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sSpeci ficati on PROCESS FOR PRODUCTI ON OF | SOPHTHALI C ACI D Techni cal
Field [0001] The present invention relates to a nethod for producing
i sophthalic acid. Isophthalic acid is effectively enployed as an
i nternedi ate of polyners such as unsaturated pol yester resin, alkyd
resin, nodified polyester fiber, Speatifiestsbant pol yam de, and
i sopht hal i c-aci d-nodi fi ed co-pol yester resin. Background Art [0002]
Cenerally, isophthalic acid is produced through Iiquid- phase
oxi dation reaction of a m phenyl ene conpound (e.g., m xylene) in
aceti c aPROCB®$VvFOR RROBUSDIQENOFI OSORHTHAREENAEIDoOf a catal yst
(e.g., cobalt or manganese), or in the presence of a catalyst
together with a pronoter (e.g., a bromne conpound or acetal dehyde)
A slurry containing crude isophthalic acid produced through such
| i qui d- phesienbxatariebd reaction is generally subjected to
crystallization at anmbient pressure and | owered tenperature,
foll oned[®y0BDIid-1iquid separation. [0003] A nother |iquor
recovered through the solid-liquid separation contains
cat al yst - deri Yed psebuhtcahakyist oncerpanest $osucmeabhokiedoy meicaludiors
and brom de ions, and an 1 industrial process requires recycling of
t hese caisbpisthatbopaordt s Tssphethlic cacid jos oslfifd ¢ bivebgtemp hoybe
nost conveni ent recycling nmethod, the nother liquor is returned,

as an intermediate of polymers such as unsaturated polyester

resin, alkyd resin, modified polyester fiber, heat-resistant
polyamide, and isophthalic-acid-modified co-polyester resin.
Background Art

[0002]

Generally, isophthalic acid is produced through liquid-
phase oxidation reaction of a m-phenylene compound (e.g., m-
xylene) in acetic acid serving as a solvent in the presence
of a catalyst (e.g., cobalt or manganese), or in the presence
of a catalyst together with a promoter (e.g., a bromine
compound or acetaldehyde). A slurry containing crude
isophthalic acid produced through such liquid-phase oxidation
reaction is generally subjected to crystallization at ambient
pressure and lowered temperature, followed by solid-liquid
separation.

[0003]

A mother liquor recovered through the solid-liquid

separation contains catalyst-derived useful catalyst

components such as heavy metal ions and bromide ions, and an



.as it is, to and reused in the reaction system However, as has been
known, since the nother |iquor contains, for exanple, various
organic inpurities by-produced through |iquid-phase oxidation
reaction, and inorganic inpurities derived from corrosion of an
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acid andsggtgﬁka hdngkahncrease in impurity concentration beyond a
predetermined level adversely affects liquid-phase oxidation
reaction. For example, in the case of production of
isophthalic acid, the mother liquor is generally returned to
the reaction system in a proportion of 60 to 90%, and the
remaining portion (10 to 40%) of the mother liquor (i.e., a
portion of the mother liquor which is not reused in the
reaction system) is fed to a step of recovering acetic acid
serving as a solvent. In view of the foregoing, wvarious
methods have been proposed for recovering catalyst components
from the mother liquor fed to such an acetic acid recovery
step, and reusing the catalyst components.
[0004]

For example, such known methods include a method in

which water and an alkali metal carbonate salt are added to a
residue obtained through recovery of a solvent from a mother

liquor, to thereby cause a catalyst component in the form of



.hydroxi de are added to a nother |iquor, to thereby cause a catalyst
conponent in the formof oxalate salt to precipitate, and the

catal yst conponent is dissolved in acetic acid serving as a solvent,
foll owed by oxidation for recovery of the catalyst conponent (see

Pat ent quyﬂgﬂgté)saI@eES g?%%poE%Qege%%de%ﬂnc%%%.Sgﬁy Omponent is
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Patent Documents 3 to 11), including a method in which a

bromide-ion-type anion exchange resin is exposed to a mother
liquor for adsorption of cobalt ions and manganese ions on
the resin, hydrous acetic acid having a water content of 2
mass®% and water are caused to pass through the resin, to
thereby recover cobalt ions and manganese ions through
elution, a lower-aliphatic-monocarboxylate-ion-type weakly
basic anion exchange resin is exposed to an eluate obtained
through the aforementioned adsorption for adsorption of
bromide ions and nickel ions on the resin, and hydrous acetic
acid having a water content of 2 mass% and water are caused
to pass through the resin, to thereby recover bromide ions
and nickel ions through elution (see Patent Document 3); a
method in which the cobalt concentration and the
bromine/cobalt ratio of a mother liquor are respectively

regulated so as to fall within specific ranges, followed by



in which cobalt ions, manganese ions, and brom de ions are caused to
be adsorbed together on an ani on exchange resin containing a
pyridine ring serving as an ion exchange group, and these ions are
recovered through elution by a known technique (see Patent Docunent

5); and QdESEBQ;dLoh”o‘fhicc):]ﬁ%aalt AN IGRTRANEN s S { LGP U Sk T4 01842

not her |1 quor by use an ani on- exchange-type chelat'e resin (see

Patent DoguiEnbe Fhaab?00sh cRHEY dpcumalok psse Falag che
Japaneseg g?&ﬁg%gABBE'i%ata'n%nL%';ﬁ%h%% r(eksci‘ﬁa'v)do'é;r? -h%%??agcﬁ%t_ fatgniy

Docunent nese Patent Applicatlon Laid-

553- 1045 . R ' ' i1d-
(kokai) ﬁ%yfgéggiggg%gngg%g%Pthgﬁﬁgﬁsmgg&gg%éﬁgggagg%%ﬂﬁuégé gﬁ??on
Aol | cat T3 F o A2 0Ren ™ CRoa s, HED, FEd00 ParSAl thennent Fioriod
Pal ent  DoUNEa "8, S Asaneon Pl SR R A n T8 QTGen® (Kakai 3 No.

2002 12525 Bakeeh PRCUBRBEL SRR 0D Pl e B!
Document .41+, JaPARese pkRRNe nRat 8 Rty BuhIiGRt 1N MO-ion exchange group,
and these ions are recovered through elution by a known
technique (see Patent Document 5); and a method in which a
catalyst component is recovered from a mother liquor by use
of an anion-exchange-type chelate resin (see Patent Document
7).
[0005]
Patent Document 1: Japanese Patent Application Laid-Open
(kokai) No. S48-66090
Patent Document 2: Japanese Patent Application Laid-Open
(kokai) No. H02-203939
Patent Document 3: Japanese Patent Application Laid-Open
(kokai) No. S53-104590
Patent Document 4: Japanese Patent Application Laid-Open
(kokai) No. S53-133574
Patent Document 5: Japanese Patent Application Laid-Open
(kokai) No. S53-102290
Patent Document 6: Japanese Patent Application Laid-Open
(kokai) No. H10-15390

Patent Document 7: Japanese Patent Application Laid-Open



.2003-507160 Di scl osure of the Invention Problens to be Solved by the
I nvention [0006] The nethod described in Patent Docunment 1 or 2
requires, for exanple, an alkali netal carbonate salt or oxalic acid
in an anmount equivalent to or greater than that of a catalytic

netal, a gokggz kg eﬁgggqggau%y di sadvant ageous. In addition, the
met hod requires an’intricatée process and a great deal of |abor for
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t he resi§0§3ggﬁyiﬁgs a liquid containing, for exanple, sulfuric acid,
, a

nitric acid yI'sul furic acid, or hydroxide ions, and, in

practiceDig% %%ﬁyétgﬁiﬁhgngﬁggh%ﬁgg in reusing the thus- recovered

liquid as™i e réaction sSystem [0007] The method descri bed

;zdPﬁgeg%ﬁggggggggg7P§nggg¥gdagy %Rgoqh%é%quge-type "chelate resin,"”
[0006]

The method described in Patent Document 1 or 2 requires,
for example, an alkali metal carbonate salt or oxalic acid in
an amount equivalent to or greater than that of a catalytic
metal, and thus is economically disadvantageous. In addition,
the method requires an intricate process and a great deal of
labor for recovery of a catalyst component in the form of
carbonate salt or oxalate salt, which is not preferred.

The anion exchange resins described in Patent Documents
3 to 6 and 8 to 11 exhibit low heat resistance (allowable
temperature limit: 80 to 100°C), and thus may undergo
chemical degradation (reduction in exchange capacity) or
physical degradation (e.g., breakage of the resin) depending
on the temperature of a mother liquor which has been caused
to pass through the resins, which is not preferred. When a
pyridine-ring-containing anion exchange resin described in
Patent Document 5 is employed, elution of cobalt ions,

manganese ions, and bromide ions adsorbed on the resin



that, unlike the case of the pyridine-ring-containing anion exchange
resin described in Patent Docunent 5, cobalt ions, nanganese ions,
and brom de ions adsorbed on the chelate resin can be eluted with
hydrous acetic acid having a water content of 1 to 15 nass%
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system an
resin can be eluted with hydrous acetic acid having a water

content of 1 to 15 mass%. However, when a mother liquor
recovered through the method of the present invention (i.e.,
a mother liquor recovered through solid-liquid separation of
a slurry produced by liquid-phase oxidation reaction of a m-
phenylene compound) is caused to pass through the chelate
resin, a carboxylic acid mixture which has been by-produced
(hereinafter may be referred to as a "by-produced carboxylic
acid mixture") is adsorbed on the chelate resin, and, upon
elution of cobalt ions, manganese ions, and bromide ions, the
by-produced carboxylic acid mixture is eluted and recovered
together with these ions. When the by-produced carboxylic
acid mixture concentration of the mother liquor is increased,
a catalyst is deactivated, and reaction yield is reduced.
Therefore, a catalyst recovery method employing the anion-
exchange-type chelate resin has not yet been put into

practice on an industrial scale.



Means for Solving the Problenms [0009] In order to attain the

af orenenti oned object, the present inventors have conducted
extensive studies, and as a result have found that, in the
production of isophthalic acid, when catalyst conponents are
recoverefpfpein a nother liquor by use of an anion-exchange-type
pyridine-ring-containing chelate resin through a series of the
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t her eby [0009]

In order to attain the aforementioned object, the
present inventors have conducted extensive studies, and as a
result have found that, in the production of isophthalic acid,
when catalyst components are recovered from a mother liquor
by use of an anion-exchange-type pyridine-ring-containing
chelate resin through a series of the below-described steps
(1) to (4), heavy metal ions and bromide ions (i.e., catalyst
components) can be separated from a by-produced carboxylic
acid mixture, and, even in the case where liquid-phase
oxidation reaction is carried out continuously, an increase
in concentration of the by-produced carboxylic acid mixture
can be suppressed in the reaction system and the mother
liquor, and therefore the catalyst components can be
recovered and reused a maximum number of times in liquid-
phase oxidation reaction without being deactivated. The
present invention has been accomplished on the basis of this

finding.



yield a slurry; regulating the tenperature of the slurry to 35 to
140C, to thereby cause isophthalic acid to precipitate; renoving the
i sophthalic acid through solid-liquid separation to thereby recover
a mother |iquor; and recovering the catalyst fromthe nother Iiquor
through apgepjes of the following steps (1) to (4) for reusing at

| east a portion of the catalyst in the |iquid-phase oxidation

t 1 t
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exposi ng the nDther | i quo e- r|ng containing ¢
resin whi pag en heated to 35 to 140C, so that the resin adsorbs
catal yst - |veé gavy netal ions and bronide ions and al so adsorbs

a carboxyllc 1s r.e he
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acid m xture, an elution step (B) exposi ng wat'er or hydrous

acetic agl gy hﬁé({rﬂﬂgaa"‘@'é%(erc%h%@htota f2(i %S Sloé) ﬁhras@%r € 40 tfifeby

pyridine-ring-containing chelate resin which has undergone
yield a slurry;

regulating the temperature of the slurry to 35 to 140°C,
to thereby cause isophthalic acid to precipitate;

removing the isophthalic acid through solid-liquid
separation to thereby recover a mother liquor; and

recovering the catalyst from the mother liquor through
a series of the following steps (1) to (4) for reusing at
least a portion of the catalyst in the liquid-phase oxidation
reaction:

(1) an adsorption step including regulating the ratio
"amount by mole of bromide ions in the mother liquor/total
amount by mole of heavy metal ions in the mother liquor" to
0.3 to 3, and then exposing the mother liquor to a pyridine-
ring-containing chelate resin which has been heated to 35 to
140°C, so that the resin adsorbs catalyst-derived heavy metal
ions and bromide ions, and also adsorbs a carboxylic acid
mixture which has been by-produced through the ligquid-phase

oxidation reaction (hereinafter the carboxylic acid mixture



‘the elution step (A), thereby yielding an el uate containing

catal yst-derived heavy netal ions and brom de ions, and (4) a

di spl acenent step of exposing hydrous acetic acid having a water
content of 1 to 15 mass%to the pyridine-ring- containing chelate
resin whwthl hlas uadergede tbvha selaut"ibgm psioein ce(dB)ca rdergi Ing: asc iad

di spl acenent |liquid, thereby regenerating the resin; [2] the method
for produtcxtgre$pphthalic acid as described in [1] above, wherein
hydrous acetic acid is recovered fromthe nother |iquor which has
under gone t(i2¢ ads@lpition sstegp (Ao f t&epes Lag ehpbt ausedcébiougbitihe
elution step (A), and from the displacenment |iquid enployed in the
di spl acemeningt €pwatandcbheenecorernedohydr aassaceio &hacipd dislirriraeichg-
in the 1liquid-phase oxidation reaction as at |east a portion of
hydr ous asetatnicygdchavhng @ewdhewhdent @als ahdkrigonkb ths sidsdrftitdie
met hod for producing isophthalic acid as described in [1] or [2]
above, whesgj nthydebysyaeatiagaand eilsiatec @vertad nd nfgr ame gy pridierced
| i quor whi ch has undergone the adsorption step, fromthe eluate

obt ai nedcativoxighi t heceébumignugseep (A), and fromthe displ acenment
l'iquid enployed in the displacement step, and the recovered hydrous
acetic acid3)s arcusertian tdteep e(Bit ioh steps () wsteat deasydaopsrtion
of hydrous acetic acid having a water content of 1 to 15 nass; [4]

t he met hadetde pcbdubangngsaphthalki coatetitas fd@dchmaled or mame amre tofe
[1] to [3] above, wherein hydrous acetic acid is recovered fromthe
not her |pyguobdiméd+ zinasonhdéngane chkéataedsesph ahishehast nomeriyne
el uate obtai ned through the elution step (A, and fromthe

di spl acetiesntelugilod etppoyRrd,i nhelheby yielding an eluate containing

catalyst-derived heavy metal ions and bromide ions, and

(4) a displacement step of exposing hydrous acetic acid
having a water content of 1 to 15 mass% to the pyridine-ring-
containing chelate resin which has undergone the elution step
(B), serving as a displacement liquid, thereby regenerating
the resin;
[2] the method for producing isophthalic acid as described in
[1] above, wherein hydrous acetic acid is recovered from the
mother liquor which has undergone the adsorption step, from
the eluate obtained through the elution step (A), and from
the displacement liquid employed in the displacement step,
and the recovered hydrous acetic acid is reused in the
liquid-phase oxidation reaction as at least a portion of
hydrous acetic acid having a water content of 1 to 15 mass$%;
[3] the method for producing isophthalic acid as described in

