Specification Process for Production of Terephthalic Acid Technical
Fi el d [0001] The present invention relates to a nethod for
produci ng terephthalic acid. Terephthalic acid is effectively

enpl oyed as, for exanple, a starting material for polyethyl ene

t erepht hal ate. Background Art [0002] Generally, terephthalic
acid is produced through |iquid-pBaseibkcaatémn reaction of a

p- phenyl ene conpound (e.g., p-Xxylene) in acetic acid serving as a

sol vent

in the presence of a catalyst (e.g., cobalt or nanganese), or

in the presence of a catalyst together with a pronoter (e.g., a
brom ne coRpoesrs oformdiuteiugdipaepl ResemitlyakightRaid ng crude
terephthalic acid produced through such |iquid-phase oxidation
reaction is generally subjected to crystallization at anbient
pressure and Iomered teqperature foll owed by solid-liquid
separ at i onTe§

[0001]

The present invention relates toc a method for producing
terephthalic acid. Terephthalic acid is effectively employed
as, for example, a starting material for polyethylene
tgrephthalate.

Background Art
[G002]

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

industrial process requires recycling of these catalyst



A not her liquor recovered through the solid-1iquid separation
contains catal yst-derived useful catal yst conponents such as heavy
nmetal ions and brom de ions, and an industrial process requires
recycling of these catalyst conponents for reduction of production
cost. In the nost convenient recycling nmethod, the nother liquor is
returned, asmpdnédts lHrRANMEARUSROH bf bBEdNEALEH Qb St M thHOWRYSF , as
has been known, since the nother |iquor contains, for exanple,

vari ous or g@iténidmuriddrs iy pedduasdth8rasete) | Guudrphasecxi-dad] on
reaction, and inorganic inpurities derived fromcorrosion of an

enpl oyed appai@titss, twhemd heuwsedhén thqupsadtsisreusedens |iHowesvdd) tdhie
reaction system the concentration of these inpurities is gradually

i ncreased has tiheerr eaatwmn sdyskerheandthar | hgeas eontaingyr Eby example,
concentration beyond a predeterm ned | evel adversely affects

| i qui d- phaser bxigatrigam e dowugn £iFer bexprpdesed thromgbadéqoid-phase
production of terephthalic acid, the nother |iquor is generally
returned texidaticsndiEasitiopst andi Anargeoborinmiy idiiepo deyived, feem t he
remai ning portion (2 to 30% _of the nother |iquor &g.e. a portion of
t he not herCPTERPCOIWALC RN $MRIPYPEUIRBAT R YHre “ﬁ\@é’ctt' nm§if'§f-’én’}lﬁ1%01f e’
to a step of re ovenin% acetig acid serving .as a %%Ivent. %n Vi ew o
the foregdi tHFed @S dis tetRobBeniGRCbEh SFUideedPFoFORERBEEFFI ©
cat al yst cq?3 onents fraomthe nother.|iquor fedé%o sy h an_acetic acid
recovery SUNRE aBUrdierig ond: eabat b4 HERRRREhCE. TP0BATC TR  For
exanple, s o] h I u | J i n

al kali met Eﬁﬁggbgﬁggghsgﬂ?rgggéaggeﬁmggggggé?% %gk%%PSS%:%Fﬁﬂg%%bh
recovery I f L 0:therab S :

cat al yst 3%%%%%%%ﬁﬁkdtEggkgr%?%?F%%}%gﬂg%gx%éﬁggﬁgapgggg%ifﬁﬁéitgﬁﬁ
the catal yst, G9UPONeRsr | Sxamsli Sl flel BagePbdstSAE MRS, Jpount of
acetic acid serving as a solvent, and reused for reaction (see Patent
Document  1)srhdnd1fet Bedagi neMbi kdriaxal1igqrel dsagednabadl katd UMl to
hydr oxi de are added to a nother liquor, to thereby cause a catal yst
conponent #he trkectebm efsexml ah ea Stdpdia iRneeitpirvate, 989d 4Me the
catal yst component is dissolved in acetic acid serving as a sol vent,
fol | owed emexindati portoonr ezover3oof dheaheamakiier togpenent.d.see

Pat ent Docunent 2). There have al so been known nethods for recovering
a cat al ystpozaipanetit theowo dhaot hisgudz qurdrchby susetoteasednionhexchange
resin (see Patent Docunents 3 to 11), including a method in which a
br om de- i omatcypenanyeherkchanfed rigsian sterexfosedover angoidarid iaguior
for adsorption of cobalt ions and manganese ions on the resin,

hydr ous acetrivéngcad hagdhyelt watler véent eft theé Lormgsincandawdbus are
caused to pass through the resin, to thereby recover cobalt ions and
nanganesema@hgdphh@gghb@g@tp@pgo%gd for recovering catalyst components
| ower - al i phati c- nonocar boxyl ate-ion-type weakly basic ani on exchange
resin is &xpBséhetBohhes| Ldwehbiad el stshoagha Rkl af 3 EherRGosed
adsorption for adsorption of brom de ions and nickel ions on the
resin, an&tRpdr8nd BeWEiRI ablh® FRRAWS ta CREPERERbAt ent of 2 mass% and
wat er are caused to pass through the resin, to thereby recover

broni de i d98C4Ad ni ckel ions t hrough elution (see Patent Docunent 3);

a nethod in which the cobalt concentration and the. brom ne/cohalt
ratio of a not R&F ?FaﬂBfear%u?%2$E§F}€Ei Opégbpﬁigﬁes%)@éghQﬁn¥ﬁl
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residue cbtained 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



exchange resin, and cobalt and bromi ne are eluted fromthe strongly
basi ¢ ani on exchange resin with hydrous acetic acid 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 ions, manganese
ions, and bronide ions are caused to be adsorbed together on an anion

exchange r 8358020842 A1 D% Fe W d MR d" bRGuALT é!f ”Qc@&é"rbdﬂin R¥GRARIEs

group, and these i1ons are recovered through elution by a known

techni que Gsgg1bahentah®Cid®YEd Tor e«eacelaﬁt b@@al%w@mﬂbo@uﬁl@h@l y§t
conmponent is recovered froma not her | i quor by use of an

ani on- exchangeat ¥@ensdelRtvh 1@sidkalseeabad eahd DoE WBH1 17 ne tRQO05]
Pat ent Docunent 1. Japanese Patent Application Laid-Open (kokal) No.

548- 066090hPatent ddostureaddedl - shapanesRePal-eqto APPtd cidrebyl.aadsepen
(kokai) No. HO02-203939 Patent Docunent 3: Japanese Patent Application
Lai d- Open ¢kokayst Noom@Badrit0450Ghatfenh ©6coxmEvdtel salapanepeePapivite,
Application Laid-Open (kokai) No. 353-133574 Patent Docunent 5:
Japanese Paténthé\ppdtakys oredmpiote@behs (Hbkadved. 116581022801 Rat ent
Docunent 6: Japanese Patent Application Laid-Open (kokai) No.

H10- 015390serving as a solvent, followed by oxidation for recovery of
the catalyst component (see Patent Document 2). There have
also been known methods for recovering a catalyst component
from a mother liquor by use of an anion exchange resin (see
Patent Documents 3 to 11}, including a method in which a
bromide-ion-type anion exchange resin is exposed to a mother
liquor for adsorption of cobalt ions and manganese ions on
the resin, hydrous acetic acid having a water content of 2
mass? and water are caused to pass through the resin, to
thereby recover cobalt ions and manganese lons 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



Pat ent Docunent 7: Japanese Patent Application Laid-Open (kokai) No.
1-111- 152246 Patent Docunment 8: Japanese Patent Application
Lai d- Open (kokai) No. 2002-012573 Patent Docunent 9: Specification
of US Patent No. 4162991 Patent Docunent 10: Specification of US
Patent No. 4238294 Patent Docunent 11: Japanese Kohyo Patent

Publ i cat i 0%§E?ﬁ%§€0§é§ﬂ¥,l%cp aQ%u%%doErBﬂ§n%n¥P@tém%g ﬁo&;{@g&gm

be Sol ved nvention [ 0006 The met hod descri

Document 150koRq I $OAE£S adi¥n @52MRNGe 2Bs2hK@Rth R RRAMELE 1880t
or oxalic acid in an anmount equivalent to or greater than that of a

catal ytic ABtahg @nshtdwicdntRROREANM OahhYsHi SAMNGY 08P UherkBy
addition, the nethod requires an intricate process and a great deal

of labor feechespVersordlid ealzalysst (eeappALsit i Modlieedftoran;0t method
carbonate salt or oxalate salt, which is not preferred. The
ani on exchangehi&sidsbalas didnzed mMaigRakeat i oeunemd Hrdniieleb iand 8reo
11 exhibit | ow heat resistance (allowable tenperature limt: 80 to
100C), andcéhsesd ney hedeispabed together on an anion exchange resin

containing a pyridine ring serving as an ion exchange group,
and these ions are recovered through elution by a known
technique (see Patent Document 5); and a method in which a
catalyst component is recovered from a mother liquor by use
of an anion-exchange-type chelate resin (see Patent Document
7).

[0005]

Patent Document 1: Japanese Patent Application Laid-Open
{kokai) No. S48-066090

Patent Document 2: Japanese Patent Application Laid-Open
{(kokai) No. H02-203939

Patent Document 3: Japanese Patent Application Laid-Open
(kokai) No. S553-104590

Patent Document 4: Japanese Patent Application Laid-Open
(kokal) No. S553-133574

Patent Document 5: Japanese Patent Application Laid-Open
(kokai) No. §53-102290

Patent Document 6: Japanese Patent Application Laid-Open
(kokai} No. H10-015390

Patent Document 7: Japanese Patent Application Laid-Open

(kokai) No. H11-~-152246



chem cal degradation (reduction in exchange capacity) or physical
degradation (e.g., breakage of the resin) depending on the
tenperature of a nother |iquor which has been caused to pass through
the resins, which is not preferred. Wien a pyridine-ring-containing
ani on exchange resin described in Patent Docunent 5 is enpl oyed,

el ution of pgabalt phOf%en OO és%”%at?%‘rﬂ g&g%g%ﬂ%ﬁf&%—%ﬁ%@ on

g
the resin requires a lrquid contalning, ur1c-acid,

nitric aciqkogggylﬁglfyéé _@Cighy or hydroxide ions, and, in practice,
difficulty 1's encountered in reusing the thus-recovered liquid as is

in the reaghtentsystement WO Hpecificati®nBEned Aesski e in alggnt
Docunent 7 enpl oys an ani on-exchange-type "chelate resin,” and is

advant ageopgt kit t badumestd | ket GFseadliohhef pys i B et iN¥- @@nisaibai ng
ani on exchange resin described in Patent Docunent 5, cobalt ions,

nanganese pgfént apselmiant del 1 Qrpaa@ser redyenps ben € helatiedtashnNean be
eluted with hydrous acetic acid having a water content of 1 to 15
mass% HoweQeB-5Whké0 a not her |iquor recovered through the nethod of
the present invention (i.e., a nother |iquor recovered through

sol i d-1iqubisckpaurzs ioh tdfe drglemtipnpr oduced by |i qui d- phase

oxi dation reaction of a pphenylene conpound) is caused to pass

t hrough t hBrepkems e q dag ,°%¥QQaPHO%PPrEHEEF L@/ xt ure whi ch has been
by- produced (hereinafter may be referred to as a "by-produced
carboxyl i cl%%9® ni xture") is adsorbed on the chelate resin, and, upon

| uti f balt i , X i i de i . th .
by- pr oduced. canBodr PRSPt o1 S abete JORRBCT b vared R FEs:
with these_ions. en the *kﬁnodu%eg _carbox%lic:S g}d nixéﬁﬁe id 1
concent r atT¥n TS FquBFiRs FREYYNE, S L &falfad iFsacid in

