgsin at a temperature of 20 to 60°C.

(2) The mother liquor is brought into contact with the chelate resin
of an anion exchaﬁge type in an ion exchange column so that the heavy
metal ions and the bromine ion of the catalyst components are adsorbed
with the chelate resin, and subsequently, the elution liquid is passed
through the ion exchange column in the direction opposite to the

direction of the mother liquor.
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necessary in anmounts exceedi ng the equival ent anmounts, and the processes
are not econom cal ly advantageous. Moreover, recovery of the carbonates and
oxal ates requires conplicated operations such as neutralization,
precipitation and separation of netal salts and excessive |abor.

-4- The processes using an ani on exchange resin are superior to the

(8) After the mother liquor is brought into contact with the chelate
resin of an anion exchange type so that the heavy metal ions and the
bromine ion are adsorbed with the chelate resin, the liquid remaining in
a layer of the chelate resin is replaced with an inert gas. |

" Particularly when 2,6-naphthalenedicarboxylic acid is produced,
an auxiliary agent such as an alkali metal carbonate and oxalic acid is
used in a large amount in order to recover the metal components as
carbonates or oxalates becaﬁse the concentration of heavy metal ions in
the mother liquor of the oxidation is relatively high. Therefore, an anion
exchange resin can be used effectively, and the catalyst components can
be efficiently recovered by the combination of (1) and (2).

Accordingly, the present invention also provides a process for
continuously producing 2,6-naphthalenedicarboxylic acid comprising
oxidizing a 2,6-dialkylnaphthalene with molecular oxygen gas in the
liquid phase in a solvent containing a lower aliphatic carboxylic acid in
the presence of a catalyst comprising heavy metal compoun&s and a
bromine compound, wherein a mother liquor which is obtained after
removal of crystals from a reaction liquid of the liquid phase oxidation
and contains heavy metal ions and bromine ion as catalyst components
is brought into contact with an anion exchange resin at 50 to 120°C, and
subsequently, the catalyst components are recovered by passing an -
elution liquid through the chelate resin in a direction opposite to the
direction of the mother liquor at 20 to 60°C. .

BRIEF DESCRIPTION OF THE DRAWINGS
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above processes in that such agents are not necessary. However, in order to
achi eve conpl ete adsorption of heavy netals, bromne ion is necessary in an
anount by nol about twice or nore as nmuch as the anount of the heavy netal
‘at the tinme of the adsorption. The bromine ion is recovered simultaneously
when the heavy netals are recovered. Therefore, the ratio of brom ne ion
and .t he heavy netal conponents in the oxidation is naturally restricted,

of bromine fon. gk hEhEHe § BSRHGEINGG Herf QRRRE L PHERRIB Y
lon to heavy nglalsobGek ! p§6ﬁ1ﬁ‘ci§geahf hforhakite cRFbSRYIR hpid BF the! PRbddHt

brom ne ion inantexcesslive arge anount does not show further

contribution tiveR@idd!PIRtRIENowoéhaMS o Aidthep Hquititofithe aitutiondk pusedne
di scharged to the outside of the systemas organic brom ne conpounds in the

of f-gas i ncreagpepughhf ieausthdmrscslunin adswrwarddirole apoappér Ipary offthe
corrosion also increases. Therefore, it is not preferable that the ratio of
bromi ne ion tocdlamu, awidibn elutior zohitien isupasssd thpough thehiqh exshangen
the liquid

column upward from a lower part of the column.
Numbers in Figure 1 have the following meanings:
1: A reactor of the liquid phase oxidation

A solid-liquid separator

An ion exchange column

An intermediate tank

An elution liquid tank

SSCRIPTIO D oD S
Examples of the aromatic compound substituted with alkyl groups
which is used as the raw material of the oxidation in the present
invention include toluene, p-xylene, m-xylene, pseudocumene, 2,6- .
dimethylnaphthalene, 2,6-diethylnaphthalene and 2,6-diisopropyl-
naphthalene. From these aromatic compounds, aromatic carboxylic
acids such as benzoic acid, terephthalic acid, isophthalic acid, trimellitic
acid and 2,6-naphthalenedicarboxylic écid are produced. The process of
the present invention is particularly advantageously used for producing
2,6-naphthalenédicarboxy1ic acid by the reason described above.
- Examples of the lower aliphatic carboxylic acid used as the solvent

of the oxidation in the present invention include formic acid, acetic acid,

_—
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phase oxi dati on. In the processes using carbonates and oxal ates, the
netal conponents are concentrated to formsolid substances. In contrast,

met al s adsorbed with an ani on exchange resin are recovered by elution with
acetic acid containing a | arge anount of water. The degree of concentration
of the eluted ions is decided by the concentration during the elution, and
occasionally the degree of concentration of the eluted ions is

insuf ficient. \BERAiB% A8 IBREEE abRNaRALH IR UF thlelé BdidNAdetic acid is
preferable among these acids from the standpoint of heat stability. The
solvent may contain water. The content of water is preferably 30% by
weight or less. The amount by weight of the solvent is 1 to 20 times,
preferably 2 to 10 times, as large as the amount by weight of the aromatic
compound substituted with alkyl groups which is the raw material of the
oxidation. When the amount of the solvent is less than thé above range,
handling of the slurry of the reaction product occasionally becomes
difficult. When the amount of the solvent exceeds the above range, the
burned amount per the amount of the product oﬁcasionally increases to
cause economic disadvantage.

In the present invention, heavy metal compounds and a bromine
compound are used for the oxidation catalyst. The heavy metal
compounds comprise at least one compound selected from the group
consisting of cobalt compounds and manganese compounds.
Compounds of nickel, cerium or zirconium may be added, where
necessary. Examples of the compounds of cobalt, manganese and other
heavy metals include salts of organic acids, hydroxides, halides and
carbonates of these metals. Acetates and bromides are preferably used.
As the bromine compound, any compound containing bromine can be
used as long as the compound is soluble in the reaction system and
generates bromine ion. Examples of the bromine compound include
inorganic bromine compounds such as hydrogen bromide, sodium
bromide and cobalt bromide and organic brofnine 'compounds such as

bromoacetic acid and tetrabromoethane. Hydrogen bromide, cobalt

| This Sheet Has Been Reﬂlaced

]




-5- " insufficient, recycling of the recovered catalyst directly into the
rreaction systemincreases the concentration of water in the reactor, and
this adversely affects the reaction. Therefore, an additional treatnent
such as renoval of water before the recycling is necessary, and this
consunes additional energy. SUMVARY OF THE | NVENTI ON The above
drawbacks of the conventional technol ogies are inproved by the present

nvention. An ghirfitde Shd ienPARSESbro ML LIOPriferablyAicd.de a process which
enabl es efficient recovery of catalyst conponents wth an ani on exchange

resin without usingagfoptié hiriuhtrefte cdtabyst donainiaxcedhedyt Afetals, the
equi val ent anount and w t hout

cobalt compound and/or the manganese compound is added to a solvent

in such an amount that the tota.l concentration of the metal atoms is in
the range of 0.01 to 1.5% by weight. When the amount of the catalyst
containing the heavy metals is less than the above range, occasionally, a
sufficient activity is not obtained. When the amount of the catalyst
exceeds the above range, the amount of the catalyst removed together
with the crystals of the formed aromatic dicarboxylic acid increases, and
the process becomes industrially disadvantageous because of an increase
in cost of the catalyst.

The bromiﬁe compound is added in such an amount that the ratio
by atom of bromine to the total amount of the metals in the catalyst is 0.1
to 10, preferably 0.5 to 5. When the amount of the bromine compound is
less than the above range, occasionally, a sufficient activity is not
obtained. When the amount of the bromine compound exceeds the above
range, the amount of bromine discharged in the off-gas in the form of
organic bromine compbunds increases to increase loss of bromine, and
the possibility of corrosion also increases. Therefore, such amounts are
not preferable.

In the present invention, the aromatic compound substituted with
‘alkyl groups is oxidized with molecular oxygen. Oxygen gas or a gas
containing oxygen and an inert gas such as nitrogen and argon is used
for the reaction. The air I_is generally used.

The reactor used fdr the oxidation may be a reactor equipped with

_—

—_— 10
. This Sheet H <

LT



conpl i cated operations or excessive labor in a process for continuously
produci ng an aromatic carboxylic acid by liquid phase oxidation of an
aromati ¢ conmpound substituted with al kyl groups in a | ower aliphatic
carboxylic acid as the solvent in the presence of a catal yst. conprising
heavy nmetal conpounds and a brom ne conpound. As the result of
extensi ve studies by the present inventors to achieve the above object in

the productiong oftiARrabP @t bss GRORA%YE. C AdGletctdrt eflfpdediRpithhat stither B
chel ate resin of an ani on exchange type is used as the ani on exchange

resin, the despiafbtgblhisedibevansdsueditieht eikingdfithodentdnt cain bérachizived. of
brom ne ion to the heavy netal ions during adsorption and that the catal yst

conponent s are ef fi Thentelagtiondswenehcted in e contimuwbuyshpeed uctica apparatms.be
carried out advantageously w thout operations for the_oxidation at a | arger
rati o of broni Theireactionmhay begompleted in a single step. However, it is preferable
that a plurality of reactors connected in series are used to increase the
~ yield of the reaction.

The temperature of the liquid phase oxidation in the present
invention is in the range of 170 to 250°C, preferably 180 to 240°C. When
the temperature is lower than the above range, large amounts of
intermediate products of the reaction remain in the product. When the
temperature exceeds the above range, loss of the solvent by burning
increases. | |

The pressure of the reactor is not particularly limited as long as

" the reaction system is kept in the liquid phase at the temperature of the
reaction. The pressure is generally 5 to 40 kg/cm2, preferably 10 to 30
kg/cm?2.

In the oxidation, the gas containing oxygen is continuously
supplied to the reactor, and the gas which has been used for the reaction
is continuously discharged to the outside of the reactor as an off-gas. A
reflux condenser is attached to the reactor to condense a large amount of
the solvent accompanied with the off-gas and water formed by the
oxidation. The condensed solvent énd water are generally returned to
the reactor. However, a portion of the condensed liquid may occasionally

be taken out of the reaction system to adjust the concentration of water in

the reactor.
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-

This Sheet Has Been Reﬂlaced

(T




-6- netal ion or for separation of water. The present invention has been
conpl eted on the basis of the above know edge. Accordingly, the
present invention provides a process for continuously producing an aromatic
carboxylic acid conprising oxidizing an aromati c conpound substituted with
al kyl groups wi th nol ecul ar oxygen gas in the liquid phase in a sol vent
containing a |ower aliphatic carboxylic acid in the presence of a catalyst

compri sing heavy meralng oRREE oI Brofet HVARTROUINe bR, of e EhS!

| i quor which is obtalne renoval of crystals froma reaction |iquid
of the liquid dpndamios Bdidedrwhich faipplied b@ﬁve/rémitai- is adjusted sbribait thei on

> concentration of oxygen gas is in the range of 0.5 to 5% by volume in the
off-gas discharged from the reactor as a dry gas from which water and
the solvent have been removed by condensation. When the concentration
of oxygen in the off-gas is lower than the above range, the amounts of
intermediate products increase and, moreoxlrer, undesirable phenomena
such as coloring of the formed aromatic dicarboxylic acid may
occasionally take place. When the concentration of oxygen exceeds the
above range, loss of the lower aliphatic carboxylic acid used as the
solvent by oxidation increases, and the cost of an air compressor
increases unnecessarily.

It is preferable that the reaction liquid containing crystals of the

. aromatic carboxylic acid formed in the oxidation reﬁctor is transferred to
another oxidation reaétor connected to the first reactor in series, and the
oxidation is completed with the gas containing oxygen in the second
reactor. Where necessary, the resultant reaction liquid is transferred to
one or more crystallization tanks connected in series. The obtained
product is cooled after the pressure was released and then transferred to
the next solid-liquid separation step.

In the solid-liquid separation step, the slurry formed by the
oxidation and containing the aromatic carboxylic acid is separated into
crystals and a mother liquor by a solid-liquid separator. The separation
of the crystals is generally carried out under an atmospheric pressure.

The temperature of the separation is not particularly limited. The
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catal yst components is brought into contact wwth a chelate resin of an

ani on exchange type, and subsequently, the catal yst conponents are
recovered with an elution liquid. - It was al so found by the present

i nventors that the catal yst conmponents can efficiently be recovered in the
foll owi ng preferred enbodi nents of the present invention. (1) The
not her liquor is brought into contact wwth the chelate resin at a

temperature ofeepdrhfioh?fd arricd?Bit 'dfiefally ANl béi r%ﬁ‘%w% JHthP the

contact- with the te resin at atenperature of 0 _
(2) The not herpdjiingdioint of the'§bkvend it ded a R Gitméspherie peédiiires foreekaniplean

ani on exchange typein an ion exchange columm so that the heavy netal 1ons

and the bron rig fhraigd bfalbnitB0tet11000ponent s are adsorbed with the
chelate resin, and subsequently, the elution liquid is passed through the

i on exchange col unmExampiles difr thet separatppsinchude 4 rrendrifugal @edimenifation
rother 1 quor ‘separator, a centrifugal filter and a vacuum filter.

In the process of the present invention, the mother liquor of the
oxidation containing heavy metals such as cobalt, manganese and
bromine, which is obtained after sépa:ration of crystals from the reaction
liquid of the liquid phase oxidation as described above, is brought into
contact with a resin of an ion exchange type by passing the mother liquor
through an ion exchange column, and subsequently the catalyst
components are recovered with an. elution liquid. After the mother
liquor of the oxidation is brought into contact with the resin, a portion of
the mother liquor may be returned directly to the reactor of the oxidation.
Where necessary, a portion or the entire amount of the mother liquor
may further be treated with an anion exchange resin. The . crystals
separated by the solid-liquid separator may be washed with water or
acetic acid containing water. The liquid produced by the washing may be
added to the mother liquor of the oxidation, and the resultant mixtﬁlje
may be passed through a column of an ion exchange resin.

The mother liquor of the oxidation which is treated by the ion
exchange column in the present invention (occasionally, referred to
hereinafter as a liquid for treatment) is a mixture containing the
aromatic carboxylic acid, the solvent, the catalyst, various organic

compounds, s_uch as the unreacted raw material and intermediate

_

——
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-7- (3) After the nother liquor is brought into contact wth the
chel ate resin of an ani on exchange type so that the heavy netal ions and
the brom ne ion are adsorbed with the chelate resin, the liquid remining
in a layer of the chelate resin is replaced with an inert gas.

Particul arly when .2, 6- napht hal enedi carboxylic acid is produced, an
auxiliary agent such as an alkali nmetal carbonate and oxalic acid is used

oxal at 65 becadtRophes A bYPo s BF SRS PR ARE MRBLS: TorhRhthone of
' ' reaction in a considerable amount. The content of fine crystals in the
liquid for treatment is 1.0% by weight or less, preferably 0.1% by weight
or less. The solid-liquid separation is conducted so as to bring the
content of fine crystals within this range.

In the process of the present invention, it is particularly preferable
that a chelate resin of an anion exchange type is used aé the anion
exchange resin. The chelate resin is an ion exchange resin exhibiting a

| particularly high selectivity to specific metal ions by forming the chelate
bonding. Examples of the chelate resin of an anion exchange type
include chelate resins of the picolylamine type, the polyamine type, and

_ the pyridine type. Any of these resins can be used. Specific examples of

‘the chelate resin include UNISELEC UR-3300S (a trade name;
manufactured by UNITICA Co., Ltd.), DIAION CR20 (a trade name;
manufactured by MITSUBISHI CHEMICAL Co., Ltd.), SUMICHELATE
CR-2 (a trade name; manufactured by SUMITOMO CHEMICAL Co.,

. Ltd) and DOWEX XFS 4195 (a trade name; manufactured by DOW
CHEMICAL Company).

It is the characteristic of the present invention that, among
various anion exchange resins, a chelate resin of an ion exchange type is
used.