[1] or [2] above, wherein hydrous acetic acid is recovered



di spl acenent step, and the recovered hydrous acetic acid is reused
in the displacenent step as an displacenent liquid; [5] the nethod
for producing isophthalic acid as described in any one of [1] to [4]
above, wherein the eluate obtained through the elution step (B) is

returnedftont ktd mptHEPphasfio®XaEH Ah g aacdé Ofon@nthé eagesirgsi ah
| east a portion of the <catalyst; [6] the nethod for producing

i sopht hakitepacifdoas tdes @likad idbtaibednthudil] ti® ¢bit 8dOVetep (A),
wherein a regenerated pyridine- ring-containing chelate resin

obt ai nedahbr gueh the displacenmiit stiefuicd d@isefed N heh@dSDEPL 4 OBment
step as the pyridine-ring-containing chelate resin; [7] the nethod

for proddeepy agePhhRalddeAfdk@h @Bsald ekt it ayd one Sdudsdd 1® {18
above, wherein the hydrous acetic acid having a water content of 1

to 15 massY%rand emeioyed ids tde 1&ldt it Af opd s Eori deacid
ions in an amount of 1 to 10 1,000 mass ppm [8] the nethod for

produci ngak$aphthaite radch tas tdeseri ked 19 magyg one of [1] to [7]
above, wherein the hydrous acetic acid having a water content of 1

to 15 nmagato and epheyeddm griviuddingd! ideifiia St @sd dadli S EAF@dt in
liquid contains bromde ions in an amount of 1 to 1,000 mass ppm

[9] the mathedef of gnadue Nl seRid)alwie it BAdHRsCrddeth ¢ fncadyis
one of [1] to [8] above, wherein, in the adsorption step, the ratio

"anount bgcoRkeecd fhiomTithe nIthdm tikpowtNercH il Byomeotmd by
nol e of heavy netal ions in the nother liquor"” is regulated to 1.4

to 2.5, addolp@liohhe teet, haddhorthy educityg disepidmlilraddid Bse elution
descri bed
step (A), and from the displacement liquid employed in the
displacement step, and the recovered hydrous acetic acid is
reused in the displacement step as an displacement liquid;
[5] the method for producing isophthalic acid as described in
any one of [1l] to [4] above, wherein the eluate obtained
through the elution step (B) is returned to the liquid-phase
oxidation reaction, and reused as at least a portion of the
catalyst;
[6] the method for producing isophthalic acid as described in
any one of [1l] to [5] above, wherein a regenerated pyridine-
ring-containing chelate resin obtained through the
displacement step is reused in the adsorption step as the
pyridine-ring-containing chelate resin;
[7] the method for producing isophthalic acid as described in
any one of [1] to [6] above, wherein the hydrous acetic acid
having a water content of 1 to 15 mass% and employed in the

elution step (A) contains bromide ions in an amount of 1 to

10



in any one of [1] to [9] above, wherein when Q represents the total
anount (g) of hydrous acetic acid having a water content of 1 to 15
mass% supplied in the elution step (A), and V represents the vol une
(m.) of a pyridine-ring- containing chelate resin layer, the ratio
QVis 0568 %Q s Bbhects of the Invention [0011] In the nethod for
produci ng 1 sop tﬁallc acid, a by- produced carboxylic acid m xture

can be efé?Cﬁﬁgeh¥g§§83?§%eﬁﬁaﬁhgqhgaﬁébﬁﬁﬁhgﬂﬁkV%%iFP%My<i§§§?iﬂéa“in

and brom de 1 ons, S-recovere eavy netal ions an

bromi de 48pSoft8Nobe (1§ eUsedy) asnblrel S,nasedno 1l Ylarkhd I phasey

oxi dation “reaction. Therefore, 1sopht iC aci roduced

stably {dy o doL SugERORLARLLY esi_v%n&egg@;ﬁagggng;qdp{é&#gao@f%gﬁnefthe

reaction Vi IS malntaln over a lon erio

e 140 Shcthen el RORTbek Sl T S 0 AR

process t1o0r pro I C”acl SCr rence

NuneralsioéQO%g%%é;aﬁﬁaﬁEogfzi E£y§5@bbiég§%oE$E5ep 3: Solid-liquid

separ at or guor receiving tan ridi ne-ring-containi ng

ﬁhg'ate éffiEhQQ$8gH%d6foFVgEBBEBQBS 3CbEntAds i alAK o0 in
ydrous acetic acl avi ng wat er
any one of [1l] to [8] above, wherein, in the adsorption step,
the ratio "amount by mole of bromide ions in the mother
liquor/total amount by mole of heavy metal ions in the mother
liquor" 1is regulated to 1.4 to 2.5; and
[(10] the method for producing isophthalic acid as described
in any one of [1] to [9] above, wherein when Q represents the
total amount (g) of hydrous acetic acid having a water
content of 1 to 15 mass?® supplied in the elution step (A4),
and V represents the volume (mL) of a pyridine-ring-
containing chelate resin layer, the ratio Q/V is 0.5 to 10.
Effects of the Invention
[0011]

In the method for producing isophthalic acid, a by-
produced carboxylic acid mixture can be effectively separated
from catalyst-derived heavy metal ions and bromide ions, and
the thus-recovered heavy metal ions and bromide ions can be
reused, as it is, as a catalyst in liquid-phase oxidation
reaction. Therefore, isophthalic acid can be produced stably
in a more economically advantageous manner while high

reaction yield is maintained over a long period of time.
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«ccontent of about 14 mass% (al so called "di splacenment liquid tank")
8: Tank for storing hydrous acetic acid having a water content of
about 35 mass% 9: Internediate tank 10: Raw material tank 11:
Conduit for cake of crude isophthalic acid crystals 12: Conduit for

not her Ipguer B8scERpdubh ber thwdpehramgc acid 14: Conduit for
prepared nother |iquor 15: Conduit over columm 16: Conduit under

colum 1ygofenduit for purged liquid 18 Conduit for hydrous acetic
acid having a water content of 12 about 14 mass% (al so cal |l ed

" di spl acs%m?t 1) quity condehbug ad9ex&RPOsty HobcBydr eys geshueiagl d
havi ng a water %ontg%t of about 35 %§§59620§ Condui t fo? recove?ed
catal yst; khGiEda12d: oE9RduUit for recovered catalyst liquid 22:
Conduit for raw material m xture Best Mddes for Carrying Qut the

'”Ve”tiQ@es&PQ%ﬂloh”thReEé§§ﬁ@E hawertinan, firstly, a mphenylene
conpound i s subjected to |iquid-phase oxidation reaction by use of a

nol ecul afp@xygen-containing gas in the presence of a catalyst at

| east containing a heavy nmetal conpound and a brom ne conpound, and
hydrous pcegdg-86+d having a water content of 1 to 15 mass%
(preferably 1 to 14 mass, nore

2: Crystallization step

3: Solid-liquid separator

4: Mother liquor receiving tank

5: Pyridine-ring-containing chelate resin column

6: Hydrobromic acid tank

7: Tank for storing hydrous acetic acid having a water
content of about 14 mass% (also called "displacement liquid
tank")

8: Tank for storing hydrous acetic acid having a water
content of about 35 mass$%

9: Intermediate tank

10: Raw material tank

11: Conduit for cake of crude isophthalic acid crystals
12: Conduit for mother liquor

13: Conduit for hydrobromic acid

14: Conduit for prepared mother liquor

15: Conduit over column

16: Conduit under column

17: Conduit for purged liquid

18: Conduit for hydrous acetic acid having a water content of

12



preferably 1 to 9 mass%, to thereby yield a slurry (hereinafter the
t hus-obtained slurry may be referred to as an "oxidation reaction

slurry”) . As used herein, the term "m phenyl ene conpound" refers to
a phenyl ene conpound having substituents at positions 1 and 3 of the

benzene gingr 1EXAIBLES Qﬁs%U%BlQe%lUb%l F‘i%@exde’?ﬁ:l udeyaldd o BauUPs)
such as nethyl, ethyl, propyl, and buty A particularly preferred

m phenyl gge GBHHQHEdfb? H&z&fb%%eagﬂe%@]acﬁt h'a] I %y %”%va%f dt of

conpound and a nanganese conpound i s essentially enployed as a heavy
nmet al cogng9d3 ?agsg a catal yst conponent), and optionally, for
exanpl e, ni ckel conpound, a cerium conpound, or a zirconium

conmpound, éSOgﬁ%dQEXeg8k0¥gggbg%%hh% ﬁﬁ&gtsﬁﬁ gg'essentlal heavy

nmet al conp es O e CO rranganese

conpound, “'@51‘?&99”?89”9%8%%%@ carg aI Ilg'&g i rconi um conpound

include organic acird salts rOXI and carbonates of

the respestiye, g8t 2l $o ng&lﬁgk@g &1 ﬁ%&h?e acid salts and brom des

of the respective netals are pre erably enpl oyed. Specific exanpl es

of Such BeSeayaset e eATpOURE bE! e qalbiagetate, cobalt

hydr oxi de, cob uori de alt chlori cobalt brom de, cobalt
i odi de, @@p@jt carbonat e, nmanganese acetate, manganese hydr oxi de,
nanganese fluoride, nmanganese chloride, manganese broni de, nanganese

i odi de, ”HngagﬁsehgaEQQQ@h% ipkekel cacetrat gy 1 c%eafaggq

ni ckel fluori ni c chl’oride, nickel broni‘d i cke

ni ckel (%FIE‘? 8 1§€EhH5 éE@EiaES 1§865 HTphAKdr 8%lida i 68 'r‘é%‘cft|1‘6?1r e,

ceriumc cerium bromd
use of a molecular-oxygen—contalnlng gas in the presence of a

catalyst at least containing a heavy metal compound and a
bromine compound, and hydrous acetic acid having a water
content of 1 to 15 mass% (preferably 1 to 14 mass%, more
preferably 1 to 9 mass%), to thereby yield a slurry
(hereinafter the thus-obtained slurry may be referred to as
an "oxidation reaction slurry”). As used herein, the term
"m-phenylene compound” refers to a phenylene compound having
substituents at positions 1 and 3 of the benzene ring.
Examples of such a substituent include alkyl groups such as
methyl, ethyl, propyl, and butyl. A particularly preferred
m-phenylene compound is m-xylene.
[0015]

At least one of a cobalt compound and a manganese
compound is essentially employed as a heavy metal compound
(i.e., a catalyst component), and optionally, for example, a

nickel compound, a cerium compound, Or a zirconium compound
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«ceriumiodi de, cerium carbonate, zirconium acetate, zirconium

hydr oxi de, zirconium fluoride, zirconiumchloride, zirconium

brom de, zirconiumiodide, and zirconium carbonate. [0016] No
particular limtation is inposed on the brom ne conpound enployed as

a cat al yigdy COAPOREbye80tbeBENBY Wi thdistiZdl ¥esS dsf rd0USh ARAS infetafl d
and generates bromde ions  in the reaction system Exanples of the

brom ne compouRd. 1FEAMSIEe s NOF 0BNE CcOb AT NEoRPBRAYNIRaAHGH28
hydr ogen brom de, sodium brom de, and cobalt brom de; and organic

brom ne c&ﬂﬁ@@H@dSn§HEQlaépoBGﬁaceEb%lﬁ%!@o%@@uh@?r%ﬁﬁpqﬁﬁkﬂ%ﬂ%m
t hese, hydrogen brom de, cobal't brom de, and manganese 14 brom de are

pref erabé&mﬁé%@yfﬁclNBéeoE[JQB%EaQL:Xd sBY_L%Obh%r%x%‘He% prheaFla.'Lra%!; b¥and

di ssol vi ng hydrogen bronmi de”in an aqueous soldtion is enployed

[0017] Jhepdhgtibs- Bbaéﬁeoi?bgﬁteb@@véeﬁ%tth% 'SPQE'éiéﬁ@QHy,pQEEQEEEd
at 160 to 230C, nore preferably 180 to 210C. Wien the reaction

tenper atyi &4t ah] 6sWhhhi Brbhedaloye tRBIGeshRE L idBOMAL A0 & Heact ion
internediate remaining in the oxidation reaction slurry can be

reduced,, a0eb £XGE Séﬂﬁlé?é@ OfsﬁWQIPﬂé eRERb1Es a6k dshaNi ROhaavet REtal
cont ent of 1 to 15 massY solvent) by conbustion is

prevent ebmMNouR@r ih&vhas cbelEabb@Bat§ | pBRaed ARdrbRiRaCHoPAlt
pressure, so long as the reaction systen1can be maintained in a

liquid phaserfde, tBSpaler eneBLiaBedchsatti g@ohﬁzaaer dbvaet GRaR, !y,

the reaction pressure is preferably .78 to 3.04 MPa, nore

preferalddb D 984 Pdndbe MPRanganese acetate, manganese hydroxide,
manganese fluoride, manganese chloride, manganese bromide,
manganese iodide, manganese carbonate, nickel acetate, nickel
hydroxide, nickel fluoride, nickel chloride, nickel bromide,
nickel iodide, nickel carbonate, cerium acetate, cerium
hydroxide, cerium fluoride, cerium chloride, cerium bromide,
cerium iodide, cerium carbonate, zirconium acetate, zirconium
hydroxide, zirconium fluoride, zirconium chloride, zirconium
bromide, zirconium iodide, and zirconium carbonate.
[0016]

No particular limitation is imposed on the bromine
compound employed as a catalyst component, so long as it
dissolves in hydrous acetic acid and generates bromide ions
in the reaction system. 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. Of

these, hydrogen bromide, cobalt bromide, and manganese
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-Exanpl es of a nol ecul ar- oxygen-contai ning gas include air, oxygen
gas diluted with an inert gas, and oxygen- enriched air. GCenerally,
air is preferred, fromthe viewoints of facility and cost. [0018]
Preferably, the oxidation reaction slurry obtained through the

af or emeng } ghede | ! 4:20258,9Y) dabhah eack)an %%;E?Qb&ght he

subsequent react or cbnnec so as t oroughly conpl ete

ox1 dat T 0Dy AEBELER0DY RC R0 al BEULALE AUUATCONIA A IAe o

[ 0019] us-obtarn n-reacti on“slidry subject e

to pressgﬁea&gggﬁgigglﬁgggﬁgggig%p§§§§%9 140C) through flash

evaporation Fn-one or ages-in crystallization step
enployinPogfg or nore crystallization tanks, to thereby thoroughly
crystalltze c}ude i sophthalic acid, and then the slurry is fed to

t he bel d i.b Lid-Iiquid .002Q] . Th i,dat i
regctsogmglﬁfi§éogggP§ ab ﬁﬁéﬂéhlgﬁgq%&?ggéﬁgﬁfgbﬁ%bFﬁﬁﬁﬁﬁéﬁbaa;gn

i dati ti ' o~ i Nt de_i t hal j I
and o mORREFOTTER07E b} SOnEang J0fCa EFT dETT Eor AbLepaP Bt bp. 2A: - e
sol 1 d- 11l 0o SEPRLA LONL 3 0R0ET 3Ll Y PEELRT IRl BORSRAGILC che
pressure: NO particulrar*rrmtati on i § I mposed on the separgtlon

tenper atuy &, Huf ¢t %L?eé?Eg&@g}tﬁﬂe&ﬁeg‘i’Q%E%Eﬁﬁg‘f{%&? Ted 13 dxidation

t enperat ure I ower an I'ng pornt o acetlrc aci

atnDSpheféch{8§S§i§r£§'gan Bé E8d&é882-aﬁéa€Eb%%sive loss of hydrous

acetic acid having a water content of 1 to 15 mass% (i.e., a
solvent) by combustion is prevented. No particular
limitation is imposed on the reaction pressure, so long as
the reaction system can be maintained in a liquid phase at
the aforementioned reaction temperature. Generally, the
reaction pressure is preferably 0.78 to 3.04 MPa, more
preferably 0.98 to 1.86 MPa.