deacti vat eg h%@:%r[teae%{}ii%l\éklg' g5 8rr§g§£€é’r t{ﬁ‘a‘?{ %fh%gebfaa‘:%%}’ﬁgisc

recovery ne enploying 't ani onexchange-type chel ate“résin

not yet b%ﬁéﬁ“} Y @AY %%o%m%a%,P?ﬁgi%&@&aéﬁaagle%us[.o_()?ﬁ] addition,

In view of e foregoing, an object o resent 1 nvention

sol ving t hg, afipreRntienedeRr ah! eABrisat® Prondde a4mat B%tgﬁfco{ieal of

producing, In an industrially advantageous manner, terephthalic acid
by use of @myReddr Geehfbatleoresi Rathll{ £ SURMYRIHENGnARKENESLRSEE I N

concentration of a by-produced carboxylic acid mxture in a reaction
syst em and: APt sallguet. oBansef 941 S0l tike nBropkemerred.
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 ccbalt ions,
manganese ions, and bromide ions adsorbed on the resin

requires a liquid containing, for example, sulfuric acid,



[ 0009] In order to attain the aforenenti oned object, the
present inventors have conducted extensive studies, and as a result
have found that, in the production of terephthalic acid, when

catal yst conmponents are recovered froma nother |iquor by use of an
ani on- exchange-type pyridi ne-ringcontaining chelate resin through a

series of hﬁ%r?@la%ﬁ&,esﬁli 1 ERS g&g&%ﬁha@&@i@@ MR, ia%Z 3pd

brom de ions ( cat al yst conponents) can be separated from

by- producegdrgarbexy! icrpLhd 1Y XlU@codRfer8delni feddtfase Wieike
| i qui d- phase oxidation reacti'on is carried out continuously, an

increase i pee@RELAHT BEd0TH Qfs tiRe iRy tReOdHEeH SAr PP C acid m xture
can be suppressed in the reaction system and the nother |iquor, and

therefore fbeoeatal yst conponents can be recovered and reused a
maxi mum nunber of tinmes in |iquid-phase oxidation reaction w thout
bei ng deacti vat eHe néehdd ekenir ibedenhn pPAtbas Deemacc ohplrpdlked an t he
basis of this finding. [0010] Accordingly, the present invention
provi des: ahi$n-eexchdrore-ftorrepr’ctiedichg resepht hald dsa@idyantageous in
characterized by conprising: subj ecting a p-phenyl ene conpound
to |iquid-phate wxiidea ithe ceget PénthguBgrdding-ring-containing anion
nol ecul ar - oxygen-contai ni ng gas i.n_the gresence of a catalyst at
| east cont BXFRIRIY TRy PSCar-PednpBuRat &hE OBt c 6/PBURILORRd
hydr ous acetic acid,havin% % wat er content%ég to 15 mass% . to
t her eby yiBIREP IR, and bragifg: +oRS 1% PZt fPE GRelpke
slurry to 35 to0 140%; t u%h reby, cause tere q;galic acid.to
pr eci pi tatESSIT C30 P RHIEGS: HA PR ERRTNaI Tt drfh BAgAnT 2 water
solid-Tiquid separgtion,, 418 LOSLEDY HEEMS, AnlR! eho MOl ;@M
recovered through the method of the present invention (i.e.,
a mother liquor recovered through solid-liquid separation of
a slurry produced by liguid-phase oxidation reaction of a p-
phenylene compound) 1s 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]



recovering the catalyst fromthe nother |iquor through a series of
the follow ng steps (1) to (4) for reusing at |least a portion of the
catalyst in the Iiquid-phase oxidation reaction: (1) an adsorption
step including regulating the ratio "anount by nole of brom de ions
in the nother liquor/total anmount by nole of heavy netal ions in the
mother 1iquor” g QiGwt 8r3rna@nehiddt RXPS Bilbe BBt PRE bigwair to a

pyridi nering-containing chelate resin Wwhich has been heated to 35 to

140C, so thakehBeohesbP 36ERIMP IRl alrvrlendaii¥gddNEAYY &R als itens and
brom de ions, and al so adsorbs a carboxylic acid m xture which has

been by- pr ggugedet AT QEEhod ot iKddirdiRas € iaxadatl h@ls £ LBl in
(hereinafter the carboxylic acid mxture will be referred to as a
"by- producedveathexyhs Cnathsl, edaphthhlic at2y BR @daitdOm HeRiFAx
of exposing hydrous acetic acid having a water content of 1 to 15
mass% t o t baepytedrasiniwigclontsaaippregsdhel aheineseasahirclcdmaentration
under gone the adsorption step, thereby yielding an el uate containing
t he by- progdcedbrapboxyted csitpryibicupeid nixt@ye ain ¢ Utdamt ionepyEBeEm
of exposing water or hydrous acetic acid having a water content of 20
mass% or nBRd gonehHeehyki@iafe-ri ng- contai ning chel ate resin which has
undergone the elution step t hereby yielding an el uate contai ni ng

A
cat al yst - d¥PPBEdL P8R WethItieo FL ORAE™Br oni de i ons, and (4) a
displacene?§06%fp of exposing hydrous acetic acid having a water
content of 15 mass% to the pyridine-ringcontaining chelate resin

whi ch h d h | ut,i i di,spl

i, ther cby heGENEr At i e roh REorpBFh YA R ST RO duci ng
i qui d. ¢ her eby Y T . .
aci o is rcREGLPRE AR E ABUReroPPRERr B Bepl 8o afacht e

adsor pt | on, ke, (LA eluake obt Bhocgshioualh (e (elhib 90,31 ep

(A), and from the displacement I'iqui oyed in the acenent

step, and LAgqr eaauPred NYALOUSnBEREAEs 38+d 4 dcd RiRRM frfin! Bemother

| i qui d- phase oxidation reaction as at l[east a portion of hydrous

acetic acigi hayt gy aMalE 2608heBh-8kchlak e -lOydBTSMidine-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]



[3] the method for producing terephthalic acid as described in [1] or
[2] above, wherein hydrous acetic acid is recovered fromthe nother

| i qguor whi ch has undergone the adsorption step, fromthe eluate
obt ai ned through the elution step (A), and fromthe displ acenent
liquid enployed in the displacenent step, and the recovered hydrous

acetic acid is ﬁ%%%%ﬁih%l&hetl@é Ui dert @Rviek 188 ?I:obf@éé: a portion
of hydrous acetic acid having a water content of to 15 mass% [ 4]

the method (fiQr aphedHEH Nfot a5 eRhiNdlY ¢e2epHtAs1 d@SEE1 DAY a3 raR8 JOf
[1] to [3] above, wherein hydrous acetic acid is recovered fromthe

mot her | i qwgr cohpehshag: under gone the adsorption step, fromthe

el uate obtained through the elution step (A), and fromthe

di spl acenent | i gubdeetiphgy£d-+phdrid ethies poageardt tst EpquiahdpHaze
recovered hydrous acetic acid is reused in the displacenent step as a
di spl acenepkibdagiod; reg&Siidrhédmeisikod £f er mpl edutangp i yereephiohdkioiagi d
as described in any one of [1] to [4] above, wherein the eluate
obt ai ned t kasugh the rresdnse stfep CBral¥stettrheast carteiniggi d- bhave
oxi dation reaction, and reused as at |east a portion of the catalyst;
[6] the WE@ﬁSGlfé‘PmFEﬁ%@l% G é’t‘—”@ﬂﬁﬂﬁaFP’éP%‘éIF‘élr BNy duerioyed aratafy
one of [1] to above, wherein a reﬁ%nerat

pyri di ne- rPﬁbchAﬁ%HQNquTQHﬁQ SCEEEBSI Alwhi bh fadiassén &6t &PREERY

t hrough the, d @ fnent step is reused in the adsorption step as the
pyridi ne-r Yh§ Eoht A HIMG chel ate resin; [7] the method for producing

LBt Al ok g8 ferpied dpdnn o0 Pl Lo fo Ll 209Vey ) onc
gﬁszmﬁgf %@ﬁ}?é’f%o%fb%%%ﬁ%%%k%%hﬁif@ {9 SRS RhQeLde fons in
removing the terephthalic acid through solid-liquid
separation, to thereby recover a mother liquor; and
recovering the catalyst from the mother ligquor through
a series of the following steps (1) to (4) for reusing at
least a portion of the catalyst in the ligquid-phase oxidation
reaction:
(1) an adsorption step including regulating the ratio
"amount by mole of bromide ions in the mother liguor/total
amount by mole of heavy metal ions in the mother liquor™ to
0.6 to 3, and then exposing the mother liqueor t¢ 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 carboxvlic 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



[8] the method for producing terephthalic acid as described in any
one of [1] to [7] above, wherein the hydrous acetic acid having a
wat er content of 1 to 15 mass% and enpl oyed in the displacenent step
as a displacenent liquid contains bromde ions in an anount of 1 to
1,000 mass ppm [9] the nethod for producing terephthalic acid as
descri bed hgxgqyeope of [1] to [8] above, wherein, in the adsorption
step, the ratio “amount by nole of brom de ions in the nother

l'iquor/total gpWH dntiRhe sebpheayYofeéabod Q1P HyurRe Aekher hiboygor”
is regulated to 1.6 to 2.5; and [10] the nethod for producing

t er epht hal hgvaggda agates ceddieshd Ny tenesohabds t6 {19 MhoMEne-ring-
wherein when Q represents the total amount (g) of hydrous acetic acid
havi ng a wabatataphenthOfatle txesin MassH aeppLhedridné heh£ldtddoapribap
(A), and V represents the volunme (m) of a pyridine-ringcontaining
chel at e restapl ayeerebheyyaitdingavt ieduv@th tontdinkid edies f-proauced

I nvention [0011] In the nmethod for producing of terephthalic
aci d, a bycprbduebic casbdxyddtairsci d mi xture can be effectively
separated from catal yst-derived heavy netal ions and brom de ions,
and the thus-(Pecénerddthenvytart &F) i ohsRs idomREETi ORshEdrowe
reused, as it |s, as_a catalyst in |liquid- Ehase oxi dation reaction,

Ther ef or e, 26 8FbphiF | REENH B 43 tHE EPBHEE d°5tZHIRPITF fTmpese to the

econom cal | ant ageol nner wh h react.io el d

i Nt ai nedP ivsmef?lvréew Sl Aona theTafe JheS Botn th K &P'd?ﬁaone

Dr awi n 0 i h an. e | ar ro ess f
produc?ng ﬁH% J%Jmesﬁr?3§¥oﬁle¥§§§ efgﬁgé unnglglbeES]
1: Reactor

catalyst~der1ved 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 liguid 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 liguor which has undergone the adsorption



2: Crystallization step 3: Solid-liquid separator 4: Mther |iquor
receiving tank 5: Pyridine-ring-containing chelate resin colum 6:
Hydrobrom ¢ acid tank 7: Tank for storing hydrous acetic acid having
a water content of about 12 mass% (al so call ed "displacenent liquid
tank”) 8: Tank for storing hydrous acetic acid having a water

content of sakgyt £36mNEEs % Piat Nttt @hi-3lkh 18he RV R Erd @ t@nk
and from the displacement ligquid employed in the displacement
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 method for producing terephthalic acid as described
in any one of [1] to [3] 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 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-cqntaining chelate
resin;
[7] the method for preoducing terephthalic acid as described
in any one of [1] to [6] above, wherein the hydrous acetic
acid having a water content of 1 to 15 mass?% and employed in

the elution step (A) contains bromide ions in an amount of 1
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11: Conduit for cake of crude terephthalic acid crystals 12: Conduit
for mother liquor 13: Conduit for hydrobrom c acid 14: Conduit for
prepared nother |iquor 15: Conduit over colum 16: Conduit under
colum 17: Conduit for purged liquid 18: Conduit for hydrous acetic
acid having a water content of

to 1,000 mass ppm;