When a heavy metal is adsorbed with an ordinary anion exchange

‘resin, the metal atom has several bromine atoms coordinated with the
metal atom. When the number of the bromine atom coordinated with the

metal atom is smaller, the metal atom is not adsorbed because of

14 o S
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the nother liquor of the oxidation is relatively high. Therefore, an anion
exchange resin can be used effectively, and the catal yst conponents can be
efficiently recovered by the combination of (1) and (2). Accordi ngly,
t he present invention also provides a process for continuously producing

2, 6- napht hal enedi car boxylic acid conprising oxidizing a '

2, 6-di al kyl napht hal ene wi th nol ecul ar oxygen gas in the liquid phase in a

sol vent cont ai,ni % 8 ﬁépwbiﬁ%}’éf)fﬁéf&bf@ E}g gg; %%ﬁ%r%%ﬂeéé‘ss‘a‘i‘f tRae BN e8tiefofa

cat al yst corrptlpg avy me conpour m ne conhpound, wherein a

mother 11 auor piig giigﬂ%ttﬁé Becta2 k6 ofafie\cakalykt Crefeiraldstd horeinafteecs an

liquid of the Tiqui ase oxidation and contalins heavy netal ions and

bromi ne ion agreaiidktatio) dARRBHY A Ifor Hietigatment bedari arcinoret h an ani on
exchange resin at 50 to 120[err]C, and subsequently, the catal yst

conponents are recdyeesttragt,pdesresiriztion hy ithe brioguing trafiougmathnecdssany e

resin in a direction opposite to the direction of the nother l|iquor at 20

to 60[err]C. when the chelate resin of an ion exchange type, which is a characteristic
component in the present invention, is used. The reasons are considered
to be that (1) a ligand other than bromine such as acetate ion and hydroxy
ion can be selected When the chelate resin of an ion exchange type is
used, and that (2) the metal ion adsorbed with the chelate resin has, as
the ligands, two or more bromine atoms which are present in the chelate
resin by the ion exchange. The chelate resins have a characteristic that
an adsorbed ion forms a cyclic stfucture with a multidentate ligand
having two or more coordinating atoms, i.e., a chelate compound, unlike
ordinary ion exchange resins in which an ion is adsofbed at a single
coordinating site. Therefore, the latter phenomenon (2) is considered to
be more likely to be the reason.

By passing the mother liquor of the oxidation through the ion
exchange resin, cobalt, manganese and bromine of the catalyst
components are selectively adsorbed. Because other metal impurities
are only -negligibly adsorbed by the above ion exchange resin, cobalt,
manganese and bromine of the catalyst components can be
simultaneously recovered by passing an elution liquid through the resin
and can be recycled as the catalyst for the oxidation.

The ion exchange resin may be used for a liquid for the treatment

without any pretreatment. However, it is preferable that the resin is

15
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a
schematic flow chart exhibiting an exanple of the process for producing an
aromatic carboxylic acid of the present invention. In this flow chart, a-
not her |iquor of the oxidation is passed through an ion exchange colunn
downward from an upper part of the

brought into contact with a solution, such as an acetic acid solution,
containing bromine and converted into the bromide form in advance.

To convert the ion exchange resin into the bromide form, the

resin is washed with water or a solution of acetic acid which
contains bromine ion, for example, as sodium bromide or hydrobromic
acid, and, thereafter, excess bromine is removed by washing with acetic
acid or acetic acid containing 15% by weight or more of water. It is_
preferable that acetic acid used for the washing has a smaller
concentration of water than that of the mother liquor of the reaction
which is the liquid for treatment.

In the present invention, the concentration of water in the liquid
for treatment passed through the ion exchange column is 0 to 15% by
weight, preferably 5 to 12% by weight. In general, the mother liquor of
the oxidation contains 5 to 10% by weight of water, and the adjustment of
the concentration of water is not necessary before the mother liquor is
supplied to the ion exchange column in many cases. When a liquid
produced by washing the crystals is added to the mother liquor as
described above and the concentration of water in the mother liquor
exceeds the above range, the concentration of Water is adjusted into the
above range by distillation or the like method.

The elution liquid which is used for elution and recovery of the
metals adsorbed with the ion exchange resin is preferably water or an
aliphatic carboxylic acid containing water. The same solvent as that
used for the oxidation is used as the elution liquid. Acetic acid is

generally used. The concentration of water in acetic acid is 15% by
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colum, and an elution solution is passed through the ion exchange col um
upward froma | ower part of the col um. Nunmbers in Figure 1 have the’
fol | owi ng neani ngs: 1: Avreactor of the liquid phase oxidation

2: - Asolid-liquid separator 3: An ion exchange col um 4.

An internediate tank 5: An elution liquid tank DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Exanpl es of the aromatic conpound substituted

with alkyl or QUeg L GRoES, fgfaﬂrmytgsyy b Wehest Blord! THE SAxhdALLAtidig! e

present. i nvent] I'nclude uene, m Xyl ene, pseudocunene,

di met hyl napht %@gﬁe&éﬂs’é £k 38018 G thRredBEbrloStill bidRtRRY hray be used

napht hal ene. ese aronmati c conpounds, aromatic carboxylic
as the elution liquid.

The temperature of the.liquid for treatment is in the range of 50°C
to 120°C, preferably in the range of 70to 110°C, when the liquid is brought
into contact with the é.nion exchange resin. A temperature exceeding
the above rangc-.: is not preferable because a higher temperature has
restriction due to heat resistance of the gnion exchange resin and the
boiling point of the solvent (acetic acid).. " When the temperature is lower
than this range, the activity of adsoi'ption of the anion exchange resin
occasionally decreases. '

The temperature of the elution solution during recovery of the
catalyst components is selected in the range of 20 to 60°C, preferably 30 to
50°C. When the temperature is higher than this range, the efficiency of
the elution may decrease because the activity of adsorption of the resin is
higher. When the temperature is lower than this range, the cost of
gooling increases. Therefore, such temperatures are not preferable.

In the pi'esent invention, it is preferable that the temperature of
the mother liquor which is in contact with the anion exchange resin is
kept at a relatively high temperature, i.e., a temperature in the range of
50 to 120°C, preferably in the range of 70 to 110°C, and the temperature of
the elution liquid used for recovery of the catalyst components is kept at a
relatively low temperature, i.e., a temperature in the range of 20 to 60°C,
preferably in the range of 30 to 50°C, to achieve more efficient recovery of

the catalyst components. This is one of the characteristics of the present

—_— 1’
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aci ds such as benzoic acid, terephthalic acid, isophthalic acid,
trinmellitic acid and 2, 6- naphthalenedlcarboxyllc acid are produced The
process of the present invention is particularly advantageously used for
produci ng 2, 6- napht hal enedi carboxylic acid by the reason descri bed above.
Exanpl es of the lower aliphatic carboxylic acid used as the solvent of the
oxidation in the present invention include formc acid, acetic acid,

-9 propioni Gy3ghttonHhUEHy the'sheBBfls (vddibfs Of these acids. Acetic acid

The above characteristic is based on the fact that the equilibrium
between the concentration of the metal ion adsorbed with the anion
exchange resin and the concentration of the metal ion in the solution
changes with the temperature to a great degree. In other words, at a
high temperature of the environment, the activity of adsorption of the
anion exchange resin is high and the condition is relatively
advantageous for adsorption; on the other hand, at a low temperature of -
the environment, the activity decreases and the condition is relatively
advantageous for elution; and the above characteristic is based on this
fact. |

A system using an anion exchange resin is essentially a system in
which adsorption and desorption are repeated utilizing the difference in
stability of a substance for adsorption which is obtained by changing the

' c'oncentration of water in the solvent. The swing of the temperature such
as that described above can effectively be applied for chelate resins.

The system in which the temperature is changed between
adsorption and desorption is well known for conventional é.dsorbents as
the temperature swing system for repeated absorption and desorption.
The pressure swing system is also well known. However, such systems
are not generally known for a process using an ion exchange resin.

It is effective for more fully exhibiting the function of the system of
the present invention that the heavy metal ions and bromine ion of the
catalyst components are adsorbed with the anion exchange resin by

passing the mother liquor through the ion exchange resin, and then the

18
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preferabl e anong these acids fromthe standpoint of heat stability. The

sol vent may contain water. The content of water is preferably 30% by wei ght
or |ess. The anount by weight of the solvent is 1 to 20 tines, preferably 2
to 10 tines, as large as the anount by weight of the aromatic conpound
substituted with al kyl groups which is the raw material of the oxidation.
When the anmount of the solvent is Iess than the above range, handling of

th I f ' | I L £j : h
e shurry o E%@eﬁgﬁg@g%?‘ﬂguﬁ}e fdcgverid thﬁé;s“sgﬂgst Enftidd séﬁ‘ﬂ%ﬁéf €

anount of the s ds the above range, urned anount per t
amount of the gHRAIM tiRCTRSERS N e FeMihERSE HitbticH 6Bpasifd ftle direction of
di sadvant age. In the present invention, heavy netal conpounds and a

brom ne conpouglk Rothes ¢ifndoerofithe exiddtionorPartiaklnsly, if ie pheferubletisdt the
conpounds conprise at | east one conpound sel ected fromthe group consisting
of cobalt conpmother figeiorafdheasidatiopdspisseddhpough thefioni excangeresim or
zirconium may be added,- where necessary. Exanples of the conloounds of -
cobal t, nmangandewnarardofram the upper part of the ion exchange column, and the

elution liquid is passed through the column upward from the lower part
of the column. |

It is also one of the characteristics of the present invention found
by the present inventors that the direction of flow of the mother liquor of
the oxidation is made opposite to the direction of flow of the elution liquid.

In the process for recovery of the catalyst components using an
anion exchange resin reported in Japanese Patent Application Laid-
Open No. Showa 53(1978)-104590, which is described above as the
conventional process, a mother liquor of the liquid phase oxidation is
supplied at the top of an ion exchange column so that the catalyst
components are adsorbed, and then an elution liquid is suppliéd at the
top of the .ion exchange column to recover the metals of the catalyst
components. In accordance with thié process, there is the tendency that
the catalyst components adsorbed in low concentrations are first eluted
and recovered, and the concentrations of the recovered -catalyst
components gradually increase.

In contrast, in the present invention, the catalyst components
adsorbed in high concentrations are first eluted and recovered because
‘the elution liquid is passed through the column in the direction opposite

to the mother liquor of the oxidation. When the yield of recovery in the

19
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heavy netals include salts of organic acids, hydroxides, halides and
carbonates of these netals. Acetates and brom des are preferably used. As
the brom ne conpound, any conpound contai ni ng brom ne can be used as | ong
as the compound is soluble in the reaction system and generates brom ne

i on. Exanpl es of the brom ne conpound include inorganic brom ne conpounds
such as hydrogen brom de, sodium brom'de and cobalt brom de and organic

DO e OO 8 e PeFiod St (LY RAS EhhBafSh Beileh hLATATREIAM6Is LYSLAIR"
that the process of the prese_nt. invention can achieve a higher yield of
recovery of the catalyst components.

In the present invention, it is preferéble that the mother liquor of
the oxidation is passed through the ion exchange column downward
from the upper part of the column, and the elution solution is passed
through the column upward from the lower part of the column. When -
the directions of the liquids are selected in this manner, the catalyst
componenté which are adsorbed in high concentrations at upper parts of
the ion exchange column can be eluted first, and the elution and recovéry
of the_ catalyst components can be carried out more efficiently than the
case in which the elution liquid is passed through the column downward
from the upper part of the column.

Moreover, when the mother liquor of the oxidation is passed
through the ion exchange column downward from the upper part of the
column, and the elution solution is passed thi'ough the column upward
from the lower part of the column as described above, crystals of the
aromatic carboxylic acid and organic impurities which have leaked
through the solid-liquid separation or are precipitated because of
decrease in the temperature of the mothér liquor are discharged from
the upper part of the ion exchénge column during the elution. Thus,
accumulation of such crystals and impurities can be prevented.

. Therefore, problems, such as troubles in operation accompanied
with increase in the pressure difference caused by the accumulation

described above, decrease in the ability of exchange caused by adhesion of
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broni de and manganese bromnide are preferably used. As for the anount
of the catal yst containing the heavy netals, the cobalt conpound and/or the
manganese conpound is .added to a solvent in such an anount that the total
concentration of the metal atons is in the range of 0.01 to 1.5% by wei ght.
When the anobunt of the catal yst containing the heavy netals is |ess than

t he above range, occasionally, a sufficient activity is not obtained. Wen

t he amount of fhe Y .

catalyst romovitF CRRLEIREng SERERIS inpRrfif AekaiTbE pbie ATTHETbuPlack/VT the
di car boxylic agid LRELRBECFesiANEnlGetfdaseSin HHeO BRSoBIRES hbility! Yaused by
di sadvant ageous T EERUSES5f an i ncrease in cost of the catal yst-. The

. brom ne conpoupfletén THKth the SHABr Parts'Bf the +E&in A6 th 2he anipraséd erpétals,
bromine to the total anmount of the nmetals in the catalyst is 0.1 to 10,

preferably 0.5cd4® Ko pihentéd dyeadopting fthehebdveomiethod @fppassingsthes diguitdan -
t he above range, occasionally, a sufficient activity is not
Passing the eluting liquid through the column upward from the lower
part of the column has a further advantages that the ion exchange resin
which has been pressed into a tight condition can be relaxed to a loose
condition.

When the elution ﬁquid_is passed through the column upward
from the lower part of the column, the operation is made at a low space
velocity (SV) or a structure working as a stopper is formed at an upper
part of the resin layer in order to prevent pulverization of the resin.

It is effective for removing organic impurities attached to the resin
that acetic acid containing water in the same concentration as that of thé
mother liquor or lower is passed through the column from the ﬁpper
part or the lower part of the column between the bperatioris of the
adsorptiop and the elution. The yield of recovery of the catalyst
componehts can also be increased.

The present invention will be described more specifically with
reference to a figure showing a schematic flow chart of the process in the
following. Figure 1 shows an example of the process in which the
mother liquor of the oxidation is passed through the ion exchange
column downward from the upper part of the column, and the elution

| liquid is passed through the column upward from the lower part of the

column. In Figure 1, a mixture of raw materials 7 is transferred to a
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obt ai ned. Wen the anmount of the brom ne conpound exceeds the above range,

~ t.he ampunt of bromi ne discharged in the off-gas in the formof organic

br om ne conpounds increases to increase |oss of brom ne, and the
possibility of corrosion also increases. Therefore, such anpbunts are not

pr ef er abl e. In the present invention, the aromatic conpound
substituted with al kyl groups is oxidized with nol ecul ar oxygen. Oxygen gas

icea for tho riohep BPIRNIGNA BHapd Badafion JOH Ry obt FHE l8RNBRT T

for the oxidat L on{fRY ffuid oBBGNER BHULHPSNHqWid bhase oxidation is a slurry
containing the aromatic carboxylic acid of the reaction product. The
reaction liquid is separated into a solid and a liquid in a solid-liquid
separator 2, and a cake of crystals of crude aromatic dicarboxylic acid 8
is obtained.

In the adsorption step, a mother liquor of the reaction obtained by
the separation is supplied at the upper part 9 of an ion exchange column
3. In thg ion exchange column 3, the supplied mother liquor is
sufficiently heat insulated so that the temperature of the elution liquid is
kept unchanged by the outside temperature.

In the ion excha;nge column 38, ions of cobalt, manganese, and
bromine contained in the mother liquor are separated by adsorption
simultaneously. Organic compouhds such as organic impurities and
metal impurities other than cobalt and manganese are not adsorbed and
purged. through the passage 10 at the lower part of the column together
with the reaction liquid of the oxidation.

.In the elution step, cobalt, manganese and bromine adsorBed in
the ion exchange column are simultaneously eluted by passing an
elution liquid 6, such as an aqueous solution of acetic acid, through the
coluﬁn upward from the lower part of the column. The elution solution
used here is supplied from an elution liquid tank 5. The aqueous
solution of acetic acid which flows out of the top of the column and
contains el.uted' cobalt, manganese and bromine is collected into an

intermediate tank 4 and recycled to utilize the catalyst.again for the
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a stirrer or a gas atom zer. A reactor equipped with a stirrer is
preferably used because sufficient mxing of the content can be achi eved.
The reaction is conducted in a continuous production apparatus. The
reaction may be conpleted in a single step. However, it is preferable that
a plurality of reactors connected in series are used to increase the yield
of the reaction. The tenperature of the |iquid phase oxidation in the

present inventy.on.3 S| e of 170 to 250[err]C, preferably 180 to
240[ err] C. V\hejﬁag'hdeﬁPg?r%éraa&?ae}gi s lower than the above range, |arge

amounts of internedi@tRe @rres&iﬁt 'nghtfoi? it BPptdfefabletRaf the ligSd RePdliifiling

When the tenperature exceeds th bove ‘'range, | oss of the solvent by
burni ng i ncr eaifghe ion exchange layer after the adsorption has been completed is

replaced with an inert gas. Nitrogen or carbon dioxide can be used as
the inert gas. A gés discharged from the oxidation step can also be used
as the inert gas. The ion exchange resin in which the remaining liquid -
has been replaced with the inert gas is used in the elution step. It is
preferable that the elution liquid is supplied upward from the lower part
of the column. When a liquid is supplied into a column containing pores
downward from the upper part of the column, there is the possibi]ify that
bubbles are contained in the liquid. When the liquid is supplied upward,
this possibility can be eliminated.