Examples of a molecular-oxygen-containing gas include
air, oxygen gas diluted with an inert gas, and oxygen-
enriched air. Generally, air is preferred, from the
viewpoints of facility and cost.

[0018]

Preferably, the oxidation reaction slurry obtained
through the aforementioned liquid-phase oxidation reaction is
fed to the subsequent reactor connected in series, so as to
thoroughly complete oxidation reaction by use of a molecular-
oxygen-containing gas.

[0019]
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of the solid-liquid separator include a centrifugal separator, a
centrifugal filter, and a vacuumfilter. This solid-liquid
separation is preferably perforned so that the crystal content of
the nother liquor is 1 nmass%or |less, nore preferably 0.1 nmass% or

| ess. The thus;aobtai ned,crude jsqphihalic acid.crystal y. be

appropriately%gﬁbﬁggfégq??%quu§%$%%h%I?éé%é%%%?&ﬁ&g§§n¥§mh as

catal ytic hgdrogenation see, for_ exanple, Japanese Patent o

Publ i cat PBRIEKEREKEP ROSS8HTE1EEEHFLINN dAG &GPl rids EQrl40°C)

recrystallizatjo to thereb ield isophthalic 16 acid crystals of
tpp8ashofaapt & i

hi gh” purF£§°49 <RJ&BPHEI-GR s 8 S Th& 'ndtHér 56T Yedover ed
th h i f [ ht hal i id tals f t he .
oxi Gati oot POGRET O EHBRr § OBy TRECHT BB (on B GeSAR A TS
catal yst -

derive avy, metal ions.and _brom.de i ons nd a .
by pr SAUEEAKE ot BokhEFEPHC LAORPRERIY CRISSE Haas, Shad JTmbthai%ns
of the hea net.a copnstityting the aforenenti oned heavy neta
conpound%?l %eaﬁg-b$88ug§8 52?55 yﬁFcfggi&ogﬁQﬁuﬁéiqmﬂqéﬁé qﬁﬁ?%natic
polycarbox¥lic aci dg each_havi ng carboxyl groups which are ortho to
each oth%?.lﬁiﬁﬁﬁFéé 8FP8G&N°ANn aromatic pol ycarboxylic acid include
trinEIIiLb 5 id conmpounds (e.g., trinmellitic acid, hemnellitic
acid, an @-ﬁgthyltrinellitic acid); pyronellitic acid; and phthalic

2 4 comountay gy ugs PSS ) AN 0 A
the afof gfROtLRPEEanLa"? 1 809a2YRR5QIYEE 30RO L E 13 4 Mt &t ed
into crude isophthalic acid crystals and a mother liquor by
means of a solid-liquid separator. This solid-liquid
separation is generally performed at atmospheric pressure.
No particular limitation is imposed on the separation
temperature, but this separation is generally performed at a
temperature lower than the boiling point of hydrous acetic
acid at atmospheric pressure (e.g., 35 to 110°C). Examples
of the solid-liquid separator include a centrifugal separator,
a centrifugal filter, and a vacuum filter. This solid-liquid
separation is preferably performed so that the crystal
content of the mother liquor is 1 mass% or less, more
preferably 0.1 mass% or less.
The thus-obtained crude isophthalic acid crystals may
be appropriately subjected to a known purification process,
such as catalytic hydrogenation (see, for example, Japanese
Patent Publication (kokoku) No. S41-16860), oxidation

treatment, or recrystallization, to thereby yield isophthalic
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wvarious organic conpounds (e.g., isophthalic acid, acetic acid,
unreacted raw materials, reaction internediates, and reaction
by-products), and a consi derabl e anount of water (i.e., a reaction
product). [0022] 1In the present invention, the ratio "anount by nole

of bronideyigp sthEh%fnﬂtgﬁ lirqyQr/total ampunt by nole of heavy
metal ions Int P‘ (herelnafter the ratio my be

referredpgoas "the bromde ratio (of the nother 17 liquor)") is
[ i )]
regul at ed, and then a pyridine-ring-containing chelate resinis

exposed { g e quor, to thereby selectively adsorb
catal yst - §g%?vgg?%§a§§ghetal i ons, bronide ions, and a by-produced

boxyl Q- tad
CaDON| < ScTHTRBUAEE TIE M WS RIDIALR S Srude
f d; p
Step] . UREREPEY éc{éé%ﬁtEEV?EESEI %952?5?5&?3c23%¥€r qﬁﬁﬂﬂﬁﬁﬁﬁﬁifyy

t d=
v o1 o hy e LE astrat SRt prpPie® OE?Q?%§&S?E§5§§ﬁEﬁph.S Ssshi ng

may be %é&@y"‘ﬁl&?ﬁih?gﬁgt 06h biraHabe %ngt h%nﬁjh%s%'yt—%%dﬂc’g&re may

be subjected to t sorption step.
pyri di nez5iHpgz ¢oNLaLak Rnshelake resL eeHRJaQ eflet 1 EBﬁsF’é?ée%n

invention Is an ani on- excf%ange type c el ate ?GSI n  havi ng a pyri gl ne

ring a”dtHQtﬁ‘éQG‘g hBEQYGNBALYTREZAL! @REO %fo@eﬁﬂe’i‘%'l%re'dd'h%%c

etal
di vinyl benzene serving as main raw nateria I'n general, a eﬁ%te

resin i Sc&nﬁ@&ﬁ&%%{‘?l%é‘%f—pjp&lid&]@& L2560 PGV 8281 41 HRREuYE! FAcEAbes

coordi nate

aromatic polycarboxylic acids each having carboxyl groups
which are ortho to each other. Examples of such an aromatic
polycarboxylic acid include trimellitic acid compounds (e.g.,
trimellitic acid, hemimellitic acid, and 5-methyltrimellitic
acid); pyromellitic acid; and phthalic acid compounds (e.g.,
phthalic acid, 3-methylphthalic acid, and 4-methylphthalic
acid). The mother ligquor contains, in addition to the
aforementioned ions and by-produced carboxylic acid mixture,
various organic compounds (e.g., isophthalic acid, acetic
acid, unreacted raw materials, reaction intermediates, and
reaction by-products), and a considerable amount of water
(i.e., a reaction product).
[0022]

In the present invention, the ratio "amount by mole of
bromide ions in the mother liquor/total amount by mole of
heavy metal ions in the mother liquor" (hereinafter the ratio

may be referred to as "the bromide ratio (of the mother
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ions to forma conplex, and exhibits a function of selectively

adsor bi ng/ separating specific netal ions. Particularly, a
"pyridine-ring-containing' chelate resin is advantageous in that it
effectively adsorbs heavy metal ions. Such a

pyr i di ner { g gy pont 95%@911@9%@ eahﬁs'tﬂeﬂa)é B‘-E/r%dlﬁ%mf‘i ng-Adntaining

avai | abl e one.” Exanpl es”of commercially avarl

pyri di nes épgggop §EH|$g(tr§é§Ea %gs% R g@ellqﬁggLL%% &T%%kﬁhﬁred

tradenar Pol yner e narne, pro uct “of° Rei'lly) a

" Suni chel gwgi%ogagg % ?QﬁgFgg)j fi‘éﬁo%'éd( heads naT® AL %%“Ctbr% ide

SunltonD em ca Sritcular im tatign

| mmosed ot} hey I8t hofy LOEafeRasEagHR,RYE LLRey LIgon A

chel ate tesih uor exa thé c
I .
oo oy RPN ot i e e

adsor pt %Pﬂ%&f@é‘fyt O £,y RreheLalky: 14 ‘él fngszrb ! QU l_e%l GRUSed 5

to pass ough a pyri |ne ring-containin resin. Fromthe

vi ewpoi nt 5. 0f 418t s b5 2066o2R 350EBbL 20 e PFLLAL HIRAYE Ol i

pyridi ne-ring-containing c te'resin, the <chelate resin Tust

heat ed tig, 35 épu&éogé?ﬁﬁegﬁlgﬁeggl eéggigglgolgggvggkﬁe&h&lgg%; The

chelate resinis prefera ate to nore pre bly 70

to 120G, %§%¥%%fgﬁeb9rﬁ£§ﬁ§bbﬁe§5 5914196 8uIBesE?§kg%@l.g?%h%%s%eﬁpor

obt ai ned’ exposi ng" t |quor t i ne-ring-containing

Sl Sk i CERLOLT BYELEUICEERE, SR At et Ehetot
this washing may be mixed with the mother liquor, and the
resultant mixture may be subjected to the adsorption step.
[0023]

The pyridine-ring-containing chelate resin employed in
the present invention is an anion-exchange~type chelate resin
having a pyridine ring and obtained through polymerization of
4-vinylpyridine and divinylbenzene serving as main raw
materials. In general, a chelate resin is a water-insoluble
polymer base having a ligand which can coordinate with metal
ions to form a complex, and exhibits a function of
selectively adsorbing/separating specific metal ions.
Particularly, a 'pyridine-ring-containing' chelate resin is
advantageous in that it effectively adsorbs heavy metal ions.
Such a pyridine-ring-containing chelate resin may be a
commercially available one. Examples of commercially
available pyridine-ring-containing chelate resins include

"REILLEX (registered trademark) 425 Polymer" (trade name,
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recovered fromthe residual liquid through, for exanple,
distillation, and at |east a portion of the thus-recovered hydrous
acetic acid is reused in |iquid-phase oxidation reaction, or
enpl oyed as a displacenent liquid for the bel ow described
regenerabion,of LRerBY i Nend MG | Al d £ hadrP3D)]
19 In tﬁ% %@%sent invent?gn,nt e not her Piggér(atigneéﬁ f%?oug%aé

| i qui d- phgsew 0X| LO act,l d |, = L1 QUL atd_on
generall@ﬁhgs gtag?grﬂggﬁfeE58§P%$ P?OEE%%&gﬁ%(&hﬁﬁ;e]bfgg'wﬁggl%k
not her Iigg@ﬁ is applied to a pyridine- ring-containing chelate resin
colum, fn many cases, the water content of the nother |iquor is not
particul arly equi t . lLat ed.. ve e e

cont ent of tﬁé ﬂékﬁgguﬁgéggﬁ%ﬁgﬁé%ﬁ%5?2?%%24%%?ﬁégg#gﬁ§%ﬁﬁiiﬁﬁ:
the not i qUo i1k Liquid_ i t hr th fore tioned
washi ng %%6%%% é %sﬁ%%?ﬁgpfcgg%%d%§%$§?§ﬁggh5%%%%§fé q%;%x)q -‘%quid

separ at 190 nLbe YBRSE, CARLENTOS o BRENer AL (ALY ALed 101G Jrassto or

| ess (nore prefe mass, - mu¢h or e preferab o 14

s s % tfﬁﬁyggaaégﬁ w?%ﬁ”ﬂh%émgkﬁ%;lh?hhggé g&th%h%d¥ﬂé¥ 16Nt O

t he not her uor exceeds mass% sorption step,

Cal vst - : . . . ) :
car boxyl 2 T5ed 0, BESEY bt B89, RRGIAEATLER P orRln, FulY Y RERPHEAE
on a pyrég!ggééf giSHpgﬁfﬁhg%gE ?lﬁkger b%er%%g%g]tﬁzhﬂﬁgher liq$or

pyridi ne-ring-contarning c te'resin ich has~'not undergone any

prelininfgycgﬁgganggtpggg Qﬁrgﬁeﬂsgdp§?ihqﬁe—ring—containing chelate

resin. From the viewpoints of heat resistance and adsorption
performance of a pyridine-ring-containing chelate resin, the
chelate resin must be heated to 35 to 140°C before being
exposed to the mother liquor. The chelate resin 1is
preferably heated to 45 to 130°C, more preferably 70 to 120°C,

much more preferably 85 to 110°C.

The residual mother liquor obtained by exposing the
mother liquor to a pyridine-ring-containing chelate resin
contains hydrous acetic acid having a water content of 1 to
15 mass%. Therefore, preferably, the hydrous acetic acid is
recovered from the residual liquid through, for example,
distillation, and at least a portion of the thus-recovered
hydrous acetic acid is reused in liquid-phase oxidation
reaction, or employed as a displacement liquid for the below-
described regeneration of the pyridine-ring-containing
chelate resin.