[8] the method for producing terephthalic acid as described
in any cone of [1] to [7] above, wherein the hydrous acetic
acid having a water content of 1 to 15 mass% and employed in
the displacement step as a displacement liguid contains
bromide ions in an amount of 1 to 1,000 mass ppm;

[9] the method for producing terephthalic acid as described
in any one of [l1] to [8] above, wherein, in the adsorption
step, the ratio "amount by mole of bromide ions in the mother
liquor/total amount by mole of heavy metal ions in the mother
liquor"” is 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 ¢ 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 pericd of time.
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about 12 mass% (al so called "displacenment liquid conduit™) 19:
Conduit for hydrous acetic acid having a water content of 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

i nvention, gl b3t b¥scAi Pr eyt e wamagd is subjected to
| i qui d- phase oxi dation reaction by use of a

mol ecul ar - ggy@en-containing gas in the presence of a catalyst at

| east containing a heavy netal conpound and a brom ne conpound, and
hydrous acetiig.at] d Higvi ngsacwet 8h eR&kEIdr PfprbdedslForapesHeiucing
(preferably 1 to 12 mass% nore preferably 1 to 9 mass%, to thereby
yield a sl ueryphbtesei@aides. t he t hus-obtained slurry may be referred
to as an "oxidation reaction slurry”"). As used herein, the term

" p- phenyl ehesconpioimd o i Hedffexr cinweaNphenglene conpound havi ng
substituents at positions 1 and 4 of the benzene ring. Exanples of
such a sub$fPidknt include al kyl groups such as nethyl, ethyl,
propyl, and butyl. A particularly preferred p-phenyl ene conpound is
p-xyl ene. jooisgctor

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 liguid
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 liguor

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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At | east one of a cobalt conpound and a nmanganese conpound is
essentially enployed as a heavy netal conmpound (i.e., a catalyst
conponent), and optionally, for exanple, a nickel conpound, a cerium
conmpound, or a zirconi um conpound may be enpl oyed together with
such an essential heavy netal conpound. Exanples of the cobalt
conpound, nARGANESEma8RROWAUso NE£KEBdd cuiplRGemearti UNYyG oaPesgl: i end

zi rconi um conpound i nclude organic acid salts, hydroxides, halides,
and car bonatoes tohdulie fesprgdioes nedetlis: adidt hawhaygl ¥, wacet | cogdrtt of
salts and brom des of the respective netals are preferably enpl oyed.
Speci fi c exdbuopltes5Sofrasagh a heavy netal conpound include cobalt
acetate, cobalt hydroxide, cobalt fluoride, cobalt chloride, cobalt
brom de, caélfal Conddiiteforobattverrdardid,ysiraidanéde acet at e,
manganese hydr oxi de, nmanganese fluoride, manganese chl ori de,
manganese BlenCdaduibinfanesecévriate catmigstiedéavadbonate, ni ckel
acetate, nickel hydroxide, nickel fluoride, nickel chloride, nickel
broni de, ni“€keforadifeloni exeImagidlafd Xt8ERI um acetate, cerium

hydr oxi de, cerium flugride, ceriumchloride, ceriumbrom de, cerium

i odi de, cePFdm HafBBN5PE, CETTERE (MtaddeatBYeRF+@Bni um hydr oxi de,
zirconiun1fb§?r'de, zi rconium chl oride, zirconium brom de, zirconium
i odi de, and 'ﬁ oni um car bonate. [0016] No particular limtation
is inmposed on t 1N onpoun | o a catalyst -C onent,
so long as it d?gsgﬁggér?%g%% &Bﬁgﬂgbe i§§gg?gyén% %e%%&%ﬁ%é% rom de
ions in th b On. S I r o .L.ncl uyde
i norganic E?%ﬁ?ﬁ%acg%ﬁ%§%§%h§%%ﬁﬁgé%%ygﬁoggﬁsgr%ﬁ%%ﬁ;lso i%%ﬁﬁ?gn#ge,

and cobal t ,0E08F dg; n kT HAYG, SIRQFLRE 2 ERTRQUELS 1, ASH ARAI@ARACEE §

acid and tetrabronoethane. O thHese, hydrogen brom de, cobalt

brom de, aaétﬁﬁﬁﬁﬁnéﬁ?&eiHéNEdﬂ%aahQngr§f§é§@&Ymé£Hﬂ ouMar @nd a
preferably, hydrobrom c acid prepared by dissol ving hydrogen brom de

in an aquepdsmsHd Utbmibbuirsd, emRldovgdroli80dddtic acidhadiinguiadwaliase
oxi dation reaction is preferably perfornmed at 160 to 230C, nore

pref er abl ycdffeo 2A0C. tINIeN nizlze 3r dpetFenabeyperiad W2 rfaglsiks wbit-hi n

t he above range, the anmount of a reaction internmediate remaining in
t he oxi datpoefeesely dn td & mascén, beor edecady @il dxcedsirvg | oss of
hydrous acetic acid having a water content of 1 to 15 mass% (i.e., a
sol vent) byheominsiien the phasenbédinid phrriyvulay He mietfgriced te as

i nposed on the reaction pressure, so |long as the reaction system can
be mai nt ai #ed"¢nidaliquingashacn iurhe” bf oPén®sedohedeiracthonterm
tenperature. Cenerally, the reaction pressure is preferably 0.78 to
3.04 MPa, TRTRhgHEfoprousd”t sefeps fpaa 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 emploved as a heavy metal compound
(i.e., a catalyst component), and optiomnally, for example, a

nickel compound, a cerium compound, or a zirconium compound
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Exanpl es of a nol ecul ar-oxygen-contai ning gas include air, oxygen gas
diluted with an inert gas, and oxygen-enriched air. Generally, air is
preferred, fromthe viewoints of facility and cost. [0018]
Preferably, the oxidation reaction slurry obtained through the

af orenenti oned |i qui d- phase oxidation reaction is fed to the
subsequent ma§apkoEmpdBReat Bfgstth&eniiedh shehasnt @skBAL 04D Mhdawo IR tehe

oxi dation reaction by use of a nol ecul aroxygen-contai ning gas. [0019]
The t hus- okbapbaddoxiKednmes @dctithencsbal t ycompsiy eciftan@spr essur e
reduction and cooling (35 to 140C) through flash evaporation in one
or nore stagepoiinda nvigkéal tomaium) Steepuanpbopound pnendrz imrenium
crystallization tanks, to thereby thoroughly crystallize crude
t er epht hal icompoiidd andltdencidanisi walyl sslted hpdtbelded oviraddsiesi bedd
solid-liquid separator. [0020] The oxidation reaction slurry
obt ai ned t krshghatae af obesrerrdnmedd viei geitdlphasRadxiaideirdy . r aaetion
is separated into_crude_terephthalic acid crystals and a nother
| i quor by REafsSBETa 2R i REIVIARS ofephirat 8FPLThi¥e gl iagE d
separation isﬁgenerall %Perfor med at _atnospheric pressure.. No
par ti cul ar PERRFE 301 BretRIqHRsbs cBPBA. e SURHIAT Gif (oPePabErEY Tafal
this separation i ener al | rformed _at a te ra(iure. ower tg n
the bot |1 ngoBRP RS o i PR ACPEEER” atoRt b ob e d5re CORPAE
(e.g., 35 E?u%%?&%; é%ggﬂ%(%%loride, cobalt bromide, cobalt iodide,
cobalt carbonate, manganese acetate, manganese hydroxide,
manganese fluoride, manganese chloride, manganese bromide,
manganese iodide, manganese carbonate, nickel acetate, nickel
hydroxide, nickel fluoride, nickel chloride, nickel bromide,
nickel iodide, nickel carbonate, cerium acetate, cerium
hydroxide, cerium fluoride, cerium chloride, cerium bromide,
cerium iodide, cerium carbonate, zirconium acetate, zirconium
hydroxide, zirconium fluoride, zirconium chloride, zirconium
bromide, zirconium iodide, and zirconium carbonate.
[0016]

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

these, hydrogen bromide, cobalt bromide, and manganese
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of the solid-liquid separator include a centrifugal separator, a
centrifugal filter, and a vacuumfilter. This solid-liquid separation
is preferably perfornmed so that the crystal content of the nother
liquor is 1 mass% or |less, nore preferably 0.1 mass% or | ess.

The thus-obtained crude terephthalic acid crystals may be

appropri at @nsnd il agkegdreeaaknPWmmlytdd .Cakbos ProLessplguch as
catal yti c hydrogenation (see, for exanple, Japanese Patent

Publ i cat i omydtokalm)i cNaci84prd6866] byo)didaiolenngr agtiregén Wromide in
recrystallization, to thereby yield terephthalic acid crystals of
hi gh purityn p0QRdhs<Ad3otponois séngpoyed.  The not her |iquor
recovered through separation of crude terephthalic acid crystals from
t he oxi datil@@l7¢acti on slurry by the aforenentioned procedure
contai ns catal yst-derived heavy netal ions and brom de ions, and a
by- produced car BbgylLiguadirohasteridatives acasiipnndsabredbesatake i ons
of the heavy netals constituting the aforenentioned heavy netal
conmpounds. PExEcbpedr abutel tardbtXyl i nosei prefsrably 48 ddeg 187G matihen
polycarbox¥Lic aci ds each havin carboxyl_groups which are ortho_to
each ot her! ExﬁﬁﬁFEéo%ft%ﬁRﬁF%ﬁﬁgﬁwﬁﬁ%ﬁscwﬁ PIBakBBxIPTEE FAWS nd8de
trinmellitic _acid ¢ ounds (e.g., trinellitic acid, hemunellitic, .
hei 0. and SRRGPRyPErTRETTSE I eIt meB A Re F TR TRLSE Stk BHCRAT PR
aci d conpouyn 0. hal .l ¢._aci - e | ph j cid
4-nethy|ph? g?Fég%c?%ﬁ£¥§Té§¢n) %F%Pfégbrggén %%%g%if%a%ﬁﬁifﬁg%ypgous

the af oremgati pped. | Nga gl by Rdueed AL bOKYL | € a6 dylliod Uiee,

various organic conpounds (e.g., terephthalic acid, acetlc_acid,
unr eact ed Eéw&réﬁéﬁrk&}a'&mﬂd‘&qtcllno'ls' B‘r@(raﬁfééé! ejo PRItheqthion

by- products), and a consi derable ambunt of water (i.e., a reaction

product). [OQPZdtion is imposed on the reaction pressure, so long as
the reaction system can be maintained in a liguid phase at
the aforementioned reaction temperature. Generally, the
reaction pressure is preferably 0.78 to 3.04 MPa, more
preferably 0.98 to 1.86 MPa.