It is also one of the characteristics of the present invention found
by the present inventors that the liquid remaining in the column of the
ion exchange resin is replaced with an inert gas after the adsorption of
the metal ions and bromine ion with the chelate resin of an anion
exchange type have been completed.

The liquid remaining in the resin layer immediately after the
adsorption has been completed is the mother liquor from which the
metal ions and bromine ion have been removed by the adsorption, and
this mother liquor naturally contains metals and water in low
concentrations. When the column is switched to elution immediately
after the adsorption is completed, the liquid remaining in the resin layer
is mixed with the elution liquid, and the elution liquid is diluted.

Moreover, it is delayed that the concentration of water in the liquid in the

———
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The pressure of the reactor is not particularly limted as |long as the
rreaction systemis kept in the liquid phase at the tenperature of the
reaction. The pressure is generally 5 to 40 kg/cnferr], preferably 10 to 30
kg/cnferr]. In the oxidation, the gas containing oxygen is
continuously supplied to the reactor, and the gas which has been used for
the reaction is continuously discharged to the outside of the reactor as an

arount of ¢ he IBRCEIL T aBeSeRIE AR Fehdibe e JEAFANT: VB 0r TS CatelA N
oxi dation. ThergQAEASAdnin]a 876 A6 pPBIREbRY Ford 8BRS LrksIOR! UF 1AM nfd}a{?gﬁ

reactor. However, a portion o qur d may occasi onal
taken out of tdenp&Réitson systemto adjust the concentration of water in
the reactor.

To solve the above problems, the elution liquid may be used after a

suitable interval of time from the end of the adsorption step. However,
the concentration of the catalyst components in the elution liquid is
particularly high in the initial period of the elution. Moreover, the
reverse mixing of the elution liquid and the mother liquid cannot be
prevented complgtely. Naturally, the mother liquor can be purged only to
a limited extent.

Therefore, when the mother liqﬁor remaining in the resin layer is

discharged to the outside of the system with an inért gas and the elution

“is started thereafter, the mother liquor remained in the resin layer is
completely replaced with the inert gas, and an elution liquid having a
high concentrations of metal ions and bromine ion can be obtained.

To summarize the advantage obtained by the present invention,
cobalt and manganese which are vaiuable substances used in the liquid
phase oxidation of an aromatic compound substituted with alkyl groups
can be efficiently recovered and recycled by using a chelate resin of an
anion exchange type.’ | _

The present invention has the following characteristics as the
process for recovering the metal components of the catalyst and enables
the industrially advantageous recovery of metal components of the

catalyst.

(1) An alkali metal carbonate or oxalic acid which is required in
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-12- In the process of the present invention, the anount of the gas
cont ai ni ng oxygen which is supplied to the reactor is adjusted so that the
concentration of oxygen gas is in the range of 0.5 to 5% by volune in the
of f-gas discharged fromthe reactor as a dry gas from which watér and the
sol vent have been renoved by condensation. \Wen the concentration of oxygen
in the off-gas is |lower than the above range, the anmobunts of internediate

ISR R Co A O e
concentration &f oxRA S %Cﬁgg%écggsary, and complicated operations such as
neutralization, precipitation and sepﬁration are not necessary either.

(2 An exceedingly high ratio of bromine to metals is not
necessary. Therefore, loss of bromine compounds can be reduced, and
the possibility of corrosion decreases.

(3) A highly concentrated liquid for recycling can be obtained, and
the metal components of the catalyst can be recovered efficiently by
setting different temperatures for the mother liquor of th_e oxidation at
the time of adsorption of the catalyst components and for the elution
liq.uid at the time of recovery of the catalyst components, by passing the
mother liquor of the oxidation and the elution liquid through the anion
exchange resin in the directions opposite to each other, and by purging
the mother liquor remaining in the resin layer to the outside of the

system before the elution.

EXAMPLES

The present invention is described more specifically with referenqe
to examples. However, the present invention is not limited to the
examples.

In the following Examples_and Comparative Examples, an ion
exchange column of double glasé tubes was packed with 150 m] of an
‘anion exchange resin and heat insulated by circulation of water of the
same temperature as that of a liquid supplied into the column so that the

temperature of the supplied liquid is not affected by the outside
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above range, |loss of the | ower aliphatic carboxylic acid used as the
sol vent by oxidation increases, and the cost of an air conpressor increases

unnecessarily.

It is preferable that the reaction |iquid containing

crystals of the aromatic carboxylic acid fornmed in the oxidation reactor
transferred to another oxidation reactor connected to the first reactor i
and the oxidation is conpleted with the gas containing oxygen in
t he second reatctor.ﬁvt\here necessary, the resultant reaction liquid is

series,

transferred to

ghee

re crystallization tanks connected in series. The

o oo RECReCt he TSRS 1 1B HeC R e cHBf gk r i ool PritiGited by

transferred to the

solid-|

containing th

not her

Is generally carried out under an at nospheric pressure.

iquid

| i quor

It qui d S€paration step. I

2;‘?%?%?%{%@ i Ha )%Pﬁxcﬁglg irogyacfegfcna'eidbaoﬁt!ﬁnﬁig qob 89 Wweikht of

C carbo I's separated into crystals and a
Rydrobreid-dcid thfoglh hé resin thonveppild résinOintb theBiromides

t he separ at i onforen Nfilldwed bgupasdingl arédlationTof acetic acid containing 20% by

weight of water through the resin to remove excess hydrobromic acid. A
solution of acetic acid containing 50% by weight of water was used as the

elution liquid.

-Example 1

A reaction product obtained by the liquid phase oxidation of p-

S
n

The tenperature of

xylene in acetic acid was cooled to 80°C, and a mother liquor of the |

oxidation was obtained after the solid-liquid separation of the resultant
product using a vacuum filter. The mother liquor was used as the raw

material liquid in the recovery process. This raw material liquid

contained 700 ppm of cobalt and 400 ppm of manganese and had a ratio |

bromine/(cobalt + manganese) of 0.67.

An ion exchange column was packed with 150 ml of a chelate
resin of an anion exchange type (manufactured by SUMITOMO
CHEMICAL Co., Ltd.; CR-2) which had been pretreated as described
above, and hot water adjusted to 80°C was circulated through a jacket of
the colﬁmn. The raw material liquid in an amount of 1,500 g was
intrc'xduced into the ion exchange column downward from the upper part
of the column. The liquid for treatment which had passed through the

column was discharged into a waste liquid tank. Then, water adjusted
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-13- separation is carried out generally at a tenperature |ower than the

boiling point of the solvent under an atnospheric pressure,

for exanple in

the range of about 50 to 110[err]C. Exanpl es of the separator include
a centrifugal sedinmentation separator, a centrifugal filter and a vacuum
filter. In the process of the present invention, the nother |iquor of
t he

to 30°C was circulated through the jacket of the column, and the elution
liquid adjusted to 30°C was supplied upward from the lower part of the
ion exchange column until the concentration of cobalt at the outlet of the
ion exchange column reached 10 ppm or less.

The yield of recovery of _cobé.lt was 99.5%; and the yield of recovéry
of manganese was 80%. The amount of the liquid required for the elution

was 450 g.

Example 2

The same procedures as those conducted in Example 1 were
conducted except that the temperature of the jacket during the elution
was kept at 60°C. The amount of the liquia required for the elution to
obtain the same yields of recovery as those in Example 1 was 500 g.

Example 3

The same procedures as those conducted in Example 1 were
conducted except that the temperature of the jacket during the elution
was kept at 80°C. The amount of the liquid required for the elution to

obtain the same yields of recovefy as those in Example 1 was 750 g.

Example 4

The same procedures as those conducted in Example 1 were
conducted except that the direction of the flow of the mother liquor
during the adsorption was the same as that of the elution liquid, i.e.,

upward through the column. The amount of the liquid required for the .
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oxi dation containing heavy netals such as cobalt, manganese and broni ne,
which is obtained after separation of crystals fromthe reaction |liquid of
the |iquid phase oxidation as descri bed above, is brought into contact with
a resin of an ion exchange type by passing the nother |iquor through an ion
exchange col um, and subsequently the catal yst conponents are recovered
with an elution liquid. After the nother |iquor of the oxidation is brought

into contact W ifutidietd 6Bidin t ﬁe%r%é?ﬁgl%%c&ﬁ% rﬁeée s 'thosPn rﬁi’aﬁlé 9t Y rged

directly to the reactor of the oxi ssary, a on “of
entire amount ofigge nother liquor may further be treated W|th an anion
exchange resin.. The crystals separated by the solid-liquid separator may be
washed with water or acetic acid containing water. The |iquid produced by
t he washing may be added to the nother |iquor of the oxidation, and the
resul tant m xt uEzampletfe passed through a colum of an ion exchange resin.
The nother |iquor of the oxidation which is treated by the ion exchange
col um in the presenThensame pro¢eduresi esathose cesiducted in Example 1 were
conducted except that the liquid inside the column was purged to the
outside of the éystem with nitrogen after the adsorption, and then the
elution liquid was supplied upward. The amount of the liquid required
for the elution to obtain the same yields of recovery as those in Example 1

decreased to 400 g.

Example 6

A reaction product obtained by the liquid phase oxidation of 2,6-
dimethylnaphthalene in acetic acid was cooled to 80°C, and a mother
liquor of the oxidation was obtained after the solid-liquid separation of the
resultant product using a decanter type centrifuge. The mother liquor
was kept at 80°C and used as the raw material liquid in the recovery
process. This raw material liquid contained 1,600 ppm of cobalt and
1,000 ppm of manganese and had a ratio bromine/(cobalt + manganesé)

of 0.83. |
An ion exchange column was packed with 150 ml of a chelate
resin of an anion exchange type (manufactured by SUMITOMO
CHEMICAL Co., Ltd.; CR-2) which had been pretreated as described
above, and hot watef adjusted to 80°C was circulated through a jacket of

the column. The raw material liquid in an amount of 600 g was
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her'einafter as a liquid for treatnment) .is a m xture containing the aromatic
carboxylic acid, the solvent, the catal yst, various organi c conpounds, such
as the unreacted raw material and internediate

-14- products and byproducts of the reaction, and water formed by the
reaction in a considerable anobunt. The content of fine crystals in the
liquid for treatnment is 1.0% by weight or |ess, preferably 0.1% by wei ght

introduced into the ion exchange column downward from the upper part
of the column. The liquid for treafment which had passed through the
column was discharged into a waste liquid tank. Then after the liquid
remaining in the ion exchange column after the adsorption was removed
with nitrogen gas to the outside of the system, water adjusted to 30°C was
circulated through the Jacket of the column, and the elution liquid
adjusted to 30°C was supplied upward from the lower part of the ion
exchange column until the concentration of cobalt at the outlet of the ion
exchange column reached 10 ppm or less.

The yield of recovery of cobalt was 99.3%, and the yield of recovery
of manganese was 80%. The amount of the liquid required for the elution

was 400 g.

Example 7

A reaction product obtained by the liquid phasé oxidation of 2,6-
-dimethylnaphthalene in acetic acid was cooled to 80°C, and a mothef
liquor of the oxidation was obtained after the solid-liquid separation of the
resultant product using a decanter type centrifuge. Hydrobromic acid
was added to the mother liquor to prepare a liquid for treatment supplied
to the ion exchange column [bromine/(cobalt+manganese)=1.2]. The
composition of this liquid is shown in Table 1. The liquid for treatment
was kept at 80°C and used in the next catalyst recovery step.

An ion exchange column was packed with 150 ml of a
resin of a strong basic ion exchange type (manufactured by ORGANOQO
.Co., Ltd.; IRA-900) which had been pretreated as described above, and

———— e
—
——
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or less. The solid-liquid separation is conducted so as to bring the
content of fine crystals within this range. In the process of the
present invention, it is particularly preferable that a chelate resin of an
ani on exchange type is used as the anion exchange resin. The chelate resin
I's an ion exchange resin exhibiting a particularly high selectivity to
specific netal ions by fornmng the chel ate bonding. Exanples of the chelate

Lype. the pol v WaLe Rietd B ph e whkGR ARt cheB A a prkelolENathal "y
TE A éf%ﬁ*ﬁ?%é@l“ﬂ%kw%%ﬁé%%& o NG

manuf act ured bye %ggggsgwelg\%%gﬂd Q)folldvpéj , SUM CHELATE CR-2 (a trade
~name; manufactured by SUM T Ltd.) and DOVNEX XFS 4195 (a

trade nane; nanuf acinthe adsoRstivRstdg, @ﬁb lﬁﬁaiﬂb’ireatment wiis istroffced into
characteristic of the present invention that, anong
the column downward from the upper part of the column at the speed of
400 ml/hour for 270 minutes. The liquid for treatment which had passed
through the ion exchange column was discharged into a waste liquid
tank.

In the elution step, an elution liquid, which was acetic acid
containing about 30% by weight of a condensate separated from the
reflux cooler of the reactor of the oxidation, was introduced into the ion
exchange column upward from the lower part of the column at the speed
of 400 ml/hour for 90 minutes. The elution liquid which had passed
through the ion exchange column was discharged into a recovery liquid
tank.

The above operation; were carried out continuously for 90 days.
The operations in the above steps could be conducted without Any

problem. The yields of recovery of the components after 8 days and 90
days of the test are shown in Table 1. .
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vari ous anion exchange resins, a chelate resin of an ion exchange type is
used. Wien a heavy netal is adsorbéed with an ordinary ani on exchange
resin, the netal atom has several brom ne atons coordi nated with the netal
atom Wien the nunber of the brom ne atom coordinated with the netal atom
is snmaller, the netal atomis not adsorbed because of

Table 1
composition of liquid yield of recovery
for treatment
: after 8days after 90 days

(ppm) (%) (%)

cobalt 680 97 95
manganese 2380 | 51 45
bromine 5250 95 94

Example 8

The same reaction product as that used in Example 7, i.e., the
reaction product obtained by the liquid phase oxidation of 2,6- |
dimethylnaphthalene in acetic acid, was cooled to 100°C, and a mother
liquor of the oxidation was obtained after the solid-liquid separation of the
resultant product using a decanter type centrifuge. Hydrobromic acid
was. added to the mother liquor to prepare a liquid for treatment. The
liquid for treatment was kept at 100°C and used in the next catalyst
recovery step. |

An ion exchange column was packed with 150 ml of a resin of a
weak basic ion exchange type (manufactured by ORGANO Co., Ltd,;
IRA-96SB) which had been pretreated as described in Example 7, and hot
water adjusted to 97°C-was circulated through a jacket of the column.

" The adsorption step for 270 minutes and the elution step for 90 minutes

were successively repeated as follows:
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insufficient stability. Therefore, it is generally necessary that the ratio
of bromne ion to the netal atomof the catalyst (referred to hereinafter
as a bromne ratio) inthe liquid for the treatnent be two or nore.

