Specification Process for Production of Terephthalic Acid Technical
Field [0001] The present invention relates to a nethod for producing
terephthalic acid. Terephthalic acid is effectively enployed as, for
exanple, a starting material for golﬁe%h%lgne t erepht hal at e.
Background Art [0002] Generally, “P&FéphtAaricd acid i s produced

t hrough 1iquid-phase oxidation reaction of a p-phenyl ene conpound
(e.g., p-xylene) in acetic acid serving as a solvent in the presence
of a cat st (e.gq. obal t _or _nmanganese or .in_the presence of a
catalysta%%%%? @rgﬂft r885F5ﬁ8PeP%(E?ﬁ??kghaﬁﬁgnﬁﬁﬁdbonpound or
acet al dehyde). A slurry containing crude terephthalic acid produced
t hrough such |i qui d-phase oxidation reaction is generally subjected

to crystallizatio at . gnbi ent pressure and | owered tenperature,
foIIomedat?Ch%b??g-F?aﬁgd separation. [0003] A nother |iquor

recovered é&égggh the solid-liquid separation contains
catalyst-& d useful catalyst conponents such as heavy netal ions

fhese cat al yst T8 BRBoABHt PPBRCBBuERLancor C6r ATeren Chst ProRitHag
most  conyen & h L PeYChlig. M Nodn S fOtDE o ! L SUQE L LSENY NS 10yed
as, for example, a starting material for polyethylene
terephthalate.
Background Art
[0002]
Generally, terephthalic acid is produced through
liquid-phase oxidation reaction of a p-phenylene compound
(e.g., p-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
terephthalic 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

industrial process requires recycling of these catalyst



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 quuid phase oxidation
reaction, and inorga urities derived from corrosion an

ol oyed SBRPAPRES AREn - ERECIEReP | GG S0 adt £hes DAt he
reaction system the conc ntrati hese inpurities is %radualky
i ncr eased“YRVeRECREaEEFYR l§9s?@%§°§ndt § MREh&dsd Lo ingFurne
concentration beyond a redet erm ned | evel adversely affects

| i qui d- ph%%elEx?éatF8nan5e58P?89 iBof §x5ﬁ6F§l°PnSﬂﬁéeghseHBVever' as
production of terephthalic acid, the nother |iquor is generally
returned RS ?%%nrE%@VPonsé9§Feﬁb?nm8t5ﬁ6péﬂﬂp8ﬁ §Pn#@19§ 9§WF &rgmple,
the remaining portion (2.to 30% of the nother liquor (

portion dYa¥h%uﬁn?ﬁ%?nFFq&BPuﬁﬁF&ﬁsl?Yn8F°ﬁ€G§édtPﬁ°PHQ 1ﬂ@§éﬁ7®hase

systenm) is fed to a ste recovering acetic acid,6 servin

sol vent . ?%ls?E%P%fr?ﬂ% BPeQBPHgln9£ PBGS lWBPH&&éeﬁaﬁgng@ﬁ from
proposed for recoverin catai yst co onents fromthe nother Iiquor
fed to sUCPrERSHRRIPE a8i 8P 8899r9p éféﬁusanﬁh€8u§PﬁgmPﬁ@eéatéﬂ%@ﬁ is

conponent s 041 or such known net ho ncl ude a
et e ot oL st KAl Phenr PP Do e Lo, £her AoRAge Trgign o

resi due obtai ned t hrough recover a solvent froma nother  _|iquor,
to therebsh%%%s%m%uEaF§?§sfscaﬁﬁéH@EGY.ﬁnsﬁsaﬁsﬂnﬂaf%h@arsaﬁge@nsa|t
and the catal yst conponent is 2 dis ed

to recipit
D Rt or ey, e B8 CRERSL PR RaR M sV actngentrokatn Beforduged

for reaction_ (see Pateni
predetermined lev

fuggggr%ely affects liquid-phase oxidation
reaction. For example, in the case of production of
terephthalic acid, the mother liquor is generally returned to
the reaction system in a proportion of 70 to 98%, and the
remaining portion (2 to 30%) 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, various
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

carbonate salt to precipitate, and the catalyst component is



and a nethod in which oxalic acid and an al kali nmetal hydroxide are
added to a nother liquor, to thereby cause a catalyst conmponent in
the formof oxalate salt to precipitate, and the catalyst conponent
is dissolved in acetic acid serving as a solvent, followed by

oxi dat i onAE§EOLEEEy dPy aoPreded egiziofs prosmfodntaqelde mtichtserving as
Docunent 2). There have also been known nethods for recovering a
catal yst BofpéHeRt: epEmreusscthden irgastiop useofPadierdnilarusatange
resin (see Patent Docunents 3 to 11), including a nethod in which a
br oni de- i 8Rdt §pBEeLAPEn 18x ¥hasle OX8dil Ba§1ekgasednt @ lkalst matal i quor
for adsorgtion of cobalt ions and manganese ions on the resin,

hydr ous aB¥tfrexadedakgvpaged ket ér mesheantl IgMox, rps Shresiad netaars earde
caused to pass through the resin, to thereby recover cobalt ions and
manganeseCpbAsYEhr 6QBRONENGt iion thg form of oxalate salt to precipitate,
| ower - al i phati c- nonocar boxyl ate-i on-type weakly basic ani on exchange
resin i s eRPo5BE fatarYetugerrepeaitndd dilksedyied Ha @stdfemdished
adsorption for adsorption of brom de ions and nickel ions on the
resin, and8®hVéReudsSadefPéveatidRavrigdabyared dagioanttost receyesws ofd
wat er are caused _to pass through the resin, to thereby recover

broni de i BA8 aRBahYEkeFOMBRECREr d8§R ERGENSH DostEepst ént- DERARENhaYE;
a nmethod in which the cobalt concentration and the brom ne/cobalt
ratio of alf®theen| KROWR ReEhpdspéetri verpverdgy at €@tsd vad compgnent
wi thin specific ranges, followed by adsorption of cobalt and brom ne
on a strohEPY BaBPERGAI bATYOExPHaHEE PEsPR, 2RAGTC SFLNANGRd TIsSdh risee

are eluted fromthe strongl¥ basi ¢ ani on exchange resin w th hydrous
acetic acfPgtent Documents o 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

adsorption of cobalt and bromine on a strongly basic anion



having a water content of 10 mass% or nore, to thereby recover a
cobalt catal yst (see Patent Docunent 4); a nethod in which cobalt

i ons, manganese ions, and brom de ions are caused to be adsorbed

t oget her on an ani on exchange resin containing a pyridine ring

servi ng aSX&hangs é%éhangéngr 6apaltapad; haeminenarsr € érn the
through el ution by a known technique (see Patent Docunent 5); and a
met hod i nSthPRGlE besatisl paioBospehange Fesddovditdd hydanus mstetdre acid
i quor by use of an anion-exchange-type chelate resin (see Patent
Docunent hgyingoaoBptepatenteDscoderl RasgiparedeOrrat &t tAsFiebyat i on
Lai d- Open (kokai) No. 548-066090 Patent Document 2: Japanese Patent
Appl i cat i bECeEEH- @pepbalkokaitplNst Ho2e2H2939 tPROSHMeDGC Yenta Jethod
Japanese Patent Application Laid-Open (kokai) No. 553-104590 Patent
Docunent #n WhpahesebpitehpnapphapganeselLdodsogpend prordide Nens are
553-133574 Patent Docunent 5: Japanese Patent Application Laid-Qpen
(kokai ) Neaussd- 102bgoapgpshedDbedrERET6 ON) dpanddenPEKEhanAspItesdt on
Lai d- Qpen (kokai) No. H10-015390 Patent Document 7: Japanese Patent
Appl i catiepntai@icped PYkoRANE KHNIHESIYSRIA654aPatleRt eRGHGMESt JBOUp,

Japanese Patent Application Laid-Open gkokai) No. 2002-012573
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]
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Pat ent Docunent 9: Specification of US Patent No. 4162991 Patent
Docunent 10: Specification of US Patent No. 4238294 Patent Docunent
11: Japanese Kohyo Patent Publication No. 2003-507160 Di scl osure of
the Invention Problens to be Solved by the Invention [0006] The

met hod deBaikebé&dDegupgnéntd :Docpanssel Fatenty dilieatidrorlabdmr@ien an
al kali metal carbonate salt or oxalic acid in an anmount equival ent
to or greadkekathalNoth&008F0d284t3al ytic netal, and thus is
econoni cal | y di sadvant ageous. In addition, 'the nmethod requires an

i ntricat ePprepésbogheatgPsatresdlf ichtiloabef fUsr BademteMNp .0f4162991
catal yst conmponent in the formof carbonate salt or oxalate salt,
whi ch i s RateptePernmgntTRE :abpecidichiiga ofsiUfs Ridsort Dad 42 Fx%ht
Docunents 3 to 6 and 8 to 11 exhibit |ow heat resistance (allowable
t enper at uPetenf Pocg8tent 100CYTapangsehd®hymy Ratdertg®uldhemitcialin No.
degradation (reduction in exchange capacity) or physical degradation
(e.g., breé@Rageladl6Phe resin) depending on the tenperature of a

not her |iquor which has been caused to pass through the resins,

whi ch i s hbscpeeteer ed. tilredngengyendi ne-ri ng- cont ai ni ng ani on
exchange resin described in Patent Docunent 5 is enployed, elution
of cobal tPrehsemsnpinghreSelivgdsbyakdebAaiieasd iodns adsor bed on the
resin requires a liquid containing, for exanple, sulfuric acid, 5
nitric aci@®Y0@l kyl sulfuric acid, or hydroxide ions, and, in

practice, difficulty is encountered in reusing the thus-
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

requires a liquid containing, for example, sulfuric acid,



recovered liquid as is in the reaction system [0007] The nethod
described in Patent Docunent 7 enploys an ani on-exchange-type
"chelate resin,” and is advantageous in that, unlike the case of the
pyridine-r[ngicontainin? anion exchange resin described in Patent
Docunent BitédBaRtifendlkyhaHdanede iagns, &¥dhbidgivixdes diensadsgrbedin
on the chelate resin can be eluted with hydrous acetic acid having a
wat er coRrefAtlef, 1di6Ti5ukkysis BOReVatentiderd na neptsiay IbGhgudrhus-
recovered through the nmethod of the present invention (i.e., a

nmot her | i §eepveeedveéiadidhrsugh ¢8 itdel rgaicd ioapsvstiesn of a slurry
produced by |iqui d-phase oxidation reaction of a p- phenyl ene
conpound) [P80¢&used to pass through the chelate resin, a carboxylic
acid m xture which has been by-produced (hereinafter nay be referred
to as a "by-pr&decretbadbarplirdé begciie Fatemte'Dodumeads or e ley s Fen
chel ate resin, and, upon elution of cobalt ions, manganese ions, and
broni de i apsontraschppaprodneedchalBory ke iaei"d amdx tgr @divandlagiesd sarid
recovered together with these ions, Wen the by-produced carboxylic
acid m xtthetconeéhkeathencaset pé Fbeheyriddner riiggrgopdadeddng anion
catal yst is deactivated, and reaction yield is reduced. Therefore, a
cat al yst ®¥ebaeg§ ReEhbBdIefprahrAgiRh8a&anénDoskBRaNgSt FoPadte ions
resin has not yet been put into practice on an industrial scale.