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

[0018]

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

[0019]
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In the present invention, the ratio "anmunt by nole of brom de ions
in the nother liquor/total anmount by nole of heavy netal ions in the
not her liquor" (hereinafter the ratio may be referred to as "the
brom de ratio (of the nother liquor)") is regulated, and then a
pyridi ne-ring-containing chelate resin is exposed to the nother
l'iquor, to thereaty seuechbbyekheadseidatadpesdctden Ledrhgayy netal
ions, bromde ions, and a by-produced carboxylic acid m Xture on the
pyri di ne-rishg-eerkdl Bbngre8ehal erd &t thoniRIERY o 1 hibaysE £hef aipgfter
the thus-obtained liquid may be referred to as a "résidual nother

i quor") i shrecgteredshadsappiaoiomtiaplonebenmerudetbgeephthal ic acid
crystals recovered through separation by neans of a solid-liquid
separ at or argsvaibédanidh seaderempldyidicovneaoet moractdys@allipbtdon
obt ai ned through this washing may be m xed with the nother |iquor,
and t he resahkapnt toi kherebyayhdmsoisgjectradthdlihe adsde pteéwsplsthed.ic

[ 0023] The pyridine-ring-containing chelate resin enployed in

t he presentcCifiveafiobher Bike awirexXehdiegetrypbechel awedessiibadavi ng
a pyridine ring and obtained through polynerization of

4-vi nyl pyr BBi-he-ahauad vFeRAFRHdene serving as main raw materials. In
general, a ﬁhgéﬂte resin is a water-insoluble polyner base having a

| i gand whi dRC coordinate with netal ions to forma conpl ex, and

hi bi t f ' f .sel ectively. adsqrbi ng/ i i fi '
metal ions. ParEPEUPRHIGE: &Y ISAT e SPRGVCBRLAL AF gt LN SIS esi n
s advant agegus, L il g 11 gl ectivel w.adseths heawidetal Jans, gych
a pyridine-ring-contai ning chelaté resin nay be a conmercl alty

i | abl | i all ilab ,
A ey PEo EXAIP €or Ay GRITR Sl ¥ OUB 8000 mqtker, ddasex, 5
trademar k) m42ps ROF VATRI 51 {d1184R) iRAMRpa rREQHUCITHYS @glﬁhyhiaggd

"Sumichelate (registered tradenark) CR-2" (trade name, product of

Sumi t oo C@Qﬁiﬁé&iéglist?éhéralhgﬂ%ékformed No pafd e brdskatkon

is inmposed on the nethod for exposing the nother liquor to a

pyri di ne- riegp£ONt i I A iGtielaati®nr €8l Anpased .01 ciexadYMatliba chel ate
resin is inpregnated with the nother liquor, or the nother liquor is
caused to pamsetditintgh Hilte ttfigl akpatesion I$ oyerdws Mieweaiformell at a

adsorption efficiency, nore preferably, the nother |iquor is caused

t o pass t hteuggraynga ildiwee- thag- coert hobi igg ghelrdt eo it égidroulr enet he

vi ewpoi nts of heat resistance and adsorption performance of a

pyri di ne- ratigd contatinispdheatiel aressasen(etde, cfeltat A 086 0 Mysimphies

heated to 35 to 140C before being exposed to the nother liquor. The

chel ate rexf nthies solid-1liquid 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 (kokocku) No. S41-16860}, oxidation

treatment, or recrystallization, to thereby yield
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preferably heated to 45 to 130C, nore preferably 70 to 120C, much
nore preferably 85 to 110C. The residual nother |iquor obtained
by exposing the nother 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
fromthe ragidphnbigui et Br opghsa fO- XA Gurdigtillation, and at

| east a portion of the thus-recovered hydrous acetic acid is reused
in |'iquid-phasejoxidation reaction, or enployed as a displ acenment
liquid for the bel ow described regeneration of the

pyri di ne-r kpgiseeptabni 8gephel ate resin. [ 0025] In the
present invention, the nother |iquor obtained through |Iiquid-phase
oxi dati on reactirhe apdhasl i daghduistsapaidatthebughnsephtyties of dtirle
content of 7 to 16 mass% Therefore, when the nother liquor is
appl i ed totarpphibabhéci agidontatalizg fohel dhe pr$datitoh uregctiiomelyrry
cases, the water content of the nother liquor is not particularly
required tdyb&heeglbibnement Hovel eroosidaret hentaies catr bmt-olextived

mot her liquor is increased by, for exanple, mxing the nother |iquor
with a |igheavgbratakd e cigh taedigeoderent poRedl Masmamasd cr ude
terephthalic acid crystals recovered bg%solid-li ui_d separation, the

wat er cont EREPPEY bt &f 7 Hb IR X TR R -at £ECED NP PAIGr 1PBSs affotens of
f bl t 14 o h . bl 51t0 12 0

Phrouan. T bhecBatty oo er I (o e h R R r e S i Peqvy, petal
th [ i d 6 % .i h d ti .St

Tat arvst . dePhodltagay e PR R allel ISR Rnriad SRt Mxsvps. tpokudey

car boxy | ¢.aghg L SIUE A0SR LEKBLYoL0n DR SHIL Ll 80N gdagpbed

. FC
on a pyridinée-ring-containing chellaté resin

pyridine-ripgecontaifung, Ghelalh be EP."‘*%}H%%%% Bt sHBAELGONERIW: ¢
to the ot

prelimnary treatnment nay be expose her |1 quor. wever,

pref er abl ypo i ea ARE:NLri d QY 1he10RaUEREmd i Or CONHAY WrbBuRds (e.q.,
brom de-type chel ate resin prepared by exposing a

pyri di ne-ritAtnEoM @i Nidtd GheleatiRel @t dct feid OraX I hyAR rapelittic
acid solution containing brom de ions in advance. No particul ar

limtationatsd) mMmeseshaln itthe setifedaharpptieppid ng-ial Roawodadsype. g. ,
pyri di ne-ring-contai ning
phthalic acid, 3-methylphthalic acid, and 4-methylphthalic
acid). The mother liguor contains, in addition to the
aforementioned lons 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 liguor" (hereinafter the ratio

may be referred to as "the bromide ratio (of the mother
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chelate resin, and, for exanple, the chelate resin may be prepared by
exposi ng a pyridine-ring-containing chelate resin to an aqueous
solution of any of the aforenentioned brom ne conpounds (e.g., sodium
brom de and hydrogen brom de) or a liquid m xture of the aqueous
solution and acetic acid, followed by renoval of excess brom de

t hrough washiu@rwithigl aehal 2868 | #ndctrbdra [nydriauaea@@hbcc@@mining
havi ng a water content of 15 mass%or |ess. This washing is

pref erabl y qprilfagenedswnt hshygposisd agetilte agitthetavindoa, Wab efheshent

| ower than that of the nother |iquor. [0027] From t he vi ewpoi nt
of effici erttelelkitived yohdaoby - & talliged-daribexy hieavgcmdtal Xi o€, bromide
adsorbed on a pyridine-ringcontaining chelate resin, the brom de
rati o of thenspthad bki bueproduded ¢axriQxyirief acddl piRtidreé oo, Bhe nore
preferably 0.9 to 2.5, much nore preferably 1.6 to 2.5, particularly
pref er abl y p¥ridine5rimgenonbeibinmi deladtd aesdinhi gherpey centiquid
adsorption of the aforenentioned heavy netal ions is increased, and
percent ads&epeiBALEPT athy - Preutr idhdigniie Bavdbei xeferradids asoa
be reduced. Therefore, when the bronmide ratio is increased
particul ar I'FeShdEAd BAsBept+ oAt dp, 15 Faryepefohrdecer F b iah)i-on

Stop (8 ok BEORHER- SRR S aF Lupbsie-gan Do, o estiel

b (e e TR N R e T

o e Q15 BEe s BUIS A, 2 S0t o 0 hun PR
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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In the present invention, the pyridine-ring-containing chelate resin
whi ch has undergone the aforenenti oned adsorption step i s subjected
to an elution step (A); i.e., a step of exposing the resin to hydrous
acetic acid having a water content of 1 to 15 mass% (preferably 1 to
12 mass% nore preferably 1 to 9 nass%, thereby selectively eluting
a by- pr oduGee &b @y Rie@ 12¢) dafid X¥ $kingh c i e 1 g sSHBRACE B8 &Ra BN
elution step (B); i.e., a step of exposing the resin to water or

hydr ous acetr-@raqitdtadiavinaflep Yod@lic€ Wit Siimitiond0 CHBHSH0r CHP) ELtd. ) .

t her eby recovering catal yst-derived heavy netal ions and brom de

i ons. [Moe4pyri di ne-ring-containing chelate resin which has

under gone the aforenentioned adsorption step contains, in addition to
cat al yst -deri vedichgaryinmetalk i bmbtanibbriem idecseds pnathy - petided etbr
carboxylic acid m xture. Wen the pyridine-ring-containing chelate
resin i s suypectied tbhet netkéntiionest dp @EBpwiidhoetrbegneostdirdoted to
the elution step (A), so as to recover the heavy netal ions and
broni de i ohelpte. reganal 8¢, comparanrde, the §§Ebﬁ6€u@€ﬁutdﬁboxylic
acid mxture is contained in the catalyst conmponents. In such a case,
when the cdBF¢ePatsrpthbnt Shamettarudisdoro shdthe Bethsn Limor is
reaction system, the concentrat.i of .t he by-produc carboxylic acid
xture | o CoPRalal PyPRREs BAEEY (P hen hedace] ROL)s: drhoimdind ROPRERE
|'i quor, which ses. deactivation of the catalyst. Such I 0Gess
Feaul ts 1 noin GRaRER o of Char A Sae Moren SESERG Y- | T M dd S
an i ndustrisal . upp L Y. in .

oncent  at f o ar e Re by By b aURS D BE T e gl oy STLr e, BelAtsn
step (A) !%eE?ﬂU'rﬁ?Bm'tH%-Vihago?MthQ?Lﬁﬁgk(¥g§¥yﬁgﬂdé %ﬁhdaakﬁib%f%n
is selectively eluted, wth heavy netal 1ons and brom de 1 ons belng

adsorbed opct-RErRYfEL HLIA MY GRNNRLH AG-6BRLALRI gt 1dtQ02@kin, the
The hydrous acetic acid having a water "content of "1 to 15 mass% and

enpl oyed i ppbher &1 HLd 00 BIAP W ReBiEHEEBPBY £9N 2690S HREGELABL109S 1N
an anount of 1 to 1,000 mass ppm nore preferably 10 to 1,000 nass

ppm for rappébydeteting Mdihdyy1pgoducedricardnxdteC ragid AsXxture
adsorbed on the pyridinering-containing chelate resin. In the elution

step (A), phereramyy hee£rad ayedimaet i1Gac] dnérat B e EOMIENL 1704 tic0 12beC,
mass% bromde ion content: 1 to 50 mass ppm recovered fromthe
bott om of mudhshédté atrafer@llymisuponitetmyval of water (through
evaporation) fromthe residual nother |iquor obtained through the
adsor pti on stepThanresicdual agsthiered ighroughtebreed| by iepostiag CAR, or
a di splacenment |iquid enployed in the bel owdescribed di spl acenent
step. [003@pther 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.

f0025]
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When Q represents the total amount (g) of hydrous acetic acid
supplied in the elution step (A), and V represents the volune (nL) of
a pyridine-ring-containing chelate resin layer, the ratio QVis
preferably 0.5 to 10, nore preferably 1 to 6, nuch nore preferably 3
to 4.5. Wen the ratio QV falls within the above range, the

by- produced car hgxWHeC Aeisdn® XhyeSt £64), b@z@fﬁ@&wﬂqllﬁuagdobtamed
selectively eluted fromthe pyridine-ring-containing chelate resin.