[0025]
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not her |iquor. However, preferably, the nother liquor is brought
into contact wwth a brom de-type chelate resin prepared by exposing
a pyridine-ring-containing chelate resin to, for exanple, an acetic
acid solution containing bromide ions in advance. No particul ar

it on i sompRser, 83 phe s ERLAGA Of b SRR 13 JIATAS Y

pyri di ne-ring- con i ng fel ate résin, anpl e,

chel ate{ﬁéaugmlgsldl@gﬁggreegxgxﬁéegs gcmy' 181,00 Gt Ni ng

chel ate Féesin eous so ion o or enentioned

broni ne _ compopnds ggngraﬁ dhy b oatde a ggen g TG 2

liquid i ure 0 queo sol ution an ace ic acid, rowed

renoval fﬁ exgess br ghg o%g r“@§ hng ﬁgn App hag %Bsgggiﬁ fﬂéi

or hydrous E%e?re’a0|8nh avrng’a wat er “€on €ss.
Thi hi bl f hyd t

IR SRR RS T r%%w%%%wﬁﬁﬁﬁfwg
the viewpoinl 9 %ngéﬁkcb?”EBS' %ﬂ&'tﬁ °f1 §u§¥ 18”3 %r%%rc%%}é' \,c acid
mi xture agdsor be Fne-ring- ¢ Iate resin, Y the

o g ML), s P ek o

2.8, nore nore pre

particulgtly, oPﬁgieif$b¥ﬁelgolac§ea 8p hengogkgﬁgP%t'ﬁlkﬁn@'Qﬁe

percent “adsorption o af orenenti oned’ heav

| ncr easeg, ang pergept, AUROLPLLGN; Af oBebYn ggggﬂ gatRaxylic aci d

m xture S ere UCEd ore, romde ratio is
sl inla Lo, o e
recovered by solid-liquid separation, the water content is
preferably regulated to 16 mass% or less (more preferably 1
to 15 mass%, much more preferably 5 to 14 mass?®) through, for
example, distillation. When the water content of the mother
liquor exceeds 16 mass$%, in the adsorption step, catalyst-
derived heavy metal ions and bromide ions and a by-produced
carboxylic acid mixture are less likely to be sufficiently
adsorbed on a pyridine-ring-containing chelate resin.
[0026]
The pyridine-ring-containing chelate resin which has
not undergone any preliminary treatment may be exposed to the
mother liquor. However, preferably, the mother liquor is
brought into contact with a bromide-type chelate resin
prepared by exposing a pyridine-ring-containing chelate resin
to, for example, an acetic acid solution containing bromide
ions in advance. No particular limitation is imposed on the

method for preparing a bromide-type pyridine-ring-containing
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carboxylic acid m xture can be effectively separated from catal yst
conponents (i.e., heavy netal ions and brom de ions). The brom de
ratio is regulated by, for exanple, adding, to the nother |iquor, an
aqueous solution of any of the aforenentioned brom ne conpounds

(518, MELSRLETEa38 Thchl SALVLANR 2 R AR SN e R
) S A o BRI R IR e
e S BB S B BP R B %%eron%n
05 TESED ahOTHRC PR, ] M gl 2
R R e e
cat sl o e FLAYEd ool 302 A0S ARSI it

f d, ad ddi.t
Cat ol vt HET TS0 REayy RGLAI CFohYORANDPELAE ok oie hoy BYE & oRkesy

LT B Bt e BRSSPl

to the el uti n.skep. ﬁ as _to.recover taIi

or om e PERESERPUGR: chobxrFBuEl sk siEn BT PRSIRST  alfiedu Cearms i

acid mySOLe {RaGOPHEENSYE Lhe! RSLRRLANYR GOMPONents. In such a
[0027]

From the viewpoint of efficient elution of a by-
produced carboxylic acid mixture adsorbed on a pyridine-ring-
containing chelate resin, the bromide ratio of the mother
liquor is 0.3 to 3, preferably 0.6 to 2.8, more preferably
0.8 to 2.5, much more preferably 1.4 to 2.5, particularly
preferably 2 to 2.5. When the bromide ratio is high, percent
adsorption of the aforementioned heavy metal ions is
increased, and percent adsorption of a by-produced carboxylic
acid mixture tends to be reduced. Therefore, when the
bromide ratio is increased particularly in the adsorption
step, in the below-described elution step (A), a by-produced
carboxylic acid mixture can be effectively separated from
catalyst components (i.e., heavy metal ions and bromide ions).
The bromide ratio is regulated by, for example, adding, to
the mother ligquor, an aqueous solution of any of the

aforementioned bromine compounds (e.g., hydrobromic acid)
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.case, when the catal yst conmponents are returned to and reused in the
reaction system the concentration of the by-produced carboxylic
acid mxture is gradually increased in the reaction systemand the
not her |iquor, which causes 22 deactivation of the catalyst. Such a

process ggsykhg L8 gnbrsﬁ?agngqub§qdvantage when being put into

practice on an” I ndustrial scale. In order to suppress an increase in
concentr?bbgg of the by-produced carboxylic acid m xture, the
elution step Eﬁo is required; i.e., the by-produced carboxylic acid

nixture_Lglaghgﬁt%ggéﬁ ﬁhztggd_g%hg heavy netal ions and brom de

i ons bei ng adsorb pyri e- ring-containing chelate resin.

02T and e o dl giS, BGRLLG AT RALNG AR CANLH: O clody; rith

mass% and enpl oyeée € elation step ( al ns

brom de | | . .of t o ef bly 10
rom ge &HQfa’c%p%Qs?g?H%cB dP)%S ‘&n?ie?%%gu%gst es-gl?og %rngl%rn%bdsra y

to 1, 000 nass pi elutin roduced carboxylic

L0 “For "rapt dry elttrng the “by-prodiced carboxylic
' the oTOr ER SPBp (R Lot ReP RO EoL R S S e P e

cont ent : é?égﬁiz?ﬁggggP?bgﬂgiQgsgﬂntgoﬁgégEh51£€%€¥%'§%¥alﬂy9iqg(%

recover ed om of “a di'strllation col'um upon renova

wat er (&QEQPQQ?‘I‘?;{%E;@P o} aMmyLagsr et dyal o th't""?t.r ol 4YOhmasss

obt ai ned t hroug sorption step, an eluate ai ned” through the

el ution step &g%fegg?ggdhsgbageggggﬁggggrgrﬁﬁgﬁggﬁ%%th%éﬁ ; elyting a

bel ow descri bed displatenent step. represe
total aﬁyyﬂﬁré&&ceé 939589§lic acid mixture, and then is subjected to

an elution step (B); i.e., a step of exposing the resin to
water or hydrous acetic acid having a water content of 20
mass% or more, thereby recovering catalyst~derived heavy
metal ions and bromide ions.

The pyridine-ring-containing chelate resin which has
undergone the aforementioned adsorption step contains, in
addition to catalyst-derived heavy metal ions and bromide
ions, a by-produced carboxylic acid mixture. When the
pyridine~ring-containing chelate resin is subjected to the
elution step (B) without being subjected to the elution step
(A), so as to recover the heavy metal ions and bromide ions
(i.e., catalyst components), the by-produced carboxylic acid
mixture is contained in the catalyst components. In such a
case, when the catalyst components are returned to and reused
in the reaction system, the concentration of the by-produced
carboxylic acid mixture is gradually increased in the

reaction system and the mother liquor, which causes
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acetic acid supplied in the elution step (A), and V represents the
volunme (nL) of a pyridine-ring-containing chelate resin |ayer, the
ratio QV is preferably 0.5 to 10, 23 nore preferably 1 to 6, much

nore preferably 3 to 4.5. When the ratio QV falls within the above

range, (e, by preduieds RRbRXYLgACl dsL! 4" Breabe LlesL! YAl kn

and sel ective ute ron1t e ridine-ring-containing chelate

resin. a[i(gé’ Sﬁll?rﬁigéﬁ%}éta%%ﬁ'é% Begbf c ﬂ q 't%" r}%caCl\Q%[ tn Ca‘?{“ ent

of 1to NMasSso IS recover hrough simla

techn qug,q(com Lieselyate obiaiged rgﬂggrggg as' gh G.5LeR (A

whi ch ¢ ai ns roduced car e e, and at | east

3 porti on, of kP, t bus- L9COKEr BY_ p@%%%‘é%u Ehoififice A PRl

l'i qui d- phase™oxrdatron "reacti ion's

otep E)eelupféﬁ“gggécﬂ%?igsokﬁﬁh-al?%?ﬁ”ﬁc%i Sf’;cs e R PSRy et 'al"”
I ons andcﬂl?& fl Ogélﬁrﬁlgefgrev'ﬂét ':%%le% herf%ﬁu%% th%\ll h heav sy ng

pyri di ne-Ting- alnlng chellate™"resin. fore roug exXposii

the resig, £ veser gh B pUe JORE! £eaGdARUHIA MRS SOEINOL

20 mass% or ~nore (prefera nor e pr

nass, f%.n pggﬁgngbb e%ét&orég gqss?@, hydrous acetic acid

whi ch coh eavy ions an rom de ions, and which can be
reused, in liquid-phase oxidation reaction (hereinafter
the thus %ta]ned hydrous acetic acid may be referred to as a

"recovered cabglyflqkbayl dcbt4@NaR8d having a water content of 1 to

15 mass® and employed in the elution step (A) preferably
contains bromide ions in an amount of 1 to 1,000 mass ppm,
more preferably 10 to 1,000 mass ppm, for rapidly eluting the
by-produced carboxylic acid mixture adsorbed on the pyridine-
ring-containing chelate resin. In the elution step (A),
there may be employed acetic acid (water content: 4 to 12
mass®, bromide ion content: 1 to 50 mass ppm) recovered from
the bottom of a distillation column upon removal of water
(through evaporation) from the residual mother liquor
obtained through the adsorption step, an eluate obtained
through the elution step (A), or a displacement liquid
employed in the below-described displacement step.
[0030]

When Q represents the total amount (g) of hydrous
acetic acid supplied in the elution step (A), and V
represents the volume (mL) of a pyridine~ring-containing

chelate resin layer, the ratio Q/V is preferably 0.5 to 10,
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produced. Alternatively, a condensate (water content: 20 to 50 24
mass) recovered in |iquid-phase oxidation reaction by neans of a
refl ux condenser attached to the reactor nmay be enployed in the
elution step (B) as hydrous acetic acid. [0033] <Displacenent step>

[ L R IO L,V euROkNt nALRASEEPLLARe, SEILOHEREY 0% imen

catal yst co pyridi ne-ring- taining chel ate resin

whi ch hﬁé‘pl@ﬂ%’ /}t’ihg"ﬁif%;gt %?gp,ihe%gg%obé %Bg@ht .tirj;%}l%\yic— Moltled

with a acenen ous aceti ¢ aci g a water

cont ent é%é?o%i?%%h%?fﬁgﬁiﬁgﬁggeégﬁl%ﬁlekgeégiqgiﬁzaggr%eﬁ%%kﬁ%%95y 1

to 9 mas _ eby regenerate the pyridine-ring-containing
chelate I£5idy £l EL%’S'%99823&%?989}55&195%" h'g”%%??‘t%' YeAgnchel ate
resin can be reused in the adsorption step. T oug he

di spl ace Ftep, the water content of hydrous acetic acid present

around the chelate resin is reduced to a |level equal to the water

cont ent of th@ré’%é%ﬁgﬁg‘?ﬂgd%ggi chﬁgﬁéﬁét.ctﬁleﬁ%‘i% [ Ya SNt

brom de ions are rapl adsorbed on ate resin in'the

subsequefd AdsOrpli sS4 e}q% £§ﬁ§?8£é8‘5tthré§1}§f} &tﬂgt_dtiﬁBLc%ﬁ”%gt Sflt €p

is not perforned, since t ate fesin [ayer is surrounde

hydr ous 661 £ 30y DWLNGE Boh Y01 6L £OBLERY nERTRAL BLELY caLt er

the elution step e adsorption step, adsorption~efficiency

of —cat gl y3t; GONDOYENE S, | Swﬁﬁgir{‘:??a%iﬁ@ egéLgyggggau%deéa%u&glgge

the chelate resin to the' not uor, an recovery o

CatalyStaé§HWM¥§¥ﬁféjSaﬂgdHEegea§€SH|ﬁEPgiEH of the thus-recovered

hydrous acetic acid is reused in liquid-phase oxidation
reaction, or employed in the elution step (A) or in the
below~described displacement step.

[0032]

In the elution step (B), metal impurities other than
catalyst-derived heavy metal ions and bromide ions are not
virtually adsorbed on the pyridine-ring-containing chelate
resin. Therefore, through exposing the resin to water or
hydrous acetic acid having a water content of 20 mass?% or
more (preferably 20 to 70 mass%, more preferably 25 to 50
mass%, much more preferably 25 to 40 mass%), hydrous acetic
acid which contains heavy metal ions and bromide ions, and
which can be reused, as it is, in liquid-phase oxidation
reaction (hereinafter the thus-obtained hydrous acetic acid
may be referred to as a "recovered catalyst liquid") can be
produced.

Alternatively, a condensate (water content: 20 to 50
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an econom ¢ di sadvantage. 25 In order to facilitate adsorption of
cobalt ions, manganese ions, and brom de ions on the pyridine-ring-
containing chelate resin, nore preferably, hydrous acetic acid
havi ng a water content of 1 to 15 nmass% and contai ning brom de ions
in an anopunt

displ t

oo - BREFET rap bR endl aped T el et e O A SRR Teans
t t t t 12 % d t t

E e ki 4 %Tt%%%s;q%“ltg%“oé:?“acctowuaoo%m%@n e
f t t f t I
obt o nedPhFBEgRLPRESH s%s'a?%a eRop s ARl Giidined thr ough
the el uti §iep (A), or the dlsplacenent liquid enployed in the
dlsplaceﬁgﬁ? tep. [00341 The overall flow of the method of the
pr esent wi_ |l next be briefly described with reference to

Fig. 1, I&%FB nggﬁgt ft&Renpl ary process for producing i sophthalic

a0 Hovever o Uiig BT Y I penthon yis ol 4 M e S ey process

byar sus SEotrEeityas? .sa?—sﬁyts : GoBR TR e By SR T 1, and

ol ecul S OB I UEA B0 RE R AitRg - gae “riBH, aas Xf e%régg]ie?ctreseqr!ilectlﬁél ? otrerﬁ
hrou h cr talllz on of port n .af

f | bt a
*tonntnal PL t8cPECushe’ 288, Ettsth nAt & il Aty s

hydrous acetic acid having a water content of 1 to 15 mass$%
(preferably 1 to 14 mass%, more preferably 1 to 9 mass%), to
thereby regenerate the pyridine-ring-containing chelate resin.
The thus-regenerated pyridine-ring-containing chelate resin
can be reused in the adsorption step. Through the
displacement step, the water content of hydrous acetic acid
present around the chelate resin is reduced to a level equal
to the water content of the displacement liquid, so that
heavy metal ions and bromide ions are rapidly adsorbed on the
chelate resin in the subsequent adsorption step. In contrast,
when the displacement step is not performed, since the
chelate resin layer is surrounded by hydrous acetic acid
having a high water content immediately after the elution
step (B), in the adsorption step, adsorption efficiency of
catalyst components is reduced at an early stage of exposure
of the chelate resin to the mother liquor, and percent
recovery of the catalyst components is reduced, resulting in

an economic disadvantage.
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26 reduction and cooling through flash evaporation in several stages
in a crystallization step 2, followed by separation by neans of a
solid-liquid separator 3, to thereby yield a cake of crude

i sophthalic acid crystals. The thus-obtained cake is transferred

through a condui brikr Hie fEdilertdtdusoreiveretl ¢dboughiseparation
by neans of the solid-liquid separator 3 is fed via a conduit 12 to

a not hermhhgdfEser eogisyi RGd HHont.deanbryy BroiEM By Bicd thé-srfreg- from a
hydrobrom c acid tank 6 through a conduit 13 to the nother |iquor

recei vi ngoh@Bkn4ngt ehkhearebyeapy,opidral ¢ne et 1al,e hjdweo by aeélei c
ratio of the nother |iquor. Subsequently, the nother liquor is

caused tgcpashaviheuahwa@rduidohtbhtart 15.t0 aml e sl esdech ividde

adsorption step; i.e., the nother liquor is introduced to a

pyri di neprbRgae0nbaknifg agheh@lift oFSin teol1yrvd dd¥ LY the dipldfed
the columm and caused to pass therethrough. A substance which is not

adsor bedagnat A& spPytedicn®- Niik@rigont ai ni ng chel ate resin is discharged
fromthe bottomof the columm, and then purged via conduits 16 and

17. The substraeee m:yapRy Qipldrld, HibjLedi@pldseddit eEXBHPI®, acetic
distillation for recovery of hydrous acetic acid, and the

t hus-reca¥eaedwhydirousnaeeiti:c 4agiod 1i2s nlalsasf erced ddf arorl eitfelentt0 12 to
raw material tank 10 or a tank 7 for storing hydrous acetic acid

havi ng aspehgksCpphgntrecbvabed fkbmaie YIRS ofThe distillation
pyridi ne-ring-containing chelate resin which has undergone the

adsor pt i @81 8h&Pupsnsubineehed offo wiate rel (thirdmghs et goAa t i9peCi fridialdhe
hydrous acetic acid having a water 27
residual mother liquor obtained through the adsorption step,
the eluate obtained through the elution step (A), or the
displacement liquid employed in the displacement step.
[0034]

The overall flow of the method of the present invention
will next be briefly described with reference to Fig. 1,
which shows an exemplary process for producing isophthalic
acid. However, the present invention is not limited to the
process shown in Fig. 1.