[ 0008] 6 MangaResefieha, f ardgbraBldaniebpeadserbedeopr é5enchelate

invention for solving the aforenentioned problens is to
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 p-
phenylene compound) 1is 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.

[0008]



provi de a nmethod for producing, in an industrially advantageous
manner, terephthalic acid by use of a specific chelate resin while
suppressing an increase in concentration of a by-produced carboxylic
acid mxture in a reaction system and a nother |iquor. Means for

Sol vi ng the PrdB éew [adD0d]e Ifpraarimnd.o at tebieeheo bif Bhenpnesoned
object, the present inventors have conducted extensive studies, and
as a resahvVeRivenf dond soHAMiNg rfheha fnrsmantioned nratdnhais cto
acid, when catal yst conponents are recovered froma nother [|iquor by
use of anPapvéAcerchgtfed foe PO, g asoritdudtigialley ate resin
t hrough a series of the bel ow described steps (1) to (4), heavy

met al i ongdy¥adtBgeriude Mapner, ( iteg ephddiadliystacishpuheris)oftan drecific
separated froma by- produced carboxylic acid m xture, and, even in
the case ¢helete| rggiid- phidde exiPdaEisEinGe &t iinrHeassarytl exprsgntration
continuously, an increase in concentration of the by-produced

car boxyl i ef achi-prrducedc garbexylpsr eésded Mixture ridac s aliisirerm ien
the nother liquor, and therefore the catal yst conponents can be

r ecover edagfidar Basb@ra lqgdiodum nunber of times in |liquid- phase

oxi dation reaction w thout being deactivated. The present invention
has been Eéé@ﬁplfp§hé’éthnghéhﬁag’lr@béﬁmtshi s finding. [0010] 7
Accordingly, the present invention provides: [1] a nmethod for
producing[5698bhthalic acid, characterized

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 terephthalic
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.

[0010]



by conprising: subjecting a p-phenyl ene conpound to |iquid-phase

oxi dation reaction by use of a nol ecul ar-oxygen-containing gas in
the presence of a catalyst at |east containing a heavy netal
conmpound and a _brom ne conpound, and hydrous acetic acid having a
wat er content &cPrddngs Yraddie RF a8t eynVeiteian PEIUHESS : regul ati ng
the tenperature of the slurry to 35 to 140C, to thereby cause

t er epht halliltd acrgthedpfes piredieinde rerery thed iice it hharagterized
t hrough solid-liquid separation, to thereby recover a nother |iquor;
and recob¥r FREPrRSiagtal yst fromthe nother |iquor through a series
of the followng steps (1) to (4) for reusing at |east a portion of
t he catal yst i sUAE€Atigg @ prasenydiads icmpPawutttion: iquid-mhase
adsorption step including regulating the ratio_"anount by nole of
brom de i e¥ddptipReraBchéPn Pyudskt ofald Mehe@wtl A5y orplgenofcad@aiping
metal ions in the nother liquor” to 0.6 to 3, and then exposing the
mot her | i §86r iRothepPrraenee pitng- €aneadivisitn g tc Helagte qoadiadi nific i e vy
been heated to 35 to 140C, so that the resin adsorpbs _

cat al yst - BeEpkegoneapdnendl a bsrRBiagd COFPRLAE., | Gmsl haiedr oalss @ Gdsict bs
a carboxylic¢c acid mxture which has been by-produced through the

| i qui d- ph@Sed BRV4RLI BnWrEgEt FERTEREr Bitnaf £or ohBassrnoky itherahy

m xture w. | be referred to as a "by-produced carboxylic acid 8

m xture")Yletd)aafleFg¥ion step (A) of exposing hydrous acetic acid

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

removing the terephthalic 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
0.6 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



having a water content of 1 to 15 mass%to the pyridine-ring-

contai ning chel ate resin which has undergone the adsorption step,
thereby yielding an eluate containing the by-produced carboxylic
acid mxture, (3) an elution step (B) of exposing water or hydrous
acetic acPdXk¥¥End-a water content of 20 nass%or nore to the
pyridine-rin?-containing chel ate resin which has undergone the

el ution step(4)aantgbiebynyseeri M) affePyppPeiBENhEAKPHg acetic acid
catal yst-derived heavy netal ions and brom de ions, and (4) a _
di spl acenBaVisgep wRtexpeoiey dfods tardtd dMamsd thdhaP ¥ iding-ring-
content of 1 to 15 mass%to the pyridine-ring- containing chelate
resi n whi €ankadnindechend tichaesiim wdni at dps (B)dergang riheasadsorption
di spl acenent |iquid, thereby regenerating the resin; [2] the nethod
for produgtag.t Ehepebialieldding an dds@ticvapntiaining dhw &y -wrediged
hydrous acetic acid is recovered from the nother |iquor which has
under goneCekBo#YdbEpRICAA BLEFUTrehrom t he el uate obtai ned through the
elution step (A, and fromthe displacenent |iquid enployed in the
di spl acenment (3)sta&p,e Higlames e olR} e@df hgWPOESNEcEat er aer dhydreuased
in the 1iquid-phase oxidation reaction as at |east a portion of

hydr ous ag€eFéCadFddnhBaivigJa andede e serdsntoP 1 20 mes stagogmones|tq Hae
met hod for producing terephthalic acid as described .in [1] or [2]
above, whRYELALRGOrsRg-§e8{RANAEITd che ledCovesdd Whish tie midaggone

| i quor whi ch has undergone the adsorption 9 step, fromthe eluate
obt ai ned FReoBYRLLRAB EFEPI dA) st EPSEARPY Yad Frdmarthe lfadis &draining

l'i quid enployed in the displacenent , , .
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 terephthalic 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 terephthalic acid as described
in [1] or [2] above, wherein hydrous acetic acid is recovered

from the mother liquor which has undergone the adsorption



step, and the recovered hydrous acetic acid 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 nmethod for producing terephthalic
acid as descrlbed in_any one of [1] to k ] abaqve, wherei n hydrous
acetic acPHSPys [refoltdred el Fiorese ENGORE TR @l HAORIARy ol /
t he adsorgtlon SteBﬁ fromthe eluate obtained through the el ution

e

step (A), 2BAdHEPBmtRRe ddispdrscaraitt JHadic soiosirst it khe displacement

di spl acenent step, and the recovered hydrous acetic acid is reused
in the d|§EFEceﬁBﬁtt§€e565§v§r§@s§W§€€W§n@qq§$9(?CHQﬂlqrﬁ?qﬁﬁqukaQﬂe
produci ng terephthalic acid as described in any one of [1] to [4]
above, whBtEEAORhEtEPudPe @8t aitnd@asithfolgs tipal é%ﬁJthWQ%Sepﬁq%}lq @cid
returned to the |iquid-phase oxidation reaction, and reused as at

| east a pBRViBH 8f Waker §8P§P?§t°f[é]tPhé5n€PW@&'for produci ng
terephthallc acid as_described in _any one of [1l] to [5] above,
wherein a ﬂégéﬁ@rQ?EBOdp§PFdPﬁ@dPFHQQC6@F§Pﬁﬁ%§%ﬂ%ﬂ%ﬁ s ide S idied
has been _obtained through the displacenent step is reused in the
adsor pt i oh"sgBY 98et Ré é?ﬂlﬁpné3ﬂ REOUEMt HORIT g e Reldsods Reqt:C [apid
t he met hod for rodu0|ngpterephthallc cid as es ribed in any one

of [1] tolfefeaBBeESIWhEPBi RREhEORPEFotd IOt WO-L A NG ShAANTF gé’ﬂﬁatté’re

content of 1 to 15 mass% and enployed in the elutjon step
cont ai ns %ﬁﬁﬁFHElPBn§t?H'aﬁrﬁﬁnﬁﬁﬁ 8#uftelﬁbFél?eﬁoénﬁﬁﬂgﬁnﬁﬁe|§ﬂUt1°n

t he nethod for Rrodu0|ng tereRhthalli aci d as _descri bed
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 terephthalic acid as described
in any one of [1] 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 terephthalic acid as described
in any one of [1] to [5] above, 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 terephthalic acid as described
in any one of [l] 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

10



in any one of [1] to [7] above, wherein the hydrous acetic acid
having a water content of 1 to 15 mass% and enployed in the

di spl acenent step as a displacenent liquid contains bromde ions in
an amount of 1 to 1,000 rmass ppm [9] the method for producing

t er epht hafPclafP§ BgS§e®EMibed in any one of [1] to [8] above,
wherein, in the adsorption step, the ratio "amunt by nole of _
brom de i 683 thet Rethechéer Predwcing deramhiialiyr mstid ¢is meagribed
metal ions in the nother liquor” is regulated to 1.6 to 2.5; and
[10] the ABtBABY Poe pfodddi hg tlddepioval i ohedied radFheedwrdusats agetry
one of [1] to Lg] ~above, wherein when Qrepresents the total anount
(g) of hydebddshavénocaavpdehacongeatnailerl teodtemass? B g lasdoin
supplied in the elution step (A, and V represents the volune (nL)
of a pyrithfaedipRgacensnsi sitey eFelratdd spdgioemenferl iaHe cantai@sy i s
0.5 to 10. Effects of the Inventioni[0011] In the nethod for

pr oduci ngbspnideephriBalinc agcaaourthbpf gr dduded WWama®gy IARM/aci d

m xture can_be effectively separated from catalyst-derived heavy

met al i on§%aAntherBAtHed §p%, papducing tiersePhdbaldiCe@Hich s wetsHlr sk
and brom de ions can be reused, as_ it is, as a catalyst in .

| i qui d- phhBeaB¥i 6BEi 8A [Léakei d8] PReVeEr omderednephthdihe agisarRidiPhe
produced stably in a nore economnically advantageous manner while

hi gh reagfeBn {hel gatsonarReante®YoPer ea Ofo kg opddeod opfs tiinnghe] mother

Brief Description of the Draw ng 30012 )
liquor/total amount by mole of heavy metal ions in the mother

liquor" 1is regulated to 1.6 to 2.5; and

[10] the method for producing terephthalic acid as described
in any one of [l] 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 (A),
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 of terephthalic 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, terephthalic 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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[Fig. 1] Fig. 1 shows an exenplary process for producing
terephthalic acid. Description of Reference Nunerals [0013] 1:
Reactor 2: Crystallization step 3: Solid-liquid separator 4: Mother
| i quor rece[ving tank 5: Pyridine-ring-containing chelate resin
colum 6Bripdr Operilptaend ofahe7 Draaidf or st ori ng hydrous acetic
acid having a water content of about 12 mass% (al so call ed
"di spl acedBAL2li quid tank") 8: Tank for storing hydrous acetic acid
having a water content of about 35 mass% 9: Internediate tank 10:
Raw mat er ilBEgt ahk 1Hig Cohdshews oancakemnpiasyudeocesephirhapiredaciiag
crystals 12: Conduit for nother |iquor 13: Conduit for hydrobromnc
acid 14: tendphthédicpmepdred nother |iquor 15: Conduit over colum
16: Conduit under columm 17: Conduit for purged liquid 18: Conduit
for hydrolesacéptioncd Refemgngewdiumeredist ent of 12 about 12 nmass%
(al so called "displacenment liquid conduit”) 19: Conduit for hydrous
acetic acil@80h3aVing a water content of

1: Reactor

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 12 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 terephthalic 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
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about 35 mass% 20: Conduit for recovered catalyst liquid 21: Conduit
for recovered catalyst liquid 22: Conduit for raw material m xture
Best Modes for Carrying Qut the Invention [0014] In the present
invention, firstly, a p-phenylene conpound is subjected to .