[ 0031] thridiefhenably d-preseusx aatich atd 4 thay Bedasyat gLl &nt

of 1 to 15 mass% is recovered, through distillation or a sim/lar

t echni que, sferp@matthanebuateea@byammch g e drtene! Wi ontst e ddYss .
whi ch contains the by-produced carboxylic acid m xture, and at | east
a portion dahetre€otrbyswhenovks etb ttyelr dusyaeetiisC 2ppl detiSt s ealsegr idine~

| i qui d- phase oxidation reaction, or enployed in the elution step (A
or in the Wéhgwcdeseinbed dhshiiaeeaneviin stodmmn|, 0@82hany casds) tiie
elution step (B), netal inpurities other than catal yst-derived heavy
netal i onsvateérbeonteeti ohstle angidiewvilitayalrl y sadebrbedt orukadwly
pyridine-ring-containing chelate resin. Therefore, through exposing
the resin F8TMArES 5P RGdFemialaied i cHaWPHC RaVivhRp ath it edorpaAENSS OF
20 mass% or . nore erably 20 to 70 mass% _nore eferably 25 to SO
mseo%  mCKIAOPGCBRES Craury o5 it 40 See by . CRYdFEHE Mottt i dhe

whi ch h | nd b d d h b
Foused,  astPERPE. CHIPPT il ok phacelon ABEPoReFoRBErBa: (Vi oi na ter the
thus- obt ai Q@grge{gﬁefgmg&%s% agl df*grvm%e Lebh e L0 o desouered

catal yst | rqui can teérna a condensa
content: 2Q 0 Qv D
reaction byeﬁgg%se%ng (ﬁg'c n ens akbg gghegﬁ%ehéﬁg regggg} 1sy

be enpl Oyeﬂréﬁefgﬁlflfgdﬁht%c?Qo( B)s ﬂﬁsg¥d5Pu§e§§eHc&é&‘ﬂr‘$’ferably 1
to 14 mass?¥, much more preferably 5 to 12 mass$%) through, for
example, distillation. When the water content of the mcther
liguor 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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[ 0033] <Di spl acenent step> In this step, fromthe viewpoint of
adsorption efficiency of catal yst conponents, the
pyridine-ringcontaining chelate resin which has undergone the elution
step (B) is brought into contact with a displacenent liquid; i.e.,
hydrous acetic acid having a water content of 1 to 15 mass%

(preferabl opk 1t 12 HBSS YndDr 6P SEAHAR,Y tl:i-xet eh%mésﬁ/%%ﬁ Md PHLELOY

regenerate the pyridine-ring-containing chelate resin.

thus-r egen%ﬁ%tp%qeaybydwg%ém@-&%@dﬂﬂ&ﬂ%@%ﬁtéﬁﬁiﬂ?C&E‘emé eusad

in the adsorption step. rough t'he di spl acenent step, The water

content of fydnousuasati Soaet topresenly douRd bRerehehel Shd LY rbdite
reduced to a |l evel equal to the water content of the displacenent

l'iquid, sodompbuh@avyel®@talsddingn Hbridenzdd h9Ascgér bARhiH) or a
adsorbed on the chelate resin in the subsequent adsorption step. In
contrast, UHenithmidtsptasfnend =sfepuss sbeutpenf andedcesice-itd)e
chelate resin layer is surrounded by hydrous acetic acid having a
hi gh wat er fodavwad bymedietzl o Lfexeestshbrehidteobhstegh (B)shimy thieh
adsorption step, adsorption efficiency of catalyst conponents is
reduced at 9aAcéat| ycetngeadid opdyvdreust achtichatbd chaein a wattkes
not her |iquor, and percent recovery of the catal yst conmponents is
reduced, r&SBEERRGOT Nl AMATThAR degiSsadtaht afpshing is prrigraeiyt o
facilitate adigrﬁtion,of cobalt ions anese. i ons, and brom de

i ons on t hBEpYPFARrAe?tihdE %ﬂ%ﬂ%ﬁ&téﬁgggg@ RREIRT Frorat s &oBt8BLy,

hydr ous acetic_agcid havin ter content of 1 to 15 mass% and
containingiﬁwﬁﬁigga?dﬂyﬂf%ﬁgﬁﬁghﬁﬁﬁgeﬁf?iqP%rl,000 mass ppmi s

enpl oyed ai ] g'splaceneny l'i qui d. There may be enpl oyed, as a
di spl acene P ?I uid, acetic acid (water content: 4 to 11 mass%

brom de ion CO”F?&B:tﬂe t\pi%‘%ogvigﬁsg?pg}fggg%ﬁrggu {gMdhe l%(g,t_t om of a

distillation colum upon r wat er rough evaporation) from

L C BB LB MRV S 1B B AR L

l'iquid enpboyesining hhadiaaRl 38BNt tBéePromide 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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[[00343 The overall flow of the nethod of the present invention
wi Il next be briefly described with reference to Fig. 1, which shows
an exenpl ary process for producing terephthalic acid. However, the
present invention is not limted to the process shown in Fig. 1.

As shown in Fig. 1, a mxture of raw materials (a pphenyl ene
conpound, &HEFARY ASt al PEBKHPSANIOLECDT omi ne conpound, and hydr ous
acetic acig@ is fed through a conduit 22 to a reactor 1, and

| i qui d- pha 08%ildation reaction is performed in the presence of a

nmol ecul ar - 0x gﬁn-containiﬂg gas. The reaction product is in the form
of slurry oBt&Frhed fhEBAgh*tr3”t alf)i*zation of a portion of crude

terephthalic acid. The reactjon product i.s subjected top pressure .
reducti on and cd®l FR§ PRFBEY *WééﬁF%ﬁhp P ﬁlﬁﬁn§é§%ﬁéﬁcgﬁ§ﬁﬁﬁiq91

talli i t 2. fall dDb i b f
2Tt asghien shebnZn ol Loued b separghion Y tEans o, @
t ht hal i pd. T Ry - i i fer,red
oreontnallcegek gt gl s T s OBt aLed coken! scdp gl g
by nmeans ofsibpessobidsdoichSeRan QL ﬁyE?oﬁ?da&’é@i@. i%'bgg”aft"rioé %O a

not her |iquor recelving tank 4, and hydrobromc acid

hydr obr om gaderdcbabén® dhrough 13 eeBdyi {pldrtpabhe Mtdern Hguer
receiving tank 4, to thereby appropriately regulate the bromde ratio
of the nothekel peitsraBUpSEqite™ usskhe ohéheby | ssitivelgauiadihg a
pass through conduits 14 and 15, and then subjected to the adsorption
step; i.e.bytheodutddrcdrbgprorliics aicitr mdlytedet camd then is subjected to
pyridi ne-ring-containing chelate resin colum 5 through the top of

t he col umaandleaimedtep pdds ttheret hr stigh. o A sxpstianc ehwhirelinstoot
adsorbed on the pyridine-ring-containing chelate resin is discharged
fromthe boetemet hyras aaetigndcidehapinged watexomwddiens ©6 3Ad
17. The substance is appropriately subjected to, for exanple,

di stillatiBASFHroF e for FhereRydreGevaE Ry ccaled iy startpriiiyed heavy

t hus-recovered. hydrous acetic acid is transferred (for reuse) to a
raw nat er | BE 2 ankenD By PTORARe71PBE - st ori ng hydrous acetic acid

having a water content, of abqut 12 nmass% [ 0035] . The ,
pyri di ne-ri ng- cbit &7 1y e a0s CPRERARIWRY chP A Qi fsigo e ichehas

d ti i bj dto th | i i A. S iLfi [y,
P ons acadielunre, HHal REEEnkRr i pte d (iRetHP SO tiRE £oREALEss L2 ] b
f the t . 7. th h duit.18 dth duit 15 d .

T b e i i A A SR 10 8 A G O st Bna® B omi e
through t hfoﬁ@ p aOfba}—%%_o%lﬁlggmc%ggOngfg daéiod ) ugéer %Itﬂér? he' AN

el uat e contaiting uced carpoxyli¢ acird mxXture Ts discharged

fromthe E@}fmn@-ﬁ%@-&%ﬂ%mﬂ@ﬁﬁ@fﬁw qlt;ijsafsﬁdgﬁeeeagriéést&é

and 17. T eluate 1 s appropriately subjecte exanpl e,

di stillation,d RepveRYy QEtﬂ%gEOUéiﬁqmgdﬂﬁéggéﬁ t®N@nkh81ution st

thus-recovered hydrous acetic acid Is transferred (for reuse) to ttie
raw materi gl ! ek 550 tr rbB8vbanknd Aédv i é;;aﬁs@r QHa BEShI e Atdrih

havi ng a water content of about 12 mass% [003
(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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After conpletion 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 froma tank 8 through a conduit 19 and the
conduit 16, and introduced to the pyridine-ring-containing chelate
resin colu 5 S0 as toagass t heret hrough for elution of heavy netal

i ons and br&ifde ViBdHeadsoFBedSBhat et py PHGRne- PFAGESDNTF i by In an
chelate resin. The thus-recovered catalyst liquid is transferred
through a CEIFASIEC2816895ANFATS r WRER T HhMkito 1NEQLBERGENFE YO (e
recovered catal yst. hi uid is %gd E@;oigh a conduit 21 to the raw
material t ANCUP6T AkaSrBiSed HE ISR APy SEPPEPST| gt HRGTRAY O dati on
reaction. [0037] .After_co tion of the elution ste B), the
displacenen°n§Fé5r95183r??EEE%U?Y_Eiﬁéﬁqﬁd§§ﬁF ox ;aFgﬁélgc%&§§PEﬁﬁ(§he
havi ng a f-en con abou . S% _seryin s.a di acenent

T d, i o P PROREPRe ol oF e dieht KR H0 RPaRaite he

condui t 18;%&%0%9?i8°§998tmﬂé&ufﬁ“&é!EéT%@#@%ngoeiﬁﬁed with heavy

pyri di ne-ring-containing chelate resin colum So as to pass

t her et hr ougletaThech8Shd Abtokl dkdt oS Hauhgedd¥haptieok onelif . 148 nand
17. The eluate is appropriately subjected to, for exanple,

distillati eintoronesoneny Helwith aussiacetic acid, and the

t hus-recovered hydrous acetic acid is transferred (for reuse) to the
raw mat eri glooeank 10 or the tank 7 for storing hydrous acetic acid
having a water content of about 12 mass% After conpletion of the

di spl acenent st &pe hidrafisrapentd cnmed ddydngt aonaterpcomyene «arlr ited
out. Exanpl es [0038] The present invention will next be

descri bed LA Rase? derdi¢mmloyed iof theagphesonwhteh houbnk feortdy

construed as limting the invention thereto. [0039]
contains bromide ions in an amount of 1 to 1,000 mass ppnm,

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 (&),
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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<Prelimnary treatment of pyridine-ring-containing chelate resin>

In each of the Exanples and the Conparative Exanple, there was

enpl oyed a pyridine-ring-containing chelate resin prepared through
the foll owi ng procedure: an acetic acid solution (200 nL) cont ai ning
10 mass% hydrobrom ¢ aci.d was caused to pass through a

pyri di ne-r iMRFcoFedickeRd YcheFat & Reh PYreshredtsrRiy frEQi 4t 2r edhen
tradenark)égﬁ-Z" Sﬁrg&e nanme, product of Sum tomo Chenical Co.

Ltd.)] s0 483 GariepR/d ASLTBnTHen1y pdieh AR E2RGRg- EORL AV TPFRruCed
chel at e resin,b and .excess h dtobronic aciqaya rinsed qut %he chel ate
Fesin vi t h HTEREHIAE AERE BOFHRF o HAITE o Seride L¥oRPanteLectvely
mass % [004q%5<%hthod for determ ni ng heavy netal i n,c ncentration>
Hoavy met alo R ocOREBNERE: PERLGRRS det s HORER By "o SRS LOFS oFe St o o
absor ption ﬁﬁgﬁtrophotoneter havi ng the foll owi ng specification.
Model : Pol ariz & Zeeman atom c absorption spectrophotoneter Z-2300

1 ze
(product of Hi t%‘i@fe‘f'iag'iyfeﬁ?é}g%gga&ﬁen% R ih%%n?ﬁ\gé{%%gf Moo {ha! t

ion: 240.7 nm Manganese~i on: anme: Acetylene-air

Det er mi nat iggn 1Mebhed: nADs 8PPS ORE b Ak ATO YR oRbhag$8PPI Eat SorPlAaced i n
a 100-nmL gl ass contai ner (mass of the sanple i's neasured by neans of

a bal ance) siaRdathecsRAPYEe ) Stk WRd vzt epUbEaVREE! tiRFslid) HRSS%
hydrochl oric acid (constant boiling point, iron-free) for accurate
anal ysi s (ahattoR stepSOAl hathidie onednlsr #hieobyebr béavyd neimloxydns
to be neasured is about 1 ppm (the mass of the diluted sanple is
nmeasur ed fecidemérbunai i amd oft daidtutal pertaonoe). tHdetheane amtealed on
concentration of the diluted sanple is determ ned on the basis of a
cal i brati ohyduove prepit ezcly isecofsest andaidusdnphase hendidat ilveavy
metal ion concentrations of O ppm 1 ppm and 2 ppm_The heavy netal

i on concenﬁﬁaﬁtéﬁnoforrﬁmﬁﬁﬂﬂﬁéhhﬂjt@@nﬁﬂétﬁ§ndét%@ni%kdnbﬁﬂ-the

nultiplying t he heavy_ netal
elow-described displacement step.