In contrast, the restriction by the bromne ratio is not necessary when the
chel ate resin of an ion exchange type, which is a characteristic conponent
In the present invention, is used. The reasons are considered to be that

Sl eith thﬁﬂﬁln"i ne’ e RahoR #idh, Hhe HellidinGr LA t%‘-’%ilitléf’hﬁﬁa&?ﬂ%ﬁbe
: . : ! . |

02 rore bront niSediteh Hmttvid ot dhfer Battolife ciltuhllat $HIRGICe b0

exchange. The %@iﬂ?lﬁ‘oﬁﬁ?&@d}ﬁ!ﬁuﬁé WEh& HgRid $67 frealbifent WSO haddphgitd

forms a cyclic structure with a nultidentate ligand having two or nbre
coordi nating afj¥Pugh tRe iof &Htdladige e6hnANNWasudischargediints \a weisteXidqaidue

resins in which an 1on is adsorbed at a single coordinating site.
Therefore, thetdmt.ter phenonmenon (2) is considered to
| In the elution step, the same elution liquid. as that used in
Example 7 was introduced into the ion exchange column upward from
the lower part of the column at the speed of 400 ml/hour for 90 minutes.
The elutioﬁ liquid which had passed through the ion exchange column
was discharged into a recovery liquid tank.
The above operatipns were carried out continuously for 90 days.
The operations in the above steps could be conducted without any

problem. The yields of recovery of the components after 3 days and 90
days of the test are shown in Table 2. |

Table 2
yield of recovery
after 3days , after 90 days
(%) (%)
cobalt 99 ' 98
manganese 54 51
bromine | 96 93

S
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be nore likely to be the reason. By passing the nother |iquor of the
oxi dation through the ion exchange resin, cobalt, manganese and brom ne of
the catal yst conponents are selectively adsorbed. Because other netal
impurities are only negligibly adsorbed by the above ion exchange resin,
cobalt, manganese and brom ne of the catal yst conponents- can be

si mul t aneousl y recovered by passing an elution liquid through the resin and
can be recycle the g@ ) r the oxidation. The ion exchange
resin may be u k%ﬁ%ﬂ’ the treatnment w thout any pretreatnent.

However, 1t is pr ef ei‘haebls%rﬁgaﬁrocgﬁuigéi@s 'tfose conducted in Example 7 were

conducted except that, in the elution step, the elution liquid was
introduced into the ion exchange colunﬁn downward from the upper part
of the column similarly to the adsorption step. In other words, the
direction of flow of the liquid was the same in the adsorption step and the
elution step in Examples 7 and 8, while the direction of flow of the liquid
was opposite in the adsorption step and the elution step in Examples 7
and 8. |

After the operation was continued for some time, fine crystals
contained in the ]iquidl for treatment were accumulated on the ion
exchange resin. After 2 days of the operation, difference in the pressure
at the two sides of the resin layer increased, and the operation could not

be continued.

Comparative Example 2

The same procedures as those conducted in Example 7 were
conducted except that the temperature of water circulated through the
jacket was adjusted to 25°C, and the operation was continued for 3 days.

The result is shown in Table 3.
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-16- brought into contact with a solution, such as an acetic acid

sol ution, containing bronmne and converted into the bronide formin
advance. To convert the ien exchange resin into the bromde form the
resin is washed with water or a solution of acetic acid which contains
brom ne ion, for exanple, as sodium brom de or hydrobrom c acid, and,
thereafter, excess bromne is renoved by mashing mﬁth acetic acid or acetic
acid containing 15% by wei ght or nore of F ) is preferable that
acetic acid used for the washing has a s er concentratlon of wat er than

that of the n%h*ﬁi@kﬁe—mfmﬁbu —s—the IIL|LIIu ot

treat ment. In the present invention, the cgﬁﬁyafﬁghh@ﬁyghkngdg g n
the liquid for treatnent passed through the ion exchange c@pym is to 15%

by

- cobalt -~ b5
manganese 13

bromine 37
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weight, preferably 5 to 12% by weight. In general, .the nother |iquor of the
oxi dation contains 5 to 10% by wei ght of water, and the adjustnent of the -
concentration of water is not necessary before the~ae$hee—#+queL_Ls
supplied to the ion exchange colum in many case UId roduced
by washing the crystals is added to the nother ﬂﬂmﬂ E above
and the concentration of water in the nother I|q ove
range, the concentrati is adjusted into the above range by
distillation oWHAL }§ &ﬁﬁﬁéﬁﬁgﬁﬁé The elution liquid which is used
for elution and recovery of the netals adsorbed with the ion exchange resin
Is preferably water or an aliphatic carboxylic acid containing water. The

Aot o ati 0 i Sgdnaeteee el robuthehe snuchul B Reletle CatbbRPle A" o

15% by comprising oxidizing an aromatic compound substituted with alkyl

groups with molecular oxygen gas in the liquid phase in a solvent
containing a lower aliphatic carboxylic acid in the presence of a catalyst
comprising heavy metal compounds and a bromine compound, wherein
a mother liquor which is obtained after removal of crystals from a
reaction liquid of the liquid phase oxidation and contains heavy metal
ions and bromine ion as catalyst components is brought into contact with
a chelate resin of an anion exchange type, and subsequently, the catalyst

components are recovered with an elution liquid.

2. A process according to Claim 1, wherein the mother liquor is brought
into contact with the chelate resin at a temperature of 50 to 120°C, and
the elution liquid is brought into contact with the chelate resin at. a
temperature of 20 to 60°C. |

3. A process according to Claim 1, wherein the mother liquor is brought
into contact with the chelate resin of an anion exchange type in an ion
exchange column so that the heavy metal ions and the bromine ion of the
catalyst components are adsorbed with the chelate resin, and
subsequently, the elution liquid is passed through the ion exchange
column in the direction opposite to the direction of the mother liquor so

that the catalyst components are recovered.
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-17- wei ght or nore, preferably 25% by wei ght -or nore. The condensed
l-i qui d separated in the reflux cooler of the reactor of the oxidation may

be used as the elution I|qL;|cl The—tenperature of the liquid for
treatnment is in the range of err]C, preferably in the range
of 70 to 110[err]C, when the m[ﬂtﬁém into contact with the anion
exchange resin. A tenperat ure*excea |m bove range is not preferable

because a higher tenperature has restriction due to heat resistance of the
ani on exchange resin and the

4. A process according to Claim 3, wherein the mother liquor is passed
through the ion exchange-column downward from an upper part thereof
so that the heavy metal components and the bromine ion of the catalyst
components are adsorbed with the. chelate resin, and subsequently the
elution liquid is passed through the ion exchange column upward from a

lower part thereof so that the catalyst coinponents are recovered.

5. A process according to Claim 1, wherein, after the mother liquor is
brought into contact with the chelate resin of an anion exchange type so
that the heavy metal ions and the bromine ion are adsorbed with the
chelate resin, the liquid remaining in a layer of the chelate resin is

replaced with an inert gas.

6. A process according to Claim 1, wherein the elution liquid is a

solution of acetic acid containing 15% by weight or more of water."

7. A process according to Claim 1, wherein a condensate separated in a
reflux cooler of an oxidation reactor for the liquid phase oxidation is used

as the elution liquid.

8. A process according to Claim 1, wherein the aromatic compound
substituted with alkyl groups is 2,6-dimethylnaphthalene, and the
aromatic "carboxylic acid produced by the process is 2,6-

naphthalenedicarboxylic acid.
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b0| [ ng point of the solvent (acetic acid). \Wen the tenperature is |ower

than this range, the achi—y—ei-adsngLL_on_oLthe ani on exchange resin

occasi onal | y decreases. he tenperature of the elution solution
during recovery of the catal ?“uu j iﬁﬂ“mum selected in the range of 20
to 60[err]C, preferably 30 t lhe tenperature i s higher than
this range, the efficiency of the efut! on’ miy decrease because the activity

of adsorption of the resin is higher. Wen the tenperature is |ower than
this range, the cost of cooling increases. Theref ore such tenperatures are

t f bl |
Femor at ur o_of % né REPREFE ek ﬁ@PP’%ﬁﬁ%ﬁw $iBtudlhg 4.6 iadHta R A Eat i1
4 .
Cenperature in® Fﬁ?ﬁ?’? Akirfe (GUALLG 4 %00 £LI.ﬁe"]‘fi f#lent - &ith bmolecular,
to 110[err]C, gagxd atseﬁmﬂfeaﬁéfﬁﬁi phakéeneal vélvest bbﬁthlﬁlﬂgwldvﬁér abipheticy

of the catalyst %rrponents Is Kept at a relatively |ow tenperature, i.e., a
t enper at ure i nei¥fosydiedacidl iR Gheoppéerice] 6f apcatatystbtymprising heave met&D

to 50[err]C, to achieve nore efficient recovery of
compounds and a bromine compound, wherein a mother liquor which is
obtam_ed after removal of crystals from a reaction liquid of the liquid
phase oxidation and contains heavy metal ions and bromine ion as
catalyst components is brought into contact with an anion exchange
resin at 50 to 120°C, and subsequently, the catalyst components are

recovered by passing an elution liquid through the resin in a direction

| opposite to the direction of the mother liquor at 20 to 60°C.
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the catal yst conponents. This is one of the characteristics of the present
-18- L nvention found by the present inventors. .. The above
characteristic is based on the fact that the equilibrium between the
concentration of the netal ion adsorbed with the anion exchange resin and
t he concentration of the nmetal ion in the solution changes with the
tenperature to a great degree. In other words, at a

ABSTRACT OF THE DISCLOSURE:

A process for continuously producing an aromatic carboxylic acid
comprising oxidizing an aromatic compound substituted with alkyl
groups with molecular oxygen gas in the liquid phase in a solvent
containing a lower aliphatic carboxylic acid in the presence of a catalyst
comprising heavy metal compounds and a bromine compound, wherein
a mother liquor w.hich is obtained after removal of crystals from a

- reaction liquid of the liquid phase oxidation and contains heavy metal‘
ions and bromine ion as catalyst coinponents is brought into contact with
a chelate resin of an anion exchange type to recover the catalyst
connponents. | |

The catalyst components are efficiently recovered, and auxiliary
agents in an amount exceeding the equivalent amount and excessive

labor are not necessary.
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hi gh tenperature of the environnment, the activity of adsorption of the
ani‘on exchange resin is high and the condition is relatively advant ageous
for adsorption; on the other hand, at a | ow tenperature of the environnent,
the activity decreases and the condition is rel atively advantageous for
elution; and the above characteristic is based on this fact. A system
usi ng an ani on ‘exchange resin is essentlfﬂl éyste g in which adsorption
and desorption are repeated utilizing the d| fererice’In stability of a
substance for adsorption which is obtained by changing the concentration of
water in the solvent. The swing of the tenperature such as that described
above can effectively b plied far _chel ate resins. The systemin
whi ch the tenperature i channg bet ween adsorption and désorptionis-wef |
known for conventional adsdgrbepftsas the teZberature SW ng system for
repeat ed absorption and desorp iorf. The pressure sw ng systemis also wel l
known. However, syg 5 afe not gengral |y} known for a process using| an
i on exchange resin. > (8)

1 ' (9)

6 |__®

————— e e s

-3

5 | (5) p (10)

y

This Sheet Has Been Reﬂll

AR




lt_i.s effective for nore fully exhibiting the function of the systemof the
présent invention that the heavy nmetal ioms and brom ne ion of the catalyst
conponents are adsorbed with the ani on exchange resin by passing the nother
| i quor through the ion exchange resin, and then the

-19- catalyst conponents are recovereds by passing the elution solution

t hrough the ion exchange resin in a di~ection opposite to the direction of

-PROCESS FOR PRODUCIN G AROMATIC CARBOXYLIC ACID

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present in\}ention relates to process for pro&ﬁcing an aromatic
carboxylic acid. More particularly, the present invention relates to a
process for producihg an aromatic carboxylic acid, particularly 2,6-
naphthalenedicarboxylic acid, by the liquid phase oxidation of an
aromatic compound substituted with alkyl groups, wherein catalyst
components are efficiently recovered from a mother liquor obtained after
separation of :;.rystals from the reaction liquid of the liquid phase
oxidation.
2. Description of the Related Arts

Aromatic carboxylic acids, particularly aromatic dicarboxylic
acids such as terephthalic acid and 2,6-naphthalenedicarboxylic acid,
and esters thereof are useful as raw materials for polyesters which are
used as fibers and resins.

Aromatic carboxylic acids are produced by liquid phase oxidation
of aromatic compounds substituted with alkyl groups in the presence of a
heavy metal catalyst. For example, in processes proposed in the
specifications of Japanese Patent Publication Showa 34(1959)-2666 and
Japanese Patent i’ublication Showa 56(1981)-3337, an aromatic
dicarboxylic acid is obtained by oxidation in a solution containing a lower
aliphatic carboxylic acid in the presence of a catalyst containing a heavy

metal, such as cobalt and manganese, and bromine.
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the nother liquor of the oxidation. Particularly, it is preferable that the
mot her |iquor of the oxidation is passedd hrough the ion exchange resin
downward fromthe upper part of the ion exchange colum, and the elution
liquid is passed through the colum upward fromthe | ower part of the

col um. It is also one of the chajacteristics of the present

I nvention found by the present inventors that the direction of flow of the
not her |iquor of the oxidation is made opposite to the direction of flow of

the elution |iqui gy the above fﬁ%séﬁsoﬁﬁé Pedion ?gg&&éﬂ/is%tﬁﬂfedcﬁlt #He/fdrm

conponent s using an ani on exchange resin repor I n Japanese Pat ent

Application Lei g-sldiey SbhtaPhRVE sobid! BdiBitakibeaafteniteh okid4isss, labRY tREOVE

as the conventional process, a nother |iquor of the |iquid phase oxidation
i's supplied aironfetit @arboxylic iaeid cxcébtageed dromin coystalmseparatedt by wolid-

conponents are adsorbed, and then an elution liquid is supplied at the top

of the ion eXidquidgseparhtion dfcthecslmrey. tThe mudthles lifuarhwhdieh d5 yohtained as

COTRONeNt S e Kltrate afier the solid-Liquid separation of the shurry containe usetal
catalyst components, such as expensive heavy metals such as cobalt and
manganese and bromine compounds. It is necessary that the catalyst
components be recycled in order to use these components efficiently.

The simplest method for the recycling is to reuse the mother liquor
without any treatment. However, various organic impurities formed as
byproducts in the reaction aﬁd inorganic substances formed by elution of
materials of apparatuses are present in the mother liquor. These
impurities are concentrated during the recycling and occasionally have
serious adverse effects on the oxidation.

Therefore, the direct recycling of the mother liquor is limited,. and
catalyst components which are not reused by the recycling of the mother
liquor must be recovered. Various processes have heretofore been
proposed to recover catalyst components which are not reused by the
recycling of a mother liquor.

For example, water and an alkali metal carbonate are added to a
residue obtained after removal of a solvent from a mother liquor, and
metal components of a catalyst are precipité.ted in the form of carbonates,
which are then dissolved in acetic acid to recover the metal components

(Japanese Patent Application Laid-Open No. Showa 48(1973)-66090). In

another example, oxalic acid is added to a mother liquor which is not

REPLACEMENT SHEET
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t he catal yst conponents adsorbed in-|low concentrations are first eluted and
recovered, and the concentrations of ihe ¥ecovered catal yst conponents
gradual Iy increase. In contrast, in the present invention, the

catal yst conmponents adsorbed in high concentrations are first eluted and
recovered because the elution liquid isgpassed through the colum in the
direction opposite to the nother |iquor—of the oxidation. Wien the yield of
recovery in the - 20-

recycled, and metal components of a catalyst are recovered as oxalates
(Japanese Patent Application Laid-Open No. Heisei 2(1990)-203939).

It has been known that metal components can be recovered with
anion exchange resins from a mother liquor which is not recycled. For
example, cobalt and bromine in the mother liquor is adsorbed with a
strong basic anion exchange resin after the ratio of bromine to cobalt has
been adjusted in a specific range, and the adsorbed cdbalt and bromine
are eluted with acetic acid containing water to recover organic
substances containing cobalt (Japanese Patent Application Laid-Open
No. Showa 53(1978)-183574). In another example, a mother liquor is first
brought into contact with an anion exchange resin in the bromide form
so that heavy metals are adsorbed with the anion exchanée resin, and
the adsorbed heavy metals are subsequently recovered from the ion
exchange resin by elution. The treated mother liquor is then brought
into contact with a weak basic anion exchange resin so that bromine ion
is adsorbed with the anion exchange resin, and the adsorbed bromine ion
is subsequently recovered by elution from the anion exchange resin
(Japanese Patent Application Laid-Open No. Showa 53(1978)-104590).