li qui d-phéQé’%xiltféﬂa&?&r eé@tﬁ%r?adyleﬁgpéfbﬁplaacemen liquid conduit™)
nmol ecul ar - gxygen- cont ai ni n as in the presence of a catalyst at

| east comlgi:ni%ﬁ&dal%aﬁﬂf &&%O%W #h S L e e warpourRntanl of

hydrous acetic acid having a water content of 1 to 15 nass%

(pref er abPPORY 3o12898$s% nore preferably 1 to 9 nmass%, to thereby
yield a slurry (hereinafter the thus-obtained slurry may be referred
to as an?%xiceadudt fedcthiesPvEnad ywatalastuseited ein, the term

"p- phenyl ene conpound” refers to a phenyl ene conpound havi ng

subst i t uestts &enguditt ifers recave e bicatfl WenZdgikd ng.  Exanpl es of
such a substituent include al kyl groups such as nethyl, ethyl,

propyl , ard: bGPk dart iréw AR Tiddf SHdd t9- phenyl ene conpound i s
p- xyl ene. [001@% At | east one of a cobalt compound and a manganese
conpound P&sés¥efesalfioy Egiroyed &3t el itEiotonpound (i.e., a
catal yst caonpaonent), and optionally, for exanple, a nickel conpound,
a ceriun1é8§33&nd, or a zirconium conpound 13 may be enpl oyed

together with such_an essential heavy nmetal conpound. Exanpl es of
t he cobal t Conﬁ@uﬁ@F ﬁgﬁﬁgﬁgsénventlon, firstly, a p-phenylene

compound is subjected to liquid-phase oxidation reaction by
use of a molecular-oxygen-containing 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 12 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
"p-phenylene compound" refers to a phenylene compound having
substituents at positions 1 and 4 of the benzene ring.
Examples of such a substituent include alkyl groups such as
methyl, ethyl, propyl, and butyl. A particularly preferred
p-phenylene compound is p-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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conmpound, ni ckel conpound, cerium conpound, and zirconium conpound
include organic acid salts, hydroxides, halides, and carbonates of
the respective netals. Particularly, acetic acid salts and brom des
of the respective netals are preferably enployed. Specific exanples
of such aMR¥aP§ REPACYeCoReSfida¢itde ststhlal fstefelakdpaty metal
hydr oxi de, cobalt fluoride, cobalt chloride, cobalt brom de, cobalt

i odi de, E6BRPENEar bohaRRLleAaRfahbseCabat bt EOMRRHGENe FETIWRARESE de,
manganese fluori de, nmanganese chl ori de, manganese brom de, . manganese
i odi de, nBRBRABEE/ cAAKHFAt COMPONRE, £Eatiale CORRREID, R &d o ium

ni ckel fluoride, nickel chloride, nickel brom de, nickel iodide,

ni ckel cafPBRabRd dBFlyfea®eTandC @sriicuma yrdr SHOxikdas urhdlifdas deand
ceriumchloride, ceriumbromde, ceriumiodide, ceriumcarbonate,

zi r coni unfagkpaeéeszpicshicume shpdtdvied@etalsconfartiruderdy, acetic
zirconium chloride, zirconium_brom de, zirconiumiodide, and

zi r coni unpe€afbsnate. apdoPsPriNgsp&tt ithe espeqtiate Metiaxls Missed on
the brom ne conpound enpl oyed as a_catal yst conponent, so long as it
di ssol vesprﬁfﬁyggéﬁs empePive€daci APandL genexarRsehr 8fi G8ChoAsheprYt Retal
reaction system Exanples of the brom ne conpound include inorganic
broni ne c6RPBARBE iBEAUES RPBAIGeRBtakede CO i B idee, caRplt
cobalt braom de; and organic brom ne conpounds such as bronpacetic

acid and févPEBABnDEPRAAE. CBE OTiFEs e CORRALoGER™H 5N F@Paddbaiadide,

brom de, and nmanganese 14 bromi de are preferably enpl oyed. Mre

pr ef er abl §oP2k§dFBEPBRAE CacMaFRBE&Fed O} 2dPs s BIRIGHG SR MOFER X316 de

'n 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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an aqueous solution is enployed. [0017] The |i quid-phase oxidation
reaction is preferably perfornmed at 160 to 230C, nore preferably 180
to 210C. When the reaction tenperature falls within the above range,
the anount of a reaction intermediate remaining in the aoxidation
reacti on SFQFE AT HPLTLTRIGRLY P Bxedsi Yensosredetdhdious  aceti c
acid having a water, content of 1 to 15 rr_ass%‘gjit.e., a solvent) by .
combust i oRYOL OPEPEIt EFINPIRRALAIRY 1538 t AR BBy ¢ g SREPBHAE hin
reaction pressure, so long as , the reaction system can be maintai ned
inaliqufd PRASSOUS SV 1Mo isheiR ‘& 1 eacti on t enper at ure.
Generally, the_ reaction pressure is preferably 0.78 to 3.04 MrPa,

nor e preﬂgpéﬂﬂy 0.98 to 1.86 MPa. Exanples of a

nol ecul ar - oxygen-cont ai ni ng gas include air, oxygen gas diluted with
an inert gas, am® BRIt dARrioniRratig B rereferaplyred,
fromthe viewpoints of facility and cost. [0018 Preferably, the

oxi dat i onPe&dermes SAtuldp dist 43066, MRreughefies a®flar d®dntticodd@®°C. When
| i qui d- phase oxi dation reaction is fed to the subsequent reactor
connect ed PR §8AF&Ed OnsSegperd tuniforfdidii yWiddhidt difee ARWR i AP Fackthion
by use of a nol ecul ar- oxygen-contai ning gas. [0019] 15 The

t hus- obt aPReHExPdati &} dmtaredtate T i ietddation

reducti on and coolin% &35 to 1400 i
reactlon slurry can be reduced, and excessive 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
alr, 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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t hrough flash evaporation in one or nore stages in a crystallization
step enploying one or nore crystallization tanks, to thereby
t horoughly crystallize crude terephthalic acid, and then the slurry
is fed to the bel owdescribed solid-liquid separator. [0020] The
oxi dati on reactitsh HlugTgbonineheek it bleh ¥erCthobr 8hBATYohsd
| i qui d- phase oxidation reaction is separated into crude terephthalic
aci d crystsalog earfeda teothmes dunpioredyct imvarsnafceo 5ohg d¢ 35 gud d1 40°C)
separator. This solid-liquid separation is generally perforned at
at nospher it rprgss frl@sh yapanatcifmrin jone 21 dwwre shpdeediorat he
separation tenperature, but this separation is generally perfornmed
at a tenpevatadd lzakdon Isdren MmbletYing g mr glory drrystakkization
acid at atnospheric pressure (e.g., 35 to 110C). Exanples of the
sol i d- | i qlirdksep&oaitdreriohyl (dwmoudEntY iFuiplia seizg atoide erephthalic
centrifugal filter, and a vacuumfilter. This solid-liquid
separ at i 0ACiLg prafetiieny the fdruiay s thegd thethe yeelkow-demteiedf
the nmother liquor is 1 mass%or less, nore preferably 0.1 mass% or
| ess. TheSPhas-dBdailge sPaydd Arer epht hal i c acid crystals may be
appropriately subjected to a known purification process, such as
catalytic[99§pdgenation (see, for exanple, Japanese Patent
Publ i cation (kokoku) No. S41-16860), oxidation treatnment, or
recrystal | i zat T, o datdraabyr8ac P 195l wigre prained dehowesdlysike s of
hi gh purity. [0021] .

aforementioned liquid-phase oxidation reaction is separated

into crude terephthalic 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 terephthalic 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
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<Adsorption step> The nother |iquor recovered through separation of
crude terephthalic acid crystals fromthe oxidation reaction slurry
by the aforenenti oned procedure contains catal yst-derived heavy

netal ions and brom de ions, and a by-produced carboxylic acid

m xture. THegsEhidali qracld a6 tals iCD‘EshJ'cﬁh RWel tieavy netal s
constituting the aforenenti oned heavy netal conpounds. The

by- pr oducd®0&arboxyl i c acid mixture includes aromatic polycarboxylic
aci ds each havi ng carboxyl groups which are ortho to each other.
Exanpl es sAdsgciptdonasde®™ ¢ pol ycarboxylic acid include trinmellitic
acid compounds (e.g., trinellitic acid, hemnellitic acid, and

5- et hyl t ri nel IThe o tdeind)]igyamonsdatdredicihiowghl pérpded f tormcdfl crude
conmpounds (e.g., phthalic acid, 3-nethylphthalic acid, and

4- et hyl phelrgphthaddicdrcidrive yedteier firiaqudrhe ortiadatsion rresdth tdrors hwrry
the aforenentioned ions and by-produced carboxylic acid m xture,
various obyathe edopemedd ioaeg proseshinehaland agisd,catoelyst —day idred
unreacted raw materials, reaction internediates, and reaction

by- pr oducthepyyameta lcdusisd@ngblog oavivientl oofs ,watnet a @y-wrodugeshcti on
product). [0022] In the present invention, the ratio "anmount by nole
of brom gerbenylie ekédnpikéurie.qubheeet Apadyonataby iepisease ihagvet
nmetal ions in the nother liquor” (hereinafter the ratio nay be
referred tbeabeaviempitadisdeonstilguténg derstiisarementionast ngavys metal
regul ated, and then a pyridine-ring-containing chelate resinis
exposed t sompeundsher The qoyrpreducddr epyboxylic acid mixture includes

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 liquor contains, in addition to the
aforementioned ions and by-produced carboxylic acid mixture,
various organic compounds (e.g., terephthalic 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

17



sel ectively adsorb catal yst-derived heavy nmetal ions, brom de ions,
and a by-produced carboxylic acid m xture on the
pyridine-ring-containing chelate resin, whereby a liquid
(hereinafter the thus-obtained liquid may be referred to as a
"resi dual ldstaear ")i dworreguls tasbovadrd dc iR sorpy § bl e ehing- gpera thide
terephthalic acid crystals recovered through separation by neans of
a sol i d- | icheilateeFasdtror sarexpaasgtbdo viihe neliker okl dyer ouso atkereby
acid, a liquid obtained through this washing may be mxed with the
not her | i gedectang livh@dsosdulqadial ya ttdael vy hrasybjetakdiens i Heromide
adsorption step. [0023] The pyridine-ring-containing chelate resin
enpl oyed ilensyh@ngr ésd-nnadrmddred oy bt e ek ghiriger ¢ ypre thel at e
resin having a pyridine ring and obtained through pol ynerization of
4-vi nyl py Pvdildd ngrd igidriaop tesmdare dwlatr 2esimi whenebyma ekia@isd In
general, a chelate resin is a water-insoluble polymer base having a
| i gand whilbereanadsendithe dhwistehtaigied jlom1id May rhe xofpiesd tmds a
exhibits a function of selectively adsorbing/separating specific
met al i ons respgugilc modhiey, ld qugyr'idilfe-HeGayraied aladserreien adtep ksin
is advantageous in that it effectively adsorbs heavy netal ions.
Such a pyFh&nnervdggfegeiraithiadg < el €l sreiedvered dimerudhal |y
avai | abl e one. Exanples of commercially available
pyri di ne- sERgrésAra bivnieens stfe & &§ilidliduidh seRmal|EX Jredgiatedd
trademark) 425 Polyner" (trade name, 18 product of Reilly) and
" Suni chel ¥i&h( Pagiest e YOraden@det 1cCR,( 17 ddedHgheb gt tiyrough
Sum tono Chem cal Co., Ltd.).