As shown in Fig. 1, a mixture of raw materials (a m-
phenylene compound, a heavy metal compound, a bromine
compound, and hydrous acetic acid) is fed through a conduit
22 to a reactor 1, and liquid-phase oxidation reaction is
performed in the presence of a molecular-oxygen-containing
gas. The reaction product is in the form of slurry obtained
through crystallization of a portion of crude isophthalic

acid. The reaction product is subjected to pressure
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content of about 14 mass%is fed fromthe tank 7 through a conduit
18 and the conduit 15, and introduced to the
pyridine-ring-containing chelate resin colum 5 through the top of
the col unm and caused to pass therethrough. An eluate containing a
by- pr odugedueat baxyhidc caoild ng xhoeighs f1dis3c aragged ftiwn tire $eida of
the columm, and then purged via the conduits 16 and 17. The eluate

i's approptagetel yn aubjrgeted licatfion etapply, fHiSidWddatdwsdpdration by
recovery of hydrous acetic acid, and the thus-recovered hydrous

acetic mehflsi 6t hassfienred ofier skepage)tdro 3,hed aMdraisy ivale 1K ddke
or the tank 7 for storing hydrous acetic acid having a water content

of abouto#4c-pB88% sbgB36h1 iAf heni dc @iyisetalan ofhkhenakubbea iskap chhk,
the elution step (B) is carried out. Specifically, hydrous acetic

acid haysngran¥aberecofthedugdl aakemduds mass%he hedhbromigubank 8
t hrough a conduit 19 and the conduit 16, and introduced to the

pyri di nerétdgeeent @ahiblghCBebat-aties byCalddiiy 2Sams 401 i Pasisquid
t heret hrough for elution of heavy netal ions and brom de ions

adsor bedsgpatheopyBi dsn€eti Racanicanaiuig alzeltat & mefiHer likfior
t hus-recovered catalyst liquid is transferred through a conduit 20

to an intecsbdiagethaRk49. abhdbhggueblrionict e id ecovfesedreat & yst
liquid is fed through a conduit 21 to the raw material tank 10, and

reused agyareBtahyst atod khaki @¢- thRasghox danidul t eacticornhd AdXHer

After conpletion of the elution step (B), the 28 displacenent step

i's carriefqest. rSpetvingakhynk Bydteushereby appropriately regulate
the bromide ratio of the mother liquor. Subsequently, the
mother liquor is caused to pass through conduits 14 and 15,
and then subjected to the adsorption step; i.e., the mother
ligquor is introduced to a pyridine-ring-containing chelate
resin column 5 through the top of the column and caused to
pass therethrough. A substance which is not adsorbed on the
pyridine-ring-containing chelate resin is discharged from the
bottom of the column, and then purged via conduits 16 and 17.
The substance is appropriately subjected to, for example,
distillation for recovery of hydrous acetic acid, and the
thus-recovered hydrous acetic acid is transferred (for reuse)
to a raw material tank 10 or a tank 7 for storing hydrous
acetic acid having a water content of about 14 mass$.
[0035]

The pyridine-ring-containing chelate resin which has

undergone the adsorption step is subjected to the elution

step (A). Specifically, hydrous acetic acid having a water
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acetic acid having a water content of about 14 nmass, serving as a
di spl acenent liquid, is fed fromthe displacenent liquid tank 7

t hrough the conduit 18 and the conduit 15, and introduced to the
pyridi ne-ring-containing chelate resin colum 5 so as to pass

t her et hr edgltenthe ff eddutart 4 ehawd® 1is f@drfesh vilee t begnkonduhtsudh and
17. The eluate is appropriately subjected to, for exanple,

di still atdomufiar 18 eqayeihe afohduall ©UBS Acetd Cimerddudsdd tbethe
t hus-recovered hydrous acetic acid is transferred (for reuse) to the

raw mat ekirdld inde iHy-alordthei niank dhéddtStHssNg By TS5 atktbGgh aehé
having a water content of about 14 nmass. After conpletion of the

di spl acemept oFt ephe R B{rOraENEA0NE tRASHEH 108 SEIRBoTBY . Denrc as Tk
out. Exanples [0038] The present invention will next be described

in more dehdialininghay Bf-EEItas, catshy Bhoud @i dohi peugenssr ued as
limting the invention thereto. [0039] <Prelimnary treatnent of

pyri di nediist@raGeRidifitichy tHhelwd et o esf Nthd NneceR@in pf ahdet ixanphegeandia
t he Conparative Exanple, there was enployed a

pyri di nethiengogentiaishilg aheldt e mesi »1ureparsedddropigiatdie,
foll ow ng procedure: an acetic acid solution (200 nL) containing 10
mass% hydubhleetied aci,d fRs exxansies, tdi peskldti@ugfoR recovery of
pyridi ne-ring-containing chelate 29 resin ["Sum chelate (registered
t rademar kyydebBud" adatdde awing, arpd othet tiods -Studdwabe Chieyd s Cacetic
Ltd.)] so as to prepare a
acid is transferred (for reuse) to the raw material tank 10
or the tank 7 for storing hydrous acetic acid having a water
content of about 14 mass3.
[0036]
After completion of the elution step (A), the elution
step (B) is carried out. Specifically, hydrous acetic acid
having a water content of about 35 mass®% is fed from a tank 8
through a conduit 19 and the conduit 16, and introduced to
the pyridine-ring-containing chelate resin column 5 so as to
pass therethrough for elution of heavy metal ions and bromide
ions adsorbed on the pyridine-ring-containing chelate resin.
The thus-recovered catalyst liquid is transferred through a
conduit 20 to an intermediate tank 9. Subsequently, the
recovered catalyst liquid is fed through a conduit 21 to the
raw material tank 10, and reused as a catalyst for liquid-
phase oxidation reaction.

[0037]

After completion of the elution step (B), the
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brom de-type pyridine-ring-containing chelate resin, and excess
hydrobrom ¢ acid was rinsed out the chelate resin with an acetic
acid solution having a water content of 14 mass. |[0040] <Method for
determ ni ng heavy netal ion concentration> Heavy netal ion

concent r aliispl avrsned! estepeds bya nebas o@f . arspridcind i Alsgr Hydibus
spectrophot oneter having the follow ng specification. Mdel:

Pol ar i zed céeanhn Al L7 il of phd s speet Ephet oasdetr 14-©389%( pseduthg
of Hitachi Hi gh-Technol ogi es Corporation) Wavelength: Cobalt ion:

240. 7 nmasManganrgsiadasn2 /Biduidn 3 af®d Aeehytievedaspl Hetrent nat jand
met hod: An appropriate anount of a sanple is placed in a 100-nL

gl ass combakner vyt tafe tden@ai®| B8 | Snd MEIRS UESEABY L NEBNSaRE a
bal ance), and the sanple is diluted wth pure water and 20 nass%

hydr ochl ahiteodfice d cNsitantpy ddindar Pef-rdontd Dt g eehef 9Fc agyiAt €
anal ysis (about 2 nm.) so that the concentration of heavy netal ions

to be neaguigth 9 sAkAIttd gy (tHerdmssowdh | hand IERd Pl ddste is
nmeasured for determnation of a dilution factor) The heavy netal ion

concent r glirgie dOfvitshendl ldsrethisedpl & dred det er mhRe@ 1z tthei s basis of a
calibration curve prepared by use of standard sanples having heavy

met al i oappereentatailionsuofedaipnio,l fpMmexansi &, PR3t Thea heavyroEt al
ion concentration of the wundiluted sanple is determ ned by

mul ti pl yiregotviee yhedvh yeiricals 3Hrd it cadicentdmd i e of hiidrer et dwé eed
sanpl e by the dilution factor. <Method for determ ning bromde ion
concentr atyid@des acetic acid is transferred (for reuse) to the raw
material tank 10 or the tank 7 for storing hydrous acetic
acid having a water content of about 14 mass%. After
completion of the displacement step, the aforementioned
adsorption step may be carried out.
Examples
[0038]

The present invention will next be described in more
detail by way of examples, which should not be construed as
limiting the invention thereto.

[0039]
<Preliminary treatment of pyridine-ring-containing chelate
resin>

In each of the Examples and the Comparative Example,
there was employed a pyridine-ring-containing chelate resin
prepared through the following procedure: an acetic acid

solution (200 mL) containing 10 mass% hydrobromic acid was

caused to pass through a pyridine-ring-containing chelate
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Brom de ion concentration was determ ned under the follow ng
conditions. Titrator: Automatic potentionmetric titrator AT-510
(product of Kyoto Electronics Manufacturing Co., Ltd.) Titration
liquid: 1/250 N aqueous silver nitrate solution Detection

el ectrodess i £OMPoshienahass ghreglicedecd tiAdedldriar dﬁi?mrﬁ?%?dggﬁghe,
od:

Tenper ature conpensation el ectrode T-111 Determ nation met

Teflon (peghsterd LLAYEBREKLneithEr cothl Bt Al acedd TR Aydle a
beaker, ‘and an appropriate anmount of a sanple i's placed therein (the

mass of h&m$s Spvie eg of | e WalEr is
added t&Etﬁ% &%£E§8$ gg tgggéthégébﬁﬁﬁg%é lﬁ%é@%%$%€?|ﬁ1%¥£ beaker

I's aboulydefs ”ﬁydﬂBHréﬂlEFa%E%inWa"s' ‘ilg,%'e@l 6%@:05 ot che glﬁa't% addeq, with

thereto. Bromde 1 on concentration is determ ne

preci pi tahi QEeEi&ré&h@”s@iu@%ﬂsh?fnh aafw%“c%'fe%to'n‘%%%c{ éﬁgtelglrr%a‘sfs% .

potentionetric titrator. <Method eterm ni ng by-produ
carboxylggogg]d m xture concentration> Concentration of each of the
af orenenti oned phthalic acid conpounds and trinellitic acid

CO”poundéMé‘@ﬁogefgfW@%Qrm&ﬂ&ﬁi Reqa? GlakQTRY Qgr S:B%e&hrt%rtltofh@
foll ow ng conditions ent 6890N (product of Agilent

Technol ogi es) ydiv hHﬂBleHBhoﬁ%ﬁceQQT%tﬁBhQW%§ Rt A IR by means

Technol ogi es) Colunm tenperature: 100 to 280C Detector: Flane

ionizati9op geteebRic(EbDbrpt@84lipectrophotometer having the
following specification.
Model: Polarized Zeeman atomic absorption spectrophotometer
Z-2300 (product of Hitachi High-Technologies Corporation)
Wavelength: Cobalt ion: 240.7 nm, Manganese ion: 279.6 nm
Flame: Acetylene-air
Determination method: An appropriate amount of a sample is
placed in a 100-mL glass container (weight of the sample is
measured by means of a balance), and the sample is diluted
with pure water and 20 mass% hydrochloric acid (constant
boiling point, iron-free) for accurate analysis (about 2 mL)
so that the concentration of heavy metal ions to be measured
is about 1 ppm (the mass of the diluted sample is measured
for determination of a dilution factor). The heavy metal ion
concentration of the diluted sample is determined on the
basis of a calibration curve prepared by use of standard
samples having heavy metal ion concentrations of 0 ppm, 1 ppm,
and 2 ppm. The heavy metal ion concentration of the

undiluted sample is determined by multiplying the heavy metal
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Percent recovery of catal yst components and percent inclusion of a
by- produced carboxylic acid m xture were calcul ated through the
foll ow ng nmet hods. <Cobalt ion> Percent recovery of cobalt ions was
determned by calculating the ratio (%  of the anpunt of cobalt ions

cont ai nedoPn CRNCERSFE P Alal g i HESA (PR Y Edafilufbom

contained in a nother |iquor. <Manganese ion> Percent recovery of
nanganesgaF§ﬁ§-mas determ ned by calculating the ratio (% of the
amount of manganese ions contained in the recovered catalyst liquid
to that tMetheAgdrdsdaterdicdmamitanide tinn mAHENITaful®> <Br oni de
ion> Percent recovery of brom de ions was determ ned by calculating
the rati o (% Beomijfe drurftonsierby it van iwans delbriid red wpdehethe
recovered catalyst liquid to that of bromde ions contained in the

mot her | £qképWinBy Cp Scar boxylic acid m xture> Percent
inclusion of a by-produced carboxylic acid nixture was determ ned gy

cal cul at TA§referr afuéorst isy Rafentamnair it ol mte iAT act Y
or trinellitic acid conpound contained in the recovered catal yst
i qui d t8ft K¥ete2Edrch romica Maradias tevmpsurt® or t¥d el litic acid
compound contained in the nother |liquor. [0042] (Exanple 1) .
n}XyIeneT&é§a§&BPeéﬂ§@l@dIhﬂ%ﬁQiNﬂﬁﬁﬂ?QBﬁ(ﬁﬁhYﬁf nitrate solution
Detection electrodes:
Composite glass electrode C-172
Silver electrode M-214
Temperature compensation electrode T-111
Determination method: A Teflon (registered trademark) stirrer
chip is placed in a 200-mL beaker, and an appropriate amount
of a sample is placed therein (the mass of the sample is
measured by means of a balance). Pure water is added to the
beaker so that the volume of the liquid in the beaker is
about 150 ml, and 60 mass% nitric acid (about 2 mL) is added
thereto. Bromide ion concentration is determined through
precipitation titration by means of the aforementioned
automatic potentiometric titrator.
<Method for determining by-produced carboxylic acid mixture
concentration>
Concentration of each of the aforementioned phthalic
acid compounds and trimellitic acid compounds was determined

through gas chromatography under the following conditions.