When metal components are recovered as carbonates 6r oxalates,
auxiliary agents such as alkali metal carbonates and oxalic acid are
necessary in amounts exceeding the equivalent amounts, and the
processes are not economically advantageous. Moreover, recovery of the
carbonates and oxalates requires complicated operations such as
neutralization, precipitation and separation of metal'_salts and excessive

labor.
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sane period of tinme are conpared between these processes, it is apparent
that the process of the present invention can achieve a higher yield of
recovery of the catal yst conponents. In the present invention, it is
preferable that the nother |iquor of the oxidation is passed through the

I on exchange col um downwar d fron1the_%pper part of the columm, and the
elution solution is passed through thé=€olum upward fromthe | ower part of
the columm. Wen the directions of the liquids are selected in this manner,

t he catal yst conp | Q{rf'% S d.4 | C ' t per
parts of the ion gglc ﬁoé:\ggé%ﬁrm g?\l %(Eaﬂgﬁ %’?‘éhﬂ%]é”?g}’aﬁ# %ﬁébg{bzt?’o%ﬁégnd
recovery of & CRIERAE RLUEhCaBer® 626 Matdnekdss®ye Hiwevati

t han t he cas%ﬂﬁéﬁ?cﬁéﬁeﬁe elﬁtﬂlﬁon Pi qiid is passe{j1 tH%sr ough the co lirrlnlny
downwar d frogydéie to' RieBierR? cobmplefehdSSHptith of heavyVRisiAls, bravaehe tige Pt her
| i quor of the oxidation is paSsed through the ion exchange col um downward
from the uppaecessdryoin ahcamount by mol about twice or more as much as the

amount of the heavy metal at the time of the adsorption. The bromine ion
is recovered simultaneously when the heavy metals are recovered.
Therefore, the ratio of bromine ion and the heavy metal components in
the oxidation is naturally restricted, and the oxidation is conducted in
the presence of a large relative amount of bromine ion.

Although it is necessary that the ratio of bromine ion to heavy
metals be kept at a specific value or more in the oxidation, bromine ion in
an excessively large amount does not show further contribution to the
improvement qf the reaction, and the amount of bromine discharged to
the outside of the system as orgaxiic bromine compounds in the off-gas
increases. This causes loss of bromine, and the possibility of corrosion
also increases. Thérefore, it is not preferable that the ratio of bromine
ion to heavy metals in a catalyst must be kept at a high value in the liquid
phase oxidation.

In the processes using carbonates and oxalates, the metal
components are concentrated to form solid substances. In contrast,
metals adsorbed with an anion exchange resin are recovered by elution
with acetic acid containing a large amount of water. The degree of
concentration of the eluted ions is decided by the concentration during
the elution, and occasionally the degree of concentration of the eluted

ions is insufficient. When the degree of concentration of eluted ions is
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colum, and the elution solution is passed through the colum upward from
the I ower part of the columm as descri bed above, crystals of the aromatic
carboxylic acid and organic inpurities which have | eaked through the
solid-liquid separation or are precipitated because of decrease in the
tenperature of the nother |iquor are deﬂwuged fromthe upper part of the
I on exchange colum during the elution™=Thus, accumul ation of such crystals
and inpurities can be prevented. - Therefore, problens, such as

. troubles in gpergaii.on acconpani wi.th [ ncre ARG e |fherence
caused by thé’E‘) WEFFS%%%@?&B&F&%% %d %gglygg%& ,%t;t%;%xﬁ %Jy 0
exchange Cau%f'gte% fRAPESIRNRL concentration of water in the reactor, and this

adversely affects the reaction. Therefore, an additional treatment such
as removal of water before the recycling is necessary, and this consumes

additional energy.

S OF N

The above drawbacks of the conventional technologies are
improved by the present invention. An object of the present invention is
to provide a process which enables efficient reco%rery of catalyst
components with an anion exchange resin without using an auxiliary
agent in an amount exceeding the equivalent amount and without
complicated operations or excessive labor in a process for continuously
producing an aromatic carboxylic acid by liquid phase oxidation of an
aromatic compound substituted with alkyl groups in a lower aliphatic
carboxylic acid as the solvent in the presence of a catalyst comprising
heavy metal compounds and a bromine compound.

As the result of extensive studies by the present inventors to
achieve the above object in the production of an aromatic carboxylic acid,
it was found that, when a chelate resin of an anion exchange type is used
as the anion exchange resin, the desirable effect can be exhibited
independently of the ratio of bromine ion to the heavy metal ions during
adsorption and that the catalyst components are efficiently recovered and
the liquid phase oxidation can be carried out advantageously without

operations for the oxidation at a larger ratio of bromine ion to the heavy
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-21- the crystals and organic inpurities described above to the surface
of-the ion exchange resin and decrease in the adsorbing ability caused by
uneven flow in the inner parts of the resin due to the mgrated crystals,
can be prevented by adopting the above nethod of passing the |iquids.
Passing the eluting liquid through the €olum upward fromthe | ower part of
the columm has a further advantages th the i on exchange resin which has
been pressed into a tight condition can be relaxed to a | oose condition.

pnen the el UliBal IdH!bf fo? &gﬁf&ﬂoﬁmf%g’ﬁbﬁhTﬁé&@ébﬂtpﬂ?&é}}tﬁrP'Hé{g\%ﬁ‘g’fr .

part of the c he operation I's made at w space velocity
structure wordyrmigledéd anthedis 6fStheibiwe kifowledgeper part of the resin

| ayer in order to prevent pulverization of the resin.

Accordingly, the present invention provides a process for
continuously producing an aromatic carboxylic acid comprising
oxidizing an aromatic compound substituted with alkyl groups with
molecular oxygen gas in the liquid phase in a solvent containing a lower
aliphatic carboxylic acid in the presence of a catalyst comprising heavy
metal compounds and a bromine compound, wherein a mother liquor
which is obtained after removal of crystals from a reaction liquid of the
liquid phase oxidation and contains heavy metal ions and bromine ion as
catalyst components is brought into contact with a chelate resin of an
anion exchange type, and subsequently, the catalyst components are
recovered with an elution liquid.

It was also found by the present inventors that the catalyst
components can efficiently be recovered in the following preferred
embodiments of the present invention.

() The mother liquor is brought into contact with the chelate resin
at a temperature of 50 to 120°C and the elution liquid is brought into
contact with the chelate resin at a température of 20 to 60°C.

(2) The mother liquor is brought into contact with the chelate resin
of an anion exchange type in an ion exchange column so that the heavy
metal ions and the bromine ion of the catalyst components are adsorbed
with the chelate resin, and subsequently, the elution liquid is passed
through the ion exchange column in the direction opposite to the

direction of the mother liquor.
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It.is effective for renoving organic inpurities attached to the resin that
acetic acid containing water in the sanme concentration as that of the

not her |iquor or |ower is passed through the colum fromthe upper part or
the |l ower part of the colum between the operations of the .adsorption and
the elution. The yield of recovery of ishe catal yst conponents can al so be

I ncr eased. The present invention—w ||l be described nore specifically
with reference to a figure showing a schematic flow chart of the process in

the following. Fi 9 Affershea oftlercligidr B Wiought iRt®eestact withi thia dHdaf®t her
| i quor of the oxidation is passed through the ion exchange col um downward

from the uppeesiinof adf ahivn exthange agpe tsoetledtutieohehvy uhetalsiomasand thes ough
the col umm upward fromthe | ower part of the colum. In Figure 1, a mXxture
of raw mat er bzbminieiien tareadserbestiwith the chelate resin, the liquid remaining in

a layer of the chelate resin is replaced with an inert gas.

Particularly when 2,6-riaphthalenedicarboxylic acid is produced,
an auxiliary agent such as an alkali metal carbonate and oxalic acid is
used in a large amount in order to recover the metal components as
carbonates or oxalates because the concentration of heavy metal ions' in
the mother liquor of the oxidation is relatively high. Therefore, an anion
exchange resin can be used effectively, and the catalyst components can
be efficiently recovered by the combination of (1) and (2).

Accordingly, the present invention also provides a process for
continuously producing 2,6-naphthalenedicarboxylic acid comprising
oxidizing a 2,6-dialkylnaphthalene with molecular oxygen gas in the
liquid phase in a solvent containing a lower aliphatic carboxylic acid in
the presence of a catalyst comprising heavy metal compounds and a
bromine compound, wherein a mother liquor which is obtained after
removal of crystals from a reaction liquid of the liquid phase oxidation
and contains heavy metal ions and bromine ion as catalyst components
is brought into contact with an anion exchange resin at 50 to 120°C, and
subsequently, the catalyst components are recovered by passing an
elution liquid through the chelate resin in a direction opposite to the
direction of the mother liquor at 20 to 60°C.

C 0 G
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-22- reactor of the liquid phase oxidation 1 to carry out the oxidation.
The reaction |liquid obtained by the liquid phase oxidation is a slurry
containing the aromatic carboxylic acid of the reaction product. The
reaction liquid is separated into a solid and a liquid in a solid-liquid
separator 2, and a cake of crystalsxﬁ_§jude aromatic dicarboxylic acid 8
I S obtai ned. In the adsorption step, a nother |iquor of the reaction
obt ai ned by the separation is supplied at the upper part 9 of an ion

ie_échange col um 3.pd b NEsh s B SORNEG tIRCHYW cRart BRI £ {Rihple loFauor

the process for producing an aromatic carboxylic acid of the present
invention. In this flow chart, a mother liquor of the oxidation is passed
through an ion exchange column downward from an upper part of the
column, and an elution solution is passed through the ion exchange
column upward from a lower part of the column.

Numbers in Figure 1 have the following meanings:

1 A reactor of the liquid phase oxidation

A solid-liquid separator

An ion exchange column
An intermediate tank
An elution liquid tank

Examples of the aromatic compound substituted with alkyl groups
which is used‘ as the raw material of the oxidation in the present
invention include toluene, p-xylene, m-xylene, pseudocumene, 2,6-
dimethylnaphthalene, 2,6-diethylnaphthalene and 2,6-diiso§ropyl-
naphthalene. From these aromatic compounds, aromatic carboxylic
acids such as benzoic acid, terephthalic acid, isophthalic acid, trimellitic
acid and 2,8-naphthalenedicarboxylic acid are produced. The process of
the present invention is particularly advantageously uséed for producing
2,6-naphthalenedicarboxylic acid by the reason described above.

Examples of the lower aliphatic carboxylic acid used as the solvent

of the oxidation in the present invention include formic acid, acetic acid,
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sufficiently heat insulated so that the tenperature of the elution |iquid

i s kept unchanged by the outside tenperature. In the ion exchange
colum 3, ions of cobalt, manganese, and brom ne contained in the nother

| i quor are separated by adsorption sinultaneously. O ganic conpounds such
as organic inpurities and netal inpuritges other than cobalt and manganese
are not adsorbed and purged through thepassage 10 at the |ower part of the
colum together with the reaction |iquid of the oxidation. -1n the

el ution st epprepimlit acidyipatyricacidiaid anixtared ofthese avidshe Amticucihige
colum are sinultaneously eluted by passing an elution liquid 6, such as an
aqueous sol utpreferablengmiong these, acids fogm thestarndpaintiphheat stahilithe Thawer
part of the columm. The elution solution used here is supplied froman

el ution |iquisdlventkmsy comdainy vedfier. sEhetgaptent of eater iscPeefarakly $0%way out
'S col I cot ed WHEBE AT |afEer hae HREURANY YeLs PEEGEISIPS 1 11 o D e, |
catalyst agaipr}e}eggabiyhf to 10 tirhes, as large as the amount by weight of the aromatic
compound substituted with alkyl groups which is the raw material of the
oxidation. When the amount of the solvent is less than the above range,
handling of the slurry of the reaction product occasionally becomes
difficult. When the amount of the solvent exceeds the above range, the
burned amount per the amount of the product occasionally increases to
cause economic disadvantage.

In the present invention, heavy metal compounds and a bromine
coﬁpoud are used for the oxidation catalyst. The heavy metal
compounds comprise at least one compound selected from the group
consisting of cobalt compounds and manganese compounds.
Compounds of nickel, cerium or zirconium may be added, wheré
necessary. Examples of the compounds of cobalt, manganese and other
heavy metals include salts of organic acids, hydroxides, halides and
carbonates of these metals. Acetates and bromides are preferably used.
As the bromine compound, any compound containing bromine can be
used as long as the compound is soluble in the reaction system and
generates bromine ion. Examples of the bromine compound include
inorganic bromine compounds such as hydrogen bromide, sodium
bromide and cobalt bromide and organic bromine compounds such as

bromoacetic acid and tetrabromoethane. Hydrogen bromide, cobalt
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-23- | i quid phase oxidati on. In the present invention, it is
preferable that the liquid remeining in the ion exchange Iayer after the -
adsorption has been conpleted is replaced with an inert gas. N trogen or
carbon di oxi de can be used as the inert gas. A gas discharged fromthe

oxi dation step can al so be used as thelonert gas. The ion exchange resin in
which the remaining |liquid

bromide and manganese bromide are preferably used.

As for the amount of the catalyst containing the heavy metals, the
cobalt compound and/or the manganese compound is added to a solvent
in such an amount that the total concentration of the metal atoms is in
the range of 0.01 to 1.5% by weight. When the amount of the catalyst

| contairiing the heavy metals is less than the above range, occasionally, a
sufficient activity is not obtained. When the amount of the catalyst
exceeds the above range, the amount of the catalyst removed together
with the crystals of the formed aromatic dicarboxylic acid increases, and
the process becomes industrially disadvantageous because of an increase
in cost of the catalyst. '

The bromine compound is added in such an amount that the ratio
by é.tom of bromine to the total amount of the metals in the catalyst is 0.1
to 10, preferably 0.5 to 5. When the amount of the bromine compound is
less than the above range, occasionally, a sufficient activity is not
obtained. When the amount of the bromine compound exceeds the above
range, the amount of bromine discharged in the off-gas in the form of
organ—ié bromine compbunds increases to increase loss of bromine, and
the possibility of corrosion also increases. Therefore, such amounts are
not preferable.

In the present invention, the aromatic compound substituted with
alkyl groups is oxidized with molecular oxygen. Oxygen gas or a gas
containing oxygen and an inert gas such as nitrogen and argon is used
for the reaction. The air is generally used.

The reactor used for the oxidation may be a reactor equipped with
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has been replaced with the inert gas is used in the elution step. It is
preferable that the elution liquid is supplied upward fromthe | ower part
of the colum. When a liquid is supplied into a columm contai ni ng pores
downward fromthe upper part of the colum, there is the possibility that
bubbl es are contained in the liquid. Waen the liquid is supplied upward,
this possibility can be elim nated. — It is also one of the
characteristics of the present invention found by the present inventors
that the |iqld ctirrenion rag gas abemizeErunmA ofeadior i equippetamith resstirres is
replaced with an inert gas after the adsorption of the netal ions and

br onmi ne i on \prefenably used hecausesuifisieninmining obthseanient gpn beachieeed
conpl et ed. The |iquid [enaiging in the resin layer, inmedi ately after
the adsorption haslbezeactismiecenductedin aneoninupys arodnghoRnapparHalsiet al

[ db ] ion.h d_by th ' d _thi Dt h
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colum i's Swti'x%.tr) eadpﬁﬁ'afiwtok’%aém %RhEkted in series are used to increase the
yield of the reaction.

The temperature of the liquid phase oxidation in the present
invention is in the range of 170 to 250°C, preferably 180 to 240°C. When
the temperature is lower than the above range, large amounts of
intermediaté products of the reaction remain in the product. When the
temperature exceeds the. above range, loss of the solvent by burning
increases.

| The pressure of the reactor is not particularly limited as long as
the reaction system is kept in the liquid phase at the temperature of the
reaction. The pressure is generally 5 to 40 kg/cm2, preferably 10 to 30
kg/em2,

In the oxidation, the gas containing oxygen is continuously
supplied to the reactor, and the gas which has been used for the reaction
is continuously discharged to the outside of the reactor as an off-gas. A
reflux condenser is attached to the reactor to condense a large amount of
the solvent accompanied with the off-gas and water formed by the
oxidation. The condensed solvent and watef are gexiefally returned to
the reactor. However, a portion of the condensed liquid may occasionally
be taken out of the reaction system to adjust the concentration of water in

the reactor.