[0032]

In the eluticon 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 teo 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 oxidaticn
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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i.on concentration of the diluted sanple by the dilution factor.

<Met hod for determ ning brom de ion concentration> Brom de ion
concentration was determ ned under the follow ng conditions.
Titrator: Automatic potentionetric titrator AT-510 (product of Kyoto

El ectronics Nhnufacturing ‘% ¥;trathn liquid: 1/250 N
aqueous si BASS | CRGPEEE Fuf?o%%?ﬂ& cin it Qﬁéé?Fbaﬁsre%%Eﬁ%%|9¥aﬂﬁQQ§é

electrode 0172 Siflver ol ectrode M.244 Terperature comensation ) . .q

in the elution step {(B) as hydrous acetic acid.
[0033]
<Displacement step>

In this step, from the viewpoint of adsorption
efficiency of catalyst components, the pyridine-ring-
containing chelate resin which has undergone the elution step
{(B) is brought into contact with a displacement liquid; i.e.,
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 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 liguid, 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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Determ nation nmethod: A Teflon (registered trademark) stirrer chip is
placed in a 200-m, beaker, and an appropriate anount of a sanple is
pl aced therein (the mass of the sanple is neasured by neans of a

bal ance). Pure water is added to the beaker so that the volume of the
liquid in the beaker is about 150 nL, and 60 mass%nitric acid (about
2 m) is added tirercadgr Beofraelibate Grisamtdononfi sobialbr Fomed

t hrough precipitation titration by neans of the aforenentioned

aut omat i ¢ FENGRTESReLPPE t PRP AR%AT L daVEIOREd O thaePBE bl iemr ing-

by- produced carboxylic acid m xture concentration>

Concent r at i“G@® é‘flnéQEhCBFl?F% ’éef%lrrbnﬂﬂrleoﬁéﬁfﬁﬁﬁﬁéyr ch&‘élf‘i’jl%c?rﬁﬁ?&r‘fd
and trinmellitic, acid congounds was deterglned t hrou

chr omat ogr &HY BATEPIt AT bFY FRHE o GHS;5NBG§$£ é&ﬁ”%ﬁﬂtQ%ﬁ?ﬂq

(product o

Agi | ent TeéﬁﬁgﬂggpigTeggga%g%?gﬁ%g}gﬁlﬁetolgpbﬁ ggéﬁg%ﬁﬁT(prOdUEQWEﬁe
i oni zation geéeaag Fg&%n*qptﬁ% Percent recovery of catal yst

conponents "an usi of a by-produced carboxylic acid

i xture were Cahgul gt adyths g e, 0ld QW08 TELBRGS: SADALL JAWC

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,
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 oxldation 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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Percent recovery of cobalt ions was determ ned by cal cul ating the
ratio (% of the anount of cobalt ions contained in a recovered
catalyst liquid to that of cobalt ions contained in a nother |iquor.
<Manganese i on> Percent recovery of nmanganese ions was

determ ned by calculating the ratio (% of the anount of nmanganese

i ons cont aings@citaonhandeconbing ducalapst lpisurdaporahiben ofn rawfdedse
ions contained in the nother_ |iquor. <Brom de ion> Per cent
recovery ofstBgesi dB foR5YWea! Hadadrimmedepy Zeafedlaved Py HehaqEtd onpy
of the anmpbunt of brom de,ions contained in the recovered catal yst
liquid to fREFSoPLbRoRPHEIT DHE IhRSRAAEHFOrn 31 hBO nbRPEFPY iifdd @ cake

<By- produced carhoxylic acid m xture> Percent i ncl usi on of a
by- pr oduce&’fc&FBaﬁy]\{?Ee%iFlba '%tﬁﬁléi_ \ﬁéé’saétlér mi T WSEQPGBPaFﬁn_@a]Eﬁe
(210 0 8t s RFouDL. o8BI e Agl oM B o FELLLLTC
2, phthal | ¢ AELOCEOMPRRRCLAL J4 TRl fLenSO0PoMY Somaingdsk
separator 3 is fed via a conduit 12 to a mother liquor
receiving tank 4, and hydrobromic acid is fed from a
hydrobromic acid tank 6 through a conduit 13 to the mother
liquor receiving tank 4, to thereby appropriately regulate
the bromide ratio of the mother liquor. Subsequently, the
mother liguor is caused to pass through conduits 14 and 15,
and then subjected to the adsorption step; i.e., the mother
liguor is intrecduced 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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[0042] (Exanple 1) p- Xyl ene was subjected to |iquid-phase

oxi dation reaction (reaction tenperature: 200C, reaction pressure:
1.62 MPa) by use of air in hydrous acetic acid having a water content
of 9 mass% in the presence of cobalt acetate, manganese acetate, and
hydrobrom c acid, to thereby yield a slurry containing crude

t er epht hal iconaehd. o Subisegi et Img ssthd ssifedr §rumstiselbt ek ed tHhoromgh a
crystallization step, followed by pressure release and cooling to
100C. Ther eahtieif 1Beatdrphtdraldwdtadisd wad ietoydgcddroudthe
solid-liquid separation with a glass filter, to thereby recover crude
t er epht hal pgradidecrinyatenmmidingnshkdrntri gesin ofobibwutd 80CouBhe the
not her |iquor was found to contain cobalt ions in an anount of 610
mass ppm #aAgafetkei onkunn and ;avged &0 B86s nklerggmouston de ¢biste
in an amount of 810 mass ppm trinellitic_acid conpounds in an anount
of 2,500 nESBtapM NG HTRE SBICE I 6APBARESLF Mk aWstiirfs2, 100 nass

ppm and water in an anmount of 12 mass%_ The prom de ratio of th )
not her qu%FC%Eg%uﬁﬁO“E o hife g téom o2 thegpeo nge-amcgm&mgﬁrgyg via
treated pyrjdine-ringcaontainj chelate resin (90 nL) wa har ged
nto o doube- coneebrEatd Bt i TGRS At A seefab =t Pe bl ot o
through a Lagkel, of {he T idlagyti ngsconi plniag Ghelaleresl B
columm, to reby mai'ntain the pyfidiné-ring-containing chel ate
hydrous acetic acid, and the thus-recovered 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$%.

[0036]

After completion of the elution step (A), the elution
step (B) i1s carried cut. 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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resin at 80C. The af orenentioned not her |iquor was introduced
to the pyridine-ring-containing chelate resin columm through the top
of the colum and was caused to pass downward therethrough at a fl ow
rate of 360 g/ hour for 50 m nutes [adsorption step]. Thereafter,
hydrous acetic acid having a water content of 12 nass% was i ntroduced
to the col @hsrilhcenghtt Akep ops arrr s editt-0 PResI Towniar,d hydrous
therethrough at a flowrate of 360 g/ hour for 20 mnutes (QA = 120
g/ 90 mL = aselicl1agdy havimg on waler GRftentf pér abowpl b2 s, tdegving
elution step (A), hydrous acetic acid having a water content of 35
mass% was it PoddER42Eamene tluith tifr Jegh TR BBet dhsRIRFated iy id
pass upward therethrough at a flow rate of 360 g/ hour for 90 m nutes
[el ution sttépk(B) fhravder themandiion 16 arde tBRuEPBALSE e (B an

di spl acenent Iinui d (p%/dr ous acet.ic acid having a water. content, of 12

d

mass% was PHEPBHEERdC? ot P ol TAPGGGRAERL IBY PRt LES o
d th th h at_th fl t d i bed, ab .
Por 20 m napdunfich ko AH Uk Badd iR atoftht ok SETEhE 81 826Y 1.
d ti ti A t I i -(B), dth
gi:g[gcLﬁgﬁﬁkgggpgygngﬁgé%%?ﬁﬁf%peﬁﬁkggsE?bffgﬁgg%ép%gﬁé§ zepggted St

180 m nut egfpy¥EhRiately siBHUQUR) 3Cet icgragkdmbay] NGk & MalA11 FORLeNt
of about 1Zb%as§@§aa§ ¥e%overed, througﬁ dist?llation,lffﬁﬁf}he

resi dual WEBSGef%%@%M@J&%@:e&H&OHEHdE hgnaderé piH - reRRrerbiom t he
el uate obtained through the elution step (A), and fromthe

di spl acenenydrbasi seeript oyeidi i1 thandifspkagerent séefs) e the raw

t hus-recovered hydrous acetic acid was reused as hydrous acetic acid
in the |iqgubhdephabetank dad icon theatknk&ny ésr hytkoirsy doelrichisaaicdtia t he
elution step (A), and as a displacenment liquid in the displacenent
step. Al soacaddcladalysta |wajeird coatener ed shoough? tnes s .ut Abhest ep (B)
and contai ning cobalt ions, manganese ions, and brom de ions was
reused as eowpiatiot dhrthd qiisglphasenbxsteri othe edctriesentioned Tabl e
1 shows data of percent recovery of cobalt ions, manganese ions, and
br om de i oAdSorRiL erTedn mMaYclbgsicenrépdphital i ¢ aci d conpounds and
trimellitic acid conpounds, as determ ned by use of a catalyst |iquid
recover ed BraBRYES of the experinent. The experinent was
further continued. However, |iquid-phase oxidation reaction was
effectivel9o%%$}orned W t hout reducing catalytic activity. [0043]