Model: Agilent 6890N (product of Agilent Technologies)
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reaction (reaction tenperature: 200C, reaction pressure: 1.62 MPa)
by use of air in hydrous acetic acid having a water content of 9
mass% in the presence of cobalt acetate, nanganese acetate, and
hydrobrom c acid, to thereby yield a slurry containing crude

i sopht hatbtuaai émpSuheequent-ly, (pideluck! Wi AWgiasrsuljeatired ddgi &)
crystallization step, followed by pressure release and cooling to

100C. ThepeahhetempBeatius@nptial itg agigdcwas renpved through
solid-liquid separation wth a glass filter, to thereby recover

crude isDpbtbabirc Faamd Goystzalts candea gmidier(#iouor of about 80C.
The nmother liquor was found to contain cobalt ions in an anount of
1,040 nmaes4ppm manganese ions in an anmount of 1,010 nmass ppm

brom de ions in an anmount of 890 mass ppm trinellitic acid

conpounds i n @eragdtntreeb v 800 fimess (13wt Puniadrientacidhd qoemesrds i n

an anount of 4,100 nmass ppm and water in an anount of 13.9 nmss.
The bronideluatba of wheyAptrbeuckidquarbowdd ifcowed d miba Uk e3werkhe
above-prelimnarily treated pyridine-ring- containing chelate resin
(85 nlL) ma3cabatgedthebaga dheblfel louheggh@shods.utm. Hot water of
80C was circul ated through a jacket of the pyridine-ring-containing
chel at e ¥esbaltoianm, to thereby maintain the
pyridi ne-ring-containing chelate 33 resin at 80C. The af orenenti oned
not her | i quor Peasennt redoced vt @ ft ebaiyr iidinee wasngledmrmdinddigpchel at e
resin colum through the top of the colum and was caused to pass
downwar dcahenkbhingghhat ragaibl q@)r affe the 3Gug/thodr dotral%0 imnzut s
[ adsorption step]. Thereafter, hydrous acetic acid having a water
content obnttdined in a recovered catalyst liquid to that of cobalt
ions contained in a mother liquor.
<Manganese ion>
Percent recovery of manganese ions was determined by
calculating the ratio (%) of the amount of manganese ions
contained in the recovered catalyst liquid to that of
manganese ions contained in the mother liquor.
<Bromide ion>
Percent recovery of bromide ions was determined by
calculating the ratio (%) of the amount of bromide ions
contained in the recovered catalyst liquid to that of bromide
ions contained in the mother liquor.
<By-produced carboxylic acid mixture>
Percent inclusion of a by-produced carboxylic acid
mixture was determined by calculating the ratio (%) of the

amount of a phthalic acid compound or trimellitic acid

compound contained in the recovered catalyst liquid to that
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mass% was i ntroduced to the colum through the top and caused to
pass downward therethrough at a flow rate of 360 g/ hour for 20
mnutes (QA = 120 g/90 nL = about 1.33) [elution step (A)]. After
conpletion of the elution step (A, hydrous acetic acid having a

wat er codt eat pptnddi FagsYdnesmpdiuhadweea r i@ 1f1he icoladm tdyngpigihd he
bottom and caused to pass upward therethrough at a flow rate of 360

g/ hour feenORintAuULaSthkehvther &H@@o&B)]- After conpletion of the
elution step (B), a displacenment |iquid (hydrous acetic acid having

a water [comtent of 14 mass) was introduced to the colum through the
top and caused to pass downward therethrough at the same flow rate
as descrbegnpbeve)for 20 m nutes [displacenent step]. A cycle
consisting of the adsorption step, the elution step (A), the elution

step (B), andmtkeldheplacemrbtjesite (tand idigidHphdse tdie dadsiaimpt i on
step) was repeated at 180 mnutes/cycle. A catalyst liquid recovered

through togceighi PResteRon( BempReatortal Riodgccobaktti BASprEBBAREESE
ions, and brom de ions was reused as a catalyst for |iquid-phase

oxi dati on. 62 eMes) opy skl eflashows “gdaonls pektart acdeDWerM M L okaldr
ions, 34 manganese ions, and brom de ions, and percent inclusion of
pht hal i ccastentoapoanmasardihr ithel birkisenael d fcespalntdaceaste,
determned by use of a catalyst liquid recovered on day 4 of the
experi mafidngdhesexpeetaea; wad hydrberogdnt aaded. tidoweateby iyjwldt a
phase oxidation reaction was effectively performed w thout reducing
catal ytiglaetyveédytaining crude isophthalic acid. Subsequently, the
slurry was subjected to a crystallization step, followed by
pressure release and cooling to 100°C. Thereafter, the
isohpthalic acid was removed through solid-liquid separation
with a glass filter, to thereby recover crude isophthalic
acid crystals and a mother liquor of about 80°C. The mother
liquor was found to contain cobalt ions in an amount of 1,040
mass ppm, manganese ions in an amount of 1,010 mass ppm,
bromide ions in an amount of 890 mass ppm, trimellitic acid
compounds in an amount of 8,800 mass ppm, phthalic acid
compounds in an amount of 4,100 mass ppm, and water in an
amount of 13.9 mass%. The bromide ratio of the mother liquor
was found to be 0.31.
The above-preliminarily treated pyridine-ring-
containing chelate resin (85 mL) was charged into a double-
tube glass column. Hot water of 80°C was circulated through

a jacket of the pyridine-ring-containing chelate resin column,

to thereby maintain the pyridine-ring-containing chelate
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{0043] [Table 1] Percent recovery Cobalt ions 75% Manganese ions
46% Brom de ions 94% Percent inclusion Trinellitic acid conmpounds
43% Phthalic acid conpounds 14% [0044] (Exanple 2) The experi nment
and neasurenment were perforned in the sane manner as enployed in
Exanpl e desexcept sohat hydrobromic acid was added to the recovered
not her liquor so as to attain a bromde ratio of 0.9, and then the
not her | i quor Thas afolrjeaendd drned e tdosorlpiquor step. inthwodwsad tiso arlee
shown in Table 2. The experinment was further continued. However,
| i qui d- phaséingtdahgepontadhioy whe laftfeeatdsiel yqlemfrortiacbught Hdid top
reducing catalytic activity. [0045] 35 [Table 2] Percent recovery
Cobal t i enstR3%oMnganese wia@nsas¥d Boomads idownwdii% tPerresilirough at
inclusion Trinellitic acid conpounds 29%
a flow rate of 360 g/hour for 50 minutes [adsorption step].
Thereafter, hydrous acetic acid having a water content of 14
mass% was introduced to the column through the top and caused
to pass downward therethrough at a flow rate of 360 g/hour
for 20 minutes (Q/A = 120 g/90 mL = about 1.33) [elution step
(A)]. After completion of the elution step (A), hydrous
acetic acid having a water content of 35 mass% was introduced
to the column through the bottom and caused to pass upward
therethrough at a flow rate of 360 g/hour for 90 minutes
[elution step (B)]. After completion of the elution step (B),
a displacement liquid (hydrous acetic acid having a water
content of 14 mass%) was introduced to the column through the
top and caused to pass downward therethrough at the same flow
rate as described above for 20 minutes [displacement step].
A cycle consisting of the adsorption step, the elution step
(A), the elution step (B), and the displacement step (and
return to the adsorption step) was repeated at 180
minutes/cycle.
A catalyst liquid recovered through the elution step
(B) and containing cobalt ions, manganese ions, and bromide
ions was reused as a catalyst for liquid-phase oxidation

reaction.

Table 1 shows data of percent recovery of cobalt ions,
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‘Pht hal i ¢ acid conpounds 7% [0046] (Conparative Exanple 1) The
experiment and neasurenent were perfornmed in the sanme manner as
enpl oyed in Exanple 2, except that the elution step (A was not
performed, and the cycle consisting of the adsorption step, the
el ution sérPahBye aoflst hand ppbadeaeeibnsst apd peddegiturimdladivh of
adsorption step) was repeated at 160 mnutes/cycle. The results are
shown i npHeh&Bid. adbhe esppobuREst awas thukichen tdentboivedomprrireid,alag i c
activity was gradually reduced, and the yield of isophthalic acid
produceddébepr@hedi Hti dsphaseaoxiadalliyen Neatliidor etwdse r@NBrdeiaably of
reduced. [0047] [Table 3] Percent recovery Cobalt ions 93%
Manganesghé o8gpébimeBrom de ions 94% Percent inclusion Trinellitic
acid conpounds 58% Phthalic acid conpounds 35% [0048] (Exanple 3)
36 The experi mBat eapdriRast aERNIFUMH PAChaifR@d.N HBReveane 17anAgr
as enployed in Exanple 1, except that hydrobromc acid was added to
the recoyesed sRidgtibhquencs@oaswhe alfffachivallr pirde ridd wwidholtd,
and then the nother |iquor was

reducing catalytic activity.

[0043]
[Table 1]
Percent recovery
Cobalt ions 75%
Manganese ions 46%
Bromide ions 94%
Percent inclusion
Trimellitic acid compounds 43%
Phthalic acid compounds 14%
[0044]
(Example 2)

The experiment and measurement were performed in the
same manner as employed in Example 1, except that hydrobromic
acid was added to the recovered mother liquor so as to attain
a bromide ratio of 0.9, and then the mother liquor was
subjected to the adsorption step. The results are shown in
Table 2.

The experiment was further continued. However, liquid-
phase oxidation reaction was effectively performed without
reducing catalytic activity.

[0045]
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subj ected to the adsorption step. The results are shown in Table 4.
The experinment was further continued. However, I|iquid- phase

oxi dation reaction was effectively perforned w thout reducing
catalytic activity. [0049] [Table 4] Percent recovery Cobalt ions
98% Man@gaapie pons 77% Brom de ions 93% Percent inclusion
Trimellitic acid conpounds 20% Phthalic acid conBounds 3% [0050]
(Exanpl e_4) The experinment and neasurenent mB?ﬁCﬁ Ef 5PREYSEN t he
same nanﬁ@baé§ éﬁpﬁoyed in Exanple 1, except that M@k obromc acid
was addeanganheer éoogered nother liquor so as to &%%@in a bromde
rati o ofBRPoidandohben the nother |iquor was subjed3 to the

adsorption step. The results are shown In Y ®ny iHeLexis | ment

was fur TReF RPNt EAEed <1 HOWBY®oundsaui phase o ggon reaction was
effecti V}?lll?f‘hgﬂfzoég?:g Wo}nggld dsf educi ng catalytic aetivity. 37 [0051]
[T bl rcr CTTIt CCUVTT y

[0046]

(Comparative Example 1)

The experiment and measurement were performed in the
same manner as employed in Example 2, except that the elution
step (A) was not performed, and the cycle consisting of the
adsorption step, the elution step (B), and the displacement
step (and return to the adsorption step) was repeated at 160
minutes/cycle. The results are shown in Table 3.

The experiment was further continued. The catalytic
activity was gradually reduced, and the yield of isophthalic
acid produced through liquid-phase oxidation reaction was

considerably reduced.

[0047]
[Table 3]
Percent recovery
Cobalt ions 93%
Manganese ions 76%
Bromide ions 94%
Percent inclusion
Trimellitic acid compounds 58%
Phthalic acid compounds 35%
[0048]
(Example 3)
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Cobal t

ions 99% Manganese ions 86% Brom de ions 92% Percent

inclusion Trinellitic acid conpounds 13% Phthalic acid conpounds 1%

[ 0052]

(Exanpl e 5) The experinent and neasurenent were performed in

the same nmanner as enployed in Exanple 2, except that the elution
step (A was paefexpedifment6@na meassire@eh = waGE g/efodmed 4)n tland
the cycle consisting of the adsorption step, the elution step (A,

t he el utsameshepnéB) asasdplbgedi $pl Bcamene 3t epxdedtd theitumydroddmeic
adsorption step) was repeated at 220 minutes/cycle. The results are
shown i nadadll waé. adbedexpetheemecoasredr nbeheeontiiguded . sdHaRWRY ,attain
| i qui d- phase oxidation reaction was effectively perfornmed w thout
reduci nga clat@hydiécraciovbfyl.p0023H théabltaebhoRekeenti gueaowarsy

Cobalt ions 93% Manganese ions 64% Brom de ions 92% Percent
I ncl usi osuB1eéseddi tbcthei ddeorpaunds stelp. Phhbakesuatsdacenphunesin%
[ 0054] 38

Table 4.

The experiment was further continued. However, liquid-
phase oxidation reaction was effectively performed without

reducing catalytic activity.

[0049]
[Table 4]
Percent recovery
Cobalt ions 98%
Manganese ions 17%
Bromide ions 93%
Percent inclusion
Trimellitic acid compounds 20%
Phthalic acid compounds 3%
[0050]
(Example 4)

The experiment and measurement were performed in the
same manner as employed in Example 1, except that hydrobromic
acid was added to the recovered mother liquor so as to attain
a bromide ratio of 2.1, and then the mother liquor was
subjected to the adsorption step. The results are shown in
Table 5.

The experiment was further continued. However, liquid-
phase oxidation reaction was effectively performed without

reducing catalytic activity.

37



)

(Exampl e 6) The experinent and neasurenent were perfornmed in the

same manner as enployed in Exanple 2, except that hydrous acetic
acid (water content: about 8 nass% recovered fromthe bottomof a
distillation colum upon renoval of water (through evaporation) from
an el uat p0@bt i ned through the elution step (A) and a di spl acenent
liquid enployed in the displacenent step was enpl oyed as the hydrous
acetic arrablae 5ihe elution step (A), or as a displacement liquid in

t he dlsplacenent step The resuIts are shown in TabIe 7 The

exper| PN ala Howe\v e . X
react|0d3Wa%1Ef¥@@§|vely perforned wi t hout
activityMafj@aasse [Fable 7] Percent recovery Cobal&6% ons 96%
Manganeskgromide 726msBr om de i ons 94% Percent incl ®d%on Trinellitic
acid conmpounds 32% Phthalic acid conpounds p&%cdr@056]c ld=iaml e 7)
The expef+ RO 1 apd-NEasHl EBRPHURBGE perforned i n Q&g sane nanner as

enployedPﬁ@hg%.--ggla,cgm 51| dghat hydr ous acetlc gsld haV|ng a
wat er cor T ' v v O—rass ppm

was enpl oyed as hydrous acetic acid in the eIutlon step (A), and as

a displacenent liquid in
[0052]

(Example 5)

The experiment and measurement were performed in the
same manner as employed in Example 2, except that the elution
step (A) was performed for 60 minutes (Q/A = 360 g/90 mL = 4),
and the cycle consisting of the adsorption step, the elution
step (A), the elution step (B), and the displacement step
(and return to the adsorption step) was repeated at 220
minutes/cycle. The results are shown in Table 6.