REPLACEMENT SHEET
05 NOV 1998




afte._r the adsorption is conpleted, the liquid remaining in the resin layer
is mxed with the elution liquid, and the elution liquid is diluted.
Moreover, it is delayed that the concentration of water in the liquid in

t he _ -24- inner part of the resin
| ayer reaches the desirable value for e elution. These phenonena are not
preferable for concentration of the ca¥al yst conponents. To sol ve the

above problens, the elution liqui.d may be used after a
In the process of the present invention, the amount of the gas.

containing oxygen which is supplied to the reactor is adjusted so that the
concentration of oxygen gas is in the range of 0.5 to 5% by volume in the
off-gas discharged from the reactor as a dry gas from which water and
the solvent have been removed by condensation. When the concentration
of oxygen in the off-gas is lower than the above range, the amounts of
intermediate products increase and, moreover, undesirable phenomena
such .as coloring of the formed aromatic dicarboxylic acid may
occasionally take place. When the concentration of oxygen exceeds the
above range, loss of the lower aliphatic carboxylic acid used as the
solvent by oxidation increases, and the cost .of an air compressor
int_:reases unnecessarily.

Itis preferé.ble that the reaction liquid containing crystals of the
aromatic carboxylic acid formed in the oxidation reactor is transferred to
another oxidation reactor connected to the first reactor in series, and the

. oxidation is completed with the gas containing oxygen in the second
reactor. Where necessary, the resultant reaction liquid is transferred to
one or more crystallization tanks connected in series. The obtained
product is cooled after the pressure was released and then transferred to
the next solid-liquid separation step.

In the solid-liquid separation‘ step, the slurry formed by the
oxidation and containing the aromatic carboxylic acid is séparated into
crystals and a mother liquor by a solid-liquid separator. The separation
of the crystals is generally carried out under an atmospheric pressure.

The temperature of the separation is not particularly limited. The
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suitable interval of time fromthe end of the adsorption step. However, the
concentration of the catal yst conponents in the elution liquid is
particularly high in the initial period of the elution. Mreover, the
reverse mxing of the elution liquid and the nother |iquid cannot be
prevented conpletely. Naturally, the npther |iquor can be purged only to a
limted extent. Ther ef ore, when e nother liquor remaining in the
resin layer is discharged to the outside of the systemwith an inert gas

and the el ut isggaj.s qrst@&ﬁé‘@rﬁﬁgg&ieraﬂyeam h@impétitare ' R EHahNLhde

resin layer I's"conpletely replaced with the inert 'gas, and an elution
l'iquid havi ngofliké pbirftosioiet solvémt Endér #ri atmbsphefiethi¥seirecforoskGaplde

obt ai ned. 0 summari ze the advantage obtal ned by the present

i nvention, c@hahe rangeafabent50tob1@1C.are val uabl e substances used in the
| i qui d phase oxidation of an aromatic conpound substituted with al kyl
groups can be eff iBxaamples of the separater incydecd bontrifugplasedishentatiarsi n
of an anion iégggar.]t%?', ;.%grelltrifugal filter and a vacuum filter.

In the prot:ess of the present invention, the mother liquor of the
oxidation containing heavy metals such as cobalt, i'nanganese and
bromine, which is obtained after separation of crystals from the reaction
liquid of the liquid phase oxidation as described above, is brought into
contact with a resin of an ion exchange type by passing the mother liquor
through aﬁ ion exchange column, and subsequently the catalyst
components are recovered with an elution liquid. After the mother
liquor of the oxidation is brought into contact with the resin, a portion of
the mother liquor may be returned directly to the reactor. of the oxidation.
Where necessary, a portion or the entire amount of the mother liquor
may further be treated with an anion exchange resin. The crystals
separated by the solid-liquid separator may be washed with water or
acetic acid containing water. The liquid produced by the washing may be
added to the mother liﬁuor of the oxidation, and the resultant mixture
may be passed through a column of an ion exchange resin.

The mother liquor of the oxidation which is treated by the ion
exchange column in the present invention (occasionally, referred to
hereinafter as a liquid for treatment) is a mixture containing the

aromatic carboxylic acid, the solvent, the catalyst, various organic

compounds, such as the unreacted raw material and intermediate
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The present invention has the follow ng characteristics as the process for
recovering the netal conponents of the catal yst and enabl es the

i ndustrially advant ageous recovery of nmetal conponents of the catal yst.
(1) An alkali netal carbonate or oxalic acid which is required in

- 25- processes for recovery of the mﬁal conponents in the form of
car bonat es =T

products and byproducts of the reaction, and water formed by the
reaction in a considerable amount. The content of fine crystals in the
liquid for treatment is 1.0% by weight or less, preferably 0.1% by weight
or less. The solid-liquid separation is conducted so as to bring the
coﬁtent of fine crystals within this range.

In the process of the present invention, it is particularly preferable
that a chelate resin of an anion exchange type is used as the anion
exchange resin. The chelate resin is an ion exchange resin exhibiting a
particularly high selectivity to specific metal ions by forming the chelate
bonding. Examples of the chelate resin of an anioi exchange type
include chelate resins of the picolylamine type, the polyamine type, and
the pyridine type. Any of these resins can be used. Specific examples of
the chelate resin include UNISELEC UR-3300S (a trade name;
manufactured by UNITICA Co., Ltd.), DIAION CR20 (a trade name;
manufactured by MITSUBISHI CHEMICAL Co., Ltd.), SUMICHELATE
CR-2 (a trade name; manufactured by SUMITOMO CHEMICAL Co.,
Ltd) and DOWEX XFS 4195 (a trade name; manufactured by DOW
CHEMICAL Company). |

It is the characteristic of the present invention that, among
various anion exchange resins, a cheiate resin of an ion exchange type is
used. |

When a heavy metal is adsorbed with an ordinary anion exchange
resih, the metal atom has several bromine atoms coordinated with the
metal atom. When the number of the bromine atom coordinated with the

metal atom is smaller, the metal atom is not adsorbed because of




or oxalates is not necessary, and conplicated operations such as
neutralization, precipitation and separation are not necessary either.

(2) An exceedingly high ratio of bromne to netals is not necessary.
Therefore, |oss of brom ne conpounds can be reduced, and the possibility of
corrosi on decreases. (3) A highlys.concentrated Iiquid for recycling
can be obtained, and the netal conponemts of the catal yst can be recovered
efficiently by setting different tenperatures for the nother |iquor of the

oxi dat i on atiLifetieRE <pdnifity. TRk OMbra itid gefigtAly slecesaitgribiat shandtibar t he

el ution quJ‘i e tinme of recovery of "the catal yst conponents, by

passing the E%&Hﬁ{e {drftétheGhetlonton oplieutaliat (hefertad tohetéinaifbrt s augh
t he ani on exchange resin in the directions opposite to each other, and by

pur gi ng the pRiAfie +atii)dn the idquidforithe tieatmezitrbd tweor monehe out si de of
the system before the elution.

In contrast, the restriction by the bromine ratio is not necessary
when the chelate resin of an ion exchange type, which is a characteristic
component in the present invention, is used. The reasons are considered
to be that (1) a ligand other than bromine such as acetate ion and hydroxy
jon can be selected when the chelate resin of an ion exchange type is
used, and that (2) the metal ion adsorbed with the chelate resin has, as
the ligands, two or more bromine atoms which are present in the chelate
resin by the ion exchange. The chelate resins have a characteristic that
an adsorbed ion forms a cyclic structure with a multidentate ligand
haﬁg two or more coordinating atoms, i.e., a chelate compound, unlike
ordinary jon exchange resins in which an ion is adsorbed at a single
coordinating site. Therefore, the latter phenomenon (2) is considered to
be more likely to be the reason. |

By passing the mother liquor of the oxidation through the ion
exchange resin, Eobalt', manganese and bromine of the cataly‘st
components are selectively adsorbed. Because other metal impurities
are only 'negligibly adsorbed by the.above ion exchange resin, cobalt,
manganese and bromine of the catalyst components can be
simultaneously recovered by passing an elution liquid through the resin
and can be recycled as the catalyst for the oxidation.

The ion exchange resin-. may be used for a liquid for the treatment

without any pretreatment. However, it is preferable that the resin is
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EXAMPLES The present invention is described nore specifically with
reference to exanpl es. However, the present invention is not limted to the
exanpl es. In the foll ow ng Exanpl es and Conparative Exanples, an ion
exchange col um of doubl e gl ass tubes was packed with 150 ml of an anion
exchange resin and heat insul ated by iirculation of water of the sane
tenperature as that of a liquid supprkgd into the colum so that the
tenperature of the supplied liquid is not affected by the outside

brought into contact with a solution, such as an acetic acid solution,
containing bromine and converted into the bromide form in advance.

To convert the ion exchange resin into the bromide form, the

resin is washed with water or a solution of acetic acid which
contains bromine ion, for example, as sodium bromide or hydrobromic
acid, and, thereafter, excess bromine is removed by washing with acetic
acid or acetic acid containing 15% by weight or more of water. It is
preferable that acetic acid used for the washing has a smaller
concentration of water than that of the mother liquor of the reaction
which is the liquid for treatment.

In the present invention, the concentration of water in the liquid
for treatment passed through the ion exchange column is 0 to 156% by
weight, preferably 5 to 12% by weight. In general, the mother liquor of
the oxidation contains 5 to 10% by weight of water, and the adjustment of
the concentration of water is not necessary before the mother liquor is
supplied to the ion exchange column in many cases. When a. liquid
produced by washing the crystals is added to the mother liquor as
described above and the concentration of water in the mother. liquor
exceeds the above range, the concentration of water is adjusted into the
above range by distillation or the like method.

The elution liquid which is used for elution and recovery of the |
metals adsorbed with the ion exchange resin is preferably water or an
aliphatic carboxylic acid containing water. The same solvent as that
used for the oxidation is used as the elution liquid. Acetic acid is

generally used. The concentration of water in acetic acid is 15% by
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- 26- tenperature. In Exanples 1 to 6, the ion exchange resin was
pretreated by passing 200 m of a solution of acetic acid containing 10% by
wei ght of hydrobrom c acid through the resin to convert the resin into the
bronmi de form followed by passing a solution of acetic acid containing 20%
by wei ght of water through the resin_te_renove excess hydrobromc acid. A
sol ution of acetic acid containing 50% by wei ght of water was used as the
elution |iquid. Exanmple 1 A reaction product obtained by the liquid

Phase Ol oA eiintlorinot fiiferldblf 96% by Aeight iomichal Thé eofifbfted Gqwad
separated in the reflux cooler of the reactor of the oxidation may be used
as the elution liquid.

The temperature of the liquid for treatment is in the range of 50°C
to 120°C, preferably in the range of 70 to 110°C, when the liquid is brought
into contact with the anion exchange resin. A temperature exceeding
the above rangc:: is not preferable because a higher temperature has
restriction due to heat resistance of the anion exchange resin and the
boiling point of the solvent (acetic acid). When the temperature is lower
than this range, the activity of adsorption of the anion exchange resin
occasionally decreases.

The temperature of the elution solution during recovery of the
catalyst components is selected in the range of 20 to 60°C, preferably 30 to
50°C. When the temperature is higher than this range, the efficiency of
the elution may decrease because the activity of adsorption of the resin is
higher. When the temperature is lower than this range, the cost of
cooling increases. Therefore, such temperatures are not preferable.

In the present invention, it is preferable that the temperature of
the mother liquor which is in contact with the anion exchange resin is
kept at a relatively high temperature, i.e., a temperature in the range of
50 to 120°C, preferably in the range of 70 to 110°C, and the temperature of
the elution liquid used for recovery of the catalyst components is kept at a
relatively low temperature, i.e., a temperature in the range of 20 to 60°C,
preferably in the range of 30 to 50°C, to achieve more efficient recovery of

the catalyst components. This is one of the characteristics of the present
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oxi dation was obtained after the solid-liquid separation of the resultant
product using a vacuumfilter. The nother |iquor was used as the raw

material liquid in the recovery process. This raw material |iquid contained
700 ppm of cobalt and 400 ppm of manganese and had a ratio brom ne/(cobalt
+ manganese) of 0.67. An ion exchgnge colum was packed with 150 m of

a chelate resin of an ani on exchange type (manufactured by SUM TOVO
CHEM CAL Co., Ltd.; CR-2) which had been pretreated as descri bed above, and

hot wat er adjrsdtsbr foudid By tépraentiineshtred through a jacket of the
colum. The raw material liquid in an anount of 1,500 g was introduced into

the ion exchange Theuiboveelawacteristiens besewpartheafact dhat thecequilibrivine

liquid for treatnent which had passed through the colum_ was_discharged

into a wast ebéfwednd thardonc@hizatiomtofr thedjmefiaddion adsorbed with the anion
exchange resin and the concentration of the metal ion in the solution
changes with the temperature to a great degree. In other words, at a
high temperature of the environment, the activity of acisorption of the
anion exchange resin is high and the condition is relatively
advantageous for adsorption; on the other hand, at a low temperature of
the environment, the activity decreases and the condition is relatively
advantageous for eh_.ltion; and the above characteristic is based on this
fact.

A system using an anion exchange resin is essentially a system in
which adsorption and desorption are repeated utilizing the difference in
stability of a substance for adsorption which is obtained by changing the
concentration of water in the solvent. The swing of the temperature such
as that described above can effectively be applied for chelate resins.

The system in which the temperature is changed between
adsorption and desorption is well known for conventional adsorbents as
the temperature swing system for repeated absorption and desorption.
The pressure swing system is also well known. However, such systems
are not generally known for a process using an ion exchange resin.

It is effective for more fully exhibiting the function of the system of
the present invention that the heavy metal ions and bromine ion of the
catalyst components are adsorbed with the anion exchange resin by

passing the mother liquor through the ion exchange resin, and then the
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-27- to 30[err]C was circul ated through the jacket of the colum, and the
elution liquid adjusted to 30[err] C was supplied upward fromthe | ower part
of the ion exchange colum until the concentration of cobalt at the outlet
of the ion exchange colum reached 10 ppm or | ess. The yield of
recovery of cobalt was 99.5% and the yield of recovery of manganese was

- 80% The anmount of the |iquid requi ré&ﬁf'or the elution was 450 g. Exanpl e
2

catalyst components are recovered by passing the elution solution
through the ion exchange resin in a direction opposite to the direction of
the mother liquor of the oxidation. Particularly, it is preferable that the
mother liquor of the oxidation is passed through the ion exchange resin
downward from the upper part of the ion exchange column, and the
elution liquid is passed through the column upward from the lower part
of the column.

It is also one of the characteristics of the present invention found
by the present inventors that the airection of flow of the mother liquor of
the oxidation is made opposite to the direction of flow of the elution liquid.

In the process for recovery of the catalyst components using an
anion exchange resin reported in Japanese Patent Application Laid-
Open No. Showa 53(1978)-104590, which is described above as the
conventional process, a mother liquor of the liquid phase oxidation is
éupplied at the top of an ion exchange column so that the catalyst
components are adsorbed, and then an elution liquid is supplied at the
top of the ion exchange column to recover the metals of the catalyst
components. In accordance with this process, there is the tendency that
the catalyst components adsorbed in low concentrations are first eluted
and recovered, and the concentrations of the recovered -catalyst
components gradually increase.

In contrast, in the present invention, the catalyst components
adsorbed in high concentrations are first eluted and recovered because
the elution liquid is passed through the column in the direction opposite
to the mother liquor of the oxidation. When the yield of recovery in the




The sane procedures as those conducted in Exanple 1 were conducted except
that the tenperature of the jacket during the elution was kept at 60[err]C
The amount of the liquid required for the elution to obtain the sane yields
of recovery as those in Exanple 1 was 500 g. Exanpl e 3 The sane
procedures as those conducted in Exanp?g_l wer e conducted except that the
tenperature of the jacket during the erution was kept at 80[err]C. The
~anount of the liquid required for the elution to obtain the sane yields of

t
br ocedu es o SRE peFioB ATENE srelBidaiedbatwost (NS foresces, 8 tfifent
direction of thhe the P¥otbss bf tHEt]ﬁ%Eeﬁt #4Péntion can achieve a higher y1e1d of

recovery of the catalyst components

In the present invention, it is preferabie that the mother liquor of
the oxidation is passed through the ion exchange column downward
from the upper part of the column, and the elution solution is passed
through the column upward from the lower part of the column. When
the directions of the ]iquids are selected in this manner, the catalyst
components which are adsorbed in high concentrations at upper parts of
the ion exchange column can be eluted first, and the elution and recovery
of the catalyst components can be carried out more efficiently than the
case in which the elution liquid is passed through the column downward
from the upper part of the column.

Moreover, when the mother liquor of the oxidation is passed
through the ion exchange column downward from the upper part of the
column, and the elution solution is passed through the column upward
from the lower part of the column as described above, crystals of the
aromatic carboxylic acid and organic impurities which have leaked
through the solid-liquid separation or are precipitated because of
decrease in the temperature of the mother liquor are discharged from
the upper part of the ion exchange column during the elution. Thus,
accumulation of sut;h crystals and impurities can be prevented.