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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[0024] No particular limtation is inposed on the nmethod for
exposing the nother liquor to a pyridine-ring-containing chelate
resin, and, for exanple, the chelate resin is inpregnated wth the
mot her |iquor, or the npther liquor is caused to pass through the
chel at e r &Fioduaty ok Bee Mivvwrsicht" Swtidiskatr | ore@is teredciradenark)
preferably, the nother liquor is caused to pass through a
pyri di ne- GRTE-"cortzaids mpnshelritadugtesth. Sumbranh Cheeipal nte. of Ludatl -
resi stance and adsorption performance of a pyridine-ring-containing
chel ate rdd9i024lthe chelate resin nust be heated to 35 to 140C before
being exposed to the nother liquor. The chelate resin is preferably
heated to 45 t &0l 36 timwirle prifel bt io1v0l s olnpoged emchheprethod for
preferably 85 to 110C. The residual nother |iquor obtained by
exposi ng ex@osmpichdhe imprdren d laypywr it ree-pry migd oot i md rep el rat mg
resin contains hydrous acetic acid having a water content of 1 to
15 mass. Vherlater @esginef @ngbl yfonr mxanmreoustheathiel aleg dreésinriszover ed
fromthe residual |iquid through, for exanple, distillation, and at
| east a pémpPiregnait ech & itthud-hee didredd 1iirousmddis aefdier i bi guris eis
in liquid-phase oxidation_ reaction, or enployed as a displacenent
liqui d f ofallsedbélcoRasfeddionl rdiferrdyedidich &sithe From the viewpoint
pyridine-ring-containing chelate resin. [0025] 19 In the present
i nvent i onCft REspEPhden edddicigmcain@prea MIQRT ablgui d-iphasethsd dakqunt

reaction and solid-liquid o _ o
is caused to pass through a pyridine-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 is
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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separation generally has a water content of 7 to 16 nmass%

Therefore, when the nother liquor is applied to a pyridine-
ring-containing chelate resin colum, in many cases, the water
content of the nother liquor is not particularl required to be
regul at ed. Fbméwbrﬁh%WRﬁ?$¢R¢v%ﬁ%ﬁn%%%@enﬁh%fmo{h@rn%%ﬁEPrlPaﬁéinﬁé
increased by, for exanple, mxing the nother |liquor with a |liquid
obt ai ned thrOYghR tHeL G dhafnt@oifat R hisrcoiorrame selbpht harié
acid crystals recovered by solid-liquid separation, the water
content i §ePgréftaoablgenagul it et @ MR IR sOsBEenesef (frofe b cresably

1 to 14 mass, nuch nore preferably 5 to 12 mass) through, for
exanpl e, dherielflogs, ohamdmhe me taterl kBments APRheedmiher PYYidbre-
exceeds 16 mass% in the adsorption step, catalyst- derived heavy
met al i on§1agd cend@iidd N reedrid & H8A 9T cehicden, cHr beadyy i easesd the
mxture are less likely to be sufficiently adsorbed on a
pyri di ne- WR§§TcRTdieR th@ fc Hdleatmo thesy nL1qWwoRe]s e particularly
pyridi ne-ring-containing chelate resin which has not undergone any
prel i m naF§IiEecmé beay asillabassedHopevRe , mhieRerthie iader [dondesnt of
pr ef er abl the nother liquor is brought into contact. with a
br omi de-t5¥rb§ BRéNETe LAERIOY 15 @R IRF dXposidiy example, mixing the
pyridine-ring-containing_chelate resin_ to, for exanple, an acetic
aci d sol ulPEACEoRALARINY tod de AYishLRtRIRAIdEoWE: dgdit i cul ar
limtation is inposed on the nethod for preparing a brom de-type
pyri di ne- AfRGEREARTACRIETy W2 hdmd &tfe Graden terrPh il s afld ciwetals
chelate resin may be prepared by exposing a pyridine-ring-containjng
chel ate rE8Fpavered by solid-liquid separation, the water content is
preferably regulated to 16 mass% or less (more preferably 1
to 14 mass$%, much more preferably 5 to 12 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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to an aqueous solution of any of the aforenentioned brom ne

conpounds (e.g., sodium brom de and hydrogen bromde) or a Iliquid

m xture of the aqueous solution and acetic acid, followed by renoval

of excess brom de through washing with glacial acetic acid or

hydrous ac®slatecinesidavi miich kaerexamntontthy dekhusewsesinasay i s
washing is preferably performed with hydrous acetic acid having a
wat er conPEgPaneshvly txResing afeXhad i tiekngieppralj o 7¢he Faoen réein
vi ewpoi nt of efficient elution of a by- produced carboxylic acid

m xt ur e adoodBe@diecalpywdlditien iafg-arcomiai i @ drsrant kered brorine
brom de ratio of the nother liquor is 0.6 to 3, preferably 0.7 to
2.8, norecprpbangs ye.@.9 tsoddiu bnmtidmrandrivfdncedsy Hr@nideR. & a
particularly preferably 2 to 2.5. Wien the bromde ratio is high,
percent adgodpt méatoire o dher amradushed heugn rastdladetnisc jacid,

i ncreased, and percent adsorption of a by-produced carboxylic acid
m xture t éaddowgdhdyr e¢ior@l Pferesfcmrss barman dehechigrugh deashaine wisth
increased particularly in the adsorption step, in the

bel ow desghipbdd lelageitds sicdisl OA) hyslngusprasfided addiah Bddnae aciater
m xture can be effectively separated from catal yst conponents gi.e.
heavy net &PREERE &id 18r 8@isdé idnd)ess.Théhpponrgbingt i6 P efegalbdtved
by, for exanple, adding, to the nother |iquor, an aqueous sol ution
of any of Peréorarer é’ﬁféglt NoREe Usr rratd Cc aficuRdY (e ¢  Wahalt ciovenet

acid) 21 servin% as a_brom de source. [0028]
lower than that of the mother liquor.

[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 0.6 to 3, preferably 0.7 to 2.8, more preferably
0.9 to 2.5, much more preferably 1.6 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 liquor, an aqueous solution of any of the

aforementioned bromine compounds (e.g., hydrobromic acid)
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<Elution steps (A) and (B)> In the present invention, the
pyridi ne-ring-containing chelate resin which has undergone the
af orenenti oned adsorption step is subjected to an elution step (A);

i.e., a w8Riel %%pQ§u§EbﬂﬂB%r§3Hﬂbé() hydrous acetic acid having a
wat er cont ent of to 15 mass% (preferably 1 to 12 nass% nore

preferablyobolsq 9 nass@@, t hereby selectively eluting a by-produced
carboxyllc acid mxture, and then is subjected to an elution step

(B); i.e. <raystieR QftepePagngddhem)esin to water or hydrous acetic
acid having a water content of 20 mass% or nore, thereby recovering

catal yst-deriveg, heavy, J&t 1&V5h€¥5hk”ﬂH%fE&ffﬁ@heJ¥¥h —contalnlng

pyridi ne-ring- contalnlng chel ate resin wh has nder gohe

af orenent H@@thd QSR QR e R ORI N Yord I?éj(gfdﬁ?nérgclopr}eo%uce g

catal yst-derive heavy nmetal ions and brom i ons y-
car boxyl i gqagirfthbht ‘ért%ﬁe%e%u &t 't‘fy NGr d NG GANLAI Y NGy Chel at e

resin is subjected to t eluti"on step (B) w thout belng subjecte

to the el Wikpno$t @RpokAhg 3PS el i @O HaldIRs NRAWY, éi
brom de ions” (i.e., catalyst conponents), the by- produce carboxyllc

aci d nlxhﬂ%%rl%oﬁQ@h%'%@dll%oth% GRlclsY St LHRNARE S ) 1SUGkh B3,
case, when the catal yst conponents are returned to and reused in the

reaction ﬁ}zs%emretfe%agqpcqn%a@ R s@f th%h@fewww%tlwlap>@Qd&ng a
acid mxture is gradually increased |n the reaction systemand the

not her |'B?°Froﬂﬂb@ﬁ caupRKyd4 cdeaald YakiterOf drite teriral s tsupcdt e to

process results in an econom c di sadvantage when being put into

practice gffi 8fution 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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industrial scale. In order to suppress an increase in concentration
of the by-produced carboxylic acid m xture, the elution step (A) is
required; i.e., the by-produced carboxylic acid mxture is

sel ecti velaeagitutved.ioM tJF heayyatElydt | OBucNG BreBeds irsullg) N an
adsorbed on the pyridine- ring-containing chelate resin. [0029] The

hydrous aceionordd dii%\dv%gltaag/@tvﬂ{er@%ﬂﬂ{ gt Lid®o PhadBss80 @dan
enployed in the elution step (A preferably contains bromde ions in

an anmount i@fdubtird all, GRAIMSS TAPBrdeOre RBugbekadll \nlQ i chy0q nrass
ppm for rapidly eluting the by-produced carboxylic acid m xture

adsorbed Q@niRe tREtiGnet HHYBAP RN ey 1881 deid Mmit€ure, the
elution step (A), there nmay be enployed acetic acid (water content:

4 to 11 rBS%icH @FePe (20N iGoMetiredt a RO, ,magse RPpresaveged from
the bottomof a distillation colum upon renoval of water (through

evapor at i @)robkgmithe dies nduadurtinersdliditorve Opta sy t hiotghhd e,
adsorption step, an eluate obtained through the elution step (A, or

a di spl acerenrl libad dndemiomerd iidddhedePwudasydddash disdl jeeieite-
step. [0030] Wen Q represents the total anmount (g) of hydrous
acetic acirdngtpphitedningt kdeglattd aressirep (A), and V represents the

volunme (nL) of a pyridine-ring-containing chelate resin |ayer, the
ratio Q Viiopzpneferably 0.5 to 10, 23 nore preferably 1 to 6, nuch
nore preferably 3 to 4.5. When the ratio QV falls within the above
range, the by-phedwsfdous acetic acid 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 11
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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carboxylic acid m xture can be effectively and selectively eluted
fromthe pyridine-ring-containing chelate resin. [0031] Preferably,
hydr ous acetic acid having a water content of 1 to 15 mass%is

recover ednddy QuQiFhiatiy) At O Ormach Shaid a5rd ehmbayes £50M the ynen
el uate obtai ned through the elution step (A), which contains the

by- produceg,Larfoxyld s A6 M XHEE, 1l vd ?@a?xl&gé, PORL | 9P-Pf o ihEed

t hus-recovered hydrous acetic acid is reused in |ITquid-phase

oxi dati on . @RG4I1a1 éHid”Hﬁi%ﬁ¥%iébﬁ'ﬁ%‘%f%éé%ﬁ§éff 4d¥ §%lé£%%%§ly

bel ow descri bed “di spl acenment step. [0032] 1In the elution step

met al i mpynifH.es fQther ot ol st L ved: Deayy, [ ; and
brom de i(%nélttgrﬁz not tvrliep'?{}]aﬁ]]%lrgédsor%ﬁdon t he ciBidte ! P51 4!
pyridine-qb@glqontaining chelate resin. Therefore, through exposing