The experiment was further continued. However, liquid-
phase oxidation reaction was effectively performed without

reducing catalytic activity.

{0053]
[Table 6]
Percent recovery
Cobalt ions 93%
Manganese ions 64%
Bromide ions 92%
Percent inclusion
Trimellitic acid compounds 15%
Phthalic acid compounds 1%
{0054]

38



39 the displacenent step. The results are shown in Table 8. The
experinment was further continued. However, |iquid phase oxidation
reaction was effectively perforned w thout reducing catalytic
activity. [0057] [Table 8] Percent recovery Cobalt ions 96%
Manganes¢Exas1&06) Brom de ions 94% Percent inclusion Trinellitic
acid conmpounds 29% Phthalic acid conpounds 7% [0058] (Exanple 8)
m Xyl ene was $hbj egpedimenlti Guidd melazse emeintaticdie pedatinned (ireattid on
tenperature: 200C, reaction pressure: 1.62 MPa) by use of air in
hydrous sgeéiganséd Bavefiglayedl eh ERampest 29f eXdepss¥hat tHirirous
presence of cobalt acetate, nanganese acetate, and hydrobrom c acid,
to therebyeti€l dcad $WHtey eeAtanfi:ngbeitdd mSeRRYhaldcovagied from the
Subsequently, the slurry was subjected to a crystallization step,
fol | owvedbdytomr €8s4r @iseleaseiandce0amhngpbs eACvalherrealdfter, the
i sophthalic acid was renoved through solid-liquid separation wth a
rotary vachibdughl tesapotatlibayelfyomeaaven uatedebtiadoeid RalHotigcitthe
crystals and to recover a nother |iquor of about 80C. The nother
l'i quor vebutDemdstep CORS ahndcabalisplhestehn afgaivuRnpdby2O ifBshe
ppm nmanganese ions in an

displacement step was employed as the hydrous acetic acid in

the elution step (A), or as a displacement liquid in the
displacement step. The results are shown in Table 7.

The experiment was further continued. However, liquid-
phase oxidation reaction was effectively performed without

reducing catalytic activity.

[0055]
[Table 7]
Percent recovery
Cobalt ions 96%
Manganese ions 72%
Bromide ions 94%
Percent inclusion
Trimellitic acid compounds 32%
Phthalic acid compounds 7%
[0056]
(Example 7)

The experiment and measurement were performed in the
same manner as employed in Example 2, except that hydrous
acetic acid having a water content of 14 mass% and a bromide
ion content of 250 mass ppm was employed as hydrous acetic

acid in the elution step (A), and as a displacement liquid in
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-anmount of 490 nmass ppm bromide ions in an amount of 430 mass 40 ppm
trinellitic acid conpounds in an anount of 4,600 mass ppm phthalic
acid conmpounds in an anmount of 2,200 mass ppm and water in an
anount of 10.7 mass% The bromde ratio of the nother |iquor was
regul at edhéodisplabymaddi sgehydr oheoresul 8si dreoshbenmnhh@abliieqear. A
pyridi ne-ring-containing chelate resin "REILLEX (registered

trademar k) 42FhBokxiveri metntade shaie t ottt idfuedRel Howeveh, ch ikad d-
been prelimnarily treated in a manner simlar to that described
above (8§6hate vRsdebabgedecabtdon wdeuklfeddtierlyage ey wHathowad er
of 80C was circulated through a jacket of the

pyridi nersdngingntaknipgiehalatieitiesin colum, to thereby maintain
the pyridine-ring- containing chelate resin at 80C. The

af orementpopeg nother |iquor was introduced to the

pyri di ne-ring-containing chelate resin colum through the top of the
colum apdasadseqd to pass downward therethrough at a flow rate of
360 g/ hour for 70 m nutes [adsorption step]._ Thereafter, hydrous
acetic acid having a water content of 8 nrsR®A%ARTIi REFBHAE¥d t he

col urm a&okbadbtt dpnand caused to pass downward ther¥t*hrough at a fl ow
rate of Ma@gghasearibns 20 mnutes (Q A = 120 g/ 90 /2% = about 1. 33)
[el uti orBsbepdéAldns After conpletion of the eluti @isstep (A,

hydrous acetic acid having a water content paircEntasobuion

i nt r odUCEHTF0E] CPEUMc1 A chRBoRAREOM and caused 10 JisS upvard

theret hrgugh at .a, fhow rate qt 360 g/ hour for 70 mjgutes [elution

step (B % 2 e oh 6 ep—Br—a—disptacenent
liquid (water content: 8 mass% was introduced to the col um

[0058]

(Example 8)

m-Xylene was subjected to liquid-phase oxidation
reaction (reaction temperature: 200°C, reaction pressure:
1.62 MPa) by use of air in hydrous acetic acid having a water
content of 9 mass% in the presence of cobalt acetate,
manganese acetate, and hydrobromic acid, to thereby yield a
slurry containing crude isophthalic acid. Subsequently, the
slurry was subjected to a crystallization step, followed by
pressure release and cooling to 100°C. Thereafter, the
isophthalic acid was removed through solid-liquid separation
with a rotary vacuum filter, to thereby recover crude
isophthalic acid crystals and to recover a mother liquor of
about 80°C. The mother liquor was found to contain cobalt
ions in an amount of 500 mass ppm, manganese ions in an

amount of 490 mass ppm, bromide ions in an amount of 430 mass
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41 through the top and caused to pass downward therethrough at the
same flow rate as described above for 20 m nutes [displacenent

step]. A cycle consisting of the adsorption step, the elution step
(A), the elution step (B), and the displacenent step (and return to
t he adsoppihj obrsmeplivas atedeabeadoands8d nmanubasieyclct 4hedrOumss
acetic acid (water content: about 8 nmass% was recovered, through

di still applp, phthalacr esiduabmppihees ihi guoamolinai red 2, Progugta dhepm,
adsorption step, an eluate obtained through the elution step (A,
and a dispdasevent inl aguatloanp! e¥edoi.n mhesdi.sprasepeohidbepatasdothe
t hus- recovered acetic acid was reused as hydrous acetic acid in

l'i qui d- pbRgem&xh&at 1 0gubeanhOegas aliydr @ds 1348t by aeidd g hyldi®bromic
elution step (A, and as a displacenent liquid in the displacenent

step. A gaiadl ystthéambeheecovgued.t hrough the elution step (B) and
contai ning cobalt ions, manganese ions, and brom de ions was reused

as a catal ystafpyrhidgduedrphgseon®siitidhigorhegadld aiesitabirE 19 1$hows
data of percent recovery of cobalt ions, manganese ions, and brom de

ions, angregisestednctugenart 4pbt Paliygeaci dteameonad®, apdoduct of
trimellitic acid conpounds, as determ ned by use of a catal yst

i qui d reedyeyepdvieicHayaQ0beén phelempeaniriept tréae caXfer iampahnaas

further continued. However, |iquid- phase oxidation reaction was

ef fecti velwiperf oo nedawm Hbsutibeadubbig gabahyyi &ascCichuiriged [i6@29a 42
double~-tube glass column. Hot water of 80°C was circulated
through a jacket of the pyridine-ring-containing chelate
resin column, to thereby maintain the pyridine-ring-
containing chelate resin at 80°C.

The aforementioned mother liquor was introduced to the

pyridine-ring-containing chelate resin column through the top
of the column and caused to pass downward therethrough at a
flow rate of 360 g/hour for 70 minutes [adsorption step].
Thereafter, hydrous acetic acid having a water content of 8
mass% was introduced the column at the top and caused to pass
downward therethrough at a flow rate of 360 g/hour for 20
minutes (Q/A = 120 g/90 mL = about 1.33) [elution step (A)].
After completion of the elution step (A), hydrous acetic acid
having a water content of 35 mass% was introduced the column
at the bottom and caused to pass upward therethrough at a
flow rate of 360 g/hour for 70 minutes [elution step (B)].
After completion of the elution step (B), a displacement

liquid (water content: 8 mass%) was introduced to the column
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{ Tabl e 9] Percent recovery Cobalt ions 99.9% Mnganese ions 84%
Brom de ions 98% Percent inclusion Trinellitic acid conpounds 26%
Pht hal i ¢ acid conpounds 5% [0060] (Exanple 9) The experinent was
performed in the same nmanner as enployed in Exanple 8, except that

t he recovleredghother tobi guar caasckheatoetalss Hdmnwand tirersihjeciredatt o
the adsorption step. Table 10 shows data of percent recovery of

cobal t ieWhs, samegabeserkens asade shirdivede above, fard JUendenited ncl usi on
of phthalic acid conpounds and trinellitic acid conpounds, as

det er m nedibyldsemehtaseapal.ysh tyquedconetevengdo@ntiayadiBoebtliba
experiment. The experinment was further continued. However, |iquid-

phase oxs€l@pj obheeattit@onwasepf f(@0t 1 taley epertfionTed o t(BYt andEdid ng
catalytic activity. [0061] [Table 10] Percent recovery Cobalt ions

99. 8% MinganesemtABSsB3Y (Bhamirde urdN®c9%¥e Beiseaipit iiohCI4SHON was
Trimellitic acid conpounds 21%
repeated at 180 minutes/cycle.

Hydrous acetic acid (water content: about 8 mass%) was
recovered, through distillation, from a residual mother
liquor obtained through the adsorption step, an eluate
obtained through the elution step (A), and a displacement
liquid employed in the displacement step, and the thus-
recovered acetic acid was reused as hydrous acetic acid in
liquid-phase oxidation reaction, as hydrous acetic acid in
the elution step (A), and as a displacement liquid in the
displacement step. A catalyst liquid recovered through the
elution step (B) and containing cobalt ions, manganese ions,
and bromide ions was reused as a catalyst for liquid-phase
oxidation reaction.

Table 9 shows data of percent recovery of cobalt ions,
manganese ions, and bromide ions, and percent inclusion of
phthalic acid compounds and trimellitic acid compounds, as
determined by use of a catalyst liquid recovered on day 90 of
the experiment.

The experiment was further continued. However, liquid-
phase oxidation reaction was effectively performed without
reducing catalytic activity.

[0059]
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Pht hal i ¢ acid conpounds 3% [0062] 43 (Exanple 10) The experinment was
performed in the sanme manner as enployed in Exanple 8, except that
the recovered nother |iquor was cooled to 40C, and then subjected to
the adsorption step. Table 11 shows data of percent recovery of
cobalt i dfsplea®danese ions, and brom de ions, and percent inclusion
id c ounds, . as
1 hv_use g 2 oo e T ~ouS '-‘- e";l..l‘e he
exper i nefPPate 18 Feri ment was further continued. Howd¥er, |iquid-
phase oxMaagressSced@ison was effectively performed $#%hout reducing
cat al yti Bragtidei tiyng 0063] [Table 11] Percent reco%®¥y Cobalt ions
79% Manganese ions 51% Bromde ions 77% Pescesit i et lssbon
Trinel litremegind ta@mReirlcoi¥6urtdy hal i c aci d conpopiggls 7% [0064]

(Exanmpl ephthalhe @H¢f idBPoass perforned in the samg manner as
enpl oyed—Tm Exanpte 8, except—that—the Tecovered notter —+Hrquor—was
heated to 100C, and then subjected to the

[0060]
(Example 9)

The experiment was performed in the same manner as
employed in Example 8, except that the recovered mother
liquor was heated to 90°C, and then subjected to the
adsorption step. Table 10 shows data of percent recovery of
cobalt ions, manganese ions, and bromide ions, and percent
inclusion of phthalic acid compounds and trimellitic acid
compounds, as determined by use of a catalyst liquid
recovered on day 10 of the experiment.

The experiment was further continued. However, liquid-
phase oxidation reaction was effectively performed without

reducing catalytic activity.

[0061]
[Table 10]
Percent recovery
Cobalt ions 99.8%
Manganese ions 93%
Bromide ions 99%
Percent inclusion
Trimellitic acid compounds 21%
Phthalic acid compounds 3%
[0062]
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adsorption step. Table 12 shows data of percent recovery of cobalt

i ons, manganese ions, and brom de ions, and percent inclusion of
phthalic acid conpounds and trinellitic acid 44 conpounds, as
determ ned by use of a catalyst liquid recovered on day 10 of the
experi negxanpe experi nent was further continued. However, I|iquid-
phase oxidation reaction was effectively performed w thout reducing

catal ytic act it ¥xpb@9feht Whablbe rkdlrmer Gent:Hee GRS Ynarferhralds i ons
99. 6% Manganese ions 96% Brom de ions 99% Percent inclusion

Trinel I'idrys) géd €ANPRURESe18% cRBER 6 adCitteC @RRONRES 2 Yo tTHRQE6]
(Exanpl e 12) The experinent and neasurenent were performed in the

Sanme Mg u?orﬁ%’g' gafsgeantﬁxaﬁﬁée é’n%et’,‘ﬁ ts&ﬂ?&c%@% E%daﬁﬂépt' on

step was p 120 ni nut €5; uti1on te

per for mesisOFp8OoM BHESS; PWh & hEl CyKkd@s 49PSI éflﬁsr@ént:heeagser:pt ben
step, the elutlon step (A), the elution step (B), and

di spl acepmpi1 6t epnéAndahghHEBet Qonkheandspi-Bhige SHaR) \é@@ E@i@@n@
at 240 m nutes/cycle. The results are shown in Table 13. The
experi mefic W@sidnréhephenal i pugdi dHewR¥BUnds! @Hddtrimellitic acid
compounds, as determined by use of a catalyst liquid
recovered on day 4 of the experiment.
The experiment was further continued. However, liquid-

phase oxidation reaction was effectively performed without

reducing catalytic activity.