Therefore, problems, such as troubles in operation accompanied
with increase in the pressure difference caused by the accumulation

described above, decrease in the ability of exchange caused by adhesion of




during the adsorption was the sane as that of the elution liquid, i.e.,
upward t hrough the colum. The anmount of the liquid required for the

elution to obtain the sane yields of recovery as those in Exanple 1 was 910
g.

.2_1-

the crystals and organic impurities described above to the surface of the
jon exchange resin and decrease in the adsorbing ability caused by
uneven flow in the inner parts of the resin due to the migrated crystals,
can be prevented by adopting the above method of passing the liquids.
Passing the eluting liquid through the column upward from the lower
part of the column has a further advantages that the ion exchange resin
which has been pressed into a tight condition can be relaxed to a loose
condition. o

When the elution liquid is passed through the column upward
from the lower part of the column, the operation is made at a low space
velocity (SV) or a structure working as a stopper is formed at an upper
part of the resin layer in order to prevent pulverization of the resin.

It is effective for removing organic impurities attached to the resin
that acetic acid containing water in the same concentration as that of the
mother liquor or lower is passed through the column from the upper
part or the lower part of the column between the .op.e-rations of the
adsorption and the elution.  The yield of recovery of the catalyst
components can also be increased.

The present invention will be described more specifically with
reference to a figure showing a schematic flow chart of the process in the
following. Figure 1 shows an example of the process in which the
mother liquor of the oxidation is passed through the ion exchange
column downward from the upper part of the column, and the elution
.liqu.id is passed through the column upward from the lower part of the

column. In Figure 1, a mixture of raw materials 7 is transferred to a
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Exanpl e 5 The sane procedures as those conducted in Exanple 1 were
conducted except that the liquid inside the colum was purged to the
outside of the systemwi th nitrogen after the adsorption, and then the
elution liquid was supplied upward. The amount of the liquid required for
the elution to obtain the sane yields of recovery as those in Exanple 1
decreased to 400 g. Exanpl e 6 -R® teaction product obtained by the
| i qui d phase oxidation of 2,6- dinethylnaphthal ene in acetic acid was

cooled to 80[err]C, and a npther |iquqQr of the oxidation was, obtained after
the solid-Ii gapetoreqfihe hﬂﬁlﬁiﬁﬁ‘taﬁé oxddationnt 19 caATY: oufthegozidatiom: drhe ype

cont 110 o R euld MOEAEE 15°he ol ALS "Dl % WSy
containing the 'a.romai:ic carboxylic acid of the reaction product. The
reaction liquid is separated into a solid and a liquid in a solid-liquid
separator 2, and a cake of crystals of crude aromatic dicarboxylic acid 8
is obtained. -

In the adsorption step, a mother liquor of the reaction obtained by
the separation is supplied at the upper part 9 of an ion exchange column
3. lIn the ion exchange column 3, the supplied mother liquor is
sufficiently heat insulated so that the temperatulfe of thé elution liquid is
kept unchanged by the outside temperature. '

. In the ion exchange column 3, ions of cobalt, manganesé, and
bromine contained in the mother liquor are separated by adsorption
simultaneously. Organic compounds such as organic impurities and
metal impurities other than cobalt and manganese are not adsorbed and
purged. through the passage 10 at the lower part of the column together
with the reaction liquid of the oxidation. |

In the elution step, cobalt, manganese and bromine adsorBed in
the ion exchange column are simultaneously eluted by passing an
elution liquid 6, such as an aqueous solution of acetic acid, through the
column upward from the lower part of the column. The elution solution
used here is supplied from an elution liquid tank §. The aqueous
solution of acetic acid which flow'rs out of the top of the column and
contains eluted cobalt, manganese and bromine is collected into an

intermediate tank 4 and recycled to utilize the catalyst again for the




process. This raw material |iquid contained 1,600 ppm of cobalt and 1,000
ppm of manganese and had a ratio brom ne/(cobalt + manganese) of 0. 83.

An ion exchange colum was packed with 150 ml of a chelate resin of an
ani on exchange type (manufactured by SUM TOMO CHEM CAL Co., Ltd.; CR-2)
whi ch had been pretreated as describedy; above, and hot water adjusted to
80[err]C was circulated through a jacket of the colum. The raw materi al
liquid in an anmount of 600 g was - 29-

liquid phase oxidation.

In the present invention, it is preferable that the liquid remaining
in the ion exchange layer after the adsorption has been completed is
replaced with an inert gas. Nitrogen or carbon dioxide can be used as
the inert gas. A gas discharged from the oxidation step can also be used
as the inert gas. The ion exché.nge resin in which the remaining liquid
has been replaced with the inert gas is used in the elution step. It is
preferable that the elution liquid is suppljed upward from the lower part
of the column. When a liquid is supplied into a column containing pores
downward from the upper part of the column, there is the possibility that
bubbles are contained in the liquid. When the liquid is supplied upward,
this possibility can be eliminated.

It is also one of the characteristics of the present invention found
by the present inventors that the liquid remaining in the column of the
ion exchange resin is replaced with an inert gas after the adsorption of
the metal ions and bromine ion with the chelate resin of an anion
exchange type have been completed.

The liquid remaining in the resin layer immediately after the
adsorption has been completed is the mother liquor from which the

‘metal ions and bromine ion have been removed by the adsorption, and
this mother liquor naturally contains metals and water in low
concentrations. When the column is switched to elution immediately
after the adsorption is completed, the liquid remaining in the resin layer
is mixed with the elution liquid, and the elution liquid is diluted.

Moreover, it is delayed that the concentration of water in the liquid in the
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i ntroduced into the ion exchange col um downward fromthe upper part of the
colum. The liquid for treatnent which had passed through the col um was

di scharged into a waste liquid tank. Then after the liquid remaining in the
i on exchange colum after the adsorption was renoved with nitrogen gas to
the outside of the system water adjugyed to 30[err]C was circul ated

t hrough the jacket of the colum, and™he elution |iquid adjusted to
30[err] C was supplied upward fromthe | ower part of the ion exchange col umm

until the Ccofyprdy pakt oty rr-Es‘iﬁal'aEye?E'e&H?eQ’bﬁé absﬁﬁbl@%l@‘fﬁxﬂi@ﬂﬁm&i" um

reached 10 ppm or~| ess. he yield of recovery of cobalt was 99. 3%
and the yi el gheke r;ﬂfén&ﬁan@faﬁmmer;m@eMe gepocohizentrmioy offtheheatdlgist d

required for the elution was 400 9. Exanple 7
components.

To solve the above problems, the elution liquid may be used after a
suitable interval of time from the end of the adsorption step. However,
the concentration of the catalyst ‘components in the elution liquid is
particularly high in the initial period of the elution. Moreover, the
reverse mixing of the elution liquid and the mother liquid cannot be
prevented completely. Naturally, the mother liquor can be purged only to
a limited extent. )

Therefore, when the mother liquor remaining in the resin layer is
discharged to the outside of the system with an inert gas and the elution
is started thereafter, the mother liquor remained in the resin layer is
completely replaced with the inert gas, and an elution liquid having a
high concentrations of metal ioﬁs and bromine ion can be obtained.

To summarize the advantage obtained by the present invention,
cobalt and manganese which are valuable substances used in the liquid
phase oxidation of an aromatic compound substituted with alkyl groups
can be efficiently recovered and recycled by usinhg a chelate resin of an
anion exchange type.

The present invention has the following characteristics as the
process for recovering the metal components of the catalyst and enables
the industrially advantageous récovery of metal components of the
catalyst.

(1) An alkali metal carbonate or oxalic acid which is required in

s
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A reaction product obtained by the |liquid phase oxidation of 2,6-

di met hyl napht hal ene in acetic acid was cooled to 80[err]C, and a not her

| i quor of the oxidation was obtained after the solid-liquid separation of
the resul tant product using a decanter type centrifuge. Hydrobrom c acid
was added to the nother liquor to presr<e a liquid for treatnent supplied
to the i on exchange col um [broni ne/ (cobal t +manganese) =1. 2]. The
conposition of this liquid is showm in Table 1. The liquid for treatnent

was kept at DOIGIELOIAbISEY b tHeleliPdorkgdbiyed it EROY6FM dllGibonates AN

Il on exchang M- was pac wth 150 nl of a resin of a strong basic ion
exchange typgy (gR1dfaCtiyr A6t %@g&fﬁ @hd ddmiplicafedt Wpbrationsh st kaen

pretreated as descri bed above, an
neutralization, precipitation and separation are not necessary either.

(20 An exceedingly high ratio of bromine to metals is not
necessary. Therefore, loss of bromine compounds can be reduced, and
the possibility of corrosion decreases. |

(8) A highly concentrated liquid for recycling can be obtained, and
the metal components of the cat’alyst can be recovered efficiently by
setting different temperatures for the mother liquor of the oxidation at
the time of adsorption of the catalyst components and for the elution
liquid at the time of recovery of the catalyst components, by passing the
mqther liquor of the oxidation and the elution liquid through the anion
exchange resin in the directions opposite to each other, and by purging
the mother liquor remaining in the resin layer to the outside of the

system before the elution.

EXAMPLES

The present invention is described more specifically with reference
to examples. However, the present invention is not limited to the
examples. ' |

In the following Examples and Comparative Examples, an ion
exchange column of double glass tubes was packed with 150 ml of an
anion exchange resin and heat insulated by circulation of water of the
same temperature as that of a liquid supplied into the column so that the

temperature of the supplied liquid is not affected by the outside




-30- hot water adjusted to 80[err]C was circul ated through aj acket of the
col um. The adsorption step for 270 mnutes and the elution step for 90

m nut es were successively repeated as foll ows: In the adsorption
step,- the liquid for treatnment was introduced into the colum downward from
the upper part of the colum at the spggd of 400 m /hour for 270 m nutes.
The liquid for treatnent which had passed through the ion exchange col um
was di scharged into a waste |iquid tank. In the elution step, an
elution liquid, which was acetic acid containing about 30% by wei ght of a
condensat e séﬁHFEFg S om the reflux cooler of the reactor of the

Cover part of the Boriainles; fdoc E' 16 SR £ rEiTh \PUE' fheti Tl 'y
passing 200 ml of a solution of acetic acid containing 10% by weight of
hydrobromic acid through the resin to convert the resin into the bromide
form, followed by passing a solution of acetic acid containing 20% by
weight of water through the resin to remove excess hydrobromic acid. A
solution of acetic acid containing 50% by weight of water was used as the

elution liquid.

Example 1

A reaction product obtained by the liquid phase oxidation of p-
xylene in acetic acid was cooled to 80°C, and a mother liquor of the .
oxidation was obtained after the solid-liqiﬁd separation of the resultant
product using a vacuum filter. The mother liquor was used as the raw
material liquid in the recovery process. This raw material liquid
contained 700 ppm of cobalt and 400 ppm of manganese and had a ratio
bromine/(cobalt + manganese) of 0.67.

An ion exchange column was pé.cked with 150 ml of a chelate
resin of an anion exchange type (manufactured by SUMITOMO
CHEMICAL Co., Ltd.; CR-2) which had been pretreated as described
above, and hot water adjusted to 80°C was circulated through a jacket of
the column. The raw material liquid in an amount of 1,500 g was
introduced into the ion exchange column downward from the upper part
of the column. The liquid for treatment which had passed through the

column was discharged into a waste liquid tank. Then, water adjusted
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of 400 m/hour for 90 minutes. The elution |iquid which had passed through
the ion exchange col um was discharged into a recovery liquid tank.

The above operations were carried out continuously for 90 days. The
operations in the above steps could be conducted w thout any problem The
yields of recovery of the conponents a&ger 3 days and 90 days of the test
are shown in Table 1. - 31-

to 830°C was circulated through the jacket of the column, and the elution
liquid adjusted to 30°C was supplieci upward from the lower part of the
ion exchange column until the concentration of cobalt at the outlet of the
ion exchange column reached 10 ppm or less.

The yield of recovery of cobalt was 99.5%, and the yield of recovery
of manganese was 80%. The amount of the liquid required for the elution

was 450 g.

Example 2

The same procedures as those conducted in Example 1 were
conducted except that the temperature of the jacket during the elution
was kept at 60°C. The amount of the liquid required for the elution to
obtain the same yields of recovery as those in Example 1 was 500 g.

Example 3

The same procedures as those conducted in Example 1 were
conducted except that the temperature of the jacket during the elution
was kept at 80°C. The amount of the liquid required for the elution to
obtain the same yields of recovefy as those in Example 1 was 750 g.

Example 4

The same procedures as those conducted in Example 1 were
conducted except that the direction of the flow of the mother liquor
during the adsorption was the same as that of the elution liquid, i.e.,

upward through the column. The amount of the liquid required for the

REPLACEMENT SHEET
05 NOV 1%




Table 1

conposition of liquid yield of recovery
for treatnent after 3 days
after 90 days (ppm (9 (9
cobal t 680 97 95 manganese
2380 51 45 brom ne 5250
95 94 ' -28-

elution to obtain the same yields of recovery as those in Example 1 was

910 g.

Example 5

The same procedures as those conducted in Example 1 were
conducted except that the liquid inside the column was purged to the
outside of the system with nitrogen after the adsorption, and then the
elution liquid was suppliéd upward. The amount of the liquid required
for the elution to obtain the same yields of recovery as th95e in Example 1

decreased to 400 g.

Example 6

A reaction product obtained by the liquid phase oxidation of 2,6- |

dimethylnaphthalene in acetic acid was cooled -to 80°C, and a mother
liquor of the oxidation was obtained after the solid-liquid separation of the
resultant product using a decanfer type centrifuge. The mother liquor
was kept at 80°C and used as the raw material liquid in the recovery
process. This raw material liquid contained 1,600 ppm of cobalt and
1,000 ppm of manganese and had a ratio bromine/(cobalt + manganes;a)
of 0.83.

An ion exchange column was packed with 150 ml of a chelate
resin of an anion exchange type (manufactured by SUMITOMO
CHEMICAL Co., Ltd.; CR-2) which had been pretreated as described
above, and hot water adjusted to 80°C was circulated through a jacket of

the column. The raw material liquid in an amount of 600 g was
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Exampl e 8

The sane reaction product as that used in Exanple 7, i

t he reaction product obtained by the |iquid phase oxidation of 2,6-
di met hyl napht hal ene in acetic acid, was cooled to 100C, and a not her |

of the oxidation was obtained after the solid-liquid separation of the
resul tant product using a decanter 1292 centrifuge.

.e.,

i quor

Hydr obrom ¢ acid was

added to the nother liquor to prepare a liquid for treatment. The liquid
for treatment was kept at 100[err]C and used jn the pext tiqeal yst recovery

st ep.

infraducedintmihsionsiaha nmsc Juenn doprnwarg from

WhpPeE pATHf a

weak basic iqgn exchange actu ed b CRSAQIO t -.96SB)
whi ch had b&éthgceivmp. ettﬂ"éshﬁl@ rbté'Ga é#b! dd?ﬂfsﬁa q\Fk?PGﬁA ust ed

to 97[err]C

tep for 27GORAR BEsMICALE %q?aﬂ?ooﬁ*t@éﬁqﬁfdgerﬁs A e wRoRgy

repeated as

foll
re?nai%mg in the ion exchange column after the adsorption was removed

with nitrogen gas to the outside of the system, water adjusted to 30°C was
circulated through the jacket of the column, and the elution liquid
adjusted to 30°C was supplied upward from the lower part of the ion
exchange column until the concentration of cobalt at the outlet of the ion
exchange column reached 10 ppm or less. |

The yield of recovery of cobalt was 99.3%, and the yield of recovery
of manganese was 80%. The amount of the liquid required for the elution

was 400 g.

Example 7

A reaction product obtained by the liquid phaee oxidation of 2,6-
dimethylnaphthalene in acetic acid was cooled to 80°C, and a mother
liquor of the oxidation was obtained after the solid-liquid separation of the
resultant product using a decanter type centrifuge. Hydrobromic acid
was added to the mother liquor to prepare a liquid for treatment supplied
to the ion exchange column [bfomine/(cobalt+manganese)=1.2]. The
compoeition of this liquid is shown in Table 1. The liquid for treatment
was kept at 80°C and used in the next catalyst recovery step.