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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[ Tabl e 1] Percent recovery Cobalt i0ons88% Manganese i ons68% Brom de
ons92% Percent inclusion Trinellitic acid conpounds50% Phthalic acid
conpounds9% [ 0044]
resin ["Sumichelate (registered trademark) CR-2" {(trade name,
product of Sumitomo Chemical Co., Ltd.)]) so as to prepare a
bromide-type pyridine-ring-containing chelate resin, and
excess hydrobromic acid was rinsed out the chelate resin with
an acetic acid solution having a water content of 12 mass%.
{0040]
<Method for determining heavy metal ion concentration>
Heavy metal icon concentration was determined by means
of an atomic absorption spectrophotometer having the
following specification.
Model: Polarized Zeeman atomic absorption spectrophotometer
Z-2300 ({product of Hitachi High-Technologies Corporationj
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
beoiling point, iron-free) for accurate analysis (about 2 mL)
50 that the concentration of heavy metal ions to be measured
is about 1 ppm {(the mass of the diluted sample is measured
for determination of a dilution factor). The heavy metal ion
concentration of the diluted sample is determined on the
basis of a calibration curve prepared by use of standard
samples having heavy metal ion concentrations of 0 ppm, 1 ppm,
and 2 ppm. The heavy metal ion concentration of the

undiluted sample is determined by multiplying the heavy metal
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(Conpar ati ve Exanple 1) The experinent and neasurenent were
perfornmed in the same manner as enployed in Exanple 1, except that
the elution step (A) was not perforned, and the cycle consisting of
the adsorption step, the elution step (B), and the displacenent step
(and return to the adsorption step) was repeated at 160

m nut es/ cyalo@. chheehesttisn ase oW ttebiabbRp?e by the diMition
experinment was further continued. The catalytic activity was

gradual |y rredueed, and the yield of terephthalic acid produced
t hrough |i qui d- phase oxi dation reaction was consi derably reduced.
[ 0045] [ TakiMetBbdPeseeatteaciviaiy Hehdlde ions88fcentration>
Bromide ion concentration was determined under the
following conditions.
Titrator: Automatic potentiometric titrator AT-510 (product
of Kyoto Electronics Manufacturing Co., Ltd.)
Titration liquid: 1/250 N aquecus silver nitrate solution
Detection electrodes:
Composite glass electrode C-172
Silver electrode M-214
Temperature compensation electrode T-111
Determination method: A Teflon (registered trademark) stirrer
chip is placed in a 200-mL beaker, and an appropriate amount
of a sample is placed therein (the mass of the sample is
measured by means of a balance). Pure water is added to the
beaker so that the volume of the liquid in the beaker is
about 150 mL, and 60 mass% nitric acid (about 2 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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Manganese i ons79% Brom de i ons93% Percent inclusion Trinellitic acid

conmpounds77% Pht hal i ¢ acid conpounds38% [ 0046] (Exanple 2) The

experinment and neasurenent were perforned in the sanme manner as

enpl oyed in Exanple 1, except that the elution step (A) was perforned
for 60 mnutes (QA =360 g/90 nL = 4), and the cycle consisting of

t he adsor ptootmat €fpld ed el DBE-10n pHoeRctAbf hbel ehtTahratleRieB), and

the di splacenent step (and return to the adsorption step) was
repeat ed ato2dfin Nt &ibLsd G €.100heor @8oP¢s are shown in Table 3.
Detector: Flame ilonization detector (FID)
[0041]
Percent recovery of catalyst components and percent
inclusion of a by-produced carboxylic acid mixture were

calculated through the following methods,

<Cobalt ion>

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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The experinent was further continued. However, |iquid-phase oxidation
reaction was effectively performed wi thout reducing catalytic
activity. [0047] [Table 3] Percent recovery Cobalt ions88% Manganese
i ons67% Brom de i ons91% Per cent i ncl usi on

of a phthalic acid compound or trimellitic acid compound

contained in the mother liquor.

[0042]

{(Example 1)

p-Xylene was subjected to liguid-phase. oxidation
reaction (reaction temperature: 200°C, reaction pressure:
1.62 MPa) by use of air in hydrous acetic acid having a water
content of 9 mass% in the presence of cobalt acetate,
manganese acetate, and hydrobromic acid, to thereby vield a
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 reccver 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 (80 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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Trimellitic acid conpounds34% Pht hal i c aci d conpounds5% [ 0048]
(Exampl e 3) The experinment and neasurenent were perfornmed in
the sanme manner as enployed in Exanple 1, except that hydrobromc
acid was added to the recovered nother liquor so as to attain a

brom de ratio of 0.9, and then the nother |iquor was subjected to the
adsor pti on r&kkgp. afhgoresults are shown in Table 4. The
experinment was further continued. However, |iquid-phase oxidation
reacti on was ef Thet a¥erygmaer farerkdiotitchrodt quedueaagicatadiytdd to the

activity.

[ 0049] [Table 4] Percent recovery
pyridine-ring-containing chelate resin column through the top

of the column and was caused to pass downward therethrough at
a flow rate of 360 g/hour for 50 minutes [adsorption step].
Thereafter, 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 a flow rate of 360 a/hour
for 20 minutes (Q/A = 120 g/90 mL = about 1.33) [elution step
(A}}. After completion of the elution step (4), hydrous
acetic acid having a water content of 35 mass% was introduced
to the column through the bottom and caused to pass upward
therethrough at a flow rate of 360 g/hour for 90 minutes
[elution step (B)]. After completion of the elution step (B},
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 step].

A cycle consisting of the adsorption step, the elution step
(A}, the elution step (B}, and the displacement step (and
return to the adsorption step) was repeated at 180
minutes/cycle.

Hydrous acetic acid having a water content of about 12
mass% was recovered, through distillation, from the residual
mother ligquor 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
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Cobal t i 0ons96% Manganese i ons72% Brom de i ons92% Percent i ncl usion
Trimellitic acid conpounds43% Pht hal i c acid conpounds7% [ 0050]
(Exanpl e 4) The experinent and neasurenent were perfornmed in
t he sane manner as enployed in Exanple 1, except that hydrobromc
acid was added to the recovered nother liquor so as to attain a

broni de r atth@seketoerafdhifiesus hecamiidherciki Gder rvases uhy aepdebuso the

adsorption step. The results are shown in Table 5.
acetic acid in the liquid-phase oxidation reaction, as
hydrous acetic acid in the elution step (A), and as a
displacement liquid in the displacement step. Also, a
catalyst liquid recovered through the elution step (B) and
containing cobalt ions, manganese ions, and bromide ions was
reused as a catalyst for liquid-phase oxidation reaction.
Table 1 shows data of percent recovery of cobalt ions,
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

35



The experinent was further continued. However, |iquid-phase oxidation
reaction was effectively performed wi thout reducing catal ytic
activity. [0051) [Table 5] Percent recovery Cobalt ions98% Manganese
i ons77% Brom de i ons92% Percent inclusion Trinmellitic acid
conmpounds38%

adsorption step, the elution step (B), and the displacement

step (and return to the adsorption step) was repeated at 160
minutes/cycle. The results are shown in Table 2.

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

considerably reduced.

[0045]
[Table 2]
Percent recovery
Cobalt ions 89%
Manganese ions 79%
Bromide ions 93%
Percent inclusion
Trimellitic acid compounds T7%
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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Pht hal i ¢ aci d conmpounds6% [ 0052] (Exanple 5) The experinent and
measurenent were perfornmed in the same manner as enployed in Exanple
1, except that hydrobrom c acid was added to the recovered nother

| iquor so as to attain a bromde ratio of 1.5, and then the nother

| i quor was subgected to the adsorption step. The results are shown in
Table 6. [0047The experinment was further continued. However,

| i qui d- phase oxi dation reaction was effectively perforned w thout
reduci ng cafabyeiélactivity. [0053] [Table 6] Percent recovery

Percent recovery

Cobalt ions 88%
Manganese ions 67%
Bromide ions 91%
Percent inclusion

Trimellitic acid compounds 34%
Phthalic acid compounds 5%

[0048]

(Example 3)

The experiment and measurement were performed in the
samé 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 liguor 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 72%
Bromide ions 92%
Percent inclusion
Trimellitic acid compounds 43%
Phthalic acid compounds 7%
[0050]
(Example 4)
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Cobal t i 0ons99% Manganese i ons81% Brom de i ons91% Percent i ncl usion
Trimellitic acid conpounds32% Pht hal i ¢ acid conpounds5% [ 0054]
(Exanpl e 6) The procedure of Exanple 1 was repeated. However,
in Exanpl e 6, a pyridine-ring-containing chelate resin "RElILLEX
(registered trademark) 425 Pol yner" (trade nanme, product of Reilly)
(90 ml) was usedhet pEPabinett |dnfusicanasenedt t verheerfsumed an shep
after the bromde ratio had been adjusted to 2.5 through addition of
hydr obr oni E2BE| BEN2SE &5 R ©YRAddar PERBRLSt bp FHFEPITARE BYdEplponic
step (A (20,mn, QA =120 g/90 nL - about 1.33), elution step (B)
(80 min), &R&IdYEpIaedednte hep TESOVRTRY | MARREY dpditodd Sqt 8460 attain

m nut es/ cycl e. o, hydrous .acetic acjd ter content: 8 nass%
br oni de ya broﬁige ratio o l.%, and then(t e mothexr igquor was ’

subjected to the adsorption step. The results are shown in
Table 5.

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

reducing catalytic activity.

{0051]
[Table 5]
Percent recovery
Cobalt ions 98%
Manganese ilons 7%
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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ion level: 10 nmass 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 as the hydrous acetic acid in the elution step (A and as

t he displacenent liquid in the displacenment step. Table 7 shows data
of percent [08&3Jery of cobalt ions, nmanganese ions, and bronide ions,
and percent inclusion of phthalic acid conpounds and trinellitic
aci d conpodA@blea&ldet erm ned by use of a catalyst liquid recovered
on day 180 of the experiment. The experlggygeﬂya§eggg_

conti nued. : ' S

per f ormed ﬁf Qut ggiucgng catalytlc act|V|ty
Per cent re%ovgréefgggg? i ons99. 9% 91%
Percent inclusion
Trimellitic acid compounds 32%

Phthalic acid compounds 5%

[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 ligquor 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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Manganese i ons90% Brom de ions .96% Percent inclusion Trinellitic
aci d conpounds3% Pht hal i ¢ aci d conpounds0% [ 0056] (Exanple 7)

The experinment was perfornmed in the sane manner as enployed in
Exanpl e 6,
and then s

per cent

re

except that the recovered nother |iquor was heated to 90C,

ubgected to the adsorption step. Table 8 shows data of

0§ AgFalttimghil tha it SOMPONEASands bidks HeLnesh LY

and percent inclusion ofyggtgalic acid conmpounds, and tripellitic acid

conpounds, ¥ &t & Gefad

SBULF LEROMEHSAS N P 489 ebvidted on day

100fthee§mran.
[=]

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

reducing catalytic activity.

[0055]
[Table 7]
Percent recovery
Cobalt ions 99.9%
Manganese ions 20%
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
liguor 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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The experinent was further continued. However, |iquid-phase oxidation
reaction was effectively performed w thout reducing catal ytic
activity. [0057] [Table 8] Percent recovery Cobalt ions99.9%
Manganese i ons98% Br om de i ons99% Percent i ncl usion

[Table 8]
Percent recovery
Cobalt ions 99.9%
Manganese 1ions 98%
Bromide ions 99%
Percent inclusion
Trimellitic acid compounds 1.8%
Phthalic acid compounds 0%
[0058]
{Example 8}

The experiment was performed in the same manner as
employed in Example 6, except that the recovered mother
liguor was coolea 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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Trimellitic acid conpoundsl. 8% Phthalic acid conpounds0% [ 0058]
(Exanpl e 8) The experinment was performed in the sane manner as
enpl oyed in Exanple 6, except that the recovered nother |iquor was
cooled to 40C so as to renpbve a precipitated solid content, and then
subj ected to the adsorption step, and that the

pyri di ne-ring-containing chelate resin was enpl oyed at 40C. Table 9
shows data aof rcent recovery of cobalt ions, manganese ions, and
brom de ioﬁgpsﬁid percent inclusion of phthalic acid conpounds and

{11111 Rl S.comaings cas, Lot B e of A calalyst J gyl d

Ly Cher oAUt OUVEL o L L RSRC, PELORY | SRR, OBl
inclusion of trimellitic acid compounds is reduced to 50% or
less, and percent inclusion of phthalic acid compounds is
reduced to 10% or less. In addition, under certain
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 ﬁother 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
inclusicon 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 ligquid-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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[ Tabl e 9] Percent recovery Cobalt ions84% Manganese i ons63% Brom de
1 ons81% Percent inclusion Trinmellitic acid conpounds5% Phthalic acid
conpounds0% 41

be successfully reduced to a very low level, and percent
inclusion of phthalic acid compounds can be reduced to
substantially zero. Thus, remarkable effects can be attained.
When the temperature of a mother liquor is increased to 90°C
(Example 7), percent recovery of heavy metal ions is
increased, and percent inclusion of trimellitic acid
compounds and phthalic acid compounds is reduced.