[0063]
[Table 1117
Percent recovery
Cobalt ions 79%
Manganese ions 51%
Bromide ions 77%
Percent inclusion
Trimellitic acid compounds 35%
Phthalic acid compounds 7%
[0064]
(Example 11)

The experiment was performed in the same manner as
employed in Example 8, except that the recovered mother
liquor was heated to 100°C, and then subjected to the
adsorption step. Table 12 shows data of percent recovery of
cobalt ions, manganese ions, and bromide ions, and percent

inclusion of phthalic acid compounds and trimellitic acid
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phase oxidation reaction was effectively performed w thout reducing
catalytic activity. [0067] 45 [Table 13] Percent recovery Cobalt
ions 99.8% Manganese ions 80% Brom de ions 98% Percent inclusion
Trimellitic acid conpounds 12% Phthalic acid conmpounds 1% [0068] As
is clearcémpsuhle, datadebbaniadd ByEXREPLES al da@ aldst inQgﬁdi ng to
the nethod of the present invention, percent inclusion o
trimellitd&oREr84COAPAHRAS Ol &£ eldCRE ihd¥ror | ess, and percent
inclusion of phthalic acid conpounds is reduced to 14%or less. In
addi tion, undeneCeLbairimer@Niald GRS thRE! COMe iIIHS| aBwal el Malghiikic
acid conpounds is reduced to 20%or less, and percent inclusion of
pht hal I G, ¢k dy £ PHREYBHS r%eﬁc"t%ﬂc%‘ést %f%@%t@%e'l‘i/s%eﬁ%rﬁde‘a“ﬁgﬁrblbd’ﬁ‘e”

the bromde ratio of a nother liquor is regulatéd to 0.9 to

before theqadsQypPtheR1ster GEXamRkgs 2 to 4) or when the tinme of the
elution step (A§ (r.e.7 QA is regulated as described in Exanple 5,
percent jmgsesi on of trimellitic acid conpounds and phthalic acid
conpounds is reduced, as conpared wth the case of Exanple 1.
Through thg,rethepd of Exanple 6 or 7, percent recovery of heavy
metal ions is sonmewhat increased, as conpared with the case of

Exanpl e_2. Wen the Percent recovery
Cobalt ions 99.6%
Manganese ions 96%
Bromide ions 99%

Percent inclusion
Trimellitic acid compounds 19%
Phthalic acid compounds 2%
[0066]
(Example 12)

The experiment and measurement were performed in the
same manner as employed in Example 9, except that the
adsorption step was performed for 120 minutes; the elution
step (B) was performed for 80 minutes; and the cycle
consisting of the adsorption step, the elution step (A), the
elution step (B), and the displacement step (and return to
the adsorption step) was repeated at 240 minutes/cycle. The
results are shown in Table 13.

The experiment was further continued. However, liquid-
phase oxidation reaction was effectively performed without
reducing catalytic activity.

[0067]
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tenperature of a nother liquor is increased to 90C or higher
(Exanples 9 and 11), percent recovery of heavy netal ions is

i ncreased, and percent inclusion of trinmellitic acid conpounds and
pht hal i ¢ acid conpounds is reduced. In 46 contrast, according to the
nmet hod ofT&lobpatali ve Exanple 1, which does not include the elution
step (A) and thus is simlar to a conventional groductlon met hod,
percent__inclusion of trinellitic acid rnmnﬂ%ﬁ&?? 589K VERY per cent
i ncl usi drRORRLphiMAFi ¢ acid conpounds is i ncreased %% 8%5%  That is,
thi s nmetMedganeseniens difficulty in continuously 89 formng

| i qui d- pheaceid«i tlahson reaction over a long period3g8¥ tinme while
reusi ng recovered catalyst conponents. A di THeaicenge imt IReYicent

i ncl usi Ofy DheB1 PY1PT QEUECHompALAARYT 1 C acid m xturg gy 15% or nore

greatly @ﬂ{ﬁg c QE?QUEBh Bug. |sophthaI|c acid. Thys, the pr esent
i nvent | en—t+eal-zes—econc jimexe y—atvant-ageods—ana—1Tohg- -stabl e

production of isophthalic acid. I ndustri al Appllcablllty [ 0069]

| sophthalic acid produced through the nmethod of the present

i nvent i oh0e&®] be enpl oyed as an internedi ate of polyners such as
unsat urated pol yester resin, alkyd resin, nodified polyester fiber,
heat - r esi st anbspbbyakede, fann thsopghtthalobdadeied rndiExiaag les- doltyeestZer
resin. 47 Clainms [1] A nethod for producing isophthalic acid,

char act e2¢gerdinhy tonphesihaghod of the present invention, percent

inclusion of trimellitic acid compounds is reduced to 43% or
less, and percent inclusion of phthalic acid compounds is
reduced to 14% or less. In addition, under certain
conditions, percent inclusion of trimellitic acid compounds
is reduced to 20% or less, and percent inclusion of phthalic
acid compounds is reduced to 10% or less. Particularly when
the bromide ratio of a mother liquor is regulated to 0.9 to
2.1 before the adsorption step (Examples 2 to 4) or when the
time of the elution step (A) (i.e., Q/A) is regulated as
described in Example 5, percent inclusion of trimellitic acid
compounds and phthalic acid compounds is reduced, as compared
with the case of Example 1. Through the method of Example 6
or 7, percent recovery of heavy metal ions is somewhat
increased, as compared with the case of Example 2. When the
temperature of a mother liquor is increased to 90°C or higher
(Examples 9 and 11), percent recovery of heavy metal ions is
increased, and percent inclusion of trimellitic acid

compounds and phthalic acid compounds is reduced. In
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subj ecting a m phenyl ene conpound to |iquid-phase oxidation reaction
by use of a nol ecul ar-oxygen-containing gas in the presence of a
catal yst at |east containing a heavy netal conpound and a brom ne
conpound, and hydrous acetic acid having a water content of 1 to 15
mass% toohbeasby ayicebdiagsiter mhe megioat iofy ddwdrermeratBnansfe the
slurry to 35 to 140C, to thereby cause isophthalic acid to

preci pi twhechr @seyi Agtt hacilsdehtthal ied vadioth tStrequoin)s alridl-drupiids
separation, to thereby recover a nother liquor; and recovering the
cat al ystsimoMatheonat Behvenuohatlhpidginca iser nethefd,t ke dfcadrdtow ng
steps (1) to (4) for reusing at |least a portion of the catalyst in
the |iquifcphasenoyifdatiigal1ieaet iaeid Chnpdmndds ArPtgsmy) HeRP percent
including regulating the ratio "anount by nole of bromde ions in

t he not heacliiguen/ 6@t ghthamauntachyy @WhRihdieawy ifRirdaddnsd B3INe
nother liquor” to 0.3 to 3, and then exposing the nother liquor to a
pyri di nerh&tngsgoshaknneghodekatountsing \WiifEh dwds yoaen dweatietdidus 13p
to 140C, so that the resin adsorbs catal yst-derived heavy netal

i ons andp&f 68tEAEnfoNs quandpabhse asEakldoh GRERIYN vy i 1¥nd Weriod
whi ch has been by-produced through the |iquid-phase oxidation

reacti onof heieenaht ée thasdagbexybverad datiattyste conddnais.ef erred
to as a "by-produced carboxylic acid 48 m xture"), (2) an elution
step (A) of expasiffigraydeoisn areidettadind Moy of wief-msdierdd of 1
to 15 mass%to the pyridine-ring- containing chelate resin which has
under goneatbexauser ptidnmixture by 15% or more greatly affects

production of isophthalic acid. Thus, the present invention
realizes economically advantageous and long-term stable
production of isophthalic acid.

Industrial Applicability

[0069]

Isophthalic acid produced through the method of the
present invention can be employed as an intermediate of
polymers such as unsaturated polyester resin, alkyd resin,
modified polyester fiber, heat-resistant polyamide, and

isophthalic-acid-modified co-polyester resin.
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step, thereby yielding an eluate containing the by-produced
carboxylic acid m xture, (3) an elution step (B) of exposing water or
hydrous acetic acid having a water content of 20 mass% or nore to
the pyridine-ring-containing chelate resin which has undergone the
elution step (A), thereby yielding aglelimate containing

catal yst-derived heavy netal ions and brom de ions, and (4) a

di spl acenment Atmpthbdexpesprgduydngud sapeitihe ldel deilBvidithraaotadrerzed
content of 1 to 15 mass%to the pyridine-ring- containing chelate
resi n whbghchaprisdergone the elution step (B), serving as a

di spl acenent |liquid, thereby regenerating the resin. [2] The method
for produci ng sugiRittialg ca actsheasy daseredgsound €bai tdidwbrasen
hydrous acetic acid is recovered fromthe nother |iquor which has
under gonextka tadsomplaicri st &y g f tdensl al s 0hd oy g ¢ it DaDhi tidpe
elution step (A), and from the displacenment |iquid enployed in the
di spl acegest ist ¢he parddrite el eveafah hystt auts Beedt ccact lim bndg easleslavy
in the 1liquid-phase oxidation reaction as at |east a portion of

hydr ous aeehilc campdunaliangl a Wadcerireordeipownid,l drd IbydessdbacdBic The
met hod for producing isophthalic acid as described in claiml or 2,
wher ei n hyddonavdnet iac wadied icomteatverfed to df tees st hes  theptktsy

whi ch has undergone the adsorption 49 step, fromthe el uate obtained
t hrough yhelel at isatmrstygp (A), and fromthe displacenent liquid

enpl oyed in the displacenent step, and the recovered hydrous acetic

acid is reuseddgultate neeltid aengdeih (e ast athd esBliray pos t 39ncof140°C,
hydrous acetic acid having a water content of 1 to 15 nmss.
to thereby cause isophthalic acid to precipitate;
removing the isophthalic acid through solid-liquid
separation, to thereby recover a mother liquor; and
recovering the catalyst from the mother liquor through
a series of the following steps (1) to (4) for reusing at
least a portion of the catalyst in the liquid-phase oxidation
reaction:
(1) an adsorption step including regulating the ratio
"amount by mole of bromide ions in the mother liquor/total
amount by mole of heavy metal ions in the mother liquor" to
0.3 to 3, and then exposing the mother liquor to a pyridine-
ring-containing chelate resin which has been heated to 35 to
140°C, so that the resin adsorbs catalyst-derived heavy metal
ions and bromide ions, and also adsorbs a carboxylic acid
mixture which has been by-produced through the liquid-phase
oxidation reaction (hereinafter the carboxylic acid mixture

will be referred to as a "by-produced carboxylic acid
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F4] The method for producing isophthalic acid as described in any
one of clainms 1 to 3, wherein hydrous acetic acid is recovered from
the nother |iquor which has undergone the adsorption step, fromthe
el uate obtai ned through the elution step (A, and fromthe

di spl acemegturedqyi,d enpl oyed in the displacenent step, and the
recovered hydrous acetic acid is reused in the displacenent step as

a di spl acengnt dnhoelidtibh] sthp nB)hed tapophadubiydgousopkictdld adcEe d
as described in any one of clains 1 to 4, wherein the eluate

obt ai nedhatihough wate relddr tahtsted I Blo i 185 md s hego tohé heyridine-ring-
| i qui d- phase oxidation reaction, and reused as at |east a portion of

the cat abyighinli®ly Brelmtdhatedigd wHitGdy wis@phddraé | eh@cads@bption

described in any one of clains 1 to 5, wherein a regenerated

pyri di nestebhgteeiHedyniyvie Iigl ptsn reisidt il asi e erh &b ¢+ pesduced
through the displacenent step is reused in the adsorption step as

the pyricdirBexiilid eitRinixtgeel ate resin. [7] The method for
produci ng i sophthalic acid as described in any one of clainms 1 to 6,

wher ei n t he(hydiguslaeebhCsepd (BhaviEngxpovwahgr wadsient afdioue 15
mass% and enployed in the elution step (A) contains bromde ions in

an anmountcetit &eidl hHaGAd npss weter brtntThef o hetsdProprshtiei i@ the
i sophthalic acid as described in any one of clains 1 to 7, wherein

the hydr pys iagdeki-¢iag-tortaMimihd dndleiteadsint wiiidh tioad Sudesyorad
enployed in the displacenent step as a di splacenent |iquid contains
brom de thensliutian ateynt(20f, tHareh WO diadindppm ¢19]atdecaret i dA@r
produci ng i sophthalic acid as descri bed
catalyst-derived heavy metal ions and bromide ions, and
(4) a displacement step of exposing hydrous acetic acid
having a water content of 1 to 15 mass% to the pyridine-ring-
containing chelate resin which has undergone the elution step
(B), serving as a displacement liquid, thereby regenerating
the resin.
[2] The method for producing isophthalic acid as described
in claim 1, wherein hydrous acetic acid is recovered from the
mother liquor which has undergone the adsorption step, from
the eluate obtained through the elution step (A), and from
the displacement liquid employed in the displacement step,
and the recovered hydrous acetic acid is reused in the
liquid~-phase oxidation reaction as at least a portion of
hydrous acetic acid having a water content of 1 to 15 mass%.
[3] The method for producing isophthalic acid as described

in claim 1 or 2, wherein hydrous acetic acid is recovered

from the mother liquor which has undergone the adsorption
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in any one of clains 1 to 8 wherein, in the adsorption step, the

rati o "amount by nole of bromde ions in the nother |iquor/total
anmount by nole of heavy netal ions in the nother [liquor" is
regulated to 1.4 to 2.5. [10] The method for producing isophthalic
acid as gdess)ibedm tReaBYuaRe ebtalidietd thrbdgh tMaeraidt\Went@p (a),

represents the total anount (g) of hydrous acetic acid having a

wat er
and V r

C@H&eﬁioﬁftﬂetHléélﬁééﬁé%%uﬁﬁhhgﬁ Rl BYell Y ¢MSIER 1A cement
epresents the volume (ni) a pyridine-ring- containing

chelate geghn &ﬁaefhetP@cB@Ek@dckydk%ug ack®it0ac3Y is reused in the

elution step (A) as at least a portion of hydrous acetic acid
having a water content of 1 to 15 mass%.

[4] The method for producing isophthalic acid as described
in any one of claims 1 to 3, wherein hydrous acetic acid is
recovered from the mother liquor which has undergone the
adsorption step, from the eluate obtained through the elution
step (A), and from the displacement liquid employed in the
displacement step, and the recovered hydrous acetic acid is
reused in the displacement step as a displacement liquid.

[5] The method for producing isophthalic acid as described
in any one of claims 1 to 4, wherein the eluate obtained
through the elution step (B) is returned to the liquid-phase
oxXidation reaction, and reused as at least a portion of the
catalyst.

[6] The method for producing isophthalic acid as described
in any one of claims 1 to 5, wherein a regenerated pyridine-
ring-containing chelate resin which has been obtained through
the displacement step is reused in the adsorption step as the
pyridine~-ring-containing chelate resin.

[7] The method for producing isophthalic acid as described
in any one of claims 1 to 6, wherein the hydrous acetic acid
having a water content of 1 to 15 mass% and employed in the
elution step (A) contains bromide ions in an amount of 1 to

1,000 mass ppm.
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[8] The method for producing isophthalic acid as described
in any one of claims 1 to 7, wherein the hydrous acetic acid
having a water content of 1 to 15 mass% and employed in the
displacement step as a displacement liquid contains bromide
ions in an amount of 1 to 1,000 mass ppm.

[9] The method for producing isophthalic acid as described
in any one of claims 1 to 8, wherein, in the adsorption step,
the ratio "amount by mole of bromide ions in the mother
liquor/total amount by mole of heavy metal ions in the mother
liquor" is regulated to 1.4 to 2.5.

[10] The method for producing isophthalic acid as described
in any one of claims 1 to 9, wherein when Q represents the
total amount (g) of hydrous acetic acid having a water
content of 1 to 15 mass?® supplied in the elution step (A),
and V represents the volume (mL) of a pyridine-ring-

containing chelate resin layer, the ratio Q/V is 0.5 to 10.
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