An ion exchange column was packed with 150 ml of a
resin of a strong basic ion exchange type (manufactured by ORGANO
Co., Ltd.; IRA-900) which had been pretreated as described above, and

REPLACEMENT SHEET}
0% NOV 1998

i on

vely



In the adsorption step, the liquid for treatnment was introduced into the
col um downward fromthe upper part of the colum at the speed of 400

m /hour for 270 mnutes. The liquid for treatnment which had passed through
the i on exchange colum was discharged into a waste |iquid tank. In
the elution step, the sanme elution ligyd as that used in Exanple 7 was

I ntroduced into the ion exchange col umr upward from '

hot water adjusted to 80°C was circulated through a jacket of the column.
The adsorption step for 270 minutes and the elution step for 90 minutes
were successively repeated as follows: |

In the adsorption step, the liquid for treatment was introduced into
the column downward from the upper part of the column at the speed of
400 ml/hour for 270 minutes. The liquid for treatment which had passed
through the ion exchange column was discharged into a waste liquid
tank. . |

In the elution step, an elution liquid, which was acetic acid
containing about 80% by weight of a condensate se}iar'ated from the
reflux cooler of the reactor of the oxidation, was introduced into the ion
exchange column upward from the lower part of the column at the speed
of 400 ml/hour for 90 minutes. The. elution liquid which had passed
through the ion exchange columﬁ was discharged into a recovery liquid
tank. _

The above operations were carried out continuously for 90 days.
The operations in the above steps could be conducted without any
problem. The yields of recovery of the components after 8 days and 90
days of the test are shown in Table 1.
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the | ower part of the colum at the speed of 400 m/hour for 90 m nutes.
The elution liquid which had passed through the ion exchange col unm was
di scharged into a recovery liquid tank. The above operations were
carried out continuously for 90 days. The operations in the above steps
could be conducted wi thout any problemy The yields of recovery of the
conponents after 3 days and 90 days of~the test are shown in Table 2.

Table 2 : yi el d of recovery
after 3 days after 90 days Tgplel (%
(%
composition of liquid yield of recovery
for treatment

after 3days after 90 days

(ppm) (%) (%)

cobalt 680 97 - 95
manganese 2380 ' 51 45
o4

bromine 5250 95

Example 8

" The same reaction product as that used in Example 7, i.e., the
reaction product obtained by the liquid phase- oxidation of 2,6-
dimethylnaphthalene in acetic acid, was cooled to 100°C, and a mother
liquor of the oxidation was obtained after the solid-liquid sepé.ration of the
resultant product using a decanter type centrifuge. Hydrobromic acid
was added to the mother liquor to prepare a liquid for treatment. The
liquid for treatment was kept at 100°C and used in the next catalyst
recovery step.
| An ion exchange column was packed with 150 ml of a resin of a
weak basic ion exchange typé (manufactured by ORGANO Co., Ltd.;
TRA-96SB) which had been pretreated as described in Example 7, and hot
water adjusted to 97°C was circulated through a jacket of the column.
The adsorption step for 270 minutes and the elution step for 90 minutes

were successively repeated as follows:




cobal t ' 99 98 manganese

54 51 brom ne 96

93 ' - 33- Conpar ative Exanple 1

The sane procedures as those conducted in Exanple 7 were conducted except
that, in the elution step, the elution,iquid was

2

In the adsorption step, the liquid for treatment was introduced into
the column downward from the upper part of the column at the speed of
400 ml/hour for 270 minutes. The liquid for treatment which had passed
through the ion exchange column was discharged into a waste liquid
tank.

In the elution step, the same elution liquid as that used in
Example 7 was introduced into the ion exchange column upward from
the lower part of the column at the speed of 400 ml/hour for 90 minutes.
The elution liquid which had passed through the ion exchange column
was discharged into a recovery liquid tank. "

The above operations were carried out continuously for 90 days.
The operations in the above steps could be conducted without any
problem. The yields of recovery of the components after 3 days and 90
days of the test are shown in Table 2.

Table 2
yield of recovery
after 3days after 90 days
(%) (%)
cobalt - 99 _ 98
manganese 54 . 51

bromine _ 96 93
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i ntroduced into the ion exchange col um downward fromthe upper part of the
colum simlarly to the adsorption step. In other words, the direction of
flow of the liquid was the sanme in the adsorption step and the elution step
in Exanples 7 and 8, while the direction of flow of the liquid was opposite
in the adsorption step and the elutied3step in Exanples 7 and 8.

After the operation was continued for  sone tine, fine crystals contained in
the liquid for treatnment were accunul ated on the ion exchange resin. After
2 days of the opedmitivExdiddlenence in the pressure at the two sides of the
resin | ayer increased, and the operation could not be continued.

Conpar ative ExanpThe?same prboedardi agr thest cofidastéddne Bxandpld €d weére
Exanpl e 7 were conducted except that the tenperature of water circul ated
t hrough the conducted except that, in the elution step, the elution liquid was
introduced into the ion exchange column downwalfd from the upper part
of the colﬁmn similarly to the adsorption step. In other words, the
direction of flow of the liquid was the same in the adsorption step and the
elution step in Examples 7 and 8, while the direction of flow of the liquid
was opposite in the adsorption step and the elution step in Examples 7
and 8.
After the operation was continued for some time, fine crystals
contained in the liquid for treatment were accumulated on the ion
exchange resin. After 2 days of the operation, difference in the pressure

at the two sides of the resin layer increased, and the operation could not

be continued.

Comparative Example .2

The same procédures as those conducted in Example 7 were
conducted except that the temperature of water circulated .through the
jacket was adjusted to 25°C, and the operation was continued for 3 days.

The result is shown in Table 3.

lL‘@B fov 1




j acket was adjusted to 25C,. and the operation was continued for 3 days. The

result is shown in Table 3. : - 34-
Table 3 yield of recovery after 3 days
(% '
-34-
Table 3
yield of recovery after 3 days
(%)
cobalt 55
manganese 13
bromine 37
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cobal t 55 manganese .
13 brom ne 37 ,

-35-  \HAT ; | I
R | AR

WHAT IS CLAIMED IS:

1. A process for continuously producing an aromatic carboxylic acid
comprising oxidizing an aromatic compound substituted with alkyl
groups with molecular oxygen gas in the liquid phase in a solvent
containing a lower aliphatic carboxylic acid in the presence of a catalyst
comprising heavy metal compounds and a bromine compound, wherein
a mother liquor which is obtained after removal of crystals from a
reaction liquid of the liquid phase oxidation and contains heavy metal
ions and bromine ion as catalyst components is brought“into contact with
a chelate resin of an anion exchange type, and subsequently, the catalyst

components are recovered with an elution liquid.

2. A process according to Claim 1, wherein the mother liquor is brought
into contact with the chelate resin at a temperature of 50 to 120°C, and
the elution liquid is brought into contact with the chelate resin at a

temperature of 20 to 60°C.

8. A process according to Claim 1, wherein the mother liquor is brought
into contact with the chelate resin of an anion exchange type in an ion
exchange column so that the heavy metal ions and the bromine ion of the
catalyst components are adsorbed with the chelate resin, and
subsequently, the elution liquid is passed through the ion exchﬁnge
column in the direction opposite to the direction of the mother liquor so

that the catalyst components are recovered.
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1. A process for continuously producing an aromatic carboxylic acid
conprising oxidizing an aromati ¢ conpound substituted with al kyl groups
wi th nol ecul ar oxygen gas in the liquid phase in a solvent conmtaimng a

| ower aliphatic carboxylic acid in the presence of g 1.Si ng
heavy netal conpounds and a brom ne e3@pound, V\/nereﬂmm m”mﬂwrv\hl ch
rooxy I e a

I s obtained after renoval of crystals of the aromgti e ca
a reaction liquid of the |iquid phase oxidation and contai ns heavy netal

ions and brom ne ion as catal yst conponents is brought into contact with a

chel ate resin of an ani on exchange type, and subsequently, the catal yst

1d from

conponents ageAr pesoessexteerdingito €laim @) whersin. theomother dispror iaqeassedng to
Claim 1, wherein the nother liquor is brought into contact with the chel ate

resin at a thmagh thedonfexvhangeicipme downward from an upperiRant dhegeof

brought into contact with the chelate resin at. a,temeratur f 20 to
60[ e?r.] C. so that the heavy metal components ancf‘ the bromine on of the cataﬁyst

components are adéorbed with the chelate resin, and subsequently the
elution liquid is passed through the ion exchange column upward from a

lower part thereof so that the catalyst components are recovered.

5. A process according to Claim 1, wherein, after the mother liquor is
brought into contact with the chelate resin of an anion exchange type so
that the heavy metal ions and the bromine ion are adsorbed with the
chelate resin, the liquid remaining in a layer of the chelate resin is

replaced with an inert gas.

6. A process according' to Claim 1, wherein the elution liquid is a

solution of acetic acid containing 15% by weight or more of water.

7. A process according to Claim 1, wherein a condensate separated in a
reflux cooler of an- oxidation reactor for the liquid phase oxidation is used

as the elution liquid.

8. A process according to Claim 1, wherein the aromatic compound
substituted with alkyl groups is 2,6-dimethylnaphthalene, and the
aromatic carboxylic acid produced by the process is 2,6-

naphthalenedicarboxylic acid.
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3. A process according to Claim1l, wherein the nother |iquor is brought
Into contact with the chelate resin of an anion I on
exchange colum so that the heavy netal ions and the bron

cat al yst conponents are adsorbed with the chel ate mmw’mmﬂ;ﬂguently,
the elution liquid is passed through tig.ion exch

direction opposite to the direction of " the nother |iquor so that t he
catal yst conmponents are recovered.

9. A process for continuously producing 2,6-naphthalenedicarboxylic
acid comprising oxidizing a 2,6-dialkylnaphthalene with molecular
oxygen gas in the liquid phase in a solvent containing a lowt-:r aliphatic
carboxylic acid in the presence of a catalyst comprising heavy metal
compounds and a bromine compound, where_in a mother liquor which is
obtained after removal of crystals from a reaction liquid of the liquid
phase oxidation and contains heavy metal ions and bromine ion as
catalyst components is brought into contact with an anion exchange
resin at 50 to 120°C, and subsequently, the catalyst" components are
recovered by passing an elution liquid through the resin in a direction

opposite to the direction of the mother liquor at 20 to 60°C.
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- 36- 4. A process according to Cdaim3, wherein the nother liquor is
passed through the ion exchange col um downward from an upper part thereof
so that the heavy netal conponents and the brom ne ion of the catalyst
conponents are adsorbed with the chelate resin, and subsequently the
elution liquid is passed through the ion exchange colum upward from a
| ower part thereof so that the catals3$- conponents are recovered.

PROCESS FOR PRODUCING AROMATIC CARBOXYLIC ACID _

ABSTRACT OF THE DISCLOSURE

A process for continuously producing an aromatic carboxylic acid

comprising oxidizing an aromatic compound substituted with alkyl
groups with molecular oxygen gas in the liquid phase in a solvent
containing a lower aliphatic cﬁrboxylic acid in the presence of a catalyst
comprising heavy metal compounds and a bromine compound, wherein
a mother liquor which is obtained after removal of crystals ffom a
reaction liquid of the liquid phase oxidation and contains heai'y metal
ions and bromine ion as catalyst components is brought into contact wit}.x
a chelate resin of an anion exchange type to recover the catalyst
components.
The catalyst componénts are efficiently recovered, and auxiliafy
- agents in an 'ax.nount exceeding the equivalent amount and excessive

lIabor are not necessary.

No figure suggested
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5. A process according to Caim1, wherein, after the nother liquor is
brought into contact with the chelate resin of, an ani on exchange type so
that the heavy netal ions and the bromne ion are adsorbed with the
chelate resin, the liquid remaining in a |layer of the chelate resin is

replaced with an inert gas- 6. A procegs according to Claim1l, wherein
the elution liquid is a solution of aceTic acid containing 15% by wei ght
or nore of water. 7. A process according to Claim1, wherein a condensate
separated in a F i . 1
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refiux cool er of an oxidation reactor for the Iiquid phase oxidation is
used as the elution |iquid. 8. A process according to aim1, wherein
the aromatic conpound substituted with al kyl groups is

2, 6-di met hyl napht hal ene, and the aromatic carboxyl1C acid produced—by the
process is 2,6- naphthal enedi carboxylic acid

A [T

WHAT IS CLAIMED IS:

1. A process for continuously producing an aromatic carboxylic acid
" comprising oxidizing an aromatic compound substituted with alkyl groups
with molecular oxygen gas in the liquid phase in a solvent containing a
lower aliphatic carboxylic acid in the presence of a catalyst comprising
heavy metal compounds and a bromine compound, wherein a mother

liquor which is obtained after removal of crystals of the aromatic

carboxylic acid from a reaction liquid of the liquid phase oxidation and
contains heavy metal ions and bromine ion as catalyst components is
brought into contact with a chelate resin of an anion exchange type, and
subsequently, the catalyst cqmponenté are recovered with an elution
liquid.

2. A process according to Claim 1, wherein the mother liquor is brought
into contact with the chelate resin at a femperature of 50 to 120°C, and
the elution liquid is brought into éontact with the chelate resin at a

temperature of 20 to 60°C.

3. A process according to Claim 1, wherein the mother liq'p.or is brought
into contact with the chelate resin of an anion exchange type in an ion-
exchange column so that the heavy metal ions and the bromine ion of the
cata.lyst components are adsorbed w1th the chelate resin, and
subsequently, the elution liquid is passed through the ion exchange
column in the direction opposite to the direction of the mother hquor so

that the catalyst components are recovered.
REPLAGEMENT SHEET
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-37- 9. A process for continuousl K produci ng 2, 6- napht hal enedi car boxylic
acid conprising oxidizi ng a 2, 6-dial kyl napht hal ene wi th nol ecul ar oxygen
gas in the liquid phase in a solvent containing a Tower atiphatic
carboxylic acid in the presence of a catalyst corrprl t
conpounds and a brom ne conpound, whergin a nother 'ﬂ‘ﬂﬁ m "@mﬁbt ai ned
after renoval of crystal s froma reactiron liquid '

oxi dation and contains heavy netal ions and brom ne i on as catal yst

conponents i s brought into contact with an ani on exchange resin at 50 to
120[err] C, and subsequently, the catalyst conponents are recovered by

8??2 |C P?Oﬁnoﬁl%lhéogoédh%'a%cquo%gfb ;ggltrﬁﬁ ‘?l'ellf’{rj’i% Eﬁé’ %ﬁ}t er ].1(?\? %stt f:aaésoedt he

through the ion exchange column downward from an upper part thereof

so that the heavy metal components and the bromine ion of the catalyst
components are adsorbed with the chelate resin, and subsequently the
elution liquid is passed through the ion exchange column upward from a

lower part thereof so that the catalyst components are recovered.

5 A process according to Claim 1, wherein, after the mother liquor is
brougl_l_t into contact with the chelate resin of an anion exchange type so
that the heavy metal ions and the bromine ion are adsorbed with the

chelate resin, the liquid remaining in a layer of the chelate resin is

replaced with an inert gas.

6. A process according to Claim 1, wherein the elution liquid is a

solution of acetic acid containing 15% by weight or more of water.

" 1. A process according to Claim 1, wherein a condensate separated in a

- reflux cooler of an oxidation reactor for the liquid phase oxidation is used

as the elution liquid.

8. A process according to Claim 1, wherein the aromatic compound
substituted with alkyl groups is 2,6-dimethylnaphthalene, and the
aromatic carboxylic acid produced by the process is 2,6-

naphthalenedicarboxylic acid.
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9. A process for continuously producing 2,6-naphthalenedicarboxylic
acid comprising oxidizing a 2,6-dialkylnaphthalene with molecular
oxygen gas in the liquid phase in a solvent containing a lower aliphatic
carboxylic acid in the presence of a catalyst comprising heavy metal
compouﬁds and a bromine compound, wherein a mother liquor which is
obtained after removal of crystals from a reaction l_iquid of the liquid
phase oxidation and contains heavy metal ions and bromine ion as
catalyst. components is brought into contact with an anion exchange
resin af 50 to 120°C, and subsequently, the catalyst components are
recovered by passing an elution liquid through the resin in a direction

opposite to the direction of the mother liquor at 20 to 60°C.
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