the resin to water or hydrous acetic acid having a water content of

20 mssvor e AArAler ARl d oIl SRSSUA RER R f ShAELY Z5ntone

50 mass, much nore prefer y 25 to 40 nass us acetic

whi ch contal s dieawy Il JONS Akl ,”‘:ﬂ?rci&ﬂ?’dfé‘@i](mf&c be

reused, as it is, in |liquid-phase oxidation reaction el nafter

the thus-ahtahned tRQUR ACH N dHd e 1T L&Y E HIELAH dh &he

"recovered catalyst liquid”) can be produced. Alternatively, a

condensat @ 1(abarr s¢RY &a):, il Wnt2ATPSIHE BRGEIREd Ntarboxylic
| i qui d- phase oxidati On reaction by neans of a reflux condenser
attached 4@ilihaikeGlelr JIRY e 1P Gortion 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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in the elution step (B) as hydrous acetic acid. [0033] <D splacenent
step> In this step, fromthe viewoint of adsorption efficiency of
cat al yst conponents, the pyridine-ring- containing chelate resin

whi ch has maseér garee diesresl Uit dni @tisp-pide icxbdaugdhnt redot comtlagtmeans
with a displacenent liquid; i.e., hydrous acetic acid having a water
content obflat relS urasshddet ertdtdghed tto 12harasss cimor engy éberatyd Yoted
to 9 nmass%, to thereby regenerate the pyridine-ring-containing

chel ate reasi the Eietilous-stegen@)ateed Ipydndisieaae tige caaidi ni ng chel at e
resin can be reused in the adsorption step. Through the

di spl acendt03stlep, the water content of hydrous acetic acid present
around the chelate resin is reduced to a |l evel equal to the water
cont ent okDibeldicepleatensrip i qui d, so that heavy netal ions and
brom de ions are rapidly adsorbed on the chelate resin in the
subsequent adsdrptthars stegp, |fraontheastiewpdiant tde aid sprwiceoment step
is not perforned, since the chelate resin layer is surrounded by

hydr ous ae€tficieaicy ofaviatglyst glompairemteontterd pymedlirsd-et ingf t er

the elution step (B), in the adsorption step, adsorption efficiency

of cat al yehtedmpogerhes liat er echsded wati cdn hegy lwnddragmeoftlex polsurieon aftep

the chelate resin to the nother |iquor, and percent recovery of the

cat al yst dBipasebirsughtr atitcedontesat twWirtdy ian displescemeEntc liquid; i.e.,

di sadvantage. 25 In order to facilitate adsorption of cobalt ions,

manganesehiydmsusaadeliiamade d drayioy thevgher diomgenitngpf 1 to 15 mass$
(preferably 1 to 12 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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containing chelate resin, nore preferably, hydrous acetic acid
having a water content of 1 to 15 nmass% and containing brom de ions
in an anount of 1 to 1,000 mass ppmis enployed as a displacenent

liquid. There nay hedermtoyessi Bstat i sPtaesresh bEqubHalacebhs, acid
(water content: 4 to 11 mass% brom de ion content: 1 to 50 nass

ppm recovRieAridsemitdis bYiP B inddi did |&d | 9fe F@F HdTnéPpngenoval

of water

(through evaporation) fromthe residual nother |iquor

obt ai ned tdyr@uah ithe @S i/ 151 ,ehord er &f aiddis] Phtyaesh s hsesghc

the elution step (A), or the displacenent |iquid enployed in the

di spl acemapti gsthRRxi IPABHat ethemaid lof 110w Of1 4 hes 884 hogy ofoh Ffining

pr esent
Fig. 1,

invention wll next be briefly described with reference to

WhHom e QWh AN BRI uh tPrecessed of, (@ died % 1ET P b Fed

acid. However, the present invention is not limted to the process
shown in KBisga Hi athawhd Nikhgd.l, a mxture of raw materials (a p-
phenyl ene conpound, a heavy netal conpound, a brom ne conpound, and
hydrous aceti c mad:d maSy fird dopy RikeRE 2 £ONWlUb i sp PdcdRedt I BRAGHPE, lac@Pdc
l'i qui d- phase oxidation reaction is performed in the presence of a

Dl ecul ar a@XWIaN=GH didHteht :gas tolhe meardd O iumoidicti dis ddhidier f of nto
of slurry obtained through crystallization of a portion of crude

t er epht halsioC nag@l %meh&er&a@ﬂém AR Ude oSt et ef d0s OF eSSt ¢h 26

reducti on and coo

ing through flash evaporation in several stages in

a crystal kbZahnolipsheR chovid! I it sepHAldiPeWboration) from the

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 terephthalic
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 p-
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 terephthalic

acid. The reaction product is subjected to pressure
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means of a solid-liquid separator 3, to thereby yield a cake of
crude terephthalic acid crystals. The thus-obtained cake is
transferred through a conduit 11. The nother |iquor recovered

through sepaiaition ndeans. iofg thersadi dEld s dvasepat 860ris ssvéedl
via a conduit 12 to a nother liquor receiving tank 4, and

hydr obr onisg a@@isd iinS & @4t g z SO s tap 2 Ack sl tankd Gy s Op@haion by

conduit 13 to the nother |liquor receiving tank 4, to thereby

appropri alan sk egulaats® 1 tdha fpd degatd 101013 1 heo MBid¥edny | OTd a cake
Subsequently, the nother liquor is caused to pass through conduits

14 and 15of achdhen repiieEiod toithe At | Onhet @Pus-oDtailR® cake
nother liquor is introduced to a pyridine-ring-containing chelate

resin col ygn t¥ablreuahd e dRyofa ol N andneausetelo 1 iRRDY
t her et hrough. A substance which is not adsorbed on the

pyri di ne- keRgveeRidaithirig i &ledaa 418 Ui b Sthasgechd raum tdel i petd om
of the colum, and then purged via conduits 16 and 17. The substance

i s appropiiephelayosuly e edd &id & e, 12 distd Ination ffuor
recovery of hydrous acetic acid, and the thus-recovered hydrous

acetic acirdcies viihgnshen ad GErer Heusrodit adiaw Mateyd afrdrank 10 or
a tank 7 for storing hydrous acetic acid having a water content of

about 12 ARS$oblBR32] achiie thrk & Rerdutgr CPMHAId NG IhelAtthd afdther
whi ch has undergone the adsorption step is subjected to the elution

step (A). 15peeirf reakliy:inky daoks 49celd ¢ hrGidbhaifdr Willy rdgulate

content of about 12 mass%is fed fromthe tank 7 through a conduit

18 and t heneoB@dinti d&Sradn@d oH HoQUeRA Hed tliRuor. Subsequently, the
mother liquor is caused to pass through conduits 14 and 15,
and then subjected to the adsorption step; i.e., the mother
liquor 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 12 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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pyridi ne-ring-containing chelate resin colum 5 through the top of
the colum and caused to pass therethrough. An eluate containing a
by- produced carboxylic acid m xture is discharged fromthe bottom of

the col umn, and .t hgn purgeq Vi s dshe Condpi 4%, 16 and A7 Tha, eluat e,
to, mpl e, |sgﬁ$

. t
is appropriately 'subjecte , for exa | ation for

recovery %fogd@i“&r Qs a?&ie%ih% ?:f%'éfr&uiac”q ,h%z{J‘Li%trxeoCa%’&{&%J‘y Qus

acetic acidis transferre reuse) to the raw material tank 10

of about D37 rgeds; H0FsEPr ey SHEAR SR I 1 Sro
acio haveRB BowaTS: COOMPEnETS At 3B macsorne i P "R pigace
oyt dine. FERGCOORTS & By ERErALaT carh R B e HErd e o”

t heret hr OHQQC&%ES%QIUE:&%% %ﬁ'leh%%\ﬁ%oﬂptoﬁfl éh%ﬂgog{bgmqr %’Hﬁfjethﬁqng%rged via

adsorbed on 't ne-ri1ng-containing c e resi

thus- recoygredopialust o Layl do1s phanstanced; Lhepugb g seanqui t 20

to an intermediate tank 9. bsequent| rec catalyst

eased asSiodsFErOLEs, & ERN Aol RS YOI B Bed0g 2

reused as at’al'yst for - ase oxi

Af ter coggbggggg af.ckhe SEF$LO%§ { €Re( Bhusthec _(f%gﬂﬁygﬁaﬁgﬂaé§€¥k

is carri out.” Specifically, hydrous -acetic aci avi'ng a water
cont ent OLC?BOTE %%aH§§§9re§eq%ngreuse) to the raw material tank 10

or the tank 7 for storing hydrous acetic acid having a water
content of about 12 mass%.
[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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as a displacenent liquid, is fed fromthe displacenent liquid tank 7
t hrough the conduit 18 and the conduit 15, and introduced to the
pyridine-ring-containing chelate resin colum 5 so as to pass

t her et hr ouglp I ER@eesUIdtay © Uallrisd AW gedpdaa fiha 1080 dufd ks and
17. The eluate is appropriately subjected to, for exanple,

di stillatiz@Rther adi®f WeRFdhPla NHOUSAHRIAE RETIdho@ S heasss, serving
t hus-recovered hydrous acetic acid is transferred (for reuse) to the

raw mat erisaly Tda_n%lja%é?r[er{ﬂ"Qitcflﬁkd 7 fOresd of bl VT QLS BEEMEnt ﬁfieuid

having a water content of abou ;i mass% After conpletion of the
di spl acengnh kSt Rh ARG HAIYELTRIHALNCD 8 AHRPIIHd WbrideP: MRy, bengarri ed

out. Exanples [0038] ~ The present 1nvention wll next be described

in nore detgid, ke Oft X YR i€fin M iGhy-shall i Dot g he, consd rued; as

limting the invention theréeto. [0039] <Prelimnary treatnent of
pyri di ne- o gmeont %'on:aQQ tehgJaale tHeer%ﬂ}lﬁ:ddbdkﬁaC rhef rehesarplasiadnd i s

the Conparative Exanple, there was enployed a

pyri di ne- HuRgeGoRtial g ChehAle Nnesidhq Arepamgd Lhuawgh jikhe
foll ow ng procedure: an acetic acid solution (200 nL) containing 10

nmass% hy dapRiefirG a2@1d Wb tteed d,0 RASeAIMPUIN Bistillation for
pyridine-ring-containing chelate 29 resin ["Sum chel ate (registered

trademar Ky e€BvRT y( bFat§ iR, adita@ueicief, HH HH® (e kddod&red
Ltd.)] so as to prepare a
hydrous 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 12 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-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 12 mass. [0040] <Method for

det er m ni heavy - i 0 t i on>, tal ion
concentra'?i%osn vva[s é&%{lgérhrﬁ%e]c bgic a&r’rgéf% %%A_%@(grﬁ}g’ea(g%oér pti(%ﬁade name,

spect T OPhOLATRILY i ddie dielloungepeciifoption JModely, oo,

. e
Pol ari zed eman atom ¢ absorption Sspectropho dauct

f Hitachi. H gh-T | Qai.es ' . | : i on:

b 2o TS oL 08 LAY SLLAN.. el ongt Ko RO ol
hod: A j f | e | d ] 00- ... .