A difference in percent inclusion of a by-produced
carboxylic acid mixture by some tens % greatly affects
production of terephthalic acid. Thus, the present invention
realizes economically édvantageous 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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[ 0060] As is clear fromthe data obtained in Exanples 1 to 8,
according to the nethod of the present invention, percent inclusion
of trinellitic acid conpounds is reduced to 50% or |ess, and percent

i nclusion of phthalic acid conpounds is reduced to 10%or less. In
addi tion, under certain conditions, the percent inclusion is reduced
to 596or | ess. Particularly when the tinme of the elution step (A
(i.e., QA is regulated as descrlbeq:gﬂ Exanple 2, or when the

brom de ratio of a nother liquor is no Pled before the adsorption
step (Exanmples 3 to 5), percent inclusion of trinellitic acid
conpounds and phthalic acid conpounds is further reduced, as conpared
with the case of Exanple 1. In contrast, according to the nethod of
Conparative anpl e ich do s..not . i nclude -t.he el tlon step (A
and thus is grnp?ar %odw?gﬁ ﬁqﬁﬁ ter q}lﬁﬁ ﬁe% bd, percent

i ncl usi on othiraeﬂﬁﬂuﬂeu0b90¢mhprmmnngnds is 77% and percent i ncl usi on
of phthalic acid %unds is increased to 38 W _this method
encounters diffi Wﬁf Fﬁgc%wﬁ|99ﬁ8¥§ﬁ§ep%?TQﬁqﬁ ﬁolihﬁ FHESE

oxi dation reafddOROVekcaibPny Reki 6d @fmdle"mxlmkbey@eu&d}gaa&eeager ed
catal yst conponents. In Exanples 6 to 8, the hromde ratjo before the

adsorption % %x}QM%?eaHFE§?%ﬁFtQ§ 3. 5atalyst ik JEERF dECT G0 EWel of t he

hydrous acehésyvacicda@mBbaysichd finkhe Bléhimh shebubd) and Hyurbhe
di spl acenent step was adjusted to 10 nmass ppm |In these Exanples

per cent |nc?@%ﬁ%ﬁ1@ﬂ1dthﬁﬁemq|%|W§t§é|EO%BWﬁbdﬁhé Eanl5 g ssifecéSst ul | y

reduced to gnMemny hqwikeyeliyanRd percent inclusion of phthalic acid
conmpounds can be 'réduced to substantlally zero. Thus, renarkable

effects can be ACGAILABANT \iFen teReet akpes RTUrtdeos 1ar Anttfer3d itquor is
increased tpyPQC (tEX%HEI:?oq)cauQ%rESPépﬂ%VFJ %ol PeaydediBlidhekons is

i ncreased, and percent inclusion of trinellitic acid conpounds and
phthal i ¢ acid co®pevAds the riedgpbghalic acif dghfpeglentel jdrljepédnt

i ncl usi on oéeﬁaml%odygegqe%ﬁogowh@%@% %d?rféguiﬁ% r SUHRy tens %

greatly affects productlon of terephthalic aci the present
i nvention reaI|Z@§0§§eﬁ@@nﬁﬁﬂIoﬁtaévahtE@Rﬂnﬁ@eaﬁétheﬁmﬁRQNQﬁ itarpash e

production ofsJ4LepRENALL CeAGld nhndbsiL i @l) ABPLE Faklyl ity 138631

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 mixture”),
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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. dains [1] A nmethod for producing
terepht-halic acid, characterized by conpri sing: subj ecting a
p- phenyl ene conpound to |iquid-phase oxidation reaction by use of a
nol ecul ar - oxygen-contai ning gas in the presence of a catalyst at

| east containing a heavy netal conpound and a brom ne conpound, and
hydrous acetic acid having a water content of 1 to 15 mass% to
thereby yield a slurry; regul ating the tenperature of the
slurry to 35 to 140C, to thereby cause terephthalic acid to

precipitate; (2 heBPz\.(tﬂQatﬁ%t%?pQH@l;!o(‘sl%' HyaMﬁJ%e%%chiaqwd
separation, to thereby recover i quor; and recovering

t he cat al ysflaf’%@@nft Hea et ﬁ@ntqaqumﬁr 1t ﬁpo@émés%’ertloeth@fpywlﬂ?@i | ow ng
steps (1) tQif4 lcérPJadl ilAg;' B Altd 6234 1@ w?%rﬁ'r% glfndk?gcla é‘t@}le\’St in

the |iqui d-phaSe oxi n reaction: an adsorption step
i ncl udi ng regabzﬂtxqp.ﬁhepsatherébyﬂminﬂdbygnmmeekmatbronmtkanummstha t he

not her I| uor./ vy netal ions in the nother
l'i quor ™ 0 8§ ﬁ%%éﬂﬁ and Fﬁx i %ln ﬁ s i

ot her |iquor to a
pyr|d|ne r|ng d@nhalehmgxﬁhehape(spsmfleMmo@hnbasahaenuhegﬁeduio 35 to
140C, so that he reS| adsorbs atalé dengi%g heavy netal | ons and
br oni de i on@®5hd aaqlgo 84807 58 " &L 6 93‘}??% AEREtre” ViR Eh “Ras
been by- pr odue@yﬁﬂm@mglﬁlh@ecdnwndnghaselm@ dadsiianwh €8cC tHaan
(herelnafteé %he carb xylic acid n1xtu§ gﬁereb;ayggigrred to.as. a

" by- produce %ﬁQRﬁﬁﬂt SCPHEGR aPe S - ing an eluate

containing catalyst-derived heavy metal ions and bromide
ions, and

(4) a displacement step of exposing hydrous acetic acid
having a water content of 1 to 15 mass% to the pyridine-
ring-containing chelate resin which has undergone the
elution step (B), serving as a displacement liguid, thereby
regenerating the resin,

wherein hydrous acetic acid is recovered from thé

mother liquor which has undergone the adsorption step, from
the eluate cbtained through the elution step (4), 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%.

[2] The method for producing terephthalic acid as described
in eclaim 1, wherein._hydrous acetic acid is recovered

from the mother liquor which has undergone the adsorption
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(2) an elution step (A) of exposing hydrous acetic acid having . a.
water content of 1 to 15 mass%to the pyridinering-containing chelate
resin which has undergone the adsorption step, thereby yielding an

el uate containing the by-produced carboxylic acid m xture, (3) an
elution step (B) of exposing water or hydrous acetic acid having a
wat er content of 20 mass% or nore to the pyridine-ring-containing

chel ate resishephi £bnhaseUBUSE SO thNR& ! tHcQBhSE R {1k ichNEE&EDY(2),
yi el ding an eluate containing catal yst-derivéd heavy netal 1ons and

brom de i onandafbm the( 4} spl&binaCeiRId ShpRopéd EXP SN HYTHRitent
acetic acid having a water content of 1 to 15 mass%to the

pyri di neri ngtepntaidithg chebadred agdrowhiackthasatidldsgeaesédeireltliki on
step (B), serving as a displacenent |iquid, thereby regenerating the
resin, ehherdi stiepdridlsancet ileaatial postiesoverigdirbnenatdtsl aacher

| i quor which has undergone the adsorption step, fromthe eluate

obt ai ned t hPaulM tth&aspat cortantept(R)te dddmpEdHn t he di spl acenent

| iquid enpl gyed _in the displacenent step, and the recovered hydrous
acetic acid!?k Fbﬁs’@‘?}lﬂ?cﬁA tﬁ??é PFaﬁ‘f‘%nﬁhégée%&t’rWﬁCoﬁc?‘%aﬁ 955 cagbed

e ool °f bhO A YRLOYS RSl Bpkdofavdaa & walsr gont ent of 1 Lo

15 mass% | e met hod f or producrng terep thalic atfd as descri bed

in claiml, yherein Ryghous %%gfoﬁfn{u@ri Shi&cayer gﬁdaag d h§mot her

| i quor whi ch has undergone the adsorption step, fromihe eluate

obt ai ned t hse@sghptibe gt%w Ot ot €Re (uatandbts tidd herdihgp! Bee@tion
| iquid enployed in the displacenent step, and the recovered hydrous

acetic aci dstep ri@usedndnfidre tdlkeuti sl fieepnt Alidsidaemptagéd arpahti on
of hydrous acetic acid having a water content of 1 to 15 mass%
displacement step, and the recovered hydrous acetic acid is
reused in the displacement step as a displacement liquid.
(4] The method for preducing terephthalic acid as described
in any one ¢f claims 1 to 3, wherxein the eluate obtained
through the elution step (B) is returned to the liguid-phase
oxidation reaction, and reused as at least a portion of the
catalyst.
(5] The method for producing terephthalic acid as described
in any one of claims 1 to 4, 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.
[6] The method for producing terephthalic acid as described
in any one of claims 1 to 5, 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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[3] The method for producing terephthalic acid as described in claim
1 or 2, wherein hydrous acetic acid is recovered fromthe nother

| i qguor whi ch has undergone the adsorption step, fromthe eluate
obt ai ned through the elution step (A), and fromthe displ acenent
liquid enployed in the displacenent step, and the recovered hydrous
acetic acid is reused in the displacenent step as a displ.acenent
liquid. [4];-1h o I J t i ijd;asqdesgiLRed
in any one o[fﬁcleraﬂlﬂéensm%g?{i) %?Ipvl\%gggigﬁg% h%rrgpgg}tp%lo tag:?lﬁlje gt%roug%b?he
elution stepn(Bhyiénd rucigdnd 0 tthe sl i g diphage Rxddald Qret AN,
and reused as at |least a portion of the catalyst. “[5] The nethod for
produci ng t esephd halvateaCtonesntd@sclLi bedid magby ene «fpleladnsn ltHeo 4,
wherein a regenerated pyridinering-containing chelate resin which has
been obt ai nédspheaugntt beéedi spleaacdppbicadest Lsguidisedthtiadnsheromide
adsorption step as the pyridine-ring-containing chelate resin. [6]
The met hod fonspimduciamgurerehhit ltal LcORirdsssppescri bed i n any one of
clains 1 to 5 wherein the hydrous acetic acid having a water content
of 1 to 15 &ﬁ%s%&&n&eEh?ﬁ(ﬁﬂ§dPFﬁd%¢kP§ﬂtGFFE%t%ﬁkﬁ§ @AY dcontdfsegibed
brom de ions in an anmpunt.of 1 .to 1,000 nmass ppm 7] _The, net hod
for  produci 1B T8Y QIR RA| PR d §8 desBISad | 1 s GhEoBPEL TR P
to 6, whereipp_t Ny ¢ [ cj i ts n f 1to
15 masst ani eritaped et ha S o i B e (AL
l'iquid cont @i:g&zb/t%a@eain&ﬂ% iy AB1&MNPHMead; Aetfl LJAQ0iABSS: Rither
[8 The nmethod for producing térephthalic aCid as described in any
one of cl ai pBgdod™ i%, rebel&idd tonlt hetadsarption step, the ratio
"anmount by nole of bromde ions in the nother |iquor/total anmount by
nol e of heavy] nefthé mettsod dorheromidiely tegeprthaldcr egid adedesorib&ito
2.5. [9] The nmethod for producing terephthalic acid as described in
any one of &FaAMk onet efsclafmsr di fovthertOredpr €RehtS PRECEBRET @fount

of hydrous acetic acid havyi a water, confent of 1 to 15 mass%
(ool ed” e bl Eraifen Tt aF FkfiPods irtianpetd Hastrgeas h e (nt) - of

?Opxl/(r)i- di ne- LI NAGANLE 11 09 &¢akE LEH @Y A" end M uk3bhOs Ry (5,0 °

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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