Lo, P RALORBLS BIBAT o Sl 8,0 o LSS AL 3P e

bal ance), _and t le J iyt Y r SS%
hydr ochl oral?icggﬁqgcfé%orgr%sﬁfagnotsmddolo? ﬁqgagv%d‘o# % B'ya}treeo]}r,l\%oﬁ{e%%]eocrgpaccunr% Sé% ’
anal ysi s g[%laq?t] 2 nL) so that the concentration of heavy netal ions

to be neasure is about 1 ppm (the mass of the diluted sanple is
nmeasur ed t ' i .Qf . i ' ct.o The | ion
concent rat< P%’%hg t%{?gl ?iil%lttt?%g&%slg?ﬂ)ﬁleéa}q;s‘; gﬂegt%a?lmlnge% Cogr%lci%ee@/%%{s%leﬁsgof a
cal i bration cur d USE, andar a&ga&g_sﬂ:ﬂ@,y'

nmetal ion concg\né%rvg{ ?‘%ﬁ%aqofl% ppmccgfl%lipm aﬂ”daé ppm e %er&g%%%e{{sél

o, CnCeer B ! BBl S SAmUR Syl el AR

sanpl e by ¢,h¢ oghi Yt 5pR e ifFAMRTion .
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 (mass 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 O 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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<Met hod for determ ning brom de ion concentration> Brom de ion
concentration was determ ned under the follow ng conditions.
Titrator: Autonmatic potentionetric titrator AT-510 (product of Kyoto

El ect roni ¢cs Manuf acturing Co. td.), Titration Jiquid: 1/250 N
Focoue sipbomcaritd dde e Al diledd sihle K dngdibulien
gl ass el ecl de G172 Silver electrode M 214 Tenperature

tr
conpensati&ﬁ%QFéctrode T-111 Deternmination nmethod: A Tefl on
(registered trademark), stirrer. chip is, placed in a 200-nlL beaker,
and an apﬁ&&ﬁ&ﬁogt g’éﬁ&@rﬂemﬁ@@%ﬁ%n&qé AT A W he mass of
the sanple is _neasu ed(ﬁé means of a balance) . Pure water is added
to the beaker B¥@% 197 GBIRRFTAT 1M T3 iRt e mimed F3e
about 150 . and 60 mass% nitric acid (about 2 nL) is added
t her et o. §gg%PHén90ﬁ°€§ﬁ5éﬁpﬁation i s determ ned through
precipitation titration by neans of the aforenentioned automatic
potentionéﬂgFétPFrréP%PWQQWQJQQFQQElQﬁQQQ%ﬁrﬁ%ﬁfQRﬁﬁwﬁﬁﬂﬁﬁﬂ;V%rOdUCt
car boxylic a%id nix;ure cqoncentrati on> Concentratiopn of each of the
af or ement Pdn&d OBkt FAECE TORICE @%ﬂ%&dﬁéﬁ?%ﬁﬂ?tQQ'weﬁﬁi'ﬂc acid

conpounds s _determ.ned , thr h_gas _chr omat.agr aphy. .under the .
ol T ovi ng TA0RaCEPEN L donterls SA0 PEATESHON Lot e byt on
Technologbez) %1 Col ymm enpl oyed: DB-1 (product of Agilent
Technol ogPESTC &8P UMM SEEFPEESture: 100 to 280C

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 mlL) 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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Detector: Flane ionization detector (FID) [0041] Percent recovery of
catal yst conmponents and percent inclusion of a by-produced
carboxylic acid m xture were cal cul ated through the fol |l ow ng

met hods t > r.c recqve ) ned
by cal cul(<’§tilt&?1%'§lr:11 thngﬂ QP% ?i‘%t 5 %e&%crmunfgp g}%h%fjo‘% ai ned
|nareco eredc aly to that qf cobalt |ons contalned in a
not her éG&P ﬁ@§8 |onﬂlﬁéﬁfé gcovery of manganese ions was

deternlne calc atln the ratio unt of nanganese
i ons con?‘)&%&% tﬁh VerEY 1O& & setht Fqul cﬁ% that of )

manganese |8gi cont ai ned |n t he not her |iquor. <Brom de ion> Percent
recovery éP énide ions was determined by calculating the ratio (%

7l qui @ Lo 1 hat T6F BRGSO oS Cork A | TR O HEr 1 oot

- d d b
;g}/plrogguggg cé?r:b%x; ic aglydprl%ﬁcﬁrdg%\ﬁg roffgt elr mah:elgfltﬂn&q{ctgtrceul“éeﬁ%g
t ti t hal d d
rimel || CFeRRra Co o e e dheatald A nieh 8% ERser od cat al yst 11 qui d

to that 32 8I3 ?tphghgl i c aci d corrpound or trinellitic acid conmpound
cont ai ned | g t | i quor.

Percent recovery of cobalt ions was determined by
calculating the ratio (%) of the amount of cobalt ions
contained 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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[0042] (Exanple 1) p-Xylene was subjected to |iquid-phase oxidation
reaction (reaction tenperature: 200C, reaction pressure: 1.62 MPa)
by use of air in hydrous acetic acid having a water content of 9

mass% i n tdye Prasence Ofacabaldngoeidter + FRRYRNESE- aget at éomﬁE'Qnd
hydrobrom c acid, to thereby yield a slurry containing crude

terepht haldg,@gidhy SUbsaIe{Ner tNEquSt Urry was subjected to a

crystallization step, followed by pressure release and cooling to
100C. Thergafdsr, the terephthalic acid was renoved through
solid-liquid separation wth a glass filter, to thereby recover

crude terq@Q{ ﬂé:l)acid crystals and a nother |iquor of about 80C.
The not her I quor was found to contain cobalt ions in an anount of

610 ' ' | Qb i 1 d
mass ppm W}g{gﬂwn&b#@@e@wn{tIlﬁlcégg?ggésow&tésﬁpm e

ions in an ano mass ppm trinel conmpounds in an

grount of s ss o, AIUELIE, J0L, SABRUNGS I N SIS,

2,100 mass ppm and water 1n an - anoun fass.

o L1 o o B 0L 0 g SRR e

treated pyridine-ring- containing c \ rge
into a doullrgerdtURE @ 35S G0l WMndigird@dfie A 80 RS ghLcit &t ed

t hrough a jacket of the pyridine-ring-containing chelate resin

colum,  tRnfASLARY JFINA N dNE I AGITd NG LONTES NG S 1&18%

resin at 80C.” The aforenentioned rother |i1quor was I ntroduced 1o the
slurry containing crude terephthalic acid. Subsequently, the
slurry was subjected to a crystallization step, followed by
pressure release and cooling to 100°C. Thereafter, the
terephthalic acid was removed through solid-liquid separation
with a glass filter, to thereby recover crude terephthalic
acid crystals and a mother liquor of about 80°C. The mother
liquor was found to contain cobalt ions in an amount of 610
mass ppm, manganese ions in an amount of 360 mass ppm,
bromide ions in an amount of 810 mass ppm, trimellitic acid
compounds in an amount of 2,500 mass ppm, phthalic acid
compounds in an amount of 2,100 mass ppm, and water in an
amount of 12 mass%. The bromide ratio of the mother liquor
was found to be 0.6.

The above-preliminarily treated pyridine-ring-
containing chelate resin (90 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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pyri di ne-ring-containing chelate resin colum through the top of the
colum and was caused to pass downward therethrough at a flow rate
of 360 g/ hour for 50 m nutes [adsorption step]. Thereafter, hydrous
acetic acid Qavings%o ter content of 12 nass% was introduced to the
col um thf@&gﬁ five toggand caused to pass downward therethrough at a

ow rate of S0 alnalre, dor 20 0eS. (9 A 1206190, b= 80U

1.33) [elution’s er  conpléetion o I on Step

hydr ous g@%ﬁgﬁp%g&qnggé%%%ﬁ%n.gte%ﬁ%ﬂ%%%?&égiﬁﬁ%dTﬁﬁﬁ%%ﬁ¥§%%% the top

i nt roduce e ¢colfu rou om and caused

upward therethrough at a flow rate of .36Q g/ hour for m _nut.es

o1t fon STel EafIuat: anc s ca Gt Re o B R F (g iggpan at
di spl acenent.. i quid (hydrous etic Aaci aving a water _ content of

15" mosos SwddoMEPbauOEd 00 cRECHE i o Srgiide TP h b Lo
pass downward thereth h at the.sane .f]low_.rate as .descrihed .abo

for 20 m \r%ﬁ ggaFglegpl é&é%é)ﬁlts Stcgal.c RCYel"6 o iast"‘far;cgerofc%ﬁ:eent oY 12

adsorpti Oﬁa%%%pWatsh€[n§|r%fgiig?:%ds tt%p tth%'g‘)c’aod.turﬂl% %hlgoiuosq[@le;t;heeo t(o% ot dceah,lhseed

di spl acenent "step~(an urn to sorption was ‘r epeat

at 18012”E§;§§§/Cé%bﬁwa@&dkﬂgﬁetﬁﬁ%h.ﬁa Edah%ﬁkQﬂr%tﬂgﬁﬁ? o

about o Was recovere rou istillation, romthe

osidual o081 B SRR SO NPT DY O Gl LI

the eluafé obtalne the el ufi’on a

ch spl acermsg |11 Gk eToLAYEd: 0y (e 0haPLAGETBN! SPLEP aThon A

. us_ .
t hus-rec d hydrou ¢ acid was réuse acetrc acid

in the liggggighg§§doﬁgg§550g u%%%&i%%ht%%t 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),
an displacement liquid (hydrous acetic acid having a water
content of 12 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 stepl].
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.

Hydrous acetic acid having a water content of about 12
mass?® was recovered, through distillation, from the residual
mother liquor obtained through the adsorption step, from the
eluate obtained through the elution step (A), and from the

displacement liquid employed in the displacement step. The

34



hydrous acetic acid in the elution step (A), and as a displacenent
liquid in the displacenent step. Also, a catalyst liquid recovered
t hrough the elution step (B) and containing cobalt ions manganese
i ons, and Bronige %ons reuseﬂz s; & ogt qU|o%£Qase
oxi dat i on S3ctioR. e 1d Shtwe dars St rc%%tr‘?le%%?/eﬁ/ tEohAI ¢t
i ons, anese iQ brom de, i and. percent i ncI usi on_ of

bt hal | ¢ AEE8 LRSS Dt (AT TS St &8 St asch o
determ ne use of a catal u recovered on, day 4 of the
experinengy%¥ﬁ Se RE& e fC é”id?%n Worfth e ofti d-
phase oxi dati n reactigtgL was, ef fecti 1%% per f or ned witho redu0| ng

cat al yti c %&cPi 9CF§‘eITtO $U1G Fdb) T mende oﬁlte%il &t 3 ons

88% Manganes ns .68% . Brom de i 92%. Perce i ncl usi on
A 3 Fsoe rnﬁf &imoe%it the SoP [ And
Conpar ative e eri ment and neasur enent. werge. perforned
Corpara chg Aty Pt | MEHATIRE LMoo AT 9 WA |G

step (A) \é\%%sg%t a%era C rE‘%ﬂys{j}cndfor Ccf/u oansseI Sot>éln tolforE hreactlon
Table 1 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 4 of
the experiment.
The experiment was further continued. However, liquid-
phase oxidation reaction was effectively performed without

reducing catalytic activity.

[0043]
[Table 1]
Percent recovery
Cobalt ions 88%
Manganese ions ©68%
Bromide ions 92%
Percent inclusion
Trimellitic acid compounds 50%
Phthalic acid compounds 9%
[0044]

(Comparative Example 1)
The experiment and measurement were performed in the
same manner as employed in Example 1, except that the elution

step (A) was not performed, and the cycle consisting of the
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adsorption step, the elution step (B), and the displacenent step
(and return to the adsorption step) was repeated at 160
m nut es/ cycl e. The results are shown in Table 2. The experinent was

the yi el o Qe oPERdSR Sﬁef?t ata?é% Fo By i e sl eCendit
oxi dati on react on ma rably reduce 45 Tabl e 2

P)elrcen!t ré&?\?erl mkrfés‘u S ‘{ﬁ%) 7’1’?’/‘6 [rB‘?%‘?ﬁtbee i ¥hst 60
93% Percent |ncIu5|qn Tri II|t| aci d co ounds & é Pht halic acid
conpounds P38 Ed6XE SEx ﬁ§|£e§? ﬁeaefpé PWEnt tad@PdEagur ement were

erformed in th same nmanner as e ed in Exanple 1 excet t hat
Pre o Utron st T5e; AFDRAamast: Sice Mebhegy o G e $864188 S

= 4), and the cl e consi sti or ption step e elution _ .

Steb (A SCRATARY 1as Srebiedy Hadune arts hArne B & (erRPnhalic

return to _the adsarption step s re ted at ,220 mnutes/c cle.

The 1 osul 26 L5r BTORNMRT A IFETIA 3L O ETes MBS (RFG R wis

continued. Ho ui d- phase oxi dation reaction was effectively
ABEEabidas

per f or med SR CH ENGeCatal ytic activity.
[0045]
[Table 2]
Percent recovery
Cobalt ions 89%
Manganese ions 79%
Bromide ions 93%
Percent inclusion
Trimellitic acid compounds 77%
Phthalic acid compounds 38%
[0046]
(Example 2)

The experiment and measurement were performed in the
same manner as employed in Example 1, 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 3.

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

reducing catalytic activity.
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36 [0047] [Table 3] Percent recovery Cobalt ions 88% Manganese
ions 67% Brom de ions 91% Percent inclusion Trinellitic acid
conpounds 34% Phthalic acid conpounds 5% [0048] (Exanple 3) The
experi mentpang neasurenent were perforned in the sane manner as
enpl oyed in Exanple 1, except that hydrobrom c acid was added to the
recover ed [pabher 3hi quor so as to attain a bromde ratio of 0.9, and
then the nother liquor was subjected to the adsorption step. The
results are shown in Table 4. The experinent Paasentir FAEPVESBHt i nued.
However, [Cbheild- iphase oxi dation reaction was effectd8kely perforned
wi t hout mMedgahsgecadbalsytic activity. [0049] [Tabl &7 Percent
recovery Beehalkt heas 96% Manganese ions 72% Bromge i ons 92%

Per cent incrusion

Percent inclusion

Trimellitic acid compounds 34%
Phthalic acid compounds 5%
[0048]

(Example 3)

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 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 96%
Manganese ions 2%
Bromide ions 92%
Percent inclusion
Trimellitic acid compounds 43%
Phthalic acid compounds 7%
[0050]
(Example 4)
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Trimellitic acid conpounds 43% Phthalic acid conpounds 7% [ 0050]
(Exanpl e 4) 37 The experinent and neasurenent were perfornmed in the
sanme manner as enployed in Exanple 1, except that hydrobromc acid

was added to t h@el &P NTOLRRY ndAUPenzd tavdr® YFdrddimed BrOMHde
ratio of 1.2, and then the nother l|iquor was subjécted to the

adsorptlogaﬁbeﬁanﬁae B8SUlbs ogk8 %ROWQahﬂleTqblﬁxée Ehe haxpel ?H@%@Eomlc
was further continued. However, |iquid- phase oxidation reacfion was

ef fectivehyjpeyhar gadew £Bo¥he E%@B%b@gdc%b%hﬁk'91aﬁbEVBBYas[Q@5%kta1n
[ Tabl e 5] Percent recovery Cobalt ions 98% Manganese ions 77%

Broni de | gng r8R%icPeREERt oiEngl, S| QHdT'i:hB?J khb' foRfkd ¢9EREYNHS s38%
Pht hal i ¢ acid conpounds 6% 005 2] (Exanple 5) The experinent and

measur eneg EFecRer ok pRd a n a yefa i e
T oxcopt CRAECRSar obr E?‘n%caHESFB%&gi‘ TRaBa L T heTeRshera marharT

| i quor sorggikosattain

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

reducing catalytic activity.

[0051]
[Table 5]
Percent recovery
Cobalt ions 98%
Manganese ions 77%
Bromide ions 92%
Percent inclusion
Trimellitic acid compounds 38%
Phthalic acid compounds 6%
[0052]
(Example 5)

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 1.5, and then the mother liquor was
subjected to the adsorption step. The results are shown in
Table 6.

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

reducing catalytic activity.
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a bromde ratio of 1.5, and then the nother |iquor was subjected to
the adsorption step. The results are shown in Table 6. The
experinment was further continued. However, |iquid- phase oxidation
reaction v@9sefif ectively performed w thout reducing catalytic
activity. 38 [0053] [Table 6] Percent recovery Cobalt ions 99%
Manganese [ir@Rg 8% Bromide ions 91% Percent inclusion Trinellitic
acid conpounds 32% Phthalic acid conpounds 5% [0054] (Exanple 6)
The procedure of Exanple 1 was repeated. HoweVekceni rExQNgk® 6, a
pyri di ne- Colgltontoaisni ng chel ate resin "REILLEX (re¥fstered

t rademar kMa43dankeleytein's (trade name, product of Reidiy) (90 niL) was
used; theproihake liicggor was fed to the adsorptlon sypp after the

broni de ratto had—been adj usted o 2.5 tnroq&gj I ﬁE&dE on

hydr obr omcs ' ' f ption chp (1233 Jr5 et tt+on
step (A 1L = about 1.33), €Lution step (B)
(80 mn); dd—a

m nut es/ cyI e. A so ‘hydr ous acetl c acid (ter cotent 8 mass%
brom de

[0054]

(Example 6)

The procedure of Example 1 was repeated. However, in
Example 6, a pyridine-ring-containing chelate resin "REILLEX
(registered trademark) 425 Polymer" (trade name, product of
Reilly) (90 mL) was used; the mother liquor was fed to the
adsorption step after the bromide ratio had been adjusted to
2.5 through addition of hydrobromic acid; and a cycle
[adsorption step (120 min), elution step (A) (20 min, Q/A =
120 g/90 mL = about 1.33), elution step (B) (80 min), and
displacement step (20 min)] was repeated at 240 minutes/cycle.
Also, hydrous acetic acid (water content: 8 mass%, bromide
ion level: 10 mass ppm) recovered from the bottom of a
distillation column upon removal of water (through
evaporation) at 125°C (ambient pressure) from an eluate
obtained through the elution step (A) was employed as the
hydrous acetic acid in the elution step (A) and as the
displacement liquid in the displacement step. Table 7 shows
data of percent recovery of cobalt ions, manganese ions, and

bromide ions, and percent inclusion of phthalic acid
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ion level: 10 mass ppn) recovered fromthe bottomof a distillation
col um upon renoval of water (through evaporation) at 125C (anbi ent
pressure) froman eluate obtained through the elution step (A was
enpl oyed a®niddgindyy diralist @GRl G @it hd i td@nutd ON &4 efe {MmBikh asy
the displacenent liquid in the displacenent step. Table 7 shows

data of perseerif recemerl £f ciohald dditsve rENGRNESS, | 19T, 0 RNthe broni de
i ons, and percent inclusion of phthalic acid 39 conpounds and
trimellitisgpaaiitheg@pounds, as determined by use of a catalyst
liquid recovered on day 180 of the experinent. The experinment was

further continuewk vighent | i dEu Phase ol diati &, I 8RR, WaS quid-
effectively perforned without reducing catalytic activity. [0055

[ Tabl e 7] pRerseenix ilREA Yredtbiadd W% 52 A% v BN GRNesS NSy 13006t
Brom de ions 96% Percent inclusion Trinellitic acid conpounds 3%

Pht hal i ¢ aeidehcaemrpands %c [L356]i yExanmpl e 7) The experinent was
performed in the sane manner as enployed in Exanple 6, except that

t he recovgpedsnot her

[Table 7]
Percent recovery
Cobalt ions 99.9%
Manganese ions 90%
Bromide ions 96%
Percent inclusion
Trimellitic acid compounds 3%
Phthalic acid compounds 0%
[0056]
(Example 7)

The experiment was performed in the same manner as
employed in Example 6, except that the recovered mother
liquor was heated to 90°C, and then subjected to the
adsorption step. Table 8 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.

[0057]
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| i quor was heated to 90C, and then subjected to the adsorption step.
Tabl e 8 shows data of percent recovery of cobalt ions, nmanganese
ions, and brom de ions, and percent inclusion of phthalic acid
conpounds[@gglgrgmelI|t|c acid conpounds, as determ ned by use of a
catalyst liquid recovered on day 10 of the experinment. The
experinment was further continued. However, |igerdenpheseovxigation
reacti on @asaetf eéohsvel y perforned wi t hout reduci ¢g.0at al ytic
activity.MaR@ares80ibhabl e 8] Percent recovery Cobalgty i ons 99. 9%
NhnganeseBkgﬁ§dg8%@n§ronlde ions 99% Percent inclusiggn Trinellitic
acid co pOUTT 896 A d OTTpOUITd Pihce.ii’a =xanpte 8)

The experiren e afre—BRAer—a ST oV ed

Exanpl e 6E ég%ic% ' ?CﬁHeCPEE898 éd nDther Ilquor1 ?‘ céoled to 40C

so as to ﬂpéglﬁmepHH Ssolid content and then subjected to
t he adsorption step, and that the pyri di ne-ring-containing chelate

resin was enployed at 40C. Table 9 shows data of percent recovery of
cobalt iepmssspanganese ions, and brom de ions, and percent inclusion

(Example 8)

The experiment was performed in the same manner as
employed in Example 6, except that the recovered mother
liquor was cooled to 40°C so as to remove a precipitated
solid content, and then subjected to the adsorption step, and
that the pyridine-ring-containing chelate resin was employed
at 40°C. 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 7 of
the experiment.

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

reducing catalytic activity.

[0059]
[Table 9]
Percent recovery
Cobalt ions 84%
Manganese ions 63%
Bromide ions 81%
Percent inclusion
Trimellitic acid compounds 5%
Phthalic acid compounds 0%
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of phthalic acid conpounds and trinellitic acid conpounds, as
determ ned by use of a catalyst |liquid recovered on day 7 of the
experinment. The experinent was further continued. However, |iquid-
phase oxidation reaction was effectively perfornmed w thout reducing
catalytic activity. [0059] [Table 9] Percent recovery Cobalt ions
84% Manggpese]i ons 63% Brom de ions 81% Percent inclusion
Trimellitic acid conmpounds 5% Phthalic acid conpounds 0% 41 [0060]

As is clear from tike dalear dlon e idatxymianel it Exaguedingd ¢,
t he met hod of the present invention, percent inclusion of

trimellithecaeddngOfRBOWRGS ret hoRdEed nk0 p2RQ%et inQeht idnd PRITYCRM:
i nclusion of phthalic acid conpounds is reduced to 10% or [ess. In

addi tion, iHpdasiear bd krige1diitiienacidnechpeslils HRCIARIRRd $J edyced
to 5% or less. Particularly when the tinme of the elution step (A

(i.e., Qb8ksisanagpkai-edtasndaseiohed ?_h%h@'ﬂi'ce ai OlcoMpRtinidie i s
brom de ratio of a nother liquor is nodified before the adsorption

step (Exappligged 6 203 BQr QeBls.i NThUsHQDL Obn, t hhaBL| EEkeadhi d

conpounds and phthalic acid conpounds is
conditions, the percent inclusion is reduced to 5% or less.
Particularly when the time of the elution step (A) (i.e.,
Q/A) is regulated as described in Example 2, or when the
bromide ratio of a mother liquor is modified before the
adsorption step (Examples 3 to 5), percent inclusion of
trimellitic acid compounds and phthalic acid compounds is
further reduced, as compared with the case of Example 1. In
contrast, according to the method of Comparative Example 1,
which does not include the elution step (A) and thus is
similar to a conventional production method, percent
inclusion of trimellitic acid compounds is 77%, and percent
inclusion of phthalic acid compounds is increased to 38%.
That is, this method encounters difficulty in continuously
performing liquid-phase oxidation reaction over a long period
of time while reusing recovered catalyst components. In
Examples 6 to 8, the bromide ratio before the adsorption step
was adjusted to 2.5, and the bromide ion level of the hydrous
acetic acid employed in the elution step (A) and in the
displacement step was adjusted to 10 mass ppm. In these

Examples, percent inclusion of trimellitic acid compounds can
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further reduced, as conpared with the case of Exanple 1. In
contrast, according to the nmethod of Conparative Exanple 1, which
does not include the elution step (A) and thus is simlar to a
convent i obheal sprodssifudiynmethodedpépcentve riyndouwsileredf, tnidmplelrickend
acid conmpounds is 77% and percent inclusion of phthalic acid
conpoundsinsliinépeasédphthd8%: athat cospothids mehhbe eepdaceterts
difficulty in continuously performng |iquid-phase oxidation
reacti on eubstankandlperiead. oThtsperamnakkabéasefiferesocanetecatalaysied.
conponents. In Exanples 6 to 8, the bromde ratio before the
adsor pti onRhehepheWasmpeirasied b@ 3. hotaved thgubionisdeniceralseveltocofypec
the hydrous acetic acid enployed in the elution step (A) and in the
di spl acengbRkampép Was pdrushedreaoiBryass ppawvyl methéseéonkxaspl es,
percent inclusion of trinmellitic acid conmpounds can 42 be
successfulihyreedadedahd peveeyitl awcllegébn atfidtpémeént ticneakdsi on of
pht halic acid conpounds can be reduced to substantially zero. Thus,
remar kabl eompbantls ead batatfacnedid Bhmpouhest ésperduard.of a not her
liquor is increased to 90C (Exanple 7), percent recovery of heavy
metal ions is A ddfdasedceand percentt iimcllusiomn off tr byelplboduceaci d
conpounds and phthalic acid conpounds is reduced. A difference in
percent inskbskghiof aaidymprbdueeby samboxghisc %agirdafilyt aféebyssone
tens %greatly affects production of terephthalic acid. Thus, the
present ipvedtcononredl teespbtbadniccakliy.adllans ageloespaeskehongrvention
reliable production of terephthalic acid. Industrial Applicability
realizes economically advantageous and long-term reliable

production of terephthalic acid.
Industrial Applicability
[0061]
Terephthalic acid produced through the method of the
present invention can be employed as, for example, a starting

material for polyethylene terephthalate.
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[ 0061] Terephthalic acid produced through the nethod of the present
i nvention can be enployed as, for exanple, a starting material for
pol yet hyl ene terephthalate. 43 Clains [1] A method for producing
terephthalic acid, characterized by coapfkSi Ng: subjecting a

p- phenyl ene conpound to |iquid-phase oxidation reaction by use of a

mol ecul ar -[a¥yganme@Rbal Forgprodscingt ke rppeseace c0hca d;atalbysitatri zed
| east containing a heavy netal conpound and a brom ne conpound, and
hydrous aest icompacigdrtgvi ng a water content of 1 to 15 mass% to
thereby vyield a slurry; regulating the tenperature of the slurry to

35 to 140C, toudRiEhgaliss Cfﬁt@ér%pi‘ér{@dcﬁn;ﬁ%r%tﬂbplﬁﬂmiﬁ@se

renmovi ng the terephthalic acid through solid-liquid separation, to

t hereby resavert idnmtest ildius) uRNG £ £ eId NG sk bl ettt Jipim
the nother liquor through a series of the followng steps (1) to (4 %

for reusig@satin terstpr@eeidd ¥F of dde salastiddstt ddLH ihiPhasavy
oxidation reaction: (1) an adsorption step including regulating the

ratio "amewdtl Rympueidfany AMiienionRs dohgdimdtEdiRl Hydiald tieddic
anount by nole of heavy netal ions in the nother liquor” to 0.6 to

3, and theriexpesiing Ehevatdheodtddtitolot A adPWIrg Gidsss ,l id-tda i ng
chel ate resin which has been heated to 35 to 140C, so that the resin
adsor bs catiallyista- darirygd heavy net al
regulating the temperature of the slurry to 35 to 140°,
to thereby cause terephthalic acid to precipitate;
removing the terephthalic 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
0.6 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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ions and brom de ions, and al so adsorbs a carboxylic acid mxture
whi ch has been by-produced through the |iquid-phase oxidation
reaction (hereinafter the carboxylic acid mxture wll be referred
to as a "hyxpoeduwged carboxylic acid 44 mxture"), (2) an elution
step (A) of exposing hydrous acetic acid having a water content of 1

to 15 mass% t®) the Syt dbRestéPpd¢ALont atRbH81 kG ehpliLoli§ShBeWhiChChEs
undergone the adsorption step, thereby yielding an eluate containing

the by-praduead acabReryldontasitd o Nt wee15( Zhsad @loutdhen psiraR itR)- g -
exposi ng water or hydrous acetic acid having a water content of 20

nMass% or BBheati 8 ihBe chRMELE RRSRNNGHG M Haly w&d%&?b%ketm%sbméaygﬂlon
has undergone the elution step (A), thereby yielding an eluate

contai ni ngrepat hysbnderiivedihgany @Biakd Q% tanehiROWHde o RRdd
(4) a displacenent stép of exposing hydrous acetic acid having a

wat er contgrbogf 11t acta mMss%t0 the pyridine-ring- containing
chel ate resin i ch has undergone the elution step (B), serving as a

di spl acement () ik el i hesebyt SRIBHET 3 | oo b ey st & §21nh JAeowEt hod
for producing terephthalic acf% as desagﬂ%edb@?n claim1l, %ﬁerein

hydrous agektgcaaicdd sakeeevear adtbrodohentmeithen hageer oMinetehas the
under gone the adsorption step, from the eluate obtained through the

el ution spepitidhe-andgtcontatRgndi shkage’e e slindwhd cBMBhey a6 dei gbe

di spl acenent step, and the recovered hydrous acetic acid is reused

in the |tgyi diphase exegatnon tBagkbynyaslatnkeast eauB@kt icdRtaAfining
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 terephthalic 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 massS%.
[3] The method for producing terephthalic 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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hydrous acetic acid having a water content of 1 to 15 mass% [3] The
met hod for producing terephthalic acid as described in claiml or 2,
wherei n hydrous acetic acid is recovered fromthe nother |iquor

whi ch hassuager gepa the adag&etbgmaéﬁeat%amohggnkhaee@h@ab% @Q@%lﬁ%g
t hrough t he el ution step (A), and fromthe displacenent liquid

enpl oyed hAdt Reofli sRkaegEpNh cefbal. 1agglah@m §69¥@rgﬁ Qn@req§pqg%bh@nt
acid is reused in the elution step ( as at | east a portion of

hydrous agethe aﬁadthea¥beev@r@@tﬁ@dgengeaeeeﬁc a59d1§s”%%a%%d[4h The
met hod for prodUC|ng terephthalic acid as described in any one of

claim 1 éPugloiﬁm@E@EasﬂydBguﬁta‘iéh's‘?: aCpdrk$on' %GEOMgEi%g]pfsr Q'E’ettli% acid

not her |iquor which undergone the adsorption st rom-t

el uate obfajngg shagegb tBateh¥t bgn1 $hers(MAhssand from the
di spl acenent |iquid enployed in the displacenent step, and the

recovered pydraus RCeidE A6E GotSdus SM§ etk + 81k 182 P SPL ALENBRT 485 EPi B

a dlsplacenent liquid. [5] The nethod for producing terephthalic acid

as descripgdan{NoalYoene19fims! @i 18 3 tQhérewheh9aeohaeaebeaheac1d is
obtained through the elution step (B) is returned to

l'i qui d- phasgovextdakir8n tBachbeRerandq8¥sqdias ﬁEslﬁﬁgéraoH@rEh@n of
the catalyst. [6] The nethod for pr03UC|ng terephthalic acid as

descri bedaqgsdrgfyoRnstap, ck@bﬂst&eteléatéhsthmnedreﬁeeegﬁteﬁe elution
pyri di ne- ring- contalnlng chel ate resin which has been obtai ned

through &hepdi P'aSﬁHE@EoﬁtEHe'81%?@§@€mbﬂttmﬁqﬁﬁéoéﬂbRQQeﬁtQH abe

the pyridine-ring-containing chelate resin. [7] The nethod f

produci ngqt gpeRBERAht CsBepd afnddeser kBedvered hydrous acetic acid is
reused in the displacement step as a displacement liquid.
[5] The method for producing terephthalic 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
oxidation reaction, and reused as at least a portion of the
catalyst.
[6] The method for producing terephthalic 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 terephthalic 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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in any one of clains 1 to 6, wherein the hydrous acetic acid having
a water content of 1 to 15 nmass% and enployed in the elution step
(A) contains bromide ions in an anpunt of 1 to 1,000 mass ppm 46

[8] The meBNOMTAOrmPFREHCEIHE bLE@ROLAG! tErSshehabi dessiibgd diBcai¥ed
one of clains 1 to 7, wherein the hydrous acetic acid having a water

content ofnlaho éﬁen658@1amﬁseﬁpkayad WRetBen @h%ph§€%6ﬁ%ta%b%ﬂca%c%d
di spl acenent |iquid contains bromde ions in an anbunt of to 1,000

nass ppn1h£91n§hs ws&eed BQ&eH&OQHCUnQOt@EeRQEBQ|bﬁda%hﬂl%§e@e§ﬁrkﬁ%d
in any one of clains to 8, wherein, in the adsorption stép, the

ratio a”HEQ#lQMeHBh% gEeBrgglgedhggiabambh% mehn@a hbﬁ@@&h@OB%bmlde
anount by nole of heavy netal ions in the nother |iquor’

regul ated; b9s1i§ LR Zmsunk18F Theonet Bed RQ%spbBQUC'ng terephthallc
acid as described in any one of claims 1 to 9, wherein when Q

represent $9f hernd Qi hSAOEEE 8 @& 1k o OHSp1RERi 1 £c agd 4 hayi 88s@ribed

water content of 1 to 15 mass% supplied in the elution step (A,
and V repiﬁssﬂ?soheeOYOEQHEménh)tefsa QMéthHe EhngheCQH%@&B%QQn step,

chelate resin layer, the ratio QVis 0.5 to 10.
the ratio "amount by mole of bromlde ions in the mother
liquor/total amount by mole of heavy metal ions in the mother
liguor" is regulated to 1.6 to 2.5.
[10] The method for producing terephthalic 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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